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AN ADAPTIVE METHOD FOR BUILDING A MULTIVARIATE REGRESSION

We propose an adaptive method for building a multivariate regression given by a weighted linear convolution of known scalar functions of deterministic
input variables with unknown coefficients. As, for example, when multivariate regression is given by a multivariate polynomial. In contrast to the general
procedure of the least squares method that minimizes only a single scalar quantitative measure, the adaptive method uses six different quantitative
measures and represents a systemically connected set of different algorithms which allow each applied problem to be solved on their basis by an
individual adaptive algorithm that, in the case of an active experiment, even for a relatively small volume of experimental data, implements a strategy
of a statistically justified solving. The small amount of data of the active experiment we use in the sense that, for such an amount, the variances of
estimates of unknown coefficients obtained by the general procedure of the least squares method do not allow to guarantee the accuracy acceptable for
practice. We also proposed to significantly increase the efficiency of the proposed by O. A. Pavlov. and M. M. Holovchenko modified group method of
data handling for building a multivariate regression which is linear with respect to unknown coefficients and given by a redundant representation. We
improve it by including some criteria and algorithms of the adaptive method for building a multivariate regression. For the multivariate polynomial
regression problem, the inclusion of a partial case of the new version of the modified group method of data handling in the synthetic method proposed
by O. A. Pavlov, M. M. Golovchenko, and V. V. Drozd, for building a multivariate polynomial regression given by a redundant representation, also
significantly increases its efficiency.
Keywords: multivariate regression, integral measure, adaptive algorithm, regression analysis, expert coefficients, linear programming.

1. Introduction. In recent years, the authors have E is arandom variable, its mathematical expectation
been working in the field of regression analysis, namely de- {5 ME =0, its variance Var( E) =o? <o, the value of
veloping efficient methods for building univariate and mul-
tivariate regressions (MR) which are linear in relation to
unknown coefficients [1, 2, 3]. The conducted critical anal- l//()_c) are known numerical scalar functions of the

ysis of existing universal methods for building an MR [4—  vector argument x. In [1], such functions were the compo-
20] showed that this problem is still relevant in both theo-  pents of a multidimensional polynomial.

retical and applied aspects. The new approach implemented According to the results of an active experiment
in this paper consists in that the universal adaptive method T
proposed by the authors (which includes six different crite- -
ria and four algorithms based on the outlined methodology ~ known coefficients &,, j =1,L.

of their use) allows to create an individual algorithm for an 2.2. Measures of deviation of experimental data

efficient solution of each individual applied problem. from the regression model used by the adaptive method.
2. The a.daptlve method for building an MR. 3271 4 classical measure implemented by the general
2.1. Formulation of the problem. The BR model looks like  ¢.0me of the least squares method (LSM). A vector of es-

VaI(E ) is known or its efficient estimate is known;

X, > y;,i=1,n) we need to estimate the value of the un-

Y()—C)z ZL Oy, (g)_,_ E, (1) timates 6, of unknown components of the vector

6=(6,,...,6,)" minimizes the next measure:

where X =(x1,...,xm )T is a vector of deterministic input , )
variables; an}i:rlli Zizl (y; - Z‘/_:l Oy, (% )) . )
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It is known that

b =(4"4) Ay, 3)
where
‘/’1()?1) l//L()_Cl) T
A: ) y:(yla"'ayn) .
l//l(_n) V/L(‘fn

As is known [21], the estimates 6, are linear, unbi-

ased, efficient in the class of linear estimates (Markov’s
theorem). One can propose a statistically significantly more
efficient linear estimate of the vector @ than the estimate
obtained by the LSM only in the case when the structure of
the algorithm for finding the linear estimate is adaptive, not
fixed, that is, it depends on the input data and intermediate
results of its execution. This is the main methodological
idea that formed the basis of the proposed adaptive method.

2.2.2. Minimization of the sum of modules. Looks like

P L

Remark 1. The use of measure (4) in its explicit form
is inefficient due to Markov’s theorem.

2.2.3. A measure that minimizes the module of the sum
of differences. Looks like

Si(v-Xt 0w (E))‘. )

We recommend using it in explicit form only if it is
known that the density function f (x) of the random varia-
ble E is symmetrical about the ordinate axis.

2.2.4. The measure of MR deviations from experi-
mental data realized with a given probability. For exact

min_
0;, j=1,L

values of 6,, j = 1,_L, the following is met:

> =2 0w, (& -3 2, (6)

where ¢; is the i -th realization of the random variable E .

A random variable lZ::I_IE, (E, are independent
i

copies of E) for n>20 on the basis of a partial case of the
scalar limit theorem practically has a normal distribution

with parameters M(lZ'_Z 1E"j =0, Var(lZ'_l 1E"j =
n=—"rv n=—"rv

2
o .
=—. Letus find ¢, , for which

n
P[—l > " E
n i=1

where « is set experimentally, we recommend choosing

an o <0.1. Then
P (F_aj , ®)

Jn 2

where @' (x) is the inverse Laplace transform and o is

srn,wj:l—a, 7)

tn,a,o' =

the arithmetic root of VaI(E ) or its efficient estimate. Then

the measure 2.2.4 is the condition for Hj, j= I,_L, which is

met with the probability 1 -« :
1

—ZLI(% —Z;‘gj%(fi ))

n

<tiao- )

Remark 2. Additional fifth and sixth measures are im-
plemented when we know the density function f (x) of the

random variable £ or the f (x) is known with the known

with the accuracy of the values of its numerical parameters.
From the methodological point of view, it is convenient to
introduce them later (see subsections 2.3.5, 2.3.6).

2.3. Algorithms of the adaptive method. 2.3.1. The
first algorithm (the first version). The first step. Find the

following estimate él :
6,=(4"4)" A'y.

The second step. Solve the following problem of lin-
ear programming (LP):

(10)
-z, <y — 2”9] ( )<zl, z, 20, l—ln

- nao‘—zl 1()/, Z /l//j(xt))sn'tn,a,o-- (11)
The variables of the LP problem (10), (11) are 6,

j= I,_L, z,i= I,_n . Let us denote by éz the optimal solu-
tion of the LP problem (10), (11).
The third step. The solution of the first algorithm is él if

DIRERS)

and éz if condition (12) is not fulfilled.

2.3.2. The first algorithm (the second version). It dif-
fers from the algorithm of subsection 2.3.1 in the second
step, in which we solve the following LP problem:

. n + _
mlIlZ' u. +u. |,
=1\ 1 i

L _ . . _ . T
yi_Zj:IHjl//j(xi)zui —u;u; 20,u; 20,i=1n,

; b (E)) ‘ <Holyas (12)

(13)

—-n- tn,a,o‘ S Z:;l (yz - j= 1€j ( z))s n- tn,a,o‘ (14)
The variables of the LP problem (13), (14) are ¢,

j=LL,u ,u,i=ln.

Remark 3. The LP problem (13), (14) is solved by the
simplex method, since only in this case the fulfillment of
the conditions Viu, -u; =0 is guaranteed. Whence, the

optimal functional values for the LP problems (10), (11)
and (13), (14) are the same. The advantage of the LP prob-
lem (13), (14) over the problem (10), (11) is that in its
standard form it has » variables and equations less.

2.3.3. The second algorithm (the first version). The

vector 93 of estimates of unknown components of the vec-
tor @ is a solution to the next LP problem:

Bicnux Hayionanvnoeo mexuiunozo ynisepcumemy «XIy. Cepis: Cucmemnuil
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minz , (15)

—z< 2,1( le y (xl.))Sz, z2>0 (16)

where the variables of the LP problem (15), (16) are &, ,
j=LL, z.

2.3.4. The second algorithm (the second version). 93
is a solution to the following LP problem:

min(u+ +u’), (17)

n L — N _
Y=Y ow )= - ay)

The wvariables of the LP problem (17), (18) are
0,j=LL,u",u

Remark 4. We recommend using the second algorithm
when it is known that the density function of the random
variable E is symmetric about the ordinate axis and
L<<n.

2.3.5. The first hybrid algorithm of the adaptive
method. The hybrid method is used only when the density
function of the random variable E is known at least with
the accuracy of the values of its numerical parameters, and
the number of tests n allows sufficiently precise test of the

complex hypothesis by the ¥ ? Statistic.
The first step. Find the estimates él , éz , é3 .

The second step. Find the values sequence 6, (a)u,a)z ),

O<a=0,<o,<..

<oy, =b, w,-,, =const, [ =

=2,k , w,=const>0 as solutions to the following LP
problems (the first version):

min(a)u Do+ a)zz), (19)
_Zl.Sy,.—ZJIQJy/J( ) z,, i=ln,
—z< Z ( Z /l/jl( ))S z (20)
or the LP problems (the second version):
mm{wl,z (u +ui) +a)2(z*+z’)}, (21)

L — - - . T
y,—zj:lﬁjl//j(x,.)zu,. +u;yu 20,u; 20,i=1,n,

n L _ . o B
zi:l( i_zj':1€jl//j(xi))=z —Z ,Z ,2Z >0. (22)
The variables of the LP problem (19), (20) are &,,

i=1,L, ':1_ z , and for the LP problem (21), (22)

J

0. =1 L,u,
Remark 5. The LP problem (21), (22) can be solved

only by the simplex method.

The third step. For each of k, +3 found vector esti-

— .__ + —
u;, ,i=lLn, z°,z7.

mates 6, 6,, 6;, 94(601)1,602), lzm, find estimates of

realizations of the random variable E as

y’_Z;lép,jo (?_Cf),iZL_n,pZLk1+3.

For p>3 ép = @(wl’pf},a)zl p=4k +3. The
estimate of the components of an unknown vector @ is the
vector 9,), p =Lk, +3, with which the X

testing the simple or complex hypothesis about the density
function of the random variable £ has the minimum value.

Remark 6. Let X ,27 be the realization of the ¥ ? statis-
tic for the estimate found by the hybrid algorithm. Then, if

statistic for

P(;(z > ;(;)> 0.05, then the solution is unreliable, other-

wise, the realization of the ¥ : X ; statistic belongs to the
feasible region with significance level 0.05, and the smaller

the value of ¥ i (provided that ;(; > r—2, where r is the

number of degrees of freedom of the ¥ ? statistic), the more
reliable is the vector @ of estimates of the components of the
unknown vector found by the hybrid algorithm.

2.3.6. The second hybrid algorithm of the adaptive
method. 1t is used when the distribution of the random vari-

able £ is known. Let us denote v, = M |E | , 17‘ £ 18 aprac-
tically exact estimate of v, obtained as a result of simulation

modeling, not related to tests on the regression model (1).

Remark 7. 12"1
n=—1"rv

is a consistent sampling
characteristic for estimating the unknown vector Vig|»

where E,.,izl,_n, are independent copies of the random
variable E . Thatis, it coincides with Vigl with a probability
of 1 when n — oo . Whence, with a sufficiently large one n,
1 <«

;Zle

sufficiently small value, where &, is the result of the 7 -th

gl-| in absolute magnitude differs from Vig| by a

test on the random variable £ (i -th test on the regression

model (1)).

The estimate of the vector 6 by the second hybrid al-
gorithm. és(a),), 0<a,=0, <w,<...<o, =b,,
V@, —w, , =const, is the solution to the following LP
problem:

min z:« \Zis (23)
—z <y, 0w, (E)<z, 7,20, i=Ln,
1 n
—@ <= 7 V‘E‘ <o,
SRRIRED Sl X7 &) X SR %)

The variables of the LP problem (23), (24) are z,,
i= L_n 0., )= I,_L . Further, the description of the second

hybrid algorithm coincides with the corresponding descrip-
tion of the first hybrid algorithm.
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Remark 8. b, —a, can be a sufficiently small number
(see Remark 7). That is, for true values of & L J= 1,_L , there
is small enough @, , in which condition (24) is fulfilled (un-

der the assumption that v, ~ ).

3. Algorithm for reducing the number of compo-
nents of the expression (1) for an MR given by a redun-
dant representation. A necessary condition for using al-
gorithms of the adaptive method is that L is significantly
less than n. We can offer the following algorithm for re-
ducing the value of L for a fixed set of experimental data.

The first step. Regression (1) is fictitiously increased
by one m +1-th deterministic input variable x,__,, thatis,

m+l 2

Y(x):ijlg/l// ( )+9 +1xm+l +E9 (25)

where 6, =0. Data of the experiment ()?I. —> Vi =1,_n)

1 m
are replaced by ([XU,. . -;xmip_zj_l xji) > Vi, i= 1,nj .
i

The second step. Find the estimates of ¢, by the

LSM, j=LL+1,at 8, =0.
The third step. By the cluster analysis algorithm [2]

the set of coefficients {Hj, j=LL +1} is divided into two

classes M, and M, [2], 6,,, should belongto M, . Other-
wise, the algorithm stops.
Remark 9. We can change the values of x,,,, i =1,n,

and repeat steps 1-3. The necessary condition for the con-
tinuation of the algorithmis 6,,, e M, .

The fourth step. Exclude all terms, which coefficients
belong to M, , from expression (25).

The fifth and subsequent steps of the algorithm. Re-
peat steps 1-3 for the new expression of the MR (provided
that for each iteration the coefficient for the fictitious input
variable belongs to the class M, ) until only the coefficient

for the fictitious input variable will remain in the class M.
The resulting expression of the MR statistically signifi-
cantly does not contain terms that insignificantly affect the
output variable, and the difference between the number of
tests n and the number of MR members can be signifi-
cantly reduced if really the MR was given by a redundant
representation. This will lead to an increase in the effi-
ciency of using the adaptive method.

4. Active experiment. Finding the analytical ex-
pression of the density function of the random variable
E and the estimate of its variance. We consider the case
when an active experiment can be carried out in sufficient
quantity at a fixed value of the deterministic input variables
X; . The number of tests should be sufficient to test the
complex hypothesis about the density function of an arbi-
trary random variable by the ¥ ? statistic, as well as for ef-
ficient estimation of the variance of a random variable.

4.1. Finding the analytical expression of the density
function of a random variable E . The first step. Find a

sample of the volume n of realizations of the random var-

iable E+ Z}L_:l 0,x; . They are the values of the output var-

iable from the experiment ()_cf >V, 1 =1,_n)

The second step. By the values of y,,i= L_n, build a

histogram, the geometric expression of which allows to de-
duce a complex hypothesis about the density function of the

random variable £ +Zj:l 0,x; , which is checked by the

2 ..
most “hard” X statistic.
Remark 10. Obviously, a more complex procedure for
testing a complex hypothesis can be proposed. If altering

the value of M (E + Vconst ) affects solely the numerical

parameters within the analytical expression that represents
the density function for the random variable E, then, in
case of acceptance of the complex hypothesis, the problem
is considered solved.

4.2. Estimation of Var(E). As an estimate of the var-

iance of a random variable E , we can take the number
2
D CE Wit

because Var(E +Vconst ) = Var(E).

5. The use of some provisions of the adaptive
method in the modified group method of data handling
(MGMDH) [2]. We propose to make the following
changes to the general algorithmic scheme of MGMDH [2].

5.1. Using two regular criteria. In the case when the
analytical expression of the density function of the random
variable E is known with the accuracy of the values of the nu-
merical parameters and is symmetric with respect to the ordinate
axis, then we propose when finding by the test sequence of
experimental data, that is, data that were not used to find
estimates of unknown coefficients of partial descriptions of the
sought regression, to use not the single regular criterion
which is the residual sum of squares, but two criteria.

The first regular criterion:

+n, "oA Rt
Zi:"”(yi _zjzlg“l//l/ (xi)) ,

where the set of coefficients {é;, ,j= l,rl} gives the /-th

(26)

partial descriptions of the sought MR; #n is the amount of
empirical data used to find estimates YHZ, ,j=Ln, of the

coefficients of the /-th partial description; n, is the num-

ber of experimental data in the test sequence.
The second regular criterion:

S (=2 ()|

Thus, in the general case, we get two partial descrip-
tions that claim to be used to find the correct structure of
the sought MR, and not a single one.

5.2. The use of the hybrid algorithm. The hybrid al-
gorithm (the first or the second one, depending on the avail-
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able information) of the adaptive method is used to find es-
timates of coefficients for the entire (# + n, ) experimental

data set for the found partial description(s). The final esti-
mate of the unknown MR is the one for which the realiza-

tion of the X~ statistic is the smallest [2].

Remark 11. If the symmetry condition of the density
function of the random variable E is not fulfilled, then the
use of the second regular criterion (27) is redundant.

Remark 12. More detailed recommendations on the
use of criteria and algorithms of the adaptive method will
be the result of its careful experimental research. Now it
can be stated that finding estimates of the MR coefficients
with the simultaneous use of several criteria significantly
expands the application possibilities of universal methods
of regression analysis, in particular those proposed by the
authors of the adaptive method.

Conclusions. 1. To estimate the coefficients of an MR
which is linear with respect to unknown coefficients, we
proposed a universal adaptive method that implements not
a single criterion, as in the least squares method, but several
criteria. The adaptation consists in the fact that the structure
of the algorithm for the final result obtaining is not fixed
but depends on the intermediate results of calculations and
input data.

2. We considered the possibility of a statistically cor-
rect obtaining, based on the results of a special experiment,
an analytical expression of the density function of a random
variable that affects additively the output variable.

3. We showed how the use of the adaptive method can
significantly increase the efficiency of the modified group
method of data handling proposed earlier by the authors.
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AJTATITUBHAN METO/I TOBYJIOBA BATATOBUMIPHOI PETPECII

3anponoHOBaHO aJaNTUBHUH MeTo[ M0O0Y10BH 6araToBHMIPHOI perpecii, o 3a1acThesl 3BaXKEHOIO JIIHIHHOIO 3TOPTKOI0 BIIOMUX CKAISIPHUX (YHKIIH
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Hesenukuii 06’€M JaHUX aKTUBHOTO €KCIIEPHMEHTY BUKOPUCTaHHUI B TOMY CEHCI, 110 JJIsI HHOTO AUCTIEPCii OL[IHOK HEBITOMHX KOE(iLliEHTIB, OTPUMaHHUX
3arajJpHOI0 MPOLEAYPOI0 METOJA HAMMEHIINX KBAaIPaTiB, HE JO3BOJSIOTH TAPAHTYBATH MOMYCTUMY JUIS NMPAKTHKH TOYHICTH. [IpOMOHYyeEThCS Takox
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apryMeHTiB 00y10BH 6araToBUMIpHOI perpecii, TiHiiHOI BiTHOCHO HEBITOMHX KOS(ILIiEHTIB Ta 3aJaHOT HA UTHIIIKOBUM OITHCOM, 32 PAXyHOK BKJTIOUCHHS
B HBOTO AESIKUX KPHUTEPIiiB Ta aITOPUTMIB aJalTUBHOIO METOy TOOYI0BH OaraToBUMipHOI perpecii. J[yi1 Bumaaky 3aBgaHHs perpecii 6araToBUMipHIM
TOJIIHOMOM BKJIFOYEHHs YaCTKOBOTO BHIIaJKy HOBOI Bepcil MOJH(IKOBAHOIO METOJY IPYNOBOrO ypaxyBaHHS apryMEHTIB B CHHTETHYHHIl METOX
1o0y10BM OaraToBUMIPHOI MOTIHOMIaNbHOI perpecii, 3a7aHOl HA/UIMIIKOBUM OMMCOM, 3ampornoHoBaHoro IlaBmosum O.A., I'omoByenxko M.M. Tta
Jpo3x B.B., Takoxk cyTTeBO HiBHIIYE HOTO e(heKTHBHICTB.
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OLIHKA SIKOCTI ITIPOLECY PO3POBKH ITPOT'PAMHOI'O 3ABE3IIEYEHHA IT-KOMITAHIT HA
OCHOBI BUKOPUCTAHHSA ®YHKIII KOPUCHOCTI

Y pobori nporiec po3poOKH MporpaMHOro 3abe3MneueHHs PO3IIIIAETCS K 00’ €KT TOCIIIKEHHS, IKHH € CIIabK0 CTPYKTYpOBaHO0 cuctemMoro. HaBenerno
OIMC TAKUX CHCTEM Y BHUIJIAI 3aralbHUX XapaKTEPUCTHK, [0 SIKUX BiJHOCATHCS: TPYAHOLIl MOOYIOBH QHAIITHYHOI MOZE; HEIIOBHOTA, HETOYHICTS,
HEJIOCTOBIPHICTh Ta HEBH3HAYEHICTh iH(pOpPMAILIii; eTaJoHH, sKi HEOOXiMHI Ui OLIHKK ClabKO CTPYKTYPOBAHHX CHCTEM, JOBOJI YacTO BiACYTHI;
YHIKaJbHICTh NPOLECY MPUHHATTA PIlicHb; TUHAMIYHUN XapakTep Mofenel caabko CTPYKTYpOBAaHUX CHCTEM i T. iH. Y poOOTi oLiHKa SIKOCTI mpouecy
PO3pOOKH IIPOrpaMHOro 3a0e3MeYeHHs PO3TILNAETHCS HAa OCHOBI CTAHAApTiB MOAENeH 3pilocTi, SKi MOXYTh MaTH Oe3HNepepBHHI Ta JUCKPETHUH
BapianTu. Ha oCHOBI Ge3mepepBHOro BapiaHTa MPOBOAUTHCS OLHKA SKOCTI OKpeMUX (POKYCHHX obnacTeil Ta mporeciB Mozaenei 3pinocti. s mporo
BUKOPHUCTOBYETHCS JUCKPETHA OalbHA IIKaJIa IEPIIOro THITY, KOJH OL[iHKa HPOBOANTHCS 33 00’ eKTHBHUM KpHTepieM. OLiHKa SKOCTI OKpeMHX (POKYCHUX
obacteil Ta MPOLECiB XapaKTEePH3ye JTOKAIbHI KPUTEpii OLIHKHM SKOCTI BCHOTO IPOLECY po3poOKy MporpamMHOro 3abesnedcHHs. | Tomy CToiTh 3agada
Ha IXHill 0CHOBI OpMyBaHHS AEsKOI IHTErpaIbHOI OLIHKH SIKOCTI. SIK OMH 3 BapiaHTIB peanizauil i€l IpoOIeMH € TUCKPETHa MOAEINb 3pLIOCTi, 1e
LIKaya i OL[IHKH BCHOTO MPOLIECY PO3POOKH MPOrpaMHOro 3abe3nedeHHs] Ma€ I’ ATh Ipajauiil, sKi Ha3UBaIOThCs PIBHSAMH 3pijocTi. [lounHaroun 3
JIPYToro piBHA, KOXHA IpaJalist XapaKTepU3yeThCsl MHOXKUHOIO (OKYCHUX 007acTedl 3 BiIMOBITHIME PIBHAMHU MOXIMBOCTI. HasBHICTH Takoi MIKAIH
JI03BOJIIE MPOBOJUTH HE TUNBKM OLIHKY SKOCTI BCHOTO IIPOLIECY PO3POOKH MPOTPAMHOro 3a0e3NedeHHs, ane i BHPINIyBaTH 3ajady IUIaHyBaHHSI
IIBUIIEHHS HOTO SKOCTI. AJie TonepeHbo HeoOXiAHO MPOBECTH aHali3 Takoi LIKaIH 3 MOrJsy 1i 30aJaHCOBaHOCTI, a caMe, 1100 BiJCTaHi Ha LIKaJi
MiXX IpafjallisiMu Oyau MpUOIN3HO OAHAKOBUMH. ToMy y poOOTi IpOBECHO aHaMi3 iCHYIOUHX IIKAJ, SIKi MOXKYTh OyTH 3aIIpOIIOHOBAHI IS €KCIIEPTHOTO
OLIiHIOBAHHSA SKOCTi MpOLIECY PO3POOKH IPOrpaMHOro 3abe3nedeHHs. IXHsA 1mobymoBa Moxke GyTH peaizoBaHa Ha OCHOBI (yHKIi KOpHCHOCTI 3
BUKOPHUCTaHHAM (hOpMaii3oBaHUX y PoOOTi JOKAJIbHHX KPUTEpIlB Mozenel 3pijocti. [ bOro BUKOPHCTOBYEThCS (yHIaMEHTaIbHA BIACTUBICTH
cucTeM. A came, 3aJIeXKHICTh KOPHUCHOCTI (€peKTUBHOCTI) CKIIaAHOI CHCTEMH BiJ BKJIAJICHHX PECYpPCiB Ha iHTepBai )KUTTEBOTO LUKILY, SIKa 3a3BHYAil Mae
BUIIIAA JoricTH4HOI KpuBoi. [Tomabrui qocmimkeHHs OyayTh NPUCBSIYCHI BUKOPHCTAHHIO LHOTO (hakTy 1uisi MoOYyI0BH 30aJaHCOBAHOI LIKAIH OLIHKH

BCHOTO MPOLECY PO3POOKHU MPOrPaMHOro 3a0e3MeUeHHs Ha OCHOBI MOJIENeH 3piIoCTi.
Kuti040Bi c10Ba: mporiec po3poOKy IpOrpaMHOro 3a0e3nedeHHs], IKiCTh IPOrPAMHHX CHCTEM, CIIa0KO CTPYKTYpOBaHa CHCTEMa, MOAEIb 3pLIOCTI,
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Beryn. OnmHuM 3 HEJOCTaTHRO BHBUEHUX 00 €KTIB
HayKOBHX JIOCITI/KEHD € CIA0KO CTPYKTYPOBaHi BipTyaabHi
CHCTEMH, [0 SKAX HAJICKHUTH MPOIEC PO3POOKH Mporpam-
Horo 3abesnedenns (I[P I13), skuii € 06’€KTOM HOCIII-
xKeHHs pobotu. ToMmy momepenHpO IaMO OIMHUC CIAa0KO
CTPYKTYPOBAHHUX CUCTEM, JUIS IKUX XapaKTEPHi 3a1a4i mij-
TPUMKH MIPUAHATTS pimieHs [1, 2], ousixoM IXHbOT CTHCIIOT
XapakTepucTuky Ha npukiani [1P I13.

1. HasBHicTh TpyQHOILIB MOOYZOBH aHANITHYHOT
MoOIeNni y 3B’S3Ky 3 BepOaJbHUM OIMKCOM OiIBIIOCTI
moxeneit omiaku sxocti [TP T13. BiacyTHicTh 00’ €KTHBHOT
iapoBOI (GyHKIT onTrMizartii Bcworo [1P T13. dopmatizy-
BaTH TaKy IiIbOBY (YHKIIIO, K MPABHIIO, TOBOJI TSHKKO
(1HOII IPaKTUYHO HEMOJKITUBO) Yepe3 MHOXKHHY (aKTOpiB,
SIKi MOXYTb BIUTMBATH Ha 11 MOOYJOBY Ta GyHKITIOHYBaHHSI.
THOMI HE3pO3yMiJIO, SIKUM YHHOM IIi (haKTOPH BILUTMBAIOTH
OJIMH Ha OJTHOTO.

2. MOXIHBICTh NPOBOAUTH ONTHUMI3AII0 TUIBKU
OKpPEMHUX CKIIAQJIOBUX CJIA0KO CTPYKTYPOBAaHHX CHCTEM.
[Ipu oMy y 3arajbHOMY BHIIQJKY 1€ HE IPU3BOJUTH J0
ONTUMAJILHOCTI BCi€T CKIIaTHOT CUCTEMH.

3. Sk mpaBWiIO, ONHKC CKJIATHUX CIa0KO CTPYKTY-
POBaHUX CHCTEM IOB’sI3aHUH 3 HETIOBHOTOIO, HETOYHICTIO,
HEJIOCTOBIPHICTIO Ta HEBHU3HAUYEHICTIO iH(opMaliii npo i
craH. [le 6e3mocepenuro BigHOCHTRCS A0 crany [1P I13 IT

MO

KoMIIaHii. Bce 11e mpu3BOIUTH O TPYMHOIIIB MOOYIO0BH
BIAIMIOBIIHUX aJeKBaTHUX MOJEIEH 00’ €KTa JOCII I KEHH.

4. JloBosi YacTo €TaJoHH, sKi TOOYyIOBaHO st
OIIiHKH C1a0KO CTPYKTYPOBaHUX CUCTEM, 200 BiJICyTHI, a00
noOy/J0BaHI TaKMM YHMHOM, IO HA iXHIA OCHOBI TSDKKO
OIIIHUTH SKICTh OKPEMUX CKJIAZIOBUX CUCTEMHU.

5. Ilpouec  mpuiHATTS  pimleHb B cllabko
CTPYKTYPOBaHHX CUCTEMaX € YHIKaJbHUM 1 HE MOXKE OyTH
MEPEHECCHUM aBTOMATHYHO Ha iHII obnacti. Hanpukiarn,
nobynoBa mkamu ouinku [P I3 IT xommanii 3
ypaxyBaHHIM YyciX ii ocoOmmBOCTeli He MoOXke OyTH
nepeHeceHa aBToMaTyHo Ha iHmy IT-kommaHito, sika Mae
iHmi  ocobmuBocTi. B 1mbOMy  BUMAAKy — MOXHA
BUKOPHCTOBYBAaTH TUIBKH 1J€0JIOTiI0 TOOYIOBH TakKoi
TIIKAJIH.

6. Sx mpaBwmiio, Bci Moeni ctabKo CTPYKTYPOBAHUX
CHCTEM IMOIIAIOTHLCS HA CTaTUYHI Ta JuHAMivHi. Moxaeib
[P II3 IT xommnanii, sik cabko CTPYKTYPOBaHOI CKIaJHOT
CUCTEMH, € NUHAMIYHOK 1 PO3IIISIAETHCS HA JCIKOMY
wiaHoBoMy nepiozi. B npoueci ¢pynkuionysanns I1P I13
BiH 3MIHIOETHCS, AIaNTyeThCs 10 30BHILNIHBOTO CEPEO-
BUIA. 3 MCTOI0 OTPHMaHHS aJeKBAaTHOI MOJeINi 00’eKTa
JOCTIJKCHHSI TPOTIOHYETHCS BHUKOPHCTOBYBATH TIOHSTTS
KOB3HOTO TUIAHYBAHHS, IIPH IKOMY PO3TIISIA€THCS CIIOYAT-
Ky IWHAMiYHa MOJENb, SIKa € OCHOBOIO JUIS TOOYIOBH
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CTaTHU4YHOI, OUIBII AETaNbHOI, HA OKPEMOMY Hixnepioxi
IUTAHYBaHHS.

7. OuiHKa SKOCTI cJIa0KO CTPYKTYPOBaHUX CHCTEM,
SIK TPaBWIO, TOB’S3aHA 3 OKPEMUMH EKcrepramu abo
c(hopMOBaHOK TPYMOK (KOMAaHJOK) EKCIEPTiB 1 TOMY
OJTHIEIO 3 BKJIMBUX BIACTHBOCTEH TAKUX CHCTEM € BIUIUB
moackkoro (aktopa. EkcriepTu MaroTh ¢BOT 0COOMCTI IMiJTi
1 TOMy TXHS MTOBETiHKA TIOBOJIi TSHKKO BPaXOBYETHCSI.

8. HacrymHoto BakmuBoro Biactusictio 1P 13 sk
cnabKo CTPYKTYPOBAHOI CHCTEMH € BEJIMKa PO3MIpHICTh
MIPOCTOPY, B AIKOMY PO3IIIAa€ThCS 3a0ada. Lle mpu3BoauTs
JI0 HEMOXJIMBOCTI 3BMYAfHOr0 1Iepebopy BapiaHTiB CTPYK-
TypH Ta mapaMeTpiB CUCTEMH (CTPYKTYpPHOTO Ta MapameT-
pUYHOTO cHHTE3Y). ToMy BUHHKAE 3a7aya pO3pOOKH ajiro-
PHUTMIB CIIPSIMOBAHOTO MEpedopy.

OnHielo 3 BaXKJIMBUX 3a7a4 B oOnacTi iHxeHepil
MPOrPaMHOTO 3a0E3MCUCHHS € OIliHKAa Ta IUTaHYBaHHS
migsumienHst sikocti [IP 13 sk cmabko cTpykTypoBaHOI
BipTyalbHOI cUCTeMH. TOMY y TOJANBIIOMY PO3TJITHEMO
oinpmn getansHO 1P T13: ocHOBHI BH3HAYEHHS HAYKOBIIIB,
T IXOH /IO OIiHKM SIKOCTI 1 Ha I[ill OCHOBI CPOPMYITIOEMO
METy Ta BU3HAYUMO IMOCTAHOBKY 3aJ1a4i JTOCIiKSHHS.

IlocTtaHoBKka Ta MeTa 3agayi gocaimxenns. [lone-
PEIHBO AaMO 3arajbHE BU3HAYCHHS MPOLECHOTO MiAXOIY
IO BUPILMICHHS 3a7a4i pPO3pOOKH CKIIAJHHUX CHUCTEM SK
3ac00y HayKOBOTO JOCIIPKEHHsI HaBKOJIMIIIHBOTO CBITY 3
METOI0 HOr0o IMPaKTUYHOTO NepeTBOpeHHs. HeoOximHo mia-
KPECJINTH, 10 IPOLECHUH MiaxXix ue Hadip aiit (mpouecis),
SIKI JTO3BOJISIFOTH TIEPETBOPUTH BHXIAHY iHPOpMAIlito/cu-
POBHHY/TIPOMDKHUN TPOAYKT Yy KIHICBHH MPOAYKT/TIO-
ciyry. I[Ipu mboMy MHOXHHA TPOIECiB BUOYIOBYETHCA Y
MeBHIN mochigoBHOCTI. Taku#t minximx OyaemMo po3riisaaTH
070 PO3pOOKH mporpaMHuX cucteM. DakTHIHO IIe Te,
YUM 3aiiMa€eThCs 1HXKEHEpis MporpaMHOro 3abe3rnmeueHHs .
OTxe, y MONAIBIIOMY BCi JOCATHCHHS B 00nacti
MPOLIECHOTO MiIXOMy PO3IISIHEMO 3 TOINISAY PO3POOKH
nporpamMHux npoxaykriB [3—5]. Tlepea TuM, sSIK po3TIISIHYTH
OCHOBHI mpouec, siki nputamandi [1P I13, namMo aekinbka
BU3HAYCHb NPOBIJHHUX BYCHHUX, SIKI 3 PI3HUX OOKIB PO3-
rasgaroTs 1P I13.

HeoOxigHo migkpeciutd, mo B poboTi [6] Oymno
BIIEpIIIe TiAKPECICHO HEOOXiMHICTh 3aCTOCYBaHHS TPO-
[IECHOTO TIiIXOAY IO PO3POOKH TpOoTpamMHOro 3adesrie-
yeHHs. CaMe aBTOp WX JOCTI/DKEHb JIaB HACTyITHE
BH3HAUEHHS TIPOIECY PO3POOKH TMpOTpamMHOro 3abesre-
yeHHs. [le MHOKUHA [ili, sIKa BITHOCUTBCS JIO IPOrPaAMHOT
imKeHepii 1 HeoOXiJgHa JUIsl NIEPEeTBOPEHHSI BUMOI KOPHC-
TyBauiB y IporpaMHe 3a0e3rneucHHs. bimbin neTtanpHe Ta
posropuyte BuszHauenns [IP I13 nmaerbcst y pobGoti [7], ne
MiAKPECIICHO, IO IIe Habip MoJeNieH, METOIiB, TEXHOJIOTIN
Ta MPAaKTUYHUX TPOLEAYp, SKi pealli3yroThCsl Ha OCHOBI
okpemux eramiB Ta (a3 mpoekty IT cremiamicramMu st
pPO3pOOKH Ta CYNPOBOAY IPOTPAMHOTO 3abe3rmeuecHHs.
ABTOp HAyKOBOTO IOCHI/DKeHHsI [8] po3risgae mporiec
po3poOku I13 sk mesky MHOX)UHY eTamiB IT mpoekTy, ska
BKIIOUae: (opmyBaHHs BUMOT a0 I13 Ta ixHIO 0OpOOKY
Oi3Hec aHamiTukamu, (GopMyBaHHS apxiTekTypu II3,
npoektyBaHHs 13, KoqyBaHHS, NPOBEACHHS TCCTYBaHHS,
cympoBig I13. KpiM 1pOro po3risgar0TbCs MUTAHHS
3abe3neueHHs sAKocTi [I3, ympaBiiHHSA pHU3UKAMH TpU
po3podui 13 Ta ynpapiiHHS MPOEKTOM MPOTATOM YCHOTO

Horo skurreBoro mukiy. Bei mi Busznauenns [IP I13
30iraroThbCsi Ha TOMY, L0 L€ BIIOPSIIKOBAaHA CYKYIHICTb JiH
(mporneciB), ska crpsMOBaHa Ha PO3pOOKY HpOrpamMHOL
cucTeMu (IIPOrpaMHOTo MPOIYKTY).

Tenep mnepeiineMo 10 BUPIMICHHS MUTAHHS, SKUM
quHOM (DOpMYyeThCS KOHKpeTHHH exzemrursip [P T13. Jlms
BUpINICHHS Ii€i mpobiemMu HEOOXiTHO BIiAMOBICTH Ha JBa
nuTaHHs [9]: 1) 3 sikux eTamiB (i, MPOIIeCiB) CKIIATAEThCS
IIP II3; 2) sika MOCHIZOBHICTH ITUX €TAImiB i SIKi YMOBH
nepexony Mi>k HUMH. BH3HaueHHS Tiepertiky MpoIeciB, sSKi
samisao y IIP II3, mae BigmoBimp Ha Iepiie MATaHHS.
Monens xurreBoro rukiy (JKLL) ITP I13 — ne Bu3sHaueHHsS
nociimoBHocTi mporecie [P 13 i BignoBigs Ha apyre
nutanHs. [lepeiinemMo m0 OB JETANBHOTO PO3IILLY
HEPILOro Ta JIPYyroro MUTaHsb.

Haii6inbm 3aransanm € cranaapt [SO 9001 [10]. Bin
CHPSIMOBAaHUI Ha BUKOPUCTAHHS IPOLECHOTO MiAXOAY MpH
pO3po0ITi, BIPOBaHKEHHI Ta TIOKPAIICHH] SIKOCTI CKJIaIHOT
CHUCTEMH 3 METOI0 BHKOHAHHSA TOTpeO KOpPHUCTyBadiB ii
TIOCTYT.

[TigkpecnuMo OCHOBHI HemoJIiku cTanmapty I[SO
9001:

® IIpH JIOCATHEHHI OpraHizalli€lo BUMOT CTaHJapTy
B TOW K€ 4Yac HE JA€ThCi HIIKMX PEKOMEHJIALIN II0J0
MOKPAIIIEHHS SKOCTI MPOLIECIB;

e He Jae O0’€KTMBHOI KUIBKICHOT OIIHKH pPiBHS
SKOCTI mpoueciB (i B TOMy 4Hcili 1e BigHOcuTbes no IIP
I13). IIpouec abo BianoOBigae CTaHAAPTY, 200 Hi.

e e J0 OAHOTO HEIOJIKY CTaHAapTy HEoOXiITHO
BITHECTH Te, IO CBOOOJA HOTO iHTEepIpeTamii — miHa 3a
abcTpakiito, Ky OyJo BBEIEHO 3 METOI MOMKIHUBOCTI
BUKOPHUCTAHHS TSI BEJIMKOI KUTHKOCTI OpraHi3amii pi3Horo
mpodUTIO AisSUTBHOCTI.

CtHrcio JaMo XapaKTepUCTHKY CTaHIapTaM, IpoIecu
SKHX CIPSMOBaHI Ha poO3poOKy HporpamHoOro 3abesre-
yeHHs. B mepury uepry ne crappapt ISO/IEC 9126, skuit
OCHOBHY yBary HpHJIUISE BHU3HAYEHHIO SIKOCTI IpOrpam-
Horo 3a0e3nedenns [11]. dami e cranmapt ISO/IEC 25010
[12], sikuii 3aMiHUB TIOTIEPEIHIM cTaHAapT. Y I[OMY CTaH-
JapTi MPUAITIEHO OibIe yBaru Oe3merri.

HactymHuMu € cTanmapTH, sSKi OB’ 13aH1 3 MOACTISIMU
3puocti. B mepmry wepry ne cragmapt ISO/TEC 15504 TR
Software  Process Improvement and  Capability
dEtermination (SPICE) [13].

B oMy craHmapti mporec Bu3HauUeHHs stkocTi 1P
[13 Ha3uBaeThCS aTecTaliclo, KKy NPOBOAMTH CIieliaibHa
aTecTaliiiHa KOMICisl, Ky OYOIIIOE MPOBIIHUH aTecTaTop.
Cranpapt ISO/IEC 15504 TR MicTUTh OCIOHUK IO BH3HA-
YEHHIO KOMIIETEeHTHOCTI arectatopa. L{g eranonna monens
BU3HAYa€ BUCOKOPIBHEBI (hyHAaMEHTAJIbHI 1111, SIKI BU3HA-
YaroTh 110 OBUHHO OYTH JOCSTHYTO, a HE TE SIK 1 KOJIH 1e
JOCATTH.

Hacrymuuii crammapt Capability Maturity Model
Integration (CMMI) po3pobaeno [acTuTyTOM IIpOrpamMHO]
imkenepii (Software Engineering Institute, SEI) [14]. Llei
cragmapT (Monenb) 0a3yeTbCs Ha TOMEPENHId MoJem
Capability Maturity Model (CMM).

PiBens sikocti (3punocrti) Beworo ITP 13 BiamoigHo
no mozeni CMMI BH3Ha4aeThCss HA OCHOBI HACTYITHHX
npoueciB (pokycHUX obnacTei):
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BukoHaHHSI MOHITOPHHT'Y 1 KOHTPOIIIO IIPOEKTY.
[InanyBaHHS IPOEKTY.

VYrpaBiniHHS BUMOTaMHU.

VYrpaBiiHHS YroAaMy 3 TOCTa4aIbHUKAMH.
VYupapiiHHS KOH}Irypamiero.

BuwmiproBanHs Ta aHami3.

3abe3neueHHs SIKOCTI MPOIIeCy Ta MPOIYKTY.
BusnaueHHs opraHi3aniiHOTO TPOIIECY.

. @opMyBaHHS OpTaHi3aIiifHOTO MPOIIECY.

10. Opranizariiiine HaBUYaHHSI.

11. TaTerpoBaHe ynpaBIliHHS TPOEKTAMH.

12. YnpaBniHHS pU3HKaAMH.

13. Inrerparist IPOAYKTY.

14. Po3poOka BUMOT.

15. TexHiuHi pimeHHs.

16. Baninaris.

17. Bepudikariis.

18. Anamni3 Ta BUOip pillIeHb.

19. Opranizariiina eQeKTUBHICTH TPOIIECY.

20. KinpkicHe yrpaBiiHHS MPOEKTAMHU.

21. YrpaBiiHHs MPOIeCaMH.

22. TIpuurHHO-HACIIIKOBUH aHAI3.

Oxpemi npomecu moxeni SPICE ta mnepeniueni
¢dokycHi o6macti momenmi CMMI Bu3HAYarOTH SIKICTh
okpemux ckianoBux [1P I13. BiamoBimHo 10 HaBeneHHX
CTaHAAPTIB IIUX MOJIEIIEH 3pLIIOCT] PiBEHb SIKOCTI IPOLECIB
i (okycHux obyacTeil BH3HAYAETHCS Ha BepOATBHOMY
piBHi. Kpim nporo, tinekn monesnis CMMI oninioe sikicth
Bcboro [IP I13 Ha ocHOBi piBHIB 3pinocTi. Ase HE3pO3y-
MUJIO, SIKMM YWHOM Kopemoe skicte [IP TI3 3 m’saTema
piBassmu 3pinocti. s moneni SPICE 30BcimM BimcyTHS
mKaia omiuky sxocti Bcporo IIP I13. O0uasi moxemni He
BpaxoBYIOTh ocoOnuBocTi PyHKmionyBaHHs IT kommanii,
st stkoi posrisinaethbest [TP T13.

OTmxe, MeTa HayKOBOI poOOTH MOJISIra€ B TOMY, 100
po3pobut mieBuii 3acid ans cuHTE3y 30allaHCOBaHOI
IIKaIU OLiHKH sikocTi Beboro TP 13 st Mmoneneit 3pinocti
CMMI ta SPICE i y nogaipuioMy BUpIIIyBaTH MUTAHHS
BpaxyBaHHs ocoOnuBocTel pyHkuionyBanus [T komnanii
1pu oOy/I0Bi TAKMX KA.

AHai3 mKaJd KpuTepiiB AJA eKCHepTHOro
ouinoBanns sikocti [TP I13. [IpoeneMo anami3 mKai, ski
MOXYTh OyTH BUKOPHCTaHI TIpH OIHII CJIA0KO
CTpYKTypoBaHOi cuctemu, y Tomy umcni IIP TI3
IT-xommanii. Po3rimsHEMO Ta mMpoaHANi3yeEMO OKpeMUit
MiKIAC IIKAJT TOPSIKY, O SIKOTO BiTHOCSATHCS OasbHI
KAl JBOX THUIMIB. Y TeEpIIOMY BHUOAIKy OIliHKA
EKCIIEPTOM MPOBOANUTHCA 32 00 €KTHBHUM KpHUTEpIeEM,
HaNnpuKiIax y BHIJISAAI JHrBicTHYHOT ¢paszu. OuiHku
eKcrepTiB GaKTHYHO € JeSTKUMH (QIIYKTyauisMu peabHAX
3HaueHb. 3a3BMYall INIPH 1IbOMY € 3arajbHONPHUIHSATHI
€TaJIOHH, 110 BiINOBIMAIOTh TPaJallisM IIKaIH, 3 SKHMH
MOPIBHIOIOTECS 00 €KTH, SKI PO3MIANAIOThCA. banmbHa
OIliHKa JPYTOTO BHIY BUKOPHUCTOBYETHCS KOJH HE TUTBKU
HEMae€ 3araJIbHONPUHHATHUX €TaJOHIB, a i CYMHIBHA cama
HasBHICTh SIKOTOCh €JIMHOTO 00 €KTUBHOTO KPHUTEPIIO,
Cy0’€KTUBHUMH BiTOOpaKEHHSAMH SKOTO € OIHKH [15]. ¥V
NOJAIbIIOMY OyIeMO pOo3IiIsiiaTH OaNbHI KU TIEPLIOTO
TUIY 1 32 OocHOBY Bi3pMeMo wkany T. CaaTi, sKa 10BOJIi
4acTO HA3MBAETHCS (PYHIAMCHTAIBHOI IIKAJIOI, B SKIH

DN LR L~

JIHTBICTUYHI (pasu aHIITIHCHKOI0 MOBOIO OyJM 3arpormo-
HoBaHi T. Caari [16]. L5 mikaia BAKOPHCTOBYETHCS Y IBOX
BUJAX: 3 IT'sIThMa Ta JieB’atMa Trpananismu. [llkana 3 9-ma
rpajanisMu Ta TMOXigHi Bin Hei HaBeneHo B Tabm. 1. Ha
MEepIIMX eTamax CBOiX jgocimijpkeHb T.CaaTi BHKOpHC-
TOBYBaB IT sATHOANbHY mkamy: 1, 3, 5, 7, 9. HeobximHo
MiIKPECTUTH, Mo (opMyBaHHS JIHTBICTHUYHUX (pas, sKi
XapaKTepU3yIOTh OKpeMi HENOJIKM IIKaJld, ITOBUHHI
a0COJIIOTHO OJIHO3HAYHO BH3HAYWTH DPI3HUINIO MiXK CTyIe-
HEM IIepeBaru Mixk lbTEPHATUBAMH, SIKi PO3TIIAIAIOTHCS. 3
IHITIOI CTOPOHH, 3aJIEXKHO Bifl 00 €KTIB, SIKi OIIHIOIOTHCS,
MOXKe OYTH BHUKOpPUCTAaHA OiJBII JETadi30BaHA IIKaNa 3
OIIBLIOI0 KIJIbKICTIO MOAUIOK. ToMy y mHopanbLmioMy B
nociipkeHHsx T. CaaTi BHKOPHCTOBYBAJIMCH IPOMDKHI
nojiiku: 2, 4, 6, 8 (Tadm. 1).

Y HayKOBUX JOCHIKCHHAX OyIIO0 3BEPHYTO yBary Ha
Te, II0 LUIOYHCENbHI IKanu (y TOMY YHCII IIKaJl|
T. Caati) maroTh HEpIBHOMIpPHHMH pO3MOMIT Bar aibTep-
HatuB. Tomy y [17] Oyno 3amporoHOBaHO HACTYIHHI
nifxiz. SIKio BBakaTy, 110 CyMa BaroBUX KOE(ILIEHTIB o
Ta p, ABOX allbT€PHATHB, fAKi MOPIBHIOIOTHCA, AOPIBHIOE
OJIMHUIlI, TO MOXHA pO3TIAHYTH (OPMYBaHHS JeB’s-
THOAIBHOT MKW HACTYITHUM YUHOM (Tabm. 2). Y Takiit
KT BAAIOCS YHUKHYTH HepiBHOMIipHOCTI. ToMy mikana
Oyna Ha3BaHa 30allaHCOBaHOK. B IIbOMY BHIANKy KOX-
HOMY LIJIOYHCETbHOMY 3HAa4€HHIO IKaiau Bix 1 1o 9 Bin-
TOBinae 3HaueHHs & =p,/p, .

HactymauM mpukiamoM 30aJIaHCOBAaHOI IIKaIM €
CTETICHeBa ITKaja, sika OyJa 3amponoHoBaHa B po0oTi [18].
VY npoMy BUIIAIKy BUKOPHUCTOBYETHCS HACTyIHA (GopmyIia

—1, ] . . . .
a="\N9", ne p — KinbKicTb NOINOK IIKAIM, z — Iiile
gucino 3i mkanu T. Caari. Crmig Big3HAYMTH 1€ OJIHY

mKany, ska mpeactaBieHa y poboti [19] 1 mia sxoi
a=p/(p+1-z) (mkana Ma-Uxena).

Y pob6oTi [20] mpoBeaeHO AOCTIKEHHS, TIOB I3aHE 3
KUTBKICTIO Tpajalii MKaJu i KOMIIETEHTHICTIO eKCIiepTa.
Bussuiocs, mo Hema motpedbu MaTh Oarato Tpamamii y
TOMY BUIAJKy, KOJH CKCICPT HE Ma€ BUCOKOTO PiBHS
KOMIIETCHTHOCTI 3 POOJIeMH, sika po3risiaaeTbes. OuH 3
BUCHOBKIB, SIKAH MO>XHa 3pOOWTH, TIOB’3aHUI 3 TUM, IO
CKCIePT TOBHHEH CaM BU3HAYUTH KUIBKICTh TMOIUIOK
IIKAJIY IPY BUKOHAHHI CKCIICPTH3H.

BucHoBkY, siKi MOXKHA 3pOOUTH 3 HABEAEHOTI'O PO3-
sy 6ambHUX MIKaJ MEePIIOro THITY, OB’ sI3aHi 3 TUM, 1110
HeOOXiTHO TIpOaHai3yBaTH HACKIIBKHA JUCKPETHUH Bapi-
anT monem 3pinocti CMMI wmae 30anaHcoBaHy IT SITH-
OampHy mIkanmy. HeoOXimHICTh B IIbOMY BHHHKAE, SKIIO
BHUPINIYETHCS 3ajava TulaHyBaHHS po3BuTky I[IP TI3 i
Oa)kaHO MAaTH MOJITKA IIKAJIH, SIKi 3HAXOAATHCS MPUOIIH3-
HO Ha OJHAKOBIHM BIifICTaHI OJHA BiA APYroi 3 MOTILAY
akocti [IP II3, siky 6akaHO OTOTOXHIOBAaTH 3 JAESKOIO
¢ynkuiero kopucnocti IIP I13. 3 iHmoi croponwu, mnpu
moOy/I0Bi JUCKPETHOT MOJICII HA OCHOBI €TaJIOHHOT MOJEII
SPICE (ananor pauckpernoro Bapianta CMMI) Tex
BUHUKae mpobiemMa ToOymoBH 30alaHCOBAHOT MIKAJIH.
OTxe, MOXHAa BHU3HAYUTH, IO 1€ OJHA 3 MPOOJEM MPH
BHpIIICHHI 3a/1a4i MiaHyBaHHs po3BuTKy [1P T13.

Ouinka saxocti I[P TI3 Ha ocHoBi Qynknii
KopucHocTi. [Tepen TuM sik epeiitu 10 omiHKyU sKkocTi TP

Bicnux Hayionanvnoeo mexuiunozo ynisepcumemy «XIy. Cepis: Cucmemnuti
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Tabmuus 1 — lIkana T. Caari Ta i1 moximgHi

JlinrBicTryHa ¢paza Ikana
- .. T. Caari | 36anaHcoBaHa | CreneHeBa | Ma-Yxena
AHTICBKOI0 YkpaiHCBKOIO —— —
Yucna, MoCTaBlIeH] y BiJIIOBIIHICTb
Equally Hemae nepeparu 1 1 89" —1 9/9=1
Weakly or Cnabka abo
slightly preferred | ne3nauna mepeBara 2 11/9 89" ~1.316 98
Moderately Cepenns nepeBara
preferred 3 32 {0 ~1,732 97
Moderately plus Binbmr Hix cepenHs
preferred nepesara 4 137 \8/; ~2.28 9/6=3/2
Strongly CunbHa nepesara
preferred 5 7/3 8ot =3 9/5
Strongly plus Binbur Hix
preferred CHJIbHA TIepeBara 6 3 §/§ ~3.948 9/4
Very strongly Hyxe cunbHa
preferred nepesara 7 4 {;/97 ~5.19 93=3
Very, very Hyxe, nyxe cuiabHa
strongly nepesara 8 17/ 3 {a/& ~6.839 9/ 2
preferred ’
Extremely Hanssuuaiina
preferred nepesara 9 9 ¥ =9 91=9
Tabmurt 2 — dopmyBaHHS 30aIaHCOBAHOT IIKAITH
Hinouncensua 1 2 3 4 5 6 7 8 9
IIKaa
o) 0,5 0,55 0,6 0,65 0,7 0,75 0,8 0,85 0,9
o 0,5 0,45 0,4 0,35 0,3 0,25 0,2 0,15 0,1

I13 IT-xommaHii, pO3rISHEMO CTPYKTYPY KOXHOI 3 ITHX
moxaeneii. Moxens CMMI mae auckperHuit Ta Oesre-
pepBHHII BapiaHTH OIiHKA. Ha OCHOBI Oe3nepepBHOTO
BapiaHTa TIPOBOAMWTHCS OIIHKA OKPEeMHX (POKYCHUX
obnacreit mozeni. [Jns nporo Bapianta cTpyKTypa MoOJeEi
npencrapieHa Ha puc. 1, ne K — MHOKHMHA Kateropiii
dokycHux obnmacreii, a [ — mHokuHa QOKYCHHX oOmac-
Teit k -i xareropii.

B cBoto uwepry momens SPICE e Tinpkm Oe3me-
PEPBHOIO i CKIIANAETCS 3 MHOKHHHI OKPEMHUX MPOIeciB. i
iepapxiyHa CTpyKTypa HaBeaeHa Ha puc. 2, ne K — MHo-
’KMHA KaTeropiit mpomuecis, a P* — MHOXHHA npomecis  -i
KaTeropii.

@akTUYHO OIIHKKM SIKOCTI OKpeMHX (POKYCHHX
obmacreii mojeni CMMI Ta owmiHKa SKOCTI OKpEMHX
nporieciB Mojeni SPICE € nokanbHUMU OLIIHKAMH BCHOTO
TP I13. Tomy Ha mepuioMy eTari HEOOXiTHO PO3IIISTHYTH
npobiiemy opmanizanii OKpeMHX JIOKaJbHUX KpUTEpIiiB
moneni CMMI ta SPICE. 3 uiero metoro Ha puc. 3 i puc. 4
MIpeaCTaBIeHi CTPYKTYpH (oKycHOI obmacti mogerni CMMI
ta mporecy Mogzemi SPICE. S' —wMHOXHHA wimelt i-i

(dokycHOI o0macTi, sKa HaJIeXUTh M0 Kk -i Karteropii,
jks

i

— MHOXWHA IIPAaKTUK § -1 WiJ, SKa HAIEKUTb 10 1 -1

¢oxycHoi obnacti k -i kareropii. J, — MHOKHHA IPAKTUK
p-To Tporiecy k -i kareropii.

3 monsay Teopii MPUHHATTS PIilIeHb I KOXKHOTO
nokasbHOTO 00’¢kTa TP I13 (dpokycHi obmacti, mporecn)

pO3MIIAAIOTECS  TPU  TIpynmu  KpuTepiiB: 1) cTymiHb
JOCSITHEHHST TIOCTaBJICHOI METH; 2) peCypcHI BHUTpPaTH;
3) yac.

Orxe, mpu ¢QopMyBaHHI JIOKAIBHUX KPHUTEPIiB

OyaeMo po3risfaTH AWHAMIYHY 3aJady 3 Iepiojom
[JIaHyBaHHs [I,T ], ne T — TpUBAIICTH IUIaHYBaHHS.
BimmopimHo mo [21] Oymemo po3misgatd ABi Tpymnu
KpUTEPIiB OIIHKH SKOCTI OKPEMHX CKJIAIOBHUX MoOJeJei

3pitocti CMMI Tta SPICE mnpu ¢ikcoBaHoMmy mepiofi
TJTaHyBaHHI.

Mogens CMMI

Kareropii |
L

hokycni 1
ofmacti

Puc. 1. Iepapxiuna ctpykrypa 6e3nepepBHoi mogeni CMMI

Bicnux Hayionanvnozo mexniynoeo yuisepcumemy «XIly». Cepis: Cucmemmnuil
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Eranonma mogeas SPIC

Kareropii [

Hponeon l ‘ ‘ P r

Puc. 2. Iepapxiuna ctpykrypa monerni SPICE

Prokyena
olilacth

i | i |

Ipaxrisn ‘

Puc. 3. Crpykrypa doxycnoi moneni CMMI

]

Ipaktigs ‘ 1 I | i ‘

Iponec

1
[ v ]

Puc. 4. Ctpyxrypa npouecy moaeni SPICE

3 momisaay Teopii MPUHHSTTS PIlICHb AN KOXHOTO
nokanbHOro 00’ekta [P TI3 (dpokycHi obxacti, mporecu)
PO3TIBLIAIOTECS TPHU TPYIMU KPUTEpiiB: 1) CTYHiHB HOCSAT-
HEHHS [TOCTaBJICHOT MeTH; 2) PeCypCHi BUTpPaTH; 3) 4ac.

Omxe, ipu GOopMyBaHHI JIOKUTEHUX KpUTEPiiB Oyme-
MO PO3TIIIaTH AMHAMIYHY 3a/1a9y 3 TIepio oM IUTaHyBaHHS
[LT], ne T — tpusamicts nmanysanus. Bixnosizao a0

[21] Oymemo posrismaTd IBI TPyNMH KPUTEPIiiB OIIHKH
SIKOCTI OKpEeMHUX CKIafoBHX Mozened 3pimocti CMMI Ta
SPICE npu ¢ikcoBaHOMY mepiofi ITaHyBaHHI.

3 metoro popmaizamii mogeni CMMI y poboTi [21]
BBEJICHO IMOHATTS PIBHS MOMJIMBOCTI OKPEMOI MPAKTHUKH,
SIKMIA BIATOBIAAE NESKiN TEXHOJOTII, A peai3amii sKoi
HeoOxiHi pecypeu ((piHaHCOBI, nrojchki). OkpemoMy piB-
HIO MOJKJIUBOCTI MPAKTUKHU BiJTIOBia€ KOHKPETHE 3HAYCH-
HS IIJIOYUCEITBHOT 3MIHHOT

)cl’;.‘Y (t) = (),_3,j IS Zk",s e Sik,i el kekK,te [I,T].
B cBo10 uepry Ha OCHOBI PiBHIB MOYKJIMBOCTI OKPEMHUX

MPakTUK (QOPMYETHCSI PIBEHb MOXIUBOCTI § -1 ITiJi, sIKa
BXOJUTH B i -Ty pOKyCcHY 001aCTbh

(0= 15 ({5 (0))

Jlani Ha OCHOBI MHOXHHHU I[iJICH, SKi BOISTH B I -Ty
¢dokycHy obnacte GopmyeTbecsi (BU3HAYAETHCS) il piBEHB

z:(0)=E* ({3 (1))

VY pa3i BupimeHHS 3ajladi IUIAaHYBaHHS PO3BUTKY
¢dokycnux obnacreit [IP I13 dopmyroTecst pecypcHi Kpu-
Tepii, sIKi 3a0e3MeUyI0Th AOCATHEHHS 3aIaHuX TJIAaHOBHX

MOKa3HHKIB. Y po0oTi [22] po3risimaroThes JBa BUIU
pecypciB: (iHAHCOBI BHTpaTH Ta dYac JUll HEpexony
NpakTHK 1 (oKycHOi obyacTi Ha OUIBII BHCOKHMH piBEHb
MOXIJIMBOCTI, $Ki HEOOXiAHI [ OBOJOMIHHS HOBHUX
TEXHOJIOT1H, IHCTPYMEHTIB 1 T. iH.

OpnunM 3 mixxoxis Bu3HaueHHs GyHKUiH £ Ta F' €
3rOpTKa OKPEMHUX OLIHOK IIPAKTHK 3 ypaXyBaHHSAM BaroBHX
KOe(IIIEHTIB MPAKTUK Ta LiJel B MekKax IXHbOI (POKyCHOT

obuacri
=2 P 2, o (1),
ses; jeli®
ieTk,keI?,te[l,T],
e

p’”>0]eJ"‘ Z p'“—lseS/‘leI kek,

jeTt

pf>0,seSk, Z

veS

k-1, iel” keK

JloriuHo BBaXKaTH, IO KOXKHA MPAKTHKA, a 3HAYUTH 1
(hokycHa 001acTh, MONEPEIHHO MAIOTh HYJIHOBHH PIBEHBb
MOMJIMBOCTI. JIJI1 JOCSATHEHHS TMEPIIOro, APYroro Ta
TPETHOrO PIiBHIB, K OyJO BH3HAYCHO BHIIE, HEOOXiTHO
BKJIAJIATH PECYpCH ABOX THITiB. DOKyCcHA 001aCTh MOXKE HE
B TIOBHOMY 00CS131 BOJIOJITH IEIKUM PiBHEM MOYKIHBOCTI.
Tomy BBeIeMO TIOHSTTS CTYIEHS BOJIOAIHHS i-10 (hOKyC-

HOIO 00IaCTIO ¥ -piBHS MOXKIKBOCTI, ne ¥ =1,2,3. 3 miero

METOI0 BBEIEMO HOBI 3MIiHHI

()= {7 W (0=

yixg(1)>7,
jej/“, seSI.k, }/:1,_3, iel*, kek, te[l,T]

Ta ¢)yHKui}o

ks ks y—kv
)= 2 AR (o),
sesk jelk

iel_k,kel?,te[l,T],}/zl,S.

Toxmi cTymiHb BOJOMIHHS i-10 (POKYCHOIO O0JIACTIO

ki
"@" BU3HAYAETBCA HACTYIHUM

i

¥ -piBHS MO>KJIMBOCTI
YHHOM

"ol =7ZH1)[r, y =13 (1)

IlepeitneMo 110 pPO3TIAAY MHTAHHS OIIHKH SKOCTI
okpemoro mporecy moxaeni SPICE. BiamosigHo mo [23]
00YHCIIEHHST PIBHSA MOMJIMBOCTI OKPEMOTO TPOIIECy pea-
J3YETHCS HACTYNMHHM YHHOM. BBaXKaeThCsl, M0 KOXHA
NpaKkTHKa Mae I'SITh PIBHIB MOXIIMBOCTI, sSIKI BH3Haua-
FOTHCSL HA OCHOBI JICB T HACTYITHHX aTpUOYTiB: 1) BUKO-
HAHHA OKpPEeMOi MpPAKTUKHW; 2) YIPaBIiHHSA BUKOHAHHSIM
NPAKTUKY; 3) yIpaBIiHHSI poOOYUMH MPOAYKTaMu; 4) BH-
3HAYCHHS MPAKTHKH; 5) 3a0c3MCUcHHS NPAKTUKU peCyp-
caMu; 6) BUMIpPIOBaHHS IOKa3HUKIB MPAKTHKH; 7) Kijb-
KiCHE YIIpaBIiHHS PAKTHKOIO; 8) 3MiHa MPAKTHKH; 9) Oe3-
nepepBHE YIPABIiHHS MPAKTHKOIO.

. .
Jlst koxHOro aTpuGyTa BBOAMTECA 3MinHa X (@),

sIKa BU3HAYAE CTYITIIHb BOJIOIIHHS PHCOI0 & -aTpuOyTa j -i

Bicnux Hayionanvnozo mexuniunoeo yuisepcumemy «XII». Cepis: Cucmemmnuii
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MPAaKTHKH, p -TO Mporecy k -1 Kareropii mis ¢ -To migre-
piony, te [l,T ] Bigmosigno mo moxem SPICE BBaxa-

€TBCS, 110 aTpUOYT Ma€ YOTHPH PiBHI BOJIOJIHHS PHCOIO
3aJICKHO BiJl YaCTOTH BUKOPHCTAHHS, K4 BU3HAYAETHCS
HACTYITHUM YHHOM:

1) N —mue Boaogie [0 % — 15 %];

2) P —Bomnogie wactkoBo [16 % — 50 %];

3) L —Bonoaie B ocHoBHOMY [51 % — 85 %];

4) F —Bonoxie B ocHoBHOMY [86 % — 100 %)].

BBaxkaeTscs, Mo X’; (a)e{1,2,3,4}, ne 1 innos-
imae OykBi N,2— P,3— L ,4— F . 3amexHo B piBHA
BOJIOJIIHHS PHUCOI0 KOXKHOTO aTpuOyTa BU3HAYAETHCS
PiBEHb MOMJIMBOCTI KOKHOT IPAKTHKH. TEXHOJIOTis BU3HA-
YeHHS PIBHSA MOXIHUBOCTI MPAKTHKH 3aJIEXKHO BiJ PiBHS
BOJIOZIIHHS PUCOI0 HaBeneHa B Ta0s. 1 pobotu [23]. V wiit
po0oTi OyJI0 BBEIEHO TIOHATTS MATPHII OIMIHKK aTPHOYTiB
YCiX MpakTUK KoxHOro npouecy moaen SPICE

x¥ ={xp(a):a=19,je ],
pePk,keK,te[l,T]

Ta TpaHUYHa MaTPULS OLIHKU PiBHS MOXIIMBOCTI OKPEMOi
MPaKTHKA

A={A(7.a).y=05.a=19],

SIKYy HaBeJIeHO B Ta0i. 2 pobotu [23].
B wmiii marpuii BBEACHO IOTIOMDKHHN HYJILOBUN
piBEHb MOXIIMBOCTI, IO CIIOBIIbHIOE (DOPMYBaHHS Tak

3BaHOI MATpHIL «BiIMOBITHOCTI @;(7), SKa BU3HAYAE
HACKUJIbKM TNPAKTHKa BIANOBIiJAa€ J -piBHIO MOJIMBOCTI
[UISIXOM TOPIBHSHHS MATPHII OI[iHOK Xf Ta TPaHUIHOI
Matpuili A . Ile peamisyeTbCss HACTYIIHUM YHHOM
X5 (a): X5 (@) <A ()
A(y.a): X5 (a)2A(y.a)

a=19; jeJ,

"), (a)=

>

) (r)=

pePk, kek, te[l,T], y=0,5.

. Kt

Omxke, Mu otpumamu okpemi enementn '@ (a)
matputi @, sKi BUSHAYAIOTH [7Isl KOKHOT j -1 MPaKTUKM
p -TO TPOIECY CTYIiHb BOJOIIHHS PHCOIO MO KOKXHOMY
atpubyty. [Jlami BuU3HAYAETHCS TSI KOKHOTO p -T'O MpPO-

Liecy iHTerpajibHa CTYIiHb BOJIOAIHHS PHUCOIO TI0 KOXKHOMY
aTpuOyTy 3 ypaxyBaHHSIM BaroBuUX KOEQili€HTIB BaXkiu-
. k .
BOCTI IPaKTHK { ppj} , SIKI BXOJSITH 10 p -rO npouecy. Lle
peanizyeTbCst HACTYITHIM YHHOM
rAgkt _ ) raqkt _ k7 gkt _10
ME =t (@)= 3 ol % (), @ =19

4 )2 )2
jed,

peP", kek, te[l,T], y:ﬁ

HpY YMOBI
p>0, Ve, Y ph=1, peP kek.
jst,
Sxmo posrisaT psaKH BEKTOPY

A(V):{A(%a)ﬂZE},7=T5, TO JUIA  KOXHOTO

¥ -piBHS MOKJIMBOCTI BOHM OyqyThb BHU3HA4yaTH €TallOH

JIOCSITHEHHS MPOIIECOM BiIMOBITHOTO PiBHSA MOJIHBOCTI.
Tomy y po6orti [23] cTymiHb BOJOIIHHSA p-M TPOIECOM

¥ -piBHS MOXJIUBOCTI OyJIO 3alpONOHOBAHO BU3HAYUTH
HACTYITHUM YHHOM

‘o =My /IA()], ¥=05, @

ac

OTKe, Ha OCHOBI CTPYKTYp (OKYCHOI 06acTi MoJiesni
CMMI (puc. 1, puc. 3), a Takox npouecy moneni SPICE
(puc. 2, puc. 4), 6yno copmoBano sokanbHi kputepii (1)
Ta (2), Kl BU3HAYAIOTh SKICTh OKPEMHX CKJIaIOBUX MOJIEIIi
CMMI ta momeni SPICE. Ha ocHOBI mux JOKaTbHHX
KpUTEpiiB Mojenell 3pilocTi CTOITh 3a7adya BU3HAYUTH
iHTerpanbHy sKicTh Beboro [P I13 IT-xkommanii. Biamo-
BimHO 10 muckpeTHoi momeni CMMI Oyna Bu3HadeHa
OasbHA TIKaNa 3 ITSAThbMa TPaAJAIisIMH, KOXHa 3 SKHX
BU3HAYAETHCS SIK PiBEHb 3piiocTi. Posrispaerscs GanbHa
IIKaja HepIioro THIy, KOXKHA TIpajalis sKol 3a3BUYai
JIOKJIATHO OMUCYEThCS. Y poOoTi [24] naHo Takwmii omwc, a
B Ta0JI. 3 HaBEJCHO MHOKMHU HOMEpPIiB QOKYyCHUX 00iac-
Tei Ha KO)KHOMY piBHI 3pinocTi. OTxe, Tabu. 3 cymicHO 3
onucoM (OKyCHUX 00JacTeid, siki HaBEeJEHO BHIIE, JAI0Th
BUYEPITHY XapaKTEPUCTHKY OaTbHOT IIKAIN IEPIIOTO THITY
(piBHiB 3pinocTi IT-kommaHii).

Tpynanomuti mpobaemu orinoBanHs Bekoro [1P T13 IT-
KOMIIaHii sIK 00’ €KTa TOCITiIKEHHS MOJIATAE B TOMY, 1110 BiH
XapaKTePU3YETHCS, SK 1€ OyJI0 PO3MIIIHYTO BHINE, Oararh-
Ma JIOKaJIbHUMH KPUTEPisiMH (TTOKa3HUKaMH) 1 HEMO>KJINBO
BUOpATH €IMHHUN KPUTEPiH, SIKUH JOCUTH ITOBHO XapakKTe-
pu3sye nei o0’ekt [15]. ¥V 3B’A3Ky 3 M BHHUKA€E HEOO-
XIJIHICTB:

1) ¢opMyBaHHS MHOXHHH JIOKaJIbHUX KPUTEPIiB, SKi
JIOCUTh TIOBHO BiZOOpa)kaloTh ycCi 3Hauylll XapaKTepHc-
taku [IP T13. [logo momenett CMMI Ta SPICE dop-
MaJTi3allis TaKuX JJOKIBHUX KPUTEPiiB peallizoBaHa;

2) BuOOPY Ha MHOXHHI JIOKAIbHUX KPUTEPiiB MET-
PHKH, IO T03BOJISIE BCTAHOBIIIOBATH Ha MHOXHHI BapiaHTiB
peamizanmii [TP T13 BigHOMIEHHS TOPSAAKY.

Tabu. 3 € mpukIamoM BUPIMICHHS ApYToi 3amadi, e
JIOKaJIbHI KpUTepii 00’€HAHI Y MHOXHHH, KOXKHA 3 SIKMX
xapakrepusye neskuid piBenp sikocti [IP I13. V mpomy
BUIIaJIKy BUKOpHCTaHa IIKaja, JIe MaKCUMaJbHUH piBEHb
SIKOCTI BIAATIOBIJIA€ I’ ITOMY PIBHIO 3p1IOCTI, @ MIHIMaIbHAH
— mnepwomy. /[lpyruid, Tperii Ta uYeTBepTHil pIiBHI €
MPOMIKHUMH 1 HEMOYITUBO OIIHUTH BiJICTAHI MiXK PI3HUMH

Bicnux Hayionanvnoeo mexuiunozo ynisepcumemy «XIy. Cepis: Cucmemnutl
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Tabmus 3 — Ctpykrypa quckperaoi mozxeni CMMI

Kareropii
VupaniHas . VYupasniHas . PiBHi 3pinocti
[MinTpumka Imxenepist
POEKTAMH npoLecamu
— — — - 1 2 3 4 5
1 5
2 6
3 7
4
8 10 11 14
9 12 15
13 16
17
18
19 20
21 22

rpajgamisMu miei mkanu. Hanpukian, HACKUTBKH YeTBEp-
THIl piBEeHb 3pUIOCTI (SIKOCTI) IEPEBUILYE TPETIH y MOPiB-
HSHHI 3 THM, HACKIJIBKM TPETi MEPEBHUILYE APYTHIA.
BincyTHicTh Takoi MOKJIMBOCTI 3HaYHO YCKJIaJTHIOE BHpI-
LICHHS 3a/1a4i IUIAHYBaHHS IiABHUINCHHS piBHA sKocTi [1P
I13. Tomy 3 MeTOIO0 YyCyHEHHS (JIIKBiJaLlil) IbOTO HEAOJIIKY
MIPOITOHYETHLCSI BUKOPUCTAHHS Teopii KOPUCHOCTI [25 ], sika
€ OCHOBOIO (DOpMyBaHHs OaraTOKpUTEpiaTbHUX CKAJSIPHUX
OI[IHOK 1 Tmepemdadae IiCHYBaHHA KUIBKICHOI OIIIHKH
nepeBard OKpeMux anbrepHaTuB. lle o3Havae, 1o, SKIIO
anpTepHatuBHUM Bapiant IIP II3 X, nepepaxae anbrep-

HaTMBHMII BapianT X,, 10 F(X,)>F(X,), ne F(X,),
F(X,) - snauenns Qynkuii xopuchocti F(X). V

3araJbHOMY BUIIAIKy CIIPAaBEAJIMBO 1 3BOPOTHE TBEPI-
xeHHs. OTXke, KOPUCHICTb € KUTbKICHOIO MIPOI0 «SIKOCTI»
pitreHs. Y 3B’SA3Ky 3 IIUM BUHUKAE 3a/1a4a OOTpYHTYBaHHI
mpaBwia (METPUKH), 3a SKAM (QOpMyeThes (DYyHKITis
KOPHCHOCTI B ITPOCTOPI MHOKHHU JIOKAJILHUX KPHUTEPiiB. 3
norsiAy GyHIaMEHTATBHOT BIACTUBOCTI CUCTEM Y pOOOTI
[15] migkpecmoeThCs, MO 3aNIeKHICTH KOPUCHOCTI (edek-
THBHOCTI) CKJIAIHOI CHCTEMH BiJl BKJIAJIEHUX PECYPCiB
(dpinaHCOBHX, JIIOJICHKUX 1 T. iH.) Ha IHTEPBAJI KHUTTEBOTO
LUKJTY 3a3BHYaii OITUCYETHCS JIOTICTUYHOIO KPHUBOIO. 3aCTO-
CY€EMO 1110 BJIACTHBICTH JI0 MOOYAOBHM JUCKPETHOI MOAEINI
spitocti CMMI. Slkmo BBaxkaTH, IO IHTEpBaJ 3MiHH
¢byHKLIT KOopuCHOCTI [O,l] , TO JIOTIYHUM OyZAe NPUHHATH,

110 IT’ATHH PiBEHb 3pIJIOCTI BIANOBIAE, 3 HOTIILY QYHKINT
KOPUCHOCTI, oamHuIli. Ha puc. 5 HaBemeHo BapiaHTH
(YHKIIT KOPUCHOCTI 3aJIe’)KHO BiJi BUKOPHUCTAHUX PECyp-

ciB R. P/,i=15, j=1,3 — 3nauenns QpyHKuii KopucHoc-
Ti, e i — piBeHb 3pLIOCTi, & j — BapiaHT JOTiCTHYHOT
KpuBOi; R, i=1,5 —pecypcu, HeOOXiHI 1JI1 JOCATHEHHS
i -ro piBHA 3pinocTi. dns Toro, mo0 He 3axapailyBaTh
pUCYHOK, Ha oci F (R(X )) Bi3HAYEHO TINBKHM TEPIIMit
BapiaHT JIOTICTUYHOI KPUBOI.

IIpu Takomy migxoxi A0 moOymoBu (YHKIIi KOpPHC-

HOCTi Ha OCHOBI TOTIEPEHIX MiIpKyBaHb HEMOKJIHBO BH-
3HAYUTU KOHKPETHI 3HAYCHHS (YHKII KOPHCHOCTI Ha

iHTEepBai [O,l] JUTSE KOJKHOTO PIBHS 3PIJIOCTI, @ 3HAYHTH

noOyayBaryu 30anaHcoBaHy IIKaiy ouiHkd sikocti TP I13.

ToMmy TpONOHYEThCS IHIMWN MAXiJ 10 BUPIMICHHS ITiEl
npoOJieMH Ha OCHOBI JIOKAJIBHUX KpUTEpiiB (1, 2), Mozenei
3pLIOCTI.

FFR(X))

R(X)

Puc. 5. BapianTtu ¢yHKuii KopucHOCTI

Bynemo BBaxkatu, 0 BU3HAUCHI HEOOXiHI pecypcu
0 3a0€3MEYCHHS MAaKCHMAJBHOTO PIBHS MOMJIMBOCTI
KOXHOI (okycHOi obmacti moxeni CMMI Ta mpomecy
moxeni SPICE. Pimui 3pimocti mogeni CMMI 3 Biamo-
BiJTHOIO0 MHOXKHHOIO (POKYCHHUX 00JsacTeit OymeMo BBaKaTH
0a30BUMH, SIKI € OUISIMHU 11 miasumenss skocti TP T13.
Jlam Ha OCHOBI BUKOPUCTAHHS METOJIOJIOT1 KOJIEKTUBHOTO
eKCIIEPTHOTO OIIiHIOBAHHS BU3HAYAETHCS CTYIIHD BaXKIIH-
BOCTI KOXHOTO piBHA 3piytocTi 3 norysiny sxocti I1P I13, a
TaKOX BaroBi KOe(iliEHTH Ba>KIMBOCTI KOKHOT (hOKyCHOT
obylactTi B Meax BimoBiiHOrO piBHs 3pinocti. Ha mii
OCHOBI peali3yeTbCsl CHHTE3 IHTerpajbHUX (QYHKLIH KO-
PHUCHOCTI JUIsl KOXKHOTO PIBHS 1 CyMapHa (yHKIisS KOpHC-
HOCTi, IJIsi SKOi KOKHOMY 00’eMy (iHAHCOBHX BHTpaT
OynyTh BiIIOBiIaTH KOHKPETHI 11 3HaueHHs. [le 103BOIHTh
30UTBIIUTH KUTBKICTh Tpafaliil mKaiu JUCKPETHOT MOIETi
CMMI i cunTesyBatn 30anaHcoBaHy mkamy. Ilpu
BH3HAUYeHI 0a30BUX piBHIB 3pinocti ans momeni SPICE
(anamoriyanx Moxeni CMMI) MokHa BUKOPUCTATH aHa-
JOTIYHUH MiAXiK 10 MOOyH0BH 30aIaHCOBAHOT IIKAJIH.

BHCHOBKHM, HIISIXH NOAAJBIINX JOCTiIKeHb, Y
po6oti ITP TI3 posrnsgaerscs sk 00°€KT AOCIHIIHKCHHS,
SKUH € cIabKo CTPYKTYPOBAHOIO BIpTYyaJbHOIO CUCTEMOIO.
BuzHaueHi 0CHOBHI Npo0OieMu, sIKi XapakTepHi IS TAKUX
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CHUCTEM MpPH OI[HII Ta IUIAHYBAaHHI MiJBUIICHHS iXHBOT
sikocti Ha mpukiani [IP T13. i BupilieHHsS nux 3ajgad
6azoBuMu oOpaHo Mogxeini 3pinocti CMMI ta SPICE.
[TpoBeneHo aHami3 wKan KPUTEPIiB 11 OLIHKHK sikocTi TP
I13 i Ha 1iif OCHOBI 3aIPONOHOBAHO MiAXiJ 10 MOOYAOBH
30a1aHcoBaHoOl OadbHOI MIKAJIK OIIHKH SKOCTI BChoro I1P
13 IT-kommawnii. i LBOrO CHHTE30BAHO JIOKAJIbHI
kpuTtepii omiaku sxocti [TP 13 060x Moaeneit 3pinocTi, ki
e Oa3oro M1 moOynmoBu (QyHKIT KopucHocTi. Lle mae
MOJJIMBICTE COpMyBaTH 30aJIaHCOBAHI IIKAJIH Ui 000X
MojIelielt 3pistocTi omiHKU sSKocTi Bechoro [P T13.

IMopmanemii mociikeHHs OyAyTh HMPUCBSYCHI BUPI-
LICHHIO HACTYIHUX MPOOIeM:

e po3pobui TexHoyorii QopmyBaHHs 30anaHco-
BaHOT IIKaJH JUIsl quckpeTHoi Moaeni CMMI;

e cunre3dy mauckpernoi mozeni SPICE i BusHa-
YeHHIO 11 PIBHIB 3piJOCTi Ha 3pa3oK TUCKPETHOI MoOIei
CMMI,

e po3polmi TexHoyoTii (GopMyBaHHS 30araHCcOBa-
HOT mKamu st auckperHoi moaeni SPICE;

e CHHTE3y MOJEJNi IJTAHyBaHHS IiABUIICHHS SKOCTI
TP TI3 Ha ocHOBiI 30alaHCOBAaHOI JMCKPETHOI MOJEi
SPICE.
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QUALITY ASSESSMENT OF THE SOFTWARE DEVELOPMENT PROCESS OF AN IT COMPANY BASED
ON THE USE OF THE UTILITY FUNCTION

The paper considers the software development process as an object of research, which is a poorly structured system. A description of such systems is
given in the form of general characteristics, which include: difficulties in building an analytical model; incompleteness, inaccuracy, unreliability and
uncertainty of information; benchmarks required for assessing weakly structured systems are often absent; uniqueness of the decision-making process;
dynamic nature of models of poorly structured systems, etc. In this paper, the quality assessment of the software development process is considered
based on maturity model standards, which can have continuous and discrete variants. The continuous version assesses the quality of the individual focus
areas and processes of the maturity models. For this purpose, a discrete point scale of the first type is used, when the assessment is carried out according
to an objective criterion. The quality assessment of individual focus areas and processes characterizes the local criteria for assessing the quality of the
entire software development process. Therefore, the task is to form some kind of integral quality assessment on their basis. One of the options for solving
this problem is a discrete maturity model, where the scale for assessing the entire software development process has five gradations called maturity
levels. Starting from the second level, each gradation is characterized by a set of focus areas with corresponding levels of capability. The availability of
such a scale allows not only assessing the quality of the entire software development process, but also solving the task of planning to improve its quality.
But first, it is necessary to analyse such a scale from the point of view of its balance, namely, that the distances on the scale between the gradations are
approximately equal. Therefore, the paper analyses the existing scales that can be proposed for expert assessment for the quality of the software
development process. Their construction can be realized on the basis of a utility function using the local criteria of maturity models formalized in this
paper. For this purpose, a fundamental property of systems is used. Namely, the dependence of the utility (efficiency) of a complex system on the invested
resources over the life cycle interval, which usually takes the form of a logistic curve. Further research will be devoted to using this fact to build a
balanced scale for assessing the entire software development process based on maturity models.

Keywords: software development process, quality of software systems, poorly structured system, maturity model, criterion scale, local criteria,
utility function, experts.
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BUKOPUCTAHHA MOJEJII I METOAIB 'EOITPOCTOPOBOI'O BATATOKPUTEPIAJIBHOT'O
AHAJII3Y PILIEHD VIS KAPTYBAHHSA PU3UKY JIETPAJAIII IPYHTIB

CyuacHi METOAM NPOCTOPOBOTO aHali3y i MOZAEIMIOBAHHS BCE YACTIlIe BUKOPHCTOBYIOTHCS B IO€JHAHHI 3 METOJAMH NPUHHATTA pillleHb Ta Teopil
HEYITKHX MHOXKHH. OCTaHHI aKTUBHO IHTETPYIOThCA B cepenoBule reorpadidnux inpopmaniitanx cucreM (I'IC), nanpuknan, Takux Bizomux sk ArcGIS
g QGIS, y BUIIIAl OKpeMHX IHCTpYMEHTIB, IIaruHiB uu Python cxpuntis. MeToqu NpHIAHATTS pillleHb JO3BOJSIOTH CTPYKTYypYBaTH IpoOIeMy B
reorpaiyHOMY MPOCTOPI, a TAKOXX BpaxyBaTU 3HAHHS 1 CY/DKCHHs €KCIICPTIiB Ta MepeBark 0cooOu, 110 NpHilMae pillieHHs P BU3HAYEHHI NPiOPUTETIB
aNbTepHATUBHUX pillleHb. Y HaHil poOOTI HATAETHCS OIIC TEOPOCTOPOBOI MOZIEI] OaraTOKPHUTEPialbHOTO aHANI3y PillleHsb, sSKa J03BOJIIE BUPINTYBaTH
IIMPOKE KOJIO CKOJIOTTYHMX Ta COLiaJbHO-CKOHOMIYHHX 3aBHaHb. Y PoOOTi HABOAUTHCS NPUKIIAL 3aCTOCYBAHHS JaHOT MOJEII Ul KapTYBaHHS PH3UKY
nerpajauii IpyHTiB B YKpaiHi. 3riHO 3 00’ €KTHO-IIPOCTOPOBHM ITiIXOI0M, BIIACTUBOCTI TEPUTOPIl BU3HAYAIOTHCS K Pe3yabTat Ail (BIUIUBY) MHOKHHH
00'eKTiB (IpomeciB), 0 HANEKATh Li€i TepuTopii. Teputopis mpencTaBIsIeThCs y BUITIAAL JBOBUMIPHOI JUCKPETHOI CITKHU, KOXKHA TOYKA SIKOI (JTOKanbHa
IIIISHKA) € anbTepHaTHBOIO. Habip MokanbHUX MIISTHOK TEPUTOPIl CKIIaJac MHOXKHHY albTepPHATHB. YSBICHHSA MOJENI TEPUTOPIl IK CHCTeMHU 00’ €KTiB
Ta 3B'AI3KiB MK HUMH JJ03BOJISIE OOIPYHTYBAaTH BUOIp MHOKHHH KpUTepiiB (pakTopiB) 1t OLIHIOBAHHS PU3UKY Jerpananii rpyHriB. KoxxHuit kputepiit
€ OKpeMHUM PacTPOBUM MIapoM KapTH. [yt moOyaoBH i€papXidHOi CTPYKTYPH NPUHHATTS PillleHb Ta PO3PaxyHKy Koedilli€HTiB BaXKIUBOCTI KpUTEpiiB
BUKOPHCTOBY€ETHCSI METOJI aHANI3Y iepapXiif. {1 BpaXyBaHHS HeBU3HAUCHOCTI B OL[IHKAaX Ta CY/KEHHIX CKCIEPTIB Ha eTanax CTaHAapTU3aLil aTpuOyTiB
aNbTEPHATHB 32 PI3HUMHU KPUTEPIsIMH Ta arperyBaHHs iX OLIHOK 3aCTOCOBAHO EKCHEPTHI (YHKINi HaNeKHOCTI IO HEYITKOI MHOXKHHH Ta HEUIiTKI
kBaHTH(iKaTopu. OcOOIUBICTIO 3aIPONOHOBAHOI MOZIeN OaraTOKpUTEPiaaIbHOTO aHAII3Y pillleHb € ii HU3bka 00YHCIIOBaIbHA CKIAIHICT Ta IPOCTOTA

inTerpanii y cepenosume ['IC.

KurouoBi cioBa: GararokpuTepiajbHHI aHaji3 pillleHb, METOJ aHANI3y iepapxiil, reoindopMmariiiHa cHCTeMa, MPOCTOPOBE MOJCTIOBAHHS,

€KCTICpPTHI OIIHKY, PU3UK Jerpajalii IpyHTiB.

Beryn. [lerpananis 3emenb € CEpHO3HOIO €KOJIO-
T'YHOIO IPOOJIEMOIO, Ha SIKY BIUIMBAIOTH SIK IPUPOIHI, TAK
i autponorenHi ¢axropu. CroroHi YKpaiHa € BificbKOBO-
TEXHOT€HHO HAIPY>KEHHM pEerioHoM €BpONM 3 HETraTHB-
HUMH HacJiJKaMH Ul JOBKUUIS 3arajoM Ta I'PYHTOBOTO
MOKPHBY 30KpeMa.

Jlerpanartist 3eMeNb BU3HAYAETHCS K MPOIEC MOTip-
IIEHHs SKOCTi 3eMJIi, 3HM)KCHHS 11 POMIOYOCTI Ta 3MEH-
IIEHHS] BMICTY B Hill MOXMBHUX PEYOBHH. 3a OIIHKAMH
[IpomoBoMbYOi Ta CiTBCHKOTOCTIONAPCHKOI  OpraHizarii
OOH, 6mu3pko 20% CITBCHKOTOCIIONAPCHKUX YTiAb B
VYkpaiHi Bxke 3a3HAJNIU 3HAYHOI jAerpananii. BilickkoBi i,
1110 TPUBAIOTH, CIIPABIISIFOTH JOJATKOBUH PYIHHIBHUI BILIUB
Ha NPOJYKTHUBHICTH IPYHTIB. [0 OCHOBHMX HETaTMBHHMX
(axTopiB BiHOCATHCS BOPOHKM Bij aBiaboM0 1 apruie-
piificbkux O0OCTpiJiB, 3aMiHOBaHI TEPHUTOPii, 3HHIIEHA
Ba)KKa BIMCbKOBa TEXHiKa, PO3JIMBH Ha(TH, BUIIAJICHI
TEPUTOPIT Bif MOXKeEK, 3CyBiB TOmO [1].

BigHoBneHHS (YHKI[IOHAILHUX BJIACTUBOCTEH TPYyH-
Ty Ta MiABUIIEHHS HOT0 MPOAYKTHUBHOCTI MOXKITUBE 3aJIEXK-
HO BiJl THITy TPYHTY, PiBHS nIerpanarii ta JaHamadTHAX
yMoB TepuTopii. Ile BuUMarae MiKIMCIUIUTIHAPHOTO Ta
IHTErpOBAHOI0 MiJXOMy /10 CTAJIOTO YIPAaBIiHHS 3€Mellb-
HUMHU pecypcaMu. Y poOOTi HPONOHYETHCS MiAXiA JI0
KapTyBaHHS PU3UKY Jerpajauii 3eMenb, 1o 0a3yeThCs Ha
IHTerpaii MoJiei Ta METO/IiB 0araTOKpUTEPiabHOTO aHa-
nmi3y pimens (3 anrt. MCDA, Multiple-Criteria Decision
Analysis) y T'IC [2, 3].

Inrerpanis T'IC ta GaraTokpuTepiaabHOTO aHaNI3y
piens (BKAP) no3Bonsie moemHaty KoHuenmii JBOX
pI3HMX TaJy3edl Ta OTPUMATH HOBI WIIAXH BHUPIMICHHS
MPOCTOPOBHX MPOOJIEM NPUUHHSTTS PillICHb.

Ha ¢ynnamenransHoMy piBHI iHTerpanito I'IC 3
BKAP moxHa po3risimaTéd sk Habip METOMiB IJIs Tepe-
TBOPEHHS Ta KOMOiHYBaHHS TeoJaHUX 1 mepesar (Ori-
HOYHUX CY/DKeHB) ocobu, mo npuitmae pimenns (OIIP) 3
METOIO OTPUMaHHs iHpOpMAITii A1 TPUHHATTS pillieHb. 3
omHoro Ooky, I'IC 3abesneuye 30epiraHHs, KepyBaHHSI,
aHaJIi3 Ta Bi3yallizallilo TeOMPOCTOPOBUX MAaHUX. 3 1HIIIOTO
6oxy, BKAP nokpantye 3pataicts I'IC BupimryBaTu npoc-
TOPOBI NMPOOIEMH NPUIHATTS pillieHb, HAAIOYH TEOPETHY-
HY OCHOBY JUIS aHaJi3y Ta IIMPOKUI CHEKTP METO/IIB.

Ha enemenrapHomy piBHi BKAP Bkmouae Habip
QJIBTEPHATHB, SIKi OLIIHIOIOTHCS Ha OCHOBI CYNEPEWINBUX 1
HECIIBMIpHHUX KpUTEpiiB BiAmoBinHO 10 ynoxobans OITP.
ToOTO OCHOBHMMH €JeMEHTaMH OyJb-sKO1 OaraTokpuTe-
pianbHOT TPOOJIEMHU TPUUHATTSA pillleHh € 0oco0u (4u
eKCIIepPTH), 110 NPHUUMAIOTh PINICHHS, albTEPHATHBU Ta
kputepii. Monens BKAP ckiamaeTscst 3 TphOX OCHOBHUX
KOHIIeNIii: MacmTabyBaHHs (ab0 craHmapTH3allis) 3Ha-
YeHb, 3BAXYBaHHS KPUTEPIiB Ta NMpPaBWJIO KOMOIHyBaHHS
(pimenns) [4].

MeToro naHoi poOOTH € po3poOKa MOIENi Teompoc-
TOPOBOTO OaraTOKpUTEPiabHOrO aHaJI3y pillleHb, aaanTo-
BaHOI JUIS OLIHKM Ta KapTyBaHHS PU3MKY JAerpananii
rpyHTiB B YKpaiHi. [IpocropoBuii po3noain pusuky gerpa-
Jarii TPyHTIB BU3HAYAETHCS 3a JIOTIOMOTOIO iHAEKCY, IO
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6azyeTbcs Ha (akTopax (KpUTEpisiX), SKi BIUIMBAIOTh Ha
pPHU3HK jerpajaiii, 30KkpeMa Ha BiiiCbKOBO-TEXHOI'€HHOMY
¢axropi. [lokazaHo, 110 ysBJICHHS MOAETI TEPUTOPIi SK
cucteMu O0O’€KTiB (Y4M NpOLECiB), IO BIUIMBAIOTH Ha
BJIACTHBOCTI L€l TepUTOpii, Ta 3B'I3KIB MK HUMH, 100pe
Y3rOKY€EThCS 3 MaTeMaTnyHuMU ocHoBamMu BKAP.

1. IlocranoBka 3aBaaHHs. B y3aragpbHeHOMY
BUIJIAAI 3ajladya NPHHHATTSA PIlICHHS NPEICTaBIIETHCS
KOPTEXEM:

(4,C,E.W,D), M

ne Az{al,az,...,am} — MHO>XXMHA aJIbTePHATHB;
C ={C1,C2,...Cn} — Hablp KpuTepiiB Uil OLIHKH

aJbTEePHATHB;

E — nporienypa OIiHIOBaHHS;

W — cuctema repeBar, 1o MiCTUTh iH(OpMAIIil0 PO
OIIHKH aJIbTEPHATHB 328 KOXKHUM KPUTEPIEM;

D — mpaBuiio pillicHHs BU3HAYAE MPOLEAYPY Hil HAZ
Ha0OpoM ajbTepHAaTUB (BinOip, paHXKyBaHHS, COPTYBaHHS
TOIILIO).

SIKIIO pO3rIsAfaTH TEPUTOPIKO SK CKIATHY CHCTEMY,
TO TPOTIEC MPUHHATTS PIIEHHS MOXXHA 3BECTH JI0 OI[IHKH
MOJIEIIBLHOTO TPEJCTaBICHHS CUCTEMH Ta 11 BIACTHBOCTEM,
SIKi HAHO1TBIIIOI0 MIipOIO BiATIOBIAIOTH PEANLHOMY CTaHY
TepUTOpii B 3amaHuX yMmoBax. Bimmosigao mo (1) maioTh
OyTH BU3HAYCHI IUJTi OIIHFOBAHHS, METOM, IITKAJIH, KPUTE-
pii OIiHFOBAHHS Ta MPOIIEAYpa OMiHIOBaHHS. TaKkuM YHHOM,
TEXHOJIOTISl TPUUHATTS pillicHb Mependadae OTPUMAHHS
a00 reHepyBaHHsI AIbTCPHATHB, 1X OPIBHIHHS 32 ICBHUMU
KPUTEPIsIMA Ta PAH)KYBAaHHS 3QJICXKHO BiJl MOCTABICHHUX
uiiei [5].

BnactuBOCTI TepUTOPil MOXKHA PO3TJSIATH SK pPe-
3ynbTaT Aii (BIUTUBY) MPOIECiB 200 00’ €KTIB, 10 HAJIC)KATH
IO i€l TepuTOPii:

TcOxH, )

me O= {0‘,}, i :I,_m — CYKYIIHICTh 00’ €KTIB, 110 Haje-
KaTh 0 TEPUTOPIT;

H-= {h,.}, i =1,_n — MHOKMHA €JIMEHTapHHUX JiJIs-
HOK, Ha SIKi TOJUISIETHCS TEPUTOPIS.

VYSBIICHHSI MOZIEJI TEPUTOPIT SIK CHCTEMH €JIEMEHTIB 1
3B’SI3KiB MI>)K HUMH Ha0yBa€ TaKOTo BUTJILY:

Fu
O->P, 3)

e Fu ={Fﬂ’]}, j=1Lm,i=1n — mHoxuHa QYHKIH, 1110
BiZIOOpaXXaloTh BIUIUB j-TO 00’€KTa Ha i-Ty €JIeMEHTapHY
JUISTHKY TEpPUTOPIi;

P — BnacTuBicTh TEpUTOPII.

VsBIeHHS TEPUTOPIii BUZHAYAETHCS K YITOPSIKOBaHA

MHO>XHHA BJIAaCTUBOCTEH CIICMCHTApPHUX ,IIiJ'IHHOKZ

P={R|R={B}},i=1nj=1m, @)
BIZITOBITHO

P =P-F, (). ()

b J K

ne P, — BenuuMHa BIUIMBY j-ro 00’€KTa Ha Micue ioro

po3TalyBaHHs;
F,; — QyHKIiS mOMMpPEHHS BIUIMBY LILOTO 00’ €KTA;

7 — BIICTaHb MDK i-10 TOYKOIO (€JIEMEHTapHOIO Mi-
JITHKOIO) TEPUTOPIi Ta j-M 00’ €KTOM.

BrumuB cykymHocTi 00’ekTiB (mporieciB) O Ha i-Ty
TOYKY (EeNIeMEHTapHy AUITHKY) TEPHUTOPil BH3HAYAETHCS
NUITXOM arperyBaHHs 3Ha4eHb BIUIMBY OKPEMHUX 00’ €KTiB
(mporieciB):

F=F, (Pj 'Fm (”;/)) (6)

VY 3zaranpHOMY BuMNanaky (QyHKLiS arperyBaHHS
BBy [hgs € HeniHiliHOO. MHOXHHA eeMEHTAPHUX

ninsHok H € cykynHicTio TO4oK (TiKcelsiB) JOCiif-
’KyBaHOi Teputopii. KokHa ToYka BH3HAYAETHCSA SIK

i(nAx,mAy) BinmoBimHo 10 KkoopamHar x,y. Takum
YMHOM, MOJIE/b BIACTHBOCTEH TEPUTOPIi € JBOBHUMIPHOIO
JMCKPETHOIO CHCTEMOIO:

H={h

m,n

|meM,neN}, @)

Jie IHIEKCH 7 1 m € JUCKPETHUMH 3HAYCHHSIMH KOOPJIMHAT
MOJIO’KEHb KOMIPOK pactpa 1o oci X (MHoxwuHa N) 1 oci ¥
(MHOXMHa M) . [l cTUCIOCTI Hajail mapy 4ucel m, n
MO3HAYaTHUMEMO €JMHHMM 1HJEKCOM i — HOMEPOM KOMIipKH
pactpa: H = {h;| i=1;N-M}. BpaxoByioun 1e, BIacTH-
BICTb TEPHUTOPII MOXKHA NPEICTABUTH Y BHIJISL

B, =7,0) ®)

TakuM YWHOM, Ha OCHOBI piBHSAHHA (8) MoOXKHa
moOyayBaTH pacTp TEPUTOPii, /e KOXKHA TOYKA MICTHTh
OIlIHKY BJIACTUBOCTI TEpUTOpIi B il TOYI SK aTpHOYT.
OyHKIiA BIUIMBY F, 3a]eXUTH BiJ Pi3HUX BIACTHBOCTEH
TepuTOpii (TakKX sIK penbed, YXWI, THI IPYHTY TOLIO), a
TaKoX BIJICTAaHI 7; MDK j-M 00’€KTOM Ta i-I0 TOYKOIO

teputopii. @yHKIiI0 F, MOXXHA BU3HAYNTH AHAIITHYHO,

HATPUKJIA], Ha OCHOBI DIiBHSHb, L0 OMKHCYIOTh BiJOMi
¢izmuHi Tporiecw (Taki SK MOIETi BOJHOI Ta BITPOBOI
epo3ii, mepeHeceHHs 3a0pyIHEHHS, TMOMIMPEHHS BOTHIO
tomo). @ynkuis F, Takok Moxe OyTH BH3HAYCHa SK

(GbyHKIIS MiHHOCTI 4K (DYHKI[iS HAJCXKHOCTI 10 HEYITKOT
MHOHHHU Ha OCHOBI €KCIIEPTHUX OIIHOK [5].

2. Mopaesb reonpocTopoBoro 0araToKpuTepiaib-
HOTO0 aHAJ3y pimens. /[iarpama mporecy reonpocTopo-
Boro bKAP HaBenena Ha puc. 1 i cCKIamaeThCsl 3 eTarliB
MaKpoaHallizy, MiKkpoaHaTi3y Ta HaJIaHHs PEKOMEHIAITIH.

MakpoaHaii3 — eTar MmonepeHLOTO TOCIHIHKSHHS Y1
300py iHMopmamii. Ha mpomy erami BimOyBaeThest 30ip
JTAaHUX PO 00’ €KTH (TPOIIeCH), IO MAIOTh CYTTEBHIA BILTHB
HA BJIIACTHBOCTI TEPUTOPIii, (HOPMYIOTHCS MHOXHHU KPUTE-
PpIiB Ta aNTbTEPHATHUB 3 ypaxXyBaHHSIM OOMEXKCHb, III0 HAKJIa-
JaroThesl Ha pimeHHs. Kputepiit — ne 3araibHUN TEpMiH,
10 BKJIFOYAE SIK MMOHATTS LI, Tak 1 aTpudyTy [6].

[inp — e TBepKCHHS PO OaKaHUI CTaH CUCTCMH,
0 PpO3TJANAEThCA (HANMPHKIAA, PIBEHb BPa3IUBOCTI
TPYHTIB JI0 TIPOSIBY €pO3iiHUX MpoIieciB). JloCATHEHHS ITiTi
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BUMIPIOETHCS Yepe3 KUIbKICHI UM SIKICHI OLIHKH OHOTO a00
KiJIbKOX aTpuOyTiB. TBepmkeHHS Npo OaxaHi OLIHKH
MOXKHa IHTEPIPETYBaTH SK «4MM Oijblie arpuOyT, TUM
Kpauie», abo «4yuM MeHuie aTpuOyT, TUM Kpamie». To0To
aTpuOyT — 1e BUMIpIOBaHa KiJIbKicTh a00 SIKICTh reorpa-
¢igaO1 cyTHOCTI ab0 3B’S30K MiX TreorpadigHUMH CyT-
HOCTSAMH. ATpHOYT MOXXHA OIHCATH SK BIIACTHBICTH
enemeHTa (00’ekta, mporecy) reorpadidHoi cucTeMu
pearsHOTO CBITY (HAIpHWKIAM, CHCTEM PO3MONiTy (HOopTH-
¢ikariifHux cropya Ta MiHHHX I0JIiB, IIUTBHOCTI TIOXKEK,
THTEHCUBHOCTI MIPOSIBY MHJIOBUX Oyp TOIIO).

KoHkpeTuaauia uinen
CTPYKTYPYyBaHaA npobnemn

4

36ip nannx.
Pozpobra Gazm reogaHux

Daktopu

MakpoaHania
MonepeaHe AoCHifKEHHS

— Bnnvey OBmemeHHnA
MHomuHa MHommHa
kpuTepiia anktepHaTua
Mepeearu ONP je—
CraHaapTuaauia |
kputepiia R N—
PoapaxyHok sar
KpuTepiia
ArperysaqHs

MikpoaHania
IuTerpauis INC i BKAP

MNoBygoea kapTh
NpUAAaTHoCTI

4{ AHani3 vy TNuBoCTI

Pexomergauil

Puc. 1. liarpama nporecy reomnpocroposoro bKAP

Peromergauil

3B’3KM MDK LiJISIMH Ta aTpuOyTaMH MaroTh i€pap-
XigHy cTpyKTypy. i moOynoBu iepapXidHoi CTPYKTypH
MoOke OyTH BHKOPHCTaHI KOHIICTIIii, IO JIe)KaTh B OCHOBI
MeTOIy aHami3a iepapxiii [7]. Haitbinpmm 3aranbHi 1misi 3Ha-
XOISATHCSA HAa HAWBUIIOMY PiBHI i MOXYTh OyTH BH3HAYCHI
B TepMiHax OUIBII KOHKPETHUX IIiJIeH HIDKYMX PiBHIB.
ATpuOyTH € KiJIbKICHO BUMIPHUMH 1HMKATOPaMH CTYIIEHS
peaiizarii BiAMOBIMHUX IiJICH 1 3HAXOAATHCS HA HAWHUK-
YoMy piBHI iepapxii. Ha puc. 2 nokasano npukiaz iepap-
XIYHOT CTPYKTYpHW 3ajadi NMpUHHATTA piieHHs. BepxHii
piBEHb 1€papXiyHOi CTPYKTYpH € 3arajbHOI0 METOI0
(HampuKIa, BU3HAYEHHS HaMKpaloi IpoCcTOPOBOI MOAENi
OIIIHKM PU3UKY Herpanaiii 3emens). [ToTiM iepapxis omyc-
Ka€ThCs Bl TTI00aTbHOT METH 10 OUTBIIT KOHKPETHHX IIUJIEH,
JTOKH He Oyzie TOCATHYTO PiBHSI aTpUOYTiB.

Jlexommno3uuisi 00’€KTiB, 10 MaOTh CYTTEBUH BILUIMB
Ha piLLICHHS, Ha OKpPeMI IIapy KpUTepiiB nepeabdadae BUKO-
HaHHS aHajli3y He juuie ix aTpuOyTHBHOI, aje i mpoc-
TopoBoi iH(popMalii. 3a TEOMETPUYHUMH BIIACTHBOCTSIMH
00’€KTH MOXYTh OYTH TOYKOBHMH, JIIHIHHUM Ta IIOJITO-
HanpHUMU. Tak, HaIIPHUKIIAA, BOAHI 00’ €KTH MOXYTh OyTH
TpeACTaBleH] JTHIMHAMH 1 TOMIrOHAILHUMU 00’ €KTaMu
(piuku 1 BOZOCXOBHINA BIAMOBITHO), TOMY HEOOXiTHO
BUKOHATH JCKOMIIO3HINIO Ha JBa OKPEMHUX IIapH pPi3HOI
reoMerpii.

Meta |

/\
M\

AtpméyT 1 ArprfyT 2 ATpmEyT 3
Kpurepiit 1 Kpurepdi 2 Kpurepiit 3

[ % [ A% [[#]% ]
[of w][ ] ][ ] =]

Puc. 2. 3aranbHa iepapxidHa cTpyKTypa 3a1adi OpUHHSITTS
pileHHs

BigmoBinHo 10 (8) TemarmuHi 1mapi  KpuTepiiB
MOBMHHI OyTH TNEpPETBOPEHI B PAaCTPOBY MOJECIb JaHUX.
JuckpeTu3ailisi BEKTOPHUX IIapiB MOKe OyTH BUKOHAHA 3
BUKOPHUCTAHHAM pizHUX MeToxiB ['IC-ananmi3zy, Hanpukiaz,
TeOCTAaTUCTHYHOI 1HTePHOJALii, (paKTaIbHOTO aHami3y,
OOYHMCIIEHHST BiJCTaHI 3a JOMOMOTOI0 PI3HUX METPUK
Omu3pKkocTi 1 T. . Ha#i0inpmn gacTo s po3paxyHKy reo-
rpadigHUX BincTaHEeH MK 00’€KTaMH B TIPOCTOPOBOMY
aHali3i BHUKOPHCTOBYIOTH EBKIiIOBY BifCTaHb, fKa MiXK

JIBOMa TOYKOBUMH 00’ €KTaMH Ol(xl, yl) i Oy (xz, yz)

BHU3HA4Ya€THCA SK :

d(01»02)=\/(xl—x2)2+(y1—)’2)2- ©)

VY BHmaaKy pacTpoBOi MOJEINi JaHWX BiJCTaHb BiJ
Oynb-sIKOT KOMIpKH pacTpa a 10 00’exkta O JOPIBHIOE Mi-
HIMaJbHIN BiCTaHi BiJ i€l KOMIpKH IO KOKHOT KOMIpKH,
o MoKpuBae 06’ ekt O :

ED(O,a):min{(d(o (10

a)), lk=Ln,}

Je n, — KUIbKiCTh KOMIPOK, 1110 TOKPUBaIOTh 00’ €KT O.

TakuM 4yMHOM, MOXHA ITOOYAyBaTH pacTp BiJgcTaHeH
R(ED), xoxHa KOMIpKa SIKOrO MICTHTh aTpUOyT, SKUI

TIOpiBHIOE 3HaYeHHIO EBKITiOBOI BifgcTani ED Bin Hel 10
HalOmmK40oro 00’ekTa, po3paxoBaHuid BinmosigHo (10):

R(ED) = {a; } :{((xl-,yj),EDij)}, i=Tn, j=Lm, (1)

e 1 — KUTBKICTh PAJIKIB IBOBUMIPHOI CITKH pacTpa;
M — KUTBKICTh CTOBIIIIB JJBOBUMIPHOI CITKH pacTpa.
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Mikpoanani3 (puc.l) — erar, sikuit nepeadayvae 3acTo-
CyBaHHS METOAIB NMPUHHATTS pillleHb, L0 3aCHOBaHI Ha
OLIHOYHUX CymKeHHsX Ta nepeBarax OIIP um excriepris.
OCHOBHUMH BaXXJINBUMH KPOKAaMH IIbOTO €Taly € CTaH-
JlapTH3alis aTpuOyTiB — NEPETBOPEHHS B IMOPIBHIHHI O/11-
HUIIi; pO3paxyHOK Bar BayKJIMBOCTI KPUTEPIiB; arperyBaHHs;

00’eHaHHsT aTpUOYTIiB B y3arajJbHEHY OIIHKY allb-
TepHATHB 32 IIEBHUMH [IPAaBUJIaMH MIPUAHATTS pimeHs. Ha
JaHOMY €eTalli 4acTO IOBOAUTHCS CTHKATUCS 3 HEBH3HA-
YEHICTIO €KCIIEPTIiB IIOA0 CTYTECHIB BiTHOCHOT BAYKIIMBOCTI
(Bar) kpwuTepiiB Ta IOMYCTUMOI CTpaTerii MPHHHATTS
pileHs, T00To GOpMH KOMIPOMICY MiX OLIHKaMH ajbTep-
HATUB 33 PI3HUMH KpUTepisMu. {71 BpaxyBaHHs HOAI0OHNX
HEBM3HAYEHOCTEH JOLIIBHUM € BUKOPHUCTAHHS amapary
Teopii HEYITKMX MHOXKHH Ta HEYiTKOT JIOTIKH.

CrangapTu3aliist Ha OCHOBI anapary Teopil HEeUiTKHX
MHOXXHH 0a3yeTbcs Ha MEPETBOPEHHI 3HAUYEHb aTpHUOYTIB
k-ro mapy y 3Ha4YeHHS CTYIE€HI HaJIEXKHOCTI O HEYITKOT

MHOXHHH V; [8]:
Ve ={@ wF@)laevl, uf@:a—[01], (12)

e  a — 3HAa4YCHHA aTpUOyTY;
U - 6e3nepepBHa MHOKHHA 3HAYEHBb aTPUOYTIB;
M (a) — QyHKISI HATEKHOCTI, O MPUAMAE 3HAYCH-

HS B JCSAKIH MIJIKOM BIOPSAKOBaHiH MHOXHHI M =[0; 1].

OyHKIIS HANEKHOCT] BKa3ye CTYIIHb HAJIEXKHOCTI eJleMEeH-
Ta g HewiTkii nmiaMHOXuHI 4. YuMm Oinbme 4, (a), THM

OUITBIIIOI0 MIPOIO €JIEeMEHT YHiBepCalbHOI MHOXXUHH Bij-
MOBiZIa€ BIACTUBOCTSAM HEUITKOI MiAMHOXUHY. SIK mMpaBu-
710, QyHKILIs HaJIEXKHOCTI OyIyeThCsl 3a Y4acTIO eKcrepTa
(Tpymnu eKcrepTiB), TAKUM YHHOM, 1110 CTYTiHb HAJIEKHOCTI
MPUOJIM3HO [OPIBHIOE IHTCHCHBHOCTI MPOSBY JCSKOTO
¢axropa.

[lepeTBopeHHs1 aTpUOyTIB y HEYITKY MHOXHHY, Ha
miacTaBi ekcrepTHOi (yHKIIT HaylexHOCTi, ToOTO (a3u-
(ikarrist, 703BoJIsE TOOYMYBATH PacTp k-ro KpUTEPit0, KOXK-
HUH aTpuOyT SKOTO MICTHUTHh 3HAYeHHS (DYHKI Hamex-

Hocti u.* (@), 10610 NEKMTH y Aianasoi [0,1]:

ReGaf ) ={((xF o) (af )} 1= Tom j = Tom.(13)

BaxnmuBruM KpOKOM eTamy MiKpoaHalli3y € 3BaXKyBaH-
Hs KpUTepiiB. Bara — 1e 3Ha4eHHs, IPUCBOEHE KPUTEPIFO,
sIKE BKa3ye Ha HOTo BKIIUBICTh BiTHOCHO 1HIIMX KPUTEPi-
iB, MO po3risAaroThCs. HaifuacTinie 1 po3paxyHKy Bar
kpurepiiB y BKAP 3acTocoByloTh 01MH i3 TphOX METOIB
3Ba)KYBaHHS: PAHXKYBaHHS, PSUTUHT 1 MOMapHe MOPIBHSIH-
us. 1li meronu Bumararoth, mob OITP BkazaB cBoi mepe-
Bard II0JI0 BXKJIMBOCTI KpUTepiiB. Yum Oinbia Bara, TuM
Ba)XJIMBIIINK KpuTepii. BOHM 3acHOBaHI Ha MPUITYLICHH],
mo nepeBaru OIIP mpocTopoBo omHOpPiAHI, TOOTO po3pa-
XOBYETHCSI OJJHA Bary IJIsl KOKHOTO KpuTepito. Y pasi n
KpHUTEPiiB, MHOKMHA Bar BU3HAYAETHCS SIK

Wz{wi|2w=1,i=1,_n}.

Sk BKe 3rajyBajocs paHilie, Bard KpUTEPiiB MOXKYTh
OyTH po3paxoBaHi MEeTOIOM aHam3y iepapxii (MAI), skwii

(14)

Mae IpocCTy peattizauito i fioro mpocro interpysatu B I'IC.
MAI 3acHOBaHMI Ha MapHOMY HOPIBHSHHI KPHUTEpiiB 3a
Jonomoroio 9-6anpHoi QyHnameHTansHOi mikana abco-
motHuX yncen Caari [7]. 3a pe3yabTaTaMu HapHOTO IOPiB-
HSHHS 7 KpPUTEpPiiB MOXKHa MOOYyIyBaTh MaTpHIIO

A(nxn), y sKill KOKHHIA €TEMEHT a;; — L€ OLIHKa I1apHO-

TO TOPIBHSHHS i-TO KPUTEPIIO 3 j-M KpUTEpieM:

a, a, .. a, i
aij =L 1=
Ay Ay o Oy,
A= , (15)
i e e A, =—a, 0
Ty ij
.
anl anZ ann

Jlnst matpuiii po3paxoBYIOTHCS BIACHI dYHCIAa Ta
BJIACHI BEKTOPH, & TaAKOXK (POPMYETHCS BEKTOP JTOKAITBHUX
npioputeTiB. JJIT KOHTPOJIO Y3TOJKEHOCTI €KCHEPTHUX
OIIIHOK BHKOPHCTOBYIOTBCSI JIBi TIOB’SI3aHi XapaKTepucC-
TakH: iHAeKC y3romkeHocTi C.I. 1 koedillieHT y3romke-
Hocti C.R. Po3ymHHMI piBeHBb Y3rOJUKEHOCTI B MapHHUX
nopiBHAHHEAX cTaHOBUTH C.R.< 0,10, Tomi sk C.R.> 0,10
BKa3ye Ha CyINEepewInBi eKcmepTHi omiHku. Jji1 Bpaxy-
BaHHS HEBHU3HAYEHOCTEH B OIIHKaX €KCIIEPTiB MPOIOHY-
€ThCSl BUKOPUCTOBYBATH MoanpikoBaHmid HeuiTkuii MAI, B
SIKOMY TIapHi TIOPIBHSAHHS KPUTEPiiB BUKOHYIOTHCS Uepe3
JHTBICTUYHI 3MiHHI TMPEACTABIIEHI TPUKYTHAMHU YHCIaMHU
[9].

[Ticns cranpapTuszanii arpuOyTiB Ta po3paxyHKy Bar
KpPHUTEPIiB BUKOHYETHCSI KOMOIHYBaHHSI OLIHOK KPUTEPIiB.
Juist poro B cepenopuii ['IC 3a3Buyait BUKOPUCTOBYIOTh-
Csl Pi3HI ONEpaTOpH arperyBaHHs: MIHIMYM, MakCHMyM,
cepenHe apupmernuHe, 3BaxkeHa cyma, OWA omepatop
Srepa [10].

Buxopucranns onepatopa Minimymy ®(a, ..., a,)=
=min(qa,, ..., @,) IPU3BOAUTH 10O OLIHIOBAaHHS aJbTepHa-
THBU Ha OCHOBI JIMIIE HAWHMKYOTO 3HAYCHHS aTpHUOYTY,
TOOTO € MECUMICTHYHUM TIXOIOM JI0 MPUHHSTTS PillleH-
Hi. Oneparop makcumymy @(a,,..., a,)=max(a,, ..., a,)
BpaxoBY€ TUIBKM Kpalli OLIHKK aTpUOYTIB 1 € ONTHMIC-
TUYHUM ITiIX0I0M JI0 IPUAHSITTA pimeHHs [11].

[IpocTuM 1 MOMYJISIPHUM OMEPATOPOM arperyBaHHS,
SIKWI 9acTo BUKOPUCTOBYETHCS B ['IC € omepaTop 3BakeHa
cyma:

O(ay,....a,) =D, wa;, (16)
Jj=1

JIe W; — BaroBHUil KOeQiIlieHT BaXXIMBOCTI j-TO KPUTEPIIO.

Ha BigMiHy Bij momepeaHiX oInepaTopiB, 3Ba)KCHA
CyMa € KOMIICHCAI[IITHUM OIepaTOPOM arperyBaHHs, TOOTO
KOMIICHCY€ HH3bKiI OIIHKH 3a OJHHUMH KPHUTEPIIMHU
BHCOKHAMH OILIIHKaMH 3a 1HmUMH. HemomikoM aguTHBHUX
OTIepaTOpiB arperyBaHHS € HEMOXIIHBICTH BiJOOPa3UTH
eKCIIepTHY iHpopMaIio Tpo OaxaHy AOMYyCTHMY (GopMy
KOMITPOMICY MiXK 3HAUYeHHSMHU QIbTEPHATHUB 3a Pi3HUMH
KPUTEPISIMH.

Pimennsm npobnemu € 3actocyBanHs OWA-omnepa-
Topa Srepa 3 Heuitkumu kBanTH(ikaTopamu (HK), sxuit
JI03BOJIsIE KOMOIHYBATH [IAPU KAPTH, 3B’ A3YIOUH 3 IIApAMU

Bicnux Hayionanvnoeo mexuiunozo ynisepcumemy «XIy. Cepis: Cucmemnuti
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JIBa TUIH Bar: Baru kputepiiB 0 < w; <1 Ta Baru nopsaxy

0<1 ; <1. ®opmanizoBanuii 3amuc OWA omnepartopa
SArepa 3 HK mae nactynuuii Burnan [11]:

V(a;)ziijbi., (17)
<

V(a]) — 3aranbHa ouiHKa i-i albTepHATUBH;
by >2b; >..

ne
.2 b;,, — eneMeHTH BEKTOpa aTpHuOyTiB
A= (a 1,(12,...,61,,) BIIOPSIIKOBaHI 32 3MEHIICHHAM. Bax-
JIMBUM aCIEKTOM JAHOTO IiAXOLy € Te, IO Bara HOPSAKY
ﬂ:, MOB'sI3aHa 3 MO3MIII€I0 €JIEMEHTIB B YIOPSIIKOBAaHOMY 3a

3MEHILICHHSIM BEKTOPi TAKUM YHHOM, IO A, BiAmoBimae

HaO1TbIIOMY 3HAYEHHIO b; , a A, — HaliMeHIIOMY.
Y Bumanky, KOJH [UIs KpUTepiiB 3agaHuil Habip Bar
Wi, W2,...,W, , BEKTOp Bar MopsiiKy A, 3a1aeTbcsi y BU-

TJISLI:

i j—1
T=o[ 3w o[ S| (8)
i=1 i=1

e wl.b — Baru KpUTepiiB, BIOPSIIKOBaHI y BIIIOBIAHOCTI 3i
3HAYCHHAM aTpulyTy by .
MoxHa  TIOKa3artw, KON
I=h=..=1=1/n,
omeparopy 3BaxkeHa cyma (16). 3a piBasansMm (17) moxHa

mo |y
(17) moBHIiCTIO

BUIAJIKY,
1IEHTUIHUHA

OTpUMATH IIUPOKHMH CIIEKTP OIEpaTOpiB arperyBaHHs
LIIAXOM BHGOPY BiATOBIIHOrO BEKTOpA BAT MOPSAKY A
Bil MiHIMyMY (IIOBHA BiIMOBa Bijl pU3HKY Y BUIAAKY, KOJIH
M=hh=..=k,=0, 1,=1 ), A0 Makcumymy (Ipuii-

HATTS PU3UKY Y BUIAJKY, KOJIH /il =1, /iz =...= /7:, =0).

Pi3Hi koMOiHawil Bar mopsiaky A; MpeACTaBISIOTHCS Tpa-
¢biuno y BUrIsAl HEUITKUX KBaHTH(iKaTOPiB O , KOKHUIA 3

SKHX € BimoOpaxxeHHsM meBHOro crasienHs OIIP no
pu3uKy (HaI3BUYAHO ONTHMICTUYHOTO, ONITUMICTUYHOTO,
MMOMIPHO ONTHMICTHYHOTO, HEHTPAILHOTO, TOMIPHO MECH-
MiCTHYHOTO, HA/I3BHYAITHO IECUMICTHYHOT0). MOXKIIMBICTh
knacugikyBatu cryneHs crasiaenHs OITP no pusuky yepes
He4iTKi KBaHTH(}IKaTOpU Ta JIHIBICTUYHI 3MiHHI POOUTH
OWA yHiBepcaJlbHIM OIIEPaTOPOM arperyBaHHs, 10 pea-
Ji3ye MUPOKUH CTIEKTp KOMOiIHYBaHHS IIapiB KPUTEPIiB.

3. Anpanranis Mojgeli reompocTopoBoro 6ararto-
KpHUTepiaJIbHOro aHaNi3y pilleHb 1J51 OUIHKH PHU3HKY
aerpagauii rpyHTiB. baratoxpuTepiaisHu aHaNi3 TOYH-
HA€ETHCA 3 TIOOYAOBH i€papXidyHOi CTPYKTYpH, BU3HAUCHHS
niteid Ta kputepiiB. JI0 OCHOBHUX EK30TCHHHX TI€O0JIO-
TIYHUX MPOIECIB, MO CIPUYNHSIOTH JCTPAIAIII0 3eMEIb B
VYkpaiHi, HalfyacTille BiZIHOCSATH BITPOBY Ta BOJHY €pO3il0,
3acosieHHs IpyHTIB [12]. Jlo moKa3HUKIB Aerpananii MoXKHa
TAKOX BIJHECTH 3MiHY POCIHMHHOCTI Ta CTYICHb €pPOJIO-
BaHOCTI TIpyHTiB. KpiMm TOrO, Clim BpaxoByBaTH Hera-
TUBHHU BIUTUB BIICHKOBO-TEXHOTCHHHUX (DaKTOPIB, IO MPO-
SABIISIETBCS Y BUIIIAI MEXaHIYHOI edopmarii TpyHTOBOTO
MTOKPUBY Ta 3MiHI Horo (i3WYHMX Ta XIMIYHHX BIIACTH-
BOCTEH.

OuiHka pranky gerpanaii rpyHTiB

™ :
i O OUiHka
LiIHKa o i ; I LiHKa OuHka , A RIFCLKORO-
TonorpacitiHuX OujHra cpisnHoi OuliHa xividHoi Bpa3nMEoCTi spasnmBacti | | OUiHKa SKocTi :
AKOCTI iB AKOCTI rPyHTIB , S crivsHocTi | [ESAHOICHEGIO
XapaKTepucTUK TPyHT Py TPYHTIB 710 rpyrTis go | | P° annvey Ha
MicLIEBOCTI 8ITpOBOT eposil BofHoi eposii TPYHTH
~ \ J &
sl o s T Ll e . ST L i LT 1
= — o i o =
: (|5 £ 8 2|8 glle g
%
s (|5 g @ 8 =((2||=||%||Z] |& = 2lle || g
= 5 bexs o = @ B o = - ol £ 2 = 5
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Puc. 3. Iepapxiyna cTpykTypa 6araTOKpUTEepiaIbHOTO aHaNli3y pillleHb
Bicnux Hayionanvnozo mexniynoeo yuisepcumemy «XIly». Cepis: Cucmemmnuil
22 aHani3, ynpasiinua ma ingpopmayitini mexronoeii, Ne 1(11)°2024



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

IepapxiuHa cTpyKTypa 6araToKpUTepiaJIbHOTO aHai-
3y HaBeneHa Ha puc.3. Bona moOynoBaHa Ha OCHOBI
JIOCBiJly CKCIEPTIB i OE3YMOBHO € JIMIIC OJHUM 3 MOXKIIH-
BUX BapiaHTiB, TOOTO CIIPOLICHUM YSBICHHSAM Oe3iui
NPOLIECIiB, IO BIUIMBAIOTh Ha JErpajauilo IPYHTIB Yy
peamsHOMY CBiTi. [7mobanmpHa MeTa aHamizy — OIiHKa
PHU3HUKY JeTpajalii IpyHTiB, TOOTO paHKyBaHHS albTepHA-
THB 3a CTyIIEHEM BPAa3IMBOCTI O Jerpajamii IPYHTIB.
HinamMu npyroro piBHS iepapXii BHCTYHIalOTh CKIJIAJOBI
IIBOTO TIPOIIECY, a caMe MOJEII OIiHKH BITPOBOI epo3ii,
BOAHOI epo3ii, (i3WIHOI SAKOCTI IPYHTY, XIMIYHOI SIKOCTI
IPYHTY, SIKOCTI Ta IHTEHCHBHOCTI POCJIMHHOCTI 1 T. II.
Bynemo BBakaTm KOXHY LiJdb OKPEMHM IHJEKCOM, IO
BiZloOpaXkae OLIHKY aJbTEPHATHBU 3a MEBHOIO MOJEIUIIO.
JIJ1st OLIHKY KO>KHOTO 3 ChOMI iHAEKCIB BUKOPUCTOBYIOTHCS
MEBHI KPUTEPii: OKPIM MYIbTUCIEKTPAIBHUX CYIIyTHH-
KOBUX 3HIMKIB, JOMOMDXKHI T'€0JaHi — IU(ppoBa MOJEIb
penbedy, pi3Hi IPYHTOBI Ta KIiMaTH4HI KapTH. TemaTtndaHi
Iapy KpUTEpiiB MOXKYTh OyTH CTBOPEHi Ha 0a3i BiIKPUTOI
kaprorpadivunoi indpopmamii. Hanpukian, mis cTBOpeHHs
IapiB, 1O BiZ0OPaKaIOTh BINCHKOBO-TEXHOT€HHI KpHUTEPIi,
MOXyTh OyTn Bukopuctano API indopmariitaoi cucremn
Fire Information for Resource Management System
(FIRMS) NASA a6o European Forest Fire Information
System (EFFIS), kaprorpadiuHi gani iHCTUTYTy BUBUCHHS

BekTopHMiA Wap BMNaneHKx QiNAHOK MiCLeBOoCTi
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BiiHM (ISW) Ta apxiBHI CyNyTHHMKOBI 3HIMKH BHMCOKOI
po3nineHoi 3matHocTi Google Earth. [lns po3paxyHKy
TororpadiyHUX XapakTepUCTUK MicleBocTI — ImppoBa
mozeni penbedy (DEM), 1o orpuMaHa 3a JaHUMH KOCMiY-
Hoi Micii SRTM. JIns miAroToBKH KIIiIMaTHYHKUX KapT — AaHi
KiIiMaTuaHOi 6a3u manux Copernicus.

JlnckpeTu3arisi BEKTOPHUX TEMATHYHUX IIapiB MOXKE
OyTH BHKOHaHa 3 BUKOPHUCTAaHHAM pi3zHHX MeroniB I'IC-
aHaJi3y Ta re00OpOOKH, HANPHUKIIAL, T€OCTaTUCTUIHOI 1H-
TEPIONALil, (PaKTaTHHOTO aHAJi3y, OOUHCIEHHS BiJCTaHI
3a momomororo EBkmimoBoi metpuku (11) i 1. . Ha puc.4
HaBEJCHO NpUKJIa] MOOYAOBH PacTPOBOrO IIapy EBKIIi-
JIOBUX BiJCTaHE#l BiJ BHIIAIICHUX JIISHOK, SIKi 3 SBUIIMCS
Ha TepuTopii XepCOHCHKOT 001aCTi B3JOBXK JiHIT PPOHTY B
pe3ynbTaTi mokex 3a mepion 3 sororo 2022 poky 1o
ciuenp 2024 poxy. [lani otpumaHi yepe3 iHpopMaLiiHy
cucremy EFFIS. PiBens BpasznuBocTi TOYOK (eneMeH-
TapHUX IUISTHOK) BU3HAYABCS Ha MiICTaBl TiHIKHOT QyHKITT
HanexxHocTi w4, (a) (13). ¥V pesymprari Oyna BHKOHaHA
CTaHjapTH3alis arpuOyTiB 1 OTpUMaHO mnepeknacudiko-
BaHWW pacTp BiJCTaHEH, 3HAYECHHs SIKOTO 3HAXOMSATHCS B
mexax [0,1]. 3HaueHHs1 aTpuOyTiB BKa3ylOTh Ha CTYIIiHb
BPa3IMBOCTI IPYHTY 10 Jerpajailii miJ BIUIMBOM JaHOTO
(akropa. 3nauenHs 0 — Touyka TepuTOpii HE BigdyBae
BIUIMB (paKkTopa, 3HA4YeHHSI | — MaKCHMaJbHO BiTUyBae,

MNepeknacudikoeaHWiA pacTp BigcTaHen

Ny

PiBeHb BpaznuBoCTi

0 500 1000 5000:

v BigcTaHe Big BMNaneHWX QiNFAHOK

Puc. 4. Eramu crannapTtu3zanii BEKTOPHOTO MOJITOHATEHOTO MIapy BUITAJICHUX JUITHOK MiCHEBOCTI

Bicnux Hayionansnoco mexuiynozo ynisepcumemy «XI1l». Cepia: Cucmemnuii

auaniz, ynpaseninua ma ingpopmayivini mexronoeii, Ne 1(11)°2024

23



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

NPOMDKHI 3Ha4YeHHS BKa3ylOTh Ha DI3HUI piBeHb Bpas-
JIUBOCTI.

Pospaxynok Bar kpurepiiB (14) BHKOHYyeTbCS 3
BUKOPHCTaHHSIM METOJY aHali3y iepapXii OKpeMo s
KO>KHOT Ipynu KpHUTepiiB, Mo 00’€HaHI OJHUM 3 ChOMa
iHAeKCiB omiHku. ToOTO MJIA KOKHOI TPy KPHUTEpiiB
OyIy€eThCsI CBOSI MATPHUIIS MTAPHKUX TOPIBHAHE (15), a Takok
OKpeMa MaTpHIIS TS TI00aNbHUX 1HJCKCIB iepapxii. AHa-
JIOTIYHO arperyBaHHSA OIIHOK BHUKOHYETHCS HAa KOXXKHOMY
piBHI iepapxii, OKpeMo I KOKHOT rpyIy KputepiiB. s
3TOPTKH OIIIHOK MOXX€ OyTH BHKOPHCTaHUU Oyab-IKUit
orepaTop arperyBaHHs. IIpocTHM 3 TOYKH 30pYy iHTErpy-
BanHs B ['IC Ta eeKTHBHMM BapiaHTOM € OrepaTop 3Ba-
xeHa cyma (16). V Bumanky OaxkaHHsS BpaxyBaTH pi3HI
(bopMH KOMIIPOMICY MiXK 3HAUEHHSIMH aJbTEPHATHUB 3a Pi3-
HUMH KpUTEPIsIMH Ta GOPMYBATH Pi3Hi cTpaTerii NpUiHSAT-
TSl pillIeHb, PEKOMEHYEThCS! BUKOpHCTOBYBaTH OW A-0T1E-
patop Srepa (17).

BucHoBkH. Y poOOTi BUPIIIIEHO aKTyaJIbHE 3aBIaHHS
PO3pOOKH TEOTPOCTOPOBOI MOJIENI MPOIIECy OaraToKpuTe-
piaJIbHOTO aHaJIi3y PillleHb, TKa MOKE BUKOPHCTOBYBATHCS
Y BUPIIIEHHI Pi3HUX MTPOCTOPOBUX 3aBJIaHb PAIliOHAIBHOTO
YIPaBJIiHHS €KOJIOT0-€KOHOMIYHUM PO3BUTKOM TEPUTOPIH.
HaBoanTbes mpuKkian BHKOPUCTAHHS MOJENI IIpoLecy
BKAP nsist kapTyBaHHS pU3HKY JeTpajaiii 3eMellb 3 METOO
MiATPUMKH TUIAHYBaHHS 3aXO0/IiB 1010 BITHOBJICHHS (yHK-
LIOHAJIBHUX BJIACTHUBOCTEH Ta MPOJIYKTUBHOCTI yKpaiHCh-
KUX IPYHTIB.

HayxoBa HOBM3HA OTPUMAaHUX Pe3yJIbTATIB MOJIATAE B
TOMY, IIO 3alpOINOHOBAHO IMIXia, SKWHA 0a3yeThbcs Ha
MOJIeJIi TEPUTOPIH Ta MPOCTOPOBO ANANTOBAHUX METOJaX
TMIPUAHATTS pillleHb. BIacTUBOCTI TEpUTOPii OLIHIOIOTHCS
3a QYHKIISIMH BIUIMBY 00'€KTiB (IIPOIECiB), IO HAIEKATH
i reputopii. [Tokazano, MO ysABICHHS MOJAEII TEPUTOPIT
SK CUCTeMH O0’€KTIB (UM IpOLECiB), IO BIUIMBAIOTh Ha
BJIACTHBOCTI L€l TepUTOPii, Ta 3B'I3KIB MiXK HUMH, 100pe
Y3roJUKYEThCS 3 MareMaTudHuMHu ocHoBamu BKAP Ta
Haslae oOIpyHTYBaHHSI BUOOpY HabOpy KpHUTEpiiB Ta alib-
TEpHATHUB.

[IpakTHyHe 3HaYEHHS OTPUMAHUX PE3YNIbTATIB MO~
Ta€ B TOMY, 1[0 PO3POOIIEHO TEXHOJIOTIIO T€OMPOCTOPOBOTO
0araToKpHUTEpiaIbHOTO aHaNi3y pillleHb, siKa 0a3yeThCs HA
icHyrounx (YHKIISX reooOpoOku iHdopmamii Ta MoOXke
OyTtu noBHicTiO iHTeTpoBana B I'IC cepemosuie. 3acTocy-
BaHHS 3alpPOTNOHOBAHOTO TIAXOIY MO3BOJHMTH Y ManOyT-
HBOMY CTBOPIOBAaTH CLIEHapii Ta IporpamHi 3aco0u mis
cydacHUX TeoiHpopmaniiHux cucreMm. Lli iHCTpyMeHTH
OyayTh 0COOJIMBO BOXKJIMBHMHU HA €TAIli BiJIHOBJICHHS €KO-
HOMIYHOT'O NOTEHIiaJly Ta BitOy10BH iHPpacTpyKTypu YK-
paiHu.

[lepcniekTHBY MOAANBIINX TOCTIHKEHb TOJISATAIOTh Y
BIIOCKOHAJICHHI MOJIEIIi TIPOIIECY aHalli3y reonpOCTOPOBUX
OaraToKpuTepiaIbHUX PillIeHb 3 METOIO BPaxXyBaHHsI Pi3HO-
MaHITHUX CTpaTeTid MPUHHATTS pillleHb, 30KpeMa B yMO-
Bax PH3HUKY Ta HEBU3HAYEHOCTI.
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USING THE GEOSPATIAL MULTI-CRITERIA DECISION ANALYSIS MODEL AND METHODS FOR
SOIL DEGRADATION RISK MAPPING

Modern methods of spatial analysis and modeling are increasingly being combined with decision-making methods and fuzzy set theory. The latter are
actively integrated into the environment of Geographic Information Systems (GIS), such as well-known ones like ArcGIS or QGIS, in the form of
separate tools, plugins, or Python scripts. Decision-making methods allow structuring the problem in geographical space, as well as taking into account
the knowledge and judgments of experts and the preferences of the decision-maker in determining the priorities of alternative solutions. This paper
provides a description of a geospatial multi-criteria decision analysis model, which allows addressing a wide range of ecological and socio-economic
issues. An example of applying this model to map soil degradation risk in Ukraine is presented in the paper. According to the object-spatial approach,
the properties of a territory are determined as the result of the action (impact) of a set of objects (processes) belonging to this territory. The territory is
represented as a two-dimensional discrete grid, each point of which (local area) is an alternative. The set of local areas of the territory constitutes the set
of alternatives. The representation of the territory model as a system of objects and relationships between them allows justifying the choice of a set of
criteria (factors) for assessing soil degradation risk. Each criterion is a separate raster layer of the map. To build a hierarchical decision-making structure
and calculate the importance coefficients of the criteria, the Analytic Hierarchy Process (AHP) method is used. To account for uncertainty in assessments
and judgments of experts at the stages of standardization of alternative attributes by different criteria and aggregation of their assessments, expert
membership functions for fuzzy sets and fuzzy quantifiers are applied. The particular feature of the proposed multi-criteria decision analysis model is its
low computational complexity and ease of integration into the GIS environment.

Keywords: multi-criteria decision analysis, Analytic Hierarchy Process, Geographic Information System, spatial modeling, expert assessments,
soil degradation risk.
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JIBA MIAXOJM 1O ®OPMYBAHHS KIJIBKICHOI MIPH CTIMKOCTI HA OCHOBI MHOXKWHHHUX
OIIHOK MAPAMETPIB AHCAMBJIIO INTEPEXITHUX IMTPOLECIB

CratTs MpUCBsIYCHA MTOJAJBIIOMY PO3BUTKY Teopil CTIKOCTI AMHAMIYHUX CHCTEM, a caMe KiIbKiICHUM METOJaM OLIHKH cTiiikocTi. [IpoBeneHo ormsa Ta
JIaHO KPUTHYHMI aHaji3 Pi3HUX MiJXOMiB, IO JO3BOJSIOTH TIEH0 YW IHIIOK MipOI 3alPOBAIUTH KUIBKICHY MIpy CTIHKOCTI AWHAMIYHHX CHCTEM.
OOrpyHTOBaHO OOMEXKEHICTh iICHYIOUHX METO/IIB, sSIKa IIOB’A3aHa HacaMIIepe 3 OLiHKOIO ITOBEIIHKH MIEPEXiJHUX IPOLECiB OKPEMUX TPAEKTOPIiL, a TAKOX
31 CKJIaJHICTIO OTPHMAHHS OLIHKH TOBEAIHKH aHCAMOJIIO TMepexiqHuX mpoleciB mpu crnpobi 3actocyBanns MeroniB H. J[. MoiceeBa. OOrpyHTOBaHO
METOJ KiJbKICHOT OLIHKM CTIMKOCTI JUHAMIYHOI CUCTEMM Ha OCHOBI YMCEIBHHX OL[IHOK IOBEIIHKM OO0JIACTI MMOYATKOBUX BIAXUJIEHD Bif MOJIOXKCHHS
pIBHOBAarm Ha TPA€KTOPifAX AUHAMIUHOI cucTeMu. Buxomsuu 3 dopmymn JliyBimms, mokaszaHo, mo 3MiHa 00’eMy 00IacTi HOYaTKOBHX BiIXUICHb Ha
TPAEKTOPIsIX CHCTEMH HE 3aJIeXKUTH Bix (GopMu ocTaHHBOI. Lle 103BONMMIO OOMEXHTHCS 00JAaCTIO MOYATKOBHX BiAXHJICHb y (opMi rimepcepu ta
OTPUMATH IPOCTHH BHpa3 IS KUIBKICHOI MipH CTIHKOCTI JMiHIMHOI CTaliOHApHOI JHHAMIYHOI CHCTEMH, T€OMETPHUYHUH 3MICT SIKOI HOJSArae B OLiHII
MIBUJIKOCTI 3MiHH 00’ €My KOHTPOJIBHOI TOBEPXHI. Y CTATTi 3alIPONOHOBAHO Ta O0IPYHTOBAHO KPUTEPiil piBHOMIPHOCTI fedopMartii 061acTi mo9aTKOBHUX
BigxuiaeHb. CyTh NMpoOIEeMH IONATae B TOMY, IO B NEPEXiJHOMY INPOLEC 3HAYCHHs JACAKMX KOMIIOHEHTIB (pa30BOr0 BEKTOpa MOXKYTh JOCATaTH
HEIPUITYCTUMUX BiIXHIICHb BiJ MOJOXKEHHS piBHOBard. OTpHMaHa TEOPETHYHA OIiHKa HEPiBHOMIpPHOCTI Aedopmamil Uil MHIHHEX CHCTEM, 3a Ky
MPUHHATO BIAXWICHHS CIIAy MaTpHI €NICOifa BIAXWICHb N0 CIiTy MaTpuli rimepcdepH BiAMOBiAHOTO 00’eMy. 3amponOHOBaHO Ta OOIPYHTOBAHO
METOJl KIBKICHOI OLIHKH CTIfIKOCTi Ha OCHOBI IHTErpaJbHOTO KBAIPATHIHOTrO (HYHKLIOHATY, OOYHMCICHOrO Ha MHOXHHI HEPEeXiTHUX MPOLECIB MpU
MOYATKOBUX BIIXWJICHHSX y (pOpMi MHOXKHHH EJIIICOINIB 3 HOPMOBAaHUM 00’€MOM. SIK MHOXKHHA MaTpPHIb IHTETPAIbHOTO KBAJPATHIHOTO KPUTEPIIO
PO3IIANAIOTECSA  JiarOHaiAbHI JOAATHI HOPMOBAHI MATPHIN. 3alpONOHOBAHO IPOCTHH aNrOpPUTM OOYMCIECHHS MHOXXHHHOTO iHTETpalbHOTO
KBaJPaTUYHOTO KPUTEPIIO.

Kio4oBi cioBa: CTiHKiCTh, TEXHIYHA CTIHKIiCTb, IIIICOIN BiAXUICHb, MOJIOKCHHS PIBHOBArW, iHTEIPANbHUI KBaApaTUIHHII (yHKIIOHAI,
HepexiIHu IpoLec.

Beryn. Cepen Oesnivi MOHATH Ta BU3HAYEHb TEOPii
aBTOMATHYHOTO YMPaBIiHHSA OCOOTMBE 3HAYEHHS MAIOTh
Taki pyHIaMeHTalbHI SKICHI BJIACTUBOCTI KEPOBaHUX IPO-
LIeCiB SIK CTIHKICTb, KEPOBAHICTh, CIOCTEPEKYBAHICTh Ta
1HIII, 110 BU3HAYAIOTh MPUHIMIIOBY MOXIIMBICTH BUpILIEH-
HS THX YM IHIINX 337124 yTIPaBIiHHSL.

VY TO# caMuil yac Ha NMPaKTHUIl BAXIJIUBO IMPEACTaB-
JISITH — SIKOIO MIpOI0 KEpOBAaHHUM IPOIIEC Ma€ Ti UM iHII i3
3a3HaueHMX BiacTuBocTed. OCoOIMBE 3HAYEHHS KUIBKiC-
HUX OIIIHOK SKICHUX TIOKa3HUKIB TPOSBISIETECS 32 YMOB
HEBH3HAUEHOCTEH pi3HUX TapaMeTpiB MaTeMaTHYHUX
MoJeJIeH TOCTiKYBaHHUX MPOIIECIB, 1 HABITH ITiJ] 9ac BHPi-
IIEHH 3a/[a4 IapaMEeTPUYHOTO CHHTE3Y PETYIISATOPIB aBTO-
MaTUYHUX CHCTEM.

MeTo10 IILOTO TOCIIKEHHSI € OOTPYHTYBAaHHS HU3KH

MO

KUTbKICHHX 3aXO[liB, 10 XapaKTePU3yIOTh MHOKUHHY II0-
BEJIHKY CTIHKUX JUHAMIYHUX CUCTEM TTO0JIU3Y ITOJIOKCHHS
piBHOBArw.

Orasaa Ta aHaJ i3 MeTodiB KiILKiCHOT OiIHKH CTili-
KocTi fuHaMivHUX cucTreM. OCHOBHI IOJIOXKEHHS TEOpii
CTIKOCTI JUHAMIYHHUX CUCTEM, (DyHIAMEHTAJIbHI OCHOBU
skoi copmynsoBani O. M. JlamynoBum [1] Ta oTpumanu
nojansmuit po3sutok y npanax H. I'. Ueraesa, 1. I'. Man-
kiHa, I'. H. [lybomuna, H. 1. MoiiceeBa, €. O. bap6ammHa,
H. H. KpacoBcbkoro, A. A. MapTHHIOKa Ta iHIINX, Xapak-
TEPU3YIOTHCS OJHUM OCHOBHMM HEIOIIKOM — SIKICHOIO
OiHApHOIO OIIIHKOIO CTIHKOCTI MWHAMIYHOI CHCTEMH Ta
BIJICYTHICTIO OyIb-SIKMX KiJBKICHUX OIIIHOK ITi€l BJIACTH-
BocTi. CImiJl 3a3HAYMTH, IO AKICHIK Teopil CTIHKOCTI mepe-
JTyBJIA OKPEMi KiJIbKiCHI OIIHKH CTIHKOCTI, 10 BUHUKIIH 3
peaybHUX MpaKkTU4HUX 3an1ad [2, 3]. YV 1749 p. JI. Eitnep y
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cBOill (yHmameHransHii poOoTi «KopabenbHa Haykay»
chopMyITIOBaB Mipy CTIHKOCTI SIK MOMEHT, IO BiJHOBIIIOE
PIBHOBAry CHJIH, SIKUi PO3BUBAETHCS MiCIIS TOTO, SIK IJ1aBa-
104e TiNo OyJIO BIXWICHO Bif IOJIOKEHHS piBHOBaru. Y
1837 p. K. @. T'ayccom Oyna BBeneHa 6arato B YoMy iHTYi-
THBHA Ta MPOCTAa KUTbKICHA Mipa CTIHKOCTI y BUTJISAI JIoTa-
PUGMITHOTO JCKPEMEHTY 3TacaHHsI.

Bnepmie moctaHOBKY 3a7adi MpO KiNBKICHY OIIHKY
CTIHKOCTI JIWHAMIYHMX CHCTeM Oyno c(hopMyITbOBaHO
H. JI. MoiiceeBuM. Y [2] iM 3anpoBaPKeHO TOHATTS «Tpa-
TIEHT CTIKHKOCTI» 1 «IMOBIPHICTH CTIHKOCTI», IO T03BOJIS-
I0Th JATH YKMCEJIbHY OL[IHKY MHOXHHI 30ypeHUX PyXiB.

3anpornonoani M. JI. MoiceeBum Mipu CTIiHKOCTI,
3aCHOBaHI Ha KUIBKICHUX OLIHKax po3MipiB obnacrei Bij-
XHJICHHSL BiJI TOJIOKEHHS PIBHOBAaru MHOXXUHH (ha30BHX
TPAEKTOpid, M0 TOYHHAIOTHCS B JEsAKiA (ikcoBaHIl
obmacti ¢asoBoro mnpocropy. Takum uWHOM, mMiXixa
M. JI. MoiceeBa cTaB KiIBKICHUM PO3BUTKOM JIAITYyHIBCh-
Koro (hOpMyIIOBaHHSI CTIHKOCTi, B SKill CTBEpPIKYETHCS
iCHyBaHHS JCSIKUX Hamepen 3alaHux oOmactel (azoBoro
MIPOCTOPY, B SIKUX MOYHMHAIOTHCS 1 3aKiHIYIOThCS (Da3oBi
TPAEKTOPIi CTIHKUX AMHAMIYHUX cUcTeM. OCHOBHUM HEJ0-
JIKOM IMX MiJXOJMIB € BiICYTHICTh YaCOBUX MOKA3HHUKIB,
II0 XapaKTepU3yIOTh EBOJIOLII0 00JacTi MOYaTKOBHX
30ypeHb uepes pilleHHs Au(epeHIliaIbHUX PIBHSIHb CTAIOT
CUCTEMH.

Crij 3a3HAYUTH, 1O 17IC0JIOTisi MHOXKUHHOTO ITiIX01Y
JI0 aHANI3y KEepPOBaHUX IMHAMIYHHUX CHCTeM Oylia BUKO-
puctana B pobotax O. A. Kpacoscekoro [4], O. b. Kyp-
*)aHCchKoTO [5], ®. JI. HopHOychko [6]. [TutaHHS eBOIOIIIT
MHOXXMHHU PIillleHb CHCTEMU JIIHIHHUX OJHOPIMHUX Iude-
pPEHIIIAVILHUX PIBHSAHb TPH EJINCOiNaNbHIN AUIAHIN ITO-
YaKOBUX 3HaYeHb pO3TIISIHYTI B [7] Ta [8].

3 PO3BUTKOM TEOpil Ta MPAKTUKA aBTOMATHYHOTO
YIPaBIiHHS OPOIIECAMH B TEXHIYHUX CHCTEMaX HAMITHUBCS
HATPSAMOK OJM3BKUIA, TIO CYTi, KUTbKICHIHM OIIHIN CTIKOCTI
— IIe 4YHCEJIbHA OI[iHKA SKOCTI NEpeXiJHHUX IPOLECIB Y
CTIMKMX cucTeMax aBromaTuyHoro ynpasiiHas (CAY).
Haii0inpm «KOpHCHUMH» 3 TPAKTUYHOI TOYKH 30Dy
BHIAFOTHCS MPSIMi MMOKa3HUKH SKOCTI 0fHOBUMIpHUX CAY:
4ac MepexiJHOro MpoLecy, IepeperynoBaHHs, KOJINBaIIb-
HICTh Ta iH, 3ampoBapkeHi B npakTtuky B. B. ComonoBHu-
KoBHM [9].

Kpim cBOro mpakTHYHOTO 3HAYEHHS ISl OJTHOBUMIp-
Hux CAY, nipsiMi TIOKa3HUKHU SKOCTI MTEPEXiTHUX MPOIIECiB
MaroTh IPHUHIUIIOBE METOJOJIOTIYHE 3HAa4YeHHS NpH 00-
I'PYHTYBaHHI aHaJIOTTYHUX KPHUTEPIiB 1JIs1 OaraTOBUMIpHUX
CAY. 3okpema, y [10] 3anpornoHoBaHO OAMH 3 MOXKIIMBUX
MiAXOMIB JIO OLIHKH sIKOCTI OararoBumipHux CAY. Horo
CyTb 3BOJIUTHCS 10 BEKTOPA NPSIMUX TIOKa3HUKIB SKOCTI 110
KOXXHIH perynboBaHid 3MiHHIA. CKaysIpHI TNOKa3HUKH
YTBOPIOIOTHCS B PE3yJIbTaTi JIIHIHHOT 3TrOPTKU BCIX KOMIIO-
HEHTIB BEKTOpa IOKAa3HUKIB ab0 Ha TiJCTaBi BHOOpY
HaWTipIoi KOMIIOHEHTH B SKOCTi BU3HAYAJILHOT.

Crnin 3a3HauMTH, OO0 OOYHMCIEHHS MPSAMUX IOKa3-
HUKIB SIKOCTI € B 3arajlbHOMY BHUIAJKY JOCUTh CKJIQJHUM
3aBIaHHAM, ITOB’SI3aHUM 3 BEJTMKIMH 00CsTaMi 004YHCIICHb
MHOXXUHH (a30BUX TPAEKTOPil An(epeHIliabHIX PiBHSIHb
y 6araToBMMipHOMY ITPOCTOpI Ta aHATI30M PO3TalIyBaHHS
XapaKTePHUX TOYOK TPAEKTOPIH, SKi BU3HAYAIOTH HPAMI

MOKa3HHUKH SKOCTi. Bo4eBHb, IO TaKWi MiJIXiJl OPIEHTO-
BaHMH MNEPEBAXKHO HA 3aJiady aHallizy CKOHCTpYHOBaHOI
CAY. Jlns BupilmleHHS 3a/1a4 CTPYKTYpHOTO Ta Napamer-
PUYHOTO CUHTE3Y TaKHMH MiAXiA € MaOS(EKTHBHIM.

Haii6inbioro nommpeHHs HaOyJM HenpsiMi KpuTepii
skocti CAY. Ile moB’s13aH0, IEpeIyciM, 3 TUM, 110 BOHH HE
BUMAraloTh CKJIQAHAX OOYHCICHb i MIOA0 HHUX MOXYTh
Oyt 3ampormoHoBaHi MeToau cuHTe3y CAY, sKi onTUMI-
3yI0Th i KpuTepii. Cepen HEMPSIMHUX KPUTEPIiB CIIiT BHITI-
JUTH JIBI TPYNH, MEpIa 3 sSKUX 0a3yeThCs Ha PO3IMOMiTi
KOPEHIB XapakTePUCTUIHOTO PIBHSAHHSA, a Apyra IpyHTY-
€THCS HA IHTErpajibHUX OLIHKAX HOPM MEPEeXiJHUX IpoLie-
CiB y QyHKIIOHAIIEHOMY TIPOCTOPI.

Kopeneri meronu [11] 103BOJISIOTE IPUOTU3HO OIIi-
HHUTH TaKi XapaKTEPUCTUKH, SK Yac MepexiJIHOro npouecy,
TaK i KOJIMBaJIbHI IIOKa3HUKU CUCTEMH. B 0CHOBY KopeHe-
BUX METOJIIB IOKIIAJCHO JIBa MapaMETPH, IO XapaKTepH-
3YIOTh PO3MOJUT KOPEHIB XapaKTEPUCTHIHOTO PIBHSIHHS —
CTYITiHb CTIHKOCTI # Ta KOJUBaIBHICTD w . Ha xanb, murre

JUISL pSILy OKPEMHX BHIAJKIB TIOYATKOBUX YMOB BJAETHCS
BCTAaHOBUTH OJHO3HAYHMI 3B’30K MDK 4 Ta 7 #

OpSIMAMH ~ TTIOKa3HUKAMH  SIKOCTI: 4YacoM IEepeXiJHOTo
npolecy Ta mepeperyinoBaHHAM. OOMEKCHICTh METOIIB
OLIIHKH SIKOCTI MEPEeXiJHAX MPOLECiB 32 HAWOIMKINMH 10
YSIBHOT OC1 KOPEHAMH XapaKTePUCTUIHOTO PiBHSHHS arpi-
opi 00yMOBIIEeHa TIOBHHM ITHOPYBAHHSM BCHOT'O CIIEKTpa
JiHIAHOTO omepaTopa CUucTeMu audepeHIliaTbHUX PiBHAHb,
a TaKO)X MHOXXWHH JOMYCTHMHX ITIOYaTKOBHX BiIXHICHB
BiJl TIOJIO’KEHHS piBHOBATH.

OmHUM 3 TIXOIB, IO JA03BOJISIOTH BPaxXyBaTH BECh
CHCKTP KOPCHIB XapaKTCPUCTUYHOTO PIBHSHHS, € OLliHKA
MIBUJKONII 3 ypaxyBaHHSM CpEIHETCOMETPHYHOTO 3Ha-
4yeHHs KopeHiB [12]. BogHowac i 1ed omocepenkoBaHHUA
MOKa3HUK auHaMiuHuX BiactuBoctedd CAY He m03BOJIsIE
OJICPIKATH OIIIHKH MEPEXIHUX MPOLECIB 3 MOTIISIY MPSIMHIX
MOKA3HHKIB SIKOCTI.

Hempsima oIiHKa SKOCTI TEpeXiIHUX TPOIECIB Y
CTilKi CHUCTeMi Ha OCHOBI IHTErpajdbHHX KBaIpPaTHUYHUX
¢dynxkmionanis (IK®), 3anpononosana B 1946 p. M. [I. Mo-
iceeBuM Ta O. A. KpacoBcbkuM [3], Bxke 6arato AecSITHIIITh
3aJTydae TOCITiTHHKIB y ramy3i anamizy Ta cuHtesy CAY.
Ile 3ymMoOBICHO Hacammepel THUM, IIO 3 JIHIHHUX CUCTEM
IK® nocuth JIerko 00YUCITIOEThCS 0€3 IHTETPYBaHHS CHC-
TeMu audepeHuiansHuX piBHsAHb. O0uncienus IK® 3Bo-
JUTHCS 10 PO3B’sI3aHHS AJIreOpaiyHOro JIHIHHOTO MaTpHUd-
HOTO piBHsAHHS JIsAmyHOBa, METOMM PO3B’S3aHHS SIKOTO
nobpe po3poOiieHi. Y Toil camuii 4yac, OIiHII 00ypeHOro
pPyXy AMHaMigHOI cucTeMH 3 ypaxyBaHHsaM IK®D Bnactuuit
psAo BaXIMBUX HemomikiB. Hacammepen, pesyiabpTaTom
obuuciienns IK® neskoro okaabHOTO MEPEXiAHOTO TPO-
IIeCy € BEJIMYMHA HisK HE TIOB’s3aHa 3 TPAKTHIHUMH KPHUTE-
pismMu sikocti. ITo-mpyre, Horo BemWUYHMHA 3aJICKHUTH Bif
BaroBUX KOeQiIiEHTIB KBaAPATUIHOI (OpMH, BUOIp SKUX Y
0araTb0X BUIAJIKAX 3MIIHCHIOETHCS CYO €KTUBHO.

Ille omHuM i3 MiAXOMIB A0 KiJbKICHOT OI[IHKH CTii-
KOCTi JMHAMIYHUX CHUCTEM MOXHa BBA)KaTH METOJH, IO
IPYHTYIOTBCS Ha OIiHIII €BKJIIJOBOI HOPMH BEKTOPa CTaHY
[13, 14]. Ha »aip, i METOAU Y PsAl BUMAAKIB MOXYTh
JIaTH 3HAYHy TOXHOKY, OCKITbKM BOHHM 3aCHOBaHI Ha
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MaKCUMaJIbHIM Ta MiHIMaNbHIA BEJIMYMHAX BIACHUX 3HA-
YCHb CUMETPHYHHX MATPHIb, IO OJHO3HAYHO 3aJIC)KATH
BiJl BUXIHOT MATPHIIi AUHAMIYHOI CHCTEMHU.

3axoau cTiiKOCTI JUHAMIYHUX CHCTEM Ha OCHOBI
TexHiuHoi crilikocTi. [lepeiinemMo Tenep m0 KUIBKICHHX
MMOKa3HUKIB, IO XapaKTEePU3yIOTh MHOXXWHY IPOIIECiB
Mepexoay B TIOJIOKEHHST PIBHOBAru CTIHKHUX CHUCTEM. Psij
TaKAX TOKAa3HWKIB TICHO TIOB’S3aHWH 3 TOHATTAM
TEeXHIYHO1 CTilikocTi, 3anpoBamkennm H. JI. MoiceeBum
[15]. Texniuna cTiiikicTh Ha BiIMiHY BiJ CTIHKOCTI 3a
JIamyHOBMM  [03BOJISIE  TMOB’S3aTH  4Yac 13 3MIHOIO
napaMmeTpiB Jesikoi 00acTi, W0 OTOYYe IOJIOXKEHHS
piBHOBaru ctilikoi cuctemu. IcHye Oe3nid BH3Ha4YeHb
TEXHIYHOI CTIMKOCTi, aje y3arajJpHIOIOYOI0 € Take
BHU3HaueHH [ 16]. Hexali piBHSHHS 00ypEHOTO pyXy MalOTh
BHTIIS

x=f(x,wt), xeR", teft,t,+T], (1)
ne f — Bexrop-dyHkuis, Ge3nepepsHa mo ¢ i nudepen-
nidoBaHa Mo X; w € W — BeKTOp KOHCTPYKTUBHHUX TIapa-
METpIB cUCTeMH, & f (0, w,t) = (. Hexaii Takox 3amani aBi
KOMIIAKTHI IiIMHOKHWHU G,O cR" ta G, cR". Toni

HYyJIbOBE pimeHHS cucteMd (1) TEeXHIYHO CTiMKO, SKIIO
icHye xo4a 0 OJIMH BEKTOP TaKWH, 1110 BCI iIHTETpaTTbHI KPUBI
cucteMH (1), 1110 TOYMHAIOTHCS NIPU ¢ = f, Ha KOHTPOJIbHi

MHOXuHI G, , HE BUXOAATH 32 MeXi MHOXUMHH G, npu

te [to,t0 +7T ] . SIkmo posrnsgaTtu cuctemy (1) mpu dikco-

BaHOMY BEKTOpi, TO BHCHOBOK IO TEXHIYHY CTIHKICTb
3aJ€XKUTh  BIJl  33JaBaHHi  YOTUPHOX OO EKTiB

(Gt0 G, T ) . Take BU3HAUYECHHS TEXHIYHOI CTIMKOCTI A€

LIUIIX TOOYJIOBU PI3HUX KIJIBKICHUX 3aXOJIIiB CTIHKOCTI,
MaroTh HAOYHHUI reOMeTpUYHUI i Qiznunuit ceHe [17].
3adikcyemo 7, i G, TanoOyayemo MuokuHy G, , 1O

€ MHOXHHOIO TOYOK BCiX Tpaektopiii cuctemu (1) y
MOMEHT 4acy f, IO N04YMHAIOThCs Ha MHOXKHMHI G, . MHO-
KHMHA TPAEKTOPiH pimeHs cucremu (1) y (n + 1) -BUMIipHO-

My IIPOCTOpi yTBOpIOE NesiKy TpyOKy L mepeTuH sikoi
HepreHMKYJISpHO 10 OcCi Yacy siBisie coboro obnacts G,

(puc. 1)

Puc. 1. MHOXWHA IHTETpaIbHAX TPAEKTOPIH CTANO0] CHCTEMH

EBomonis oonacti G, y 4aci BU3Ha4a€ MaKpOCKOIIiY-

HY NOBEAIHKY aHCaMOJII0 TPAEKTOPii JUHAMIYHOT CHCTEMH.
Taxe ysiBJICHHS MOBEJIHKHA AMHAMIYHOT CHCTEMH JJO3BOJISIE

IIJISIXOM BBE/ICHHS YUCIOBUX XapaKTEPUCTHK p(Gt) OKpe-
MuX nepepiziB G, TpyOoku L 1 Bciei Ly wninomy
OTpPUMATH KUIBKICHI OLIHKH, IO XapaKTepU3yIOTb 3/aT-
HICTB CTIMKOI AWHAMIYHOI CHCTEMH JOCATATH IMOJO0KEHHS

piBHOBaru. Sk 4MCIOBI XapakTePUCTUKU MHOXHUHU G,

MOXXYTh OyTH 00paHi Taki CKaJsipHi MipH 3aMKHYTHX MHO-
JKUH, sIK 00°eM abo miameTp.

p(G,)

#(6,)

MiHb CTUCHEHHS KOHTpOJ'II)HO.I. MHOXHHH. BO‘{GBI/IHL, 1o 3

BBenemo y posrisj BeIU4UHy 8(t) = — CTy-

crifikoi cucremn &(f))=1,a &(¢1) >0 npu t > .
TaKuM 4MHOM, SKILO 3aNexKHICTb &(f) Bizoma, MOX-

Ha 3aIPOTIOHYBATH PsiJ] YUCIIOBUX XaAPAKTCPUCTHUK, IO OIH-

CYIOTh TIpoIleC 301’KHOCTI aHCaMOITI0 (pPa30BHUX TPAEKTOPIH,

AKi MOYMHAIOTECS HA 3a/1aHiH KOHTPOMIbHINH MHOXHMHI G, .

Jlo TakMX MOKA3HHKIB 33 aHAJOTIE0 3 MPSIMUMHU [TOKa3HU-

KaMU SIKOCTI MEPEeXiTHUX MPOIIECIB OTHOBUMIPHUX CUCTEM

ABTOMATHYHOI'O pETYJIIOBaHHS MOXE OYTH BIJIHECCHO
(v * v . .

YMOBHUI Yac ! , SKWi BIAMOBiga€ 3aJaHOMY 3HAYCHHIO

* . . .
cryneHsi ctucHeHHst &€ . Ille omHUM 13 KUIBKICHUX MOKa3-
HUKIB € IHTETpaIbHUH TTOKa3HUK

J=T8(t)dt, )

1110 SIBJIsIE COOO0T0 BiiHOCHUH 00°eM TpyOku L . Lleii mokas-
HHUK Mae IepeBary, IO WOro BeIWYMHA HE 3aJIeXKHUTh Bij
*
BUOOpPY € .
Oco0MMBO TPOCTO CTYIMiHb CTUCHEHHS (Ha30BOTO

o0’emy ¢ (t) obuucmoeTbcss  y  pasi  JHIHHHX
CTalliOHApHUX CUCTEM BHIY
%=Ax, xeR", 3)

ne A — nxn TypBilleBa MATPHIIS.
IToniepeaHbO PO3IITHEMO CHUCTEMY OJHOPITHHUX 3BU-
YalHUX JudepeHiaIbHuX PiBHIHB 3araJIbHOTO BUTIISLY

x:f(x),xeR”, @)

ne f (x) — n-BUMipHa qudepeHuiioBaHa BeKTop QyHKIis.
Hexail TakoXx 3amaHa JOBUTbHA 3aMKHyTa 00J1acTh

G, C R". Po3risHEMO MHOMHMHY TPA€KTOpiil — pillleHb
cucTeMH (4) 3 IOYaTKOBUMU YMOBAMHU x(lo) €G, . Hexaii
Takok € G, MHOXKMHA 3Hau€Hb pilleHb cucTteMu (4) y
MOMEHT Yacy f, IO BiAMOBIAAIOTh x(to) € G,O . Tomi mnsa

MIBUJIKOCTI 3MiHH 00’eMy obnacti G, [18] mae micue cris-
BlIHOIIIEHHS

dv
— = | divfdx. 5
dt (J; ivfdx %)

VY Bunanky jiiHiHHOI cuctemu (3), SIK HEBaXKO Oa-
YHTH,

divf =divAx =tr4. (6)

Takum umHOM, Bupa3 (5) 3 ypaxyBaHHsM (6) nae
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HACTYITHUH pe3yJIbTaT:

LU, J' dx . 7)
a7l

OdeBuaHO, 1O iHTEerpayn y mpasid dactuHi (7) €
06’emoM obnacti G,0 . Otxe, 3 (7) Ge3nocepeHBO Cigye
mudepeHIiagbHe PIBHAHHS 3MiHM 00’€MY KOHTPOJIBHOT
obunacri

v(t)=vtrd ,
pILIEHHS SKOTO MOJKHA 3aIIMCaTH K

V()= v(to)e"A('_t‘)). (8)

Ockinbky cucteMa (3) aBTOHOMHA, HIYOTO HE 3aBaXKae
HaM noknactu f, = 0. Toxi cTyniHe cTUCHEHHS (a3oBoOro

o0’emy ¢ (t) 3aIHIIEThCS Y BUTIISAII
e(t)=e"". O]

BignosinHo 1o (9) yMOBHMI 4ac MHOKHHHOTO Tiepe-
XiJHOTO TIpOIeCy, IO BIJIOBIAE 3aJ@HOMY CTYICHIO

* (v
CTHCHEHHS (pa30BOro o0’eMy & , MOKe OyTH OOUYHMCIICHUMH
3a (opmyroro
+ Ine

{ =——

trd

Cuijz 3a3HAYUTH Te, 1O 3 JIHIHHUX cUcTeM (YHKIISA
¢(t) a,omxe, i 1* sanexuts Bix obnacti G, .

Bupas s crynens ctucHeHHs Ga3oBoro 00’emy (9)
JIO3BOJISIE JIETKO OOYMCIINTH 1HTErpajbHy Mipy CTIHKOCTI
2):

1

J =Te“’dt =——.
0

tr4 (10)

Ouninka HepiBHOMipHOCTI aedopmamii y KOHT-
poabHiii o6macti. OLIHKK CTYNCHS CTHCHCHHS JAEAKOT
obnacti (a3oBOro MmpocTopy CTIMKOI cCUCTEMH, OTPHUMaHi
BUILIE, IHBapiaHTHI CTOCOBHO ii KoH}irypauii. Paszom 3 Tum,
y TiepexigHOMY TpoIleci 3HAUCHHSI IEIKIX KOMITOHEHT (ha-
30BOT'0 BEKTOpPa MOXKYTh B OKPEMi MOMEHTH 4acy OCATaTH
3HAYHUX BiJXUJICHb BiJl pIBHOBATH, IO € JIEIKUM aHAJIOTOM
MEPepeTyIIOBaHAS B ONHOBHUMIPDHHX CHCTEMax aBTOMa-
TAYHOTO PEryIioBaHHsA. TakuM YWHOM, HEPIBHOMIpHICTH
nedopmariii KOHTPOIBHOI 00acTi (a30BOro mMpocTopy Ha
pIIICHHSAX CUCTEMH JU(EpPEeHIIaTbHUX PIBHIHB € ILIE Of-
HI€I0 XapaKTEPUCTHKOIO MEPEXiTHOr0 MHOKHHHOIO IpO-
uecy. JJist OLiHKHM HepiBHOMIpHOCTI edopMaltii KOHTPOJIb-
HOi 00J1acTi PO3IrIISTHEMO KOMILIEKC (ha30BHX TPAEKTOPIH,
[0 TOYHMHAIOTHCS 3 OAMHUYHOI Kyii. Tozi mociioBHICTh
obnacrei sIBiITUME COOOI0 eIlincoinu

G, ={x|xTR-1(t)xs1}. (11)

HeBaxko mepekoHaTHCs MPOCTOIO0 MEPEBIPKOI0, IO
MaTpUIS 3aJI0BOJIbHSIE MATPUIHOMY TUGEPEHIIATBLHOTO
PIBHSHHIO

R=AR+RA" ,R(0)=E . (12)
Pimenns (12) MoXxHa OJaTH y BUTIISAAL
R()=Y UtV (13)
ij

T PR .
S lLj=lLn,auiv,

_ — T _
e by =kt U, =wu; , V,=vy,
— BnacHi BexTopu Matpub A i A', WO BiANOBiZAIOTH

BJIACHUM uuciaaM A, Mmarpuili A. Ilpu npomy cucteMu

BEKTOPiB (u,u,,....u,) 1 7,755,

kBazibioproronanbhi [19] i Hopmosani: (u;,v,)=9,, ne
d; — cumBon Kponekepa.

Martpwuii U, i V, SBISIOTH co00F0 BIIACHI BEKTOPHU
B3a€EMHO TIOB’S3aHMX MATPUYHUX JHIHHUX OIeEpaTopiB

1:1(X)=AX+XAT i /AI*(X)ZATX+XA, 10 BiAmosi-

A A

. . *
latoTh BracHMM umciam 4, onepatopis A i A i

YTBOPIOIOTH KBa3i0i0pTOroHaNbHI 0a3WCH B IIPOCTOP1 12X 1t
KBaJpaTHUX MaTpulb. KBa3i6iopToroHa bHICTE 0Aa3UCHUX
cucreM U, 1 V, BuIIMBaE 3 KBa3ibiOpTOrOHANBHOCTI

i
CHCTEM BJIACHUX BEKTODPIB (U,,U,,...,u,) Ta (V,V,,...,V,) .

3 yMOBH HOPMYBaHHs [UIsl ¥; 1 v, BHIUIMBAE aHAJIOTIYHA

V,m,): O » € 0, =1

ijks

ymosa juis Matpuub U, iV, (U .

ij>
npu i = j =k =5 1HyIO iHaKIIe.

OCKiJIbKY BJIAaCHI YMCIa MAaTPUYHMX JIHIHHUX onepa-
TOPiB MOXKYTh OyTH NIHCHMMH ab0 KOMIUIEKCHO IIOB’s3a-
HHMMH, TO € CEHC PO3TILIHYTH CTPYKTYpY pitueHHs (13) nis
3a3HAYEHMX KJIACiB BIACHUX YHCEJ OKPEMO.

Hnst piticanx /4, monanku pimenss (13) matumyTh
Burn (13).

JInst  KOKHOI  KOMIUIEKCHO — TIOB’S3aHOi  Tapu
4y =0 Tif, WYKaTHMEMO BIiANOBIJHY CyMY 4acTKOBHX

piwens R, () Ta R, (?)
D _ (o +ify)t r7 v (=it
R, (t)+Rj )= U,uVe +U; Ve , (14)

e U,=4,+iB,, U;=A4,-iB
Vy=C,—iD;; 4,.B,,C,,

[lincTaBnsroun octaHHi cmiBBigHOmEeHHS B (14),
OTPHUMAEMO

V,=C;+iD;,

ij

DU. — MACHI nxn MaTpHIIL.

R, (0)+ R, ()=

=(P,+iS, ) """ +(P,

. (o =iffy)t
lj_lsij)e S

(15)

e
P,-,- = Al.jtrCI.j —B,.jtrD

ijo

Sij = Al.jtr D,.j + Bl.jtr Cij'

[Ticns nepexoxy B (15) no TpuronomeTpuyHoOi hopmu
KOMIUIEKCHHUX YHCENl OTPUMAEMO OCTATOYHO

R,()+R (1) = 2(P[j cos 3,1 — S, sin ﬂ,./.t)ea”’t )

TakuM 4yMHOM, 3arajbHe PillIeHHS MaTPUYHOTO Tude-
peHIianbHOTO piBHIHHS (12), IO OMKCYE SBONIOLIIO OJTH-
HUYHOI Kyl Ha pIilIeHHSX JiHIHHOI cucteMn audepeH-
LiaJIbHUX PIBHSIHB, OCTATOYHO HAaOy/e BUIIISLY

R(t) = ZRU.e"ff’ + 22 (P, cos B,t =8, sin B,1)e"", (16)
L] L]
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Jie epiia cyma Oeperthcest 3a BciMa napamu (7, j), 110 Bia-
MOBIAIOTh JIMCHAM, a Ipyra — KOMIUIEKCHO TOB’S3aHUM

BIIACHMM 3HAUEHHAM orepaTopa A .
ITpuiimeMo sIK KUTbKICHY Mipy HEpiBHOMIPHOCTI CTi-
KOCTI Be/mumHy ci1ixy Matpuui R(¢), IO € CyMOio KBaj-

paTiB TOBXUH miBocel emincoina (11).
tR() =) ¢, .
k=1

HeBaxxko noka3zaTu, mo BennunHa trR(¢) mpu dikco-
BaHOMY 00’eMmi emincoiga Oyne MiHiMaibHa A chepu.
CrpaBJii, yMOBa CTaJIOCTI 00’ €My ENCcoina eKBiBaJCHTHA
YMOBI

[Te=cC. (17
k=1
ne C — nesika craia.
Cxkmanemo ¢ynkmiro Jlarpamka
F(cl,...,cn,,u):ch+,u Hck—C (18)
k=1 k=1

Hudepenuitoroun (18) mo ¢, (k= I,_n) 1 TIpUpiBHIO-
I0YH Pe3yJIbTaTH HYJII0, OTPHMAEMO CUCTEMY 7 PiBHSHb

1+ ucye,...c, =0,

I+ pucce,...c, =0,

(19)

3 (19) Ta ymoBH 3B’s13Ky (17) HEBa)KKO OTPUMATH:
Cr = —ILIC 5 k= 1,_}’[ 5

3 YOTO BHILIMBAE CIPABEUIMBICTh TBEPKCHHS PO MiHi-
MYM BEJIMIUHHM CITiAy MaTpuili R s chepw, sk erincoina
¢ikcoBaHoro o0’emy.

Takum 4MHOM, SIK IOKa3HHUK HEPIBHOMIPHOCTI aedop-
Mauii KOHTPOJIBHOT MHOXXHHH OYyAE€MO PO3IiIsgaTH BiJHO-
LIeHHs ¢y Matpuii R(¢) mo ciigy maTpuui Kyl eKkBiBa-

JIEHTHOTO 00’ eMy. OCKiTIBKH 00’ €M Ky MOYKHA 00YUCIIUTH
3a popmysroro (8), To ii pamiyc

= nletrAt .

Toni nrykaHu# MOKa3HUK HEPIBHOMIPHOCTI eopma-
il OJMHUYIHOT KyJIi Ha0y/Ie BUTIISAY

trR(¢)
1) =—=.
O-( ) nnleZtrAt

3amicTe BenmuuuHU trR(f) 3py4HO KOpUCTyBaTHCS il

OI[IHKOIO, 3aMIHMBINW KOJWBalbHI nomanku B (16) ix
aMIDTITYJaMu:

trR(1) <Y R +2> R +J e,
i,J ij

a sIK KiJIbKiCHY Mipy aedopmariii Mo>KHa IPUHHSATH MaKCHU-

. . *
MajbHe 3HaUeHHs o (f) Ha iHTepBaii [O,t ]

Mipa cTilikoCcTi Ha OCHOBI iHTerpaabHUX KBaJgpa-
THYHNX ¢yHKknioHamiB. KinbkicHa oOIliHKa aHCaMOI0
TPAEKTOPiH CTIHKOT TMHAMIYHOT CHCTEMH MOKe OyTH OTpH-
MaHa Ha ocHOBI IK®, oOuunciieHOro s KOXKHOI OKpeMol
TpaekTopii, MOYATKOBA TOYKA SKOI HAJCKHUTh JEsIKid
(hixcoBaniii o6macti pazoBoro nmpoctopy [20]. Bubip IKD
SIK MIpH OKPEeMOi TPaeKTOpii OOTpyHTOBAaHUH BiTHOCHOIO
MPOCTOTOIO Horo obumcieHHs. JlificHo, s CTiiikoi cuc-
temu (3) BemmmuuHa [IKD

J=jx%0Qdow, (20)
0
ne O — neska CUIBBECTPOBA MATPHUIIS, IO OOUUCIIOETHCS
y BUTIISAL
J =x, Px,,

(21)
ne x,=x(0)e X, P — pilleHHS MATPHIHOTO PiBHSHHS
JlsamyHoBa

ATP+PA+0=0. (22)

TakuM YMHOM BeJMYMHA JOKAJIBLHOTO KpuTepito (20)
3aJIeKHUTh BiJl CTAPTOBOI TOYKM 1 MAaTpHLli KBaJpaTHIHOI
dbopmu 1 mMoxe OyTH OOYHCICHA HA OCHOBI PIIICHHS
piBHsaHHA (22) 1 migcraHoBku X, Ta Py (21).

MHoXHHHA Mipa CTiHKoCTI yIsi aHcamOmro (ha3oBHX
TPAEKTOPIH, 10 MoYnHaIOThC 3 X, Ha ocHOBI IKD (20),

MoOXe OyTH OTpUMaHa B pe3yJIbTaTi 00YHCIICHHS IHTerpaja

T = [ x" Pxdxdy, ...dx,. (23)
X

B sxocTi KOHTpONbHOI MHOXHUHU JX, IpuUiiMeMO

JeAKui eJincoiy &, 10 HaJleKUTh MHOKHHI eIincoimiB 4,
MIPUBEICHUX JI0 TOJIOBHUX OCEH 1 HOPMOBaHHUX 32 00’ €MOM

§={6’|xTR’1xS1, R =diag{r.rn,,..., 1.},

n
n
7, >0, Hrk =1
k=1

Jlnst obuncnenns (23) 3HalAeMO TEPETBOPEHHA Z
KOOpPJMHAT

(24)

x=2y (25)

Take, O cuMeTpu4Hi Matpui P i R™' oxHouacHo mpu-
BOJATHCS 10 JiaroHanbHoi Gopmu, mpuaomy R™' B koop-
JMHATaX Y € OJIMHUYHOI0 MAaTPHUICIO.

Jns uporo, cnigyroun [21], 3HaiimeMo BiacHI 4ucia
Pis Py P, TIydKa MATPHULL (P—pR’l) . Bupimyroun n
CHUCTEM JIIHIHHUX OJHOPITHUX PIBHSIHB
Py, =pR'z ., k=1n (26)
iHOpmytoum z, y R™' merpuui
'Rz, =6,, Vik =1,_n ,

OTPHUMAEMO MATPHIIO IIYKAHOTO IEPETBOPCHHA Z y
BUIIISIL

Z=(2,,25,....2,) -
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TaxkuM unHOM

Z'PZ =diag{p,, p,.....p,}

(27)
Z'R'Z=E,

TOOTO B KOoOpaWHATax y emincoinm 6 BimoOpasurucs y

chepy omMHUIHOTO pamiycy.
O6uncnumo MHOXUHHUK [K® (23) 3 ypaxyBaHHSIM
(25) ta (27):

J.x‘Tdexldxz...dxn = I ipky,f |Z|dyldy2...dyn =
0

yrysl k=1
n n
— 2 —
=1Z|> 5 [ vidvdy,..dv, =J|2]> p;
(RN k=1
ge J, mocriliHa, 3aJIeKUTh T1NbKYU B1Jl PO3MIPHOCTI 1 CHC-
Temu [22]:

2

1 V4
Jo= [ vidvdy,dy, = ———
yiy<l F(2+72[j

a BU3HAYHHK |Z | MOXHa 004YMCIUTH BUXOASUd 3 (27),

CKOPHCTABIIMCH BiJIOMUMU CITiBBiTHOIICHHSIMH TeOpii BU-
3HAYHUKIB

|z R7|=|2" |R| 2|~ |2[ |R|" =1,
3 4OI'0 BHILIIMBa€E

\z|=|R) . (28)

Ockinekun R~ Matpums emincoiga, TO BH3HAYHHK
|R| > 0, To6To criBBinHOMIEHH (33) KopekTHE. Kpim Toro,
3 (26) BumMBaE, IO BIACHI YWCIa My4Ka MaTpUIb

—1 .

(P,R ) 36irafotecs 3 BracHuMu umciamu A, (RP) mar-
puti P =RP .

TakuM unHOM, MHOKHMHHA ominka IK® mpu mouar-

KOBHX YMOBaXx ycepeauHi enincoina ¢ HaOyne BUTIALY

T=J,|R/> wRP. (29)

Jlist BUOpaHOTO KiIacy emimncoiiB 0 (24) Bupas (29)
MOJKHA MMOJIATH Y BUTJISAII

n
J :Jozpkkrk ) (30)
k=1
ae p,, — k-il niaronanbHui eneMenT Marpuni P .
Ockinbku MaTpunst P 3aiexuTh Bij BUOOpPY BaroBoi
matpuni @ kpurepito (20), TO [y 3HKEHHS CTYIECHS
cy0’exTHBI3MY npu MHOXHHHIH ouiHui IK® Ha MHOXUHI
MOYaTKOBHX yMOB BBezneMO owiHKy IK® Ha MHOXUMHI
BaroBux Matpumb Q. Y skocti Q BHOEPEMO MHOKHHY
JiaroHaJIbHUX J0IaTHUX HOPMOBAHUX MaTpPHUIb

q,>0, Y =1 i=l,_n}. 31)

i=1

Q={diag{q1,qz,---,qn}

Bemnuunu p, , mo Bxogarh y (30), € pimennamu

CUCTEMH JIIHIWHUX PIBHSHB (22) 1 MOXKYTh OYTH TpEICTaB-
JIeH1 Y BATJIST

n

Pu = Zcfqu‘ > (32)
i=1

Je koeQilieHTH ¢, 3aleXUTh TINbKU BiJ mapameTpiB A

muHaMivHoi cuctemu. [licias mincranoBku (32) y (30)
OTPUMAEMO

n n
J = Jozrkzcikqi :
=1 iml
OGYUCIMMO TeTep MHOKUHHY OLIHKY J Ha MHOMH-
Hi JIOMyCTUMUX BaroBMX MaTpuilh @ Y BULJISL

J = [Jdqdg, ...dg, = J,[ 31> c,q,dadg, ...dg, =
é Qk:l i=l

n n (33)
=Jy D1 D¢ [ a.dg, ...dg,.
k=1 i=1 Q

OCKiJIbKH BCi iHTETpan Iqidqldqz...dqn HE 3aJIeKaTh
1]
BiJl 1H/IEKCY, TO CHiBBigHOIICHHS (33) MOXKHA IEepenucaTu
Y B

J=7,G,> rC, (34)
k=1

n
ne C, = ch.k , C, — nocTiitHa, 10 3a1eKuTh TibKK Bif
i=1

PO3MIpHOCTI.
Bennunna xpurepito J (34) 3anexuthb BiJg BUOOPY
mapaMeTpiB MOYATKOBOIO emincoina (7;,7,...r, ), WO 3a1a-

I0Th KOHKpETHHH enirncoin 6 € € . OGUUCIMMO MHOKUHHY

ouinky Benuunad IK® Ha MHOXkHHI emincoinis € (24) y
BUTIAIL

J=0C, [ YnCidsdr,...dr,.

T
Py sty >0

OcTaHHI IHTErpax MOXKHA MOJATH Y BUTIISII
A n
T=J,C2C | ndr..dr,. (35)
k=l iy =1
150y seeesliy >0
Bennunna inTerpana (35) He 3a1€XUTh Bi iHACKCY k
1 ABJIA€ COOOIO JIEsIKY MOCTIHY R, 110 3aJIEKUTh TUIBKH

BiJl po3MipHOCTi 1. TakuMm YuHOM, MHOKMHHA o1liHka [KD
HAa MHOYKHUHI SJTIMCOiAIbHUX TIOYaTKOBUX YMOB 1 MHOXKHHI
BaroBUX MaTpHIlb HAOy/Ie BUTILLY

n
J=J,GR,.C, .
k=1
Takum unHOM, BeaudrHAa MHOKUHHOTO IK® Ha MHO-

JKWHI TIOYaTKOBUX €JTCoiniB (24), BUMIPSIHIX MHOKHHOO
BaroBHx Marpuus (31) nporopuiiina BemuunHi
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(36)
k=1 i=1
Jns 3HaxomkeHHs KoedillieHTiB MaTpuLi ¢, IIyKa-
TUMEMO pilieHHs piBHsAHHSA JIsmyHoBa (22) y Burisiai

P=qP+q,P+...+q,P,, (37)

ae P, P,,...,P, — nxn CUMETPUYHI MaTPHILi, IO MijIsra-

n

I0Th BU3HAYCHHIO.
[incraBumo (37) no (22). Y pe3ynbraTi 0oTpuMaeMo

A g, P +Y q. P A+diag{q,.q,.....q,} =0
k=1 k=1

abo

n

T .
qu (A P, +PkA)+d1ag{ql,q2,..., n} =0.
k=1
3 OCTaHHBOTO CITiBBiTHOIICHHS BUTUIMBAE, 110 MaTPH-
i P, 3a710BOJBHAIOTH MATPHIHUM PiBHSIHHAM BHIY

A"P, + P, A+diag{0,0,...,1,0,..} =0, k=1, (38)

Jle OMMHUYHIN €JIEMEHT Ha JAiaroHaii 3HAXOIUThCSA Ha k-My
MicCIIi, BiJpaxoBYyIOUH BiJl BEPXHHOTO JIIBOTO KyTa.
Toni ana OyIb-AKOro iaroHajbHOIO €leMEHTa p,,

Mmarpuui P Ha nigcrasi (37) MoXHa 3anucaTi

Pu = pll(k% +ot Pl (39)

ne pi, — k-it giaronaneauil enement matpuui P, . Tlopis-
Ho0uH (39) i (32) IPUXOAMMO [0 BUCHOBKY, IO C; = i, ,
a BemunHa Kputepito (36) Moxe OyTH MoIaHa K

J :zz‘nfd( :ZtrE .
i=1

k=1 i=1

3BepHEMO yBary Ha Te, IO 3aMICTh PO3B’SI3aHHS 7
yBary 2

. *
piBHsiHb JIsnyHoBa (38) mus 3HaxomkeHHs J MOHA 00-
MEKHTHUCH PIIICHHSIM OJTHOTO MAaTPUYHOTO PIBHSIHHS

A"P+PA+E=0. (40)

Cnpasni, Bubepemo ¢, =¢q, =...=q, =1. Toni 3 (37)

abo ZtrPi =trP. Ortxe,

i=1

n
BumMBac P = Z P
i=1

OCTaTOYHO:
J =trP,

ne P — po3B’si30k piBHsHHSA (40).

BucHOBKH. 3anpONOHOBAaHO Ta OOTPYHTOBAHO HU3KY
MiAXO/IIB 10 KUTbKICHOT MipH CTIHKOCTI onHi€eT 3 pyHIaMeH-
TaNBHUX SKICHUX XapaKTCPHCTHK AMHAMIYHUX CHUCTeM. B
OCHOBY 3alPOMOHOBAHUX MIIXOIB TOKJIaICHO MHOXUHHY
KiJIbKICHY OLIIHKY aHCaMOJII0 TPAEKTOPIN CTINKHUX JUHAMIY-
HUX CHCTEM, [0 TIOYMHAIOTHCS B 3a/1aHiil 0071acTi pa3oBOTO
MPOCTOPY. 3ampONOHOBaHI METOMU JOCUTH TPOCTO peali-
3YIOTHCS 32 JOMTOMOTOFO BiTOMHUX 00YHCITIOBAIBHUX MTPOIIEe-
Iyp JTiHINHOI anreOpu Ta Teopii MaTpWIb: PO3B’SI3aHHS
npoOJieMH BIIAaCHUX 3HA4YEHBb Ta PO3B’SI3aHHS MATPHYHOTO
piBHsHHSA JIsmyHOBA, 10 € B lakeTi MatLab.
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TWO APPROACHES TO THE FORMATION OF A QUANTITATIVE MEASURE OF STABILITY BASED
ON MULTIPLE ESTIMATES OF THE PARAMETERS OF AN ENSEMBLE OF TRANSIENT PROCESSES

The article is devoted to the further development of the theory of stability of dynamic systems, namely of quantitative methods of stability assessment.
A review and critical analysis of various approaches, which allow to introduce a quantitative measure of stability of dynamic systems to one degree or
another, is given. The limitations of the existing methods, which are primarily related to the assessment of the behavior of the transient processes of
individual trajectories, as well as the difficulty of obtaining an assessment of the behavior of the ensemble of transient processes when trying to apply
the methods of N. D. Moiseyev. are substantiated. A method of quantitative assessment of a dynamic system stability based on the numerical estimates
of the behavior of the area of initial deviations from the equilibrium position on the trajectories of the dynamic system is substantiated. Based on the
Liouville formula, it is shown that changes in the volume of the area of the initial deviations on the trajectories of the system does not depend on the
form of the latter one. This allowed to limit the area of initial deviations in the shape of a hypersphere and to obtain a simple expression for a quantitative
measure of the stability of a linear stationary dynamic system, the geometric sense of which is to estimate the rate of change of the volume of the control
surface. The article proposes and substantiates the criterion of uniformity of deformation of the area of initial deviations. The essence of the problem is
that in the transient process, the values of some components of the phase vector may reach unacceptable deviations from the equilibrium position. A
theoretical estimate of deformation non-uniformity for linear systems is obtained, which is taken to be the deviation of the trace of the ellipsoid matrix
from the deviations of the trace of the hypersphere matrix of the corresponding volume. A method for a quantitative measure of the stability based on an
integral quadratic functional calculated on a set of transient processes of initial deviations in the form of a set of ellipsoids with a normalized volume is
proposed and substantiated. Diagonal positive normalized matrices are considered as a set of matrices of the integral quadratic criterion. A simple
algorithm for calculation of the multiple integral quadratic criterion is proposed.
Keywords: stability, technical stability, deviational ellipsoid, equilibrium position, integral quadratic functional, transient process.
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RESEARCH ON ERROR PROBABILITY ASSESSMENT IN USER PERSONAL DATA PROCESSING IN
GDPR-COMPLIANT BUSINESS PROCESS MODELS

The only right strategy for businesses and government organizations in Ukraine and other countries that may face aggression is to recognize themselves
as a potential target for cyberattacks by the aggressor (both by its government agencies and related cybercriminal groups) and take appropriate measures
in accordance with the European Union’s General Data Protection Regulation (GDPR). The main purpose of the GDPR is to regulate the rights to
personal data protection and to protect EU citizens from data leaks and breaches of confidentiality, which is especially important in today’s digital world,
where the processing and exchange of personal data are integral parts of almost every business process. Therefore, the GDPR encourages organizations
to transform their day-to-day business processes that are involved in managing, storing, and sharing customers’ personal data during execution. Thus,
business process models created in accordance with the GDPR regulations must be of high quality, just like any other business process models, and the
probability of errors in them must be minimal. This is especially important with regard to the observance of human rights to personal data protection,
since low-quality models can become sources of errors, which, in turn, can lead to a breach of confidentiality and data leakage of business process
participants. This paper analyzes recent research and publications, proposes a method for analyzing business process models that ensure compliance with
the GDPR regulations, and tests its performance based on the analysis of BPMN models of business processes for obtaining consent to data processing
and withdrawal of consent to user data processing. As a result, the probability of errors in the considered business process models was obtained, which
suggests the possibility of confidentiality violations and data leaks of the participants of the considered business processes associated with these errors,
and appropriate recommendations were made.

Keywords: business process GDPR compliance, personal data leakage prevention, BPMN business process model analysis, business process
model error probability analysis, personal data protection in business processes.

Introduction. According to the authors of the
material [1], offline conflicts quickly spill over into the
online world. Therefore, in addition to state actors,
cyberattacks are also carried out by anonymous criminal
groups that can take sides. In this situation, aggressors often
rely on chaos, supporting or turning a blind eye to the
activities of cybercriminals in their own countries. Even if
ransomware and blackmail attacks were intended to affect
only special targets, such as certain government orga-
nizations, experience shows that business representatives,
including international ones, are also victims of malware
attacks.

For example, during the large-scale hacker attacks on
Ukraine in 2017, 7 banks and about 40 Ukrainian and

Research Article: This article was published by the publishing house of NTU "KhPI" in the collection
@ ® "Bulletin of the National Technical University "KhPI" Series: System analysis, management and

information technologies." This article is distributed under an international license Creative Common
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international companies suffered from cybercriminals’
actions [2], including DTEK, Nova Poshta, FedEXx,
Rozetka, WOG, and others. According to an analytical
report by Microsoft [3], since the beginning of the full-scale
war, on February 24, 2022, 237 cyberattacks have been
carried out on Ukrainian government agencies and
enterprises.

Thus, according to the proposal set out in [1], the only
correct strategy for enterprises and government
organizations in Ukraine and other countries that may face
aggression is to recognize themselves as a potential target
for cyberattacks by the aggressor (both by its government
agencies and related cybercriminal groups) and take
appropriate measures in accordance with the General Data
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Protection Regulation of the European Union (GDPR) [4].
According to this regulation, institutions are obliged to
introduce appropriate technical and organizational
measures to prevent data leaks and potential violations of
customer privacy [1]. Also, according to [1], in many cases,
cybercriminals use the same methods during war as in
peacetime. For example, attackers will look for
vulnerabilities in an organization’s system, including
known vulnerabilities (the so-called “exploits”) in
“everyday” software that have not been patched by its
developers [1]. In addition, in order to increase the number
of malware victims, attackers may also target infrastructure
providers [1].

The GDPR plays an important role in the European
Union (EU) legislation on privacy and human rights, which
is, in particular, defined in Article 8(1) of the Charter of
Fundamental Rights of the European Union [5].The main
purpose of the GDPR is to regulate the rights to personal
data protection and to protect EU citizens from data leaks
and violations of their confidentiality, which is especially
important in today’s digital world, where the processing
and exchange of personal data are integral components of
almost every business process [6]. Thus, the GDPR
encourages organizations to transform their daily business
processes involved in managing, storing, and exchanging
customers’ personal data during execution [6]. In 2022,
after the outbreak of a full-scale war, Ukraine became an
EU candidate state, so it is obvious that European
integration will be a priority for Ukraine now and during
the post-war recovery, and Ukrainian enterprises and
institutions already need to build business processes in
accordance with the GDPR regulations in order to ensure
the privacy of their users and prevent leakage of their
personal data.

Related work. The general overview of the recent
papers related to EA frameworks indexed in the Google
Scholar platform shows the stable interest in EA
frameworks, especially defense-oriented ones, over the last
five years (see fig. 1).

First, the authors of [6], mentioned above, analyzed
the main restrictions of the GDPR on privacy and personal
data and proposed a set of business process design
templates to take into account and integrate these
restrictions into business process models in the BPMN
(Business Process Model and Notation) notation [6].

The authors of another work [7] also note that
organizations need to implement mechanisms to ensure the
security of personal data in business processes in order to
avoid liability in the event of an attack by intruders that may
lead to data leakage and in accordance with the law, in
particular, the GDPR [7]. Therefore, the study [7] proposes
to implement compliance with the GDPR regulations by
performing security processes based on cloud services,
which will allow organizations that do not have the
necessary security competencies to use cloud service
providers as trusted third parties during GDPR compliance
checks or after a data breach [7]. For this purpose, the
authors of [7] developed appropriate BPMN models of
business processes for their further implementation in the
cloud environment [7].

Work [8] also addresses the issues of verification of
business processes represented using the BPMN notation in
order to detect violations of privacy rules and prevent
potential violations of the GDPR [8].

In one of the most recent studies in this area [9], the
authors note the need to check the compliance of business
process scenarios with the GDPR regulations at the stage of
their modeling [9]. Thus, the authors of [9] propose an
approach to bringing BPMN models of business processes
in line with the GDPR requirements for consent requests
and withdrawal of consent to data processing [9].

State-of-the-art. Although the publications under
review consider design templates for BPMN business
process models [6] and BPMN scenarios for consent
requests and withdrawal of consent to data processing [9],
as well as approaches to the implementation of business
processes in the cloud environment [7] and verification of
BPMN models in terms of their compliance with the GDPR
[8], insufficient attention is paid to the quality of all
proposed BPMN business process models.

Business process modeling is the main tool of the
process approach to organizational management. Business
process models are used to depict (in the form of graphical
diagrams), analyze, and further improve business processes
[10]. Most often, business process models are used in the
design and analysis of information systems, being a
mechanism for communication between business and
technical parties [11].

Thus, business process models created in accordance
with the GDPR must be of high quality, just like any other
business process models, and the probability of errors in
them must be minimal. This is especially important in terms
of observing human rights to personal data protection, as
low-quality models can become sources of errors, which, in
turn, can lead to a breach of confidentiality and data leakage
of business process participants.

Problem statement. The object of research is the
procedure for analyzing business process models that
ensure compliance with the GDPR regulations. The subject
of the study is a method of analyzing business process
models that ensure compliance with the GDPR regulations.

The purpose of the study is to prevent privacy
violations and data leaks of business process participants
by analyzing the relevant models that ensure compliance
with the GDPR regulations. Thus, in order to achieve the
goal, the following tasks need to be solved:

e to develop a method for analyzing business
process models for the probability of errors, including those
related to personal data;

e to test the efficiency of the developed method by
analyzing business process models that ensure compliance
with the GDPR;

e to determine the probabilities of confidentiality
violations and data leaks of business process participants,
and to formulate appropriate recommendations.

Materials. A business process model presented using
the BPMN notation can be formally represented using an
oriented graph:

G=(N,4), (1)
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Fig. 1. BPMN model for obtaining consent to data processing [9]

where:

e N is the set of nodes — various elements of the
business process model: actions (tasks and sub-processes),
events (start, intermediate, end), and logical gateways;

e A isthe set of arcs — flows in the business process
execution sequence (sequence flows).

According to the results of a study on the probability
of errors in the structure of a business process model [12],
the following metrics can be determined based on the basic
graph structural metrics (1) of the business process model

— the number of nodes |N| and the number of arcs |A| :

A(G)-— 1

=—,c1vc(G)=H )
[V-(I¥]-1)

M
where:
e A(G) is the density metric of a business process

model;
e CNC(G) is the connectivity metric (Coefficient

of Network Connectivity, CNC) of a business process
model.

The specified density and connectivity metrics (2)
have the following thresholds, the excess of which will
indicate the corresponding probability of the presence of
structural errors in the business process model [12]:

0.16, A(G)<0.033,

rlsio)-{")

P(CNC(G)) ={

else,

0.08, CNC(G) <1.021,
0, else,

€)

where:

o P(A(G)) is the probability of structural errors in
the model (16%) if the metric A(G) exceeds the established
threshold value (0.033);

o P(CN(XG)) is the probability of structural errors
in the model (8%) if the CNC(G) metric exceeds the

established threshold value (1.021).

Thus, by determining the probabilities (3), it will be
possible to determine the probability of errors in the BPMN
business process model as a whole:

ANG\.CNGG)=1-[1-ANG)]-I-ACNdG)}  4)

According to (4), it is proposed to calculate the
inverse probabilities of (3), i.e., the non-detection of errors
in the business process model, and then, according to the
rule of the product of independent events, to determine the
probability of non-detection of errors by at least one of the
metrics (2) and, finally, to determine the inverse probability
of detecting errors by at least one of the metrics (2).

It is proposed to verify the effectiveness of the
proposed method by analyzing the models of business
processes for obtaining consent and withdrawing consent
to data processing that ensure compliance with the GDPR
regulations, as defined in the study [9].

Accordingly, the BPMN model of the business
process for obtaining consent (OC) to data processing is
demonstrated in fig. 1.

Another business process of withdrawing consent
(WCQ) to data processing is demonstrated using a BPMN
model in fig. 2.

Table 1 shows the results of calculating the main
structural characteristics (1), as well as the density and
connectivity metrics (2) of the models of business
processes for obtaining consent (fig. 1) and withdrawing
consent to data processing (fig. 2), obtained using the
proposed method.

Table 1 — Results of business process model metrics calculation

Model |N| |4 A(G) CNC(G)
ocC 6 5 0.17 0.83
WC 2 1 0.5 0.5

It should be noted that the calculations did not take
into account the scenario nested in the “handle revocation”
action (fig. 2).

Table 2 shows the probabilities of errors in business
process models, determined on the basis of compliance of
the calculated values of the model metrics (table 1) with
their thresholds [12].

Based on the results shown in table 2, it can be
determined that the data of the business process models for
obtaining consent (fig. 1) and withdrawing consent to data
processing (fig. 2) both contain errors with a probability of
16%. Therefore, it can be assumed that the probability of
confidentiality violations and/or data leaks of participants
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in these business processes due to errors in BPMN models
is also close to 16%.

Table 2 — Compliance of the calculated metrics with their

thresholds
Model | P(A(G)) | P(CNC(G)) | P(A(G).CNC(G))
oC 0.16 0 0.16
WwC 0.16 0 0.16

The obtained probability values (table 2) indicate the
need to correct errors in the analyzed business process
models. These errors were identified and listed below.

For the OC business process model:

e there is no start event — it is not clear when the
business process starts;

e it is not clear what leads to the execution of the
“ask consent” action, which starts the business process;

e the execution of the “Data Operation” action does
not lead to the completion of the process or the next action
— it is not clear how the business process should be
completed or continued;

e there is no end event for the scenario when
consent has been obtained — it is not clear when the business
process ends in this case.

For the WC business process model:

e there is no start event — it is not clear when the
business process starts;

e it is not clear what leads to the execution of the
“Data Operations” action, which starts the business
process;

e cxecution of the “handle revocation” action does
not lead to the completion of the process or the next action
— it is not clear how the business process should be
completed or continued.

Thus, we have demonstrated the errors identified in
business process models that ensure compliance with the
GDPR. If these models are used to adapt the organization’s
business processes to the GDPR requirements, the
identified errors (table 3) should be eliminated to reduce the
probability of negative consequences for data.

Thus, it is recommended that all business process
models be checked for possible errors in them in order to

ensure the confidentiality of business process participants
and prevent leakage of their personal data.

Conclusion. This paper analyzes recent research and
publications, proposes a method for analyzing business
process models that ensure compliance with the GDPR
regulations, and tests its performance based on the analysis
of BPMN models of business processes for obtaining
consent to data processing and withdrawal of consent to
user data processing. As a result, the probability of errors
in the considered business process models was obtained,
which suggests the possibility of confidentiality violations
and data leaks of the participants of the considered business
processes related to these errors, and appropriate
recommendations were made. It is planned to develop a
web application that will help Ukrainian enterprises and
institutions check BPMN models for possible errors in
them in order to prevent data leaks and other negative
consequences.
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JOCJIJIXKEHHS [O10 OLIHKA MTMOBIPHOCTI IIOMUJIOK ITPU OBPOBII IEPCOHAJIBHUX
JTAHUX KOPUCTYBAUYIB MOJIEJIEM BI3BHEC-ITPOIIECIB HA OCHOBI GDPR

€IMHOI0 BIPHOIO CTPATEri€lo Ul MANPUEMCTB Ta JSp)KaBHHX OpraHizamiii YKpaiHM Ta iHIIMX KpaiH, [I0 MOXYTb 3ITKHYTHCSI 3 arpeciero, €
YCBIZOMITIIOBATH ce0e MOTEHIIHHOIO MilIeHHIO UL KibepaTak arpecopa (K 3 00Ky Horo Aep>kaBHUX CTPYKTYP, Tak i 3 00Ky OB’ I3aHUX KiOep3I0UNHHHX
TPYII), Ta BXUBATH BIANOBIAHUX 3aXOJiB BilNIOBiAHO 10 3araJbHOTO PErIaMeHTy IIpo 3axuCT AaHux €spomneiicskoro Coro3y (General Data Protection
Regulation, GDPR). OcnoBHoro MeToro GDPR € perynroBaHHs mpaB Ha 3aXHCT EPCOHATBHUX JaHUX Ta peanizamis 3axucty rpoMansia €C Bix BUTOKIB
JIAHUX Ta HOPYIICHb iX KOH(IAEHIIHHOCTI, [0 0COOIMBO aKTyalbHO B IIH(POBOMY CBITi ChOTOAEHHS, ¢ 00poOKa Ta OOMIH HepCOHAIPHUMU JAHUMH €
HEBI/I'€MHHMH CKJIQJOBUMH Maibke KOXKHOro OizHec-mporuecy. Takum ynaom, GDPR cronykae opraHizamii 40 HEpETBOPEHHS CBOIX MOBCSKICHHHX
Oi3Hec-IpoLeciB, SIKi 3aJIy4eHi 10 YIPaBIiHHA IEPCOHATBHIMH IAaHUMH KITIEHTIB, 1X 30epiraHHs Ta OOMiHy IiJ Yyac BUKOHAHHS. TakuM 4YMHOM, MOZEINi
0i3HEC-IIPOLECIB, 1110 CTBOPIOIOTHCS Y BiXNOBIIHOCTI 10 pernamenty GDPR, MaroTh OyTH BUCOKOI SIKOCTI Tak camo, sIK i Oyab-siKi iHII MoJeri Oi3Hec-
IpOIECciB, a HMOBIPHICTh HAasBHOCTI y HUX HMOMIJIOK Ma€ OyTH MiHiMalbHOWO. lle 0coOIMBO Ba)KIHMBO IIOAO NOTPUMAHHS IIPaB TIOAWHU HA 3aXUCT
HIEPCOHAJIHUX JaHHX, OCKIIBKY MOJENI HU3bKOI SKOCTI MOXYTh CTaTH JKEPEIAMH IIOMHIIOK, SIKi, Y CBOIO YEpry, MOXYTh IPU3BECTH 10 MOPYIICHHS
KOH(]IACHIIMHOCTI Ta BUTOKY JJAHUX YYaCHHKIB Oi3Hec-mpolieciB. Y poOoTi 3AiliCHEHO aHai3 OCTaHHIX JOCIIDKEHB 1 myOTiKallii, 3armponoHOBaHO METO/T
aHanizy Mozenel 6i3Hec-Ipomecis, Mo 3a0e3nevyIoTh BilnoBiaHICTs pernaMenTy GDPR, mepeBipeno Horo mpare3faTHicTs Ha OCHOBI aHanizsy BPMN-
Mozeneit 6i3Hec-IpoLeciB OTPUMAHHS 3roJ1 Ha 00pOOKY JaHHUX Ta BIAKINKAHHS 3ro Ha 0OpOOKY TaHHX KOPUCTYBadiB. Y pe3ysbTati 0yi10 OTpUMaHO
HMOBIpHICTh BUHUKHECHHS [TOMIUIOK Y PO3TIIIHYTHX MOJEISX O13HEC-TIPOLIECiB, IO A03BOJISE HPUITYCTHTH IIPO MOXKIIMBICTh BHHUKHEHHS I1OB’SI3aHMX 3
MU IOMUJIKaMH IIOPYIIeHb KOH(IACHIIIMHOCTI Ta BUTOKIB IAaHUX YYaCHUKIB PO3ITIIHYTUX Oi3HEcC-TIporneciB, chOpMOBAHO BiMOBiAHI peKOMEHAAIIII.

KurouoBi ciioBa: BignosiaHicTs 0i3Hec-niponeciB GDPR, 3amo0iranHs BUTOKY MEpCOHAIBHUX NaHHX, aHaii3 BPMN-mozeneii 6i3Hec-niporecis,
aHai3 KIMOBIPHOCTI MOMIJIOK y MOJEISAX Oi3HEC-TIPOLeCciB, 3aXHUCT IEPCOHANBHIX JaHUX Y Oi3Hec-IpoIecax.
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DEVELOPMENT AND RESEARCH OF SOFTWARE SOLUTION FOR BUSINESS PROCESS MODEL
CORRECTNESS ANALYSIS USING MACHINE LEARNING

Poorly designed business process models are a source of errors and the subsequent costs associated with these errors, such as monetary costs, lost time,
or even some harmful impact on people or the environment if the erroneous business process models are associated with critical industries. The BPM
(Business Process Management) lifecycle usually consists of designing, implementing, monitoring, and controlling the business process execution, but
it lacks continuous quality control of the created BPMN (Business Process Model and Notation) models. Thus, this paper considers the problem of
business process models classification based on their correctness, which solution will ensure quality control of the designed business process models.
Thus, this study aims to improve the quality of business process models by developing a software solution for business process models classification
based on their correctness. The subject of the study is the process of business process models classification based on their correctness, which uses quality
measures and thresholds, usually, complexity measures. The subject of the study is a software solution for business process models classification based
on their correctness. Therefore, in this study, the algorithm to solve the problem of BPMN models classification using logistic regression, interface
complexity, and modularity measures is proposed, the software requirements are determined, the software development tools are selected, the software
for business process models classification based on their correctness is designed, the corresponding software components are developed, the use of a
software solution for solving the problem of business process models classification based on their correctness is demonstrated, the obtained results are
analyzed and discussed. The developed software indicates high performance of BPMN models classification based on their correctness, achieving high

accuracy (99.14 %), precision (99.88 %), recall (99.23 %), and F-score (99.56 %), highlighting the high performance of modeling errors detection.
Keywords: business process modeling, model quality, complexity measures, machine learning, logistic regression, software solution.

Introduction. A business process is a sequence of
actions performed within an organization to achieve a
specific goal or result. There are several definitions of a
business process:

e a business process is a sequence of interrelated
actions performed to achieve a specific goal within an
organization [1];

e a business process is a sequence of interrelated
actions and decisions performed to achieve a specific goal
within an organization [2];

e a business process is a sequence of actions
performed within an organization to create, produce, or
deliver a product or service [3].

Business Process Management (BPM) is an approach
that combines management and Information Technology
(IT) methodologies to achieve operational excellence in an
organization. The primary approach of BPM is business
process modeling, which facilitates communication and
interaction between business users and IT providers
responsible for designing, implementing, and maintaining
information systems in the organization [4].

Business process modeling is the graphical repre-
sentation of the sequence of actions and interdependencies
that occur within an organization. It is a critical component
of BPM that helps ensure interaction between business and
IT users responsible for developing and maintaining
information systems in the enterprise. Business process
models are used to gather requirements for supporting
software systems and to identify and optimize bottlenecks
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in business operations. Information about business process
models can be used for training new employees and for
internal quality control in the organization [5].

Business process models are used in BPM to
document business processes and define requirements for
supporting information systems. As a result, poor quality
business process models can make them difficult to
understand and maintain, potentially leading to errors that
increase time and cost [5].

In addition, poorly developed business process
models can reflect inefficiencies in real-world processes.
As a result, the quality of created business process models
must be carefully controlled to detect and prevent errors at
the design stage before they become real errors in the
organization's business processes and supporting IT
systems, which can lead to unanticipated time and cost
expenditures, or even dangerous impacts on people and the
environment in critical sectors [5].

Thus, the goal of this work is to improve the quality
of business process models by developing a software
solution for business process models classification based
on their correctness.

The subject of the study is the process of business
process models classification based on their correctness.

The subject of the study is a software solution for
business process models classification based on their
correctness.

Related work. Today, the most widely used notation
for modeling business processes is the Business Process
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Model and Notation (BPMN), which is also an Object
Management Group (OMG) standard [6].

The Business Process Model and Notation (BPMN) is
a standard for modeling business processes that provides a
graphical notation for specifying business processes on a
Business Process Diagram (BPD) based on traditional
flowcharting methods. BPMN aims to support business
process modeling for both technical and business users by
providing a notation that is intuitive to business users and
capable of representing the complex semantics of
processes. The BPMN 2.0 specification also provides
execution semantics and alignment between the graphical
notation and other execution languages, including the
Business Process Execution Language (BPEL) [7].

The BPMN notation is designed to be understood by
all business stakeholders, including business analysts who
create and refine processes, technical developers who
implement them, and business managers who monitor and
control them. In this way, BPMN serves as a common
language that bridges the communication gap that often
exists between business and IT domains [7].

Flow objects are the most commonly used elements in
BPMN business process models, consisting of events,
tasks, and gateways [8]:

e Events represent occurrences that happen during a
process and change its flow. Events could be receiving a
message, encountering an error, or reaching a certain point
in time. In culinary terms, events can be state changes
(bubbling butter or translucent onions) or time-based
triggers (flipping wings after 15 minutes) [8];

e any work performed within a business process,
Task, or Sub-process can be considered an Activity, with
the most common being tasks [8];

e gateways are used to control the flow of
processes, but do not represent work performed. For
example, an AND gateway indicates that multiple paths can
be selected simultaneously, an XOR gateway indicates that
only one of the following paths can be selected, while an
OR gateway indicates that one or more paths can be
selected [8].

Data Objects represent information flowing through
the process, such as reports, emails, or other business
documents. Some process activities may require input data
before they can be executed [8].

Connecting objects are used to connect flow objects.
Solid lines represent Sequence Flows, dashed lines
represent Message Flows, and dotted lines represent
Associations [8]. Data Associations are used to move data
between data objects and between task and process inputs
and outputs [8].

Pools and Lanes define the boundaries of the process
and its participants. Pools typically represent different
organizations, while Lanes divide structures within a single
organization. However, there are no hard and fast rules for
assigning Pools and Lanes, as this depends on the specific
purpose of the business process model [8].

An example of the main elements of the BPMN
standard is demonstrated in fig. 1 [9].

In their study [10], the authors emphasize the
detrimental effects that high complexity in business process
models can have on their quality. Therefore, they advocate
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Fig. 1. Basic elements of the BPMN standard [9]

the use of specific complexity measures originated from
software engineering [10].
1. Interface Complexity (IC):

2
IC = length-[Zfan—in(n)+ Zfan—out(n)] , (D)

neN neN

where:

e Jength is the coefficient equal to 1 for tasks and 3
for sub-processes;

e 1 is the business process element, n € N ;

o fan—in(n) is the number of input control flows
of the element, ne N ;

o fan—out(n) is the number of output control

flows of the element, ne N .
2. Modularity (M):

M = Z[fan —in(n)- fan— out(n)]z. 2)

neN

In their work [11], the authors identify complexity as
a critical quality attribute of business process models that
reflects their comprehensibility and maintainability. They
define model complexity as the degree to which a model
has a structure that is complicated and difficult to
understand and analyze [11].

Consequently, the considered problem includes the
classification of business process models with respect to
their correctness based on the considered complexity
measures IC and M, identified as fundamental quality
characteristics of business process models.

Methods. Let us review existing methods that can be
used to classify business process models for correctness.
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Classification algorithms are a class of supervised
machine learning methods used to predict or classify data
into different classes or categories based on a set of input
features. The goal of a classification algorithm is to train a
model that can accurately predict the class labels of new,
unseen instances based on patterns found in the training
data [12].

This type of algorithm is widely used in various fields,
including healthcare, finance, and marketing, as well as in
applications such as customer churn modeling, email spam
filtering, image classification, and many more [12].

Here are some of the most common classification
algorithms [13]:

e logistic regression is a statistical technique used to
analyze the relationship between a dependent variable and
one or more independent variables, it is used to predict the
probability of a particular outcome based on input data;

e Support Vector Machine (SVM) is a powerful
classification algorithm that can be used for both linear and
nonlinear classification, it works by finding the best
boundary between different classes in the input data;

e Naive Bayes is the algorithm based on Bayes
theorem, it assumes that the input features are independent
of each other, it is often used for text classification;

e K-Nearest Neighbors (KNN) is a nonparametric
algorithm that classifies new data points based on their
proximity to the nearest neighbors in the training data;

e decision trees propose a simple but effective
method of classification, they are easy to interpret and
understand, and can be used to create rules that can be
applied to new data;

e random forest is a popular ensemble learning
algorithm that combines multiple decision trees to create a
more accurate model, it works by generating a large
number of decision trees, each of which makes a prediction
about the input data.

Classification algorithms are a critical component of
modern machine learning systems. The choice of algorithm
depends on the specific task at hand, the nature of the data,
and the computational resources available. By selecting and
tuning the right classification algorithm, we can create
powerful predictive models that automate many tasks and
provide valuable recommendations [12].

Since business process models classification based on
their correctness involves predicting the probability of
errors in them, the logistic regression algorithm can be used
for classification tasks in this work.

Let wus define classification tasks where the
independent variables are continuous in nature and the
dependent variable takes a categorical form, such as classes
like positive and negative. Real-world examples of
classification include emails as spam classification, tumors
as malignant or benign, and transactions as fraudulent or
genuine. The answers to all of these questions are
categorical, either “yes” or “no”, making them binary
classification tasks [14].

Logistic regression uses a sigmoid or logistic
function. An explanation of logistic regression can begin
with an explanation of the standard logistic function. A
logistic function is a sigmoid function that takes any real
value between zero and one.

The logistic (sigmoid) function is defined as [14]:

o(1)=-2 L 3)

e+l l+e!

Plotting a graph of a sigmoidal function will result in
an S-shaped curve, an example of which is demonstrated in
fig. 2 [15].

Fig. 2. Graph of the sigmoid function [15]

On the y-axis, the s-shape changes from 0 to 1, which
is the probability of an output (fig. 2). For example,
assuming that the probability of errors in a business process
model is predicted, 1 means that the model is 100 %
erroneous based on logistic regression, while 0 means that
there is no reason to believe that the business process model
is error-prone [15].

For example, let us consider a linear function in a one-
dimensional regression model [14]:

t=po+pix, “

where:

e x is the independent variable;

e B, and p are the logistic
coefficients.

Thus, the logistic equation that allows predicting the
probability of a certain outcome based on the input data will
take the following form [14]:

regression

1
)= G (5)

Now, when the logistic regression model encounters
an outlier, the logistic equation will not allow to obtain
values less than 0 or greater than 1 [14].

Features in a dataset often have different scales,
measurement units, or ranges. If features are not scaled,
those with larger scales can dominate the learning process
and introduce errors. By scaling features, we ensure that
they contribute equally to the analysis and prevent any
particular feature from exerting undue influence [16].

Feature scaling, also known as normalization or data
standardization, is a method used in machine learning and
data preprocessing to bring different features of a dataset to
the same scale. The goal of scaling is to ensure an equal
contribution of all features to the learning process and to
prevent the dominance of any particular feature or bias in
the results [16].
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Normalization, also known as Min-Max scaling, is a
common technique used in machine learning to normalize
feature values within a certain range [16].

The goal of normalization is to transform features so
that they all have values in the same scale, usually between
Oand 1 [16]:

o= x— min(x)

(6)

max (x) - min(x)’

Standardization is a common technique used in
machine learning to normalize data. It transforms the data
so that it has zero mean and unit variance. This process
causes the data to follow a standard normal distribution,
where the mean is 0 and the standard deviation is 1 [16]:

x,zx—x’ (7)
o

where:

e X is the mean value;

e o is the standard deviation.

There is no clear rule for choosing an input scaling
function for a machine learning model. However, in
classification tasks based on logistic regression or other
algorithms that use a gradient-based optimization to adjust
the model, standardization gives better accuracy than
normalization [16].

Therefore, the logistic regression model for business
process models classification based on their correctness is
using the considered complexity measures IC and M will
be as follows:

1
1+ e‘(ﬂo*’ﬂl'lcr*'ﬂz'M') ’ (8)

p(Ic,m")=

where:

e IC is the standardized value of IC;

e M’ is the standardized value of M.

Therefore, business process models for which
p(IC",M")> 0.5 will be considered error-prone and will

require measures to improve their quality.

Interface complexity (IC) and modularity (M) are
quantitative measures that reflect important characteristics
of BPMN process models.

These measures can be calculated for each process
model and used as input to a logistic regression model. The
logistic regression model learns the relationship between

the input features (IC' and M') and a binary outcome
variable representing correctness (e.g., whether the BPMN
model is correct or not).

By learning from a dataset of labeled BPMN process
models, a logistic regression model can then generalize its
learning to classify new process models based on their IC
and M’ scores, providing a predictive tool for assessing
correctness in BPMN process modeling.

Thus, the algorithm for business process models
classification based on their correctness will include the
following steps (see fig. 3):

1) process a collection of BPMN model files, parse
business process elements;

2) calculate the IC and M measures for each BPMN
model in the dataset, find standardized values of the
considered features;

3) create a dataset with the IC and M values for each
BPMN model and the corresponding binary target variable
indicating correctness;

4) apply logistic regression to the prepared training
set (75 %), define a relationship between features (IC and
M) and correctness labels;

5) evaluate the performance of the trained logistic
regression model on a test set (25 %) to ensure that it can
analyze new business process models;

6) deploy the logistic regression model to evaluate
the correctness of new BPMN models based on their IC and
M measures;

7) use the deployed logistic regression model to
classify new BPMN models based on their IC and M scores.

~ — = Load and parse BPMN model9

</bpmn> Calculate IC and M measurea— A
I
BPNN files Prodons
measures
[ e —@reatethe dataset ¢ — -
I
| | Training
| |set (75%)
! \
I
|

L Train the logistic regression modeD—.

I
Test \I/ |
set (25%) [ — Evaluate model performance) |
/i\ I
= Trained
model
\
Deploy model K— — — 4
|
</bpmn> . |
— X Classify new BPMN models)(— -
BPNIN
model

Fig. 3. Algorithm for business process models classification
based on their correctness

System design. Functional requirements define the
capabilities and functions a system must have to meet user
expectations and business needs. They describe what the
system should do and typically include functions such as
data processing, computation, and user interaction [17].
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Formally, the functional requirements for a software
solution for business process models classification based
on their correctness are presented in a UML (Unified
Modeling Language) use case diagram (see fig. 4).

Calculate
measures

=

\

<<include>>
-~
~

Collect BPM
models
~

<<include>>

A Create dataset

<<include>>
. Evaluate
Train model —-—
performance
Deploy model

| «<extend>>
Analyze new
models

Fig. 4. Use case diagram of a software solution for business
process models correctness classification

A

Analyst

>—|-o‘

User

The selection of the technology stack for the BPMN
model classification software tool was made with a focus
on achieving a balance between efficiency, versatility, and
usability:

e Node.js [18] is the backend JavaScript runtime,
which facilitates parallel query processing.

e TensorFlow [19] is a powerful machine learning
library with robust capabilities in implementing the logistic
regression algorithm for model training and classification.

e Bpmn.io [20] is a BPMN modeling toolkit, which
provides a user interface for model visualization.

e MongoDB is a NoSQL database [21], used for
efficient data storage and retrieval, it meets scalability and
flexibility requirements.

The software for BPMN diagrams classification based
on their correctness is built using a three-tier client-server
architecture that uses considered technologies to integrate
with various system components (see fig. 5) [22].

Results and discussion. The collection of BPMN
business process models based on the GitHub repository
“bpmn-for-research” contains 3729 models [23].

Boxplot diagrams (fig. 6) were used to set thresholds
for the IC and M measures. We focused on the values of the
third quartile (Q3) obtained from the boxplot analysis.

By observing the Q3 values, the upper thresholds for
IC and M were determined:

o IC<62;

e M<I19.

Any data points that exceeded these thresholds were
considered outliers, indicating potential inefficiencies in
the BPMN models. Thus, a criterion was established by
which BPMN models with IC or M values exceeding the
upper threshold were classified as inefficient. This
approach made it possible to identify and mark cases where

high complexity or modularity could potentially hinder the
efficiency or reliability of BPMN models.

Client side

Web browser

External services

|
|
|
1
Application server |
|
|
|
|

Bpmn.io i< LV

TensorFlow € J
=

|
|
|
|
]
|
Database server
v

MongoDB £
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Fig. 5. Deployment diagram of a software solution for business
process models correctness classification
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Fig. 6. Boxplot diagram to determine thresholds for IC and M
measures

The provided confusion matrix (see fig. 7) illustrates
the performance of a logistic regression classification
model, typically in the considered BPMN models binary
classification scenario. In this matrix [24]:

o top left cell (907) represents the number of True
Negative (TN) results, indicating cases that the model
correctly classified as negative;

o top right cell (1) demonstrates the number of False
Positives (FP), which are cases that the model incorrectly
classified as positive;

e bottom left cell (7) displays the number of False
Negative (FN) results, representing cases that the model
incorrectly classified as negative;

e Dbottom right cell (18) reflects the number of True
Positive (TP) results, indicating cases that the model
correctly classified as positive.
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Fig. 7. Confusion matrix of the BPMN models classification

The results of the software solution for business
process models classification based on their correctness
demonstrate a high level of performance:

e out of 925 total predictions made, all were correct,
indicating the effectiveness of the classification model in
accurately identifying incorrect BPMN models;

e only 8 predictions were incorrect, indicating a low
number of misclassifications and a high level of model
accuracy;

e accuracy score of 0.9914 indicates the high ability
of a software solution to correctly classify business process
models in 99.14 % cases;

e precision score of 0.9988 indicates that when a
solution predicts a model to be correct, it is correct 99.88 %
of the time;

e recall value of 0.9923 indicates the classification
model correctly identifies 99.23 % of the correct business
process models.

e F-score of 0.9956 indicates the overall 99.56 %
performance of the classification model and, respectively,
the developed software solution.

The results of the classification of business process
models in terms of their correctness based on logistic
regression are demonstrated in fig. 8.

classification

0 20 40 60 80
IC

Fig. 8. Results of business process models correctness
classification based on logistic regression

The deployed logistic regression model, implemented
in the form of the developed software solution, was finally
used to classify new BPMN models based on their IC and
M scores (see fig. 9).

Conclusion. This paper solves the relevant practical
problem of business process models classification based on
their correctness, which allows to ensure quality control of
the business process models being developed.

The goal of the study was to improve the quality of
business process models by developing a software solution
for business process models classification based on their
correctness. Therefore, to achieve this goal, the following
tasks were solved in this work:

1) the algorithm for solving the problem of business
process models classification based on their correctness is
developed;

2) the requirements for a software solution are
determined,;

3) the software solution development tools are
selected;

4) the software solution for business process models
classification based on their correctness is designed;

5) the corresponding software components of the
proposed solution are developed;

6) the use of a software solution for solving the
problem of business process models classification based on
their correctness is demonstrated;

7) the obtained results are analyzed and discussed.

The software, based on the logistic regression model,
indicates high performance of BPMN models classification
based on their correctness, achieving a high accuracy rate
0f99.14 %. A precision of 99.88 % demonstrates the ability
to accurately identify correct BPMN models while keeping
a high recall rate of 99.23 %, which indicates the ability to
efficiently detect the relevant instances in the dataset. In
addition, the F-score of 99.56 % highlights the overall high
performance in BPMN models classification, which helps
to minimize errors in designed business process models.
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PO3POBKA TA JOCJJIAKEHHSA ITPOI'PAMHOI'O PILNEHHA U151 AHAJI3Y KOPEKTHOCTI MOJEJIT
BIBHEC-ITPOLECIB 3 BUKOPUCTAHHSM MAIINHHOI'O HABYAHHS

ITorano po3po6iieHi Mozei Oi3HeC-TPOLECIB € JPKEPETOM ITOMUIIOK i MOAAJBIIMX BUTPAT, TTOB’A3aHMX 3 UMM OMHJIKAMH, TAKHX SIK TPOLIOBI BUTPATH,
BTpaveHHi yac ab0 HABITh NEBHUI IIKIJIMBUII BIUIMB HA JIFOJICH a00 HABKOJIMIIHE CEPEOBUILE, SIKIO TOMUIKOBI MOZIeNi Oi3HEC-TIPOLIECB MOB A3aHi 3
KPUTHYHO BaXJIMBUMH ramy3smu. JKurreuit nuxkia BPM (Business Process Management) 3a3Bu4aii CKIaa€eThCsl 3 MPOEKTYBAHHS, BIPOBAIKEHHS,
MOHITOPHHIY Ta KOHTPOJIIO BUKOHAHHs Gi3HEC-IpoLeciB, ae oMy Opakye Oe3rnepepBHOr0O KOHTPOIIO SIKOCTI cTBopeHux mozeneid BPMN (Business
Process Model and Notation). Takum gnHOM, y DaHilt poOOTi po3risiaacThes 3anada Kiacudikanii Mogenelt 6i3Hec-IpoleciB Ha OCHOBI iX KOPEKTHOCT,
BHUPILICHHS KOI 3a0€3MeUUTh KOHTPOJIb SKOCTI pO3pOOICHHX Mozelnel Oi3Hec-mpoueciB. TakKuM YHHOM, METOIO JaHOTO JIOCITIIKEHHS € IiJBUICHHS
SIKOCTI MoJiesieil Oi3Hec-IPOLIeCiB NUIIXOM PO3POOKU MPOrpaMHOro pilieHHs s kiacuikamii Moneseil Oi3Hec-poneciB Ha OCHOBI iX KOPEKTHOCTI.
O0’exTOM JOCHIKEHHS € mporec kracubikamii Mogenell Oi3Hec-IPoIeciB Ha OCHOBI IX KOPEKTHOCTI, SKHH BHKOPHCTOBY€ MOKA3HUKH SKOCTI Ta
MOPOTOB1 3HAYECHHS, SIK IIPABHJIO, TOKA3HUKH CKiIaaHOCTi. [IpenmeroMm nocmiukeHHs € mporpaMHe pileHHs it kiacudikanii Moaeneii 6i3Hec-npouecis
Ha OCHOBI iX kopekTHOCTi. OTXe, y JaHii poOOTI 3ampONOHOBAHO ANTOPUTM PO3B’s3aHHs 3amadi kiacudikauii moaeneidr BPMN 3 BHKOpHCTaHHIM
JIOTICTHYHOI perpecii, MOKa3HUKIB CKIAAHOCTI iHTepdeHCcy Ta MOTYIBHOCTI, BU3HAYEHO BHUMOTHU [0 IPOTPaMHOTO 3a0e3IedeHHs, 00paHO 3acobu
PO3pOOKH IPOrpaMHOro 3abe3MeyeHH s, CIPOEKTOBAHO IporpaMHe 3abe3nedeHHs A1 Kinacudikanii Moneneit Gi3Hec-npoLeciB Ha OCHOBI IX KOPEKTHOCTI,
PO3pOOICHO BiAMOBIAHI MpOrpaMHi KOMIIOHEHTH, NMPOJEMOHCTPOBAHO BHKOPUCTAHHSI MPOTrPAaMHOrO PIillleHHs IS pO3B’s3aHHS 3a1adi kiaacugikarii
Mogenell Oi3Hec-IIpOIeciB HA OCHOBI iX KOPEKTHOCTI, a TaKOoXK IPOAaHATi30BaHO Ta OOrOBOPEHO OTPHMaHi pe3yabTaTd. Po3poOiieHe mporpamue
3a0e3MeyueHHs IEMOHCTPYE BUCOKY eheKTHBHICTh Kinacudikalii moaeneii BPMN Ha 0CHOBI X KOPEKTHOCTI, IOCSTal0UH BUCOKUX MOKa3HUKIB TOYHOCTI
(99,14 %), Bayunocrti (99,88 %), noBroTH (99,23 %) Ta F-mipu (99,56 %), 1m0 migkpecitoe BUCOKY e(eKTHBHICTD BUSABICHHS IOMHJIOK MOJCTIOBAHHS.

Kuio4oBi ci10Ba: MojemoBanHs 0i3HEC-TIPOIECIB, AKICTh MOJENI, HOKA3HUKU CKIATHOCTI, MAIITMHHE HABUaHHS, JIOTiCTUYHA PErpecis, IporpaMHe
pilIeHHS.
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MYJBbTUATEHTHA IMITAIIIMHA MOJEJb MMOIWPEHHSA IHOEKIIMHUX 3AXBOPIOBAHD

MeTor0 TOCIiDKEHHS € po3po0Ka MyJIbTHATEHTHOT IMiTalliifHOT MOZIei TSl MPOrHO3YBAaHHS MIOLIMPEHHS iHPEKLIHHNX 3aXBOPIOBaHb, 30kpeMa COVID-
19. B ymoBax nmaugemii COVID-19 Bunukia HaranbHa notpe6a y CTBOPEHHI IHCTPYMEHTIB I IPOTHO3YBaHHS Ta aHANII3y AUHAMIKH eIIiIeMiil, a TaKoxK
OLIIHKH e(peKTHBHOCTI yNPABIiHCHKHX pillleHb. BUKOpHCTaHHS MaTeMaTHMYHUX MOZEJNCH y IIbOMy HMpoLeci J03BOJISIE aJICKBATHO OINMCYBATH JUHAMIKY
TONIMPEHHS 1H(EKILIH, 0 € BaXIMBUM JUIS MPUAHATTA OOIPYHTOBAHHX pilleHb. Y CTaTTi PO3MNIANAIOTHCSA TPaJMLIiHHI MIAXOAM 10 MOACIIOBAHHS
emizeMil, Taki Ik MOJENb «XIKaK—KepTBa» Ta kommapTMenTansaa Mogens SIR (Susceptible-Infectious-Recovered). Monens «xmkak—kepTBay» OIMUCYE
B3a€MOII0 MK JIBOMAa BHJAMH B EKOCHCTEMi 3a JONOMOror0 Iu(epeHLiadbHUX PIiBHAHb, IO JO3BONSE MOACIIOBATH AWHAMIKY MOIYJISLIH.
KommaprmenTaneia monenb SIR mopinse HacelqeHHS Ha TP IPyMH: BpasnuBi, iHMIKOBaHI Ta omyXkaii, IO JO3BOJISE aHATI3yBaTH MOMIMPCHHS
iHdeKiitHnX 3axBoproBansk. [IpoTe mi Moaeni MalOTh 0OMEXKEHHS, 30KpeMa depe3 IPUITYIIeHHS IPO OJHOPIAHICTh MOMNIALI] Ta CTAICTh TapaMeTpiB.
JInst GimbII TOYHOTO MOJETIOBAHHS CKIAIHUX CMiJEMIYHUX MpPOLECiB Oys0 po3po0JICHO MyJbTHATCHTHY IMiTaliiiHy mMonens. Y wiif Mozerni areHTH
B3a€MOJIIIOTh Y BH3HAYCHIH 00JacTi, iMiTyI0ul peabHi YMOBHU MOLIMPEHHS iH(eKUii. ATeHTH MOIULIIOTHCS HA TPU KJIAcH: 3[0pOBi, iH}ikoBaHi Ta
oxyxaii. Pyx arcHTIB MOJEIIOETHCS 3a JOMOMOIO0 BHIIQAKOBOrO OIyKaHHS y JBOBHMIPHOMY MPOCTOPI 3 ypaxyBaHHSIM MOXJIHMBOCTI KOHTAKTY MiX
HHMH, 1[0 MOKE MPU3BECTH 10 3apaxkeHHs. [HiKoBaHi areHTH MiciIs IIEBHOTO Nepio Iy 3aXBOPIOBAHHS MEPEXOATh Y KJIAC Oy KAaIIHX 1 OLIbIIe HE MOXKYTh
iH(ikyBaTucs. Pe3ynbraTH MOJETIOBAHHS IOKa3alld, IO MYJIbTHATCHTHA MOJEIb JO3BOJISIE OLNBII TOYHO NPOTHO3YBaTH JHHAMIKY HOLIMPEHHS
indexmiii. Byno mpoBeneHO YHCIEHHI eKCIIEPHMEHTH, SKi IPOJEMOHCTPYBANIU aeKBATHICTh MOJENI y BIATBOPEHHI IpoIecy iH(iKyBaHHS, MIKOBHX
3HAYCHb 3aXBOPIOBAHOCTI Ta Mepiofy oxyKaHHs. J{OCTiKEHO BIUIUB Pi3HHX MapaMeTpiB, TAKHX SK TPUBATICTh 3aXBOPIOBAHH, HA TUHAMIKY emigemii.
OtpHMaHi pe3ybTaTH MiATBEPIKYIOTh, 10 BPaXyBaHHS IHAUBITyaJbHUX XapaKTEPHCTHK Ta MOBEJIHKOBUX OCOOIMBOCTEH areHTiB MOKPAIIye TOUHICTh
MozemoBaHHs. e 103B0JIs€ BUKOPUCTOBYBATH MYJIBTHATCHTHY iMiTaliiiHy MO/ENb TS pO3po0KH eEeKTHBHUX CTPATEriil KOHTPOIIIO Ta IPOTHO3YBAHHS
HOLIMPEHHS IHQEKIIHUX 3aXBOPIOBaHb, 10 MOXE OYTH KOPHCHUM JUIs PUIHATTS yHIPABIIHCHKHX PillleHb y peaJbHUX yMOBaX MaHIEMil.
KurouoBi ciioBa: eninemisi, imitaniiine MoaemoBanHs, Mozenb, SARS-CoV-2, nanaemis, IpOrHO3yBaHHs, MATEMATHYHE MOJICIFOBAHHS

Beryn. 3 nommpenssm koponasipycy SARS-CoV-2
(COVID-19) 3’sBunacs morpebda y HPOrHO3YBaHHI Mac-
mTabiB MOXIIUBOI COLIadbHOT IIKOAM, TCPMIHIB MKy Ta
3aBEpIICHHS eIifeMil, a TaKoX y BH3HAYCHHI e(EeKTHB-
HOCTi MOIJIMBHX YTIPaBIIHCHKUX PIlICHb JJIS 3aM100iraHHs
MOMIAPEHHIO XBOpPOOM B yMOBax 010J0T0-COMiabHOT
Haj3BH4aitHOi curtyarii [1]. Y mpoMy KOHTEKCTI MaTema-
TAYHI MOJIEI, 0 OTKCYIOTh IIi MPOIIECH, CTAIOTh BaXIIH-
BHM iHCTpyMEeHTOM. Ha ChOTOMHI iCHYIOThH Pi3HI ITiIXOIH
JI0 MOJICJTIOBaHHS MOUIMPEHHS eMifeMil, sIKi MOXyTb OyTH
BUKOPHCTaHI /Ul aHajJi3y MOAIN Ta NMOPIBHSHHS anbTep-
HAaTUBHUX IUIAXIB PO3BUTKY B 3aJ€XHOCTI Bil yHpas-
JIHCBKUX PIlICHb.

Orjasg MaTeMaTHYHHX Mojedeid. MarteMaTudHe
MOJICJIFOBAHHS B CMIJIEMIOJIOTI] € BAXKIUBOIO TaTy3310, sKa
JI03BOJISIE BUBYATH Ta MPOTHO3YBaTH MOIIUPEHHS iH(DEK-
iHHUX 3aXBOPpIOBaHb B momyJisii [2]. [TouaTok miei ramysi
MOXXHA BiTHECTH JI0 POOIT, JIe ePEeKTUBHICTh BaKITMHAIIIT
MIPOTH BITPSHOI BiCTIK Briepie Oylia JOCIiIKEeHa 3 BUKO-
PUCTAHHAM MaTeMaTHYHUX MiaxonaiB. OMHUM 3 KIFOYOBUX
JIOCATHEHB € PO3p0o0Ka MoJeeH, siKi 0a3yIOThCS Ha 3aKOHI
30epeXKEeHHST MacH, IO J03BOJIAIOTH aJCKBATHO BiJITBO-
pIOBaTH JMHAMIKY 3aXBOPIOBaHb B momyisiii. Cepen HUX
MOJKHA BHIIUTUTH «XIKAK-)KEPTBa» Ta KOMIAPTMECHTAIbHI
Mozeni, Brmovaroun mozaenb SIR (Susceptible-Infectious-
Recovered) [3-5].

OpHicro 3 KIACHYHUX MAaTEMAaTUYHHUX MOJIENIEH €
MOJICNIb «XMIKAK-)KEPTBa», BOHA BUKOPHUCTOBYETHCS JUIS
OTIMCY B3aEMOJIiT Mi>K IBOMa BHJIaMH B €KOCHCTEMHU: OJTUH

BHJI, BIJOMUI K «XMKAK», [IOJIIO€ HA 1HIIHI BU, BIIOMMI
K «kepTBa» [6—8]. L{s Moaens Moxe OyTH 3aCTOCOBaHA B
PI3HUX KOHTEKCTaX, BKJIIOYAIOYHM Oi0JIOTiI0, €KOJIOTII0 Ta
1HIII TaTy3i.

B Mozeni «xmkak—KepTBa» 3a3BUUail BUKOPHCTOBY-
FOThbCsI JiBa nudepeHIiabHi PIBHAHHS ISl OTIMCY 3MiH B
MOTYJISIIIsIX 000X BHIIIB 3 HACOM:

dx
—=ax—pxy,
7 Bxy
d—y=—7y+5xy,
dt

e a, f,y,1 0 —lenapaMeTpy, Ki BU3HAYAI0Th XapakK-
TEPUCTUKH B3a€EMOJIT MIXK XIPKaKaMu 1 )KepPTBaMH.

0 — Tpe/ICTaBIIsIe€ IPUPOJIHUHI MPUPICT XMKakiB (0e3
ypaxyBaHHsI )KEPTB);

[ — BU3HAUA€E YAaCTKy YCIIITHUX XFMKaKiB, SKi BHKH-
BAIOTh, MTOJIIOIOYN HA JKEPTB;

¥ — BKa3zye Ha LIBHJKICTh NMPUPOAHOIO BHUMHUPAHHS
KEPTB,

0 — BU3HAYA€E, SIK YacTO XIDKaK 1 JKepTBa B3aEMO-
IIIOTb.

MatematuuHa Mozens SIR MIMPOKO BHUKOPHUCTOBY-
€TBCSL JUIsl aHANI3y IMOIIMPEHHS 1HQEKIIHHUX 3aXBOPIO-
BaHb, Takux Ik SARS-CoV-2. lla mozens po3risigae Hace-
JeHHsSI K CYKYIHICTb 0Ci0, SIKI MOXYTh IepeOyBaTu B
OJHIA i3 TpPHOX OCHOBHHMX KaTeropiii S — Susceptible
(BpazmuBwmii), / — Infected (indixoBanmii) Ta R — Recovered
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(omyxkaBmmii) [9-11]. SIR Mozenb n03BoJisie BpaxyBaTH
3HAYHY KUIBKICTH (haKTOpiB, 110 BIUIMBAIOTH HA AWHAMIKY
MOLIMPEHHS KOpoHaBipycHol iHdekii. OqHak yepes crpo-
LIEHY NPHUPOY Li€l MOJIEIi BOHA HE BPaxoOBY€ BCi ACIIEKTH
JIMHAMIKH TIOIIUPEHHSI KOpOHaBipycHOI iH(pekuii. Monens
SIR mMae HaCTYTTHUW BUTIIS;

as__ st
dt N’
dl SI
—=a—-pI1,
dt N p
dR

= =4I,

dt p

ne §(r), £(r) Ta R(r) — KinbKicTh BpasnMBux, iHiKoBaHUX Ta
OAYKaBIIHUX OCI0 BiATIOBITHO;

N=5(r)+1(r) + R(t) — 3aranpHa KinbKicTh HaceieH-
HSI;

a —KoedimieHT mepenadi iHGEKIil, 3aneKHUN Bixg
YaCTOTH KOHTAaKTIB;

p — koeQillieHT OmyXaHHS, SKWH BHU3HAYa€ INBUJ-
KiCTh BUXOMY iH(piKOBaHUX 0Ci0 3 IHPEKITii.

Mopgeni SIR Ta «XmKak-KepTBa» HaJI3BHUAWHO KO-
PUCHI ISl PO3YMiHHS PO3IIOBCIOIXKCHHS CITiICMiii Ta TUHA-
MIKH TOMYJISILiN, aJe BOHUA HE € JOCKOHAIUMH 4Yepe3 CBOi
cnpouieHHs. BoHu wacto nependadaroTb OJHODIAHICTD
MOMYJIAI], BHUIIAJAKOBY B3a€MOJI0 MK I 4WieHaAMH Ta
CTaJIICTh MapaMeTPiB 3 YaCOM, HE BPAXOBYIOUH MPH LEOMY
IHAWBIAyanbHI BiAMIHHOCTI, CKJIaJIHy COIlialbHY JUHAMIKY
Ta 3MIHHICTh Yy Yaci. Taki CIIpOIIeHHS MOXYTh NIPU3BECTH
10 HEIOOIIHKH pEealbHUX PHU3HKIB Ta Hee(hEeKTHBHOCTI
cTpareriii KOHTPOJTIO eIieMiil.

MyabTHareHTHHI miaxig g0 imiTaniiinoi momedi
PO3MOBCIOIZKEHHSI emigeMiii.

BpaxoByroun 0OMeXEHHS ICHYIOUHX MOJCIICH, BUHH-
Kija noTpeda y po3poOui HOBOI iMiTauiiiHOI Mozeni, sika
MOBHHHA BPaxOBYBATH CKJIa/IHIIII Ta O1IbLI peaiCTHYHIII
ACICKTH CIiIEMIYHUX MPOIIECIB.

AreHTHUI miaxin nependavyae BUKOPUCTaHHS 1HIUBI-
IyaJbHUX arcHTIB, KOKCH 3 SKHX MAa€ BJIaCHI XapakTe-
PUCTHKH Ta TOBEIiHKOBI mpaBuia. Lled minximx mo3Bomsie
MOJICITIOBATH B3a€MOJIIi MK OKPEMUMH areHTaMH, Bpaxo-
BYIOUH IXHIO IiHJAMBIAyaJbHY pPIi3HOMaHITHICTH, MOOLUTb-
HICTh Ta aJanTUBHY MoBemiHKY [12]. Taka mMomens mMoxe
BIITBOPIOBATH CKJIAJHI COLIalbHI CTPYKTYPH 1 TWHAMITHI
3MiHH, IO BiAOYBalOThCA y MOMYJIAIIl Mix Jac emigemii.
ATCHTHUI MiIXiJ] TAKOXK BpPaXOBY€ BHUIAJKOBI KOHTAKTU
MIDXK JIFOZbMHU, Pi3HI PiBHI COPUIHATIMBOCTI A0 iHpeKLil Ta
iHII1 (haKTOPH, L0 MOXKYTh CYTTEBO BIUIMBATH HA INHAMIKY
SMiIEMIYHOTO MPOLIECY.

Ha ocHoBi Bume 3a3HavyeHol iHQopmanii Oyno
PO3pO0IJIEHO MaTEeMAaTHIHY MOJIeIh TIOMUPEHHS eImiaeMil y
JIBOBUMIpHii 00yacTi:

R’ :{xe[O,l],ye[O,l]}.

V 3amaniit 00:1aCcTi BUTTAAKOBUM YUHOM PO3MIILIYIOTh-

e k=0,1,...

TpaekTopii areHTiB y npoctopi R ONHCYIOTHCS BEK-
TOpOM:

P :(r.o,r,l,;f...,rj."),jzl...N,

ae rf = (xf, yf) — JICKapTOBI KOOPAMHATH j -TO arcHTa B

k MOMEHT Jacy.
Pyx areutis P, Oyayerbcsi Ha OCHOBI BHIaJIKOBOTO

OJyKaHHS:
K+l _ _k k
X, =x; 4T,
K+l _ _k k
Vi =Vitvyh
k- k . . . . .
me v, iV, — pIBHOMIPHO PO3MO/IiEHi 3HAYEHHS B Jliarna-
somi [—1,+1].

Ha wmexax obGmacti R?, SKIIO x‘(/.k”) ¢[0,1] abo

k+1 . ..
y(/. *) ¢[0,1], ne BianosinHi 3HAUCHHS OGUMCITIOIOTECS 3a

CIIBBIJHOIIEHHIMH:

x(kﬂ) _ x(,k)

J J

y§k+1) _ yﬁk)

Arentu A4, 4,,...4, , no ananorii 3 SIR-moxemo,
po3misieHi Ha TpW Kiacu: S — 3I0pOBi, CXWIbHI IO
3apaykeHHs, R — 370pOBi areHTH, o oayxanu, I — XBopi,
Hocii iHdekmii. CTan i -TO areHTa 3aJa€ThCs JIOTITHOIO
dbyHKITIEIO:

0, k=0,1,...k".k"+1,
Ou =

i Lk=k+1...k"-1.

MOMEHT 3ITKHCHHS areHTiB k' BiANOBiga€ KOHTAKTY
MDK HoOcieM iHQeKLii Ta 370pOBHM areHTOM. MOMEHT
k" —ue vac, konmu iH(MIKOBAaHWI areHT Mepecrae OyTH
HocieM iH(eKIil Ta MepexouTh y CTaH areHTa 10 OyXKaB
R. BiH BH3HA4a€ThCs SIK CyMa MOMEHTY KOHTakTy k',
KOJIM B1JIOYBCS [TOYaTKOBHH KOHTAKT MK HOCiEM iH(eKii
Ta 3JM0POBUM arcHTOM 1 TPUBAJIOCTI 3aXBOPIOBAHHS / :

K"=k"+1.
Kowntakr Mix arentamu 4; Ta A; OLIHIOETBCS 3a Pi3-

HHIICIO 1X KO OopAuHAT:

‘yf” -y

[Ticns 3aBeplIeHHS TEPioy 3aXBOPIOBAHHS AareHT
HEepeXOJNTh y Ki1ac R — 370pOBUil areHt, 3 iMyHITETOM,
o OiyTbIe He MOXKe iH(DIKyBaTHCh.

Pe3yabTaTi Ta 06roBOpeHHs. BUKOPHCTOBYIOUH 3a-
MPOIMOHOBaHY IMiTaliiHy MOJIeNb OyJI0O IPOBEAEHO CEpito
00YHCITIOBAILHUX eKcriepuMeHTiB. Ha puc. 1 300pakeHO
pe3ysbTaTh MOJEIOBAHHS PO3MOBCIO/KEHHS 3aXBOPIO-
BauHst 17151 100 areHTiB 3 TPUBATICTIO 3aXBOPIOBaHHS [ = 5.
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cs i mepemitytotecss N areHtiB 4, 4,,... 4, .
TIpouec posriIsiaeThes y AMCKPETHOMY Haci £ 3 Kpo-
KOM T :
L=t +71,
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Jlaini Ha BCIX pUCYHKax YepBOHUI KOJIip BinoOpaskae Kijib-
KIiCTh XBOPHX, 3€JI€HUH — areHTiB, 10 OJyXaJH, a CIpHi —
310pOBUX. 3 pHC. 1, ¢ BHIHO, IO Ha MOYAaTKy MOJEIIO-
BaHHS € JIMIIC OAWH iH(IKOBaHWI arcHT, MICIS TOTO SIK
3apaXCHUH areHT HaOJIKAeThCs 10 IHIIMX BiH Iepenaec
3aXBOPIOBAHHS, TAKUM YHHOM IIOYHHAETHCS CTPIMKE PO3-
TTOBCIO/KEHHS 1H(DEKIIii, KOTpe A0CATaE CBOTO MaKCHMAITh-
HOTO 3HA4YeHHS NMpH ¢ =7 (quB. puc. 1, 6). [TotiM mounHa-
€ThCS TIOCTYIOBHH PIiCT KiNBKOCTI areHTiB R , a KUIbKicTh
areHTiB kimacy [/ TOCTymoBo 3MeHmIyeTbea. OcraTodne
Oy’KaHHS yCi€l HOMYJIAMii focsITaeThCcs IpY 3HAYCHHI Yacy
t =20 (nuB. puc. 1, 6).

"q" 5 ..c [l c: . . .
o o B2 o .
° e 2 % . - A
.. . .
. * = . ’ . -
. e " ‘.: - . " ..
. o 4 9 - ) - =
. . . . . )
. . o .. L . o
. . . . .
.o..'..' - -' teoyp - . s w - .:: * - X
.2 * e he . ® . .,
.. . _— . . i " . . : u
a o 8

Puc. 1. Pe3ynbraTi MOJEIIOBaHHS NIPU Pi3HUX 3HAYEHHSX Yacy:
a — TI09aTOK MO/ICTIOBAHHS IIPX 3HAaUeHH] dacy ¢ =0 ;
6 — pe3ynbTaT MOJICIIOBAHHS IIPH 3HAYEHHI Jacy ¢ =7 ;
6 — pe3yJbTaT MOJICIIIOBAHHS IIPH 3HaYeHHI yacy ¢ =20

Tak, Ha puc. 2 300paxeHO pe3yJIbTaTH MOJCIIOBAHHS
PO3IOBCIO/KEHHS 3axBopioBanHs st 100 areHtiB 3
TPHUBAJICTD 3axBOpIOBaHHs [ =5 . Sk MOXKHA M0OAYNTH Ha
PHUCYHKY, C HOYaTKy iH(IKyBaHHA Hae CTpIMKE PO3NOB-
CIo/KeHHS 1H]eKIiT, KOTpe Jocsarae CBOro MaKCHMalIbHOTO
3Ha4YeHHs npu ¢ = 7 . [IoTiM MOYMHAETHCS MOCTYIIOBUH PicT
KUTBKOCTI are’TiB R , a 3Ha4YeHHS areHTiB kKiacy [ mocTy-
MTOBO 3MEHIIYEThCsA. OCTaTOUHE OyKaHHA yCi€l MOy ATl
JTOCATaeTHCS TIPH 3Ha4eHHI Jacy ¢ = 20.

1

08 \\
06 k p——
04 B
Y 1
., fJJ \
D  —
-0.01 499 995 1499 19.99

Puc. 2. 3miHa 1uHaMiKU 3aXBOPIOBaHHS 3 4acoM. Yac Kpoky
7 =0.01, xinekicth arenrie N =100 , gqucraHiis B3aeMomil

& =0.03, TpuBanicTs 3axBOproBaHHs [ =5

VY mawiit poboti Oymo mposeneHo cepiro 3 100 gmcens-
HUX eKCIePUMEHTIB 3 THMH JX CaMHMH [apameTpamu
MoOJeNoBaHHs (IuB. puc. 3). Sk MoxHa MOOAYMUTH Ha

PHUCYHKY, TIpH 301IbLIICHH] CTATUCTUKH TEHACHIIIi pO3IIOB-
CIOJDKEHHSI 3aXBOPIOBAHOCTI HE 3MIHIOIOTBCS: TaK caMe IIiK
3aXBOPIOBAHOCTI CIOCTEPITaeThCsl OUIS 3HAYCHHS 4Yacy
t =7, OHaK 4ac MOBHOTO OJYXaHHsS 30UJIBLIYETHCS MO
t =40, mo Moxe OyTH OOYMOBIIEHO BIUIMBOM CTOXac-
THIHUX QakrtopiB. Ciix 3a3HAYUTH, IO SIKICHUU Mepedir
iH(peKmii He 3MIHIOEThCS TPHU 30INBIICHI CTAaTHCTUKH
(mmB. puc. 4).

———
- /-

/

04

02 \\“
N —

19.99 3999

Puc. 3. PesynpraTi y3aransaenss 100 ekcriepuMeHTIB.
UYac xpoky 7 = 0.01, xinbkicTs arentiB N =100,
nmuctaHiis Baemonii £ = 0.03 , TpuBaiicTh
3axBOpIOBaHHs [ =5, qac MozemoBaHHs ¢ = 50

08 P

/'

y //
/

Puc. 4. Pesynsratn y3aransaenss 1000 ekcriepuMeHTiB.
UYac xpoky 7 =0.01, xinekicts arentis N =100,

¥

99 3999

nuctaHmis Baemonii £ = 0.03 , TpuBaiicTh
3axBoproBaHHs [/ =5, yac MonemoBanHs ¢ = 50

B pamkax manoi pobotm Oyno HpOBEIEHO MOCTiN-
JKEHHS BIUIMBY TPHUBAIOCTI 3aXBOPIOBAaHHSA AarcHTIB Ha
nepedir posnoscrokenHs iHpekuii. Ha puc. 5 HaBeneno
pe3ysnbTaTh MOAENIOBaHHA iH(IKYBaHHA Uil  PI3HUX
3Ha4eHb /. SIK BUIHO 3 PUCYHKY, 301/IbILICHHS] TPUBAIOCTI
3aXBOPIOBAHHS CYTTEBO BIUIMBAE HAa AMHAMIKY ITOLUIMPEHHS
nangemii. Tak, npu 30inbineni napamerpy / Big 8 no 12
3MIIIAETHCS MK MaKCUMAaIbHOI KiJIbKOCTI 3aXBOPIOBaHb
CIIOCTEpIraeTbesi OUTBII TOMITHE 3pPOCTaHHS KiJIBKOCTI
3apakeHHX 0ci0 Ha MPOT:3i meBHOTO mepioxy yacy ¢ =10
no t =18, a KUIbKICTb iH(QIKOBAHMX Y iKY 3aXBOPIOBAHHS
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36ubIyeThest 3 40 % 1o 65 %. Takoxx, npu TPUBAIOCTI
3axBoproBaHHs [ > 10 Bike BCi areHTH iHDIKYIOTHCS, 10 HE
CIOCTEPIraeThes IPH MEHIINX 3HAUCHHSAX apameTpy.
Takum YMHOM, OTPHMaHI PE3yJIbTaTH IMiJKPECIIOIOTh
Ba)KJIMBICTh ypaxyBaHHS TPUBAJIOCTI 3aXBOPIOBAHHS MPH
po3pobui cTparerii KOHTPOJIO 1 NPOTHO3YBaHHS IOLIH-
peHHs maHAeMii. BpaxyBaHHSA 1IbOTO MapaMeTpa J03BOJISIE
Kpale 3pOo3yMITH OUHaMIKy iH(EKIIHHOTO mpolecy Ta
po3po0IsTH e(hEKTUBHI 3aXO0H ISl HOTO OOMEKESHHS.

/

08 /

04

(/

i
8
w
@&

%8

06 /

AN

1999 3999
03\

15.95 3595

Puc. 5. PesynpraTit MO/ICIIIOBaHHSI 3 PI3HUMH 4acOM
3aXBOPIOBAHHS: ¢ — PE3YJIbTAT MOACIIOBAHHS 3 TPUBANICTIO

3axBOpIoBaHHs [ =8 ; 6 — pe3ynbTaT MOJICIIIOBaHHS 3
TpuBanictio 3axBoptoanns [ =10 ; ¢ — pesyabrar
MOJICITIOBAHHS 3 TPHBAIICTIO 3aXBoproBanus [ =12

BucHoBkn. OTpumaHi pe3ysibTaTH CKCIIEPHUMEHTIB
MiATBEPIKYIOTh BRXJIMBICTh ypaXyBaHHS TPHUBAJIOCTI
3aXBOPIOBAHHSI IIPH aHAJII31 Ta MPOTHO3yBAaHHI MOIMIUPCHHS
iHQEeKUiHHUX 3aXBOpPIOBaHb. 30UIBIICHHS TPHBAJIOCTI 3a-
XBOPIOBaHHS CYTTEBO BIUIUBAE HA TUHAMIKY HMaHIEMIl, O
MOJK€E TPH3BECTH JI0 3aTPUMKHU IIPOIIECY BHJIIKYBAHHS Ta
30UTBIIICHHSI 3arajlbHOI KIJTBKOCTI 3apa)KEHUX, 1110 CBITYNUTH
PO HEOOXIAHICTh YpaxyBaHHS IIbOTO ITapaMeTpa MpH Po3-
poOIIi cTpaTeriii KOHTPOIIO Ta TPOTHO3YBaHHS HOIMIUPEHHS
3axBopioBaHb. OTpuMaHi pe3ylIbTaTH MOXYTh JOCHTH
TOYHO OOTPYHTYBAaTH NPHUHHATI YNPaBIiHCHKI pPilICHHS,
CIpPsSIMOBaHI HAa OOMEKEHHS MOIIMPEHHS CITiIeMil.
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MULTI-AGENT SIMULATION MODEL OF INFECTIOUS DISEASE SPREAD

The aim of the research is to develop a multi-agent simulation model for predicting the spread of infectious diseases, particularly COVID-19. In the
context of the COVID-19 pandemic, there emerged an urgent need to create tools for forecasting and analyzing the dynamics of epidemics, as well as
for evaluating the effectiveness of management decisions. The use of mathematical models in this process allows for an adequate description of the
infection spread dynamics, which is essential for making informed decisions. The article discusses traditional approaches to epidemic modeling, such as
the predator-prey model and the compartmental SIR (Susceptible-Infectious-Recovered) model. The predator-prey model describes the interaction
between two species in an ecosystem using differential equations, which allows for modeling population dynamics. The compartmental SIR model
divides the population into three groups: susceptible, infected, and recovered, which enables the analysis of the spread of infectious diseases. However,
these models have limitations, particularly due to assumptions about population homogeneity and constant parameters. To more accurately model
complex epidemic processes, a multi-agent simulation model was developed. In this model, agents interact within a defined area, mimicking real
conditions of infection spread. Agents are divided into three classes: healthy, infected, and recovered. The movement of agents is modeled using random
walk in a two-dimensional space, taking into account the possibility of contact between them, which can lead to infection. Infected agents transition to
the recovered class after a certain period of illness and can no longer be infected. Modeling results showed that the multi-agent model allows for more
accurate prediction of infection spread dynamics. Numerous experiments were conducted, demonstrating the model's adequacy in replicating the
infection process, peak infection rates, and recovery periods. The influence of various parameters, such as the duration of illness, on the epidemic
dynamics was investigated. The obtained results confirm that considering individual characteristics and behavioral traits of agents improves the accuracy
of modeling. This allows the multi-agent simulation model to be used for developing effective control strategies and predicting the spread of infectious
diseases, which can be useful for making management decisions in real pandemic conditions.
Keywords: epidemic, simulation modeling, model, SARS-CoV-2, pandemic, forecasting, mathematical modeling.
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MOJEJI JMCTAHIIMHOI ITEHTU®IKALIT IIAPAMETPIB IMHAMIYHUX OB’CKTIB 3
BUKOPUCTAHHSIM TPAHC®OPMEPIB BUSIBJIEHHS TA OITHYHOT'O TIOTOKY

3anmaui QUCTaHIIMHOI iIeHTU]IKALIl TapaMeTpiB JUHAMIYHUX 00 €KTIB € BaXKJIMBUMH JUIS PI3HOMAHITHUX Taly3ei, BKIHOYAIOYH KOMIT IOTEPHUIL 3ip,
POOOTOTEXHIKY, aBTOHOMHI TPaHCIIOPTHI 3aCO0HM, CHCTEMH BiJEOCIIOCTEPEKECHHs Ta OaraTo iHIMX. TpamuuiiiHi MeToam po3B’s3aHHSA LUX 3agad
CTHKAIOTHCS 3 IPOOIEMaMH HEJJOCTaTHBOI TOYHOCTI Ta epeKTHBHOCTI BU3HAYCHHS IMHAMIYHHUX NapaMeTpPiB B yMOBaX IIBUIKO 3MiHIOBAHNX CEPEJOBHUII]
Ta CKJIQJHUX JUHAMIYHHX CIeHapiiB. Po3rismaroTecs cyyacHi MeToau ineHTUdiKamil mapaMeTpiB AMHAMIYHUX 00’€KTIB 3 BUKOPUCTAHHSAM TEXHOJIOTIH
TpaHc(hOpMepiB BUSIBICHHS Ta ONTHYHOTO MOTOKY. TpaHcdopMep BHSBICHHS € OZHMM 3 HOBITHIX IMIXOAIB Yy Tamy3i KOMII'IOTEPHOrO 30py, LIO
BUKOPHCTOBYE apXiTeKTypy TpaHchopMmepa IUisl 3aBIaHb AeTeKTyBaHHS 00’ektiB. Lleil TpaHchopmep iHTerpye mpouecu BUSBICHHS 00 €KTIB i
BU3HAUCHHS IXHIX MEX Yy €IUHYy Mozens end-to-end, 110 3HaYHO MOKpAITy€e TOYHICTh Ta MBHAKICTH 00poOKu. BukopucTanus TpaHchopMepiB J03BOIIIE
Mozeni eheKTHBHO 00poOusATH iH(pOpPMALiIO 3 YChOro 300pa)KEHHsS OJHOYACHO, IO CIPHUSIE KPALIOMY PO3Mi3HABAHHIO 00’€KTIB HABITh y CKJIAJHUX
yMoBax. ONTHYHHUI TOTIK € METOIOM aHali3y PyXy, 1[0 BU3HAYA€ IMBHAKICTh Ta HANPSIMOK PYXy MIiKCENiB MK HOCITIJOBHHMH Kaapamu Bineo. Llei
METOJ] J03BOJIIE OTPUMATH JETaNbHY iH(POPMALII MPO ITUHAMIKY CLEHH, IO € KPUTHYHO BaXKIMBUM JJIS TOYHOTO BiJCTEKCHHS Ta ineHTH(ikarii
napameTpiB pyxoMux 06’ekTiB. IIponoHyeTbcst iHTerpanis TpancOpMepiB BUABICHHS Ta ONTHYHOrO MOTOKY ISl i IBUILEHHS TOYHOCTI 1IeHTU(IKaLii
napameTpiB TUHaMIYHUX 00’ €kTiB. KOMOIHALLS [IMX BOX METO/IIB J03BOJISIE€ BUKOPHCTOBYBATH IIEPEBari 000X MiIXO/iB: BUCOKY TOYHICTb JETCKTYBaHHS
00’€KTiB Ta feTanbHy iHpopManiio npo ixHil pyx. [IpoBeneHi eKCIepUMEHTH IOKA3YIOTh, IO 3aIPOIIOHOBAHA MOJIENb 3HAYHO IIePEeBEPIITye TPAIULIiHHI
METO/IH SIK Y TOYHOCTI BU3HAYCHHS MapaMeTpiB 00’ €KTIB, Tk 1 y MIBUAKOCTI 00poOky nanux. KITlouoBi pe3ynbTaTh JOCIIHKEHHS CBiqYaTh PO Te, 10
iHTerpanist Tpanc(opMepiB BUABICHHS Ta ONTHYHOTO MOTOKY 3abe3redye HajiiHe 1 MIBUAKE BU3HAYCHHS NapaMeTpiB PyXOMHUX 00 €KTIiB y pealbHOMY
9aci, [0 MOXE OYTH 3aCTOCOBAHO Yy pI3HMX NPAaKTHYHMX CLEHapisx. [IpoBemeHi DOCHIUKEHHS TaKOXK IOKA3ald IOTEHI{an Ul IOJANIBIIOro
BJIOCKOHAJICHHSI METO/IiB 0OPOOKM JaHHUX Ta IXHBOTO 3aCTOCYBAaHHS Y CKJIAAHMX AMHAMIYHHX cepenoBuinax. OTpUMaHi pe3y/nbTaTH BiIKPHBAIOTH HOBI
HEPCIIEKTHBH [T PO3POOKH iHTEIEKTYa IbHUX CHCTEM MOHITOPUHTY Ta KEpyBaHH, 110 3/[aTHI aIaNTyBaTHCs JO MIBUAKO3MIHHUX YMOB HaBKOJIUIITHBOTO
CEepeIOBUIN, ITiABUITYIOUH e(pEeKTUBHICTH Ta Oe3leKy iXHboI poOOTH.

KuirouoBi cioBa: nucraHuiiiHa igeHTUdiKalis AMHAMIYHUX 00 €KTIB, BHSBICHHS 00’€KTiB, TpaHc(hOpMep BUSBICHHS, ONTHYHUHA MOTIK,
imeHTH(IKALIS IBUAKOCTI, NTMOOKE HABYaHHS, 3rOPTKOBI HEHPOHHI MEPEXKi.

Beryn. OpmHuMHM 3 KIIOYOBHX 3a7ad  IUTYYHOT'O
IHTCIICKTY € BUSBICHHS Ta iIeHTH(IKAlis JUHAMIYHHX
00’€KTIB y BETUKUX 00cCsIrax MU(pOBHUX BilCO JAHHX, IO
3a3HAIOTh MOCTIMHMX 3MiH. Lli 3amadi cTalOTh OCOOJIHMBO
aKTYaJIbHUIMHU Y TaKUX Tajy3sX sK KOMIT IOTepHU 3ip,
CHCTEMH BiJ€OCTIOCTEPEIKECHHS, POOOTOTEXHIKa, aBTOHOM-
HE KepyBaHHS TPAHCIIOPTHUMH 3aCO0aMU Ta OaraTo iHIIHX.

Jdust po3B’si3aHHS IHMX 33424 BHUKOPUCTOBYIOTHCS
MepeoBl METOMU TIMOOKOTO HaBYAHHA, CEpell SKUX
ocoOnuBe Micue 3aiiMaroTh 3aco0M JETEKTYBaHHS Ta
inenTugikarii, Taxi sk 3ropTKoBi HelpoHHI Mepexi (3HM),
KOIyBaJIbHI Ta JEKOAYBalbHI apXiTEKTYpH, a TaKOX
HeWpoHHI Mepexi mpsmoro momwupenHs (HMIIID).
BukopucTtaHHs IMX METOAIB €  KJIHOYOBHM IS
e(eKTUBHOIO BHSBJICHHS Ta ineHTH(]IKauii 00’€KTiB y
peaylbHOMY dYaci, 30KpeMa JIWHAMIiYHHX OO0 €KTiB, IO
3a3HAIOTh 3MiH y (hopmi, po3Mipi, TOJOXKEHHI Ta 1HIIHUX
napametpax [1].

VY crarti poO3rASAHYTI MAXOAM A0 BUKOPHCTaHHS
METOJIiB JeTeKTyBaHHA Ha ocHOBi 3HM, a Takoxx iHIIHX

CKJIaJIOBHX TTTHOOKOT'O HABYAHHS, TAKHUX SK KOAYBAJIbHI Ta
JICKOyBaJIbHI apXiTEeKTypH, y KOHTEKCTI IUCTaHLiHHOI
inentudikanii nuHamivanx o0’ektiB (JIJJO) y 300pa-
JkeHHIX. TakoX JOCTiKeHi mepeBarn Ta OOMEXKEeHHS ITHX
METOIiB i Ha/laHi BUCHOBKH OO0 IXHBOTO IMOTSHITIATY ISt
PO3B’s3aHHS aKTyaJbHHUX 3a7ad B Pi3HUX 00JaCTsIX 3aCTO-
cyBaHHS [2].

3 BHOOPOM TEXHOJIOTiI TpaHC(hHOpMEpiB BUSBICHHS
(TPBW) € kinbka mpUYIHH, YOMY IEH ITi X1 TpUBaOITHBHUI
st 110 y 300paxkennsix [3].

Tpanchopmepu BUSBICHHS 0a3yIOThCsl Ha TpaHCHOp-
MEpPHHUX apXiTEKTypax, sIKi BUSBIIHCS IYXKE CPCKTHBHUMU
B 00poOIi MOCTITOBHOCTEW MAaHWUX, TaKUX SK MOBHHUH
TekcT. BukopucranHs TpaHcdopMmepiB y BimoOpaxeHHI
300pakeHb JIO3BOJISIE MOJCNI BH3HAYaTH TJI00aNbHI Ta
JIOKJIBbHI 3alIe)KHOCTI y 300pakeHHI, MO MOXe OyTH
KOPUCHHUM TIPH ileHTU iK1l 00’ €KTIB.

Tpanchopmepr BHABIECHHS BUKOPUCTOBYIOTH ITiIXiT
end-to-end, O MPOMOHYE apXiTEKTypy, sfKa JTO3BOJISE
3MIMCHIOBATH BHUSABJICHHS 00’ €KTIB Ta IXHIO KJIAaCU(iKAIIiIO
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y BUTIIAAL ONHIET Mojeni 0e3 HeoOXiTHOCTI B OKPEMHX
KOMIIOHCHTaX, Takux sk anchor boxes abo non-maximum
suppression. Ile criporiye mporiec HaBYaHHS Ta iHPEpPEHCY,
3MEHIIYIOYM KUIBKICTh TilepnapaMeTpiB, i ONTHUMI3ye
HIBUIIKICTh poOoTu Mozedi [3, 4].

Texuonoriss TPBU pe3ynbTaTHBHO BHUKOpPHCTaHA B
pi3HEX O0NACTAX, BKIIOUAIOYH BiJCOAHATITHKY, MEINIHI
300pakeHHs Ta iHmmn. [le cBimuMTh PO yHIBEpPCATHHICTH
mozeni TPBU Ta ii moTeHmian y pisHUX 3aBJaHHSAX, TTOB’ -
3aHMX 3 igeHTHdikamiero 00’ ekTiB [5].

Omxe, obupatoun texnonorito TPBU ana JIJIO y
300pakeHHX, MOKHA PO3PAaXOBYBAaTH Ha BUCOKY TOYHICTh
Ta e()eKTHUBHICTH POOOTH MOJIEII, sIKa 31aTHA aIalITyBaTHCS
JI0 PI3HUX cLeHapiiB Ta yMoB [5—7].

Merta Ta 3ama4i gocaigkenHsi. Mera cTarTri oJjsarae
B aHaJi31 MOJeNeH NUCTaHLINHOI ineHTHdiKalii mapamer-
piB IMHAMIYHKX O0’€KTIB 3 BHKOPHCTaHHSIM TpaHC)Op-
MepiB BHSABJIICHHS Ta ONTHYHOTO ITOTOKY.

Jns JoCSTHEHHST METH IOCTaBJICHI 3aiadi JOCHif-
KCHHSI.

1. PosrasayTH cXeMy MUCTaHIiHOI imeHTH]IKAI] 3
BukopucTaHHsaM TPBU Ta onTMYHOrO MOTOKY.

2. PosrnsayTH Mozeni TexHomorii TPBU.

3. Po3risiHyTH CTPYKTYpPY KOJiepa Ta AeKoaepa B TeX-
noorii TPBU.

4. Po3rnssHyTH MOJIeIi 0araToroJioBoOi yBard Ta caMo-
yBaru B TEXHOJIOTi TpaHC(HOPMEPIB BUSIBICHHS.

TexHomaorisa aucranuiiinoi inentudikanii. Cxema
JMUCTAHIINHOI imeHTU}IKAII TapaMeTpiB JTUHAMIYHOTO
00’exta 3 BukopuctanHAM TPBU Ta onTHYHOTO MOTOKY
MoKaszaHa Ha puc. 1 i BKITIOYA€E Taki eIeMEHTH.

1. Biox «Bimeo Bxim». KoxeH kamp Bimeo mTaHUX
(1 xamp, 2 xazmp i T. I.) aHANIRYETHCA 3 BUKOPUCTAHHIM
6moky «Bineo Bxim». PesynpraTi aHamily momaroThCSA Ha
JIETEKTOP BUSIBJIICHHS.

2. derexrop (DETR) y Burisiai tpanchopmepa BUsiB-
neHHs. JleTeKTop J03BOJIsE€ BU3HAYATH MOJIO0KCHHS Ta MEXI
00’€eKTIB y Kaapi.

3. Jlokamizanis 00’exTiB. J[aHi MOJNOKCHHS Ta MEX
00’exTiB y KaJpi, BU3HA4YCHI NETEKTOPOM BUSBIICHHS,
BHKOPHUCTOBYIOTBCA ISl JIOKaUTi3arlii 00’ €KTiB.

4. Onrnannii motik (Optical Flow). 3actocyBanHs
ITOPUTMIB ONTHYHOTO MOTOKY JJIsl BU3HAUEHHS BEKTOPIB
PyXy 00’€KTiB MK HOCTIJOBHAMHU KagpaMH Ia€ MOXKIIH-
BiCTh OIIIHUTH IIBUIKICTH Ta HAMIPSIMOK PyXy 00 €KTiB.

{m)

HppeGoT Meo & HHA DINEK

Kopep Newogen
M EEEEEEEEEEE. - - aann
mopofan
+ Kopep Koaep M s
Tpaucopaen Tnasogopeen e
Hann
EEEEEEEEEEE. - - nopaGes

Flaangiiee KogyBakim

i6) 15

5. Ananmiz napaMeTpiB auHaMiyHUX 00’ekTiB. Ha
OCHOBI OTPUMaHHMX BEKTOPIB PyXy IPOBOAWTHCS aHaIi3
rnapameTpiB 00’€KTiB, BKJIIOYAIOYM LIBHIKICTH PyXy, Ha-
MPSMOK  PyXy, TPA€EKTOPIl0 Ta iHII AMHAMIYHI Xapak-
TEPUCTHUKH.

Bineo sxig

1kagp 2 kapp

Oerextop (DETR)

Nokanizayis ob'exTia

O6'ekt 1 OB'exT 2

Optical Flow

BexTopw pyxy BexTopw pyxy

Auaniz napamerpie guHamiunmx ob'ekTie...

MapameTpu oBexTa 1 MapameTpn ob'exra 2
(WBMAKICTS, (WBMAKICTL, HANPAMOK i
HanpsAMoK | T.4.) T.a.)

Puc. 1. Cxema ancranuiiinoi inentudikarii napamerpis
IMHAMIYHUX 00’ €KTIB

Ha puc. 2 moka3aHa cxeMa TEXHOJIOTIi TpaHCopme-
piB BUsiBIIEeHHS, 0 BKitodae 3HM (a), xonep (0), nexonep
(8), HMIIII (T).

Jnsa BusBieHHs npoctopoBux o3Hak y 3HM 3acro-
COBYETBCSl BXIJTHHMH IIap Ui 300paxkeHb. Y KoJepi sKui
CKJIAJIA€ThCs 3 JCKUIPKOX IIapiB, BXiJHI O3HAKU Iepe-
TBOPIOIOTECSL Y BHCOKOpPIBHEBI mpexacTaBieHHs. [lexonep
(dopmye Habip OOMEXYIOUMX paMOK A IependadeHHs
BHUXO/IiB HA OCHOBI TIPE/ICTaBJICHb, OTPUMaHUX BiJl KOojaepa.

Po3pobnena Mmoaens gexonepa Mae BUTIAL [ 8]

B=DETR(I,) @)

ae I, —xanp;
t — iHAEKC Kaapy;
B, — Habip 0OMeXyI0UnX PaMOK JUIsl KOSKHOTO Kajpy.

KoxxHuil kanp aHami3yeThCsl 3 BAKOPUCTAHHIM BiZIcO
BxoJy Ta aerekropa TPBU, o 103Bosisi€ TOUHO BUBHAYATH

HJnn

(L] irl

Puc. 2. Cxema TexHounorii Tpanchopmepis BusiBieHHs: a — 3HM; 6 — kozep; B — nexoznep; r — HMIIIT
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MOJIOKEHHSI Ta MeXi 00’€KTiB y Kajapi. biok ontuyHoro
MOTOKY MNpuiiMae BXiJHE 300paKeHHs 1 reHepye HaOip
00MEXKYI0UHX PaMOK JJIsl KOSKHOTO KaJpy

F_,,.,=OpticalFlow({,,1,,)), 2)

ne I, ta I, —nocnifoBHi KaJpHu;
F

"1+ — ONTUYHUH TOTIK.
AJNTOPUTMH ONITHYHOTO MOTOKY 3aCTOCOBYIOTBCS LISt
BHU3HAYCHHS BEKTOPIB PyXy 00’€KTiB MK HOCHTIIOBHUMHU
kagpaMu. ONTHYHUIA TOTIK BU3HAYAETHCS K MOJIEC BEKTO-
PiB, IO OMHUCYE PYX KOXKHOI TOYKH KaJPy.
1 N
V= EL O 3)

i=1

ne N —KinmpKicTh TOUOK, IO HaleKaTh 00 €KTY;

F,.1 — BEKTOpH PyXy;

Vv — HIBUJKICTB;

6 — KyT HaNPAMKY pyXy.

Ha ocHOBi oTpuMaHHX BEKTOPIB PyXy HPOBOIUTHCS
aHai3 MmapaMmeTpiB 00’€KTiB, BKIIOYAIOYH IIBUJAKICTH Ta
HamIpsAMOK pyxy. HampsiMok pyxy o0’€kTa BH3HAYa€eThCH,
SIK CepeIHE 3HAYCHHS HAMPSMKIB BeKTOpiB pyxy. LIBua-
KiCTh 00’€KTa PO3PAXOBYETHCS SK BEIMYHMHA CEPEIHHOTO
BeKTOpy pyxy. KyT HampsiMKy pyxy 00’ €KTa 00YHCIIOETHCS
3a (hopMyJI0I0

N
0 =2 atan2(F2,, (). () - 4)
i=1

Knacuuna neliponHa mepexa 3 mpsIMAM HOIIUPEHHAM
00po0isie BUXiJ JeKoxepa Uil OTPUMAHHS KIHICBHX
Ppe3yJbTaTiB.

3aBnsaku 3actocyBanHO TexHouorii TPBU Bmanocs
3HAQYHO TIJBUIIUTH TOYHICTh BHUSIBJICHHS OO0 €KTIB Yy
BiJICOTIOTOI, OCOONMBO B yMOBax CKJIagHOro (oHy Ta
JMUHAMIYHOTO CEpelOBHUIla. BHKOPHCTaHHS ONTHYHOTO
MIOTOKY JO3BOJIMJIO TOYHO BH3HAYATH MapaMeTpH PyXy
00’€KTIB, 0 € KPUTHYHO BAKJIMBHUM JIJIS 33729 PEaTbHOTO
gacy, TaKuX K CHCTEMH Oe3IeKH, aBTOHOMHI TPaHCIIOPTHI
3aco0u Ta BifeocmocTepexeHHs [3, 6, 9].

Mogen koaep — aexoaep. Cxema Mojeli 3’ € THaHHS
eJIEMEHTIB KOJIep — JeKoaep TokaszaHa Ha puc. 3. Ha
puc. 3a HaIaHO CXEeMY KoJepa, SKHi CKIIaJaeThCs 3 MapiB.
Kosxen map mae JBa OCHOBHI MHiJ0JIOKM — 0araToroyioBy
camoyBary (Multi-Head Self-Attention) Ta HMIIII, ne
BHUKOPUCTOBYETHCS 0araTomapoBUil MEPUEHTPOH.

Ha puc. 30 mokaszaHO cxeMy JeKozepa, SKuUil mae
CXOXKYy CTpYKTypy [HO Kojepa 3  JIOJaTKOBUMH
KoMrnoHeHTaMH. CHHCOK IIapiB BKII0OYA€E 0araTtorojoBy
caMoyBary, CyMy Ta HOpPMYBaHHS, 0araTtorojioBy yBary
(Multi-Head attention), cymy ta HOpMyBanHusa, HMIIIL, ne
SK 1 B KOZepi BHUKOPHCTOBYETBCA OaraToOIIapoBHil Iep-
nentpoH [3, 10].

Konep — e yactuna Tpancdopmepa, sika npuitMae Ha
BXig o3Haku, mo oTpuMmani 3HM, Ta 00poOuse ix 3a
JIOTIOMOTOK0 ~ MEXaHI3MIiB  0aratorojioBoi  caMOyBarw.
3aBnaHHs KOJepa MOJATae B KOAYBaHHI BXIJHUX O3HAK Y
KOHTEKCTHI Ipe/ICTaBJICHHs, sIKi 30epiratoTh iHpopMariiro
npo Bci 00’ektn B cueHi. Jlekojep mpuiiMae Ha BXiA

3aKO0/I0BaHI O3HAKH 3 KOJepa Ta BUKOPUCTOBYE MEXaHI3MHU
6araToroyioBoi yBaru Juisi BU3Ha4€HHsI HA00py (iKCOBaHUX
00’exTiB. BuxomoM nekozpepa € KiHIEBI KOOpAMHATH Ta
KaTteropii BUsIBJICHUX 00’ €KTIB.

Ha eramni nonepenusoi 06poOku 306paxennss 3HM
BUTATYE BiJNOBiIHI MPOCTOPOBi 03HaKH [1, 5].

TparchopMepn MalOTh MEPEXKEBY apXiTEKTypy, IO
0asyeTbcsi Ha MEXaHI3Max yBaru Uil MAaIIWHHOTO
rmepekaay. Maiodn eleMeHT 3amuTy i Habip KIF0OYOBHX
SJIEMEHTIB, 0araToroJoBHH MOIYJb YBard aJanTHBHO
arperye KIIOYOBHH BMICT 3 BiIIIOBIZHMMH BaraMi yBarH,
SKI BUMIPIOIOTh CyMICHICTB Iap 3anuT-Kirod. EnemenTom
3aIUTy MOXe OyTH LTbOBE CJIOBO Y BUXIZTHOMY PEUYCHHI, a
Ha0ip KIIOYOBHX CIIEMCHTIB MOXXYTh CKJIAQIaTH BHXIiJHI

CJIOBA Y BXiZITHOMY PEYCHHI.
HMN HMMN

Hexogep
M x
Cyma T8 HOPMYBaHHA

HMIITT

CyMa Ta HOpMYBAHHA

Kopep
Nx
[ v ® a
Cyma Ta HOPMYBaHHA
+ +

Cyma Ta HOPMY BaHHA

v K Q

CymMa Ta HOPMYBAHHA

BaraToronoea camoygara

Vv K Q

+

CaHann
Hx'Wxd  aoBpakeHHn

- - -
e Mt
3anwmy obekTis

{a) MPOCTOROBE NOSULIAHE KOZYBaHHS (6)
Puc. 3. Mozenp konep — aekozep: a) koaep; 0) nexoaep

{06 mo3BonmTH MoOneli (POKyCYBaTHCS Ha BMICTI 3
PI3HHX MIANPOCTOPIB MPEACTaBICHHS 1 3 PI3HUX TO3ULIH,
BUXOJM pI3HMX TOJIB yBarW JIHIIHO arperyroTbhcs 3
TepeHaBYaIbHIMHI BakesiMu. Lleit MexaHizM 3abe3mnedye
TpaHcopMepaMm 3aTHICTh BU3HAYATH CKIIAHI 3aJIeKHOCTI
MiX eJIeMEHTaMH BXiJTHUX JaHUX, IO POOUTH X ePEeKTUB-
HUMH [UIS IIAPOKOTO CIIEKTPY 3a1a4 0OpOOKH MPHUPOIHOT
MOBH Ta IHIINX 0ONacTel.

OyHKIisT 0aratorojoBoi yBaru OOYHCIIOETHCS 3a
¢dopmyoro [11]

M
MultiHeadAttn(z,,x)= > W,[ > 4, *W,x.1  (5)

m=1 keQ,
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ne g €Qq — iHIeKC eleMeHTa 3aIuTy;
C
z, € R" — o3HaKa npe/CTaBIEHHS 3aMUTY;
m — IHJEKC TOJIOBH yBaru;
M — KIIBKICTB TOJIB yBary;
CxC, . . .
W eR — BHXiJ{HA TIPOEKIIisi MATPHUII.
k € Qk — iHAEKC eeMeHTa KIIIo4a;

A . — Baxenl yBaru;

mak
> C.xC . . .

W, eR™ " — BxinHa mpoexuis MaTpHILi;

x, € R® — 03HaKa NpeACTaBIeHHs KII0Ya,

Qg T1a Qk — MHOXWHH €JICMEHTIB 3alIMTy Ta KJI04Ya

BIIITOBITHO.

BximHa Ta BUXiJHA TPOEKIIT MATPHUIll MAalOTh TEpe-
HaBYaJIbHI BajKelli, 110 BU3HAYAIOTHCSl PO3MIPHICTIO YBaru
JUIsl KOXKHOT T'OJIOBH yBaru

C, =C/M, (6)

ne C — po3mipHicTs 03HaKH.
Baskeni yBaru o04HCITIOIOTHCS 32 GOPMYIIOIO

m

“ ()

>

Tyl oy
2 Un Vi

A

maqk ce

C xC . . .

ne U,V eR"™™ — nepenaBuanbHi Baxkesi BXiqHHX 3amd-

TIB Ta KJIIOYIB IS TPOEKLIi MaTpuIi Ha 7 -Ty TOJIOBY;
m,qgTak —IHAEKCH TOJIOBU, 3alUTy Ta KIHOYa

BIIITOBIIHO.
Bakeni yBaru HOpMaTi3ylOThCs 32 POPMYIIOI0

2 A =1, (8)
ke,

OsHaky Ipe/CTaBICHHs z, Ta X, 3a3BHYail € KOHKa-
TEHALIE}0/CyMOIO BMICTY €JIEMEHTIB Ta IMO3MLIHHUX BKJa-
JIOK JUUIsl PO3PI3HEHHS Pi3HUX MPOCTOPOBHUX MO3HUIIIH.

Bekropu 3anuTiB, KIIOYIB i 3HAYEHb OOUHCIIIOIOTHCS
3a opMysIaMu:

— 2 — K _ v
q, =XW=, k=XW"v=XW", )
ge X, — BXiJHUH BekTop a0 MaTpHILI BXiJHUX BEKTOPIB;

W — MatpuIs Bar 1is IEPETBOPEHHS B 3aIIUTH;

W — maTpuus Bar 1Is IepeTBOPEHHS B KITIOUi;

W' — Matpus Bar s IepETBOPEHHS B 3HAUCHHS;

g, — BEKTOD 3aIUTy, OTPUMAHHUH 3 BXiTHOTO BEKTOPY
a00 MaTpHILli BXiTHUX BEKTOPIB;

k, — BEKTOp KJII04a, OTPUMAHUN 3 BXiIHOIO BEKTOPY
a00 MaTpwiIli BXiJHUX BEKTOPIiB;

V, — BEKTOp 3HAYEHHs, OTPHMAHWH 3 BXITHOTO
BEKTOpPY 200 MaTpHIli BXiJTHUX BEKTOPIB.

{06 oOuucnuTH Baru yBaru i 3BaXKUTH BiJIIOBIiTHI

3HAYCHHS CTBOPCHI BEKTOPHU 3aIUTIB, KIIOYIB 1 3HAYCHB
BUKOPHCTOBYIOTHCSI B MEXaHI3Mi yBaru 3 QyHKIi€r0

n k.
Attention(g,,k,,v,) = ) softmax 751, (10)
=

)

Jae  d, —po3MipHICTh BEKTOPIB KIIIOYiB.

K — Matpuis Kirouis;

k, — BEKTOP-CTOBIICLb MATPHULL KIIFOYiB;

V' — marpuns 3HaueHs;
v, — BEKTOP-CTOBIIEIb MATPHIIi 3HAUCHB;

MexaHi3M yBaru npu3Hava€e Bard KIOYaM Ha OCHOBI
X cxoxocTi 3 3amuToM. LIi Baru BUKOPUCTOBYIOTHCS JISt
arperyBaHHs BEKTOPIB 3HAYCHb Y 3BAXKCHY CyMY, sIKa IOTIM
BUKOPHCTOBYETBCSL B Mopeni Tpanchopmepa. OuiHku
yBaru J03BOJISIIOTH MOZENi (OKYCyBaTUCS Ha Pi3HHX
YaCcTUHAX BXIZHOI IMOCIIZOBHOCTI [UIA KOXKHOI BHXiZHOT
MO3MIlil, IO JO3BOJIIE 3aXOIUIIOBATH 3aJIEKHOCTI HE3a-
JIeKHO BiJ IXHBOT BiJICTaHi Yy MOCHIJOBHOCTI. YBara 10ro
THITY 3aCTOCOBYETBLCS JJIS B3aEMOJIIT MK Pi3HUMHU YacTH-
HaMHU IOCJIiIOBHOCTEH B TpaHCcHOpMEpHUX MoesaX. BoHa
po30uBae BXigHI JlaHi Ha KiJbKa TOJIiB, KOXKHA 3 SKUX
BUKOPUCTOBYETHCS sl BIAMOBIMHUX oOumcienb. KoxxHa
roji0Ba BHMBYAE€ B3a€EMO3B’SA3KM MIDK CIIOBaMH Y PI3HUX
KOHTEKCTaX Ta BINMOBIMHOCTI MK PI3HUMH YaCTHHAMHU
MOCJTiTOBHOCTI.

Pesynbrati 00YHCIICHb KOXHOI TOJIOBH KOHKATCHY-
IOThCSL Ta MIPOXOMASTH Yepe3 JOJATKOBHM MPOEKTHUN IIap
nepen 00’ eMHAHHAM IJIs TIOAIbII0T 00pOOKH.

BaratoromoBa camoyBara y TpaHcopmepiB — Iie
CTIEIiaTi30BaHMIA TUI 0araToroI0BO1 yBaru, e BXiIHi AaHi
MOIal0THCS OJHOYACHO Ha BCi TOJIOBH JJIs1 OOPOOKH.

KoskHa rooBa BUBYA€ BiTHOCHHH MiX PI3HUMH CIIO-
BaMHU B MEXaxX L€l MOCIMOBHOCTI 32 MPHUHIUIIOM CaMO-
MOJIIOHOCTI.

Ie#t miaxin 703BOJISIE MOEII BUBYATH B3a€EMO3B’ A3KH
MiX PI3HUMH YaCTHHAMH IIOCIIZOBHOCTI 0e3 moTpedu y
BHYTPIIIHIX Y1 30BHIIIHIX B3aeMoisx [2, 11].

BucHoBKH. [IluHaMiuHi 00’ €KTH € Ba)KITMBUM €JICMCH-
TOM B 6araThox cdepax, TakKHxX SK aBTOHOMHI aBTOMOOLII,
poOOTOTEXHIKA, MOHITOPUHT O€3MEeKH Ta MEIUYHA Jiar-
HOCTHKA. [meHTudikamis iX mapaMerpiB, TAKUX SK IIBUI-
KiCTh, HANPSIMOK PyXy Ta iHIII Bilirpa€ KIIOYOBY POJb y
PO3yMiHHI Ta IPOTHO3YBaHHi iX moBeminku [10, 12].

BukopucTaHHsS 3rOpTKOBUX MEPEXK sl BUSBICHHS
O3HAaK 3 BIJICOIOCIIZIOBHOCTEH, IHTErpallisi TEXHIK TpaHC-
(hopMepiB Al MOKPAIIECHHS] TOYHOCTI BUSIBJIICHHS Ta 17CH-
TUdiKaii 00’€KTIB, ONTHMi3allis MCTOAIB HABYAHHS IS
00pOOKM BEIMKUX OOCATIB JaHWX Ta AWHAMIYHUX 3MiH Y
BiZICONIOCIITOBHOCTSX — IIi 3aCOOM JIOTIOMAraroTh Y CTBO-
peHHi epekTUBHOI cUCTeMHU T ineHTH)IKAIIT TapaMeTpiB
MUHAMIYHHX 00’ €KTiB 3 BAKOPUCTAHHSIM IIepEBar sk 3ropT-
KOBHX HEMPOHHUX MEPEXK, TakK 1 TpaHcHOpMEpIB Ta ONTHYI-
HOTO MOTOKY [13].

Buxopucranss mojerni, sika moeaaye y codi TPBU ta
METOJI ONITUYHOT'O MOTOKY [UIsi €(heKTHBHOI ineHTH(iKamii
napaMmeTpiB AMHaMIYHUX 00°€KTiB [2, 3, 5]. Tpancdopmepu
BUSBJICHHS € IIOTY)XKHUM I1HCTPYMEHTOM JUIi TOYHOTO
BUSBJICHHS TUHAMIYHHX 00’€KTiB Ha 300paxkeHHsX. [[ro
MOJIEJTb TONLIPHO BUKOPUCTOBYBATH JUIS JIOKAUTI3aIlii mapa-
METpIB AUHAMIYHUX 00’ €KTIB HAa KaJpax BillcO JaHUX.

3anponoHOoBaHi MOJIENI Ta METOAU OYAyTh BUKOPHC-
TaHi JJI AUCTAHIIHHOI imeHTHdiKalii mapaMeTpiB AuHA-
MIYHHMX 00’ €KTiB, TAKMX SIK aBTOHOMHI aBTOMOO11Ti, poOOTH,
0e3MiJIOTHI JITANBHI amapaTH, a TaKoX ISl MOHITOPHHTY
0Oe3IeKU Ta MEANYHOI 11arHOCTHKH.
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MODELS OF REMOTE IDENTIFICATION OF PARAMETERS OF DYNAMIC OBJECTS USING
DETECTION TRANSFORMERS AND OPTICAL FLOW

The tasks of remote identification of parameters of dynamic objects are important for various fields, including computer vision, robotics, autonomous
vehicles, video surveillance systems, and many others. Traditional methods of solving these problems face the problems of insufficient accuracy and
efficiency of determining dynamic parameters in conditions of rapidly changing environments and complex dynamic scenarios. Modern methods of
identifying parameters of dynamic objects using technologies of detection transformers and optical flow are considered. Transformer detection is one of
the newest approaches in computer vision that uses transformer architecture for object detection tasks. This transformer integrates the object detection
and boundary detection processes into a single end-to-end model, which greatly improves the accuracy and speed of processing. The use of transformers
allows the model to effectively process information from the entire image at the same time, which contributes to better recognition of objects even in
difficult conditions. Optical flow is a motion analysis method that determines the speed and direction of pixel movement between successive video
frames. This method allows obtaining detailed information about the dynamics of the scene, which is critical for accurate tracking and identification of
parameters of moving objects. The integration of detection transformers and optical flow is proposed to increase the accuracy of identification of
parameters of dynamic objects. The combination of these two methods allows you to use the advantages of both approaches: high accuracy of object
detection and detailed information about their movement. The conducted experiments show that the proposed model significantly outperforms traditional
methods both in the accuracy of determining the parameters of objects and in the speed of data processing. The key results of the study indicate that the
integration of detection transformers and optical flow provides reliable and fast determination of parameters of moving objects in real time, which can
be applied in various practical scenarios. The conducted research also showed the potential for further improvement of data processing methods and their
application in complex dynamic environments. The obtained results open new perspectives for the development of intelligent monitoring and control
systems capable of adapting to rapidly changing environmental conditions, increasing the efficiency and safety of their work.

Keywords: remote dynamic object identification, object detection, detection transformer, optical flow, velocity identification, deep learning,
convolutional neural networks.
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JOCJIJI)KEHHSA 3ACOBIB HITYYHOI'O IHTEJIEKTY JIJI1 ABTOMATHU3AIII ITPOLIECY
TECTYBAHHSA IPOI'PAMHOTI'O 3ABE3IIEYEHHA

IMpenqmeroMm mocmimkeHHS € 3acobu mrydHoro inrtenekty (ILI) mms aBToMarm3amii mpomecy TecTyBaHHsS IporpamHoro 3abesmedeHss. llIBuakumii
PO3BUTOK iHAYCTPil PO3pOOKU MPOrpaMHOTo 3a0e3MEUCHHS OCTAHHIMH JECATHUPIYYSMU NMPHU3BIB 0 3HAYHOTO 3POCTAHHA KOHKypeHILii Ha puHKy IT
TEXHOJIOTIH i, IK HACIIIIOK, YKOPCTKIMINX BUMOT 10 BIAMIOBIAHUX MPOAYKTIB Ta MOCIYT. ABTOMaTU3allis TeCTyBaHH: 3a qonomororo 1111 crae Bce Oinmbn
aKTyaJIbHOIO 3aB/KHU CBOIH 31aTHOCTI BUpIIIyBaTH CKJIAJHI 3a1a4i, SIKi paHille BUMarajan 3HaYHUX JIIOJCHKHX PECYpCiB.
Mera po6oTH — AOCIIPKEHH MOKIIMBOCTEl BUKOpHCTaHHs TexHoioriil LI js aBromaTH3anii mponeciB MaHyalnbHOTO TECTYBaHHS, IO JO3BOJNHTH
iABUIIUTY e(eKTUBHICTh TECTYBAHHS, 3HU3UTH BUTPATH Ta MOKPAIUTH SKiCTh IIPOTrPAMHOT0 3a0€3I1CUCHHS.
VY cTaTTi BHpIIIYIOTHCS TaKi 3aBJAaHHS: aHAJI3 ICHYIOUMX iHCTPYMEHTIB Ta HiAXOXIB JO aBTOMAaTH3alil TecTyBaHHS 3a gomomororo III; pospobOka
KOHLIENITya bHOi Mojeli cuctemu, mo inTterpye I y nporec tectyBanHs; BuBueHHs notenuiany II1 mis aBromaTn3anii pisHUX acHeKTiB TeCTYBaHHS
IPOrPaMHOro 3a0e3MedeHHs, TaKUX SK IeHepallis TECTOBHX CLCHApiiB, BUSBICHHS Ae(eKTiB, MPOTHO3YBAHHS MOMHJIOK Ta aBTOMATHYHMII aHANI3
pe3ynbTaTiB TECTyBaHHS.
BHKOPHCTOBYIOThCS TaKi METOJM: TCOPETUYHUH aHaNi3 JITEPaTypu Ta iCHYIOUHX pillleHb y raiy3i aBTOMaTH3alii TECTyBaHHS, €KCIICPHMEHTAIbHE
JIOCII/KEHHS e()eKTUBHOCTI 3aIIPOIMIOHOBAHUX METOIB aBTOMATH3allil TECTyBaHH:I.
3100yTO Taki pe3ynbTaTH: MPEACTABICHO i7eI0 CUCTeMH, 1o iHTerpye Texuonorii LI s aBToMaTH3amii TecTyBaHHS MPOrPAMHOTO 3a0€3MCUCHHS.
BusiBneHo, mo Bukopuctanus LI no3Bonste aBToMaTH3yBaTH PYTHHHI 3aBJAHHS TECTYBaHHs, 3HAYHO 3HU3MTH KUIBKICTh JIFOJCHKMX MOMHIIOK Ta
MOKPAIUTH SKiCTh IPOrPAMHUX MPOAYKTIB Ta IOKA3HUKY e(heKTUBHOCTI mporieciB Bepudikarii Ta Bamigamii.
BucnoBku: Po3poOka Ta BHOpOBamKEHHS CHCTEM aBTOMAaTH3alii TecTyBaHHA Ha ocHOBI IIII € Ham3BHYaliHO aKTyalbHUMH 1 IIEPCICKTHBHHMH.
Bukopucranns Texnonorii 11 1o3Bosse 3Ha4HO MiABUIUTH e(peKTHBHICTh TECTYBAaHHS, 3HU3UTH BUTPATH HA HOTO MPOBEICHHS Ta MOKPAIIUTH SKICTh
IIPOrPaMHOro 3a0e3MeueHHs. 3aponoHOBaHMIl MiAXiT 4O PO3POOKK CHCTEMH aBTOMATH3allii TecTyBaHHS Ha ocHOBI 1111 Moxke OyTH BUKOPHCTAHUH K
OCHOBA JUTS TOJATIBIIHNX JOCIIKEHb Ta PO3pO0OK Yy Wil ramysi.

Kuro4dosi ciioBa: mTy4HHil iHTENEKT, aBTOMATU3allisl TECTYBaHHS, MaHyaJlbHE TECTyBaHHs, AKiCTh IIPOrPaMHOT0 3a0e3IeueHHS.

Beryn. 1IBunkunit po3BuToK iHAYCTpil pO3poOKM
MIPOTPAMHOTO 3a0e3MeYCHHS OCTAHHIMH JECATUPITISIMHU
MIPU3BiB 10 3HAYHOTO 3POCTAHHS KOHKYpeHIIii Ha puHKyY [T
MPOIYKTIB Ta TOCIYr. Y HACTIIOK TOTO, IO KUIBKICTh
KOMIIaHiH, SIKi TOTOBI HaIaTH 3aMOBHHKY SIKICHY Ta TIpode-
CiliHy KOMaHJy, a00 HaBHakud — KoMaHi NpodecioHamiB
SIKICHI Ta LiKaBi MPOEKTH, CyTTEBO 30UIBIINIACH BUHUKAE
npobnema 3a0e3redeHHs] BUCOKOTO PIBHS SIKOCTI pO3po0-
JICHUX CHCTEM.

OnHKUM 3 IpoleciB IHKEHEePiT IKOCTI € TECTyBaHHS, 10
SIKOTO, 3a3BHYaii, 3aJly4aeTbCsl yCsi KOMaHla po3poOKH —
PO3pOOHUKH 3afiMaIOTHCSl HAMMKMCAHHSIM unit-TectiB [1], 1X
3aIlyCKOM Yy CIEIMialli3oBaHUX TMporpamax, Imo0 He
JIONYCTUTH HOTPAIUISIHHS HESIKICHOTO KOAY 0 KiHIEBOT
Bepcii MPOAYKTY; TECTYBaJbHUKH Ha CBOEMY OOIl po3-
pPOOJISIFOTH TECTOBI CTpaTeTii, 3a0e3Meuy0Th TECTOBE I0-
KpPUTTS, OLIHIOIOTh METPHUKH IIOA0 3a0e3rmeueHHs TKOCT,
3allyCKalOTh TECT-KEHCH PI3HUMH METOAaMH, HA/JAI0Th

MO

TECTOBUH 3BIT Ta MEPECIIAYIOTh Ty X CaMy METy — HaJaTu
SIKICHUH MPOIYKT KiHIIEBOMY KOPHCTYBady.

VY cBoro depry (axiBiii 3 TeCTyBaHHS MOXYTh OyTH
JIBOX THITIB: Ti, XTO 3aiiMAETHCSI MAHyaIbHUM TECTYBaHHSIM
1 Ti, XTO aBTOMAaTHU3Y€E MPOLIECH TIEPEBIPKU 3a JTOMTOMOTOI0
HAIMUCaHHSI TPOTPaMHOT0 KOJY.

Tpeba po3ymiTy, 110 aBTOMATH3AIlisg TOTPEOye 3HAY-
HUX (IHAHCOBUX BHTpAT Ha HAJIArOJPKEHHS 1 peasti3alito
BIMOBITHUX TMporeciB. [IpoTe s JESKMX HEBEITHKHX
KOMIIaHiH, sSKi BXX€ MAlOTh KOMaHIU PYYHOTO TECTyBaHHS,
e HE € EKOHOMIYHO JIOI[LTbHUM.

VY cBOIO uepry, BeNHMKi KOMIIaHii, 10 po3poOisioTh
KOMIUIEKCHI CHUCTeMH, HaWMalOTh HE OJHY, a HaBiTh
JIeKiJIbKa KOMaHJ TECTYBaHHS 3aJylsd 3a0e3MeUeHHs e
OuTBIIOTO PiBHA AKOCTI MPOAYKTY. JKOAHHMH MPOIYKT HE
MOXe€ BIJIMOBUTHCH BijJi MaHyaJbHOTO TECTYBaHHS HPOTI-
paMHOro 3a0e3neyeHHs], e TECTH BHKOHYIOTHCS BPYYHY
TeCTyBaJIbHUKAMU.

© Bopouek O. I'., Conosgeii I. B., 2024
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VY OyIb-IKOMY BHIAJKY TOCTAE MTUTAHHS i IBUIIICHHS
NPOJXYKTUBHOCTI Tpali Ta ONTHMIi3alil BUTPAT MPU BHKO-
pUCTaHHI MaHyaJbHOTO TecTyBaHHsS. [IOTOYHI TEHACHIT
MPOrpamMHOl  IHXKEHEpii XapaKTePU3YIOThCS IIMPOKUM
3aJy4eHHSM 3ac00iB 1 TEXHOJOTIH INTYYHOTO IHTEJEKTY
IUIA BUpIMIEHHA TAaKOTO THITY 3aJa4 3aBOSKH CBOIM
ITUPOKAM MOYKITUBOCTSIM 1 3ATHOCTI BHPIITYBAaTH CKIIAIHI
npoOyiieMu, SIKi paHillle BUMarajJd 3HAYHHUX JIIOJCHKUX
pecypciB. BiH 103BoJIsIE aBTOMATH3yBaTH MPOIECH, SKi
MOTPeOYIOTh aHaNi3y BETUKUX OOCSTIB JaHHUX, PUHHATTS
MIBUAKWX 1 TOYHUX PillIeHb, a TAaKOXK agamnTalii 10 HOBUX
peaii.

Il TakoX BHKOPUCTOBYETHCS JJIs PO3IMi3HABAHHSI
00pa3iB Ta MOBH, MALTMHHOTO HABYaHHS, MPOTHO3YBAHHS,
ONTUMI3allil MPOIECiB, aHANi3y HaHUX Ta MiITPUMKU
NPUAHATTS pilleHb. BiH 3HaHIIOB CBOE 3acTOCYBaHHS B
PI3HUX Tany3sx, TaKuX SK MeAWIUHA (IiarHOCTHKA
3aXBOPIOBaHb, aHAN3 MEIMYHUX 300pakeHb), (GiHAHCH
(mepenbayeHHs] PUHKOBUX TPEHIB, YIPAaBIiHHSI pPH3H-
KaM#), TpaHCIOPT (aBTOHOMHI TpPAHCIIOPTHI 3aco0w,
ONTHMI3aIlisl JIOTICTUKN), BUPOOHUIITBO (KOHTPOJIb SKOCTI,
aBTOMaTH3allisi BUPOOHWINX TIPOIIECiB), MAPKETHUHT (TIep-
COHaJIi30BaHa peKJiamMa, aHaJli3 MOBEAIHKU CIIOKUBAYiB) Ta
OCBiTa (aJanTUBHC HABYAHHS, aBTOMATHYHE OIIHFOBAHHS

3HaHb).
CucteMu TecTyBaHHs NPOrpaMHOI0 3a0e3neyeHHs
TaKOX  TIOYMHAIOTH  BUKOPHCTOBYBAaTH  MOXJIMBOCTI

IITYYHOTO IHTENCKTY I IiJBHIICHHS CQEKTHBHOCTI Ta
TouHOoCTi TectyBaHHsA. IIII momomarae aBTOMAaTH3yBaTH
PYTHHHI TECTOBI CIieHapii, BUSBIATH aHOMAJIii, FTeHEpyBaTH
TECTOBI JaHi, TPOTHO3YBaTH TMOTCHINHHI aepexTH Ta
aHai3yBaTH Pe3yJIbTaTH TeCTiB. Hanpukiaz, iHCTpyMEHTH
Ha ocHoBi IIII MOXyTh aBTOMATHYHO CTBOPIOBATH
TeCT-KeHCH, aJanTyBaTH iX IO 3MiH Yy KOMi, iIeHTU(i-
KyBaTH HaWOIJbLI PU3UKOBAHI AUISHKK KOy Ta IpPOIO-
HYBAaTH 1X JJIs TECTYBaHHSI.

OgHakK, Ha CHLOTOAHINIHIA [E€Hb TaKUX 3aco0iB
Hebarato, i BOHM II¢ 3HAXOIATHCS HA €TaIli PO3BUTKY.
binpmricte  iCHyIOUMX ~pilleHb BHMararTh 3HAYHHUX
pecypciB IJis BIPOBADKCHHS Ta MiATpUMKH. ToMy goCiia-
JKEHHS Ta po3po0Ka HOBHUX IHCTPYMEHTIB, IO IHTETPYIOTh
III y mpouec TecTyBaHHS, € IyX€ aKTyaJIbHHUMH Ta
HeoOXigauMU. Lle T03BOIMTE 3HAYHO 3HU3WUTH BUTPATH Ha
TEeCTyBaHHS, IJIBUIIUTH SKICTh TpPOTpaMHOrO 3abe3re-
YeHHS Ta CKOPOTHUTH Yac BUXOAY MPOAYKTY Ha PHHOK.
Harre mocomiixkeHHST 30Cepe/PKEHO Ha aHai31 MOXITUBOCTI
BIIPOBA/KCHHS 1HCTPYMEHTAPII0 MITYYHOTO IHTEICKTY Yy
MpOIlEC PYYHOTO TECTYBaHHS, IO POOUTH HOro aKTy-
aJbHUM Ta TMEPCICKTUBHUM [UI HOJANBIIOTO PO3BHTKY
raiysi.

Mera crarri. MeToro naHoi CTarTi € IOCIIHKEHHS
MOXXJIUBOCTI BHUKOPHCTaHHA 3aco0iB Ta TEXHOJOTiH
IMTYIHOTO IHTEJNEKTY 3ajyId aBTOMATH3aIlil TMPOIeciB
MaHYyaJbHOTO TECTYBaHHS.

Bukaan ocHoBHoro marepiany. TectyBaHHS — 1€
TISTIBHICTB, KA BiI0OYBAETHCS MPOTATOM YKHTTEBOTO IHKITY
PO3pOOKHU MPOTPAMHOTO 3a0€3MEeUYCHHS, OCHOBHOIO METOIO
SIKOi € BUSIBIICHHS TIOMHWJIOK 1 TIEPEKOHAHHSI, 10 PO3pO0-
JICHa CUCTEMa 3aJI0BOJIbHSE BUMOTHY KIIi€HTIB. TecTyBaHHsS
MPOrPAaMHOTO 3a0E3MECUCHHS — CIOCI0 OILIHKKA CHUCTEMU
[UITXOM BUSIBJIICHHS BIZIMiHHOCTEH MiX iIeHTH(IKOBAaHUMU

BUMOTAaMH IIiJi 4Yac pO3pOOKM BHMOTI 1 OTPUMaHUMH
pesynbratamu. TecTyBaHHS MOXXHA INPOBOJMTH BpPYUYHY
a00 aBTOMATHM30BAaHO 3a JIONIOMOIOI0 CHELiaJIbHUX 1HCT-

PYMEHTIB.
I1in yac MaHyaNbHOTO TECTYBAHHS IEPEBIPAIOTHCS BC1
OCHOBHI ~ XapaKTepHCTHKH  HAJaHOTO  HPOTPAMHOTO

3a0e3Me4eHHs — TECTYBAJIBHUKU 3aIyCKalOTh TECT-KEHCH
Ta TEHEPYIOTh 3BITH 0€3 JOMOMOTH OyIb-KHX aBTOMa-
TH30BaHUX IHCTPYMEHTIB TECTYBaHHS MPOTPaMHOTO 3a0e3-
MICYCHHSL.

Cepen mepeBar MOXKHA BUAUIATH MIBUAKICTH Ta
TOYHICTh 3BOPOTHOT'O 3B’SI3KY, MEHII (JiHAHCOBI BUTPAaTH
yepe3 BIICYTHICTb HEOOXITHOCTI BUTparT OIOJDKETY Ha
3aco0M aBTOMaTH3aLlil Ta OKpeMY KOMaHy, HEIOTPiOHICTh
JIOCBily KOJTyBaHHS JJIsl HAIINCAHHS TECTIB.

Jlo HemomiKiB MOXKHA BiTHECTH MEHINY HaJIiHHICTH
pe3ynbTaTiB  TECTyBaHHS uepe3 JIOJACHKHH  (axTop,
BIJICYTHICTh aBTOMATHYHOTO CTBOPEHHS JIOTIB (3BiTiB),
Ba)XKICTh BUKOHAHHS MEBHUX 3a/1a4 BPY4HY Ta MOTpeda y
JTIOJTATKOBOMY Yaci.

ABTOMAaTH30BaHE TECTYBAHHS MTOBHICTIO OKIAIA€Th-
Csl Ha MOTNIEPETHLO PO3POOIICHHI TECT, KM 3aITyCKAEThCS
ABTOMATHYHO JUIS MOPIBHAHHA (D)aKTHMYHOTO PE3YJIbTATy 3
ouikyBauuMm [2]. lle momomarae TecTyBaJbHUKY BH3Ha-
YUTH, YU TPALIOE NporpaMa y BiANOBITHOCTI 31 CBOIM
¢yHKIIOHaIOM. ABTOMAaTH30BaHE TECTYBaHHS J03BOJISIE
BUKOHATH MOBTOPIOBaHI 3aBJaHHS Ta TECTU perpecii 0e3
JIOZIATKOBOTO BTpYy4aHHs. Xoda BCi MPOLECH i BUKOHY-
IOThCS aBTOMATHYHO, aBTOMATH3allii BUMara€ IEBHUX
PYYHUX 3YyCHJIb I CTBOPCHHS MOYATKOBHX CLIEHAPIiB
TECTYBaHHS.

Jlo mepeBar aBTOMAaTH30BaHOTO TECTYBAHHS MOJKHA
BiTHECTH OiIbITy €(PEKTUBHICT, y TOIIYKY TIOMUJIOK,
MOPIBHSHO 3 MaHyaJIbHUM, TMIATPUMKY Pi3HUX TEXHOJIOTIH,
MOETAHNUN 3amuc 31 30€peKEHHSIM NPOLECy TECTYBaHHS,
BIJICYTHICTh JIIOACBKOTO (hakTopa Ta Habarato Oinblie
HOKPUTTS TECTYBaHHSAM, IO JO3BOJSE€ HE IPOIYCTUTH
HaBiTh ApiOHI AeTat.

3a3Buyai BIIPOBAJPKCHHS ABTOMAaTH30BaHOTO
TeCTyBaHHS BiOYyBaeThCA Mij Yac iHTerpauiiHoro — ¢asu
MEPEeBIPKH MPOTPAMHOTO 3a0e3MeueHHs, B SKii OKpemi
MpOTpaMHI MOJYJ MOEIHYIOTHCS Ta TECTYIOTHCS SIK TPyIa

3aMIiCTh TOTO, MIO0 pO3MIANaTH KOXHHK KiIac B
okpemocti [3]. [lporo  MOXHa  JIETKO  JOCSATTH,
BUKOPHUCTOBYIOUH  Junit-0i0ioTekn it MOJYJIBHOTO

TECTyBaHHS POrpaMHOro 3abe3rnedyeHHs Ha MOBi Java juist
pe3epBHOro koay Ta  Selenium-iHcTpyMeHTy Uit
aBTOMaTH3alii B3aeMonii BeOOpaysepa i3 iHTepdeiicom
KOpHCTYBaya.

[Ipore pnsi BUKOPUCTAHHS IUX IHCTPYMCHTIB,
TECTYBAILHUK MOTPeOye MEBHUX 3HAHb Ta HABHYOK. [0
[bOr0, aBTOMATH30BaHE TECTYBaHHS TaKOX Mae psif
HEOJIKIB: CKJIaTHICTh Yy CTBOPECHHI YSBJICHHS TPO Bi3y-
ajpHi acriekTu iHTepdeiicy (kompopu, mpudrt, macmrao,
KOHTpAacT ab0 po3MipH KHOTIOK) 0e3 3aTy4eHHS JTF0ICHKOTO
€JIEeMEHTY, BapTiCTh HASBHUX IHCTPYMEHTIB Ta HaJlaroj-
JKCHHSI TECTOBOTO CLEHApil0, CTBOPEHHS SIKOTO HE €
HIBUAKHUM IIPOLIECOM.

Crniparouuch Ha yCi HEIOJIKH, JOLUIBHO Oyio 6
PO3pOOHTH NPOTpaMHY CHCTEMY, sika O aBTOMAaTH3yBaia

Bicnux Hayionanvnozo mexuiunoeo yHieepcumemy «XI11y. Cepin
ananis, ynpaeninis ma ingopmayitini mexnonoeii, Ne 1 (11)°2024

: Cucmemnuii

59



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

mporiec TeCcTyBaHHS 0Oe3 abo 3 HEBEJIHMKOK KIUIBKICTIO
CICIiaJbHUX HABUYOK, SIKUM MMOTPIOHO BUUTHCE.

Hapasi icHye Benmka KijgbKiCTh Hporpam Juis
aBToMaru3anii 3agad pydyHoro TtectyBaHHA. CelleHiyM
(Selenium) € mpuKIagOM OJHOTO 3 HAHOLIBII NOMYJISIPHUX
iHcTpymMeHTiB. Came BiH BBa)a€ThCs TaIy3€BUM CTaH-
JapToM JUIA  ABTOMAaTH3alii TeCTyBaHHSI KOPHCTY-
BaJILHUIILKOTO iHTEep(delicy BeOmonaTkiB. Maiike neB'sITh 3
JIECATH TECTYBAIBHUKIB BUKOPHUCTOBYIOTh a00 KOJIH-
HeOyap BUKOpUCTOBYBaM CeJIeHiyM y CBOiX IPOEKTax,
3TiTHO 3 OMHTYBaHHSAM MO0 TPOOIEM aBTOMATH3AIlil
TecTiB [4].

Jns po3poOHUMKIB 1 TecTyBaJbHUKIB, SKi MaroTh
JIOCBiJl Ta HABUYKA MPOrPaMyBaHHS Ta CTBOPCHHS
creHapiiB, Selenium NpoIOHy€e THYYKICTb, SIKY HE MOXXHA
nobaynty y OaraThboxX IHIIMX IHCTpyMEHTax Ta Qpeim-
BOpKax aBTOMaTH3allil TECTiB.

[[To6 edexkTnBHO BHKOpPUCTOBYBaTH Selenium,
KOPHUCTYBadi IMOBUHHI BOJOMITH MEPEAOBUMH HaBUYKAMHU
IporpaMyBaHHS Ta MaTH 3amac dacy, 00 CTBOPHTH
(dpeiiMBopku Ta 0i10Ti0TEKH, HEOOXITHI I aBTOMATH3AIII].
Ile romoBHHMI Hemomik Selenium, skwWil BUPIIIYETHCS B
IHIIUX 1HCTPYMEHTaX, CTBOPEHHMX /ISl OE3KOHTaKTHOI
aBTOMaTH3allil TeCTiB, AKk-0T Katalon Studio.

Katalon Studio — e moty»xHe i BceOiuHe pillieHHS s
aBroMatm3aiii TtectyBaHHs API, BeO, MoOULTEHUX Ta
HACTUThHUX HOAaTKiB [5]. BiH Takoxk mae Oaratuii HaOip
GyHKIIH A 6araThOX THINB TECTYBAaHHS Ta HIATPHUMYE
nekinpka 1miatdopmM, Brmodaroun Windows, macOS Ta
Linux.

BuxopucroBytoun aurynm Selenium ta Appium,
Katalon Studio 3abe3meuye yHIKadbHO IHTETpOBaHE
CepeIOBUIIIE IS TECTYBAJIBHUKIB, SIKi MAIOTh TPYIHOIII B
iHTeTparlii Ta po3ropTaHHi pi3HUX (HpeHMBOPKIB Ta 6i0i-
oTeK JUIs BUKOpHCTaHHS Selenium ta Appium, a Takox
TUX, XTO BXKC 3HAWOMHUH 3 IIUMU JBUT'YHAMH.

[Ipote BiH TeX Mae psij1 HEOJIKIB, TaKi SIK: CTBOPEHHS
creHapito oOMexyerbes suiie Java ta Groovy; HEMOX-
JIUBICTh aBTOMATHU3aIlil HACTUTLHUX JOJATKIB; BIICYTHICTh
MIATPUMKH PO3NOIIJICHOTO TECTYBaHHSI.

Postman —1re oauH iHCTPYMEHT aBTOMAaTH3aIlii,
npusHauennit s tectyBanas API. KopucryBadi MoxyTh
BCTAHOBUTH IIeH IHCTPYMEHT SIK pO3IIUPEHHS IJ1s Opay3epa
a0o HacTiapHHME gomaTok Ha Mac, Linux Ta Windows. Bin
TIOMYJSIPHAN HE JIAIIE cepell TeCTEPiB I aBTOMATH3AIlil
tectyBanHs API, ane i cepen po3poOHHKIB. 3a JONOMOT0I0
HBOT'O MOKHA 00'€JTHATH CTBOPEHI TECTH Ta 3aIUTH B OHY
aBTOMATH30BaHy MOCHIIOBHICTh. Postman mae HacTymHi
nepeBaru: KOMIUIEKCHUH HaOip (QYHKUIH A7 TPOEKTY-
BaHHs, HaJaroJ)keHHs Ta TecTyBaHHS API; mpoctuii y
KOpUCTYBaHHI iHTepdelc; MiATPUMKa SK aBTOMAaTH-
30BaHOTO, TaK 1 JOCTIHUIBKOTO TECTYBaHHS; BHUKOPHC-
taHHs (opmatiB API Swagger [6] i RAML; mocrymna
MOJUJIMBICTh YHAKOBKH 3alUTIB Ta HAJACWIAHHS 1HIINM
qIIeHaM KOMAaH[IH.

IIpore Takox Mae 1 psAA CYTTEBUX HEMOJNIKIiB:
00MEXeHUH BapiaHT CIIJIBLHOTO JOCTYITy MiK KOMaHJO0;
HEMOJJIMBO TecTyBaTH Ounbine oxHoro API omHouacHo;
cKIanHuil iHTepdeiic; BIICYTHICTD )XypHAIY JIOTIB; BaXKe
MIEPEHECEHHS MANKH 3 OJHI€T KOJIEKIIIT B iHIIY.

JMeter — e 0JIMH IHCTPYMEHT 3 BIAKPUTUM KOJIOM,
NpU3HAYCHUH  JUII  TECTOBOTO  3aBAHTAXKEHHS  Ta
BUMIPIOBaHHS MIPOXYKTUBHOCTI. JIaHWi IHCTPYMEHT TaKoX
BUKOPHCTOBYEThCSL st TectyBaHHS APl Ta cepgicis,
oco0ynBO AJ1s TecTyBaHHS npoayKkTuBHOCTI APIL. JMeter €
TpPETiM HaWTOMyJISIPHIITUM IHCTPYMEHTOM JUTSE
aBTOMaTu3allii TeCTiB, Ha SKWUHA NOCHIAIThCA 25%
PECTIOHJICHTIB B ONHUTYBaHHI BHUKIWKIB aBTOMAaTH3AIlil
tecTiB [7].

Ile#i cnMCOK IHCTPYMEHTIB HE € TOBHHUM, ajie BiH
MIpPEeNCTaBiIs€ HaWKpamnli iHCTPYMEHTH, SKi € 3piTUMH,
HOMYJISIPHAMH Ta HaJalOTh MOJKJIMBOCTI Ul BUPIIICHHS
THX Tpo0jeM, 3 SKMMH 3apa3 CTHKalOTbCs Oprasizarii,
KOJIM CIIpaBa AOXOJHUTH JI0 SIKOCTI Ta IIBUIKOCTI.

IIpore yci BoHu He € ineanbHUMH. BukopucranHs
6araTb0oX IIMX IHCTPYMEHTIB OTPEOYIOTh IEBHUX 3HAHb T
HaBMYOK Y INPOTrpaMyBaHHi, 1[0 BUMara€e BiJ| KOMIaHIH
HallMaHHS OKpPEMOi KOMaHAM aBTOMATH30BAHOTO TECTY-
BaHHsA. Ha cydacHOMy pHWHKY Iie HE iCHYE€ MpOTrpaMHOT
CHCTEMH, IKOI0 MOTJIH O KOPHUCTYBAaTHCS HE TIUTBKH aBTO-
MaTH3aTOPH, a il MaHyaJbHI TECTYBAIbHUKH.

Il — iHHOBamiliHA TEXHOJOTIsA, sKa MOXe OyTH
3actocoBaHa mis 3abesneueHHs skocti (QA) [8-9], i
BUKOPDHUCTAaHHS sIKOi mpu Bajijgauwii Ta Bepudikaumii
MpOrpaMHOro 3a0e3NeUeHHs, TaK caMo OOIPYHTOBAHE, SK 1
3aCTOCYBaHHS METOJIB IUTYYHOIO IHTEJEKTY Yy IHIIMX
cdepax, SK-OT OXOpOHa 3J0POB’s, BUPOOHUITBO TOLIO.
IlosiBa BeNWMKUX JaHUX Ta KEPYBaHHSI HHUMHU BHMAarae
MOTYXHUX OOYUCIIIOBAILHUX 1HCTPYMEHTIB, a IITYYHHH
IHTEJIGKT JOTIOMara€ TMiABUINUTH €QEKTUBHICTh ITi€l
nmisibHOCTi. Metomm Il 3acTOCOBYIOTBCS B Pi3HHX
007acTsIX po3poOKH MPOTrpaMHOTO 3a0e3MeUeHHS, TAKUX K
po3poOKa BUMOT, MPOEKTYBaHHs Ta TecTyBaHHs. [IITyanuit
IHTEJIEKT Yy TECTYBaHHI IPOTPAMHOTO 3a0e3MeUeHHs Ma€e Ha
MeTi 3pOOMTH TECTYBaHHSI PO3YMHIIINM 1 e()EeKTHBHIIINM,
BiH JIOIIOMAara€ CKOPOTHTH TPYAOMICTKE PY4HE TECTY-
BaHHS, TOX KOMaHIM MOXYTb 30CEPEIUTUCS Ha CKJIaJHi-
IINX 3aBJAaHHSX, SIK-OT CTBOPEHHS HOBHMX IHHOBALlHHX
GhyHKIIH.

2023 Gartner Hype Cycle™ for Artificial Intelligence
(Al) (muB. puc. 1) BU3HA4Yae iHHOBAIll Ta METOAM, SIKi
MPOTOHYIOTh 3HAYHI Ta HaBiTh TpaHchopmariitHi mepe-
Barm.

Unkn axioraxy Wityunoro InTenexry, 2023
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l'enepatnBHMM IITyYHHH 1HTENEKT JOMIHYe B
muckycisx mmoxo I, migBuMIyrOYd HPOAYKTUBHICTH
PO3pOOHUKIB 1 crewmiaiicTiB y xyXe peajbHi CHocoOw,
BUKOPHCTOBYIOUH Taki cucteM, sik ChatGPT. Lle 3mycuito
oprasizauii Ta rarysi HeperyiiHyTH cBoi Oi3Hec-TIpoLec Ta
HIHHICTH JIOJACHKUX pecypciB, miamToBxHyBmH GenAl mo
iKY 3aBHIEHUX OYIKYBaHb Y ITUKII aKIOTaXY.

Gartner 6a4uTh IBi CTOPOHH TeHepaTuBHOTO pyxy LI
Ha NUIAXY 0 OUTBII TOTYKHUX CHCTEM:

e iHHOBAIi, sIKi OyayTh migTpuMyBaTHCI GenAl,;

e iHHOBAI, SIKi CHPUATUMYTH po3BUTKY GenAl.

l'enepatnBHMM IUTYYHWH IHTEJEKT BIUIMBAE Ha
0i3HEC, OCKUIBKM BIiH TIOB’SI3aHUN 13 BHUSBJICHHSM,
CTBOPCHHSIM, aBTCHTUYHICTIO Ta PEryJIIOBaHHAIM iH(OP-
Mamii i, [0 CYTTEBO, BIH TaKOXK Ma€ MOXKJIMBICTh
aBTOMAaTH3yBaTH POOOTY JIFOJUHHM Ta JOCBIN KIIEHTIB 1
criBpoOiTHUKIB [10].

Meromn Il MOXyTh MATPUMYBATH IPOIIEC
TECTyBaHHS  TPOTpaMHOTO  3a0€3MeUeHHs  Pi3HUMHU
crocobamu.

TunoBumH 3amadamy, IO BHKOHYIOTHCS y IpoLeci
TeCTyBaHHs € TeCTyBaHHs iHTepdeiicy kopuctyBada (UI)
Ta TecTyBaHHs iHTepdelcy npukiagHux nporpam (API).

OcCoOJMBICTIO TakMX MEPEBIPOK IIpU PYyYHOMY
TECTYBaHHI € Te, U0 OUTBIIICTh X BUKOHYETHCS Ha MiACTaBi
iHpopMarii npo OGi3HEC-JIOTIKY CUCTEMH.

TecryBannss Ul mnepenbayae mnepeBipKy —Takux
ACIIEKTIB fK:
e 30oBHImMMHIA Buriaa iHTepdeiicy. IlepeBipka

BIIMTOBIAHOCTI JM3aiiHy MakeTaM, IPaBWIbHICTH Big00-
paXeHHS Ha PI3HUX MPHCTPOSX, BIAMOBINAHICTH CTHIIIB
TOIIIO;

e eJeMeHTH KepyBaHHsA. KOopekTHICTh iXHBOI po6o-
TH, TOCTYIHICTH [T KOPUCTYBAYiB;

e Hairamig. IlepeBipka HpOCTOTH NepeMillleHHS
MiX YaCTHHAMH CUCTEMH, MPALE3IaTHICTh MCHIO Ta 1HIIIE;

®  aJIaNTHBHICTH;

®  TIOBIJOMJICHHS MPO MOMHJIKH Ta IMiJKA3KH.

Jus moOymoBu Takux tecTiB Meromu I Buko-
PUCTOBYIOTh PO3ITi3HABAHHS 300pa)KeHb ISl TEPEBIPKH
HaBiraigii Ta Bi3yaJIbHOTO TE€CTYBaHHS OO0 €KTiB i KOMITO-
HEHTIB iHTep(elicy KopucTyBada. [HCTpyMEHTH aBTOMa-
TH3amii JEeKOMyITh OO0’€KTHY MOJAeNh JOKYMEHTa i
OB’ I3aHUH KOJI i1l BA3HAYCHHS BJIACTHBOCTEH 00’ €KTIB Y
TecTyBaHHI iHTepdeiicy kopuctyBada Ha ocHOBI I1I1. Tectn
iHTepdeiicy KOpHCTyBaya BUKOHYIOTBHCS MICHIS MPOEKTY-
BaHHS Ta PO3POOKH CHCTEMH MIPOTPAMHOTO 3a0C3ICUCHHSI.
ABTOMAaTH3AIIIS IUX IIEPEBIPOK € CKIIAIHO0, 1 iX HalBaXkue
aBTOMAaTH3yBAaTH.

VY rtecryBanni API nepesipka iHTepdelciB npuKiIa-
HuX TiporpaM (API) 3miiCHIOETBCS IIJISIXOM TECTyBaHHS
PI3HHX MapaMeTpiB AKOCTI iHTepQeHCiB, Takux K (HyHK-
MIOHAJIBHICTh, TPOAYKTHUBHICTh, HaNilHICTL 1 Oe3meka.
ABTOMAaTH3aIlis JO3BOJISIE TOYATH TIEPEBIPKA Ha paHHIi
cTazii, Mo JoIoMara€e BUSBUTH Ta BHIIPABUTH OMMJIKH Ta
3MEHIINUTH 3yCHIUIS ITiJ] 9aC TeCTYBaHHS.

TunoBuit po3noin 3amad 3 Bepudikamii Ta Bamigarii
3 pukopuctanasM I MoXHA TPEACTABUTH CXEMATHYHO
HACTYITHUM YMHOM (1uB. puc. 2) [11].

TecTysansHuK Poapo6HUK
~ BunpasnenHn bGaris
LWTysHmiA ]
IHTenexkT
— O6uucnoBaNbHA
AlarHocTyka
~ TecT-nnaxu

Puc. 2. Bepudixarist ta Banminauis 3 Bukopuctanasm L1

Ha  nmomatroxk 1m0  BWIIE3rafaHWx  CTparterii
aBTomaru3anii  TectyBanHs Il  Takoxx  MoXKHa
3aCTOCOBYBATH SIK aJaITUBHUI METOJ I BUSBIICHHS 3MiH
Ha piBHI €JeMEeHTIB, 3aci0 mepenOaueHHs] HENpPaBHIbHUX
TECTOBUX BUIIAAKIB Ta HaJaHHA PEKOMEHJALid 100
BUpIIIECHHS LUX NOpoOyieM, SK IHCTPYMEHT NOOYIOBH

MOJIeJIeH  TOBSMIHKH, I IMITYBaHHS  IOBEIIHKU
KOPHCTYBa4iB IMiJi dYac BUKOPHCTAaHHS CHCTEMH 3a
reorpadiayHIM TTOJIOKCHHSIM, TIPUCTPOSIMHU Ta

neMorpadiyHIMHA TIOKa3HWKAMH, SK BXIiOHI JaHi Js
CTBOpEHHSI HaOOpiB TECTiB, sIK 3aci0 MPOTHO3YBaHHS Ta
aBTomMaTH3allii HaOOpiB TeCTiB, [UIsI aBTOMAaTHU3AIil
CIICHAPIIB.

MeToau ITYYHOTO IHTEIEKTY 3aCTOCOBYHOTBCS IS
00CIIyrOByBaHHS TECTIB aBTOMATH3allil, TeHEpaIlii TecTo-
BUX JIaHUX, PAHHBOTO 3BOPOTHOTO 3B’SI3KY IiJ 4ac TECTy-
BaHHs ToIIO (AUB. puc.3).

Moepi

AK HiaGopia

(LM [y ‘

Puc. 3. TunoBi npuknaau Bukopuctanns LI

Ipuknaan [I-iHCTpYMEHTIB aBTOMAaTH3aIlii TECTY-
BaHHJ, SIKi MTPEJICTABICHI HA PUHKY:

e Testim (https://www.testim.io/). BuxopucrtoBye
MAIlMHHE HaBYaHHs AJisl pO3pOOKH, BUKOHAHHS Ta 00CITy-
TOBYBaHHS aBTOMAaTH30BaHUX TecTiB. [lepeBara — miBumke
CTBOPCHHS CTaOUTBHUX TECTIB 3 HABYAHHSIM, IO HiBEIIIOE
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HEOOXiIHICTh TOCTIHHO MiATPUMYBATH TECTH 3 KOXHOIO
3MIiHOO KOJY;

e Functionize (https://www.functionize.com/). Iuc-
TPYMEHT TecTyBaHHS i3 3acrocyBaHHsaM 111 Ta anropurmis
MAIIMHHOTO HABYaHHS JUI1 aBTOMATH3allii TCCTYBaHHS.
AHalizye Ta BHBYAa€ IOBEIIHKY KOPHCTYBadiB, a IMOTIM
TeHEepYyE TECTH, II0 MOBTOPIOIOTH I Xii. BiH Takox BH-
KOPHCTOBY€E TEXHOJIOTIIO CaMOBIIHOBIICHHA IS aBTOMa-
TUYHOTO BUSIBJIICHHS Ta BUPIIICHHS POOIIEM;

e Appvance (https://appvance.ai/). BukopuctoBye
aBTOMATH3aIlii0 TecTyBaHHA Ha ocHOBI LIII. HaBgaeTncs Ha
HoTIepeIHIX TeCTax 1 MOCTIHHO BIOCKOHAIIOE CBOT METOIH
TecTyBaHHsS. MojKe CTBOPIOBATH CKJIaJHI ClieHapil 3 MiHi-
MaJIbHUMH BUTPATAMHU 4Yacy Ta 3HAYHO MOKPAIIyBaTH Tpa-
TUIIIITHE HATMCAHHS CIICHAPITB;

e Testcraft (https://home.testcraft.app/). s miar-
¢opma aBTomartm3anii TectyBanHs Ha ocHoBi LI mixrpu-
MY€ perpeciiiHe TecTyBaHHS, a TAKOXK BHKOPUCTOBYETHCS
JUTE MOHITOPHHTY Be0IOIAaTKIB;

e Watir (https:/github.com/watir/watir). [I-iacT-
PYMEHT 3 BIIKPHTHM KOJOM JUIS aBTOMATH3allii TECTy-
BaHHSI Ha ocHOBI Ruby. Bim imiTye B3aemomito Kopuc-
TyBaya 3 NpOrpaMamu, IO MiATPUMYIOTh TECTYBaHHS
KiJIbKOX Opays3epiB;

e ACCELQ (https://www.accelq.com/). IToTyxHuii
0€3K0/I0BHH 1HCTPYMEHT Ha 0a3i IITYYHOIO IHTEJEKTY,
SKHH JI03BOJIIE aBTOMAaTH3yBaTH OaraToKaHaJbHE TECTY-
BaHHs B [HTepHeTI, Ha MOOUILHUX MPUCTPOSX, HACTUTLHUX
koMmIT'totepax, API ta cepmepniii yacturi. IlinTpumye
Oe3mepepBHY aBTOMATH3AIIiI0 TECTYBAaHHS,

e Katalon (https://katalon.com/). IIlI-iHcTpymeHT
Ul aBTOMATH3allil TECTYBaHHS, KU HAJA€ KOMILICKCHE
PpIIIeHHS 7151 TECTYBaHHS MOOITFHUX TONATKIB 1 BeOCANTIB.
Bin 3a0e3neuye BOynoBaHui iHTepQEnC Ul TeCTyBaHHS.
Bin mae HamiliHe cxoBuIIe 00’€KTiB, 0araTOMOBHY Iij-
TPUMKY TOILIO;

e Selenium (https://www.selenium.dev/). Inctpy-
MeHT 3 Bukopuctanusm LI qis aBTOomMaTH3alii TecTy-
BaHHsI, KU B OCHOBHOMY BHKOPHCTOBYETbCS IJISI per-
peciitHoro tectyBaHHs, (HYHKLUIOHATBHOTO TECTYBaHHS Ta
TECTYBaHHS POAYKTUBHOCTI;

e Lamba Test (https://www.lambdatest.com/). IIII-
IHCTPYMEHT, SIKHH MOXeE 3allyCKaTH B3a€MHE TECTYBaHHS
Ta aBTOMAaTH3yBaTH TecTyBaHHS moHan 3000 mpucTpoiB.

XMapHa cHCTeMa Oe3lepepBHOTO TECTyBaHHA, sKa
miatpumye 120  iHTerpamiii, a TaKOX TECTyBaHHS
TeoJIOoKaIlii.

IMpoBenenuii aHami3 iCHyrOUMX IHCTPYMEHTIB JIOBIiB
rimore3y, IIO0 HE3BaKAlOYM HA IIMPOKE PIZHOMAHITTS
npoaykriB aBromaru3auii 3 L1, BupoBamkeHHs KOKHOTO 3
HUX Yy Hpolec po3poOKH mepexdayae NEBHUX BUTpAT
3yCHJb, 4Yacy Ta pPecypciB, NMpH LbOMY 3a0e3Nedyrouu
HAUTHIITKOBUH (DYHKITIOHAI 1T HEBEJIMKMX KOMAaH]I, sIKi SIK
MPaBMIIO, CKIAJAIOThCS 3 PO3POOHUKIB Ta, y HAWKPAIIOMY
BHUIAJIKy, MAaHyaIbHUX TECTYBaJbHHKIB.

Bce e 3yMmoBmiIo cripo0y BH3HAYUTH KOHIIEOT TaKOi
CHUCTEeMHM aBTOMAaTH3allii TpOoIeCy TEeCTyBaHHS, sKka O
J03BOJISIIA IIBUAKO 1 THYYKO ITOOYIYBAaTH €KOCUCTEMY UL
KOHTPOJIIO SIKOCTI PO3pOOKH IMPOrpaMHHMX HPOJYKTIB B
yMoBax Opaxy ¢axiBuiB BinnoBimHoi KBaidikauii, TUM
caMuM 3a0e31eYMBLIM MOXKIIMBICTh TapaHTyBaHHs 0a30B0i
SIKOCTI IMPOAYKTIB Oy/Ab-sIKOr0 BUPOOHUKA.

OcHOBHI Npo0iieMH, sIKi TOBMHHA BUPIIIYBaTH Taka
cucreMa: 3a0e3neyuTH 3po3ymMuinii ppelMBOpK TecTy-
BaHHS; 3aIIPOIIOHYBATH MOXJIMBICT F'eHepalil aanTHBHOI
MapmIpyTHOI KapTH TPOILECy 3 BHXOJIOM Ha BOyHOBaHi
3aco0u CTOPOHHI IHCTPYMEHTH, IO Peajli3yioTh BiAIOBIAHI
THIIM TecTyBaHHA. L[g cucreMa Mae BHKOPHCTOBYBATH
MosxsuBocTi 1111, ocob6mmuBO reHepaTHBHOTO, IS peatizamii
TAX Iid, I SKAX MOTpiOHA KBamidikamis po3poOHHKa
(Hampuknaa, 3a HEOOXINHICTIO, JUIS CTBOPCHHS FOHIT-
TECTIB).

VaiATH B cucTEMy
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[IpoimocTpyeMo IPUKIAIOM Use-case JiarpamMu npo-
TOTHUILY TaKOi CUCTEMH, [TO3HAYAIOUH E€JIEMEHTH, JUIS SIKHX
JIOLIBHO BUKOpUCTaHHA 3aco6is 111

[Ipunycrumo, mo micns BXOAY B CHCTEMY KOpHC-
TyBady AOCTYNHUH psia GpyHKuiid. BiH Moxke neperisHyTi
BKe 30epekeHi TeCTOBI HAOOPW Ta MaHIIYJIOBATH HUMH,
TOOTO TOAUINTUCH IMAINKOI0 3 TeCTaMH, MepeHMEeHYyBaTH,
BHUIANUTH, JOIAaTH HOBHH TeCT, eKCHOpTyBath abo
KOITIFOBATH BXKe iCHYIOUHH. Takok € MOKITUBICT ITyKATH
MeBHUN TecToBHK HabOip (Wamky) 3a J0MOMOTOI0 TI0-
ITYKOBOTO ToJIsL. Takox mocTymHa QYHKINS Meperismy Ta
aHaJi3y BXKE 3alyICHHUX paHille TECTOBUX KOMIIOHCHTIB,
KOpHUCTYBa4 MOXE HNeperisiHyTH No3uTHBHI (passed) Ta
neratusHi (failed) Tectu. Y BUmaaky sSKIO € HEraTHUBHI
TECTH, KOPHCTYBau MOXE IEpErJISIHYTH OYiKyBaHWH Ta
(baKTUYHUI pe3yabTaT, a TAKOK BU3HAYMTH PO30DKHOCTI
MiX HUMH.

OcranHi Ta HaWroJoBHImN (QyHKIII cucTeMu — Iie
CTBOPEHHS TECTiB s PpoHTEHTY Ta OeKeH y ToIIo. [Ticst
YOro KOPHCTYBad MaTHMe 3MOTY 3T€HEepYyBaTH 3BiT BH3HA-
4yeHoi popmu (quB. puc. 4).

SIK BUAHO 3 PHUCYHKY, IHCTPYMEHTH INTYyYHOTO
IHTEJIeKTy OyIyTh JOPEUYHHMH ISl HACTYIHHUX CKJIaJIOBHX
cuctemi [12].

1. Tenepamiss MapmpyTHOI KapTH TECTYBaHHS
npoxykry. ITicis BXomy 10 CHCTEMH KOPHCTYBad BKas3ye
napamMeTpu po3poOKH (THII HPOJYKTY, apXiTEKTypy Ipo-
IYKTy, KIIOYOBi (yHKLIOHaJIBHI Ta He(yHKIIOHAIBHI
BHMOTH Ta iHIIIE), HA MiJACTaBl SKUX 3 BUKOpUCTaHHAM [111
reHepyerbes Blueprint mporiecy TecTyBaHHS 3 MOCHIIAH-
HAMH Ha iHCTpYMEHTAJIbHI 3aco0W, 30BHIIIHI 4u BOY-
JTOBaHI.

2. Po3pobka TtecToBuX apTedaxTiB (IJIaH TECTYBaH-
HsI, TECT-KEHCH, TECTOBI CIleHapii, TECTOBI HAOOPH JAHHX)
Ta (OpMyBaHHS TECTOBHMX MAKETIB — IHCTPYMEHTH I'€He-
paruBHoro I no3BonsiTh omepyBaTH HE TUIBKM 0a3010
3HaHb CaMO1 CHCTEMH, ajie i BAKOPUCTOBYIOUH ITI00ATbHUH
MOUIYK 3aCTOCOBYBaTH JOCBiJ MPOEKTIB iHIIMX BUPOO-
HUKIB.

3. Iepernsax ta anami3 tecti. I go3BomuTh mpo-
BOJWTH aKTyaJli3aIlif0 TECTOBOT'O TAKETY 1 MiATPUMYBATH
iXHIO TECTONIPHUIATHICTb.

4. TectryBanHs OekeHAy, a TakoX po3poOka
IOHIT-TECTIB. ABTOMAaTH30BaHa TeHEepaIlisi KOIIy.

5. TecryBanus ¢ponteHmy. CneKkTp MOXKIMBOCTEH
I omucanmii Bumie. Takok MOXKe 3MiHCHIOBATHCH HE
TUIBKY TIEpeBipKa, aje i reHepyBaHHs PEKOMEH/ALiH.

6. Tenepamist 3BiTiB, Tak caMO SK 1 TeHepalis
TecToBUX apredakriB, Moxke BukonyBaruch 3i III,
BpaxoByl04H (pOpMyBaHHS JOJATKOBOI AHAIITHUKH II0JO
e(eKTUBHOCTI, BUSBIICHHS NMPUYMH 1 B3a€EMO3aJICKHOCTEH
neheKTiB.

be3yMoBHO, 1110 1Ie HE TTOBHUN TIEPEITiK MOKIMBOCTEH
aBTOMAaTH3aIlil, ajie JOCTATHIH IS MiATBEPIKEHHS JOIIITh-
HOCTI MOJJIBIITUX TOCIIIKSHD 1 PO3BUTKY 3aIPONIOHOBAHOT
1€l

BucnoBkn. OCHOBHOIO TPOOJIEMOIO CYIaCHUX CHC-
TEM aBTOMaTu3alii MpoLeCcy TECTyBaHHS IMPOrPaMHOTo
3a0e3neueHHsT € TEHAEHLIs 10 iXHBOrO HaJMIpHOTO
yckiagHeHHs. lle mpu3BomuTH 0 BTpaTH MOKIJIMBOCTI
BUKOPHUCTaHHS LUX 3ac00iB pPO3pOOHMKAMHM, I SKHX

NPUHLUIIOBUMU € OOMEXEHHS PecypciB, ZOCTYIHUX JUIs
nporueciB 3a0e3neueHHs SIKOCTi. JlaHa craTTsi nmpucBsiueHa
JOCIIIJDKEHHIO ICHYIOUMX MOJKJIMBOCTEH BUKOPHCTAHHS
TEXHOJIOTIM INTYYHOTO IHTENEeKTY Juls OpraHizauii mpo-
neciB Bepudikawii Ta Bamiganii nporpaMHUX MPOXYKTIB, i
crpobi Ha HWOTO OCHOBI BH3HAYEHHS HEOOXiTHOTO i
JIOCTaTHLOTO HA0Opy METOJIB Ta 3ac00iB, BUKOPHUCTAHHS
SIKUX JIO3BOJIUTH ITiIBUIITUTH PiBEHb TapaHTyBaHHS SKOCTI
OyIb-SIKOrO MPOEKTY Ta CYTTEBO 3HU3UTH BHUTPATH Ha
peaizaliio TaKuX MpoIeciB.
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RESEARCH ON ARTIFICIAL INTELLIGENCE TOOLS FOR AUTOMATING THE SOFTWARE TESTING
PROCESS

The subject matter of the article is artificial intelligence (Al) tools for automating the software testing process. The rapid development of the software
development industry in recent decades has led to a significant increase in competition in the IT technology market and, as a result, stricter requirements
for corresponding products and services. Al-driven test automation is becoming increasingly relevant due to its ability to solve complex tasks that
previously required significant human resources.
The goal of the work is to investigate the possibilities of using Al technologies to automate manual testing processes, which will increase testing
efficiency, reduce costs, and improve software quality.
The following tasks were solved in the article: analysis of existing tools and approaches to test automation using Al; development of a conceptual model
of a system that integrates Al into the testing process; exploring the potential of Al to automate various aspects of software testing, such as generating
test scenarios, detecting defects, predicting errors, and automatically analyzing test results.
The following methods are used: theoretical analysis of the literature and existing solutions in the field of test automation, experimental study of the
effectiveness of the proposed test automation methods.
The following results were obtained: the concept of a system that integrates Al technologies for automating software testing is presented. It has been
found that the use of Al allows automating routine testing tasks, significantly reducing the number of human errors, and improving the quality of software
products and the effectiveness of verification and validation processes.
Conclusions: The development and implementation of Al-based testing automation systems are extremely relevant and promising. The use of Al
technologies makes it possible to significantly increase the efficiency of testing, reduce the costs of its implementation, and improve the quality of
software. The proposed approach to the development of an Al-based test automation system can be used as a basis for further research and development
in this field.

Keywords: Artificial Intelligence, test automation, manual testing, software quality.
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IMPOI'HO3YBAHH# 3MIHU PIBHA JIICUCTOCTI 3A JOITIOMOTI'OIO CEPBICY GLOBAL FOREST
WATCH I MOBH ITPOT'PAMYBAHHS TA AHAJII3Y JAHUX R

Posrisgaetbest mpobiieMa po3paxyHKy PIBHS JIICHCTOCTI, Y TOMY YHCII — MPOTHO3YBaHHs 3MIiHU JIICHCTOCTI B OKpeMoMy JicHUUTBI. HaBeneHo, 1o
aBTOPH paHillle pO3pOOMIN IporpaMHe 3a0e3IeUeHHs I PO3PaxyHKY JICHCTOCTI Ta 00poOieHHs iHdopMamii Ipo TicoBi Haca/PKCHHS Ha MPHKIAAL
cemuma CriBakiBka B I3toMcbkoMy paifoni Xapkicskoi obmacti. Takox Oyno 3po0ieHO HOPIBHSHHS JTiCHCTOCTI 32 HU3KY POKIiB 3 BUKOPHCTAHHSIM
pecypey Global Forest Watch. 3 mporo pecypcy Oymu B3sTi 300paskeHHs [Ipn1oHebKkoro JiCHUITBA 3 HAHECEHHMH YMOBHUMH MTO3HAYCHHAMU: CHHIM
KOIBOPOM 300paxkeHi TepUTOopii, Je BiLOyBaeThCS BHCAJKa HOBHX JiCOBHX HACaKeHb, a POXKEBUM — J¢ BinOyBaeThcs BHpyOyBaHHS. KoxHe i3
3aBaHTAXKCHUX 300pa’keHb 0OPAHOro JIICHULTBA 3alPONOHOBAHO PO3IUINTH HAa KBAaApaTH, a MOTIM aHAJi3yBaTH JaHi 1O KOXKHOMY KBaapary. Bymo
PO3paxoBaHO HACHYEHICTh POXKEBUM KOJIbOPOM Ta 30epexeHO y TabuuILi. 3a3Ha4eHO, 110 IPOrHO3YBAaHH 3MiHH JIICOBHX HaCa[)KeHb Ha 00paHii OinsgHIi,
TOOTO 3MIiHH BiCOTKA BUPYOKHU, MOXKHA 3pOOUTH Pi3HUMH IUIIXaMH. [lo-Tiepiie, BUKOPHCTATH perpeciiiHuii aHami3 — 3aCTOCYBaTH PIBHSIHHS perpecii
OKPEMO /10 3HAYEHb KOXKHOTO KBaJPaTy, a TAKOXK IS yChoro jicHuITBa. [To-apyre — chopMyBati mepenik BXifHUX (HaKTOpiB, [0 MICTITH ITIOKA3HUKH
Ha OOpaHiil AUTTHLI y Ba MONEPEeIHi POKH Ta I K MOKa3HUKH Ha CyCimHiX ainsHkaxX. TakuM YHHOM, KiJBKICTB (hakTopiB Oyne mopiBHioBatH 27: 26
BXiJHUX Ta | BUXiJHUH (3HA4eHHS Ha JOCIIIKyBaHOMY KBaipaTi). Taky 3amady IpOrHO3yBaHHS MOXHA pO3B’s13aTé a00 MeTomoM OaratodakTopHOI
niHilHOI perpecii, a0 METOAOM IUTYYHHX HEHPOHHMX Mepex. [T NMpOBEACHHS PO3PaxyHKIB 3a o0oMa Merogamu OyI0 BHKOPHCTAaHO MOBY
HporpaMyBaHHs Ta aHali3y JaHuX R. CTBOpEHO CKPUIT, sIKMii BUKOHYE PO3paxyHKH I00YI0BOIO JIiHii perpecii Ta mTy4HOT HEHPOHHOT MEpesKi, a TAKOXK
JI03BOJISIE BU3HAYMTH HANKpAIy apXiTeKTypy HEHpOHHOI Mepexi Ta Olmbin eeKTHBHMI METOA 1i HaBYaHHS Ui IEBHOro Habopy maHux. HaBemeHo
PO3paxyHOK AMHAMIKU BUPYOKH y IIIOMY JICHHITBI (IIPOTHO3 Ha OCTaHHIM pik 3abe3medye MOXHOKY B 1 %) Ta po3paXyHOK OMHAMIKU BUPYOKU Ha
oOpaHOMy KBaapaTi (IPOrHO3 Ha OCTaHHi# pik 3a0e3meuye NoXHOKy B 3.5 %). [1licis yncaeHHIX 3amyCcKiB CKPUITY 3’sICOBAHO, 10 HAHKpaIHii pe3yabTarT
3abe3redye MepcenTpoH 3 JBOMA MPUXOBAHWMH IIapaMy Ta ABOMAa HEHWPOHAMH y KOXHOMY IIapi. Pe3yipTaTu po3paxyHKIB CBIiT4aTh IPO BHCOKY
KOPEJISILII0 JaHMX I BH3HAYCHHS BIICOTKA JICYy, SKuH Oyae BHpyOyBaTHCs Ha BH3HAUYCHOMY KBaJpaTi. 3aCTOCYBAHHS IBOTO HEPCENTPOHY IS

MPOTHO3YBAaHHS HA OCTaHHIH PiK MOKa3aao NOXHOKY B 3 %.

Kuio4oBi ci1oBa: piBeHs sicuctocti, BupyOyBaHHs sicy, Global Forest Watch, ko1popoBa HaCHUEHiCTh, IPOTHO3YBAHHS, perpeciiHuii anamis,

IITYYHI HEHPOHHI Mepeski, MoBa R

Beryn. B Vkpaini nutanHs 30epeXeHHs JICIB pery-
JIIOETHCST HU3KOI0 3aKOoHOAaBUMX akTiB [1]. CTBOopeHHS Ta
BHKOPHUCTAHHS CIEIiali30BaHOTO TPOTpaMHOro 3abe3re-
YEeHHS JUIs OLIHIOBaHHS JIICHCTOCTI, 00poOieHHs iH)Op-
MaIlii mpo JIiCOBI HACA/KCHHsS Ta BUSBJICHHS HE3aKOHHOT
BUpPYOKH JIiCY, IPOTHO3YBaHHS 3MiHH JIICHCTOCTI B OKpe-
MOMY JIICHHIITBI MOXE CTaTH CYTTEBHM IOMIYHHUKOM Y
LOMY HATPSMKY.

Orasia jgitepatypu. 3acTOCyBaHHS MaTeMaTHYHOTO
MOJICITIOBAHHS Ta iHPOPMAIiHHUX TEXHOJOTIH 11 06p0o0-
k¥ iHpOpMaIlii po JIiCOBI HACaHPKEHHS MOXHA 3YCTPITH Y
HU3Il HAYKOBUX Tipaib. Tak, aBTOpH [2] aHATNI3YIOThH IH-
TaHHS BIUTMBY MTOKa3HUKIB 3aIOBiTHOCTI Ta JIICUCTOCTI Te-
PHUTOPiHl OKPEMHUX TEPUTOPIATbHUX OAWHHUII K OCHOBHHUX
IHIMKATOPIB OLHKM CTaHy IOBKULIS 3 METOI 3HAXO[-
JKCHHS [IUIAXIB 010 30UTBIICHHS IO TPUPOIHO-3aI10-
BigHOrO (hoHAy [loNTaBUIMHM, BUKOHYIOTh IOPIBHSIBHUN
aHaJi3 1HAMKATOPIB OLIHKHM CTaHy HaBKOJIMIIHBOTO MpH-
POIHOTO CEepeOBHUINA OKPEMHUX TPOMaj MiX cO0O0 Ta i3
pIBHEM 3HAYCHB JAHUX MOKA3HHKIB JICPKABHOTO Ta EBPO-
MEHCHKOTO PiBHSL.

YV pobori [3] mia gochimkeHHsT 00CATIB MOPYIIEHb
HaMeTy JIepeBOCTaHiB B Y KpaiHchbkux Kapmarax ynpomoBx
1984-2016 pp. BUKOPWUCTAHO YacOBI psIU 300paKeHb,
OTpHUMaHUX 13 CYMyTHUKOBUX 3HIMKIB MpoekTy «Landsat»
i3 3acTocyBaHHSAM 3aco0y Bisyamizamii «TimeSyncy.
ABTOpPH pO3paxyBaji CEpPEIHIO JICHUCTICTh ISl BCi€l

JOCITIPKYBaHOT TEPUTOPii Ta HAaBENW IEPENTiK OCHOBHHUX
MOPYIIIEHb, 1110 OyJIH MOB’sI3aHi SK 3 aHTPOITOTEHHUMHU, TaK
1 3 IPUPOAHUMHU YNHHUKAMH.

VY poboti [4] nmocnmimKeHO CTaH JIICOBUX pecypciB
VYkpainu, mo0ynoBaHo iMiTaliiiHy MOJENb CUCTEMHOI AHU-
HAMIKH TXHBOTO KOJIOOOIr'y, BU3HAUYCHO OCHOBHI YMHHUKHU
BIUIUBY Ha PO3BHUTOK JIICOBOTO (POHLY Ta HACIIIKH YIpaB-
JIHHS HHUM, 3[iHCHEHO NPOTHO3M OCHOBHHMX IOKa3HHKIB
JIICOBOTO KOJIOO00Iry.

PoGoTu aBTOpiB Ta mMocTaHoBKA 3ajayi. ABTOpHU
pO3poOMIIM TIporpaMHe 3a0e3MedeHHsT ISl PO3paxyHKY
JICUCTOCTI Ta 0OpoOIeHHS iHpopMaIlii Tpo JIicOoBi Hacal-
»keHHS [5] Ha mpuknanai cenuma CriiBakiBka B [310MCEKOMY
pationi XapkiBcbkoi obmacti [6]. Takox Oymno 3poOieHo
HOPIBHSTHHS JIICUCTOCTI 32 HU3KY POKIB [7], [uist yoro Oyio
Bukopuctano pecypc Global Forest Watch (BcecBitsa
micoBa Bapta) [8] — BeO10IaTOK JIIsl MOHITOPHHTY JiCOBOTO
MOKPUTTA IUTAaHETH B pealibHOMY Maciutadi yacy. Ha npomy
caiiti ony0nikoBaHo ororpadii i3 cynytaukiB NASA 3a
13 pokiB, airoputMu 00pOoOKM 300pa)KeHb JO3BOJISIOTH
JIeTAILHO MipaxyBaT OOCSTH BTPAueHHUX Ta BUPOCIHX
JICiB HA KOXKHIM TEPUTOPIi Ta B KOXKHIKM KpaiHi 1O poKax.

3 maHoro pecypcy Oynm B3sTi 300pakenHs [Ipumo-
HEIBbKOTO JicHUNTBa (puc. 1) 3 HAHECEHMMU YMOBHHMH
MO3HAYCHHSMH: CHHIM KOJHOPOM 300paskeHi TEpUTOpii, e
BiIOYBAa€ThCS BHUCAJKAa HOBUX JICOBHX HAacapKeHb, a
pOoXeBUM — e BiOyBa€eThCsl BUpYOyBaHHS.
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[Ilo6 BW3HAYUTH BIICOTOK BHUPYOKH, HEOOXiTHO
pO3paxyBaTH y BiJICOTKOBOMY CITiBBiJTHOIICHHI KUTBKICTh
POXEBOT0 KOJILOPY 110710 1HIHX. PopMyiia 3HAXOIKESHHS
BiJICOTKa BUPYOKH 3a momomororo pecypcy Global Forest
Watch:

P
V=-—=10 (1
P
ne V' —BincoTox BUpYOKH;
P — xinbkicTs mikceniB poxeBoro KoJibopy;

P, — zaransna KimbKicTh TiKCENiB Ha 300paskeHHi.

Puc. 1. ®oto [punonenskoro micaunrea y 2011 poui

OCKUTBKY HAC MIKABHUTH HE TUTBKH 3arajibHa CUTYAIlis
y JiCHUNTBI [6], aje i cuTyalis Ha OKPEMHUX IUISHKAX,
KOXKHE 13 3aBaHTXKEHUX 300pakeHb MOXKHA PO3JIIIUTH Ha
KBaJpaTH, a TOTIM aHAJi3yBaTH NIaHI MO KOXXKHOMY KBaj-
paty (puc. 2). JIas K0>XxHOTO KBaapary OyJo po3paxoBaHO
HAaCHYEHICTh POKEBUM KOJIIEOPOM (pHC. 3) Ta 30epexKeHo y
Tabmmi (puc. 4) [9-10].

KEAPAT 12

KBAAPAT 13 KEAPAT 21 ERAAPAT 22 KBAPAT 23 KBAAPAT 31
EAALRAT 32 KEADPAT 13

Puc. 2. Po3nozinenns ¢poTo JicHUITBA HA 9 KBaApaTiB

e e
_ R _r'* (.
Yy B “1

T L

Puc. 3. HacuueHicTs poxeBUM KOJILOPOM I KBajparta 11 3a
2011 pik

Jani mocTae mUTaHHS MPOTHO3YBAHHS 3MiHHU JTiCOBHX
HAcaJDKeHb Ha OOpaHiil MUIAHIN, TOOTO 3MIHHM BiJCOTKa
JCUCTOCTI, a00, HABITAKH, 3MIHH BiJICOTKA BUPYOKH.

Ile MoxxHa 3poOHUTH pi3HUMU HuIIXaMu. [lo-mepie,
BHKOPHCTATH pETrpeciiHuil aHaIi3 — 3aCTOCYBATH PiBHAHHS
perpecii  (miHiiiHe, TOJiHOMIiaNbHE, EKCIIOHCHINIAbHE
TOIIO) OKPEMO JI0 3HA4Y€Hb KOKHOTO KBaJpary, a TaKokK
JUIA YChOTO JICHHITBA. Sk TMOKa3aHO Ha pHC. S, I
NIPOTHO3YBaHHs BiJICOTKa BUPYOKM Ha yChOMY JIICHHITBI
IXOANTH JIiHIMHE PiBHSAHHSA (KOe(ili€HT IIEBHOCTI allpoK-
cumanii mpu oMy gopiBHioe (0.9845, mo e rapHEM
MMOKa3HUKOM). AJie JIsi TPOTHO3YBaHHS Ha OKPEMOMY

KBaJIparti JIiHifHe PiBHSIHHS BXKE HE MiIXOIUTh (KOe(DillieHT
JOCTOBIpHOCTI anpokcumanii R* =0.67 ); Halkpauuii no-
Ka3HHK y HalllOMy BHIAJKy 3a0e3ledye eKCIIOHCHIiabHe
piBasiHHs ( R? =0.74). MoxHa mimiOpatu «Haikpaiie»
PIBHSIHHS [UIs1 KOXKHOTO KBaJIpary.

132 | 1475 | 245 | 1312 1472 | 248 | 13,12 ( 1501 | 238

2011 674 | 039 | 1,18 | 584 2012 1.4 | 030 | 153 | 1007 2M3 12 | 043 [ 172 [ 104

13,02 | 14,98 | 202 1387 | 137 | 025 135 [ 1488 | 254

2014 | 209 | 041 | 185 (1075 2015 | 178 | 206 | 221 |11.05 26 | 347 [ 085 | 3328 (1173
? LALE N %3] L] 027 | 142 L} 025 (182
1338 | 15,05 | 229 13,47 | 1502 | 229 1319 1493 | 237

2017 | 382 | 0,88 | 308 | 1188 18 | 300 | 191 | 334 | 1284 2Me | 327 | 181 | 323 | 1277

o001 a2 |188 o0m | 8321 | 185 0,001 [ 035 [ 19

12931 1585 | 232 { 13,45 1554 | 239

2020 | 337 | 191 | 353 13,04 2021 | 342 | 204 | 37 |13

noe2| 027 (204 o0 | 835 | 208

Puc. 4. 3Bezeni aaHi o BigcoTkam BupyOyBaHHs 3a 2011-2021
poKn

y =0,3759x +9,7093

) /
o R =0,9845 D
—=— ¥ uizomy

8 — i (X)

—— Tlmeiinbiii (¥ uisonmy)

—— Jlineiiniii (X)

- 010200
y =0,1845x +0,0824 y Rgff?:ﬂg
Re =0,6709 -

z B ——

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Puc. 5. [Iporuo3yBaHHs piBHIHHIMH perpecii

[HomMi msx — popMyBaHHS MEpeNiKy BXiTHUX (ak-
TopiB. SIK BXifHI (haKTOpH MOXHA PO3TILAaTH, IO-TepIle,
MTOKAa3HUKH Ha 0OpaHiil AUTSIHII y rmonepeaHi poku (Hexai
1le 3HaUeHHs OyJie JOPIBHIOBATU JIBOM), a MO-ApYyTe, I kK
MOKa3HUKU Ha cycimuix mimstakax [11]. Ockinbku mu
maemo 3HadeHHS 1o 9 (0..8) kBagparax 3a TpU POKH, TO
KUTBKICTh (hakTOpiB Oyzae mopiBHIOBaTH 27: 26 BXiTHUX Ta
| BuXinHWMIA (3HAYEHHS HA JTOCIIIKYBaHOMY KBaapaTi):

Y:F(XOml’XOmZ’Xll’Xllml""’X33m2) @

[Ticns 0OpoOku manux 3 puc. 4 3a Gopmymnorn (2)
OTPUMAEMO PE3YNbTAT, II0 HaBEICHO HA pHUC. 6.

Taky 3amauy IpOrHO3yBaHHSI MOKHA PO3B’sI3aTH Pi3-
HUMH MaTEeMAaTHYHAMH METOJIAMH, HATPUKIAJ, METOJOM
GararoakTopHOi JiHIHHOI perpecii a00 METOIOM IITYyY-
HUX HeHpoHHUX Mepex [12].

PesynbTaTn po3paxyHkiB. [l npoBeaeHHs po3pa-
XYHKIB 32 o0OoMa MerojaMu OyJ0 BHUKOPHUCTAHO MOBY
mporpamyBaHHSI Ta aHamizy ganux R [13]. CtBopeno
CKPHIIT, SKHA BUKOHYE PO3paXyHKH I0OYIOBOIO MiHIiH
perpecii Ta mTy4HO1 HEHPOHHOI MEPEXKi, a TAKOXK JO3BOJISIE
BU3HAYMTH HaWKpaIly apXiTeKTypy HEHpOHHOI Mepexi Ta
O eexTUBHUN MeTox i HABYAHHSA MU TICBHOTO
HaOopy NaHHX.
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Pes 1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17 18 19 20 21 22 23

Y XOm1 X0m2 X11 X11m1 | X11m2 X12 X12m1 | X12m2 X13 X13m1

X13m2

X21 X21m1 | X21m2 X23 X23m1 | X23m2 X31m2 X32 X32m1 | X32m2

2013] 043 0,39 0,39 13,12 13,12 13,2 15,01 14,72 14,75 2,39 2,48 2,46

12 1,34 0,74 1,72 1,53 1,16 0 0 0 0,32 0,29 0,22

2014] 041 043 0,39 13,02 13,12 13,12 14,98 15,01 14,72 2,02 2,39 2,48

2,09 12 1,34 1,86 1,72 1,53 0 0 0,17 0,32 0,29

2015 2,06 041 0,43 13,87 13,02 13,12 13,7 14,98 15,01 0,25 2,02 2,39

1,78 2,09 12 2,21 1,86 1,72 0 0 0,27 0,17 0,32

2016 0,85 2,06 0,41 13,5 13,87 13,02 14,98 13,7 14,98 2,54 0,25 2,02

olo|o|e

3,17 1,78 2,09 3,28 2,21 1,86 0 0 0,25 0,27 0,17

2017 0,88 0,85 2,06 13,38 13,5 13,87 15,05 14,98 13,7 2,29 2,54 0,25

3,82 3,17 1,78 3,09 3,28 2,21 0,2 0,25 0,27

2018 1,91 0,88 0,85 13,47 13,38 13,5 15,02 15,05 14,98 2,29 2,29 2,54

3,03 3,82 317 3,34 3,09 3,28 0,21 0,2 0,25

2019 1,81 191 0,88 13,19 13,47 13,38 14,93 15,02 15,05 2,27 2,29 2,29

3,27 3,03 3,82 3,23 3,34 3,09 0,33 0,21 0,2

2020 1,91 181 1,91 12,93 13,19 13,47 15,85 14,93 15,02 2,32 2,27 2,29

3,37 3,27 3,03 3,83 3,23 3,34 0,27 0,33 0,21

2021 2,04 191 1,81 13,45 12,93 13,19 15,54 15,85 14,93 2,39 2,32 2,27

3,42 3,37 3,27 37 3,83 3,23 0,0014 0,35 0,27 0,33

S o o
2poku

Keagpar-  Keapar-
[X+1,¥-1] [x*:

ik 2poxu

Cycin
Y- - &ij]
1pi 2pok

Cyoin
Cyoin Cycin
Keagpar ety XY [X.Y-1] Apik ¥
pi 2pok

i Cycin
- XY
ik

Cycin Cycin Cycin
X1,Y]- 1Y) XY+
2ponn 2pon 2poxn

Cycia
[X-1.Y] -tpik

Cycia
[x+1,Y]

Cycia

Cycin
et (R

Cycin Cycin Cycia
-1 [X+1,Y] -1pik o Zrom [XY+1] -Tpi

Puc. 6. O6po6neHi fraHi A1 IPOTHO3YBAHHS

Po3paxyHok nuHaAMiK{ BHPYOKH y IUIOMY JIICHHLITBI
HaBeneHO B Tabn. 1. MoxkHa moOadyuTH, IO MPOTHO3 Ha
oCTaHHIH pik 3abe3meuye moxuoky B 1 %.

Tabnuws 1 — Pe3ynpTati IpOrHo3yBaHHs BUPYOKH Y LiIOMY

JIICHULITBI

Pik Y ITporuo3 IToxnbka
2011 9.64 9.687 0.004904
2012 10.17 10.066 0.010190
2013 10.40 10.445 0.004371
2014 10.75 10.825 0.006934
2015 11.05 11.204 0.013904
2016 11.73 11.583 0.012555
2017 11.88 11.962 0.006887
2018 12.64 12.341 0.023662
2019 12.77 12.720 0.003915
2020 13.04 13.099 0.004532
2021 13.34 13.478 0.010358

Po3paxyHOK quHaMiku BUPYOKH Ha 0OpaHOMY KBaj-
pati HaBeneHO B TaOu. 2. MokHa OOAYHTH, IO MPOTHO3
Ha OCTaHHiH pik 3a0e3neuye moxuoky B 3.5 %.

Tabnuiyt 2 — PesynpraTt IpOrHO3yBaHHs BUPYOKH Ha 0OpaHOMY

KBaJpaTi
Pik Y IIporuo3 IMoxnbka
2011 0.39 0.2668 0.315851
2012 0.39 0.4513 0.157110
2013 0.43 0.6357 0.478436
2014 0.41 0.8202 1.000443
2015 2.06 1.0046 0.512312
2016 0.85 1.1891 0.398930
2017 0.88 1.3735 0.560847
2018 1.91 1.5580 0.184293
2019 1.81 1.7425 0.037318
2020 1.91 1.9269 0.008853
2021 2.04 2.1114 0.034982

[Ticns 4YuCneHHUX 3alyCKIB CKPUNTY Ui PI3HUX
rapaMeTpiB KUIBKOCTI NPUXOBAaHMX MIApiB Ta KiJIBKOCTI
HEWpOHIB y HHUX 3’COBaHO, IO HaMKpamui pe3yiabTaT
3abe3rnedye NepcerTpoH 3 IBOMa IPHUXOBAaHUMH ILIapaMHt Ta
JIBOMa HEeHpOHaMHU y KokHOMY mapi (puc. 7). Pesynpratn
PO3paxyHKiB, 0 3BeIeHi 10 Tabi. 3, CBiI4aTh PO BHCOKY
KOPEJLILiI0 JaHWX IS BH3HAYCHHS BiJCOTKA JICy, SKAN
Oyne BupyOyBaTHCS Ha BH3HAUCHOMY KBajpaTi. 3acTocy-
BaHHA LbOTO MEPCENTPOHY JUISI MPOTHO3YBAHHS HAa OCTaH-
Hill pik oKa3ano moxuoky B 3 % (tabm. 4).

Puc. 7. Apxitekrypa HeifpoHHOT Mepexi

Tabmuus 3 — PesynbTaTél MpOrHO3yBaHHSA TECTOBOI MHOKHUHHU

N Y [Iporuos IToxubxa
1 0.43 0.4451 0.00917
6 1.91 1.8098 0.06075
9 2.04 1.9290 0.06730

Tabmurt 4 — PesynbTaTil IPOrHO3yBaHHS HAa 0OpaHOMY KBaapaTi

MLP 26x2x2x1
Pix Y Iporuo3 IToxubka
2011 2.04 1.99 0.03097

BucHoBku. HaBeneHo MareMaTuyHy MOJAENIb Ta
pO3paxyHKH NpPOTHO3YBaHHS 3MIHM PIBHS JIICUCTOCTI 3a
normomororo cepricy Global Forest Watch i MoBu mpor-
pamyBaHHs Ta aHanizy nanux R. Buxopucrano perpeciii-
HUH aHaji3 — 3aCTOCOBAHO PIBHSHHS perpecii OKpemo 1o
3HA4YeHb KOXKHOTO KBaJpaTy, a TakKoX Uil YChbOro Jic-
HunTea. ChopMoBaHO TepermK BXiTHUX (GaKTOpiB, MO
MICTSITh IOKa3HUKH Ha oOpaHill AiJISHIN y JjBa MOTIEpEIHi
POKH Ta IIi X NMOKAa3HHKHM Ha CYCITHIX AinsgHKax. pyry
3a/1a4y IPOTHO3YBaHHS PO3B’I3aHO MeToHaMu OaraTtodax-
TOpHOI JIiHIIHOI perpecii Ta MeTOAOM INTYYHHX HEH-
poHHNX Mepex. CTBOPEHO CKPHIIT MOBOIO IIPOTPAMYyBaHHS
Ta aHali3y JaHUX R, skuil BHKOHYe pO3paxyHKH LIMHU
METOJlaMH, a TaKOX JO3BOJISIE BH3HAYMTH HaMKparry
apXiTEeKTypy HEMpOHHOI Mepexi Ta Oinbll epeKTHBHUH
MeToJ 11 HaBUaHHS ISl IeBHOTO Habopy nanux. HaBeneno
pO3paxyHOK IMHAaMiKM BHUPYOKM Yy IIJIOMY JICHHLTBI
(mporHo3 Ha octaHHIH pik 3abe3neuye noxuoOky B 1 %) Ta
PO3paxyHOK IWHAMIKH BHPYOKH Ha OOpaHOMY KBajaparti
(porHO3 Ha ocTaHHIH pik 3abe3nedye MOXuOKy B 3.5 %).
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FORECASTING CHANGE IN THE LEVEL OF FOREST COVERAGE USING THE GLOBAL FOREST
WATCH SERVICE AND THE PROGRAMMING AND DATA ANALYSIS LANGUAGE R

The problem of calculating the level of forest cover is considered, including forecasting changes in forest cover in individual forestry. It is stated that the
authors previously developed software for calculating forest cover and processing information about forest plantations using the example of the village
of Spivakivka in the Izyum district of the Kharkiv region. A comparison of forest cover over a number of years was also made using the Global Forest
Watch resource. From this resource, images of Prydonetsk Forestry were taken with conventional designations: areas where new forest plantations are
being planted are shown in blue, and areas where cutting is taking place are shown in pink. It is proposed to divide each of the uploaded images of the
selected forestry into squares, and then analyze the data for each square. The pink color saturation was calculated and stored in the table. It is noted that
forecasting the change in forest stands on the selected site, that is, the change in the percentage of felling, can be done in different ways. First, use
regression analysis - apply the regression equation separately to the values of each square, as well as to the entire forestry. Secondly, to form a list of
input factors containing indicators on the selected plot in the two previous years and the same indicators on neighboring plots. Thus, the number of
factors will be equal to 27: 26 input and 1 output (values on the studied square). Such a forecasting problem can be solved either by the method of
multivariate linear regression or by the method of artificial neural networks. The R programming and data analysis language was used to perform
calculations using both methods. A script was created that performs calculations by constructing regression lines and an artificial neural network, and
also allows determining the best architecture of a neural network and a more effective method of its training for a certain data set. The calculation of the
felling dynamics in the entire forestry (the forecast for the last year provides an error of 1 %) and the calculation of the felling dynamics in the selected
square (the forecast for the last year provides an error of 3.5 %) are given. After many runs of the script, it was found that the best result is provided by
a perceptron with two hidden layers and two neurons in each layer. The results of the calculations indicate a high correlation of the data for determining
the percentage of forest that will be cut down in a certain square. Application of this perceptron for forecasting for the last year showed an error of 3 %.

Keywords: level of forest cover, deforestation, Global Forest Watch, color saturation, forecasting, regression analysis, artificial neural networks,
R language.
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JIBOPIBHEBA KOHIIEIIIIS JJISI MOJIEJIOBAHHSI € IMHOI 3ABAJIOCTINKOI IEPEJAYI
LADPOBUX JAHUX

V crarTi popMani3yeThes, CTBOPIOETCS Ta HAJIAETBCS JUTS PO3IIAIAaHHS KOHIIEILIis €IMHOr0 OE3MIEeYHOro 3aBa0CTIHKOro KaHaiy Iepeaadi HuppoBUx
MaHuX. Y cydacHIH Teopii Ta mpaxTHii 3 kibepOesmeku icHye Habip pekoMeHamiil Mo 3HIKEHHIO pu3uKiB mis opramizanii NIST Cybersecurity
Framework. J{5is1 Toro, o6 aaHi BUCOKOTO piBHs Oy/H Oe3rneyHnMH, BUCYBatoThest BuMork st CIA-Tpiaam, a came 10 KOH(MIISHIIHHOCTI, HiMICHOCTI
Ta JOCTYMHOCTI iH(popMmaii. ToMy, y HofanbIIoMy JOLIIBHICTE POOOTH Ta i pe3ynbTaT HanpsiMy OyayTh 3aJIe)KaTH BiJ 3a10BoJIeHHs BukoHaHHs CIA-
yMOB. SIK BifoMo, aHi BHCOKOTO piBHS: sk e-mail, BisyansHi gani y GUI pi3HHX JomaTKiB, TOIIO, EPENAIOThCS IO KaHaNaM 3B’I3Ky HH3bKOTO PiBHS:
sIK Kabeni, 6e3qpOTOBI KaHAIM pajio3B’s3Ky Ta iHmi. Ha koxHOMY 3 piBHIB ist Oe3neunoi nepenadi indopmarii icHyroTh crienudiuni mkigHuku. Ha
BHCOKHUX PIBHSIX OCHOBHOIO 3arpo3010 Ui iH(popMallii € nroauHa Ta Jmoackkuil dakxrop. UnM HIbK4Ye cTae piBeHb mepenadi iHpopmanii, THM Oinblie
MIOYMHAE BIUIMBATH IPHPOJA, HATypPAIbHI IEPEIIOHH i BUIIAKOB1 KOPOTKI siBUMIa. [yt Toro, mob KopucTyBad Mir 6e3 3arpo3u Uil KoH(iASHIIHHOCTI,
LiTiCHOCTI Ta JOCTYymHOCTI iHGOpMAaLil KOPUCTYBATHCh pI3HOMAHITHUMHM MNPHIAZaMH, HEOOXiZHO aKTHBHO 1 Oe3mepeliiiHo po3pobisiTH,
BJIOCKOHAJIIOBATH Ta MOKPAIlyBaTH BXKE ICHYI04I CIOCOOM 3aXUCTy, BiJHOBIICHHS, Tepeaayi Ta 30epiranns nqaHnx. KoxHuii acnekT y mii 00poTsbi 3a
0e3MeKy € SIK 1 IepeBaroo Tak i HeAOJMIKOM: HaJUTHIIKOBA OE3MEYHICTh HE JOIIIbHA ISl MACOBOTO TpadiKy, CKIAIHICTh HE 3aBXKAM HaJa€ BiAMOBIAHY
3aXHUIICHICTh 1 Tak Aani. ToMy BaxJIMBUM (aKTOPOM MMOCTAE ONTHMAIBHICTD 1 JOLIIbHICTh METOIB, 110 BUKOPUCTOBYIOTHCS IS Mepeadi JaHHX. 3 IHX

MPUYHH, Y POOOTI HPOMOHYETHCS BITHOCHO MPOCTHIA, ae He MeHII e)eKTUBHHMI BiZ TOro miaxia ms 30epexents CIA-Bumor.
Ku11040Bi c/10Ba: 3aBaoCTiiKiCTh, 3aBaIOCTiiKI KO, Oe3neka qaHux, KaHanu nepenadi ganux, VPN, CIA, NIST, OWASP.

Beryn. Po3BuTok Mopenei i MeTOiB 3a0e3MeYeHHS
6e3nexu nudpoBoi iHpopMalii € Ha3BUYAHHO BaXKITUBUM
HanpsiMKOM 1H(OpPMaLiHUX TEXHOJIOTiH, IOB’3aHUM i3
3aXUCTOM O0COOMCTUX pAaHuX, (inaHcoBoi iHpopmaii,
IHTEJIEKTyalbHOI BJIACHOCTI Ta 3arajbHOI0 OE3MEKOI0
JIeprKaB 1 opraHizaiiii. BiicyTHiCTh Hale)HOT OC3MCKH IS
iH(hopMallii MOXKe CTPHYWHUTH BEJIMKI PU3UKH Bijl BTPATH
iHdopMallii i HeraTWBHI HACTINKHW Bix ii BUKOPHCTAHHS
cynpoTuBHUKamu [1-3].

Baxnmusum € 3a0e3nedeHHsT 0e3MepepBHOTO YI0CKO-
HaJeHHs 3ac00iB Oe3nekn mudporoi iHdopmallii, amxe e
3abe3reuye 3aXUCT OCOOUCTHX JAaHMX, (PiHAHCIB, IHTEIEK-
TyaJIbHOI BIIACHOCTI, MiITPUMAHHS OINEPALiHOI Ta HAIliO0-
HaJIbHOT Oe3IeKu.

3axucT ocoOMCTHX NaHMUX 3a0e3neuye KOHQIAEHIIN-
HicTe Ta upuBatHicTh iH(opmanii. Kondinenuiiinicts
moJisirae y 3a0be3neueHHs TOro, M0 OCOOUCTI JTaHI KOpHC-
TyBayiB (MeAWYHI 3anucH, GiHaHCOBI JaHi, agpecH) 3aju-
MarOThCS KOH(DIMEHIIIHHUMHU 1 HE MOTPAIUIAIOTH IO PYK
3I0BMUCHHKIB. [IpaBo Ha NpUBATHICTH Halae KOPHCTY-
BayaM MOJXKITUBICTh KOHTPOJIFOBATH JOCTYII JIO IXHiX 0CO-
OUCTHX AaHHUX Ta X BUKOPUCTAHHSI.

3axucT ¢iHaHCIB 3a0e3Medye 3aXuCT BiJl KPaJIiKOK Ta
mIaxpancTBa. 3aXUCT BiJl KpaliKOK IPOTHIIE XaKepam, sIKi
MOXYTh OTpPHMaTH JAOCTYIl a0 OaHKIBCBKMX pPaxyHKIB,
KPEIUTHHUX KaPTOK, KPUIITOBAIIOTHUX TaMaHIIiB, 1110 MOKE
Npu3BeCTH A0 (HiHAHCOBUX BTpaT Ul OKpeMHX Oci0 Ta
opranizauiii. besneka nanux qonomarae 3anodirTu ¢iHaH-
COBUM HIaXpalCTBaM, SIKi MOXXYTb OyTH BUMHEHI 4epes
BHKpaJieHy iHQOopMaIIifo.

3axuCT IHTEJECKTyallbHOI BIACHOCTI 3abe3meduye 3a-
XUCT KOMEPIIIHHIX Ta€EMHHIb i 30€peKeHHST KOHKYpPEHT-
HUX TmiepeBar. KomepiiiiiHa TaeMHHIS JaHWX TTOBHHHA

() ®

3a0e3rnevyBaTuch, TOMY WIO Oararo KOMIIaHIH MaloTh
IHTEJIEKTyalbHy BIIACHICTH (IIATEHTH, ABTOPCHKI IIpaBa,
KOMEpLiiiHI TAEMHHMI), SIKA € KPUTHYHO BAXIIMBOIO LIS
ixHpOTO ycrixy Ha puHKy. KOHKypeHTHI nepeBaru Haja-
I0ThCS HIIIXOM 3axucTy iHdopmanii npo po3poOku, no-
CJIIJPKEHHS Ta CTpaTerii KoMNaHii BiJi KOHKYpPEHTIB.

[TinTpuMaHHs onepariifHo1 Oe3nekn 3abe3mneuye 6e3-
MIEPEPBHICTL Oi3HECY 1 MPOTHUJIE PEIyTaIliiHIM pHU3HKAM.
besnepepBHicTh Oi3HECY MOKE OYTH TOpYIIEHA THUM, IO
BUTOKH IaHHX MOJXYTb NPU3BECTH IO 3YNUHKH POOOTH
KOMIIaHi{, TTOPYIIEHHS JIOTICTHYHHUX JIAHITIOTIB Ta 1HIIUX
omepaniiaux npoodseM. Butik abo KoMIpoMeTartisi TaHuX
MOX€ CEpHO3HO MOIIKOJUTH pemyTamiro KoMmnasii abo
oprasizauii Ta IPUBECTH /10 PEIyTalliiHIX PU3HKIB.

[linTpMaHHsT HAI[IOHATBHOT OC3MCKH  MPOTHIIE
KibeprepopusMy i HITUTyHCTBY. JlepkaBu Ta opranizamii
MOXYTb OyTH aTakoBaHI XakepamMH 3 METOIO0 MOPYIICHHS
poOOTH KPHUTHYHOI iH(PACTPYKTYpH, TakHX SIK E€HEpre-
TAYHI CHCTEMH, TpaHCTIOPT, (piHaHCOBI cucTemu. Bukpa-
JIEHHS JIEpP’)KaBHUX Ta BIMCHKOBUX CEKPETIB MOXKE IMOCTa-
BHUTH TIiJ 3arpo3y HAIIOHAJIbHY O€3IeKy Ta CyBEpEeHITEeT
KpaiHu.

[Ipu BigcyTHOCTI 6e3mexu Mg iHpopMmartii, Oyab-sKa
opraHizaiisi CIpusie MiABUINEHHIO PHU3UKIB, CEpel SKUX
Kibep3/iounHN, MacoBi BUTOKHM iH(opmanii, ¢dinaHcosi
30UTKH, TIOpYLICHHS  IPUBATHOCTI,  KOHKYPEHTHHX
nepesar.

Kibep3/10uMHN — BUTOKHM JaHHX, 3JIOMH, IIaHTaX Ta
iHmi Gopmu KiGEp3TOYMHHOCTI, SIKI MOXYTh CIIPUYMHUTH
(hiHaHCOBI BTPATH Ta KOy PEIyTallii.

MacoBi BUTOKH iH(pOpMAaIIii, IO MOXYTh MPU3BECTH
JI0  pO3TOJIOMIEHHS  OCOOHMCTUX  NAaHUX  MIUTBHOHIB
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KOPHCTYBaYiB, IO MOXE CIPUYMHUTH MAcIITaOHI IOpH-
JIUYHI HACTIIKK Ta BTPATy JIOBipH.

@DiHaHCOBI 30MTKH — BUTPATH HA JIKBIAAIIIO HACIII-
KiB aTak, mTpadu 3a HEJOTPUMAHHsS 3aKOHOJABCTBA PO
3axuct aanux (Hanpukinaa, GDPR B €Bpomi), BTpaTH Bix
KpaaiKoK 1 IIIaxpamncTs.

ITopymieHHsT IPUBATHOCTI — HEKOHTPOJIILOBAHUH J10-
CTYTI I0 OCOOHUCTHX JaHUX MOKE TPU3BECTHU 10 MOPYIICHHS
MIPUBATHOTO JKUTTA KOPUCTYBadiB, IMAHTAXy Ta IHIINX
(hopM 3II0BKUBaHb.

Brpara KOHKypeHTHHX TepeBar — BHUKPaACHHSI a0o
KOMIIPOMETAIlisl 1HTEJIEKTYalbHOI BJIACHOCTI MOXE IIpH-
3BECTH JI0 BTPATH KOHKYPCHTHHX IEPEBAr Ha PUHKY.

OTxe, poboTa Haja 6e3nekoro 1udpoBoi iHpopMariii €
KPUTHYHO BXXJIMBOIO JUIS 3aXUCTY JaHHX, 3a0€3MCYCHHS
OesnepepBHOCTI  0i3HeCy, 30epexeHHs KOHKYPEHTHHX
riepeBar Ta 3arajibHoi 0e3neKku cycniiscTa [2, 3].

Mera Ta 3agaui gociixkeHHss. Mera qaHoi CTaTTi
TIOJIATAE Y aHaji3i Croco0iB MiATpUMAaHHS Oe3MeKH Tepe-
nagi indopmarii, po3poOii Momeni €IUHOI KOHIIeTIIIil
0e3medHol Ta 3aBaJOCTIHKOI mepemadi maHuX s iHdop-
MaIliiHOT TEXHOJIOTiT ONTUMI3amii yrpaBliHHS JUHAMIYHU-
MU CHCTEMaMHU.

Jlst mOCSITHEHHST METH TIOCTaBJeHI 3amadi J0CHim-
KCHHS:

1) mpoananizyBaTi NepenKoau Juisi Oe3neyHol nepe-
adi JaHuXx;

2) npoaHaiizyBaTH MeTOAM OOpOTHOM 3 IEeperIKo-
JTaM;

3) po3pobutn Moenb 3aXucTy nudposoi iHGopmariii
BiJl yCIX THITB TEPEIIKO/I.

Iepemkoau 6e3nevyHoi nepeaayi JaHUX Ta MeTOAU
3axucrty. [lepermonm mms mimicHoi Ta KoH(iXESHIIHHOT
nepenadi iHGopmarlii MOXKyTh OyTH SK INITYYHUMH TaK i
HaTypanbHuMU. LITy4dHI TepemKkoan BUHHUKAIOTH Iepe-
Ba)KHO, KOJIM 3JIOBMUCHUKH BTPYYAIOThCS B TPOILIEC Mepe-
naui ingopmanii. HatypaneHi nepemkonu BinOyBaroThCs
KOJIM CHWTHAJ, [0 HEePEHAEThCs, 3aTyxae MpHU IMepenadi,
TPAIUISIOTHCS TOMIJIKH MTPH KOAYBaHHI, TOMIO.

Iepemkomu ans Oe3meyHOi mepenadi MUPPOBUX
JIaHUX MOJXKYTh BKITIOUATH Pi3HI 3arpo3d, BPa3lIMBOCTI Ta
TeXHIYHI mpodiemu [3].

3arpo3m Ta Bpa3IUBOCTI CTBOPIOIOTHCS Kibepsmo-
YUHISMH, 3J0BMHCHHM TIPOTPAMHHUM 3a0€3MCUCHHSM,
MEPEXOIUICHHIM JaHUX. XaKepH BHKOPHUCTOBYIOTH Bpa3-
JIMBOCTI B TIPOrpaMHOMY 3a0e3nedeHHi abo Mepexax st
HECAHKI[IOHOBAHOI'O JOCTYIY A0 JaHuX. DINIUHT BUKO-
HY€ThCS MIAXPANHCHKIMH METOJaMHU i OOMaHy KOpHC-
TyBa4iB 3 METOIO OTPUMAaHHs KOH(iAeH1iHOI iHdopMmaii,
TaKoi sk mapoJii abo GpiHaHCOBI JaHi.

3MOBMHCHE TporpamMHe 3a0e3leUeHHS — BipyCH,
TPOSIHH, PYTKITH MOXE BHKpaaaTH a00 MOIIKOHKYBaTH
nmani. IlximmBe nporpamHe 3abe3neueHHsA-BUMarad
(Ransomware) 6J0Ky€e TOCTYI O JaHUX i BUMArae BHKYII
3a X BIIHOBJICHHS;

B indopmariiiHux artakax THUIY <JTIOJUHA TIOCEpe-
JIUHI» 3JIOBMACHUKH TIEPEXOTUTIOIOTH 1 3MIHIOIOTH JaHi, 10
HepeatoThesl MK JIBOMa cTopoHamu. Moxe Oyt mif-
CIIyXOBYBaHHS Ta HEJICTAIbHE MEPEXOIUICHHS KOMYHIKaMil
yepe3 Hezamndposani kaHamu [1, 4].

Texuiuni npoOiaeMH Ta Bpas3MBOCTI BHHHUKAIOTh
yepe3 He3amudpoBaHi 3’€qHAHHA, CaOKi abo 3acrapiii
ITOPUTMHU IIU(PYBaHHS, HEJOCTATHIO aBTEHTH(]IKALiIO Ta
aBTOPU3allilo, Bpa3JIMBi MporpaMHi 3abe3neyeHHs Ta arna-
parHi 3aco0mu.

VYV HeszammdpoBaHUX 3 €IHAHHAX Tepefada JTaHHX
BUKOHYETBCS 4Yepe3 He3axulneHi kaHamw, taki sk HTTP
3amicte HTTPS, 1o poOuts iX BpasiIuBUMHU A0 MEPEXOII-
JICHHSL.

BuxopucrtanHs cnabkux abo 3acTapijux aJropuTMiB
mudpyBanus (Hanpukinaga, MDS5S ab6o SHA-1) wmoxe
HPU3BECTH JI0 JIETKOTO 371aMy JAaHHX.

CnaOki abo BiICyTHI MEXaHi3MH aBTCHTUQIKAII Ta
aBTOPH3AIlil MOXKYTh JI03BOJIUTH 3I0BMUCHUKAM OTPUMATH
JIOCTYII 10 CUCTEMH.

BpasznuBi mporpamHi 3a0e3nedeHHs Ta amaparHi
3aco0M Taki SK Oaru Ta eKCINIOWTH B IPOrpaMHOMY 3a-
OesmneveHHi abo amapaTHHUX 3ac00ax MOXKYTh OyTH BHKO-
pHCTaHI Il OTPUMAHHS JOCTYILY 10 AaHHX.

Opranizaiiiiai Ta JoIChKi (aKTOpHU TaKOX BIUIH-
BalOTh HEe O€3MeKy nepenadi Janux. BiacyTHICTh OCcBiTH Ta
HaBYaHHS KOPHUCTYBadiB, HENOCTATHS OO0I3HAHICTh MPO
0e3neKy JaHWX MOXKE MPU3BECTH 10 MOMHIIOK, TaKUX SIK
BUKOPHCTAHHS CIa0KMX MaposiB abo BIIKPHUTTS (ilInH-
TOBHX CJICKTPOHHHX JIUCTIB. [TopyIIeHHs MOMITHK Ta TPO-
Henyp Oe3leKy, TAKUX SK He3axuIleHe 30epiraHHs JaHuX
abo oOMiH KOHOIACHIIHOW iHpOpMaIE0 dYepe3
HC3aXHWIICHI KaHAIM, a TaKoX IHCAlIepChKi 3arposw,
HEHAaBMHUCHI a00 3JIOBMHUCHi Jii TpaliBHUKIB a00 1HIINX
iHCalepiB, SKi MAIOTh AOCTYII 1O KOH(ineHIiHHOT iH(Op-
Mallii 3MEeHITYIOTh Oe3IeKy nepenadi nanux [3].

[TpupoaHi Ta TEXHOTEHHI (DAKTOPH TAKOX BILTUBAIOThH
Ha Oe3meky mnepenadi nmaHux. [lepeboi B emekTporioc-
Ta4yaHHI MOXYTh TPH3BECTH JO BTPATH JaHUX ab0 TO-
IIKOJUKEHHsT oOnanHaHHs. [lpupoani xaractpodu — 1o-
JKEXKI, TOBEHI, 3eMJIETPYCH MOXYTh MOUIKOAUTH (Pi3HMUHY
iHppacTpyKTypy, B AKil 30epirarorbcsi abo mepenaroThes
JlaHi. BiMOBa amapaTHOTO 3a0e3nedeHHs. Buxin 3 namy
cepBepiB, MEPEKEBOro 00T THAHHS 200 IHITNX KPUTHIHIX
KOMITOHEHTIB MOJKE MPHU3BECTH JI0 BTPATH 200 MOPYIICHHS
nepenadi ganux. [IpupoHi mepemkoan y KaHajmax mepe-
Jadi JaHUX BUKIWKAIOTh 3aTyXaHHS CHUTHAJIB, MarHiTHI
MIEPEIIKOAN, TIEPEKPYIyBaHHs OiTiB, TPOOJIICHHS CHUTHAIY,
(hazoBwii 3cyB.

[Ipotn moxiOHUX 3arpo3 iCHYIOTh HACTYITHI METOIU
3axXUCTy: WH(PYBaHHS TAHUX, PETYISPHE OHOBICHHS TIPO-
rpamHOro 3abesnedeHHs, IBodakTopHa ayTeHTH(iKawis,
HABYaHHS Ta OCBiTa KOpUCTyBadyiB, BUKopucTanHs VPN i
3aBaJOCTIAKUX KOIIB.

[ndpyBaHHsS TaHUX BUKOPUCTOBYE CydacHi METOIU
mmdpyBaHHS [UIS 3aXHCTy JaHUX MiJ 4ac Tepeaadi Ta
30epiranHs:

e peryJsipHe OHOBJICHHS IPOTrPaMHOT0 3a0e3eyeH-
HSl — BCTAQHOBJICHHS OCTAaHHIX MAaT4YiB Ta OHOBICHb IS
YCYHEHHS Bpa3JIMBOCTEW;

e 1BOGAKTOpHA ayTEHTHU(}IKAIIS — BUKOPHUCTAHHSI
JIONATKOBUX METOMIB ayTeHTH(]IKAIl IS 1T IBHIECHHS
Oe3meku JOCTyIY;

e HaBYaHHSI Ta OCBiTa KOPHCTYBadiB — MOCTilHE
HABYAHHS MPAIiBHUKIB II0JI0 KPALIUX MPAKTHK OC3MEKH;
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e BukopucTtaHHd VPN — CTBOpeHHS 3aXHIIEHUX
TYHEJIIB U1 epeadi JaHuX 4epe3 He3axHIIeHI Mepexi;

®  BHKOPHCTaHHS 3aBa/IOCTIMKHUX KOJIB — KOJyBaHHS
JAHUX 3aBAJOCTIMKMMH KOMOIHAIISIMH, SIKi 32 PaxyHOK
BBE/ICHHA HAaJUIMIIKOBOCTI MOXYTh ITHOpPYBAaTH IIEBHI
TTOMUJIKH, SIK1 TPATUIAIOTHCS Y (QI3MUHUX KaHAaX 3B’ S3KY.

Bcei mi 3axoau nomomararoTh 3HU3WTH PU3WKH Ta
3abe3neunTn Oe3neuny nepeaauvy nudposux ganux [1, 4].

IMocraHoBKa 3aga4i. Y poOOTi po3riIagacTbes came
mporiec mepenadi iHGopmarii, ToMy OCHOBHHUMH IEPero-
HaMH® UL HOTO OYAyTh caMe MEepeIIkoan INTYy4YHi, CTBO-
PEHi JIIOAMHOIO Ha BHCOKOMY allapaTHOMY PiBHI, a TaKOX
HaTypaJibHI IPUPOJHI SBUILA B KaHaJax Mepeaavi JaHuXx.
Jist aux mudpyBanHs gaHux 1 BUKopuctanus VPN — s
BHCOKOTO PIBHS, & TaKOX 3aBafOCTiHki komu — i (i-
3UYHOTO DIBHS SIBJIAIOTHCS OJHMMHU 3 HaiOuLmbml edex-
THBHHX METOJIB, TOMY iX HOCHI/DKEHHS Ta iHTErpamis y
OIHy CHCTEMY MOXK€ 3HAYHO CIIPOCTHTH 1 ITOKPALIUTH
YMOBH i1 Oe3MedHoi nepenadi JaHux. 3 IMi€i MPUYIUHA
po3pobKka e€auMHOI MOJemi, sSka ToeaHyBana 0 Oe3meKoBi
MIPOTOKOJIM Ta MiAXOIH Y OAHH aJITOPUTM € aKTyaTbHUM.

BepxHiii piBeHb koHuenuii. OCKiJTBKH IepenoHU
Ut 30epexeHHsT KOH(DieHIIIHHOCTI, IIUIICHOCTI Ta TOCTYII-
HOCTI iH(OpManii MOXYTh BHHUKATH Ha PI3HUX PIBHAX,
HEeoOXiHO oOpatu MeToau OOpoTHOHM, sIKi OyAyTH 3aXu-
maTty iHpopMaIilo Ha KOXXHOMY erami 11 mepenaui. J{is
3pYYHOCTI, SIK OPi€EHTUP MOXKHO BHKOPHCTOBYBaTH CTaH-
naptHy Mozaenb OSI. OnnuM 3 06paHuX MeToAiB O0pOTHON
3 TIepelIKoIaMu — BUKopucTanHs VPN.

VPN (Virtual Private Network) 3abe3mneuye 3axu-
IIEHWH 1 MPUBATHUN JOCTYI 0 [HTEpHETY, CTBOPIOIOYH
mUppPOBaHUH TYHENIb MK KOPHCTYBadyeM Ta BiIalieHUM
cepepoM. OcHOBHI ipuHIHANHN Po6oTH VPN:

e mmdpyBanHsa Tpadiky — VPN BHKOPHUCTOBYE
nporokony mudpysanHs (Hanpukiaan, OpenVPN, IKEv2,
[PSec) nns 3axucty naHuX, M0 NEPelaroThCsl MK KOPHC-
TyBaueM Ta VPN-cepBepoMm, 1ie 3arobdirae nepexorsieHHo
JITaHUX TPETIMU CTOPOHAMH;

e Mapupyrtuzauisi Tpagdiky uepes VPN-cepsep,
KOJIM KOPHCTYyBad Mmiakimo4dacThest 10 VPN, #oro Tpadik
nepeHarnpaBisieTbest uepe3 VPN-cepep, 1eil  cepsep
BHCTYIIA€ SIK MOCEPETHUK MK KOpHCTyBadueM Ta [HTep-
HETOM, IPUXOBYIOUH peanbHy [P-anpecy kopucryBaua;

e mpuxoByBaHHs [P-agpecn — VPN 3minroe IP-
anpecy KopucTyBada Ha aapecy VPN-cepsepa, mo 3a0e3-
neyye aHOHIMHICTB Ta Jomnomarae o0iliTH reorpadivni
00MEKEeHHS JOCTYILY 10 KOHTEHTY;

e ayrentudikauis — VPN BUKOpHUCTOBYIOTH pi3Hi
METOIU ayTeHTH(iKalii Ais NepeBipkH KOpUCTYBadiB,
HalpHKJIaJ, JOT1H-IapoJib, 1BO(aKTOpHA ayTeHTH(DIKaLis,
i poBi cepTudikaTy.

Edexruaicth VPN MOXHa OIiHIOBATH 3a KiJIbKOMa
KITIOYOBUMH ITOKa3HIKAMH.

[IBUIKICTD MiIKITIOYEHHS MOXKE OYTH BUMIpsHA SK
PI3HHUII MK IMIBUAKICTIO iHTEpHET-3 €aHaHHg 6e3 VPN Ta
31 BKimroueHuM VPN.

V—
AVz(%)xloo, (1)

ne AV — sHmxeHHs mBHIKOCTI (%);

V' — mBuakicts 6e3 VPN;
Vypn — WBHAKiCTS 3 VPN.

3arpuMKa BUMIpIOETBCS AK 4ac (y MITICEKyHAax),
KU MOTpiOeH Ui mepejayi JaHUX BiJl KOPHCTYBada JIo
cepBepa i y 3BOPOTHOMY HalpsIMKY:

D=L, )

pe D —3arpumka;
¢, —Ue Yac nepejadi JaHuX 10 cepBepa;
t, — 1€ Yac MOBECPHCHHS JaHMX.

HapmidHiCTh MiKIF0UYCHHS BUMIPIOETBCS K KUTBKICTh
yCIimHuX miarimodyeHs 10 VPN-cepBepa 6e3 po3puBsis

R= c 3)

ne R —maniiiHicts (%);
C. — KUIbKICTh YCIIITHHUX ITiTKJIFOYCHB;

N
C, — KiIBKIiCTb CIIPOO MiJKIIIOYEHb.

Yac miAKIIOYCHHS BUMIPIOETHCS SK CEpelnHiil yac,
HeoOXiauui 11t BcraHoBiaeHHsT VPN-3’eqnanns.

T =— )

ae T, — cepenHiif yac MiAKIIOYEHHS;
{, — 3araJIbHUN 4ac MiJKIIOUeHHS.

EdexruBricth mmdpyBaHHSI — SK piBeHb IMHUDPY-
BaHHs JaHux (Hampukian, AES-256), sxuii Bu3Hauae
CKJIQJIHICTD 3J1aMyBaHHS IUQPY.

EdexruBnicts mmppyBaHHs HE Mae mpsamMoi popmy-
JM, aje MOKHA BPaxOBYBAaTH JOBXHHY KJIIOYa Ta METOIH
MU pyBaHHs, 1[0 BUKOPUCTOBYIOTHCS.

TecTyBaHHSI IIBUJIKOCTI: BUKOPUCTaHHS 1HCTPYMEH-
TiB Ha KmtanT Speedtest s BUMIpIOBaHHS MIBHIKOCTI
Iatepuety 3 VPN Ta 6e3 HbOTO.

MOHITOPHHT 3aTPUMKH — BHKOPUCTAaHHA KOMaHI,
TaKHX sK ping, Ui MEPEeBipKH 3aTPUMKH MK KITIEHTOM Ta
VPN-cepsepom.

[epeBipka HaAIWHOCTI TPUBAJOCTI Ta CTAOLILHOCTI
3’€IHaHHS MPOTATOM IIEBHOTO 4acy, (PiKCyBaHHS BUIAIKIB
pO3pHBY.

Ouinka piBHS MH(QPYBaHHS TEXHIYHOI TOKYMEHTALil
VPN-npoBaiiziepa 1moi0 BHKOPUCTOBYBaHHUX IPOTOKOJIIB
Ta METOAIB IN(PyBaHHS.

3abe3neueHHs epekTuBHOT poboTr VPN € BakmuBuM
JUTSI TapaHTyBaHHsI O€31eKH Ta MPUBATHOCTI KOPUCTYBAYiB,
a TaKoX IUI MiATPUMAaHHS BHCOKOI HPOAYKTHBHOCTI Ta
HaJiHOCTI 3’€IHaHB.

[Ticns Toro sik ko mudpyeThes Ta CTBOPIOEThCst VPN
TyHEIlb, BUHUKAIOTh BXXE CYTO (Di3WUHI MEepentkoau, sKi
3aBa)KaIOTh IIBHUJIKIH, IOCTOBIpHill Ta Oe3neyHiil nepenayi
iHpopmauii. [y Minimi3anii HacHiAKIB €)EeKTUBHO BHKO-
PHUCTOBYIOTHCS 3aBaIOCTIHKI KOJIH.

Huxwiii piBenb kormenii. [1{o6 xox MoxHa O0yino
Ha3BaTH 3aBaJOCTIMKMM, BiH Ma€ HaJaBaTH MO>KJIHBICTH
JUISl BUSIBJICHHSI a00 BUIPABJICHHS Pi3HUX MOMMIIOK, IO
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MOXYTh TCHEPYBAaTUCh MPHU Mepeaadi JaHUX 3 MPUIHHU
pI3HOMAaHITHHX 3aBaJl. MOXIJIHMBICTh KOAY BHSIBIISATH i
MMOMUJIKM OTPUMYETHCS 3a TOTIOMOTH BBEICHHS HaaMIip-
HOCTI B IOYaTKOBY iH(pOpMaliiiHy KoJ0BYy kKoMmOiHairo. Ti
cami JOJATKOBI HaJMIpHI CHMBOJM CTBOPIOIOTHCS 3a
MIPEANUCAaHUMHU TIPaBWIAMH 1 HAa3WBaIOTHCS TIEPEBipOU-
HUMHU 200 KOHTPOJIbHUMHM. 301IbIICHHS YUCIa HAAMIPHAX
CHMBOJIB Yy KOJOBi KOMOiHamii 301IbIIy€e NETEKTUBHY 1
BHUIIPABIISIIOYY BIACTHBOCTI KOy, alie 3HUXKAE IIBUJIKICTH
niepenadi ingopmartii [5-7].

BuiB HaATUIIKOBOCTI MOKe OyTH J1Ba: aOCOJIFOTHA Ta
BiJTHOCHA. AOCOJIIOTHY HaJUIUIIKOBICTh MOXKHA BU3HAYUTU
3a JOMOMOTOFO KIJIbKOCTI JJOJATKOBUX BBOJUMUX PO3PSIIiB

k=n—-m, (5)

ne k — abcoyoTHa HAUTUIIKOBICTH a00 KiJIBKICTh Tiepe-
BIPOYHHX €JIEMEHTIB;

n — 3arajbHa KiJbKICTh €JIEMEHTIB y KOJOBIH KOM-
OiHalii, JOBXKHHA KOJOBOI KOMOIHAILIT;

m — 3arajibHa KUIbKICTh iH(OPMaIiHHUX EJIEMEHTIB y
KOJIOBii KOMOIHAITii.

Hexaii Ha BXiI KOIYIOYOTO NPHUCTPOIO HAINIIIA
Jiesika TOCITIIOBHICTh m  1HPOpMAIitHIX ABIHKOBUN PO3-
psaniB. Ha Buxogni it Oye BiANmoBiAaTy MOCIiOBHICTD 3 7

.o . m
JABIMKOBHUX CHUMBOJIB, I€ n > m . Ycroro moxe 6yTI/I 2

. . v n .
13HUX IIOCI1JOBHOCTCHU 3 2 K1 € JO3BOJICHUMU KOJ0-
b

puMu koMmbinarismu. Tami 2" — 2" 3 MOXKITMBHX BHXiIHUX
MOCHIOBHOCTEH Ul Tiepenadyi He BHMKOPHCTOBYIOTHCS,
TOMY BOHU OYyJyTh Ha3uBaloThcs 3a00poHeHnmu [7-10].

3aBajIoCTIMKMX KOJIB 3apa3 icHye pocuTh Oarato. Ha
puc. | NpHUBOOUTHCS HENOBHA i€papxis 3aBaJ0CTIHKUX
komiB [9—11].

—

Kopuzysansi kodu

—

Bnokosi —| HenepepsHi
I -
HepodineHi PoadinsHi
3 nocmidHor 8200 Cucmemamuyni -
. l
Hecucmenamuyi Luknivwi
Genze Boyza-Yoydxypi-
i XokgiHeema
1 1
I I 1
3 0dHieko hepegipkoio j
Ha ADHICMb Xemminza 3 noBMOopEHHAM
3 Ggoma nepesipramu
HQ napHicms Bayepa

Puc. 1. Buau 3aBaioCTIHKHX KOJIIB

YV poboTax, Mo cTOCyBaIuCh O€3MOCEePEIHBO 3aBaJI0-
CTIMKMX KOIiB, OyJO NPHUHUHATO pIlICHHS PO3IIISAAATH 1
IpaIoBaT! 3 KoJaMu XeMMiHra 3 0araTboxX NpPUYUH, Y
TOMY YHCJIi, TOMY III0 BOHH SIBJISIIOTHCS ONITUMAIbHUMH IS
BUKOHAHHS IIOCTaBJICHUX Y Po0OOTi 3aBiaHb [5—7].

OCKUIbKM TIPOCTO BHUKOPHCTaHHS KOMAIB XEMMiHTa
Moxe OyTH HEJJOCTaTHbO, OYyJIO 3aIpOIIOHOBAHO BHUKOPHUC-
TOBYBATH KAaCKaH1 KOJIH.

Kackanuuii ko, y Hamomy BHMIanky, Oynae BUKO-
pHUCTOBYBAaTH NapalelibHUH, OJOKOBHH, CHUCTEMaTHYHHN
Koj XeMMiHra, SIKUH 37aTeH BHUIIPABISATH HOMMWIKH, IO
BUHHUKAIOTH MIPH Nepenadi g poBoi iHGopmariii kanaiom
3B’S3KY 3 IIyMaMH — SIK IEpIIy CTYIiHb, a Y SKOCTi APYTOro
CTymeHs Oyzae MpocTHi Ta HaxidHWHA Kox (OiT) mepeBipKu
KOJIOBOT KOMOiHAIIii Ha TTAPHICTb.

ToOro, KackagHli KOIW CKJIAJAlOThCI 3 ABOX abo
OisblIIe, MEHIINX 38 PO3MIPOM 1 MPOCTIINX KOiB. ['0110BHA
i7iess KacKaJHOTO KOJy, y TOMY YHUCIi y Hamii Mojel,
HOJIATaE y TOMY, 1[0 MOYaTKoBe iH(opMaliiiHe MOBiIOM-
JICHHS IOBIZJIOMJICHHSI KOJYETHCS KOAEpoM 1, HOTIM Iie
MOBIZIOMJICHHS 3 JOJATKOBMMHU OiTaMH IEpIIOro 3aBajio-
CTIHKOro KOJy KOJYEThCs moBepx kozaepom 2. Ilpu neko-
IyBaHHI TPOIIeC 3a3HAYCHUH NPOIEC BUKOHYETHCS Y 3BO-
POTHOMY TOPSIZIKY.

[Tommpeny cxemy KacKaTHUX KOJIiB MOXHA TIO0AYUTH
Ha puc. 2 [12].

M(inchopmauinni)

K(nepesip)

i)

m (indbopay

k(nepesip)

Puc. 2. 3aranbpHa cxema KackaJHOTO KOOy

[MommpeHa cxeMa-anropuT™ JJisi KOAYBaHHS Ta JCKO-
JlyBaHHsI KaCKaJHUM KOJIOM HaBeJieHa Ha puc. 3 [13, 14].

O0’enHaHHs MBOX piBHIB KoHIenmii. Jus Toro, mo6
Oyna MOMJIMBICTH OIIHUTH Ta Bi3yali3yBaTH MO€IHAHHS
JIBOX PiBHIB O€3IEKH, 3apPOTIOHOBAHO BHKOPHUCTOBYBATH
mozens OSI.

Ha puc. 4 VPN nporokxomu SSL, IPSec, PPTP, L2TP
MOEAHYIOTECS Yy €IOMHOMY KOHTYpi Oe3lekdu 3 3aBajo-
CTIMKUMU KOJIAMH.

BucnoBku. O0’enHanHHs BOX piBHIB OOpOTHOM 3
HepeKoAaMy il KOH(IICHIIWHOT, JOCTOBIpHOI Ta
jJoctynHoi mepenayi iHdopmauii Hajae mepeBaru |y
IUIAHYBAaHHI Ta KEpPyBaHHI PI3HHMMHU CHUCTEMaMH, aJike B
YMOBax JMHAMIYHUX 3aBaj JO3BOJISAE OI[IHUTH Ta IIBUIKO
IMIDIEMEHTYBAaTH BXKE€ TOTOBI METOIM, SKi Ha TPaKTHII
JIOBEJIM CBOIO HAIIMHICT 1 € MOCTYMHUMH JIJISI KOXKHOTO,
ajpke BCi 6a30B1 MPOTOKOIU-QPEHMBOPKH 3 KibepOe3neku
€ BIAKPUTHMH I BHKOPHCTAHHS 1 BIPOBADKCHHS, a
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TWO-LEVEL CONCEPT FOR SIMULATING UNIFORM INTERFERENCE-RESISTANT DIGITAL DATA
TRANSMISSION

The article formalizes, creates and provides for consideration the concept of a single secure interference-resistant data transmission channel. In modern
cybersecurity theory and practice, there is the NIST Cybersecurity Framework, which is a set of recommendations for reducing risks for organizations.
In order for high-level data to be secure, there are requirements for the SIA triad, namely confidentiality, integrity and availability of information.
Therefore, in the future, the expediency of the work and its result will directly depend on the satisfaction of the SIA conditions. As you know, high-level
data: such as e-mail, visual data in the GUI of various applications, etc., are transmitted over low-level communication channels: such as cables, wireless
radio communication channels, and others. At each of the levels for safe transmission of information, there are specific pests. At high levels, the main
threat to information is man and the human factor. The lower the level of information transmission becomes, the more nature, natural obstacles and
random short phenomena begin to influence. In order for the user to be able to use various devices without a threat to the confidentiality, integrity and
availability of information, it is necessary to actively and continuously develop, improve and improve the existing methods of data protection, restoration,
transmission and storage. Each aspect in this struggle for security is both an advantage and a disadvantage: excessive security is not appropriate for mass
traffic, complexity does not always provide adequate security, and so on. Therefore, the optimality and expediency of the methods used becomes an
important factor. For these reasons, the paper proposes a relatively simple, but no less effective approach to maintaining SIA requirements.
Keywords: noise immunity, immunity codes, data security, data channels, VPN, CIA, NIST, OWASP.
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3ACTOCYBAHHS HEUPOMEPEXKI /111 BUSHAYEHHS TAITY EJJEMEHTIB
CUMETPO-KOMIIEHCYBAJIBHOI'O IPUCTPOIO HECUMETPUYHOI
CUCTEMM 3 HYJIBOBUM ITPOBOJJOM

V cTaTTi DOCIHIUKY€EThCS MOXIIUBICTS BUKOPUCTAHHS HEHPOHHUX MEPEX y raly3i MiJBUILCHHS CHEPreTHYHNX TOKa3HUKIB YOTHPUIIPOBIIHOT CHCTEMH
@IICKTPOIIOCTaYaHHs 3 HEPIBHOMIPHIM HaBaHTAXXEHHAM Y (a3ax. HepiBHOMIpHE HaBaHTakeHHA y (a3zax CIPUUMHIE HECHUMETPIIO CTPyMiB y Mepexi i
CIIPHSIE 3pPOCTAHHIO CTPYMY B HyJIbOBOMY IIPOBO/II, 110 BKpaii HEraTHBHO BIUIMBAE, SIK Ha CaMy MEPEXY, TaK i Ha 11 CriokuBadviB. JJ1s yCyHEHHS HeCUMETpil
1 3HXKCHHSI CTPYMY B HYJBbOBOMY MPOBOJI MOXKHA MiAKITIOYHTH CHMETPO-KOMIICHCYBaIbHUN mpucTpiil. Takuii npucTpiil npencrasisie coboro Habip
PEaKTHBHUX CIEMEHTIB, TAPaMETPH KX BU3HAYAIOTHCS IUIIXOM MOIIYKOBOI onTUMi3ari. JIyist BUSHAYCHHS THIY HEOOXiJHOTO €IEMEHTY BUKOHYETHCS
HepepaxyHoK BU3Ha4YCHNUX rapamerpiB. ToOTO BupinIeHHS TaKol 3a1a4i CKJIAAAETHCS 3 ABOX CKIIAJOBUX IMi13aBIaHb — CTPYKTYPHOI'O Ta apaMETPUIHOTO
cuHTe3y. Takuil miaxin HaJjae BUCOKY TOUHICTh PO3PAXyHKIB, alle Ma€ CYTTEBUIT HEJIOMIK — OOUNCIICHHS NPECTABIAIOTHCSA TPOMI3AKUMH 1 3aTPaTHHUMH.
3au1s CIPOLLCHHS BUPILICHHS 3a/1a4i CHHTE3y Ma€ CEHC BU3HAYMUTH THII JICMCHTIB 33 JOTOMOT 00 HeHPOHHHX MEPEX, 110 JO3BOJIUTH 3HAYHO CKOPOTUTH
9ac Ta PECypPCH, [0 BUTPAYAIOTHCS HA PO3PAXYHOK BEIMUYMH [IAPAMETPIB CHMETPO-KOMIICHCYBAJIBHOTO IPUCTPOIO. IIpeMeToM JOCIIKEHHS CTaTTi €
BUBYCHHS MOJKJIMBOCTI BUKOPHUCTAHHS HEHPOMEPEX 3 METOO MIPOTHO3YBaHHS THITIB PEAKTUBHHX CIEMEHTIB CHMETPO-KOMIIEHCYBAJIBHOTO HPHUCTPOIO. Y
XOIl JOCHiKeHHS Oylo BH3HA4YEHO MapaMeTpH i THUI HEHPOHHOI Mepexi, o 3a0e3ledyloTh HAHTOYHINIEe NMPOTHO3YBAaHHS TOIOJIOTIl CTPYKTypH
CHMETPO-KOMIIEHCYBAIBHOTO NIPUCTPOI0. BXimHi mapamerpu HelipoMepexi opMyBaics 3 HAOOpiB, 0 CKIANAI0THCS 3 BOCBMH IapaMeTpiB — OIopiB
Ta IHIYKTUBHOCTEH! JIiHiil mepenad i HyapoBoro Apoty. Matpuus wineid GpopmyBaacsi 3 MHOXKHHI HaOOPiB JaHHX, [0 CKIIAJAI0THCS 3 LIECTH eJIEMEHTIB,
0 MICTATH iH(GOPMAIIiI0 IPO TUIH EIEMEHTIB, 0 HiaKmodaoTses (0 — KoHaeHcaTop, | — IHIYKTUBHICTS) Mk (azaMu Ta MK (azaMi Ta HyJIbOBHM
IpoBOAOM. Y XOJi JOCHiMKeHHS Oy/nn OTPUMaHI pe3yJIbTaTH KBa3ipillIeHHs, 3HAUYCHHS SIKUX BHSBHIINCS CIIBPO3MIPHUMH 3 TOYHHMH PO3PaxyHKaMH
BU3HAYCHHS CTPYKTYPU CUMETPO-KOMIICHCYBAJILHOTO NMPUCTPOIO CUCTEMH €IEKTPONOCTa4aHHs 3 HYJJbOBHM IPoBOAOM. Lle CBiIYMTH MPO BUCOKY SKICTh
pobotH po3pobieHoi HeHpoMepeki. 3acTocyBaHHS MiHIMAKCHOI cTpaTerii o OTPHMaHHUX pe3ybTaTiB HaJa€ MOXIIHMBICTh 3BECTH OTPHMAaHI 3HAUCHHS

10 0 ta 1, mo6 3abe3neunTy HAsBHICTH OTPHMAHHUX HEHPOMEPEKEIo Pe3yIIbTaTiB.
Kurodosi ciioBa: HeiiponHa Mepeska, baifeciBcbka perynspusanist, CTpyKTypHHI Ta MapaMeTpUYHMII CHHTE3, MiHIMAaKCHA CTpaTeris, CucTeMa

CJIIEKTPOIIOCTAYaHH 3 HYJIbOBUM ITPOBOIOM.

Beryn. [ligBuiieHHsS SKOCTI €NEKTpUYHOI eHeprii
JI03BOJISIE 3HAYHO 36KOHOMUTH PECYPCH, LII0 BUTPAYAIOTHCS
Ha €JIEKTPOCHEPTilo, 1 TOMYy € aKTyaJbHUM 3aBJaHHAM. Y
JaHWi 4Yac HaiOUIbII IOIIMPEHMM THUIIOM CHCTEMH
€JIEKTPOIIOCTaYaHHsl € TpudazHa Mepexa 3 HyJIbOBUM
MPOBOJOM. SIKiCTh €JIEKTPUYHOI €Heprii B Takiii Mepexi
3HaYHO 3HIDKYEThCS TIPH HECUMETpii CTpyMiB Ta 3a
HasBHOCTI CTPyMy B HYJHLOBOMY IpOBOJi. BupimeHHsIM
Takoi mpobaeMu Moke OyTH IMiIKIIOYEHHS CIEI[iaTbHOTO
CHMETPO-KOMIICHCYBaJIbHOTO MPUCTPOro. Takuii mpuctpiit
npeacTaBisie cob0i0 Habip peaKTHBHHUX €JIEMEHTIB — KOH-
JieHcaTopiB ab0 KOTYILIOK IHAYKTHBHOCTEH, SIK1 MiKIII04a-
I0TbCsl MK (pazaMu Ta MiX (a3aMu 1 HyJbOBUM IIPOBOZOM
[1,2]. OnHak mpaBUiIbHE BU3HAYEHHS HAJEKHOIO THITY
eJleMeHTa ab0 MOXKJIMBOCTI HOTO BUKIFOUCHHS 31 CXeMU
BUMarae BHpILICHHS KOMIUIEKCHOTO 3aBJIaHHS CTPYK-
TYpPHOTO 1 TapaMeTpuUYHOTO cHuHTEe3y [l,2]. 3aBmaHHs
BHpIIIYEThCS Yy JeKiibka eramiB. Ha mepmomy etami
i TKITI0YA€ThCS CUMETPO-KOMITEHCYBTBHUN TIPUCTPIi, 110
cKImamaeTbes 3 12 enemeHtiB, me MK (azamum 1 Mix
KOXHOIO (a3010 1 HYJHOBHUM TPOBOJOM ITiAKIFOYAIOTHCS
napayielbHO IMIKIIIOYeHI KOHJIEHCATOP 1 KOTYIIKa iHIyK-
TUBHOCTI, 110 LIYHTYIOTh OJUH OJHOro. Takui npuiiom
LITyYHOrO 30UIBIICHHS BIBIYi E€JIEMEHTIB BUKOPHCTO-
BYETbCS Ul MOJABIION0 BH3HAYEHHS KiHIEBOTO THITY
€JIEMEHTa, BUXOJSMYM 13 3HA4YCHb NapaMeTpiB IHMX

(c) ®

€JIEMEHTIB IIic)II BUKOHAHHS ONTHUMIi3anii Ta BiANOBIIHUX
nepepaxyHkiB [2]. Ha HacTymHOMY eTami 3MIiHFOETHCS
TOIIOJIOTISI CXEMH CUMETPO-KOMIICHCYBAIEHOTO IPUCTPOIO,
sKa CKJIAJAETbcsl BKe He 3 12, a 3 IIECTH YU I STH
eJIeMEHTIB. SIKINO BU3HAYCHO HAIUIIKOBHIA EJIEMEHT 1
CUMETPO-KOMITICHCYBAJbHUM TPUCTPIH MICTUTh I1'STh
€JIEMEHTIB, TO BUKOHYETHCSI TIOBTOPHA OITHMI3aIlisl mapa-
METpIiB CHCTEMH eJIEeKTPONOCTAa4aHHS, $Ka 3HAXOAHUTh
KiHIIEB1 3HAYEHHS IMapaMeTPiB BCTAHOBJIICHUX PEAKTUBHUX
enemenTiB. CItiJi 3a3HAYUTH, IO PO3B'SA3aHHS 3aj]adi Jac
TOYHE 3HAYCHHS, ajie TIOTpedye BEIMKUX BUTPAT Yacy Ta
pecypciB Ut MPOBECHHS PO3paxXyHKiB Ta ONTUMI3auii npu
BUKOHaHHI MOIIYKOBOT ONTHMI3alii B CHCTEMI €JIeKTPOIIOC-
TavyaHHS i3 12-eJIEeMEHTHUM CUMETPYBaJbHAM MPHUCTPOEM.
Kpim Toro, mpormec € He aBTOMATHYHMM 1 BHMAarae
BTPYYaHHS JIFOJUHH JUIS 3MIHH TOIOJIOTii CHMETPO-
KOMIICHCYBaJIbHOTO MPUCTpOoro. Take 3aBmaHHA MOXKHA
aBTOMATH3yBaTH IUIAXOM 3aCTOCYBaHHS HEWPOHHHX
MEpeX, SKi 3a3Jaleriib BU3HAYAIOTH HEOOXiIHI THIH
enemeHnriB [3—11].

MeTo10 CTATTI € TOCITIHPKEHHS MOXKIIUBOCTI 3aCTOCY-
BaHHS HEHPOHHNUX MEPEX ISl BU3HAUCHHS THITIB PEaKTHB-
HUX EJICMCHTIB Y CUMETPO-KOMIICHCYBAIBHOMY IMPUCTPOT
Tpuda3HOT CUCTEMH EIIEKTPONIOCTAYAHHS 3 HYJIbOBHM TIPO-
BOJIOM.
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OcnoBua yactuna. Ha puc. 1 300paxkeHo Mouenb
YOTHPHUIPOBITHOT ~ CUCTEMH  EJICKTPONOCTA4YaHHS i3
CHUMETPO-KOMIICHCYBAIEHUM HPUCTPOEM, L0 CTBOPEHA 3a
nonomororo  makera  SimPowerSystem — mporpamu
MATLAB.

HepiBHomipHe HaBaHTa)keHHS Y Pa3ax, M0 3a1a€ThCS
3a JIONOMOTOI0 €JIEMEHTIB zna, znb, znc MpHu BiICYTHOCTI
CHMETPO-KOMITEHCYBAJIBHOTO MPHUCTPOIO CTBOPIOE HECH-
METPUYHUH PEeXUM y (a3zaXx Ta CIOPHYMHSIE 3POCTAHHSA
CTPYMy B HYJHOBOMY JApoOTi (pHC.2), IO € BKpai Hera-
THBHHM SIBHINEM SK JJII caMoi Mepexi, Tak i1 aius il
CIIOXKHBAYIB.

CreuianbHa Imporpama 3aIycKatouy MOJIEIb BUKOHYE
onrtuMizanito merogom Hennmepa — Mina, 3ailicHio04H
MOUIYK 3HA4YeHb NapaMeTpiB PEaKTHBHUX EJIEMEHTIB CH-
METPO-KOMIIEHCYBAJILHOTO MPUCTPOIO, SIKMH 33J0BOJIBHSE
TaKOMY KPHUTEpil0 OoNTHMi3alii, o cTpyMHu y (asax cra-
IOTh CHMETPUYIHHMH, & CTPYM Y HYJTbOBOMY IIPOBOJII JOPiB-
Hio€ Hyr0. [Ticis 1boro BUKOHYIOTRCS CIIelliaibHi po3pa-
XYHKH, 10 BU3HAYAIOTh TUIHN €JICMEHTIB 1 iX 3HaYCHHS.
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ous ACTIVE POWERS
powergui
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HactynauM eTamnom € 3aMiHa ITyHTYBaJIbHUX KOHICH-
CaTOPIB 1 KOTYIIOK 1HIYKTHBHOCTEH BiJIIOBITHUM €IHHUM
eJIEMEHTOM i3 Bu3HaueHuM TumioM [ 1]. Takuii minxin 3a0e3-
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Ta KOHTPYCHTHHH TpAJi€HT, IO MacmTadyeTbes. s
TpeHyBaHHs Mepexi Oyjo mnomnepenHbo mposeaeHo 300
EKCIICPUMCHTIB 3 pe3yJIbTaTaMH, sIKi HaJall MOXKJIHBICTh
chopMyBaTH KOPTEXi BXiTHMX Ta BHUXIAHUX JaHUX.
Martpunst BXiJHHX JaHUX TMPEICTAaBIsE CO00K HaOIp
3HaYeHb PE3UCTOPIB Ta KOTYIIOK iHAYKTUBHOCTEH y (hazax,
[PH [[bOMY 3HAYCHHS HABAHTAXKECHHS B HYJIbOBOMY ITPOBO/II
3QIMIIANIOCS HE3MIHHUM. Matpulls Ifijield MpeacTaBise
c00010 KOPTEX 13 IIECTH 3HA4YEeHb, SIKI MPUHAMAIOTh 3HA-
yeHHs 0, SKIIO eJIEMEHT BU3HAYEHUH SK KOHAeHcaTop, i 1,
SIKIIO €JIEMEHT TPHUBAIOE 10 IHAYKTHBHOCTI. Ekcmepu-
MEHTAJbHUM MUIIXOM OYJIO0 BCTAHOBJICHO, 1[0 HAHOLIBII
TOYHY BiINIOBIb (pOpMy€e HEHHpOHHA Meperka, CTBOpPEHa 13
3aCTOCYBaHHsM MeTony baiieciBchkoi peryinspusarii, 1o
CKJIaZA€eThes 13 22 1mapis.

VY 1abiu. 1 HaBeJCHO HU3KY PE3yNbTATiB MPOBEACHUX
CKCIICPUMCHTIB, i3 aHOMAaJBHHAMH IapaMeTpaMu, sSKi He
BXOIWJIM II0 NaHuX, Npu (GopMyBaHHI HeHpoMmepexki. Y
JIpYTif KOJIOHII TaONuIli, HaBelIeH! TOYHI JaHHi, sKi Oyan
OTpHUMaHi B pe3yabTaTi ONTHMI3allii i mepepaxyHKiB, sSKi
BU3HAYAIIM TUI PEAKTUBHOIO EIIEMEHTY. A TPETs KOJOHKA
MICTUTh JaHHi, OTPUMaHi B pe3yJbTaTi 1X BU3HAYCHHS 3a
JIOTIOMOT'0I0 CTBOPEHOI HeHpoMepexi. SIKIIo mopiBHIOBaTH
pe3yabTaTH JBOX KOJIOHOK, MOXKHA MOOAYUTH 3aKOHO-
MIPHICTb, 1[0 3HAYCHHS CJICMCHTIB, BU3HAYCHUX HEHpOME-
peXero, siKi MaloTh OyTH KOHJCHCATOPAMH 3HAYHO MCHIII
THUX, IO MAIOTh OYTH MPEICTABICHUMH iHYKTUBHOCTSIMH.
Jloriyanm y uii cuTyauii € mopanblle 3acTOCYBaHHS
MiHIMAKCHOI ~ CTpaTerii, fka Ma€ Uil HasBHOCTI
OKPYTJTIOBATH BiAMMOBITHUM YHHOM OTPUMaHi 3HAYCHHS JI0
04gm 1.

Bucnosku. ChopmoBana MetoioM batieciBchkoi pe-
Tyaspu3alii HepoMepexka Hagae MOXKIUBICTh BUSHAYUTH
TOTOJIOTII0 CUMETPO-KOMIICHCYBAIBHOIO HPHUCTPOIO, IO
3HAQYHO CKOpOYY€ Yac PO3paxyHKIB 1 CHpOLIye 3axady
cunresy. [l 00poOKK pe3yNbTaTiB 1iJIbOBOI MaTPHUII Mae
CEHC 3aCTOCYBATH MiHIMAKCHY CTPATETil0 JJIs OKPYTJICHHS
Pe3yIbTATIB, 1010 BU3HAYCHHS THITY CIICMCHTA.
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Tabmums 1 — Pe3ynbrat gociipkeHHs poOOTH CTBOPEHOT HelipoMepexi

3HaueHHs, OTPUMaHi B
Bxiani mapamerpu Mepexi XO/1i ONTUMi3aLil i Marpuus mizei
nepepaxyHKiB

1.2 0.025 1 0.01 2 0.04 0.3 0.003 00000O0°1 0.0847 0.0491 —0.0529 0.0196 0.2773 0.6523
1.0 0.010 5 0.07 8 0.01 0.3 0.030 01 000O00O0 —-0.0731 0.6278 0.0227 0.1415 0.1817 0.2131
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APPLICATION OF A NEURONETWORK FOR DETERMINING THE TYPE OF ELEMENTS
OF A SYMMETRICAL COMPENSATION DEVICE OF AN UNSYMMETRICAL
SYSTEM WITH A ZERO WIRE

In article the possibility of using neural networks in the field of increasing the energy performance of a four-wire power supply system with an uneven
load in the phases is being investigated. An uneven load in the phases causes asymmetry of currents in the network and contributes to the increase in the
current in the neutral wire, which has an extremely negative effect on both the supply itself and its consumers. To eliminate asymmetry and reduce the
current in the neutral wire, you can connect a symmetrical compensating device. Such a device is a set of reactive elements, the parameters of which are
determined by search optimization. To determine the type of the required element, the defined parameters are recalculated. That is, the solution of such
a problem consists of two component sub-problems — structural and parametric synthesis. This approach provides a high accuracy of calculations, but
has a significant drawback: the calculations are cumbersome. In order to simplify the solution of the synthesis problem, it makes sense to determine the
type of elements using neural networks, which will significantly reduce the time and resources spent on calculating the values of the parameters of the
symmetrical compensating device. The subject of the article is the study of the possibility of using neural networks to predict the types of reactive
elements of the symmetrical compensating device. During of the study, the parameters and type of neural network were determined, which provide the
most accurate prediction of the topology of the structure of the symmetric-compensating device. The input parameters of the neural network were formed
from sets consisting of eight parameters — resistances and inductances of the transmission lines and the neutral wire. The target matrix was formed from
a set of data sets consisting of six elements containing information on the types of elements connected (0 — capacitor, 1 — inductance) between phases
and between phases and the neutral wire. During research, the results of a quasi-solution were obtained, the values of which turned out to be
commensurate with the accurate calculations for determining the structure of the symmetrical compensating device of the power supply system with a
zero wire. This indicates the high quality of the developed neural network. Applying the minimax strategy to the received results provides an opportunity
to reduce the received values to 0 and 1 to ensure clarity of the results obtained by the neural network.
Keywords: neural network, Bayesian regularization, structural and parametric synthesis, minimax strategy, zero-wire power supply system.
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OPTIMIZATION OF THE DEVELOPMENT PROCESS OF MONOLITHIC MULTI-MODULE PROJECTS
INJAVA

In recent years, there has been an increase in the complexity of Java software development and a change in the scope of projects, including an increase
in the number of modules in projects. The multi-modularity of projects, although it improves manageability to a certain extent, but often creates a number
of problems that can complicate development and, a problem that will appear in the future, require more resources to support. This article will analyze
the main problems of monolithic multi-module Java projects and will try to consider a number of possible solutions to overcome the above problems.
The article discusses the peculiarities of working with multi-module monolithic projects using Java as the main programming language. The purpose of
this article is to identify features and obstacles using the above architectural approach of the software, analysis of the main possible issues of working
with the monolithic multi-module Java projects, as well as providing recommendations for eliminating these obstacles or describing the features of the
process that could help engineers in supporting this kind of projects. In other word the main goal of this work is to create recommendations, provide
modern best practices for working with monolithic multi-modular software architecture and the most popular modern technological solutions used in
corporate development. The proposed recommendations allow the team, primarily developers and the engineering side, to avoid possible obstacles that
lead to the loss of efficiency of the monolithic software development process. The most important advantage, from the recommendations given in the
article, is the optimization of resource costs (time, money and labor) for the development process. As a result of the article, a general list of
recommendations was obtained, which allows the developer to better analyze what changes in the project should (if necessary) be made to optimize the
development, assembly and deployment processes of a monolithic Java project, as well as advice before designing new software to avoid the main

obstacles of monolithic architecture in the future.

Keywords: monolithic architecture, multi-module architecture, Java, project build, module, development, project deployment.

Introduction. To begin with, here is a short descrip-
tion of monolithic architecture and its features. To do this,
let’s turn to the article «Microservices vs. monolithic
architecture» by Atlassian marketing strategist Chandler
Harris [1].

A monolithic application is a single common project,
while a microservice architecture, in turn, is a combination
of small, independently deployed services. Monolithic
architecture has already become a traditional software
model; it represents a single project that works
autonomously and independently of other applications. In
turn, the code base in such an architecture combines all
business tasks.

Let us highlight the main advantages and disadvan-
tages of monolithic architecture. The advantage is the ease
of deploying applications with a monolithic architecture.
Fewer independent modules reduce configuration and
deployment costs. Using a single code base in some
situations leads to simplified development, however,
making fundamental changes to its structure can, on the
contrary, significantly increase costs.

In some situations, the performance of monolithic
applications can be higher than that of applications with a
microservice architecture. For example, in a centralized
codebase it is sometimes possible to use a single API,
which often immediately sends a request to the data storage
system, when, in turn, a microservice architecture requires
calling various APIs, as well as transferring data through
application communication interfaces (for example,
REST).

In cases where at the initial stages, as the monolithic
application grows, its main disadvantages begin to appear.

One of the main ones is a significant increase in resource
costs for development (both material and time). Especially,
this flaw will manifest itself during major changes in a
single code base, which may affect all functionality. Not
only does the developer need to take this into account, but
also a competent team lead must realize that it is necessary
to almost completely test the functionality of the project,
which could be affected by these changes. This is a rather
unpleasant factor, especially during the period when, for
example, the release date is approaching, and changes to
the code base are requested and occur after the main
business functionality has been tested. Thus, there is a need
to retest the application, where there is a risk that it will not
be fully completed by the release date.

As a possible example, a situation where the business
side urgently requires new functionality, in addition to what
was planned in advance, and from the technical
management side, closer to the end of the development
period, a request comes for a mandatory update of the
project build system plugins to close a technical
vulnerability. After updating the plugins, part of the
project’s functionality stops working with an error. The
development team needs to try to fix the problem with
urgency, and the testing team has even more urgency to
verify that the problem is fixed.

The next disadvantage of such an architecture -
unreliability. An instability or bug in one module has the
risk of affecting the availability of the entire application.

Scalability is the third key problem. Individual
components cannot be scaled, since they are part of a single
code base and are not presented, at least, as a separate
stand-alone module [2].
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About multimodularity. Let us briefly recall what
multimodularity is, why this approach is used, and what
advantages and disadvantages it has. To do this, let's turn to
Google's article on using the modularization approach in
Android development [3].

And so, modularization is a practical approach that
consists of breaking the project's code base into loosely
coupled and autonomous parts, each of which is a separate
module. Each such module is independent and created for
a clear purpose. For example, a simple application that has
a presentation module, a module that represents business
logic, and a module for communicating with the data
storage environment. Thus, dividing the code base into
modules can reduce the complexity of designing and
maintaining especially large systems. Let us highlight the
main advantages of this approach.

The multimodular approach opens up the possibility
that a module's code base can be reused both within a
project and across multiple applications. In this case,
modules are individual building blocks. An example would
be where an application has multiple presentation modules,
say a Ul module and multiple REST API modules. In this
case, they can reuse the functionality of the module
(modules) for working with business logic, which in turn
uses the module for working with the data storage
environment.

Another benefit is increased efficiency in dependency
management. It becomes possible to control which module
dependencies and which part of its code base needs to be
transferred to other modules, and which needs to be hidden
or encapsulated.

The next advantage is scalability. When using a
properly implemented principle of separation of concerns,
changes in one module will not cause a cascade of changes
in all other modules of the project [4]. However, often, in
practice, in both old and new monolithic projects, this
principle is not taken into account, which subsequently
significantly increases support resources.

However, in the process of implementing a
modularization approach, developers can often encounter
risks and common architectural mistakes. For example,
each module will introduce additional costs in the form of
increased assembly complexity and cumbersome
boilerplate code. At the same time, the complexity of the
module assembly configuration creates the risk of making
it difficult to maintain configuration consistency across all
project modules in the long term. The costs of
implementing this approach should be assessed to see if
they will hinder the improvement in scalability. In such
cases, a possible solution would be to conduct an
architectural refactoring to find modules that could be
consolidated.

Conversely, in some cases, especially on large
monolithic multimodule projects that are already quite old,
the problem arises that the modules can become too large,
thereby spawning another monolith, which in turn deprives
almost all the benefits of the multimodularity of the project.
For example, business logic modules quite often grow in
applications, but some functionality is used only once, at
the same time requiring quite a lot of configurations and
resource costs [5].

The next danger in implementing a multimodule
approach is unnecessary complexity. It is necessary to
analyze whether, in principle, it makes sense to split the
project into modules. The main thing to pay attention to is
the size of the codebase. If the project is not expected to
exceed a certain size limit, the scalability gain will be either
so small or non-existent that implementing the approach
discussed will make no sense. As an example, there is no
point in splitting very small microservices that perform one
single simple action into modules.

To summarize, to determine whether multimodularity
is suitable for a particular project, you can only first assess
its expected size, the need for scalability, encapsulation, or
simply reduce build time, then it makes sense to consider
the possibility of switching to a multimodular architecture.

Multimodularity in Java. Java is one of the most
popular object-oriented programming languages today [6].
Generally, more commonly used today for either enterprise
development or Android development. In addition to a
number of advantages that this language has, one of them
has only recently begun to appear in a real development
environment - the Java Platform Module System (JPMS).
Let's look at how this works, using an article from the
Baeldung resource [7] as well as material presented in the
book «The Java Module System» [8].

JPMS arrived with the 9th release of Java and brought
with it a new layer of abstraction over packages known as
the Java Platform Module System.

A module in JPMS itself is a group of closely related
packages and resources, along with a newly introduced
module descriptor file. The packages within each such
module are identical to those already existing in Java. Each
module is responsible for its own resources, such as, for
example, media or properties and configuration files.

At the time of writing, there are four types of modules:
system modules - modules that are listed when the list-
modules command is run. They include Java SE and JDK
modules. Application modules are those modules that are
usually created when there is a need to use multimodularity.
They are defined in the compiled «Module-info.class» file
included in the compiled JAR file. Automatic modules are
unofficial modules that can be added to a project by
appending existing JAR files to the module path. The
module name will be derived from the name of the JAR file.
Automatic modules receive full read access to all other
modules that have been written to the path. Unnamed
Module - In situations where a class or JAR file is loaded
on the classpath but not on the module path, it automatically
becomes part of the unnamed module. Thus, it is a universal
module that allows backward compatibility with previously
written Java code.

Modules have two distribution methods. The first is in
the form of a JAR file or in the form of a «disassembled»
compiled project. It is also possible to create multimodule
projects consisting of a «main program» and several library
modules. When creating new modules, you need to make
sure that there is only one module in each JAR file. When
setting up the build file, it is necessary to combine each
project module into a separate JAR file. To configure the
module, you need to place a specialized file named
Module-info.java in the root of the packages. This file is
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known as a module descriptor, containing all the data
necessary to create and use a new module.

It is worth highlighting a number of problems
associated with using the Java Platform Module System.
Large number of projects (especially in the corporate
environment) are currently avoiding the implementation of
this technology due to the difficult migration of existing
projects, since it requires quite significant resources and
changes. Also, managing dependencies between modules
can add complexity to the development process. JPMS
requires explicit definition of dependencies, which in turn
creates the possibility that the project structure will become
more granular and more additional code will need to be
written to manage dependencies. Another problem is the
limited support for JPMS by the currently extremely
popular Maven and Gradle build and deployment systems,
which often results in a refusal to implement JPMS into a
project. Quite often third-party libraries and frameworks do
not have support with JPMS, in cases where their
dependency structure is quite complex, or the Java
Reflection API is used. In this case, it is necessary to create
additional «adapters» that will allow the implementation of
JPMS. In some cases, the use of JPMS, like any complex
module management structure, can lead to a drop in
performance and additional resource costs, which can be
especially sensitive for some projects.

Perhaps, the lack of sufficient experience with this
technology and, accordingly, its support by third-party
frameworks and code makes JPMS a rather controversial
option for implementation as a project modularization
system, inferior in capabilities to the same tools for
assembling and deploying applications such as Gradle and
Maven.

Popular solutions. Let's look at popular solutions to
improve the process of working with monolithic
multimodule applications. The very first and obvious thing
is to use popular project build systems for Java projects,
such as Apache Maven and Gradle.

Apache Maven is a dependency management and
build automation tool primarily used for Java projects [9].
The core concepts of Maven include the POM (Project
Object Model) approach, which is an XML file that
describes the project structure, its dependencies, plugins
and other settings. This file is the main configuration
element for Maven and, in turn, contains project
information such as name, version, dependencies, etc.

The next concept of Maven is the automatic
downloading and management of dependencies, which are
specified in the POM file and downloaded automatically
using the central Maven repository or other remote
repositories. This process build system contains a division
of the project build process into several phases, which
include compilation, testing, packaging, deployment and
others. Each such phase is performed in a specific project
and can be configured using plugins. Plugins, in turn, allow
you to expand functionality by introducing new build goals
or performing other tasks. Maven has both built-in plugins
and support for creating your own plugins.

Let's look at how to use Maven for a new project. To
do this, we will generate code using the application

archetype «maven-archetype-quickstarty. We will use the
next example command:

mvn archetype:generate -Dgroupld=com.example -
Dartifactld=my-project =~ -DarchetypeArtifactld=maven-
archetype-quickstart -DinteractiveMode=false

Further, as the code is written, the necessary
dependencies will be added to the project, for example, the
JUnit testing framework. To do this, we need to edit the
«pom.xml» file and declare the dependency in it. The
example for JUnit dependency is displayed on fig. 1.

<dependency>
<groupld>junit</groupld>
<artifactId>junit</artifactId>
<version>4.12</version>
<scope>test</scope>
</dependency>

Fig. 1. The example of the «pom.xml» modification

And when everything is ready, we can run the
following command to get the project JAR file in the local
Maven repository «mvn clean install».

Gradle is also a tool for automating project build,
testing, and deployment, with an emphasis on a declarative
paradigm as opposed to an imperative one [10]. The project
structure and its dependencies are described using DSL
(Domain Specific Language). This tool is more flexible in
describing the project structure; DSL can be used based on
Groovy, Kotlin. There is also support for parallel builds,
incremental builds, the ability to create separate tasks, and
much more. For example, the ability to define various
assembly tasks, configure dependencies, source code
sources, resource management, etc. While Maven can also
be used for monolithic, multimodule Java projects, Gradle,
due to its flexibility and rich customization options, is often
preferred for more complex projects with a large number of
modules and components.

Let's look on at a simple example of how Gradle
allows us to create a task to package, test, further build and
deploy a JAR file of a specific module to a specific path.
The example is on fig. 2.

The image describes the general example structure of
the «build.gradle» files. With defining the plugins, group,
version, module dependencies, configured repository
sources and specific tasks created manually. This file is
placed in each module of the project supported by Gradle
build system. The configuration properties could be
changed in the «gradle.properties» file placed in resources.

This «build.gradle» file defines the following tasks.
«buildModule» — the task that builds the module will first
execute the «clean» (to clean up previous builds) and «test»
(to run tests) commands, after which a JAR file will be
created using the corresponding «Jar»  plugin.
«testModuley is a task that runs unit tests for the module.
«deployModuley — this task deploys the assembled JAR file
to the specified directory. Thus, you can execute all three
commands by running only one of them.
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plugins {
id "java’'
}

group 'com.example®
version °1.8-SNAPSHOT®

repositories {
mavenCentral()
}

dependencies {
testImplementation ‘junit:junit:4.12°

}

task buildModule(type: Jar) {
dependsOn ‘clean’, 'test’
archiveFileName = "${project.name}-${project.version}.jar"
destinationDir = file("$buildDir/1ibs")
from sourceSets.main.output

}

task testModule(type: Test) {
testClassesDirs = sourceSets.test.output.classesDirs
classpath = sourceSets.test.runtimeClasspath

}

task deployModule(type: Copy) {
dependsOn "buildModule®
from “$buildDir/libs”
into ‘path/to/deployment/directory’

Fig. 2. The example of the «build.gradle» file

Gradle has incremental (enabled by default) and
parallel project builds.

Parallel assembly, while reducing time costs,
especially for multicore systems, can also significantly
increase the required computing resources of the system
where it occurs.

And the next recommendation is to use Docker to
simplify the deployment process [11]. The use of this
technology will bring a number of advantages to the
project. The ability to flexibly configure Docker files for
each module has a positive impact on the scalability of the
project.

Perhaps one of the few disadvantages of this
technology is the complexity of configuring the Docker
images themselves, especially for beginners and in cases
where the project has a complex structure with a large
number of dependencies. Docker containers themselves
will require additional computing resources to operate. This
may result in increased costs for maintaining the
application deployment environment [12].

Thus, Docker may introduce additional costs for
maintenance and support, including container orchestrators
(for example, Kubernetes). However, for large projects this
is a good solution that will make the deployment process
much more efficient.

Let's look at how to use Docker in practice. Let's
imagine that we have a monolithic project in Java, which
has several modules, let's call them abstractly «repository»,
«api», «servicen, «weby. First of all, we will define a
Dockerfile for each of the modules. The example of the
Dockerfile for «api» is displayed on fig. 3.

The next step will be building and running the Docker
images for each of the modules with the next type of
commands. «docker build -t myproject-api:1.0 api/» and
«docker run -d --name api-container myproject-api:1.0»
And this is how we get a running container for the «api»
module in the background.

¢ Using a base JDK image

FROM openijdk:11

¢ Copy a JAR-file from the project build to the container
COPY build/libs/api.jar /app/api.jar

¢ Define a command for project start

CMD ("java"™, "-jar", "/app/api.jar"]

Fig. 3. The example of the Dockerfile

Conclusions. The result of this article, is examined
features of working with multimodule monolithic Java
projects.

Listed the key problems of this type of project
architecture, ways to solve them, as well as technologies
and tools that can improve the efficiency of the
development and deployment of these projects, and gave
practical examples of their use. Discovered the ways to
replace the monolithic architecture with the microservice
architecture.

As a summary, the main recommendation discovered
in this article is to get rid of most of the problems is to
switch to a microservice architecture whenever possible,
use the Gradle project build tool and Docker
containerization. This makes the development process
more effective and reduces the project support costs.
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ONITUMIBALIA MPOLECY PO3POBKN MOHOJIITHUX BATATOMO/AYJIbHUX ITPOEKTIB HA JAVA

B ocraHHI pokM crocTepiraeTbcsi 3pocTaHHs CKJIAJHOCTI PO3POOKM MPOrpaMHOro 3a0e3NedeHHs Ha Java Ta 3MiHa OOCATY MPOEKTIB, y TOMY YHCII
301IbIICHHS KiTBKOCTI MOZYIIIB Y IPOEKTaxX. baraToMoaybHICTh IPOEKTIB X04Ua i MOKpalTye MEBHOIO MipOI0 KEPOBAHICTh, ajle YaCTO CTBOPIOE HU3KY
mpobieM, SKi MOXKYTh YCKIIaJHUTU pO3poOKy Ta, MpobiieMy, sika 3’IBUTHCS B MAHOyTHROMY, BUMaraTH Oiblle pecypceiB Uil MATPUMKH. Y Wil cTaTTi
Oyne MpoaHaTi30BaHO OCHOBHI MPOOJIEMU MOHOJNITHUX 0araToMOIy/IbHUX Java-poeKTiB 1 3pobieHa crnpoba po3rIsHYTH Psi MOXKIMBHUX PIIICHb s
[OJOJIAHHS BHINE3a3HAYCHUX MpPOONeM. Y CTarTi pPO3MIAAAlThCS OCOONMMBOCTI poOOTH 3 6araTOMOAYIPHHMH MOHOJITHHMH MPOEKTAMH 3
BUKOPUCTAaHHSM Java sIK OCHOBHOI MOBM IpOrpaMyBaHHs. MeETOIO HaHOI CTATTi € BHUABICHHA OCOOJIMBOCTEH 1 MEpEelIKOA NpU BHKOPUCTAHHI
BUIIE3a3HAUCHOTO apXIiTEKTYPHOTO MiAXOAY INPOrpaMHOro 3a0e3leucHHs, aHali3 OCHOBHMX MOXJIMBHX TIpoOieM pOOOTH 3 MOHONITHUMH
GaraToMOxyIbHIUMHE Java-IIPOEKTaMH, a TAKOXK HAaJTAaHHS PEKOMEH/AIIH 1010 YCYHCHHS LIUX MEPEIIKO abo Omicy 0Co0auBOCTEll MPOLIECy, KUl MOXe
JIONOMOT'TH iHKEHepaM y MiATPUMILi TAKOTO POy HPOEKTIB. [HIIMMH CIIOBaMH, OCHOBHOIO METOIO aHOI pOOOTH € CTBOPEHHS PEKOMEH/IAIlIN, HalaHHS
CY4YaCHHUX KpallUX HPAaKTUK POOOTH 3 MOHOJITHOIO 6araToMOYJIbHOIO apXiTEKTYPOIO IIPOrpaMHOTO 3a0€3MeYEHHS Ta HAUTIOMYIAPHIIIMH Cy4acCHUMH
TEXHOJIOTIYHUMH PIiICHHSIMH, SKi BUKOPHCTOBYIOTHCSI B KOPHOPATHBHIHA po3po0dii. 3aIponoHoBaHi peKOMEHAIi] J03BOIAIOTH KOMAH i, HacaMIIepes
PO3pOOHUKAM Ta iHXXEHEPHiH CTOPOHI, YHUKHYTH MOXUIUBUX HEPEIIKOA, SIKi MPU3BOAATH 10 BTPATH €(PEKTHBHOCTI MPOLECY PO3POOKH MOHOIITHOIO
nporpaMHoro 3adesnedenHs. HaiiBaxmBimnoro nepeBaroo, 3 peKOMEHAaLiH, HABEJCHNX y CTATTi, € ONTUMI3allis BUTPAT pecypciB (YaCBHX, IPOLIOBUX
i TpymOBHMX) Ha Tmpolec pO3poOKH. Y pe3ymbraTi CTarTi OTPUMAHO 3arajbHUH CIHCOK PEKOMCHIALM, SKHil JO3BOJSE PO3POOHMKY Kparie
MPOAHATI3YBATH, SIKi 3MiHU B IPOEKTI HEOOXITHO (SIKIIO HEOOXiTHO) BHECTH JUTs ONTHMI3aLlii mpoLueciB po3poOKH, 30ipKH Ta pO3ropTaHHs MOHOJITHOTO
Java-npoekTy, a Takoxk Mopajay I PO3POOKH HOBOTO IPOrPaMHOrO 3a0e3MedeHHs, 100 YHUKHYTH OCHOBHHX HMEPELIKOJ MOHOJITHOI apXiTeKTYpH B
MalOyTHBOMY.
Kiro4uoBi ciioBa: MOHOIITHA apXiTeKTypa, araToMo/lyibHa apXiTeKTypa, Java, 30ipka IpPOEKTY, MOIYIIb, PO3POOKA, POTOPTAHHS TIPOEKTY.
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PO3POBKA APXITEKTYPHU ITPOI'PAMHOI'O 3ABE3INEYEHHSA J1JISA MOJAEJTIOBAHHSA CUCTEM
MACOBOTO OBCJIYI'OBYBAHHAA I IMIIVIEMEHTAIIIO MOBOIO ITIPOI'PAMYBAHHA GO

[IpenmeToM IOCIiKEHHS CTATTi € — METOJH Ta IiIXOAHU J0 OpraHi3aLii apXiTeKTypH NPOrpaMHoOI peanizanii, IPHU3HAYCHOT [UTs MOJICIIOBAHHS IIOBEIHKU
CHCTEM MacoBOro oOCIyroByBaHHs. MeTa poOOTH — CIIPOEKTYBATH apXiTEKTypy MpOrpaMHOro 3abe3redueHHs MiJ peaiisanito MoBoto Go, mpu3HaueHy
JUISL BIATBOPEHHS MOBEIIHKHM CHCTEM MAacOBOr0 OOCIyrOBYBAaHHS Pi3HHX THIIIB, 63 ypaxyBaHHs BHXO/Y 3 JIady OKPEMHX KaHAIB 0OCIyroByBaHHS, 3
BUKOPUCTAHHSIM TapajelbHUX OOYMCICHb. Y CTAaTTi BHUPIIIYIOTCS HACTYIHI 3aBJaHHSA: PO3IVIAHYTH IIJCTaBH JUIA NMPOEKTYBAHHS apXiTEKTypH Ta
3pOOUTH BUCHOBOK IO 11 JJOLLIBHICTB; PO3POOUTH BUMOTH 10 MaifOyTHHOIO MPOrpaMHOTO HPOAYKTY 33151 OLIbII e(heKTHBHOTO BUKOPHCTaHHS PECypPCiB
Ta YiTKOTO BH3HAUCHHS YCIIIIHOTO 3aBEpIICHHS POOOTH; MPOBECTH aHANI3 IAXOMIB MO OpraHi3amii apXiTeKTypu IporpaMHOro 3abe3nedeHHS H
HPHIHATTSA OOIPYHTOBAHOIO PIlICHHs IOZO 3aCTOCYBAaHHS OAHOTO 3 HHX; CIPOEKTYBAaTH 3arajbHy CXEMy aJlfOPHTMY 3 ypaxyBaHHSM BCiX BHMOT;
BU3HAYUTH KOMIIOHEHTH CHCTEGMH, IO MOJICIIOEThCA, Ta IXHI B3a€MOJii; MOOyayBaTH MPOLECHI JiarpaMH 3 ypaxyBaHHSAM OCOOJIMBOCTCH MOBH
nporpamyBanHs Go; BU3HAYMTH CIOCIO Ta KOHTPAKTH B3a€MOJIi 3 MporpaMHuM 3abe3mnedceHHsIM. JlIs JOCSATHEHHS HOCTABICHUX LIICH TOCIIKCHHS
BUKOPHCTOBYBaTUMYThCSI TaKi METOM: MOBa mporpamyBanHs Go, koHkapeHci, apxitekTypHi UML miarpamu, C4 miarpamu, npouecHi aiarpamu. byno
3100yTO TaKi pe3yJIbTaTH: BU3HAYECHO BUMOTH JIO MPOTpaMHOro 3adesnedeHHs MozemoaHHs CMO; po3rIsSHYTO MOMMpPEH] MiIX0au 10 OpraHizarii
apXiTeKTypH Ta IPOBEACHO I HUX HOPIBHIBHHI aHaMi3; pO3p0OIEHO CTPYKTYypy MalOyTHBOI IIporpaMy Ha HEOOXiJHUX PIiBHAX aOCTpakiii; Brepiie
3aIIPOIIOHOBAHO APXITEKTYPY HPOTPaMHOTO MPOJYKTY I MOJCNIOBAHHS Pi3HOMAHITHUX CHUCTEM MAacOBOrO OOCITyrOBYBaHHS i3 3aCTOCYBaHHAM

napajesbHUX 00YHCIIeHb Ta MAX0LY KOHKapeHCI Mifl peatisallilo MOBOIO nporpamyBanHs Go.
Kuo4oBi cj10Ba: apXiTekTypa NpOrpaMHOro 3a0e3IeYcHHS, KOMII'IOTEPHE MOACIIOBAHHS, CHCTEMa MAacoBOrO OOCIYTrOBYBaHHS, MOBa
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Betyn. [lepmmmmM, i 6e3nepedno 6a30BUM KPOKOM TIPH
po0OTi HaJ AKICHAM IIPOTPaMHUM 3a0€3TMEUCHHSIM — € HOTO
apXiTeKTypHe pilmeHHs. AJpke, K JiM He OyIoyroTh 0e3
KpEeCJeHb — MPOTPaMHHUI MPOAYKT HE MHUINTYTh 0e3 apxi-
Tektypu. CaMe apxiTeKTypa CHCTEeMH BH3HAYae KOMIIO-
HEHTH, 110 MPUHMAaTUMYTh y4acTh B 00poOLi AaHUX, TXHIO
OymoBy, a Takox croci0 B3aemoii [1]. BoHa siBisie co6oro
YITKHI pelent, mo Oy[e OIHAKOBO CIPHUHATHA OyIb-
SIKUM 1H)KEHEpOM, 1 J03BOJUTh YHUKHYTH HEIOPO3YMiHb
npu peamizanii 3ajgymaHoro. BiAnoBigHO, MH YHHKaeMO
3aJIeXKHOCTI BiJ] KOHKPETHHX OCOOMCTOCTEH, pO30JIOKO-
BYIOYH TIOTEHITia] IO PO3MIUPEHHS KOMaHIW PO3pPOOKH, a
TaKOX HiBEIIOEMO PH3UKH, TTOB’ A3aHi 31 3BMiHOO KITIOYOBHX
YJICHIB KOJICKTUBY 1H)XKEHEPIB.

Pazom 3 THM, Ha moyYaTKy poOOTH HaJ HOBHM
MIPOIYKTOM y OUIBIIOCTI BUMAKIB iCHY€E TIIBKH YaCTKOBE
PO3yMiHHSI NOTped Ta NPH3HAYECHHS MalOyTHBHOrO MPO-
rpamMHOro 3abesnedeHHs. lle MoB’s3aHO 31 CKIAIHICTIO
MIPOEKTOBAHUX CHCTEM Ta HE3JIIYEHHOO KUIbKICTIO CTOPOH-
HIX YMHHMKIB, 110 BIUIMBAIOTh Ha HUX. Y 3B’SI3KYy 3 LIUM,
PO3yMiHHSI ~peaJbHUX TNOTpe® BHMHHMKAae Ha  eTari
MPOEKTYBAHHS 1]l BIULIMBOM JOCIIKEHHS ITPOOIEeMaTHKH,
a TaKoX IIPaBWJIBHOI IOCTAHOBH 3alWTaHb J0 Oi3HeC
JIoMeHiB [2].

He moxHa 3a0yBaTd ¥ Mpo TOMANBIINANA PO3BHTOK
MPOrpaMHOTO 3a0e3MeueHHs. 3roJoM ay)Xe HMOBIpHO
MoCTaHe TMoTpeda B OJHOMY ab0 IEKiJbKOX OJHOYACHO
i IKTIaciB MacIITa0yBaHHS

e 30LnblICHHS HABaHTa)KEHHS W MPOITYCKHOI 31at-
HOCTI OKpEMHX YaCTHH IIPOTrPaMu;

e 3miHa ab0 PO3IMMPEHHSI KOPUCTYBALBKUX MOTPEO
3 NOAAJIBLIO HAA0YAO0BOIO (QYHKIIOHATY;

e PosmnpenHs komaHau abo JIEKOMIIO3MIS 30H
BIIITOBITAIBLHOCTI 3 IMOAJIBIIOIO JeNeramico

MOBHOBa)XEHb MIDK KiJIbKOMa aBTOHOMHHMMH KOMaHIaMH
pO3pOOKH.

KoxeH 3 HaBemeHHMX PI3HOBUAIB MacmTaOyBaHHS
nmoTpedye 3aBYacHO 3aKJIAJCHOTO IMIIPYHTS, IO HAIAE
MOJKITUBICTh O€3II0OBHOI, TIOETAITHOI pO30YI0BH TPOTpaM-
HOTO TPOJYKTY, 0e3 HeoOXiTHOCTI INIMOOKOI mepepoOKH
BXKe icHyto4oro Qyskuionany [3].

Paszom 3 TuM, niepebaunTH aOCONIOTHO BCIX IOTCH-
LIMHUX cLeHapiiB PO3BUTKY MOJIH HEMOXIUBO. Binmo-
BiJIHO, MOUIYK OaJlaHCy MiX THYYKICTIO Ta CKJIAIHICTIO — €
YeproBolo 3ajayero, 110 3aKJIaJeHO y Npouec MoOyaoBU
apXiTeKTypH. 3a3BUYal BUPIIICHHS IOJIATAE Y 3aBYACHOMY
3aCTOCYBaHHI aOCTpakIlid, IO BiIOKPEMITIOBATUMYTh
KOHKPETHY peallizaiiio Bi QyHKIIOHATY, IO OYIKYEThCS.

lapHa 13051511151 KOMIIOHEHTIB JO3BOJISIE T ABUIIATH
HAJIMHICTh Ta CTIMKICTh MPOTPAMHOTO 3a0E3MEUCHHS [0
MOMWJIOK BHKOHAHHS, & TAKOX 3HHU3UTH MOTCHI[HHUN
BIUIMB 3MiH, IIJ0 BHOCSATHCS B OKPEMi YaCTHHU IPOTPAMH,
JIOKaJTi3yrouH iX y paMmkax QikcoBaHux adctpaxmii [1].

JlomaTKkoOBAM MHPUBOJOM JIO TOTO, MO0 HPUALUTUTH
JIOCTaTHBO YBAard MPOEKTYBAHHIO MEpe] HOYaTKOM poOOTH
—€ 1iHa BUIpaBiIeHHs noMuiakd. Ha erami moOynosu
apXiTEeKTypH 3ajJi1 BUIPABICHHS HEIOJIKIB IPOEKTY-
BaHHs, HEOOXiHO MEepenucaTi JOKYMEHTAIlil0 Ta BHECTH
3MiHH JI0 Jmiarpam i OJIOK-CXeM, Ha BiMiHY BiJl KiJTbKOCTi
gacy Ta 3yCHJIb, 1[0 BUMAraroThCs I Momudikamii Bxke
icHyro4oi mporpamu. I yum Oinbin mizHA (aza po3poOKu
PO3TIIAIAETECS — TUM CKJIAJIHIIIE Oy/1e BUTIPABUTH HETOIK
[1]. Otxe, npuainuBIK OiNble Yacy ¥ 3yCHIIb IO PO3-
pOOKH apXiTEKTypH MPOrPaMHOTO MPOIYKTY, MU 3HAYHO
CKOHOMHMO 4Yac Ta pPECypcH, HeoOXimHI Ha BHECCHHS
MPaBOK Y MaiiOyTHHOMY.

OkpiM TOro, IUIKOM MOXJIHMBO, IO TiJ Yac
MPOEKTYBaHHS ab0 He3a0apoM, MICIIs 3aKiHISHHS MIPOIIEeCy
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NnoOYZOBH apXiTeKTypH, NPOEKT Oynae BU3HAHUKI HeIO-
UUTBHUM. AJDKe, 3HAWICThCS IHIIMN UUISX A0 BUPINICHHS
moTpebu, CyTTEBO ACUICBINUI ab0 mBHIIIKN. BinmnosinHo,
3ajauya apXiTeKTypHOTO PIIICHHS IOJArae, 30KpeMa, y
3arajbHiil OLIHII BUTpAT, PU3MKIB, a TaKOX B OOIPYyH-
TyBaHHI HEOOXITHOCTI camMe Takoro muIxy Jjao 3abes3-
MIeYeHHS TOTPeO.

Pounp MasKy JOTIOBHIOE TIEpeTiK 3a1ad, 0 TOKINKaHa
BHpIIIYBaTH apXiTeKTypa MPOrpaMHOTO 3abe3rmeueHHs.
JloBoJli 9acTo Tpamis€eThCs, IO TMiAg 4Yac poOOTH HaI
IMIUIEMEHTAITI€I0 TIPOEKTY, BUHUKAIOTH HOBI ICIIUTH Ta
HEOOXIJTHO TiUTAINTOBYBATUCH IiJl 3MiHEHI moTpebu [2].
ApxiTekTypa cucTeMH 3a0e3leuye OpIEHTHp, IO Mae
BHUKOPUCTOBYBATHCH JUIS 3BIPKU BiJIIOBITHOCTI 4Y€PrOBOrO
PILICHHS 3aralbHOMY KYpCYy i CTpaTerii pO3BUTKY.

Meta pocaimkenHsi. 32 BU3HAUCHHSIM apXiTEKTypa
nporpaMHoro 3abe3neyeHHs] 3000B's3aHa 3aJOBOJILHATH
noTpebaM YiTKo BHM3Ha4YeHOi 3amadi. CaMe TOMy € BKpait
BOXJIMBUM TPUAUIMTH JOCTATHIO yBary crenugikarii
npoOieMH, IO BUPIMIYETbCS. Y HAC HAa METI CTOITh
moOy0Ba MPOTPaMHOTO 3a0e3MeYCHHS JI1 MOJICITIOBAHHS
MTOBEIiHKU CICTEM MacoBOTo 00ciyroByBaHHs. [Ipu npomy
€ BeJIMKa KUIbKICTh pisHOBHAIB CMO, 10 NOAIISAIOTECS 32
HACTYITHUMU KpHuTepismu [4]:

e HasBHicTb 04HOr0 4u OLILIIOT KIIBKOCTI KaHAJIIB
00CITyroByBaHHS, 0 HAJTAIOTh MMOCIYTY;

e HasgBaicTh 200 BiACYTHICTH YEprH OYiKyBaHHSI
UL HOBOTIPUOYITUX 3asiBOK, HA BUIAJIOK, SKIIO BCi HASBHI
KaHaJIi 00CITyTrOBYBaHHS 3aliHATI;

e KinmeBicth 200 HEOOMEXEHHH pO3MIp dYepru
OYiKyBaHHS,

e [lomituka mpiopuTH3allii BUMOT, IO BH3HAYAE,
sIKa camMe BHUMOTa 3 OYIKYIOUHMX Oyae MPHUCTYIaTH 0
00cCITyroByBaHHS B pa3i 3BUILHEHHS KaHAIY;

e HagBhicth o0OMexeHb uacy mnepeOyBaHHS B
cucreMi abo yacy 00CIyroByBaHHSI.

Y paMkax IaHOTO JOCHIDKCHHS HAC I[IKABUTh Y
MEPITY Yepry MOJICIIOBAaHHs OaraToKaHajIbHOI CHCTEMH 3
00MEKEHOI0 Yeprolo Ta BiMOBAMU HOBONPHOYIMM BUMO-
ram, y pasi BiICyTHOCTI MicIs ISl OUiKyBaHHS. AJie pu
FOMY MH 3aKJIaJaTHMEMO MOJIJIHBICTh PO3IMIMPECHHS Ta
MiATPUMKH BCiX iHIUX pizHOBUAIB CMO y MaitOyTHbOMY.
KinmeBoro MeToro mporpaMHOro MPOAYKTY € YHiBepcaabHa
nporpama, M0 HaJa€ MOXIWBICTh MOJIETIOBATH Pi3HO-
MaHITHI TPOIECH, TMOPIBHIOBATH TIOBEJIHKY CHCTEM 3i
3MIHHHMH peXUMaMH Ta mapamerpamu [5]. He ocrtanHio
POJIb TpaTHME MIBUIKO/IS MOJCIIOBAHHS, sIKa Ma€ HaJaTh
MOJKJIMBICTh OTPUMYBATH IIBUJIIIEC PE3YIIBTAT BiITBOPCHHS
MOBEIIHKU CKJIAJHUX CHUCTEM Ta ONTHMIi3yBaTH MPOIEC
3aBIIIKM PE3YJIbTaTaM CKCIICPUMEHTIB. JIOMOMIXHUM Mij-
XOJIOM y JIOCSATHEHHI METH — OyJe 3acTOCYBaHHS Tapa-
JIETBHUX OOYHCIICHb. A 3aJTydeHHS MiAX0Iy KOHKapeHCi —
HaOJIM3UTh TOBEAIHKY MOJEJi 0 MPHUPOIHBOTO JOCIHII-
’KYBaHOTO TIPOIIECY.

IMocraHoBka 3agavi. Y gaHoMy po3nmimi MU
MePeNiYuMO Ti YiTKi BUMOTH, SIKI MA BCTAHOBIIFOEMO SIK
KJIFOYOBI JUISl PE3YJIbTYI0UOTr0 IPOrPaMHOro 3a0e31eUeHHSI.

1. MOXIHUBICTh epel MOYaTKOM POOOTH MPOTPaMHU
BU3HAYHTH OCHOBHI XapaKTCPUCTUKH CHUCTEMH, IO
ONUCYBaTUMYTh Ii HOBE/IHKY, a caMe — KiJbKICTh KaHaiB

oOcimyroByBaHHsl, €MHIicTh uepru. Ha nanomy erami
MoemorThCst CMO 3 00MEXKEHO0 Yeproro.

2. MOXJIMBICTh BHU3HAYaTH MAKCHUMAIBHUN Yac
nepeOyBaHHsS 3asBKM y CHCTEMi, a TaKOX TpPaHHYHY
TPHUBAJICTh OOCIIyrOBYBaHHS. Y BHUIIAJKy IMEPEBHIICHHS
JTAHOTO Yacy oOpoOKa MepepruBaETHCS Ta BUMOTA TIOKHIAE
CHCTEMY 3 IOMHJIKOIO.

3. OOciyroByBaHHS IMOJISATaE Y BUKOHAHHI (YHKIII,
3a/1aHOT1 Tepea MoYaTkoM poOoTH mporpamu. BoHa €
€JIMHOIO JUTS BCiX BUMOT 1 BUKOPUCTOBYE ISl PO3paxyHKiB
BXiZIHI TapameTpH, M0 BHW3HAYAIOTHCS 3asBKoto. Cama
(yHKIIST MOXKE MaTh JAOBUIbHY JIOTIKY, aJle Ma€ O4iKyBaTH
BXIJJHI IIapaMeTpH il moBepTaTtu pe3ynpTar 00poOku abo
MOMUJIKY.

4. 3abe3neudTH NigpaxyHOK Ta 30ip iHdopmanii
MIOA0 KUTBKOCTI MPOBAJCHUX 3aay 3aIyis IOJANbIIOro
aHai3y e()EeKTUBHOCTI CUCTEMH.

5. OOciyroByBaHHS Yepry 3asBOK y MOCIiOBHOCTI
ixaporo Hamxomkenus (FIFO).

6. CriBnamiHHS OCHiTOBHOCTI TOBEPHEHHS PE3YJIb-
TaTiB BHKOHAaHHA BHMOT i3 IXHIM HaIXO/DKCHHSM HE
TapaHTYEThCS CHCTEMOIO.

CdopmMyniboBaHi TAKUM YHHOM BUMOTH BIUCYIOTHCS
y BH3HAUCHHS CHCTEM MacOBOIO OOCIyrOBYBaHHS Ta
MalOTh HaJaBaTW BUYCPHHHUU (DYHKI[IOHAI I MOJEIIO-
BaHHI IIMPOKOTO CIIEKTPY HpoLeciB [5].

Busnavennst Tumy apxitexkrypu. [lepuiM 3HauHUM
PO3IOPINOKIM HA NUIAXY IO MOOYIOBH apXiTEKTYPHOTO
PIIIICHHS € BiJNOBiAb HAa 3alTUTAHHS PO THIT TPOTPAMHOTO
3abe3neueHHs. ICHye Kigbka IMTXOAIB A0 TOTO, SIK Oyne
BHUKJIMKATHCh T4 BUKOHYBATHCH 3aCTOCYHOK [6]. YMOBHO iX
MO>KHA OI[IHUTH 332 HACTYITHUMH KPUTEPIsIMH:

e Uyp mae mporpamHe 3a0e3ledeHHS CBOIO Hesa-
JIeKHY 00J1acTh MaM’ ST Ta IJIaHyBaJIbHUK BUKOHAHHS.

e Uu € 3aCTOCYHOK JOCTYITHUM HETIEPEPBHO, YH BiH
3aITyCKA€ThCsl 32 BUMOTI'OI0 Ha 4ac 00poOKy;

e SlkuM came yMHOM 3a0e3MedyeThCs B3aEMOIIS 3
(yHKIIIOHAJIOM 1 epesiaya napameTpiB.

3a maHUMH O3HAKAMHU MOXKHA TOAUTUTH IMiJXOAX Ha
KUTbKa TPy, 10 HaBeeHi y Taou. 1.

Tabmuiyt 1 — Kitacudikauist BUIiB IpOrpaMHOro 3a0e3medeHHs

Oxpemuit . Tpsima
. HocrynHicTh .

paHTaiim B3a€MO/IisI
Yrunita + - -
Cepsepiiec + - -
Cepsep
(HTTP/RPC) + + -
ITaker - + +

KoMmangHa yTumiTa Ma€e CBill paHTaiM, ajie Py IIbOMY
ii HeoOXiJHO 3amycKaTh KOKEH pa3, KOJH 3'SBISETHCS
HEOOXiTHICTh B3a€MOJii, IO TOTIPIIyE ii MTOCTYIHICTb.
Kpim ToTO0, 3 HEJONIKIB MAEMO YCKIIAAHEHY KOMYHIKAIIIO
yepe3 mepenady mapaMeTpiB Ta pe3yabTaTiB Yy BUTISAIL
napaMeTpiB KOMaHHOTO PSAKY.

CepBepiec — Iie TEXHOJIOT IS 1110 MPOMOHYETHCS MPEJ-
CTaBHMKAaMU BEJIMKAX XMapHHX THposaiiaepis. [lo cyrti
SIBIIsIE COOOIO TiIOpUI KOMAHIHOI YTHIIITH Ta cepBepy. 3a
TAKOTO IiIX0AY BIAMOBIAAIBHICTh 32 3aIlyCK MPOTPaMu Ta
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KOMYHIKalito OepyTh Ha cebe BiAIIOBIgHI cepBicH mpo-
Baiiziepa. 3 CyTTEBUX HEOJIKIB TAKOTO MiAXOIY — BEJIUKA
KiJIbKICTb ITOCEPEAHUKIB, CIA0KO TUIII30BaHi KOHTPAKTH Ta
HecTaOLIBHICTh Yacy OYiKyBaHHS uepe3 Te, Mo (yHKII,
SKi TEBHMH Yac HE BHUKIIMKAIOTHCS, IEPEBOAATHCS Y
ribepHarito. I HacTymHUI pa3 HEOOXiTHO YeKaTH Ha iXHii
nepe3anyck. [IpobiaeMy KOHTaKkTiB MO>KHa BHPIIIUTH i3
3aCTOCYBaHHSM JIOAATKOBHX CEpPBICIB, aje 1€ B 3HAYHIH
Mipi yCKIIaHIOE cucTeMy [7].

Hactynnoto rpynoio € cepepu. Bonu mparrorots
HETepEepBHO W HE3aJIe)KHO BiJ KIIEHTCHKOTO 3aCTOCYHKY,
IO CIPOIIYE PANITOBY B3a€MO/III0 Ta POOUTH Yac BiAIMOBII
nporuo3opanuM. OIHAK, 1 B IIbOMY BHIAJIKY JJIS BUKO-
pUCTaHHS y KOHTPaKTaX MU OOMEXKEHI TUIIAMHU JAHUX, IO
MOXYTh NpUIMaTH TEKCTOBMH QopmMar. Y BHNAIKy 3
GyHKII€I0 Takui MigXig BUMaraTiMe IEpeTBOPEHHS
TEKCTY 3alUTy Ha IIPOrPaMHHUI KOJ| Ta MiIKIIOUSHHS HOTo
10 BUKOHaHHs cepBepoM. Taki mii 3Ha4HO 301IBIIYIOTH
CKIIQIHICTh Ta JOJAIOTH BPA3JIMBOCTEH CHCTEMI.

Y wmoBi mporpamyBanHs (GO HaWMEHIIMHA piBEHb
aOcTpakiii, a TakoXX IHKANCyJSIil 3a0e3nedyeThest
nakeroMm [8]. [Ipu mboMy MakeTH € YaCTHHOIO PaHTalMy
3araJbHOI0 3aCTOCYHKY Ta Ha HHUX IOLIMPIOIOTHCS BCi
MOXIIMBOCTI 110 BUKOPHUCTAHHIO CHCTEMHU THIIIB MOBH
nporpamyBanHsi Go. OTxe, MU MOXEMO BHU3HAYUTH THII
napamerpa Sk (YHKIIIO Ta 3aCTOCYBaTH JUKEHEPIK THIH
Juist abcTparyBaHHs BiJl (PaKTMYHUX 3HAYEHb 31 30eperKeH-
HSIM KOPCTKOT THIi3awii.

KokeH 3 mepeniueHnx miaxo/iB Mae CBOi iepeBaru Ta
Henonikn. OJHAK, BPaxOBYIOUi BUMOTY MIOAO THYYKOCTI
(dyHKIIIT, IKa OTIHCYBATUME JIOTIKY 00CITYyrOBYBaHHS, IIEPET
HaMH TIocTae HeoOXiTHICTh BU3HAYATH caMy (PYHKINIO Ha
0011 KJIIEHTCHKOTO KOIy W mepenaBaTH 10 (YHKI[IOHAITY,
mo oOcIyroByBaTUME MpoIec MozaemroBaHHA. Lle MokHa
peanizyBaTH 3a JONOMOroro KoporeHepamii. OpHak 3a
TaKOro MiJIXOXy MH 3HAYHO YCKJIQJHIOEMO peaji3alilo.
OTxe, Hama cTparteris mojisiraTUME B TOMY, LI00 pea-
Ji3yBaTH HAWNPOCTIIINH 1 HAWOUIBII IPUPOAHIH JUIT MOBU
nporpamyBanHs Go BapiaHT i3 3a0C3MCUCHHSM 130JIAIIT
BiNOBigaNbHOCTI. lle MO3BOMUTH BINOKPEMUTH CIIOCIO
KOMYHiKaIlii B OkpeMi a0cTpakilii Ta 3p0OUTH MOKITUBUM
TIEPEBUKOPUCTAHHS OJHI€] JIOTiKM 3a MOTpedu y Oarato
pi3HUX c1oco0iB. My npuiiMaeMo pillIeHHs PO PoO3poOKyY

apxXITeKTypu TMPOrPaMHOrO MPOAYKTY SK MaKeTy 3
JieJIeTalli€lo  BiANOBIANBHOCTI 3a Crocid KOMyHiKamil
PpiBHIO B3aeMoii.

Bupimennst npo6Jjemu. [[ns mouatky HeoOXiIHO
BU3HAYMUTUCH 13 3arajJbHUMH KOMIIOHCHTAMH, IO
MPUIMAIOTh Y9acTh y MMOOYIOBI anroputMy [9], a came:

o [lpuiimau 3asBok — 1o cyTi € mybmiaamm API
MmakeToM. 3ajgava ToJisirac B MPHUHOMI BHUMOT, 3arajbHii
Bajijamii Ta IOCTaHOBI JO Yeprd. Y BHIAJKY Iepe-
MOBHEHHsI Yeprd — 3asBIi OyJe BiIMOBJIIEHO B 0O0CIYy-
TOBYBaHHI;

e Uepra ouviKyBaHHS — @pHUAMAaE Ta YTPUMYE
BUMOTY 110 3BUIBHCHHS KaHanmy oOcinyroByBaHHs. Hamae
nepeBary 3asBKaMm, [0 HaJiHILIIH paHilie;

e Kanai obciyroByBanHs — 6e3nocepeipo 00po0-
HUK 3aBOK. 32 pa3 MOKE ONPaIbOBYBATH HE O1IbIIIE OTHIET
BuMorH. [lepen modaTkoM BUKOHAHHS TeEpeBipsi€e 49U HE
BHYEPIIaHO Yac MmepeOyBaHHs 3aBKH Y CHCTEMI. Y BHTIAIKY
BUHUKHEHHS TTIOMIJIKH TIPH POOOTi a00 MEPEBUILIEHHS Jacy
0o0CITyroByBaHHS Ma€ TepepwBaTH BUKOHaHHA. Onpa3sy
MiCsl 3BUIBHEHHS TEPEXOAATh y PEXHM OUYiKyBaHHS
4eproBoi 3asBKH;

e JlocT-00poOHHMK pe3ynbTaTiB — BiJJOKPEMIIIOE
BIali 3asBKU BiJl TaKuX, SKiM OyJIO BIJMOBJICHO B
00CITyroByBaHHi. Y MOJNANBIIOMY PEECTPYE MPUUUHH TIPO-
BaJliB, a TAKOX MOXXE BHKOHATH iHIII JOMOMIXHI 3a1aui,
Taxi, sIK BEICHHsI 00Ky MOJiH.

e [lorik pe3ysbTaTiB — HoBepTae KopucryBauy API
pe3ynbTaT OOpOOKM 3asBOK 3 JIOJaBaHHAM JOJIATKOBOI
iHopmaIii MO0 MPUYUH BiJIMOBH HA BHITAJIOK ITOMHJIKH
i1 9ac 00CITyTOBYBaHHS.

Takuif pO3MOAIT KOMIIOHEHTIB TMOBHICTIO JISITa€ Ha
TEOPir0 MacoOBOTO OOCITyTOBYBaHHS 1 3a0e31euye BUISPITHY
¢yHKIiOHANBHICTh 1040 MojemoBanHs CMO  [5].
3arajgpHy cXeMy KOMIIOHEHTIB Ta ITOCJIiIOBHICTb 0OpOOKH
3asiBKH [9] 300pakeHO Ha puc. 1.

HactynHuM etamoM HEOOXiJHO MiArOTYBaTH IIHKI
Jiarpam, 110 ONKCYBaTUMYTh MalHOyTHIO IMIUIEMEHTALIIO 3
imKeHepHOl TOuku 30py. s IbOro CKOPUCTAEMOCH
momemno C4 — mpocTUM, TIPO3OPHM 1 JIETKUM Yy
BUKOPHUCTAaHHI 1HCTPYMEHTOM JUIS PO3POOHUKIB Ta apXi-
TEKTOpiB. BiH MOKIWMKaHWUN CTaHAAPTHU3YyBaTH IOCTAITHE
MPOEKTYBAaHHA CKJIAIHUX CHUCTEM, J€ MH IIOYHHAEMO
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Puc. 1. 3aranbHa cxeMa aaropurmy
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3aHYpPCHHS 13 3arajbHOTO BUIJISANY CHCTEMH Ta HaOJM-
KAEMOCh 3 KOKHUM HACTYITHUM €TaIlloM OJIFXK4Ye 0 pea-
mizanii. Taka Mozenb BKIIFOYa€E B ceO¢ BCHOTO 4 KPOKH.

HaiiBumiii piBens abctpakuii — ne Cl. Ha HboMy
BiJOOpaxkaeThCsl KOHTEKCTHA Jiarpama i3 3arajJbHUM
300pakeHHsAM cucteMu. Ha puc. 2 MokeMo criocTepiraTi
IIBI CYTHOCTi: KOpHCTyBada Ta KIHIIEBHH INPOTpaMHHUA
MIPOAYKT, IO MICTHTH eKcliepuMeHT. lakeT, apXiTeKTypy
SIKOTO MU 3aKJ1aJIa€EMO B PaMKax JOCIIDKCHHSI, HA TaHOMY
erami HE Mae 3HAYeHHS OCKUIBKH BiH IHTETpOBaHUI
BCEpPE/IMHY EKCIIEPHUMEHTY.

MNporpamHuin NpoaYKT

3ANYCKAE EKCNEPEMEHT | EKCNEPUMEHTANLHOMD
—— AOCHIAMEHHS
KOHKPETHOro
npouecy

Puc. 2. Pisens mozeni Cl

Ha nactynHOMy piBHI, TakoXX BiJOMOMY $IK KOH-
TEIHEPHUIA, HAC B)KE LIIKaBUTh 3arajibHa Oyl0Ba CHCTEMH
0e3 HaaMIpHUX MOJApoOMIb, ajle Ha piBHI, HEOOXiIHOMY
JUTS PO3YMIiHHS B3a€MOJIi TToOANPHUX CKIAAOBUX. JlaHy
niarpamy 300pa)xeHo Ha puc. 3.

———

Mporpamuui npoaywT
. EKENEPUMEHTANBHOMD
S==—==1anycHac eKcnepeM ) e HOC;’Ii,U,)KG HHA

npouecy

HaACUNAE 3aABKKM Ha obpobiky

NoBiAOMAAE Npo pe3ynsTar oGpobKm

o 2 MakeT MogenKBaHHA
MypHan nogii ¢

CMo

Puc. 3. Pisens mopeni C2

Haperi, 4ac nepeiiTu 10 KOMIOHEHTHOT fAiarpam. Ii
POJIb B ONHUCI CUCTEMH TOJISITAE B 300paskeHH] CTPYKTYpPHOT
OylOBM JIOCII/DKYBaHMX KOMIIOHEHTiB. Hac HaiOuIbIm
LIKaBUTh CaMe MaKeT, apXiTeKTypy sSKOro Mu i Oymyemo.
3 puc. 4 BUIUIMBAE, 10 KIIOYOBY POJIb CHCTEMH Bifirpa-
BaTHMe KaHai o0ciyropyBanHs. CaMe B IbOMY BY3Jli Oyze
BinmOyBaTHCs 0OpoOKa 3asfBKHM, a TaKOX BCi JOHATKOBI
YMOBH MIOA0 dYacy mepeOyBanHsA. Poms opkecTparii Ta
3aCTOCYBaHHS KOHKApEHCI Ma€ OIpalbOBYBAaTH OKPEMHIt
naker [10]. BimokpemyieHHs peamizamii mapanemzmy
JO3BOJIUTH NEPEeBUKOPUCTATH IaHUH (QYHKIIOHAT I
IHIIUX MOTPEO, a TAKOXK OOMEXUTH JIOCTYI KOPUCTYBavaM.

Hactymaum piBHem abctpaxuii Oyne giarpama Koxy,
Ha Hiil OyJayTh 300paXkeHi MOAPOOMI peamizaiii Crerm-
¢biuHi U1 KOHKpeTHOT MOBM nporpamyBanHs Go. Ha piBHi
C4 mHaiibinplml NIKaBUMH Uil HAC € [BI 30HH Bigmo-
BiganmsHOCTI: cumyssimis CMO Ta opranizarist mapaieib-
HHUX OOYHCIICHb NUIIXOM 3aCTOCYBAHHS MiAXOXy KOHKa-
penci [11].

Tparpanie npagysr
ERENEDAMENTARRHOTD
BpErIamERHA
KONNpATHETS
npouocy

HARCANAL JARBEN

Tpuitieds 3EAnGH

CTamNTe JAROKH B WEDTY
Dfipobmie yeraume
2aseox

Hi HasH pesyAsTar oSpaticn
NABANGAEHE BAROHIHHE o

eBCAyranyBIHKA

oexpapTar ehpoton
OBpatmn

NPORAALMAE 33380K

Puc. 4. Pisens mogem C3

OcHOBHa iJiesl HOJATae B YITKOMY pPO3HOAIIEHI
000B’s3KiB 1 MOOyI0Ba aOCTpaKIliii Ha MICIIX MEPETUHY.
BinmoBizHO 10 BU3HAYEHUX BUMOT, OynemMo OyIayBaTH J1Ba
OKpEMUX ITaKeTH, KOXKEH 3 KX Oyze HagaBaTd IyOJidHe
API, i npu ipoMy xoBatH Bei AeTani peamizamii. [Ipu nbomy
cama 3asBKa Ma€ OyTH OOTOpHyTa ONIisIMH, SKi OyIyTh
JOJaBaTH JOJATKOBI BIACTUBOCTI MpoOIeCy 0e3 MpsSMOoro B
HBOTO BTpy4aHHs. [laHa miarpama HaBeJCHA HA pHC. 5.

Ancrinmmon
meeaptes ey

ran prayma MAAEMALE 3asmen

| Maxer CMO

Response
Chan

Gz samuny wa grARS

DervaHanager

Ermiroossser ‘ SeccessPricessor ‘

{ J [

migmana  nOCTINIBE BERTY

vl geapmTaTe
+
=aninast peapEaTat Ty aanan

MakeT KoHKapeHci |

Warkerfost

EASE JaREy wE 0GPy

Wi timesut aptun

Puc. 5. Pisens mozeni C4

Y MoBi nporpamyBanHsi GO aCHHXPOHHA KOMYHIKaIlis
Moxke OyTH 3abe3redeHa 3a paxXyHOK BOYIOBAaHOTO THILY
"kanan" [8]. s cTpykTypa maHMX Haga€ MOXIIUBICTH
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opraHisyBaTH Oe3NeuHH JOCTYII 10 3asBOK, 5IKi OYIKYIOTh
y Oydepi ¥ OynyTh MOCTyNaTH OJCpXKyBauaM y
MOCIAOBHOCTI, 1110 CHIBIAAA€ 3 HAXOHKEHHSIM JI0 Yepru.
OCKiIbKM 3amMC y IepenoBHeHWi kaHain y MoBi Go
HEMOXXJIMBUM — 1€ Jla€ HaM 3py4YHy OOCTaBHHY IS
BiIMOBH. MakcuManbHUN dac TepeOyBaHHA B CHUCTEMi
MOke OyTHM OOMEXEHHH i3 3aCTOCYBaHHSM KOHTEKCTY 3
TaiiM-ayToM. [liciisi BWUEpmaHHS 4YacOBOTO JIMITy Oynme
MOJIaHO CUTHAJ, SIKHW OyJe JOCTYIHWHA B TOPYTHHI, IO
00cITyroBye 3asBKY, i OyJie HaJaBaTH MPaBO TEepEPUBAHHSI
00poOku. KinbkicTh KkaHamiB OOCTYrOBYBaHHS ISt
cucteMu Oyle BHM3HAYaTHCh KIJIBKICTIO TOPYTHH, SKi
3amisHi B myni oOpoOku. Cami mo cobi kaHamun CMO
MOXYTh OyTH peaji30BaHi 3a JIONIOMOTOIO IATEpPHY
napajesbHoro [IPOrpaMyBaHHs "worker" [10],
peai3oBaHOrO 3a JIONIOMOIOI0 JIETKUX IIPOrpaMHUX
MOTOKIB — ropyTuH. Takuil miaxix 4yJZoBO rapMOHYE 3
iHImmMM ayerom minxoxmiB fan-in ta fan-out [10][12]. Bonn
ONHMCYIOTh B3a€MOJIII0 MK IMapajelbHUMH TpollecaMu Ta
oprasizaiito aCMHXpPOHHOI KOMYHIKaIlii 3a yMOB pi3HOT
KUTBKOCTI  CIIOKMBAdiB Ta TEHEPATOPIB IMOBIAOMIICHB.
3amns  BITOKpEMJICHOI Ta THYYKOI TOCT-O0pOOKH MH
JIOZIAEMO  KiJIbKa JIOJaTKOBHX €JIEMEHTIB, sIKi OyIyTh
TUMYacOBO PO3JIULATH YCHINIHI Ta IpoBaieHi 3asBKU. |
TICJIS 31CHEHHS HEOOX1THUX KPOKIB IMepelaBaTH y KaHall
BiJINIOBIIi 3asIBHUKY.

OTxe, 1aHa cucTeMa MOKe OYTH peali3oBaHa MOBOIO
nporpamyBanHs Go, 1 B HIOBHIH Mipi 3aJJOBUIEHUTH BUMOTH,
copmoBaHi y MMOCTaHOBIII 3a1a4i.

T"apHOIO MpakTUKOIO MpH MpoekTyBaHHi API makeTiB
y MOBi mporpamyBaHHI GO — € 3MEHIIEHHS KUTbKOCTI
croco0iB B3aEMOIi1, a TAKOK MaKCUMaJbHE TX CITPOIICHHS
[10]. MeToto TakoTo MiIX0Ty € YHEMOMIIUBICHHS XUOHOTO
BUKOPUCTaHHS (YHKIIOHATY Ta CKOPOYCHHS 4Yacy
HEOOXiTHOTO JUIsi 3aCBOEHHS MOXIIHMBOCTEH mnakery. Y
HAIIOMY BHIIAJKY KiJIBKICTh ()YHKIIH, IO JOCTYIHI IO
BUKOPHCTAaHHS KJIIEHTaM, MOXe OyTH JTOBEIEHO 10 BCHOTO
i oxpHiel. Lle Oyne onepauis no inimianizaunii CMO 13
3aJaHUMHU NapaMeTpaMH i Iepenadyero KaHaiy, 1o Oyne
BHUKOPUCTOBYBATHUCH JUIS [TOJIa4i 3asBOK. Y BIATOBI/Ib JaHA
(dyHKITIs (KOHCTPYKTOP) TIOBEpHE 3MIHHY THITY KaHA IS
YUTAHHS PE3YJIbTATiB, 1 BCS TOJANbINA B3aEMOIis Oyne
BiIOYBaTHCH 3a JIOMIOMOTOI0 JIBOX KaHaNiB. SIK pe3yJbTar,
3aMiCTh Koomepallii yepe3 HalaHHs CIIJIBHOTO TOCTYITY JI0
TIEBHUX JITHOK ITaM’SATi KiIIbKOM TTapaielbHUM Mpoliecam,
MU TepeOyIOBYEMO MEXaHI3M Ha B3aEMOJII0 Yepe3
CIUIKYBaHHS TOBIMOMJICHHAMHU. Takuii migxig Oyio
BBE/ICHO 1 AeTanbHO onucaHo B poboti EnTtoni Xoapa y
pamkax Horo pobotu 3 “Communicating Sequential
Processes”, a6o cxopouerno CSP [13]. Jlns 3aBepuicHHS
pobotn 3 CMO Oyne NOCTaTHHO 3aKpUTTS KaHaly IS
HAJXO/DKEHHS 3asfBOK, IO TPU3BEAE O JIATiTHOTO
3ropTaHHs BCiX TporieciB. Sk i Oyo 3a3HaueHO y BUMOTax,
BCI XapaKTEPHCTUKN CHCTEMH MAarOTh 3a7aBaTHCh depes
CTPYKTYpY KOH}ITyparlii mepes moyaTtkoM podoTH Ta OyTH
BHKOPHUCTAaHI MPH iHiIiami3amii mporecy

BucHoBku. Y X0ai JOCTiKEHHST OyJI0 PO3TIISIHYTO
IICTaBH 10 AW3aiHy apXiTeKTypH NpOrpaMHOro 3abes-
NIEYCHHS, TPU3HAYEHOrO JJIsi MOJICJIIOBAHHS CHCTEM
MacoBOTr0 OOCIIyroByBaHHS. APryMeHTH OyJIM JOCTaTHBO
BarOMUMH JJIsi TPUAHATTS PIIICHHS PO TOLLIbHICTH

NpOEKTYBaHHs. J{J1s1 OTpUMaHHS 3a/I0BIJIBHUX pE3YNIbTaTiB
0y110 c(hopMOBAHO Psii BUMOT HIOA0 MaiiOyTHROT peaizarii
Ta OILiHEeH] X MpiopUTeTH. 3 METOIO JOCSTHEHHS BHCOKOT
SKOCTI W 3pY4YHOCTI y BHKOPUCTAaHHI MalOyTHBOI mpor-
pamH, OyJIO pO3MIITHYTO JEKUIbKa MOXKJIMBHX MIJIXOIIB 10
apXiTeKTypH. 3 ypaxyBaHHSIM 0COOJIUBOCTEH MOBH MPOTpa-
myBaHHSI GO0, Oyn0 00paHO MUIIX pO3POOKH 3aCTOCYHKY Y
BUDIISAAI makety. JIyis mocraBieHoi 3amadi Oyio miaro-
TOBJICHO 3arajpHy Jiarpamy ajaropuTMy OMpaIfOBaHHs
3a5BOK, a TAKOXK CIIPOEKTOBAHO BCI YOTHPH PiBHI MO
C4. byna Ttakox BpaxoBaHa BHMOTa IIOJI0 TapajielbHOTO
o0ciyroByBaHHs 3asiB0K CMO 3 BUKOpHCTaHHSIM MiIX0/iB
KOHKapeHci. Bes mpoekTHa oKkyMeHTallist po3pobiieHa Iij
IMIUIEeMeHTaIil0 MOBOKO (GO 3 BHKOPHUCTaHHSM BOYIO-
BaHOTO (yHKIIOHATY. Y X0l AOCIIKEHHs BHepiie OyIo
3aIpPOIIOHOBAHO apXiTEKTypy NPOrpaMHOTO 3a0e3NeyeHHs,
NpU3HAYCHY JUII MOJCIIOBAHHS PI3HOMAHITHHX CHCTEM
MacoBOTO OOCIIyTOBYBaHHSI i3 3aCTOCYBAHHSM Iapalieiib-
HUX O0YHCIIEHb 1 T AX0/1iB KOHKAPEHCI i IMIIEMEHTAIIif0
MOBOIO TiporpamyBanHs Go.
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SOFTWARE ARCHITECTURE SYSTEM DESIGN FOR THE MASS SERVICE SYSTEMS MODELING TO
BE IMPLEMENTED IN GO PROGRAMMING LANGUAGE

The subject of the article is the methods and approaches to organizing the architecture of software implementation designed for modeling the behavior
of mass service systems. The goal of the work is to design a software architecture for implementation in Go language, intended to replicate the behavior
of various types of mass service systems, without considering the failure of individual service channels, using parallel computing. The article addresses
the following tasks: consider the basis for designing the architecture and conclude its appropriateness; develop requirements for the future software
product for more effective resource use and clear definition of successful completion; analyze the approaches to organizing software architecture and
make a justified decision on the application of one of them; design a general algorithm scheme taking into account all requirements; identify the
components of the modeled system and their interactions; build process diagrams considering the specifics of the Go programming language; define the
method and contracts of interaction with the software. The research will utilize the following methods: Go programming language, concurrency,
architectural UML diagrams, C4 diagrams, process diagrams. The following results were obtained: the requirements for the software for modeling mass
service operations (SMO) were defined; common approaches to organizing architecture were considered and a comparative analysis was conducted; the
structure of the future program was developed at the necessary levels of abstraction; for the first time, an architecture of the software product for modeling
various mass service systems using parallel computing and the concurrency approach under the implementation in the Go programming language was
proposed.
Keywords: software architecture, computer modeling, mass service system, Go programming language, concurrency, parallelism.
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EKCTEPHAJII3AIISA HEABHUX 3HAHBb B MEHTAJIBHIA MOJIEJI KOPUCTYBAYA CUCTEMHA
MTYYHOI'O IHTEJIEKTY

IIpeamerom aOCIiKEHHs € mpoluecH (OpMyBaHHS MEHTAIbHOI MOZENi KOPHCTyBadya B CHCTEMax INTY4HOro iHTenekTy. IloOymoBa Takoi mozmemi
TIOB's3aHa 3 BUPIIICHHSAM IIPOOJIEMH HEIIPO30POCTi Ta HE3PO3yMIIOCT] IPOIIeCy NPUIHATTS pillleHb B TAKUX CHCTEMax I KiHIEBUX KOpHCTyBauiB. 11106
BUPIIIUTH IO POOIIEMY, KOPUCTYBaY CHCTEMH Ma€ OTPUMATH MOSICHEHHS 11010 OTPUMAHOTO pitieHHs. [T0sCHeHHs MTOBUHHO BPaXOBYBAaTH CIIPUHHATTS
pillleHHsI Ta poLecy HOro NPUHHATTI KOPUCTYBadeM, 0 GopMai3yeTbcs B paMKax MEHTAIBHOT MOJieNi KopHucTyBada. MeHTalbHa MOJICNb BPAXOBYE
BHKOPHUCTAHHs KOPUCTYBAYeM SIBHHX Ta HESBHUX 3HaHb, OCTAHHI 3 SIKMX 3a3BHYail HE MarOTh (HOPMAIBHOTO MpeACTaBiacHHS. ExcTepHamizalis Takux
3HaHb 3a0e3mnedye iX nepeTBopeHHs y popmanbHy hopmy. Metoro po6oTH € po3podka miaxomy 10 eKCTepHaIi3allii HessBHUX 3HAHb HAa OCHOBI BUIIIICHHS
MaTEePHIB Ta Kay3aJlbHUX 3aJICKHOCTEH JUIS MPOLECY NMPUHHATTS PillicHb B iHTEJIEKTyallbHIH cHCTEMi PH ITOOYI0BI MEHTAIBHOI MOZIEII KOPUCTYBaya.
JUist IOCSATHEHHST METH BUPIIIYIOTHCS TaKi 3aBIAaHHS: PO3pOOKa MEHTAIbHOT MOZIENi KOPUCTYBa4a CHCTEMH IITYYHOTO IHTENEKTY, KA BPaXOBYE SIK SIBHI,
TaK i HesIBHI 3HaHHs, Ta PO3POOKa IMTiXO1y 10 EKCTepHaJIi3alil HesIBHUX 3HaHb KOPUCTYBada CHCTEMH LITYYHOTO iHTENEKTY. 3alPOIIOHOBAHO MEHTAIIbHY
MOJIC/Ib KOPUCTYBa4ya CHCTEMH IITYYHOTO iHTEJICKTY, SKa BPaXOBYE SIK sIBHI, TAK 1 HEsIBHI 3HAHHS KOPHCTyBa4a. Mojienb BpaXxoBye 3B'I3KH MiXk SBHUMH
Ta HESIBHUMH 3HAHHSIMHU KOPUCTYBa4a {00 CUCTEMH IUTYYHOTO iHTENIEKTY, IPOLECY MPUAHATTS PillicHb, CIIOCO0Y BUKOPHCTAHHS PIlICHb Ta 3araibHOI
KOHIIETIIT iHTeNeKTyanbHOI cicTeMH. Lle cTBOproe yMOBH ulst €KCTEpHAIi3allil HeIBHUX 3HAHb KOPHCTYBaya Ta MOJANIBIIOr0 BUKOPUCTAHHS LIUX 3HAHb
npu (popMyBaHHI HOSICHEHB I10/I0 MPOLECY MPUHHSATTS PILIeHb y CUCTEMI IITYYHOTO iHTEJEKTY. 3aIpOIOHOBAHO MiXiA O eKCTepHawi3alii 3HaHb 31
CTATHCTUYHOTO Ta CEMAHTHYHOTO IIAPiB MEHTAIBLHOI MOJIEN KOPHCTyBa4a. Y MPaKTUYHOMY IUIaHI MiJXix JO3BOJISE IEPEBECTH B SIBHY (JOPMY YMOBH Ta

0OMEXKEHHS 1010 (POPMyBAHHS T4 BUKOPUCTAHHS PIlIEHb Y CHCTEMI IITyYHOTO IHTEIEKTY.
Kuro4doBi c1oBa: MeHTabHa MOJIEIb, TOSICHEHHS, CUCTEMA IITYYHOTO IHTEIIEKTY, 3pO3yMIJINii IITYYHUI IHTEIICKT, MEHTaJIbHA MOJICIb, Kay3aJlbHi

3aJI)KHOCTI, IPUYMHHO-HACII IKOBI 3aJICKHOCTI.

Beryn. MeHTansHa MOJIENb 3 TMO3UIIH KOTHITUBHOI
TICHXOJIOTI] BU3HAYAETHCS SIK HA0ip B3a€MOIIOB’ sI3aHUX eJle-
MEHTIB 3HaHb, SIKI BiZOOpaXalOTh BHYTPILIHE IMpECTaB-
JICHHS JIIOAMHHU INOJO0 KOHKPETHOI (DI3UYHOI CHCTEMH,
iHpopMariiHoro un Qizuynoro npouecy [1, 2]. Bkazana
MOJIETIb J1a€ MOXJIMBICTb Ja€ KOPUCTYBaueBi SIBHO Npen-
CTaBUTH TIOBENIHKY TaKOi CUCTEMH Ta 3pOOHTH MPOTHO3H
II0JI0 PE3YJIBTATIB ii poOOTH.

MenranpHa MOJENTb KOPUCTYBada JJISI CHCTEM ITOsIC-
HIOBUIBHOTO INITYYHOTO iHTeNnekTy (XAI) Bu3Hauae
MIPEICTABICHHS MIOA0 CHPUHHSITTS KOPUCTYBAa4YEM IIPOIIECY
NPUAHATTS PIMIEHHS Ta pe3yJabTaTiB pOOOTH CHUCTEMH
IITyYHOrO iHTENeKTy. Taka MoJenb BH3HAYa€ IMOPSIOK
B32€EMO/IIi 3 IHTEJICKTYaJbHOIO CHCTEMOIO, & TAaKOXX MOX-
JUBOCTI €()EKTMBHOTO BHKOPUCTAHHS OTPUMAHOTO BiJ
cUCTeMH pilleHHS. MeHTanbHa MOJENb € OCHOBOKO JUIS
CTBOPEHHSI NOSICHEHb, SIKi JOIOMAaraloTh KOPUCTYBayeBi
3pO3yMITH MOBEIIHKY 1 pe3yJbTaT pOOOTH CUCTEMH LITYY-
Horo intenekty (ILI). BimmoBigHO, BUKOPUCTaHHS MeEH-
TanbHOI MOJIENIi 1a€ MOXKIJIMBICTh cpOPMYyBaTH YMOBH ISt
OOTPYHTOBAHOTO MPUHHATTS PillIeHh KOPUCTYBadeM [3].

MeHnTtanpHa MOJENs KOPHCTyBada A€ MOXKIHMBICTH
M IBUAIIUTH €()EKTHBHICTh BUKOPHUCTAHHSI PIllICHb CHCTEMH
I, Ha OCHOBI MiJBHUIICHHS J0BIPH KOPUCTyBaya IUIIXOM
3a0e3neueHHs Mpo30pocTi podotu cuctemu. [lo-meprie,
SKIIO KOPUCTYBad PO3yMi€, SIK CHCTEMa LITYYHOI'O iHTe-
JIEKTY TIpUiMae pillieHHs, TO BiH OlIbIIe HOBIpsi€ T BUCHOB-
kam. Ilo-npyre, Taka moBipa 0a3yeTbcsi Ha 3pO3yMiIOMY,
IPO30pOMY JAJIsl KOPHCTYyBaya IPEJCTaBICHHI IPOLECIB B

cucremi LI, mo 3HMXKYE PHU3HK HEMPABHIBHOTO TpaK-
TYBaHHS OTPUMaHUX pe3yibTaTiB. [lo-Tpere, BHACTIIOK
MPO30POTro MPEICTABICHHS MPOLECY MPUAHATTS PIIICHHS
MOJICTIIYETHCS B3AEMOJIiS MIJK KOPHCTYBAa4eM 1 CUCTEMOIO
3a PaxyHOK CIPOIICHHS iHTepdeiicy. B-ueTBepTHx, MeH-
TaJbHA MOJENb CIPOIIYE 3aCTOCYBAaHHS OTPHUMAHHUX Pi-
IeHh KOPHUCTYyBadeM, HaJalodu HEOoOXiaHy iH(popMaIlito
JUTSL aHATi3y 1 Bamimaiii mpezacraBieHoro B cuctemi I
pIIICHHS.

TakuM 4MHOM, MEHTaJIbHA MOJIC]Ib KOPHCTYBaya Mae
OyTh BpaxoBaHa TpH MOOYAOBI MOSICHEHH B CHCTEMI
MTYYHOTO 1HTENEKTY IJIsi BHPIIICHHS MPOOJIEeMH HEMpO-
30pOCTI MPOLECY NPUIHATTS PIlICHb y TAKUX CUCTEMax 3
MO3HIii KOPUCTYBAYa.

IlosicHenHs, sike BIAMOBIJAa€ MEHTAIbHIA MOZIEII
KOpHUCTYyBaua, 3a0e3neuye JOBipy KOPHCTyBadya O OTpPHU-
MaHOT0 B IHTEJIEKTyaJIbHIA cucteMmi pimreHHs. Lle, y cBoro
4Yepry, 1a€ MOXKIUBICTh €(DEKTUBHO BUKOPHCTATH OTpUMa-
He pillleHHs Ha mpakTuii [3].

JIst migBUINIEHAS TOBIpH KOPHICTyBada J0 PIilISHHS
IHTEJIEKTYaIbHOI CHCTEMU BUKOPHCTOBYIOTHCS [[BA OCHOB-
Hi MAXO0I1: BUKOPHUCTAHHS MOJICIICH, IO € MPO30pHUMH a0
IHTEPIPETOBAHUMH Y BiJMIOBIIHOCTI 10 MEHTAILHOT MOJIe-
JIi KOPUCTYBaya; BUKOPUCTAHHSI MTOSICHEHb IS AITOPUTMIB
NPUHHATTA pillleHb, 110 HE MOXYTh OyTH iHTEpIIpeTOBaHi
0e3mocepeIHbO.

[HTepnperanis npouecy NpUAHATTS pilleHHs BinOy-
BAETHCS 3 BUKOPUCTAHHSM SIK SIBHUX, TaK 1 HCSIBHUX 3HAHb
KopucTyBaua. KoHIeniis HEsIBHUX 3HAaHb BIepIie Oyna
3anponoHoBaHa B poboti Michael Polanyi [4]. Ha BinMiny
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BiJl SBHUX, HCSIBHI 3HAHHS 3a3BUYall BiI0OOPaXarOTh MEPCo-
HAJIBHUI JOCBiJ KopucTyBaya. [logaipmimii po3BUTOK KOH-
Leniii HesIBHUX 3HAHb, 3aIPOIIOHOBAHMI B pOOOTI SIMOH-
cekux gocnignukiB . Nonaka, H. Takeuchi [5] nokasas,
mo ix ¢opmamizamis Mnop’si3aHa i3 CYTTEBUMH TPYIHO-
mamu. BinmoBigHO, eKkcTepHami3allisi HEeIBHUX 3HaHb B
MEHTQJBbHIH MOJIeNi KOPHUCTyBadya CHCTEMH INTYYHOTO
IHTEJIEKTY, TOOTO TpaHCchOopMallis WX 3HAHB B SIBHY POpMY
€ aKTyaJIHOIO 3a71a4ero.

AHami3 OCTaHHIX JTOCIIKESHB 1 ITyOJTiKaIlii.

JocimimkeHHs moao GopMyBaHHSI MEHTATLHUX MOJIE-
JIeH Uil KOPUCTYBAdiB CHUCTEM IITYYHOTO IHTEJICKTY B
OCTaHHI POKH MPOBOJUIUCH 3TiJJHO MPOTPaMU IMOSCHIO-
BaJBHOTO IITYYHOTO IHTEJEKTY, sika Iepeadavae Gopmy-
BaHHS [MOSICHCHb WIOAO MPOLECY MPUAHATTS PIlICHb B
iHTeJeKTyanbHiil cucremi [6]. HeoOximHicTh BpaxyBaTH
CHPUHUHATTS MpOIeCy pOOOTH CHCTEMH LITYYHOTO iHTe-
JIEKTy Ha TOsicHeHHs1 Oyna oOrpynToBana B [7]. Ilcmxo-
JIOTIYHI aCTIeKTH CIPUNHSATTS TMOSCHEHbB, K CBiTIaTh MIPO
aKTyaJIbHICTh TIOOYTOBM MEHTAJIBHOT MOJIEeNIi KOPUCTyBada
CHCTEMH IIITYYHOTO iHTEJIEKTY, PO3TIISIHYTI B poboTtax [8,
9]. MoxJIMBOCTI BiOOpakKeHHS HESBHUX 3HaHb y (opMi
TeMnopanpHux 3aynexHoctedl [10], a Takox iHTerpamii
TEMIOPAJIBHOTO Ta Kay3aJbHOTO ACIHCKTIB JUIs MOSCHCHHS
MPOIECY MPUHHATTS PIIICHHS B IHTCICKTYyalbHI CHUCTEMI
Oymu posristHyTi B [11-13].

AmHani3 npeacraBieHUX MyOiKalii nokasye, o npu
moOyI0BI MCHTaJbHHUX MOJICJICH KOPHCTyBaya CUCTEMU
IITYYHOTO iHTEJIEKTY BUKOPHUCTOBYETHCS MTEPEBAYKHO OIIH-
COBHUH MIiAXiZl, B paMKax SKOT'0 HE MPHUIIISIETECS CYTTEBA
yBara nepeBeICHHIO B ABHY (HOpMy Ta OAATIBIIOMY BHKO-
PHUCTaHHIO HESBHUX 3HAHb.

OpHak st €()EeKTHBHOTO BHUKOPHUCTAHHS CHCTEM
MTYIHOTO IHTEJNEKTY, 30KpeMa Ha OCHOBiI MOOYIOBH IO-
SICHEHb IIOJI0 MPOLECY iX poOOTH, HEOOXiHO eKCTepHa-
Ji3yBaTH, TOOTO NEPEBECTH B SIBHY ()OPMY HESIBHI 3HAHHS 3
TUM, 00 BiOOpPA3UTH PO3YyMIiHHS KOPHUCTYBaueM KIIIO-
YOBUX MPUHIHUIIB POOOTH CHCTEMH MITYYHOTO IHTEJICKTY
Ta KJIFOYOBUX €Talli NMPUHHATTS PiLIeHHs B Takiil cucTeMi.
3a3HaucHe CBiqUUTH MPO BAXKIMBICTH BUPIMICHHS 3aj]adi
eKCTepHaITi3aIlil TAKMX 3HAHb.

MeTa Ta 3aaa4i aociaigkeHHss. Meta poOOTH MOJIS-
rae y po3po0iii miaxomy 10 eKCTepHallizamii HessBHUX 3HaHb
Ha OCHOBI BHIUICHHA Kay3aJbHUX 3aJIe)KHOCTEH st
MpOIIeCy NMPHUUHATTSA Ta BUKOPHUCTAHHS DIlICHHS B iHTe-
JICKTYaJbHIA CHUCTEMI B paMKaxX MCHTaJbHOI MOJAETI KO-
pucTyBaua.

J1st nocsIrHEeHHS. METH BUPIIIYIOTHCS TaKi 3a1a4i:

— po3poOka MEHTaJbHOI MOJENI KOPHUCTyBaya CHC-
TEMHU MITYYHOTO IHTEJCKTY, IO BPAaXOBYE SIK SIBHi, TaK 1
HEsIBHI 3HAHHS,

— po3pobKa MigXoAy IO eKCTepHai3amii HEesBHUX
3HaHb KOPHCTYBada CUCTEMH IITYJIHOTO iHTETIEKTY.

[IpencraBneHHs SBHUX Ta HESIBHUX 3HAaHb Y
MEHTQJBbHIH MOJIeNi KOPHUCTyBadya CHCTEMH INTYYHOTO
THTEJIeKTY.

MeHTabHI MOZIEITi CTBOPIOIOTHCS JIFOIEMHU TP BUPi-
IICHHI MPaKTHYHUX 3a1a4. [Ipu moOya0Bi Takux Moaenen
BHUKOHYETBCS KOHIICITYyalli3alis 3a1ad4, MO0 MamTh OyTU
BUpIIIEH] JIIOJMHOIO, @ TAaKOX BipTyaiizalisi CHCTeM, SKi
HiATPUMYIOTh ~ BUpIlIEHHS 3ajavi, Ta  apTedakxTiB

HABKOJIMIIHBOTO CEPEIOBHINA, SIKI BUKOPHCTOBYIOTHCS B
UX 3a/1a4ax.

VY mporeci moOyI0BH MEHTaJIbHOT MOJEINI JIFOAMHU
BUKOPUCTOBYIOTBCS SIK SIBHI, TaK 1 HESIBHI 3HAHHS.

3rigHO KOHIEeNIii HesBHUX 3HaHb [4, 5], ocTaHHI
BaKKO 3aJJOKyMEHTYBATH Ta MepeaaTn BepOaIbHO. 3HaTHA
YacTHHA HANIMX MEHTAJIbHUX MOJENEH TIPYHTYEThCS Ha
JTOCBiJ/Ii Ta HABHYKAX, SIKI HE MOXKYTh OYTH TIOBHOIO MipOIO
BHP)KEHI CJIOBECHO Ta B MOJAIBIIOMY 33JI0KYMEHTOBaHI
JUTSE TIepeadi iHmmM JiroisiM. Tomy 3a3BHdai Taki 3HAHHS
3IMIIAIOTECS B paMKax 0COOHMCTOTO TOCBIAY JIIOIUHHU. Ix
Ba)XKKO MEpPEAaTy IHIIUM JIFOIIM 0e3 MONepeIHb0I TpaHc-
¢dopmarii.

Ha BigmiHy BiJ HESBHHMX 3HAaHb, SBHI 3HAHHSA €
CTPYKTYPOBAaHHMH, CHUCTEMATH30BaHUMH Ta JOKYMCH-
TOBaHMMH. SIBHI 3HaHHS MOXYTh OyTH mepemaHi Mix
JIOJbMH 32 JOIOMOTOI0 ICHYIOYMX KaHaJiB KOMYHiKallii.
[pukiagaMu sSIBHUX 3HaHb € JTOKYMEHTH, IHCTPYKIIi, Hay-
KOBi TyOJikarii, crangapTd Tomo. Taki 3HaHHS MOXYTh
OyTH BHUKOPHCTaHI ISl TOOYIOBU CXOXKHX MEHTAIBHUX
MOJIEJIEN Y IIMPOKOTO KOJIa JIFOJICH.

OmHak HEsSBHI 3HAHHS € KIIOYOBUMH Yy TIpoIeci
IHHOBAI[i}l Ta HABYAHHS, TOMY BUKOPUCTAHHS IIMX 3HAHb Ta
ix Tpancdopmaris B IBHY OpMY BiJirpa€e cyTTeBY pojb y
noOy/I0Bi Ta PO3BUTKY MEHTAILHUX MOJICIICH.

[opiBHSUTEHY XapaKTEPUCTUKY SBHUX Ta HESBHHX
3HaHb 3 MO3MIIT iX MPEACTABICHHS Y MEHTAIbHIA MOJEII
HaBeJeHo B TaduL. 1.

Tabmuns 1 — [pencraBieHHs SBHUX Ta HEIBHUX 3HAHb Y
MEHTAJIBHIH MOJIeIi KOPUCTyBada CUCTEMH IITYYHOTO 1HTEIEKTY

3HaHHS OcobmmBoCTI
1.HesiBHi — TUMOBI WIAOIOHH MpOLECy NPUHHATTS pi-
LICHb y BU3HAUYCHIH peAMeTHii 06acTi;
— 0OMeXeHI 3HaHHS I10JJ0 YMOB Ta 00OMEXEeHb
JUIsL BUKOPHCTAHHS DIilICHb CHCTEMH LITY4-
HOT'O iHTEJIEKTY;
2. SIBHi — IIPUYUHHO-HACTIIKOBI 3aJICKHOCTI MK Jisi-

MH IPOLECY HNPHHHATTS pIillleHb B IHTEJCK-
TyanbHill CHCTEMI;

—3HaHHSA I[IOAO 3aranbHUX KOHIEMIH, Ha
SIKUX 6a3yeThCst MPOLIEC IPHIHSTTS PIlICHHS B
CHCTEMIi IITYYHOTO iHTEICKTY.

MoskHa BUAUIUTH TakKi KJIFOYOBI 3HAHHS JIFOJWHH, SIKI
BIUTMBAIOTh Ha XapPaKTCPUCTUKU MCHTAIBHOT MOJIEII:

—3arajbHUN JIOCBI KOPUCTYBa4ya y BH3HAYCHIN
HpeAMETHIH ramys3i;

— moriepeHst  iHgopmanis abo nocBix pobort i3
CHUCTEMaMH y BIJIIIOBIHIH IPEeIMETHIN TaIy3i;

— KJIIOYOBI  alNroputMu  0OpoOku
KOpHCTYyBaya;

— CTPYKTypa MPEJCTABJICHHS aHUX MPO HPEAMETHY
rainy3b y KOHKPETHOTO KOPUCTYyBaya.

MeHTaIbHI MOJIeTli MarOTh €BOJIOIIHHUN XapakTep,
aJanTyloThCsA 10 HOBOI iH(opMmarlii, 3HaHb Ta IOCBiIY
KOpHCTyBaya, 3a0e3neuyodn e()eKTHBHY B3aEMOJIIIO 3 CUC-
TEMaMH MITYYHOTO IHTEJEKTY Ta BUKOPUCTAHHS PE3yiib-
TaTiB, OTPUMAHUX y TAKUX CUCTEMAX.

OfHak MEHTalbHI MOJETI MAalTh PSJ HEIONIKIB,
MOB’s13aHUX 13 BUKOPUCTAHHSIM HESIBHUX 3HAHb.

iHpopMmarii
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[To-nepire, 3a3Bu4aii MEHTaIbHA MOJICIb € HEITOBHOIO
BHACJIIJIOK HCTMIOBHOTHU 3HaHb JIIOJWHU IIOAO MPEIMETHOT
obnacri. [lo-gpyre, MeHTaIbHA MOJIENIb MOXE BKIIFOYATH
HAITMIIKOBI MPaBHJIA, sIKi HE BiJOOpakatoTh OCOOIUBOCTI
npeaMeTHoi obutacti. 1i mpaBuia MOXyTh 0azyBaThCs Ha
ToTiepeTHLOMY JTOCBiII KOprCcTyBada. BoHu 3a0e31meuyroTh
JIOBIpY O CHCTEMH, 3 SIKOIO IPAIlO€ KOPHCTyBad, ajie HEe
MAaIOTh MMPAKTHYHOI 3HAYYIIOCTI.

CTpyKTypHO MEHTalbHAa MOJEIh KOPHCTyBada Mae
BpPaxOBYBaTH KOHIIEMIIO 1 MPUHIMIIA POOOTH CHCTEMH,
(GyHKIT, SKIi BHKOHYE CHCTEMa, OCOOJHMBOCTI TPOIECY
NPUUAHATTS PINICHHSA, a TaKOX KOHTEKCT, y SKOMY ¢
PILICHHS MPUAMAETHCS.

TakuMm YWMHOM, TMPH MOOYAOBI MEHTAJIBHOI MOZEII
KOPHCTYBa4a B CUCTEMIi MOSICHIOBAJILHOTO IITYYHOTO IHTE-
JICKTY, HEOOX1THO BUKOPUCTOBYBATH:

— KOHLENTYAJIbHI 3HAHHS MIO0 IPOLECY MPUAHATTS
pillleHb y BU3HAYCHIH MpeIMeTHil o0nacTi;

— 3HaHHA OI0JI0 OCOOJIMBOCTEH BHKOPHCTAHHS OTPH-
MaHOTO B CHCTEMi pe3yiIbTaTy;

— MaTepHU, M0 BiTOOpaXaloTh MPOIEC MPUAHATTS
pIllIeHb Y CHCTEMI;

— Kay3aJbHiI 3aJC)KHOCTI, IO BH3HAYAIOTH 3B 30K
MIiX eTaraMu IpOoIeCy MPUIHATTS PINICHHS Ta OTPUMAHHS
pe3yabTary.

KonrenryanbHi 3HaHHS IMOJO TPOIECY HPUNHSITTS
pilieHb BioOpa)xaroTh 3arajibHUN JOCBiJ KOPUCTyBaya y
mpeaMeTHIH o0nacTi. 3HAHHS 100 OCOOIMBOCTEH BUKO-
PUCTAHHS DIllIEHHS I1HTEJNEKTyaJlbHOI CHCTEMH BimoOpa-
JKAIOTh JOCBi pOoOOTH 31 CXOKUMH CHUCTEMaMH B TIPEI-
MeTHili oOmacti. IlaTepHr mporecy NPHHHATTS pilllcHb
JIOTIOBHIOIOTH QJITOPUTMH 00poOKH iH(opMarii KOpucTy-
BaueM. BoHHM BimoOpakaloTh 3B’SI3KHM MiXK JaHUMH Ta
pPE3yNBTaTOM Y BIAMOBITHOCTI JO0 CTPYKTYpH NpPEICTaB-
JICHHS JaHUX TPO MPEJMETHY 00JacTh KOHKPETHOTO KO-
pucTyBaua.

TakuMm 4MHOM, MEHTaJIbHA MOJCTh KOPUCTYBAa4Ya Ma€
OyTu moOyIoBaHA HA KOHIENTYaJIbHOMY, CEMAHTUYHOMY,
CTaTUCTHYHOMY Ta Kay3aJbHOMY PIBHSX 3 BUKOPUCTAHHSIM
BiJIOBIJTHUX ITiTXO/iB, SIK IPEJCTaBICHO B TA0M. 2.

CTpyKTYypy MEHTAIILHOI MOJIETIi, III0 BPaXxOBYE SIBHI Ta
HESBHI acIeKTH 3HaHb KOPHUCTYBada, MPEICTABICHO Ha
puc. 1.

@DopManbHO MOJAETh MICTHTh INAapH 3 HEIBHUMH
3HAHHAM: CTATHCTUYHAK B Ta CEMaHTHYHHHM S , a TAKOX
Iap 3 SBHAMHU 3HAHHAM: Kay3anbHHH C Ta KOHICTITY-
anpHU P .

M =(B,S,C,P).
(D

EnevenTtn SBHHX Ta HESBHMX 3HaHb y MOJEII
OB ’s13aHI HACTYTHUM YMHOM. KOXKHUIT eJeMeHT HesBHUX
3HaHb Y CTATUCTHYHOMY IIapi Ma€ BiAMOBITHUA €IEMEHT
SIBHUX 3HAHb Y Kay3aJIbHOMY mapi. ToOTO KOKHUI aTepH
b, 13 mapy B cKIafaeTbcd 13 MIAMHOXHHH Ka3yaJlbHHX

sanexxHocreit C, i3 mapy C.
B={b},C={c,}:Vh eB3C cC. )

i

[HmIMMU c10BaMH, KOH’IOHKITSI Kay3aJIbHUX 3aJIekK-
HOCTeH BioOpaxae B IBHOMY BUIJILII aTepH b,

C ={c c.

i

S22

CiriC N NG <—>b,.}.

3)

AHaNoriyHo, KOXEH EJIEMEHT CEMaHTHYHOIO IIapy
S, Mae€ KOHLENTyalbHE OOMEXKEHHS Yy BiANOBiAHOMY

mapi p, :

S={sk},P={pl}:(‘v’k)ﬂl:sk|p1.

“

Tabnuit 2 — PiBHI MeHTaIbHOT MOJIETi KOPUCTYBa4ya CUCTEMU
IITYYHOTO IHTENICKTY

PiBens Mozemi

OcobimBocCTi

1.Kay3anpuuit

— Kay3aJbHi 3aJI©KHOCTI MK BiZOMH-
MM CTaHaMH CHCTeMH abo JisMu
npolecy NPUAHSATTS PIllIeHHS B iHTe-
JICKTYalIbHIN cUCTeMI;

— 3aJIE)KHOCTI MK BXITHUMH JAHUMH
Ta Pe3yJbTaTOM CHCTEMH IITYYHOTO
IHTEJICKTY, 110 BH3HAYAIOTh BIUIHB
BXIZIHMX JaHHUX Ha OTPUMaHHUM pe3yIib-
Tar;

— Ha IaHOMY piBHIi 3a0e31e4y€eThCs Ho-
SCHEHHS 3 YpaxXyBaHHSM SBHUX 3HaHb
KOpUCTYBa4ya IIOJO  IIPU3HAYCHHS
BXI/IHUX 1 IPOMIXKHUX JTaHUX 1HTEJICK-
TyaJbHOI CHCTEMH;

2. CratuctTuuHuit
(0B’ s13aHUH 13
HESIBHUMH
3HAHHSAMU I0JI0
MPOLECY NPUNHHATTS
pilieHHs)

— THIIOBI IATEPHU MPOLIECY IPUAHATTS
pillIeHHS;

— MaTepHH BiJOOPaXaroTh BiJOMI AaHi
PO HNPOMIXKHI cTaHu mpouecy hopmy-
BaHHS PE3yJbTaTy B CHUCTEMI IUTYY-
HOT'O iHTEJIeKTY;

—Ha JaHOMY piBHI 3a0e3NedyroThCS
YMOBH ISl TIOSICHEHHS PILLICHHS CHC-
TEMH IITYYHOTO IHTEJIEKTY Ha OCHOBI
JOCBiy (3a3BU4all HESIBHUX aJTOPHT-
MiB) 00poOku iHdopmarii Kopucry-
BayeM.

3. CemaHTHYHUIH
(1108’ s13aHMi i3
pilIeHHIM
CHCTEMH)

— KOHTEKCT BHpILIEHHS 3a1adi, Ipei-
CTaBJICHUI BXITHUMHU JTaHUMH;

— YMOBH BHKOPHCTAHHS OTPUMAHOTO
pilleHHs 3 ypaxXyBaHHSIM BiIMiHHOC-
Tell BXiJHUX JAHUX;

—Ha JaHOMy piBHI 3a0e3[edyroThCs
YMOBH JUISl TIOSCHEHHS IPaKTHYHOL
BOKJIMBOCTI OTPUMAHOTO PIllICHHS 3
YpaxyBaHHSM, y TOMY YHCIi HESBHHX
3HaHb KOPUCTYBaya I10JI0 BUPILICHHS
CXOXHX 10 LIJIbOBOI 3a7a4 y BH3HA-
4eHill npenMeTHii o0nacTi;

4. KonuenryanbHuit
(3aranbpHi
3aKOHOMIpPHOCTI
(byHKLIIOHYBaHHS
CHCTEMH, 1110 €
HE3aJIe)KHUMH BiJT
KOHTEKCTY)

— 3arajbHa CXeMa Ipolecy NPUHHATTS
pimens y ¢opmari «BXigHi naHi —
KJIIOUOBI KPOKH — PE3yJIbTaTy;

— 3arayibHi 0OMEXEHHS 11010 IPOLIECy
HPUAHATTS PillleHb, 110 € THIOBHMHM
JUIS pi3HUX BapiaHTiB KOHTEKCTY BHPi-
IIEHHs HIIL0BOI 3a1a4i;

— KJIIOYOBI yMOBH OTPHMAaHHS Pe3yJib-
TaTy, IO He € 3aJeXHHMH BiJl IIOTOY-
HOTO KOHTEKCTY;

— Ha JaHOMY piBHI 3a0e3[edyroThCs
YMOBH I HOSICHEHHS L10JI0 NIPUHIIU-
HOBOI MOJMJIMBOCTI OTPUMAaTH pelle-
BaHTHE pINICHHS @pH BHPIIIEHHI
HUTBOBOI 3amadi y BHOpaHii mpen-
METHIH o0JacTi.
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CTaTHCTHYHUIA: TUITOBI ATEPHH MIPOLIECY
TPUAHSTTS PILICHHS
(HesIBHI 3HAHH)

ExcTepHainizalis HesIBHUX 3HaHb
(nepeBenieHHS B IBHY OpPMY)

Kay3anpHuii: TUTIOBI 3aJI©KHOCTI MiXK AIIMU
TPOLIECY TIPUAHSATTS PilllCHHS
(s1BH1 3HAHHS)

V3ropkeHHs SBHUX 3HaHb

|

CeMaHTHYHHUI: YMOBH Ta OOMEKECHHS 11070
BHUKOPHCTAHHSI PIllICHHS CHCTEMH IITYYHOTO
IHTEIIEKTY, BPAXOBYETHCS KOHTEKCT
(xoMOiHAIIiS IBHUX Ta HESIBHUX 3HAHB )

.

ExcTepHami3aiis HesIBHUX Ta
Y3TOJKEHHS SIBHUX 3HAHb

KoHuenryaspHuid: 3arabHa He3aJIe)KHa Bif
KOHTEKCTY CXeMa Ta HPUHIUITY TPUHHITTS
pIlLIEHHS B CHCTEMI
(sBHI 3HAHHS)

Puc. 1. CTpykTypa MEHTaJIbHOI MOJIEIIi KOPUCTYBa4a y acleKTi
SIBHUX T4 HESBHUX 3HAHD

3rifiHO 3 PO3TJISHYTHM IPEACTABICHHSIM MEHTaIBHOT
MOJIe)Ti KOPUCTYBa4a B aCIEKTi SBHUX Ta HCSBHHUX 3HAHB,
EKCTepHAITI3allisl HeSIBHUX 3HAHb BIIOYBA€THCS MPH MEpe-
XOJI1 BiJI CTATHCTUYHOTO JI0 Kay3aJbHOT'0 MIapy MEHTAJIbHOT
MOJICNi, & TaKOXK MHpPU IEPeXOil BiJ CEMAaHTHYHOTO [0
KOHIICTITYaJIbHOTO II1apy.

Tobro dopmambHO eKcTepHai3amisl MpeacTaBieHa
obyukuismu Fy. :B—>C 1a Fg: S — P. Ilepma 3 Hux

BU3HAYa€ CHoci0 BinoOpaxkeHHs HAaTepHiB b, , 10 BinoO-

paKaroTh HEsIBHI 3HAHHS PO MPOIEC TPUHHSTTS PIlICHHS
Yy CEMaHTHYHOMY IIapi, HA MIJAMHOXKUHY SIBHHX Kay3ajb-
Hux 3anexHocreil C,. Ciix 3a3HauuTH, 1O TUIIOBI MaTep-

HU Bi0OpaKarOTh TEMIIOPAIBHI 3aJIC)KHOCTI MK AisIMU
TIPOIIeCy MPUHHSATTS PillieHHS a00 MiX BXiITHUMHU JaHUMH
Ta pe3ynbTaroM. ToOOTO HESBHI 3HAHHS MalOTh TEM-
MOopalbHi XapaKTEPUCTUKH, IO OOYMOBIIOE MOXKJIMBICTH
(bopMyBaHHs SIBHAX Kay3aJbHHX 3aJIe)KHOCTEH Ha BIAIO-
BimHOMY Imiapi. ToMy ekcTepHai3allis 3HaHb BiOYBa€EThCS
LUUSIXOM BHSIBJICHHS TEMIIOPAJIbHUX 3aJICKHOCTEH, SIKi
MAalOTh PUYMHHO-HACIIIKOBUI Xapakrep. pyra QpyHKIis

BHU3HAYAE CIOCIO 5, BUKOPUCTAHHSA OTPUMAHOIO B IHTEJICK-
TyallbHIl CHCTEMI pe3ylbTaTy IpU OOMEKEHHAX p, Yy

KOHLENTyalbHOMY Inapi. ToOTo ekcTepHanizalis 3HaHb y
JTAHOMY BHIAJKy 3[1HCHIOETHCS HA OCHOBI BCTaHOBJICHHS
0o0MeXeHb 3aCTOCYBAHHS 3a MPHUHIMIIOM «IIO0 He 3a00po-
HEHO, Te MOXe OyTH BUKOpHCTaHO». Takuil miaxin Bpa-
XOBYE HEMOBHOTY iH(opMarii Io10 MOXIMBUX BapiaHTIB
BUKOPHUCTAHHS PIIICHHS CHCTEMH IITYYHOTO 1HTEIEKTY.

Minxix 10  exkcrepHadizamii 3HaHb  AJs
CTATHCTUYHOI'0 Ta CEMAHTHYHOIO MIAPiB MEHTAJIBLHOI
mopedi. ITigxing 0a3yeTbcs Ha TakuUX 3alpPONOHOBAHUX
MPUHIIAIAX: MOXIUBICHUH; oOMexyrouuit. [leprmmit
MIPUHIIMAIT TIOJISITa€ Y BU3HAYEHHI Ta OINHII MOXKIHUBOCTI
MIEpETBOPEHHS HESIBHOI Kay3aJbHOI 3aJIC)KHOCTI y CKIaii
natepHy Ha SIBHY NPHYMHHO-HACIIJAKOBY 3aJIeKHICTB.
BukopucTaHHS MOKJIMBICHOTO HNPUHLMITY HAIpaBleHO Ha
abcTparyBaHHs BiJl KOHTEKCTY 3aCTOCYBaHHS HAaTEpHIB,
OCKIJIBKM MOXIJIMBICTh PO3PaXOBYEThCS Yy IOPIBHSHHI 3
JIbTEPHATUBHUMH BapiaHTaMHU Kay3aJbHUX 3aJeKHOCTEH
Ha THX k€ Habopax BXigHHX ab0 TPOMDKHHX JaHUX.
3o0kpeMa, s PEKOMEHIAIIHOI CHUCTEeMH NPUYHHHO-
HACJIIIKOBHUH 3B’SA30K MOKe OyTH BH3HAYCHHI Ha OCHOBI
3HAYCHHS MOXIIMBOCTI BIUIMBY IEBHUX XapaKTEPHCTHK
TOBapy Ha OTPHMaHy pPEKOMEHIAIlilo (HAIPUKIam s
PEKOMEH/IOBAaHOTO KOHIMIIIOHEPY — BIUIMB IOTYXKHOCTI,
TOProBoi Mapku, ymnpasiiHHA 1o wi-fi Tomo Ha BuOIp
3anpornoHoBanoi Mmopeni). s cucremu posmizHaBaHHS
BiIeo — uepe3 3HaYCHHS! MOXKJIMBOCTI BIUIMBY IIEBHUX elle-
MEHTIB 300pakeHHs Ha KiHIIEBUIl pe3yibTaT po3Ii3Ha-
BaHHSI.

OOMeXYIOUUH TPUHITAI TOJIATAE Y eKCTepHaTi3allil
HESBHUX CIIOCOOIB BHUKOPUCTAHHS PIMICHHS CHUCTEMH
MTYYHOTO IHTEJEKTY dYepe3 CYKYIHICTh OOMEXeHb Ha
MOJKITUBOCTI Takoro 3actocyBaHHs. 1[i 0OMexeHHST MalOTh
BiJIMTOBIAaTH KOHIIETIIIi BAKOPUCTAHHS CHCTEMH IMTYYHOTO
IHTEJIEKTY Y BUOpaHiil mpeMeTHIN obmacTi. 3okpemMa, IS
MOBHHX MOJIEJIeH, 1110 TeHEePYIOTh BiIOBIII KOPUCTyBaYyaM
CHCTEM XOCTHHIY, Taki OOMEXEHHS MOXYTb OyTH
MOB’sI3aHi 13 MOJKJIMBICTIO BUKOPHCTaHHS IIEBHUX CIELH-
(IYHUX TEPMIiHIB, CICHIOBUX CJIB, & TAKOX ITOBHOTOIO
iHpopMmamii [I0A0 TEXHIYHMX XapPAKTEPUCTHK CHUCTEMH
XOCTHHTY.

Y BIAMOBIAHOCTI 10 TPEACTABICHUX TMPUHITUIIIB,
po3poOIIeHNH TiaXia MiCTUTh (Da3u eKcTepHamizallii 3HaHb
Y CTAaTHCTUYHOMY Ta CEMaHTHYHOMY IIIapax MOJIEIII.

®aza 1. EcrepHanizaliisi CTAaTHCTUIHUX 3HAHb.

BXimHUMHU TaHWUMY € BXiIHI Ta MPOMIDKHI JaHi CHC-
TEMH IUTYYHOTO IHTENICKTY.

Eran 1. Ctpykrypu3anist BXiTHUX JIaHHX.

Ha nanomy etami ¢opmyerscss Habip aTpuOyTiB
BXIJHHUX JaHuX. [ KoskHOrO arpudyTy opMyeThes KiH-
1IeBa MHOKMHA 3Ha4YEHb JIaHUX.

Etan 2. Po3paxyHOK MOXIIUBOCTEH BIUIUBY KOXHOT'O
3HaYeHHS aTpuOyTiB Ha KiHIEBUX pe3ynbrar (abo
HACTYITHY 10 TIPOIeCY IPUHHATTS pimieHHs ). Po3paxyHok
BUKOHYETHCS 3TiTHO TEOPii MOKITUBOCTEH.

Ertan 3. Bigbip miaMHOXHHH MOXIWBHX 3HAYCHb-
TIPWYHH.

Ha manomy erarii BitOMpaeThCs MIMHOKAHA 3HAYECHb
aTpuOYTIB 13 3HAYCHHSMH MOXKIIUBOCTI, [0 MEPEBUIIYIOTh
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noporose. J[o1aTKkoBO MoXe OyTH BpaxoBaHO IMOKa3HHK
HEOOXiTHOCTI.

®aza 2. ExcrepHanizalisi CCeMaHTHYHUX 3HAHb.

Bxigaumu nanuMu Ha naHii ¢asi € inpopmaris mpo
NIPU3HAYECHHS IHTEJIEeKTyalbHO1 cucteMHu. Taka inpopmariis
Moke OyTH copMoOBaHa Ha OCHOBI aHAI3y BiAMOBiIHOT
JIOKYMEHTAIIii 3 BUKOPUCTAaHHSAM MOBHUX Mojeneit. Takox
B SKOCTi BXJIHWX NaHWUX BHCTYMNAIOTh 3arajbHi XapakTe-
PUCTHKH OTPHMAHOTO B IHTEJICKTYalbHIN cHCTEMI pillleH-
Hs1. Hanpukian, y pekoMeHIaIiiHil cucTeMi Taki Xxapak-
TEPHUCTUKHU HAJTAIOTHCS B ONUCI PEKOMEHIOBAHOTO TOBApYy,
a TaKoX y HEsBHIM (opMi, y BiAryKax KOpUCTYBadiB Ha
KyIUIeHUH ToBap.

Etan 1. ®opmyBaHHS MHOXHHM KOHLENTYaJlbHUX
00MeKeHb 3 BUKOPUCTAHHIM MOBHOI MOJICII, aJalITOBAHOT
i BiIIOBiHY PEAMETHY 00JIaCTh.

Etan 2. dopmyBaHHs mepeniky 3acTOCyBaHb Ha
OCHOBI aHaJIi3y OMHUCIB BUKOPHCTAHHS PIMICHHS Yy Pi3HUX
KOHTEKCTax.

Eramn 3. Omigka BiamoBigHOCTI OOMEXKEHHIM Ha OCHO-
Bi 00YMCIICHHS HEOOX1HOCTI BUKOPUCTAHHS PillICHHS.

Orinka HEOOXiTHOCTI BUKOHYETHCS IIIJISTXOM TIOPiB-
HSIHHSI PIICHHS 3 alIbTCPHATUBAMH, 1110 HE 33I0OBOJIbHSIOThH
0OMEKEHHSIM.

PosrnsHeMoO mpuKIaa MPaKTHYHOTO 3aCTOCYBAaHHS
JTAHOTO i IXOAY JUIsl PEKOMEHAIIHOT CHCTEMH.

PekoMeHyeThCsI TICBHUN TOBAp, HAMPHUKIIAA KOHIH-
mionep. Kiro4oBi XapaKTepHCTUKU TOBApy: MOTYXKHICTh
OXOJIO/PKEHHST; TOPTOBa MapKa; CTPOK rapaHTii; mpemianbHi
BIIACTUBOCTI (MOJIMBICTh TIAICPiBY TMOBITPS, JOCTYI
4yepe3 iHTepHeT i T. 11.). [IpoMiXxHi eTaru poOOTH peKoOMeH-
JaIiiHoi CUCTeMM He € MOCTYIMHHUMH IS KOPHCTYyBaya.
BinmosigHo, matepH BUOOPY € HEBIIOMUM. Y TaKkOMy BH-
MaJKy BCTAHOBJIIOETHCSA NPHYMHHO-HACITITKOBHHA 3B 30K
MiX 3HAYCHHSIM BJIACTUBOCTCH TOBapy Ta PEKOMCH/IAIIIEIO.
ToOTO HEoOXiqHO 3HAWTH BIAMOBINL HA 3aMUTAHHA «3-3a
SIKMX BJIACTUBOCTEH TOBapy CUCTEMa PEKOMCHIyBaia HOro
KiHIIEBOMY KOpUCTYBaueBi?». [{Jis BiINOBIi/I HA 1Ie MUTaH-
HSl PO3PAXOBYIOTHCS 3HAYCHHS MOXJIMBOCTEH JUIS Xapak-
TEPUCTUK KOHIHLIOHEepa. ToOTO OKpeMO PO3paxoBYIOTHCS
BIICOTKM KOHIUIIIOHEPIiB JaHOI TMOTYXXHOCTi, JaHOl
TOProBOoi Mapku, 3 mpeMialbHUMH (DYHKIISIMH, SKi Oyau
MPoJIaHi B MOTOYHOMY C€30Hi. MOKIIMBOCTI BIUTUBY ITHX
3HauYeHb BU3HAYAIOTHCS 3TiTHO Teopii MOXIMBOCTEH. Bin-
OMpaIOTHCS BIACTHUBOCTI 3 MaKCUMAJIBHOIO MOXKIHBICTIO.
Hanpukian, BiImoBi» Ha HaBEICHE MUTAHHS MOXE MaTd
BUTJIST: KKOHIUITIOHED OYJI0 PEKOMEHI0BAaHO TOMY, IO BiH
Mae mpemianbHy (YHKIIIO MirpiBy moitps». To0rto
OTPUMAHO SIBHI 3HAHHS, SKi CKJIAJAI0Th Kay3aJbHHU IIap
MEHTAJIBHOT MOJICIT.

Ha ¢a3i 2 Bu3HauaroThCsi 0OMEXEHHS MPaKTUIHOTO
3aCTOCYBaHHS PEKOMEHIOBAHOTO KOHIUIIIOHEpa. 30KpeMa,
aHai3 BIATYKiB 3 BUKOPHCTAaHHSIM MOBHOI MOJEN MOXe
MOKa3aTy, 10 KOHAWIIOHEP IOTAaHO IiAIrpiBaE IMOBITPS
IIpH TEMITepaTypax Hikde —15 rpamgyciB. 3riqHO KOHIIET-
TyaJbHOTO Iapy, KOHIUIIOHED, Ha BiIMiHY BiJ] TETJIOBOTO
HACOCY, OPIEHTOBAHMHN B MEPIIy YEPTy HA OXOJIOKCHHS.
He nepenbaueHo eekTMBHMI HarpiB NMpH IyXe HU3bKIH
TemrepaTypi (HampuKiIaa, HWXKYe -7 TpajayciB) HaBKO-
JIMIIHBOTO cepefoBHIIa. ToOTO BCTAaHOBIIIOETHCS 3HAYCHHS
HEOOXiTHOCTI I JaHOrO TOBapy 3 YpaxyBaHHIM

MOJKJIMBOCTCH BUKOPUCTAHHS albTCPHATUBHUX MOJEICH
KOHJMLIIOHEPIB JJIst MiAIrpiBY NMPU HU3BKHUX TEMIIEpaTypax
30BHIIIHBOTO cepenoBuia. HeoOXimHICTh BU3HAYAETHCS
3riIHO0 Teopii MOXXJIMBOCTEW. 3a pe3ysibTaToM BCTAHOB-
JoeThest oOMexxeHHs Ha edektuBHui (3 BucokuM KKJI)
MiJITpiB MOBITPSL.

BucHoBKH. 3anpOIIOHOBaHO MEHTAIBHY MOJENb KO-
pHCTyBaya CUCTEMH LITYYHOTO IHTEJIEKTY, IO BPAXOBYE SIK
SIBHI, TaK 1 HESIBHI 3HAHHS KOPUCTyBaya.

Mogenb CKIagaeTbess 3 CTATUCTHYHOTO, CEMaHTH4-
HOT0, Kay3aJbHOI'0 Ta KOHIENTyalbHOro miapis. KoHen-
TyallbHU{ IIap MICTUTh 3HAHHS MIOJ0 CXEMU, IPUHIIMIIIB
Ta KOHICMIIi BUKOPUCTAHHS CUCTEMHU INTYYHOTO IHTE-
nekty. CeMaHTHYHUM 1ap BKJIIOYAE 3HAHHS 00 YMOB Ta
o0MeXeHb BUKOPHUCTAHHS pe3yNbTaTiB, OTPUMAaHUX y CHUC-
TeMi mWTyyHOro iHrenekry. CTaTUCTUUHUMNA miap BimoOpa-
JKae maTepHu (popMyBaHHS PIlllCHb 1HTEICKTYallbHOI CHUC-
Temu. Kay3anpHUIA ap MiCTUTh KIFOYOBI 3aJICIKHOCTI MiXkK
BXIJJHIMH JTAHUMU Ta PIIICHHSIMH, & TAKOK MK eTarmamu
nporiecy (GopMyBaHHA PpillleHb Yy CHCTEMi INTYYHOTO
IHTEJIEKTY. 3aIpoITOHOBaHa MOJIEITh BPAXOBYE 3B’ A3KH MiK
SIBHUMH Ta HESIBHUMH 3HAHHSIMH KOPHCTYyBaua MIOIO CHC-
TEMH IITYYHOTO IHTEICKTY, IPOIECY MPUIHSATTS PIllICHb,
Croco0y BHMKOPHMCTaHHS pillleHb Ta 3arajbHOI KOHIEMIi
iHTeNeKTyanbHOI cucteMH. Lle no3Bossie ekcTepHalizyBaTH
HCSIBHI 3HAHHS KOPHUCTYBaya Ta BUKOPUCTATH EKCTCPHAII-
30BaHi 3HaHHS IIpU (OPMYBaHHI HOSICHEHb LIOA0 IPOLECY
TNPUAHATTS PillICHB.

3anponoHOBaHO MiAXiJ MO eKCTepHami3alii 3HaHb Y
paMKax MEHTaJbHOI MOJENI KOPHCTyBaya CHCTEMH IITYY-
Horo iHTenekty. Iligxim mictuTh (a3m excrepHaizamii
3HaHb i3 CTATUCTUYHOTO Iapy MOJEII, IO BiOOpakaroTh
THTIOBI TTATEPHU TPOIIECIB MPUUHATTS PillIeHb y CHCTEMI, a
TaKOX eKCTepHami3allil 3HaHb CEMAHTUYHOTO IIapy, IO
BiZIoOpa)xaloTh CrIOCOOM BUKOPUCTAHHS LBOTO PillIeHHS. Y
NPAaKTUYHOMY IUIaHI MiAXIT Ja€ MOXIHUBICTh TIEPEBECTU B
saBHY (popMy yMOBH Ta 0OMEKeHHs 11010 popMyBaHHS Ta
BUKOPHCTAHHS PIICHb Y CUCTEMI IITYYHOI'O IHTEIEKTY.
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EXTERNALIZATION OF TACIT KNOWLEDGE IN THE MENTAL MODEL OF A USER OF AN
ARTIFICIAL INTELLIGENCE SYSTEM

The subject of the study is the processes of forming the user's mental model in artificial intelligence systems. The construction of such a model is
associated with solving the problem of opacity and incomprehensibility of the decision-making process in such systems for end users. To solve this
problem, the system user needs to receive an explanation of the obtained decision. The explanation should take into account the user's perception of the
decision and the decision-making process, which is formalized within the user's mental model. The mental model considers the user's use of explicit and
implicit knowledge, the latter of which usually lacks formal representation. The externalization of such knowledge ensures its transformation into a
formal form. The aim of the work is to develop an approach to the externalization of implicit knowledge based on identifying patterns and causal
dependencies for the decision-making process in an intelligent system when constructing the user's mental model. To achieve this goal, the following
tasks are solved: developing a user's mental model of an artificial intelligence system that takes into account both explicit and implicit knowledge and
developing an approach to the externalization of implicit knowledge of the user of the artificial intelligence system. A user's mental model of an artificial
intelligence system that accounts for both explicit and implicit knowledge of the user is proposed. The model considers the connections between the
user's explicit and implicit knowledge regarding the artificial intelligence system, the decision-making process, the method of using the decisions, and
the general concept of the intelligent system. This creates conditions for the externalization of the user's implicit knowledge and the subsequent use of
this knowledge in forming explanations regarding the decision-making process in the artificial intelligence system. An approach to the externalization
of knowledge from the statistical and semantic layers of the user's mental model is proposed. In practical terms, the approach makes it possible to translate
into explicit form the conditions and constraints regarding the formation and use of decisions in the artificial intelligence system.

Keywords: mental model, explanation, artificial intelligence system, explainable artificial intelligence, mental model, causal dependencies, cause-
and-effect relationships.
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IOBYAOBA MOXKJ/IMBICHUX ITPHYUHHO-HACIIIKOBUAX 3AJIE)KHOC:FEI7[ MIK KJIACAMHA
EKBIBAJIEHTHOCTI JAHUX B IHTEJIEKTY AJIBHIU IHOOPMANIUHIN CUCTEMI

IIpeamerom fOCIIIKEHHS € MPoLecH (OPMyBaHHS TTOSCHEHb IIOAO0 MPUHHATTA PIillIeHb B CHCTEMI IITY4HOTO iHTENEeKTY. I10sSCHEHHS B TaKUX CHCTEMax
JTAIOTh MOXIIMBICTH 3pOOHUTH IIPO30OPHUM Ta 3p0O3YMIIUM Ipornec GopMyBaHHS pillleHb I KOPUCTyBada i, SIK HACIIJOK, i JBUIUTH JOBIpY KOPHCTyBada
JI0 OTPUMAHUX pe3yipTaTiB. MeTa poOoTH mojsrae y po3poOui miaxomy 1o moOynoBH HMOBIpHICHOT Kay3albHOI MOJENI MOSCHEHHS 3 YpaxyBaHHAM
KJIaCiB GKBIBAJCHTHOCTI BXiIHHX, NPOMDKHHX 1 PE3yJbTYIOUHMX NAaHHX. BupilieHHs wiei 3amadi cTBOPIOE yMOBH Uil MOOYIOBH MOSICHEHb Y (opMi
MIPUYMHHO-HACIIIKOBHX 3aJIe)KHOCTEH Ha OCHOBI JOCTYHHOI iH(opMamii mpo BIACTHBOCTI BXiIHHMX AAHUX, a TAKOXK MPO BIACTUBOCTI OTPUMAHUX Y
CHCTEMI LITYYHOrO iHTEJEKTY pe3ysabTatiB. s JOCSATHEHHST METH BHPILIYIOTHCS TaKi 3a7adi: po3podka MoJeli Kay3aabHOl 3aJIeKHOCTI MiX KJIacaMH
SKBIBAJICHTHOCTI BXIHUX Ta BUXIJHUX NAaHHX; pO3pOOKa METOAIB MOOYJOBH KJIAciB €KBIBAJICHTHOCTI JAHUX MPOLIECY NPHUHATTS PIllIEHb Ta METOLY
1100y 10BY IPUYMHHO-HACITIIKOBOTO IIPEACTABIICHHS TOSICHEHHSL. 3alIPOIIOHOBAHO HIMOBIPHICHY MOJIEIb Kay3aIbHOI 3aJ€KHOCTI, {0 MiCTHTh IPHYHHHO-
HACJIIAKOBHUH 3B’530K MiX KJIaCaMH CKBIBAJCHTHOCTI BXiIHUX a00 MPOMDKHHX Ta PE3yJIbTYIOUUX AaHHX, OTPHMAHHX Y IPOLECI MPUHHATTS PillieHb B
CHCTEMI IITYYHOTO iHTeNeKTy. Lleil 3B 130K BpaxoBye OLIHKH MOXIHMBOCTI 1 HEOOXiTHOCTI Takoi 3aexHOoCcTi. MoJenb CTBOPIOE YMOBH ISl OSICHEHHS
MOJKJIMBHX IIPUYMH OTPUMAHOTO PIllIEHHs. 3alPONOHOBAHO KOMILIEKC METO/IB MOOYJOBH KJIACiB CKBIBAICHTHOCTI AAHUX IIPOLIECY NPHIHSTTS PIllICHb
Ta MoOyA0BH MPHYNHHO-HACIIIKOBOTO MPEJICTABICHHS MOSCHEHH, 110 BCTAHOBIIIOE Kay3albHUMH 3B’ 130K MiXK KJIacaMH eKBiBaneHTHOCTI. [Ipu noOynosi
KJIaciB €KBIBAJICHTHOCTI BCTAHOBIIIOIOTHCS BITHOIICHHS 000B’sI3KOBOT0 i HEOOOB SI3KOBOTO YTOYHEHHS JaHUX, BUMOTM a00 BUKIIFOYCHHS JJAHHUX, a TAKOXK
KOH'IOHKIIT fanuX. [Ipu moOynoBi IPUYMHHO-HACIIAKOBOTO HMPEICTABICHHS MOSCHEHHS PO3PaXOBYEThCS MOMIIMBICTh Ta OOMEXKEHHS HEOOXiTHOCTI
TaKo1 3aJIe)KHOCTI, IO Ja€ MOXKIMBICT MOOYTyBaTH HOSICHEHHS HA OCHOBI JOCTYHHOI iH(opManii Ipo OTpUMaHi pillleHHs Ta BXiJHI i IPOMDXHI JaHi,

sIKi OyJM BUKOPHUCTaHI 4711 pOPMYBaHHS LUX PillIeHb.

Ku11040Bi c/10Ba: xay3aibHa 3aJ€XKHICTh, IPUUYMHHO-HACIIIKOBA 3aJI€)KHICTh, TEMIIOPAJIbHA 3aJIC)KHICTh, MOXKJIMBICTh, HEOOXIIHICTh, MOSICHEHHS,
CHCTEeMa IITYyYHOTO 1HTENEeKTy, IHTeIeKTyalbHa CHCTEMa, 3pO3yMLINI IITYyqHH iHTENeKT, iHdopMariiiHa cuctemMa.

Beryn. EdexktnBHe  BHKOPUCTaHHS — CyYacHHX
IHTEJIEKTYaTbHUX 1HPOPMAIIHHUX CHUCTEM 0a3yeThCs Ha
3aCTOCYBaHHI METOJIIB MalIMHHOTO HaB4aHHA. OcTaHHI
IMIUIEMEHTYIOTh aITOPUTMHU MPUHHATTS PillleHb, 10 BUKO-
PHUCTOBYIOTH BHSBICHI B HaOopax NaHUX 3alekHOCTI [1].
OpHak CKJIaJHI HABYCHI MOJEI, SK MPaBHIIO, € HEMPO30-
PUMHU 1, K HACNIZOK, HE3PO3YMIUIUMHU JUIsi KOPUCTYBadiB
CHUCTEM HITYYHOTO 1HTEJICKTY, IO IPUBOIUTH 0 SHUKCHHS
JOBIpH JIO OTPHMAaHHMX pilleHb. Taka HEBiANOBIIHICTH
MOXE TPUBECTH JO BIIMOBU KOPUCTYBauiB BiJ] BUKO-
pUCTaHHS pilIeHb, HAJAHUX CHCTEMOIO IITYYHOTO
iHTeJIeKTY, ab0 X M0 MEHII e()EeKTHBHOTO 3aCTOCYBaHHS
mux pimenp [2, 3]. Jng BupimeHHS aaHOi mpoOIeMHU
KOPHCTYBa4aM HAJAarOThCS MOSICHEHHS, 1[0 TIPE/ICTABISIOTH
MPUYMHN TIPUAHIATHX PIlIeHb, a TaKOX OKPEeMHX i,
3MIHCHEHUX Yy TpOIeCi MPUUHATTS MUX pilieHb. ToOTo
MOSICHCHHSI  BiIOOpaKaroTh MPUYMHHO-HACIIAKOBI MiX
JUSIMA TIPOLIECY NMPUHHATTS PillleHb B CHCTEMIi INTYYHOTO
iHTeNnekTy. TOMy BHKOpHCTaHHs IOSICHEHb 3a0e3meuye
MOJJIMBICTh YCIINIHOTO 3aCTOCYBaHHS OTPUMAaHUX Y
IHTeJIeKTyanbHil iHpopManiiiHiii cucTeMi pe3yabpTaTiB IpH
BHpIIICHHI NMPAKTUYHUX 3a1ad KopuctyBadiB [4, 5]. Jlms
moOy0BH TIOSICHEHb (DOPMYETBHCS CIIpOIIeHa MOJETh
TIpoIIeCy MPHUHATTS PIllIeHHs, SKa BigoOpaXkae KIIOUYOBI,
y3arajJbHeHI 3JIEKHOCTI MK JaHUMH, IiSIMH TPOIECy i
OTpUMaHuM pe3yabTaToM. [Ipm moOymoBi Takoi Momeri
3JIEXKHOCTI y3araJIbHIOIOTHCSl HA 3aJaHOMY PiBHI JeTali-
3amii, mo noTpedye BH3HAUEHHS CXOXKMX BXIAHUX 1 Hp-
OMDKHHUX JIAHUX Ta TOAAJbBIIOTO X 00’€IHAHHSI B PaMKax

MO

KiaciB exBiBaimeHTHOCTI. Kiac ekBIBaJIEHTHOCTI IaHUX
MICTUTb CXO0KI €JIEMEHTH, II[0 MAlOTh OJHAKOBI BJIACTH-
BocTi. Li 7ani MOXKyTh OyTH B3a€MO3aMiHHUMH Y BU3HaYe-
HOMY KOHTEKCTi. TOMy BUKOPHCTaHHS KJIACiB €KBiBAJICHT-
HOCTI J1a€ MOXKJIMBICTh KOMITAKTHO OIHCATH IPYITy NAaHUX
31 CXOKMMU BJIACTHUBOCTSIMH Ta y3araJbHUTH IIOB’s3aHi i3
HUMH MPUYIHHHO HACIIJKOBI 3aJIe)KHOCTI.

AHaJIi3 0CTaHHIX K0cTizKeHb i myOaikamii.

CyuacHi JOCJIiIKEHHS 3 pO3POOKH MOSICHEHD B CHCTE-
Max IITYYHOTO 1HTEJICKTY OyJM MpeAcTaBieHi B porpami
3pOo3yMiIoTO ITYy4HOTO iHTeNeKTy (XAI) Bim areHTCTBa
DARPA [6, 7]. Icaytoui miaxoan 10 MOOYIOBH MOSICHEHD
MOB’s13aHi 13 BHU3HAUEHHSIM BaXXUIMBOCTI 0COONMHMBOCTEH
BXiHMX naHuX [8], pO3MOIiIOM BHECKY BIIACTHBOCTEH
CHUCTEeMH IITYYHOTO iHTENEKTy y KiHIeBe pimeHHS [9],
MoOYIOBOIO CHPOIICHOT JIOKATBHOI MOJIEN NPUAHATTS
pIlICHHS Ha OCHOBI BWSBJCHHS BIUIMBY BiJXWICHb Y
BXIIHUX JaHWX Ha KiHneBud pesynbrat[10]. OmHak
ICHYIOYI MiAXOIW MAKOTh Psijl HEMOJIKIB, MOB’S3aHUX 13
JIOKAJI3aIli€l0 MOSICHEHHS, aKIICHTYBAaHHIM Ha TOSCHCHHS
B MIEPIIY YePTy Pe3yIbTaTy BiJHOCHO BXIJTHUX AaHUX [8], a
He Tporiecy Horo GopMyBaHHS, a TAKOK 00YHCITIOBATIHHOIO
CKIIQIHICTIO TOOynoBH TosicHeHHA [9]. Jlnsg momonaHHS
UX HEIOJIKIB JOUIILHO PO3POOUTH TiAXid, SKUH Ou
€JIMHUM CITOCOOOM, Ha OCHOBI Kay3aJdbHUX 3B’ s3KiB [11, 12]
OmKCyBaB OHW 3aleXHOCTI MK BXiTHUMH JaHUMH 1
pe3yNbTaTOM, a TaKOXX MDK JisIMH TPOIECY TPUHHATTS
piteHHs. TakuM YMHOM, aKTYaJbHOIO € 3a7ada o0y I0BH
NPUYMHHO-HACIIAKOBUX  3aJIGKHOCTEH MDK KlacaMu
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€KBIBaJICHTHOCTI JAHHUX IHTEJICKTYaIbHOI CHCTEMH, OCKiJIb-
KM ii BUPIIICHHS J1a€ MOXJIUBICTh OOYIYBaTH MOSCHCHHS
IIOJI0 TIPUYMH [l MPOLECY NPUHHSITTS PillICHHS.

Mera Ta 3ama4i pgociimkeHHs. Mera poboTH
MOJISITa€ 'y po3poOIl MiIX0ay 10 MOOYIOBH MOXKIHBICHOT
Kay3allbHOI MOJENi TOSICHEHHS 3 ypaxyBaHHSM KJaciB
€KBIBaJICHTHOCTI BXIJHHX, TMPOMDKHHX 1 pe3yJIbTyIOUNX
naHuX. BupimieHHs AaHOi 3amadi CTBOPIOE YMOBHU ISt
moOy0BH TOSICHEHh yV (GOopMi TPUIMHHO-HACIITKOBUX
3aJIe)KHOCTEH Ha OCHOBI JOCTYMHOI iH(popmamii mpo
BIIACTHUBOCTI BXIHUX JaHUX, a TaKOX IPO BIACTUBOCTI
OTPUMAHHUX B CUCTEMI IITYYHOTO IHTEJICKTY PE3yJIbTATIB.

JUiss NOCATHEHHS METH BHUPIIIYIOTHCS Taki 3amadi:
po3poOka Mozeni Kay3albHOI 3aJeKHOCTI MiX KilacaMmu
€KBIBAJICHTHOCTI BXIJHHX Ta BHUXIJIHUX IaHUX; PO3pOOKa
METOJIB MOOYIOBH KJIACIiB CKBIBAJICHTHOCTI JaHUX TIPO-
LeCy MPUIHATTS PillieHHs Ta MO0YI0BH NPUYUHHO-HACITII-
KOBOTO MIPEICTABICHHS OSCHEHHS.

Mopens Kay3aabHOI 3aJIKHOCTI MK KJlacaMH €KBi-
BaJIEHTHOCTI JaHUX

Krac ekBiBaJeHTHOCTI TpelCcTaBisie COOOK0 TiAMHO-
JKUHY JIEMEHTIB, 5Ki € B3aeMo3aMiHHUMHU (200 OJTHAKOBH-
MH) 3TiJHO BiJHOIICHHIO CKBIBAJICHTHOCTI. BUKOpUCTaHHS
KJIACiB CKBIBAJCHTHOCTI Ja€ MOXIIUBICTh CHEKTHBHO
00’eTHATH CXOXKI IaHi, 110 MPEACTABISIOTh IEBHUI 00’ €KT,
MPEJCTABISIOYM KOXKCH CIEMEHT JaHUX SK MpPEJCTaBHUKA
BiJIIOBIJTHOTO KJIACy, IO BimoOpaxae 1ieir 00’ekt. Ile mgae
MOXJIMBICTb 'PYITyBaTH Ta CTPYKTypyBaTH iHdopmanito. B
pe3yNbTaTiB NpH MOOYI0BI Kay3albHUX 3aJIS)KHOCTEH ISt
(¢opMyBaHHS TOSICHEHP MOXKHA  PO3TJIAATH  JIHIIE
MIPEICTaBHUKIB KOXKHOTO KJIACYy EKBIBaJEHTHOCTI 3aMiCTh
nepebopy BCiX MOXIJIMBHX KOMOIHAIIA 3HAYEHb BXiITHUX
JTAHWX.

ITpu moOymoBi Ki1aciB €KBiBaJIEHTHOCTI s (popmy-
BaHHS MOSICHECHB JTOIUIFHO BPaXOBYBAaTH CTPYKTYPY BXij-
HUX JJaHUX T4 OTPHUMAHHUX B CUCTEMI IITYYHOTO IHTEICKTY
pitieHb. Y3arajgbHEHa CTPYKTypa BXIJHUX JaHUX Mpe-
CTaBJicHa Ha puc. 1.

Jana BuMoOra OOYMOBIIOETHCS TAKHMHU PIBHIMU
3HaHb KOPHCTYBaya IIOJI0 MPOIECY NPUNHSITTS PIilliCcHb Ta
0e3mocepeIHbO PIMIEHHST CUCTEMH IITYYHOTO IHTEJICKTY:
3HaHHA TPO OCOOJIMBOCTI BHKOPHUCTAHHS PIllIEHHS CHC-
TEMH; 3HAHHS PO 3arajbHi MPUHIUIHN PpOOOTH IHTENEK-
TyaJbHOT CUCTEMHU.

[lepmia rpyma oOXOIUIIOE 3HaHHSA O[O0 YMOB Ta
00MeXEeHb BUKOPHUCTAHHS PilIeHHs cucTeMu. OOMEeXEeHHS
3a[]al0Th JIOMYCTHMY C(epy BHUKOPHCTAHHS PIIICHHS, a
YMOBH BU3HA4aloTh HalOLIbII eEeKTHBHI CIIOCOOM BHKO-
pHUCTaHHS.

[pyra rpyna oxorioe 0a30Bi 3HaHHS IIPO IIPOLEC
MPUAHATTS PIICHHS:

— OCHOBHI 3aKOHOMIpPHOCTI, $Ki JIe)KaThb B OCHOBI
TIPOIIECY MPUHHSTTS PIIEHHS; 11 3aKOHOMIPHOCTI 3a1aI0Th
00MEXeHHS Ha TOTYCTUMIi TIOSICHSHHST;

— OCHOBHI KPOKH TPOIECY NMPUHHATTS PillleHHS; IIi
KPOKH BU3HAYAIOTh KIFOYOBI IPHYNHHO-HACIIIKOBI 3aJI€K-
HOCTI, SIKi 0OYMOBJIIOIOTH BIIACTHBOCTI PillICHHSI.

Ha puc.1 nokasaHo, 110 KJIaCH €KBiBAJICHTHOCTI ISt
BXIZHUX Ta BHUXIZHUX OO’€KTIB BHU3HAYAIOTbCA SK 3
ypaxyBaHHSM 3HAYCHb 3MIHHHX, TaK 1 3 ypaXyBaHHSIM

BiJTHOIICHb MK BJIACTUBOCTSAMU 00’ €KTA, MPEICTABICHOTO
BiJITIOBITHUMU 3MiHHHMH, Ta 0€3MOCEPEIHBO 00’ EKTOM.

OO'eKT BXiJTHUX JAHUX/PE3YIbTaTy CUCTEMH

J1aC eKBiBaJI en%ocﬁ Bnac\xnoneﬁ 00'exTa

Bigmomenus 1 Bizmomenss L

Bnacrusocri 00'exra:

3uauenns /-i
BIIACTHBOCTI
00'exTa

3naveHHs 1-i
BJIACTHUBOCTI
00'ekTa

Puc. 1. Y3aranpHeHa CTPYKTypa BXITHUX Ta BUXITHAX JAHUX
TIpOLeCY NPUHHSTTS PIMICHHS B CHCTEMI IITYYHOTO IHTEIEKTY

ToOTo mpu BU3HAYEHHI €KBIBAJICHTHUX BIACTHBOCTEH
00’exTa X MOKHA 00’ €THATH 3 ypaxXyBaHHS 1X BiTHOIIICHHS
o o6’exta B mimomy. Hampukman, mist 06’€kTa «mporie-
COp», BIACTHBOCTI SKOTO BHUKOPHCTOBYIOTHCSI B SIKOCTI
BXIJIHUX JTAHUX B PEKOMCHJIAIIHIA CHCTEMi, MOKHA BH-
3HAYWTH JIBA BiTHOIICHHS YTOYHEHHS (pHC. 2).

B ninomy nanmit miaxin gae MOKIMBICTB TOOYAyBaTH
CTPYKTYpPY KJaciB €KBIBaJICHTHOCTi, IO BiJoOpakae
0cOOJIMBOCTI SIK BXIJJTHUX 00’ €KTIB, TaK 1 pillIEHHS] CUCTEMH
MITYYHOTO IHTENIEKTY, IO Ja€ MOXJIMBICTh BH3HAYUTH
MPUYUHHO-HACTIIKOB1 3aJIe)KHOCTI Ha MOTPiOHOMY piBHI
JleTanmizamii Ta 3pOOMTH TMPO30PUMH ISl KOpHCTyBada
iJTbOB1 ACTIEKTH MPOLIECY MPUHHSATTS PillICHHS.

ToOTo 3rimHO 3ampPONOHOBAHOTO MIXOAY KIAch
€KBIBAJICHTHOCTI ~ BPaxOBYIOTh  CTPYKTYpy  OO0’€KTa.
BnactuBocti 00’ekTa OyAyTh €KBIBaJCHTHHMH y TOMY
BUMAJIKY, SKIIO BOHH MAalOTh OJTHAKOBE a00 MAarOTh CXOXKE
3HAYCHHS Ta OJIHAKOBE BIJHOIICHHS JI0 00’€KTa B LIJIOMY.
BignoBinHO, cTpyKTypa BXifHOro 00’€kTa MOXe OyTH
NpEJICTaBJICHA B OpraHi3alifHOMy acrlekTi (3a3BHyail sk
iepapxisi) 1 y IpOIIECHOMY acIeKTi (3a3BUuail K BUIIICHA
MOCITIZIOBHICTh O3HAK).

3anponoHOBaHUH TIEpeNTiK BiTHOMIEHb IS CTPYKTY-
pu3amii BXiTHUX NaHUX Ta pe3yJbTaTy poOOTH iHTENEeK-
TyaJIbHOT CICTEMHU HaBeAeHO B Tabm. 1 Ta 2.

BimHomieHHs miepmioi TPy Jal0Th MOXKIHBICTh
OTHCATH 1€pAPXiUYHY CTPYKTYPY BXiTHHX, MPOMDKHHX Ta
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PE3yIBTYIOUHX JTAHKUX MPU MOOYIOBI MOSICHEHHS B CUCTEMI
IITYYHOTO IHTENEeKTy. Takui miaXil Ja€e MOXKIHMBICTh
y3arajJbHUTH JaHi Ha PiBHI BIAIIOBIJHOTO KJacy €KBiBa-
JICHTHOCTI 1pH (pOpMyBaHHI MOSICHEHHS i, TUM CaMHM,
HAJIaTH TOSCHEHHs 0e3 HemoTpiOHOT neTaizallii, y Biamo-
BIJIHOCTI JIO PiBHS CIPUMHATTS KOPHCTYBaya.

Knac exBiBajieHTHOCTI:
Ipouecop i7

IIponecop (Hanpukitaz, i7)

BinHomeHHs: 000B’SI3KOBOTO YTOUHESHHS

Knac exBiBajieHTHOCTI:
i7, 12 mokostiHHs

[MoxomiHHA
(mampuknan, 12 - Alder Lake )

BigHomeHHst HE000B’ I3KOBOTO
YTOYHEHHS

Monenn
(mampuknan , 12700F)

Puc. 2. [Ipuknaj BiAHOIICHb YTOYHEHHS JJIsI KJIACiB
€KBIBaJICHTHOCTI

BinHomeHHs Apyroi rpynu Aal0Th MOXKIMBICTE Bii-
Opati (ab0 BHMKIIOUMTH) KOHKPETHI 3HAUCHHS BIIACTH-
BOCTEH Npu MoOy10BI Kay3aJbHUX HPaBHJI JUIsl HOSCHEHHS
B CUCTeMI IITy4HOro iHTenekry. Ha Binminy Bin mepruoi
IpYyIH, A€ BUKOHYETHCS y3arajbHEHHS NPUYMH DPillIeHHS
BIAMOBITHO 710 BHUOPAHOIrO I€PApXiYHOTO PIBHS OMNHCY
00’€KTIiB, MIOJI0 SKUX MPUUMAETHCS DIMIEHHS B IHTEIEK-
TyaJbHIH CHUCTEMIi, Ipyra Tpyra BiTHONIEHb A€ MOKIIH-
BiCTh BU3HAYMTH KIIFOUOBI O3HAKW — TPUYUHH PilllCHHS,
a00 X BHKIIIOUNTH O3HAKW PIICHHS, SKi HE € CYTTEBUMH
JUIsl IOTO MPAKTHYHOTO BUKOPUCTAHHSI.

ITosHaunmo dvepe3 [ 3HaueHHS Kk — BIACTHUBOCTI
00’ekTa, 110 BUKOPHUCTOBYETHCS Y MpPOLECI NPUIHATTA
pileHHs, a yepes rjf 3B’SI30K MK i — NPHUYHMHOIO Ta j—

pileHHsAM (IPOMDKHMM a00 KiHIIEBUM).

Tabmuiyt 1 — lepapxiyHi BiTHOIICHHS B KJlacaX €KBiBaJICHTHOCTI
IUTSL OTTUCY BXITHUX, MPOMDKHUX 1 BUXiTHUX JTAHUX TIPU
MoOYOBI MOSICHEHb B CHCTEMI IITYYHOTO IHTEIEKTY

BigHomeHas Omnuc

1) BriacTuBicTh € HEOOOB’ I3KOBOIO O3HA-
KOO 00’€KTa.

2) SIk1110 3Ha4YEHHS BIIACTHBOCTI € IPUYH-
HOIO pIIIeHHS, TO i 00’€KT B IJIOMY €
MPUYUHOIO PIMICHHS B IHTENEKTyaIbHIN
cucTeMi.

3) SAxmo 06’€KT y NMOTOYHOMY CTaHi €
HNPUYMHOIO PILLIEHHS, TO 3HAYEHHS BIIAC-
THBOCTI MOXX€ HE OyTH TaKOI HPHYHU-
HOIO.

4) Ipuknan 1uisi peKOMeHAaliiHoT cuc-
TEMH: SKIIO MOTOYHA MOJIEIIb IpoLiecopa
17-12700F 00yMOBIIOE pPEKOMEHIALIIO
Mozeni HOyTOyka KOPHCTYyBadeBi, TO
HasBHICTH Tporiecopa i7 € HPUIHHOIO
pekomeHanii HoyToyKa.

IlpoTe 3BOpOTHA B3aleXHICTH HE €
000B’A3K0OBOIO: SKIIO HOYTOYK BHOpaHO
TOMY, L0 BiH Mae mporecop i7, To 1e He
O3HaYae, M0 NPUYMHOI0 € KOHKPETHa
moxeas 12700F.

1) BrnactuBicts € 000B’SI3KOBOIO O3Ha-
KOIO 00 €KTa.

2) SIK1110 MOTOYHE 3HAYCHHS BIIACTUBOCTI
€ TPUYUHOIO DIIICHHA, TO L€ OJHO-
3HAYHO CBiIYUTBH, [0 00 €KT B LIJIOMY €
MPUYUHOIO PIllICHHS B iHTENCKTyalbHIl
cucTeMi.

3) SAxmo 06’€KT y NMOTOYHOMY CTaHi €
[NPUYHUHOO PILICHHS, TO 3HAYCHHS BJIAC-
THBOCTI TaKOX € TaKOK MPUYHHOIO.

4) Tlpukmax sl pEeKOMEHAALIHHOT
CHCTeMH: SIKIIIO pO3Mip ekpany B 14” €
OJIHI€I0 3 MPUYUH PEKOMEHJALl HOYT-
OyKY, TO i HOYTOYK 3 eKpaHoM B 14 110ii-
MIB € YMOBOIO peKOMeHpamii. AHaio-
TiYHO, 3BOPOTHE TaKOX Oyze BipHUM.

1. BigHowmenns
HEO0OOB’SI3KOBOTO
YTOYHEHHS

2. BigHomeHHus
000B’S13KOBOTO
YTOYHEHHS

Tomi Kiac €KBIBaJEHTHOCTI [ f,] Ha OCHOBI BIIHO-

IIEHHS HEOOOB’S3KOBOTO YTOYHEHHs (POPMYETHCS TaKUM
YUHOM:

[£]={£" 3} (1)

Kiac exBiBaJIeHTHOCTI Ha OCHOBI BIJHOIIEHHS
000B’SI3KOBOT0 YTOYHCHHS (POPMYETHCS TAKUM YHHOM:

[£]1={£" :(Vhvi)3r). )

To6To B mepuIOMy BUNAAKy He Bei enementu f,

KJIacy eKBIBaJICHTHOCTI MOXYTb OyTH BHKOpDHCTaHI B
SIKOCTI TPUYHMHH IJISI TPOMDKHOTO 200 (iHAIBHOTO pi-
HICHHS CUCTEMH LITYYHOTO 1HTeNeKTy. B npyromy Bunaaxy
BCI 3HAUEHHSI BIACTHBOCTEH MOXKYTb PO3IIISIATUCH SIK CYT-
T€BI IPUYNHHU.

Cnig 3a3Ha4WTH, MO B paMKaxX MOXJIMBICHOTO
MiXOAY BiTHOIIEHHS 0OOB’S3KOBOIO 1 HEOOOB’SI3KOBOTO
YTOYHCHHS MOXYTh OyTHM BHU3HAUCHI 3a pe3yJbTaTaMu
OOYHCIICHHSI MOXIIUBOCTI Ta HEOOXIJHOCTI 3HAYCHb BJac-
TUBOCTEH /I BU3HAYCHHS MPUYHH OTPUMAHOTO PIllICHHS.
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To0To 3anponoHOBaHMH MiAXiA 103BOIISE B O(IaiiH-pexu-
Mi copMyBaTH HaOlp Kay3aJbHUX MPaBUII, IO € eJIEMEH-
TaMH TMOSICHEHHS, Ta B I10JIAJILIIOMY BUKOPUCTATH L 1pa-
BWJIA B OHJIAHH-PEKUMI BXKe O€3110CepeIHBO ISl TOOYA0BH
MIOSICHEHb.

Tabnuus 2 — Jloriuni BiTHOLIEHHS B KJIacaX €KBIBaJEHTHOCTI
JUTSL OTIMCY BX1THUX, TPOMIXKHUX 1 BUXITHAX JaHUX IPH
1o0y/10Bi MMOSICHEHb B CUCTEMI IITYYHOTO IHTEJIEKTY

BinHomeHHs Omnmuc
1. BigHomieHHs 1) BractuBicTh € 000B’SI3KOBOIO O3Ha-
BHMOTH KOO JUIsl TIOOY/IOBH Kay3aJbHOT 3aJIexk-

HOCTI Y CKJIaJli IIOSICHEHHS.

2) 3a3Buyaii JaHe BiJHOIICHHS BUMAarae
Jetamizanii omucy 00’€KTa y BUTILIAIL
KOHKPETHOTO 3HAYCHHS BJIaCTHBOCTI.

3) Ipukian st pekoMeHaauiiftHoi cuc-
TEMH: BHMOIa BH3HAUYUTH KOHKpPETHE
3HaueHHst po3mipy SSD - mam’siti.

1) BractuBicth He € HEOOXigHOIO MpH
1o0y/IOBI MTOSICHEHD.

2) BigHOIIEHHS Ta€ MOKIIMBICTh BUKITIO-
YUTH HECYTTEBI BIACTHBOCTI 3 Kay3allb-
HOT'O IPAaBHJIa, [0 BU3HAYAE ITOSCHEHHSI.
3) Ipukian st pekoMeHaauiiftHoi cuc-
TEMH: HASIBHICTh Ta4-CKpiHy He € HeoO-
XiTHOIO O03HAKOI MpPU PpeKOMeHIamil
HOYTOYKa.

1) Habip KOHKpeTHHX 3HAa4YeHb BJIACTH-
BOCTEH, SIKI BH3HAYalOTh NPHYMHH pi-
LICHHSI IHTEJICKTYaIbHOI CHCTEMH.

2) BigHOIIEHHS 1a€ MOYKJIMBICTh BH3HA-
YUTH HAaOlp MPUYMH PIllIEHHS Ha Pi3HUX
piBHsIX JieTanizallii JaHuX..

3. Bignomenus
BUKJIIOYCHHS

3. BigHomenus
KOH’ FOHKIIIT

Jloriuni BimHOMIEHHS TpHU TMOOYIOBI KiIacy €KBiBa-
JICHTHOCTI BHKOPHUCTOBYIOThCS HACTYIHHMM 4duHOM. Kiac
€KBIBAJIEHTHOCTI Ha OCHOBI BIJHOIIEHHS BHUMOTH Mac
BHTJISII:

[A]={A" (i)} (3)

Knac exBiBalleHTHOCTI Ha OCHOBI BiZHOIIEHHS BU-
KJIFOYEHHS] Ma€ BUTTISL:

[£]={£5 (vi)=3r}. 4)

To6To 3rimHo (3) KOXKHE i3 3HAYCHb BIACTUBOCTEH
BUKOPHCTOBYETHCS P MOOYAOBI ITOSICHEHB.
B kuaci exBiBanieHTHOCTI (4) 3HaUEHHS BIACTUBOCTEN

HE BPaXOBYIOTHCS Hi B OHOMY 3 IIPABUIL 7 .

BinHOmICHHS KOHIOHKIIT BUKOPUCTOBYETHCS ISt
KJIaCy €KBIBaJIEHTHOCTI, €JEMEHTH SIKOTO 00’ €IHYIOTh
JIeKiJIbKa 3HAa4€Hb BJIACTHBOCTI SIK €MHY YMOBY /IS Kay-
3aJIbHOTO MPABMIIA Y CKIIA/Ii TIOSICHEHHSI:

[ﬁ]:{{f/‘" /\.../\f,.K’L}

k=LK, 1=LL(vi)3r}. ©5)

Cmin 3asmauntd, mwo f*' y Bupasi (5) MoxyTh
HAJIC)KATU IHIIMM KJIacaM CKBIBaJICHTHOCTI, III0 CTBOPIOE
YMOBHU JUIsl CTPYKTYPOBAHOTO TPEACTABICHHS BXIiJHUX,
MIPOMDKHHUX Ta Pe3yJbTYIOUNX TaHUX Ha HEOOX1THOMY IS
oOyI0BH MOSICHEHHSI PiBHI JeTalli3allii/y3araibHeHHS.

Bupasu (1) — (5) Bu3HaUaIOTh KIIACH €KBIBaJCHTHOCTI
npu GOpPMYBaHHI BXiTHUX KJIaCiB €KBIBaJCHTHOCTI. Buxin-

Hi KJTaCH €KBiBaJICHTHOCTI [ fj}, B TOMY 4uCH (iHaIBHE

PIIICHHS 1HTEJICKTYallbHOI CUCTEMH MOXYTh OyTH Tpe-
CTaBJICHI HAa OCHOBI IIEpEBa’KHO BiHOIIEHH (5).

Toni xay3aibHi 3aJ€KHOCTI, IO BXOAATH JO CKIIATY
MOSICHEHHS, MOXKYTh OyTH MPECTABICHI Yepe3 IPUIHHHO-
HACJIIKOBUX 3B 30K MiX KJIacaMH €KBIBJICHTHOCTI Yy
TaKOMY y3arajbHEHOMY BHIJISII:

aEAt (©6)

3 ypaxyBaHHSIM KOH IOHKIIii €JIEMEHTIB Ta KJaciB
ekBiBasieHTHOCTI (5), mpexacraBieHHs (6) BimoOpaxae
MPUYUHHO-HACITI IKOBHH 3B’ SI30K MiX CTPYKTYPOBAHHM 32

piBHsIME iepapxii Ta 3a Bax/IMBICTIO HAGOPOM puyKH | f; |

Ta aHAJIOTTYHO CTPYKTYPOBAaHUM PE3yJIbTaTOM [ f/] .

MOKITUBICHUH TIPHYWHHO-HACIIIKOBHHA 3B’SI30K BH-
3HAYAETHCS, 3TITHO TEOPil MOKIMBOCTEH, 3 ypaXyBaHHIM

MOXJIMBOCTI Hi. Ta 32 YMOBH HEOOXIJHOCTI N; JIaHOT O

npasmia. ToMy MOKIIMBICHHUI 3B’SI30K MK KJIacaM¥ €KBi-
BJICHTHOCTI Ma€ BUIJISIA:

FALARAYE (M)

3rimHo (7), kKay3alibHa 3Ie)KHICTh MIXK KJTaCAMH €KBi-
BaJICHTHOCTI € MOJJIMBOIO 3 OI[IHKOIO MOXKJIMBOCTI H;. 3a

YMOBH 32/IaHOTO PiBHsI HEOOX1THOCTI Nj. .

Metony o0yIOBH MOMKITMBICHO-Kay3adbHUX 3aJIe)K-
HOCTEH IS MOSICHEHHS HAa OCHOBI KJIACIB €KBIBAJIEHTHOCTI
JAHWX.

3anponoHOBaHUH MiaXia A0 TMOOYIOBH MOXKINBICHOT
Kay3aJIbHOI MOJECNI MOSCHEHHS 3 YpaxyBaHHIM KIaciB
EKBIBAJICHTHOCTI BXIJHUX, MPOMDKHHUX 1 PE3YJIBTYIOUHX
JAHUX IMIUIEMEHTOBAHO Y BUIJISIII METOTy IOOYIOBU Kiia-
CIB €KBIBAJICHTHOCT] JJAHUX NPOLECY NPUIHATTS PillIeHHS
Ta MeTony (OpPMyBaHHS HPUYHHHO-HACIIJAKOBOTO TPE-
CTaBIJICHHSI TOSCHEHHS.

IMepmmit meton Gopmye KiIacu €KBiBaJIEHTHOCTI
3TiTHO YMOB, mpeacTaBieHux pupazamu (1) — (5). Meton
CKJIaJa€ThCA 3 HACTYTIHUX €TAIliB,

Eramn 1. BusHaueHHs BIIHOIIEHs MK JAHUMH 3T1IHO
Tabm. 1.

Eran 2. BusHaueHHs KiaciB €KBIBaJEHTHOCTI ISt
BXIJIHUX JaHUX.

Eran 3. BusHaueHHs KiaciB €KBIBaJIEHTHOCTI IS
BUXIIHUX JAHHX.

Eran 4. [To6ynoBa MHOXXHHYM TEMIOPAIEHUX HPABHII
F- ta X-Tuny ans BU3HAYCHHUX KJIACIB CKBIBAJICHTHOCTI.

[IpaBuna F-Tumy BUKOPHUCTOBYIOTBCS IS BimoOpa-
JKEHHS 3B’SI3KY MiXK BXIIHUMH JaHAMH Ta Pe3yIbTaTOM
IHTEJIEKTYa bHOI CHUCTEMH, a TpaBmia X — JWIIEC IS
3B’S3KYy y dYaci MDK TPOMIKHUMH JaHUMH TPOIECY
MPUHHATTS PIIICHHS.

PesynbraTroM METOy € apu KJIaciB €KBIBaJICHTHOCTI,
YIOpSIKOBaHI y dYacli y BIINOBIAHOCTI 1O THpouecy
NPUHHATTA PilIEHb Y CUCTEMI IITYYHOTO IHTEJIEKTY.

MeTton (opMyBaHHS MOXIJIHMBICHO-Kay3aJIbHUX Mpa-
BIJI MICTHTB TaKi €Tarm.
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Etan 1. ®opmyBaHHs Kay3albHHX INpaBwil Ha 0asi
TemnopanbHuX npasui F-tumy Ta X-tumy.

Etan 2. Po3paxyHOK MOKJIMBOCTI IPHYMHHO-HACII-
KOBOTO 3B 513Ky UIS IPABHUIL

Etan 3. PospaxyHOK HeOOXiZHOCTI Kay3aJbHUX
TIpaBHIL.

Eran 4. Binbip mpaBui 3a TOPOTOBUM 3HAYEHHSIM
HEOOXiTHOCTI.

Eran 5. VnopsankyBaHHS mnpaBuwi 3a 3HAYEHHSIM
MOJKJTHBOCTI.

Pe3ynbTaToM METOAY € MOXJIMBICHI Kay3aibHI Tpa-
BWIa, IO BiMOOPaXAHTh MOXKIMBICTE 3B’SI3KIB  MiX
KJIacaMM €KBIBaJICHTHOCTI BXiJHUX, IPOMDKHHUX Ta PE3yJIb-
TYIOUHX JJaHUX.

PosrisiHemo mpuknan peanizamii nepmioro MeTony
JUTS TOOYTOBH MOSICHEHbB MIOJI0 PSKOMEH/IAIIT HOYTOYKIB B
CHUCTEMI eJISKTPOHHOT KOMEpIIii.

BxiaHi maHi: HOyTOyKH Ha mporecopax i3—i9 3 kin-
[IEBUMH MHOKHHAMH 3HAYCHb 00’ €My OTIepaTHUBHOI IaM’si-
Ti, JKOPCTKOTO IHUCKY, PO3MIpy Ta PO3AUILHOI 3MaTHOCTI
ekpany, Tomo. KoxkHa 3 Mojeneld, KpiM HaBEICHUX 3Ha-
YeHb 3MIHHUX, MICTHTh iH(OpMAIliIO0 PO KOHKPETHY MO-
JIeITb TIpoTIecopa.

Ha erami 1 QopMyroTbcs BiJHOLIEHHS MK 3Ha-
YEHHSIMU 3MIHHHX. 30KpeMa, BiJIHOLIEHHsS 000B’sI3KOBOTO

YTOUHEHHS BULY Ilpoyecop = {i3, i5,17, i9} ,
i7={i711,i712, (713}, BixHOMEHHS HEOGOB IZKOBOIO
YTOYHCHHS

i711:{i7—1185, i7-1165,i7-1155, },

Bumoru Buny Expan ={13",14", ...} , romo. Li BigHomen-

BULY
BIJHOIIEHHS

Hs GOPMYIOTBCS 3 YpaxXyBaHHSAM Pe3yJbTaTy POOOTH CHC-
TEMU: PEKOMEHI0BaHOT MOJIeIi KoMIT roTepa. Taka Moienb
MICTUTh BiJIIOBi/IHI MapaMeTpu Iporiecopa, po3Mipy ekpa-
HY, TTaM’sITi, Too. O00B’A3K0BI BXiIHI aHi (BiJHOIICHHS
BKJIFOUCHHS) BUOMPAIOTHCS 3 YpaxyBaHHIM il KOPUCTY-
Baya MpH MONITYyKy HOYTOyKa, TOOTO 3 ypaxyBaHHAM (DiJIbT-
Py, SKHH TTOCTaBUB KOpUCTyBad. Hampukian, GineTpy mo
po3mipy ekpany. OTpuMaHi BiTHOIIICHHS BH3HAYAIOTh KJla-
CH €KBIBaJCHTHOCTI BXIAHHUX HaHUX. JIJIS BUXiTHUX JaHUX
KJIacH €KBIBAJICHTHOCTI (OPMYIOThCS aHAJIOTIYHO, 3 ypa-
XYBaHHSIM BCIX MapaMeTpiB PEeKOMEHIOBAHOTO HOYTOYKa.
Ha erarmi 4 ¢popmyroTbest TEMIOpaAIbHI 3aJI€KHOCTI BUY:

Knac npoyecopa : Knac pesynemamy :

(8)

i7 MoOdenb HOymoyKa

L5 3anexHicTh BioOpakae NOCIiAOBHICTH il B 4aci:
croyatky BuHOIp Kimacy 0O0’€kTiB, IO BimoOpakaroTh
BIIACTHUBOCTI HOYTOyKa, a TOTIM KJIAC PEKOMEHIIOBAHOTO
pe3ynpTaTy. B maHomy BHIagKy MaeMo 3aJiexHICTh F-Tu-
Iy, OCKIJIbKY TPOMiXHI TaHI HE pO3TIIAIAI0ThCS.

Ha npyriii ¢a3i ais KOKHOTO TeMITIOpaILHOTO Tpa-
BHJIa PO3PAXOBYETHCS 3HAYCHHS MOKJIMBOCTI 1 HEOOXiI-
HOCTI 3TiJTHO Teopil MOKIIUBOCTI.

MoXIHBiCTh, HANpPUKIAJ, PO3PaXOBYETbCS UEpe3
HAWOLIBIy HMOBIPHICTE TPONAXYy HOYTOYKY 3 MpOIle-
copoM BiamnosigHoro knacy (i7,i9 tomo). HeoOxigHicTh
PO3paxoBYETHCSl HAa OCHOBI MMOBIPHOCTI NMPOAAXY MOZe-

Jed 3 albTepHATUBHUMM IpoliecopaMu. BkaszaHni iiMoBip-
HOCTI PO3PaxOBYIOTbCS Ha OCHOBI JaHHMX IPO IPOJAAXKI
CHCTEMH €JIEKTPOHHOI KOMepii.

PesynbpraToM Apyroro MeTomy € MHOXHHA 3aJI€XK-
HOCTeH BUAY (KJ1ac eKBiBaJICHTHOCTI JIJIsl BJIaCTHBOCTI MIPO-
[ecopa — peKOMEH/I0BaHa MOJIEIIb).

B moganemomy HaBeleHI 3alIe)KHOCTI MOXKYTh OyTH
00’emnrani 3rigHo (5). BimmoBimgHO 3MIHATHCS 3HAYCHHS
WMOBIpHOCTEH 1 qpyTHii MeToJ HEOOXiTHO Oye BUKOHATH
TIOBTOPHO.

BucHoBKkH. 3amponOHOBAHO MOXIIMBICHY MOJEIh
Kay3aJbHOI 3aJIe)KHOCTI, 110 MICTHTh NPUYUHHO-HACIIJ-
KOBUH 3B 30K MK KJIaCaMH €KBIBaJIEHTHOCTI BXiAHUX a00
OPOMDKHUX Ta pPE3yIbTYIOUHMX JaHUX, OTPUMAHHUX Y
npoueci NPUHHATTS PIIEHHS B CUCTEMI IITYYHOTO iHTe-
Jekty. JlaHnii NpUYNHHO-HACIIIKOBHUH 3B’S30K 0a3yeThCs
HAa TEMIOPANbHIN 3aJeKHOCTI MK JaHUMH Ta BPaXOBYE
OILIIHKMA MOJJIHBOCTI 1 HEOOXIMHOCTI TaKOl 3aJIE€KHOCTI.
Mopens CTBOPIOE yMOBH JJIsI TOSCHEHHS MOXKITHBHX
MPWYIUH OTPHUMAHOTO PIilIEeHHS HAa OCHOBI y3araJbHEHHS SIK
BXIJJHHMX, TaK 1 IPOMDKHHUX JaHWUX TPOIECY MPUHHATTS Pi-
IICHHS B IHTEJICKTYaJIbHIN CUCTEMI.

3arpornoHoOBaHO KOMIUIEKC METOAIB Ul 100YyI0BU
KJIaciB EKBIBAJEHTHOCTI JaHMX MNpOLECY NPUHHATTS pi-
IICHHS Ta MOOYAOBM NPHUYMHHO-HACHIIKOBOI'O IPEJCTaB-
JICHHSI TOSICHEHHSI, 110 BCTAHOBIIIOE Kay3aJbHUH 3B 30K
MiXK KJIacaMu eKBIBAJICHTHOCTI. Y TpoIeci MoOyIoBU
KJIaCiB C€KBIBaJICHTHOCTI BCTAHOBIIOIOTHCS BiTHOIICHHS
YTOYHEHHS JaHUX, BUMOTH a00 BWKIIOYCHHS IAaHUX, a
TaKoX KOH IOHKINI JaHuX. Y mpoieci MoOymoBH TIpH-
YUHHO-HACIII IKOBOTO MIPECTABICHHS ITOSICHEHHS PO3paxo-
BYETHCSI MOXKITUBICTH Ta HEOOX1THICTh TaKOi 3aJIeXKHOCTI. B
MPAKTUIHOMY TUIaHI pO3pPOOJICHNH KOMILIEKC METOIB Ja€
MOJKJITUBICTh TIOOYIyBaTH MOSICHEHHS HA OCHOBI TIOCTYITHOT
iHpopMmauii Mpo oTpuMaHi pillleHHs Ta BXiAHI W MPOMIXHI
JlaHi, Ki OyJIn BUKOpHUCTaHI Jist (POPMYBAaHHS LIUX PillICHb.
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CONSTRUCTION OF PROBABILISTIC CAUSAL RELATIONSHIPS BETWEEN EQUIVALENCE
CLASSES OF DATA IN AN INTELLIGENT INFORMATION SYSTEM

The subject of this research is the processes involved in generating explanations for decision-making in artificial intelligence systems. Explanations in
such systems enable the decision-making process to be transparent and comprehensible for the user, thereby increasing user trust in the obtained results.
The aim of this work is to develop an approach for constructing a probabilistic causal explanation model that takes into account the equivalence classes
of input, intermediate, and resulting data. Solving this problem creates conditions for building explanations in the form of causal relationships based on
the available information about the properties of input data as well as the properties of the results obtained in the artificial intelligence system. To
achieve this aim, the following tasks are addressed: developing a causal dependency model between the equivalence classes of input and output data;
developing methods for constructing equivalence classes of data in the decision-making process and a method for constructing causal explanations. A
probabilistic model of causal dependency is proposed, which includes a causal relationship between the equivalence classes of input or intermediate and
resulting data obtained during the decision-making process in the artificial intelligence system. This relationship considers the estimates of the possibility
and necessity of such a dependency. The model creates conditions for explaining the possible causes of the obtained decision. A set of methods for
constructing equivalence classes of data in the decision-making process and for constructing causal explanations is proposed, establishing a causal
relationship between the equivalence classes. When constructing equivalence classes, relations of mandatory and optional data refinement, requirements
or exclusions of data, as well as data conjunctions, are established. When constructing causal explanations, the possibility and limitations of the necessity
of such a dependency are calculated, allowing explanations to be built based on the available information about the obtained decisions and the input and
intermediate data used to form these decisions.

Keywords: Causal dependency, cause-and-effect relationship, temporal dependency, possibility, necessity, explanation, artificial intelligence system,
intelligent system, explainable artificial intelligence, information system.
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AHAJII3 TUIIIB BJOKYEMHIB TA iX IPUJIATHOCTI JJ151 CXOBHUII] 306PAKEHB

JlocunipkeHo pi3Hi TN OJIOKYEHHIB Ta X MOXIIHBE BUKOPHCTAHHS JUISl CTBOPEHHS CXOBHMIIA 300paXkeHb. MeTor0 I0CHiKeHHs OYII0 OLiHUTH TIepeBaru
Ta OOMEXEHHS pi3HUX THIIB OJNIOKYEHHIB 3 TOUKH 30py 30epiraHHs 300paxkeHb. 3aCTOCOBAHO METOAM OOPOOKH NAaHWX JUIS aHATi3y TEXHIYHHX
XapaKTePUCTHK PI3HUX THIIB OJIOKYCHHIB Ta MOPIBHAILHOIO aHANI3y IMapaMeTpiB eeKTHBHOCTI Ta HamiHOCTI. OTpUMAaHO Pe3yNIbTaTH, SIKi JO3BOIHIN
copMyTIOBaTH MPUHLKUIT BUOOPY THITY OJIOKYEHHY I CTBOPEHHS CXOBMILA 300paykeHb Ta iIeHTH(IKyBaTH IlepeBaru Ta 0OMEKEHHs KOXXHOTO TUITY
3 TOUKH 30pYy 30epiraHHs 300paXkeHb y 3a1eKHOCTI Bil IPIOPUTETIB IPOrPaMHOT0 MPOAYKTY. BUCHOBOK HoJIsrae B TOMY, III0 BUKOPHCTAHHS OIOKYCIHY
3a0e3medye BUCOKHH piBeHb OE3MEKH Ta IUTICHOCTI 300paXkeHb, esKi TUIH OIOKYeHHIB IPOSIBILIIOTH BUCOKY MIBHKICTh Ta MacmrTaboBaHicTs. [IpoTe,
BaXIMBO PO3YMITH, LIO IpOLEC 30epeKEHHS MOXE 3aIUIIATHCSA LEHTPali30BaHUM, TOMY MOTPIOHO HPOBOAWTH JOJATKOBI JOCII/KCHHS JUIS
ONTHMAJIBHOTO BHKOPHCTaHHS Ta PO3BUTKY LHUX TEXHONOri. MaiiOyTHI HOCTI/UKCHHS MOXYTh BKIIOYATH aHAali3 MOMKIIMBOCTEH 3a0e3ledycHHs
KOH(OIICHIIHHOCTI yJaCHUKIB Ta PO3BUTKY CTaHAAPTIB A1 OOMIHy MyJIbTHMENIHHHM KOHTEHTOM depe3 OIokdelH. BaxmmBo BpaxoByBaTH, IO
BUKOPHUCTAHHS OJOKYEHHY MOXKE CIIPHUSITH ITiBUIICHHIO PO30POCTi Ta JAOBIpH Yy mporieci 30epirants Ta 0OMiHy MyJIbTUMEIIHHIM KOHTEHTOM, IIO €
Ba)KIMBUM JUIS PO3BUTKY IIH(POBOI exoHOMikH. OHAK UL JOCSATHEHHS IIOBHOTO IIOTEHITiaTy OJIOKUeHHY y cdepi MyIbTHMeIia, HeOOXiTHO po3poosaTu
e(eKTUBHI cTpaTerii AA BHUpIMIEHHS MpoOiaeM KOHGIISHIIHHOCTI, MAacIITA0OBAaHOCTI Ta LEHTpati3alii, 0 BUHUKAIOTH IPH BIPOBAIKEHHI IIHMX
TexHoJorii. Takuil KOMIUIEKCHUH MiIXiA J03BOJMTH 3a0e3MeYUTH CTAOUTbHY Ta e(EKTHBHY iH(PPACTPYKTYpY IS YHPABIiHHSA MYJIbTHMEIIHHUM

KOHTEHTOM y IHU(PPOBOMY CEpEIOBHIII.

Ku1ro4oBi ci10Ba: GoKueiiH, CXOBHUILE, 300pakeHHS, TPaH3aKIIil, BoAsHI 3Haku, DRM, koH(DiAeHIiHHICTb.

Beryn. YV cydacHOMy mudpoBoMy CBiTi, e 00cCsTH
JIaHUX CTPIMKO 3pOCTaloTh, a KOHQIICHIIIHHICTh Ta 0e3-
MeKa € KPUTUYHUMU aCIIEeKTaM U, JTOCIKCHHS Ta PO3po0Ka
e(eKTUBHHUX METOIB 3aXHCTy IU(POBUX aKTHUBIB HaOyBa-
I0Th 0COOMUBOrO 3HaYeHHS. OHUM 3 KIFOYOBUX ACIICKTIB
LBOTO TIPOIIECYy € 30epeeHHs 300pa)KCHb, SKI MalTh
BEJIMKC 3HAYCHHS B TaKHUX Tajly3sX, K MCAMIMHA, HAYKA,
MIPOMHCIIOBICTh T2 MUCTEIITRBO.

3 omIsAMy Ha TMOCTIHHUEI PO3BUTOK MU(PPOBOI TEXHO-
JIOTii Ta 3pOCTar04i BUMOTH JIO 3aXHCTy KOHQIICHITIHHOCTI
Ta MUTICHOCTI JaHWX, BUBYEHHS MOXKIUBOCTEH OJIOKYCHHY
sl 30epexkeHHs] 300pakeHb € aKTyallbHOIO 1 TepCriek-
THBHOIO 00J1acTIO JocHimkenb. Haniline 30epexeHns mud-
POBHX 300pakeHb, 30KpeMa, BUMarae He JUIIe ePeKTHB-
Horo 3a0e3nedyeHHst KoH(DineHIiiHOCTI Ta Oe3neku, ane i
rapaHTii HEBIAXWIBHOCTI Ta HE3MIHHOCTI BiJOOpaKCHHS
opurinaibHoi iHpopmaii [12].

AKTyanbHICTh IPOOJIEMH TOJISITa€ B TOMY, 110 300pa-
XKEHHsI 3a3HAIOTh PHU3UKY IMOPYIICHHS KOH(QIAEHUIHHOCTI
Ta HECAHKIIOHOBAHOTO JOCTYIy 4epe3 MiAKIIOYCHHS [0
BIIKpUTHUX MEPEXK Ta BPa3IMBOCTI HAIBHUX CHCTEM
30epirannsa. Tomy po3poOka HaAIHHUX IHCTPYMEHTIB IS
30epeKeHHs Ta 3aXUCTY 300paKeHb Ma€ BEJINKE TPaKTHYHE
3HAYCHHS.

YV octaHHi pokH 0JI0KYEHH-TeXHOJIOTIi HAOYIJIN IHUPO-
KOT'O 3aCTOCYBaHHS B Pi3HUX Taly3sX, BKIOYAKOUU (iHAH-
CH, JIOTICTUKY, MEAUIIUHY Ta MUCTETBO. OJHAK JIO I[LOTO
4yacy IOCHIJDKEHHS, CIPAMOBaHI Ha aHaNi3 MPUIATHOCTI
PI3HMX THIIIB OJIOKYEHHIB IJ1s1 CXOBHIIL 300pakeHb, € 00OMe-
KCHHUMHU.

Icnyroui Metomm po3B’sizaHHsl 3agadi: CporojHi
PO3MOBCIODKEHHSI KOHTEHTY CTAa€ BCE OUIBII aKTyallbHOIO
Ta CKIAJHOIO0 3amadero. TpamuIliiiHi MeToau ITOCTaBKH
MYJIbTUMEIHHOTO KOHTEHTY, SIKi 0a3yBaiinucs Ha (Hi3UIHUX

MO

HOCIsIX, 3acTapiBaloTh, @ HOBI TEXHOJIOTIi [HTepHETY BUMa-
Tal0Th HOBHX ITIXOIB 10 PO3MOBCIOIKEHHS KOHTEHTY [9].
OHi€I0 3 MOTOYHUX MPOOJIEM € 3a0e3meueHHs Oe3MeKH Ta
LUTICHOCTI MYJBTUMEIIMHOTO KOHTEHTY IIii 4Yac HOro
PO3IOBCIOKEHHS Yyepe3 Mepexy [HTepHer.

Jlyist 3axucTy aBTOPCHKHMX IpaB 1 LijicHOCTI 30epe-
JKCHHX JAHWX BAXJIMBO MATH CUCTEMY, siKa MOXe edek-
TUBHO BiJICTEXKYBaTH Ta MIATBEPIKYBATH ITOXOJKCHHS
KOHTeHTY. Jleski iCHyro4i MeTOAM 3aXHCTy aBTOPCHKUX
MpaB, TaKi SK MUGPYBaHHS, YIPaBIiHHA TUGPOBUMH Ipa-
Bamu (DRM) Ta BonsiHI 3HAKH, BXKE 3aCTOCOBYIOTHCS TSI
miei metu. OHAK, ICHYIOTh TPOOIeMH, TIOB’sI3aHi 3 IIUMH
METOJIaMH, TakKi SK CKJIAIHICTh y peaiizaiii, HeoaHopa-
30BICTh aTak Ta 3aJeKHICTh Bill MEHTPANi30BaHUX CTPYK-
Typ [9].

TexHomnorist OJOKYCHH, BiJOMa CBOEIO JICIICHTPATi30-
BaHICTIO Ta HAAIWHICTIO, MOXXE BUPINIMTH ACSKI 3 IHMX
npobneM. brokueiiH € po3moaiicHHM HU(PPOBUM pPEECT-
poM, sikuit 3abe3nedye He3MIHHICTh Ta EPEBIPKY TPaH3aK-
uii. Bin Moke OyTHM BHMKOPUCTAHHMH JUII CTBOPEHHS
CHUCTEeMH, sKa 3a0e3reduye HaIiiHICTh Ta HEBiIKIAIHICTH
BIZICTEXKCHHS aBTOPCTBA MYJIBTUMENIHHOTO KOHTEHTY.

Ilst ctaTTs Mae HAa METI JOMOBHUTH IUTICHUH OIS
3aCTOCYBaHHS TEXHOJIOTI1 OJIOKYEHH I 3aXUCTY aBTOPCh-
KHX TIpaB y cepi MyIbTUME T .

Amnani3. OcTaHHIM 4acoM sIK IPOMHCIIOBICTb, TaK i
HayKOBI KOJIa, T0YalIy PO3IiIsIaTi MOKIIMBICTh 30€pekeH-
HS TPaB IHTEJNEKTYallbHOI BIACHOCTI 3 BUKOPUCTAHHSIM
TEXHOJIOT1H OJIoKYelHy. ¥ cTaTTi NpeACTaBIeHUH CTUCINI
OIS HAasiBHUX CHCTEM 3aXHCTy KOHTEHTY Ha OCHOBI
On0K4eliHy 13 3a3HaUYCHHSIM 1X OCHOBHHX aTpUOYTIB 1 nera-
Tielt peamizartii.

Y  nocmimkenni [1]
CTPYKTYpH Ha OCHOBI

3alpOIOHOBAHO CTBOPEHHS
OyokueitHa, 1m0 3abe3meuye
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BHKOHAHHS aBTOPCHKUX MpPaB HA MYJIBTUMEAINHI 00’ €KTH
yepe3 cMapT-KOHTpakTH. CucremMa BHKOPHCTOBYE aBTO-
HOMHE IICHTpai30BaHe PIlIeHHs JUIsl 30epiraHHs TaHUX,
03epo JaHMX, JJIS PEECTpallii TPaH3aKIii BCiX JaHWX, [0
JoAaHi 1o onokueiny. Indopmarist y o3epi gaHux 3anmd-
poBaHa Ta TiAnucaHa IUGPOBHM ITiJIMHUCOM, IO 3a0e3-
nedye KOHQIICHIIHHICTh Ta AOCTOBipHiCTh. JlocTym 1o
30epeXEeHNX TaHUX MOXKYTh OTPUMATH JIMIIE aBTOPH30BaH{
KOPHUCTYBadi TiCIIs TIEPeBipKH iX MUPPOBUX MiIMUCIB Ta
MIpaB JOCTYITY 3 TIOTOJKSHHSM OiIbIIIOCTI BY3JIiB.

VYV pobori Ilena Ta iH. [2] mpoOmMOHYEThCS cHCTEMa
yIpaBiaiHHSA UH(GPOBUMHU aBTOPCHKUMH IIpaBaMH Ha 0asi
Ethereum, mo 103BoJIsi€ BlIaCHUKAaM KOHTEHTY Ta KJIiEHTaM
IparroBaTH Oe3rnocepeHbo, 0e3 IeHTPali30BaHOro Moce-
penHHuKa. Y CHCTEMi BUKOPHUCTOBYIOThCS LIM(POBI BOASHI
3HaKW, Kpunrocuctema Enp-I'amans, meprentuBHa Xemi-
¢yHkuist, cmapt-konTpakr Ta IPFS. OnmHak ns cxema
noTpedye BenMKWX BHUTpAT mam’siti ta dacy L[IT uepes
BUKOpUCTaHHA mmppyBaHHs Enp-Iamans mms mmdpy-
BaHHS BCHOTO MYJIbTUMEIITHOTO KOHTEHTY.

YV mocmimkenni [3] mpomonyetbes cxema DRM Ha
OCHOBi OJIOKYEWHA IJIsi 3aXHUCTy aBTOPCHKUX TIpaB Ha
NpoekTHI poboTy. CrcTteMa BKIIIOYAE JIBA METOJM: 3aXUCT
aBTOPCBKHX TPaB 1 TOPTIiBIII0. METO/ 3aXUCTY aBTOPCHKUX
IIpaB peecTpye Mpasa, 3anuTye iHdopmaito Ta nepesipse
KOPEJISILIF0, TOMAI SIK MPOIEC TOPTIBII BKJIKOYAE 3aXHCT
JIM3aifHEPCHKOTO KOHTEHTY Ta IMiATBEPPKCHHS JIOCTABKU
Ui 3a0e3MeYeHHs CHPABEIJINBOI TOPTiBIi. 3apeecTpo-
BaHUH TIOKYTICIIh MOKE TIPUI0ATH 3apeECTPOBaHI poOOTH Y
MMOCTaYaIbHUKIB KOHTEHTY (TIPOAABIIiB) 3a JOMOMOTOIO
CMapT-KOHTpakTiB. [lix 4ac JoCTaBKH KOHTEHT MIU(PY-
€TbCS BIIKPUTHM KIIIOYEM MOKYMISI, a IOTIM IOCTaB-
JAETBCA depe3 pomaTok. Ilepen oTprMaHHAM KOHTEHTY
MOKyTelb TIOBUHEH BBECTH CBill CEKpPETHHH KIIOY Y
JIOJIATOK, SIKUM po3mu(ppoByE JMaHi Ta HaJae JOCTYIL.
OpHak 3anpollOHOBaHAa CXeMa HE TrapaHTye Oe3lexy
CEKPETHOTO KIII04a KOPUCTyBaya, SKUH HepenaeTbes 10
JoJIaTKa YIS MAMUCY Ta PO3MIU(PPYBaHHS KOHTCHTY.

VY crarti [4] NpONOHYEThCS MYJIBTHMENINHHA OJIOK-
YeiH-TIaTGOopMa Ha OCHOBI BOJITHUX 3HAKIB, 3aXHIICHA BiJl
BTpy4YaHHs, ska 3abe3meuye Oe3meKy Ta IMiTICHICTh
PO3MOBCIOKEHOTO 300pakeHHs. 3alpoNOHOBaHa MOJIETh
OJOKYeiHy 0a3yeThcs Ha ajlrOpuTMi CaMOBOYIOBYBaHHS
BOJSHUX 3HAKiB Ha OCHOBi cTHCcHeHOro 30HAyBaHHS (CS),
y SIKOMY YHiKaJbHa iH(OpMAaIlis BOJIHOTO 3HaKa CKIaaa-
€TbCSl 3 KpUNTOrpadiyHOro Xeury ta Xeury 300pakeHHS.
Kpunrorpadiunuii xem ckinanaerbes 3 icTopii TpaH3akKIii
JUIS OTPUMAaHHS METaJaHUX MYJIBTUMEIIHHOIO BMICTYy 3
MYJIBTUMEIIHHOTO OJIOKYEHHY, TOAl SK Xeml 300pakKeHHs
BUKOPHCTOBYETHCS JUIS 30€PEKECHHS OPUTiHAIBHOTO MYJIb-
TUMEIHHOTO BMICTY, SIKHI MOYKHA OTPHUMATH.

Kpunrorpadgiuanii Xem MOXHa BHKOPHUCTOBYBATH
ISl OTpUMaHHS 1HQOpMaIi MyJIbTHMEIIHHOTO BMICTY
(Hampuknan, mpaBa BiIacHoOCTI abo icTopii Moaudikariii),
sika 30epiracTbCsl B MyJbTUMEIIMHOMY OJIOKYEHHI, a Xell
300pakKeHHSI MOXXHA BHKOPHUCTOBYBATH JIIA iMeHTHDIKAIIIT
migpoonenux obnacteit. 3pasku CS MOXyTh OyTH BHKO-
pHCTaHi ISl PEKOHCTPYKLIT OPUTiHAIBHOTO 300paXkeHHs Ta
BU3HAYCHHS MICIIE3HAXO/DKEHHS IOIIKOKEHUX 001acTel.
VY OnokuelHi TpaH3aKLis CKIAAaeThbes 3 iH(MopMauii npo
TpaH3akKIil0 300pa)KEHHs, 110 MICTHTh 1IeHTH]IKaTOp

Tpan3akuii Ta iHdopmauii 3paskiB CS. Ilicis cxBajeHHS
TpaH3aKuii By3/1aM¥ IEpeBipKH 300pa’keHHS! PO3MOBCIOJI-
JKYEThCS, a TOTIM 30epiraerbcsi Ha cepBepl Meniabasu
naHux. Xoua 30epiranHs iHQopmauii npo mnepeBipKy
300paKeHHsI B OJOKYEHHI € BHUTITHOIO CTpaTeri€lo,
300pakeHHST BCe OHO 30epiraeThCs IEHTpaizoBaHO abo
30epiraeTbCsl BJIIACHUKOM, IO BIUIMBA€ HAa JOCTYIHICTH
KepyBaHHS 300payKEHHAMHU.

VY [5] TexHONOTIs OIIOKYCHHY BUKOPHUCTOBYETHCS JIJIS
0e3nevyHoro 30epiraHHs BOJAIHUX 3HAKIB Ta 3a0e3MeUCHHS
aBTEHTHU(}IKAIIi 32 YaCOBOIO MITKOIO JUISI KUTHKOX BOJSTHUX
3HaKiB. 3alpoIIOHOBaHA CHUCTEMa BUKOPHCTOBYE MeEpIeT-
THUBHY Xel-(QyHKLiI0 18 OOYMCIICHHS XeIl-3Ha4eHHS
300pa)KCHHs, TEXHOJOTII0 OJIOKYEeHHY Uil 3amucy
METaJIaHuX, IOB’S3aHUX 13 1H(OPMALIEI0 PO aBTOPCHKI
npaBa, QR-kox U1 CTBOPEHHS BOASIHOTO 3HAKA, alrOPUTM
1 (pOBUX BOASHUX 3HAKIB U1 BOYIOBYyBaHHS iHpopMarii
PO aBTOPCHKI MpaBa, Kpunrorpadiuyny xem-QyHKIIo Tt
00YMCIIEHHST XEII-3HAYCeHb K BUXITHUX 300pakeHb, TakK i
300pakeHb 3 BOJISHUMH 3HAKaMH, a Takox mepexy IPFS
JUTsE 30epiraHHs, KepyBaHHS Ta TONIMPEHHS 300paKeHb 3
BOISIHUIMHM 3HAKaMHU Ta TIOB’s3aHOIO0 iH(OpMAIli€ro Mmpo
aBTOpChKi mpaBa. OJHAK 3allpONOHOBaHa cxema 3abesIe-
Yye NnepeBipKy KOHLEMNLIT KepyBaHHsI aBTOPCHKHMHU IIpaBa-
MM JIMIIE Ha HU(PPOBI 300paXKEeHHS.

By T1a iH. [6] 3anponoHyBaB cucTeMy TOPTiBIi JAaHH-
MH Ha OCHOBI OJIOKYEHiHYy Ta CMapT-KOHTpPAaKTIB i3
(hYHKIISIMA BiJICTeXKCHHS JAHUX 1 BUSBICHHS HE3aKOHHOT
MOBEMIHKK. BiH 3a0e3nedye aBa TOpProBi creHapii i3
3aXHUCTOM KOHQIACHITIHHOCTI Bi OyIb-sIKOT HEAaBTOPHU30Ba-
HOT CTOPOHH, BKITIOYAIOYH TOProBy miatdopmy. Edexrus-

HUH MeTOoJ BiNOWTKIB TaNbIIB TNPU3HAYCHUH IS
BUSBIICHHS 3MIiHEHOTO 300pakeHHS, TaKUM YHHOM
3aXWINAI0YM  aBTOPCHKI TpaBa Ha JdaHi. [ eHepaTtop

BiZIOUTKIB JaHWUX MPHU3HAYCHHUN JJI1 CTBOPCHHS BiJIOUTKIB
MANBI[B IUISXOM OO0 €IHAHHS KUTBKOX BEKTODIiB O3HAK,
OTpPHUMaHUX 13 JaHWX. BUABMBIIN HE3aKOHHO PO3MOBCIOJ-
JKEHY KOIIl0, TI'eHepaTop BiAOWTKIB JaHWX BUTATYE
i1eHTH(IKOBAHUH BEKTOD, SIKMH IIOTIM IIOPIBHIOETHCS 3
BiIOUTKAMH, 3alUCAHUMH B YCIX YUHHHX KOHTPAaKTax.
3reHepoBaHUi BiIOWTOK TMaNbBIS CTIHKUH 10 HE3HAYHUX
3MiH JaHHUX, TAKUX AK KaApyBaHHS, JOJaBaHHS IIyMy Ta
3MiHa sckpaBocTi. OTHaK cucTeMa He 3aJI0BOJILHSE Tapa-
MeTpH KOHQIACHITIHHOCTI Ta Oe3NeKn aHOHIMHOTO MPOTO-
KOJy 3HATTS BiIOWUTKIB MAaJbIliB y ACICHTPATI30BAHOMY
CepeIOBHIIIL.

Y mnocunanHi [7] aBTOpHM NPONOHYIOTH CHUCTEMY
po3noziny koHteHTy P2P, mo 6a3yeThCsi Ha TEXHOJOTIT
6y0K4eliH. 3alpOIIOHOBaHa CHCTEMa BUKOPUCTOBYE CTIHKY
JI0 3MOBH TaKTHJIOCKOITIIO (/17151 3a0€e3MeueHHs CTIHKOCTI 10
3MOBH), TOMOMOP(HI Ta CUMETPUYHI CXeMH MUPPyBaHHS
(mmst 3aXUCTYy KOHTEHTY Ta KOH(QIICHIIMHOCTI JaHHX),
MIEPIENTUBHY Xel-PyHKIIi0 (111 aBTeHTU(IKaIi KOHTEH-
Ty), CMapT-KOHTPAKT Ha ocHOBI Ethereum (11 BUKOHAHHS
aTOMAapHUX ITUIATEXIB Ta MiATBEPHKCHHS IOCTaBKH) Ta
mepexxy IPFS (mms 30epiranHs MyJIbTHUMEIIHHOTO
KOHTEHTY). XOdYa 3alpoIllOHOBaHAa CHCTEMa BpaXOBYE
BJIACTMBOCTI KOH(iAEHIIHHOCTI Ta O€3NeKH aHOHIMHOTO
MPOTOKOJIy 3HATTA BiJOWTKIB MANBIIB Yy PO3MOAIICHOMY
CepelloBHINI, 1€ JIMIIE JOKa3 KOHIEMNLii, sika He Oyia
peajti3oBaHa Ta OLiHEHA Y peajbHOMY CBITI.

Bicnux Hayionanvnoeo mexuiunozo ynisepcumemy «XIy. Cepis: Cucmemnutl
104 aHani3, ynpasiinua ma ingpopmayitini mexronoeii, Ne 1(11)°2024



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

VY mnocunanni [8] Jli mpomoHye HOBY CXeMy Xao-
TUYHOTO TM(pPyBaHHsS 300pa)KeHb, 3aCHOBaHY Ha OJIOK-
YeiiHi, OB sI3aHy 3 BIJOUTKAMU MaJbIliB, sKa 3a0e3meuye
aBTCHTU(IKAIII0, BIJCTEXKYBAaHHSI Ta CTIHKICTh JO aTak
Oe3reku (HAIpUKIIAJ, aTakd 3 BAKOPUCTAHHIM BHOPAHOTO
BIIKPUTOTO TEKCTy ab0 miapoOkm). Y il cxemi BiZOUTKH
MajbIliB  PO3MOBCIOKYBAaYiB KOHTEHTY, BOYIOBaHI B
3amupoBadi 300pakKeHHS, KOIYIOThCS CTIHKHUMH IO
3MOBH Kofamu Tapjaoca Iulsl 3alucy ASKUIBKOX BiIOWUTKIB
MaJIbINB 3 PiIKCOBAHOIO JOBKUHOIO TAHUX Ta 3a0€3MeUCHHS
MOXKIIUBOCTi BifcTexyBaHHA. Ilepen poO3MOBCIOIKEHHIM
KOHTEHTY B BHXIiJHE 300pakeHHs BOYIOBYETHCS MIAIKC
BiIIpaBHUKA Ta BIJOUTKM TMaNbIiB BCIX PO3MOBCIOA-
JKyBadiB CHUCTEMH 3 BHUKOPUCTAHHSAM OOOPOTHOI CXEeMHU
BOJSHHMX 3HAKIB Ta XaoTwyHoi kaptu. IloTiM ne 300pa-
KEHHsS 3 BIJOWTKaMHU NaNbLIB MUPPYETHCA 3 BUKOPHC-
TaHHSIM CTpyKTypu Dpinpixa, sika CKIaIaeThCs 3 3aMiHHU,
nepecTaHoBkH Ta nudysii. BigOburoxk mambIg, K09
MIPUXOBYBAHHSA TAHUX Ta KJII0Y MI(PPyBaHHS 3alIUCYIOTHCS
B Onok4eitH. Ha ctoponi orpumyBaua npu po3mudpyBaHHi
OTPUMYETHCS 300pKEHHS BiIOUTKA TMabIs, IO MICTHTh
MiJIUC BiANpaBHUKAa Ta BCi BiIOWTKH TANbIB BUIIHAX
PO3MOBCIOKYBaYiB (00’€AHAHUI BIIOUTOK MAJbIs), SKi
MOXXHA BUAOOYTH IHAWBIAYaJIBHO, a TOTIM MOPIBHATH 3
3anucaHolo iH(opMmauliero B OJIOKYEHHI A INepeBipKu.
Xoua cucrema 3abe3nedye CTiHKICTb 10 3MOBH, LUTICHICTh
JAHUX Ta 3aXUCT aBTOPCHKHX IPaB, BOHA HE 3aJI0BOJIBHSE
BCIM BJIACTUBOCTSM KOH(ineHIiHOCTI Ta Oe3mekn aHo-
HIMHOTO TIPOTOKOJY 3HATTS BiJOWTKIB MaJbINB Yy JCICHT-
paTi30BaHOMY CEPETOBHIII.

YV Tabn. 1 mpenctaBieHO TMOPIBHSIHHS CXEM OO
TUMIB OJIOKYEWHY, THITIB TPaH3aKIlil, aBTOMATH3aIii aa-
HUX, KPUTITOBAIOTH, TIPOTOKOJIIB KOHCEHCYCY Ta METOJIB
3axucTy BMicTy. Tabmums 1 mpoHymMepoBaHa BiATIOBiITHO
IO CITUCKY BUKOPUCTAHOT JIITepaTypH.

OnHa 3 BUOpaHHX CXEM BUKOPUCTOBYE MPHBATHUMN
OyoKueiiH, 10 nepeadavyae KOHTPOJIBHUH PIiBEHBb MOBEPX
OJI0KYElHY, SIKUM Kepye NOBIPEHUH OpraH, KU BiINOBi-
JIa€ 3a JO03BUI HAa BUKOHAHHS il TO3BOJCHUMHU CHUCTCM-
HUMHU 00’ektamu. Kinbka iHIIMX CXeM BHKOPHUCTOBYIOTbH
OJIOKYEIH KOHCOPIIIYMY, SIK PO3MOIIICHY KHHTY JIJIs1 30epe-
JKEHHSI KOHTPOJTIO Ta KOH(DIMESHIIHHOCTI, OJHOYACHO CKO-
POUYYIOUH BUTPATH Ta 301ILITYIOUH MBHIKICTh TPAH3aKITiH.

Binpnricts cxeM BUKOPHUCTOBYIOTH IOpHAHI TpaH3aK-
mii, gki nepexbavyaroTh 3amkc JaHWUX Y JIAHLIOKKY B
npuBaTHIi abo 3araabHOMOCTYNHINW ciryxO0i OloKYeiHYy,
HaIpuKJiaj sSIK MeTa/laHl BMicTy, iH(opmalis npo BiIacHU-
KiB aBTOPCHKHX ITpaB a00 KOPUCTYBauiB, BOJSHUI 3HaK a00
BiIOMTOK TaJIBIIsI KOpUCTYBada (y 3amudpoBaHOMY BUTJIS-
ni), minen3is DRM i 3000B’s3aHHS MO0 BMICTY, Cepen
1HITIOT0, & TAKOK MEXaHI3MH 11032 MEPEKEI0, TaKi SIK CTBO-
peHHs Ta 30epiraHHg 3aXHIIEHOTO aBTOPCHKUM TIPaBOM
BMICTy, BHJIy4eHHs iHopMallii mpo aBTOPCHKI MpaBa 3
BMicTy ab0 MPOTOKONY BifcTekeHHs. TpaH3akmii B JaH-
IF0)KKY BUKOHYIOTBCS JJIs1 TOCSATHEHHS IIPO30POCTi, Oe3re-
K1, HE3MIHHOCTI Ta MO>KJIMBOCTI IIEPEBIPKH, 1 BBaXKAIOThCA
HAMKpanuMu U TIEPEKa3iB KPUNTOBAIIOTH B MOBHICTIO
JICLEHTpaTi30BaHui cnocib. MexaHi3Mu 11032 MepeKero
JIO3BOJISIFOTH  BJaJi 3aOMIAUTH BUTPATH HA MEPEKY,
OCKIJIbKM BOHM HE MaroTh KoMicil 3a Tpanzakuiro. Kpim
TOro, Ii MeXaHI3M{ JOCUTH IIBHMIKI, OCKUIBKM BOHH HE
OB’ s13aH1 0OMEKEHHSIMH IIBUIKOCTI TPaH3aKIIii, OB’ s3a-
HUMH 3 TPAH3aKIiIMHU B JTAHIIOKKY.

BinbmmicTh cXeM rapaHTyIOTh 3aXHCT BMICTY 3a JIOTIO-
MOTOI0 BHKOPHUCTaHHSA IM(PPOBUX BOIIHHUX 3HAKIB SK
OKpeMoro MexaHizmy abo B noeguanti 3 DRM abo mud-
pyBaHHaM [9].

MoskHa MOMITUTH, IO OLTBINICT CHCTEM 3abe3re-
YYIOTh IUTICHICTh JaHUX 1 3aXUCT BiJ] KOMYHIKAaIliHHX
aTak. 3 MOTJISIy 3aXUCTY BiJl HECAHKIIOHOBAHOTO IOCTYITY
MU MOKEMO CHOCTEpIraTy, 1o 0araTto CUCTEM rapaHTYIOTh
3aXMCT BiJi HECAaHKIIOHOBaHOTO Jmoctymy. Lle mimkom
OYiKYyBaHO, OCKIJIBKH IIsl BJIACTHBICTh 3a0€3MEUYETHCS
TEXHOJIOTIEI0 OJOKYEHH. MOXKHA TIOMITHTH, IO MEHIIIE
CXEM CTOCYIOThCS KOH(IASHIIIHHOCTI JaHWX, BiJICTEKEHHSI,
aBTEHTHUYHOCTI Ta YMOBHOTO JOCTYIY. 3 TOYKH 30pYy
3aXUCTY BiJl aTak, JUIIE Kilbka CXeM CTiiKi J0 3arajibHOi
00pOOKM CUTHANIIB 1 arak 3MOBHW/KOAmilii. 3 Orisay Ha
TOJICPAHTHICTh SIKOCTi, MH TIOMITHJH, IIO TMPO30PiCTh
3aXUIIECHOTO ABTOPCHKUM IIPABOM BMICTY (3 BOISIHUMHU
3HAKAMU/BIJOUTKAMU TANIbIIB) OLIHIOETHCS 3HAYHO MCH-
IIOKO KITBKICTIO CXEM.

Muckycii. 3ammdpoBannii KOHTEHT Oe3neYHHH
HACTUIBKH, HACKUTLKA OC3MEYHUM € KITI0Y, BUKOPHUCTAHUI
st oro mmdpyBaHHsa. TakuM YUHOM, KpunTorpadidn-
MU KITI0OYaMH1 HEO0O0X1THO peTeNIbHO KepyBaTH (HapUKIIa,

Tabmums 1 — [TopiBHSHHS cXeM 3aXHCTY aBTOPCHKHX IIpaB Ha OCHOBI OJIOKYEIHY 3 IMOCIIIaHHSAM Ha TAKCOHOMIIO [9]

. Meronu
Homep Tumu TI/IHIE Ty N ABTOMaTH3aIIIsA Kpunrosamora aaxHCTY
KOHTCHTY GII0KUCHHY TpaH3aKLii JaHHUX
KOHTCHTY
1 300paxeHHs [Ty6mivynnii liopuganit dApp Edipiym udpyBanus
2 300paxeHHs [My6miunnii I6punuanit dApp Edipiym udpysanns i
BOJSIHUI 3HAK
3 300paxeHHs Koncopuiym Onyeiin dApp Edipiym DRM
4 300paxeHHs Koncopuiym Onyeitn CMapT-KOHTPAKT Edipiym Bopsiauii 3HaK
5 300paxeHHs [TpuBaTHUI liopuaanmit dApp He Bka3zana Bopsnuii 3Hak
6 300paxeHHs I6punnanit I6punuanit dApp He Bxa3zana Binburku
HajbLiB
7 300paxeHHs, [My6miynnit li6puanuit CMapT-KOHTPAKT Edipiym Binburku
ayzio, Bigeo najbLiB
8 300paxeHHs Koncopuiym Onyeitn CMapT-KOHTPAKT He Bka3zana HIudpysanss i
BiOUTKH
HajbLiB
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nepenaBarty, 30epiratu abo OHOBIIOBATH), 1100 rapaHTy-
BaTH, 110 JaHi 3aJHUIIAIOTHCS 3aXUIICHUMU, alie TIPU HEO0O-
XITHOCTI JOCTYNHHMH JUIS JCKUIBKOX KOPHCTYBayiB
CHUCTEMHU.

Meronu mmdpyBaHHS HE MOXKYTh 3alI00IITH HECaHK-
[[IOHOBAaHOMY BHWKOPHCTAaHHIO Ta HE3aKOHHOMY pO3MOB-
CIOJDKCHHIO KOHTEHTY KOPHCTYBadeM TIiCJsI pO3IIUdpy-
BaHHS OTPUMAHOTO KOHTCHTY.

CrioxrBadi MOXKYTh IIYKaTH aJbTEPHATHBHI BapiaH-
TH OTPUMAHHS KOHTECHTY, TaKi SK MporpamMu Juisi 0OMiHY
¢datimamu P2P. Tlpote, mo0 3abe3meuynTH CyMIiCHICTBH
cucreM DRM, nocravaibHUKaM KOHTEHTY a00 BHPOOHH-
KaM MYJIbTUMEIIHHUX ITPpOrpaBadiB, HEOOXITHO 3HATH KOH-
¢binenuiliHy iHpOpMaIllilo, MOB’s3aHy 31 CXEMOIO 3aXHCTY
DRM, 1o 36i1bIIye pU3UK BUTOKY. Y TakoMy pasi OJIUH
BHUTIK (200 «3JI0M») MOXE MOCTABUTH TIiJT 3arPO3y HE JIUIIIe
OJIUH i3 KIIbKOX KaHAJIB PO3MOBCIOJKCHHS, a H PO3IMOB-
CIOJKEHHS BChOT'O CYMICHOTO KOHTEHTY 3 DRM.

Cuctemn DRM MOXyTh BUKJIHKATH HU3KY FOPUIAYI-
HUX Tpo0ieM, SKIO iX HEempaBWIBHO BHKOPHCTOBYBATH,
HaIpHUKJIaJl, BUKOPUCTAHHS I1HCTPYMEHTIB MOHITOPHHTY,
HaBMHCHE i HEHaBMHCHE, JIJIS 3BITHOCTI Ta 300py JaHUX
0710 3BMYOK Ta MEPEBAr IX CIIOKUBAYiB (HAIPUKIIAJ, TUITY
KOHTCHTY, SKHA BOHH BHKOPHCTOBYIOTh). lle Moxe
MPU3BECTU JIO CEPHO3HUX HACHIAKIB KOH(]IACHIIIHOCTI,
HATIPUKJIAJl, BUKOPHCTaHHS LUX JaHUX 3 METOK iX
IPOJIAKy TPETIM 0CO0aM.

3 Ooky (axiBI 3 BIPOBAKECHHS y cXeMi U(POBUX
BOJSTHUX 3HAKIB MiATPUMaHHS BiAMOBITHOTO OalaHCy MiX
BJIACTUBOCTSIMHM HAIiMHOCTI, EMHOCTI Ta HEITOMITHOCTI €
CKJIQJHUM 3aBJaHHSAM, OCKUIBKH IIi BIACTHBOCTI CyTepe-
4aTh OJJHA OJIHIH, TOOTO. AKIIO OJHE 30iMbIIYETHCS, 1HIIE
3MEHIIIYETHCS.

YuM cKIaHIIa CXeMa HAaHECEHHS BOIIHHX 3HAKIB,
TUM BUIIII BUTPATH, TIOB’s13aHi 3 IPOIIECAMH BIPOBAKCHHS
Ta BUSBICHHSA. BUTparw, MOB’s3aHi 3 BUKOPHUCTAHHSIM Ta
BUSBJIICHHSM BOJSHHMX 3HAKiB, TOBUHHI OYTH MiHiMalb-
HUMH, 100 BIJNOBIIATH BUMOTaM PEajbHOTO Yacy.

Y cxemax IUQPPOBOro 3HATTA BIAOUTKIB MaNbLIB,
3aCHOBAaHHUX Ha KOJaX, CTIHKUX JI0 3MOBH, ICHY€ KOMIIPOMIC
[10] mix po3mipom 6a3u kopucTtyBada N i CTIHKICTIO JO
3M0BH, ¢ 1 JOBKHHOIO KOJIOBOTO CJIOBA /1. 31 301IbIIEHHIM
N abo c0, momkuHa m 30UMBIIyEThCA 1 HaBmaku. llei
KOMITPOMIC MOX€ 3pOOUTH KOJX, IO BiJICTEXKYETHCS,
HETMPAaKTUYHAM, OCKUTbKH 0araThbOM JoJaTKaM IMOTpiOHa
BeJHKa 0a3a KOPUCTYBaYiB i CTIHKICTh 10 3MOBU. OJHAK ITi
BHMOTH TMPHU3BEIYTh JO CTBOPCHHS JOBIHX KOJIB, IO
BIZICTEXKYIOTBCSL.

BinpiicTe HOCHIIKEHbD, OB’ I3aHUX 3 MPOTOKOIAMU
aHOHIMHOTO 3HATTS BINOWTKIB MaNibIiB, IPUIYCKAIOTh
HasIBHICTH JOBIPEHOT TPEThOT CTOPOHH, sIKa BIAIIOBIJa€e 3a
CTBOPEHHSI BiJIOWTKIB TAaJbI[iB Ta BiICTEXEHHS MOPYII-
HUKIB aBTOpChKHMX TmpaB. s momipa mependadae BIeB-
HEHICTh KOPUCTyBaya B TOMY, IO IOBIipeHHH 00’ €KT
MTOBOJIUTUMETHCS OUIKYBaHUM YWHOM, 100 3a0e3MeduTH
0e31eKy Ta aHOHIMHICTh. Y JCSIKUX IHITHUX CXeMaX, y SKUX
YHUKa€ BUKOPUCTAHHS TaKOi CTOPOHHU, OOYHCITIOBAIBbHI Ta
KOMYHIKaLii{HI BHTpaTH JOCUTh BHCOKI 4epe3 BUKOPHC-
TaHHs NPUHANMHI OJIHI€T 3 TAKMX BUMOTJIMBUAX TEXHOJIOT1M:
romomopdue mudpysanHs, ¢ikcauis OitiB ado Oe3neyni
6araToCTOpOHHI 004YHCIICHHS.

bnokueiin crpaxnae Bin mpoOiiemu MacmraboBa-
HOCTI uepe3 OOMexeHHMH po3Mmip OJIOKy, HarpuKiam,
BiTkoiitH MOKe nocsATaTé 7 TpaH3aKIid B CEKYHIY Yepes Te,
o mporokon biTkoitH o6mexye po3mip O10ky 1o 1 MB.
MoXIMBHM BHpILIEHHSIM i€l npobieMu € 30iIbLICHHS
po3Mipy OJIOKY, alie Ie CTBOPIOE HABAHTAXKEHHS Ha O€3TEeKy
gepe3 Te, M0 301IBIICHHS] HMOBIPHOCTI TIOSIBU BTPAYCHHUX
0JIOKIB SIBHO BIUTMHE Ha MPOITYCKHY 3[IaTHICTh Ta BUTPATH
Ha TepeBipky. UuMm Buie Mexka po3mipy OJOKy, THM
OinpIe TpaH3aKIliiiHE HaBaHTAKEHHS, TEepPEeBaHTAKCHHS
OylokyeitHa Ta 3aTpUMKH TpaH3akmiid. OTxke, 3HWKCHHS
KOMICIT 32 TpaH3akKIiio MPHU3BEIE J0 3HIKCHHS OE3NEKH.
Takum ymMHOM, KOMHIpOMIC MiK Oe3nekoro, Mmacurado-
BaHICTIO Ta ICHICHTPAIII3AIIE0 € TPOOIEMOIO IPH PO3pOOII
ONoKYeHHY.

bnokueiinn 6e3 103BOJIIB BCTAHOBIIOKIOTH, L0 3aIH-
CaHi JaHi JOCTYIHI, i TAKUM YHHOM 3a0€3Me4yIoTh Mmy0-
JYHUHA JOCTYN A0 HUX yciM ydacHukam. OIHaK 11e MOXe
MMOCTABUTH TIiJ1 3arpo3y KOHQIACHIIHHICTh JaHUX. binbIne
TOTO, SIKIIO KOHQIACHINIHHI MaHi Oy MOMHIIKOBO 3aBaH-
Ta)XeHi B IMyOJIIIHUHA OJIOKYEIH, BUPABUTH IITKOTY HEMOXK-
JIFBO.

Konn cMapT-KOHTPaKTiB CXMIIBHI 10 IOMHJIOK Yepe3
JIOJICBKY NOMMIKY 200 HeroBHY iH(dopmarito. binbu Toro,
CaMOBHMKOHYBAaHHUI XapakTep CMapT-KOHTPAaKTiB Mae Ha
yBa31 MEHIIY THYUKICTb JUIsl peaiizaiil (pakTHYHUX HaMipiB
CTODIH.

MoBa nporpamyBaHHS ISl pealtizalii cMapT-KOHT-
pakTiB — 1e MocTiiiHa cdepa mocmikeHb. Y JaHWA 4ac
HaHOUTBIIT BHUKOPHCTOBYBAaHOIO 00’ €KTHO-OPiEHTOBAHOIO
MOBOIO BHCOKOTO PiBHS IS peajizallii CKJIaJHUX CMapT-
koHTpakTiB y FEthereum € Solidity, sxa Bce e
PO3BUBAETHLCS Ta MAE PSIJT 0OMEKEHb, TAKUX SIK BiZICYTHICTh
6i0sioTeK 3araJbHOrO MPH3HAYCHHS, NEpeBipKa THUIIB Ta
HiATpUMKa 0araTonoTOKOBOCTI, MIX IHIIWM. [HIII momy-
JsipHi MOBHM nporpamyBanHst (Python, C++, Java) takox
BUKOPDHCTOBYIOTh JUISl HAIMCaHHS CMapT-KOHTPAKTIB.
OpnHak 3poOuTH NporpaMu YUTA0EIBHUMH Y KOXKHIN hopmi
3aJIMIIAETHCS] HETTPOCTUM 3aBJAHHAM. Y BHUIAJKY 3 biTkoH-
HOM MOBa CLIEHApiiB ISl HAIIMCaHHS MPOCTOrO KOJY HE €
MOBHOIO 32 THIOPWHIOM 1 HE MIATPUMYE BCi MOMIIHBI
CTPYKTYPH IPOTPaMyBaHHS, 30KpeMa IAKJIH.

Briok4eitH MoXke MOCTpaXKAaTH Bill aTak, KOJW ACSKi
BY3JIM MOXYTh OTPUMATH OUIBIICTE y Mepexi Ta 3I0-
BXHBATH HUM, HAIPHUKIAI, BOHH MOXYTh CKacyBaTH
TpaH3aKMii, 00 BHKOHATH MOJBIHHE BHUTpPAYaHHS Ta
MEPEIIKOPKATH IHIIIUM MaiHEepaM HiATBEPIUTH OJIOKH.

Kon¢inenuiiiHicts KopuctyBaya Moxke OyTH IOpY-
IIeHa BcepeauHi OJoKYeliHa, HAaNpHUKIIaA, MOXHA BifcTe-
*KUTH peasbHy [P-angpecy kopucryBaya, iCTOpilO TpaH3akK-
i MOXXHa TOB’S3aTH, MO0 PO3KPUTH HOTO CIPABXKHIO
0COOHUCTICTh 200 MOXKITUBICTD 3B 3Ky Uepe3 HOoro IiaKIiTio-
4eHUI Halip BY3JIiB.

BrioxdeiiHy He BUCTadae CyMIiCHOCTI depe3 BiJICyT-
HICTh yHIBepCaJbHUX CTaHAApTIB. IcCHYrOUi Mepexi OJoK-
YelHIB MaloTh BJIACHI MTapaMeTpH, TaKi K MOJEIN KOHCEH-
CyCy, CXeMH TPaH3aKI[il, KpUNTOBAIIOTA 1 (PYHKITIOHATH-
HICTh CMapT-KOHTPAKTIB. binbilie Toro, HEBU3HAYEHICTH Ta
CHEKYJSITUBHUM XapakTep KPHINTOBAIIOTH, K 1 paHilue,
HEPELIKOAKAIOTh ii HIMPOKOMY IOLIUPEHHIO.
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VYci Tanu atak — BHYTPIIIHI Ta 30BHIIIHI — MaroTh
Oyrn npuiHATI A0 yBarW, moO OWIHUTH Oe3meky Ta
HaJiHICTh HOBUX YM HAsBHUX CXEM HAHECEHHS BOJSTHHX
3HAKIB Ta 3HATTA BiAOUTKIB MaJIbIiB.

Bararo nporpam 3axucTy aBTOPCHKHX IIpaB Ha OCHOBI
Oyok4eiiHa (QOKYCYIOTBCS BHKJIIOYHO Ha TiepeBarax
TEXHOJIOTI1, 3aJIMIIAI0YM OCTOPOHBL NeTalli IX peaizaliii.
ToMmy BaXIJIMBO PO3POOHUTH MPAKTUYHY CTPYKTYpYy Ha
OCHOBI OJIOKYEIHY, siKa IIOBUHHA BPaXOBYBATH SIK TEXHITHI
JleTadi, TaK 1 JeTaji BIPOBA/DKEHHS, TakKi SK OIlIHKa
TepeBar i HeZIoJiKiB CHCTEM i3 T03BOJIaMHU Ta 0€3 JT03BOJIiB
nepest BHOOPOM O/IHOTO 3 IUX pillieHb, BUOIp BiAMNOBIHOTO
MeXaHi3My KOHCEHCYCY 3aJIeKHTh BiJ] BUMOT (HAIpHKIAL,
NPOITyCKHA CHPOMOJKHICTh TpaH3aKLid, 3aTpUMKa, MiHi-
MaJbHA KOMICIS 3a TpaH3akKIlii, [CHTpali3allis/IeueHT-
pamizauis Ta Oe3meka) Ta ouiHKa eQeKTHBHOCTI 3a
JIOTIOMOT'OI0 BIPOBAKCHHSI CTPYKTYPH JUISl PO3PaXyHKY
00YHNCITIOBAIBHOT BAPTOCTI Ta 3arajbHOTO Yacy BiIMOBiJIi.

BusHaHi TEXHOJIOTIYHI CTaHIAPTH BCTAHOBIIOIOTH
crierudikarii Ta IporeaypH, SKi € BUT1AHUMH 3 TOUYKH 30pY
3a0e3neueHHs] epEeKTUBHOCTI, HAIIHHOCTI Ta IiABUIIEHOT
Oe3neku. 3aBAsIKW IiH CTATTI MOXHA 3POOHTH BHCHOBOK,
o icHye norpeba B yHIBEpCalbHOMY CTaHIApTi, SKOMY
Moryi O JOTPUMYBATHCS MOCTaYaJbHUKU MYJIbTHMENil-
HOTO KOHTEHTY, BHPOOHMKM Ta KOMIIaHii, 110 OepyTb
y4acTh, 1100 AIIMTUCS HOBUMH PILLIEHHSIMH I0JI0 3aXUCTY
aBTOPCBKMX IIpaB Ha OCHOBI OJIOKYEHHY, a TaKoX
IHTErpyBaTH iX 3 ICHYIOUMMH. CHCTEMH. AHAJIOTIYHUM
YHHOM, IIell CTaHAApT MOBHHEH [03BOJIITH aBTOMATHYHY
KOHBEPTAINIO MiX PI3HUMH KPHUITOBAIIOTAMH JIJISI TIOJIITI-
LICHHS J0CBily KOPHCTYBaya.

MaiiOyTHI AOCHIPKEHHS TTOBUHHI BHBYUTH MOKJIUBI
pilIeHHS 3 ypaxyBaHHIM KOH(iICHIIHHOCTI, IKi MOTJIH O
3aXUCTUTH  KOH(DIACHIIHHICTh Cy0’€KkTiB  (BIacHHKA
KOHTEHTY, MOKYILS TOIIO), SKi OepyTb ydacTtb Yy
TpaH3aKILisX JOAATKIB JUIl 3aXHCTy KOHTCHTY Ha OCHOBI
Onokueiiny. Bumorm koHdinenuiiiHocTi Ta Oe3nexu
MOBHMHHI OyTH BH3HAYCHI HA TOYATKOBOMY €Talli I[X CXCM,
OCKUIbKH JaHi (Hanmpukian, iH(QOpMaIlis, IO CTOCYEThCS
BJIaCHMKAa KOHTEHTY, BIAKpUTI KIIOYl  yYacHHKIB,
TICEBJIOHIMH Ta iH(OpMAaIlis PO aBTOPCHKI MpaBa, cepen
1HIIIOTO0) BUIHO BCi B Mepexi [11].

VYci MoXIIHBI aTaku Ha 6e31eKy Ta KOH(iIeHIIHHICTh
(mampuknan, migcayxoByBanHs, DDoS-ataka abo Bumada
cebe 3a iHMTy oco0y) Ha CMapT-KOHTPaKT MArOTh aHalli-
3yBaTH 3a JJONOMOroro (opmaiabHOro aHanizy oesnexu. J{o
TOTO, TPAH3aKIi] CMapT-KOHTPAKTIB MAIOTh OYTH TEXHIYHO
000pOTHNMH, 1100 JOBECTH iXHIO JOBIOCTPOKOBY e(eK-
TUBHICTb. KpiM ToOro, o6 3MiHUTH 200 CKacyBaTH CMapT-
KOHTPAKT, Y Ko/l Mae OyTH niepeadaueHa mo/is, mo iHinitoe
Moudikamiro Ta i NpUNMHEHHS/po3WUpeHHs. Takum
YUHOM, MpobiiemMa 60poTHOU 3 aTakaMHu Ha O€3TEeKy Ta KOH-
GineHIIHICT CMapT-KOHTPAKTY TOTPEOYE IMOAATBIIOTO
BHUBUYEHHS [12].

BucnoBkmu. Ilicns ananmizy tumiB OJ0K4YeHHIB Ta X
MIPUAATHOCTI JIJISi CXOBHII 300pa)kKeHh HA OCHOBI HaJIaHOT
iHpopMmarlii, MoXHa 3pOOMTH HACTYIIHI BHUCHOBKH Ta
3a3HAYUTH NEPCIICKTUBHU JIOCIIDKECHHSI.

PosrisiHyTta mmpoka rama TEXHOJIOTIH OJIOKYeHHy,
110 BHKOPUCTOBYIOTHCSI JUIS 3aXHUCTY MYJIBTHMENIHHOTO
KOHTEHTY, CBIJUUTh NP0 IXHIO pPI3HOMAHITHICTb Yy

nepeBarax Ta OOMEXEeHHSX. BuOip KOHKpETHOro THITY
ONOKUYEHHY MOXKE 3aiexartd Bil NOTped Ta BHUMOT
KOHKpPETHOI cHCTeMH. BuKopucTaHHs OJOKYCiHY, 0C00-
JIMBO 3 BOJISHUMH 3HAKaMHU Ta KPUNTOTrpadiyHUMH Xemia-
MH, 3a0e3redye BUCOKUH piBeHb OE3MEeKH Ta LiNiCHOCTI
300pakeHb. MexaHi3Mu imeHTH(IKAIil Ta BiTHOBICHHS
KOHTEHTY TMOKPAIylOTh BIJCTE)KYBAaHHS Ta BHUSBICHHS
danpcudikami. Jleski TUmME OJIOKYEHHIB MPOSBIIIOTH
BHCOKY MIBHJAKICTh TPaH3aKIid Ta MacIITaOOBaHICTh, IO
pOOUTH 1X MPUBAOIMBUMH TSl PO3TIIAY K PIICHHS IS
CXOBHIII 300pakeHb. Ba)XIMBO pO3yMiTH, 110, HE3BAKAIOTH
Ha OE3MeKy Ta HEJAOCTYNHICTh Ui Moau(ikamii NaHUX,
npoliec 30epeKeHHs 300pakeHb MOXKE 3AJTUIIATUCS [ICHT-
pai30BaHKM, 1[0 BIUIMBA€ HA JOCTYIHICTh Ta KOHTPOJIb
HaJl KOHTCHTOM.

[epcriekTHBH MOCHTIHKCHHS: MOXIHUBOCTI JTOCII-
JKCHHSI BKIIIOYAKOTh OI[IHKY €(DEeKTUBHOCTI Ta MPOITYCKHOT
3aTHOCTI PI3HHX CXeM OJoKdYeliHy, po3poOKy HOBHX
METOJIIB BHUSBIEHHS Qanbcudikaliiii Ta BIOCKOHAJICHHS
MporeciB  30epekeHHsT Ta OOMiHYy MYJIbTUMEIIHHIM
KOHTEHTOM Yepe3 OJIOKUEHH.

3aranoM, JOCHIDKCHHS TWIiATBEPDKYE MOTEHIAI
OJIOKUYCHHY SIK €(PECKTUBHOTO IHCTPYMEHTY UIS 3aXUCTY Ta
YIPAaBIHHSA MYJIBTUMEAIHHUM KOHTeHTOM. OiHaK moTpio-
HO TPOBOJUTH JOJATKOBI IOCIHIDKCHHS JJIsi PO3yMIHHS
ONTUMAIILHUX CTPATETiil BUKOPUCTAHHS Ta PO3BHUTKY IMX
TEXHOJIOTIH [T CXOBUIL 300PaXKCHB.
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ANALYSIS OF BLOCKCHAIN TYPES AND THEIR SUITABILITY FOR IMAGE STORAGE

There different types of blockchains and their possible use for creating an image repository are investigated. The purpose of the study was to evaluate
the advantages and limitations of different types of blockchains in terms of image storage. Data processing methods were applied to analyze the technical
characteristics of various types of blockchains and comparative analysis of efficiency and reliability parameters. The results were obtained, which made
it possible to formulate the principles of choosing the type of blockchain for creating image storage and to identify the advantages and limitations of
each type from the point of view of image storage, depending on the priorities of the software product. The conclusion is that the use of blockchain
provides a high level of security and integrity of images, some types of blockchains exhibit high speed and scalability. However, it is important to
understand that the preservation process may remain centralized, so more research is needed to optimally use and develop these technologies. Future
research may include an analysis of the possibilities of ensuring the privacy of participants and the development of standards for the sharing of multimedia
content via blockchain. It is important to consider that the use of blockchain can contribute to increasing transparency and trust in the process of storing
and sharing multimedia content, which is important for the development of the digital economy. However, in order to achieve the full potential of
blockchain in the field of multimedia, it is necessary to develop effective strategies to solve the problems of privacy, scalability and centralization that
arise when implementing these technologies. Such a comprehensive approach will provide a stable and effective infrastructure for managing multimedia
content in the digital environment.
Keywords: blockchain, storage, images, transactions, watermarks, DRM, privacy.
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0. C. Kyuenko, 1-p TexH. Hayk, mpodecop, HTY «XIII», Ykpaina
Texuiunuit pegakrop: M. . beamenos, kanz. TexH. Hayk, npodecop, HTY «XIIl», Ykpaina

Binnosinaneuuii 3a Buryck M. 1. beameHoB, kaHa. TeXH. HayK, mpodecop

AJIPECA PEJIKOJIETTI TA BUJABIISA: 61002, Xapkis, Byn. Kupmiraosa, 2, HTY «XITI».
Kadenpa cucremuoro anami3zy ta iHGopMaIiitHo-aHaTITHIHAX TEXHOIOTI1H
Temn.: (057) 707-61-03, (057) 707-66-54; e-mail: Mykola.Bezmenov(@khpi.edu.ua

[Mian. no apyky 08.07.2024 p. @opmar 60x84 1/8. [anip odceTHuit.
Hpyk odcernuii. [apnitypa Times New Roman. YMoB. apyk. apk. 12,8. O6mik.-Bua. apk. 10,0.
Tupax 100 np. 3am. Ne5-1/07/24. Llina gorosipHa.

BurorornroBau: ®OII [Tanor A. M. Ceigourso cepii IK Ne 4847 Bin 06.02.2015 p.
M. XapkiB, Bya1. JKon Muponocwus, 10, od. 6, ten. +38(057)714-06-74, +38(050)976-32-87
copy@vlavke.com



