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CUCTEMHMI AHAJII3 1 TEOPISI IPUAHSTTSA PINIEHD

CUCTEMHBIN AHAJIU3 U TEOPUSI IPUHATUS PEIIEHUMI

SYSTEM ANALYSIS AND DECISION-MAKING THEORY

UDC 519.24 DOI: 10.20998/2079-0023.2022.01.01

A. A. PAVLOV, M. N. HOLOVCHENKQO, V. V. DROZD

CONSTRUCTION OF A MULTIVARIATE POLYNOMIAL GIVEN BY A REDUNDANT DESCRIPTION
IN STOCHASTIC AND DETERMINISTIC FORMULATIONS USING AN ACTIVE EXPERIMENT

We present the methods for constructing a multivariate polynomial given by a redundant representation based on the results of a limited active experi-
ment. We solve the problem in two formulations. The first is the problem of constructing a multivariate polynomial regression given by a redundant
representation based on the results of a limited active experiment. The solution method is based on the previous results of Professor A. A. Pavlov and
his students showing the fundamental possibility of reducing this problem to the sequential construction of univariate polynomial regressions and
solving the corresponding nondegenerate systems of linear equations. There are two modifications of this method. The second modification is based on
proving for an arbitrary limited active experiment the possibility of using only one set of normalized orthogonal polynomials of Forsythe. The second
formulation refers to the solution of this problem for a particular but sufficient from the practical point of view case when an unknown implementation
of a random variable is not added to the initial measurement results during an active experiment. This method is a modification of the solution method
for the multivariate polynomial regression problem. Also, we used the main results of the general theory (which reduces the multivariate polynomial
regression problem solving to the sequential construction of univariate polynomial regressions and solution of corresponding nondegenerate systems of
linear equations) to consider and strictly substantiate fairly wide from the practical point of view particular cases leading to estimating the coefficients
at nonlinear terms of the multivariate polynomial regression as a solution of linear equations with a single variable.

Keywords: least squares method, multivariate polynomial regression, normalized orthogonal polynomials of Forsythe, redundant representa-
tion, linguistic variable, limited active experiment

O. A. ITABJIOB, M. M. 'O/IOBYEHKO, B. B. /[PO3/]

IHHOBYAOBA BATATOBUMIPHOT' O NIOJITHOMA, 3AJIAHOI'O HAJJIMIIKOBUM OIIMCOM B
CTOXACTHUYHIN TA IETEPMIHOBAHIA IOCTAHOBKAX, 3 BUKOPUCTAHHAM AKTUBHOI'O
EKCIHIEPUMEHTY

Hageneni meronu mo0ynoBr 6araTOBUMipHOTO MOJTiHOMA, 33/1aHOTO HA/UTUIIIKOBUM OITHCOM, 32 Pe3yJIbTaTaMi OOMEXEHOTO aKTUBHOTO €KCIIEPUMEHTY.
3amada po3B’s3yeThCS B IBOX ITOCTaHOBKaX. [lepmia — sk 3aa4a o0y 0B GaraToBUMipHOI MOJIIHOMIaBbHOI perpecii, 3a1aHoi HaUIUIIKOBHUM OITHCOM,
3a pe3yJbTaTaMH OOMEXECHOTO aKTMBHOTO eKcrepuMeHTy. HaBemeHuit MeTox po3B’si3aHHS OasyeThesi Ha IMONEPEAHIX pesyibTaTtax Hpodecopa
O. A. [TaBnoBa Ta #Oro y4HiB, B IKHX IIOKa3aHa MPUHIMIIOBA MOXIIMBICTb 3BEACHHS L€l 3a/1a4i 10 MOCTiJOBHOI MOOYI0BU OJTHOBUMIPHUX TOJIIHOMIA-
JIBHHX PETpeciii Ta po3B’A3aHHS BiATIOBITHNX HEBUPOJUKEHNX CHCTEM JIiHIHHNUX piBHAHB. [IpuBoAAThCs MBI Mommdikanii Metony. Jpyra moxudikariis
0a3yeTbCs Ha JIOBEACHHI JUIS JTOBUIFHOTO OOMEXEHOTO aKTUBHOTO €KCIIEPHUMEHTY MOXIIMBOCTI BHUKOPHCTAaHHS JIMIIE OJHOr0 HaOOpy HOPMOBAaHHX
opToroHanbHUX noniHomiB ®opcaiita. J[pyra nocTaHoBKa — 11 po3B’sI3aHHs L€l 3a/1a4i JUI1 4YaCTKOBOTO, ajie JOCTAaTHHOTO 3 TOYKH 30pY MPAKTUKH
BUMAJKy, KOJIIM Ha BUXIiJHI pe3ylbTaTH BHUMIDIOBaHHS ITIPH NPOBEAEHHI aKTHBHOTO €KCIIEPUMEHTY HE JIOJA€ThCs HEBIZOMa peaisallis BHIaaKOBOI
BennuuMHHU. Buknanenuit Meron € moaudikariero MeToqy po3B’s3aHHA 3aiadl GaraTOBUMIpHOI mojiHOMianbHOI perpecii. Takoxk, BUKOPUCTOBYIOUH
OCHOBHI Pe3yJIbTaTH 3arajibHol Teopii, 1110 3BOANUTH PO3B’si3aHHS 33a7a4i 0araToBUMIpHOI MOJMIIHOMIaJIbHOI perpecii A0 MoCiiJOBHOT HOOYI0BH OJHOBHU-
MipHHX TMOJIIHOMiaJlbHAX PETpeciii Ta pO3B’sI3aHHIO BiMOBIIHNX HEBUPO/UKEHNX CHCTEM JIHIHHNX PIiBHSAHB, POIIIHYTI Ta CTPOTO OOTPYHTOBaHI J10-
CTaTHHO LIMPOKi 3 TOYKH 30pY MPAKTUKU YACTKOBI BHIAJIKU HA/UIMIIKOBOTO OMKCY, IO MPHBOMAATH 10 3HAXO/DKEHHS KOS(iLi€HTIB MPU HENTiHIHHUX
YiieHaX 0araTOBHMIPHOI MOJITHOMIiaIbHOI perpecii sk po3B’si3Ky JIHIHHUX PiBHSIHB 3 O/IHIEIO 3MiHHOIO.

Kurouogi c1oBa: Merox HalfiMeHIINX KBajpaTiB, 6araToBEMipHa MOJNiHOMIiadbHa perpecist, HOpMOBaHi OpToroHaibHi noninomu dopcaiita, Hal-
JIUIIKOBUI OMKC, JITHTBICTHYHA 3MiHHA, OOMEXEHUI aKTUBHHH €KCIIEPUMEHT

where

Introduction. Modern applied information systems
use formal models of informatization objects. Their relia-
ble design is still a non-trivial scientific and applied prob-
lem. In particular, the problem of constructing a mul-
tivariate polynomial regression (MPR) is still the subject
of research by scientists [1-8]. Papers [9, 10] addressed
the following problem. We have an MPR given by the re-
dundant representation

Z bl]11,’,’l]tt(xll)]1 (xiz)jz o (xit)jt + El (1)

y(x) = = et R o
V(iy, ..., i,)EK, Yy, ooy J)EK(iy, ..\ it)

x = (xq,..,x,)7" is a deterministic vector of in-
put variables, E is a random variable with arbitrary distri-
bution, its mathematical expectation ME = 0, variance
Var(E) = 6% < o0. The value or the upper bound o2 is
known. The work [10] descripts in the most detail the
methodology and its implementation algorithms for find-
ing efficient estimates of the values of coefficients at non-
linear terms of the redundant representation (1). The algo-
rithms allow to exclude redundant nonlinear terms from
(1) practically exactly. The main idea is that giving an
MPR with a redundant representation allows to find with a

© A. A. Pavlov, M. N. Holovchenko, V. V. Drozd, 2022
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given accuracy (a limitation on the variance value) the
estimates of the coefficient values for nonlinear terms of
the univariate polynomial regressions (UPRs) of the form

Y(x) =6, + 6,x + ..+ 0,x" +E (2

where x is a scalar deterministic input, with solving the
corresponding surely nondegenerate systems of linear
equations. The variables of the systems are the estimates
of the coefficients at nonlinear terms of the MPR (1). We
will give two modifications of this method. The second
modification contains the proof of the fact that it is possi-
ble to use, without reducing the accuracy, only one set of
normalized orthogonal polynomials of Forsythe (NOPFs).
We derive formulas for the variance of coefficient esti-
mates for nonlinear terms of UPRs for this case. Paper [9]
presents algorithms for estimating the coefficients of
linear terms of the MPR (1) and building a linguistic vari-
able, the value of which is a qualitative characteristic of
the solution reliability for the problem as a whole. Finally,
we give a modification of the proposed algorithms for the
case when Var(E) = 0. This problem arises when the
researcher can specify, up to the coefficient values, only
the redundant representation (1) while performs the output
measurements in a limited active experiment (Vx € [c, d],
¢ < d are arbitrary real numbers) accurately.

Finding and studying the efficiency of estimates of
coefficient values for nonlinear terms of a UPR. Let the
UPR look like (2). Paper [11] gives the following result.
Let a univariate polynomial have the form

y(x) =6y +0x+ ..+ 6,x7, ?3)

let x = az + b where a, b are arbitrary constants. Then
there is one-to-one correspondence between the coeffi-
cients yg, ¥4, ... ¥ Of the polynomial

y(2) =6, + 0,(az + b) + 0,(az + b)? + - +

+0,.(az+b) =y, +vy1z+ - +y2" 4)
in the form
0o Yo
a %)= ©
6./ \n

where the matrix 4,. is the upper triangular one:

1
Ar = az . (6)

a

This result allows to obtain estimates of the coefficients at
nonlinear terms of the UPR (2) based on the results of a
limited active experiment x; = y;, i = 1,n Vx; € [c,d],
c < d are arbitrary real numbers, x; =c<x, < <
<x,=d, xj—xj_; =const, j = 2,n, using only the
results of a virtual active experiment for a virtual UPR
problem

y@) =yo+viz+ +vz +E (7)

(z; = y;,i = 1,n) where

d—c d—c
a = > 0, b = X1 — *Zy,
Zn Zl Zn Zl
setting, for example,
71 =—Ip| <z, <<z, =p>1,
zj — zj_y = const,j = 2,n. (8)

The values of the scalar input variable x of the UPR
(2) are related to the values of the scalar input variable z
of the virtual UPR (7) by the expression

xj=azj+b,j=2,_n, X, =C¢C. 9

This allows for arbitrary ¢ < d to use at the given n
only one set of NOPFs Q;(2),j = 0,7, built for the values
of the scalar variable z (8). Indeed [12], let the NOPF be
Qi@ =qjo+apnz+-+ q;z, j= 0,7, where the
numbers gq;;, j = 0,7, are obtained by numbers zj,
j=1n (see(8)). Then the estimates 7;, j =0,r,
obtained by the least squares method (LSM) according to
the results of a virtual experiment z — y;,i=1,n
(v;, i=1,n, are the output results of an active
experiment for a UPR (2) for x;,i = 1,n, which are
related to the values of z;,i = 1,n, by the expressions (8),
(9)), have the form

W, =Y,y Q;(z),Dw; = 0%, (11)
M7; =v;, D7 = a2 ¥)_.q%. (12)

The values of 7;, j = 0,r, by virtue of the LSM are

i _yr ) 13
arg mlnYr(yl Z]=O]/]Zi) - (13)

YoY1,-

Let §;, j = 0,7, be the solution to the system of lin-
ear equations

6o Yo
a%)=(") (14)
6.) \1

where the variables are 6;, j = 0,7. Then the following
statement is true.
Statement 1., j = 0,7, are

iN2
arg min Ly (y; — Xjo %) -
0Oy

Proof will be done by contradiction. Suppose

Bicnux Hayionanvnozo mexuiunozo ynisepcumemy «XI1Iy. Cepin: Cucmemnuii
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Suppose y;, j = 0,r, are found from the system of linear
equations

Yo 8o
Vil=a,|% (15)
Yr 0y

Then, due to the one-to-one correspondence of
solutions (15) and equations Y7_,6;x! = X7 ov/z],
i = 1,n, the condition (13) is not fulfilled. Statement 1 is
proved.

Corollary. When using NOPFs for r < 1,.4, at a
fixed n = r for arbitrary ¢ < d ([c, d] is the range of pos-
sible values of the scalar deterministic variable in the UPR
(2) problem, for x; = c <x, < <xp, =d, x; —xj_1 =
= const,j = 2,n; the estimates 8;,j = 2,7, can be found
using a single set of NOPFs Q;(2), j = 2,7, built, for
example, for

z=-pl <z, <<z, =p>1

zj—zj_y = const, j = 2,n. (16)

Remark. A set of NOPFs (16) is built for Q;(z),
J =0, Tnax

Values of the coefficients q;;, i,j = 0,7, must be
found in advance with a predetermined accuracy.

Corollary 1. We suggest choosing the segment
[—Ipl,p], p > 1, from empirical considerations related to
finding vq;j, i,j = 0,7 (10) with a given accuracy and
the fact that for a symmetric segment [—|p|,p], p > 1, the
number of tests n to obtain efficient estimates of the UPR
coefficients is the lowest [10].

Corollary 2. Condition (16) increases the efficiency
of using an active experiment consisting of a repeating
dataset x, ..., x,, for obtaining variances of the estimates
6, j = 2,7, with a given accuracy.

Corollary 3. The values of variances Var(9)),
j=0,1, do not allow to guarantee their accuracy in
advance at a small number of tests [11]. In this case we
offer:

e to form a data set x7, ..., x,, for n; > n such that
the matrix (ATA)~! [12] is nondegenerate;
e check the reliability degree of the found esti-
mates (9]-, j = 0,7, that corresponds to the value
of the linguistic variable introduced in [9].
To use only one set of NOPFs (16), we need to find
the values of variances Var(8;), j = 2,7, by the values of

Var(7;), j = 2,7, given by the formula (12) [12].

The structure of the coefficient’s matrix A, of the
system of linear equations (5) allows us to get a solution

for §, j = 2,7, in the following form:

~ 1 1 /. Ar_1r
r= ;%’; 07‘—1 = F(yr—l - Tar ryr)

and in general form

97"-]‘ = bT—j,l)’/\r—j + bT—j,Z?r—j+1 + o+

+br—j,j+1]7rl j=0,r—2. (17)

Remark. Practical recommendation for choosing a
value of p > 1 is this: the value of p should be such that
for almost all values of ¢ < d in any limited active exper-
iment we have a =% where k > 1 is an integer or real
number with a limited number of decimal places. Then we
have no division operation when finding the coefficients
Vb, , of the system of equations (17).

By virtue of (10) we have

A j ~ i+1 ~
0, =br_j, - Wiqyj + br_j )i wiq + e+

+ by j1Wr Gy = - Cwy, j=2,r. (18)

By virtue of (11) and the following property of w;,
j=0,r[12]:

vl = m cor(w;, Ww,,) =0,

if w;, w,, considered to be random variables, we obtain:

var(§;) = o%(Z)_, cl]-)Z, j=2r. (19)
Thus, we have two possible algorithms for finding
estimates 8;,j = 2,, for the UPR problem (2), x € [c, d].
The first algorithm. Find such n; x; =c<x, <
< <X, =d, x;—xj_q =const, j = 2,n; coefficients
with a given accuracy of the NOPFs

Qj(x)' ] =0,r (20)
by the values of x4, ..., x,; [ as the number of repetitions
of the subsequence x, ..., x,, in an active experiment that
guarantees compliance with the restrictions on the varian-
ces Var(f;), j = 2,7 (see the results of Paviov A. A, Ka-
lashnik V. V., Kovalenko D. A. presented in [10]).

Remark. In this case, we use the set of NOPFs (20),
and the active experiment consisting of [ repetitions of the
subsequence x,...,x, allows to reduce the variances
Var(9;), j = 2,7, in I times compared to an active exper-
iment consisting of a sequence xy, ..., X,.

The second algorithm. To find the estimates of 8;,
j=2,r, use for an arbitrary limited active experiment
(x € [c,d]) the single set of NOPFs (16), the number [ of
repetitions of the subsequence x,, ..., x,, in a limited active
experiment for the UPR problem (2) is set by the analysis
of the values of Var(;), j = 2,r, by the formula (19).

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
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Methodology and algorithms for estimating coeffi-
cients at nonlinear terms of an MPR given by a re-
dundant representation. As a whole, the methodology
and algorithms for estimating coefficients at nonlinear
terms of an MPR given by a redundant representation
were given in [10]. In this section, based on a brief de-
scription of this methodology, we will present partial cas-
es of the general problem which are of practical im-
portance and significantly facilitate the problem solution
and increase the accuracy of estimating the coefficients at
nonlinear terms of the MPR.

Remark. We suggest having the content of the article
[10] for a detailed analysis of the following results.

1. In [10], the sequence of actions is given that leads
to the guaranteed possibility of finding the estimates of the
coefficients at nonlinear terms of an MPR by estimates of
the coefficients at nonlinear terms of UPRs after sequen-
tial building of UPRs and solving the appropriate number
of systems of nondegenerate linear equations. This se-
quence of actions is as follows.

1) At first, we select in random order, one by one,
nonlinear terms of the MPR, each of which contains at
least one variable to a power not lower than two. Let it be
a variable x;. Then we carry out an active experiment at

the following values of input variables: x; = x;, i = 1,n,
Vx; € [c,d],n =t = rrballle (see the formula (1)). For

the segment [c, d], we have: any input variable can take in
a limited active experiment any value from this segment.
X = X i =1,m, VI #j, xk, €[c,d] is the fixed
value of the variable x; when constructing the first UPR in
order.

Remark. As calculations have shown, for n = 10 and
¢ < d having the same sign, an active experiment must
use a sequence consisting of [ repetitions of the
subsequence xg, ..., Xy.

First, we find the estimates of the coefficients at non-
linear terms of the MPR by all the equations containing
only one variable. Then, we substitute the values of the
estimates into the redundant representation of the MPR
(1). Next, for each equation containing more than one
indeterminate factor at nonlinear terms of the redundant
representation of MPR (1), we execute the appropriate
number of active experiments to find the estimates for
nonlinear terms of UPRs. In each of the experiments,
Xip=x, i=1n x; =xlz, i=1n VI#j, t=2T,
where T is the number of indeterminate factors for non-
linear terms of the MPR given by the redundant represen-
tation which are included in this equation. The values of
V[, are chosen so that the corresponding system of line-
ar equations containing indeterminate factors at nonlinear
terms of the MPR given by the redundant representation
(1) is nondegenerate. This can always be realized. The
estimates found for nonlinear terms of the MPR are substi-
tuted into the redundant representation (1). After that, the
next equation containing indeterminate factors at nonline-
ar terms of the MPR is analyzed, etc. Then, we consider
the next nonlinear term with an indeterminate factor of the
MPR given by the redundant representation (1). The coef-
ficient must contain at least one input variable to a power

not lower than two, and the algorithmic procedure de-
scribed above is repeated for it. As a result, we obtain es-
timates of the coefficients for all nonlinear terms of the
MPR given by the redundant representation which contain
at least one input variable to a power not lower than two.

2) The algorithmic procedure described in item 1) is
repeated sequentially for all nonlinear terms of the MPR
given by the redundant representation (1) which contain
input variables to a power not higher than one.

Remark 1. In this case, each active experiment has
the form: at least two, but not more than 7., input varia-
bles take the values of x;, i = 1,n, Vx; € [c,d]. Other
input variables take fixed values chosen so that the corre-
sponding systems of linear equations are nondegenerate.

Remark 2. The described methodology guarantees
finding of all estimates for nonlinear terms of the MPR
given by the redundant representation, using the estimates
of coefficients at nonlinear terms of the corresponding
UPRs. But it should be noted that each specific choice of a
sequence of nonlinear terms of the MPR given by the re-
dundant representation (1) differs from each other in its
execution complexity.

Remark 3. Paper [10] provides a detailed description
of solving a specific example.

Remark 4. If there are additional restrictions on the
active experiment, namely, not all input variables can take
the same values (x;; =xj,; =x;, i =1,n), then the
above method solves the problem if for each nonlinear
term of the MPR given by the redundant representation of
the form 3 b, x;, * x;, -+~ x;, there are at least two input
variables that can take the same values in the active expe-
riment.

Remark 5. The algorithmic procedure for estimating
the coefficients at linear terms of the MPR (1) and the
reliability degree of the obtained results in general are
givenin [12].

2. Partial cases of the redundant representation of an
MPR and of the possibilities of limited active experiment.

2.1. Suppose that the following situation is fulfilled
when using the algorithmic procedure of item 1).

a) in item 1) the first considered nonlinear term of the

redundant representation (1) contains the factor (xil)J L
Jji = 2, and the following holds for the input variable x;;:
there can be only one nonlinear term from the redundant
representation (1) that contains (x;,)"” vj, > 2.

b) each subsequent step of the algorithmic procedure
of item 1) is executed for the nonlinear term for which the
condition a) is fulfilled.

Remark. Nonlinear terms of (1) containing the cho-
sen input variable to a power not lower than two may not
correspond to the condition a) but estimates of the coeffi-
cients for them were found in the previous steps of the
algorithm.

c) the number of factors in each nonlinear term of the
redundant representation (1) that contains input variables
to a power not higher than one does not exceed 7. .
while m can be greater than 7., and the steps of the
algorithmic procedure of item 2) are executed for non-
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linear terms of the redundant representation (1) which
contain the maximum number of factors.

Remark. In this case, we estimate at each step only
the coefficients given by a linear equality containing a
single variable.

The following statement is true.

Statement 2. If the conditions a)—c) are met then the
algorithmic procedure of items 1) and 2) surely finds es-
timates of the coefficients at all nonlinear terms of the
redundant representation (1), and an equation with a single
variable is solved to estimate each coefficient.

Proof. Statement 2 follows from the construction rule
of the linear equations (see [10]).

2.2. Suppose that the following condition is met at
each step of the algorithm of item 1) executed for a nonli-

near term containing the input variable (xil)”,jl > 2
d) there are no members containing input variables

(xil)] " in the redundant representation (1) whose coeffici-
ents were not estimated in the previous steps of the algo-
rithm.

Remark. A partial case of the condition d): in the re-
dundant representation (1) for ¥j > 2 any input variable
to a power j is included in only one nonlinear term.

Then the following statement is obviously true.

Statement 3. If the conditions d), c) are met, then the
algorithmic procedure of items 1), 2) surely finds esti-
mates of all coefficients at nonlinear terms, each of which
satisfies a linear equality with a single indeterminate.

2.3. Let the following condition be satisfied.

e) the active experiment allows to set the value of
any single input variable to zero; among all nonlinear

terms containing (xil)]”, Jp = 2, whose estimates of the
values of their coefficients were not found in the previous
steps of the algorithm, we have a single nonlinear term
(for which the corresponding step of the algorithm of item
1) is executed) that does not contain an input variable in-
cluded in all other nonlinear terms with indeterminate

factors containing (xl-l)“’. This variable is set to zero dur-
ing the active experiment. Then the following obvious
statement is true.

Statement 4. If the conditions €) (for each step of the
algorithm of item 1)) and c) are met then the algorithmic
procedure of items 1), 2) allows to find estimates of coef-
ficients at nonlinear terms of redundant representation (1)
by solving only linear equations with a single variable.

Finding the coefficients of a multivariate polyno-
mial given by a redundant representation in a deter-
ministic formulation. Consider the degenerate MPR
problem given by a redundant representation (1) for the
case when E = 0. Then the algorithmic procedure de-
scribed in items 1), 2), firstly, finds practically exact val-
ues of the coefficients (assuming that the corresponding
systems of linear equations are solved with a predeter-
mined accuracy), and secondly, allows the following
simplifications.

e the total number of tests in the active experiment

to build each univariate polynomial does not ex-
ceed Tiax;

e it is quite appropriate to use only one set of
NOPFs;

o the coefficient values at the linear terms of a
multivariate polynomial given by the redundant
representation are found with an algorithmic pro-
cedure similar to that of item 2) of the previous
section using the NOPFs to the powers zero and
one.

Conclusions. 1. We have stated the problem of
building a multivariate polynomial given by a redundant
representation in stochastic and deterministic formula-
tions, based on the results of an active experiment.

2. A description of the integral algorithmic procedure
for solving the problem in both formulations is given. It is
based on building univariate polynomial regressions and
solving nondegenerate systems of linear equations.

3. We have proved the possibility of using a single
set of normalized orthogonal polynomials of Forsythe to
estimate the coefficients of a univariate polynomial re-
gression.

4. Quite practical partial cases of redundant represen-
tation were considered which simplify the problem solu-
tion as much as possible.

5. We have given a modification of the general algo-
rithmic procedure to solve the problem in its deterministic
formulation.
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JI. I. PACKIH, JI. B. CYXOMJ/IHH

OIITUMIBALIA PO3IOALTY PECYPCY B YMOBAX HEUITKUX BUXI/THUX TAHUX

PosrisiHyTO 3amady po3moAily pecypcy 3a OEKUIbKOMa HANpSIMKAaMH HOro BHTpadYaHHS Ul BUIIAJKY, KOJIHM HapaMeTpu KPHUTEPilo e(deKTUBHOCTI
PO3MOITYy € HEYITKUMH YHCIaMH i3 3aJaHuMH (QYHKIIIMHA HaJeXHOCTi. MeTa HOCITiDKeHHS — po3po0Kka MaTeMAaTHYHHX MOJENeH Ta METOIiB
PO3B’s13aHHS 3a7adi PO3MOALLY pecypcy IS NMPaKTUYHO HAHBaXIMBIIIMX KPHUTEPIiiB 3 ypaXyBaHHAM HEUiTKOCTI YHCIOBHX 3HA4YeHb X MapaMeTpis.
[IpoBeneHo aHadi3 BiZOMOrO MiAXOMy A0 PO3B’sI3aHHS 3a7adi Ta BUSBJICHO OCHOBHI HOTrO HEMONIKH, IO MOTHBYIOTH MPOJOBXKEHHS NOCIiKCHb.
3anponoHOBaHO METO]] PO3B’sI3aHHSI IOCTABIICHOI 3a4a4i, 00UHCITIOBAIbHA peati3alist IKOro MicTUTh Tpu eranu. Ha nepinomy eramni 3 BUKOPHCTaHHSIM
(yHKIiil HaeXKHOCTI HEUITKUX MapaMeTpiB 3a1adi GopMyeTbes GyHKIIS HAEXKHOCTI KpuTepito. OTpuMyBaHa IpH boMy (YHKIIiS Ha JPYTOMY eTarti
aTpPOKCUMYEThCSI 3 BUKOPUCTAHHAM HOTHPHOXINAPAMETPHYHOrO PO3MOAiNy. BaxkiuBa mepeBara 1bOro pO3MOALNLY HOJATA€ y MOMIMBOCTI LUIIXOM
Bapiawil YMCIOBHX 3HA4YeHb HOr0 MapaMeTpiB y IIMPOKOMY Jiana3oHi 3MiHIOBATH MAaTeMAaTHYHE OUYIKYBaHHS, AUCIEPCIIO 1 aCHMETPI0 BEIHYHH, IO
3a1aI0ThCSL UM PO3IOJLIOM, 3a0€3MeuyIour BHCOKY SKIiCTh anmpokcumanii. OTxke BU3HAUa€ThCs KpUTEepil eekTHBHOCTI 3amaui. Ha Tpersomy ertami
(hopMyITIOEThCST MaTEeMaTHYHa MOJIENb ONTUMI3ALIHOI 3a1a4i PO3NOAiTy 00MeXeHOro pecypey. Po3riasHyTo Taki TpH BapiaHTH MOOYIOBH KPUTEPIiIO
ONTUMAIBHOCTI: MaKCUMi3allisi KPUTEPI0 32 MAKCHMAIbHO MOMIIMBOIO 3HAYCHHS HOro (yHKIii HaIeKHOCTI; MAKCUMI3allisi KPUTEPIIo 3a YMOBH, IO
3Ha4YeHHS HOro (YHKIN HaJeKHOCTI HE HIDKYE 3aJaHOr0; MAaKCHMIi3allisl KpUTEpilo 3a YMOBH, IO 3HadeHHs (PyHKIIi HAIEKHOCTI KOXKHOTO HOro
nonaHka Oyne He Hmwkue 3amaHoro. KoxHa 3 3ajad, IO NP LbOMY € CTAHAAPTHON 33/a4d€l0 MATEMaTHYHOrO IPOrpaMyBaHHS i PO3B’SA3yEThCS
BiomuMu Metoziamu. OOroBOPIOETHCS MOXIIMBHI HANPSIMOK MOJAIBIIMX JOCHIUKEHb 3 METOI0 MiJBMINCHHS aJeKBATHOCTI BHKOPHUCTOBYBaHHX
AHANITHYHHUX OMHUCIB (YHKIIN HaJIeKHOCTI HEUITKUX ITapaMeTpiB 3a1adi.

KurodoBi cioBa: 3ajaua pamioHaJbHOTO PO3HOJITY OOMEKEHOTO pecypcy, HEUiTKHH OHHC KpHTEpilo, MaTeMaTH4YHa MOJENIb Ta METOJ
pPO3B’sI3aHHSL.

L. G. RASKIN, L. V. SUHOMLIN

OPTIMIZATION OF RESOURCE DISTRIBUTION UNDER THE CONDITIONS OF FUZZY INITIAL
DATA

The problem of resource distribution in several directions of its spending is considered for the case when the parameters of the distribution efficiency
criterion are fuzzy numbers with given membership functions. The purpose of the study is the development of mathematical models and methods for
solving the problem of resource allocation for practically the most important criteria, taking into account the fuzziness of the numerical values — of
their parameters. An analysis of the well-known approach to solving the problem is carried out and its main shortcomings are identified, which
motivate the continuation of research. A method for solving the stated problem is proposed, the computational implementation of which contains three
stages. At the first stage, using the membership functions of the fuzzy parameters of the problem, the membership function of the criterion is formed.
The function obtained in this case is approximated at the second stage using a four-parameter distribution. An important advantage of this distribution
is the possibility, by varying the numerical values — of its parameters over a wide range, to change the mathematical expectation, variance, and
asymmetry of the values — specified by this distribution, providing a high quality of approximation. Thus, the criterion for the effectiveness of the task
is determined. At the third stage, a mathematical model of the optimization problem of the distribution of a limited resource is formulated. The
following three options for constructing an optimality criterion are considered: maximizing the criterion with the maximum possible value of its
membership function; maximization of the criterion, provided that the value of its membership function is not lower than the specified one;
maximization of the criterion, provided that the value of the membership function of each of its terms is not lower than the specified one. Each of the
resulting problems is a standard problem of mathematical programming and is solved by known methods. A possible direction for further research is
discussed in order to improve the adequacy of the used analytical descriptions of the membership functions of the fuzzy parameters of the problem.
Keywords: problem of rational distribution of a limited resource, fuzzy description of the criterion, mathematical model and solution method

Beryn. PosriisiHeMO 3MiCTOBHHE ONMUC €KOHOMIYHOT
cUCTeMH, JUIsl YNPAaBIiHHS $IKOT aKTyaJbHOIO € 3ajava
ONTUMAJILHOTO PO3MOJiTy oOMexeHoro pecypcy. Hexai
cUCTeMa CKJIaJaeThCsl 3 TOJOBHOTO MiANPUEMCTBA (IICHT-
py) Ta MiONOPSIIKOBAHUX HOMY MiAPO3ILTIB, pPO3TAIIO-
BaHUX, K IPaBUIO, TEPUTOPIaTbHO JAJICKO BiA IEHTPY (B
IHIIUX KpaiHaX, MicTaX, BiJaJeHUX palOHaX BEIUKOTO
Micta). Taki migpo3AUTH HA3UBATUMEMO SIICMEHTAMH CHC-
temu. CTpyKTypa ynpaBiliHHS BCi€l ccTeMHU 30cepe/keHa
y IEHTpi, MPOTE eJIeMEHTaM JeJierOBaHi MEeBHI MOBHOBA-
KEHHS, SKi y CaMOCTIHHOMY BH3HA4€HHI CTPYKTypH
BHTpAT, CHCTEMI CTUMYJIIOBaHHS IIEPCOHAITy Ta iHme. Bpa-
JKaTUMEMO, IO €JIeMEHTH B TaKill CHCTEMi € piBHOIpaB-
HUMH MiApo3AiIaMu — (GiTiIMH TOJIOBHOTO IiJIPHEMCTBA
0e3 yTBOpEHHS IOPHIUIHOI 0coOH, a00 CKIlagamMu — Mara-
3uHaMu. OOMEXEHHM PEecypcoM y CHCTEMI € MeBHA cyma
BUIbHHX KOIITIB, MPU3HAYCHUX IS PO3MOJIUTY MiX eje-
MEHTaMH CHUCTEMH 3 METOI0 OTPUMAaHHS MaKCHMaJbHOTO
cyMapHOro npuOyTKy. SIKIO 4YMCIIO €JIeMEHTIB y Takii
cUCTeMi BeJIMKE, TO Iepe]] LEHTPOM BHMHHKAa€ HETPUBI-
albHa Tpo0seMa OOIPYHTOBAHOTO PO3IOJTY HasiBHOTO

00MeKeHOro pecypcy. PiBeHb CKIIaHOCTI ONTUMI3AIIHOT
3aj1adi, 1110 OTPUMYETHCS, BU3HAYAETHCS XapaKTepoM B3ae-
MO3B’SI3Ky MK BEJIMYMHOIO BKIJIQJIEHMX KOIITIB 1 OYIKY-
BaHUM IIPUOYTKOM.

Hapmani mnpuitmMmemo, 1o cumcreMa OpraHi3alliifHO
CKJIaJTa€THCS 3 OJTHOTO KEePYIOYOro eleMeHTa (IeHTPY) Ta
KUTBKOX TIiIETIINX HOMY €JIEMEHTIB.

ChiBBiIHOIIIEHHS, 1O MOB’SI3y€ BUTPATH Ta BHUITYCK
MPOJYKIIT, TPUHHATO HA3MBATH BUPOOHNYOIO (DYHKIIIEFO.

Hexait

X — obcar BUTpaT, BHPaKEHUIl y BapTICHUX OJH-
HUILIX,

Z — o0csr BHUITyCKY, BUPQXEHUH Yy BapTiCHUX OJH-
HUIIX.

Toni coiBBigHOmeHHs Y = f (X) Bu3Hayae BUpoOHU-

gy ¢yHKLif0. B ekoHOMIuHil Teopii 3aCTOCOBYIOThCA Pi3Hi
BUIN BUpOOHMYMX (QyHKUiH. [IpoTe BCi BOHM MaroTh Xa-
paKkTepHy OCOOIMBICTb, IO BiOOpa’kae BiJIOMHUH E€KOHO-
MIYHUH TPUHIMII «3MEHITYBaHO1 edekTrBHOCTI» [1, 2].
IMocranoBka 3amavi. Po3srmsHeMo MaremMaTH4HY
MIOCTAaHOBKY 3ajadi pPO3MOALTY pecypcy y ABOpIBHEBIH

© JI. T'. Packin, JI. B. Cyxomnun, 2022
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cHcTeMi «IeHTp — eneMenTny». 3azamo ax J ={1,2,...,n}

MHOKHHY €JIEMEHTIiB BUPOOHHYOI CHCTEMH, 10 BUITyCKa€e
HPOAYKLIIO, CIIOXKUBAIOYX NIPU [IbOMY OAWH BHI pecypcy,
IO Yy PO3MOPSIKEHHI YIPAaBIAIOUOr0 OpraHy CHCTEMH
(uentpy) y xinbkocti C . Yepes X;,Z; mo3Hauumo BiAmo-

BIZTHO 00CST BUKOPHCTOBYBAHOTO pPecypcy Ta po3mip ao-
X0y IUIsl j-TO €JEeMEHTa.

Bupoburua ¢yHKOiS A7 KOXHOTO €JIeMEHTa €
OIIYKJIOIO Bropy, Oe3mepepBHOIO i HeyOyTHOIO B 00MacTi
CBOTO BH3HA4YEHHS. THMHoBa BUpOOHWYA (YHKIIIS eIEeMEH-
Ta CHCTEMH Ma€ TaKuil BUTILA

Zi:fj(xj'(aj):aOiX?lj’ j=1,2,...,n. (1)

Tyt enementu Bektopa ©; = (a;, &;) OAHO3HAYHO
BU3HAYAIOTh HAJICKHOCTI BUPOOHHYOI (QYHKINT s j-ro

CJICMCHTA CUCTEMHU, IPUIOMY 3aBXXAW BUKOHYETHCA YMOBA
a; <1, j=12,...,n.

Crpareris LeHTpY HOJIATa€ y HOIIYKy HA0Opy { X; } \

10 MaKCHMIi3ye
Z:an:fj(xj,(aj) (2)
i
Ta 3aI0BOJIbHSE OOMEKCHHS
Zn:xj:C,XjZO. (3)
=

OTpuMaHa 3a/1a4a JIETKO PO3B’A3YETHCSI METOJIOM He-
BU3HAYCHUX MHOKHUKIB Jlarpamka. OHaK piBeHb KOPHUC-
HOCTI OJICP)KYBAHOTO PO3B’SI3KY HE3aJOBUILHHUN 3 OTIISAY
Ha HEaJCKBaTHICTh ()aKTUYHO BHKOPHCTAHOTO TPHU MOOY-
JTOB1 MOJIEITi KOPCTKOTO TPHITYIICHHS TPO JEeTePMiHOBA-
HIiCTh 1i mapameTpiB. PeanbHa HemoBHA moiH(QOpPMOBaHICTh
LHEHTPY MIOAO0 BHPOOHMYMX (DYHKIIH €IEMEHTIB MPHU3BO-
JIUTH 10 HEOOXITHOCTI BiJIMOBUTHCS BiJ i€l TIIOTE3N.

MaremaTu4yHi Mojgesdi Ta MeTOaM PO3B’si3aHHS
3aga4vi. MOXIMBI HaCTYNHI peayiCTUUHI MOJEN OMHCYy
BUPOOHMYMX (YHKIIII €lIEeMEHTIB CHCTEMH:

e IGHTPY TOYHO BiJIOMi Koe(illieHTH &, oAy

* mapameTpu BUPOOHHYOI QYHKUII eseMenTa 8y,
d;; — BUNAJKOBI BEJIMYMHU T4 LEHTPY BiIoMi

3aKOHH PO3IOJIUTY IIUX BUIIAJKOBHUX BEJINYNH;
e nmapamerpu BHUpOOHMYOi yHKUII eremMeHTa
3aJ1aHi JIMIIE 3 TOYHICTIO /10 IEBHOTO Jiana3oHy.
PosrisiHemMo Ternep cuTyarito, KOJM piBeHb HEBU3HA-
YEHOCTI TaKWi, IO 3aKOHH PO3MOILTY ITapaMeTpiB BUPOO-
HUYUX (QYHKOiA (1, OTKe, 3aKOH PO3IMOJAUTY BHIPAIIY)
HeBizoMi, 1 gepe3 Oyap-sKi 00 €KTHBHI MPUINHHU, CTATHC-
TUYHE OLIHIOBAaHHS MapaMeTPiB X 3aKOHIB HEMOKIIHBE.
Jis po3p’sizaHHA 3amadi B Iiil cuTyamii MpUPOITHO
BHKOPHCTOBYBATH amapaT HEYiTKUX MHOXHH [3-6]. V
MeXax [BOTr0 MiAXOJy 3ajada ONTHMAIBHOTO PO3IOJILTY
00MEXEHOT0 pecypcy MOXKIHMBO c(OPMYJIIOBATH HACTYII-
HHUM YHHOM.

Hexait X =(X,X,,...,%,), X €R, — 3anama ymi-

BepcalibHa MHOXKHHA aJIbTEPHATHUB PO3IMOILTY PECypCy.

[lizMHOXMHA OMYCTUMUX aJbTEPHATUB ONUCYETHCS
piBHICTIO

> x;=C 4

j=1

i mepiBHoCTSIMU X; >0, j=12,....n.

UwncenbHe 3HAYCHHS KPUTEPi0 €PEKTHBHOCTI KOHK-
peTHOI anbTepHaTUBU X OLIHIOETHCS 3HAYCHHAM (QYHKIIT

FOXA) =2 (%808, ) =D a0, ®)
j=1 j=1
ze fl.(xj, 8y, alj) — BHUpOOHMYA (YHKINS j-ro eje-
MEHTa CUCTEMH A = (@y,,8,;,80y,8y,---1 8gq: 8y ) -

BBaxxarumemo, 0 mapaMeTpu 3agadi (KOMIIOHSHTH
BekTopa A) 3ajaHi y BUDIAIl HEUITKHX 4uces 3 (QyHK-
LIAMH HAJIEXHOCTL

MP@a,), MP(a;), j=12,...,n. (6)

3 NpakTHYHUX MIpKyBaHb 3aJaMO &, HOPMaJIbHUM
HEYITKAM YHUCIIOM 3 TPHUKYTHOIO (YHKIIEI HaJCKHOCTI
M©@(a)) Ta mociem [agu.,a M@ (ay,5) =1, ne

s — HalOINBII HMOBIpHE 3HAaUEHHS MapaMeTpa a, . Ilo-

0min ? Omax]’

3HAYMMO 8y, = C, . TYT 1 HIK4Ye, TaM, Jie i He BUKINKAE
HEMOpO3yMiHb, iIHAEKC j Ui MPOCTOTH omylneHui. [ 'pa-

dix dynxuii manexunocri M ¥ (a,) nasenewo na puc. 1.

M@ (a,)
A

I
1
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I

&

o
o

2omin 8o max 8

Puc. 1. ®ynxuis manexuocri M @ (a,)

Tomi ¢yHKIiST HameXHOCTI mapamerpa @, Mae

BUTJIAO:

O’ aO < aOmin’
M'ao E[aOmin’CD]'

0) _ Co — Qymin

MO @)=’ ™
Omax—ao’ao e[CO’aOmax]’

Bomax ~ Co

0,a,>a

0max *
AHaJoriuyHo, 3agamMo &, HOPMAlIbHUM HEYiTKHM
. i M @)
YHCIIOM 3 TPHKYTHOO (YHKIIIEI0 HAICKHOCTI (a,) Ta

HOCIEM [@ 0, & J» M P (ayp) =1 e 8y, Hai6inbm
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AMOBIpHE 3HaueHHs mapamerpa  @,. I1l03HauYMMO
a,, = C,. I'padik pynkuii nanexmocti M ¥ (a,) mae Bu-
T, aHanoriunmii rpadixy dpynkmii M@ (a,).

DyHKIiA HAJIEKHOCTI MapaMeTpa &, Mae BUTILIAL

0’ al < a:lmin !
& — &
G — &pmin
L — &
—m—a 60,8, ],
Amax — G
0,8, > &

3p0o3yMiNo, M0 3 HEYITKOCTI ONUCY IapaMeTpiB
3a7a4i OIiHKa eEeKTUBHOCTI OyIb-sIKOi albTEPHATHBU €
HEYiTKE YHCIIO.

TpaauuidHuid MiaXig 10 po3B’s3aHHA 3a/1a4i MaKCU-
Mi3zanii HeuiTko 3amaHoi ¢pyHKuUil (5) mpu oOMexeHHsX (4)
3BOJIUTHCS 10 HacTynHoro [7, 4, 8].

Hexait A(°’=(a§f}), (?)), J=12,...,n, — neBHui
a,a;, J=L12,....,n.

CrymeHl HaJeKHOCTI IHMX 3HAYCHb 3aJaHAM HEYITKUM

’al e[aiminlcl]’

M®(a) = (8)

KOHKpEeTHUI Habip 3HaueHb

ipr R ; (0) (5(0) @) (4(0)
MHOXHMHAM piBHi Bigmosinmo M;”(ay;'), M (&),

j=1,2,...,n. Beememo
o = min{min(M{? @), MP @)} ©)

MEBHUH

X =(R, % %) —
Habip 3MiHHEX (X,X,,...,X,), a HYHCIO

Hexait Tenep

KOHKPETHUI

f,=F ()?, A(O)) € 3HaueHHAM QyHKIi (5), 10 BiaNOBigae

anmpTepHaTHBI X .
[prpoaHO MPUHHATH, IO [ 3HAYCHHS HAJIE)KHTDH

A

HEUITKOIO OIIHII albTepHaTHBU X 31 CTyNEHEM, He MEH-
UM 7], . 3 OIVIAY HA Lie MOXe OyTH chopMOBaHa HEUiTKa

iTbOBa PYHKIIIS

#(X,1) = Aggg;fr)(n(A)), (10)

e
n(A)=min {min(M* (a,).M{ @)}, (1)
Q(X,r)={A:F(X,A)=r}. (12)

Sxmo 3adikcyBaTH IOMYyCTHMi 3HAYEHHS (QYHKIIIH
EVIQ ® ;
HanexHocti M7 (a,;), Mj”(a,;) HediTKO 3a/1aHuX napa-

MeTpiB &, &;, j=12,...,n, na piBui &, T0 OTpEMaEMO
TaKy 3aj1a4y MaTeMaTH4YHOIO IPOrPaMyBaHHS.

Buaiity X, A Taki, wo
X" =arg max max_ F(X,A), (13)

IIpU OOMEXXEHHSAX

min(M}O)(an)7Mjgl)(aij))za’ j=l,2,...,n; (14)

i=12,...,n. (15)

j=1

Takum gmHOM, chopMyIHOBaHA 3a/1ava BigIIyKaHHS

Habopy X = (XI, Xyyenos X:) , 0 3a0e3meuye MaKcuMalb-
HO MOXIHMBE 3HaueHHs I = F (X*, A) 32 yMOBH, IO

HEYiTKO 3a/1aHi mapameTpu 3anadi a,;, a;, j=12,...,n,

HaJIe)KaTh BiJIOBIIHUM HEYITKUM MHOXKHMHAM 31 CTEITHEM,
HE HIKYC « .

Ll 3amava, mpyu KOHKPETHHX, 33JaHUX aHAIITHYHO
uimeoBiit Qymkmii F(x,A) Ta (GyHKIiSX HaleKHOCTI
M fO) , M ](1)’
HSM YHCEJBbHUX METOJIB, Halpukiax, meronoM Hemnepa
— Miga. Pazom 3 THM, He3BaKalo4W Ha TpPaIHLiHHY
BUKOPHCTAHICTh ONHCAHOTO MiIXOAy, HOro He MOXKHa
BBO)XaTH IJIKOM 3aJ0BUIbHUM. Hepmoniku onucanoro
MiIX0/1y 3yMOBIICHI TAKHM.

Yitka (yHKIIsI 4iTKOTO apryMeHTy 3 HEYiTKO 3aja-
HHUM I1apaMeTpoM AESKUM, 1HOMI CKJIaJHUM YMHOM Bio0-
pakae Horo B HewiTke 4ucio. [IpunmycTumo, Mo HEYiTKO
3aJaHMil mapameTp HaOyBa€ KOHKPETHOTO 3HAUYCHHS B
Me)kax o0JIacTi, IO BiATOBiZa€ 3HAYCHHIO CBO€i (PYHKIIIT
HaJIe)KHOCTI He HIKYe 3anaHoro. [Ipu mpoMy, OCKUIBKH
HEeJiTKUH omuc (yHKIIl BiACYTHIH, HIYOrO HE MOXKHA
CKa3aTH LIOJO TOTO, SKe 3Ha4YeHHs (YHKUii HAJICKHOCTI,
0 BIATIOBiZae OOpaHOMY 3HAYCHHIO apryMeHTy. [Ipm
[bOMY HEMOJKJIMBO BIINOBICTH Ha NHMTaHHSA NPO Te, 4H
BOHO HAaJIGKUTh IHTEpBaJly 3Ha4eHb Ii€l QyHKIIT HaIex-
HOCTI HE HIKYE 3a/laHOT0. 3a3HaueHa 00CTaBHUHA IPOSIB-
JSIEThCS.  OCOOJIMBO JIEMOHCTPATHBHO, SKIIO apryMEHT
(bYHKIIT BEKTOPHHIA.

JonaTtkoBi mpoOieMH TYT BHHHUKAIOTh Y 3B’SI3KYy 3
THM, IO Pi3HI MapaMeTpH HiTbOBOI (PYHKIII MOXKYTh IO-
pi3HOMY BIUIMBATH Ha pe3yJbTat. Y 3B’S3KYy 3 UM JOITycC-
TUMHUHA piBEHb HAJC)KHOCTI HEYITKHX MapaMeTpiB 3ajadi
Moke OyTH pi3HHM.

[epeniueni npobreMu MOXYTh OYTH TIOHOJNAHI,
SKIIO 32 3aJaHUMHU (QYHKIISIMH HaJIEKHOCTI HapaMeTpiB
oTpuMatu (QYHKII0 HaJEXHOCTI KpHUTEpio. Y IboMY,
30KpeMa, Yy HeuiTKiil 3aaadi ONTHMaJIbHOTO PO3IMOJLTY
pecypcy mOTpiOHO CroYaTKy 3HANTH (QYHKIIT HAJICKHOCTI
Juisi  BUpOOHMYMX  (QYHKIIl  €JeMEeHTIB  CHUCTEMH

fj(xj,aoj,alj), j=12,...,n Ta mam s KpuTEpiaabHOI

j=12,...,n, po3B’sA3yeThCs i3 3aCTOCYBAH-

¢ynkuii (5). [punycrumo, mo 1s 3amada pos3s’si3aHa i

M; ( f, (Xj )) — (yHKIIT HAIEKHOCTI JJIS1 HEUITKUX YHCEN
f; (Xj), i=12,...n,a M, (F(X)) — (QYHKIIIS HaJIexK-

HOoCTi HewiTkoro umcna F(X,A). Tomi moxHa chop-

MyBaTH Taki HEUiTKi 3afadi palioHaJbHOTO PO3MONLTY
pecypcy.
[TocranoBka nepmioi 3a1a4i BUMIIAAAE TaK.
Hexaii noBimbHOMY HaGopy X =(X,,X,---, X, )
n
Bignosimae F(X)= Z f, (xj) 3 (YHKIIEI0 HAIEXKHOCTI
i1

M; (F(X)). Busnaunmo
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F*(X)=argmaxM, (F(X)).

F(X)

(16)

DopMyITI0EMO 3a7auy TMOLIYKY PO3MOALTY pecypcy
TaK:
3HaiTi

X" =argmxaxF*(X)=argmxaernaxMz(F(X)). (17)

(X)

I[Ipn upoMy 3HaxomuThCs HaOip MaKCHMI3yHOUHMH
KpuTepiil e(QEeKTUBHOCTI PO3IMOJITY NPH MaKCUMalbHO
MOJKJIMBOMY PiBHI (PYHKIIii HAJIE)KHOCTI.

IToctanoBKY npyroi 3amadi MOXHa chopMyITIOBaTH B
Takui cmocio.

Jns GyHkuii HanexxHocTi M, (F (X )) BBEIEMO 1H-
TepBa
L, (X) ={F(x): M, (F(X))za MZ(F*(X))}. (18)
Busnauumo tenep

F(X)=arg_ min

F(X)els (X)

MZ(F(X))'

3uavenns F(X) sazae nmecumictuuy OLiHKY Kpu-

(19)

TepianbHOT QYHKIIT, A1 AKO1 3HaYeHHS (PYHKII HaJexK-
HOCTI He HIDKYe 3amaHoro. Temep 3amady onTuMizarii
(hopMyITIOEMO TaK:

3HAWTH

X :argmng(X). (20)
Ha6ip X~ Bu3HAauae MakcHMaibHY CTPAaTeril0 pPoO3-

OJIiTy pecypcey.
I, HapemiTi, MOCTaHOBKa TPeThOI 3aJayi BHUIIANAE
TaK.

Hexait koskHOMY X; BiamoBijae f(Xj) 3 QyHKITE0

HanexHocti, M ( fj(Xj)) , 1=12,...,n. Beenemo

0 _ 1 —
uj_argrfrj](%Mj(fj(xj)), 1=12,...,n (21)
a TaKOX IHTEepPBaJIH
L;(x;)= 2

={F )M ()2 e M, (uf)}, j=12,....n.
Busnaunmo TCHEep

min

U. =ar
= 9 f,(x;)eL; (%))

M, (f;(x))), i=12...n (23)
3HaveHHs U; BU3HAYAKOTH PAHUYHI, TIECHUMICTHYHI

snavenns f(X;), koTpum 3navenHs Gpynkuii HanexHOCTI

HE HIKYE 3aaHOTO.
Tenep 3amady po3momily MOXHa C(HOPMYITIOBATH

TaK:

3HaiiTn

X*:argmgxzn:(gj(xj)). (24)

[Ipn npomy 3HaxoauThes HaOIp, MO MaKCHMI3ye
KpHUTepiii 3a yMOBHM, MO (YHKIIS HaIEKHOCTI s
KO)KHOTO 3 JIOfaHKIiB HaOyBae 3HA4YEeHHS HE HIDKYE
3aJaHOTO.

VYci 1pu chopMynboBaHi 3amadi € CTaHAAPTHUMHU
3aayaMM MaTeMaTHYHOTO IIPOTpaMyBaHHS Ta PO3B’A3y-
IOTBCS YUCETbHIMH METOIAMH.

Juis po3B’s3aHHA Tepmioi 3 IIOCTAaBICHHWX 3aiad,
HEOOXiHO 3HaWTH (PyHKIIIT HAJIEKHOCTI IJISI BUPOOHHIMX

byHKIH fj(xj,aoj,aij),
i=12,...,n, anotim s kpurepianbHoi QyHKIGI (5).

€JIEMEHTIB CHUCTEMHU

3 1i€l0 METOI OTPUMAaEMO Oe3NepepBHY AalpOKCH-
Mallito GyHKIT Halmex)HOCTi MpubyTKy enemMenTa M (u)

JUIA 3aTAHAX aOmin ' aOmax ’ a:I.min ’ a’Lmax )
Jlns anpokcumanii j=1,2,...,N BuOpaHO HacTymHe
BPaXKEHHSL:

M (u) =0, exp —(;;D—®12)(1+®33ign(u—®1)) , (25)

2

ne O, — mapamerp, IO 33/a€ MaKCUMalbHe 3HaYCHHS
dynxiii M (u);

®, — napamerp, 110 BU3HAYA€E 3HAYCHHS U , 1[0 MaK-
cumisye Gykuiro M (u);

©, — [Napamerp, 10 BH3HAYa€ PO3KHA 3HAYCHH U
moxo O, ;

©, — [lapamerp, 1m0 BU3HAYAE MOXKIMBOCTI (QYHKIIT
M (u) mozmo acumerpii.

Ha mHOXeHI 3HaueHb X, X,,..., X, OyxyeTbcs HaOip
(hyHKIiOHATIB!

)

= I #(u,x;)du=min, j=12,...n.  (26)
Unin (%;)
Minimizanig (26) mo ©,, 0,, 0,, 0O, o1 X,
X,,..., X, JIA€ CYKYITHICTb HAOOPiB apaMeTpiB:
X O, Oy, O, O
X2_ ®20’ ®Zl’ ®Zl’ ®23;
X, B 0,, 0., O,.

Jns omucy 3ajesxHocTi napameTpis ©y, ©,, O, Ta
®, BHKOPHCTOBYETHCS alpOKCHMAIlisi MOJTIHOMaMH JIpy-
TOro CTEMiHs:

O, = by, + by, X+, x%;
(:)1 =b, +b11X+b12X2; @7)
0, =b,, +by x+Db,,x*;

0, =Dy, +b,x+b,x.
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Omxe, po3B’si3aHa 3ajaya aHaJITUYHOIO OITUCY
(GyHKIIT HAJIEKHOCTI JOXOMY 3aJIC)KHO Bifl pecypcy, IIo
BKJIaJa€ThCsl, JUIl KOXKHOTO €JIEMEHTa CHCTEMH, IO Bif-
HOBiJla€ KOHKPETHUM 3HAUCHHAM 8y, Cor & Qi s
Civ Aoy (GyHKINT HaJIEeXHOCTI
BUXIZHUX TmapameTpiB 3amaui. [Ipm 1mpomy napamerpu
KBaJpaTUYHUX MOJENeH 3alexarh Bifl 8y, Cp» &

aimin’ cl7 almax'

Omax !

0 3aJa€ HEYITKI

Omax !

Beenemo daktopun F =a,.., F,=¢,, F,=a,,,.
I:4 = almin’ FS = Cl' FG = almax'
3anexnocti  BmactuBoctedn b, , i=0,12,3,

k= 0,12 ' Bi,II Qmin v Cor Qomax + Qumins Ciy Ayma 3HAXO-
JTBCS JJIs PI3HUX BapiaHTIB MOJIHOMIB:
B1:

b = Coi +Cia i +Cpy F +
+Cy 3 +Cy Fy +Cy By + G K
B2:
b = Coi +Cyi i +Ci F +
+Cy By +Cy Fy + Gy Fs +Cg F +
Cri R +Cqi " +Coy B +
+Cioi By + Coy B +C R
B3:
b = Coi +Cii i +Cpy F, +Cy By +
+C,F, +C K +C, Fs +
+Cu RF, +Cy RF +Cy FF, +
+Cyi P Fs + Ciy FoFg + Cp R
B4:
by = Coi +Ciu Fi +Cy Fy +Cy Fy +
+Cyy Fy +Cgy Fs +Coy s +
+C R, +Cg R, +Cg FF, +
+Cy RF +Cry R +
+Cp PR +Cpy R Fy +
+Cyy B Fs +Cpg R F +
+Ci R F, +Cipy FFs + Cogy R +
+Coi PR +Copi FuFs +CLi B Fse

(28)

KopekTHICTh BUKOPUCTAHHS KOXHOI 3 MOJICIEH BH-
3HAYA€THCS MMiJ] Yac MePEeBIPKU aICKBATHOCTI.

Metoauka 3abe3nedye po3paxyHOK (DYHKIIIT Haslex-
HOCTI eylleMeHTa s OyAp-iKoro Habopy mapamerpiB
a CO’ aOmax’ almin’ Cl’ aimax , IO XapaKTepH?’y}OTB
1IeH eJIEMEHT CUCTEMH.

Brememo mpouenypy orpuMaHHS (YHKIIi HaJIexK-
HOCTI JIOXOJly €JIEMEHTA:

Otpumanns ®,,, O,,, 0,, O, npu ¢dikcoBaHNx

aOmin’ CO’ aOmax' almin’ Cl' aimax 1X.
OTtpumMaHHs ®0(X), ®I(X), ®Z(X), ®3(X) pu

(hikcoBaHUX @ 01 Qomax: Mmins Civ A -

Omin ?

C

Omin

Amnpokcumaris by, ¢yHKIisME, IO 3anexKaTh &y,

Cor Qomaxr Qminr Civ Qg OTPHMYE CI)YHKHHO HaJIexK-
HOCTI BUTpAIlly €JIeMEHTA.

HaBenemo Metomuky po3paxyHKy (yHKIIT Hanex-
HOCTI HEYITKOTO BUTPAIIy CHCTEMHU.

OyHKIliS HAJCKHOCTI JTOXOMY MEpIIOro eJIeMEHTa
Ma€e BUIJISIA:

Ml(U) =0, exp{_%(l-k @13sign (U —@ll))} =

12

12

u-0,)
0,, exp {—%(1—@13)}” <0,; (29

(U B ®11 )2
O, expi—— - (1+0,,) b u >0,
10 { 2@122 ( 13) 11
BBoaurees ©,,, =Ll7 0, = 0, .
(1_®13)2 (1+®13)z

Topni anst nepioro exeMeHra:

2
0, exp {—&},u <0;

2®fZl
u-0,)
0, exp{—@},u >0,

AHAIIOTIYHO JUTS JPYTOTO SIIEMEHTA:

2
0,, exp {—(u_ﬂ},u <0,;

M, (u) = (30)

2®§21

2
0, exp{—w},u >0,,.

2 222

M, (u) = (31)

V Bupasax (30, 31) iHAekcH NpH napamerpax Mo3Ha-
4alOTh TakKe: NEPLIUN yKa3ye HOMEpP €JIEMEHTa, APYruil —
HOMep KoedillieHTa, TpeTiii — HoMep Jliana3ony.

OYHKIIIS HAJICKHOCTI JOXOAY CHCTEMH i3 BOX elie-
MEHTIB Z = U, +U, Ma€ BUTIBIL:

M) = [ MM, (z-t,)du, -

(z-u-0, )2
203,

u—G)u)2

> du +
2®lZl

-0

Oy (
=00, jexp _[

(32)

Oz [(u—®11)2+(z—u—®21)2] dus

+ | ex —
ey g 207,

®11

+Texp -

921

[(u—®11)2+(z—u—®21)2] Wl

2 2
2®122 2 @ 222
B pesynbrati iHTErpyBaHHS MaEMO

st inTepBay (—00, @11] :
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M (2) =
|:Z_(®11+®21):|2 \/g
= ®1o®zo EXPqy— 2(®521 +®§21) i_}_i
®]%21 ®§21

Jns inTepBaLy [@11,(921] :

2
821( ) _ \/5(910@20 NTP0P0_ gyn) - |:Z _(®11 +®21 ):|
i 1,1 2(0%, +03,)
®522 ®§21

Jns inTepBaLy (@21 , 00) :

2
M “ (Z) _ 5(910@20 exp 1 - |:Z _<®11 + ®21 ):|
. 1, 1 2(65, +0%,)
O, 0
Tomi

M®(2), ze(-%,0,),
M(z) = gfj (2), ze [®11!®21]’
Ze (@21,00).

Mg, (2),

Anpokcumanis M (z) :

M (z) = ®, exp (ZZTG))(H@ sign(z— 6 ))

2

abo
o~ N2
- (z - ®1) ~
Oy eXpy——=5"1,250;
205,
Ni(2) = o
- (z —G)l) ~
O, eXpy———F—="—1,2>0,.
205,
6. = V270,,0,0,,0,, .
0 2 a2 '
/6122 +®§2 1+ ®22®1§ ®122®23
6(O7, + @22)
(:)1 =0, +0,;

[(®122 + ®§2 )2 - (®fz®23 + ®§z®13 )2:| )
(®122 + 622 ) - (®122®§3 + ®§2®f3) ,

6: -

5 _ ®122®13 (1_ ®§3 ) + ®§2®23 (1_ ®123 )
®122 (1_ ®§3 ) + ®;2 (l_ ®123 )

I[J'IH CHUCTEMHU, HI0 CKIAAAETBCA 3 TPHOX eJIEMEHTIB

Z'=7+Uy, 1€ Z=U, +U,.
s tperboro
HaJIEKHOCTI Ma€ BUTIIS:

CJIIEMCHTA CHCTEMU

2®§21

u-0,)
0., exp{—(m—f)},u > 0,,.
322

OyHKIIS HAJEKHOCTI CHCTEMH, IO CKIATAETHCS 3
TPHOX €IEMEHTIB, BU3HAYAETHCA IHTETPAJIOM 3TOPTKU:

M (z") =

—0. )
M},u S@al;

Oy eXp{—

M, (u) = (35)

= [ MM (2, =

. |es —0. ) 7-u-0
=0,0,| | exp —( (231) exp —( — ) du +
-0 2®321 2®21
& 0. ) u-0
+Iexp{—( 231) } p{- — ) du +
03, 322 20;,
= —0. ) 7u-0,)
(33) +jexp _—(u (231) exp —( — l> (36)
O, 20y, 205,
Amnpokcumartiss M'(z') :
M'(z) =
~ 2
7'-0,
=0, exp —u(h@ sign (2 —G)’)) (37)
2 @;)
V cniBBigHomenHi (37):
®£ =0,+0, +®31;
(34) 0}, +0}) -(05,6,+630,,)

- 0,04 (1-63)+636,(1-0%)
0}, (1-65)+63(1-0%)
m®30®0®32®2

= o0, - 040, |

6(03, +63)

&, -

Jis1 BUTIAZIKyY, KOJM CHUCTEMa CKJIANAeThes 3 N eJe-
MEHTIB:

®(”) = V2”®no®énil)®nz®(znil)/

(®(2n71) )2 ®n3 - ®ﬁ2®gnil)

62, + (00 )

@(ﬂ 1)

2
®n2

byHKITS

0" =0,+0, +...+0,
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YIIPABJIIHHA B TEXHIYHUX CUCTEMAX

YIIPABJIEHHUE B TEXHUYECKUX CUCTEMAX

CONTROL IN TECHNICAL SYSTEMS

YK 62-52 DOI: 10.20998/2079-0023.2022.01.03

O. C. KYIJEHKO, M. 1. BE3SMEHOB

INEHTUPIKALIA JIHIMHUX JTUHAMIYHUX CUCTEM VY CEPEJIOBHIII TOJTHOMIAJIbHAX
CUTHAJIIB

3anpornoHOBaHO METOJ| CTPYKTYPHOI Ta NapaMeTpH4HO!I ileHTHdiKamii OZHOBUMIPHHMX IiHIMHMX CTaliOHAPHUX JHHAMIYHUX CHCTEM, IOAAHHX
nudepeHtiabHUME PIBHSHHSIMH 3B’ 13Ky «BXiJ—BHXiI». MeTox OpieHTOBaHMII SIK HA aKTHBHHI, TaK 1 HA ACHBHUII eKCIIEpUMEHTH. B 0CHOBY MeTo1y
MOKJIA/ICHO MONIHOMIadbHE MOJAHHSA BXIJAHOTO T4 BHXIJAHOTO CHIHAIIB JHHAMIYHOI CHCTEMH, IO iAEHTH(DIKYEThCsA. 3ampOrOHOBAHO KOMITAKTHE
BEKTOPHO-MAaTpUYHE ITOJAaHHS IONIHOMIB, IO JO3BOJMIO 3HAXOAWTH BHMYLIEHY CKJIQJOBY PO3B’SI3Ky JiHIHHMX AuQEepeHIialbHUX PIBHSIHB SIK
pe3yabTaT BUKOHAHHS NIPOCTHX JIHIHHUX anreOpaidyHuX orepaiiil. BekTopHO-MaTpuiHe ITOJAaHHS ITOTIHOMIB JO3BOJIMIIO JOCHTH IIPOCTO PO3B’S3aTH
3ajadyy OOCpHEHHsS JiHIMHMX AWHAMIYHHX CHCTEM Ta 3aqady KOMIIEHcalii BHUMIpsSHOrO 30ypeHHs. [IMTaHHS MOJAHHS YaCOBHX CHTHAJTIB Y
MOJTIHOMIQNIBHINA (opMi y Wil poOOTI He PO3MIISANAIOTHCS. BUXOISUM 3 OTPUMAHOTO JIHIHHOTO MOAAHHS OJHOBHUMIPHOT TMHAMIYHOI CHCTEMH, IO
3B’s13y€ MiXk COOOI0 IapaMeTpH BXiJHOTO Ta BHXIZHOTO CHIHAJIB 3 IapamMeTpaMy JH(epeHIiaJbHOTO PIBHSAHHSA MaTeMaTHYHOI MOZEIN JAMHAMIvHO1
CHCTEMH, IO iAeHTH(DIKYEThCSA, OTPHMaHA JiHIHA cHCTeMa anreOpaidHUX PIBHSHD IIOAO0 HEBIAOMHX KOE(ILi€HTIB AudepeHLiaTbHOr0 PiBHIHHSI
nporecy. Y 3aralbHOMY BHIIAJKy OTPHMaHa CHCTEMa BIJHOCHTHCS O KJIacy NMEpeBH3HAYEHHX CHUCTEM, Y 3B’s3Ky 3 UMM ii pO3B’S30K MOke OyTH
OTPUMaHUH METOJOM HAMMEHIIMX KBaIpaTiB 1 3BOJAMUTHCS MO 3HAXOMKEHHS ICEBJOOOOPOTHOI MATpHIl. 3ampoNOHOBAaHO CTIPYKTYPHY CXEMY
MPOrpaMHOro 3abe3neveHHsl sl PO3B’s3aHHs 3aJa4i CTPYKTYPHOI Ta MapaMeTpHYHOi iZeHTH]IKamil B CEepeIOBHINI MOTIHOMIaNbHHX CHTHATIB.
ANTOpUTM BKJIIOYAE TNPOLEAYPY MOPIBHSIHHSA PE3yJbTaTiB YHCEIBHOTO MOJENIOBAHHS iNCHTH(IKOBaHOI MOAEN 3 BHXIIHHM EKCIICPHMEHTAIBLHUM
CHUTHAJIOM Ta KOPEKI[I0 CTPYKTYPH MOJEINI 3a pe3yIbTaTaMi OPiBHSHHS.

KunrouoBi cioBa: mapamerpuuna igeHtudikamis, miHifiHa AWHAMIYHA CHCTEMa, MONIHOMIAIbHHN CHIHAJ, BEKTOPHO-MATPUYHE MOMAHHS
TI0JIIHOMa, JIiHIf{Ha CHCTeMa PiBHSHb.

0. S. KUTSENKO, M. I. BEZMENOV

IDENTIFICATION OF LINEAR DYNAMIC SYSTEMS IN THE ENVIRONMENT OF POLYNOMYAL
SIGNALS

A method for the structural and parametric identification of one-dimensional linear stationary dynamic systems, represented by differential "input-
output” constraint equations, is proposed. The method is focused on both active and passive experiments. The method is based on a polynomial
representation of the input and output signals of the identified dynamic system. A compact vector-matrix representation of polynomials is proposed,
which makes it possible to find the forced component of the solution of linear differential equations as a result of performing simple linear algebraic
operations. The vector-matrix representation of polynomials made it possible to quite simply solve the problem of inversion of linear dynamical
systems and the problem of compensating the measured perturbation. The issues of representing time signals in polynomial form are not considered in
this paper. Based on the obtained linear representation of a one-dimensional dynamic system, which links the parameters of the input and output
signals with the parameters of the differential equation of the identified dynamic system mathematical model, a linear system of algebraic equations for
unknown coefficients of the differential process equation is obtained. In the general case, the resulting system belongs to the class of overdetermined
systems, and therefore its solution can be obtained by the least-square technique and is reduced to finding a pseudoinverse matrix. A block diagram of
software for solving the problem of structural and parametric identification in the environment of polynomial signals is proposed. The algorithm
includes the procedure of comparing the results of numerical simulation of the identified model with the output experimental signal and correcting the
structure of the model based on the results of the comparison.

Keywords: parametric identification, linear dynamical system, polynomial signal, vector-matrix representation of a polynomial, linear system
of equations.

Beryn. CywacHuii eTanm po3BUTKY Teopii 1 MPakTHKH
CHCTEM aBTOMAaTHYHOTO KepPyBaHHS HaWTiCHIIIE 3B’ I3aHUN
3 HAsBHICTIO aJICKBaTHOI MaTeMaTW4HOi Mojeni 00’ekTa
KepyBaHHsS, OTPUMaHOi Ha OCHOBI peaJbHUX JaHuX. SIK
NpaBWJIO, armpiopHa iH(GOpMAIList TMpo CTPYKTypy i
napaMeTpu MaTeMaTH4HOi Mojeni abo oOmexeHa, abo
BiJICYTHS TOBHICTIO. 3HaYUMICTh ifeHTU(IKALii B Teopil
KEepyBaHHs NpHBeEia 10 IHTEHCHBHOTO PO3BUTKY 1 3pocC-
TAaHHIO KUTBKOCTI JOCIiKEHb 1 MyOmikamiil y miit ramysi.
VY 3B’a3Ky i3 UM mpobnema ineHTudikamnii opopmmnacs

SK CaMOCTIHHHI HayKOBHH HANPSIMOK Y PaMKax 3arajabHO1
Teopii ynpaBIiHHSA AUHAMIYHUMH CHCTEMaMH.
EdexruBHOMY pO3BUTKY Teopii 1 MPakTUKH iAEHTH-
¢ikamii y 3Ha4Hi{ CTyIEeHi CIPUsIB IHTEHCUBHUI PO3BUTOK
00YNCITIOBAJIBHOT TEXHIKHM, IO JO3BOJIMIO 3aJIyYUTH
MIMPOKHH KJIac METOMIB NPUKIIaAHOI MaTeMaTHKH 1 Hacam-
mepes; METONiB OOYHCIeHb. Pi3HOMaHITHICTh BiTOMHX
METOJIiB ifeHTU(diKaIlii MPU3BOIUTH A0 HEOAHO3HAYHOCTI
pe3ybTaTiB, OJEpKYBAaHUX DPI3HUMH METOJaMH, a Oyab-
SK€ YCKIQJHEHHs METOJIB Ta alTOPUTMIB 3YMOBIIIOE

© O. C. Kynenko, M. 1. Beamenos, 2022
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3HW)KEHHSl HaJIMHOCTI OJIep)KyBaHUX pe3yJbTaTiB depes
NPUPOJHE 301JBLIICHHS KIJTBKOCTI MOXJIMBUX TTOMUIIOK,
110 BUHHUKAIOTh Y peaji3alii CKJIaJHUX alrOpUTMIB.

Y naHii cTarTi NPONOHYETHCS NPOCTHH METOI
PO3B’si3aHHS 3ajadl CTPYKTYpHOI 1 mapaMeTpHyHOl iJieH-
THQiKaIii OMHOBUMIPHHX JiHIHHUX JHHAMIYHAX CHCTEM y
CepeNoBUIII MOJIIHOMIAIFHUX CHTHANIB Ha BXOMAI 1 Ha
BUXOJI.

Orasig i anadiz mkepen ingopmanii. InerTHdIK-
atrist € 000B’A3KOBHM KOMIIOHEHTOM Y TIPOIIECi pO3pOOKH i
CTBOPEHHS CHCTEM KEepYBAaHHS TEXHIYHMMH CHCTEMaMH. i
(GyHnaMeHTaNbHI METOAM 1 aJrOPUTMH BHKJIAICHI Y
npausix [1. Eiikxodda [1], E. Ceitmka i Tx. Menca [2],
A. Jleitua [3] i JI. JIsronra [4], sxi Ha 1eii yac Be cTanu
KJIacCHYHMMHU. Y HHUX BHUKJIQJEHO 3 PI3HUM CTyIEHEM
Jerainizanii i TAMOMHU HAYKOBHX JOCIIIKEHb HEPEBAXKHY
OUIBbLIICTh ICHYIOYMX Ha MOMEHT iX HaluCaHHS Ta
MEPCICKTUBHAX MIAXOMIB O BHUPIOICHHA NpoOIeMHU
imeHTHdiKamil fuHaAMiYHUX cucteM. CydacHWH MiXifd IO
npobiiemu igentudikanii [5—7] xapakrepusyeTbesi CTBO-
PEHHSIM HAyKOMICTKHX METOZIOJIOTi PO3B’S3aHHS CKIa-
HUX MPAKTHYHUX 33/1a4, 10 MICTATH MOJENI IPOIECIB, SKi
BaXXKo (hopMati3yroThes. KirouoBy pojib mpu bOMY rpae
iHpopMariiiiHa miaTpumka. OcoOIMBO 11e BiHOCUTHCS IO
cTpykTypHOI ineHTudikanii [8]. BraxaeTscs, 1Mo yHiBep-
caJlbHa METOJIOJIOTISI CTPYKTYpHOI ineHTudikamii BiacyT-
HS, 2 OCHOBHI JOCIIDKEHHS y IbOMY Hampsimi choky-
COBaHi Ha PO3pOOII AITOPUTMIB TeHEPYBaHHS 1 epedopy
PI3HUX JOMYCTHMUX CTPYKTYp, HapaMeTpH4IHOl imeHTH(i-
Kamii KOXHOI CTPYKTYpH i NMPHUUHATTI PIMIEHF CTOCOBHO
BHOOpPY 1 OLIHIOBaHHS HAaWKpaIIol CTPYKTYpH 3 MOKIIH-
Bux. Takuii miixiy BUMarae BUKOPHCTaHHS BHUCOKOE(EK-
TUBHHMX OOYHMCIIOBAJHHAX METOJIB MapaMeTpUyHOl iJeH-
TU(IKaIii KOXKHOI CTPYKTYpHU 3 JOITYCTUMOI iX MHOXKHHH.
Bpanuii mpukiaa yHIBEpPCaJIbHOTO MPOTPAMHOTO KOMII-
Jiekcy 1uisi epeKTHBHOTO PO3B’sI3aHHS 3aja4y rapamerpuy-
HOI izeHTHdIKalll y paMKax po3B’si3aHHS 3ajadi CTPYyK-
TypHOI inenTrdikarii HaBeaeHO B pobori [9].

Inentudikamniss 00'ekTa KepyBaHHS IUIIXOM MOCTa-
HOBKM aKTHBHOT'O €KCIIEDUMEHTY BHMara€ BTPY4YaHHS B
poOOTy cHCTEMH aBTOMaTHYHOTO KepyBaHHS. ICHYIOTH
00’€eKTH, VIS SKUX 3 TUX YM IHIIMX NPUIUH HEMOIINBO
3reHepyBaTH moTpibHi BunpoOysanbHi aii. Y pobori [10]
HaBEJICHO Pe3yJbTaTH JOCIIKEHb 3 iIeHTudiKalii Kepo-
BaHOTO 00’€KTa Ha OCHOBI alpOKCHMAIlil HOTO MOBEIIHKA
HelpoMepexxeBoro Mozeio. HaBdueHa Helipomepexesa
MOJIeNIb E€MYJIIOE TOBEAIHKY CHCTEMHU 1 JI03BOJISIE OTpH-
MaTH {i BiATYK, Y TOMy YHCIi Ha TapMOHIYHI BHUIpOOy-
BaJbHI BIUIMBH. 110 oTprMaHiil 4aCTOTHIA XapaKTepUCTHII

OTPUMYIOThCSI ~ 3HAYCHHS NapaMeTpiB  MaTeMaTH4HOI
MOJIETI.
Amnaniz Jpkepen iHopmanii  g03BOJIsE  3poOHTH

TaKUi BHCHOBOK: OUIBIIICTE METOJIB HapaMeTpHIHOl
ineHTHOiKamii 6a3yeTbcs Ha aKTMBHOMY HPWHIMIN NpH
TECTYyI0UOMY T'apMOHIHOMY 200 CTYIIiHYaCTOMY BILUINBAX.
Ha migcraBi OTpUMaHMX 4YACTOTHHX a00 NepeXiTHuX
XapaKTepUCTHUK UIS JIeIKO1 (hiKCOBAHOT CTPYKTYpH 3HaXo-
IATBCS KOHKPETHI MapaMeTpH MOJENi CHCTEMH, IO iJeH-
TUQIKYETBCS, BIAMOBIAHO O MaKCHUMAalbHOI OJIM3BKOCTI
XapaKTePUCTUK MOJIEN 1 pealbHOTO Mporecy. Y BUMAAKY
MAaCUBHUX EKCIIEPUMEHTIB PO3B’S3aHHS 3a1adi mapamer-

puuHOi ineHTH(IKaLil Tak YM iHaKIIe 3B’s3aHO 3 IpOIIe-
nyporo auepeHIliOBaHHs BXIJHUX 1 BHXIJHUX CHTHa-
niB [3], 3a1aHUX Ha CKIHYCHHIN MHOXKHHI TOYOK BIIJTIKY.

Meroro 11i€i cTaTTi € OOIPYHTYBaHHS BIJHOCHO
MPOCTOTO METONy pO3B’s3aHHS 3ajadl IapamMeTpUYHOi
imeHTH}IKAI] OMHOBUMIPHHUX JIHIMHUX TUHAMIYHHUX CHC-
TeM y KJaci TOJIHOMIaJbHUX alnpoKCHMAIlii BXIiTHUX i
BUXIJTHUX CUTHAIIIB.

BekTopHo-MaTpuuHe mNogaHHA moJiHOMIB. [lyis
CHPOIIEHHS TIPOIECIB JOCITiIKEHHS MPOXOIKEHHS ITOJTi-
HOMiaJbHAX CHTHAJIB 4Yepe3 AWHAMIUHI CHCTEMH PO3TJIS-
HEMO KOMITaKTHE IOJaHHS MOJIHOMIB METOAaMH MaTpuy-
Hoi anreopu [11].

Hexaii Bextopuuit mominom p(t) crymias | wmae
TaKUM BUTIISAL:
t* t!
Nm=@+w+@3h+wﬁ, @

ne Py, Py .-, P, — N-BumipHi Bekropu, T — omeparis
TPaHCIIOHYBAHHSI.

Toni monmanns (1) MoxkHa (OpMaNbHO MPEICTABUTH
SIK

prt)=TP, (2)
t? t'

e T=(@1t, PR F) — (I +1) -BumipHHUE BEKTOP-PSAIOK,
a P — wmarpuns nopsaky (I1+1)xN, mo mae Takuii
BMIJISL;

P ®)

VY BUIAAKY CKaJSPHOrO MojiHOMa marpuili (3) Bix-
MOBiZIa€ BEKTOP-CTOBMELb P, ckiageHuid 3 Woro koedi-
LII€HTIB.

PosrisiHeMo JesiKi eleMeHTapHi omepaiii 3 MmoJiHO-
MaMH 1 X aHaJIOTaMH y BEKTOPHO-MAaTPUUHIN (hopmi:

— pomaBanus: P (t)+p,(t)=T(R,+P,);

P :(po- Py Pyse--

— MHOXeHHs Ha yncio: ap(t) =T (aP);
— nudepeHIiOBaHHS

dp'(t)
o =TAP, (4)

Jle eneMenTH /4;; KBaapaTtHoi Matpuii A mopsaky (I+1)
MAroTh BUMJISN 4 =0, j, e Jy — cumBon Kponekepa.

3rigHo 3 (4) k-Ta moxijaHa MmoJiiHOMa MpeICTaBuMa B
TaKOMY BHTJIS[I:

d“p'(t
j%Qsmw, (5)

ne A" MoxHa 06uncauTH 32 GOPMYIIO0

(Ak)ij = Oiik,j i,j=l,|+1.

MMogaHHusi OXHOBUMIPHUX JIiHIHHUX JHMHAMIYHHX
CHCTEM Yy CepeloBHMINi MNOJiHOMIAJbLHUX CHTHAJIB.
Hexait ckamsdpHa nmiHiiHa cTaliOHapHA AWHAMIYHA CHC-
TeMa OMNHCYETHCS TAKUM AH(EpeHIianbHUM PIBHSIHHAM
3B SI3KY «BXiI-BUXiI»:
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8,y +ay®*? +...+a,y=bu® +bu“? +...+bu, (6)

ne u(t) i y(t) — Bximmmii i BuXigHuil curHanu Bixmo-
BimHO, P i q (p=>() — MakCHMaJbHI MOPSIKH MOXi-

HUX, 8y, 8, ..., &,, Dy, D

] b, — mocriiini xKoedi-

15 oo By
LIIEHTH.
Hepaxxko mokasarty, 110 y BUIAIKy BXiJHOTO BIUTUBY

Y BUIIISAI TIOJTIHOMA CTemiHs |

¢!

u(t):uo+u1t+...+u,ﬁ. (7
BUMYIIEHAa CKJIQJIOBa PO3B’A3KY JIU(EpeHIiaTbHOro
piBHAHHS (6) TakoX MOXe OyTH IOJaHa IIOJiHOMOM
cremins |

t
y(t)zyo+y1t+-~~+y|ﬁ' (8)

VY nopanpniomMy OyaeMo pO3IJISIATH TiNBKU acHMII-
TOTUYHO CTiliKi cucTeMu (6) Ha 4acoBUX IHTEpBaiax, IO
BIJINIOBIJAIOTh MPAKTUYHO MOBHOMY 3aTYXaHHIO MEPeXiji-
HUX TPOLECiB, 00YMOBJIEHHX HEHYJIbOBHUMH OYaTKOBUMHU
yMOBaMHU piBHAHHS (6).

[Mogamo noninomu (7) i (8) y BeKTOpHii Gopmi:

tH=Tu,
yt)=TY, ©
g U=y Up, .oy U)T Y = (Yo, Yireeno V)T

[Ticns mincranoBku (9) y (6) 3 ypaXyBaHHSIM IPaBHI
IudepeHIIiFoBaHHS TIOTIHOMIB (4), (5) oTpumyeMo:

T(a,AY +a,A"Y +...+a,Y) =
=T(b,A +b,A""U +...+b V).
BHKOHABIIN «CKOpOUYECHHS» HAa T , HIO BIIMOBigae

NPUPIBHIOBAHHIO KOE(IIIEHTIB NMPHU OJJHAKOBHX CTEIEHSIX

1, OTpUMaeMO OCTaTOYHO:
a,A* +a, A" +...+a E)Y =
( 0 1 . p ) (10)
=(b,A" +b,A° +...+b,E)U.

BBojsun BiANOBIAHI MO3HAYCHHS, CIIBBIAHOIIECHHS
(10) 3ammmiemo y BUTISI

AY =BU, (11)

ne A1 B

Koe(ilieHTH SKUX (OPMYIOTHCS BIIIIOBIIHO IO TaKHX
TPaBUI.

— kBagpatHi matpuii mopsaky (1+1),

0,sikmo i+ p< jvi> j,
a

1A} :{ jepy AKIO T+ P> JAITL |,

0, skmo i+q < jvi> j,

{B}ij = {b

i7j+q,$IKIIIOi+q2 jai<i,

me i, j=11+1.
3 cTpykTypu Matpuilb A i B BumiuBae, o BOHU €
BEPXHIMH TPUKYTHAUMH 3 [AiarOHAIBHUMH eJIeMEHTaMHU

a;=a, i b, = bq (i=11+1) Bigmosiguo, Axi BigMiHHi
BiZl HyJNs 4epe3 NPHIYHIEHHs NpO CTIHKICTh BHXIIHOT
JMUHAMIYHOT cucTeMH. Takum 4yuHOM, Matpuii A 1 B
HEBUpPO/KEHI, a cucremMa (11) 3aBxknm Mae equHUH
po3B’s130Kk AK BimHOCHO Y mpu 3amanomy U (mpsma
3amava), Tak i BimHocHO U mpu 3amanomy Y (3BOpOTHa
3ajada). 3aBASKH TPUKYTHIN cTpykTypi marpumps A 1 B
po3B’s30k cucteMu (11) merko 3HAXOIUTHCS MOCITIIOBHIM
PO3B’sI3aHHSAM OJHOBHMIPHUX JIIHIHHUX PIBHSAHb, IOYHHA-
I0YH 3 OCTaHHBOTO.

Inentudgikanis KoediuieHtin JUHAMIiYHOI
cucTeMu. byjaeMo npumyckaTu, 0 BEKTOPHU KOSQIIi€HTIB
U =(Uy,Uy,...,u,)"

momiHoMiB  Ha Bxomi (7)) i

T -, . . .
Y =(Y,, ¥, Y,) Ha i Buxoai (8) Ham Bimomi 3 nocuth
BUCOKHMM CTYIEHEM JOCTOBipHOCTI. IlocTaBuMo 3amauy
. .. . T
3HaXO/)KCHHS BEKTOP1B Koe(bluleHTlB a= (ao, a; ..., ap)

i b=(b,,b,,...,b,)" y npunymensi, mo nopsaxu p i g

BuIMX moxigHux y (1) takoxx Bimomi. SIkimio anpiopHi
JlaHi 10 BEJIMYMHAM P 1 ( BiACYTHI, TO B TaKOMy BH-

HajgKy HeoOXimHO OaraTopasoBo pO3B’s3aTH  3amady
imeHTU}IKAIl 11 MHOXUHH MOXJIMBUX Tap P 1 ( Ta
OLIIHUTH BIPOTiIHICTh PE3yJIbTATIB iAeHTU(IKALIT IUIIXOM
IpSIMOTO  MOJICTIIOBAHHS EKCIIEPUMEHTAIbHUX TIPOLECIB
YHUCENLHUM IHTETPYBaHHSIM JAU(EPEHIIABHOTO PiBHSH-
us (1).

Jnst po3B’si3aHHS MMOCTABJICHOI 3aavi MEepernuieMo
OCHOBHE PiBHSHHS IIEPETBOPECHHS MOJIIHOMIAIbHUX CHIHA-
7B nuHaMivHOI cuctemu (10) y TakoMy BHTIISAII:

a,A"Y +a, AP +..+a Y =

(12)
=by,AU +b,A°"U +...+b U.
YBeneMo no3sHaueHHs:
Y, =AY, k=0,p,
A IR (13)
U, =AU, j=0,q.
Topni piBusiaas (12) npuiiMe Takuit BUTIIS;
Ya=Ub, (14)

e V=0, ¥) 1 D=, U,
posmiprocti (I+1)x(p+1) i (I1+1)x(q+1) sigmosinHo.

yo-ryU) — marpumi

Sxmo | > p, 1o
7 0, sixkmo i > j+(1—p),
{ }ij - yi—j-v-pV)IKHIOiS j+(|_ p)a
j=1Lp+Li=11+1,;

"] 0, sxmo i > j+(1-0q),
{ }ij Ui g xmo i < j+(1-0),

(15)

Takum 4YwHOM, pPO3B’sI3aHHS 3amadi ixeHTH]IKamii
3BOAMTHCS IO PO3B’SI3aHHS OJHOPITHOI JIIHIHHOI CHCTEMHU
(14), sxy MOHa MTOJIATH B 3aTAJIBHONPUHHITOMY BUTIISIL
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(Y 1-0)(&)-0. (16)

Matpunst  cucremun  (16) Mae  po3MipHICTH

(I+D)x(p+g+2).
PosrasgaemMo Bumanok, ko |+1> p+Q+2, TobTo

KOJIM KiJIbKICTh PiBHSHB y (16) Oijiblia 3a KijgbKiCTh HEBi-
nomux. Toxi, dikcyroun onuH 3 Koe(illieHTIB BEKTOPIB &
abo b mopiBHIOIOUMM 1, IO BimMOBiZaE MiJEHHIO BCiX
koediuienTiB piBHsAHHA (1) Ha BHOpaHMH KoedillieHT,
OTPUMYEMO JIIHIHHY HEOTHOPIJHY CUCTEMY BHIJISLY

Fx=C, an
ne Matpund F  sBise co00i0 MiIMATPHUIIO MaTpPHIl
(V ;—U), 3 SAKOI ONWH 31 CTOBIIIB TEPCHECCHUH Y

npaBy 4YacTHHY JiHiIHHOT cuctemu (16) 31 3BOpPOTHHM
3HaKoM i € BekropoM C mnpaBoi yactunu cuctemu (17).
Otpumana cucteMma (17) HaOIMIKECHO PO3B’A3YETHCS METO-
JoM TiceBmoobeprents [12]:

x=(F'F)'F'C. (18)

Iporpamue 3a6e3neyenHsi. CTpyKTypHa cxema
MPOTrPaMHOro 3a0e3MEeYCHHS] 3alIpPOIOHOBAHOIO METO.Y
imeHTHdiKaIii HaBeneHa Ha puc. 1. BimmoBigHo 10 cTpyK-
TYPHOI CXEMH 3a pe3yIbTaTaMU aKTUBHOTO 200 MACHBHOTO
EKCIIEPUMEHTY [ESIKMM BiIOMHM METOJIOM BHKOHYETHCS
MOJIIHOMIAJIbHA ~ AIPOKCHMAIlis BXIJHOTO 1 BHUXIJHOTO
curgamiB IToTiM U1 AEAKOTrO MOYAaTKOBOIO HAOIMKEHHS

CTPYKTYpHHX TapamerpiB P i § Oyxyemo marpumi Y i

U srigHo i3 popmymnamu (15).

Ha mactymHOMY KpoOIli PO3B’S3yEMO CHCTEMY JIiHiM-
HUX PIBHSHB U BU3HAUCHHS BEKTOPiB KoedilieHTIB a i
b mudepeniianbHOro piBHAHHA MaTeMATHYHOI MOJEINi
00’ekTa. SIKIIO 3a7aHa TOYHICTh HE 3a0BOJIBHIETHCS, TO
y TakOMYy BUIIaJKy BHKOHYEMO KOPUI'YBAaHHS CTEHiHs
ANPOKCHUMYIOUYMX TOJIHOMIB. Y TIPOTHBHOMY BUIaAKY
iHTerpyeMo audepeHiiaibHe PiBHSIHHS CUCTEMH 3 OTPH-
MaHUMH TapameTpaMu a, b i ekcrepuMeHTaTsHUM BXil-

suM BrumBoM U(t) . Otpumany Buxinay dyskmio Y (t)
NOPIBHIOEMO 3 eKcrepuMeHTanbHorw (ynkmiero  Y(t) .

V BumajgKky BHKOHaHHA ymoBH Ommsbkocti Y (f) 1 Y(t)
BBO)KAaEMO 3ajady ineHTHdiKamii po3B’s3aHoro. Skio
yMoOBa OJM3BKOCTI HE BUKOHAHA, TO 3MIHIOEMO CTPYKTYPY
CHCTEMH MUIIXOM Ha3HAYCHHS HOBOI IMapH mapameTpiB
(p,0). Sxmo mnsa xoxuoi mapu (P,J) 3 3amaHOi MHO-
KIMHA YMOBA OJIM3BKOCTI HE BHKOHYETHCS, TO SIK PE3YIIb-
tat BUOMpaemo mapy (P,q), mng axoi dymkmii Y (t) i
y(t) € MakcuManbHO ONU3LKUMHU.

BucHoBkM. 3ampornoHOBaHUN MeTOA imeHTudikarlii
JMHIMHAX OUHAMIYHHEX CHCTEM HA OCHOBI ITOJIHOMIAIbLHO-
r'0 TIOJJAaHHS CUTHAITIB JIO3BOJISIE PEajli3yBaTH SIK aKTHBHHUM,
TaK 1 MACHMBHUU MiAXiJ IO PO3B’S3aHHA 3a/lavi Mapamer-
puuHOI imeHTHdiKamii. Y 3B’S3Ky i3 MPOCTOTOIO 00YHC-
JIOBABHUX TIPOLIEAYP METOA NPUAATHHHA SK CKJIaqoBa
IIPU CTPYKTYPHI# i1eHTH(iKaLii TiHITHUX CHCTEM.

ExcnepumeHT

u(t), y(1)

[oninomianbpHa anmpoKCHMAITis
T
U =(uy.uy,....u)

Y= (,Vm)’l 7"'1)”.’)T

3aBmaHHs CTPYKTYPU MOJEI
(p.q)

&
<

dopMyBaHHSI MaTPHILL
Y, U

Po3B’s3aHHS cucteMu piBHSHB
Ya=Ub

TaTerpyBanns audepeHmianbHOTO
piBHSIHHS 3 mapameTpamu a, b:

V(1) =y(a,b, u(0))

Tak

3MIHUTH CTPYKTYPY MOJAEINI

(p.q)
Po3B’s130k y kimaci
noJtiHomiB creming |
BiICYTHIH
| A
Ll
Y
Kineup

Puc. 1. CtpykTypHa cXema mporpaMHOTO 3a0e3MeUeHHs

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii

ananis, ynpasninus ma ingopmayiini mexnonozii, Ne 1 (7)°2022

19



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

Crnucok Jitepatypu 4. Ljung L. System Identification: Theory For the User. 2nd ed. PTR
Prentice Hall, Upper Saddle River, 1999. 609 p. (Rus. ed.: Ljung L.

1. Diikxopd TII. Ocroser udenmupurayuu cucmem  ynpasnenus. Identifikatsiya sistem: Teoriya dlya polzovatelya. Moscow, Nauka
Mocksa: Mup, 1975. 686 c. Publ., 1991. 431 p.).

2. Ceitmx 2. I1., Menca [Ix. JI. Hoenmugurayus cucmem ynpasnenust. 5. Yegupov N. D., Pupkov K. A. ed. Statisticheskaya dinamika i
Mocksa: Hayka, 1974. 248 c. identifikatsiya sistem avtomaticheskogo upravleniya. Metodi
3. Jleita A. M. Memoosl udenmugpuxayuu unamuteckux o6vexmos. klassicheskoi i sovremennoi teorii avtomaticheskogo upravleniya.
Mocksa: Oneprus, 1979. 240 c. T. 2 [Statistical dynamics and identification of automatic control
4. Jlbtonr JL. Hoenmudpurayun cucmenm: Teopus 0na noiwsosamen. systems. Methods of classical and modern theory of automatic

Mocksa: Hayka, 1991. 431 c. control. Vol. 2]. Moscow, MGTU im. N. E. Baumana Publ., 2004.
5. Cmamucmuyeckast OUHAMUKA u udeHmu([)uKauuﬂ cucmem 640 p

asmomamuueckozo  ynpaenenus.  Memodsl  kiaccuueckoi u g
cospemennol meopuu asmomamuyecko2o ynpasienus. T. 2. | pen.
H. A. Erynos, K. A. Ilynkos. Mocksa: MI'TY um. H. 3. baymaHna,

Vasilev S. N. Teoriya i primenenie logiko-upravlyaemikh sistem
[Theory and application of logic-controlled systems]. Trudi 2-j
Mezhdunar. konf. "ldentifikatsiya sistem i zadachi upravleniya"

2004. 640 c. (SICPRO’03). 29-31 yanvarya 2003 g. [Proceedings of the 2nd
6. Bacwmes C. H. Teopus u mnpuMeHeHHE JIOTHKO-YNPABIAEMBIX Intern. conf. “Identification of systems and control tasks"

cucreM. Tpyout 2-it Meoicoynap. kough. «HMoenmugpuxayus cucmem u (SICPRO'03). January 29-31, 2003]. Moscow, IPU RAN Publ.,

3a0auu ynpaenenusay (SICPRO’03). 29-31 aneaps 2003 2. Mocksa: 2003, pp. 23-52.

UITY PAH 2003. C. 23-52. 7. Avdeenko T. V., Kargin S. A. O globalnoi identifitsiruemosti

7. Aspmeenko T. B.,, Kaprum C. A. O riobamsHOI

- . dinamicheskikh modelei [On the global identifiability of dynamical
HACHTHOUIUPYEMOCTH — JUHAMHYECKHX Mogjened. Ipyoer 2-u

models]. Trudi 2-j Mezhdunar. konf. “Identifikatsiya sistem i zadachi

Meowcoynap.  rongp. ,«Hoe”’”ud’”"”‘wﬂ cucmem - sadauu upravleniya" (SICPR0O’03). 29-31 yanvarya 2003 g. [Proceedings
ynpagnenusy (SICPRO’03). 29-31ansaps 2003 2. Mocksa: UITY of the 2nd Intern. conf. "Identification of systems and control tasks"
PAH 2003. C. 155-214. (SICPR0'03). January 29-31, 2003]. Moscow, IPU RAN Publ.,
8. 3arymueerep 10. C. KommbiotepHas wuHpopManus B MOIETH 2003, pp. 155-214.
HCHHCIICHH PCBOBHIHBIX CTPYKTYP. Tpydet 2-ii Meowcoynap. kond. g zajliveter Yu. S. Kompyuternaya informatsiya v modeli
«Hoenmupuxayus cucmem u 3adauu ynpasrenusy (SICPRO’03). ischisleniya drevovidnikh struktur [Computer information in the
29-3Laneaps 2003 2. Mocksa: UITY PAH 2003. C. 1935-1949. model of calculus of tree structures]. Trudi 2-j Mezhdunar. konf.
9. HeT’P"B?‘I B. H. Wnentudukauus napamMerpos MareMaTH4ECKnX "Identifikatsiya sistem i zadachi upravleniya" (SICPRO’03). 29-31
MOZ€CIEN OUHAMHUYECKUX CHCTEM YIIPABJICHUS. HCKyCCm@eHHblu yanvarya 2003 g [PrOCeedingS Of the an |ntern_ Conf_
unmenexm. 2011. Ne 4. C. 343-349. "Identification of systems and control tasks" (SICPRO'03). January
10. Wymnxun A, T, Bospummosa A. C.  Asroput  BbiGopa 29-31, 2003]. Moscow, IPU RAN Publ., 2003, pp. 1935-1949.

CIPYKTYpHDIX TIApaMETpOB  MICKYCCTBCHHON ~HEHPOHHOM CCTH M g petrovich V. N. Identifikatsiya parametrov matematicheskikh

obbema obywaroueli BHIOOPKH NPH ANNPOKCHMALMH IOBENCHHS modelei dinamicheskikh sistem upravleniya [Identification of

JMHAMUYECKOTo  O0bekTa.  Komnviomephvie  uccredosanus  u parameters of mathematical models of dynamic control systems].

modenuposanue. 2015. T. 7, Ne 2. C. 243-251. . Iskusstvennii intellect [Artificial intelligence]. 2011, no. 4, pp. 343
11. Kutsenko A., Kovalenko S., Tovazhnyanskyy V. Inversion of 349.

dynamic systems for certain classes of signals. CEUR Workshop 10 shymikhin A. G., Boyarshinova A. S. Algoritm vibora strukturnikh

Proceedings. 2019. Vol. 2353. P. 391-401. parametrov iskusstvennoi neironnoi seti i obema obuchayushchei
12. Tanrmaxep ®. P. Teopus mampun. Mocksa: Ousmarmr, 2010. viborki pri approksimatsii povedeniya dinamicheskogo obekta

S58c. [Algorithm for choosing the structural parameters of an artificial
. neural network and the size of the training sample when
References (transliterated) approximating the behavior of a dynamic object]. Kompyuternie
1. Eykhoff P. System Identification: Parameter and State Estimation. issledovaniya i modelirovanie [Computer research and modeling].
New York, John Wiley & Sons, 1974. 555 p. (Rus. ed.: Eykhoff P. 2015, vol. 7, no. 2, pp. 243-251. )
Osnovi identifikatsii sistem upravleniya. Moscow, Mir Publ., 1975.  11. Kutsenko A., Kovalenko S., Tovazhnyanskyy V. Inversion of
686 p.). dynamlc_ systems for certain classes of signals. CEUR Workshop
2. Sage A. P., Melsa J. L. System Identification. New York, Academic Proceedings. 2019, vol. 2353, pp. 391-401.
Press, 1971. 221 p. (Rus. ed.: Seidzh E. P., Melsa Dzh. L. 12. G_antma_kher F. R. Teoriya matrits [Matrix theory]. Moscow,
Identifikatsiya sistem upravleniya. Moscow, Nauka Publ., 1974. Fizmatlit Publ., 2010. 558 p.
248 p.). N _
3. Deich A. M. Metodi identifikatsii dinamicheskikh obektov [Methods Haoiinura (received) 24.04.2022
for identifying dynamic objects]. Moscow, Energiya Publ., 1979.
240 p.

Bioomocmi npo asmopis / About the Authors

Kyuenxo Onekcandp Cepeiiioguu — NOKTOp TEXHIYHMX Hayk, npodecop, HanionansHuii TEXHIYHUI yHIBEpCUTET
«XapKiBCbKUH TONITEXHIYHUHA 1HCTHTYT», mpodecop Kadenpu CHCTEMHOro aHalizy Ta iH(popMauiiHO-aHATITHYHUX
TexHomNorii; M. Xapkis, Ykpaina; ORCID: 0000-0002-7964-1286; e-mail: Oleksandr.Kutsenko@Kkhpi.edu.ua

besmenoe Muxona leanosuy — KannuaaT TEXHIUYHMX HayK, AOLIEHT, HallioHanbHWH TEXHIYHUH YHIBEpCHTET
«XapKiBCbKUH TONITEXHIYHUHA 1HCTHTYT», mpodecop Kadeapu cuCTEeMHOro aHaiizy Ta iH(opmauiiiHO-aHATITHYHUX
texuomnoriit; ORCID: https://orcid.org/0000-0002-2995-2350; e-mail: Mykola.Bezmenov@khpi.edu.ua

Kutsenko Oleksandr Serhiyovych — Doctor of Technical Sciences, Professor, National Technical University
"Kharkiv Polytechnic Institute”, professor of the Department of System Analysis and Information-Analytical
Technologies; Kharkiv, Ukraine; ORCID: 0000-0001-6059-3694; e-mail: Oleksandr.Kutsenko@khpi.edu.ua

Bezmenov Mykola Ivanovych — Candidate of Technical Sciences (PhD), Docent, National Technical University
"Kharkiv Polytechnic Institute”, Associate Professor at the Department of System Analysis and Information-Analytical
Technologies; Kharkiv, Ukraine; ORCID: https://orcid.org/0000-0002-2995-2350; e-mail:
Mykola.Bezmenov@khpi.edu.ua

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
20 ananis, ynpasninus ma ingpopmayiini mexnonozii, Ne 1 (7)°2022



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

VK 004.9+685.9:620.9 DOI: 10.20998/2079-0023.2022.01.04

O. M. HIKYJITHA, B. I1. CEBEPHUH, A. I. BYBHOB, O. M. KOH/[PATOB

PO3POBKA HEJIHIMHOI MOJEJII HTAPOTEHEPATOPA AEC JJISI IH®OPMALIMHOI
TEXHOJIOI'TI ONTUMIBALIL YIIPABJITHHSA

IMaporeHepaTopy CydacHHX eHEproOJIOKiB aTOMHHUX ENEKTPUYHHMX CTAHIIH € KPUTHYHHMH EIEeMEHTaMU CHEeproOJIOKiB Ta MiJIAraloTh MOAEpHi3allii.
InenTudikamis mMoneni maporeHepatropa Uisi ONTUMI3alii KepyBaHHsS MapOreHepaTopoM € aKkTyaJlbHHM 3aBIaHHAM. Mera qaHOl CTATTi moisirae y
po3poOui HemiHifHOI MaTeMaTHYHOI MOJeNi HaporeHepaTopa y BiJHOCHUX 3MIHHUX U i BUKOPHCTAaHHS B iH(OpMaIiiHili TexHoIoril onTumizamii
ynpasninHia. HaBeneHo MaTeMaTH4Hi MOJeNi MPOLECIB Teruionepeaadi Ta NapoyTBOPEHHs Y MapOreHepaTopi y BHIVIALI CHCTEM AU(epeHIiaIbHuX
pIiBHSHB y BigHOCHHX 3MiHHUX. L[i Momeni mpu3HaveHi Uil iMiTaUiffHOrO MOJENIOBAaHHS TEIUIOBHX MPOLECiB y maporeHeparopi. Teriosi mpouecu
[OB'sI3aHi 3 MiBEACHHSAM [0 MMaporeHepaTopa >KMBHIBHOI BOIM BiJl CHCTEMH BOJHOI MiJATOTOBKH Ta TEIUIOHOCIS Bif SIEPHOTO PEaKTopa, a TAKOX 3
BIZIBEAICHHSAM IIapy 3 MaporeHepaTopa 10 TOJOBHOIO IapOBOrO KOJEKTOPY. 3a 3aKOHOM 30epexeHHs KiIbKOCTI pyXy poOOYOro cepeioBHIa Y
LUPKYJSLIHOMY KOHTYpI MaporeHeparopa MiJ A3epKajoM BHUIIAPOBYBAHHS OTPUMAHO HENiHiHE Au(epeHLianbHe PIBHSIHHSA MPOLECY LUPKYILii
napoBosHOI cyMmimi. Po3pobieno HemiHiliHe audepeHiiaabHe PiBHAHHS U 00YHCIICHHS IIOXiTHOI BUTpATH MapH Yepe3 A3epKajlo BHUIAPOBYBAHHS y
BIZTHOCHUX 3MiHHHX. PiBHSHHS ZOMOMIXHOTO 00JaJHAHHS — TOJOBHOIO MApPOBOr0 KOJEKTOPY, MPUBOAY KIIanaHa MapoBoi TypOiHH Ta BUKOHABYOTO
MEXaHi3My PeryJoluoro XHBUIBHOTO KialaHa NPHBEJCHO IO BIAHOCHHX 3MiHHMX. 3 BHKOPHUCTAaHHAM PIBHSHb TeILIONEpeiadi, HapOyTBOPEHH,
IUPKYJLILI] Ta JOMOMDKHOTO 00JagHAaHHS ITOOYIOBAHO HEJiHIHHY MOJENb IaporeHepaTopa y IMpOCTOpi CTaHIiB K 00'€KTa YIpPaBIIiHHS y BiIHOCHHX
3minHux. HaBemeHo ¢opmyian mis oO4YHCICHHs 3HA4YCHb MOCTIMHHX MapaMerpiB MOJENi MaporeHepaTopa 3a 3HAYCHHSIMH KOHCTPYKTHBHHX 1
TEXHOJIOTIYHUX mapamerpiB. Po3pobieno mporpaMy [uisi HenmiHidHOT MaTemaTnuHOI Moneni maporeneparopa [1I'B-1000, sika BKIOYEHa B MOIYJIb
Mozenel maporeseparopis iHpopmariiiHoi TexHouorii. Lle 103BoINTE BHPIIUTH 3aBIaHHA ineHTH}iKaLii Ta onTHMiamii iHhopMariiHOl Kepylodoi
cucTeMH piBHs Boau y naporedeparopi [II'B-1000 enepro6moky 3 saepuum peakropom BBEP-1000.

Kiai04oBi c10Ba: MareMaTHYHA MOJIENb, TAPOTCHEPATOP, ATOMHA ENCKTPHUYHA CTAHIs, qudepeHiaabHi PIBHAHHS, ONTHMI3aLlis, YIIPaBIiHHS,
iH(opMamiiiHa TEXHOJIOTIS.

O. M. NIKULINA, V. P. SEVERYN, A. I. BUBNOV, O. M. KONDRATOV

DEVELOPMENT OF NONLINEAR MODEL OF NPP STEAM GENERATOR FOR INFORMATION
TECHNOLOGY OF CONTROL OPTIMIZATION

Steam generators of modern power units of nuclear power plants are critical elements of power units and are subject to modernization. Identification of
the steam generator model for optimizing the control of the steam generator is an urgent task. The purpose of this article is to develop a nonlinear
mathematical model of a steam generator in relative variables for its use in information technology for optimizing control. Mathematical models of
heat transfer and steam formation processes in a steam generator are presented in the form of systems of differential equations in relative variables.
These models are intended for simulation modeling of thermal processes in a steam generator. Thermal processes are associated with the supply of
feed water to the steam generator from the water treatment system and coolant from the nuclear reactor, as well as with the removal of steam from the
steam generator to the main steam collector. According to the law of conservation of the momentum of the working medium in the circulation circuit
of the steam generator under the evaporation mirror, a nonlinear differential equation for the process of circulation of the steam-water mixture is
obtained. A nonlinear differential equation has been developed to calculate the derivative of the steam flow through the evaporation mirror in relative
variables. The equations for the auxiliary equipment — the main steam header, the steam turbine valve actuator and the control feed valve actuator — are
reduced to relative variables. Using the equations of heat transfer, steam formation, circulation and auxiliary equipment, a nonlinear model of the
steam generator in the state space as a control object in relative variables is constructed. Formulas are given for calculating the values of the constant
parameters of the steam generator model from the values of its design and technological parameters. A program for a nonlinear mathematical model of
the PGV-1000 steam generator has been developed, which is included in the information technology steam generator model module. This will make it
possible to solve the problems of identifying and optimizing the information control system of the water level in the steam generator PGV-1000 of the
power unit with a nuclear reactor VVER-1000.
Keywords: mathematical model, steam generator, nuclear power plant, differential equations, optimization, control, information technology.

Beryn. [lns migBumeHHst O€3NeKH aTOMHHUX €JIeKT-
puanux craniiit (AEC) Ykpainu HeoOXigHa MOIEpHI3aLis
cucreM ympaiiHHA [1]. Po3BUTOK cyyacHHX MareMmaru-
YHUX METOJIB Ta MepeoBHUX 1HQOPMAIIHHUX TEXHOIOTIH
Jla€ MOXKJIMBICTD ITiIBUIIUTH TOYHICTH MOJICTFOBAHHS ITPO-
neciB ympasmiaasa. [laporeneparopu AEC € ckimagHuMHU
TEIUIOTEXHIYHIMH 00’ €KTaM¥ i QYHKI[IOHYIOTh IIPH BHCO-
KHX TeMIlepaTypax Ta THUCKYy pOOOYOro CepemoBHINA.
Tomy mocnmimkeHHs, MPUCBSIYEHI YAOCKOHAICHHIO MOJIe-
JIeH IapoTreHepaTopiB, € AKTYaIbHIMH.

Amnauni3 giteparypu. Cucrema ynpasiliHHS ITapore-
HEPaTOPOM € KPUTHUYHO BaxxuBoIO s Oe3nekn AEC [2].
MopenoBaHHS aporeHepaTopa BpaxoBye TEIUIOBI, Tijpa-
BJiYHI, apoBi Ta MexaHiuHi npouecu [3, 4]. Orpumani
nepenatHi QyHKOii TUISTHKE JKMBJIEGHHS IaporeHeparopa
II'B-1000 [5]. Jyst ynpaBiiHHS aporeHepaTopoM BHKO-
HaHe iMiTaliifHe MOJENIOBaHHS 3a CHUCTeMOlo audepeH-
HiabHUX PIBHAHB [6], BUKOpPHCTaHAa CTOXAaCTHYHA ampo-

kcumartist [7], mpoBeneHa ontumisaiis napamerpis [8—10],
po3po0ieHi MaTeMaTH4HI MOJENi TEIUIOBHX IPOLECIB Y
BigHOCHHX 3MiHHUX [11]. 3anpomoHoBaHa iHpOpMamiiiHa
TEXHOJIOTiS MOJCTIOBaHHA Ta ONTHMi3amii CKIaJHUX
IuHaMidHEX cucteM [12]. YV pobotax 3 MOJEIIOBaHHS
aporeHepaTopiB BUKOPHUCTaHI JiHIMHI Momeni B abco-
JIOTHUX 3MIHHUX 3 BEJTMKOIO KIJIbKICTIO PO3MIpHHX Tapa-
METpiB, SIKi € TMOTaHO OOYMOBJIEHUMH. Yce Iie OOrpyH-
TOBY€E JOUUILHICTh PO3pOOKH HENiHINHOI MaTeMaTHYHOT
MOJIeJIi TapoTeHePaToOpa Y BiITHOCHUX 3MiHHHX.

Mera Ta 3apa4i gochaigmxenns. Mera crarTi IOJs-
rae B po3poOIi HeNniHiiHHOI MaTeMaTHYHOI MOJeNi mapo-
reHeparopa y BiIHOCHMX 3MiHHHX /IS I BUKOPHCTaHHS B
iHpopManiiHii TexHosoril onTuMizanii ynpasminas. J{is
JIOCSITHEHHSI METH TIOCTABJICHO 3aJ1aui.

1. Po3riissHyTH MOAENi TEIUIOBHX IPOIECiB Mapo-
reHepaTopa 3 BiTHOCHUMHU 3MiHHUMU.

2. BuBecTH piBHSHHS BUTPATH Iapy yepe3 J3epKajio

© O. M. Hikynina, B. I1. Cesepun, A. . Byonos, O. M. Konaparos, 2022
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BUIIAPOBYBAHHS y BIJIHOCHUX 3MiHHHX.

3. Po3pobuti Mozeni JOMOMIKHOTO OO0Ja HAHHS
€HeproOJIOKy ISl YIPaBIiHHS TaporeHepaTopoM.

4. Po3pobutn Mojenb maporeHeparopa sk 00’€KTa
YIOpaBIiHHSA Yy BUMISLAL HenmiHifHOI cucremu nudepeH-
HiaJbHUX PiBHAHB 3 BiTHOCHUMH 3MiHHUMHU.

Mopeai TemsioBux mnpoueciB. Mozgens Teruione-
pemadi Big TEIUIOHOCIA MO JKUBWIBHOI BOAHW, MIO
monatoThes B maporeneparop (1), y BinHOCHHX 3MiHHHX
e cucreMor audepeHmiansHux piBHIHEb (CAP) mpyroro
mopsiaky [11]:

do./dr = btqq = A (0 — O,
(1)

dgm/drz amt(gt - m) - amw(gm - Hw)v

ne 8;, 6,,,0,, — cepenni Temneparypu Boau B I, Temo-
HOCIs 1 MeTairy TpyOOK TeIUIO0OMiHY;

T — 3MiHHa yacy;

btq, Atm, Ames Ay, — TOCTiHHI TAPAMETPH PiBHAHB;

q — TeIIOBa MOTYXHICTh TEIUIOHOCIS.

BXiHOIO BEJIMYHHOIO € TEIUIOBA MOTYKHICTh TEILIO-
HOCIs, BUXIIHOIO — cepenHs Temrmeparypa Boau B I1I Ta
TEIJIOBA MOTYXKHICTh, NIEpellaHa Bil TPYOOK TEII00OMiHY
710 KUBUJILHOT BOJIH,

qdm = aqm(gm - ew)r (2)

1€ Qg — MOCTIHHMI NapaMeTp PiBHAHHSL.

3 piBHSIHb MaTepiaIbHOTO 1 TEIUIOBOTO OajlaHCIB po-
004Y0ro cepeoBHINa B ITAPOreHEPaTOpi OTPUMaHa MOJCTb
MapOyTBOPEHHS Y BiJHOCHUX 3MiHHUX [11]:

T = bpw9w + bpsgs + dm % -
pt apwé, +a,é, ' odr bt

9g = Bgqdm — (agwfw + agsgs)”pt — bgg 9w
dé,,/dt = byyg(Gw = Gg) = Quplyy e @)

dfs/d‘[ = bsg (gg —9s) — aspérsﬂpt,

dé./de

n€ Ty — IWBUIKICTh 3MiHM THCKY MapOBOJSHOI Cymimmi
B IIT;

byw, bys, Ay, Aps — TOCTIHHI  TIAPAMETPU  PIBHAHHS
HIBUAKOCTI 3MIHM THCKY NapoBojsiHoi cymimi B [1I7;

Jw 1 gs — BUTPATH XUBWIHHOI BOJIH 1 Mapw;

&y 1 & —00’emu Boau 1 mapu B I1T;

T, — THCK MapoBoJsaHoi cyminti B 1T

9g— JTIOTIOMIXKHA 3MiHHA PiBHSHb IBHIKOCTEH 3MiHU
00’emiB Bosu i mapu B 1T

bgq, Agw, Ags) bgg — TIOCTIiHI MapaMeTpu PIiBHSIHHS
JIOMTOMI>KHOT 3MIHHOT,

byg: Awp, bsg, Asp — TOCTiHHI TTApaMETPH PiBHAHB
IIBHJIKOCTEH 3MiHM 00°€MiB Boau i mapu B 11T

¢, — piBenb Boau B 11T

Ce) ey beg — MOCTiliHI MapamMeTpu piBHSHHS IIBUI-
KOCTi 3MiHU piBHs Bomu B 1T

(Cc - accé{c)n’pt + bcg(gs - ga)r

Jq — BUTpaTa Mapu 4Yepe3 A3CPKao BHIIAPOBYBaHHS
(B).

[i#t CAP BinmoBigaroTh MOYATKOBI YMOBH HOMiHAJIb-
HOTO PEXKHUMY:

m,(0) = 1,6, (0) =1, 4(0) = 1, & (0) = .

PiBusiaHs (1)—(3) i BH3HAuYarOTh MOJENb TEIUIOBHX
npouecis B I1T".

MopnenioBannsi mpouecy mupkyJsinii. B cucremy
mudepeHianbHUX piBHAHB (3) BXOAUTH BiTHOCHA 3MiHHA
CTaHy g,, 110 BianoBinae Butpari napu G, depes AB. s
il BU3HAUEHHS PO3TJITHYTO MPOIEC HUPKYIALIi TapOBOAS-
HOI cyMimmi mif 13epKaioM BunapoByBaHHs. [Tpn Monemto-
BaHHI OUPKYJILii MApOBOISMHOI CYMIlli MPUMYIICHO, IO
MIBUJIKICTh 3MIHM THCKY y BCIX TOYKaX IMHUPKYJSAIIHHOTO
KOHTYpY HaporeHeparopa MpakTHYHO OJHAKOBA Ta 3HEX-
TyBaHO PpO3MOAUIOM THCKY MO KOHTYpPY IMPKYJISALIl.
Poboue cepenoBuiiie, sike pyXxaeThCsl B KOHTYPi, 3aMiHCHO
HABE/ICHOI0 MAaTepialbHOI0 TOYKOIO, IO pyXaeTbcd 3i
MIBUAKICTIO, sIKa JOPIBHIOE HAMiBCyMi IIBUJIKOCTEH Ha
MOYaTKy i B KiHIII BiIMOBiJHOT AUMSAHKH KOHTYPY [4].

PiBHsiHHSL pyXy po0OOYOro cepepoBHINA B IIMPKYJISi-
[iITHOMY KOHTYpi MpHUHATO B (OpMi 3aKOHY 30€pe:KeHHS
KUTBKOCTI pyXy [6]:

dK/dt =AP =P, —PF,, P.=P,+P, (4)

ne K — KimpKicTh pyxy po0Oodoro cepemoBHINA B LUp-
KyJSIIHHOMY KOHTYPI;

P, — cymapHa pyuriiina cuna,;

P, — cyMmapHa cuia TiIpaBIiYHOTO OINOPY PyXy
pobodoro cepenoBHIIa;

P, — cuna TigpaBIivYHOTO ONOPY OIYCKHOTO PYXY
BOJIH;

P. — cuma TigpaBIiYHOTO OMOPY MiAHOMHOTO PyXy
MapOBOJSTHOT CyMiIIi.

IpeacraBumo K y BHUIISIAI CyMH KITBKOCTI pyXy
BOJU Ta mapu mix JIB:

K= MWWW + MbWb/z! (5)

ne M, —wmacaBoau B IIT;
Wy, — CepeIHs MBHUIKICTh IUPKYJIALIii MaCH BOJIH,
M,, — maca napwu miz /1B;
W), — LIBUIKICTb Mapu Oe3nocepenHbo mif [1B;
Wy, /2 — cepeaHs WBUIKICTD TTapH.
BusHaveHo 11i MBUAKOCTI Yepe3 HaBEICHY CEPEIHIO
MIBHJIKICTH mapu Hax JIB wy:

wy = we/ap,
wy, = we/(apfp),

wo = G/ (Feps),

3
_ ’ 2
ap = | Pp

e ap —JacTtka napu Ha /IB;
Bp — BIIHOIIEHHS MBUAKOCTEH mapw i Boau mix [IB;
F. — nnowa /IB;
ps — WUIBHICTH NapHy;
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@p — 00’ emuui BMicT napu min JIB.
3 Mo3HaYEeHHSIMHI

aew = 1/(apPp),

acp =1/(2ay),

M, = a,,M,, + a,, My,

Ve =M /ps = acwWy Pw/Ps + acpVp,
He =V./F.,

ne P, — MuIsHICTH Boau B 11T

V,, —006’em Bomu B IT;

Viwp — 00°eMm mapu min B, 3a ¢popmymnoro (5) otpu-
MaHO

K =V,G,/F. = H,G,.
3Bijcu criaye, Mo
dK/dt = (G, dV,/dt +V,dG,/dt)/F.. (6)

3 YBCACHUMMU INO3HAYCHHAMU OTpUMAHA HOXiZ[Ha

av, pwdVy Wy (dpw Pw dps)]
=dw|——+— (5 ———)| +
dt ps dt  ps\dt pg dt
av. ay,
Tty (d_tc it )

L5 moxinHa cnpolieHa 10 BUpasy

av,/dt = agy, AV, /dt + ag,V, dp/dt +a., dV,/dt,

e

QAqw = Aewdp — Acp,

ap = pw/Ps,

Aap = Aew (Pwp = XoPsp)/ Ps

Pwp = dpyw/dp,

psp = dps/dp.

TyT p — THCK mapoBOASHOI CyMmiml B naporeHepa-

TOp1.

VBeneHo Taki o3HaYeHHS

Baw = Qaw/Fe,
ﬁap = adp/Fc ’
Bac = acp/F,
dH, av, dp dVv,

Hey =F=ﬂawﬁ+ﬁaﬂwa+ﬁac%-

3 MMM TTO3HAYCHHSIMH [IepeTBOpeHa noxigHa (6)

dK aa,
—— = GgHg + (ﬁawVw + Bach) E

e ()

Cunu y popmynax (4) npeacrapieHo y Burisiai [6]:
Py = gVy(pw — ps),
Py = kwgpwwiy,
P = kegwy[Wwpw + 0,5w; (o — ps)],

ne k,, 1 k. — xoedilieHTH TigpaBIIiYHUX OMOPIB OITYCK-
HOTO i MIHOMHOTO PYXIiB.
Jns cun oTpuMaHo:

By, = KprWa%' P = Kc(acwbpw - acbps)wt%'

re Ky = kwgaczw;
KC = kCgaCW’
Tewp = Aew + Acp-
OO0uncneHo 3HaUYeHHSI CHJT Y HOMIHATBEHOMY PEXKHMI:

Pop = gVob(Pow = Pos)
Poc = amcFeApom,
Pow = Pop = Poc,
JI€ Qe — YacTKa TpyOHOTO IydYka B TOPU3OHTAJIBHOMY
NepeTHHI NaporeHeparopa;
Apg,, — TiApaBIiuHMIA OMp TPYOHOTO IyUKa.

3a HMMU BeIMYMHAMH BH3HAYEHO 3HAYCHHS Koedi-
II€HTIB T1IPAaBIIYHAX CHII OTIOPY:

_ POW
Ky =—,
pOWWOa
POC

c = 7 -
(acwb/)Ow - achOs)WOa

3a 1My GopMysaMu CyMapHy CHIIY TiApaBIIidHOTO
OTOpY MPEJCTABICHO BUPA30M

P = (Ywpw/p? — vs/ps)GZ,
e Yw = (Kw - Kcacwb)/Fcz Vs = Kcacb/FCZ-

3 ypaxyBauHsM (7) pIBHSHHS 3aKOHY 30€pe)KCHHS
KUTBKOCTI pyXy (4) 3BEI€HO 110 BUTIIIITY

da,
GoHet + (ﬁawVw + ﬁach)E =P, -5, (8
Je cund Py i P. BU3HAYAIOTHCS BUPA3aMu:

Py = Kpy (Ve = W),

Kpy = g(pw — ps),

P. = KpcGg,

Kpg = Ywpw/PE = Vs/Ps -

PiBasHHSA (8) pO3B’sA3aHO BITHOCHO MOXIiIHOI BHTpa-
TH TIapa 4epe3 A3epKaio BHIAPOBYBAHHS

dG, AP —G,H,,

e ©
4t~ Bawlhs + Bacle

ne AP = Kpy (V, — V) — KpgGe -
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BuzHaueHo 3MiHHI HBOTO PIBHAHHS Ta HOTO €JIeMeH-
TiB uepe3 BiIHOCHI 3MiHHI:

P = TpPo,

W = $wVows

Vs = &Vos)

he = (1 +$)hg,
Gy = gwGo,

Gs = gsGo,

Gg = ggGo,

Ga = 9alo,

e Do, Vows Vos, hoc 1 Gy — 3HAYCHHS THCKY, 00’ €MIB BOIU
Ta mapu, JOMyCTUMOro piBHs Boau B I1I7, a Takoxk MacoBoi
BUTpaTH Mapu 3 [aporeHeparopa y HOMIHAIBHOMY
pexumi.

[Ticns mepexoqy M0 BITHOCHWUX 3MIHHHX B PiBHSHHI
(9) Ta anreOpaiyHMX TEPETBOPEHb OTPHUMAHO PIBHIHHSI
MOX1THOT BIJHOCHOI 3MIHHOi BHUTpAaTH Iapa depe3 n3ep-
KaJio BUIIapOBYBAHHS:

(dga __ 6p+ gahe
dT 1 + aawfw + aacfc '

{l ép = Cq t+ bacéc — bawfw - baagczu (10)

khct = dapfwﬂpt + dawéwe + dacéers

Jie TIO3Ha4YeHi MOCTiitHI 0e3po3MipHI MapameTpH Ta MoXij-
Hi BITHOCHUX 3MiHHUX:

¢q = KoKpy Voo,
bac = KoKpyFehoc,
baw = KoKpyVow,

baa = KaKpg Gg'

dap = KaGoBapVowPo/ts,
daw = KaGoBawVow/th,
dac = KoGoPacFehoc/ty,
Aaw = BawVow/ (BacVoc),

Age = Fohoo/Voe
Ko = tp/(GoBacVoc),
$we = déy,/dx,

§ee = dSc/dr.

Jnst cTBOpeHHST MaTeMaTHYHOI MOJeNi TaporeHe-
patopa HEoOXimHO 0O0’€qHATH pPIBHAHHA TeIJIonepeaa-
gi (1), Ganmancy (3) i wmpkysuii (9), a Takox Moneni
JTOTIOMI>KHOTO oOyiafHaHHs eneproonoky AEC.

MopeJti gonomizkHOro odJ1agHaHHA. MaTemMaTuuHa
MOJIeTIb TIaporeHeparopa, sSK O0’€KTa aBTOMaTHYHOTO
YIpaBiIiHHS TIOBMHHA BKIOYaTH KpiM camoro I[N #
JIOTIOMDKHE OOJIafiHaHHS — Ti JIaHKW, 4epe3 siki Ha [T
MOJAI0ThCS 30YPIOI0Yi Ta YIPaBIIAIOU [ii.

B cucremy mudepenniadbHUX piBHAHB (3) BXOIATH
30BHIMHI 1ii gy, g5, Gm. BUTpaTa XUBHIHHOI BOAW BH-
3Ha4Y€Ha PIBHAHHAM PETYJIIOI0YOT0 >KUBHIBHOTO KIIallaHa
(PXXK), mo Burikae 3 popmymnu rigpasmiku [3]

Gy = ﬂpr pr(pw - p)/

ne  Up— KoeiIieHT BUTpATH;

F,, — moma npoxiJJHOTo MEPETUHY KIlaNaHa;

Py — THCK TIEpE/T dKUBHILHUM KJIAIIAHOM.

3 IOMyIEHHAMH, IO U, i py, TIOCTIHHI B OKOJHII
HOMIHAIbHOTO PEXMMY Ta IO Miuoma F, nponopuiiina
KOOPJHMHATI MEPEMIILEHHSI PEryJOY0ro >KUBHILHOTO
KJamaHy m,,, MICIsA MEPeXOAy IO BIAHOCHUX 3MIHHHX
Wy = My, /Moy, T, = Dy /Dow OTPUMAHO PIBHAHHS

Iw = Agylw/Ty — TTp,
ne  agy =1/\mey — 1,

Moy — 3HAUCHHS BITHOCHOI 3MIHHOI THCKY Iiepen
JKUBIIIBHUM KJIAITAHOM Y HOMiHAJIBHOMY PEXKHMI.

Burpara mapu 3 maporeseparopa BU3Ha4eHa 3a (op-
mysoro duorens — Crogonu [3]

Gs = Goy/ (% — p2)/(PE — PEy),

€ P 1 Pom — 3MIHHE Ta HOMIHAJbHE 3HAYEHHS THCKY
napH B roJIoBHOMY napoBomy kojiekropi (I'TIK).

[icns mepexoxy A0 BITHOCHHX 3HAYeHb 3 IO3HA-
YEHHAM TT,;, = Doy /Do OTPUMAHO:

Gs = Ags/ T[z% — h,

(11)

(12)

— 2 _ 52
ags_l/ T[Op 7TOm'

s TTIK BU3HA4YCHO PIBHSHHS MarepiajbHOro Oa-
JaHCy y BITHOCHUX 3MiHHUX [ 3]

Tm dﬂm/dT =9s — 9m,

ne m,, 1 g, — BimHOCHI 3HaueHHs THcky B [TIK Ta
Burparu napu 3 I'TIK.

Bigmosigui a0COMIOTHI 3MIHHE Ta HOMIHAJIILHE 3Ha-
JYeHHs BUTpaTH mapu [3]:

Gm = Hs.BmFXV gpm/v,
Go = BomF X gPpTom/V

Jie g — BIJIHOCHE 3HAUEHHs IOJIOKEHHS KIlallaHa pery-
moBaHHs Typ6inu (KPT);

F — nnoma nepetuny KPT;

X — TOCTIHHUHN KoeQiIlieHT,;

g — IPUCKOPEHHS BUIBHOTO A [iHH,

V — TeopeTHYHNN uTomMuii 00’em napu B KPT;

Bm BuU3HaYaeThes 3a popmysioro benmemana [3]
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ﬁm = \/1 - [(Em - gc)/(l - gc)]zz (13)
o€  &n =T/,
T, — BiHOCHE 3Ha4YeHHA THCKY 3a KPT;
&, — MOCTIHE 3HAYCHHSI.
3BizCcH BU3HAYEHO
Im = agm#sﬁmv T, (14)

ae Qgpm = 1/(ﬂ0m\/ 7-[Om)'

[Ticna meperBopenns piBasHHA [TIK Ta mo3HaueHHS
Qg = 1/t otpumano nudepenuianbue piBHanns ITIK
dmy,/dt = Amg (gs — gm)- (15)
[MpupicT TemnepaTypy »KUBUILHOT BOJH B MaporeHe-
paropi NponopUiHUI NPUPOCTY TUCKY

tw — tow = tpr (p - po);

e towp — MOXiJHA TEMIIEPATYPH 32 THCKOM Ha JIiHii HacHh-
YEHHS.

[Micns mepexony OO0 BIZHOCHHUX 3MIHHHX OTPHMaHO
PIBHSIHHS

Ow = bypTy = Cyp, (16)

e bwp = tpr pO/Tb ’

Cwp = bpr[Op = Oows

T;, — 0a30Be 3HAYCHHS TEMIICPATYPH.

TeroBa MOTYXHICTh MOBEPXHI TeIJIonepenayi Tpy-
00K TerI000MiHy BU3HAUEHa PIBHIHHAM

Qm = ayFp (bt — &),

oe @, — KoeQillieHT TeruroBimmadi Bix TpyOKH O K-
BWJILHOI BOJIW B IIaPOTeHEPATOP;

F,,, — 3aranpHa 1miormma TpyOoK TEeIUI000MiHY;

ty 1 t,, — CEpeIHi TeMIepaTypy MeTaly i BOJU.

3a wmiero Qopmynor OTpUMaHO pIBHSHHS (2) A
BITHOCHOi 3MIHHOi TEMJIOBOI MOTYXHOCTI @, €
Agm = AwFn T/ Qo.

Moyielni BUKOHaBYOTO MEXaHI3My PeryiIiOIYoro Xu-
BWJILHOTO KJIANaHy i IPUBOJY KJIANaHy PeryJroBaHHS Typ-
OiHU MpeACTaBlIeH] IepeJaTHUMHU (QyHKLIIMH:

W, (s) = 1/(Tyws + 1), Ws(s) = 1/(Tsss + 1),

ne Ty 1 Tgs — IOCTIHHI Yacy.
um mepemaTHMM (QYHKLISIM BiINOBiAAOTH aude-
PpeHLiaIbHI PIBHIHHS:

du

d_‘:\/ = Qyw (uw - :uw)' (17)
du
drs = ags(us — us), (18)

ae  u,, — kepyrounii Bus Ha PXKK;
ug — kepytounit BruuB Ha KPT;

Ayw = tp/Tyww; ass = tp/Tss.

Moaeab maporeneparopa. 3a piBasHasmu (1)—(3),
(10)—~(18) mpeactaBneno mozens I sik 06’€kTa ympas-
JIHHS B IIPOCTOPi CTaHiB 3 BiJHOCHUMHU 3MiHHMMH Y BHU-
risl HemiHidHOT CIIP mecsToro mopsiaxy:

(6, = bwpnp = Cup»
qm = aqm(em - ew):
do./dr = btqq = A (0 — Opy),

A0 /dT = a1 (6, — Op) — amw(Hm - Hw)'
Iw = AgwlwTTw — Tp,

— 2 _ g2
gs = Ugs ’T[p T,

bpwgw + bpsgs + dm
apwfw + apsgs

dm,/dt = Ty,

Tyt ,
9g = bgqm — (agwfw + agsfS)”pt —bggGw,
Swe = byg (9w - gg) — QypSwilpes

déy/dt = §y,

1 dés/dt = bg(gg = 95) — Asp&sTpe,

$ct = (cc = ec$c)Tpe + beg(gs — o),
dé./dt =&,

Em =T/,

B = 1= [(em — £/ = &I,

Im = AgmtsBony/Tm,

dm,,

? = Qmyg (gs — gm),

0p = cq + bacéc — bawéw — baagg'
hee = dapfw”pt + dawéwe + dacéets
dge  6p+gahe

dt B 1+ aawfw + aacfc’
d”w/df = aww(uw - .uw):

dps/dt = ass(us — ps).
Ilro monenb MPEACTABJICHO Y BEKTOPHOMY BHIJISIII:
dX/dT = f(Xl X, C;g); XO = X(O)l €C = C(X);

me X =X(t) i X, — BeKTOpH CTaHy Ta IOYaTKOBHX
ymoB mopeni I1T;

f(X,x,c,g) — BexTOpHa OQYHKIIS MPaBUX YaCTHH
CZIP I1T;

X 1 € — BEKTOpH 3MIHHHX Ta MOCTIfHUX HapaMmeTpiB
T
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g = (q, 7, Uy, Ug)" — BEKTOP 30BHIIIHIX i,
C(X) — oneparop BU3HAYEHHS BUXiqHOI 3MiHHOT 1T,

X = (Qt' gmr T[p' Ewr fs' Ec' Tmr Gar Bw» .us)tv
XO = (90[:, 90771’ 1,1,1,0, T[Om, 1,1,1)t.

Po3pobnena mporpama it MoJielli maporeHeparopa
II'B-1000, sxa BKIOYEHa 10 iHPOPMALIHOI TEXHOIOTI]
ONTUMI3aIli]l yIpaBIiHHSI Ta AO3BOJISIE BUKOHYBATH iMiTa-
IiifHe MOJIEITIOBaHHS TIPOIIECiB y maporeHepaTopi [12].

BucHoBku. [laHa cTaTTS MPHUCBIICHA PO3POOLIi HEIi-
HIfHOI MaTeMaTHYHOI MOJEINi MaporeHepaTopa y BiTHO-
CHUX 3MIHHHX /JJIsI BHKOPHCTaHHA B iH(poOpMamiiHii
TEXHOJIOTIT ONTHMI3allil yNpaBliHHA. 3a OTPUMaHUMH
pe3ynbTatamMu 3po0JIeHi HaCTyIHI BUCHOBKH.

1. HaBeneni Mopeni mpoleciB Teruionepenadi Ta
MapOyTBOPEHHS B MaporeHepaTopi y BHIVISAI CHCTEM
nudepeHIiadbHUX PiBHIHB 3 BITHOCHUMH 3MiHHUMH.

2. Po3pobneHo HeniHiliHe nudepeHiiaabHe piBHIHHS
Il OOYMCIIEHHS TOXIHOI BUTPATH MapH depe3 A3epKalio
BHIIAPOBYBAaHHS Y BiJIHOCHWX 3MIHHUX CTaHy 1 HaBeJCHI
(dbopMynH st OOUNCIICHHS MMOCTIHHIX TapaMeTpiB.

3. PiBHAHHA IOMMOMDKHOTO OOJIaHAHHSA — IOJIOBHOTO
[IapoBOTO KOJEKTOPY, MPUBOAY KiIamaHa MmapoBoi TypOiHK
i BUKOHABUOI'O MEXaHI3My pETYJIOIYO0ro >KUBHIBHOTO
KJIaTlaHa TPUBEICHI 10 BITHOCHUX 3MiHHHX.

4. [ToGynoBana MaTreMaTW4YHa MOJIENb MaporeHepa-
Topa SK 00’€KTa YNpaBIiHHA y BHUIILAL HEJTiHIHHOT
cucTteMu JU(EpeHIiaTbHUX PIBHAHB AECATOTO MOPSIKY Y
BiTHOCHHX 3MIHHHX 1 HaBeIeHI (OPMYIH i1 OOUHCIICHHS
3HaUeHb NOCTIHHUX mapamerpis. Po3pobiena mporpama
s Mozeni maporeHepatopa I1I'B-1000, ska BkirodeHa
110 iH(pOpMaIiifHOT TEXHOJIOTI1 ONTHMI3aIlii yIIpaBIiHHS.
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0. M. EBCEEHKO

CHUHTE3 CUHCTEMHU BUMIPY TAPAMETPIB OBITPSI ¥ IPUMIIIEHHSIX TOPTOBEJIbHOTI'O
LIEHTPY

Posrisimaetbess mUTaHHA MOOYIOBH CHCTEMH BHMIPDY Ta MOHITOPHHIY MapaMerpiB MOBITPS HPHMILIEHb TOPrOBEIBHOrO LEHTPY. 30UIbIICHHS
HACEeNCHHs IUIAHETH, BUIOOYTKY €HepropecypciB Ta MIKIUIMBUX BHKHIIB y aTMoc(epy norpedye MOLIYyKy pillleHb, HAIPaBICHUX HAa BHSBICHHS Ta
3MEHILCHHS BIUIMBY JKUTTEASUIBHOCTI JIIOell HAa HABKOJMIIHE cepenoBHiue. lle MUTaHHS € aKkTyalbHHM TOMY, IO 3MiHH, SKi HAQHOCSTH LIKOZY
HABKOJIMIIHBOMY CEpENOBHILY, € He3BOpOoTHHMH. ORHHM i3 BapiaHTiB oTpuMaHHs iHGOpMaLii Hpo 3HAYEHHS TAKUX IIKIAJIUBHX [apaMeTpiB €
noOyaoBa Ta BIPOBA/DKEHHS CHCTEM BHMIPY, SKi HA3MBAIOTBCS METEOCTAHUIAMHU. ICHYIOUi MeTeocTaHLil MpU3HAYeHI MU 3arajbHUX MOTPed
BUMIpPIOBaHHSI TEMIIEPAaTypH Ta BOJIOTOCTI cepenoBuina. lle oOMexye KiTbKiCTh MapaMeTpiB, sIKi MOKHA BHMIpATH. BU3HaueHO OCHOBHI mapaMeTpu
HaBKOJIMIIHBOTO CEPEJJOBHUIIIA MPUMIILCHb, SIKi BIUIMBAIOTh HA 3JI0POB’S JIOAMHH, Ta BHSBICHO, 10 BUCOKA KOHLICHTPALliS JACIKHX 3 HUX MOXeE OyTH
cMepTenbHO. OCKINbKM TOPTrOBENBHHN LEHTP € MICLeM BEIMKOIO CKYITYEHHs JIOZeH, TO IUTaHHSA HPAaBHIBHOI POOOTH CHUCTEMH BEHTHIIALII Ta
KOH/UIIIOBAHHS IOBITPs 1 BEMIpy HOTO NOKa3HHKIB € aKTyalbHOIO 3amadeto. Oy iCHyIOYHX pillleHb IOKa3aB, IO OCHOBHUMHU BHUMOTAaMH, SKi
BHCYBAIOThCS 0 MOOYIOBH METEOCTAHLIl, € LiHa, KIMBbKICTh MapaMeTpiB, IO BUMIPIOIOTHCS, aBTOHOMHICTh POOOTH. 31iliCHEHO BUOIp KOHTpOJIepa Ta
JIATYUKIB U1 HOOYA0OBU MeTeocTaHIil. Po3pobiieHo CTPyKTypHY cXeMy Ta CXeMy HiJKIIOYeHHs JaTYHMKiB. 3Ha4YHE Micue B poOOTI IPHUAIICHO OMUCY
ITOPUTMIB, 3a SKMMHU IPALFOE CHCTEMa BHMIPIOBaHb MapaMeTpiB MOBIiTps. IIpoTecToBaHO NpOrpaMHy CHCTEMY 3 BHKOPHUCTAaHHSIM OOpaHOro
KOHTpOJIepa Ta JaT4HKiB. PO3po0iieHO Biyami3aliio s BiZoOpa)KeHHS OTPUMAaHMX MapaMeTpiB MIKPOKIIIMATy TOProBelbHOro HeHTpy. Ha ocHOBI
OTPUMAHUX JAHHX IiATBEPKCHO MOXKIUBICTh IIPOBEACHHS BUMIPIiB Ha pealbHOMY 00 €KTi yIpaBIiHHI.

Kawo4oBi cioBa: TOproBelbHHII LEHTP, METCOCTAHIS, ABTOMATH30BaHE KEPyBaHHs, allapaTHO-IPOrPAaMHUI  KOMILIEKC,
TEPMOPETyITIOBAHHS

Arduino,

0. M. YEVSEIENKO
SHOPPING MALL AIR PARAMETERS MEASUREMENT SYSTEM SYNTHESIS

The article is devoting to a shopping mall air parameters monitoring system creation. It is stated that increasing energy production, the world's
population and harmful emissions into the atmosphere requires identifying solutions for searching and reducing the human activities impact on the
environment. This issue is urgent because of the fact that environment harmful changes are irreversible. It is known that one of the options for harmful
parameters values obtaining information is the construction and implementation of measurement systems, that are called weather stations. Literature
review showed that available weather environment stations of temperature and humidity measuring only for the general purposes are designed. It limits
the number of parameters that can be measured. The main parameters of the indoor environment that affect human health have been identified. It has
been found that high concentrations of some gases can be dangerous for human health. It is shown that the issue of proper operation of the ventilation
and air conditioning system and measuring its performance is an urgent task. The main requirements for the weather stations construction were
obtained. Microcontroller and sensors synthesis for the weather station construction is made. The structural scheme and the scheme of connection of
sensors are developed. The major attention is paid to the algorithms description that shows how air parameters system measurement works. The
software system using the selected controller and sensors has been tested. A visualization of displaying the obtained shopping center air parameters has
been developed. Based on received data the possibility of carrying out measurements on real object of management is confirmed.

Keywords: shopping mall, weather station, automated control, hardware and software complex, Arduino, thermal control

Beryn. CpOrofeHHs XapakTepH3YeThCsl CTPIMKMM — CTBOPUTH  BJacHy — MeTeocTaHuito. Lli  3aBmaHHA
PO3BUTKOM ITPOMUCIIOBOCTI, 30UTBIICHHSAM KiTbKOCTI CBi-  BH3HAYAIOThCA  CKJIAIHICTIO 00 €KTa, KIUTBKICTIO
TOBOTO HACENCHHS Ta 3HAYHMM BHIOOYTKOM KOPHUCHHX  KOHTPOJBOBAaHMX IapaMeTpiB Ta IOBEAIHKOI 00’€KTa
KOManuH. Yce Le 30UIbLIye HAaBaHTXCHHS Ha HABKO-  yIPaBIiHHS.

JIMIIHE CEPEeOBUINE: BUUYCPIYIOTHCS EHEpPropecypcu Ta
30UTBITYIOTECS BHUKUAM IIKI[UIMBHX €JEeMEHTiB. Tomy
MOJXXKHA BHJIIJIMTH TaKi OCHOBHI TEHICHINI ISl 3aXUCTY
HaBKOJIMIIHBOTO CEPEJOBHINA: 3MEHIICHHS IIKiJJIMBUX
BUKHIIB Ta €HEPro30epeeHHsl.

Jlyist miarHOCTYBaHHS 3MiH Yy HAaBKOJIMIITHBOMY Cepe-
JIOBUIII BUKOPHUCTOBYIOTHCSI METEOCTaHIii, sSKi CTBOpPIO-
IOTbCS s BenukuX 1 manmmx o0’ektiB. IloTpeba ix
BUKOPHCTaHHS Ta 100ynoBa OOYMOBIIEHI HEOOXIIHICTIO
OTpPMMaHHSI KOHKPETHOTO YHCJIOBOTO 3HA4YECHHS Mapamer-
piB, uepe3 Te, MO iX OLIHKA 32 JONOMOIOI0 BITYYTTIB €
cy0’extuBHOIO. [IpoTe uncnoBi napamMeTpu BUMipiB oOMme-
KEH1 TOYHICTIO, Aiana3oHaMu poOOYHX MapameTpiB Ta BU-
MipIOBaHHSI.

Bumipw, 10 poOmATeCs METEOCTAHIIISIMH,
HampaBJIeHI Ha BIACTIAKOBYBaHHA 3MiH KIiMary Ha
IJIaHeTi. Ajie BOHU MiAXOIATH 1 JJIST MPOCTHX BUMAJKIB:
KO)KHA JIFOIMHA MOX€ MOOyIyBaTH CHCTEMY BHUMIipIOBaHb
MOKAa3HWKIB  pI3HMX  TapaMeTpiB  3a  JIOTIOMOTOIO
KOHTpOJIepa 1 BIJINOBIIHMX JaTYMKIB ceperoBumia. ToMmy
JUIsl BUPIMIEHHS CBOIX 3aBJaHb KOXKEH JIOCITITHHK MOJKe

OctaHHIM YacoM 3’SIBHJIOCH Oe3iidu mpaimpb, IPUCBS-
YEeHUX TeMi KOHTPOJIIO IapaMeTpiB HAaBKOJMIIHBOTO
cepenoBuina. Lle cramocst 3aBAsSKH CTPIMKOMY PO3BHUTKY
MIKPOKOHTPOJIEPHOI TE€XHIKH, PI3HOMAaHITTIO JaT4YMKIB Ta
JIETKOCTI OCBOEHHS MOBM mporpamyBaHHsi Python mis
moOyoBu mporpamM Ha Arduino, CTBOPEHHIO KOHIICIIIT
inTepHery  peueil. Llg  kxoHmenmis — mepexbadae
MiIKTIOYCHHS JaTYNKIB BUMIpIOBaHHS (Di3UYHUX BEITUIHH
y €quHy Mepexxy. BoHa Hamaromkye B3aeMOiI0 JIOJEH
4yepe3 NMPHUCTPOi Ta 00’€IHYE MPHCTPOi 3a JONOMOTOI0
IHTEpHETY.

ToproBenmpHHI TEHTP — 1€ CKIAAHUN 00 €KT,
MiATPUMAaHHS TapaMeTpiB SIKOTO € HeOoOXITHUM uepe3
YHIKQJIBHICTh YMOB Ta KUTBKICTb JIFOJEH, 110 3MIHIOIOTHCS
npotsiroM 106u. KoskeH TOproBensHUN HEHTP € YHIKalb-
HuM. Tomy anms moOymoBu Mozeni o0’e€KTa Ta CHHTE3Y
eHepros0epiralounx pimeHs HeoOXximHa iHpopMamis mpo
KO)KeH 00’ekT okpemo. ImenTudikamis o00’exTa MOXKe
3MIHCHIOBATHCS 3a PaxyHOK BHMipy HOTO MOKa3HHKIB 3a
JOIIOMOTO0 METEOCTaHLiH.

Hapa3i Ha puHKY #mocTymHi pi3HI MeTeocTaHMii.

© O. M. €sceenxo, 2022
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BoHu BiAPI3HAIOTHCS I[IHOI, KUTBKICTIO JATYHKIB, KOMII-
JIEKTAIli€l0, MporpaMHUMH 3acobamu. I[Ipore BoHM € Me-
TEOCTAHI[ISIMU 3araJbHOTO NPU3HAYEHHS 1 HE TOKPHBAIOTh
OinpLIicTh NMOTPed 00’€KTiB KepyBaHHs. binbin criemiani-
30BaHi METEOCTaHIii KOMTYIOTh IOPOXKYE Yepe3 yHIKallb-
HICTB PO3pOOKH.

ToMy i1 moOyIOBH METEOCTAHII I TOPTOBEIB-
HOTO MEHTPY icHye moTrpeba y BHIUICHHI OCHOBHHX
mapamMeTpiB 00’€KTa KepyBaHHA, MIO0pPY AATUHKIB, CHH-
Te3y CHCTEMH MOHITOPHHTY.

AHaJi3 OCHOBHUX /OCATHeHb i Jireparypu. VY
OinpIIoCcTi MyOJiKaumii BHKOPUCTOBYIOTBCS KOHTPOJIEPH
pisaux ¢ipm: ESP32 [1], Arduino [2-8], NodeMCU [9].

VY [1] BKa3yeTbcs, M0 OCHOBHUMH KOMIIOHEHTaMH
PO3YMHOI METeOCTaHLii € KOMyHIKalliifHa Mepeka, MiKpo-
KOHTpOJIEP, NATYUKH JUIS CHOCTEPIraHHs Ta BUMIPIOBaHHS
rapaMeTpiB HaBKOJHUIIHBOTO cepenoBuina. Jlis Bingnae-
HOTO YWTaHHS Ta KEPYBaHHS JaHUMH BHKOPHUCTOBYETHCS
nporpamaa tmatgopma Blynk. 3actocyBanHs miei mimat-
(hopMH € OMMPEHUM, 30KpeMa BOHA BUKOPHCTOBYETHCS Y
poborax [1, 9]. V [10] koHUermIis iHTEpHETY peyeil BUKO-
PHUCTOBYETHCS B MEJIIIOHIKYIBTYPI, y IPOIECi BUPOIICHHS
Omxin jis BunoOyBanHs Mmeny. [IpoBeneHHst BuUMIpIB
JI03BOJIMJIO BUAIIMTH aKTHBHICTH OJUKIJ NPH KOHKPETHIH
TeMIIepaTypi, 4Yoro He MOXJIMBO Oyno O 3’sicyBatu 0Oe3
BUMIpIB.

Po3pobnena cuctema Mae OYTH JCIICBOIO, KOMITAKT-
HOIO, PO3PaxOBaHOIO Ha MLIMPOKWIl Jiana3oH BUMIpIO-
BaHHS, TPUBAINHN TepMiH BuKopucTaHHs [11-13] Ta HU3B-
ke eHeprocrokuBanus [9]. Y poboti [7] mpornoHyeTbes
BUKOPHCTOBYBATH BiJIHOBJIIOBAJIBHI JpKepena eneprii. s
3apsiy JpKepella JKMBJICHHS BHKOPHCTOBYETHCS €HEpTis
constaHOI OaTapei. [IpoTe amst 300py MokazaHb mapameTpiB
TOPTOBEJIBHOTO IIEHTPY 11 CHCTEMa HE ITiIXOJUTh.

V [3] mokasaHo, 1110 Marouu JaHi Mpo 00’ €KT, MOXKHA
noOyayBaT MOro MOJEIb Ta MPOTHO3YBATH HOTO TOBE-
niHKy. [IponoHytoTbCsl Ba METOAM AJisl TTOOYOBU HpOT-
HO3y cTaHy o00’ekta. IIpoTe MeToaWka BHU3HAYCHHS
IHTEpBaly MPOTHO3YBAaHHS HE HABOANUTHCS.

YacTtuHa nyOsikauiid mpucBsiueHa Temi 30epexeHHs
HABKOJIMIIHBOTO CepelOBHINa Ta 3MiHi kiimary [3, 5, 13].
MOHITOPHHT TIOTOAM BHUKOHYE Iy)XX€ BaXJIUBY pOIb Yy
PO3YMiHHI KIIIMAaTHIHHUX 3MiH.

Bimpmmicte gaTYWKIB, MAOCTYHMHHX M KYIIBII Ha
PUHKY, HE € METPOJOTiYHHMH 3aco0aMH BHMIPIOBAaHb,
TOMY BOHHM MalOTh IEBHI 3HAYEHHS MMOXHOOK, 110 MOXYTh
BIUTMBATH Ha OO0 €KTHBHICTh OTpUMaHUX JaHux. Y [9]
BHMipH OOpaHUX JaTYMKIB MOPIBHIOIOTHCA 3 iHPOpMa-
€10, OTPUMAHOI0 3 TOTOJMHUX pecypciB. [lokazaHo, 1o
BiIHOCHa TMOXMOKa BUMIpIOBaHb ckiamae Bix 1 % 1o
3% [9] ta Bix 1 % 10 5 % [7], 0 BBaXKa€ThCsA XOPOLIMM
noxasHHKOM [9].

VY Oimbmocti poOiT 3a nilicHe oapa3y Oeperbes
BUMIpsiHE 3HaueHHs. [IpoTe, HeoOXiJHO MPOBOJUTH IEBHY
¢binpTpanito TaHUX, HAIPHUKIIAA, OpaTy CepeiHE 3HAUCHHS
3 JIEKUIBKOX BHMIpiB, a00 BUKOPUCTOBYBATH iHIII (ibT-
pu: ¢ineTp Kanmana, abo anepioanunuii GpiisTp.

Bukiagennsi ocHoBHoro marepiany. HopmarusHi
JOKyMEHTH PETJIAMEHTYIOTh IpaBHia MOOYJOBH CHCTEM
BEHTWIAMI] Ta KOHAWIioBaHHA moBiTpsa. Lli mpasmma
BHU3HAYAIOTh KOHIICHTPAILII0 Ta PIiBEHb CKIAAY IOBITPS
U Oe3TnevHoro nepeOyBaHHA JIOAWHH B IpuMimeHHi. [lo
mapaMeTpiB CKJIagy IMOBITPS, SKi BU3HAYAIOTHCS LUMHU
nmpaBUjIaMu, BigHOCAThCs: 4amuuil ras (CO), 4acTUHKHU
PM2.5 ta PM10, Byrnekucnuii raz (CO2), popmanbaerin
(HCHO), neryui opraniuni cnoiyku (TVOC), a Takox
TEeMIlepaTypa, IIBUAKICTb, BOJOTICTH TOBITPS Ta pPiBEHb
mymy. Jnst iX BUMIpIOBaHHS NPOIOHYETHCS arapaTHe
3a0e3meyeHHs, sSKe CKIamaeTbes 3 aaTurkie BME280,
MH-Z19B, MICS68, MIX8410, MQ7, PMS5003,
WSP2110. IlimiOpani AaTINKH BUKOPHCTOBYIOTHCS IS
BUMIPIOBaHHS TEMIIEPAaTypH, BOJOTOCTi, THCKY, 9aJHOTO
razy, muiy.

Xapaktep 00’€KTa, AKWHA TOCTIKYETHCS, BU3HAUAE
qiarna3oH poOouyMX TeMmmeparyp OOJialHAaHHS, sSKEe Mae
BUKOpHUCTOBYBaTHCS. (Di3M4HI BJIACTHBOCTI IPUMIIEHB
TOPrOBEJIBHOTO LIEHTPY BCTAHOBJIIOIOTH BUMOTH JI0 Jiiarna-
30HY TeMIlepaTyp BUMipioBaHHs, 1110 Mae OyTH Big 5 °C no
40 °C, a Bosoricts — Big 0% 10 90 %. Lle nmae 3mory
migiopatn AaT4MKU y OLTBII By3bKOMY poOOYOMY Aiama-
30HI, 5Kl € JEIIEBIITNMHU.

BumipsiHi 3HaYEHHS OTPUMYIOTBCS 32 JOIOMOTOIO
koHTponepa Arduino Uno. Bin BuBomuts ix Ha LCD-
JcIuieit, jorye Ha SD-kapTy Ta nepenae y XMapHe cepe-
nmosuie 3a qormomororo Wi-Fi mepenaBaua ESP8266. dns
OTpPHUMAaHHS 3HaYCHHS IIOTOYHOTO Yacy BUKOPHCTOBYETHCS
moxyias RTC-DS1307.

Jaii HaBoANTBCS OMKC TiIi0paHoro obJaHaHHS

e MicroSD ananrep 3 MicroSD-kapToro

SD-kapra BUKOPUCTOBYETHCS JJIst 30epiraHHs MoKas-
HUKIB JaTYMKIB Y JIOKATLHOMY CXOBHII. JIOTYBaHHS BiJ-
OyBaeTbcs 13 3amaHUM Tmepiomom, moO 30eperTu naaHi,
SIKIIO 3HUK 3B’S30K i3 cepBepoM. BoHO BimOyBaeTbes y
¢dopmari gara, yac, TOKa3HUKU JaTIHKiB (Ta0I. 1).

daitnl BUKOPUCTOBYE TOTOYHY JaTy UISi CTBOPEHHS
¢aitmy ta mMae iMm’s y dopmari DD-MM-YY-HH-MM-
SS_Ne.csv, ne DD —gens, MM — micsans, YY — pik, HH —
roguHa, MM — xBwimHa, SS — cekyHma, Ne — gncio Bif |
3 HOMEPOM BUMIPIOBAHHS 32 IIOTOYHHHN JISHb.

CrpykrypoBaHe 30epexeHHs (ailliB BHMipIOBaHb
MIPOTIOHYETHCS PEaTi30ByBaTH HACTYITHUM 4YnHOM. Daiin 3
BHUMIPIOBaHHSAMH 30€piraTé B mamili 3 iMEHeM ITOTOYHOTO
JIHS, sIKa 3HAXOMWTHhCS B TamMIli 3 IMEHEM IOTOYHOTO
MiCsIIIsl, pO3TAIIOBAHIH y Ianii 3 IIOTOYHUM POKOM. SKio

Ta6muus 1 — 3pi3 nanux 3 nor-daitny

DATE TIME T (°C) H (%) | CO2 (ppm) | NH3 (ppm) [ CO (ppm)
04-05-22 11:02:07 | 29.53 66.33 340 4 23
04-05-22 11:03:07 | 29.54 66.35 342 4 24
04-05-22 11:04:07 | 29.55 66.34 341 4 24
04-05-22 11:05:07 | 29.56 66.33 343 4 24
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SIKOICh 3 IIMX MAIOK HE ICHY€E, TO BOHA CTBOPIOETHCS IEPE]
CTBOpPEHHSIM (pailily BUMIpIOBaHb.

Henomikom 30epeeHHs JaHUX y JIOKAJBHOMY CXO-
BMILII € Te, IO BiH 0OMEXeHHH 32 00’ eMOM. 301IbIICHHS
00’eMy moTpeOye BHUKOPHCTAHHS CXOBHINA OLTBIIOI €M-
HocTi. Lle Bumarae mpuabaHHs mam’sTi OLTBIIOro 06’ eMy,
mo € 3aTpaTHUM. ToMy HEOOXiIHO BHUKOPHCTOBYBAaTH
XMapHE CEpeloBHIIC Ta IOJATOK, SKUH yMi€ 34HTyBaTH
IIaHi 3 cepBepa.

e TommHHMK peanbHOro yacy DS1302

l'onMHHMK BHKOPUCTOBYETHCS IJISI  3alIOBHEHHS
iHpopMarlii 3 METOI0 JIOTYBaHHS JaTH Ta 4acy BHMIpY.
ITorouni pmara Ta 4ac BUBOAATHCA Ha auciuield. Ilicis
NoJia4yl KHUBJICHHS BUKOHYETHCS IOPIBHAHHS MOTOYHUX
JlaTh Ta 4acy 3 JaTOI0 Ta 4acoM, sIKi 34MTaHi 3 cepBepa
yacy. SIKIIO NOKa3HUKH TOJUHHHKA pPEajbHOr0 4Yacy
BIZIPI3HSFOTHCS BiJl CEpPBEPHUX MMOKA3HUKIB, TO MOKa3aHHs
DS1302 xoperytoThes. SIKImo BiICYTHIM 3B’ 30K 13 cepBe-
POM, TO HOKa3HUKH HE KOPETYIOThCA, 1 Y BHMIpIOBaHHIX
BHUKOPHUCTOBYIOTHCSI TOTOYHI 1aTa Ta Jac.

e LCD mucnueit LCD1602

Jucnnieil  BUKOPHCTOBYETBHCS AL BiJOOpasKeHHS
iHpopMarlii. 30BHINIHIA BUIIIAA JUCIUICI0 HaBEJECHO Ha
puc. 1. Ha nmucruiei B peanbHOMY 4aci BioOpa)karoThCs
MOTOYHI BUMIpSIHI 3HAYCHHSI JATYMKIB, CTaH 3’€JHAHHS 3
inTepHeToM 4epe3 Wi-Fi monyns. [lorouni yac ta nara
MO3HAYAIOThCSl y NPaBOMY BEPXHbOMY KyTi ekpaHa. Ha
qUciuiel € BIpTyalibHI KHOIKM II0YaTKy HpPOBEICHHS
BuMipiB. Ilicims HAaTUCKaHHA I KHONKA 3MIHIOETHCS Ha
4yepBOHY 3 HanucoM «STOP».

Puc. 1. LCD-aucmeii 3 HOTOYHORO iH(GOPMAITIERO
PO BOJIOTICTh

Tako)X MOYMHAETHCS BIIUTIK Yacy, SIKAH MPOUIIOB 3
MOYaTKy BUMiproBaHb. Ha ancmiei € MoxiuBicTs BUOOpY
mapameTpa Uit Horo BimoOpakeHHS Ha Tpadiky.

3a JI01IOMOT0I0 AWCIIICI0 TAKOXK 3a/A€THCS IHTEPBAI
apxiBaiii mapameTpiB Ta BHUOIp PEXKHMY BHMIipIOBaHb:
BHUMIPIOBATH MPOTATOM 3aJ]aHOTO 4acy (pexum TaiiMep),
abo yBech dYac 0 3yNHHY IPOrpaMH KOPHCTyBayeM
(pexxuM cexyHaoMip).

e  Wi-Fi moayms ESP8266

ESP8266 — me mpucrpiii uia opranizanii 6e3xpo-
TOBOTO MIJKIIOYEHHS 10 JIOKaNbHOi Mepexi. [ms ioro
BUKOPDHUCTaHHS HEOOXiJTHO TIPOBECTH HaJalITyBaHHS,
o0OpaTH JIOKaIbHY MEpexy Ta BBecTH mnapoib. [linkiro-
YEeHHs MOJIYJsS J0 KOHTpoJIepa 3IIHCHIOEThCS depes
MOCHIOBHUH TOPT. SIKIIO Mepexa Mae J0CTyl [0
IHTepHeTy, MJaHI TepeNaloThCS Ha CepBep MAaHUX JUIA
30epiranHs Ta BioOpakeHHS B MOOITEHOMY JTOJIATKy, 60
B Opaysepi.

e bapomerp BME280

JlaTdauk 103BOJISIE MPOBOIUTH BUMIpH aTMOC(HEPHOTO
THCKy. Takok 10 HOro Ckiaxy BXOISATh JATYUKHA BUMIPY
TemrepaTypu Ta Bosorocti. BME280 Oyne posramoBy-

BaTHUCh yCEpeAWHI KOpIycy HpHiaxy, TOMY ILi JaT4uKd
OyZIyTh NOKa3yBaTH TEMIIEpaTypy i BOJIOTICTh MpPHUIIANY.
JlaTunk Mae TOYHICTH BHMIPIOBaHHS TEMIEpaTypH Bij
0.5°C mo 1°C, TouHiCTH BHMIpPIOBaHHS BOJIOTOCTI Ha
piBHi 3 %, TOYHICTH BUMIipIOBaHHS THCKY Ha piBHi 1 rlla
npu giana3oni BumiproBasb Big 300 rlla mo 1100 rlda.
e JlaTyWk BUMIpIOBaHHS PiBHS BYTJIEKHCIIOTO Ta3y
MH-Z19B
Leit pmatymk TPOBOAWTH BHUMIPIOBAaHHSA PiBHSA
BYTJIEKHCIIOTO Ta3y B miama3oHi Bix 0 ppm go 5000 ppm 3
tounicTio 50 ppm + 3 % Bixg pe3ysibTaTy BUMIPIOBAHb.
Lle#i nmiama3oH MOKpHBaE MOTpeOM B OTPUMaHHI JaHHX,
TOMY IO 3TiJIHO 3 BUMOTAMH BEHTWJISILIT IIPOBITPIOBaHHS
Ma€  pO3MOYMHATUCS  NpPU  TEPEBUINEHHI  PIBHA
ByIJIeKUCI0ro Trazy 3HadeHHs 500 ppm. Indopmarnis npo
MOTOYHUI piBeHb MapaMeTpa BU3HAYAETHCS 33 3HAYCHHIM
tpuBasiocti iMnynbcy UIIM-curnany, skuii TeHepye
JaT4HK.
e JlaTyuk BHUMIpIOBaHHS pIBHS YagHOTO rasy,
HiTporeHy, amiaky MICS 6814
Ile## naryMk TPOBOAWTH BHUMIPIOBAaHHSA  DIBHSA
YaJHOTO Ta3y B niama3oHi Bim 1 ppm go 1000 ppm,
HiTporeny B nianasosi Big 0.05 ppm o 10 ppm, amiaky B
miarnasoni Bix 1 ppm g0 500 ppm. OkpiM BUMiprOBaHHS
LUX TapaMeTpiB, 3MIHCHIOETHCS BHMIp pIBHS €TaHOIIY
(C2H50H), rinporeny (H2), nponany (C3H8), i30-6yTany
(C4H10), mo oOyMOBIIOE BHCOKY BapTICTh IHOTO
JlaTYHKa.
e JlaTtumk piBHS KucHIO MIX8410
BuMipu THCKY TpoBOASTECSA B miama3oHi Bixg 0 % 1o
25%. lle#t maTyMk Mae JOCUTH TPUBAIMH Yac BUMIpY
napamMeTpa, o Moxe gocsraté 10 cekyH.
e JlaTuuk yagHoro razy MQ7
Sx amprepHatuBa matunky MICS 6814 piseHs
YaJHOTO Ta3y MOXXHa OTPUMAaTH, BUKOPHCTOBYIOYU
matauk MQ7. Bin mae mupiuuii iana3oH BHUMIPIOBaHb
Big 10 ppm no 10000 ppm Ta meHury uniny. Haromicts He
BMi€ BH3HAYATH 1HIII TAPAMETPH CEPEIOBHUIIIA.
e JlaTyuMk BUMIpY KUIBKOCTI YaCTOK MIiKpOJIHUCIIEpC-
Horo cepenosuiia PMS5003
Jatunk pearye Ha 9acTKu po3mipom Bix 0.3 MKkM 10
10 MKM, 110 BiTHOCATHCS IO TPHOX mapameTpiB: PMio (Big
0.3 MM 110 1 MkM), PMa2s (Big 1 MM 110 2.5 MxM), PMig
(Bix 2.5 mxm g0 10 Mxm). BukopucTOBYrOYH TOCTIOBHUH
iHTepdeiic, MoxkHa OTpUMaTH iH(OpPMaIIiI0 PO BMICT KX
YaCTOK Y MOBITPi AJISI KOKHOTO ITapaMeTpa OKpeMo.
e Jlatuuk popmanpaeriny Grove HCHO Sensor
Jatunk 103BOJISIE BUABUTH (POPMAJIBAETIN y TMOBITPI
3 KOHIeHTpamieto a0 1 ppm. Takox 3a J0MOMOTOIO
JIaTYMKa MOYKITUBO BHSIBUTH JEsIKi KOHIIEHTpaIlil O€H30ITy,
TOJYOIy.
e Jlarymk Bosyorocrti Ta Temneparyp DHT22
el nmaTumk n03BOJISIE BHMIPIOBATH BOJIOTICTH Y
niarrazoHi Big 0 % mo 100 % 3 po3IUTBHOKO 3IATHICTIO +
1%. Woro momaTkoBO0 OCOGIHMBICTIO € MOMKIHBICTH
BUMIpY TemIiepaTypu B niamasoHi Big minyc 40°C no
mwioc 80 °C 3 poszginbHoto 3xatHicTioO £ 0.1 °C. ko €
norpeba 30iIBIINTH TOYHICTH BHUMIPIOBaHB, TO MOJXKHA
BUKOPUCTOBYBATH JaT4Wk Temueparypu DS18B20 3
posmiipHOIO  3matHicTio £  0.0625 °C. IlepeBaroro
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BukopuctanHs DHT22 € MoxiMBicTh H10ro BUHECEHHS Ha
BiZicTasb 10 20 METPIB BiJl KOHTpOJIEpA.

CunTte3 cxeM miakJoueHHsi. Bumiproani mapamer-
pU Ta IaTYMKM NPEICTaBICHI Yy BHUIIAAL CTPYKTYpPHOI
cxeMu (puc. 2).

Puc. 3. Cxema migximodeHHss 00paHUX KOMIIOHEHTIB

Bukopucrasmm iHdopmanito mpo po3TanryBaHHS Ta
NPU3HAYCHHS] BHBOJIB, PO3pPOOJICHO CXeMY MiJKIIOYEeHb
(puc. 3).

Jlnist miIKITFOYEeHHS! JAaTYMKIB BUKOPHCTOBYETHCS I10-
cnigoBHUH iHTEpdeiic i3 3aCTOCYBaHHSAM YHIBEpCaJbHOTO
cHHXpOHHO-acuHXpoHHOTO nepenasada (UART). [Ixepe-
JIOM JKUBJIEHHS € MOomynb Oartapei Ha mumoc 5 B. Amna-
JIOTOBI BHXOAM MAATYMKIB IMIAKIIOYEHO JIO aHAJOTOBHX
BxoJiB KoHTpoiepa. [ligxmrouenas mo LCD-mumermes,
TOAMHHMKA MOTOYHOTO dYacy, JaT4WKa THUCKY 3[iHCHIO-
eTbesi 3a gonomoroto 12C iHTepdeiicy, a 3 garynkamu

pIBHS BYIJIEKHCIOrO ra3y, 4aJHOTO ra3y, amiaky — 3a
nonomoroto UART. Ha puc. 4 HaBeneHO MakeT 3i0paHoOi
CHUCTEMHU.

Cunte3 mporpamuoi cucremu. [Iporpama mpairoe
HACTymHUM 4YWHOM. Ilicis momaui >KUBICHHSA HA KOHT-
postep ime BcraHoBnenHs 3’exnanus 3 Wi-Fi momyiem ta
nepeBipka 0OMiHy TaHWX 3 JUCIDICEM. SIKIIo mucruieit He
MAKITIOYCHO, a00 € HECIPABHICTb, 3aCBITYETHCS YEPBOHUI
CBITJIOZION HA KOHTPOJIEPI.

Puc. 4. 3i6pannit MakeT IS TECTYBaHHS HPOTPaMu

Hani iine onuTyBaHHS YCiX JATYMKIB, SIKI MalOTh
OyTH MpHUCYTHI B CHCTEMi, BUMUTYIOTHCS ITOTOYHI J1aTa Ta

DS1302

| ITotouni gara i yac

| Tuck

Temmnepatypa i
BOJIOTICTh Y KOpPIyCi
Byraekucauii ra3

Hitporen

|
| Awmiak
|
|

MikpoaucrepcHe
Cepe/IoBHIIEe

| ®opmanbgerig
Bojoricts
CEepeNOBHINA

Temnepatypa
cepefoBHILa

DS18B20

DATA
Kucenn MI1X8410 CATA
Yanuuii ras MQ7

Busenenus
iH(popmanii
Ha LCD
display Busenenus
/ iHpopMaii y
/ MOCIIJOBHUI
opT
Kontponep
Arduino
\ ApXiByBaHHS
nanux Ha SD
KapTy
Wi-Fi
MOJTyJIb

Puc. 2. CrpykTypHa cXeMa KOHTPOJIIO HOKa3HUKIB MOBITPS B TOPrOBEIFHOMY IIEHTP1
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yac. SIKIIo 3 1aTYMKaMU BCTaHOBJICHO 3’€JHAHHS, TO Hie
BUYHMTYBAHHS IXHIX MMOKa3aHb Ta BiJOOPaKCHHS HA JUCII-
nel. SIKmo yci JaT4uKu 3HAWICHO B CHUCTEMI, TO e ix
ONUTYBaHHS 3 MepioZioM, 10 AOpiBHIOE 5 cekyHmam. Lli
JlaHi B peaJbHOMY 4aci BUBOJSITHCS HAa JUCIUIEH Ta repe-
JIAfOTHECS B MOOUIBHMI JOJATOK.

Sxmo Hemae 3’€IHAHHSA 3 IHTEpHETOM, TO MaHi
BHUBOJATHCS TIBKH Ha AWCIUICH. SIKmo Hemae 3B’S3Ky 3
UCIIICEM, TO JaHi NMepeAaroThCs B MOOLTHHHN TONATOK.
Sxmo BixcyTHi ab0 HecmpaBHI 00WIBa KOMIOHEHTH, TO
OTUTYBAaHHS NAaTYUKiB He BimOyBaeThcs. Lle cBiquuTh TIpo
HECIPABHICTh CUCTEMH, MPO IO CHOBIIIAE€THCS MiACBIYY-
BaHHSIM YEPBOHOI'O CBITJIONIONA.

Y KopuCTyBaya € MOXKJIHMBICTb BHOOpPY PEKHMY
BUMIPIOBaHHS: CEKyHIOMIp Ta Taiimep. Pexum oOupa-
€Thbcs B MOOUTBHOMY J0JaTKy, abo 3 aucruiero. Jlms
MOYaTKy BHMIpPIOBaHb KOPUCTYBa4 I[OBHHEH HATHCHYTH
BipTyanbHy KHOMKY «Crtapty». Ilicisa mporo Ha SD-kapri
CTBOPIOETECSA (paiii 3 iHopMaIliero PO MOTOYHI BUMIpIO-
BaHHs. JlaHi y (aiin 3anmucyroThes 3 MepioioM, IO JOPiB-
HIOE IT’SITH CEKyHaM.

3arapHUIA OMUC aNTOPUTMIB iHIIiami3aIil Ta BUMIpY
MMOKAa3HMKIB TMOBITPSI HABEJCHO Ha pUC. 5 Ta Ha puc. O.
KopucryBau 3ynuHse 3anuc 1o ¢aiiny HaTUCKaHHSAM Bip-
TyanbHOi KHOnkH «Crom». Skmo mix yac poGoTH OTpu-
MaHi HEKOpEeKTHi JaHi, abo Hemae 3B’S3Ky 3 OJHUM i3
JIATYMKIB, TO i€ 3HAYECHHS HE BUBOAMTHCA.

ITouaTok

OroomeHHs
3MIHHHX 1 KOHCTAHT ¥
v TTepeBipka 3B’s13Ky 3
S SD-kapTKoI0
THimianizanis
iHTepdeiicin ¢
¢ Tnirganizarist
Bcranosnenns natn JRHCTLIEIO
iuacy y DS1302 ¢
¢ Tadopmarrist
Ipo cTaH
Tnimiamizanis Wi-Fi iHiIiam3anmii

MOJIYJIIO

— | e

Puc. 5. brok-cxema anroputMmy iHimianizamii mporpamu

Ha wmicni noka3saHnp 1[bOT0 1aTYMKA Ha JUCIIIE] BUBO-
JIUTBCSI YEPBOHMI XPECTHK, a JOT-(Qailil 3armoBHIOETHCS
MIOPOXKHIM 3HAUYEHHSIM.

TectyBaHHs pO3poOJIEHOT CHCTEMH MOHITOPHHTY
BUKOHAHO 3a JIONIOMOT'0I0 OTPUMAaHHsI Ta 0OpOOKH aHUX 3
COM-nopry (puc. 7) Ta MOBITBHOTO 3aCTOCYHKY (pHc. 8).
Hami 3 COM-mopTy OTPHUMYIOTBCS TIPH MiAKIIOYCHHI
KOHTpoJsiepa 10 kowm 'torepa. [Ipore, y OibmiocTi BUmaz-
KiB BUKOPHCTAHHS KOMII'IOTEpa Ha 00’€KTax HEMOJKIINBE
Yyepe3 TPUBAIICTh Yacy MpoBeAeHHs BuMipiB. Takox Take
3’€THaHHS OO0YMOBIIIOETHCSI JOBXXUHOIO JIPOTOBOTO BHKO-

pucranHs iHTepdeiicy RS232, sxuii oOMexyeTbcs aBoMa
METpaMH.

( [TouaTox )

A
OtpumanHs v
TIOKa3aHHS 3 ITepenaya noka3aHp
JIATYUKIB y XMapHe
CEpEIOBHIIE
A
ITepepaxyBaHHs -
pepaxy ApxiByBaHHA
BUMIpSHHUX
. noka3anb Ha SD-
TMIOKa3HHUKIB 3
. . KapTy
JIATYUKIB Y peanbHl
\ J 3aTpuMKa yacy 10
Busenenns HACTYITHOTO BUMIpY
JIaHKX Ha
TUCIIIEH

Puc. 6. biok-cxema aqroputMy OJHOTO LUKITY
BUMIpy apameTpiB
& COM4 [Arduina/Genuina Uno) - u] X

| send

DATE TIME T{°C) HI%) co2ippm] NH3(ppm] Caippm)
04-05-22 11:02:07  29.53 6633 340 4 23
04-05-22 11:03:07  29.43 6635 42 24
04-05-22 11:04:07 2943 66.34 341 24
04-05-22 11:05:07 2948 66.33 343 24
04-05-22 1L:06:07  29.50 66.34 342 24
04-05-22 1L07:07  29.51 66.40 344 24
04-05-22 11:08:07  29.51 66.37 342 23
04-05-22 11:0%:07  29.52 6635 342 23

BbALLLS

[ Autscroll [ Show tim=stamp | Mewie ~| 9600beud . Clesroutput

Puc. 7. TecTyBaHHSI CHCTEMH 3a JOTIOMOTOI0 OTPHMAaHHS
nanux 3 COM-nopty

[IpoBenene tecryBanHs (puc. 8) cucreMu miaTBEp-
mto i mpane3faTHICT Ta MOJMKIIMBICTH BHKOPUCTAaHHS
JUIsL OTPUMAHHS [TOKA3iB pealbHOro 00’ €KTa.

Puc. 8. TecryBaHHS cucTeMH 3a JOIIOMOTOI0 MOOUIIBHOTO
JOJaTKy
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[IpoBeneHo TOpPIBHAHHS 3HAYeHb, BHUMIPSHHUX 32
JIOIIOMOT'0I0 PO3pO0IIEHOT CHCTEMH, 31 3HAUEHHSIMH, OTPH-
MaHUMH 3 €TaJIOHHUX JAaT4uKiB. [TOpiBHSHHS TOKa3aHb
TEMIIEpaTypu I0Ka3ajo MOXUOKYy BUMIpPIOBaHb Ha pIBHI
+ 0.6 °C, a Bonorocri — Ha piBHi + 1.5 %.

BucHoBku. JlochmikeHHS TpHUCBSYCHE PO3pOOII
armapaTHO-TIPOTPaMHOTO KOMILIEKCY ineHTHdIKaIii
mapaMeTpiB MOBITPS TOPTOBEIHHOTO IEeHTPY. [IpoBeneHnit
OTJISIT 3aCBiNUUB HAsBHICTP BEJHKOi KITBKOCTI Iparp,
MPUCBAYCHUX BHUMIPIOBAaHHIO  (DI3MUHUX TapameTpiB
HABKOJIMITHROTO CEPEJOBUINA, HATOMICTH MiATBEPIUB
HEOOXIiTHICTh CTBOPEHHS BJIACHOT METEOCTaHIii JJIsl OTPH-
MaHHS TapaMeTpiB MOBITPS B MPUMILICHHSIX TOPrOBEIb-
Horo ueHTpy. [limiOpane oOxagHaHHS U1 CTBOPEHHS
METEOCTaHIil J03BOJMJIO OTPUMYBaTH 3HAYECHHS II'SIT-
HaJISITH TIOKa3HUKIB MOBITPsl. BukopucraHusa koHTposepa
Arduino ta moBu mporpamysanHsa Python ckopoTuio ac
HaIlMCaHHS KOIy IporpamMu Ta mOOYZOBH amapaTHOi
CHCTEMH.

IIporpama 06poOku mMoOymOBaHA TAKHM YHWHOM, IIO
JlaHi BIMIipIOBaHb MOXYTh OyTH 30epexeni Ha SD-kapri,
abo mepenmani Ha cepBep y 0a3y manux. JlaHi 3 cepBepa
BUKOPHCTOBYIOTBCS JUIS BiOOpak€HHS B MOOLIBHOMY
3acTOCYHKY, abo B Opay3sepi. Po3pobnena cucrema
MoKazana BUCOKY HaJilHICTh, SKIIO i 4ac IPOBEICHHS
BUMIpIOBaHb BifOYBaIOTHCS SIKICh MPOOJIEMHU 3 POOOTOIO
SD-kapTH, 3 MiAKIIOYCHHSM 10 IHTepHETY, a00 3 poOOTOI0
JIMCILIESL.

[opiBHSHHA IIOKa3aHb pPO3POOJICHOI CHUCTEMH 3
CTAIOHHUMH BHMIPIOBaHHAMH MiITBEPAMIO, IO BOHA
MOJKE 3aCTOCOBYBAaTHCS I ineHTH(IKALIi TapamerpiB
TOPrOBENBHOTO LECHTPY.
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. E. IBYXIJIABOB, M. I. FE3SMEHOB, O. B. IIIMATKO, A. C. IBYXIJTIABOBA, JI. C. KOPXOBHH,
M. B. YEPKYH

OOPMAJIBANIA IIPOLUECY IMIAI'OTOBKU IVIAHY HABYAJIBHOTI'O HABAHTAKEHHSA
BUKJIAJTAYIB KA®EJIPH 3AKJIATY BUIIIOI OCBITH

IpencrasiseTsest (popMai3oBaHU ONUC IPOIECY IUIaHyBaHHS HABYAJIHGHOTO HAaBAHTA)KCHHS HAyKOBO-TIEJAroTiYHHX IpaliBHUKIB Kadenpu Ha
HaBYAIBHHUII ik Ha Kadeapi 3aKialy BHILOI OCBITH. AKTyaJbHICTh NIPEICTaBICHHS MO y (opManizoBaHOMY BHUIJIAIl BU3HAYAETHCS HEOOXITHICTIO
MAaTH €IHHHUI MOTJISAA Ha IPOLECH MiArOTOBKH MOTPIOHHX JAHUX, NPHHIIUIIK Ta AITOPUTMH EPETBOPEHHsI JaHUX, a TAKOX U1 YHi(iKalii pe3ynbTaTiB
IIPEeICTaBICHHS KiHI[EBUX PEe3YJIbTAaTiB. 3allpONIOHOBAaHMH (opMasTi30BaHHII OIMC PO3IIAAETHCS SIK OCHOBA JJIS1 ITOAANIBIIOTO CTBOPEHHS BiITOBITHOT
aBTOMATH30BaHOI CHCTEMH PO3paxyHKy Ta PO3HOALTYy HaBYAIbHOIO HABAHTA)KCHHS 13 MOXIIMBICTIO aBTOMATH30BAHOI I'eHepamii Ta PO3CHIKH 3BITHHX
JIOKYMEHTIB, 30KpeMa CEMECTPOBOIO IUIaHY Ta IUIaHY HABYAJIbHOTO HABAHTAXKCHHS, a TAaKOX HEPCOHAIBHUX BHUTATIB [UIS HAyKOBO-NEIArOrivHMUX
IpaniBHUKIB U1 po3ainy «HasuansHa pobortay iX iHAMBiTyansHUX IUIaHiB. [IpexcTaBneHuil nponec BinoOpaxkae 0COOIMBOCTI 3MIHCHEHHS PO3HIOILTLY
Ta NPEACTaBIICHHS BUXIJHUX JAHHUX Ta PE3yJIbTATiB IUTaHYBAaHHS HABAHTAXCHHS Ha NMEBHil kadeapi MEBHOro 3akialy BHINOI OcBiTH YKpaiHu. J{ist
[irOTOBKKM MOJ€ENell BUKOPUCTAHO CHCTEMY IiATPUMKH TpoleciB mpoektyBands Enterprise Architect, a Tomy 3ampornoHnoBaumii hopmaiizoBanuii
onuc Moke OyTH aganToOBaHWi 10 crienudiky iHIIOro 3akiagy BHIIOI OCBiTH abo Horo migposaimy. OCHOBY (OpMalli3oBaHOTrO ONKCY CKIIAJIAe
JoMeHHa Mojenb. KoxHa 3 cyTTeBocTeil JOMEHHOI MOJeNi IIPeACTaBIeHa HabopoM aTpHOYTIB, IO JTO3BOJISIE BUKOPUCTOBYBATH KOPTEXI ONMHUCY IIPH
MPOEKTyBaHHI 6a3u MaHWX BIAMOBIJHOI MPOrpaMHOI cMCTeMH. Bu3HaueHi erany IUIaHyBaHHS HaBYAJbHOTO HABAHTAXKEHHS y BUIULIIL Aiarpam OizHec-
nponecie BPMN Tta giarpam gisieHocTi UML. TlpencraBneni mMaTreMaTW4Hi CITiBBIAHONIGHHS Ta OIMCH TOPSAAKY IPOBENEHHS OOYMCIEHb, SKi
JIO3BOJISIIOTh OTPUMATH 3ajaHi 3HAUeHHs BEIMYMH Ha BH3HAYEHMX eTamax (OpMyBaHHS IUIaHY. 3alpOIIOHOBaHI pe3ysibTaTH OTPHMaHi Ha OCHOBI
HOPMaTHBHOI 0a3u Ykpaiuu y cdepi ocBiTH.

KuouoBi ciioBa: aBToMarH3allis IUIAHYBaHHsS HABYaJIbHOTO HABAHTAXCHHS, JOMEHHA MOJENb IPOLECy IUIAHYBAaHHS HAaBYAIbHOTO
HaBaHTAKCHHSL.

D. E. DVUKHGLAVOV, M. I. BEZMENOV, O. V. SHMATKO, A. S. DVUKHGLAVOVA, D. S. KORKHOVIY,
M. V. CHERKUN

FORMALIZATION OF THE PROCESS OF PREPARATION OF THE TEACHERS STUDYLOAD PLAN
OF THE HIGHER EDUCATION INSTITUTION DEPARTMENT

A formalized description of the process of planning the studyload of teachers of the department for the academic year at the department of higher
education institution. The relevance of presenting the model in a formalized form is determined by the need to have a unified view of the processes of
preparation of the required data, principles and algorithms of data transformation, as well as to unify the results of presenting the final results. The
proposed formalized description is considered as a basis for further creation of an automated system for calculating and distributing studyload with the
possibility of automated generation and distribution of reporting documents, including semester plan and studyload plan, and personal extracts for
preparing part "Educational work" in teacher’s individual plans. The presented process reflects the peculiarities of the distribution and presentation of
initial data and results of studyload planning at a particular department of a particular institution of higher education in Ukraine. The Enterprise
Architect design support system was used to prepare the models, and therefore the proposed formalized description can be adapted to the specifics of
another higher education institution or its department. The basis of the formalized description is the domain model. Each of the essentials of the
domain model is represented by a set of attributes that allows the use of description tuples in the design of the database of the respective software
system. The stages of training load planning in the form of BPMN business process diagrams and UML activity diagrams are defined. Mathematical
relations and descriptions of the order of calculations are presented, which allow to obtain the set values of the values at certain stages of the plan
formation. The proposed results are obtained on the basis of the regulatory framework of Ukraine in the field of education.
Keywords: automation of studyload planning, domain model of studyload planning process.

Amnauni3 crany nutanasa. OfHi€ro 3 3aBAaHb IiAro-
TOBKH JI0 HOBOTO HaBYaJIBLHOT'O POKY Ha Kadepi 3aKiany
Buioi ocBité (3BO) € miaHyBaHHS HaBYAIBHOTO HaBaH-
taxxeHHs ([THH) ©HaykoBo-meparoriyHux npauniBHHKIB
(HITIT) xadenpu Ha pik. OCHOBHUM JOKYMEHTOM, IO
BH3HAYAETHCSl 0a30Bi MPUHIMIKA PO3PAXYHKY HaBYAJb-
HOro HaBaHTaxeHHs € [1]. Bin pospobienuit y Minic-
TepcTBi OCBiTH Ta Haykn Ykpainu. Ha iioro ocnosi 3BO

CTBOPIOIOTH BJIACHI IHCTPYKIII, SIKI YTOUHIOIOTH NPUHIIUIIN
PO3paxyHKiB, BPaXOBYIOUM CHELU(IKY NMEBHOTO 3aKiIaiy.
[Mpuknagamu Takux JoKyMeHTiB € [2] Ta [3].
ABTOMaTH30BaHE BHUPINICHHS 3a7adi PO3PaXyHKY
ITHH HIIIT takox He € HOBUM. Y [4] MOKHA 3HAWTH OMUC
inTepgeiicy APM «HaBuanpHa 9acTuHa», siKa JTO3BOJISE
MPaIlOBaTH 13 HaBYAJBHWMH IUTaHamMu HamioHaasHOTO
TexHIYHOTO yHiBepcuTeTy «XIII», a Takox po3paxoByBa-
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TH KUIBKICTh IITATHUX OJMHUIL BUKIAAAYiB Uil Kademp.
VY [5] 3a3HaueHo, mo B XapKiBCbKOMY HalllOHAJIbHOMY
YHIBEPCHUTETI PaJiOENeKTPOHIKH BHKOPUCTOBYETHCS iH-
¢dopmarriiina aBromatu3obana cuctema (IAC) «YHiBepcu-
TET», 10 CKJIany sIKOI BXOAMTHb NEKUIbKa MiJCHUCTEM, Y
tomy umcni miacucrema «Kadempa». o cixmamy miel
MiICHCTEMH BXOAWUTH MOXYydh «Po3MOZin HaBYaIbHOTO
HABAHTAKCHHS, SIKUH BUKOPHCTOBYETHCS ... IUIS PO3IIO-
Ty HaBYAIbHOTO HABAHTAXKCHHS MK BHKIAIadaMHu,
¢opmyBaHHS 3BiTiB Ta (OpPM BHXIZHHX ITOKYMEHTIB, a
caMe IITaTHOTO PO3NHUCy Kadeapyu; HaBaHTaXCHHS BUKJIA-
Jlaya JuId IHAMBIAyalbHOTO IUIaHy BHKJIaJaya; 3arajbHOro
o0csiry HaBYaJbHOTO HaBaHTAXXEHHs Ha Kadenpy 3a
BUKIanadaMu». Y [6] IeKIapyeTbcsl HassBHICTh aBTOMATH-
30BaHO{ CHCTEMHU IUIaHYBAaHHS HaBYaJIbHOTO IPOILECY
«ACII HII», 3acTocyBaHHs sKOi 3a0e31e4ye «... aBTOMa-
TU30BaHUW mpouec (OpPMyBaHHS HaBYAJIbHHUX IUIAHIB 1
poOoUYNX HaBYANBHUX IUIaHIB, (JOPMYBAaHHS BiAIOBiTHUX
JIOKYMEHTIB JUISI TIOAAJIBIIOTO PO3PaxyHKy HaBaHTAKECHHS
HIIII, ¢popmyBaHHS ceMEeCTpPOBUX IUIAHIB Ta HAaBAaHTAXKCH-
Hi Kadenp». s cucrema posropryra y HamionansHOMy
TEXHIYHOMY yHiBepcuTeTi Ykpainu «KuiBchbKuil momitex-
HiuHMH iHCTUTYT iMeHi Iropst Cikopcbkoroy. IIpu Guibin
HAIoJIETIMBOMY TOIIYKY MOXXHA 3HAWTH aHAJOTH CHCTEM
y KO’)KHOMY 3aKJIa/li BULIIOT OCBITH TaKOTO PiBHSL.

Takox € KoMepIiiHI TPOAYKTH, SIKi BUPILIYIOTb 3aB-
JaHHS, 1[0 po3risaaeThes. [locunanns [7] MIiCTHTh OIHC
MPOIYKTY «ABTOMaTHU30BaHa CHCTEMa YIPABJIiHHS BUIIM
HaBuadpHUM 3akiamom |lI-1V piBHS akpemwramii», y
ckimazi axoi € moxyns «HauaneHa gactuHa—-01». Momyis
JIO3BOJISIE ... BHPILIYBaTH INPOOJIEMH CTBOPEHHS CXO-
BHIIa 0a3u JaHWX, PO3PaXyHKIB, aHAi3y Ta 3BITHOCTI 3a
TaKAMH HaIllpsIMKaM poOOTH HaBYaIbHOT yacTrHU BH3:

e 0OJIK Ta 3aKpiIUICHHS HABYAIGHUX JUCIHUILTIH 32

kadeapamu;

®  PO3IOJIN HABYAIBHUX JTUCLUILIIH JUIs TEOpEeTHY-
HOI HiArOTOBKM 00’ €IHAHUX aKaJeMIYHUX I1OTO-
KiB 13 PI3HHUX CHeIiabHOCTEH (Crenianmi3aiiii);

e 00JiK aKkaJeMiYHUX MOTOKIB, TPyl 1 Jlaboparop-
HUX HiATPYII;

® pO3paxyHOK KiJBKOCTI CTaBOK MpPOQecopChKo-
BUKJIQ/IAI[bKOTO CKIIaJy;

® pO3paxyHOK HaBYAJIbHOTO HABAaHTAXXEHHA Ka-
tdenp y 3anexHocti Bing ckimamy HIII xademnp,
(opmu HaB4aHHS Ta (PiHAHCYBAHHS;

e aBTOMAaTH3alisA aHANi3y Ta (GopMyBaHHS 3BITHOL
iHpopmamii I8 IpyKy MO BCIM BHAAM po3pa-
XYyHKiB» [7].

AmHayorivHAi QyHKIIOHAT TakoX € i y cucremi AC
«/lexanar» [8]. MoxnuBocTaMHu (PyHKIIIOHAJIA IIOJO0 3a-
Jladi, sIKa po3IIIsIA€ThCS, €:

e po3poOKa HaBYAIBHMX, pPOOOYMX IUIAHIB Ha
HaBYAJILHUH PiK, 3aKPIIJICHHS] HaBYAJIBHUX TPyl
3a IJIaHaAMH;

e TeHepallist Ta BIJHOBJIECHHS POOOYNX HABYAIBHUX
TUIaHIB 32 HABYAIBHUMH IJIAaHAMH;

® 3aKpIIUICHHS KOHTHHIEHTY JUIsi HaBaHTa)KCHHs
1o poOOYMM HaBYAIBHHUM IIAHAM;

e HaBaHTaXEHHS KaeIpu: arperamis Ta po3mofi-
JICHHSI BUKJIaZadaMu;

e iHJMBITyaNbHUH IJIAH BUKJIana4a Kadeapu.

Takum 4MHOM, TPHUKIATU aBTOMAaTH3alil 3a3Haue-
HOTO TIPOLIECY € B HassBHOCTI. AJle TIPH LIbOMY, SIK IIOKa3ye
BUBUCHHS JUKEPEN, TiJIBKH JEKIapyeEThCS HAsBHICTH CHUC-
temu aBromaruzanii [IHH (moBHicTio abo 4acTKoBO), ane
HE TPEICTaBJICHI alNTOPUTMH, AKi peaii3oBaHi y IpoOr-
pamMHOMY 3a0e3ledeHH] TaKuX CHCTeM, 1 sIKi 0OMEeXEeHHS
npu 1IbOMY BH3Ha4eHi. Lle Bce Mae OyTH, iHaKIIe BHHUKHE
MUTaHHS, a 9M TPaBIIIFHO (YHKIIOHYE Ta YW iHIIA CHC-
tema? [omyk pecypciB, siki 6 MOTJIM TPOSCHUTH IIi ITH-
TaHH, HE aB MOTPiIOHUX Pe3yIIbTaTIB.

Takox MOXKHa CTBEPJUKYBATH, IO BiZICYTHICTh YiTKO
BU3HAYCHUX QJITOPUTMIB PO3pPaxyHKIB CTBOPIOE TIE€pe-
YMOBH ISl TOTO, IIO NMPHHIMIT PO3PaxyHKIB, MPOBEJCHI
Y PI3HUX CTPYKTYPHHUX MiAPO31iIax, OyAyTh BiIPI3HATHCE.
Oco6muBo mis kpymaux 3BO, 1o ckiamy sSKUX BXOAUTH
BeJIMKa KUIbKICTh YHIBEPCUTETIB.

Mera poGoTH. BiAcyTHICTH ONHCY aNTOPUTMIB
(yHKIIIOHYBaHHS CHCTEM aBTOMAaTH30BaHOTO (OpMyBaH-
HS HAaBYAJbHOTO HABAaHTa)XCHHS BIJKPUBA€ MNUIAX JUIA
BUTHHOI IMIDIEMEHTAIIii aJTOPUTMIB pO3paxyHKiB NpHU
po3po0Ili  BINMOBITHOTO MPOTPAMHOTO  3a0E3IECUCHHS.
3 ypaxyBaHHIM TOTO, 10 MOBa HJe Mpo 3a7ady, sgKa Mae
BUPIIIYBaTUCh OJHUM CIIOCOOOM y Mexax BCi€i KpaiHu,
HEOOXiTHO YITKO BU3HAYMTH KOMIIOHEHTH ONHUCY 0a30BUX
MOHATB JIJIsl IPE/ICTaBIICHH MTpeaMEeTHOT 00nacTi 3a/1a4i Ta
ITOPUTMHU peaizallii mpouecy oOpoOKH BIAMOBIAHO 10
HOPMAaTHBHHX JOKYMEHTIB, IPU LHOMY BHUKIIIOYAIOYU
HEO/HO3HAYHY IHTEpIIPETallil0 IOJIOXKEHb, HaBEJCHUX B
HuX. HasgBHICTE opMani3oBaHOTO OMMNCY CTaHE BAXKIHU-
BUM KPOKOM [0 BiJNpPAIIOBaHHS €AWHOTO IiJIXOXIy [0
BUDIIIEHHS THUIIOBOTO 3aBAAHHS BCiMa NPHUYCTHUMHU
BUKOHABIIIMU. B OCHOBHHX po3ainax poOOTH BUHOCHTHCS
Ha pO3DJIAN BapiaHT (hOopMalli3oBAaHOTO OMNKCY 0a30BHX
MOHATh Ta NPUHLMIIB peayizalii OKpeMHX eTalliB po3-
poOku miaHy HaBuaimpHOro HaBaHTakeHHs HIIIT Ha ka-
dhenapi 3akIaay BUIIOT OCBITH YKpalHH.

1. Po3podka naoMeHHOI MojeJi
NiAITOTOBKH  IJIaHY HABYAJbLHOIO
HAYKOBO-NeAArorivYHUX NpauiBHUKIB.

Hdomenna wmopenp (ab0 KOHIENTyalbHA MOJCIH)
npeacraBisie coboro Habip cyrreBocteit (Entity) i Bim-
nocun (Relationships) mix mumu [9]. Ix mepenix mpen-
crapneHnid y tabn. 1. Ilpu moOymoBi maHOTO mEpemiky
BUKOPHUCTaHI BimomocTti, HaBemeHi y [10]. Jleski cyrre-
BOCTI, 30KpeMa MOHATTS «HaBYAJIBHOTO MOTOKY», Oynu
BBEJICHI TMICIIsl Y3TOJDKEHHS 13 Oe3mocepeHiMu BUKOHAB-
ISIMU PO3PaxyHKIB, IO PO3TIISAAIOTHCS.

KoxxHa CyTTEBICTH XapakTepu3yeTbcsi HaOOpPOM
atpubyTiB. Ilepenik arpuOyTiB I KOXHOI CYTTEBOCTI
MPOTIOHYETHCS HUXKYE.

dakynbrer F MOXe OyTH NpeacTaBICHUN KOPTEKEM:

npoiecy
HABAHTAKEHHSI

F =< NameF,SNameF, CodF >,

ne NameF — Ha3Ba QakynbTeTy;

SNameF — ckopodeHa Ha3Ba (DaKyIbTETY;

CodF —xox ¢akynbTery, SKU BHKOPHCTOBYETHCS
JUIsl KOJYBaHHS JOKYMEHTIB Pi3HOTO PU3HAYCHHSI, 30Kpe-
Ma HaBYAJIbHHX IUIAHIB.
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Tabmuig 1 — CyTTeBocTi JOMEHHOI MOJETi

ImM’st cyTTeBOCTI

Ilo3Hna-
YeHHS

IM’s cyTtTeBOCTI
YKPaiHCBKOIO

KomenTap

Faculty

®dakynpTeT

CrpykrypHuii minposzin 3BO, mo 06’ enHye He MEHII SIK
Tpu Kadenpu Ta/abo maboparopii, IKi B CyKyIHOCTI
3a0e3nevyIoTh MiAroToBKy He MeHe 200 3100yBayiB
BHUIIIOT OCBITH

Department

Dep

Kadenpa

BazoBnii crpykrypHuit ninposain 3BO, mo npoBaanuTs
OCBITHIO, METOANYHY Ta/ab0 HAyKOBY MisUTBHICTD 32
TIEBHOIO CIIENIANIBHICTIO (CHemiai3ani€eo) 4u
MDKTaTy3eBOI0 TPYIIOI0 CIIeialIbHOCTEH

Specialty

CrenianbHICTh

[IpenmerHa 06nacTh OCBITH 1 HAYKH, SIKa 00’ €THYE
CTIOpPiJHEH1 OCBITHI IPOTpaMH

Group

I'pyna

HapuaspHa rpyma, sika CTBOPIOETHCS i3 CTYAEHTIB OJHOTO
¢axynsTeTy pu Habopi. HaBuanbHa rpyna HaB4aeThCs 3a
TIeBHUM HaBYAIEHUM IUIAHOM

Student

St

CryneHt

Oco0a, o HaBYA€ThCA y CKJIAAL TPYIH (TUTBKH OfHi€T
TpyIN), @ TAKOX MEPCOHANBHO BUKOHYE KBai(iKkamiitHi
(KypcoBi Ta TUIIIOMHI) poOOTH

Study plan

SP

HapuanpHuii mian

Po3pobisteTbest IS MiArOTOBKM OakanaBpiB abo MaricTpis
110 IIEBHIN CIIEIiaJbHOCTI

Discipline

Jucuuruiina

HaBuyasbHi TUCHMIUTIHH, 0 BUBYAIOTHCS CTYICHTAMEI
BIJIMOBIIHO A0 HaBYaJIbHUX IUIAHIB

Discipline of SP

DSP

Jucuuraina HIT

JleTani BUBYEHHS AMCUUILTIHU 3TiIHO IIEBHOTO
HABYAIBHOTO TUIAHY

Block of disciplines for
free student choice

SCB

Briox pucuumiig
BUIBHOTO BUOOPY

Biiok qucuuIniig, SsKi BUBYAIOTLCS TIILKHA YaCTHHOIO

Lection

Jlexmii

BuJ1 HABYAIILHOTO 3aHATTS, HA IKOMY BUYUTYIOTHCS
OCHOBHI TEOPETHYHI OJI0KEHHS AUCIHUILTIHU; TIPOBOIUTHCS
JUISL CTYZICHTIB, 1110 HABYAIOTHCS 3a HAIPSIMOM abo
CIIeLiaBHICTIO

Practice

Pr

IIpakTuka

JlaGopaTopHi Ta MPaKTUYHI 3aHATTS, BAPOOHHYI,
MePEATUIIOMHI Ta 1HII TPAKTHKH

Qualification Work

QW

Ksamidikamiitna
poborta

Kypcogi, aummoMHi GakanaBpchbKi Ta Maricrepcbki poooTH

Teacher

Buknamgau

IIpodecopu, TONEHTH, CTapIIIi BUKTaAayi, BUKIaaadi,
ACHCTEHTH, 110 3aJIy4eHi 0 MPOBE/ICHH JEeKIIHHUX Ta
MPAKTUYHUX 3aHATH, KEPIBHUITBA KBTI (iKaIIHHUMH
poboramu

Group for classes

GC

[NoTik A mpoBeNeHHS
3aHATh

OpraHizariiiHa OIHHUIIS, SIKa YTBOPIOETHCS 13 aKaIeMiTHUX
HaBYaIbHUX TPYI JJI IPOBEIeHHS 3aHATh. [loToKH
BU3HAYAIOTHCS Ha MIOYATKy Nepioay miianyBaHHs. BoHn
MOXXYTh 3MiHIOBAaTHCh 3 POKY B PiK

Group for lection

GL

JlexmifHuit MoTIK

Peanizartis GC amst BUNaaKy NpOBEICHHS JICKITii. 3a3BHuyait
BKJIIOYA€ JeKiTbKa rpyil. [[0€HyBaTHCh MOXKYTh TPYITH 3
OJTHI€T CTIeIiaTbHOCTI, 3 OAHOTO (aKyIbTETY, 3 PI3HAX
(axynpreTiB. s BUOIPKOBHX JUCIUILIIH JICKIIHHI TOTOKH
MOXYTh CTBOPIOBATHCH i3 OKPEMHUX TPYIT OJHI€T YU Pi3HUX
crerniaabHoCTeR

Group for practice

GP

[ToTiK I IPaKTHYHUX
3aHATH

Peamizanis GC anst BUNaaKy IpOBECHHS Ta00paTOPHUX
a00 MPaKTUYHUX 3aHATH. TaKi MOTOKU MICTATh OJHY IPYILY.
Ante Ipu BeJIUKiH KUIBKOCTI CTYJIEHTIB MOXYTb OyTH
MOJTIEeH] Ha miArpymny. B yMoBax mepeBaHTaXeHHS
BHKJIaJ]a4uiB HAaBIIaKH BiOyBa€eThCs 00’ €THAHHS
aKaJieMiYHHUX TPYI B OJHY AJISI CKOPOUCHHSI CyMapHOTO
Yacy, 1[0 BIIBOAUTHCS JUIS IPOBEJCHHS 3aHATh

Group for qualification
work

GQ

[ToTik 1)1 BUKOHAHHS
KBasTiQikariifHoi
pobotu

BipTyanbHe MOHATTS, 110 Oy/e pO3IIsAaTHCh IS
y3arajbHeHHs 00poOku iHdopmaiii. Bignosigae okxpemomy
CTYZEHTY, IKMi Ma€ BUKOHATH a00 KypcoBy, a00 TUINIOMHY
pobory.
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VY nesikux 3BO CTpYKTYpHOIO OJMHHIICIO € HAYKOBO-
HaBYaJILHUK 1HCTHTYT. 3 TOukM 30py 3aBmanHs [IHH
HIIIT MoHa BBa)KaTu MOHATTS «(PaKyJIbTET» Ta «HAYKO-
BO-HaBYAJILHUH IHCTHTYT» €KBIBaJCHTHUMH.

Kagenpa Dep moxe OyTn npencTaBieHa KOPTEKEM:

Dep =< NameDep, SNameDep, CodDep >,

ne NameDep — Ha3Ba kadenpu;

SNameDep — ckopodeHa Ha3Ba Kadenpu;

CodDep — xon kadenpu.

CrieniaibHICTh MIATOTOBKH S MOXHA MPEICTABUTH
TakuM HabOpOM:

S =< CodS, NameS >,

ne CodS — HoMmep cnemianbHOCTI 3rifgHo nepeniky [11];
NameS — Ha3Ba CemiaJbHOCTI.
I'pyna G mnpencraBisieTbcsi HaOOPOM TaKUX BiJo-
MOCTEH:

G =< CodG,NameG,Kst,F,S,NP, Lan >,

ne CodG — umdp rpymy;

F — dakynbTeT, 10 CKIagy SIKOTO BXOJHUTH IPyTIa;

S — CHemiaabHICTh MiATOTOBKH;

K st — KUIBKICTb CTYJICHTIB Y TpYIIi;

NP — 3a SKUM HaBYAJIbHUM IUIAHOM HaBUAETHCS;

Lan — MoBa HaBYaHHS CTYACHTIB I'PYIIH.

Bimowmi pi3Hi mIxoaw IO YTBOPEHHS IMHUQPIB TPYII.
3a3Buuail y mmdpi rpynu NIpencTaBIAETHCS BiIOMOCTI
mpo QakynbTeT a00 IHCTUTYT, PO OCBITHIO MPOTrpamy, 3a
SIKOIO HaBYAIOTHCS CTYJEHTH, TIPO Pik Habopy abo Kypc.

3 ypaxyBaHHSM TOTrO, IO YaCTHHA HAaBaHTAKECHHs
nependavae 3akpiljieHHs NEBHOTO CTYIEHTA 3a KEpiBHU-
KOM JJisi BUKOHAHHS aTecTalifHux abo MiICYMKOBHX
POOIT, IPOMOHYETHCS TOATH CYTTEBICTH, KA OIMUCYBATH-
Me meBHoOro cryaenta. CTyneHT St Moxke OyTH Tpen-
CTaBJICHUN TaK:

St =< SN_St,FN_St,PN_St,G,SD,P,Dep >,

ne SN_St —npizBumie crynenra (second name);

FN_St —iM’st ctyzenra (first name);

PN_St — mo 6aTpKkoBi (patronymic name);

G — rpyma, B sIKiif BIH HABYAETHCSI.

BpaxoByroun, mo cucreMa Moxe 30epiratu Ta 00-
poOJroBaTH iHIIY iH(GOPMALIIO PO CTYACHTIB (KOHTAKTH,
(¢opMy HaBUaHHSA Ta BIJOMOCTI NpO OIUIATy, AaHI IIPO
0aTbKIB CTY/EHTIB, IIPO Miclle MEIIKaHHS TOILIO), TO i3
yacoM 11ei Habip Moxe OyTH CKOpEeroBaHHi.

HaBuanpnuii ran SP (study plan) xapakrepu3y-
€THCSl TAKUM BIZIOMOCTSIMHU:

SP =< CodNP, S,Year,LT € {B,M},
Lan € {UA,EN}, A € {true, false} >,

ne  CodNP — mmdp HaBUILHOTO TUIAHY;

S — crHemianbHICTh MIATOTOBKH CTYICHTIB  3TiTHO
IUTaHy;

Year — pix cTBopeHHS;

LT — piBensr miaroroBku (training level) (marictp
(M) ab6o Gaxanasp (B));

Lan — moga HIT;

TS — TepMiH HaBUAHHS;

A — 03HaKa aKTyanbHOCTI.

O3Haka aKTyaJbHOCTI MOXe ab0 BBOIUTHCH, abo
PO3paxoBYBaTHCh HA OCHOBI IOTOYHOTO POKY Ta POKY
PO3p0OKH HABYAIEHOTO TUIAHY.

Hucnumutina D XapakTepu3yeThCSI TAKIMHU BiZOMOC-
TSMH:

D =< NameD,SNameD >,

ne NameD — Ha3Ba IUCUUIUTIHM,

SNameD — kopoTKa Ha3Ba AUCITUILTIHH.

[epenix muctuIoIiH Mae OyTH YHIKaQIbHUM B MEXax
Bumry. [Ipy nboMy OJHAKOBI AWCIMIUTIHM MOXYTH BHKJIA-
JATHCh Ha Pi3HUX Kadenpax Ta GaxyiabTeTaX, I Pi3HIX
CHemiaJbHOCTEH, y pi3Hil KidbKOCTI ToanH. Buxomsun i3
I[LOTO AY)KE BAXKIHBHUM € T€, sIKi TOJUHH BUAUICHI HA IIFO
JUCLUMILTIHY B HayajJlbHOMY IUIaHi. TOMY BaKIHMBUM
CJIEMEHTOM 1 i 30epiraHHs HaBYAJbHHUX IUIAHIB, 1 JJIS
IUIAaHYBaHHS HABaHTAXXCHHS € HACTyNHa CYTTEBICTH —
Discipline of SP.

CyrreBicTh «/{ucunmniina HaB4aneHoro 1wany» DSP
BU3HAYA€ DPO3MOMIN TOAWH Ha BHKIAJICHHS, 3BITHICTH,
MICIIC B CHCTEMi IITOTOBKH Ta B CTPYKTYPHO-JIOTIUHIN
cXeMi IiATOTOBKM 3a HaBYaJIbHUM IulaHoM. lle MokHa
MPEICTABUTH TAKUM KOPTEKEM:

DSP =< D,NP,Dep,KG,KK,KC,KIW,Sem,R,IT >,

ge D — nucnurutiza 3 mepeniky AUCIMILTIH;

NP — HaBuanpHUH MJaH, y CKJIajai SKOTO pO3Tisija-
€ThCS AUCIUILITIHA;

Dep — kadenpa, sixa BiATOBiTaE 3a MPOBEACHHS 3T/~
HO HaBYaJbHOIO Miany NP;

KG — KiJIBKICTh TOIWH Ha BUBYEHHS 3TiJHO HaBYalb-
Horo miany NP;

KK — kinmbKiCTh TOOWH Ha BHBYEHHS B TOJMHAX
3riIHO HaBYajIbHOTO Tany NP;

KC — XibKicTh TOAWH Ha MIPOBEACHHS 3aHATH ayAd-
TOPHUX;

KIW — KinbKicTh TOTUH HA CaMOCTiHHY po0oTY;

Sem — cemecTp BUBYCHHS,

R —3BiTHICTB (3aiK 3 OL[HKOIO abo 0e3 Hei, ek-
3aMeH);

IT —Tin  iHAMBiOyanbHOTO 3aBAaHHs (pedepar,
IHIUBIyaabHE 3aBAaHHS, KypcoBa po0oTa abo TPOEKT).

@DakTHYHO 11 CYTTEBICTh BIANOBINAE  psIKaM
HaBYAJIbHMX IUIAHIB y PO3JiMi, Jie MPEeACTaBICHI JlaHi Ipo
KUTBKICTh TOJMH Ha BUBYCHHSI.

bnox mucnumiin BiutkHOTO BHOOPY SCB cTBOpIO-
€TBbCS U TOTO, 100 BHIUTUTH YACTHHY JUCIUILIIH, SKa
BHUBYAETHCS TITBKU YaCTHHOIO CTyNEeHTIB rpym. B 3BO, Ha
6a3i skoro mpoBeneHo nociimkeHHs nponecy [THH, Taki
JMUCIUIUTIHA BHKJIAJAIOTBCA Ha 2-My Ta 3-My Kypcax.
[Ticna Bubopy cTyaeHTaMH ONOKY AWCLUIUIIH, SKHA BOHU
0a)kar0Th BUBYATH, TPYMa MOXKE PO3IUIMTUCS Ha ICKIJIbKA.
Buxonsun 3 1pOro I OMUCY TaKUX OJOKIB HEOOXITHO
MaTH TaKi BIJIOMOCTI:

SCB =< NameB,CodB, NP, BDList >,
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ne  NameB — mudp Gmoky;

CodB — na3Ba 0110KYy;

NP — HaBuanpHU{ IUIaH, B paMKax SKOTO BH3Ha-
YEeHUH OJI0K

BDList — mepenik IUCHMILTIH,
OIIOKY.

3aHATTS, OI0 MPOBOIATHCA 3 KOXKHOI IMCIUILTIHM,
monuraroTe Ha Jekmiiui (JI), mpaktuky (mabopatopHi
3anatTs (JI3) ta mpakruuni 3auarts (I13)). Ha BuBueHHs
KOXXKHOT 3 HHMX BHAUIIETbCS BHU3HAYCHA KUIBKICTH T'OJMH,
Ky Tpeba BpaxyBaTH MiJ yac BU3HAYCHHS HABYAJILHOTO
HABaHTAXCHHS. TakoX, KUIBKICTh JICKIH Yy JAMCIUILIIH
MOXE 3aJIeKaTh BiJl HABYAJBHOTO IUIAHY, y CKIaJ SKOTO
BXO/INTh IHUCHMILTIHA. TakoX NpH IuIaHyBaHHI HaBYaJIbHI
TOAVHY BUAUIAIOTHCA HAa KEPIBHULTBO BUKOHAHHSM Ta Ha
MPOBECHHS 3aXUCTy KBali(iKalifHHX poOOIT, TaKUX SK
kypcoBi podotu (KP), xypcosi mpoektu (KII), aumiomHi
pobotn OGakanaspi ([APB), mummoMHI poOOTH MaricTpiB
(IPM). Takum, 9UHOM TPONOHYETHCS CTBOPUTH THIIOBI
00’extu i3 nomssmu TC — tun 3ausaTh (type of classes) (J1,
JI3, 113, KP, KII, IPB, IPM), KgD — kinbKicTh TOAMH Ha
npoBeaeHHs, DSP — nucIuIIIiHa HaBYaIbHOTO TUIAHY, IS
SIKOT BU3HAYAETHCS JaHUN HAOIp TOIMH.

VY pesynbTari OymyTh OTpUMaHI HACTYIHI KOPTEXKi
JUISL OTIHCY:

JeKIii L:

L =< DSP,TC = JI,KgD >;

Mo BXOOATH 10

MPaKTUKU Pr:

Pr =< DSP,TC =TI3JI3,KgD >;
kBanidikaniiHux poditr QW':
QW =< DSP,TC = KPKII|APM|PB, KgD >.
Buknamau T XapakTepH3y€eThCsl TAKMM BITOMOCTSIMHE:
T =< SN,FN,PN,AR,SD,P,Dep >,

ne SN — mpi3Buiie;

FN —iM’s;

PN — 110 6aTbKOBI;

AR — BueHe 3BanHs (academical rank);

SD — HaykoBwmii CTyneHb (science degree)

P — nocana, siKy Biii 3aiimae (position);

Dep — xadenpa, Ha skiii BiH npamtoe (department).

Tlotik ays mpoBeneHHs 3aHATH GC XapakTepusy-
€ThCS TAKUM BiJJOMOCTSIMHU:

GC =< NameGC,GList = {G; € G},TC,Ks >,

ne  NameGC — ymoBHa Ha3Ba (abo KOJI) MOTOKY;

GList — Habip Tpym, AKi 10 HHOTO BXOJISATh;

TC — tun 3aHATH, U1 TIPOBEACHHS SKHUX BiH CTBO-
penntii (type of classes);

KS — KUIBKIiCTh CTYJICHTIB B MOTOIII.

[Jana cyTTeBicTh € 0a30BOI0, SIKa BU3HAUYA€E y3arajb-
HeHu exeMeHT npenMeTHoi obnacti. Ha npakTuii posmo-
JIT BU3HAYAETHCS HACTYITHUM YHHOM:

e okpemuii BHKIanad (i TUIPKM OJWH) TIPU3HA-

Yae€ThCS HA YWTAHHSA JIEKIiH, a TaKoX IpOBe-

JICHHS 3ajiikiB a00 eK3aMeHiB, a TaKOXX KOH-
CYJBTAIlI} IS HUX;

® ISl KOKHOT TPYIU JJIsl IPOBEACHHS MPAKTUIHUX
a00 a0oOpaTOPHUX 3aHATH MPU3HAYAETHCS OKpE-
MUl Bukianad (i TUIbKU ONUH), ajle BiH IPOBO-
JUTh TiTBKY POBEJCHHS MPAKTUKH (SKIIO OTHO-
YacHO HE € JEKTOPOM);

® KypcoBi, 0akalaBpCBKi Ta MariCTepChKi poOOTH
BHKOHYIOTBCSl 1HIWMBIIyaTbHO, TOMY BimOyBa-
€TBCS 3aKPiIDICHHA OXHOTO (i TINBKH OIHOTO)
BHKJIala4ya JUII KepiBHUITBA (KOHCYJIHTYBAHHS)
CTYJ/ICHTA.

[eit MOMEHT TOCTaTHHO BAXKIIMBHIA, TOMY IO ITiJ] Yac
pPO3MOALTY TiJi OKpeMy MO3WII0 clig Oyae BUAUTHTU
OKpEeMHUIl psIOK y IUIaHI HABYAILHOI'O HABAHTAXKCHHS,
KpIM IUIaHYBaHHS PO3MOJITY KYpCOBUX Ta JAUIUIOMHHX —
JUTE OOYUCIICHHSI KUTBKOCTI MITATHUX MOCAJ HEMae HeoO-
XITHOCTI 3HATH, XTO KAM Kepye MiJ J9ac TUIUIOMHOTO abo
KYpCOBOTO TIPOEKTYBAHHSI.

Binpasy cmix 3a3Ha4nTH, 0 HAMEHYBaHHS MTOTOKY
MIPOTIOHYEThCS TMPHU3HAYATA TAKUM, MO0 BOHO HE CIIiB-
majajo i3 akaJeMiYHAMH Ha3BaMH IIOTOKIB, 3BHYANHO,
o0 OyJo yHIKaJbHHM, Ta BiOWMBAJIO 3MICT YTBOPEHHS.
Hanpuknan, nassa JavaEEOptLect Bu3Hadae, 1Mo moTikK
CTBOPIOETHCS Ui YHWTAaHHS BHOIPKOBUX IHUCIMILUIIH 3
6noky «Po3pobka nonarkiB Ha Java EE», a KH-420_P —
BU3HAYAE IPYIY VIS MPOBEICHHS MPAKTHKH, SIKa BiBIAYE
3aHATTA 0e3 mojalty Ha miarpynu. BuznaueHHs takoi cuc-
TEMH He TIOBUHHE BUKJIMKATH CKJIaHOII].

Takox BUpa3 BH3HAYA€, MO MOTIK MOXYTh YTBO-
PIOBATH TUTBKH aKaJeMidHi rpynH (paKyIbTETiB.

JlexmiitHu#t NOTiK GL mMoeqHye BCi TPYIH, U SKHX
MaroTh OyTH npounTaHi yekmii. [{e MoxkHa mpencTaBuTH y
Takui crnocio:

GL =< NameGC,GList ={G; € G}, TC = L,Ks >.

AHasnoriqyHo GopMaibHO NMPECTaBISETHCS MOTIK IS
MpaKTUYHUX 3aHATh GP:

GP =< NameGC,GList = {G; € G},TC = Pr,Ks >

a TaKOX TMOTIK /i1 BHKOHAHHS KBamiikamidHoi pobo-
™ GQ:

GQ =< NameGC, GList = {G; € G},TC = QW,Ks >.

[I1o6 mokazaTH B3a€EMOAII0 CYTTEBOCTEH IOMEHHOI
MoJeTi MDK C000r0, CTBOpEHO [iarpamy KiaciB B
Enterprise Architect (puc. 1). Po3pobka nomennoi moxeni
quist npouecy ITHH HIIII, no3Bonsie mepeiitn 10 ¢opma-
Jizanii eTamniB npouecy GopMyBaHHsS HaBYaJIbHOTO HaBaH-
Ta)KEHHS.

2. dopmadnizanis eraniB MiArOTOBKH NJIAHY.

2.1. Po3podka Mojei ¢popMyBaHHSI ceMeCTPOBOTO
miany. Po3pobka ceMecTpoBOro ImiaHy MoJsTae y M-
TOTOBIIl y3arajlbHEHOTO BUTATY JUCLMIUIIH 3 aKTyaJbHUX
HaBYAJIBHMX IIJIaHIB, 3a SKUMH Kadenpa Mae TPOBECTH
3aHATTS Yy 3aJJaHOMy HaBUaJIbHOMY poui. [Ipu npomy s
KOKHOT JUCLUILTIHM Mae OyTH IpeiCTaBlICHUH Mepeltik
Ipyn, B SIKUX OyIyTh NPOBEJEHI 3aHATTS, a TAKOX pPO3-
TIOZIUJI TOJIMH HA IIPOBE/ICHHS 3aHSTh.
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Puc. 1. JlomeHHa Mozeyb AJIs 3a/1adi CTBOPEHHS IUIaHy HaBuanbHOro HaBaHTaxkeHHs HIIII kadenpu

Buxioni oani. 3anaeTbesi HaBYAIBHU PIK, IS IKOTO
HEOOXimHO copMyBaTH TIUIaH HABYAJHHOTO HaBaHTA-
HKEHHSL.

Heobxiono. ChopmyBaTu mepeik TUCIHMIUIIH, 3a-
HATTS 3 AKUX MOBUHHI OyTn BukianeHi HIIII kadempu y
3aaHOMy HaB4aJlbHOMY poui. Lleif nokymeHT oTpumas
Ha3BYy CEMECTPOBOT0 HaBYAJILHOTO IUIAHY.

Jnst nnaHyBaHHS HaBaHTa)XCHHS Ha OCHOBI JaHOTO
JIOKyMEHTY 3alpoIlOHOBaHO CTBOPHTH 0a30BHH BapiaHT
IUIAaHy HABYaJIbHOTO HABAaHTA)KCHHA. Y JAaHOMY BapiaHTi
MOBUHHI OyTH MpeJCTaBIIeHI:

® CIOHCOK JAMCHMIUIIH 13 BKasyBaHHAM IIU(PY
HAaBYAJIBHOTO IUIAHY Ta MWHQPY IUCLHUILIIHA B
bOMY I1JIaHi;

HOMEpP CEeMeCTpy, 3BITHICTh Ta BHI I1HIUBIAY-

o [ Buswaswrn pix. 1 O-rpumaru nepenik
St MNaHYBaHHS ‘ HaBYanbHuX rpyn Ans
; __3agaWoropoxy /

QIBHOTO 3aBAaHHSI 1JIs1 BUKOHAHHS;

3arajbHa KUIBKICTb Yacy Ha BUBYEHHs Yy TOJMHAX
Ta KpenuTax;

PO3IOJIII TOJIMH 110 BUAAM 3aHSTh.

Mozenp ZaHOTO MPOIIECy IpeICTaBIeHa Ha puC. 2.

Jns momanbmioro po3mojily HaBYaJbHOTO HABaH-
taxenuss HIIIT cmig BH3HAYMTH HaBYAJIbHI ITOTOKH IS
MPOBEICHHS JICKIIHHUX, MPAaKTHYHUX Ta JaOOpaTOPHUX
3aHSATb.

2.2. Po3podkxa wmogeni mpouecy ¢opMyBaHHS
NOTOKIB /15l NPOBeeHHs 3aHATh. DOpMyBaHHS MOTOKIB
noyisArae y 00’eTHaHHI HaBYaJbHUX TPYIl 3 METOK OINTH-
Mi3arlii mporecy HaBYaHHS, a TaKOX i3 METOH IIiJBHU-
1IeHHS e()eKTUBHOCTI HaBYaHHS, Mepil 3a Bce, e(eKTHB-
HOCTI POBEICHHS NPAKTHYHHUX BU/IiB HABYAHHSI.

‘ Orpumari nepenik nnawis, 2a
SKAMM HABYAKOTLCS PYNH

HOMEpH ceMecTpi, aKi NoTpiGHo
PO3rNAAATH AN KOKHOI rPyNK

*’*’ Pozpaxyeati Homep Kypcy Ta

BH2HaMeHi ceMecTpH Ans ‘
BH3Ha%eHNX rpyn

“ OtpumaTi noBHMi nepenix ‘
AWCUNKNIH BiANOBIAHO Ha . ~ |

O6eawaTti noanyil nnauy, ‘

WNAXOM NepeniveHHs rpyn, wo | ﬁ.\,
MalOTb BHBHATH OAHAKOBi ‘ End

ANCUMNNIHK

Puc. 2. Monenb ¢hopMyBaHHS BUTATIB 3 HABYAIBHOTO IUIAHY HA PiK
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Buxioui dani. € mepenik rpym, npo KOXHY 3 SKHX
BioMO IHM}p Ta IWU(p HABYAIHHOIO IUIAHY, 32 SKHUM
rpymna HaBYa€ThCA. J{ani Mo)KHa BUTATTH BCEO iH(QOpMAITitO
PO CIEIiaALHICTh TOIIO.

€ mepenik AUCHUILIIH, B SKUX € JBa HANPSIMHU ITi[I-
TOTOBKH — JIEKIii Ta MpaKTH4HI (J7a0OpaTopHi, Mpak-
TiuHi). J0 JEKmiHHUX BXOIATH TaKOX KOHCYIBTAIIi,
eK3aMeHH a00 3aITiKH.

Heobxiono cTBOPUTH NOTOKH [T YUTAHHS JICKITiH Ta
MTOTOKH IS IPOBEICHHS MPAKTHIHHUX 3aHATE.

[Tepmr 3a Bce cmig Oyno BU3HAYHUTHUCS, SIKHAM YHHOM
YTBOPIOKOTBC MOTOKU. Ll iHpopmariss Oyna 3BeaeHa
y Tabi. 2.

Kpim mpencTaBiieHOr0 po3’sICHEHHs, sSIKi MOTOKH Ta
i3 KM MOXYTh TIO€IHYBATUCh, CITiJ] 3a3HAYUTH IIIC JCKiJIb-
Ka TPUHIHITIB;

e TpYIH, IO HABYAIOTHCSA PI3HUMH MOBaMH, IO
OJTHOTO MOTOKY HE BKIIFOYAIOTHCS; 1€ CTOCYETHCS
Oyab-SIKUX BHU[IIB 3aHSITE;

e 00’emHAHHS TPYN Pi3HUX (PAKyIbTETIB Ta PiI3HUX
Kadeap mMae MiCIe TUTBKH IS JUCHIUIUTIH, KOJIH
CeMEeCTp BUKIIAJICHHS, KUTBKICTh TOAMH Ta IX PO3-
[OJ1JI [I0 BUIAM 3aHAThH CIIBIANAOTh.

[Moxin rpynu Ha MIATPYNU 3AIHCHIOETHCS BUKITIOYHO

HA MPAKTHYHHUX 3aHATTSIX. 3BUYANHO MOALT Hae Ha ABI
YaCTHHHM, ajlé Ha TaKuX AWCHUIUIIHAX, SK aHTIIHChKa
MOBa, MATPYI MOXKe OyTH OibIe.

Hwxkye mnpencTaBmseTbcs BapiaHT IMIUICMEHTAIIiT
¢dopmyBanHs moTokiB. Jliarpama aktmBHOCTi UML, mo
Bi3yali3ye MpPENCTaBICHUHA alTOPHUTM, IMPEICTaBlicHa Ha
puc. 3. Bapro 3a3HaunTH, IO IIeW €Tam € OJHUM 3 MICIIb,
SIKHH TIPUITYyCKA€ TIONMiBaPiaHTHICTh IMIDIEMEHTAII].

1. V mepeniky mucuuiutiH 0e3 TOTOKiB, BHOpaTu
JTUCHUTLTIHY.

2. IlpusHauuTH (AKmO €) ab0 CTBOPUTH Ta IpPH-
3HAYWUTH MOTIK JJIS JICKI[IHUX 3aHATH:

a) SIKIIO € JISKIIWHUH MOTIK y MepeNiky iCHYIUHX,
SKMH MOke OyTH 3B’s13aHMH 13 JAaHOI TUCLUILIIHOI, TO
BiH IOJAETHLCS 1O JUCLMILIIHH;

0) SKIIO Hi, TO 3IICHUTH CTBOPEHHS:

e TIpU3HAYUTH Ha3By (Hampukiand, 1211 — mis Beix

rpyn crnemiagpHOCcTed 121, 121 122 126L mms
Tpymn 3 MaTeMaTHYHOro aHamizy, Javal — mis
JUCHHTUTIH BUTHHOTO BUOODY, SIKi BUBYAIOTH CTEK
TeXHoJoTiH Java);

e JI0/1aTH TPYIH, OOHMparodu ixX 3 Mepemiky Tpym,
1o 30epiraeTbes y 6a3i JaHuX.

[Ipn crBOpEeHHS aBTOMAaTMYHO Ma€ J0JaBaTHCh
iHpOpMalis Npo KiTbKICTh IPYI, MPO 3arajbHy KUIbKICTh
CTYZIEHTIB — L5l iH(OpPMAaIisl BUKOPUCTOBYIOThCS Jlalli MPH
PO3paxyHKy TOIHMH, TOMY JOLUIBHO MaTH MOXJIMBICTH Il
OoTpHUMaHHs 0e3 3aliBUX BUTpAT 4acy.
3. IlpusHauutn (AKOi0 €) a00 CTBOPHUTH Ta IpPHU3HA-
YHUTH TIOTOKH VIS IPAKTHYHHUX 3aHATD.
Peaizamnis ananoriuyHa cTBOpeHHIO JeKkuinHuX. [Ipu-
kinanamu Ha3B Oyme KH-719 720 ab6o KH-219a6 — mis
motoky 3 nBox rpym, KH-219a — s oxwiel rpymm (mo-
ITBHO CTBOPUTH TOTOKM 3 OIHI€l TPYNH 3 TOYKH 30pY
MEPCICKTHBH MOJANBIIIOT 0OPOOKH).
OKpeMO CTBOPIOIOTHCSI TOTOKHM JJIsl NpUAMaHHS
KypCOBHX, AUIUIOMHHX Ta Maricrepcbkux poOit. Ha erami
I[THH mnpuiimanns kBamidikauiiiHux poOIT JOCTaTHBO
NPE/ACTABUTH OJHUM IOTOKOM, B SIKOMY CIIii TIOKa3aTu
KIJIBKICTh THX, XTO BHKOHYE KYypCOBi, IUIUIOMHI Ta
MaricTepcreki poOoTH.
[Micns 3mificHEHHS TaKOTO PO3IOAUTY MOXe OyTH
CTBOpeHHH 0a30BMH IUIaH HABYAJIGHOTO HABAHTaXKCHHS.
SIKIIO BUKOHYBATH BPY4YHY, TO CTBOPCHHS LbOTO IUIAHY
BiIOYBAa€THCSI HA OCHOBI CEMECTPOBOTO IUIaHY, B SKOMY
BKa3aHO Mepeiik aucuuriin. HeoOXiqHo HarajaTH, 10 B
I[OMY IUIAHI MICTUTBhCS Ha0lp YHIKaJbHHX JAMCIIUILIIH.
Pyxaroo4uce mo CTBOpPEHHM IOTOKaM, CIIJ JIOAATH PSAKA
JUIS BCIX CTBOPEHHX MOTOKIB. Tako)X MOTPIOHO MaTH Ha
yBa3i, U0 KOXEH 3 PAIKIB SBJISE COOOI0 IOPYYECHHS IS
OKpEMOTO BUKJIA/1a4a.
Hami B mel 1wiaH AOAalOThCS (QOPMYNH y TEBHI
KOMIpDKM TaONlMLi, a CyMa psAKAa BU3HAYUTH 3arajbHy
KUTBKICTh MIPOBEICHHS 3aHSITh.
2.3 dopmadtizanis npouecy  poO3paxyHKy
HABYAJBbHOI0 HABAHTaKeHHs. PO3paxyHOK HaBYalb-
HOTO HABAaHTAXXCHHS IOJISIra€ B TOMY, IIO ISl KOXHOI
Mo3uIlii 0a30BOr0 PO3MOILTY HABYAILHOTO HABAHTAXKCHHS
00YHUCITIOETBCA KUIBKICTh TOAMH HA BUKIIAJACHHSA JUCLIUII-
JIIHY HAa OCHOBI JOKyMeHTiB [1] Ta [2].
Iepen tuMm, sik nmpuBect HOpPMYyIH Al OOUKMCICHB
CIIiJI PO3TJSIHYTH Pe3yNbTaTh PO3paxyHKiB, OTPUMaHUX i3
3acrocyBanusiM Excel (puc. 4).
Crizx 3BepHYTH yBary, mo B TaOJHIN € PSAKH ABOX
THUTIB:
® Ti, IO BiAMOBIJAIOTH JIEKIIisIM B TIOTOKAX (PSIOK
39 Ta 49);

® Ti, MO BIANOBIJAIOTh MPAaKTHUYHUM 3aHATTSIM B
OKpeMHUX Tpylnax, BKIIOYAIOYd KypcoOBi poOOTH
(yci i1 cToBmi).

Tabnuus 2 — OcoOaMBOCTI CTBOPEHHS TEpPeNiKy HaBYaIbHUX TIOTOKIB

IMoennanus
Iloennannsa rpyn | Iloegnanns rpyn 3 s
[Noennanus . . Tpyn 3 ofHieT
. . 3 pisHuX Kadeap Ppi3HHUX . .
Tun Tun quctumTian TPy 3 Pi3HAX ) . | cmemianmeHOCTI
. OJTHOTO CrielianbHOCTeH .
(axynbTeTiB A oHi€l
¢daxynbTeTy onHiel Kapeapu
kadeapu
Jlekuiianii 3aranbHi Tax Tax Tax Tak
TMOTiK [podeciiini Hi Tak Tak Tak
Binpauii BuOip Hi Tax Tax Tak
Totik nnst JlaGopatopHi 3aHATTS Hi Hi Hi Tax
NPaKTUYHUX [IpakTnyHi 3aHATTS Hi Hi Hi Tak
3aHATh
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TakuM YHHOM, MOXHA PO3MIISHYTH PO3PAXYHOK
HABYAJBHOTO HABAaHTAXKCHHS JICKTOpA Ta BHKIAJadya, IO
BeJIC MPAKTHUKY.

PoOota nekTopa BKITIOYAE:

® TIPOBENCHHS JICKIIii B OJHOMY IMOTOIII;

® [POBEICHHS KOHCYJBTALIH Mepe/l eK3aMeHaMHu;

e TIpuiiMaHHA 3aJiKiB 200 €K3aMECHIB.

KimpkicTh JeKmiii B SBHOMY BHUIJISAI IPOIHCAHA B
tabmumi. Ha koHCymbpTamito 1O eK3aMeHy BUAUISETHCS
2 TOIMHU HAa KOXHY HaBYalbHY rpymny. [IpUiHATTS 3a1iKy
B NPHUHIUMI Ma€ BiOyBaTHCh NUIIXOM ITTOWUTTS MiICyM-
KiB pOOOTH Y CEMECTi.

Ha npuiimManHs 3amiKy BiIBOAWUTBHCS 2 TOIMHU Ha
KOKHY TPyIy, IO BXOIUTH IO MOTOKy. Ha mpuitMaHHS
ek3aMeHy BinBoauThes 0,33 roaMHa HA OJHOTO CTYJCHTA.
TakuM YMHOM, MOXHA BHTPAaTH HABYAJIBHOI'O Yacy Ha
poboty nexktopa TL y roamHax MO)KHAa OOYHCIHTH 3a
BHPA30M:

KL + 2 - Kgr, AK110 3aJIK;
KL +2-Kgr + 0,33 - Kst, ak1o icnur,

ne KL — KinpKicTh TOJMH HA YUTAHHS JEKIi;

K gr — KinbKiCTh HAaBYAJIBHUX IPYI B MOTOLL;

K st — KITBKICTB CTYJCHTIB y MTOTOIII.

Buknanau, skuii Beme NpakTH4YHI 3aHATTI abo
nmabopaTopHi POOOTH BHTpayae CBili Yac BUKIIOYHO Ha
MIPOBEICHHS 3aHATH 32 PO3KIIAJIOM.

Jns kepiBHUNTBA KypCOBHMH pPOOOTaMH MOXYTh
BUAUIATHCS JEKiNbKa BUKJIaJadiB, aje 3arajbHa KiIbKiCTh
y OyIb-iKOMY BWIAIKy Oyae BH3HAYATHUCSH KUIBKICTIO
CTY/ICHTIB, Ha KOXKHOTO 3 SIKUX BiJJBOAMTHCS 110 2 TOAWUHU
Ha | Ta 2 Kypcax Ta 3 rOJIMHU Ha CTapIINX Kypcax.

AHAIIOTIYHO OOYHCICHHIO Yacy Ha KEpiBHHUIITBO
KypCOBHUMHM poOOTaMH, 4ac Ha KEPIBHULTBO OakallaBpaMH
Ta MarictpaMu OOYHUCIIOETHCS, BHUXOIIYM 3 KUTBKOCTI
CTyICHTIB-0akanaBpiB (4 Kypc) Ta KITBKOCTI CTYJCHTIB-
MarictpiB (5 kypc). Ha kepiBHHIOTBO OakamaBpoMm
BUAIIAEThCA 14 TOOMH HAa KOXKHOTO, @ Ha KEPIBHHUIITBO
MmarictpoM — 27 roa. Kpim toro, o 2 roJuHu BUAIISETHCS
Ha BHYTpIIIHE pELEeH3yBaHHsA. TakuM YUHOM, MOXXHA
BU3HAYUTH KUIBKICTh FOJMH HA MPOBENCHHS NPaKTHYHUX
3aHATh TPT:

TPr(roa] = KPr,

ne KPr — KUIBKICTh TOAMH HA YUTAHHS JEKIIH.
KinmpkicTh TOAMH Ha KEPIBHUITBO KBaMTi(iKalitHIMU
poboramu TQW Oyne BuiineHo:

( 2 - Kst, akmo KP Ha 1 Ta 2 kypcax;
3+ Kst, axmo KP Ha 3,4,5,6 Kypcax;

| 16 - Kst, axmo /IPb;

k 27 - Kst, akuio JIPM.

TQW =

Jnst oOunciieHHs1 3arajJbHOTO0 O0CSTY HABYAIBHOTO
HaBaHTAXEHHSA 1NN CIiJ BUPAaXyBaTH CyMYy BCiX MO3HIIN
y ©6azoBomy 1miaHi poOit. dopmanizoBaHO 1€ BU3HA-
Ya€eThCS TaK:

Tnnlroa] = ¥, TL, + X, TPr, + ¥, TQW,,,

ne  ; TL; — cymMa rofuH 1o BCiM JIEKIIHHAM TO3HIIisAM;

Y.p TP1,— cyma roiiH 1o BCiM HO3HIIISAM IPaKTHIHOT
IMiATOTOBKU;

§:q 7"(2[¢Qq -
¢ikariitaux pooiT.

3aBepIIaNbHUM €TaloM PO3paxyHKIB € BU3HAYCHHS
KIIBKOCTI INTATHUX OAWHHIL [JI BHUKOHAHHS HaBYallb-
HOTO HAaBaHTAXCHHSA. BOHO pO3paxoBYETHCS BUXOAIIH 3
TOTO, IO BHKJIama4 Mae mpoectd 600 rogwH IpPOTATOM
HABYAJIBHOTO POKY. TOMY KUIBKICTh IITATHUX OJMHUIIb
MO>KHA OOYHCIIUTH TaK:

CyMa TOAWH MO BCIM MO3HIIsAM KBalli-

KTnn[oci6] = [Tnn[roa]/600[ﬂ]].
0Cco0y

OtpumanHs wniei nudpu 3aBepiuye npouec IUIaHy-
BaHHs HaB4YabHOTO HaBaHTaxkeHHs HIIIT kadenpu.

BucnoBku. [Tposenena po3pobka GpopmaizoBaHOTO
ormucy mnpouecy ITHH HIIII kadeapu 3BO mo3Bosse
CTBEp/DKYBaTH, IO Tporec (dopMmamizamii € TrapHO
MPaKTUKOIO UL TOTO, IIOO pO3pOOUTH CHCTEMY BHpIi-
IICHHS THIIOBOI 3a/1a4i y OpraHi3amii, sika Bigpi3HAETHCS
BEJIMKOIO 1€PApXidHOI0 CTPYKTYpOIO, IO, SIK HACIHIIOK,
MPUBOAWTH JO TOSABU pIi3HUX Bapialiii y peamizarii.
HasBHicTp diTKOT (OpMambHOI METONUKH BHPIIICHHS
3amadi, MPENCTaBICHOI Y 3po3yminoMy (opmarizoBaHOMY
BUIJIAl JI03BOJISIE YIODSAKYBAaTH MpPOLECH, a TaKOoX
3a0e3MEeYUTH KOHTPOJIb 3a KOPEKTHICTIO X peanizalii, a y
HalKpaluioMy BHUIAJKy — aBTOMaTU3yBaTH, YCYBalO4H
cy0’exTHBHI (hakTOpH.

[pencraBnenuii HaboOp Mojenei Ta GopMyn MoOKe
CTaTH OCHOBOIO JUIsI OJIHO3HAYHOTO BU3HAYEHHS ITPOILECY
[MHH B paMkax CTpPYKTYpHOTO MigpO3ALTy i, HaBiTh,
BUILOTO HABYAJILHOTO 3aKJIaly, HaJJal0u BHPIMICHHIO M€l
3amadi MpO30pOCTi peaii3allii, YiTKOTO TIPEACTaBICHHSI
BXIIHUX Ta BUXITHUX TaHUX, MOXKJIHBOCTI OOTOBOpEHHS
NPUHIMIIB peajti3anii MmiIaHyBaHHSA Ta iX BJIOCKOHAJICHHS
3a MoTpedH, a TAKOXK MOXKJIMBOCTI OpraHizailii HaBYaHHS
BIJIMIOBITHHUX CITIBPOOITHUKIB.

Takox ciif 3a3HAYUTH, 10 MPEACTaBICHUI hopma-
J30BaHUH OMKMC MPOLIECY OTPUMAHUH JUIsl TJIaHyBaHHS
HABYAJILHOTO HABAHTAXKEHHS IeBHOT Kadeapu NEeBHOTO
3akiangy BHIOi ocBith. Ilpm mpomy KimrodoBi mudpu
PO3paxyHKiB OTpUMaHi 3 HOPMaTHBHHX JIOKYMEHTIB, TOMY
OinblIicTs BUpa3iB Oyne JOPEYHOI0 10 NPEICTABICHHS
po3paxyHKiB Ha Oynp-skiii kadenpi Oyzap-skoro 3BO.
Binpizustucs Ha pi3HUX (QaKyJbTeTax i, HaBiTh, Ha PI3HUX
Kagenpax oJHOro (axyinbTeTy, MOXYTh MOJIEI MPOIECiB
(opMyBaHHS HaBYAIFHHUX MOTOKIB, PO3MOILTY 3aHITh MIXK
BUKJIala4aM¥, NPUHLUIK TPU3HAYCHHS KEPIBHUKIB Kyp-
COBHX Ta AWIUIOMHHX POOIT. Ane X y Oyap-iKOMy BH-
MajKy HasBHICTH (popmati3oBaHOi MoAaeNi poOUTh MOXK-
TUBUM 1 aHami3 BigmoBimHocTi mporiecy ITHH Bumoram
HOPMATHBHUX JTOKYMEHTIB, i HOTO BIOCKOHAIEHHS, 1 J0-
BE/ICHHS NPHUHIMIIB IUIAHYBaHHS HaBYAJIGHOTO HABaHTa-
SKEHHS JUIS 3aliKaBJIEHUX OCi0.

Po3pobka (hopMalti3oBaHOTO OMKCY TaKOX 3abe3re-
4qye OCHOBY Juis MOOYJOBU 0a3M aHMX CHCTEMH aBTOM-
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aTM30BAHOTO IUIAHYBaHHS HABYAILHOI'O HABAHTAKCHHS, a
TaKOXX BUXIJHI JaHI BU3HAYCHHS CHUCTEMH (DYHKI[IOHAJb-
HHUX BUMOT 10 Hei. 30KpeMa, aBTOMaTHU3yBaTH y CHCTEMi
PO3TIITHYTOTO NPU3HAYESHHS MOJKIIUBO!

e mpouec GopMyBaHHS IUIAaHY HABYAJIBHOT'O HaBaH-
Ta)kKeHHS KadeIpu Ha HaBYAIIbHUM DIK;

e TIpollec 3aKpilICHHS BHUKIAIAdiB 3a JUCIIHILII-
HaMH Ta BHJaMH HaBYaJIbHOTO HaBaHTAaXXCHHS,
npr3HaueHHs kepiBHUKIB KP (KIT) ta JIP;

e Tporec GpopMyBaHHS BiIOMOCTI HaBYAIBHUX JI0-
PYYCHB, IO BiIOMBA€E YiTKUI PO3MIONLT HABYAIb-
HOTO HAaBaHT&)KCHHS HA HaBYaJIbHUMH DIK;

e nmpouec (opMyBaHHS BHTATIB 3 PO3MOILTY
HaBYAJILHOTO HABAHTAXXEHHS y BUIJISAIL PO3ILTY
«HaBuaneHa poOoTa» 11 OKpeMHX BHKJIA/adiB
i3 aBTOMATHYHOIO PO3CUIIKOI0 EJIEKTPOHHOIO
HOILTOIO.

HasBHicTh mepemiueHoro (yHKIIOHANTY TO3BOJHTH
ICTOTHO CKOPOTHTH 4ac Ha PYTHHHY po0OoTy sk Ge3rmo-
cepennix ygacHukiB I[THH, Tak i poGory HaykoBo-mena-
TOTIYHHUX TPAIiBHUKIB MiJ 9ac IIaHyBaHHS iX IiSUTBHOCTI
Ha HaBYAJIBHUH pIK.

Crucok JiTepatypu

1. Ilpo s3ameepOdwxceHHs HOpm uacy O NIAAHYBAHHA | 00OJIKY
HABYANLHOI pobOmMU Mma nepenikie 6udié HAGUANbHOI, MemOOUUHOI,

IHHOBAYIIIHOL, HAYKOBOI, opeanizayitinol pobomu ma  iHwOl

neoazoeiunoi  OiANbHOCMI Nedazo2iyHux I HAYK08O-Nnedazo2iuHux
npayieHuxie  3aknadie  paxoeoi nepedsuwoi  oceimu: Hakaz
Minicmpa oceimu ma uayku Ykpainu 6io 18.06.2021 p. Ne 686.
URL:  https://mon.gov.ua/ua/npa/pro-zatverdzhennya-norm-chasu-
dlya-planuvannya-i-obliku-navchalnoyi-roboti-ta-perelikiv-vidiv-
navchalnoyi-metodichnoyi-innovacijnoyi-naukovoyi-
organizacijnoyi-roboti-ta-inshoyi-pedagogichnoyi-diyalnosti-
pedagogichnih (nara 3Beprenns: 11.11.2021).

2. Ionooicennsi npo naamyeanms i 00NIK OCHOGHUX 6u0i6 pobomu
Haykogo-nedazoziunux npayienuxie HTY «XIIly. XapkiB: HTY
«XTIl», 2021. URL: http://blogs.kpi.kharkov.ua/v2/metodotdel/wp-
content/uploads/sites/28/2021/10/olozhennya-pro-planuvannya-ta-
oblik-osnovnih-vidiv-roboti-naukovo-pedagogichnih-pratsivnikiv-
NTU-HPI-.pdf (nara 3Bepuenns: 10.11.2021).

3. Tlonoowcenns npo nopsaook po3paxyHky ma posnooiny HA6YAIbHO2O0
HABAHMACEHHS Ul NepeliK OCHOBHUX 6U0i6 MemOOUUHOI, HAYKO8OI,
opeanizayiiinoi  pobomu  HAYKOBO-NEOA0iMMUX — NPAYI6HUKIG
3anopizvkozo Hayionanvnoeo yuieepcumemy. 3anopixoks: 3HTY,
2021. URL: https://sites.znu.edu.ua/navchalnyj_viddil/
normatyvna_basa/polozhennya_pro_poryadok_rozrakhunku_ta_rozp
od__lu_navch__navantazh__j_perel__k_osnovnikh_vid__v_metod_
__nauk___organ__z__roboti_naukovo-
pedagog__chnikh_prats__vnik__v_znu.pdf (gata 3BEPHEHHSL:
12.05.2022).

4. Asmomamuszosana cucmema ynp[l(?.fliHH}? HAsYallbHUM npoyecom
HTY «XIIl» (ACY HII). URL: http://www.kpi.kharkov.ua/rus/wp-
content/uploads/sites/3/2018/05/asu_rus.pdf ~ (mara  3BepHeHHs:
20.02.2022).

5. Onuc enympiwnwvoi cucmemu 3abe3nedents AKOCMi O0CEIMHLOL

Oisibnocmi Yy Xapkiecokomy — HAYiOHAIbHOMY — YHIgepcumeni
padioenekmpoHixu. URL: https://nure.ua/wp-
content/uploads/Main_Docs_NURE/opys-vsziao.pdf. (mara
3BepHeHHs: 12.05.2022).

6. [lonoocenns npo cucmemy BHYMPIUWHbO20 3A0e3NeHeHHs AKOCMi
euwoi oceimu 'y Hayionanonomy mexuiyvnomy yuigepcumemi
Vrpainu  «Kuiscokuii  nonimexniunui  incmumym  imeni  leops
Cikopcvkoeoy. URL: https://document.kpi.ua/files/2020_7-165.pdf
(mara 3Bepuenmst: 12.05.2022).

7. Asmomamuszosana cucmema YnpaguiHHA — GUWUM — HABUATLHUM
3aK1A00M 1I-1v pisHs akpeoumayii. URL:
https://www.unitex.com.ua/products/commercial-software/

10.

11.

12.

automated-system-for-higher-education-institution/ (mara
3BepHeHH:: 12.05.2022).

AC  «[exanam» ACY «BH3». URL: https://vuz.osvita.net/asu-
vnz/as-dekanat/ (nata 3sepuennst: 12.05.2022).

Embley D., Thalheim B. Handbook of Conceptual Modeling:
Theory, Practice, and Research Challenges. Berlin, Springer, 2011.
597 p.

IIpo euwyy ocsimy: 3axon Yrpainu 6io 01.047.2014 p. Ne 1556-VII :
cmanom  na  12.05.2022p. URL: https://zakon.rada.gov.ua/
laws/show/1556-18 (nara 3Bepuenns: 21.05.2022).

Iepenix eanyseii 3uamns i cneyianbHocmel, 3a AKUMU 30TUCHIOEMbCA
nideomoska 3000yeauie euwoi oceimu: cmanom na 07.07.2021 p.
URL: https://zakon.rada.gov.ua/laws/show/762-2021-%D0%BF
(mara 3BeprenHs: 21.05.2022).

Odpiyiiinuii caim  po3pobHuKa Enterprise Architect.
URL: https://sparxsystems.com/ (uara 3Bepuents: 20.05.2022).

References (transliterated)

Pro zatverdzhennya norm chasu dlya planuvannya i obliku
navchal'noyi  roboty™ ta perelikiv vy'div  navchal noyi,
metody chnoyi, innovacijnoyi, naukovoyi, organizacijnoyi roboty" ta
inshoyi pedagogichnoyi diyal nosti pedagogichny’x i naukovo-
pedagogichny’x pracivny'kiv zakladiv faxovoyi peredvy shhoyi
osvity': nakaz Ministra osvity™ ta nauky™ Ukrayiny" vid 18.06.2021 r.
# 686 [About approval of time norms for planning and accounting of
educational work and lists of types of educational, methodical,
innovative, scientific, organizational work and other pedagogical
activity of pedagogical and scientific-pedagogical workers of
institutions of professional higher education: order of the Minister of
Education and Science of Ukraine from 18.06.2021 Ne 686].
Available at: https://mon.gov.ua/ua/npa/pro-zatverdzhennya-norm-
chasu-dlya-planuvannya-i-obliku-navchalnoyi-roboti-ta-perelikiv-
vidiv-navchalnoyi-metodichnoyi-innovacijnoyi-naukovoyi-
organizacijnoyi-roboti-ta-inshoyi-pedagogichnoyi-diyalnosti-
pedagogichnih (accessed 11.11.2021).

Polozhennya pro planuvannya i oblik osnovny'x vy'div roboty
naukovo-pedagogichny x pracivny'kiv NTU “XPI” [Regulations on
planning and accounting of the main types of work of scientific and
pedagogical workers of NTU "KhPI"]. Kharkiv: NTU «KhPl»,
2021. Awvailable at: http://blogs.kpi.kharkov.ua/v2/metodotdel/wp-
content/uploads/sites/28/2021/10/olozhennya-pro-planuvannya-ta-
oblik-osnovnih-vidiv-roboti-naukovo-pedagogichnih-pratsivnikiv-
NTU-HPI-.pdf (accessed 10.11.2021).

Polozhennya pro poryadok rozraxunku ta rozpodilu navchal nogo
navantazhennya j perelik osnovny'x vy'div metody chnoyi,
naukovoyi, organizacijnoyi roboty" naukovo-pedagogichny'x
pracivny kiv Zaporiz'kogo Nacional nogo universy tetu
[Regulations on the procedure for calculating and distributing the
studyload and a list of the main types of methodological, scientific,
organizational work of scientific and pedagogical staff of Zaporizhia
National University]. Zaporizhia: ZNTU, 2021. Available
at: https://sites.znu.edu.ua/navchalnyj_viddil//
normatyvna_basa/polozhennya_pro_poryadok_rozrakhunku_ta_rozp
od__lu_navch__navantazh__j_perel__k_osnovnikh_vid__v_metod_
__nauk___organ__z__ roboti_naukovo-pedagog__chnikh_prats
_vnik__v_znu.pdf (accessed 12.05.2022).

Avtomaty'zovana sy'stema upravlinnya navchal'ny'm procesom
NTU «XPI» (ASU NP) [Automated control system of the educational
process of NTU "KhPI" (ACS NP)]. URL:
http://www.kpi.kharkov.ua/rus/wp-
content/uploads/sites/3/2018/05/asu_rus.pdf (accessed 20.02.2022).
Opy's vnutrishnoyi sy'stemy™ zabezpechennya yakosti osvitn oyi
diyal’'nosti  u  Xarkivs'’komu  nacional’'nomu  universy teti
radioelektroniky™ [Description of the internal system of quality
assurance of educational activities at Kharkiv National University of

Radio Electronics]. Available at: https://nure.ua/wp-
content/uploads/Main_Docs_NURE/opys-vsziao.pdf. (accessed
12.05.2022).

Polozhennya pro sy'stemu vnutrishn’ogo zabezpechennya yakosti
vy'shhoyi osvity" u Nacional’'nomu texnichnomu universy teti
Ukrayiny® «Ky'yivs'kyj politexnichnyj insty'tut imeni Igorya
Sikors'‘kogo» [Regulations on the system of internal quality
assurance of higher education at the National Technical University
of Ukraine "Kyiv Polytechnic Institute named after Igor Sikorsky"].

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
44 ananis, ynpasninus ma ingpopmayiini mexnonozii, Ne 1 (7)°2022


http://blogs.kpi.kharkov.ua/v2/metodotdel/wp-content/uploads/sites/28/2021/10/olozhennya-pro-planuvannya-ta-oblik-osnovnih-vidiv-roboti-naukovo-pedagogichnih-pratsivnikiv-NTU-HPI-.pdf
http://blogs.kpi.kharkov.ua/v2/metodotdel/wp-content/uploads/sites/28/2021/10/olozhennya-pro-planuvannya-ta-oblik-osnovnih-vidiv-roboti-naukovo-pedagogichnih-pratsivnikiv-NTU-HPI-.pdf
http://blogs.kpi.kharkov.ua/v2/metodotdel/wp-content/uploads/sites/28/2021/10/olozhennya-pro-planuvannya-ta-oblik-osnovnih-vidiv-roboti-naukovo-pedagogichnih-pratsivnikiv-NTU-HPI-.pdf
http://blogs.kpi.kharkov.ua/v2/metodotdel/wp-content/uploads/sites/28/2021/10/olozhennya-pro-planuvannya-ta-oblik-osnovnih-vidiv-roboti-naukovo-pedagogichnih-pratsivnikiv-NTU-HPI-.pdf
http://www.kpi.kharkov.ua/rus/wp-content/uploads/sites/3/2018/05/asu_rus.pdf
http://www.kpi.kharkov.ua/rus/wp-content/uploads/sites/3/2018/05/asu_rus.pdf
https://nure.ua/wp-content/uploads/Main_Docs_NURE/opys-vsziao.pdf
https://nure.ua/wp-content/uploads/Main_Docs_NURE/opys-vsziao.pdf
https://document.kpi.ua/files/2020_7-165.pdf
https://www.worldcat.org/search?q=au%3AEmbley%2C+David+W.&qt=hot_author
https://zakon.rada.gov.ua/
https://sparxsystems.com/
http://blogs.kpi.kharkov.ua/v2/metodotdel/wp-content/uploads/sites/28/2021/10/olozhennya-pro-planuvannya-ta-oblik-osnovnih-vidiv-roboti-naukovo-pedagogichnih-pratsivnikiv-NTU-HPI-.pdf
http://blogs.kpi.kharkov.ua/v2/metodotdel/wp-content/uploads/sites/28/2021/10/olozhennya-pro-planuvannya-ta-oblik-osnovnih-vidiv-roboti-naukovo-pedagogichnih-pratsivnikiv-NTU-HPI-.pdf
http://blogs.kpi.kharkov.ua/v2/metodotdel/wp-content/uploads/sites/28/2021/10/olozhennya-pro-planuvannya-ta-oblik-osnovnih-vidiv-roboti-naukovo-pedagogichnih-pratsivnikiv-NTU-HPI-.pdf
http://blogs.kpi.kharkov.ua/v2/metodotdel/wp-content/uploads/sites/28/2021/10/olozhennya-pro-planuvannya-ta-oblik-osnovnih-vidiv-roboti-naukovo-pedagogichnih-pratsivnikiv-NTU-HPI-.pdf
http://www.kpi.kharkov.ua/rus/wp-content/uploads/sites/3/2018/05/asu_rus.pdf
http://www.kpi.kharkov.ua/rus/wp-content/uploads/sites/3/2018/05/asu_rus.pdf
https://nure.ua/wp-content/uploads/Main_Docs_NURE/opys-vsziao.pdf
https://nure.ua/wp-content/uploads/Main_Docs_NURE/opys-vsziao.pdf

ISSN 2079-0023 (print), ISSN 2410-2857 (online)

Available at: https://document.kpi.ua/files/2020_7-165.pdf (accessed 10. Pro vy shhu osvitu: Zakon Ukrayiny™ vid 01.047.2014 r. # 1556-VII:

12.05.2022). stanom na 12.05.2022 r. [On higher education: Law of Ukraine of
7. Avtomaty'zovana sy'stema upravlinnya vy'shhy'm navchal'ny'm 01.047.2014 Ne 1556-VII: as of 12.05.2022]. Available at:
zakladom 1111V rivnya akredy'taciyi [Automated management https://zakon.rada.gov.ua/laws/show/1556-18 (accessed 21.05.2022).
system of higher educational institution of Il1I-IV level of  11. Perelik galuzej znan™ i special nostej, za yaky'my" zdijsnyuyet'sya
accreditation]. Available at: https://www.unitex.com.ua/products/ pidgotovka zdobuvachiv vy shhoyi osvity': stanom na 07.07.2021 r.
commercial-software/automated-system-for-higher-education- [The list of branches of knowledge and specialties for which higher
institution/ (accessed 12.05.2022). education  students are trained: as of  07.07.2021].
8. AS «Dekanat» ASU «VNZy [AS "Dean's Office” ACS "University"]. Auvailable at: https://zakon.rada.gov.ua/laws/show/762-2021-
Available at: https://vuz.osvita.net/asu-vnz/as-dekanat/  (accessed %DO0%BF (accessed 21.05.2022).
12.05.2022). 12. Oficijny’j sajt rozrobny'ka Enterprise Architect [Official site of the
9. Embley D., Thalheim B. Handbook of Conceptual Modeling: developer Enterprise Architect]. Available
Theory, Practice, and Research Challenges. Berlin, Springer, 2011. at: https://sparxsystems.com/ (accessed 20.05.2022).
597 p.

Haoiiwna (received) 27.05.2022

Bioomocmi npo asmopis / About the Authors

Jleyxzenaeoe [Imumpo Edyapoosuy — xanauaaT TEXHIYHUX HAyK, JOICHT, HallioHa bHUN TEXHIYHUNA YHIBEPCHUTET
«XapKiBChKHI TOJNITEXHIYHUH IHCTUTYT», JOUEHT Kadenpu «lIporpamna iHxeHepish Ta IHTEJIEKTyalbHi TEXHOJOTii
ympaBiiHHI»; M. Xapkie, Ykpaina; ORCID: https://orcid.org/0000-0002-3361-3212; e-mail: ddimae72@gmail.com

besmenos Muxona leanosuu — KannuaaT TeXHIUYHMX HayK, AOLEHT, HalioHaqbHHUN TEXHIYHWHA YHIBEPCHTET
«XapKiBCHKHI TOJIITEXHIYHUH IHCTUTYT», npodecop Kadeapu CUCTEMHOrO aHalidy Ta iH(pOpMaIiiHO-aHaJITHYHHX
texuosoriit; ORCID: https://orcid.org/0000-0002-2995-2350; e-mail: Mykola.Bezmenov@khpi.edu.ua

IlImamxko Onekcandp Bimaniiiosuy — KaHIUAAT TEXHIYHUX HAYK, TONEHT, HarioHaTbHNH TEXHIYHUNA YHIBEPCUTET
«XapKiBCHKUH MONITEXHIYHUH IHCTUTYT», moueHT Kadenpu «IIporpamna iHkeHepis Ta IHTEICKTYalbHI TEXHOJIOTil

YIPaBIiHHY; M. XapkiB, VYxpaina; ORCID: https://orcid.org/0000-0002-2426-900X; e-mail:
oleksandr.shmatko@khpi.edu.ua
/Jleyxznasoea Anvona Cepeiiena — HauioHanbHUI TeXHIYHMH YHIBepcHTET «XapKiBCbKUM IOJITEXHIYHUHA

IHCTUTYT», acucreHTka Kadenpu «[IporpamHa iHKeHepiss Ta IHTENEKTyasJbHI TEXHOJIOTII YNpaBIiHH»; M. XapKiB,
VYkpaina; ORCID: https://orcid.org/0000-0002-0111-3010; e-mail: alona.dvukhhlavova@gmail.com

Kopxoeuii /Imumpo Cepzitoguy — HaiioHanbHUI TeXHIYHUN YHIBepCUTET «XapKIBCbKHUH IOJITEXHIYHUMA
IHCTUTYT», CTyIeHT-MaricTp; M. XapkiB, VYkpaina; ORCID: https://orcid.org/0000-0002-9374-8100; e-mail:
d.korkhovyi@gmail.com

Yepkyn Muxkuma Bikmopoeuuy — HamioHanbHHH TEXHIYHMHA YHIBEPCHTET «XapKiBCHKUH MONITEXHITHUH
IHCTUTYT», CTyJeHT-Marictp; M. XapkiB, VYkpaina; ORCID: https://orcid.org/0000-0002-8369-1497; e-mail:
cherkunmv@gmail.com

Dvukhhlavov Dmytro Eduardovych — Candidate of Technical Sciences (PhD), Docent, National Technical
University "Kharkiv Polytechnic Institute”, Associate Professor at the Department of "Software engineering and
management intelligent technology"; Kharkiv, Ukraine; ORCID: https://orcid.org/0000-0002-3361-3212; e-mail:
ddimae72@gmail.com

Bezmenov Mykola Ivanovych — Candidate of Technical Sciences (PhD), Docent, National Technical University
"Kharkiv Polytechnic Institute”, Associate Professor at the Department of System Analysis and Information-Analytical
Technologies; Kharkiv, Ukraine; ORCID: https://orcid.org/0000-0002-2995-2350; e-mail:
Mykola.Bezmenov@khpi.edu.ua

Shmatko Oleksandr Vitaliievych — Candidate of Technical Sciences (PhD), Docent, National Technical University
"Kharkiv Polytechnic Institute”, Associate Professor at the Department of "Software engineering and management
intelligent ~ technology”;  Kharkiv,  Ukraine;  ORCID: https://orcid.org/0000-0002-2426-900X;  e-mail:
oleksandr.shmatko@khpi.edu.ua

Dvukhhlavova Alona Serhiivna — National Technical University "Kharkiv Polytechnic Institute”, Assistant at the
Department of "Software engineering and management intelligent technology"”; Kharkiv, Ukraine;
ORCID: https://orcid.org/0000-0002-0111-3010; e-mail: alona.dvukhhlavova@gmail.com

Korkhovyi Dmytro Serhiiovych — National Technical University "Kharkiv Polytechnic Institute”, Master- Student;
Kharkiv, Ukraine; ORCID: https://orcid.org/0000-0002-9374-8100; e-mail: d.korkhovyi@gmail.com

Cherkun Mykyta Viktorovych — National Technical University "Kharkiv Polytechnic Institute”, Master- Student;
Kharkiv, Ukraine; ORCID: https://orcid.org/0000-0002-8369-1497; e-mail: cherkunmv@gmail.com

Bicnux Hayionanvnoco mexuniynozo ynisepcumemy «XI1Iy. Cepis: Cucmemnuti
ananis, ynpasninus ma ingopmayiini mexnonozii, Ne 1 (7)°2022 45


https://document.kpi.ua/files/2020_7-165.pdf
https://www.worldcat.org/search?q=au%3AEmbley%2C+David+W.&qt=hot_author
https://zakon.rada.gov.ua/laws/show/1556-18
https://sparxsystems.com/
https://orcid.org/0000-0002-3361-3212
mailto:ddimae72@khpi.edu.ua
mailto:oleksandr.shmatko@khpi.edu.ua
https://orcid.org/0000-0002-0111-3010
mailto:alona.dvukhhlavova@gmail.com
mailto:d.korkhovyi@gmail.com
https://orcid.org/0000-0002-3361-3212
mailto:ddimae72@khpi.edu.ua
mailto:oleksandr.shmatko@khpi.edu.ua
https://orcid.org/0000-0002-0111-3010
mailto:alona.dvukhhlavova@gmail.com
mailto:d.korkhovyi@gmail.com

ISSN 2079-0023 (print), ISSN 2410-2857 (online)

VIK 519.8 DOI: 10.20998/2079-0023.2022.01.07

C. B. IIEBYEHKO

PO KOHIENIIIIO BEKTOPHOI OIITUMI3ALIIL B 3AJTAYAX BATATOKPUTEPIAJIBHOI'O
BUBOPY

PosrisimaroTees 3aadi GaraTOKpUTEPiaIbHOrO BHOOPY 3 OLIHKAMH MPETEHICHTIB MO Py JIOKAIBHUX KpUTepiiB. BigoMi mimxoau 10 BUpIICHHS
TaKHX 33/1a4 BUKOPUCTOBYIOTh IX OCOOIHMBOCTI 3 BHIUJICHHSAM BiANOBIJHUX KJIACIB 33124 Ta PsAy MPHIYLICHb, 0 3HAYHO OOMEKYIOTh MOXKIIMBOCTI 1X
[IPaKTUYHOTO 3aCTOCyBaHHs. L{e BUKOpHCTaHHS (DiKCOBAaHMX IIKAJ UL IIOPIBHSHHS 3HAYCHb, SIKi HE BIANOBINAIOTh pEAJIbHUM J{ialla30HaM BEJIMYHH, 110
3iCTABIIIOTHCS, MPHIYLICHHS PO HASBHICTH JTIHIMHHX 3aJEKHOCTEH MDK OLIHKAMH SIKOCTI Ta arpubyTamu pilleHb, IO HNPHUHMAIOTBCS, PO
BIJICYTHICTb HENIHIHHMX 3aIeKHOCTEIl MiX OLIIHKaMH 3a JIOKaJIbHUMU KPUTEPisMHU Ta 3HAUYCHHSAMH [apaMeTPiB BapiaHTIB PillIeHb 3 PI3HUX Jiana3oHiB.
HageneHi 06cTaBHHN MOXKYTh IIPU3BOJNTH 10 BTPATH aCKBATHOCTI PillIeHb, 10 NPUIMAIOTHCS, Ta BUKJIMKATH HEMPUHHATHI HAaCIiAKu. Bukiamaetscest
MiXiag 40 mpouexyp OaraTOKpHTepialbHOI ONTHMI3alii Ha OCHOBI 3MICTy onTuMi3auii sSK BHOOpPY HPETCHICHTA PIiLICHHS 3 KpalMMH 3HAYCHHAMU
00paHOro BEKTOPHOTO KPHUTEPII0 y CKIali €JIEMEHTIB IOMYCTUMOI MHOXKHHH pilieHb. /s MOLIyKy PpIleHHS MPOINOHYETHCSI BUKOPHCTOBYBATH
y3araJbHEHHH KPUTEpiil y BUIISAI CKaIIpPHOrO NOOYTKY BEKTOPIB, OJMH 3 SIKHX MICTHTh KOMIIOHCHTAMH 3HAYCHHS JIOKAIbHHX KPUTEpIiiB Uit
MPEeTeH/CHTa PIIICHHS, a 1HIIHUI € BIPTyalbHUM BEKTOPOM €TANOHY L y 3aJaHOMy HPOCTOpi 3 KpalluMu abo MPOrHO30BaHUMH 3Ha4YeHHAMH. [l
MOPIBHSAHHS MPETEHACHTIB MPOMOHYIOTHCS MiAXOAH A0 (OpMyBaHHS MIMHOXKHHE [lapero-onTHManbHUX PIlIeHb SK CYKYIHOCTI pillleHb 3a
Y3rO[DKCHUMH JIOKJIBHIMH KPHTEPISIMH, BHKOPHUCTOBYIOUHM CEpIF0 MOCTYIIOK 3a JIOKaJbHUMH KPHTEpPiSMH, L0 MPEACTaBICHI MaTeMaTHYHUMH
MOJEISIME 3 BHIUICHHSIM albTEPHATHBHUAX BapiaHTIB 3MiHH 3HAYCHb OLIHOK JIOKAIBHUX KPUTEPIiB, 5AKi JO3BOIIOTH (POPMYBATH Y3TOMKEHI PILLICHHS.
PesynbTaTé aHamizy M03BOJAIOTH BHKOPUCTOBYBATH IiIXOAH, LIO IPOHOHYIOTHCS, UL (OPMYBAHHS IIAMHOKMHH €(EKTHBHMX pillleHb y CKIasi
IIiICHCTEM MiATPHMKH IPUIHATTS PillleHb, M0 3a0€3MeUyI0Th OllepaTHBHE YIIPABIIiHHI AMHAMIYHHMH IIpOLecaMy 00CITyrOBYBaHHS Ta BUPOOHHIITBA.

KuaiouoBi cioBa: kpurtepii, BeKTOpH, OaraToKpurepianbHa ONTHMI3aLlisl, JIOKaIbHI KPUTEPil, €TATOHHUI BEKTOD Wi, MiACHCTEMH MPUHHSITTS
pileHs.

S. V. SHEVCHENKO
ON THE CONCEPT OF VECTOR OPTIMIZATION IN THE TASKS OF MULTICRITERIAL CHOICE

Problems of multi-criteria choice with estimates of applicants by a number of local criteria are considered. Known approaches to the solution of such
problems use their peculiarities with the allocation of the corresponding classes of problems and a number of assumptions that significantly limit the
possibilities of their practical application. This is the use of fixed scales to compare values that do not correspond to real ranges of values, the
assumption of linear relationships between quality assessments and decision attributes, the absence of nonlinear relationships between estimates of
local criteria and parameter values of solutions from different ranges. The given circumstances can lead to the loss of adequacy of the taken decisions
and cause unacceptable consequences. An approach to procedures of multi-criteria optimization based on the content of optimization as a choice of a
solution applicant with the best values of the chosen vector criterion within the elements of the admissible solution set is outlined. To find a solution, it
is suggested to use a generalized criterion in the form of a scalar product of vectors, one of which contains components of the values of local criteria
for the solution pretender, and the other is a virtual vector of the target reference in a given space with the best or predicted values. To compare the
applicants, we propose approaches to forming a subset of Pareto optimal solutions as a set of solutions by consistent local criteria, using a series of
concessions on the local criteria represented by mathematical models with the allocation of alternatives to change the values of local criterion
estimates, allowing the formation of consistent solutions. The results of the analysis allow us to use the proposed approaches to form a subset of
effective solutions in the decision support subsystems, providing operational management of dynamic processes of service and production
Keywords: criteria, vectors, multi criteria optimization, local criteria, reference target vector, decision subsystems.

Beryn. 3amaui GaraTtokpurepiansHOro BHOOPY (op-
MaJli3yloTh NPOLEC BU3HAYEHHS KPAIoro BapiaHTy, BUKO-
PHCTOBYIOYH 3iCTaBIICHHS! XapaKTePHCTHK MPETEHICHTIB,
IO aHaJi3yIThCs, Ha OCHOBI HHM3KH KPHTEpIiB i3 3acTo-
CYBaHHSIM METOIB 0araToKpUTepialibHOT ONTUMI3aLlil.

SIkmio Uit MOPiBHSIHHS BapiaHTiB BUOOPY BHUKOpHC-
TOBYBATH MPOCTIp, YTBOPEHHI BEKTOpaMH, L0 BH3HAYa-
I0Th OLIHKM N0 OOpaHUM KpUTEPisM, TO IiJICYMKOBI
OLIIHKH NPETEHICHTIB MOXKYTh OyTH PO3IIISHYTI 3 HO3UIIN
y3araJlbHEHOI'0  KPHUTEpil0 e(pEeKTUBHOCTI Yy BUIIIAI
BEKTOPY, B SIKOMY KOMIIOHEHTaMH € OL[IHKH 110 JIOKaIbHUM
KPHUTEPIsM.

He Brpavaroum 3aranbHOCTI MOKHA BBaXKaTH, IO 32
JIOTIOMOTOI0  a/IeKBaTHUX IIEPETBOPEHb BCi KpHUTepil
MOXXYTh OyTH MPUBEACHI 10 MaKkcuMizamii 3Ha4eHb. Toi
MOJKHA 3alpOINOHYBAaTH MiIXix A0 mporexyp Oaratoxpu-
TepiagpHOI ONTHMIi3amii, OCHOBAaHMH Ha 3MICTi MPOIERYp
onTuMizamii K BHOOpPI IPETEHAEHTY Ha BHPIIICHHS
3a1avi, MO Mae Kpaili 3HAa4eHHsS OOPaHOTO BEKTOPHOTO
KpUTEpito, KUl BU3HAYAE I[UTHOBI MEpeBaru OMTHUMI3aIil
Yy CKIaJai €JEeMEHTIB JOIyCTUMOI MHOXHHH DIllICHb.
Kpamii 3HaueHHsS BEKTOPHOTO KPHTEpil0 O3HAYaroTh, IO

3HAYCHHS JKOJHOTO i3 JIOKAJbHUX KPHUTEPIiB, K KOMIIO-
HEHTIB y3araJbHEHOTO KPUTEPito, HE MOXKYTh OYTH ITOJIIT-
1IeH1 Oe3 MoripiieHHs 3Ha4eHb 1HIIMX KPUTEPIiB.

IMocranoBka 3amaui. Hanpsimox onrtumizamii pi-
IIEHb, 110 MPUHMAIOTHCS, MOKE OyTH BH3HAUEHO JICSKUM
BEKTOPOM, 3HAUEHHSMH KOMIIOHEHT SIKOTO HOBHHHI OyTH
MaKCHMaJlbHI OI[IHKM 3HAa4YeHb JIOKAIbHUX KPUTEPIiB
BIAMOBITHO JI0 3pOOJIEHUX MPHITYLIEHb, 110 TAKUM YHHOM
NPU3BOJNUTE 10 (OPMYBAaHHs IPOCTOPY PillIEHb Yy CKJIai
JIOCTYITHUX BapiaHTiB.

OOnacTp JIONMYCTHMMHUX DILIEHb BU3HAYa€ThHCS IIEpe-
TUHOM TiJIMHOKHH IS JIONMYCTUMHUX 3HAYE€Hb 3MIHHHX,
SKi BHU3HA4YalOTh BapiaHTH pilleHb, W0 HPUHMArOTHCS,
IUISXOM BHKOPHUCTaHHS CYKYIHOCTI OOMeEeHb Ta/abo
(hopMyBaHHS [IONMYCTUMHUX 3HAYEHb IAPaMETPIB BEKTOPY
BHOOPY Yy CKJIafi HaSBHUX BapiaHTIB.

3a3Buuail 3ajadi BEKTOPHOI ONTHMi3amii pPO3IIIs-
JTAIOTHCS SIK 3aBAAaHHA OaraTOKpUTEpialbHOT OMTHMI3aIllii.
[Ipn mpoMy BHIUIAIOTHECS OKpEMi KJIacH 3ajad 3i crenu-
(iYHUMH  OCOONMMBOCTSIMHM, SIKi JI03BOJISIFOTH 3aCTOCOBY-
BaTH BIJNOBIMHI MiIXOAW Ta AITOPUTMHU pIlIeHb, B
HACJIJIOK YOro 3HHMKAe iX YHiBepCalbHICTh, BilOyBaeThCs
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BTpaTa O3HAK 3araJlbHOCTI PE3yJbTaTiB 1 BIANOBITHOCTI
3MICTY KOHIEIIii BEKTOPHOI ONTHMIi3alil, OCKIIbKH ii
pe3ynbTatu GOPMYIOThCS K 00'€THAHHS pillleHb, KOKHE 3
SIKHX € CKJAPHOI0 ONTHMI3AIlil0 110 OAHOMY 3 JIOKAJIBHUX
KpUTEpiiB, a B IHIIMX BHUIQAKaX BUKOPHCTOBYIOTHCS
JiHIMHI TIepeTBOpEeHHS MapaMeTpiB i 3MIHHHX 3aaadi 3
ypaxyBaHHSIM HU3KH MPHUITYIEHb (JTiHIHHICTD, BIICYTHICTH
3ayiekHOCTeH Ta iH.) [1].

BpaxyBaHHS CTpPYKTypHHX OCOONMBOCTEH 3amadi
OaraTokpuTepiaTbHOI ONTHMI3allii HaWACKpaBilIe ITEMOH-
CTpyeThCs Ha miaxoxi, 3ampomoHoBaHoMy T. Caati sk
MeTon aHaji3y iepapxiit [2]. B pesymbrati #oro 3acro-
cyBaHHS (OPMYETBCSl i€papxXisi KpUTEPiiB 3 BHKOPUCTaH-
HSM (IKCOBaHOI IIKaIN MOPIBHAHB Ta HU3KH MPUITYIIEHb,
IO JO3BOJISIIOTH 3aCTOCYBATH JIiHIIHI NEPETBOPEHHS Ta
J03BOJISIFOTH  IIBHAKO OTPUMAaTd OLIHKY JOLUIBHOCTI
BHOOPY BapiaHTy pillICHHS Cepea JOCTYIHUX abTep-
HatuB. JIOMyIIEHHS, IO BHKOPHUCTOBYIOTHCS Yy METOI
aHawi3y iepapxii, € MOCHUTh CIIPHIMH i 9aCTO HE MAIOTh
MiCIi B TMpakTHYHUX cHTyamisx. Lle irHopyBaHHS
HAsSBHOCTI KpUTEpiiB, HE3pIBHAHHUX MDK CO0OK0 3a
Ba)KJIMBICTIO, BUXOSTYH 3 iX 3MICTY, BUKOPUCTAHHS IIKAJIH
MOPIBHSIHB 13 3aCTOCYBaHHSIM HabOpy (iKCOBaHMX PIiBHIB,
OJTHAKOBHX JUIS BCIX MOXJIMBUX IODIBHSHb 3  IrHOpY-
BaHHSM HAsBHOCTI ICHYIOYMX Jiana3oHIB 3Hau€Hb, 3aIpo-
Ba/DKCHHS PI3HOMAHITTS pe3yJbTaTiB IOPIBHAHb B
3aJICKHOCTI BiJ{ TMPOBEACHHS TMOPSIKY IMOPIBHSAHB, IO
NPU3BOIATH /O TOSBU HEBU3HAYCHOCTI, ICHOPYBaHHS
HAsBHOCTI HEMIHIMHHUX 3aJIeKHOCTEH MIX PpI3HHMH dia-
Ma30HaMU 3HA4YCHb, IO TOPIBHIOIOTHCSA. OpHak, He3Ba-
XKalOYM Ha 1€, NMPOCTOTAa OTPUMAHHS OLIHOK Ta II€BHA
MPaBIOMIONIOHICTE OOYHCIICHbh TPU3BEIH 10 LIHPOKOTO
MOMIMPEHHST METOAY AaHali3y iepapXiii 3 IrHOPYBaHHSIM
MOXJIMBOCTI OTPHMAHHS ITOMUJIKOBHX PE3YJITATIB depes3
BHUKOPHMCTAHHS CIPOILIEHUX mpumymiens [3]—[9].

VY 3aranbHOMY BHMAJKy, MOYATKOBHH 3MiCT OOuHC-
JIeHb, 10 BKJIQJAETHCSl B MMOEAHAHHS TEPMIHIB «BEKTOpHA
onTuMizalisy, nepeabavae  MOXIMBICTE  MOOYIOBH
MPOIEIypH BHOOPY MESKOT0 BEKTOPY i3 3a7aHol MiIMHO-
JKHMHH, 1110 € CYKYITHICTIO BapiaHTiB BEKTOPIB, JOMYCTHMHUX
JUISl BUKOPHUCTAHHS 3T1THO Psily OOMEKEHb SIK BUPIIICHHS
3a7a4i BHOOpY HAHKpAIIOTo BapiaHTy cepex NOCTYIHHX
AJIbTEPHATHB 32 3HAYEHHSIM BEKTOPHOTO KPHUTEPIIO.

3 mi€er0 METOI0 KOXKEH 3 BapiaHTIB BHpIMICHHS Yy
BUTJISIAI BEKTOPY 3 JIONYCTHMMOi MHOXXHUHH ITOBHHEH
MICTUTH Y CKJIaJi CBOIX KOMIIOHEHT CKJIAJO0Bi, BEIMYUHHU
SAKAX JIO3BOJIIIOTH TOPiBHIOBAaTH JIOCTYNIHI BapiaHTH
BHPIIICHHS 32 3HAUESHHSIMH OIIHOK JIOKAJIbHUX KPUTEPIiB.

B po6oTi nponoHyeThCcsi BUKOPUCTAHHS KOHIIETIITIT
BEKTOpHOI omnTuMmizamii 3 (QopMyBaHHAM BEKTOPY IIifi,
KW 3a7]a€ HAMPSIMOK ONTHMIi3arlii, Ta MmiJIMHOXHHU BEK-
TOpIB, 110 BH3HAYAIOTHh JONMYCTHMi BapiaHTH BHpILICHHS
3aga4di BUOOpy. Toxi pesynbraroM BHpILIEHHsS 3aj1adi
MoOXKe OyTW BH3HAUEHHS BEKTOPY 3 HASBHUMH OLIHKaMH
XapaKTepUCTUK  BapiaHTiB BHOOpPY TIO  JIOKaJIbHUM
KpPUTEpIsIM y CKJIaJl JOMYCTHMOiI MHOXHHU 32 YMOBH
MakcHuMi3alii CKaJxsIpHOro JO0OYTKY IIbOTO BEKTOpY Ta
BEKTOpyY, IO BH3HAYae Hiji omruMmizarii. JIMCKpeTHiCTh
MiAMHOKUHU TOCTYITHUX BEKTOPIB 3amaui i1 BUOOpY
HalKpamioro BapiaHTy MPU3BOJUTH 10 HEMPUWHATHOCTI

3aCTOCYBaHHS iICHYIOUHX IPOLEAYpP ONTUMI3aLil y pocTo-
pi Oe3nepepBHUX 3HAYCHB.

VY SKOCTI JOKaJILHUX KPUTEPiiB MOXYTb OYTH BUKO-
pUCTaHI HE TIJIBKHU 3HAYCHHS JESIKUX IUTHOBUX (YHKIIIMH, a
TaKOX BU3HAYCHHS CTaHy 3aJI0BOJICHHS 3aJaHUM OOMe-
JKEHHSIM, a TaKOXK OLIHKH 3HAYCHb CTYIICHIO TaKOTo 3a.0-
BOJICHHS (HEYITKi MHOXXMHH) 3 piBHEM MNPHUHHATHOI
BEJIMYMHA 3HAYMMOCTI, [0 33Ja€THCS BiAIIOBITHO 10 MPHU-
BEJICHHSI JI0 JIEKOI YMCIIOBO] KAy BuMiproBans [10].

TakuMm 9YMHOM, WITLOBHH BEKTOP MOXE OYyTH IIpen-
CTaBIICHNH HAOOpOM JOKANBHUX KPHUTEPiiB ONTHMAIIb-
HOCTI 3 KOMIIOHEHTaMH, CKJaJ SKHX BH3HAYAE€THCS 3MicC-
TOM 3a/1a4i, BUXO/4H 31 crienniku npeaMeTHol obnacTi
Ta YMOB IIPUAHSTTS PillICHB.

3icTaBiieHHs! 3HaYE€Hb KPUTEPIiB Pi3HOTO 3MICTY Ta 3
pi3HMMH (DI3UYHUMHU OJUHUISIMH BUMIPY MOJKIIMBE IIPH
MEPETBOPCHHI iX BEJIMYUHM JIO BiTHOCHHUX 3HaucHb. Kpim
I[BOTO, IS BPaxXyBaHHS BiIMIHHOCTEW piBHIB BaKJIMBOCTI
OKpPEMUX KPUTEpiiB MOYKHA BUKOPUCTOBYBATH MPOLEAYPH
eKCIICPTHOTO OIIIHIOBAHHSA 3HAYeHb iX KOe]ilieHTIB
BaxkmuBocTi [11].

BinmoBimHO [0 KOHIEMIiH, IO TNPOMOHYIOTHECA B
po0oTi, a Tako)K, BPaxOBYIOYHM HAsBHICTh PI3HMX Jiama-
30HIB Ta OJJMHUIIb BUMIPIOBaHHS 3HaueHb KPUTEPIiB, Pi3HI
PIBHI IX B&XJIUBOCTI, [l OTPUMaHHS aJIeKBaTHUX OLIIHOK
Ma€ CeHC BUKOPUCTOBYBATU HPOLETyPH HOPMYBaHHS KpH-
TepiiB 3a Kpamumu 3HaueHHsIMHA [12].

3a 3microM aHnamizy, HaBemeHomy B pobGori [13],
0o0csT MOCHIKEeHb, TPUCBSIYCHUI OaraToKpuTepiaibHii
ONTUMI3aIil Ta MIATPUMII MPUHHATTA pPilieHb, CBITYUTH
IO HAsBHICTH LIMPOKOrO KOJIa HE MOBHICTIO BHPIIICHUX
NHUTaHb, 10 BU3HAYAIOTh HOBI HAIIPSMKH JOCIiIKEHb.

Bynemo BBaxaTH, 10 MHOXHHA JIOMYCTUMHUX
pilieHp npeacraBieHa MHOKHHOIO D, 1m0 ckinagaerses 3
HU3KH TIPETCHACHTIB IUIsI BUOOPY, SAKi 3aJaHi BEKTOpaMHU
X, jed.

3HaYeHHST KOMIIOHEHT BEKTOPIB MPETCHICHTIB BHUPIi-
menns X = {Xij} , J€J, oOMexeHi OMyCTUMHMHU 3Ha-

YEeHHSMH, 10 BH3HAYAIOTHCS BIAMOBIIHMMHU II1JIMHO-
xkuHamMu. ToAl MHOXKMHA JOMYyCTUMHX pillleHh MaTUMeE
BUIJISAL

D={X, X, .. X, }: X; ={x;}, %, €G,,iel, je,

ge G, mNiIMHOXKHMHA JOIYCTUMHUX 3HAa4eHb NapaMeTpiB

i-T0 JIOKaJIBHOTO KPUTEPIIO.

Bynemo BBaxkaTH, 10 NMPETCHAEHTH BHOOPY MOXHA
MOPIBHATH MK COOOIO 3a 3HAUCHHSIMH BBEJICHHUX JIOKAJIb-
HUX KPHUTEPiiB epeKTUBHOCTI

(flicl={12..m.

Koxen nperensient Bubopy X; € D € Bekropom Bu-

pilienns 3anadi Bubopy X; = {le, Xpjs e ij} , KOMIIO-

HEHTH $KOTO BH3HAYAIOTh 3HAYEHHS KOHTPOIBOBAHHUX
mapaMeTpiB NPETeHICHTIB BUPIIIEHHS 3a1a4i BUOOPY 1 sIKi
MOXYTb OyTH OILliHEH] JIOKATbHUMH KPUTEPisIMU.

Tonai 1 KOXKHOTO 3HAYEHHS KOMIIOHEHTa BEKTOPY
piwenns X; € D 3a sonomMororo BU3HAYEHOI MpoLEaypH
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MOXe OyTH 3HAWJEHO 3HAYEHHS I-T0 JIOKAIBHOTO KpH-
Tepito, iel, a; = f, (X j), 1[0 3aJIEKUTHh BiJ 3HAYECHb

BiJINIOBITHMX KOMITOHEHTIB BEKTOPY MPETCHICHTa BUOODPY
y BHUIJIAI 3Ha4YeHb HOTO mapameTpiB, PeXXUMIB ab0 yMOB
(GYHKIIOHYBaHHS BIJIIOBIHO 10 3MICTY 3ajadyi i JoIyc-
TUMHX BEJINYHUH.

B pesynbrari mux i Moxke Oytu cdopmMoBaHMA
BEKTOPHUI KPUTEPiil AKOCTI IpeTeHACHTA

Q(X;)={a;} ={t(x,)}, X, D.

SIKIIO MiAMHOXXHMHU JOIYCTHMHX 3Ha4Y€Hb HE Iepe-
THHaOTEe Vi, i, €1, i, #1,1 G, NG, =, To BU3HA-

YeHHsI TapaMeTpiB BapiaHTy BHOOpY INpPETEHICHTY, SKi
3a0e3IeUyIOTh eKCTPeMalIbHE 3HAUCHHS KOXKHOTO JIOKAJb-
HOTO KpUTEPil0, MOXXE BHKOHYBAaTHCS HE3AICIKHO Bij
MIPOBEICHHS IHIIMX aHAJOTIYHUX OIIIHOK. Y TakoMmy pasi
3arabHUM Pe3yJIbTaTOM PillleHHS OyJe cymeprosuiis abo
00'eTHAHHS OKPEMHX JIOKAJTbHHUX PilllCHb.

Inaxme, skmo iy, i, €1, =i, :Gi1 mGi2 #J, pe-

3yNbTaT, SKUA HEOOXINHO BU3HAYWTH BIATIOBIAHO MO
MPUIHHATOT KOHIIEMIIT 0araToKpuTepiabHOI OMTUMI3AIL],
Moxe OyTu 3HaiaeHHH sK KommpowmicHe [lapero-onrtu-
MaJlbHe pIOICHHS 3 YpaxyBaHHSAM pIiBHIB Ba)IJIMBOCTI
OKpEMHX KPHUTEpIiB.

Jns Bu3HaueHHs BHpILIGHHsS 3aaadi BUOOPY cimif
BpaxyBaTH, 10 3HAYEHHs OIIHOK JIOKAJIbHUX KPUTEPIIB,
TIepII 3a BCe, 3aJIe)KaTh BiJl 00CATIB HEOOXiTHIX PEeCypCiB,
SIKI BU3HAYAIOTh MOXIIMBOCTI Ta XapaKTEPUCTHKU PE3YIIb-
TaTiB MPHUHAHATTS PIilIeHb, IO MAalOTh OYTH JOCSTHCHHI.
3MICT TaKMX 3aJIe)KHOCTEH BH3HAYAETHCS OCOOIMBOCTSIMU
Ta yMOBaMH iX MoOyIOBH, a iX imeHTH(iKaLisT MOXe OyTH
OTpHMaHa Ha OCHOBI TEXHOJIOTIH JTOCHI/PKEHHS oIeparii,
CHCTEMHOI'0 aHaJIi3y Ta MATEMaTHYHOT'O MOJICJIIOBAHHSI.

Pe3ynbTaTHBHICTE BEKTOPHOI oNTHMI3allii BapiaHTiB
NPUIHATHX PIllIEeHh MOKHA OLIIHUTH PiBHEM HaOJIMXKEHHS
0 BIPTYaabHOrO 3pa3ka eTajoHy BHPIIICHHS 3a1adi
BHOODY.

BipTyansHuM 3pa3KoM €TajoOHY BHUPIIIEHHS MOXeE
OyTH IUTBOBHI BEKTOp, MOOYIOBaHUI eKcrepTHUM (op-
MYBaHHSM HOTO KOMIIOHEHT 1 3Ha4eHb, HA OCHOBI KpaIinx
200 TMPOTHO30BaHMX OIIHOK JIOKAIBHUX KPHUTEpiiB 3 ypa-
XyBaHHSAM iX pIBHIB BaXJMBOCTI Ha MOMEHT INpPUIHATTA
pilIeHs.

Ominka HaOMMKEHHS BEKTOPY ITOTOYHOTO BapiaHTy
BHPIMIECHHS JI0 BEKTOPY BipTyaJIbHOTO €TATOHY MOXeE OyTH
OTpUMaHa B pE3yIbTaTi CKaJIPHOTO MJOOYTKY IIHX

BEKTODIB.
PosrnssHeMo  M-BuMipHHE  TPOCTip, YTBOpEHHH
JIOKaJTbHAUMH KPHUTEPiSIMHU { f,, o, fm} . Toni y nanomy

MPOCTOPI MOXXHa PO3MITHYTH LiUTbOBHH BekTop F, mIo
IIPE/ICTAaBIICHUI BEKTOPOM BIPTYaJIbHOT'O €TaJIOHY.

3 ypaxyBaHHSM NPUHHATUX HPUITYIIEHb Ta BUKOPHC-
TaHHS TPOLEyp HOpMali3alii KOOPIUHATH I[bOTO BEKTO-
PY MOXXyTh OyTH Ha/laHi OTMHUYHUMH 3HAYCHHSIMH.

Tomi

F={11..,1.

VY pe3ynbpTari mpouec BEKTOPHOI ONTHUMI3allii MOXKe
OyTH moIaHO mHpolecoM BUOOpY Kpamoro BapiaHTy pi-
IIEHb, 1[0 TPUHMAIOTBCS, Y BUIJIS/II BU3HAUYEHHS BEKTOPY
BUpilleHHs 3amaui Bu6opy X €D Ha ocHOBi 3HaueHb
y3araJbHEHOTO KpPHUTEPil0 y BUTILAI MaKCHMAaTbHOTO
CKaJIPHOTO J0OYTKY C(OPMOBAHOTO BEKTOPY OIIHOK 3a
JIOKaJTbHAMH KPUTEPISIMHU U TPETCHICHTA BHPIMICHHS i
BEKTOpPY BipTyasibHOTO eTajoHa F, puc. 1:

f2

3
\

\,
\
\
PR PR

—
—
P

[o—

A

Puc. 1. Bizyamizarisi BEKTOpHOI ONTHMI3allil Y TPHBUMipHOMY
IIPOCTOPI JIOKATBHUX KPUTEPIiB

SKmo BHIUTMTH pecypcH Ta iX BapTOCTI {Q,},

{e,}, lel, BenmnmuuMHM SKUX BIUIMBAIOTH HA 3HAYCHHS

NPUBATHUX KpHUTepiiB, TO s momyky Ilapero-onrtu-
MaNbHUX pIIIeHh HEOOXITHO OTPHUMATH Ta BHKOPHC-
TOBYBAaTH (DYHKI[IOHAJBbHI 3aJI€KHOCTI 3HAYCHb OILIHOK
JOKIBHUX KpUTEpiiB A (OpMyBaHHS KOMIPOMICHHX
pillIeHb.

InenTHdiKamis 3amexHOCTEH 0i; = f, (Xj)nepez{6a-
yae BU3HAYCHHS (DYHKI[IOHATIBHOI 3aJIC)KHOCTI BIUIMBY
BEJIMYMH PECYpCiB p={pi,}, iel, lel, mo Buminsi-
0ThCs, Ta ix muTommx Baprocreii e={e}, lel, Ha

3HAYCHHS OI[IHOK JIOKaIbHUX KputepiiB. Tomi BiamoBimHi
3aJISKHOCTI MATUMYTh BUTJISI

Q:{qij}: qij:fi(X].,p(e)), iel, jeJ, leL.

BBaxatouu, 1110 pi3Hi KpUTepil MalOTh Pi3HUI PIBEHBb
Ba)XJIMBOCTI, OyZIEMO BUKOPHCTOBYBATH KOE(ILliEHTH Bax-
JIMBOCTI R:{ri}, iel.

B pesynbTari, BEKTOpHAa ONTHMI3allisl pilleHb, IO
NPUIMAIOTBCS, MOXe OyTH Mpe/CTaBlIeHa HACTYIHOI
3a1a4er0. 3HaluTH

X" =arg max S :(RQ(Xi),F)

X;eD, p

@
= ({r' f(X;.0(e), F)
IIpU 0OMEXXEHHSAX
>pi<lel, )

iel

Ze,Zpi, <E, 3)

leL el
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X, ={x;}eD, 4)
x; €Giel, jel, (5)
py20iel,lel, (6)

ne E — goctymHuii o6csr (iHaHCYBaHHS;

p={a
posnoxin l-ro pecypcy Mix mpouemypamu, IO BH3HA-
Yal0Th 3HAYEHHS OL[IHOK JIOKaJIbHUX KPUTEPIiB.

3micT Bupasy (1) B maremaruunii mogeni (1)—(6) B
TepMiHax OaraTOKpUTEpiaJIbHOI ONTHMI3alii BiINOBIAAE
BiZIOMOMY BHpa3y aJUTHBHOTO y3araJbHEHOTO KPUTEPIIO 3
OJTHOPiTHUMH JIOKAJTFHAMH KPUTEPIsIMH y BUTIISI BiTHOC-
HUX 3HAUeHb, IO mepenbayae OTPHUMAHHS HAKOIHYY-
BaHOI0 cyMapHoOro egekry. OTpuMaHUi BHpPA3 CBITYHTH
Npo iHBapiaHTHICTh HaBEACHOI MPOLEIYpH, IO BHKOPHC-
TOBYETHCS JUIA MOLIYKY KOMIIPOMiCHHX PIIlICHb 3 aIUTHB-
HHUM y3arajJbHEHHM KpUTEpieM.

B 3arajgpHOMYy BHMIAaIKy OTpPUMaHHS ONTHMAJIbHHX
3HAYEHb OIIHOK JIOKAJIBHUX KPHUTEPIiB MiJl Yac BUPIIICHHS
3amadi (1)—(6) € caMmOCTIHHWUM 3aBIAHHSIM, BHUPIIICHHS
SIKOTO 3aJICKUTH BiJl OCOOJHUBOCTEH MpEAMETHOI 00JacTi.
OjHak MOXHA BHAUIMTH €Ki 3arajibHi YMHHHKH, IO
BU3HAYAIOTh 3HAUCHHS JIOKAJbHUX KPHUTEPIiB, BHUKOPHUC-
TaHHS SIKUX MOXKe OYyTH 3aCTOCOBAaHO Uil BU3HAYCHHS
KOMIPOMICHUX PIllICHb.

Cepen HUX HacaMmIlepel CIIiJ Ha3BaTH HAasBHICTb
JOCTYITHUX BapiaHTIB 3MiH PO3TISIHYTHX IPETECHACHTIB
pimmenns P :{Pi}, iel, ski MOXyTh BigoOpaxkatucs y

BEKTOP, KOMIIOHEHTH SKOI'0 3adaroTh

CTPYKTYpi Ta CKJIaJli TEXHOJIOTIH, 1[0 BUKOPHCTOBYIOTHCS,
abo opraHizamii (QyHKIIOHYBaHHS, $Ki MalTh IIEBHY
BapTICTh 1 3a0€3MeuyI0Th BiAMOBIAHI 3HAYCHHS JIOKAJTBHUX
kpurepiiB. KpiM 1poro, ciin BpaxoByBaTH JOCTYIIHI
o0csiru (hiHaHCYBaHHS BapiaHTIB 3MiH.

Toai mocrae 3amada po3mominy oOcCsriB (iHaHCY-
BaHHs JUIS pealtialii BapiaHTiB 3MIHM CTaHy NpETEH-
JICHTIB, III0 AHATI3YIOThCH, 1 SKi 3a0€3MeUyr0Th MAaKCH-
Mi3allifo 3Ha4eHb JOKAJIBHUX KPUTEPIiB Ta y3aralbHEHOTO
KpHUTEpiro Ipu 0OMeKeHHI Ha 00csAT (hiHAaHCYBaHHS.

[Mosnauumo 4;;, — BapTicTh P-ro Bapianty 3MiHH
j-ro mpereHmeHTy s 3a0e3lEeUYeHHs 3HAYEHHS I-TO

JIOKAJIbHOTO KpUTepio, A, — OLHKa O4iKyBaHOTO 3HA-

YeHHs I-r0 KPUTEPil0 NPH BUKOPHCTAHHI P-TO BapiaHTy
3MiHu j-ro mperennenry, PeP,iel, A>E - no-
CTYIHUH 00csAT (hiHaHCYBaHHS BapiaHTIB 3MiH.

Bynemo BBaxaru, mo VjeJ Ta Viel enementn
peP

MHO>XHHHU MIPOIH/AEKCOBAaHI 32  3POCTaHHSIM

3HAYEHb.

BBeeneMo JoriyHI 3MiHHI {yijp}. Yip =1 sxmo
BUKODMCTOBY€TbCS P-ii Bapiant, i Y;, =0 B iHmomy
Bumaaky, peP,iel.

B pesynprati Moxe OyTH pO3TIISHYyTa cepis HACTYII-
Hux 3aza4 K = 1, 2, ... 11 BU3HAUEHHS HOBUX 3HAYEHb
JIOKATBHUX KPUTEPiiB 3 PIBHOBAXHUMH CTaHAMH, BUKO-
PHUCTOBYIOYH IMOCTYIKH Ta 3MIHH PO3IOJIITY PECYPCIB.

3uaitn Y = {yijp} , 110 3a0e3meuye

maxG=316> > BV ™)

iel jed ng(k)
IpH 0OMEKEHHSIX
> oy, <Lliel, jel, (8)
peP®)
22 2, Aipdip < Ay, ©)
iel jel pEP(k)
Yy €101}, iel, jed, peP®. (10)

B maremaruyuniii Mmoseni 3anadi (7)—(10) BukopucTo-
BYIOTBCS JOJAaTKOBI MIO3HAYCHHS:

PO =PI\ {peP yl =1},

ijp
*(k-1)
ae {yiifn )

iTeparii;

} — posB's3anns 3amaui (7)—(10) ma (k—1)-it

P© _ puximHa MHOXHMHA BBEIECHUX BapiaHTIB 3MiH.

BucnoBku. [TopiBHSIHHS BapiaHTiB BHOOPY aibTep-
HaTUB B MiJACHCTEMax WiITPUMKH NPUUHATTS pillieHb
nmotpebye 3acTOCYBaHHS METOJIB 0OaraTOKpUTEpialbHOT
onTuMizanii, SKi MalOTh 3a0€3MEUUTH MPO30pe OOIPYHTY-
BaHHS OIIHOK pillleHb, 10 PUHMAIOThCS, 3 TTO3HLII BBe-
JICHNX JIOKJIBHUX KpUTEPiiB 3 (OPMyBaHHIM 3araibHOL
OIIHKH SKOCTI TPETEHICHTIB BUPIMICHHS 3a/1avi BHOODY.
Icayroui migxoam 10 QOpMYBaHHA 3araibHOI OLIHKA
BapiaHTIB BUOOPY OpiEHTOBaHI Ha BUKOPUCTAHHS HAsIBHUX
O0COONMBOCTEH BHIUICGHWX KIACIB 3ajJad i BTPaAdalOTh
e(eKTUBHICTh NPH TOPYUICHHI NPUHHATHX INPHITYIICHb,
SKi HE BHUKOHYIOTBCS JJIsI psily NMPaKTHYHHX CHUTYyauii.
3anponoHOBaHMN  MiAXiA Ta MareMaTH4yHI  MOeNi
JIO3BOJISIIOTE  (OpMYyBaTH  OIIHKM  pIlIEHb, IO
NPUIMAIOThCSl, BUKOPUCTOBYIOUH JIOTTYHE OOIPYHTYBaHHS
00YKCJICHh 3 BHKOPHUCTAHHSAM BEKTOPHOI OMNTHUMI3AIil
pillieHb B 3a/1a4ax 0araTOKpUTEpiaibHOrO BUHOODY.

3actocyBaHHS Tmpoueayp (OpMyBaHHS OIIHOK Bapi-
aHTiB BHOOpPY B MiACHCTEMAaX MIATPUMKH TPUHHATTS
pillieHb, 0 MPOIOHYIOTECS B POOOTI, HO3BOISIE POPMY-
BaTH MiAMHOXUHU [lapeTo-onTUManpHUX pIlIeHb, 1HTET-
pYBaTH pe3yiabTaTH PO3PaXyHKIB 3 IHIIMMH IPOIETypaMH,
MiABHUIIYIOYN PiBEHb iX MOCTOBIPHOCTI Ta CTIMKOCTi, IO
CHpHUsie 3pOCTaHHIO aJeKBAaTHOCTI PO3PaxXyHKIB yMOBaM
NPUAHATTA pimeHb. Pe3ynbTaTH aHamizy [I03BOJSIOTH
BUKOPHCTOBYBATH MiJXO/H, IO NPOIIOHYIOThCA, sl hop-
MyBaHHS MiJIMHOXWHH €(EeKTHBHUX pIlIeHb y CKJIAMi
MiACHCTEM MiATPUMKH NPUHHATTA pillleHb, o 3abe3re-
YYIOTh OIlepaTHBHE YNPABIiHHS JUHAMIYHIMH TIPOLECaMH
00cIyroByBaHHs Ta BUpOOHHLITBA [14].
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MATEMATHUYHE I KOMIP'IOTEPHE MOJAEJIIOBAHHA

MATEMATHYECKOE 1 KOMIIBIOTEPHOE MOJIEJIMPOBAHUE

MATHEMATICAL AND COMPUTER MODELING

YJIK 519.246.8 DOI: 10.20998/2079-0023.2022.01.08

0. A.TAJIY3A, O. B. KOCTIOK, A. O. HIKYJIBYEHKO, O. b. AXIE3EP, M. O. AC/IAH/IYKOB

MOJEJIb HA OCHOBI ITABJIOHIB JJI1 KOPOTKOCTPOKOBOI'O IIPOTHO3YBAHHA
KIJIBKOCTI TPAH3AKIIIA ¥V PO3JIPIBHUX MATA3ZUHAX OJIATY

OTpHMaHHS NIPOTHO3HUX 3HAUCHb [TOKA3HUKIB 3 YpaxyBaHHSIM iCTOPUYHUX JAHUX, IO NPEJICTaBIeHI YACOBUMH PsAaMH, Bifirpac BUPINIANbHY POIb y
pHIHATTI Gi3HeC-pilieHp y pi3HuX ramy3sax. OnHiero 3 Takux cdep 3aCTOCYBaHHS € 3aada rnepeadadeHHs KibKocTi Tpan3akuiil y fashion-marasnnax
PO31piOHOT MepesKi 3 METOI0 ONTHMAJIBHOIO IUIAHYBaHHS POOOYOro Yacy MpaLiBHHUKIB Ta JOCATHEHHS MAaKCHMAaJbHOTO 3a[J0BOJICHHS ITOKYIIIIB SKICTIO
obciyroByBaHHs. Bubip BifIoBigHOI MOzeNi NPOTHO3YBaHHS YacOBUX PSAIB 3aJIeKHUTH BiJl TOPH30HTY IPOTHO3Y, a TAKOXK XapaKTEPHUCTHK 4acOBOTO
psiay, a caMe TPeHAY, CEe30HHOCTI, IUKJIIYHOCTI Ta HeperyisipHocTi. TpaauniiiHi MeTony aHaIi3y Ta MPOTHO3YBaHHS YaCOBHX PSIiB NPU3HAUYEH] AT
00pOOKHU OIHIET CE30HHOCTI B YaCOBOMY PSIZY, ajle 32 HAsBHOCTI MHOXKHHHOI CE30HHOCTI I[i METOAM HE MPALIOIOTh 33I0BUIFHO. 3aCTOCYBAaHHS METOIB
JIEKOMIIO3HIII] YaCOBOTO PSIy XapaKTepPH3yEThCS OOUNCITIOBATIEHOIO CKIAJHICTIO. BHKOpPHCTaHHS METOAIB MallMHHOTO HaBYaHHS TaKOXK He 3aBXKAU €
JIOLIJIEHUM 3 HU3KY PI3HOMAHITHHX NPHYMH. TakuM 4MHOM, HEOOXiTHO BUKOPUCTOBYBATH IPOCTi aJaITUBHI MOJeNi, Ha OCHOBI BHOpaHUX NIa0JIOHIB,
JUISL IPOTHO3YBAHHS CE30HHUX JAHUX CKJIAJHOI CTPYKTYPH, 110 HOBTOPIOIOThCS. OCHOBHA MeTa Iii€l CTaTTi — pO3pOOUTH YCIIlIHY aJalTHBHY MOJENIb
Ta 3alpONOHYBAaTH METOMY 1i BHKOPHUCTAaHHS JUII KOPOTKOCTPOKOBOTO IPOTHO3YBAHHS KiIBKOCTI TPaH3aKIiii Ha OCHOBI JaHUX y BHUIVIAI 9aCOBHX
psimiB. Jl1s nisiel OniHKKM BUKOPHCTOBYETHCS HAaOip MOTOJUHHUX PSAiB KUTBKOCTI IMOKYMIIB (TPaH3aKIiH) AESKUX MarasuHiB po3apiOHOI Mepexi, o
XapaKTEePU3yIOThCS MHOXHHHOIO CE30HHICTIO. Pe3ynbTaTn OOYHCIIIOBAJbHUX CKCHIEPUMEHTIB IOKa3ylOTh, 1[0 3alpONOHOBAHA MOJEIb HAa OCHOBI
mrabiIoHIB € JOCUTh e(EKTHBHOIO U1 OTPUMAHHS KOPOTKOCTPOKOBHX IIPOTHO3HHMX 3HadeHb. Ll Monenb, IO XapaKTepH3YETHCS IPOCTOTOIO,
IHTYITHBHOIO 3PO3YMINICTIO i MiHIMAIBHIM YHCIIOM IapaMeTpiB, GakTHdHO Moxe OyTH 3acTocoBaHa JI0 Oy/b-sIKOi 00NACTi JaHWX, MPEICTaBICHUX
YaCOBHMH PsiIaMH.

KarouoBi ciioBa: KinbKicTh TpaH3aKIil, 4YacoBi psaHM, MOJETb HA OCHOBI INAGJIOHIB, METOXM KOPOTKOCTPOKOBOIO MPOTHO3YBAaHHS,
MIPOTHO3YBAaHHS Y¥CIIA MOKYIIIIB, aJalTHBHA IPOTHO3HA MOJIEIb.

0. A. HALUZA, O. V. KOSTIUK, A. O. NIKULCHENKGO, O. B. AKHIIEZER, M. O. ASLANDUKOV

TEMPLATE-BASED MODEL FOR SHORT-TERM FORECASTING OF THE NUMBER OF
TRANSACTIONS IN RETAIL CLOTHING STORES

Obtaining predictive values of indicators based on historical data represented by time series plays a crucial role in making business decisions in various
industries. One of these areas of application is the task of predicting the number of transactions in retail stores in order to optimally plan the working
hours of employees and achieve maximum customer satisfaction with the quality of service. The choice of an appropriate time series forecasting model
depends on the forecast horizon, as well as the characteristics of the time series, namely trend, seasonality, cyclicality, and irregularity. Traditional
time series analysis and forecasting methods are designed to handle a single seasonality in a time series, but in the presence of multiple seasonality,
these methods do not work satisfactorily. The use of time series decomposition methods is characterized by computational complexity. The use of
machine learning methods is also not always advisable for a number of different reasons. Thus, it is necessary to use simple adaptive models, based on
selected patterns, for recurring seasonal data of complex structure. The main goal of this article is to develop a successful adaptive model and propose
methods for using it for short-term forecasting of the number of transactions based on time series data. For estimation purposes, a set of hourly time
series of the number of customers (transactions) of some retail chain stores, characterized by multiple seasonality, is used. The results of computational
experiments show that the proposed template-based model is quite effective for obtaining short-term predictive values. This model, characterized by
simplicity, intuitiveness and a minimum number of tuning parameters, can actually be applied to any area of data represented by time series.

Keywords: number of transactions, time series, pattern-based model, short-term forecasting methods, customer number forecasting, adaptive
forecasting model.

Beryn. MojentoBaHHsI 9acOBUX PSAIIB € aKTUBHOIO
obnacTio mociipkeHb. barato ramyseil, Takux sk Oi3Hec,
€HepreTHKa, Hayka, MEAMIMHA 1 T. A., BAKOPUCTOBYIOThH
MOJICTIIOBAHHS YaCOBUX PSAIB JUIl NMPOTHO3YBAaHHsS Maii-
OyTHIX 3Ha4YeHb, MO0 TOTIM BHKOPHUCTOBYBATH IiX JUIs
NIPUIHATTS PillIeHb.

Bubip MeTomy mpOrHO3yBaHHS 3HAYHOI MIpOIO
0OyMOBJIEHHII TIONEpEeAHIM aHAi30M XapaKTEePHUCTHK
4acoBOTO PsAY Ta MiAOOpOM BiamoBigHOT Moaemni. Mosenb

MPOTHO3YBaHHS YaCOBUX PSIB, K MPABHJIO, MA€ YOTHPH
CKJIa[O0Bi: TpEHHA, NHKIIYHY, CE30HHY Ta BHIIAIKOBY.
Tpenna xapakTepu3ye JOBrOCTPOKOBY TeHAEHIIit0. [{nkimiy-
Ha CKJIQJIOBa BIiIHOCHUTHCS MO0 OINBII TPHUBAIMX IHKIIIB,
HIJK CE30HHI CKJIaJI0B1, a BUIIaJKOBA CKJIaJ0Ba HE BiIIOBi-
Jla€ )KOJTHOMY 3 TPhOX NepepaxoBaHMX BHIIE Kinacis [1, 2].
Ce30HHICTh BITHOCHUTBCS 10 NepeadadyBaHHX 1 MOBTOPIO-
BaHUX TEHCHINH 1 3aKOHOMIPHOCTEH MPOTATOM TEBHOTO
nepioxy 4acy. IloBTopeHHsS maOIOHY MOXKe OyTH JHEM,
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THXKHEM, MicsieM, kBaptaioMm 1 T. 1. Lli ce30HHI KonH-
BaHHS BIJIrpaloTh BAXIIMBY POJIb y NPUHHATTI yHpas-
JIHCBKUX PilICHb.

Bubip BignoBigHOi Momeni (METOAWKH) HPOTHO3Y-
BaHHS YaCOBHX DSIB 3aJIS)KUTH BiJl TOPU3OHTY MPOTHO3Y,
a TaKo)XX XapaKTePUCTHK YacOBOTO psAy, 30KpeMa Ha-
SIBHOCTI HACTYITHUX KOMITOHEHTIB: TPEHIY, CE30HHOCTI,
OUKITIYHOCTI Ta HeperymsipHocTi. TpaaumiitHi Meromu
CTAaTHCTHYHOTO aHANli3y Ta TPOTHO3YBAHHS YaCOBHX
pAAiB, IO BUKOPHUCTOBYIOTh Pi3HOMAHITHI perpeciiiHi Ta
aBToperpeciiiai mozeni, Taki sk ARIMA, SARIMA i T. 1.,
YCHIIIHO BUKOPUCTOBYIOTBCS JUISI MOJIETIOBAHHS OJTHOBU-
MIDHUX YacOBUX pAZIiB, aje BUMaralTh IPOBEICHHS
PETEeNILHOTO aHai3y Ta MPHUCYTHOCTI JIOCHTIHUKA, 0 TOTO
K MICTSITh JOCHTb BEJIMKY KUIBKICTh HACTPOIOBAHUX Iapa-
MeTpiB. 3a HasBHOCTI MHOXXKMHHOI CE30HHOCTI IIi METOIM
HE MPAIIO0Th 3aI0BIJILHO.

Metomu (SSA a6o Singular Spectrum Analysis a6o
«rycenutsi» [3, 4], Adaptive harmonic components detec-
tion and forecasting [5, 6, 7]), mo mependa4yaOTh IEKOM-
MO3WII0 BHUXIAHOTO YacOBOTO psIy Ha CKJIAmOBi, SKi
MOJKHA ONHCATH CTaHJAPTHUMH MaTeMaTHIYHUMH (YHK-
IISIMH, YCIIIIHO MPAIOTh I JaHUX B Tajly3i TEXHIKH,
¢bi3uku, a TakokK 010JIOTIl, aje He 3aBXKIu e()ECKTUBHI IS
ONUCY EKOHOMIYHHX SIBHII. 3a3HauyeHI METOJM XapakTe-
PHU3YIOTBCSI OOUUCIIOBAJILHOIO CKJIAIHICTIO 1 TOTPeOyIOTh
MOCTIHHOI mpHCyTHOCTI nociinuuka. [Tinxoau, mo 3acHo-
BaHI Ha BUKOPHCTaHHI METOJIB MAIIMHHOTO HABYaHHS Ta
WITYYHUX HEHpOHHUX Mepex [8, 9], € mocuTs momyusp-
HUMH B JaHHH dYac, aje OTPUMaHi pe3yabTaTh HE €
MIPO30PUMH, a HEOOXiTHICTh OJTHOYACHOTO HACTPOIOBAHHS
Ta MmomaieplIoi amanramii iHOMI KITBKOX THCSY OIHOTHII-
HUX MOJIeNIeH € BUTPATHOIO IIOJI0 PECYPCIB.

OkpeMO MOXKHa BKa3aTH KJIac MOJENEH, IIo
BUKOPHCTOBYIOTh JUISl OIIMCY YacOBOTO psijly IIA0JIOHH Ha
OCHOBI ITOCJIIIOBHOCTI ICTOPUYHHX J@HUX LIBOTO X Py
IEBHOI IOBXWHU. Taki 1ma0JOHU HE BUMAararoTh iJ€HTH-
¢ikauii Ta MOIYKY KOMIIO3MIIi CKIAJHUX MaTeMaTHYHUX
GbyHKIIIH, a TaKoXkK pO3B’s3aHHS OKPEMOi 3a]a4ul HaCTPOIO-
BaHHs IMapaMeTpiB 1ux (YHKUIH Ta HepeBipKH iXHBOT
anexBaTHocTi. Cami maOJIOHM MICTATH MIiHIMAJIBHO MOXK-
JUBY KUTBKICTh HACTPOIOBAHUX IMMApaMETPiB i, B OKPEMHX
BHIAJIKaX, JO3BOJIIOTH BiApa3y K BH3HAYUTUCST 3
JIOBXKHHOIO Ta (OPMOIO. IX Takok MOKHA aJaNTHBHO
HACTPOIOBATH BIINOBIAHO JO HAAXOMKEHHS IOTOYHOT
iHpopManii, mpu mbOMYy OOYHCIIOBaNTbHA CKIAJHICTH €
HEBENWKOI0. E(eKTHBHICTS BHUKOPUCTAHHS IOIIOHOTO
MiIX0/AY Ui TPOTHO3YBaHHS CE30HHHMX JaHUX CKIIAJIHOT
CTPYKTYpH, 1[0 MTOBTOPIOIOTHCS, MOKa3aHa JOCIIIHUKaMU
IIpU TPOTHO3YBAaHHI YacCOBHMX PAIIB, 30KpeMa, B ramysi
enexktpoerepreTuk [10], mexumuan [11].

VY cydacHOMY CBITi 4acoBi pSIM 31 CKJIaJIHOIO CE30H-
HOIO0 3aKOHOMIpHICTIO — 3BHYaiiHe sBume. Hampukman,
noroAnHHe a00 IIO/IEHHE CIIOKUBAHHS EJIEKTPOCHEPrii,
KUTBKICTh TpaH3aKI[if, MO 3MIHCHIOIOTHCS MOKYIISIMH,
IIBUJIKICTh HAJIXOJKCHHS A3BIHKIB y KOJ-IICHTPH i T. 1. HE
MalOTh NEPIOTUYHOI CE30HHOCTI, a MICTATh IWHAMIYHY
Ce30HHICTh. BpaxoByroun 1ie#t ¢akT, METOIO IIi€i CTaTTi €
po3pobka mpocToi Ta eheKTUBHOT MOJIETIi YacOBOTO PALY 3
BHKOPHCTAHHAM IIa0JIOHIB A7 OTPUMAHHS KOPOTKOCTPO-
KOBOTO TIPOTHO3Y, & TAKOX pO3po0Ka METOIUKH ITOOYI0BH

mabJIoHy Ta Horo ajanTuBHOrO HactporoBaHHs [12]. Pos-
pobneHa Mozenb Oyia MpoTecTOBaHA HA JAaHUX MOTOIMH-
HUX PSAIB KUIBKOCTI MOKYNIIB (TpaH3akWii) Aeskux
fashion-marasunie Benukoi po3apiOHOT Mepexi.

MocranoBka 3amaui. Y 3araqbHOMY  BUTJISLII
MOCTaBJICHA BHWINE 33Jada MoXke OyTH chopMyiapOBaHA
HACTYITHAM 4YHHOM. Hexail € cTaTUCTWYHI HOaHi Tpo
CyMapHy KUTBKICTh TpaH3aKLil Ha TOXUHY IO BCIX Kacax
JIESIKUX Mara3uHiB, 3aJaHi YaCOBUMH DPSIaMH 3a IEBHHUN
nepiox gacy 3 dactotoro 1 rox. HeobximHo po3pobutn
MOJIeNb U TIPOTHO3YBAaHHS KIUIBKOCTI TpaH3aKmid Ha
HACTYITHY TOJHMHY 3 METOIO IUIaHyBaHHS 3alHATOCTI Kac
Ta/ab0 KacoOBHX MpPAI[iBHUKIB.

Anaji3z BuxigHux paHux. CTaTHCTHKAa KacOBHUX
TpaH3aKlili MarasuHiB HpeACTaBiIeHa HAaOOpPOM IaHUX 3
2019-10-11 19:00 mo 2020-01-28 22:00 3 kpokom 1
TOIMHY Ta OXOIUII0€ TpaH3akuii 778 marasuuiB. [loro-
IOUHHY IWHAMIKy TpaH3aKLii Ha NpPUKIaAi CTATUCTUKH
ofHOTO Takoro Marasuty (Nel9) mpencraeneHo Ha puc. 1.
OCKUTBKH OUTBITICTh Mara3WHIB MAalOTh aHAIOTIYHI 9acoBi
pPSAAM TpaH3aKIii, BCi MONANBIII BHUCHOBKH LTIOCTpYyBa-
THMYTbCS JAHUMH JUISL [HOTO MarasuHy.

AmHani3 3arajapHOI KiBKOCTI TpaH3aKIiil Ha TOAWUHY
32 KOKHMM Mara3vHOM I0Ka3aB, 110 Trpadiku (pe:xuMu)
poboTn MarasuHiB Mepexi pizHi. Tomy Bci naHi mo
OKpEMHUX MarasdHax IpEACTaBJICHI B €quHOMY (opMmarTi:
BKa3aHi 3 KPOKOM B 1 TOIMHY, TOAWHH POOOTH CyMilleHi 3
roauHamu Ha 10o0y: 0, 1 ... 23. I'padiune npeacraBieHHs
MOTOKY TpaH3aklii Ha 100y (24 roamHM) 3a OOCHIX-
JKYBaHHU Tepion Uil 00paHOro MarasuHy 300pa)KeHO Ha
puc. 2 (1000BHIf OTIK TOKYIIIIIB).

I'padiure mpencTaBneHHS IMOTOKY TpaH3aKIid Ha
TOKIEHB (7%24 TOAWHM) 32 TOCTIIKYBaHUH TIepio]] IIHOTO
K MaraswHy 300pakeHO Ha pHC.3 (TIXKHEBHH TIOTIK
MOKYIIIIIB).

Ha puc. 4 npencrasnenuii rpagix aBTOKOpEISIiHHOT
¢ynkuii (AK®) Ttpanzakuiii marasuHy 3a nepiof, IO
JOCTIKYEThCs. 3 aHauizy kopenorpamu AK® BuHO, 110
4acoBUIl psiZl TpaH3aKLiil MICTUTH SIBHY LHKIIYHY KOM-
TIOHEHTY 3 nepionoM k= 24.
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Puc. 4. I'padix AKD Tpanzakiiii 3a focmiKyBaHuii nepios

3 nanux puc. 1—4 BUIUIMBAE, 110
e psxM  TpaH3aKklii MarasuHy — IepioAWYHI,
oOMeXeHl 3a aMIUNTY/I0I0, XapaKTepH3YIThCs
MOCWJICHHSIM aMIuTiTyan y mnepiogn «YopHoi
I’ ITHUI» Ta «HoBOTO pOKy»;
e OuEBHJIHI JBa repiogy — A000BHI Ta THKHEBUH
(puc. 3-4);
e JMHaMiKa TpaH3aKI[iil Mo JHIX HEOTHAKOBA.
BpaxoByroun mieperiueHi BIACTHUBOCTI JUHAMIKH
TpaH3aKIlii, BUKOPUCTOBYBATUMEMO 110 MAKCUMAILHOT
noi6HocTi [10] amst moGynoBH MOJIesi KOPOTKOCTPOKOBO-
TO MPOTHO3YBAaHHS 3HAY€Hb TPaH3aKIid. Y Takii momeni,

Ha OCHOBI IA0JIOHIB, Nepe0aYacThCs, MO SKIIO B ISSKHHA
MOMEHT 4acy B MHHYJOMY IOTIK TpaH3akI[ii BHIJIS/AB
MEBHUM YMHOM, TO B MailOyTHbOMY Taka MOBeZiHKa (Taka
MOCJIIZIOBHICTh) MOBTOPUTHCS (3 TOYHICTIO 1O JIiHIHHOTO
MIEpETBOPEHHS) Y 3B SI3Ky 3 THM, 110 YAaCOBUH psi TpaH-
3aKIiH € MOCTITOBHICTIO BUOIpOK a00 MIa0IIOHIB.

PesynbTraTn aHamizy 4acoBux psgiB. OcHOBHHI
BHCHOBOK, OTPHMaHHI B pE3ylbTaTi aHalli3y YacOBHX
pSAmIB TpaH3akIiil 3a PI3HUMH MarasMHaMH, MOJSTaE B
TOMY, IO YacOBI pPsAH, IIO BiANOBIZAIOTh OTHAKOBHM
IHAM TYOKHS, — SKICHO moxiOHi. OCHOBHI BIAMIHHOCTI —
KijbkicHi. Hampukian, Ha puc. 5 mokasaHi 4acoBi psiy,
IO BI/IMOBIAIOTH YCIM HEIUIAM Y 3a3HAYCHUH MEPioj.

3 puc. 5 BuHAHO, WO mepuli TpH poOOdYi TOJUHU
KIJIBKICTh TpaH3akWid pi3ko 3pOocTae, MOTIM CIiaye
He3HauyHuil cnan (00 11:00). [ami KijgbKicTh TpaH3aKIiH
3HOBY 3pocTae 110 15 roauMHH, mWicas 4YOro MOYHMHAE
CIIaJIaTH IO HYJSL O 3aKpUTTs. Taka IMHaMiKa MOBEIiHKH
XapakTepHa i 10 BCIX HENUIPHMX IHSAX, X04a Ha Hei
HaKJIaZaloThCs ACsKi BUIIaAKOBI KOMIIOHCHTH.

Ha puc. 6 HaBeIeHO aHANOTIYHI 3AJIEKHOCTI IS
pelITH IHIB THXXHS. 3 PHCYHKIB TaK0X BHAHO, IO HPO-
TATOM aHAJI30BAaHOTO mepiogy Oyiao Kinbka aHiB (2—3
JIHI), Y SIKHX KUIBKICTh TpaH3aKLiil 3HA4YHO NEepPEBUIIlyBajIa
KIJIBKICTh TpaH3aKLid 3a iHII JHI, XO4a 3arajbHa TeH-
JIeHIIis 30epiranacs.
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Puc. 5. Yacosi psan Tpan3akuiit y marasuni Nel9 nmo Heninsm 3a
nmocmimpkyBanuit nepion 3 11.10.2019 mo 28.01.2020 (Bichk x —
HOMEp TOJIMHU B MeXKax JI00H)

Jis  BUAINCHHS XapaKTepHOI JOOOBOi JAMHAMIKH
TPaH3aKIid yci JHI TIXKHSI OyIH yCEepeTHECHI HMpPOTATOM
Nepiogy CIOCTEpPEKeHb. YCepenHEeHHsI MPOBOAMIOCS SIK
cepenHe apudmeTnyHe (YepBOHI JiHIT Ha puc. 5 Ta 6), abo
SK MeJliaHa (3es1eHi JiHii Ha puc. 5 Ta 6) 3a KOXXHY TOJIUHY.
Ili orpumani cepemHi 3HaYeHHS Jalli HAa3MBaTUMEMO
«mabnoHamuy. BuaHO, mo 1a0noH-MeaiaHa 3aBXKIU
JISKUTHh TPOXH HIDKYE 3a mabioH-cepenHe. Lle mor’s3ane
3 THM, L0 MeJliaHa € MEHII YyTJIUBOIO JI0 BUKHUJIIB BEIH-
YHHOIO, HI)K CepeHE apu(pMETHIHE.

HasBricTh moAiOHMX MIaOJOHIB TOCITYKHJIO OCHO-
BOIO MOJIEJi MPOTHO3yBaHHS, ONMCAHOT HIKYE.

Moaens. B pamkax 3anporoHOBaHOT MOJEI IpoOr-
HO3 Ha mepury po0ody rofuHy 30iraeTbcs 3i 3HAYCHHSIM
mabJaoHy 3a BiINOBiAHY roauHy. [IporHO3 Ha KOXHY
HacTynHy roauHy (i + 1) oO4MCIIOETBCS SK 3HAYEHHA
tidﬂ BIAMOBITHOTO IMA0JIOHY HA II0 TOAWHY, TOMHOXCHE
Ha Macwtabuuii koediunieHntr k;. Koediuient k; oOumc-
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Puc. 6. Yacosi psian Tpan3akuiii y Marasusi Nel9 o Beix AHSAX TYDKHS (KpiM Hemiii)
3a JIOCHDKYBaHHUHU 1epiof (BiCh X — HOMEp TOJUHH y MeKax JTOOH)

JIOETBCS SIK CepelHE BiTHOIICHHS (DaKTUYHOI KUTBKOCTI
TpaH3aKLii 10 IabIOHHKX 3a Yac, 10 MUHYB BiJl I0YaTKy
npoxaxiB. OCKUTPKH 3 KO)KHOIO HOBOKO TOJTUHOIO K; KOPH-
TYETBCS, BiAOyBaeThCcA TMIACTPOIOBAaHHSA MIA0ONOHY MO
NOTOYHOro JHsA. 3a MexaMu pobodoro dvacy Oyaemo
BBaxatH k; = 1.

3amuiieMo  HaBeACHI  MIpKyBaHHS — (opMasbHO.
Hexaii qana MHOKHHA 11a0JI0HIB:
T4 = (&, t4,...t%) 1)
ne d—Homep nmHA TkHS (1 — Hemus, 7 -
cybora).

Hexait p; — pakTryHa KiNBKICTh TpaH3aKIii 3a [-Ty
roauHy motouHoro mHsA d. Toxi mporHos ﬁidﬂ Oynemo
00YHCIIIOBATH TAKUM YHHOM:

ﬁ1¢+1 =k;- tid+1 )
1 pj
k; = NZje]é 3)

J={i<int #0}, N=dim].

3arajapHa MOJENb s OUIBIIOCTI Mara3uHiB OJIHAKO-
Ba. AHAJIOTIYHUM YHHOM MOXe OyTH OTPUMAHHUH MPOTHO3
OUTBII HiXX Ha | TOMUHY BHEpE.

PesyabTaTn po6orn moaeri. Ha puc. 7 nokazanuii
pe3ynbTaT poOOTH BHIIEONMHCAHOT MOJENI IS HEAUT
OCTaHHBOTO TIXKHA TMepioxy, IO po3rrigaeTecs. Ha
PUCYHKY HaBEIEHO 4YacoBi psAmu (HaKTHYHOI KiJIbKOCTI
Tpausakuiii (p;), mporHosy (Pf,), mabmomy (t}) Ta
koedirienta (k;) st HEMiIi TECTOBOTO THIKHS.

Ha puc. 8 HaBegeHo aHanmorivHi Tpadiky 1 pemTH
JTHIB TECTOBOTO THIKHSI.

Hageneni Ha puc. 7 Ta 8 pe3ynpraTé oTpuMaHi 0e3
Oymp-sKoi omTuMi3alii mapaMeTpiB Mojeri. Sk kputepiit
SKOCTI MOZENI PeKOMEHIOBAaHO MaKCHMalbHe abCONIOTHE
3HA4YCeHHS TOXHOKHA TPOTHO3Y 3a TIDKICHB (MOXIUBI I
iHmn kpurepii). Lle#t kputepili MokHa MiHIMI3yBaTH 3
METOIO ITiIBULICHHS SIKOCTi TPOTHO3YBaHHSL.
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Puc. 7. IlporHo3 (4opHa JiHist), pakTHIHI 3HAYEHHS KUTBKOCT1
TpaH3aKIliii (4epBoHa JiHis), [1a0J0H (CHHS JIiHis) Ta 3HAYCHHS
koeoiuienTa (3enena miHist) s Hepini 2020.01.19

Takum 4nMHOM, JUIS TiJBUILEHHS SKOCTI IPOTHO3Y-
BaHHS MOXJIMBI HACTYITHI KPOKH:

e AnanTuBHa mNOOYJIOBa WIA0NOHIB HA ITiJCTaBi
oOMexeHoi nepezicTopii.

e AnanTuBHE OO0UYMCIICHHS KOeQilli€eHTa Ha TijcTa-
Bi 00OMeXeHO]1 mepeaicTopii.

e [lixBumenHs mopsaaxky mozeni (moOynoBa mpor-
HO3y Ha MIiJCTaBi OUTBII HiIX OJHi€l TOYKH mIab-
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Puc. 8. [Iporuo3 (vopHa iiHist), pakTHUHI 3HAUSHHS KIJIBKOCTI TpaH3aKLii (YepBOHA JIiHis), a0IOH (CHHS JTiHis) Ta 3HAYCHHS
KoedimieHTa (3e1eHa JiHisA) U1 HOHEeIIKa—CyOOTH TECTOBOTO THIKHS

JIOHY, SIBHEC ypaxyBaHHS MOMEPEIHIX (aKTHIHUX
3HaueHb TOLIO).

e BukopucraHHs B SIKOCTI IIabJOHY HaHOLIbLI
CXO0’KOTO 3 MOTIePETHIX AHIB.

e OrpuMaHHS IHTEpBAJILHOTO IIPOTHO3Y, a He
JIMIIE TOYKOBOTO.

e BukopucraHHs BHBa)KEHOTO 3HAYEHHS KiJIBKOX
1a0JIoHIB, MOOYIOBAaHUX 3a PI3HUMH TIPHHIN-
amu.

e Ta iHmmi.

BucHoBku. Y po6OTi pO3MISIHYTO 3a/1aqy TOO0YI0BH
aJIaliTUBHOT MPOTHO3HOT MOJIEeNi KINBKOCTI TpaH3akuLiil y
pO3ApiOHUX Mara3wHax OsIry Ha OCHOBI NIAOJIOHIB 3
MIHIMQJILHO MOXJIHBHM YHCJIOM IapaMeTpiB, KOJIH
BHXimHa iH(OpMAIls TpeAcTaBIeHa Y BUTJIAAI 9aCOBHX
pAmiB.

BuxonaHo momepenHiit anami3 ta yHidikamiro daco-
BHX DSIIiB, BUSABJICHO JOOOBY Ta THXKHEBY HEPiOIUIHOCTI,
SKI JO3BOJIMJIM c()OPMYBaTH J(Ba THITM TIHOKHEBUX IIa0-
JIOHIB, 3 BUKOPHUCTAHHSM YCEpEIHEHHs Ha OCHOBI cepel-
HBOTO apupMeTnyHOTrO Ta Memianu. OTpuMaHi MAGIOHM
CKJIAJIN OCHOBY TIPE/ICTaBIEHOI MOJET NPOTHO3YBAHHSA,
110 MICTHUTb JIMIIE OJIMH Mapamerp.

Kepytounch oOpaHwM KpHUTEpiEM ONTHMAILHOCTI,
BHUIEHO MOMJIMBI HampsMH ONTHMI3amii mapamerpis
MOZAENi ¥ TOKpameHHS SIKOCTI KOPOTKOCTPOKOBOTO
MIPOTHO3Y.

[TokazaHo, 110 OTpUMaHa MOJIEJIb IPOTHO3yBaHHS HA
OCHOBI IIA0JIOHIB MOKe OYTH YCIIIIHO BUKOPHCTaHA JUIS
OTPUMaHHS KOPOTKOCTPOKOBMX HPOTHO3IB  KiJIBKOCTI
Tpan3akifiii fashion-maraszuniB 3a ymoBH amanTHBHOTO
HACTPOIOBAaHHSA ii MapaMeTrpa Ta ONTHMAJIBFHOTO BHOOPY
BU/ly 1a0JOHY 3 ypaxyBaHHsSM HaBEJCHHUX BHIIE PEKO-
MeHpaamiii. Ileil pe3ynbraT € migcTaBolO IS TOOYIO0BH

CKJIaHIIINX KPUTEPIiB ONTHMI3aIlii 3 METOO i IBUIICHHS
SIKOCTI TPOTHO3YBaHHS, a TaKOX MOXE OYTH BHKOPHC-
TaHUH JJI1 OTPUMaHHS KOPOTKOCTPOKOBUX IPOTHO3IB Y
BUIIAJIKaX YaCOBUX PSIiB 3 TOIIOHOIO TIHAMIKOIO.
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S. V. OREKHOV, H. V. MALYHON, N. K. STRATIIENKO

PROBLEM OF CLASSIFICATION OF SEMANTIC KERNELS OF WEB RESOURCE

The article presents a new theoretical basis for solving the problem of situational management of semantic cores identified on the basis of WEB
content. Such a task arises within the framework of a new phenomenon called virtual promotion. Its essence lies in the fact that a real product can exist
in two realities: online and offline. According to marketing theory, the lifetime in two realities is the same. However, in the online mode, the goods
exist independently and in accordance with the laws of the use of Internet technologies. Therefore, based on the concept of a marketing channel, it was
proposed to consider a message in such a channel as a semantic core. The core is a specially selected set of keywords that briefly describe the product
and the corresponding need. It has been proposed that each need forms a so-called class of need. Therefore, the product description will either belong
to this class or not. In addition, a product can be described by a different set of keywords, which means that different descriptions of the same product
or several products, if there are any for sale in the enterprise, will fall into the demand class. As a result, in this work, it was proposed to consider the
center of this class as the so-called K-candidate. It is the K-applicant that will be the semantic core that will be considered at the current iteration of the
situational management process. In addition, in order to move from one situation to another, in other words, from one core to another, it is required to
have such an alternative core. It can be safely taken either from the neighborhood of the need class center (K-applicant), or the center of another class
(another K-applicant), if the product can cover several needs of a potential buyer. Then the actual task is to classify the classes of needs based on the
text corpus in HTML format. Having a text corpus at the first stage, the task of synthesizing semantic cores is realized, and then the classification task
itself. This article proposes the formulation of the classification problem, taking into account the features that the Internet technologies contribute to
search engine optimization. In particular, it is proposed to use four metrics from the category of WEB statistics. And then it is proposed to use the
clustering method to identify classes of needs, taking into account the fact that the K-applicant is presented as a semantic network or as a graph.
Keywords: semantic kernel, keyword, Ford — Fulkerson method, K-applicant.

C. B. OPEXOB, I'. B. MAJTUT'OH, H. K. CTPATIEHKO
3AJTAYA KJIACUPIKAIIII CEMAHTUYHUX SAJEP BEB PECYPCY

VY cTaTTi NpencTaBIeHO HOBY TEOPETHYHY 0a3y AUl BUPILICHHS 3aJadi CUTYalliifHOrO YNpaBIIiHHS CEMAaHTUYHUMH SJIPAMM, BHJUICHUMH Ha OCHOBI
BED xonTenTy. Take 3aBiaHHs1 BUHUKA€E y paMKaxX HOBOTO (heHOMEHa Miji Ha3BOIO BipTyaibHe npocyBaHHsA. CyTh HOTo mojsrae B TOMy, IO peaabHUI
TOBAap MOXeE iCHyBaTH y JBOX PEalbHOCTSX: OHJAWH Ta oQuiaiH. BiamoBigHo 10 Teopii MapKeTHHTY 9ac XHUTTS Y JIBOX PEalbHOCTSIX OJHE I TeX.
OpHak y peXuMi OHJIAHH TOBap iCHY€ CaMOCTIHHO i 3TiHO i3 3aKOHaMH 3acTocyBaHHs IHTepHeT TexHousoriid. ToMy B poOOTi Ha OCHOBI KOHIEMIT
MapKETHHTOBOIO KaHally OyJO 3alpOlOHOBAHO PO3IJISJIATH MOBIJOMICHHS y TAKOMY KaHalli K CEMaHTH4YHE SIpo. SIpo € cneuialbHO BUALIEHE
0e3J1iy KITFOUOBHX CIIiB, SIKi KOPOTKO OMHCYIOTH TOBAp Ta Bi/NMOBiAHY HoMy notpedy. Byio 3anpononoBano, koxHa motpeda GpopMye Tak 3BaHHI KJ1ac
notpedu. OTxe, onuc ToBapy ado Halle)KaTUMe JaHOMY KJIacy ud Hi. 3 iHIIoro OOKy, TOBap MOXKHA ONUCATH iHIIUM HAOOPOM KIIFOUOBHUX CIIiB, OTXKE Y
KJIac NOTPeOH MOTPAIUIATh Pi3HI OMUCH OJHI€T W Ti€l K TOBAapy YM KiJbKOX TOBApiB, SKIIO TaKi € JUIs HiJNPUEMCTBA Npoaaxy. B pe3ynbrati B wii
poboTi OyI0 3aIPONIOHOBAHO BBAKATH IIEHTP TAKOTO KJIACy Tak 3BaHMM K-mpeTeHneHToM. Came K-TIPETEH/IEHT i Oy/ie THM CEMaHTHYHHM SJIPOM, K€
Ha MOTOYHIN iTepauii mpouecy CHTyaliiHOro yrnpaBiiHHS po3risaaTUMeThes. Kpim Toro, ais mepexody Bia oxHiel cuTyauii g0 iHmoi, To0TO Bifg
OJIHOTO SIAPA O iHIIOro, MOTPIGHO MATH TaKe aNbTEPHATHBHE sAPO. Moro MOxHA cMimBO Gpaté abo 3 OKOIHI LEHTPOimy Kimacy motpebm (K-
TpeTeH/IenTa), abo MEeHTpoix iHmoro knacy (iHmmi K-TPETeH/EHT), SKIIO0 TOBAap MOXKE MOKPHUTH KilbKa IOTped MoTeHIiiHoro moxymus. Tomi
aKTyallbHe 3aBJaHHs Kiacu@ikauii Ki1aciB MOTped Ha OCHOBI TEKCTOBOro kopmycy y ¢opmari HTML. Matoun TekCTOBHI KOpIyC NEpLIOMY €Tarli
peani3yeThCsl 3aBIaHHSI CUHTE3Y CEMaHTHUYHHX siep, Ta OyB BiacHe 3aBIaHHs kinacugikamii. Y Iiif cTaTTi 3ampONOHOBAHO MOCTAHOBKY 3aBJAHHS
kinacudikarii 3 ypaxyBaHHSIM OCOOIMBOCTEH, 1[0 BHOCATh IHTEpHET TEXHOIIOTii, MOB’A3aHi 3 TOIIYKOBOIO ONTHMi3allier0. 30KpeMa, 3alpOOHOBAHO
BUKOPHCTOBYBATH YOTUPH METPHKH 3 po3psany BED craructuxu. I mani 3anponoHoBaHO BUKOPHCTOBYBATH METO[ KIACTEPHU3allii Il BUALICHHS KIaciB
motped 3 ypaXyBaHHSAM TOrO, 1110 K-TIPETEHACHT NPENCTaBICHUHN K CEMAaHTHYHA Mepexka abo sk rpad.
Kurodogi ci1oBa: ceMaHTHYHE SIpo, KITFOU0OBE clI0BO, MeTo Dopna — Dankepcona, K-peTeHIeHT.

Introduction. In the paper it is offered to consider a
problem of classification of semantic kernels. In general,
this problem is formulated as follows [1-2]. There is a set
of objects X, and Y is a set of class numbers. Then we
create a mapping: F : X =Y, the value of which is known
only on a given set of pairs X ={(X1, ¥1)v--s Xims Y )} -
This is a training sample. You need to build an algorithm
A:X —Y that allows you to classify a new object xe X .

We adapt the classical formulation of this problem to our
case, taking into account the already existing problem of
situational management [3].

We will call a K-applicant such a kernel that
launching it in the promotion channel leads to the sale of
goods or services over the Internet. We will assume that
the K-applicant forms the center of the cluster of kernels,
i.e. it is a reflection or annotation of the main content of
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the text describing the product or service for a potential
buyer. Consider the main properties of the K-applicant.

K-applicant is a brief description of the product or the
need that the product covers. It describes a product that
should be purchased from the perspective of a potential
buyer. Taking into account the theory and practice of
search engine optimization on the Internet [4-7], K-
applicant is a set of keywords that describes the set of
keywords and the rules they form. The typical frequency
of K-applicant in web content is 5-7 %. It must be
reflected in the web content header.

In the paper it is considered that the K-applicant is a
center of the class of semantic kernel. There can be as
many such cluster center as you want, because each
product can cover several needs. We will assume that one
K-applicant presents one need that closes our product or
service to the buyer. It is very important to describe the K-
applicant in terms of quantitative indicators. We can
generally talk about three main key indicators. The first
indicator is the frequency of appearance in web text. The
second is the number of keywords that make up the K-
applicant. The third is the number of rules from the point
of view of the theory of knowledge representation, which
are hidden in the body of the K-applicant, if it can be
represented as a semantic network.

Then K-applicant will be called an annotation of the
description of the need that closes the product that we
promote online. This annotation is presented in the form
of a semantic network built by an algorithm [8]. Different
K-applicants can be compared by the number of rules, the
frequency of occurrence in web content, the frequency of
occurrence in the search engine database and the number
of keywords in its composition. Let’s mark these
indicators accordingly 1;,1,,15,1,. Then schematically

the classification process can be depicted as follows —
fig. 1.

Problem statement. The process shown in fig. 1 can
be described as follows. Let the web content describe
several needs that cover the product or service being
promoted. Each of these needs is met by a set of keywords
and rules that connect them to the appropriate content.
This content is presented in the form of a semantic
network and is called K-applicant. Variants of semantic
networks, which include similar keywords with similar
rules, will also be formed around the K-applicant.

K-applicants are cluster centers of the
corresponding segments or classes

Fig. 1. Classification process based on K-applicants

That is, there are analogies around the K-applicant,
other similar versions of semantic networks, which give
the same meaning, but with different combinations of

keywords and rules. Such a group of semantic networks
(K-applicant and analogies) will be denoted as a class of
needs. Then let there be a set of needs classes
Yy ={Y1,-..Y¥,} for each product or service being

promoted. And the problem of classification is
transformed into two problems: self-classification and
clustering [9-10]. That is, you must first form a set of
classes Yy, and then assign to the class the existing

semantic kernel.

Thus, the problem of classification of the semantic
kernel is formulated as follows: having many classes of
needs Y, we need to build a classifier A:X —Y that

can assign the semantic kernel to the appropriate class of
needs. In general, the classifier can be organized as a
linear, DNF (disjunctive normal form) rule or neural
network [11-12]. But given the fact of solving the
problem of nuclear fusion, we can say that the problem of
classification first degenerates into the problem of
clustering of semantic kernel. This effect occurs because
we synthesize a set of kernels, and then we have to divide
this set into classes of need Y, . If we re-synthesize

kernel, the problem of classification is already solved.

The problem of kernel clustering is formulated as
follows (fig. 1). We believe that we have many semantic
kernels. There is also a function of the distance between
two kernels. Then it is necessary to divide the set into
subsets that do not intersect and which include nuclei that
are close in metric.

Having many problems of the dissertation, we will
consider approaches to their solution based on existing
methods of artificial intelligence, machine learning, soft
computing and data acquisition technology.

Proposed approach. In the paper to solve the
clustering problem it is proposed to use the Ford —
Fulkerson algorithm [9]. Consider formally its stages.

At the input of the algorithm we submit a semantic
network SN ={V,E}, indicating the source s, the drain t

and the bandwidth matrix c. Moreover, the elements of the
matrix ¢ will be calculated by formula (1). The result of
the algorithm is the maximum possible flow f from s to t.

4 .
d(i,j)=1/2(li—lk’)2 ()
k=1

If there is no connection between the vertices, the
distance is considered infinite. In addition, we will
introduce a capacity indicator:

. 1
c(i, ) :m 2

The algorithm includes the following steps:
Step 1. We believe that f(i, j)=0 for everyone

@i, )eE. The final network coincides with the initial:
N=N.

Step 2. Choose any path pe N from s to t such that
c(i, j)>0 for all edges (i, j) € p, and go to step 2. If such
a path does not exist, the algorithm ends.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
58 ananis, ynpasninus ma ingopmayiini mexnonozii, Ne 1 (7)°2022



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

Step 3. In the path found in the first stage p we find
the edge with the minimum bandwidth ¢, (i, j) and go
to the third step.

Step 4. For each edge in the found way we increase a
stream on size Cn;,,, that is we consider

fi,j)="f(@,))+cp, for all (i,j)ep; the flow for the
edges of the opposite path is reduced by the value Cp, .
i.e. for all f(j,i)="f(j,0)—Cpip-
fourth step.

Step 5. Adjust the final network N . For all edges in
the found path and for the opposite edges we calculate a
new bandwidth. Remove the edge with zero bandwidth,
and with non-zero — add to the final network and go to the
first step.

For the numerical implementation of the algorithm,

we introduce the definition of the stop function of the
algorithm as [13]:

Let us move on to the

Q=%, @3)
11
r=—— dd, j).
K PK ('J)ZEPK
1 .
L] D di,zi),

(i, DePg

where Z, — class center K, P¢ — set of keywords from

semantic network which describes the semantic kernels of
web content.

Future work. The solution of the problem of
classification of semantic kernels is a part of the task of
situational management. As it was said, for its solution it
is required to allocate classes of needs. Therefore, the
directions for further research are alternative methods for
separating classes and cluster centers of these classes.
Classification methods based on soft computing and graph
theory are promising.

Summary. In this article, such new scientific results
have been reviewed to complete the task of classification,
as well as: 1) the statement of the task of classifying
semantic cores on the basis of seeing the classes of needs
on the basis of semantic measures was formulated, as it
was generated on the basis of web content; 2) got further
development the method of solving the problem of
classification; 3) previously proposed a change of metrics
for visualizing consumer classes based on web content
that describes a product for sale on the Internet.
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A. M. KOPP, D. L. ORLOVSKYI, I. V. LIUTENKO

A SOFTWARE SOLUTION TO WORK WITH A DATABASE OF BUSINESS PROCESS MODELS AND
ANALYZE THEIR STRUCTURAL MEASURES

Business process modeling is one of the main tools of the BPM (Business Process Management) concept. With the help of business process modeling,
business scenarios can be presented in the form of graphical models that can be easily understood by both information technology (IT) professionals
and non-IT professionals — business analysts, software customers, department heads, top managers, and other stakeholders interested in business
process improvement. Business process improvement is usually done through the automation of activities, which were identified as “bottlenecks” after
analysis. However, it is possible to analyze a business process model only if it is clear and correct in terms of compliance with both the notation used
and the real business process it depicts. This paper considers the analysis of BPMN (Business Process Model and Notation) business process model
structural measures. It is assumed that business process models, which by their structural features violate rules of business process modeling, are
neither understandable nor suitable for further work with them, which also can lead to various errors occurring at the stage of business process
analysis, as well as at the stage of its improvement and implementation of proposed changes, i.e., during development, testing and maintenance of
distinct software components, information system modules or BPM-system scenarios that ensure business process execution. Therefore, in this paper,
we propose to identify the main elements of BPMN business process models and their structural measures that affect models’ understandability and
maintainability and could be sources of errors. Considering selected measures, it is proposed to calculate respective values for a large collection of
BPMN business process models, and then study compliance with theoretical business process modeling guidelines on practice when real business
process models are designed. In order to provide efficient storage and processing of a large collection of BPMN business process models data, there
were developed a database, and a software component. Results of analysis of BPMN business process model structural measures obtained using
developed database and software component are demonstrated and discussed. The conclusion is made, as well as future research directions in this field
are formulated.
Keywords: business process model, modeling notation, structural measures, modeling guidelines.

A. M. KOITII, J. 1. OP/IOBChKHH, I. B. TOTEHKO

MMPOT'PAMHE PIIIEHHS U151 POBOTH 3 BA30OIO JAHUX MOJIEJIEM BI3HEC-TIPOIIECIB TA
AHAJII3Y IX CTPYKTYPHUX XAPAKTEPUCTHUK

MogernroBasHs Gi3HEC-TIPOLECIB € OJHUM 3 OCHOBHHX IHCTPYMEHTIB KOHLEHLI] yrpasiinHs 6i3Hec-ipouecamu BPM (Business Process Management).
3a I0MOMOror0 MOJIETIOBaHHs Oi3HeC-MPOLECiB, CLEHApIi ASTTBHOCTI MAMPHEMCTB Ta OpraHizamuiii MOXKyTs OyTH mogaHi y dhopmi rpadiyHux Mozerne,
SIKI MOXKYTb OYTH IOCTaTHBO JIETKO 3pO3yMiJi K crewiamicramu 3 iHpopmauiitnux texnounorii (IT), Tak i ve IT-cnenianicramu — 6i3Hec-aHAIITHKAMH,
3aMOBHHKaMH IIPOrPaMHOT0 3a0e3IeueHHs], KepiBHUKaMH BiIIiJIiB, TOI-MEHeKepaMy Ta iHIIMMHU CTEHKToIIepaMy, 3allikaBJIeHUMH B YIOCKOHAJICHHI
Gi3Hec-mporeciB. Y I0CKOHaJICHHS Gi3HEC-TpoleciB 3a3Buuail BigOyBaeThCs 3a paxyHOK aBTOMaTH3auii poOiT, sKi B pe3ynbTaTi aHamisy Oyiu
BH3HAYEHI AK «BY3bKi Micus». IIpote, 3aificHUTH aHani3 Mozeni Oi3Hec-Npolecy MpPEeICTABIIETHCS MOXKIMBUM JIMIIE 32 YMOBH ii 3pO3yMiNocTi Ta
KOPEKTHOCTI 3 TOUKH 30pYy BiAMOBITHOCTI SIK HOTAIIii, 10 BUKOPHCTOBYETHCA, TAK 1 peabHOMY Oi3Hec-TIpoliecy, sIKuii BoHa 300pakye. B nmaniit po6ori
PO3IIISIAETHCS aHAIl3 CTPYKTYPHUX XapaKTEPUCTHK Mojenell Oi3Hec-TpoleciB, MpeacTaBleHnx 3a jgornomoror Hotanii BPMN (Business Process
Model and Notation). Tlepen6auaerbcs, o Mozedi Oi3HEC-NPOIECIB, SIKI 3@ CBOIMH CTPYKTYPHMMHU BIACTHBOCTSMHU MOPYIIYIOTh IpaBUia
MOJIEITIOBaHHS Oi3HEC-TIPOLeCiB, HE € 3pO3YMUIMMH Ta MPUJATHUMH JI0 TIOJAIBIIO] pOOOTH 3 HUMH, Yepe3 IO MOXKYTh BUHUKATH Pi3Hi MOMIJIKH SK Ha
eTari aHaiizy Oi3Hec-TIpoIecy, TaK i Ha eTari HOro BJIOCKOHAJICHHS 1 BIPOBAKEHHS 3alIPONIOHOBAHUX 3MiH, 30KpeMa, I1iJ] 4ac pO3pOOKH, TECTyBaHHS
Ta MiATPUMKU OKPEMHUX MPOrpaMHUX KOMIIOHEHTIB, MOAyJIiB iH(opMariliHux cuctem abo creHapiiB y BPM-cucremax, 1o 3a0e3ne4yroTh BUKOHAHHS
Oi3Hec-mponiecy. [t mporo y poOOTi NpONOHYETHCS BU3HAYMTH OCHOBHI eneMeHTH BPMN-monerneil Oi3Hec-mpomeciB Ta iX CTpYKTypHI
XapaKTEePUCTHKH, SKi BIUTMBAIOTh HA 3pO3YMUIICTh Ta MPUAATHICT MOJIENEH 10 BUKOPUCTAHHS, Ta MOXYTh OyTH JDKEpenaMH MOMUIIOK. 3BaXKaloun Ha
BHM3HAYEHI XapaKTEPUCTHKH, MPOMOHYETHCSI BUKOHATH PO3PAaXyHOK BiJIIOBITHUX 3Ha4eHb JIi Benukoi koiekuii BPMN-moneneii GizHec-mporiecis,
ITCIIST YOTO JOCTITUTH TOTPUMAaHHS TEOPETHIHUX IIPABIII MOJETIOBAHHS Oi3Hec-TpoleciB Ha MPaKTHUIi IpH MOOYyIOBI Mozxenel peanbHHX OizHec-
mporeciB. [st 3a6e3neuents eGekTUBHOTO 30epirants Ta 00poOKu Benukoi Kojekiii qanux mpo BPMN-mozeni Gisnec-mporeciB 6yino po3pobieHo
0a3y AaHMX Ta MPOrpaMHUI KOMIIOHEHT. [IpoeMOHCTPOBAaHO Ta MPOAHANI30BaHO PE3YIbTATH aHANI3Yy CTPYKTYpHHUX Xapaktepuctuk BPMN-moneneit
Oi3Hec-TIpoIieciB, OTPUMaHi 3 BHKOPHCTAHHSIM pO3poOJeHOi 0a3m JaHMX Ta HporpamMHOro KommoHeHTa. ChopMynbOBaHO BHCHOBKH, a TaKOX
BHM3HAYECHO MOAANBIII HANPSMKH JOCHTIPKEHb.
KurouoBi ciioBa: Moziens Oi3HeC-TIpoIIeCy, HOTAllisl MOJICITIOBAHHS, CTPYKTYPHI XapaKTEePUCTHUKH, IPABUIIa MOJICITIOBAHHSL.

information customization

Introduction. Business process management (BPM)
and, respectively, business process modeling are used by
modern organizations focused on continuous improvement
of their performance [1].

Using business process modeling as the core tool of
the BPM approach, small and large companies may
capture their activities in the form of graphic diagrams
that could be later brainstormed by business analysts to
find ways for organizational workflows improvement.

Therefore, the understandability and modifiability of
business process models are crucial for the success of
future business process improvement projects [2]. It is
natural, that error-prone business process models that are
not clear for their readers could negatively affect the
success of BPM projects, causing shortcomings starting
from the design stage. Moreover, in the later stages of

system development or
projects, business process models of poor quality could
lead to literally a hundred times bigger and, therefore,
expensive mistakes [3].

Problem statement. Nowadays, a BPMN (Business
Process Model and Notation) is the de-facto standard
notation for business process modeling [4].

This notation is quite similar to its predecessors EPC
(Event-driven Process Chains) and IDEF3 [5], however, it
is much more complex, due to the rich set of activities,
events, and gateways (logical connectors used to manage
process execution scenarios, e.g. “and”, “or”, “xor” etc.)
of different types.

Deceptive “simplicity” could make inexperienced
business analysts build BPMN models as simple workflow
diagrams or vice versa, using complex BPMN constructs

© A. M. Kopp, D. L. Orlovskyi, I. V. Liutenko, 2022
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where it is not necessary. Both of these cases may lead to
poor-structured business process models understandable
only to their authors. It is basically the same as using a
fancy text editor to write down a poem, but with a lot of
grammar mistakes, or writing an essay or graduation
thesis speech, but on a paper note.

Thus, it is relevant to study the main sources of
BPMN modeling mistakes to provide recommendations
for their efficient detection and elimination.

The research object includes an analysis of BPMN
business process models structural measures.

The research subject includes the database and the
software component to provide efficient storage and
processing of a large collection of BPMN business
process models data.

This research aims at the improvement of designed
BPMN models by detection and elimination of modeling
mistakes.

Proposed approach. In the proposed approach we
suggest considering size measures of business process
models, formulated at first for EPC models in [6] and later
applied to measure BPMN models in [7]:

SMgpun = (SMOR’SMSEISMEE'SMN>I (1)

here SMyg —the number of inclusive gateways (OR
logic);

SMgg — the number of start events;

SMg — the number of end events;

SM,, — the number of all nodes.

As the dataset of sample BPMN models, we propose
to use the model collection of BPMAI (Business Process
Management Academic Initiative) [8]. It provides JSON
(JavaScript Object Notation) files with business process
model metadata, including necessary measures (1).

Hence, the following algorithm (see fig.1) is
suggested to process input JSON files of BPMN models’
properties to compare structural measures toward the
thresholds defined in [7] and estimate error probabilities
for BPMN models.

(1) Process |]SON metadata files and prepare
a dataset of:

- general model data

- model size measures

¥

((2] Export the dataset as CSV document)

¥

{(3] Upload and process the CSV document: J

- define measure thresholds and error probabilities
- calculate error probabilities for each model

¥

[(4) Save model data, measures, and ]

calculated results to the SQLite database

[(51 Display obtained results on the web page)

®

Fig. 1. The algorithm of BPMN models data analysis

Respective thresholds defined by authors of [7] for
size measures (1) of business process models are
following:

TMgpyn = (TMOR' TMgg, TMgg, TMN)' (2)

here TM, —the threshold to evaluate the number of
inclusive gateways (OR logic), TM,z = 0.5;

TMgg — the threshold to evaluate the number of start
events, TMg, = 2.5;

T Mg, — the threshold to evaluate the number of end
events, TMgp = 2.5;

TM, —the threshold to evaluate the number of all
nodes, TM, = 31.5.

Therefore, according to [7], there could be defined
the following probabilities of finding errors in business
process models when thresholds (2) are overcome:

e P(SMyg > TMyg) = 0.09;

e P(SMgz > TMg;) = 0.07;

e P(SMgg > TMgg) = 0.05;

e P(SMy > TMy) = 0.09.

Considering the multiplication rule [9], we would
like to suggest the following equation to calculate the
error probability of a BPMN model:

hasErrors =1 — 1_[[1 —P(SM; >TM)],  (3)

ieEM

here M — the set of business process model elements used
to calculate measures (1), M = {OR, SE,EE, N}.

Results. Data extracted from JSON files of BPMAI
collection [8] should be stored in the database for better
performance and consistency. The suggested data model
(see fig. 2) is similar to the “star” schema of data
warehouses, suitable for analytical data processing [10].

@ ModelingLanguage
e ModelingLanguagelD : TEXT

@ NaturalLanguage
# MaturalLanguagelD : TEXT

ModelingLanguageValue : TEXT NaturallLanguageWalue : TEXT

N/

@ ModelFile

& ModelFilelD : TEXT

Modelinglanguagell : TEXT
MaturalLanguagelD : TEXT
Name : TEXT

Timestamp : DATETIME
Image : TEXT

HasErrors : REAL

@ ModelMeasure

# ModelFilelD : TEXT

Nodes : INTEGER

Activities : INTEGER
SequenceFlows : INTEGER
StartEvents : INTEGER
EndEvents : INTEGER
ParallelGateways : INTEGER
Inclusive Gateways : INTEGER
ExclusiveGateways : INTEGER
EventBasedGateways : INTEGER
ComplexGateways : INTEGER

Fig. 2. The schema of the BPMN metadata database
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The overall system for BPMN models analysis
works as follows (see fig. 3):

e BPMAI JSON files are processed using NodeJS
script and model names, and calculated measures
(1) are stored in the CSV file (Comma-Separated
Values);

e the CSV file is then processed using Python
script to calculate error probabilities (3) and all
obtained results are stored in the SQLite
database;

e the Flask web application queries results from
the database and transmits them to the web
browser, where the JSON viewer plugin can
display them (see fig. 4).

Server

|
Measures Analysis
Steps (3-4)

SQLite Database

| |
I |

£] ]
Flask Web API
Step (5)

LY
\
\

JSON Processing
Steps (1-2)

¥
|
i
|

BPMN JSON Metadata J

2

|
T
Client I
|

=]
Google Chrome
Step (5)

1)
|SON-As-Table Viewer [€ ~

Fig. 3. Experimental system design

Show |10 v |eniries

The example of obtained results is shown in fig. 4.

Discussion. Obtained statistical results (see fig. 5)
demonstrate that redundant end events are the most often
sources of errors in BPMN business process models —
there are 4463 (23.72%) BPMN models with redundant
end events that may mislead readers.

20000 4 EE Fine
EEE Fault
17603
17500 4 5
16241 16700
15000 - 14349
12500 4
8
=
£
g 10000 4
w
7500 A
5000 - 4463
2571
2500 4 2112
1209
o i ! i l
OR Gateways Start events End events Nodes

Fig. 5. The most common sources of errors in BPMN models

Other almost equal sources of errors are redundant
start events and large models in general:

e 2571 (13.67%) BPMN models contain redundant

start events that may mislead readers;

e 2112 (11.23%) BPMN models are considered too

large and should be decomposed.

Usage of inclusive (i.e. “or”) gateways is a less
popular source of errors in comparison to other size
measures — there are 1209 (6.43%) BPMN models with
“or” gateways.

Anyway, inclusive gateways are recommended to be
avoided because the semantics of these elements produces
paradoxes and problems in the implementation of the
business process model [11]. It is also stated that BPMN
models with the exclusive (XOR) and parallel (AND)
gateways tend to have a lower number of mistakes [11].

The results of the statistical analysis of calculated
BPMN business process model measures, shown in (1),
are demonstrated in Table 1.

Obtained statistical results demonstrate that 75% of
analyzed BPMN models (18812 models in total) are well-

Search: |supply chain
Model File Model Name Ef‘;r;s Ef:;s 8 aigv[,ays Nodes E':raofs .
© 1408075999 meta json  AVERS_Supply_Chain_NEW 3 g 0 1 0.2
© 2019061654 meta.son  AVERS_Supply_Chain 4 10 0 39 0
© 1322223884 meta json  Supply chain 3 3 0 16 012
©  643475489.metajson Customer Data Supply Chain Map 0 0 0 32 0.09
© 239343585 meta json Data Supply Chain 0 D 0 6 0
Showing 1 to 5 of 5 entries (filtered from 18,812 lotal entries) Previous T Next

Fig. 4. The example of results for “supply chain” BPMN models
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structured since their measures (1) are not crossing the
threshold values (2). Also, we can observe that the
average BPMN model consists of around 17 elements in
general, among which there is one start event (rarely two),
two end events, and the presence of at least one inclusive
gateway is highly unlikely.

Table 1 — The statistical analysis of BPMN measures.

Measure SMyz SMgy SM SMy
Mean 0.13 155 2.01 16.77
Std. 0.72 1.85 2.42 16.05
Min. 0.00 0.00 0.00 0.00
25% 0.00 1.00 1.00 7.00
50% 0.00 1.00 1.00 13.00
75% 0.00 2.00 2.00 21.00
Max. 23.00 103.00 49.00 | 262.00

We also complemented obtained results with the
correlation analysis [12] of error probability and other size
measures of BPMN models that were not initially
included in the tuple (1), as well as ignored by authors of
[7]:

e SM, the number of activities;

e SM, the number of sequence flows.

Obtained results of the correlation analysis [12] are
demonstrated in Table 2.

Table 2 — The correlation analysis results.

Variable hasErrors SM, SMsp
hasErrors 1.00 0.62 0.67
SMy 0.62 1.00 0.90
SMgr 0.67 0.90 1.00

Since correlation coefficients are between 0.5 and
0.7, we may conclude that the error probability and the
number of activities (0.62), as well as the error probability
and the number of sequence flows (0.67), can be
considered as moderately correlated [12].

It can be also noticed that the number of activities
and the number of sequence flows are highly correlated
(their correlation coefficient is 0.9) [12], however, it does
not seem unusual for linked graphs such as BPMN
diagrams.

These observations (shown in Table 2) could be used
in the future to build a model for the estimation of BPMN
business process models using numbers of activities and
sequence flows.

Conclusion. In this paper were considered measures
of BPMN business process models and their respective
thresholds [7]. Using these thresholds [7] it is proposed to
calculate error probabilities of analyzed BPMN models.
To provide efficient storage and processing of
experimental BPMN data, we have developed the
database and software component. Using the software
component BPMN data is extracted from JSON metadata
files, provided in BPMAI research collection [8], then
data is stored in a CSV file that later is processed by a
Python script, and analysis results are stored in the SQL.ite
database. Using the Flask web applications development
framework, analysis results of BPMN models are

displayed using the web page with search and pagination
possibilities.

Using further statistical analysis of obtained results
were defined most common sources of errors in BPMN
models. Also, were defined typical measures of average
BPMN models and correlations between other BPMN size
measures and error probabilities. Future research may
include the elaboration of models for early errors
detection in BPMN maodels using essential measures, such
as numbers of activities and sequence flows.
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A. M. KOPP, D. L. ORLOVSKYI

THE APPROACH AND THE SOFTWARE TOOL TO CALCULATE SEMANTIC QUALITY
MEASURES OF BUSINESS PROCESS MODELS

Business process models are essential business process management artifacts that help describe visually ongoing business activities to facilitate
communication between information technology and business stakeholders. Business process models are used to find inefficient spots within described
workflows and resolve detected shortcomings by automation via configurable software solutions or unified workflow engines. However, this is
impossible when using syntactically or semantically poor business process models. It is the same as building a house using the blueprint with windows
on the floor and typos in text labels. Therefore, it is extremely important to keep created business process models clear and relevant to the actual
workflows they describe. Hence, in this paper, we propose the approach and the software tool to calculate semantic quality measures of business
process models. The proposed approach uses a special procedure to extract the modeling domain statements using natural language processing
techniques. According to the proposed approach, the initial textual descriptions of business process models should be tokenized. Then obtained tokens
should be turned to the lower case style and cleansed to remove non-alphabetic tokens and stop words. Finally, the remaining tokens should be
stemmed and the existing duplicates should be removed. The same procedure is then repeated for text labels attached to the business process model
activities. Then, tokens present in the result of textual description’s processing but missing in the result of labels’ processing are considered incomplete
(i.e. incorrect in the modeling domain). Similarly, tokens present in the result of labels” processing but missing in the result of textual description’s
processing are considered invalid (i.e. irrelevant to the modeling domain). Therefore, respective semantic quality measures can be calculated. The
software tool is created using the Python programming language because of its powerful natural language processing packages.
Keywords: business process modeling, semantic quality, quality measure, natural language processing, software tool.

A. M. KoIlIl, J. 1. OP/IOBCbKHH

MIAXIJ TA IPOTPAMHUAM 3ACIB VIS PO3PAXYHKY CEMAHTHYHHUX MIP AIKOCTI MOJIEJIEA
BI3HEC-ITPOLECIB

Mopemni 06i3Hec-IIpOLECiB € BaXIIMBUMHU apTedakTaMd YIpPaBIiHHA Oi3Hec-IpoIlecamMu, sKi JONOMAaraloTh Bi3yaJbHO OIMCATH IIOTOYHY Oi3Hec-
IiSUTBHICTh, MI00 IIOJETIINTH B3aEMOII0 3alliKaBICHHX CTOpiH Oi3Hecy 3 iHdopMauiiiHuMu TexHomorissmd. Momemi — 6i3Hec-mporeciB
BUKOPUCTOBYIOTBCS IS IIOIIYKY HEe(peKTHBHUX MICIb B OIHCAHUX POOOUMX IPOLECaX Ta YCYHCHHs BUSBJICHUX HEMOJIKIB IIUIIXOM aBTOMATH3alil 3a
JIOTIOMOT'OI0 TIPOTPaMHHMX pillleHb, 10 HAIAIITOBYIOTHCS, a00 yHI(IKOBaHUX CepeloBHUI BUKOHAHHS POoOOUYHX IporeciB. OnHaK [ie¢ HEMOXIIHBO IPH
BUKOPHCTAaHHI CHHTAKCHYHO a00 CeMaHTHYHO HEKOPEKTHUX Mozerneil Gi3nec-mpoiecis. Lle Te came, mo OyayBaTu OyAHHOK 3a KPECICHHSM i3 BiKHAMU
Ha Mi/U1031 Ta MIOMUJIKAMH B TEKCTOBHX Hamucax. ToMy HaJ3BHYaiHO BaXJIMBO 30epiraTi CTBOPeHi Mozeli Gi3Hec-IpoLeciB YiTKUMH Ta BiAMOBITHUMA
(axTHUHUM poOOYMM IponecaM, sSKi BOHH ONUCYIOTh. ToMy B Wilf poOOTI MM HPOIOHYEMO MiAXiJ Ta MPOrpaMHHUN IHCTPYMEHT M PO3PaxyHKY
CEeMaHTHYHHX [OKA3HUKIB SIKOCTI Mopenell Oi3Hec-mpoleciB. 3ampoOMOHOBAHUN MiAXil BHKOPHCTOBYE CIELIiadbHYy MPOLEAYPY ISl BHITYyICHHS
TBEP/PKEHb PO NPEIMETHY 00NacTh 3 BUKOPUCTAHHSAM METO/IB 0OpOOKM MPHPOAHOI MOBH. BilMOBiZHO 1O 3ampONOHOBAHOrO MiAXOAYy MMOYaTKOBI
TEKCTOBi OommcH Mozeneil 6i3Hec-nporeciB MatoTh OyTH TokeHizoBaHMMH. [ToTiM OTpHMaHi TOKEHHM CIIiJ| ITOJATH Y HUKHBOMY PETIiCTPi Ta OYMCTHTH,
00 BUIAAIUTH Hean(aBiTHI TOKEHU Ta CTOI-CJIOBa. HapemTi, pemry TOKeHIB Clliji cTeMaTH3yBaTH, a HasiBHI JyOJikatu ciif BUgaauTy. [1oTim s x
Mpoleaypa MOBTOPIOEThCSA JUIS TEKCTOBUX MITOK, JOAAHMX 1O poOIiT Mozeni OisHec-mpouecy. Toai JIeKCeMH, NMPUCYTHI B pe3yibTaTi 0OpoOKH
TEKCTOBOTO OIIUCY, aJle BiICYTHI B pe3yJbTaTi 00pOOKH TEKCTOBUX MITOK, BBA)KAIOTHCSI HEOBHUMH (TOOTO HENIPaBHIIBHUMU IIOJ0 PEMETHOT obJIacTi
MOJICJTIOBAaHHA). AHAJIOTIYHO, JIEKCEMH, IPUCYTHI B pe3ysbTaTi 0OpPOOKHM TEKCTOBHX MITOK, alle BIJICYTHI B pe3yibTaTi 0OpOOKH TEKCTOBOTO OITUCY,
BBaXXAIOTHCS HEIMCHUMH (TOOTO HE MalOTh BiHOUIEHHS [0 MPEAMETHOI o0nacti MojemroBaHHsA). TakuM YMHOM, MOXKHA PO3paxyBaTH BiANOBIIHI
TIOKAa3HNKK CeMaHTUYHOI sikocTi. IIporpamHmii 3aci6 OyB CTBOpEHMIi 3a JOMOMOTOI MOBH TporpamyBaHHS Python 3aBmskm ii mOTy:XHMM makeTam
00poOKH TPUPOTHOT MOBH.
KuarouoBi ciioBa: MozentoBaHHs Oi3HEC-TIPOIIECiB, CEMAaHTHYHA SIKICTh, Mipa SIKOCTi, 00pOOKa MPUPOIHOT MOBH, IPOrPaMHHH 3aci0.

Introduction. Today digital transformation is a trend
in the enterprise management field. First of all, it
considers  Business Process Management (BPM)
methodology and its main techniques, including business
process modeling and workflow automation. These
approaches rely on special BPM diagramming software or
even complex business process automation suites. While
workflow automation takes into account mostly routine
documents and information flows, business process
modeling, in general, allows representation of business
activities visually as diagrams. Graphical business process
models serve for identification and deeper understanding
of organizational activities. They also help to find
workflow shortcomings and facilitate interaction between
Information Technology (IT) engineering experts and
business stakeholders [1].

A business process is the sequence of manual or
automated activities that aims at achieving organizational
goals and providing products or services valuable for
business users. Automated activities use specialized IT

systems that implement required workflows fully or
partially. These are BPM suites, Customer Relationship
Management (CRM), Enterprise Resource Planning
(ERP), and other IT solutions. The BPM methodology
assumes  workflow automation to improve the
communication of business users with IT systems. In
general, the business process management lifecycle
includes the following repeated stages [2]:

e business process analysis;

e business process modeling;

e husiness process implementation (or deployment
to the execution environment if the workflow is
completely automated);

e business process monitoring;

e business process evaluation.

Graphical business process models are the most
efficient in comparison to textual business process
descriptions. They visually describe business process
tasks, events that trigger process scenarios, transmitted
data objects, organizational units or single persons
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involved into the business process execution, and
provided outcomes [3].

Business process modeling is the technique of visual
representation of ongoing or planned business activities.
Usually, business process models contain events that
trigger various workflow scenarios while being driven by
the control flow logic of parallel, exclusive, or inclusive
branches. Business processes are pillars of process-centric
IT solutions since they help understand and improve
enterprise performance through re-engineering activities.
Business processes are also subject to the service-oriented
design in software engineering. Business process models
are also knowledge-sharing assets. They help transfer best
practices across organizations to improve industry
standards and achieve better business performance [4].

In [5] author proposed the following classification of
business process modeling aspects, including object-
based, communication-based, role-based, topological,
functional, and behavioral. The most popular business
process modeling notations and languages that belong to
the proposed taxonomy are the following [5]:

e Unified Modeling Language (UML);

e Integrated Definition Standards (IDEF0 and
IDEF3);

e Data Flow Diagrams (DFD);

e Event-driven Process Chains (EPC);

e Business Process Modeling and Notation
(BPMN).

The BPMN notation nowadays is the most popular
and de-facto standard of business process modeling and
workflow automation using BPM suites. BPMN combines
behavioral and functional approaches [5].

Besides the BPMN which is a leader in the business
process modeling field, the EPC notation is widely used.
However, recently EPC is being replaced by BPMN [6].

Many EPC modeling software tools now support
also the BPMN as an alternative business process
diagramming approach [6]. For example, the “ARIS
Express” application supports the BPMN notation as the
supplementary business process diagramming capability.

Other standards (i.e. UML, IDEF, and DFD) are not
such popular in today’s BPM industry [6]. However,
IDEF and DFD standards were widely used in the nineties
by the U.S. Department of Defense (DoD) as the business
process re-engineering methodology [7].

Currently, there are about 70 software tools that
allow the building of BPMN diagrams [8]. Also, about 50
open-source tools are listed on the SourceForge [9].

Problem statement. Business process models are
essential BPM artifacts that help describe visually ongoing
business activities to facilitate communication between IT
and business stakeholders.

Business process models are used to find inefficient
spots within described workflows and resolve detected
shortcomings by automation via configurable 1T solutions
or unified BPM engines. However, this is impossible
when using syntactically or semantically poor business
process models. Literally, it is the same as building a
house using the blueprint with windows on the floor and
typos in text labels.

Therefore, it is extremely important to keep created
business process models clear and relevant to the actual
workflows they describe. Hence, in this paper, we propose
the approach and the software tool to calculate semantic
quality measures of business process models.

Semantic quality measures of business process
models. In [5] the author proposes the following
definitions of syntactic and semantic qualities according to
the “Semiotic Quality” (SEQUAL) approach application
to the business process modeling domain:

e syntactic quality is the degree of correspondence
between elements of a business process model and the
syntax of the modeling notation;

e semantic quality is the degree of correspondence
between elements of a business process model and the
actual business process it describes.

Moreover, in [5] the author proposes the following
phenomena, such as validity and completeness. Therefore,
there could be defined semantic and syntactic validity and
completeness degrees respectively [5]:

e a business process model is syntactically valid
when all of its elements belong to the modeling notation;

e a business process model is syntactically
complete when all of its elements obey the syntax of the
modeling notation;

e a business process model is semantically valid
when all of its elements belong to the modeling domain
(i.e. the actual business process);

e a business process model is semantically
complete when all of its elements are correct in the
modeling domain.

While the syntactic quality was extensively studied
in previous papers [10] and [11], let us now concentrate
on the semantic quality. Formally, the semantic quality
measures validity and completeness can be given using
the following equations:

#M\D
S ti lidity =1————, 1
emantic validity Y 1)
#D\M
Semantic completeness = 1 — \ (2)

#D

Here in (1) and (2):

e #M\D is the number of business process model
M elements that do not belong to the modeling domain D
(i.e. not relevant to the actual business process);

e #D\M is the number of business process model
M elements that are incorrect in the modeling domain D
(i.e. poorly describing the actual business process);

e #M s the total number of business process
model elements;

e #D is the total number of the modeling domain
statements.

Calculation of the semantic quality measures. The
proposed approach uses the following procedure to extract
the modeling domain statements using Natural Language
Processing (NLP) techniques.

According to this procedure:

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuil
ananis, ynpasninus ma ingopmayiini mexnonozii, Ne 1 (7)°2022 67



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

e the textual description of a business process S is
tokenized and the bag of tokens T is obtained:

T = {tl‘|i = L_n}; (3)

e the obtained tokens are turned into the lower case
style and the bag L is obtained:

lower:T - L; @)

e non-alphabetic tokens are removed and the bag
of alphabetic tokens A remains:

alpha: L — A; ®)

e stop words are removed and the bag of
meaningful tokens W remains:

stop: A > W; (6)

e tokens are stemmed and the bag of reduced
tokens R remains:

stem:W — R; (7)

o finally, all possible duplicates are removed from
the bag of tokens and the set U is obtained:

unique: R - U; (8)

The sequence of the
demonstrated in fig. 1 below.

?

|' Tokenize the textual description of a business process |

v

~ Y
| Turn the obtained tokens to the lower case style |

v

e N
| Remove non-alphabetic tokens and stop words _|

v

| Stem tokens and remove duplicates |

®

Fig. 1. The procedure for extraction of the modeling domain
statements

" .
rocedure’s steps is

.,

This procedure (see fig. 1) can be applied not only to
the textual description of a considered business process
but also to text labels of the respective business process
model activities.

Hence, using the tokens (3) transformed according to
equations (4) — (8), two sets will be obtained:

e U, —the set of modeling domain tokens extracted
from the textual description of a business process;

e U, — the set of tokens extracted from business
process model element labels.

Therefore, we consider tokens that are present in U,
but missing in the U; n U, as invalid — they do not belong
to the modeling domain:

#M\D = #U, — #U, N Uy, #M = #U,. 9)

Similarly, we consider tokens that are present in U,
but missing in the U; n U, as incorrect — they are incorrect
in the modeling domain:

#D\M = #U, — #U, N U,, #D = #U,.  (10)

Finally, respective semantic quality measures can be
calculated using equations (1) and (2).

The semantic quality measurement example. Let
us consider the sample goods dispatch business process
[12]. Its description in a text form is given in table 1
below, as well as the set of activity labels taken from its
business process model given in the BPMN notation [12].

Table 1 — The input data for semantic quality measurement.

If goods shall be shipped, the secretary clarifies
who will do the shipping. If you have large
amounts, special shipping will be necessary. In
these cases the secretary invites three logistic
companies to make offers and she selects one of
them. In case of small amounts, normal post
shipment is used. Therefore a package label is
written by the secretary and a parcel insurance
taken by the logistics department head if
necessary. In the meantime the goods can be
already packaged by the warehousemen. If
everything is ready, the packaged goods are
prepared for being picked up by the logistic
company.

Business
process
description

Insure parcel

Write package label

Clarify shipment method

Get 3 offers from logistic companies
Select logistic company and place order
Package goods

Prepare for picking up goods

BPMN
model’s
activity
labels

Using the developed Python software tool, we got
the following sets (see table 2).

Table 2 — The obtained sets U; and U,.

[good, shall, ship, secretari, clarifi, larg, amount, special,
necessari, case, invit, three, logist, compani, make, offer,
select, one, small, normal, post, shipment, use, therefor,

packag, label, written, parcel, insur, taken, depart, head,

meantim, alreadi, warehousemen, everyth, readi, prepar,
pick]

U

[insur, parcel, write, packag, label, clarifi, shipment,
U, | method, get, offer, logist, compani, select, place, order,
good, prepar, pick]

Using the obtained sets demonstrated in table 2 we
can calculate the semantic quality measures demonstrated
in (1) and (2) using assumptions made in (9) and (10):

5
Semantic validity = 1 — — = 0.72, (11)

18
2
Semantic completeness = 1 — 39~ 0.33. (12)

The obtained results are shown in (11) and (12)
above can be interpreted as follows:
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e the analyzed business process model [12] is
rather semantically valid since 72% of its activities belong
to the modeling domain;

e the analyzed business process model [12] is
rather semantically incomplete since only 33% of its
activities reflect the actual business process.

Using the semantic quality measures (11) and (12),
the analyzed BPMN model can be improved by replacing
activities that are not relevant to the modeling domain and
adding activities that reflect the actual business process.

Conclusion. In this paper, we proposed the approach
and the software tool to find semantic quality measures of
business process models. This approach is based on the
procedure driven by NLP techniques. It considers textual
descriptions of business processes as reference domain
descriptions and text labels of business process model
activities as evaluation subjects. Thus, using the Python
Natural Language Toolkit (NLTK), the sets of lexemes
that describe the modeling domain and the analyzed
business process model were obtained and used to find
semantic quality measures. In the future, the software tool
should be improved to automatically “read” business
process models, i.e. using optical character recognition or
other techniques, and calculate their semantic quality
measures.
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O. 0. MEJ/IBHUKOB, B. b. I'ITIC

JOCJII/KEHHS BIIVINBY AKOCTI 3BACBOE€HHS ITONEPETHBOI'O MATEPIAJIY HA
YCHIIIHICTD 3J05YBAYIB OCBITH 3 OKPEMOI JIJUCHUILITHUA

VY po6oTi po3rIsIHYTO OCHOBHI MOHATTSI, MOB'sI3aHi 3 SIKICTIO OCBITH y LIJIOMY Ta 3aCBOEHHSM CTyJICHTAaMH HaBYajubHOro marepiaiy. ChopMyaboBaHO
3a/1a4y MPOTHO3YBAaHHS OLIHKH CTyAEHTa 3 Oyab-iKOi AMCLMIUIIHK, MAlOYH JaHi II0J0 OLIHOK 3 «3ade3neuyounx» aucuuiutin. HaBexeno mepernik
METO/IiB, SIKi MOJKYTb OyTH 3aCTOCOBaHI JUIs pO3B'sI3aHHS 3a1a4i (MeTo[ 6araTOBMMipPHOTO PErpeciiiHoOro aHasily, METO/ IITYYHHX HEHPOHHHX MEPEX,
Mero K HalOmmKIuX CycifiB), 3p00JIeHO BUCHOBOK IIOJO JOLIIBHOCTI BUKOPHCTAHHS METOMY LITYYHHX HEHPOHHHX Mepex. ONMCaHO MOCTAHOBKY
3a/1a4i NPOrHO3YBAaHHs 3aCBOEHHS 3HAaHb TA HABMYOK IPOrpaMyBaHHs; BUKOPHMCTAaHA apXiTEKTypa — MEPCENTPOH 3 HYOTUPMa BXIJAHUMH HeifpoHamu,
ogHUM BuXimHHM i 10 HeifpoHamu npuxoBaHoro mapy. 1IIsxoM MpoBeIeHHsT HU3KH YHCIOBHX SKCIEPHUMEHTIB MifiOpaHO ONTHMAbHY apXiTeKTypy
HEUpOHHOI Mepexi. Y SKOCTI NpUKJIaLy BHKOPHCTAHO HABYAIBHUI IUIAH Ta CTPYKTYPHO-JOTIYHY CXeMy OCBITHBO-IPO(ECIiHOI mporpamu
«IHTeNeKTyanbHi CHCTEMHU MPUUHATTS piunieHby» crenianbHocTi 124 «Cuctemunit anais». OnucaHo cTBopeHy iH(opMauiitHy MOAENb MPOEKTOBAHOI
CHCTEMH MOBOIO BizyaibHoro moxemroBaHHs UML (miarpamm BapiaHTiB BUKOPHUCTAHHS, KJIaciB, KOoomeparii, ITOCIiJOBHOCTI, CTaHiB, [isUIBHOCTI Ta
KOMIIOHEHTIB). ONHMCaHO MOXIIMBOCTI CHCTEMH JUIsl JOCII/KEHHsI BIUIMBY SKOCTI 3aCBOEHHSI IMOIEPEAHBOr0 MaTepiaiy Ha MPOTrHO3yBaHHS OLIHOK
CTYJCHTIB 3 OKPEMOi IMCUUILTIHU, HABEICHO NPHKJIaA HYHKIIOHYBAaHHSI L€l CUCTEMH Ta MPOBEICHO aHaJl3 Pe3y/IbTaTiB PO3PAaXyHKIB. 3a3HA4YEHO, 110
CHCTEMa JIO3BOJISE TIPOBECHHS aHAaNI3y Pe3yJIbTaTiB PO3PAXyHKIB ULl HOJAIBLIOr0 BUOOPY HAWKPAIIOTrO METOY JUISl IPOTHO3YBAHHSL.

KaiouoBi cioBa: ocBiTHbO-TIpodeciiiHa mporpama, CTPYKTYypHO-JIOTIUYHA CXeMa, MPOTHO3YBaHHsI, IUTyYHA HEHPOHHA Mepexka, MEePCeNnTpPOH,
CHIMOifia, HABYaHHS HefpoMepexi, yHi(ikoBaHa MOBa MOJETIOBaHHS, iH(popMaliitHa MOEIb, CHCTEMA i ATPUMKH IPUAHATTS PIILICHb.

O. YU. MELNYKOV, V. B. GITIS

STUDY OF THE INFLUENCE OF THE QUALITY OF ASSIMILATION OF THE PREVIOUS
MATERIAL ON THE PREDICTION OF STUDENT GRADES IN A PARTICULAR DISCIPLINE

The paper considers the basic concepts related to the quality of education in general and the assimilation of students of educational material. The
problem of predicting a student's grade in any discipline is formulated, having grades in "providing" disciplines. A list of methods that can be applied
to solve the problem (multivariate regression analysis method, artificial neural networks method, k nearest neighbors method) is presented, a
conclusion is made about the expediency of using the artificial neural networks method. The formulation of the problem of predicting the assimilation
of knowledge and programming skills is described. The architecture used was a perceptron with four input neurons, one output neuron, and 10 hidden
layer neurons. By conducting a series of numerical experiments, the optimal architecture of the neural network was selected. As an example, the
curriculum and the structural and logical scheme of the educational and professional program "Intelligent Decision Making Systems" of the specialty
124 "System Analysis" were used. The created information model of the designed system is described in the visual modeling language UML (diagrams
of use cases, classes, cooperation, sequence, states, activities and components). The possibilities of the system for studying the influence of the
assimilation of the previous material on the prediction of students' grades in a particular discipline are described, an example of the functioning of this
system is given, and an analysis of the results of calculations is carried out. It is indicated that the system allows analysis of the results of calculations
for further selection of the best method for forecasting.

Keywords: educational and professional program, structural logic diagram, forecasting, artificial neural network, perceptron, sigmoid, neural
network training, unified modeling language, information model, decision support system.

Beryn. OmiHka 3acBOEHOTO CTYJACHTAMH Y MeEXax
HaBYaJILHOT JAMCIMIUIIHM MaTepiany, a TakoX 00’€KTHB-
HICTh NPOBEIEHHS 1IbOTO KOHTPOJIO 3HAaHb € OJHHMH 3
OCHOBHHX €JIEMEHTIB BH3HauYeHHs skocTi ocsith [1]. Bi-
JIOMO, 1110 PiBEHb 3aCBOEHHS 1H/IMBIZyYMOM HOBHX 3HaHb
3aJIeKHUTh HacamIiepes Bill HOro crapaHHOCTI Ta 6a30BOro
PIBHS 3HaHb, 10 € MalKe MOCTIHHUM 32 TIepio/] HABYAHHS,
TOMY pi3Ke BIAXWJICHHS y TIPOILECi OIIIHIOBAHHSI MOXKE
CBITUUTH TIPO HASBHICTH MPoOIeM, 00’ €KTHBHHX 1 Cy0’€K-
TUBHHMX ()aKTOpiB, sKi 3/IMCHIOIOTH BIUIMB Ha OCBITHIH
nporec. Yci OCBITHI KOMIIOHEHTH Ha BIAIIOBITHOMY pPiBHI
BHIIIOT OCBITH, NEPENTiK HABYANBHHUX TUCIHIDIIH 1 JIOTIYHY
MOCITIIOBHICTH X BUBUEHHS, KUTbKICTh KpeauTiB €KTC, a
TaKOX OYIKyBaHI pe3yJbTaTH HABYaHHS Ta KOMIIETEHT-
HOCTi, fIKi TIOBMHEH OMaHyBaTH 3100yBad BiAMOBITHOTO
PIBHS BUIIOT OCBITH, MICTSTBCS B OCBITHIN mporpami [2].
CTpyKTypHO-JIOTiYHA CXeMa IMJATOTOBKA HAJA€EThCA ¥
BUTTISIAI MeEpeXi MUKIUCHMIUTIHAPHUX 3B’S3KiB 1 i€
NPOTATOM  BCHOTO  CTPOKY  peanmizamii  BixnmoBimHOT
nporpamu  miArotoBku. OTXe, OJHMM 3 UYWHHUKIB, IO
BIUIMBAIOTh Ha OIHKY, SIKy OTPHUMY€E 3700yBay OCBITH
(cTyZeHT) 3 OKpeMoi JAMCHMIUIIHM, € OIIHKM 3 «3abe3-
MIEIYIOUUX» TUCIHILIIH, TOOTO THX, IO MEPEIYIOTh IIii.

IlocranoBka 3agaui Tta Bxigni d¢axropu. s

YIOCKOHAJICHHS KEPiBHUITBA HABYAIFHUM IIPOLIECOM Ha
BUITYCKOBHUI Kadenpi 3akiagy BHIIOT OCBITH BeJIbMHU
JIOLIbHUM MOJKe OyTH IPOTHO3yBaHHSI OI[IHOK CTYAEHTIB
3a JIONOMOTOI0 CHelialli3oBaHoi iH(pOpPMAaIiifHOI cucTeMu
BJIACHOT pO3pOOKH. Y 3B’SI3Ky 3 THM, IO ICHYE JOCTATHS
KUTBKICTh METOJIB JJIsi PO3B’SI3aHHS 3a/a4i [IPOTHO3Y-
BaHHsI, CTa€ aKTyaJlbHUM BHOIp TaKOI0 METOAY, SIKUil Oyxne
MaKCHUMalbHO e()eKTUBHUMH IS aHalli3y KOHKPETHHX
JTAHWX.

Cdhopmymroemo 3a1aqy TakuM 9ruHOM. Ham motpiOHO
CIPOTHO3YBAaTH OILHKY CTyJAEHTa 3 Oy/Ab-sIKOi JUCIIUILII-
HH, MAlO4Y JaHi II0JIO0 OLHOK 3 «3a0e3nedyrounx» Juc-
LUTLTIH:

Y =06 X X @
e Y — OIliHKA 3 JUCHHUILTIHH, IO IPOTHO3YETHCS;

X;,i=1...n — ouiHka 3 i-1 «3abe3meuy04oi» Iuc-
UTUTIHH;

N — KiJTBKICTh «320€3Meuy0YrX» TUCIUTLTIH.

Y KOXHOMY BHIAIKy MOXE OYyTH 3aCTOCOBAHO
OKpeMHUil MeTOZ PO3B’sA3aHHA 3ajadi: OaraTodakTOpHOT
miHifHOI perpecii, ITy4HHX HEHPOHHHX Mepex, K
HaOmmKanx cyciniB. CiiJ MpOBECTH JOCITIKECHHS, SIKE
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JI03BOJINTh BU3HAYUTH IIEPEBArM Ta HEJOJIKH KOXKHOTO 3
METO/IIB.

VY [3] HaBeA€HO aNTOPUTM PO3B’SI3aHHS MOCTABICHOT
3aga4i. CrioyaTky AOCHIJHUK 3a7a€ TPaHWUYHI 3HAYCHHS
mapaMeTpiB A KOXKHOTO METOAY (HAmpUKIIal, MiHi-
MaJbHy Ta MaKCHMAaJIbHY KiUTBKICTh NPHXOBAaHUX IIapiB
ITYyYHUX HEHPOHHMX Mepex Tomo). [lami mporpamHa
cHUCTeMa BHUKOHYE pPO3PaxyHOK 3a KOXHHM i3 METOIIB,
pe3ynIpTaTH MOJaroThes a0 Tabmwmi. JlocmimHuk obupae
HaliKkpammif, Ha HOTO MOTJISIA, MEeTOH (SK MpaBWIIO, 3a
MiHIMAJIFHOIO CYMapHOIO IOMUIIKOIO, ajle MOXIIUBI ¥ 1HIITI
Kkpurepii BuOopy). OOpaHuii METOI 3aCTOCOBYETHCS IS
NPOTHO3YBaHHS OIIHOK TOTO > IpenMera sl HOBOI
rpynu. Bubip mucuumiin, mo 3a0e3nedyroTb, HE € SBHO
ITYHKTOM HaBEJICHOTO aTOPUTMY, OCKIJIbKH 31HCHIOETHCS
abo  Oe3mocepelHO 3  OCBITHBOI  mporpamu (11
CTPYKTYPHO-JIOTIYHOI CXeMH), ab0 B pe3yJibTaTi SKUXOCh
TIOTIEPETHIX TOCIiIKEHb.

Hami motpiOHO 3mIHCHUTH TPOEKTYBaHHS iH(OPM-
ariiftHoi Mojeni cucteMu [4] Ta ii mporpamMHy peanizariro,
aje MOXKHA 3IIMCHUTH MONEpeaHi pO3PaxyHKH Yy cepeno-
umni Deductor Lite [5]. Ha npuknmaai maHuxX 11010
CTYJCHTIB cremianbHoCcTi «CucteMHuil anamiz» [2] Ta
npeaMeTa — 3aCBOEHHS 3HAHb Ta HABUUOK ITPOTrpaMyBaHHS
— BXKe Oys0 37ificHeHO po3paxyHku [6]. Byjio Bu3HaueHO
YOTHUPH BXITHHUX Ta OJMH BUXITHUHA (HaKTOPH:

X, — ouinka 3 gucuumiiau «IIporpamyBaHHS Ta
AITOPUTMIYHI MOBHY;

X, —OmiHKa 3  JUCHUIUIIHKN  «AJNTOPUTMH 1

CTPYKTYPH JaHUXY;
X, — OIIIHKA 3 AUCHMIUIIHM «MaTemaTndHa JIoTiKa i
TEOPist AITOPUTMIBY;
X, — OIiHKa 3 AucHuIuliHM «MeTtoau onTuMmiszamii Ta

JOCITIJKEHHS OTeparii;

Yy — omiHKa 3 TUCHHUILTIHU «TeXHOJOTis CTBOpPEHHS
MIPOTPaMHUX HPOIYKTIiBY.

Ha3Bu rpyn Ta mnpi3Buia cTyIeHTIB € iHpopma-
HIAHUMHA (haKTOPaMHU.

Pimennsi 3aga4yi MeTo0M IITYYHUX HEHPOHHHX
Mepex. Y sKOCTi JaHuX OyjiM BHKOpPHCTaHi OLIHKH 77
CTyZIeHTIB Tpyn crerjaibHocTi «CHUCTeMHHUIT aHawi3y
JJIMA — CM-13-1, CM-14-1, CM-15-1, CM-16-1 (3mic-
TOBHI HallOBHEHHS HaBUAJBHMX KYpCiB Ta BHKJIaJadi 3a
YOTHPH POKH He 3MiHioBamucs). CrouaTtky 3aiHCHEHO
pO3paxyHOK MeToJoM OaraToakTopHOI JiHiHHOI perpe-
cii, 70 Tabmumi pe3ynabTaTiB JOJaHO CTOBMII 3 Mepek-
JIaJIOM pe3yJbTaTiB po3paxyHkiB 3i 100-6anbHOi cucTteMu
70 «HAIIOHAJIFHOI» Ta CIIBBIIHOIIEHHS PO3PaXyHKOBHX
pe3yNbTaTiB Ta HAsBHUX 33 «HAIIOHAIBHOK» IIKAJIO0
(«[Tommiika 3a Gamammy»). 3poOIEHO BHCHOBOK, IO Oara-
ToaKTOpHa TiHIHA perpeciss He MOXe 3a0e3nedyBaTH
TOYHOCTI pO3B’s3aHHA 3a1adi: 19 % naHux MaroTh BigXH-
JIEHHA 34 BIJHOCHOK HOMMIKO Olnpml HiX 10 %; 43 %
JIaHUX MalOTh HEBIpHE BU3HAYECHHS OalliB.

Jani Oyno 3xiliCHEHO pillIeHHs] METOJJOM HEHPOHHUX
Mepex. CriouaTky Juis po3paxyHKiB BUKOPHCTaHO MEPEXY
3 YOTHPHOX BXIJHHX HEHWPOHIB, OXHOrO BHXimHOrO i 10
HeWpoHiB puxoBaHoro mapy (puc. 1). PisHoBux HelipoH-
HOi Mepexi — OaraTollapoBHil NEpCeNTpPOH, METO] Ha-

BYaHHS MEpEeXi — 3BOPOTHOrO IIOIIMPEHHS ITOMMUIIOK,
GyHKIIS aKTUBAIll — SKCHOHEHIIWHA curMmoina. Pe3yis-
TaTH CBITYaTh, IO LIeH METON 3a0e3meuye OB aJeKBaT-
Hi pe3yabTaTH: TUIBKU 3 % JaHUX MalOTh BIIXWICHHA 32
BIHOCHOI NOMUIKOI0 Oinbin Hix 10 %; Tigeku 16 %
JAaHUX MAroTh HeBipHe BU3HaueHHs OamiB. Tomy s mo-
OynoBu iHpOpPMAIIIITHOT ccTEMH 0YJI0 IPUITHATO PilIeHHS
PO BHUKOPHUCTAHHS Yy SKOCTI MOZIYNs IPOTHO3YBAaHHS
0araTomapoBoro HepcenTpoHy.

[Ipore ans momanbioi MOOYIOBU MEPCENTPOHY IS
PO3B’A3aHHS TIOCTaBJICHOI 3a4adi MOTPiOHO BH3HAYUTH
ONTHMAJIBHY KUIBKICTH HEWPOHIB y NMPUXOBAHOMY Imapi
3a 33/1aHOI0 HaBYAIBHOIO BHOipKoro. Lls 3amada HUHI He
Ma€ CyBOPOTO MaTeMaTHYHOIo pilieHHs (IiJ ONTHMajb-
HOKO TYT PO3YMIETHCS MIHIMAIbHO HEOOXiJHA JJIs BUPI-
IIEHHs 3ajadi KiJbKicTh HeWpoHiB). ExcrepuMeHTansbHO
JIOBE/ICHO, IO SIKICTh pOOOTH HEHPOHHOI Mepexi 3 mpsi-
MHMH 3B’S3KaMH MOHOTOHHO 3pOCTa€ INpPH 301UIbLICHHI
KUTBKOCTI IIapiB 1 KIIBKOCTI HEHPOHIB Yy KOKHOMY
trapi [7].

KimpkicTh HEHpOHIB MIPUXOBAHOTO APy ITOB’s3aHA 3
KIUIBKICTIO JAaHMX U HaBYAHHS Ta HEOOXIITHOIO KIJIBKiC-
TIO BXOJIB 1 BUX0/iB Mepexki. OIIHUTH KIIBKICTh HEHpo-
HIB y NPUXOBAaHUX IIapax MOXKHA 3a JOIOMOIOI0 HEpiB-
HOCTI JUIsI OI[HKM KIUIBKOCTI BaroBux Koe(iieHTiB
HEOOXiTHOT JUIsl OCBOEHHS 337aHOI KIIBKOCTI MPUKIAIIB Y
HaBYaJIbHINA BUOIpI [8]:

N,N
—r P <N, <N 1+ N |,
1+log,N, "N, )
(N, +N, +1)+N,,

ne N, — KUIBKICTB Bar y Mepexi;

N, — KiIbKIiCTb €/IEMEHTIB HAaBYaJIbHOI BUOIPKH;

N, i N,
CHUTHAJIy BiJIOBIZHO.

Toni xinbkicTe HelipoHiB (N, ) y ABomaposiii Mepe-

— PO3MIpHICTh BXiIHOTO ¥ BHXiTHOTO

JKi MOYKHA BU3HAYUTH 32 (POPMYJIOIO:

N
= w 3
TS ©

[incraBnsiroun 'y Gopmyiy (3) rpaHuYHI 3HAUSHHS
N, , po3paxoBaHni 3a popmymnoro (2), orpumyemo MiHi-

w
Hmin

w
Hmax

manbHy (NJ.,) 1 MakcumaneHy (N ) KiJBKICTB

HEWpOHIB y NPHUXOBaHOMY wIapi Mepexi. Yci 3Ha4eHHS
OKPYTIIOIOTHCS 0 HAUOIMKIOTO OLTBIIOTO HIJIOTO.
Jns 3anadi, mo supimyetsess, N, =4, a N, =1.

KinpkicTs Mpukmaiis y HapuanbHii Bubipui — N, =78.

[MincraBnsroun 1i 3HaueHHs y Qopmym (2) 1 (3),
OTpUMAaEMO  HACTYNHI  TapaMeTpu  HeHpOMepexi:
o =11, NJ o =124 NJo =3, Nj,.. =25.

Hmin H max Hmin H max
OxpiMm o00csry HaBYajbHOi BHOIpKH, Ha PpO3MIp
MEpEeXi TaKOXK BIUIMBAE CKIIATHICTh BHUPINIyBaHOT 3ajadi.
CknaHiCTh 3a/1a4i BiAMOBINAE CKIAAHOCTI allpOKCHMAIIii
BUXiJTHOI (yHKIIi HEHPOHHOIO MEPEeXelo i BH3HAYAETHCS
CTPYKTYpPOIO 1 3HaYCHHSMH BUXiMHUX naHuX. OiHUTH
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CKJIQIHICTh ampokcuManii TabnuuHo 3ajgaHoi QyHKmii
(HaBUaNKHOI BUOIPKM) MOXKHA 3a JJONOMOTOI0 BHOIpKOBOT
OIIHKK KOHCTaHTH Jlimmuig, 10 OOYHCIIOEThCS 3a
HACTYITHOIO ()OPMYJIOIO:

K . .
Sis > (Y= W)
Taolx) Koy
k=1
ne i, j=1...n — iHAEGKCH NPHKIAAIB y MACHBi MOYar-

KOBHX JJaHUX;
N _ kinbxicTh MPUKIIAIIB Y TOYATKOBHX JTAHUX;
—i . . N .
X — BEKTOPH BXiTHHX CHTHAJIIB HEHpPOMEPEKi;

Y — BEKTOpH HEOOXIHUX BHUXIAHUX CHUTHAIIB HEH-
poMepexi;

de (;li,yj) — BigctaHb EBKIiZa MK BEKTOpaMu
BUXIIHUX CUTHAIIIB;

de ()_(i,;j) — BigcTanb EBKIia MiK BEKTOpaMu

BXIJIHUX CUTHAJIIB.
k=1...K — ingeKkc KOMIIOHEHTH BXiZIHOIO BEKTOPY;
K — KiIBKICTh KOMIIOHEHT BXiJHOTO BEKTOPY.
OOuucmioroun KoHcTaHTy Jlimmuus anas HasBHOT
HaBYaNBLHOI BUOipKH, oTpumano: L, ,, = 15,11,

BmsHaunBmm BUOiIpKOBY OLIHKY KoHcTaHTH Jlimmm-
I, MOKHAa TEPEBIPUTH MOXJIMBICTh HEHPOHHOI Mepexi
3a7aHOi apXITEKTYpH anpoKCHUMYBAaTH 3aIllPOIIOHOBAHY
HaBYaJIbHY BHOIpKY. s HBOTO HEOOXITHO OIIHUTH
KoHCTaHTy Jlimmums HedpoMmepexxi i mopiBHATH 11 3
BUOIPKOBOIO OLIIHKO KOHCTAHTH Jlinmuis.

KoncranTa Jlimmmus A1 TOMOTEHHOI MPSIMOCTIPSi-
MOBaHOI HEHPOHHOT Mepexi 3 GpyHKLIIMH aKTUBALl BUIY
«EKCIIOHEHIliaJJbHA CHUTMOiJa» BHM3HAuYaeThcs 3a (GopMmy-

noro [9, 10]
. k-1
L, <c ,/NXNy_]_{NHi , (5)
=
ne C — mapaMeTp akTuBaliiHOoi QyHKuii (s ekcro-
HEHI[IHOT CUrMOin 3BMYaiiHo C =1);
k — xinekicte mapiB Mepexi (6e3 ypaxyBaHHs
BXI1JTHOTO HIapy);
N, — po3MipHicTb BXiTHOTO CUTHAITY;

N, — pO3MipHICTb BHXiIHOTO CHTHAJTY;

N,; — KiJIBKICTh HEHPOHIB y i-My miapi.
[ITo6 HeWpoHHa Mepexa 3MOIjia ampoKCUMYBATH
BUXimHY (yHKIiIO, HEOOXifHE BHUKOHAHHS YMOBH

L{X‘ " S L,. Toxmi anst nBomapoBoi Mepexi, BUXOISIUU 3

dopmy (4) i (5), KinbKicTh MpuXxoBaHUX Heiiponis N

Hmin

He Mae Oytu Menmie [11]

L L{x,v}
N ol (6)

Hmin ~ g
XUy

MincraBnsroun 'y Qopmyny (5) oOuucieni Buine
napamerpu, otpumaemo: N' = 8.

Hmin

Takum umHOM, 3 ypaxyBaHHAM ¢opmyn (3) i (6)
MiHIMaJIbHa KUIBKICTH HEHPOHIB INPUXOBAHOTO INapy
JIBOIIAPOBOI 'OMOI'€HHOI NPSAMOCIPAMOBAaHOI HEHPOHHOI
Mepexi 3 QyHKUISIMHU aKTHBalLii BUIY «EKCIOHEHIialbHa
curmoina» ckiazae [11]

Ny =MaX (N N W)

Hmin

Taxum unHOM, T BUpimryBaHoi 3amadi N, . =8.

YTOYHHUTH KUTBKICTh HEHPOHIB y MPUXOBAHOMY IIapi
MOXKHa B TIPOILeCi HANAIUTYBAaHHS HEHPOHHOI Mepexi 3a
JIOTIOMOT0I0 KOHCTPYKTHBHOTO anroputmy [12]. Biamo-
BIZIHO IO HBHOT'O INEpPBUHHA KiJIbKICTh HEHPOHIB mpHiimMa-
€ThCS PIBHOIO MiHIMAJIBHIH KUTBKOCTI (pO3paxoBaHOi 3a
tdopmynoro (7)). Y pa3i HEBHaJIOro HaBYAHHSI B IPHXO-
BaHUH Iap ONA€ThCSA OIWH HEHpPOH, BaroBUM Koegilli-
€HTaM SIKOTO TPHUBIIACHIOIOTHCA BHIIAJKOBI 3HAYCHHS.
JonaBaHHsS HEWPOHIB TpWUBAE OO THX Iip, MOKH SKiCTh
poboTu HefipoMepeki He TOCATHE HeOOXiTHOTO 3HAUCHHS.

Hami Oymno 3mificHEHO IOCITIMKEHHS IIOAO Mimdopy
ONTHMAJIBHOT apXiTEeKTypu HelpoHHOI Mepexi. [lpu
[bOMY KUIBKICTh IPUXOBAHUX HEHPOHIB y EKCIIEPUMEHTaX
MOYMHANach HApoIlyBaTHCA 13 3HAYeHb, OTPUMAHUX
TiIBKH 32 popmyitoro (3). PesynbraT 3BeeHO 10 TaOHIII
(tabm. 1).

Ta6muns 1 — Pe3ynbraTi po3paxyHKiB 3 BHKOPUCTaHHSIM
PI3HMX apXiTEKTyp HEHPOHHOI Mepexi

Cepenns
Kinbkicts | KinbkicTh C.ep CHA | onMiTKa
mapiB HeHpoHiB BUHOCHA 3a Cepenne
nommika | oo
1 3 12 % 19 % 155 %
1 4 5% 27 % 16,0 %
1 5 4% 8 % 6,0 %
1 6 5% 13 % 9,0 %
1 7 4% 13 % 8,5 %
1 8 4% 17% 10,5 %
1 9 1% 10 % 55 %
1 10 3% 16 % 9,5 %
2 2+2 9 % 19 % 14,0 %
2 3+3 8 % 17 % 125 %
2 4+4 3% 13 % 8,0 %
2 5+5 3% 10 % 6,5 %
2 6+6 3% 8 % 55 %
3 2+2+2 26 % 22 % 24,0 %
3 3+3+3 4% 14 % 9,0 %
3 4+4+4 4% 9% 6,5 %
3 5+5+5 1% 8 % 4,5 %
3 6+6+6 3% 8 % 55 %

Sk MoxHa TOOAUWTH, Kpamuil pe3yiapTaT 3a0e3-
MEYYIOTh TaKi apXiTeKTypH:

— 3a cepenHpor0 moxuOkoro: MLP  4x5x5x5x1
(4,5 %);
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ANFOPUTIMU | CTRYTYPM ASHUKE

2 - 2 & — 7
MeToau ormuMisauil Ta AocalaKeHHA onepauiis

TexHoNoriA CTEOPEHHA NPol

Puc. 1. Apxitekrypa HeiiporHoi mepexxi MLP 4x10x1

— TUTBKH 33 CePEeIHBOI0 BITHOCHOIO MOXHOKor0: MLP
4x9x1 a6o MLP 4x5x5x5x1 (1 %);

— TUTBKH 3a CepeHBOI0 MOXHOKOI0 3a Oamamu: MLP
4x5x1, MLP 4x6x6x1, MLP 4x5x5x5x1 a6o MLP
4x6x6x6x1 (8 %).

BoueBub, kpaummM 0yZIeMO BBaXKaTH apXiTEKTypy 3
TpbOMa MPUXOBAHUMHU IIAPaAMU 3 I1’IThOMA HEHpPOHAMH Y
KOKHOMY.

@opMyTOBaHHS aNropurMy pimeHHsi. OCKUIbKH
JUISL KOXKHOTO KOHKPETHOTO Habopy JaHuX CIiBBiIHO-
LIEHHS MOXHOOK IMPOTHO3YBAaHHS PI3HUX METOJIB MOXKE
BiJIPI3HATHUCS BiJ] OTPUMAaHUX BHIIE PE3yIbTATIB, JOIIIb-
HO HAJaTH 3MOTY KOPHCTYBAaueBi CAMOCTIHO BH3HAYHUTH
mepeBard Ta HEMOJIKH KOXHOro 3 MeTtofiB (barato-
(dakTopHOI TiHIHHOT perpecii, MTYYHUX HEHPOHHHUX
Mepex, K HalOImKIuX CyCiIiB) Al MOTOYHOT 3a1a4i.

AnropuT™M  pO3B’si3aHHS  TOCTaBJICHOT  3ajadi
chopmymnroemo Tax.

1. Hocniguuk, cnuparodnck Ha dopmynu (2) — (7),

3ajla€ rpaHUYHI 3HAYSHHs (TIapaMeTpu) Uil METOAY LITYyY-
L

Hmin

HUX HEHPOHHHMX Mepex (MiHimManmbHy N Ta MakKcH-

L
Hmax

ManeHy N
Nu min

HOMY MNPHUXOBAaHOMY wiapi) Ta Meroay K HaWOImk4mx
cycimiB (came umcno K — jgiama3oH 3Ha4YeHb Bij MiHi-
maneroro K, mo makcumaneHoro K, ). Meron Gara-

KiJIBKICTh IPUXOBAHMX IIAPiB, MiHIMAIbHY

Ta MakcuMaibHy N KUTBKICTh HEHPOHIB y KOXK-

Hmax

TodakTOpHOI JiHIHHOI perpecii 3MiHM TapameTpiB He
nependayae.

2.TlporpamMHa cHCTeMa BHKOHYE pO3pPaxyHOK 3a
KOXXKHMM 13 METOJIB, IMPUYOMY Y KOXKHOMY BHIAIKy
ITOBTOPIOE HOTO 3aJaHe YHCIIO pa3iB, BUOWPAIOYM HaM-
KpaImuii 3a CyMapHOIO IMIOMIUIKOIO (TOOTO A€ cymapHa Io-
MUJIKa MiHIMaJbHA). Pe3ynbratu 3BOAATHCS 10 TaOiHLi 3
yucioM psaakis N, :

+1)-(N_ —N

NS :1+(Nl-ll_max _NL Hmax +1)+

HmMin HmMin

(8)
+ (Kmax - Kmin +1)

Yucno 1 Ha nmovatky (opMysid O3Hauae, IO po3pa-
XYHOK 3a MeTojoM OaratogakTopHOi JiHiiHOT perpecii
MPOBOJUTHCS piBHO 1 pas.

3. ocnignuk obupae Haiikpaiuii, Ha HOro MOTJIS,
MeToJl (SIK MPaBUIIO, 32 MIHIMAIBHOI CyMapHOI MOMHUJI-
KOI0, aJie MOKJIMBI  1HIII KpuTepii BUOOPY).

4. O0pannii MeTon (a2 y BHIIAAKYy BHOOPY METOLY
IITyYHUX HEHPOHHMX Mepexk — oOpaHa apXiTeKTypa Heil-
POHHOI Mepexi) BHKOPHCTOBYETBhCS [UIS IIPOTHO3YBAaHHS
OLIIHOK TOTO X MPEAMETa /ISl HOBOI IPYIIH.

Bubip aucumrutin, mo 3a0e3nedyroTh, HE € SBHO
MYHKTOM HaBEJIEHOTO AJITOPUTMY, OCKIIbKU 341HCHIOETHCS
abo Oe3mocepenHbO 3 OCBITHROI mporpamu (il CTpPyK-
TYPHO-JIOTIYHOI cXeMHM), a00 B pe3yJIbTaTi SKUXOCh IOIie-
penHix aociikeHb. JIOCTIMHUK MOBUHEH MAaTH MOJXKJIH-
BICTb OOMpAaTH BIJICOTOK «HABYAIOUOi MHOXHHK» IS
METO/IB LITyYHUX HEHPOHHHX MepexX Ta K HalOmmK4Iux
cyciniB, TOOTO BU3HAUWTH, SKa YacTKa JAaHUX OyJe BHKO-
pHCTaHa /sl HAaBYaHHS HEMPOHHOI MEpexXi Ta po3paxyHKy
MOMHJIOK BiJiOBifHO. BiacHe pisHOBUA HeiipoHHOT Mepe-
K1 He oOMpaeThest — e Oye 3aBxkau nepcenTpoH. Takox
He OyayTh oOHMpaTHCs METOJ HaBYaHHS Mepexi (MeTox
3BOPOTHOTO TMOIIMPEHHS MTOMIUIOK) Ta (DYHKIISI aKTHUBAIIi]
(excrioHeHIIiliHA CHTMOI/a).

OTtpumani pe3ynbTaTH MOXKHa Oyne 3aCTOCyBaTH y
poOoTi Kadenpu miJ gac aHami3y YCIIIIHOCTI CTYAEHTIB
TOILIO.

Po3pobka cremiaJbHOro 3acTocyHKy. Y mporieci
MPOEKTYBAHHS 1H(POPMAILIHHOI MOJENi CHCTEMH MOBOIO
mozemoBandst UML [4] cTBoproloThCst AiarpaMu BapiaH-
TiB BUKOpHcTaHHS (puc. 2), kiaciB (puc. 3), koonepaiii,
MOCIITOBHOCTI, CTaHiB (puc. 4), IiSUTBHOCTI Ta KOMIIO-
HEHTIB.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Il». Cepis: Cucmemnuii
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Puc. 3. Jliarpama kiacis

«controly, «CalcModule») i 4oTHpbOX AOMOMDKHHX (3
ymoBHUMH iMeHamu «LMFR»,
«Data») [13].

Tlovatok poGoT AoAaTky

entryl saBanTaxenHs aanwx 3 XLS-(ainy
exit/ BuseaeHHs yCix AaHuX 20 TaGMMLL

Raki NiAroToBNEHi 0 BUKOPUCTAHHS

HeoBXiaHO NpoBecT pHania AaHwx

BHECeHHA 3MiH 40 AaHWX

NpoRoBKMTU poboTy
_— <

OGpanHs BxanNx dakTopia (84 2 A0 10)

" BUGip BMXAHOTO daKTOpY }

0GpanHs aHaniay KOXHOMO MeToay [ ——

MporHoaysanHs meToaoM LMFR JlocifpxenHs ecrekTMBHOCT: piaHmx METOAB

entryl po3paxyHoK KoediLiEHTIE MIHIAHOT perpecii
do/ poapaxyHOK NOMMNOK (BiAXANEHb)
exit/ NPOrHO3YBaHHS! HOBMX AGHNX

entry/ 3aBAaHHS AUANa30HIB aMiH
do/ nporHoayears MeTopom LMFR
do/ nporHoaysarhsi meTopom MLP
do/ nporHoayearhsi meTopom KNN

| exit 3anoeHenHa raGnuui peaynbratie

MporHoaysanHs MeToaom MLP
eniryl HaBHaHHS HETPOHHOT Mepexi

do/ po3paxyHOK MOMUNOK (BimutneHs)
@xitl NPOTHO3YBAHHA HOBMX ABHUX

OBpoGka peaynsTatie AoCTimKeHHs

entry Tabnuui sa
exil/ 3aCTOCYBaHHS! OGPAHOTO METOAY AN NPOTHO3YBAHHS

Mporoaysanis meTopom KNN /

3asepumT poBoty

Puc. 4. liarpama craHiB

VY cepenoBullli Bi3yaJbHOTO MPOTpaMyBaHHS OYIIO
PO3pOOJICHO I0JJATOK — CHUCTEMY HiITPUMKH MPUHHATTS

pimress (puc. 5), Mo J03BOJISAE 3MIHCHIOBATH YCi HaBEICHI
pasime fii.

ALNAA | Mapassrpu momn | Poapansen
o e e e e e |
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Puc. 5 3aBanTaxkeHi TabIALl JaHUX

PesyabTaTn po3paxykiB. [licis 3aBaHTakeHHS
yciX maHux Tpeba oOpaTy MepeNiK AUCIUILIIH, SIKi BILIH-
BAlOTh HA PE3YJIbTAT, Ta BJACHE AMCIMIUIIHY, OLIHKH 3
SIKOT Ma€MO CIIPOTHO3YBaTH (pHC. 6).

[Ticns mepexoamy 10 TpeThOi BKIAIAKH YCi BXiJHI AaH1
aBTOMATHYHO OYyAyTh mepepobieHi (puc. 7).

CroBnens 7 — BuxigHui pakrop (ouiHka 3 0OpaHoTo
IpeaMeTa), CTOBIELb 8 — Pe3yJIbTaTH PO3paxyHKiB BUXif-

IlepenbayaeTbcss pobOTa 1mIeCTH KJIaciB: JABOX  HOro (hakTopy, CTOBIEIb 9 — BIZIHOCHA PI3HUIS MIX HasB-
ocHOBHUX («Main», kepyroumii Ki1ac — 3 arpubyTOM  HHMMH Ta PO3PaxXyHKOBMMHM (IIPOTHO3HHUMH) 3HAYEHHIMH,
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croBneus 10 — noBinkoBa iH(oOpMalis PO HAIEKHICTH
3anucy 710 HaBuanbHOI («Teach») abo TtectyBambHOI
(«Test») MHOXKHHH.
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Sk MoxHa MOOAYUTH, IIEW METOJ[ CTBOPIOE 3HAYHI
NOMHIKM — Omm3bko 50 % 3a BXigHOIO TaOJIHLEIO.
3acTocyeMo Il ke MeToJ OO HOBUX JaHHUX HUIIXOM
Bubopy «HoBi maHi» Ta  HATUCKAHHA  KHOIKH
«Po3paxysaru Tabauio» (puc. 10). [ToMunky TyT 3Ha4HO

HoKYl — 25 % 3a 6anamu, ane 40 % 3a BigXWICHHIM.
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Puc. 10. 3acrocyBanns merony LMFR 1o HOBHX maHHX

Meron WTYy4HUX HEHPOHHUX MEPEX Uil OOHOIO
MPUXOBAaHOTO Imapy 3 5 HelipoHamu (puc. 11) moxasye
MOMMUJIKH 053bKO 35 %. 3acToCcyBaHHS I[HOTO METOIY 10
HOBHX JMaHuX Bumae 15 % (puc. 12).

Puc. 7. BusnaueHHs ¢akropiB

Jani nmounHaeMo po3paxyHkH ycima merogamu. [lo-
nepmre, ne Meron OaraTodakTopHOl JiHIMHOI perpecii
(puc. 8), skuii Maike MUTTEBO 3a0e3leuye KOpHCTyBada
pe3ynbratamu (puc. 9).
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Puc. 9. Pesynpratt Metony LMFR

Puc. 12. 3actocyBauns meronxy MLP 1o HOBuX naHux

3MiHa apxiTeKTypu HEHPOHHOI Mepexi MIIIXOM
30IBIICHHST KUIBKOCTI ImApiB 10 JABOX, a KUIBKOCTI
HEWpPOHIB JI0 IECATH Maike He BIUIMBAE HA Pe3yJIbTaT:

— Ha BXigHux ganux (puc. 13) maemo 35 %;

— Ha HOBMX JaHuX (puc. 14) maemo 20 %.
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Puc. 14. 3acrocyBanus metony MLP-2 1o HoBuX maHux

Merton K Haitbnmk4aux CyciiiB npu 3ajlaBaHHI YKCiIa
K piBHUM IT’5ITH MOKA3y€e Taki pe3yybTaTu:

— Ha BXiTHUX HaHuX (puc. 15) maemo 60 %;

— Ha HOBHX JaHuX (puc. 16) maemo 45 %.
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Puc. 15. Pesynsratn metoqy KNN-5

Hani posrisiHeMo poboTy po3aiity «JocmipKeHHs.
CroJarky 3ajauiiuMoO TMapaMmeTpu JOCTiPKEHHS TaKUMH,
SK TIPOTIOHYETHCS 32 3aMOBUYBAHHSIM:

— MiHIMaJIbHA KIJIBKICTh HIAPiB Mepexi: 1;

— MaKCHMaJlbHa KIJBKICTh IIapiB Mepexi: 1;

— MiHIMaJIbHA KiJIbKICTh HEHPOHIB y KOXKHOMY Iapi
Mepexi: 2;

— MakCHUMaJbHa KUIBKICTh HEHPOHIB Yy KOXXKHOMY
mapi Mmepexi: 5;

— MiHIMaJbHe 3HaYeHHs K y MeToi «cyciaiB»: 2;

— MaKcUMaibHe 3Ha4YeHHs K y MeToi «cyciaiBy: 5.
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Puc. 16. 3acrocyBanns metoxy KNN-5 1o HOBUX maHuxX

Pesymbrar mocmimkeHHS OoTpuMaeMo Ha puc. 17 y
TabmuIsix «Pe3ynpraTté po3paxyHKy». TaOnwms miBopyd
300pakae aHi 3a MOPSAKOM PO3PaXyHKY, a IMPaBopyd — 3
YIOPSIAKYBaHHAM 32 3pOCTaHHAM oOpaHOro mois. Sk
MpaBUJIO, e cepenHs IMOXWOKa (OCTaHHIH CTOBIEUD).
MinimansHe 3Ha4eHHS cepenHboi moxubkm — 31 % (s
apXiTEeKTypH 3 TpPbOMa HEHPOHAMH Y TIPUXOBAHOMY IIapi).
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Puc. 17. Tocnimkenns metoais 3 MLP 4-1(2..5)

[ToTim 3MIHMMO NTapaMeTpH JOCIHiPKEHHSI:

— MiHIMaJIbHa KIIBKICTh IIapiB Mepexi: 1;

— MaKCHUMaJlbHa KiJIbKiCTh IIapiB Mepexi: 2;

— MiHIMaJIbHA KUIBKICTh HEHPOHIB Y KOXKHOMY Imapi
Mepexi: 2;

— MakCHUMaJlbHa KUIBKICTH HEHPOHIB Yy KOXKHOMY
mapi Mmepexi: 5;

— MiHIMaJIbHE 3Ha4YeHHs K y MeToi «cyciaiBy: 2;

— MakCHMaJlbHe 3HaueHHs K y MeTOJIi «CycimiBy: 5.

Pesynbrar mOCTIIKCHHS OTpUMaeMo Ha puc. 18.
MiHiMalbHEe 3HAYCHHS CepPeIHBOT MOXHUOKMA TaKOX Maibke
31 % (anst apXiTeKTypu 3 II’SIThbOMa HEWpOHAMHU Y MpH-
XOBaHOMY IIapi).

- = |

Puc. 18. Mocnimkenns merois 3 MLP 4-(1..2)(2..5)

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
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3HOBY 3MIHUMO NapaMeTpPH JOCIIPKEHHS:

— MiHIMaJIbHa KUIBKICTB IIapiB Mepexi: 1;

— MaKCHUMaJIbHa KiJIbKICTh IIapiB Mepexi: 2;

— MiHIMaJIbHA KiJBbKICTh HEHPOHIB Y KOKHOMY Ilapi
Mepexi: 2;

— MaKCHMaJbHA KiNBbKICTh HEHPOHIB y KOXHOMY
mrapi mepexi: 10;

— MiHiManbHe 3HaYeHHs K y MeToi «cycimiB»: 2;

— MaKcHMaJbHe 3HaYeHHs K y MeToi «cycimiBy: 5.

Pesymbrar nocmimkeHHs HaBeIeHO Ha puc. 19.
MinimManbHe 3HAYCHHS CepeIHBOI MOXHOKH TaKOX Maibke
27% (st apXiTeKTypH 3 JIeB’IThOMa HEHpOHAMHU y JBOX
MIPUXOBAHUX IIAPIB).

- — - ——————

> - T

Puc. 19. Tocnimkenns metoxis 3 MLP 4-(1..2)(2..10)

KopucryBau Mae MOXIIMBICTh KJIAIHYTH MHIICIO HA
Oynb-IKOMY DSIKY Ta OOpaTd NMYyHKT Y KOHTEKCTHOMY
MEHI0, MOTiM abo «30epertd Mepexy y daitni», ado
«3acTocyBaTH 10 PO3PAXYHKIBY, 110 J03BOJIUTH OTPUMATH
HOBI pe3yJbTaTH.

Hami mpoBenemMo  mie  JIEKiIbKa  JOCIIKEHb.
BuzHaunMo BIUTMB TUCHIUILIH «J{MCKpeTHA MaTeMaTHKay,
«ANTOpPUTMH 1 CTPYKTYpH naHux», «[IporpamyBaHHs Ta
AITOPUTMIYHI MOBH» Ta «MaTeMaTHYHA JIOTiKa 1 Teopis
ATOpUTMiB» Ha «MeTomu ONTHUMI3aIil Ta JOCIiIKESHHS
omepariii». Po3paxyHOK-ZOCHi/KEHHsT 3a IapamMeTpamu
«OIMH IIap MEPEeKi — BiM JABOX 0 IT'SITH HEHPOHIB Yy
KOX)KHOMY MPHUXOBAHOMY IIapi» NPU3BOJHUTH O HE JyXKe
TapHUX pe3ynbTaTiB: HaiHmk4a moxuOka (35 %) — vy
MeTOoAy HaiOmmk4nx cycimiB. Po3paxyHOK-TOCTiIKeHHS
3a mapaMeTpaMH «OAWH-/IBA IIapi Mepexi — Bix JBOX IO
JIECSITH HEHPOHIB y KOXKHOMY IPHXOBAHOMY MIapi» TaKOX
He 3a0e3reuye rapHUX pe3yJsIbTaTiB: HalHIKYA ITOXHOKaA —
34 %, onnomapoBuii mepcentpoH 3 10 HeWpoHamu y
mapi. Ognak 3acrocyBanHs MLP-4-1-10-1 mo HoBHX
naaux 3 «MOJO» (CM-16-1) nokasye tinmeku 20 %
TIOXHOKY.

Bu3HauMMO BIUIMB AMCHHMIUIIH «AJITOPUTMH 1 CTPYK-
TypHu gaHux», «[IporpamyBaHHS Ta aqTOPUTMIYHI MOBHY,
«MaremaTu4Ha JIoTika 1 Teopis anroputmiBy Ta «Opra-
Hizamis 6a3 maHuX i 3HaHb» Ha «[IpoekTyBaHHS iHPOpPMAa-
MIHHUX CUCTEMY». P03paxyHOK-TOCITIIKeHHS 3a TapaMer-
pamMu «OJHH IIap Mepexi — BiJ ABOX J0 I’SITH HEHPOHIB y
KO>KHOMY NPHXOBAaHOMY MIapi» 3HOBY IPU3BOJUTH 10 HE
Jy’Ke TapHUX Pe3yJbTaTiB: HaitHIK4Ya nmoxubka (35 %) —y

MeToly HaWoOmK4oro cycina. Po3paxyHOK-mociiKeHHs
3a IapaMeTpaMu «OJMH-/Ba Iapa Mepexi — BiJ JBOX IO
JIECATH HEHPOHIB Y KOXKHOMY NPUXOBaHOMY LIapi» TaKoxX
He 3a0e3neuye rapHuX pe3yJsbTaTiB: HalHMKYA TOXUOKaA —
34 %, neomrapoBuii nepcentpoH 3 10 Heiiponamu y mapi.
Opnak 3actocyBanHs MLP-4-10-10-1 mo HOBHX maHWX 3
«(IIC» (CM-16-1) mokazye Tinbku 10 % moxuOky, mo
MO)KHa BBa)KaTH TapHUM Pe3yJIbTaToM.

BucnoBku. IIpoBeneHi OOCTIKEHHS TOBENH, IO
3aCTOCYBaHHS HHM3KH MaTeMaTHYHHUX METOMiB (JIiHiITHOTO
perpeciiHOrO aHami3y, INTyYHIX HEHPOHHUX MEpeXK, Haii-
OMIKYNX CYCiZliB) JUIsl IPOTHO3YBaHHS OLIHOK CTY/EHTIB
3 OKpeMOl JMCLHMIUIIHM B 3aJIe)KHOCTI BiJ SIKOCTI 3acBO-
€HHS MONEPEAHBOI0 MaTepially NPU3BOANUTH 10 3aJI0BIJIb-
HUX pe3ynbraTiB. llnsgxom mpoBeneHHs cepii 4MCIOBHX
EKCIIEPUMEHTIB Mii0paHo ONTHMANBHY apXITEKTypy Heii-
POHHOT MepeXi — HEepCenTpoH 3 TPbOMa IPHUXOBAHUMHU
IIapaMy 3 I’ ITbOMa HEUPOHAMH Y KOYKHOMY.

OtpumaHi pe3ynbTaTd MOXKHa OyJe 3acTOCYBaTd y
poOoTi kKadenpu M gac aHami3y YCIIIIHOCTI CTYACHTIB
TOLLIO.
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N. V. GOLIAN, V. V. GOLIAN, I. V. AFANASIEVA

BLACK AND WHITE-BOX UNIT TESTING FOR WEB APPLICATIONS

The types of the testing methods were analyzed from the side of development. If changes are made to the code, even minor ones, bugs can appear
anywhere in the system. The cost of fixing bugs increases with the time they are discovered. Using effective web testing can prevent unexpected costs.
Modern web applications are indeed a place where all the type of the testing is vital for the high-quality product. At the moment, traditional front and
back office applications are increasingly moving from desktop computers to web interfaces, so testing web applications is becoming extremely
relevant. Thus, learning what to automate and how is an important component of successful web application testing. Web application testing is a
software practice that is designed to ensure quality by verifying that the functionality of a particular web application works correctly or according to
fixed requirements. Web testing makes it possible to find bugs at any point in time, before release or on a daily basis. On the one hand there are wide
range of tools that could be used to pursue this goal by means of using best decisions present for now but on the other hand there are essential
advantages and disadvantages present in these tools, which are all in the approach to it, so there are always cons and pros of using one or another. For
now, despite on having the ability to test using both black and white box testing it looks like the second one is not the best choice. There are several
points on each board for both of them, but black box approach that is being represented with react testing library is more successful and efficient way
to cover and application with high- and low-level tests, that could be easily maintained and understood. But white box testing is now the most used
decision due to the historic development of the industry. So, it also has some great features and could be chosen to be used on the project, but it should
be precise choice with the understanding of all the consequences standing behind.
Keywords: manual testing, automated testing, black-box testing, white-box testing, enzyme library, react testing library.

H.B.I'OJI1H, B. B. 'OJIAH, 1. B. APAHACB€EBA
MOJIYJIbHE TECTYBAHHS BLJIOI TA YOPHOI CKPUHBKH J1J151 BEB 3ACTOCYBAHBb

Bupu MeroniB TecTyBaHHS OyiIH IpoaHali3oBaHi 3 OOKY po3poOKH. SIKIIO B KOJ BHOCSATHCS 3MiHH, HaBiTh HE3HAYHi, HOMWJIKH MOXXYTh BUHHKHYTH
Oynb-e cuctemi. BapTicTe BUTIIPaBICHHS MOMHJIOK 3pOCTAa€ 3 4acoM iX BHUSBJICHHsS. BukopuctanHs epeKTHBHOrO BeO TECTyBaHHS MOXE 3amo0irtu
HenepenbauennM Butpatam. CydacHi BeO 3aCTOCYBaHHs JIHCHO € MiCIIeM, JIe BECh THII TECTYBAHHS € )KUTTEBO BaXKIIMBUM JUIA SIKiICHOTO TpoayKTy. Ha
JTaHUH MOMEHT TpajuuiiiHi (QpoHT Ta Oex-o(iCHI NporpaMM Bce YacTillle IEePexXOAsATh 3 HACTUIBHHX KOMII'IOTepiB Ha BeO iHTepdelicu, Tomy
TeCTyBaHHs BeO 3aCTOCYBaHb CTa€ BKpail aKkTyalbHMM. TakuM 4YMHOM, BHBYCHHS TOTO, IIO i K aBTOMATHU3YBaTH, € BAXKJIUBUM KOMIIOHEHTOM
YCHIIIHOTO TecTyBaHHA BeO 3acTocyBaHb. TecTyBaHHS BeO 3aCTOCYBaHb € NPAKTUKOK IIPOTPaMHOTrO 3abe3ledueHHs, sfKa NpHU3HA4YeHa Uit
3a0e3MeueHHs SIKOCTI 32 PaXyHOK IepPeBIpKH TOro, IO (yHKIIOHATbHI MOXIHMBOCTI IIEBHOIO BeO NpOrpaMH INpamiOlOTh MPaBWIBHUM YHHOM abo
BIZIMOBIHO 110 3aikCOBaHUX BUMOT. Be6 TecTyBaHHS Ja€ MOXKIIMBICTh 3HAXOMUTH IOMIIKH B OYIb-SKHI 4ac, 10 penidy abo moaHs. 3 0AHOro 60Ky, €
IIUPOKUHA CTIEKTP IHCTPYMEHTIB, SKi MOXHa OyJ0 6 BUKOPHCTOBYBATH IS JOCSATHEHHS IIi€l METH 3a JI0IIOMOTO0 BUKOPUCTAHHS HalKpamux pillleHs,
NIPUCYTHIX Ha JaHUH MOMEHT, aje 3 iHIIOro OOKY, € CYTTEBI IepeBary i HeJOJIKY, PUCYTHI B IIUX IHCTpYMEHTaXx, sIKi BCi B MJXOAI 0 HHOTO, TOMY
3aBXK/M € MIHYCH 1 IUTIOCH BHKOPHCTAHHS TOro 4 iHimoro. IToku 1o, He3BakalouyM Ha MOXUIMBICTb TECTYBAaHHS 3 BUKOPHUCTAHHSM SIK YOPHOI, TaK i
61101 CKPUHBKHM, OCTaHHIH METOX Mae 0araTo HENONIKiB Ta HE PEKOMEHAYEThCS 10 BUKopucTaHHsA. Lli 1Ba MeTonu MaroTh Micie OyTH y OKpeMHX
MPOEKTAX, aje MiIXiJ YOPHOI CKPUHBKH, SKUH NpeAcTaBIeHHH 0i0imioTexoro TecTyBaHHS React € HailGinmpml ycHimHNM 1 e(eKTHBHAM CIIOCOOOM
MTOKPHTH i 3aCTOCYBaHHS 3 BACOKMMH 1 HU3bKUMH TECTAMH, SIKI MOYKHA JIETKO MiATPUMYBATH i PO3YMiTH. AJle TeCTYBaHHS 017101 CKPUHBKH B JJAHUN Yac
€ HalfOiTBII BXXMBAaHUM DIlIEHHSAM Yy 3B’SI3Ky 3 iCTOPHYHMM PO3BUTKOM raiysi. OT)ke, BOHO TaKOX Ma€ JesKi MO3NTUBHI pycH i Moxe OyTn oOpaHo,
00 OyTH BUKOPHCTaHNM Ha MPOEKTI, ajle TOBUHHO OyTH TOYHHM BHOOPOM 3 PO3yMIHHSIM BCiX HACTIKIB, 11O 32 HUM CITiyIOTb.

Ku1i04oBi cj10Ba: pyuHe TeCTyBaHHs, aBTOMAaTH30BaHE TECTYBaHHS, METOJ YOPHOI CKPUHBKM, MeEToJ| OiNloi CKpHHBbKH, 0i0nioTeka enzyme,
OibiioTexa TecTyBaHHS react.

Introduction. Since the very beginning of the  makes it way easier to find some inappropriate in terms of

development process the ability to tests your application is
one of the edge things one would like to have to be sure
that high quality product is being provided. The main
reason for this is to assure the developer that the
application works as expected, but also it does a lot of
other aspects of work.

Namely finding defects that could appear while
development process of the software, keep the level of
quality of the product that may be documented, also being
able to prevent the defects, test that the final result
corresponds to the business requirements as well as
System Requirements Specification and Business Requi-
rement Specification, and less but not the least is to assure
product owner and stake holders that the product is good
enough to be driven in production mode [1].

Types of testing. So it came to the question of what
and how should be tested. The main very abstract division
between two types is automated and manual testing [2].

Manual testing. Manual testing is done by some real
person that tries to interact with the application by means
of clicking it or using some special tools for the tests that

the quality parts out. As it is for now this type of testing is
the most expensive for now.

Manual Testing is part of the testing process at the
quality control stage in the software development process
[3]. Testers or ordinary users carry it out by simulating
possible user action scenarios.

Manual testing is to perform a documented
procedure, where the method of performing the dough is
described. The technique sets the test order and for each
test — a list of parameter values that is fed to enter the list
of results at the output. Since the procedure is intended for
a person performing, in its description, some default
values can be used for brevity, or references to infor-
mation stored in another document.

The task of the tester is to find the largest number of
errors. It should be good to know the most frequently
allowed errors and be able to find them for the lowest
time. The remaining errors that are not typical are detected
only by carefully created test sets. However, it does not
follow from this that for typical errors it is not necessary
to make tests.

© N. V. Golian, V. V. Golian, I. V. Afanasieva, 2022

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasninus ma ingopmayiini mexnonozii, Ne 1 (7)°2022 79



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

Automated testing. As a completely another
approach to testing the automated tests are done with the
machine, that goes through the product using some scripts
that test it. Here it comes the main necessity of this type of
tests which is the ability to test way more parts, as auto-
mated tests could have different level of the complexity.
The complexity itself differs basing on the aim of it which
are the different approach of it. So, by means of the
automated tests we can cover almost everything starting
with the class method or a whole flow of the user.

But the main problem here is that this type of tests is
deeply depended on the quality of them that means that
the higher quality of test’s script the higher quality the
coverage is at the end.

Types of automated tests. Continuous testing
accelerates the supply of software, making the entire
testing process faster. And thanks to the immediate
feedback, which helps in the earliest stages to identify
errors and other problems in the application, ensures that
development teams will create high-quality and reliable
applications. In addition, the ability to organize and
conduct effective testing can significantly reduce the costs
of the company, both by saving the time of developers and
due to the creation of a qualifying supply conveyor in
which they can quickly make changes to the code with
minimal risks of impaired application performance in the
productive environment.

There are some types of automated test should be
mentioned to be understood the final goal of the unit ones.

Functional testing. Functional testing is the one of
the most popular types of them being used to test the main
functions of the system its usability, the ability for the
different types of users to use the application and so on.
This type of test it is the most abstract one and it includes
unit testing, integration testing, smoke testing, and user
acceptance testing.

Unit tests. Unit tests is the cheapest type of the tests,
as it is being run over individual parts of the application
that are called components in isolation [4]. For example,
the application that is calculator could have the division
operation F, that consists of some function A and B. It
means that one should test F, A, B separately without
trying to depend one on another.

This type of tests bring tons of the benefits to the
quality of the application because it says one the parts the
risky as the bugs may appear on the spots that are detected
by them on the deepest level possible.

It also gives one the ability to understand the logic of
application or its parts without digging to deep in it, so
developer or another stakeholder person could not even
have no idea of what is going on in the code but can easily
understand what this part does.

Integrational testing. The third one is integrational
testing which is on another level of the testing pyramid,
which is a fundamental in underatanding of how and what
should be tested [5].

Testing Pyramid — Concept, according to which there
are several levels, on which test automation is possible:
module level, service level, E2E (system level) [6].

As it is shown on the fig. 1 the higher, we get from
the unit testing the more interactions are being done to test

it, this is actually the main purpose of such a testing. One
is trying to go higher and connect different isolated parts
of the application to the more complex one and test it, not
relying on the unit cases.

More
interactions
A

v
More

isolation

Integration

Unit

AN

Software test pyramid

Fig. 1. Testing pyramid

This type of tests is more expensive than the
previous one, but on the other hand it brings a developer
the ability to understand what happens in more precise
way which means that the developer could build essential
part of the application and test is isolated.

End-to-end testing. This is the last but not the least
type of testing used to verify whether the application
works as expected and matches business requirements.
Also, to be mentioned that this testing is the most
expensive among all the automated tests.

It is as it is due to the number of resources being
involved to test one essential part of the product because
end-to-end  tests scripts requires the high-level
understanding of the application logic and also the higher
level of the person that writes it. The script itself tests
some whole flow of the user, for example it could go
through a page and interact with the interface trying to
pretend user’s behavior.

So, it makes one to think about the flow and script as
a user which involves way more resources makes it way
more expensive than mentioned above types.

Root problem. So, it gives a developer a space to do
a lot with tests, starting with the way an application could
be testing and ending with the level of the tests, it also
should be considered that the type itself requires different
level of the expenses and skills of the one developing
tests.

So, the main aim of the automated testing is to be
written in the most effective and cheapest way as it should
cover as much as possible and also cost the better the less.

Good thing is that any developer of the modern user
web-application could use wide range of tools to do that.
There are several approaches in testing that are widely
used and the main two are black and white-box testing.

The most important and useful for now actually basic
one is unit testing where it is always the widest range of
how and by means of what it could be done.

Black-box testing. Black box testing is a technique
of checking out software program wherein the inner
workings (code, architecture, design, etc.) are not known
by the tester. Black container checking out makes a
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specialty of the conduct of the software program and
includes checking out from an outside or end-person
perspective. With black container checking out, the tester
examines the software program’s capability without
searching on the code or having any understanding of the
application’s inner flows. Inputs and outputs are examined
with the aid of using being as compared to the predicted
output. If the output does not in shape the predicted
output, a Trojan horse has been found.

The term “black box” is used due to the fact you do
not dig into the application. For this reason, non-technical
specialists regularly use black box tests. Types of black
field trying out consist of purposeful trying out, gadget
trying out, usability trying out, and regression trying out.

Advantages: allows you to quickly find bugs in the
developed functionality of software: the tester does not
have to have a narrow-profile specialty, check runs from
the end of the end user, you can develop test cases
immediately after completion with the specification.

With this test method, you can perform the following
checks: functional verification software, regression
inspections, usability testing, smoke testing, check the
graphical user interface.

White-box testing. White box testing is a way of
trying out software program wherein the inner state (code,
architecture, design, etc.) are recognized to the tester [7].
Therefore, it validates the inner shape and frequently
specializes in enhancing safety and making the waft of
inputs and outputs greater green and optimized. In this
type of trying out, the tester appears for inner safety holes
and damaged or poorly based coding paths. The term
“white field” refers to having visibility into the inner
workings. Because of this, a greater technically
professional individual conducts the tests. Different forms
of this manner consist of unit trying out and integration
trying out.

So, it was just some terms to understand what we are
going to go through next. The issue that is going to be
used to cover the main problem of a discussion for this
theme is black and white box testing approaches in
modern web applications, where as an example we are
going to use the most popular library for that which is
namely ReactJS and the most popular framework for
testing Jest and React Testing Library and Enzyme
libraries for black and white box testing respectively [8].

As was already described above white box testing is
a testing that requires the knowledge of the internal
implementation of your component, which is being tested.
This leads us to some issues. First of them is over
specification, which means the when writing test one is
being concentrated on how the component is constructed
the details of the implementation actually, when the main
purpose of testing itself is to test component behavior.
This leads to construction of the application that is fragile
and is hard to change. In addition, this gives us a space to
use code smells i.e., calling some method of the
component directly, which means that you are not testing
component and its behavior it means that one is testing
inner parts of the component.

So to sum up, testing a white box is a special method
of checking the software that implies that the internal

structure and technical features are thoroughly known to
be checked.

Checking the white box consists of several
complementary test types used to assess the ease of use of
the web product, part of the code or special software
functional.

Based on such testing, you can perform the
following checks: unit tests, integration checks, system
test components, checking the security architecture of
software [9].

Traditionally, programmers are engaged in a similar
type of testing, since for such inspections the specialist
must have a high technical qualification.

Basic advantages of such a test method: optimization
of the program code by searching for hidden bugs,
creation of automated test cases, using the most suitable
type of input data used for a qualitative testing process.

Grey-box testing. Grey-box testing — a special
method of testing software with incomplete knowledge of
its internal device. To perform a similar type of test, you
do not need to have access to the source code of the
software.

All tests are created based on simple knowledge of
algorithms,  architectures, and  other  high-level
characteristics of the behavior of the product.

Types of grey box tests: regression inspections,
matrix checks, template testing, check on using an
orthogonal array, the main advantages of the method:

It has some features of the black and white box. In
other words, the tester looks at the object of checking
from the position of the black box, but analyzes the
system with an accurate calculation of the data that it is
pre-known (white box).

The QA specialist can create and apply more
complex test scenarios.

This check allows the programmer to enlist sufficient
time to correct bugs.

The programmer interacts with the tester at the initial
level, which makes it possible to immediately remove
unnecessary and excess test cases.

Disadvantages: analysis of the program code is
limited since there is no access to the source code at the
test, there is no time to test all the flows of input and
output information, as it will take a lot of time., a situation
is possible when testers can be superfluous (when not only
the QA specialist but also the programmer checks its code
with the help of unit tests).

Enzyme testing. So, for example using white box
approach pushes us having Enzyme library in React JS
application makes us think about the component meant to
be tested as some ready isolated part of the application
could be also called class or method. The library itself in
connection with Jest framework knows about the
component internals and could easily interact with the API
of the component, so almost all convectional tests written
with Enzyme considered black-box tests [10].

On the one hand it brings a lot of benefits to the
platform and also essential ones covering all the main
aims of the testing itself which are prevention of the bugs
in code, unexpected behavior of the component, the ability
to verify production code vulnerabilities, saves developer
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time by means of making one not bothering about the
impact of the previous task and concentrate on the current
one, also reduces the amount of work for the manual
testers if present.

On the other hand, platform pushes the developer to
write white-box tests, it also consumes a lot of resources
involved into the testing process which leads us to the
next issues that is performance.

One of the main issues is the maintainability as it
was mentioned because platform problem is that the
written test script for the component more than two or
three functions influences the amount of script code and it
grows exponentially.

Another issue present is that with the time it takes
more and more time and money to maintain the tests
which bounds developers from being rotated to another
position, so it increases the cost of the project.

The one issue that is not being mentioned consists of
two parameters which are the complexity of the tests as a
separate module and inability to get deep into them if it
wasn’t written by the developer that investigates one. This
is vital issue for newcomers that spend a lot of time just to
understand what is going on with the code.

Also, it brings here another point which is immersive
tools variety present in the library that requires high level
of the writer of the code, so the person that develops
scripts for this type of tests should have impressive
understanding of the script writing techniques.

This leads us to the problem of the lack of the
resources of the project because it starts to consume more
and more resources being introduced into the testing
process. It also exponentially increases the amount of
money being spent so this type of testing is not the best
decision despite on being black-box approach testing.

React testing library. There is present another
choice for testing of the modern user web-application that
is more effective and uses the whole another approach in
testing.

This type of testing is meant to be black-box testing
and gives a developer limited but wide range of the tools
that could be used to write tests.

The main advantages of the react testing library
despite being white-box testing library is that it is the
fastest and the most maintainable way to write test scripts
for now in the web-applications.

So black-box approach present in this type of tests
pushes a developer to think about component from user
perspective it means that it should be thought as what is
done but not how.

Also, it gives tons of advantages in comparison to
black-box testing present for now in React [11]. Namely,
it has limited tools to be able to test with, so it is fully
backward compatible, it takes away excessive work
required to cover a component with tests, it is not meant to
use only for React applications, that brings here one more
advantage which is the most flexible approach to testing.

As well as mentioned above it is a good way to keep
high level of the accessibility of the application, because if
react testing library used tests of that could not be written
in case of the bad code quality, so it also controls the code
quality subconsciously. Here is one from the other

consequences of using this approach is that a developer
should not think about implementation details [12].

For example, the one trying to extract some
component and test it this should be done by means of
using some unique identifier but not text or styles as it is
done in white-box approach. It makes tests way more
flexible and maintainable because code could change and
inner implementation of it as well, but the tests are going
to still be valid. So it saves essential amount of time and
resources including project budget in perspective.

Black-box testing uses whole different approach in
tests implementation, and there are main ones: it deals
with directly DOM nodes, and not platform specific
components that are rendered into DOM node, increases
the level of testing pyramid from only unit tests written
with Enzyme.

So, to be mentioned one of the best advantages of
this library which is easy to start and easy to dig into tests,
so a developer with a superficially understanding of the
code and tests could understand them without spending
too much time on the investigation.

It makes it easier to write and maintain code, also
saves vital amount of time and expenses that grow with
the time as project expands.

Conclusions. Modern web-applications are indeed a
place where all the type of the testing is vital for the high-
quality product. On the one hand there are wide range of
tools that could be used to pursue this goal by means of
using best decisions present for now but on the other hand
there are essential advantages and disadvantages present
in these tools, which are all in the approach to it, so there
are always cons and pros of using one or another.

For now, despite on having the ability to test using
both black and white box testing it looks like the second
one is not the best choice. There are several points on each
board for both of them, but black box approach that is
being represented with react testing library is more
successful and efficient way to cover and application with
high-level and low-level tests, that could be easily
maintained and understood.

But white box testing is now the most used decision
due to the historic development of the industry. So, it also
has some great features and could be chosen to be used on
the project, but it should be precise choice with the
understanding of all the consequences standing behind.
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C. ®. YAJIHH, B. O. IEL[HHCHKHH, I. O. TEI[HHCHhKA

PEJISIHIMHO-TEMIIOPAJIbHA MOJIEJIb HABOPY CYTHOCTEM IPEJIMETHOI OBJIACTI JJ151
IMPOLNECY ®OPMYBAHHS PIINEHHSA B IHTEJIEKTYAJIBHIN IHOOPMAINIUHIN CUCTEMI

IpenqmeroM HOCTiIKEHHST € mpouecH (OpMyBaHHS MPUYMHHO-HACIIIKOBHX 3B’SI3KIB MDK CTaHaMH CyTHOCTEil mpeaMeTHoi o0iacTi y mporeci
(YHKUIOHYBaHHS iHTENEKTyanbHOI iH(MopMaiiHoi cuctemu. [laHi Kay3ajibHi 3B SI3KHM BimoOpakaloTh 3aJIeKHOCTI, SIKi JIeKaThb B OCHOBI MpPOLECY
OTpUMAaHHS pe3ylbTaTy B iH(GOpMaIiliHil cHCTeMi, 1 TOMy BOHH MOXYTb OyTH BHKOPHCTaHi Ui (pOPMyBaHHS HOSICHEHb IOAO IHOTO IIPOLECY.
IMosicHeHHs BigoOpakae 3HAHHS 100 MPUYKMH Ta HACIIAKIB 5K [I0J0 OTPUMAHOrO pe3yJbTary B LIIOMY, TaK i 100 OKPEMHX il MPOLECY MPUHHATTS
piuieHHs B iHpopMauiiiHiil cucTemi. BUKOpUCTaHHS TaKHX 3HAHb MiJBHIILYE JOBIPY KOPHCTyBaya 10 OTPUMAHUX Bij iH)OPMAIIHOI CHCTEMH PillIeHb.
Mera poGotr momsirae B po3po0ui pessiiiiiHo-TeMIIOpaabHOT MOJEII MPEACTABICHHS MHOXHHH B3a€EMOIIOB’SI3aHUX CYTHOCTEH IpeaMeTHoOi obmacTi,
sIKi € 00°exkToM (hopMyBaHHs pillieHHs B iH(opMauiiiHiii cuctemi, 3 THM, 1106 CTBOPUTH YMOBH ULl BHSIBICHHs Kay3albHUX 3aJ€KHOCTEH IIOI0
npouecy GopMyBaHHs pillieHHs1 B Takiit cuctemi. J{ns qocsrHeHHs: chopMyab0BaHOT METH BHPIIIYIOTBCS Taki 3a/adi: CTPYKTypH3allis 3aJeKHOCTEH
MIX CYTHOCTSIMH HPEAMETHOI 00J1acTi y arpuOyTHBHOMY Ta TEMIIOPAIbHOMY acleKTaX; BU3HAYCHHS OOMEKEHb 100 MPOLIECY OTPUMAHHS PillICHHS B
iHpopMawiiiHiil cHCTeMi Ha OCHOBI CTaTHYHHMX 3aJI©KHOCTEH MK CYTHOCTSIMH; BH3HAUCHHS TEMIOPAJbHHX 3B SI3KIB B paMKax OJHOrO KIacy
CYTHOCTEH sIK BiIOOpaKEHHs Kay3albHHX 3aJEKHOCTEH MK CYTHOCTSMH y TpOLECi OTPUMAaHHS DillleHHs B IHTENEKTyalbHii cucTeMi; mobymoBa
pensuiifHO-TeMIIopaIbHOT MOJENi B3a€MOIOB’SI3aHUX CYTHOCTEH MpeaMeTHoi obiacti. BucHOBKH. BHKOHAHO CTpYKTYypH3aLil0 CTAQTHYHHX Ta
JUHAMIYHAX 3aJI€KHOCTEH MK CYTHOCTSAMH MHpeIMEeTHOI 00JacTi, mo € 00’ekToM (opMyBaHHs pilieHHs B iHpopMamiiiHiii cuctemi. BusHaueno
CTAaTH4HI OOMEXCHHS IIOA0 mporecy (opMyBaHHs pillleHHs, sKi IOB’s3aHi i3 BJIACTHBOCTAMH IpeAMETHOI obiacti. Bu3HaueHO TemmopaibHi
3aJISKHOCTI MK CyTHOCTSMH HPEIMETHO 00JACTi, SIKi BiOOpa)aloTh NPUYMHHO-HACIIIKOBI 3B S3KH MK IisIMH Hporecy 3 (GpOopMyBaHHS piIlleHHS.
3anponoHOBaHO PENIHHO-TEeMIOPAIbHY MOJEb OB SI3aHUX CYTHOCTEH MPeIMETHOI 00JacTi, IO MICTHTh KIACH €KBIBAaJICHTHOCTI CYTHOCTEH,
CTAaTHYHI 3aJIeKHOCTI MiXK BJIACTHBOCTSIMU PI3HUX KJIACIB €KBIBAJICHTHOCTI, a TAKOXK TEMITOPAIIbHI 3aJI€KHOCTI MK BIACTUBOCTSIMH B PaMKaX KO)KHOTO
KIacy. Mozens Jae MOXIIUBICTB IIEpeBIpUTH OOMEKEHHsS Ha Ipolec (GOpMyBaHHS pIMIEHHS HAa OCHOBI CTAaTHYHUX 3B’S3KiB MK CYTHOCTSIMHU
MpeaMeTHOI 00macTi, a TaKO)X BH3HAYMTH MOXIIMBI MOCTIZOBHOCTI 3MiHH BJACTHBOCTEH CYTHOCTEW y 4aci, 0 CTBOPIOE YMOBH [UIsl MOOYIOBU
Kay3aJbHUX 3aJIeKHOCTEH, SIKi JIeXaTh B OCHOBI mpotiecy GpopmyBaHHsI pitenHs. OTpUMaHi Kay3allbHi 3aJI€KHOCTI € KIIOYOBHM €JIEMEHTOM MOSICHEHb
o0 nporecy QyHKIiOHyBaHHS iHPOpPMaLiifHOT CHCTEMH.

Knio4oBi c10Ba: IOSCHEHHS; iHTeNEKTyalbHa iH(pOpMaIiiiHa CHCTEMa; TEMIIOpaJbHI 3aJIe)KHOCTI; Kay3albHICTb, HNPHYNHHO-HACITIIKOBI
3B’ SI3KH.

S. CHALYI, V. LESHCHYNSKYI, I. LESHCHYNSKA
RELATIONAL-TEMPORAL MODEL OF SET OF SUBSTANCES OF SUBJECT AREA FOR THE
PROCESS OF SOLUTION FORMATION IN INTELLECTUAL INFORMATION SYSTEMS

The subject of research is the processes of formation of causal relationships between the states of the entities of the subject area in the process of
functioning of the information system. These causal links reflect the dependencies that underlie the process of obtaining a result in the information
system, and therefore they can be used to form explanations for this process. The explanation reflects the knowledge of the causes and consequences of
both the result obtained as a whole and the individual actions of the decision-making process in the information system. The use of such knowledge
increases the user’s confidence in the decisions received from the information system. The aim of the work is to develop a relational-temporal model
of representation of many interconnected entities of the subject area, which are the object of decision formation in the information system, in order to
create conditions for identifying causal dependencies on the decision formation process in such a system. To achieve the formulated goal, the
following tasks are solved: structuring the relationships between the entities of the subject area in the attributive and temporal aspects; determining
constraints on the decision-making process in the information system based on static dependencies between entities; definition of temporal connections
within one class of entities as a reflection of causal dependencies between entities in the process of obtaining a solution in the intellectual system;
construction of a relational-temporal model of interconnected entities of the subject area. Conclusions. The structuring of static and dynamic
dependences between the entities of the subject area, which is the object of decision formation in the information system. Static constraints on the
process of decision formation, which are related to the properties of the subject area, are determined. The temporal dependences between the entities of
the subject area are determined, which reflect the cause-and-effect relations between the actions of the decision-making process. A relational-temporal
model of related entities of the subject area is proposed, which contains classes of entity equivalence, static dependencies between properties of
different equivalence classes, as well as temporal dependencies between properties within each class. The model makes it possible to test constraints
on the decision-making process based on static relationships between entities of the subject area, as well as to determine possible sequences of
changing properties of entities over time, which creates conditions for building causal relationships that underlie the decision-making process. The
obtained causal dependencies are a key element of explanations about the process of functioning of the information system.
Keywords: explanation; intelligent information system; temporal dependencies; causality, cause-and-effect relationships.

Beryn. CporozHi B iHTENEKTyallbHMX CHCTEMax  IOSCHEHb MIOZ0 POOOTH iHTENEKTyaslbHOI iH(popMariifHOl

BUKOPHCTOBYIOTBCS CKJIJIHI METOJIY OOUYHCIIOBAaJIHHOTO
IHTEJEKTy, 10 NpWU3HA4YeHI ISl BHUPIMIEHHS INPAaKTUYHO
Ba)KJIMBUX 33/1a4 BEJIMKOI PO3MIPHOCTI.

Taki 3agaui BUpINIYIOTbCS B yMOBaX HEBH3HAYEHOCTI
Ta HEKOHTPOJbOBAaHMX 3OBHIIIHIX BIUIMBIB. Meronu
0OYHCITIOBAIFHOTO IHTENEKTY 0a3ylOThCS Ha MAIIMHHOMY
HaBYaHHI, [0 POOWTH NpOIEC OTPUMaHHSI KiHIIEBOTO
pIlLICHHST HENPO30pUM Uil KOPUCTyBa4a, TOOTO HE Jae
MOJKJIMBOCTI SIBHO BUIUTUTH Kay3aJbHI 3aJI€XKHOCTI, SIKi
MPUBEITH JI0 1HOTO pitieHHs. ToMy BUAITICHHS Kay3aJbHUX
3aJIeKHOCTEH € BaXKIMBOIO YMOBOIO i (hOpMyBaHHS

cucremu. [losicHeHHs 3a0€31e4yIOTh 10BIpY KOPHCTYBauiB
JI0O OTPUMaHUX pe3yJbTaTiB, IO CTBOPIOE YMOBH IS
e(eKTHBHOTO BUKOPHCTaHHs ocTanHiX [1-3].

BaxnuBnii acniekt o0y10BU MOSICHEHB II0JI0 PE3yJIb-
TaTiB iHTEJEKTYAIILHOI CUCTEMH NOB’SI3aHUH 13 BIUTUBOM
Ha pe3yJIbTaT BXiJHUX JAAaHUX, IKi BUKOPHCTOBYIOTHCS IS
HaBYaHHS. BUKPHUBIEHHS y BXiTHUX JaHUX MPHBOASATH 10
HETOYHHX pPe3yJbTAaTiB, IO OOMEXYye 3aCTOCYBAaHHS ITHX
pe3ynbTaTiB KopucTyBadeM. Taki BUKPUBJICHHS € HACJI[T-
KOM SIK ITOMMJIOK TpH 300pi JaHWX, TaK i HAasABHICTIO B
JAHUX 3aJIE)KHOCTEH, IO BiJOOPaXaroTh YyIepeKEeHHS
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JIOJIeH, AKi BHPINIYIOTH BiINOBiAHI 3amadi. ToMy BHSB-
JICHHS Kay3aJbHUX 3B’A3KiB, SKI JieXaTb B OCHOBI
MpOLIECiB MPUHHATTS pillleHb B iHTEJEKTyajbHiH iH)Op-
MaIliiHii cucTeMi, € aKTyaabHOI pobiemoro [4-6].

Jyis BUpIIIeHHS 11i€l mpoOaeMu HEOOXiTHO BU3HAUUTH
3aJIEKHOCTI MK [iIMH 1HTENEKTyalbHOI cucTeMu. llpm
BUKOPHCTaHHI MAIIMHHOTO HABYAHHS JUI HaJlaro/HKCHHS
MoJieNnelt Taki 3aJIe)KHOCTI He 3aBKAN MOXYTh OyTH Tpea-
cTaBiieHI SBHUM 4uHOM. OJHAK BOHH BiZOOpa)kalOTHCS
Yyepe3 3BSA3KHA MK BIACTUBOCTSAMH CYTHOCTEH IpeIMETHOT
obmacTi, a TakoX TPU 3MiHI 3HAYCHb IMX BIACTHBOCTEH
BHACTIJIOK (YHKIIOHYBaHHS IHTENEKTyaJbHOI iH(opMa-
miiiHoi cucremu. ToOTO 3aM€KHOCTI MK BIACTUBOCTSIMU
CyTHOCTEH BiI0OpaKaroTh MPOLIEC OTPUMAHHS PE3YJIbTATy
B iHdopManiitHiii cuctemi [7, 8].

Taki 3aje)KHOCTI MalOTh CTaTHYHY W TEMIOPAIbHY
cxmanoBi [9, 10]. Iepiia 3agae CTPyKTYpy HpeAMETHOL
obmacti. [pyra BigoOpaskae IOCHIZOBHICTh CTaHIB CYyT-
HOcTeil y mporeci (opMyBaHHS pIlICHHS B IHTENEK-
TyanpHiit cuctemi [11]. BiamoBigHO, Ha OCHOBI IHMX
3aJIeKHOCTEH MOXKYTh OYTH OTpUMaHi CTaTHYHI Kay3albHi
3aJICKHOCTI, MO0 OOMEXYIOTh MOJMJIHMBOCTI OTPHMaHHS
pe3yabTaTy, a TAKOXK MUHAMIYHI 3aJ€KHOCTI, 110 BH3HA-
YaloTh mpoliec (YHKIIOHYBaHHS iHTeNeKTyalbHOI iHdop-
MaliiHOI CUCTEMH.

3a3HaucHe CBIAYUTH MO BAXIIUBICTH MOOYIOBH MOIEII
B33a€EMOIIOB’I3aHMX CYTHOCTEH MpeAMETHOI 00hacTi sK
YMOBH JIJIsl BUSIBIICHHS Kay3aJIbHUX 3aJIe)KHOCTEH, 1110 Jie-
’KaTb B OCHOBI TPOIECY NPUHHATTS PIlICHHSA B iHTEIICK-
TyallbHIM CHCTEMi, a TaKOX MOJANBIIOTO (hopMyBaHHS
MOSICHEHHSI 3 BHUKOPHUCTAHHSAM OTPHMaHUX IPUYUHHO-
HACJIIKOBHX 3aJIe)KHOCTEH.

AHaJli3 0CTaHHIX J0CTiXKeHb i myOJikauii.

HaykoBuii HampsMOK, IMOB’si3aHHNA 13 TOOYIOBOIO
MOSICHEHb 3 BUKOPHUCTAHHSIM Kay3aJbHUX 3B’SI3KIB PO3BHU-
BaeThesl B pamkax mporpamu Explainable Artificial intel-
ligence [1]. KaysanpHicTh B pamMKax [JaHOTO HAMPSIMKY
pO3TIsAaEThC HAa TPHOX piBHsAX [12]. Ha mepmiomy piBHi
MPEICTABICHI CTATHCTHUYHI 3aKOHOMIPHOCTI y Habopax
JAHWUX, 10 BiAOOpaXarTh ICHYIOYI mporiecd (yHKITO-
HYBaHHS IHTENEKTyanbHOi cuctemMu. Ha npyromy piBHi
BU3HAYAIOTHCS Kay3allbHi 3aJIEXKHOCTI, IO 3a0e3MeuyoTh
OTpMMaHHS HOBHMX pe3ysbTaTiB. Hampukian, 3amexHIiCTh
BHAY «SIK 3MiHHATBCS PUOYTOK KOMMaHIi IMpu 30UIbIICH]
3apIUlaTHI IEBHUM BHUKOHABISAM BABO€?». Ha Tperromy
piBHI Kay3aibHi 3aJIe)KHOCTI BUKOPHUCTOBYIOTBCS B SIKOCTI
MOSICHEHHST 1 mporiecy  pobotn  iHdopMariiHoi
cucremu [13]. To6TO Kay3ambHi 3a€KHOCTI HA JAHOMY
PIBHI BH3HAYAIOTHCS SIK IPUYUHN OTPUMAHHS OCTATOYHHX
a00 TPOMIKHHX pe3ylbTaTiB POOOTH IHTENEKTyaTbHOL
CHCTEMH IS 33JTAHOTO HaOOPY BXiJHUX JTAHUX.

[MpencraBneni Ha mepmoMy piBHI Kay3albHOCTI
3aJIe)KHOCTI BiIMOBIAAIOTH TEMIIOPAILHUM HpaBHJIaM, IO
po3risinamchk B podorax [4-8]. Taki 3aexHOCTI 3a4a10Th
YTIOPSIIKOBAHICTB JJIsl ITap MOCIITOBHUX CTaHIB CyTHOCTEH
npeaMeTHOi 0o0iacTi, a00 XK CTaHiB, MK SKUMH MOXYTh
OyTH peanizoBani mpoMixkHi ctanu [10].

[IpoToTnnu Kay3aJbHUX 3aJIEKHOCTEH APYTOro piBHA
B pobotax [14, 15] 3ampomoHoBaHO BigoOpakaTH Ha OC-
HOBI PEJAIIHHUX MOJEIEeH CYKYIMHOCTI CYTHOCTEH Tpen-
MeTHOi oOmacTi. B momampmmoMy Taki Mopmenli MOXYTb

OyTH BUKOpHCTaHi AJsi (OPMyBaHHS Kay3albHUX 3ajexk-
HOCTEH JaHOro piBHS 3 BUKOpHCTaHHS minxony d-separa-
tion.

TakuM YMHOM, Ha CHOTOJHI OKPEMO PO3IIISAAIOTHCS
TEMITOpaJIbHI  3aJIEKHOCTI MK CTaHaMH CYTHOCTEH
MpeaMeTHOI O0JIACTi, IO BiANOBIAAIOTH IEPIIOMY PIBHIO
Kay3aJbHOCTI, Ta PEeJIMiHHI 3aJeXKHOCTI MDK TaKUMHU
CYTHOCTSIMH, IO € OCHOBOIO Ui MOOYIOBH BiIHOIICHB
Ipyroro piBHA Kay3aimbHOCTI. OmHaK i TOOYIOBU
MOSICHEHb MIOZI0 POOOTH iHTENEeKTyanbHOI iHQopMaIliifHOT
CHCTEMH JIOIJIFHO PO3MIITHYTH 3aJIEKHOCTI IEpIIoro Ta
JIPYTOro piBHA SIK €JUHY CHCTEMY, IO Ma€ CTaTUYHUH Ta
TEMITOPAJIbHUX aCTIEKTH.

Metoro mi€i craTTi € po3podOka pelsiiifHO-TeMIO-
paibHOT MOJIENl MPEACTAaBICHHS MHOXXUHH B3a€MOIIOB’sI-
3aHUX CYTHOCTEH NpeaMeTHol obmacti, siki € 00’€KToM
(dopMmyBaHHs pilleHHs B iHGOPMALiiHINA cUCTEMI, 3 THUM,
100 CTBOPUTH YMOBH JUISl BUSIBIICHHS Kay3aJbHUX 3aJICK-
HOCTEH mmomo mporecy (OpMyBaHHS PIllICHHS B Takii
CHCTEMI.

[ nocsrHeHHA CcOpMYIbOBaHOI METH BHpIIIy-
IOTBCS HACTYITHI 3a/1a4i:

— CTPYKTYpH3allisl 3aJCKHOCTEH MK CYTHOCTSIMU
npeAMEeTHOI 001acTi y aTpuOyTHBHOMY Ta TEMIIOPajb-
HOMY acIeKTax;

— BU3HAYEHHSI OOMEXXEeHb II[0JI0 MPOIECY OTPUMaHHS
pieHHs B iHopManiifHii cuCTeMi Ha OCHOBI CTaTHYHHX
3aJIe)KHOCTEH MIXK CYyTHOCTSIMHU;

— BU3HAUEHHS TEMIIOPAJbHUX 3B’S3KIB B paMKax
OJTHOTO KJIacy CYTHOCTEH SIK BimOOpakeHHS Kay3aJdbHHX
3aJIEKHOCTEH MDK CYTHOCTAMH Yy MpOLECi OTPHUMaHHS
pIlICHHS B IHTENEKTYyalbHIA CHCTEMI;

—1o0yIoBa peIAIifHO-TEMITOpAIEHOI MOJeli B3a-
€MOTIOB’I3aHUX CYTHOCTEH MpeMeTHOI 001acTi.

CraTHyHi Ta JMHaAMiYHi BJIAaCTHBOCTI CYKYNMHOCTI
B32€MOMNOB’A3aHUX CYTHOCTell fIK 00’ekTiB (opmy-
BaHHS pilleHHs B iHdopmaniiiniil cucTemi.

VY3arajgpbHEHO MpeAMETHa 00JacTh, IO MICTUTh
KOMIUIEKCHHH 00’€KT (hopMyBaHHSI PILLICHHS B iHTEJEK-
TyanbHiil iHpopMaLiiiHii cucTeMi, NPEICTABISAETHCS MHO-

KUHOW E cyrHOCTell e; ;, TakuX IO KOXHA CYTHICTh

OIIUCYETCS. MHOXKHHOO aTpuOyTiB B, ;

E={e, ;:(Vivj)3B, ;}. (1)

ATpuOyTH 3amar0Th BIIACTHBOCTI CyTHOcTeill. B
paMKax 3ampoIlOHOBAHOTO MiAXOAY BHKOPHCTOBYETHCS
miHifHAa cTpykTypa aTpuOyTiB. lepapxis BmacTmBOCTEH
mpeaMeTHoi o0jacTi 3amaeTbes  depe3 3B’S3KH  MiK
CYTHOCTSIMH. [HIIMMHU cl0BaMHM, KOMIUIEKCHA BJIACTUBICTH
OJIHI€T CYTHOCTI MOke OYTH Npe/ACTaBIeHa 4epe3 iHILY
CYTHICTb Ta TI BIAaCTHBOCTI. ATPHOYTH OCTaHHBOI TaKOX
MOXHA JIeTANi3yBaTH dYepe3 BIIACTUBOCTI JOAATKOBUX
cyrHocteil. Taka opranizariisi onucy npeaMeTHoi 00acTi
Jla€ MOXJIMBICTh €IMHUM YHHOM NPEICTaBUTH NPOCTI H
KOMIUIEKCHI BJIACTHBOCTI CYTHOCTEHW, a TakoX Bigo0-
pa3uTH 3MiHY iX CTaHiB UYepe3 3MiHy 3Ha4eHb BiJMOBIIHUX
BIIACTMBOCTEH 3 dYacoM. B pe3yabpTari OTpPUMYEMO
MEpPeXHHUH OIMUC MpeaMeTHOI o06JacTi 31 CTaTHYHOIO Ta
JMUHAMIYHOIO (TEMIIOPAILHOIO) CKIIaJOBUMH.
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CrartuuHa CKJIaJ0Ba JAaHOTO IPEJCTaBJICHHS BH3HA-
Yae CTPYKTypy (parMeHTy NpeaMeTHOI 00JacTi, 3 SIKHM
orepye iHTeJeKTyalbHa iHopMamiiHa cuctema. Lls
CTPYKTYpa BHU3HAUYA€ JOMYCTHMIi IOCHTIJOBHOCTI Hild y
npoueci  QyHKUiOHyBaHHS iH(OpMalidHOT CcHCTEMHU,
OCKIZIBKM 3B’SI3KH MIDK CYTHOCTSIMH BIUIMBAalOTH Ha
MOJKJIMBI [if, @ TaKOX Ha IX IIOCIIJOBHICTb. IHIIMMM
CJIOBaMH, CTaTHYHA CKJIAJ0Ba 3a[a€ MHOXXHHY MOXKITHBUX
MOCTIOBHOCTEW Hilf y mpomeci (YHKIIIOHYBaHHS
iHpOpMaLiHOI CHCTEMH.

Axmo y indopmariifHii cuctemi 3adikcoBaHO mii,
SKi HE BIJNOBINAIOTE CTATUYHOMY OIHUCY IPEAMETHOI
obmacti, To 1€ CBITYHTH a00 PO HEperiIaMeHTOBaHE
(YHKIIOHYBaHHSI Takoi CHUCTEMH, ab0 NP0 HETOUHUMH,
HEMOBHHUI OIMC NpeaMeTHOI o0JyiacTi Ha MOTOYHHUH MoO-
MeHT 4acy. ToMy HEBiANOBIHICT CTATHYHOTO OIHCY Ta
npoueciB  (YHKIIOHYBaHHS 1H(QOPMALIWHOI CHUCTEMH €
YMOBOIO ISl TIOSICHEHHSI IIONO TOMWJIOK B poOOTi cuc-
TEMH 1, BIAMOBIIHO, HEKOPEKTHOTO pe3yibTaTy. Take
MOSICHEHHSI J1a€ MO>KJIMBICTh KOPHCTYBa4eBi HE BHKOPHC-
TOBYBaTH HETOYHMH OTpPHMaHUI pe3yabTaT, MO0 B IIO-
JAIBIIIOMY 301IBITY€E TOBIpY KOPUCTYBada A0 Pe3yIbTaTiB
poboTu cuctemu. PakTUYHO, CTATUYHA CKIIAI0Ba OIKCY
B33a€EMOIIOB’I3aHMX CYTHOCTEHl mpenMeTHol obsacti Jae
MOXIIMBICTh OOIPYHTYBaTH BUCHOBOK (200 MOSICHEHHS)
11010 KOPEKTHOCTI OTPUMaHUX B pe3yiabTaTi poOoTi
iH(pOpMAIIHOT CUCTEMH Pe3yNbTAaTIB.

B cBoro uepry, AuHaMiuHa CKJIaJoBa J1a€ MOJKIJIH-
BIiCTh OLIHUTH €(EKTHBHICTh OTPHMAHOTO pe3yiabTary. B
JAHIF CUTYyaIli € IBi BapiaHTH OIIHKH.

[o-nepiie, eeKTHBHICTF MOXKE OYTH OIiHEHA BiJl-
HOCHO pe3yJIbTaTy poOoTH iHpopManiiHOi cuctemu. Taka
MOXJIMBICTh BUHHKAE y BHIIAJIKY, SIKIO OIHC MPEAMETHO]
00J1acTi MICTUTH CYTHOCTI, 3 SIKHMHU B3a€MOJII€ OTPUMAHUH
B iH(hopmauiiiHii cucremi pesdynbrar. Hanmpukmaz, sKmo
pEeKOMEHaIliiHa CHCTEMa MPOIOHYe OJIOK Oe3mepediii-
HOTO JKUBJICHHS JUIsi KOMIT'IOTEpa, TO OI[IHKAa MOXe OyTH
BUKOHAHA 3 ypaxyBaHHSM BiJIIOBITHOCTI 3HaueHb aTpPH-
OyTiB 1ILOrO OJIOKY Ta 3HAuYeHb BIJINOBIAHUX aTPUOYTIB
KOMIT I0Tepa, JUI SIKOTO 1Iel 0JI0K Oy/ie BUKOpHUCTaHO (I10-
TY>HICTb, 4ac pe3epByBaHHs, (hopMa CHHYCOi/IH, TOIIO).

[o-gpyre, edekTuBHICTH MOXe OyTH OIiHEHa
BiTHOCHO mporecy (GopMyBaHHS pimieHHS. B mganomy
BUIAJKy TAaKO)X MOXJIMBI JBa BapiaHTH: aTpUOyTHBHA
OIliHKa e(QEeKTUBHOCTI W TeMIlopaibHa OIliHKa e(ek-
THUBHOCTI.

ATprOyTHBHA OLIHKA BU3HAYAETHCS OCOOIMBOCTIMU
npeaMeTHoi oOmacti. Hanpuxman, ans pexoMmeHmarinHol
CHCTEMH B SKOCTI OIIiHKM MOXe OyTH BHKOPHCTaHHH
BificOTOK KOHBepcii. ToOTO BiICOTOK KOPHCTYBadiB, SIKi
npuadatu ToBapu abo MOCIYTH i3 PEKOMEH0BAHOTO CHC-
TEMOIO CITHCKY.

TemnopanpHa OIiHKAa S(PEKTHBHOCTI 3aJa€ BiIXU-
JICHHSl IHTEpBaly 4Yacy Ha OTPHUMaHHS pe3yibTaTy Bij
6axanoro. OrniHka Moxe OyTH MoanQikoBaHa B 3ajex-
HOCTI BiJl TOTO, SIK MM BPaXOBY€EMO BiIXHMJICHHS B CTPOKaxX
3aBEpIICHHS NPOLECY OTPHUMAaHHS Pe3yNbTaTy. 3a3BHYal
BUKOPHCTOBYETHCS OOMEXKEHHS MO CTPOKaxX 1 BBOAMTHCS
mrpad 3a 3amizHeHHA. OJHAK Taka OIIHKA /Ja€ MOX-
JMBICTh OLIHUTH JIUIIE OAWH IPOIEC, IO BUKOHYETHCS Y
cuctemi. Skmo x iHpopMmariiiiHa cucTeMa KOHTPOJIOE

napajeibHe BHUKOHAHHS JEKUIBKOX IPOILECiB, TO MOXe
OyTH BHMKOpHCTaHa OI[IHKa «TOYHO B Yac», 3a SKOIO
mTpadyeThesl TaKOX IEepeqyacHe 3aBepIICHHS KOXKHOTO
npouecy. JlaHa omiHka Jae MOKIJIMBICTh BpaxyBaTu oOMe-
KeHl pecypcu. ToOTo mepenyacHe BUKOHAHHSI OJHOTO 3
MIPOIIECiB MOXKE MPHUBECTH /IO 3alli3HEHb iHIINX IMPOIECiB
BHACJIIZIOK KOHKYPYBaHHA 3a CIUIBHI 00’€KTH (CyTHOCTI
peaMeTHOi 00macTi).

Pensiuilino-TeMnopajibHa MoOJedb B3a€EMONOB’si3a-
HHUX CyTHOCTeii mpeameTHoi odaacti B iHdopmauiiiniii
cucremi.

3anponoHoBaHUi MiAXig 10 (GopMaTbHOTO OIHUCY
B32a€EMOIIOB’I3aHUX CYTHOCTEH IpeaMeTHol obuiacti, 3
AKUMH onepye iHdopmauiliHa cucrtema, Oa3yeTbcsi Ha
iHTerpanii aTpuOyTHBHOTO Ta TEMIIOPAIBLHOTO AacIeKTiB
TaKUX CyTHOCTEH.

ATpUOYTHUBHHMH acleKT BU3HAYa€ MHOXHHY BJIACTH-
BOCTEH CYTHOCTEH, a TEMIOPAJIbHUN — 3MiHY CTaHY KOX-
HOi CyTHOCTI 3 YacoM. MHOXHWHa aTpuOyTiB (pakTHIHO
BU3Ha4Yae Knac cyTHocTi. CTaH CYTHOCTI 3ala€Thcs 3Ha-
YeHHSIMU 11 aTpUOYTiB.

BupninenHst aTpuOyTHBHOI Ta TEMIIOpaIbHOI CKIIaz0-
BOi J1a€ MOXIIMBICTh PO3JIIUTH CYTHOCTI Pi3HUX KIACiB,
pi3HI CYTHOCTI OJHOrO KJacy, a TaKo)XX 3MIHYy CTaHiB
CYTHOCTI 3 4aCOM.

KoHnenryanbHy cxemMa OIHCY OKPEMHX CYTHOCTEH B
000X acrekTax HaBeJeHO Ha puc. 1.

A Ke
B; ;;y
(G I R € 51 A A2 o c 1LN)
bij "/ ) CI(,]' ! Cz(,j :
(2) o olo o olel ~((150) PSP 2,2) ceevene 2,N
b;’; \_ Cij Cz(,,') CI(,]' :
(K) peeeees (K1) K2 KN
bij Cij C:[,j ) CI(,j )
4 t; ty
® @ @ ©—>

Puc. 1. ArpubyTrBHa Ta TEMIOpaIbHA CKIIAI0BA CYTHOCTI
mpeaMeTHOT 00acTi

Ha naHomy pUCYHKY Ha BepTHKaJbHIH OCi TIOKa3aHO

MHOXWHY aTpUOYTIB Bi,]-={bi]f j} cyrHocri ¢; ;. Ha

TOPU30HTANBHIM OCi BKa3aHi AMCKPETHI MOMEHTH dYacy
t1,ty,..ty , B SIKi CTAaH IpeaAMETHOI 001acTi 1, BIATIOBITHO,

CTaH CYTHOCTI MO 3MIiHIOBATHUCh BHACIHIJOK peaji3arii

MIPOIIECiB NPUHHATTA PIMIeHb B iHTENEKTyaJbHIH cHCTEM,

a00 * BHACIIJIOK 30BHIIIHIX BIUIMBIB HA Ii CyTHOCTI.
HorouHuit cTan CyTHOCTI €; ; y NOBLIBHAN MOMEHT

n k,l
yacy t, 3aa€Tbesi MHOXKUHOW C; ; 3Ha4eHb C;’; arpuby-
TiB Li€1 CyTHOCTI:
n _ | kil _
Ci,j = {Ci,j |t _tn}' 2
Cnip 3a3HayMTH, 1O 3TiAHO BHpasy (2), MHOXWHA

n N .
3Ha4enp j Mae TeMIOpajibHy NPUB’SA3KY, HA BIAMIHY

. . k,l
B1J OKpEMUX 3HAUCHb anPI6yT1B Cij .
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BinnosigHo, mporiec 00poOKu CYyTHOCTI mpu (hopMy-
BaHHI pILIEHHS B IHTEJEKTyaJbHIN CUCTEMi 3aJaeTbes
MOCTTITOBHICTIO MHOXKHH 3HAYEHb 11 aTpUOYTIB:

1 N
Hl,] :<CI‘,]'""’CI!T]'""’CI',]'> . (3)

YactuHa aTpuOyTiB CYyTHOCTI MOKE 3MIHIOBAaTH CBOE
3HAYCHHS y Mporieci 0OpoOKH B iHTENEKTyalbHIA CHCTEMI,
IHIIIa 3aIUIIaeThess HEe3MiHHOMW. ITiMMHOKHHA HE3MIHHUX
aTpuOyTiB XapaKTEePHU3y€E CYTHICTH 1 TOMY MU OyIEMO poO3-

. . Key .
TJgaaTy 11 aK MAMHOXHWHY KITFOYOBUX anI/IGyTlB Bi ;y .

B = (b (WI)(ve, el =<l ) @

. . . Key
Baxxnupicth BUOUICHHA MMIAMHOXWHHA BI] noJjsrae

B TOMY, IO KIIOYOBI arpuOyTH MAalOTh MOKJIUBICTH
BHIUTATH OJHY ¥ Ty CaMy CYTHICTB y Pi3Hi MOMEHTH 4acy.

SIkmo s IOBLIBHOI NIapu  CyTHOCTEH (e,-_]-,ei_m)

Key

MHOXHHH KIIOYOBUX aTpuOyTi B;” Ta BI-K;y € eKBi-

BAJICHTHUMH, TO MOXHa BBaXXaTu, MO IIapa (e,-j,e,-m)

BiZloOpaxkae OJIHY U Ty ) caMmy CYTHICTh Y Pi3Hi MOMEHTH

yacy. Tomy cyTHOCTI €;

ij Td €, € CKBIBAJICHTHUMH TOO-

TO 61’] ~ ellm .

a(e,., jr€im ) :(Vjvm) B}ij =B =e ~€ . (5

BBeneHHsS ©KBIBAaJGHTHOCTI Ui JMOBUIBHOI mHapu

CYTHOCTCH €; ; Ta €, /A€ MOXIHMBICTh BU3HAYNTH KIIac

eKBIBaJICHTHOCTI CyTHOCTEH [el-] , AKMH MICTUTH €K3eMII-

nspu e; ; onHiel W Tiel K CYTHOCTI y pPi3HI MOMEHTH

J
qacy t,:

[ei]:{ei,l:---' ez‘.j'"'}:(vj)e"'1 o ©

Kiac exBiBaJIeHTHOCTI CYTHOCTEil 3aJa€ MHOXHUHY
€KBIBAJICHTHHX CK3EMIUIAPIB OHI€l CYTHOCTI, sKi OyJu
BUKOPHCTaHI y mporeci (opMyBaHHs PillIeHHs B iHTEJEK-
TyaJbHil ccTeMi y Pi3HI MOMEHTH 4Yacy.

3 ypaxyBaHHSIM BU3HAUEHHS €KBIBaJICHTHOCTI MOXKHA
JieTalli3yBaTH, IO JAaHWH KJIac 3aJa€ MHOXKHHY CTaHiB
OJHI€T CYTHOCTI y mpoleci NpUHHATTSA pimeHHsa. Bin-
MIHHOCTI MDK CTaHAMH CYTHOCTI 3aJaf0ThCS ITiIMHOXH-

BjState

HOIO 3HAYEHb ii BIACTHBOCTEH, KA MICTUTH MITKY

Yacy 3MiHM CTaHy CYTHOCTI:
State _ Key k,l State , .k,| _
By =B, \B;"7 |3¢;" €7 i =t,,. ©)

TakuM 9WHOM, KJIaC €KBIBAJIGHTHOCTI CYTHOCTI 3a/1a€
npejacTaBieHi Ha puc. | 00’€KTHY Ta TEMIOpaIbHY CKJa-
JIOBY, IIO JIa€ MOXKJIMBICTh BCTAHOBIIIOBATH OOMEKCHHS Ha
MOJJIMBY B3a€EMOMII0 O0’€KTIB ,a TaKOXK MOCIiJOBHICTh
B3a€MO/Iii Ta ONepyBaHHS UMK 00’ €KTaMH Y 4aci.

Hampuknan, st cyTHOCTI — BHUKOHaBLS —Kilac
€KBIBAJICHTHOCTI MOJKE€ MICTHTH ITiJMHOXXHHY aTpUOyTiB

Bfey = {bll =TIIB, bf = pOJIb} , Ta TIIMHOKHHY aTpHOyTiB

Byt ={bf = npouiec, b}’ = saBnanns, by =tn}. Iepma
rpyna aTpuOyTiB Ja€ MOKIJIUBICTH 11€HTH(IKYBaTH BHUKO-
HaBII Yepe3 HOoro Mpi3BHINE Ta POIb HA ITiJIPHEMCTBI.
Hpyra rpymna atpuOyTiB BH3HA4Ya€ HOTO MOTOYHY IisTb-
HICTB.

AHanoriyHo, B pEKOMEHIAIIWHIA cucTeMi s
TOBapy a00 MOCIYyTHW Tepia rpyna MOXe MICTHTH Taki
aTpuOyTH:

Bgey = {b% = Illndp, Hassa, b = TOBapHa_prHa} .

Jpyra rpyma MoXe MICTUTH Taki aTpuOyTH: Bgtate =

= {b;’ =11iHa, b; = MOMyAAPHICTB, bg = peittunr, bS =t, }

AtpuGyt b? Ta b 3amal0Th TMOCHTAHHS HA iHuI

CYTHOCTI, III0 JTAa€ MOXKJIMBICTh BCTAHOBUTH PEIAIiiTHI BiJl-
HOIIECHHS. MK cyTHOCcTsAMH. OCTaHHI 3aJal0Th CTAaTUYHY
KoH(pirypariro npexMeTHoi obnacti i, (pakTHIHO, BH3HA-
4aroTh OOMEKEHHS TP pealizamii mporecy HpUHHATTS
pilICHB B iHTENEKTYaIbHIH CHCTEMI.

I3 HaBejeHHMX NPUKIAAIB BHAHO, IO 3 BUKOPHUC-
TaHHAM aTpUOYTIB mepiioi Tpynu MOXYTh OyTH 3a/aHi

eIISAIINHI BITHOIIIEHHS riK Mik cyTHOCTAMHE 3 KmaciB
m,s

€KBiBaJICHTHOCTI [ei] Ta [em]. To6To Mix maHMMHU Kia-

Camu icHye BiIHOIIEHHs 1o atpubyTtam by Ta by

ok =t (i) (e )Nfen] =2,

(8)
3k,3s:b¥ =bS,.

CyKyIHICTh BifiHOLIEHb R = {ri'k} 3ajae pessiuiiHy

m,s
CKJIQIOBY po3po0iieHOI Mojen, sika 3ajae HesBHI oOMme-
KEHHs Ha mporec (OopMyBaHHsS DILICHHS B IHTEJEKTY-
aNbpHIN iHpOpMaLilHIKi cucTeMI.

3 BUKOPHUCTAaHHSIM aTrpuOyTiB Apyroi rpymu d¢op-

.. I,n
MYIOTbCS TEMIIOPAJIbH1 BIIHOIIICHHA Ti k JUIA T1ap 3HAa4YCHb

ka ’I,Clk ! omHoroO it TOrO XK ATPUOYTY bik Y MOMEHTH 4acy
t, <t,:
In _ kil__kn . k,l k,n
oin =c e |(3[e;]) ity <ty e = 9)

I,n

CyKymHICTh BiJIHOIICHb T:{z'l k} 3a7a€ TEMIIO-

palibHy CKJIaJOBY IIPEICTaBJICHHS! CYKYITHOCTI B3a€EMO-
OB’ SI3aHNUX CYTHOCTEH NpeMeTHOT 00acTi.

CyKymHICTh KJTaciB €KBiBaJIeHTHOCTI E :{[e,- ]} 3a-

Jla€ CYTHICHY CKJIaJJOBY TEMIIOPAJIbHO-PEIALIHOT MOei:

M={E,R,T}. (10)
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Mogens (10) xomOiHye cTaTHyHi i AWHAMIYHI 3a-
JISKHOCTI, 1[0 JJa€ MOXIIMBICTh IIEPEBIPUTH TEMIIOPANbHI
. 1, . L i
BIIHOIICHHS 7, HA BiANOBIAHICTb OOMEKEHHIM r,'nks
ToOTo Take moemHAHHS A€ MOYKIJIMBICTH BHIUIHTH IIiI-

MHO>KHHU BIIHOIIECHD TI-I"Z U1 OOMEXKEHb r,;ks

SIK OCHOBY
UL TTosicHeHHs. [lofanplie nepeTBOPeHHs TEMITOPATbHUX
BiJHOIICHb B Kay3allbHi Ja€ MOXJIMBICTH O€3MOCEPEIHBO
c(hopMyBaTH MOSICHEHHS.

PosrnsgHeMo mnpHKIax BHUKOPHUCTAHHS MOJIEN IS
[e; ] = HOyTOYK_MOzENB T2

napu CYTHOCTEM

[e,]=xaTeropis_HoyT6yk sk 00’exTiB, sAKi MOXKYTb
OyTH BUKOPUCTaHI B PEeKOMEHAAIIHHIH cHCcTeMi.

ITepmia CYTHICTb Mae BJIACTUBICTh
bl1 =TOBapHa_rpyna, sKka BiINOBiAae aHAJOTIYHIN

. -u . 1,1
BJIaCTHBOCT1 bzl Kjacy [92] . Pemsamiiine BITHOIICHHA l"l 1

MDK BIOIIOBIIHUMH BJIACTUBOCTSIMH IIMX KJIACiB € aHaJO-
TIYHAM BiIHOUICHHIO MK TaONUILSIMH peJLAiiHOI 06a3u
JMAHUX 1 TOMY BHCTYyMae OOMEKEHHSIM IpU MoOymoBi pe-

koMmeHalii. CyTHICTh JaHOTO OOMEKEHHS 3aJICKUTh BiJl
. 1,1
THIy BifHOmEHHA F;j (OOMH 1O OJHOTO, OIHMH [0

Oaratbox, ©Oarato g0  Oaratbox). TemmopaibHe

BiJIHOILICHHS 11132 BU3HAYa€ 3MIHM 3HAUCHHS aTpUOYTy
b13 =1iHa (HWXKHI {HAGKCH TpaBWIa) Bil MOMEHTY 4Yacy

t; OO MOMEHTY dYacy t, (BepxHi IHIEKCH IpaBHIa).

[TinMHOXMHA TEeMIIOPAILHUX TpaBHII T4

{711 § , 121 32 , T; § ,} JUIL TAaHOTO HOYTOYKY (TOOTO mpaBmiia
23 34 L

713,733 »» WO BiIPI3HAIOTECS JIMIIE MOMEHTAMH 4acy

ty, t3, t, 3aJ0BOJBHSIE YMOBaM OOMEKECHHS rll_'l1 , TOOTO

Ma€ BiTHOIICHHS JIUIIE 0 BapTOCTI HOYTOYKA!

_ {12 23 34 |11
Tis —{71,3 17137373 '---"’1,1 } 11)

[oennanns migMuHoxuH (11) nmae  MOXIHBICTBH
chopMyBaTH MHOXHUHY TEMIIOPaJbHUX IPaBWI, IO
BiZIOOpaXaloTh 3MIHH I[IH HA HOYTOYKH. 3 ypaxXyBaHHIM

. o 1,1 .
IHIIUX 3aJIC)KHOCTEU BUOY rl 1 11 MHOXHHA € BXIJHUM

HabopoM Ay OOYIOBH Ka3yalbHUX 3aJIC)KHOCTEH 100
poriecy nMoOyI0BH PEKOMEHIOBAHOTO MEPETiKy MoJesei
HOYTOYKiB.

BucnHoBku. BukoHaHO cTpyKTypu3auilo y aTpuOy-
TUBHOMY Ta TEMIIOPAJHHOMY acClEKTax BiJHOIIEHb MiX
CYTHOCTSIMHM TpEeAMETHOi 00nacTi, sKi € 00 €KTOM
NpUHHATTA pilieHb B iH(popMamiiHiil cuctemi. Ilepmmii
aCIeKT BioOpakae CTaTHWKY, a JIPYTHi — TUHAMIKY CYyT-
HOCTei peaIMeTHOT 06JacTi.

[lokazano, mo B aTpuOyTUBHOMY acCHEKTi Taki
BiIHOIIICHHS 32/1al0Th OOMEXEHHsI Ha TIPOIEC MPUHHSITTS
pimenHs B iHpopMmaniiHiii cucremi. TemmopanbHi X
BIIHONICHHS BHU3HAYAIOTh IIOCHIMOBHICTh il IpoIecy
NPUIHATTS PillIeHb.

TemmopasnbHi BigHOWEHHS cdopMoBaHO Ha 0asi
KJIaciB eKBIBaJEHTHOCTI cyTHocTed. [lo oaHOro kmacy
€KBIBAJICHTHOCTI HAJIC)KUTh OJAWH 1 TOW XKe EK3eMIULIp
CYTHOCTI, 3HAQUCHHS BJIACTHBOCTEH SIKOTO 3MIHIOBAINCH 3
yacoM. Takuil miaxix Jae MOXIHMBICTH B paMKax Kiacy
€KBIBaJICHTHOCTI BpaxyBaTH BCi MOXIIMBI BapiaHTH 3MiHU
BJIACTUBOCTEH CYTHOCTI 3 HWacoM, THM caMHM BimoOpa-
3UBIITY MOXIMBI KOMOIHAIii mporecy MpUHHATTS pilleHb
B iHpOpManilHil cucTeMi.

CyKymHICTh CTaTHYHUX Ja AWHAMIYHUX XapakKTe-
PUCTHUK CYTHOCTEH MpEAMETHOI 00JIacTi J1ae MOXKIIHMBICTH
BCTAHOBUTH Kay3aJbHI 3B’S3KH MDK JMHiSMH MpPOIECY
oTpuMaHHs pimeHHs. [Ipy npoMy cTaTH4HI 3aJIeKHOCTI
00MEXYIOTh MOXKJIMBI BapiaHTH peaiizauii JaHoro Impo-
ecy, a TeMIOpaJIbHI 3B’SI3KM BiJOOpaXkatoTh MPUYUHHO-
HACJIIJIKOBI 3aJIE)KHOCTI MK AiSIMH Y IIPOLIECI OTPUMaHHS
pillieHHSI.

3anponoHOBAHO  PENAMIHHO-TEMIIOPAIBEHY MOJENb
HabOpy B3a€MOIIOB 3aHUX CYTHOCTEH IpenMeTHOI obac-
Ti B IHTENEKTyallbHIH iH(popMamidHOi cuctemi. Monens
MICTHTE Yy CO01 KIacH eKBIiBaJCHTHOCTI CYTHOCTEH,
CTaTHYHI 3aJIEXKHOCTI MK KJacaMd ¥ TeMIOpalbHi
3IKHOCTI B paMKax KOXHOro Kiacy. Mogjens nae
MOXIIMBICTb OIMCATH TUHAMIKY OTPUMAaHHS Pe3yNbTaTiB y
npoueci NpUiHATTA pilleHHs B iH(GOpMaliiiHii cuctemi,
IO CTBOPIOE YMOBH JJIsi TOOYJOBU Kay3aJbHUX 3ajex-
HOCTEeH momo naHoro mnpouecy. OTpuMaHi Kay3ajbHi
3aJIeKHOCTI MOXYTh OyTH BHKOPHCTaHI Ui IMOOYAOBH
MOSICHEHb IIO/0 IIpouecy (YHKIIOHYBaHHS IHTEIEKTY-
aJIbHOI CUCTEMH.
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