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CUCTEMHMI AHAJII3 1 TEOPISI IPUAHSTTSA PINIEHD

CUCTEMHBIN AHAJIU3 U TEOPUSI IPUHATUS PEIIEHUM

SYSTEM ANALYSIS AND DECISION-MAKING THEORY

UDC 519.2 DOI: 10.20998/2079-0023.2019.02.01
A. E. GOLOSKOKOV, A. A. YAKOVENKO

ASSESSMENT OF THE COMPLEX SYSTEM CONDITION (ON THE EXAMPLE OF AN IT
COMPANY)

The paper considers the problem of estimating the state of the enterprise (on example of the IT company). The problem is presented in the form of two
problems. The first problem is the aggregation of the initial information and the second problem is the identification of the state of a complex system.
Authors formulated the problem and selected methods for solution of the problem. It is possible to form software for solving research problems. To solve
the problem of aggregation of initial data authors used the fuzzy cluster analysis, namely the fuzzy k-means method. A numerical research was carried
out and a test case was figured out in the MATLAB environment. In this test case the source data was reduced to a dimensionless form. Thereafter,
already reduced to the same scale, the initial attributes were reduced to fuzziness. The results allow to formalize linguistic variables, which are
characterized by the term-sets and definition range. The numerical results were approximated by analytical membership functions. The solution of the
first task allows to generate a set of possible fuzzy reference situations, which reflect the possible state of the system. Each situation is characterized by
the reference informational granule, which contains information about formalized linguistic variables. The second problem was solved by using the
method of fuzzy logic in the MATLAB environment. The test case was calculated. In this test case, the search of the situation in which the IT-company
is located was performed. At this stage, the current situation belongs to comparison with each reference situation. In this way, authors determined the
most similar reference situation to the current situation. An analysis of the resulting situation allows to argue the state of the IT company. The solution
of the second task allowed to establish assessment of IT company state. The theoretical and practical results can improve the efficiency of complex
system management.

Keywords: complex system management, condition assessment, fuzzy cluster analysis, situational approach, reference situations, informational
granule.

O. €. T'O/IOCKOKOB, A. A. IKOBEHKO
OIIHKA CTAHY CKJAJHUX CUCTEM (HA IIPUKJIAJI I T-KOMITAHIT)

VY poGoTi po3risiHyTa mpobiemMa OLiHKH CTaHy ImianpueMctsa (Ha npukiani IT-xommanii). [Ipobiema mpencraBieHa y BUNIIIL JBOX 3a/ad, a caMe:
arperyBaHHs BUX1IHOI iH(popMaii i inenTudikanis crany ckiansoi cucteMu. ChopMysIbOBaHO NOCTAHOBKH 3a/1aui Ta 00paHi MeToau iX BupitieHHs. Lle
JI03BOJIMIIO ChopMyBaTH MaTeMaTH4HE 3a0e3NeyeHHs Ui BUPILIEHHS 3amadi JociifpkeHHsA. J[is BUpILIEHHS 3amadi arperyBaHHs BXiJHHUX ITaHHX
BUKOPHCTAaHHI HEWITKUIl KJIacTepHHIl aHaii3, a came HediTkuil Meron K-cepenHix. 3milicHEHO YHCIIOBI JOCIHIJUKEHHS Ta IMPOPaxXOBaHHI TECTOBHH
npukiaz B cepenosumi MATLAB. B paMkax gaHOro TECTOBOTO NMPHKJIALy 3AiHCHEHO MPUBEACHHS BXIHUX AaHUX O O0e3po3MipHoro Burisay. Ilicis
1BOTO, BXKE MPUBEJICHI J0 €ANHOI [IKAIH, BXiIHI 03HAKH OyJIM IPUBEICHI 10 HEYITKOCTI B pe3yJIbTaTi 400 BAATIOCS (POpMaITi3yBaTH JiHT BICTUYHI 3MiHHI,
SKI XapaKTepH3YIOThCS TEPM-MHOXXMHAMM 1 oOjacTsMu BH3Ha4eHHS. OTpUMaHUH YHCENBHUH pe3ynbTaT OyB alpOKCHMOBAaHUII aHANITHIHHMU
(yHKIIIMH HaneXHOCTI. BupilleHHS NepuIoro 3aBJaHHS O3BOMHIO C(HOPMYBATH MHOXHMHY MOKJIMBHX HEUITKHX ETAJIOHHHX CHUTYalliid, 10
BiI0OpaXkatoTh MOXKJIMBI CTaHH cucTeMd. KO)KHa €TajJoHHA CHUTYyallis XapaKTepU3yeThes iH(GOpPMALIHOI rpaHysIo, sSKa MICTHTH iH(pOpMaLio mpo
hopmaimizoBaHi JTiHrBicTHYHI 3MiHHI. [[pyra 3ama4ya Oyia BHpillIeHa 3a JOMOMOTOI0 METOAY HewiTkoi Jioriku B cepenoBuii MATLAB. IlpopaxoBanuii
TECTOBMH MPUKJIIAJ, IKUI NOJIATAE B MOIIYKY CUTYallil, B sKiii 3Haxonutbes IT-kommanis. Ha nanomy erami moTo4Ha CUTYalisl MiAsrae MOpiBHAHHIO 3
KOXKHOIO €TAJIOHHOKO CUTYAIlI€l0, B PE3YJIbTaTi YOr0 BU3HAYAETHCS HAHOUIBII CX0Ka CHTYallis 10 MOTOYHOI. B pe3ynbTaTi aHami3y OTpUMaHOi cuTyaii
3MIMCHIOETBCST apryMeHTyBaHHs crtany [T-kommanii. BupimenHs apyroi 3amaui J03BONMIO BCTaHOBHTH OWIHKY cTaHy IT-kommanii. Otpumani
TEOPETHYHI Ta MPAKTUYHI Pe3yJIbTaTH J03BOJISIOTH HiJBUIIUTH €(EKTHBHICTh MPOLIECY YIPABIIHHS CKIIaJHOK CHCTEMOIO.

KaiouoBi ciioBa: ynpaBiiHHS CKJIQJIHOK CHCTEMOIO, OLIHKA CTaHy 00’€KTy, HEUiTKHH KJIaCTepHHW aHalli3, HeUiTKMH CUTyalidHuWil miaxin,
eTaJIOHHI cHUTYallii, indopmariiiHa rpaHyna.

A. E. 'O/IOCKOKOB, A. A. AKOBEHKO
OLEHKA COCTOSIHUSA CJOXHbBIX CUCTEM (HA IIPUMEPE I T-KOMITAHUN)

B pabote paccmoTpeHa mpobieMa OLEHKH COCTOSHHUS npeanpustus (Ha npumepe IT-xommanum). [IpoGiema mpencrapieHa B BUJE ABYX 3ajad, a
HMMEHHO: arperupoBaHie UCXOAHOH HH(POPMaNUK 1 HACHTU(DUKAIHS COCTOSHHS CI0XKHOH cucTeMsl. ChopMyIHpOBaHEI IIOCTAHOBKH 33124 H BHIOPAHBI
METOJIbl MX pelIeHHs. DTO TMO3BONHIO c(OPMHPOBATH MaTeMaTHYECKOoe OOecredeHne JUlsl PelleHus 3ajaun uccienoBanus. s perienHus 3agadu
arperupoBaHMs HCXOJHBIX JaHHBIX HCIOIb30BaH HEYETKHI KJIACTEPHBIHA aHaIH3, a MMEHHO HedeTkuil Meton K-cpennux. OcyIiecTBIeHbI YHCIEHHbIE
HCCIeIOBAHUSA M MPOCUUTAH TeCTOBEII mpumep B cpene MATLAB. B pamkax JaHHOTO TECTOBOIO IpHUMepa OCYIISCTBICHO MPUBEACHUE HCXOIHBIX
JTaHHBIX K Oe3pazMepHOoMy Buay. [locie 3Toro, yxKe NpuBeICHHBIC K €IHHOI ITKajIe, HCXOAHbIC IPU3HAKH OBLIN IPUBEIEHE! K HEIETKOCTH B PE3yIbTaTe
4ero ynajnoch (HOpMaanM30BaTh JMHIBHUCTHYECKHE IEPEMEHHBIC, KOTOPHIC XapaKTEPHU3YIOTCS, TEPM-MHOXKECTBAMH M 00JACTAMU OHpPEICIICHUS.
IMory4eHHBIH YUCICHHBIH pe3yIbTaT ObLT aNIPOKCUMUPOBAH aHATUTUYCCKHIMH (DYHKIMSAMHU IIPHHAUISKHOCTH. PemeHne nepBoil 3aga4uu MO3BOIIIIO
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copMHUpPOBAaTE MHOXKECTBO BO3MOXXHBIX HEUETKHX STAJIOHHBIX CHUTYAIMi, OTOOpa)karoIlMX BO3MOXKHBIC COCTOSHHMS cHCTeMbl. Kakaas 3TajoHHas
CHUTyalusl XapakTepH3yeTcsi HH(POPMAIMOHHON I'paHyNoH, KOTopasi coAepKUT HHGOpMauio o (HOpPMATN30BAHHBIX THHIBACTHYECKHX MEPEMEHHBIX.
Bropast 3anaua GbL1a peleHa ¢ HOMOLIbIO MeToza HeueTkoi toruku B cperie MATLAB. [IpocunTad TecTOBBIH IpUMeEp, KOTOPBIH 3aK/II04AETCs B IOUCKE
CUTyalluH, B KoTopoil Haxomutcs IT-kommanus. Ha naHHOM sTame TeKyllas CUTyalMs IOJUIEKUT CPaBHEHUIO C KaXKIOH DTaJIOHHOW cHUTyaluei, B
pe3yibTaTe 4ero ompexensercss HamOollee CXokas CHTyalus K Tekymieil. B pesymbrare aHanmsa IOTyYeHHOH CHTYaIlMM OCYIECTBISETCS
aprymeHTupoBanue coctosiHusi IT-kommnanuu. Pemenue BTOpO#M 3ajaud MO3BOJMIIO YCTAHOBUTH OLIEHKY cocTosiHus IT-komnanuu. [lonydyeHHble
TEOPETUYECKUE U NIPAKTUYECKHE PE3yIbTaThl O3BOJIAIOT HOBBICUTH 3((EKTHBHOCTH MPOLIECCA YHPABICHHS CIOXKHOH CHCTEMOIA.

KnroueBble ¢10Ba: yIpaBlIeHHE CIOKHOW CHCTEMOIl, OIlEHKAa COCTOSHUS 00BEKTa, HeUETKHI KIIACTEPHBIN aHANN3, HEUETKUI CHTYal[IOHHBIH

MOZIXO[I, TAJIOHHbIE CUTYalnH, HHHOPMALMOHHAS IPaHyJIa.

Introduction. The problem of managing complex
objects is one of the actual problems. It is characterized by
a large amount of information, a set of contradictory
criteria, a poor formalizability, and the influence of random
environmental factors. This leads to necessity to use the
mathematical apparatus of fuzzy situational control.

The main function of the system management is to de-
velop control actions to actuating mechanism in accordance
with a set of rules. A necessary condition for the correctness
of the generated effects is a reliable assessment of the cur-
rent state in which the control object is located.

This article discusses the aggregation of source data
and the procedure for assessing the state of an object.

Description of the research object. The Authors
have decided to consider the IT company as a research
object. An IT company develops custom software for
foreign companies. The company operates according to the
B2B model (business to business), it means, that a company
produces services and products not for the end consumer,
but for other business companies. The set of services that
are offered by developers is development, testing,
maintenance and support of software and business
applications, creation of dedicated centers for development,
testing and quality control of software and IT consulting,
taking into account the specifics of the business sector
(finance, insurance, medicine, biotechnology, energy).

Formulation of the problem. The formulation of the
problem has been considered from the point of view of
situational control in a fuzzy environment.

The state of the control object can be assessed by the
values of attributes - the distinctive features of the object.
The power of a set of attributes is determined by the
objectives of the control object and the features of the
control system.

The set of attributes values that describes the state of
the control object and the environment at some point in
time is called a situation. It is important to notice, that in
the progress of describing the attributes values, a large
number of situations may be formed. In this case, it is
necessary to aggregate the information.

The set of reference situations adequately describes
the possible states of the object, provided that the
management features are taken into account. However, it is
impossible to take into account all the features of
management. This leads to the need to use the concept of a
fuzzy situation [11].

A formal definition of “fuzzy situation” have been
given. Let Y be a stet of attributes, whose values describe
the state of the control object. Each sign Y; is described by
a linguistic variable < Y;,T;,D; >, where T; = {Ty;, .. ,Trmi}
— term-set of linguistic variable Y;, mi — is the number of
values of the attribute, D; — is the base set of the attribute
Y;. The number of possible situations in the enterprise is

very large, and the number of management decisions made
is much smaller. If the set of complete situations is divided
into subsets, each of which can be assigned a single typical
solution, then the management task, roughly speaking, will
be reduced only to the classification of external situations
entering the system. Thus, the problem of identification can
be represented in the form of two tasks. Namely, the
aggregation of the initial information and assessment of the
state of the IT-company.

The purpose of this work is to increase the efficiency
of the process of assessing the state of a poorly formalized
complex system. The article solves the following tasks:
aggregation of source data; assessment of the state of a
complex system [12].

Data aggregation. By aggregating information, the
authors understand the concentration of individual infor-
mation flows into an information granule of a single inte-
grated aggregate, which makes it possible to get a general
picture of the situation in the system. An informational
granule is a linguistic variable. The formation of informa-
tional granules was carried out using the method of fuzzy
cluster analysis, namely the fuzzy k-means method [1].

Data rationing. The input attributes x; and x, have
different dimensions. In order to be able to compare these
attributes, it is important to bring them to a dimensionless
form. Thus, the intervals considered should be brought to a
single scale. The reduction to a single scale is provided by
the normalization of each variable over the range of
variation of its values. The authors considered 2 methods
of bringing the source data to a single scale, which
normalize the bulk of the data at the same time
guaranteeing that the value is located in the range [0;1]:

Linear rationing. This method of data rationing is one
of the most common. The value of each element is
determined by the formula (1) [7].

* Xi — Xmin
= Xmax ~ Xmin ’ (l)
where  x; —element value;

Xmin — Minimal range value;

Xmax — Maximum range value.

Linear normalization is optimal when the variable
values tightly and uniformly fills the interval defined by the
empirical scale of the data. But this approach is not always
applicable. So, if there are relatively rare outliers in the
data, which far exceed the typical variation, then this will
lead to the fact that the majority of the values of the
normalized variable will concentrate near zero.

Sigmatic rationing. In  connection with the
shortcomings of the first method, it is safer to orientate,
when normalizing, not typical extremes, but typical one’s
statistical characteristics of the data, such as mean and
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variance. Sigmatic rationing allows to find a natural way

out of this situation and at the same time all the values x; €

oy oo .
Sigmatic rationing is carried out according to the

formula (2).
N X; — x
xi=f p >

2Rx-%)2,
= 71";" f(a) =

@

1

1+exp(-a)’

Data clustering. The state of the object or subject
area can be characterized by the values of some attributes
or parameters. If the set of states of an object has common
properties, or the values of attributes of the description of
states, it means that there is a class of object states. Under
the procedure of the formation of classes, classification,
understand the ordering of the states of the object according
to their similarities. The fuzzy k-means method creates
groups from a set of objects so that the group members are
the most homogeneous. The authors decided to use the
fuzzy k-means method to form term sets of linguistic
variables. In the work was used a package Matlab [10].

Suppose that the attribute x; takes values on the
interval [1; 15]. Having carried out the normalization of this
attribute, appears an opportunity to represent the elements
of the set in the range [0; 1]. The resulting elements are
subject to clustering, as a result, all the elements are divided
into 3 groups, each of which corresponds to a specific
cluster. The established cluster centers using the Matlab
package are listed in Table 1.

n..
where x = %; o

Table 1 — Cluster centers of attribute x;

Cluster Center
1 0.2528
2 0.5014
3 0.7582

The values of the membership function are given in
the table. 2

Table 2 — Matrix of belonging of elements x, to each of the

clusters
Element Cluster 1 Cluster 2 Cluster 3
1 0.9343 0.0034 0.0035
2 0.9734 0.0113 0.0203
3 0.9998 0.0209 0.0692
4 0.9102 0.2301 0.0423
5 0.7426 0.6340 0.0029
6 0.6144 0.7132 0.1142
7 0.4092 0.9614 0.2255
8 0.3321 0.9746 0.3374
9 0.2221 0.7746 0.4232
10 0.1134 0.5943 0.5692
11 0.0021 0.5134 0.6152
12 0.0423 0.0342 0.7477
13 0.0642 0.0023 0.9723
14 0.0203 0.0051 0.9909
15 0.0034 0.5234 0.9596

Each row of this matrix describes the degree of
belonging of all elements to one of three clusters.

Similarly, terms for the attribute x, were formed. The
definition range of this attribute is characterized by an
interval [10; 20]. As a result of clustering, the following
cluster centers were obtained (table 3):

Table 3 — Cluster centers of attribute x;

Cluster Center
1 0.2528
2 0.5014
3 0.7582

The values of the membership function are given in
the table 4.

Table 4 — Matrix of belonging of elements x, to each of the

clusters
Element Cluster 1 Cluster 2 Cluster 3
10 0.9343 0.0034 0.0035
11 0.9734 0.0113 0.0203
12 0.9998 0.0209 0.0692
13 0.9102 0.2301 0.0423
14 0.7426 0.6340 0.0029
15 0.6144 0.7132 0.1142
16 0.4092 0.9614 0.2255
17 0.3321 0.9746 0.3374
18 0.2221 0.7746 0.4232
19 0.1134 0.5943 0.5692
20 0.0021 0.5134 0.6152

In order to use the membership functions, they need
to be approximated. In this situation, the authors used the
Matlab package. The results of the approximation are
shown in table 5 [8].

Formulation of the problem. On the basis of the
obtained results, the set of reference situations have been
formed, which is characterized by a set of attributes X =
{xl ’xZ}'

The set of reference situations is a combination of all
possible variants of certain terms of these signs. As a result,
9 reference situations were formed [3].

S1 = <<”Number of projects in development” / “few”
> [ x; >, << ”Amount of developers involved”, / “few” >/
Xy >,

S, = <<”Number of projects in development” / “few”
> [ x, >, << ”Amount of developers involved”, / “enough”
>/ x, >

S3 = <<”Number of projects in development” / “few”
> [ x; >, <<”Amount of developers involved”, / “many” >
[ x5 >;

S, = << ”Number of projects in development” /
“enough” >/ x; >, << ”Amount of developers involved”, /
“few” >/ x, >;

Ss = << ”Number of projects in development” /
“enough” >/ x; >, << ”Amount of developers involved”, /
“enough” >/ x, >;

S¢ = << ”Number of projects in development” /
“enough” >/ x; >, << ”Amount of developers involved”, /
“many” >/ x, >;

S, = << ”Number of projects in development” /
“many” >/ x; >, << ”Amount of developers involved”, /
“few” >/ x, >;
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Table 5 — Approximte membership functions

Attribute Term Membership function
x Few x, — 0,3137)? x, — 0,3137
! uy (x1) = 0,5557exp {— (W)} + 0,5557exp{ <( 10 08963 )’ )}
Enough (x, — 0,5008)? (G —0,5008)2
Uy (%) = 82.1exp{ ( L 0.1025 —81,11exp = - - — o102
Many (x, — 0,6877)? (x, — 0,8256)2
us(xq) = 0.5568exp ( 10 08398 +0,901exp{— ) o132
X, Few (x1) = 0.4595 -0 288) +0.8856 -0 1608)2
Hlx) = BASToexp o 08343 CEIDEXP 0 T 01518
Enough (x; — 0,5009)? (x; — 0,5009)2
1w, (xy) = —759.2exp ( L 01023 —760,2exp | — [ ~————— 103
Many (x; — 0,6927)2 (x; — 0,6927)?
ps(x) = —12.79exp < 10 07384 +13,32exp{— 10 07452

Sg = << ”"Number of projects in development” /
“many” >/ x; >, << ”Amount of developers involved”, /
“enough” >/ x, >

Sg = << ”Number of projects in development” /
“many” >/ x; >, << ”Amount of developers involved”, /
“many” >/ x, >

Each reference situation characterizes a certain state
of an IT company. They can be formalized to argue the state
of the company. For comparison, two situations S; and S,
were considered [4].

So, the situation S; displays the reference state of an
IT company, which means that the company performs few
projects and at the same time few professionals are loaded.
This condition is ineffective.

Situation S, displays the state of the company, which
means that the company has a large number of orders and
many experts are involved. This condition is effective.

The reference state of the system is characterized by a
fuzzy information granule. The aggregation of the initial
data significantly reduced the dimension of the research
problem [2].

Assessment of the current state of the IT company.
A test example was considered, on the basis of which the
company is currently developing 5 projects in which 25
developers are involved.

The initial attributes are heterogeneous, and their
estimates for the parameters are not consistent. Considering
the attribute x,, rationing of the definition range [1; 15] was
carried out using linear and sigmatic rationing according to
the formulas (1) and (2), respectively. The results of the
calculations are presented in table 6.

Table 6 — Results of rationing of attribute x;

x first method second method
1 0 0.165

2 0.071 0.199

3 0.142 0.239

4 0.214 0.299

5 0.285 0.343

6 0.357 0.394

7 0.428 0.442

8 0.5 0.5

End of table 6 — Results of rationing of attribute x;

x First method Second method
9 0.571 0.549

10 0.642 0.601

11 0.714 0.684

12 0.785 0.703

13 0.857 0.76

14 0.928 0.8

15 1 0.834

Next, it is necessary to determine the degree of
fuzziness of each fuzzy set. For this have been made a
clustering of data, obtained as a result of rationing was
carried out (Table 6). To determine the degree of fuzziness,
two sets were considered, that determine the belonging of
elements to the term set “few”. The obtained results were
approximated by analytical membership functions and the
values of these functions were determined on the interval
[0;1] with a step h = 0.1 . The results presented in Table 7.

Table 7 — Membership functions values of fuzzy sets

X Ll = I'lAl LZ = HAZ
0.1 0.9061 0.172
0.2 0.983 0.672
0.3 0.953 0.98
0.4 0.555 0.912
05 0.123 0.257
0.6 0.009 0.008
0.7 0.0003 0.0001
0.8 0 0
0.9 0 0

1 0 0

This way two fuzzy sets were obtained L; = p,4, and
L, = py,. On the basis of fuzzy sets, clear sets L, = Ha,

and L, = s, were constructed, which are the closest to
the considered fuzzy sets. The construction of the clear set
is carried out according to the formula (3).
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1, if Ly, >05
s = | ©

~lo, if L,;<05

As a result of the calculations, clear sets L, = M4, and
L, = I, Were obtained. These sets are presented in table 8.

Table 8 — Membership functions values of clear sets

X Ly = My, L, = H_AZ
0.1 1 0
0.2 1 1
0.3 1 1
0.4 1 1
0.5 0 0
0.6 0 0
0.7 0 0
0.8 0 0
0.9 0 0
1 0 0

Now when clear sets are built, it is possible to
calculate the indices of fuzziness of each set. To determine
the indices of fuzziness, it was decided to use the Euclidean
distance using the formula (4).

2 n
IE = \/_ﬁz ba () — pa(x). )
i=1

To calculate the fuzziness of the sets, the office suite
Microsoft Excel was used. As a result, the following
fuzziness values were obtained:

1F = 0.2855,
£ =0.277

Now, it is possible to make a conclusion that a fuzzy
set obtained as a result of applying sigmatic data
normalization is less fuzzy. So, using the sigmatic method,
a less fuzzy set was obtained. That is why it is appropriate
to use this method in the future. Further, the attribute x,
was rationed, and results are presented in table 9.

Table 9 — Results of rationing of attribute x,

X x*

10 0,157
11 0,207
12 0,382
13 0,407
15 0,5

16 0,616
17 0,692
18 0,761
19 0,827
20 0,862

Based on the conditions of the test example, the
attributes x; = 5, x, = 25 . Using the tables 7 and 10, the
values of these attributes were determined in a

dimensionless form:x; = 0.33, x; = 0.5. Based on this,
the current situation S, can be written as follows:
So ={«K0.33/few >/x; >, K 0.5/enough >/x, >}.

Now, there is a problem to determine which of the
reference situations is closest to the current situation S_0.
For this, it was decided to use the Mamdani fuzzy inference
algorithm.

The algorithm consists of six main stages:

The first stage is formation of the rule base. Input
variables are x; and x,. Output variable — Situation, that
is, as a result of the algorithm execution, we should get one
of the possible situations [6].

To solve the problem using the Mamdani algorithm,
the following rule base was formed:

Rule 1. IF x; is “few” AND x, is “few” THEN

Situation = S,

Rule 2: IF x; is “enough” AND x; is “enough” THEN
Situation = S

Rule 3: IF x; is “many” AND x, is “many” THEN
Situation = Sg

The second step is fuzzification of input variables. As
a result of cluster analysis, membership functions were
obtained for each term of the input variables. It means that
the input variables are already reduced to fuzziness.

On the third step the degree of belonging of the
incoming value to a certain term-set is determined for each
rule and the minimum of them is selected using formula (5).

(®)

For this, the membership matrices obtained as a result
of clustering can be used, or by substituting the original
values of attributes into the corresponding functions
obtained as a result of approximation. Performing the
calculations, the results were obtained:

¢; = min{b;}.

c; = min{b; } = min{p, (x1); py (x,)} =
= min{0.6225;0.0086} = 0.0086;

¢; = min{b,} = min{p, (x,); pp (x;)} =
= min{0.3384; 1} = 0.3384;
c3 = min{bs} = min{uz(x,); ps(x,)} =

= min{0.038;0.0084} = 0.0084.

At the next stage truncated sets were found. The
number of truncated sets must match the number of rules.
All truncated sets were determined by the formula (6).

W = min{c;,p;(y)}. (6)
The truncated set of the first rule takes the form:
y; (0) = min{c;,u, (0)} = min{0.0086; 0} = 0;
ui (1) = min{cy,p; (1)} = min{0.0086; 1} = 0.0086;
ui (2) = min{cy,p, (2)} = min{0.0086; 0} = 0;
1; (10) = min{c,,u;(10)} = min{0.0086; 0} = 0.

The truncated set of the second rule takes the form:
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15 (0) = min{c,,u,(0)} = min{0.3384; 0} = 0;

13 (10) = min{c,,p,(10)} = min{0.3384; 0} = 0.
The truncated set of the third rule takes the form:
15 (0) = min{cs,u3(0)} = min{0.0084; 0} = 0;

w5 (1) = min{cs,pu3(1)} = min{0.0084; 0} = 0;

13(10) = min{cs,p3(10)} = min{0.0084; 0} = 0.

In order to find the truncated sets was selected step
h =1. To find more accurate sets, the step should be
reduced.

Next, a combined output set was constructed. It is the
union of all truncated sets and is determined by formula (7)

[7]1.

;" = max{p;}. (7

Combined set takes the form:

K" (0) = max{p; (0),u5(0),u3(0)} =
= max{0; 0; 0; } = 0;

;" (1) = max{p;(1),u;(1),p3(1)} =
= max{0.0086; 0; 0; } = 0.0086;

w"(2) = max{ui(2),u3(2),13(2)} =
=max{0;0;0;} =0

ui*(3) = max{p; (3,13 (3),n3(3)} =
=max{0;0;0;} =0

K" (4) = max{p; (4),15(4),u3(4)} =
=max{0;0;0;} =0

w;"(5) = max{ui(5),u3(5).u3(5)} =
= max{0; 0.3384; 0; } = 0.3384

K" (6) = max{p;(6),13(6),13(6)} =
=max{0;0;0;} =0

;" (10) = max{uj(10),u5(10),u3(10)} =
= max{0;0;0;} = 0.

At the last step, a clear value of the output variable
was determined, that is, the number of situation which
describes the state of the company. To implement
defuzzification, it was decided to use the center of
maximum method. In the center of the maxima method is
the arithmetic average of the elements of the universal set,
having the maximum degrees of belonging, formula (8).

Zx- Xj
— jeG 7] (8)
STd
where G — set of elements with a maximum degree of
belonging;

ijea x; —sum of elements of a set G;

|G| — power of set G.

In this case, the membership function has only one
maximum, then this coordinate is a clear analog of the
fuzzy set. This point has a degree of belonging p**(5) =
0.3384 and corresponds to the value y = 5. Therefore, it
can be concluded that the closest to the current situation S,
is the reference situation S;.

The Similar calculations were carried out in the
MATLAB environment and the obtained results were
obtained. As a result of the application of the Mamdani
algorithm in the MATLAB environment, the search for the
closest reference situation to the original one was carried
out.

According to the values of attributes indicated in the
condition of the test example, the value y =5 was
obtained. It means, that the reference situation Ss is most
similar to the current situation S,. The manual calculations
were performed correctly and coincided with the results in
the MATLAB environment.

Conclusions. The authors considered the problem of
assessing the state of the enterprise (for example, an IT
company). The problem is presented in the form of two
tasks: the aggregation of the initial information and the
identification of the state of a complex system.

Formulated problem statements and selected methods
for their solution.

To solve the problem of aggregating the source data,
fuzzy cluster analysis was used. Namely, the fuzzy k-means
method. Calculated test case. The obtained numerical result
was approximated by analytical membership functions.
The solution of the first problem allowed to form fuzzy
reference situations. Each reference situation is
characterized by an informational granule.

The second problem was solved using the fuzzy logic
method. Calculated test case. Using the fuzzy logic method,
the current situation was compared with the reference
situations. As a result, it was determined which of the
reference situations is closest to the current one. This
allowed us to determine the assessment of the state of an IT
company.

The theoretical and practical results can improve the
efficiency of complex system management.
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YIIPABJIEHUE B TEXHUYECKUX CUCTEMAX

CONTROL IN TECHNICAL SYSTEMS

YK 519.2 DOI: 10.20998/2079-0023.2019.02.02
O. C. KYIIEHKO, M. A. OJAPYEHKO

PO3B’AA3AHHA MATPUYHOI'O PIBHAHHSA CIJIBBECTPA CIIEKTPAJIBHUM METOJ0OM

Marpuuni niHilHI piBHsHHA CinbBectpa Ta JISIyHOBa IMMPOKO BHKOPHCTOBYIOTHCS B TEOpil YNpaBIiHHS i Teopil CTIHKOCTI pyXy, a TakoX IIpH
PO3B’si3aHHi piBHAHHS PikkaTi y 3a1a4i aHATITHYHOTO KOHCTPYIOBAHHS ONMTUMANBHUX PErymsaTopiB. OCoOIMBOI aKTya bHOCTI pobiieMa po3B’si3aHH
piBusaEst CinbBecTpa npuadana y 3B'13Ky 3 BUPILICHHSIM 3aBJaHb CHHTE3Y criocTepiradis JIiroenOeprepa 3HIKEHOT pO3MIPHOCTI Ta 3384 MOJAIBHOTO
CHHTE3y CHUCTEM YIpPAaBJIiHHS TiHIHHAMH aBTOMaTHYHHMHU CHCTEMaMH. Y poOOTI NPOBENEHO aHaNli3 iCHYIOUMX METOIiB PO3B’SI3aHHS MaTPUYHOTO
piBasaEst CinbBectpa. OOIpyHTOBaHO OOMEKEHICTH OCHOBHHX METOMIB YHCEILHOTO PO3B’S3aHHS MATPUYHHX PIBHSIHB, @ TaKOXK BIJCYTHICTH
AHATITHYHUX METOIIB PO3B’s3aHHs. B poOOTi 3alpOnOHOBAHO JOCUTH MPOCTHIA METO PO3B’SI3aHHS JiHIHHOTO MaTpuYHOro piBHAHHS CilbBECTpa, 110 €
y3araJbHEHHSM LIMPOKO BIiZOMOTrO B TEOpii CTIHKOCTI MaTpuyHOro piBHsHHS JIsmyHOBa. B OCHOBY METOMy MOKIAJEHO CIEKTPaIbHE PO3KIAJaHHs
MAaTPUYHOIO JIiHIIHOTO orepaTopa 3a foro BIaCHUMH BEKTOPAMH, 1110 IPECTABIIIOTH COO0I0 MATPHI, yTBOPEHi J00YTKAMU BIIACHUX BEKTOPIB MATPHULIb
JIHIAHOTO 1 CIIPSDKEHOT0 10 HHOTO OMepaTopiB. Y pe3yibTaTi OTPHMAHO KOHCTPYKTHBHHI PO3B’130K MaTpuuHoro piBmsiHHs CinbBectpa. Po3risHyTo
BUIAJIKH SIK JIMCHUX TaK 1 KOMIUIGKCHO CHPSDKCHHX BIIACHHX YHCe] MaTpuilb piBHsHb CiipBectpa. Po3po0iieHo anroputym i nporpamMHe 3a0e3rnedeHHst
Ui po3B’si3aHHs MaTpuyHOro piBHsAHHA CinbBecTpa BemMKOi po3mipHocTi. J[ms peamizamii MeTooy BHKOPHCTOBYIOTHCS CTaHAAPTHI MPOLEAYPH
PO3B’si3aHHS MOBHOI 33/1a4i HA BJIACHI 3HAYEHHS JUIsl IHCHUX MaTpullb. YUCeNbHI eKCIEpUMEHTH MiATBEPIMIN BUCOKY €()EKTHBHICTB 3aIpOIOHOBAHOTO
METO/y SIK 3 TOYKH 30pY BHTPAT 4acy Tak i TOYHOCTI OTPHMAHUX PE3yJbTATiB IPU PO3B’si3aHHI MaTpu4HuX piBHsIHb CinbBectpa i JIsmyHOBa Beankol
PO3MIpHOCTI.

KurouoBi cioBa: MatpuuHi pIBHSHHS, CHEKTpalbHE PpO3KIAJAHHS MaTpHIb, BJIACHI 4YHCNA, BJIACHI BEKTOpPH, JIHIHHMN omeparop,
KBa310i10pTOrOHAIBHICTE 0a3UCIB, CIPSHKESHUH OIepaTop.

A. C. KYIIEHKO, H. A. OJAPYEHKO
PEHIEHUE MATPUYHOI'O YPABHEHUSA CUJIBBECTPA CIIEKTPAJIBHBIM METOJOM

Marpuunsle TuHeiHBIE ypaBHeHHs! CriibBecTpa 1 JISITyHOBa IIHPOKO HCIIOIB3YIOTCS B TEOPHH YIIPABIICHUS H TEOPUH yCTOWINBOCTH IBI)KCHYIS, @ TAKIKE
IpU pEIleHUH ypaBHEHHUs PHUKKaTu B 3ajaue aHAIUTHYECKOTO KOHCTPYHPOBAHMS ONTHMAIbHBIX PEryiasiTopoB. OcoOyio aKTyalbHOCTh IpoOiieMa
pemtenust ypaBHenus CuibBecTpa IpHoOpena B CBSI3U C pellieHHeM 3aad CHHTe3a HabOmonareneil JlloenHOeprepa MOHIKEHHON Pa3sMEepPHOCTH H 3a1ad
MOJIQJILHOTO CHHTE3a CHCTEM YIIPaBJICHHS JINHEHHBIMY aBTOMAaTHISCKUMH CHCTeMaMH. B paboTe npoBeieH aHaN3 CYIECTBYIOIINX METONOB PELICHHS
MatpuyHoro ypaBHeHus CuibBecTpa. O60CHOBaHAa OrpaHUYEHHOCTb OCHOBHBIX METOJIOB UHCICHHOTO PEHICHHs MAaTPHYHBIX YpaBHEHMH, a Takxke
OTCYTCTBHE aHAJIUTUUECKHX METOJOB pelleHus. B paboTe mpemnoxeH AOCTATOYHO MPOCTOH METOH pELIeHMsS JUHEHHOTO0 MaTPUYHOIO ypaBHEHUS
CuubBecTpa, SIBIBIIONIErocsl 0000MIEHHEM NIMPOKO HM3BECTHOIO B TEOPHH YCTOHYMBOCTH MAaTPHYHOTO ypaBHeHHs1 JlsmyHoBa. B ocHOBy Mmeronma
MOJIOXKEHO CIIEKTPaTbHOE Pa3IokKEeHUe MATPUYHOTO JIMHEHHOTO OIepaTopa MO ero COOCTBEHHBIM BEKTOpaM, HMPECTABIAIONIMX COOON MaTpHIIBL,
00pa30oBaHHBIC HPOM3BENCHUSIMH COOCTBEHHBIX BEKTOPOB MATPHI] JIMHEHHOTO M CONPSHKEHHOTO K HEMY OIepaTopoB. B pesympraTe momydeHo
KOHCTPYKTHBHOE PEIIeHHEe MaTpHYHOro ypaBHeHUs: CuibBecTpa. PaccMOTpEHBI Cilydal Kak BEIIECTBEHHBIX TaK U KOMIUIEKCHO COMPSKEHHBIX KOpHeH
XapaKTepHCTUYECKUX ypaBHEHHH MaTpull ypaBHenuii CunbBecTpa. PaspaboTaH anropuTM U mporpaMMHOe OOecHedeHue A PelIeHHs MaTpUIHOIO
ypaBHenus CunbBecTpa OONBIION pasMepHOCTH. [l peanm3alid METOAA MCIONB3YIOTCS CTaHAAPTHBIC HPOLEXYPhl PeLIeHUs IOMHOU 3aJadd Ha
COOCTBEHHBIE 3HAUCHHS VTSI BEIIECTBEHHBIX MaTPHL. UHCIICHHBIE SKCIIEPUMEHTHI II0ITBEPIMIIH BEICOKYIO 3()(PEKTHBHOCTD NMPEUI0KESHHOTO METO/IA KaK
€ TOUKH 3pEHHS BpEMEHHBIX 3aTPaT TaK ¥ TOYHOCTH HOJIyIEHHBIX Pe3yIbTaTOB IPH PEIIeHHN MATPUIHBIX ypaBHeHuil CunbBecTpa u JIsmynoBa 6ombmron
Pa3MepHOCTH.

KaioueBble cJIoBa: MaTpUYHBIC YPAaBHEHHMs, CIIEKTPAIbHOE pPaslOKEHHE MaTpHIl, COOCTBEHHBIC YHCIA, COOCTBEHHBIC BEKTOPBI, JIMHEHHBIN
oreparop, KBa3HOUOPTOTOHAIBHOCTE 6a31COB, COMPSIKEHHBII OepaTop.

0. S. KUTSENKO, M. A. ODARCHENKO
SOLVING THE SYLVESTER MATRIX EQUATION BY THE SPECTRAL METHOD

The matrix linear equations of Sylvester and Lyapunov are widely used in the control theory and theory of movements sustainability, as well as in solving
the Riccati equation in the problem of the analytical construction of optimal controllers. The problem of solving the Sylvester equation has gained
particular relevance in connection with the solution of problems of synthesis of low-dimensional Luenberger observers and problems of modal synthesis
of control systems for linear automatic systems. The following paper analyzes the existing methods for solving the Sylvester matrix equation. It was
justified the limitedness of the basic methods for the numerical solution of matrix equations, as well as the lack of analytical methods for solving. In this
paper we propose quite simple method for solving the linear matrix Sylvester equation, which is a generalization of the widely known in the theory of
stability of the Lyapunov matrix equation. The method is based on the spectral decomposition of the matrix linear operator in its eigenvectors, which are
the matrices formed by the multiplication of the matrices™ eigenvectors of the linear and conjugate operators. As a result, an analytical solution of the
Sylvester matrix equation is obtained. We consider the cases of both real and complex conjugate roots of the characteristic equations of the matrices of
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Sylvester equations. In order to solve the Sylvester matrix equation of a large dimension the algorithm and software have been developed. For the method
implementation the standard procedures of solving the complete eigenvalue problem for real matrices are used. After conducting a great number of
experiments it was confirmed the high efficiency of the proposed method both in terms of time costs and the accuracy of the results obtained when

solving the matrix equations of Sylvester and Lyapunov of large dimension.

Keywords: matrix equations, spectral decomposition of matrices, eigenvalues, eigenvectors, linear operator, quasibiorthogonality of bases,

adjoint operator.

Beryn. YV 3amadax aHamily Ta CHHTE3y CHCTEM aBTO-
MaTHYHOTO yIIPaBIiHHSI METOAAMH IPOCTOPY CTaHIB MIAPO-
K€ 3aCTOCYBaHHS 3HAWIUIM MAaTpUYHI JIHIAHI PiBHAHHS.
Tax piBHAHHS JIsmyHOBa 103BOJISIE OOUUCINTH BEIHIHHY
IHTETPaJbHOTO KBAIPATUYHOTO KPUTEPII0 SKOCTI Iepe-
XI1THUX TIPOLECIB CUCTEM aBTOMAaTHYHOTO ympaBiiHHA [1].
PiBusHHS JIsnmyHOBa € OKpeMUM BUIIAIKOM OLITBII MIMPO-
Koro kiacy matpuuHux piBHsHb CimbBectpa (MPC) [2].
[Iupoko Bimome 3acTocyBaHHs piBHAHHs CinbBecTpa mnpu
CHHTE31 CIIOCTEepiralouux MpHiIaaiB 3HWKEHOI pO3MIpHOCTI
[3]. 3nauyny nikaBicTh BuKIMKae 3actocyBanHsi MPC y
3a1adi MOJAIIFHOTO CHHTE3Y JIHIMHUX TUHAMIYHUX CHC-
TeM, MO0 MAaloTh 3aJaHUil Hallp KOpPEHIB XapakTepuc-
TUYHOTO IIOJIHOMY 3aMKHEHOI CHCTEMH aBTOMAaTHYHOTO
ynpasiiHaA [4].

MeTogaM pimeHHs MATPHUYHUX JiHIHHUX PpIiBHIHB
CinpBecTpa npucBsueHO Oararo myouikaitii [5—9]. Oyuna-
MEHTaJIbHI OCHOBHM OOIDYHTYBaHHSI ICHYBaHHS PilllCHHS
MOXHa 3HaiTu B [10].

Haiinpocrimum nuisixom poss’szanns MPC e nepe-
TBOPEHHS MOr0 JI0 CHCTEMH JIiHIMHUX pPIBHSAHb Ha OCHOBI
KPOHEKEPIBChbKUX MHOXeHb Marpuils [11]. Ilpu mpomy
PO3MIpHICTB CHCTEMH TOPIBHIOE MHOYKEHHIO PO3MIpHOCTEH
MaTpuIlh, mo BxomaTh y MPC. Psan meroniB yucenpHOTO
po3B’s3anHs MPC ocHOBaHHMII Ha iHTErpyBaHHI MATPHYHOT
¢yHKIii, mOOyIOBaHOI Ha OCHOBI MAaTPHYHHX EKCIO-
uedT [1].

Maibke «anamiTHaHH» po3B’si30k MPC HaBeneHO B
[12]. 3ampomoHoBaHMit aNTOPUTM TOCTaTHBO CKJIAIHUIA,
aJle HaJUICHUH Ti€I0 IMEepeBaroo, 10 PO3pPaxyHKH Mpo-
BOJISITBCS Y IPOCTOPI MaTPHIb BUXIIHOT PO3MIPHOCTI.

OxpiM mMepepaxoBaHUX BHINE MiIXOMIB 10 PO3B’s-
3anHsg MPC icHye psii acCHMITOTHYHHUX METO/IIB PO3B’SI3KY,
301KHICTB SIKMX 3QJIEKUTD BiJl MHOXHHH Pi3HUX (akTopiB,
110 YCKJIaTHIOE 1X pealibHe 3aCTOCYBaHHS Ha MPaKTHII.

I3 HaBeneHoro omsAy IOCHIIKEHb Yy JAaHOMY Ha-
NIPSIMKY MO>KHa 3pOOHTH BUCHOBOK ITPO BiZICYTHICTh aHaJIi-
THYHAX MeETOMiB po3B’s3aHHss MPC, mo rapaHTyOTh
BHCOKY TOYHICTb Pe3yJIbTaTiB.

Mertoro 1aHOi CTaTTi € po3poOKa JOCTATHHO MPOCTOTO
aHATITHYHOTO MeToay po3B’s3anHs MPC, 3acHOBaHOTO Ha
CIIEKTPATBHOMY PO3KIIaJly MaTPHIlh, IO 3aAA0Th JTIHIHHII
MAaTpUYHUHN omepaTop.

CrnexkTpajbHUil MeTo po3B’sI3KY JiHillHUX onepa-
TOPHHUX PpiBHAHb. Po3risiHEMO 3arambHUIl MIXiT A0
PO3B’SI3KY JIIHIHHNX ONEPAaTOPHUX PiBHSHb BUIY

Alx) =y, (1)

ae x € R™,y € R™ — BeKTOpH N—BUMIPHOTO JiHIHHOTO
npoctopy, A(x) — niHiiiHuit onepatop, wo 1ie B R™.
Skio y 3ajaHuit BEKTOP, TO OCHOBHA 3aj1a4a MOJIsTrae
Yy 3HaXOJDKeHHI BEKTOpPY (200 MHOXHHHU BEKTOPIB) X, IIO
3aJI0BOJILHSIIOTH OTnepaTopHoMYy piBHsHHIO (1). YV Halinpoc-
timoMy Bunajiky, konu A(x) = Ax — marpuuHmii ornepa-
TOp, 3ajaya 3BOAWUTHCS JIO KJIACHMYHOI 3aaadi pO3B’s3KY

JHIHHOT CUCTEMH PIiBHAHB. Y OUIBII Ba)KKOMY BHITAAKY,
komm omnepatop A(x) mperncrasiste coboro TiHIHMMN MaT-
puuHHi omeparop (2)

A(x) = AX + XB, 2

IO i€ y MpocTopi MPSMOKYTHHX MaTpHIb, 3ahadya po3-
B’sI3aHHS] MAaTPUYHOTO PIBHSHHS BUIY

A =Q ®)

3HAYHO YCKJIAIHIOETHCSA. [l MOCHIIKEHHSA 3araibHOi
CTPYKTYpu po3B’si3ky (1) mpuitMeMo TBEpMKCHHA, IO
omeparop A(X) Mae TWpocTy CTPYKTypy, TOGTO Mae n
JHIHHO HE3aJEeKHUX BEKTOPIB Zi, ..., Zy, IO YTBOPIOIOTH
6asuc B R™:

A(Zk) = )\.ka, (4)

ne Ay, A, ... ,Ay, — BIIACHI yHCIIa oniepaTtopa A.

Hexait A (x) cnpsokauii 1o A(x)oneparop. Tozi ioro
CIEKTp CHiBIagae 3i CHEKTpoM omepatopa A, a BiacHi
BEKTOPH Z7, ...,Zy TAKOX YTBOPIOIOTH Oa3uc B R™. basucu
Z =24, 2] Ta Z* = [2], ...,Z5] KBa310IOPTOrOHANBHI,
TOOTO 3aIOBOJNBHSIOTH MICIIA BiAMOBIIHOTO HOPMYBAaHHS
YMOBI

(Zi’ZITt) = 8ik9 (5)

ne 8, — cumBoia Kponekepa.

Bynemo maii BBaxaru, 1110 B 0a3ucHi cuctemu Z ta Z*
HaM Biziomi, 1 Oymemo mrykatu BekTop x B (1) y BHDImi
JMHIKHOT KoMOiHarii

X = i §iz; (6)

i=1
[MigcraBnsiroun (6) B oneparopHe piBHsHHS (1),
OTPHMAEMO

A i §z; | = i §A(z) = zn: ENiz =Y. )
i=1 =1 i=1

Jdnst  3HaxOMKEHHS HEBIIOMHX KOe]illieHTIB §;
pO3KIIaay BeKTopa X Mo 0azucy Z NOMHOXHMO CKaJSIPHO
crhiBBigHOIICHH (7) IMOCHIZOBHO Ha CHPSOKHI BEKTOPHU
z;, (k = 1,n). Y pesysbTari, BpaxoByrouH (5), OTpUMaeMo

Sl = (2, ¥) .k = ﬁ (8)

3 4Oro, SIK HACliJOK, OTPUMAEMO KIHIEBHHA BUpa3 s
IIYKaHOTO BEKTOPY X Y BiNOBiAHOCTI 3 (6):

n
1
x= ) — G ©
k
k=1

OtpuMaHe CHiBBIJHOILCHHS JJIs PO3B’SI3KY JiHIHHOT
CHCTEMH DIBHSHb € JIOCTaTHHO 3arajlbHUM, ajie JUIs HOro
peanizanii HeoOXiJHe PO3B’sI3aHHs TOBHOI NMPOOIEMH Bila-
CHHMX 3Ha4eHb I oneparopa A, a TaKoX HaXOJKEHHS
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BJIACHUX BEKTOPIB CHPSDKHOTO orepaTtopa A Ha OCHOBI
BJIACTHBOCTI OiopTOroHaIbHOCTI (5).

[Ipoananizyemo neranbuine Bupas (9). Bin cknana-
€TBCSl 3 OKPEMHX JOJaHKIB, KOXKHOMY 3 SIKUX BiAIOBiJae
BIacHe 4yucio A. SIkmio A — xpificHe Yucio, TO AilicHa mapa
BJIACHHX BEKTOPIB Z Ta Z*, a, SIK HACIHIIOK, MIHCHUH i
BIIOBITHUN TOIAHOK.

IHakiia cnpaBa y TOMY BUMAJIKY, KOJH BIIACHE YHCIIO
A xoMmmuiekcHe TOOTO A =a+if. Y upomy BHIAIKy
BIJINIOBiJTHI BJAacCHI BEKTOpPM Z Ta Z' TakKOX OyIyTh
KOMIUIEKCHUMH Z = a + ib,z" = ¢ + id. 3 iHmoro Ooky y
CHeKTpi omepatopa A, IO Ji€ y OIHCHOMY MpPOCTOPI,
NPHUCYTHE CIpPSKHE JO A BJAcHe 3Ha4yeHHs A = a — if,
SIKOMY BIJIIOBIAIOTH CHPSDKHI Z Ta Z* BJacHI BEKTOPH

Zz=a—1ib,z" =c—id. Tlicna  HIACTAHOBKH A,
A, z, Z, z*, Z" y Bupa3 (9) oTpuMaemo
1
x+x= az—-l-Bz [(ac + Bd,y)a + (Bc —ad)b] (10)

TOOTO KOXHIN KOMIUIEKCHO CHPSDKHIN mapi BIacHUX 3Ha-
YeHb BiATIOBinae oauH filicHnit mogaHok Buny (10). Takum
YHHOM, Y BHIIAJIKY, SKIIO CIIEKTp oreparopa A Mae CTpyk-
TYpY BUAY Aq, Az, ... Ay 4y L iby,a, £ iby, ...,a; £ iby, TO
HoMYy BiAIIOBiJJa€ HACTYIHUI PO3B’sI30K piBHAHHSA (1):

1
X = Z )\_(thtay)zk +
+ Y1 2+Bz [(fkay)ak + (hy)by],

xe fi = ogCr + By, hye = By — agedy, a oy, Py, Cr, di-
JiiiCHI Ta ysIBHI KOMIIOHEHTH BJIACHHX BEKTOPIB.
Po3p’szanns piBHsHHsA CiJbBecTpa CcHeKTpaJib-
HUM MeToaoM. CKOpUCTAaEMOCS METOJOM CIHPSIKHUX
orepaTopiB JJsi OTPUMAHHS 3arajibHOrO BUJY PO3B’SI3KY
marpuynoro piBHsHHA CineBectpa AX +XB =Q. VY
OFOMY BWIIAAKY JiHIHHUN omepatop Pyp(x), mo nie y
MPOCTOPI MPSIMOKYTHIX MAaTPHUIb M X N, Ma€ BT

P,s(X) = AX + XB. (12)

ne A 1 B — kBajpaTHi MaTpulli po3Mipy m X m 1a n X n
BiJINIOBIZTHO, a ITyKaHa MAaTpHUIlL X Mae po3Mip m X n, 5K i

(11)

Matpuus Q.
Hexait A4, A,, ...,A;, — BiacHi umcina marpuii A, a
Wi, Hay e sHp BJIAaCHI 4uWclia MaTpulli B, cepem skumx

MOXYTh OyTH KOMITJIEKCHO CTIPSDKHI BIIACHI YHCTa.

[IpunycTumMo, M0 KOXXHOMY BIIACHOMY YHCIY A;
MaTpuii A BiANOBimae MpaBWi BIACHUHA BEKTOp U;, a
KOJKHOMY BIIACHOMY YHCJTy |; MaTpHlli B — iBuil BracHuii
BexTop V] . To6To

Aui = Aiui,
Tp — 4T (13)
Toxi BUKOHYETHCS] HACTYITHE CIiBBITHOIICHHS
Auv] +uvf B = Auv] +wvf (14)

i3 SIKOTO cniﬂye, mo omneparop Pyp Mae BIACHUH BEKTOP
Rij =y v] , AKUH BIJMOBI/Ia€ BIACHOMY 4HCIY V;; = A; +
+;. Hepaxkko nmokasar, 10 MaTpUIHUH JTiHIAHUH onepa-
TOp, CIIpsKeHUH 10 P,p, Mae BUTTISAA

Ps(X) = ATX + XBT. (15)

o anaorii 3 (12) Ta (13) BnacHi BEKTOpH orepaTopa
P,p, SKi BiANOBIZAIOTH BIACHUM WYHCIAM Vi, MAIOTh
BUITIAN Spe = UpVl, A€ Up 1 D! mpasi Ta JiBi BiacHi
sextopu mMatpuns AT i BT Bi[[l'[OBiI[HO

HeBaxko moxasatu, mo R;
S, k=1,m,s=1,n
BiJITIOBIZIAIOTH YMOBaM

(RijsSs) =

ji=1m,j=1n Ta
KBa31010pTOrOHABHI Ta

1, i=kvVj=s,
Biys = { { (16)

0, i#=kANj#s.
OcraHHE € Hacli/IKOM KBa310i0pTOTOHAJIBLHOCTI BEK-
Topunx cucreM u;(i = 1,m) ta v;(j = 1,n), a Takox
CHPSKHUX BEKTOPHHX cucTeM Ug(k =1,m) Ta 7o
(s=1n).
3riggo 3 ¢opmynow (9)
po3B’sa3xy MPC mae BUris

1
;]. Ai T ”-j( l]) ij

Skiio BiacHi ymMcia A; Ta ¥ qiicHi, TO 1 BiacHi
BEKTOpH S;; Ta R;j, K1 TM BIAIIOBIZAIOTH, TAKOK IMCHI.
Taxum unHOM, CKITa10Bi X;j po3B 3Ky (17) 1ot micHuX A;
Ta |Lj MalOTh BUTJIA]

nrykaHa Matpuns X

(17

X =

1
A VI letr(Q Su)

(18)

Skuro xoua Ou oHe i3 A; UM [ € KOMILIEKCHUM, TO i
BiJIIIOBiHI BIIACHI BEKTOPH OYyTh KOMIUIEKCHUMH:
Rij = AU + lB,:j,

, 19
Sij =Cij+lDija ( )

ne A;j i C;j — nikcHi, a B;; i D;; — ysABHi 9acTUHH.

OCKUIBKH B CIIEKTpi omepaTopa P,p MPHUCYTHI KOMII-
JIEKCHO CIPsDKHI BIAcHi wwmena o + iff, To i BiAmoBimHi
BJIACHI BEKTOPH CTIPSIKHOTO OnepaTopa Pyp Takoxk KoMr-
JIEKCHO CTIPSDKHI

= Ay — iB;
7 20
S G =Dy (20)
[icnsa miacranoBku (19) Ta (20) B (18) orpumaemo
CyMy JIBOX KOMIIOHEHT po3B’si3ky MPC, sike BinmoBinae
KOMIUTIEKCHO CIIPSDKHUM BJIACHUM YHCIIaM

2
= “u n 2] (O‘UMU + By u)

ne M;; = AijFi; — B;;jGyj, Nij = BjjF;j + A;G;
Fj = u(Q7Cy), Gy = w(Q" DU).

OcrtaroyHo aHAMITHYHUHN PO3B’ 130k MPC mae Burisig

X = Z;\ Rutr(QTSU) +

+ Z 7 (o My + BijNyj)

— (xij + ij

ij
Jle NepIIMii JI0/IaHOK BiJNMOBiae JIHCHUM A; Ta |, a Jpy-
Ui — KOMIUIEKCHO CIIPSKHUM ;; + if;; BIIacHUM unciiam.

AJropuT™M Ta NporpamMHe 3a0e3medeHHsl. AJro-

puT™M po3B’s3anHs MPC, sikuif 3aCHOBaHO Ha CHEKTPallb-
HOMY METO/Ii, MA€ TaKi OCHOBHI KPOKH:

Xij + Xy (21)

l]9

(22)
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YIPABJITHHS B OPTAHIBAIIIHHUX CUCTEMAX
YIIPABJIEHHUE B OPTAHU3AIIMOHHBIX CUCTEMAX

MANAGEMENT IN ORGANIZATIONAL SYSTEMS

VJIK 658.7.656 DOI: 10.20998/2079-0023.2019.02.03
J. A. T”AMBAPOB, A. A. IIAIIIHEB, I1. A. CMOJIUH, H. E. XAIlBKO

PAZPABOTKA METOJUYECKHUX OCHOB NOBBIINEHUA 39OPEKTUBHOCTHU
MATEMATHYECKOI'O UHCTPYMEHTAPUA PEHNIEHUA 3AJTAY ITPOU3BOJCTBEHHO-
TPAHCIIOPTHOM JIOTUCTUKHA

Pa3paboTaHbl METOJWYECKHE OCHOBHI MOBBINICHHS 3(P(EKTHBHOCTH MATEMAaTHYECKOTO HMHCTPYMEHTAapHsl pPeIIeHUs 3a1ad IPOU3BOJCTBEHHO-
TPaHCIOPTHOH JTorucTHKH. [TokazaHo, 4TO pe3ysIbTaThl, IIOIyYEHHbIE HA OCHOBE METOJIOB MATEMAaTHIECKOTO IIPOrPaMMHIPOBAHHS MOXKHO HCIIOIb30BaTh,
KaK COCTaBHYIO 4aCTh MMUTUPYEMOM peasibHOi cucteMbl. C 3TOi 1esbio pa3paboTaHa METOI0JI0T U HAIPABIEHHOT0 MMUTALMOHHOTO MOJICIIMPOBAHUSI.
IMpakTHyeckass peayn3alys NOCIEAHEH COCTOUT B HCIOJIB30BAHHU HAIPABIICHUS CITyCKa aHAIMTHYECKOH (YHKIMH B Ka4ecTBE HAIIPaBIICHHS CITycKa
anropuTMIdeckoil ¢yHkmuM. [l 4MCIEHHOI OLCHKHM IOCIEACTBUI OT HECOBHAIEHHS COOTBETCTBYIOIIMX HAIPABJICHUH CIIyCKa M KOMIIEHCAIN
BO3HUKAIOIIUX MPH 3TOM OMIMOOK IPU ONpPEJENCHUH ONTUMAJIbHOrO 3HAUCHMS alNrOPUTMHUYCCKON (YHKIMH HPEJIONKEH MEXaHH3M MHOTOIIAroBOi
npouenypsl. BreraucinurensHas 3QQEKTHBHOCT, METONONOTHHM HANPABICHHOTO HMMHTAILIOHHOTO MOJEIHPOBAHMS CYIIECTBEHHO 3aBHCHT OT e
MaTeMaTHdeckoro odecnedeHns. OnpeneneHo, 9To CTPYKTypa KaXkI0il OTASIbHOI MOJIeNH JOJDKHA [IPeyCMaTpUBATh BOZMOYKHOCTD €€ IIOJKIIFOUECHHS
K KOMIUIEKCY MOZIeJieil ¥ pacrioyiaraTh JUist 3TOro HeoOX0JUMbIMU CBOOOIHBIMH MapaMeTpaMu. Pa3HOXapaKTepHOCTh MOZIEIIEH YacTO CIyXKUT OCHOBHBIM
MPEISITCTBUEM IPH PEIICHNH IOCTaBIEHHOH 3ajadd. DTy TPYAHOCTh MOXKHO IIPEOAOJIeTh, €ClIi paboTaTh C HEKOTOPHIMH JOIYCTHMBIMU
YHU(QUINPOBAaHHBIMH BapHaHTaMU Mojieleil. Torna MoenH B mpolecce X NPakTHIECKOH peali3aliiy IT03BOJIIOT COXPAHATh eANHOO00pasne B hopMax
HPECTABIICHHS HCXOAHBIX JaHHBIX, B HCIIOIB3YEMBIX AITOPUTMAX U HporpamMmax GOpMHUpPOBAHHS pacdeTHONH HHPOPMAIMH. YKa3aHHBIM TPEeOOBAHUIM
YIIOBJICTBOPSIIOT MaTeMaTHYECKHE MOJEIH TPAHCHOPTHBIX 337ad C MPOMEXYTOUHBIMH y3iaMH. Takue MOJEIH IOITyCKaroT HMPHMEHEHHE CXEMBI
IIapaMeTPUIecKOd NEKOMIIO3MIMH M IPHBOAAT K IpoOIeMe HerTaaKkod ONTHUMH3AIMU. BBUIO YCTaHOBJIGHO, YTO METOJOJIOTHS HANpaBIEHHOIO
MUMHTAIMOHHOTO MOZICIIMPOBAHMS KOHCTPYKTHBHO PAa3BUBACT HICI0 CHCTEMHOIT ONITUMH3AIINH ITyTeM Hepexo/ia OT MPOOIeMbl BAPbUPOBAHUS CTPYKTYPBI
OrpaHUYCHHUH K PaUKaIbHBIM CTPYKTYPHBIM H3MEHECHUSIM MOJICTICH.

KuroueBble ¢10Ba: IPOU3BOACTBEHHO-TPAHCIIOPTHAS JIOTHCTHKA, HAIPABJICHHOE HMHUTALOHHOE MOJIETINPOBAHUE, ATOPUTMUYeCKast (QYHKIIHS,
CHCTEMHast ONITUMH3ALIHS.

J. A. T”AMBAPOB, A. A. IIAIIIHEB, I1. 0. CMOJIIH, H. €. XAIIbKO

PO3POBKA METOINYHUX OCHOB INIIBUINEHHA E@EKTIBHOCTI MATEMATYHOTI'O
THCTPYMEHTAPISI BUPIHIEHHSA 3A/IAY BUPOEHUYO-TPAHCIIOPTHOI JIOTICTUKI

Po3pobneHi MeToaquyHi OCHOBH MiABUILIEHHS €()EKTHBHOCTI MaTEMAaTUYHOTO iHCTPYMEHTApisl BUPIIIEHHS 3a/1a4 BUPOOHUYO-TPAHCIIOPTHOI JIOTiCTHUKH.
IMoka3zaHo, 110 pe3ynbTaTH OTPUMAaHi Ha OCHOBI METOJIiB MATEMAaTHYHOTO TIPOrPaMyBaHHS MOXKHA BUKOPHCTOBYBATH SIK CKJIA/IOBY YAaCTHHY iMiTamiifHOT
MoIeNi peasbHOI CHCTEMH. 3 Li€I0 METOI0 pO3p0o0iIeHa METOIOJIO IS CIPSIMOBAHOTO iMiTamiifHOro MoaemoBaHHs. [IpakTHyHa peaizawis 1 cKilagaeTbes
Y BUKOPHCTaHHI HANpPSIMKY CIYCKY aHaJITUYHO! (YHKIIT B SIKOCTI BU3HAYEHHS HANPSIMKY CIyCKYy anropuTMiuHoi QyHkuii. J[ns yncenbHOl OLiHKK
HACJIJIKIiB BiJ] pO30iKHOCTEH BiIMOBIAHMX HANpPSAMKIB CIYCKY i KOMIEHcaIlii MOMHIIOK, [0 BHHUKAIOTH NMPH BU3HAYEHHI ONTUMAJbHOTO 3HAYEHHS
AJITOPUTMIYHOI (PYHKIIIi, 3aNpONOHOBAHO MeXaHi3M OaraTokpokoBoi mnponeaypu. OOumcaoBanbHA €(PEKTHBHICTH METOJOJOTII CIPSMOBAHOTO
IMITaLlIfHOTO MOJIENTIOBAHHS iICTOTHO 3aJIeKUTh BiJ i MaTeMaTHYHOrO 3a0e3MedyeHHs. BU3HaueHo, 10 CTPYKTypa KOXKHOI OKpeMoi MoJesi MOBHHHA
nepe6ayaTH MOMIIMBICTD 11 MiAKITIOYEHHS 0 KOMIUIEKCY MOJIENe Ta MaTH JUIs IIbOro HeoOXijHi BibHI mapaMmerpu. Pi3sHOXapakTepHicTh Mojemei
4acTo € OCHOBHOIO IIEPENIKOIOI0 IPU BUPIIICHHI II0CTaBICHOT0 3aBAaHHs. Lli Tpy/HOIIII MOXKHA MO/I0NATH, AKIIO MPAIFOBATH 3 ISTKHMHU JTOITYCTUMUMH
yHi(pikoBaHUMH BapiaHTamMu Mozeneld. Toai Mozeni B mpoleci X MpakTHYHOT peaizanii 103BOJSIOTE 30epiraTi OHAKOBICTh B (hOpMax MpeacTaBICHHS
BUXIJIHUX JaHHX, Y BUKOPHCTOBYBaHHX alTOPHTMAaX i mporpamax (opMyBaHHS po3paxyHKOBOI iH(opmanii. 3a3Ha4eHUM BHMOTaM 3aJI0BOJBHSAIOTH
MaTeMaTH4Hi MOJEJ TPaHCTIOPTHHX 3a/1a4 3 MPOMDKHUMH By3naMu. Taki MoOzieli JJOITyCKaroTh 3aCTOCYBaHHS CXEMH ITapaMeTPUYHOI JeKOMITO3UIIT i
MPU3BOTH A0 MPOOJIEMH HETNAAKOK ONTUMI3alii. Byao BCTaHOBIIEHO, 110 METOOJIOTIS CIPSIMOBAHOTO iIMiTallifHOrO MOJIEIOBAHHSI KOHCTPYKTHBHO
PO3BHUBAE i7I€F0 CHCTEMHOI ONTHMi3alil IUIAXOM TIepexoiy Bifl MPoOJIEMH BapiloBaHHS CTPYKTYpH OOMEXEHb N0 PAAMKAIBHHUX CTPYKTYPHHX 3MiH
Mozienen.

Kuio4oBi ci10Ba: BUpOOHUYO-TPAaHCIIOPTHA JIOTiCTHKA, CHPSIMOBAHE iMITaIliliHE MOJICIIOBAHHS, AITOPUTMIUHA (DYHKIIis, CHCTEMHA ONITHMIi3allis.

L. 4. GAMBAROV, A. A. PASHNIEV, P. 0. SMOLIN L, N. E. KHATSKO

METHODICAL BASIC OF EFFICIENCY INCREASING OF MATHEMATICAL TOOL IN PROBLEMS
SOLUTION FOR INDUSTRIAL TRANSPORTATION LOGISTIC

The methodological foundations of the efficiency increasing mathematical tools for solving the production and transport logistics problems are
developed. The shown result, which obtained on the base of mathematical programming methods, can be used as an integral part of a simulated real
system. For this purpose, a methodology for directional simulation is developed. The practical implementation of this methodology consists on using the
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descent direction of the analytic functions as the descent direction of the algorithmic function. For a numerical assessment of the consequences of the
mismatch of the corresponding descent directions and the compensation of errors that arise in this process while determination the optimal value of the
algorithmic function, a multistep procedure mechanism is proposed. The computational efficiency of the methodology of directional simulation depends
on its mathematical software. It is determined that the structure of each individual model should provide the possibility of its connection to the complex
of models and have the necessary free parameters for this. The diverse nature of the models often serves as the main difficulty in the problem solution.
Such a barrier can be overcome if the work is based on some valid unified model variants. As a result, the models in the process of their practical
implementation allow maintaining uniformity in the forms of representation of the inicial data, in the algorithms and programs used to generate the
calculated information. The specified requirements are satisfied by mathematical models of transport problems with intermediate nodes. Such models
allow the use of parametric decomposition schemes and lead to the problem of nonsmooth optimization. The made statement describes the methodology
of guided simulation modeling, which constructively develops the idea of system optimization by moving from the problem of varying the structure of

constraints to radical structural changes in the models.

Keywords: industrial and transport logistics, directed simulation, algorithmic function, system optimization.

BBegenune. Becy cnekTp 3amad IpOU3BOJACTBEHHO-
TPAaHCIOPTHOM JIOTUCTUKH YK€ B CBOEH TIOCTAHOBKE UMEET
cylIecTBeHHble HeZocTaTkH. K mx uwmciay Heobxommmo
OTHECTH CJIEAYIOIIHE:

1. VYKpymHEHHOCTh MapaMeTPOB U OTPAaHUICHHH.

2. HemnonHblii yyeT crenmuduKH UCCIEIYeMbIX IPO-
H3BOJICTBEHHO-TPAHCIIOPTHBIX CHUCTEM.

3. IlpeoOmamaHue  9K30T€HHBIX  XapaKTEPHCTHK
COCTOSIHUSL ITPOM3BOJICTBEHHO-TPAHCIOPTHBIX CHCTEM HaJ
SH/IOT€HHBIMH, YTO OTPAHUYMBACT PEANTH3aLUI0 UX ITOTEH-
IIUAIBHBIX BO3MOKHOCTEH.

[Ipeononers yka3aHHBIE HEIOCTAaTKH MOXKHO, €CIH
0TKa3aThCsl OT TPAAUIIMOHHOTO MOJX0a W KOMPOBATh HE
BHEIITHIOI0 CTOPOHY MOJIEIMPYEMOT0 00BEKTa, & €r0 BHYT-
PCHHIOIO CTPYKTYPY B IOCTATOYHOH CTETIEHH JICTAIN3AIHH.
[MocnenHss 1OMKHA TO3BOJATH OMHICHIBATH HJIEMEHTAPHBIE
AKThbl XO31HCTBEHHOM U yNPaBICHUYECKON NEATEILHOCTH,
TaKXKe Pe3yJIbTaThl OCYIIECTBICHUS 3THUX 3JIEMEHTapHBIX
aktoB. Ilpm »3TOM BO3HHMKaeT mpolOiiemMa IIOHCKa
9KCTPEMyMa aJrOPUTMHYECKOH (YHKIMM Ha MHOXKECTBE
AITOPUTMHUYECKUX OTPAaHWYCHUH B YCJIOBHSIX BBICOKOM
pPa3MEpHOCTH MPOCTPAHCTBA IEPEMEHHBIX W OIpaHH-
YEeHHOTO BPEMEHH PEIICHHMS 3a/1ad.

ITepebop BapmaHTOB pemieHUs (MOMTHO(DAKTOPHBIN
aHanm3), MO0 CIIy4aiHbIM MONUCK SKCTPEMYyMa CBSI3aHBI CO
3HAYUTEIbHBIMU BBIUYUCIHUTEIBHBIMA TPYIHOCTAMH TIPH
uCcIeOBaHUM (GYHKIMHA C YKa3aHHBIMH CBOWCTBAMH.
Hanbonee mnepcrnekTHBHBIA MOAXOA K PEHICHHIO TaKWX
3a7a4 TPHUBOAUT K IEJIECO0OPa3HOCTH MPHOIMKEHHOTO
(aHanMMTHYECKOr0) ONMMCAaHMS OO0BEKTa YNPaBICHHUS WU
HCTIOIb30BaHUs HAIIPABJICHNS CIyCKa (DYHKIINHU LIETH STOMH
MPUOIMKEHHOW MOJIETH B Ka4EeCTBE OIIEHKH HATPaBICHUSI
CIIyCcKa MCXOIHOH anropurMudeckoil ¢pyakumu. [To cytu
3/1eCb MJET PasroBOP O HANpaBIEHHOM HMUTAllIOHHOM
MoJenupoBaHuu. Peanusanus 3Toro noaxoja K peleHuo
3aJa4 IPOU3BOACTBEHHO-TPAHCIIOPTHON JIOTUCTUKH TIpeA-
MOJIaraeT MOCTPOEHHE KOMIUIEKCHOM MaTeMaTHYeCKOn
MOJIENIM U pa3paboTKy COOTBETCTBYIOIIUX MOAENIEH, Me-
TOJOB U JITOPUTMOB, MO3BOJSIOIIUX OCYLIECTBUTh MUHHU-
MHU3AIMI0 AJTOPUTMHYECKOW (YHKIIMM HAa MHOXECTBE
AHATTUTHIECKUX OTPaHUYCHHN.

Takolt moaxoJ CyIEeCTBEHHO TOBBIIAET YPPEKTHUB-
HOCTh (DYHKITMOHMPOBAHUS CHCTEM IPOM3BOJCTBEHHO-
TPAHCHIOPTHOM JOTHCTHKH, a pa3paboTKa COOTBETCTBYIO-
IIEr0 METOAWYECKOrOo OOECIICUeHHsI HOCHT aKTyalbHBIH
XapakxTep.

AHanu3 JUTEpaTypHBIX JAaHHBIX U IOCTaHOBKA
npoOuiembl. IToBeienue 3 ek THBHOCTH peleH st MHpo-
KOro Kjiacca 3ajad IPOU3BOACTBEHHO-TPAHCIOPTHOU
JIOTHUCTHKU NPUBOANUT K HEOOXOIMMOCTH MOJEINPOBAHUS

uccienyemoit cuctemsl. B pabote [1] ananusupyrorcs
HOBBIE METOZBI MOJEIHPOBAHHSA, KOTOPHIE HUCIIOIB3YIOTCS
JUTSL OLIEHKH MHTEIUICKTYaIbHBIX JIOTUCTUUECKHX PEIICHHH.
CrenaHa IOMBITKA PACIIMPUTH 3HAHUS O MOJICTIPOBAHHN B
obyacTH TPY30BBIX MEPEBO30K ITyTEM HCIIOIb30BaHUS
MMHTAlMOHHBIX MOJENeH, B YacTHOCTH, HA IpHMepe
MOJICIUPOBaHMs TPAHCHOPTHBIX cHcTeM. B Toxke Bpems,
HCCIICIOBATENM €lle paHee YBHUJIEIH LEeNecooOpa3HOCTh
MOCTPOCHHUSA aJITOPUTMA ONITUMH3ALNH I IMUTAIIIOHHOMN
Mmozaenu [2], obecriednBast TeM caMbIM pEIICHHS, OITH-
MU3HPOBAHHbIE B CTOXAaCTHUYECKOM M JIHMHAMUYECKOH
cpenax.

[Tonck oNTHMaNBHOTO pELICHHs IeJIOr0 CIEKTpa
TPaHCIIOPTHBIX IpoOJIeM mpeacTaBieH B padote [3]. Otor
MOJXOJ MPUMEHUM Ui TeX, KTO NPUHUMAET pelIeHHE B
CHUTYaIllH, KOTOPasi BKIIOYAET B c€0sI BOIPOCHI JIOTHCTHKA
W IENOYKH MOCTaBOK. JTa paboTa MEPEKINKAeTCs C
METOJIaMH MOJIETIMPOBAHMS TPAHCIOPTHBIX OMNEpaluid ¢
YYETOM PA3IMYHBIX KPUTEPHEB, OCHOBAHHBIX Ha MOJEINN-
POBaHUM JUCKPETHBIX coObITHH [4]. CaMoCTOATENBHO
ynensiercss BHUMaHHE NpoOJieMe CKIIQJAMPOBAHUS ITyTeM
pa3pabOTKN HEIMHEHHON MOJENN LEIOYUCICHHOTO Ipo-
rpamMMupoBanust [5]. OpHaKo Kakaas M3 HPUBEICHHBIX
pabotr oOmamaer TOW OCOOECHHOCTBIO, YTO MOJCIUPYET
TOJIBKO BHEIIHIOI0 CTOPOHY OOBEKTa HCCIENIOBAaHMUSA U HE
3aTparuBacT €ro BHYTPEHHEW CTpyKTypshl. IlombiTka u3-
0aBHUTHCS OT 3TOTO HelocTaTKa ObLIa cenana B padore [6].
B »3TOl craThe ajropuT™M ONTHUMM3ALUM TPAHCIOPTHOM
3aJ]a4yl HCIOJIb3yeT HH(OPMALUI0 M3 HMHUTAIMOHHBIX
MoJeNlell ¢ pa3INYHBIMH YPOBHSAMH TOYHOCTH H C
Pa3IMYHBIMH YPOBHSAMHU BBIYMCIMTENBHOW A PEeKTHB-
HOCTH.

Kak ectecTBeHHOEe clieAcTBUE B BOIpOCax IOUCKA
ONTHMAJIBGHOTO  PEIIeHUS  TPAaHCIOPTHBIX  MPOOJeM
paccMaTpUBaeTCd METOJA TMOIY4YEHUs HEAOMHHHPYEMOH
TOYKH [IJISI MHOTOIEJIEBOW TPAHCIOPTHOH 3amaun [7].
JIOCTOMHCTBO 3TOrO METOJa B TOM, YTO HpPEJCTaBICHHAS
HEJJOMUHUpYeMasi TOYKa sSIBJSIETCS HanOolsiee OIM3KUM
pemeHneM K pemIeHrio 3Tod mpobnemsl. B nuteparype
yAeTSIeTCS JOCTaTOYHO BHHUMAHHS pPEIICHHIO TpaHC-
MOPTHBIX 3aJ]ad ¢ HEYETKUMH IapameTpamu. Tak B pabote
[8] mpennokeHbI 1Ba MHOTOKPHTEPHAIBHBIX T'PYIIIOBBIX
MeTOJa NIPUHATHA perieHuit. B padote [9] ncnonb3oBaHbl
TEHETHIECKUE aNTOPUTMBI, X CBOMCTBA U BO3MOXHOCTH B
pELICHNH BBIYMCINTENBHBIX 3aad B COOTBETCTBHU C
MPUHIUIIAMH YTIPABICHUS JIOTUCTUKON TIPOU3BOJCTBEHHO-
TPAaHCIIOPTHBIX cHUcTeM. lloka3aHO, YTO T'€HETHYECKHE
ITOPUTMBI MeHee 3(PQEKTUBHBI B CPAaBHEHUHM C KJlac-
CUYECKUMH METOJJaMU ONTUMU3ALHH.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii

auanis, ynpaeninua ma ingpopmayivini mexronoeii, Ne 2°2019

15



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

AHanu3 JMTEpaTypHBIX HCTOYHUKOB CBHJETENBCT-
BY€T, 4TO HCCJENOBaTeIN 0C000€ BHUMAHUE YJICISIOT
Pa3BUTHIO METOJIOB MaTeMaTH4YEeCKOrO IPOTrpaMMHUpO-
BaHWs PELICHUs TPAHCHOPTHBIX 3aJad  Pa3IMYHOU
cinoxkaoctH. Tak B pabdore [10] mpeacraBnen meTox TabHIl
pacrpezeneHus Ha npuMepe 00ecredeHuss MUHUMAaIbHBIX
TPAHCHOPTHBIX pacxonoB. B cratee [11] mpobmema pac-
Ipe/ieNieHNs B TPAHCIIOPTHOM 3a/1aue paccMaTpUBAETCs KaK
MHOTOKpUTEpHanbHas 3af1a4a ontumuzanuu. Crates [12]
MOCBSIILIEHA  OTBHICKAHUIO KOMIIPOMHCCHOTO — PEIICHHs
JIMHEHONW MHOTIOKpUTEpHUAJIbHOW TPAHCIOPTHOM 3ajayu.
OpfHAaKO WCHONB30BAHHE METOJIOB MAaTEeMaTHYECKOTO
[IPOrpaMMHPOBAHUS KAaK COCTABHOM 4acTH MUMUTHUPYEMOMU
peaTbHONW CHCTEMBI NPAKTUYECKH HE OTPAXKEHO KakK B
OTEYECTBEHHBIX, TaK W 3apyOeXHBIX JHTEPATYPHBIX
ncrouyHukax. Kpome toro, Ui KaxJ0ro MMHUTALOHHOTO
MPOrOHa MMEET MecTo IpobiemMa ero MHGOPMALOHHOTO
oOecrieueHHsi, OT KOHKPETHOTO pELIeHHs KOTOpOW Cy-
IIECTBECHHO 3aBUCAT PE3YJIbTaTbl UMUTAIUOHHOTO 3KCIIC-
pHMeHTa.

CdhopmMymupyeM ONTUMU3AIMOHHYIO 3a/1a4y B 001IeM
BHUJIE!

HaWTH

h*:min{f (W|h € Y} = f(h"). @)

Pa3paboTka MeTOOMYECKUX OCHOB pEIICHUS 3aJadyu
(1) nmpu anropurmuyeckom 3amanuu ¢ynkuuu f(h) u
pa3MuHBIX CIIOCO0OOB 3aJlaHMsl JIONMYCTHMOW obiactu Y
HOCUT TPOOIEMHBIN XapakTep M BecbMa akTyaJlbHa IpPH
UCCJIEJOBAaHUU CHCTEM MPOM3BOJICTBEHHO-TPAHCIIOPTHOM
JIOTHCTHKH.

Heas u 3agaum ucciaenoBanus. llenpro uccneno-
BaHUS SBIICTCS pa3paboTKa METOAMYECKUX OCHOB ITOBBI-
meHnst () (HEeKTUBHOCTH MaTeMaTHYECKOTO0 HHCTPYMEH-
Tapwus 33124 IPOU3BOICTBEHHO-TPAHCIIOPTHOM JIOTUCTHKH.

Jnst mocTrkeHHs: Lesid ObUTH TOCTaBJICHBI CIIETYIO-
LIMe 3aa4u:

e paspaboraTh W 00OCHOBAaTh METOJOJIOTHIO Ha-
IMMpaBJICHHOI'0O UMUTAITUOHHOT'O MOJCIIMPOBAHUA U
OIUCATh MOCJIEJ0BATEIBHOCTD ITANOB €€ IPAaKTHU-
4eCKOM peanus3aluu;

e chopMHUpPOBATH KJIACC MATEMATUYECKAX MOJCICH
MHOT'OIIPOAYKTOBBIX TPAHCIIOPTHBIX 3ajad, J0-
MyCKAIONINX MapaMEeTPHUYECKYI0 JICKOMIO3HIIUIO
Y IPUMEHECHHE METOJIOB HETJIAAKON OITUMHU3AIHH
JUTSL UX PEIICHUS;

e pemuTh BOIpPOCH HH(pOpMannoHHOTO obecrie-
YeHHUs UMUTAIMOHHBIX MOJeNeld W pa3paboTaTh
PEKOMEHIAINN 10 Ppa3BUTHIO METOAO0JIOTHHN
CHUCTEMHOM ONITUMHU3AINU JJIA MHOT'OKPHUTEC-
pyuanbHBIX 3aJ1a4 HEJIUHENHOTO IporpaMMu-
poBaHus.

Paspaborka u  o000CHOBaHMe  MeTOHO0JIOTHH
HANPABJIEHHOT0 WMHTAIMOHHOTO MOJEJHPOBAHUS W
3Tambl ee NpaKTH4YecKkoil peanm3anuu. Paccmorpum
3amady (1) B CIeIyroIuX MOCTAHOBKAX:

e 1eneBas Gyukuus f(h) 3amana aaropuTMHYECKH,

JoryctuMast 001acTh Y 3a1aHa aHAIUTHYCCKY,

e 1eneBas Gyukuus f(h) 3amana aaropuTMHYECKH,

JIOITyCTUMAS obnactb Y olpezeneHa

OTpaHWYEHUSMH, 33JaHHBIMH aJITOPUTMHYECKU U
AQHAJUTHYECKH.

OueBHOHO, 4YTO ONTUMM3AIMOHHAS 33ja4a  Co
CMEUIaHHBIMUA OTPaHMYECHUSIMH BCETa MOXET OBbITh
CBEJICHa K 3aJaye C aHAIMTHYECKUMH OIpaHWYCHHIM
MyTEM BBEICHUS alTOPUTMHUYECKIX OTPaHUUCHHUHA B BHIE
mrTpadHbIX (YHKOHHA B cocTaB IeNeBOH (YHKIHU.
[TosTomy pemenne 3amaun (1) mMmeer 1Be MOCTaHOBKH. B
nepBoil moctaHoBke 1eneBas (ynkuus f(h) 3amaHa
ANTOPUTMHUYECKH, a IOMTyCTUMAst 00JIaCTh — aHATUTHIECKH.
Bo BTOpOit mocraHoBKe, 1eneBas ¢yukius f(h) 3amaHa
ITOPUTMHUYECKH, a JIOITyCcTHMAas 001acTh Y onpenensercs
CMEUIaHHBIMUA OrpaHuuYeHHsMH. [Ipm 3TOM pelieHue
3aa4d B TIEPBOH IIOCTAHOBKE MOXET OBITH TaKxke
UCIIOJNIb30BAHO JIJIs PEIICHHS 3a/1a4 BO BTOPOii IIOCTAHOBKE.

[onATHO, 9TO B Cilydae alrOPUTMUYIECKOTO crocoba
3amanus f(h) m Y Bcerma MOXHO HepeiTH K yKa3aHHBIM
BhIIIe rmoctaHoBKaM 3agadu (1). [losToMy B manpHEHIHX
paccyxaeHusx 3anady (1) OyaeM TpakToBaTh Kak 3aaady,
B KoTOopoi mnenesast ¢pyHkims f(h) 3agaHa anropuTMu-
YECKH, & MHOXXECTBO JIONYCTHUMBIX OTpaHHYEHUil ompese-
JsieTCs aHAJIMTUYECKOl 001acThIO:

Y={h={h,;}:0<h,, <A,vnl} )

o0pa3yrolieil runeprnapaienenyne.

Awnanus 3agaun (1) ¢ Touku 3peHus HOPMHUPOBAHUS
IoaxoJ0B K eé PCHICHUIO  BBIABJIACT HpO6ﬂeMHLIe
TPYIHOCTH METOJI0JOTHYECKOr0 XapakTepa He TOJIbKO B
IJIaHC BBIYHUCIUTCIBHOI'O, HO U I/IHq)OpMaI_[I/IOHHOFO
acriektoB. ClielyeT OTMETHTh, YTO BBIYHUCIHTEIBHBIC U
HH()OpMALMOHHBIE  aCMEeKThl TECHO B3aMMOCBS3AHBI,
MO3TOMY BBIICJICHHE UX SBJISETCSA B ONMpeeéHHON Mepe
YCIOBHOCTBIO,  BBOJMMOW C  LEIbI0  pa3jeieHus
arperMpoBaHHON ¥ JETAIM3UPOBAHHON HH(OpMAINH,
MOCTYMAIOIIEH HA BXOJ HMUTAIIMOHHON MOJICITH.

BoIuucauTenbHBIM  ACIIEKT OTBICKAHUS MHUHUMYMa
¢ynkuuu f(h) Ha MHOXKECTBE OrpaHHUYCHUI, 3aJaBaeMbIX
(2), cBs3aH ¢ pa3paboOTKON METOMOJIOTHH HAIIPABICHHOTO
MMHTALMOHHOTO MozenupoBanus. Ee peanuzauus ocyue-
CTBJIATBHCA B YCIIOBUAX OTCYTCTBUA I/IH(I)OpMaI_[I/II/I 0 CBOMCT-
Bax pynkunu f (h), orpannyenuii Ha Bpems noucka f (h*),
BBICOKOHM Pa3MEPHOCTH MPOCTPAHCTBA MIEPEMEHHBIX, CYIIIe-
CTBEHHBIX BPEMEHHBIX 3aTpaT Ha HMHUTALHOHHBIA MPOrOH,
TpeOoBaHUS MpPUEMIIEeMOW TOYHOCTH perueHuil. Teoperu-
YeCKH OLEHUTh TOYHOCTh MOJy4aeMbIX PpELICHHH He
MPEACTABIIACTCA BO3MOXHBIM BBUAY aJIF'OPUTMHUYCCKOTO
criocoba 3amaHus ¢GyHKIuH. [lo3TOMy MMOA TOHSITHEM
«rpuemiieMasi TOYHOCTh pe3ylbTaTa» OyleM IOHMMAaTh
TakOM pe3ysibTaT HapaBIECHHOIO UMHUTALMOHHOTO MOJE-
JIMPOBaHMS, peajn3alis KOTOPOro Ha peaJbHOM OOBEKTe
HE BBI3BOBET CYHICCTBCHHBIX OTKJIOHEHHH OT TCOPETU-
YECKOT0 PeICHHUSL.

B paborte npeyioxkeHa METOI0IOT S HaPaBJICHHOTO
UMHUTALMOHHOTO MOJCIMPOBAHMS, BKIOYAIONIAS TPH
OCHOBHBIX 3Tamna e€ peanu3aliu.

Ha nepBoMm 3Tare CTpOMTCS aHATUTUYECKAsT MOJICIb
F(x,h(x)), thme h-—mapamerp MOJENH, IOIyCTHMAs
obmacth X KOTOpPOW oOmpenerleHa B MPOCTPAHCTBE
nepemennbix x € X. Ilpennonaraercs Tak Ke, 4YTO
dyukius  F(x,h(x))MAHUMU3UPYETCS Ha MHOXKECTBE
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orpaHMYeHUil X, a 3a1aua COCTOUT B OTBICKaHUU x* € X,
TAaKOI'0 4YTO

min F(x,h(x)) = F(x*,h(x*)). 3)

Eciu JIOMyCTHTB, 9TO BeKTOp h = h ompejenéH, To
MIPUMEHEHNE CXEMBl MapaMETPHUECKOH JEKOMIIO3HIINH
NPUBOJAMT K 3ajJade OTBICKaHWs K" Takoro, 4To
min®(h) = ®(4"). lonycrumas obnacts H € Y yHkuuu
®(h) ompeneneHa B MPOCTPAHCTBE MEPEeMEHHbIX h € H.
JUis mocnenHel BBITONHAIOTCS YCIOBUSL BBITYKJIOCTH,
HEMPEephIBHOCTY M CYIIECTBOBAHUSA IPOU3BOJHONW IO
Hanpasnenuro. [Ipouenypa noucka h* € H ogHOBpEMEHHO
CBSI3aHA C MEPEXOJOM M3 IPOCTPAHCTBA NEPEMEHHBIX I B
IIPOCTPAHCTBO NMEPEMCHHBIX X W OTBICKAHHUCM PCHICHHUA
x" €X.

Bropoii sTanm peanmu3anMy METOMOJOTHH HAarpas-
JICHHOTO MMHUTALMOHHOTO MOJEIMPOBAHMS CBSI3aH C IO-
CTpOEHHEM HMUTAIMOHHOW Mopnenu. lleneBas ¢GyHKIus
TIOCJIETHEH MOXKET OBITh MPEACTaBICHA B BUJIE!

f(h) =B + g(h), (4)

rae ®(h) — umurammonssli  ananor dyskmun  P(h),
npuuem P(h) = O(h);

g(h) — wrrpadHas GpyHKIHS.

Jdns  paccMaTpuBaeMblX (QYHKUMH  CHpaBeIUBBI
YCJIOBHS:

f(x) > 0,d(h) > 0,9(h) = 0. (5)

3ajaua COCTOMT B OTHICKAHHH BeKTOpa R* B mpo-
CTpaHCTBE IMEPEMEHHBIX A, yJOBJIETBOPSIOIIEIO OrpaHu-
yennsm Y, takoro, uro minf (h) = f(h*).

[ToHsTHO, YTO MpOLIECC PELICHHS 3TOW 3a/1auu CBsA3aH
C opraHuzanueil OIpeesIeHHOW IOCHeI0BaTeIbHOCTH
HMHUTAIMOHHBIX MPOTOHOB. B KaK1IOM M3 HUX B Ka4eCTBE
MEPEMEHHBIX ~ BBICTYMAIOT ~ Pa3bIlPhIBACMBIC  3HAUYCHHS
HCCIIeyeMbIX HE3aBHCHUMBIX CIYYalHBIX BEJIWYHH, IS
KOTOPBIX OIpeIeIEHHBIM 00pa3oM (HOPMHUPYIOTCS 3aKOHBI
pacrpenenenus. [lapamerpaMu UMHUTAIIMOHHOTO MPOTOHA
ciyxaT (DUKCHPOBAHHBIC 3HAYCHHS BEKTOPA MEPEMEHHBIX
X € X, moJy4eHHbIC Ha OMPEACICHHOM LIare HTepPaTUBHOM
MPOLIEAYPHI OTHICKAHUS BEKTOpa X ™.

OcHOBHas HJess METOJIOJIOTMH HAIPABJICHHOTO UMH-
TAlMOHHOTO MOJICJIMPOBAHHS COCTOMT B HCIOJIb30BAHUH
HaIpaBJICHUs Cciycka, onpeaessiemoro aist Gyukiun O (h)
B Ka4yecTBe HampamiieHusi crmycka st ¢yukuuu g(h).
[MonsaTHO, 4TO 3()(HEKTUBHOCTD MPEATIAraeMoro Mmoaxona,
coryacHo (5), CYIIECTBEHHO 3aBUCHT OT BUJAA (YHKIHH
g(h), Tak Kak mMpu ee BO3pACTAHWHM HAYWHAET BO3PACTATh
yroin Mexay HamnpaBieHueMm crycka (ynkuun ®(h) un
HEHM3BECTHBIM HamnpasieHueM ciycka ¢yHkmu f(h). dus
YHUCIICHHON OLICHKH TOCIEACTBUIl OT HECOBMAJCHHS
COOTBETCTBYIOIUX HANPABJICHUI CITycKa W KOMIICHCALUH
BO3HUKAIOIIUX IIPU 3TOM OIIMOOK B OIpeAeieHuH f (fz*)
LenecooOpa3Ho  MCIOIb30BaTh MHOTOIIATOBYIO Hpolie-
nypy. Kaxnplii mar j nociegHei cBsi3aH ¢ MUHMMM3aLUeil
¢byukuun  f(h) u peanmusyercs U3 COOTBETCTBYOLICH
HavanbHOM ToukM h;(s), s = 0, MoMy4eHHOH U3 yCIOBHS

PaBHOMEPHOTO 3allOJHEHUsT JONMYCTHMOH obnactu VY,
UTCPAIlMOHHBIM CITyCKOM B HAalpaBICHUH yOBIBAaHUSA
¢yukupn @ (h). Jlanee ocymIecTBISICTCS aHAlM3 3aBU-
cumoctu f(h) mo Kaxaod koopauHate Bekropa h u
orpezienseTcss CY)KEHHbIH Jauamna3oH II0 KaXJIOH Koop-
JTTHATE.

Ha ostom o9rame  Takke  OCYLIECTBISIETCS
(hopMHpoBaHHE KOOPJMHAT HadaJIbHBIX TOYEK B CYXKEHOU
00JacTH TPOCTPAHCTBA TEPEMEHHBIX h W pemaercs
MHOTOIIIATOBAsT MTEpAallMOHHAs 3a/Jada  aHAJOTHYHAs
MpeapIIyIIei.

Ha tperpem sTame pemaercs 3afada CIEIyIOIIETO
BUJA: HAUTH

R* = B minff (B;-)

j=12..J}=f(h*+), (6)

rIe j— HOMep Iuara B Cy)XEHHOW o0JIacTH IPOCTPaHCTBA
MIEPEMEHHEIX A.

Pemennem 3amaum  (6) 3aBepluaercs IpoLecc
HaIpaBJICHHOTO0 MIMUTAIIMOHHOTO MOJIEIIHPOBAHHSI.

MeTtoanueckue acnekTbl GOpMHUPOBAHUS Kjacca
MaTeMaTH4YeCKHX  Mojejeii  MHOTONpPOXYKTOBBIX
TPAHCHOPTHBIX 3a4a4. [Ipu KOHCTPYKTHUBHOU peanm3a-
1K pa3paboTaHHOW METOI0JIOT MU HANIPAaBJICHHOTO UMHTA-
[IHOHHOTO MOJCIIUPOBAHUS HEOOXO0JUMO OOOCHOBaHHO
HOAXOIUTh K PELICHUIO BOMPOCOB €€ MATEMAaTHYECKOTO
obecrieuennsi. OT BbIOOpa MOCIEIHEr0 MOXKET CYLIECT-
BEHHO 3aBHCETh BBIYMCIUTEIbHAS 3(QPEKTUBHOCTD INpe.-
JaraeMoro mojaxoja.

Jdnst Toro, 4ToOBl KOHKPETH3MPOBATh TPYJHOCTH
npoOJIEMHOTO — XapakTepa, KOTOpble BO3HUKAIOT IpU
pCLICHUH YKa3aHHBIX BOIMPOCOB, ONMINEM MTEPATHBHBIH
nponecc onpeeneHus h* j B IIPOM3BOJILHOM J0IyCTHMOM
obnactu, BKIIOUEHHOU B Y, mpu 1000M (PUKCHPOBAaHHOM
HOMepe j, HarpuMmep j =j*fl*]-* = h*.

Jis mro6oro s = 1 Bekrop h(s + 1) onpenensiercs Ha
UTEpaLUH S, BKIIOYAIOIIEH HECKOJIBKO TAIIOB!

1. Boruucnsercs dynxuus ®(h(s)).

2. OcyuiecTBisieTcs HWMHUTALMOHHBIA TMPOTrOH U
onpenensiercs f(h(s)).

3. OcTaHOB NpH TPHEMIIEMOM MJIS HCCIEA0BATENs
pe3yJsbTate, HHa4Ye Nepexol K MyHKTY 4.

4. Beruucnsiercst h(s + 1). Bo3spaiuenue k dtamy 1.

IIpu Bcell cXeMaTHMYHOCTH OMMCAHHOW IMPOLENYpPHI,
MOCJIE/IHSISL  TI03BOJISIET  KOHKPETHU3HPOBaTh  OCHOBHBIE
TPYIHOCTHU €€ MPAKTUYECKON peaan3aliH.

Bo-mepBBIX, 3TO  TPYAHOCTH, CBS3aHHBIE C
BBIYUCIICHUEM CD(h(s)). 3mech BO3HHKAeT Mpodiema
dopmuposanus  dynkmuun  F(x,h(x)), Tak kak  eé
KOHKPETHBII BHJ SBJISCTCS ONPECISIOIINM MPU BBIOOpE
HanpaBienus cioycka Qynkuuu  ©(h). UYem TouHee
F (x,h(x)) OIMCHIBAET CBOMCTBA PEajbHOTO OOBEKTA, TEM
menbie mrpaduas g(h) yukmun f (h) u, kak ciaencTeue,
MEHBIIE yroJl MeXIy HalPaBICHUSIMHU CITyCKOB (YHKIIHH
®(h) u f(h). C apyroii CTOPOHBI, 0 MEPE YCIOKHEHHS
F(x,h(x)) Bo3pactaer TpynoemkocTs onpenenenus O (h).
B TO xe BpeMs cieAyeT MMEThb B BHIY, YTO HHKAKOE
YCIIOKHEHHE aHAIUTHYSCKOW MOJEIH PeaybHOrO 00beKTa

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii

auanis, ynpaeninua ma ingpopmayivini mexronoeii, Ne 2°2019

17



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

HE MOJXKET y4eCTb TaKHUX CBOMCTB IOCIEIHEr0, KOTOpbIE
MOTYT  OBITb  ONpENeNeHBl B  COOTBETCTBYIOIICH
UMHTAIMOHHON Mojenu. [IpakTHdyecku 3/1ech NOSBISETCS
npobyiema oneHKkd 3(PQEeKTUBHOCTH JABYX HOAXOIOB K
peanu3anyy mpouecca OTBHICKaHHS MHHUMYyMa (YHKIUH
f(h). OmmH ®3 HUX HampaBJeH Ha MaKCHMAllbHOE
ynpoierue F (x,h(x)). 3TO TNPUBOJHUT K YBEIHMUYCHHUIO
YyHucNa j W pelieHHio OOJBLIOro 4ucia HMTepaldOHHBIX
3ana4. [locnenuue cBsizaHbl ¢ (POPMUPOBAHHEM COOTBET-
CTBYIOIIEH HaYaIbHON TOUKU hj (s), s = 0 u nanpHEHIIIIM
UTEPALIMOHHBIM CITyCKOM U3 Hee B HallpaBJICHHH yObIBAHHS
®(h). OueBugHO, YTO «rIyOWHA» MOJOOHBIX CITYCKOB
MOXET OKa3aThCs HE3HAUUTENbHOM, a NP CYIECTBEHHOM
HECOBIIAICHUH HalpaBlieHHH ciyckoB ¢yHkuuii f(h) u
®(h) Bo3HMKAeT HEOOXOAUMOCTH OTHICKAHHS ONTHMAIIb-
HOTO pemIeHus f (ﬁ*j*(s)) JUIIHF HA MHOXKECTBE Hayallb-
HBIX TOYEK, PABHOMEPHO 3aIOJIHSIONIMX 001acTh Y. D10, B
CBOIO OuYepe/b, NPUBOAUT K HEOOXOAUMOCTH YCIOKHEHHS
F (x,h(x)), MUHUMU3UPYEMON Ha MHOXecTBe X, 4YTO
onpenenser Bropoil moaxox k otickammio f(R*j+(s)).
Torma npobaemy BeIOOpa CTPYKTYpHI QyHKIHH F (x,h(x))
MOYKHO PEIINTh, KOHCTPYKTHBHO pa3BHBasi KOHILEHIIUIO, B
KOTOPO# OTHENbHbIE MOIETU TPAKTYIOTCSA KaK CTPYKTYp-
HbIe yacTu Oonee cioxuHoi moxaenu [13]. CnenoBarensHo,
CTPYKTypa  KaXJOW  OTHENBHOM  MOAENH  JOJDKHA
IpenyCMaTPUBaTh BO3MOXKHOCTh €€ MOAKIIOYEHHS K
KOMIUIEKCY M pacroyaraTb Jisl 3TOr0 HEOOXOAWMBIMH
CBOOOAHBIMM TapameTrpamu. [loscHUM CcKa3aHHOE Ha
KOHKpeTHOM npumepe. [Tycth TpebyeTcs HalTH

xr*L:min{Fn(xn: hn(xn)kn E Xn} = Fn(x‘;kl)’ (7)
n=123.

3amaga (7) mpu n =1 TpakTyercs Kak 3amada
COBMECTHOTO BBIOOpa cmocoba h; (QYHKIMOHHUPOBAHUS
IIyHKTOB IPOM3BOJACTBA U ILIAHOB IIEPEBO30K Xq. Ta xe
3ala4ya MpU N = 2 — TpaKTyeTcsl Kak 3ajgada BbIOOpa
IUTAHOB TIEPEBO30K X, B YCIOBHSAX OTPAaHWYCHHU Ha
MPOIYCKHBIE CIIOCOOHOCTH h, TPAHCIOPTHBIX MAarucT-
pasneii. CpaBHUTENBHBIN aHaIM3 3THX 3a/1a4 MOKa3bIBaeT,
4YTO OTCYTCTBHE Mapamerpa h, B TMeEpBOil IOCTaHOBKE
SKBUBAJEHTHO ero ¢mkcauuu h, = h, (ciydaii Heorpa-
HUYEHHBIX TPOIMYCKHBIX CIOCOOHOCTEW TPaHCHOPTHBIX
Maructpaieir). Bo Bropoit mocraHoBke 3amaun (7)
dukcupoBan mapamerp h; = h; (ciywail 3amaHHOI
CTPYKTYPBI MIPOU3BOJACTBA). Torna, oCTaBiisisi CBOOOTHBIM
mapamerp hy mim n=1 mubo h, mig n=2,
COOTBETCTBYIOIIUEC YKa3aHHBIM ITOCTAHOBKAM MOJICIH
MOXHO TpaKkTOBaTh KaK CTPYKTYpHbIE dYacTH Oojee
CIOXHOW Moxenn (cmydaii n =3), AId KOTOpOH
hs(x3) = {hi(x1), hy(x5)}. Dusuyeckoe coaepKaHue
MOCTICTHEH CBSI3aHO C COBMECTHBIM BBIOOPOM CTPYKTYPHI
MIPOU3BOJICTBA ¥ IUIaHA TIEPEBO30K B YCJIOBHUSAX OTPAaHHU-
YCHWH HA MPOMYCKHBIC CIOCOOHOCTH TPAaHCHOPTHBIX
MarucTpanei.

Pa3zHoxapakTepHOCTh MOJIENIEN YACTO CIYKUT OCHOB-
HBIM MPEMATCTBHEM MPH PEUICHUU MOCTABJICHHOMN 3a1a4u.
DTy TPYIHOCTH MOXXHO IIPEOJOJIeTh, €ciau paborarh ¢

HEKOTOPBIMU YHU(DHUIIMPOBAaHHBIMU BapHaHTAMHU MOJIEIIEH,
KOTOpBIC MO3BOJISIIOT B XOJ€ Pa3pabOTKH ONTHMAalIbHBIX
IUIAHOB COXPaHATh eAnHOooOpa3zue B (opmax IMpeacTaBs-
JICHUS UCXOJHBIX JAHHBIX, B UCIOJIb3YyEMBIX aJTOPUTMAX U
nporpaMMax (GOpMHpOBaHHA pacueTHOH WH(pOpPMAaNNH.
Yka3aHHBIM TPEOOBAHUSIM YAOBICTBOPSIIOT MOJEIU MHO-
TONPOAYKTOBBIX TPAHCHOPTHBIX 3ajjad C IPOMEXY-
TOYHBIMU y3naMu. IlocienHne anexBaTHBI OONBIIOMY
KOJIMYECTBY (DPM3MUECKUX MTOCTAHOBOK, KOTOPBIE BCTpeUa-
I0TCS B IPaKTUKE IPOU3BOICTBEHHO-TPAHCIIOPTHOMN JIOTHC-
THKH.

Bonbiioi nHTEpEC K CBOMCTBAM U METOAAM PEILECHUS
TaKUX 3aJad M MX pa3JIMuHBIX OOOOLIEHWH NpHUBEN K
MOSIBJICHUIO  MYOJMKALMi, OCBEIIAIONIMX OT/ICIbHBIC
cTopoHHI mpobnems! [14]. B wactHOCTH, Hermagkue QpyHK-
MU IIMPOKO HCIIOJB3YIOTCS B TEOPHU U IPUIIOKEHHIX
MaTeMaTHYECKOTO MIPOTrPaMMHUPOBAHUSL.

HNudopmauuonHoe obecneyeHMe MMHUTALUOHHBIX
MojeJiell M pa3padoTka peKOMeHAALMii M0 Pa3BUTHIO
MeTOJ0JIOTHM CHCTEMHOIi onTuMH3anuu. B TepmuHO-
JIOTUH aBTOPOB MOJICM MHOTONPOAYKTOBBIX TPAHCIIOPT-
HbIX 3aJla4d C TIPOMECKYTOYHBIMU Yy3JIaMH HOJYYWIN
Ha3BaHUE JBYXATAlHbIX TPAaHCIOPTHBIX 3aaady. OOocHO-
BAaHHOCTb TAaKOTO OIpPEHEICHUS OOBICHICTCS CIEayIo-
MU O6CTOHT€HLCTBaMI/I. BO-HepBbIX, ABYyXd3TaltHas
TpPaHCHOPTHAas 3ajada JOIMyCcKaeT MHOTOBapHaHTHOCTh
(u3MUeCKUX  TOCTAaHOBOK. A 3TO  3HAYMT, 4TO
MOPOXKAaeMOe 3TOH MHOTOBapHMAHTHOCTBIO MHOXECTBO
JABYXOTAIIHBIX TPAHCHOPTHBIX 3aJad BKIKOYACT TOJBKO
YHAGHUIHPOBaHHBIE MOJIETH. BO-BTOPBIX, KaXKIyI0 U3 3THX
Mo/iesield MOXKHO MOIKITIOYHTH APYT K IPYTY U K KOMIUIEKCY
(koMTIO3UIIMSI MOJIENe) B CHIIy HalW4uvs HEOOXOIHMMBIX
CBOOOAHBIX TApaMeTpOB Yy MoOJENel, BXOAAINIMX B
KoMIo3uioo. Hanpumep, KOMIO3umus OBYX ABYX3Tal-
HBIX Mojeneil o0pa3yloT TPeXdTalHyK MOJeNb, KOMIIO-
3UIUS TPEX ABYXATAIHBIX MOJENEH — YETHIPEX3TAIHYIO U
T. 1. Takum oOpa3om, mporeypa KOMIIO3UINHT Peai3yeT
epexo] K MOJEISIM HOBOM CTPYKTYpBI, IUIsl KOTOPBIX
KOJINYECTBO  CBOOOJHBIX  MMApaMETPOB  OMPEAEIIeTCS
CYMMOH CBOOOIHBIX MapaMeTpoB MCXOAHBIX Mojenel. B-
TPEThbUX, HAJMYME CBOOOJHBIX MapaMeTpoB y MOJCTH
MO3BOJIAET NPUMEHATh CXEMY IapaMETPUUECKON IEKOM-
MO3ULUU U pellaTh HE3aBHCHUMBIE OJHO3TAIHbBIE 3aa4d
(cmydaii, KorJa OTCYTCTBYIOT CBOOOJHBIE MapameTphl), C
MOCTEqyIomel uX KOOpIMHAIWeH B COOTBETCTBHHU C
ITOPUTMaMH, YAOBJIETBOPSIOIIMMHU YKa3aHHBIM BBIIIE
TpeboBaHusAM. Kaknasi omgHoSTamHass MOJEIb UMEET BHJ
KJIACCUYECKOH TPAHCIOPTHOW 3amaud (IBYXHWHICKCHAS
MOJIETIb), @ YHWCIIO TOCIEOHUX ™M(q, TIAE ™M — UHIEKC
STallHOCTU JAEKOMIO3UPYEeMOH 3afaud, ¢ — KOJIUYECTBO
HOMEHKJIATYyp MaTepHAIBHOTO pecypca.

IIpumeHeHre cXeMbl IapaMeTPUUECKON JEKOMIIO3H-
U1 K MHOTO3TalHbIM TPAHCHOPTHBIM MOJAENISM MPUBOAUT
K IpobJeMe HeTJIagKoi ONTHMH3AINY, a CBOMCTBA (PyHK-
. O (h) oKasBIBAIOTCS ONPEAEISAIONIMME [IPH OCTPOE-
HUH COOTBETCTBYIOLIUX AJITOPUTMOB.

OcraHoBMMCSl Tenepp Ha Bompoce uH(popmanu-
OHHOTO 0OecIeYeHHs] MMHUTAITMOHHBIX Mojenei. Kak yxe
OBUIO OTMEUYCHO, NTapaMeTpaMH WMHUTAIIMOHHOTO IPOroHa
ciry’KaT (PMKCHPOBAaHHBIE 3HAUYEHMSI BEKTOpPA MEPEMEHHBIX
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X € X, oJly4eHHbIE Ha COOTBETCTBYIOILIEM 3TOMY ITPOTOHY
IIare HTePAaTUBHOM IPOLEAYPHI OTBICKAHUSI X ™

Yka3aHHBIE TApaMETPbl XapaKTEPH3YIOT arperupo-
BaHHYI0O MH(pOPMAIHIO, MOCTYNAIOIIYI0 Ha BXOJ HWMHTa-
IIMOHHOW MOJIENU, a 3a/Jada MX OTBICKAHWS OIPEEIsieT
BBIYHMCIIUTEIBHBIA aCIeKT METOAOJOTHH HAMpPaBJICHHOTO
UMHTAMOHHOTO  MojenupoBanus. HHdopmanmoHHbIH
aCIeKT 3TOH METOAOJIOTHH CBsi3aH ¢ (OPMUPOBAHUEM
JeTaTM3NPOBAaHHOW HWH(MOpPMAIH, HA OCHOBE KOTOPOH
MOXET OBbITh OCYLIECTBIICH HMUTAI[IOHHBINH AKCIIEPUMEHT.
Oroit nHpOpMAaIHel ABISIIOTCS pa3bIrphIBaEMble 3HAUCHHS
HE3aBHCHUMBIX CIyJalHBIX BEJWYMH, OJHOBPEMCHHO
BBICTYIAIOLIME B POJHM IEPEMEHHBIX HMMUTAIIOHHOTO
nporoHa. 3aech HPOOJIEMHBIM OKa3bIBACTCSl BOIPOC II0-
CTPOEHHS 3aKOHOB PacCHpeNeICHHs CIy4aiHbIX BEINYHH,
BKIIIOUYCHHBIX B TIPOrpaMMy HCCIIEAOBAHUS, COOTBETCT-
BYIOUIMX Ka)XKAOMY UMHUTALMOHHOMY JKCIIepUMEHTy. s
pemieHust 3TOW 3aJadMl TIPeUIaracTcsi HCIOJIb30BaTh
PETPOCTIEKTHBHYI0 ~ MH(GOPMAIMi0o 00  HCCIEAyEeMBIX
CIIy4alHBIX ~BEJIMYMHAX. OTy HWHPOPMALHUIO MOXKHO
NIPEACTaBUTh B BHJAE THCTOIPaMM, KOTOPHIE CIEIyeT
AaHATUTHYECKA  allIPOKCHMHPOBAaTh  MHOTOIApaMeT-
pHYECKHM  CEMEWCTBOM IUIOTHOCTEH  pacrpeiesieHus
0(z;, 0;1, 0;,,0;5,0;,), TAC | — MHICKC CIIyYalHBIX BEJIU-
yuH. 0;1, 0;2,0;3,0;4 COOTBETCTBEHHO XapaKTEPHU3YIOT:
MaTeMaTHYecKoe OXHIAHUE, CPEIHee KBaJpaTHIECKOE
OTKJIOHEHUE, AaCUMMETPUI0 M IKCIeCC  CllydalHOM
BeNM4nHbI z;. Torza, pemas 3amgady ONpeneNeHus Iapa-
MeTpoB 0;q, 0;,,0;3,0;, A1 KaXIO0ro HOMEpa i, MOKHO
MOJHOCThIO  3a7aTh (yHKIHIO O(Z;, 0;1, 0;5,0,3,0:,).
Yka3aHHbIE HaApaMETPBI SBISIOTCS QYHKIMSIMH HEKOTOPBIX
BIMSIOMUX (DAKTOPOB ¥, YTO CJEAyeT U3 (PU3MYECKHX
c000paXeHH, U COOTBETCTBYIOLINE 3aBUCHMOCTH MOTYT
OBbITh IIPE/ICTABJICHBI B BUJIE PErPECCHOHHBIX YPaBHEHHIA.
Jnst ompeneneHusi OLEHOK KO3((HUIMEHTOB pPErpecchu
¢dbopMmynupyeTcs 3amada MHUHUMM3AIUM KBaJPaTHUYHOTO
(yHKIMOHANA, peleHHe KOTOPOW M 3aBeplaeT Mporecc
(dbopMupoBaHUs HCXOAHON HH(MOPMAIMK, HEOOXO0IUMOM
JUISL peaii3aliyl 04epeTHOT0 MMUTAMOHHOTO MIPOTOHa C
nenbio MuanMu3anuu Gynkmun f(h).

Bruta paccmoTpena Hamboinee mpocTas, Hambolee
4acTo WCIOJb3yeMasi U Haubojiee peaKko BcTpedaemas B
MPAaKTHYECKHUX 3aJlauyax CUTyalusi, KOrJa COOTBETCTBHE
TOTO WJIM UHOTO 3HAa4€HHs BEKTOpa h MOCTaBICHHOM Lesn
orepanuyd MOXHO OIHMCAaTh C MOMOIIBI0 HEKOTOPOi
¢ynkmun  f(h). Ilpm Takom mnoaxome h, cuutaercs
npennoututenbHee by, ecmu f(hy) < f(h,). Torna 3anaya
BbIOOpa Hamry4mero obpa3a JeWCTBHII CBOOUTCA K
OThICKMBaHUIO MUHUMYMa (yHkuuu f(h) Ha MHOXKECTBe
JonmycTUMbIX pemieHuit H € Y. OnHako, Kak MOKa3bIBaeT
MPaKTHKa MPOU3BOJICTBEHHO-TPAHCIIOPTHOW JIOTUCTHKH,
HMEHHO TIOCTpOEHHE (QYHKIINH, XapaKTepU3YIOIeH Ielh
orepalyy, BHI3bIBAET HAMOOJBLIME 3aTpyAHEHHUS. 31ech
OCHOBHasi po0JieMa OCTPOCHUS LieJIeBOH (PyHKIMH HE B
TOM, YTO €CThb ONEPALUH «OJHOIEIEBOT0» W «MHOIO-
LIEJIEBOT0» XapakTepa, a B TOM, YTO €CTh ONepanuy, Heib
KOTOPBIX TOYHO W3BECTHA MCCIIEAOBATEINIO, U €CTh Olle-
panuH, [eab KOTOPBIX eMy Heu3BecTHA. [locMoTpuM ¢ 3THX
NO3MIMHA Ha GYHKIHIO (4).

Kommnonentst @ (h) u g(h) ¢ S5KOHOMHYECKOH TOUKH
3peHHs XapaKTepHU3YyIOT 3aTpaThl, KOTOPbIE BO3HUKAIOT B
HCCIIEyeMON CUCTEME MPOU3BOJCTBEHHO-TPAHCIIOPTHOM
aoructukd. O4eBUIIHO, YTO HaIM4Ke 3aTpat g(h) sBisercs
OTpaXeHHEM HecOalaHCHPOBaHHON pabOTHl OTAENBHBIX
3BEHBEB MCCIENYEMOH CHCTEMBI 3a CYET BO3JEHCTBHA
pPa3IMYHBIX  CIHy4YalHBIX  (PAKTOpOB. DKOHOMHYECKas
OLIEHKA MOCIIEACTBUH MOA00HON HecOanaHCHPOBaHHOCTH
HOCHT TNpOOJIEMHBIH XapakTep, a 3TO 3HAYMT, YTO MMEET
MECTO HEOTIPEJEICHHOCTD B BHIOOPE LIENH ONEPAIIHH.

YToObI CHATH 3Ty HEONpPENeNICHHOCTh, HE0OX0IMMO
NoJy4aTh JIONOJHUTENIbHYI0 HHpopMaiyioo. OCHOBHBIM
HCTOYHHMKOM 3TOH MH(pOpManny SBISETCA, KaK MPAaBUIIO,
muno npunuMmaromee pemenue (JIIIP). JIIIP  nomken
pacronaratb CHUCTEMOM MNpEANOYTEeHHH, 3aJaHHOM Ha

MHOXXECTBE  JIONYCTHMBIX  pemeHnid h € H, mubo
KputepueB. Ecnm  mpeAnonoXuTh, UTO  CHCTEMa
NpeAnouYTeHN 3ajaHa (HampuMmep, Ha MHOXKECTBE

KpPHTEpHEB), TO HMEET MecTO IpobiemMa CHCTEMHOU
ontuMm3anuu [14] B MHOroKpUTEepHaJbHON 3ajgaue
HEJIMHEWHOT0 MNpPOTrpaMMUPOBaHMUA C  aJTOPUTMHUYCCKU
3amanHbIMI QyHKIHoHATaMu D (h) u g(h). Pemenue 310l
MIPpOOJIEMBI 3aKITI0YaeTCs B IIeJICHAIIPABICHHOM U3MCHEHUH
NOTYCTUMBIX  O0macTel  Xi, ...,Xppg TyTEM BapHaluu

napametpo h € H € Y ¢ nensio nonanauus ®(h) u g(h)
B 001acTh (TOYKY), OMMCHIBACMYIO CHCTEMON MpPEAIIOU-
TeHud. OAHAKO NpU KOHCTPYKTUBHON peain3allid TaKOTO
MOAX0Ja K CHUCTEMHOM ONTMMM3alMU PaccMaTpUBacMOM
MHOTOKPHUTEPHUAIBHOM 3aJaul IPUXOIUTCS CTAJIKUBATHCS C
Cepbe3HbIMU TPYAHOCTAMU. OCHOBHasg W3 HHUX — 3TO
HEOIPEACIEHHOCTh B 33JaHUM CUCTEMbI IPEAIOYTCHUI,
YTO IPUBOJUT K IIOCIEN0OBATEIbHOMY LEJICHAIIPAB-
JICHHOMY H3MEHEHUIO 00JIaCTH TIPEATIOYTCHHH.

Pewenue o100HOH 331241 CUCTEMHOM
ONTUMH3AIMNA MOXET OBITh OCYIIECTBICHO C TOMOIIBIO
MOJIX0/1a, UCIIOJIb3YIOLIEr0 METOJOJIOTHIO HalpaBJIEHHOTO
MMHUTAIMOHHOTO MOJIETUPOBAHUSA. DTOT MOAXO] CBSI3aH CO
CKaJIIpU3alMeil BEKTOPHOIO KPUTEPUS U IPEICTABICHHUS
€ro B BUJIE

f(h) =1 —o)®M) +arg(h)k=1,23.. (8)

[ToHsATHO, YTO BHIOOP TOr0 WM WHOTO 3HAYCHUS
napamerpa o € (0,1) NpUBOANT K W3MEHEHHIO KOMIIO-
nentoB ®(h) u g(h). 3amaaumMcs ONpe/IENeHHbIM AroM
JIICKPETHOCTH M JUISl KaXK/IOTO WIEHA IT0CIIe/I0BATEIbHOCTH
{oy} pemmm 3amauy (1) B ycioBusix (6). ITonyueHHbie
Pe3yIbTATHI TIO3BOIISIOT IOCTPOUTH 3aBUCHMOCTE D ()
g(a). Tak, B uactHocTH rpu Bo3pactanuu o € (0,1), g(ay)
SIBISETCS HEeBO3pacTapoliei, a ®(«) — HeyObIBaOMICH
¢yHKIMEeld CcBOero apryMeHTa. 3HaHHE MOCIEAHUX
OTKpPBIBAET IIMPOKHE BO3MOXKHOCTH IPU (OPMHUPOBAHHU
pasnmuuHbix cucteMm npeanourenuit JIIP, kaxnas w3
KOTOpBIX OOECIIeYrMBaeT 3axBaT OINpPEJCICHHON TOYKH
{@(E),g(fl)} COOTBETCTBYIOIIEH HEKOTOPOMY WJIEHY IO-
ciieioBaTesbHOCTH {0} B pe3ysibTaTte NPUMEHEHHUs yKa-
3aHHOHU MPOLEYPEL, YTO OYESBUIHO.

Beime 0bu10 ycranoBiieHo, uto Bui GyHkuun g(h)
CyllleCTBEHHO 3aBUCHT OT Buaa Qyukuuu D(h). Dr1o
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OoOBsCHSIETCS TeM, YTO HCclenyeMas JIOTHCTHYecKast
CHCTEMa JIONYCKAeT Pa3INIHbIE CIOCOOBI €€ OpPraHU3alnH.
IlocnenHue MpUBOASAT K COOTBETCTBYIOIUM CTPYKTYPHBIM
U3MEHEHUSAM Mojeied. YKa3aHHbIC U3MEHEHUs CTPYKTYyp
HEOOXOAMMBI B CIIydae, €CIM MOJENH, OTPAaHWYCHHUS U
Ha0Op MEepOIpHUATHH HE CcooTBETCTBYIOT memsiM. JIIIP B
ONpENENeHHOH Mepe IIeJICHANpPaBICHHO BHOCUT CTPYK-
TypHBIE H3MEHEHUSI, KaK B 00BEKT YIPABICHNUS, TAK H B €TI0
CBSI3M C BHEWIHEH cpenod. Bo3HukaeT 3ajmada 1ieneHa-
NPaBJICHHOTO (OPMUPOBAHHS MOJEIH IyTEM €€ CTPYyK-
TYPHBIX H3MCHEHHH (BapbUPOBAHUS IIEPEUHS IEPEMEHHBIX
1 TIPaBBIX YacTel OrpaHUYCHUH, paJUKaIbHOTO N3MCHEHHS
CTPYKTYPBI MOAETH).

MeTtonmoorusi CHCTEeMHOMN ONTUMM3ALHUU U €€ KOHCT-
PYKTHBHOE DPa3BUTHE Ha TPHMEPE PEIICHHS MHOTOKPH-
TEPUAIIBHBIX 3aJad HEJIMHEWHOIO IpOrpaMMHUpPOBaHUS
ObUTH CBSI3aHBI C BapbUPOBAHHEM CTPYKTYphl OTpaHH-
yeHni. [TomoOHBIN MOIX0] CYIIECTBEHHO pacHImpsercs
MyTeEM YCTaHOBJICHUA BO3MOXKHOCTHU nepexoaa K
pagMKalbHBIM CTPYKTYPHBIM H3MEHEHUSIM MOJEIEH, a
TaK)ke€ BO3MOXKHOCTH NMPAKTHYECKOW pean3aliy yKa3aH-
HOTO MOAXOAa IyTE€M pEIICHUS MHOTOKPUTEPHAIbHBIX
3a7a4 HEJIMHEHHOro MNpOrpaMMHUpPOBaHUs B YCIOBUSAX
ITOPUTMUYECKOTO CcIIoco0a UX 3a/laHusl.

[locnenoBaTenbHOCTh  CTPYKTYPHBIX — W3MEHEHHH
MOJIeIM TIOPOKAAET MOCIEI0BATENbHOCTE JIOMYCTUMBIX
obnacredt Hy,...,Hy,...,H, B IpOCTpaHCTBE NapameTpoB
hp, n€ Ny ={1,...p0}, NS N (uia (GUKCHPOBAaHHOIO
3HaueHus « mapamerpa o € (0,1) Ttakyro, uyTO 3ajgada
OTBICKAHUA

E*pﬁ:min{fp (hpﬁ)|hp,a EH}=/p (E*p,a) ©)

MPUBOJUT K BBIITOJIHCHUIO YCIOBUA

@y (h'pa).8(R"pa)} € P(Dsg). (10)

Ecmu ycnoue (10) He BbIMONHAETCS IS BCeX
HOMEPOB neN; €N, TO HUCXOIHAas 00JacTh
P(®,g) cumtaercss HeKOppekTHOH. Bosnmkaer 3amada
YTOYHEHHUS 00JacTH TPEANOYTeHHH MOIENBI0 BEPXHETO
ypoBHs. B 3aBUCHMOCTH OT €€ pelIeHHs pearu3yroTcs
COOTBETCTBYIOIIHE MEpONpUATHS, CBSI3aHHbIE c
MPUHATHEM peIIeHus] 00 OKOHYaHWM Hpouexyps! (op-
MHUpPOBaHHUSA OINTHMAJIbHON CHCTEMBI MPOW3BOICTBEHHO-
TPaHCHOPTHOM  JOrMCTUKU. BapbupoBaHue nepedHs
MEPEMEHHBIX W PAAWKaJIbHOE W3MEHEHHE CTPYKTYPHI
MaTeMaTHYeCKOM MOJETH CBS3aHHBI HE TOJIBKO C
UCTIONIb30BAHUEM PA3JIMYHBIX TEXHOJIOTHYECKHX CIIOCOOO0B
TPaHCIIOPTUPOBKH NpoayKiuu [ € L, HO U BEIOOPOM BHJA
TpaHCHOPTA.

BriBoabl. Pazpaborana n 060cHOBaHa METOOIOTHS
HalpaBJICHHOTO HWMUTAIIMOHHOTO MOJEIUPOBAHUS IS
OTBICKAaHHWS MHHHMYMa ajJTrOpUTMHYECKOH (yHKINM Ha
MHOKECTBE aHAIUTUUECKUX OrpaHudyeHuid. Meromonorus
HaMpaBIEHHOIO0 MMUTAIIMOHHOIO MOJEIMPOBAHUS MO3BO-
JUJIa WCCIENOBaTh HE TOJBKO BHEIIHIOK CTPYKTYPY
00BEKTa YIpaBIEHNUS, HO U €T0 BHYTPEHHIOIO CTPYKTYPY.
Pe3ynbraThl 110100HBIX MCCIIEIOBAaHUN MO3BOJISIOT MOJIE-

JIMPOBaTh CUCTEMBI NPOU3BOJICTBEHHO-TPAHCIIOPTHON JIO-
THCTHKM Ha Oojiee BBICOKOM KadeCTBEHHOM YPOBHE H
CO3Jaf0T YCJIOBHSL JJIsl IOBBIMEHUS 3((PEKTUBHOCTH
peLIeHuUs MPUKIaJHbIX 3a1a4.

CdhopmupoBaH Kilacc MaTeMaTHYECKHX MOJeETeH
MHOTOIIPOAYKTOBBIX TPAHCIIOPTHBIX 3a1a4, JOITYCKAIOINX
MapaMeTpUUEecKyl0  JEeKOMIO3UIMIO U NpHUMEHEHHE
METOZOB HEIJAIAKOH ONTUMHU3ALUHM JUIL HMX pEIICHUS.
Kiace Mopeseit MHOrOIpOXyKTOBBIX TPAHCIIOPTHBIX 33124
MOXET JIONYCKaTh DPa3iIn4HyI0 (HU3HYECKYIO TPAKTOBKY.
[Tomo6HOE 0OCTOATENBECTBO PACIIUPSIET CHEKTP HUCIIONIB30-
BaHU MOTyYSHHBIX PE3yJIbTaTOB.

Pemiens! Bonpockl HHPOPMAIIMOHHOTO 00ECHeYEeHUs
UMHTAlMOHHBIX ~ MOJENe W  JaHbl INPAaKTUYECKHE
PEKOMEHIAIIMN TI0 PasBHTHIO METOIOJIOTUH CHUCTEMHOM
ONTUMU3AINU JJIA MHOTOKPUTEPUAJTIbHBIX 3aJlad HCJIU-
HelHoro nporpamMMupoBanus. OCYILIECTBICHO ajbHeii-
Iee Pa3BUTHE METOJOJIOTHH CHCTEMHOH ONTUMH3ALUH
IYTEM BO3MOKHOCTH BapbUPOBAHHUS HE TOJIEKO CTPYKTYPEI
OFpaHI/I‘IeHI/Iﬁ MOA€IH, HO U OCYHICCTBJICHUA paJUKAJIbHBIX
CTPYKTYPHBIX U3MECHECHHH.

BO03MOXHOCTh ~ CONPSDKEHHS  AHAJIUTHYSCKUX H
UMUTAIIUOHHBIX MO[[eJ'Ieﬁ TMO3BOJIACT CYIICCTBCHHO MOBBI-
cuth 3(Q(PEKTUBHOCTD HCIOIB3YEMOI'0 MaTeMaTHYECKOTo
UHCTPYMEHTapHS.
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C. B. OPEXOB, H. K. CTPATIEHKO, I'. B. MAJINTOH

PO3POBKA ITPOT'PAMHOI'O 3ABE3IIEYEHHA J1J151 BUPIIIEHHS 3AJAYI IOBYIOBU IT
KOMAH/IA HA OCHOBI OIIIHKHA KOPIIOPATIBHOI KYJIbTYPH TA TUITY OCOBUCTOCTI

IIpoBeneHo aHani3 CydacHUX IMiIXO/IB 11010 BUKOPUCTAHHS TOHATTS KOPIOPATUBHOI KyJIbTYpH B POOOTI BiJITiB YIPABIiHHS JIIOACEKUMHU pECypcaMu
Ha minpremctsi 30kpema IT kommanii. Llei anani3 mokasye, 10 iCHye MiHIMyM TPH OCHOBHI HAIPSIMKH BUKOPHUCTAHHS KOPHOPATHBHOI KyTbTYPH 3TiIHO
ii BU3Ha4YEHHIO. AJIe 10Ci KOpIIopaTHBHA KyJIbTypa He Oyiia BUKOPHCTaHa sIK YacTHHA MeToAuKN GpopmyBanns IT xomanmu. [TpencraBneHo HOBHIT mixis
1o ¢popmyBanHs IT KOMaHIM Ha OCHOBI OI[IHKM TUITy KOPIOPAaTUBHOI KyJBTYpH OpraHi3alii Ta THIOJOrii 0ocoOuCTOCTI criBpoOiTHUKA. [nes merony
TIOJIATA€E B TOMY, 00 BHIUTMTH Ha TIEPIIIOMY €Talli IPyITy OJHO/IYMIIIB IIISXOM BH3HAUECHHS OIiHKM KOPIIOPaTHBHOI KynbTypH. IToTiM i3 miei rpynm Bxe
BinokpemuTH IT KOMaHZIY 3TiHO THIAXy OCOOHMCTOCTI, KM BiIOBiNae NOTpiOHIN kBamidikarii abo mo3umii B camiit IT xomanni. B Taky xomanty
BXO/1Th iporpamictu, BED nusaiiHepu, aHamiTUKH, TECTYBaJIbHUKH, apXITEKTOPU Ta TEXHIYHI NTMCbMEHHUKU. J{1s1 peanizanii migxoay IpoBeIeHO OIS
JocBiny BukopuctaHHs iHcTpymeHTiB OCAI Ta Tumonorii Maifepc-bpurrc. B pesymbrarti crpoekToBaHO TporpamHe 3a0esnedenHs. IIporpamne
3a0e3MeueH s T03BOJIsIE TIOBHICTIO BUKOHATH 3aMPOTIOHOBAHHH allrOPUTM BHKOPHCTaHHS aHKETYBaHHS HAa OCHOBI BHSBIICHHS SIK PHC KOPIIOPaTHBHOI
KyJIBTYpH Oprasisatii, Tak i THITy 0coOHCTOCTI OKpemoro criiBpoOiTHuka IT komnanii. TecTyBaHHs JaHOTO MPOTPaMHOTrO 3a0e3MeYeHHs MPOBEJCHO Ha
ocHOBI JaHnx peanpHoi IT kommanisx Ta ii BHyTpimHbOI 3amadi mono QopmysanHs IT xomanai mpoekty. J{omiibHICTE BHKOPHCTaHHS OIHKH
KOpPIOPAaTUBHOI KYJIBTYPH IMiATBEPIKYEThCS THM (akTom, mo IT xomaHna He € mocTiiiHO0 onuHUIE0. BOHA 3aBXkKIM 3MIHIOETECS B 3aJIEKHOCTI BiJ
motped B po3poOIli TOro 4M iHIIOro MPOrpaMHOro NPOAYKTY. BoHa 3MiHIOETBCS B 3aJI€KHOCTI Biji MOTpeOU y BUKOHaHHI Toro 4 inmoro IT mpoekry.
AJre 3aBJISIKH OIIIHIII KOPIIOPATHBHOI KyJIbTYPH € 3MOTa OTIEPAaTUBHO JIOCIi/KYBaTH 3MiHM B OCOOHCTIH MOBEIHIII OKPEMUX CITIBPOOITHUKIB Ta OKPEMUX
IT xomMaHZ 3 METOIO MOKPAIIEHHS AKOCTi iX poboTn B Mexax IT mpoeKTiB, 0 MOCTIHHO TaKOXK 3MiHIOIOTHCS.
Kurouosi ciioBa: IT xomanna, koprnopatiBHa KynbTypa, merox OCAIL meroq MBTI.

C. B. OPEXOB, H. K. CTPATHEHKO, I'. B. MAJIUT OH

PA3BPABOTKA ITPOT'PAMHOTI'O OBECIIEYEHUS JIAA PEINEHUSA 3AJJAYA TIOCTPOEHUSA UT
KOMAH/Ibl HA OCHOBE OIIEHKH KOPIIOPATUBHOM KYJIbTYPBI 1 TUIIA TUYHOCTH

IIpoBeneHo aHANMU3 COBPEMEHHBIX HMOAXOJOB K HCIOIb30BAaHUIO MOHATHS KOPIIOPATHBHAS KyIbTypa B paboTe OTAEIOB yHNPAaBICHHS UETOBEUCCKUMU
pecypcaMu Ha MpeAnpuATHH B yacTHOCTH B YT xoMmanuu. DTOT aHaNIM3 MOKA3bIBAeT, YTO CYIIECTBYET TPH OCHOBHBIX HAIIPABIICHHS UCIOIB30BAHMS
KOPIIOPAaTHBHOU KyJBTYpPHI COINIACHO ee ompererneHuio. Ho 10 cux mop KopropaTHBHas KyJbTypa He ObLIa HCIOJB30BaHA KakK YacTh METOIMKH
dopmuposanust UT komannsl. IlpencraBien HOBbIH moaxon K ¢GopmupoBanio MT koMaHIpI Ha OCHOBE OILEHKH THIIA KOPIOPATUBHOW KYIBTYPHI
OpraHU3aliy U THIIONOTUH JUYHOCTH COTpYAHHKA. Ves MeToga COCTOHT B TOM, YTOOBI BBIICIHUTH Ha IIEPBOM JTalle IPYIIY €AHHOMBIIUICHHUKOB
ITyTEM OLIEHKH KOPIIOPAaTHBHOM KyJbTYpbI. 3aTeM M3 3TOH Ipymmsl BeLAEIUTH Yxe VT KOoMaHy COIIacHO THITy JIMUHOCTH, KOTOPBIl COOTBETCTBYET
HY)XHOU KBaJM(UKAIMKU WK TO3UIMU B caMoi KoMaHze. Iy peanu3anuy noaxoa ObLT mpoBeaeH 0030p ombiTa UCToib30Banus nHctpymenta OCAI u
tunosnorun Maiiepc-bpurrc. I[lo pesynpratam CIpoeKTHpOBaHO HporpaMmuoe obecrieuenue. [IporpamMMHOe obOecriedeHHe MONHOCTHIO Peannu3yeT
MPEAJIOKEHHBIN aJTOPUTM HCIOJIb30BaHUS AaHKETHPOBAHUS HA OCHOBE BBISBJICHHUS KaK 4epT KOPIOPATHBHOM KyJbTYpbl OpraHu3alliy, TaKk W THUIA
JIMYHOCTH OTAebHOTrO coTpynHuka UT komnanuu. TecTupoBaHue JaHHOTO IPOrPAMMHOTO 00ECTICUeHHUs TPOBECHO Ha OCHOBE JaHHBIX peanbHoit UT
KOMITaHHH U e BHYTpeHHel 3a1aun o popmuposanuto T xomanpl npoekTa. LlenecooOpa3HOCTh HCHIONB30BaHUS OIIEHKH KOPIIOPATUBHOW KYIIBTYPHI
noxaTBepxaaeTcss TeM (aktom, yto UT komaHzma He sBISeTCS NMOCTOSHHOM exuHuIeil. OHa Bcerja MEHsETCs B 3aBUCHMOCTH OT HOTpeOHOCTEH B
Ppa3paboTke TOro MK HHOTO IPOrpaMMHOr0 IpoaykTa. OHA MEHSETCS B 3aBUCHMOCTH OT HOTPEOHOCTH B BBINONHeHHH Toro i uHoro UT mpoekra. Ho
Omarogaps OIEHKE KOPIIOPATHBHOU KyIbTYpHI MOSBILIETCS BO3MOMKHOCTB OIIEPATHBHO KCCIIENOBATH M3MCHECHUS B JIMYHOM IOBEJCHHU OTACIBHBIX
COTPYAHMKOB U OTAeNbHBIX YT KOMaH] ¢ HeNbio yiTydIeHHs KauecTBa X paboTsl B peenax UT nmpoekToB, KOTOpbIe MOCTOSHHO TAK)XE MEHSIOTCS.
Kuaiouessie ciioBa: YT xomanna, kopnopaTuBHas KynsTypa, Merox OCAIL meroq MBTL

© C. B. Opexos, H. K. Crparienko, I'. B. Manuron, 2019
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S. V. OREKHOV, N. K. STRATIENKO, H. V. MALYHON

SOFTWARE DEVELOPMENT FOR IT TEAM BUILDING BASED ON ESTIMATING CORPORATE
CULTURE AND PERSONALITY TYPE

The survey of modern approaches of using corporative culture notion in human resource management department at an enterprise, for example, in a
company of software development was provided. The overview was showed that there are three main directions of using corporative culture according
to its definition. But since corporative culture has not been used as a part of methodology of IT team building. New approach of IT team building based
on corporative culture and personality type estimation was presented. The method idea is to define the group of employees based on corporate culture
estimation. Then the group is being filtered via personality type to form IT team finally. We believe that IT team includes different positions: software
programmers, analysts, software architects, testers, WEB designers, technical writers etc. To solve this problem the overview of experience of using
OCAI method and the Myers-Briggs typology is given. The software was developed. The software fully realizes proposed algorithm of interviewing for
research as properties of corporative culture as personality type analysis of some employees in IT Company. The software testing was provided for real
IT company and to form IT team of a project. The appropriateness of using an assessment of corporate culture is confirmed by the fact that the IT team
is not a permanent unit. It always changes depending on the needs for the development of a software product. It changes depending on the need for the
implementation of an IT project. But thanks to the assessment of corporate culture, it becomes possible to quickly examine changes in the personal
behavior of individual employees and individual IT teams in order to improve the quality of their work within IT projects that are constantly changing
as well.
Keywords: IT team, corporate culture, OCAI method, MBTI method.

AkrtyaabHicTb. JKuTTeBuit moTeHHian OyIb-sKOi
opraHizanii cxoBaHo Yy 1i oOprasizamiiHiii KyJabTypi.
CyuacHa IT xkommanis me wHabip IT xomanm, ski
¢dopmyroTeest st peanizaunii koHkperHoro IT mpoekry.
Komanna — ue nuHamiuHa cuTyauis, B SKid WieHH
opranizaunii (OPMYIOTh BIJHOCHHH Y BUIJIAJI HOPM Ta
MPUHIUIIB JKUATTS. JlOCHiKeHHs MMOKa3ywTh, 1o IT
KoMaHga 1ie rpyma Big 5 10 20 cmiBpoOITHHKIB, sKi
MOUIAIOTH 3arajibHi IijIl Ti MIHHOCTI Ta TOTOBI A0 CHIIBHOT
poboru. IX yMmiHHA Ta MOXIMBOCTI B3a€MO3aMiHHI Ta
JOTIOBHIOIOTE ofHa iHmTy [1]. ToMy BHBYEHHS LBOTO, SIK
BiacHO ctBoproBatH IT KoMaHy € aKTyaJIbHOIO 3a7a4ero.

AHaJi3 icHyrounx meroiB. Koxxuuit 3 Hac KOXHUN
JICHb ICHY€E Y PEaIbHOCTI MOBCIKICHHOTO MUPY Y CHCTEMI
colLiaibHUX HOPM Ta 3BUYaiB. A KyJbTypa L€ i € aKTUBHUI
NpoLIeC CTBOPEHHsI peajbHOCTI. Take Ouibll riubOKe po-
3YMIHHA KyIbTYpPH Ja€ HaM MIOCh OUIbINe, HIX MPOCTO
PO3MOMIT MiX CYCIJIBCTBAMHU Ta opraHizamismu. KokHa
OpraHizaiis Ma€ CBOi HETMOBTOPHI OCOONHBOCTI, IO
Ha3MBaIOThCd (DEHOMEHOM «KOPIIOpaTHBHA KYJIBTypay.
Bona BupocTtae i ¢GopMyeThcsi B TIpOIECi COUiadbHOT
B3aEMOII.

KepiBHUK Bigirpae KIOYOBY poib y (opMyBaHHI
LIHHOCTEH, 1110 00’ €IHYIOTh Ta HAMIPABJISIOTH OPTaHi3alliio.
OpnHak iHII YJIeHH OpraHizalii Tako)X MOXYTh BIUIMBATH
Ha mporec (OpPMyBaHHS KOPIOPATHBHHUX I[IHHOCTEH 1
CTHJIIO TIOBEIIHKH, BIiJIrparodn poyib HedopMaIbHUX
niepiB abo 3aiiMaroun sIKych 0COONMBY IO3UIIIIO.

IMoHsATTS opraHizaniiiHol KyJbTYpH 3yCTpidaeThCs
AK B Teopii ympaBiliHHS, TaK 1 B MCHUXOJOTii i comioorii.
AJle €IMHOTO TPAKTyBaHHA TEPMiHY ITOKH IIe HE iCHYE.
OnHak € OKpeMe TMOHSTTS «OpraHizaliiiHa KyJabTypa»
Y IIUPOKOMY Ta BY3bKOMY 3MiCTi.

®. Kotnep BiaMivae, mo CKIagHO CHOPMYITIOBATH
JaHe TMOHATTA 00 1HOAI WOro pO3YMIIOTH SK OOMIH
JIOCBiJIOM, icTOpi€lo, TOpSAAKaMH Ta NpaBHIAMH, SKi
XapaKTepu3yI0Th OpraHizamito [2].

B. P. BecanH HaszuBae oprasizamiiHy KyIbTypy SK
CYKYIIHICTb LIHHOCTEH, NepeKOHaHb, MOZIeIeH MOBEIiHKHY,
SIKi TIOJTIJISIFOTRCS yCiMa YiieHaMu opraHizariii. BiH BBaxae,
L0 OpraHizamiifHa KyJbTypa IMpOSBISEThCA B iX IisX Ta
30BHIIIHIK aTpuOyTHIi [3].

3a gymkorw M. Meckona, M. Ansbepta ta @. Xeno-
ypu [4] «kiimar Ta aTMocepa opraHizauii i € KyJbTypa.

Kymerypa BimoOpakae 3BHYKH Ta OYiKyBaHHS B OpTaHi-
3allii, sIKi IepeBaXaroThy.

Awnainoriuge Bu3HaueHHS nmaroTb A. TommcoH i
A. CTpukieHI: «BHYTPIIIHI COIMiaJIbHI CHIM OpTaHi3alii €
opraHizauiiina KynbTypa. BoHa mnpencraise co0oro
B32€EMOIIOB’s13aHY CHCTEMY LIIHHOCTEH i HOPM HOBEIiHKH,
SIKi TOMIHYIOTB B I1iif KoMmaHii» [5].

Kynerypa — 11¢ iHTEpecH Ta I[IHHOCTI, a TAKOX ijei,
SIKi TOTUJISIFOTh TPYNU: HABUYOK, TPAIHUIIIHA, TOCBIAY, KOMY-
HIKATUBHHUX TPOIIECiB, CTpaxiB, Mi(iB, OUiKyBaHb, IKi BU
a00 Bami CriBpOOITHUKH MEPEKUBAIOTH [6].

AHali3 pi3HUX AYMOK Ia€ MOXXJIHBICTH C(HOPMYITIO-
BaTH OCHOBHE MOHSTTS OpraHi3aliifHOi KyJIbTypu — Iie
0a30Bi I[IHHOCTI, SIKi MPUAMAIOTHCS 1 TOAUISIOTHCS O1ITb-
IIiCTIO CHiBpOOITHUKIB B opraHizamii. L{i iiHHOCTI BH3HA-
YalOTh IHJMBIAYaJIbHICTh Ta BiIMIHHY pHCY, SK Ha
30BHINIHBOMY, TaK 1 Ha BHYTPIIIHbOMY piBHI camoi
oprasizariii.

TakoX MOLIIBHO 3a3HAYUTH BAXIIUBICTH TOTIISIILY
amepukancbkoro gocmigauka E. [lleiina, skuii He TIIBKH
BiZI3HAYMB, a IlI¢ PO3IISIHYB B OCHOBI CTAaHOBJIEHHSI KOPIIO-
paTHBHOI KyJNbTypH TPUXOBaHI 30BHIMHI (akTopu
(HaBKOJMITHIHA CBIT, Yac, IPOCTIp), SAKi MMiICBIAOMO BIUIA-
BalOTh Ha MOBEIIHKY CIiBPOOITHHUKIB. [lali BiH Bi3HAYAE,
M0 ICHYFOTB I[iJTi 1 MIHHOCTI JIFOJICH, IO PO3IIIITIOTHCS BXKE
Ha CBiJIOMOMY piBHI (3aJIaHi iHHOCTI, COIiaJbHI HOPMH), 1
TUIBKU TOTIM — 30BHIIIHI NPOSIBU KOPIOPAaTHBHOI KYJIBTY-
pH, SK apxiTeKTypa i TeXHOJIOTii, IIaHyBaHHA i o(opm-
nerHs [7]. Takum 4MHOM, MOKHA TIPUITH IO BUCHOBKY, 10
e(eKTHBHICTh pearyBaHHS OpTraHi3allii, K Ha BHYTPIIIHI
B3a€MOJIii, TaK i Ha THCK 3 OOKYy HABKOJHWIIHBOTO CBITY,
MPSMO 3aJISKUTH BiJ KOPIIOPATHBHOI KyJIbTYPH B OpTaHi-
3arii.

HesBakaroun Ha po3yMiHHsI BCi€l BaXKIIMBOCTI KyJIb-
TypH OpraHi3ailii, MOKHA BiJ3HAYUTH 1 11 JAEsSKi HEIOINIKH.
Bararo aBTOpiB BiA3HAYalOTh, WO IACHTH(IKYyBaTH
KyJIbTYpY IOCUTb CKJIaJIHO, TUM OUIBIIE 10 BOHA MTOCTIHHO
PO3BUBAETHCA 1 HIKOJIM HE CTOITh Ha Micii. st po3yMiHHS
cyTi Oymb-aKoi opraHizaiii, sk KyJIbTYpHOTO (DeHOMEHa,
HEeOoOXiTHO B TIEpITy YepTy 3 ICOBYBATH, SIKi caMe TPOIIECH,
MOJTii TOPOIMIIM CUCTEMY TIOHATh, MIHHOCTEH, SKi MO~
IOThCA KOXHHUM 4WwieHoM kommawii. 1I[o6 riamboko po3io-
paTucs B KyJIbTYpi OpraHi3arii moTpibHO criocTepirat sik
32 MPOCTUMHU OaHAIBHUMHU CHTYAIlisIMH, TaK 1 3a OUIbII
SCKpaBUMM TpoliecaMu MoOyJoBU peanbHOcTi. Yacom
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BUSIBJIITH 11l BHTOKM OpraHi3allifHOl KyJIbTypu IyxKe
CKJIaJIHO.

MeHeKMEHT KyJIbTypH, TaK YH IHaKIle, MparHe
BTPYTUTHCS 1 KOHTDOJIIOBATH JIOJMHY, II0O MiX #HOro
0COOMCTUMH LIUIIMH 1 HUIIMH Oprasizanii He OyJ0 HisKoi
muctaHmii.  Jly)ke  9acTo  KEpiBHHITBO  KOMIIAHIil
HaMaraeTbCs HaB’s3aTH Oynp-sKi LIIHHOCTI, i
CHIBpPOOITHUKY IOBOIWTBHCS iM CIIAyBaTH, IHAaKIIe B
oprasizarii iloMy JOBro He MPOTpUMATUCs. TakuM YUHOM,
CHIBpPOOITHUK TOTANA€ y XKOPCTKI PaMKH Ta MOPYIICHHS
SIKAX — 200 TIPaBUJI )KUTTS OpTaHi3aIlii MOKe TPO3UTH HOMY
HAaBITh 3BUTbHEHHsM. Lle cBOTo poay 0co0arBa mpUXOBaHa
¢dopma TortamitTapusmy. Hanpukian, B - SIIOHCBKHX
KOMITaHISIX IiJUIeTJTi ITaHOOJIMBO CTAaBISATHCS 10 KEPIBHUKA,
Oe33anepeyHO BUKOHYIOTh HOro JopydeHHs. Hagitb
HE3BaKAarO4YM Ha Te, 10 B pOOOTI MOXKYTh ICHYBaTH sIKiCh
HETMPUEMHI SIBHIA, CIHIBPOOITHUKH OyAyTh CMHPCHHO
BUKOHYBAaTH CBOi 000B’SI3KH, II00 IOCSTTH CaMOIIOBArH i
noBaru kojer. I me i HUX € abCOIIOTHO NPHPOITHUM.
Taka curyariist 3 60Ky MOe 3/1aTUCS Ty>K€ CyBOPOIO, KOJIH
CHIBpPOOITHUKK YacoM Ha mKomy co0i, 0e3 OyIb-sKoro
OTIOpY [IIOTh 32 3aKOHAMH JKUTTS OpraHizamii. Ase e
3HOBY-TaKH Ja€ CBil e(eKT Ha NUIAXY JOCATHEHHS IiJiel
[6].

Ouinka KOpnopaTuBHOI KyJbTypH. TUIONOTTYHHI
aHaJi3 OpraHizalliifHOi KyJbTYpH NPOBOJIUTHCS 3 METOIO
inenTH(iKalil KyJabTypH, BUSBICHHS il CIaOKUX CTOPIH i
npobiaeMHux 30H. Bigomo Oesmiu Tumosoriit (. Xawuaw,
I'. Xodmrene, P. Axkoda i iH.), Jeski 3 SKHX MarOTh
BHPaXCHUN IHCTPYMEHTAIIbHUI Xapakrep. JlaHwii acriexT
O3BOJISIE  CTBOPIOBATH  BIINOBIOHI ~ METOIWUKHA  JUIS
MOJATBUIOT0 IX 3aCTOCYBaHHSA B MPUKIAJHHUX JIOCIiJ-
JKeHHsX [8].

Iacrpyment OCAI Kima Kamepona i Po6epra Kyinna
3aliMae 0COOJIMBE Miclle cepen IMX MmiaxoaiB. Bemukoro
MOUIMPEHHS ONHUTYBAIBHUK OTPUMAB Y 3B’SI3KY 3 THUM, IO
MiIXOANTH ISl BUBYEHHS SIK MOTOYHOTO, TaK i MaiOyT-
HBOT'O CTaHy OpraHi3aliiiHOl KyJbTypH KOMIIaHii.

3rinno Kamepon i Kyiun (1999), opranizaiiiina
KyJIbTypa MOJXeE pO3IJISIATUCS Yy MPOTUCTOSHHI OJUH
OIHOMY HampsIMKax: KOHIIEHTpalis Ha YTpPUMaHHI 3a
paxyHOK BHYTDIIIHIX KOIITiB (BHYTpimHIA ¢okyc i
iHTerparis) ab0 Ha 30BHINIHIX B3a€MUHAX (KOHKYPEHIIS 1
mudepeHiianis), abo KOHICHTpalis Ha I[IHHOCTAX
OpTraHiYHHUX MPOIECiB, IO ACOLIIOIOTHCSA 3 THYYKICTIO 1
JIUHAMi3MOM, a00 Ha MEXaHIYHUX MpoIllecax, MO BU3HA-
YaroTh CTa0IBbHICTH 1 KOHTPOITH [§].

Takum unHOM, 3TiIHO 3 MeTooioriero K. Kamepona
i P. KyieHa, B 3ameXHOCTI BiI Xapakrepy
BHYTPIIIHBOKOPIIOPATHBHUX BiTHOCHH, iICHYE YOTHPH THITH
KOPHOPaTHBHOI KYJIbTYpH: OIOpPOKpAaTHUyHA, KIIAHOBA, PUH-
KOBa 1 ajaxokparideckas. KopHucTylouuch craHgapTHUMH
BU3HAYCHHSIMH, MOJXKHA JIaTH KOPOTKY XapaKTepUCTHKY
KO)KHOMY 3 3a3HaueHHX 0a30BUX THIIB OpraHi3amiitHol
KYJIBTYpH.

KnanoBa kynbTypa — 1€ ApyXHE Micue podoty, 1e y
moneit maca crinbHoro. OpraHizamlisi cxoka Ha BEJIHKY
cim’10. Jlinep abo riaBa CIpUAMAEThCS SK BUXOBATENb i
HaBiTh 5K 0aThk0. Opranizallisi TPUMAETHCS PA30M 3aBISKH
BimmaHocTi Ta Tpaauiii. Bucoko IiHyeThCs 00OB’s3-
KoBicTh. OpraHizamisi poOUTh aKIEHT Ha JOBrOCTPOKOBIM

BUTOJII BJJOCKOHAJICHHSI 0COOMCTOCTI, HaJjae 3HAaYCHHS BU-
COKOT'O CTYIEHsI 3TYPTOBAHOCTI KOJIEKTHBY 1 MOPaJIbHOMY
KJIiMaTy. Y CHiX BUSHAYAETHCS B TEpPMiHaX «100pe BIAUYTTS
JI0 CHOXHMBadiB» 1 «rypbora mpo mozpei». Opranizaris
3a0Xx0uye OpuragHy poOOoTy, y4acTb CHIBPOOITHHKIB B
6i3Heci i 3maroxy (puCyHOK 1).

I'HyYKicTh Ta TUCKPETHICTD
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CTaliIbHICTh Ta KOHTPOJIb
Pucynok 1 — Buau kopnopaTHBHOT KyJIbTYpH

Anxokpariueckas KyJlbTypa — [Ie AMHaMi4He, MiIpH-
€MHHIIbKE 1 TBOpYe Micie pobotu. JIromu roToBi mia-
CTaBJIATH BIIACHI 1711 1 Wit Ha pusuK. Jligepu BBaXKalOThCs
HOBaTOpaMH 1 JIIOABMH, TOTOBUMH pH3HKyBaTH. Criomyd-
HOI0 CYTHICTIO OpTaHi3alii € BiIJaHICTh EKCIIePHMEH-
TyBaHHSA 1 HOBaTopcTBa. [limKpecmoeThcs HEOOXIiTHICTH
ISUTEHOCTI Ha TEpeqHhOMY PYyOexi. Y HTOBrocTpOKOBid
MEPCICKTHBI OpraHizamlis poOUTh aKIEHT Ha 3POCTaHHI i
3100yTTI HOBUX pecypciB. YCIiX 03Hayae BUPOOHHUIITBO /
HaJlaHHS YHIKQJIBHUX 1 HOBUX HPOJYKTIB i / ab0o HOCIyT.
BaxxuBo OyTH JiIepoM Ha PHHKY MPOIYKIIii 200 MOCIyT.
Oprasizaiist 320X04y€e 0COOUCTY iHILlIaTHBY 1 CBOOOY.

IepapxiuHa KymapTypa — me ayxe ¢opmaiizoBaHe i
CTpYKTypoBaHe Mmiciie pobotn. Tum, mo poOIsTh JTIOAH,
YIpaBIsIOTh Tpouenypu. Jlizepu NHUIIAOTBCS THM, IO
BOHH — paIiOHAJbHO MHCISIYi KOOPIUHATOPH 1 OpraHi-
3atopu. KpnTndHO BayumBa MiATPUMKA IUIABHOTO XOIY
nistbHOCTI. Opranizamiro 00’€qHYIOTh (hopMaNbHiI Mpa-
Bwia i odiniitna mosiTuka. [lOBrocTpoKOBI MiKIyBaHHS
opraHizauii nojAraroTh y 3abe3nedeHHi CTabiIbHOCTI i
MOKa3HUKIB IJIABHOTO XOJy PEHTa0EIbHOTO BHUKOHAHHS
omepaliid. YcmiX BH3HAYa€ThCS B TEPMiHAX «HATIMHICTDH
MOCTaBOK, KaJIeHTapHUX TpadikiB 1 HU3BKUX BUTPAT».
YupaBiniHHA HallMaHMMH TIpalliBHUKaMH CTypOOBaHe
TapaHTiel0 3aHHATOCTI i 3a0e3MeYeHHIM IOBIOCTPOKOBOT
nepe0auyBaHOCTI.

PunkoBa KynbTypa — 11 oprasisailis, OpieHTOBaHa Ha
pe3yJIbTaTH, TOJIOBHOIO TypOOTOIO $IKOI € BHKOHAHHS
MOCTaBJIEHOTO 3aBJaHHs. Jlronu minecnpsiMoBaHi i 3mMara-
10Tbcsl MK coOoto. Jlinepu — TBepai KepiBHUKH 1 CyBOpi
KOHKypeHTH. BoHn HemoxutHo 1 BuMoriuBi. Opranizaito
MOB’sI3y€ BOEMWHO TpAarHEHHsS Iepemaratd. Pemyraris i
ycmiX € CHiabHOI TypOoTor. DoKyc mepcrneKTUBHOT
cTparerii HalalTOBaHWK Ha KOHKYpPEHTHi Mii, pilieHHS
MOCTABIIEHUX 3aBJIaHb 1 TOCSTHEHHS BUMIPIOBAHUX ITiJICH.
Vcemix BH3HAYAETHCSI B TEPMiHAX «IPOHMKHEHHS Ha
PUHKN» 1 «301IBIICHHS YacTKH Ha PUHKY». BakiuBo
KOHKYPEHTHE LIHOYTBOPEHHS 1J1iepcTBO Ha pUHKY. CTHIIb
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oprasizanii — JKOPCTKO IPOBEAEHA JiHiS HAa KOHKYPEH-
TOCTIPOMOKHICTb.

Jns BU3HA4YeHHS THIY KyJIbTypH IIPONOHYETHCS
BIZIMOBICTH Ha INICTh 3allMTaHb 32 TaKUMH KIIOYOBUMHU
HanpsiMaMH: HalBa)KJIMBIIII XapaKTEPUCTHKU OpraHi3ariii;
3arajJbHUN CTUIMB JIIAEPCTBA; yIPABIiHHI HallMaHUMH TIpa-
[iBHUKaMH;, €JHAJbHA CYTHICTh OpraHi3amii, cTpaTeridi
iTi; KpUTEPil yCmixy.

Y K0’)KHOMY NUTaHHI YOTHPH BapiaHTH BiTNOBIiMi, IKi
MIPEACTABILIIOTH COOOI0 TBEPKEHHS, [0 XapaKTePU3yIOTh
MIEBHUHA THUN KyJIbTYpH. Tak sIK B iCHYIOUHX OpTraHi3aImisx
3yCTpiYaloThCsl KiJbKa THIIB KyJNbTYPHU, BIDHUMH MOXYTb
Oytu Kinbka Binnosiged. ToMy BiIIOBiAb BUpaKaeThCs B
posmoxini 100% mix 4oTHpMma BapiaHTaMu. Bigmosigatu
Ha MUTaHHS HEOOXI1THO /IBa pasu, NMepIInii pa3 BUXOASYH 3
HUHINIHBOTO CTaHy OpraHi3ailii, JPyruil pa3 — ONKCYIOUU
Kpall XapakTepUcTHKH. [lepeBaroro maHoro Mmeromy €
(¢opMyBaHHS HaAmNpSAMKIB, HEOOXINHMUX OIS TIPUBCICHHS
KOPHOpPaTHBHOI KyJIbTypH OpraHizamii A0 cTaHy, SKHA
XO04yTh OTPUMATH 3 IPOBEACHHSM 3MiH B KOPIOPATUBHIN
KYJBTYpi.

Kpim anHamizy KymeTypu B pPOOOTI IPOIIOHYETHCS
B3ATH B PO3IJISI TUIIM OCOOMCTOCTI CIIBPOOITHHUKIB, KX
nepeadavaeThes Bkiountd B IT komanay [8].

Tumnonorin Maiiepc-Bpurre. Ilpo6nema edexTus-
HOTO YIPAaBJIiHHSA MEPCOHAIIOM B CYYaCHOMY CBITI CTOITh
JOCUTh TOCTPO, 1 HACHIJKH IOTO BiJUyBalOTh Ha c0Oi
TUCSYl opraHizamiii. Jlama mpoOiieMa MPOSIBISETHCS B
MOCTIMHIN TUIMHHOCTI KaJpiB, Y BIACYTHOCTI MOTHBAIIi i
3HIDKCHHI TIpaIe3/1aTHOCTI y CIIBPOOITHUKIB, B HaIpyXKe-
Hill rcuxoyoriyHii arMocdepi B KoyekTuBi. Bei i
(hakTOpH IPU3BOAATE IO 30UTKIB MIAIPHEMCTBA. Y 3B’SI3KY
3 OUM IOTPIOHO PECTPYKTYypYBaTH CHCTEMY YIPaBIiHHS
MEPCOHATIOM B OUIBIIOCTI Oprafizamiid, amke SKIIO
MiIXOAUTH 10 YNPABIIHHA MEPCOHAJIOM TIPaMOTHO, TO
MOXKHa 3HA4YHO IMiJABMIIMTH Mpale3JaTHICTh CIiBpOOIT-
HUKIB. OJJTHUM 3 IHCTPYMEHTIB 301JIbLICHHS e)EeKTUBHOCTI
MOXE CITY)KHTH COLIIOHIKa.

CouioHika — IIle HayKa IPO THIH OCOOHCTOCTI, siKa
Oepe cBoi BUTOKM 3 BueHHA Kapma [ycraBa IOmra,
3HAMEHHUTOrO MIBEHIIAPCHKOT0 MICHXiaTpa i OCHOBOTIOJIOXK-
HHKa aHaJITH4HOI ricuxosorii. FOHT npumycTus, mo icHye
MEBHI THUMH OCOOMCTOCTEH, SKHM XapaKTepHi IEeBHi
crnocobM MHCIICHHS. 3HAIO4M TUI MUCJIEHHS iHIIO]
JIIOJUHU, MOXKHA Bipa3y BHIIJIUTH HOTO ciaabKi i CHIIbHI
CTOPOHH, a TAaKOX 3PO3YMITH 0COOJIMBOCTI CPUIHATTS iM
iHpopMarii 3 30BHIIIHBOTO CBITY.

IcHye Oe3miu BWAIB PI3HUX IICUXOJIOTIYHHUX THUIIO-
qorid. OpHa 3 HAUMOMYJAPHIMIKMX CMOCOOIB BU3HAYCHHS
ocobnmBOCcTel TMCUXikM — THIojnoris Maiiepe-bpirre
(MBTI). s cucrema BHHMKIA Ha OCHOBI imed FOwnra, B
OCHOBY THHOJOTl B3Ta #oro pobora «llcuxomoriuni
Tunny». CucTeMa NiarHOCTUKH 1HAUBIAyaJIbHUX BiMIHHOC-
Teil BH3HAYa€ NPHHAJIECKHICTH JIIOJUHU 10 OJHOTO 3 16
THITIB OCOOUCTOCTi. Bu3Ha4YeHHS THIIAaXy OCOOMCTOCTI
IIPOBOAUTHCS B (hOpMaTi caMOJiarHOCTUKH 32 J0TIOMOTOI0
TecTy (aHKeTyBaHHs). TecT ckiamaeThcs 3 94 muraHb 3
BHOOpPOM OJIHiI€i 3 JBOX BapiaHTIB BIANOBiIl. 3a UM
BiIMTOBIZSIM BU3HAYAIOTh TIEPEBArk 3a YOTUPMa TUXOTOMIH,
ornucanuM B Teopii FOHra: excrpasepcis / iHTpoBepcis

(Extraversion-Introversion), cencopika / intyimis (Sensa-
tion-Intuition), morika / eruka (Thinking-Feeling), partio-
HaJbHICTH / ippamionansHicTh (Judging-Perceiving). Toen-
HaHHA OTPHMaHUX 3HAaueHb na€ 16 pi3HUX THIIB, AKi
KOAYIOTbCS TICPIIMMHU OyKBaMH TMOKa3HHKIB mikain: ESTJ
(peamict, aaMinicTpaTtop, KepiBHUK), ENTJ (komanmmp,
nignpuemenp), ISTJ (opranizatop, incmekrop), ENFJ
(nacraBuuk), ESFJ (Buurens, BHXOBaTenp , €HTY3iacrT),
INTJ (amamituk, mpoBUAens, HaTXHeHHUK), INFJ
(HaTXHEHHUK, KOHCYJBTaHT, NOPaAHUK, rymanict), ISFJ
(BUKOHaBeIb, XpaHUTENb, 3aXUCHUK), ENTP (BHHAXITHUK,
mrykay, mpiitank), ESTP (menocupaa, mapian, peanicr) ,
ENFP (meniatop, yemmion), ESFP (momituk, misa), INTP
(apxiTekTop, KpUTHK, aHamiTikK), ISTP (Mmaiictep, ymineus),
INFP (cmormsmau, mipuk, mimutens), ISFP (BuramHuk,
KOMITO3UTOP).

PosrnsHyBIIM BCi THITH 0COOMCTOCTI, MOKHA 3pOOHUTH
BHUCHOBOK, III0 MPEICTABHUKU PI3HUX THUIIB MO-Pi3HOMY
MOBOJATECS B PI3HMX JUIOBHX CHUTYyamisfX, MarOTh CBOI
CabKi 1 CHJIbHI CTOPOHU. YMIHHS CBOEYACHO BHU3HAYUTHU
THII JIOJJMHH, I03BOJIUTH TPAMOTHOMY MEHEKEepy 3aByac-
HO OLIIHUTH HOT0 CUJIbHI SKOCTI.

IMocranoBka 3amaui. Ha ocHOBI mpoBemeHOTO
JIOCHIIJDKEHHST METOAIB Oynu cdopMynboBaHi (yHKIIO-
HaJlbHI BUMOTHU 10 MaiOyTHBOTO MpPOTpaMHOro 3abesre-
YeHHs — pHUCYHOK 2. ba3syrounch Ha aHami3i BHMOT,
c(OpMYITIOEMO TIOCTAaHOBKY 3ajadi JOCHIKCHHI B
HACTYITHOMY BHIJIS/Ii: HA OCHOBI aHKETYBaHHS CIiBpOOIT-
HHUKa 3a JBOMa MeTojaMH MoOyIyBaTh Iiarpamy camo-
OLIIHKH CIiBPOOITHHKA CBOTO MOJI0KEHHS B MaitOyTHbOT [T
KOMaHIII.

CTBOpPEHHS NepCcoHanbHOI KapTKK

MNo6ynoBa cknagy komaHaU

KynbTyporpama

O6po6ka pe3ynbTatis TeCTyBaHHs X

«extefids»

Tunu ocobucrocTi

«extends»

MPOXOMKEHHSA TeCTyBaHHS MeTon OCAI

CniBpo6iTHWK

Metog MBTI

Pucynok 2 — @yHKIiOHAIBHI BAMOTH
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OcHOBHaA iJest pillleHHs MoJisrae B TOMY, 00 Ha
mepuioMy etami copMyBaTH Habip miarpaMm CHiBpoOiT-
HUKIB, SIKi BiOOpaXkaloThb IXHIO IyMKy MNpO ICHyIOUy i
MaiiOyTHROI KOpropaTHBHOI KyiIbTypu B IT xommanii. Ha
OCHOBI IIMX JiarpaM BiOyBa€eThbCsl BiIOIp MEPCIIEKTHBHUX
IT xomamn. Janmi Ha OCHOBI HiarpaM THIaXIB (poieit
CHIBPOOITHUKIB B TPOEKTHIH KOMaHAi) BHUKOHYETHCS
ocrarouyHo ¢QopmyBanns [T komaH;g 1t BHUKOHAHHS
KOHKPETHOTO MIPOCKTY.

Jns pimeHHs MOCTaBJIEHOI 3aiadi 3arpolloHOBaHA
HACTYIHA CXeéMa — pUCYHOK 3.

Anroputm Po3pobneHnui
aHKeTyBaHHS anroputm
Torin MoBigomneHHs
—_ > npo NOMWIKY 0O6po6ka
AHKeTyBaHHs p R
Maponb N AaHnx >
All Brans A2
BignosigsMu
n3 CniBpoBiTHUK na Menemxep
O6pobneHi gaHi v
Po3pobnexuin

anroputm
A 4

Cknag komMaHamn

v N Min6ip cknagy
| —

v KOMaHau

A2

I'IST I MeHemxep

Pucynok 3 — Cxema BupilIeHHs

3rigHO cXeMi BHpIIIEHHS Ha IEpIIOMY eTarmi
BUKOHYETBCS AHKETYBAHHS KOXXHOTO CHIBPOOITHHKA 3a
nBoMa MerogaMu. I1oTiM rmporpamHe 3a0e3neyeHHs] BUKO-
Hy€e 00pOOKY JaHUX 1 Ha TPETHOMY €Talli BifoOpaxaeThCst
coctaB IT xomanau no 3ananomy IT mpoekry.

Po3podka nporpamuoro 3ade3nedenHsi. Ha pucyn-
kax 2, 4-5 mpexacrasneni ocHoBHi UML piarpamu, mo
BiJI0OpaxatTh pPoOOTy mporpamHoro 3adesmeueHHs. Lli
miarpaMH  TPe3CHTYITh  (DYHKIIOHATBHY  CTPYKTYPY
MIPOTpaMHOTO 3a0e3NeueHHs, JIe¢ BHIHO JiBA OCHOBHHX
kopucryBaua (HR meHekep 1 criiBpoOITHHK) 11X MOXKITHBA
MOCJIIIOBHICTD Mii.

TecryBannsi. Ha mincraBi pamMKoBOi KOHCTPYKIIT
KoHKypyrounx uiHHoctedd K. Kamepona i P. Kyinna [8-9]
Oynmu moOymoBaHi miarpamu (mpodiniB) oprasizamiiHOL
KynbTypu koMmaHau IT-xommanii. B aHkeTyBaHHI B3s10
y4acTb 7 CHiBpoOIiTHUKIB, 3 HUX 3 CHiBpOOITHHKA —
pO3pOOHUKHM pi3HOTO piBHA, 2 TecTyBajbHHKa, Project
Manager i Team Lead. OmutyBaHi B enexTpoHHIH (hopmi
BiANOBIAIM HA OCTABJIEH] 3alIUTAaHHS, SIKi O3BOJISIIOThH B
MOJAJBIIOMY BH3HAUUTH, SIKUM CTaH OprasizariiHoi
KyJIbTYpH B KOMIaHIl 3apa3, a sKe XOUyTb Oa4uTH B
MaiiOyTHEOMY.

ByB noOynoBanwmii i «3arajapHui mpodisie (KyJabTypo-
rpamMma) opranizamii». IIpodinme «a» abo «remepy,
BiZloOpaXkae aKkTyaJbHHUH CTaH KOPIIOPATHUBHOI KYJIBTYPH
opranizanii; mpodine «O» — OaxaHe (TMepeBakHE) CTaH
KOpHOpaTHBHOI KyJbTypH. Bimnomimna aiarpama mpen-
CTaBJIeHA Ha PUCYHKY 0.

:

<OLI.iHKa KopropaTuBHOI Kyanyva

Bwbip Tuny ocobuctocTi

@OpMyBaHHH rpynu NpawiBHUKIB 3rigHO TUMY Kyanyva

@OpMyBaHHH rpynv nNpawiBHUKIB 3rigHO TUMy OCO6VICTOCTD

@isyanisauiﬂ cknapy KOMaHD,VID

Pucynok 4 — Anroput™ no6yznosu IT komanau

b

MNpOXOOMEHHA ATECTAL|
NpaLiBHAKOM

3ancBHeHHA BnaHKy
meTogy OCAI

OujiHKa KOPNOP ATHBHOT 3anoEHeHHA BnakHky
KYNLTYPH wmeTony MBTI

Mpochine npavisH1ka
A

Banyck Npouenypu

Tunonoria
ocobucTocTi

MNowyk npayisHuka signosigHore oo
0BpaHol KOPNOPATHEHO | Ky MsTYPH

Newyr npayisHuka noTpiGHore TNy
ocofucTocTi

Pucynok 5 — Jliarpama niii

[opiBHSHHA KyJBTYpOTpaMM «TEIep» i «y ManOyT-
HbOMY» IIOKa3ye, IO B MAaiOyTHbOMY CIiBPOOITHHKH
X04yTh 100 B OpraHizamii mepeBakanyd pUCH KJIAHOBOI i
aJIXOKpaTHYEeCKOl KyJbTyp, TOOTO KYJBTYp, IO XapakTe-
PU3YIOTHCS SIK THYUKi 1 IUCKPETH.

AJTXOKpaTisi He BAKOPHCTOBYE IIEHTPAIi30BaHy By
1 aBTOpUTApHI B3a€MUHH. SICKpaBO BUPaXCHUM aKIIEHT HA
IHIUBITyadbHOCTI, 3a0XOYECHHS PHU3UKY 1 TependadeHHs
MaiOyTHBOTO, OCKIJIbKH Maike KOXEH IpaIliBHUK aaxo-
KpaTH4eckoi KOMaHIY BHSBISIETbCS NMPUYETHUM 1O CILJI-
KyBaHHSI 3 KJIIEHTaMH, JI0CIIJUKEHb Ta PO3BUTKY.

Bicnux Hayionanvnozo mexuiunozo ynisepcumemy «XIy. Cepis: Cucmemnuil
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TakuMm YHUHOM, CHIBPOOITHHKHU BiIJAalOTh MHEpeBary
KJIaHoBoMy THIy. CriBpoOiTHHK XOTiB OH, 00 cHia, 10
00’enHye Oyna 0 BijyiaHa crpaBi i Maja B3a€EMHY JIOBIpY, a
He opManbHi npaBuia i npoueaypu. Coro sigepa 6ayatb
B Mail0yTHhOMY SIK TOCIOHHMKa, BHUXOBAaTels, «OaTbKay.
KnanoBuit THm KymbTypu mniepembadae 3TypTOBaHICTh
KOJIGKTHUBY, TypOOTY KOMIIaHii PO PO3BHUTOK JIFOACEKHUX

pecypcis.

——|3), zapaz

Kman
50 ——(6), ¥ maiyeiony

Bropokparia

Ad Hoc

Prmox

Pucynok 6 — «Kynsryporpama»

Y3TOJDKEHICTh  HPODITB  «y
MaiiOyTHbOMY» HWXK4Ye, HDK mpodimiB «renep». Lle
IOB’S3aHO0 3 THM, MO Mpodir «y MaiOyTHHOMY»
OTHCYIOTH TI0 CYTi «BipTyallbHY» OpraHi3aiifo, B TOH dac
SK Tpoiyi «Temepy MPeACTaBISIOTh OIHKY ICHYIOYHX
XapaKTepUCTHUK JaHol komaHau. Tak camo Oyia 3po0ieHa
OIlIHKAa THUIy OCOOHCTOCTi I KOKHOTO CHIBpOOiTHHKA
[10-11]. Jani mpexcraBneHni B Tabumuii 1.

Bigzaaunmo, 110

Ta6ymug 1 — Iocagu Ta THIIM OCOOUCTOCTEM

HAsBHICTB 1H/IMBIyalbHOTO MiJXOy IOIIOMArae J0CsITraTH
[IOCTABJICHUX LIJIEH.

B — Enplog
You are peciarto: You are inclined

sociabilty: [ enjoy decision making:

[ dosure. rejoice inthe fact that there are circumstances that make decisions for you.

Doing the same as many other people, you like more:
do it in the standard way:

Once in @ new company, you.
[ not very easily included in t:

pretty easy. [ invent your own way.
You prefer: You find & harderto adapt:
™ toinvert: [ to routine:

[ todo [ to constant change:

Questions 6 of 60
Pucynok 7 — BBenieHHs JaHUX [UIsl aHKETYBaHHSA

Certification completed successfully

Read mare

Your personality type:

Clan
1]
20
40
30
2

Hierarchical Adhocratic

Bureaucratic

Evaluation of corporate culture Firish

Pucynok 8 — BusHaueHHs KOpIIOPaTHBHOI KYJIBTYPH

Tlocaga Tum ocobucrocrti
Team Lead INFP
- . Personali ~ . Personali ~
PI’OJECt Manager | ST\] N Sumame e ny Can Adocatic  Hewrchicll  Bureaucratic e Sumame e ity
- 12 Stukalo ESTP 59 21 7 13 1 Titaev INFP
QA englneer INTP 13 Luk ENFJ 64 13 10 13 7 Yaremenko | ISTJ
QA engineer INFP - - -~
1 16 Belich ESTJ 14 21 48 17 10 Gondienko ENTP
SOwaare Englneer - ISTP 17 Shopenskii ISTP 36 12 24 28 2 Chebotarev | ISFP
Junior Software Englneer ISFP B8 |Pipova INTS 24 15 B ) 12 |sukao ESTP
- - 19 Plotrikova ENFP 16 23 41 20
Junior SOﬂWare Englneer ESTP 0 |Perenko  |ISFP 51 19 5 15 © v
The number of employees E
VYV oubmocti YYaCHUKIB KOMaHAM THUII ocobucTocTi 5"1 —— ]
BiAmoBinae 3aiiMaHii mocani, kpim Team Lead i QA Do [ - [ eosec | ‘z>
. . . [ Adhocratic [ Ddas | cpapoen e
engineer. s Team Lead B mkami TF Baxmmsime Oyze e  —
MOKa3HUK T, SIKMI IPYHTYETHCS HA 3JaTHOCTI PalliOHAIBHO S I:Il:l N

mpuitMaTH pimeHHs. A B skocTi apyroro QA engineer
6impme miaxomuthk TUH ocobucrocti ENTP. Pesymbratu
TECTYBaHHS IpEACTaBICHI y BUTIAAI eKpaHHUX (opM Ha
pucynkax 7-9.

Iincymku. Po3poOka TeopeTHIHUX 3HAHB 1 TPAKTHY-
HUX PEKOMEHaIil Ha OCHOBI KOPIOPATUBHOI KYJIBTYPH i
COLIOHIKM B MpOIECi YNpaBIiHHSA OpraHizalielo OyayTb
KOPHUCHI KepiBHUKaM OyIb-SKUX MiANPUEMCTB Y BUPIIICHHI
npoOiieMu epeKTUBHOTO yIpaBiiHHS nepcoHaigoMm. Came
001K CcOLiaabHO-IICUXOJOTITYHUX O0COOIMUBOCTEN HIOnEN 1

Pucynok 9 — ®opmysanns [T komanau

3 yChOTO BHIIECKA3aHOTO CJiJ 3a3HAYNUTH T'OJOBHE:
HOBa (popma opraniszartii Ta yrpaBIiHHI MOXYTbh 3’ SBUTHCS
TITBKA TOJi, KOJW 3MIHHUTBCS cama KyJbTypa, 3MIiHATHCS
YSABIICHHSI, IEPEKOHAHHS, IIIHHOCTI, TIPAaBHJIA.

OnHax cripoOu 3MiHUTH ¢(HOPMOBAHY KYJIBTYPY OY/Ib-
SIKOTO IIPUEMCTBA — II€ JOCUTH CKJIAJHE 3aBIaHHS,
MOAIOHO 10 «KYJIBTYPHOI PEBOJIOLI .
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«CTBOpEHHS HOBOT KOPIOPAaTHBHOI KyJIbTYpH — i€ HE
MPOCTO BUHAXIJ] HOBHX Tacei a0 NpH3HAYEHHS HOBOTO
KEpiBHHUKA, i€ CTBOPEHHS aOCOJIIOTHO HOBOIO CrocoOy
KUTTSIY [2].

I Hisiki MeTOIH, 1 TEXHIKH «KYJIbTYPHOTO IEPEBOPO-
Ty» TYT HE JOIOMOXYTh, SKIIO HE YCBIIOMIIIOBATH,
HACKUTBKY CKJIaJHO BIIAIITOBAaHA OpraHi3amiiHa KyIbTypa
i sxa il mpupoma. J{ns mporo Oyzme mMOTPiOHO CTBOPEHHS
3pO3YMUIHAX YCIM 1 pO3AIAIOTECA BCIMa CHCTEMH HOBHIX
3MICTIB.

PesynbraTen poOOTH TaKoX BimoOpa)karoTh CydacHY
TEHJEHLII0 NpOo (OPMYBaHHS HOBOTO THUIY POOITHHKA
«poOiTHHK 3HaHBY [12]. OcOOIMBO 1151 TEHACHIIISI TOMITHA
npu popmysanss IT xomann.
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A.B. IIPOYYXAH

®OPMYBAHHS MPOPECIMHOI KOMYHIKATUBHOI KOMIIETEHTHOCTI I YAC
MMPOEKTHO-OPIEHTOBAHOI'O HABUAHHS B YMOBAX BUKOPUCTAHHS METOJI0JIOT' T
SCRUM

Po3risiHyTO IpakTHYHHA T0CBia GopMyBaHHS MPOheciiiHOl KOMYHIKATHUBHOI KOMIIETEHTHOCTI CTYACHTIB XapKiBChKOTO KOMIIT I0TEPHO-TEXHOIOTI4HOTO
KoepKy HamioHambHOTO TEXHIYHOrO YHiBEpCHTETy «XapKiBChKHIl ITONITEXHIYHMH IHCTUTYT» B yMOBaX BHKOPHCTaHHA MeTojororii Scrum.
3acTocyBaHHs 3a3Hau€HOI METOJOJIOTIT BiIOYI0CS MiJ Yac 3aHATh 3 HaBYAIBHOI NMPAKTHUKM MalOyTHIX TeXHiKiB-porpamictiB. Mertomomorito Scrum
OyJI0 YCIIIIHO IHTErpoOBaHO B MPOEKTHO-OPIEHTOBaHE HaBYaHHS. BIACHMKOM MPOrpamMHOrO MPOAYKTY CTaB KEPIBHUK MPAKTHKH, SIKHMH PO3pOOHB
TexHiuHe 3aBJaHH. [1ix gac 3aHATE Oyio chopMOBaHO MiHI-TPyIH y CKIadi Scrum-maiicTpa, Be6-po3pOOHIKIB, TECTYBAIBHHKA, SIKi EPE] MOYaTKOM
MpoIIeCY PO3POOKH OLIHWIIM KUIBKICTh HEOOXIJHUX TOJMH Ha BUKOHAHHA NpoekTy. CTyaeHTH po3poOssui iHGOopMaIiiHuiA CalT MpOTAroM Micsls.
BukoHaHHS KOJEKTHBHOTO HPOEKTY CKIIAIANOCS 3 YOTHPHOX CIPHHTIB TPUBAIICTIO OIMH TWXKICHb KOXHUH. Ilig KepiBHMITBOM Scrum-maiicTpa
TIPOBOJIVIINCS] HETPHUBAJIi IIOJICHH] HapaJIn, Ha IKMX KOXKEH YJaCHHK PO3POOKH JIOMOBIIaB PO 0OCAT BUKOHAHOI poOOTH. 3/iHCHIOBANIOCS KOPUTYBAHHSI
i COpsMyBaHHS AiSUTBHOCTI KOMAHIM B €IHHE PYCJIO, BHCTABICHHS MPIOPHUTETIB, (HOKYCYBaHHS HA MEBHHX BHAAX POOIT, CBOEYACHO BHSBIISIIUCS
npo0iemMH, MOMIMIIyBaBCsS KOMAaHAHUMA JyX 1 KOMyHiKalis B KOMaHAi. B KiHII THXXHS NpoBoxuiiacs roAMHHA Hapaja IiJi Ha3BOI PETPOCIIEKTHBA,
TIPOTATOM $SIKOi KOMaH[a 3BiTyBaJla MO YCITiXH 1 HeB/a4i MOTOYHOTO THXKHs, 0OTOBOpIOBANIA TUIAH Jiif HAa HACTYITHMH TIKIEHb. AHAJi3 MPOBEAEHOT
po6oTH 3/iMCHIOBABCS 3a JOMOMOrOI0 SCrum-JOIIKH i BiAMOBiAHUX AiarpaM. Ilicis ycminiHOro BUKOHAHHS MPOEKTHOTO 3aBJAHHS CTYJEHTaMH OyIo
MPOBEJCHO MPE3CHTALI0 PO3po0IeHHX MpoeKkTiB. KepiBHUK NpaKTHKU BUCTABIISB IiJCYMKOBY OIIHKY KOXHiM MiHi-rpymi. B pesynbrati Oyno
copmMoBaHO Taki prch TpodeciitHol KOMYHIKATHBHOI KOMITIETEHTHOCTI K BMiHHS BHKOPHCTOBYBAaTH HOPMH JIiJIOBOTO CIILIKYBAaHHS, NPAIIOBATH B
KOMaH/1i, HAJIaroJKyBaTu CIPUSTIMBY KOMYHIKaIlil0, BMiHHS BiJICTOIOBAaTH CBOIO AYMKY, OOMPATH BJIaCHY CTPATETIIO CHIJIKYBaHHSI.
Kuarouosi ciioBa: Meromoorist Scrum, npodeciiiia KOMIETEHTHICTb, CIIPUHT, PETPOCIIEKTHBA, BIACHUK TPOAYKTY, MiHi-IPYIIH.

A. B. IPOYYXAH

®OPMHUPOBAHUE MPOPECCUOHAJTBHOM KOMMYHUKATUBHON KOMIIETEHTHOCTH BO
BPEMS NIPOEKTHO-OPUEHTUPOBAHHOI'O OBYUYEHHUA B YCJIOBUAX UCIIOJIb30BAHUSA
METOAOJIOI'MHA SCRUM

PaccMoTpeH npakTr4ecKuii onbIT (POPMUPOBaHKS NPOPECCHOHANBEHON KOMMYHHUKATUBHOW KOMIETEHTHOCTH CTY/ICHTOB XaphbKOBCKOTO KOMITBFOTEPHO-
TEXHOJOTHIECKOro Kojuiemka HaloHambHOro TEeXHUYECKOT0 YHUBEPCHTETa «XapbKOBCKHUH MOJIUTEXHUYECKHI HHCTUTYT» B YCIIOBHSIX HCIIOIB30BAHUS
Metozonorud Scrum. [IpuMenenne yka3aHHOH METOMOIOIHH MIPOU30IILIO BO BPeMs 3aHATHH ydeOHOH MPaKTUKH OyTyIINX TeXHUKOB-IIPOrPaMMHUCTOB.
Metononorust Scrum ycIeIHO HHTETPHPOBaHa B IPOEKTHO-OPHEHTHPOBAHHOE 00ydeHHe. BirasenslieM IporpaMMHOTO IPOAYKTa CTall PyKOBOIUTEINh
MPaKTUKH, KOTOPBIA pa3paboTai TeXHUYEcKoe 3ajaHue. Bo Bpems 3aHATHH ObLIM c(OPMHUpPOBAHBI MHHH-TPYIIBI B COCTaBe Scrum-macrepa, BeO-
Pa3paboTUNKOB, TECTHPOBIINKA, KOTOPEIE IIepe]] HayaaoM Ipolecca pa3pabOTKH OLEHHUIN KOIMIECTBO HEOOXOAUMBIX YaCOB Ha BHIMOIHEHNE MPOEKTa.
CrynenTsl paspabaTeiBanu HHGOPMAIMOHHBIN CaliT B TeYeHHE MecsAla. BEIMonHeHHe KOIEKTHBHOTO IMPOEKTa COCTOSIO M3 YeThIpeX CIIPUHTOB
MIPOJIOJKMTENBHOCTBIO OJTHA HeJlens Kakapli. Iloa pykoBoacTBoM Scrum-MacTepa NPOBOAMIMCH HENPOJOIKUTENIbHBIE €KEIHEBHBIE COBEIAHNs, Ha
KOTOPBIX KaKAbIH YYacCTHHK pa3pabOTKM JOKNAAbIBal 00 OO0beMe BBIMOJHEHHOW paboThl. OCyLIECTBISUTUCH KOPPEKTUPOBKU W HAIpaBIICHHE
JIeATEeNbHOCTH KOMaHJBl B €AMHOE PYCIIO, BHICTABICHUE NIPUOPHTETOB, (POKYCHPOBKA Ha OMpPEAENCHHBIX BHAAX pabOT, CBOEBPEMEHHO BBIBIINCH
MpoOJIEeMbl, yIydmaics KOMaHAHBIH OyX W KOMMYHHKAallMsi B KOMaHAe. B KOHIE HeleNH NPOXOAWIIO YacOBOE COBEIIAHHWE IO Ha3BaHHEM
PETPOCIIEKTUBA, B TeUEHHE KOTOPOTrO KOMaHAa JOKIagblBana 00 yclexax M HeyJgadax TeKymiell HememH, oOcyxkaia IUIaH AefCTBHI Ha CIEoyIOIIyIo
Henemo. AHaIu3 IPOBEICHHOH pabOThlI OCYIIECTBILIICS ¢ IOMOIIBIO SCrum-I0CKH B COOTBETCTBYIOINX AUarpaMM. Ilociie ycIenHoro BEIOIHEHUS
HPOEKTHOTO 3aJjaHUsI CTyACHTaMH ObLIa MPOBE/ICHA MPE3CHTALHs Pa3padOTaHHBIX NMPOEKTOB. PYKOBOANTEIh NPAKTUKU BBICTABIISI HTOTOBYIO OLICHKY
Kaxgoi MuHH-rpynne. B pesymsraTe ObUTH cHOpPMHPOBAHBEI TaKHe YEPTH! IPO(PECCHOHAIBHONH KOMMYHHKATHBHOM KOMIICTCHTHOCTH KaK yMEHHE
HCTIONB30BaTh HOPMBI JIETIOBOrO OOIIEHHS, paboTaTh B KOMaHJE, HalaXKUBATh OIAarONPHATHYI0 KOMMYHHKAIIHIO, YMCHHE OTCTaUBATh CBOC MHEHHE,
BBIOMPATh CBOIO CTPATETUIO OOLICHHUS.
KioueBble ¢j10Ba: METOIOIOTHA Scrum, IpodecCHOHaNbHAS KOMIETEHTHOCTD, CHIPHHT, PETPOCIICKTHBA, BIIAENell IPOIYKTa, MUHH-TPYIIIIBL.
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D. V. PROCHUKHAN

FORMATION OF PROFESSIONAL COMMUNICATIVE COMPETENCE DURING THE PROJECT-
FOCUSED LEARNING IN TERMS OF USING SCRUM METHODOLOGY

The practical experience of formation of professional competence of students of Kharkiv computer-technological college of National Technical
University ”Kharkiv Polytechnic Institute” in terms of using Scrum methodology is considered. The application of this methodology took place during
the training of future technicians-programmers. The Scrum methodology was successfully integrated into project-based learning. The owner of the
software product was the head of practice, who developed the terms of reference. During the lessons, mini-groups were formed consisting of a Scrum
master, a web developer, a tester, who before starting the development process estimated the number of hours required to complete the project. Students
developed an information website for a month. The group project consisted of four sprints of one week each. Under the leadership of the Scrum master,
short daily meetings were held at which each development participant reported on the amount of work performed. Adjustment and direction of the team's
activities in a single direction, setting priorities, focusing on certain types of work, timely identified problems, improved team spirit and communication
in the team. At the end of the week there was an hour-long meeting called retrospective, during which the team reported on the successes and failures of
the current week, discussed the action plan for the next week. The analysis of the work was carried out with the help of the Scrum Board and the
corresponding diagrams. At the end of each week, the teacher conducted on going monitoring of the project task, made the necessary comments and
suggestions. After the successful completion of the project task, the students had a successful presentation of the developed projects. The head of the
practice put the final assessment of each mini-group. As a result, such features of professional communicative competence as the ability to use the norms
of business communication, to work in a team, to establish favourable communication, the ability to defend their opinions, to choose their own

communication strategy were formed.

Keywords: Scrum methodology, professional competence, sprint, retrospective, product owner, mini-groups.

Beryn. IndopmaTHzanist cycminbCTBa CIPUYMHUIA
OypxiuBuii po3Butok IT-iHmycTpii. OaHuM 31 HUIIXIB
MOKpAIICHHS TPOQeciiHOl MiSTIBHOCTI KOMIT FOTEPHHIX
(axiBIiB € BUKOPHCTaHHS Cy4acHUX 3ac00IB yIpaBIiHHS
npoektamu. Mertonosoris Scrum 3abe3neunsia opraxiza-
if0 e(pEeKTUBHOTO ITEPAaTHBHOTO IIPOLECY PO3POOKH B
rpynax 3i caMOynpaBIiHHSAM. 3BaXKal04d HA KOMaHIHHUH
XapakTep BUKOHAHHS NPOEKTIB, MEpeNiKk BHMOT Ipare-
JABIB 10 MaiOyTHIX (axiBI[iB MICTUTh HE TUIBKH IIPO-
(eciifHi BMiHHS, a f KOMYHIKaTHBHY KOMIIETEHTHICTb, IIIO
nependavae copMoBaHi HABHYKU e(PEeKTUBHOI B3aeMOJIIT 3
IHIIUMH 4JIeHaMH KOMIIaHii, THYYKICTh y CIIUIKYyBaHHI,
oprasizaropchbki 3ai0HocTi. Hapasi akTyalibHUM € TUTaHHs
MiJrOTOBKM 3aKjJaJaMd BHILNOI OCBITH CIELHANICTIB, IO
BIZINOBIIAIOTh 3a3HAYEHUM BUMOTaM.

AHaJi3 ocTaHHiX gochaixkeHsb i myosaikauniii. Teo-
peTHuHI 1 TMpaKkTH4HI NMUTaHHS e(EeKTHBHOCTI BIIPOBAJI-
KCHHSI METOJAO0JIOTIi Scrum Oyio po3riasHyTo B poboTax
b. Bonbdceona [1], X. Kuibepra [2], M. Kona [3], O. I'pi-
Ha [4]. 3a marumu 3BiTy Scrum Alliance y 2016 pomi 21 %
MIPOEKTIB, BUKOHAHMX 3T1THO Scrum, He May BiTHOIIEHHS
1m0 chepu IT [5]. 3a wiero MeTOMOMOTIEI0 B OYMIBHHUIITBI
Oyno BukoHaHO 45 % MPOEKTIB, B MPOaxax i MAPKETUHTY
— 31 %, y 6yxranrepcokuii o6uniky — 20 %, y KOHCAITHHTY
— 18 %. K. Xecc B po0OoTi [6] 00rpyHTYyBana MOXIHMBICTH
BUKOPHCTAHHS THYYKHX CHCTEM YIPABJiHHS IPOEKTaMHU B
pizHEUX cdepax OKUTTSI. 3acTOCyBaHHS 3a3HAueHOi
METOJ0JIOTii B OCBITHIM HisuTbHOCTI OylO BHCBITIEHO B
poborax A. enxis [7], B. Beiinanbnca, I'.I'peda. B
nocnimkenni [8] C. [lexa po3po6uB 6a30Bi IPHHIMIH, SIKi
JIO3BOJISIIOTH QJIallTyBaTH Scrum A0 MOTped OCBITHBOTO
mporiecy. Buxmagau B. Beitmansnc 3 Hinmepnaamis
YCIIIIHO 3aCTOCYBAaB 3a3HaY€HY METO/I0JIOT1I0 Ha 3aHATTAX
ximii B konemxki Ashram. ITpodecop I"apapuacekoi mkonu
6i3uecy I'. Takeydi mocnmianB eQeKTHBHICTH POOOTH CTY-
JIeHTiB cTBOpUBIIN «IHHOBAIliliHY Jaboparopiro», Je BCi
CTYICHTH NpaiioBanu B rpymax. Y. TapiMmo po3pobus
koHremnmito «Computer Supported Scrum Based Agile
Pedagogy» (CSAP), sixa 3acHOBaHa Ha Scrum i KOMII f0-
Tepu3allii HaBJaJIbHOTO TIporiecy. T. SIkoBummmHa 0OTpYyH-
TyBajla BUKOPUCTAHHS THYYKOI METOMOJIOTI] SIK YMHHHUKA
MOJIepHi3alii ocBiTHROTO Tporecy [9]. B. Tponin mocmiz-
)KyBaB IMHUTaHHS BIIPOBADKEHHS SCIUM y 3aKiajax BHIIOT

OCBITH 3 TEXHIYHUX CHeUialbHOCTEei. SCrUM-TeXHOJIOTis
Oyna e)eKTUBHO peani3oBaHa 3a JOMOMOTOK iIHCTPYMEH-
TiB. TIEPCOHATI30BAaHOI CHCTEMHU YIPAaBJIiHHAM HaBYaHHS
Moodle B HanlionansHoMy yHiBepcuTeTi «JIpBiBChKa 1MOJTI-
TexHika». A.YopHa pociimuia e(pEeKTHBHICTh THYYKHX
METOJOJIOTi B HaBYaHHI imxeHepiB-nporpamictis [10].
PasoMm i 3 THM, 3BakKarouW Ha Tpaimi IHIIAX BYCHUX,
MUTAHHS BUKOPUCTAHHS THYYKOI METOHOJOrii Scrum mis
BJJOCKOHAJICHHS MEHEIKMEHTY OCBITHBOTO IIPOLIECY, Mi-
BUIICHHS HOTO SIKOCTi, JOPMYBaHHA B CTYACHTIB HABHYOK
e(eKTHBHOI B3a€MOIii 3AJIAIIAE€THCS HETOCTATHHO BHCBIT-
JIeHUMH. MeTol0 cTarTi € OOIPYHTYBaHHS BUKOPHCTAHHS
3a3Ha4eHoi Merojoorii st (opMyBaHHs MpodeciiiHol
KOMYHIKaTHBHOI KOMIIETEHTHOCTI MaiOyTHIX TeXHiKiB-
MPOrpamicTiB.

Bukuaan ocHoBHOro marepiamy. IcHyto4ya OCBITHS
cucTeMa Ma€ MEeBHI HETOJIKH, 1[0 3HIXKYIOTh ii edek-
TUBHICTh Yy IMIATOTOBII MaiOYyTHIX (paxiBIliB: BIICYTHICTH
IHHOBAI[ITHOT METO/IOJIOTIT BIPOBAKCHHS HOBITHIX OCBIT-
HIX CTaHAApTiB, 3aCTapii CTpaTeril yIpaBIsTHHI HaBYAJIb-
HUM TIPOIIECOM, MPiOPUTETHICTh (OPMATBHHUX MPOIEIYP
HaJl IHANBiyaTbHAMU MMOTPeOaMu CTyIeHTiB. Po3ristHeMo
BUKOPHUCTAHHS METOMOJIOTIi Scrum, B MeXax sIKOi ycyBa-
IOTBbCS 3a3HaueHi HEMONIKH, a TakoX (POpMyeThCs Mpo-
(heciiiHa KOMyHIKaTHBHa KOMIIETEHTHICTh y CYO €KTIiB
HaBYAJIBHOTO Mporecy. ABTOp moro/pkyetscs 3 B. Kpyr-
JIMKOM, SIKHil XapakTepu3ye€ KOMYHIKATHBHY KOMIIETECHT-
HICTh SIK «3JIaTHICTh 31MCHIOBATH CITIJIKYBaHHS B YMOBaX
npodeciitnoi pisutbHOCTI» [11]. 3rigHo Agile-manidecty
THYYKICTB 1 3IaTHICTh IO afanTailii B MiHIUBUX yMOBaX,
3MICTOBHA B3a€EMOJIiSl MIJK yYaCHUKaM1 HaBYaJIbHOTO IIPO-
1ecy, PO3KPUTTS BHYTPIIIHBOTO IOTEHIiaTy 0COOHUCTOCTI
CTYZICHTIB, PO3BHTOK CaMoOOpraizamii B rpynax, BMiHHS
JIeTIeTyYBaHHS 1HIINM NeBHI (QYHKIIT, JOCATHEHHS BUCOKOTO
piBHSA BIANOBIMANbHOCTI BAXKIWBINl, HDK BUKOHAHHSI
tdopmanbrux mporecis [12]. THHOBAIHHICTS THYYKOT Me-
TOMOJIOTII MOJIATAE B TOMY, IO B I[iH CHCTEMi BiJAIMOBI-
NaTbHICTh 332 HABYIBHHHA TIPOLEC TIEPEacThes Bif
mearora 70 CTYACHTIB, IO MPH3BOIUTH O MOKpAIIEeHHS
pe3yNbTaTiB i OUThII KOPOTKHX HHKIIB HaBuaHHA. CTy-
JICHTaM HaJa€ThCsl MOXIIMBICTh CaMOCTIHHO (OpMyBaTH
OCBITHI OpieHTHPH, OpaTh Ha cebe BiAMOBINANBHICTH 32 TX
pesynbratu. [lig yac BIpoBa/pKEHHS METOHOJIOTII SCrum
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YYaCHUKH HaBYAJILHOTO MPOLIECY MOBHHHI JOTPUMYBATUCS
HACTYIIHMX [PUHIMIIB:  MpO30picTh, IepeBipka i
amanranig. IIpuHIMI MPO30poCTi MoONArae B TOMY, ILIO
BUKJIaAa4 1 CTYAEHTH JAOCATAalOTh IiJ| 4Yac B3ae€MOAIi
BHCOKOTO DIiBHS BIIIKPUTOCTI, HAOYHOCTI 1 3pO3yMINOCTI.
3a3HaueHUH MPUHIONN HEOOXiTHWN IS NPUHHATTS CTY-
JNeHTaMH TPABWIBHAX pIMIEHh 1 OTPUMaHHSI MAaKCH-
MaJBHOTO PiBHA KOpuCTi s cebe. [lepeBipka morpiOHa
UL TOTO, 00 BUSABUTH (DaKTOpPH, IO TIEPEUIKOHKAIOTH
mporecy HaB4aHHS. Haiibinpimn edekTuBHA mepeBipka, Mo
MIPOBOIUTECA OE3MOCepeHE0 B ayduWTOpii. BukoHaHHS
NpUHLOMIY ajanTanii 3a0e3lnedye BYacHE BHSIBICHHS
BIIXHJIEHb, L0 MOXXYTh NPHUBECTH A0 HENPUHHSATHOTO
pe3ynbrary.  Po3risiHeMO — BIPOBaKEHHS  T'HYYKOI
Meronmonorii  Scrum y XapKiBCbKOMY KOMII IOTEpHO-
TEXHOJIOTIYHOMY KoJiemxki HalioHalIbHOrO TEXHIYHOTO
VYHiBepcuTeTy «XapKiBCbKUIl MOJITEXHIYHUI 1HCTHTYT»
IIi/T 9ac MPOBEJCHHS 3aHATH 3 HAaBYAJIbHOI MPAKTHKH CTY-
JICHTIB TPETHOTO Kypcy crermianbHocTi 122 «Kommr toTepHi
Haykd Ta iHpopmamiiiHi TexHomorii». Ilim gac mpoxon-
KEHHsI HABYAJIbHOI IIPAKTHKH CTYJCHTH ONaHOBYBaJIHN BEO-
mm3aite, BuBdaimm TtexHoinorii HTML, CSS, Javascript.
MaiiOyTHIM TexHiKaMm-IporpamictaM HOTpiOHO Oyno BU-
KOHAaTH IIPOEKTHE 3aBJaHHsI 31 CTBOpPEHHs iH(OpMaLiHOTO
caiiTy 3 TMEBHOTO HAampsMy KOMIT'IOTEPHHUX HayK.
CryneHTam OyJsi0 3alpOIIOHOBAHO CTBOPUTH PECypc, IO
MICTHB aKTyanbHy iH(OpMaIilo a00 3 CHHTAKCUCY MEBHOT
MoBH nporpamyBanHs (C++, ITackans, Java, C#, Python),
a00 3 BHKOpHCTaHHS CHCTEMH KepyBaHHS 0a3aMu JaHUX
(MySQL, Oracle, Sybase SQL Anywhere, Interbase,
Informix, Microsoft SQL Server), abo 3 anMiHiCTpyBaHHS
omnepariiitnoi cuctemu (Windows 7/8/10, Linux). Asrop,
10 BUKOHYBaB (YHKIIiI KepiBHUKAa HA4alIbHOI IPAKTHUKH,
CTaB BJIIACHUKOM NPOIYKTy. BuKnamau BHCTYNUB y pouti
3aMOBHHKA MPOrPaMHOTO HPOJYKTY, MOAEIIOIOYH CUTYya-
1[if0, B Ky HOTPAIUIATH CTYJCHTH, NPAIFOIOYN KOMII f0-
TepHrMU ¢axiBisiMu. [lepes crynentamu 0yiin ocTaBieHi
HACTYIIHI BHMOTH: CTBOPEHHS CalTy 3 aJalTHBHUM
JU3aifHOM, SIKUMl TOBMHEH KOPEKTHO BioOpakaTHcs Ha
PI3HUX THNAX HPUCTPOiB, 00OOB’A3KOBA PO3pOOKA CTATHU-
HUX CTOPIHOK 3 iH(QOpMALI€ MPO PO3POOHHKIB Ta ix
KOHTaKTH, 3arajibHi BiJOMOCTI IpO pecypc, AMHAMIYHHX
CTOpIHOK 3 iH}opManito npo obpaHy NpeIMETHY Taity3b,
3py4HHii iHTEepdeiic, peecTp KOHTEHTY 1 QyHKIIT mouryky
notpi6bHoi iHpopmanii. KepiBHUK NpakTHKM 371HCHIOBaB
KOHTPOJb BiJBIYBaHOCTI 3aHATH, HAJaBaB OMNEPATHBHY
JOIIOMOTY TpHM BHWHUKHEHHI NPOOJIEMHUX CHTYyamiH,
OITIHIOBAaB SIKICTh PO3POOJECHHUX MPOEKTIiB HAa KOXXHOMY
etari po3poOku. Il 9ac mepurux JBOX 3aHATH BUKJIAadeM
Oyn¥ BHCBITIIEHI THTaHHS BUKOPHCTAHHS METOJOJIOTIi
Scrum B HaBuanbHOMY mporeci. CTyIeHTH HaBYAIWCS
B3aEMOJISITH B TPYI, pearyBaTd Ha 3MiHH, (OpPMYBaIH
BMIHHS PO3YMITH 3allUTH BIJIACHUKA NPOIYKTY 3a
JIOIIOMOT 010 /IUTOBHX irop. Ha Tperbomy 3aHsTTI BinOymocs
(dopMyBaHHS MIHI-TpyNl y KiJgbKocTi 4 CTYAEHTIB JuIs
BUKOHAHHS IIPOGKTHOTO 3aBJaHHA. 3a JOINOMOTIOI0
NICUXOT€OMETPUYHOr0 TecTy Oylo BHM3HaueHo Scrum-
MaWCTpiB, SAKi MiJ Yac HABYAHHA BUKOHYBAJIW (QYHKIIiT
MIPOEKTHUX MEHEIKEPiB, HECIH BiAMOBIJATBHICTD 32 CBOE-
JacHEe BUKOHAHHS 3aBJaHb IPOEKTY, YCYHEHHS HEJIOMIKIB,
31 CHIOBAI MOHITOPHHT BUKOHAHHS MOTOYHUX 3aBIAaHb,

KepyBaJM IJIAHOBUMH HapaJaM{ YYacHHUKIB I'pYIH, JOIO-
BiZlaJIM BJIACHMKY IPOAYKTY NPO MPOOJIEMHI CHTYyali,
MPOIMOHYBAIN IIUISIXH 1X pO3B’s3Ky. [HIII poJIi B IPOEKTHIH
KOMaH/i OynM pO3NOAIICHI HACTYIHUM YHHOM: JIBOE
CTYZIEHTIB 3aliMalHCsi pPO3pOOKOI0, a OJUH BUKOHYBaB
(dhyskmii TectyBanpHAKA. Taka opraHizaris poOoTH 103BO-
Jsl€ KO)KHOMY YYacHHWKY BHSBHTH CBOI CHJIBbHI CTOPOHH,
HiBeMOBaBIIM clabki. HacTymHUM MmiArOTOBYMM eTarmom
CTAJI0O BH3HAYEHHS JIOAWHO-TOAMH, HEOOXIOHMX IS
BUKOHAHHSA MPOeKTy. sl po3paxyHKy OyJo 3aCTOCOBaHO
Scrum Pocker. 3a momomoroi coemiaJbHHX KapTOK
CTY/ICHTH BH3Haualu WMOBIpHY, Ha 1X JyMKY, TPUBAIICTb
npoekTy. KidbKICTh JIFOJUHO-TOJUH OOYHCIIIOBATacs SK
cepenHe apudMeTHyHE 3HAUEHHS BCIX YYaCHHKIB KO-
MaHJH. SIKIIO NMeBHHUH CTYIEHT IPOIOHYBaB BapiaHT, L0
3HAYHO BiJIPi3HSBCS Bijl BApiaHTIB IHIIUX CTYACHTIB, TO BiH
MOBUHEH OyB mosicHUTH cBii BHOip. Ilicns BH3Ha4YeHHS
TPHUBAJIOCTI MPOEKTy rpymna GopmyBana OeKIor po3poOKu
calfTy, IO MICTHB BCi 3aBJaHHS 3 ypaxyBaHHAM BHMOT
KepiBHUKa MpPaKTHKA. Y4YacHHUKaMH KOMaHA Oyio
MPOBEICHO OIIHKY TPUBAJIOCTI KOXKHOI 3a/1adi. 3BaXKaloun
Ha Te, IO HaBYalbHA IPAKTHKAa TPHBATA OAWH MICHIb,
npoekTHa pobora Oyiga po3diiecHa Ha 4  COPUHTH
TPHUBAJICTIO OJUH TIXKACHb KoxHuU. Ilim vac mepuioro
CIPUHTY MiHI-Tpynia BHKOHYBaJla TaKi 3aBIaHHS SIK
CTBOPEHHSI TOJIOBHOi CTOpiHKM caiTy Jlpyruii cnpuHT
MICTHUB 3aBIaHHS 3 pO3pOOKH CTaTUYHUX cTOpiHOK. [Tim yac
TPEThOTO CIIPHUHTY KOMaHAa CTBOPIOBaJa BHYTPIIIHI
CTOPIHKH, a MiJ Yac YeTBepTOro OymM peaiizoBaHi Taki
(hyHKIIT SIK TOITYK Ha caiTi. bekoru CrpHHTIB MiCTHITH
Takl 3aBJaHHS SIK CTBOPEHHS TOPWU3OHTAIBHOTO, BEPTHU-
KaJhbHOTO MEHIO, pO3MillleHHs OJIOKiB HOBHH. Ha kokHE
3aBnaHHA OyJia BiJBe/IeHa IICBHA KiTBKICTh JIFOAHHO-TOIMH.
Jnist BitoOpaskeHHsI IOTOYHOT'O CTaHy BUKOHAHHS IPOEKTY
0ys10 BUKOpUCTAaHO Scrum-aoiky cepsicy Trello. o mic-
THJIa 3 CTOBIYMKU 3 HACTYITHMMH Ha3BaMH: «BHKOHATHY,
«BHUKOHYETbCS», KBUKOHAHOY». B nepioMy cToBImUuKy po3-
TaIIOBYBAJIMCS 3aBJaHHs CIIPUHTY. KoM y4acHUK MPOEKT-
HOi KOMaHIM TII€PEeXO/IMB /0 BHUKOHAHHS IPOEKTHOTO
3aBJaHHs], TO KapTkKa i3 3aBJaHHAM MepeMillyBajacs J0
CTOBIUMKA «BUKOHYEeThCs». KapTka BHKOHaHOI 3amadi
ONMHSAJIACA B TPETHOMY CTOBITMKY «BHKOHAHO». SIKIIO y
MOTOYHOMY CIIPHHTI 3aBAaHHs He OyJI0 BUKOHAHO, TO BOHO
MEepexXonI0 Ha IHIIMKA CHIPHUHT. 3a JOIMOMOIOI0 Jiarpam
BiJICNIITKOBYBAJIOCh KUTBKICTH JIFOJMHO-TOJMH, sIKi OYI0
BUKOPHCTAHO. SIKIO0 MpPOEKTHa KOMaH[a HE BHKOHYBaja
HeoOXimHmid 00cAT pobIT B MOTOYHOMY CHPHHTI, TO 1€
3aBJaHHs 3aJIMIIANOCh Y CTOBIYUKY «BHUKOHYETHCS» JIO
HACTYIHOTO CIIPHHTY, a HOTIM IOpOOIAIOCS TPYHOI0 0
KiHIs. MaiiOyTHS  OIliHKa TIeBHOTO CTYAEHTa 3a
pe3yibTaTaMHM  MPOXO/PKEHHS  HABYAIBHOI  MPaKTHKH
3aiexana Bif o0cATy 1 CKJIaJHOCTI BHKOHAaHOI poOoTH.
Koxxuuii neHb BinOyBamucs KOPOTKOYAacHi Hapaj,
NPOTATOM SIKUX HIIIO OOrOBOPEHHS Pe3yJbTaTiB pOOOTH.
Y4acHUKY KOMaH/H JIOTIOBIJaIi [P0 BUKOHAHHI 3aB/IaHHS
3a ToIepe i eHb 1 3aIUIaHOBaHI 3aB/IaHHS Ha TIOTOYHHUN
nessb. [1ig yac Hapax GopMyBasiocsi BMIHHS CITIJIKYBATHCS,
BHCJIOBIIIOBATH BJIACHI TYMKH, CIyXaTH 1 4yTH iHmMX. B
KIHIIl KOXKHOTO CIIPUHTY BiIOyBaJIMCS PETPOCIEKTHUBHI i1
ornanoBi  Hapaaw. Ha orsamoBiii Hapami  KoMaHIH
JOTOBiaNN BIACHUKY IPOXYKTY, YOMY BOHHM HABUMIINCS

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii

auanis, ynpaeninua ma ingpopmayivini mexronoeii, Ne 2°2019

31



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

BIIPOJIOBXK OCT@HHBOTO CIPHHTY, a TaKOXK 3BITYBAJIU IPO
CTaH BUKOHAHHS 3aBJlaHb IIOTOYHOTO Oekiory. BinoyBascs
MiIpaxyHOK KiJIbKOCTI BUKOHAHMX 33/1a4, 3aIVIAHOBAHUX B
Oexino3i. B nomoBini BHKOpUCTOBYBasMCS Taki HAOYHI
3aco0M sK mpe3eHTauii, Tabmumi, rpadiku. BmacHuk
MPOXYKTy OIIHIOBaB, 4M OyJia JOCATHEHa METa CIIPHHTY,
BH3HAYCHA ITiJ] Yac IianyBaHHA. Opasy Micis OrisaaoBoi
HapaaW BinOyBalHCsS PETPOCHEKTHBHI 300pH, MPOTATOM
SIKHX BigOyBaBcs MpOIEC MONIYKY NUIAXIB TONIMIICHHS
mporecy po3poOkw, 3aco0iB  YCYHEHHS HETaTHBHHX
¢dakTopiB, mO 3aBaxkaloTh pobOoTi. Bmpomomxk Bciel
HaBYAJbHOT MpPAaKTUKK CTYAEGHTH Mald MOXXJIMBICTD
BUKOHYBaTH IUTAHY CaMOCTiiiHy po0OOTy, KOPHCTYIOUHCH
JUCTaHLITHUM KypcoM, 1o OyB CTBOPEHHI aBTOpPOM Ha
mwiatgopmi  Moodle [13]. Kypc wmicture  HeoOXimgHi
TEOPETHYHI 1 MPaKTUYHI MaTepiaiy JUisi ONaHyBaHHs BeO-
nu3aiiHy. B cucremi iCHYIOTH JOAaTKOBI MOJKJIMBOCTI
CHHXPOHHOI 1 aCHHXPOHHOI B3a€MOIii CTYICHTIB i
BHKJIA/Ia4a, a TaKOXX CTYACHTIB MiX c00010. YYacHUKH
HaBYAJBHOTO TPOIECY MiABHIIMIN CBOi KOMYHIKAaTHBHI
BMiHHS, CHUIKyIO4YHCh Ha ¢(opymax i B gari. OgHuM 3
HaOLIPII epeKTHBHUX 3ac00iB KOMYHIKaIii cTaB (popyM,
SKUHA JIO3BOJIMB MPOEKTHI KOMaHIi OOroBOpIOBAaTH
CKJIaJIHI TUTaHHS CTBOpPEHHs calTy. Ilig yac ocTaHHBOrO
eTally HaBYAIbHOI MPAaKTUKH CTYISHTH MOKa3yBaju
OCTAaTOYHY BEpCil0 pO3pPOOJCHOr0 CaiTy BIACHHUKY
NpONyKTy. BuKimamad BUCTaBISIB TMiJIICYMKOBY OIIHKY
KOXHii rpymni. MakcumasbHa OLliHKa, Ky MOTJIa OTPUMATH
rpyma 3 4 crynmeHris, Oyma 20 GaniB (KOKHHH CTYAEHT
3aXHCTUB TMPOEKT Ha «BIAMIHHO»). SKmio orinka Oyma
HIDKYE, TO Scrum-mMaiicrep BH3HAa4YaB BKJIAJ KOXHOTO
yYacHHUKA MPOEKTY B KOMaHIy POOOTY 1 po3moainsaB Oamu
3TiAHO 00CATY 1 CKITaTHOCTI BUKOHAHOI poboTH. byio 3po6-
JICHO TOPIBHSUTFHUMA aHAIi3 YCHIITHO BUKOHAHUX TPOEKTIB
MOTOYHOTO 1 MUHYJIOTO POKiB. BripoBaixkeHHs MeTO10II0T1T
Scrum mnpu3Beno 10 30iMbIIEHHS IHOTO TOKAa3HHKA Ha
20 %. 3rigHo 3a3HaYeHOT METOJIONIOTIT OTHUM 3 HaBaXKIIH-
BIIIMX KPUTEPIiB [UIsl OLIHKHU SIKOCTI BUKOPUCTaHHS IPO-
EKTY € 33/I0BOJICHHS, OTPUMAaHe CTyJEHTaMH il Yac Ha-
BYaHHs. AHKETYBaHHs, IPOBEJCHE Cepell CTYICHTIB, NIOKa-
3a10, mo 90 % cTyaeHTiB MO3UTUBHO CIIPUHHSIIO SCrum.
IlepciekTHBH MOAAJIBIINX JOCJHiTKeHb. MeTono-
JIoris Scrum Mae BEJIMKI MOKJIMBOCTI U1l BAKOPUCTaHHS B
TaKUX HaBUIBHUX AMCIMIUIIHAX Sk «Po3poOka Kii€eHT-
CepBEpHUX 3acTOCYBaHb», «TEXHOJIOTis CTBOPEHHS Ipo-
rpaMHUX TPOAYKTIB», «KOHCTpYyIOBaHHS MHpPOrpaMHOTO
3a0e3neueHHs». B Mexax IMX IUCHUIUTIH iCHYEe MOX-
JUBICTH BIPOBAJUTH Scrum TiJx 9ac po3poOKH CKIIaTHUX
MIPOEKTHHUX 3aBJaHb, 30epiratoun Taki Tpaauiiiai GopMu
HaBYaHHS K JeKii, JabopaTropHi, NMpakTHYHI POOOTH.
Kypcose npoexTtyBanHs, 1m0 3aidcHioeThess B XKTK HTY
«XTIIl» ming vac BuKIagaHHS mucHHILTiH «O0’€KTHO-Opi-
€HTOBaHe NporpamyBaHHs», «ba3u manux», «Texnoiorii
CTBOPEHHS NPOTPaMHUX TPOAYKTIB» MOXke OyTH peaizo-
BaHe 3a JIONIOMOrOI0 THy4YKoi Meroxonorii. Ilix wac
JIUIIOMHOTO TPOEKTYBAaHHS TaK0XX € MOJJIUBICTH BHKO-
pucratu mepeBarn Scrum. 3Bakarouu Ha Te, 110 YaCTHHA
CTYZIEHTIB TPOXOJUTh MpPaKTHUKy B I[T-kommaHisx, mo
BHKOPHCTOBYIOTh Scrum B peaJbHHX IPOEKTax, Il CTY-
JICHTH MOXYTh OYyTH JONydYeHI JO 3aHATh, Ha SKHX
MPOBOJAMUTHCS O3HAMOMJIEHHA 3 TPUHLUANAMH THYYKOL

METOJIOJIOTIi y SKOCTI JIOMOBiIaua, 0 MOIITUTHCS CBOIM
JTOCBIJIOM 3 1HITUMHU CTYJCHTAMH.

BucHoBkn. B craTTi po3risHyTO 3aco0U BIOpOBA-
JKeHHs MeToo10Tii Scrum B ocBitHiit nponec XKTK HTY
«XIII». OOrpyHTOBaHO MAOIIBHICTP BUKOPHCTAHHS IIi€l
METOZIOJOTii M TpPOBEACHHS 3aHATh 3 HaBYAIBHOI
MPaKTUKA CTYJICHTIB TPEThOTO Kypcy. BukopucraHHS
Scrum m03BONIMIIO MiABHIIUTH KUTBKICTH YCHIITHO BHKO-
HaHHUX TpoekTiB Ha 20 %. Y crynentiB Oyno cpopmoBaHO
npodeciiiHy KOMyHIKATUBHY KOMIIETEHTHICTB, IO JI03BO-
JUTh MalOyTHbOMY (paxiBIf0 OYTH KOHKYPEHTO3IAaTHHM
Ha PUHKY Tparii.
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MATEMATHUYHE I KOMIPIOTEPHE MOJAEJIIOBAHHA

MATEMATHYECKOE 1 KOMIIBIOTEPHOE MOJIEJIMPOBAHUE

MATHEMATICAL AND COMPUTER MODELING

YK 518.5 DOI: 10.20998/2079-0023.2019.02.06
0. B. TOHILIA

METOJU CTOXACTUYHOI'O MOJAEJIOBAHHSA ®I3UKO-MEXAHIYHUX ITOJIIB

ITponoHyIOTECSI KOHCTPYKTUBHI METOAM Ta AJITOPUTMH CTOXaCTHYHOTO MOJENIOBAHHS (Pi3MKO-MEXaHIYHUX IOJIB Ha OCHOBI Teopii R-dyHkmiit Ta
HEYITKOI JIOTIKH, SIKi JO3BOJIIIOTH BPAXOBYBATH TEXHIYHI TA TEXHOJIOTIYHI JOMYCKH HA T€OMETpHYHY Ta (i3uyHy iHGOpMALiio, MOrpilIHOCTI BUMIpIB,
TTOMUJIKH 320KPYTJICHHS, TA HA OCHOBI aHaJi3y X KOMIUIEKCHOTO BIUTHBY Ha PO3B’ 30K POOHTH €KCIIEPTHHIT BUCHOBOK. I1py po3B'si3aHHi KpailOBHX 33134
MaTeMaTH4YHOI ()i3HKH Ta CTBOPEHHI CHCTEM JOCIIIDKSHHS MOJIiB Pi3HOI (hi3HMYHOI IPUPOAN BaXKIMBO BPAXOBYBATH TEXHIUHI Ta TEXHOJIOTIYHI JXOIMYCKU
HA TEOMETPHYHY Ta (i3udHy iH(POPMAIi0, MOTPILIHOCTI BUMIPY (i3UYHHX BEIUYUH Ta OXUOKU OKPYIJICHHs. Y 3B’S3Ky 3 [IMM BUHHUKA€ HEOOXiAHICTD
PO3BUTKY CHCTEM PO3PaxXyHKY HOJIIB 3 METOK OTPUMAHHS JIOMYCKiB Ha PO3B’S30K Ta MOJANIBLION0 KCIIEPTHOTO BUCHOBKY.
OO4HNCITIOBaHHS B ICHYIOUNX CHCTEMaX PO3paxyHKY OB, sIK IPAaBHIIO, MAIOTh JIeTePMiHOBaHUH XapaKTep, a THM 4acoM peallbHi IIpoLecH y MeBHil Mipi
€ CTOXaCTHYHHMH, MICTATB B COO1 IeIKy HEHiTKiCTh. J{yis TOTO, 100 BpaxyBaTH If0 HEYiTKICTh, TOLIBHO TaK HEPETBOPUTH iICHYIOUY CXEMY TOCIIIKECHHS
(i3HYHHUX MOJTIB, 1100 B pe3yabTari 6araToBapiaHTHOTO OOYMCIICHHS OTPUMATH OLTBII TOYHUI «HEUITKHID PO3B’ 30K, SIKHH Oye OIiKye 10 peatbHOCTI.
IToTpiGHO BBECTH B CXeMy PillIeHHS ypaxyBaHHS JOITYCKiB, TOOTO JUKeper HeJiTKOCTI, 0 HaOUIBII CHIIBHO BIUTMBAIOTh HA Pe3yIbTYIOUHI PO3B’S30K.
IpakTuKa CBigYUTS, IO TAKUX JHKEPEI, K MPABHIIO, TPH: TOIMYCKH MOAEI, TOMUJIKHA METO/Y Ta HOMHJIKU OKpYTJIeHHs. HeoOXiHO BCTAHOBUTH BIUIUB
Ha PO3B’S30K BapiIOBAaHHS LIMX BEJIMYMH B MEXaX JOIYCKIB Ta JOCITIJUTH MOXKIMBOCTI MOOYIOBHU JIOMYCKIB Ha LIEH PO3B’SI30K.
Jocmimpkero 3B's30k Teopii R-dyHkmiit Ta Hewitkoi noriku. JloBeneHo, o NpH HEOOXiTHOMY y3aralbHEHHI 3aKOHIB NMPOTUPIYYs Ta BHKITIOUCHHS
TPETHOr0 MHOXHHA (DYHKIIIH HEUITKOI JOTIKH CHIiBIIAAA€ 3 MHOKHHOIO YMOBHHX R-dyHkuiii. [Tokazano, 1o GpyHKIii anredpu JOTiKA € CYIPOBITHIMHE
JUT1 YMOBHUX R-(yHKIi Ta MHO)KMHA YMOBHUX R-pyHKIIi € QyHKIIIOHATBHO 3aMKHEHOI0.
Ha ocHOBI pe3ynbTaTiB nociimkeHb B Teopii R-dyHKmiit Ta HewiTkiil jorini po3pobIieHi METOU Ta aJTOPUTMH MOJEIIOBAHHS HEUITKHX o0nacTel
cknanHoi popmu. Po3pobiieHi HewiTKi MOZIENi TTOMIs Ta CTPYKTYPH HEHITKHX PO3B'A3KiB, 3aIIpONIOHOBAaHA METOMKA X peasrizartii.

KuirouoBi ciioBa: ¢isuko-mexaniuHe nosne, KpaidoBa 3amaqa, teopis R-yHKIii, HediTka jorika, He4iTKICTh, JOIMYCK, PO3B’S30K.

0. B. TOHHIA
METO/Ibl CTOXACTUYECKOI'O MOJEJTUPOBAHUSI ®U3NKO-MEXAHUYECKUX MOJIEMR

Ipeanararotcss KOHCTPYKTHBHBIE METOABI M aITOPUTMBI CTOXACTHYECKOTO MOJCIMPOBAHMS (U3MKO-MEXaHMYECKHX IOJICH Ha OCHOBE TEOPHHU
R-byHKIMI ¥ HEYeTKOH JOTHKH, MO3BOJLIIOIINE YYHTHIBATH TEXHUYECKHE M TEXHOJOTHYECKHE IOITyCKH Ha T'eOMETPHYECKYI0 U (H3HMUYECKYIO
nH(POPMAIHIO, TOTPEUIHOCTH U3MEPEHHUH, OIIMOKH OKPYTJICHHS M Ha OCHOBE aHAJIM3a MX KOMIUIGKCHOTO BO3ACHCTBHS Ha PELICHHE JeNaTh SKCIEPTHOE
3akiroueHue. [Ipu pelmeHny KpaeBblX 331a4 MaTeMaTHYeCKOW (DM3UKU M CO3/IaHMU CHUCTEM HCCJIEAOBAHUS MOJIEH pasiuyHOi (HU3MYECKON MPUPOJIBI
B)XHO YUYHTHIBATH TEXHUUYECKHE M TEXHOJOTHMYECKHE JOIMYyCKM Ha TeOMETPHYECKYI0 U (H3MYECKYI0 HH(pOPMANHUIO, MOTPEITHOCTH H3MEPEHHUS
(hU3MYECKNX BEINYHMH U MOTPEIIHOCTH OKPYTJICHHs. B CBSA3M ¢ 3TMM BO3HHKAaeT HEOOXOIMMOCTh Pa3BUTHSI CHCTEM pacyeTa IOJIeH C LeIbI0 HOMyYeHHUs
JIOIyCKOB HA PEIICHHUE U JaTbHEHIIero SKCIePTHOTO 3aKIIIOUCHHS.
BbluricieHys B CyIECTBYIOIUX CUCTEMAX pacdeTa Iojei, Kak NpaBuio, UMEIOT IETEpMUHUPOBAHHBINA XapaKkTep, a MEK/y TeM peasbHbIe NPOLECCHI B
OIIPEe/ICTICHHON CTeNeHH SBILIETCS CTOXACTHYECKHMH, COJIEpXKaT B ceOe HEKOTOPYI0 HEYeTKOCThb. [IIsl TOro, 4ToObI Y4ecTb 3Ty HEYETKOCTb,
1e71ecoo0pasHo Tak MpeoOpa30BaTh CYIIECTBYIOIIYIO CXEMy HCCIENOBaHUS (PU3MUECKHX IIONeH, YTOOBI B pe3ylbTaTe MHOTOBAPHAHTHOTO pacdeTa
MOJyYUTh O0Jiee TOYHOE «HEYETKOe» pelIeHne, KOTopoe Oyner Oike K pealbHOCTH. HyXKHO BBECTH B CXeMy PEIIECHHS ydeTa JOIYCKOB, TO €CTh
HCTOYHHKOB HEUETKOCTH, YTO HaHOOJIee CHILHO BIUSIOT Ha Pe3yNbTUPYIOMHH pemenue. [IpakTuka Ioka3sIBaeT, YTO TAKHX UCTOUYHHUKOB, KaK IPaBHIIO,
TpHU: JOIMYCKHA MOJENH, OIHOKH MeToAa U OMHUOKH OokpyrieHus. HeoOXoIuMO yCTaHOBUTH BIMSHHE Ha PEUICHHE BapbHPOBAHUS 3THX BEIHYHH B
npeJienax J0IMyCKOB M HCCIEN0BaTh BO3MOKHOCTH IIOCTPOEHHS JIOITYCKOB Ha 3TO PELICHHUE.
HccnenoBana cBs3b Teopun R-GyHKUMiT 1 HeueTkoii noruku. JlokazaHo, 4To Mpy HEOOXOAUMOM 0000IIEHUN 3aKOHOB ITPOTUBOPEUHS U UCKITIOYEHHOTO
TPEThEero MHOXKECTBO (ByHKIIMIT HEUETKOH JTOTHKHU COBIIAaeT C MHOXKECTBOM YCIOBHBIX R-(ynkiuii. [TokazaHo, 9T0 (pyHKINH anreOphl TOTHKH SIBIISETCS
COIPOBOUTENBHBIM JUIS YCIOBHBIX R-)yHKINH 1 MHOXECTBO YCIOBHBIX R-(DyHKIMIA SIBIISETCS (DYHKIIMOHATIEHO 3aMKHYTBIM.
Ha ocHoBe pe3ynbTaToB MCCIIENOBaHUN B TeopuH R-(YHKIMH M HEYETKOH JIOTHKE pa3pabOTaHbl METOABI U ITOPUTMBI MOJACIUPOBAHHUS HEUETKHUX
obnacTeil coskHOH (GopMsl. Pa3paboTaHHbIe HEUETKHE MOAEIH IIOJISI ¥ CTPYKTYPBI HEUETKHX PEIIeHUH, IPeIoKeHa MEeTOANKA UX PeaTn3alii.
KaroueBble c10Ba: (pHU3MKO-MEXaHHYECKOE TI0JIe, KpaeBas 3a1a4a, Teopys R-QyHKIHH, HeueTKas JIOrHKa, HeYETKOCTh, IOIMYCK, PEIIeHHE.

O. V. TONITSA
METHODS OF STOCHASTIC MODELING OF PHYSICAL-MECHANICAL FIELDS

Constructive methods and algorithms of stochastic modeling of physical-mechanical fields are proposed based on the theory of R-functions and fuzzy
logic, which allow to take into account technical and technological tolerances for geometric and physical information, measurement errors, rounding
errors, and based on the analysis of their complex influence on the development to draw an expert opinion. When solving boundary-value problems of
mathematical physics and creating systems for the study of fields of different physical nature, it is important to take into account technical and

© O. B. Towira, 2019
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technological tolerances for geometric and physical information, errors of measurement of physical quantities and errors of rounding. In this regard,
there is a need to develop field calculation systems in order to obtain permission for the solution and for further expert judgment.

Calculations in existing field calculation systems tend to be deterministic, but in the meantime, real processes are to some extent stochastic, with some
imprecision. In order to take this fuzzy into account, it is advisable to transform the existing scheme of physical field research so that, as a result of
multivariate computation, a more accurate "fuzzy" solution will be obtained that is closer to reality. It is necessary to enter into the scheme the decision
of tolerance, that is, sources of fuzziness, which have the greatest influence on the resultant decision. Practice shows that there are usually three such
sources: model tolerances, method errors, and rounding errors. It is necessary to establish the effect of the solution of variation of these values within
the tolerances and to explore the possibility of constructing tolerances for this solution. In this regard, it is of great interest to develop systems for the
study of physical and mechanical fields that are oriented towards multivariate solution of boundary value problems to account for the variation of the
values under consideration within the specified tolerances.

The relation between the theory of R-functions and fuzzy logic is investigated. It is proved that with the necessary generalization of the laws of
contradiction and the exclusion of the third set of functions of fuzzy logic coincides with the set of conditional R-functions. It is shown that functions of
logic algebra are concomitant for conditional R-functions and the set of conditional R-functions is functionally closed.

Based on the results of research in the theory of R-functions and fuzzy logic, methods and algorithms for modeling fuzzy domains of complex form have

been developed. Fuzzy field models and structures of fuzzy solutions are developed, the method of their realization is offered.
Keywords: physico-mechanical field, boundary value problem, R-functions theory, fuzzy logic, fuzzyness, solution.

Beryn. IcHytoTs BUpoOHMYI 3aa4i, TpU po3B’A3aHHI
SKMX HEOOXiJTHO BpaxoBYBaTH 1 CIUIBHO MepepoOIsTH
CKJIaJIHy T€OMETPUUHY, JOTIYHY Ta aHaJITH4HY iH(popMa-
miro. Jlo Takmx 3amad BIAHOCATHCA IMPOOJIEMH MaTeMa-
TUYHOI (i3UKH, MMOB'I3aHI 3 IHKEHEPHUMH PO3paXyHKAMHU
(i3UKO-MEXaHIYHUX TOJIB, IO BU3HAYAIOTh OCHOBHI
SIKICHI XapaKTepUCTUKU BHPOOIB. 3pocTarounii iHTepeC 10
PO3paxyHKiB (i3UIHUX IIOJIIB MOSICHIOETHCS THUM, [0 BOHU
HeoOximHl B Teriogisuil, Teopii mpy»XHOCTI 1 MiIacTHy-
HOCTI, MarHiTHI# riIpoauHaMilll Ta IHIINX Tady3sX HayKH,
JOCSITHEHHSI SIKUX MAloTh IEPLIOPSIHE 3HAYeHHS JUIs
HayKOBO-TexHiIuHOro mporpecy [1, 2]. /lana po6ora npu-
CBSIYEHA PO3BUTKY IHTEICKTYaJIbHUX CHCTEM JIOCIIIKEHHS
¢izuuHux moiiB cepii «llome» s BpaxyBaHHS TEXHO-
JIOTIYHUX JOMYCKIB i METOAMIHHUX ITOXHOOK.

Matematnuni Monemi (i3UKO-MEXaHIYHUX ITOJIB
MOXYTb OyTH IpEACTaBIICHI K KpalOBi 3a/1a4i IJIsI piBHIHB
3 YaCTHHHUMH TTOXIIHUMH TIPH IIEBHUX KPaOBUX yMOBAX.
CrerupigHa 0cOONMMBICTE TONA K 00'€KTa MOIETIOBAHHS
— HOro 3aNeXHICTh HE TUIBKM BiJ XapakTepy (izmaHHX
3aKOHIB, 10 BPaxOBYIOTHCS BiJIOBIIHMUMHU DPIBHSHHSIMHU,
ane 1 BiJ (opMH, B3aEMHOTO PO3TAIyBaHHS TiMl, Y SKUX
BUHUKAIOTh MOJsI, Big KOH(pirypamii MalgaHuuKiB ix
B3a€MO/Iii Ta IHIIUX reOMETPUYHUX i QizndHuX (akTopis.
Ilpu mocmimpkeHHI 1 BUpPINICHHI IUX MTPOOJIEM BEIbMHU
BaXKJIMBO CTBOPHUTH €(DEKTUBHI OOYHUCIIOBAIBbHI METOJH,
SKi JO3BOMMJIM © BUPIIIMTH IIOCTABJICHI 3aBAaHHS |
BpaxyBaTu IpH [IbOMY F€OMETPHUYHY, JIOTIYHY 1 aHATITHYHY
iHdopmanito. Taky iHpopMaIito HEOOXiTHO IPUBOIUTH JI0
€IMHOTO aHAIITHYHOTO BHAY, IO J03BOJISIE BKIIOYATH ii B
oOuncmoBanbHUN anroput™. OCOOJIMBO aKTyalbHOIO €
po3poOKka METOAIB BHpIIICHHS 3aBlaHb, SKi Mamu O
YHIBepCaJIbHUI XapakTep i He BUMAaraid BiJ TOCITiIHUKA
rTMOOKOTO 3HAHHS Teopii. YHIBEPCAJIbHICTH HTO3BOJISIE
BUKOPHCTOBYBAaTH METOJM CHCTEMHOI'O IPOrpaMyBaHHS
JUTS aBTOMATH3AIli] HAYKOBHUX JTOCTIKEHb Y MaTeMaTH9HIN
¢izuri.

Jlo mupoKo BiIOMHX YHIBEpCaIBHUX METOJIIB BiTHO-
CATHCSI BapialliiHi Ta MPOCKIiHI METOAH, SKi MPUHHITO
HasuBatu npamumu [1]. Ix xapaktepna ocoGiuBicTh —
3BEJICHHs KpaloBHX 3a/iad J0 CHCTEM JIiHIMHMX anrebpa-
TyHKMX piBHsAHb. HaOmkeHni po3B’s30K 3aaadi OTpUMY-
€ThCS Y BUIJBIAL JIHIHHUX KOMOIHAI Tak 3BaHHUX
KOOpIWHATHUX (QYHKIH, SKi 3a0BOJILHAIOTH, SKIIO IIE
HEOOXiHO, KpalioBUM YMOBaM JaHOI 3ajadi, a TaKoX
BHMOTaM TIOBHOTH i YMOB anpOKCHMAIiHHOT yHiBepcab-

HocTi. [ToOynoBa koopanHAaTHUX (QYHKLIH, 10 3380BOJIb-
HSIOTH NlepepaxoBaHUM yMOBaM JUIsi 00JIacTeil MPaKTUUHO
JIOBLIBHOI (OpMHU, JOBIMH Hac 3ajMuiajacs mnpoodliiema-
TUYHOIO. PO3rIsHYTH Il NMUTaHHA 3 3arajbHUX MO3HIIH
BIAJOCS TICNS CTBOPEHHS KOHCTPYKTHBHOTO MaTeMaTHd-
Horo amapaty Teopii R-pymkmiit [1, 2], skuii mo3BOIHB
OTPUMATH PIIICHHS BIAMOBITHOI MaTEeMaTHYHOI 3a1adi y
BUTIISAL (POPMYITH, SIKY HA3UBAIOTH CTPYKTYPOIO PIIICHHS 1
gKa MICTHTh SIBHY 3aJIS)KHICTh BiJl T'€OMETPUYHHUX 1
¢iznuHNx napamerpiB. TeopeTHyHi pe3yabTaTH, mo Oyiu
OTpHUMaHi, BUKOPUCTOBYBAJUCS NPU CTBOPEHHI Cy4YacHOi
TEXHOJIOril TporpamMyBaHHS B MareMaTuuHii izumi,
peaimizalii npoOIeMHO-OPIEHTOBAHUX MOB 1 CIIeIiai3oBa-
Hux cucteM cepii "ITone". KopucryBaui ocTaHHIX BKa3y-
I0Th (DOPMYITIOBaHHS 3aBIAaHHS, BUXITHI JaHi, HCOOXiTHY
(hopMy BHIaui pe3ynbTaTiB Ha MOBI BUCOKOTO PiBHS, STKUH
MaKCHMaJIbHO HaOJIM)KEHUH JI0 3arajlbHONPUHHATHOT MOBI
OIMCY TIOCTAHOBKH 3a/1a4i 1 aJrOpUTMY 11 po3B’s3aHHA. 3a
3aBIaHHsAM KopucTtyBada cucreMa '"[lonme" crTBOpIOE
00UnCITIOBAJIbHY CXEMY, & IOTIM aBTOMAaTHYHO CHHTE3Y€
pobouy mporpamy po3B’s3aHHs 3amadi. JlocBim 3acTocy-
BaHHS MPOOJEMHO-OPIEHTOBAHUX MOB 1 CIEIiasli30BaHUX
cucreM cepii «[lose» moKa3ye, IO BOHH ICTOTHO
CHPOIIYIOTh 1 IPUCKOPIOIOTH HAHOIIBII TPYAOMICTKI eTamnu
O0YMCITIOBAJIbHUX ~ €KCIEPHMEHTIB:  NPOrpaMyBaHHS 1
HaJIaTO/KEHHS MOJAYJIIB, PO3B’SI3aHHS 3a4ad 1 aHami3
pe3yIbTaTIB.

[Ipu KOHCTpYIOBaHHI Ha aHAJIITAYHOMY PiBHI pO3B’sI3-
KiB KpaliOBMX 3aj]iay JJIs CKJIaJIHUX 00JyacTed 31 CKilaHUM
XapaKTepoOM YMOB 3aCTOCOBYEThCS MeTox R-dyHkuiii B
MOEHAHHI 3 BapiallifHUMM 1 NMPOEKUIHHUMH METOJAMHU.
3aBasiku TOMy, 110 MeToa R-yHKIii 103BOJsIE aBTOMA-
THU3YBAaTH NPOIIEC NEPETBOPEHHS T€OMETPUIHOI iHpopMa-
il B aHATITUYHY, pe3yIbTaT PO3B’I3aHHS KpaiioBoi 3a1aui
MOXXHa PO3IIIAAATH K JesKe CIIBBIAHOIICHHS, SKE
BKJIIOYA€E BCIO iH(OpMAIliio Mpo KpaioBy 3amady. OmHak
3aCTOCYBaHHA oOmepariil andepeHmitoBaHHsI poOUTh Taki
CHiBBITHOIICHHS JIOCUTh TPOMI3JIKHMH, BaXKO
JIOCTYTIHUMHM JUT OTJISY i HE3PYYHHUMH B 3BEPHEHHI. IX
BUKODHCTaHHS ~IpUM  BHUpIIIEHHI  KpadoBoi  3ajadi
HEMOXITUBE 0e3 CIEeIiabHOTO anapary Gopmaizarii, mo
JIO3BOJISIE 3BECTH AJITOPUTM PO3B’SI3aHHS JI0 ITOCIIJOBHOCTI
npoctux omepanid. CriagHi MaTeMaTH4YHI 00'€KTH
o0'eqHyIOTECS  3acobamu  anreOpu  audepeHIiaTbHuX
KOpPTeXiB [2], a TOTIM 3aCTOCOBYIOTHCS 3BHUYAlHI
anreOpaidyHi METOM MePETBOPEHHS IMX CIiBBiTHOIICHb.
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[Ipn pos3p’s3aHHI KpaloBHX 3ajJady MaTeMaTUYHOI
(hi3UKM BUKOPHCTOBYETHCSl TpaJMIiiiHA cxema peaizawii
OpsSIMUX METOJIB, sIKa 3BOJUTHCS [0 TIOCIIIOBHOTO
BUKOHAHHS HACTYIIHUX eTamiB: OOJIK I'€OMETPUYHO]
iHpopMarii; popMyBaHHS pO3B’A3YIOUMX CUCTEM JIIHIIHUX
anreOpaiyHUX pIBHSAHD; pPIIIEHHS CHCTEM pIiBHAHB abo
mpobJeMH BIIACHUX YHCEN i BEKTOpiB; 00poOKa pe3yIb-
TaTiB OOYNCIICHB.

Cucrtemu cepii «Ilone» € CKIagHAMH KOMIUIEKCAMH
mporpaMm, MpU3HAYEHUMH U1 NPOTpaMyBaHHA 1 po3-
B’sI3aHHS KpaoBHX 3an1ad, cHhOpMyIbOBAaHUX [UIS PiBHSIHB
3 YaCTMHHMMH IIOXITHUMH TpHU JOBUIBHHX KpaloBHX
YMOBax Ta CKJaJHiIi reomerpii obmacti. OpranizamiiHo
JlaHi CHUCTEMM CKJIaJaloThCsi 3 JIBOX YacTUH — (DyHKIIO-
HAJIbHOTO 1 CHUCTEMHOTO HANOBHEHHS. [HCTpyMeHTallbHa
cucrema «Ilome» mMoke OyTH BHUKOpHCTaHa AJsl TOCHiJ-
JKEHHsI 1 PO3B’sI3aHHS KpaloOBHMX 3a1ad MaTeMaTHYHOI
¢izukn. [IpoOIeMHOI0 OPIEHTAILIEI0 CITYKUTH PO3B’ I3aHHS
KpaiioBuX 3ajmad il TUQEpeHIalbHUX pIiBHAHB 31
3MIHHUMH Koe(dimieHTamMu 0e3 OOMEKeHb Ha XapakTep
KpaoBUX i IOYATKOBUX YMOB, (OPMY OOJIACTI Ta TUISTHOK
rpannmi. Bximai MoBu cuctemu «[lome» O3BOISIOTH
BBOJIUTH BCIO HEOOXiHY iH(pOpMAIliio PO KpaioBi 3anaui
MaTeMaTUYHOI (Pi3uKH.

B Ham yac aBTOMaTH3allis MPOrpaMyBaHHs B raiysi
MaTreMaTuyHoi (hi3UKH AocArIia 3HauHOro nporpecy. Edexr
BiJl BHKOPUCT@HHS IpPOOJEMHO-OPI€EHTOBAHMX MOB 1
CICIaTi30BAHMX CHCTEM IMOJSITa€ B CKOPOYCHHI dYacy
BUpIMIEHHS 0araThOX HAyKOBO-TE€XHIUYHMX 3aBJlaHb, a
TaKOXX Y CTBOPEHHI 0a3H AJIs MepeX0y 10 iHAyCTpiabHIX
METOIB i HOBOI TEXHOJIOTIi MporpaMyBaHHs. Taki MOBH i
CHCTEeMH € IHCTPYMEHTAJIBbHOIO 0a3010 Uil HPOBEACHHS
00YNCITIOBAIBHUX €KCIIEPUMEHTIB, IO 3BUIbHAE MaTeMa-
TUKIB 1 iH’KEHEpiB BiJ PYTHHHOI i HE BiINOBiTHOI JO iX
CIIEIiaTbHOCTI POOOTH TO CKIIAJAaHHIO M Halaro»KeHHIO
rpoMi3akux nporpam. [1jisi npoBeeHHs 00YUCTIOBaIbHUX
EKCIIEPUMEHTIB B rajly3i MaTeMaTH4HOI ()i3UKH B Oarathbox
BUIIaJKaX HEOOXiJHe rIMOOKe BUBUEHHS MOJEILOBAHOTO
npotiecy abo siBHIIA, MTi3HAHHS 3aKOHIB IPUPOJIH, TIPOLECIB
i iX nposBiB y ckiaaHiii B3aemoaii. Kpim Ttoro, mpu
pO3B’si3aHHI 3amad MaTeMaTHYHO! (i3UKH JOBOJUTHCS
BpPaxoBYBaTH IHTaHHSA 30DKHOCTI, CTIMKOCTI 0OuYHCIIIO-
BaJIBLHOTO MPOLECY, TOYHOCTI OOYMCIIEHb, €(EKTUBHOCTI
3aCTOCOBYBaHUX METOIB i T. iH. L{i 0OcTaBMHM CTBOPIOIOTH
JIOZIATKOB1  TPYJHOLI TpH PO3poOIi MaTeMaTHYHOTO
3a0e3meueHHsT ISl PO3B'SI3aHHSA 3a7ad  MaTeMaTHYHOL
¢izukn. 3a romomororo cucremu «llomey» Bupimeno 6arato
HAayKOBO-TEXHIYHMX Ta IHKeHepHHX 3amad. Hampukmarn,
MPOBEACHI PO3pPaxXyHOK 1 ONTHMi3amis pi3HUX KOHCT-
PYKWid, I SKUX BH3HAYAIOTBCA OCHOBHI  SIKIiCHI
XapaKTePUCTUKU (MIIIHICTh, TOOPOTHICTh, JJOBTOBIYHICTD,
HAAIWHICTh 1 T.iH.). [Ipm po3B'sI3aHHI TaKUX CKJIATHUX
3aBllaHh BUHHKA€ HEOOXITHICTH B MPOBEJCHHI BCE OLIBII
TOHKHX PO3pPaxyHKiB TeMIepaTypHHX, IeopMarliiHuX,
CHJIOBUX Ta IHIIMX (Di3MKO-MEXaHIYHUX IIOJIB 3 ypaxy-
BaHHAM Di3HUX (aKToOpiB (HI3UYHOIO i TEOMETPUYHOTO
xapaktepy [6-10].

Jnst po3B'si3aHHS IPUBEACHHUX 3aBAaHb BUKOPHCTOBY-
FOTBCS METOJIM 1 KOHCTPYKTHBHI 3aco0u Teopii R-GyHKIIIH,
IO JO3BOJISIFOTH 3 €JUHUX MO3HUIIHA BUPINIyBaTH MUTaHHS
00JiKy 1 CITUIBHOT TIepepOOKH CKJIaIHOT TE€OMETPHUYHOT,

JoriyHOi Ta aHamiTHYHOI iHQopMauii, a TakoX cHUCTEMH
cepii «Ilone», XxapakTepHOIO OCOOJIMBICTIO SIKMX € MOXJIH-
BICTb SIBHOTO 3aBJaHHs Ha NPOOJIEMHO-OPIEHTOBAHIH MOBI
HeoOXiHUX (QI3MYHMX 1 reoMeTpHYHUX mapamerpis. lle
JIO3BOJISIE  TIPOBOJUTH  Pi3HOMaHITHI  00YMCITIOBAIIbHI
eKCIICpUMEHTH, IIEPEXOINTH Bi pilieHHS ONHi€T 3a1a4i 10
iHIIOI, 3MIHIOIYH TIpH IBOMY (OPMY PO3TILIHYTHX
00'exTiB 1 pi3HI (i3MYHI Ta MaTeMaTH4HI MapaMeTpH.
Amnamizytoun meronu Teopii R-dyHkmiit i i1 mporpamue
3a0e3MedeH s, CIi/l 3a3Ha4YNTH, [0 BOHU TPEICTABISIOTH
co00f0 JocuTh e(eKTHBHY CYKYIHICTH 3aco0iB s
NpOBEJCHHST O0YMCIIOBAILHUX EKCIEPHMEHTIB 3 po3pa-
XYHKY PpI3HHX (i3MKO-MEXaHIYHMX MOJiB B 00'ekTax
cknanHoi ¢opmu. Pi3HI TecToBI HpUKIIAAW, MOPIBHSHHS
Pe3yJbTATIB 3 TOYHUMH DIllIEHHSMH, y3TOJPKEHHS pillieHb
peaybHUX 3aBlIaHb 3 JaHUMHU (DI3MYHUX EKCIIEPUMEHTIB
HIATBEPKYIOTh JOCTOBIPHICTH PE3YJITATIB 1 CBIAYATH PO
JOLITBHICTE 3aCTOCYBAaHHS ONHMCAaHUX NPOTPAMHUX 1
MOBHHX 3ac00iB 15 ilXKEHEPHHUX po3paxyHKiB. OCHOBHUI
HaTpsIMOK PO3BUTKY Teopii R-QyHKOi# mos's3anmii 3i
CTBOPCHHSIM HOBHX, OUIBII TPOCTUX 1 EPEKTHBHHUX
KOHCTPYKTHUBHHX 3aCO0iB 1 3 PO3MIMPEHHAM MpEIMETHOI
obmacTi cuctemu «ITomex» [11, 12].

MaremaTnyHa mnoctaHoBKa 3aaaudi. PosrisHemo
MiAXOMU JO BIOCKOHAJCHHS CHUCTEM aHai3y (Gi3uIHHUX
nomiB. Ilpm mnoOymoBI cuCTeM JOCHIIKEHHS 3anad
PO3paxyHKy TMOJIB BaXIUBHUM € OOJIK CTOXaCTHYHOIO
XapakTepy  IOXMOOK  BHMIpIOBaHb, JOMYCKIB  Ha
TeOMETpUYHY Ta (i3uUHy IHPOPMAIIO 1 TOMHIIOK
OKpYTJICHHS. Y 3B'A3KYy 3 IIMM BHHHKA€ HEOOXITHICTH Y
PO3BUTKY ICHYIOUMX CHCTEM pO3paxyHKy IIOJIB JUIs
PI3HOMaHITHUX 3aBJlaHb 3 METOI0 OTPUMAaTH JOMYCKH Ha
pilreHHS 1 TOJaNBIINH EKCHepTHUH BHCHOBOK. OOumc-
JICHHSI B CHICTEMaX PO3PaxyHKY IOJIB, K IIPaBHII0, HOCSATD
JIeTepMiHOBaHUI XapakTep, B TOW Yac SK peajbHi Mporecu
B NEBHIH Mipi € CTOXacCTUYHHMH, MICTATh B COOl JESIKY
HEYiTKiCTh. J[7s1 00JiKy OCTaHHBOI MOTPIOHO Tak mmepe-
TBOPUTH ICHYIOUY CXEMY IOCTIKCHHS (HI3UYHUX IOJIIB,
100 B pe3yJsibTaTi 0araToBapiaHTHOTO PO3PaxXyHKY OTpH-
MaTu OLIbII TOYHE «HEUiTKe» pillleHHs, ke Oyae Oivkue
JI0 peanbHOCTi. [IOIiIbHO BBECTH B CXEMY DPO3B’SI3aHHS
00JIIK JIOyCKiB, TOOTO JPKEpeN HEeYiTKOCTI, 1[0 HAOLIbIT
CHJIbHO BIUIMBAIOTH Ha pe3yibTyrode pimieHHs. [IpakTuka
MOKa3ye, MI0 TaKUX JUKEPEIN, SIK MPaBWIIO, TPH: JIOIYCKU
Mojeni (Ha reoMeTpuuHi Ta (i3UYHI XapaKTePHCTHKH),
MOMMJIKH METONy («yCI4eHHS» pSAy, IMOMIIIKHA IHTETpy-
BaHHS, PIMIEHHS CHUCTEM JiHIMHUX DPIBHSIHB) 1 MOXHOKHU
okpyriieHHs: [3]. HeoOXimHO BCTAaHOBUTH KOMIUICKCHHI
BIUINB BapiloBaHHA BEIMYMH B MeEXax JOIyCKIiB i
JOCTIKYBAaTH MOJJIMBOCTI MOOYJOBH JOMYCKiB Ha
PO3B’A30K. Y 3B'SI3KY 3 IMM BEIUKHUII IHTEPEC MPEICTABIISIE
po3po0Ka CHCTEM JOCITIIKCHHS IIOJIB, OPIEHTOBAHUX Ha
pi3HOMaHITHE pO3B’S3aHHS KpaloOBMX 3agady 3 METOIO
BpaxyBaHHS BapilOBaHHA IIEBHUX BEJIMYMH B MeEXax
3aJlaHuX JOIYCKIB.

Jdnst po3poOKM HEYITKHX CTPYKTYPHHX (OPMYI
PILICHHS HEYITKUX KPalOBHX 3a7a4 HEOOXiTHO BU3SHAYUTH
BiMOBiAHI 130MOpdi3Mu B Teopisix R-pyHKIil Ta HETiTKOT
morikn. HeoOximHO mocmimkyBatm B MOOYIZOBaHUX
(GyHKITIOHATEHUX MHOKMHAX THUTAHHA (YHKITIOHATHHOL
3aMKHYTOCTi, TOBHOTH (IMOOYJOBM TIOBHHX CHCTEM
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(GyHKIH), aHATITUYHUX YSIBIEHb (QYHKIIH 1 TX TOTOXHHUX
NIEpETBOPEHB.

B pesynbrari nocnmigpkeHb, 1o Oyl MpPOBEICHI,
BCTaHOBJICHO 3B'SI30K HEYITKOT JIOTiKHU 1 Teopil R-pyHKii
[4]. V HeuiTkiii JOTilli BUKOHYIOTBCS BCi 3aKOHH aireOpu
JBO3HAYHOI JIOTiKH, KPIM 3aKOHY BHKIIOYEHHS TPETHOTO
(x VX =1) is3akony cymepeunocti (x A X = 0). J{ocmin-
JKEHHS ITOKa3aJIy, IO [i 3aKOHU MOYKHA JOIIOBHUTH.

JIOTIOBHIMO CHCTEMY TOTOXKHOCTEH HEUiTKOI JIOTiKH
y3araJbHEHIMH 3aKOHAMH BUKJIIOYEHHS TPETHOIO Ta CyIIe-
pEeYHOCTI:

v‘—1+| 1|
x x—2 X ik

AE==—|x—=
XNX 2 X 2

i
z[e% — uenTp MEOXuHK [0, 1].

Toni OyayTs MaTH Miclie HACTYITHI TBEPIXKCHHS:

Teepmkenus 1. OyHKII] HEWITKOI JOTIKH € yMOB-
HuMH R-pyukuismu Ha Biapisky [0, 1], BixnosigHo 10 pos-

. . 1 1 1 . . 1 1 .

OUTTA: [0, E) s (E) (E’ 1] Ta [0, E) s (5, 1] Y TpU3HAYHOMY
Ta IBO3HAYHOMY BUIMAJKAX.

HaBeneni ¢ynkuii € ymoBHMMH R-(GyHKUisIMH,
OCKUJIbKM MaloTh BJacTHBOCTI R-QyHKUiil TinbKM Ha
JEesIKOMY BIZIPI3Ky YHCIIOBOi OCi, 30KpeMa, Ha BiApi3Ky
[0, 1].

Trepmxenns 2. OyHKii anreOpH JOTIKH € CYITPOBOI-
Kyrounmu 1 ymoBHUX R[0, 1]-pynkuiit, To6TO M5
(yHKIINA HEYiTKOT JTOTIKH.

JloBesieHO HACTYIIHI TEOpeMH.

Teopema 1. Muoxuna {R[0,1]} ymosaux R-dynKiii
€ (QYHKI[IOHATIBHO 3aMKHEHOIO.

Teopema 2. Cucrema R-pynxiit

1
X1 A X EE(’H +x, = |x; — x20)

1
X1 V1 X Ei(x1+x2+|x1—x2|)
Xx=1-—x

€ jmocTtarHpo noBHOK Ha MHoxuHi {R[0,1]} ymoBHHX
R-dynkmiit.

Juns imoctpanii HewiTKOCTI peasbHOl 3a1adi Moje-
JIIOBaHHS posrisiHeMo 3anmady Jlipixyie s nudepeH-
LiaJIbHOTO PIBHSHHSA 3arajbHOro BUIIsmy. Hexail 3amaHi
ob6macte D i KpaioBi yMOBH 3 ypaXyBaHHSM JIOITYCKiB:

Au =f;

Ulr, = 97 © @ £ Ay;

Do D+A,

3MiHIOIOUHN OTYCKH Ha TEOMETPilo 1 KpalioBi YMOBHU
B 3aJ[aHUX MEXax, OTPUMYEMO jomycku Ha U, sikum Mae
3aJIOBOJILHSATH PO3B’S30K peanbHOI KpaloBoi 3amadi.
3anpornoHoBaHa METOJIMKAa MOZETIOBAaHHS s 3aBJaHHS
aHanizy BKJIIOYae B cebe HacTymHi eranu: (GopMyBaHHS
JIOIYCKIB Ha PO3B’S30K; PO3B’sI3aHHS peajibHOI KpaiHoBoi

3amaui; (HOpPMyBaHHS CKCIEPTHOTO BUCHOBKY IIPO TIPHIA-
HATHICTh 3HAWICHOTO PO3B’SI3KY.

MaremMaTH4Ha MOJedb i MeToAM PO3B'SI3aHHA
3amavi. Po3rimsHeMo Mofens Gi3MyHOTO OIS, HATPUKITA]
3amgauy [ipixue [1]. HiTky Moienb mosist 0yAeMo MO3HAYaTH
yepes m:

Ull“l- = (\OLI
D

[i pimtenns cTpykTypHHM MeTomOM OymyeThcs y
BUTIIAIL

n
Un zzcimpi-}-lp’
i=1

Ie W — aHATTAYHUN omuc obiacTi D;

W — pyHKIIs, M0 IPOIAOBKYE KPaioBi YMOBH Beepe-
JIUHY 00J1acTi;

C; — HeBU3HAYCHI KOe]ili€HTH.

BiamoBigHO 10 ONMHCAHUX BHIIE JIKEPET HEUITKOCTI
o0y IyeMo HEdiTKy Mo/iens moist [4]:

Ulp, = ¢; & ((p * A@,u@*(@m)):
DS D i AD:IJD*(D*)S

Ky Oysemo no3Havatu yepe3 M. s BubGopku {m} ¢ M
HEOOXIJHO OTPUMATH HEUITKUN PO3B’SI30K.

n
Up = Z Cio™P; + Wi (@) .1y (UR").
i=1
Yepes M; mno3HauuMo MOJenb, ULIO0 BPaxoBY€
BapifoBaHHs (I3MYHUX BEJIMYHMH B MEKaX 3aJaHHX
JIOITYCKiB, a yepe3 M, — MOJielb, 0 BPaxoBY€E BapifOBaHHS
TEOMETPUYHUX XaPAKTCPUCTHUK.
Monens M, Oyne MaTé BULIISALT

Ulr, = 01 © (0 Bguligr (@™),M(),D(x).f ()
D.
MOI[eJ'H: Mz 6y11€ BUTIIAAATA HACTYIITHUM YUHOM:
Au ="f;
U|ri = Q;
D & (D £ Ap,up (D), M(x),D(x).f (x)),

ne  M(x) — MaTemMaTH4YHE OUiKYBaHHS,
D (x) — mucnepcis,
f(x) —3akon posmoniny
JTOTTYCKiB.

BCIIMYMHHU B  MCXKax
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[loMumiika B BeNWYMHI MapamMeTpiB Mae BUIIAAKOBY
NpUpOy i 00YMOBJIEHa BEIMKOIO KUIBKICTIO BUITJKOBUX
¢axtopiB. BHacmi oK FOr0 MOYKHA BBa)KaTH, L0 JOCIiJ-
XKyBaHI BEMYMHHM HOpMajbHO posnozineni [3, 4]. Hdus
BUPIIICHHS 3aBJaHHs NOTPiOHO MOOYIyBaT CTOXaCTHYHY
CTPYKTYpY, HPOLIeC OTPUMAaHHS 3a4aHOTO JOIYCKY B SIKii
Oyne 6e3mepepBHUM i cToxacTHaHUM. HeoOxigHo modymy-
BaTU CTOXAaCTHYHY AUCKPETHY alpoKCcHUMAllilo, sika Oyze B
TpaHUIi HaOImKaTHCS 10 Oe3MepepBHOT CTOXaCTHYHOIO.

OTpuMy€eMO HEUITKHI PO3B’A30K

n
Up = ) Co™Pr+ Fi(90).D () (U,
i=1
ne D(x) — aucriepcis BUIAIKOBOI BETHINHH.

n
D) = ) G = m)p,
i=1
e M, — MaTeMaTHIHEe O4iKyBaHHS,

p; — UIMOBIpHICTB MONIT X;.

ITpu po3B’si3aHHi 3aj1a4i, 110 PECTaBICHA MOACILIIO
M, OTpUMAa€EMO PSJ| CUCTEM DIBHSHb, 110 BIAPI3HAIOTHCA
CTOBIILEM BUIBHUX 4ieHiB. ToMy HE0OXiJHO BHKOPHCTO-
ByBaTH MeTOX ['ayca 11t po3B’si3aHHS PIBHSHB 3 KiJIbKOMa
npaBuMHy dactuHaMH. [Ipu po3B’si3aHHI 3amadi, nmpeacras-
JICHOI0O MOAEIo M,, OTPUMAaEMO CYKYIHICTh pPi3HHX
KpaioBux 3anad. [lyist miABUINEHHS MIBUAKOAIT porecy ix
PO3B’sI3aHHS JIOLUIBHO BHKOPUCTOBYBAaTH PO3IMApalIeNio-
BaHHs 3a 3aBAaHHsIMH [5].

PosrnsiHeMo muTaHHS (OpMyBaHHS BHOIpKM Ta iH-
TEPBAIILHOTO PO3B’SI3KY. SIK MpaBmIIO, PO3MUTICTh OIHUCY-
€TbCSI HOPMAJIbHUM 3aKOHOM pPO3NOALTY, 1Ae A — mesxuit
iHTepBaj AoBipy. ['eHepyroun B Mexax iHTepBajly JOBipH
BHIIAJIKOBI TIOCHIIOBHOCTi, (opmyemMo BuOipky. Jlms
Monmemi M; TeHepyeMO BHUIAIKOBI ITOCIIIOBHOCTI Ha
KpaifoBi ymoBH, M1 M, — Ha reomerpito. B pesynbrati
peaiizarii BHOIpKH OTPUMYEMO PO3B’ 30K, IO ITYKAETHCS.
[HTepBaIbHUN  PO3B’SI30K B JUCKPETHOMY  BHIVISII
OTPUMYEMO HACTyMHUM 4YHHOM. CKaHyHOUYH HEUiTKY
obnacte D i Tabymotoui U,, B KOXKHOMY BY3J]i JAESKOT
JIUCKPETHOI CITKH, 3HaXOJMMO MaTeMaTHYHE OYiKyBaHHS,
JUCTIEPCiIO 1 iHTepBas A0BipH. HediTKicTh BH3HAYAETHCS
MaTeMaTUYHUM OYiKYBaHHSM i IHTEpBaJIOM JOBIpH.

Omnumremo (popMyBaHHs BUOIPKH JUTS 33734l CHHTE3Y
1 HampaifoBaHHS JIONIYCKIB Ha reomerpito. B 1mpomy
BUIIAJIKY XapaKTEPUCTUKH PO3B’S3KY 1 iX JIOIMyCKH BXKe 3a-
JaHi. 3alaeMO HIDKHI TPaHUI 3HAYCHb (PYHKIT HaJeK-
HOCTI 1 WMOBIPHOCTI HOBIpH, a TaKOX IIOCIIIOBHICTb
JIOTYCKIB JIJIsl TEOMETPii, Cepell TKUX TOBHHEH MiCTUTHUCS
JIOTYCK, IO ITyKa€ThCs. [10CcITiJOBHO 3HAXOISTYHU PO3B’SI30K
JUIA KOXKHOTO eJeMeHTa BHOIpKH, MepeBipseMO 3HAYCHHS
¢yHkmii HanmexxHocti. IloTiM mo 3HaweHHSAM (yHKHIii
HAJICXKHOCTI JJIs BUOIPKH 1 3aJaHOMY 3HAUYEHHIO JOBipYOi
HWMOBIPHOCTI OITIHIOEMO MPUUHATHICTD A0MTycKy. OCTaHHIH
IHTEpBajJ, JUIA SIKOTO YMOBHM NPHHHSTHOCTI JOIYCKY
OylyTh BHKOHYBaTHCS, € JOBIPYMM IHTEPBAJIOM, IIO
LIYKaBCS.

OYHKIII0 HAJICKHOCTI MOTOYHOI 00JacTi  Immo
BIZIHOLLICHHIO JI0 €TaJOHHOI 3HAaXOAMMO 3a JOIOMOTOI0
o0OuYnCNIeHHsI TOBEPXHEBOrO IHTErpaja 1o o0iacTi, Mo

JocniKyeTbesi. Tlpu po3B’s3aHHi 3a/1a4i, MPEACTaBICHOT
MoJeIuTo M;, 0TpUMaeMo CyKyIHICTh CHCTEM PiBHSHB, IO
BiJIPI3HSIOTHCS CTOBIIIEM BUIBHHX 4WICHIB. TOMy He00-
XiJTHO BHUKOpHCTOBYBaTH Meroj ['aycca aist BupilieHHS
PIBHSIHB 3 KUJIbKOMa IpaBUMHU 4YacTHHaMu. [Ipu po3B’s-
3aHHI 3a/1a4i, TMPEICTaBICHOI0 MOS0 M,, OTpIMaeMo
JEKiTbKa pI3HUX CHCTeM piBHAHB. [l migBUICHHS
IIBUIKOIIT TIPOIIeCy IX PO3B’s3aHHS JOIIIIEHO BUKOPUCTO-
BYBaTHU PO3IApaJICIIIOBAHH 32 3aBIAHHIMU.

BucHoBKkH. 3anportoHOBaHI METOIM i AITOPUTMH Ta
nporpamHe 3a0e3MedeHHsl, 110 po3podiieHe, 103BOIIsIE Bpa-
XOBYBaTH JOIYCKH Ha (i3nuHy i reomeTpuuHy iHdopma-
LiI0 [IPY MOJICJIIOBAHHI ()i3MKO-MEXaHIuHI MOJIiB.
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B. JI. TUCHLIKHH, B. C. MEJKHPHIIKHH

MOJEJIN CBAJIAHCUPOBAHHOI'O INTAHUPOBAHUSA BXOJAHBIX, BBIXOJHBIX IOTOKOB
MPOJYKTOB JIOTUCTUYECKOM CUCTEMBI TEPPUTOPUN

B pabote paccMaTpHBaOTCst BOIPOCHI MOBHIMIEHHS 3P ()EKTHBHOCTH (DYHKIIMOHMPOBAHUS TIPENPHATUIA arpapHoil chepsl 3a CUET CHIKEHUS UX YOBITKOB
IMyTeM CO3[aHHs HHTETPUPOBAHHOTO KOMIUIEKCa Mojeneil cOanaHCHPOBAHHOTO IUIAHUPOBAHHS BXOIHBIX U BBIXOAHBIX IIOTOKOB MPOIYKTOB
PaCTeHHEBOJICTBA JTOTHCTUYECKOH CHUCTEMBI TePPUTOPUH, CIIOCOOHOH TOCTABIATH TOBap IO TPeOyeMOro MecTa TEPPHTOPHHU, B TPeOYyeMbI MOMEHT
BpeMeHH, B TpeOyeMoM KoimuecTBe M opme. OOBbEeKTOM COANaHCHPOBAHHOTO IUIAHMPOBAHHS SBISAETCS arpapHas XOJJWHIOBas KOMITaHHS,
MIPOU3BOAIIAS IPOLYKTHI PACTCHHEBOACTBA UIS CHAOXKESHHS IMU ITOTpeOUTeNel 3aITaHHOM TepPUTOPHU. 3a1a4ua INIAHUPOBAHHS COCTOHT B ONPEACICHHU
TaKoro cOaNaHCHPOBAHHOTO IUIaHa 00ecIIeueH s TOTPEOHOCTEH OTpeOuTeNel TePPUTOPHUH B KOMILIEKTAX IPOIYKTOB PACTEHUEBOICTBA, IPH KOTOPOM
B YCIOBHAX CYIIECTBYIONIEH JOTUCTUYECKOW CHUCTEMBI TEPPUTOPUH, NEHCTBYIOIIMX OrpaHUYEHMH oOecreunBaeTcs MaKCHUMaibHas NPUOBLIb
arpoxonaunra. IlocTpoeH KoMmekc Mofened HOTpeOIeHHs, MPOU3BOJACTBA, TPAHCIOPTHPOBKH KOMIUIEKTOB IPOXYKTOB PAaCTEHUEBOICTBA,
MHTCTPHPOBAHHBIX B AJTOPUTMHYECKYI0 MOJENb COATaHCUPOBAHHOTO IUIAHUpPOBaHHUA. [locTpoeHHas anropuTMUYEcKass MOJENb OHPEIeNsieT
COBOKYITHOCTb TIpOLEAYp cOOpa, XpaHEHHs, oOpabOTKH, NMPEACTaBICHHUs IAaHHBIX C HCIOIb30BAHHEM 3(P(EKTHBHBIX METOIOB. MOXET CIyXKHUTh
TEOPETHYECKOH OCHOBOMU JUIS CO31aHUs HH(OPMAIIMOHHON TEXHOIOTUH COATaHCUPOBAHHOTO IIAHUPOBAHHS BXOJHBIX, BEIXOJHBIX IIOTOKOB IIPOJYKTOB
JIOTHCTHYIECKOH CUCTEMBI TEPPUTOPHU.

KuroueBble ciioBa: Mozeny c6anaHCHPOBaHHOTO IUNIAHUPOBAHMSI, BXOHBIC, BBIXOIHBIC TOTOKH MPOJYKTOB, IOTHCTHYECKAst CHCTEMA TEPPHTOPUH,
MOTPEOUTEITH, IPOU3BOAUTEIH IPOIYKTOB PACTCHHEBOICTBA, HHTETPHPOBAHHBIH KOMILICKC MOJeNeH, HH()OPMAIIMOHHAS TEXHOIOTHS IITaHHPOBAHUSL.

© JI. B. Jlucunkuii, B. C. Mexupunkuii, 2019
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B. JI. IHCHIIbKHH, B. C. MEXKHPHIIbKHH

MOJIEJII 3BAJJAHCOBAHOT'O IIJIAHYBAHHS BXITHUX, BUXI/THUX [TOTOKIB ITPO/IYKTIB
JIOTICTUYHOI CUCTEMHU TEPUTOPI

VY po6oTi po3rIsIaloThCS MUTAHHS MiABUMICHHS e(peKTUBHOCTI (yHKIIOHYBAaHHS IiJIPHUEMCTB arpapHoi chepu 3a PaXyHOK 3HIDKCHHS 1X 30UTKIB
IIIIXOM CTBOPEHHS IHTETPOBAHOTO KOMILIEKCY MoAeNel 30aJaHCOBAHOrO IUIAHYBAHHS BXiTHUX 1 BUXIJHUX HOTOKIB NpPOAYKTiB POCIMHHHITBA
JIOTICTHYHOI CHCTEMHU TEPUTOPIi, 3AATHOI JOCTABILITH TOBAp 0 HEOOXiTHOrO MICIsL TEPUTOPIi, B HEOOXiAHUI MOMEHT 4Yacy, B HEOOXiIHIN KITbKOCTI 1
¢opmi. Ob'ekToM 30aTaHCOBAHOrO IUIAHYBAHHS € arpapHa XOJNAMHIOBA KOMIIAHis, IO BUPOOISE MPOAYKTH POCIMHHMITBA JUIS IOCTAYaHHS HUMU
CIIOKMBAYiB 3aJaHiil TepuTopii. 3aBOaHHS IUIAHYBaHHS IIOJATA€ y BH3HAUEHHI TaKOro 30aJIaHCOBAHOTO IUIAaHY 3a0e3MNedeHHS MOTped CIIOKHBAdiB
TEPUTOPIi B KOMIUIEKTaX HPOLYKTIB POCIMHHHUITBA, IIPU IKOMY B yMOBaX iCHYIOUOI JIOTICTUYHOI CUCTEMHU TEPUTOPIi, II0UHX 0OMEXKEHb 3a0€3MeyeThCs
MaKCHMallbHa NpUOYTOK arpoxonauHry. [1o0ynoBaHuii KOMIUIEKC MOJENeH CHOXKHBAaHHS, BUPOOHMIITBA, TPAHCIOPTYBAHHS KOMIUIEKTIB MPOTYKTIB
POCIMHHHUITBA, IHTETPOBAHUX B aJITOPHUTMIYHY MOJENb 30aJlaHCOBAHOTO IUIaHyBaHHs. [100yJgoBaHa alrOpUTMiIUHA MOJENh BH3HAYAE CYKYHMHICTH
npouenyp 360py, 30epirants, 06poOKH, IPEACTABICHHS JaHUX 3 BAKOPHCTAHHSIM €(EKTHBHUX METOiB. MOXKe CIIyTryBaTH TEOPETUIHOIO OCHOBOIO IS
CTBOpEHH! iH(popManiitHOl TeXHOIOT] 30aJIaHCOBAHOTO IUIAaHYBaHHS BXiIHUX, BUXIJHUX MOTOKIB IIPOAYKTIB JIOTICTHYHOI CHCTEMH TEPUTOPIi.

KuarouoBi cioBa: moneni 30aTaHCOBAaHOTO IUIAHYBAHHS, BXiJHI, BHXiJHIi HMOTOKM HPORYKTIB, JOTiICTHYHA CHCTEMA TEPHUTOpii, CHOXKHMBadi,
BUPOOHHKH IPOJYKTIB POCIMHHHULTBA, IHTEIPOBAHHIT KOMIUIEKC Mozeeii, iHpopMaliiiHa TeXHOJIOTIs MIaHyBaHHS.

V. L. LYSYTSKYI, V. S. MEZHYRYTSKYI

MODELS OF BALANCED PLANNING OF INPUT AUD OUTPUT FLOWS OF PRODUCTSOF THE
LOGISTICS SYSTEM OF THE TERRITORY

The paper considers issues of improving the functioning of agricultural enterprises by reducing their losses by creating an integrated set of models for
balanced planning of input and output flows of crop products of the logistics system of the territory, capable of delivering goods to the desired place in
the territory, at the right time, in the required quantity and form. The object of balanced planning is an agricultural holding company that produces crop
products to supply them to consumers of a given territory. The planning task is to determine such a balanced plan to meet the needs of the territory’s
consumers in sets of crop products, in which the maximum profit of the agricultural holding is ensured under the existing logistics system of the territory
and the existing restrictions. A complex of models of consumption, production, transportation of sets of crop products integrated in the algorithmic model
of balanced planning is built. The constructed algorithmic model defines a set of procedures for collecting, storing, processing, presenting data using
effective methods. It can serve as a theoretical basis for the creation of information technology for the balanced planning of input and output flows of

the products of the territory’s logistics system.

Keywords: balanced planning models, input, output flows of products, the logistics system of the territory, consumers, producers of crop products,

an integrated set of models, information technology planning.

Beegenne. Ha coBpeMEHHOM 3Tare pa3BUTUSA SKOHO-
MUKH Y KpauHbl IPEINPUATHS arpapHoi cdepsl, QyHKIHO-
HUPYIOT B YCJOBHUSX BBICOKOTO YPOBHS PHCKOB, OTCYT-
CTBHMHM Pa3BUTON MHPACTPYKTYPhI PHIHKA CENbCKOXO35M-
CTBEHHOH mpoaykuuu. CIOXHUBIINECS YCIOBHUS Pa3BUTHSA
OusHeca B arpapHoii cdepe, cBi3aHHbIE C BHICOKOW JMHA-
MUYHOCTBIO BHEITHEH CpeNbl MPEANPUATHH, YCI0KHEHUEM
KOHKYPEHIIMH CTPEMUTENBHBIM Pa3BUTHEM HH(OpMAIMOH-
HeIX TexHonoruit (UT), rmobanm3anueii Ou3Heca aKTyaH-
3UPYIOT CTpaTerndecKre acleKThl yHpaBieHus (yHKIHO-
HUPOBaHMEM U pa3BuTHs npeanpustuil. Ctparernyeckoe
yIpaBieHHWE TTOMOTaeT OCO3HAHHO BBIOMPATH CTPATETHIO
Pa3BUTHSL, COM3MEPATh CBOM NMOTEHIMAN C PEaJbHOCTHIO,
YYUTBHIBAaTh ACUCTBYIONINE OTPAaHUYCHHS, JUKTYEMbIE KakK
BHEIIHEH, TaK U BHYTPEHHEN CPeoN NIPEeIIPUITHS.

OTteuecTBeHHas 1 MHpPOBas TPAKTHKa ITOKAa3BIBAaET,
9TO OONBIIMHCTBO NPEANPHUITHN arpapHOi chepsl TepIsT
GosbIIMe YOBITKH TOJBKO IIOTOMY, YTO HE MIPEAYCMOTPENIH
WM HETIPaBUJIbHO CIIPOrHO3UPOBAIN U3MEHEHUS BHELTHEN
Cpelbl, HE OLEHWIM CBOM BHYTPEHHHE BO3MOXKHOCTH,
omKOIICh B BEIOOpE CTpaTeruu pasBuTUs. B cBsi3u ¢ aTiM
Hay4YHBIE HCCIIEJIOBAHUS, CBA3aHHbBIE C CHIDKCHUEM YOBIT-
KOB 3a CuéT yuéra AMHAMHMKM KOHBIOHKTYpPHI PBIHKOB
CeNbCKOXO3SHMCTBEHHON MpOAyKIuH, 3ddexkTuBHOrO ¥MC-
MTOJIF30BAHMS JOTHCTHUECKOH cucTeMbl Tepputopud (JICT)
SBIISIIOTCS.  aKTYyalIbHBIMH, IIPEICTABISIOT HECOMHEHHBIN
nmpakTraecknii uaTepec. IloToMy menpio JaHHOW paboThHI
SIBJISIETCSL  TIOBBIICHWE 3()PEKTUBHOCTH (PYHKITHOHUPO-
BaHUSA TIPEATIPUATHI arpapHOi cepsl 3a CUET CHUKCHUS
nX YOBITKOB IyTEM CO34aHHsI WHTETPHUPOBAHHOTO KOMII-
JIeKca Mozenel coaaHCUPOBAHHOTO IUIAHMPOBAHMS BXO/I-
HBIX U BBIXOJHBIX MOTOKOB MPOJYKTOB PacTEHHEBOACTBA
JICT, criocoGHO# n0oCTaBIsATH TOBAp A0 TpeOyeMoro mMecra

TEPPUTOPUH, B TPeOYEeMbIii MOMEHT BPEMEHH, B TpeOyeMOM
KOJIM4YeCTBE U PopMme.

IMocranoBka 3amaun. OObEKTOM cOaIaHCHPOBAH-
HOTO IUIAHHPOBAHUS SIBJISETCS arpapHas XOJIWHTOBas
kommanus (AXK), nmpousBonsmasi NpoayKThl pacTeHHE-
BOJICTBA JUII CHAOXEeHUSI UMH NTOTpeOuTesnel (HacenEHHBIX
MyHKTOB) 3amaHHOM Teppuropun. AXK sBmsercs sie-
MEHTOM TE€PPHUTOPHH, BIIaJIe€T ITAKETOM aKIMil MHOXKECTBa
DIl = {DI1;} npyrux npeanpusruii DII; ¢ uensto ocy-
IIECTBJICHUS 110 OTHOWIECHUS K HUM (YHKIMH KOHTPOJIS U
ynpasieHus. AXK mocraBisieT MpOmyKThl PacTEHHEBOA-
cTBa morpedurensiM KoMmiuiekTamu e = {ey, ..., e,}, oTpa-
KAIOLIUMH CTPYKTYPY OTPEOJICHUS HACEIIEHHEM TEPPUTO-
pHUH IPOJYKTOB PACTCHUEBOJCTBA. €; — BEC [-TO MPOIYKTa
B KoMmIUIekTe. Bec xoMiutekta paBeH 1 ToHHE. IIpomyKThI
KOMIUIEKTa YJIOBJIETBOPSIIOT TPEOOBAaHMSM HACENCHHUS JI0
ux KadecTBa. KOMIIEKTBI XpaHATCA HAa MHOXECTBE
Ck = {Ck;} cxmamoB Ck;. Mmuoxecrso I10 = {I10,}
noTpeduTeNIeld NPOJYKTOB PACTEHUEBOJCTBA OIpEIEs-
€TCsI MHOXKECTBOM HACENEHHBIX IIYHKTOB TEPPUTOPUU.

WzBectHsl koopamHathl Bcex Ck; € Ck m Beex
[104 € 110, cratucTdeckas nHpOpPMAHA O CIPOCE Kax-
qoro [I0; € [I0 Ha KOMIUIEKTHI IMPOAYKTOB pacTEHHUE-
BOJICTBA, TPAHCIOPTHBIX H3AEP)KKAX Ha KaXXIOM JTare
JIOTHCTUYECKOM IIenM MOCTaBOK HAa OJAMH KOMIUIEKT
npoayKToB pacteHHeBoacTBa AXK mmeer orpaHHueHHbBIE
pecypchl  (TIpUpOAHBIE, TPYAOBBIE, HWH(POPMALMOHHBIE,
KaluTall), BiIaJeeT KOHEYHBIM MHO)KECTBOM TEXHOJIOTHH
ucronb3oBanus cyuiectytomeit JICT, HeoOXoauMBbIX [uIst
JIOCTaBKU KOMILJIEKTOB IPOAYKTOB PAacTEHHEBOACTBA Ha
Bce ckianbl [10g € T10. Ha puc. 1 npencrasieHna ooOmas
cxema B3amMozeicTBus AXK ¢ morpebutensMu mpo-
JIYKTOB PaCTEHHEBOJICTBA TEPPUTOPHH.
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TTpOH3BOIHTETE 1 a.a TIPOH3BOIHTETE . IIpouseoautens K
I'maBHag AXK
l |
DII DIT; DIk,
1 J 2 IToceBble
I_l_I ,—*—| T ILTOMIaIH
| TePPHTOPHH
l [ [ [ [ ]
\ v
ITpOayKTBI pacTeHHEBOACTBA
\LHpemo)KeHHe _—
- Coepa notpebieHns TEpPUTOPHH
JICT
o1 [ IIOs L] H0k3
PerHoHaIbHBIH
PBIHOK

Pucynox 1 — O6mast cxema B3anmopeiictBust AXK ¢ moTpeOuTe siMu IpoIyKTOB pacCTCHUEBOICTBA TEPPUTOPUHI

C yuétoM orpanuueHHocTH pecypcoB AXK Bo3-
HHUKaeT 3a/ladya ONpe/IeNIeHHs] TaKoro cOaJaHCHPOBAaHHOTO
IuIaHa obecreyeHus moTpedHocTe! moTpeduTeneit Teppu-
TOpPUU B KOMIUIEKTaX MPOAYKTOB PAaCTEHUEBOACTBA, MpPU
KOTOpPOM B ycioBusix cymectytomen JICT, neficTByromux
OorpaHMYeHU oOecreunBaeTcsi MaKCUMajibHas NPHOBLIb
paccmatpuBaemoit AXK.

TpaguunoHHBIE TOAXOAB! K TUIAHUPOBAHUIO TIPOLIEC-
COB O0OecreueHs] HaceJIeHUs] TePPUTOPUU MPOTYyKTaMH,
OCHOBaHHBIE Ha METOJaX MaTeMaTH4YeCKOW CTAaTHUCTHKH,
HMHUTALMOHHOTO MOJEIMPOBAaHUS, HE IO3BOJIAIOT CO3/1a-
HUSI €IMHOHM afeKBaTHOM Mojeny (yHKIMOHMPOBAHHS H
pPa3BUTHs TEPPUTOPUAIIBHON CHCTEMBI B CUILy OIpaHHU-
YEHHOCTHU BPEMEHHBIX, BEIUUCIUTEIBHBIX H MATEPUAIBHBIX
pecypcoB. BBICTpBIII pOCT CTOMMOCTH TPAHCIOPTHBIX
yCIyr oOycJIOBHJI HEOOXOAMMOCTH JKECTKOTO KOHTPOJIS
TPAHCHOPTHBIX M3AEPKEK, HHTCHCUBHOE IIOBBILICHHUE
HAyYHOTO W IPAaKTHYECKOTO HHTEpeca 10 IPUMEHEHUS
METOJIOB, MHCTPYMEHTApUs COBPEMEHHOH JIOTHCTHUKH K
3¢ pexTHBHOMY MJIAHUPOBAHUIO 00ECTICUSHHS TEPPUTOPH-
anpHOU cucTeMbl mpoxykTamu [1-15]. [lepcrekTHBHBIM
NyTEM JajbHEMILIEr0 pa3BUTUSL OCHOB IIJIAHUPOBAHUS IIPO-
IIECCOB TPOM3BOJICTBA, TPAHCIOPTHPOBKH, MOTPeOICHUS
MPOAYKTOB SIBISIETCS CO3JAHUE MHTETPUPOBAHHOIO KOMII-
JIeKCa MOJEeNeH ONTUMH3ALMU XO3SHUCTBEHHOU JesTenb-
HOCTU OTJENIBHBIX MpOU3BOAUTENCH. DTOT myTh MpuMe-
HseTCs elé He HAacTojibKo mupoko [1, 12, 13, 14, 16, 21,
22, 23].

crapiser coboit MHoxecTBo A = {A;} B3aumoseicTpy-
IOIUX aJrOpUTMOB A;, 00pa3yrmux Onpenestonyo
crpykrypy |AM| = {A,R c A X A}, npeaHazHAYEHHYIO
Juisl cOAIaHCHPOBAHHOTO IUIAHUPOBAaHUsI 00BEMOB BXO[I-
HBIX U BBIXOJIHBIX IPOAYKTOB pacteHueBocTa JICT, mpo-
n3BenéHHbIXx AXK, MakcUMaJU3UpYIOMINUX €€ MPUObLIb.
Anroputm A; € A mpexacraBiseT co00H aITOPUTMU-
YEeCKYI0 MOJIENb IUIAHMPOBAHUS BBIXOJHBIX 00BEMOB MPO-
nyktoB pactenueBoictBa JICT, npoussenénnsix AXK.
A, mipearonaraeT BHIIIOJIHEHUE CIIEAYIONINX [I1aroB:

Iar 1. 3aganue koopauHar (a;, bj), MMHUMAJILHO
HEOOX0AMMOTro 00bEMaA (; KOMIUIEKTOB IPOYKTOB pacTe-
HUEBOJICTBA I KaX10r0 Hacenénnoro nynkra [10; € T10.

Ilar 2. 3ananue xoopaunar (o, 3;), MMHAMAIBHO
BO3MOXHOH EMKOCTH Ej Jus Kaxoro cknana C k]- € Ck.

I ar 3. 3aganue maoxecrsa [1I110 =110, k = 1.

Iar 4. OnpeneneHue METOJOM «IEHTPA TIKECTH
koopauHat (X, y) 3TaJoHHOTO cKiazna [14].

X = Q;- aj/ Q, y=

110 j€ N0

Qj 'bj/Q:Q
10 € Mo
Qj

110 ;€ MIO

€y

Hlar 5. Onpexnenenne Homepa Sk ckiana, Hanboee
OJIM3KOTO K 9TATOHHOMY CKIIay

AJsropuTmMuyeckasi Mojaedb cOAJAHCHPOBAHHOIO Clgl(:i%k \/ (x— O‘j)z + (- Bj)z @)
IUIAHUPOBaHusl. AnroputmMudeckas moaens (AM) mpen- / > >
= (x — ag)? + (v — Bsk)
Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
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Ilar 6. ®opmupoBanne mMHoxectBa I1k morpebu-
teneit [10; € T10, npukpemnsgeMpIx k cknany Ckg

M, = {no]- ETIO : Tg;

e —a) + (Bo—b)" @
Q= th},

Tsyj — pealbHble 3aTpaThl Ha JOCTAaBKY OJHOIO
KOMIUIEKTa MPOAYKTOB PACTEHHEBOJACTBA IO MPSIMOH OT
cKJama ¢ HoMepoMm Sk 710 j-To HaceneHOoro IyHKTa, h —
MOPOT MHHUMAIBHO AOIYCTUMBIX TPAHCIIOPTHBIX H3JEp-
KEeK HaceJleHHs Ha JIOCTaBKy OJHOTO KOMIUIEKTa Ipo-
JyKTOB PAcCTEHHEBOJCTBA OT CKJIaJa A0 HACEIEHHOTO
MYHKTA.

Ilar 7. 3ananue
[0 = I10 — 10y

Mlar 8. Tlposepka IIIIO = @. Eciu «ueT», TO
nepexof k mary 4. Ecnu «za», To mponecc mpuKperuieHus
HaceJaEHHBIX MIYHKTOB l'[O]- e I10 K cKJ1aJaM
Ckj € Ck, Cko = {Cksy,Cksy, ..., Ckgy}, 3aBepmiaeTcs.
Bekrop E = {E,E;, ...,Eg;} (4) onpenenser o0bEM BbI-
XOIHBIX NPOTyKTOB pacteHueBoacTBa JICT. Bennunna

k
Qp = Z Eg;
im1

3a1aéT cCyMMapHbIe TOTPEOHOCTH TEPPUTOPUH B MPOAYK-
Tax pacTeHHEBOJICTBA.

MO0, k=k+1,

MHOXCCTBa

Anroputm A, ompenenser  aJTOPUTMHYECKYIO
MO/JIETIb TUITAHUPOBAHUSI TIPON3BOJICTBEHHOH JIESATEIBHOCTH

npeanpustus DII, € DII Ha ocHOBe pecypcHoOl Monenu
[14]

L, = Z; -» max,

Aix, < by,

B.x, > Ze, )
x=>0,Z, =20,

rae Z; — KOJIMYECTBO KOMILIEKTOB MPOJYKTOB pacTeHHE-
BoACTBa, pousBoaumeix DII; € DII;

b, — BexTop pecypcor D N t, A; — maTpuIa pacxo0B
PECYPCOB MPU SIMHAYHON UHTEHCHBHOCTH HCIIOJIb30BAHUS
TEXHOJIOT U BbIpaliUBaAHUA ITPOJAYKTOB paCTCHUEBOJCTBA,
B, — matpuna npou3BOAUTEIbHOCTH TEXHOJIOTUH BbIpaI-
BaHUA TMPOAYKTOB PACTCHUCBOACTBA, xt — BEKTOp MHTCH-
CHBHOCTH MCIOJB30BaHUSI TEXHOJIOTHH BbIpalliBaHUA
MPOAYKTOB PACTEHUEBOJCTBA. AJITOpUTM A, IpEAIoNaraet
BBIITOJTHEHHE CIICAYIONIHNX [IaroB:

Hlar 1. [Tonaraer k = 1.

Hlar 2. nsa DI, ompenensioTr mapameTpbl pecyp-
cHot Mogenu (5).

MIar 3. 3agauy (5) 3amUCHIBAIOT B KaHOHWYECKOH
dhopwme.

lar 4. [y 331294 TUHEHHOTO MPOTPaMMHUPOBAHUS
3aMCaHHON B KaHOHMYECKOW ¢opMme cTposT M-3amady
[14].

Hlar 5. Pemator M-3a1aqy M-MeTonoM, HaX0msT Zy,
Xy. Bemmumua Z; ompenenser MaKCHMalbHBIH 00BEM
KOMIUIEKTOB HPOJXYKTOB PACTEHHEBOJCTBA, IPOU3BOIM-
mbIx DII

Ilar 6. k = k + 1. Ecnu Z;;, onpenesneHs! He Ui BCeX
DIl; € DII, to nepexoaar k wary 2. Ecnu nus Bcex, To
IpoLECC INIAHMPOBaHMSA IPOU3BOJCTBA KOMIUIEKTOB IPO-

,HyKTOB paCTeHI/IeBO,I[CTBa 3aKAHYHNBACTCH. Bennunna
—_— *
Qo = Z Zy
DIIxeDIl

OTIpeZIeTAET MPEIIOKEHNE KOMITTIEKTOB NIPOAYKTOB pacTe-
HHUEBOJCTBa, obecrieunBaeMoe AXK. Bekrop Z — BxonHBIE
00BEéMeI mpoaykTos JICT.

AnroputM A3z ompenenseT  aJrOpUTMHUYECKYIO
MoJleNlb cOaTaHCUPOBAaHHOTO IUIAHUPOBAHMA JUIS CIydast
@y = Qy. Anroput™m Az mpeanoyaraeT BBIIIOJIHEHUE Clie-
JIYIOIHX IIaroB:

IMar 1. OmpenensoTcss HapaMeTpsl
TpaHcnopTHO# 3anaun (3T3) [24].

L= Z Z C,-jx,-]- — min

DII;eDIl ijESKO

VomeonVekjesk, [Xij 2 0,Z; 2 0,E; 2 0,C;; = 0] (6)

3aKpBITOM

rae Ci; — TPaHCTIOPTHBIE M3JIEPKKH Ha JIOCTABKY OJJHOTO
KOMILIEKTa IPOJYKTOB pacTeHuesocTBa ot DII; no Ck;.

Hlar 2. dis 3anaqn (6) metogoM Doreist HAXOTUTCS
HavyaJlbHBIA ONOPHBIN IUIaH [24].

Hlar 3. 3amava (6) pemaeTcs METOIOM ITOTCHIIHAIIOB,
HCIOJb3YySl HAYaJIbHbII OINOPHBIM IUIAH, IIOJIyYEHHBII
metonom Dorens [24]. dns kaxnoro DII; € DIT u xaxxnoro
C k]- € Ck, HaxXOOAT MOCTaBKU

X, ij =X i*j!
ompenensonme 00bEMbI BXOAHBIX NMPOIYKTOB PAacTeHHE-
Boactea JICT.

Anroputm A, TpencTaBisieT COOOH alTOPUTMH-
YEeCKyI0 MOJEIbh COAaJaHCHPOBAHHOTO IUTAHUPOBAHMS IS
caydas Qp < Qu. Anroput™m A, mpennoiaraeT BBITIOTHE-
HUE CIIEAYIOLIUX IIaroB:

Hlar 1. Bogir (QUKTUBHBIA CKIax ¢ EMKOCTBIO,
paBHOH Qg — Qp, dopmupytor 3T3 (6) ¢ HOBBIM MHO-
xecTBoM Cky.

IMar 2. Ilomyuennyto 3T3 pemaioT ¢ MOMOIIBIO
anroputMa As;.

AnroputM Ag TIpencTaBisieT CcOOOH  alTOpPUTMH-
YEeCKyI0 MOJEIbh COAaJaHCHPOBAHHOTO IUTAHUPOBAHMS IS
cinyyas Ck;. Anroput™ Ag NpemnosiaraeT BbINOJHEHHE
CIEIYIOLIMX 1IaroB:

Hlar 1. Beoasar ¢uxrusHoe npeanpusitue AXK c
MPE/I0KEHHEM 00bEMa KOMIUICKTOB MPOIYKTOB PACTCHU-
€BOJICTBA, paBHOTO Q) — Q,, popmupyiot 3T3 (6) ¢ HOBEIM
MHOxecTBOM DII.

Hlar 2. Tlonydennyio 3T3 pemarT ¢ HMOMOIIBIO
anroputMa As.
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Crpykrypa |AM| anropurMuueckoii Moenu coamaH-
CHUPOBAaHHOTO IUIAHHUPOBAHUS OOBEMOB BXOJHBIX M BBI-
XOJHBIX NPoaAyKToB pacteHueBoacTBa JICT umeer Bujg

|[AM| = {A,R c A X A}, (7
rie A={4;, j=1,5}, R={<Ay, A;>, <A, A4, >,
<Ay A5 >, <Az A3 >, <A, Az >, <Ay As >,
< As, Ay >, < Ay, Ay >, < A;, As >} onpenensier B3au-
MOJICHCTBHSI MEXJy alllfOpUTMaMH B Ipolecce cOanaH-
CHUPOBAHHOTO IIJIAHUPOBAHMUS.

Monens (7) onpenenser HHTEIPUPOBAHHYIO COBOKYTI-
HOCTB TIpoIieyp coopa, XpaHeHus1, 00pabOTKH, PEICTaB-
JEHWs JAaHHBIX C HCHOJb30BaHWEM  3(P(EeKTHBHBIX
BBIYHMCIIUTEIBHBIX METOJIOB, PEATN3AHd KOTOPHIX MyTEM
MIPUMEHEHMSI COBPEMEHHBIX TEXHOJOTHH M IPOrpaMMHBIX
cpenctB 0OpaboTkn MH(pOpManMy, MO3BOJSET CO3AAHHE
nH(pOpMaIMOHHON TEXHOJIOTHHN COATAHCHPOBAHHOTO IUIa-
HUPOBaHHsI 00BEMOB BXOAHBIX M BBIXOJHBIX HPOJYKTOB
npousBozacTBa JICT Ha ¢QuKCHpOBaHHOM BpPEMEHHOM
HHTEpBaJIe.

BriBoabl. BriieneHs! KitoueBble TPYAHOCTH MOACIIH-
pPOBaHHUS TPOLECCOB INPOU3BOJCTBA, TPAHCIOPTHPOBKH,
MOTPeONEeHUsT NPOJYKTOB B TEPPUTOPUAIBHON CHCTEME
eNMHON aneKkBaTHON Mozenbio. O0ocHOBaHa HEOOXOIM-
MOCTh NMPUMEHEHHS HHTETPUPOBAHHOTO KOMIUIEKCA MO-
nenemn.

CoopmynupoBaHa 3a1ada GOPMUPOBAHUS C YIETOM
orpanndeHHocTH pecypcoB AXK Takoro cbamaHcupo-
BaHHOTO IJIaHa yJIOBJIETBOPEHHs IOTpeOHOCTEl OTpeOu-
Telned paccMaTpUBaeMOW TEPPUTOPHM B MHPOAYKTAX
pPacTEHHEBOJCTBA, MPHU KOTOPOM B YCIOBHSX CYIIECT-
Bytouieit JICT, nelicTBYIOIIMX OTpaHUYeHH obecreynBa-
eTca MakcuMaibHas mpuosue AXK.

[TocTpoeH  KOMIUIEKC — Mojeleil  moTpebieHus,
MIPOM3BOJICTBA, TPAHCIIOPTUPOBKH KOMIIIEKTOB IIPOYKTOB
PacTeHNEBOACTBA, MHTETPUPOBAHHBIX B AJITOPUTMHUYECKYFO
MO/JIeTb COANaHCHPOBAHHOTO IJIAHUPOBAHMS.

OTMedeHo, 4TO MOCTPOEHHAs MHTEIPHPOBAHHAS all-
TOPUTMHUYECKast MOJAETb MOXKET CIYXHTh TEOPETHYECKOH
OCHOBOW Ui CO3/1aHMsl HWH(OPMAIIMOHHOH TEXHOJIOTHH
cOaaHCHPOBAHHOTO INITAHUPOBAHUSL.
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INFORMATION TECHNOLOGY

YK 519.2 DOI: 10.20998/2079-0023.2019.02.08
A. B. TAPMAIII 1O. I. JOPO®€EEB

PO3POBKA ANDROID JOAATKY AJA CUCTEMHU INIATPUMKHU XOJTEPIBCBKOI'O
MOHITOPYBAHHA

B po6oTi po3risiHyTI THTaHHS PO3POOKH MPOrPaMHOTO 3a0€3IeUeHHs UL MATPHMKHI CHCTEMH XOJITEPiBCHKOrO MOHITOPYBAaHHS, SIKE Opi€HTOBaHE Ha
3aCTOCYBaHHsI IPHCTPOiB, Ha 0a3i onepauiiiHoi cucreMy Android. Ha ocHOBI icHyrounx MeToxiB U(poBoi 0OpOOKH TaHHX PO3POOIICHO MPOrpaMHUH
JIOJIATOK, SIKUH JJO3BOJISE MPOBOMUTH MOHITOPYBAaHHS CTaHY CEPLEBO-CYJMHHOI CHCTEMH KOPUCTYyBaua B PEXHMi PeajbHOrO 4acy Ta HACTYIIHOIO
BIZIPaBKOIO JaHHX Oe3IocepeHbO N0 JiKaps-(axiBIg B 3pydHOMY Ui aHaNi3y (opMmaTi. 3alpoOIIOHOBAHO METOJ OOpOOKH JAaHHX 3a JOIOMOIOIO
AJITOPUTMY, B OCHOBI SIKOTO BUKOPHCTAaHO IIAa0JIOH, CKIaJACHUH 3 METaCHMBOJIB PErySIPHUX BHpa3iB, sAKHil 3a0e3medye MIBUIKE 1 TOUHE IPOCIIOBAHHS
OTpUMaHUX JaHuX. B pe3ynpraTi poboTu anroputmy Gopmyerscs OiHapHHiT haiii, SKuid MICTUTh TUTbKH HEOOXIiIHI AaHi s MoJanbIuoro anamisy. Ha
MepIINX eTalax IIPOrpaMHUN OJAaTOK, BCTaHOBJICHHH Ha Android nmpHcTpoi, BUKOHYE IIEpBHHHMI aHami3 Qaiiny i po3ouBae naHi Ha pparMeHTH, ki
BIiJINIOBIIal0Th YaCOBMM IIPOMiXKKaM TPUBAICTIO IIICTASCAT XBIJINH KOXKHUK. TakuM YHHOM, IPOTSTOM JOOH (pOPMYETHCS TBANIIATH YOTHPHU (pparMeHTa
JIaHUX, HAa OCHOBI KOXXHOTO 3 SIKHX CTBOPIOIOTHCS Tpadiky, L0 LIFOCTPYIOTH POOOTY CEpLEBO-CYAMHHOI CHCTEMM MAlli€HTa, SIKi KOPHCTYBad Mae
MOXIUBICT HEpersiHyTH. [Ipy BHHUKHEHHI KPUTHYHMX IOKAa3HHKIB B POOOTI CEpLEBO-CYAMHHOI CHUCTEMH, IPOTPaMHHII OJATOK aBTOMATHIHO
BUKJIMKA€E MIBHU/IKY JIOTIOMOTY Ta BiJIIPaBIIs€ JTiKapro JaHi 32 OCTaHHi JiBi Joon y hopmati kparmkoBux rpadikiB, OCKiUIBKI JOCBI MPAKTUKYIOUHX JIiKapiB
MOKa3aB, 1110 caMe TaKi rpadiku € HalOUIbII HAOUHUMHU Ta iIHPOpMAaTUBHUMHU. TaKoX JIiKap Ma€ MOXKJIMBICTb OTPUMATH JJOCTYII JIO IaHUX XOJITEPIBCHKOTO
MOHITOPYBaHHSI CEPLEBO-CYJHHHOI CHCTEMH KOPHCTyBada B Oyb-sIKHil MOMEHT, BUKOPUCTABIIY TePMiHAIBHY YaCTHHY IPOrpaMu Ha cBoeMy Android
MIPUCTPOI.

Kurouosi ciioBa: onepariiina cuctema Android, Mmetoau oOpoOKH TaHUX, PEryJisipHi BUpa3H, XOJNTEPiBCbKE MOHITOPYBAaHHS, METOJ] PO3POOKH
Android monarkis.

A. B.TAPMAI, IO. U. JOPO®EEB

PA3PABOTKA ANDROID NPUJIOKEHUSA JJIs1 CACTEMbBI HOAAEP)KKH XOJTEPOBCKOI'O
MOHHUTOPHUPOBAHUA

B pabote paccMOTpeHBI BONPOCH! Pa3pabOTKM MPOTPAMMHOTO 0OECTICUEHMS Il TTOJIEP)KKH CHCTEMBI XOJITEPOBCKOTO MOHHTOPHPOBAHMS, KOTOPOE
OPHEHTHPOBAHO Ha TIPHMEHEHHE YCTPOMHCTB, MCIOJIB3YIOIUX oOrneparuonHyto cucreMy Android. Ha ocHoBe cymecTtByrommx merTonoB nudpoBoi
00paboTKU NaHHBIX Pa3pabOTaHO MPOrPAMMHOE MPHIOKEHHE, KOTOPOe IO3BOJSET NPOBOAUTH MOHUTOPUPOBAHUE COCTOSHHS CEPASUHO-COCYIUCTON
CHCTEMBI TT0JTb30BaTElIsl B PEXKUME PEATbHOTO BPEMEHN C TOCIEYIONIEH nepeadeil JaHHBIX HEIOCPEACTBEHHO Bpady-CIICIHAINCTY B yIOOHOM JIs
anaymm3a Qopmare. IlpemnoxeH MeTos 06pabOTKH JAHHBIX C MOMOIIBIO aIrOPUTMa, B OCHOBE KOTOPOTO MCIIONB30BAaH IMAOIOH, COCTABICHHBIN 13
METaCHMBOJIOB PETyJISIPHBIX BBIPAXKEHUH, KOTOPBIH obecrneunBaeT OBICTPOE M TOYHOE MPOCEHBAHME MOIYYSHHBIX JAaHHBIX. B pesynbrate paboThl
anropuT™a (GpopMupyeTcst OMHAPHBIN (a1, KOTOPHIi COAEPKUT HEOOXOJUMBIE JaHHBIE JUIS TTOCIEAYIoIero anann3a. Ha nepBeIx sTamax nporpaMMHOE
TpHIIOKEHHE, ycTaHOoBIeHHOoe Ha Android ycTpoiicTBe, MPOW3BOAMT NMEPBHYHBIN aHamu3 (aiila M pa3OMBacT JaHHBIE Ha ()PArMEHTHI, KOTOpHIC
COOTBETCTBYIOT BPEMEHHBIM MPOMEXYTKAM [UTUTEIBHOCTBIO IIECThAECAT MHHYT. TakuM 00pa3oM, B TeueHHe CYTOK (hOpMUpYeTCs ABAaALATb YETHIPE
(parMeHTa JaHHBIX, HA OCHOBE KaKJIOTO M3 KOTOPBIX CTPOATCS TpadMKH, WILIIOCTPHpPYIOMHE PadOTy CeplIedHO-COCYANCTON CHCTEMBI TAIHEHTa,
KOTOpBIE TT0JIb30BaTENh IMEET BO3MOKHOCTh TPOCMOTpeTh. [Ipn BOBHUKHOBEHNN KPUTHYECKHX MTOKa3aTeNnel B paboTe CepiedHO-COCYICTOM CHCTEMBI,
HPOrpaMMHOE TIPHIIOKEHHE aBTOMATUYECKH BBI3BIBAET CKOPYIO IIOMOILb H OTIPABIIET JIeYallleMy Bpady JaHHBIE 32 MOCIEIHHE COPOK BOCEMb 4acoOB B
(opmaTte TOUEUHBIX TPadUKOB, ITOCKOIBKY OMBIT MPAKTHKYIOMINX Bpauel MOKa3al, 4TO HMEHHO Takue rpaduky sSBIAIOTCS HauOoee HATJsIHBIMU 1
nH(pOpPMaTHBHBIMU. Taxoke JedaIuii Bpad UMeeT BO3MOKHOCTb TTOYYHTh JJOCTYH K JJAHHBIM XOJITEPOBCKOTO MOHHTOPHPOBAHUS CEPJIEUHO-COCYIUCTOMH
CHCTEMBI MOJIb30BATENS B OO0 MOMEHT, HCIIOJIb30BaB TEPMHUHAIIBHYIO YacTh MPUIOKEHUs Ha cBoeM Android ycTpoiicTse.

KuroueBsle ciioBa: onepanponHas ciucreMa Android, MeTozisl 00paOOTKM NaHHEIX, PETYJIAPHBIE BRIPAXKEHHS, XOJITEPOBCKOE MOHUTOPHPOBAHHUE,
MeTop pa3paboTku Android mpuIOKeHUIH.

D. V. HARMASH, Y. |I. DOROFIEIEV,

DEVELOPMENT OF AN ADROID APPLICATION TO SUPPORT THE HOLTER MONITORING
SYSTEM

This paper examines the process of software development to implement the system, working on the devices with Android operating system, which is
based on Holter monitoring. Application software has been developed using existing methods of digital data processing, that provides the possibility of
real-time monitoring of the user's cardiovascular system with subsequent data transfer directly to a specialist doctor in a format, convenient for data
analysis. There was proposed an algorithm for processing data, which is based on a template made up of regular expression metacharacters, that provides
fast and accurate sifting of the received data. Binary file that is formed as a result of the algorithm work contains the necessary data for subsequent

© [1. B. T'apmam, 0. 1. lopodees, 2019
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analysis. At the first stages, the software application installed on the Android device performs the initial analysis of the file and breaks the data into
fragments that correspond to time periods of sixty minutes. Thus, twenty-four pieces of data are formed during the day. Based on this data created
application builds graphs that illustrate the work of the patient's cardiovascular system, which the user can view. If critical indicators arise in the work
of the cardiovascular system, the software application automatically calls an ambulance and sends to the attending physician data for the last forty-eight
hours in the format of scatter plots, as the experience of practicing physicians has shown that such plots are the most visual and informative. Also, the
attending physician has the opportunity to access the data of Holter monitoring of the user's cardiovascular system at any time, using the terminal part

of the application on his Android device.

Keywords: Android operating system, data processing methods, regular expressions, Holter monitoring, Android application development

method.

Beryn. [ommpeHicTs cepieBo-CyAHHHUX 3aXBOPIO-
BaHb, i, 30KpeMa, imeMidHoi XBOpoOm ceprsi, B YKpaiHi
HEBIIIHHO 3pPOCTAE, II0 3yMOBITIOE HEOOXITHICT PO3POOKH
e(eKTUBHUX 1 CyJacHHX 3aco0iB iX MIarHOCTHKH Ta JIKy-
BaHHS.

[lepBuHHA niarHOCTMKa IMIEMIYHOI XBOPOOW ceplist
CIIUPAETHCS Ha 3amnuc enekrpokapaiorpamu (EKT), 1 mume
MOTIM JIiKap 3ajy4ae J0JaTKOBO JIaHi aHaJIi3y KapAioJoriy-
HUX NOKa3HHKIB, OTPUMAaHUX IHIIUMH METOAAMH JIOCIiJ-
HKEHHSL.

OHi€I0 3 aKTyaJIbHUX TPOOJIeM KapIioJoril 3aIuiia-
€THCSl OTPHMAHHS MaKCHMAJIBHO ITOBHOI iH(opMmamii mpo
CJeKTPUYHHUIA MMOTEHIlia)l CepIlsi, Ha MiACTaBl AKOI € MOX-
JUBICTh PO3MHUPHUTH IIarHOCTHUKY IATOJIOTIYHHUX CTaHIB
MiOKap/a Ta HOTo eJIeKTpO-(i3i0NOTIYHIX BIACTUBOCTEH.

PO3BHTOK KOMIT'FOTEPHHX TEXHOJOTIH, 30KpeMa,
Cy4aCHHX METOJIB IM(ppPOBOi 0OPOOKH MaHHWX 3yMOBIIU
HEOOXIHICTh PO3POOKH Ta BUKOPUCTAHHS B MOBCSIKACHHIH
MPaKTHLI JKaps KOMIT IOTEpPHHUX eJIeKTpoKapaiorpadiy-
Hux 3aco0iB. [{udposi MeTo 111 0OPOOKH CUTHATIIB CYTTEBO
MABUIMIN AKicTh 00poOku EKI, 103B0SMIN 3MEHIIIUTH
CIIOTBOPEHHS, IO BHOCATHCS Yy CHTHAJ, Ta MiMIATH 10
eleKTpoKapaiorpadiyHoi MIaTHOCTHKH 3 TIO3WIT KiJlb-
kicuoi ominku 3miH EKT'. Pa3oM 3 TuM, TE€HICHIIIS 1HTEH-
CHUBHOTO BIPOBA/KEHHSI KOMIT' IOTepHOro anamizy [1, 2]
EKI' Ta iHmMX KapIiOJNIOTIYHHX PsAiB, MIO HAMITHIIACS
OCTaHHIM JECATIIITTSM, BHCYBa€ 3aBIaHHS 301TBIICHHS
TOYHOCTI Ta YyTJIMBOCTI, @ TAKOX IIBHIKOCTI BHUSBICHHS
(GYHKIIOHATIBHUX 3aJIeKHOCTEH MK TpaauLiiHUMK napa-
METPaMH KX PSIiB | HOKa3HUKAMU IPUUAHSTTS PillleHb IPH
JIArHOCTHIN IMIEMIYHOI XBOPOOH CepIld Ta IHIIMX Kapii-
OJIOTIYHHX 3aXBOPIOBAHb.

Metoro poOOTH € IOCIIIKCHHST MOMJIUBOCTI MOTOY-
HOTO MOHITOPYBaHHS Ta OWIHKH CTaHY 3/0pOB’S JIOJAWHU
3a JIOTIOMOT'0I0 PUCTPOIB, SIKI BAKOPUCTOBYIOTH ONlepamiii-
Hy cucreMy Android, a Takox po3poOka Android nomaTky
JUISl THATPUMKH CHCTEMH XOJITEPIBCHKOTO MOHITOPYBaHHS.

XoJarepiBcbke MOHITOPYBaHHS. XOJTEPIBChKE MO-
HITOpYBaHHS — 11 (PYHKIIIOHAJIBHE JIO0CIIPKEHHS CepIIeBO-
CYIIMHHOI CHCTEMM, Ha3BaHE Ha YECTb HOro 3aCHOBHUKA
Hopmana /[xeddpi Xoxrepa. Jaruit MeTox qoCiiKeHHS
JTO3BOJISIE TIPOBOANTH Oe3MEepEpBHY PEECTPAII0 AUHAMIKA
cepusg Ha EKI' 3a gomoMororo mopTaTuBHOTO HPUCTPORO
(xonrrepa). Amapatu EKT 3a cBoro icTopiro 3a3Haim 6araTo
ynockonanens. Hopman Xoarep y 1943 pori po3pobus
HepIry CHCTEMY peecTpallii Ta mepenadi eJeKTpoKapaio-
rpadiynoro 3anucy. Y 1962 poui B opuriHajgbHy CUCTEMY
Xonrepa Oyau BHECCHI 3MIiHU, 3 BIPOBAIDKCHHSIM SKHX
METOJl aKTUBHO YBIMIIOB y KIIHIYHY IpakTHKy. Kpim
TepMiHa «XONTepiBCbKE MOHITOPYBAHHS» BHUKOPUCTOBY-
€ThCS KINIbKA CHHOHIMIB Ha3BH METONy: aMOylIaTopHe
MoOHiTOpYBaHHA (AM), nTMHaMidHA eleKTpokapaiorpadis,
MOHITOPYBaHHS eJIeKTpokapaiorpamu [2, 3]. CroroaHi et

JIarHOCTUYHUH METOA € OCHOBHHUM Y IOCIHI/KCHHIX Ta
JiarHOCTYBaHHI KapIiOJIOTIYHNX 3aXBOPIOBAHb. XOJITEPiB-
CBKHUH MIarHOCTHYHHNA METOL A€ MOXKIJIMBICTH BIICTE-
JKyBaTH 3MiHH B poOOTi cepus i apTepiaJbHOTO THCKY
MaIli€HTa MPOTATOM 48 TOIWH B yYMOBAaX HOTO IOBCSK-
JICHHOI aKTUBHOCTI.

IMocTraHoBKa 3amavi. Y OCTaHHI POKH 3HAYHO 3piC
iHTepec MeaMUHOT HAayKH 10 TIPoGieM 3710poB’s. MmoBip-
HO, 11€ MOB’5I3aHO 3 BUCOKMMH TEMIIaMH 3POCTaHHS 3aXBO-
PIOBAHOCTI HaceJeHHs HaBiTh Yy PO3BMHEHUX KpaiHax. Y
CTPYKTYpi Cy4acHOi 3aXBOPIOBAHOCTI 1 CMEpPTHOCTI
MepEeBAXAIOTh XPOHIUHI 3aXBOPIOBAHHS, Yy MEpHIy Uepry
CEepILEeBO-CYUHHI Ta OHKOJOTiYHi. OIHaK, MEAWIWHA B
MepeBakHIH OUIBIIOCTI BHUIIAAKIB IMOKH HE B 3MO3i
JIOCTAaTHBO IMIBUAKO Ta ONEPATHBHO MOHITOPYBAaTH MOTOY-
HUM CcTaH 3700pOB’S TMOAWHHA. ToMmy crae Bce OLTBII
OYCBHUJIHUM, 1[0 HEOOX1THO CTBOPIOBATH CHCTEMH CIIOCTE-
PEXKEHHS 32 HIOTOYHUM CTaHOM JIIOJMHH Y TIOBCSKICHHOMY
JKHUTTI, @ TAKOXK MPUENHYBATH YU BOYZOBYBATH Taki CHC-
TEMH 10 MOOUIBHHMX IMPUCTOIB: CMapTQOHIB, IUIAHIIETIB,
(iTHEC-TpeKepiB i T. 1.

OmHUM 3 OCHOBHMX HAIpSMKIB pO3BUTKY, IIO
MiBUIIUTE PiBEHb 370pOB’S HACEJEHHS, € AIarHOCTHKa
3JI0pOB’sl, KOMITJIEKCHE TOCHIIKEHHS sSIK (DyHKIIOHAJIbHHX,
TakK 1 CTPYKTYpHHX 3MiH B OpraHax i cucTeMax JIIOJUHU B
pexxumMi peansHOro vacy. Ilpu mpomy, icHyOYi cucTeMu
MOTOYHOTO CIOCTEPEXEHHS 33 CTAHOM JIIOJWHM 371€01ib-
IOTO 3HAXOAATHCS B CIICHiali30BaHMX 3aK/Iaaax, a IpH-
CTPOi TAaKUX CHUCTEM € JIOCTATHHO CKJIQJIHUMH Ta IPOMI3A-
KHUMH.

Otxe, MeToI0 pOOOTH € CTBOPEHHSA JOCTaTHBO
MPOCTOI CUCTEMH IIATPUMKH CIIOCTEPEKEHHS 32 CEPLIEBO-
CYAMHHMMHU 3MIiHAMH B OpraHi3Mi JIIOJIMHH B PEXHUMI
peanbpHOTO Hacy. [l mporo HeoOXiTHO CTBOPHUTH TaKHi
JIOZIATOK JJIs1 MOOUTBHMX MIPUCTPOIB, KU Oyze J0CTaTHBO
INPOCTHM Ta IHQOPMATHBHHM ISl CEPEAHBO-CTATHCTHY-
HOT'O KOpUCTYyBaya, ajie B TOH caMuii yac Oy/ie BUKOHYBaTH
POJIb MUIIBHOTO CIIOCTEpiraya 3a IOTOYHUM CTaHOM JIHO/IU-
HU Ta IepeiaBaTi HAKOMMYEHI JIaHl HalpsMy 0 JiKaps y
3PYIHOMY ISl IIBUKOTO aHAII3Y BUTIISII.

Bxigni aani. Buxigoumu gaHuMu € OTpUMaHi Bif
JiKaps TEKCTOBi (hailnu, sIKi MICTSTh Pe3yJbTaTH XOJTe-
PIBCBKOTO MOHITOPYBaHHS MAILI€HTIB Pi3HUX BIKOBUX TPYI
Ta Pi3HUX NMOTOYHHX CTaHIB CEPIIEBO-CYAMHHOI CHCTEMH.
Ha puc.1l Tta puc. 2 300pakeHO (PparMeHT MOIIOHOTrO
(aiiny, koxxeH 3 sikux mictuth Bix 90000 no 160000 cTpok
3 JaHUMH, 310paHUMU 32 OJIHY 100y POOOTH IPUCTPOIO JIst
XOJITEPIBCHKOT0 MOHITOpYBaHHs. Taka pi3HHUIIS 3yMOBJIEHa
3HAYHUMH PO30IKHOCTAMH POOOTH ceplid y Pi3HUX JIIOAEH,
a TaKOXX PO3MOPSAIKOM Ta aKTHBHICTIO JKUTTEIISUIBHOCTI
[3, 4]. dani po3aineHo Ha CiM CTOBIILIB:

- mepinuii  crosmens «Time» BimobOpaxkae wac 3
MOMEHTY BBIMKHEHHSI IPHCTPOIO;
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- npyruii croBnenpb «R-R» BimoOpaxkae mikoBi 3Ha-
YEHHsI CEpPLIEBOTO PUTMY;

- tperiii croBnens «OK?» BimobOpaxae a3y podoTH
cepis;

- yeTBepTHiA cToBOelb «TiP» BimobOpakae crienianbHi
TIOCTKOJIH;

- I’ SATHA, mocTrii Ta ckomuii crosmi (J70, J80, J90)
BiOOpaXkaroTh MIKOBI 3HAYEHHS pOOOTH ceplsd y Pi3HHX
¢azax.

1|Time R-R OK? Tip J70 180 J9b

2/0.000 1000 1 00 0 0 O

3/9.863 9862 0 2200 0 0 O

4/11.668 1805 1 ?N_01 -250 0 0

5/163.175 151507 0 NA10 O 0 O

6/163.953 7770 AAQ09 O O O

Puc. 1. Ctpykrypa BXiIHUX JaHHUX Ha IIOYATKY (aiiry
24396 18885.680 9951 NNO1 0 20 45
24397 18886.708 1027 1 NNO1 30 15 35
24398 18887.730 1022 1 NNO1 25 -15 55
24399 18888.743 1012 1 NNO1 5 -5 30
24400 18889.743 1000 1 NNO1 15 0 45
24401 18890.728 9851 NNO1 0 -10 50
24402 18891673 9451 NNO1 5 -5 20

Puc. 2. CtpykTypa BXiTHUX JaHUX MPUOIU3HO B CEPEAMHI
Gaitny

Jlisi mepBUHHOTO aHaji3y HEOOXIIHUMH € HACTYIHI
JlaHi: IHTepBaJ YaCOBOTO MPOMIXKKY pOOOTH ceplisi, MIKOBI
3HAYCHHS CEPIIEBOr0 PUTMY Ta CICMiajbHI MOCTKOIN
pobGotu npucTporo. TakuM YHHOM, Ha eTari TeCTYBaHHSI
MPUHHATO PIMICHHS 3MEHIIUTH KUTBKICTh MapaMeTpiB, SKi
3aCTOCOBYIOTBCS ISl OAAIBINOT 0OPOOKH.

Etranu po3pooku Android-gomarky. Ilepimum
eTarnoM € po3pobKa anropuTMy, SKHH BiJOKPEMIIIOE
moTpiOHI JmaHi 3 TeKcToBOro (aitmy Ta 30epirae ix y
OinapHomy Qopmari. binapuuii dopmar mnortpibeH s
CHPOLICHHS MO0 00poOKK OoTpuMaHoi iH(pOpMAILi.
HactynauMm eramom € 6e3mocepeHso po3podbka Android-
noaatky [5, 6, 7], sikuii BUKOHY€e HEOOXiHI pO3paxyHKH Ta
BioOpakae iHpOpMaIlito MO0 TOTOYHOTO CTaHy PoOOTH
CepLEBO-CYMHHOI CHCTEMH JIFOIHU.

3a ngonomororo meracumBoiiB [5, 6, 8] po3pobieno
m1abJIOHN TIOLIYKY JaHUX y CTPOKax TEKCTOBOTO (ailiy.
Jdnst  nmomyky 1Uu(POBUX [TaHUX BHKOPHUCTOBYETHCS
MetacumBoa [0-9] — 1e o3Havae oiHy i3 1Mp 3a7aHOTO
nianmaszony. Ha puc. 3 Ta puc. 4 mnpuBeAeHO NpHKIAIH
JAHWX, SKI MOXKYTH 3’ SIBIITUCS Y IbOMY CTOBIIIIL.

0.000 1000 1 200 0 0 O
9.863 9862 0O 200 0 0 O
11.668 1805 1 7?NO01 -250 0
163.175 151507 0 NA10 O O O

Puc. 3. [Ipuxnagy pi3HUX THIIB JaHUX y (aiinax

BaxniBUMH eTanamM# 3amnporiOHOBAHOTO aITOPUTMY
€ TIOIIYyK KpamlKH, SKa 3’SBISETBCA y UYWCHI, a TaKOXK
MiIPaxyHOK KiTBKOCTI mU(p, AKi pO3TAIIOBaHi 0 KPAIKH.
JI1st 1IbOT0 BUKOPHCTAHO MeTacuMBOJ {1,6} — 11e 03Haydae
onny mupy abo neximbka migpsn. Hampukman, Bupas

[0-91{1,6}\. mo3BOnse 3mificHIOBATH MOIIYK LU(p, IO
CTBOPIOIOTH YMCIIO Bif | 10 7 3HaKiB, sIKE 3aBEPUIYIOTHCS
KpAIKoIo.

36845.467 7870 AAQ09 O o0 O
36846.275 8070 AA09 O O O
36847.055 7800 AAOQ09 O o0 O
36847.817 7620 AAQ09 O 0 O
36848.580 7621 AN 01 990 185

Puc. 4. llpuxnaau pi3HUX THIIB JaHUX y (aiinax

Hacrynumit Bupas [0-9]{1,6}\s mosBosste 3HaiiTH
Oynb-sIKMid BHA BIACTYIy Ta O3HAyYa€, L0 B pe3yNbTari
MOIIYKY OyAyTb 3HaliieHi nudpu, sIKi MOXKYTh CTBOPIOBATH
YHCJIO BiJI OJTHOTO 3HAKa JI0 CEMH 3HaKiB Ta 3aKIHIYIOTHCS
METacCMMBOJIOM Binctymy. Takum yuHOM, BHpa3 [0-
91{1,6}\.[0-9]{1,6}\s mo3Bomsie 3HaiiTH maHi, AKi BiANOBI-
JIAIOTh HaBEJCHMM BHILE BHMOTaM Ta pO3TAalOBaHI B
HEepLIOMY CTOBIIL TEKCTOBOTO (hailiy.

Juis Toro, mo0 TpeAcCTaBICHUI BUIE PETyISApHUI
BHUpa3 IIBUJILIE MPALIOBAB, BiH PO3AUIAETECS HAa YACTKOBI
omoku: ((([0-9]{1,6})\.([0-9]{1,6}))\s). ¥V ubomy pa3i mpo-
1ec MOLIYKY JaHUX IOIUIAEThCS Ha TPH YaCTHHU, IO CYT-
TEBO MPHUCKOPIOE BUKOHAHHS MOIIYKY.

OcTtarouHo, y pe3ysbTaTi poOOTH 3aMpOIOHOBAHOTO
NrOpUTMY OyJie OTPHUMAaHO HaOip BiMOKPEMJICHUX JaHUX,
SKi BIWIyUYeHi 3 TPhOX CTOBIILIB TeKcTOBOTrO (hailny Ta 30e-
pexeHi B GiHapHOMY (haitii.

TectyBauusi Android-mogatky. [lns mepeBipku
Npane3aTHOCTI  PO3POOICHOr0 JOJATKY 3aCTOCOBAHO
peanpHi JaHi, OTpUMaHi Bif Jikaps. Y pe3ynbTarti podoTn
JOJATKY BCl JaHI mojiureHi Ha 24 piBHUX NIPOMIXKKH II0
OIHIl TOAMHI Ta MOOYJOBaHI BIPOJOBXK KOXKHOI TOJWHU
motouHi rpadiku. JaHi s moOymoBu Tpadiky 30epi-
TaloThCs y TECTOBOMY (aiiili 3 Iepio oM, SIKHd JOPiBHIOE
OJIHIM roAMHI. 3a IOMOMOTOK METONY MapCUHTy (aiiis,
SKUH pearnizoBaHo Ha MOBI C++, JaHi mepenaroTbesi KOM-
noHenty Graph View [9, 10, 11]. Pe3ynbrat 300paskeHo Ha
puc. 5, ne BigoOpaxkeHno expan Day Activity y craHi Ha
BOCbMY TOJIMHY PaHKy, TOOTO HaBejeHi pesynbrat [12]
BiJOOpakatoTh POOOTY cepis 3 MepIiol TOAWHU JTOOH 110
BOCBMOI.

PR s.00
My Application

oooo YRR A fa -

— e T TR e e e

01:00

R T 1 | B 1 S ——
02:00

== SR i e 4

osoo  Arowaerrrsiatmitiber ryf 1YW
os00  — emtdbwmmdatial vy~
0600 s, TP 1>r+'+" 4> Pttt st fatag

07:.00

Puc. 5. Pesynprat pobotu nomaTky Ha expani Day Activity

ITicns HATUCKaHHS Ha HAMWC 3 TOAWHAMH Ha €KpaHi
pPO3rOpTAETHCS OUTBI eTaNbHMMA Tpadik podOTH cepIsd 3a
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MUHYJIy TOIWHY, 300paxcHuil Ha puc. 6. TakuMm 4rHOM,
CICIIaTi30BaHUI JIIKap Ha TMiJCTaBi HABEJICHHUX JAHHUX
MOJKE OIIIHUTH MOTOYHUH CTaH pOOOTH CEPIICBO-CYTUHHOT
CHCTEMH JIFOIVHH.

My Application

800

600

406

200

400 600 800 1000 1200
=200

-400

-600
-800
< o] [}

Puc. 6. letanbHi gaHi poOOTH CepALS 32 TOIUHY

BucnoBku. Po3pobneHo mporpamue 3abe3meueHHs

JUIsl IPUCTPOIB, 1110 BAKOPUCTOBYIOTH ONepaliiHy CUCTEMY
Android, sixe TiATPUMY€E CUCTEMY XOJITEPIBCHKOTO MOHITO-
PYBaHHS, a TaKOX JI03BOJISIE MPOBECTU MEPBUHHY OILIHKY
CTaHy KOpHCTyBaua Ta MepeJaTH JaHi 0e3MocepeqHbo 10
JKapsi B 3pyYHOMY JUIsSl aHAITI3y BUIIISL. 3arpoOIIOHOBAHO
MeToJl 0OpOOKH Ta NEPEeTBOPEHHS JAaHUX, OJACPKYBAHHX Y
peajbHOMY daci BiJ NPHUCTPOIO JUISL  XOJITEPIBCHKOTO
MOHITOpYBaHHS. 3a JIOINOMOTOI0 PO3POOJICHOTO TOAATKY
JiKapi MaTUMyTh 3Mory 3 BiacHoro Android mpuctporo
BECTH IOTOYHHH OTJIS] MAIIEHTIB y pealbHOMY Yaci.
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D. E. DVUKHHGLAOV, T. O. RIABUKHA

DEVELOPMENT OF A DATABASE STRUCTURE
FOR STORING MODELS FOR DETERMINATED ALPHABETES CLASSES RECOGNITION
BASED ON THE SET OF HETEROGENEOUS CHARACTERISTIC

The objects and situations recognition is important problem in such areas as the definition of the types of air objects according to various sources of
information, diagnosis of patients on the results of the survey and analysis, diagnostics of different equipment or technic types. Under the recognition
refers to the process of obtaining the initial information about the affiliation of each studied element to a class based on analyze of the incoming
information about studied elements of the environment, using methods to transform input data environment into output. The paper presents a model of
the recognition process, which is characterized by the decision making of the class object based on the analysis of a set of quantitative and qualitative
characteristics of which information can be obtained from various sources. The article presents a formalized set-theoretic model of the recognition
process. According to the model, to attribute an object or situation to a certain class, it is necessary to define a set of feature groups of different types
that allow to identify objects (situations) of a particular class. To perform recognition process experts based on experience or on the basis of statistical
data must define a fuzzy affiliation function of the object of observation to each class with a set of values [0,1]. In the article shown representation of
such function for quantitative characteristic in the form of a histogram. For qualitative attributes determined own values for each value. The new result
of researches is a data structure for storing of the recognition process model, which allows to store together diverse characteristics and affiliation functions
of different types at the same database tables. The proposed structure can be used in the process of the development of recognition systems software. It
should be noted that will provide increased reliability of data storage by reducing the components of the database structure but also increased the
complexity of the procedures and algorithms for saving and selecting the data.

Keywords: objects and situations recognition system, recognisation systems software, recognisation process model representation, structure
database for store quantitative and qualitative characteristic.

A. E. IBYXITIABOB, T. O. PAbYXA

PO3POBKA CTPYKTYPU BA3U JAHUX
JUJIS1 SBEPITAHHA MOJEJIT PO3III3HABAHHS KJIACIBB JETEPMIHOBAHHOT' O AJI®ABUTY
HA OCHOBI HABOPY PI3HOPIJHUX XAPAKTEPUCTUK

3aja4ya po3mi3HaBaHHS 00’€KTIB Ta CHTYaIlill € aKTyaJIbHOIO y Taknx cdepax, sk BU3HAYEHHs THIIB MOBITPSHNX 00’€KTIiB 3a JJAHUMH Pi3HHX JDKEper
iH(popMalii, JiarHOCTHKa CTaHy XBOPUX 3a pe3yJIbTaTaMU ONMUTYBAHHA Ta aHANi3iB, JIarHOCTHKA CTaHy TEXHIKM PpI3HOrO npHu3HauyeHHs. [lix
PO3Mi3HABaHHAM PO3YMi€ThCs POLIEC OTPUMAHHS BUXifHOI iH(popMaii Ipo MPUHAIEKHICTh KOXKHOTO JOCIIXKYBaHOTO €IIEMEHTA JI0 IEBHOTO KJIacy Ha
OCHOBI aHaJIi3y BXifiHOI iH(opMaILii PO JOCHIiKyBaHi €IEMEHTH CEPEIOBHINA, 3aCTOCOBYFOUYM METOJIH MIEPETBOPEHHS BXiIHOI iH(opMaiil y BUXiIHY.
B po6orti npezncraBineHa Moiesb IPOLECY PO3MTi3HABAHHS, XapaKTEPHOIO PHUCOIO SKOI € 31HCHEHHS pO3i3HaBaHHS Ha OCHOBI aHaJIi3y HA0OPY KiNbKiCHUX
Ta SIKICHUX O3HaK, iH(OpMaLis mpo siKi Moxke OyTH OTpUMaHa BiJ pi3HUX mkepen. B cTaTti mpeacrasiieHa GopMaibHa TEOPETHKO-MHOKUHHA MOJEIb
MpOLECY po3Mi3HaBaHHs. 3TiTHO MOJENI, Ui BiIHECEHHs 00’ekTy abo cuTyawii 0 MEBHOTrO Kjacy HEOOXiJHO BH3HAYMTH HAOIp Pyl O3HAK Pi3HHUX
THIIIB, 11O 103BOJISIOTH iIeHTU(iKyBaTH 00’ €KTH (CUTyamil) IeBHOTO Ki1acy. J{jis IpoBeaeHHs pO3Ii3HaBaHHs eKCIIEPTU Ha OCHOBI JOCBiTy 00 Ha OCHOB1
CTAaTHCTUYHUX JAHUX MAIOTh 331aTH HEUIiTKY (QYHKIIII0 HAIEKHOCTI 00’ €KTY CIIOCTEPEKEHHS 0 KOXKHOTO KJIacy i3 MHOXHMHOIO 3HaueHb [0,1]. B craTTi
PO3IIIANAETHCS MPEACTaBICHHS TaKol QYHKIIiT 1)1 KITbKICHUX O3HAK Y BUTIISI ricTorpamu. J{yist 3HaUeHb SIKiICHUX 03HAK BH3HAYA€THCS BIACHE 3HAUCHHS
JUISL KOXKHOTO 3HaueHHs. HOBHM pe3ynbTaToM MOCIIIDKEHb € po3pobiieHa CTPYKTypa AQHHX IS 30epiraHHs MOAeNi MpOILecy PO3Ii3HAaBaHHS, sKa
JI03BOJISIE 30epiraTi CyMicHO 30epiraTu pi3HOPiIHI XapaKTePUCTHKH Ta (PyHKIIT HAJIEKHOCTI PI3HOTO BUY B OFHHMX 1 THX XK€ TAOIMIIIX. 3alPOMOHOBAHA
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CTpYKTypa Moxke OyTH BMKOPHCTaHa B HpOLECi MOOYZOBH HPOrPaMHOro 3abe3MeueHHs CHCTEM po3misHaBaHHSA. [Ipu mboMy citij 3a3Ha4MTH, IO
peabl3amis TaKOro pillleHHs 3a0e3edye TiABUIIEHHS HaAiifHOCTi 30epiraHHs JaHHX 33 PaXyHOK 3MEHIIIEHHS KOMIIOHEHTIB CTPYKTYpHU 0a3u JaHHUX, alle
301IbLIYE CKIIAHICTD AITOPUTMIB MPOLIEAYDP 30EPEKEHHS Ta BUTSITY JaHHX.

Kurodosi coBa: cucrema posmi3HaBaHHS 00'€KTiB Ta CHTYalil, IporpamMHe 3a0e3IEUeHHS] CUCTEM PAacIO3HABAHMS, HPEACTABICHHS MOACII
poLecy po3Ii3HaBaHHs, CTPYKTYpa 6a3u JaHHX UL XPaHEHMsI KIIbKICHHX Ta SKICHUX XapaKTePHCTHK.

A. 3. ABYXTJIABOB, T. O. PAIBYXA

PA3PABOTKA CTPYKTYPbI BA3bI JAHHBIX
JJIs1 XPAHEHUSA MOJEJIN PACTIO3HABAHMUS KJIACCOB JETEPMUHHUPOBAHHOT O
AJIPABUTA HA OCHOBE HABOPA PA3ZHOPO/IHBIX XAPAKTEPUCTHUK

3amaua pacro3HaBaHUS OOBEKTOB U CUTYallMi akTyallbHa B TaKHX cdepax, KaK OIpe/eleHHe THIIOB BO3IYIIHBIX OOBEKTOB IO JAaHHBIM Pa3IHYHBIX
UCTOYHHKOB MH()OPMALMHU, IUATHOCTUKA COCTOSIHUS OOJIBHBIX IO Pe3yNIbTaTaM ONpOCa M aHAIM30B, JUACHOCTHKA COCTOSHUS TEXHHKH Pa3IMYHOrO
HaszHaueHus. [Tox pacrio3HaBaHMEM MOHHMAETCS MPOLIECC OTY4SHHs HCXOAHONW HH(POPMALMK O IPHHAUISKHOCTU Ka)KJOT0 HCCIELyeMOro 3IeMEeHTa K
oIIpeieIeHHOMY KJIacCy Ha OCHOBE aHAJIM3a BXOSIIEH HHpOopManuy 00 UCCIIeAYEeMBIX JJIEMEHTEI CPEIbl, IPUMEHSI METOBI IPe0Opa30BaHuUs BXOIHOH
uHdOpMaLMU B BBIXOJHYIO. B pabore mpexacraBieHa MOJENb MPOLECCa PACIO3HABAHHS, XapaKTEPHON YEpTOH KOTOPOW SBISIETCS OCYIIECTBICHHE
pacro3HaBaHUs Ha OCHOBE aHalW3a HabOpa KOJIMYECTBCHHBIX M KAUECTBCHHBIX HMPHU3HAKOB, MH(POPMAIMSA O KOTOPHIX MOXET ObITh MOIy4eHa OT
Pa3IMYHBIX HCTOYHHUKOB. B cTaThe nmpencrasiena GopMaibHas TEOPETHKO-MHOXKECTBEHHAs! MOZIEIIb IIpoliecca pacio3HaBaHus. COrTacHO MOJENH, s
OTHECECHMS] 00BEKTA WM CUTYaLHH K ONPEJEICHHOMY KJIaCCy HEOOXOIMMO ONMpEAeNuTh HabOp IPyIIl MPU3HAKOB PAa3IUYHBIX THUIOB, HO3BOJIIOMINX
UICHTHOUIMPOBATE OOBEKTHI (CUTYallMH) ONPEAEICHHOro Kiacca. Jist mpoBeeHUs pacro3HaBaHUs KCIEPThl HA OCHOBE OMbITA MM HA OCHOBE
CTaTHCTUYECKUX JaHHBIX UMEIOT OIPEIENUT HEUeTKYIO (DYHKIIUIO IPHHAUIEKHOCTH 00BbEKTa HaOIIOACHNU 10 KaXKJ0T0 Kilacca ¢ MHOXKECTBOM 3HAUCHUH
[0,1]. B craTbe paccmaTpuBaeTcs IPEACTABICHUE TAKOH (PyHKIMH JUIs1 KOJIMYECTBEHHBIX IPU3HAKOB B BHJIE TUCTOrpaMMbl. [IJ1s1 3HAYeHH I KaueCTBEHHbIX
[PU3HAKOB ONpPEENAeTCsi COOCTBEHHOE 3HAUCHUE UL KaXI0ro 3Ha4deHus. HOBBIM pe3ylIbTaToM HCCIEOBAaHUI SBISETCS pa3pabOTaHHAs CTPYKTypa
JTAHHBIX JUTS XpaHEHHs! MOJISIIH IIpoliecca Paclio3HaBaHHs, KOTOpas II03BOJISIET XPaHUTh COBMECTHO XPAaHUTh Pa3HOPOIHbIE XapaKTePHCTUKH U QYHKIIN
HPHHAUIOKHOCTH PA3IMYHOIO BUJA B OJHUX M TeX ke Tabmuuax. IIpennoxkeHHas CTpyKTypa MOXKET OBITh HCIIONB30BAaHA B HPOLECCE MOCTPOCHUS
[IPOrpaMMHOr0 OOECIIeUeHHsI CUCTEM pacto3HaBaHus. [Ipu 3TOM cieqyeT OTMETHTb, YTO peau3alys TAKOro PElICHHs 00ecHeYrBaeT MOBBILICHUE
HaJIe)KHOCTH XpaHEHMS JaHHBIX 32 CYET YMEHBIICHUsI KOMIIOHEHTOB CTPYKTYPHI 0a3bl JaHHBIX, HO YBEJIHMUYHBAET CIIOKHOCTH AITOPHTMOB IIPOLELYD
COXpaHEHHMs U U3BJICYCHUS JAHHBIX.

KiroueBble ciioBa: cucteMa pacro3HaBaHUs OOBEKTOB M CHUTYALMil, IPOrpaMMHOE OOECIIEYCHHE CHCTEM PACHO3HABAaHMS, HPEICTAaBICHHUE
MOJIeIH TIpoLiecca Paclo3HaBaHUs, CTPYKTypa 0a3bl JAHHBIX JUIS XPAHEHHs KOJIMIECTBEHHBIX U KaUeCTBEHHBIX XapaKTEePHCTHK.

Introduction. Novadays reality define nessesary of
widthly using of automation systems, which executed
analytical information processing, for effective decisions
making. In set of tasks need supporting such systems have
to be included recognition situations task.

The theoretical basis of recognition objects or
situations presents in [1]. Modern recognition situations
methods base on fuzzy sets [2], functionality ordinal
networks [3], Bayesian approach [4] and neural networks
[5]. The tasks of recognizing objects and situations, the
tasks of recognition are relevant in medicine [6], in military
affairs [3, 7], in operational management [8]. A special area
is the recognition of situations in the flow of
multimedia [9, 10].

The difficulty of using some methods, in particular
Bayesian approach and neural networks, is that their using
requires the recognization data set over a long period. To
obtain such a set is not always possible. Some part of the
methods works only with quantitative characteristics of
objects or situations, which are taken values in continuous
range. Therefore, more and more the recognization of
situations or objects relies on methods based on the
formalized expert knowledge.

The purpose of the article. In [11] was presented
approach to recognition objects and situations, which allow
to represent data for identification of different nature.
However, when developing the appropriate software
implementation of the proposed approach, the task of
organizing the storage of a process recognition model in the
computer's memory became needful. You can see below
that this task is not trivialResult of researchies of way of
solving this task presents in this article.

The essence of the task of recognition objects
situations and. The objects or situations recognition task is
to make conclusion about the class of observed objects

(situation) by analyzing their characteristics (parameters
and relationships with other objects subject area).

The concept of "class" is a set of observed objects or
situations, which is characterized by the laws of
manifestation of properties.

The features of the observed situation, presented in
recognition system as a set of characteristics {X;, ...,X, },
where L — number of characteristics used to identify
situations of a certain type. The list of features is common
to all type situations, but these symptoms manifest
themselves differently in different classes of situations.

The term "alphabet" means disjoint set of classes:

Ay = {K" KT, K ) (1)

where K™ — classes of alphabet A,,;

M,,, — number of alphabet classes.

Common tasks of this type is to determine the general
condition. For example: initial examination of patients with
the help of a survey in the emergency department or
determining the type of aircraft or ship in accordance with
various technical information.

The formalization of source data. Based on the
analysis of characteristics used in the detection, we can
conclude that their composition is diverse in terms of
mathematical properties values.

In many cases the set of possible values of the
characteristic is a subset of the real numbers:

Xk € [kain’kaax]’ (2)

where X, — k-th characteristic used to identify classes of
objects in the m-th alphabet;

Ximin® Xkmax — Minimum and maximum possible
values of attributes for objects that are recognized.
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Such characteristics are called quantitative. For
example, for the recognition of aircraft objects types such
characteristics are speed and altitude, in medical diagnostic
— are temperature and human height.

Characteristics that take value from a specified list
and do not have any order structure, are called qualitative:

Xk € [Zf: Zé(; ...,ng], (3)

where z} — p-th possible value of k-th characteristics used
to identify classes of objects in the m-th alphabet;

N7 = {(Xemia (x0)) 5)

where u™4(X,) — degree of belonging to i-th class
situations according to values of characteristic X;* as part
of g-th alternative group of characteristic.

One approach to knowledge representation pattern of
display values in the form of quantitative characters is the
use of histograms (see fig. 1). This presentation is easy for
understanding, and also allows a satisfactory degree of
reliability to pass basic laws of the subject area and is easy

Xtk _ current value of

vEl(xi) 1 T quantitative characteristic
iqk
The
umiqk
. 4 4 -1 __ L — Py Kk
v (XE) I
|
|
I
)\ > yii
> Xk
tek
kain Rk Xke kmax

Fig. 1. Graphic illustration of the formalization of the laws of manifestation quantitative characteristics values using histograms

Z, — total number of possible values of this charac-
teristic.

To assign a situation to a class, it is necessary to ana-
lyze it more carefully and select a class for it in accordance
with the rules.

When solving the problem of recognizing an air
object, the characteristics should be taken into account: the
size of the group of aircraft or the nature of the maneuver.;
in medicine — the overall functional state or the nature of
employment.

The basis for constructing rules of measures of
proximity of objects observed classes alphabet is to define
the set of alternative groups characteristics, patterns of
manifestation which will be analyzed. Formally, this can be
determined by the following expression:

Klm = Uglzl q= U21:1 nkeRinkl (4)

where G, — alternative group characteristics g, which
allows to make recognition;

Q; —number of alternative groups characteristics used
to identify i-th class situation;

R;q — set of indexes of g-th alternative characteristics
group, used to identify the i-th class situations.

For each characteristic used for recognition i-th class
situations as part of g-th group, experts determined the
pattern of values characteristics appearance for a particular

situations as fuzzy set N,™, which can be presented as
shown in formula (5):

in processing.

To construct a histogram certain features expert must
set the width of the interval R* or their number K*. In the
last case the width of the interval is calculated according to
formula:

Xk =X
Rk — kmka kmax. (6)

For each histogram interval, the expert must
determine the value of the situation belonging to a
particular class. The values of the membership function for
quantitative attributes are determined by the formula:

. X
miqk Kmin>
! kam + Rl’i‘tt
miqk kain + Rgcnt’
miq Ha Xy € k|’
nma(Xy) = Kiemin T2 * Ring )
) X — REK
miqgk k int>
X E max s
where % _ the function that is part of the situation that

affiliates to the i-th class of the alphabet m, if the value of
the characteristic consisting of the g-th group is the inter-
val s.

There is also another well-known variant of
displaying characteristics — the use of LR-intervals [3],
trapezoidal functions with key points (A, 0), (B, 1), (C, 1),
(D, 0), where A and D correspond to the boundaries of the
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, Xtk _ current value of
miq X) miqk litati h teristi
Vi ( k 2 qua Itative characteristic
1 _____________________________________________
miqk
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- | X
Z‘r{lk Z‘fzn X;Cek Zg;lck

Fig. 2. Graphic illustration formalize patterns of display values of quality features

possible trait values, B and C — the range of the most
possible values. But presented varial allow to transform
LR-interval as histograms.

In order to assign a trapezoid interval, which is used
in the LR-interval model, it is necessary to know the
histogram interval. However, the use of the proposed model
for formalization of quantitative characteristics allows to
consider more complex patterns of onset, and, therefore, to
provide more accurate situation recognition.

To formalize of the appearance regularities of
qualitative attributes in the objects of a certain class expert
must determine the extent possible assignment object to a
class for all possible values of certain properties. Function
values on qualitative characteristics shall look as present
below:

iqk
W, = 2
. miqk _ k.
wnia () = {4 e =2 ®)
o
p?qu |Xk = z;’;f.

Graphic illustration representing regularities of
quality characteristics values presented in fig. 2.

The general list of classes of alphabet is a list of
characters, by which the identification occurs. The
description of the patterns of characters in the object form
a formalized description of the authentication process.

A description of the appearance regularities of
characteristics in classes of a given alphabet is a
formalization of the initial stage of recognition. For further
situations recognition it is necessary to establish rules for
attributing to a particular class of situations, depending on
the specific values of characteristics.

The recognition procedure. The class definition of
the object observed made in the following order:

— getting a set {xfek xiek . xfek} — set of charac-
teristics values of particular observed situation;

— determination of the degree of truth, which shows
the correspondence of the current value of the attribute to
the experts, describing the patterns of its occurrence in
situations of the i-th class of the m-th alphabet, when the
characteristic is considered as part of the g-th alternative

group of features;

— determination of measures that characterize the
closeness of the situation according to the i-th class of the
m-th alphabet, determine the degree of truth of alternative
signs by results;

—determining generalized measures of proximity situ-
ation w(K™) to classes of m-th alphabet;

— determining class K™ of situation according to the
set rules of decision making about the class of object or of
situation.

Evaluation of truth quantitative trait determined ac-
cording to formula:

Vm!'Q(Xltéek) - u;niqk7
kain + (S - 1) * Rgcnt’ (9)

if Xi*e .
Xiein TS * Rint

Maximal value of quantitative characteristic accor-
ding to last interval of histogram, i.e.
VI = Xy = (10)
int

Evaluation of truth qualitative characteristics will be
determined in accordance with rule:

VM (xfek) = M| x ke = Zk, (11)
Acoording to fuzzy sets theory:

v(X; N Xz) = min{v(X;),v(X2)}; (12)

v(X; U X3) = max{v(X,),v(Xz)}. (13)

Defining measures proximity object to the i-th class
of m-th alphabet degrees of truth for signs of alternative G,
carried out according to the rules of crossing the fuzzy sets.
The result is:

wmi(Gq ) = Ig}en {VmiQ(Xlgek)}' (14)
iq

Defining measures proximity object classes alphabet
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is made by applying the rules of association of fuzzy sets.
The merger assessments proximity of the object to a class,
the value is:
w(K™) = m;\x{wmi((}q )} (15)
The basic rule is used to make decisions about the
class object of observation is the following:
K™ = arg max{w(K™)}. (16)
L
Under this rule class of situation is one measure which
is close to the maximum.
To ensure the required probability recognition results
using a rule the following form:
K™ =arg max{w(K/™)} |w(K™) = 8. (17)
L
According to this rule in determining the class of
situation are considered, a measure of intimacy which
exaggerates set to &. The value threshold & lies in the
range [0,1].
To prohibit the decision of this class of object in such
conditions, the following rule is used:

3ivj[(wE™ - (k™) > M)A G = )] (18)

- K™ = KM

The value A called typical margin. Its importance also
is in the range [0,1]. Usually this value is equal 0.1-0.2.

In case of dissatisfaction with the requirements of the
rules of decision-making about the class object carried
refusal of recognition.

Representation recognition process model in
database. Presented above model is the basis for the design
and implementation of an appropriate system of recognition
of objects or situations. It should be noted that the nature of
the subject area is not important because the system will be
set up as a general purpose system. It should also be noted

that the problem to be solved relates to intellectual tasks.
Therefore, one should say that it is necessary to develop a
knowledge base which is part of the intellectual system, the
structure of which can be found for example in [12]. But
from a technological point of view would be recognition
system developers to design database structure. The set of
tables should ensure storage of all elements of the process
model identification — alphabet classes; a list of charac-
teristics that occur in an object or situation; group structure
characteristics to detect certain classes alphabet; fuzzy
function reflecting the level of capabilities signs of objects
of a certain class (histogram origin for quantitative charac-
teristics and tables belonging to qualitative characteristics).
These elements constitute part of declarative knowledge.
Another procedural component consists inference
algorithms.

The structure of the tables of a relational database is
presented at fig. 3.

Use of this structure implies that it will be introduced
about the alphabet (table «alphabets») and characteristics
of objects (situations) that are used to detect (table «cha-
racteristicy).

Table "char_in_alph" is allowed to set relation bet-
ween alphabet and binding characteristics, determining the
list of characteristics that are used in a recognition alphabet.
This is determined by the type of performance at specific
recognition alphabet — quantitative or qualitative. For
example, in medical diagnostics temperatures can be
viewed as vague description of the possible values of
"high", "critical" and "normal” or a humerical value in the
range of 34.5 to 41.5 degrees. Thus, the link between the
alphabet and feature sure to specify the type of
characteristics (field "type™) and the unit of measurement
characteristics (field "unit_id™). This field is proposed to fill
by choosing a certain value of the units set (table "units").
If the submitted quantitative characteristics, you should
enter a range of values — fill "min_value" and «max_valuey.
For qualitative characteristics of these fields remain empty
and continue the processing are not considered.

alphabets char_in_alph characteristic
& alphabet_id: INTEGER - € id_char_in_alph: INTEGER €, characteristic_id: INTEGER
name: TEXT | characteristic_id.‘ INTEGER ] name: TEXT
alphabet_id: INTEGER (FK) @~ —  sign: TEXT
it | type: INTEGER |
— | —# unit_id INTEGER (FK)
& unit_id: INTEGER | min_value: DECIMAL(10,4)
e TEXT —+ max_yalve: DECIMAL(10.4) | | affation
I | &, id_affilation_char_gr: INTEGER
classes | roupe — characteristic_id: INTEGER (FK)
& class id INTEGER - | @  groupe_id: INTEGER (FK)
— | & groupe_id: INTEGER value_num: DECIMAL(10,4)
alphapet_ld INTEGER L —@ class_id: INTEGER (FK) value_str: TEXT
name: TEXT name_gr- TEXT level_affilation- NUMBER(3.2)

Fig. 3. Set of relative database tables for storing recognition model process
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Next step is determining the list of classes that form
the alphabet (table «classes») and specifying the charac-
teristics of the groups to be used for recognition. It may
believe that each group corresponds to a single source of
information about the objects that will be considered in the
system of recognition. Also, groups can be created, if
necessary to determine several variants belonging to the
class object for one group of attributes. For example, the
class "fighter" may include items that are not maneuvering,
moving at medium altitude and speed with 2000-
2500 km/h and objects, which maneuvering and moving
below the average height at speeds of 800—1400 km/h.

The last table in the structure — table «affiliationsy.
This structure allows to store membership functions both
quantitative and qualitative values. This is achieved by
using two fields for storing values — "value_str" and
"value_num" and the field "level_affiliation" for storing the
value of the function of affiliation to a particular class for a
particular value of a certain characteristic. Using two fields
(for text and for number values) allows storing affiliation
functions of both types — and histogram and a set of values.
When storing histogram each record of this table (for
quantitative characteristics) will contain a value filled
"value_num™ and "level_affiliation", that reflect the right
value of a histogram intervals. For qualitative attributes will
be filled with couples "value_str" and "level_affiliation" for
all possible values.

Immediately it should be noted that the organization
of filling such a structure requires the implementation of
complex algorithms input component recognition model
and its future use.

Conclusions. Based on the analysis of the results of
the initial stages of designing the object and situation
recognition system, it can be concluded that the presence in
the model of characteristics of different types complicates
the process of designing the data structure for their storage
model and algorithms for storing and using data. The main
problematic issue here is finding a compromise in deter-
mining how to store a description of the characteristics and
functions of class belonging, whether jointly or separately.
The structure and complexity of the algorithms depend on
the choice of storage method, since in fact the data and the
algorithms for processing them only in the aggregate are
knowledge of recognition processes. In addition, outside of
the introduction to the development of software systems of
this class, an important issue is to create an interface that is
easy to understand and use by users without special
knowledge. Creating software with such capabilities need a
very much time.
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I0. B. [IAP’KHH, M. H. COJIOI[YK, H. I0. TIOBYEHKO

AHAJIN3 UHOOPMAIIUA B HEUPOMOP®HBIX HH®OPMAIIMOHHBIX MOJIEJIAX HEHPOHOB

PpaccmaTpuBaeTcsi CHCTEMHBIH NPUHITHII HOCTPOCHUS JETEKTOPHBIX HCKYCCTBEHHBIX HeHpoHHBIX cered (JJHC). DTOT mpuHOUMII OCHOBaH Ha
oIpesieIeHUH H JeTeKTHPOBAHUHN CTPYKTYPHBIX 3JIEMEHTOB PACIO3HABAEMBIX 00PA30B, a TAKXKE MX HEIIPOU3BOAHBIX M MPOU3BOJHBIX XapaKTEPUCTHK.
Henpou3BogHbIe CTPYKTYPHBIE SJIEMEHTEHI, a TAKKe NX Ka9eCTBEHHbIE M KOJNIECTBEHHBIC XapaKTEPHCTHKH ONPEIeIITIOTCS SMIIMPHIECKH. DTH JIEMEHTHI
1 X XapaKTEePHCTUKH JETEKTHPYIOTCS crienuduaeckuMu Heliponamu-nerekropamu JJHC Ha sTame ceHcopHOTo BoctpusTHs. [Iporecc neTeKTHpOBaHHs
HETIPOM3BOIHBIX CTPYKTYPHBIX DIIEMEHTOB OCHOBaH Ha oTKpsiTHH JleBunom Xprobenom (David Hubel) u T. Buzenewm (Torsten Wiesel) uzbuparensHoit
peakIy HeHpPOHOB IEPBHYHOI 3pHTENBHONW KOPHI MO3ra Ha ONpEAeNeHHbIe CTHMYJNBI. OJHAKO HENMPOW3BOMHBIX CTPYKTYPHBIX DJIEMEHTOB M HX
XapaKTEePUCTHK HEIOCTATOYHO IS PEeLICHUs 3aJauyl Kiaccudukanuu odpa3oB. JTO CBS3aHO ¢ TE€M, YTO B Ipoliecce 00y4eHUs] HeHpoHa-AeTeKTopa
KJlacca 00pa3oB MPOUCXOAUT TOTepsi WH(OpMALMK, KOTOpas HE CONECPIKUT YCTOWYMBBIX NMPU3HAKOB KiacCH(pHUKaUUH. JTa moteps MHOOpMaruu
oTpaxkaer obobmaromyio cnocobrocts JJHC M BeneT K YMEHBIICHHIO ee paspelaronieil criocodHocTu. Jyis yBeandeHus pa3pemaronieil cnocooHoCTH
JIHC HeoOxonmuma JIONONHUTENbHAs HH(opManmus. OTa MHGOPMAIWs MOXET ObITh IIONydeHa B pe3yibTare (OPMHUPOBAHHS IPOM3BOJHBIX
XapaKTepUCTUK CTPYKTYPHBIX JIIEMEHTOB paclo3HaBaeMoro obOpasa. @opMupoBaHHe NPOU3BOAHBIX XapaKTEPHCTHK OTPaxxaeT IIpoIecc
“H()OPMALOHHOTO aHAH3a, OCYIIECTBIsIEMOro Heiiponamu-ananu3atopamu JJHC, KoTopble, 10 MHEHHIO aBTOPOB, SIBIIIOTCA HH(GOPMAIMOHHBIMU
MOJZICIISIMH  OMOJIOTHYECKUX HeHpoHOB-aHanu3atopoB. Torma mporecc MH(GOPMAIMOHHOTO CHHTE3a pealu3yeTcsi ESAWHUYHBIMH IPOM3BOIHBIMU
HelipoHamu-nerekropamMu JJTHC. DT HEHpPOHBI-IETEKTOPHI PEarupyroT Ha IedbHble 00pasbl. IlocTpoeHne MH(OPMAIMOHHBIX MOAENeil HEHpOHOB
OCHOBBIBACTCS HA BBIABUHYTHIX aBTOPAMHU THIIOTE3aX HEHPOHHOTO KOAA, O0BACHSIONINX HH(POPMAIHOHHYIO CYITHOCTh PeaKIUH HeHPOHOB.

KroueBnle ciioBa: JieTeKTOpHAsh HEHPOHHAs CeTh, HEUPOH-JETEKTOp, HEHPOH-aHaIN3aTop, HEHpOMOp(Has MoJeNb HElipoHa, UCKYCCTBEHHAs
HEHpOHHAs CeTh, UCKYCCTBEHHbIM MHTEIICKT.

I0. B. IAP’KHH, M. M. COJIOIIYK, H. I0. IIOFYEHKO
AHAJII3 IHOOPMAILIL B HEUPOMOP®HUX IHOOPMALINHUX MOJEJISIX HEMPOHIB

PosrasimaeTbes CHCTEMHHH IMPHHIUI MOOYIOBH AETEKTOPHUX IITYYHHX HelpoHHHX Mepex (JHM). Lleit mpuHmum 3acHOBaHMH Ha BH3HAYEHHI Ta
JICTEKTYBaHHI CTPYKTYPHHUX €JIEMEHTIB 00pa3iB, IO PO3Mi3HAIOTHCS, @ TAKOXK 1X HEMOXIJHUX Ta MOXITHHUX XapakTepuCTHK. HemoximHi cTpyKTypHi
@IIEMEHTH, a TAKOX iX SKICHI Ta KIIbKICHI XapaKTePUCTUKH BU3HAYAIOTHCS eMIipuyHO. Lli eeMeHTH 1 IX XapaKTepUCTHKH JETEKTYIOThCS Crienu(iTHIMH
HeifpoHamu-aerektopamu JJHM Ha erami ceHCOpHOro crnpuiHATTS. [Ipomec NEeTEeKTyBaHHS HEMOXIAHHMX CTPYKTYPHHX CJICMCHTIB IDYHTYEThCS Ha
Binkputti eBinom Xpro6en (David Hubel) i T. Bizens (Torsten Wiesel) Bubopuoi peakuii HeHpOHiB EPBUHHOT 30pOBOT KOPH MO3KY Ha MEBHI CTHMYIIH.
OnHaK HEMOXiHUX CTPYKTYPHHX €IEMEHTIB 1 IX XapaKTepHCTHK HEJOCTaTHHO JUIs BUPIIICHHs 3anaui kinacudikarii oopasis. Lle mos's3aHo 3 TUM, 110 B

© 0. B. INapxun, M. H. Conomyk, H. 10. JIro6uenko, 2019

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
auanis, ynpaeninua ma ingpopmayivini mexronoeii, Ne 2°2019 55


https://link.springer.com/content/pdf/10.1007%2F978-3-642-55355-4_47.pdf
https://link.springer.com/content/pdf/10.1007%2F978-3-642-55355-4_47.pdf
mailto:ddimae72@gmail.com
mailto:ddimae72@gmail.com
mailto:tanyanice97@gmail.com
mailto:tanyanice97@gmail.com

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

mpoleci HaBUaHHs HeWpOHa-ZIeTeKTopa Kinacy obpasiB BinOyBaeThCs BTparta iH(poOpMaLlii, sika He MICTUTh CTiMKuX o3Hak kimacudikawii. Lls BTpara
iH(popMarii BimoOpaxae y3aranpHiorouy 3aatHicts JTHM i Bene 10 3MeHIeHHs ii po3ainbHOl 3aaTHOCTI. [yt 30UibIeH s po3aiibHoi 3natHocTi JJTHM
HeoOxinHa nonatkosa inpopmaris. Ls indopmartis Moxke OyTr oTpuMaHa B pe3yabTati (OpMyBaHHS TOXiJHUX XapaKTEPUCTHK CTPYKTYPHHX €JIEMEHTIB
obpasy, o po3mizHaeTbess. POpMyBaHHS MOXITHUX XapaKTEPHCTHK BigoOpakae mpouec iHGopMauiiiHOro aHamizy, 3AifCHIOBAHOrO HEHpOHAMH-
anamizaropamu JIHM, ski, Ha TyMKy aBTOpiB, € iH(pOpMaLiiHUMU MOJEIsIMH Oi0JIOTiYHHX HelpoHiB-aHani3aTopiB. Toxi mporec iHdopMmariiHOro
CHHTE3y peasi3yeTbCsl OAMHUYHUMU MOXiTHUMH Heiiponamu-nerexktopamu JIHM. 1i HelipoHH-IeTeKTOpH pearyioTh Ha wumicHi obpasu. [ToOymosa
iH(popMaLIHIX Mozeseil HEHPOHIB IPYHTYEThCS HA BHCYHYTHX aBTOPaMH TilOTe3aX HEHPOHHOrO KOy, L0 MOSICHIOITH iH(MOpMAIiliHy CYTHICTH
peaxiiiii HepOHiB.

KaiouoBi ci10Ba: 1eTekTopHa HEHPOHHA Mepeka, HeHPOH-AETEKTOp, HeWpOH-aHali3aTop, HeHpoMopdHa MOJIENb HEUPOHY, LITYy4YHA HEHPOHHA
Mepexa, IITyIHHH 1HTENIeKT.

Y. V. PARZHIN, M.M. SOLOSHCHUK, N.Y. LIUBCHENKO
ANALYSIS OF INFORMATION IN NEUROMORPHIC INFORMATION MODELS OF NEURONS

The article discusses the systemic principle of constructing of detector artificial neural networks (DNN). This principle is based on the determination
and detection of structural elements of recognizable patterns, as well as their non-derivative and derivative characteristics. Non-derivative structural
elements, as well as their qualitative and quantitative characteristics, are determined empirically. These elements and their characteristics are detected
by specific neurons-detectors of the DNN at the stage of sensory perception. The process of detecting of non-derivative structural elements is based on
the discovery by David Hubel and Torsten Wiesel of the selective response of neurons in the primary visual cortex to certain stimuli. However, non-
derivative structural elements and their characteristics are not enough to solve the problem of image classification. This is due to the fact that in the
process of training of a neuron-detector of a class of images, information is lost that does not contain stable classification features. This loss of information
reflects the generalizing ability of the DNN and leads to a decrease in its resolution. To increase the resolution of the DNN, additional information is
needed. This information can be obtained as a result of the formation of derived characteristics of the structural elements of a recognizable image. The
formation of derived characteristics reflects the process of information analysis, which is carried out by neurons-analyzers of the DNN. According to the
authors, these neurons-analyzers are information models of biological neurons-analyzers. Then the process of information synthesis is implemented by
the single derivatives neurons-detectors of the DNN. These neurons-detectors respond to whole images. The construction of information models of
neurons is based on the hypotheses of the neural code put forward by the authors, which explain the information essence of the reactions of neurons.

Keywords: detector neural network, neuron-detector, neuron-analyzer, neuromorphic model of a neuron, artificial neural network, artificial

intelligence.

Beenenne. B pabGote [1] Obumm chopMymmpoBaHEI
THIIOTE3bl HEHPOHHOTO KOJa, MO3BOJIMBIINE BBIIBUHYTH
JIETEKTOPHBIA TMOAXO[ K IOCTPOCHHIO HCKYCCTBEHHBIX
ueiiporusix cereit (MHC) — merextopaeix MHC (AHC).
Ecnu mpuHsITH TE3HC O TOM, YTO HAallle CyOhEKTHBHOE BOC-
npusiTie 00pa3oB BHEIIHEr0 MHpa CBS3aHO C BO30YX-
JICHHEM HEHpPOHOB-IETEKTOPOB, TO BO3HMKAET BOIPOC:
Kakyro MH(GOPMAIMIO OHH MEPEaloT APYruM HelpoHaM U
JIOCTATOYHO JM 3TOW HMHGpOpMauK 1jIs (HOPMUPOBAHUS
BHYTpPEHHEH KapTHHBI OKpy>Katomero Mupa? OIHO3HAYHO
OTBETHUTh Ha 3TOT BONPOC HE MPECTABISETCS BOZMOKHBIM
BBUJIy OTCYTCTBHS SKCIEPUMEHTANbHBIX JaHHBIX. OHAKO
MOHO MOCTPOUTHh THIIOTETUYECKHE MOMECIH, UMEOIIHE
orpeJieNIeHHOe MaTeMaTHYecKoe 000CHOBAHUE U HE MIPOTH-
BOpeUalie pe3yabTaTaM COBPEMEHHBIX HCCIIeIOBAHUI
HEUPODHU3UOIOTHU 1 HEUPOTICUXOJIOTHH.

B MHOTOYHMCIICHHBIX HCCIEIOBAHUAK, HAIpUMeEp,
[2-5], menarorcs BBIBOIBI O TOM, YTO Ha ypPOBHE pac-
MO03HABAHUS OT/ICIBHBIX 00PA30B CYIIECTBYIOT HE TOJIBKO
JIETEKTOPBI IaHHBIX 00pPa30B U UX CTPYKTYPHBIX JJIEMEH-
TOB, HO U JETEKTOPbl MX KAYECTBEHHBIX M KOJHUYECT-
BEHHBIX XapakTepucTUK. Ha3oBem IeTekTopbl 00pa3oB
WM MX CTPYKTYPHBIX 2/IeMEHMO8 CIMPYKMYPHbIMU OemeK-
mopamu, a JNETEeKTOPbl MX KAYeCTBEHHBIX M KOJIHYECT-
BEHHBIX XapaKTEPUCTHK — XAPAKMEPUCTIULECKUMU OemeK-
mopamu.

CTpyKTypHBIE JIETEKTOpPHl PEarnpyloT Ha OTHAEIbHBIC
00pa3bl MM UX DJIEMEHTBI TAKHE KaK, HAIPUMEp, OTPE30K,
KOHEIl 0Tpe3Ka, YroJ, TPEYroNbHHK, IPSIMOYTOIBHHUK, JIUIIO
4eJioBeKa U T.J. Peakiuu CTpyKTypHBIX AETEKTOPOB MOTYT
ObITh MFHBAPUAHTHBI OTHOCHTEIIHHO OIPE/ICNICHHBIX XapaKTe-
puctuk. [TomoOHasi MHBAPHAHTHOCTH (POPMHUPYETCS B TPO-
1IeCCe BCTPEYHOTO 00yUYEHHst CTPYKTYPHOro ferekropa [1].

K mepBUYHBIM WIH 6A308biM XapaKTEPUCTHKAM, [ie-
TEKTHPYEMbIM Ha YPOBHE CHCTEMbI BOCIIPHUSATHS U PACIIO3-
HaBaHUsl 3PUTEIBHBIX 00pa30B, HAIPUMEP, OTHOCSTCS:

JUTHHA ¥ OPUCHTAINS OTPE3KOB KOHTYpa M300paXKeHHUs, X
MECTOIIOJIOKEHHE B 3PUTEIBHOM IIOJNe, HAIpaBICHHE U
CKOPOCTB IBIDKEHHS OTPE3KOB, I[BET, BEIMYMHA YTJIOB U JP.
BbazoBeie xapakTepucTHKH (HOPMUPYIOTCS IPOCTHIMU HEH-
POHAMU-JIETEKTOpAaMH Ha OCHOBE WH(pOpPMAIUU MOCTY-
Maromiedl OT PEerenToOpOB CHCTEMBI BOCTIPHUATHA. Peakunu
XapaKTePUCTUYECKUX JETEKTOPOB KAXKAOM XapaKTepuc-
TUKH MHBapUaHTHbI OTHOCHUTEIHHO 3HAYCHUH NPYrux Xa-
PaKTEepPHUCTHUK.

CucreMHbIii NPUHLIUI NMOCTPOEHHS] HEHPOHHBIX
cereil. Ecmu JIMHC cocTosT TONBKO U3 HEHPOIIEMEHTOB
(HD3) — nerexTopoB, TO HEM30EKHO BOSHHUKAIOT MPOOIECMBI
HX B3aUMOCBS3H, 00pa30BaHUS HEHPOHHBIX CTPYKTYp LA
0o0paboTku nHpopMauuu U HOPMHUPOBAHUSI BHYTPEHHETO
MpeCTaBICHUS OOBEKTOB U MIPOIIECCOB BOCTIPHHAMAECMOTO
Mmupa. JlaHHble MPOOIEMBI SIPKO MPOSABISIOTCA B KOHHEK-
LIMOHHBIX MOJEJISIX HEHPOHHBIX CETEeH, KOTOPbIE, HECMOTPS
Ha BCE YCHWJIMS MHOTOYMCJIEHHBIX MCCIIeAoBaTeNei, Tak 1
He ctayi maTdopmoil co3manus «cuiasHOTO» UU [6].

JleficTBUTENTbHO, HAIll MO3T CIOCOOEH HE TOJBKO
BOCIIPUHHMMATh OT/EJbHbIE MH(POPMAIMOHHBIE MPU3HAKH
BHEIIHHX 00pa3oB M, KaK MpEJIoJlaraloT HEKOTOpbIe
HCCIIEIOBATENH, «MO3aWYHO» WM JaXke TroJIorpadudHO
00BEANHATD MX B PEaKIMU JICTEKTOPOB, HO M CPaBHHUBATh
9TH TNPU3HAKH, OCYIIECTBIATh aHAIN3 BOCIPHHHUMAEMOM
nHpopmanmu. be3 amammza wHbOpMamMM HEBO3MOXKHO
MPE/ICTaBUTh KaKYIO-TMOO HHTEJUIEKTYAIBHYIO IesTellb-
HOCTh. O4YeBWAHO, YTO aHaNM3 MH(OpPMALUK SBISETCS
6a30Boii PyHKIMEH MO3Ta ¥ OCYIIECTBISIETCS HE TOJIBKO B
pe3yabpTaTe CO3HATENBHOM [eATENTFHOCTH B IIpoIecce
(yHKIIMOHMPOBAHUS PETPE3CHTATUBHOM CHCTEMbBI MO3ra,
HO 1 Oecco3HaTeNLHO B TIpoliecce GOpMUPOBAHUS MIPE3eH-
TaTUBHOM KAPTHUHBI OKPYKAIOIIET0 MUpPA MPE3EHTATUBHOMN
cucremoii [7]. MoxHO choOpMyIHpPOBATh CICAYIOIIEE
YTBEpIKICHHE.

CucmemHnocms — 83aUMOCEA3b AHAIU3A U CUHME3A
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ungopmayuy A61AeMcs OCHOSHLIM NPUHYUNOM Popmu-
POBAHUSL HEUPOHHBIX CMPYKIMYp MO32d U 00pabomxu
unghopmayuy 8 SMux CMpyKmypax.

Ecnu cunre3 uHdopmanum ocyuecTBiIseTcs HeHpo-
HaMHU-JIETEKTOPaMH, TO aHAIIN3 — JCKOMITO3HLUSI HHpOpMa-
UMM B pe3yibTaTe (OPMUPOBAHHMS BTOPUYHBIX WM
NPOU3B0OHLIX XAPAKTEPUCTHUK, IOJDKCH OCYIIECTBIATHCS
HEeUpOHAMU JPYroro TUIA — HelPOHAMU-AHATUZATHOPAMIL.

K mpon3BogHEIM XapaKTepHCTHKAM, (HOPMHPYEMBIM
HEWpOHAMHU-aHATIM3aTOPaMH Ha YPOBHE pAaCIO3HABAHMSA
3pUTENBHBIX KOHTYPHBIX 00pa30B, MOTYT OTHOCHTBCS:
KOJIMYECTBO OTPE3KOB M YITIOB; COOTHOLICHHE MIJIMH
OTPE3KOB W BEJMYWH YTJIOB; HANpPaBICHUEC H3MEHEHUS
OpHEHTALMH OTPE3KOB IPH BHIOOpPE CHCTEMOW BHHUMAaHHS
HavyaJIbHOM TOYKHM M HampaBiieHHs o0XoJa KOHTypa H Jp.
[TpousBoHbIE XapaKTEPUCTHKH GOPMHUPYIOTCS Ha OCHOBE
peaxkiuii JeTeKTOpOB 0a30BBIX XapaKTEPUCTHUK JHOO
CTPYKTYPHBIX A€TEKTOPOB [7].

Crpykrypubiii  HO-nerexktop d; «cpabarbiBaeTy,
KOTZa Ha €ro BXOABI IOCTYNAIOT CHI'HAIBI COOTBETCT-
Bytomue ero koHmenry Con(d;), chopmupoBaHHOMY B
mporecce o0ydeHHs ¢ «yamurenem» [1]. OueBumHO, 9TO C
nHpOpMANMOHHON TOYKM 3peHHS HET OOOCHOBaHHOW
HEOOXOAMMOCTH B TOM, 4TOOBI B peaknud JAETeKTopa
coJepkallach Kakas-muOoo uHas WHGOpMauus Kpome
nHdopmanm o camoMm Qakte ero BO30OYKAEHHI C
omnpejeneHHbIM ypoBHeM. VHdopmanuei 0 Bo30yxaeHHH
KOHKPETHOT'O JIETEKTOpa, KOTOPasi MOXKET BOCIIPHHUMATHCS
JIpYrUMU HEWpOHAaMH, SBISIETCS «aJpec» JIeTeKTopa.
Uudpopmanuss 00 ypoBHE BO3OYXKICHHS JAETEKTOpa
KOIUpYeTCS YaCTOTHOM WM aMIUIMTYAHOW peakiueil.
YacToTHBIE 3HAYEHUsI yPOBHEH BO30Y)KICHUS IETEKTOPOB
HEOOXONUMBI i WX KOHKYpeHTHOH Oopposl (WTA-
KOHKYPEHIIMHM) 3a TpaBO ydacTusl B JalibHEHIIeil oOpa-
00TKe HH(OPMAITHH.

JlerekTopbl OAHOIO THUIA M YPOBHS 00pabOTKH
nHpopMaUK JOIKHBL OBITh CTPYIIHPOBAHBI B MOIYJIH.
Wnes MoaynbHO# opraHu3aliiy Mo3ra Oblia BBIIBUHYTA B
pabotax B. Mayntkactia u JI. Xpro0ena [8, 2].

JIorn4HO TPEenrnoiIoKnTh, YTO CTPYKTYPHBIE NIETEK-
TOPBI B MOZYJISIX YNOPSINOYEHHI 1O «aapecam». CreneHb
Ppas3IINuusl «aJIpecoB) JETEKTOPOB B MOJIYyJIE ONPEIEIsIeTCs
YPOBHEM pa3nuuusi ux koHuentoB Con. Hampumep, npu
«3axBare» HOBOTO JIETEKTOPa KOMaH/IHbIH HEHPOH MOIYIIs
(HefipoH HOBH3HBI) IIOCBUIAET YIPABJIAIOMIMNA CHIHAI
«3axBaTa» «CBOOOIHOMY», HE aKTUBHPOBAHHOMY HEHpOHY
C «aJpecomy, oMpeessieMbIM B 3aBUCHMOCTH OT Pa3HOCTH

JUIMHBI HOBOTO BXOJHOTO BEKTOpa X WM KOHIIENITa MUHH-
MaJIbHOW JJIMHBL, IPUHAJJIEKALIET0 IeTeKTopy Kiacca [1].
Takum o0Opa3oM, MOJOOHBIA MOJIYJb JETEKTOPOB OyAeT
COJIepKATh ACTEKTOPBI IPUMEPOB HIIH YK3EMIUIIPOB OJTHO-
ro knacca. HasoBem Takoit Moayib kiaccogvim. CTPYKTYp-
HbIC JCTCKTOPHI B JAHHOM MOIyJe OyayT HAaXOIUTHCSA B
PO008UA0GLIX  OTHOIUIEHUSIX, OIMPENeSIEeMBIX  B3anMO-
CBSI3bI0 KOHIEITOB. CTPYKTYpPHBIE JETEKTOPHI KIACCOBBIX
MOJYJIEH, PacTOIOKEHHBIX TOCIEIOBATEbHO B pedIieK-
TOPHOH AyTe, HAaXOAATCS B OTHOUICHUH «YACHb-Yen0ey.
XapaKTepUCTUUCCKUE JCTEKTOPHI B MOIYJSAX TaKKE
JIOJKHBI OBITH YIIOPSTOYEHBI TIO «aapecamM», HO, B OTIINIHE
OT CTPYKTYPHBIX JAETCKTOPOB, OHH JIOJKHBI HAXOIUTHCS B

JIMHEHHOW B3aMMOCBSI3M 00pa3ysi HE POJOBHIOBBIE OTHO-
IICHWS, a Kauecmeennvle wiKkavl. KadecTBEeHHBIE IIKAJIbI
MOTYT COCTOATh M3 JBYX — OHWHapHblE IIKalbl WM
0onplIero KonM4ecTBa JJIEMEHTOB — NM-apHbIE MIKAJIBL.
[Tpumepom OMHAPHOM HIKaJIBl MOXKET CIIY)KHTH IIKaja THUIIa
«IIpaBO-JIEBO», a N-apHOM — «MaJl0-MHOTO», I[BETOBas
mIKana u ap.

Wnes agpecHOl ynopsiiOYeHHOCTH CTPYKTYPHBIX U
XapaKTEPUCTUIECKUX JETEKTOPOB B MOJYJIE OCHOBaHA Ha
pe3ynbTaTax HCCIEAOBAaHHUN CHCTEMBI BOCHPHUSTHS IIBETA,
nposeneHHbIX E. H. Cokonossmm u C. 3exu [9, 10].

B npomnecce 00ydIeHus ¢ «ydnTENEM» U yCTAHOBICHUS
B3aUMOCBSI3H C JIETEKTOPaMU PENPe3eHTaTUBHON CHCTEMBI
Ka4eCTBEHHBIC IIKAJIbl XapaKTEPUCTHUECKUX NETEKTOPOB
NPE3CHTAaTUBHON CHUCTEMBbl HPHOOPETAIOT BepOabHBIN
CMBICII, @ TAK)XKe 00Pa3yIOT OCHOBY KOIUYECMBEHHbIX UIKA
peTpe3eHTaTHBHOM CHCTEMBI, HATIpUMEP, KAkl cueTa [1].

I'mnoTe3a 0 KOIMPOBAHHUHM «aAPECay MPECHHANITHIEC
KOT0 HEWpOHa U HJIesl alpECHON YIOPSIOYEHHOCTH JAETeK-
TOPOB B MOYJIE MO3BOJSIOT TOBOPUTH O BO3MOXHOCTH
pazoenenus aopecHou peakyuu HA COCMABHblE YACMU.
OcHOBHOM omepanueil aHaTn3a WHPOPMALNH, OCYIIECTB-
JsieMoit HeffpoHaMHU-aHaJIN3aTOpaMH, JOJDKHA OBITH IPOC-
Tellmas onepayus cpasnenus. Pe3ynpTaToM CpaBHEHHUS
SBJISIETCS OIpeielIeHHE 3HAUCHUN conadens 0o pasiu-
yus MHGOOPMALMOHHBIX COCTABIIIONINX aHATM3UPYEMbIX
peakiuii HeHPOHOB-ETEKTOPOB.

Takum 006pa3oM, HOIKHBI CyIIECTBOBAaTh, 10 MEHbB-
e Mepe, Ba TUMA HEHPOHOB-aHAIHM3ATOPOB: AHANU3A-
mopsl co8nadenutl U aHaiuzamopvl paziuyuil. JlaHHBIC
AQHAIM3aTOPbI JIOJDKHBI OBITH CTICM(UIHBIMHI JUTS KXKIOTO
THUITa XapaKTEPUCTHK.

[Ipn ¢dopmupoBaHNHE NPOU3BOJHBIX XapaKTEPUCTHK
JIOJDKEH COOIIIOAAThCS MIPUHIINIT X MAKCUMATLHOZ0 pa3oe-
Jienusi. VI3BeCTHO, 4TO B CHCTEME BOCIIPUSTHS M pacrio-
3HABAaHUS 3pUTEIBHBIX 00pa30B pa3AesieHbl: CHCTeMa pac-
MO3HABAHUS CTPYKTYPHI 00pa3a — CUCTeMa «4TO», CUCTEMA
JIOKaJH3auy 06pas3a B 3pUTEIIFHOM I0JIE — CHCTEMA «TIE»,
cucTeMa BOCIIpHUATHS IBeTa U 1p. [5, 9]. B cBoto odepens,
B KQ)KIOH U3 3TUX CHCTEM CYIIECTBYIOT OT/IE/IbHBIE KAHAJIBI
aHanu3a. V3BecTHBI KaHaibl aHayin3a 0a30BBIX XapakTe-
PHUCTUK: HalpaBJICHUI OPUEHTAIUY U IBUXKEHUS; IPKOCTH,
TEMHOTBI, UHTEHCUBHOCTH cBeTa M Ap. OueBuaHO, 4TO
muddepeHnmanys MpoOU3BOAHBIX XaPAaKTEPHCTHK JOJDKHA
YCWIMBATh AMBEPreHIMI0 WH()OPMATUBHBIX IPH3HAKOB
pacro3HaBaHUsL M TIOBBIIATH MHOI000Opa3ne peaxuuit
JIETEKTOPOB.

W3BecTHO, uTO perientops! U adhepeHTHbIE HEHPOHBI
CHCTEMBI BOCHPHATHS OCYIIECTBISIOT I'pagyalbHOE OO0
9aCTOTHOE KOAMPOBaHHE 0A30BbIX XapaKTEPUCTHK BOCIIPH-
HUMaeMBIX 00pa3oB [2, 11]. M3BecTHO Taxke O CymiecT-
BOBaHHMH HEWPOHOB CYMMHPYIOIMINX U BEIYUTAIOIINX BXOJI-
HBIC YacTOTHBIC CUTHANHI [12]. O4eBUAHO, 9TO QYHKIIUH
penenTopoB U ad(hepeHTHBIX HEHPOHOB CHCTEMBI BOCIIPH-
STUS, KAK U UX MECTOMOJIOKEHUE U B3aMMOCBS3b, 3aJIaHbl
TEeHETHYECKH M He MEHSIOTCS B mporecce oOyuenus. Tax
KaK aMIUTUTY/AHbIE ¥ YaCTOTHBIE PEaKIUU JaHHBIX HEUpO-
HOB CBHUJETEIBCTBYIOT O CTEINEHH NPSIMOTO JIHOO OTHO-
CUTEIIPHOTO BO3JECUCTBHUSI BHEIIHMX pa3JpaxuTeseil Ha
CEHCOPHYIO CHUCTEMY, TO Ha CJeIYIoIIeM Irare 00paboTKu
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HHPOPMAIIUU 3HAYCHUS JAHHBIX YACTOTHBIX (AMILTUTY.I-
HBIX) pEaKIWid JOJDKHBI OBITh 3a()UKCHPOBAHBI JCTCK-
topamu. Kaxnplii Takoil geTekrop OyoeT pearnpoBath
TOJILKO Ha OIMPEJICIICHHYIO YacTOTY (aMILTUTYTY) BXOTHOTO
curHaia. Ha HagampHBIX 3Tanax BOCIPUATHS HHPOPMAIIUN
9Ty (QYHKIMIO MOTYT BBIOJHATH OUIOJAPHBIE HEHPOHBI-
IETEKTOPBI, BEPOSATHO IpeoOpasylomue, HalpuMep, dac-
TOTHBIN KOJ B aJPECHBIN KOII.

Cxema B3aWMOCBS3H CCHCOPDHOTO HEHpoHa C
YaCTOTHBIM KOJHMPOBaHUEM 0a30BOM XapaKTEPUCTUKU U
MOJyJISl XapaKTePUCTHUECKUX ICTEKTOPOB €r0 YaCTOTHOH
PEaKIMHu ¢ aJpeCHBIM KOJAUPOBaHUEM MPHUBEICHA Ha puC. 1,
rae X — BXOJHOI BEKTOp CHTHAIIOB;

a — CEHCOPHBIN HEUPOH € YaCTOTHBIM KOJAUPOBAHUEM
OCHOBHOH HWH(OPMAIIMOHHOW COCTABIIIOMICH BBIXOIHOTO
CUTHANa;

d; — XapakTepHCTHYECKHE AETEKTOPBI C aJPECHBIM
KOJIMPOBaHHEM OCHOBHOM MH()OPMALMOHHOW COCTaBIISIO-
el BBIXOJHOTO CHWTHana (B JAaHHOM TIpUMeEpe BO30YXK-
JIAETCSI TOJBKO JETEKTOP d4);

y(b") — uactotHas cocrassomas peakuuu y(a’,b")
CEHCOPHOTO HelpoHa a;

y'(a") — anpecnas cocrasistonias peakuuu y'(a’,b")
XapaKTePUCTHICCKOTO IETEKTOpa d.

y'(a’,b")

Puc. 1. Cxema B3anMOCBSI3U CEHCOPHOTO HEHWpOHa & ¢
XapaKTePUCTHYECKUMH JIeTeKTopamu dq — dy,

H3-nerexrop d; BO30yXaaeTcs M Ha €ro BBIXOJE
dopmupyercs curnan y'(a’,b") npu BBIIOTHEHUH CIEMy-
FOIIMX YCJIOBHM.

1. Anpecnast cocrapisitomast y(a') BBIXOIHOTO CHT-
HaJla CEHCOPHOTO HeHpPOHA a NMPHUHAJUIC)KUT €T0 KOHLENTY
Con(d,).

2. Bo30yxqarouuii moCTCHHANTHYECKUH MOTEHIHAI
(BIICII), popmupyemblii yacTOTHOM cocTasistomiei y(b")
pEeaKkIMy CEHCOPHOTO HeHpoHa a, B TOYHOCTH DPaBeH
STAJIOHHOMY 3HAYECHHUIO ITOPOTrOBOM BennunHbl g* JlaHHas
BCIMYMHA ABJIFICTCA aHAJIOroOM Iopora BOS6y)K)IeHI/Iﬂ
Heiipona et(d;).

3. IlpennosnokuM, 4YTO ypPOBEHb HACHIIICHHS B
4acTOTHOM peakimu jgrodoro HD-merekropa d; maHHOTO
MOJyJIs, &, CIIEI0BATENIbHO, U MAaKCUMAJIbHBII yPOBEHb €T0
BO30YXIICHHSI B TOYHOCTH COOTBETCTBYET €T0 IOPOTOBOM
BennunHe g*. Toraa, eciiu BIICII d; npeBsiiiaeT 3Ha4eHUE
€ro TNOpPOTOBOM BEJIMYMHBI, TO YPOBEHb €r0 YacCTOTHOU

peakiMy He H3MEHSIETCS U, CIEeI0BATENbHO, B COOTBET-
ctBun ¢ mpaBuiaoM WTA-xoHkypeHtmm [l], maHHBIH
JIETEKTOp OyIET TOPMO3UTHCS BHIXOAHBIM CHUTHAJIOM JPY-
TOro JIeTeKTOpa ¢ 0ojee BHICOKMM 3HAUYCHHEM 4YaCTOTHOM
peakiuu. B pesynprare WTA-KOHKypeHIIMM B MOAYyJNeE
OCTaHeTCsl BO30Y>KIEHHBIM TOJIBKO OJMH JETEKTOpP C MaK-
CHUMaJIbHBIM YPOBHEM BO30Y K/ICHHSI.

Takum 00pa3oM, Ha MMOCIEAYIONKMX dTANax oopaboT-
K1 MH(pOpMaIK OyyT HHTETPUPOBATHCS M CPABHUBATHCS
HE JaCTOTHBIC, a aPECHBIEC PEaKIINU JETEKTOPOB.

NudopmauuoHHble MOJeJH HePOHOB-aHAIHU-
3atopoB. PaccMoTpuMm  HMHQOpManMOHHYIO  MOJENb
HelpoHa-aHam3aTopa coBHaxeHmii — HO-aHammsarop
COBIAJICHUN Ay, .

OmnpeneneHue COBMNAJACHUN  OCYLIECTBISACTCA B
pe3yabTaTe CPaBHEHHS aJPECHBIX PeaklUUil CTPYKTYPHBIX
00 XapaKTEPUCTUIECKUX AETEKTOPOB. [laHHas omeparus
SBIIAETCS N-apHO, HO B HEH YYacCTBYHOT BBIXOJHBIE
CUTHAJIBI TOJIBKO OJTHOTO TUIIA JETEKTOPOB ONPEIeIEHHOT O
ypoBHs 00pabotkm wuHpopMmanuu. OYEBHIHO, YTO HE
CYIIECTBYET ABYX HEMPOHOB C MOJHOCTBIO UIEHTHYHBIMU
aJpECHBIMM pEaKkIUiIMH, HO MOTYT CYyIIECTBOBaTb HEM-
POHBI C UICHTUYHBIMH COCTABIISIOIMMH aJAPECHON peax-
MH. J|eTeKTOpsl C OJMHAKOBBIMH aJPECHBIMH YacTIMH,
HarpuMep, MOTYT HaxOAUTHCS B Pa3IMYHBIX MPOCTpPaH-
CTBEHHBIX MOJIYJIAX, BBIIONHAIOINX OAHH M TE IXKe
¢yakoun 00paboTku wHpopMammu. Tak, Hampumep, B
CTpUApHON KOpEe COMEepKATCsi KOJIOHKH HEHpPOHOB, pearu-
PYIOIIMX HA OJIHY U Ty € OPHEHTAIMIO OTPE3KOB B OJJHOM
COCTaBHOM peuenTuBHOM mnose [2]. HeillpoHsl pa3inyHbIx
OPHEHTAI[HOHHBIX KOJIOHOK, Pearupyrolie Ha CTUMYJIBI B
OJTHOM M TOM K€ COCTaBHOM PELIENTHUBHOM II0JIe, 00pa3yIoT
MPOCTPAHCTBEHHBIH MOAYJb, pPa3Mepbl KOTOPOro, IO
onenke J[. Xprobemna, cocraBmusio npuMepHo 2x2 mm. Ecin
MPUHATH THIIOTE3Y apEeCHON YIOPSAA0UEHHOCTH HEHPOHOB
B MOJyJIe, TO JIOTHYHO IIPEIIIOJIOKHTh, YTO HEWPOHBI-
JIETEKTOPbl OJHOM M TOW K€ OPUEHTAllUU B Pa3JIMYHbIX
MPOCTPAHCTBEHHBIX MOJYJISIX OyAyT MMETh OJMHAKOBBIC
a/IpeCHBIE COCTaBJIIOIINE, COBIIA/ICHHE KOTOPBIX MOXKET
OBITH OMpeziesIeHo HeHpoHaMu-aHalIu3aTopaMy. B naHHOM
ClIydae MO>KHO TOBOPUTH O MTPOCTPAHCTBEHHOM CPaBHEHHUHU
peakuuii OJHOBPEMEHHO BO30YXKAECHHBIX JETEKTOPOB,
HaxXOASAIIMXCS B MOJAYJSX, MMEIOUIMX pPa3IMYHOE Mpo-
CTPAaHCTBEHHOE PACIHOJIOKEHNUE.

OueBHIHO, YTO CYIIECTBYET TAKKE BpeMEHHOE CPA-
HeHue PEaKIUH, KOrja CUTHajbl IOCTYNAIOT IOCIEN0-
BaTeNbHO M3 OJHOTO MoOAyisa. I[IpuMepoM BpeMEHHOTO
CPaBHEHHS MOXKET CIIY>KUTh ITOCIIEI0BATEIHHOCTD BO30YXK-
JICHU1 OJTHOTO CTPYKTYPHOTO JIeTEKTOpa 00pa3a B TEUEHHUE
BPEMEHH €T0 IKCHOZUYUU.

I1o0 »sxcnosuyueli 6ocnpunumaemozo obpasa (om
aam. expositio — evicmagieHue Ha NoKa3), 6 OAHHOM
cayuae, 6yoem NOHUMAMb NEPUOO BpeMeHU, 8 MeueHUe
KOmMopo2o 00pas Haxo0umcst 8 (poxyce HUMAHUSL.

[IpennonoxuM, 4To HEHPOH-aHANU3ATOP COBMAECHUI
Q,, OCYILECTBIISIET MPOCTPAHCTBEHHOE CpPaBHEHUE ajpec-
HBIX peakuuii. B 3Tom ciydae Ha BXOJIbI aHAIHM3aTOpPA A,y
OJHOBPEMEHHO IIOCTYIAI0OT CHTHANIBl OT N AETEKTOpPOB
OJTHOTO THIA ¥ YPOBHS 00paboTku MH(popMaruu, oopasy-
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FOIIME BXOIHOM BEKTOP X . AHAIIN3ATOP @y, OYAET BO3GYXK-
JaThCs TPH JIIO0OOM KOJIMYECTBE CUTHAJIOB BO BXOJHOM
BEKTOpE, €CITH X aIpecHas coCTaBsomas x; (a) npuHam-
nexut kourenry Con(a,,) [1].

OtnnuurensHOit ocobeHHoCThIO HD-aHanmuzatopos,
o cpaBHeHHIO ¢ HD-nmeTexropaMu, JOMDKHO OBITH TO, YTO
IIPY OJJMHAKOBBIX YPOBHSAX BO30YKAEHHA MPECHHAITHYIEC-
KHX JIeTeKTopoB, ammunTy sl BIICIT ananmu3aTopoB MOTyT
ObITh He naeHTHYHbIMU. Jlanubie BITCII qomkHbI 3aBHUCETh
OT aJIPeCHBIX COCTaBIIAIOIINX BXOJIHBIX CHI'HAJOB. Torna,
OJIMHAKOBBIC aJPECHbIC COCTABIAIONINE B aHAIM3aTOPaX
COBIIAJICHUS JIOJKHBI BBI3BIBATh OJMHAKOBBIE JIOKAJIbHBIE
BIICII, kotopsle OyayT MMH HHTEPIPETUPOBATHCS Kak
«equauuHbie» BIICII. Pasnuynble agpecHble COCTABIAIO-
IIT1€e TOJIKHBI BBI3BIBATh B aHATIM3aTOPAX PA3INUUs pa3HbIe
nokaneHble BIICII, ammmutyna KoTopeix OyJer 3aBHCETbH
OT TIOJIOXKEHUs AETEKTOpa Ha JIMHEHHOH IIKaie IopsaKa
XapaKTEPUCTUYECKHUX JIETEKTOPOB B MOJYIIE.

B 3aBHCHMOCTH OT KOJIMYECTBA COBIAJAIOIIUX a/pe-
coB (opMHpyeTCs YpOBEHb BO30YXKICHHS aHaIM3aToOpa
@, KOTOPBIM OyIeT OIpeAeNiTh YacTOTHYIO COCTaB-
nsroyo y(b') ero peakuuu y(a',b'). Takum oGpasom,
aHaJTU3aToP A, OCYIIECTRIIACT Mpeodpa3oBanue HHpHopma-
LIUH, KOJIUPYEMOU aJipeCHBIMU COCTABIIIOIIMMU PeaKLui
IIPECUHANITUYECKUX HEHPOHOB-IECTEKTOPOB, B YaCTOTHBII
KOJ 3HAYCHUS YHCIA COBMNAJAIOIMX peakiuid. Pabota
aHaIM3aTOpPa COBIA/ICHUN MOX0XKa Ha pabOTy CEHCOPHOTO
HEWpoHa M IPAaKTHYECKH CBOJUTCS K CYMMHPOBAHHIO
Bxogubix curHanoB (BIICIT). Crpykryphas cxema HO-
aHaNIM3aToOpa COBNAACHUH @, IPECTaBlIeHa HA PHC. 2, T/Ie

X — BXOJIHO# BEKTOp CHTHAIIOB;

A — ONOK ompeeneHns aapecoB MPEeCHHANTHUECKUX
H3 u popmupoBanms BXogHOTO BekTOpa X(a);

B — 0Onox ompezneneHus ypoBHEH BO30YXICHUS
npecuHantudeckux HO u  gopMmupoBaHHS BXOIHOTO
Bekropa x(b);

C — 6nok mamstu koHuenta Con(a,,);

K1 — xommaparop, OCyIIeCTBIISIOINI YCTAHOBJIEHUE
MIPUHAUIC)KHOCTH BXOJHOTO BeKTopa X(a) KOHLENTYy
Con(ay);

h, — curnan Topmoxxenusi, opmupyembii K1 B
cilyyae HEeCOBIIaZEHUs BXOAHOTO BeKTOpa x(a); ¢ KOHIIEN-
toMm Con(a,,). Curaan h,; «cOpacsiBaeT» 3HaueHust A u B;

D — Guok QopmupoBanus g* =Y x;(b)| x;(a) €
Con(an,);

Y. — CyMMaTop, BRIYNCISIOMIN 3HaueHne Ag = go +
+g';

F — O1oK maMsITH 3Ha4eHUs g,

G — Onok mamsTH 3Ha4YeHUs g* — mopora BO30YyX-
nenunst HO-ananusaropa;

K2 — xommapaTop, OCYIIECTBISIFOIUN YCTAHOBIICHUE
NPEBBIIICHHS 3HAUCHUS Ag BEIMYUHEL g~}

H — O6iok (GOpMHPOBaHUS BBIXOJHOTO CHUTHaja
Vi (a,’b ’)'

[IpencraBum mnpouecc (HOPMHUPOBAHUS YACTOTHOM
cocrasisromnieil y(b') peakunn HD-amanuzatopa cosra-
JICHUH a,, B GOpMaibHOM BHAE:

[IpencraBum mporecc (GopMUpPOBaHHUS YACTOTHOM
cocrasmstrorieit y(b') peakiun HD-anamusatopa coBma-
JieHuit a,, B GOpMarIbHOM BHJE:

y(b')=(g90+9g)>g", 1)
g' =2 x;(b)| x;(a) € Con(ay,), 2

rme g’ — BeJIWYMHA, OTIPEIEIIAIONIas BKIA «EIHHIIHBIX)
CUTHAJIOB BXOJIHOTO BEKTOpa, MpuHaiexamux Con(a,,),
B cymmapHsIit BIICIT,

Jo — 0a30Bas BeIMYMHA — aHAJIOT MOTCHIANA TTOKOS
(rp);

g" — oporoBas BEIWYHHA.

BennuuHbl gy u g, B JaHHOH MOJIENIN B OTJIMYUE OT
Monenu HO-netexTopa [1], HEOOXOIUMBI AJIST YCTOWIHBOM
pabotel HD2-ananu3atopa B peskume (OHOBON aKTHBHOCTU
H3-perexTopos.

Ha crienyromiem stamne mpouCXOIUT AETeKTHPOBAHUE
3Ha4YeHMs 4acTOTHON peakuun HD-aHammzaTopa xapakre-
PUCTUYECKAM IETEKTOPOM B COOTBETCTBHH CO CXEMOW,
IpecTaBIeHHON Ha puc. 1.

Takum o0Opa3oMm, B Ipoliecce aHajM3a W CHHTE3a
MHPOPMALIMU OCYIIECTBIISCTCS YepPeJOBaHNE BUAOB KOAU-
poBaHUS 0a30BBIX HH(MOPMAIIMOHHBIX COCTABILTIOIINX
peaximii HeMpO3TEeMEHTOB — «aipec-4acToTa-aJapecy, ocy-
MIECTBISIEMBIX IOCIICIOBATEIBHOCTEI0O HD-nmeTekTopoB u
HD-ananuzatopos.

Temepp paccMOTpUM CTPYKTYpy H  (PYHKIHOHH-
poBanue HD-aHanu3aTopoB paznuuuil a4, SBISIOLIMXCS
MH()OPMAIMOHHBEIMUA MOJIENISIMH COOTBETCTBYIOIUX HEHi-
POHOB-aHAJIN3ATOPOB.

Omeparnyist  yCTaHOBJEHHUS Pa3iM4Ms  aJPECHBIX
COCTaBIIONINX PEAaKIUH JETEKTOPOB, B PE3yNbTaTe HX
CpaBHEHUsI, sABJsieTcsl OMHapHOW omepanueld. OueBHIHO,

c
. (a) l—’*’l
4
> |
:: ki
:|'> B
T(b)

r gl} g r r
g ¥la.b')

h

Puc. 2. CtpykrypHas cxema HD-ananusaropa coBmageHui a,,
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YTO UMEET CMBICT TOBOPUTH O PA3IMYMU PEAKIHH TOJIBKO
XapaKTEPUCTUYECKHUX JETEKTOPOB TOIBKO OTHON XapakKTe-
PHUCTHKH.

Homycrum, uto HD-ananmm3aTop pasmudauii ocymect-
BJISET MPOCTPAHCTBEHHOE CpaBHEHME peakuuil. B mpuH-
IIUIe, JaHHBIA AaHAJIU3aTOp SBISACTCS MYJIBTHIIOIAPHBIM
HD, HO OJHOBpEMEHHO MOTYT CPaBHUBATHCS PEAKIHH
TOJIBKO JIBYX XapakTepuctunieckux HO-nerexTopos.

Tax xak xapakrepuctaudeckre H3-neTekTopsl UMeIoT
JMHEHHYI0 aJpECHYI0 YHNOPSJOYEHHOCTh B MOJIYJIAX, TO
pasnuuue aApecoB IBYX JAETEKTOPOB B  Pa3IMYHBIX
NPOCTPAHCTBEHHBIX ~ MOJYJSIX MOXHO  BBIPa3HTh C
MIOMOIIBI0 HEKOM MEpBI, HalpUMEp, C HCIOJIB30BAHUEM
HaTypaJbHbIX YHCEJ M HAalpaBJIeHHs (BEKTOPA) N3MEHEHHUS
aJIPECHBIX 3HAYCHMUI.

Takum o0OpazoM, pasnuyue UMeeT ABe WHPOpMAaIH-
OHHBIE COCTABIISIOIIHE:

— BETIMYHHY WJIM MOJYJb pa3nuyus mod,

— HamnpaBJICHHE M3MEHEHHUS! CPAaBHUBAEMBIX BEIMUNH
WJIN BEKTOP pa3iIudus vec.

CrenoBarenbHO, B COOTBETCTBUM C HPUHIHUIIOM
MaKCHMaJIbHOTO pa3JeieHUs] XapaKTepUCTHK, JOJDKHBI
CyIIeCTBOBaTh [Ba THIIa HO-aHAIM3aTOPOB pa3iHyus:
ananuzamop Mmooyas pazmuyus ag(mod) u ananuzamop
sexmopa pasnuyus ag(vec) .

CrpykrypHass cxema HD-ananuzatopa wmonyms
paznmuunst ay(mod) aHamOruYHa cXeMme, IPEeICTaBICHHOM
Ha puc. 2. JlanHeii HD Taxke QyHKIHOHHUPYET B COOT-
BeTcTBHHU ¢ ycioBusmu (1) u (2). IIpeamonoxxum, 9yTo Ha
Bxombl  ag(mod) moctymaer  BXOmHOH  BekTOp X,
cocrosiuii U3 curHaioB X, (a,b) u x,(a,b), rue x;(a) —
azapecHsie, X;(b) — 4aCTOTHBIE COCTABIISIOIINE CUTHATIOB, U
x1(b) = x;(b).

AnpecHBIe COCTaBILIIONINE CUTHANIOB X4 (a) U x,(a),
B clIydyae HMX  INPUHAUIEKHOCTH K  KOHIENTY
Con(ad (mod)), BEI3LIBAIOT  JIOKAIBHBIE IIOCTCUHAI-
tryeckue norennuansl (JITICIT), coorBercTBeHHOo: LPP; 1
LPP,. Con(ay(mod)) npencrasnser co6oil namsTh
«anpecoB» HD-meTekTopoB, KOTOpbIE MOTYT y4acTBOBAaTh
B onepauuu cpaBHeHus. [Jomyctum, uto LPP; > LPP,.

c

b x

x(a)

il

—>| 4

x(k)
J-L J-L

(=)~

HD-anamuszartop az(mod) B Gioke WHTEpIpeTaNdd |
cymmupoBaHusi D Bceraa MHTEpHpeTHpyeT Ooibliee 3Ha-
gernne JITICII, B tanaom cirygae LPP;, kak BIICII, a meHb-
niee 3HAYEHUE — KaK TOPMO3SIIMA NOCTCHHANTHYECKHUI
norerrman (TTICIT), B manHoM ciydae 3to LPP,. Torna,
MeMOpanHbIi noreHuuan (MIT) mp HO-ananuzatopa, BbI-
qucIsieMblit O1okoM D, Oyaer paBeH:

mp = LPP, — LPP,. ©)

Takum o00pa3oMm, 3HaueHHE paA3NIUYUST  «aIPECOB)
MPECHHANTHYECKUX JIEeTeKTOpOB X;(a) u X,(a) ompe-
nenster BenuunHy MII u xoaupyeTcs 4aCTOTHOU peakuueil
y(b") HD-ananuszaropa a,(mod). Ioporosas BenuurHa
g* s ganHoro HO nmomkHa cocTaBisATh 3HAaUCHWE MUHU-
MajbHO BO3MOkHOH paznoctu BIICII u TIICII.

JHanee ocymiecTBisieTcss HpoLece JETeKTHPOBAHUS
3HAYEHMs YaCTOTHOM peakiuu HD-ananuszaropa a,(mod)
XapaKTepUCTUUECKUM JIETEKTOPOM B COOTBETCTBUH CO
CXEMOH, MpeACTaBIEHHON Ha puc. 1.

3HavyeHHe BEKTOpa pa3liuuusl, B OTJIUYUE OT MOAYJISA
pasnuuust, ABisieTcss OnHapHOHW BenmunHOW CTpyKTypHas
cxema HD-amammsaTopa BekTOpa pasiamuus dz(vec)
npexacTasieHa Ha puc. 3. [Ipeanonxoxum, 94To BEKTOp pas-
JUYHS MOXET NPUHUMATh 3HAYCHUS, HHTEPIPETHPyeMble
penpe3eHTaTHBHON CUCTEMOM, HalpuMep, Kak «yMEHBbIIe-
HHe-YBEJIMUCHHE». AHAIU3aTOP BEKTOpA Pa3iHyHs SIBIIS-
etcst HO Toro xe ypoBHs 00paboTku HH(MOPMAIIH, YTO U
aHaJIM3aTOP MOJYJISI pa3JInyus, CJIe0BaTEeIbHO, HA BXOJIbI
ay(vec) MOCTYmarOT Te K€ CUTHAJBI, YTO U HA BXOJBI
az(mod).

OTH4uTEbHON 0COOEHHOCTRIO Ay (Vec) ABISeTCst
otrcyrctBue cymmaruu JIIICII. Ananuzarop BekTopa pas-
JIUYMs, B Ciydae IPUHA/UIEKHOCTH aJIpPecHbIX COCTaB-
JSIFOLIMX BXOJHBIX CUTHANOB X;(a) U X,(a) KoHuENnty
Con(ay(vec)), Tonbko cpasunsaer LPP; u LPP, u onpe-
JIeIsieT HarpaBjIeHHe W3MEHEHHs WX BEJIMYMHBI OTHOCH-
TENIHO BbIOpaHHOW TOUKM Hadana Bektopa pb. Ilpu
cpaBHeHuH, BbIOOp LPP; B kauecTBe pb 1nbO0 TOUYKH KOHIA
BEKTOpa pe OCYIIECTBISETCS CHCTEMOW BHUMaHus [7].
Hampumep, CTPYKTYpHBIH 3JIEMEHT BOCHPHHHMAaeMOTO

yi(a' b')

Puc. 3. CrpykrypHas cxema HJ-ananusaropa Bekropa pasnuuus ag(vec)
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oOpaza, HaxoIsIIMiCS B OKyce BHUMaHUs, OyAeT ompe-
JeAThCs Kak pb BekTopa.

B nanHHOM aHanmzaTope INpEosoJIeHHE MOPOTOBOI
BEIUYMHBI §* CBS3aHO C BBIIOJHECHHEM YCIOBHS
LPP, # LPP,. YacrotHast peakius az(vec), dopmu-
pyemast 6;1okoM H MOkeT mpuHUMATh OUHAPHOE 3HAUCHHUE:
y1(b") — B ciyuae LPP,,, > LPP,, mu6o y,(b") — B cay4ae
LPP,, <LPP,,. B mnepBom ciydae peakuus Oyner
COOTBETCTBOBATh 3HAYCHHIO XapaKTEPUCTHUKH «yMEHBIIIC-
HHE», a BO BTOPOM — «yBeJIH4eHHe». YacToTHas peakuus
aHanmmzaropa a,;(vec) MeTeKTHPYeTCs XapaKTepHCTHIEC-
KHM JIETEKTOPOM B COOTBETCTBHH CO CXEMOWi, MpeACTaB-
nerHoil Ha puc. 1. CtpykrypHas cxema HD-amammsaropa
BEKTOpa pasnudus ay(vec) mpeacraBieHa Ha puc. 3, rae

X — BXOJIHO# BEKTOp CHTHAIIOB;

A — OoK ompeneneHus: apecoB MPECHHANTHIECKUX
HD3 u dpopmuposanus BXogHOTro Bekropa x(a);

B — Omok ompeneneHnst ypoBHEH BO30YKICHUS Tpe-
cuHanTHyecknx HD n gopmupoBaHHs BXOIHOTO BEKTOpa
X(b) B COOTBETCTBUY C CUTHAJIAMH ynpaBieHus pb — pe;

E — cucrema BHUMaHHMsA, ocymecTBIsAOmAs Gopmu-
pOBaHHWE YNPABISIOIIMX CHIHAJIOB, 33JAIOLIMX TOYKH
pb — pe BO BXOJTHOM BEKTOPE CHI'HAJIOB,;

C — 610k mamsTH KoHuenTa C on(ad (vec));

K1 — xommaparop, OCyIIECTBISAIOMNN yCTaHOBICHHUE
NPUHAUIC)KHOCTH BXOJHOTO BEKTOpa X(a) KOHLENTY
Con(ad (vec));

h, — curaan TopmosxeHus, popmupyemsrii K1 B ciy-
Yyae HECOBIAJICHUsS BXOJHOrO BeKTOpa Xx(a) ¢ KOHLENTOM
C on(ad (vec)). Curnan h, «cOpacsiBaer» 3HadeHus A u B;

K2 — xommapaTop, OCyIIECTBISIONINI TIPOBEPKY BHI-
nosiHeHus ycnosust LPP; # LPP;,;

K3 — kommapartop, OCYIIECTBISIOLIMI CpaBHEHHE

LPP,, u LPP,,;
H — Omox QopmupoBaHHS BBIXOJHOTO CHTHAla
yi(a',b").

OmnpenencHre U BEIOOp TOUYEeK pb — pe mMeeT OO0Ib-
IIoe 3HaYeHHE HE TONBKO ISl (JOPMHPOBAHUS BEKTOPA
pas3ynuusl CpaBHUBAaEMbIX BEJIMYMH, HO U Ui (popmHpo-
BaHUsI JINHEHHOTO TOPS/IKa SJIEMEHTOB B BEKTOPE BXOIHBIX
CUTHAJIOB CTPYKTYPHBIX IeTeKkTopoB [7]. Taxk, euie Ha sTane
(GbopMHpPOBaHUs MPE3EHTAllMU OTPE3Ka, €ro KOHIBI BOC-
MPUHUMAIOTCS KaK JIETEKTUPYEMbIE 3pUTENbHbIE CTHMYJIbI,
JIOKJIN3YIOLINE MECTOIOJIOKEHNE OTpe3Ka B 3pPUTEILHOM
IoJie W OTpaHWYMBaONINe ero JuuHy [2]. B pabote [7]
OBbLIO YKa3aHO HE TOJBKO Ha POJIb AETEKTUPOBAHUS KOHI[OB
OTPE3KOB, HO M OOOCHOBAaHO 3HAa4YE€HHE BBHIOOpA W3 HUX
Touek pb —pe. BbIOOp HAaHHBIX TOYEK, B YacTHOCTH,
MO3BOJISIET TOBOPUTH 00 OpHEHTAlMM OTpe3Kka He B
npenenax 180°, a 0 HaNMpaBICHWU OPUEHTAIINM OTPE3KA B
OpPHEHTALMOHHOW CHCTEME KOOPAMHAT IPe3eHTaTHBHOW
cuctemsl B mpenenax 360°. To ecTh, B JaHHOW CHCTeMe
KOOPJHMHAT OTPE30K ONPECICHHON OPHEHTAINH, B 3aBU-
CHUMOCTH OT BBIOOpa TOuYeK pb — pe, MOXeT ObITH Tpen-
CTaBJE€H JABYMs IIPOTHUBOIIOJIOXHBIMHM HalpaBICHUIMH
OpHeHTauHu. BO3MOXKHO, YTO UIMEHHO 3THM OOBSICHSAETCS
HaJIMYKe JIByX LUKJIOB U3MEHECHUSI OPUCHTALMU B MOJYJIC
NEPBUYHON 3PUTENHLHOM KOpPBI, KOTOPHIA OBbUI ONHCaH

J. Xerobenom B padote [2]. O BO3MOXXHOM HAIMYHUH TI0-
JIOOHOH OpHUEHTAITMOHHON M30MpPaTENFHOCTH B CTPHAPHON
KOpP€e MOKET TOBOPUTH U CYILECTBOBAHUE 1€TEKTHPOBAHUS
JMPEKIMOHHON M30MPaTeIbHOCTH ABHKEHUSI 3pUTEIILHOTO
CTHMYJIA.

OueBHAHO, UTO OIpenesicHre ToueK pb — pe B Bek-
TOpE BXOIHBIX CUTHAJIOB CTPYKTYPHBIX AETEKTOPOB MOXKET
OCYIIECTBIIATECSA HE TOJBKO CHCTEMOW BHUMAaHHA, HO U
JPYTHMH MEXaHHU3MaMH, KOTOpbIe OyAyT pacCMOTPCHBI B
CIIeIyommX paboTax.

DneMeHTBI BXOIHOTO BeKTopa curHaioB HDO, nunei-
HO YIIOpSIOYEHHBIE OTHOCHTENBHO TOYEK pb — pe, Ha3o-
BeM Mmooam. ONpenennuM, 4To CYIECTBYIOT CHpPYKIypHble
MOObL M Xapakmepucmuyeckue MoObl ONPE/ICICHHON Xa-
pakrepuctuku. Toraa, BEKTOp BXOAHBIX CHUT'HAIOB MOXKHO
Ha3BaTh MOOAIbHLIM 6eKMOPOM. POIb MOIAaIBHOTO BEKTO-
pa u ero (POpMHPOBAHUE TAKKE PACCMOTPUM B CIIEAYIOITHX
paboTax.

3akiiouenue. [IpencraBieHHBIE B CTaThe TEOPETH-
YECKHE TOJIOXKEHHS JOTOJHIIOT M YTOYHSIOT IPHHIIHIIBI
noctpoenus JAHC [1, 7]. JaHHbIE MOJOXKEHUS SBISIOTCA
CaMOCTOSATENIbHBIM PE3yJIbTaTOM U HE 3aBUCST OT CTETIEHU
UX aJIeKBaTHOCTH COBPEMEHHBIM IIPEJICTaBICHUAM HeHpo-
¢usmnonornn. IlombiTka OOBSCHEHHS NPEACTABICHHBIX
MH(OPMALMOHHBIX MOJIENIe C TOYKU 3peHUs] HeHpodu-
3HOJIOTUU U HEUPOIICHXOJIOTHH JIUILb TOKa3bIBAET BO3MOXK-
HOCTH H3JIOKEHHOTO B CTaThe MOJIXO0/a U ONpeenseT Ha-
npaBiieHHsT MccinenoBanuii. [IpeacTaBieHHble pe3ysbTaThl
mo3BOJLIIOT mmocTpouth JTHC, Momenmupyromyo GyHKIIHO-
HUPOBaHHWE CTPHAPHOM KOPHI MO3ra IO Pacro3HABAHHIO
JIBYMEPHBIX CTaTHYECKHX KOHTYPHBIX H300pa)KeHHH Ha
OCHOBE NPUMEHEHHS IPOLeLyp BCTpeuHoro ooyuenns [1].
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HVIAXH IABUINEHHA AKOCTI TIPOLNECY PO3POBKHU ITPOI'PAMHOI'O 3ABE3IIEYEHHSA HA
OCHOBI MOJIEJIE 3PLJIOCTI

CTHCIIO PO3IVSIHYTI OCHOBHI €Taly €BOJNIOLII MOHATTS SKOCTI BUPOOY Ta MOCIYTH, MOYMHAIOYM 3 CHCTeMH Teiiopa 10 KOHLEIIii TOTalbHOro
MmeHekMeHTy sikocti TQM (Total Quality Management). 3Baxaroun Ha yHiBepcanbHUI XapakTep cranaaptis cepii 1ISO-9000, Bonu Gyin 3actocoBaHi
B 00nacTi nporpamuoi imkeHepii. IIInsaxu migBHIIEHHS SKOCTI mpolecy po3poOku nporpaMHoro 3abesnedenHs (IIP I13) posrisnaroTbes Ha OCHOBI
Mozeneid 3pinocti. OcHoBHuME Mozensmu 3pinocti €2 CMMI (Capability Maturity Model Integration) ta SPICE (Software Process Improvement and
Capability dEtermination). CMMI peanizoBana y 1BoX BapiaHTax — AUCKPETHOMY i Oe3nepepBHOMY. [lepioMy BimioBija€ MOHSTTS «PiBEHB 3piloCTi»,
a IpyroMy — «piBeHb MOXJIMBOCTI». 3 I[MMH HOHATTSIMH II0OB’s13aHA OLiHKa otouHoro crany ITP I13 opramizamii Ta okpemux (okycHux obnacreil. Ha
Bigminy Bix mozeni CMMI monens 3pinocti SPICE peanizoBana Tijibku B OJJHOMY BapiaHTi — Oe3nepepBHe nonaHHs. L[ Momens BU3HAYA€E TiTBKA
MIOHATTSL «PiBEHb MOXJIMBOCTI» OKPEMO B3ATHX IporeciB. AHaiorom ¢okycHoi obmacti mogeni CMMI e nonsarrs npounecy moneni SPICE, sxuii
CKIaaeThes 3 npakTuk. OcHOBHUM HezoimikoM Moneni CMMI e Te, mo BoHa He ypaxoBye 0cOOIMBOCTI opraHi3amii po3pooHuka I13. 3 iHmoro 6oky,
mpu Bukopuctadni mozeni SPICE mo BiAHOMIEHHIO 10 OKPEMOro HPOLIECY EKCIIEPTH MOXKYTh BUKOPUCTOBYBATH HACTYIHY iH(OPMALIiI0: METOLOIOTII0
YIIPaBJIiHHS IPOEKTOM; MoJenb xuTTeBoro nukiy I1P I13; ocobmmuBocti npenMerHoi obnacti; niti opranizanii. Ha ocHOBI po3risiHyTOi CTPYKTYpH Ta
IIPOBEJICHOTO ITOPIBHAIBHOTO aHAJIi3y [IUX MOJENEeH BUSABIICHI OKpeMi 1X BIaCTHBOCTI, SIKi JO3BOIMIN c(OPMYITIOBATH HIIIXH IiBHINEHHS 3pinocTi [TP
3. OCHOBHUMH 3 HUX €: (hopMaITi3arliss MOfIeNel 3piIocTi; po3podKa MATEMATHYHHX MOJEICH IMiABUILICHHS PIBHS 3PLIOCTI K OKPEMHX MPOLECIB, TaK i
Beworo 1P I13; ¢opmyBaHHs AuCKpeTHOI Mozeni 3piocti Ha ocHoBi SPICE; BHKOpHCTaHHS METOMOJIOTIi KOJEKTUBHOTO EKCIIEPTHOTO OLIHIOBAHHS
BHUXITHOTO cTaHy OKpeMuX (okycHux obmacreit Moxeni CMMI i nponecis mozeni SPICE.

Ka1040Bi ci10Ba: SKiCTh, MpoLec po3poOKH IPOrpaMHOro 3abe3meueH s, MOAENb 3piIocTi, GOKyCHA 00IacTh, MpakTHKa, GopMartizaiis Moaenei
3piJI0CTi, METOOJIOTIS KOJIEKTHBHOTO EKCIIEPTHOTO OLiHIOBAHHS.

M. /1. TOJVIEBCKHH, T. E. TOHYAPEHKO, I'. A. BYPJIAKOB, /1. K. MAJIEI]

IIYTH NOBBINEHUA KAYECTBA ITPOHECCA PAZPABOTKH ITIPOT'PAMMHOI'O
OBECHEYEHHUS HA OCHOBE MOJIEJIEN 3PEJIOCTH

KpaTko paccMOTpeHBI OCHOBHBIE JTallbl SBONIONUY ITOHATHS KadecTBa M3JENUs M yCIYyTH, HAaUMHAs C CHCTeMBbI Teifiopa 10 KOHLENIHH TOTAILHOTO
MeHevkMenTa kadectBa TQM (Total Quality Management). YunTeiBasi yHnBepcanbHbIA XapakTep crangapTos cepun ISO-9000, oru 6b1M MPUMEHEHBI
B o0JlacTH porpaMMHO# MHxeHepuu. [TyTu nmoBbIIIeHNS KayecTBa nporecca paspaborku nporpammuoro odecneuenus (I1P [10) paccmarpusarorcst Ha
ocHOBe Mojenei 3pernocti. OCHOBHBIME MojiensiMu 3peroctr siBisitores: CMMI (Capability Maturity Model Integration) u SPICE (Software Process
Improvement and Capability dEtermination). CMMI peani3oBana B IByX BapHaHTaX — AUCKPETHOM U HETPEphIBHOM. [IepBOMY COOTBETCTBYET HOHSITHE
«ypOBEHb 3pENOCTU», a BTOPOMY — «ypOBEHb BO3MOXKHOCTHY. C 9TUMHU NMOHATHAMM CBS3aHA OIEHKa Tekymiero coctosHus I1IP 1O opranusammu u
OTZHEeNbHBIX (POKYCHBIX obnacteil. B ormmame ot moxenmn CMMI monens 3penoctu SPICE peann3oBaHa TOMBKO B OXHOM BapHaHTE — HENPEPHIBHOE
TIpeZICTaBIeHNe. JTa MOJENb ONPEJIENAET TOJNBKO MOHATHE «YPOBEHb BO3MOMKHOCTHY» OTJIENBHO B3ATHIX MPOIECCOB. AHAIOrOM (POKYCHOI 0OIacTH
mozaean CMMI sBasiercs noustue npouecca moaean SPICE, koTopslit cocTouT u3 npaktuk. OCHOBHBIM HeocTaTkoM mMojenn CMMI siBnsiercs To, 4To
OHa HE YYHTHIBAeT 0COOEHHOCTH opraHm3aruu paspadorumka ITO. C apyroit croponsl, npu ucnonszoBannu moaenu SPICE mo oTHomenmio k
OTJIENBHOMY TIPOIIECCY SKCIEPTHI MOTYT HCIIONB30BaTh CIIEIYIONLYI0 HH()OPMAIHIO: METOIOIOTHIO YIIPaBICHHS MPOEKTOM; MOJIEIb )KH3HEHHOTO IIMKJIa
TP I1O; ocobeHHOCTH MpeaMETHOW 001acTu; Leau opraHu3aii. Ha ocCHOBE pacCMOTPEHHOH CTPYKTYPhI U MPOBEICHHOTO CPAaBHUTEIBLHOTO aHAIIN3a
9TUX MOJieNell BBISBICHBI OT/IENBHEIE UX CBOWCTBA, KOTOPBIE ITO3BOIMIN C(HOPMYIHPOBATh IyTH MoBbImeHus 3penoct [P [10. OcHOBHBIMEU M3 HUX
SBILTIOTCA: (hopManm3aIys MoJIelieil 3peTocTy; pa3paboTka MaTEMAaTHYECKUX MOJIENEH TOBBIIEHNS YPOBHS 3PEIOCTH KaK OT/ETbHBIX NPOIIECCOB, TAK U
Bcero ITP I1O; ¢dopmupoBanue nuckperHoil mozpenu 3penoctu Ha ocHoBe SPICE; mcmonb3oBaHHME METONONOTHH KOJJIEKTUBHOTO AKCIEPTHOTO
OLICHUBAHMS HCXOJTHOIO COCTOSTHHUS OT/EIbHBIX (POKYCHBIX oOnactelt Moxenn CMMI u nporeccoB monemu SPICE.

KroueBnle c0Ba: KauecTBO, MpOIECC pPa3pabOTKM TPOTPaMMHOTO OOECHEUeHHs, MOJENb 3PeNocTH, (okycHoe 00macTh, MPaKTHKa,
(opmanuzanus MoJenel 3peIoCcTH, METOAOIOTHS KOJLIEKTHBHOTO 3KCIIEPTHOTO OLICHUBAHUS.

M. D. GODLEVSKYI, T. YE. GONCHARENKO, G. O. BURLAKQV, D. K. MALETS

WAYS TO IMPROVE THE QUALITY OF THE PROCESS OF DEVELOPMENT OF SOFTWARE
BASED ON MODELS OF MATURITY

The basic evolution stages of the product and services quality concept are briefly discussed starting with the Taylor’s system concept total quality
management TQM (Total Quality Management). Given the universal nature of the ISO-9000standardseries, they were applied in the field of software
engineering. The ways of the quality improvement of the software development process (DP software) are considered on the basis of maturity models.
The two main maturity models are: CMMI (Capability Maturity Model Integration) and SPICE (Software Process Improvement and Capability
dEtermination). CMMI is implemented in two versions - discrete and continuous. The first one corresponds to the concept of "maturity level," and the
second - to the "opportunity level". The assessment of the current state of the DP software organization and individual focus areas relate respectively to
these concepts. In contract to the CMMI model, the SPICE maturity model is implemented in only one version - continuous presentation. This model
defines only the concept of "opportunity level” of individual processes. The equivalent of the focus area of the CMMI model is the concept of the SPICE
model process which consists of certain operations. The main disadvantage of the CMMI model is that it does not specify a software developer’s
organization. On the other hand, when using the SPICE model in relation to an individual process, experts may use the following information: project
management methodology; model of the life cycle of DP software; features of the subject area; organization goals. On the basis of the considered
structure and the comparative analysis of these models, their individual properties were identified, which made it possible to define the ways of DP
software maturity improvement. The main of these are: the formalization of maturity models; the development of mathematical models for increasing
the level of maturity of both individual processes and the whole DP software; creating a discrete maturity model based on SPICE; using the methodology
of collective expert assessment of the initial state of individual focus areas of the SMMI model and the processes of the SPICE model.

Keywords: quality, software development process, maturity model, focus area, operations, maturity model formalization, collective expert
assessment methodology.
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Beryn. V puHKOBiHi exkoHOMIni mpobieMa SKOCTi €
BXJIMBUM  (DAaKTOPOM  TIJIBUIICHHS PIiBHA  KHUTTH,
comiaNbHOI, EKOHOMIYHOI Ta MOJMITHYHOI Oe3reKkn KpaiHu.
SIKicTh — KOMIUIEKCHE MOHSATTS, $KE€ XapaKTepU3ye
e(eKTUBHICTb yCIX CTOPIH JiSUTLHOCTI CKJIaJHOT CUCTEMH.
BaxnuBoro ckiagoBOI0 YCi€l CHCTEMH SIKOCTI € SIKICTBh
NPOXYKLIl Ta HaJaHUX TOCIYT. 3 4acoM IMOHATTS SIKOCTI
3a3HAJ0 3HAYHY €BONIONi0. [lepmuii eram BigmoBigar
MOYAaTKOBUM 3ala4aM CUCTEMHOTO IiIXO/y JI0 YIpaBJiHHS
skictio. lle cucrema Teiinopa — ymnpaBiiHHS SKIiCTIO
OKpeMoO B3ATOro BHpOOY (mocmyrn). Jpyruit eram Bigmo-
BiJaB yINpaBIiHHIO TporecamMu. Harojoc 3 iHcmekmii Ta
BUSBICHHSA JIe]eKTiB Oyllo IepeHeceHo Ha IX IIore-
PEIDKEHHS NUITXOM BUSBICHHS NPHYHMH JeekTiB Ta ix
YCYHEHHS Ha OCHOBI BUBYCHHS IIPOLECIB 1 YIpaBIiHHSA
HuMH. Tperii eram XapakTepH3yeTbCS KOHIICIIIIIEO
ToTabHOrO KOHTpoi sikocti — TQC (Total Quality
Control) Ha okpeMmx eTamax NPOSKTYBaHHsS Ta BHUPOO-
HUILTBA NMPOAYKIII Ta momaHHs mociayr. Ha uyerBepromy
eTarr 1oyaBcsi MepexiJ] BiJj TOTAILHOI'O KOHTPOJIIO SKOCTI
0 TOTAIBHOTO MEHEIKMEHTy skicTio — TQM (Total
Quality Management). ¥V 1eii Bigpi3ok 4acy 3’siBHIacs
cepis HOBUX MIKHApOJHUX CTAHAAPTIB HA CUCTEMH SIKOCTI
— craggapta 1SO-9000. Sxmo TQC — me ympaBmiHHS
SIKICTIO 3 METOI0 BUKOHAHHS 3aJJaHUX BHMOT, TO 1 QM — 11e
YIOPaBJIiHHS [UIIMH Ta BUMOTaMH.

3Bakalo4yM Ha YHIBEPCAIBHHH XapakTep CTaHIapTiB
cepii 1SO-9000, Bonu Oysiau 3acTocoBaHi B 00acTi
MIPOrpaMHOT IHKEHepil A1 BUPIIICHHS 3374 ITiABUIIICHHS
skocTi po3poOku nporpamuux cucrem (I1C). 3anopykoro
[[LOTO € 3aIPOBAKCHHS Yy MPAKTHUI OpraHi3aiii-po3poo-
HukiB [IC miITPpUMYIOUUX IPOLECIB YKUTTEBOTO IHKITY
(OKLI) TIC: «rapanTyBaHHS SIKOCTI», «yIPaBIiHHS SKICTIO,
«epudikamis 1 Bamimamis». TepMiH «rapaHTyBaHHS
SKOCTI» BiAmoBimae Ttepminy «Software Quality Assu-
rance» (SQA), skuii BUKOPHCTOBYETHCS 3aKOPIOHOM, a
«Bepudikaris i Baminanis» — «Verification and Validation»
(V&V). SQA mnop’s3aHo 3 JBOMa BHIAMH JisSJIBHOCTI:
3aMpoBaKCHHS CTAHIAPTIB SKOCTI 1 BIAMIOBIMHUX TpoIIe-
nyp y pospo6ui IIC; oliHka NPUXHUIBHOCTI UM CTaH-
mapram 1 nponeaypam. O6’exkrom mocmimkeHHs SQA €
mnpornecu X1 IIC, a He mporpamsi mpoaykTH. s KOHT-
POJIIO SKOCTI MPOTPaMHUX MPOAYKTIB MPU3HAYEHO HPOIIEC
V&V. Jlns 3abe3nedeHssl miIeCpsIMOBAHOTO TiAX0AY 10
BupimIeHHs 3a1a4i rapanTii sikocti [IC ta ynockoHaneHHs
npouecis JKI[ TIC SQA iHTerpyerbcss 3 HpoLECcOM
YIpaBIIiHHSA SKICTIO.

Ha Tenepimniii yac Benmuka KUIBKICTh HayKOBHX
JIOCHI/PKEHb TIPUCBSYEH] OLIHIOBAHHIO CTaHy IIpolecy
po3podku mporpamuoro 3abesneuenns (I[1P I13). [deski 3
HUX TIPUCBSYEHI OKPEMHUM MpOIlecamM, iHIII pO3TIAIAI0Th
o npobiemy Ha piBHI Bcsoro IIP II3 opramizamii. ¥V
OUTBIIOCTI BUKOPHUCTOBYIOTBCSA BIATIOBIAHI MoOJeni Ha
BepOabHOMY PiBHI. TOMY MOCTan0 MATAHHS aHATI3Y IIJIs-
xiB migsumeHHs fKkocTi [P I13 Ha ocHOBI MaTeMaTHYHOTO
MOJIECTIFOBAHHS.

IMocTranoBka 3amadi. [TokpamieHHs nporecy po3po0d-
KU mporpamHoro 3abesneyenus (Software Process Impro-
vement, SPI) [1, 2] ue cykynHicTh Iiif, sIKi CrpsiIMOBaHi Ha
HOJTIMIIEHHs XapakTepucTuk IIP y pe3ynbrari BUKOHAHHS

nesikoro Habopy 3axofiB. BaxxnmmBuM MOMEHTOM € TOH
(hakT, MO0 KPUTEPISIMU YCIIXy OUX Hiil € XapaKTePUCTUKI
[P, a He XapaKTepUCTHKH MPOTPAMHOTO 3a0e3IedeHHS,
sKe po3pobmserses. Cepen miaxoxniB o mokpamerss [1P
MOJKHA BUJAUTUTH TaKi, sKi 0a3yroThcs Ha: ctaHaapti 1SO-
9001:2000 [3], mousTTi Mogeni 3pinocri [4, 5], TexHomorii
Six Sigma [6].

VY nojaneomMy y poOOoTi HUIIXH MiJBUICHHS SKOCTI
ITP I13 Oymemo po3riisaaTé Ha OCHOBI MOJEJEH 3pislocTi,
SKi 0a3yIOTHCS HA TaKUX (PyHIaMEHTAIbHUX TTOHATTAX:

1. TIIpomec — mOCHiZOBHICT Hiif, SKi BUKOHYIOTHCS

i3 3aJaHOF0 METOIO 1 BHKOPHUCTOBYIOTHCS PO3PO0-
HUKaMH UL CTBOpeHHA 1 cympoBomy II3 i
TIOB’SI3aHMX 3 HUM NPOAYKTIB:

- IUIaHiB IPOEKTY;

- NPOEKTHHUX JOKyMEHTIB;

- cleHapiiB TeCTyBaHHS i T. 1.

2. 3parHICTH Tpolecy — Pe3yNbTaTH, SKi MOXKHA
OYIKYBaTH, SIKIIO OpraHizaulis IOTPUMYETHCS
JAHOTO TEeXHOJIOTiuHOro mpouecy. Lle moHsTTs
BIZIHOCUTBCS 1O MaifOyTHIX MPOEKTIB 1 6a3yeThes
HA XapaKTePUCTHKAX TEXHOJOTIH, SKi JOCITHYTI
Ha IOTIepEeIHIX MPOEKTaX.

3. TlpomykTuBHICTH mpolecy — (aKTHIHI pe3yib-
TaTH, SKi JOCSITHYTI OpraHi3ali€, Mo JOTPUMY-
€TBCSI JaHOTO Tporiecy. Lle MOHATTS acoIioeThCs
3 BXKE BUKOHAHUMH TPOEKTAMHU.

4. 3pimicTh TEXHOJOTii — CTYNiHb BHM3HAYEHOCTI,
KEPOBAHOCT1, KOHTPOJILOBAHOCTI Ta €()eKTHUBHOC-
Ti TexHoJori1. Ile iHauKaTOp MOBHOTH TEXHOJIOTI |
1 CTYIeHs MOCIHIJIOBHOCTI oprauizauii B i 3acTo-
CYBaHHI Ha BCIX IPOEKTax.

5. ®okycHa o0iacTe — BIJIOBiIa€ 3a KaTeropiro
i, TTOB’SI3aHMX 3 OKPEMOIO THCIUILIIHOIO TPO-
mecy po3poOku I13: o0poOka BUMOT; IPOEKTY-
BaHHS a00 kKoHcTpyroBaHHS [13 1 T. 1.

6. IIpakTHka — OoKkpema Jdif y MekaX BiAIOBiTHOL
(oxycHOI obmacTi/mporecy.

JlBoMa OCHOBHMMH MOJIEIISIMH 3p1JIOCTI €:

- Capability Maturity Model Integration — CMMI;

- Software Process Improvement and Capability

dEtermination — SPICE.

CMMI  peamizoBana y JABOX BapiaHTax —
JTUCKpeTHOMY 1 OesmepepBHOMy. llepmomy BimmoBimae
MOHATTS «PIBEHb 3piNOCTI», a JAPYroMy — «piBEHb
MOXJIMBOCTI». 3 IIMMHM HOHATTAMH IOB’s3aHa OIliHKa
notoynoro crtany [IP II3 opranizamii Ta okpemux
(hokycHUX 0bnacTei BiNMOBIAHO. Y SIKOCTI IPHUKJIALy OIHC
¢dokycroi obmacti PMC (Project Monitoring and Control)
mozeni CMMI npexncrasneno y rabauni 1. PMC1 ta PMC2
— i pokycHoi oomacti PMC. Ha TpeThomy piBHI KOXHa
3 e Mae npakTuky. [leprra — cim npakTuk, Apyra — Tpu
MPaKTHKH.

Ha BimMiny Big momemi CMMI moaens 3pinocTi
SPICE peanizoBaHa TUTbKH B OJHOMY BapiaHTi — Oe3me-
pepBHe momaHHs. Ll mMozmens BH3HA4YA€ TITBKU TOHATTS
«pIBEHb MOXJIMBOCTI» OKpPEMO B3STHX MpoueciB. Tomy
moJenb 3pinocti SPICE ve no3Bosnsie 3podutn ouinky I1P
I13 opranizamii B misiomy.
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Tabmums 1 — [puxnan ornmey ¢oxycHoi odmacti moneni CMMI

PMC — BUKOHaHHSI MOHITOPUHTY 1 KOHTPOJIIO MIPOEKTY (3 METOIO KOPUTYBAaHHS [IiH, KIIO piBEHb BUKOHAHHS NPOEKTY BiAPI3HAETHCS

BiJl IUTaHY)

PMC1
KOHTPOJIOETECS BITHOCHO IUIaHY HPOEKTY

— (axTuyHMii piBeHb BHKOHAHHA INPOCKTY 1 HOro NPOCYBaHHI

PMC2 — xopuryBaigbHi [Iii 3HaXOIATbCA MiX
CIEIiaTbHIM YIPABIIHHAM X 10 3aBEPIICHHS
HPOEKTY

6. ITepioquuHe OLIHIOBAHHS XOY MPOEKTY, PiBHS

1. MoniTopuHr (GaKTHYHUX 3HaY€Hb TApaMeTpiB i
BUKOHAHHS 1 BAHUKHCHHS MPOOJIeM

3aJaHUX B TUIaHI IPOEKTY
5. MOHITOpHUHT y4acTi 3aIliKaBICHAX CTOPiH

4. MOHITOPUHT YIIPaBIiHHS TaHUMH MPOCKTY
II0JI0 TIJTaHY MPOEKTY

3. MOHITOPUHT PU3HKIB MO0 PU3HKIB,
[I0/10 TUIAHY TIPOCKTY

2. MownitopuHr 3000B's13aHb I110/10 0Ci0,
BU3HAUYCHUX Y TUJIAHI TPOEKTY

3a3HAYCHUX Y IUIaHI IPOEKTY

PEe3yJIbTATIB Ha OKPEMUX KOHTPOJILHUX TOUKAX
3. YrpaBniHHS KOPUTYBATGHIMH JTiSIMH [0

2. BripoBapKeHHST KOPUTYBATbHUX JTiH 110
3aBepLIEHHS POEKTY

1. 36ip i anami3 mpobaeM, 1 BU3HAUCHHS
BUKOHAHUM TIPOOIeMaM

7. OMiHIOBAaHHS JOCSTHEHB TIPOCKTY Ta
KOPHUTYBAJIBHUX JTiHl 10 1X yCYyHEHHIO

MPOEKTY

Amnamorom ¢dokycHoi obmacti Mmomenmi CMMI e
mousATT npouecy moxaeni SPICE, sxwii ckmamaeTbes 3
MPaKTHK. Y SKOCTI MPUKIARy y TaOJuIi 2 mpecTaBiieHa
cTtpykTypa gokymentyBanHs SUP1  kareropii SUP
(Support category). ITporiecu 1i€ei kKateropii 3a0€3MeuyrTh
1 MiJIBUILYIOTh TPOJYKTHBHICTH IHIIUX MPOLECIB IPOEKTY.

Tabmui 2 — [Mpuxnan onucy npouecy moneni SPICE

SUP1 — nporiec TOKyMeHTYBaHHSI
SUP1.1 — po3poOUTH NONITHKY TOKYMEHTYBaHHS
SUP1.2 — po3pobutn cTaHmapTé JOKYMEHTYBaHHS
SUP1.3 — BU3HAYMTH BUMOTH JI0 TOKYMEHTAIIi{
SUP1.4 — po3pobuTH TOKyMEHTANLi0
SUP1.5 — nepeBipuTH JOKyMEHTALIIO
SUP1.6 — po3noBCIOINTH JOKYMEHTAITIIO
SUPL.7 — mixTpuMyBaTu JOKyMEHTAITIO

[paxTuxu

Mopeni 3pimocti CMMI ta SPICE ommcano Ha
BepOampHOMY piBHI. Ile He mJ03BONsie peamizyBaTH
aBTOMaTH3alil0 Iporecy NokpameHHs sxocti [IP II3.
OcHoBHMM HefnomikoM Mojen 3pinocti CMMI € Te, 1o
BOHAa HE ypaxoBye OCOOIMBOCTI opraHizarii po3poOHHKa
I13, Taki sKk: Meromosorii po3poOKHM 1 ympaBITiHHA
NPOEKTaMM, LT Ta NpeIMEeTHY o00jacTh IisUIbHOCTI
opranizanii. Mogens CMMI BHKOpUCTOBY€EThCS  JUIA
30BHILIHBOTO ayanTy. Bona 3abe3neuye arecrauito TP 13
oprasizarii 3 OTpUMaHHSM BiIIOBIHOTO cepTUdIKary.

3 iHmoro 6oky npu BukopucranHi mozaeni SPICE mo
BIZIHOLLICHHIO JI0 OKPEMOT'0 MpOLECY €KCIEPTH MOXKYTh
BHKOPHUCTOBYBaTH HACTYNHY iH(MOpPMAIIiI0: METOIOJIOTII0
YIPABJIiHHS MMPOEKTOM; MOEIb )KUTTEBOTO nukiy T1P I13;
0COOMBOCTI ITpeIMETHOI 00JTaCTi; IMiJIi opraHi3altii. Aje He
icaye moxeni 3pinocti Ha 6a3i SPICE, ska inTerpoBaHo
ypaxoBye I1i 0coOnmBOCTI BigHOCHO Behoro I1P I13 opra-
Hizamii. Bce 1ie 3yMOBNIOE TMONIYK IIISAXIB ITiBHIIICHHS

SIKOCT1 TIPOIIECY pO3pOOKH MPOrpaMHOTO 3a0€3IeUCHHS Ha
ocHOBI Mozeni 3piocti CMMI ta SPICE.

CTpykTypa Ta NOpPIiBHSUIbHUI aHaANI3 MoneJeil
CMMI Tta SPICE. /lns toro, mo0 BU3HAYUTH UUISIXH
nigsunieHHs sskocti [1P 13 Ha ocHOBI Mozeneit 3pisocTi

CMMI Tta SPICE HeoOXiHO mMOMEPEIHBO
MPOaHAaI3yBaTH IX CTPYKTYPY Ta MPOBECTH MOPIBHAIEHUH
aHami3. lle 103BOJIMTH BHUSBUTH OKpEMi BIACTHBOCTI
KOKHO 3 X Mojeneid, mpoBecTH iX Qopmamizamiro i
PO3pOOUTH BiAMOBIIHI MATEMATHYHI MOJIEI, Ha 0a3i SIKHX
JIETIIE BU3HAYNTHY IUISIXY miasuenus sxkocti [1P I13.

PosrisiHeMO OUTbIIl JETadbHO CTPYKTYPY MO
3piocti CMMI. Sk Oyo minkpeciieHo BuIe, Oe3nepepBHE
noganHst Mozenti CMMI BUKOpHCTOBYE PiBHI MOMIIUBOCTI
JUIA OIHCY CTaHy MPOIIECiB OpraHizamii MOJ0 OKpeMoi
dokycHoi obmacti. DakTUYHO PiBHI  MOXIMBOCTI
OLIHIOIOTH  SKICTh OKPEMHX MpOLECIB  Oprasizarii.
Buninsrors gotupu piBHsA MoxximBocter (Big 0 mo 3): 0 —
HENoBHUM, | — BUKOHYBaHUH, 2 — KEpOBAaHUH, 3 — IEBHUIL.
XapaKkTepuCTHKa KOXKHOTO PiBHA MOXJIMBOCTEH HaBeaeHa
B [4]. dnst ouiHKM PiBHS MOXIMBOCTEH OKpeMoi (hPOKyCHOT
o6nacti y po6oTi [7] 3ampornoHOBaHO MPOBOJUTH OLIHKY
PiBHSI MOXKIIMBOCTI OKPEMHX MPAKTUK (POKYCHUX OOyacTer
3 ypaxyBaHHSIM BaroBUX KOEQIIiEHTIB BaKIUBOCTI
MPaKTHUK.

IlepeiineMo 10 OmUCYy CTPYKTYpH IUCKPETHOIO
HNOJaHHA MoJiei CMMI (tabm. 3). Crucna
XapaKTepUCTHKa KOXKHOTO DIiBHS 3piyocTi Imiel Mozeni
npejcTaBicHa y Tabmuii 4. BBaxkaeTbes, M0 HepIIomy
(mouaTkoBOMY) piBHIO 3pinocti Mogeni CMMI Binmoinae
KOKHA opradizamis po3pobnmk I13. Ileli piBeHb
XapaKTePU3YEThCS BIACYTHICTIO (OKyCHHX obnacted i
yCHiX TMPOEKTIB TOBHICTIO 3alleXHUTh B JOCBiIY
cniBpoOiTHUKIB. J[pyroMy piBHIO 3pUIOCTI BiJIIOBINAIOTH
ciM (hokycHHX obnacTeil. Y IKOCTI PUKIIAAY MEpesianMo

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii

auanis, ynpaeninua ma ingpopmayivini mexronoeii, Ne 2°2019

65




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

Tabmur 3 — Ctpykrypu Mmogeni CMMI

PiBeHs 3pisocTi
2 3 4 | 5
Kateropii
5 g 5 s | I 5 5s | 55 | EE g
E S & £ S £ S 5 e £ S £ S cl- S
E B E 5 EE & g E 5 E B 23 g
[ = Q = o = Q = A O
8 o, 29 = T a, 290 2k S I £
S8 g s 3 S8 2 = s 2 2 3 = ) =
= ] = =] o E =] % = E o = Qo = =
a. = a 2. g = & 2 &
> B = > B = = = > B > B >~ B =
KinpkicTe GokycHUX obmacTeit
4 | 3 [ 3 [ 2 [ 5 [ 1 1 1 [ 1 [ 1
Llisti Ta mpakTHKH GOKyCcHHX obacTel
Ta6muns 4 — Ctucia xapakreprcTHKa piBHiB 3pinocti CMMI
PiBeHn CTHcia XapaKTepUCTHKA

1. TlouaTkoBuii
JIOCBiTy CIIBPOOITHHKIB.

B oprani3anii Mayo 4u 30BCiM He Ma€ CHUIBHUX MTPOLECiB. Y CIIiX MPOEKTIB MOBHICTIO 3AJIEXKHUTH Bij

2. TloBToproBanpHHI

B opranizanii BopoBa/uKeHi CTaHIAPTHI HPOLECH YNPaBIiHHS HNPOEKTaMH. € CIpoOH CTBOPHUTH
(GyHIaMEHT 51 TOATTBINOTO MiIBUICHHS PiBHS 3PIIOCTI.

3. Busunauenuit

Kpim BrpoBa/yKeHHS CTaHOApTIB U1 HPOLECIB YNPABIiHHA NPOEKTaMH BEAEThCA POOOTa MO
CTaHJAPTH3ALI] Y BUPOOHUYIN JisUTBHOCTI.

4. KepoBanwnii

OTpHUMAaHHUX B ITPOCKTaX.

PearnizoBaHO 3BOpOTHIM 3B'I30K IO YIpaBIiHHIO. BinOyBaeThCsi BHMIpPIOBaHHS BCiX aCIEKTiB
MIPOLIECiB YIPABIiHHS IPOEKTAMH Ta BHUPOOHMITBA. PeanizoBaHO CXOBHWINE KIIOYOBUX 3HAHb,

5. Ontumizyrounii

MTOKpAIIEHHSI.

BripoBajpkeHO 3aMKHYTHH IIMKJI BHKOHAQHHS IIPOIIECIB,

BUMIpDIOBaHHS Ta Oe3MepepBHOTO

ui obnacti. Kareropist ynpapiiHHSI IPOEKTaMH MICTHTh Y
c001 HacTymHI (OKYCHI 00JIACTI:MOHITOPUHT Ta KOHTPOJIb
NPOEKTY; IJIAHYBaHHS IPOEKTY; YIPAaBIiHHSI BUMOTAMH;
MEHEKMEHT yroj 3 TocradaibHuKaMu. Kateropis
MiATPIMKA MICTHUTH Y cO01 (POKYCHI 00NacTi: yrpaBiHHSI
KOH(]irypaIii€ro; BUMIPIOBaHHS Ta aHANi3; OIliHKAa SIKOCTI
ToBapiB Ta mpoueciB. s Toro, mo6 ITP I13 opranizamii
IOCATHYB JIPYTOTO pIiBHSA 3piIOCTi, HEOOXIAHO BCIM
MIPAaKTHKaM MaTH PiBeHb MOXIIMBOCTI HE HMXKYE JPYTroro.
TperboMy pIiBHIO 3pIIOCTI BiANOBIJAIOTh BiCIMHAAIATH
¢dokycanx obmnacreir. [lo cemm ¢okycHUX obmactei
JIPYTOTO PIiBHS 3piNOCTI JOAAIOTHCS IIE€ OJUHAIIATD, SIKi
BIANOBIJAIOTh ~ YOTHPHOM  KaTeropissim.  Kateropis
VOpaBIiHHA TIPOLIECAMHM MICTHTh HACTymHI (oKycHi
00JacTi: BU3HAYCHHS OPTaHi3allifHOTO MpoLecy; POKyCy-
BaHHS Ha Npollecax opraHisauii; opraHizamiiHUN TPEHIHT.
Kateropist ympaBmiHHS IPOEKTaMH MICTUTH ABI (DOKYCHI
o0acTi: iHTerpoBaHe YIpaBJIiHHS IPOSKTaMHK; YIPaBIIiHHS
pusukamu. Kareropist iHxeHepist CKJIaIa€ThCsl 3 HACTYITHUX
(dokycHHX oOJyacTed: iHTerpamisi MPOAYKTYy; po3podOka
BHMOT; TEXHIYHI pillIeHHs;, Bajiaamis; Bepudikamis. Karte-
ropist MATpUMKa Ma€ TUIBKH OAHY (OKyCHYy oOiacTe —
aHai3 ta BuOip pimens. Jlns Toro, mo6 [P I13 opranizarii
JIOCAT TPETHOTO PiBHA 3pijlocTi, HEOOXiMHO BCIM Tpak-
THKaM MaTH TPeTid (MaKCUMaIbHHUN) PiBEHb MOMIIHBOCTI.
HeoOxigHO MiAKpEeCTUuTH, MO IOCITTH TPETHOTO PiBHA
3pinocti BimnoBigHO Mojeni CMMI e nuniro Oaratbox
opraHizauii pospoOnukiB II3. Ha wyerBepTomy piBHI
3pitocti nmomaroteest mie B (GoOKycHi obOmacti  —
opraHizaniiiHa e(eKTHBHICTb IIpOLECY Ta KUIbKICHE

VIPaBIiHHS TIPOEKTOM, SIKHM BIJIOBIIAIOTh KaTeropii
VIPaBIiHHS TpOLEcaMH Ta YINPABIIHHSA IPOEKTaMH
BiANoBiAHO. Ha m’ssToMy piBHI 3piIOCTI 10AI0THCS 1IIe AB1
tdokycHi obOmacti. lle opramizamiiiHe ympaBIiHHS
e(eKTHBHICTIO 1 aHaJi3 NPUYHH Ta BHOIp BapiaHTIB, sIKi
BiJNIOBIAfOTh KATETOPIisAM VIIPaBIiHHSA MpoIecaMd Ta
miATpUMKA. SIK i JUTIT TPETHOTO PiBHSA 3pLIOCTI BCi HPAKTUKH
YETBEPTOrO Ta II'SITOTO PIBHIB 3piIOCTI TMOBHHHI MAaTH
TpeTiil piBeHb MOKIHBOCTI.

[epetizemMo 10 OMNKCY CTPYKTYPH €TaJIOHHOT MO
SPICE, sika moxe OyTu 3actocoBaHa 70 Oy/Ib-IKO1 opraHi-
3ar1ii po3pobuuka [13, mo opranisye npoiecu npuadaHHs,
MIOCTaBKH, PO3POOKH, BUKOPUCTAHHS, PO3BUTKY Ta IIiJ-
tpumku I13. 1l Momens He 3aJieXUTh BijJl TIEBHOI opra-
Hi3aliHOT CTPYKTYpH YHPABIIHHS, MOJETI >XHTTEBOTO
mukny 13, TexHosorii mporpamyBaHHS. SIK BUAHO 3
Tabnuui 5, yci nporecH eTaroHHOT MoJiesi 00’ €IHYIOThCS
Y TPH I'PYIH, SKi MICTATH II’ATh KaTeropii MpoIecis.

I'pyna OCHOBHMX TMIPOLECIB JKHUTTEBOTO IUKIY
CKJIQIA€THCS 3 HACTYITHHUX KaTeropii mporecis:

- Tporecw, IO Oe3MmocepeHb0 TOB’s3aHl  3i
cnoxxuBauem (Customer-supplier category -
CUS);

- TPOLIECH, IO BCTAHOBIIOIOTH BUMOTH JI0 CUCTEMH
1 MpOrpamMHOTo MPOAYKTY, TPOIECH peatizaiii Ta
cynposoxy (Engineering category — ENG)

I'pyna 1onoMi>kKHUX NPOLECIB KUTTEBOTO LUKIY Mae
TUIBKKW OAHY Kareropito mnpoueciB. Lle mponecu, ski
3a0e3neyuyoTh 1 MiIBHIIYIOTH HPOJYKTHUBHICTH IHIINX
npouecis npoekTy (Support category — SUP).
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Tabmum 5 — Crpykrypa eranonnoi moneni SPICE

I'pynu mporieciB eTaloHHOT MOJeTi

OCHOBHI ITpo1ecH

| lomomixni mponecu |

Oprasizauiiigi npouecu

Kateropii npomuecis

cus | TNG | sup | MAN | ORG
KinmpkicTh nporiecis/miampornecis
8 | 8 | 8 | 4 | 8

[TpakTuku

I'pyma opranizamiifHIX MPOIECIB KUTTEBOTO MUKIY
CKJIaJA€ThCS 3 HACTYITHUX KaTeropiil mpouecis:

- TPOLECH 3aIyCKy NPOEKTY Ta YIpaBJiHHSA HOro

pecypcamu (Management category — MAN);

- MpPOLECH, 0 BU3HAYAIOTH Oi3HEC-111Ti OpraHi3ariil

Ta PO3BUBAIOY] IPOJYKTH, PECYPCH 1 IPOLIECH, LI0
JO3BOJISIIOTh  Jocsartu OisHec-iim (Organization
category — ORG).

VY SKOCTI MpUKJIALy PO3IISIHEMO CTPYKTYPY KaTeropii
ENG. [lo Hei BITHOCATBCS TPOIIEC CYIPOBOAY CHCTEMH Ta
MPOTPAMHOTO 3a0e3MCUeHHS 1 MiAIpONEeCH MpoIecy
pOo3poOKH:

- aHaji3 BUMOT JI0 pO3pOOKH CHCTEMHU;

- aHai3 BUMOT JI0 MPOrPaMHOT0 3a0e3MeYCHHS;

- IPOEKTyBaHHS NPOTPaMHOTrO 3a0e3MeUeHHS;

- KOHCTPYIOBaHHs IPOTPAaMHOTO 3a0€3MeUeHHS;

- IHTerpaiis IporpaMHOro 3a0e3NeyeHHS;

- TecTyBaHHS IPOIPaMHOTO 3a0e3NeUeHHS;

- iHTerpauis Ta TECTYBaHHS CHCTEMH.

EranonHa Mozens Mae JiBa BUMIpH:

1) «mpouec» — MICTHTh TBEPKEHHS MO NpU3HA-

YEHHS NIPOLIECIB;

2) «MOXJHUBICTB» — MICTHTh Habip aTpuOyTiB, SIKi
NOPUAATHI 0 OyIb-SIKOTO MPOLECY, [0 MPEacTa-
BJISIIOTh BUMIPHI XapaKTEPUCTUKH, HEOOXITHI 1St
YIPABJIHHS MPOLIECOM 1 MIBUIEHHS MOMKIIUBO-
CTi HOTO BUKOHAHHSI.

ATpuOyTH npoLeciB 1€ TX PUCH, SKi OLIHIOIOTHCS 32
BIJIMIOBITHOIO IIIKAJIOK, HAa SIKI BH3HAYAETHCS CTYIHB
BOJIOJIIHHS TIPOLIECOM BiAIOBIAHOIO PUCOIO (TA0I. 6).

Ta6mmns 6 — CTyIiHE BOJOAIHHS PHCOIO

ITo3HaueHHs HaiiMmeHyBaHHs XapakTepucTHKa
N He Bonozie 0%15%
P Bononie 9acTkoBO 16%50%
L Bonomie B 51%85%
OCHOBHOMY
F BoJtoti€ OBHICTIO 86%100%

Y eranonnoi moxeni SPICE  BukopucroByeTbes
JeB’SITh aTpHOYTIB, SIKI BU3HAYAIOTh PiBEHb MOXJIUBOCTI
npouecy/nix npouecy. Lle HacTynHi atpudyTH:
BukoHaHHS mpoliecy.

VYrpaBimiHHS BUKOHAHHSM.
YrpasmiaHS poO0YNMHU TPOTYKTAMHU.
Busnauenns nporecy.

3abe3mneueHHs MPOIIeCy pecypcaMu.
BuwmiproBanns.

KinbkicHe ympaBIliHHS TTPOIIECOM.
3MiHa Tporecy.

BesnepepBHE y10CKOHAJICHHS.

CoNoO~WNE

Ha ocHOBi BoNOmiHHS pucaMu aTpuOyTiB y Tadm. 7
BU3HAYCHI PIBHI MOXJIMBOCTI OKPEMHX IPOIECIB
eranonnoi mojeni SPICE.

Tabmuus 7— PisHi moxximBocTti Mmogeni SPICE

ATpubytu PiBeHb MOYKIIMBOCTI

1 2 3 4 5
1 L/F F F F F
2 L/F F F F
3 L/F F F F
4 L/F F F
5 L/F F F
6 L/F F
7 L/F F
8 L/F
9 L/F

Ha ocHoBi BepOanmbHOI penpeseHTalii CTPYKTYpH
momeneit 3pumocti CMMI ta SPICE HaBememo ix
NOpiBHsUIbHUIA aHani3. [Ipu 1boMy BiZ3HAYMMO X CILIbHI
pucH i Te, mo ix BiApizHsie. B nepiry yepry HeoOXimHO
miakpecnutd, 1o ¢GokycHi obmacti moxeni CMMI i
nporecu SPICE ckimanaroThes 3 OKpeMHX MPAKTHK Ta iCHYE
OaraTo OKyCHHX oONacTeil i MPaKTHUK, SKi MAIOTh CILIbHE
(onHakoBe) mpusHauenHs. Hanpuknan, taki sk «Valida-
tion» i «Verification». Heo6xisHo miAKpecIuTH, 10 PiBEHb
3piocti CMMI ckiagaetbes 3 «kyOukiBy (Tadi. 3), SKuMu
€ okpemi (okycHi 00iacTi (3 BIAMOBIAHUMH PIBHAMHU
MOXIIMBOCTI), a piBeHb MoximBocti Mozeni SPICE
(hopMyeThCsSl 3 OKpEeMHX «KYOWKiB» (Tabi. 7), SIKHMH €
JIeB’siTh aTpUOYTIB 3 BIINOBIAHUMH CTYIEHSIMHU BOJOMIHHS
pucamu (tabm. 6). HeoOXigHO MigKpeciuTH, IO pPiBEHb
MoskmBocTi Moxaeni SPICE Oimbmn meranbHO Omparbo-
BaHMH 11X 6 (Bix 0 10 5). BukopucranHs n1eB’atu arpuOyTiB
JI03BOJISIE OLTBII aJeKBaTHO OXapaKTepH3yBaTH KOXKEH
PiBEHB 110 BiHOIIEHHIO JO KOHKPETHUX IpoleciB. B cBoro
4epry piBHIB MoxJuBocTi Mojeni CMMI Tinbkn yotnpn
(Bix 0 mo 3) i BoHM He MalOTh aTpUOYTIB, SKi 3 PI3HUX
CTOpIH XapaKkTepu3yloTh KOXEH piBeHb. Bce 11e roBopHTh,
mo monens SPICE  kpaiie BHKOPHUCTOBYBAaTH LIS
KOHKPETHHX IpoIieciB. SIKIIo He0OXiAHO XapaKTepu3yBaTH
ITP TI3 oprani3arii, To HEOOXiJTHO BUKOPUCTOBYBAaTH MO-
nens CMMI. ChoigsHuM 11 000X MoOZeNel € Te, 1o
MepBUHHA JTOKYMEHTAIlisl OMHCY€ iX TiTBKH Ha BepOanb-
HOMY DiBHi.

naxy nmipBumenns saxocti IIP II3 Ha ocHoBi
mozaeaeit CMMI ta SPICE.

1. Mopmamenn kpoku migBumieHHs sikocti [1P I13
noB’si3aHi 3 popmanizamiero moaerni CMMI i BukopucTan-
HSIM MaTeMaTUYHOT0 MOJeNIIoBaHHs. Ha TenepimHiii yac y
poboTtax [7-9] BBeneHi AUCKpETHI 3MiHHI, IKi BU3HAYAIOTh
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piBEHb MOXKIIHBOCTI OKPEMHX MPakTHK. Po3polbieHo kpu-
Tepii, SAKUH € IHTErpajJbHAM MOKA3HUKOM IIiIBHIICHHS
piBas 3pinocti [IP I13 i € QpyHKIIi€r0 CTYNEeHs HaJIeKHOCTI
ITP I13 mo meBHoro piBHA 3pimocti [7]. Ha ocHOBi miei
¢yHKIIT po3pobiieHa MaTeMaTHYHAa MOJENb HENiHIIHOTOo
NpOrpaMyBaHHS 3 aJAUTHBHOIO IJILOBOIO (YHKI€EIO, sKa
JI03BOJISIE KEPIBHUKY opraHizauii po3poonuka [13 mobymy-
BaTH ONTHMAJIbHY CTPATETil0 MiABHUILNEHHS PIiBHS 3pijoCTi
ITP T13 B ymoBax oOMexeHux pecypcis. Pobotu [8-12] €
MOAANBIINM PO3BUTKOM JOCITIKEHHS [7] HIIIXOM BHKO-
pHUCTaHHS Teopii KOPUCHOCTI i po3poOKH MaTeMaTHIHHUX
Mozenel, siki 0a3yroTbcs Ha KOB3HOMY IDIaHyBaHHI. Lle
JTO3BOJIMJIO 332 PAaxXyHOK CIIPOMICHOI MUHAMIYHOI MOJei
3MEHIIUTH PO3MIPHICTh 3aadvi, a 32 paXyHOK CTaTHYHOI
MOJeNi WiABHIOINTA TOYHICTH pe3ynprary. CraTtmdHa
MOJIENb € 3aJaueio 0araTOKpUTepiabHOI OoNTUMIzamii 1 y
po6GoTi [8] po3ristHyTO TpH MOCTAHOBKM 3ajadvi, OJHA 3
SKUX Oyna BHKOpUCTaHa NpPU po3poOLi BiANOBIAHOT
iHpopManiiHOi TexHojorii. ToMy OIUH 3 HampsSMKiB
nigBuieHHs piBHA 3pinocti [IP T13 € po3rmsaa HacTynmHHX
MOCTaHOBOK CTaTUYHOT MOJIEIII:

- JOCHIIKEHHS MOJIeNi, sKa CIpsSMOBaHa Ha
KOMIIPOMICHE DIIlICHHs HIOJ0 Pi3HUX KaTeropii
mozneni CMMI i 1Box rpym QyHKIIi KOPHCHOCTI;

- BHpIIICHHS 32/1a4i, B AKiif BH3HAYAE€THCSI KOMIIPO-
MICHE pIIIEHH MK CTYNEHEM JIOCATHCHHS MO-
CTaBIICHOI MeTH (UTbOBOTO mpodaiina) i HeoO-
XITHUMH JJIS 1[bOTO IHTETPAIbHUMHU PECypcamu
(dinancu i yac).

2. Po3pobka miany ynpamiinHs skictio [IP TI3
NOB’si3aHa 3 PI3HOrO poAy pU3UKaMu. AHami3z Ta
YIPaBIiHHS MPOSKTHUMHU PH3HKaMH € 3arajlbHOBU3HAHOIO
METOJIOJIOTIEI0 peai3allii MPOEKTIB 1 MePEeTBOPHIOCT Y
HEBiI’€MHY YaCTHHY BeJICHHS 0i3Hecy. MokHa IepeliauTi
HU3KY TIepeBar, sKi Ja€ aHajli3 pU3uKiB kepiBHUITBY IT-
KOMIIaHii: OUTBII TTHOOKE PO3YMIHHS CHEIH(IiKH ITPOEKTY,
sIKe JT03BOJIsIE€ ()OPMYBATH OIUNBII peaNiCTUYHI TUTaHU |
OIOJDKETH TPOCKTY; PO3YMIHHS NPUPOAM PH3HKIB 1 iX
MOTEHITIHI HACIIIKW, MOXJIUBICTh OIIIHKH PE3epBiB IS
3a0e3neueHHs] 3MEHIICHHS! BIUIMBY PU3UKIB HA BUKOHAHHS
MPOEKTy Toulo. Bce 1ie roBopuTh, 10 y MOJAIBIIOMY

HeoOxigHo, mpu ¢opmamizamii momenri CMMI s
ynpasiinHsa skicTio I1P 13, ypaxoByBaTtu pizHOro pomay
PHU3HKH.

3. Ha TenepiwmHiii yac 11 BUpiIeHHS 3a1a4i IIOKpa-
menHs saxocti TP I13 Ha ocHOBI MareMaTHYHHUX MOJENIER
Oyno Bukopuctano Tunbku Mmonxemi CMMI. Opnak, Ha
OCHOBI TIOTIEPEHBOTO0 AaHANI3y BUSBIECHO, IO MOJEIb
3pinocti SPICE Oinbur anexBaTHO OnHCy€e OKpeMi IpoLecH
[P I13. Tomy oaHi€TO 3 32/1a4, SKY Y MOJATBIIOMY JOILITb-
HO BHWpIIIyBaTH, € BHKOPHUCTaHHA BepOaNbHOTO OMHCY
mogeni SPICE mnst po3poOKkM MareMaTHYHHUX MOJelNei
YIPaBIiHHSA AKICTIO OKpEeMUX IporieciB. Sk Oymo migkpec-
JIeHO BuIe, mpu ympasiiHHi skicTio TP 13 Ha ocHOBI
Mozeni 3pitocti CMMI He BpaxoBYIOThCS:

- 0COOJIMBOCTI METOJIOJIOTIT YITpaBITiHHS TIPOEKTaMHU

i mozmeni XXII ITP II3, siki BUKOPHCTOBYIOTHCS B
oprasizarit;

- 0COOJIMBOCTI IPEAMETHOT 00JIACTi;

- wimi [T- opranizamii.

ToMy € mominmeHUM po3poOka Ha OCHOBI MOAEi
SPICE HOBO1 Mopemni 3pinocTi, sika OyIe BpaxoBYBaTH IIi
OCOOJIMBOCTI [UIS YIIPaBIiHHA SKICTIO HE OKPEMOTO IIPO-
ecy, a Becsoro I1P I13 IT- opranizarii.

4. Slxmo Ha 6a3i moneni 3pinocti SPICE po3podutn
HOBY MoOjenb, sika OyJae BpaxoByBaTH Ti HEHOJIKH, SIKi
npuramanHi mogeni CMMI npu oninni 3pinocti TP 113
oprasizauii, To Mi OyZeMO MaTH MOJEIb AJS BHYTpIll-
HBOTO ayauty. 3 iHmoro Ooky, mozens 3pinocti CMMI
BUKOPHCTOBYETHCS JUISl 30BHILIHBOTO ayJIUTY, SIKMH HE00-
XiTHUH KOMMaHii TpW 3alydeHHI HOBHX 00’€MiB pOOIT.
ToMy oHHUM 3 TOCIIIKEHb IIIAXIB MiABUIICHHAS sIKOCTi [TP
I13 € momryk KOMIIPOMICHOTO pimIeHHS MiX omiHkoro TP
I13 Ha OCHOBI IIUX ABOX MOJIENEH.
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I. V. LIUTENKO, O. I. KURASOQV, D. A. LUKINOVA, S. I. YERSHOVA, A. 0. SEMANIK

USING THE AGGREGATED CRITERIA TO EVALUATE THE SOFTWARE TESTS QUALITY

An approach to evaluating the software tests quality using aggregated quality criteria is proposed. The article considers the finding of such characteristics
of software tests that can be used to judge their quality and their need for improvement. The subject of the study is the formation of a software tests
quality evaluation system, which can be used in the software development process. It is proposed to consider a software test as a multiattribute object. It
is emphasized that it is necessary to take into account both quantitative and qualitative characteristics of tests and test coverage, which greatly complicates
the construction of a model for evaluating the software tests quality. Various approaches to solving the problem of evaluating complex, multiattribute
objects are considered. The problem of comparing and ordering complex objects taking into account different criteria is considered. The choice of the
method of sequential aggregation of classified states to solve the problem of multi-criteria selection and assessment is justified. The stages of the
procedure for solving the estimation problem using the method of sequential aggregation of classified states are considered. An activity diagram is
constructed that reflects an algorithm for constructing a hierarchical system of criteria. The criteria for evaluating software tests are given, which belong
to three groups - efficiency, coverage, and software implementation. For a hierarchical system of criteria aggregation, a set of indicators, their qualitative
gradations with corresponding numerical intervals, are allocated. At the highest level of the hierarchy, it is proposed to use three composite criteria that
correspond to the groups of efficiency, coverage and implementation, which will allow to obtain an integral indicator of the software tests quality. The
resulting integral indicator includes five quality classes, each of which corresponds to a multitude of low-level indicator estimates. Tests quality
evaluation will improve the testing process, which purpose is to ensure the specified quality of the software being developed.
Keywords: software, testing, quality, evaluation, assessment criteria, multiattribute object, aggregated criterion.

1. B.JIOTEHKO, O.1. KYPACOB, 1. A. 1YKIHOBA, C. I. €PIIIOBA, A. 0. CEMAHHUK

BUKOPUCTAHHS ATPETOBAHUX KPUTEPIIB JIJISI OIIIHKA AKOCTI TECTIB TIPOT'PAMHOI'O
3ABE3IIEYEHHA

IporoHyeThesl MiAXiA 1O OMIHKM SIKOCTI TECTiB IPOrpaMHOTO 3a0e3NedeHHs 3 BUKOPHCTAHHSAM arperoBaHHX KpHTeEpiiB skocTi. Posrmsgaerscs
3HAXOKCHHS TAKMX XapaKTEPUCTHK TECTiB IPOrPAMHOTrO 3a0€3MEUCHHS, 3a SIKUMH MOXKHA CYIUTH IPO TXHIO SKICTh 1 HEOOXIAHICTD JOOHPALIIOBAHHSL.
Ipeamerom AociiKeHHS € (OPMyBaHHS CHCTEMHU OLIHIOBAHHS SAKOCTI MPOTPAMHMX TECTiB, Ky MOXIMBO BUKOPHCTOBYBAaTH B IIPOIECi PO3POOKH
porpaMHOro 3abesnedeHHs. 3amporoHOBAHO PO3INANATH TECT MPOTPAMHOro 3abe3ledeHHs sK Oaratoo3HakoBHil 00'ekT. ITimkpecmroeTscs, mIo
HEOOXiTHO BpaxoBYBaTH SIK KUTBKICHI, TaK i SIKICHI XapaKTEPHCTUKH TECTIB i TECTOBOTO MOKPHUTTSI, IO ICTOTHO YCKIAIHIOE MOOYIOBY MOJENI OLIHKA
SIKOCTI POTPAMHHX TECTiB. PO3IIsiHyTO pi3Hi MiAXOAM OO BHUPILICHHS 3a[advi OLIHIOBAHHS CKJIAJHUX, 0araT003HaKOBHUX 00'€KTiB. Posrisimaerscst
npobriemMa TIOPIiBHAHHA i yNMOPSAAKYBAaHHS CKJIAZHMX OO'€KTiB 3 ypaXyBaHHSM pi3HHMX KpuTepiiB. OOrpyHTOBaHO BHOIp METOIY MOCIiZOBHOTO
arperyBaHHs CTaHIB, MIO KIACH(IKYIOTHCS Ui PO3B'SI3aHHS 3a7adi OaraTOKpHUTEPIaTbHOrO BHOOPY 1 MPOBEICHHS OLIHIOBAaHHS. PO3rIsIHYTO eramu
MPOLIEAYPH BUPILIEHHS 3a/1a4i OLIHIOBAHHS 3 BUKOPHCTAHHAM METOJY IMOCIHIZIOBHOTO arperyBaHHs CTaHiB, 110 Kiacu(ikyoTbes. HaBenena miarpama
JUANBHOCTI, sIKa BimoOpakae anropuTM MOOYIOBH iepapXiuHOi chcTeMH KpuTepii. PosrmsHyTi KpuTepii ONiHIOBaHHS TPOTPaMHUX TECTIB, SKi
BITHOCSATBCS 10 TPHOX IPyI — e€HEeKTUBHOCTI, MOKPUTTS i mporpamuoi peanizauii. J{ns iepapxiyHoi cucTeMH arperyBaHHs KpUTepiiB BUIUICHO HaOip
MOKA3HUKIB, X AKiCHI rpajaii 3 BiIOBI THUMH YHCEILHUMH iHTEepBanamMu. Ha BuiioMy piBHi iepapxii 3arpornoHOBaHO BUKOPUCTOBYBATH TPH CKIAIECHHX
KpUTepis, sIKi BiJNOBIar0Th TpynamM e)eKTUBHOCTI, MOKPHUTTS i peaizarii, 10, B CBOIO Yepry, J03BOJIMTH OTPUMATH iHTETPaIbHHUI IIOKA3HUK SKOCTI
MporpamMHuX TecTiB. OTpUMaHUI IHTErpaJbHUI MOKA3HUK BKJIIOYAE M'STh KIACIB SIKOCTi, KOXKHOMY 3 SIKMX BiJIIOBiZIa€ MHOXKMHA OI[IHOK ITOKa3HHKIB
HWKHBOTO PiBHA. OLiHKa SKOCTI MPOrpaMHUX TECTIB J03BOJIUTH TOJIIIIUTH NPOLIEC TECTYBAHHS, METOIO SIKOTO € 3a0€3MeYeHHs 331aHOT0 PiBHA SKOCTI
IIPOTPaMHOTO 3a0€3MeUeHHs, 0 PO3POOIIAETHCS.

KurouoBi ciioBa: mporpamHe 3a0e3NeyeHHs, TeCTyBaHHs, SKIiCTb, OLIHIOBaHHS, KPUTEpii OIIHKH, 0araToO3HaKOBHH 00’€KT, arperoBaHMit
KpHTEpiii.

H.B.JIOTEHKO, A. . KYPACOB, /1. A. TIYKHHOBA, C. H. EPIIIOBA, A. A. CEMAHHUK

HCITIOJb30BAHUE ATPETUPOBAHHBIX KPUTEPHUEB JJI1 OHEHKU KAYECTBA TECTOB
IMPOI'PAMMHOI'O OBECIIEYEHUA

Ipennaraercss MOAXOJ K OIEGHKE KadecTBa TECTOB IPOrPaMMHOIO OOECHEYEHHs] C HCIOJIb30BaHHEM arpernpoOBaHHBIX KPHUTEPHEB KadyecTBa.
PaccmaTpuBaeTcsi HaXOXKICHHE TaKMX XapaKTEPUCTHK TECTOB INPOIPAMMHOIO OOECIeUeHHs, IO KOTOPHIM MOXXHO CYOHTh 00 WX KadecTBe U
HeobOxoxuMocTu nopabotku. IIpeaMerom uccnenoBaHus SIBILETCS (OPMUPOBAHUE CUCTEMBI OIIEHUBAHMS KauecTBa IPOTPAMMHBIX TE€CTOB, KOTOPYIO
BO3MOXHO HCIIONIb30BaTh B NOIIECCE Pa3pabOTKU MporpaMMHoro obecriedenust. [Ipe/uioskeHo paccMaTpiBaTh TECT HPOrPAMMHOTO 0O€CTIeUeH s KaK
MHOTOIIPHU3HAKOBEII 00BeKT. IToquepkuBaeTcs, 4T0 HEOOXOAMMO YUUTHIBATh KaK KOJMYECTBEHHBIC, TAK M KAUECTBEHHBIE XapaKTEPHUCTHUKU TECTOB U
TECTOBOTO MOKPBITHS, YTO CYIIECTBEHHO YCIOXKHSIET HOCTPOSHUE MOJEIN OLICHKU KauecTBa MIPOrPaMMHBIX TeCTOB. PacCMOTpeHBI pa3InyHble HOIXOABI
K PEIICHUIO 33au¥l OLICHWBAHMS CIIOXKHBIX, MHOTOIPH3HAKOBBIX O0OBEKTOB. PaccMarpmBaercs mpoOiema CpaBHEHHS M YIOPSIOYCHHS CIIOXKHBIX
00BEKTOB € YUETOM pa3HbIX KpuTeprueB. OO0OCHOBaH BEIOOP METO/Ia ITOCIIEIOBATENBHOTO arpernPOBaHNUS KIIACCH(UIIMPYEMBIX COCTOSIHUMN ISl PEIICHUS
331298 MHOTOKPUTEPHAIBHOTO BEIOOPA U IIPOBEICHUSI OLIEHUBAHMS. PacCMOTpEeHBI STalbl IPoLeyphl PeIIeH s 3a1adl OIIEHUBAHUS C HCIIOIb30BaHHEM
MeTO/ia TIOCNIeI0BATeIbHOTO arperupoBaHms KIacCHOUIUPYEMbIX cOCTOSHHU. IIpuBenena amarpamma AeATeNbHOCTH, KOTOpas OTPa)kaeT alrOpUTM
MIOCTPOEHUS UEPAPXUUECKOI CUCTEMBI KpUTEPUEB. PacCMOTPEHBI KPUTEPHUH OLIEHUBAHMS IPOrPAMMHBIX TECTOB, KOTOPBIE OTHOCATCS K TPEM IpyIam —
3 HEKTUBHOCTH, HOKPHITUSI U IPOrPaMMHON peanu3anui. [t HepapXudecKoil CHCTEMBI arperHpoBaHUs KPUTEPUEB BbIeNeH HAOOp IMoKa3aTenel, ux
Ka4ecTBEHHBIE IPaJalliy C COOTBETCTBYIOIIUMH YHCIICHHBIMI HHTepBadaMu. Ha BbIcieM ypoBHE HepapXuu MPeI0XKeHO UCIIONB30BaTh TPH COCTABHBIX
KPHTEpHsl, KOTOPBIE COOTBETCTBYIOT rpynnaM 3¢ (GpEeKTHBHOCTH, IOKPHITHS M PeaU3al{y, YTO, B CBOIO OYepelb, MO3BOJIUT MONYYUTh HHTETPaIbHBIA
MOKa3aTeNb KadecTBa MPOTPAaMMHBIX TecToB. IlomydeHHBIN MHTETpalbHBIA IIOKa3aTelb BKIIOYAET IATh KJIACCOB KAauecTBa, KaKIOMY M3 KOTOPBIX
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Introduction. Much of modern software (SW) is a
complex, multi-component system with a large amount of
software code, which can include a wide range of
components that perform a variety of tasks. A list of
functional and non-functional requirements is advanced to
the software systems themselves (SS), which complex
programming logic is often implemented for, which must
work with special conditions and restrictions.

The complexity of this task makes software testing an
important step in the development of the oftware systems
of any type and scope. First, it prevents and corrects defects
which make it impossible to use the application, that again
keeps users out of achieving their own goal. Secondly,
testing is necessary to verify the compliance of the software
product with the requirements that have been put forward
by the customer and stakeholders.

The right approach to testing will allow to supply the
customer with a quality product, but this requires a
responsible approach to the organization of testing, design
and development of software tests. Software test quality
evaluation will provide an opportunity to create such a
complex of tests for various purposes, which will allow to
control the quality of the software with the least expenses
for testing.

Formulation of the problem. The purpose of the
study is to define the criteria for assessing the quality of
tests, which will allow to exclude the subjectivity of the
expert. The relevance of the work is due to the fact that
software testing, as well as the other stages of software
development, is performed in conditions of limited time
and financial resources. This means that voluminous and
detailed testing of the entire SS is unprofitable and
sometimes  impossible. Requirements,  software
components differ in priority and complexity, which can be
expressed in quantitative and qualitative terms.

This means that the priority and complexity of the test
object (in this case an individual component of the SS or
requirement) requires an appropriate amount of software
tests. A test group that was formed without these
characteristics cannot be considered qualitative, because
incorrectly defined testing priorities lead to waste of time
and cost, which is not guaranteed by the sufficient
reliability of the SS that was released after such tests. The
purpose of the study is to find indicators that can determine
the value and usefulness of the software tests that are
offered for software testing.

The problem of multi-criteria selection is formed as
follows. There are many options A, ...,A,, each of which
is characterized by specific criteria K, ...,K,,. Each
criterion K; has a scale X; ={x},..x/'},i=1..m,
which has in most cases ordered discrete numeric or verbal
gradations. It is necessary, based on the preferences of the
decision maker, to choose one or more of the best options
from the set presented.

The main difficulty is that both quantitative and
qualitative indicators of varying degrees of importance
need to be analyzed, many of which greatly complicate the
comparison of tests and test coverage. An additional fact is
that there is no single quality assessment model to evaluate
the quality of the tests.

In the case of evaluating many objects with several
dozen properties, there is a problem that comparing only
one attribute value becomes impossible, and attempts to
reduce the number of evaluation criteria leads to a decrease
in the quality of the final result by pulling it away from the
reality. Such conditions require finding a method that
would solve the problem of multicriteria selection in the
large space by reducing the number of dimensions, based
on the rules of the subject area and the specifics of the
objects being compared. The reduction in the number of
measurements will be used to aggregate multiple criteria to
one to obtain a grading scale that depends on the
preferences of the decision maker (DM).

Existing methods for solving the problem. The
solution to a similar problem can be constructed on the
basis of the problem of finding the extremum of one or
more utility (value) functions [1]. To complete the task, it
is necessary to derive a generalized criterion from many
numerical criteria by minimizing them and finding a
weighted sum. With a large number of criteria, this method
is too time-consuming because it requires the domain
analyst to spend a great deal of time in deriving the
approximate utility function, as well as the importance
factors (weights) that must be assigned to each property
taken into account, which in itself is a task of ambiguous
solution. Another disadvantage of this method is that the
use of aggregated indicators does not allow you to
reproduce the input data, which implies the inability to
easily explain the results of the comparison [2]. The use of
coarse sets in the classification of multi-criteria objects is
to use the sets of rules defined by DM to classify
alternatives to a particular class with varying degrees of
accuracy. The method is complex enough because a large
number of classification rules complicates their analysis. In
addition, the method requires pre-debugging on the
prepared data sets [3].

Often, methods are based on pair-wise comparisons of
objects to organize objects as a whole or by many criteria.
Complete ordering of objects occurs when you can
compare all pairs of variants and DM preferences are
transitive. If some of the pairs cannot be compared, partial
ordering will be obtained. In methods of analytical
hierarchy [4] variants are ordered according to their priority
index, which is consistently calculated by pairwise
comparison of variants, criteria of their evaluation and
participants in relation to the global goal of the problem
being solved. The disadvantage is the sensitivity to the
context of the choice, which leads to a dramatic change in
ordering after adding / excluding a particular variant. In [5]
there are two main methods of comparison: the first is the
direct sorting of objects by given classes, which is the most
popular method of classification due to ease of use, and the
second is an interactive classification procedure that
provides a description of DM preferences through the
utility function, which is weighted sum of many scalar
criteria.

Given the poor structure of the problem, the
methodology of verbal analysis of solutions can be used.
According to this methodology, the properties of variants
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are described using qualitative criteria that have verbal
formulations of gradations on the rating scales [6].

To solve the problem of multicriteria selection, the
"PAKS" method (sequential aggregation of classified
states) was selected. This method is characterized by the
use of verbal analysis methods to reduce the dimension
space of the criteria. The method was chosen because
hierarchical evaluation of complex qualitative criteria will
allow to obtain meaningful and understandable evaluation
with the least time spent on building an evaluation system
for DM [7]. The "PAKS" decision procedure has three
steps.

The first step is to build a hierarchical system of
aggregated criteria by "ISKRA" (hierarchical convolution
of criteria and attributes) taking into account the beliefs of
DM. The process of construction is to create integral
indicators that characterize the properties of options that are
selected based on domain concepts, which aggregate the
initial characteristics. The procedure for aggregation of
indicators is consistent, that is, the obtained sets of criteria
are grouped in series into new groups of the next level of
the hierarchy, and so on up to a single integral criterion of
the highest level, if necessary.

In the second step, the sequential classification task
performs a consistent scale construction of each composite
criterion, which consists of using a combination of grading
estimates of the output indicators as classified objects.
Classes are graded scores of the composite criterion, so that
every combination of gradations of the original scores will
match some gradation of scores on the composite criterion
scale [8]. In the general case, virtually any method of
ranking or classification of multi-criteria alternatives can be
used to construct scales of composite criteria, which allows
to present each gradation of the composite criterion scale in
the form of a combination of gradations of baseline scores.

In the third stage, the final solution of the problem of
selection in the obtained space of complex criteria of
smaller dimension using the method of "ARAMIS"
(aggregation and ranking of alternatives to multipurpose
ideal situations) [9], which allows to rank objects described
by many periodic quantitative and / or qualitative attributes
K;, ... K, without constructing individual object rankings.
Multi-criteria objects Ay, ..., A, are considered as points of
a metric space of multisets with some metric, which are
compared and ordered in terms of relative proximity to the
best (ideal) object A, or worst (anti-ideal) A_ in that space.
The best and worst objects (which may also be
hypothetical) have the highest and lowest scores by all
criteria, respectively. All objects are ordered by proximity
to the best object A, by distance from the worst object A_
or by the value of relative proximity to the best object.

Fig. 1 shows a diagram of the activity of solving the
multicriteria selection problem with a consistent reduction
in the dimension of the feature space.

To obtain a comprehensive assessment of the test
quality, it is necessary to consider a large number of criteria
that can be attributed to the groups of efficiency, coverage
and software implementation

Choosing the type of task T

Forming the set of options Al,....A2

Forming the set of output indicators

K1....K2
Forming the order scale of output
indicators
No Forming the set of combined criteria
R
L1,.L2

Change the gradation
of the scale of
combined criteria?

Forming the order scale of combined
criteria

No

Is the solution of the
task satisfying?
Change the way of Yes
aggregation W?

Fig. 1. Diagram of the algorithm for building a hierarchical
system of criteria

On the other hand, to cover a larger volume of
software projects requires a set of criteria with which the
evaluation process remains relevant to the specifics of the
individual project. Creating higher level criteria allows you
to create new, more general levels of composite criteria by
reducing the number of combinations of grading criteria.
Detailed metrics can be grouped in their essence, making it
possible to obtain an integrated Quality Score. For numeric
metrics, you can enter qualitative gradations that match a
certain range of values. Practice shows that the success of
software testing depends on the quality of test planning and
implementation. Testing performance can be estimated
from a relatively small number of indicators.

The first indicator is the ratio of not intercepted in the
latest software version bugs to the number of bugs found
(found and fixed / not intercepted). This indicator may
characterize the thorough testing of different use cases of
SS. Completely covering all variants of data, conditions
and actions is an almost impossible task, so there is a risk
that the user may perform an unchecked sequence of
actions that will disrupt the normal operation of the
software. Finding data that has not yet been intercepted
should be accompanied by adjusting program logic and
introducing new warning tests, which will help to reduce
the ratio. It is worth noting that bugs found at the testing
stage for various reasons may not be documented and, in
turn, not corrected, which makes it untouched.

This indicator in percentage terms can be calculated
by the following formula:
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N
E, = —- 100, )

M
where E; —the ratio not intercepted in the latest software
version bugs to the number of all bugs found;

N —the current number of bugs not intercepted after
testing;

M — the total number of bugs that have been detected
since the last test started.

The second indicator is the proportion of bugs that
were repeated in the release — these bugs were fixed in
previous versions, but became relevant again after the
release and the first use the new software version. This
indicator differs from the previous one in that it may
indicate a problem of lack of regression testing, while the
first indicator is more relevant for determining the quality
of functional testing introduced in the latest version. The
indicator can be calculated by the following formula:

N,
E, = —-100,

" @

where E, —the number of bugs that were repeated in the
release;

N,. — the number of repeated bugs;

M, — the total number of fixed bugs.

The disadvantage is the complexity of the calculation
due to the existence of system dependencies of the new and
previously developed program code, which makes possible
the situation when the new functionality doesn’t work due
to previously found defects in the old one [10].

The amount of functionality coverage should show
how comprehensively the capabilities of the software have
been tested. For each project, you can determine your own,
satisfactory coverage level. The metric can be calculated as
the ratio of the number of opportunities tested to the total
number of opportunities.

The total number of functional requirements covered
can be calculated using the requirements trace matrix. In
the simplest form, this matrix is a table on the rows of
which the functional requirements for the application are
placed, and on columns the test scenarios. In the special
circumstances of the project, columns and rows with
additional information may be added. Related features and
scripts should be marked at the intersection of the row and
column, so that testers get clear information about the
current coverage. One test scenario for one function is
considered sufficient coverage, so it is necessary to break
down the complex requirements into atomic components.
This approach simplifies the analysis of congestion or lack
of tests [11].

Also, when evaluating a test coverage, a feature
coverage indicator can be used, which is calculated as the
ratio of the number of features tested to the total number of
features. For the needs of a particular project, those
functions that represent complex operations of an
application's business logic can be included in the list of
functions.

Most software tests are software-implemented, which
makes it possible to evaluate them as a separate software
system with its own interconnected components. When
evaluating tests as code, you can use the following code
properties:.

1) compliance with the rules of programming
language (conventions) - this indicator affects the ease of
perception of the program code, which is important when
accompanied by several developers;

2) code purity - the structural simplicity of the code
(for example, the adequate amount of method or class), the
absence of unnecessary structures (imports, variables) left
after the code is modified or refactored, as well as those
structures that interfere with code maintenance and analysis
("Magic numbers", duplicates) [12]. These metrics can be
measured as the volume of violations per 1000 lines of test
code.

Table 1 — Test evaluation criteria

Indicator Qualitative _grqding / order of Interval
stickiness

1. Amount of not intercepted bugs (%) High /2 (80;100]
Middle / 1 (30;80]
Low /0 [0;30]

2. Amount of returned bugs (%) High /2 [50;100]
Middle / 1 (20;50)
Low /0 [0;20]

3. Test coverage of capabilities (%) High /0 (60;100]
Middle / 1 (20;60]
Low /2 [0;20]

4. Test coverage of software features (%) | High/0 (60;100]
Middle / 1 (20;60]
Low /2 [0;20]

5. Compliance with programming High/0 [0;10]

language standards (violations per Middle / 1 [10;20]

thousand pages of code) Low /2 More then 20

6. Purity of code (violations per thousand | High/0 [0;5]

pages of code) Middle / 1 [5:15]
Low /2 More then 15
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Simulation results. Table 1 lists the main evaluation
criteria, their qualitative gradations, together with the
corresponding numerical intervals.

The order of stickiness is given in ascending order (0
is the best, 1 is satisfactory, 2 is bad) and is used for two
levels of the hierarchy.

It was proposed to use three composite criteria at the
top level of the hierarchy — efficiency, coverage and
implementation.

The performance criterion included the amount of
bugs not intercepted (%) and the number of bugs returned
(%).

The coverage criterion included test capability
coverage (%) and test feature coverage (%).

The implementation criterion included compliance
with the rules of programming language (violations per
thousand pages of code) and purity of code (violations per
thousand pages of code).

Table 2 lists the gradations of the aggregated criteria
and the corresponding tuples of the graded subordinate
criteria.

Table 2 — Composite test quality criteria

Criterion Gradat!on_/ order Corteggs of child
of stickiness estimates
Efficiency High/0 <0;0>,<0;1>,<1;0>,<2;0>,
<0;2>
Middle / 1 <1;2>,<2;1><1;1>
Low /2 <2;2>
Coverage High/0 <0;0>,<0;1>,<1;0>,<0;2>
Middle / 1 <1;2><1;1>,<2;0>
Low/2 <2:2>,<2;1>
Realizatio Good /0 <0,0>;<0,1>;<1,0>
n Satisfactory / 1 <1,2>;<2,1>;<1,1>:<2,0>;
<0,2>
Needs
adjustments/2 <2,2>

Integral Quality Score can be represented as five
consecutive quality classes, each of which corresponds to a
set of tuples of second-level metrics (<Performance,
Coverage, Realization>).

The first class corresponds to <0; 0; 0>,

The second class corresponds to <0; 0; 1>, <0; 0; 2>,
<0; 1;0>,<0;1;1> <1;0;0>,<1;0; 1>, <1; 0; 2>.

The third class corresponds to <0; 1; 2>, <0; 2; 1>, <0;
2,2>,<0;2;0>,<1;1;0>,<1;1;1>,<1; 1; 2>,<1,2,0>.

The fourth class corresponds to <2; 0; 1>, <2,0,0>,
<1,2,1>,<1,2,2>,<2;0; 2>, <2; 1; 0> .

The fifth grade corresponds to <2; 2; 2>, <2; 2; 1>,
<2;2;0>,<2;1; 2>,<2;1;1>.

Conclusions. Developing an approach for software
tests quality evaluation can in the long term improve test
results, reduce the time and other resources spent on finding
defects in the software system and quickly eliminate the
shortcomings of the current testing approach. The obtained
results confirm the possibility to use the indicators that can
be used to evaluate the overall quality of software tests.
These include test performance metrics, test coverage of
software capabilities and its software code, namely

functions, as well as metrics that make it feasible to use the
tests themselves. For these criteria, metrics were formed,
the intervals of which were defined as qualitative
indicators, which were used to create a hierarchical system
of criteria that allows to obtain an integral quality index.
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N. V. BORYSOVA, K. V. MELNYK

EFFICIENCY ESTIMATION OF METHODS FOR SENTIMENT ANALYSIS OF SOCIAL NETWORK
MESSAGES

The results of effectiveness evaluating of machine learning methods for sentiment analysis of social network messages are presented in this paper. The
importance of the sentiment analysis problem as one of the important tasks of natural language processing in general and textual information processing
in particular is substantiated. A review of existing methods and software for sentiment analysis are made. The choice of classifiers for sentiment analysis
of texts for this research is substantiated. The principles of functioning of a Naive Bayesian Classifier and classifier based on a recurrent neural network
are described. Classifiers were sequentially trained in two corpuses: first, in the RuTweetCorp corpus, the corpus of short messages from the social
network Twitter, and then on the Slang corpus, the corpus of messages from social networks Facebook and Instagram and posts from the Pikabu website,
second corpus have been marked up the tonality of slang words. Information about the tonality of slang words was taken from the youth slang dictionary
obtained as a result of the survey of users. The separation of texts by tonality was carried out into three classes: positive, negative and neutral. The
efficiency of these classifiers was evaluated. Efficiency evaluation was carried out according to standard metrics Recall, Precision, F-measure, Accuracy.
For the naive Bayesian classifier, after training on the first corpus, the following metric values were obtained: Recall = 0,853; Precision = 0,869; F-
measure = 0,861; Accuracy = 0,855; and after training on the second corpus such values were obtained: Recall = 0,948; Precision = 0,975; F-measure =
0,961; Accuracy = 0,960. For the classifier based on a recurrent neural network, after training on the first corpus, the following metric values were
obtained: Recall = 0,870; Precision = 0,878; F-measure = 0,874; Accuracy = 0,861; and after training on the second corpus such values were obtained:
Recall = 0,965; Precision = 0,982; F-measure = 0,973; Accuracy = 0,973. These results prove that additional training on the second corpus increased the
efficiency of classifiers by 10-11%.

Keywords: sentiment analysis, social networks messages analysis, machine learning, text classification, naive Bayesian classification, recurrent
neural network, efficiency estimation

H. B. EOPHCOBA, K. B. MEJIbHUHK

OIIHKA EOEKTUBHOCTI METOAIB CEHTUMEHT-AHAJII3Y INOBIAZOMJIEHb COOIAJIBHUX
MEPEX

VY po6oTi npecTaBIeHo Pe3yIbTaTH OLIHKH e)EKTUBHOCTI METO/IB MAIIMHHOTO HABYAHHS JUIS CCHTUMEHT-aHalli3y HOBiTOMIIEHb COL[aIbHUX MEPEXK.
OOIpyHTOBaHO aKTyaJbHICTh 3aJladi CEHTUMEHT-aHaNIi3y SK OJHi€l 3 BaXIMBHX 3a1ad oOpOOKM NPUPOAHOI MOBH B3araii Ta OOpOOKH TEKCTOBOI
indopmarii 30kpema. [IpoBeeHo OIS ICHYIOUHX METOIIB CEHTUMEHT-aHAITI3Y Ta IPOrPaMHUX MPOIYKTIB, [0 BUPILIYIOTH 110 3a1a4y. OGIPYHTOBaHO
BHOIp Ki1acu(ikaTopiB sl CCHTUMEHT-aHaJi3y TEKCTIB y MeXax JociipkeHHs . OnucaHo NpUHIMITY poOOTH HaiBHOTo OaifeciBchKOro Kiacudikaropa ta
kinacudikaTopa Ha OCHOBI peKypeHTHOI HeWpoHHOI Mepexi. Kimacndikaropu Oyno mocmifioBHO HaBYEHO Ha JBOX KOpITycaxX: CIIOYaTKy Ha KOPITyCi
RuTweetCorp — kopityci KOpOTKHX MOBiIOMIIEHD coliianpHoi Mepexi Twitter, a moTiM Ha Kopmyci Slang corpus — KOpIyci HOBiOMIIEHb COLIATBHUX
Mmepexx Facebook ta Instagram i mocriB 3 caiity Pikabu, y sikomy po3miteHO TOHAJIbHICTb CIIEHTOBUX CITiB. [H(OPMAILiIO MPO TOHANBHICTH CIEHITOBHX
clIiB OyJ0 B3STO 13 CIOBHHKA MOJIOADKHOTO CJIEHTY, OTPUMAHOIO y pe3yibTaTi ONHUTYBaHHS KOPHCTyBadiB. PO3MOALT TEKCTIB 32 TOHAIBHICTIO
3[iMCHIOBAaBCS Ha TPH KJIACH: MO3HTHBHI, HeraTuBHi U HeiiTpambhi. [IpoBegeHo ominky edexkTHBHOCTI poboTH nux KinacudikaropiB. Ominka
e(eKTUBHOCTI 3IiHCHIOBANACH 3a CTaHAapTHUMHU MeTpukamu Recall, Precision, F-measure, Accuracy. [lis HaiBHOTO GaiieciBchkoro kimacudikaropa
micns HaBYAHHS HA IEPIIOMY KOpIyci OyiM OTpuMaHi HacTymHi 3HaueHHs Merpuk: Recall =0,853; Precision =0,869; F-measure = 0,861,
Accuracy = 0,855; a micis HaBYaHHs Ha Apyromy Kopiyci Taki suadenns: Recall = 0,948; Precision = 0,975; F-measure = 0,961; Accuracy = 0,960. [{is
kiacu(ikaTopa Ha OCHOBI PEKYPEHTHOI HEHPOHHOI Mepexi Micis HAaBYaHHS Ha MEPIIOMY KOPITyCi OyiH OTpUMaHi HACTYIHI 3HAYEHHS METPHK:
Recall = 0,870; Precision = 0,878; F-measure = 0,874; Accuracy = 0,861; a miciisi HaBYaHHs Ha JApPyroMy Kopiryci Taki 3HadeHHs: Recall = 0,965;
Precision = 0,982; F-measure = 0,973; Accuracy = 0,973 OtpumaHni pe3y/ibTaTH JOBENH, IO A0JATKOBE HABYAHHS HA JPYrOMY KOPITYCi MiBUIIMIIO
eexTuBHICTh poboTH Kiacudikaropis Ha 10-11%.

Knio4oBi ciioBa: CEHTHMEHT-aHANi3, aHAi3 IIOBITOMJICHb COLIaJbHUX MepeX, MAIlMHHEe HAaBYaHHS, KiIacHQikaiis TeKCTiB, HaiBHHI
GaiteciBCchKHil Kitacu(ikaTop, peKypeHTHa HeHpOHHA Mepexa, OlliHKa epeKTUBHOCTI

H. B. BOPHCOBA, K. B. MEJIbHHK

OLIEHKA Y®PEKTUBHOCTU METOJOB CEHTUMEHT-AHAJIN3A COOBLIEHU 1
COLIMAJIBHBIX CETEA

B pabote npeacTaBieHbI pe3yabTaThl OLEHKH 3 ()EKTHBHOCTH METOA0B MALIMHHOTO 00Y4EHHS ISl CCHTUMEHT-aHaJI3a COOOIICHN T COHAIBHBIX CeTeH.
O00CHOBaHA aKTYalIbHOCTh 33/1a4M CEHTUMEHT-aHaJIN3a KaK OJJHOH N3 BaXKHBIX 3371a4 00paOOTKH €CTECTBEHHOTO S13bIKa BOOOIIIE M 00pabOTKH TEKCTOBOM
uHpOpMaILMK B 4acTHOCTH. [IpoBeseH 0030p CYLIECTBYIOUIMX METO/IOB CEHTHMEHT-aHali3a M MPOrPaMMHBIX IPOJYKTOB, PELIAMOIIMX 3Ty 3a1ady.
O00cHOBaH BBIOOD KJIACCU(HUKATOPOB JJIsi CCHTUMEHT-aHali3a TEKCTOB B paMKax uccienoBanus. ONMucaHbl IPUHLIMUITEI pab0Thl HAUBHOTO 0alieCOBCKOTO
knaccudukaTopa M KiaccuuKaTopa Ha OCHOBE PEKyppeHTHO# HelpoHHO# ceru. Kiaccudukaropbl ObLIM IMOCIENIOBATEIBHO OOY4YEeHBI Ha ABYX
KopIrycax: cHayasna Ha kopiryce RuTweetCorp — kopryce KOpOTKHX coo0IIeH T colmanbHoi cetn TWitter, a 3atem Ha kopityce Slang corpus — kopryce
coobmienuit connanpHbix cereit Facebook u Instagram u moctos ¢ caiira Pikabu, B koTopom pa3medeHa TOHAIBHOCTH CIIEHTOBBIX CJI0B. MH(popMarust o
TOHAJIBHOCTH CJICHTOBBIX CJIOB ObLiTa B3STa U3 CJIOBAPs MOJIO/ICKHOTO CIICHTa, MOJy4EHHOTO B Pe3yJ/IbTaTe ONMpOca MoIb30BaTeneil. PasjieeHue TekcToB
[0 TOHAJHHOCTH OCYIIECTBIUIOCH Ha TPH KJlacca: MO3MTHBHBIC, HETaTHBHbIC M HeWTpanbHble. [IpoBeaeHa oreHka 3()(EeKTHBHOCTH pabOTBI ITHX
knaccudukaropo. OueHka 3PEeKTHBHOCTH OCYIECTBISUIACH 1O CTaHAapTHBIM MeTpukaM Recall, Precision, F-measure, Accuracy. /lns HauBHOTO
GaiiecoBckoro kimaccuukaTopa Imocie OOydeHHs Ha TEpBOM KOpIyce OBUTH MOJNYYeHbl Cleayiomme 3HaueHus Merpuk: Recall =0,853;
Precision = 0,869; F-measure = 0,861; Accuracy = 0,855; a nociie o6ydeHust Ha BTopoM Kopityce Takue 3Hauenus: Recall = 0,948; Precision = 0,975; F-
measure = 0,961; Accuracy = 0,960. [lns xmaccudukaropa Ha OCHOBE PEKypPPEHTHOW HEHPOHHOH CeTH Mociie 00ydeHHs Ha MEPBOM KOpITyce ObLIH
moJTydeHsl crenyromme 3uauenus merpuk: Recall = 0,870; Precision = 0,878; F-measure = 0,874; Accuracy = 0,861; a mociie 00y4eHus: Ha BTOPOM
kopryce Takue 3Hauenus: Recall =0,965; Precision =0,982; F-measure =0,973; Accuracy = 0,973 IlonydeHHbIe pe3yibTaThl JOKa3bIBAIOT, YTO
JIOIOJHUTEIBHOE 00ydeHHEe Ha BTOPOM KOpITyce HOBBICHIIO 3 (eKTUBHOCTH paboTh kKiaaccudukaTtopos Ha 10-11%.

KiioueBble €/10Ba: CCHTHMCHT-aHAJIN3, aHAIN3 COOOIICHMI COLMAIBHBIX CETEH, MAIIMHHOE OOydeHHe, KIacCH(UKALNS TEKCTOB, HAUBHBIN
OaifecoBCKHUI KIacCH(pUKATOP, PEKYPPECHTHAsI HSHPOHHAS CETh, OlleHKa 3())EeKTHBHOCTH
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Introduction. The task of analyzing the tonality of
the text or sentiment analysis is the task of determining the
emotional attitude of the author to a certain object, which
described in the text. This task is one of the most relevant
NLP tasks. The sentiment analysis is used for assessing the
quality of goods and services according to the Internet user
reviews, for identifying the criminally significant content,
for determent the authorship of texts, for predicting various
economic indicators, for generating of texts with a pre-
established emotional coloring. The amount of information
in electronic form increases exponentially. So, it is not
possible to analyze it manually, therefore, there is a need
for automatic methods and tools of analyzing textual
information, including methods and tools for automated
sentiment analysis.

Last researches and publications analysis. The
analytical review of different sources has showed great
interest of researchers to the task of sentiment analysis [1,
3, 7-9, 11]. In a basic this task is the task of texts
classifying. The result of the task is a set of texts, where
texts or elements are divided into two (positive, negative),
three (positive, neutral, negative), five (positive, rather
positive, neutral, rather negative, negative) or more classes.
There are many methods, which can be used for resolving
this task. It can be divided into several groups. The first
group includes methods based on rules and dictionaries that
use pre-compiled emotive dictionaries and linguistic rules
for searching of emotive words. The first step of the process
of assigning the text to definite class is a search of words
from emotive dictionaries. The second step is assigning the
all found word its tonality or weight from the dictionary.
Then the overall tonality of the text is calculated by
summing the tonality values of each found word. The
second group includes machine learning methods with a
teacher, which used a pre-trained classifier to determine the
tonality of new texts. The classifier is trained on a specially
selected collection of texts with definite type of tonality.
The third group includes machine learning methods without
a teacher. In this case, the methods determine the tonality
of the terms that have the greatest weight. The frequency of
these terms should be greatest in certain text and at the same
time it should be present in a small number in the texts
throughout the collection. Then the tonality of the entire
text is determined by using the tonality of the terms. The
combination of different methods from different groups is
perspective way to obtain a better result.

The aforementioned methods are widely used in
appropriate software for text sentiment analysis, such as
«Analytical Courier» [13], «RCO Fact Extractor
SDK» [10], «VAAL» [14], «Eureka Engine» [3],
SentiStrength [12], etc. They have quite good functionality,
but are not without some drawbacks, especially related to
the analysis of inflected languages with a rich morphology.

Therefore, the purpose of the work is to verify the
efficiency of various methods of social network messages
sentiment analysis.

The main material. The task of sentiment analysis of
social networks messages is basically the same as a
classification task. Let's consider this task in the context of
the separation of texts into three categories: positive
tonality, neutral and negative. Formally, this task can be

represented as follows: if we denote by W = {w,, ....w,, } a
set of emotionally colored words and phrases, and
S = {s1,5,,53} is a set of three classes of tonality of texts,
then the task of determining the emotional attitude of the
author to a certain object, event or the process of the real
world looks like this: f: W — S is to find a mapping of one
set to another.

In this research, to solve the problem of sentiment
analysis of texts in the proposed formulation, two
approaches were analyzed and their efficiency was
estimated, namely, a Naive Bayesian Classifier and a
classifier based on recurrent neural network. The Naive
Bayesian Classifier was chosen because it trains and works
faster than all other classifiers, and at the same time it
solves the problem quite effectively. A recurrent neural
network, in comparison with other types of neural
networks, is best suited for working with texts, since it can
use its internal memory to process sequences of arbitrary
length, it can process output data of arbitrary length, new
information in it can be used to obtain the following state
of hidden layers, it contains feedbacks that allow to save
information.

A detailed algorithm for solving the classification
problem by using the Naive Bayesian Classifier is
considered in [5]. Let’s consider using of the Naive
Bayesian Classifier for sentiment analysis. Let’s introduce
the necessary notation. If T is a social media training
message text template, then T; is a j-th text from training
template T. Previously it was indicated that w; is a presence
of definite word or word combination in set W. Denote the
presence or absence of w; in the T; as w;;

1, w; ETJ
Wif‘{o, w; T

Then x;, is a number of appearance of w; in z-th text
tonality class, where z = 1,3 is a number of text tonality
class s, € S. Let’s s,; is output class of T; text. Denote
number of appearance of z-th text tonality class in training
template T as y,.

Taking into account the introduced notation, the
classification algorithm for sentiment analysis using the
Bayesian Classifier has the following steps.

I. Training of the Naive Bayesian Classifier:

1. Calculate the number of appearance of w; for each
text tonality class separately

Xiz = Z Wij ,Z = 1,3
iEW, JET

2. Calculate number of appearance of s, in training

template T
v, =) 5,2 =13

Jer

3. Calculate conditional probability P(W"/SZ) of
occurrence w; in z-th text tonality class
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w; Xi
P( l/sz) — %
z=1 xiZ
4. Calculate probability P(s,) of T;-th text assignment
to the z-th text tonality class

Vz
Z;:l Yz

I1. Using of the Naive Bayesian Classifier:

P(s;) =

1. Calculate conditional probabilities P (Sz / )
{Wij+1}
of T, -th text

j2 (SZ/{WU+1}> = P(s,) * np(m/sz).

2. Define output class s, .1 of the T;,., -th text. Denote
R, as the conditional probability of the output class

j+1 X
R B P Z/ )
( { l]+1}

Szj+1 = argmax ,_3R,.

As mentioned earlier, in addition to the Naive
Bayesian Classifier, the efficiency of the classifier based on
recurrent neural network was also evaluated in this paper.
We used an architecture for neural network called a simple
recurrent neural network or EIman network [4]. This is the
recurrent neural network version that very easy to
implement and train. The network has an input layer x,
hidden layer s (also called context layer or state) and output
layer y. Input to the network in time t is x(t), output is
denoted as y(t), and s(t) is state of the network (hidden
layer). Input vector x(t) is formed by concatenating vector
wrepresenting current word, and output from neurons in
context layer s at time t- 1. Then input, hidden and output
layers are computed as follows:

x(t) =w()+s(t—-1),

si(t) = f(Z xi(t)uij>,

4

e® =g| ) 50wy |,

J
where f(z2) is sigmoid activation function:

1

f(Z)=1+e‘Z

and g(2) is softmax function

Zm
9(@zm) = W

For initialization, s(0) can be set to vector of small
values. In the next time steps, s(t + 1) is a copy of s(¢).
Input vector x(t) represents word in time t encoded using
1 —of — N coding and previous context layer — size of
vector x is equal to size of vocabulary V plus size of context
layer.

Networks are trained in several epochs, in which all
data from training corpus are sequentially presented.
Weights are initialized to small values. After each epoch,
the network is tested on validation data. If log-likelihood of
validation data increases, training continues in new epoch.
If no significant improvement is observed, learning rate is
halved at start of each new epoch. After there is again no
significant improvement, training is finished.

Output layer y(t) represents probability distribution
of next word given previous word w(t) and context
s(t-1). Softmax ensures that this probability distribution
is valid: y,,,(t) => 0 for any word m and Y, y, (t) = 1.

At each training step, error vector is computed
according to cross entropy criterion and weights are
updated with the standard backpropagation algorithm:

error(t) = desired(t) — y(t),

where desired(t) is a vector using 1 —of — N coding
representing the word that should have been predicted in a
particular context and y(t) is the actual output from the
network [6].

The Naive Bayesian Classifier and the classifier based
on the recurrent neural network were trained on the same
data set — the Russian-language corpus of short texts
RuTweetCorp [18], consisting of 114 911 positive, 111 923
negative and 107 990 neutral entries for time period from
the end of November 2013 to the end of February 2014.
Each text in the corpus has the following attributes:
publication date; author's name; Tweet text; the class to
which the text belongs (positive, negative, neutral); the
number of messages added to favorites; the number of
retweets (the number of copies of this message by other
users); number of friends of the user; the number of users
who have this user in friends (number of followers); the
number of lists the user is in [18, 20]. After training, the
sentiment analysis of new texts was made by both
classifiers. The results of classifiers efficiency evaluation
after training on the RuTweetCorp corpus are presented in
the Table 1.

Also in the research, it was decided to test the
hypothesis that the efficiency of classifiers will increase if
they are additionally trained on the social networks
messages corpus [17], in which the tonality of slang words
have been marked up. A similar hypothesis but with
another formulation was provided in the [15]. Taking into
account the tonality of slang words is important, since at
the present stage of the development of the linguistic
culture of society, the use of slang words is more and more
noticeable, they enter both the everyday speech of almost
all segments of the population and the media space,
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especially the Internet media space. In addition, according
to numerous linguistic studies, slang words and expressions
are used to create the effect of nowvelty, unusualness;
transmission of a certain mood of the speaker; giving the
statement concreteness, liveliness, expressiveness, brevity,
imagery, i.e. it can be fully used for sentiment analysis of
texts.

Let’s called the second corpus as Slang corpus. It
consists of social networks Facebook and Instagram
messages as well as the messages and posts from Pikabu
web-site. It contains approximately 150000 words [17].
The emotional tone was tagged for each slang word in
Slang corpus. Information about slang words’ emotional
tones were taken from youth slang dictionary [16], that
contains approximately five thousand slang words (1493
positive, 1344 negative and 2141 neutral words). The
results of classifiers efficiency evaluation after additional
training on the Slang corpus are also presented in the
table 1.

The experiment steps are represented in Figure 1 in
IDEFO notation. The functional modeling of the training
process by using IDEFO notation consists of two stages.
The first stage shows the process of training the classifier
on the RuTweetCorp corpus. After that, the calculation of
efficiency is carried out. At the second step, the slang
corpus is using for classifier training. Then numerical
calculations and analysis of the results are carried out.

Step |
RuTweetCorp
corpus classifier
trained model efficiency
Classifier training for estimation
sentiment-analysis l metrics
classified texts
1 Texts sentiment-
analysis ;
efficiency
texts for analysis 2 Efficiency estimation | estimation results
of ification
3
L
Step Il Program component for research
csolzjnuqs classifier
Additional training of | rained model efficiency
classifier for ) estimation
i - i metrics
sentiment-analysis classified texts
4 Texts sentiment-
analysis ; X
efficiency
texts for analysis 5 Efficiency estimation | estimation results
of classification >
6
L %
Program component for research

Fig. 1. The experiment steps in IDEFO notation

As you can see, the input data is marked up corpuses,
and the result is the numerical values of the Recall,
Precision, Accuracy, F-measure metrics to estimate the
classification efficiency.

Results and discussion. To assess the quality of the
obtained classification results, generally accepted metrics
were used: Recall, Precision, F — measure, Accuracy.
For the calculation of metrics the values of the following
parameters were calculated:

TP is the number of true positive results;

TN is the number of true negative results;
FP is the number of false positive results;
FN is the number of false negative results.

Precision is the proportion of objects classified as X
that really belong to class X:
TP

Precision = —————.
recision TP + FP

Recall is the proportion of all objects of class X
classified as belonging to class X:
TP

Recall = m

F —measure is the harmonic mean between
Precision and Recall:

2 X Precision X Recall
F —measure =

Precision + Recall

Accuracy is the proportion of right classified objects
in the all classified objects:

| _ TP + TN
CCUraY = TP+ TN+ FP + FN

The results of classifiers efficiency evaluation after
training on two corpuses are presented in the Table 1. In
this table NBC means Naive Bayesian Classifier, and
RNNC means Classifier based on Recurrent Neural
Network.

Table 1 — Efficiency estimation of classification results

Corpus Slang corpus
Metrics RuTweetCorp
NBC RNNC NBC | RNNC
Recall 0,853 0,870 0,948 0,965
Precision 0,869 0,878 0,975 0,982
F-measure 0,861 0,874 0,961 0,973
Accuracy 0,855 0,861 0,960 0,973

As the efficiency estimation results analysis shows
with additional training on the second Slang corpus the
efficiency of classifiers increased by 10-11%, which
confirms the research hypothesis proposed earlier.

Conclusions. A comparison of the efficiency
estimation results of the Naive Bayesian Classifier with the
results obtained by other researchers on the RuTweetCorp
corpus [20] showed that the discrepancies are insignificant.
However, it is not possible to compare the efficiency of the
classifier based on recurrent neural network with similar
ones due to the lack of references to such researches with
the RuTweetCorp corpus.
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OBIPYHTYBAHHS MNONEPEJHHOTO BUBOPY APXITEKTYPU CUCTEMH OBPOBKHU JIAHUX 3
BUKOPUCTAHHAM HEUYITKOI JIOTTKHA

Meroro poboTi € (GopMyBaHHS MiIXOAY IO IMONEPEAHBOrO OOIPYHTYBaHHS BHOOpPY THITy apXiTEKTypH CHCTEMH OOpPOOKHM JaHMX 1 YIpaBIIiHHSL.
ApXITeKTypa CUCTEMH SBJIsIE COO0I0 criocoOu mo0yA0BH Ta OpraHi3aiii ii yHKIIOHyBaHHS B POLIECi BUKOHAHHS MPOTPaM 00POOKHU AaHMX 1 yIpaBIIiHHS.
SIKICTB apXIiTEKTYpU MOXKe OYTH PO3IIISHYTO 3 MO3MLIH NPUHHATHX KPUTEPITB e(hEeKTUBHOCTI TAKUX SIK, HAPUKJIIA]], IPOIYKTUBHICTB, OOCSTH PECypCiB,
BapTicTh 0OPOOKH Ta iHII. BUXiTHUMY HaHUMM JUIS IPUAHATTS PillleHb 10 BUOOPY KPAIIIO0 apXiTEKTYPH € XapaKTePHCTUKU JaHUX 3a/1a4, alTOPHTMH
00poOKH, XapaKTEPUCTHKH NPUHHATHAX THITIB apXiTEeKTypH OOUYMCITIOBAIBHUX NPUCTPOIB, YMOBH i BUMOTH JI0 OpraHi3allii 004HCIIFoBaIbHUX MPOIIECIB
1 IIPOIIECIB yNpaBIiHHSA, NPOLELYPU 00POOKH, TX XapaKTePUCTHUKHU i MapaMeTpH, OCOOIUBOCTI MPOTPAMHOTO CEPEIOBUINA, IHCTPYMEHTAIBHUX 3ac00iB
po3poOkH i Mopudikanii mporpaMHuX pinreHs. HasBHICTh HEBU3HAYCHOCTI, BUKJIMKAHOI MaHOyTHIMH acTieKTaMy (yHKIIOHYBaHHS CHCTEMH OOpOOKH
JIaHUX 1 yMOBaMH ii BUKOPHCTaHHS, a TaKOX 30BHINIHIMH i BHYTPIIIHIMK (paKTOpaMH, IO TOCTIifHO 3MiHIOIOTHCS, TIPU3BOJNTH 0 HEOOXiTHOCTI
BHUKOPHCTAHHS MiAX0/1iB (POPMyBaHHS apXiTEKTypH CUCTEMU 0OPOOKH JaHUX 3 MO3MUIIIH 3MEHIICHHS PU3UKY NPUIHATTS HEOOTPYHTOBAaHUX pilieHb. Tomy
BUHHUKAIOTh IIOTPEOH B 00pOOLI JaHUX y CKIaki poOOYOro HaBaHTAXKEHHS, SIKE 3MIHIOETBCS Y Yaci, [0 NPOSIBISETHCS SIK Y CYKYIMHOCTI 33/1a4 00poOKH
Ta IX BUXIJJHUX JJaHUX, TaK i B HEOOXiTHUX mporeypax oopobxw. Li ymoBu hopMyroTh cepeoBrine 0OpoOKH AaHHX, JUIS IKOTO MOKe OyTH MOCTaBIIeHa
Y BIJNOBITHICTh cHCTEMa OOPOOKH 3 afeKBaTHOW apXiTeKkTypow. CTymiHb aJeKBaTHOCTI apXiTEKTypH TakKol CHCTEMH MO)Ke OYTH OIliHEHa 3 TO3MLIN
oOpaHuX KPUTEPIiB 1 piBHIB iX y3ro/pkeHHs. BapiaHTu apXiTeKTypH CHCTEMH, 10 BiANIOBIIAIOTh Y3rODKEHHM PILICHHSM, CKJIAJAI0Th MiAMHOXKHUHY, SIKa
HaJae oOIPYHTOBAHI BapiaHTU BUOOPY PillleHb, IO MOXYTh MPHUUMATHCS 3 OLIIHKAMH €(EKTUBHOCTI. 3 OMVIY Ha 3pOCTAIOYHI IHTEepec 3aMOBHHKIB J10
00yI0BY OOYHCIIIOBAIFHIX CHCTEM Ha OCHOBI XMAapHHX TEXHOJOT1H, 00IPYHTYBaHHS Ta BHOIp apXiTEKTYPH CHCTEMH 0OpOOKHU NaHUX 3 BUKOPHCTAHHIM
HOCITYT XMapHUX 004YHCIICHb HaOyBa€e 0COONMBOI aKTyalbHOCTI. I1iIroToBKa MOAIOHUX CHUCTEM JI0 3aCTOCYBaHHS MOXKE 3aMaTH Kilbka XBWIHH. ToMy
JUISL TIOMIIIICHHS SKOCTI OOIPYHTYBaHHS MONEPEAHBOr0 BUOOPY apXiTEKTypH CHCTEMH OOPOOKH JaHMX HPOMOHYEThCS BUKOPHCTOBYBATH IPOLECAYPH
amapaTy HediTkoi joriku. J{yis imocTpanii miaxomy IPONOHY€EThCS MPUKIIA YUCEIbHIX PO3PAXyHKIB Ta aHaJIi3 OTPHMAHHX Pe3yIbTaTiB.
KurouoBi ciioBa: apXiTekTypa, KOMII IOTepHA CHCTEMa, 00poOKa JaHuX, KpUTepil, HeuiTKa JIOriKa, alrOPUTM.
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OBOCHOBAHMUE NPEJBAPUTEJIBHOTI'O BBIBOPA APXUTEKTYPbI CUCTEMBI OBPABOTKHN
JIAHHBIX C UCTTIOJIb30BAHUEM HEYETKOM JIOTUKA

Ilenbio paboTh! sBiIsieTCS (POPMUPOBAHKE MOAXOAA K MPEIBapUTEILHOMY 00OCHOBAHHIO BEIOOpA TUIIA apXUTEKTYPHI CHCTEMBI 00PaOOTKU TaHHBIX H
YIpaBlIeHUS. APXHTEKTypa CHCTEMBI MPEICTaBIsIeT CO00il CHOCOOBI MOCTPOEHUSI M OPTaHU3alUHU e¢ (PyHKIMOHHPOBAHUS B MPOIECCE BHITOTHEHHS
porpaMM 00pabOTKH JaHHBIX U ynpaBieHus. KadecTBo apXHTEKTypbl MOXKET OBITh PACCMOTPEHO C HO3ULUH HPUHATBIX KpPUTEPHEB 3((EKTUBHOCTH,
TaKHX Kak, HaIpHMep, IPOH3BOAUTENHHOCTE, 00BbEMBI PECYPCOB, CTOMMOCTE 00paObOTKH U Apyrue. McXOQHBIMU JaHHBIMH UL IPUHATHUS PEIICHHUH 110
BEIOOPY HPEAIOYTHTENRHON apXUTEKTYPHI SBISIOTCS XapaKTePUCTHKU NAHHBIX 0OpabaThIBaeMBIX 3a]ad, alrOPHTMBI 00pabOTKU, XapaKTepPUCTHKU
HPUEMIIEMBIX THIIOB apXUTEKTYPbl BBIYUCIUTEIBHBIX YCTPOICTB, YCIOBHS U TPEOOBAHMS K OPraHU3allMM BBIYMCINTEIBHBIX NIPOLECCOB U IPOLIECCOB
YIIpaBIICHUS, IPOLEAypbl 00PaOOTKH, MX XapaKTePUCTHKU U MapaMeTpbl, OCOOEHHOCTH HCIIONB3YeMOH HPOTrpaMMHOU Cpelbl, HHCTPYMEHTaIbHBIX
CpeICTB pa3paboTKU H MOAU(UKAITHY IPOrPaMMHBIX peneHuil. Hanndane HeonpeneneHHOCTel!, BEI3BAHHBIX OyIyIIMMHU aceKTaMH (QYHKIIHOHUPOBAHHS
CHCTEMbI 00pa0OTKU JAHHBIX M YCIOBHSMHU €€ HCIIOJIb30BAHMSA, a TAKXKE JUMHAMUYECKN M3MEHSIOIMMHUCS BHELIHMMH M BHYTPEHHUMH (akTopamy,
NPUBOJUT K HEOOXOAUMOCTH HCIIOIb30BAaHHS IIOAXOIOB (OPMUPOBAHMS HCKOMOH apXUTEKTYpHl C IO3HIUH YMEHBIICHUS PHUCKA IPHUHSTHA
HEO0OOCHOBAHHEIX pelleHui. [109ToMy Bo3HUKaOIIe TOTPeOHOCTH B 00pabOTKe JaHHBIX B COCTaBe AMHAMHIYECKH (HopMHpyeMoil pabouell Harpys3KH,
KOTOpasi NMPOSIBJIACTCS KaK B COCTaBe 00pabaThiBaeMbIX 3a7ay M MX HUCXOAHBIX JAHHBIX, TAK U B TpeOyeMbIX IHpoueaypax o0paboTku, GpopMupyror
JIMHAMHYECKH HM3MEHSIOMIYIOCS Cpemy OOpaOOTKH, UL KOTOpOH MOXKET OBITh IOCTaBICHa B COOTBETCTBHE CHCTEMa OOpabOTKM ¢ ameKBaTHOU
apxuTekTypoil. CTeneHb aIeKBaTHOCTH apXHTEKTYPHI TaKOH CHCTEMBI MOXKET OBITh OLICHEHa C INO3MLHMH BHIOPAHHBIX KPHUTEPHEB M YPOBHEM HX
COMIaCOBaHUsI, BapumaHThl apXUTEKTYpbl CHUCTEMbI, COOTBETCTBYIOIIHE COIVIACOBAHHBIM DCIICHHSAM, OOBEIHHSIOTCS B  IIOJAMHOXECTBO,
IIPeIOCTaBISIONIEe OOOCHOBAHHBIE BapHAHTHI BHIOOpAa NPHHHMAEMbBIX pEIIeHHH C OIeHKaMH d(QEKTUBHOCTH. YUHTHIBas pacTyLIMil HHTepec
3aKa3YMKOB K IIOCTPOCHUIO BBHIUMCIIUTEIBHBIX CHCTEM Ha OCHOBE OOJAYHBIX TEXHOJIOTHH, 0OOCHOBAHHME M BHIOOP apXUTEKTYPHI CUCTEMBI 00pabOTKH
JIQaHHBIX C UCIIOJIb30BAHMEM YCIIyT 00JIauHbIX BEIYMCIICHUH prUoOpeTaeT 0co0yro akTyalbHOCTh. [10AroToBKa MOIOOHBIX CUCTEM K IIPUMEHEHUIO MOXKET
3aHMMATh HECKOJIBbKO MUHYT. [ToaTOMYy JUIs yiTydnieHHs KauecTBa 00OCHOBAHHS IIPEIBAPUTEIILHOTO BEIOOpA apXUTEKTYPHI CHCTEMBI 00pabOTKI JaHHBIX
IpeJuIaraeTcsl UCIoIb30BaTh MPOIEAYpPHl almapaTa HeYeTKOH JIOrHKU. [l WIIIOCTpaliy MOAXOAa HpeyIaraeTcs MpUMep YHCICHHBIX PacuyeToB U
aHAJIIM3 MOJIyYCHHBIX PEe3yJIbTaTOB.
KioueBble c10Ba: apXUTEKTypa, KOMIBIOTEpHAs CHCTeMa, 00paboTKa JaHHBIX, KPUTEPHH, HeUeTKasl JIOTHKA, alTOPUTM.

S. V. SHEVCHENKO, V. 0. GUZHVA, V. D. MALYSH, I. Y. MORKVA

SUBSTANTIATION OF THE PRELIMINARY SELECTION OF ARCHITECTURE OF DATA
PROCESSING SYSTEM USING FUZZY LOGIC

The purpose of the work is to formulate an approach to the preliminary justification for choosing the type of architecture of the data processing and
control system. System architecture is a way of constructing and organizing its functioning in the execution of data processing and control programs.
The quality of the architecture can be viewed from the standpoint of accepted efficiency criteria such as, for example, productivity, volume of resources,
cost of processing and others. Initial data for making decisions on the choice of the best architecture are the characteristics of these problems, processing
algorithms, characteristics of acceptable types of architecture of computing devices, conditions and requirements for the organization of computing
processes and control processes, processing procedures, their characteristics and parameters, features of the software environment, development tools
and modification of software solutions. The uncertainty caused by the future aspects of the data processing system’s functioning and conditions of use,
as well as constantly changing external and internal factors, necessitates the use of approaches to design the data processing architecture from the
standpoint of reducing the risk of making unreasonable decisions. Therefore, there is a need for data processing as part of a workload that changes over
time, manifesting itself in the totality of data processing tasks and their intput, and in the necessary processing procedures. These conditions form a data
processing environment for which a processing system with an adequate architecture can be used. The degree of adequacy of the architecture of such a
system can be estimated from the standpoint of the selected criteria and the degree of their agreement. The system architecture options that match the
agreed solutions are a subset that provides sound decision choices that can be made with efficiency evaluations. Given the growing interest of customers
in the development of cloud-based computing systems, the justification and choice of data processing system architecture using cloud-computing services
is of particular relevance. It may take a few minutes to prepare such systems for application. Therefore, to improve the quality of justification for the
previous choice of architecture of the data processing system, it is proposed to use the procedures of the fuzzy logic. An example of numerical calculations
and an analysis of the results obtained are offered to illustrate the approach.
Keywords: architecture, computer system, data processing, criteria, fuzzy logic, algorithm.

Beryn. BusHaueHHS apXiTeKTypH KOMII'IOTEPHOI
cucTeMH OOpOOKM JaHWX JJisi BUKOHAHHS IPOLECIiB 00-
pOOKM JaHMX, a TaKoX IPOLECIB YIPaBIiHHS iX BHKO-
HaHHSAM B OOpaHMX YMOBaxX C MO3HWIIH psAAy KpUTEpiiB
e(eKTUBHOCTI, Ma€ TIOCTifiHE aKTyaJbHEe 3HAYCHH,
BpPaxOBYIOUH BIIPOB3/DKCHHS HOBHX aBTOMATH30BaHHUX
TEXHOJIOTIYHUX TIPOIECiB, PO3POOKY Ta BHKOPHUCTAHHS
HOBUX 3pa3KiB KOMII' IOTEpHOI TEXHIKH Ta OOJagHaHHS,
HOBUX iHGOPMAIIIHHUX TEXHOJIOT1H, TIOSABY Ta IIMUPOKE PO3-
MTOBCIOI)KEHHS 3aCTOCYBaHHS XMAapHHX OOYHCJICHb 3 BH-
KOPDHCTaHHSAM  BIPTyaJbHUX  OOYHCIIOBAJbHHUX  CHC-
tem [1]-[4].

BiamoBigHiCTh BHMOTaM J0 apXiTEeKTypH TaKHX
CHUCTEM € BH3HAYAJIbHUM YMHHHUKOM, SIKUH OOYMOBJICHUI
3pOCTaHHSAM CKJIAIHOCTI HOBUX TEXHOJIOTIYHHX MPOLECIB 1
3a/a4 yImpaBliHHSI HAMH, PO3POOKO HOBHX IPOTPaMHHIX
pillieHb, IO peaNi3yloTh IMPOLEAYpPU OOpOOKM NaHHMX Ta
ynpapiinHs. CTymiHb BIAMOBIAHOCTI MOXKHA OIIHUTH 32
JIOTIOMOT'OI0 00paHOr0 HAOOPY KPHUTEPIiB.

TakuM YMHOM, BHHHKAE HEOOXiMHICTh PO3TISTHYTH

(hopmanizaniro npoueaypu BUOOpY apXiTeKTYpHHX PillleHb
JUTst TOOYIOBU cUCTEMHU 0OpOOKY JaHUX cepell BUZHAUCHHUX
BapiaHTIB.

Ha erani npoekTyBaHHS KOMII IOTEPHOT CUCTEMH CJIi]T
3a3HAYUTH HasBHICTh HEBHU3HAYCHOCTI ocoOnmBocTed ii
MalOyTHROTO BHKODHCTaHHS Ta pAQy BUMOT JIO 1i
oprasizailii, siKi He J03BOJISIOT YiTKO BU3HAUNTH IIEpeBary
onHi€l apxitekTypu mepen inmor [5]. BHacmigok mporo
MOXXHa BBaKaTH 3a JOI[IIbHE BUKOHYBaTH  OIIHKY
BiJIMOBIAHOCTI apXiTEKTypH KOMIT IOTEPHOI CHUCTEMH, IO
BUKOPUCTOBYETHCSI B TIEBHUX YMOBAaxX, 3 MO3MIIH Teopil
HeuiTkol Jioriku [6]. [Iyis BHUKOHAaHHS pO3PAaxyHKIB Ta
MPOBEJICHHS aHATI3Y OTPUMaHUX PE3YJIbTATIB HEOOX1THIUM
€ BIJMOBiIHAa PO3poOKa MPHUKIAJHOTO HPOIPAMHOIO 3a-
Oe3neyeHHs.

AKXTyaJIbHICTh BUpIIICHHS 3a3HaYEHUX 3a]a4 3HAYHO
MiJABUIYETHCS TPU OLIHII TNPONO3ULIH BIpTyaJbHUX
3ac00iB KOMI'IOTEpHOI OOpOOKM JaHWX, L0 IPOIOHY-
I0ThCSl CepBiCAaMM XMapHHUX TEXHOJIOTIH pI3HMX HpoBaid-
Jepis ta pisuis [3].
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TurnoBuit HaOlp XapaKTEPUCTHUK SKOCTI apXiTEeKTypH
XMapHOi KOMII'IOTEpHOI CHUCTEMH MICTUTh BHIHM HpOLe-
COpiB, IIO MPOMOHYIOTHCS [UIsi BUKOPUCTAHHA y CKJIAJI
BIpTyaJlbHOi OOYMCIIIOBAIBHOI CHUCTEMH, IX KIJIBKICTb,
TaKTOBY YacTOTY, 0OCSTY MPUCTPOIB ONEPATHBHOT 1aM ’sITi,
Kel-aM’sTi, 30BHIIIHBOI Mam’ATi, IX MPOIyCKHA
CIIPOMOXHICTP Ta dYac [OOCTYIy, KaHAIW 3B’S3Ky, iX
XapaKTepUCTHKH, HaNiHICTh, BapTICTh OKPEMHX KOMIIO-
HEHTIB, NPHCTPOIB Ta CHCTEMH B IIIOMY, YMOBH BHKO-
pucTaHHs i T. 1. [4].

Jis OIiHKM KOHKPETHHX BapiaHTIB apXiTeKTypu
HEOoOXiTHO YTOYHIOBAaTH 1 ajantyBaTH Halip Xapakre-
PHUCTHK JI0 OOYMCIIIOBAILHOTO HaBaHTaKEHHS, SKE OYIKY-
€THCS TIPH 3aCTOCYBAaHHI CUCTEMH B IIEBHUX YMOBaX.

Sk mpaBmIIO, KpHUTEPIi SKOCTI apXiTEKTypH KOMII 10-
TEPHOI CHUCTEMHM BH3HAYAIOTHCS BUMOTaMU TEXHIYHOI'O
3aBIaHHs Ta (DYHKLIOHAJIBHUM IPU3HAYCHHSIM KOHKpET-
HHX CHCTEM. IX XapakTepHCTHKM MOTPiOGHO yTOUHIOBATH B
Iporeci MPOeKTYBaHHA, IO MOXE NPH3BECTH 10 HEO0O-
XiTHOCTI TIOBTOPHOTO TIPOBEICHHS OIIHOK JOCTYIHHX
BapiaHTIB.

IMocTtanoBka 3agayi. PUHKOBI yMOBH B €KOHOMIIIL
HaKJIQJAIOTh JIOJaTKOBI BHMOTH JIO IOTPIOHOrO piBHSA
KOHKYPEHTO3/IaTHOCTI cy0’eKTa pHUHKOBHX BigHOcuH. Lle
BiZIOOpaXy€eThCS Y HEOOXITHOCTI MATPUMKHU e(heKTUBHOCTI
YIIpaBJIiHHS Ha BCiX eTanax Horo AisIbHOCTI 1, epIi 3a Bee,
npu QGopMyBaHHS YNPABIIHCHKHX DIIEHb B pe3yJbTati
BUpilIeHHs 3ana4 oO0poOku naHux. ToMmy BHKOHaHHS
IpoIeciB 0OpOOKH HTaHWX KOMIT IOTEPHOI0 CHCTEMOIO 3
apXiTeKTypolo, IO BiJIOBiZa€ yMOBaM 3aCTOCYBaHHS Ta
pobouoMy HaBaHTaKEHHIO CHCTEMH, € OJHIEI0 3
HEOOXiTHUX YMOB 3a0e3ledyeHHs HeoOXiTHOTO piBHS
e(pEeKTHBHOCTI 0OPOOKH Ta KOHKYPEHTO3IaTHOCTI CY0’ €KTa
PHHKOBHX BiZTHOCHH.

OpHi€l0 3 BIAMIHHUX OCOOJIMBOCTEH IMPUHHATTS
pillieHb TIpH BUOOPI apXiTEKTypH KOMI IOTEPHOI CUCTEMH
JUisi 0OpOOKHM TaHWX B MEBHUX YMOBaX € XapaKTePHCTHKU
po00YOro HaBaHTAXXKEHHS, 10 BU3HAYAIOTHCS CYKYITHICTIO
3aja4, SKi HAQAXOAATh B CHCTeMYy Ha OOpOOKy B NEBHHI
nepiog uacy. Tak, BH3HAa4YeHHS apXiTEKTypH MOXKe
BUKOHYBaTHCS sl poOOOYOro  HABAHTAXKEHHS, IO
copMoBaHe OHOPa30BUM HabOpOM 3a1ad, abo 3a1a4aMu
JeKOro Kijlacy, abo IOTOKOM HE3alIeXHUX 3ajad, abo
3aja4, JUIA SIKMX XapakTepHUM € IIOBTOPIOBAaHICTb
BIJIMOBITHUX MpPOLEAYp BHPIMICHHS Ta YIpPaBJIiHH,
HasBHICTH B3a€EMO3B’S3KiB OKPEMHX €TaIliB BUPILICHHS, [0
BHMarae KOOpAHMHAIIT i CHHXpOHi3allii po3paxyHkiB. Tomy
Bil SKOCTI TIPOLIECIiB BHpIMIEHHS Ta JOCTOBIPHOCTI
OTpUMaHUX PE3YJbTATIB iICTOTHO 3aJIeXXKUTh €()hEKTHBHICTh
mporieciB 00poOKM AaHUX Ta YNMPaBIiHHA 1 €PEKTHBHICTH
BHKOPHCTAHHSA KOMII IOTEPHOI CHCTeMH OOpOOKH MaHWX
BiJINIOBiJTHOTO PiBHS B IILJIOMY.

CkiagHicTh BHOOpPY apXiTEKTypH KOMII IOTEpHOT
cucteMr OOyMOBJIEHA HAsIBHICTIO Ta J€l0 psily HEBU-
3HAQUEHMX YHMHHHKIB 3 HEOOXimHICTIO 00Ky O0araThbox
¢axropiB, mo Oe3mocepeHbO0 BIUIMBAIOTh Ha €()EKTHB-
HicTh 00poOkm nanux. Cepex HUX - CKJAJ 33j4ad Ta
0o0csarn  0OpOOKH, CKIAJHICTh AITOPUTMIB OOPOOKH i
VIOpaBJIiHHA Ta TMOOYIOBH BIAMOBIZHUX MPOTPAMHUX
MOJYIiB, 9aCTOTa 0OPOOKH a00 BUTIAAKOBICTh 1HII[IFOBAaHHS
Tporeayp oOpoOKH, TOsBa 3a/1ad PO3IMOAiIeHOI 00poOKH,

iX 1HIIIOBaHHS, CHHXPOHI3AIlis Ta KOOPJHMHAIlSA, CTaH
MaKpOEKOHOMIYHUX (DaKTOPIB, 1110 BILIMBAIOTH HA YMOBHU Ta
HEeOOXiTHICTh BUpIIICHHS BIJNOBIIHUX HaOOpIB 3aaad,
NPOTHO3YBaHHA TEHJCHIIM Ta BUHUKHEHHS 3a3HaYCHUX
YMOB Ta iH.

Juis BupimeHHS 3amadi OOTPYHTYBaHHSA BHOODPY
ApXITeKTypH KOMIT IOTEpHOi OOYHCITIOBANIbHOI CHCTEMH
IpH BIIOMHX MapaMeTpax IIpOIeciB OOpoOKH MaHWX
MOXYTh OyTH BHKOPHCTaHI TPaIWLiiHI MPOLEAYpH, IO
BIJNOBIAIOTh 3aJadaM pPO3MOILTY HABAHTAXECHHS BHKO-
HaHHA 00pOOKH TaHUX 3TiJHO HasBHUM pecypcaM CUCTEMHU
3 OLIIHKOIO 3HaY€Hb KPUTEPIIB SKOCTI U PI3HUX BapiaHTIB.

BpaxyBaHHSI MOKJIMBOCTI HIOSIBH B cUCTEMi 00poOKH
JAHUX 3a7a4 3 HEBU3HAYCHUMHM 3a3Jajierilb yMOBaMH
BUPIIICHHS Ta XapaKTEPUCTHKAMHM 10 3a37aJieTib HEBi-
JIOMi, BUMarae 3aCTOCOBYBATH arapaT Teopii KMOBIpHOCTI,
Ta MareMaTHYHO! CTaTUCTUKH, IPOBOAMUTH  OLIHKY
CepelHiX 3Ha4YeHb, IACHTHU(]IKAIIO 3aKOHIB PO3MOILTY
BUIIAJIKOBUX BEIWYHMH Ta BU3HAYCHHS iX XapaKTEPHCTHK,
mo MoXXe OyTH peali3oBaHO JHINE NpPH HAIBHOCTI
JOCTAaTHIX CTATHUCTHYHHMX [AHUX Ta OOYMCIIOBAIBLHUX
pecypciB. Lls cuTyanis MoXe 3MIHUTH CKJIaJl Ta PEHTHHT
KpuTepiiB edekTHBHOCTI BapiaHTiB BHOOpY 1 0e3yMOBHO
NPU3BECTH 0 BTpar, 00yMOBJIEHHUX, 3 OJHOTr0 OOKy, abo
BapTICTIO HEBUKOPUCTAHUX HAaIMIPHUX OOYHMCIIOBAJIBHUX
pecypciB ISl BUPILIICHHS MOTOYHUX 3a1a4 00POOKH JaHUX,
a00, HaBMaKkH, 30UTKAMH BHACIIIIOK BiIMOB a00 3aTPUMOK
y BUpIIIEHHI BiIIOBIIHUX 3a1a4 3 BTPATOI0 aKTyaJbHOCTI
Ta aJeKBAaTHOCTI YINPaBIIHCHKUX pIMIEHb BHACIIIOK
BiJICYTHOCTI BKa3aHHX PECYPCIB.

[lomepenne OOIPYHTYBaHHS IOLUIBHHUX BapiaHTIB
apXiTEeKTypu cHcTeMH OOpPOOKM TaHUX 3 BHKOPHUCTAHHAM
SKICHAX METO[IB, 34aTHUX BiJOOpa3UTH HEBU3HAYEHOCTI
PUHKY, TOTpeOH KI€HTIB, HEIOCTATHICTH CTATUCTHYHOI
iHpopMallii, HEeYUCIOBI, HEYITKI TOHATTS 1 OLIHKK MOXe
3HAYHO CKOPOTHUTH KiJIBKICTh pillleHb, 10 MalOTh OYyTH
BUKOPHCTaHI y TOJJBIIOMY BH3HAu€HHI 3HAYeHb OKpe-
MHUX XapaKTepPUCTUK Ta IMapaMeTpiB CHCTEMH OOpoOKH
nannx. Tomy mis BupilieHHs JaHoi 3amadi mepepary
MaroTh METOJH, 1[0 OCHOBaHI Ha BUKOPUCTAHHI INTYYHUX
HEWPOHHMX MEpeXK, I'CHeTHMYHHX AITOPUTMIB, HEYIiTKO-
MHOXXHMHHUX miaxoniB [5]. JouwinpHicTh 3acTOCyBaHHS
amapary Teopii HEeUiTKMX MHOXXMH BU3HAYa€ThCs THUM, IO
e(eKTUBHICTh BIPOBA/DKEHHS 1 BUKOpUCTaHHS iH(opMa-
LIHUX CUCTEM B 3HaYHIN Mipi BU3HAYA€THCS €KCIIEPTHUMHU
omiHKamu. HeuiTke MOIeNIOBaHHSA IIOJaHHSI 3HAYEHb
OIIHOK €KCIEPTiB JO3BOJIAE MPHUOIU3UTH PE3yIbTATH [0
peasbHUX NpOLEnyp i, y HOAANBIIOMY, OTPUMATH YHCEITb-
Hy IHTEpIIpeTaIlifo HEYiTKUX, JIHIBICTHIHHX IOHATH i
OIIIHOK JiIsi iX O0OpoOKM 1 TPUHHATTS HEOOXiTHUX
yIpaBIiHCHKHUX pinreHs [6]-[10].

TakuM 4YMHOM, BHHHMKA€ HEOOXIIHICTH 3alporoHY-
BaTH MiAXil Ta TPOLEIYpH OIEPAaTHBHOTO BHOOPY
apXiTEeKTYpU KOMIT FOTEpHOi CUCTEMH 00pOOKH AaHUX, IO
BiJNOBiZa€ MmOTpeOaM 3aCTOCYBaHHSA C MO3MIIA Psay
KpHTEpiiB €hEeKTUBHOCTI, CKJIaJ, PEHTHHT 1 3HAYEHHS KX
MOX€ 3MIHIOBATHCS B YMOBaX AMHAMIYHUX 3MiH poO0OYOro
HABAaHTAXKCHHS CHUCTEMH OOpOOKHM JaHMX Ta JOCTYHHHX
MPOMO3UIi  OOYHCITIOBAILHUX PECYpPCiB  0COOIMBO B
YMOBaX XMapHUX O0UYHCIICHb.

BaratokputepiajibHuii

aHaJji3 AJIbTCPHATUB.
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Bynemo BBakaTh, IO BiJoMa MHOXXMHA BapiaHTIB
apxiTeKTypu TOOYIOBH CHCTEMH OOpOOKHM  JaHUX
P ={P,iel}, I={12,..,m}, MHOKMHa OOpaHHX
KpHTEpiiB SKOCTI apXiTEeKTypH G = {G]-, JE ]},
J=1{12,..,n}.

BararokpurepianbHuil aHami3 anbTepHATHB 0a3yeThb-
¢ B YHOPSIKYBaHHI €IEMEHTIB MHOKUHH P 32 KpUTEpiIMu
MHOXUHH G [7].

Jlnst OLiHKM SKOCTI BapiaHTy apXiTEeKTypH MOXXYTh
OyTu BUKOpHUCTaHi KpUTepii, sIKi HaiO1IbII TOYHO BigoOpa-
KYIOTb 3 TIO3UILIH EKCIEepTiB 0COOINBOCTI BUKOPUCTAHHS
cucteMn OOpOOKM JaHMX 1 YNpaBIiHHA B peajbHUX
yMOBax. Y SKOCTI IIPHKJIay HaBelIEeMO HACTYITHI KpUTepil
sIKOCTi: G; —YacToTa iHiIiami3armii mponexyp oopooku na-
HUX; G, — BUTPATH pecypciB Ha iHiliami3amnito; Gz — TpyIo-
MICTKICTh BHECCHHS 3MiH [0 TPOIETyp OOpPOOKH MaHHX;
G, — BpaxyBaHHS PIBHS Ba)XKJIMBOCTI BHKOHAHHS IIpOIe-
nyp; Gs — maTpuMKa Mporeayp OOpoOKHM NaHHX JaHOIO
apxiTeKTypor; G — BpaxyBaHHs BIUIMBY CTYIICHIO 3B SI3KY
MIDXK IpolenypaMu o0poOKU TaHKX.

MHuoxmnHa O0OpaHMX KPUTEpilB € BIIKPUTOIO 3
MOXIIMBICTIO BHECEHHs 3MiH Ta ypaxXyBaHHSIM BHMOT JIO
KOHKPETHOI apXiTeKTypu cucteMu. KpiM TOro, KoXKHHUH
KpPHUTEpill MOXXE pO3IMIAAaTHCA SK 3TOpPTKA OKPEMHX
MTOKa3HMKIB Ha OUIbIIE HU3BKOMY PiBHI i€papxXii.

Jis moOymoBH MoOJENi MPUHHATTS PIillleHb OyaeMo
BUKOPUCTATH METOJ[ HEYITKOIO OaraTOKpHTEPiaabHOIO
aHaJi3y BapiaHTIB, 1110 J03BOJISIE BPAaXyBaTH ONUCAHI BHIIE
0COOJIMBOCTI apXiTeKTypH aBTOMATH30BAHOIO KOMILICKCY
06po6ku manux [8].

IToznaunmo uGi(Pj) grcno 3 inTepBany [0, 1], skum
BapiaHT apXiTeKTypH cucTeMu 00poOku Janux Py ouinro-
10Th 32 KpuTepieM sikocTi Gj, i € 1, j € J. Uum Oinbiue 4nciio
ug,(P), TaM kpame cucrema 3 apxitextypow P 3a
kpurepiem G;. Tomi Ha miAcCTaBi OIIHOK BapiaHTIB
apXITEeKTypH CHCTEMH 3a KOXHHM Kputepiem Gj, i€l

MOXXHa Cc(pOpMyBaTH HEUITKI MHOXWHH G; Ha YHIiBep-
CaJIbHI MHOHHI P :
67 ={Pug(P).jel} i€l (1)

Jie 3HauYCHHS uGi(Pj) MOXKHa IHTEPIIPETYBATH SIK CTYIIiHb
TPUHANIEKHOCTI enemenTa Pj, j € J, neditkiit Mmuoxuni Gi
iel

CryneHi NpUHAJIEXKHOCTI 0 HEUITKUX MHOXHUH (1)
OyleMo 3HaXOANTH, BAKOPUCTOBYIOUH NOOYIOBY (QYHKIIIH
NIPUHAJIEKHOCTI Ha OCHOBI MapHUX nopiBHsAHb Caarti [9].
Excriepr Ui KOXKHOI Tapu BapiaHTIB apXiTEeKTypH MO
KPHUTEPisiM MHOKUHHU G OLIIHIOE TIepeBary OJHOTO BapiaHTa
nepen iHmmMM. [lapHi MOpIBHSHHS 3a[alOTHCS Y BHIUIAMI

MaTpHIIi AG]. = {aﬁi}, €JIEMEHTH SIKO1 aﬁi — e OIiHKa
nepeBard apxXiTeKTypu Komi totepHol cuctemu Py, lel,
nepen apxitekrypoto P, i € I, 3rinHo xpurepiio Gj, j € J, 3
BUKopucTaHHsM mikanu Caati [8].

ITicnst BU3HAUCHHS BCiX €JIEMEHTIB MaTPHIIL AG]. jed,
CTYNEHI NPHHAICKHOCTI, HEOOXigHi Uit (OpPMyBaHHSI

HeuiTKoi MHOKHMHH (1), MOXXyTh OyTH BH3HA4YeHI HAaCTyII-
HHUM YHHOM [7]:

1

e, (P) = 2)

Gj Gj Gj
a; + a,; + -+ a.

BinnosigHo no npunnuny beianmana — 3ane [7], kpa-
100 Oyzie anbTepHaTHBA, SKa HAHOLIBIIO MIpOI0 OJHO-
Y4acHO 3a/I0BOJIbHSE BCIM KpuTepisiM. ToMy HediTka MHO-
JKMHA, SIKa BU3HAYAEThCS Y BUIVISI MEPETHHY HEUITKHX
MHOXXMH 338 OKPEMHMH KpPHUTEPISIMH, MOXXe OyTH BHKO-
puCTaHa y SKOCTI CYKYIHOCTI JOUUIBHMX BapiaHTIB
ApXITEKTYpH KOMIT IOTEpHOi CHCTEMH OOpPOOKHM MaHWX Ta
VIOpaBIiHHA 3 IHTETPAIIFHUMH OIiHKaMHU e(EeKTHBHOCTI

D =G NG;N..NnG; . 3)

Toni, 3rigHo 3MicTy omeparii NepeTHHy HEYiTKHX
MHOXXHH, MaeMO

D~ = {Pf: argmin (HG; (Pi)) i€ I} 4)

SIkuo B pesynbTari WX Jid Baromi nepeBaru ele-
MEHTIB 32 00OpaHMMH TOKa3HUKaMHU HE CIOCTEPIiraroThCs,
TO BUKOPUCTOBYIOTBCS OILIHKHA KOE(DIlli€HTIB BaXKJIIUBOCTI
KpHUTEpiiB {yj}, Jj €J. ns iX BU3HaU€HHS 3aCTOCOBYIOThCS
MpOIeAypH, AaHAJOTiYHI HaBEeICHWM Iipu (OpMyBaHHI
(hyHKIIIH, 10 BU3HAYAIOTH CTYIIHb MPHHAICKHOCTI.

[igxig 10 BH3HAYCHHS NPIOPUTETIB PIlICHb 3 ypa-
XYBaHHSIM KOe(]iLli€HTIB BaXKIMBOCTI KPUTEPIiB MOBHHEH
3a0e3neuyBaTy 30UIbIICHHS PI3HUI MK BapiaHTaMH IO
OBl BaXKJIMBUM KPHUTEPiAM 1 BIANOBIAHO 3MEHIIEHHS
PI3HUII 0 MEHII BXJIUBUM. J[JIs I[HOTO 3aCTOCOBYIOTHCS
orepaliii KOHIEHTpalii i PO3TATyBaHHS HEYITKMX MHOXHH
HIISIXOM 3BeJICHHS 3HaueHHs (yHKILIi NpUHAJIeKHOCTI B
MO3UTHBHY CTYITiHB OLIbIIE 1 MpH KOHIICHTpAIlii eIeMEHTIB
1 B CTymiHb MeHIIe | TpH pO3TATYBaHHI EIEMEHTIB 3a
3HAUCHHSAMH TOKa3HHKIB. B TakoMmy pasi MOXkeMO OTpH-
MaTy HACTYIHUH pe3yibTar:

D'=G{""nG,"*n..nG" =
* . Yj .
= {Pi :argmin uG']_~ (P, ie I}, (5)

e {yj}, j€J, KoedimieHTH BiTHOCHOI BaKIMBOCTI
KpHUTEpiiB MHOXHMHHU G micist omeparii Hopmamizamii ix
3HaYCHb

ity ot Va (6)

Toni, BITNOBIAHO [0 pe3yabTaTiB OOYMCICHD 3TiTHO
BHpa3y (5), kparmioro Oyae cucTeMa 3 apXiTeKTyporo

P* = argmax(up+(P;), i eI). )

Ipuknax pospaxyHkiB. VY sKocTi IpuKiIamy
pPO3paxyHKIB 3a HaBEAEGHHM IMiJAXOAOM PO3TIITHEMO
MHOXXMHY MOXJIMBHX BapiaHTiB apxitektypu P =
{P,,P,,...,P,} 3 mo3umiii BWIIE HABEICHUX KDPUTEPIiB
edextuBHocTi G = {G;,G,, ..., Gg}.

Hexaii OLIIHKM eKCIIEPTiB MO 3iCTaBJICHHIO BapiaHTIB
apXiTEeKTYpH 32 KOXXKHUM KPUTEPIEM IpeJCTaBlIeHI MaTpH-
ISIMH y HACTYIHOMY BHTJISI
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1 1 3 5 11/31/5 1/3
A0 -)1 13 5( )31 1/2 1
6 7)1/31/3 1 3(°76 " )5 2 1 3(’

1/51/51/3 1 3 1 1/3 1

13 5 7 11/3 1/3 1/5

_J1/31 2 3 _J3 1 1 173

Ao =Y175172 1 2(A =3 1 1 1,2(°®

1/71/3 1/21 5 3 2 1

1 5 1 7 11/71/3 1/7
o 25 11530, )7 01 3 1
Gs 1 5 1 7(°%6 =13 1/3 1 1/3(

1/7 1/3 1/71 7 1 3 1

3actocoByroun mnpouenypu (1) ta (2), orpumaemo
HACTYITHI HEYiTKI MHOXXHHH

G7 ={P;:0.39,P,: 0.39,P;: 0.14,P,: 0.07 },
G5 = {P,: 0.60,P,: 0.21,P;: 0.12,P,: 0.08 },
G5 = {P,: 0.43,P,: 0.09,P;: 0.43,P,: 0.06}, (9)
G; ={P;:0.08,P,: 0.23,P;: 0.49,P,: 0.19 },
G: = {P,: 0.08,P,: 0.19,P;: 0.23,P,: 0.49 },
G; = {P;: 0.06,P,: 0.40,P;: 0.14,P,: 0.40 }.
Ckiaaq OTpUMAaHUX MHOXXHUH HE J03BOJISE BiIJaTH

repeBary OKpeMHM BapiaHTaM apXiTeKTypH.
Hexaii excriepTHe NOPIBHSIHHS KPUTEPIiB Ma€e BUIIISA

[ 1 1/3 1/2 4 1 3 ]

[3 1 2 6 3 5 |
a=|2 2 1 5 2 3 |
“l1/4 176 1/5 1 1/3 172 |
1 1/3 172 3 1 2 |
l1/3 15 13 2 1/2 1 |

Toai, BUKOHYIOUM BHIIE3a3HAYCHI Iil, OTPUMAEMO
HACTYIHI KOe]iIli€eHTH BaXJIMBOCTI KPUTEPIiB

v1 = 0.15,y, = 0.34,y; = 0.26,
Y4 = 0.05,y5 = 0.13,y, = 0.07.

TakuM YMHOM, EKCIIEPTH BBa)KAIOTh HAHOUIBII BaXk-
JIMBUMH KPUTEPIsIMH BUTPATH PECYpCiB Ha iHimiaizariro
G, 1 TPyIOMICTKICTh BHECEHHS 3MiH 10 IPOLETYp 0OPOOKH
JnaHux Gs.

3 ypaxyBaHHSM BaKJIMBOCTI KPUTEPiiB, BiIMOBIIHO
10 (4), OTpUMY€EMO TaKi HEYiTKI MHOKHUHHU

G;"* = {P,: 0.885,P,: 0.885,P,: 0.769,P,: 0.706};
G,"? = {P,: 0.816,P,: 0.537,P5: 0.430,P,: 0.363};
G;"?* = {P;: 0.829,P,: 0.585,P,: 0.829,P,: 0.529};

G;"* = {P,: 0.888,P,: 0.933,P;: 0.967,P,: 0.923};

G.'* = {P;: 0.728,P,: 0.808,P,: 0.829,P,: 0.913};
G.'° = {P;: 0.819,P,: 0.939,P;: 0.872,P,: 0.939}.

PesynpraTi mpoBeneHOro aHallizy Ta IOPIBHSHB
npeJicTaBieHi rpadikoM, 300paskeHuM Ha pucl.

Ouinky [opiBHSHHS apXITEKTyp MO KPUTEPisiM

1
0,8
0,6
0,4

0,2

0
Gl G2 G3 G4 G5 G6

—=— Pl —A—P2 ——P3 —e—P4

Kputepii

Puc. 1. OuiHky BapiaHTiB apXiTEeKTypH CUCTEMH 3 YpaXyBaHHIM
BaXXITMBOCTI KPHUTEPiiB

Onepanist mepeTHHy OTPUMAHHMX HEYITKUX MHOXKHH
D* =G NG, N ..n G,"® npuBoaUTH 10 HACTYIHOTO
pesynbTary

D* = {P,;: 0.728,P,: 0.537,P;: 0.430,P,: 0.363}.

Takum dYMHOM, OTpHMaHi PE3yJBTATH JIO3BOJIIOTH
OIIHUTH PI3HMI TI0 PEUTHUHTY BapiaHTIB apXiTeKTypH i
CBiUaTh MPO TMEpeBary CHUCTEMH OOpPOOKH HaHWX 3
apxiTeKTyporo P; TpH JOTpUMaHHI NPUHHATHX YMOB
aHasizy.

Kpim TOro, 3’sBIsl€TbCS MOXJIMBICTH IIPOBECTH
JIOCJIIJDKEHHST 3MIHM PEHTHHIIB BapiaHTiB, 1O HOPIBHIO-
I0ThCS, TIPU 3MiHI OKPEMHUX OILIHOK IOPIBHSHB MO KpH-
TepisiM, TpPU SKUX BHU3HAYAETHCS IlepeBara OJHOTO 3
BapiaHTIB.

Hnst nemMoHcTpamii mux Iiif HaBegeMo pe3ynbTaTH
aHai3y 3MiH apxitekTypu P; mo kpurepito G, BUTpaTH
pecypciB Ha iHimiami3amio Ta iX BIUIMB HA IHTETpaJbHY
OLIIHKY e(pEeKTUBHOCTI BapiaHTy apXiTeKTypH, puc. 2.

OujiHkm OuiHkH apXiTeKTyp Py Ta P; Ipu 3MiHax
1 PiBHIB TIOPIBHIHB 1O KpuTepio G,
0,8
O—s——8—1=1
0,6
e e
0,2
0

/5 1/4 1/3 12 1 2 3 4 5
—8—P1 —A—P2 —@—P3 —e—P4

O3

Puc. 2. Ouinku eheKTUBHOCTI BapiaHTIB apXiTEKTypH CHCTEMH 3
ypaxyBaHHSM 3MiH apXiTeKTypu P; 1o kputepiro G,
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Jlerko OGauuTH, IO, SKIIO IPU TOPIBHAHHI apxi-
TekTypu P; Ta P; mepeBara ocTaHHBOI 1Mo Kpurepito G,
Oyne Oumpiie, HiX 2.5, To apxitekrypa P; cucremu
00pOOKH JaHHUX CTA€ OLIBII JOUITBHOIO.

BucnoBku. [TopiBHSIHHS BapiaHTIB apXiTeKTYpH IS
aBTOMAaTH30BAaHOTO KOMIDIEKCY CHCTEMHU OOPOOKHM HaHWX i
YTIPaBIiHHSA IOKa3ye, 0 3aCTOCYBaHHS 3aIlPOIIOHOBAHOTO
MiAXOMy JO3BOJSIE OTPUMATH KINBKICHI OINIHKH SKOCTI
pilIeHs, MpoBECTH HEOOXITHI HOCIiIKEHHS BIUIUBY OKpe-
MuX (aKTOpiB Ta 3HAYCHb MOKA3HWKIB, IO BHUKO-
PHCTOBYBAJHCS JJIsl IPOBEACHHS pPO3paxyHKiB, BpaxyBaTH
0COONMBOCTI TPH3HAYEHHS 1 BUKOPHUCTAHHS CHCTEMH,
CKJaJ Ta 3MICT 3ajady OoOpoOKM JaHMX 1 YIpaBJiHHS,
Ba)XJIMBICTh IX CBOE€YACHOTO BUPIIICHHS Ta MOXJIHMBICTbH
BHECEHHS 3MiH, BIUIMB OOpaHOi CYKYIHOCTI KpUTEpiiB
SIKOCTI, OINIHOK eKCIEepTiB Ta IX CIIBBIIHOWICHh Ha
KIHIIEBHH pe3ynbTaT Ta iH. B pe3ymbTaTi BUKOPHUCTAHHS
PO3MIITHYTHX MPOLEAYP 3 MO3ULIN 3pOOIEHUX NMPUITYIIECHD
3’SBISIETBCSI MOXKJIMBICTH OTPUMATH KUTBKICHE OOTPYHTY-
BaHHS JOIIFHOCTI BUKOPUCTAHHSA OOpaHOl apXiTeKTypu
KOMII'FOTEPHOI CHCTeMH OOpOOKH NaHWX 1 YIpaBIiHHSA Ta
BUKOHATH JAOCII/DKEHHsS BIUIMBY OKpEeMHX (akTopiB Ha
KIiHIEBUH pe3yJbTar.

OTpuMaHi pe3yabTaTH MOKHA BBRKATH IONEPEIHIMU
OLIHKaMM BapiaHTIB apXIiTEKTypH CHCTEMH OOpoOKH
JIaHUX, SIKI JTO3BOJISIIOTH CKOPOTHTH KiJIBKICTh BapiaHTIB,
IO PO3MNISAAAITECSA 1 SIKI MalTh OYTH YTOYHEHI INpH
JIeTami3alii XxapakKTeprCcTHK 1 TapaMeTpiB CHCTEMH 00p00-
K JITaHWUX JJIs1 BAKOPHCTaHHS B KOHKPETHUX YMOBaXx.
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