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PLANNING OF THE DIAGNOSTIC EXPERIMENT IN THE LOCALIZATION OF
TROUBLESHOOTING FAILURES OF SINGLE-FREE SYSTEMS

S.A. Polozhaenko, L.L. Prokofieva

Odesa National Polytechnic University,
1, Shevchenko Ave., Odesa, 65044, Ukraine; e-mail: sanp@gmail.com, prokofieval957@gmail.com

Formalized conditions for carrying out a diagnostic experiment associated with the identification of
faulty fragments (subschemes) of inertial-free systems are obtained. The diagnostic experiment is
reduced to computational procedures for localization of faulty subschemes, which are based on testing
hypotheses that the characteristics of the allocated subschemes have changed. Hypotheses are
formulated in such a way as to ensure the detection of parametric and structural faults. The first, for
example, may include changing the resistance of the circuit, and the second - an open or short circuit.
When the system is divided into subschemes, the latter are selected from the condition of their
parametric identifiably, i.e. The situation when, based on the known parameters of the remaining
subschemes, as well as the input and output signals in the whole system, it is possible to determine the
parameters of the subscheme under consideration. Planning a diagnostic experiment is as follows.

Assuming a linear relationship between the parameters of the allocated subscheme S; and the output

signals of the system, a verification matrix F is created in advance, which determines the interrelation
of the indicated parameters and signals, considering the serviceability of the subscheme under
consideration. In the event of a malfunction, the verification matrix F changes, which allows to
determine the nonconformity matrix g, on the basis of which analysis it is possible to obtain an
estimate Ap; of the parameters Ap; of the subscheme S; under consideration, as a result of which

it is concluded that it is serviceable. Procedures for testing hypotheses on the health of the subschemes
of the inertial-free system for cases of parametric and structural faults are of an identical nature. The
principal difference between experiment planning and structural faults from planning for parametric

faults is that for parametric faults the value Ap; does not depend on the input signals of the system,

while for structural faults — the value Ap; depends on the input signals of the system, in an unknown
way.

Keywords: diagnostics, diagnostic experiment, fault location, inertial-free systems, estimation of
subschemes parameters

Introduction

To solve a wide range of problems in the study of systems (identification, control of
operability, preventive maintenance), methods of the theory of experimental design are widely used,
allowing, in the presence of measurement noise, to obtain estimates of the parameters of the system
model that are best in some sense. It should also be taken into account that the features of the dynamic
behavior of systems, for example, their lack of inertia, do not have a significant effect on the
procedures for carrying out these experiments [1].

When diagnosing, even in the case of the most simple parametric faults in the subschemes, it is
necessary first of all not to get the parameter estimates, but to establish the faulty subschemes. This
formulation of the problem presupposes the need to ensure the best distinguish ability of the
subschemes [2-4].

Objective of this article is formalization of the conditions for planning a diagnostic experiment
in problems of determining the operability of inertial-free systems in the localization of parametric
and structural faults in their subschemes.
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Main part

Suppose that in one of the subschemes only parametric faults are possible. In this case, the
description of the faulty subscheme S; has the following form Z, = ¢, (V,,p,); i=1 N, where

Z,— is the vector of the subschemes S; parameters, p, = p; +Ap;; p; € D,, D, —the area of the

values of the subscheme S, parameters, p~ — the vector of the nominal values of the dimension r,
parameters, N — the number of subschemes to be checked.

A subscheme S, is parametrically identifiable if, with known parameters of the remaining
subschemes, the input and output signals in the system as a whole can be determined by its
subscheme S, parameters.

Consider the subscheme S, for which the relationship between the parameters and the output
signals of the system is linear. In this case, the description of a system with a defective subscheme S,
can be represented as follows:

F Wy, i=IN, )

where y — the vector of the output signals of the system, u — the vector of the input signals of the
system, F~ (u) — averification matrix composed of the elements of the fault dictionary.

Denoting {[8F*(u)] op? }: 0,(u), we rewrite (1) in the form

Ay=y-F (u)=qU)Ap, i=LN. )
If there is such a value ue D, as rank ¢,(u)=r;, then from (2) we can obtain an
estimate Ap, of the parameters Ap;. In this case, the identification task is solved with one set

of input signals of the system. If the rank g, (u) <r,, then the task of identification can be
solved only if on the diagnosed system it is possible to give sets of input signals

g;(u*)

U =(ut,...,u"), inwhich rank Q (U*) = rank |:
q;(u”)
Estimation of the parameters of the subsysteme S, is determined from equation

Il
—

AY(U")=QU")ap,, i=LN, 3)

where AY(U*)=[Ay(u?)..., Ay(u*)] ™.
The problem of diagnosing will be solved by testing hypotheses H , . The hypothesis H

I =1,N is the assumption that the parameters of the subscheme S, have changed and the description

of the system has the form (1).
The hypothesis H , is verified by testing the compatibility of equation (3), whose matrix

Q(U ‘ ) must be rectangular.
Subschemes S;, S;; i= ] are not distinguishable under the hypothesis H , , if for a given

value Ap; there exists such avalue Ap; € D, that
q,(U)Ap, =q;(U)Ap;, ueD,. )

6
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The criteria for the distinguish ability of the subschemes S;, S; parameters are determined

from the conditions under which equality (4) is not satisfied.
The parameters of the subschemes S;, S; are distinguishable under the hypothesis H , if

and only if there exists a value U “ such that
| < K
rank{Qi(U“)!Qj(U“)}zri+rank Q;U"). (5)

In this case, the subscheme S; parameters can be unidentifiable due to the fact that
rank Q;U") <r;.
Let us write down the necessary condition for the distinguish ability of the parameters of the

| _
subschemes S;, S;, under the hypothesis H , rank{Qi U9IQ;.U “)} =r +1; S=1r, , where
|

j

Q;s(U") —isthe s-th column of the matrix Q; .

If only one parameter in the system is allowed to change, then condition (5) with respect to the
distinguish ability of all the system parameters reduces to the existence of input signals of the system

ensuring pair wise linear independence of the columns of the matrix [Ql u”),....Q, U “)] , Where

N is the total number of parameters tested [5]. And linear independence of different columns can be
achieved with different input signals of the system.

Planning a diagnostic experiment when estimating the subscheme parameters. Let the scalar
output of y be measured with an error. Assuming that only parametric faults can exist in the
subscheme S; and the system model is linear in the parameters of the subsystems under test, the

description of the faulty system is similar to (2) in the form Ay + & = ¢, (u) Ap, . Changing the values

of the input signals of the system, we form, similarly to (3), a system of algebraic equations for
obtaining estimates Ap, of the parameters Ap; :

AA=Q Ap,, (6)

where AA = [Ay(u1)+ 51,...,Ay(uk)+ §K]T , Q, =Qi(UK).

Suppose that the measurement error values &" have a normal distribution with zero
expectation E[§ r] =0 and the same variance o, are not correlated with each other, and also with
q(u"), Ap,. In this case, the quantities Ay(u')+¢&", r=1,K are independent, normally
distributed, with mathematical expectation Ay(u r) and the same variance o>.

The assumptions made allow us to use the method of least squares to obtain an estimate Ap; :

A5 =(QrQ) QA (7)

It is assumed that the matrix Q,/Q, = F,, called the information matrix (the Fisher matrix), is

no degenerate.
If the vector were measured without errors, then from (3) it would be possible to obtain exact

(errors of computation are not considered) parameter values Ap, = (QiTQi )_1QiTAY . The covariance
matrix of estimates of the subscheme S, parameters is as follows:
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COV[A,[’i]: E [(A,[’i —Ap;) (Ap, _Api)T] =c’F.

Criteria for the optimal choice of input signals of the system are related to the form of the
information matrix F, and are aimed at minimizing any of its characteristics, for example, the value

of the determinant [6].

The foregoing experimental planning assumes that the faulty subscheme is known and it is only
necessary to determine its parameters. If the faulty subscheme is unknown, then when evaluating the
parameters of the scanned subscheme, it is necessary to ensure that the parameters of the subschema
are discernible with the subscheme parameters, which can in fact be faulty.

Planning a diagnostic experiment for parametric faults. Consider the planning of an
experiment aimed at ensuring the distinguish ability of the parameters of subsystems S;, S;, when

estimating the parameters of the subsystem S, .
We divide the diagnostic equation (6) into two parts:

AAa = Qi,a A:D| ! (8)

ANy, =Q;p Ap;. ©

The compatibility of equation (6) can be checked by checking the unbiasedness of the
estimates Ap*, Ap’, the parameters Ap, obtained from equations (8) and (9), respectively.
Analogously to (7) from (8) we obtain an estimate of the parameters

857 =(Q1, Q) QI AN, = F, QL AN,

From (9) we obtain Ap = F, Q, AA,.

If the subscheme S, is faulty, the matrices AA,, AA, are determined by expressions
AN, =Q . Apj, AN, =Q , Ap;.

Because of measurement errors Ap?, Apy, estimates are random quantities with some areas

of distribution of their values.
Depending on which of the subscheme (S; or §;) is faulty, the mathematical expectation

E[Ap?] and the covariance matrix cov[Ap?] of the estimate Ap? obtained under the hypothesis
H areas follows:

Pi

I:i,a Q;,a Apj' at J ii!

E[AS?] =
[AS]] {Api’ atj—i

If any of the subschemes is faulty: cofAp] = o*F,,]=0’F,,. Similar expressions are
also obtained for E[A[)ib], cov[A[)ib], by substituting in the expressions for
E[A[)ia], CO\/[AAia ], the index «a» by «b».

The bias in the estimate Ap, is determined by the magnitude

py = AP} =AY (10)

The mathematical expectation and the covariance matrix of the vector p, are as follows:
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E[pi]: {mi,i = (Fi,a QiT,a ija - Fi,b Qin Qj,b)Apj ’ at J - i,

m;; =0, at i=],

(11)

Ci =cop]= Uz(Fi,a +Fip). (12)

As follows from (12), the covariance matrix of the vector p, does not depend on which of the

subschemes is faulty.
Let the system change only one parameter, i.e. Ap, — is a scalar. If the system of diagnostic

equations (8), (9) consists of two scalar equations:

AA;, =0, Ap;,
AAi,b =0, Ap;,
then
m;; = (qj,a _qji)Apja at j =i,
Elp]= Q. Qi
m.. = 0 , a.t J = i,

B, =Dlp]= 52(%—'_%)'

ia i,b
For this distinction of subschemes S;, S;, it is necessary that the distribution areas of the
quantities p;; (; with a faulty subscheme S;) and p,; (,; with a faulty subscheme S;) do not

overlap.

As an example, Fig. 1 shows the distribution of two-dimensional quantities p,;, o;;. The
situation shown in Fig. 1, a, is characterized with respect to the situation shown in Fig. 1, b, higher
accuracy of parameter estimates Ap; , but lower distinguish ability of subschemes S, , S;.

Fig. 1. Areas of distribution of two-dimensional quantities p;;, p;;: a — situation with higher
accuracy of parameter estimates Ap, ; b — situation with higher distinguish ability of subschemes S, ,
S

i

In the present paper, the problem of determining the optimal input signals of a system
in the planning of a diagnostic experiment that ensure the distinguish ability of subschemes
S;, S; is considered as the problem of obtaining the maximum distance between the regions
of distribution of the values of p,; and p;; .

In the theory of pattern recognition, the distance of the Mahalanobis is widely used as a
measure of the distance between sets [7]. Assume that the distribution of values p;;, o,;,

obey the normal laws N(m;;,C;), N(m;,C;), where m;;, m;; — are the vectors of

mathematical expectation, C, — is the covariance matrix of dimension. In this case, the

9
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generalized Mahalanobis distance between the regions of distribution p,; and p,; is
determined by the expression

I, =M/ C'M,,, (13)

then M;; =m;; —m;;.
If the covariance matrix C; — is a single matrix, then I, it characterizes the quadratic
distance between the mathematical expectations p;; and p,; .
For one-dimensional normally distributed sets of values p;; and p,;, expression (13)

takes the form

m.—m:..)?

Ii'j _ ( ii I,j) (14)

B;

Since according to (11) m;; =0, then (13), (14) can be written accordingly:

I =m; Cmy, (15)

=
= 16
J /Bi ( )

For calculations using formulas (15), (16), it is necessary to know the value m;;,
which, according to (12), depends on the unknown value Ap;.

If Ap; — is a scalar, i.e. only one parameter in the system is allowed to change, the
maximum value |;; obtained for an arbitrary value Ap; =0 of for u=u® is the maximum
(but different in magnitude) for any value Ap;. It follows from this that the optimal input
signals u®, at which the best distinguish ability of the subschemes S, S; is achieved, can be
determined before the diagnostic experiment at an arbitrary value Ap; by maximizing the
value 1;.

If Ap, — is a vector, then it is impossible to obtain optimal values u® beforehand
before the diagnostic experiment, delivering a maximum 1I;; for any values Ap;. This is due
to the fact that the value m;; depends on the combination of the values of the components of
the vector Ap;. In this case, the choice of input signals aimed at ensuring the distinguish

ability of subschemes S;, S; can be carried out during the diagnostic experiment. Consider

one of the variants of the experiment, consisting of two stages.

At the first stage, the estimates of the parameters of all subsystems are determined
successively Ap,,...,Ap, . The input signals of the system at this stage are selected from the
conditions of optimal experiment planning for identifying the parameters of the
corresponding subsystem. Among the estimates obtained Ap,,...,Ap, , only one corresponds
to the true values of the parameters of the faulty subsystem.

At the second stage, the optimal input signals of the system are determined, allowing
selection of the obtained estimates Ap,,...,Ap, under the appropriate hypothesis. In this

case, the criterion of optimality under the hypothesis H  is the maximum of the quantity

10
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calculated by formula (13). In calculations according to formula (11), an estimate from
Ap,,...,Ap, the set corresponding to the subsystem is used, with respect to which the

distinguishable subscheme S, is distinguishable.

Use to test the hypothesis H, of the magnitude of the bias of the estimate Ap,,
determined by the expression (10), is possible only if for matrices Q,,, Q,, , there are minors
of rank r;. If for one of the matrices, for example Q,,, the matrix does not have a minor of

rank r;, then the reliability of the estimate Ap] can be checked by the criterion of the
forecast of the output signal of the system.
In this case, an estimate Ap, = F, Q/, AA, is determined from (7), and then, according

to (10), the quantity AA, = Q;, Ap; . Error forecast
M =AA, _Mb’ A7)

is an indicator of the correctness of the hypothesis H . If 1 <g; that hypothesis H is

accepted, otherwise - it is rejected (€; — an acceptable value ;).

The value 4 depends on which subsystem is actually faulty. If we consider
subschemes S;, S;, then the mathematical expectation and variance of the quantities x; are
determined by the expressions

_ A =Qip F. Q. Ap;, at j=i,
E[ﬂi]_{ﬂu =0, at j=1i, (18)
coy, ]= o2+ Q7 FL Q) 19)

where 1 — is the unit diagonal matrix.
The criterion of optimality of input signals for a hypothesis H, oriented to the

determination of a defective subschemes S;, S; in a pair can be the maximum of (15), where
m;; it should be put equal 4;;, and C; =cov[y;]. Otherwise, for the criterion based on the
expression (18), the reasoning given for the criterion based on the expression (10) can be
repeated.

Planning a diagnostic experiment for structural faults. Let us consider subsystems with
independent observation. When testing the hypothesis H, : Ay = L, (u)AZi, i=1N (where
L, — is the class of operators that specifies a class of faults in the subscheme S, [1]), the
compatibility of equations of the form is verified:

AY, +&, =L, AZ,, 20)
AY, +¢, =L, AZ;. (21)

In this case AY,, AY,, aswell &,, &, are vectors whose dimensions are equal to or
greater than the dimension of the vector AZ;.

11
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Let the decision on the reliability of the hypothesis H, be made by the criterion of

unbiasedness of the estimate AZi. Offsetting of the estimate AZi is similar to (10)
determined by the quantity

A

1, =AZ" —AZ). (22)

If the matrix L;, is rectangular and the method of least squares is used to obtain the

estimate AZ? of the vector AZ, from equation (20), then

. 0, L. L. AZ, at j=i,
E[AZia]= ’ ’ N J ] )
AZ;, at j =1,
where 6,, :(Lf,a L. )71.

The estimate AZF of the vector AZP from equation (21) is determined in a similar way.

The value 7, determined by the hypothesis H, depends on which subscheme is
actually faulty. Consider the case where only one of the subschemes S;, S;. can be faulty.
Analogously to (11), (12) we obtain

e ] :{n,j =0 L, L, — 0, L, L,)AZ,, at j#i, -

7, =0, at j=i,

coMz] = (6, +6,p) - (24)

For the case when AZ;, AZ; — are scalar quantities, that is, subschemes S;, S;, have

one output, we get
Lia Lijp ..
T =(—-—")AZ;, at j=i,
Elr;]1=1 " Li. Lis

7.. =0, at j=i,

1 1
Dlr.]= 02 = +—|.
[:1=2 (Lia Lf,b]

The principal difference between experiment planning and structural faults from
planning for parametric faults Ap, is that for parametric faults the value does not depend on

the input signals of the system, while for structural faults the value Ap, depends on the input

signals of the system, in an unknown way.
Let the observability matrices L;,, L;;, L;,, ,L;, — be constants and AZ; — be a

scalar quantity. In this case, when organizing a diagnostic experiment, two stages can be
distinguished.

The first stage of the connection with the formation of observability matrices before the
diagnostic experiment by means of an appropriate selection of control points. The choice of
control points is carried out from the condition of maximum value (21), where m;; it is

ia’ i,61

replaced by z,,, and C, by coVr,|. Since the maximum value 1, obtained for the

i ij
corresponding set of control points for arbitrary values AZ; =0 remains the maximum (but

12
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different in magnitude) for any values AZ;, the choice of control points can be carried out at

arbitrary values AZ; # 0.

The second stage is realized during the diagnostic experiment. Since the observability
matrices are constant in this case, no increase in noise occurs when the input signals of the

system change, which follows from (24). With a faulty subscheme S,, we have
Ay, =L;,AZ;, Ay, =L, AZ;. In this case, the quantity ¢;; in expression (23) corresponds
to the quantity z;; =0, Li, Ay, —6,, Li, Ay, .

The input signals of the system that ensure the best distinguish ability of the
subschemes S;, S; under the hypothesis H; are chosen in the second stage from the
condition of the maximum of the quantity (21), where m,; it is replaced by r:j, and C, — by
covz;].

When choosing control points, a table of coverings is usually constructed, the columns
of which correspond to pairs of subsystems whose distinguishability is estimated, and the
rows to checkpoints. At the intersection of a row and a column, there is one if some pair of
subsystems are distinguishable by the introduction of the corresponding control point. The
minimum set of control points corresponds to the minimum coverage of the table. There can
be several minimal coverages, the choice of which is not formalized.

In some cases, for example, as described in this section, instead of one in the table of
coverings, one can record the corresponding value of the Mahalanobis distance and from the
minimal coverages choose a cover that provides a maximum, in some sense, distinguish
ability of the subsystems. The criterion for choosing such a minimum coverage can be, in
particular, the maximum value of the sum of all elements of the minimal coverage table.

If there is a limit on the number of channels of signal transmission from control points
to the diagnostic system, the diagnostic system can be equipped with a diagnostic
surveillance system. The diagnostic monitoring system is an adder whose inputs are
connected to control points, and the output is to a communication channel. The weighting
factors of the adder are chosen from the conditions for maximum discrimination of the
subsystems on the basis of the Mahalanobis distance analysis for given ones.

Conclusion

For cases of parametric and structural faults obtained evaluation to test hypotheses
about the distinctiveness of faulty subschemes in freewheeling systems. These estimates
allow to identify faulty subscheme and plan their computational experiments based on the
analysis of localization parameters subschemes diagnosable system to the test exposure. In
this case, hypotheses are formulated from the assumption that the parameters of the
diagnosed subscheme have changed. The localization of faulty system subschemes during the
diagnostic experiment is carried out from the assumption of the distinguish ability of the
subschemes, i.e. the partitioning of the system into subschemes must be carried out in such a
way that the regions of distribution of the parameters of the subschemes do not intersect.
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TIJIAHYBAHHSA JIATHOCTUYHOI' O EKCIIEPUMEHTY ITPH JIOKAJII3AIIIT
HECINPABHOCTEM IMIJICXEM BE3IHEPHIMHUX CUCTEM

C.A. llonmoxaenko, JI.JI. [Ipokodpnepa

Opnecpkuil HalliOHANBHAH MONITEXHIYHAN YHIBEPCUTET,
npocr. [leBuenka, 1, Oneca, 65044, Ykpaina; e-mail: sanp277@gmail.com, prokofieval957@gmail.com

Otpumano (GopMaii3oBaHi yYMOBH MPOBEACHHS  JIaTHOCTHYHOTO  CKCIICPUMEHTY.
MIOB’SI3aHOTO 3 BHSBJICHHSM HECIPaBHUX (parMeHTiB (migcxem) Oe3iHEepIiHUX CHCTEM.
JliarHOCTUYHHMH EeKCIEPUMEHT 3BEACHO NpU IbOMY A0 OOYUCIIOBAJBHUX MPOLEAYP
JOKaTizalii HeclpaBHHUX IMiJCXeM, B OCHOBY SKMX (IIpOLEAYp) MOKJIAJEHO MEpEBIPKY
rinore3 mpo Te, LI0 3MIHWIUCS XapakTepUCTUKH BUAUICHUX IigcxeM. [imoresn
(OpMYIIOIOTBECS. TaKMM YHMHOM, 1100 3a0e3leYuTH BHSBJICHHS MapaMeTpUYHUX Ta
CTPYKTYPHHUX HeclipaBHOCTEH. [lo Mmepunx, HalpyuKIIal, MOXXYTh BiIHOCUTHCS 3MiHH OIIOPY
JUISTHKY JIAHIIIOTA, a JI0 IpYruX — OOpUB ab0 KOpOTKe 3aMHUKaHHs. [Ipu po30UTTI cuctemu
Ha TIJCXEMH, OCTaHHI OOHMpalOThCSI 3a YMOBH MOMJIMBOCTI iX HapaMeTpHIHOl
inerTudikamnii. To0To cuTyarii, KOIU MO BIAOMHUX MapaMeTpax iHIIUX IiICXEM, a TaKoX
BXITHHX Ta BHXIJHHX CHIHAJIaX CHCTEMH B IIOMy, MOKHa BHM3HAUUTH TapamMeTpu
MiICXeMH, sIKa PO3risiaaeTbes. [lmaHyBaHHS I1arHOCTUYHOTO EKCHEPHMEHTY MOJATae y
HacTymHOMY. [lepenbadaroun JiHIHHY 3aJIe)KHICTh MIXK ITapaMeTpaMy BHIUICHOI IMiICXeMH

Si Ta BI/IXiZ[HI/IMI/I CUTHaJlaMH CHCTEMH, 3aBUYACHO CKJIIaJa€TbCA HepeBipqua MaTpuns F ,

sKa BH3HA4Ya€ B3a€MO3B’SI30K BKa3aHHMX MapaMETpiB Ta CHTHAJIB, BPaXOBYIOYH CIIPAaBHICTh
MiICXeMH, 10 PO3risiaeThes. [Ipy BUHMKHEHHI HeCcIpaBHOCTEH mnepeBipouHa marpuist F
3MIHIOETBCSI, 1110 JIO3BOJISIE BU3HAYMTH MATPHIIO HEBIAIMOBIAHOCTI (, Ha MiJACTaBl aHAI3y

sKoi MOXHA OTPUMATH OLIHKY Ap; mapaMerpiB Ap; mincxemu S;, ska posrisigaeTsbcs. B

pesyibTaTi JAHOTO aHalli3y POOHThCA BHCHOBOK INOJO MpAle3faTHOCTI IiAcXeMH S;.

IIponemypy mepeBipkH TiMOTe3 IIOAO0 CHPABHOCTI Migcxem 0e3 iHepIiHHOT CHCTeMH IS
BUTAJIKIB MAPAMETPUYHAX Ta CTPYKTYPHUX HECIIPABHOCTECH MAIOTh 1ICHTHYHHNA XapakTep.
[IpuHOMNOBa BiIMIHHICTH IUIAHYBAHHS €KCIIEPUMEHTIB MPU CTPYKTYPHUX HECIIPABHOCTSIX
BiJl IUIAaHYBaHHS TIpPH MApaMETPUYHUX HECIPABHOCTSIX TOJIATaE y TOMY, [IO MpH

NapaMeTPUYHUX HECTPABHOCTAX BENUYMHA Ap; HE 3al€KHUTh BiJl BXIJHHX CHTHaJiB
CHCTEMH, a IPU CTPYKTYPHUX — BENMUMHA Ap; 3aJ€XKUTh BiJ| BXIJIHUX CUI'HAJIIB CHCTEMH,

MPUYOMY HEBIJJOMHUM YHHOM.
Kro4oBi cjioBa: miarHoCTHKA, TIarHOCTUYHUH €KCIIEPUMEHT, JIOKaTi3allisi HeCIIPaBHOCTEH,
Oe3iHepIiifHi cHCTEMH, OLIHIOBAHHS MapaMeTpiB MiJCXeM
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INJIAHUPOBAHHUE JTUATHOCTHYECKOI'O SKCHHEPUMEHTA TTPU JIOKAJIM3ALINA
HENCIIPABHOCTEHN NOJCXEM BE3BIHEPHHUOHHBIX CUCTEM

C.A. Ilomoxaenko, JI.JI. [Ipokodprera

OpecCkuii HATMOHAIBGHUH TTOINTEXHIYECKUH YHIUBEPCHUTET,
npocrr. [lleBuenko, 1, Omecca, 65044, Ykpauna; e-mail: sanp277@gmail.com, prokofieval957@gmail.com

IMomydens! ¢popMann30BaHHBIE YCIOBHUS MPOBEACHHS JUATHOCTHUECKOTO KCIEPHMEHTA,
CBSI3aHHOTO C BBISIBJICHMEM HEHCIPaBHBIX ()parMeHTOB (mojacxeM) Oe3bIHEpIMOHHBIX
cucteM. JIMarHOCTHMUYECKUH HKCIHEPUMEHT CBOAMUTCSA MPH 3TOM K BBIUUCIUTEIbHBIM
mpolexypaM JIOKaJU3allMM HEUCIPaBHBIX IOJICXEM, B OCHOBY KOTOPBIX (Tpoueayp)
MOJIOXKEHA IPOBEpPKa TUIOTE3 O TOM, YTO M3MEHWINCHh XapaKTEPUCTUKU BBIAEICHHBIX
noacxeM. ['mnore3sl GopMyIHPYIOTCS TakuM 00pa3oM, 4TOOBI 0OECIEUHTh BEISBICHUE
IapaMeTpUuecKuXx M CTPYKTYpHBIX HeucmpaBHocTeil. K mnepBeiM, Hampumep, MOTyT
OTHOCHUTBLCSI M3MEHEHHUE COIPOTHBIICHHS y4YacTKa LIENH, a KO BTOPbIM — OOpBIB WU
KOpOoTKOoe 3aMbIkaHue. [Ipn pa3OnMeHNH CHCTEMBI HA MOJCXEMBI, ITOCIEAHUE BBIONPAIOTCS
U3 YCIOBHS WX TApaMEeTPUIECKON HACHTU(PHUIMPYEMOCTH, T.€. CHUTyalMH, KOTAA IIO
N3BECTHBIM MapaMeTpaM OCTAIBHBIX ITOJCXEM, a TAKKE BXOIHBIM M BBIXOJHBIM CHUTHAlIaM
B IIEJIOM CHCTEMbI, MOXXHO OMNPENEIUTh IapaMeTpbl paccMaTpHBAEMOM IOACXEMBI.
[TnanupoBaHne JUAarHOCTHYECKOTO HKCIIEPUMEHTa COCTOMT B cieayromieM. [Ipeamonaras

HHHCﬁHyIO 3aBUCUMOCTb MECXKY IMapaMeTpaMu BbI[[eHeHHOfI TIOACXCMBbI Si " BBIXOJHBIMH

CUrHaJIaMU CHUCTCMBI, 3apaHeC COCTABJIACTCA HNPOBCPOUHASA MaTpUlla F , OIIpeacidronas
B3auUMOCBA3b YKa3aHHbIX napamMmeTpoB u CHUT'HAJIOB, Y4uThIBas HUCIPaBHOCTH
paCCManHBaeMOﬁ IOJACXCMBI. HpI/I BO3HMKHOBCHHNU HCUCIIPABHOCTU MPOBEPOYHAA
Martpuna F U3MCHSCTCS, YTO MO3BOJISICT ONPCACIUTh MATPULy HCCOOTBETCTBUS (, Ha

OCHOBAaHHH aHAIM3a KOTOPOH MOXHO MONYYHTh OLCHKY Ap; mmapamMeTpoB Ap;

paCCManI/IBaeMOﬁ IIOACXEMBI Si’ B peE3yJbTaTe 4YCero CACjaTb 3aKIIHOYCHUC 00 ee

ucnpaBHocTH.  llpouemypsl  HpoBepkH  TUHOTe3 00  HCIPABHOCTH  IOJCXEM
O€3bIHEPIIMOHHOW  CHCTEMBI ISl  CIIydaeB [apaMeTPUUECKMX U  CTPYKTYPHBIX
HEHCNPABHOCTSAX HUMEIOT HUAEHTHYHBIA  XapakTep. IlpuHIMIManeHOE — OTIMYHE
IUTAHUPOBAHMS YKCIEPUMEHTA IPU CTPYKTYPHBIX HEMCIPABHOCTAX OT INIAHUPOBAHUS NPU
MapaMeTPUUECKUX HEHCIPABHOCTSAX COCTOMT B TOM, 4YTO MpH TapaMeTpHYECKHX

HEUCIIPABHOCTAX BEJIMYHMHA Apl HC 3aBUCHUT OT BXOJHBIX CUTHAJIOB CHUCTCMBbI, a IIpH
CTPYKTYPHBIX — BEJIMYHWHA Apl 3aBUCUT OT BXOJHBIX CHUI'HAJIOB CHCTEMbI, MPUYEM

HEU3BECTHBIM 00pa3oM.
KaioueBble cj0Ba: [UMArHOCTHKA, JIMATHOCTHYECKUN IKCIEPUMEHT, JIOKAIH3AIUS
HEHCIPaBHOCTEH, OE3bIHEPIIMOHHBIE CHCTEMbI, OLIEHUBAHKE TAPAMETPOB MOJICXEM
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AHAJII3 TA TIPOTHO3YBAHHS PU3UKIB IIIAXPAVICTBA 3 KPEIUTHUMHA
KAPTKAMU

H.B. Ky3HenoBa

KuiBcekwii momiTexHigHui iHCTUTYT iMeHi [rops Cikopcbkoro,
np. [lepemoru, 37, Kuis, 03056, Ykpaina; e-mail: natalia-kpi@ukr.net

Y poGOoTi ZOCTIIKEHO OCHOBHI MiIXOAW BHUSABJICHHS MIaXpalChKUX OTEpalii 3 KpeIUTHUMHI
KapTKaMHd Ta 3alpolOHOBAHO KOMOIHOBaHE BHKOHAHHS IIOBEIIHKOBOT'O OI[iHIOBaHHS
KJTI€HTIB-BIACHUKIB KPEAUTHHUX KapT Ta MOHITOPHHTY ONEpanii 3 KpeAUTHUMH KapTaMH 3
METOIO BHSBICHHS MOXIIHBOI CipoOH Iaxpaiictsa. byno chopmoBano BXiqHy BHOIpKY 3 4
TUCSY AaKTUBHHMX KpPEIWTHUX KapT, 3a SIKUMH NPOBOJIWIOCH 55 THCAY TpaH3aKii,
KJI1acU(iKOBaHO OCHOBHI THIH KPEOUTHUX KapT 3a IX IOBEIIHKOIO. 3a pe3yJbTaTaMu
NPOBEICHOTO  JOCHI/DKEHHS IIOBENIHKM KIIEHTIB KPEAMTHHX KapTOK OyayeTbcs
MOBE/IIHKOBa MOJIEJIb, 10 ONHCYE, SIK BOHH OYAyTb JIiSITH B HACTYIHI MOMEHTH 4Yacy, SIKi
orepariii MPOBOJAMTH, HA SIKY CyMy Ta 3 SKHMH JIMIiTaMH, i TaKMM YHHOM JO3BOJISIE
BUSBJIITH HETHIIOBI 3aIUTH, IO € CBIAYCHHAM CHpoOM maxpaicbkux omepariil. [Topsg 3i
CTaHNAPTHUMH XapaKTepPUCTUKaMH{, IO ONHUCYIOTh KII€HTAa Ta KPEAWTHY Kapry,
(hopMyBammcs arperoBaHi XapaKTEPHCTHKH, SIKi OIMCYBajH ITOBEAIHKY Kii€HTa (OamaHc,
JIOXOJIH, BUTPATH, JIMITH) B IWHAMIII, 1 32 paXyHOK iX 3aCTOCYBaHHS BIAJIOCH OTPHUMATH
Oimpmr sikicHi Mozeni. [Ipu aHami3i pU3HUKY IMaXpaChKUX TPaH3aKIii BUKOPHUCTOBYBAICH
oreparnii 3a TpaH3aKLiAMU 3a TOMEpeIHi mepiofu (THIOBI Ta MaxpanchKi), OymyBaucs
MOJIeJi Ha OCHOBI JIOTICTUYHOI perpecii, perpeciiHoro piBHSIHHS, perpecii 3 iHTerpOBaHUM
KOB3HHMM CEepelIHIM, a TaKOX 3aCTOCOBYBAJHChH 0AaraTolIapoBHid MEPIENTPOH Ta paaiaibHO-
6asucHa ¢ynkuis. Taki Momeni 3xidicHIoBanu knacudikaiiio TpaH3akiii Ha mpeaMer
nraxpaiicTea, a aajigi NporHO3yBaiu cyMmy TpaH3akiii. Halikpamum MeTogom knacudikarii
TpaH3aKIlii BUSIBHBCSA OaraTolIapoBHH IIEPLUENTPOH, a HaWBHINl 3HA4Y€HHS TOYHOCTI
MPOTHO3Y TOKa3aja MOJIENIb aBTOperpecii 3 iHTerpoBaHNM KOB3HUM cepernHiM (APIMA) i3
3HaYCHHSAM NOXUOkH 4.46% JuUId TPOTHO3YBaHHS CyMH TpaH3aKLii. 3ampornOHOBaHMI
KOMOIHOBaHUH MiAXiZ] BUSBUBCSA ©()EKTUBHUM JJIs aHANi3y Ta MOHITOPHUHTY KPEIUTHUX
KapT Ta BHSBJIEHHSA Imaxpaiicbkux onepaniid. [lepcmektuBHMM Moxe OyTun iHoro
BUKOPUCTAHHS AJ IHIMUX THUIIB (DiHAHCOBUX PHU3UKIB (M OUTIHTOBHX Ta IUIATLKHUX
CHCTEM, CUCTEM IEPEBE/ICHHs TPOILEH Ta IHIIMX TOPTiBEIbHUX Onepartiii).

Kiwu4oBi cioBa: pu3uku IIaxpaiicTBa, MOBEIIHKOBHIA CKOPUHT, KOMOIHOBaHHH MiIXi,
KPEIUTHI KapTKU, MOJIEJI OLIIHIOBaHHS PU3HKIB, perpeciiiii Mozesi

Beryn

Pusuku maxpaiicbkux omnepamiii 3 KpeAMTHUMHM KapTKaMHU € OJHHUMM 3 HalOiIbII
CKJIAJTHO MOJEJIbOBAHMX, OCKITHPKUA XapaKTEPHU3YIOTHCS BEITUKOI KUIBKICTIO OCOOMBOCTEH K
caMHX oOfepalliii, TpaH3akilii, SKi 3MIHCHIOIOTHCA, TaK 1 BEIMKOK KIUIBKICTIO J10JaTKOBUX
napameTpiB, Kl MOTpeOyoTh ypaxyBaHHs. HalfuacTiie MOETIOI0Th pU3HKY IIaXpaiicTBa, 3a
SKUMH JOCTYITHI B)K€ TIEBHI CTATHCTUYHI JaHi; UM 3alMarOThCS BIJIUIM MOHITOPHHTY Ta
NPOTUAIl IIaxpaliCbKUM OIepalisM KOMepHiHMX O0aHKiB, TpaHcepTHHX Ta OUTIHTOBHX
CHCTEM, CUCTEM CIUIATH MOCIYT, IEPEePaxyHKy BaIOT, INIATI)KHUX CUCTEM TOILIO.

B Vxpaini 3a qanumu Harionansaoro 6anky Ykpaiau y 2016 pomi Oyno B o0iry 31,1
MJIH. aKTUBHHX OaHKIBCBKHMX KapTOK (3 70 MuH. BuiaHMX). BIM3bKO 5 MIIH. KITI€HTIB MaroTh
HEraTHBHY KPEAUTHY ICTOPIIO, SIKa MOB’A3aHa HE TUIBKU 3 IIaXpaiicTBOM, a il 3 0aHKPYTCTBOM
HETUIaToCIpoMOXXHHUX OaHkiB. Ille moHexaBHA BCs BIAMOBIAAIBHICTD 32 MOMKIIMBI IAaXpaichbKi
omepauii 3 KpeIUTHUMH KapTKaMM IOBHICTIO JIeKaja Ha IJIeyaX CaMHUX BIIACHMKIB IUX
KPEOUTHUX KapTok. [IpoTe Ha BUMOrYy HaWOUIBIIMX CBITOBUX IUIATDKHHX cucteM (Visa,
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Mastercard), sxi MarOTh OJIHAKOBI IIpaBUJIa 0OCITYTOBYBaHHS BCIX KJII€HTIB IUIATIKHUX CUCTEM
HE3JIC)KHO BiJl KpaiHu, 115 BIAMOBIAIbHICTH OyJia MOBHICTIO TIEpEKIaZeHa Ha caMi YKpaiHChKi
OaHkH. |, AK1I0 paHime MOHITOPUHT (hiHAHCOBUX OTEpaliil 311HCHIOBABCS JIUIIE 3 TOUYKH 30Dy
BUKOPHUCTAHHS B paMKax JIMITy, BaJIOTH Ta 4acy A00H, TO Temep HabaraTo peTeNbHiIe
NEPEeBIPSIIOTHCS HE JIMIIIE BEJIUMKI OMepIlii, a i cami pakTH MiTHATTS JIMITY.

Pusnk maxpaiicekux omnepauid 3 KpeIUTHUMU KapTKaMU MOXeE po3IigaTvcs y
JEKITbKOX KOHTEKCTax: MIAHATTSA JIMITIB oOmeparliii, BUKOPHCTAHHS KPEOUTHUX JIHIA 3
HEMoraieHuMu 3a00proBaHOCTSIMM, MEpEeBIpKa TpaH3aKLild 3a onepalisiMi — YM HE € BOHM
1axpanCbKUMU.

Memorw naHoi poOOTH € aHall3 ICHYIOUHMX METOMIB Ta IiJIXOJIB J0 MOJECITIOBAHHSI
PHU3UKIB IIaxpaiicTBa Ta JOCHIUKEHHS MOXIIMBOCTI 3aCTOCYBaHHS IX Ha pealbHHUX
CTaTUCTUYHUX JAHUX.

Jis MozentoBaHHA Yy poOOTI BHUPIIIYBAJIUCH 3aBJaHHS aHAJI3y TOBEIIHKU KIIEHTIB 3
METOI0 BHABJICHHS IIaxpaicTBa 3 X KpPEAUTHUMM KapTKaMH Ha MPHUKIAIl YKpaiHCbKOIO
0aHKy, 3IIHCHIOBAJIOCH TPOTHO3YBAaHHS IIaxXpaiiChbKol omeparii Ha OCHOBI BXIJIHUX
XapaKTEPUCTHK JUIsI MDKHAPOJHUX KPEIUTHUX KAPTOK.

OcHOBHA YacTHHA

OLiHIOBaHHS PU3MKIB OaHKIBCHKOI IISUIBHOCTI HA3MBAIOTh IIE CKOPHHIOM, OCKUIBKH
IpH [IBOMY PO3POOJISIFOTECS CKOPHHTOBI MOJIENTI, 32 SKHMH OI[IHIOIOTH BJIACHE KIIIEHTIB Ta
KpeIuTH. BuainsaioTh nonepeaHiii CKOpUHT, MOBEJIHKOBHM CKOPHHT, KOJEKIIH-CKOPHHT, a
TaKOX CKOPHUHT mmaxpaicrsa [1,2].

[MoseninkoBuii ckopunr (Behavioral scoring) — 1i¢ aWHaMiyHa OIiHKA CTaHy
KPEAUTOCIIPOMOKHOCT] ICHYFOUOTO TIO3WYalIbHHMKA, 3aCHOBaHA HA JaHWX IIPO 1CTOPIrO
ornepauii mo foro paxyHkax (rpadik norameHHs 3a00proBaHOCTI, 3aIIUTH HOBUX KPEIMTIB,
000pOT 3a NOTOYHUMHU paxyHKaMmH, 1 T. 1I.). Pe3ynbTaToM MoBEAIHKOBOIO CKOPUHTY 3a3BUYail
€ TIPOMOo3MLis OaHKYy CKOPHCTAaTHCS IHIIMMHU OaHKIBCBKMMH IIOCIyraMH: KpeAuTHa KapTa,
KpPEAUT TOTIBKOIO 3a 3HMKEHOIO MPOIEHTHOIO CTaBKOIO, aBTOKPEAUTYBaHHS Ta 1H. CXBaJeHHS
HACTYIHUX KpEeAuTIiB y OaHKy JUId NO3MYAIbHUKA — 1€ TaKOX pe3yJabTaT YCHIIIHOTO
MPOBE/ICHHS MOBEIIHKOBOTO CKOPHUHTY [1].

Cxopunr maxpaiictea (Fraud scoring) — e BHI CKOPHHTY, SIKUil HaJa€ CTaTUCTUYHY
OILIIHKY HMOBIPHOCTI MIaXpalChKUX M1 3 OOKY MOTEHLINHOro Mo3uyalibHUKA. SIK MpaBuio,
3aCTOCOBYETHCSI CIUIBHO 3 1HIIMMHU BUJAMHU JTOCTIKEHHS KITI€HTIB, TAKUMH SIK aruTiKaliiHUHI
CKOPHHT 1 TIOBE/IIHKOBHI CKOPHUHT. Fraud-Scoring BUKOPUCTOBYETHCS TIEPII 32 BCE K MMEBHHUN
Oap'ep Ha IUIAXY IIAaXpaiB IPU OTPUMaHHI KpeauTy. Tak, cucteMa B aBTOMaTUYHOMY PEXHUMI
MO’K€ TOPIBHIOBATH JIaH1 KJIIE€HTIB 3 TaK 3BAaHUMH «HOPHUMU» 1 «CIpUMU» CIIUCKaMHU, pOOUTH
3amUTH B OFOPO KPEIUTHUX ICTOPIH 1 iHIII 30BHimHI 0a3u nanux. Ille omna dynkuis fraud-
Scoring — mepeBipka Ha/JIaHUX JAHUX HA MPOTUPIYYs, MPHUUOMY SIK B PaMKax CaMoi aHKETH,
KOJIW MOXYTh TOpIBHIOBATHCS BIJMOBIJI Ha pi3HI MUTAaHHSA, Tak 1 yepe3 MOPIBHIHHA
OTPUMAaHUX PE3YNbTATIB 3 BCTAHOBJICHUMHU JJAaHUMH 1 CTATUCTUKOIO (HAMPUKIIAA, PO PO3MIPH
JIOXOJIIB B PI3HUX Taiy3sx). Takox nudpu MOXKYTh MOPIBHIOBATUCS 3 TUMH, SIKI HaJalu 1HIII
KJIIEHTH, 3 YCEPETHECHUMH MTOKa3HUKAMHU 10 BCbOMY MOPTQeto kpeauTiB 6anky [1].

Bei Bumu ckopuHry OOOB’S3KOBO MNMPHCYTHI Y BCIX OaHKax Ha MOMEHT MEpeBIpKH
KPEIMTHUX 3asBOK, MPOTE TMOAAJIbIIE JOCTIKEHHS 1 TIEpeBipKa KIIIEHTIB, SIKI BXKE
KOPUCTYIOTHCSI KPEAUTHUMH TPOAYKTaMU OaHKy, 1 € JIOBOJI KOPHUCHHM, ajie OyJlo He Jyxke
PO3IMOBCIO/DKEHUM B YKpaTHChKUX OaHKax. 31 3MiHOI0 BUMOT HamionanbsHoro 6anky Ykpainu
JI0 HOPMaTHBIB KamiTaidy 0aHKy 1 3a0€3MeUeHOCTi KPeIUTIB CUTYyallisl Iem1o 3MiHunace. Temnep
BCe yacTille OaHKM MepeBIPSAIOTh MO3MYAIbHHUKIB HE JIMIIE Ha eTami OOpoOKH KpeAUTHUX
3asBOK, a i 3/IHCHIOIOTH BiJC/IIIKOBYBaHHS TPaH3aKI[ii 3 METOI0 HEJOMYIICHHS POBEACHHS
maxpaniChbKUX OTepallii, a TAKOXK 31HCHIOIOTh IMMOBEIIHKOBUH CKOPHHT 3 METOIO 3a0€3MEUUTH
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JOSUTbHICTh KITIE€HTIB, BYaCHO 30LMBINMBINK KPEAWTHI JIIMITH, a00 HaBMakw, 3a0J0KyBaBIIN
KPEIUTHI KapTH, TIO SIKUM MPOBOASTHCS M1A03P1JII MAHIMYJIAIIIT.

JU1st 11bOTO 31MCHIOETHCS BIICIIIKOBYBAaHHS 1 KiTacu(ikallis MO3UYaIbHUKIB 32 1X JisIMH
IPOTSArOM IEBHOIO NEepioly 3 KPEAUTHUMHM JIMITaMH, IUIaTEKaMH, HAJAXOJHKEHHSMHU TOILO.
Tpan3akiisi BBaXaeThcs MIaXpaiChbKOI0, SIKIIO BOHA BIIPI3HIETHCS BiJl 3BHUANHOI MMOBEIIHKU
KopuctyBayda. Lle nos's3aHo 3 Tum, 110 nepeadavyaeThes, U0 3I0BMUCHUKY Oy1yTh BECTH cede
30BCIM TIO-IHIIOMY, HIX BIIACHUK o0OmiKoBoro 3ammcy. OTke, Cmo4arky HEOOXiJTHO
HampairoBaTH 1 BUSABUTU MOJENb IOBEJIHKM KOPUCTYBaua KPEIUTHOI KapTH, a MOTIM BXKe
BUSBIIATU TaxpaiictBo [3]. [HmmM BapiaHTOM € Kiacudikallis camuX TpPaH3aKIlii 3 METOI0
BUSIBJIEHHS, Y1 € BOHU HOPMAJIbHUMHU (TUIIOBUMHU), UM € HIaxXpaicbKUMU. [l BUpIILIEHHS L€l
3aja4i MOXKYTh BUKOPUCTOBYBATHUCh METOIM JEPEB pillieHb, HEWPOHHI Mepexi, MpaBuia
BUBEJICHHS TOIIO [4,5].

BaxmBo miAKpECIUTH KIIOYOBI BiAMIHHOCTI MK aHaJIi30M TOBEAIHKM KOPUCTYBauiB
Ta MIIXOAAaMHU LIOJO0 aHai3y LaxpaicTBa. Meroa aHanmizy miaxpaiicTBa JO3BOJISIE BUSBUTH
BiJJOMI IIaXpaliChKi XUTPOLIi 3 HU3bKUM XHOHUM ITO3UTHBHUM piBHEM. [IpoTe, OCKIIBKHU 10715
BUII/IKIB IIaXpaiiCbKMUX 3asBOK € 3a3BUYall J0BOJII HU3BKOIO, TO caM Kiacugikatop 6a3yeTbcs
Ha OOMEXKEHMX 3amucax Ipo IMIAXpaicTBO 1 HE MOXE BHUSABUTH HOBI Qanbcudikamii. B
pe3yibTati, MPONYCKU MIaxpaiicTBa npu Kiacugikauii MOXyTb OyTH HaJ3BHYailHO BUCOKUMHU
3aJIeKHO BiJl TOrO, HACKUIBPKY BHHAXIIJIMBUMH € maxpai. AHali3 MOBEIiHKA KOPUCTYBadiB B
[bOMY BUNAJIKy CIPAaBIIsE€THCS Ha0arato Kpaiie 3 BUSABICHHSIM HOBHUX (anbcudikamiili. byas-
SKa JISIIBHICTD, SIKa CYTTEBO BIJIPI3HAETHCSA Bil Monenmi, Oyne po3rIsiIaTHCS SIK MOXKJIMBE
[IaXpaNCTBO.

CuctemMu BHSBICHHS IIAXpaiicTBa TAaKOXX CTUKAIOTHCS 3 TEBHUMHU TPYIHOIIAMH Ta
oOMEXeHHsIMU: He30ajaHCOBaHI JaHi, pi3HE 3HAYCHHS HEMpPaBWIBHOI Kiacudikarii,
BIJICYTHICTh aIanTUBHOCTi, Tomo [3]. He30asaHCOBaHICTh JaHHWX IOB’S3aHA 3 HEBEIHKOIO
KUIBKICTIO HIaXpaiChbKUX omepaliii B 3aranpHiil BuOipii. Pi3Ha BapTiCTh NOMHIIKOBOTO
BUSIBJICHHSI TIOB’si3aHa 3 BTpaTaMu. Tak, maxpaichbka oreparlis CIpUHHATA SIK HOpMajbHa
npu3Bene 10 BTpaT, PIBHUX cyMi TpaH3akuii. [IpoTe, sKiio cuctema crpuiiMae HOpMallbHY
TPaH3aKIIo K IaXxpaiChbKy OMepariio 1 BIAXUISE 11, TO 1€ MPU3BOAUTH J10 HE3HAUHUX BTpaT,
NOB’S3aHUX, HANPHUKIAJ, 3 YTOYHEHHSAM 1 JOAATKOBOIO ayTEeHTH(]IKalli€lo KI€HTa.
BincytHicTs amanTUBHOCTI mepeadayae, 10 KilacH(ikaliiHI alrOpUTMH, SK IMPaBUIIO,
CTUKAIOThbCSA 3 MPOOJIEMOIO MOSBU Ta, BIAMOBIAHO, CKIAJHOIIAMH BHSBJIEHHS HOBHX THIIIB
3BHYAHUX YU IIaXpalChKUX 3pa3KiB.

Jlani MU BUKOHA€MO aHalli3 KPeIUTHUX KapTOK Ta MOPIBHAEMO OOUABA MIAXOIU 3 TOUKU
30py MOBEIIHKOBOTO CKOPUHTY Ta BUSBJICHHS IIaXpaiicTBa.

Ananiz noeedinKu KNIEHMIG-61ACHUKIE KPEOUMHUX KApMOK 3 MOYKU 30py
suKopucmanua aimimie. [ aHanizy MOBEAIHKU KIIIEHTIB OyJIM BUKOPHMCTaHI pealibHI JIaH1
YKpaiHCBKOTro O0aHKy 3a KpeAMTHUMH KapTamu, Buganumu y 2013-2015 poxax. Bynm
BiJIIOpaHi criocTepekeHHs 3a 4 THCSYaMU aKTMBHUX KPEIUTHUX KapT, sIKI MPOBOJIWIM Pi3HI
TpaH3akuii. 3arambHa KUIBKICTh TpaH3aKIii ckiamae 55 Tucsd 3anuciB. HasgBHi Taki
MOBEAIHKOBI MapaMeTpu: 3ajJHIIOK 3a TUIOM KpPEOuTy, 3aJIMIIOK 32 KOMICI€I0/BICOTKAMU,
IpocTpoyeHa  3a0OproBaHiCTh 3@  TUIOM,  HIpPOCTpOYeHa  3a00proBaHICTh  3a
KOMICI€10/B1ICOTKaMH, KUTHKICTh JHIB MPOCTPOUYKH 3a TLIOM, TOIIO. ATUTIKAIIAHI JaHi: THII
KJII€EHTA, BIK, pIK BHJaui, TPUBANICTh YrOAM, JIMIT Ha MOYATKy, CyMa MpH IOJadl 3asBKH,
O3HaKa PIBHOCTI JIMITY Ta CyMH, aJipeca IMPOIMHCKH, aJpeca MICIsi MOCTIHHOTO MPOKUBAHHS,
KUTBKICTh MiTeH, 1 T.M. ArperoBaHi JaHi: MaKCHMMallbHa KUTBKICTh MPOCTPOYCHHUX MICSIIIB,
Cepe/IHE 3HAYCHHS MIOMICSYHOTO 3HATTSI, MAaKCUMaJIbHE 3HAYCHHS BiTHOIICHHS MTPOCTPOUYCHOT
3a00pProBaHOCTI JO BCTAHOBJIEHOTO JIMITY, 1 T.II.

VY pe3ynpTaTi momepeHbOro aHaIi3y MOXHA BUIAUIMTH JIEKUTbKAa THIIOBUX KPEIUTHUX
KapT: KpEeOuTHI KapTu, 1o Oe3mepeliifHO moramaioTh 3a00proBaHOCTI Ta KapTKH, IO
nepeinum B aedonT (3a MDKHAPOAHOI TMPAKTHUKOK, KOJM KpeauTHa 3a00proBaHICTh
nepesuirye 90 nuiB). s OUTBIIOCTI HEASPONTHUX KPEAUTHUX KApPT BCE XK CHOCTEPIraucs
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IPOCTPOYCHI IJIaTeXl MPOTATOM HEBETUKOro mepiogy B Mexax 1-7 gmiB. Tyr moxHa
BUJIUTUTH JOJIATKOBY KJacH(iKalliro: 3 MOCTIHHUM JIIMITOM, 3MEHIIEHHSM Ta 30UIBIICHHIM
nimiTy. CHUTBHOIO PUCOIO IS IUX TPHOX BHIIAJKIB € BITHOCHO MOCTIMHUN TEMII IJIATEXKIB,
10 3aJICKUTh BiJ BEIUYMHU JIMITY Ta/ab0 3a00proBaHocTi. Pa3oM 3 TUM 3HATTS 3 KPEIUTHOI
KapTH € TICBHOK BUIAJKOBOIO BEIIMYUHOK) 13 OYCBUIHUM MAaTEMaTUYHHM CIIOAIBaHHSM, a
CTPYKTypa B IOCIIZOBHOCTI NMPOCTPOUYCHHMX IUIATEXKIB B3arajli HE CIOCTEPIraeThCcs. Takoxk
cepell KOPUCTYBadiB MOKHA BUIUIMTH THX, [0 3aJUIIANK OamaHC KPEIUTHUX KapT Ha
BHCOKOMY pIBHI Ta THX, III0 HaMarajucs 3BecTd OajaHc A0 Hyjs sxkHaimBumae. [Ipuknan
KpEeIUTHOI KapTu 0e3 3a00proBaHOCTE|, IPOTE 31 30UIBIICHHSAM KPEIUTHOTO JIIMITY HABECHO
Ha puc. 1.

[y
(=]

rpH.

[l ¥ w E=Y (93] [sn] =~ o] (Vo)
IHT

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Micsmi 00¢c.IYTOBYBaAHHSA
=0 flimit 3HATTA  =—O—T[lpocpouka ==Q==basaHc =—=O==T[lnatei === [IHi NPOCPOUKH

Puc. 1. [Tpuknaa kpeauTHOI KapTu 6€3 MPOCTPOUEHUX IUIATEXKIB (31 301IBIIEHHS JTIMITY)

[Ipuknan xaptu apyroro TUIy 31 3BEACHHSM /10 MIHIMyMy OajaHCy HaBEJEHO Ha pHC. 2.
OxpeMo MO’KHa BUJUINTH BUMAJAKH MIPOCTPOUYCHOT KOMICIT TpH HYJIbOBOMY OaslaHCi Ha KapTi,
K1 HE BBaXKaIOThCSI 1€()OJITHUMH, MPOTE TAKOXK € JOBOJI1 TUIIOBUMHU JIJISl KITIEHTIB.
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Puc. 2. KpenutHa KapTa Apyroro THITY

HacrtynHuMm BapiaHTOM € Tak 3BaH1 JeONTHI KapTKH, K1 MalOTh 3a00PTrOBaHICTh OUIBII
HiK 3 Micsi, 1 MOKYTh XapaKTepu3yBaTUCs MOCTIHHUM, 301IbIIEHUM 200 HaBITh 3MEHILICHUM
KPEIUTHUM JiMITOM. J[J1 TakuX KJII€HTIB HEOOXiAHO BUSBUTU (PakT nedonTy i 3a0710KyBaTH
MOYJIMBICTh BUKOPUCTAHHS KPEIUTHOTO JIIMITY B HACTYIIHOMY MicCsIi, 1100 3MEHLIUTH
(diHaHCOBI1 BTpaTH OaHKY.
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3riiHO 3 OMHCAHUM KPHUTEPIEM KpEIUTHA KapTa Ha pUC. 3 MEPEeXOJUTh y cTaH Ae(OTy
Ha 21-My MiCSIi CBOTO JKUTTS, IPH IIbOMY JTOBIHH IEpiOJ] BJIACHUK KapTH OyB B3ipIeM,
IOTpUMYBaBcs rpadiky BUILIAT JOCUTHh TPUBAIHM dac.

Opnnak OyBarOTh BHIAJIKM, KOJM KpeOWTHA KapTa NEPexXOJuTh y 3a00proBaHICThH i
MPOCTPOUKY, IPOTE MOTIM KITIEHT YCHIIIHO MOKPUBAE 3a00prOBaHICTh Ta 3aKPUBAE KapTYy.

2500 300

2000 250

200
1500

150 &

rpH.

1000
100

500 50

1 2 3 45 6 7 8 9101112 1314151617 18 1920 21 22 23 24 25 26 27 28 29 30 31

Micsani 00c/IYTOBYBAHHSA
—O0—JlimiT 3HATTA Mpocpoyka =—O=—banaHc =—O—T[Inatexi =—O=— [IHi NPOCPOYKM

Puc. 3. [Ipuknag neonaTHOT KpeAUTHOT KAPTH 31 3MEHIIICHHS JIIMITY

3a TakuMu KpuTepisMu Oy BifiOpaHi i chopMOBaHi BUAM MOBEIIHKU KIIIEHTIB, 1 TETep
MOXHa Oe3[0CepeHb0 BHSBIATH AaTUINOBY a00 IIaxpaiCbKy IIOBEIiHKY, SKa CYTTEBO
BIJIPI3HSAETBCSA BiJ oOmNMcaHoi Buie. llepeliieMo 10 HACTYIMHOrO €Taly BHUSBICHHS
IaXxpaiChKUX OIepaliii 3a KpeAUTHUMHU KapTaMu.

Ilpozno3syeanns waxpaiicokoi onepauii 3a KpeoumHuMu Kapmeamu

Bxioni oani: Habip naHux MIiCTUTh €BpoOOIIiraniiti TpaH3akuii, 3po0ieHi KpeIuTHUMU
kaptkamMu y BepecHi 2013 poxy. Habip naHux nyxke He30allaHCOBaHMM, HIaxpaicTBoO
cranoButTh 0.172% Bcix Tpanzakiiii. HaGip mqaHMX MICTUThH TUIBKH YUCIOBI BXiJHI 3MiHHI.
3minni V1, V2, ..., V29 € 0CHOBHUMH KOMIIOHEHTaMH, OTPUMAHUMH 32 JOIIOMOTOI0 METOIY
TOJIOBHUX KOMIIOHEHT, a €IMHOI HemepeTBopeHor ¢yHkuieo € «Yacy. Dynkmis «YHacy
MICTUTh CEKYH/M, 110 MUHYJIM MDK KOKHOIO TPaH3aKIII€l0 1 MepIioi TpaH3akKLIe B HAOOpi
nanux. Oynkiis «CyMma» — 1e cyma TpaH3akllii, sika BUCTYIAE B SKOCTI IILOBOI 3MiHHOT,
HaTpUKJIIa, U1 HaBUYaHHS 3 ypaxyBaHHAM BUTpar. Oyskiis «Kiac» — € miap0BOI0 3MiHHOIO
BIJINIOBI[I, 1 BOHA NpuiiMae 3Ha4eHHs «1» B pa3i maxpaicTsa, «0» — B iHIIOMY BHUIIAJKY.

1 Eman. 3anaua BusiBNeHHS XWUOHOI TpaH3akiii € 3amadyero kiacudikailii, a Tomy
JOITBHO TIePeBipATH TOYHICTH 32 ocHOBI iHAekcy GINI Ta oGmacti mix KpHBOIO TOYHOCTI
(AUC). dns Toro, mo0 BU3HAYUTH BAXKIIMBI 3MiHHI, SIKI MalOTh OyTH BKJIFOYEHI 0 aHAIi3y,
3MIMCHIOEMO TONEpeIHiA aHami3 3MiHHUX-Xapakrtepuctuk [1]. B igeami mu  maemo
chopMyBaTH BUOIpKY TaKUM YHMHOM, IIOO OTpUMATH 30aJlaHCOBaHI PO3MOALINA 32 KOKHOIO
3MIHHOIO Kiacy. ['padiku Ha puc. 4 moka3yrTh, HACKUIBKU PI3HOPIIHI 00M/BA KJIACH 11100
KOXHOTo posmoainy 3miHHMX. Timeku V13, V15, V22, V23, V24, V25 i V26 moxHa
po3risaaTy sk 0e33MICTOBHI 3MiHHI, a BC1 1HIN 3MiHHI — MOTEHLIHHO KOpUCHI 3MiHHI. [Ipore,
Ha IM0YaTKOBOMY €Talli BUKOPHCTAEMO BCi 3MiHHI /1 NOOYA0BH Kiacugikaropa.

Jlns 1poro modymyeMo JioricTuuHy perpecito [6] B cepemosuii R sk kmacudikatop 3
nsoma Buxogamu (0 Ta 1) 3a momomororo BOyaoBaHoi QyHkuii evalmod i3 makery precrec.
Kinpkicny inTepnperanito ROC nae nokazuuk AUC — moma, oOmexeHa ROC-kpusoro 1
BICCIO YaCTKM IMOMMJIKOBHX IMO3UTHBHMX Kiacudikamnif. Yum Bume nokasHuk AUC, tum
sKicHime kinacudikarop. B Hamomy Bumaaky 3HadeHHs aopiBHioe 0.7589, Tomy nmaHi Ta
TaKui KJIacHU(IKaTOpP MOKHA BUKOPUCTOBYBATH JIJIsl IPOTHO3YBAHHS CYMH 110 TPAH3AKIIIsX.

2 Eman. Tlporao3yBaHHsl CyMH TpaH3aKIlii 3 METOIO BUSBIICHHS IIaXPalChKO1 omepaitii.
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MogenroBaHHS 3/1CHIOBAJIOCH 3a JonoMororo nakery SPSS Statistic, HanamroByroun
BHXIJIHY 3MiHHY (111hOBY 200 Target) sk 3minny V30 — 3arajibHa cyma 1o TpaH3aKI[isM.

[Iporuo3yBanHsi cymMH TpaH3akiii OyJ0 BUKOHAHO PI3HUMH METOJaMH 32 JOIMOMOTOI0
perpeciiiHoi MojieTi, HEHPOHHUX MEPEK, TOIIIO.

Byno moOynoBano Kinbka pi3HUX MoJeneil aBroperpecii, aBTOperpecii 3 KOB3HHM
Cepe/IHIM, IHTETPOBaHOI aBTOpErpecii 3 KOB3HUM cepeaHiM. J[s KoxkHOT 3 00paHuX Mojaenen
Oynu moOymoBaHi CTaTUCTHYHI KpUTepii sKoCTi Ta Tabmumi 3anumkiB. Haiikpamii 3HadeHHs

nokazana moxens ARIMA (R* =0.987, BIC =6.343).
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0.5-
g5°
07-
0.0~
0.4 -
0.3~
0.2~
0.1~
0.0~
0a- 03-
g 03 02
o . 0.1-
o 0.1-
g 00- 0.0-
0
g 0.4 - 0.4-
8 03- 0.3-
8 02- 0.2-
A 01- 0.1~
0.0- ! 0.0-
06= 06=
0.4- 0.4-
0.2- 0.2-
0.0- 0.0-
V22
1.0~ 15-
1.0-
0.5- 05-
0.0 0.0-
V25 V26
0.8- 4= ] -
06- 0.9- 3- é 2_
0.4 - 0.6- 2- :
0.2- 0.3- 1- 1 2=
0.0 - ——=5 0.0 == 0 0-; :

50-25 00 25 50 -50-25 0.0 25 50 -50-25 00 25 50 -50-25 0.0 25 5.0
3Ha4YeHHT 3MIHHHX

Puc. 4. [Tonepenniii anani3 BXiJHUX XapaKTEPUCTHK

J1nst OIiHIOBAaHHSI IKOCTI TIOOYIOBH MOJEJI Ta MPOTHO3Y 3aCTOCOBYIOTH KpHUTEpii[7]:

N - A.
1. Cepenns BincorkoBa noxubka: MPE = %zu x 100%.
i1 Y
i . 13 |yi B )7,|
2. Cepenns BijcoTkoBa abcomoTHa noxubdka: MAPE = Wzﬁ x 100%.
i1 |Yi

N
3. Cepennst moxuodka: ME = %Z“(yi -Y.).

i=1
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N
4. Cepenus abcomotHa noxuoka: MAE = %Z] Y. -V |
i=1

5. CepennbokBaaparuuna moxubOka (Standard Error abo RMSE — root mean square

=
error): SE = /%Z(yi -9.)%.
i=1

6. CepeaHbokBajpaTHyHa  IOXHOKa (MSE — mean square error):
N

Z(yi -V )2

MSE = E((y—y)*)= = -

N N
7. Cyma KBaapatiB HOXHOOK: Zez (k) = Z [§(k) - y(k)]* = min.
k=1 k=1 0

s Mol ARIMA Oynu OTpHUMaHI1 HACTYIIHI 3HAYEHHS:
MAPE =4.446%%, MAE =2.81, MSE=7.89, SE =62.24.

Jani 3aiiicHIoBanach modyaoBa perpeciiiHoi Mozeni 1 Oyiau oTpUMaHi Taki MOKa3HUKHU
SKOCTI MOJIEJI OTPUMAJIU TaKi: R?=0.996, Radj2 =0.991.

Hapnani Oyno 3aificHeHo moOyJoBYy 0araToIIapoBOTrO HEPLENTPOHY, Jieé KOPUCTyBay
MOJKE€ CAaMOCTIHHO HAJAaIITYBAaTH MEPEKY, BKa3aBIIN KUJIbKICTh HEHPOHIB, MPUXOBAHMX IIAPIB,
TOLLIO, JUIS IOCATHEHHS BUILIOTO pe3ylbTaTy (puc. 5).

V30

/
'y i -2
/ A
/ /
/ / // 7 i

A il
1A
/ |/ f)

14 /
(e
Puc. 5. Heiiponna mepesxa i3 MiJIbOBOIO 3MIHHOIO

Bubipky Oyno po3aiieHo Ha HaBYajbHY Ta IEPEBIPOUYHY, 3JIHCHEHO OLIHKY CYMH
KBaJpatiB moxuook Ta BigHocHoi moxuboku, ME =0.06 ta RMSE =5.151.

Takox Oysno 37a1HCHEHO MOJEIIOBAaHHS HAa OCHOBI pasianbHo-0a3ucHoi QyHKIi (PBD).
Jis HanmamTyBaHHS (yHKIII Oy/0 BU3HAUYEHO 2 BXIJHMX HEHpOHA, (QYHKIIS aKTHBALis AJs
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NpUXOBaHOro Imapy Softmax, KimbKiCTh HEWpPOHIB, MapaMeTpu MOZETl Ta NPOTHO3Y,
JIOIaTKOBI Tpadiku, TOIIO.

3BelIeHI XapaKTepUCTUKH SIKOCTI MPOTHO3y HAa HABUYAIBHIA Ta MEpeBipoOvHii BHOIpIi
HaBeJIeHO y Tabmwuii 1.

Tadauus 1.
3BeneHa TabIHIsl TOXUOOK MPOTHO3Y 32 BCiMa MOJICIISIMU
BingHocHa moxubka HauanbHa BuOipKa ITepeBipouna Bibipka
APIMA 0.987 0.044
Perpeciiine piBHSIHHA 0.1757 0.991
bararomaposuii nepuentpon | 0.148 0.060
PanianpHO-0a3ucHa Gynkmis | 0.439 0.931

TakuM 4MHOM, HAMKpaIlow MOJEJUII0 BUSBUBCS 0araTollapoBHil MepUENTPOH, 32 HUM
O0yB 1oOyqOBaHMI MPOTHO3 3 JOBOJII SKICHUMH IMOKa3HMKaMu. Halkpaioro 3a 3HaueHHSIM
nporuo3y BusiBmiIack monaeinb APIMA i3 3HadenHs mnoxubku 4.46%. Haiiripme 3HadeHHs
OyJ10 OTpUMaHO MPH 3aCTOCYBaHHI perpeciiHoi Mozeli.

MoskHa cka3aTd, 0 SKII0 BUKOPUCTOBYBATH OaraToUIapOBHiA MEPLUENTPOH a00 MOIETh
APIMA, To B Hac Oyne HaiiBHIlle, HAUTOYHIIIE 3HAYEHHS MPOrHO3Y, TOOTO ONTUMICTHUHUI
cuenapiii s 20% mnepeBipounoi BuOipku. Skmo mu Oymemo BukopuctoByBatu PB®D, To
oTpuMaeMo 0a30BUIl cHeHapill Juid pe3ylbTaTMBHMX 3HadeHb. Skmo Mu Oyaemo
BUKOPHCTOBYBATH PETPECIiHY MOJIENb, TO OTPUMAEMO 3HAYCHHS MIPOTHO3Y, K1 TyKe CHIIBHO,
3 BEJIMKOIO0 MOXHOKOI0, OyayTh BIAPI3ZHATHCS BiA peanbHUX. B maHomy Bumaaky mu Oyaemo
MaTH TMECUMICTUYHHUH MPOTHO3 1 BEJIMKUI PU3MK TOTO, [0 YaCTHHA IpoIIel Oyne 3aryoOiieHa
abo oTpuMaHa HIaxpasMu.

[ToBepratouuch 110 MOYATKOBHX po3noAuieHux kiaciB (me 0 — Bce nobpe, 1 —
maxpaicrBo), npu 3actocyBaHHi APIMA Ta GaraTomapoBoro mneprentpoHy HMOBIpHICTbH
nraxpaiicrsa 6yae miHimanbHo, ipu PB® — cepeannoro, a mpu perpecii — HailOUIBIIO0.

BucnoBku

3amaya BUSBJICHHS IIAaXpaiiCTBa € OJHIEI0 3 HaWaKTyalbHIMIUX Yy OaHKIBCHBKOMY Ta
¢dinancoBoMy cexTopi. CaMe pU3MKHU IIaxpaiicTBa BaKKO CTPYKTYpYyBaTH Ta (GopmaiilzyBary,
a TOMy NOTpiOHI HOBI KOMOIHOBAaHI MiJIXOAX Ta METOAU. Y poOOTI BUKOPUCTAHO CUCTEMHUMN
HiAX1A 70 ONpaLIOBaHHS PHU3MUKIB IaxpailcTBa 3 KpPEeAUTHUMH KapTKaMH, sIKUi nependadae
KOMO1HAII1}0 TOBEIIHKOBOTO OLIIHIOBaHHS Ta BUSABIICHHS IIaxpaiicTBa 3a TpaH3akuigMU. Taxuit
HiAX17 13 3aCTOCYBAaHHSM aHali3y NMOBEIHKM BJIACHUKA KPEIUTHOI KapTH J03BOJISE€ BUSBUTH
cripoOy Tmmaxpaicbkoi omeparlii Ie Ha eTari ii BUHHUKHEHHS, a TOJajbIle 3aCTOCYBaHHS
METO/IB perpeciifHoro aHaiizy, HEHPOHHMX MeEpEeX J03BOJIE€ CIPOTHO3YBAaTH HMOBIPHICTH
takoi oneparii. Lle 703BosIE TakoXK 30aTaHCYBATH BXIJHI JaHi, OTPUMAaBIIN arperoBaHi 1aHi
10 3a00pPTrOBaHOCTSIM, Yacy 00CIyroByBaHHs, KIJIbKOCTI JHIB MPOCTPOUYKH KPEIAUTHOTO JIMITY,
TOILl0, Ta OTPUMATH OLIbII TOYHI OI[IHKK MPOrHO3y. HacTynmHUM eTanom AJis IpOTHO3YBaHHS
PHU3UKIB IIaxpaicTBa € MPOTHO3YBaHHS CyMM OIlepallii, OCKUIbKHA BCi 3aco0u 3amoOiraHHs
HIaxpaicTBy TaKOX pO3MOJAUIEHI B 3aJIeKHOCTI BIJ CyMH oOIlepaiii, a MpOTrHO3yBaHHS
miaxpaicpKkoi omnepariii Ha cymy 1 rpH. Ta 3ano0iranus il € HeponineHuM. [Ipote cam dakr
BUSIBJICHHSI TaKOl IIaXpaiiChbKOi omepalii € BaXXJTMBUM CUTHAJIOM PO MOXKIHWBY CHPOOy
NOJAJIBIINX TPaH3aKI[iil Ta € CUTHAIOM JUIS BiJIC/IIJKOBYBAaHHS TaKUX KPEIUTHUX KapT.

[lepcrieKTUBHUM € TOJaibIlle JOCHIIKEHHS PHU3UKIB IIaxXpalCbKUX oOmepauii Ta
PO3LIMPEHHs KJIacy 3a/1ady MPOTHO3YBaHHS, 3 BHKOPHCTAHHIM KOMOiHalii MOBEIIHKOBOTO
CKOPUHTY Ta MOHITOPHHTY IIaXpalChbKUX OIepallid, Ha TOPTiBeIbHI omeparii, MIaTiXHi
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CUCTCMHU, CUCTCMH NICPCPAXYBAHHA rpomeﬁ 3 TOYKH 30PY BUSBJIICHHS TUIIOBUX Ta HCTHUIIOBUX
orepalliii Ta 0;I0KyBaHHS MOXKJIMBHUX IIAXPalChbKUX 1.
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AHAJIN3 1 ITPOT'HO3UPOBAHUE PUCKOB MOIIEHHUYECTBA C KPEAUTHBIMUA
KAPTOUYKAMM

H.B. Ky3nenoa

KueBckuit monurexHudeckuii HHCTUTYT uMeHHu Mrops CHUKOpCKOTo,
np. [loGener, 37, Kues, 03056, Ykpauna; e-mail: natalia-kpi@ukr.net

B pabote nccrienoBaHbl OCHOBHBIE TOAXO/B! K BBIBICHHUIO MOIIEHHUYECKHX OIEpaIuil C
KPEIUTHBIMH KapTOYKaMH U MPEI0KEHO KOMOMHUPOBAHHOE UCTIOTHEHHUE ITOBEICHIECKOTO
OIICHUBAHHS KIMCHTOB-BIAACTBIICB KPEAWTHBIX KapT W MOHHUTOPHHIA OMNEpaIfid 110
KPEIUTHBIM KapTaM C I[EeNbI0 BBISABICHHS BO3MOXKHOW TOMBITKM MOIICHHWYECTBA. bblma
chopMupoBaHa BXOIHAs BEIOOpKA M3 4 THICSY aKTUBHBIX KPEIUTHBIX KapT, IO KOTOPHIM
TIPOBOMIIOCH 55 THICSY TpaH3aKIMHA, KIaCH()HUITUPOBAHEI OCHOBHBIC THUIIBI KPEIUTHBIX KapT
mo ux moBeneHuto. [lo pe3ynbpraTaM MpPOBENESHHOTO HCCIIECJOBAHUS TOBEACHUS KIHUCHTOB
KpPEJUTHBIX KapTOUYeK CTPOUTCS TOBEIEHYECKash MOJENb, OMHMCHIBAIONAs, KaK OHH OyayT
JIEHCTBOBATh B MOCIEAYIONUE MOMEHTHI BPEMEHHU, KaKue ONepaliy MPOBOJAUTh, Ha KaKyIO
CYMMY M C KaKMMH JIAIMHTaMH, ¥ TaKUM 0Opa3oM IMO3BOJISIONIAS BBISIBISITH HETUITHYHbIE
3anpockl, KOTOPBIE CBUAETENBCTBYIOT O MOMBITKaX MOIIEHHUYECKHX omepanuil. Hapsany co
CTaHAAPTHBIMU XapaKTEePUCTUKAMU, OIMCBHIBAIONIMMH KIWEHTAa W KPEIUTHYIO KapTy,
(hopMHUpOBANIKCH arperupoOBaHHbIE XapaKTEPUCTHKH, OTHCHIBAIONIUE IMOBEJACHHE KIHUEHTA
(baraHc, TOXO/IBI, PACXO/IBL, IUMUTHI) B TUHAMUKE, M 332 CYET UX UCIIOJIL30BaHUS YIaBAIOCh
MOJYYHTH OOJiee Ka4eCTBCHHBIC MOJIeNH. [Ipy aHanmu3e prcka MOIICHHHYECKUX TPaH3aKI[HHA
UCIIONIE30BAIMCH OMEpAallMy IO TPaH3aKIUAM 3a MPENbIIyNIHe TepHOAbl (THIIUYHBIC M
MOIIICHHUYECKHE), CTPOWIMCh MOJCIA Ha OCHOBE JIOTHCTHYECKOW  PErpecCHH,
PErpecCUOHHOTO YpaBHEHMsI, PErPECCUM C UHTETPUPOBAHHBIM CKOJIB3SIIMM CPEIHUM, a
TaKk)Ke MPUMEHSUTUCh MHOTOCIIOMHBIN NIEPCENTPOH U pauaibHO-0a3ucHas GyHKius. Takue
MOJIEIN OCYIIECTBISUTH KJIACCH(HMKALMIO TPaH3aKIMH Ha IPEeaMEeT MOIICHHUYECTBa, a
JNbIIe TPOTHO3MPOBATM CYMMY TpaH3akIuH. JlydmnM MeToaoM KiIacCH(pHKaIun
TpaH3aKIWUH OKa3aJiCs MHOTOCIOMHBIM TEpPCEeNTPOH, a BBICOKHE 3HAYCHHUS TOYHOCTH
MPOTHO3a ITT0Ka3ana MOJENb aBTOPETPECCHU C MHTETPHPOBAHHBIM CKOJIB3AIINM CPEIHUM
(ARIMA) co 3HauenneM norpentHoctd 4.46% sl MPOTHO3UPOBAHUS CYMMBbI TPAH3AKIUH.
IpemnoxxeHHbpIE KOMOMHHPOBAHHBIA MOAXOJ OKaszaics S((EKTUBHBIM s aHAIW3a W
MOHHUTOPMHIa KPEIWUTHBIX KapT M BBbISBICHHS MOUICHHMYECKUX ONepauui, U
MEPCICKTHBHBIM MOXET OBITh €r0 HUCIIOJIb30BaHHE JUISA IPYTHX THIIOB (PMHAHCOBBIX PHUCKOB
(Anst OMIUIMHTOBBIX M TUIATE)KHBIX CHUCTEM, CHCTEM IEPEBOAA JCHET U IPYTHX TOPTOBBIX
orepanui).

KarwueBble cJioBa: prCcKH MOIICHHIYCCTBA, TOBECHUCCKUI CKOPHHT, KOMOMHUPOBAHHBII
MOJX0/I, KPEAUTHBIE KAPTOUKH, MOZEIIH OIIEHKH PHUCKOB, PETPECCHOHHBIC MOACIH
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ANALYSIS AND FORECASTING OF CREDIT CARDS’ FRAUD RISKS
N.V. Kuznietsova

Igor Sikorsky Kyiv Polytechnic Institute,
37, Peremohy Ave., Kyiv, 03056, Ukraine; e-mail: natalia-kpi@ukr.net

The paper investigates the main approaches for detecting fraudulent operations with credit
cards and proposes a combined implementation of behavioral assessment of credit card
holders and credit card transactions in order to detect possible fraud attempts. An incoming
sample of 4,000 active credit cards was generated, for which 55 thousand transactions were
carried out, the main types of credit cards were distinguished by their behavior. According
to the results of a study on the behavior of credit card clients, a behavioral model was built.
It describes how they will act at the next moments, what transactions carry out, of what
amount and with what limits, and thereby non-typical queries could be identified that are
evidence of fraudulent attempts. Along with the standard characteristics describing the
client and credit card, aggregated characteristics were formed for client’s behavior
describing (balance, income, expenses, limits) in dynamics and due to this managed to
obtain more qualitative models. In analyzing the risk of fraudulent transactions, transaction
transactions for previous periods (typical and fraudulent) were used, models based on
logistic regression, regression equation, regression with integrated slip medium, and also a
multi-layer perceptron and radial-basic function were used. Such models carried out the
classification of the transaction for fraud, and then predicted the amount of the transaction.
The best method of classification of transactions was a multilayer perceptron, and the
highest accuracy values of the forecast showed autoregression integrated moving average
(ARIMA) model with an error value of 4.46% for forecasting transaction amount. The
proposed combined approach proved to be quite effective in analyzing and monitoring of
credit cards and detecting fraudulent transactions, and it could be implemented on other
types of financial risks (for billing and payment systems, money transfer systems and other
trading operations).

Keywords: fraud risks, behavioral scoring, credit cards, combined approach, risk
assessment models, regression models
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YAOCKOHAJIEHHA METOAY BIJOKPEMJIEHHSA KJIOHY BIJ ITIPOOBPA3Y B
HUP®POBOMY 30bPAKEHHI

L.1. Bobok, A.A. KoGo3eBa

Opnecrkuil HalliOHANBHAHN TTONITEXHIYHAN YHIBEPCHUTET,
npocr. [lleBuenka, 1, Oneca, 65044, Ykpaina; e-mail: alla_kobozeva@ukr.net

KiloHyBaHHS 3aIMIIAETHCS HA CHOTOJHINIHIA JIEHb OAHUM 3 HalOLIBII IMUPOKO W YacTo
BUKOPDHCTOBYBaHMX npu (anbcudikanisx nuppoBux 300paxens (L[3) nporpamumx
iHCTpyMeHTiB. Po3B'a3aHHIO 3ajqaul BHSBJICHHsS PE3YJbTAaTiB KIOHYBaHHS MPHIUISETHCS
OaraTo yBaru, OJIHaK MUATAHHS BU3HAUCHHSI, sIKa 3 BUSABJICHUX MOMEpeaAHbO obmacteit 13 €
KJIOHOM, a sKa NpooOpa3oM, 3alHIIa€ThCs AaKTyadbHUM. Y poOOOTI 3arporoHOBaHE
BIOCKOHAJICHHSI METOJy BiZJOKPEMJICHHSI KJIOHY BiJl poo0pazy, po3poOJIeHOro aBTOpaMH
panime, e()eKTHBHOTO B YMOBaxX BIJCYTHOCTI OyIb-iKoi 0OpoOKHM KiIoHOBaHOTO I[3.
MeTol0 BIOCKOHAICHHS € TMiABUINEHHS iH(GOPMATUBHOCTI pe3yNbTATIB BHUSIBICHHI
kIoHyBaHHSA B L[3 muraxom 3abe3neucHHS e(heKTUBHOI pOOOTH BIiATIOBIAHOTO METOIY B
YMOBax JOJATKOBUX 30YpHHUX [ii, 30KpeMa, B yMOBaxX CTHUCKY 3 BTpaTaMH KJIOHOBAHOTO
300paxkeHHs. Y JOCKOHAJICHHSI METOAY 3a0e3NeuyeThes 3a paxyHOK BHSBJICHHS U (dikcarii
MOMEHTY CTpUOKa 3HAUESHHS MOJYJISl PI3HUII HOPM BiIMITHUX OKOJIB BiJMOBIIHUX OJIOKIB
KJIOHY ¥ mpooOpa3y, SKHii Ma€ MICIle MPU JOCSITHCHHI I[MMH OJIOKaMHU TPAHUIb PEaTbHUX
oOracteil kioHY W mpoobOpasy. Y MoMeHT ikcallii cTpuOka KJIOHY BiAMOBigae OJOK,
HOpMa BiJMITHOTO oOKkouy sikoro Oimbine. Ilpouec dikcanii ctpuOka BinOyBaeTbes IUIs
JIEKUTbKOX (MakCUMalbHO 8) map BiJIOBIIHMX OJIOKIB, 1[0 BUXOJISATH HA TPAaHUILI KIOHY H
npoobpazy. OcTaTouHHMI BHUCHOBOK POOHMTBCS 3 BpaxyBaHHSIM TOTO, SKa 3 BUSBICHUX
oOnacTedl BHU3HAUaNacs sK KJIOH/TIpooOpa3 OimeIly KUTBKICTH pasiB. PesympTatn
MPOBEICHOTO  OOYMCIIIOBAIBHOTO  E€KCIEPUMEHTY  TOBOPSTH INPO  €()EeKTHBHICTH
ITOPUTMIYHOI peastizalii 3anpoIIOHOBAHOTO METOJy B yMOBAaxX HasiBHOCTI JOIATKOBHX
30ypHUX il Ha KiIoHOBaHe 113.

KoarouoBi cioBa: kioHyBaHHs, LUdpoBe 300pakeHHs, BIZOKPEMIICHHS KIIOHY Bij
npoo0Opa3sy, BIAMITHUHN OKiJ OJIOKY, OAAaTKOBI 30ypHI il

Beryn

Crenudikor0 CbOTOAHIUIHBOIO [JHS 3 YpaxyBaHHSAM BHCOKOTO pIBHS PO3BUTKY
iHpOpMaLlIHHUX TEXHOJIOTIM € TOBCIOJIHE BHUKOPUCTaHHS ULUGPOBUX 1HPOpMAIITHUX
KOHTEHTIB. SIKIIO I1i KOHTEHTH BUKOPUCTOBYIOTHCS 3 HEPO3BAXKAIBHOK METOI0, HAJA3BUYANHO
BAYJIMBOIO € YMOBa 30€peKeHHs 1X LUIICHOCTI. ICHye Belnka KUIbKICTh Cy4YaCHUX HayKOBHX
poOIT, MPHUCBSIYEHUX PO3POOI METOMIB BHSBICHHA MOPYLIEHb LUIICHOCTI HHU(POBUX
KOHTEHTIB, 30kpeMa 300pakens (I[3), sskum mpucBsueHa 1aHa cTaTTs, 3aCHOBAaHUX Ha PI3HUX
MaTeMaTUYHUX IiIX0JaX, 3 BUKOPHCTaHHAM pisHUX TexHouorii [1-3]. [lyxe Benuka yBara
MPUAUISETHCS TPOLECY BUSBIEHHS pPE3yJbTaTiB OJHOTO 3 HAMOLIBII IIHPOKO #H dYacto
BUKOpUCTOBYBaHMX MpH (anbeudikanigx I3 mporpaMHHMX IHCTPYMEHTIB - BHSIBIICHHIO
KJIOHYBaHHS, SIKe pealli3oBaHO y BCiX cydacHHX rpadiunux pemakropax [4-7]. Tyt orpumani
3HAYMMi pe3yJabTaTd, L0 JO3BOJSIOTH BUSBIATH KIOHW/IMPOOOpa3d B YMOBAxX JOAATKOBUX
30ypHHX MIii, Y TOMY YHCI1 3HAaYHUX [6,7], KIOHU/TIpooOpa3u Maux aOCOTFOTHUX, BITHOCHUX
po3mipiB [6] 1 T.4. OnHaK 10 OrO MOMEHTY HE OTpuUMajia 0a)KaHOro PO3BHUTKY Mpobiema
BIJIOKpEMJIEHHS KJIOHY BiJl MpooOpa3y, TOOTO BU3HAUEHHS, SIKa caMe 3 BHSBJIEHUX oOJacTeil €
KJIOHOM, a siKa MpooOpa3oM, pO3B'SI30K SIKOi JO3BOJNIUTH MiJBUIIUTH 1H()OPMATHUBHICTH
pe3yibTaTiB  3po0ieHoi eKkcnepTu3u. ICHyroYl MiaXoau, IO BUKOPHUCTOBYIOTHCS IS
po3B's3aHHs i€l 3a1aui, pi3Hi. OCHOBHUMH 3 HUX €. BUKOPHCTaHHS TEXHOJOTIT HU(POBUX
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BoAsiHUX 3HaKiB [8] (BOymoma sikux y L[3 cama mo co0i mopyirye HOro HuTiCHICTh, IO €
HeOakaHUM), TIONIYK PE3YJIbTAaTiB MOCTOOPOOKU KIIOHY [9], sika BIAPI3HAETHCSA Bill 0OPOOKH
npooOpasy (aje y BUNAAKY KIOHY/IpooOpa3y Maiux po3MipiB MOCTOOpoOKa KIIOHY 4acTo
BIJICYTHS, III0 POOUTH METOAM Ii€l rpynu TyT HexiezgatHuMu). B [10] OyB 3anpornoHoBaHui
METOJ BIIOKpPEMJICHHS KJIOHY BiJl MpooOpa3y B yMOBaX BiJICYyTHOCTI 0OpOOKH KJIIOHOBAHOTO
I13. I xoya ymMOBH, y SIKMX BHUPINIYETbCS LI 3a1a4a (BiACYTHICTh Oynb-sKOi TOCTOOPOOKH),
3a0e3meuyroTh ii MakCHUMajbHY CKIQJHICTh, Ha MPAaKTHUI, y BHUMNAIKY, SKIIO pPO3MIpH
KJIOHY/TIpo0oOpa3y He MOKHA Ha3BaTH MaluMH, 0e3 oOpoOku kioHoBaHOTOo L[3, sik mpaBwmiIO,
HE O00XOIsThCs: Ticus kioHyBaHHs I3 3a3Hae nomaTkoBUX 30ypHHX [id, SKi 3MIHIOIOTH
€JIEMEHTH HOTro MaTpulli. 30KpemMa, BpaxoBYIOUH cy4acHl oOcsru mudpoBoi iHbopmarlii, o
nepecuiaeTbes Mo KaHamax 3B'si3ky, 3 Oyme 30epekeHo y dopmati 3 BTpaTamu, IO HE
NPUBEPHE JI0 HOro MOCTOOPOOKH JI0JaTKOBOI yBarw, HE BIUIMHE Ha Bi3yalbHE CIIPHUHATTS,
ale TMpU LBbOMY BHECE 3MIHM B MATPHIIO, YCKJIAQIHIOIOYM MpPOIEC BUSBICHHS KIOHY W
nmpooOpa3y. Y Cuily IIbOrO OCHOBHA yBara B JIaHI POOOTI NPHAUIAETHCA 3a0€3MEUEHHIO
MpaIe3J aTHOCTI METOIY BiIOKPEMIICHHSI KIIOHY BiJl TPO0OOOpa3y, 10 MPOIOHYETHCS, B YMOBaxX
CTHCKY KJOHOBAHOTO 300paKeHHs 3 BTpaTamu. JlJs BH3HAUEHOCTI, HE OOMEXYHOUYHU
CHUIBHICTh MIPKYBaHb, CKpi3b HWKYE SK (opMmar 3 BTpaTaMud BHUKOPHUCTOBYETHCS (opmar

Jpeg.

Merta cTaTTi ii HOCTAaHOBKA I[OCJ'Ii)I)KeHb

Memorto cTatTi € miaBUIEHHS 1HOOPMATUBHOCTI Pe3yabTaTiB BUSBJICHHS KIOHYBaHHS B
[[3 nuigxoM  yJOCKOHAJIEHHS METOAY BIJIOKpEMJICHHS KJIOHY BiI  mpooOpasy,
3anponoHoBaHoro [10], ske 3abe3nedye ioro edekTUBHY poOOTYy B YMOBaxX J0JAaTKOBUX
30ypHHX Jiif Ha KIIOHOBaHE 300pakKeHHSI.

Jlist focsITHEHHsI METH B pOOOTI BUPILIYIOTHCSI HACTYIHI 3a0aui:

1. BusHauuTu yMOBY BUXOJy BIJIIIOBIIHHMX OJIOKIB KJIOHY i MpooOpa3y, 110 HajexkaTh
iXHIM BHYTPILIHOCTSIM, 3a MEXI peaJlbHUX oOJlacTel KJIOHY W mpooOpa3y 3 BpaxyBaHHSAM
ocToOpoOKH Ki1oHOBaHOTrO 113;

2. Bu3HauuTH BEIMYMHY BiAMIHHOCTI HOPM BiJIMITHHUX OKOJIB BIJMOBIAHHMX OJIOKIB
KJIOHY i mpooOpa3y y BUTIAKY, KOJIHM BIIMITHI OKOJH MICTATh Y co01 iH(pOpMaIliro po OJI0KH,
10 MAaIOTh HEMYCTe MepeTUHaHH: 3 oOnacTio 13, 110 Biipi3HA€ETHCS Bl KIOHY/IPOOOpasy.

OcHOBHA YacTHHA

OcHOBHUMH 00'€eKTaMU aHaji3y B METOJI BIAOKpPEMJICHHs KJIOHY BiA mpoobpa3sy B L3,
3anporioHoBaHoMy B [10], € BIAMITHI OKOJM BIAMOBIAHMX OJIOKIB KJIOHY W MpooOpasy,
BUSIBJICHUX IOTIEpENY.

IMousitrs BimmiTHOTO OKONy |x|-6moky B 113 pamiyca K BBeaeHO aBTOpaMu paHilie B
[11]. BiamiTHu# OKin mpexacTaBusie 3 cede (2k +1)x (2K +1) - MaTpHITO, eleMeHTH SKO
BioOpakaroTh BiAMIHHICTE B Bin OmokiB 13, mo 3HaxoasThcs BiA B Ha BiJACTaHi, IO HE
nepesuinye K. TIpu 1ipoMy cycimamu 070Ky B, 0 3HAXOAATHCSA BiJ HHOTO Ha BiACTaHi K,
Ha3uBalOThCs Onoku 13, Micie po3ramryBaHHs SIKMX OTPUMYETHCS NUIIXOM 3CyBY B Ha K
MIKCEIB BIPaBO, BIIIBO, BrOPY, BHU3, B3/IOBX T'OJIOBHOI i MOOIYHOT AlaroHanei (Bropy, BHU3).

Biamianicts Mixk Oyab-skumu | x | - 6roxkamu B® B@ 113 BU3HA4Ya€THCSA HACTYITHUM YUHOM:

Dl (1)
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ne r,,t,p= 11, — enementr |x|—wmarpuri R = ‘B(l) —B@|, e ocTaHHE CIiBBiIHOIICHHS

PO3YMI€THCS B IOCIIEMEHTHOMY CEHCI.

OueBHIHO, IO MPH BIACYTHOCTI JOAATKOBUX 30ypHUX il Ha kioHOoBaHe L[3 HOopmu
BIIMITHUX OKOJIIB BIJNOBIIHMX OJOKIB KJIOHY U mpooOpa3y He OyayThb BiJPI3HATUCS Y
BHIIAJIKY, KOJIH 111 OJIOKH HaJIe)KaTh BHYTpimmHOCTSM [10] K10HY ¥ TpooOpa3y BIAMOBIAHO, a iX
BIIMIHHICTh OyZe CHUTHANi3yBaTH MPO BHXiJ 3a MEXI BHYTPIIIHOCTEH peanbHHX oOiacreit
KJIIOHY W TpooOpa3y pO3IJISHYTOK IMapol0 BIIMOBIIHMX OJIOKIB 3 HACTYIMHUM BH3HAYCHHSIM
o0J1acTi KIIOHY SIK Takoi, SIKii HaJeKUTh OJIOK, HOpPMA BIIMITHOTO OKOJY SIKOTO OiJbIIa.
Takum 4yMHOM, y BHUITaJIKy BiJICYTHOCTI JOJATKOBHX 30ypHUX il Ha KioHOBaHe 113 € saBHui
«ITOKXYHUK» Ha OJIOK KIIOHY. SKio x kimoHoBaHe 13 mimmaBanocs moctoOpooii, TO HOpMU
BIZIMITHUX OKOJIiB BIAMOBIIHUX OJIOKIB KJIOHY ¥ TpooOpa3y OyayTh BIIPI3HATUCS HaBITh Y
TOMY BHWIIQJKy, SKIIO BOHM TOYHO HaJeXaTh BHYTPIIIHOCTAM KIOHY i mpooOpasy. Lli
BIIMIHHOCTI OyayTh pE3yJbTaTOM JOJAaTKOBUX 30ypHuX i Ha I3, He Oynyuwm
iHpOPMATUBHUMH 3 TIOTJISY PO3B'A3YBaHOI 3a/1a4i BIJOKpEMIICHHS KJIOHY BiJ mpooOpasy.
Buxin 3a Mexi peallbHUX KJIOHY i MpooOpasy TyT He Oy/e TaKUM OYEBHUIIHUM, SIK B YMOBax
pobotu MeToy, po3podieroro B [10].

[IporoHyeTbCs BIOCKOHAJICHHS ICHYIOUOTO METOAY, 3aCHOBaHE Ha HACTYIHUX
MIpKYBaHHSIX, METOIO SKOro € 3abe3meueHHs #Woro eQeKTHBHOI pOOOTH B yMOBax
noctobpodku kimoHoBanoro I[3. ¥V mexax BHyTpimHOCTeW oOnactel KJIOHY U mpooOpasy
HOPMH BIJIMITHHX OKOJIiB BiJIIOBITHUX OJIOKIB MMOBHHHI BiJIPI3HATHUCS IPYT BiJ Jpyra MEHIIE,
HIXK Yy BHIAJKY, KOJM BiIOyIEThCS BUXiA BIAMITHHX OKOJIB 32 MEXI pealbHHUX KJIOHY U
mpoodpasy, JI0 TOTO kK B MEXKax BHYTPINTHOCTEH KIIOHY i TpooOpa3y CITIBBITHOMICHHS MiX
HOpPMaMH BIIMITHUX OKOJIiB (SIKa 3 HUX OLbIlIe) HE HOCUTH IHPOPMATUBHOTO XapaKTepy, TOMY
0 BIAMIHHICTH MK IMMHA HOPMaMH BHU3HAYAETHCS TUTLKH HASBHICTIO JIOJATKOBOI 30YpHOI
aii. Ilpu Buxo/i 3a MeXi BHYTPIIIHOCTEH KIIOHY U MPooOpazy NOBUHEH BiAOYTHUCS KiTbKICHUIN
CTpUOOK y 301IBIIEHH] BEIMYMHU BIAMIHHOCTI MI)K HOPMamH BIJIMITHUX OKOJIIB, 1 TYT BXeE
MOKAa30BUM € MOPIBHSIHHSA HOPM OKOJIIB: OJIOKY KJIOHY ITOBHHEH BIANOBIAATH BIAMITHUN OKiJ,
HopMma sikoro Ounbine [11]. HeBukOHaHHS 1BOTO TBEPKEHHS MOXKE MaTH MICIE B CHITY
HacTyMHUX npuuuH. OHUM 3 Jukepen BUCHOBKY [10,11] mpo Te, 1110 HOpMa BIIMITHOTO OKOJTY
OJIOKY-KJIOHY TOBHHHa OyTH Oulbllleé HOPMM BIAMITHOIO OKOJIY BIJANOBIZHOTO OJIOKY-
npooOpa3y B MOMEHT BHUXOJYy 32 MEXI pealbHUX KJIOHY W mpooOpasy, € HasBHICTb 3HAYHOI
KOpeJsLii MK 3HAYeHHSIMM SCKpaBOCTI mikcemiB-cycimiB [11,12], sika «po3puBaeThCs» A
TpaHUYHHX TiKCeTIB 0071acTi KIOHY. BiIMITHI OKOJIH BiAMOBITHUX OJOKIB KIOHY i MpooOpasy
B YMOBax J10JIaTKOBUX 30ypHUX NI «HECYTh y c001 1H(opMallio» He TIIABKU PO BIAMIHHOCTI
B ceHci (1) koHKpeTHOrO 010Ky (KioHoBaHoro 13) Bix iioro HalOIMKYUX CYCIAIB, ane il mpo
camy 30ypHYy Ait0, 30KpeMa, nmpo cuity i€l Aii. YuMm cubHiIma 30ypHa is, 0 HaKIadaeThCs
Ha KkJoHOBaHe I3, TMM cusbpHIIIE 3MIHIOIOTHCS 3HAYEHHS SICKPaBOCTI HOro IIKCENiB
(He3aJeXHO BiJl TOrO, HaJEXaTh Il MiKCeli rpaHuii npoolOpa3y abo rpaHuili KJIOHY). 3MiHU
3HAY€Hb SICKPABOCTI MIKCEIIB Y Pe3yabTaTi HOCTOOPOOKH MOXKYTh OyTH HACTUILKU BEJIHKI, 110
B JICSIKUX BMIIAQJKaX «IIEPEKPUIOTH COOOI0» HACTIAKU PO3PUBY KOPENALINHUX 3B'SI3KIB LIS
MKCEIB, M0 JIeXKaTh Ha TpaHUIll 00JACTi KJIOHY, IO MOXKE MPHBECTH JO TOTO, IO HOpMa
BIIMITHOTO OKOJY OJIOKY-TIpooOpa3y BUSBUTHCS OiIbllle HOPMH BiJIMITHOTO OKOJNY OJIOKY-
kiony. Haifuacrimie 1ie Bii0OyBa€eThCs TOI1, KOJU 3a JOTIOMOTO0 KiIoHyBaHHs 3 113 ycyBaeThcs
Nesikuid 00'eKT (MaauxX pO3MipiB), MIO 3HAXOAMTHCA B HOro «QOHOBIW» (3 HE3HAYHUMU
nepenagamMu sICKpaBocTl) 00J1acTi, 3 SKOi K 1 00upaeThes mpoodpas (puc.1).

3 BpaxyBaHHSAM LBOTO MOMEHT BUXOAY PO3IJISTHYTHX BIJNOBITHMX OJIOKIB 3a MeXi
peanbHUX 00JacTeil KJIOHY W mpooOpasy MOBUHEH BIJCITIIKOBYBATHCS B XO1 aHATI3y HE IO
OJTHOMY, a 1O JEKUIbKOM HampsMKaM, IO ¥ TPOMOHYETHCS B yJOCKOHAJIEHOMY B POOOTI
METOI.
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Puc. 1. 13, mns skoro HOopMa BIAMITHOTO OKOJY OJIOKY-KJIOHY Oyina MEHIIEe HOPMH
BIJIMITHOTO OKOJIy OJIOKY-ITpo0oOpa3y B MOMEHT BUXOAY 3a MeXI1 obsacteil KIoHY i mpoobpa3y
B HanpsMKy, napanenbHomy oci OY: a — opurinanene 1[3; 6 — knonoBane 113, 30epexeHe B
dopmari Jpeg 3 koediienTom sikocti QF=55 (Buainenuii mpoodpas)

[IpononyeThcs HacTynHa MoAMDikalist MeToy, po3podieHoro B [10].

Kpox 1. Hexait 'I_','? - BUSBJICHI JI€SIKUM BIJIIOBITHUM QJITOPUTMOM IOINEPEAHbO B
a”anizoBaHomy L[3 oGmacti kiony i npoobpa3zy. bynemo BBaxkaru, 1110 T, T € mijobnacTaMu
peanbHHUX obsacTen P, P KJIOHY 1 Ipoo0Opa3y: TcP, '|=' c E .

1.1. BusHauntn: Tv, -?v - BHYTPIIIHOCTI T, T Bi/IIIOBITHO;

1.2. BusHauuru: E, E- napy Bignmosiguux |x |- 6mokis 113 Takux, 1110 B c Tv , E c -?v .

1.3. Hnsa E,E nooyayBaTH 6,8 - BIAMIOBITHI BiAMITHI Okoym paniyca 1. 3HaiiTh

HGH,HSH - MaTPUYHI HOPMHU 6,8
1.4. O0uucoutu: G = ‘ HBH - HS‘H .

1.5. Tloknacru: Bz 0, _p =0 - JIYWIBHHUKH, IO MOKA3YyIOTh, CKUIBKH Pa3iB y XOi
po6OTH MeTOAY SIK KJIOH BH3Ha4Yaacs 001acTh 'I_', '? BIIIIOBIHO.

Kpok 2. ]Ins 6510KiB B, E :

2.1. Orpumaru BIiAIOBITHO R, E - 6omoku 113, po3ramryBaHHS SIKMX BIiAMOBIAA€E 3CyBY
B, B Ha | mikcens B 00paHOMY HaIpsIMKY V .

2.2. Jlna OnokiB ﬁ, E noOynyBaTu 6,8 - BIAMOBITHI BiAMITHI OKonu pamiyca 1.

3HalTn H(_)H,H(:)H - MaTpU4HI HOPMH 6,8

23,
STiwo ‘HGH -l9|=e. @
mo Rc Py, R c Ev ,
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ne Pv, Pv - BHyrpimHoCTI P, P BianosizHo, rpaHMlll KJIOHY W mpoobpa3y HE NOCATHYTI,

IIOKJIaCTH: E = ﬁv E = E ! G= ‘ HBH B HEH

; HaImpsMOK V 3CYBY 3aJIMIIA€TbCS HE3MIHHUM;

nepexia Ha Kpok 2.1;

iHakue B
ool
mo p=p+1,
IHaKuie :p = E +1.

2.4,

Axkwo  morpiOHe yTOUHEHHS OTPUMAHMX PE3yIbTaTiB P, P,

o MOBEPHYTHCA 10 NiepBicHUX OokiB B, B, Micug po3TamryBaHHs sSIKUX

BH3HAuUeH1 Ha KpoIli 1.2; 3MIHUTH HANPSIMOK V iX 3CyBa; mepexia Ha Kpok 2.1.
Kpok 3 (8i0okpemnenns K1oHy 8i0 npoobpasy).

Axuwo p> E,
mo T - KJIOH, T - mpooopas,
iHaKue T - poobpas, T - KIOH.

OcHoBHa 3a7aua 15 3a0e3meueHHs] MOXKIIMBOCTI MOOY/IOBU aNrOpUTMIYHOI pearizaiii
3alpOMOHOBAHOTO METOJy TOJSra€ B KOHKpETH3allil HaOmmkeHoi piBHOCTI (2): BU3HAYEHHI
KUIBKICHOTO TIOKa3HMKa TOro, IO I HaOJMKeHa pIBHICTh He Mae wicig. HeoOxigHo

BU3HAUUTH, KOJIU PI3HULIIO M1k HOH, HO MO’KHAa Ha3BaTH CTPUOKOM, 1110 BKa3YyIOTh Ha BUX1J 3a

MeXI1 pealbHUX KJIOHY, TPpo0oOpasy.
ExcnepumeHTanbHO Oyl0 BCTAHOBJICHO, IO BHXOJY 3a MEXI peallbHUX KIOHY M

pooOpa3y BIAINOBIA€ CIIBBIAHOMIEHHS HO‘ - OH > 2G, sike i BUKOPUCTOBYBAJIOCS TPH

AITOPUTMIYHIA peani3anii BAOCKOHAJIEHOTO METOAY MOpsA] 3 HACTYMHUMHU 3HAYCHHSIMHU
napameTpiB, 0 QIrypyroTh Y METOAL: SIK V BUKOPHUCTOBYIOThCS 8 Pi3HHX HANpSMKIB 3CYBY
(tonaTHMM, BIJ’€MHHM HampsMKH B3J0BX KOOPJMHATHUX OCEH, a TAaKOX HAMPSIMKH, LIO0
BIZIMOBIIA0TH JiaroHassM (TOJOBHIH i moOiuHiit) 6;10KiB (Bropy, BHE3)), | >8.

3ayeancenna 1. Cneumdika 3anmporOHOBAHOTO BIOCKOHAJICHHS METOJIY Taka
(BU3HaueHHs i (ikcalisi MOMEHTY CTpuMOKa 3HAUYEHHS MOJIYJS PI3HHUII HOPM BiAMITHUX
OKOJTIB PO3TJIIHYTHX OJIOKIB), IIO JUIsl HOTO €(hEeKTUBHOI POOOTH BAKIMBUM € 3a0€3MEUCHHS
TOTr0, 100 y PO3MIIIHYTHUX Mapax OJOKIB 11 OJIOKM OyiaH BiAMOBIIHUMH B 00JacTAX KJIOHY
mpooOpasy.

PoGota anroputMmiyHOi peanizalii 3ampornoHOBaHOIO METOAY MPOUTIOCTPOBaHA HA PUC.
2. Jns momepeHbOro BUSABICHHS 00JacTel KJIOHY W MpooOpasy OyB BHKOPHUCTAHHA METO/T
KL, po3pobnenuit B [6,7], y cuiy TOro, mo €e(eKTHBHICTh I[bOIO METOAY B YMOBax
nmoctoOpoOku kimoHoBaHoro 113 mepesuirye eeKkTUBHICTh CydyacHUX aHANOTIB. B pe3ynbrarti
po6otu merony KL (| =8) mns mimobracti anamizoBanoro 113 (puc. 2(a)) posmipom 120x120
nikceniB (puc. 2(0)), MO0 MICTUTh KJIOH 1 MpoodOpa3, 3 ypaXxyBaHHSIM OTPUMAaHOi MaTpHIli
MiHIMaJbHUX OJ0KOBHX BiaMiHHOCTEH (MMBB), 1110 € 0cHOBHUM 00'€éKTOM aHaji3y B METOA1
KL (puc. 2(B) — rpadik iHTepnoisiiiiHoro cruiaitHa ans einementiB MMBB), 6yna oGpana
napa BianoBimHux OyokiB (44,63) 1 (63,39) knony i npooOpa3zy (puc. 2(r)), skum y MMBB
Bi/ITIOBiJaJI PiBHI 3a 3HAUYEHHSIM [I00aIbHI MiHIMYMHU (1110 A0piBHIOBaIU 116).
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Puc. 2. Imoctpariss poOOTH po3poOJIEHOrO0 METOAY Ui aHamizy KioHoBaHoro I3, mro
mijanocst JA0AaTKOBUM 30ypHUM fisim: a — 113, migmaHe KIOHYBaHHIO 3 HACTYITHHM
30epexeHHsM y ¢opmarti 3 Brpatamu (Jpeg, QF=75); 6 — migobaacts 113, 1110 MiCTHTH KIIOH i
npoobpa3; B — MMBB mns migo6nacti 1[3 3 BuALIEHUMH YacTMHAMH, IIO BiJIMOBIAAIOTh
KJIOHY # mpooOpa3y; T — BigmoBigHi 8x8—0mokum kioHa 1 mpoobpasa, 10
BUKOPUCTOBYBAJIMCS JUISI iX BiJJOKPEMJICHHS; J — pPE3ylIbTaT BiJIOKPEMIICHHS KIIOHY BiJ
pooOpa3y 3 BU3HAUCHHSIM MICIIS pO3TalllyBaHHs KJIIOHY; € — opHuriHaibHe 113

Monynb pi3HHII HOPM BiIMITHMX OKOJIB pajiyca 1 ans mux OnokiB ckiaB 16. Pesympratu
3aCTOCYBAaHHS aJITOPUTMIYHOI peajizalii po3poOIeHOro METOAY BiJIOKPEMIIEHHS KIIOHY BiJ
npooOpaszy HAOYHO IMpeJCTaBlIeH] Ha pHc. 3, A€ 3adikcoBaHl 3HAUEHHS MOIYJIS Pi3HULI HOPM
BIIMITHMX OKOJIIB BIAMOBITHUX OJIOKIB, MICII€ PO3TAlTyBaHHS SKHUX BU3HAYAIOCS ITOKPOKOBUM
(ma 1 mikcens) 3cyBoM OiokiB (44,63) 1 (63,39) B 8-Mi HampsMkax (BJIiBO, BIPABO, Bropy,
BHM3, B3JIOBX T'OJIOBHOI i MOOIYHOI JiaroHayiei (Bropy, BHU3)). BuCHOBOK mpo Te, 10 Mae
MicIie CTpUOOK PO3TJISTHYTOrO 3HAu€HHs, pOOMBCS Y BHIAIKY, SIKIIO 3017bIIEHHS 3HAYCHHS
B1IOYyBaJIOCS HE MEHII, HIXK y JBa pa3u. [ Takux 3HaYeHb BU3HAYAIIOCS, JJIS SKOTO OJIOKY
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HOpMa BIANOBIAHOTO OKoyly Oinbine (Ha puc. 3 y IyKKax I iHpOpMmalis 3a3HayeHa B
HaCTyMHUX Mo3HaueHHsX: | - 6mok (44,63), 11 - 650k (63,39)). B pe3ynbTaTi B IKOCTI OJIOKY,
10 HAJIEXKHUTh KJIOHY, OyB BU3HaueHUU Oyok (44,63) (puc. 2(1)), OCKUIBKH BiH BH3HA4YaBCA
TakUM B 5 HampsMKax BHXOJAY Ha rpaHuli oOjacteid KJIoHy W mpoobpasy 3 8 (puc. 3), mo
BiJMIOBiAa€e AificHOCTI (puc. 2(e)).

106 (T) 65 (I)

18 1

11 15 340 (I)
| 36@m | 15 | 9 5 16 347 ()
22 3511 308 (I)

12
Lh

(58]
(Y]

68 (1)

Puc. 3. YucnoBi 3HaYeHHs MOAYNS PI3HULI HOPM BIAMITHMX OKOJIB BIJIOBIIHMX OJIOKIB
KIIOHY i TipooOpa3y (BuiIeHa KOMipKa BIJIIOBiJa€e MepBiCHO BHUsBICHUM Oiokam (44,63) i
(63,39)), xupHuM HmpudTOM BUALICHI 3HAYEHHS, 110 XapaKTepU3yrTbh CTpuOOk, mist L3,
MPEACTABJICHOr0 Ha puc. 2(a)

Lmroctparist pobotu anroputmy s L3, 30epekeHoro micis KIOHYBaHHSA y (popmari
Jpeg 3 koedinienToMm sikocti QF=60, npeacraBieHa Ha puc. 4, e IPaBUJILHO BUSBICHUHN KIOH
MO3HAYEHHH 32 JJOTIOMOTOI0 BiJIOBITHOTO OJIOKY, BAKOPUCTAHOTO cIoYatKy (puc. 4(T)).

B T

Puc. 4. Pesynprar poOOTH alIrOpHTMIYHOI peaiizaimii METOay BiJIOKPEMJICHHS KJIOHY BiJ
npooOpa3y B yMOBaxX IOJATKOBHMX 30ypHuX aiii: a — I3 micns kimoHyBaHHA, 30epexeHe 3
Brparamu (Jpeg, QF=60); 6 — mimo6macte I[3, MmO MicTUTH KJIOH 1 mpooOpa3, sKa
BUKOPUCTOBYETHCS JJISI aHajii3y; B — BiANOBiAHI Onoku [I3, 110 BUKOPHUCTOBYIOTBHCS JUIS
BIJIOKpEMJICHHS KJIOHY BiJ MpooOpasy; I — pe3yJbTaT BIAOKPEMIICHHs KJIOHY Bia mpoobpasy
(TTO3HAYEHUI KJIOH)
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3aysasncenna 2. BuGip npu npoBeaeHHI 00UHCIIOBAILHOTO eKCIIepUMeHTy MeTony KL
JUISL TIOTIEPETHHOTO BHSIBJICHHS 0OJlacTel KIOHY W mpooOpa3y OyB 3poOieHHil HE TUIBKH
3aBJISIKM BUCOKIM €()eKTUBHOCTI METOIy B YMOBaxX HAasBHOCTI JOJATKOBUX 30ypHHX mid. J{is
po3po0sIeHOr0 B AaHiii poOOTI METOIy BaKJIIMBHUM € BU3HAUCHHS MapU 6i0no6ioHux OJOKIB

B, B (xpox 1.2) y BHYTpIIIHOCTSAX KIJIOHY ¥ mpooOpasy (3ayBaxkenHs 1). Crenudika meromy

KL no3Bosisie BU3HAYUTH 111 0;10KkM TOuHO: iM y MMBB OyayTh BiaNoBiaTy criBmaaarmdi 3a
3HAYCHHSAM €JIEMEHTH, IO MPEICTaBISAIOTH 13 cebe noKkanbHi (Ta00anpHi) MiHimymun MMBB.
Y 3B'SI3Ky 3 MM PEKOMEHIYETHCS NMPH BUKOPHUCTAHHI 3alpPOIIOHOBAHOIO B JIaHIM CTATTI
METOJTy HaJaJli BHKOPUCTOBYBATH JJIsl TIOMIEPEIHHOTO BUSBIICHHS KJIOHY W MPOOOpa3y METO]
KL.

BucnoBku

Y poOoTi BHpilllCHa BaXJIMBAa HAYKOBO-TIPAaKTUYHA 3a/iada BIOCKOHAJICHHS METOIY
BiJJOKpEMIICHHSI KJIOHY BiJl pooOpa3y, po3poOJIeHOro aBTOpaMu paHilie, METOK SKOTO OyJio
3a0e3neyeHHs e(heKTUBHOI pOOOTH METONY B YMOBaxX HasBHOCTI JOJATKOBUX 30ypHUX il Ha
kiaoHoBane [[3. 3amponoHoBaHe BIOCKOHAJEHHS JO3BOJMJIO MiJABUIIMTH 1H()OPMATHBHICTH
pe3ynbTaTiB BUSBIECHHS KJIOHYyBaHHS B L13.

VY xoni poOOTH OTpUMaHa yMOBa BHUXOJy BIAMOBIAHUX OJIOKIB KJIIOHY W MpooOpa3zy, 1o
HaAJIEeXKaTh IXHIM BHYTPIIIHOCTSIM, 32 MEXI1 peallbHUX oO0jacTell KIOHY i mpoobpasy 3
BpaxyBaHHSAM TOCTOOpOOKHM KioHOBaHOTO L[3: cTpuOOK 3HAYeHHS MOMAYJS DPI3HHUII HOPM

BIIMITHMX OKOJiB OiokiB B, B, mo po3rmsmarorbcs B 1eid MOMEHT. EKcriepuMeHTaIbHO

BCTAHOBJICHO, 1110 e CTPHOOK KiUJIbKICHO IMOBHHEH HE MEHIIE, HiXK B 2 pPa3H IMEPEBUIILYBATH
3HAYEHHsI PO3IVIAHYTOrO IapaMmeTpa AJs MapH OJIOKiB, IO PO3MIAAAINCA HAa HONEPEIHBOMY
KpOLli alnroputMmy (To0TO TUX OJOKIB, 3CYB SIKUX Ha | MIKCENb y pO3IISHYTOMY B 116 MOMEHT

HaNpsIMKY BU3HA4YMB Miclie po3tanryBanus B, B).

PesyapTatn  OGUMCIIOBAIBHOTO  €KCHEPUMEHTY  HIATBEP/DKYIOTh  €(PEKTUBHICThH
QITOPUTMIYHOI peastizailii 3ampoloOHOBAHOIO METOJly B YMOBAaxX HasBHOCTI JI0/1aTKOBUX
30ypHUX i Ha KJIoHOBaHe [[3.
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YCOBEPIIEHCTBOBAHHUE METOJA OTAEJEHUSA KJIOHA OT ITPOOBPA3A B IM®POBOM

HN30BPAXKEHUA
N.N. Bobok, A.A. Kobo3esa

Opecckuit HAITMOHANBHIHM MTONUTEXHUYECKUIH YHUBEPCUTET,
npocr. leBuenko, 1, Onecca, 65044, Ykpauna; e-mail: alla_kobozeva@ukr.net

KnonupoBanue ocraercs Ha CETOTHSIIHUM NeHb OJAHMM M3 Haubojee IIMPOKO M YacTo
ucronb3yembix Tpu (anscudukammsax uudpossix nzobpaxenuin (L[HM) nporpammHBIX
MHCTPYMEHTOB. PelleHnio 3amga4yu BBIBJICHHUS Pe3yJIbTaTOB KIOHHPOBAHUS YAEIIETCS
MHOT'O BHHUMaHUS, OTHAKO BOIPOC OTpENEeNeHus], KaKas U3 BBIABICHHBIX IPEABAPUTEIHHO
obmacreit LIM sBnsieTca KJIOHOM, a Kakas IpooOpa3oM, ocTaeTcs akTyalbHBIM. B pabote
MPEVIOKEHO  YCOBEPUICHCTBOBAHWE METOAA OTHEJICHWS KJIOHa OT MpooOpasa,
pa3paboTaHHOTO aBTOpaMHu paHee, dPPEKTUBHOTO B YCIOBUAX OTCYTCTBHS KaKOH-THOO
00pabotku kioHUpoBaHHOTO L[UM. Llenblo ycOBEpIICHCTBOBAHUS SBISICTCS ITOBBIIICHUE
WHPOPMATUBHOCTH PE3YJIbTATOB BBIABICHUS KioHHpoBaHUS B L[ mytem oOecredueHuns
3¢ (dexkTHBHOH pabOTHl COOTBETCTBYIOIIETO MeETOJa B YCIOBHAX JIOTIOJHUTEIHHBIX
BO3MYIIAMONINX BO3MCHCTBHI, B YACTHOCTH, B YCIOBHAX CXKAaTHA C TIOTSPSIMH
KJIOHUPOBAHHOTO M300paKeHHs. Y COBEpIIEHCTBOBAHHE METOAA OOECTIeYMBAETCS 33 CUeT
BBISIBJIGHMsT W (UKcalMd MOMEHTa CKayKka 3HAueHHsT MOJAYJsl PAa3HOCTH HOPM
OTJIMYUTENBHBIX OKPECTHOCTEH COOTBETCTBYIOIINX OJIOKOB KJIOHA M MpooOpasa, KOTOPBIH
UMeeT MECTO NpPH JOCTIXKEHHM 3THMM OJOKaMHU TpaHMIl peaJbHBIX O0NacTei KIOHa U
npoobpaza. B MomeHT ¢ukcanum ckadka KIOHY OTBEYaeT OJIOK, HOpMa OTIMYUTEIHHOMN
OKPECTHOCTH KOoTOporo Oobire. [Ipomece pukcamuu ckadyka MPOUCXOANUT TSI HECKOIBKHUX
(MakcuManbHO 8) TMap COOTBETCTBYIOMIMX OJIOKOB, BBIXOJIIMX Ha TIPAaHMIly KIOHA H
npooOpasza. OKOHYATENBHBIM BBIBOJ JENAeTCsA C YYETOM TOrO, Kakas M3 BBISBICHHBIX
obylacteil ompenensuiach Kak KJIOH/MpooOpas Oosbliee KOJIMYECTBO pa3. PesynbraTh
NPOBEICHHOTO  BBIYMCIHMTENBEHOTO  3KCHEpUMEHTa ToBOpAT 00  3ddexTHBHOCTH
ITOPUTMUYECKON  peaJiM3allid  TPEJUIOKCHHOTO METOJa B YCIOBHMSX — HAaIH4MA
JIOTIOJTHUTEIIbHBIX BO3MYIIAIOLINX BO3JEHCTBUI Ha KiloHUpoBaHHOe L.

KioueBble cJjioBa: KIOHHpOBaHWE, HH(POBOE H300pakeHHE, OTHACNIIEHHE KIIOHA OT
mpoo0pasa, OTIWYHMTENbHAs OKPECTHOCTh OJIOKa, IOMOJHHUTENBHBIE BO3MYIIAIONINE
BO3JEUCTBUSA
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IMPROVEMENT OF THE METHOD OF SEPARATING THE CLONE FROM THE PROTOTYPE IN
DIGITAL IMAGE

I.1. Bobok, A.A. Kobozeva

Odesa National Polytechnic University,
1, Shevchenko Ave., Odesa, 65044, Ukraine; e-mail: alla_kobozeva@ukr.net

One of the widely and often used for falsifications of digital images of software tools
remains cloning. Today much attention is paid to the task of revealing cloning, but the
question of determining which of the identified areas of the image is a clone/prototype
remains. There are different approaches that are used to solve this problem. One of the
main approaches is the use of digital watermark technology. But embedding of digital
watermarks in the image violates its integrity. It is undesirable. Another approach is to
search for the results of the post-processing of the clone, which differs from the
processing of the prototype. But in the case when the clone/prototype are small, clone
postprocessing is often absent. This makes the methods of this group incompetent in this
case. Previously the authors developed a method for separating the clone from the
prototype in the absence of additional processing of the cloned digital image. This article
proposes an improvement of this method. The goal of the improvement is to increase the
informative value of cloning detection results in a digital image. The improved method is
effective in conditions of additional perturbing effects, in particular, compression with
losses of the cloned image. This method does not use digital watermark technology.
Improvement of the method is provided by detecting and fixing the moment of the jump
in the value of the modulus of the difference in the norms of the distinctive
neighborhoods of the corresponding clone and prototype blocks. The distinctive
neighborhood of the block B is (2k + 1)*(2k + 1)-matrix. Elements of this matrix reflect
the difference of B from the image blocks, which are from B at a distance not exceeding
k. This jump takes place when these blocks reach the boundaries of the real regions of the
clone and the prototype. At the moment of fixing the jump, the clone is answered by a
block whose norm of a distinctive neighborhood is larger. The process of fixing the jump
occurs for several (max. 8) pairs of corresponding blocks. The final conclusion is made
taking into account which of the identified areas was defined as a clone/prototype more
times. The results of the computational experiment indicate the effectiveness of the
proposed method in the presence of additional perturbing effects on the cloned digital
image.

Keywords: cloning, digital image, separation of the clone from the prototype, distinctive
neighborhood of the block, additional perturbations
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SELF-DIAGNOSTICS OF COMPLEX SYSTEMS WITH A
SOFTWARE-CONFIGURABLE STRUCTURE
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Using the method of simulation and statistical modeling, the operability was established
and estimates of the effectiveness of the proposed algorithm for self-diagnostics of complex
computer systems with a software-configurable structure were obtained. The structure of
complex computational systems is the Cayley diagram of some finite abelian arc group in
the Cayley diagram that have the markers of the generators of the group. The described
graphs are called CAIS graphs (graphs for providing finite abelian isotropic and symmetric
structures). Due to the limited number of intermodule connections of complex computing
systems, it is necessary to use working links between modules to determine its state.
Consequently, the diagnostic graph for complex computing systems is CAIS graph. The
symmetry property of the CAIS graph means that adjacent modules of complex computer
systems are mutually testable. It is possible to correctly determine the state of complex
computing systems if it is performed by deliberately working tools that make up the core of
complex computer systems. Define the diagnostic core as a collection of tools that have a
higher reliability than the system checked with it. The reliability of the kernel is provided
by means that do not belong to the system it checks. One method of automating the
detection of the state of modern complex computing systems is the method of promotion.
At each step of the promotion, the serviceability of some nodes is determined by the
integrity of the others, which is set in the previous steps. The process of spinning has
always started from the core of the system. The functional characteristics of the modules of
complex computing systems are such that any of them can be used as a core. If, then the
task of determining the state of the system can be clarified: by the results of mutual
verification, identify at least one known serviceable module. Identified modules are used as
the core of complex computer systems. The method of determining the state of
serviceability of modular survivable complex computing systems is the modification of the
known method of promotion. For complex computational systems with a software-
configurable structure, the concept of a diagnostic kernel is concretized, a heuristic
decentralized kernel allocation algorithm is described.

Keywords: complex computing systems, diagnostic model, diagnostic graph, algorithm,
costs of diagnostics

Introduction

Complex computing systems (CCS) with software-configurable structure [1,2] are
durable modular systems, the functioning of which is based on the use of decentralized
control algorithms. Current state of microelectronics makes it possible to implement CCS on
computational modules, each of which is a complete computer. Modules, in terms of
diagnosis, are units of indivisible system. Their functional characteristics allow to perform a
full check of neighboring modules. In this case, the state of serviceability or operability
(hereinafter — “the state”) of CCS in conditions of multiple faults is determined by comparing
the results during cross-checking of modules [3-11]. Multiplicity of faults is a maximum
permitted number of faulty modules, under which still exists the ability to determine the state
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of the system. Dependence of the multiplicity malfunctions on the number of modules and the
structure of CCS is investigated in paper [3,4].

The CCS structure is a Cayley diagram of some finite abelian G groups. Arches in the
Cayley diagram have markers of group generators. The described graphs are called FAIS
graphs (graphs used for providing finite abelian isotropic and symmetric structures) [4, 5].

Considered CCS are t-diagnosed with repair, i.e. there is a sequence of execution of the
set of all possible tests and repair of identified malfunctions in modules, that allows to
identify all the problems initially present in the CCS, provided that their number does not
exceed t. Paper [3,4] provides a method to determine the state of CCS, t-diagnosed with
repair, which are presented by Cayley graphs. This paper describes a heuristic algorithm that
solves this method, and evaluates its effectiveness.

Materials and methods

The diagnostic model of CCS is the digraph G=(V,E), in which set
\Y :{1, 2,..., N}represent modules of the system, and set E represents performing arc tests.
For i,jeV (i,j) anarc (i, j) (from i to j) exists, if and only if the module i can test the
module j. The vertices of the graph have marks x, the values x(i)=1 of which determine
the state and x() 1if the module i is faulty. The test results for the CCS modules
correspond to the weights of the graph arcs. For (i,j)eE the weight a(i, j)=0, if the

module confirms the serviceability of the module j ; otherwise a(i, j) =1. The set of vertices,

containing singular values of x marks, makes up an image of the system's malfunctions, and
the totality of the values of the weights a of the graph forms its syndrome S . For any image
of a malfunction F, F <V, the conditions for the formation (generation) of a syndrome S

are as follows:

Condition 1. Performing V(i j)e {(le =V -F)A (]eF) a(i, j)= }
{(I IS )/\(J S |E }
i (

E
ieF)A JeF)pOSSlbIea( j)= }
Condition 4. Performing v (i, j)e E{(i e F)A(j e F)possiblea(i, j)=0}.

(i.i)<E

Condition 2. Performing V(i, j)eE

Condition 3. Performing V(i, j)eE
(i

In the conditions the arrow is indicating an implication operator. The result of the test
performed by a valid module determines the status of the module being tested (conditions 1
and 2), and when executed by the faulty module it does not depend on the state of the module
being checked (conditions 3 and 4).

In the described model, the state of CCS is defined by identification of the graph
vertices that form the set F, according to a given 5 syndrome.

Due to the limited number of inter-modular CCS links, it is necessary to use working
links between the modules to determine its state. Therefore, the diagnostic graph G =(V, E)

for CCS is an FAIS graph. The symmetry property of the Cayley graph means that adjacent
CCS modules are mutually testable.

It is possible to correctly determine the state of CCS, if it is carried out by knowingly
effective means that make up the kernel of CCS. Define the diagnostic core as a collection of
tools that have a higher reliability than the system checked with it. The reliability of the kernel
is provided by means that do not belong to the system it checks.

37


https://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjDxbW52_DXAhXCLlAKHVidCjsQFgg0MAE&url=https%3A%2F%2Fwww.springer.com%2Fgp%2Fauthors-editors%2Fauthorandreviewertutorials%2Fhowtopeerreview%2Fmaterials-and-methods%2F10286404&usg=AOvVaw3wZFeYwSqNntQSJG03FGZ8

1.V. Korobiichuk, R.V. Hryshuk, V.O. Horoshko, Yu.E. Hokhlacheva

One of the methods for automating the determination of the state of modern CCS is the
method of promotion [3]. At each step of the promotion, the serviceability of some nodes is
determined by the integrity of the others, which is in turn determined in the previous steps.
The process of spinning has always started from the kernel of the system.

The functional characteristics of CCS modules are such that any of them can be used as
a kernel. If t << N, then the task of determining the state of the system can be clarified: to
reveal at least one known serviceable module by the results of a mutual check. Identified
modules are used as the kernel of CCS.

It was shown in [3] that for a diagnostic graph G = (V, E) with the symmetry property,
the transformation

vieV{[(i,i)eE]A[a(i,j)=1]>E=E-{(i,}).(i.i)}}, @)

is being performed by a graph G, in which the marks of x vertices of each connected
component coincide. We choose as t such t™ that for any F,|F|<t",, and any generated F
syndrome, there exists at least one connected component of order at least (t* +1), where t is

the number of faults. Given the assumption of the multiplicity of faults, it includes vertices
that represent serviceable modules, which can therefore be used as the diagnostic core of
CCs.

It is necessary for CCS modules to have an ability of mutual transfer of the test results
and their comparison in order to allocate the kernel. Any module can be part of the kernel, so
the means for performing the specified functions must be in each module. In order to allocate
actually serviceable modules as a kernel, the considered means should be serviceable
irrespective of the serviceability of the modules being checked. These means constitute a
cellular automaton with the CCS structure and form its distributed kernel. The homogeneity
of the structure of the control automaton makes it possible to automate the verification of its
own state. In relation to the means used, the control device acts as a verifiable system. Thus,
the means for automating the determination of the state of CCS have a hierarchical structure.
Reliability of means related to adjacent levels of the hierarchy increases from bottom to top.
Finiteness of the number of hierarchy levels is assured by the assumption of absolute
reliability of its upper level. This property is assigned to the operational staff of CCS.

Theory of algorithm for isolating the diagnostic core

Suppose we are given an Cayley graph G=(V,E) that represents a G group with

J0,0;.-- 0, ; generators. By virtue of the symmetry property, each vertex of the G graph has
2n number of arcs with the generators and their inverses. Suppose that G is given a set of
admissible images of faults and a set of syndromes generated by these images. In this case,
the condition 0 <|F|<t" holds for any F e F . Itis possible to find an algorithm by which for
any FeF and any generated syndrome it is possible to determine the vertex markup
X :{x(i)} for some W cV such that W F =@, singling out W F = at least one

vertex i such that i (W ~F).

Let us describe some of the thesis’s that form the basis of the kernel extraction
algorithm. Any FAIS graph has a fundamental cycle, since the parity of the degrees of its
vertices implies the existence of an Euler cycle for it. Consider the following algorithm for
traversing the graph. (In the algorithms considered below, the + sign is the operator of the left
assignment).
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Algorithm 1.
Stage 1. Suppose P(i),T(i),H (i) are the marks of the i-th vertex, ieV , such that
{0

P(i)e{0,12,...,n-1},T(i)e{0,1},H(i)e{0,1}. The P(i) and T (i)values determine the
(

bypass sequence G, and H (i) =1 selects an arbitrarily chosen initial vertex. The initial value
of the indicated marks is determined by the conditions
Vie{P(i)=0,T(i)=1};3k eV {H (k) =1};V e (V —k)*{H (i)=0}. k eV will be the vertex
of the graph G considered in the current pass of the algorithm.

Stage 2. If T (k) =1, then T (k) <« 0, otherwise P(k)<« P(k)+1(modn).

Stage 3. Go to the vertex j, which is incident to the arc emanating from &, and has a
mark of the generator g, such that I =P (k);k « j.

Stage 4. If [Hk eV{T(k)=1A[H (k)= O]] , then go to stage 2, otherwise end.

The condition of the operator 4 is fulfilled when the sequence generated by Algorithm 1
contains all the vertices of G and is closed. Only if this condition is fulfilled, Algorithm 1 is
completed.

Assertion 1. Algorithm 1 provides the formation of the main cycle for the FAIS graph
G.

Corollary 1. The length of the main cycle of the CAIS graph & formed by algorithm 1 is
less than the length of the Euler cycle of this graph.

The proofs of Assertion 1 and Corollary 1 are not given in the paper.

Assertion 2. G:(V,E) - is a random diagnostic graph possessing the symmetry
property:

Vi, jeV{(i,j)eE—(i,j)eE},as={a(i,j)I(i,j)€E} is asyndrome, caused by an
image of malfunctions F. Then the condition
va(i, j),a(i,j)eS{a(i,j)=0ra(i, j)=1—ieF} is fulfilled.

Suppose the contrary: i< F . Then it follows from conditions 1 and 2 that j < F. But
since a(i, j)=a(j.i), then (ivj)NF =. Consequently, ieF does not depend on
whether itis j e F satisfied or j e F, as required to prove.

Corollary 2. Suppose G = (V‘, E‘) is the connectivity component of a graph G,, which
is given a value S for G=(V,E), and suppose i,jeV such that ieV ,(i,j)eE. If the

condition of Assertion 2 is satisfied fori and j in G, then G — F.

The kernel is isolated as a result of a sequential analysis of the elements of the
syndrome S , performed when the graph G is traversed. The rules for selecting the next
vertex are the same for all vertices of the graph and are given by the following algorithm.

Algorithm 2.
Stage 1. G :(V\, E\), G <G - the generated connectivity component and k eV . The

set of vertices V, of the graph G adjacent to k is subdivided into disjoint sets of direct V,, and
reverse V,, testing directions (analysis of the values of the marks of arcs a(i, j) emanating
from k). If jeV, does not enter into any of the previously formed connectivity components
and the value a(k, j) has not yet been checked, then jeV,,. If jeV, and the transition to k
is performed from j, then jeV,, . Introduce a mark k for the selection of vertices entering the
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connectivity component: if the vertex belongs to some connectivity component, then
K(j)=0, otherwise K(j)=1. Also introduce marks for the separation of arcs of the

connectivity component G : if (i, j)e E , then M (i, j) =1, otherwise M (i, j)=0. Define on
the set V,, an order relation that corresponds to an increase in the indices of marks g, of arcs
emanating from & and incident to the vertices of V,,. Introduce the service Boolean variables
A,B,C, the values of which will be used in Algorithm 3: A<« 0;B « 0;C <« 0; form for
kV,, and V,, .

Stage 2. If V,, # &, then go to stage 3, otherwise - go to stage 6.

Stage 3. Suppose j is another element V,,. If a(k, j) =0, then go to stage 4, otherwise
to stage 5.

Stage 4. Exclude j from V,;K(j)«0;M (k, j)<1; go to the vertex j:k < j, form
V,: if [V, =DArjeV, AM(],k)=1], then jeV,; form V,,:
VieV, -V, {K(i)=1—ieV,}; A«1;dotostage9.

Stage 5. Here a(k, j)=1. Delete j fromV,,; go to stage 2.

Stage 6. Here V,, =J. If V,, # 0, go to stage 7; otherwise, go to stage 8.

Stage 7. Testing is referred by a singleton set V,, (vertex j); delete j from V, ;B <1,
go to stage 9.

Stage 8. Here V,, =V,, =@ . Formation of G is completed; C «1.
Stage 9. The end of the algorithm.

Assertion 3. When using algorithm 2, the generated connectivity component
G =(V‘, E‘) is a tree covering the set of vertices V . The root is the vertex with which the

formation of G s started. Suppose k €V is the vertex from which the analysis of marks
a(k, j); j €V, begins. Then the following assertions hold:

1. for any G, a singular oriented simple goal C exists, starting from the root vertex and
entering into k, such as Vj eV‘(an =J—> je C); the reverse statement is not true;

2. for every j € C : if there exists (j,m)e E such that (j,m) € C, then there exists
(m, J) cE;

3. suppose that j eV satisfies the conditions of §3.2: exclude from G the (j,m)(m, j)
arcs, denote the G(m,j)=[V (m,j),E(m,j)] subgraph of the graph G, for which
meV (m, j). Then vk eV (m, j)* {(k,s)eE\(m,j)—)(s,k)eE\(m, j)}

Corollary 3. Suppose G‘(m, j) is a subgraph of a graph G that satisfies the conditions

of §3 of Assertion 3. Then Vk eV (m, j){x(k) = X(j)} .

Assertion 4. Suppose C is an arbitrary simple chain defined on the structure of the
connectivity component G . Suppose i and j are the vertices entering into C , while j is
accessible from i, i.e. i< j. Then, Vi, jeC{i< j—x(i)=x(j)}, i.e.in C the vertices with
marks x(i)=0 can not precede the vertices with marks x(j)=1.

The proof follows directly from conditions 1 and 2.
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Corollary 4. Suppose L(C) is the number of vertices in chain C. If
L(C):(t*+1)+k,k >0, then C contains no more than t* vertices with marks t* preceding

the vertices with marks ~ x(i)=0.

The proof follows from the condition of the multiplicity of faults. Suppose
x€{0,1,2,3} . The values 0 and 1 of the x mark are defined as finite; the x =3 value is the

initial value when executing the kernel allocation algorithms; the vertex gets the value
x(i) = 2, if, based on the results of the module check, the final value of the mark can not be

determined.
The connectivity component G is completed if one of the following conditions is true:
Condition 5. Fulfilled VieV {(V,, =@)A(V, =@)}. This condition corresponds C=1

in the algorithm and 2. If \V'|<t"+1, then the value x for the vertices V can not be
determined until the CCS kernel is allocated. For such vertices x( j) =2.

Condition 6. Fulfilled 3i,jeV {a(i, j)=0Aa(]j,i)=1}. In this case, in accordance
with Corollary 2, G contains the vertices of two connectivity components of the graph
G,:G =(V,,E) and G,=(V,,E,).. Here VieV, {x(i)=1};VieV,{x(i)=2}, as for any
component satisfying the condition ‘V‘ <(t"+1).

Condition 7. On passing to the vertex j in the course of direct viewing ’V‘ =t +1 is
received. In this case, we have ‘V‘ =t"+1 for the last vertex included in V . In accordance

with Corollary 2 and Assertion 4, it is possible that di, j eV‘{a(j,i)zl}. In this case, G
decomposes into two connectivity components: G,, for vertices i of which x(i) =1, and G,
for vertices of which x(i) = 0. All vertices G, form the diagnostic core of the graph.

Next, suppose that for some connectivity component G, formed during the allocation
of the kernel, Vie G‘{x(i) = 2}. Taking into account the property of the graph G,, the value
of the marks x of all vertices G is determined by the singular value a(i, j) for such adjacent
vertices i and j,that ieG,jeG ,x(j)=0.

We now describe the kernel allocation algorithm using algorithms 1 and 2. In addition
to the entered marks, a variable R will be used in it, the value of which determines the order of
the connectivity component being formed: R e {0,1, 2,...,t +1}.

Algorithm 3.
Stage 1. The initial values of the marks G and variables are determined by conditions
VieV{P(i)=0,T(i)=LV, =9, K(@i) =1, x(i) =3};
v(, j) e E{a(i, j)eS,M(i, j)=0};3se{H(s) =1}; Vie (v—S){H (i) = 0}.

The initial vertex s is chosen arbitrarily. Suppose k is the vertex of the graph
considered in the course of the algorithm. Then k <~ s;R « 0.

Stage 2. Run Algorithm 2 for k. If, A=1 then go to stage 3, if B =1, then go to stage
4; if C =1, then go to stage 6.

Stage 3. R«—R+1, if R=t"+1, then go to stage 9, otherwise go to stage 2. Here the
order of G increases, because jeV,, isincluded in G . The transition to stage 9 takes place
when the first element of the kernel is defined.
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Stage 4. If a(k, j), then go to stage 8, otherwise go to stage 5. Fulfillment of the
condition means the completion of the formation of G by the condition of approval 3:
G =G, UG, and jeG,,k eG,. The component G is marked with notations M.

Stage 5. Move to the vertex j:k <« j; go to stage 2.

Stage 6. Here G =G,; H (k) =1.Forall i eV, perform x(i)<« 2.

Stage7.Go to the wvertex i of the component G, for which
H(i)=Lk «i;H (k) <« 0; execute Algorithm 1 (stages 2, 3) until a vertex k is found, for
which K(k)=1LK (k)< 0;H (k)< 1R<«0;go to stage 2. As a result of the described

sequence of actions, the mark H is transferred to a vertex that does not belong to one of the
previously formed connectivity components.

Stage 8. For all i eV, execute x(i)<«1; forall i €V, perform x(i)<« 2; go to stage 7.
Stage 9. x(k)« 0;K (k) « 0. Diagnostics begins with determining the final values of

the marks x for the vertices of G . They are determined as a result of an analysis of the values
of the marks a of arcs opposite to the arcs of a simple oriented chain C, which is starting from
vertices s with a mark H(s) =1 and entering the vertex k (see Corollary 4). We regard the

component G as a collection of subtrees L(C), copies of which are vertices of the chain C .
Each of these trees satisfies the conditions of section 3 of Assertion 3, and Corollary 3 holds
for each of them.

Stage 10. For all the vertices i from G, included in the sub-tree with root in k, execute
x(i)<«0.

Stage 11. If V,, =@, go to stage 15. The condition is fulfilled when the root vertex G
IS reached.

Stage 12. One-element set V,, :{j} is to be tested. If a(k, j) =1, then go to stage 14,
otherwise go to stage 13. Fulfillment of the condition means that in accordance with Corollary
2 jev,.

Stage 13. k « j; x(k) <0 go to stage 10.

Stage 14. k < j;x(k)<«1 for all vertices i eV, execute x(i)<«1.

Stage 15. The analysis of G is complete. All i€V, are involved in the
diagnosis. Diagnosis consists in determining the belonging to F of the elements, not included
in G . The exceptions are the vertices for which Assertion 2 is satisfied. For diagnostics, it is
necessary to perform an analysis k of the elements S, where K <N —’V‘ The inequality is
valid if there are vertices for which Assertion 2 is satisfied, and also in connection with the
fact that the determination of the state of all elements from G,, which are formed when the
kernel is allocated, is performed by the singular value af(i, j) of the arc weight (i, j), if
igG,,jeG,,iecF (Corollary 2).

Result and discussion

It is easy to see that Algorithm 3 allocates the kernel of CCS in a finite number of
stages. It follows from the above description of Algorithms 1-3 that they allow a decentralized
implementation: changing the value of the vertex and arc marks, as well as the rules for
traversing the graph are determined only by the values of the marks of adjacent elements.
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To obtain estimates of the effectiveness of the heuristic Algorithm 3, the method of
simulation-statistical modeling is used. The structure of the diagnostic graph G = (V,E) of

the system and the power r of the fault sample, having values from 1 to t”, are set. Using r as
a parameter is allowing to obtain the potential characteristics of Algorithm 3. For each

re {1, 2,...,t*} the number of experiments B is performed, in each of which an image of faults

F ,|Fr| =r, the syndrome generated by it, and the vertex with a mark C are arbitrarily chosen.
Events that consist that i € F, or i have a mark H take place with probability 1/N and
do not depend on the value r and composition F,.The values a(i, j) for the graph G are

determined for the chosen F,, with the condition that when i e F,, then a(i, j) takes the value

0 and 1 with probability p(0) and p(1), respectively.

Algorithm 3 is divided into three stages:

1. The allocation of the kernel - from the initialization of the algorithm to the selection
of the first vertex with a mark x =0;

2. Determining the value of the vertex marks for the connectivity component of the

order t" +1;

3. Determining the marks of the remaining vertices of the graph.

During the simulation, the data are summarized to determine the integral potential
characteristics of the algorithm's efficiency, as well as to assess the practicability of
implementing its individual elements (practical completeness of the algorithm). The latter is
due to the fact that under the conditions of practical application, some elements of Algorithm
3 can be performed rather rarely because of the low probability of the occurrence of events
causing their execution.

To do this, integral characteristics of the algorithm are introduced.

1. Vector coefficient K, ={K,},r e{1,2,...,t*} of the relative overhead expenses for
the allocation of the CCS kernel, the coordinates of which are the values
Ky =[ M, (T,)—t"]/t". Here the multiplicity of faults t" coincides with the minimum

number of checks of values af(i, j) (tests) for the allocation of the kernel; M,(Tk) - the
average number of tests required to perform the first mark x =0, when |Fr| =r.

2. Vector coefficient K, ={K,,},re {1,2,...,t*} of the relative expenses of determining
the state of CCS, the coordinates of which are the values K, =M (T,)/|E|, where M, (T,) is

e

the average number of tests required to determine the state of CCS, when |F,| =r.

For FAIS graphs |E|=2vN (here v=2). Obviously, the smaller the values K, are, the

more efficient the algorithm.

To evaluate the conditions for the practical completeness of the algorithm, vector
coefficients are used whose coordinates are the values of the characteristics of the following
events, processed by Algorithm 3: completion of the formation of the connectivity component

in stage 1 by the formation G, or formation G, and G, ; in stage 2, by formation G, and G, ;

using Algorithm 1. The completion of the formation of connectivity components is
characterized by the following indicators.

1. Vector coefficient K, ={K_},r e{l,2,...,t*} of the relative coverage of the image
of malfunctions with the power r. The coordinates K, are the values K, =M, (A)/r, where
M, (A) is the average number of vertices i, such that ieF, received marks x(i)=1 or

x(i) = 2 in either stage 1 or 2 of Algorithm 3, Mr(AL):ZS:Mri (A);M.(A).M,(A) and
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M,;(A) the average number of vertices from F,, which are included in the components of
the species G, and G, in stages 1,2,1 respectively.

2. Vector coefficient K, ={K_, },re{l2...,t"} of covering the image of
malfunctions in stage 2. The coordinates K, are the values M, (A).

3. Vector coefficient K. ={K_,},r e{1,2,...,t*} of the possibility of completing stage

2 by forming G, and G,. The components of the vector coefficient are the probabilities of

occurrence of the specified event.
So, FAIS graphs representing CCS of N modules are investigated, 13< N <90. On fig.
1 and fig. 2 the characteristics of a set of graphs are given, the order of which corresponds to

the values N =13,20,25,30,40,50, 60,70,80,90 ; multiplicity of faults for them t, =t = 4;
t. =t, =t, =t;, =12;t; =t =t =16;t;, = 20. Defining relations (except those which are
setting commutativity) for the group description of these graphs have the form
(9°=10,=95);  (9°=19,=99);  (@=1,0,=9); (9 =107 =09¢);
(@ =10/=90) (9% =19/ =0) (9 =10 =0) (9 =18 =095 );
(9 =1,9, =9g7°) . Here I is the singular element of the group.

In fig.1 and fig. 2, the coordinates of the vector coefficients are shown as functions of r
for different values N . The investigated functions are monotonically increasing from r and
monotonically decreasing from N.

From fig. 1 and fig. 2, where the functions K, and K, are respectively shown, it is
clear that the efficiency of the algorithm increases with the number of modules in CCS. The
number of tests required for the diagnosis of CCS does not exceed the value 0,4|E| .

K
K, e 2
0,37
06 N=13 ;_25 40 .
" ! . / 40
s 0 - 50 0,36 + iy
/20 A 50 _ i/
04k / // / ) - 70 ./9[} N=13 ,.r! /
/ S 7 80 0.35 |/ /r
f S S S - |/ 60
) . A / /a0 ;
0.2 !; Ay /(/ /,/// e 0,34 + ."I / /] P
/ ;, /, A ///// /, ‘/ \'j/ / /.l ///
I." I,fli / ’;’ / /// /////’ - 0.33 y ’! // / //”/ L &0
ooer' ) S S 1/ ) s 70 90
B ;o P / S - -
// /// {/ oml /) T
UD? oy // // g Ji S - _/_/ /
..;,/ /7 s // ’/,_/’/ _ f/! T 80
0,05 / //// 03t f LT —
: S — —
/// /;/ —]2 - I
0,031 f’/,/’/ 030r S —
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Fig. 1. Characteristics of a set of graphs from Fig. 2. Characteristics of a set of graphs
the function K, from the function K,

Fig. 2 shows the essential dependence of the costs of diagnostics on the relationship

t/N.

The simulation results show that no less than 0,9r faulty CCS modules are determined at
the stage 3 of the algorithm being investigated. The contribution to the value of the
coordinates of the wvector coefficient K is determined by the ratio

m
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M, (A):M,, (A):M, (A)=10°:1:10", ie. the main contribution to the value of
coordinates K, is made by the completion of stage 2 by the formation of G, and G, .

Studies have shown that K_, is a nonlinearly increasing function of r. The nonlinearity

m2

depends on the probability that for stage 2 ’Vl\‘>1 (at r=t"/2 this probability for the

investigated structures is not lower than (0.15)). The dependence of K_,, onr is close to a

r

linear function K r. The coefficient K, corresponds to the value obtained by modeling the
value of the first coordinate K, .

A typical sequence of execution of Algorithm 3 can be represented as follows. In most
cases, the allocation of the connectivity component that makes up the kernel is performed on
the first attempt. There is a possibility of one or two faulty modules present in this
component. One of them is the root module of the subsystem. The structure of the component
making up the kernel is in most cases a simple chain, which ensures the maximum number of
kernel modules involved in determining the state of CCS. Usually, in stage 1, one or two

connectivity components are formed G,;1> ‘VZ‘ >2.

The formation of the connectivity component in stage 1 is rarely completed by the
formation of G, and G,. If such an event takes place, then ‘V1\‘£3. Other values for the

examined graphs were not observed.

Conclusions

Thus, the conditions for automating the determination of the state of serviceability of
durable modular CCS are investigated, which are t-diagnosed with repair. The way to
determine their state is the modification of the known method of promotion. For CCS with a
software-configurable structure, the concept of a diagnostic kernel is concretized, a heuristic
decentralized kernel allocation algorithm is described. The efficiency of the proposed self-
diagnostic algorithm is shown by the imitation-statistical modeling method. It has been
analytically established that, without prejudice to the practical use of it, reverse testing for the
connectivity components in stage 1 of the mark H transfer algorithm and the means associated

with the formation of the structure G, can be excluded from it.
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CAMOJIATHOCTHUKA KOMILUVIEKCHUX CUCTEM
3 IIPOTPAMHO-KOH®II'YPOBAHOIO CTPYKTYPOIO
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npoci. Kocmonasra Komaposa, 1, Kuis, 03058, Vkpaina; e-mail: professor_va@ukr.net,
hohlachova@gmail.com

3a [OMOMOrOK METOJY  IMITAIiMHO-CTATUCTHYHOIO  MOJCIIOBAHHS  BCTaHOBJICHO
npane3JaTHiCTh 1 OTpUMaHi OLIHKM e(EKTHBHOCTI 3alpOIOHOBAHOTO AJITOPHTMY
CaMOJiarHOCTUKU CKJIQJIHUX OOYHMCIIOBaJbHUX CHCTEM 3 IPOTPaMHO-KOHDIrypyeMoro
cTpykTypoto. CTpyKTypa CKIaJHHX OOYMCIIIOBAIBHHUX CHUCTeM € miarpamoro Kemi aesikoi
KiHIIeBOi abeneBHX Tpymu Iyrd B miarpami Keni MaioTh MO3HAYKK YTBOPIOIOTH TPYITH.
Onwmcani rpadu HazBani KAIC-rpadpamm (rpadm mnsd HamaHHS KiHICBHX a0eJeBHX
I30TPOMMHUX 1 CHUMETPUYHHUX CTPYKTyp). Uepe3 oOMekeHY KiIbKICTh MIKXMOIYIBHUX
3B'I3KIB CKJIAHUX OOYMCIIOBAJbHUX CHUCTEM JJI1 BHM3HAUeHHA ii CTaHy HEOOXimHO
BUKOPUCTOBYBAaTH po00di 3B'S3KHM MK MonymsiMua. Otxe, miarHocTwaHWiA rpad G mms
ckragHuX obumcmroBanbHUX cucteM € KAIC-rpad. BmactuBicts cumerpmunocti KAIC-
rpada o3Hayae, IO CYCiHI MOAYJl CKJIAQJAHUX OOYHCIIOBAIBHUX CHCTEM €
B32€EMOTECTYEMUMHU. BipHe BH3HAuYeHHS CTaHy CKJIAQIHMX OOYHCIIIOBAIBHUX CHCTEM
MOXIIMBO, SIKIIIO BOHO 3JIHCHIOETHCSI CBIJIOMO CIIPABHUMH 3ac00aMH, IO € CKJIaJOBUMH
sapa CKIaJHAX OOYUCIIOBAIBHUX CHCTEM. BU3HAYMMO MiarHOCTHYHE SIIPO SK CYKYIHICTh
3aco0iB, 110 MalOTh OUIBII BHCOKY HaJiHHICTh, HIXK CHUCTEMa, sIKa HEPEBIps€ThCs 3 HOTO
qornomororo. HamilHICTh siapa 3a0e3nedyeThesi 3ac00aMu, SKi HE HalekKaTh CHCTEMI, 110
HUM TriepeBipseTbes. OOHMM 3 METOZIB aBTOMATH3allii BU3HAYECHHS CTaHY Cy4YacHUX
CKJIQJIHUX OOYMCIIIOBAIBHUX CHCTEM € METOJ PO3KPYTKH. Ha KO>KHOMY KpoIi pO3KpyTKH
CTIPaBHICTh OJHUX BY3JIB BH3HAYAETHCS CIIPABHICTIO IHIIMX, SKa BCTAHOBJICHA Ha
nonepenHix kpokax. [Ipomec pO3KPYTKH 3aBXIW IIOYMHAETBCS 3 SIApA  CHCTEMH.
OYHKIIIOHATBbHI XapaKTePUCTUKA MOIYJIB CKIATHUX OOYHCIIOBATBHUX CHUCTEM TaKi, IO
Oynp-sIKMH 3 HMX MOXHA BHKOPHCTOBYBAaTH B SIKOCTI siipa. Skmo t<N, To 3aBmaHHA
BU3HAYCHHS CTaHy CHCTEMHM MOJXKHa YTOYHHMTH: 32 pe3yJbTaTaMd B3a€MHOI IEpeBipKH
BUSIBUTH X04a O OJMH CIIPaBHHUI MOIYJb. BUSBIEHI MOJyJi BUKOPHCTOBYIOTHCS B SIKOCTI
sIpa CKJIaJHUX OOYHCIIOBAILHUX cUcTeM. CrocoOoM BHW3HAYEHHs CTaHy CHPaBHOCTI
MOJYJIbHUX JXUBYYHX CKIQJHUX OOYMCIIOBAJPHUX CHCTEM € MOIUdiKaIis BiZoMOro
MeTOly PpO3KpyTKH. JIisl CKIagHUX  OOYKMCIIOBAJIbHUX CHUCTEM 3  [POTPaMHO-
KOH(Irypy€eTbCsl CTPYKTYPOIO KOHKPETU3YETHCS TTOHATTS A1arHOCTHYHOTO s7pa, ONMCAaHUN
EBPUCTUYHUH JACLECHTPANII30BaHUI AJITOPUTM BUIIUICHHS SI/Ipa.

Knro4yoBi cjgoBa: cxiagdi  OOYMCHIOBaAbHI  CHUCTEMH, JIarHOCTHYHA  MOJENIb,
JIiarHOCTUYHUH Tpad, aIropuTM, BUTPATH Ha JiarHOCTUKY
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C nOMOIIBI0 MeToJa WMHTAIIMOHHO-CTaTHCTHYECKOTO MOJICIMPOBAHMS yCTaHOBIICHA
paboTOCIOCOOHOCTh M TOJYYEHBI ONEHKH 3(P(EKTHBHOCTH IMPEIJIOKEHHOIO arOpUTMa
CaMOANAarHOCTUKH CJIOXKHBIX BBIYHCIUTEIBHBIX CHCTEM C IMPOTPaMMHO-KOH(HUTYpHPYEMOH
CcTpyKTypoil. CTpYKTypa CIIOKHBIX BBIYHCIMTEIBHBIX CUCTEM SBISIETCS Auarpammon Kamm
HEKOTOPOW KOHEYHOH abeneBoil Tpymmsl AyrM B auarpamMmMe Kdmd HWMEIOT OTMETKH
obOpasyrommx rTpymmbl. Onwmcanubsle Tpadgsl Ha3zBaHel KAUWC-rpadamm (rpadsr s
MIPEOCTaBJICHHS] KOHEYHBIX a0ETIEeBBIX M30TPOIHBIX M CHUMMETPUYHBIX CTPYKTYyp). M3-3a
OTPaHWYCHHOTO YHCIa MEXMOJIYIbHBIX CBS3EH CIOXKHBIX BBIYMCIHTENBHBIX CHCTEM JUIS
OIIPEJIETICHUS €€ COCTOSHHUS HE0OXO0JMMO HMCIIONIB30BaTh Paboune CBSI3U MEXIYy MOIYJISIMHU.
CnenoBarenbHO, nuarHoctudeckuii rpadg G 1uisi CIOXKHBIX BBIYUCIHUTENBHBIX CHCTEM €CTh
KAUC-rpad. CsotictBo cummerpuunoctd KAVC-rpada o3HayaeT, 4to cocemHue MOLYIIH
CJIOKHBIX BBIYMCIMTENBHBIX CHUCTEM B3auMMoTecTUpyeMbl. [IpaBuiibHOE omperencHue
COCTOSIHHSI CJIOXKHBIX BBIYHCIUTENBHBIX CHCTEM BO3MOXKHO, €CJIM OHO OCYIIECTBIISETCS
3aBEIOMO HCIIPaBHBIMHU CPEACTBAMH, COCTABILSIFOIIMMH SIAPO CIOKHBIX BBIYHCIHTEIBHBIX
cucreM. OnpenenuM ANarHoCTHIECKOe PO KaK COBOKYIHOCTh CPEJICTB, MMEIOINX Ooiee
BBICOKYIO HAJEXHOCTb, YEM MpPOBEpsieMas ¢ €ro MOMOINbI0 cucTeMa. HanekHocTh simpa
obecrieunBaeTCst CpPelNCTBAMH, KOTOpBIE HE IPHHAAJIEKAT HPOBEPIEMOH UM CHCTEME.
OmHMM W3 METOJOB aBTOMATH3ALMH ONPEICICHHUS COCTOSHUS COBPEMEHHBIX CIIOMKHBIX
BBIYHCIIUTENBHBIX CHUCTEM SIBIIETCSI METOA DPAacKpyTkn. Ha kakmoMm Imare packpyTKd
UCIPABHOCTh  OJHUX Y3JIOB ONpPENESIeTCS  MCIPAaBHOCTBIO — OCTAlIbHBIX, KOTOpas
yCTaHOBJIEHAa Ha NpeAbIIyIIMX marax. [Iporecc packpyTKH Bcerja HadMHallach C sipa
cucrteMbl. @DYHKIHMOHAIBHBIE XapAKTEPUCTUKU MOJYJIeH CIOXKHBIX BBIYUCIUTEIBHBIX
CHCTEM TaKOBBI, UTO JIO0O0W M3 HUX MOYKHO MCIIOJIb30BaTh B kadecTse siapa. Eciau t<N |, To
3ajia4y OINpEeIeNIeHNs] COCTOSIHUS CHCTEMbI MOXKHO YTOYHHUTB: IO pe3yJibTaTaM B3aUMHOU
MPOBEPKH BBISIBUTH XOTSI ObI OJIMH 3aBEJJOMO HCIPaBHBIH MOMYJb. BbIsSBICHHBIE MOIYIH
UCTIONB3YIOTCSI B KauecTBE spa CJIOXKHBIX BBIYMCIUTENBHBIX cucTeM. Crnocobom
OTIpEJICTICHUs] COCTOSTHHS MCTIPABHOCTH MOJYJBHBIX KHBYUYHX CIIOXKHBIX BBIYHCIHTEIBHBIX
chCTeM SIBISIETCS. MOAMQUKAIMS W3BECTHOTO METOJa pacKpyTKu. [l  CIIOKHBIX
BBIYHMCITATEIBHBIX cucTeM c MPOTPaMMHO-KOH(PUTypHPYEMOH CTPYKTYpO#
KOHKPETU3UPYETCsl ~ TOHATHE  JUArHOCTHYECKOTO  SiApa,  ONMCAaH  OBPUCTHYECKUH
JCLCHTPAIN30BaHHBII AITOPUTM BBIAEICHUS SApa.

KaioueBble cjioBa: CIOXHBIE BBIYUCIUTENIBHBIE CHUCTEMbI, JUArHOCTUYECKAs MOJIENb,
JIMarHOCTHYECKUH rpad, alropuT™, 3aTpaThl HA TUATHOCTUKY
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CHUHTE3 U MOJEJIMPOBAHUE KOMBMHUPOBAHHON CUCTEMBI
YHPABJIEHUSA C UBMEPEHUEM BO3SMYIEHUA 110 MOJIEJN OFBEKTA

C.A. boopuxos, E.JI. [Tuuyrun, A.I'. Kucesb

Opecckuil HAITMOHANBHBIN TOJIUTEXHUIECKAN YHIBEPCHUTET,
npoci. leBuenko, 1, Omecca, 65044, Vkpaina; e-mail: bobrikov1932@gmail.com

[IpoBeneH CUHTE3 CUCTEMBI YIPABICHUS C HCIOIb30BAHUEM JIBYX MPHHIUIIOB YIPABICHHS:
N0 OTKJIOHEHHI0 M MO BO3MYLIAIOIIEMY BO3ICHCTBHIO. M3MepeHHEe BO3MYIIAIOLIETO
BO3JICHCTBHS OCYIIECTBIISICTCS KOCBEHHO MO MOJICITH 00BEKTa, B KOTOPYIO BXOJIHT 33 [aHHAS
9acTh CHCTEMBL. 3aJaHHas YaCTh BKIIOYACT B Ce0s YCHUIMTEIh MOLIHOCTH — 3BE€HO MIEPBOTO
HOPS/IKA, U IBUTaTeNb — 3BEHO BTOPOTO MOPS/IKA. BBHIXOIHON CUTHAT CHCTEMBI YIIPaBICHHS
CPaBHHBACTCS C CHUTHAJIOM Ha BBIXOJEC MOJENH. Pa3HOCTh 3THX CHIHAJIOB depe3
KOMIICHCHPYIOIIEE YCTPOMCTBO IIOJAETCS Ha BXOJA YCHIIMTEIsSs MOLIHOCTH. B KauecTBe
HOKa3aTeledl IMpolecca MPUHATH MAaKCHMalbHOE MEpeperylrpoBaHHEe B MEPEXOMHOM
XapaKTepPHUCTUKE W BPeMsi MEPEXOIHOro mporecca. Cxema yIpaBIsIOLIEro yCTPOMCTBa U
pacyer ero mapamerpoB BBIMONHEHBI C y4E€TOM MAaKCHMAalbHOW JOMYCTHMOM BETHMYHUHBI
HEPerpy3KH DICKTPOIPHUBOAA [0 MOMEHTY BpAUICHUS I[PH MHHHMAJIbHOM BpPEMCHH
HepexoqHoro mporecca. [Ipu pacuere YIPaBIAIOIIETO YCTPOHCTBA MPHUHATHI YCIOBHS,
00CCIeUnBAIOIING ~ MUHAMYM  CPEHEKBAJPATHYHOTO  WHTETPATBHOTO  KPHUTEPHS
onTUMaibHOCTH. [loKa3aHO, YTO BBENCHHE B CHCTEMY KOMIICHCHPYIONIETO YCTPOWCTBA
YMEHBIIAET CTENEHb BJIMSHAS Ha BBIXOJHYI0 BEIHYHHY CHCTEMBI  YIPaBICHHS
BO3MYIIAIOMIECTO BO3MICHCTBUS, MPIIOKEHHOT0 K 00BekTy. OmpemeneHbl CTPYKTYpHAs
cXeMa W mapaMeTpbl KOMIIEHCHPYIOIIETO YCTPOUCTBA, TIPUBEICHBI YCIOBHUS YCTOWYHBOCTH
KOHTYpa KoMmeHcauun. Pa3paboraHa CTPYKTYpHasi CXeMa CHUCTEMBI YIIPABICHHS H METO[
pacdera ero IapaMeTpoB B aHAJIOTOBOM W B IU(POBOM BapuaHTax. PaccMOTpeH mpumep
pacdyera cucteMbl M cxembl MojmenupoBanus B cucteme MATLAB-Simulink npu
BBIIIOJIHCHUH BCEX YIPABISIOIIMX DJIEMEHTOB CHCTEMBI B aHAIOrOBOH W B LU(pPOBOI
hopmax.

KaloueBble ciioBa: peryisTop, cucreMa  yIpaBlIeHHs, YIpaBJIEHHE 0 OTKJIOHEHHUIO,
YIIPaBJICHHUE 110 BO3MYIIAIOLIEMY BO3/ICHCTBUIO, NlepelaTouHble (PYHKINH, MOAEIMPOBAHNUE,
MepexojiHasi XapakTepUCTHKA, II0Ka3aTelld KauecTBa YIPaBJICHUs, OOBEKT yIpaBICHUs,
WCTIOJIHUTENILHBIH MEXaHU3M, YCHUIIUTENb, 00paTHas CBS3b

BBenenune

KoMOuHMpOBaHHBIE CHUCTEMBI YIIPABICHHUS, B KOTOPHIX HCIOJB3YIOTCS OJHOBPEMEHHO
JIBa TMIPUHIIAIIA TTIOCTPOEHUSI CUCTEMBI — 110 OTKJIOHEHHUIO M TI0 BO3MYIIAIOIIEMY BO3/IEHCTBHIO,
MO3BOJISIIOT ~ CYIIECTBEHHO CHHU3UTHh 3aBUCHUMOCTh OINMOKU  YOpPaBJICHUS OT TOTO
BO3MYHIAOIIETO BOS}IGfICTBI/ISI, 10 KOTOPOMY BBITIOJTHCH KaHaJI BOS)ICfICTBI/IfI Ha yIpaBJIArOomee
ycTpoiicTBO. Jlnsi BBIMONHEHUS TaKOTO KaHala HEOOXOAMMO H3MEpPUTh BO3MYILAIOIIEE
BO3JIEHWCTBHUE, YTO BO MHOTHX CITydasX BBIOJIHUTH HEBO3MOXKHO. B paborax [1,2] paccmoTper
METO/] OLIEHKH BEJIMYMHBI BO3MYILAIOIIETO BO3JACHCTBUS CO CTOPOHBI BHEIIHEH Cpeabl MyTeM
CpaBHCHHA CUTHAJIOB HA BBIXOAC CUCTEMbI YIIPABJIICHUA C CUTHAJIIOM, IMOJIYUYCHHBIM Ha BBIXOJC
Mozaenu cuctembl. [Ipu 3TOM B MOJe€nb CUCTEMBI BKJIOUEHBI BCE 3JIEMEHTHI CUCTEMBI:
3aJlaHHasl 4acTh W YIpaBisiollee YCTpoHCTBO. BxiroueHne B MOJeNb YIpaBISIOLIETO
YCTPOMCTBA CYIIECTBEHHO YCIOXKHSET MOJenb. [Ipu HE0OXOIUMOCTH HM3MEHATH HACTPOUKY
YIPaBIISIOIETO YCTPONUCTBA HYKHO COOTBETCTBEHHO HW3MEHATh M HACTPOWKY Mojenu. B
JaHHOM paboTe pacCMOTPEH METO] MOCTPOCHUS KOMOWHUPOBAHHON CHCTEMBI YIIPaBJICHUS C
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WCIIOJIb30BAHUEM [UJISi M3MEPEHMs] BO3MYIICHHI MOJENb, B KOTOPYIO BKIIIOUEHBI TOJIBKO
00BEKT yNpaBiIeHUsI C YCHIINTEIEM MOIIIHOCTH.

Hean padoTsi

Llenvio paboOTHl SBIAETCSA CHHTE3 M MOJICIMPOBAHWE CHUCTEMBI YIPABIEHUS, C
UCIIOJIb30BAHUEM JIBYX MPHUHIUIIOB YIPABJICHUS: MO OTKJIOHEHUIO M 10 BO3MYIIAIOIIEMY
BO3JelcTBUIO. [Ipw 3TOM OIleHKa BEIWYUHBI BO3JACHCTBUS BO3MYIICHHH Ha OOBEKT
YIOPaBJICHUS OCYIIECTBIISETCS TyTEM CPaBHEHUSI CUTHAJIOB HA BBIXOJIE OOBEKTA U Ha BBIXOJIE
Mozaend. B Momens BKIIOYEHBI OOBEKT M YCHJIUTENh MOIMHOCTH. CHcTeMa yhpaBieHHS
obecrieurBaeT 3aJJaHHbIC MTOKa3aTeJIM Ka4yeCcTBa B Ipeiesax 3aJJaHHOro JIMara3oHa U3MEHECHUS
napamMeTpoB 00beKTa. B kauecTBe mokaszaTenei MpUHITO MUHUMAJILHOE TIepeperyaInpoBaHue
IIPYU 33JJaHHOM BEPXHEU IPAHUIIE BPEMEHH IIEPEXOAHOIO IPOLECCa.

OcHoBHast YacTh

O06o00meHHast CTPYKTypHasi cxeMa pa3pabaThiBa€MOM CHCTEMBI ITOKa3aHa Ha puc. 1, rae
NpUHATHL criefyromme obosnadenus: K, (p) — mepenarounas (QyHKIHMs yIpapisiolero
yerpoiicta; K (p) — mepemarounas Qynkuus ycunurens mommoctd; K, (p) —
nepenaTouHas QyHKIUS OOBEKTa yIPaBICHHS; K;M (p) — nepenarounass pyHKIUSA MOJEIIH
YCHUJIMTENS] MOIIHOCTH; Kéy(p) — mepenatovHas (YHKIHS MOJETH OOBEKTa YIPaBJICHUS;

K, (p) — nepenarounas GyHKIHS KOMIEHCHPYIOIETO 3BEHA.

£(p)
K.‘{'f [p) K_‘.'.u Ep) ‘ K:_'; (_p)

Puc. 1. CtpykTypHas cxeMa KOMOMHUPOBAHHOMN CUCTEMBbI YIPaBICHUS

G(p)

T(p)
>

ITonar acM, 4TO 3aJaHHasa 4aCTb CUCTEMBI (}/CI/IJ'II/ITCJ'IL MOIIIHOCTHU U 00BEKT praBJ’ICHI/Iﬂ)
OIMUCBIBAKOTCA CICAYIOIUMU IEPEAATOYHBIMUA q)yHKIII/IHMI/IZ

1 KYM 1 Koy
Ky,u(p):K y—'”(p):—! Koy(p):Koy(p) =

T,.p+1 (T,p+l)p’

OmnpenenuM mnepeaTouHy0 (YHKIIUIO, CBA3BIBAIOIIYIO BO3MYIIAOIIEE BO3JICHCTBHE,
NPUIOKEHHOE K OOBEKTY, C BBIXOJHOW BEIMYHHOM, JI YEro BOCHOJIBb3yeMcsl (hopMysion
Meiicona [6]:

y(p) _W,(P)A,,(p) )
F(p) A(p)

Wy, (p) =
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rae W,,(p) — nepenarounas GyHKIMS IPSMOTO IIYTH OT TOYKH IIPUIIOKEHUS BO3MYIICHUS 10
BBIXOAHOW  BemuuuHbl; A(p)=1- ZWKOHm_i (p) +Z:Wmm'i (PIW o (P) = W (P) —
i i ’

nepeaaToyHbie GyHKINU 3aMKHYTHIX KOHTYPOB.
B paccmarpuaemoii cucteme (puc. 1) mepenatounblie QyHKIMH 3aMKHYTBIX KOHTYPOB
paBHBL:

W1 (P) ==K (P)K,, (P) K, (P); W,,...(P) ==K, (P)K,, (P)K,, (p);
W,,,.s(P) ==K, (PKS, (P)K;, (P)K,, (P)K,, (P)K,, (P).

)

VYuuteiBas, uto B ¢opmyine Meiicona (1) u3 mpousBeneHUs] KOHTYPOB HCKIIIOYAIOTCS
(IpUpaBHUBAIOTCS HYJIIO) T€ Mapbl, B KOTOPHIX €CTh MOBTOPCHHE KAKUX-THOO OJMHAKOBBIX
AJIEMEHTOB, a TakXke TO, 4T0 An(p)=A(p) 3a BBIYETOM TEX DJIEMEHTOB, KOTOpPbIC €CTh B
MOPSIMOM TYTH, MOJIYYUM TepenaTouHyto GyHKIHIO (2), MOoACTaBUB MepeaaToyHble (pyHKINUU
3BEHBEB CHCTEMBI:

Koy (P)

CALES 3
A(p) )

Wy, (p) =
3HamMeHarTesb JaHHOH! MepeaTOYHON (PYHKIINH paBeH:

A(p) =1+ K, (p)K,, (P)K,, (p) + K, (P)K,, (P)K,, (P) +
+K,, (P)KS, (P)Ks, (MK, (PK,, (P)K,, (P).

[epenarounas Qynkims xommencupyromero 3sea K (p) Bxomut B A(p), T.e.

pacrioyio’)keHa B 3HaMeHartene nepeaarouHoi ¢yHkimu (3). OueBuaHoO, yeMm Oosbiue OyneT
Benmunna K (p), TeM B MeHbliell cTenenu OyjeT BIMATH BosMymaroiee BosaeicTaue f(t)

Ha BBIXOJIHYI BenuuuHy cuctembl Y(t). KommeHcupytolee 3BEHO BXOTUT B 3aMKHYTBIN
KOHTYp, THUIl 3B€Ha M BEIWYMHBI €r0 IapaMEeTpPOB BIIHUAKT HAa JWHAMHUYECKHE CBOWCTBA
KOHTYpPA U BCEN CUCTEMBI.

Jlns onpenenenns tuna 3sena K, (p) u ero mapameTpoB pacCMOTPUM 3aMKHYTHIM

KOHTyp WKOHm.2 ( p)

W,z (P) ==Ky, (DK, (P)K,, (P).

XapaKTCpI/ICTI/I‘-ICCKOC YpaBHCHHEC 3TOT'O KOHTYpa UMCCT BUA!

1+Ky (PIK,, (P)K,, (P) =0.

[ToncraBuB nepenaToyHble PYHKIUN YCUTUTEINS MOIIHOCTH U 00BEKTa MOTYUHM:

Kky(p)KyMKoy =0. (4)
(T, p+D)(T,p+hp

[Ipunumaem, 4dYro mnepenaTtoyHas (QYHKIUS KOMIIGHCHPYIOLIETO 3BE€Ha MMeEET
CIEAYIOUIUI BU:
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Kiy (T, P+ (T, p+1) | (5)

(P = D, p e D)

ITocrossHHble BpemeHu T, B 3HameHarene (5) HeoOXoOUMBI i  (U3HMUYECKOH

peanu3yeMoCcTH 3BeHa. VX BenuunHa J0JDKHA OBITh BBIOpaHa Ha TMOPSIOK MEHBIIE
HaMMEHbIIIEH BEJIMYUHBI TIOCTOSIHHBIX BPEMEHH B 3aJlaHHOM yacTu cuctemsl. [lojncraBus (5) B
(4) momyunm:

Ky, K, K
1+ Ty
(Tp+D)(Tp+Dp

Cnenas psij npeoOpa3oBaHUM TOIYIUM:
Tip®+2T,p* + p+K K, K, =0.

B cootBeTcTBUHM C KpUTCpUCM YCTOﬁHHBOCTH prBI/II_Ia, JIA YCTOﬁQHBOCTH 9TOIO0
KOHTYpa H€O6XOI[I/IMO BBITTOJITHCHHUE CIICAYIOIICTO HCPABCHCTBA!

2
T KK, K, <2T,.
OTtkyna cienyer:

2
K, < =K.
ky Td KyM Koy kykp (6)

O‘ICBI/II[HO, 4TO CCJIM KOMIICHCUPYIOMIEC 3BCHO UMECT MECPECAATOUYHYIO (I)YHKI_[I/II-O (5), TO
AJI1 YMCHBIICHUA BJIWAHWA BO3MYIIAKOIICTO BO3}1€I710TBH$I Ha BBIXOAHYIO BCJIIHMYHMHY HYXHO

yBenmMuuBath Kodpduument ycunenns K, , HO mpu 3TOM Benu4mHA 3TOro Kod(pdunmenra

JOJI’KHA OBITH MEHBIIIE €T0 KPUTHIECKOTo 3HaUeHUs (6).
Jns  pa3paboTKM  yOpaBISIOLIETO  YCTPOMCTBA  BOCHOJB3YEMCS  METO/OM,
paccmotperubiM B [3,4]. B cootBercTBuM ¢ [4] mpuHMMaeMm yCIOBHE — TepeaaToyHast

¢dysaknus kourypa W . (p) paBHa:

K (T 1
W, (0) =K, (D)K. (R)Ky, (P) =¥ ™

Kak nokasano B [4], ecnu mepenarouHas QyHKIUS pa30MKHYTOW CHCTEMBI HMEET BHU]I
(7), To mpoussenenue K T, B OTHOCHTENBHBIX E€IMHHIAX PABHO YCKOPEHHIO BBIXOIHOM

BCJIMYMHBI B MOMCHT IIOAa4YuM Ha BXOJA CHCTCMBI CTYIICHYATOrO CHUI'HAJIA. B MowmenT
BKJIFOUCHUSA YCKOPCHUC BI)IXO)IHOI\/II BEJIMYMHBI CHCTEMbl MMeEeT HauOOJIbIliee 3HAYCHHE WU

npoussenenne K T, 49uMCIEHHO paBHO MEPETPY3KE HIEKTPONPHUBO/IA IO MOMEHTY BPAIIECHHS

4. W3 otoro cnenyer: KT, =4.

U3 paBenctBa (7) cienyer:

K.(T,p+1) _ K.(T,p+)(T,, p+)(T,p+1)
p’K.,, (PK,, (p) K,.KeyP '

Ky (p) =
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OxoHYAaTENbHO NPUHMMAEM IEPeNaTOYHYI0 (YHKIMIO YIIPABISAIOUIETO YCTPOHCTBA
CJIENYIOLIEro BUA:

K (p): Ky(Typ+1)(1-y,m1p+l)(1-0yp+1) K _ KC (8)
Y (Td p+1)2 p ’ g KyMKoy .

B dopmyne (8) nonoiaHuTeNnbHBIE TOCTOSHHBIE BPEMEHU T, BBEAEHBI /ISl BBITIOJIHEHUS

ycloBHsl (PU3MYECKON pealn3yeMOCTH YCTpPOMCTBaA ynpaBieHus. BennunHa Ux 10JKHA OBITH
Ha MOPSAOK MEHbIIE HAaWMEHBIIEH IIOCTOSIHHOM BPEMEHM B 3aJaHHOM YacTU CUCTEMBI.
[apamerpsr T u K ompepenstorcss 10 3ajaHHBIM IOKA3aTeNsiM KadyecTBa CHUCTEMBI:

MaKCHUMaJIbHOE MEepPeperyMpoBaHHe B IEPEXOMHOIN XapaKTePHCTHKE U BPEeMs MEPEXOIHOTO
nporecca [4], a Takke 1O 3aJaHHOW BETMYUHE MAKCUMAJIbHOW TEPETPY3KH MO MOMEHTY
BpalleHus A .

[TocnenoBarenbHOCT,  pacuéTa CHCTEMbI paccMOTpuUM Ha mpumepe. Ilyctb
nepeaaToYHbie PyHKIMK 3aJaHHON YaCTH CHCTEMBI PaBHBI

05
K. (p)=—"—: K
i (P) 0lp sl oy (P)

02
(05p+Dp

HpI/IHI/IMaCM YCJI0BUA:

1. MakcumasibHO JlomycTUMasi Meperpy3ska IpuBOoJa [0 MOMEHTY BpallleHUs paBHa
A=25.

2. MakcumasnbHas BeTMYUHA NIEPEPEryIUpPOBaHUs O, ,, < 5%.
W3 rpaduka, npuenenHoro Ha puc. 2 [4] s 3agaHHON BETUYUHBI O, = 5%
olpeaessieM KCTyz: KcTy2 =15, K., =4=25. OnpeznenseM napameTpbl yNpaBJsIONUIETO
2
yerpoiicrea: T, =& =E=6; K. =£=O,4. Koadduunent ycuneHus ynpabisioIero
KT, 25 6
yctporictBa pasen: K = K, = 04 =4. OnpengenuM KpPUTHYECKOE 3HAYCHUE
KKy 05%x0,2
kod(purmenta YCUJICHHS KOMITEHCHPYIOIIETO yCTpOMCTBA (6):
2 2

Ko = = =2000. I1 K. =1000.
" T,K, K, 001x05x0,2 puHUMaeM K

Oz
%o
30
20
10 \\
0 -
0 10 20 30 K( 1"1_'

Puc. 2. 3aBUCHMOCT, MaKCUMAJIBLHOTO TIEPEPETYIUPOBAHKS B MEPEXOTHON XapaKTEPUCTHKE
2
or KT

52



IHOPOPMATUKA TA MATEMATHUYHI METO/I1 B MOJEJITFOBAHHI = 2018 = Tom 8, Nel

JHannas cucrema mnpomonenupoBaHa B cucreme MATLAB-Simulink [7] mpu
BBINIOJTHEHUH BCEX JJIEMEHTOB YNpPaBJeHHUsS (YIpaBISIOIIEe YCTPOHCTBO, MOJENb 3aTaHHOMN
YaCTH CHCTEMbI M KOMIICHCUPYIOIIEE YCTPOMCTBO) Ha aHAJIOTOBBIX 3JieMEeHTax (puc. 3) U B
G poBOM UcToNHEeHHH (puc. 4).

Jlnst mpeoOpa3oBaHus aHAJIOTOBBIX NEPEIATOUHBIX (QYHKIMIA YIPABIISIOMIUX JJIEMEHTOB
CHCTeMbI B LU(POBHIC HCIIOIb30BaHA TOACTAHOBKA B AHAJOTOBBIC IepenaTovHble (yHKINU
BIpaXKeHus [7,8]

_2(z-1 9)

P CT,(z+1)

rac TO — HIar KBaHTOBaHHA HCIPCPBIBHBIX CUI'HAJIOB B JHCKPCTHBIC. ,HJ'IH obecreyeHus

aJIeKBaTHOCTU  JIUCKPETHOM  CHCTeMBl C  HCXOAHOM  HempepbiBHOM T, <0,5T

MuH !

T, . — MEHAMAJIbHAs IOCTOSIHHAS BDEMEHH B HEMPEPHIBHOMN MEPENATOUHOM DYHKIMH.
Sine Wave
I
. Vipasnamoomee yCTpoiicTBO : Egaﬂ"lHHaﬂ qacr;l
: > 015+l | [ o5t | fest1|! i 03 _" 0 5isrs| "
ol AN 0,01s+1 [*| 0,015 [*| s |7 oasa| : | Scope

Constant L (_:'_5{1? _____________________________ T
TS : | KOMIIeHCHpYIOIIee YCTPOHCTEO!
: Mounens : ! |
| 035 02 | ! | 01s+1 | [ 05s+1 | |
1 > = 1 - ;
 Moasa | Mo 1Y P ons [ o0nsh [
e ! ‘ : Gane 1 :
Puc. 3. Cxema MoJieN CHCTEMBI C aHAIIOTOBBIMU 3JIEMEHTAMH YIIPABICHHUS

Sine Wave
i
0.2 L1
- —| == |
1 P SR bt |22 —h- 0,57s+s :
den(z) 0,1s+1 Scope
Constant L
num(z
B . num(z)
den(z) > + den(z)

Puc. 4. Cxema Mozienu CUCTEMBI C IU(DPOBBIMU JIEMEHTAMU YIIPaBJICHUS

Onpeodenenue OucKpemuuix nepeoamounvix GYHKYUil 31eMeHmoe ynpasieHus.
1. Ympasnstomiee ycTpoicTBo.
AmHarnoroBast mepeaTouHasi QyHKIIHAS paBHA:
401p+1)(0O5p+1)(6GpP+1)
(0,01p+1)?p '

Ky (p)=
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CnenaB monctaHoBky (9), mMoNyduM JMCKPETHYIO MEPeAaTOuHy0  (YHKIIHIO
YIPaBIISIOLIETO YCTPOUCTBA:

S.2°+5,2°+S2+5S
KW(Z)Z 3 2 1 0 (10)

3 2 !
932" +0,2 +0:2+ 0,

rie  S;= 9,8933205; s,=29,0906785; s,=28,506681; s,=9,3093195; ¢g,= 0,00125;
g,=-0,00275; g,=0,00195; g,=-4,5e-0,4. T,=0,005 c.

2. Monenp 3a1aHHON YaCTHA CUCTEMBI.
AmnanoroBas nepenatouHasl QyHKIUS paBHA:

01
(0lp+1)(O5p+Yp

Kw (p) =K, (P)K, (p) =

JHuckperHas nepenatounas GpyHkius umeet Bun (10), e€ ko3 puImeHTs paBHbL:
s,=1,25e-8; s,=3,75e-8; s,=3,75e-8; s,=1,25e-8; ¢,=0,41205; g,= -1,21195; g,=1,18795;
3 2 1 0 3 2 1
g,=-0,38805. T,=0,005 c.

3. KomneHncupyroiee ycTpoicTBo.
AmnarnoroBas nepeaarouHasi yHKIUS paBHa:

~1000(01p+1)(0,5p +1)

Ko (P)= (0,01p+1)(0,01p+1)

JluckpeTHas nepeaaroyHas QyHKIUS IMEET BHI:

2
S,2° +5,2+5,
Kl(y(z): 2 ]
9,2 + 0,2+,

rne  $,=206,025; 5,=399,95; s,=194,025; g,=6,25e-4;, gQ,=-7,5e-4; (¢,=2,25e-4.
T,=0,005 c.

Pesynprathl MonenupoBaHusi TpuBeleHbl Ha puc. 5. KpuBas a — mnepexonHas
XapaKTepUCTHKA MPHU YCIOBUHU, YTO K OOBEKTY NMPUIIOKEHO TapMOHUYECKOE BO3MYILAIOIIEE
BO3/ICHCTBUE, KOMIICHCHUPYIOIIEE YCTPOMCTBO BKIIOUCHO; KpuBas D — KkoMmeHcupymoliee
YCTPOMCTBO OTKJIIOYEHO. Pe3ymbTaThl MOIENMpPOBAHUS MO CXeMe puc. 3 U Mo cxeme puc. 4
IIPAKTUYECKH MTOJIHOCTBIO COBIIAIAIOT.
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Puc. 5. Pe3ynbTaThl MOJENUPOBaHUS: & — KOMIICHCHUPYIOIIEE YCTPOWCTBO BKIIFOUEHO; D —
KOMITIEHCUPYIOIIEE YCTPOHCTBO OTKIOYEHO
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BriBoabI

Pa3paborana KOMOMHHMpOBaHHasi CHUCTeMa YIPaBJICHHsS, B KOTOPOH HCIOJIb3YyeTCs
IOPUHLMII YOPABJIEHUS 110 OTKJIOHEHUIO W MPUHIMUI YIPaBICHHUS [0 BO3MYLIAIOIIEMY
BO3JeiicTBUIO. PaccMoTpeH ciyuaif, Korja BO3MYyILIAOIIee BO3JCHCTBUE NPUIIOKEHO K
00bekTy ynpasieHus. /st u3smepeHuss BO3MYLIAIOUIET0 BO3/IEHCTBUS UCIOIb30BaHA MOJEIb,
BKJIIOUAIOIasi OOBEKT YNPaBICHUS U YCHIUTENb MOIIHOCTH. [IpoBeneH pacueT CUCTEMbI C
ONpeNeIeHuEM  TEepeNaTOYHbIX  (DYHKIHMHA  YHpPaBISIOIIETO  YCTPOWCTBA, MOAETH H
KOMIICHCUPYIOIIETO YCTpoHcTBa. Pa3zpa®oTaHHBIE METOJ pacyeTa IO3BOJSET PacCUUTaTh
CUCTEMY IO 3a/IaHHBIM I10Ka3aTeJIIM KaueCTBa — MaKCUMAJIbHOE IEPEPETYIINPOBAHUE U BPEMS
MEPEXO/IHOTO TMpollecca IMPH YCIOBUU BBICOKOW CTENEHH KOMIIEHCALMU BO3MYILIAIOLIETO
BO3/JCICTBUS, TPUWIOKEHHOIO K OOBEKTYy YyIpaBieHUsA. Pe3ynbrarel IpPOBEIEHHOTO
MOJIEJTUPOBAHUS OATBEPKIAAIOT 3PPEKTUBHOCTH pa3pabOTaHHOIO METO/IA.

Cnmcok Jureparypbl

1. bo6pukos, C.A. KommeHcanus BO3MYIIEHHH C  HWCHOJIb30BAHUEM MOJETU  CHUCTEMBI
ABTOMATHYECKOTO yrpaBiieHus it usmepenus Bo3myuienuii / C.A. bobpukos, E.JI. TTuayrun /
DNeKTpOoTeXHUIeCKHe M KoMIbioTepHble cucteMbl. — K.: Texnika, 2011, — C.15-18.

2. Bobpukos, C.A. KommeHcarus BOTHOBBIX BO3MYIIEHUH B CHCTEME aBTOMAaTHIECKOTO yIPABICHUS
kypcom cymna / C.A. bobpuxos, E.JI. [Muayrun // DIeKTpOTEeXHUYECKHE M KOMIBIOTECPHEIC
cucremsl. — K.: Texnika, 2012. — Ne 05 (81). — C. 119-124.

3. Bbo6pukos, C.A. IudpoBoit perymsTop B CHCTEME YIPaBICHUS C aCTATH3MOM BTOPOTO mopsiaka /
C.A. Bo6pukos, E.JI. IMuuayrun // DneKTpOTEeXHHYECKHE W KOMIbIOTEpHbIe cucTeMbl. — K.
Texnika, 2013. — Ne 12 (88). — C. 55-60.

4, Bboopukos, C.A. OnrtumanbHasi HACTPOWKa MU(POBOTO PErYJSTOPa ISl CHCTEMBI YIPABICHUS C
acratusmoM BTOoporo mopsiaka / C.A. bo6pukoB, E.JI. Ilwuyrun, b.b. Babuituyk //
DnekTpoTexHUUYeCcKHne 1 KoMIbioTepHble cuctemMbl. — K.: Texnika, 2015. — Nel7(93).—C.80-86.

5. Bob6pukos, C.A. IlpeoOpazoBaHHe HETNPEPHIBHON IMEpeJaTOYHON (DYHKIMH YIPAaBISIONIETO B
muckpetHyto / C.A. boopukos, E.Jl. [Tuayrun // DnexTporexandeckue u cucteMmbl. — K.: TexHika,
2013. — Ne 10 (86). — C. 68-73

6. Becekepckmii, B.A. Teopus cucrem aBromatmdeckoro perymupoBanus / B.A. Becexepckwii,
E.II. IToroB. — M.: Hayka, 1972. — C. 695-7109.

7. Kpacuonpommna, A.A. CoBpeMeHHBIH aHaIW3 CHCTeM yrpaBieHus ¢ npuMeHeHneM MATLAB,
Simulink, ControlSistem / A.A. Kpacuonpomuna, H.b. Pennukosa, A. Wnpuenko. — K.

Kopmiitayk, 1999. — 141c

55



C.A. Bo6puxos, E.JI. [Tuuyrun, A.I". Kucens

CUHTE3 I MOJIEJIIOBAHHSA KOMBIHOBAHOI CUCTEMM YIIPABJITHHA
3 BUMIPIOBAHHSIM 3BYPEHS 11O MOJEJII OB'€EKTA

C.A. Bobpikos, E.JI. ITiuyrin, A.I'. Kucens

OpeckKkuil HalllOHATHHAN TONITEXHIYHUN YHIBEPCUTET,
npocrr. [lleBuenka, 1, Omeca, 65044, Ykpaina; e-mail: bobrikov1932@gmail.com

[IpoBeneHO CHHTE3 CHCTEMH YNPABIIiHHA 3 BUKOPUCTAHHAM JABOX NPHHIMIIB YIPABIiHHSI:
MO BIOXWICHHIO 1 1O BIUIMBI, IO 0Oyproe. BuMiproBaHHS BIUIUBY, IO OOyprO€
3IIHCHIOETBCST TTIOOIYHO 3a MOJE/UI0 00'€KTa, B SIKY BXOAWTH 3aJaHa 4acTHHA CHUCTEMH.
3amaHa yacTWHA BKIIOYa€ B ce0e MiICHIIIOBAaY MOTYXKHOCTI — JIaHKAa MEPIIOTO HMOPSIKY, 1
JIBUTYH — JIAaHKa JPYTOTO MOPSAKY. BUXigHMI CHUTHANI CHCTEMH YNpPAaBIiHHS NMOPIBHIOETHCS
3 CUTHAJIOM Ha BUXOXI Mojemi. Pi3HMII IMX CUTHaJB Yepe3 KOMIICHCYIOUMH MPUCTPIH
MOJAETBCS HAa BXiJ MiJACHIIOBa4Ya MOTYXKHOCTI. SIK TIOKa3HWKM NpOLECY HPHUITHATI:
MaKCHMaJIbHE IIepeperyloBaHHs B MEpeXiHId XapaKTepUCTUIl 1 4Yac MepexiaHOoro
nporecy. Cxema KepyHdyoro MpPUCTPOKD 1 PO3PaXyYHOK HOro mMapaMeTpiB BUKOHAHI 3
ypaxyBaHHSIM MaKCHMaJIbHOI OMyCTHUMOI BEJIMYMHU IIEPEBAHTAXKEHHS EIEKTPOIIPHUBOLY 1O
MOMEHTY OOepTaHHS HpH MiHIMJIBHOMY dYacy mepexigHoro mporecy. Ilpn pospaxyHKy
KepYI4oro TIPUCTPOIO TIPUAHATI YMOBH, o 3a0e3meuyoTh MiHIMYM
CepeIHbOKBAIPATHYHOTO IHTErpajJbHOTO KpHUTEpil0 omTuManbHOcTi. IlokasaHo, 1m0
BBE/ICHHA B CHCTEMY KOMIIGHCYIOYOTO HPHCTPOIO 3MEHIIYE CTYIiHb BIUIMBY Ha BHXITHY
BEJINUMHY CHCTEMH YIPaBIiHHA OOypIOBAaHOTO BIUIMBY, HPHKJIAJEHOTO OO0 00'€KTy.
BuzHaueHO CTPYKTYypHY CXeMy Ta IapaMeTpy KOMIEHCYI0YOTo MPUCTPOIO, HAaBEJCHI YMOBU
CTIMKOCTI KOHTYpY KoMIeHcanii. Po3po0sieHO CTPYKTYypHY CXEMY CHUCTEMH YIPaBJIiHHS i
METOJI PO3paxyHKy HOro mapamMeTpiB B aHaJOroBoMy i B 1H(POBOMY BapiaHTax.
Po3risHyTO mMpUKIaa po3paxyHKY CHCTEMH 1 cxeMHu MojenoBaHHs B cuctemMi MATLAB-
Simulink npu BUKOHaHHI BCiX KEPYIOUHX €JIEMEHTIB CUCTEMH B aHAJIOroBoi i B IU(pOBiil
dhopmax.

KarouoBi ciaoBa: perynsirop, cucTeMa YHpaBIiHHS, YIPaBIiHHA 110 BiIXWIECHHIO,
VIOpaBIiHHS 0 BIDIMBI, IO 0OypIoe, MepenaBaibHI (YHKIIi, MOICIIOBAHHS, IMEpeXimHa
XapaKTepUCTHKA, TOKAa3HUKH SKOCTI YHpaBIIHHS, OO'€KT YIIPaBIiHHS, BHKOHABYMH
MeXaHi3M, ITiJICHIIIOBaY, 3BOPOTHHUH 3B'S30K

SYNTHESIS AND SIMULATION OF COMBINED CONTROL SYSTEMS
WITH MEASUREMENT OF PERTURBATION BY MODEL OF THE OBJECT

S.A. Bobrykov, E.D. Pichugin, A.G. Kisel

Odesa National Politecnic University,
1, Shevchenko Ave., Odesa, 65044, Ukraine; e-mail: bobrikov1932@gmail.com

The control system is synthesized using two control principles: deviation and perturbation.
Measurement of the disturbing effect is carried out indirectly by the model of the object
into which the given part of the system enters. The predetermined portion includes a power
amplifier, a first-order unit, and an engine - second-order link. The output signal of the
control system is compared with the signal at the output of the model. The difference of
these signals through the compensating device is fed to the input of the power amplifier. As
indicators of the process, the maximum overshoot in the transient response and the transient
time are adopted. The circuit of the control device and the calculation of its parameters are
made taking into account the maximum permissible value of the electric drive overload at
the moment of rotation with the minimum time of the transient process. When calculating
the control device, conditions are adopted that ensure a minimum of the root-mean-square
integral optimality criterion. It is shown that the introduction of a compensating device into
the system. It is shown that the introduction of a compensating device into the system
reduces the degree of influence on the output value of the control system of the disturbing
effect applied to the object. The structural scheme and parameters of the compensating
device are determined, the stability conditions of the compensation circuit are given. A
structural diagram of the control system and a method for calculating its parameters in the
analog and digital versions are developed. An example of calculation of the system and
modeling circuit in the MATLAB-Simulink system is considered when all control elements
of the system are executed in analog and digital forms.

Keywords: regulator, control system, deviation control, perturbation control, transfer
functions, simulation, transient response, control quality indicators, control object, actuator,
amplifier, feedback
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IMPOTI'HO3YBAHHSA TEXHIYHOI'O CTAHY OJHOTHUIIHUX
INPOI'PAMHO-AITAPATHUX 3ACOBIB

B.B. Ky3aBkos, I1.B. XycainoB

BiiicekoBuil iHCTUTYT TeNeKOMyHiKallii Ta iHpopmanii imeni ['epois Kpyr,
ByJ1. MockoBebka, 45/1, Kuis, 01011, Vkpaina; e-mail: nevse@ukr.net

PosrnsHyTO MiAX0aM, 3acHOBaHI Ha (DI3MYHIX IepeIyMOBaxX A0 MPOTHO3YBAaHHS TEXHITHOTO
cTaHy (BH3HA4YCHHS pECypCy) paJiOelieKTPOHHHX O00'€KTiB, SKi MNOTPAIUIAIOTH Mif
BU3HAYCHHS «OJHOTUIHI MPOTpaMHO-anapaTtHi 3aco0m». [IporHo3yBaHHS TEXHIYHOTO CTaHY
pamioenekTpornoro obnaananus (PEO) — BaxiuBa ckiiafjoBa YacTHHA TeOpil HAMIHHOCTI, a
MOKa3HUKH «PEecype» 1 «TepMiH CIIy)KOW» € OJAHUMH 3 OCHOBHHX IIOHAThH LI€l Teopii.
OcoOnuBe Micue Mae 3ajaya MPOTHO3YBaHHS pecypcy (BH3HAUEHHsS 4acy N0 JIOCSTHEHHS
kputuuHoro crany) PEO Ha cranii ekcrumyataunii. /lana 3amaua moB’si3aHa 3 OLIIHKOIO
MOTOYHOTO CTaHy Ta HOro NMpOrHO30M Ha MaWOYTHE, OLIHKOI HWMOBIPHOCTEH HacTaHHs
BIZIMOB, PHM3MKYy aBapiiHMX cuTyanid. Ha OCHOBI NpOrHO3y BCTAHOBIIOETHCS TEPMIH
yeproBoro KoHTpomo craHy PEO abo mpu3HadaeTbcs TpaHMYHO-IOMYCTHMHUI TEpPMiH
excrnyaranii. [Ipomec mporHo3yBaHHS NPUHOWIIOBO MOIMBUI B pasi HasBHOCTI
nmiarHoctuaHoro mapamerpy (HAIl), skuit BimmoBimae yMoBaM  BHUMIPIOBAHHOCTI,
iHBapiaHTHOCTI A0 BIUIMBY 3aBaj, iHQOPMATHBHOCTi, a TaKOX aJCKBaTHOI JiarHOCTHYHOL
MoJeni 00'€KTy KOHTPOITIO, (SKa BCTAHOBIIOE 3B'SI30K MK MPOCTOPOM CTaHY TEXHITHOTO
MIPUCTPOIO 1 TPOCTOPOM MiaTHOCTHYHHUX O3HaK). B CTaTTi po3risgaeThCs BHUPIMICHHS
3aBJiaHb TEXHIYHOI JIarHOCTUKH JUIsi CYKYIHOCTI TEXHIYHHUX 3aco0iB mpuiiomy, mepenadi
30epexeHHs Ta 00poOKH 1H(OPMAIIIT i YIIpaBIiHHIM IPOTrPaMHOI CKJIaIOBOI 3a3HAYEHOTO
TEXHIYHOTO 00’€kTy. 3acrocyBaHHs (ismyHHX mepeayMoB (yHkiionyBanus PEO mis
OLIIHKH Pecypcy TEXHIYHHMX 3ac00iB pajiiOeJIeKTPOHIKM CTal0 MOXIIMBHM 3 MOSBOIO Ta
PO3BUTKOM Teopil Ae(eKTOYTBOPEHHS B HAIIBIPOBIIHUKOBUX CTPYKTYpax, BUHUKHEHHSIM
HOBHX METOJIiB 300py MiarHOCTUYHOI iH(popMaIlii Ha OCHOBI CTOXaCTHYHUX IMPOIIECIB 3MIHH
CTpyMy B HaIiBIPOBIIHUKOBUX CTPYKTYpax B 3aJIeKHOCTI BiJl 4acy HampalfoBaHHS.
3arporoHoBaHO AIarHOCTHYHY MOJENb, KA BPaxOBYye MIBHJKI Ta IOBUIBHI HPOLECH Y
00’€KTy KOHTPOJIO, PO3IIITHYTO TEOPETHYHI Ta TNPAaKTUYHI IUTAHHS NPOTHO3YBaHHS
pecypcy PEO.

KoarouoBi cjioBa: nporHosyBaHHs, JiarHOCTHYHHI mHapaMeTp, (i3uKo-XiMiuHI MpolecH,
PamioeIeKTPOHHE O0JIaHAHHS, 1IaTHOCTUYHA MOJICIh

Beryn

[TporHo3yBaHHsI TEXHIYHOTO CTaHYy — MPOIIEC BU3HAYEHHS TEXHIYHOTO CTaHy 00'€KTy Ha
MalOyTHI! mepio] Jacy, 110 3aCHOBAaHUI Ha 3aCTOCYBaHHI METOJIB €KCTPAMOIALi SIBUII Ha
MaiOyTHIN 4ac 3a BIJIOMUMH pe3yJbTaTaMH CIIOCTEPEXKEHBb (32 BIJMOBIIHUMH SBUIIAMU B
nornepeHii nepiox).

[TapameTpamu, sSiKi BUKOPUCTOBYIOTHCS IS IPOTHO3YBaHHS, MOXKYTh OyTH:

— eKCIUTyaTaliifiHi  mapaMeTpd, IO  BHUMIPIOIOTBCS  IUTAaTHUMH  I[pHJIaJaMu
(3acTtocoByeThCst DYyHKITIOHATBHA IIarHOCTHKA) O3 BUBEICHHS 00JIaIHAHHSI 3 eKCILTyaTallii;

— MapamMeTpu TEXHIYHOTO CTaHy, [0 BUMIPIOIOTHCS 30BHIIIHIM yCTaTKyBaHHSM
(aBTOHOMHMMH aBTOMAaTHM30BaHWMHU CHCTEMaMH J1arHOCTYBaHHS) 13 3yMUHKOK 00JIaJHAHHS,
YJaCTKOBUM 200 TTOBHUM PO3OHPaHHSIM.

B mnpomeci ¢ynkmionyBanHs pamioenektponHoro obmagnanus (PEO) B ymoBax
NPUKRHATOI TJIAHOBO-TIOTIEPE/DKYBAIBHOI CTpaTerii TeXHIYHOrO OOCIYrOBYBaHHSA 1 PEMOHTY
MPOrHO3 TEXHIYHOTO CTaHy 3 CYTO TEOPETUYHOIO MHUTaHHS (IPOTHO3 OCTATOYHOTO PECypCy
YCTaTKyBaHHS) TMEPEXOIUTh JO0 TMPAKTUYHOTO AacleKkTy: 4YM 3J1aTHe (YHKIIOHYBaTH
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YCTaTKyBaHHS JI0 HACTYMMHOTO TEPMiHY IJIAHOBHX PETJIAMEHTHUX pOOIT. [Hakie Kaxydw,
nepioax mporHo3yBaHHs TexHiuHOro crany (TC) minkom Bu3HadeHuil. HeoOximHo martu
BIJIMOBib HA MHUTAHHS: Y 30€PEkKETHCS Mpare3JaTHHid CTaH 00'€KTY KOHTPOJIO O MOMEHTY
HACTYITHOT'O KOHTPOIIO (DyHKIIOHyBaHHs (periaamenTHHX poobit) [1,2].

IcHye nBa OCHOBHUX HAmNpsSMKH BU3HAYEHHS pecypcy 00’€KTY: HalpsIMOK, 3aCHOBAaHUI
Ha IMOBIPHOCHUX METOJIax OI[IHKM, Ta 3aCHOBaHMK Ha (QI3MYHUX TEpPeayMOBax
¢byHKIIOHYBaHHS 00’ €KTy KOHTpOIIto [3-5].

3acTocyBaHHS IMOBIPHICHUX METOJIIB OIIHKKM PECYpCy BUMAara€ BUKOHAHHS YMOBHU
cTaTHCTUYHOI cTiiikocTi [5]. OmiHka pecypcy YHIKaJbHOrO OOJNaIHaHHS, ICHYIOYOTO B
OJIMHUYHOMY BHUKOHaHHI a00 B yMOBaxX OOMEXEHO! KUIBKOCTI TaKWUX 3pa3KiB, € 3aBIaHHSIM
1H/IMBITyaTbHOTO MTPOTHO3YBAHHS, KOJIH NepeadavyaeThcs MOBEAIHKAa OKPEMO B3STOIO BUPOOY
3a eBHUU Mepio] yacy. B 1boMy BUIIaKy HE BUKOHYIOTHCSI YMOBH CTaTUCTUYHOI CTIHKOCTI,
BUKOPUCTAHHS IMOBIpHICHUX METO/IIB CYMHIBHO.

3actocyBanHs (iznuHux nepeaymoB QyHkiionyBanHs PEO s omiHku pecypcy Ao
HE/JIaBHBOTO Yacy HeE JI03BOJIJIO BPaxyBaTH PI3HOMAHITTS peaibHUX YMOB eKciutyarartii [3].
Curyanist 3MiHWIAcAd 3 TMOSBOI0 HOBUX JOCATHEHb B O0JIaCTI TEXHIYHOI 1arHOCTHKHU.
Po3BuTOK Teopii AeeKTOyTBOPEHHS B HAITIBIPOBITHUKOBUX CTPYKTYPaX, BAHUKHEHHS HOBHX
OE3KOHTAKTHUX METOJIB 300py iH(opMaIllii, peecTpailii 3Ha4eHb JIarHOCTHYHOTO MapamMeTpy
Ha OCHOBI CTOXAaCTUYHUX TIPOLECIB 3MIHM CTPYMYy B HAIBIPOBIIHUKOBUX CTPYKTypax
JI03BOJISIIOTH HE JIMIIIE BUPILIYBATH JBl OCHOBHI 3a/la4i TEXHIYHOI JIarHOCTHKU — BU3HAYECHHS
TEXHIYHOTO CTaHy 1 JIOKaIi3amis HECTIPABHOCTI, a i BIOPUTYI MiAINTH 0 BUPIMICHHS TPETHOI
3aj1a4i — MPOTHO3YBaHHs TeXHIYHOTO cTany 00’ektiB PEO [6,7].

Pesynmpratn, oTpuMaHi B XOJIi TPOBEICHHS MPHUCKOPEHUX BUIPOOYBaHb THIIOBUX
pamioenextponnnx kommoneHTiB (PEK) B pamkax po3BUTKY Teopil AedeKTOYTBOPEHHS Yy
HAIIBIPOBIIHUKOBUX CTPYKTypax, JO3BOJHMIM 3 BHCOKOIO BIPOTIIHICTIO MiATBEPIUTH
afiekBaTHICTh MaTteMaTnyHux mozeneil PEK, edexkTuBHICTH 1 MpUIATHICTH J1arHOCTHMYHOTO
rapaMerpa Ha OCHOB1 CTOXaCTUYHHX MPOLIECIB 3MIHU CTPYMY JJIsl IPOrHO3YBAaHHS TEXHIYHOTO
CTaHy Cy4YaCHUX paJiOeJeKTPOHHUX KOMIIOHEHTIB Ta MpOorpaMHo-amapaTHUX 3acobiB Ha iXx
ocHoBi [8,9].

Meta po6oTn

B crarTi po3risgaoThCcsi 0COOIMBOCTI BUPIIIEHHS 3aBJAaHb TEXHIYHOT IIarHOCTHKU JJIS
00'eKTiB, K1 MiIIaJAI0Th il BU3HAYEHHS «OJHOTHUITHUX MPOrpaMHO-aapaTHUX 3aco0iBy, a
caMme CYKYITHICTh TeXHIUYHHX 3ac001B puitomy, nepeaadi, 30epexeHHs Ta 00poOKH JaHUX 1]
yIpaBIiHHAM (KEPIBHHLTBOM) MPOrpaMHOI CKIaq0Boi (CyKymHICTh TexHiuHUX 3aco0iB PEO,
SIK1 € IPaKTUYHOIO peaizamiero moaeni OSI).

Memoro poOOTH € JTOBEIEHHs y3arajJbHEHOI CXeMM [IarHOCTUYHOI MOJEeNi OJHOTO 3
BU/IIB PaJ10EIEKTPOHHOIO YCTaTKyBaHHs (030pOEHHS) — OJTHOTHITHUX MPOTrpaMHO-anapaTHUX
3aco0iB Ta MiJXO/IB JI0 BU3HAUEHHS iX pecypcy (IPOTHO3YBaHHS), 3aCHOBAaHUX Ha (i3UYHUX
nepeayMoBax (DyHKITIOHYBaHHS TakKMX OO0 €KTIB; TPEICTABICHHS BapiaHTIB MPAKTHIHOTO
BU3HAYeHHs pecypcy TexHiuHux 3aco0iB PEO B 3anexxHoCTI Bijf 006cAry HasiBHOI iH(popMalii.

OCHOBHA YacTHHA

Binomo, 1o onHi€ero 3 3a1a4, SKi BUPINIYIOTHCS TEXHIYHOIO J1arHOCTHUKOIO Ha PiBHI 3
BH3HAYCHHSAM TEXHIYHOTO CTaHY Ta MOITYKOM HECIPABHOCTEH, € MPOTHO3YBAHHS TEXHIYHOTO
cTaHy 00’ekTy KoHTpomto. OTpuMaHi JaHi 3aCTOCOBYIOTHCS MpPU EKCIUTyaTalii 3 METO
MOTNIEPEPKEHHS aBapiitHUX CTaHIB a00 MPW BUXO/I 3 Jaay JJIsi CKOPOUCHHS Yacy BiTHOBJICHHSI.
BpaxoByioun 0COOIMBOCTI 3alpPONOHOBAHOTO 00’€KTY KOHTPONIO (KIIBKICHY PO3MIpPHICTD,
TEPUTOpIAJIbHE PO3HECEHHS, PI3HOMAHITTS TEXHIYHHUX 3ac00iB), TMPUUHATTS PIIICHHS Ha
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BIJTHOBJICHHSI TpAIe3aTHOrO CTaHy B pEaIbHOMY Yaci HEMOXJIMBO 0e€3 3acTOCYBaHHS
aBTOMATHU30BaHUX CHUCTEM Ta 3a3JaJIeTih MiArOTOBJICHOTO IUIAHY BiJHOBIIOBAILHUX POOIT.
ToMy B aBTOMaTHM30BaHiil CHUCTEMi AIarHOCTYBAaHHS 3aCTOCOBYIOTHCS €JIEMEHTH CHUCTEMHU
HiATPUMKH TPUHHATTA pimeHb. CTPYKTypHaA cXema, 10 MpeAcTaBlieHa Ha puc. 1, moscHioe
npolec JAiarHOCTYBaHHS BHM3HAYEHOTO KJIACy YCTaTKyBaHHS (3a3HAYEHOTO 00 €KTY
KOHTPOJTIO).
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Puc. 1. Y3araipHeHa cxema MPOXOPKEHHS TECTOBHUX TOCIIIOBHOCTEH Y CUCTEMI OJTHOTHITHUX
POrpaMHO-alapaTHUX 3aco0iB

Ha puc. 1 mo3HayeHO HAMPSIMOK MPOXOJPKEHHS CIICIIalbHO MiJArOTOBAHUX TECTOBHUX
MOBIJIOMJICHh Ta OCHOBHI CKJIQJIOBI €HEPreTHYHO-YaCOBOIO JIarHOCTHYHOTO Tapamerpy, a
came: Y(t,7), y(t,7),,— IiarHOCTHYHUI MapamMeTp Ta €TAJOHHE 3HAYCHHS JiarHOCTUYHOTO

napametpy ([II1), sxi 3anexars BiJi KOHCTPYKTHBHHUX MapaMeTpiB: h - anapaTrHoi CKJIaJ0BO1
00’€KTy KOHTPOIIIO, aMIUTITyaHOI Ta ()a309acTOTHOI XapaKTEPUCTUKHU TPaKTy (HOpMyBaHHS
(ALII, ITAIT nepeTBopeHb) Ta mepenadi TECTOBUX MOBIAOMIIEHb, { — yac HampalrOBaHHS
00’€KTYy KOHTPOIIO; T — TPHUBAJIOCTI TEPEBIPHUX TECTOBUX  TMOCIITOBHOCTEH;
Aty =At, + A7, + A7, — cymapHe NpUpOILIEHHA 4acy; A7,A7;, — dYacoBe NPHUPOIICHH,
OB ’s13aHe 3 (DYHKIIIOHYBAaHHSAM anapaTHOI YaCTMHH 00’ €KTYy KOHTPOII; A7, — NPUPOILEHHS
yacy, K€ XapaKTepu3y€e 3aTPUMKH, OOYMOBJICHI JUCIMIUIIHOK OOCITyroByBaHHsS (0OpOOKH)
TECTOBUX IOBIOMJIEHb y TepMiHaX Teopii MacoBOro OOCIyroByBaHHS, BIUIMB IapameTpiB
HaJIAIITYBaHHs OlepaliiHoro cepeaosuina h.

Cnin Big3HAUMTH, 1O CKJIag0oBa A7, TakoX BigoOpaxye B co0l mapamMeTpH anapaTtHoi
qactuHn h (obcsr mam’sTi, 4acToTa MPOLECOPY, YacTOTa ONUTYBaHHS MPHUCTPOIB BBOIY-
BHUBOJY 1 T. 1H.), OCKIJTbKM OOYHMCIIIOBAJIBHI MPOIIECH BUKOHYIOTHCS BIAMOBITHOIO CKJIAOBOIO
anapaTHOi YaCTUHH.

Hexaii ocHOBHI (yHKIIIOHaJIbHI BJIACTUBOCTI O0’€KTY KOHTPOJIIO XapaKTEPU3YIOThCS
omeparopom L, sikuit moB's3ye Bxigui i Buxigai curmamu U (t) i U, (t), koHCTpYKTHBHI

napamerpi h,h, a Takox BpaxoBye 3anexHicTh BuxigHoro curHany U, (t) Bim ¢axropy
30ymkenns AU (t,7), skuii, B CBOIO uepry, MOPOMKEHHH CIEIiajJbHO MiATOTOBICHUM
BX1THUM TIEPEBIPHUM TECTOM Ta Ma€ 03Haku TpuBaiux (t) Ta mBuUIKUX (7) IPOIIECIB.

[Moka3Huk (¢yHKIIOHYBaHHS 00'€KTY KOHTPOJNIO — JAiarHocTHYHHMU mapamerp Y(t,7)

(3miHa TexHiyHOro ctany PEO KOHTpOMIOETHCS 3a CTOXAaCTUYHMMHU 3MiHAMH CTPyMY, SKUH
NPOTIKa€E B MIMHI )KHUBICHHS 00’ €KTY KOHTPOJIO) [6] 3aIe)KUTh HE TIIBKU BiJl KOHCTPYKTHBHUX
napameTpiB h Ta mepeBipHHX TECTiB TPUBANICTIO 7, a 1 BiJ Yacy (QYyHKI[IOHYBaHHS 00'€KTY
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KOHTpOIIO | Ta MOB'I3aHUMHU 3 HUM (I3UKO-XIMIYHUMHU MPOIIECAMU B HAIIBIPOBIIHUKOBHUX
CTPYKTYpax Ta KOMIIOHEHTaX 00’ €KTY KOHTPOJIO.

VY3aranpHeHa cxema JIiarHOCTUYHOT MOJIETIi Ipe/IcTaBlieHa Ha puc .2.

BusHauenunidi TMm  00’€KTy  KOHTpPOJIIO  (M1arHOCTYBAaHHs)  CKJIAJIA€ThCA 3

B33€MOIIOB SI3aHIX YACTHH: anapaTHOi (KOHCTPYKTHBHI mapamerpi h) Ta mporpamHoi, sika
BU3HAYA€ aNropuT™M (PYHKIIIOHYBaHHS anmapaTHOi YaCTUHHM (KOHCTPYKTHBHI mapamerpi h).
Tomy 3ampomoHOBaHO AIarHOCTHYHHUM Napamerp, SKUH CKIAJAa€TbCs 3 JIBOX CKIIAJOBUX:
nepiia — eHepreTiyHa Ha OCHOB1 CTOXAaCTHUYHUX IIPOLECIB 3MIHU CTPYMY, JIpyra — 4acoBa JUIsl
BiJOOpaXeHHsI 4Yacy (3MIHM 4Yacy) BHUKOHAHHS €JIeMEHTapHUX (YHKLIA NPH OMpaIfOBaHHI
BX1HOI TECTOBOI IIOCJI1JOBHOCTI.

U(t) - N U ux(1)
LIhU ) AU D] |———

AU(t1)

Irfow
‘ [0 7]

O [h 1]

Ilr)—' Wy, r(1),9(t1), 7] -ﬁ—

Puc. 2. Y3aranpHeHa cxeMa J1arHOCTUYHOI MOJIEN]

Omeparop Q moB’si3ye Mix co0OK KOHCTPYKTHBHI mapameTpu h (ckiiaa mporpamHuX
MO/IyJTiB @00 eleMeHTapHUX (YHKIIiH) Ta BXiAHI epeBipHi TeCTH (3 TPUBAIICTIO 7 ).

[Mapamerp r(r) BimoOpakae BILUTMB MPOTPaMHOI CKJIAJOBOI Ha amapaTtHy CKIIaJ0BY
00’€KTY KOHTPOJIIO.

Omepatop W 1OB’s13ye Mik c060I0 KOHCTPYKTHBHI mapamerpu h (ckimaj amapaTHO
YaCTHHHU), BIUIMB KepyKYOi MNpOrpaMHOi CKiIafgoBoi r(7), Ta EHEpPreTH4YHy CKIaJ0BY
aiarHoctuaHoro napametpy Y(t, 7).

Omneparop T BBeACHO A MYJBTUIUIEKCYBaHHS (IIO€AHAHHS) Ta BiAOOPaXKEHHS BHECKY
000X KOHCTPYKTHBHHX TapaMeTpiB 00’ekTy konTpomo h,h (mporpammoro ta amapatsoro) y
daxrop 30ymxenns AU (t,7) (moeqnanus oneparopis oneparopamu Q ta W ).

3MiHa cTpyMmy, eHepreTuuHoi ckmagoBoi [II1 B pesynmpraTi cTapiHHS (3a 4yacom)
BIIOYBAa€TbCA  3HAUYHO IMOBUIbHINIE, B TMOPIBHAHHI 3  (QIYKTyaliiMd  OCHOBHHX
eKkciutyaTaliiiinx  (QyHKIIOHANBHUX) TMMOKa3HWKIB. JlMHaMika 3MiHH JiarHOCTHYHOTO
MapaMeTpy pO3rIsAAEThCS MPOTITOM YChOro )XUTTEBOro ukiny PEO.

OTxe, nmpeacTaBiIeHa MOJIENIb BPaXOBY€ J1Ba BUAM MPOLECIB, SKi BiIOYBaIOTHCS B TPAKTI
IPOXO/KEHHS TECTOBUX TMOBIIOMIIEHb: MIBHAKI 7 — (IyKTyalliss eKcCIUTyaTalliifHuX
(pyHKIIIOHATBHUX) MOKA3HUKIB 1 MOBUIBHI | — PO3BUTOK Je(EKTiB B HAIMIBIPOBIAHUKOBUX
crpykrypax. IlIBuniki mpolecu BU3HAYAIOTh TEXHIUYHUI CTaH 00'€éKTa KOHTPOJIO Ha MOMEHT
J1aTHOCTYBaHHS (B MOMEHT 4acy KOHTPOJIIO), a MOBLIbHI — MapaMEeTPUYHY HaJ1IHICTh 00'€KTYy
KOHTPOITIO.

3anexHO BiJI MaTEMAaTHUYHOTO arapaTy, SKHil 3aCTOCOBYETHCS, B TEOpii PO3PI3HSIOTH!
CKCIIEPTHI OIIHKW; aHATITHYHI OIHKK (pO3paxyHKH); IMOBIPHICHI, KOJIH B pe3yJabTaTi
MIPOTHO3YBAaHHS BU3HAYAETHCSI MMOBIPHICTh BUXOAY (HEBHUXOJy) MapaMmeTpy abo mapaMmeTpiB
TC 3a pomycTuMi MeXl; CTaTUCTHYHA Kiacu@ikaiis (po3mizHaBaHHS 0O0pa3iB), KOJU B
HACJZIOK MPOTHO3YBaHHS BHU3HAYAETHCS Kiac O0'€KTy, SKUH I1arHOCTYETHCS 3a KpHUTEpieM
npanesaaraocri [3,5].

Cepen mapamerpiB TexHiuHoro crany (IITC) pospisustore mpsimi (6e3mocepeaHbo
XapaKTEPU3YIOTh KOHKPETHI BJIACTUBOCTI 00’€KTy ab0 HOTO CKJIaJ0BOi YaCTHHH) 1 HEMpsMi
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(mapamerp TC, mnos'szanuit 3 npsmuM IITC nerepmiHoBaHOIO a00 CTOXAaCTHYHOIO
3JICXKHICTIO) TTapaMeTPH.

[Iporno3yBanHsi pecypcy BHpoOy 3a HENpSMUMH [apaMeTpaMH 3acHOBaHE Ha
BpaxyBaHHI HACTYITHUX YMOB:

— BigoMi (i3UYHI TpoOIecH, sKi NPU3BOAATH JIO PECYPCHUX BIMOB, a TaKOX
MaTeMaTH4YHl MOJEN 3MIHM MNpAMHX (CTPYKTYPHUX) 1 HeOpsIMUX (I1arHOCTHUYHUX )
napameTpis;

— g koxkHoro npsmoro IITC BcraHOBIEHI I'paHMYHI 3HAYEHHS, JOCATHEHHS SKHUX
BU3HAYA€ BEJIIMYUHY PECYPCY 32 LIUM [1apaMeTpoM;

— B TIPOIIECI CIIOCTEPEKEHHS 3a 3MIHOIO TEXHIYHOTO CTaHy BUPOOY € MOMKIHUBICTH
¢ikcanii mapameTpiB, sKi BiT0OpaxarOTh iHIUBITyadIbHI 0COOINBOCTI 00’ €KTY KOHTPOIIIO;

— icuye iHdopmMaris mpo (yHKIIOHATBbHI ab0 perpeciiiHi CIBBIIHOMICHHS MK
npsmumu 1 Henipsimumu [1TC;

— BaJEeKHICTP MDK MaTeMaTHYHHUMH OYiKyBaHHSMH mpsimux 1 sHempsmux [ITC e
MOHOTOHHOIO 1 HENIEPEPBHOIO.

VY BuUNajKy NPOTHO3YBAaHHS TEXHIYHOTO CTaHy OJHOTHUIIHUX MPOrpPaMHO-anapaTHUX
3aco0iB Bu3HaueHHs pecypcey (3a Hempsimumu IITC) cympoBOIKYeThCS TphOMa BHIAMH
MoXuOOK: MOXMOKaMU BHUMIPIOBaHHS HEMPSAMHX IapaMeTpiB; MOXWOKAMH, TOB'SI3aHUMHU 3
BUIIA/IKOBOIO TPUPOIOI0 (i3WYHUX TIPOLECIB PO3BUTKY BiJIMOB; METOAMYHHUMH IMOXHOKaMHU
Bu3zHaueHHs npsmux IITC 3a 3HaueHHsmu Hempsmux. Ilpu npomy, 3anexHo BiJg 00csry
HasBHOI iH(popMarii o0 00'€eKTy KOHTPOIIIO, MOXJIMBI TPU TPYITU TUIIOBUX CHTYALIH.

Ilepwa epyna:

— Bigomuidi Bua ¢yskmii F, ska Bu3HAa4Yae 3B'A30K MDK MNPSMHUM 1 HEOPSIMUM
napaMeTpamH, Ta yci Koe(ilieHTH 1 Aucrepcii ux KOeQiIieHTiB;

— ICHYIOTb P€3yJbTaTH NEPIOANYHUX BUMIPIOBaHb HENIPSIMOTO IapaMeTpy.

pyea epyna:

— Bun ¢yakuii F Bigomwuii, koedilieHTH HEBIIOMI;

— ICHYIOTh pE3yJbTaTH MEpIOJMYHUX BHUMIPIOBaHb HENpsAMOro MapameTrpy Ta
pe3yibTaTH HaBYAIbHOTO EKCIIEPUMEHTY, B IIPOLECi SKOro BiAOYBAa€ThCS OJHOYACHE
BHUMIpIOBaHHS mpsimoro 1 Henpsimoro [1TC.

Tpemsa epyna:

— @Qynkuis F MoHOTOHHA 1 HenmepepBHa (3arajJbHUM BUJ HEB1IOMUIN);

— ICHYIOTB Pe3yJIbTaTH HaBYAILHOTO EKCIICPUMEHTY.

Jlucnepcist OLIHKY pecypcy MpecTaBieHa Y BUTIIAA CYMHU TPbOX JI0/IaHKIB:

— MOXHOKH BUMIPIOBaHb;

— moxuOKu BU3HAUYEHHA KoedilieHTiB QyHKIiT F ;

— MOXMOKM BM3HAYEHHs JAMcCIiepcii BUMAAKOBOI 3MiHM 30UIBIIEHHS IapaMmerpy
KOHTPOJTIO.

3acTocyBaHHS BIJIOMHMX CIIIBBIIHOIIEHb YCKJIQJHIOETHCS HEOOXIJHICTIO 3HAYHOTO
00csTy monepeaHix JOCTIHKEHHD JJI1 BCTAHOBJICHHS BUX1THUX JaHUX.

Haiibinpm goCTYymHMM [l NMPAKTUYHOTO BUKOPUCTAHHS € METOJ, 3aCHOBAaHUM Ha
crenenesiil anpokcumaii 3Miau [ITC ns nporao3yBaHHS IPOLECIB MOTIPIIEHHS TEXHIYHOTO
CTaHy 00’ €KTY KOHTPOJIIO.

MaremaTu4HU# omuc Mmporecy 3MiHU mapamerpy TexHiuHoro crany Y (f) rpyHTyeThCs

Ha ampoOKCUMAIlii KO>KHO1 peaizallii oo MpoIlecy BUMAAKOBOIO (DYHKIII€I0 BUITY:

Y (t) = Kt + z(t),
ne K — BumanmkoBe Ui TPYNMU OJHOMMEHHUX CKJIQJIOBUX YAaCTHH, ajleé HE3MiHHE 3HAYCHHS
MOKa3HUKA IIBUIAKOCTI 3MIHM JIarHOCTMYHOTO TapaMmeTpy Ui KOXKHOI peaizartii

BUIIA/IKOBOTO MPOIIECY; & — MOKAa3HHMK CTYNEHIO (QYHKIT arpoKcuMallii, sSIKHil XapakTepu3ye
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KOHCTPYKTHUBHI OCOOJMBOCTI CKJIaJIOBOi YaCTUHHU 00’€KTy KOHTpoiw; Z(f) — HOopManbHUii

CTalliOHAPHWIA BUTIQJIKOBUH MPOLIEC BiAXMICHh PAKTUYHHUX 3HAUCHB ITapaMeTPy KOHTPOJIO Bil
anpOKCHMYIOYO0i CTeIeHeBOI (DYHKINIT KOXKHOI pearizamii nmpomecy Y (t).
CTaTHCTHYHI XapaKTEPUCTHKH BUNaIKoBoro npouecy Z(t) (mpu t > 0,3T ) HacrynHi:

M[z(t)]=0;
D[z(t)]= &*;
R[z(t), z(t + At)] = R(At);

flett)]= - —ew -2

Cepenniii pecypc CKJIaJI0OBOi YaCTHHU O0’€KTY KOHTPOJIIO OOYHCIIIOIOTH Ha OCHOBI
iHpopMmanii mpo 3MiHy mapaMeTpa ii TexXHIYHOro cra"y Y, 1 Npo HampamtoBaHHsA t 10

MOMEHTY KOHTPOITIO 32 HaOIMKEHOIO (OPMYJIOK0:

%
=t || 22| —1lk,
Yk

ITpu s <0,03Y, MOxIMBO HE BpaXOBYyBaTU MONPaBOYHUN KoediuieHT K, .

3anponoHoBaHU MeToja 3abe3rneuye HEOOXiJAHY TOYHICTh OLIHKM B TOMY BHIIAJIKY,
SKIIO 3MiHA MapamMeTpy TEXHIYHOTO CTaHy JI0 MOMEHTY KOHTPOJIIO CTAHOBHUTh HE MEHIIC
TOJIOBUHH 'PAHUYHOTO BIAXHMIICHHS Mapamerpa Y, Ta npu AoTpumanni ymosu t, <0,5t, . Ilpu

BUKOHAaHHI HaBEIEHUX YMOB ITOXHOKa MPOTHO3YBaHH He nepesuirye 8-9%.
Onwucanuii miaxia (MeToa) Moxke OyTH BUKOPUCTAHO /ISl JIIHIMHOTO

Y({t)=C,+C,, (1)
KBaaApaTHU4IHOI'O
Y(t)=C,+C, +C,, @)
Ta €KCIIOHECHTHOI'O
Y (t) =exp{C, +C,} ©)

3aKOHIB 3MiHH JllarHOcTUYHOTO napametpy. Koedinientn C,,C,,C, — HeBigoMi.

Jlisi  BUKOpPHCTaHHS METOAY HEOOXiJHO TMepeKoHaTucs B TOMY, IO 3MiHa
KOHTPOJIBFOBAHOTO TTapaMeTpa I IMOPSIKOBYEThCS OAHOMY 13 3aKkoHiB (1-3), a ioro aucnepcis
HE 3MIHIOETHCS 31 301IBIIEHHSAM HAIlpallOBaHHS BUPOOY.

[Toka3zHuk Y, OIIHIOETHCS 32 BUMIPSIHUMH 3HAUEHHSIMU KOHTPOJIbOBAHOTO TTapaMeTpy

Y, =F(t)+D,,i=1N,

Aac ti — 3HAUCHHA HaIllpalltOBaAHHA B I-ii yac.

Kinbkicte BuMipiB N oOuparote 3 ymoBu: N >2m, ge M — KUIBKICTh HEBIJOMHX
Koe(iIieHTIB 3aKOHY 3MiHU JIIarHOCTHYHOTO ITapaMeTpy.
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MomeHTH BUMipIOBaHb {; 00MparoTh TakiM YUHOM, 1100 BUIAAKOBI BenuunHu D, Oymu
HE3JIC)KHUMU.

TeopeTHyHUM TIATPYHTSAM METONY € OIIHKA BIATOBIAHMX TOKA3HHWKIB 32 METOJIOM
HaliMEHIIUX KBaJpaTiB. MOXKJIMBA MOCTIIOBHICTh PO3paxXyHKIB HACTYITHA:

1. 3niiicHrorotbess N BUMIpIOBaHb jgiarHocTH4HOro mapamerpy Y;,i=1N B neBHi
MOMEHTH Yacyt; .

2. O6umcmoroThest  Benmumnn: Y, =XV, Y, =32tY,; X, =3t; X, =IZt;
D=Nzt? -(2t,)*; D,, =N/D; D, =%t,/D; D, =D, =-2t,/D, ne ¥, — cyma mo i Bix 1
o N.

3. OGUHUCITIOIOTHCS KPAIIKOBI OILIIHKK Koe(ilieHTiB 3akony (1-3).
4, OOUYHCTIOETBCS OIIHKA CEPeIHbOT0 KBAJAPATUYHOTO BIAXWJIECHHS JIarHOCTUYHOTO

napamerTpy. o = /%N—Z)’He S=S(Y,-C, -C, *t,)2.

5. O0YHCITIOIOTECS OIIHKH — CEPeAHi KBagpaTH4Hi BiaxuieHHs koedimientis C; ta C,:
o,=04D,; 0,=0,D,,.

6. OOYUCITIOIOTHCS TapaHTOBAHI OIIIHKH koedimientis: C | = C = Kxs i =12,

[T

“4+” — U1 BUINQJKY KOJIM TapaMeTp 3pOCTae, JUIS BHIIQJKY KOJH TapamMeTp
3MEHIIY€EThCS; § — HoBipua KmMoBipHIicTh; pu ¢ = 0,9, K = 1,282; mpu g = 0,95, K =
1,6459; mpu g =0,99, K =2,326;

7. O0YMCIIOEThCS  OYIKYBAaHMM pecypc Ta TrapaHTOBaHU OCTaTOYHUH pecypc:

:M_t T :(Yﬂ_cl)

@ k1 g
G, G
KOHTPOJIIO.

—t,, ne 1, — HampamroBaHHA Ha MOMEHT OCTaHHBOI'O

Ocnosni peszynomamu. Oprasizaniino Oynb-saxuit 3aci6 PEO B 36poitHnx Cumax
VYKpaiHu cynpoBOKYETHCS KOMILJIEKTOM TEXHIYHOI TOKYMEHTAIlli (B IMariepoBOMY BUIJISIII Ta
3 BIAMOBIIHUM 007iKOM). Takuii miIXia He TITBKU 3aKPIILIIOE MEPCOHANTBHY BiIMOBIAANBHICTh
3a eKCIUTyaTallll0 TEXHIYHUX 3aco01B, aye il 3a0e3neuye Oe3nepepBHUM 00K HaNpaIOBAHHS
(Ge3nepepBHMIL 30ip Ta 00K CTATUCTUYHHUX JAHUX, HEOOXITHUX sl MPOTHO3yBaHH:). OqHAK
B Cy4yaCHMX YyMOBax BCE 4acTillle IOCTAYalOThCA TEXHIYHI 3aco0M 3aKOPIOHHOIO
BUpOoOHHUIITBA. [Ipu 1IbOMY, SK IpPaBUIIO, BIACYTHS TEXHIUHA JOKYMEHTALlisl, B AKii MPUCYTHIN
001k HampaioBanHsa. OOuaBa TUNM TEXHIYHUX 3ac001B MOBHMHHI (YHKIIIOHYBaTH B €IUHIN
OPUKRHATIHN M1aHOBO-TIONEPEKYBAIbHIN CUCTEMI TEXHIYHOTO OOCITyrOBYBaHHS Ta PEMOHTY.

PosrisiHemo ABa BapiaHTH IPAaKTUYHOTO BU3HAUYEHHSI pecypcy TexXHIuHuX 3aco6iB PEO:

— XapakTepHUIl Ui HOBHX 3pa3KiB TEXHIKHM, OTPUMaHUX O€3MOCepelHbO i3 3aBOAY
BUPOOHMKA — TIPOTHO3YBaHHA peCcypcy TMpH BIiJOMOMY HamNpallOBaHHI BiJl IOYaTKy
eKCIUTyaTarrli;

— XapakTepHuil JuIs 3pas3KiB, fKi mepedyBalM Ha 030pOEHHI TNPU HEBIJOMOMY
HarpalfoBaHHi BiJl MOYATKy eKCILTyaTallii.

O6unBa BapiaHTH mnependayarOTh HAaSBHICTh Ta (PYHKIIOHYBaHHS aBTOMAaTH30BaHOI
CHCTEMH JIIarHOCTYBaHHS 3 €JIeMEHTaMH CUCTEMH MPUHHSATTS PillleHb.

VY pobortax [8,9] HaBeneHO MOPIBHSIHHS (YMOBH MPOBEICHHS MOPIBHSAHHS) Pe3y/IbTaTiB
HATYPHUX BHUIIPOOYBaHb 3 pe3yJabTaTaMU aHATITUYHHUX JOCIIIKEHb TIarHOCTUYHUX MOJEIeH
PEK, 3 sxux cknamaroThes cydacHi 3pasku PEO, it momanpmioro BUKOPUCTAHHS TIPU
BUPINICHHI 3aBJaHb TEXHIYHOI JIarHOCTUKH. AHAJTITUYHA MOJETh PaTi0eNEeKTPOHHOTO
komrnonenty (PEK) (Monens 3MiHM A1arHOCTMYHOTO MapaMeTpy) OTpUMaHa 3 ypaxXyBaHHSIM
¢i13UKO-XiIMIYHHX TPOLECIB, SKI BiAOYBAaIOTHbCA B HAIMIBIPOBIIHUKY IMPOTATOM dYacy HOro
ekcrutyaTariii. Pe3ynbTaToM HaTypHHX BUINpPOOyBaHb ((hopcoBaHMX BUIPOOYBaHb), B OCHOBI
SKUX  JIGKHTb  CYKYIHICTH TEOPETHYHO Ta  EKCIIEPUMEHTAJIBHO  OOIPYHTOBAaHUX
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3aKOHOMIPHOCTE Ta JOMyIIeHb, € MaTeMaTU4YHE OYIKyBaHHA JUHAMIKH 3MiHHU
JIarHOCTUYHOTO MapaMeTpy. BHACIIIOK TOPIBHSHHS pe3yabTaTiB, OTPUMAHUX AHAIITUYHO Ta
eKCIIEpUMEHTAIbHO, BU3HAUYEHO CTYMiHb iX MOMIOHOCTI 3 ypaxyBaHHSM BiTHOCHOI TMOXHOKH
MOJICTIIOBaHHS. 3aKOHOMIPHICTh 3MiHM €HEPreTUYHOI CKJIaJ0BOI JiarHOCTHYHOTO IapamMeTpy
HaBEJIEHO Ha pHC. 2.

B cBoto uepry, yacoBa cki1a/10Ba, 3apONOHOBAHOTO JUIS IPOTrPaMHO-aNapaTHUX 3aC00iB
J1arHOCTUYHOTO MapaMeTpy, TAKOXK Ma€e NEBHY AMHAMIKY 3MiH, sIKa 3aJIEKUTh BiJ apaMeTpiB
MepEeBIPHOTO TECTY.

Crpomieni rpagivyni 3a7eXHOCTI JTUHAMIKK 3MiHM JIarHOCTMYHOTO Mapamerpy, Ul
HAOYHOTO TIPEJCTABICHHS MpOIEAypi BH3HAYCHHS pecypcy, HaBeleHI Ha puc. 3,

BHKOPHUCTOBYIOTHCSl HACTYIHI IO3HAYCHHA: |  — €HepreruyHa CKJIaJo0Ba JiarHOCTHYHOIO

napamerpy (ctpym), t, — KpUTHYHIN Yac HAPaLFOBAHHSL.

Lo

1 t(rom
108

Puc. 3. 3minu piarHoctuyHoro napametpy npocrimoro PEK: 1 — ekcniepuMeHTallbHa KpUBa,
2 — aHaNmiTUYHA KPUBA, 3 — MHAMIKA 3MiHH CTpyMy y BHMaaKy cknaguoro (10° PEK) 06’exty
KOHTPOJIIO

PosrisinemMo mpoueaypy BH3HAU€HHS pecypcy (Yacy IOCSTHEHHS KPUTUYHOIO CTaHy)
3pa3zky PEO (Pp) Ha MPUKJIAJIl EHePreTUYHOI CKIIA0BOI JA1arHOCTUYHOTO mapametpy. [lpu
BUKOPHUCTAHHI 3alpPOMOHOBAHOI aBTOMATH30BAaHOI CHCTEMH JIarHOCTYBaHHS B 0asi JTaHUX
TaKkoi CHCTEMH MOBMHHA OYyTH HHM3Ka BMXIJHUX JaHUX (Mepenik HeoOXigHoi iHdopMariii
HaBeJIeHO y Tabu. 1).

Busnadenust pecypcy (/P,) mpu BIZOMIiil 3aKOHOMIPHOCTI 3MIHH JIarHOCTHYHOTO
napaMmeTpy MpeicTaBlieHO Ha cxeMi (puc.4). B uactuni puc. 4 (a) BUKOPUCTaHI HACTYIHI
NO3Ha4YeHHs: P, — BUKOPHUCTaHUI pecypc 10 MOMEHTY KoHTpomto; M, =11 —1I — 3miHa

3HAYCHHSI IIapaMeTpa JI0 MOMEHTY KOHTpOIIto (aiarHoctyBanus); M, = I — I, — rpaHndHe

3MiHa 3HAYCHHs [lapamerpa; P, — WyKaHuii pecypc.
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Taboauus 1.
Hani muist Bu3HaueHnus pecypey PEO
Ne Buxigni nani Tlo3nauenns Jlxepeno
1 | HomiHanbHe 3HA4YEHHS NIarHOCTUYHOTO ITapaMeTpy 7 TexniuHa
" JIOKYMEHTAITisl
2 ['pannuHe 3HaYEHHS 11arHOCTUYHOTO MApaMETPy 71 TexHiuHa
P JIOKYMEHTAITisl
3 | [loka3HUK, SIKii XapaKTepHU3ye 3aKOHOMIPHICTb 3MiH o TexHiuna
3HAUEHHS JIarHOCTUYHOTO MapaMeTpy JIOKYMEHTAITisl
4 HarmpairoBanHs BiJ MOYaTKy €KCILTyaTaril p Texniuna
BHK JIOKYMEHTAITisl
5 3HaueHHs A1arHOCTUYHOTO MapaMeTpy 7 [TokazanHs 3aco6iB
(BUMIPIOETHCS T Yac KOHTPOITIO) « BUMIPIOBaHHS
huing P.=P +P, +P,
_____,Il:[ P.'»a.l.':PEID(_P]: .
- ",
. H, =™ e g
P
S S / b7
m: _/_[-U;
| T Rt ———-
i,
!
Pecype Pecype
P i P, P £ ?
a 0

Puc. 4. Copoiiena cxema BU3HAUEHHsS pecypcy IMpH: a — BIJOMOMY HalpalfoBaHHI 00’ €KTy
KOHTPOJIIO BIJ] MOYATKy €KCIlUlyaralii; 0 — HeBIJOMOMY HallpalfoBaHH1 00’ €KTY KOHTPOJIIO BiJl

MOYaTKy eKCIuTyaTarii

Marouu BKasani nani, P, BU3Ha4ar0Th 3a Gopmynoro [4]:

H_\e
Py =Pl 5| -1 4)

Ha mpaktuii 3HaueHHs o 3HaxomuThes B Mexkax Big 0,8 mo 2,0 [10]. 3nauenus
I, I, o pO3paxOBYIOTh 3a3/aJeri/b 1 3aHOCATH B 0a3y JaHHWX aBTOMATH30BAHOI CHCTEMH

piarnocrysanHs 00’ekry PEO 111 BuKopucTants npu BusHaveHHi P, .
TakuM uymHOM, [N BU3HA4YeHHS pecypcy (4) HEOOXigHO TMPOBECTH BUMIPHU
JIarHOCTUYHOTO MapaMeTpy 1 3HATH HaIpalloBaHHS 0 MOMEHTY BUMIpy. 3HAYEHHS I1HIIMX

MOKA3HUKIB — TaOIWYHI.

VY npyromy BHIIAAKY, KOJH BiJJOMOCTI MPO HAIPAIIOBAHHS OKPEMHUX CKJIAJJOBHX YaCTHH
PEO Bix mouaTky ekcrutyaTailii ab0 OCTaHHBOTO KAIPEMOHTY BiJICYTHi, PECypC MOKJIHBO
BU3HAYUTH 32 3HAYCHHSIMH TapaMeTpiB, BHUMIPSHUX TPU JBOPA30BOMY KOHTPOJIi
(miarHOCTYBaHHI) Ta HANPANIOBAHH MK MEPIINM i APYTHM BHMIPIOBaHHSIMH.
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Cxema TpOTHO3YBaHHS peCcypcy TpU HEBIJIOMOMY HaMpamioBaHHI Bil MOYaTKy
eKCIuTyaTallii mpeacraBicHa Ha puc.4 (0), Je BUKOPHCTOBYIOTHCS HACTYIHI IO3HAYCHHS:
II' - 3Ha4yeHHs NapamMeTpy INpW Hepuii mnepesipii; //! - 3HAa4YeHHSA HapamMeTpy HpH
HOBTOpHI mepesipui; M =71 —[I, - 3MiHa 3Ha4YeHHA IapaMeTpy BiA IOYATKY
ekciutyaranii 1o nepmoi mepesipku; M =[I" —II, - 3MiHa 3HaYCHHS MapaMeTpy Bil

MMOYaTKy eKCIuTyaTallii 70 TOBTOPHOI TEpPEeBIPKH; A, =1,-1I, - rpaHu4Ha 3MiHa

3Ha4YeHHs Mapamerpy; P, - BUKOpHCTaHHMH pecypc (BelWYMHA HeBinoma); P, - pecypc,

BHKOPHUCTAHHH 32 9ac poOOTH MIXK MEPIIIOIO 1 IPYTOr0 MEPEBIPKAMH.

TakuM yMHOM, [l BU3HA4YCHHs P, TP HEBIIOMOMY HamnpaijoBaHHi 3pasky PEO 3
MOYaTKy eKCIUTyartalii HEeoOXiTHO BHUMIpATH 3HAYCHHS KOHTPOJHOBAHOTO IapaMeTpy He
MEHIIIE IBOX Pa3iB 1 3HATH HAIIPALIOBAHHS 32 Yac poOOTH MiXK IMMH BUMipaMH.

B npomy Bunaaky P, Bu3HauaioTh 3a hopmyioro [4]:

BucHoBknu

[IporHo3yBaHHsS TEXHIYHOI'O CTaHy HPHUHIMIIOBO MOJKJIMBE JIMIIE B pa3l HAasSBHOCTI
iHpopMaLifHOro JIarHOCTUYHOTO MapaMeTpy Ta aJeKBAaTHOI J1arHOCTMYHOI MOAesi 00'eKTy
KOHTPOJIIO.

Ha cporonni B 3CY ¢yHkuioHyI0Th 3pazku Ta cuctemu PEO, ans sxux XxapaktepHa
HasBHICTH NMPOTPaMHOI Ta armapatHoi ckiaoBoi. [Ipu poMy pakTHyHE HAMPaIFOBaHHS TaKUX
00’eKTiB MOXxe OyTH Bizome Ta HeBimome. J[ns 000X BUIIaJiB HEOOXiTHO BUPIIICHHS 3a7ad
TEXHIYHOTO JlarHOCTYBaHHsA. BupileHHs 3a3Ha4yeHoi 3ajayl MOMKJIMBE IMpPH 3aCTOCYBaHHI
aBTOMAaTH30BaHOi CHCTEMHM JiarHOCTyBaHHS. BusHaduenHs pecypcy o0’ektiB PEO Ta
OOIPYHTYBaHHsI Yacy MPOBEACHHS PETIAMEHTHUX POOIT 103BOJIUTH CKOPOTUTH YUCIIO BIIMOB
PEO B mporeci ekcrutyaranii, BUKJIIOUYUTH TO3aIUIAHOBY (aBapiiiHy) 3YNMUHKY, 3a0ILAAUTH
KOIITH Ha BITHOBJICHHS, 301IBIITUTH MIXKPEMOHTHUN MEPi0]] HAPAITFOBAHHS.

Hanpsmxom nodanvuux docniodicens € :

— BCTAaHOBJICHHS  JTWUHAMIKM  3MIHH  y3araJlbHEHOTO  CHEPreTMYHO  YacOBOTO
J1aTHOCTHUYHOTO MapaMeTpy;

— BH3HAYEHHS Ta OOTPYHTYBAaHHS IMPHUILYCTUMHUX MEX LIBOTO MapaMeTpy B JBOMipHOL
IUIOIIMHI;

— BHUKOpPHUCTaHHS OTpuMaHoi 1HQopmamii Juiss OOIpYHTYBaHHS IEPIOJUYHOCTI
KOHTPOJIIO Ta PErJIaMEHTHUX POOIT OAHOTUIIHUX MPOTrpaMHO-allapaTHUX 3aC00iB SIK OJHOTO 3
BUJIB cyyacHuX 00’ektiB PEO.
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HPOIHO3UPOBAHUE TEXHUYECKOI'O COCTOAHUA OJHOTUITHUX
IMPOI'PAMHO-AIIITAPATHUX CPEJICTB

B.B. Ky3askos, I1.B. XycauHos

BoeHHbIIT HHCTUTYT TeleKoMMyHHKaMi 1 uHGopmaruzannu nmenu ['epoes Kpyr,
yi. MockoBckas, 45/1, Kues, 01011, Ykpauna; e-mail: nevse@ukr.net

B cratee pacCMOTPEHbI TOJAXOJbI, OCHOBAaHHBLIE Ha (bl/ISI/I‘IeCKI/IX MMpeAnoChlJIKax, K
MIPOTHO3UPOBAHNIO TEXHHUECKOTO COCTOSIHUA (OIpeeNieHHe pecypca) pagnuodIeKTPOHHBIX
00BEKTOB, KOTOPBIE MOMAIAIOT TIO OTIPEICIICHUE «OJHOTHITHBIC TPOTPaMMHO -aIapaTHbIC
cpenctBay.  [IporHO3MpoBaHHE  TEXHHYECKOTO  COCTOSIHHS — PaIHOdJICKTPOHHOTO
obopynoBanus (PDO) — BakHas cOCTaBHas 4acTh TEOPHM HAJEKHOCTH, a IMOKA3aTesH
«pecype» M «CPOK CITY)KOBD» SIBIITIOTCS OJHUMH W3 OCHOBHBIX TOHSTHHA ITOW TEOPHH.
Ocoboe MecTO WMeeT 3ajada IPOTHO3UPOBAHHS pecypca (OIpeielicHHe BpPEMEHU
JOCTIDKEHHST KPUTHUYECKOTO cocTostHUs) PDO Ha cramum skcruryaranuu. laHHas 3amada
CBs3aHA C OIICHKOH TEKYIIEro COCTOSHHS W €ro MpOrHO30M Ha Oymayiiee, OICHKE
BEPOATHOCTEH HACTYIUIEHUs OTKA30B, PUCKA aBapUMHbIX cuTyauuil. Ha ocHoBe mporHosa
YCTAQHABIMBACTCA CPOK OYEpPeHOr0 KOHTPOIsS cocTossHusA POO wminm  Ha3zHaudaeTcs
[IpeNEabHO JONYCTUMBIN CPOK dKCILUTyaTauuu. [Ipouecc nporHo3upoBaHus NPUHIUIINAIBHO
BO3MOXCEH IIpU HAJIUYUKU AJHUArHOCTHYCCKOTO IapaMeTpa, KOTOpBIﬁ COOTBETCTBYET
YCJIOBUAM HU3MEPUMOCTH, MHBAPHUAHTHOCTHU K BOS)IefICTBI/I}O IIOMEX, I/IH(i)OpMaTI/IBHOCTI/I, a
TaK)Ke aJIeKBAaTHOW TMAarHOCTHYECKON MOJeNTN 00BEKTa KOHTPOIIS (KOTOpas YCTaHABIMBACT
CBA3b MEXKJy MPOCTPAHCTBOM COCTOSIHMSI TEXHUYECKOTO YCTPOMCTBA M IMPOCTPAHCTBOM
JMAarHOCTUYECKUX MPHU3HAKOB). B cTaThe paccMaTpuBaeTcs pelIeHUe 3ajad TeXHUYECKOI
JUArHOCTUKH ISl COBOKYIMHOCTH TEXHMYECKHX CPEICTB MpHEMa, Nepelaud XpaHEHUs U
00paboTkn MH(OpPMALUK O] YIPaBICHUEM MHPOTPAMMHON COCTABIISIIOIICH YyKa3aHHOTO
TEXHUYECKOro o0bekra. [IpuMeHeHHe (U3NUECKUX IPEINOChUIOK (DYHKIMOHHPOBAHUS
PO0O nns oueHku pecypca TEXHUYECKUX CPEJCTB PAJHOIEKTPOHUKH CTAaJI0 BO3MOXKHBIM C
MOSIBICHMEM U pa3BUTHEM Teopuu Je(peKkTooOpa3oBaHUS B  IOJTYNPOBOJIHUKOBBIX
CTPYKTYpPax, BOSHHKHOBEHHEM HOBBIX METOJOB cOOpa AMArHOCTHYECKOW MH(pOpMAIHUU Ha
OCHOBE CTOXaCTUYECKHX MPOIECCOB U3MEHEHNUS TOKA B MOIYIIPOBOTHUKOBEIX CTPYKTYpax B
3aBHCHUMOCTH OT BpeMEHH HapaboTku. [IpemnoxkeHa THAarHOCTHYECKAash MOJENb, KOTOpas
YUNUTBIBaCT OBICTpPBIE W MEJICHHBIC IIPOLECCHl B OOBEKTE KOHTPOJIS, PAaCCMOTPEHBI
TEOPETUUYECKHE U MPAKTHUECKUE BOIPOCHI IPOrHO3UpoBaHus pecypca POO.

KaioueBble ci1oBa: NporHo3upoBaHue, AMarHOCTUYECKUH IapamMerp, GU3UKO-XUMHUUECKHEe
IIPOLIECCHI, PAANOIICKTPOHHOE 000pyA0BaHNE
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FORECASTING THE TECHNICAL STATE OF THE SAME TYPE SOFTWARE AND HARDWARE
EQUIPMENT

V.V. Kuzavkov, P.V. Khusainov

Military Institute of Telecommunication and Information Technologies named after Heroes Krut,
45/1, Moscovska Str., Kiev, 01011, Ukraine; e-mail: e-mail: nevse@ukr.net

In the article, the approaches based on physical conditions are precondition for the
prediction of the technical condition (determination of the resource) of radio-electronic
objects that fall under the definition of "the same type of software and hardware". Technical
station prediction of the radio electronic equipment (REE) is an important part of the
reliability theory, and the resource and service performance are part of the theory basic
understanding. A special role is played by the task of forecasting the REE resource
(determining the time to reach the critical state) at the operational stage. The given task
connected with an estimation of a current condition and its forecast for the future,
probabilities of approach refusals estimation, emergencies risk. On the forecast basis, the
period for the next monitoring REE condition is established or the maximum permissible
service life is set. The forecasting process is possible in principle if there is a diagnostic
parameter that corresponds to the conditions of measurability, invariance to interference,
informatively, and an adequate diagnostic model of the monitoring object (which
establishes a connection between the technical device state space and the space of
diagnostic features). The article considered the solution of technical diagnostics tasks for a
technical means set of reception, storage and processing transmission of information under
the specified technical objects program component control. Using of the physical
prerequisites for the REO functioning to evaluate technical means of radio electronics
resource became possible with the advent and development of the defect formation in
semiconductor structures theory, the emergence of new methods for collecting diagnostic
information based on stochastic processes of current change in semiconductor structures,
depending on the time elapsed. The diagnostic model, which takes into account the fast and
slow processes in the object of control, is offered, theoretical and practical questions of
REO resource forecasting are considered.

Keywords: forecasting, diagnostic parameter, physico-chemical processes, radio-electronic
equipment
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YIOCKOHAJIEHHS PEAJII3AIIL KPUIITOAJIT OPUTMY EJIb-TAMAJISI HA
OCHOBI CUCTEMMH 3AJIMIIIKOBUX KJIACIB

1.3. SIkumMeHko

TepHOMINBCHKMIA HAIIOHATTFHIH €KOHOMIYHUH YHIBEPCHTET,
By1. JIbBiBChKa, 11, Tepromins, 46020, Ykpaina; e-mail: iyakimenko@ukr.net

B nanii po0GoTi mpoBeneHO aHa i3 CHCTeM 3axHcTy 1H(QOpPMAaIifHUX IOTOKIB 3
BUKOPHCTaHHSIM AaCHMETPUYHUX KPHNTOAITOPUTMIB, Ha OCHOBI $IKOTO BCTaHOBICHI
HENOJIKH ICHYIOUMX MIIXOMIB peaiizalii ornepaiiii MOIyISIPHOTO €KCIOHEHIIFOBaHHS TPH
mmbpyBaHHi/nemmdpyBanHi, a caMe — BUKOPUCTAHHS KIIIOYiB, OJIOKIB mIM(ppyBaHHS Ta
Moxmynsi KpumromeperBopeHHS m0 2048 Tta 4096 Oit, MmO MPHU3BOAWTH OO 3MCHIICHHS
YaCcOBHX XapaKTEPUCTHK. BCTaHOBIEHO, IO OAHMM 3 IEPCHEKTHBHHUX MIIXOMIB MIONO
BUPIIICHHS JIJAHOTO KJIAacy 3aia4y € BUKOPUCTaHHs cucTeMu 3anunikoBux kiaci (C3K), sika
BOJIOJIIE PSIIOM IIEpeBar B MOPIBHIHHI 3 JIBIHKOBOIO — 3/I1HCHEHHS OIEpalliil mapaaesibHO Ta
3MEHILECHHS PO3PSIHOCTI ONEPaH/iB, SIKI He MEPEBHILYIOTh PO3PSIIHOCTI HabOpy oOpaHuX
monyniB C3K. Bkaszani Hemouniku, siki crocyiorbes mnepeBeneHHs 3 C3K B gecsiTkoBy
CHUCTEMY YHCJICHHS, a caMe¢ HEOOXIiJHICTh IMOIIYKYy OOCPHEHOI0 €JIeMEHTa 3a MOIYJIEM,
T00TO OasucHMX umcen. B poOoTi 3a3HaueHO, OO iCHYIOTH HA0OpH MOXYIIB, SKi
YTBOPIOIOTH HockoHaAy ¢popmy C3K (6a3ucHi uncna piBHi 1) Ta Moan(ikoBaHY JOCKOHATY
C3K (6a3mucHi uncna piBHI £1), MO CYTTEBO 3MCHIIYE YacOBY CKJIAIHICTh MEpEBEACHHS.
HaBeneni  TeopeTWdHi  OCHOBM  YIOCKOHAJIEHHS  peamizalii  acHMETPUYHOTO
kpunroanroputMy Enp-I'amans ©Ha ocHoOBi cywmicHoro BukopuctanHs C3K Ta
BEKTOPHO-MOAYJILHOTO ~ QJITOPUTMY  MOJIYJISPHOTO ~ MHOXEHHS, IO  JIO3BOJIMJIO
pO3MapalieIiTH MpPOLEC, 3MEHIIMTH YacoBY CKJIAIHICTh Ta MiJBHIIUTH €(EKTHBHICTH
BHKOHAHHS Tpoliecy mudpyBaHHs/ nemudpyBaHH.

Kuarouosi cioBa: kpunrocuctema Enp-I'amais, cuctema 3alUIIKOBUX KJIAaciB, MOIyJISIpHE
MHOXKCHHS, BEKTOPHO-MOJYJIbHHH METOJ, OOYHCIIOBaJIbHA CKJIAIHICTh, OOCpPHEHUI
€IIEMEHT 3a MOJAYJIeM, JIOCKOHada (opMa CHCTEMH 3alUIIKOBUX KIAaciB, Moan(ikoBaHa
CHCTEMAa YUCIICHHS CHCTEMH 3AUIIKOBUX KIaciB, MHU(PyBaHHS, NeMUPpyBaHHS

Beryn

Ha cporoanimHiil neHb 115 3a0e3MeUeHHs BUCOKOTO PIBHS 3aXUCTY iH(pOpMaIiifHux
MOTOKIB BUKOPHUCTOBYIOTH acuMeTpudHi kpunroanroputmMu RSA, Enp-I'amans [1], PaGina [2]
3 mapaMmeTpaMu — KJrodi, OJ0K Mmu@pyBaHHS Ta MOAYJb KPHUIITONEPETBOPEHHS HE MEHIIE
1024 6iT 3 mepcrneKTUBOIO iX 3pocTaHHS B HailOmmx4di poku no 2048 Tta 4096 Oir, 1o
OPU3BOJUTH 1O 3MEHIICHHS 4YacoBUX XapakrepucTuk. Ilpu mmdpysanni/nemudpyBaHHi
OCHOBHMMH  OTIECpallisiIMH  3a3HAaueHWX AaCHMETPHUYHHX  QITOPUTMIB €  MOIYJISIpHE
EKCIIOHEHI[IIOBaHHS Ta IIJIHECEHHS 10 KBaJApaTy 3a MOAYJIeM O0araTopo3psIHUX YHCEN.
barareMa BYeHUMH pO3pOOISITUCS METOAN MOIYISPHOTO MHOKEHHS Ta €KCIIOHEHITIFOBAHHSI,
SK1 MalOTh MEBHI (PYHKIIOHAJIbHI OOMEXEHHS, a caM€ BUKOPUCTOBYIOTh JIBINKOBO-/IECSTKOBY
CHCTEMY YHCJICHHS, SIKa XapaKTePH3YEThCS BUCOKOI O0UHCITIOBATEHOIO CKIIATHICTIO.

HaiinmepcrneKTUBHIUM  TIAXOJOM IIIOJI0 BHUPIMICHHS JaHOTO Kjacy 3aaad €
BUKOpUCTaHHsA cucTeMu 3anumkoBux kiaciB (C3K), sxka Bomonie psaoMm mepeBar B
MOPIBHSIHHI 3 JBINKOBOIO — 3/IMCHEHHS Ollepalliil mapajienbHO Ta 3MEHIIEHHS PO3PSAHOCTI
OTIepaH/IiB, AKI HE MEPEBUIIYIOTh PO3psAHOCTI Habopy obpanux moaynis C3K. Ilopsan 3 mum
ICHYIOTh T€BHI TpynHoIli npu nepeBenaeHHi 3 C3K B IeCSITKOBY CUCTEMY YHCIICHHS, a caMe
HEOOXIIHICTh TOIIYKYy OOEpHEHOro eJIeMEHTa 3a MoaylieM, ToO0To OasucHux uwmcen. Ciif
BIIMITHTH, IO ICHYIOTh HAOOPH MOIYIIB, SIKI YyTBOPIOIOTH HockoHamy dhopmy C3K (6a3ucHi

69



1.3. SIkumenko

gucna piBHi 1) [3] Ta momudikoBany mockonany C3K (6a3ucHi umcna piBHi +1) [4], 1m0
CYTTEBO 3MEHIITY€ YaCOBY CKJIQJHICTh TIEPEBEICHHSI.

Memoio poOOTH € MiABHINEHHS IIBUAKOMII Ta 3MEHIIEHHS CKIQJIHOCTI 0a30BUX
omepaniii acuMeTpuyHuX KpunroanroputMmie RSA, Enbp-I'amans Ha OCHOBI CyMiCHOTO
3acrocyBaHHsa C3K Ta anroputmy BEKTOPHO-MOAYJIBHOI'O MHOKEHHS [5].

YnockonajieHHsi peadizauii anroputmy mmdpysanusa Eab-I'amasnsi 3 BUKOPUCTAHHAM
CHCTEMHU 3AJIMIIKOBHUX KJIACIB

Ha nepmiomy etani BinOyBa€eThCsl TeHEPYBaHHSI KJIIOUiB, a came:

1. BubuparoTbcs ABa MPOCTUX YHCa P 1 (, Ta BUMAJIKOBE LiJie YUCIO X I SIKOTO MA€e
MicIle HepiBHICTh: 1< X < p.

OGumncmoeTbest 3HaueHHs Y =0 Mod p Ha ocHOBi cymicHoro Bukopucranns C3K i
BEKTOPHO-MOJIYJILHOTO ~ QJITOPUTMY MOJIYJSIPHOTO CKCIIOHCHINFOBAHHS, TOOTO  3TiTHO

bopMyITH, 10 T03BOJISIE PO3MAPAICIUTH Tpoliec Ha | MOTOKIB, SKi BiAMOBIIAIOTH KiIBKOCTI
MOJTYJIiB:

|
y=g*modp=|> bBq; [modp,

i=1

|
e ¢ = (q mod p, )X modp,, p= H P, B :Fp, b = Bi_1 mod p;, | — KinbKicTs MOIYIIB Ta
i1 i

IIOTOKIB.
[Tomryx 3Ha4YeHHS () :(q mod p; )X mod p, 3mIHCHIOETBCS Ha OCHOBI BUKOPHCTAHHS

BEKTOPHO-MOJYJIbHOTO METOIY MOJYJSIPHOTO MHOXEHHS 3 BUKOPHCTAHHSM MPEACTABICHHS
n-1

X= ij -2', me x; =01 3rigso Gpopmynu obuncauTH q :
j=0

n-1 i
X xj2 n-1 X

0 2 n
g, =(gmodp,) modp, =]J(qmodp,) =]]s;modp,,
i=0

i=
ne s,=M ? mod p;, Opu YoMy S; = (Si—l)2 mod p,. Toxmi Oyab—sKuii CTEmiHb X MOXHA

3amMcaTd 3a CTeMeHsMH 2 1 NIyKaHUH pe3yabTaT MOXHA OTPHUMATH, MEPEMHOKHBIIU
BI/IMOBIIHY KUTBKICTh CTOBOIIIB 3a TOOMOTor0 Tabuii 1.

Taoauus 1.
BexTop migHecenns a0 crenens B 6aszuci Panemaxepa—KpecreHcona

Xn-1 Xi X Xo
Snt S S1 So
q®" mod p, g mod p, q® mod p, q® mod p,

Jst TOmIyKy 3HA4YeHHs (; MEPEMHOXKAIOTBCS Ti 3HAYCHHA S, I SIKHX X, =1.

OCHOBHUMH TiepeBaraMi TaKOTO METOJYy € 3IIMCHEHHS omepariii HaJ YUCIaMH 3HAYyHO
MEHIINX PO3MIpiB B MOPIBHSHHI 3 KJIACHYHUM IMiXOJOM, IO JO3BOJISAE€ MPUIIBUAIINTU
QJIITOPUTM MOJYJISIPHOTO €KCITOHCHIIIFOBAHHS.
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-1
IIpy 3HaXOIKEHHI 3Ha4eHHA S;S;; MOd p, IpeacTaBUMO S, ; = Zwk 2%, ne w, =01,
k=0

N — po3psaHICT MOAyds P,. Ha OCHOBI BHKOpPHCTaHHS BEKTOPHO-MOIYJIBHOTO METOIY
OyIyl0ThCsl 1Ba BEKTOP-PAIKHU, B IEPLUIOMY 3 SIKUX 3aIIMCYIOThCS €I1EMEHTHU:

h,=2%s;mod p,, h;=2-s,, modp,,

B IpyroMy W,, sIK IIOKa3aHo B Ta0nui 2.

Taoauus 2.
[IpencraBieHHs BEKTOP-PSIKIB MOYyIEHOTO MHOXKCHHS
h. ., h, h, h,
Wi W; W, W,

PesynpTar MOIyNSpHOrO MHOKECHHSI JIBOX N-PO3PSIHUX YHCENT 3HAXOAWTHCS 3T1IHO
dbopmynu:

i=0

n-1
s.s,_, mod p, :(Zwi -hijmod P

Po3pobneHnii MeTo XapaKTepU3yEThCSI MEHIIIO YaCOBOKO CKJIATHICTIO TOPIBHSHO 3
kinacuuHuMu. OTKe, BIIKPUTUM KiIroueM BUcTymae (pP,d,Y), a 3aKpuTHM — X.

2. lludpyBanus. BuOupaerbcss BumaakoBe e uuciao K take, mo 1<k < p-1.
k
OGuwucmoeTbest 3Hauendss a=0  mod p. Jlns nporo BukopucroByerbes C3K Ta BEKTOpHO-
MOJYJIbHUH aIrOPUTM MOJYJISIPHOTO €KCIIOHEHIIFOBaHHS Ha OCHOBI (hopMyIH:

|
y=q“modp =(Zbi Biqijmod P,
i=1

!
ne g, =(gmodp,) modp,, p= H P, B :Fp’ b =B modp;, | - kinbkicTe MoxyIiB Ta
L ,

1
[IOTOKIB.

k ‘v .
[Tomyk 3Ha4yeHHsA Q| =(q mod pi) mod p, 3aiHCHIOETHCS Ha OCHOBI BHUKOPHCTaHHS
BEKTOPHO-MOJYJIFHOTO METOAY MOAYJSPHOTO MHOXEHHS 3 BUKOPUCTAHHSIM MPEACTABICHHS

n-1 _
k= ij -2', nek; =0,1 3rinno popmymu oGuncauTH Q| :

j=0

n-1 f .
X kj2d ni k-21 net

g =(gmodp,)” modp, =] [(@amodp,) =[]y, modp,,

j=1 j=0
ey, =q2i mod p;, mpu dYomy Y, =(yi_1)2 mod p,. Tomi Oymp—sikuii CTemiHb Kk MOXHa

3amMcaTtd 3a CTENeHsAMH 2 1 IIYKaHWW pe3yabTaT MOXKHA OTPUMATH, NEPEMHOKHBIIU
BIJIMOBIJIHY KUJTBKICTh CTOBOIIIB 32 TOTIOMOTO0 TabuIi 3:
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Taoauna 3.
BexkTop mimHeceHHs 1o cTeneHs B 6aszuci Pagemaxepa—Kpecrencona

kn—l ki k1 I(o
Yos Yi Y, Yo
g” modp, | -+ | g”modp q” mod p, g mod p,

JUis 1OIIyKy 3HAYeHHs (; MEpEeMHOXAroThCsA T1 3HAYEHHS Y;, A SAKUX k,=1. [Tpu
n-1

3HAXO/DKEHHI 3HaYeHHS Y,¥,,modp, mpeacraBumo Y, = Zaz 28, ne a, =01,
z=0

N — po3psAaHicTe MoAyist P,. Ha ocHOBI BHKOpPHCTaHHS BEKTOPHO-MOIYJIBHOTO METOIY
OyAyrOTbCS 1BA BEKTOP-PS/IKH, B IEPIIOMY 3 SIKUX 3aMUCYIOTHCS €JIEMEHTH:

r,=2y,modp, r=2-y,_,modp,

B JIpyroMy @, , sIK I10Ka3aHo B Tabuuii 4.

Taoauus 4.
[TpencraBieHHS] BEKTOP-PSIKIB MOYIbHOTO MHOKCHHS
M. r; vee |’l ro
a, a, . a, a,

Pe?;y.]'[I)TaT MOAYJIAPHOTO MHOXCHHSA AOBOX n'p03p${I[HI/IX YUCCJII 3HAXOAUTHCS 3Fi)]HO
bopmymnu:

n-1
Y;Yi, mod p, :(Zai 'ri)mOd P -

i=0

Po3pobiiennii MeToa XapaKTepHU3yeThCsl MEHIIIOI0 YacOBOKO CKJIAJIHICTIO TOPIBHSHO 3
KJIIACHYHHUMH 33 PaXyHOK 3aMiHM Ofepailii MHOKEHHS OTepalli€ro J0JaBaHHS.
Jnst otpumanHs mUdp-TeKCTy Ui moBiIOMJIEHHS M 3HaXoauThCs 3HAYEHHS

b=y*-Mmodp.
Kk .
CrioyatKy OOYHCIIOETHCS 3HAUCHHST & = Y MOW P Ha OCHOBiI BUKOPUCTAHHS BEKTOPHO-
MOJIYJIBHOTO QJITOPUTMY MOJAYJISIPHOTO €KCIIOHEHI1FOBaHHS 3T1/IHO (pOpMyIIH:

|
a=y* modp:(ZbiBiyijmod P,

i=1

|
ae Y, :(y mod p, )k mod p,, p =H P, B :ﬁ, b = Bi_l mod p,, | — kinbkicTe MOIYIB Ta
L p;

]
IIOTOKIB.

k I .
[Tomryx 3Ha4YeHHS VY, :(y mod pi) mod p, 3miHCHIOETBCS HAa OCHOBI BHKOPHCTAaHHSI
BEKTOPHO-MOJIYJIbHOTO METOY MOIYJISPHOTO MHOXEHHS 3 BHKOPHUCTAHHSIM IPEICTABICHHS

n-1 .
k= Z(; k;-2', nek; =0,1 s3rizno dpopmymu obuncauT Y, :
j=
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n-1 i i
. J
= kj2! n-1 kj-2

) n-1
Yiz(ymOd pi) mod piZH(ymOd pi) =H/Bj mod p;,
j=0

i=
ne S =y2i mod p,, mpu domy J =( H)Z mod p,. Toxmi Oyab-sikWil CTemiHb k MOMXKHA

3amMcaTtd 3a CTENeHSAMH 2 1 IIYKaHWW pe3yiabTaT MOXHA OTPUMATH, NEPEMHOKHBIIN
BIJIMOBI/IHY KUIBKICTh CTOBOIIIB 32 IOIOMOTO10 TadJHIIi S.

Tabauus 5.
BekTop mingHeceHHs 10 crenens B 6a3uci Pagemaxepa—Kpectencona

Kns Ki k, Ko
B B B Bo
y?" mod D, yZ mod D, yZ mod D, yZ mod p,

Jlns mouryky 3Ha4eHHsS Y; NEepeMHOKAIOThCS Ti 3HAYeHHS [, IS SKUX k,=1. Hdus
n-1

3HaXOMKEHHs 3HaueHHA S, modp, mpeactaBumo p 22 f,-2", ne f,=01, n —
z=0

po3psaHicTe Moxyns P,. Ha OCHOBI ~ BHUKOPHCTaHHS BEKTOPHO-MOAYJIBHOTO METOMY
OyIytoThCsl 1Ba BEKTOP-PAIKHU, B IEPLUIOMY 3 SIKUX 3aIUCYIOThCS €I1€MEHTHU:

c,=2Bmodp,, ¢,=2-p_ ,modp,,
B 1pyromy f,, sik mokaszaHo B Tabmuwi 6.

Taoauns 6.
[IpencraBieHHS BEKTOP-PSIKIB MOTYJIEHOTO MHOXCHHS

Cha C Cy Co

fo, f fl f

Pe3yanaT MOAYJIIPHOTO MHOKXCHHS 3HAXOAUTHCSA 3Fi)1H0 (I)OpMYJ'II/IZ

n-1
S5y mod p, :(Zci ’ fiJmOd P
i-0
Ha HACTYmHOMY KpOIi OGUHCIIOIOThCS 3HaueHHs b=y -Mmodp=a-Mmodp mHa

OCHOBI BEKTOPHO-MOJYJIBHOTO METOAY MOMAYJISIPHOTO MHOXEHHs. JIJis 3HaXOJpKEHHS
n-1
k .
3HadeHHs «-M modp mpeacraBumo M = ZMk -2°, ne a;, M, =01, n — po3psaHICTH
k=0
MOyl P. ByayroThcs 1Ba BEKTOP-PAAKH, B IEPIIOMY 3 IKHUX 3aIIMCYIOThCS CIIEMEHTH

S=2°amodp,, §=2-6,,modp,,

B Apyromy M, ik moka3aHo B TaOiuIi /.
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Taoauusa 7.
[IpencraBneHHs: BEKTOP-PSIAKIB MOAYJILHOTO MHOXKEHHS
On ... S; ... 01 o
M, M; M, M,

Pe3ynbrar MOIYISIpHOTO MHOKECHHSI 3HAXOAUTHCS 31 CITIBBITHOIICHHS:

-1
b=«a-M mod p:(nza -Mijmod p.
i=0

B pesysbrarti nmpoBeneHIX 00UKCIIEHb, OTPUMYEThCS mapa (a,b) , ska € mudporekcTom.
3. Jlemndpysanns Binbysaerhes 3rigHo ¢popmymn M =b-(@*) 7 mod p. Cnouarky

3HAXOMUTHCS 3HAYEHHS &=a*mod p, Uit bOTO BHKOPHCTOBYETHCS BEKTOPHO-MOIYJbHHUIA

METO]T MOJTYJIIPHOTO €KCTIOHCHI[IFOBAHHS:

[
g=a"mod pz(ZbiBiaiJmod p,
i=1

I . . .
ne a; =(amod p; )k mod p;, P=IIp;, Bj= ﬂ, b, =B mod p;, | — kinbkicTs Momynis Ta
i=1 i
HOTOKIB.
[omyk 3HauenHss a; =(amod p;)* mod p; 3HiHCHIOETBCS Ha OCHOBI BHKOPUCTAHHS
BEKTOPHO-MOJYJIbHOTO METOAY MOJYJISIPHOTO MHOKEHHS, IPEJCTaBUBLIN

n-1 :
x= 3 Xj-2),0ex; =01 isrizHo popmymu obumuciuTH a;:
j=0

1o _
=7 n-1 xj-2!

j=0 n-1
a; =(amod p;) mod p; = Hl(a mod p;) = _1‘[0¢j mod p; .
j= =

ae ¢; —a? mod Pi , IPH YOMY ¢ =( i—1)2 mod p;.

Toni Oyab—sSIKWW CTEMiHb X MOXXHA 3alMCcaTH 3a CTEMEHAMH 2 1 IIyKaHWM pe3ysbTaT
MO’KHa OTPUMATH, IEPEMHOKUBIIH BiIMOBIIHY KiTbKICTh CTOBOIIIB 32 TIOTIOMOTOI0 TabnuIli 8.
Jlns momyKy 3Ha4YEHHsA a; TEPEMHOXKAIOTHCA Wi 3HAYCHHA ¢ Juist AKkux x; =1. llpu

n-1 :
OOYHCIIECHHI ;¢ s mod p; TPEeNCTaBUMO ¢ 4 = . ?; .21, ne ¢; =01, n — poO3pAAHICTH
j=0

MOZIYJIIA Pi.
Ta6auns 8.
BexTop migHecenns a0 crenens B 6aszuci Panemaxepa—KpecreHcona
X n-i Xi ee Xl XO
$na 4 #1 9o
2t 2 z 2°
a® mod p, a“® mod p, a“ mod p, a® modp,

Ha ocHOBI BHUKOpPHCTaHHS BEKTOPHO-MOAYJIBHOTO METONY OYIYIOThCSA JBa BEKTOP-
PSAIKH, B IEPLIIOMY 3 KUX 3alACYIOThCS €JIEMEHTH:
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gO=20¢i mod p,‘! gizzhgi—l mod pi!

B JIDYTOMY ¢ j , K TI0Ka3aHo B Tabuumi 9.

Taoauns 9.
[IpencraBiacHHS BEKTOP-PSIKIB MOTYJIbHOTO MHOMXKCHHS
J,.1 ... g, ... g, Jd,
() @ . 2 Do

Pe3ynbraT MOIYISIPHOTO MHOXKEHHST OOUHCITIOETHCS 3T1THO (hOPMYIIH:

¢.¢,, mod p, = (nZ: g; '(Di)mOd Pi-

i=0

B nojanslioMy HeoOXifHO 3HAWTH 77 =& MOd P Ha OCHOBI METOAY 3 JOJABAHHAM

3aJIMIIKY, [0 JIO3BOJUTH 3MEHIIUTH YacOBY CKJIAQJHICTh B TOPIBHSHHI 3 KJIACUYHUMHU
METOJaMH, SIKIi TPYHTYIOTBCS Ha PpO3MIHMPEHOMY ainropuTmi EBKimima, MeToai MOBHOTO
nepedopy Ta 3 BUkopuctanusm pyunkuii Eiinepa.

Crnouarky oOumciroeTsest 77, = pPmode =0, micas 4YOro MOCTIJOBHO BHUKOHYETHCS

omepanist gomaBaHHi: 173, = (7, +1)mode, 7, =(n, +n,)mode = (2, +)mode, ... ,
n, =@, +n,)mode = (in, +1)mode .

Onucana mpoueaypa MPOJOBXKYEThCS 10 THUX IHip, MOKU JEAKE YUCIO 7); HE CTaHe
piBHUM HY’t0. ToJ1l 0OOepHEHMI eleMeHT BU3HAYA€EThCS 3a (POPMYIIOL0:

i-p+1
—

n=c'modp=

BektopHO-MOAyNIbHUK ~ METOJ  MOAYJSPHOIO  MHOMKEHHS  JO3BOJUTH  3HAWTH
n-1
. k
3HayeHHs M =D -7 mod p, mo i € pe3yabTarom nemmdpyBaHHs. 3aMuIemMo 7 = Zryk 2%, ne
k=0

b;,77, =01, n —pospsanicte Moxyns p. Ha ocHOBI BHKOPHCTaHHS BEKTOPHO-MOJYIBHOTO

METOAY 6y,[[y10TBCH ABa BEKTOP-PAAKH, B IICPHIOMY 3 AKUX 3aAIMUCYIOTHCA CIICMCHTU:
A,=2°bmodp, 4,=2-4_,modp,

B IpYyroMy 77, , sIK Moka3zaHo B Tabiuui 10.

Taoauus 10.
[IpencraBieHHs] BEKTOP-PSIKIB MOYyTEHOTO MHOXKEHHS
A 1 .. A i .. A 1 A 0
Mo 1 .. 1 Mo

PesynpraT  MOAYISPHOTO  MHOMKEHHS M=Db-¢modp 3HAXOIUTHCS  3TIIHO
CHIBBIIHOIIIEHHS:
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n-1
M =b -7 mod pz(z/ii -ni]mod p.
i—0
OTxe, 3anpomoHOBaHUHM  miaxin  mm@pyBaHHS/ACUPPYBaHHS  ACUMETPHYHOI
kpuntocucremu Enb-I'amains 103Bossie po3mapaienuTd Mporec Ta MPOBOAUTH OOYMCIICHHS
Ha/1 YUCJIAMH MEHIIOI PO3PSAAHOCTI B OPIBHAHHI 3 KJIACUYHHUM ITiJIX0O/IOM, 110, B CBOIO YepTy,
IPU3BOIUTH JI0 3MEHIIICHHS YaCOBOi CKIIAHOCTI 0a30BUX ONEpaLliii: MOAYISPHOTO MHOXKEHHS
Ta EKCIIOHEHIIIIOBAHHS, MOIIYKY 00EPHEHOTO eJIEMEHTA 32 MOJIYJIEM.

Bucunosxu

B poboTi mpencTaBieHO yYAOCKOHAIGHHS pealli3aimii acHMETPUYHOTO aJITOPUTMY
mmdpyBanus  Enp-I'amans, a came 06a30Bi omepailii MOIYJISPHOTO E€KCIIOHEHI[IFOBAHHS
Oararopo3psiHux yrces, Ha ocHOBI C3K Ta BEKTOPHO-MOIYIBHOTO QIITOPHUTMY MOAYIISIPHOTO
MHOXCHHS, III0 JIO3BOJHJIO CYTTEBO 3MEHIIMTH YacOBY CKIAQJHICTh Ta IIiJIBUIIATH
e(eKTHUBHICTh BUKOHAHHS Tpolecy mudpyBaHHs/aemnppyBaHHS.
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YCOBEPIHIEHCTBOBAHUME PEAJIM3ALINUU KPUIITOAJITOPUTMA
JIb-TAMAJISA HA OCHOBE CUCTEMbI OCTATKOB

1.3. SIkumenko

TepHOIOJIbCKUI HAlTMOHATIBHBIN IKOHOMUYECKUI YHUBEPCUTET,
yi. JIsBoBCKas, 11, TepHomomns, 46020, Ykpaunna; e-mail: iyakymenko@ukr.net

B nanHO# paboTe mpoBeneH aHaNM3 CHCTEM 3alIUThl WH()OPMAIMOHHBIX IIOTOKOB C
UCIIONb30BaHUEM  ACHMMETPHUYHBIX  KPUITOAITOPUTMOB, HAa  OCHOBE  KOTOPOTO
YCTaHOBJICHBI ~ HEJOCTATKM  CYNIECTBYIOIIMX  IIOJXOJOB  pEaM3aldd  ONeparui
MOJIYJSIPHOTO €KCITOHCHIIMPOBAHMUSA TpH Mmu(ppoBaHUW/ AemmppoBaHNN, a HUMEHHO —
HCIIONB30BaHNUE KITI0Uel, OJI0KOB IM(pPOBaHHUI U MOAYIN KpUIITOIpeoOpa3zoBanus 1o 2048
u 4096 OWT, YTO TPUBOAUT K YMEHBIICHHIO BPEMEHHBIX XapaKTEPHCTHK. Y CTAHOBIICHO,
YTO OJHHUM U3 TEPCHEKTHBHBIX TIOIXOJ0B K PEIICHHIO JIAHHOTO Kiacca 3a/ad SIBISETCS
UCIIONIb30BaHUE cUCTeMbl ocTaTouHblX KiaccoB (COK), kortopas oOnamaer psnom
MPEUMYIIECTB MO0 CPABHEHMIO C JBOWYHON — OCYIIECTBICHHE ONEpanuii mapauieibHO U
YMEHbBIIICHUE Pa3psITHOCTH OIEPaH/IOB, KOTOPHIE HE IPEBBIMIAIOT Pa3psAHOCTH Habopa
BeIOpanHbIX Monyined COK. VkasanHble HemocTaTkd, Kacatomuecs nepeoja ¢ COK B
JIECATUYHYIO CUCTEMY CUUCIICHUS, & IMEHHO HEOOXOAMMOCTbh MOUCKa 00paTHOrO AJIEMEHTa
10 MOAYJIO, TO €cTh Oa3UCHBIX uHces. B pabore oTMedeHO, YTO CyHIeCTBYIOT HaOOpHI
MOJIyJIeH, KOTopble 00pa3yroT coBepiieHHy0 popmy COK (6a3ucHble uncia paBHH 1) u
Mo unmpoBanHyto coBepiieHHyo COK (6a3ucHble uncia paBHbI +1), 9TO CyIIECTBEHHO
YMEHBIIAET BPEMEHHYIO CJIOKHOCTh IepeBona. lIpuBeNeHHBIE TEOPETHUECKHE OCHOBEHI
COBEPIICHCTBOBAHUS PEaM3allM aCHMMETPHUYHOTO KpHUnroanroput™ma Oib-I'amans Ha
OCcHOBE coBMecTHOro wucrnoib3oBaHusi COK u  BEKTOpPHO-MOIYJIBHOTO alIrOPHUTMA
MOJYJIIPHOTO YMHOXXEHHS, 4YTO IIO3BOJIHMJIO paclapajieiuTh IPOIECcC, YMEHBIIUTh
BPEMEHHYIO  CIIOXXHOCTb M  TOBBICHTH 3()(EKTHBHOCTh  BBINOJHEHUs  Ipolecca
mmgpoBanust/ nemudpoBaHus.

KiloueBble cjoBa: KpunrocucreMa Onb-I'amand, cucreMa OCTaTOYHBIX KJIAacCOB,
MOJIyJIbHOE yMHOXEHHE, BEKTOPHO-MOAYJBHBI METOJ, BBIYUCIHMTENIbHAS CJIO0XHOCTD,
OOpaTHBI JIEMEHT 0 MOJYIIO, COBEpIIEHHas (popMa CHCTEMBI OCTaTOYHBIX KJIACCOB,
MOJIU(UIMPOBAHHAsT CUCTEMA CUUCICHUS CHCTEMBI OCTATOYHBIX KJIACCOB, MIM(ppPOBAaHUE,
JemuppoBaHe

IMPROVING THE IMPLEMENTATION OF EL-GAMAL CRYPTOALGORITHM
ON THE BASIS OF THE SYSTEM OF RESIDUE CLASSES

I.Z. Yakymenko

Ternopil National Economic University,
11, Lvivska Str., Ternopil, 46020, Ukraine; e-mail: iyakymenko@ukr.net

The analysis of information flow protection systems, using asymmetric cryptalgorithms, on
the basis of which the shortcomings of existing approaches of realization of the operations
of modular exponentiation at encrypting/decrypting, namely - use of keys, encryption units
and crypto-conversion module up to 2048 and 4096 bt, which reduces the time
characteristics, was made in this work (thesis). It was established, that one of the
perspective approaches concerning the solution of this class of tasks is use of the system of
residue classes (SRC), which has several advantages in comparison with the binary one —
conducting operations in parallel and digit capacity decrease of the operands, which do not
exceed digit capacity of the selected SRC modules set. These drawbacks concern transfer
from SRC to the decimal number system, namely the need to search for the reverse element
by module, that is, the basis numbers. The thesis states that there are modules sets, which
form the perfect SRC form (basic numbers are equal to 1) and modified perfect SRC (basic
numbers are equal to £1), which significantly reduces the time complexity of the transfer.
Theoretical foundations of improvement of implementation of asymmetric El-Gamal
cryptoalgorithm on the basis of joint use of SRC and vector-modular algorithm of modular
multiplication, which made it possible to parallelize the process, to reduce time complexity
and to improve performance of encrypting/decrypting process were given.

Keywords: EI-Gamal cryptosystem, the system of residue classes, modular multiplication,
vector-modular method, computational complexity, reverse element by module, perfect
form of the system of residue classes, modified system of computation of the system of
residue classes, encrypting, decrypting
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OoNnTUMM3AIUA METOOB ITPOI'HO3NPOBAHUSA, OBPABOTKHU U
AHAJIN3A HHOOPMAILIMHU B PASBHOCTYKTYPHBIX XPAHUJINIIIAX
JAHHBIX

A.C. lllub6aes, B.B. Boruy:kanun, H.O. lllu6aesa, H./[. Pynauuyenko
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B crarbe mpemIokeH METOJ ONTHUMH3AIMKA 0O0padOTKH OoypImIOro o0beMa [aHHBIX,
NpeJHa3HAaYeHHBIH I JAMAarHOCTUPOBAHHUS  COCTOSIHMA  OOOpYJOBAaHUS  CIIOXKHBIX
TEXHHUYECKUX CHCTEM. Takoe NUarHOCTHPOBAaHHE IIO3BOJISET IOBBICHTH 3((EKTHBHOCTD
aHaJIM3a HEUCIIPABHOCTEM B TEXHUYECKUX CHUCTEMaXx C LIEIbI0 UX CKOPEHILEro yCTPaHECHHUS.
OTo nMocTuraeTcs 3a CuYeT NPOTHOZUPOBAHHUS OTKa3a KPUTHYECKH YSA3BUMBIX CHCTEM,
CIOCOOHBIX BBIBECTH M3 OKCIUIyaTallid TPAaHCIOPTHOE CPEACTBO, JHOO IPHBECTH K
MOCJIC/ICTBHSIM, YIPOXKAIOIIMM KU3HHU Jroje. Mero peann3oBaH B HH(GOPMAaIMOHHOU
crcTeMe, OCHOBaHHON Ha Habope alropuTMHYECKUX COTTIACOBAHHOCTEH, HAaIPaBJICHHBIX HA
uieHTHUKAIUI0 HHOOPMALIUHN B BEICOKOHATPYKEHHBIX CETAX U ee 00paboTKy B MOMEHTHI
Hnepefayd OT CIOXKHBIX TEXHHYECKHX CHCTEM K LEHTPAlIbHOMY XPaHHIWIY JAHHBIX.
OyHKINOHUpPOBAaHNE WH(POPMAIIMOHHOH CHCTEMBl OCHOBBIBACTCS HA IPUMECHEHHHU
THOPHIHBIX AITOPUTMOB MOMCKa M COPTHPOBKH HaHHBIX, KoHuenuuu Data Mining, a taxxke
QITOPUTMOB At paboTel ¢ OospmMMH  OOBEMaMH JaHHBIX. Mertoasl orbopa u
pacopeleNieHuss AAHHBIX BBIINOJHAIOTCS HA YPOBHE KOHTPOJIS IIOKa3aHUM JaTYMKOB
TEXHUYECKOI CHCTEMBI U paclpe/ieNaloTCs 10 MOMEHTA 3allUCH B XpaHWIHUINE JaHHBIX. OTO
MO3BOJISIET MIEHTUGHUIMPOBATh UH(OPMALIUIO, HEOOXOIUMYIO Ul TOCTPOSHHUS MPOTHO3a
OTKa3a KPUTHYECKH YA3BHMBIX TEXHHUYECKHX CHUCTeM. C IeNbl0 yBETHYEHUS CKOPOCTH
00paboTKKM JaHHBIX, NpuUMeHsieTcs 36Kk paspabotku C/CH++, KOTOPBIA MO3BONSCT
B3aUMO/IeHiCTBOBAaTh MH(OPMAIIMOHHON CHCTEME C JaTYNKaMH KOHTPOJIS TOKa3aHUsIMH. B
KauyecTBE XpAaHWIMINA JaHHBIX HCIIOJB3YIOTCA pPENSIIMOHHAas M HepesiunoHHas Oa3bl
JAHHBIX, ITO3BOJIIOIINE COXPaHATh OOJIbIIME MaccuBBl HMH(pOpManmmu U obecreunBaTh
MOCTOSIHHBIX JIOCTYH K AaHHBIM. Pa3zpaboTaHHas mH(OpManMoOHHAs cHcTeMa MOXET ObITh
UCIOJIb30BaHA B TPAHCIOPTHBIX CPEACTBAX C HUCIONB3YyeMOW CHCTEMOH KOHTPOIS
[IOKa3aHUH B peajJbHOM BPEMEHH.

KaioueBble €j10Ba: aHAIM3 JaHHBIX, OOJIBIIME JAHHBIE, KOMIIBIOTEPHBIE CHCTEMBI, 0a3bI
JIAHHBIX, MOJYJbHOE MporpamMmuoe obecreuenue, Big Data, Data Mining, komiekiuu
JIAHHBIX, THOPU/THBIE XPAHHIIAINA TaHHBIX

BBenenune

Hanexxnoe (yHKIMOHMpOBAaHME COBPEMEHHBIX, HANpPUMEpP, CYAOBBIX CIOXHBIX
texandeckux cucteM (CTC) [1-4] yacTo OCHOBBIBACTCS Ha HCIOJIB30BAHUHU YIATEHHBIX
MPOrPaAaMMHBIX PEIICHUH 110 MPOTHO3UPOBAHUIO MX paboTocnocobHocTH [5,6].

Jlnst pemieHust OJOOHBIX 3a/1ad MCIIONB3YIOTCS KIUEHT-CEPBEPHBIC apXUTEKTYpPHI, Ha
ocHOBe cepBepa 0a3 manHbIX (BJl), mpuMeHseMbIX UIsi XpaHEHHs MOJTYYCHHBIX JaHHBIX, a
TaK)K€ CEepPBEPHBIC aHATU3ATOPhI JAaHHBIX. VICTOMB30BaHME TaKOW ApXUTEKTYpPHI MO3BOJISIET
BBISIBJISITH HEUCIIPABHOCTU B pab0OTe TEXHHUECKON CHCTEMBI HAa paHHHUX JTalax ee BhIX0J]a U3
CTpOsi, a TaK)K€ YMEHBIIUTh BEPOSTHOCTh OTKa3a TEXHUYECKOW CHUCTEMBI TIPH
HECBOEBPEMEHHOM €€ 00CTyKMBaHUU. PabOTOCIOCOOHOCTh KIMEHT-CEPBEPHOTO XPAHUIIHUINA
JAHHBIX 3aBHCHUT OT MOJIENH U CTPYKTYpPbI XpaHEHUs AaHHbBIX. Mcnonab3oBaHuE pensainoOHHON
MOJIETTM OTHOCUTCS K KJIACCHYECKOW HOTAMU M pa3pabOTKH KIUEHT-CEPBEPHBIX
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NPWIOKEHUH, OPUEHTUPOBAHHBIX Ha CTPYKTYpPHOE XpaHEHHE JAaHHbIX. K OCHOBHBIM
nperMylecTBaM pelnsiuuoHHbIX b/l cienyer oTHecTH:

— HaJMYUe sA3bIKa MAaHUIYJIMPOBAHUS M ONMCcaHus TaHHbIX (SQl);

— pa3paboTaHHYIO CHUCTEMYy OINTHUMHU3ALUK 3alpOCOB, CIHOCOOHYIO  BBIMOJHATH
JEKOMIIO3UIIMIO 3alpocoB, oOOecreurBas MapajulelIbHOE BBINOJHEHHE Takux paboT Ha
KJIACTEPHBIX apXUTEKTYypax;

— HCIOJIb30BaHUE MeXxaHu3Ma KOHTpOJIS, BKJIFOYAIOILIErO aTOMapHOCTb,
COTJIACOBAHHOCTb, JI0JTOBEYHOCTh U T.1.;

— MpPHUCYTCTBUE OOIIECHCTEMHBIX PECYpCOB, 00ECHEUMBAIONIMX PAOOTY PESAIHMOHHON
apXUTEKTYPhI IOBCEMECTHO.

Pabora pensuuOHHON AapXUTEKTYpbl MCHOJIb3YET E€OUHYI0 CTPYKTYpYy Mepeaadu
TPaH3aKIMOHHOTO 3alpoca OT TOJh30BaTeNs C JalbHEHIIel ero oO0padoTKoW CUCTeMOM
yrnpasneHus 6azamu gaHHbix (CYBJI), a Takke MoJenu XpaHeHUs JaHHbBIX, TPUMEHSIEMbIX B
Pa3IUYHBIX YCJIOBUSX. [JIaBHBIMH COCTaBJISIOLIUMH, OOECIEUMBAIOLIMMHU JaIbHEHIIYIO
paboTy monb3oBateneil ¢ JaHHBIMU, TP MOMOIIK KOTOPBIX BBIMIOJIHAETCS IPOBEPKA HA MpaBa
JI0CTyNa, OpPraHM3alliio, CTPYKTYpy U Ipouee, SABIAIOTCA 0a3bl MeTafaHHbIX. Dusnueckoe
pacmojoXKeHUe JaHHBIX Takke oOecreurnBaeT 0a3za MeETaJaHHBIX, (HOPMHUPYIONIAS CXEMY
pacnpeneseHns U KOHTPOJIS U3MEHEHUH B XpaHWINILE TaHHBIX.

B cBsa3u ¢ ycnoxxkHenwem 3anad auarHoctupoBaHusi coctosHus CTC, cBA3aHHBIX C
reHepanueil Oonpmiero o0beMa MAaHHBIX Ui OIEHKH TEKYIIEro COCTOSIHHS OOBEKTOB
JMAarHOCTUPOBAHHUSI, HCIOJIb30BAHUE KJIACCUUECKUX PEJIALMOHHBIX XPaHWIMIL IPUBEIO K
CYIIIECTBEHHOMY TOBBIIIEHUIO TPeOOBaHMH K KJIACTEPHBIM apXHTEKTypaM. B pesynbrare
BO3POCIH CIOXKHOCTHU 3ajiay, perraembix pessiuonHbiMu b/l CymectByrome nmpobieMsl B
NOJOOHBIX CHUCTEMax CTalIM MpPOSBIATHCA 0OJee 3HAYMMO, YTO NPUBEIO K yCYryOJIeHHIO
HEJOCTAaTKOB HCIIOJIb30BaHUS MOM00HOM apxuTekTyphl. OJIHOI M3 BeCOMBIX MpoOiieM craja
NoTepsl COOTBETCTBUSA J1aHHBIX. Ee MmposBiieHne BbIpaXkaeTcsl B TOM, 4YTO pessiiioHHble b/l He
NO3BOJISIIOT XPaHWUTh arperaTbl B SIBHOM BHJIE, YTO CYIIECTBEHHBIM OOpa3oM BIMsSET Ha
pacrno3HaHue TabJauI] MPU UX MOCTOSIHHOM pocTe. B CBsI3U € 3TUM YCIIOXKHSETCS CBA3BbIBAHNE
TaOJIUI] TIPU BBITMOJIHEHUHM 3aMpoca U, KaK CIIeACTBUE, OCIOXKHsIEeTCs (POpMUPOBAHHE arperara.
Bropoit Becomoif mpoGieMoil sBiseTcss MaclITaOMpOBaHWE JAHHBIX. OTO CBA3aHO C
UCIMOJIb30BAaHUEM JIOPOTOCTOSIIIUX AaMMapaTHO-MPOrPAMMHBIX KOMIUIEKCOB, HEOOXOIUMBIX
JUist pa®oThl MapaienbHbIX cucteM B/l m nanpHeimel moaaepKKoi 0TKa30yCTOMYMBOCTH.
Yem croxxHee ¢opmupyroTes 3amnpockl B BJ[, Tem Gomble mamaer Mpou3BOIUTEIBHOCTH
CUCTEMBI, CBSI3aHHAs C MEKMAIIMHHBIM OOMEHOM JJaHHBIMHU B KJIACTEPHOM apXUTEKTYypE.

HemanoBaXHO! COCTaBIISIOLIEH, CBSI3aHHOM C HCIOJB30BAHUEM  PEISLIMOHHOMN
apxutektypel ~ BJl,  sABmsercs  ciaokHOCTh  MoAM(UKAIMM  WIM  peOopraHU3alUuu
COOTBETCTBYIOIIMX TaOJIUI[ MPU HEOOXOAMMOCTH. DTO JOCTATOYHO BECOMBINH HENOCTATOK
ApXUTEKTYphl, TAaK KaK OH HE TMO3BOJISET B KpaTyaillliie CPOKH UCIPaBUTh OUIMOKY, KOTOpast
MorJia ObITh COBEpIIEHa Ha HayalbHBIX 3Tanax. [lonHoe n3MeHeHne Bceil CXeMbl JIaHHBIX, a
Takke Moau(puKalMs TabJIUI — 3TO CyIIeCTBEHHAs MpobiieMa, KOTOpasi MOKET BOSHUKHYTb.

OpHuM U3 pemieHuil npoOiiembl pelsiuMoHHBIX B/l sBisieTcst  anbpTepHATUBHAsS
TEXHOJIOTHS, MO3BOJIAIONIAS XPAHUTH JIaHHbIE HEPESIMOHHBIMH METOJaMH, OJy4YuBLIas
Ha3Banue «NOSQLy. CormnacHo [7], cyiiecTByeT ABE MPUUUHBI, TIPU KOTOPHIX HUCIIOJIb30BAaHUE
HEPEJSIUOHHON apXUTEKTYPhI ABISETCS aKTyaIbHbIM:

— a¢¢exTHBHOCTh pa3pabOTKu mnpwiokeHud (ucrmonmb3oBanue bJ[ B kauecTBe
OCHOBHOT'O XPAaHMJIMILA JIaHHBIX SBJISETCS CTAaHAAPTHBIM PELIEHHEM, OJHAKO MHOT'O BPEMEHHU
YXOAUT Ha OTOOpakeHHE [aHHBIX W3 CTPYKTYyp, Xpausaumxcsa B bJl; ucnons3zoBanue
HEPENALMOHHON apXUTEKTYphl MOXET OOECIEeYUTh yMEHbIIEHHEe 00BEMOB KOJa, YIPOCTHTh
MOCJICYIONIYIO OTJIAJKy TPIJIOKEHHUS, a Takke oOecnednTh olrnee B3aumoeiicteue b/l u
POTrPaMMHOTO PEIICHHUS);

— pabora ¢ 0OIBIIUMH 00BEMaMH TAaHHBIX (HCIIOJIb30BAHHE PEIISIIIUOHHBIX aPXUTEKTYP
ABIISIETCS. JJOCTATOYHO JIOPOTOCTOSIIIUM U CJIOXHBIM PEIIeHHEM B clydyasx, Korja oObembl

79



J.C. lllubaes, B.B. Boruyxanun, H.O. [llubaes, H.JI. Pynandenko

XPaHUMBIX JIaHHBIX BEJIHMKH, YTO CBS3aHO C apXUTEKTYPHBIMH OCOOEHHOCTSIMH PEISIIMOHHBIX
BJl, xoTopble M3HAYAIBPHO TUIAHWPOBAINCH ISl CTAMOHAPHOTO HCIIOJIB30BAHUS, A ITO3KE
ObUTH 10pa0OTaHBI A0 CEPBEPHBIX pEalnii, OJHAKO HCIIOIb30BAaHHE KIACTEPHBIX CEPBEPOB
SIBISIETCSI CIIOKHBIM TEXHWYECKUM YCIOBHEM, IPU KOTOPOM PEIIAIMOHHAs apXUTEKTypa He
a3 eKTUBHOE pelIeHne, KaKk 0T Hero TpeOytoT pazpadoTunku) [8].

Hepensuuonnsie bJ] w3HawanmbHO CO3MaHBI JUIS WCIOJB30BAaHUS HAa KIIACTEPHBIX
pemenusix. Ot 93Toro moBblmaercs A(PQPEKTUBHOCTb MX  HCIOJIB30BaHHS, 00IIee
MacmITabupoBaHKE, a TAaKKe BO3MOXKHOCTH PAa0OTHI ¢ OONbIIMMU O0BEMaMM YAaIeHHON
uHpopmanuu. B cBsa3u ¢ 3TM TpeOyercst pa3paboTarh €AMHOE pelleHue, HAPaBJIeHHOEe Ha
NOBBIIIEHNE (PPEKTUBHOCTH HCIONB30BaHUs MeTonoB auarnoctupoBanus CTC, a takxe
00ecTeYnTh BO3MOYKHOCTh YIaJICHHOTO MTPOrHO3UPOBAHMS UX TEXHUYECKOTO COCTOSTHHUSL.

C pocTOM HCITONIB30BAaHMS TEXHOJIOTHYECKUX PEHICHHUH, OCHOBAHHBIX HA apXUTEKTYype
«Big Data», BOZHUKJIM MPOTHBOPEYHUs, CBSI3aHHBIC ¢ HEOOXOAMMOCTBIO XPaHEHHsT OOJBIINX
00BEMOB HECTPYKTYPHPOBAHHBIX JAaHHBIX C IENbI0 JAIBHEHWIIEr0 UX CTPYKTYPHUPOBAHUS
MeTojamu pa3paboTku cxembl bJl. B pesynbraTe pa3sBuUTHE pENSLIMOHHBIX APXUTEKTYP
NPUOCTAHOBIICHO M3-32 CIOXHOCTH J10OABJICHHS HOBBIX PELICHUH, a Takke M3MEHUBILEHCS
JOTHKU paboThl Takux cucreM. CeromHsi HE HCHONB3YIOTCS MpsiMble 3ampockl B B/l
[Mpousonun rnoGanbHBlE M3MEHEHHS B MOJIB30BATEIbCKUX HHTEpQeicax M MOJACIAX HX
WCTIOJIB30BAaHUS, PACTET MOMYJISAPHOCTh BEO-apXUTEKTYp, TpeOyOmmx Oojiee CIIOKHBIE |
ruOKue penieHus B 00IacT XpaHeHHs ¥ padOThI C JaHHBIMHU.

LleneBoit 3amaueri Data Mining sBisieTcss OCYIIECTBICHUS TOUCKOBBIX OIEpallH,
NPUMEHSEMBIX K 3aKOHAM IOBEJCHUS U 001ero (yHKIMOHUPOBAHUS HCCIEAYEMOH CUCTEMBI,
COCTOSIICM M3 UHUCIOBBIX MJaHHBIX. OO0s3aTenpHOE YCIOBHE, BO3HMKAIOIIEE IPU
ucrojip3oBanun Metoponoruit Data Mining, 3akmrouaercs B TPaKTOBKE IOMYyYEHHBIX
3aKOHOMEPHOCTEH, CPOPMHUPOBAHHBIX B PE3YJIBTATE OMPEACIICHIS MPAKTUIECKON MOJIE3HOCTH
JaHHBIX. B CBSI3U ¢ 3TMM BO3HUKaeT HEOOXOAMMOCTb B Pa3pabOTKE METO/a ONTHUMH3ALUU
Oonpioro o0beMa JaHHBIX, MO3BOJIAIOIIETO pachpenesaTs mnokazanus cocrosHus CTC.
Metoa 10KeH OCHOBBIBATHCSI HA MCIOJIB30BAHUU PA3HOCTPYKTYPHBIX XPAHUJIMIL JJAHHBIX, a
TaKke paboTaTh B BRICOKOHATPY:KeHHOM cetu [9].

Llenvio paboThl sBIsIETCS pa3pabOTKa METoJa ONTHUMHU3ALUM 00pabOTKH OO0JIBLIOro
o0beMa JaHHBIX, IOJydaeMbIX BcieacTBue muarnoctupoBanus CTC, mo3BOJSIONIETO
obecrieunTh cOOp M 00pabOTKy OOJbIINX 00BEMOB MH(OPMAIMK B BBICOKOHATPYXEHHBIX
CETSIX C YU4ETOM PEeaTbHOTO BPEMEHHU.

OcHoBHAAl YaCTh

Pa3pabarbiBaeMblii METOJl OCHOBAaH Ha MHCIIOJNB30BAaHMM Habopa aaropUTMHUYECKUX
cormacoBaHHocTeil.  OHM  HampaBieHbl  Ha  HAEHTH(QUKanMio  uHbOpMAlMU B
BBICOKOHArpy>KEHHBIX CETAX U ee 00paboTky B MoMeHTHI nepenadn o CTC Kk neHTpasbHOMY
XpaHWJIUILY JaHHBIX. Takue pemeHuss oO0pa3yloT eIUHBIH KOMIUIEKC, SIBIISIOLIMICS
MH(OPMALIMOHHONW  CHCTEMOH, CHOCOOHOW (YHKIIMOHUPOBATh KakK  JIOMOJHHUTENIbHAs
COCTaBJIAIONIAs 111 OLEHKH U IporHo3uposanus coctossuus CTC.

Opuum u3 TpeOoBaHUIl K MHYOPMAIIMOHHOW cHCTeMe, OpUEHTHUPOBAHHOW Ha aHalu3
JAHHBIX, SBJSIETCS  CBOEBPEMEHHOE  OOecleueHHe aHaIMTUYeCKOH  uH(opmanuei,
HE0OXOIMMOM ISl MpUHATHUS peleHus. Bce coOpaHHble 1aHHbIe TPeOYIOT TOMOIHUTEIbHOM
orepauuu 00pabOTKM — OYHMCTKM. [IpM HCHONB30BaHUM OYUCTKH MOXKET MPOUCXOAMUTH
MpoLIeCC yAaJeHUs BHIOPOCOB (HEXapaKTEpHBIX U OUIMOOYHBIX 3HA4YeHUi), oOpaboTka
OTCYTCTBYIOIIIMX 3HAUEHUH MMapaMeTpoB, BHIIIOJHEHUE YUCIEHHOTO IipeoOpa3oBanus u T.1. Ha
puc. 1 mpezacraBiieH aJropuUTM, pealu3yoUIUil pazpaOoTaHHBIA METOJ| aHaiau3a OOJIBIIOrO
oObeMa naHHbIX. Mcmonb30Banue mMof00HOTO PEIICHNUs MTO3BOJIAET COOUPATh aHATUTUYECKUE
JAHHBIC W BBINOJIHATH NPEABAPUTEIBHYIO MX OLICHKY 3a CUET HCIOJb30BaHUS aJITOPUTMOB
MHTEJUIEKTYaJIbHOTO aHAIM3a AaHHBIX. PazpaboTranHoe perieHre IpuMeHsIeTCs Ui KOHTPOJIS
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cocrosHuss CTC. Jlnga mnpenorBpaiieHus TPYAHOCTEH, BO3HMKAIOIIMX  BCJIEICTBUE
HETPEPHIBHBIX M3MEHCHHH JaHHBIX U Mpo0saemMbl KOHTPOJs 32 CTC co CTOpOHBI aHAIMTHKA,
ucnonb3yercss TexHojorus Data Mining, HampaBieHHas Ha cOOp JaHHBIX C pabodero
OKPYKEHHSI TEXHUYECKOM CUCTEMBI, C BO3MOXXHOCThIO JUHAMHUYECKOTO MaciTadupoBanus. B
[ENSIX TOBBIICHUS J(PQPEKTUBHOCTH CHUCTEMBl aHaiW3a, [PUMEHEHBI  aJTOPUTMBI
CaMOCTOSITENILHOTO OOyuYeHusi, 00eCHeuMuBaIOIINE CHUCTEME AaBTOHOMHOCTH OT BHEIHETro
BO3JECHCTBHUS.

Hcnonp30BaHne alroOpuTMOB, CIOCOOHBIX 00ydaTbcs B IIpoliecce CBOed padoThl,
AKTUBHO MPUMEHSIOT TIPU PEIIeHUH 3a/1a4 kinaccudukanyu ¢ odyueHuem. Kiaccudpukamnus ¢
oOydeHreM MoJIpa3yMeBaeT CielyroIe JeHCTBUS:

— TOJrOTOBKA JaHHBIX (MMEIOIIUICS HAOOp 0OBEKTOB ¢ M3BECTHBIMU METKAMHU KJIACCOB
pa3OMBaeTCs Ha JIBE YaCTH: 00YJarOIyi0 BEIOOPKY M TECTOBYIO BEIOOPKY);

- oOyuenue mojaenu (mapaMeTpbl MOJACIH KiacCH(HKAIMK MOAOUPAIOTCA HAa OCHOBE
oOyuJarorieii BEIOOPKU TaKUM 00pa3oM, 4TOObI JOOUTHCS HAMIYUYIIEr0 COOTBETCTBHUS MEXIY
npecKa3aHHBIMK U (PaKTHUYECCKUMH METKaMH KJIACCOB);

— TecTHpOBaHHE MojeNiu (IONTyYeHHass B pe3yjbTare OOy4YCHHS MOJCIb MPOBEPSICTCS
Ha JIOCTOBEPHOCTh, JUISI YETrO BBIYHCISACTCS TPOICHT HEIOCTOBEPHBIX PE3YyJIbTaTOB
Kaaccu()UKauu 0ObEKTOB U3 TECTOBOM BHIOOPKH).

PesynpraT
Hauarno Y Konen
OLAP-
OLAP [}
aHaJm3a
\ aHaJm3
C6op u ouncTka o
anm3
JAHHBIX Otuerst
KITFOYEBBIX
WHTEJUIEKTYaIbHO
(axTOpOB
y ro aHajimsa
BITVISTHUISE
ITpoBepka Ha A
ITOJTHOTY JTaHHBIX
v
DakTOpHBIN
BeisiBnenue 30HbI
aHaJm3
pucka
Br160op Bra i X
aHam3a N
Knacrepusrit
aHaJIN3

Puc. 1. Anroput™m, peanusyoounii pa3pabOTaHHBIM MeTOA  aHadM3a [JaHHBIX B
BBICOKOHArpyxeHHsbIx ceTsix CTC

LleneBoii cocraBsronieil pa3paboTaHHONW IPOTPAMMHON CUCTEMBI SBIISIETCS U3BJICUEHUE
CTPYKTYpPUPOBAHHON HH(QOpPMAIMK W3 Pa3HO-CTPYKTYPHUPOBAHHOTO XPAHWUJIUINA JaHHbIX.
Takast 3ajaua sBISETCS aKTyalbHON W3-32 TOBBIIICHHUS YMEHBIIEHHS PabOTOCIIOCOOHOCTH
CTC npum ux 3KCIUTyaTallUM B Pa3jIMYHBIX YCIOBUSX, & TAKKE M3MEHEHUS KOHCTPYKTHBHOU
CIIOXKHOCTM Takux cucteM. Ha mnpakTuke DNpUMEHSAIOTCS XpaHWINIIA IOKa3aHU
paboTOCIIOCOOHOCTH  TEXHUYECKOM CHUCTEMBI, HUMEIOUIEH CTPOro CTPYKTYpPHUPOBAHHYIO
CTPYKTYpy. OTO 0O0yCJOBICHO NpoOJIEeMOil ONepupoBaHUS TOJBKO CTPYKTYpUPOBAHHON
uHpopManneil, KOTOPYIO HCIOJIB3YIOT TaKue METObI aHanu3a, kak OLAP wim Data Mining.
Haubonee octpo mnpoGinema wu3BiedeHUs UHPOPMALMKM BO3HMKAeT Npu pabore ¢
HECTPYKTYPUPOBAHHBIMH JJaHHBIMH, UMEIOLUTUMH TEKCTOBYIO (OPMY, COIEpPKAIUMU OOJIbIINE
00BbeMbl HH(OPMAIMK U UMEIOLIHE MOJIE3HYIO (opMy.

[TouckoBslil Mporece BKIIOYAECT B ce0s CTaAMIO MOUCKAa MH(GOPMALMOHHBIX PECYPCOB,
ABJIAIOIIMXCSl PEIEBAHTHBIMU 3aJadye, C TMOCIEAYIOLIMM H3BJICYEHHEM U3 HHMX MCXOIHBIX

81



J.C. lllubaes, B.B. Boruyxanun, H.O. [llubaes, H.JI. Pynandenko

KOJJIeKIM aHHbIX. [Ipu 3TOM pecypchl, NpUHHUMAIOIIME Yy4yacTHE B IOMCKE, MOTYT
comepkaTh B ce0e¢ Kak CTPYKTYPHUPOBAaHHBIC, TaK M CIaOOCTPYKTypHpOBaHHBIE HAOOPHI
naHHbIX. Ha crnemyromem »Tame JaHHBIE NPOIYCKAIOTCS 4Yepe3 CpeACTBa aHAIM3a.
HemanoBaxxHpIM SIBIISIETCS HCIONB30BAaHHUE MEXAaHU3MOB, CIIOCOOCTBYIOIIMX YBEIUYCHHUIO
CKOPOCTH aHAIMTHYECKON 00paboTku. Ha puc. 2 mpeacraBieHbl 3Talbl, BXOAAIIUE B OCHOBY
U3BJICYCHHS] CYIIHOCTEH, KOTOpbIe (DOPMHUPYIOTCS B Pa3HOCTPYKTYPUPOBAHHBIX KOJUIEKLIHAX
JaHHBIX W MCIOJIB3YIOTCS JJs JajdbHEWIIEro aHalu3a [ojydaeMoill wuH(opManuwy,
HEeoOXoMuMOM JUIsl  peuleHusl 3afadd  kKiaccupukauuu uHpopManuu. B kimactepHbIX
pELICHHSIX, NPUMEHSIEMbIX Ui O0pabOTKM OONbIIOr0 OO0beMa MaHHBIX, HCIOJIb30BAHUE
KOJUIEKIIMH SIBJISIETCSI HEOThEMIIEMOH COCTaBIISIONIEH pu padboTe aroputmoB Hadoop.

Hudposble naTanku ( HAII ) Baza gannabpix
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[To okOHYaHHWIO Tpoliecca aHalM3a, HACTYMAeT MPOIECC HHTErpalu COOpaHHBIX
KOJUICKIIUW, OHTOJIOTMA W W3BJICYCHHBIX CYIIHOCTEH B OONIYI0O HMHTETPUPOBAHHYIO
KoJIeKuio. [IepBbIM 3Tamom paboThl TaKOH CXEMBI SIBJISETCS UCIIOIB30BaHUS COTIOCTABIICHHS
3JIEMEHTOB UCXOJHBIX CXEM M LIEJIEBOM CXEMBI, B KOTOPON NPUMEHSIOTCS Pa3IU4HbIE METO/BI
aBTOMaTH3alMu. Bce ATH mpaBWia MNPUMEHSIOTCS JUIA  TpaHChOpMalUW  JIaHHBIX,
UCIONB3YIOUIMX 0ojiee TOHKHE MeToJbl MHTerpanuuu. OZHUM U3 TaKUX METOJOB SBJISIETCA
METOJl PACIIUPEHUs CYIIHOCTEH, MO3BOJIIOLIMN YCTAaHOBUTH CXOJICTBO CYIIHOCTEH MEXIY
coboil. [To oxoOHUaHMIO MCIIOJIB30BaHMUs METOJIOB PACIIMPEHUsI HACTYNAET MpPOLECC CIUSIHUA
JAHHBIX, cojaepkamuid uHpopMamuio 00 oxHOW cymHocTH peanbHoro cocrosus CTC,
c(OPMHUPOBAHHOM U3 PA3INYHBIX UICTOUHUKOB JIAaHHBIX.

[Iponiecc aHanuTHYECKON 0OpabOTKH, MCIONB3YeMbIi Ui paboOThl penpe3eHTaTUBHOM
BbIOOpKH, (GopMHUpyeTcs U3 JIByX 4acTeil: IOCTPOCHME MOJEIM M MHCIOJIb30BaHUE
MOCTPOCHHON MOJENH Ui HOBBIX HaOOpOB AaHHBIX. [Iporecc, cTposimuii Moiesb, IBIsSETCS
JIOCTaTOYHO PECYPCOEMKOM 3aJadel, KOTOpas MOXET HU3MEHATHCA B 3aBUCHUMOCTH OT
NPUMEHSIEMOTO aJrOpuTMa M BKIIOYAET B Ce0s KEIIMPOBAaHHWE, CKAaHWPOBAHUE, DPACUET
MHO’K€CTBA BCIIOMOI'aTEJIbHBIX IIapaMETPOB U T.1I.

Hcnonp30BaHue YK€ TOTOBBIX MOJIEJEH K HOBBIM JaHHBIM TPEOYET HAaMHOI'O MEHbIIIE
peCypcoB B CBSA3M C YINPOLIEHHOM paboToOil ¢ BhIUMCIEHHEM HPOCThIX (yHKUMH. M3 3TOrO0
CJIEZyeT, YTO MCIOJIB30BaHNE HEOOIBIINX MHOKECTB JTaHHBIX MOXKET J1aBaTh CYIIECTBEHHBIH
pe3yibTaT IPU BBIUMCIEHUU PAa3HOCTPYKTYPHBIX HAOOPOB JaHHBIX U BIUATH Ha BPEMEHHBIE
MHTEPBAJIBI, BBIJACIIIEMbIE Ha pacdeT M aHanu3 mHpopmanuy B 0a3zax JaHHBIX. B kauecTBe
IIPAKTUYECKOIO METOJA, MCIOJIB3YEMOIO [Ulsl IOCTPOCHHS M IIOJIyYEHUS pE3yJIbTaTOB OT
pPEenpe3eHTATUBHBIX BHIOOPOK, IPUMEHSIIOT COMIUIMHI. Ero riaBHON 0COOEHHOCTBIO SIBISIETCS
COXpaHEHHE CKOPOCTH aHAJIUTUYECKON O0O0paboTKM JaHHBIX 0e3 TNOoTepu KauecTBa
Pe3YJIBTUPYIOIIErO aHAIN3A.

BriBoabI

B pesynbrare aHamm3za COBPEMEHHBIX METOJIOB OOPabOTKH pPa3sHOCTPYKTYPHUPOBAHHOMN
uH(pOpMallMd B BBICOKOHATPYKEHHBIX CETAX pa3paboTaH METOJ ONTHMHU3AIUU 00pabOTKU
0oNBIIOr0 00BbEMa JIAHHBIX, pENIAOIIMA TPOOJeMy JIHATHOCTHPOBAHHS  COCTOSHUS
obopynoBanuss B CTC. OcHoBo#l MeTona siBisieTcss MHGOPMAIMOHHASA CHUCTEMa, CIIOCOOHAs
HU3BJICKATh U aHaJ’II/I3I/IpOBaTI> IIOTOKH I/IH(i)OpMaHI/II/I B BI)ICOKOHal"py}KGHHI)IX CCTAX nepenaqn
JMAHHBIX ¥ HCIOJb30BaTh MOTYYCHHYIO WH(OPMALUIO A7 AaNbHEHIIEero MpOTrHO3UPOBAHUS
coctossaus CTC.

PabotocnocoOHOCT MH(POPMAIMOHHON CHUCTEMBI OCHOBBIBAaeTCS Ha MPUMEHEHUU
THOPUIHBIX aJrOPUTMOB MOKMCKA M COPTHPOBKHU JaHHBIX, KoHIenuu Data Mining, a takxke
MaTEeMAaTHYECKUX alTOPUTMOB IS pabOThI ¢ OONIBIIMMU 00BEMAMH JIAHHBIX.
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ONITUMI3AIIISA METO/IIB ITIPOTHO3YBAHHS, OBPOBKHU TA AHAJII3Y IH®OPMAIIIL B

PIBHOCTYKTYPHHUX CXOBHUIIAX JAHUX
J1.C. lllubaer, B.B. Buuyxanin, H.O. [llu6aesa, H.JI. PyaHiuenko

Opecrkuit HalliOHATBPHUN MOPCHKHUN YHIBEPCHTET,
Byn, MeunikoBa, 34, Oneca, 65029, Ykpaina; e-mail: denshibaev@outlook.com

Y craTTi 3ampoNOHOBAHO METON ONTHMI3alii OOpOOKM BEIMKOrO 00CATY NOaHHX,
TPU3HAYCHUH I JiarHOCTYBaHHS CTaHy YCTAaTKyBaHHS CKJIAIHUX TEXHIYHHX CHCTEM.
Take miarHOCTYBaHHS [O3BOJIE€ MIOBUIIUTH €(QEKTUBHICTh aHANi3y HECIPaBHOCTEH B
TEXHIYHUX CHCTEMAaX 3 METOI0 iX SKHAWUmBHUAIIOTO ycyHeHHs. Lle mocsraeThcs 3a paxyHOK
MPOTHO3yBaHHS BiJMOBH KPUTHYHO YpPa3jMBUX CHUCTEM, 3JIJaTHUX BUBECTH 3 EKCILTyaTalil
TPaHCIIOPTHUIT 3aci0, a00 MPU3BECTH JI0 HACIIJIKIB, 1[0 3arPOXKYIOTh KUTTIO JII0JIed. MeTon
peamizoBanuii B iH(GOpMAIlfHIA CcHCTeMi, 3aCHOBAaHOI Ha Ha0Opi aIrOPUTMIYHHX
Y3TOJDKEHOCTEH, CIPSIMOBaHMX Ha iJleHTUdIKalilo iHpopMalii B BHCOKOHABAHTAKECHUX
Mepexxax Ta 11 0oOpoOKy B MOMEHTH MepeAadi BiJ| CKIaJHUX TEXHIYHMX CHUCTEM [0
[EHTPAIBFHOTO CXOBHINA MaHuX. DyHKIIOHYBaHHS iHQOPMAIIIfHOT CHCTEMH IPYHTYETHCS Ha
3aCTOCYBaHHI TIOPUIHUX aJNTrOPUTMIB TOMIYKY Ta COPTYBaHHSA NMaHWX, KoHIemmii Data
Mining, a TaKOX aJTOPUTMIB 1 pOOOTH 3 BEIMKAMHU oOCsITaMu JaHUX. Metonu Binoopy i
PO3IOALTY JaHUX BUKOHYIOTHCS Ha PiBHI KOHTPOITIO OKa3aHb JATYHKIB TEXHIYHOI CHCTEMHU
1 POMOAUIAIOTECS 10 MOMEHTY 3allicy B cxoBuile naHuX. Lle no3Bonse ineHTH}IKyBaTH
iHpopMamiro, HEOOXimHY IUIsI TOOYZOBH MPOTHO3Y BIiJIMOBH KPHTHYHO BPa3IUBUX
TEXHIYHUX CHUCTEM. 3 METOI 30IJbIICHHS MIBHIKOCTI OOPOOKH TaHUX, 3aCTOCOBYETHCS
MoBa po3pobku C/C++, sika M03BOIISIE B3aEMOIATH iHMOPMAIIiHHINA cHCTeMi 3 HaTYMKAMU
KOHTPOJIO TOKa3HMKIB. B SKOCTI CXOBMIIA JaHWX BUKOPUCTOBYIOTHCS pEJAIiifiHE Ta
HEepeIsIliiHe CXOBHWINE MaHUX, IO JO3BOJsAE 30epiraTh BeNWKi MacuBW iH(opmarii i
3a0e3meuyBaTy MOCTIHHMI JOCTyn 10 daHuX. Po3poOieHa iHdopMariiiHa cuctema MoOXe
OyTH BHKOpPHCTaHa B TPAHCHOPTHHX 3aco0ax 3 CHCTEMOIO KOHTPOJIIO IOKa3HUKIB B
pearbHOMY 4aci.

Kawu4osi cioBa: ananmi3 naHWX, BENHKI JaHi, KOMI'IOTEPHI CHCTEMH, 0a3W IaHUX,
MoOJIyJIbHE mporpamHe 3abesmedeHHs, Big Data, Data Mining, konekuii gaHWX, TiOpUIHI
CXOBHIIIA IAHUX
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OPTIMIZATION OF PREDICTION METHODS, PROCESSING AND ANALYSIS OF
INFORMATION IN DIFFERENT STRUCTURE DATA

D.S. Shibaiev, V.V. Vychuzhanin, N.O. Shibaieva, N.D. Rudnichenko

Odesa National Maritime University,
34, Mechnikova Str., Odesa, 65029, Ukraine; e-mail: denshibaev@outlook.com

In article the method of optimization of processing of a large volume of the data intended
for diagnostics of a condition of the equipment of difficult technical systems is offered.
Such diagnostics allows to increase the efficiency of the analysis of faults in technical
systems with a view to their early elimination. This is achieved by predicting the failure of
critically vulnerable systems capable of decommissioning the vehicle, or lead to
consequences that threaten people's lives. The method is implemented in an information
system based on a set of algorithmic consistency aimed at identifying information in high-
load networks and its processing at the time of transmission from complex technical
systems to the Central data warehouse. The functioning of the information system is based
on the use of hybrid algorithms for searching and sorting data, the concept of Data Mining,
as well as algorithms for working with large amounts of data. The methods of data selection
and distribution are carried out at the level of sensor readings control of the technical
system and distributed until recording in the data warehouse. This allows to identify the
information necessary for the prediction of failure of critically vulnerable technical
systems. In order to increase the speed of data processing, the C\C++ development
language is used, which allows the information system to interact with the reading control
sensors. As a data warehouse uses the relational and not relational database, allowing to
save large amounts of data and provide constant access to data. The developed information
system can be used in vehicles with the system used to monitor the readings in real time.
Keywords: data analysis, big data, computer systems, databases, modular software, Big
Data, Data Mining, data collections, hybrid data stores
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NOJJIEPKKA ITPUHSATHUSA PEIIEHUM O PEAJIM3AIINU TPUJIOKEHUH B
T'NBPUTHON OBJIAYHON NH®PACTPYKTYPE

JI.A. Bosomyk, O.U. Po3nogen, J./l. Bosomyk

Opnecckuit HaMOHABEHBINA yHUBepcuTeT uMeHn .M. MeunukoBa,
yi. JIBopsinckas, 2, Onecca, 65026, Ykpauna; e-mail: lavstumbre@gmail.com

OO0navyHbple TEXHOJOTHU M IIAT(HOPMBI aKTHBHO Pa3BHBAIOTCS M CTAHOBATCS Bce Ooee
BOCTpeOOBaHHBIMH. HauOoJplIylo MOMyJspHOCTH TOCHEIHEEe BpEMs 3aBOEBBIBAIOT
ruOpuaHbple 00Jaka W MyJIbTHOONAYHBIE YCIYyTH, B KOTOPBIX peau3yeTcs
pacnpesneneHHoe pasmenienue MT-uHOPacTpyKTYpbl TpEennpUsATHS YacTHYHO Ha
00Js1auHBIX MIaTPOpMax, YACTUIHO HA TEPPUTOPHUH 3aKazuuKa. sl IPUHATHS PELICHUS
0 BO3MOJKHOCTH dYacTH4HOM wmwurpannu WT-uH}pacTpyKTypsl B 00JaKO BO3HHKAET
3aJada BHIOOpA TPABHILHOTO COYETAaHMS YAaCTHBIX M OOJAYHBIX PEIICHWH B €IMHON
apXHUTEKType NpWIOKEeHnH u, cobcTtBeHHo, WT-cpene mnpennpusTuss B IIEIOM.
CoBpeMeHHBIH TOAX0A K mpoektupoBaHuto WT-mpuiiokeHUH M KOMILJIEKCOB
IpeAINoaraeT peaau3alnio MOIYJIbHOH, MHOTO3BEHHOH AapXWTEKTYphl, B KOTOPOM
KaKABIH MOZYJb CHCTEMBI 00JaJaeT ONpPEAENeHHON (YHKIHMOHAIBHOCTbIO, HA00OpOM
COOCTBEHHBIX METOJOB M CBOWMCTB M IPEANOJaraeT COOMIOAEHHE OIpPEAEICHHBIX
TEXHHUYECKUX TpeOOBaHMI K CBOEH peanu3allui M peaju3aldd CB3EH C JPYTUMH
KOMIIOHEHTaMH apXHUTEKTyphl. TexHudyeckue TpeOOBaHUS MOTYT OBITH OIpeesICHBI
COOTBETCTBYIOUTUMH KPUTEPHSIMU M HMX 3HAUMMOCTBIO NPH Pa3IMYHBIX CIOco0ax u
wiatgopmMax pasmenieHHs MOACUCTeM. VIHTerpupoBaHHasi OIEHKA TEXHHUUYECKOMH
BO3MOXKHOCTH pPa0OTBl B THOpuAHOM oOmake mnoacucrteM npuinoxenus WT-cpenst
NPEANPUATAS MOXKET OBITh IMOJyYeHa IyTeM NPOBEACHHUs MHOTOKPHUTEPHAIBHOTO
aHaIM3a W BBIOOpA JydIIero pemeHus. B cratbe paccMOTpeHBI BONPOCH OCTPOCHUS
ruOpugHOl  oOmauHoi  wHQpacTpykrypel WT-cpemsl  mpeampusitus, OICHKH
TEXHUYECKOH BO3MOXXHOCTH M 3(G(PEKTUBHOCTH NPOBEJCHUS YAaCTHYHOW MHUIPAlH B
myOnnyHOe 00aKo NMPUIIOKEHHH M uX mojacucteM. IIpeanoskeHa METOAMKA OLIEHKH
3Q(PEeKTUBHOCTH  MUrpalyM, OCHOBaHHAas Ha  CTPYKTYPHO-(YHKIHOHAJIbHOU
JICKOMITO3UIIMN apXUTEKTYphl MPUIOKEHUS, aHalIn3e TEXHUYECKOH BO3MOXKHOCTH
MUTPAlMN TIOACHCTEM IPHUJIIOKEHHS B COOTBETCTBHHM C BBIOPAHHONW COBOKYIHOCTBIO
KpUTEpHEeB ¥, COOCTBEHHO, oleHke JddekruBHoctd  Mmurpanuu.  OleHka
3¢ GEKTUBHOCTH IIPOBOIUTCA C IPUMEHEHHEM MeTo/a aHanu3a uepapxuid. [lpumenenne
METOJMKH IO03BOJISIET (POPMAIM30BaTh M YNPOCTUTH HPOLECC NPUHATHS DPEIICHHS O
nermecooOpasHocT ¥ A(Q(EKTUBHOCTH  IMOCTPOSHHS  THOPHIHOH  OONadHOM
HHPPACTPYKTYPHI NPHIOKECHHS.

KiaoueBue cinoBa: ruOpuaHble objadHble TUIATQOPMBI, MUTpAlWsS MPUIOKEHHS B
o6uako, orjeHka 3(h(PEeKTUBHOCTH MUTPALMK B 00JIaKO

Beenenne

Ocoboe MecTo B COBPEMEHHBIX HAIPaBICHUAX Pa3BUTUSA HHPOPMAITMOHHBIX
TEXHOJIOTUI 3aHUMAIOT oOJlayHble TexXHouoruu u tatdopmel. OOmayHas mapagurMa
dbopMupyeT OOIMMPHBIA PHIHOK: TOSBUJIOCH OOJIBIIOE YHCIO KPYIMHBIX IMPOBaNIEPOB
o0JauHBIX cepBUCOB, BKIouas Amazon, Google, Microsoft, Salesforce u Yahoo. Benymue
npousBogutenn CYBJl IBM u Oracle oOecneunBaroT NOAJEPKKY OOJAKOB B CBOUX
MPOJYKTaX, YTO HE MOXKET He MPHUBJIEYbh WHTEPEC IIUPOKOTO Kpyra HccienoBaTeled K
pEIIeHUIO 3a/1a4 MUTPAIIMN KOPIIOPATUBHBIX MPUIIOKEHUH B 001aUHYI0 HHPPACTPYKTYPY.

C monsTHeM OOJAaYHBIX BBIYUCIICHUN CBS3BIBAIOT TAaKUE CEPBUC-TIPEIOCTABISIONINE
TEXHOJIOTUH, KaK:
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— uHppacTpykTypa Kak cepsuc («Infrastructure as a Service» unu «laaSy»);

— mardopma kak cepuc («Plaatform as a Service», «PaaSy»);

— mporpammHoe obecrieueHue kak cepsuc («Software as a Service» unu «SaaSy).

OTH TEXHOJOTUU TPU COBMECTHOM HCHOJIb30BAaHUU IO3BOJISIIOT IMOJIb30BATEISIM
00JIa4YHBIX BBIYMCICHUN BOCIIOIH30BATHCS BHIUMCIUTEILHBIMA MOITHOCTSIMU U XPaHUIHIAMU
JAHHBIX, KOTOpPBIE MOCPEACTBOM OIPENIEICHHBIX TEXHOJOTHH BHUPTYalIH3alMd U BBICOKOTO
YPOBHS a0CTPaKIMK MPEJOCTABIISIOTCS UM KaK YCIIyTH.

[ToMrMO pa3IUYHBIX CHOCOOOB MPEJOCTABICHUS CEPBUCOB DPA3IUYAIOT HECKOJIHKO
BapUaHTOB Pa3BEPTHIBAHUS O0JIAUHBIX CHCTEM:

— yactHoe obnako (private cloud) — wmcmosb3yercst mjis NMPEAOCTaBICHUS CEPBHCOB
BHYTPH OJJHON KOMIAHHH, KOTOpasi ABJISETCA OJHOBPEMEHHO M 3aKa3UMKOM, M TOCTaBIIUKOM
yCIIyr. OTO BapuaHT peaju3aluu «00JauHON KOHIIETIIMNUY», KOTla KOMIIaHUs CO3AaeT ee s
ce0s caMoii, B paMKaxX OpraHHu3alluu;

— mybnuynoe obixako (public cloud) — ucnonb3yercs o0nauyHBIMU MpOBaiIepamMu st
MPEIOCTABICHUS] CEPBUCOB BHEIITHUM 3aKa3UUKaM;

— cmemannoe o6Omako (hybrid cloud) — coBMecTHOE WCHONB30BaHHE ABYX
BBIIICTIEPEYUCIICHHBIX MO/IeTIeH pa3BEPTHIBAHMUS.

OpnHa 13 KIIIOYEBBIX UIEH 00TaYHBIX TEXHOJIOTHUH 3aKII0YAeTCsl KaK pa3 B TOM, YTOOBI C
TEXHOJIOTHYECKON TOYKU 3PEHUS Pa3HUIIBI MEXy BHYTPEHHUMH W BHEIIHMMH OOJlaKaMH HE
OBUIO M 3aKa34YMK MOT THOKO TepeMenaTb CBOM 3aJaHusi MEKIy COOCTBEHHON M apeHIyeMOn
UT-undpactpyKkTypoii, He 3aJyMbIBasICh, I/Ie¢ KOHKPETHO OHU BBIMOJIHSIOTCS.

HaubGonee BocTpeOoBaHHBIMM B IOCIEAHEE BpeMsl cTaiu oOsiauHble cepBUChl [aaS u
SaaS, omgnako, rnaBHbli Tpeng 2017 roma — MOMYISPHOCTh THOPHUIHBIX OOJIAKOB H
MyabTHOONMauHBIX  ycayr  [3].  [uOpumHbsle obOnaka  mpeanojararoT — pa3MelieHHe
UHQGPACTPYKTYphl YaCTUYHO Ha TEPPUTOPUH 3aKa3uMKa, YACTUYHO B MyOIUYHOM oOOJaKe.
MynbpTHOONMAUHBIE YCIYTH TIPEAOCTABISAIOT 3aKa3uMKy BO3MOXKHOCTh Pa3JIEIUTh CBOIO
MH(OPMAIIMOHHYIO CUCTEMY U TepeaaTh ee Ha MOJIEPKKY 00JauHbIM MpoBaiiiepaM B pa3HbIX
uH(ppacTpyKTypax, KOTOpble 3aTeM OyAyT CHUHXpOHHU3UpoBaHbl. [locienHue wuccnenoBaHUs
Gartner mnokazanu, 4to 70 TPOIEHTOB NPENNpHUITHI OyayT BHEOPSITh CTPATETHUIO C
HecKosbkuMmu obakamu k 2019 roay [4].

Takum oOpa3om, rubpuaHas obnaynast ”HPPACTPYKTypa BUTUTCS B KAUECTBE KIIFOUEBOM
CTpaTeruu B OyAylieM, a KOMIAHHWH, KOTOPBIE CMOTYT peaJM30BaTh JIydIlee COYCTaHHE
MyOIMYHOTO M YacTHOTO 00nakoB B cBoeit UT-cpene, momydat 10oAroCpovHbIe MPEeUMYIecTBa
[1,2].

Ha »Tame npuHsATHS pemieHus 0 BO3MOXKHON YaCTUYHOW MUTPALIUU B 00JIaKO BO3SHUKAET
CJIOKHAs 3aj1a4a — HAWTH W BHIOpATh MPABWIIBHOE COYETaHWE YACTHBIX M OOIIETOCTYITHBIX
o0nauHbIX pemnieHuii B enunoit UT-cpene npeanpusitusi, B TOM 4KCIe MOJECPHUIUPYEMOM UITU
CO371aBa€MOM TPUIIOKEHUU, TSI d(P(HEKTUBHOTO YIOBIECTBOPEHHUS MOTpeOHOCTEH Om3Heca.
Pemenne »Toit 3amaum TpeOyeT THIATENBHOTO aHAIM3a APXUTEKTYpPhl TMEPEMEIIaeMoro
MIPHJIOKEHUST HA OCHOBAaHWUHU COBOKYITHOCTH TEXHHYECKUX aTPUOYTOB, KPUTEPHEB MX OIICHKH
1, COOCTBEHHO, METOIOJIOTUHU ¥ MOJICIIA IPUHATHSL OKOHUATEIIHHOTO PELICHHUS.

Lenv pabomul — pa3paboTKa METOIUKH TPUHATHS PEIICHHS O YaCTHYHOW MHUTPAIUU B
nyO0nruHOe 001aKo moJcucTeM npuioxeHuit U T-cpeapl npeanpusiTus Ha OCHOBAHUU OIEHKH
TeXHUYECKOH 3((HEKTUBHOCTH TIEpPEexo1a Ha 00IauHyIO TIaThopMy.

OcHoBHAA YaCTh

Pemennie 00 HCHOIB30BaHUM «OONAYHBIX» BBIYMCIECHUN JOJDKHO HPUHUMATHCA C
Y4ETOM COCTOSHUSI COOCTBEHHOH WH(OPMALIMOHHON CHUCTEMBI NPEANPHUATHA. MOXKHO
BBIJICJIUTh TPU OCHOBHBIX COCTOSIHHSI UH(OPMALIMOHHON CUCTEMBI:
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— Ha TPEANPHUSATHM TPUHATHI BCE HEOOXOAWMBIE MeEphl IO  MOJEPHU3AIUU
MH(POPMAITMOHHON CHCTEMBI, KOTOPasi OTBEUAET BCeM TPeOOBaHUAIM K €€ 3 PEKTUBHOCTH;

— uH(popMaIMOHHAsA cucTeMa Hed(h(HEeKTUBHA MITH POBOAUTCS PEUHKUHUPUHT OU3HEC-
MIPOLIECCOB;

— wuH(pOpMAIMOHHAs CHCTEMa HaXOIUTCS Ha CTaJUU CO3/aHUs, HaIpuMep, Ha HOBOM
MPEINPUITHH.

B nepBoM citydae ¢ 5KOHOMHYECKOW TOYKU 3PEHHS MEPEXO0] B «00NaKa» He sBISETCA
OIpaBJaHHBIM, B TAKOI CUTYaI[Ml MOXET OBbITh 11eJIeCO00pa3HbIM MEPEHOC B «00JIaKa» HOBBIX
CEpBUCOB, KOTOpbIe OyayT TOSBIATHCA, a TaKkKe pa3paboTKa KOHLEMIMH Iepexoaa K
00JIaYHBIM CepBUCAM B OyayIIEM.

Bo BTOpOM 1 0COOEHHO TPEThEM Cllydae MepeHOC UH()OPMAIIHOHHOTO 00CITYy)KUBaHUS B
«0b5aka» MOXeT OKa3aTbCsl Haubosiee MPUEMJIEMBIM IIaroM MOCTPOCHUs 3()PEKTUBHBIX
MH(POPMALIMOHHBIX CEPBUCOB MPEANPHATHA. {11 HOBBIX NpEANpHUSATHN BBHIOOP B TOIB3Y
007a4HOr0 OOCITYXMBaHUSI MOXET JaThb MAaKCHUMAaJIbHO BO3MOXKHBIA HIKOHOMUYECKUU U
TEXHOJIOTUYECKUN YPPEKTHI.

Hcnonb3oBanue myOIUYHBIX O0NIAYHBIX TIAT(HOPM B TEUECHHE MOCIEIHETO ASCATUICTHS
M0KAa3aJI0, 4YTO Ype3MepHast 3aBUCUMOCTH OT ITyOJUYHOTO 00JIaKa MPUBOJHUT K PpoOIeMaM:

— TIOHIKEHUS IPOU3BOJUTEIHLHOCTH;

— YBEJIMYCHHSI CTOUMOCTH WJI CHUIKECHUSI KOHTPOJIS;

— B HEKOTOPBIX CIIydasix JIOPOTOCTOSAIIUM MHUTPAIMAM Ha3a/l U3 MyOJIU4YHOro o0aka.

Crano o4eBUAHBIM, YTO MyOIMYHOE 00JIAKO JIydIne /Ui Oojiee TPAIUIIMOHHBIX OU3HEC-
NPUJIOKEHUI ¥ OCHOBHBIC HANIPABJICHHSI UCIIOJIb30BAHUS MyOIMYHOr0 obaka 31o [12]:

— XpaHEHHE JaHHBIX, B TOM YHCJIE XpaHeHue (ailyioB u 6a3bl TaHHBIX;

— Ppe3epBHOE KOMHUPOBAHHE JAHHBIX;

— aBapHifHOE BOCCTAHOBJICHHE;

— o00nayHas aHAIUTHUKA;

— TporpammHoe obecriedeHue kak yciyra (SaaS);

— yIpaBjeHUe B3aUMOOTHOIIEHUsIMHU ¢ KinueHTamu (CRM);

— HCIOJB30BaHUE «00IaKay KaK MHCTPYMEHTA COBMECTHON pabOThI;

— OpraHM3anus yJaJleHHON paboThl.

Yactuunslii neperoc UT-uHppacTpyKTypsl KOMIAHUM B MYyOJMYHOE OOJIAKO MOKET
ObITh 000CHOBAH TaKXe CIETYIOUMMH IPUUMHAMU:

— HEOOXOIUMOCTHIO 00ECIIEYNTh OTKa30yCTONYMBOCTh KPUTHUHBIX CEPBHCOB;

— HEOOXOJIUMOCTBIO  OCBOOOXJIEHHUS JIOKAJbHBIX PECypcoB IyTeM IepeHoca
BTOPOCTENEHHBIX CEPBUCOB B 00JIAKO;

— HEO0OXOJIUMOCTBIO MACIITAOMPOBAHNUS PECYPCOB;

— peanm3anuei MIaBHOTO IMepexo/ia K MOJTHON MUTPAIHH;

— TIEpEeHOCOM TpeOOBaTENbHBIX K IPOU3BOAMTENBHOCTU Y3JIOB HHQPACTPYKTYPHI C
IEJTBI0 OCBOOOKIEHUS OT JTOTIOJIHUTEIBHBIX 3aTpaT Ha 000pyIOBaHHE CETH KOMITaHUH;

— BO3MOXXHOCTBIO HCIIOJIb30BAHUS OOIAYHBIX CEPBUCOB U CITYKO.

C nmpyroit CTOpOHBI, TPUIOKECHUSI ¢ MHTEHCHUBHBIMH JTaHHBIMH U YYBCTBUTEIHHBIMHU K
3ajiepKKaM TpeOoBaHMAMHU OyAyT paboTaTh Jyulne B JOKaldbHOM ¢usuueckoit MUT-cpene
TIPEIIPUSTHSL.

Takum oOpazom, odeBHJieH (akT HEOOXOAMMOCTH IPABHIBHOIO  COYETAHHUS
00IIeIOCTYITHOTO U YaCTHOTO B THOPHUIHOM 001auHON HHPPACTPYKTYpE, IPH KOTOPOil Oyner:

— ONTHMH3HMPOBAHA MPOU3BOAUTEIBHOCT;

— coOJTI0/IeHBI YCTIOBUS O€30MaCHOCTH;

— obecnieueH ObICTPHINA, ya0OHBIH qocTyn k UT-cepBrcaM B paMkax 0OILIEIOCTYITHOTO
001aKa;

— JIOCTYIIHBI Oe301acHbIe, COBMECTUMBIE CITYKObI B 4aCTHOM 00JIaKe;

— COXpaHEH JIerKUM MOOCTyNl K YCTApeBIIMM MPUIIOXKEHUSIM B TpaauuuoHHou WT-

UHPPACTPYKTYPA;
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— COOJIOACHO 11eJIeco00pa3HOe COOTBETCTBUE CTOMMOCTH/KAuecTBa MPeI0CTaBIsIeMbIX
YCIIYT.

OO0mmenpuHsATas CXeMa MUTPAIMH B IMMyOJMYHOE 00JIaKO OCBEIIEHA JOCTATOYHO HIUPOKO
¥ [IPE/IOJIaraeT CIe YOIy TOCIeA0BaTeIbHOCTh TamoB [5,6]:

1. BeinonHenue uHBeHTapu3zauuu cyuiectByromero MT-okpyxeHus u omnpeneneHue
Mozeiu o0aka.

2. Tlouck, oueHKa ¥ BBIOOp OOJIAYHOTO IpOBaifiepa ¢ MOCIECTYIOIIUM TECTUPOBAHHEM
BO3MOXHOCTEH 001a4HOM IUIONIA/IKH U BBIIIOJHEHUEM TECTOBON MUIPALIUH.

3. CocraBneHue IjiaHa WIM JOPOKHOM KapThl MHUTPAIMH, KOTOpPbIE MO3BOJSIOT
KOHTPOJIMPOBATh BCE BBIIOJIHIEMBbIE LIIarK HA IIYTH «Ilepee3ia» B 00J1aKo.

4. Tlpouecc Murpaium.

5. BeinosnHenne npoBepky U TECTUPOBAHMSI IEPEHECEHHBIX CEPBUCOB.

[IpuBeneHHas cxemMa MUTPAIHH, SBISISICH JOCTATOYHO OOIIEH, HE OTpa)aeT IIyOMHHBIX
0COOEHHOCTEH NPUHATHS PELIEHUH IpU OLEHKE MPUIOJHOCTH JIi MUTpalud B 00JaKo
OTJENBHBIX TOACUCTEM MPHIOKEHUNA, TEXHUYECKON CIOXKHOCTH €€ MpPOBEICHUS. AHaM3,
OLIEHKa M TOCTpOEHUE TI'MOpUIHON O0JauHOW apXUTEKTYpbl MPHIIOKEHHs JOJKHBI OBITh
IIPOBEJCHBI YK€ Ha dtane 1.

VIMeHHO Ha MepBOM 3Tane HEoOXOAMMO OLEHHUTh TEKYIIYI KapTUHY HMeroleics
UHPPACTPYKTYPHI U OTIENBHBIX MpHUIOKeHUHA. Heo0X0AMMO BBIOIHUTH ONpENeIeHNe BCeX
KOMIIOHEHTOB — Kakh€ M3 HMX SBIISIOTCS BaKHBIMH, KaKU€ BCIIOMOIaTENIbHBIMHU, Kak
KOMITOHEHTBI B3aUMOJCHCTBYIOT Jpyr C ApyroM. OIIGHHTh C TMOMOIIBIO HHTETPATbHOU
MO/JIEJIN OLEHKH, CUCTEMBl KPUTEPUEB U UX 3HAYMMOCTH, BO3MOXHOCTh U 11€J1€CO00pa3HOCTh
MUTpalid B TyONUYHOE O0O0JaKo OTOOpaHHBIX NPWIOKEHUH, TMOJCUCTEM WM HX
KOMIIOHEHTOB. Hainuue Takoil JOKyMEHTaluu OOJErduT MPOLECC MHUIPALUU U YHPOCTUT
3aJa4y TECTHPOBAHUS BCEX MEPEHECEHHBIX B 00IaKO CHCTEM.

JUis mpUHATHSA pELIeHUs Ha MEepBOM JTalle BbILENPUBEICHHOM CXeMbl MHUIpalUd B
00JIaKO0 O BO3MOXKHOCTH YAaCTHYHOW MHTPAIlUM TOJICUCTEM TPHIOKEHUH C TOYKH 3PEHUS
TEXHUYECKOH BO3MOXHOCTH U I€JIECOOOPA3HOCTH MOXKET OBITh MPEeAJIOKEHAa MEeTOJHKa,
coJieprkaliasi CleAyoyI0 0CIe10BaTeIbHOCTh 11arOB:

Hlaz 1. NuBentapusauus |T-okpyxkeHus, B X07e KOTOPOH HY)XHO KaTeropH3UpOBaTh
KaXK70€ IPUIIOKEHUE U TTOICUCTEMY OJIMH 3a IPYTMM Ha OCHOBAHUHU aTpUOYTOB.

Hlaz 2. PaccMoTpeTb M OTOOpaThb M3 BBIJICJIEHHBIX NPUWIOKEHUH M IOACHUCTEM
KaHIUJATOB Ha IMEepeHoC B NyOnMyHOe O0JaKko C TOYKH 3PEHHUS DSKOHOMHYECKOU
11eJ1ecO00pa3HOCTH U 6E30MaCHOCTH.

Hlaz 3. CoctaBuTh (QYHKIMOHATBHO-CTPYKTYPHYIO ACTAIM3ALNI0 APXUTEKTYpPHI LIS
KaX/IOTO BBIIEJICHOTO MPUJIOKEHUS, a TaKXkKe KapTy CBA3ed OCHOBHBIX €ro Moayieil u
MOJICUCTEM.

Hlaz 4. JIn  KaxJI0oro TPWIOKEHHs M IOJCUCTEMbI, MHUTpAIUs  KOTOPOTO
nenecooOpa3Ha, MPOBECTH ayaUT TEXHWYECKOH BO3MOXKHOCTH MHTPAIMU C TPUMEHEHUEM
COBOKYITHOCTH T€XHUYECKUX KPUTEPUEB, COOTBETCTBYIOIEH TaHHOMY THITY MOIYJISL.

Hlaz 5. TlpoBectu oOuEHKY dS(QQGEKTUBHOCTH MHUTpaluu B MyOnIMyHOE OO0IaKo,
OCHOBBIBAsICh Ha BEIOPAHHOW MOJIENIN PUHATHS PELICHHUS.

PaccMmoTpum mraru npeasioxKeHHOW METOUKH TTOAPOOHEE.

WuBenrapuzanusa |T-okpykeHuss Ha mare 1 SBISIETCS YaCTHBIM  IPOLECCOM,
WH/IMBUIYATBHBIM JUIS KQXKJOTO MPEINPUATHS, B X0/€ KOTOPOTO ONpEAeIsieTCs] epeYeHb U
anmapaTHO-CUCTEMHbIE TpPeOOBaHMS OTAEIBHBIX INPOTPAMMHBIX CHCTEM U KOMIUIEKCOB,
00CTyKUBAIOUINX OM3HEC-TIPOLIECCHI MPEANPUSATHS.

DOKOHOMUYECKas 11e1ecO00pa3HOCTh HCHOJIb30BaHUs 00JIaYyHONW HHQPACTPYKTYphl Ha
mrare 2 CerofHs B OOJIBIIMHCTBE CITy4acB SIBIISICTCSI OYEBUIHOM, a CTOMMOCTHAsI TIOJHTHKA
NPEOCTaBICHUs] OOJIAYHBIX YCIYT, KaK W TapaHTUU OE30MacHOCTH JaHHBIX, (GopMmupyercs
HEMOCPEACTBEHHO 00JIaYHbIM MpoBaiepoM. Pemenus, npuHuMaeMble Ha 3TOM 3Talle MOKHO
OIPEJICTNTh KaK MOJXOJ] «CBEPXY-BHU3» [7], KOTOPBIHA MO3BOJISET MOHSTH, IJI€ MPUIOKCHHUS
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NpUHECYT TMoJyib3y Ou3Hecy. [loaxon «CBepXy-BHU3» CleQyeT MapagurmMe TpaHchopmanuu
Ou3Heca C ILEJbI0 peaau3ald MaKCHMAaJbHOIO IMOTEHLMaNa, MOTOMY OCHOBBIBAE€TCS HA
OLleHKE ()MHAHCOBOW BBHITOJBI C YYETOM CE30HHBIX CKAYKOB AKTHBHOCTH I0JIb30BATEJICH,
HEOOXOAUMBIX YpOBHEH MaclITaOUpyeMOCTH, OTKAa30yCTOMYMBOCTH M, KOHEYHO, ACIEKTOB
0€30MaCHOCTH KaXX/10TO MPHIIOKEHHS.

OcoObIii UHTEpEC MJIsi UCCIICAOBAHMS M pa3pabOTKU TMOpUIHON 00MadHOMN TIaTGOPMBI
IIPWIOXKEHUSI C TEXHUYECKOW TOUKHU 3peHus npezacrasiseT war 3. [IpoBeaeHue Ha 3TOM miare
CTPYKTYPHO-()yHKIITMOHAJIBHOM JEKOMITO3ULIMU IPUIOKEHUS MOYXKHO ONPENENINTh, KaK MOJIX0/
«CHU3Y-BBEpX» [7], KOTOpBIH (OKyCHpyeTcs Ha TEXHHUYECKHUX TPEeOOBAaHUSAX OTAEIBHBIX
MOJyJeH M IOACUCTEM IEPEHOCHMMOro B OOJAKO MHPUJIOKEHHUS U MO3BOJSET IOJIYyYUTh
THOPUIHYIO OOJIAYHYIO apXUTEKTYPY MPHUIIOKCHHUS.

ApXUTEKTypa MPUJIOKEHHs BIMAET Ha CHOCOO0 MUTpAIMM NPHIOKEHHUS B 00JIauHYIO
Cpely, a HHOrJa Ha caMy BO3MOXXHOCTb MUIpaluU. bBOJIBIIMHCTBO KOPHOPAaTHUBHBIX
INPUIIOKEHUH CTPOSTCS C HUCIOJIb30BAHUEM HECKOIBKUX YPOBHEH, 4YTOOBI pa3feiuTh
ocHOBHbIe (yHKIMU W Monyiau cuctembl [8]. Kiaccumueckuii moaxom mpemaycMaTprBaeT
CO3JIaHHE MIPUIIOKEHHUS C TPEMs CIEAYIOUIMMH 0a30BbIMH YPOBHIMM:

— YpPOBEHb YNpaBJIE€HUS JaHHBIMHU, KOTOPbI COCTOUT U3 KOMIIOHEHTOB PEISLIMOHHBIX U
Apyrux 06a3 1aHHbBIX;

— ypOBEHb OW3HEC-IOTHKH, KOTOPBIA HCIOIB3yeT IIaTGopMy TPHIOKESHUH WITH
KOHTeWHephl, Takue kak Java EE unu Microsoft .NET;

— YpOBEHb IPE/ICTaBICHMS, OTBEYAIOIINN 32 B3aMMOJECHCTBUE C I0JIb30BATEIbCKUMU
uHTepdeiicaMu M JPyrMMU BHEIIHUMM CHUCTEMaMH, BKJIIOYas YNPABICHHE COCTOSHUEM HU
JAHHBIMU JJIs1 IPEJICTABICHUS 3TUM BHEIIHUM CUCTEMAaM.

[IpunoxkeHns, nns co3gaHUs KOTOPBIX IIPUMEHSETCS MHOTOYPOBHEBBIM IOIXOJ K
OpTraHU3ali aApPXUTEKTYPbl, MMEIOT YETKO OIpeNeleHHbIe HHTEPPEHCh MEXIy STHMHU
YPOBHAMHU. B HEKOTOpBIX ciydasx OCOOEHHOCTH HCHOJIb30BAHUS TPHIOKEHUH JIeNaioT
BO3MOKHBIM MHIPALIMI0 OTACNIBHBIX YPOBHEH WM MoAyiled nporpammsl. Hampumep,
CTaTUYECKOE COJEepXKaHUE BEO-TPUIOKEHUS MOXKHO IE€PEeHeCTH B HMH(PACTPYKTypy CeTH
JOCTaBKU MH(OpMAIIMH, YTO MO3BOJUT ObICTpeE 3arpy’kaTh KOMIIOHEHTHI caiiTa.

B npyroii cutryauuu, orpaHndeHne NpOnyCcKHOW CITOCOOHOCTH TII100aIbHOM CETH MOKET
MOMEIIaTh pa3fesIeHUuI0 YPOBHEH, YTO MPHUBEAET K PELIEHUI0 O MUTPAILUU B «O0JIaKO» BCEX
YPOBHEH NPUIOKEHUS.

YpOBHU NPUIIOKEHUS TaKK€ MOT'YT UMETh pa3lInyHble TPEOOBaHUs M0 O€30MaCHOCTH U
30HMpoBaHMI0O. Hampumep, and 3amuMTBl  HEKOTOPBIX JAHHBIX IPOrPaMMBl  MOKET
noTpeboBaThcs MPUMEHEHNE OpaHaMay?pa.

OO1IHii BUI apXUTEKTYPhI MPUIOKEHUS [8], KOMIOHEHTBI KOTOPOTO CrPYIITUPOBAHEI 10
(GYHKIIMOHATIBHBIM O0JIACTSAM CTPYKTYPbl CHUCTEMBI, IJI€ CHCTEMa IMpeACTaBiseT Habop
KOMIIOHEHTOB, BBIMOJHSAIOUINX ONpPeIeNeHHY0 (PYHKIUIO Uik Habop (QyHKIMH, pe/cTaBlIeH
Ha puc. 1.

[IpencraBneHHbIN BUJ apXUTEKTYPhl OMHMCHIBAeT ()YHKIIMU, CIOU U YPOBHH, KOTOpbIE
MOTYT HOpPHUCYTCTBOBAaTh B MNpuiokeHHH. DddexkTrBHOE pasneneHue ¢(yHKIHOHAIbHOCTH
JOCTUTAaeTCd 3a CYET NPHUMEHEHUS MHOIOCIOWHOTO AapXMTEKTYPHOTO CTWJIS, KOTOPBIN
MO3BOJISIET OT/IEUTD JIOTUKY MPEACTABIECHUS OT OM3HEC-JIOTMKH U JIOTUKU JOCTYTA K JAHHBIM.
MHorocnoifHasg apXuTeKTypa MpeJICTaBlIseT CUCTeMY KakK eJUHOE Lienoe, o0ecreunBas Mmpu
ATOM JIOCTATOYHO JAETalel JUisl TIOHUMaHUs POJIEd U OTBETCTBEHHOCTEH OTAEIBHBIX CJIOEB U
OTHOLICHUNA MeXJTy HUMH. DYHKIMOHATBHOCTh KaXJOro cjos o0benInHEeHa oOIIei pojbio
WIN OTBETCTBEHHOCTHIO. ClioM cnabo CBsi3aHbl, HO MEXAY HUMU OCYIIECTBISETCS SBHBIN
oOMeH naHHbIMU. [IpaBuibHOE pazfenieHne MPUIIOKEHUS Ha CIIOM TMOMOTaeT MOANePKHUBAThH
CTporoe pasjeieHue (QYHKIMOHAIBHOCTH, YTO B CBOIO oOdepeab oOecreunBaeT T'MOKOCTb,
y10OCTBO ¥ MPOCTOTY MPOBEICHUS OLEHKH TEXHUYECKOH BO3MOXHOCTH MHUTPALIUU B 00JIAKO.
Hampumep, 9ToOBI TMOHATH, Kak MacmTaOMpyeTcss BCE MPUIOKEHHE, HE0OXOaUMO
pacCMOTpETb KAk  KaXAbld  OTHENbHBIM  CJIOM B apXUTEKType  IOAJCPKUBACT
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MacIITaOUpOBaHUE, TPH OATOM TMOJ MAacITaOMpPOBaHHEM TIOHMMaeM BO3MOXHOCTh
00CTyXKMBaHUS TOJIb30BATENCH CO CTOPOHBI MPUJIOKEHUS MPU CYIIECTBEHHOM IMPHUPOCTE HX
KOJIMYECTBA.

BHELWHWE CUCTEMbI
NMONb30OBATENU
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Puc. 1. O0uuit Bua apXUTeKTypbl NPUI0KEHHUS (CJI0U, KOMIOHEHTBI, CEPBHCHI)

Takum  00pa3oMm, CTPYKTYpHO-QYHKIIMOHAIbHASA  JEKOMIIO3HMIMS  apXUTEKTYPHI
MPUIOKEHUST TIO3BOJIET OMNPEACTUTh HEOOXOAUMble (DYHKIIMOHAIBHBIE BO3MOXHOCTH U
TeXHUYECKHE TpeOOBaHMUS KaXKIOW W3 BXOJAIIUX B HEro MOJCHCTEM, IEJIECO00Pa3HOCTh
YaCTUYHOU MUTPAIIMU MX Ha 00JIaYyHYI0 MIaTGopMy U OLIEHKY €€ dPPEKTUBHOCTH.

Ha mare 4 nand KOJIMYECTBEHHOTO MW KayeCTBEHHOTO aHaln3a TEXHHYCCKOU
BO3MOXXHOCTH MHTpallii Ha 00nadHyro IiaropMy HEOOXOJWMO COCTaBUTH IKCHEPTHYIO
COBOKYMHOCTh 3HAUYUMBIX KPUTEPHEB U TOAKPUTEPHEB OIEHKH PAa3JIMYHBIX AaCTEKTOB
paboTOCIOCOOHOCTH BBIICTICHHBIX MOACHCTEM MPHIOKEHUS.

Takoit momxox u3BecTeH U U3JIokeH B cratbe [9]. OmeHKy BO3MOKHOCTH MHUTPAILIUHU B
nyonuuHOe 00JIaKO HENENMMOTO MPUIIOKEHUS MPEAJIaraeTcs B CTaTbe MPOBOAWTH B TPEX
HU3MEPEHHIX — «OM3HEC IICHHOCThY, «CTETICHb PUCKAY», «TEXHUYECKAs BO3MOYKHOCTBY.
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Kaxnoe U3 3Tux M3MepeHnii UMEET HECKOJIBKO KPUTEPUEB, KOTOPBIE, B CBOIO OUYEPEb,
MOTYT UMETb HECKOJIBKO YPOBHEH MOJKPUTEPHUEB.

UYro kacaercss OLEHKU TEXHMUYECKON BO3MOXXKHOCTH MUTIPALMM IPUIIOKEHHS, aBTOpaMU
IIPEeIaraeTcsi IpPOBOAMTb €€ B COOTBETCTBUU C YETBIPbMS KPUTEPHUAMH: <«IIPOCTOTA
MHTETpalumny, «IpoCcTOTa MUTPALIUNY», KTEXHOJIOTUYECKUI CTEK», «IU3aliH IPUIIOKEHUS».

VYuuteiBasg 00JbIIOE KOJIMYECTBO APXUTEKTYPHBIX BapUaHTOB MPUIOKEHUH M HX
MHOT'O3BEHHOCTb, 3HAYUTEIBHOE PAa3HOOOpa3ne OOJAUYHBIX CEPBHCOB MU CIYXO Yy pa3HBIX
o0JIayHbIX IPOBAIEPOB, PACXOXKJCHUE B TEXHOJOIMUECKUX TPEOOBAaHUAX OCTYHA K HHM,
MPEUI0KEHHAsi COBOKYITHOCTh KPUTEPUEB HE SBISIETCS TOCTATOYHONH M 0OOCHOBAHHOM.

Jlns  BbIOOpa COBOKYMHOCTM TEXHMUYECKHX KpUTEpUEB MUIpallUd B  «0OJIaKo»
HEOOXO/JMMO paccMOTPETb M IMPOAHATU3UPOBATh TEXHUYECKHE XApAaKTEPUCTHKH H
napamMeTpbl, KOTOpble B 3HAUUTEIBHOW CTENEHH BIUAIOT Ha paboTy NPUIIOKEHUS,
COOTBETCTBYIOT (DYHKIMOHAJIBHON HANpPaBICHHOCTH €ro MOJCHUCTEM, a TaKXe BBISIBHTDH
0a30Bble XapaKTEPUCTUKH 00JaUHBIX CpeJl, KOTOPbIE OCYILECTBIIAIOT HauOoJIbLIee BIMSIHUE Ha
BO3MO>XHOCTb pa0OThI IPUIIOKEHUSI U €r0 IOJICUCTEM B JIaHHOM cpejie.

B pesynbrate mpoBEIEHHOIO HCCIEIOBAHUS W aHAINW3a «OOJIAYHBIX» CPEl, a TaKxKe
pPEKOMEHJAli CepBHUC-TIPOBAIEepOB OBLIM OTOOpaHBI TaKWe KPUTEPUH, KaK «XpaHEHUE
JTAaHHBIX», «TpeboBaHUs K TOCTYILY .

Kpurepnit «XpaHeHue 1aHHBIX» BKIOYAET MOJKPUTEPUN:

— TPOJOJDKUTENBHOCTh XPAHEHUS JaHHBIX;

— JIOCTYH K JaHHBIM;

— LEHTpaJIM3alus JaHHbIX;

— MaclTabupyeMOoCTb;

— (opmat xpaHeHUs TaHHBIX.

Kpurepuii «TpeboBaHus K JOCTYIy» OLICHMBAET MapaMeTpbl JOCTYIa CIEAYIOLUMU
MOJIKPUTEPUSIMHU .

— BBICOKAsl JOCTYITHOCTb;

— CTeleHb MyJbCalluy TpaduKa;

— TPOTOKOJI;

— 00beM nepeiaBaeMbIX JaHHbIX.

Paccmotpum kputepuil «XpaHeHHE AaHHBIX» U €ro MOJAKpuUTepun Oosiee MmoapoOHO.
OTOT KpuUTepuil HEOOXOAMM JJsl OLIEHKM TpeOOBaHWM K MOACHCTEMaM XPaHEHUsS JaHHBIX
npuwiokeHus. IlockonbKy B NPUIIOKEHUM MOTYT HCIIOJIB30BAaThCsSl Pa3IMUHBIE CIOCOObI
XpaHEeHUsl JAHHBIX, TAaKUE€ KaK pENIALUOHHBbIE 0a3bl MaHHBIX, OOJIBIINE JBOMYHBIE OOBEKTHI,
TEKCTOBblE (aillibl W Jpyrue, TO BaXHYH pPOJIb MOTYT UrpaTh TpeOOBaHUS K
MPOJOIDKUTETLHOCTH XPAHEHUs JAHHBIX, TaK KakK 3TO OyJeT CKa3bIBaThbCs Ha TEMIAax pocTa
o0bema 00111ell COBOKYITHOCTH JaHHbBIX, HEOOXOJUMOCTH PE3EPBHOIO KOTMPOBAHUSI.

Taxxke HY)XHO y4YUTBIBaTh TaKOM NapaMeTp, Kak JOCTYN K JaHHBIM, IIOJ KOTOPBIM
OyZeM MOHUMAaTh Harpy3ky Ha 0a3y JaHHBIX, KOJMYECTBO TPaH3aKLUUWA B CEKYHIY, IpUYEM
IpU TPUHATUU DPEUICHHUS O MHIPALUU HEOOXOIUMO 3HATh KAaKMM MOXKET OBbITh MHKOBas
Harpys3ka U CMOXeT JM o0jadHas cpefa 00ecneunTh KOPPEKTHYIO0 paboTy 0a3bl JaHHBIX MpU
ATHX MOKA3aTesIX.

[Tonxpurepuem «UEHTpalu3anus JTAHHBIX» OLICHUBAETCA TpeOoBaHuE
LEHTPAJIN30BaHHOTO XPaHEHUs JaHHBIX UJIH K€ JAHHBIE MOTYT XPaHUTBCS PACIPEIEICHHO.

[MogkpuTtepuii  «MacmTaOMPyEeMOCTh» OIIEHUBAET BO3MOXKHOCTh MAaCIITaOMPOBAHUS
0a3bl JaHHBIX 10 Mepe ee paspacTaHus. HYacTo MHOTHE NPHIOKEHHUS OPUEHTHPOBAHBI Ha
crenuduueckre GopmMaThl XpaHEHUs JaHHBIX, YTO TaKXKE MOXKET CKa3bIBAThbCA HA YCIOBUAX
nepeHoca MporpaMMsel B 001a4HYIO Cpery.

Kpurepuem «TpeboBaHue K AOCTYNy» OIEHHBAETCS KPUTHUYHOCTh TEXHUYECKHX
[IapaMeTPoOB JOCTYyNa K IPUIIOKEHUIO.

[lonkpurepuii  «BBICOKAss JOCTYNHOCTb» OmIpeAenser TpeOoBaHHE K  CTENEHU
JOCTYIHOCTH K HPUJIOKEHUI0 — 24 yaca B CyTKM U 7 JTHEH B HEJENI0 WM XKe JOIyCcKaeTcs,
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YTO MPHUIJIOKEHHE MOXET ObITh B KaKWe-TO MOMEHTHI BPEMEHU HEIOCTYITHO, HAlpumep, Io
TEXHUYECKUM ITPUYNHAM.

[TogxpurepreM «cTeNeHb IyJbCallMd TpaduKa» OLEHUBAIOTCS HArpy3Kd Ha CETh C
LENbI0 OIpe/eeHUs] BO3MOXKHOCTU OOecredeHusl 00JIayHbIM MPOBaWIEpPOM HEOOXOIUMON
IIPOIIYCKHOW CIIOCOOHOCTH, B TOM YHCJIE B MOMEHTHI ITIMKOBBIX HAIPy30K.

Kpome 3TOro B MmpuIIOKEHHUSIX HEPEAKO HCHOIB3YIOTCS clielu(UuyYecKue MpOTOKOIbI,
KOTOpBIE HE BCEra MOT'YT OJ/IEPKUBAThCs 00JauHbIMU MTpoBaiinepamu. Taxoke HE0OX0AUMO
YUUTHIBaTh TOT (aKT, YTO pa3IUYHbIE CEPBUC-NPOBAIIEPhl HCIOIB3YIOT pa3IMYHbIC
IIPOTOKOJIBI TOCTYIa K CBOUM CEPBHCAM.

OO0beM mepefaHHBIX JaHHBIX BCET/la UTPAeT Ba)XKHYIO POJb B OLIEHKE TEXHHUYECKOMH
BO3MOXXHOCTH MUTPAIMH MPHUIIOKEHHS B 00aK0, XOTS TApU(PUIUPYIOTCS TOJIBKO BBIXOTHBIE C
IO/l nanHble, B ciydae, KOrja HEOOXOOUMO OOecleyuTh MOTOKOBYIO Mepefady OOibIINUX
o0bemoB nmanHHbIX ¢ L[OJ], oruata BBIXOAHBIX JAHHBIX CTAHOBHUTCS 3aMETHBIM (DaKTOPOM
pocTa pacxoI0B.

[IpennoxeHHass COBOKYIHOCTb KPUTEPHEB OLIEHKM TEXHUYECKOW BO3MOXXHOCTH
MUTpPAllUd B «O0JIAaKO» MOXKET B KaXKIOM KOHKPETHOM Ciy4ae JOIMOJIHATHCA APYTUMU
KPUTEPUSAMU M TOAKPUTEPUSIMH B COOTBETCTBUM € mpennoureHusimu MT-skcneptoB u
MPEIOCTABIIIEMbIMH YCIIOBUSMHU BHIOPAHHBIX O0JIAYHBIX MPOBAJAECPOB.

[ToslyueHne WHTErPUPOBAHHOM OLIEHKU IPUTOAHOCTH (TEXHUYECKOW BO3MOMXHOCTH)
paboThl B «00JIaKe» MOACHCTEMbl MPHIOXKEHUs (WM OTaeiabHoro mpuioxenus WT-cpens
OPEANPUATHS) TPENNoaraeT IMPOBEJCHHE MHOTOKPUTEPHAIBHOTO aHalu3a W BBIOOpa
Jay4dumiero pewmeHusa. Jlns pemeHuss 3TOM 3aaud Ha 1are 5 MPEeAJIOKEHHOIo IMO0JX0ja
npeJsIaraeTcs UCIoJb30BaTh MeTo 1 ananu3a uepapxuii (MAN) [10,11].

[Tpouecc wucnonb3oBanuss MAW ans OLEHKH NPUTOAHOCTH Uisi paboThl B oOiake
MOJICUCTEM NPUIIOKEHUS MOXKET OBITh IPEACTABIEH CIEAYIOIIEH I0CIEI0BaTEIbHOCThIO
JEUCTBUI:

— OmpeJesieHne NepapXun KpUTeprUeB OLIEHKU TEXHUYECKOH BO3MOXKHOCTH;

— OIpeJeNIeHNnE IPUOPUTETOB KPUTEPUEB U NTOJAKPUTEPHEB;

— OIIEHKa IOJACHCTEMBI IPUIIOKEHUS 110 HA0OPY KPUTEPHEB,;

— BeIuncienue oomeit MAUM-oneHkn 1 Kak 10 HOACUCTEMEL.

Omnpenenenne uepapXuu BO3MOKHBIX TEXHUYECKUX KPUTEPUEB TIPUBEICHO HA PHC. 2.

BepxHuil ypoBeHb — ri1o6anbpHas 1edb — OLIEHKA MPUT0THOCTH MOACUCTEM MPHIIOKEHUS
IU1s1 paOoThI B «obake». Ha ypoBHe 2 nepapxuu — 0a30Bbie KpUTeprn «XpaHEHUE TaHHBIX)» U
«TpeboBanuss k goctynmy». [anee moaxpurepunm ypoBHs 3. [lng kputepus «XpaHeHUe
JAHHBIX» MOJYpOBEHb 3 BKJIOYAET MOAKPUTEPHUH. MPOJOJKUTEIBHOCTh XPAHEHUS JaHHBIX,
JOCTYI K JJAaHHBIM, LIEHTPAJIN3alus JaHHBIX, MaCIITaAOUPyeMOCTh, JOPMAT XpaHEHHUS JAHHBIX.
s xpurepus «TpeboBaHus K JOCTYIMy» Ha MOJYPOBHE 3 paccMaTpUBAIOTCS MOJAKPUTEPHHU:
BBICOKAsi JIOCTYITHOCTb, CTENEHb Myibcalluu Tpaduka, TpeOOBaHHA K MPOTOKOIY, 00BEM
nepeaBaeMbIX JaHHbIX.

AnbTEpHAaTMBaMU BBICTYNAIOT  paccMaTpUBAaE€Mble MOJCUCTEMBl — KaHIUAATHI JIs
nepeHoca B MyOJIM4HOE 00JIaKO.

[Tocne hopmupoBaHus HEpPAPXUU KPUTEPUEB OLIEHKU U UX MOJAKPUTEPUEB ONpeAeIseTcs
OTHOCHUTEINIbHAs BaXXHOCTh CAMHUX KpUTEpUEB OLEHKU. JlJii 3TOro ycTaHaBIMBAIOTCS Beca
KpUTEPUEB HAa OCHOBE JKCIEPTHOM OLEHKH, ocyuiectBigemon WT-skcnepramu, u
OCYIIIECTBIISIETCS] TAPHOE CPaBHEHHE KPUTEPUEB APYT C APYroM MO UX BAXKHOCTH — BKJIAAY B
rio0anbHyt0 1enb. Ha OCHOBaHMHU CyXAEHUH SKCHepTa CTPOATCS MAaTPUIBl IMOMAPHBIX
CPaBHEHMH Ha KaXXIOM YPOBHE MO OTHOIICHHIO K KaXJOMY KPHUTEPHUIO BBIIECTOAIIETO
YPOBHSI, BBIYHUCISIIOTCS JIOKAIbHBIE MPHUOPHUTETHI JUIS KPUTEPUEB, JIOKAJIbHBIE U TJI00ATbHbIE
MPUOPUTETHI JUIsl KAXKJIOTO MOAKPUTEPUSL.

Ha cnenyromem »srtane mnOpou3BOAMTCA OLCHKA aJbTEPHATUB  AHAIM3UPYEMBIX
MOJICUCTEM, ITPU ATOM OHU CPABHUBAIOTCS MEX]y cO00l MOMapHO MO OJHOMY U3 KPUTEPUEB,
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3aTeM IO JPYromy, A0 TeX IOop, IMoKa He OyIyT MCIOJIb30BAaHbl BCE KPUTEPUU U JUI KaXKIOU
MOJICUCTEMBI IPUJIOKEHUS PACCUNTBHIBAETCSI OTHOCUTEIbHBIIN Oaili.

Vposets 1 Ounenka 3¢dexruBHocTH padorsl B 00/1aKe HOACHCTeMbI IPH/I0KEHHS
I{ens (r;106a,1bHAS HeJIB)

/\

Vposenv 2 XpaHeHHe JaHHBIX TpeboBanus K 10cTymy
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Vpoeenw 3
ITookpumepuu

Honzospemennocmo XpaneHus
Hocmvit kK danrioim
Henmpanuzauius 0anHbix
Macuwimatupvemocno
dopmam xparnenus
Boicoxkasn oocmynmnocmb
Cmeneris nyiscauiiy
Tpebosanun Kk npomoroay
O0vem nepedasaemplx OanHbxX

Ansmepramuent Moxcucrema 1 Moacucrema N

Puc. 2. CxemaTiaeckoe mpencTaBlIeHIe HEPAPXHUU «IIeTb—KPUTEPHH OIEHKHU—aTbTePHATUBBDY
MAMW 11 OLIeHKH TEXHUUYECKOW BO3MOXKHOCTH pabOThI B 00JIaKe MOACUCTEM MIPUIIOKEHHUS.

Boruncnenne o6meit MAM-oneHku JUisi KakIoM ambTEpHATUBBI — TOJICUCTEMBI
MPUJIOKEHUS, PACCUUTHIBAETCA, KaK CyMMa IPOU3BEAECHUS €r0 OTHOCHUTEIIBHOTO MPHOPUTETA
[0 KaXJIOMY KPUTEPUIO U OTHOCUTEIBHOI'O IPUOPUTETA COOTBETCTBYIOILIETO KPUTEPHUS IO

¢dopmyne (1):
S, = ZZ R Py Sije 1)

rne S, — MAM-6amn ans X-it mogcuctemsl npuioxenus; M — gucno rpynn kpurepues; N; —

YHCIIO DJIEMEHTOB B I-OH Tpynme KputepueB; P, — 3HaYeHue mpuoputera I-0ff TpYIIIBI

KDUTEPHEB; [ — 3HAYEHME NPUOPHUTETA |-TO KPUTEPHs, NMPUHAIEKAIIETO i-Od Tpyre
KPUTEPHEB; S, — Oaml CpaBHEHMs X-H TOJCHCTEMBI MPUIOKEHHUS 110 J-My KPHTEPHIO B i-0i

TpyIIe KPUTEPHEB.

CpaBHenue utoroBbix MAM-oOIEeHOK A KaKA0H paccMaTpUBaeMOM IMOJICUCTEMBI —
KaHAWuAaTa ISl MATpanuud B OOJAaKo IO3BOJISICT IOMYYHUTh IEJOCTHOE IPEJCTAaBICHUE O
TEXHUYECKOH A(PPEKTUBHOCTH pean3aluil THOPUAHON 00sauHOM TIATPOPMBI M TIOMOKET
HPUHATH 000CHOBAaHHOE pelIeHne Ipu MoepHu3anuu U T-cpens! npeanpusTus.
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BriBoabI

[IpyHMMass BO BHHMaHHE, YTO IONYJSPHOCTh B KOPIIOPATHBHOH cCpele HaOUParOT
rubpuaHple o0Jaka, aHAIM3 TEXHUYECKUX AaTPUOYTOB TIPUIIOKEHUS U €ro TOJCHUCTEM
nproOperaroT ocoboe 3HaueHWe. KpUTepuH OICHKHM TEXHHYSCKOM BO3MOXKHOCTH U
[EIeCOO0Pa3HOCTH MUTPALMU WIPAOT BAXHYIO POJIb B MPOIEcce MPOCKTHPOBAHUS
THOPUAHON OOJIAYHOM apXUTEKTYPhI MPUIIOKCHHS, MOIJICKAIETO YaCTUYHOW MUTpAIMH Ha
obnaunyro miuatgopmy. Bmecte ¢ TeM, MOAENM MPHUHSITHS PEUICHUH O IeIeCO00pa3HOCTH
nepexoJia Ha 00JIaYHyI0 IaTGOPMY, METOJIbI IIOCTPOSHUS THOPHIHBIX 00IaYHBIX apXUTEKTYP
MPWIOKEHUH, CUCTEMBI TIOKa3aTelield TEXHUYECKUX ACIEeKTOB pa0OThl THIOBBIX MOACHCTEM
pa3pa0oTaHbl HEIOCTATOYHO M HOCAT WHIWBHIYAJIbHBIM YaCTHBIM XapakTep B KaKIOM
KOHKPETHOM CJTy4ae MUTPALIUU B «OOJIAKO».

[TpemnoxeHHass METOIUKA OIEHKH 3(PPEKTUBHOCTH MHUTPALIMH TTOJCUCTEM IPUIIOKCHHS
B «o0mako», mpemjgaraemMas B CTaTbe, OCHOBaHA HA CTPYKTYPHO-(QYHKIIMOHATHHOU
JICKOMITO3UIIMHA aPXUTEKTYPbI TPUIOKCHHUS, aHAJIN3E TEXHUYECKONH BO3MOXHOCTH MHTPAIUH
MOJICUCTEM TMPWIOKCHHS B COOTBETCTBHH C BBIOPAHHOW AKCIEPTHOH COBOKYITHOCTBIO
KPUTEPHEB M, COOCTBEHHO, OIICHKOH J(PQPEKTHBHOCTH MHIPAIMK IIyTEM [POBEICHHUS
MHOTOKPUTEPUAIBHOTO aHAN3a C MCIIOIb30BAaHMEM METOJIa aHAJIM3a UePaApPXHid Ui BhIOOpa
JYYIIETO PEIICHUS.

[TpuMmeHeHHe METOAMKH OICHKH S()()EKTHBHOCTH YACTUYHON MHUTPAIUU ITOJCHCTEM
NPUIOKECHUST B «O0JIAKO» TO3BOJIUT (POPMATIM30BATh M YIHPOCTHTH NPOIECC NPHHSITHUS
pemeHust 0 1enecooOpasHOCTH U A(P(PEKTUBHOCTH TOCTPOCHHS TUOPUAHOM 0OOIaYHOMN
UHPPACTPYKTYphI Kak st UT-cpebl npennpusTus, Tak 1 s OTACIBHBIX €ro MPHIOKCHHN.
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https://www.ibm.com/developerworks/ru/library/cl-assessport/
https://www.ibm.com/developerworks/ru/library/cl-assessport/

JLA. Bonomyk, O.U. Po3nose, JI./1. Bomouryk

12.  Hybrid cloud (rubpupnsle o6aaka) [Enekrponnuit  pecype] /I Pexum  mocryma:
http://www.tadviser.ru/index.php/Cratesi:Hybrid_cloud %28rubpunnsie_ob61aka%29 (dara
obpamienus: 02.06.2017).

HIATPUMKA IIPUAHATTSA PIIIEHB ITPO PEAJII3AIIIIO TOJATKIB B I'TEPUIHIN XMAPHIMI
IHOPACTPYKTYPI

JI.A. Bonomyk, O.1. Poznosens, /1.J1. Bonomryk

Opnecbkuii HarlioHaNbHKH yHiBepcuTeT iMeHi 1.I. MeunikoBa,
ByJ. JIBopsiHChKa, 2, Oneca, 65026, Ykpaina; e-mail: lavstumbre@gmail.com

XmapHi TexHousorii 1 TuaTGOpMH aKTHBHO pPO3BUBAIOTHCS 1 CTAlOTh BCE OUIBII
3arpeOyBaHuMH. HailOibIly MOMyJISIPHICTE OCTAHHIM YacoM 3aBOMOBYIOTH TiOpuaHi
XMapu 1 MYJBTIXMapHi MOCIYTH, B SIKHX PEaTi3y€EThCS PO3IOALICHE PO3MIIIECHHS
IT-indpacTpykTypH HiANPUEMCTBA YaCTKOBO Ha XMapHHX IUIaTGOpMax, 4YacTKOBO Ha
TepuTopii 3aMOoBHUKA. J[Js MPHUHATTS PIMICHHS PO MOMIIMBICTH YacTKOBOi Mirpamii
IT-iHppacTpykTypy B XMapy BHHHKA€ 3aBIaHHS BHOOPY NPAaBHIBHOTO IOEIHAHHA
MPUBATHHX 1 XMapHUX PIlIeHb B €UHIA apXiTeKTypi AoAaTKiB i, BiacHe, [T-cepenoBumi
mianpueMcTBa B mimomy. CywacHmii miaxim mo mnpoektyBanHsa [T-mporpam Ta
KOMIUICKCIB Tiepeadadae peani3alifo MOAYJIbHOI, 0araToJaHKOBOI apXiTeKTYpH, B AKIH
KOKEH MOJYJb CHUCTEMH MAa€ IeBHY (YHKIIOHaJIbHICTh, HaOIip BJIACHUX METONIB 1
BJIaCTMBOCTEH Ta Iependadae JOTPUMAHHS IEBHUX TEXHIYHUX BHMOI JIO CBOE€]
peamizamii i peamizamii 3B'A3KIB 3 IHIIMMH KOMIIOHEHTAMH apXiTeKTypu. TexHiuHi
BUMOTHM MOXYTh OYTH BH3HAQuU€Hi BIAMOBITHMMH KPHUTEPISAMH 1 IX 3HAYMMICTIO NpPHU
pi3HMX crocobax i mardpopMax po3MiLIeHHs TiacucTeM. [HTerpoBaHa oLiHKa TeXHIYHOT
MOXIIMBOCTI poOOTM B TiOpuaHIH Xmapi miacucrem noaatky IT-cepemoBuia
HiINPHEMCTBA MOXKe OyTH OTpHUMaHa IUITXOM IPOBEICHHS OaraTOKpHTEpiaIbHOTOo
aHamizy 1 BHOOPY Kpamioro pimeHHsA. Y CTarTTi pO3IJSAHYTI MHUTaHHA MTOOYIOBU
riopumHoi XMapHOi iHpacTpykTypu IT-cepenoBumia miamprueMCTBa, OMIHKA TEXHITHOL
MOJKJIMBOCTI Ta €(EeKTHBHOCTI IMPOBEACHHS YacTKOBOi Mirpamii B MyONIYHYy XMapy
JOJATKIB 1 IX mifcucTeM. 3ampOIIOHOBAaHO METOAMKY OLIHKHA €(PEKTHBHOCTI Mirparii,
sKa 3aCHOBaHA Ha CTPYKTYPHO-(DYHKIIIOHANBHIN ITEKOMITO3HUIII apXiTeKTYpH IOAATKY,
aHaJIi31 TEXHIYHOI MOJKJIMBOCTI Mirparfii miJCHCTeM JoJaTKa BiAMOBIAHO 10 OOpaHOi
CYKYITHOCTI KpHUTEpIiB 1, BJacHe, OIiHIll epekTuBHOCTI Mirpaiii. OmiHka eQeKTHBHOCTI
MPOBOJUTHCS 13 3aCTOCYBaHHSIM METOJy aHaji3y iepapxiif. 3acTOCYBaHHS METOAMKH
J103BoJIsiE (hOpMaTi3yBaTH 1 CIIPOCTUTH MPOLIEC MPUUHSTTS PIlIEHHS NPO JOLUIBHICTh Ta
e(eKTUBHICTH MOOYI0BY IiOpUAHOT XMapHOi IHYPACTPYKTYPH AOAATKIB.

KoarouoBi cioBa: riOpuaHi xmapHi ruiatdopmu, Mirpaiis 1onarka B XMapy, OLiHKa
e(eKTHBHOCTI Mirparii B xMapy
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SUPPORT FOR THE DECISION MAKING ON IMPLEMENTATION OF APPLICATIONS IN THE
HYBRID CLOUD INFRASTRUCTURE

L.A. Voloshchuk, O.1. Roznovets, D.D. Voloshchuk

Odesa I.1. Mechnikov National University,
2, Dvoryanskaya Str., Odesa, 65026, Ukraine; e-mail: lavstumbre@gmail.com

Cloud technologies and platforms are actively developing and are becoming more and
more in demand. The most popular recently acquired hybrid clouds and multi-cloud
services, in which the distributed deployment of the company's IT-infrastructure is
implemented partly on cloud platforms, partly on the customer's premises. To decide on
the possibility of a partial migration of IT-infrastructure to the cloud, the challenge
arises of choosing the right combination of private and cloud solutions in a single
application architecture and the 1T-environment of the enterprise as a whole. A modern
approach to the design of IT-applications and complexes involves the implementation of
a modular, multi-tiered architecture in which each module of the system has a certain
functionality, a set of its own methods and properties, and involves meeting certain
technical requirements for its implementation and links to other components of the
architecture. The technical requirements can be determined by the relevant criteria and
their significance in different ways and platforms for allocating subsystems. Getting an
integrated assessment of the technical capability of working in a hybrid cloud of
subsystems of an enterprise IT-environment application can be obtained by conducting
multi-criteria analysis and choosing the best solution. The article discusses the
construction of a hybrid cloud infrastructure of the enterprise IT-environment, assesses
the technical feasibility and efficiency of conducting partial migration to the public
cloud of applications and their subsystems. A methodology for estimating the efficiency
of migration based on the structural and functional decomposition of the application
architecture, analysis of the technical feasibility of migration of application subsystems
is proposed in accordance with the selected set of criteria and the actual estimation of
migration efficiency. Efficiency evaluation is carried out using the hierarchy analysis
method. The application of the methodology allows to formalize and simplify the
process of making a decision about the appropriateness and efficiency of building a
hybrid cloud application infrastructure.

Keywords: hybrid cloud platforms, application migration to the cloud, evaluation of the
efficiency of migration to the cloud
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