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O. AKHIIEZER, O. DUNAIEVSKA, M. SHYSHKIN, O.BUTOVA, A. ROHOVY!I

USE OF TRIANGULAR MO DELS OF NON-STATIONARY PROCESSESIN
MODELING VARIABILITY OF HEART RHYTHM

Thesubject mater is a mathematical model describing the process of heart rhythm variability, which is based on the use of triangular
models of norstationary random processes in the Hilbert spacegdhkof the research i develop a mathematical model of ron
stationary processes of cardiac activity based on a triangular model. This research was the basis for the developntiath of a Ma
model that implements the proposed method for analyzing heart rate varidtabks are: to give a description of the variability
heart rate as a nestationary process in Hilbert space in terms of correlation functions; to research the possibility of constructing a
correlation and spectral theory of a mstationary process using triarigr models; to synthesize the mathematical model of
nonstationary process on the basis of correlation theory for solving mathematical processing and forecasting tasks af BE@®as
data. Using the proposed mathematical method, we implemented ttedo Mutdel of a heart signal generator, which allowed us to
synthesize an ECG with different variability parameters in noisy condifibethods of mathematical statistics, simulation modeling,
theory of random processes and control theory are used mdHisResultsof this research are as follows: 1) It has been shown that
the new approach to the description of the HRV as a random process in the application of the triangular model in thakbdbert
made it possible to obtain expressions for the &tiom function. 2) The imitation simulation showed the sensitivity of the method
within the 5% error rate under the conditions of different types of influence on HRV. The qualitative assessment obifiteepagsi
the proposed models to generate mitif ECG provided the possibility of visual analysis by the cardiologist of the identity of the
interpretation of real ECG records. The identities of modeling results were checked on time samples of electrocardiographs of
patients from open PhysioNet rd&ographic libraries on samples with the duration T = 10 s. 3) The standarftelpwency
oscillations and "white noise" barrier are clearly differentiated on the applied correlation function by the distribspectia
density power within the frequey range of 0,18,3Hz. Conclusion The simulation results confirmed the correctness of the
theoretical conclusions about the possibility of using models based on the representatiostafiomary processes in a triangular
Hilbert space.

Keywords: heat rhythm; nonstationary random process; electrocardio signal; correlation function; triangular model;
simulation modeling.

Introduction At this time, there is no common methodology in

which it is possible toanalyze the properties of a

Currently, one of the topical problems of modermonstationary random process of any type, using its
medicine is the development of new methods dndividual implementation. Therefore, stationary random
mathematical analysis dhe aggregate of quantitative processes are used to analyze -stionary
characteristics, obtained as a result of registration @focesses [6, 7]. This highlights the need for the
certain parameters and that reflect the state of the hun@gvelopment of speai simulation methods, which can
body. The need for development of this direction i®nly be used for certain classes of fstationary
dictated by the possibility of using the proposedprocesses.
mathenatical approach to determine the availability and ~ Most often these random processes of heart rhythm
the degree of various pathological changes, to identify tifge unique and can not be repeated under statistically
early stages of the development of any disease. similar conditions. One of the main issues is the sofdy

The basic information on the state of the systemgonstationary random processes that are considered as
that regulate the heart rhythm, is enclosed the functions or sequences in the corresponding spaces, using
"functions of the spread" of the parameters of the cardigangular and universal models.Furthermore, the
signal. One of the methods for assessing the state of tH@ngular models give the opportunity to construct some
mechanisms of regulation of physiological functions in théelementary” nosstationary proceses, and, with the help
human body is the variability of the heart rhythm (VHRPf universal models, to collect from them more
[1]. In case of heawrrhythmia of different origins the use general classes of nestationary random functions or
of special mathematical methods for the restoration of tt&@quences [8].
stationarity of the process under research or of specific The objectivity of the interpretation of the variability
analytical approaches is required 42 of the heart rhythm depends on the choice of optimal

The structure of the heart rhythm includes not onlgppraches to the mathematical processing of a numerical
oscilating components in the form of respiratory and-nonarray in the form of which it appears. The urgency of the
respiratory waves, but also nperiodic processes (so topic is determined by the need to improve the methods of
called fractal components). The origin of thesétudying the process of forming the heart
components of the heart rhythm is associated with thiBythm and mathematical models that allow siyethesis
multilevel and nodinear nature of the prosses of of artificial electrocardiog
regulation of the heart rhythm and the presence &f the method of generation of artificial
transient processes. Thus, the rhythm of the heart is noglgctrocardiograms with variations of parameters under
strictly  stationary random process with ergodi®ne or another random law. This will simulate the ECG
properties [5]. with more informativity.

E O. Akhiiezer,0. Dunaievska, M. Shyshkin, O. Butova, A. Rohg?019
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Analysis ofliterary data and problem statement signal information.The second approach iswavelet

transformation. In this case, the nstationary signal is
The ECG signals can easily be described using thrégalyzed by decomposition of the basic functions obtained
different approaches for any research such as: tini@m a certain prototype by compression, stretching and
domain, frequency domain, and frequeticye domain. shifts [19].
The classic approach in electrocardiology is to use In cases where the heart rhythm is significantly-non
techniquedor analyzing the time domain of the signal.Asstationay, that may be due to random effects, the
a rule, the ECG mathematical models are represented a¥@st appropriate is the use of redation analysis
Fourier series [9], polynomial functions [10, 11] or bymethods [4].
derivatives [12]. In this article we propose to use another approach,
Such models determine the ECG value at any givédhich is to consider the random process as a curve in a
time, often describing eackegment or ECG deflection, special Hilbert space. [6, 7]. This appch was used in
but they are not always sufficient to describe all featurdge simulation modeling of nestationary random
of the ECG signal. In addition, due to a large number ¢frocesses in the technique [20].
variables, they are quite complex for further ~ The study of random scalar processes as
implementation. mathematical objects of a rather complicated nature
A more realistic form of cardiac signal is provitle essentially reduces to the application of already regular
by models in which individual elements are approximateténctions. This allows the use of a welsigned
by Gaussian functions. The variants of description arfnctional analysis apparatus, in particular the theory of
approximation of an ECG signal with application offunctional analysis and triangular models [21], for
Gaussian pulse and piecewiseecified function have constructing a correlation and spectral theory of -non
been considered inthe work[13]. stationary random processes. The essence of the
The prgosed mathematical models do not take intgroposed  transformation is the variability —of
account the effect of internal and external perturbations gardiointervals as a random variable. With this approach,
the heart rhythm, that limits their scope of application. the  correlation  function  of  the  dynamic
Some authors use the ECG signal simulation in on&eries of cardiointervals for the ideal ECG and the
dimensional and twdimensional planes. The one that is changed by this or th@ndom process is
construction of a ondimensional signal of its phase planedetermined.
is considered in [14]. The application of this approach  Given that the cardio signals include deterministic,
allows to analyze both the amplitude and the spegdochastic and chaotic components, this approach can be
parameters of any elements of the ECG, and to detatged for the analysis and modeling of heart activity
deviations in them in comparison Wwitthe traditional Processes.
analysis of the ECS in the time domain. Thereafter, this The changing of the heart activity state in functional
made it possible to approximate the ECG  witlsamples can be monitored visually or automatically using
interpolation models described in the works [15, 16]. appropriate algorithms that take into account the-non
The similar approaches are used in a number of othgtationarity and the nelinearity of the process. The ECG
works. In [17], the model s&d on the Fourier analysis ofanalysis can have an independediagnostic and
the phase plane obtained from two synchronized cardisognostic value. In practice, the repetition of samples is
signals was considered. In [18], the proposed method faet always possible. Therefore, there is reason to believe
describing the dynamic system of the cardio signal Hjpat it is important to build a mathematical model of non
constructing a thredimensional phase space andstationary process of heartactivity, it will allow the
equations dscribes the trajectory of the motion of pointssimulaion modeling of behavior of the heart in a variety
in this space. of influences, leading to significant variations in its
However, such interpolation models do not take intgonitored parameter.
account the physical and biological features of the

pathological states of humain cardiovascular and Purpose and objectives of the research
respiratory systems.
The systematizatiorof the results of the above The purpose of the work is to develop a

mentioned studies of the time domain suggests that theathematical model of nestationary processes heart

existing mathematical models allow to synthesize thactivity based on a triangular model.

cardio signal of a realistic form, considering it to be To achieve this goal the following tasks were solved:

stationary. - give the description of the variability of the heart
For cases of noestationary signals, which is ardio  rhythm as a nostationary process in the Hilbert space in

signal, two approaches are used. First, the local Fourierms of correlation functions;

transformation, which is a traditional one, it results in a - to stuly the possibility of constructing a correlation

frequency spectrum of the signal. In this case, the noand spectral theory of a naationary process using

stationary signal, as with the stationary, is-giéded into  triangular models for this;

segments (winolws) whose statistics do not change over  -to construct a mathematical model of a +on

time. The disadvantage of the Fourier transformation &ationary process based on the correlation theory for

that frequency components can not be localized over timgglving mathematical poessing and prediction tasks

that is why it is sometimes impossible to get exhaustiigased on ECG data.
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Materials and methods for studying the variability of Then we get the ratio
the heart rhythm. Study of the random process in the dA
(; T
The methods of mathematical statistics, simulation
modeling, theory of random processand control theory Or
are used in this work. —
B t t y - ’ 1
The proposed method of using a triangular model < (OX(® ((S» < (5 B(9 (33(
may be used in cases when on the background A

d
monotony of the rhythm there are sudden violations due where B(t)—a +A’(), which does not depend dn
recording defects, to the appearance of various noises

to the occurrence of various types of arrhythmias, that ci10™ the ratio (6) we get se#djoint operatoB = B*, and

be represented as random processes. for A(t) Riccati operator equation [23]:
Since the correlation functiol (t, s) is the kernel, dA

which determines the random procesg) as a curve in a"“AZ B. (7)
the Hilbert space, the characteristic propertieg) are
found in the properties of the functiod (t, s). The Taking into account the previous assumptions, for
stochastic process(t) generated by the Cauchy problemthe random process(t) we have a differential equation of
is considered in this paper: second order with a constant operator coefficient:

edX(t) (Xl(t)) d(AD £9) adA(t) 0

= A(t)x(t Xi(t = AHt) g B £%. (8
1 pm ()() (1) = o E o 4()2@) . (8)
b x(0)=g

If you use the spectral decomposition and look for a

With certain restrictions on operatér(t), which is solution ofequation (7) in the form of
convenient to formula in terms oK (t, s), it is possible .
to analyze the random procex$). In applied problems A= nf(t, )dE , 9
they arrive, more often, to partial differential equations fo. o
the correlation functiorK(t, s). In this connection, the t hen for the function ( we o
classes of nostationary evolutionani depicted random the solution of which is a function which depend from the
processes generated by the equations for correlatispectrum of the operator the following form
functions are.of mterest,_whlle ndimear evolution ft, =+ th/t and, ®
operator equations are obtained for the operat@). The
solution of these equations explicitly gives the possibilit +a
to obtainnew spec?ral solutiong of )s/ogme classgs of-nor At) Z_Q\ﬁthﬂdﬁ : (10)
stationary random curves.

Since the random procesg) in the Hilbert space and for the random procesgt) from the equation (8) we
, then get the spectral expression

x(t) =" £0), 2) X(t)=+ﬁuch\/_ d @), (11)

SO any stationary curve in this space has a represantawhere dy )= dE, o that isg(t) i the standard curve in

(2), whee A is a selfconnected unbounded operatc
[6, 22]. spaceH with orthogonal increments.

From the ratio (9) we have representation for the

Supposk (t, ) satisfies the equation . .
PP t9) d correlation functiorK(t, s):

au? i o If the operator B(t) O o i n equatio
-— K(t,s) 0. 3 i
578 ¢ 809 ® /ifo+}
For the ermitian integral of the functidt (t, s) we . )
assume that the operator has fo#ft) = iA. From the K(t.s)= 5‘3‘:“/’_“ S) eh/_/(t S)+8F( )-(12)

definition for the correlation functioK (t, s) [6, 22] and R
expression (2) fotywehaiee randdm pheceperatior OB(t) O 0, t

- u?ew ¢°°d t ) K(t,s):%}fgcosﬁ(t -s) eos/ [t 9rgF(. (13)
e *:<?;‘eﬁ‘t) AW 80, «s)>,(4) °
(; -

where  DF(/) —4\2( I+ Pl (-)z (I zWMI )>’

ad 0 F(/)= F( 4.
< O #(9 é(($>- e F=+FC7 | |
+ It should be determined that from tretio (11), the
random rcande repesented as the sum of two

2

WK
us”
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orthogonal random processes wher@) = X(t) + %(t), which defines thalifferential equation of the dynamic link
of the second order, the correlation function of the random

Xt) = fichd 1d L€ ), x2(t) = fichy 1d ,£ ). process y (1) is given by the formula (13).
° ) o ] In this case, for the operator A in the expression (2)
Then, the correlation functions(j)(t, s), ( = 1,2) of the random process (), the condition holds

are as follows (12) and (13) and |- AA £ ,§)g, wheredi channel operator vecté.
(z.( ). £ )0, Hij[o, + }. After taking elemental calculations, we obtain that

As an example, the case was considered when t “_ZK(LS)_ K(t, s = <(| A’LA)X(I), X5)>- (17)
operator has the following form: i s

a0 iwm iw lSinc;le or])cera;orA is; a f;Jasir(l)nary operator of rank
Azi*"/'{ 0 iw, (14) —2 then for formula (17) there is a representation
Eiw iw O uaK(t,s)- Kt =AY (9, wheref(t) =(e" x g).
" Using the expression of the matrix exponent of the
h w, Ww tant lues, _ .
where - 2 | some cgns an. values éncﬂmear bounded operator A [6, 22], we obtain that
x(®) ={ f,(t), f,@), f.,()} 7 threedimensional vector in
spacef. The coordinatesf, (t), (j =1, 2, 3) satisfy the q)(t):—ilfﬁe’“ <§(O),f(i)>di, (18)
following system of equations: 271
- . —~ \-1
adf f(/)=(A -1) g,
Td_tl =W ( f, ﬁ’s) ( )
df w h e r Tean @rbitraryclosed loop that covers the whole
2

-2 s (15) spectrum of the operaté.
dt If the model space is implemented as a Hilbert space
12, the operator is given as follows:

. N N
ARk =/ f(k Ha f(j i k=1,N). (19
Then we have a matrix representation of th (AT =/ T = 4 () & ( ) (19)
expression _id_X A x(, the solution of which is a Thus, the matrix expression for the operatas the
form
random process of appearance (2). ) )
Since the operatoh (t) does not depend on t, then Iy bbb . i P b

for the operatoB (t) we obtain the following form: 0 ib, p
a 2uf ww - wmw A=| .. o |- (20)
BO)=awmw +w  w . (16) /,
Sww o wriu o 0

The random process(t) setby the system (15and o .
the operatoB (t) satisfy the equation (8). k=1

If you enter coordinatesf,(t) = y(t), f,(t)=y(t), h ={1,0,01__}_ h JE 0,1,01}__ h {= 0,0,___0,1(},____

If you choose in this space the bagis}

f,(t)=n(t), where 3(t) 7 "White noise", that is, Then the functiondi(t) can be represented in the
oscillation with any frequencies and pha$24], and give following form:
, T " -
the following value to the constanis= |2, : - € 1 gyl
g e x/zn JO=8 1,000 5 gDV @
k=1 | c y

w, = zi where T, T, T some time constants of the & - 6
\le T wheref, (k) =(f,, h.), gk(/):<gﬁ* - A Qg,n>.

dynamic link, then the differentiation of the first line anc
the substitution in it from the second and third lines of the  For further calculations, an expression for the
system (15) gives the equation

()= - y(t) ; f

TYO+TU +) A,

resolvent of the operator is foundA Considering
l.

R (/)= %K—/I Qg £ we got

A

2T2
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R (/)= _bk kc‘)lﬁ;/_ (22) Since ImA=0 and the operator A has
/} I~ [i= /- completeness, in this case it is a dissipative asymptotically

fading process, whose correlation function can be found
For the function ¢,(/) the following formula is by the following formula

used (22): K(t,s) = b0 (29)

6.() = b, kol/ I y2m/, kél /' . (23) Whereb is the mathematical expectation of the square of
L= L= f- 1 Foisl - the amplitude, proportional to the mean energy of the
. oscillation per unit time.
Having added It should be noted that the correlation function does
not depend on the statistical characteristics of the phase of
L (t)———\/mna'“ O—d/ (24) oscillaion. It is obviously possible to show that any
/- / i stationary process can be obtained as a boundary of the
sequence of processes with a discrete spectiThus,
we got each random process(t) can be arbitrarily well
- approximated by a linear combination of harmonic
FH)=2a &k) L) (25)  oscillations. The random stationary processes of general
form are obtained by considering the linear combinations
The formula (24) shk@vss ofttHe processed of theftypen(27y.i on s
uniquely constructed on the spectrum of the operaor Having considered the processes that are the
a n &k (t)scan be represented as superposition of n-random periodic oscillations with
. differentfrequencies
L, —a R (e, (26) .
xt)=a ", (30)
where B ;(t) 7 a polynomial,the degree of which is one =
whereM 31=M 32 = &= 10, taking into account that

point less than the multiplicity of treigenvalue/ ;. M 3(t) = 0, we have

Determination of the correlation function of the

random process _ Mx(t + )WY M £| k|2é/k .
If the random process has the following look: k=1 31)
+M k-t + K Cyeil K/ mbi &)/
xt)= €°, @7) (kk%-%x e )

where the average value of is zero, and/, is a real In order for the random process (30) to be stationary
constat (/ __6) in the narrow sense, it is necessary that theclgsression

i(/k- Mt -
Such process describes the periodic oscillation of tk(gl() does not depend dn As the functionse
circular frequency/, with a random amplitude and a € k-#k (<[ m) are linearly independent, thefre, this

random phase. In this case expression does not depend tprin case if Mx, x=0,
. . : with ki m.
X = (/ 100 f A, Six Ot) "(' 1 SNK dosg)‘, (28) Thus, therandom process (30) will be stationary, if

wherex= x4 ¢ xk(kzl,_n) i are uncorrelated random variables with

The actual part of each implementation can bealue of zero. Consequently3(t) describes the
represented by a sinusoidal of the following formsuperposition n of noncorrelated (in particular,

h(t) =asin( [t +), where a=.[x? +%, Independent) oscillations with different frezncies and
® (4 ) o vk random amplitudes and phases.
sing=—22 | cosg=——2—_, with a and d Since the correlation function of the sum of
,fxf + X ﬂ/xf + % uncorrelated random processes is equal to the sum of the

correlation functions of these processes, then by virtue of
expression (29) for the correlation function of the
stationary random process (30) we have

varying from implementation to implementation.
For this case let's consider the model spgeand

the operatorA in the form of: At= /,t. This is a case for
an operator with a discretspectrum and, by the K(t-9s) :ilqé/kt 7
expression -furtt®n , has tthe e formgf
L(t) =p,€'®, where p, i constant value. Then fai(ty Where the coefficient®, > 0 determine the average energy
we will get the fo”owing expression of the individual harmonic oscillations included in the

f(t)=c,pe?® =z&9. expression (30), ane-i multitude {/,},_ in this case, is

k=1

(32)
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the spectrum of a random process. Considering in equawhere Y;'(t) i an occasional process that is a particular
(32)t1 s=0, we have case of a random stochastic process with the vaiu®,
K(O):eglq(. (33) Y, (t) T random process,. ang, i _|n|t|al phases. It is .
k=1 proved that the correlation function of the stochastic
Thus, in the case of superpositions of the periodprocessX,(t) has the following form:
oscillations with uncorrelated amplitudes thmiddle ,
energy of the cardio pulse equals the sum of the energ Ko@) = 5 2 ,{BO
of certain periodic components. w=t
In order for the process (30) to be valid, the number  |n [8] the connection beteen the correlation
nis to be pair (equalr§ and 2 summands (30), must fall fynction KX({j of the random proces%t) and its spectral
into j pairs of complex additions. In this casedensity is considere8Xx). It is shown that the spectral
the random process(t) can be represented in thedensity SX¥) is equal to the square of the amplitude
following form: frequency characteristic of the link or system.
i ) Using the matheatical model of heart rhythm
x)=aa (sin & + ), (34)  variability, presented in [25], with slight simplifications,
when simulating you should take into account the-low
where taking into account (28M#4, z=0 at all index frequency oscillations of the central nervous system to the

_ . sinus node and oscillatory behavior of blood pressure
valuesk, land  MA =M 2, Ha  t, 11, 6 Thus, the transfer function of the forming dynamic

*cos ti. (38)

a

: h Z, system of cardiac pressure, which transforms the "white
2 - | _ | 1
MA7=M £ &, sing e+ 2 7 » cosq = ﬁ " noise"3(t) into a random processt), can be represented
| |
- Pam k
g =n +#,(1=1n). W(p):(T2 S O(EF T (39)
The correlation function (32) taking into account the uP * 2 2
variableU=tT scan be represented as: the spectral density has an analytical form
j
K{#)=4 /. 35
(¢)=ahcos, (35) S, (p . (40)

_ k®
TR 2)? 2 ) 2\2 2
- + -
The obtained theoretical conclusions provide th g(l WZTM) a; ﬂlé Wﬂ) i,

basis for further simulation modeling. The result of the simulation of the influence of

random processes on the character of the VHR is

Results of mathematical modeling of heart rhythm presented as a series of two vibrational dynamic links with

variability

transmitting functions  W(p :+;
A computer simulation modeling method for heart (T11p +T, “1)
rhythm variability has been developed on the basis of the 1
mathematical model of the correlation function of theM(P =7———x
nonstationary random process with a discrete spectrum. (T21p Ty ‘1)
A series of simulation experiments Hasen conducted to in the form of:

confirm and statistically substantiate the adequacy of tk-

, equations of which are written

developed model. The heart rhythm system is a dynan ELIVO+ T M) ) () 1)
system. The dynamics of heart rhythm changes %Tzix(t)+'|'22x(1) +X() ).

constantly influenced by the central nervous systein

(CNS) and the vegetatimascular system (VVS), In the normal form the Cauchy system (41) looks

respiratory  oscillations, blood oxygen saturationike:
and other characteristics [25]. The HRV signal can t~

represented as a periodic curve formed by a commi §X1(t): X0
overlay of highfrequency and lovirequency Ty _ 1 T, k )
oscillations. sz(t) - ﬁxl(t) T_12lx2(t) —En(t),

If we assume thahe input of the system simulating i, 0= x (1) , o (42)
the cardio signal is "white noise", then there is a 1X3()—X4( );
occasional process at the output reflecting the variabili L. _ 1 T K
of the heart rhythm. %X“(t) T2 X3(Y) T2 XY ?:51 X(9

Each i mplementationXs3tt, v LIHE 1T anuuin Pl utess
can be represented as follows: where  x(t)=¥(1), X, (t) = U1, X, (1) = X(1),

X,(0=Y() *Q, (36) %)= X(.
. The solution of the system (42) uses the Ruidgta
Y= 4, Y;(t):g avvvsin(wt +¢), (37) method [18, 22]. This method has a high degree of
w=1
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accuracy and, despite its complexity, is the most suitabdpectral  characteristics, therefore the  obtained

for algorithmization. In addition, the important advantagenodels on this criterion can be considered substantial and

of this method is the possibility of applying an "alternatadequate.

step". The fig. 1 shows the symésized ECG signals and
The simulation of heart rhythm variability wassignatnoise functions:ed lines- basic ECG signal, blue

performed in Simulink / Matlab software using Rungelines- random signal.

Kutta 4th order method with variable step of integration. According to fig. 1 and taking into account the
The initial data were obtainedyldigitizing the real conclusions of Section 4, the celation functions

ECG of seven patients from open PhysioNet cardiographibtained (ig.2) and the spectral densitypower

libraries [26]. The simulation was carried out on samplegistribution functions (f. 3).

of durationT =10 s. Correlation  fundbns for ECG  signals,
The temporary indices of artificial ECG seriescorresponding fig. 1, pictured on fig. 2.

generated using the developed mathematical mi@¥é|

are comparable to those of real ECG series with the same

oal

o

o6l

o

0.4l

s

=
=3
=
=

i

Fig. 1. Synthesized ECG signadsd signahoise functionsa - basic ECG signal excluding HRV and noibe; ECG signal with a
change in cardiac rhythm in random laa¥; ECG signal with the addition of perturbation of the type of "white noise"

0.8 T T T T T T T T
0.6
0.4+

0.2-
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Fig. 2. Correldion functions for ECG signals
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Fig. 3. Distribution of spectral density power

The developed simulation model allows to considesections in the distribution curve of the spectral density of
and to simulate a ranth process as a superposition othe simulated signal. This indicates the sensitivity of the
elementary random variables for confirmation ofnethod in the analysis of the effects of both the
theoretical assumptions. sympathetic ath parasympathetic CNS branches on the

HRV. These parts correspond to the previous assumed

Discussion of the results of the study of the availability of oscillation circuits with different steady
influence of random processes on the variability of the time.
heart rhythm. The direction of further research may relate to a

The obtained results of mathentali modeling more detailed identification of the effects of dam
indicate that the proposed method for studying -nomprocesses on HRV, as well as methods of hardware
stationary random processes can be used to simulatglementation of the determination of the parameters of
random processes in cardio signals. the ECG [28].

As a result, correlation functions have been obtained The proposed method opens up additional
for various random processes. Indeed, from tge Zia possibilities for refinement and improvement of the
the correlation function is periodic with the period 6RR model, bringing it to the level of the arimum full
interval, this allows to conclude that the correlatiomuantitative description of the experimental data.
coefficients approach the maximum value at the moments
of the Rdeflections of the ECG. Conclusions

With the appearance of the variability of theart
rhythm, one can observe that the correlation function of 1|t has been shown that the new approach to the
fig. 2,b has both positive and negative peaks withescription of the HRV as a random process in the
oscillatory character of influence. This indicates th%pplication of the triangular model in the Hilbert space
presence of components with frequencies of @B7Hz, made it possible to @&in expressions for the correlation
reflecting the influence of ysnpathetic and function.
parasympathetic activity of the central nervous system. 2. The imitation simulation showed the sensitivity of

The analysis of the correlation function, obtainedhe method within the % error rate under the conditions
with the help of the triangular model, showed a higlf different types of influence on HRV. The qualitative
sensitivity, even at noisy areas of the ECG, and allowed #gsessment of the possibilities of thegmsed models to
accurately identify e influence of both external andgenerate artificial ECG provided the possibility of visual
internal factors on the humain heart rhythm. analysis by the cardiologist of the identity of the

It should be noted that during the modeling of thénterpretation of real ECG records. The identities of
effect of "white noise" (1@ W) it was found that it does modeling results were checked on time samples of
not affect the distribution of power of spectral densityelectrocardiographs of Ppatients from open PhysioNet
The obtaned result can be explained by the fact that itsardiographic libraries on samples with the duration
spectral density is a constant throughout the frequengy= 10 s.
range (fig. 3b). The proposed method can be used when 3. The standard lovirequency oscillations and
the spectrum of the analyzed signal has clearly expresseghite noise” barrier are clearly differentiated on the
peaks. Indeed, in fig. 3, it is pdsie to observe the applied correlation function by the distribution of spectral
presence of both lodrequency and higfrequency density power within the frequency range of 0,03 Hz.
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ONLINE FUZZY CLUSTERING OF HIGH D IMENSION DATA STREAM S BASED
ON NEURAL NETWORK ENSEM BLES

Thesubject matter of the article is fuzzy clustering of highmensional data based on the ensemble approach, provided that a number
and shape of clusters are not known. bal of the work is to create the nedfutzzy approach for clustering data when the data
stream is fed for online processing and a number and shape of clusters are unknown. The fakéwarg solved in the article
the input feature space is compressethi online mode; the model of neural network ensembles for data clustering is built; the
ensemble of neurfuzzy networks for clustering higtimensional data is developed; the approach for clustering data in the online
mode is worked out. The followingesultsare obtained the main idea of the proposed approach is based on a modification of the
fuzzy Gmeans algorithm. To reduce the dimension of the input space, the modifieeSHiebbr network is suggested to be used;
this net is characterized by thecreased speed and is built on the basis of the modified Oja neurons. Aopfieezed learning
algorithm for the Oja neuron is proposed. Such a network implements the method of principal components in the onliné mode wit
high speedConclusions.In the event the reducticnompression procedure cannot be used due to the probability of losing the
physical meaning of the original space, a new clustering criterion was introduced; this criterion contains botknawwell
polynomial fuzzifier and the weighmeof individual components of the deviations of presented images from cluster centroids. The
recurrent modification based on the algorithms proposed in this article is introduced. A mathematical model is develtgyadrte d
the quality of clustering wiit the use of the XBeni index, which was modified for the online mode. The experimental results confirm
the fact that the proposed system enables solving a wide range of Data Mining tasks when data sets are processeddadline, prov
that a number and spe of clusters are not known and there is a large number of observations as well.

Keywords: clustering; fuzzy @means method; sequential analysis of principal components; the ensemble efuneyro
net works; T. Ko hondearbirg. neur al net wor k; sel f

Introduction obtained using SOM with2¢ m ¢M neurons in the
Kohonen layer, wheren determines the true number of
The task of multidimensional observations clustering|asses in the sample under processing [12].

when observations are sequentially fed to processing is an  The situation bcomes much more complicated if the
important area within Data StreaMining, and for its formed clusters overlap in the features space. Such
solution a sufficiently large number of different methodgroblems are solved using fuzzy clustering methods [4,
have been proposed. The most popular approaches hesg the most popular of which is the fuzzyn@ans
are based on prototypesntroids [:4], in which algorithm (FCM). Fuzzy Kohonen's clustering networks
K-means, Kmedians, Kmedoids, etc. can be used. If[14] canbe successfully used to work in online mode.
should be noted thatlustering neural networks of It should be remembered that the effectiveness of
T. Kohonen [5], are the best suited for processin@izzy clustering procedures is limited by the-cadled
information in the online mode. In this case, apriori it igoncentration of norms effeét CoN [15, 16], when the
assumed that the number of clusters into which thesults are unsatisfactory at high dimensions tloé
analyzed data array has to be divided is known in advangeatures space. The simplest approach to deal the problem
If the number of clusters is not known apriori, thesf high-dimension feature space is preliminary data
X-means method [67], which is based on rather strictcompression in onlinenode.
statistical assumptions, can be used. In addition, this
method can be implemented only in batch mode. If the Online data compression for reduction of initial
information for processing is received segqualy, the feature space
alternative based on clustering ensemblé< I§ can be

used as an Xneans, with each of the members of the  \hen dataset is fed to processing in the forrdaié

ensemble being designed for a different number @fream, Principal Component Analysis cannot be used for
possible clusters. If T. Kohonen's neural networkgeduction of initial feature space, so solving of data
(SOM) can be members of the ensden each of reduction task can be performed using neural network

which operates in conditions of a different number ofechnologies 7217 . A neur al net wor k
classes in the data, such a system can operate effectiigdy,ron [17] and constructed dn§ base T. Sanger ¢
in real time. _network [18] are the most popular systems that permit to

Thus, if data sample is a set (possiblyerform the data reduction and information compressing
growing) X :{x(l),...,x(z) (KN } ER, sequentially in online mode.
T o The neur al net wor k based
X(k):()&(k)).((@%(( B) , which isfed to the permits to calculate in sequential mode eigen

inputs of an ensemble formed by -1 parallet vectors of correlation matriR( k) when dataset in fed to
connected SOMs so that the first one works in conditio ; ;

. ; ) ocessin sequentiall 1),x(2),...x( K) ,{ k+
that the number of possible clusters in the datmis2, rb$r ¢ d y x(1)X(2)- (K k)

and the last assumes that= M . the best results will be Without calculating of full correlation matrix. To find first

principal componentE. Oja proposed seléarning

E Ye. Bodyanskiy, |. Perova, P. Zherng2819
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algorithm for linear neuron presentedh ifig. 1. For % (k)

previously centered data Oj°
the form:
éw' (k+1) =w(k +
ol (0 ) AW Tk D
J(k+1) K (k Bw(K, w(9 o y

—_ = —

/1 (Q=x" (9w (9

where h(k+1) I learning rate parameter, its value must
be chosen sufficiently small for stakalgorithms work and

needs to correspond to condition of stochastic s )
approximation [22]. .

I n such case neur al net.yv
neurons characterized by |
why we have used modi ficat

network[19]. This system is characterized by high speed
of synaptic weights tuning.nl fig. 2 modified form of

Sanger6s neur al net work is bor

Fig.1.0j a o

X (k)

Fig.2Architecture of modified form of

Sanger 6s

neur al

wWr i tt e

)j abs
vy, t ha
neur al

net wor k
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To learn presented system we can use modifiegith insensitivity zone ¢ permit to separate the most

HebbSanger algorithm in the form: informative signal;’ (k) from noise.

éw (k+1) :v\'/( ) h—( k 1) ( k ]) }( ]) Introduced neural network system permits to produce
T K <1 (K K D)W data reductin in online mode when data are fed to
1V (k+1) 27 (k B /j4(k ) w(K; (@) processing sequentially.
%v (k+1) x(k B, | 12,.m; As we marked, algorithm based on stochastic
approximation is characterized by low speed of
h(k+1):r'1(k B, convergency. That 6s why we h
Oj ads neur on by modi f ihed pr o
r(k+1) sr(k) [x(k f, 0 xe1 parameter:
where x 1 learning rate parameter. e\Nl(k " 1) ( )
It is easy to see, that first principal component i
computed using Ojabs algo '+h(kﬂ)( 13) ( ]) (@)7( ]) of i np

vectors onw' subtract from inputs and all other data are
processetby second neuron.

Previously all input data need to be centered upc
mean in recurrent form using expression

x(k+1) =x(k B Xk 1)+

x(k+1) =x(K) 4-1—(><(k I+ X-8). Infigu3 modi fied Ojabdbs neuron
k+1 system is characterized by only one tuning
Then signalsx(k) were processed by ensemble ofparameterx that permits to realize learning procedure in

mOj a6s neurons. Output | aPR§OMpased on Iinear el ements

X( k
Ji(k+1) X (k B (). (0) Q
hlk+1) = (k 3,

r(k+1) =r(k) [&(k 1)H- 0 xtl.¢

—_ = =) =) —/ —>

Fig.3.Modi fied Ojaés neuron

Using modified Oj ads n eambimation, \presentead ofig. tL @and fign 2. rModifiedc e
modified Sanger neural networsimilar to prelous Sanger neural network can be trained by the expression:




ISSN25229818(print)
HZyOmdzd?2 MsOdz OLS o debch BMe i % jsdgd MEB o ks fiBSHR522296 (online)
&y (k+1) - ( k) /1( K 1)4/( K ]) )t( K ]) ; which for b =2 completely coincides with FCM of
L o N J. Bezdek.
V(k+1) 7 (k B j-(k D w(K; The probabilistic algorithm of fuzzy clustering (8) is

effectiveness in data processing tasks of high
dimensionality due to the resulting effect of concentration
2 f norms [23]. To overcome this drawback, in [15] it was

r(k+1) =r(k k )f, 0 x¢1.¢ 0 / n

f ( ) ( ) "-R( )ﬂ proposed to use the salled polynomial fuzzifier and a

However, it exist any situations when compressiorPr0c€dure known as fuzzy -@eans with polynomial
reduction is impossible, since thaysical meaning of the uZzifier (PFCM). An adaptive online version of the
feature is lost. In such situations, it is proposed to perforff M was introduced in [24] for solving the tasks of Data
clustering without compression. Stream Mining. _ _

In this regard, it seems appropriate to develop an !N [25], for solving problems of data of high
online method for fuzzy clustering of higfimensional dimensionality clustering, the motiation of FCM was
data based on clustering engses under conditions of Proposed with weighting each of the featuregk) that
unknown number of classes in the stream of processgfim the vectoipattern x(K)I R,i=12,.n.
information.

Fuzzy clustering T. Kohonen's neural network fOfnto C%Xsideiago??hé noilxhnnct?on otf frtljzi scﬁjste:inw gf "PP
high dimensional data stream processing 9 y 9

In the class of fuzzy clustering procedures from ghe form

mathematical point of vie, the most rigorous are E(u,(k)c a g):ﬁ rg.l( d(K {1 )‘?(Q)MQ #\;
i T i i
(

1
{ °(k+1) =(k B, | 12,.m; (4) Wwidely used inData Mining, however, it loses its
i
1
i

algorithms based on goal functions [4] and solving th ketj 2

problem of their optimization in the presence of certai _nm, , .2 2
constraints. Here the most popular is a fuzzy clusterir _&ﬂ(aui(k) { a)q(k))i 3"4 x(¥ 9') '
probabilistic algorithm based on optimization of the goal

function with constraints (6), (7) and additional constraints
N 2 50 = " o=,2,.m. 10
E(u (K.c)=4 & (K] Y - 80,=Tr G E"j A2.m (10)
m n (5) . e .
:gléu"b(k)i é)g(k) -G )2, Here 0<a @ - polynomial fuzzifier, g, - weight
- of i-th attribute in-cluster, G, =diag(g;,, g..-- -
subject to constraints Optimization of the goal function (9) under the
m constraints (6), (7), (10) using the uncertain Lagrange
_é}luj (k) =1, (6) multipliers leads to a result which is a generalizatibn o
2 (8) and coincides with it witha =1, g, =m*.
N
0¢ & (k) oN. @) e - a-1
~ — a- 4
Here u; (k)i [0,1]- the level of fuzzy membership %uj( ) > (4- W"z :
of the observationx(k) to thej-th cluster,c, i centroid @ ; J :'2
1=1 -
of j-th cluster, b - fuzzifier, which determines the i "X(k) quz
blurring of the boundaries between clusters. 1 3 2N 2 A%

The solution of the optimization problem (5) in the ‘%g _% %él(auf(k)+(1 -4y (k))( (K ?) 8% (11)
presence of constraints (6), (7) with thelphof Lagrange | 9i ~ & a& 2 60
uncertain multipliers leads to the will known result } gélﬁl(a”iz(k) £ Ay (K)(x(K ¢) 0

)\ N
Te (”X(k) C"Z)l-lb EW l?':1(‘9l11'2(|()"'(:l' - a)ui ( )) J'Zg?(( @
~ - ] l i = N .
T, (k , T Afau(+ -4y (K)
1 A o) P
LA ® i
R CICEC) |
ic = . The last expression of (11) for calculating centroids
} a uj” (k) of clusters can be rewritten in recurrent form.
k=1

c(=c(k4) #(R(af(kD (1+)pu(kd) kR &k ¢ k) @12
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which essentially coincides with the sefrning WTM  neighborhood function and<g(k) 4 is the learning
rue by T. Kohonen [5], where the factol, o parameter

(avuj2 (k-1) €1 Qu(k ])) 12( & 1) describes the Thus, the process of higlimensional data
clustering (11), (12) is conveniently implemented using
the architecture shown fing. 4 which is a modification of
the neurefuzzy network of T. Kohonen [26, 27].

(k)

!

———— |

llKL
s
s
C

OO Og=
2 0

x(k)o—> ——— — ——
A A A
o, o
(k) o0—m— v V
cj_"':| k). j=12,..m u?z

Fig. 4. Adaptive neurefuzzy Kohonen network FSOM"

Here, the first hidden kernel layer (KL) is essentiallyof a specific fuzzifier, takingg values. All elements are

a standard SOM neural network [5], which contains myned using the same type of procedures (11), (12), which
neurons in the Kohonen layer, whose synaptic weightgitfer from each other only in the values of m aad
centroids are tuned using the WTM learning rule (12), in m . .

In blocks MEXB™, the quality of clustering

the second hidden layer ML, the mensiep levels of k . . _
provided by a particular FSOM is evaluated, and the

th observation to-h clusteru, (k) using the first relation output layer of the DM ensemble selects the best from

(11) are estemated, and in the output layer WL weighigy . 1)q results of the previous layers, i.e. the number of
g, are calculated using the second relation of (11). clusters m* in the processed data, the wéds of the

The values of learningate parametery(k) and the  formed clustersc, C,,...,C, and the levels of each

polynomial fuzzifier a,, from a certain apriori given set . R . )
o observationu; (), 4, (K),...,U, (K to the corresponding
0<ay, &,... g,...qa=!are fed to the additional inputs m

cluster membership.

To estimate the quality of clustering, each of the
elements of the ensemble can be used in atlgeofuzzy
clustering indexes [2], where one of the most popular is

. . the Xie-Beni index [28], which for the FCM procedure in
To solve the mblem of clustering in conditions he case of m clusters can be written in the form
where the number of clusters is unknown, we propose to

use an ensemble of clustering nefuszy Kohonen's
networks, whose architecture is shown iilg. 5. This

ensemble containgM - 1)  FSOM,”, where index[n

means the number of clusters into which this networ..

splits the sample to be processed.e. the number of For online processing, it is possible to enthe
neurons in the Kohonen's layer KL, apd- is the index recurrent version of the XBdex in the form

of the network.

Clustering Ensemble Architecture

5 W o BN e
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Fig. 5. The ensemble for online fuzzy clustering of hidjmensional data
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In the course odlata processing, the decision makincTable 1.Values of parametea and XieBeni index for
I * . Dermatology dataset
(DM) unit finds FSOM"! with the best value of d

* . . . Number of
MEXE"! and the results of work of this particular neuro| ~ Algorithms type Xie-Beni Clusters
fuzzy network determines the final result of clustering. | K-means 1,3524 x 1024
MHDFCM a = 0,5 0,00009 2
Experiments. MHDFCM a=1,0 | 0,00006
To sdve the problem of determination the optimal FCM CoN
number of clusters in datasets we have used propoge<-means 9,401 x 1025
ensemble for online fuzzy clustering. We have choog¢MHDFCM a=0,5 | 0,00004 3
Dermatology dataset [30] from UCI Machine Repository. MHDFCM 2=1,0 | 0,00002
It contains 366 instances, but some of attributas h FCM CoN
missed values, so they need to be filled using, feK-means 2,63023 x 1025
example, fuzzy spatial extrapolation approach from [31}MHDFCM a=05 | 49266 4
Number of attributes is 34, a6 attribute is class |[MHDFCMa=10 | 1507297
diagnosis. Value 1 is interpreted as psorias sFCM CoN
(112 instances); value 2i seboreic dermats I\KAI—TSE?;A —Y 2659307; x 1025
(61 instances); value B lichen planus (72 instances); a: : 5
value 41 pityriasis rosea (49 instances); valué Bronic :\:/'(':"3 FCM a=1.0 ?:(())[ll\l
dermatltls (52 instances); valuég Gityriasis rubra pilaris K-means 1.6282 X 1026
(20 instances). MHDFCM a = 0,5 1244
It is easy to see that number of features is close t'MHDFCM py 1’0 1973697 6
number of instances and we can talking about -highesy : CoN
dimensional data. K-means 7,3338 x 1025
In fig. 6 visualization using principal component MHDFCM @a=05 | 37252
analysis (PCAanalysis three principal components) is MHDFCM a=1,0 | 1929 7
presented. FCM CoN
K-means 9,499 x 1025
8o o MHDFCM a = 0,5 240 8
95)0@% MHDFCM a=1,0 48135
A T FCM CoN
Rod
oL .
Lo & 8 Conclusions

The architecture and algorithm of the netuazy
self-learning system is proposed to sobthe problem of
online clustering of a higdimensional data stream in
T conditions where the formed clusters can overlap and their
number is not known apriori. The system under
consideration is an ensemble of nefunzy T. Kohonen's
self-organizing maps, eh of them differs from the others

1 in the number of neurons and the value of the polynomial
1 fuzzifier. Each member of the ensemble is tuned using the
4 3 2 1 g 2 modified WTM selflearning rule, while in the process of
tuning all components of the processed vectors ar
automatically weighed.

The proposed approach is a generalization of a

In table 1 values of Xi@eni indexes for number of known fuzzy probabilistic clustering
different number of clusters are presented. Minimadrocedures and can be used to solve Data Stream Mining
value correspond to MHDFCM when parameter iS tasks in online mode.
equal to 0,5 or 1. Kneans algorithm shous very high Experimental results on Dermatology datasets from
values of XieBeni index, so we can talk UCI repository affect the performance of the proposed
about not effective clusterization results. Fuzzsneans modified highdimensional fuzzy eneans approach and
algorithm can not process proposed dataset becauseengemble for online fuzzy clustering of highmensional
CoN (concernatration of norm). data streams based on it.

Fig. 6. The viswalization of Dermatology dataset
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IMAGE PROCESSING MOD ELS AND METHODS RESEARCH AND WAYS OF
IMPROVING MARKER REC OGNITION TECHNOLOGIE S IN ADDED REALITY

SYSTEMS

The subject matter of article is method of image processing, which identify and describe the local features of imagies.of tiee
article is the determination of ways for interconnection of the methods for processing the image and technologies dreation in
dewelopment of markers in the systems of additional reality. The followdsgs are solved in the article: to analyze the existing
methods and algorithms for finding objects in tdimensional images to determine the basic marker recognition technology in th
complementary reality systems. Analyzed genetic, neural network, statistical and fractal methods, as well as approaches to th
algorithms implementation of in the software construction for systems of complementary reality. Thesukxtvere obtaineda
review and a comparative analysis of the main known algorithms for detecting key points in the images were conducted. It was
suggested in the development of marker recognition methods it is necessary to develop a procedure of preliminary irsamge proces
for the formation algorithms of the front image for the marker under different conditions of obtaining images. At segnstatesn
it is expedient to use genetic algorithms based on the best indicators of proper segmentation and low procedsingt time,
necessary to develop functions that are appropriate for the format of the markers. Improve existing methods for processing
segmentation results based on a criterion base describing a visual model representing &Corakesions as a result ofthe
analysis, the following conclusion can be drawn. The fastest and the most accurate algorithm for putting key pointsescthe ge
algorithm (average time of the algorithm is 5.23 seconds, the number of correct answers is 84.25). The longesinveoikitiget
neural network method 8.45 seconds, the accuracy of this algorithm is also the levEstAnother advantage of the algorithm of
point matching is that if the object goes beyond the frame and then returns again, the program will agamtodraictuthis object.
This is supported by algorithms of machine learning. You can also notice that the SIFT calculation works much fastetathan fra
texture analysis. These results suggest that there are currently no methods for recognizing tankegshigh accuracy of less
than one unit to recognize in a short time. In our opinion, one of the promising directions is the use of Royan methgdhename
development of target functions for accurate and fast recognition of the image by markers.

Keywords: augmented reality; marker; nomarker technology; descriptor; reference points; Charis Corner Detector; genetic

algorithms; neuron network; SIFT.

Introduction

The technology of augmented realligcomes more
and more popular every day and can be used in various
fields of activity, such as computer games, tourism,
shopping, gadgets, social networks, military affairs and
even furniture collection, and will allow making various
tasks easier and mofenctional.

Augmented reality (AR) is a technology that allows
you to overlay the real world of digital data and
messages about the object being studied using the
computer devices.

Models and methods of applying the technologies of
the augmented realitylaw expanding the possibilities for
user interaction with the softwareApps are not only
entertaining, but also serve as a visual representaf
something complicated.But at the moment the
possibilities of this technology are not fully disclosed [1].

The use of augmented reality technology allows you
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to quickly access additional product information such &Fig.1. A generalized marker recognition algorithm

visual (3D images), audio or text. As an example, it may

It is possible to distinguish two main principles of

be the company logo, geometric image, text informatioRgnstruction of the augmented reality:

presentation of the product, ef2].

- Marker technologies, in which the marker usually

has a contrasting higtesolution picture frame with an

Analysis of marker recognition technologies

image inside.
- Markerless technologies which is based on the user

The augmented reality marker is an object (image@pcation coordinates or based on reference points
that is an identifier for activating the display of additiona{markers) of the image.

information A generalized marker recognition algorithm

Schematic search methods foarkers are presented
is depicted as a flowchart in fid.. in fig. 2.

E N. Bolohova |. Ruban 2019
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Fig. 2. The main methds of detecting markers

In order to ensure the cdstent recognition of 1.Based on image brightness: special points are
markers.Conduct an analysis of methods and algorithmealculated direty from the intensity valuesf the pixels
for searching objects in a twdimensional image based onof the image.
image segmentation technologieaccording to the 2.Image contours are used: methods extract contours
classification criteria and provide recognition proceduresand look for places with the maximum value of curvature
The purpose of this articleis to determine the ways or make tle approximation of contoursd determine the
of improving the methods of image processing in markentersection.Such methods are sensitive to crbssder
recognition technologies in complementary realitysections, since the extraction can often be incorrect in
systems. those places where 3 or more edges intersect.
The following tasks are solved in the article: 3.Based on the use of the model: intensive nmodel
1) to analyze the technology of constructing markersgre used as parameters adapted to irpatjerns to sub
2) to carry out analysis of markers and segmentatiguixel precision. They have a limited application with
of images in the part of image segmentation by locapecial points of special types (for examplezdnnecting

attributes; angles) and depend on the patterns used.

3) to identify ways to improve markeecognition In practice, the methods based on the hrgbs of
methods in complementary reality systems. the image are mostly used for a wide application [5].

Advantages of nomarker technology:
Analysis of image processing methods in terms of - Any objects of the real world in the image may act
segmentation as markers and do not need to create special visual
identifiers for them;
At the basis of nomarker technologies there are the - A "live 3D label" can be angraphic image applied

recognition algorithms, with which the virtual grid isto any surface, for example, paper, plastic or other
superimposed on the surroungi terrain shot by the material, not necessarily a picture inside the graphic
camera. On this grid, the software algorithms have certdii@me;
points that determine the exact location to which the - Practically any blackandwhite or full-color
virtual model will be tied. images, various objects such as the face, hands, and even
The main requirement for an image in aoarker the human bdy can be the markers from which the
technologies is the contrast of thectpre If this information is read.
condition is met, a logo, a photograph and a landseape  Disadvantages of nemarker technology:
any image can be used to bind objects of augmented - high-quality (contrast) higitesolution images are
reality [3]. required;
One of the main problems is the separation of the - separating the erroneous features from the present
false image point from the real ones when tracking thahile monitoring the movement of the camae

motion of the camer or when reconstructing the three - it is necessary to use a series of images to more
dimensional scene. It is complicated by the fact that it &ccurately build reference points.
impossible to reliably solve ,itworking with only one Genetic algorithm:

image. It is necessary to establish a match between the Genetic algorithm (GA) is an adaptive method of
features of several images, and then build $earch, based on the selection of the best elements in the
model to which these matches will satisfy the bestPopulation, similar to the principled evolution [6].

Special points, the conformity of which will not ~ When using genetic algorithms for solving the
satisfy the model, will be considered false, or as emissiofgtimization pr_oblem Itis necessary: _

[4]. 1. Determine the number and type of task variables
Most of the algorithms for finding point featuresthat need to be encoded in the chromosome.
work on the same princip|e: for eachirptoof the image’ 2. Determine the criterion for assessing individuals

some function is calculated from its boundary. The pointy seting the fitness function (target function).
in which this function reaches a local maximum can be 3.Select the coding method and its parameters.
distinguished from all points with some of its boundary. 4. Determination of parameters of GA (population

There are three basic approaches to determining thige, type of selection, genetic operators and their
local features fan image: probability, the amount of breaks in generations).
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The paramefrs of GA, defined in paragraph 4 (as To solve the problem of finding reference points
well as, sometimes, in paragraphs 2 and 3), afearkers) it is necessary to redefine the standard notions
characterized by the method of checking variants, basadd operation®f the genetic algorithm. Points will be
on the anlysis of the results obtained.o analyze the taken as genes. Then the genotype will be the set of all
results of GA work it is necessary to conduct severalossible points on the depicted.

algarithm launches. Proceeding from the fact that the points are genes,
In fig. 3 the general scheme of problem solving usinthe sets of genes, that is, individuals will be snakes: they
GA is given are repesented as sets of points and, accordingly, are
suitable for this role. Snakes will also be characterized by
L. Tgentifying the valonown variables of a set of components that are similar to those that have
the task contours in Active Contours [7].
' Consider the principles of GA:
—* 2. Tasks of the objective function 1. A set of genesy,,i =0,n -1is a set of points, the

! location of which in the image shows the phenotype of the

snake- its location in the image.

.. 3. The choics of iing method X X
les of 2 conmg mees 2. The value of the fitness function.

* The population is defined as a set of snakes. The
— 4. Definition of GA paramsters mutation operation forhe point to be mutated will look
1 like this: a different point is selected from a predefined
boundary if a new point is in the image, and then the
—  Analysis of the results of GA work starting pint is replaced by the founddf 4). In the case
when the found point is not within the imagenew point
Fig. 3. General scheme of task solving using GA is researched.
Starting point Found point
(7 o
///\'{'7 ‘I". // e 1"-.\
e i
/// \'-._ S \\

\ Mutation \
\ A operation \ Lk

Fig. 4. Example of mutation of the contour

Two types of crossover are implemented: called onepoint crossover, and it is sometimes referred to
1. Both parents are cut at some arbitrary point, theas a crossover based on "cut @odnect" (CutandSplice)
the parts of one of the parerdre connected with parts of (fig. 5);
another and a new organism appedisis crossover is

//’-
/ .
/s / \\\
/ \‘\
< -
\ \
\ \
. N

Fig. 5.Example of the implementation of the "one point" crossover

2. The only descendant with a certain probability isimulates the action of all possible types of crossover
assigned th genes of one of the parenfhis type of based on "cutting and joining," giving much more
crossovelis called "uniform” (fig. 6).It is notable that it variation [8].

/ T
! —e
/ \
/ \
/ \
/ |
/ |
/ |
| \ T~
+ (\\ |
\\ \
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Fig. 6. An example of a "uniform" crossover
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Speciesselection can be implemented using the - The optimal solution is not guaranteed.
"Tournament” method. The idea thifis method is that for -1t is only the specialist who can effectively

the selection of each candidate there are sevefatrmulate the task, determine the criteria for selecting
"tournaments” (from 1 and more), each of whiclkchromosomes (specify the code) and other parameters of
randomly chooses one individual population; in order tthe GA.

then ompare its suitability with that which was chosen - The rather high @mputational complexity of GA
earlier. leads to the fact that during the modeling of evolution,

As a function of the adaptation, the modified energynany decisions are rejected as unpredictable.
functional proposed in [8] is used. It should be noted that - The time complexity is, on average, lower than that
the original image is reduced to a type in gray scale, aftef the best competing algorithms, but no more (obtained
which the Gauss filte is narrowed.The result of the from experimatal data) than one order.
search for the reference poirtmarkers) is presented in -Low efficiency in the final stages of evolution
fig. 7. modeling is explained by the fact that GA search
mechanisms are not strictly focused on fast access to the
local optimum prime.

- Some other issues have not been resolved, such as
the problem of selfdaptation of GA.

Neural networks:

Marker recognition is the most complex process,
because it means scanning all combinations of reference
points on the images and matching them with the marker.
Often, the quality of recognition dep# on the
effectiveness of many processes, ranging from the process
of entering the image and ending with tleemation of
Fig. 7. The result of the genetic algorithm operation [8] reference pointsTherefore, it makes sense to limit the
scope of mterest in largesized imagesAs areas used to
gompare markers, gints were selected with the largest

set of @rameters, which are the arguments of the targgtfference of g.rad'ent prlghtneséihe mo_st striking
xample of special points is the argjie the picture of the

function. In the process of GA manipulation with code§ ene.They were determined bgomparison with the

| f thei [ hat is, th - .
ic;cgg; g%g;redde;fngl; ailrassi;n;?i?]cg content, that is, the Cos %ndardAII the boundary points were compared with the

. . standards for finding the most similar.
When implementing the GA search procedure, The search for corner points can be realized within

severd points of the search space are process?ﬁe framework of different approaches, taking into
simultaneously, but do not move sequentially from poin : PP - 9
account the size of the found areas and tbaentation.

to point, as in traditional method3.his approach allows n exanple is the Harris angle detector [9], which is
overcoming the danger of falling into the local extremur@ P 9 '

of the polymodal target function. The ueé multiple ased on the siudy of monotony of image areas.

points at the same time greatly reduces the likelihood Otl—(ljlowever, since the entire system_ IS formeq With a neuron
similar event. based solution to the problem, it is possible to use the

_In the course of the work of the GA, they do r]oﬁopfield neuron network and the network of iedd
use additional information, except for data oa Hrea of heurons to accetate and simpliiy the search¥hen

admissible valuesf parameters and the target function agﬁjéj{hnogngggozeswrv; r:fﬁ:iﬁﬂgg&;gﬂf;hngilg\r/]vte(reg o
any point, which increases the speed of their work. 9 ’ gles,

- To generate new points of the search space at tHggsv'sE);an;EItesog;zaggis t:(rje S?Q?rﬁ\f\fn f(')r: f'?(’)c\gs;?:
same time, GA uses both probabilistic and determinist? P P 9.

Advantages of the genetic algorithm;
- GAs work with codes that represent a formalize

rules, which gives a much greater effect than each of the gé:h benchmark is represented by a binary matrix of

methods separately.
- Disadvantagesef the Genetic Algorithm:

I 16 pixel s.

Fig. 8.Examples of target area templates

In the process of recognition, the point with itshe Hopfield network allows you to define a small
borderofl 6 T 16 pixels is f ecdumbe oftamgularipoimsudand cesultstirh @ digane u r a |
network and evakted the output at the outputhe (up to 120 sec.) Increase in tpeocessing time of the
experiments given in the article [10] show that learningnage. The network of radial neurons is constructed on
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the calculation of the Euclidean norm of distance from the - It is difficult to formalize the stage of choosing the
region around the point, which is investigated to all theetwork arcitecture (number of neurons, layers, and the
standards accordirtg the following scheme: nature of links).

— - The size and type of input signals exactly coincide
n= 2 . . . . .
d(p,d)=.|3 ) , 1) With the dimensin and type of output signalshis
(p.d) 2‘1 ( R qK) @ significantly restricts the use of the network in the task of
. marking recognition.
where P= @& preeer B ygr By gseeer By g1 -emsBig 16 T SIFT:

Consider how special points are highlighted by the
. . o ) . SIFT method. The main aspect in their finding is the
i the binary value of the pixel in the investigated arg@nstruction of the Gaussian pyramid and the differences

vectorized matrix of the region around the poiat;[0,1]

closed to the interval [0.1]; of the Gaussians. Gaussian is an image that was blurred
0 = Bip Bz Do D opiD pser P 16160 b, = [0,]] i by the Gaussian filter. It turrit as follows:
binary pixel value in the reference area. L(xy.s)=G(xy 9 *I(x Y. 2

If the minimum Euclidian distance is achieved when
compared with patterns, corresponding angular In the formula (2)L(x, y,s) - this is the Gaussian
peculiarities, then the point isconsidered special,
otherwise it is shifted awayAfter determining the set of
singular points, their coordinates are recalculated plurring s,G(x,y, 9 - Gass kernel| (x,y) - the value

relation to the scale of the ongil, not yet compressed of the original image. It is worth noting that the Gass
image.The time of comparison with the standards in thRernel does not multiply at the value of the original image,
network of radial neurons does not exceed 20 ... 30 Between them there is a convolution operation.

which suggests its advantada. addition, the number of The Gaussian difference is called the image obtained
corner areas allocated in this way is much larger than tha} pixelby pixel deducing the Gaussian image of the

of Hopfield networks [11]. original Gaussian image, which has another radius of
Fig. 9 shows the processing of the framthe search b | urring (we denote it as al)

for key ponts.
D(xy.s)=L(xy. k9 -Lxy F (3)

Next, the Gaussian pyramid is builto do this, the
entire scalable space (sets of different variations
of the original image, smoothed by any filter) is del
into areas called octavesThere is a nuance that
consists in the fact that the part of the scaling of space
occupied by the néxoctave should be twice that of the
part that wa engaged in the previous ontes, and when
moving from one octave to the next imageesithe image
is reduced twicelt is clear that any octave will cover an
infinite number of Gaussian images, so theg Bmited
only to a certain number dfl with a certain &p in the
radius of blurring.Next, two more Gaussians are being
completed, which extend beyond the octave (this is done
in order to be able to check the imdge the presence of
extremum).The magitude of the first image of the next
Fig. 9. Selection of key points in an image using a network of octave is equal to the scale of the image from the previous
radial neurons [12] octave with the number [13].

Advantages of the neural network: A; the same time l:_)oth the Gaqssians pyramid and the

- The developed algorithm provides a comparison dpaussian pyramid of differences will be built, the number

special points (markers) with high accuracy, which allow@f images in whichwill be ore less than in the first

reducing the errors ofthe following stages of the (fig. 10). o . . .
complemented reality. After building the pyramids,special points are

- The process of creating a neural network relatdietermined A point is considered to be special if it is a
more to the learning process than to the programming. '0cal extremum of the Gauas difference (g. 11).
Disadvantages of Neural Network: If the value of diferences between the Gaussiahs

- Areas with a monotonous intensity change do ndf!€ Point indicated by the cross is lessre than all of -
allow performing pocedures for comparing projectionthe_ ve_lluesat the points !ndlcateq by the _C|rcle_, then thl_s
images of scene points. point is an extremum point, that is a special point. That is,

- Mathematical problems related to learning: gettin&aCh point of the current image Gaussians difference

into a local optimum, choosing the optimal optimizatiorfoMpared to  itsneighboring eight points and nine
step, retraining. neighboring points on the senior ajwohior levels in the

pyramid. That is why we need two additional Gaussians

value at the coordinate poirftx,y) and the radius of
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so that we could search for the local extremums for tHest and last image [14].

Spacial point

of axtremum

First
octave

Gaussians difference

Gaussians

Fig. 10.Getting the Gaussian and the Gaussian difference Fig. 11.Determination of a special point on a local extremum
Pyramids

Advantages of the SIFT statistical method: 3. Mathematical analysis shows that the application
1. Accuracy, stability, invariance to scale andof the SIFT algorithm allows you to determine the
rotation and displacement. coordinates of a lmation with an error of no more than

2.The SIFT method allows you to compare imagesne meter, regardless of time.
subjected to such transformations as zooming, moving 4. Not all received points and their descriptors will

objects on the scene, turning the camera or object. meet the stated requirements and this may affect the
3. The SIFT algorithm works with binarynages further solution of the problem.
Disadvantages of the statistical method SIFT: Segmentation fractal texture analysis:
1. After searching for special pus, the action does The algoithm for segmentation fractal analysis is

not end.Next, they are checked, since not all of thesmtended to construct a space of signs of presentation of

points are suitable for further work in the algorithm. Tdhe texture of image I. The input of the algorithm is a-half

do this, you need to determine tteordinates of a special tone image and a certain parameter.

point with increased accuracy. The structure of the segmentation fractal analysis
2. It requires a lot of hardware resources for normallgorithm is presented in figl2.

operation in real time.

Input image

A -area

v - medium

D - fractal
dimension

2% 4] [2]¥]4]

Feature vector

Fig. 12.The structure of the segmentation fractal analysis algorithm [16]
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In the first step, you need to segment the image kallows marking imagefl5]. It should be noted that in the
brightness levelsTo find the thresholdfor segmentation, author's writing segmentation fractal arg$y this
we will use the multilevel algorithm ahe Father [15]. paragraph is absent.was introduced in the algorithm of
The idea othe Father's algorithm is to split the image intdahis paper, as it gave noticeable improvements in the
two regions in such a way as tommize the intraoral results of the classification.
variance Applying this algorithm recursively, we abh a D, - fractal dimension, calculated from the image
set of thrgsholq values.The nymber of requested B with the help of boxcounting method [16]. This the
thresholds is indicated, andis the inut parameter of the Ny want featurdt d ibes th lexity of th
algorithm. The set of threshold$ is supplemented with Most important Teaturet describes the complexity ot the

. , i ) contour lines of segmented areas.
the brightest pixel value in the image={t}Un . Next, Advantages of fractal analgs

using the found threshold values, we obtain a set of binary 1.Images of artificial and natural objects have very
images{B,} distinct fractal dimensions, which allow you to
successfully use fractal features to identify artificial
landscape changes in photos from space, the discovery of
artificial objects in images takemoin cameras and other
tasks.

2.Regardless of the method used to calculate the
fractal dimension, the general view of the histograms is
preserved, while the boundaries of the regions are
chaacterized by the same valuelsthe fractal dimension,
which make it possible to identify the different types of
textures under study.

Lack of fractal analysis:

1. Processing by the method of fractal analysis does
not allow, as a rule, to construct a global fractal model of
N, the entire image.

Lif 1 ,y)? ¢
0,else '

B(x )= @

For all images with{B} construct contour images

{G} . Inthe formulaN, g x y) - set of pixels, which is

in relation to the &onnectim with (x, y). On the received
images we find the following values (5).

o Lif $,y) IN[xY:B(xy) ® B xYy 1(5)
0,else

X y) =

AN where N, - the number of pixels with the value 2 The fractal method of pcessing image textures is
. . . ... laborintensive.

of 1 in the imageB;, N - total number of pixels in this The algorithms for finding key points and calculating

image their descriptor presented in papers [7, 14, 15] were

used in the work.The experiment carried out an
assessment of the quality and timing of tbenpari®n of
two images.The research was conducted a sample of
Ng; - number of 8connected areas in the ima@e. 80 images. Irtable 1 the result of a comparative analysis

This value can be calculated using a known algorithm th&f the search methods for reference points are presented

v, - the average gray pixels of the imagde,

corresponding pixels with a value of 1 imaBe;

Table 1. Analysis of methods for findingference points

Method of finding reference | The number of correc| Number of errors off Number of errors of Average operating
points answers (%) the first type (%) | the second type (% time (in sec.)
Genetic Algorithm 84.25 5.3 10.45 5.23
Neural Networks 52 154 32.6 8.45
SIFT 81 10.2 8.8 1.32
Fractal analysis of textures 85.7 3.3 11 6.56
Preceding from the conducted research it is Conclusion

suggested:

- When developing marker recognition methods, itis  As a result of the analysis, the faing conclusion
necessary to develop an imageeprocessing procedure can be drawnThe fastest and the most accurate algorithm
for forming front marker algorithms under different imagewith key points is the genetic algorithm (average time of
acquisition conditions; the algorithm is 5.23 seconds; the numlndr correct

-1t is expedient to use genetic algorithms omnswers is 84.25)The longest working time is the neural
the basis of the best indicators of correchetwork method- 8.45 seconds, the accuracy of this
segmentation and low processing times, at the Stagesa‘iﬁorithm is also the lowest52.
segmentation, but it is necessary to develop " Another advantage of the point matching algorithm
functions that correspond to the format of the markess that if the object goes beyond the frame and then returns
construction; o _again, the program Wicontinue to track this object again.

-Improve  existing methods for  processingrhjs is supported by algorithms of machine learning. You
segmentation results based on a criterion base describingad also notice that the SIFT calculation works much
visual model representing a marker. faster than fractal texture analysis.
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These results suggest that there are currently no From our point of view, one of the
methods for reagnizing markers that allow for perspective directions is the wuse of Royan
recognition with a high accuracy of less than one unit inmethods, namely the development of target
short time. functions for accurate anst recognition of images by

markers.
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ETHOD OF PRESENTING THE ASSESSMENT FOR REENGINEERING OF
SOFTWARE SYSTEMS WITH THE PROJECT COEFFI CIENTS HELP

Thesubject of the work are design coéffents that are introduced into the reengineering model of a software systegoalbéthe

work. Form a method for presenting a project assessment of software system reengineering, according to which a finial decision
made about the feasibility ofeagineering. One of the main task of software engineering is the creation of theoretical and applied
foundations for the rapid and higfuality construction of complex systems from simpler software elements made in modern
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programming languages. In factjghiask is solved by collecting, combining or integrating disparate software resources and reusable
components, including modules, libraries and software implementations of some complex software system. According to modern
world trends of software desigsoftware systems must be continually developing and evolvingtaBkef the article is to study the
influence of project coefficients, which are introduced into the model of the reengineering of a software system, incaosihdan
the actual statistitadata of the actually completed projects on the reengineering of software sybtethed. The article has
devel oped the Boehmdbs methodol ogy, the continuation asdd whi ch
changes regardinte flexibility of construction at the stage of gyeject analysis. The design factors are introduced in the model,
which are representing an improvement in the represearheati ons
Jacobsn 6s constant met hod with applied additions and extensi on:¢
constructing the spiral model s of Archimedes, the vebodor repr
ofaccoun i ng for the planned ti me i sRedultsseedrtiaerobtainedea méthod aiccoddigtp r oj e ¢
which the previously formed models of software systems reengineering, introduced design coefficients, allowing to iecrease th
accuracyof reengineering estimates, expressed in reducing the average value of the relative error of the actual time of its
implementationConclusions Scientific novelties include the following provisions regarding the reengineering of software systems:
models @& cost visualization were improved by introducing automation coefficients and similarity of components, allowing to make
changes in the configuration of the relevant hodographs. Reengineering of software systems will allow: to overcome the
contradictions btween the pace of development of science, technology and design processes; improve the efficiency of technical
support; reduce operating costs.

Keywords: software system; reengineering; jesign studies; design; evolutionary spiral; hodograph;projesfficients;
automation coefficient; coefficient of components similarity; reuse components.
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S.VLADOV, YU. SHMELOV, |. DEREVYANKO, |. DIERIABINA, L. CHYZHOVA

IDENTIFICATION OF RE AR MODEL OF TV3 -117 AIRCRAFT ENGINE BASED ON
THE BASIS OF NEURO-MULTI -FUNCTIONAL TECHNOLOG IES

The subject matter in the article is TV317 aircraft engine and methods of identificatof its technical condition. Thgoal of the
work is to develop methods for identifying the technical state of the aircraft engind T&/8n the basis of retime neural network
technologies. The following tasks were solved in dniicle: the task ofidentifying the reverse muithode model of the aircraft
engine TV3117 using neural networks. The followingethodsused aré methods of probability theory and mathematical statistics,
methods of neuroinformatics, methods of the theory of informatistesys and data processing. The followiegults were obtained
T The application of the neural network apparatus is effective in solving a large range of tasks: identifying the matherdatioél
the aircraft engine TV-317, diagnosing the condition, agzing the trends, forecasting the parameters, etc., despite the fact that these
tasks usually relate to the class difficultly formalized (poorly structured), neural networks are adequate and effeetpre@deds of
their solution. In the process dflging the task of identifying the mathematical model of the aircraft engineIlV3on the basis of
neural networks, it was established that neural networks solve the problem of identification more precisely classical methods
Conclusions It was establised that the error of identification of the aircraft engine IM3 with the help of a neural network of
type perceptron did not exceed 1.8 %; For the neural network of-temizd function (RBFj 4.6 %, whereas for the classical method
(LSM) it makes abut 5.7 % in the considered range of changes in engine operation modes. It was found that neural network methods
are more robust to external perturbations: for -hldwitk the use v el
of perceptron has increased from 1.8 to 3.8 %,; for the neural networki RE&ifn 4.6 to 5.7 %, and for the least squares method
from 5.7 to 13.93 %. In the process of solving the task of identifying the inversemnaglé model of the aviation engine TAI27 m
its parameters on the basis of neural networks (perceptron and RBF) it was shown that their use allows for indirect medsureme
the parameters of the flowing part of the engine at different modes of its operation: in the absencé efittoee eror of not more
than 1,8 and 4,6 % respecti v eéWith:an error of ndt morepthar 38andt57 %oréspectieely.s e
Application in these conditions of the least squares method (polynomial regression model of the 8th ongetjsaioobtain the
error value: in the absence of noiseo more than 5,7 %; in the presence of ndise more than 13,93 %.

Keywords: aircraft engine; neural network; perceptron; rabi@sic function, identification.

Introduction consequence, reduce the total time spent on engine

maintenance; on the other hand, the unsteadiness of

The aircraftengine TV3117 as a recoverable objectphysical processes in an aircraft engine, the complexity of
during its lifetime requires continuous monitoring andts mathematical description, the dependence of engine
diagnostics of its technical condition, the complexity otechnicalcharacteristics on external operating conditions,
which depends on the level of automation of the processé¢  limited  composition  of the  measured
of receiving, processing, storing, documentinghermogasdynamic parameters of the engine, their
information on the current state of the aircraft engine, d6chnological spread, etc. These factors lead to the need to
well as monitoring, diagnosis, forecasting of its thénake decisions about the technical state engine in
technical state, the sequence and methods of executiorcendtions of significant uncertainty.
which determine the information system of control and  Analysis of works in the field of control and
diagnostics. diagnostics of the state of aviation engines on the basis of

The means of &ir implementation are distributed neural networks [26] shows that at present, such works
monitoring and diagnostics systems, which are task&fe being conducted, however, due to a number of reasons
with determining the degree of conformity of the researc{gecrecy, narrow specialization of the tasks to be solved),
object with the requirements, that is, control of itdn most publications there are no engineering methods, as
technical condition. well as theoretical and practical recommendations for

Distributed monitoring and diagnist system is a Solving similar problems. The task of the problem and
logical addition to the information monitoring andpossible algorithms for choosirige architecture of neural
diagnostic system, since it together with the latter carrig¥tworks, their algorithms, evaluation of their work
out an analysis of the actual technical state of the engirgdficiency, etc. are studied, as well as the engineering
forecasting the residual resource, monitoring th&ethodology for solving the problem of classification of
degradation of th performance of the aircraft engine,operating modes of aircraft engine T\I37 using neural
determines the program of repair and restoration workdgtwak technologies.
etc.

At the same time, despite the considerable amount of Analysis of existing methods for identifying the
research in these areas, the information systems for technical condition of aviation engines
monitoring and diagnosing the technical state a&tin
engines are not perfect for a number of reasons, the main Professor Zhernakov S.V. is currently actively
ones being, on the one hand, the dissociation of tlemgaged in the task of identifying the technical state of
databases of testing, control and diagnostics, the lack afiation gas turbine engines (GTE) usingina network
intelligent components, which allow qualitatively andtechnologies. (Ufa State Aviation Technical University),
efficiently to support dasionmaking [1] and, as a in whose work the necessary techniques have been

E S.Vladov, Yu. Shmeloy |. Derevyanko, | Dieriabina, L.Chyzhova 2019
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developed and the following tasks are successfully solvedectors of engine parameters;i vector of engine state
identification of characteristics of the GTE; identificationvariable [11].

of the inverse mitimode model of the GTE according to In practice, the task of indirect measurements is
the parameters of its oil system; identification of theelevant: by observing the vector of the output
multi-mode dynamic model of the GTE i[¥0]. The thermogasdynamic parameters of thegine, determine
solution to these problems was obtained both in bench téisé valueof its control influences (that is, components of
conditions and in the flight operation of the aircraftthe vectorU). For example, according to the measured
However, the results obtained are applicable only tealue of parameters, T,, P} it is necessary to calculate
turbojet engines installed on aircraft. the value of fuel consuption in the combustion chamber

It is known that helicopters in most of their cases us . . .
. o . Analytical statement of this problem is reduced to the
turboshaft engines, the number of which includes thgir n P

engine TV3117, the structure and running processegeﬁnition of inverse nonlinear dependende'l in the

which differ from the structure and processes occurringxpression:

inside turbojet engines. Therefore, it is necessary *~ B _

modify (refine) previously developed methods for solving U=1"(AY); 3)

the tasks of identifying the technical state of aviatior N . .
. ! . . . whereYT vector of engine output coordinates [11].

engines using neural networkchnologies, which will

allow them to be used for monitoring and diagnostics of _Th_us, the goal of_the work is to develqp methods_for
turbocharged engines, including the engine TN3. identifying the technical state of the aircraft engine

2 . .- TV3-117 on the basis of redme neural network

Therefore, the scientific and practical tasks solved in thjs . R ) .
echnologies, while it is necessary to determine its

work are relevant. ; S

structure and parameters, which ensures a minimum error

of learningE based on the procedure presented in fig. 1,
where e=( ¢ ,.e., )’ i the vector of inconsistencies

It is assumed that araft engine TV3l17 as a between the actual and estimated by means of
nonlinear control object on steady operating modes fbe neural network of the valse of control

Problem formulation

described using the equations of the form: influences, that ise=U U’, and E=3 & . After
fl(AU) =0 1) training, the neural network reproduces the characteristics
_ _ of the reverse multmode  aircraft engine
Y=15(AX); (@ model TV3117.

where f, and f, 7 nonlinear vectofunction; A andU i

\

U | Aircraftenging| vy _ Neural U e ae E
uvV3-117 " network o

e

Fig. 1. Scheme of the solution of the problem of identification of the returnmdte model of the aircraft engine T\37

The solution of the identification problem of thethe following engine parameters are reduced
reverse multimode modeof the aircraft engine TV\317 to standard atmospheric conditions (table 1). It is
on the basis of neural network technologies will be base@cessary to construct a muttiode neural network

on the following steps of the proposed method: mathematical model for the calculatior(indirect
1. Data analysis; measurement) of the value of the reduced fuel
2. Preprocessing of data; consumption.
3. Selection of the architecture of the neural network;  Data for table 1 entered in accordance with the
4. Selection ofhe neural network structure; provisions [7] that the set of steadtate operating
5.Choosing the algorithm for training the neuraimodes of the aircraft engine TMA7 is
network; described by a combination of functionapeéadencies on
6. Evaluating effectiveness. the values of the following engine parameters:
Development of the neural network: the choice of No=n |28 5 _G.J60 288 . _ o [O0.
architecture, structure, learning algorithm = T, P P, R -
The inverse problem of identifying a muitiode TZ*Sp =T, g@ T;Sp =T, g@ R, = Rée*—o; (4)
aircraft engine model T\317 is as follows: the values Ty Ty R
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where G, i specific value of fuel consumption (kg/s)pressure (kPa) and temperature (K) are calculated
for the turbine compressorT;Sp i specific value of the

n,, 1 specific value of the rotor frequency of the turbin

gases temperature behind the compressor turbine (K);

o .
compressor (%); G R, T specific value of the engine thrust is shown.

sigp | specific value of the air

consumption (kg/s);Pz*spand T;Sp i respectively, the

Table 1.Fragment of the training sample for identification of muftbde model of aircraft engine T\I37

GTSp nSP GairSp stp Tzsp T3Sp RSP
0.188 0.533 0.413 0.323 0.439 0.513 0.148
0.126 0.343 0.247 0.199 0.249 0.471 0.051
0.198 0.543 0.422 0.331 0.446 0.519 0.156
0.475 0.793 0.752 0.638 0.804 0.753 0.495
0.145 0.403 0.299 0.238 0.294 0.463 0.076
0.348 0.707 0.614 0.501 0.663 0.667 0.331
0.239 0.582 0.464 0.366 0.475 0.547 0.189
0.728 0.901 0.923 0.849 0.925 0.854 0.769
1.011 1.009 1.031 1.038 1.050 1.014 1.051
0.136 0.374 0.274 0.219 0.271 0.465 0.065
0.148 0.409 0.306 0.243 0.299 0.465 0.084
0.557 0.832 0.821 0.714 0.866 0.788 0.590
0.188 0.533 0.413 0.323 0.439 0.513 0.148

The process of. transition' from the physicahsing the operatorFl(‘H) by the formulas of the gas
parameters of the engine to the given values (and bac@namic similarity:

carried out using the neural network model of the aircra

engine TV3117, shown in fig. 2, where the conversion of 288 G. 760 [288 . 60
the measured (physical) parameters & engine to the n,=n|—; G, :MT e Pep = R é—
N N N

reduced, which correspond to the standard atmospheri
conditions T, = 288,15 K, P, = 760 mm Hg is carried out _. é.88_ . é88, EGO_

. " i . . . 25p -r; T* ' TSSp :1; T* ’ Rp = R P* 3 (5)
with the help of the operatdF (1), which is described by N N N

the expressions (1) and (2), and the inverse transition

=

TR TR
GT GTSP YS Y
— F(1) = neworc 7 FU(1) ——

Fig.2The scheme of transition from t he -li&inthegiven pasametessitokhe maddl &l o f
physical quantities

and the influence of flight conditions on the parameters sime way as it was done in solving the problem of
the air entering the engine is thus considered as identifying a direct multmode model of the aircraft
engine TV3117. In the process of experimental research
as the main rehitectures of neural networks, for the
solution of this problem, perceptron and RBF were
investigated [12, 13].

where T, and P, T respectively, the temperaturk)(and The architecture of the neural network RBF for
pressure (mm Hg) air at a given flight altitudeSOlving the problem of identifying the reverse muftbde

T, and P, i are inhibited values of these parameters afpdel of the aircraft engine TVBL7is shown in fig. 3.

. . . o . Experimental studies on the selection of optimal
given altitudek i adiabatic indexM 1 the number of ﬂaps.structures of neural networks RBF and perceptron showed

the flight; s, T recovery rate of full pressure in the Athat the optimal complexity of neural networks should

intake. have respectively 12 and 16 neurons in the hidden layer
The analysis of the initial da (training sample) and (fig. 4, curve 1) andfig. 4, curve 2).
the process of their prprocessing is carried out in the

LS

LA KLy e
c 2 ks

. 8 k-1 ¢ .
Ty =TN% TMZ (P, =PRs
g =
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Thus, the structure of 1821 is optimal for the S ) ) )
complexity of the structure of the neural network RBF forf (S) = atd’ The analysis of the effectiveness of various
solving the inverse problem of identification of the ] o ) ]
multimode model of the aircraft engine TM37; and for algorlthms for training the neurgl network, degcrlbed in
the perceptroni the structure 816i1. Activation detail in[14, 15], where the choice of the moptimali
functions of neurons were taken sigmoid, j eadditive step of training the neural network, which is

realized in the form of a gradient method, is substantiated.

'\
Vo

!
R\

)
R\
Gy 17 g\

Fig. 3. Reverse multimode model of aviation engine TM3.7 based on neural network RBF

Change the error on the output of the neural network,
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Fig. 4. The choice of the optimal complexity of neural network structures for solving the inverse identification problem:
17 perceptron; 2 RBF
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Results of the task solution component of the obstacle (white noise with zero
mat hemati cal expectation M =

In the framework of the developed method, &urves on fig. 5 and 6 correspond to the errors of
comparative analysis of the accuracy of the neur@Rlculaion of the reduced fuel consumption for
networks (perceptron and RBF) and the classical (LSMje two classes of neural network models
methods of identifying the inverse muftiode model of (perceptron and RBF), as well as for the polynomial
the aviation engindV3-117 on the test sample (fig. 5)regression model of the 8th order received by
and on the same sample in the conditions of the addititiee LSM.

1 \/ 3 \

0.400

0.236

0.072

S
=]
B
1

Identity error, %

-0.256

-0.420 .
3.5 11 18.5 26 33.5 41
Experimental points

Fig. 5. Results of research of neural network and classical methods of identification of the retiimadeltinodel of aircraft engine
TV3-117: 1i least squares methodj Derceptron; 3 RBF

1.75

1.27

0.79

0.31

Identity error, %

-0.17

-0.65
3.5 11 18.5 26 33.5 41

Experimental points

Fig. 6. Results of research of neural network and classical methiddentification of the reverse muftiode model of aircraft
engine TV3117 on a test sample in conditions of additive noise (white noi$dpalst squares methodj 2erceptron; 3 RBF

Table 2. Comparative analysis of the accuracy of neural netwaikd classical methods of identification of the reverse mdtie
model of aircraft engine TVB17 (indirect measurement of fuel consumption)

Identification method | Mean square error (n¢  Absolute error (no | Mean square error (witf  Absolute error (with

noise) noise), % noise) noise), %
Least squares metho 0.057 0.508 1.393 1.742
Perceptron 0.018 0.128 0.038 0.607

Radiatbasic function 0.046 0.275 0.057 0.754
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The analysis of the obtained results shows that the 2.In the process of solving the problem of
bestperformance is the perceptron neural network, whictdentifying the mathematical model of the aircraft engine
allows for indirect measurements of fuel consumptiomV3-117 on the basis of neural networks, it was
over a wide range of engine operation: established that neural networks solve the problem of

- without noisei with an error of not more than identification more precisely than classical methods: the

0.128 %; identification error at the output ohe neural network
-with the presencé wihfan rtypd pereeptroriiin 316 times) the neural network of the
errar of not more than 0.607 %. RBF typei 1.24 times less than the regression model
Applying the least squares method in thesebtained with the help of LSM for the range of changes in
conditions allows you to get the error value: engine operation.

- no noisé no more than 0.508 %; 3.The error of identification of the aircraft engin

- with the presence of noi$eno more than 1.742 %. v V-A17 with the help of perceptron did not exceed 1.8

Consequently, in solving the inverse problem o%6; for the neural network RBF 4.6 %, while for the
identifying a multrmode aircraft engine model TVBL7, classical method (LSM) it makes about 5.7 % in the
neural networks are more prone to disturbances of tleensidered range of changes in engine operation modes.
initial data than the classical methods, which in the 4.Neural network methods are more rabue

conditions of the obstacles give a great error cf xt er nal perturbations: for
identification. error of i denti fi cat-118 witho f
the use of the perceptron has increased from 1.8 to 3.8 %;
Conclusions for the neural network RBF from 4.6 to 5.7 %, and for
the method of leasquare$ from 5.7 to 13.93 %.
Obviously, the application of neural network 5.In the process of solving the problem of

technologies in solving the problems of controlidentifying the inverse mukmode model of the aircraft
diagnostics and forecasting of the parameters of ti§@gine TV3117 on its parameters on the basis of neural
technical condition of the aircraft engine T\I37 is not networks (perceptron and RBF) it was shown that their
an end in itself. The use of neural networks should Bése allows dr indirect measurement of the parameters of
considered economically viable (that is, giving realthe flow part of the engine at different modes of its
economic effect) only in those cases where existingPeration: in the absence of noisavith an error of not
methods can not provide the desired quality of thgwore than 1.8 and 4.6 % respectively; in the presence of
solution, that is, when there is evidence in favor of highér 0 i s e  ( witkxan @rro0otf ot me than 3.8 and
efficiency of neural networks. Summarizing the edgove 5.7 %, respectively. Using in these conditions the method
can draw the following conclusions. of least squares (polynomial regression model of the 8th

1. Application of the device of neural networks turngrder) allows us to obtain the value of the error: in the
out to be effective in solving a large range of tasks: tr@bsence of noiseno more than 5.7 %; in the presence of
identification of the mathematical model of the aircraffioisei no more than 13.93 %. Thus, when solving the
engine TV3117, diagnostics of the statenadysis of problem of identifying the inverse multiode model of
trends, forecasting of parameters, etc. Although the#ee aircraft engine TVA17, neural networks are more
tasks usually belong to the class of difficultly formalizabléobust to perturbations of the original data than the
(poorly structured), neural networks are adequate agtRssical methods which in the conditions of iféeence
effective in their solution. give a big error of identification.
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METHOD FOR DETERMINI NG AND ADJUSTING THE EXPECTATIONS OF
STAKEHOLDERS IN THE CONTEXT OF STRATEGIC MANAGEMENT OF THE
PROJECT PROGRAM

The subject matte of the article is the management of the stakeholders of projects while implementing the program strategy. The
goal of the work is to develop a method for determining the expectations of stakeholders and their adjustment in the cantext of th
strategic maagement of the program of projects. The followiagks are solved in the article: project stakeholders are classified
depending on the nature of their relationship to the strategy of the program of the project; a matrix for assessingthbdevel
involvement of stakeholders in the implementation of the program strategy is developed; the power/interest matrix is modified to
represent the nature of the interest more accurately; the model of the strategic cube of stakeholders of projects @nid lpudgram
recommendations for organizing a purposeful impact on the expectations of the stakeholders of the project program edetdevelop
adjust their expectations to facilitate the efficient implementation of the program strategy. The folesthrayls used arei set
theory, Euler circles, matrix and graphalytic methods. The followingesults were obtained: a classification of project stakeholders
was developed depending on the nature of their relationship to the program strategy; the matrix foig absetsvel of the
involvement of stakeholders in the implementation of the program strategy involves developing the current and desited state;
modified power/interest matrix with the dimension of 2 * 4 contains recommendations for managing stakéhaldeh quadrant;
the built model of the strategic stakeholder cube contains 20 quadrants; recommendations on the use-sfate fivethod for
determining the expectations of stakeholders and their adjustment in the context of the strategic maoageenproject program
are formulatedConclusions The method was developed for determining the expectations of stakeholders and their adjustment based
on an assessment of the level of stakeholder involvement in the implementation of the strategyr@jeth program, taking into
account the classification according to the nature of the relationship to it, which, unlike the existing ones, invobrestriletian
and analysis of a modified power / interest matrix and the strategic cube of stakebblgejects and programs; this method enables
expanding the horizon of analysis and speed of response to changing needs of stakeholders while planning the impldrtrentation o
program strategy.

Keywords: project and program management; stakeholdergatapions management; planning; strategic management.
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V. KOSENKQ, V. GOPEJENKQ E. PERSIYANOVA

MODELS AND APPLIED I NFORMATION TECHNOLOGY FOR SUPPLY
LOGISTICS IN THE CON TEXT OF DEMAND SWING S

The subject matter of the study is the processes of planning supply logistics taking into account swirgyeanddand prices for
products. The goal is to develop models and applied informatibechnology for managing enterprise supplies taking into
consideration the unforeseen demand swings. The follotasig were solved: a process model of supply logistics was developed, a
model for forecasting demand for products was developed, a mad=lléolating the optimal volume of orders for various demand
options was developed, the structure and modules of the applied information technology for supply logistics management was
developed. The followingnethodswere used: structural process modeisthods for regression analysis and time series forecasting,
inventory management models, STATISTICA software package, ebjiecited programming methods. The followiregults were
obtained: the generalized pattern of supply logistics was developexdighement of the first block of this pattern with the processes
of marketing research of demand for products and planning supply volumes according to the forecasted demand and theprobabili
a shortage or surplus of products due to unforeseen swirtgsriand was substantiated; the application of the methods of regression
analysis and forecasting of time series to assess the market factors of supply logistics was considered; the modehiog determ
optimal stock size was studied taking into actostorage costs and probable shortages; the architecture of the applied information
technology for planning supply logistics was developed; the proposed IT enables analyzing and predicting changes imahleeinain
factors and, in accordance with theules obtained, solving inventory management tasks efficiently. In this case, the deficit and back
ordered demand can be taken into account. The operation of IT modules was illustrated by a @shcdaséns The use of IT is
efficient in making decisins on logistics planning of business processes, as well as in analyzing the efficiency of logistics for a
certain period of time. Further, the specified technology is going to be supplemented with the capabilities of solvioy invent
logistics problems.

Keywords: supply logistics; demand forecasting; parameter optimization; time series; applied information technology.

Introduction Paper [2] considers the grounds of the material and

technical support and the ways of its improvement. The

Any enterprise, both manufacturing and tradinghasic requirements for operational inventory accounting
which processes the material flows, includes the servig¢ere developed to provide the supply department with
that purchasessells and temporarily stores products (raviimely information for inventory management and
materials, serdiinished products, consumer goods). Alloptimization. The universal structure of ethlogistics
functions of the logistic service should ensure the efficiegtepartment was developed and the main functions of this
execution of orders. Management tasks based on téepartment were determined.
logistic approach are to coordinate thedhé® operations The main point of logistics is to reduce the cost of
on the crosgunctional basis to achieve the global goal oproduct delivery due to too frequent requests to a supplier
an enterprise. Logistics management enables combiniggd freezing money in excess stocks [3, 4].hBaft these
into a single system the task of managing the interngktreme options are the consequence of theomtimal
business processes of the enterprise with the busin&esume of goods ordered from the product supplier. That

processes of paers and consumers. is why attention should be paid to the fact how purchases
are calculated, planned and carried out, including the way
Literature review and problem statement the volume of thepurchased consignment of goods is
determined.

M. Gordon, E. Kogan and others study the issues of Factors and efficiency of integration of marketing
supply management. E. Krykavsky, A. Gadzhynskyand logistics are considered in paper [5]. Conditions of
B. Anikin, M. Oklander and others conduct model studieSUch integration at the stages of strategic planning are
of logistic laws. Methodological appaches to the Studied. The idea of integration should atse used to
management of supplies are considered in the work&nage supply logistics. .
written by such foreign sciMopof heg workgs devpted tg ithg @@'yS'Sg w
J. Johnson, J. Shapiro and others. logistic processes for industrial enterprises [6, 7]. The
However, the issue of supply logistics is nofrocurement activity of a manufacturing enterprise affects

thoroughly studied in the theory of domestianagement. the operation of all sections of the enterprise: from
For example, the monograph [1] analyzes the Systeﬁaﬁoductlon to sallesl of finished products. Modern tr_ends of
factors of the efficiency of the supply logistics afProcurement logistics development are analyzed in paper
enterprises. Theoretical, methodological and applid§], the paper also deals with practical recommendations
aspects of the category "supply logistics” are generalizd@. Select a system for planning material resource needs
The peculiarities of the iplementation of integrational OPtimizing, optimizing experes for the order execution
cooperation in the system "supplierprocessing plant" and maintaining the vplume of stocl_<s of the industrial
are studied and organizational, strategic and informati§fiterprise. But for universal enterprises, such as small

factors of the supply system optimization ard@usinesses, trade or intermediary firms, whose work
substantiated. focuses on a wide range of products and highly depends

on demand,the problem of supply is not studied

E V. Kosenko, V.Gopejenko, EPersiyanova2019
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thoroughly. be applied. Under these conditions, the applied software
To plan logistics, forecast models are used, ishould be used. Und¢hese conditions, the use of modern
particular, ones based on regression equations. Paper dBplied software technologies and tools will useful [12].
considers the issues of practical application of formalized Therefore, the goal of the article is to develop
methods of forecasting in the process tattical and models and applied information technology to manage the
strategic planning at the industrial enterprise. Thsupplies of the enterprise taking into account unfeese
examples of using product life cycle models, regressiatemand swings. The following tasks are to be solved:
equations and graphical analysis apparatus during 1.To develop the process model of supply logistics.
scheduled calculations are given. 2.To form demand forecasting models and product
Heuristic methods of project management are algqwices.
used [9]. Paper [10] proposes a choice of an integrated 3.To form models for calculating the optimal
strategy for inventory management on the basis of keplume of orders for different demand apts.
nomenclature groups that determine the profitability of the  4.To develop the structure and modules of applied
enterprise and on the analysis of the forecastability @fformation technology for managing the supply logistics.
goods sal es. ITdh/eX-anBEysishacedised of ¢
[11].
Issues of development of selective applied models of
analysis, forecasting, quantitative assessment of supply 1. Process models of supply logistics
parameters and decisionaking tools for supply Consider the basic logistics processes that support
management according to the logistic concept remaihe activities of amall enterprise related to the purchase
topical. and sale of certain types of products [13].
Under the current conditions of competition and Enterprise logistic processes are presented in the
constant update of the range of market products, it is veggntext chart as an IDEFO model (fig:

Study materials and methods

difficult to predict the demand for a short period of time.
In cases where the demand for separate items of the
product line temporarily deviates from theredicted
value, urgent decisions should be made on the supply of
certain volumes of products. To make such decisions,

- supply

of goods

- acceptance of the order from the client

-orderp

icking

- sending orders to the client
- reporting.

special models for calculating the volume of stocks should

Regulatory documents, job descriptions

‘W%ehouse details
Order

acceptance

A

Information
about the supply
of goods

Supply of goods
Supplier Agreement

PR

Al

Supplier Details Customer

details Customer order

Customer
agreement
JR—

Orders from

customers

A2

ready order

1//

Order sending

Order picking

Customer ready
order

A3

>
Transport company
agreement

Transport company details Order detail

li
Reporting

J—
Task to perform
reports

A4

N

Reporting
materials

A5

'

Employees

Database

Fig. 1. The generalized chart of the enterprise logistic processes

In addition to the interrelation of processes, ¢hart is made in the information system. The details of the order
reflects the input information, regulatory information, itsand the customer are stored in the database. The
sources and output documentation for each stage. information system automatically Icalates the cost of

Employees will enter information in appropriateconsumables and a service agreement is formed in
forms using the information system for supporting logistiaccordance with a template that can be changed
processes. The final cost of theder is indicated if needed. The data on the contract will be
by the company's responsible employee but abtained from the directory of customer data and the order
preliminary estimate of the value of the ordeform.
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However, the task of optimalalculation of a lot of factors should be presented in a formalized form
goods should be solved in the first stage of the produ@uantitatively).
supply [14]. The forecast of the demand assessment The model of multiple regression in the general case
should be taken into account and a certain product shougddescribed by the expression
only be ordered when it is necessary and in the quantiti~=
in which the enterprise currently needs. Y =F(X %, >, X,) €. 1)
When implementing these processes, the situgtion In the case of a linearegression model, the
can arise when orders do not correspond to the quantity hendence of the variable from the independent ones is
range lof pyodu_cts kept at _the warehouse. In this case, tW0+1ows:
opposite situations may arise:
- when the ordered prodts are not available or it Y=by +pPX; HX, + » i, (2)
will arrive shortly; o
-when the products have already arrived but thewhere by, b 0 |, are the assessed coefficients of
are no orders for it. regression, O is the error ¢
Thus, the classical problem of balancing supply arerrors are independent and normally distributed.
demand [15] should be solved. This task is essential when To build regression models, the database of
making supply managemerdecisions. Its solution is observations is needed. Using the table of values of past
ensured by such components of logistic planning: observations, regression coefficients can be determined
- forecasting demand (for example, by the method of least squares) thus
- determining theptimal volume of supply orders  building the model. The correctness and adequacy of the
- selecting a supplier with a reliable carrier to ensurmodel are verified by several methods:
supplies of certain volumes and range of prosluct 1) using the coefficient of determination, the strength
The main requirements for the procurement systeof dependence can be determined
are briefly described below.
1) while forecasting demand, a model should be use¢ R?=1- ﬂ (3)
that takes into account trends, seasonality and the requil Dy
level of meeting thelemand with warehouse residues
2) the ader for the supplier should not be carried ouwhere Dy is the residual variability (error dispersion),
until the residues of any product of this supplieave D, is the output dispersion.

reached a critical levgl - N .
. o L 2) the statistical significance of the linear model can
3) while determining the needs of the enterprise i ) o i
e assessed basing on theriterion. If the connection

any product, exactly such amount that is enough Oetween some variables is nlmear, they should be
provide the desired le¥ of sales before entering the neXttransformed (for example, their Io,garithm should be
product according to the current order should be ordered d '

If these three conditions are fulfilled, the volume O{oun 3)) the quality of the equation can be assessed using
the arder, .Wh'Ch is optimal in terms of the total costs %e t-criterion (Student) by checking the hypothesis that
transportation and storage of products can deutated. he absolute term of an equatida is equal to zero:
Determining the optimal amount of a lot of goods id . quatidg q = _
possible only using the modelling of supplies with  4)to determine the problem of multicollinearity,
different variants of the volume and comparing the tota¥hich may arise if a lot of variables are analyzed,

costs of transportation and storage. statistical indicators of redundancy (tolerance, etc.) should
be used as well as ways to cope with redundancy (for
2. Models of demand forecasting example, the ridgeegression method).

To forecast dmand for products, regression models I the impact of external factors cannot be
that show a change in the resulting indicator whe@ietermined but there are statistics on the change in
changing the values of factor characteristics are used.dgmand over a certain period of time, the method of time

this case, the factors affecting demand can be: series analysis should be used, in particular, the
- the level of demand for the same product in past, Box-Jenkins method (ARIMA) [1617]. o
- advertising costs, The method is based on the approximation of the
-the level of c ust ome rS@tpnary sequengeg by theg i@ ©of they autoregression
population as a whole), sequence of thp-th order and the sequence of the average
- economic situation, variable of theg-th order:
- the activity of competitors, D q
- the level of supplyi is determined by substitutes Yy = algj Vo1 € I{—iq « 6 (4)
J:

that are available on the market, a number and position

competitors as well as the corresponding volumes : . .
P P 9 where g; is the autoregression parametees is the

production.
Consider the forecasting variab¥e(demand level) parameters of the average variab#; is the sequence of
and a number of factors that have an impaet;, X,, ..., independent random values.

X (independent variables). The values of the above When there is a monotonous trend, the initial
sequence can be numerically differentiated. The result of
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such a transformation is checked for the stationary state tagk of determining the two components of the sequence
analyzing the coefficients of autocorrelation. based on the difference in their correlation properties.
The BoxJenkins method involves the follovgn
stages: 3. Models of stock formation in the context of
1) selecting the model structure, determining thetochastic demand
order of autoregression p, the order of the average variable The economic volume of the order is equal to the
g, the multiplicity d of the numerical differentiation; volume of the order for replenishment of stocks, which
2) assessing the parametegs (j = 1, 2, ..p), minimizes the total cost of the stock of inventory. The
_ . basis for the order is to reach the renewal point of the
3 (=12 "'Q)j ) inventory level. The ecomoic volume of the order is
3) forecasting the stationary sequence; calculated to minimize the combined value of inventories
4)the numerical integration of the-th order to including costs for buying, storing, placing the order and
renew the character of the process taking into account t§6 on. The task of determining the order volume is related
trend; to the optimization of the reserve stock. At the saime,

5)assessing the accuracy of the forecast byn optimal threshold value that acts as the basis for
comparing the forecasted values and real data whepjacing an order should be found.

testing the method, assessing the statistical characteristics The most famous formula for calculating an
of the residuals, checking if they correspond to the whitgconomic volume of an order is the Wilson formula, that

Gaussian noise. o is based on the following assumptions [18]:
The model of the demand dynamics is more accurate  _ the cost of placing an order is constant;
if it is the sum of two mairomponents§ the polynomial - the rate of demand is known:
and the autoregressive ones. . - the time of order execution is constant;
The polynomial componenty characterizes long - the purchase price of a unit of goods is constant.
term trends in the context of the changes in the demand Let us introduce the following variables:
for products due to the period of the product life cycle. - Y is the volume of demand for a certairripd of
° time;
The autoregression random correlated compongpt - C, is the fixed cost of placing one order;

characterizes changes caused by external factors . C, is the cost of stock storage.
Therefore, the demand variable can be approximated by
the sum of polynomial component (of theh order) and
autoregression component (of tineth order)

According to the above assumptions, the optimal
volume of order is equal to

: _ favg,
Yk =m+y: k= 1,n 2,¢€ (5 =< - (7

X

o

where — g b - g ° But this formula cannot be used in modern logistic
M 2o | hi» Yi jzlgi Yie j e systems where the cost of placing an order is the only key
rfsactor and does not take into account changes in demand
ahd price swings which are important when ordering a
(ex)=0; < %> = 2579, large number of goods. _
The stationary autoregression sequence s Consider the c when a real demand is somewhat

characterized by normalized autocorrelation coefficients ower t.han ?‘foreca?ted one. Then, the. model of the .SFOCk
formation with the final delivery rate without any deficit

g (G=1,2,..m) are the autoregressive paramete

_R R should be applied.
h T2 E (6) Let the ordered lot of goods of the q volume be
;’, supplied with the rate ofe- units a peod of

time. The supply system can operate without deficit

: 9 _ if the rate of supplye-is greater than the rate of
where R —<yk yk+|> $o { are unnormalized consumptiory 6

The stock is both obtained and consumed during the
period of time¢;. The stock is only consumed duyi the

o o

y

autocorrelation coefficientd = 0,1, ...,m1); s2 is the
! period of timef, . Then, the cycle length 5= § +,.

d'Spe_I[f]'on of the ?gtorggr?s’?lon cfotrEponegt.I Let us designate the volume of demand for a certain
€ parametric adaptation of the model COMPONeNiGyjog of time agy. Taking into account that the minimal
of the polynomial and autoregression sequence provid Sailable stock is

for the assessment and iterative refinement of the

coefficients of the polynomiab,, 4..., | as well as the &Y
° d Im:qéia - 8

parameters of the autoregson (g, g.... WJs2= o)
by the data being observe@ihat will enable solving the pa system costs for a unit of time are:
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CY Caqa Y .
c=2' %‘13 - ) o (16)
¢

q

The volume of the optimal lot is:

Substituting valuesq” and y* into corresponding
(10) equations, other optimal supply parameters can be

calculated:
(17)
(11)
(18)
The minimal cost i unit of time is:
X ENRZ
C = lzczcxvgé - (12) (19)

Consider the case when real demand is higher th
the forecasted one. Then the model of stock formation
should be used in the context of a deficit taking into
account the unsatisfied requirements. Wtienlosses due
to the deficit are comparable to the cost of saving, the
deficit is allowed.

Fines related to the stock unit deficit per a unit o
time are designated as d, the maximal value of th
backordered demand is designated as yd. The cost i
storing products is proportional to the average value of thi

Results and discussion

The proposed applied IT for supply management
onsists of modules of the developed software, the
%tatistica standard system and the database. The
rchitecture of the[l%pplied

- . . . - . dul
stock a- Y and the time of its emstencM; in the el
2 Y |y Demand Forecasting ang
same way, the deficit losses are proportional to th @ A”a'ys'j Module
average value of defici{yi and the time of its existence ta| | Price Forecasting and
2 Analysis Module
Yd . i ¢
= . The average cost of the system operation within | K <
Y ¢ y P 9 Module for e_lssess@ng defigit]
cycle including the cost of placing an order, maintaining m and calculating logistic cogs
stock and losses due to the deficitsSfallows: i
2 2 _ Module for calculating the)
C = Cz _,_CX(q_ yd) +dyd (13) 1} Statistca optimal supply parameters
Y
Let us divide the cycle costs by its valute:%,
system operation costs per unit of time are obtained: @
C - CZYI +H:( q yz + @
Yo 2q ' Fig. 2. The architecture of the applied IT of supply logistics
Therefore Information technology contains four calculation

modules [20, 21]:
- demand forecasting and analysis module;

(14) - priceforecasting and analysis module
- module for assessing defigihd calculating logistic
costs
(15) -module for calculating the optimal supply
parameters

First two modules are linked to the Statistica system
by ActiveX connection. The other two modules receive
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data from the database in the MS Access format and make - a regression equation is built
calculations basing on the built algorithms. The - the qualityof the equation and forecast is assdsse
Statistica system is integrated wittetdata based on the based on a number of criteria
OLE technology. - the forecast is assessed by the diagoapredicted
The approbation of the applied IT operation wasalues and errors
carried out using the example of procurement of materials - the predicted value of demand is determined.
for construction companies by an intermediary firm. The forecasted variable denoted Y is the time
Demand forecasting is carried out by the method dferies of changes in demand for a month. The normalized
multiple rggression. The following steps are performed: values of the variables are chosen as independent
- abase of observations is formed variables: X, is the change in income of construction
singk_agignmiﬁcam independent vailes (factors) are companies, X, is the cost of aebrtising, X5 is the
-variables are transformed in the case of nonlinedPact of competitors,X, is the change of price. The
dependeng results of theregression are presented iable 1.

Table 1.Multiple regression results

Regression summary for dependent variable
R=0,898 R’= 0,806 AdjustedR®= 0,801 F(4,177)=183,76p<0,000

b Std.err. oo b Std.err. ofb t(177) p-value

Intercept 111324,6 100412,8 1,108 0,269
X4 0,023 0,034 11203,8 16198,5 0,691 0,490
X5 1,698 0,095 0,3 0,0 17,702 0,000
X3 -0,499 0,088 -0,3 0,1 -5,646 0,000
Xy -0,609 0,049 -3,3 0,3 -12,248 0,000

The table shows that the first variable is notletermination is high (0,8F-criterion proves the model
statistically significant, that means that it can be neglectdidearity. However, the absolute term of the equation is
in the equation. In this case, the regression equation israxt determined exactly enough (the error is about 25%).
follows: Let us analyze the errors of this model. Fig. 3 shows

_ the normalprobability curve of residuals (errors). It shows
Y =111324,6- 0.X;- 0.%; - 3,3, that the residues are not distributed normally. Let us build

Thus. the conclusion can be made that the prié@e diagram of the residue dispersion with respect to the

change has the greatest impact on the value of demafipgnitude of the forecasted variable (fig. 4). It is evident

However, the advertising cost factor is the mogfat the dispersion of riees is random for large and.
statistically significant , is maximal) average demand values. But for small values, this
5 .

. L distribution is not random. That is, the built model is more
The built model reflects a significant dependence %(dequate for large demand values.

demand on these factors sinchéet coefficient of

Normal probability chart of residuals

-1
Normal|assessment

-3
-2E6 -15E6  -1E6 -5ES 0 5ES 1E6 1,5E6 2E6 2,5E6 3E6

Residuals

Fig. 3. The normal probability graph of regression residuals
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Forecasted values and residuals

Dependent variable :
3E6 - .

2,5E6 o
2E6
1,566
1E6
5E5

0

Residuals
-5ES

-1E6

-1,5E6

-2EB
-1E6 0

4E6 SEB 6E6

0,95 Conf.Int.

1E6 2E6 3EB

Forecasted values

Fig. 4. The diagram of residual scatter relative to the forecasting variable value

Let us analyze the change in the price of products. While assessing the model parameterses®vsets
The linear graph of price changesidgra year is given in were analyzed. The best parameters fare 0, P = 0,
fig. 5. It is seen that the given time series is not stationaryj= 1,Q = 1 (table 2).

To use the BoXenkins method, a number of The built graph of the autocorrelation function also
transformations should be done: thp@nt, moving, evidences the quality of the model (f@). Thus, the built
average, and logarithmic ones. model of the autoregression can be used for foregastin

product price.

Linear chart
28

26

24

22

20

Price
16

129 161
13 145 177

193 2256 257 289 321 353 385

209 241 273 305 337 369 401

Fig. 5. Source time series

Table 2. The results of model parameter assessment

Output: Price: Transformations:3 pts mov. aver., In(x) Model: (0,0,1)(0,0,1) MS residual = 0,089
Paramet.| Asympt.std.err.| Asympt. t(394)| p lower - 95% conf. | upper- 95% conf.
q(1) -0,973 0,008 -113,993 0,00 -0,989 -0,956
Q1) -0,857 0,018 -46,690 0,00 -0,893 -0,820
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Autocorrelation function
PRICE : APTICC (1,0.1);

(Standard errors — white noise assessments)

Lag Corr std.err
+,360 ,0488 }
+,115 ,0488 }
+,054 ,0497 }

[T s B O N

+,018 ,04%6 }
+,052 ,04%6 |
+,008 ,0485 |
1 -,006 ,0454 }

oy

+,011 ,0454 }

9 +,023 ,0493 t
10 -,012 ,048%2 }
Akt -,017 ,0482 }
Ak +,007 ,04%1 }
ais) +,022 ,0491 t

- e T e e — — }_-I 1

Q P

4 52,12 ,0000
457,50 ,0000
158,67 ,0000
158,81 ,0000
158,91 ,0000
159,94 ,0000
459,95 ,0000
160,01 ,0000
180,22 ,0000
160,28 ,0000
1 60,40 ,0000
160,41 ,0000
{1 80,62 ,0000

14 -,008 ,0450 4 60,65 ,0000
15 -,0039 ,0488 ¢} 4 60,68 ,0000
0 - - 0
-1,0 05 0,0 0,5 1,0 — Conf. int.
Fig. 6. Autocorrelation function
The next stagef logistics analysis is the assessment Conclusions

of the potential deficit or filling of the warehouse. In this

case, costs and optimal supply parameters are calculated. The generalized logistics chart of supply was

Among the costs, the costs for the supply cycle and pgéveloped. The supplement of the first block of

unit of time are calculated.
In the mode for calculating the optimal supply of market research of demand for products and

parameters, the following parameters are calculatgflanning of volumes of supply in accordance with

(fig. 7):

- the optimal amount of a supply lot;

- the optimal amount of baetrdered demand;
- the optimum value of the stock;

- the optimal value of the order renevpadriod;
- optimal logistics costs.

i Calculation of the Optimals = | B S

Ana Pac4eTa oNTUManbHBIX noKazarenei BBEOQWUTE 3HaYeHWA NepemMeHHbIX

BBeaHTe CTOMMOCTE 3aKa33 Ki
1

BSEATE MSAEPHKI COREPHKAHNA MPORYKLIM 5 EAMHILY BPEMEHH S:

5

BBeauTe BenMuMHY Tpoca v
19820

BseauTe sennuiy wTpada 3a aedn d (ecm aednyTa Her, To 1):

10

| OBBEN ONMTHHANEHOM NEPTHM |

109,05

|0nT|4Maanaq BEMM4MHA 33LOMKEHHOTO CPOca |

0,01

| ONTHMANLHAS BENMYMHA 3anaca |

109,04

e —

72,70

[ ONTHHANBHEIE M3AEMKIHN PABOTHI CHETEMS! l

363,50

CpaBHWTe 3HaYeHUA ONTUMANLHBIX NOKA3aTENei C AefCTBUTENbHEIMK. BHecuTe HeofixoguMble M3MeHeHHA

the above chart is sulastiated by the processes

forecasted demand and possibilities of a deficit
(or surplus) of products as a result of unforeseen swings of
demand.

The use ofmethods of regression analysis and
forecasting of time series for assessing market factors of
supply logistics is considered.

The models for determining the optimal volume of
the stock are considered taking into account storage costs
and possible deficit.

The architecture of the applied information
technology of supply logistic planning is developed.
The proposed IT enables analyzing and forecasting the
change in key market factors and, in accordance
with the results obtained, efficiently solves the
tasks of stock management. In this case, it is possible to
take into account the deficit and baaidered
demand. The operation of IT modules is illustrated by a
testing example.

The use of IT is efficient when making decisions on
logistic planning of busires processes as well
as when analyzing the efficiency of logistics over
a certain period of time. In the future, it is
supposed to supplement the mentioned technology
with capabilities for solving tasks of warehouse
logistics.

Fig. 7. The results of the calculation of the optimal parameters of

supply logistics
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D.LYTVYNENKO, A. DOROKHINA, R. ARTIUKH

ANALYZING THE INTERE STS AND INTERACTION OF THE PARTICIPANTS OF A
TRANSPORT SYSTEM DEVELOPMENT P ROJECT

The subject matter of the article is the communication processes of stakeholders in transport system development pr@jeels. The
is to analyze the interests of the stakeholders of a transport project, taking into accouaintkigfenences in this industry. The
article solves the followingroblem: the features of transport infrastructure project management are considered; the main interests of
the stakeholders for transport infrastructure development projects are highlagidetheir interests are analyzed; a model of
interaction among stakeholders at different stages of the project life cycle is built. The folimethgds are applied: value
approach, structural models, optimization models. The followésnlts are obtaied: the requirements of standards for project
management are analyzed regarding the value approach and project management by stakeholders; the main characteristics of tt
transport project are considered, they include the impact on the nature of thasd@abnomic development of a region, significant
cost, duration, the interaction of state bodies and private firms; the set of stakeholders in the transport projedfiede titkent
specific characteristics of the management of transport projectarlmus stakeholders are analyzed, they are expectations, goals,
roles, the level of responsibility and related actions. Asymmetric and symmetric types of communications in the project are
considered; a model of stakeholder relations is built as a netwwrtevthere is a project manager in the centre who is connected with
all other peaks and stakeholder peaks that are connected with each other, the model is formalized as a graph withtivedtiphe ve
bidirectional links; a model of the process of inteanging the resources of project participants during its implementation is
developed, the model contains resource flows (direct and inverse), takes into account the impact of stakeholders thatradhange
stages of the life cycle of a transport systdevelopment projectConclusions The conducted analysis of the interests and
interaction of the project participants is the basis for developing a model for minimizing the imbalance of stakeholdees r&he
results are based on the value approacti can be used when making decisions on managing communications of a transport
infrastructure development project.

Keywords: project management; stakeholders; transport system; interaction model.

Introduction stakeholders and in the context of their relationships with

each other.

Modern transport infrastructure is one of the most ~ The main sources for reviewing knowledge systems
important conditions for the development of the economynd po j e c t management met hodol
Inherently the projects of constructiamd reconstruction ICB, P2M, PRINCE2. But, objectively, it should be noted
of infrastructure objects have a pronouncedhat the theoretical basis of project management is not
macrofinancial effect, as the strategic advantages of thempletely formed and continues to evolve. Such a state,
state in the longerm perspective, including the atthe time of the active practical useatready published
development of highly efficient transpddgistic systems, Work, can not remain unnoticed by scholars who continue
as well as the improvingf the conditions and social to seek the new theoretical knowledge and build the new
living of the population. models for existing systems.

According to the budget of Ukraine for 2019, it is ~ Among the domestic scientists who were engaged in
planned to allocate 51 bilion UAH to the roads andhe research and development of project mamege, one
transport infrastructure, which is almost 28%renthan in  should highlight the works of KV. Kolesnikova [3],
the budget of 2018A significant partof these funds is YU. Yu. Guseev, MV. Sidorenko, I. V. Chumachenko,
planned to be spent on major infrastructure projects, suéh S. Martynenko [4, 5].
as the OdesReni (1.5 billion), KropivnitskyMykolaiv The issue of classification and description of project
(1 billion) and 4 billion for the Go Highway national Stakeholders is discussed in detail in two standards:
project. Such expenditures shows the state's interest in ffdBOK and PRINCE?2.
developnent of domestic infrastructure, and the tendency In PMBOK, in particular, there is a separate

suggests a further increase in the number and magnitgwledge sector that includes the following processes:
of projects in case of maintaining the rateseobnomic Stakeholder Identification, Stakeholder Management

growth in the countryd, 2]. Planning, Stakeholder Engagement Management, and
The growth in the number of infrastructure project$takeholder Engagement Control.
for transpet development can significantly revitalize the ~ The standrds described in Prince2, in turn,
industry, and application of methods for projecglistinguish only three main stakeholders: business
management will enable to consolidate success and SRONSOrs, users and suppliers.
matters of qualitative changes. Reviewing the profile literature, it was noted that the
standards pay insufficient attention to the sectoral

Analysis of recent research and problem statement  diversity of project managemeand related features that

arise in the characteristics of stakeholders. Often
Last time the scieniif publications and regulations researchers in their work have to do their own review of

paid more attention to the peculiarities of projecth® features and characteristics of project management,
management from the perspective of differen@nd in particular stakeholders in certain conditions of the
industry [6- 8].
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Different stakeholders may differ in expectationsbudgets of different level®ublic-private partnerships and
roles, responsibilities and actions. This is despite the famther similar instruments of division of responsibilities
that they all act as partners in the project and participateand financial injections are created specifically for solving
the joint process, but their persbngoals can vary this problem.A slightly different situation with transport
considerably.Thus, each side may have different criteriderminals, there, mainly, financing is carried out by private
for success, assessing the degree to which their goals enérepreneurand companies.
achieved, different valueand ways to succeed. These A transport project often has a strategic component
conditions significantly influence the process of projecthat determines the competitiveness of the region in which
implemenétion, it is especially important to take intothe project was implemented. That is why transport
account when constructing communication processes. pitojects can be implemented for decades. Even if the
is important to use correct and effective methods, toofsoject does not requirgignificant funds, but the timing
and technologies in solving management tasks that wouddl repayment of these funds and receipt of investment
be orientedspecifically to these problei9, 10]. gains may take considerable timBometimes, even the

Therefore, the purpose of this article is to analyze tHast phase of the life cycle of a project with expertise and
interests of the parties involved in the transport projecapprovals, as well as the process of buying angodiag
taking into account the main features of this industry.  of land, may last for years and sometimes last longer than

The article solves the problem: construction itself. Very often, transport projects may be
- consideration of the peculiarities ofransport suspended due to significant changes in conditions or
infrastructure projects management; inconsistencies in funding plans with realities. That is

- allocation of key stakeholders for transportwhy the transporinfrastructure of the regions is often
infrastructure development projects and analysis of thgitanned in advance and for a long time with the

interests; calculations for further development and the state of the
-building a model for interaction betweenregion.
stakeholders at different stages of the projeiftci/cle. Often, before the project is implemented, it is
necessary to solve a huge number of conflicts in caer
Materials of research regulate public, private, social and economic interests.

The main risk and the main problem of any transport
Management of transport projects involves th@roject is the risk of losing funding [12]. First of all, as
creation of new or reconstruction of the country's olghere is always a temptation to invest in social projects
infrastructure systems for modernization or restoratiofhat will benefit much dster, rather than in the case of
Management of transport projects should be distinguishéefrastructures that spend the money spent over the years.
from other types of conventional construction. ThéVhen allocating budget funds, there is also the question of
transport project in its classification is included in tha@iving preferences to the region. Higgvel officials often
definition of the infrastructure project, and therefore has lave to choose the infrastructure of whiegion or city to
certain number of identical characteristics. improve, and work on which objects shotle postponed
The main characteristics of the transpodject are:  at another timeThis often creates a conflict between
- significant influence on the nature and pace ofegions and competition for funding, which can lead to

sociceconomic development of the region; individual risks during the project implementation. And,
- exceptionally high capacity of funds; finally, the construction of a transport infrastructure
- durability; changes the territory itself and sometimes destroys the
- close interaction between public authorities an#abitual location for people, or even their place of life.
private firms. The construction of a transport facility requires the

The competitiveness of the regi is mostly alienation of a large amount of land andascompanied
dependent on transport accessibility than on they pollution of the environment, both during construction
geographical lodion of production or serviceThe high and during operation.
development of the transport system in the region and the
mobility of material and labor resources in it provides Research results
ample opportunities foboth trade and production, which
makes the area attractive for investment. Implementation 1. Determination of the stakeholders of the
of transport infrastructure projects generates theafled transport project
impulses of development, which increase the  Stakeholders, in other words, interested parties, are
attractiveness of the mainland territories, increasing tlthe parties that are diregtinvolved in the implementation
market value of surrounding lands and other naturof the project at different or all stages of the life cycle and
resources. directly affect it. Stakeholders can include the public, civil

Infrastructue projects are worth the coskEor servants, owners, managers, investors and all other actors
example, the construction of one kilometer of road madirectly influencing and participatinin the life cycle of
amount to5 to 78 million hryvnia [11]At the same time, the project.
the terrain, climatic conditionsnd the development of the Transport project, unlike some other projects, is
territory can increase the costs at one time. For thinterrelated with the public at all stages of its life cycle.
reason, and also because road construction is often The community and the interests of the inhabitants of the
commercial, the main burden of funding is dividedoint region have a significant impact on the projécim the
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design phase and throughout the time of exploitation to In the world classification it is used to allocate the
the stage of project closure. Because the transport projproject owner as a separate stakeholder. That is, the side
is primarily aimed at solving the interests and needs which becomes the owner of the object after construction.
society. Some studies and organizations even believe tBut in the Ukrainian realities, all transport arteries of the
a proper assement of the role of society and determininccountry belong to the state, and since the issue with the
the main characteristics of a society as a stakeholder cappearance of concession roads is still not resolved,
play a key role in the implementation of a transpoithe role of the ownershould also be given to state
project [14. Significant public participation in project structures.
management also requires significant $@arency of Stakeholders may also include different supervisory
project processes and documentation to be disseminate@uthorities that are related both to the investor or the
public resources. contractor, that is, those who control the quality of the
Politicians who embody the side of the state alswork, as well as various organizations at thguest of the
play a significant roleat all stages of the projedtirst, state that control environmental norms and norms of
because the transport project has such a close relationslaw [15].
with the public in the regionin addition to financial Also, an investor, a project team leader, a contractor
issues, civil servants can also resolve pubtioflict with their own subcontractors and a supplier participate in
issues as well as control information channels about tthe implementton of the transport projectheir role in
project's pogressa the general publidThe state may also the tansport project is classical and has no pronounced
be responsible for obtaimj different types of permits. features.
Obtaining permits is one of the most likely risks of a Specific characteristics regarding the management of
transport project, which is why the role of state bodies itransport projects by various stakéders are presented in
this matteris difficult to overestimateAnd political will tablel1. The table serves as a visual indicator of the main
can significantly reduce political and some economidifferences and pedafities in the positions of
risks, which greatly accelerates the process of projestakeholders on those or other issues.
implementation.

Table 1.Table of interests and visions of different stakeholders

Stakeholders of Interests of stakeholders in specific project issues

transport project

Project vision

Target in a project

Expectations

Society

Creating a product that you
will need to take and which
will bring additional

convenience or opportunity

To get a project under construction th
will bring the minimum number of
inconveniences antksks, and at the en
will give the greatest possible
convenience and new opportunities

Finished product that brings
additional convenience and
features

of expenses and revenues

Government Budget streams and To master the maximum possible The ready project which is to
agencies reputation events budgetary resarces and to gain more | become the brand of the
reputational and economic benefits | political program and will bring
from the project, while reducing risks.| economic and social benefits
Regulatory Technologicaprocess, To ensure the implementation of all | Avoid all possible violations
authorities limited by the norms and processes within defined norms, until the project is complete.
requirements. Granting eliminate or punish violations. Complete all penalty predures
permissions
Investor Financial flows, the dynamicqg Profit through investment Return of invested funds with

maximum profit

Project Manager
and his team

Product creation manageme
process

A result that meets quality, deadlines,
budgetand requirements. Satisfaction
from the project of all stakeholders

Team success after project
implementation, financial and
reputational benefit

General contractol

Execution of works on all
points of the contract

Maximum financial benefit from the
work

The company gained profit fron
the project and received a
reputable profit from successfu
execution

General supplier

The process of supply
fulfillment according to the
contract

Maximum financial benefit from supply
fulfillment

The company gained profitdm
the project and received a
reputable profit from successfu
execution

2. Model of interconnection of stakeholders of a one- the exchange of resources for each of the parties.
transport project And resources in this case can be the most diverse things,
Project implementation is accompanied by constafitom information to certain actions, in short, everything
efforts of the project manager to meet the requéets of that can cawsthe interest of the partie&s a result of this
project stakeholdersBut in addition to interacting with situation, a networkfaelationships is created [8, 16].
project management, stakeholders are aiteracting with All links between vertices act as an interaction
each otherThe purpose of such interaction is often onlihetween stakeholders, where resources are exchanged.




ISSN25229818 print)
ISSN 2524296 (online) Innovativetechnologies and scientific solutions for industri2®19. No.1 (7)

There are three types of exchanges: the public, which is the most important stakeholder of the

- asymmetrical to the benefit of the target element; transport project and influences the critical number of

- symmetrical with mutually éneficial relationship;  decisions, may be more importdahain other stakeholders.

- asymmetric with benefit to the other party andt means that the situation with the exit from the balance,
deterioration of the resource base of the target element. when a certain stakeholder will receive more resources,

One of the tasks of the project manager and teamasd the priority stacker receives less resources, always
to weigh and control the relationships among otheemains completely unacceptabléfhus, the project
stakeholders, not alWing, or trying to prevent resource mana@r must make efforts to balance the model. In the
distortion. Such distortions may include, for examplelong run, the goal of the project team is to balance all
nonfulfillment of the terms of an agreement by one of theelationships among stakeholders, taking into account
parties, norfulfillment of their powers by state bodiestheirweight at a particular stage.
despite onsiderable tax pressure, e®imilarly, a project Note that the set of bonds A is-directional, thats,
manager may also give less resources in the processitafonsists of two subsetfid. 2): A+ U A-, where ¢+ i
exchange, for example, failing to fully exercise theithe volume of resources transmitted by the participants of
authority or demonstrating unprofessionalism in théhe communication in the forward direction (from the
decisions. In the event of such problems, there is alwaysnitiator of action), A is the volume of resources
certain tension betgen the parties and the desire of théransferred in the opposite diremti (as the corresponding
injured party to align the situation by reducing the leakageaction).
of resources on its part. At

Thus, the relationship model has the form of a
network where the project manager has a link with all @f (@

other vertices in the centand other stake holders with or
without a diffeent relationshipTo construct the model of
the interaction of paicipants, define the graph ifg. 1 as  Fig. 2. Scheme of interaction between two stakeholders
a set of vertices and relationshifgs:= (V, A). The node

corresponding to the project manager isked, . According tofig. 2 we can record the condition:

A+ 2 A-, (1)

° ° which states the process of interchange of resources of

project @rticipants during its implementation.
Indicate g; as a volume of the resources transferred

between V, and V, by project participants when

° —0 i=1,n,j 4,n. Thus, the graph of interconnections can
be divided into separate subgraphs with a dedicated target
holder and obtain conditions for the absorption of

° ° resources for a plurality of participants:
° 432 aa. )
ES

i,j=1 ) i

Formula (2) can be supplented by the factor of the
importance of a stakeholder for a certain stage of the
project life cycle [17]. To determine such a factor, for

At the same time, it should be noted that such @ample, you can use the Mitchell model to identify the
network may have different views and structures aiportance of the partieShus, formula (2) will look like:
different stages dthe life cycle of the project. That is, at
the start of the next stage of the project, a network A ?’;iK(T')af 2 "y "(-.;k(-r) a, 3)
stakeholders should be reviewed and balanced.. I=1ij £ 114 1=

When considering the network of stakeholders _
interaction, the balanc?ng of the process of transferrinfhnere k(T)and k(T)are the coefficients of
resouces between stakeholders is gbaramount significance (influence) of stakeholders on the first stage
importance.To do this, it is customary to allocate theof project implementation.
target steward and separately consider the situation on his The main task of communication management is to
part, taking into account its features and characteristics, aghieve a balance of interactions, that is, to minimize the
well as features of a particularage of the project life difference
cycle. Itis in this form that one needs to pay attention t~

Fig. 1. An example of a network of interaction between project
stakeholders

the situation when the stacker receives less resources tl %‘n %ilg(T')q; Y néig('[’) A 8 min . 4)
gives, this situation is the main problem that the netwot Gi=tig = P&j1= -

model is trying to solve. In the event that an imbalance can not be avoided, it

In some situations, the vertices may be uneven, %rpossible to align the overall system by tireartificial
rather, have a priority over other vertices. For example,
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imbalances in alation to other stakeholder®ut this model for minimizing imbalance of resources in the
approach will work only when stakeholders know aboubroces of interaction is develope@he unevenness of the
the approach and only in this case they will consider thatakeholder's influence over the life cycle of the project is

system of exchange of resources to be fair. taken into account.
The results obtained are based on a vhhsed
Conclusions approach and can be used in decisimaking on

communications management of transport infrastructure
In the article he features of management of transpordevelopment projects.
infrastructure development projects are considered. A set The research will continue in the direction of
of stakeholders is identified. Their vision, goals angonstructing a mathematical model of compromise
interests in the project are analyzed. The structural modwllutions with the interaction of different groups of
of interaction in the ggh representatiois proposedA  stakeholders.
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V. MARTSENYUK, A. SVERSTIUK

CYBER-PHYSICAL MODEL OF TH E IMMUNOSENSOR SYSTEM AT THE
HEXAGONAL LATT ICE WITH THE USE OF DIFFERENCE EQUATIONS OF THE
POPULATION DYNAMICS

The subject matter of the study is a model of cyk@rysical immunosensory systems. Teal of the work is to create and to study
the stability of the cybephysical model of the immunosensory system at the hexagonal lattice using difference equations. The
following tasks are solved in the article: development of functional scheme and-pigsical model of immunosensory system;
creation of discrete dynamics of the studied system; development of dynamic logical simulation of thghysicat immune
system; definibn of permanent states for studying the stability of a model of an immunosensor at the hexagonal lattice; the analysis
of the results of numerical simulation of the cypéysical model of the immunosensory system in the form of image of phase planes,
the probability of contact of antigens with antibodies, lattice images of the probability of antibody bonds and an electrfsoraigna
the converter, that characterizes the number of fluorescing pixels. The follométtyppds are used: methods of mathematical
statistics and random processes, methods of the theory of optimization and operations research. Therdsilitwingre obtained:
The cybephysical model of the immunosensory system at the hexagonal lattice using the difference equations thatdaakearih
the presence of colonies of antigens and antibodies localized in pixels as well as the diffusion of colonies of antegmgikelsv
was developed. Discrete dynamics of populations in conjunction with dynamic logic is described. A cldag timeedifference
equations was introduced to simulate the interaction of "artigébody" in the pixels of the immunosensor. The stability of the
cyberphysical model of the immunosensory system with the help of the R package is researched. $haf resubrical simulation
in the form of phase planes image, the probability of contact of antigens with antibodies, lattice images of the podlzatbitiydy
bonds and an electron signal from the converter, that characterizes the number of flupiestsngre obtained. The identical and
endemic stable states of the cypérsical model of the immunosensory system at the hexagonal lattice using differential equations
of population dynamics are proposedonclusions The numerical simulation of theedeloped cybephysical model of the
immunosensory system was conducted. It is established that its qualitative behavior significantly depends on the timawidhe
responser . An electrical signal, modeled by the number ofofscent immunopips, is important in the design of cyber
physiological immunosensory systems and studies of their resilience. Limit cycle or steady focus determine the appromfate fo
immunosensory electrical signal. The conclusion on the stabilitymiunosensors is based on the grid image of the pixels that are
fluorescing. The obtained experimental results allowed to perform a complete analysis of the stability of the immunodehsor mo
taking into account the delay in time.

Keywords: cyberphysical model; immunosensory system; biosensor; immunosensor; stability of the model; difference
equations; hexagonal lattice

Introduction Analysis of the problem and the existing methods

Cyberphysical system (CPS) is a physical system  With the growth of the pace of life and the need for
that implements the integration of computing and physicahore accurate methods for monitoring various parameters,
processes. It occurs more often in the form of embeddéederest in cybephysical systems and b&rssors as their
systems and networks for monitoring and controllingomponents is growing in science and industry.
physical processes in feedback systems. In such systeBgsensors are an alternative to wallown measurement
the dynamics of physical processes is the source wiethods that are characterized by poor selectivity, high
information of the investigated phenonmm® with the cost, poor stability, slow response, and can often be
ability to control and calculate the signals of control of theerformed only by the higy trained personnel. This is a
object [1]. new generation of sensors that use biological material in a

Cyberphysical systems are identified with thedesign that provides very high selectivity and allows you
manifestation of the fourth industrial revolution that taketo quickly and simply measure [6], [7].
place in the modern world [2]. Thus, there is also a Cell biosensors can be used to quantify the infection
physical  opportunity to use technologies ofof an orgaism with certain electrochemical or optical
"Internet of Things", where it is necessary to sggals phenomena. The article [8] describes a cellular biosensor
from sensors and measuring devices. Thus, motlkeat uses electrochemical impedance spectroscopy. This
and more publications [3] appear in thebiosensor is intended for counting human CD4 + cells.
literature that draw attention to the modern concepts afithe sensing area of this biosensor includécteode
offer the innovative solutions. A. Platzer proposegixels, each of which is compared to the size of the CD4 +
an approach based on "dynamic logic", whiclecell, which is attracted to the pixels of the electrode. They
describes and analyzes cybghysical systems [4], [5]. In are detected by observing informative changes on the
these works, the hybrid programs (HPs) are usquxel. The "On" or "Off" state of the electrode pixel
at the simple programming language with théndicates the det¢éion of one CD4 + cell. Thus, in order to
simple semantics. HPs allow the programmecalculate CD4 + cells, it is necessary to summarize
to refer directly to the actual values of variable®lectrode pixels inthe "On" state.
that repesent the real values and determine their This general approach to quantitative detection of
dynamics. cells is used to simulate an immunosensory system based
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on the fluorescencphenomenon. Immunosensors [9] araligital information, which enables them to process signals
a subgroup of biosensors, in which the immunochemical time using certain algorithms. There is also an
reaction is associated with the transducer. The principle ioteraction with their own capabilities, requirements,

all immunosensors is the specific molecular recognition d@fiterral data and internal tasks in terms of distribution to
antigens by antibodies to form a stable complex the same or higher level of the hierarchy.

An important stage in the design of cylpdysical The concept of CPS at the basis of thd S (the
immunosensory systems is the development and reseaeofternal rectangle in figl) , with the account of the
of their mathematical models that adequately reflect tHeatures of intellectual imaging sensors is usedh\ie
important aspects of the spatial structure of immpinels additioral skills (dotted line in figl), the sensor extends
important in terms of the researthsks. After all, the to CPIS, which allows to receive more diagnostic
quality of the immunosensor model determines thiformation about the object being studied.
effectiveness of its processing methods in measuring
systems. The design of cybehysical immunosensory

systems involves the selection of parameters that would CPIss

Information
ensure their operatiohastability. Such a task, in Skills J
particular, arises in the development of an immunosensor, sl b
which includes a thredimensional array of immune »  =f(V,F) »
pixels, and which consists in finding appropriate lezts :‘%y,}
parameters describing immunological and diffusion | T
processes. This pblem can be solved by developing and o Normalized signal
studying the stability of the corresponding cybpéssical - B,
model of the immunosensory system on a hexagonal Signal processing
lattice using difference equations. o
Immunosensory signal
Purpose of the work.To develop a cybephysical system
model of the immunoseosy system on a hexagonal 4 @@ h
lattice using the differential equations of population 7
dynamics with the possibility of studying its stability. The ol R
article addresses the following tasks:
- development of functional scheme and cyber ( An array of Immune
physical model of immunosengosystem; pixels based on difference
- creation of discrete dynamics of the studied system; 9 i y
- development of dynamic logical modeling of the L ’

cyberphysical immune system;

- definition of permanent states for studying the
stability of a model of an immunosensor on a hexagonal
lattice Measured biological value

- analysis of the results of numerical simulation of
the cyberphysical model of the immunosensory system iffig- 1. Functional scheme of CPISS
the form of image of phase planes, the probability of  Four main types of detection are used in
contact of antigens with antibodies, lattice images of thenmunosensory deces: electrochemical (potentiometric,
probability of antibody bonds @nan electron signal from amperometric or conductivity (capacitive), optical and
the ~converter, which characterizes the number @hermometric [9]). All types of sensors can be used as

fluorescing pixels. direct (not marked) or as indirect (marked)
) immunosensors. Direct sensors are able to detect physical
Solving the problem charges during the formation of the immune complex,

while indirect use different levels of the generated signal

Cyberphysical Immunosensory System (CPISS)hat enable more sensible and universal detection in
The definition of the term "Cybeghysical sensory system measuring systems.
(CPSS)" is given in [10]. This defiion was introduced CPISS refers to the hightelligence information
for the industrial use of sensors. The general definition gf/stems. They use an affiable set of interfaces that
the CPSS involves "a higher degree of combinatiomllow you to receive fast and accurate information of the
system sharing, the ability to use embedded systems in #igtus and internal system data that should be available to
field of automation and compliance with existingother CPSs. According to [10] CPISS as the -self
standards.” Theconsidered approach is used for thevrganizing system requires comprehensive knowledge of
characterization of CPISS, the functionaheme of which its owndynamic structure and infrastructure of the general
is presented inig. 1 and allows to perform numerical system. In order to make this, it is necessary to determine
simulation of the system under study. the types of immunosensory devices, taking into account

According to [10], the definitions and schemes fotheir functional application. For example, immunosensors
CPIS are used tadefine the CPS. CPISS convertscan be used to assess critictiates in cardiovascular
physically measured immunological parameters into thdiseases, insulin values when measuring glucose levels in
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blood and to identify quantitative parameters in some 6. The diffusion of antigens from six adjacent pixels
pharmaceutical formulations. i+1,j k -1) (i+1,j -1k) (,j-1k 41)

In the article [10] the general structure of CPSS i
proposed. While applying this sahe, in the case of ?' Lk ﬁ) (-1 ﬁk) (i.j+1k 1) (fig. 1) with
immunosensors, three directions can be singled owffusion speed DD?, where D>0 i coefficient of

general information ~about the immunosensoryiffusion; D >0 i distance between two adjacent pixels.
measurements of immunological parameters and skills in 7. The constant mortality of antibodies; >0 is

relation to unit conversion and calibration; intdiac
with other immunosensorsin this way, the certain introduced.

methods are described that allow the immunosensor to be 8- AS @ result of the immune response the antibody
described. In the study of CPISS, the programming€nsity increases with a probabilistic velocity.

language R was used. Despite the great variety of 9. The antibody population is approaching a certain
programming languages used in the development of CR&vel of saturation with a speed >0.

(Assembly, C, C ++, D,ala, JavaScript, Python, Ada, 10. The immuneasponse occurs with some constant
etc. [11]), the language R is widely used in Nowadays, Siblay in a timer >0

many industries involved in machine learning an

visualization of data.

s conS|dereo(

Discrete Dynamics CPISS For the CPISS
dynamics we use the mathematical description with the
help of nonlinear difference equations with delay.

The model of the immunosensor on the basis of a
hexagonal lattice is considered. In this case, for the
numbering of immune pixels(i,j.,k), i,j,k = N,N,
i+j k @&the cubic coordinate system is used [11].

Let V,,, (1) is the concentration of antigens, , (t)
is the concentration of antibodies in the immunopixel
G(,j.k);i,jk= N,N,i+] kK 6

The model is based on such biological assumptions

for an arbitrary immunopildi, j k). Fig. 2. Hexagonal latice, which binds six neighboring pixels in

. . . th del of th I th bi dinat
1. Antigens are detected, bind, and finally e model of the immunopixel using the cubic coordinates:

{4, J-1, E+1)

neutralized by antibodies with some probability velocity ab ab
g>0. 1,358,911 (;%_2 Vii(® 5 geg\/m,jk A0
2. It is assumed that when colonies of antibodies are D 5
absent, colonies of antigens are regulated by a logistic 4- a t & V. f
equation with a delay: Eﬁ? g ax(®) ‘?ﬁ? e
Vi) JL B DN (), ) G SARORILS < SMUE
where b and d, i positive numbers, and 2 0 mean aD

|l atency of the negative responcelz'ggvivmm(t) Mtigensd col c

3. The fertility rate & >Ofor the antigen population
is introduced. On the basis of the above information, we will write
4. Antigens are neutralized by antibodies atmaie (e mathematal model of lateantigenantibody
probability rateg>0 . interaction for a hexagonal array of immunopicles based

on the wellknown Marchuk model [1-24] and uses the
5. The population of antigens tries to reach a certain

limit of saturation with a spee/, >0. spatial operator S proposed in [15] (additional
information is on page 10

Vijk(n+1) =ij(n)exp{b 'g:jk(n o jk(n }'g%t('}

(2)
Fix+) £ (e m g, (0 n-  H, 0}
2
where S{ \(,j‘k} is a discrete diffusion for a spatial operag)r
g{ } FDD g/+11k1 Bk \k‘j 1<-1+V"1,k,-1 y"ﬁ K- yj'l'& 15”4\,/1, 3)
]k

fl]kl N N 1 i j+k 0. =
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Dynamic logical simulation of CPISS. In order tomore featurs than differential equations. The first level of
simulate the dynamic logic of CPISS, we use the synt&kP is a dynamic program that is defined by the following
proposed by APlatser for the general CPS [4]. The CPgrammar
uses the Hybrid Programming Language (HP), which has

a=V, (9 ¥, (ea(b &, (0 - w0} § v
Fivivk(n-'-l) :Fi,jk(n)exd I?;,I /’-\gjk (n r)' yl-l_qlk (n} & to F

where F, is an evolutionary domain constraint in the form of a formula for the lafgice first order of real arithmetic

(4)

def

Ft 1vmin wi,j,k(n) \ﬂfnax, (5)
aE™ ¢, (n) E™ i@k NN n @i 3 k 0
The functioning of the immunopixel(i,j.k) is Stable state without antibodies
i i . | «. . _ .
determined _by two states, with respect to fluorescence 0 1 ab 0Sijk=NN,i+j] & e
Namely, s;, is a state of fluorescence amsg, ,, is one of ™ aegaj, b
the nonfluorescence states. The use of the first order of |dentical endemic steady stateln the case if
semantics of logic and the satisfaction rafio L for the VTV g, i,jk= N,N, i+] % 6

we receive the stable state

first-order formulalL of real arithmetic and state can be (ﬁ\( } ) 0)
determined for some pixels(i,j.k);i,j k= N,N, Kk '

i+j k @statess, ands,,, as e, & Ve F*) where
Sﬂ|:kﬂ\(.jk(r) ij(r) 2%, Videm:mllFidem:_m g+ /7
(6) h‘é"— ucjf ( hé+ ucff (

= kﬂ\ll,j,k(r) li:,jk( r) Yy -

Discrete changes occur in computer programs when
they accept new values for variables. This situation occupiate. ) ) .
when a fluorescence phenomenon occurs in a pixel Nor-identical endemic steady statén the general

case, we need to solve the algebraic sy§®mand find an

Snonfl
So if -m g + h g@, then €°" is an endemic

(jk); ijk= NN, i+j k 6 The state endemic stable state, which will be called fidantical
Sk =1 1is assigned a value of 1 to the varialsle, ;, . stationary state o et = (y/ o dent | non- der
L L !

This leads to a discrete, juntige change, a; the vglue ik -NN, i+] k 6. in case all
S does not change smoothly, but rapidly whié _ _ o )

(V"% R e >0, then €7 ™ is an endemic state.
Values V*"and F'“"can be used as the initial
approximations for numerical methods for solving a

model of changes;;;, =1, except for the model of nonlinear algebraic system (7).
change (6).

f1.0,j k
suddenly changes from 1 ts,;,,, causing a discrete

jump of valuess;,, ;, . In this way, we obtain a discrete

Numerical modeling.

Investigation of dability of immunosensor model Model (2) is considered ath =0.0% . b=2h;
on hexagonal lattice. Constant states. =2%h H=0.01184/¢ d =0.5h
In  general, the state of equilibrium 9" m =h; ' 5 e T d =0.5;
et (MiFi) ik =N,N, i j+k 0 for D/D* =22a/h. N=4
the system (2) can be found as a solution of an algebraic Similar to the model based on the differential
system: equations [16, 17], in a system with the discrete time
o when the delay time value is changed we
Vo =V« exp{b -Fie jk} Qﬂ\/jk} observe the qualitative changes in the behavior of immune
_ (7) pixels and the model undertusy as a whole.
Fox =R« exp{ Mmoo h g, f'Fqk}' Numerical modeling is performed at the

o S values of the parameters given above. In
Considering (Vi,,-,k, Fi,,vk), i,jk=N,N, i j k+0, this case, the lonterm behavior of the system (2), which
we have the following cases. describes a hexagonal array of immunopixels

Stable state without antigens and antibodiesat !\Ib:d4 for rd:5; r=17;r :22.|Phase diz?grams.ofl

01 g ik NN i+ _ antibody  an antigen  populations for  pixe

it & X00,0jk= NN, i+j & 6 and adjacent pixels atifferent values are shown
in fig. 3- 5.
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Pixel 0 1-1

Pixel 10-1
o

Pixel0 00

Pixel-110 Pirel 1 -1 0

Pixel 0-11

Fig. 3. Numerical modeling of the system (2) at=5. The image of the phase planes in coordiné‘tﬁk, Fix ) for the pixel
(0,0,0)and its six neighbo-riidregtpicxad| shondbdiclsgatystaieq n :0 3

Pixel 01 -1

Pixel 10-1

Pixel-110 Pixel 00 0

Pixel 1-10

=N

Pixel-101 Pixel 0-1 1
125

Fig. 4. Numerical modeling of the system (2) mt=17 . The image of the phase planes in the coordir(Algﬁ( Fik ) for a pixel
(0,0,0)and its six neighbibdeéengi pak eitnenddanBopl stbadybstate , 3 0
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Pixel 01 -1

Pixel 10 -1

Pixel-110

Pixel 000 Pixel 1-10

Pixel 0 -1 1

Pixel -10 1

Fig. 5. Numerical modeling of the system (2) lat= 22. The image of the phase planes in the coordir(A!gﬁ( , Fi'j K ) for a pixel

(0,0,0)and its six neighbibdeéengi pak eitnenédanBopl stbadybstte., 3 0

Thus atr ¢ 16 there are trajectories that corresponaéxtremums (one local maximum and one local

to a stablefocus for all pixels (@. 3). At a valuer =17  minimum).

Hopf bifurcation occurs- the following trajectories Lattice graphs were used for numerical modeling of
correspond to stable ellipsoidal boundaryycles the cybeiphysical model of the immunosensor. Firstly,
for all pixels (fig. 4). The results of numerical the  corresponding  graphs  were  constructed,
modeling are consistent with thieeoretical results on the Where the probability of antempantibody contact was
basis of the theorem on the Hopf bifurcation [18]given for each pixel, and &4, * F,, atr =5, r =17,
which confirms the appearance of small invariant =22 are shownaifg. -c)6 ( ©

cycles of the radiuB (/B . Fig. 5 for r =22 shows the At the second stage of numerical simulation of

phase diagrams, which are thienit cycles with two CPISS, latticegraphs of fluorescing pixels were obtained
based on the condition (6) showrfigt 7.

Fluorescence intensity, time=1001 Fluorescence intensity, time=2001 Fluorescence intensity, time=3001
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Fig. 6. Lattice images of the probability of antibody bonds with antibodies in pixels ofyseem (2) ar =5 ( )O
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Tne end of théig. 6. Lattice images of the probability of antibody bonds with antibodies in pixels of the systenr(2)1at (b),
r =22 (c).
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As an example of the final stage of numericalr =17 that corresponds to a stable focus.rAt 22 there
simulation of the CPISS, the form of an electrical signal a§ a running wave of fluorescence pixels thist
the converter is obtained, which characterizes the numbhefpresented irid. 8 (c).
of fluorescing pixels, depending on the different value of  For the numerical simulation ofRISS, a threshold

the delay in timer . Fig. 8 (a, b) shows the result of theyglue for fluorescence was used Q, =L5.
numerical simulation of the system (2) at=5 and

0.050
60 -

<
=]
]
3
1

N
(=]
1

0.000

fluorescencing pixels
3
:

fluorescencing pixels

<
o
]
3]
L

-0.050 ~— v . . v T . T T T T
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

time time

a) b)

60

'
o
1

fluorescencing pixels
S
:

od wd L LLAL

0 1000 2000 3000 4000 5000
time

0)

Fig. 8. An electrically transmitted signal from a transducer that charactetfieesumber of fluorescing pixels a=5 ( ©) ,
r=17(b), r =22 (c)

As it was shown by the numerical analysidnto account. The mathematical description of CPISS
fluorescing states in immunopixels are changed accordiogntains a discrete population dynamics, which is
to the laws of discrete dynamics. Analyzing the obtainecbmbined with the dynamic logic used for discrete events.
reallts, it was concluded that when changing the values of The continuous dynamics ofhé immunological
I', the behavior of pixels and CPISS changessponse, each immunopixel is considered as CPISS was
qualitatively. studied. The electrical signal, modeled by the number of

fluorescent immuno pixels, is important in the design of
Conclusions CPISS and the study of their sustainability. Sustained
focus or limithg cycle determines the appearance of an

In this work a model of cybgshysical immunosensory electrical signal. The conclusion on the
immunosensory system on a hexagonal lattice with the usi@bility of immunosensors can be made on the basis of
of difference equations is developed and its stability e lattice image of the pixels that are fluorescing. The
investigated. The presence of colonies of antigens agdperimental results obtained allow us to perf a
antibodies that are localized in pixels, as lwa$ the complete analysis of the stability of the immunosensor
diffusion of colonies of antigens between pixels was takgRodel, taking into account the delay in time.
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T. MomoT, O. VASHCHENKO, R. TESLENKG, D. MoMOT

STRATEGIC MONITORING OF OF THE EXTERNAL E NVIRONMENT IN THE
SYSTEM OF ENSURING THE FINANCIAL AND ECONOM IC SECURITY OF THE
STATE, REGION, ENTERPRISE

The subject of the study in the article is a comprehensive analysis of the external environment in terms of the country's
competitiveness. Thgoal of the work is to substantiate the sciaéntdnd methodological foundations of a comprehensive analysis of
the external environment according to the level of a country's competitiveness within the framework of strategic monttoging i
system of ensuring the financial and economic securityeo$thte, the region, and business entities. The follotaisks were solved
in the article: reasonably hierarchical relations in the process of strategic monitoring implementing in the financiah@mét ec
security ensuring system of the state, region, business entities; reviewed the hierarchy of strategicgriendisrim the system of
national economic security; characterized by information flows of the strategic monitoring organization levels; des@ibessbe
of using information by economic entities at various levels of government in order to implkenaéegic monitoring; systematized
international approaches to the construction of competitiveness countries ratings; analyzed the place of Ukraine emahternati
competitiveness ratings. The followimgethodsare used: abstract logical analysis, theocatigeneralization, system and statistical
analysis. The followingesults were obtained: we proved that the strategic monitoring at the regional and local levels, as a rule, has
hierarchical relationship with the inherent characteristics of all hieichystems; the economic security of any economic entity is
formed under the influence of environmental factors at the global, national and regional levels; a country's compestiveness
considered as a set of properties inherent in the national ecomdrngh determine a country's ability to compete with other
countries; according to the analysis of key international ratings of competitiveness of the dduranye first of all needs to
concentrate its efforts on fighting against corruption and rdtiorecroeconomic policies implementinGonclusions strategic
monitoring in the system of the financial and economic security ensuring of the state, region, business entities invbrk fohme
conducting a system analysis and forecasting changes itothe gompetitiveness of countries should be a significant measure of the
systemintegrated implementation to counter existing threats to ensure the state national interests protection as the basisdviabilit
conditions for further progressive countrvetlopment.

Keywords: strategic monitoring; country competitiveness; financial and economic security; international competitiveness
ratings; comprehensive analysis.

Introduction Analysis of recent research and publications

The consolidation of Ukraine's course towards the  The importance of the question of the financial and
North Atlantic Alliance and the European Union in theeconomic security of the state, the region, economic
Constitution of Ukraine defined the country's foreigrentities in the modern conditions is substantiated in the
policy strategy. The choice of a development vectorvorks of such scholars as Bilik R. I. [1], Vlasydk S.
towards a European civilization model conttda to [2], Krylenko 1.V. [3] Muntian V.I. [4], V.B. Podborsky
progress in all spheres of society and the statfh], S&k T.V. [6], Timoshenko O.V. [7&nd others.
approximates the standards of democracy, the information The works of scientists substantiate the fundamental
society, a competitive and socially oriented markedspects of the system of ensuring financial and economic
economy based on the principles of the rule of law and tisecurity, which helps to improvihe tools for assessing
safeguarding of human and civigjhts and freedoms. Due the level of financial and economic security of the state,
to the urgent need to ensure national security, thiegion and economic entities in accordance with the
establishment and development of an integrated systempaframeters of the dynamic environment and causes the
strategic monitoring and audit support for theelevance of the study of this problem.
establishment of the organizational and legal framework In the circumstances necasg and timely, research
for the developmerof the sphere of security according toand improvement of the process of implementing strategic
European standards, blocking the preconditions for ttenalytics and audit support in the system of providing
criminalization of economic relations and creating dinancial and economic security of Ukraine in the context
favorable investment climate is seen as a priority taskf the application of European standards of security and
Considering the importance of adapting the systm anticorruption management.
financial and economic security of the state, region,
business entities of Ukraine to the international securityFormulating the goals of thearticle (statement of the

space, the important task is the development and practical task)
implementation of European tools for evaluating and
strategic monitoring of theelvel of financial and economic The aim of the work is to deepen the scientific and

security, a systematic analysis of corruption risksnethodical principles of a comprehensive analysis of the
combining efforts and ensuring effective interaction on thenvironment on the level of competitiveness of the
implementation  of state antbrruption  policy country h the framework of strategic monitoring in the

in the development of the European vector of foreigsystem of ensuring financial and economic security of the
policy. state, region, economic entities. Achievement of the set
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goal set the following tasks: to substantiate the hierarclupllection, processing, alysis and presentation are the
of connections in the process tfategic monitoring in the basis of effective activity of the state, the region and
system of providing financial and economic security obusiness entities.

the state, region, economic entities; to consider the Such work at the state, regional and local levels, as a
hierarchy of levels of strategic monitoring in the system alule, has a hierarchical relationship with the characteristics
national economic security; to detail information flows ofnherent in all hierarchicaystems [10], which include:
levels of organization of strategic monitoring; describe the - sequential vertical subordination of subsystems
process of using information by economic entities at therming this system (vertical decomposition);

micro, meso and macro levels in order to carry out - priority of actions or right of intervention of tep
strategic monitoring and management; systematizevel subsystems;
international approaches to constrogti country - dependence of actions of subsystems of the top
competitiveness ratings; to analyze Ukraine's place lavel on he actual execution of subsystems of the lower
international competitiveness ratings. level of their functions.
In this case, the system or subsystem is considered as
Materials and methods a process of converting input parameters into output ones.

On the basis of the above provisions, we consider it
Theoretical and methodological basis of the resear@ppropriate tadentify a hierarchy of levels of strategic
were the scientific works and informational and analyticanonitoring in the system of natial economic security,
materials of te leading domestic scientists and foreigmamely {ig. 1):

scientistseconomists in the field of analysis of the - mega level (global or world level);
environment on the level of competitiveness of the - macro level (state, national level);
country. In the course of the research, the following - meso level (regional level);
methods were used: abstrdmgical analysis- for a - micro level (local level, lesl of subjects).
theoretical generalization and justification of research - N
directions and results; theoretical generalizatiom study Megaeconomic level
the features of the analysis of the environment on the level (global level)
of competitiveness of the country using international - o
ratings; system and sistical analysis for the analysis of -~ , ~
Ukraine's rating by international competitiveness indices. Macroeconomic level
(state level)
Presentatin of the main research material \ ,V J

At various Ie\./elsuof managerial decision r_nakipg, ( Mesoeconomic level )
there is always a significant number of problem situations (regional level)
that are characterized by high uncertainty of occurrence; \ J
considerable complexity and uniqueness of the conditions; ,’
a large number of parameters that need to be taken into ( _ _ )
account during their analysis; contradictory criteria for M'Cro(ﬁ)cc‘;rl‘?er\%%'eve'
selecting an optimal alteative solution to the problem; L )

the complexity of predicting the consequences «cf . . .
implementing possible alternatives; limited time to decid(f'g' 1.The hierarchy of levels of strategic monitoring
Based on the peculiarities of the emerging problems, The formation of information flows should be
the urgent need is to create an effective system of strategarried out at all levels. Accordingly, the levels of
monitoring of economic security at the state, regional argtrategic monitoring organizations are characterized by:
local levels as an integrated system of strategic research - quantitative and quaftive composition of the
that is designed to monitor, analyze and evaluate the reahalyzed information;
time environment, forecast trends in the development of -the nature of the selfrganization of this level of
individual components fothe environment, diagnostics, activity, the degree of its centralization (decentralization);
the state of the environment and the choice of means to -the ratio of economic and administrative (non
regulate deviations of the actual state of the environmeatonomic) mechanisms of regulation of atis of
from the predicted [8]. entities of this level,
An important element for strategic monitoring is the - the nature of relations between actors (relations of
regulatory environment [9] botat the level of legislative the hierarchy, equality, etc.);
acts and at the level of individual scientific developments. - the reaction rate of subjects of this level of activity
In today's very difficult economic conditions of Ukraine,on the influence of factors of the environment;
this is particularly important with the strengthening of the - the characteristics of théofvs of information that
role of various examinations, methods of assgsshe function at this level of the hierarchy (volume, diversity,
current and future state of objects at different levels aomplexity);
economic development management, because the -the potential ("throughput") of subjects of the given
possession of reliable and relevant information, along witlbvel of the hierarchy in the field of collection, processing,
the ability to maximize the use of adequate methods of issorage and transmission of informatjdd].
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In addition, the organization of activities at a certain
level of management hierarchy:
- primarily aimed at
development of subjects of this level;
- associated with activities on the higher and lower
levels of the hierarchypy a system of direct and inverseentities on the micro, meso and macro levels for the

relationships;

ensuring

- to a certain extent, affects the activity of the lower
level of the hierarchy, and in its turn, its effectiveness at

the sustainablehis level depends on the effectiveness of the organization
of the lower level of actity [11].

The process of using information of economic

purpose of strategic monitoring and marnageat is
schematically shown ifig. 2.
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Fig. 2. The process of using information of economic entities of different levels for the purpose of strategic monitoring and

management

Thus, the economic security of an entity is shaped nvironmental factors at the world level on the level of

the influence of environmental factors at the globalompetitiveness of the country.

national and reginal levels.

development of global

At the same time, the competitiveness of the country
One of the key characteristics of the moderiis considered as a set of propertiesheirent
ihe national economy, which determine the ability of the
globalization. The interdependence of national economiesuntry to compete with other countries. The level of
and the interconnection of soedmonomic processes in competitiveness of a country is determined by the
different regions of the world are condignincreasing,

economic  processes

which in fact determines the expediency of the analysis of

in

different methods presentedtablel.

Table 1.International Competitiveness Ratings: Systematizing Approaches

Name of rating and the
position of Ukraine

Description

Structure

The Global Competitiveness
Index, Ukraine is ranked 83
out of 140 (according to The
Global Competitiveness
Report 2018).

Devebped by the World Economic
Forum (WEF), Switzerland. Represen
one of the most complete complexes @
competitiveness indicators in different
countries of the world.

98 indicators divided into 12 groups: quality of
institutions, infrastructure, macroecaniz stability,
health and primary education, higher education an
vocational training, efficiency of the goods and
services market, labor market efficiency, financial
market development, technological development
level, size the domestic market, the cotitpeness
of companies, the innovation potential.

World Competitiveness
Rankingi Ukraine is ranked
59th out of 63 (according to
World Competitiveness
Rankings 2018).

Published by the World
Competitiveness Center at the Institutg
for Managemenbevelopment
(Switzerland) in the World
Competitiveness Yearbook.

More than 340 indicators according to 52 research
institutes in the world, divided into 4 groups: state
the economy, government efficiency, state of the
business environment, state of agtructure.

The Global Sustainable
Competitiveness Index
Ukraine is ranked 91st out of
180 (according to The Globa
Competitiveness Report

2017).

Designed by the Swidsorean Joint
Venture SolAbility. Measures the
current and future capabilities of
naional economies to generate and / ¢
maintain financial and nefinancial

incomes and wealth of their population]

111 indicators based on World Bank, International
Monetary Fund and UN data are aggregated into 5
subindices: natural capital, social capitalsource
management, intellectual management, and
government efficiency.
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Tne end of thdable 1

Ease of Doing Business Inde
i Ukraine is ranked 71st out
of 190 (according to Doing
Business 2019).

Created by the World Bank Group.
Allows you to objectiely evaluate the
legislation related to business
regulation, and its application in 190
countries, as well as in selected cities
and regional levels.

Analyzes the legal rules applicable to enterprises i
11 areas: establishment of enterprises, obtaining
construction permits, connection to the electricity
supply system, registration of property, obtaining
loans, protection of minority investors, taxation,
international trade, enforcement of contracts,
insolvency and regulation the labor market.

12 quantitative and qualitative indicators (formerly
10), grouped under the four components of econo
freedom: the rule of law; government restrictions;
regulatory efficiencymarket openess. The index
takes valuefrom O (worst value) to 100 (best).

Index of Ecmomic Freedom
Ukraine is ranked 147th out
of 180 and is in a group of
countries with a "mostly nen
free economy" (according to
the 2019 Index of Economic
Freedom).

Calculated by the American research
center The Heritage Foundation in
collaboration withThe Wall Street
Journal and assesses the level of
liberalization of the interaction betweet
the state and business. All countries g
the world are divided into 5 contingent
groups- "with a free economy", "with a
predominantly free economy”, "with a
modeately free economy", "mostly
nonfree economy" and "with a nefree

economy".

The Global Competitiveness Index GCI 4.0 [12](business dynamics, innovation capacity). The average
almost 40 years after the first annual assessment of theore of GCI 4.Gor the world economy in 2018 is 60.40
world economy, is estimated by the World Bomic points. The first place in the rating is occupied by the
Forum on a new methodology that allows the fullest/nited States. They are followed by Singapore, Germany,
possible account to be taken of the impact of the four®Bwitzerland, Japan, the Netherlands, Hong Kong, the
industrial revolution on the development of economies ibhnited Kingdom, Sweden and Denmark. The last place
the world in 12 groups: environmental friendliness the ranking is occupied by Haiti, Yemen and Chad.
institutions, infrastructure, mplementation of ICT, The positions of Ukraine in comparison with some
macroeconomic  stability); human capital (healthcountries of the world under the ind&Cl 4.0 is given in
gualification); markets (market of goods, labor markethe table2.
financial system, market capacity); ecosystem innovation

Table 2. Positions of Ukraine and some countrieshaf world according to the Global Competitiveness Index

2012 2013 2014 2015 2016 2017 2018
States | (among 144 | (among 148 | (among 144 | (among 140| (among 138 | (among 137 | (among 140
countries) countries) countries) countries) countries) countries) countries)
Ukraine 73 84 76 79 85 81 83
Georgia 77 72 69 66 59 67 66
Russia 67 64 53 45 43 38 43
Turkey 43 44 45 51 55 53 61
Poland 41 42 43 41 36 39 37

Poland is in the 37th place, Hungary is 48, Slovakiafficiency of public authorities, the state okthusiness
- 41, Romania 52, Turkey- 61, Moldova- 88. Russia environment and the state of infrastructure. The first place
is ranked the 43rd place, rising by two lines compared i the 2018 ranking was the United States. -Heng
last year. Kong ranked the second. Three leaders, like last year, are
The components that reduce Ukraine's performanc@mpleting Singapore. Ukraine has moved from the 60th
were Macroeconomic Stability (131st place), Financialb 59th place fron63 countries and three positions ahead
System (117th place) and Institutions (11Qpkace). of Mongolia and still lags behind Russia by 14 positions.
Among the indicators for which Ukraine received low The Global Sustainable Competitiveness Index [14]
marks, in particular, are: the impact of organized crime da developed by the Swidéorean joint venture SolAbility
the cost of doing business, the level of inflation (average assess the current and future ability of coastrand
for 20162017 years), the dynamics of debt, taking intdéheir economies to create and maintain financial and non
account the country'credit rating, the level of terrorism, financial income for their populations. In the ranking for
the independence of the judicial system, protectiothis index, Ukraine ranked 91st out of 180.
property rights, road quality, the impact of taxes and According to the Index of ease of doing business
subsidies on competition, the flexibility of setting salaried15], Ukraine ranks 71st out of 190 cuties (between
financing small and mediwsized businessesthe Kyrgyzstan and Greece), which is 5 positions higher
reliability of banks, the share of problem loans, the growtbompared to the Doing Busine$8 ranking.) Ukraine
rate of innovation companies. ranks the 71st out of 190 countries (between Kyrgyzstan
IMD's global competitiveness rating [13] is based oand Greece), which is 5 positions higher in comparison
the assessment of the state of the country's economy, ¥ith the rating of Doing Business2018. Ukraine has
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shown the greatest growth in the nominations foof countries with a free economy included countries that
"international trade" and “fulfilment of contractual scored more than 80 points: Hong Kong, Singapore, New
obligations". New Zealand (86.59 points), Singapor@ealand, Switzerland, ustralia and Ireland. Recent
(85.24) and Denmark (84.64) ranked the top three leadeesking positions were taken by Nigeria, Sudan, Chad,
in the ranking okase of doing business.). Central African Republic, Angola, Ecuador, Suriname,
The Index of Economic Freedom [16] is anTimor-Leste, Togo, Turkmenistan, Mozambique, Djibouti,
instrument for indepth analysis of economies around thélgeria, Bolivia, Zimbabwe, Equatorial Guinea, Eritrea,
world and is calculated by the American research cent€ongo, @ba, Venezuela and North Korea. as countries
The Heritage Foundation in collaboration with The Wallvhere economic freedom is suppressed or absent
Street Journal othe basis of 12 indicators, grouped intcaltogether.
four broad categories, or pillars of economic freedom  According to this year's study, Ukraine scored 52.3
According to the results of the full ranking, all countries impoints out of 100 possible and ranked the 147th out of 180
this index are divided into 5 conditional group%with a  countries (the last position among 44r&uean countries)
free economy”, "with a predominantlifee economy”, in a group of countries with a "mostly néree economy".
"with a moderately free economy”, "mostly nfree The dynamics of the index of economiceedom of
economy" and "with a nefreeeconomy".The first group Ukraine is shown iffig. 3.
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Fig. 3. The dynamics of the index of economic freedom of Ukraine for 29948 years

Over the past year, the Index of Economic Freedofmamework of the European integration course. First of
of Ukraine has grown by 3.8 points, thanks to positivall, global trends are potentially sources of threats to
changes in the assessment of monetary freedom amational security. These include: the intensification of
freedom of investment.Instead, three indicators of competition between world centers of force, the
Ukraine are rated worse than last year, namely propestrengthening of competition for raw materials resources
rights, government integrity and freedom of tradefor access to them and control over the routes of their
indicating the need to fight corruption, capital marketgelivery to the consumption marketsgiténsification of
privatization of stat®wned enterprises, and thelabor migration;
improvementof the legislative framework and the rule of Thus, according to the results of the study, the
law. hierarchical structure and functional content of the

strategic monitoring information system was improved to
Conclusions from this study ensure the financial and economic security of the state,

region economic entities taking into account international
In the context of the main trends of globalization, théompetitiveness ratings of the countries by identifying the
effectiveness of ensuring national security, including thgources of threats (both internal and external) national
fight against international terrorism, crdssrder crime; Ukraine's security and Ukraine's positioning on
migration regulation; provision of social services; markegomponents of worktlass competitigness in comparison
regulation; control over the extraction of naturawith other countries. Such an approach allows
resources, etc., is based on the active participation of tetermining the ways of increasing competitive
country in the regional and global integration processes. advantages for the formation of strategic priorities for
In this regard, the problentf research into threats ensuring economic security of economic entities in the
to national interests and national security of Ukraine we@onditions of Ukraine's integiian into European
reformed to reform all spheres of public life within thepolitical, economic, security, legal space, membership of
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the European Union and the North Atlantic TreatyAgreement with the EU as one of the main principles for
Organization, the development of equal, mutuallgtrengthening relations between Ukraine and the EU.
beneficial relations with other states. Strategic monitoring in the system of providing
In the context of the current challenged threats to financial and economic security of the state, region,
regional security, Ukraine's cooperation with regiondbusiness entities within the framework of system analysis
partners in implementing sound macroeconomic policiend forecasting changes in global competitiveness of the
and restoring confidence in the financial sector is the mosbrld should become a significant measafdhe system
important priority of foreign policy. According to and complex implementation of the system of
international compétveness ratings, it is first of all counteracting threats to ensure the protection of the
necessary to concentrate efforts on combating corruptiamalization of the national interests of the state as the basis
which is defined in Article 3 of the Associationviabilty and conditions for further progressive
development of our country.
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A. PopPov, A. YELIZYEVA, S. GUBKA, S. KRYIVULIA

DEVELOPMENT OF THE A PPLICATION FOR THE | NFORMATION SUPPORT OF
LOGISTIC BUSINESS PROCESSES OF THE CONSTRUCTION SERVICES ON
BUILDINGS INSULATION

Thesubject of the research is the methods and technologies of information support of logistic business processes of buildings facades
insulation. Thegoal of the paper is to provide the information support to the companies that provide services for the buikalitegs fac
insulation. The followingoroblems were solved: analysis of functionality the sites of the companies providing insulation services;
formation of business process diagrams; database development; web application development for business procesiseslinform
support for buildings facades insulation. To solve these problerethods of system analysis, set theory, database and web
applications development technologies were used. The follovésigits were obtained. Sites of companies providing the fesad
insulation services were analyzed and identified as for their advantages and disadvantages. The advantages of developing we
applications compared to sites are considered. The model of logistic business processes for facade insulation is formedjsigic
of three stages: preparatory, main and final. Thehsstretical description of the business process model components is given, which
allows to determine the main components of the insulation process logistic support and to apply the calmutatias for the
corresponding information support module. The information support architecture for insulation business processes is, developed
which consists of a database, a calculation module and a web application interface. The database struatlopes, devich
contains information about the company, the contractors for insulation, the necessary materials in stock, order and customer
parameters. The web application development allows automating the information processing for the organizationanfl work
providing the user with the ability to quickly place an orde@onclusions information support of insulation logistic business
processes ensures their maintenance at all stages of work through the timely preparation of an individual servicbetikirgithe
availability of necessary materials. The main result of the web application is the ability to automatically calculatenithg svaa
and the order cost, taking into account the availability or purchase of the necessary materials, anthtioa fof an agreement
between the customer and the comppasformer on the basis of the selected parameters of the insulation service.

Keywords: business processes; building insulation;-teebretical description; precedent diagram; system architecture
databaseweb application.

Introduction the growing popularity of using web applications is due to
their benefits, the main of which are the following T%:

The issue of insulation of facades becomes an -flexible data access;
important in connection with the increase in the - the guarantee of a safe user registration;
cost of heating houses in winter. This reduces - support for all devices;
heat loss and therefore reduces heating costs. Today there -faster user access to the necessary data in
are many companies providing such servicesomparison with the site;
that do not always meet all requirements for the execution - quick user registration;
of orders: no preliminary work to eliminate - applications run through the URL;
defects in the walls is carried out, cheap -gpuality - support for all devicg
materials are used, etc. These disadvantages -web application development is more simple than
lead to the gradual destruction and deformation of theebsite.
structure, as well as contribute to the appearance Thus, for convenient use, it is proposed to develop a
of fungal formations, which ultimately can causemnobile application that supports the logistics process of
collapse. To avoid such situations, it is neeeg insulation of the facades of buildings.
to form an individual list of works and materials Table 1 shows the comparative characteristics of the
that will be used for work in a timely manner, whichsites of firms providing services for insulation of houses
requires considerable time. Information automated suppa@xclusively in the city of Kharkov [8 11].

of this process will reduce the time for material Based on the analysis, functional requirements for
support [1]. the web application were developed [1]:
1) review information about:
Analysis of recent resarch and publications -list of materials necessary for performance of
installation works;

When performing works on construction services, -additional  services  (with  possibility  of
special attention should be paid to their timely@lemonstration of finished objects);
implementation [2], which is impossible without logistic - general information about the crew of climbers and
control methods [3]. This requires the development of dheir tolerances to higaltitudeworks;
information support stem using modern 2)the choice of the working components of
technology [3, 4]. insulation of the facade of the building;

Today, each company has its own website from 3)the calculation of the cost of the order for the
which the user can @¢4in the information he needBut Selected parameters.

E A. Popov, A.Yelizyeva, SGulka, S.Kryivulia, 2019
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Table 1.Comparative analysis of the sites of companiedfulation of walls

Name of the Company Possibilities Disadvantages
"VESTA" - the price is set per square meter; - absence of the choice of auxiliary material and
- the choice of material; coating;
- drawing up a contract with a representative| - the length of the order processing;
the firm; - exceeding the time of execution of works;
- insulation of walls by the standard - lack of access to the material;
technology. - the contract is not complete.
"Albatros" - the possibility of choosing the¢hnology of | - no billing;
insulation of walls; - lack of insulation of individual apartments.
- drawing up a contract with a representative
the firm;
- insulation of walls by the standard
technology;
- the possibility of performing work on a lifting
machine.
"W-teple" - drawing up a contract with a representative | - lack of the choicef material;
the firm; - no tariffs set;
- insulation of walls by standard technology; | - lack of access to the material.
- provision of services for the purchase of - the contract is not complete.
foamed insulating plates.
"TeploHata" - the possibility of ordering different types of | - absence of the choice of auxiliary material;
work; - absence of review of the performed works;
- insulation of walls by standard technology; | - the lack of the ability to calculate the price of the
- fixed price for services; order.
- the scheme of work with the customer is
shown.

- stage of preparation, that is, discussion of the
detals of the order, which begins with the receipt of the

Fig. 1 shows the scheme of logistics businesgrder; . _ _
processes providing services for the insulation of facades - the main stage, that is, carrying out the necessary

of houses in the form of a sequence of works, which caalculations;
be divided into three stages: - the final stage, that is, the conclusion of the

contract and the conduct of insulation.

Materials and methods

8 2
25 °
=0 -
=20
8o £8
) T
o Skt
gu
Rey|ew of the Co_mp| I_atlon (.)f Calculation of 8
fulfilled works an individual list B <
service cost
catalogue of works
Signing a
; ¢ ? contract
_Ch0|ce_ of Calculation of the Use_of the
insulation . . available
insulation area .
components materials
Availability of Determine the Purchase of Execution of
necessa number of necessa works
sary materials to be sary according to
materials materials
purchased the contract

Stage of preparation The final stage

The main stage

Fig. 1. Scheme of logistic business processes providing insulation services to the facade of the building

We give the setheoretic representation of the modewherePidgoti preparation stage;
of business processes of providing the insoiaservices Osni main stage;
[1, 3, 4]: Zakli final stage.
. We will decompose the processes of these stages into
Posl=(Pidgot Osn Zal, 1) sub processes and separate works.
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After receiving the order, theepresentative of the Thus we have the third levelthe decomposition of

company goes to the object and agrees with the custontie¢ sub process into separate work of the selection of
the details that correspond to the stage of preparatianaterials:
Let's imagine this process as a set of sub processes: )
. _ _ vib_komp=(y, v, » ¥). )
Pidgot=( per_roh vib_ komp per inj, (2)
) o ) The main stage can be represented as a set of
whereper_robi preparation of amdividual list of works;  cajculated sub processes:
vib_kompi selection of insulation components;
per_infi the ability to view information about the Osn=(rozr_ pl rozr_ob_komp rozr zam nayj, (4)
work done, the brigade of masters, etc. . . .
In turn, the choice of insulation components proVidewhererozr_pl I calculation of tle square of the insulated
for the definition [12, 13]: areampl; ) .
- typeof insulation: rozr_ob_komp i calculation of the volume of
- type of dowels for mounting, which corresponds té:omponents rngred fqr insulation; ]
the selected type of insulation: rozr_zami calculation of the cost of the order zam;
- adhesive for reinforcingylayer' nayav i checking the availability of material in
- facade mesh (fiberglass); stock. .
- reinforcing primer: The sub process of calculating the components for
- decorative plaster" insulation, in its turn, consists of the calculation of three

- facade paint. components:
rozr_ob_ komp= (rozr_ ob  mat rozr ob uyt rozr ob d, (5)

where rozr_ob_mati determination of the materials
amount mat to be purchased to complete the order;

rozr_ob_uti determination of insulation material
volume;

rozr_ob_komgY mat ( m m... ;). (6)

The result of the sub process of calculating the cost
. L of the order is the price, which contains the cost of all the
rozr_ob_dm i determination of the volume of necessary components and the costs of paifig the

additional materials (dowels, paint, etc.). _volumes of the corresponding higise and installation
The result of the sub press of calculating ks by the team. Thus

components is a set of volumes of materials:

N
rozr_zamY zan¥( pl+9 (@r_ matvar_ ut var_ rop (varO mat var_+u}jg va# ob ¢, (7)
i=1

where var_mat 1 the cost of the selected material for viz_ob_komp_zak determination of the amount of

insulation; components that must be purchased to complete
var_uti the cost of the selected insulation; the order.
vari i cost of the st additional material, Determining the avadlbility of necasary materials is
n, T quantity of additional materials; as follows.If the condition is fulfilled

kil_dmii quantity of the st additional material;
var_rob i the cost of carrying out the work by a

team of climbers _ where ob_ mat_ sk i the amount of thé-th material at
pli square of the insulated area . ~ )
the firmbébs warehouse;

S, T square of zones that are insulated by other ob_mati i the amount of thei-th material for

ob_mat_ skl2 ob mat i:rp, (9)

materials (window slopes) insulation,
~ The sub process of checking the presence of material  than for insulation the material from the warehouse
is decomposed into a set of such works: is used.

nayav= (vik viz ob komp za, ®) If the condition (10) is not met, the volume of the i

th material for purchase ob_mati_zak is determined in the

where vik i determination of materials that are present fallowing way:
the warehouse in full;

ob_mat zak= ob mat- ob mat skl i%,.n,n #n ,. (10)
Thus, the result of the process of determinihg The final stage will be presented in the form of three
required materials is the value: sub processes:
n2' 2" Zakl=(ukl_ dogoy zak prov ro}, (12)

nayavY ob matd ob mat+{ ob mat ze(1l)
E3

i=1 i
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where ukl_dogonv i conclusion of the contract between  After the work is finished, the result is saved in the

the customer and the contractor; catalog of completed orders. _
zak i purchase of necessary materials and Let's form a hierarchical structure of business

components processeg according to the given set&y(f2.).
prov_robi work on the facade insulati.

Stages Stage of preparation The main stage The final stage

\
v

Preparatory Main Final
Processes Pidgot Osn Zakl
Sub processes / \ \A / K \4 \A A/ ‘ \A
Compilation of The choice off] Review of Calculation Component Check Calculation Purchase of| Making a Carrying out
an individual list insulation information of the volume availability of of the cost of materials contract works
of works components . insulation calculation materials in the order zak ukl_dogon prov_rob
vib_komy per_in area stock _ _
per_rob — rozr_pl rozr_ob_kompg rozr_zam
- = nayav
Works Choic‘g ¢ Chol‘of facade Determine Determining ) [ Determining) [ Determining Determining
insulation . paint the amount [ | the volume of| | the volume stock the volume of
of materials insulation of availability of [} components to
Vi Vi1 to be additional materials be purchased
purchased materjal P .
rozr_ob matj rozr_ob_ut | | (SABE3 vik Z_ob_komp_ Z
\ J \\ — —
Estimated
y Volume o Volume of ost of work'
values Necessary material material for material for
mat=(m, m,... insulation purchase var_rob
(. ™. 1R:) ob_mat _zaki
ob_mat
Cost of all
components of
insulation

var_mat,
var_ut, var

Fig. 2. Hierarchical structure of business processes providing services of insulation of the facade of the house

The presentation of these elements in the form ofthe storage of these values in the database.
settheoretic description allows us to determine the main
comporents of the logistics business processes of Research results
insulation of facades of houses, which are the basis for the
development of the functional structure of the  For automated maintenance of logistic business
web application. The formalized representation of thgrocesses of insulation, information support is required for
calculated values allows to develop an algorithread of the steps, set out filg. 2. Based on this, we will
of the calculation module and take into accounform the architect of the web application [14fig. 3).

r

Entering information

User of the User interface

application

Receiving information

Data base

Getting results
Carrying out calculations

Calculation module

Fig. 3. Generalized architecture of web application for information suppoadgistics business processes
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So, the architecture consists of such modules as: list of the main material (sheets for insulation) (table

- web application interface for automating the work.ist);
of the company's employees; - basic materials for insulation (table Material);

- data base; -list of additional materials forinsulation (table

- calculation module for basic calculations and th®op.Material);
formation of the invoice and ¢hcontract. - contracts (table Dogovor);

To develop a web application for information - the presence of materials in the warehouse (table

support, a clienrserver architecture was chosen, that is, Katalog);

separate, sufficiently powerful and reliable server is - customer data (table Regestracia);

allocated for the database (DB), network access to which - financial statements of the company (tableaRis)}

is carried out by severalsers (employees and clients)contracts (table Dogovar)

[15]. This gives you the quick access to viewing the  Microsoft SQL Server DBMS was chosen to
necessary data thanks to the user interface, which speadplement the database because it provides high
up the work of the employee of the company angderformance, productivity and sufficient functionality, and
eliminates the need to return to the office with thés compatible with the Windows operating system and
necessary docuemts web application development technologies [16, 17].

Due to the simple architecture of the web To calculate thecost of materials in the application
application, the representative of the company withoimterface provides a special dialog form in the form of a
much effort is able to obtain information about the list ofable. The table shows all the necessary components for
items stored in the DB, as well as to analyze and calculatee insulation of the facade of the building, their units of
the necessary costs for insulatiaas well as to arrange ameasurement, the necessary volumes and cbhseé
contract for the implementation of installation work by theequired fields indicate the insulated facade area and the
team of climbers [14]. cost of the insulation chosen by the customer. After that,

Fig. 4 shows the structure of the DB, which consistthe total cost of all necessary materials for insulation is
of nine tables that contain information about thealculated. It should be noted that the table plays

following: the role of an invae, that is, on its basis will be
- general information about thdirm providing purchased all the necessary material, and the result of the
services (table Firma); calculations is stored in the financial statements of the
- membership of the teams of craftsmen (tableompany and serves as the basis for the conclusion of the
Brigada); contract between the company and the customer.
| L ,PK ID ,PK ID ’PK 1D
Name Name Name Type Name
|
| Cost Depth
Category Density
’PK ID
Manufacturer Cost
’PK ID Name
Manufacturer
Post ’PK D Manufacture
’PK ID
Taken Orders Date
Name
Completed Orders Additional Works
Address
Guaranty
Phone Number
Order Price -
Additional Works

Fig. 4. Database structure

Fig. 5 shows a precedent diagram that reflects tled view information about the company, its
basic functionality of the web application for the thremmews and events; the administrator can view
categories of users: administgt employee and information in the database and edit iti.e.
customer. to make changes about the company and

The application includes the separation otontribute data to the catalog of available materials for
powers: the customer has the opportunity to regist@rsulation.
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Calculation of the insulation area

Order cost calculation

Employee

Registration of the contact

Customer

Registration

Information review ) .
Entering data into the catalog

cextengg®

cextendse

Changing company information
Information editing 4

Administrator

Changing employee information

Fig. 5. Diagram of precedents

The employee has ttability to: - to choose the additional services, i.e. order specific

-carry out the calculations of the area of th&oating parameters (antifungal, aotirrosion and water
insulation; repellent).

- carry out calculations of the order value; The interface of the web application also provides

-demonstrate to the customer the followinghe ability to select from a list of additional services for
information: list of insulation sheets available in thehe better executioof the order.
warehouse, using the buitt catalog;about the company, After calculating the cost and approval by both
its news and events; about the team of climbers; about tharties, the representative of the company draws up a
catalog of finished projects. contract in which all the parameters are recorded:

To support the calculation function, a wieased the list of individual works, the amount of the pre
application "Calculation of the cost of insulation" menypayment, the cost of the ordegking into account the
has been developed in which the compagpresentative price of materials and performance of work, the
has the oportunity fig. 6): term of execution of works, contact details of the

-to enter the output to calculate the area afustomer, etc.

insulation; Web application development was carried out using
- to select the parameters of the base material (sheef§ML technologies (HyperText Markup Language), CSS

for insulation of a certain thickness); (CascadingStylsheets) * Java Script
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Pacuer crommocTH YTelieHust

YK2AKUTE LUMPUHY CTEHBI | YKQKUTE BbICOTY CTEHBI PaccuuTarb CTouMocTb
ILromans paBHa: 30 KB. M.
Cronmoctb paBHa: 10500 rpH.

Haxmnare KHOIIKY HOJpOﬁHO, qT0 ObI YBHIETH BeCh CITHCOK MAaTePHAIOB H YCIYT

,:[Ol'lo.ﬂ'llﬂ'e.'lbﬂ blé YCIYTH

IIpoTuBOrpHGKROBEIE
AHTHROPPO3HHHBIH
¥ Box00TTAIKHBAIOIIHI

BriGepere HcT*: | Mexonnact 5mm v
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Fig. 6. Web application menu "Calculation of the insulation cost"

It should be noted that this application reduces theonducted calculations dhe heated area of the facade
cost of storing paper documents, since thenroantractis and the cost of the order, which form the basis of the
stored electronically. In case of contradictory momentgorresponding module of information support. Due to this
the employee can open the necessary agreement on ithis possible to calculate several variants of insulation,
surname of the customer on his number, together &ter which the customer can choose the most prdéerab
review and clarify the details of the contract. Each objeéor himself.
is attached to a ceaih climber team, which bears material The scientific novelty of the article is the formalized
liability for it, and must fulfill all the terms of the contract hierarchical model of logistics business processes, which
and finish the work in the assigned term. can be used to reflect the business processes of providing

services in any field of activity.
Conclusions Practical value is the possiltyli of using the

developed welapplication for informational support of
In the article the scheme of logistic businesghe firm's employee when concluding a contract with the
processes of insulation of facades of buildirg$ormed. customer with the ability to automatically calculate the
According to this scheme, the technology of informatio@rea of insulation and cost of the order, as well as the
support of processes at all stages of the work is develog@dmation of anelectronic contract between the customer
by timely drawing up an individual list of services andand the firmperformer on the basis of selected parameters
providing the necessary materials. Automaticall@f the insulation service.
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Jlucruur | Kapra ﬂ:m.uue.unuef?eu‘nnam

MywxTol Ha kapre D:\$Data\Test\map16.bmp
Ne Hassanme nynkTa X Y

» 0 Point1 462 100
2 Point2 887 78
3 Point3 744 121
4 Point4 194 189
5 Points 535 221
6 Point6 393 265

7 7 Point7 154 326
8 Point8 610 an
9 Point9 258 417
10 Point10 467 412
1 Point11 871 397
12 Point12 234 580
13 Point13 518 619
14 Point14 722 627

15 Point15 375 664

f I ‘

{dutshissvwddj SSd0 fshmd LO0cwtkzLSd §Owls

| map16.nds — BokHoT =X
Qain [paeska Qopmar Bwa Cnpaeka
17 n

1/Point1/462/100
2/Point2/887/78
3/Point3/744/121
4/Point4/194/189
5/Point5/535/221
6/Point6/393/265
7/Point7/154/326
8/Point8/610/371
9/Point9/258/417
10/Point10/467/412
11/Point11/871/397
12/Point12/234/580
13/Point13/518/619
14/Point14/722/627
15/Point15/375/664
16/Point16/793/749
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85! Mouck raMmMALTOHOBa LUMKAA " = ”E\ ﬂ‘
JIncraar | Kapra Hcxoxmeie nammbie ‘Pe:y.vn.ra'ru‘
2 ~  TounocTb (K0JI-BO 3HAKOB MOCJIe ACATHYH( | 0TOGpPakaTh BCe Pe3y.IbTATHI
CHHCOK MYHKTOB 1151 nocenieH CNACOK NYHKTOB KApThI CBsA3H MeXKIYy NYHKTaAMH
1. Pointl 1. Pointl 1 2. 3 4 5 6 7 8 4
2. Point2 2. Point2 3 ——— - —
3. Point3 3. Point3 > n 1 0o |1 1 0 o | o ‘
5. Point5 4. Pointd |
7. Point7 5. Point5 [
11. Pointll 6. Point6 L&) 0] | |20
12. Pointl2 7. Point7 i - 3
14. Pointl4 8. Point8 0 1 X 0 0 0 0 1 ‘
||| 15. Pointl5 9. Point9 | | |
10. Pointl0 [ [ ‘
1. Pointll 1 /0|0 |x |0 |1 10|
12. Pointl2 T
13. Pointl3 1 0 0 0 X 0 0 1
14. Pointld
‘ ‘
16. Pointl6 o |0 0 1 6 | X 0 0
o 0o 0 1 6 [0 | X | o0
o (o |1 |0 |1]|0 |0 |X
<[ il o
OYHCTHTH CITHCOK MOCeIIeHHs ] { T00aBHTE BCe ’ Tect w k
tdml CBOHSCO "rRMattHdy j HOdzdz j "
"‘..J ﬂcucxraunnuonosaunxi — - ————— T l‘:' T
Jucrunr | Kapra | Hexoamute aammsre| Pesysrarss |
HaiineHHbIH HHKI noKasats Ha Kapre ‘
[(154>759512515>13514>16->11->2->3->8->5>1} ( 2809,34453010678 ) D:\map16_0.bmp -
Onucanne
MyTb COCTaBAANT CHejyiolye y4acTKu:
3BeHo 1 : 1 Pointl (462 ,100 )] -> 4 [Point4 (194 ,189 )] : 282,39
|l3BeHo 2 : 4 [Point4 (194 ,189 )] -> 7 [Point7 (154 ,326 )] : 142,72
|l3Beno 3 : 7 [Point7 (154 ,326 )] -> 9 [Point9 (258 ,417 )] : 138,19
3BeHO 4 : 9 [Point9 (258 ,417 )] -> 12 [Point12 (234 ,580 )] : 164,76
3BeHO 5 : 12 [Pointl2 (234 ,580 )] -> 15 [Pointl5 (375 ,664 )] : 164,12
3BeHO 6 : 15 [Pointl5 (375 ,664 )] -> 13 [Pointl13 (518 ,619 )] : 149,91
3BeHo 7 : 13 [Point13 (518 ,619 )] -> 14 [Point14 (722 ,627 )] : 204,16
3BeHO 8 : 14 [Point14 (722 ,627 )] -> 16 [Pointl6 (793 ,749 )] : 141,16
3BeHO 9 : 16 [Pointl6 (793 ,749 )] -> 11 [Pointll (871 ,397 )] : 360,54
3BeHo 10 : 11 [Pointll 871 ,397 )] -> 2 [Point2 (887 ,78 )] : 319,4
3BeHo 11 : 2 [Point2 (887 ,78 )] > 3 [Point3 (744 ,121 )] : 149,33
|l3BeHo 12 : 3 [Point3 (744 ,121 )] -> 8 [Point8 (610 ,371 )] : 283,65
3BeHo 13 : 8 [Point8 (610 ,371 )] -> 5 [Point5 (535 ,221 )] : 167,71
3BeHO 14 : 5 [Point5 (535 ,221 )] > 1 [Pointl (462 ,100 )] : 141,32
llobwas anuna= 2809, 34

t dM) CEOHS O " tijo Bl Cu@E 2" HdW fshdsk® &Owkh il
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‘ JI |Kapra | H ‘ PesyasraTer ‘

HajlineHHbIH DHKI I IOKa3aTh Ha KapTe

{1->4->7->9->12->15->13->14->16->11->2->3->8->5->1} ( 2809,34453010678 ) D:\map16_0.bmp h
-
{1->5->8-=3->2->11->16->14->13->15->12-=9->7->4->1} ( 2809,34453010678 ) D:\mapl6_1.bmp
{1--4->7->9->12->15->13->14->8->3->2->11->8->5->1} ( 2849,3699111739 ) D:\mapl6_2.bmp
{1-5->8->11->2->3->8->14->13->15->12->9->7->4->1} ( 2849,3699111739 ) D:\map16_3.bmp
{1--4->7-29->12->15->13->14->16->11->8->5->8->3-=2->1} ( 3204,19422916829 ) D:\mapl6_4.bmp
{1->2-23->8->5-28->11->16->14->13->15->12->9->7->4->1} ( 3204,19422916829 ) D:\mapl6_5.bmp
{1--4-27-29->12->15->13->14->8->5->8->11->8-=3->2->1} ( 3244,2196102354 ) D:\map16_6.bmp

| {1-=2-=3-=8-=11->8->5->8->14->13->15->12->9->7->4->1} ( 3244,2196102354 ) D:\mapl6_7.bmp

|| {1-24-27->9-212->15->13->10->8-3->2->11->16->14->8-=5->1} ( 3246,56732499554 ) D:\map16_8.bmp
{1->5->8-14->16->11->2->3->8->10->13->15->12->9->7->4->1} ( 3246,56732499554 ) D:\map16_9.hmp
{1-2->3-28->10->9->7->9->12->15->13->14->16->11->8->5->1} ( 3248,70605334971 ) D:\map16_10.bmp
{1->5-28->11->16->14->13->15->12->9->7-29->10->8->3->2->1} ( 3248,70605334971 ) D:\map16_11.bmp
{1->5-28->10->9->7-29->12->15->13->14->16->11->8->3->2->1} ( 3248,70605334971 ) D:\map16_12.bmp
{1-2-23->8->11->16->14->13->15->12->9->7->9->10->8->5->1} ( 3248,70605334971 ) D:\map16_13.bmp
{1--4-27-29->12->15->13->10->8->11->2->3->8-=14-=8->5->1} ( 3286,59270606266 ) D:\map16_14.bmp
{1->5->8->14->8->3-52->11->8->10->13->15->12->9-=7->4->1} ( 3286,59270606266 ) D:\mapl16_15.bmp
{1-2->3-8->11->8->10->9->7->9->12->15->13->14->8->5->1} ( 3288,73143441682 ) D:\mapl6_16.bmp
{1->5->8-=11->8->10->9->7->9->12->15->13->14->8->3->2->1} ( 3288,73143441682 ) D:\map16_17.bmp
{1--2->3-28->14->13->15->12->9->7->9->10->8->11->8->5->1} ( 3288,73143441682 ) D:\map16_18.bmp
{1->5-28-14->13->15->12-29->7->9->10->8->11->8->3->2->1} ( 3288,73143441682 ) D:\map16_19.bmp
(| {1->4->7->9->12->15->13->14->8->3->8->5->8->11->2->1} ( 3435,65131008615 ) D:\map16_20.bmp
{1--4-27-=9->12->15->13-14->8->5-8->3-=8->11-=2->1} ( 3435,65131008615 ) D:\mapl6_21.bmp
{1->2->11->8->5->8->3->8->14->13->15->12->9->7->4->1} ( 3435,65131008615 ) D:\map16_22.bmp

(| {1-22-511->8-23-28->5-28-=14->13->15->12-=9->7-=4->1} ( 3435,65131008615 ) D:\map16_23.bmp

| {1-2->11->16->14->13->15->12->9->7->9->10->8->3->8->5->1} ( 3440,13775320045 ) D:\map16_24.bmp
{1->5-28->3-28-10->9->7->9->12->15->13->14->16->11->2->1} ( 3440,13775320045 ) D:\map16_25.bmp
{1->5-28-23->8->14->13->15->12->9->7->9->10->8->11->2->1} ( 3480,16313426757 ) D:\map16_26.bmp
{1--5-28-14->13->15->12-29->7->9->10->8->3->8->11->2->1} ( 3480,16313426757 ) D:\map16_27.bmp
{1-+2-211-28->3->8->14->13->15->12-29->7->9->10-=8->5->1} ( 3480,16313426757 ) D:\map16_28.bmp
{1->2->11->8->10->9->7->9->12->15->13->14->8->3->8->5->1} ( 3480,16313426757 ) D:\map16_29.bmp P
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L o (1—>4—>7—>9—>12—>15->13->.14->16—>11->2->3->8—>5—>1)(2809,34453010678) D:\map16_0.bmp
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DETERMINATION OF THE OPTIMAL CIRCULAR ROU TE PASSING THROUGH
THE GIVEN SET OF POINTS ON THE MAP

The subject of research is the methods and information technologies of transport logistiagodilie to reduce costs and time for
delivery of goods by road through the development and implementation of effective methods and algorithms for finding the optimal
route for delivering goods. The article deals with thsk of finding the optimal ring route for the delivery of goods from the
warehouse, passing through a given set of points on theMethods and algorithmsof discrete mathematics are used to solve the
problem. The followingesults were obtained. The analysis of the problem and the existing methods of discrete mathemésics for i
solution were carried out. The disadvantages of these methods are determined. A heuristic algorithm for solving théh@roblem t
implements the proposed solution method has been developed. The solution of the considered problem is reduced to tdie problem
finding a Hamiltonian cycle on a new graph of smaller dimension. The new graph is constructed from the initial graphgdeescribi
map, and consists of the vertices of a given set of points on the map, through which the route must pass. Eacbvagrapla
connects a pair of vertices if there is a path between those vertices in the initial graph. The arc is weighted by &atumber t
determines the minimum distance between the vertices in the initial graph it connects. Dijkstra's algorithmoicaisgmiuct the
graph.Conclusions the proposed method for solving the considered problem performs its reducibility to the classical problem of
discrete mathematics of search for a Hamiltonian cycle on a graph. Testing of the developed program sheffieenteof the
proposed method and algorithm for solving the problem. The developed method makes it possible to reduce the dimension of the
problem to be solved, since the solution is sought on a new graph of smaller dimension in contrast to tlesaibioly dhe original
map. The factor of dimension reduction significantly reduces the cost of finding a solution and increases the chanicestbé find
best route for the delivery of goods.

Keywords: transport logistics; route on the map; graph; Hamitin cycle; complexity; Nlfompleteness; Dijkstra's algorithm;
reducibility; search scheme with returns.
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L. CHERNOVA

KEY COMPETENCE AS A BASIS FOR INNOVATION PROJECTS MANAGEMENT

By the implementing an enterprise development program, the existing key competence of the organization may undergb significan
changes. Also introducing innovations, you can get not only benefits, but additional problems and evérstiskdd be noted that
an organization may have more than one key competence, especially when we deal with changes in the management structure ¢
entering new markets. For this class of tasks, the classical linear optimization problem doesma# fitdses not take into account
the additional conditions that arise when an organization transitions from one state to another, precisely due to tinéaitioplerhe
the development program. Therefore, to solve thiblpm, we need a dual probleifhe subject of research in this article is the
process of introducing key competence, as the main component of the management of innovative projects in the organization.
Objective: to develop a tool for i ntroduci bygsohMng & dual dinegr eptimizatoe | nt
problem.Tasks t o analyze the factors influencing the results and
activities, to obtain a general algorithm for the transitimmf direct to dual @ampetenceResearchmethods logical generalization,
analysis and synthesis, structural analyResults The article considers the key competence of the enterprise as the main component
of the management of innovative projects, which the company imptem&hown her place and the role that she plays. A project
description model has been developed, which describes processes that take into account the impact of the productianiand econo
sydem on project implementatiorthe article proposes a generdgjaithm for constructing pairs of dual linear optimization
problems. The existing schemes of transition from a direct problem to a dual one are meaningful. Considering thandaalizad
algorithm for generating pairs of related problems has Ipeeposed and strictly prove&formalization of the developed scheme
makes it easy to get the correct pairs of dual problems. It is shown that the analysis of the key competence of sieenesiteii
possible to offer a new base for the formation sfrategic plan, the implementation of which will lead to the emergence (support) of
a sustainable competitive advantage, as well as assess its potential in terms of financial plan and capabilities pfiskeerenter
business system as a whoféonclusinns: The tools for analysis and implementat:i
activities have been developethe results obtained in during the study allow us to state that a new base has been proposed for the
formation of a strategic plan for thdevelopment of an enterprise, the use of this base will lead to a sustainable competitive
advantage, which will become possible when implementing key competences in the process of changing the management structure
Taking into account that an organizatican have more than one key competence, the second competence is dual to the original, that
allows a general transition from direct to dual competence.

Keywords: innovative project; management hierarcpgrformance indicators; measurable effects; filogéimization; direct
task; dual task; related tasks; objective function; system of restrictions.

Introduction knowledge on management of innovative projects and

programs of enterprisess P2M (S.D. Bushuey,
Modern scientific and technological progress idN.S. Busuheva, Hiroshi Tanaka, Shibbn Ohara)
impossible without an intellectual product, that is thé§l- 11].
result of innovation. Innovatiols a materialized result The main principle of the progratarget approach is
obtained from investing in a new technique or technologylannng from goals to means [6, 9The approach
An innovative project is a complex measure that igwolves a comprehensive system solution of problems,
not repeated, providing for the introduction of a newtaking into account all significant factors, relationships
limited in time, budget, resources, as well as cleand constraints, ahalso implies the responsibility of all
instructions ér implementation, designed for the needs dahe performers for achieving the goal.
the customer. Project management is the managerial task The complexity, variety of problems and systemic
of completing a project on time, within a set budget and isituations that arise in the organization system require the
accordance  with  technical  specifications  andlevelopment of formal organizah and management

requirements. proceduresTo do this, at the initial stage, according to the
programtarget approach, it is necessary to allocate the
Analysis of recent research angbublications project's goals / objectivesThe achievement of the

desired result is based on the hierarchy of goals, the main

Among the main scientific approaches in the field ofmethods, construction of them is debed in the works
project and program management, the following ondg, 12, 13].
should be mentioned: systemic and progaiented The theory of management of innovative projects
(V. M. Glushkov, B. Z. Miller, R. S. Pospelov, A.ikov, and programs of enterprises was proposed in 2009 [14].
D. Cleland, and othersgomplex systems managementAUthOl’S Bushuev S. D., Bushueva N. S., Hiroshi Tanaka,
theory (E.A. Druzhinin, M. D. Mesarovich, |. Takahara, who formed a new "qualitative vision", adapted to the
N.N. Moiseev, YB. Germeier, VL. Volkovich, conditions & the development of technological clusters in
V.S. Mihaljovich); classida theory of project Ukraine [3, 10], systematized the methods and models of
management based on the PMBOK standardmanagement of innovative projects damprograms of
(V.l. Voropajev, SD. Bushuev, NS. Bushueva, enterprisesAlso, to the positive characteristics of this

A. I. Belokon, V. A. Rach, R. B. TianV. D. Shapiro, Scientific approach certainly belongs theposed by the
I. 1. Mazu, B. A. Demidov, and others)system of researchers mechanisms of assistance to enterprises in the

E L. Chernova2019
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development and widespread use of innovations in the Since most of the components of the tuple of the
production activities that are used in the main productigoroduction and economic system of project
activity. implementation are quite wetinown, consider the
constituent that is one of theain components of any
Formulation of the problem enterprise in general according to the author.

For successful competition it is necessary to

Up to this day the developmenf the theory and formulate all competences of the organization and
practice of managing innovative projects took place in twbighlight the key. Key (distinctive, basic, exclusive, basic,
directions: managing the process of innovation andnique, business competencejompetence of the
innovation management as a project. In the early 2006¥ganization (also used the term “critical factor of the
D. A. Novikov showed that the design and procesgrganization's success"CFOS)i is the competence that
approaches are diffame ways of presenting the samelets the organization to solve tasks that are not suitable for
processes occurring in systems [15], and if necessary, onest other players at the market, and establishes a new
can switch from one way of representing to another arsiandrd of activity in the industry and thus provides the
back. owner with a competitive advantage.

Thus, models describing the processes caumsbd to According to G. Hamel and S.K. Prahaladu [17], the
describe the projectsFor example, the model of the company should be perceived not as a set of business units
corporation, proposed by Yu. A. Zelenkov [16], allows ughat make it up, but as a combination of key competenc
to formulate the goals and existing possibilities of its skills, abilities, technologies that allow organizations

implementation in the form of a tuple: to provide their customers with certain values.
. N Key competence is the strategic potential of the
Y :{UA,UV,UI,A,R,Q,W()'.)/(), 'CG} ' 1) organization. Operational management of the company
(ability to work effectively) is a way tbenefit from this

whereAT set of actions for achieving the godRsj set of
the results of actionsQ 1 set of environment values;
| T information that the agent has at the time of the
decision n( A) benefits of the agent specified by the ¢

potential.

Signs of Key Competence:

- significance for consumers, their willingness to pay
ompetence, as for the most of the value they acquire;

utility function; w(®: A 3 QR - result of activity, _ability to change and adapt to new market
which depends on the action and the situatiorgquirements;
U=(UAUV,UI) i vector of management, which - uniqueness,  probability  of repetiton by

includes  institutional, motivational and informatiorf@MPEtItors; o
managementg - targets. - to be basgd on knowledge, not on the coincidence
The givenmodel in the existing conditions of the of cwcgmstances, . . -
turbulent environment does not give a transparent picture mtgrconnectwny with several types of activities or
of the description of the projects, because the influence g ductsl, i ith th . _
the productioreconomic system on the implementation of fh “re e\lia?ce,dcomp |{inctg V\{'t the strategic aspirations
the projets is not taken into accouritherefore, there is a of the market and organization;
need to develop new models that take into account all - parnership opportunity to create a new key

competence;
these phenomena. . - .
P - clarity, accessibility of the formulation of

Presentation of the main material competence for its unambiguous interpretation.

For competent actions, the key competence leads to

To take int t the infl f th ducti the creation of unique products, ensures the organization
0 take Into account tne influénce of the productionye o championship when entering new markets and
economic system on the implementation of projects,

. ) “@gnificant advantages in solving problems, which will
must present the qu of the productioreconomic later becomea field of fierce competition.In a
system (1) in the following form: competitive environment, organizations seek to protect
Y U, ARQW(EN(), O 1}, (2) key competences in order to maintain a competitidge.
Timely understanding of key competences opens the

where U =(UF,UB,UP,UV,UC,US U) i vector of Way to longterm leadership in the market, and conquered

C , leadership in its turn requires focusing on ke
management, which includes management of fmanc'r?:%’mpeter?ces a g y

gcr:(i)ednutﬁ'i“con’ desg?gurc;“eonr:’ 'ir::gtlﬁlr}:% r::ltlon,marr]r;atritér:]g: The key is called the competence of the highest order
; P ’ 9 fnvolved in the creatiorof the largest consumer value,

J =(4 4w o) 1 vector models of product innovationyhich is a collective knowledge that allows you to

projects presented in the form of a tuple: organize and manage the use of other competences and
o abilities, and thus creates the additional consumer value.
/i —{Fi’,'li'}, ©) It is the complementarity of the key competence

created by tb consumer value revealing its synergistic
nature. At the same time, being virtually out of measure
of abilities and products, key competences are not

whereP i set of valuef control parameterst i set of
project needs in resourceis=1,...n 1 project number.
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derivative from the market need: being somewhatisorder increases, and to reduce it, it is necessary to add

universal, it is able to provide access (to be a keya toinformation to the system. [19].

range of markets that can vary greatly from each other. K. Shannon found that when the two isolated
Such properties of key competence are alsechby systemsAl andA2 are merged into a single systeAd (

Prahalad and Hemel [18]They believed that "key A2) in which system#\1 andA2 interact efficiently, the

competences have three main characteristics: ... first,eitropy of the united system will be less than the set of

gives potential access to a wide rangf markets; entropies of the outcoming combining systems:

secondly, it adds a significant consumer value to the fin~!

product perceived by the buyer; and thirdly, it takes a I E(ALA2) ¢ @) {8 . (4)
of costs and efforts to copy the key competence of the i
competitor.” Various authors also offered other If A1 andA2 are the independent sets of elements of

ysystems that do not have physical or informational
interaction, then (2) will be a sign of equality. If the set
elements oAl andA2 can coincidentally interact, then:

characteristics fokey competence. To date, eight ke
properties have been identified.
First of all, key competems are inherent in

complexity. It is a derivative of a set of resources ant E(AL A2) < \
abilities, it is difficult to identify, it is invisible. A specific ( A) 2 B9 {2 ¢ , (5)
key competere can be used only within the framework of Y E(A) + @2 {AEA) als

the business system in which it exists, that is, it is inherent

only in the configuration of resources and abilitieswhereAls - growth of structural information.

Competence, unlike other assets of the organization, is not SO0, the right choice of key competency creates the
devoid of use. On the contrarynamber of authors noted additional information when combining two approaches:
this as the main strategic advantage that arises in theocess and design.

formation of competitive advantage on the basis of It should be understood that when implementing a
competence, it develops, its quality rises, its effectiveneggvelopment program a&n enterprise, the existing key

is significantly increasing it is the most durable and competence of the organization may undergo significant
long-term asset of the organizatioht the same time, the changes. In addition, when introducing innovations, we
key competence is unique, that is, it can not be directf2n gain not only advantages but also additional problems
copied or used by competitors, and indispensable it c&Rd even risks [20]. In addition, it should be noteat t
not be eplaced by another competenc&he key the organization may haye more than one .key competence,
competences of the organization are betts/eloped than €specially if we are talking about introducing a change in
competitors and consumeriented (by definition) from Management structure or access to new markets..

the beginning. And finally, since key competences include ~ The key competence is at the intersection of internal

a set of other competences and abilities, it can be used fginess conditions and consumeefprences, this is the
their mutual reinforcement. knowledge on which the maximum share of use value

The key competence lies in the inerson of the depends. Itis the increase in additional use value due to

internal conditions of business and consumer preferencé3¢ development of key competence that is the basis for
that is the knowledge to receive the ximaum share of Obtaining a sustainable competitive advantage [21].
consumer valuelt is the increase in the additional Higher consumenalue of the product can be used to
consumer value due to the development of keiynplementtwo basic types of strategiesdifferentiation
competencies and is the basis fobtaining astable Or cost leadership. This suggests that the key competence
competitive advantageA higher consumer value of a provides an opportunity to obtain in the competition a
product can be used to implement two basic types @falitative advantage related to the propertiésthe
strategies: differentiation or cost leadership. This suggegtgduct, and quantitative advantage related to a stronger
that the key competence provides the opportunity fihancial position. Further this leads us back to the earlier
obtain in the cmpetitive struggle as a qualitative conclusion about the universal nature of the key
advantage related to product properties, and quantitati@@mpetence that makes it possible the manifestation in the
relating to a more solid financial position. Next, it returngonsumer and indusali market.
us back to the earlier conclusion about the universal nature Initial competence can be considered as a direct
of key competences, which providespoptunities for its Optimization task. In view of this, the second competence
manifestation in the consumer and industrial markets. s dual to our initial.

If we consider the key competence of the enterprise It is advisable to obtain a general algorithm for the
in terms of information theory, then we can see thiansition from direct to dual competence.
following picture. The classicatask of linear optimization for such a

Combining knowledge gained through differentclass of tasks is no longer appropriate, because it does not
approaches Wiimprove the quality of management. It istake into account the additional conditions that arise when
known that entropy is a quantitative measure of chaos @@ Organization moves from one state to another by
the system and is determined by the number démplementing a development program. Therefoto
permissible states of the system. With an increase $@Ive this problem, we will need a dual task.
entropy, the dimension of the system or the number of Assume that the direct (source) linear optimization
independent factors variables in the system modelProblem (LO) is given in the standard form [22, 23].
increases. With an increase in entropy, uncertainty and L€t 0s ¢ a 't the following

L
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W =3 CX - max,
j=1

I:V\/,:aTa”»g ¢h, i % ...,m,
j=1

x.2 0j =1... n,

]
or in thematrix form:
W, =CX - max,
1 W :AX ¢ B,
X2 0.

The problem with a double or a conjugate with it is

called the task of the form:

W, :aby - min,

I: V\l”:aajy 2¢,j % 2,...,n.

y2 0,1 =12,.. m
or in the matrix form:
W, =Y B -min,
: W, :YA2CT,
Y20.

For ease of presentation of the material imoduce
designations

c=C = [g, ¢,..., ] , C R" - coefficients of

and comment on the following

the target functior, direct LO problem,

eb @
€p U :
= €72 U _
b=B = : g[t},g,...,bn] ,B RT
e u
éeb,

coefficients of the righhand sidesof the system of
limitations of the direct task,

ey, @
6, o T
y=Y :yg:z 3[3135)41] , Y RT-
é
éYn 0

variables (unknown) values the dual problem of LO.
We introduce for the consideration the systems of
covariant and contravariant vectors.

ea; o
€a, U .
a =a :g J 3[:311,,a2i,...,q-;1j 1" R",j 1=2,...,m,
¢ u
e 0

- vectorcolumns (covariant vectors) of the matrix for
the system of restrictiongV, for a direct problem,

d=a fa,a, ..,a ] R,i 52,..,n-

vectorlines (contravariant vectors) of the matux for the

system of restriction$V, for a direct problem.

In this case, the matriA of the coefficients of the
system can be represented in a vector form:

ex g ea o
e u ; e U
— -~ & u _é Ugal o2 T 7
X=X = g u[;g)g)g] , X R1 A 5 : Uz[a,a,...,d”] B.a,.,3] R
é u e ., U
éX, ea g

- variable (unknown) valuegplan) of a direct LO

problem,

I T conditional designation of a direct task,
Il - conditional designation of a dual task,

- matrix of coefficients of the system

&, &, a; - am
&, &, Q3 - a:]
ay a;, Ay aq
A:[aj](mSn) . . . . .
a, 39, a,; - %

@D D D > & D D D D D

A, 8y @ amj

of limitation of the direct task,

B e a

and a pair of dual tasks has the third record form:
W, =(c,x) - max,
W:(a ,x) ¢ b,
x2 0,

- direct task,

Wu :(b1y) - min,
W, i@,y 2 c
y2 0.

- a dual task to the given line.

Summing up, we finally have three forms of writing
the definition of a dal problem to a standard LO problem:
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W, =4 ¢x - max, W, =8 hy - min,
j=1 i=1

I:V\/I:éqjog ¢h, i %, .., m, %%%% II:V\/,,:gajy 2¢,j 4, 2,...,n,
i=1 i=1

X2 0j =1... n, y2 0,1 =1 2,.. m
W, =CX - max, W, =Y B -min,
W :AX ¢ B, %%¥%1B% 11w, :Y A2C,
X2 0, Y20,
W, =(c,x) - max, W, =(b,y) - min,
W :(a,,X) ¢ b, %%¥B% 1:w :@.y) 2 c
x2 0, y2 0.

The unity or duality of the above definition will be
justified by a certain sequence of operations, which, in thex 20 VW16 W a ay %.i E2,.
case of cyclic application, should lead to a dipgctblem, :

that is . " :
Note that the different forms of writing linear

| »%%BPBY | BEEYL |, optimization tasks are equivalent they store a set of
solutions. It is possible to achieve thiprovided that
where %% 5% - a set of rules for the transition to aquivalent conversion techniques are used to move from
dual task. one form of task to another.
A careful analysis of the definition of a dual problem Thus, a certain equation of the system of restrictions
for a standard form of representation of a direct problerof the linear optimization problem is equivalent to the
allows us tadetermine the necessary for the transition to system of two inequalities:

dual task operatiod2%% %% -

- Extreme requirements of the objective functions of Ié aax ¢h,
direct and dual tasks are opposite to the plan: é ax =h Ui ,nl
W, - max %%%% W, - min; = lra a,x ¢b.
j=1

- For a task on the target functiomax the
inequalities presented in the system of restrictions muc?ltff ;
have a signt ; €

Randomized variables can be represented as a
ence of 2 integral variables:

. ¢b X=u -y, Yy By @6

aaXx , " L .
e s The transition from the restrictiofisequalities to the
restrictionsequations is performed by adding an integral

- the coefficients of the objectivfanction of the dual (balane) variable:

task are components of the vector of the Figgmd
sides of the system of restrictions of the direct problem : .
LO: ,)ﬁ ¢h Ya% o oB X ®i L=,k
- matrix of A" dual problem of the restrictions J
system W, is transposed to the matrbA system of To simplify the transformation of linear optimization

restrictions of the direct tasW/ (It is true asYA= A Y'); task_s |_nto_d|fferent_ f_orr_ns .Of writing, the transition from
) ) T maximization to minimization of the target function and
- right sides of the system of restrictions of a dugljce versa is also used:

problem W, : (@ ,y) 2 c are the coefficients of the

target functionW, =(c,x) - max of the direct task; W, = a C, % - max Uw = q X min.
- each limitationinequality of the system of = 2
restrictions of a direct problem is an integral dual variable  gpsyre that the operations and transformations

n introduced are performed by the conjunction chain for the
W:dax ¢th ¥A%RLy D, i E...m above set of tasks:
j=1

| %Y PBY I %L¥B% |,
- each integral variable ofhe direct LO problem zrarErE 2reve
corresponds to the restrictidgmequality of the dual Let us represent a dual problem in the form of a
problem at the maximum and, applying the

3
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rules of transition and equivalent transformationgo one another by definition (dual to double is a direct

we prove the conjugacy of a pair oftask).

problems: the dual problem of a dual gives a direct direct In order to implement the development program,

problem. taking into account the availabilty of several
Thus, it is confirmed that the maincompetencies in the enterprise, in the implementation of

feature of the duality of the pairs of LOinnovaion, the operations of transition from the direct

tasks is the podsiity of bringing them together task to the dual task presented in the general form of the

record.
W = ¥ B max, W= {c™) X min,
h: W, :-YA ¢ €, »n%HB3EYy I: W :-AX ¢ B, U
Y2 0, X2 0,
g
W =CX -max
U 11W:AX ¢B,
X2 0.
Conclusion strategic plan, the implementation of which will lead to

(sustain) sustaable competitive advantage, as well as
The concept of key competence is highlighted in thassess the potential of this plan from the standpoint of
work - it is the competence of the higher order involvedinancial standing and capabilities of the enterprise or
in the creation of the highest consumer value, which iskssinesssystem as a whole. For the first time, strictly
collective knowledge, which allows to organize andlefined transition operations to a dual téskm a direct
manage the use of other competences and abilities affk presented in a general form of record are strictly
thus, creates an additional consumer @alut is analysis defined. In view of this, the transition to a dual taski
of the key competence of the enterprise, based on whigtinple formal order.For the existing pairs of binary
an innovative project is carried out, provides afroblems, their true character is strictly proved, as the
opportunity to propose a new basis for the formation of &ain critefon for the formation of pairs of bipartite.
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