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AVALANCHE CHARACTERISTICS OF NYBERG CONSTRUCTION S-BOXES
REPRESENTED BY THE MANY-VALUED LOGIC FUNCTIONS

A.V. Sokolov, V.V. Radush
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One of the most commonly used today cryptographic algorithms is the Advanced
Encryption Standard (AES), in which the Nyberg construction is used as an S-box. The
existing approach to estimating the cryptographic quality of S-boxes, in particular, the
Nyberg construction, is based on its representation using the mathematical apparatus of
Boolean functions. At the same time, one of the most important criteria of cryptographic
quality is a strict avalanche criterion of component Boolean functions. Nevertheless, the
cryptanalyst is not restricted in choosing a method for describing cipher components, which
necessitates the research of the cryptographic properties of the Nyberg construction S-
boxes represented using many-valued logic functions. This work is devoted to the research
of the avalanche characteristics of the Nyberg construction S-boxes represented by Boolean
functions, 4-functions, and 16-functions. In this case, we consider S-boxes of the Nyberg
construction of practically valid length N=256 based on the full set of irreducible
polynomials of eighth order. It has been established that the avalanche properties of the
Nyberg construction S-box depend on the particular type of irreducible polynomial used to
build it. The irreducible polynomials that provide the best avalanche characteristics of the
Nyberg construction S-boxes in the sense of Boolean functions, 4-functions, and also 16-
functions are determined. It was found that the S-box based on irreducible polynomial
f19(X) =319 is characterized by the optimal deviation from the requirements of the strict

avalanche criterion from the point of view of any possible representation by the functions
of many-valued logic, thus, it can be recommended for practical use.

Keywords: S-box, Nyberg construction, strict avalanche criterion, many-valued logic.

Introduction and problem statement

Today, one of the most common block symmetric cryptographic algorithms is AES,
which is used in many information protection systems. The AES cryptographic algorithm is
characterized by a high level of cryptographic strength and the simplicity of software and
hardware implementation. Nevertheless, the continuous development of cryptanalysis
methods requires careful research of its cryptographic properties, as well as further
improvement of its structure and the cryptographic primitives of which it consists.

The most important part of a block symmetric cryptographic algorithm is an S-box,
which largely determines the general level of diffusion and confusion [1] of the cryptographic
algorithm, as well as the simplicity of its technical implementation. Currently, there are many
constructive methods for the synthesis of high-quality S-boxes, among which a special place
is occupied by the Nyberg construction [2], on the basis of which the AES [3]
cryptoalgorithm S-box is built. The Nyberg construction S-boxes are characterized by a high
level of cryptographic quality, while today the quality of any cryptographic S-box is estimated
using the following criteria [4, 5]:
high nonlinearity distance;
high algebraic degree of nonlinearity;
compliance with the strict avalanche criterion (SAC);
statistical independence of the output vectors of the S-box from its input vectors.
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All of the listed criteria are based on representation of the S-box as a set of Boolean
functions, and at the moment there are many researches devoted to the evaluation of these
criteria for the S-box of the AES cryptographic algorithm [6, 7]. However, a cryptoanalysis
attack can be carried out with help of any mathematical constructions used to represent the
cryptographic algorithm, for example, using the apparatus of many-valued logic functions [8].
This circumstance requires more detailed research of the cryptographic quality of the many-
valued logic functions that are part of the AES cryptographic algorithm S-box.

The purpose of this paper is to research the component g-functions of the full set of
Nyberg construction S-boxes and also to determine the S-box with the best avalanche
characteristics.

The choice of the Nyberg construction for the AES cryptographic algorithm was due to
its high compliance with the main criteria of cryptographic quality, as well as the possibility
of technical implementation both in a tabular and with help of calculations over the extended

Galois field GF(2°%). The Nyberg construction is a map defined by the multiplicatively
inverse elements of Galois fields GF (2)

y = x'modd(f(z), p), y,x e GF(2"), (1)
combined together with the affine transform
b=Ay+a,a,beGF(2"), (2)

where f(z) is the irreducible over the field GF(2) polynomial of order k; 0" =0 by
definition; A is a nonsingular affine transform matrix; a is a shift vector; p=2 is the
characteristic of the extended Galois field; a,b, x,y are the elements of the extended Galois

field GF(2"), they are considered as decimal numbers, binary vectors, and polynomials of

order k-1.

It was established in [7] that the structure of the Nyberg construction S-box depends on
the type of irreducible polynomial, while the number of irreducible polynomials [9] of order
k is defined by the formula

1 k/d
W= 2 wa(d)-p™, &)

d Pk

where d are the divisors of the k, x(d) is the Mobius function, the notation d Pk means

that d divides k. It is clear, that formula (3) also determines the cardinality of the Nyberg
construction S-boxes class.

Designers of various cryptographic algorithms choose various irreducible polynomials
for constructing S-boxes. For example, in the cryptographic algorithm AES the irreducible
polynomial f (z)=2*+2z*+2z°+z+1 is used. In this case, the choice of cryptographic
constructions occurs only on the basis of the analysis of the cryptographic quality of their
component Boolean functions. This circumstance necessitates a more reasonable choice of the
irreducible polynomial f(z) used to construct the S-box, taking into account the
cryptographic properties of its component many-valued logic functions.

Avalanche characteristics of the functions of many-valued logic

We first introduce the definitions of avalanche characteristics of Boolean functions
necessary for our research and then generalize them to the case of many-valued logic
functions.
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Definition 1 [10]. The function of g-valued logic of k variables is a mapping
{012,..,q-1 5{012,..,q-1}.

Definition 2 [11]. The derivative in the direction of u eV, of the Boolean function is
the Boolean function defined as

D,f(X)=f(X)® f(x®u), 4)

where V, is the linear vector space of binary vectors of length k, @ is the summation
modulo 2.

Definition 3 [11]. The Boolean function f(x) satisfies the propagation criterion PC(u)
with respect to the vector u €V, if its derivative in direction of u is a balanced function, i.e.

p{f(x)=f(x®u)}=0,5. 5)

Definition 4 [11]. A Boolean function f(x) satisfies the propagation criterion PC(m)

of order m if it satisfies the propagation criterion with respect to all vectors u of Hamming
weight 1<wt(u) <m, i.e.

p{f(x)=f(x®u)}=0,5, YueV,, 1<wt(u)<m. (6)

Definition 5 [11]. A Boolean function f(x) satisfies the strict avalanche criterion
(SACQ) if it satisfies the propagation criterion PC(1) of order 1

p{f(x)=f(x®u)}=0,5, YueV,, wt(u)=1. (7)

Anyhow, modern S-boxes can be represented not only by the Boolean functions, but
also by the functions of many-valued logic. So, for example, S-boxes of the commonly used
today length N =256, can be represented both using Boolean functions (q=2), and using
the 4-functions (q=4) or 16-functions (q=16). Each of the sets of these functions fully

determines the quality of the S-box used.

The definition of a strict avalanche criterion for the functions of many-valued logic was
introduced in [12]; however, a strict avalanche criterion of the functions of many-valued logic
of the AES cryptographic algorithm was not researched. For completeness, we briefly
describe the general scheme for researching the avalanche characteristics of many-valued
logic functions, which is based on the following definitions.

Consider the g-function f (x) of k variables, as well as the vector u=(uj,u,,...,U, ).
Definition 6 [12]. The weight @ (u) of a g-valued vector is the number of its nonzero

components.
Definition 7 [12]. The derivative of a g-function f(x) in the direction of the vector u

is the g-function

D, f(X) = f (x®u) - f(x) (moda), (8)

where @ denotes addition modulo q.
q

Definition 8 [12]. A g-valued logic function f(x) satisfies the propagation criterion
PC(u) with respect to the vector ueV, if its derivative in direction of u is a balanced
function, i.e. values 0,1,...,q—1 are taken with equal probabilities p(D, f (x) =i(modq))=1/q
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forall i=0,1,...,g—1. In other words K® =K' =...= K", where K' is the number of sets of

variables on which the derivative takes a value i .
Definition 9 [12]. A g-valued logic function f(x) satisfies the propagation criterion

PC(m) of order m if it satisfies the propagation criterion PC(u) with respect to all vectors
u of weight 1<a@(u)<m.

Definition 10 [12]. The function f(x) of g-valued logic satisfies the strict avalanche
criterion (SAC) if it satisfies the propagation criterion PC(1) of order 1.

Research of the avalanche characteristics of Nyberg construction S-boxes of length
N =256 based on the full class of irreducible polynomials. Consider a specific example. Let
a  Nyberg construction  S-box based on an  irreducible  polynomial

f(z) =283, =2°+2"+2>+z+1 which is used in the AES cipher to be given in the form of
its coding Q-sequence

Q={0 1 141 246 203 82 123 209 232 79 41 192 176 225 229 199 116 180 170
75 153 43 96 95 88 63 253 204 255 64 238 178 58 110 90 241 85 77
168 201 193 10 152 21 48 68 162 194 44 69 146 108 243 57 102 66 242
53 32 111 110 187 89 25 29 254 55 103 45 49 245 105 167 100 171 19
84 37 233 9237 92 5202 76 36 135 191 24 62 34 240 81 236 97 23
22 94 175 211 73 166 54 67 244 71 145 223 51 147 33 59 121 183 151 133
16 181 186 60 182 112 208 6 161 250 129 130 131 126 127 128 150 115 190
86 155 158 149 217 247 2 185 164 222 106 50 109 216 138 132 114 42 20 ©)

159 136 249 220 137 154 251 124 46 195 143 184 101 72 38 200 18 74 206
231 210 98 12 224 31 239 17 117 120 113 165 142 118 61 189 188 134 87
11 40 47 163 218 212 228 15 169 39 83 4 27 252 172 230 122 7 174
99 197 219 226 234 148 139 106 213 157 248 144 107 177 13 214 235 198
147207 173 8 78 215 227 93 80 30 179 91 35 56 52 104 70 3 140
221 156 125 160 205 26 65 28}.

As an example, we consider the process of finding avalanche characteristics of the S-
box (9) represented by four component 4-functions Ffour,,i=12,...,4, the first of which has

the form

Ffour, ={01123231031001130023130303103022222111011201002201203122210

3331112331111303301111012003302201013223312230313331313310120200212 10

1232302322321132102221020220301012302330102022232200331101122110233 (10)
033200313303002232313220301100311232231023310233300023010101210}.

Using Definition 7, we find, for example, the derivative of the 4-function (10) in the
direction of the vector u={0,0,0,1} which has the form

Do Ffour; =[101231223230102102112132323012010031031012
100202112021013333020211020000130010033113030120203122
010310123221022020201120202013133113130033023333003122 (11)
222312311312101133220013000301031010303212130020332011

1021131323033113303201120121210132120103211031311331].

In accordance with the requirements of Definition 8, in order for the S-box (9) to
satisfy the propagation criterion in direction of the vector u={0,0,0,1}, it is necessary that

the number of characters “0”, “17, “2” and “3” be equal to each other, i.e.
K°=K'=K?*=K®=N/4=64. However, this requirement is not satisfied for the
derivative (11)
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0 1 2 3
K D0001Ff0Ur K DOOOlFfOUI' K DOOOlFfour K DOOOlFfour . (12)
69 73 55 59

We find the deviation of the derivative (11) from the compliance with the requirements
of Definition 8

0 1 2 3
AK Dggo1 Ffour AK Dggoy1 Ffour AK Dqooz Ffour AK Dqoo1 Ffour
‘64 K DOOOlFfour ‘64 K DOOOlFfOUI' ‘64 K DOOOlFfOUf ‘64 K DOOOlFfOUI' (13)
0 1 2 3
AK DOOOlFfour AK DOOOlFfour AK DOOOlFfOLII’ AK DOOOlFfOUT
5 9 9 5

Similarly, we can find the deviations of the derivative of the 4-function (10) from the
compliance to the strict avalanche criterion in each direction of weight @ (u) =1

AKIgFfour AKlDFfour AKI%Ffourl AKI:;Ffourl

Dggo1 Ffour S 9 9 5
Dgo10 Ffoury 10 6 2 2
Dg100Ffoury 2 9 4 7
DyoaoFfot 3 12 3 6
Dggo2 Ffoury 0 2 4 2
DoozoFfoury 0 6 12 6 (14)
Dg2go Ffoury 14 6 2 6
Dyggo Ffour 2 2 2 2
Dggo3Ffoury 5 5 9 9
Dgo3o Ffoury 10 2 2 6
Dg3g0 Ffoury 2 7 4 9

3 6 3 12

D3000 Ffou G

It is clear that the overall quality of the component 3-function is determined by the
largest value among the deviations (14), which is equal in our case to A, Kpeq,, =14, while
the overall quality of the S-box will be determined by the maximum among the maximum
deviations of its component functions, in our case A, Ky, =max{l4,14,16,16}=16,
i=12,..,4.

Another way to characterize the integral deviation of the derivative (11) from the

compliance with the conditions of the propagation criterion (Definition 8) is to use the
quantity
3
D0001Ffour1 Z D0001Ffour1:5+9+9+5=28. (15)

i=0

Similarly, we can find the sum of deviations in all directions of the weight @ (u) =1 of

the component 4-function (10) of the S-box (9), as required by Definition 10 of the strict
avalanche criterion

12 3
Kortou, = ZZO b riouy = 256. (16)
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We can also calculate the sum of deviations from the SAC for each of the four
component 4-functions of the S-box

4 12

3 .
AKDFfour = Z Z Z AKIIDJ Ffoun = 1040 * (17)

I=1 j=1i=0

In the Table 1 we represent the data on the avalanche characteristics of Nyberg
construction S-boxes built on the basis of a full set of irreducible polynomials of order k =8
represented in the form of Boolean functions, 4-functions, and 16-functions

Table 1.
Deviation from the SAC criterion values for the component functions of Nyberg construction
S-boxes
No. Polynomial Case of Boolean Case of 4-functions | Case of 16-functions
functions

Amatx KDFbin AKDFbin Amax KDFfour AKDFfour Amax KDFhex AKDFhex
1 285 12 516 16 1040 11 2848
2 299 16 428 17 992 11 2836
3 301 16 488 13 764 14 2644
4 333 16 464 16 924 12 2704
5 351 16 556 18 952 11 2820
6 355 16 408 13 848 12 2724
7 357 16 404 18 896 15 2844
8 361 16 480 18 892 10 2916
9 369 12 388 14 768 13 2732
10 391 12 432 16 960 12 2992
11 397 16 456 12 960 12 2772
12 425 16 444 16 868 14 2948
13 451 12 408 12 684 15 2856
14 463 16 496 15 820 13 2924
15 487 12 360 14 964 11 2700
16 501 16 440 16 944 13 2872
17 283 12 376 12 748 12 2724
18 313 16 424 20 924 11 2836
19 319 16 376 14 760 14 2676
20 375 16 364 16 796 11 2668
21 379 16 512 20 988 10 2764
22 395 12 416 16 888 11 2920
23 415 12 416 15 796 12 2716
24 419 16 536 14 1040 15 2900
25 433 16 520 12 1028 14 2872
26 445 16 464 16 860 13 2628
27 471 12 472 18 912 13 2840
28 477 16 504 14 820 12 2556
29 499 12 440 20 976 14 2744
30 505 16 412 18 912 12 2984

It is clear that the indicator of the high quality of the cryptographic construction is the
minimal value of A __ Ky — min, as well as the value AK - — min. Analysis of the data
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presented in Table 1 shows that the Nyberg construction S-box, which is built on the basis of
a polynomial f(x) =487, is characterized by the smallest deviation from the requirements

of the strict avalanche criterion of component Boolean functions. At the same time, the
Nyberg construction S-box based on a polynomial f,(x)=451 is characterized by the

smallest deviation from the requirements of the strict avalanche criterion of component 4-
functions. Moreover, Nyberg construction S-box based on polynomial f(X) =477 is

characterized by the smallest deviation from the requirements of the strict avalanche criterion
of component 16-functions.

Note that from a practical point of view, the optimal S-box should converge the SAC
requirements in the best way from the point of view of any possible representation of the
many-valued logic functions. In the case of the Nyberg construction S-boxes, the S-box built
on the basis of polynomial f(x)=2319, is the best in terms of satisfying the strict avalanche

criterion from the point of view of any possible representation by many-valued logic functions
and can be recommended for use in cryptographic applications.

Conclusions

The research of the S-boxes of AES cryptographic algorithm showed their unconformity
with the conditions of strict avalanche criterion in terms of representations in the form of
component Boolean functions, 4-functions, and 16-functions. It was established that the
various irreducible polynomials used to construct the Nyberg construction S-boxes give
different values of the deviation of the derivatives of the component g-functions from the
requirements of the strict avalanche criterion.

We determined the irreducible polynomials that lead to the formation of Nyberg
construction S-boxes, which are characterized by the smallest deviation of the derivatives of
component g-functions from the compliance with the SAC requirements, both for the case of
Boolean functions and for the case of 4-functions and 16-functions.

It has been established that the Nyberg construction S-box on the basis of the
polynomial f,(x) =319 is characterized by the smallest deviation from the requirements of

the strict avalanche criterion from the point of view of any possible representation by many-
valued logic functions. Thus, the specified S-box can be recommended for practical use.
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JABUHHI XAPAKTEPUCTHUKH S-BJIOKIB KOHCTPYKIIII HIBEPT, ITPH iX
VABJIEHHI 3A JIOIIOMOI'OIO ®YHKIII BATATO3HAYHOI JIOT'TKA

A.B. Cokomnos, B.B. Pagym

Opeckkuil HalliOHATPHUHN TONITEXHIYHUN YHIBEPCUTET,
npocr. llleBuenka, 1, Oneca, 65044, Ykpaina; e-mail: radiosquid@gmail.com

OmHrM 3 HaWOUTPII TOMIMPEHWX CHOTOAHI  KPUOTOTpPa(iuHUX  alrOPUTMIB €
kpunrroanroputm  Advanced Encryption Standard (AES), B skomy B sikocTi S-010ka
BUKOPHCTOBYETbCSI KOHCTpYKLisi HiGepr. IcHyroumii migxia 10 OWIHKK KpunrtorpadivyHoi
skocTi S-0J0KiB, 30kpema, kKoHCTpykuii Hibepr, 3acHoBaHMii Ha X OIMUCI 3a JOMOMOTO0
MareMaTuyHoro amaparty OyneBux ¢yHkuiil. [Ipy npoMy, OomHMM 3 HalBaXKIMBIIIKX
KpuTepiiB KpuntorpadiuHoi SIKOCTI € CyBOpPHH JIaBUHHUH KpUTEpi KOMIIOHEHTHUX
OyneBux ¢yHkuiit. [Ipore, KpUNTOAHANITHK HEe OOMEXKEHHH y BHOOpPiI CIIOCOOY OIMHUCY
KOHCTPYKLIH Mmudpy, 1m0 OOYMOBIIOE HEOOXIMHICTh IOCTIHKEHHS KpUOTOrpadidHux
BIacTUBOCTEH S-OnokiB koHCTpykmii Hibepr, mpemcTaBieHHX 3a MOMOMOTO (YHKIIIH
6araro3HauHoi Joriky. JlaHa poOoTa IMpHCBSYEHA JOCITIHDKEHHIO JJABUHHUX XapaKTEPHCTHK
S-OnokiB koHCTpykmii Hibepr, mpencraBieHHX 3a IOMOMOTOI OyieBUX (YHKIIH, 4-
¢dyakmiid 1 16-¢pyexmid. [Ipuw mpomy posrimsimaroTeest S-O1okum koHCTpykmii HibGepr
MPaKTAYHO I[iHHOI JOBXHMHH N=256 Ha OCHOBI MOBHOI MHOXHHHM HE3BIJHUX IOJIHOMIB
BOCBMOT'O CTEINeHI0. BeraHOBIIEHO, 1110 JTaBUHHI BIACTUBOCTI S-Oioka koHCTpyKuii Hibepr
3ajJexarb BiJi KOHKPETHOI'O BHJY BHMKOPHUCTAaHOTO [yl HOro TMOOYMOBH HE3BIAHOTO
nojiHOMa. 3HaWAEHO HEe3BiNHI MOJNiHOMHM, IO 3a0e3MedyroTh HaWKpamy JIaBHHHI
BIacTUBOCTI S-670KiB KoHCTpYKIii HiGepr B cenci OyneBux (yHKIiH, 4-QyHKIIH, a TAKOK
16-¢ynkuiit. [Ipy 1pOMy BCTaHOBJIEHO, HIO S-OJOK Ha OCHOBI HE3BIJHOTO MOJIHOMA
fig(X) =319 xapakTepu3yeThCs ONTHMAlIbHHM BiIXWICHHSM BiI BHMOT CYBOPOTO

JABMHHOTO KPHUTEPII0 3 TOYKH 30py OyAb-IKOTO MOMIMBOTO MOJAHHA (QYHKIISIMHU
GaraTo3Ha4HO{ JIOTIKHM, TaKMM YHHOM, MOXE OYTH PEKOMEHJIOBAaHWH 1O MPaKTHYHOTO
3aCTOCYBaHHSI.

KarouoBi cioBa: S-Omok, koHctpykuiss HibGepr, cyBopuil naBUHHHH —KpUTEpiid,
6araTto3HauHa JIOTIKa.
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JIABUHHBIE XAPAKTEPUCTHUKHU S-BJIOKOB KOHCTPYKIIMU HUBEPT
IPA UX MMPEJCTABJEHAU C TIOMOIIbIO ®YHKIIA MHOT O3HAYHOM
JIOI'UKH

A.B. Cokomnos, B.B. Pagym

OJiecCKmii HAIIMOHAJIBHEIM TOIMTEXHUUECKUI YHUBEPCUTET,
npoci. [leBuenko, 1, Omecca, 65044, Yipauna; e-mail: radiosquid@gmail.com

OmHuM W3 HamOojiee pPACHPOCTPAHEHHBIX CErOAHS KPUNTOrpadMyecKUX alropuTMOB
seisercs: kpunroanroputm Advanced Encryption Standard (AES), B KOTOpoM B KadecTBe
S-Oioka ucronb3yercss KoHCTpykuust Hubepr. CymiecTByromuii moaxoj K OIGHKE
KpurTorpaduieckoro kagectBa S-OJI0OKOB, B YaCTHOCTH, KOHCTpykuuu Hubepr, ocHoBaH
Ha UX OIHCAaHUH C ITOMOIIBI0O MaTEMAaTHUECKOTO ammapara OyneBsIX (yHKIWHA. [Ipu sTOoM,
OIHMM W3 Ba)XKHEHIIMX KPHUTEPUEB KPHUNTOIPA(PHUIECKOTO KauecTBa SIBISIETCS CTPOTHH
JIAaBUHHBIA KPUTEPU KOMIIOHEHTHBIX OyIeBHIX (yHKIHN. Tem He MeHee, KpUITOAHATUTHK
HE CTECHEH B BBIOOpe cmocoba ommcaHUs KOHCTPYKIWH mmdpa, 9To 00yclIaBIMBacT
HEOOXOIUMOCTh HCCIICIOBAHUS KPHUNTOTPa()UISCKUX CBOWCTB S-0JOKOB KOHCTPYKIUH
Hubepr, npencraBieHHbIX C MOMOIIBIO (YHKIMH MHOTO3HAYHOHM Joruku. JlanHas pabora
MOCBSIILIEHA HCCIIEIOBAHUIO JIABUHHBIX XapaKTepUCTHK S-0J0KOB KoHCTpyKuuu Hubepr,
NPEACTAaBICHHBIX C MOMOIIBIO OyneBbX QyHkumit, 4-pyHkumii u 16-pynkuuit. [Ipu stom
paccmarpuBatotcsi S-070ku KoHCTpykuuu Hubepr npaktuuecku 1eHHO#H anuHel N=256 Ha
OCHOBE TI0JIHOTO MHOXECTBA HEMPHBOANMBIX OJIMHOMOB BOCBMOI1 CTEIIEHH. Y CTaHOBJICHO,
YTO JIaBUHHbBIE CBOWCTBa S-0ioKa KOHCTpYKIMH Hubepr 3aBHCAT OT KOHKPETHOTO BHUA
UCTIONIB30BAaHHOTO JUIA  €r0  IOCTPOCHHS HENPUBOAMMOTO  IOMMHOMA. HalmeHs
HETIPUBOIMMBIE TIOJIMHOMBI, 00ECIICUYNBAIOIINE HAMIYYINNE JIABUHHBIC CBOWCTBAa S-OJIOKOB
koHCTpyKuuu Hubepr B cmpicie OyneBbIX (QyHKIMHA, 4-QyHKOUH, a Takke 16-(QyHKIHH.
ITpu 5TOM yCTaHOBIEHO, YTO S-OJIOK HAa OCHOBE HEIPHBOAUMOro IoiauHoMa fq(X) =319

XapaKTepu3yeTcs ONTHUMAIbHBIM OTKIOHEHHEM OT TpeOOBaHMH CTPOroro JaBUHHOTO
KpUTEpUsI C TOYKMA 3pEHHs JI000ro BO3MOXHOTO IPENCTaBICHHsS ()YHKUIUSIMU
MHOT03HAYHOH JIOTMKH, TAKMM OOpPa3oM, MOXKET ObITh PEKOMEHIOBAaH K MPAKTHYECKOMY
IIPUMCHEHHIO.

KiaoueBble ciaoBa: S-0ok, KoHCTpykumsi Hubepr, crporuii JaBHHHBIA KPHUTEPHUH,
MHOTO3HAa4YHas JIOTHKA.
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MHNPOAYKTUBHICTD I OITUMI3AIA CIHHEHIAJI3OBAHUX CUCTEM
OBPOBKH ITH®OPMAIIIIL I3 CTPYKTYPOIO, IKA KOH®ITYPYETHCH
MNPOI'PAMHO
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Po3poOka HOBHX apxiTeKTyp Ha 0a3i MYJIBTHIIPOIECOPHUX OOUYMCIIOBAJIBHHUX CHCTEM 1
3aCTOCYBaHHs 0araTOMAIlIMHHUX CHUCTEM SIBIISIETHCS OMHHUM i3 HAWBAXKIMBILIMX HAMPSIMKIB
MiIBUILIEHHS TPOJYKTUBHOCTI OOUYMCITIOBAILHUX 3ac00IB HAa CY4aCHOMY €Tami PO3BHUTKY
TexHik. lle m03BONSE CTBOPIOBATH HOBI apXiTEKTYpHI PO3POOKH CHCTEM # NPHHIIMIIB
opramizamii 00YHMCIEHP B IIMX CHCTeMaX. ApXITCKTYpHI TNPHHIUIHA CHHTE3Y
Creliayli3oBaHlX CcHCTeM OOpoOku 1H(opMalii 103BOJSIOTH  JOCSATATH  CYTTEBHX
pe3ynabTaTiB B IpoOLECi MiABUIIEHHA NPOLYKTHBHOCTI, 3a0e3MedyloTh MPOCTOTY Ta
eeKTUBHICTh iX KepyBaHHs 1 (YHKIIOHYBaHHS. AJie apXiTeKTypa 0araTonponecopHUX
CHCTEM Ma€ psJl HENONIKIB, AKi CYTTEBO OOMEXYIOTh IX MOXJIIMBOCTI i, B INEBHill Mipi,
rajJbMyIOTh 1X BUKOPHCTaHHs. J{Jisl MOJONAHHS IMX HEJOJIKIB 1 TPYIHOIIIB MPOMOHYETHCS
PO3pOOUTH KOHIIEIIO CIeIialli30BaHuX CUCTeM 00poOkH iH(popMallii i3 CTPYKTYpOIo, sKa
nporpamHo KoHpirypyerscs. Kpim Toro, cmijm BpaxoByBath W Te, 1O (DYHKIIIOHYBaHHS
CrejaiizoBaHix cucreM o00poOku  iHopMmalii oOyMOBIiEHE IIUPOKUM  KOJIOM
pizHOIIaHOBHUX 3ajad. [Ipuuomy, OIiHIOBaHHS SIKOCTI BHOOpY X mapamerpiB MOBHHHO
3nificHIOBaTUCS Ha 0a3l Kpurtepito, sikuid 3a0e3reyyBaB OM OLIHIOBAHHS BHKOPHCTaHHS
ofHi€l W Ti€i camoi apXiTEeKTypd CHUCTEMH IPHU PI3HUX YMOBaX BUKOPUCTAHHsS ab0 Npu
PO3B'sI3aHHI OHOILIAHOBHX 3aJay. [IpMHLIMI CTPYKTYpH, sika mporpamo KoH}Irypyerbcs
HOJISITAa€E B TOMY, 110 B CIIEIiai30BaHUX cUcTeMax oOpoOku iH(opMalii mporpaMyroThCs He
TINBKA OOYMCICHHS, sKi BiJOYBalOTbCS B OOYMCIIOBAIBHOMY MOJIYJi, ane W IUIAXH
nepenaul JaHux Mk Humu. CremianizoBaHi cuctemMu 00poOku iH(oOpMaLii 3 TaKUMH
BJIACTUBOCTAMU MOXYTh €(EKTHBHO aJanTyBaTHCS I KOHKPETHY Taly3b 3aCTOCYBaHHS.
BiamoBifiHMM YHHOM, 3HAYHO CIIPONIYETHCS PO3MOATICHHS PECYpCiB MK MOAYISIMH,
MiJBUIIYETbCS €PEKTUBHICTh 1 MPOJYKTHBHICTh CHUCTEMH. PO3BHTKOM ILIHOTO HAMPSMKY
SIBIISIETBCS CIIElliani3oBaHa cucreMa oOpoOku iH(opMaIii 3 CTPYKTYpPOIO, sika MPOrpamMHO
KoHQIrypyeThesi. B mizicraBi mpoBeneHOro aHaji3y OTPUMAHUX PEe3yNbTaTiB JOCITIIKEHb
MOXHa 3pOOUTH BHCHOBOK, IO TPOAYKTUBHICTH CIELiaNi30BaHOI CHCTEMHU O0OpOOKH
iHpopmalii Ha 0a3i OOYHMCIIOBANBHHX MOJIYIIB 13 CTPYKTYpOIO, $Ka IPOTrPaMHO
KOH(ITypyeThCsl SBISAETHCS BHCOKOIO. MOIylbHA OpraHi3amis T03BOJISIE JOCITTH BUCOKOTO
mapanenizMy O04HCIeHb 1 pO3MHUpeHHs 00'eMy mam'sTi.

KaiouoBi caoBa: mpoAyKTHBHICTH, ONTHMi3allisi, cucTemMa oOpoOkm iH(opMarrii,
00YHCITIOBAIEHUA MOTYJIb.

Beryn

JlochimKyroun iCTOpPit0 PO3BUTKY 3acO0IB OOUYMCIIIOBAILHOT TEXHIKH, CHIJ BIIMITHUTH,
10 MiJBUIICHHS MPOIYKTUBHOCTI, HAIMHOCTI 1 )KMUBYYOCTI CHEI[ialli30BaHUX CUCTEM 0OpOOKH
iHpopmanii (CCOI) BinOyBanoch B OCHOBHOMY 32 JBOMa HaNpsIMKaMHU:

e rnepiuii HanpsAMokK — 11e BaockoHaneHHss CCOI 3a paxyHOK MiBUILEHHS MBUIKOIT 1
HaJIIHOCTI eneMeHTHOI 6a3u [1-5];

e Jpyruil HaAmpsSMOK — II€ peaji3allisi HOBMX apXiTeKTyp 1 NPHUHLUIIB Oprasizarii
obuwciens [6-9].

[Tonanpiie BIOCKOHAJIEHHS €JIeMEHTHOI 0a3u 0a3yeTbcs Ha 3aCTOCYBAaHHI CydacHHX
NEepeOBUX TEXHOJOTIH NpHU BHUPOOHMIITBI MIKPOEJIEKTPOHIKM, SKa B CYYaCHUX peaisix
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HaOIM3MIIAaCh 10 CBOIX (Pi3MUHUX MeX. 3 i€l NPUYMHM JPYTrUil HANPSIMOK IMPEJCTABISETbCS
OUIBII NEPCHEKTUBHHUM 1 aKTyaJIbHUM B IIpolieci migBuieHHs npoaykruHocti CCOL.

[IpuknazoM MOSBM HOBUX apXIiTEKTYpHUX DPIlICHb 1 MPUHIMIIB Opranizaiii 004nciIeHp
ABIISIETbCA PO3POOKA Ta CTBOPEHHSI 0araTONMPOLIECOPHHUX W MYJBTHIIPOLIECOPHHUX CHCTEM, B
OCHOBY NOOY/IOBH SKHX 3aKiaaeHo Tpu npuHuunu [10]:

® TapaJelbHICTh BUKOHAHHS OIeparlii;

® 3MIHHICTh CTPYKTYP;

® KOHCTPYKTHBHA OJHOPIHICTb.

Came moeqHAHHS PO3IMIMPEHUX TOHATH PO3JUICHHS 1 B3a€EMO3B'SI3KY Ha BCIX PIBHIX
MOBHICTIO XapaKTepU3ye anapaTHe i mporpaMHO-MaTeMaTHyHe 3a0e3MeUYeHHs, IKe HeoOXiqHe
g po3poOku CCOL. ITpuHIMIIOBO BaXKJIMBO Te, L0 BCSA CUCTEMa MPALIIOE Mi KEPYBaHHAM
€IMHOT OTIepaIliiTHOT CUCTEMH, sIKa OPraHi30BYe Mpoliec 00poOKH 1HhOopMaIrii.

VY Bumaaky, skumio iaerscs moBa mnpo mnpoaykTuBHicTe CCOI 1 ii 3amexHOCTI Bif
KUIBKOCTI TMporecopiB (0OYUCIIOBAIBHUX OJIOKIB a00 MOJYJIB), IO BXOJATh B CKIIAJ
CUCTEMHM, HEOOX1THO PO3PI3HATH JIBa HACTYITHUX BUIA/IKU:

e nepuuii Bunagok, koau B CCOI icHye BenMKuil NOTIK MOPIBHAHO HEBEIMKUX 3a/ad 1
3arajibHa TMPOAYKTHBHICTh CHUCTEMH OJHM3bKa 1O CYMH MpPOJYKTHBHOCTEH OKpPEMHX
MIPOIIECOPIB, K1 BXOJISATh B CKJIaJl CHCTEMH,

® JPYTHil BUTAI0K SABJSIETHCS HAMOUTHINT BOXKITUBUM 3 TOUkH 30py edekruBHOCTI CCOL.
Cucrema BHpimIye OJHY BEIWKY 3adady, NpH I[bOMY KOXHHHA 13 TmporecopiB abo
00YMCITIOBAIBHUX MOJYIIIB BUPILIY€E NEBHY YaCTUHY 3a/1adl 1 MK HUMH B110yBaeThCsi 0OMiH
1H(MOpMAITIEIO 3 METOTO 3B'SI3YBaHHS BCHOTO MPOIIECY OOPOOKH.

CrBopenns CCOI Ha 06a31 MyJabTHUIIPOIIECOPHUX OOUYUCTIOBAILHUX CUCTEM SIBJISIETHCS
OJIHUM 13 HAWBAKJIMBINIUX HAMPSAMKIB TMIABUIIEHHS TMPOIYKTHBHOCTI OOYHMCIIOBATHHUX
3ac00iB Ha CydaCHOMY eTarri po3BUTKY TexHiku [11-13].

Po3poOka HOBUX apXiTeKTyp Ha 0a3i MyIbTHIPOIIECOPHUX OOUUCITIOBAIBHUX CUCTEM, a
3 MIOSIBOIO OJTHOKpUCTANBHUX Mikpo EOM 13acTtocyBanHs OaraTOMallMHHUX CHCTEM JIO3BOJISIE
CTBOPIOBAaTH HOBI apXiTEKTYypHI1 pPO3pOOKH CHCTEM i MPUHIMIIB OpraHizamii oOYuCIieHb B
naHuX cucreMax. ApxitektypHi npuniunu cuatesy CCOI, mo po3po0astoThes, J03BOISIOTH
JOCSATaTH CYTTEBUX PE3yJbTaTiB B MPOIECI IMIABUIIEHHS MPOAYKTUBHOCTI, 3a0e3MedyroTh
MPOCTOTY Ta €PEKTUBHICTH iX KEPYBAHHS 1 QYHKIIIOHYBaHHS.

Ane apxiTekTypa 0aratonpornecopHUX CHCTEM Ma€ psj HEIOJIKIB, SKi CYTTEBO
O0OMEXYIOTh 1X MOJJIMBOCTI 1, B TEBHIA Mipi, TadbMyHOTh iX BHUKOPHUCTAaHHS, a TaKOX
CTPUMYIOTh  BEJHKI  IOTEHINaJbHI  MOXJIMBOCTI  Cy4aCHOi  MIKPOEJIEKTPOHIKH |
00YHCITIOBAILHOT TEXHIKH.

Jlis mojonaHHs NHMX HENOJNIKIB 1 TpyaHouiB po3pobneHo konmenmii CCOI 13
CTPYKTYpOIO, sIKa porpaMHo KoHdpirypyerscs [10, 14].

Kpim Toro, ciig BpaxoByBaTH i Te, mo ¢yHkiionyBanus CCOI oGymoBieHe MIUPOKUM
KOJIOM pI3HOIUTAHOBUX 3afad. [Ipuuomy, OIiHIOBAHHS SIKOCTiI BUOOPY iX mapamMeTpiB HOBHHHO
3MiACHIOBATUCS Ha 0a3l KpUTepito, SKuii 3a0e3nedyBaB Ou OLIHIOBAHHS BUKOPHUCTAHHS OJHIET
i Tiel caMol apXiTeKTYpH CHCTEMHU MPHU PI3HUX YMOBaX BHUKOPUCTAHHS abo MpH po3B'A3aHHI
OJIHOTUTAHOBUX 3a]1a4.

Meta pobotu

Memorwo pobOTH SBISAETHCS MIJBUILEHHS MPOAYKTUBHOCTI CHEIiali30BaHUX CUCTEM
00poOku iH(popmarii. 3aBHaHHAMH, SKI PO3B'A3YIOTHCS B JaHIl CTATTi, € JOCITIIKEHHS
apXiTeKTypHUX TPUHIMIIIB CHHTE3y CIEHialli30BaHUX cUCTeM O00poOku iHdopmarii i3
CTPYKTYpOIO, SIKa IMPOTpaMHO KOH(DIrypyeTbes, 1 ONTUMI3allis CTPYKTYPU CIEIiai30BaHUX
cucteMm 00poOku iHpopmarrii.
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OCHOBHA YaCTHHA

[IpuHIMO CTPYKTYpH, SKa MporpamMo KOoHQIrypyerbes monsrae B Tomy, mo B CCOI
IPOTPaMyIOThCs HE TUIBKH OOYHCIICHHS, SIKi BiTOYBaIOThCS B OOUMCIIIOBAILHOMY MOAYIII, ajie
i Xy nepenayvi Janux Mix HuMu. CrerianizoBani cucreMu o0poOku iHpopMariii 3 TakuMu
BJIACTUBOCTAMH MOXYTh €(PEKTHBHO aJaNTyBaTHCS IiJ KOHKPETHY Taily3b 3aCTOCYBaHHS.
BignoBigHUM YHHOM, 3HAYHO CIPOUIYETHCS PO3MOMUICHHS PECypciB MK MOIYISMH,
MIBUIYETHCA €()EKTUBHICTD 1 IPOAYKTHBHICTH CHCTEMHU.

Po3ButkoM 1nporo HampsmMky sBisietbesi CCOI 3 cTpykTyporo, sika MPOTPaMHO
KOHQIrypy€eThCs.

HaiinmommpenimuM y BUKOPUCTaHHI KpuTepieM oOuucieHHs edekruBHOCTI E cucrem
SBIISIETHCS HACTYITHUHN BUPA3:

, (1)

ne II — mpoayKTUBHICTB, B — BapTiCTh.

Bizomo, 1m0 3 pO3BUTKOM TEXHOJIOTIH, €JeMeHTHOI 0a3u 1 00YHMCIIOBAIBHOI TEXHIKU
BinOyBaeThcsl 30UTbIIEHHS TOKa3HWKa £ . 3pocTaHHsS HWOTO B OCHOBHOMY IIOB'SI3aHE 3
MOKPAILEHHSAM XapaKTePUCTHK €JEMEHTHOi 0a3u Ta CTpYyKTypH cuctemu. llelt moka3HuMkK
BifoOpakae Ouibllle eTam pPO3BUTKY OOYHMCIIOBAIBHOI TEXHIKM CHCTEM, HDK IX
THIWBITYaJIbHICTD.

Buxonsum 3 1iporo Bupasy, HalOUIbII 00'€KTUBHUM KPHUTEPIEM OIIHIOBAHHS CHUCTEMH,
KA CKIIAJIAETHCS 3 OKPEMHUX MOJIYJIIB, SIBISIETHCS pealibHa MPOJYKTUBHICTD cucteMu 11,

11, =I1,K,P,(z), )

) ) » o ) 0 ..
ne [II, — NpOAyKTUBHICTh CHCTEMH INpH iJeanbHId HagiiHOcTi; K, =-— — KOEe]IieHT

AHC 1
n

KUBYYOCT1 CHCTEMH, 110 OOYMCIIOETHCS SK BIJHOIICHHS 4YHCJIA CTaHIB ® CHCTEMH, SIKi
BIJIMOBIIalOTh TPAIE3IaTHOCTI 10 BCi€i CYKYITHOCTI CTaHIB @in; Pp (r) — HMOBIPHICTH
0€3B1IMOBHOTO PIIlICHHS 3a/1a4i.

Bapro BigMiTUTH, IO TOKAa3HUKH HAJIIMHOCTI 1 >KHBYYOCTI Pp (r) 1 K, wuyacrto
BUKOPUCTOBYIOTHCSI y SIKOCTI CaMOCTIHHUX TMOKAa3HUKIB e(ekTHUBHOCTI cuctemMu. OJHAK,
MOKa3HUK e(EeKTUBHOCTI CUCTEMH, SIKHM O0a3yeTbCs TUIBKM Ha OOJIKYy HaAIMHOCTI abo

KUBYUYOCT1 SIBJSETHCS HEMOBHUM 1 OJHOCTOPOHHIM. 3 i€l mpuyuHu npoaykTuBHicTe CCOI
MoxkHa onucary [14, 15] HacTynmHEM BUpa3oM:

KA
HO = t_ﬂ’maxi liy (3)
(4
ne K, — xoedinieHT, sKuil BpaxoBye BIUIMB apXITEKTypH Ha HPOTYKTHBHICTb;

t, =nke, T, +(ak +a,k,)7r, —yac Bukonanns onepaii abo yac popmyBanHs iHpOpMaLiHHOT
HOCHWIIKHU; ¢, O, — BITHOCHI KOe(illieHTH BUKOPUCTaHHS KOPOTKUX 1 JOBTUX onepaiif; K., —

Koe(illieHT, SKUH XapakTepu3ye e(eKTHBHICTh 3aB’si3KiB B cucremi [2, 3], mns
OJTHOTIPOIIECOPHOT CUCTEMH a00 CUCTEMH 3 OJTHUM OOUYHCIIOBAIbHUM MOJYJIEM BiH JOPIBHIOE
ONMHMI; N — KUIBKICTH 3B'I3KiB, 1, — Yac LMKIY; 7, — 4YaC 3aTPUMKH Ha BMKOHAHHS

KOPOTKHX 1 JIOBTHX OTEpallii; ﬂmaxi — IHTEHCHUBHICTb HAJXOJXKEHHS 3asBOK; t, — uac

HaaAXOHKCHHA 3asBOK.
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[linBuIIeHHS TPOJYKTUBHOCTI CHUCTEMH 3a0e3NedyeThcs 3a PAaxXyHOK YCKIIAJHEHHS
apXITeKTYpH 1 BJOCKOHAJICHHS MpUHIHMIIB 00MiHy iH(opwmaii [10, 14], TooTo:

K,=N—-k(N). 4)

Ha mnincrasi mocmimkens [14] orpumani 3mauenns K(N) mms  asomponiecoproi
obuncmoBansHoi cucremu K(2)=0,2/0,4, a m1s TpHOXIPOIECOPHOI CHCTEMH BiH CKIIA/IA€
k(3)=0,6/0,7.

BignoBimauM umHOM, MakcuManbHa mnponyktuBHiICTE CCOI Oyne ckmagatéd 3
ypaxyBaHssiM (3) 1 (4)

N —k(N)
nkCBTu +(ak, + .k, )7,

max; t i (5)

ne a, 1 a, cknagaots 0,7 10,3 BianoBinHO, a k -z BU3HAYAETHCS HACTYHUM YNHOM

_kp 2L B.(0)
CB ™~ " ~—n , sy ! (6)
zi=1ﬂB (I)
e 2?:1 Pa(i) — 4ucno BCiX OAMHMI B MAaTPHI CYMDKHOCTI A JUISl alTOPUTMY, SKUIf

peai3yeThes; ZL P (1) — uncio Beix oauHMIB B MaTpuLi cymibkHOCTI B; K, — KoedimienT,
KA BpaxoBye NEpeKpUTTs Matpuili A  marpunero B. Sxmo marpuns B moBHICTIO
nepekpusae marpumio A, Toxi K, =1, inakme k,, =0.

Jlane omiHOBaHHA €(EKTHBHOCTI 3aB’s3KIB JIO3BOJISIE OIIHIOBAaTH €(PEKTUBHICTH
BUKOHaHHA mporpamu [16, 17] oOumciroBaibHHM MOJIYJAEM 1 BHU3HAYAETHCS HACTYITHUM
YHHOM.

[To-niepire, opranizaiiis 0OMiHIB, SIKi NMPUCKOPIOIOTH BHKOHAHHS IpOrpaMm, MoTpedye
MIBUIIECHHS KUTPKOCTI 3aB’SI3KIB MDK OOYHMCIIIOBATBHUMH MOAYIAMU. OIHAK, YMCIO IHX
3aB’SI3KIB 0OMEXKYETHCS arapaTypHOIO peati3aiicro 00YMCITFOBAILHOTO MOTYJIS.

[To-apyre, mpu BUKOHAHHI MPOTPaM BUKOHYIOTHCS CKJIaaHI OOMIHU iH(OpMaIiero MK
00YHCITIOBAILHUMH MOJTYJISIMH.

Jns Bubopy apxiTektypu oOuucaoBasibHOro monayias abo CCOI 3 edekTuBHOIO
Oprasizaili€ro 3aB'a3KiB CKJIAJalOThCS MAaTPHUILIl CYMBKHOCTI JJISL apXITEKTYp, K1 aHATI3YIOThCS
1 TIOPIBHIOIOTBCSI MDK CO0O0I0, OOYMCIIOIOYM TaKUM YHMHOM €(QEKTHBHICTh 3B'S3KiB. SIKIIO
Keg #100%, Toni oOupaeTbes apxiTekTypa, Wi sKol K., Mae HalOLIbIIe 3HAYCHHSI.

HeoOximHO BiAMITUTH, IO BBEICHHS [OJATKOBUX OOYMCIIOBATBHUX MOJYJIB HE
3abe3neuye JIHIIHOTO 3pOCTaHHs MPOAYKTUBHOCTI. Lle MOsICHIOETHCS BILIMBOM MIPOIPaMHOTO
3abe3neueHHss cucteMd. OCHOBHMMHU (YHKIISIMM OIEpaIiifHOT CUCTEMH, BUKOHAHHS SIKMX
norpedye HaMOUIBIIMX BUTpPAT dYacy 1 sKI CYTT€BO BIUIMBAIOTh Ha e€QEKTHBHICTh
BUKOPDUCTaHHS  OOUYHMCIIOBAJBHOIO  MOAYJS, SBISETbCA  IJIaHyBaHHA  poOoTh M
JMCTIeTYepU3alLlis.

[Monanbme migBumenHs npoayktuBHocTi CCOI  nos's3aHe 3 BUKOPUCTAHHAM
OOYMCITIOBAIBHUX MOAYJIB 1 KOMYTalidHOI cTpykTypH. IlinrpyHTsM KOHUENIii LIbOro
HanpsMKY SIBJSIETBCS TEOPisl PO3NOAUIEHUX 00UHCIIEHb, HA OCHOBI SIKOT CTBOPIOETHCS MOJIEINb
pO3MOALIEHUX OOYHMCIeHb Ui BIINOBIIHOI 3amayi. 3 caMOro MpPUHIMUIY OpraHizamii
o0YMCIeHb BHUJAHO, II0 HAa KOXXHHMH OmepauifiHuil eleMeHT OOYMCIIOBAIBHOTO MOMYJIS
noTpeOy€eThCsl KOMYTYIOUUHM €IEMEHT, SIKUN SBISETHCS JTOCTATHBO CKJIAAHUM eneMeHToM. Lli
npunuunu nodynoBu CCOI 3 cTpyKTypolo, sika HMPOrpaMHO KOH(ITYpYETbCS SIBIISIOTHCS
MOJIAJIBIITMM KPOKOM PO3BUTKY OOUHCITIOBAIEHUX CHCTEM.
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Takum ymnom, mpoxayktuBHicTe CCOI, siky peanizoBaHo Ha 06a3i 00YHCITIOBAIBEHOTO
MOJYJIsSI, OIIUCYETHCSA BUPA30M

M
H:Zj:1HOMPOj , (7)
pe M — KimbKicTh OOYMCIIOBANBHUX MOMYINiB; Py — HMOBIPHICT 3HAXOUKEHHS
OOYMCITIIOBAIBHOTO MOXYNIsl B cTaHi 00poOkm indopmamii [14,15]; [1,, — omucyerbes

Bupazom (5).

Kpim unenis, sixi BXOJiTh B ckian Bupasy (7), npoaykruBHicTe CCOI Takoxk 3aJIeKHUTh
BiJl KOMYTali{HOI CTPYKTYpH, TOOTO Bi €(QEeKTUBHOCTI MDKMOIYIbHHMX 3B's3KiB. [lmsa ix
OI[IHIOBAaHHS BUKOPHCTOBYeThCS Koedimient edekruBHocti K. [10, 15]. Bupas (7), 3

ypaxyBaHHSM I[bOTO KOE(IIIEHTY MpUMae HACTYITHUN BUTJIIST

=" Iy, Pk, .

Opnak ctBopeHHss CCOI 13 CTpyKTypolo, siIka TpOrpaMHO KOH(DIrypyeThcs 1
OI[IHIOBaHHS i1 Mpare3aTHOCTI epegdayae BUPILIEHHS BEJIMKOTO KOJia PI3HOMaHITHUX 33]1a4,
sK1 6araTo B YOMY BU3HAYalOTh IPOJYKTUBHICTh CUCTEMHU. TakuM 4YMHOM, OLIHIOBAHHS SKOCTI
BUOOPY IMX NapaMeTpiB MOBUHHO 3A1MCHIOBATHUCS HA MIATPYHTI KPUTEPIIO, KU 103BOJISB O1
BUKOPUCTOBYBATH apXITEKTypy (KOH(QIrypaiio) CUCTEeMH [UIsl BUPIIIEHHS OJHIET 1 Ti€i X
3a/a4l MpU Pi3HUX yMOBax a0 pi3H1 apXITeKTYpH AJis BHUPIMICHHS IHIIUX PI3HOIUIAHOBUX
3azad.

baxaHHs MOKpamuTH B MPOIECi MPOSKTYBAaHHSA a00 eKCIUTyaTarii CUCTeMH OIHOTO 13
MMOKA3HUKIB SKOCT1 11 ()YHKIIOHYBAaHHS MOXKE TPU3BECTH JI0 3MIHHU OJIHOTO a00 JEKLIBKOX
MOKa3HUKIB. B 1pOMy Tmojsrae TNpUYMHA HEMOXJIMBOCTI CTPOTO OOIPYHTYBAaTH BHJ
Pe3yNbTYIOYO1 IUTHhOBOT (DYHKIIIT (BU3HAYMTH y3araJlbHEHUHN MOKA3HUK SKOCTI) 00'€KTUBHUM
NUISIXOM. B 1IbOMY BUTNIAAKY OJHHM 13 MOJKJIMBUX HUISXIB BUPIMIEHHS MPOOIEMU SIBISIETHCS
BHUKOPHCTaHHS JiHilHOTO KpuTepiro [18].

[Tpunyctumo, mo skicth pyHkmionyBanHs CCOI onucyeTbesi CYKYITHICTIO YaCTUHHHUX

KpUTEPIiB K :< K, K,,..., Km> , SIKI HEOOXIJHO MIHIMI3yBaTH.

3HaliIeMO BIIHOCHI BIIHOIIEHHS YAaCTHHHUX KPUTEPIiB BiJ EKCTPEMaIbHHUX
(MIHIMAJIBHOTO 1 MAKCUMAJIBHOTO) 3HAYCHb.

Ki-K._
AK‘:—K mn.j=1,m. (8)

Imax

B mpomy Bumaaky oOumciioBanbHUII MoIyns abo mpomecop Oyne ommucyBaTHCA
ONTHUMAJIBHUM 32 CYKYITHICTIO YacTUHHUX Kputepii K, i =1,m — SKWo Bix XapaKTePU3Y€EThCS
CYKYIIHICTIO BiJHOCHHMX BifiHOIIEeHb AK,, sKi mpuiiMaioTh HaliMeHIe 3HaueHHs. [lo3Haunmo
onTUManbHUM BapianT Momyns sk OMg i1 y dopmansHOMy BHIIAALI L 3a4ady HpuiiMae
HACTYMHUNA BUTIIAM:

AK(OM,) < AK,.(OM), OM,0OM, € M, 9)

ne AK, ., =max{AK},i —1,M — Haii6inblIe 3 BIIHOCHMX BiHOWICHB, SIKi PO3IIAAAI0TECS 3a

BupasoM (8); M., — MHOXKHHA OOYMCIIIOBAILHHUX MOJIYJIB (CTPOTO JOMYCTUMHX), SKi
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3aJJ0BOJIBHSAIOTH CYKYITHOCTI YMOB 3aCTOCYBaHHS 1 OOMEXEHb Ha CTPYKTYpH W 3HA4YEHHS
OCHOBHHX ITapaMeTpiB.

3anpornoHoOBaHul KpuTepid Biapi3HseTbcs Bif [18] Tum, 1m0 103BOJISIE BUKOHYBATH
OILIIHIOBaHHS OOYHMCIIOBAIBHOTO MOJIYJIS B [iama3oHi MOJIMBHX BIAXWIEHb YaCTUHHHUX
KpUTEpiiB 1 TAaKUM YHMHOM JOJATKOBO BpPAXOBYE CTYIiHb MOTIPIICHHS OJHUX HapaMeTpiB

OOYMCIIOBAILHOTO MOJyJIs 33 PaxyHOK MOKpameHHs immmx. Omwak mpu K; =~ <K K;

3aCTOCYBAaHHS I[bOTO KPUTEPII0O MOXKE MPU3BECTH JI0 TOTO, IO IlepeBara Moxe OyTH BimgaHa
TaKOMY OOYHCIIOBAUIBHOMY MOJYNIO, SKHA TpPH HE3HAYHOMY IOKPALIeHHI (3MEHIIEHHI)
3HA4YECHHs OJHOTO TMOKAa3HWKa SKOCTI Ma€ pPEmTy 3HAYHO OUIBII TIpIIMX IMOKAa3HUKIB B
MOPIBHSAHHI 3 BiAMOBITHUMH TOKa3HMKAMHU SIKOCTI IHIIOTO OOYHCITIOBAILHOTO MoOnIyis. B
[IbOMY BHITAJIKy KPHUTEPid, KU PO3TIANAETHCS Ma€ TOW CaMUU HEMONIK, IO ¥ KpHUTEpii,
skuii HaBeZieHO B [4]. BpaxoByroun manuii (akt, MoauGiKOBaHUA MIHIMAKCHHN KpHUTEpid
JOLUIBHO BHUKOPUCTOBYBAaTM NpU BHUOOplI ONTUMAlIbHOIO BaplaHTy 13 CYKYITHOCTI
00YMCITIOBAJIBHUX MOJYJIIB OJTHAKOBOT TEXHOJIOTIUHOI peanizallii.
Minimakcau#t kputepiii (9) Mosxe OyTH NpeACTaBICHUN Y HACTYITHOMY BHIJISII

Ky = fo (K Koo Ky Ky ) = max (10)
e
K,—K, . K —-K. . K —-K__
fp=(K1,K2,...,Ki,...,Km)=maxﬁ,...,maxk—”“"‘,...,max%. (12)
1max imax mmax

Mognyns BM , BuzHauaeTbes pimeHHsaM 3agadi (10) 1 (11) i sBaseTbca onTuManbHuM. 3
Bupaszy (10) BuTikae, MO MIHIMAKCHUNA KPHUTEPId MOXKHA paxyBaTH PI3HOBHJIOM KPHTEPIIO,
SIKUW TPYHTYETHCSA HA MiHIMI3aIlil pe3yabTylouoi HUTh0BOI (DYHKIIT, BUTJISA SKOI BIAMOBIAAE
Bupazy (11).

Kpim Toro, 3 Bupasis (10) 1 (11) BumHO, 1m0 MIHIMAKCHUM KpUTEpi 3ade3reuye
HalMEHIIIE 3HAYEeHHS 13 CYKYNMHOCTI HaWTipmmXx (HAHOUIBIIMX) HOPMOBAHUX IOKA3HHKIB
SKOCTI. Buxoasum 3 1bOro, BCl YaCTHHHI TMOKAa3HUKH SKOCTI OOYHCITIOBAJILHUX MOJYJIIB
MMOBUHHI OyTH MPHUBEACHI 10 CTAaHJAPTHOTO BUTIISMY. BinmoBiqHUM YHHOM TMOKA3HHUK SKOCTI

K, Oyzne BBaxaTHcs CTaHIApTHHUM, SKIIO Bix 3amoBoibHie K, >0, ne i=1,m. Yum meHme

3HaueHHA K, TuM Kpamuii o6paHo oO0uucIOBaIbHNAN MOAyb. SIKII0 sKkuiich moka3Huk K
HE CTAHJapTU30BaHO, TOAI HOTO MOJHA 3aBXIU NPUBECTU JI0 CTAaHAAPTHOTO BUIIIAMY. ToOTO
IHTEepBaJ [ Kinaxy, » Kiming ] MOYKHa po30uTH Ha MEHII1 IHTEpBaIU

0 0 0 0 0 0
|:Kmaxll’ Kll:|’|:Kll’ KZI]""’I:K(R—l)l’ KRI]' ae K <K
TakuM YHMHOM MOXXHA 3IIMCHUTH TEPEKPHUTTA IHTEpBAILY [Kmaxll, Kminnl] i

3aJI0BOJILHUTHU BC1 BUMOTH JI0 OOYHCITIOBAIFHOTO MOAYIIO T4 CUCTEMH.

OOuncnioBanbHl MOyl 3 ONOPHUMM KPHUTEPIIMU SIKOCTI CTBOPIOIOTH ONOPHHHA
MapaMeTpU4YHU P, SKU B 3arallbHOMY BHIIQJKy HeE SBISIETbCA onTtuMaibHuM. Lle
MOB'I3aHO 3 THM, IO OJWH a0o0 JAEKiTbKa MapaMeTpiB CHUCTEMU MOXKYTh IEpPEBUIIYBATH
HeoOxinmHe 3HaueHHs. B ToW camuil uvac, mis 3a0e3meueHHs BUCOKOTO TEXHIYHOTO pIBHS
po3pobku CCOI HeoOXiTHO CTBOpPEHHsS OOYMCIIOBAJIBHUX MOJYNIB, MapaMeTpu SKUX
BIMOBIIanu O PIBHIO TEXHIKH, SKUHA SIBISETHCS MaKCUMalIbHO MOCSXKHUM. KommpowmicHe
pIIEHHS B IIbOMY BHUMAJKY JO3BOJIIE ONTHMI3yBaTH MapaMETPUYHHUI psAJ Ha OCHOBI

MiHiMakcHOro KpuTepito. s intepsamy (K?,, Kf], me r=LR, BUpimyemMo S . 3ajgaui

X

MaT€MaTUu4HOI'O O‘-IiKyBaHH}II
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minKTEQ% K'(KJ.):minKTEQg max| ———™ | i=1m, (12)

ne K (K;) — mnaiibitbiue i BiIHOCHE BiIHONIEHHS YACTHHHMX KPHUTEDIiB, SKi ABJISIOTHCS
KoopiuHaTamMu BekTopiB (K;) Bill €KCTpeMalbHUX 3HAYEHD; Q) — MHOXWMHA BEKTOpIB

. o N N N
IIaPaMETPUYHOTO Py, IO BXOAWTS 1 IKUi 3a710BoJIbHsE yMoBaM K > Kj) > K™

IIpn oMy stl — HaWOUIBII 3HAYHUA YACTUHHUHA KPHUTEPId ONTHMAJIBHOTO

00YHCITIOBAJIBHOTO MOJTYJIsl B CEHC1 MIHIMAKCHOTO KPUTEPIIO.
MexaHi3M OTpMMaHHS MHOXHMHM (2° MOKHA TPEICTABUTH HACTYIIHMM 4YMHOM. Ilo-

nepule, BUpimyeTbest BUpa3 (12) Ha iHTepBail (K(Or_m,Kgl]. B mpoueci pimenHs
BHU3HAYAETHCS Meplla MiHIMAKCHA CHCTeMa, HalOUIbIl 3HAYHUN KPUTEpIH, 1110 Mae 3HaYCHHS
Ki(S=1). el obuncmoBanuii MOAYIb 3HAXOJAMTHCS B DS, AKMH PO3IIANAETBCA i

XapaKTEPHU3YEThCS MIHIMAKCHUM BITHOCHHUM BIJHOIICHHSM IO BITHOIIECHHIO M CYKYITHOCTI
YaCTUHHUX KputepiiB. OpHaK >XOpPCTKI OOMEXEHHs, Kl HAKJIAaJaloThCs HAa HaWOLIBII
3HAYYIIUH TapaMeTp OOYUCIIOBAIBHOTO MOJYJsS, B 3arajJlbHOMY BUIJIA[l, HE JO3BOJIAIOTH
PO3rIIAaaTH HOro y SIKOCTI €JMHOTO TUIIOPO3MIPY, KU 3a7J0BOJIbHSE BCIM BX1THUM BUMOTaM.

B npomy BHnaaKy 3aj1adya BUPIIIYETHCS TOBTOPHO HA 1HTEpBai (K(Or_m, KSJ 1 kpurepio K.

Hampuknan, skmo HEBUI'€MHHM TMOKA3HUK SKOCTI MOXE 3MIHIOBATHUCS B MeXax
K . <K <K _ i4um 6inbina BenuuuHa K., THM 0GYHCTIOBATEHIN MOIYIb € KPALIUM, i

y SKOCTI €KBIBAJCHTHOTO MHOMY CTaHAApTHOTO IIOKa3HUKA SKOCTI HEOOXigHO oOpaTh
* 1
imax > Ki =L
i

Bigmosimaum unHOM, K; SBISETBCS CTaHAAPTHUM MOKA3HUKOM SIKOCTI, IO Ja€ 3MOTY
3MIUCHATH TIOPIBHSHHS OOYMCIIOBAIBHUX MOJYJIB PI3HUX yMOBaxX eKCIuTyaTtaiii abo
MOPIBHIOBATH Pi3HI CUCTEMH, SIK1 MPAIIOIOTh HAa OJJHOMY 00'€KTi MK COOO0¥O.

[Ipunyctumo, mo OOYHMCIIOBANBHUN MOAYIb (TUIOPO3MIP) MApaAMETPUUYHOTO PAILY
XapaKTepU3y€eEThC BEKTOPOM PO3MIPHOCTI M:

*

I'max

semmunny K, =K. — K. a6o, npu ymosi K

Ki = (Koo Koo Kjp )y =1m,

]

Je ] — mopsaakoBud HOMep Tunoposmipy; K — dacTMHHMH KpuTepili sAKOCTi j-ro

TUTIOPO3MIPY, SIKHI MPUBEICHO J0 CTAHIAPTHOTO BHLY.
B nipomy pasi HeoOXiIHICTh B KOXKHOMY THIIOPO3MIPY MapaMEeTPUYHOTO PSIIY 337a€ThCs

1 K. MOXXJIMBUX 3HA4YCHb

ozHi€eo 3 koopauHar BekTopy K, 3 ypaxyBanuam mex K .  max

— HalimeHIe 3HavyeHus, K. . — HaiOiIbIe 3HaYeHHs I-01 KOOpAWHATH

kputepito, 1e K [ max

jmin
BEKTOPY BCIX ] 3HaUeHb. THIIOPO3MIPU BXITHOTO PsAy, IO 3MIHIOETHCS, KM BIIOPSIKOBAHO
3a HaWOUIbII 3HAYMMHMM YaCTHMHHUM KpHUTEpieM, SKUH BIANOBIA€ MOPAAKOBOMY HOMEpY
koopauHaTH | =1. TakuM YMHOM MO’KHA 3alKMcaTH BUpa3

K, o > Ky 2K j=1n.

max11 =—

> K

(n-1)1 =— " “maxnl’

Taxos GyaeMo BBaxaTH, IO 3ajaHuii Habip onopuux BextopiB K°(r =1,R), koxkHmii 3

SAKMX XapakTepU3ye SKICTb OOYMCIIOBAIbHOIO MOJYJs, BUKOHAHO B pPaMKax OJHiel
CXEMOTEXHIYHOi peanizaiii. OCHOBHI MapamMeTpH JaHUX OOYHMCIIOBAIBHUX MOMIYIIB MOXYTh

126



[HOOPMATUKA TA MATEMATHWYHI METO/I1 B MOJIEJITFOBAHHI = 2019 = Tom 9, Ne3

OyTH OIliHEHI 3a pe3yabTaTaMH aHaJi3y MOJIENeH 1 TeHICHIId PO3BUTKY MOMIYIIB ¥ TOBHHHI
Ha TMepioj peanizalii BiINOBiZATH BUMOTaM NapaMETPUYHOTO Py, SKAN SIBISETHCA
JOCSKHUM DPIBHEM pPO3BUTKY. B IIbOMy pasi, HUIAXOM BIiAMOBIZHOCTI OMOPHOTO 1 BXIJHOTO
HaOOpIiB BEKTOPIB 3a KOOpAMHATAMH, SIKI BIINOBITAIOTh 3HAYYIIOMY KPHTEPIIO SIKOCTI
OOYMCITIOBAILHOTO MOJYJISl BHU3HAYA€THCS IHIIMKA OOYMCIIOBAIBHUM MOMYyJb, OUIBII
3HAYYLIHHA KPUTEPIH SKOTO MA€ 3HAYCHHSI sz1 (§=2).

[Ipouec pimennst Bupaszy (12) 3miiiCHIOETBCS 10 TUX TP, JOKH OTIOPHHUK THIIOPO3MIp
He Oy/ie 3HaXOIUTHUCS Cepell MIHIMaIbHUX OOYMCIIOBAILHUX MOJIYJIB a00 He Oyae €JMHUM

€NeMEHTOM MHO¥HMHH Q) . O4YeBHMIHO, IO HAHOUILIIOMY 3HA4YEHHIO S, SKe 3MIHIOETHCS
BIAMOBIZA€ YNCIIO TUIIOPO3MIPIB, 110 peani3yloThes Ha intepsani (K, Kf)lj ONTUMAJIBHOTO
MapaMEeTPUYHOTO psily OOYUCIIOBAIBHOIO Monyito. Jns ¢opMyBaHHS psfny, sSKuid Ou
3aJI0BOJIBHSIB BCbOMY Jlamna3oHy BUMOTr Bupa3 (12) Bupillyerbcs OKpeMO Ui KOXKHOTO
: 0 0

inrepsany (K _;, Kﬂ], ne r=LR.

Heo0xi1HO TakoX BIIMITUTH, CUCTEMHU 13 CTPYKTYPOIO, 5IKa IPOrpaMHO KOH(DIrypyeThCs
MalOTh BJIACTUBOCTI CTPYKTYPHOTO Pe3epBYBaHHS 1 MependavyaroTh, 1110 BiIMOBa HE OUTbIIe M
OKPEMHUX OOYHMCIIOBATBLHUX MOJYJIB Bil 3arajibHOi KUTBKOCTI M HE SBISIETHCS BIAMOBOIO
cucremu. IlozHauumMo HMOBIpHICTH O€3BIAMOBHOI pOOOTH OOUMCIIOBATBHOIO MOIYIIO SK
P,.s - B mboMy pasi iiMmoBipHicTk BitmoBu CCOI Moxke OyTH BU3HAYEHO HACTYITHUM BHPA30M

m M! : .

_ . i pM—i

P= Z ﬁ(l_POM6) POMﬁ :
izm (M —=1)!

Ha migcraBi TeopetTnanmnx gociipkeHs 0ymno peanizoBano CCOI (puc. 1).

BM BM
VN VN
KC KC
BM BM
KC KC

Puc. 1. CremianizoBana cuctema 00poOku iHGopMalii i3 CTPYKTypOlO, IO MPOTPaMHO
KOHQIrypyeThest

3 MeTOI0 TMepeBIpKH JIOCTOBIPHOCTI TEOPETUYHHUX BHCHOBKIB Oyl MpOBEAEHI
eKCTIIEpUMEHTANIbHI JIOCHIPKEHHSI CUCTEMH, II0 BHUKOHYBAJMCS Ha CTPYKTypi Marpuii 3x3 i
2x2, siKi 00'€eTHYBAIMCh KOMYTYIOUOIO CTpyKTyporo [19].

Pe3ynbTaTi ekcriepuMeHTaIbHUX JTOCITIKEHb HaBeAeHO B Tabmui 1.
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Taoauus 1.
PesynbTatu ekcriepuMeHTAIBHUX JTOCITIKEHb

CrpykTypa crernianizoBaHoi cucTeMu 00poOKu ; :
PYKLYP e p Yac BUKOHAHHS TECTOBOI 3a/1a4i, MC
iHpopmaii
Marpums 3x3 867
Marpuis 2x2 329

BucnoBxku

B nizncraBi npoBeeHOro aHai3y OTpUMaHUX pe3yibTaTiB AOCIKEHb MOXKHA 3pOOUTH
BHCHOBOK, 1110 TIPOAYKTUBHICTH (edekTuBHICTH) CCOI Ha 6a3i 00UHCIOBaILHUX MOJYIIB 13
CTPYKTYpOIO, sIKa MPOrPaMHO KOH(DIrypyeThCs SIBISIETbCS BUCOKOIO. MoaylbHa oprasizaiist
JI03BOJIIE JOCSATTH BHUCOKOTO IMapayeisMy OOYMCIIEHb 1 pO3IIMpPEeHHs 00'eMy mam'sTi, 110
a/IpeCy€eThCS 10 KOXKHOTO 0OUMCIIIOBAIIBHOTO MOJTYJISl 1 CUCTEMU B LIUIOMY.

HeoOxinHoO BIAMITUTH, IO OCOOJIUBICTIO ONTHUMI3Allll, 110 MPOMOHYETHCS SIBISIETHCS
HasBHICTh 3MIMIAHUX OOMEXEHb B Tally3l BUKOPUCTAHHS KOXHOT'O THUIOPO3MIPY, *KOPCTKI
O0OMEXEHHs Y BUTJIS/II HEPIBHOCTEH, SKI HAKIAJAIOTHCS HAa HAWOUTHII 3HAYYIIUN TapameTp
oOumcnoBasibHOTO MOayis. Ha iHII mapameTpu HakIaAalOThCsl JKOPCTKI OOMEXKEHHS Yy
BUTJISA/I BITHOCHUX BTPAT, IO MIHIMI3YIOTBCS B TIPOIIEC ONITUMI3AIIii.
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MPOU3BOJAUTEJBHOCTDb U OITUMU3BALMS CHELUAJIN3UPOBAHHBIX
CUCTEM OBPABOTKHA UH®OPMAIIUU C ITIPOT'PAMMHO-
KOHO®UT'YPUPYEMOM CTPYKTYPOI

C.B. 3s16uH, B.A. Xopomuiko

HanmonanbHbIH aBUAIMOHHBIN YHUBEPCUTET,
npocn. Jlro6omupa I'y3apa, 1, Kues, 03680, Ykpauna; e-mail: professor_va@ukr.net;
zysv@ukr.net

Jlnst  mpeomoNieHusl  HEJOCTATKOB M TPYAHOCTEH, CBS3aHHBIX C  HCIOIB30BAHHEM
APXUTEKTYPbl MHOT'OIPOLECCOPHBIX CHUCTEM, KOTOPBIE CYHMIECTBEHHO OI'PAHMYMBAIOT HX
BO3MOKHOCTH TpE/Iaraertcss pa3padoTaTth KOHIETIHIO CICIHATH3UPOBAHHBIX CHCTEM
00paboTku MH(OPMALIUK CO CTPYKTYPOH, KOTOpasi MporpaMMHO-KoHpHUrypupyercsi. Kpome
TOro, CIeAyeT y4YWUThbIBAaTb U TO, YTO q)yHKLH/IOHI/IpOBaHI/IC CIICHHUAJIU3UPOBAHHBIX CHUCTEM
00paboTku MH(pOopMaLUK 00YCIOBIEHO ITUPOKUM KPYrOM Pa3HOIUIAHOBBIX 3anad. [Ipuuém,
OLICHKM KayecTBa BBIOOpa MX MapaMeTpoB JOJDKHO OCYLIECTBIAThCA Ha 0aze KpUTEpHs,
KOTOpBI oOecrieunBan Obl OLCHUBAHWS HCIIOJIB30BAHUE OJHOM M TOM K€ apXUTEKTYpPbl
CHCTEMBI IIPU Pa3UYHBIX YCIOBUSX HCIOIL30BAHUS WIH NPU PELIEHHH OXHOIUIAHOBBIX
3afa4. [IpyMHIMI CTPYKTYpHI 3aKIIOYAeTCs B TOM, YTO B CHELHAIN3UPOBAHHBIX CHCTEMaX
00paboTku HMH(pOpPMAMU IMPOrPAMMHPYIOTCS HE TOJNBKO BBIYMCICHHUS, KOTOpbIE
HPOMCXOIAT B BBIYMCIUTEIFHOM MOAYJE, HO M IYTH Iepeladyd DaHHBIX MEXIY HUMH.
Crienmani3upoBaHHbIE CHUCTEMbl 00pa0OTKM MH(OPMAIMU C TAKUMH CBOWCTBAMH MOTYT
3G PEKTUBHO aqanTHPOBATHCS TMOJ] KOHKPETHYIO 00JacTh mnprMeHeHHs.. COOTBETCTBEHHO,
3HAUUTENBHO YIPOIIACTCS PACIpPEIeNeHHe PECypcoB MEXKAY MOAYISIMH, MOBBIIIAETCS
3(Q(EeKTUBHOCT, M NPOU3BOAUTENLHOCTh CHUCTEMBI. Pa3BHTHEM 3TOro HampaBieHHS
SIBIISIETCSL  CIICLMANM3UPOBaHHAs cucreMa o0paboTki WH(POpMALUMK C TPOrpaMMHO-
KoH(GUTrypupyemoii crpykrypoil. Ha ocHOBaHMM TpOBEAEHHOTO aHAU3a IIOJYYEHHBIX
pe3yabTaTOB  HCCIIENOBAaHMA MOXKHO CHENaTh BBIBOL, YTO IPOM3BOJHUTEINBHOCTD
CIEIMAaIN3UPOBAHHON CHCTeMbI 00pa0oTku uHpoOpMalMu Ha 0a3e BBIYUCIUTEIBHBIX
MOIyJeH MPOrpaMMHO-KOHQUTYPUPYEMOH CTPYKTYPOH SBIISIETCS BBICOKOH. MopmynpHas
OpraHM3alMsl MO3BOJISIET JOCTUYL BBICOKOI'O Iapajuieln3Ma BBIYMCICHHH W pacIIMpeHUs
00béMa maMATH.

KnioueBble caoBa: POW3BOAUTENBHOCTh,  ONTUMH3AIMS, CHCTeMa  00paboOTKH
HH(OPMAIUH, BBIYUCITUTEIBHBIA MOIYIIb.
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PRODUCTIVITY AND OPTIMIZATION OF SPECIALIZED INFORMATION
PROCESSING SYSTEMS THAT HAVE A STRUCTURE, WHICH CONFIGURES
BY SOFTWARE

S.V. Zybin, V.O. Khoroshko

National Aviation University
1, Lubomyr Husar Avenue, Kyiv, 03680, Ukraine; e-mail: professor_va@ukr.net;
zysv@ukr.net

The development of new architectures based on multiprocessor computing systems and the
use of multicomputer systems is one of the most important areas for improving the
performance of computing facilities at the current stage of technology development. It
allows creating new architectural development of systems and principles for computing in
these systems. The architectural principles of the synthesis for specialized information
processing systems allow us to achieve significant results in the process of improving
productivity; ensure the simplicity and efficiency of their management and operation.
However, the architecture of multiprocessor systems has a humber of disadvantages that
significantly limit their capabilities and hinder their use. To overcome these disadvantages
and difficulties are encouraged to develop the concept of specialized information
processing systems with software-configurable structure. Also, keep in mind the fact that a
wide range of diverse applications determines the functioning of specialized information
processing systems. Moreover, the evaluation of the choice quality for their parameters
should be performed based on a criterion that would provide an assessment of the use for
the same system architecture under different conditions of use or when solving single-plan
problems. The calculations in specialized information processing systems are programmed
not only, but also the ways of data transmission between them are programmed that take
place in the computing module. This is the principle of a software-configurable structure.
Specialized information processing systems with such properties can be effectively adapted
to the specific application. Accordingly, it greatly simplifies the allocation of resources
between modules, improves the efficiency and productivity of the system. Of this trend is a
specialized system of information processing with software-configurable structure. Based
on the analysis of the obtained research results, we can conclude that the performance of a
specialized information processing system based on computational modules with software-
configurable structure is high. Modular organization allows to achieve high parallelism
computation and memory expansion.

Keywords: performance, optimization, information processing system, computing module.
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JOCJIIIKEHHS 35YPEHD KIJIbKOCTEM MMOCJIIOBHUAX TPIAJI KOJIPHUX
TPUILIETIB SIK PE3YJBTATY IMPOCTOPOBUX MOJUPIKAIIINA KOJIIPHUX
CKIAJOBUX NP POBOI'O 30bPA’KEHHSA

I'.B. AxmaMeTheBa, B.O. I'Bo3auK

Onecbkuii HAIllOHAJIBHUH NMOMITEXHIYHUH YHIBEPCUTET,
npocn. [leBuenka, 1, Oneca, 65044, Ykpaina; e-mail: a.v.akhmametieva@opu.ua

B po6oti npoBoIUTHCS NOCHIPKEHHS BIUIMBY 30ypHHX [Iiil, CIIPSIMOBaHUX Ha MPOCTOPOBY
obnacte 1MQpPoBUX 300pa)keHb, Ha 3MiHY KUIBKOCTI KONIPHHUX TPUILUIETIB B MaTpHI
YHIKQIBHUX KOJBOPIB LU(POBOro 300pakeHHs. B Xoxi mpoBeneHWX OOYHMCITIOBAIBHUX
€KCIIEPUMEHTIB BCTaHOBJIEHO, WO NMpH MOIU(]IKalii TINBKM CHHBOI KONIPHOI MaTpHIli
300pakeHHs KiJIbKiCTh Blue-tpiajn (siki yka3yroTh Ha CHHIO KOJPHY CKJIAJ0BY 300paskeHHS)
B MaTpHUl YHIKaJIbHUX KOJBOPIB IM(PPOBOro 300pa)keHHs 3HAYHO IMEPEBHIILYE KiIBbKICTh
Red- i Green-tpiaa, mo npu ekcrepTu3i 300pakeHb JT03BOJUTH OJHO3HAYHO BCTAHOBHUTH
¢axT Momudikallii CHHBOI KOJIIPHOI CKi1aqoBoi. BecTaHOBIEHA 0COONMMBICTL XapaKkTepHa JUis
OUTBIIOCTI KOHTEWHEpiB B (¢opMaTi 3 BTpaTaMH, IO IIOB’S3aHO 3 TEXHOJOTIIMU
(hopMyBaHHSI 1 aITOPUTMaMHU CTUCKY IU(DPOBUX 300paKeHb, TOMY, HE3BAXKAIOUM Ha CIa0Ky
YYTIMBICTh JIFOJCHKOTO OKa 10 CHMHBOTO KOJIBbOPY, HE PEKOMEHIYEThCS BHKOPHUCTOBYBATH
CHHIO KOJIpHY CKJIQJIOBYy 300pa)X€HHsS JUIsi MPOCTOPOBHX TNEPETBOPEHb, 30KpeMa
cTeraHorpadiuHoro mneperBopeHHs. HalOinpil  NpuaaTHUMU Ui MPOCTOPOBHX
NEepPEeTBOPEHb B XOJl CKCIEPUMEHTIB BHSBJICHI 3€leHa 1 4YepBOHA KOJIPHI CKIIA/IOBI,
OCKiNBKH TX Momu(iKalii MPU3BOIATE 0 MOSBH MEHIIOI KibkocTi Green- i Red-tpianx (ski
YKa3yloTh Ha 3€JIeHY 1 YepBOHY KOJIpHI CKIIa/IOBI 300paKeHHs BIAMOBIJHO) 1 OTPUMAaHHS
NOPIBHSHOT KUIBKOCTI BCIX BHUIIB TpiaJ] TPUILIETIB B MaTPHI[l YHIKaJIbHUX KOJIBOPIB, IO
HpHU3BEAE 0 YCKJIaJAHEHHS KOPEKTHOI eKCIepTH3H LM(PPOBOro 300pa)KEHHS 3 TOUKH 30pY
OJIHO3HAYHOTO  BWSBJIICHHS  MoxaudikoBaHOi  KomipHoi  ckiamoBoi.  [IpoBeneno
OOTPYHTYBaHHS OTPUMAHUX PE3YJbTATIB 3 MO3MIIT CIPHUHMAHHS KOJIbOPY JIFOJACHKUM OKOM,
sIKe MOKJIaJICHO B OCHOBY (DOPMYBaHHsI KOJNBOPIB IM(PPOBUMH KaMepamu, Ta OCOOIUBOCTI
cTucKy 300paxenp cranmaptom JPEG. HaBexeni kputepii ajisi BU3HAYCHHsS KOJIPHOT
CKJIaZIoBOT 1(poBOro 300parkeHHs, sKa 3a0e3nedye MeHIn 30ypeHHs Y KiIBKOCTI
MOCNIJOBHUX TpiaJl B MaTpHIll KOJbOPIB, 1 OCHOBHI KPOKU BU3HAYECHHS JJIsi KOHKPETHOTO
300pa)keHHsT HAWOULIBII 1 HAWMEHIN NPHIATHUX JJIsl CTeraHorpadiyHoOro MepeTBOpPEeHHs
KOJIIPHUX CKJIQJIOBUX 3 TOYKH 30py 3MIiH KOJNIPHHX TPHUILIETIB B MATPHII YHIKaJIbHUX
KOJIbOPIB.

KurouoBi cioBa: midpose 300pakeHHS, IPOCTOPOBA 00IACTh, aHAJI3 MOCIIJOBHUX Tpias
TPUILIETIB, cTeraHorpadis, ekcrepTrsa nupoBUX 300paKeHb.

Beryn

[MocTiitHuii po3BUTOK iH(GOPMAIIMHUX TEXHOJOTIH Ta iX MIUPOKE PO3MOBCIOKEHHS B
ycix cdepax JIOACBKOTO KHUTTA CHpPUSE JOCTYITHOMY, JerKoMy i MBUJKOMY 0OMIHY
iHpopMaliero, Oyb TO €JIEKTPOHHI JOKYMEHTH, 300pakeHHs, ay/io Ta iHmIl. [cHye Bennye3Ha
KUTBKICTh TMpOTpaM, IO J03BOJISIOTH OOpOONATH 1 pelaryBaTd eleKTpOHHY iHpopmailito,
MOKpAIyBaTH XapaKTepUCTUKH 300paXkeHb 1 ayJio, Hamnpukial, XyJdoxH1 ¢ororpadii,
My3UuHi (aiiaM 3 HeCTaHJApTHUMM 3BYKOBHUMM edekTamu. OnHak B JAEAKHUX BHIAAKaX
BAXJIMBUM € BUKOPHCTAHHS OPUTIHAIBHUX, HEOOPOOIEHUX U(PPOBUX KOHTEHTIB, SIKI MOXKYTh
BUKOPHUCTOBYBATHUCS SIK JIOKa3u B Cy/i, 3 I[bOIO MIPUBOAY KPUMIHAIICTHYHI LIEHTPH MPOBOISATH
eKCIepTH3y, a/pKe HasBHICTb Oyab-sK01 Moaudikaiii 1u(ppoBOro KOHTEHTY MOXE CBITYUTH
po MigpoOKy JT0Ka3iB 1 yMUCHHI HaMip CBiJKa BBECTHU CY/ B OMaHY.
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OctanHiM dYacoM TMQpPOBI KOHTEHTH, 30kpema mudpoBi 300paxkenus (113),
BUKOPDUCTOBYIOTH Ui  OpraHi3alii HpPUXOBAHOTO KaHaly 3B SI3Ky UL OOMiHY
MOBIIOMIICHHSIMH, SIKi HEPIAKO MICTSTh HEOE3MeuHi BiIOMOCTI 1100 3aIUTAHOBAHUX 3JI0YHUHIB
abo BuUKpaseHy KoHOIiAeHIIMHY iHGopMamico. 3 METOI YCKIAJHEHHS MPOBEICHHS
eKCTIIepTH3U 1 BHSBICHHS CIiIB 3JI0Y4MHY MOXYTh 3aCTOCOBYBATHUCS DIi3HI «BUIAIKOBI»
MoauGiKaIii, Taki sIK HaKJIaJaHHS IIyMiB, pO3MHTTS a00 MiIBUIIEHHS KOHTPACTHOCTI, TOIIO,
SKi X0Y 1 MPU3BOASATH JI0 MOPYIICHHS CTaTUCTUKH L[3, ane M03BONSIOTH PUXOBATH TOJIOBHE.
Haituacrime B SIKOCTi KOHTEHHEPIB BUCTYNAIOTh KOJILOpOBi L3, mis 3a0e3neueHHs Bi3yanbHOT
[UTICHOCTI SIKUX, SIK PABHJIO, BUKOPUCTOBYETHCS JIUIIE OJJHA KOJIPHA CKJIAJI0BA, SIK PABUIIO,
cuns [1, 2], pime 3enena [3], aeski metou Uit MoauGiKaIlii 3aCTOCOBYIOTh BCI TPH KOJIIPHIi
ckimanoBi 300pakeHHs [4, 5]. BuxopucraHHsS CHHBOI KOJIIPHOI CKJIaM0BOi OOYMOBIIEHO
HEYYTJIMBICTIO JIFOICBKOTO OKa IO CHHIX BIITIHKIB, OJIHAK MOBHOLIIHHOTO JOCIIIKEHHS 110]10
YYTJIIMBOCTI KOJILOPIB 300pa’keHHs /10 MOJUQIKallii pI3HUX KOJIPHUX CKJIAJIOBUX IPOBEICHO
He 0yno, 4acTKOBO B poboTax [6-7], mpucBsiueHnx creranoananizy 113, Oyiau BusiBiieH1 Aesiki
0CO0IMBOCTI 30ypeHb KOJIhOPIB TIpH MoaudikaIii CHHOT KOJIPHOI CKJIaI0BO1, TaKl SIK 3HAYHE
3MEHIICHHS OJIOKIB 3 OJTHAKOBUMH 3HAYEHHSMH SICKPaBOCTI Ta 3pocTaHHs Kimbkocti Blue-
TpiaJ B CTEraHONOBIJOMJIEHHI y MOPIBHSAHHI 3 OpUTIHAJIBHUM KOHTeHepoM. Bukopucranus
UX OCOOJIMBOCTEH 03BOJSIE 3 OAHOrO OOKY TOYHINIE BHUSBUTH MOJM(DIKOBAHY KOJIPHY
CKJIaloBY npu ekcrneptusi 113, a 3 iHIIOro — BpaxoByBaTH MOpPYIIEHHs cTatucTuku L3 mpu
MOKpaIeHHl 300pakeHb abo po3poOIll HOBHX cTeraHorpad@iyHuX MeTOAiB. TOMy TUTaHHS
BUSIBJICHHS HAWUYTJIMBIIIOT KOJIPHOT CKJIa/10BOT 300pakeHHsI 1 0OIPYHTOBAHOTO BUOOPY TaKOi
KOJIIPHOT CKJIaJ0BOI, SKa Mpu3Bena OW 10 YCKIamHeHHs ekcrepTusu 13, € BaxmmBuM i
aKTyaJTbHUM.

Mera i 3aga4i podoTun

Memor poOOTH € BCTAHOBJICHHS POJIi YyTIIMBOCTI KOJIHOPIB IIU(POBOTO 300payKEHHS /10
30ypHHX i, HAKJIaJCHUX Ha TIEBHY KOJIPHY CKJIAJ0BY 300pa)KeHHsS, NUIIXOM aHaJi3y
MOCJIIOBHKUX TPiaJl KOJIPHUX TPUILIETIB B MATPHII YHIKAIBHUX KOJBOPiB 113.
JI1st HOCATHEHHS MOCTaBJACHOT METH HEOOX1THO BUPIIITUTH HACTYITHI 3a0aui.
® MPOBECTH JOCITIDKEHHS BIUIMBY 30ypHHX [iif, CIpPSIMOBAaHUX Ha TIEBHY KOJIPHY
ckianoBy 13, Ha pPI3HOMaHITHICTh KOJBOPIB MPHU 30€PEKEHHI MUTICHOCTI cripuidHATTS 113,
pe3yIbTaTOM SIKOTO € BU3HAYCHHS HAHOUIBII YyTJIMBO1 10 30ypHUX A1 KOJTIPHOI CKIIaJ0BOT;

® MpoBecTH OOIPYHTYBaHHS OTPHUMAaHUX PE3yJbTATIB 3 TOYKH 30py OCOOIMBOCTEH
CIPUHHSATTS KOJILOPY JIFOJCHKHUM OKOM 1 (pOpMYBaHHS KOJIBOPOBHX 300paXKEHb ITU(PPOBUMH
(dhoTokaMepamu;

e chopmyntoBaTu KpuTepii [uisi BUOOpYy HaAWOLIbII 1 HaWMEHII MPUAATHOI A

cTeraHorpagiuHoOro NepeTBOPEHHs KOoJipHOi ckiianoBoi L3.

OcHOBHA YacTHHA

IIpu nocaimpkeHHl 4yTauBOCTI KonbopiB L3 1o 30ypHUX 11, HakIaJeHUX Ha TEBHY
KOJIIPHY CKJIaJIoBy 300pakeHHs, Oynemo BukopuctoByBatu LI3 B Qopmari 3 BTparamy,
NpeJICTaBIeHUMU Yy BiamoBigHocTi 10 KouipHoi cxemMu RGB. Koxuuit mikcens 113
npesicTaBieHui Sk Tpumiet 3Hadens (I, 9,0, ), ne . 9,,,b,, - 3navenns sckpasocti (X, Y)-

TO MIKCeNs Y4ePBOHO1, 3€JI€HO1 1 CHHBOT KOJTIPHUX CKJIAJJOBUX BIAIOBITHO.

B skocTi MeTonly NOCHIMKEHHS B3STO MiAXiJ, 3aCHOBAaHWIA HA aHAi31 MOCTIIOBHUX Tpiaj
TPUIUIETIB B MAaTPHULIl YHIKAJIbHUX KOJIBOPIB, MOKJIAICHUI B OCHOBY CTETaHOAHAJITHYHOTO METOIY
[8]. [in yHikanbHUME KOJIbOpaMu OyIeMO po3yMITH Bci yHiKanbHI Tpurmiet 113, X KimbKicTh
nopisatoe U . TTocninoBHi TpiaIy TPHUILIETIB MOAUTSIOTHCS Ha TpH BUM [8]:
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e Red-tpiagu, i AKUX CIIPaBEIMBa YMOBA:
(r.,g.,b )eUCT AND(r, -1, 9,,b, )eUCT AND(r, +1,9,,b, )eUCT, k=1 U; (1)
o  Green-tpiaau, AJis AKUX CIIPABEUINBA YMOBA!
(r.,g,.b,)eUCT AND (r,g, —1b )eUCT AND(r,,g, +1b )eUCT, k =1U; ()
e Blue-tpiagu, mis SKuX crpaBejiiBa yMOBa:

(K, ge,b, ) UCT AND (1, g, b, —1) eUCT AND (1, g, b, +1)eUCT, k =1U, (3)

ne UCT - marpuis yHIKadbHUX KOJbOpiB po3mipoM U x 3, mo mictuth U ynopsaKoBaHUX
YHIKaQJIbHUX TPUILIETIB (rk o ,bk), k =1U . [Ipu mimpaxyBaHHI KiTbKOCTI TOCTIZIOBHUX Tpia
TPUILIETIB MOCIIZIOBHA Tpiajia acoIIOEThCs 3 cepeaHiM TpumietoMm (r,,d,,b,) eUCT, msa

SIKOTO BUKOHYIOThCSI yMOBH (1), (2) abo (3) B 3aneKHOCTI Bil BULY TpiaJu.

B po6Gorti [8] Bcranosieno, mo 113 B dopmaTi 3 BTpaTtamu, sIKE€ HE 3a3HAIO HITKAX
30ypHHX i, MICTUTh He Outbme 2.5% cepenHix TpHUIUIeTiB, acomiioBanux 3 Red-, Green- i
Blue-tpiamamu. B pe3ynbraTi cTeraHOMEpeTBOPEHHS KUTBKICTh TpiaJ 3HAYHO 3POCTAE, OUTBIII
TOTO HAMOUIBINE 3POCTAaHHS XapakTEPHO caMme JJIsg TOrOo BHUIY Tpiaj, SKUM BiAMOBIIAE
KOJIIPHIN CKJIaIoBid, Kyau BimOyBamacs BOymoBa nomatkoBoi iHdopwmarltiii. Bukopucranus
1i€i 0COONMBOCTI JTO3BOJISIE BUSBJIATH HASBHICTh BKIJIAJICHHS CEKPETHOTO TIOBIIOMIICHHS
HaBITh B YMOBAaX MajuX 30ypeHb KOHTEHHEPY, KOJHU MPOIYyCKHA CIPOMOKHICTh MPUXOBAHOTO
kaHairy 3B s13ky ctaHOBUTH 0.1-0.05 Git/mikcens.

B po6ortax [6-7] momidueno, mo koabopHu I3 mo-pisHOMY pearyioTh Ha 30ypHi i,
CIpsIMOBaHI MPOTH PI3HUX KOJIPHHUX CKIIAIOBUX, 30KpEeMa, CKIIAIHIIIC BUSBHUTH BKJIAJICHHS
nomatkoBoi iH(opmMalii B 3eleH0i KOJIpHOI CKIIaoBOi, HAWMOMITHINII 30ypeHHS Oyiau
XapaKTEPHI Il CHHBO1 KOJTIPHOT CKIIaI0BO1.

3 METOI BHU3HAYCHHSI POJIl YYTIMBOCTI KOJbOpiB 1[3 mo 30ypHux it OyB mpoBeacHU
o0uncIIOBAIBHKN ekcriepuMeHT Ha ocHOBI 200 113, ski 3a3HaBaIM HACTYMHUX MOUdIKAIliiA
OKPEMO I10 KOXKHIM KOJIIPHIA CKJIaJI0BOi:

e HaknagaHHsg mymy (I'aycoB i MyIbTHILTIKATUBHHN );

e 1mpocTopoBa (UIBTpaIlis KOJIPHUX CKIAI0BHX (yCepeAHIOUHMNA 1 KpPYroBHM
biTbTpH);

e creranorpadiuni mepersopenns (MiPOD [9] i LSB Replacement).

Pesynbratu momudikaniit 36epiranucs B gopmati 6e3 BTpar, OCKiNbKH cTucHeHHs 13
MPHU3BOAMUTD 10 MiHIMI3allil KUTbKOCTI MOCTIAOBHUX TpiaJ] B MAaTPHIIl YHIKATbHUX KOJIBOPIB JI0
PIBHS OPHUTIHAJIBHOTO 300pakKeHHS, KpPIM TOro, J0 ChOTOJHINIHBOTO JHS IOIIMPEHUMH €
creranorpadiuii MeTOAM, LI0 BHUKOPUCTOBYIOTH MpOCTOpoBY obOmacth L3 mmst BOymoBu
noBiIoMJIeHb. {151 KOKHOTO pe3yabTarTy Oyla migpaxoBaHa KUIbKICTh MociinoBHUX Red-,
Green- 1 Blue-Tpiazn 1 BU3Ha4eHi CIiBBIAHOIICHHS:

cR cR ) . . . ..
d" = —G; d® = B M MOIM(DIKOBAHOT YePBOHOI KOJIPHOT CKIIAI0BOI; 4)
C C
cG cG . .. . e .
d¥ = —R; d® = Y 11t MOIM(DIKOBAHOT 3€JIEHOT KOJIPHOT CKJIaI0BO1; (5)
C C
cB cB . .. . N .
d™ = —R; d™ = < 1t MOIU(IKOBAHOT CHHBLOT KOJIPHOT CKIIaI0BOY, (6)
C C
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ne CR,cG,cB - kimbkicte Red-, Green- i Blue-tpiax B MaTpuili yHIKaJbHHX KOJBODIB
MO/IM(IKOBAHOTO 300paKECHHS BIATIOBIAHO.

3HaveHHs croiBBigHOIIeHb (4)-(6), OUTHINI 3a OJWMHHIO, XapaKTEPU3YIOTh HASBHICTDH
MIKY Y KUIBKOCTI HOCTIIOBHHUX TpiaJx came y MOJU(IKOBaHOT KOJIPHOI CKIIa0BO1, 3HAUCHHS
MEHIIIE OAMHHUIII TPU3BEIYTh [0 MOMHIKOBOTO BH3HAUYCHHS MOIU(IKOBAHOI KOJIPHOT
ckimanoBoi. Ciix 3a3HAYMTH, 110 YMM BHINE 3HAYEHHS CIIBBIIHOMICHH (4)-(6), TUM Jerme i
TOYHIIIE BHUSBISETbCA MOAM(IKOBaHA KoJipHA CKianoBa. B Tabnumi 1 HaBemeHUWil BiICOTOK
113, B SIKHX crioCcTepiraeThCsi MiHIMAJIbHE CITIBBIIHOIICHHS B Aiarmazonax D : 1 — menme 1; I -

[1,1.1); III - [1.l1.3); IV — 6inpmre 1.3, B yMoBax pi3zHUX 30ypHUX Jiif OKpEeMO N0 KOXKHiH

komipHii ckiaanoBiid (CI'M — creranorpadiuHuii MeTO).

Ta6anns 1.
Kinbkicuuii ckian 113 3 criBBIAHOMIEHHSIM MOCIIAOBHUX TPiaj, 10 HAJIEXKAaTh
niamazony D, %

MoaudikoBaHa KoJlipHa CKJIa/10Ba

30ypHa mist UepBona 3enena Cuns

I | o a1V | 1 | lmliv| 1]V
o | Average 0 |565(365( 7 | 0 |635| 34 | 25| 0 | 26 | 28 | 46
—é Disk
S 05|83 | 16 | 05| 0 |815| 18 | 05| 0 |465]| 42 |115
—| m=0.005,

0 |665[335| 0 | 0 | 721|275/ 05| 0o | 0o | o | 100
2 2| v=0.00005
= 3| m=0.001

0| o |105[(895| 0 | 0 |56 |4 | 0| 0| 0 |100
Ol v =0.00001
.2 v=0.003 0 |815[175| 1 | o | 74| 25| 1 | 0 |155| 48 | 265
>~ O
Q) —_—
= & v=0.001 0 |635/345| 2 | 0 | 64| 34| 2 | 0 | 0 |385]|6L5
e gﬁieif/ 7 |835| 9 |05 |55 68 |245| 2 | 0 | 52 |365]|115
— a "
O 5| 0.04 6ir/ 315| 61 | 7 | 05 |195|595| 20 | 1 |105| 53 | 27 | 95

ITI1IKCCJIb
S o 0.04 6ir/ 26 | 6 | 16 | 52 | 13 [115]285| 47 |105| 25| 3 | 84
2 g
© - 01T 26.5| 45 |165|525| 12 | 11 |285|485| 11 | 25 | 3 | 735
ITIKCCJIb

Ax BuaHO 3 Tabmwmmi 1, B OUIBIIOCTI BUIMAAKIB Tpu MoAMdiKallii YepBOHOI 1 3€JIeHOT
KOJIPHUX CKJIAJOBUX CHiBBinHOIIEHHS (4) 1 (5) mpuiimaroTh 3HadeHHs Mk 1 1 1.1, mo
CBIIUMTH TPO HE3HAuHy mepeBary y Kinbkocti Red- i Green-tpianx Haj JBOMa iHIIMMH
BUJIAMHU Tpiajl, BUKIIFOUYCHHSI CTAHOBISITh BHMAJAKU 30ypHHX miif mymy Gaussian (m=0.001,

v=0.00001) i creranorpadiunoro meromy LSB Replacement. Kpim Toro, anst Bumnajikis
creranorpagiuaux meronie MiPOD i LSB Replacement npu moaudikaitii uepBoHOi KOTIpHOT
CKJIaJIOBOi BHSBJIEHI HaWOUIbIII TMOMMIIKM JAeTeKTyBaHHA mpu aHanizi L3 (crosmeus I),
HaliMeHTII — npu Moaudikallii CHHBOT KOJIPHOT CKIaI0BOT TSI CIIiBBIAHOIIEHB (6), IS AKOi
HaBITAKM XapaKTepHa 3Ha4YHa nepesara y Kimbkocti Blue-tpian nonan inmmmu (croenens V),
BUKJTFOUCHHS CKJIQIA0Th 30ypHi Aii pinerpom Disk, mynsrurutikatusauM mrymom (v =0.003)
ta creranorpadiaaum merogom MiPOD.
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Crnin Bim3HaumTH, MmO 30ypeHHA B MaTpHIl YHIKaJIbHUX KOJBOPIB B pPE3yibTaTi
creranorpagiuHoro neperBopeHHss LSB Replacement mnpu 3HaueHHSX MPOIYCKHOT
CIPOMOKHOCTI npuxoBanoro kanany 3B’s3ky (IITIC) 0.04 1 0.05 Git/mikcens HE3aIeKHO BiJ
3aIlOBHEHOT KOJIIPHOT CKJIaI0BOT 30BCIM MaJli, 10 MPHU3BEAE 10 BU3HAYECHHS TaKUX KOHTEHTIB
SIK OPUTIHAJIBHUX 300pakeHb. Y BHIAJKYy BUKOPHCTaHHS creraHorpadignoro merony MiPOD
3HAUeHHS KUTbKOCTI mociigoBHuXx Red-, Green- i Blue-Tpiax mopiBHsHI MbK c0000, TOOTO
BIJIPI3HSAIOTHCS HE OUTHIN HIK Ha 2-3 OUHHIII.

Takum 4MHOM, MOXKHA 3pOOUTH BUCHOBOK MPO HaAWOUIbIN 30ypeHHs y KinmbkocTi Blue-
Tpiaja, SKI BIAMOBIZAIOTh CHHIM KOJIPHIA CKJIAOBIH, HAWMEHINI CITIBBITHOIICHHS MK
KUIBKICTIO «OCHOBHHUX» TpiaJ] Ta JBOMa IHIIUMH XapakTepHi 1yisi Red-Tpian, acouiifoBaHux 3
YEpPBOHOIO KOJIPHOIO CKIIAJOBOIO, JI€ il «OCHOBHUMM» TpiaaMu OyaeMO pO3yMITH TOW BHJ
MOCJIIIOBHUX Tpiaj TPUIUIETIB, 10 BIANOBIIa€ MOAM(DIKOBaHIN KOJIIpHIN ckianoBii L13.

B tabnumi 1 nmpu Momudikaimii 4epBOHOI 1 3€JI€HOT KOJIPHUX CKIAJOBUX OUIBIIICTH
crniBBigHOILIEHb (4) 1 (5) HanexaTh Jiana3oHy [1,1.1) , 10 CBITYUTH PO HEBEIMKY PIZHULIIO Y

KUTBKOCT1 TMOCIIJOBHUX TpiaJ] TPUIUIETIB, OJHAK B 3aJIEKHOCTI BiJ] aOCOTIOTHOTO 3HAYEHHS
BMmicTy Red-, Green- i Blue-Tpiag B MaTpuili yHIKaJbHHX KOJBOPIB PI3HUIS MOXXe OyTh
JOCTaTHBO TMOMITHOI. BBeaemo nonaTkoBuil mapameTp Uisl aHanizy 30ypeHb B MaTpHIIl
YHIKaIbHUX KOJIbOPIB!

dif, =|cR—cG|; dif, =|cR—cB| m MomdikoBaroi uepBoHOT KOTIPHOT CKIAZ0BOT,; (7)
dif, = |CG - CR| ;dif, = |CG - CB| I1st MOAM(IKOBAHOI 3€JIEHOT KOJIPHOT CKIIa0BOT; (8)
dif, =[cB—cR|; dif, =|cB —cG| mst MomidikoBaHOi cHHBOT KOITIPHOT CKIIaZI0BOI. (9)

Jani cepen 300pakeHb-pe3ynbTaTiB  30ypHUX 1iii Ha ocHOBi (dopmyn (7)-(9)
MiIPaxoBYEThCS KUTbKICTh 13, 11 IKHX BUKOHYETHCSI yMOBa

dif, <1.5 & dif, <1.5, (10)

3 sIKOi BUTIKae MPUOJM3HO OJHAKOBUH BMICT PI3HUX BHUIIB IMOCTIIOBHUX Tpiaj B MaTPHIIi
YHIKQJIbHUX KOJBOPIB, BIICOTOK TaKMX 300pakeHbh HABEJACHUHN B TaOIHII 2.

Taoauns 2.
Kinbkicuuii ckian 1(3 3 mopiBHSAHUM BMICTOM MOCTIIOBHUX TPiajJ TPUILIETIB B MaTPHII
YHIKaJIbHUX KOJIbOPIB, %o

. MoaudikoBaHa KOJIipHa CKJIaI0Ba
30ypua i YepsBoHa 3eseHa Cuns
DinsTp Ayerage 22 26 2.5
Disk 37 31.5 10.5
Llym m = 0.005, v=0.00005 1.5 9.5 0
Gaussian | m=0.001, v=0.00001 0 0 0
Hlym v =0.003 0 0 0
Speckle | v=0.001 7.5 5 0
CI'M 0.01 GiT/mikcens 52.5 32 12.5
MIPOD | 0.04 6Gir/mikcens 60 49 37
CI'M 0.04 6iT/mikcensb 93 99.5 46
LSB 0.05 oir/mikcenb 93 99.5 49

135



I'.B. AxmametbeBa, B.O. ['Bo3 ik

3 Tabnuui 2 BUAHO, IO HAaWYacCTilIe MOPIBHSAHI 3HaYeHHA B KutbkocTi Red-, Green- i
Blue-tpian BuHMKaOTh Tpu Moaudikalii 4epBOHOT 1 3€JCHOT KOJIPHUX CKIAIOBHX, IS
CHHBOT KOJIIPHOT CKJIaI0BO1 MOPIBHSAHI 3HAYEHHS B KUTBKOCTI TpiaJa 3yCTpidaroThes pialie, a 3
ypaxyBaHHSM MIHIMaJIbHUX NOMUJIOK JIeTeKTyBaHHs (Tabnuus 1, croBmens 1) xapakrepHuM €
3HAYHUI miK y Kimbkocti Blue-tpiax y mopiBHsHHI 3 kinbkicTio Red- i Green-tpiaa. Takum
YMHOM, HaiyacTime ckiaaHoimi npu excreptusi 13 OyayTs BuHUKaTH mipu Moaudikaii (y
TOMY YHCIII CTETAaHOIIEPETBOPEHHS) YEPBOHOI 1 3€JIE€HOI KOJIPHUX CKIAJ0BUX. SIK BHUAHO 3
tabmuns 1 1 2, cryminp uymmBocti Red- i Green-tpiaa, BiAMOBIAHO acoIifOBaHUX 3
YEPBOHOIO 1 3€JICHOI0 KOJIPHUMH CKJIAJOBUMH, 3QJICKUTh BiaA 30ypHOI 1ii, KpiM TOTO,
BOKJIMBY POJIb MOXYTh BilirpaBatu ocoOJMBOCTI camoro [13: HasBHICTH NpiOHUX JeTaneci,
(OHOBUX AUISTHOK, IEPEBaKAIOUNI KOJIBOPOBUI TOH, TOIIO.

OTtpuMaHi BULIE pe3yabTaTH AOCIIKEHb XapakTepusytoTh L3 sk oxpemuii uudposuit
KOHTEHT JIMIIE 3 OJHIEI0 MOAM(DIKOBAHOIO KOJIIPHOIO CKIan0BO0. [l BUOOPY KOJIIpHOI
CKJIaJIOBOi 3 HAWMEHIIMMHU CIOTBOPEHHSIMH KOJILOpIB KOHKpeTHoro L[3 mo meBHOi araku
JOLUIEHO aHATI3YBAaTH OJHOYACHO TPU PE3YJIbTATH MEPETBOPEHB 3 OJTHAKOBUMH MapaMeTpaMH
30ypHOT Aii, aje 3 pI3HUMU MOAU(DIKOBAaHUMH KOJIPHUMU CKJIaIOBUMU: YEPBOHOIO, 3€JICHOIO 1
cuHbOM0. /{1151 aHani3y 300pakeHb OyZeMO BUKOPHCTOBYBAaTH MIHIMAKCHUM KpUTEPIN:

min (max (cRg, Gy, By ), max (cR;, €Gg, CB; ), max (R, ¢G;, ¢By ), (11)

hi (S CRI.,CGZ.,CBi,iz{R,G,B} - KimpkicTh mocmigoBuux Red-, Green-, Blue-tpiag y 13 3

MO I (HIKOBAHOIO 7 -0 KOJIPHOIO CKiIaioBot0. OTpumane B ¢opmyti (11) 3HaueHHs 103BOJISIE
yKazaTu Ha MoudikaIlito Tiei KOJipHOT CKIAA0BO1, AJIA SIKOT XapaKTepH1 HaltMEeHII1 30ypeHHSs
B MaTpWIll YHIKaIhbHUX KOJhOpiB. B Tabmumi 3 HaBemenmit Bincotok I3, cepexm skux
CIIOCTEPIraloThCsl HalMEHII1 30ypeHHs TpiaJ B MaTPUIll YHIKAJIbHUX KOJBOPIB 3a KPUTEPIEM
(11) mpu Mmoudikairii 4epBoHOT (3€7€HO01, CHHBOT) KOJIPHUX CKJIAIOBHX.

Taoauns 3.
Kinekicuwmii ckiaan 113 3 Haiimenmmu 30ypenusmu y kinskocti Red-, Green- i Blue-tpian
pu MoaudiKaIlii BIAMOBIAHO Y€PBOHOI, 3€JICHOT, CHHBO1 KOJIPHHUX CKIaT0BUX, %

Haiimenmri 30ypeHHs y KUTbKOCTI TOCITITIOBHUX Tpiaj
30ypHa nis TPUILIETIB IpU MOoAUPIKAIlT KOJIPpHUX cKIagoBux 113
UepBoHa 3eneHa Cuns
DinsTp Ayerage 22.5 56.5 21
Disk 8 76 16
lym m = 0.005, v=0.00005 13 12.5 74.5
Gaussian | m=0.001, v=0.00001 98.5 0 1.5
Hlym v =0.003 26.5 46.5 27
Speckle | v=0.001 26 32 42
CI'M | 0.01 6it/mikcens 11.5 76 11
MiPOD | 0.04 6ir/mikcens 6.5 80 13.5
CI'M | 0.04 6it/nikcens 35.5 54 10.5
LSB 0.05 Git/mikcenb 34.5 54.5 11

3 Tabnuui 3 BUIIMBAE, M0 MpH 30ypHUX JisX, TAKUX K QUIBTpaLis 1 creraHorpadiuHi
NEepEeTBOPEHHs, HallMeHIIl1 30ypeHHs y KUIbKOCTI MOCIIIOBHUX TpiaJl B MaTpPUIll YHIKAITbHUX
KOJIbOPIB BUHUKAIOTh MPH MOAU(IKAIlli camMe 3eJIeHOT KOJIIPHOT CKIIaI0BO1.

YuM MO’XHA TIOSCHUTH 3HAYHY YYTIUBICTH y KilbkocTi Blue-tpian (o BiamoBimaroTh
CHHBOT KOJIIPHOT CKJIAJIOBOI) Ta MEHIIY 4yTJIuBiCTh Green-rpian (1o BiAMOBIAIOTH 3€JICHOT
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KOJTipHOi CKiafoBoi) Ta Red-tpiaa (110 BiINOBifAOTh YEPBOHOT KOJIIPHOI CKIIAOBOI) 10
30ypHHX 1iii? PO3riastHeMO CIpUHHATINBICTD KOJIBOPY JIOACHKHM OKOM.

JIrozicpKe OKO CpUiiMae BUJMMHUN CHEKTP - €JICKTPOMArHITHI XBHJIL 3 TOBKMHOIO XBUJI1
npubmu3no Bix 380 (dioneroBwii) no 740 HM (4epBOHUI), BHUKOPUCTOBYIOYH IS 30DPY
KOMOIHAIlif0 3 JBOX BHUIB CBITIOYYTIMBHX KIITHH (()OTOPEUENTOPiB): BUCOKOUYTIMBHX
MNAIMYOK 1 MEHII YyTJIMBUX KOJIOOYOK. [lamuuku po3pi3HAIOTH JIMIIE IHTEHCHBHICTH CBITIIA,
KOJIOOYKH TaKOK MOKYTh PO3PI3HATH KOJILOPH 1 HaiKpamie (QyHKIIOHYIOTh MPHU SICKPABOMY
CBITJIL. Y KOXKHOMY OILli € TPH THIHA KOJOOYOK, KOXKHA 3 SKUX OUTBII YyTIUBA JO0 KOPOTKUX
(K), cepennix (C) abo mosrux (/) cirnoBux xBuib. KoMOiHaIis cUTHATIB, MOKIUBUX Y BCiX
TPbOX KOJOOYKAaX, OMKCYE Jiana3oH KOJbOpY, SIKHi MU MOKeMo Oauutu cBOiMu oumma [10,
11]. PucyHok 1 umrOCTpy€e BITHOCHY 4YYTJHMBICTH KOKHOTO THUIy KOJIOOYOK JO BCHOI'O
BUJIUMOTO crieKTpy npubian3Ho Bia 400 no 700 HM.

420 498 534 504

100 —

CrieKTpallbHa Iy TIHBICTE, %0
(¥4
S
L

0 I [T 11T 1T 1T 17T 17T 1T T 17T T T T TTTTTT]TTTTTTTTITT
400 500 600 700

Dionemosuil Cumniti EBraxummnuii 3enenuit JKoemuii Yepeonuil

JloBKHHA XBIII, HM

Puc. 1. HopmaimizoBani rpadiku CBITIOUYTIMBOCTI K0J004uoK Jirojackkoro oka K, C, [I; 1T —
«4OPHO-01Ta» CIPUHHATIUBICTD MATUIOK

HaiiGinpmy 4yTiauBICTH O CBiTJa JIFOJACBKE OKO Mae B objacTti 555 HM, B 3eleHid
YaCTHHI CHEKTpa, BIiANOBIJHO, HalMEHIIA CHPUHHATIMBICTH OKa J0 KOPOTKO-XBHIBOBUX
YaCTUH BUIUMOTO CHEKTPY, TOOTO 0 (hi0JIeTOBOrO i CHHBOTO KOJIBOPIB, CaME€ Ha OCHOBI L€l
0COONIMBOCTI OUIBIIICTH cTeraHorpaiuHUX METOAIB BHUKOPUCTOBYIOTH JJsi BOYIOBH
10J1aTKOBO1 H(opMarlii cuHIo KoJipHy ckianoBy L3.

®opmyBaHHA 300pakeHHS IUPPOBUMHU (PoTOKamepaMu MOOyIOBAaHO Ha aHAJOTii 3
O0COOJMBOCTSAMHM CHPUHHATTS KOJIbOPY JIIOJCBKUM OKOM. 3 BpaxyBaHHAM HaiOuIbIIOl
YYTJIMBOCTI JIFOJCBKOIO OKa /IO 3€JleHOi 4YacTHHU CHeKTpa cydacHi (oToKaMepu
BUKOPHUCTOBYIOTh CHEIliali30BaHy IHTErpajlbHy MIKPOCXEMY — CEHCOp, SIKUH CKIIQJA€ThCs 3
¢doTonioNiB, IO MICTATh KOJIPHI (UIBTPH, SKi NPOIYCKAIOTh JIMIE MEBHUH KOJIp, SK
NPaBUJIO, YEpBOHMM, 3eneHMi 1 cuHii. HaiiGinpm nomupenum € ¢uibTp baitepa, skuit
CKJIAJIA€ThCS 3 PAIIB UYEPBOHO-3€JICHMX 1 3€JE€HO-CHUHIX KOJipHUX (UIbTpiB (puc.2, a), MpH
IIbOMY BHMKOPHCTOBYETbCS HACTYIHE CHIBBIJHOIIEHHS KOJIPHUX (UIbTpiB: 3eneHi - 50%,
4yepBoHi - 25%, cuHi - 25%. B npeskux kamepax, HampHkiaj, Sony, BHKOPHCTOBYETHCS
CEHCOp, L0 3HIMAa€E YOTHUPU KOJIBOPH B CXO)KOMY MAacCHBi: YEpBOHMM, 3€JCHMH, CUHIA 1
cMaparoBo-3enenuii (puc.2, 0) [12]. Komnanis Fujifilm ctBopmma cepito marpuupb Super-
CCD 3 po3HECEHUMHU OKTaroHaJbHUMH, AiarOHAJbHO-PO3TAIIOBAHMMHU IMIKCEISIMH PIi3HOTO
po3mipy (puc.2, B) Ut CHPURHATTS JaHUX BUCOKOTO 1 HU3bKOTO KOHTPACTY. «3eJeHD» MiKcemi
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— MOJBIAHI: U1 MajJMX PIBHIB OCBITJIEHOCTI 1 CHTYyalild Majoro KOHTPAacTy B CTPYKTYpY
BBEJICHI JOJATKOBI «3elieHi» mikceni Ourbmoro posmipy. Ili3Hime Oynu 3amovaTrkoBaHi
cencopu BSI EXR CMOS, cxema posramnryBaHHsS KOJIPHUX (UIBTPIB SKUX 300pakeHa Ha

pucyHky 2, r [13].

6120101 RO OO 00
; e-a-o-o-c-o-n- ©

l> 6 b 6-6-6-6-,
- C_;!(_).-(.).-(:‘.-(.),-(.).-.(.),-.O
2020203020030 O

Puc.2. Cxema po3ramyBaHHs KONIpHUX (UIbTpiB B CeHcOpi: a — MmaTtpuns baiiepa; 6 —
MaTpulld 3 4YOTHpMa KoJipHuMH (QinmeTpamu; B — wmatpuns Super-CCD; r — marpuis
BSI EXR CMOS

Icaytotp # iHIII Buau ceHcopiB [14], ogHak B OUIBLIOCTI 3 HUX MEpEeBa)Ka€e KUIbKICTbH
3enieHnx GuIbTpiB, ToOTO B II3 HalTOYHINIE NEpenaeThCs caMe 3€JICHUH KOJIp, 3 MEHIIOH
TOYHICTIO — YEPBOHUH 1 CHHIA. 3 pUCYHKY | BHUAHO, IO OUIBIIICTH KOJIBOPIB (POPMYIOTHCS
CepelHIMH 1 JOBTMMH CBITJIOBUMH XBWJISIMH, IO BiIMOBINAIOTh 3€JICHOMY 1 YEPBOHOMY
KOJIbOPY, @ 3 ypaxyBaHHSIM JaHOTO (akTy 1 YepBOHA KOJipHA ckianoBa 13 onuHseTbes OUIbIIT
TOYHOO, HDK CHHA. HEeTOUHICTh y mepemadi CHHBOTO KOJIbOpYy IpH (hopmyBaHHI 1IH(DPOBOTO
300paXEHHSI KOMIICHCYEThCSI JIOCUTh CKJIQAHHUMH aJIrOPUTMAMHU, SIKI ONMCYIOTh IpOIEC
nebariepizarii (a0o neMo3aiku) — BIIHOBJICHHS BiICYTHIX KOJBOPOBHX enleMeHTiB [12], mio
Jeno 30UIblIy€e TOYHICTh nepeaui Konbopis. [Ipukiagom moxyts ciyxutu L3 B popmari
0e3 BTpaT, I SKUX XapaKTepHI JOCUTh BEJIMKI HOPIBHSAHI MDK COOOK KUIBKOCTI
nociigoBuux Red-, Green-, Blue-tpiaz [8].

Opnnak OutbLIICTh HUPPOBUX Kamep (HOpMYIOTh 300pakeHHs B (hopMmarti 3 BTpaTaMu, K
npasuio, cranaaptom JPEG, — B pesynbrari ctucHeHHs KinbKicth Red-, Green-, Blue-tpian y
MaTpulll yHIKaJbHUX KOJbOPIB 3MeHmyeThes a0 0-2.5%. Cranmapt ctuchenus JPEG [15]
nependayvae nepeBeeHHs 300pakeHHs y KonbopoBy cxemy Y CrCg 3a hopmynoro

Y =0.2989R +0.5866G +0.11458B,
C; =0.5R-0.4184G -0.0816B, (12)
C, =-0.1688R -0.3312G +0.5B,

OOYMCIIEHHSI UCKPETHOTO KOCHMHYCHOTO IEPETBOPEHHS, IPUYOMY Ha KOXKHI YOTHPH OJIOKU
8x8 cknanoBoi Y npunagarumMe 1o ogHoMy 650Ky ckinanoBux Cr 1 Cg, 1 KBAaHTYBaHHS OJIOKIB
cknagoBux Y, Cr 1 Cg. KBanTyBaHHs ckiazioBoi Y BinOyBaeTbcs 3 OUIBIIOI0 TOYHICTIO, HIXK

138



[HOOPMATUKA TA MATEMATHUYHI METO/I1 B MOJIEJITFOBAHHI = 2019 = Tom 9, Ne3-4

cknagoBux Cr 1 Cp, a OCKUIbKM OUIBIIMK BKJIAJ B KOMIOHEHTY Y BHOCUTH Matpuis G
(popmyna (12)) xomipHoi cxemu RGB, TO i1 3eieHI KOILOpU y CTUCHYTOMY 300paKeHHI
NepeaaThesl TOYHIIe, HDK 4epBOHI 1 cuHi. HeTouHa mepegaya 4YepBOHOTO i CHHBOTO
KOJIbOPIB TPU3BOJHUTH 10 HAABHOCTI B 300pa)K€HHI MEHIIO Pi3HOMAHITHOCTI YEpBOHHUX 1
CHHIX BIATIHKIB, HDK 3€JICHUX, 110 B MOJAJILIIIOMY TIO3HAYAETHCS HA Pe3yiIbTaTax MOaudiKkarii
YEepBOHOI 1 CHHBOI KOJIIPHUX CKJIQJOBUX y BHIJISAAI MOSBM HOBHX BIITIHKIB YEPBOHOTO i
CHHBOTO KOJIBOPIB 1 BUHMKHEHHS 3HAYHHUX MiKiB y KiuibkocTi Red- i Blue-tpiag y marpumi
YHIKaJIbHUX K0JIbOPiB L3 BiamoBigHO.

PosrnsiHyTi 0COOMMBOCTI BMICTY TOCTIIOBHHX TpiaJ] KOJIPHUX TPHUIUIETIB B MaTpPHIL
VHIKaJIbHUX KOJIbOPIB MO’KHAa BHKOPHCTOBYBATH JUIS BH3HAYCHHS Ti€l KOJIPHOI CKJIAIOBOY,
npu moauikamii sxkoi 30ypeHHs y KUTBKOCTI TOCTIIOBHHMX Tpiaj TPHUIUIETIB B MAaTpPHUIl
VHIKQJIbHUX KOJIbOPIB OYyAyTh HaWMEHIIMMH, 30KpeMa IIe MOKE€ BHKOPHCTOBYBATHCS IIPH
creraHorpadiyHuX rnepeTBopeHHAX. OCKUTbKA HE3AJIEKHO BiJl TUIY 30ypHUX i KUIBKICTh
MOCJIIOBHUX TpiaJ TPUILIETIB 3pOCTa€, IS YCKIaJAHEHHS aHanizy [[3 pexoMeHmoBaHuMH
OyayTe Taki Moau(ikaiii, B pe3ynbTaTi SKUX OyAyTh OTpUMAaHI MOPIBHSHI 3HAYECHHS
KUIBKOCTI MOCHIOBHUX Tpiaxa. g mpomo3uiis 3acHOBaHa Ha ToMy (akTi, 110 OpPUTIHANbHI
I3, siki HIKOJIM HE 3a3HABAJIM CTHUCHEHHS, MICTSTh 3HAYHY KUIBKICTh IMOCTIAOBHUX Tpias,
NpUYOMY IIi 3HAYEHHsI MOPIBHAHI MDK co00r0 [8], B 1bOMY BHIIAJKy OUIBIIICTH METOJIB
anamizy L[3, B ToMy 4uCIi CTeraHOAQHAIITHYHUX, BUSBISTHCS HECHPOMOXHUMH TPABHIIEHO
MIPOBECTH EKCIIEPTU3y 300pakeHHs. 3 ypaxyBaHHSM IIPOBENEHOTO JOCHIKEHHS MOXKHA
chopMmyIrOBaTH  HACTYNMHI KpuUTepli Ui BU3HAYEHHS HAWOUIBII MpPHUIATHOT IS
cTeraHorpagi4Horo NepeTBOPEHHs KOJIPHOI cKJ1aloBo1 okpemoro 113:

e MiHIMaJIbHI KUIbKICHI 3HaYeHHs nociainoBuux Red-, Green-, Blue-tpiag y marpwuii
VHIKQJIbBHUX KOJIbOPIB cepel 300pakeHb, CPOPMOBAHUX 3aCTOCYBAHHSIM 30ypHOi 1ii [0
YEpBOHOI, 3€JICHOT 1 CHHBOT KOTIpHUX CKIanoBuXx (popmyna (11));

e  MiHIMaJbHI CITIBBIIHOIIECHHS MDK KUTbKICHUMH 3HAYCHHSIMH «OCHOBHOTO» BHIY
TpiaJ y MaTpHIli yHIKaJIbHUX KOJBOPIB 70 ABOX iHIIHX (hopmynu (4)-(6));

® K JOJATKOBUU KPUTEPI MOKHA BUKOPHUCTOBYBATH aOCOJIOTHY PI3HHUINI0 MDK
KUIbKICHUMH 3HAYEeHHSIMH «OCHOBHOTO» BHUAY Tpiaja no nBox iHmmMX (dopmyma (10), 3a
HeoOXimHocTi 3HayeHHsA 1.5 MokHA 30UIBLIIMTH, aje He Ouiplie 3, mo0 BUKIIOYUTH
MOXJIMBICTB TIOSIBU MOMITHUX TIKIB Y KUIBKOCTI Tpia).

OCHOBHMMHM KpOKaMU BHU3HAQUEHHA HAWOUIbII 1 HaWMEHII NPUIATHUX  JUIS
creraHorpadivHOTO MEPETBOPEHHS KOJIPHUX CKJIAJI0BUX € HACTYITHI.

Kpok 1. Monudikariis 4epBOHO1, 3eJIEHOT 1 CHHBOT KOJTIpHUX cKianoBux (3 / 30ypHOIO
IR, 16,18

JIEI0 3 OJHAKOBUMH TMapameTpamu. PesynbTaT — 300pakeHHS BIANOBITHO IA

MO 1M (DIKOBAaHUX YEPBOHOI, 3€JICHOT 1 CHHBOT KOJIPHHUX CKJIAJ0BHUX.

Kpoxk 2. ®opmyBaHHS MaTPUIh YHIKATBHUX KOJBOPIB UCTR,UCT®,UCT® Bigmosiguo
JUTs 300paKeHb IR 16,18,

Kpox 3. TlinpaxyBanHs KinbkocTi nociigoBuux Red-, Green-, Blue-tpiag y marpuirsax
yrikaneEuX Kombopis UCT R UCT®,UCT®. Pesynbratu - cR',cG’,cB’, i = {R,G,B}.

Kpoxk 4. O6uucnuru:

_cR® g CcRY 5 ¢G® o cG® 5 cB® 5 cB°

TeGRTT2 eBRT Y eR®T2 eB®T Y cR®TY oGRS

dyf

Kpok 5. Buznaunrtu:

S =max(min(df,df'), min(d?,dg ), min(d?,d?)).
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Kpok 6. BusiBieHHs HailMEHII TNPHUAATHOI A CTEraHOrpagiuHOTO MEPETBOPEHHS
KoJTipHOi ckianoBoi 113.
Axwo S = min(df,df), mo
HaliMEHIII MPHUJATHOIO IJIsi CTETaHONEPETBOPEHHS € YepPBOHA KOJIPHA CKJIAJ0Ba

a3 7.
Tnarxwe

H G G
Axwo S = mln(dl ,d, ), mo
HaiflMEHIII NPHUIATHOIO JUIS CTETraHONEPETBOPEHHS € 3elieHa KOJIpHA CKIIaJoBa

a3 7.
Tnarxwe

H B B
Axuo S = mln(d1 ,d, ), mo
HallMEHII TPHIATHOIO Ul CTEraHOTEPETBOPEHHS € CHHs KOJIpHA CKIIagoBa

I3 7.
Kpox 7. Busnauutu:

M :min(max(cRR,cGR,cBR),max(cRG,cGG,cBG),max(cRB,cGB,cBB)).

Kpok 8. BusiBneHHS HaWOUIBII TPHOATHOI U CTETaHOTpadiqHOTO TEPETBOPEHHS
KoJIipHOT ckimamoBoi 113.
Axugo M =max (cR,¢G",cB?) , mo

axwo (0.9<df <1.1)&(0.9<d] <1.1), mo
SAKUO (‘CRR —CGR‘ < N)&(‘CRR —CBR‘ < N) , Mo

HaWOUIBII MPUIATHOIO YISl CTETAHOTIEPETBOPEHHS € YepBOHA KOJIIpHA
cknagoBa 113 7.
Inakwe

AHAxwo M = maX(CRG,CGG,CBG) , MO
axwo (0.9<df <1.1)&(0.9<dy <1.1), mo
AKUWYO (\ce‘3 —cR®|< N)&(\ce‘3 —cB°|< N), mo

HaWOUIBIII MPUIATHOIO IS CTETaHOIIEPETBOPECHHs € 3€JieHa KOJIpHa
cknagoBa 113 7.
Inarxwe

AHxwo M :maX(CRB,CGB,CBB) , MO
axwo (0.9<dP <1.1)&(0.9<d; <1.1), mo
AKUWO (\cBB —cR®|< N)&(\cBB ~cG®|< N) . mo

HaOUIbII MPUIATHOIO JUIS CTEraHONEPETBOPEHHsS € CHUHsS KOJIIpHA
ckianona I3 7.
Inaxwe xoxkHa KojipHa ckiagoBa L3 7 3a3Hae 3HayHMX 30ypeHb y KUIBKOCTI
MOCIIIOBHUX TPHUILIETIB MPH MoAU(Dikallii 00paHOI0 30ypHOIO JTI€TO.

3anponoHOBaHUM AITOPUTM MOXHA BUKOPUCTOBYBATH JUIsi BHOOPY 1 MiATOTOBKU
KOHTEWHepy Il cTeraHorpagiuHoro IMepeTBOPEHHs, BCTAHOBIIEHI 0COOIMBOCTI 30ypeHb
kobopiB L3 MoxyTh OyTu BHKOpHCTaHi creriagictaMu B obnacti exkcrneprusu 13, mio
JI03BOJIUTH 3 BUCOKOIO TOUHICTIO BCTAHOBUTH MO (PIKOBAaHY KOIIPHY CKJIAJIOBY 300paKeHHS.
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BucnoBxku

B crarri HaBenmeHi pe3yiabTaTH JOCHIKEHHS BIUIMBY 30YpHUX i, Takux sK
3anrymileHHs, GuUIbTpalis 1 creranorpadiuyHi nepeTBOPEeHHs, Ha KUTbKICTh MOCIIJOBHUX Tpiaj
TPUIUIETIB B MATpHIi YHIKaIbHUX KOJbopiB L[3. Bcranomieno, mo HailOutbmIi 30ypeHHS Y
KUTbKOCTI KoNipHHX TpurwieriB L3 BimOyBatoTecss mnpu Moau@ikamii CHHBOI KOIIPHOI
CKJIQJIOBOT, Jie KiTbKicTh Blue-tpian B 1.3 pasu i Oinbie nepeBuinye kiibkicts Red- i Green-
TpiaJ, IO HA CTOBNYACTIH JiarpaMi MO3HAYAE€ThCS y BHUII iKY, SKHA YKazye Ha
MOaM(DIKOBaHY KOJIPHY CKIQJ0BY 300pakeHHS. MEHII YyTJIMBHUMH BUSBJICHI 4YepBOHA 1
3eJIeHa KOJIPHI CKIAJ0Bi: KUIBKICHI 30ypeHHS y MAaTpHWIll YHIKQIbHHUX KOJBOPIB NpHU
Moaudikarlii 3eJeH0i KOJIpHOI CKIaJ0BOi MEHINI, HDK Tpu Moaudikaiii 4epBOHOI, ane
HaliMeHtni crhiBBigHOmeHHss MK Red-, Green- i Blue-tpiamamu xapaktepHi came s
YEepBOHOT KOJIPHOT CKJIaJI0BOI.

OtpumMaHi pe3yapTaTH AOCHUKEHHS 4YymIMBOCTI KoipopiB I3 mpu moaudikarii
BIINOBIAHUX KOJIPHUX CKJIaJ0BUX Oynu OOIPYHTOBaHI MHIISXOM aHal3y TEXHOJOTII
(dhopMyBaHHS KOJIBOPOBUX 300paxkeHb HUGpoBUMHU (poTOKamepaMu, MOOYyTOBAaHMX Ha OCHOBI1
CHOPUMHATTA KOJBOPY JIOACBKUM OKOM. BcraHoBieHo, mo unu@posi ¢oTokamepu, fK 1
JIOJICbKE OKO, CIPUMMAaIOTh CHHI KOJBOPH 3 MEHIIOI TOYHICTIO, HIK 3€JIE€HI 1 YepBOHI, L0
MPU3BOAUTD JIO MEHIIOT pI3HOMAHITHOCT1 CUHIX BIATIHKIB Y MaTpUILll YHIKAJIbHUX KOJIbOPIB.
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UCCJIEJOBAHUE BO3MYIIEHU B KOJIMUECTBE
HOCJIEAOBATEJIBHBIX TPUAL IIBETOBBIX TPHUIIJIETOB KAK
PE3YJIbTAT TIPOCTPAHCTBEHHBIX MOJIU®UKAIINI IIBETOBBIX
COCTAB/AIOIIUX IUPPOBOI'O U30BPAKEHUA

A.B. AxmamernseBa, B.A. ['Bo3auk

Opnecckuil HaMOHABHBIN TONUTEXHUYECKUI YHUBEPCHUTET,
npocn. [eBuenko, 1, Onmecca, 65044, Ykpauna; e-mail: a.v.akhmametieva@opu.ua

B pabore mpoBOmUTCS HUCCIEJOBAHWE BIMSHHUS  BO3MYILAIONMX  BO3JEHCTBHH,
HaIpaBJIeHHBIX Ha MPOCTPAHCTBEHHYIO 00JacTh U(POBBIX M300paKEHUH, Ha W3MEHEHHE
[IBETOBBIX TPUIUICTOB B MaTpHIle YHHKAJIbHBIX LBETOB IU(ppoBoro m3odpaxenus. B xone
IPOBEJCHHBIX BBIYUCIHUTEIBHBIX SKCIIEPUMEHTOB YCTAaHOBJIECHO, YTO IPH MOAU(HKAINU
TOJIBKO CHHEH LBETOBOM MAaTpHIbl H300pakeHus KomuuecTBO Blue-tpuayn (koTopeie
yKa3bIBaIOT Ha CHHIOIO I[BETOBYIO COCTaBIISIOLIYIO M300pa)KEHHsI) B MaTPHLIE YHUKAJIbHBIX
BETOB LH(POBOro M300pakeHHs 3HAYMTENBHO IpeBbIIaeT konuuectBo Red- u Green-
TpUaJ, 4TO HPH DHKCIEPTU3EC H300pPaXKEHHH ITO3BOJIUT OJHO3HAYHO YCTAHOBHUTH (aKT
Moan(UKALUY CHHEH [[BETOBOW COCTABIISIONICH. Y CTAHOBJIEHHAst 0COOCHHOCTh XapaKTepHa
Iu1sl OONBIIMHCTBA KOHTEIHEpOB B (hopMaTe C IOTEPSIMH, YTO CBA3aHO C TEXHOJOTHAMHU
(hOpMHUPOBaHUS U ANTOPUTMAMH CKATUS IU(PPOBBIX U300pPAXKEHUIA, IOITOMY, HECMOTPS Ha
cabyl0 YyBCTBUTEIBHOCTh YEJIOBEUECKOTO IJla3a K CHHEMY LIBETY, HE PEKOMEHAYETCs
HCIIONB30BaTh CHHIOIO IIBETOBYIO COCTAaBIISIOLIYIO M300pa)K€HHs [UIS MPOCTPAHCTBEHHBIX
npeoOpa3oBaHMii, B YaCTHOCTH cTeraHorpaduueckoro mnpeodpasoBanus. Hanbonee
NPUTOAHBIMHU VISl IPOCTPAHCTBEHHBIX MPE0Opa30BaHUM B XO/I€ HKCIIEPHUMEHTOB BBISBIICHBI
3eeHas U KpacHas LBETOBBIE COCTABILAIOIINE, MOCKOJIBKY MX MOIM(HKAIMU NPHUBOIAT K
MOSIBJICHUIO MeHbIIero konndectBa Green- u Red-Tpuaz (KoTopble yKa3bIBalOT Ha 3€JICHYIO
U KpPacHyI0 IIBETOBBIE COCTAaBJIIOIINE H300pPaKCHUSI COOTBETCTBEHHO) M MOJIYyYCHHUS
COIIOCTABUMOTO KOJIMYECTBA BCEX BUAOB TPHa TPUIIETOB B MATPHIE YHUKAIBHBIX I[BETOB,
YTO MPHUBEJET K YCIOKHEHUIO KOPPEKTHONW SKCIIEPTHU3BI HU(PPOBOro N300paKEHHs ¢ TOUKH
3peHHs OXHO3HAYHOTO BBIABICHHUS MOAW(DUIIMPOBAHHON IIBETOBOM COCTaBJISAIOIICH.
IIpoBeneHo 00OCHOBaHHWE IIONYYEHHBIX PE3YIBTATOB C MO3WIMK BOCHPUSTHS IIBETA
YeIOoBEYECKHUM IJ1a30M, KOTOPOE ITOJIOKEHO B OCHOBY (POPMHPOBaHHS LIBETOB HU(PPOBBIMH
KaMmepamM#, M ocoOeHHOCTH cxatusi wu3o0paxkenuit crangaptom JPEG. IlpuBenenst
KPUTEpUH ISl ONpeNeNeHns] IIBETOBOW COCTaBILIIONIEH IM(POBOrO H300pakKeHHS,
obecrieunBaroIell MEHBIINE BO3MYIICHUS B KOJMYECTBE IIOCIEAOBATEIBHBIX TpHAl B
MaTpHUIE YHHUKAJIbHBIX IIBETOB, M OCHOBHBIC MIATM ONPEICICHUS JUIS KOHKPETHOTO
moOpakeHnss Hamboliee W HaWMEHee TMONXOMSIINX Ui CTeraHorpaduaeckoro
MpeoOpa3oBaHMs IIBETOBBIX COCTABISIOIIMX C TOYKM 3pPEHUS W3MEHEHHH IIBETOBBIX
TPUIUICTOB B MaTPHIIE YHUKAJIBHBIX I[BETOB.

KiaroueBble cjioBa: 1udpoBoe H300paKeHHWE, NPOCTPAHCTBEHHAs] OOJACTh, aHAJN3
TIOCIIEIOBATENIFHBIX ~ TPHAJ  TPUIUIETOB, CTEraHorpadus, OJKCIepTH3a  IHU(POBBIX
n300pakeHAH.
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RESEARCH OF PERTURBATIONS IN THE QUANTITY OF SEQUENTIAL
TRIADS OF COLOR TRIPLETS AS A RESULT OF SPATIAL MODIFICATIONS
OF THE COLOR COMPONENTS OF A DIGITAL IMAGE

A.V. Akhmametieva, V.O. Hvozdyk

Odessa National Polytechnic University,
1, Shevchenko Ave., Odessa, 65044, Ukraine; e-mail: a.v.akhmametieva@opu.ua

In this paper we study the effect of perturbing influences aimed at the spatial domain of
digital images on the change of color triplets in the matrix of unique colors of a digital
image. In the course of computational experiments established that the modification of only
blue color matrix of the image, the quantity of Blue-triads (which indicate the blue color
component of the image) in the matrix of unique colors of the digital image significantly
exceeds the quantity of Red- and Green-triads that will allow for the examination of images
clearly establish the fact of modifying the blue color component. The identified feature is
typical for most containers in a lossy format which is associated with the digital image’s
formation technologies and compression algorithms therefore despite the low sensitivity of
the human eye to blue color it is not recommended to use the blue color component for
spatial transformations of the image, in particular, for steganographic transformations.
During the experiments the most suitable for spatial transformations green and red color
components revealed, since their modifications lead to the appearance of a smaller quantity
of Green- and Red-triads (which indicate the green and red color components of the image,
respectively) and to obtain a comparable quantity of all types of triads of triplets in a matrix
of unique colors which will complicate the correct examination of a digital image from the
point of view of unambiguously identifying a modified color component. The obtained
results are substantiated from the standpoint of color perception by the human eye, which
underlies the formation of colors by digital cameras, and the image compression features of
the JPEG standard. Criteria for determining the color component of a digital image
providing less disturbance in the quantity of sequential triads in a matrix of unique colors
and the basic steps for determining for a particular image the most and least suitable for
steganographic transformation color components in terms of changes in color triplets in a
matrix of unique colors are given.

Keywords: digital image, spatial domain, analysis of sequential triplets of triplets,
steganography, examination of digital image.
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PO3POBKA AJITOPUTMIB IIVTAHYBAHHSA POBOTHU NTEPCOHAJLY 3
I'HYYKUM I'PAPIKOM POBOTHU

O.1. T'aBpuiiok, O.I'. ZKnanosa, M.O. Cnepkau

Hanionanbhuii TexHiYHMH yHIBepcuTeT YKpainu « KUiBCbKUIA MOMITEXHIYHNI IHCTUTYT iMeHi [ropst
CiKOpCBKOTOY,
npoc. ITepemoru, 37, Kuis, 03056, Ykpaiua; e-mail: havrilyuk.olena@gmail.com,
zhdanova.elena@hotmail.com, sperkachmaya@gmail.com

Iporec ontumizarii rpadiky poOOTH BaXKIMBUM U 33JOBOJICHHS TOTpeO y MEpCOHAI,
BUKOHAHHS BUMOT 1I10JI0 HOPM TIpalli, BpaxyBaHHsS MOXIJIMBOCTEH Ta Mo0akaHb pOOITHHUKIB.
Y poboTi po3mismarThes 3afadyi 3MiHHO-IOOOBOTO IUIAHYBaHHS POOOTH TEpPCOHATY 3
rHydkuM rpadikom. ChopMyap0BaHO TPU 3aqadi BH3HAYEHHS KUIBKOCTI POOITHHKIB, IO
BUXOJISITh HA 3MiHY B KOXKEH 3 IHTEpBaJiB JI00M 32 YMOBH, 1110 TPUBAIICTh 3MiHH € CTAJIOIO
BEJIMYMHOIO. A TaKOX € OOIJHS TepepBa B 3aJaHOMY MPOMIXKKY IOCEpel 3MIiHH, a IITaT
POOITHUKIB OOMEXEHUH Ta JOcsArae MiHIMyMy CyMapHe BiAXWICHHS KiIBKOCTI POOITHHKIB
BiJI MOTpeOM B HUX Y KOXKHOMY 1HTepBasli. 3alporOHOBAHO JBa METO/H, SIKi TlepeadaydaroTh
HOCTIIOBHE PO3B’sA3aHHS JBOX ONTUMI3AIliHUX 3anad. B mepmomy meroni Ha mepumomy
eTani po3B’s3yeThCs 3aJlaua, B SIKii HEOOXiTHO BU3HAYUTH KUIBKICTh POOITHHKIB 32 YMOBH,
110 00i/HI MepepBHU BIJACYTHI, a B IPYyroMy — 3a YMOBH, IO MiJ 0OifHI TIEpepBH BUIICHO
iHTepBal, B paMKax SKOr0O JO3BOJICHO TMpHU3HAYATH mepepBy. B 060X MeTonax, Ha OCHOBI
PO3B’sI3Ky BIAINOBIAHOI 3ajaul MEpIIOro eramy, HEOOXIAHO PO3CTABUTH MEPEPBU TaKUM
YHHOM, 1100 JOCAITH MiHIMaJbHOrO CyMapHOro BiixwieHHs. B pesymbrarti dopmanizamii
Oynu OTpUMaHi 3ajqaui HENIHIMHOrO NpOrpaMyBaHHs, sKi OynuM 3BeNeHl 10 3anad
LJIOYHMCIIOBOrO JIiHIMHOrO Ta OyneBoro nporpamyBanHs. Jlis 3apadi 3 IUIaBarOuYUMHU
o0ilaMu po3po0JIeHO €BPUCTUYHI aJrOPUTMH BHPIILIEHHS, Ui SKAX MPOBENCHO NBI cepii
€KCIIEPUMEHTIB 3 METOIO JIOCIIDKEHHs X e(eKTUBHOCTI. BXiqHi AaHi sl eKCIIepUMEHTIB
3reHepOBaHl BHIIAJIKOBUM YMHOM Y 3aJIaHMX MEXaX MPOMDKKIB uacy. BapitoBamuchk Taki
rapameTpH, SK KiIbKICTh 1HTEpBaliB IUIAHYBAHHS, Ha SIKYy PO30HMBa€ThCs j00a Ta Mexi
IUIaBaro4ux oOiHIX mepepB. Pe3ynbTaté poOOTH aNrOPUTMIB BidyanizoBaHO Ha Tpadikax
Ta CBiAYaTh NP0 €(EeKTHBHICTh MEpIIOr0 METOAYy Ta HEeOOXIAHOCTI JOJATKOBOIO
JIOCITIJPKEHHSI JIPYTroro.

KawuoBi cioBa: rHydkuii rpadik poOOTH, KaJieHIapHE IUIAaHYBaHHS, E€BPUCTHYHHIMA
QJITOPUTM, JIiHIHE POrpaMyBaHHSI.

Beryn

barato cyyacHMX MiIIPHEMCTB MPOMOHYIOTH CBOIM pPOOITHMKaM THYYKUW rpadik
poOoTH, SKWW Hajuae IepeBard sSK poOiTHHKaM, Tak 1 pobOoromaBisaM. Jlo HaHOULTBII
MOIIUPEHUX TepeBar HajleXaTh BHCOKa IMPOAYKTUBHICTH Mpalli, Ouibllia HpuUOYTKOBICTH
oprasizaitii Ta MTO3UTHBHUI BILIMB Ha OaJaHC MK POOOTOIO Ta OCOOMCTHM KUTTM [1].

3MiHHO-1000BE TMJIaHyBaHHA — L€ HANpsAMOK KaJEHAApHOIO IUIAaHYBaHHS, MO €
IPOILECOM NPUHHATTA PpillleHb, SKUH LIMPOKO BUKOPUCTOBYETHCS Yy MPOMHUCIOBOMY
BUPOOHMLTBI Ta cdepl HajaHHSA MOCHyr. 3ajnadi, 0 NPU [IbOMY BHHHKAIOTH 3a3BHYaid
3BOJATHCA 0 JTUCKPETHOrO MpOrpaMyBaHHs Ta Teopii po3kianiB. Lli 3agaui BupimyroThes 3a
JIOTIOMOT00 TOYHUX a00 €BPUCTMYHHMX METO[IB, SIK1 MMOJIATAIOTh y NMPU3HAUYEHHI JOCTYMHHUX
pecypciB Ha BUKOHAaHHS MEBHUX pOOIT, sIKI HEOOXiJTHO BUKOHATH y 3a/laHi MPOMDKKH dacy.
[Ipu3HaueHHs pecypciB Mae OyTH BHKOHAaHO TaKMM YHMHOM, 10O JOCSTTH ONTHUMAalbHOTO
pe3ynbTaTy, IO 3aJ0BOJBHSE OMUH abo Outblie KpuTepiiB [2]. Y OGararbox TOpPriBEeIbHHUX
Opraizalfisix Ta opratizalisx 3 HaJaHHs MOCTYT NMoTpebda B poOITHUKAX 3aI€XKHUTh BiJl HOTOKY
KIIIEHTIB, KU 3MIHIOETHCS TPOTATOM 1T0OM Ta 3aJeXuTh Bin OarathoxX (axkTopiB (ACHb
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THXKHS, TIOpa POKY, aKIlii Ta 3HMKKH, CBSITKOBI JHI To1o). Jlami 6e3 BTpaTu y3araabHEHOCTI
OyzeMo po3rsiiaTH 3MIHHO-1000B€ IUIaHyBaHHS TpadikiB poOOTH pOOITHUKIB CyliepMapKeTy,
10 TPAIIOIOTh 32 THYYKUM I'padikoMm.

Merta i 3aBIaHHA JOCTiKEHHA

Mema nocnipkeHHs — OpraHizamis poOOTH IITaTy CylepMapKeTy 3 METOI0 MiHiMi3amii
BHUTpAT HA OTUIATy POOOUYOTO Yacy poOITHUKIB 32 YMOBH 3a0€3IICUCHHS POOOTH CyIIepMapKETY.
3okpeMa ¢GopMyBaHHS Takoro rpadiky poOOTH POOITHHKIB, 3a SKOTO CyMapHE BiIXHIICHHS
KUTBKOCTI pOOITHHUKIB Bif TOTpeOM B HUX 3a 33JaHi MPOMDKKM Yacy BIPOJOBX 100M (Hamami
«CyMapHe BIIXHIICHHS).

JI1st mocATHEHHS METU HEOOX1THO BUKOHATU HACTYIHI 3A80AHHSL.

e 100ynyBatu (popmMasibHI MOJEINI;

® po3poOuTH anropuT™Mu (GopMyBaHHS TpadiKy BUXOIIB POOITHUKIB 3 THYYKUM
rpadikoM poOOTH, 3a IKOTO CyMapHE BIIXWJICHHS € MIHIMAJIbHUM;

® [IPpOrpaMHO  peali3yBaTH  pO3pOOJIEHI aJIrOPUTMHU Ta  CHCTeMY JUIS  iX
eKCTIEPUMEHTAIBHOTO JTOCIIHKEHHS;

® BUKOHATH aHaJli3 OTPUMAHUX PE3yJbTaTIB.

OCHOBHA YaCcTHHA

Mogeni miianyBaHHSI TPYAOBHX PECYpPCIB € Ty)K€ BOXKIMBHM KJIacoM Mojeniel B cdepi
Ha/IaHHS TIOCJIYT HaJ BIOCKOHAJICHHSM SIKHX IPANIOIOTh BYCHI 0araThbOx KpaiH cBiry. Y
poborax [2, 3] po3ristHyTO 3ama4i 3MIHHO-1000BOTO TUIaHYBaHHS POOOTH mepcoHaty. Jlanuii
KJIac MOJeIeld MOXYTh 3aCTOCOBYBATHCS SIK JUIS TUTAHYBAaHHS 3MiH B CepBiCHOMY meHTpi [4],
IUTAHYBaHHI PO3KJIaay poOOTH MeauIHUX cectep [5] Tak i aas iHmmx chep HaJaHHS MOCIYT.
[InanyBaHHS TPYIOBHX PECYPCIB MOJSATAE y MPH3HAYEHHI MEPCOHATY HA 3MIHY 3 METOIO
3aJI0BOJICHHS TIOMUTY HA PECYPCH, K1 MOXKYTh 3MIHIOBATHCS 3 YACOM.

VY nocmimkenni [6] BUKOpHCTaHO METOJ OaraTOKpUTEpPIalbHOI ONTHUMIZAIl 3 METOO
HaJIaHHS Kpamoro oOCIyroBYBaHHs NUISXOM 30aJIaHCOBAHOTO PO3MOALTY TNEPCOHANTy Ha
3MiHy. Y po0oTi [7] 3ampomoHOBaHO €()EKTHBHUN EBPUCTUYHUN MiAXiJ, IO MOXE OyTH
BUKOPHUCTAHHU ISl BUPIIIEHHS 3a/1a4 TeOpii pO3KIaliB 3 HUILOBOK (DYHKIIIEO, IO BPaXOBYE
SIK Yac 3aBepIleHHs poOiT, Tak 1 MPOMDKHMI Yac 3aBepIIcHHS onepaliid. Y [8] npeacrasieHo
€BpUCTUYHUN Taly MOIIYK JJis 3ajJad IUJIAaHYBaHHS, JI€ KPHUTEPIEM € MIHIMI3allisd CyMH
OKpPEeMHX OMYKIMX (PYHKIII BUTpAT, 3aKpIJICHUX 32 4acOM IOYATKY ofmepalii Ta pi3HUIEIO
MDK YacoM IMOYaTKy [OBUIBHMX TMap omnepamid. Y pociimkenHi [9] 3ampomnoHoBaHO
JBOKpUTEpIAIbHY MOJIENIb OYJIEBOTO TMPOrpaMyBaHHS Ta 1i PO3B’S30K METOJOM IOIIYKY
HUIAXy Ui poOOYMX CTaHLId Ta 3aJaHUM JEHHUM HaBaHTAXKEHHSAM, rpadikoM poOOTH
MPaIiBHUKIB, KUIBKICTIO MPHCTPOIB Ha CTaHIli 3 METO MiHiIMi3amii MpoCcTOiB cTaHIi. Y
nyomikamii [10] chopmynboBaHo 3amady JiHIHHOTO TPOTPAMyBaHHS, METOI0 SIKOI €
BUKOHAaHHS 3aBJaHb 3 OJHOYACHOIO MIHIMI3aIli€l0 KITbKOCTI HEMpPU3HAUEHUX 3aBJaHb,
BIJICTaHi B 0OpO3i, BUTPAT MPalliBHUKIB Ta MaKCUMaJIbHOTO 3aJ0BOJICHHS MepeBar KIi€HTIB Ta
poOiTHUKIB. Y npoekTi [11] BUKOpHCcTaHO OaratokpuTepiajlbHy ONTUMI3AIIIO Ta LTOUYUCIOBE
JiHIHE MNporpaMyBaHHS Ui IJIaHyBaHHA Trpadiky poOoTH poOITHUKIB y OGibmioTer.
Kputepismu € MiHIMI3aIig HAATUIIKOBUX TOJIUH, BIANPallbOBAHUX pPOOITHUKAMH Ta
MakcHUMi3allisi BIAMOBIMHOCTI iX moOa)kaHHSAM 3 BpaxyBaHHSIM HEOOXIIHOCTI 3aJ0BOJICHHS
noTped y mepcoHati B TOJMHHU K.

TopriBensHe MIAPUEMCTBO € KOHKYPEHTOCTIPOMOKHHUM 32 YMOBH 33JI0BOJICHHSI 3aITUTIB
KJIIEHTIB 0€3 BEIMKHMX YacOBUX 3aTpUMOK. [Ipy 1bOMYy MOTIK KJII€HTIB € HENEepepBHOIO
3MIHHOIO BEITUYHMHOIO, 10 3MIHIOETHCS MPOTATOM JOOH, Ta Ky MOKHA BBa)KaTH CTAJIOIO B
MeXax IHTepBaJiB 3a/1aHOT TPUBAJIOCTI, 10 CIIAYIOTh OJUH 3a ofHUM. OTxe, 106a po3OuTa Ha
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K iHTepBaNiB 3aAaHOI TPUBAIOCTI, [ KOKHOIO IHTEpBaJy BiOMa MiHIMaJbHA KUTBKICTh
POOITHUKIB, 3IaTHUX BHUKOHATH BCTAHOBIJICHHH 0OCAT poOiT (Hamami «motpeday). [Hrepsan —
3HA4YeHHs AMCKPETHOI OJWHUII 4Yacy IUIaHyBaHHS. 3MiHAa MOJKE IOYMHATHCA TUIBKH Ha
MOoYaTKy OJHOTrO 3 iHTepBaiiB. Ha pucyHky | HaBeneHO MpUKIaa MiHIMaIbHO HEOOXiTHOI
KUIBKOCTI  pOOITHUKIB, SIKAMH MOXXHAa  33JOBOJBHUTH TOTPeOM  (QYyHKIIOHYBaHHS
CyIepMapKeTy JJIsl KO)KHOTO 3 OJTHOTOJMHHKX IHTePBAJIB J00H.

o]
1

(o)}
1

(89
1

[Torpebu B cniBpoOiTHHKAX, 0COOU
S
1

(e
i

01234567 891011121314151617181920212223
Yac 100u, roguHu

Puc. 1. [Ipuknan 3a1e:KHOCTI MIHIMAITBHOT KUTBKOCT1 pOOITHUKIB Bifl 4acy J00u

[IpoTsirom 3MiHK pOOITHHKAM HAAA€ThCS OOIMHS TEpepBa, sSKa Ma€e MOXIIMBI BapiaHTH
posMilieHHss abo uepe3 3a7aHy KUTBKICTh ITHTEpBATIB MICISA MOYaTKy poOodvoi 3MiHM abo B
33IaHOMY TIPOMDKKY 1HTEpBATIB 3MIHH, MPOTATOM SKOTO € JONMYyCTUMHUM IUJIaHyBaHHS
nepepBu. 3 ypaxyBaHHSM BHUIIE3a3HAYEHOTO CPOPMYIIIOEMO TpH 3a/1a4i.

3agaua 1. BusHauuTu KUIBKICTh POOITHHMKIB y KOXXHOMY 3 IHTEpBAIIB J00OH, sKa
MMOBUHHA OYTH HE MEHIIOI0 MiHIMaJIbHOT TOTpeOr B HUX. BpaxyBaTu, 110 TPUBATICTh 3MIHH €
CTAJIOI0 BEJIMYMHOIO Ta JOCSATAE MIHIMYMY CyMapHE TMEPEBHINCHHS KUIBKOCTI POOITHHUKIB Bij
MoTpeOM B HUX 3a 3aJaHi MPOMDKKH 4acy BIPOJIOBXK J00OM (Hamasi «CyMapHe TEPEBUIIICHHS ).

3apaua 2. Bu3HauuTH KUIBKICT POOITHHUKIB y KOKHOMY 3 IHTEpBAIIB J0OMU 3a YMOBH,
10 TPUBAIICTh 3MIHU € CTAJIOK BEIWYMHOIO 3 OOIAHBOIO MEPEPBOIO MOCEPEa 3MIHH, a IITaT
POOITHHUKIB OOMEXEHUH Ta JOCIrae MiHIMyMYy CyMapHE BiIXUJICHHS.

3agauya 3. BusHauuTH KUIBKICTh POOITHUKIB y KOXKHOMY 3 IHTEpBaJIiB 00U 32 yMOBH,
110 TPUBAIICTb 3MIHM € CTaJOI0 BEIMYMHOIO 3 IEPEPBOIO, 110 3alVIaHOBAaHA B 3aJaHOMY
IPOMDKKY TIOcepea 3MiHM, a IITaT poOITHUKIB OOMexeHHH. MIiHIMI3yBaTU CyMapHe
BIIXUJIEHHS.

V 3anaui 1 rpadik 6yayerbes 0e3 BpaxyBaHHA 0011HIX nepepB. OCKUIbKH PILICHHS PO
4yac HAcTaHHs MEpepBH NMpUHMaEe MEHeKep, SKUH B peaJbHOMY 4yaci MOXKE OLIHUTU MOTIK
KJIIEHTIB, Take HocialiieHHs oOMexeHb Moxe OyTu edekTHUBHMM. Y JaHii 3azadi He
BPaxoOBYIOThCsI 0OMEXKEHHSI Ha KUIbKICTh poOiTHUKIB. OTXe, I 3a/1aua € HaUIpOCTILIo, 1 il
pe3yabTaTH MOXXYTh BUKOPUCTOBYBATHUCS K OLIHOYHI JUI OUIbII CcKIaAHUX Mojeneil. Tak,
OCKITbKH 11 pO3B’A30K MOBHICTIO 3abe3meuye MoTpedu y MepcoHali, TO BOHA Moxe OyTu
BUKOPHCTaHA JUIsl BU3HAUEHHS MiHIMaIbHO HEOOXITHOI KUTBKOCT1 POOITHUKIB Ta MOAAIBIIOTO
MPUIHATTS BIINOBIAHUX KAJPOBUX PIIlICHb.

3amaua 2 BpaXxoBYye HasBHICTb IepepB, SKi I BCIX pOOITHUKIB MOYMHAIOTHCS B OJMH 1
TOM ’Ke dac: yepe3 3aJaHy KUIbKICTh IHTEpBaNiB Ticis MMOYAaTKy 3MiHH. Y 3ajadi 2
BPaxoOBYETbCS OOMEXEHHsS Ha KUTbKICTh POOITHMKIB, a I1€ O3HAYa€, 10 MOKYTh BUHUKHYTH
CHUTYallii, KOJH He ICHy€ JIOMMYCTUMUX PO3B’sI3KIB 32 YMOBH 3a/10BOJIeHHs 1oTped. Came Tomy
B I(i# 3a/1a4l METOIO € MIHIMI3aI[is BIAXWJIEHHS BI HUX.

3amaua 3 BiIpI3HAETHCS BiJ MONEPEAHBOT THM, IO NEPEPBH € IUIABAIOYMMHU, TOOTO
MOXYTh OYyTH 3aIlUIaHOBaHI uyepe3 pi3HI MPOMDKKH 4Yacy Micis IMOoYaTKy poOouoi 3MiHH.
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3aBISKM LbOMY, pO3B’SI30K 3adadi 3 MoOKe NpUAMaTH MEHIII 3HAYEHHS KpuUTepis y
MOPIBHSAHHI 3 BIIIOBITHUM PO3B’A3KOM 3ajadi 2.
3aoaua 1. Jlano:

® ( — KUIBKICTh IHTEpBAIIIB Yacy;

e { — TpUBAJIICTH 3MiHU B IHTEpBAJIAX;

e 3, —mnotpeday pobirHukax B K -if inTepBan vacy, K e {0,1, .50 —1} ;

e ¢ =k+1-t — 3cyB BiIHOCHO MOYATKy Bi/UTIKy MOPSIKOBOTO HOMEpa iHTepBaly, 3
SIKOTO TIOYMHAETHCS MiJPaXyHOK 3MiH 115 K -ro iHTepBay yacy, K e {0,1, a0 —1} :

Hexall X, — KUIbKICTb pPOOITHHKIB, IIO BUXOJATh Ha 3MiHy B i-H iHTepBan wyacy,

IS {0,1, ..ug —1} . BBezieMo HacTyIHI MO3HAYCHHS:

K
in ,ons¢, 20
A( = i:ek 1

0, onae, <0

g-1
z X, 0nae, <0
Bk = Vi=g+e

0, onse, 20
k
X;,0nse, <0
Ck =Yi=0 .
0, onae, 20

inmsoBa ynkiis (LD):

g-1
minz=> (A +B +C, -a,).
k=0

OOMekeHHs Ha 3a0e3nedeHHst MoTpedu y poOiTHUKAX B K -if iHTEpBat 4yacy:

B.+C,>a, e <0ke{0L...,t-2},

A za,e >0 keft-1..,9-1},
X >0, i, ie{O,l, en g—l}.

3amaua 1 HamexuTh N0 Kiacy 3afad IUIOYHCIOBOTO JIHIHHOTO MpOTpaMyBaHHS
(3LLJIIT).

3aoaua 2. lavo g,t,8,,6,ke{0,1,...,9—1} (auB. 3anaua 1), a Takox:

e S — KUIBKICTh POOITHUKIB;

e C — HOMep iHTepBally, 3 IKOT0 MOYNHAETHCS NIepepBa,;

e C — HOMep iHTepBaIy, B IKUH 3aKiHIY€ThCS MEpepPBa,;

Hexaii X, — KUIBbKICTh POOITHHKIB, IO BHXOAATh HA 3MiHY B |- iHTepBaj dHacy,

e{01...,9-1}.

Beeagemo HaCTyT[Hi I[OI[aTKOBi INO3HAYCHHA:

147



O.I. I'aBpumtok, O.I'. JKnanosa, M.O. Cnepkau

€ +C
z X, 0nsae, =—c
_Ji=ete
D, =1
€ +C
in, onae, <—c
-0

g+e+C
Z X,0nae, < g-1+c

i=g+e, +C
E = ‘

g-1
z X, onse, > g—-1+c

i=g+e +C

Ho:
g-1
minz=>'|A +B +C,-D -E, —a,. (1)
k=0

OOMerxeHHs Ha 3arajibHy KUIbKICTh pOOITHUKIB:

g-1
ZXi <S,
i=0

X >0, mimi, ie{O,l, e g—l}.

(2)

3amaua 2 Moxe Oytu 3BeneHa a0 3LJIIT mmsxom BBeACHHS JAOJATKOBUX 3MIHHUX Ta
obmexxenn. [lepeTBopuMoO 3amady 2 TakUM YHUHOM, MO0 MO30YTHCS BiJl CyMH MOJIYJIB Y
L® (1). 3amiEuMoO BUpa3 MOAYIS i CyMOIO Ha U, , OTPUMAEMO:

g-1
minz =>u,.
k=0

Po3kpuBIM MOAmyib, OTPUMAeMO J[Bi IpylH OOMEXKEHb, SKi HakiIagaroTbcd Ha U, .
[TepeneceMo 3MiHHI B IpaBy YaCTUHY, a BUTbH1 KOS(II[IEHTH — B JIBY:

A +B +C, -D,—-E —-u, <a,
A +B +C,-D, -E +u, > a,.

Otpumana 3aaya Hanexxuthb 110 kiaacy 3LJITL.

3adaua 3. Jlns BU3HAYCHHS KUIBKOCTI POOITHHKIB, IO BHUXOIATh Ha 3MIHY B |-
IHTEepBaJl yacy, 3alpolOHOBAHO JBa METOAM, sKi IependayvaroTh IMOCIHII0OBHE PO3B’A3aHHS
JIBOX ONTHUMI3AIIHUX 3a7a4.

Memoo I

e 3asmava [.3.1: 3ajaya BHU3HAYEHHs KUIBKOCTI POOITHHKIB, B SIKii HE BpaxoOBYeEThCS
HasBHICTh TEpepB Ta MIHIMI3YETbCS CyMapHE NEpPEeBHILEHHS. Y BHIAAKY, KOJM KUIbKICTb
POOITHUKIB € TaKo, 10 3a0e3MeYeHHs NOTPeO € HEMOXKIIUBUM, CIiJ PO3IIITHYTH aHAJIOTTYHY
3aJjauy 3 KpUTEpieM MiHIMi3allil CyMapHOTO BiIXUJICHHS.

e 3amava [.3.2: 3ajmava, B sKiil y 3HaliieHOMy B momepeaHiil 3ajgadi po3B’s3KY
HEOOXIJJTHO PO3CTaBUTH MNEPEPBH TAKUM UYMHOM, II00 JOCATTH MIHIMaIbHOTO CYMapHOTO
BIIXWJIEHHS.
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Memoo II:

e 3amava [[.3.1: 3amaya BHU3HA4YEeHHs KUIBKOCTI POOITHMKIB, B SIKId MiJ TepepBU
BUJIJICHO IHTEPBAJI, B paMKax SKOTO JI03BOJICHO TUIAHYBATH TIEPEPBY;

e 3amava [1.3.2: 3apmauva, B sKili y 3HaliicHOMY B TMOINEpeIHId 3amadi poO3B’SI3KY
HEOOXIJJTHO PO3CTaBUTH MEPEPBH TAKUM UYWHOM, IMIO0 JOCSITTH MIHIMaIbHOTO CyMapHOTO
BIIXWJICHHA.

3aoaua 1.3.1. B 3arasibHOMY BUMAAKy II€ 3amava |, OKpiM TOro, M0 HasBHE IIE
0OMeXeHHS Ha KUTbKICTh POOITHUKIB (2). SIKIIO KUTBKICTh pOOITHHKIB € TAKOIO, IO iX CHIIaMHU
HEMOXIJIMBO 3aJI0BOJIBHUTH MIiHIMaJbHI MOTPEOU y KUTBKOCTI pOOITHHKIB, CIiJl BHPINIyBaTH
3aj1ady, B SKil MiHIMI3yeTbcsi cymapHe Binxuienus. [lano g,t,a,,€,, ke {0,1,..., g —1} (muB.

3amaua 1) ta S (nuB. 3amaua 2). [{D:

g-1

minz=>|A +B +C, —a,.

k=0

OOMexeHHs Takl K, K B 3amadi 2. 3agada 1.3.1 anamoridno 10 3aga4i 2 3BOJMTLCS 110
kiacy 3LJIIL, B pe3ynbrari yoro orpumaemo HacTynHy LD Ta 101aTKOB1 0OMEKEHHS:

g-1
minz=>u,,
k=0
A +B,+C, —u, <a,
A +B +C +u, > a,.

Otpumana 3agada HajexxuTh 10 kiaacy 3LJIIT.
3aoaua 1.3.2. lavo g,a,ke{0,1,...,g—1} (quB. 3anaua 1), S (mu. 3anaua 2) Ta:

e C — TpuBaIiCTh 0011y B IHTEpPBAIAX;

® X, — KUIBKICTb pOOITHHKIB, IO BHUXOJATh Ha 3MIHy B |- IHTepBald wacy,

IS {0,1, | —1} (po3B’s30k 3ama4i 1.3.1);

® S, — HOMEp iHTepBaly, B AKMH | - POOITHUK BUXOJUTh Ha 3MiHy, | € {O,ZL S —1} ;

e C — MiHIMaJbHHUI HOMEp IHTEPBAILY, 3 IKOTO MOXE MOYaTHCs MepPepBa;

e T — MakCHUMaJIbHHII HOMEp IHTEepBaIly, B IKUH MOXE 3aKIHUYMTHCS TIEpepBa.
Hexaii y; — Mapkep IpUCYTHOCTI j-ro poOiTHMKa B i-i iHTepBan 4acy Ha poboIOMy

micii: 0 — BifcyTHI#, | — npucyTHIiH, | € {O,].,...,Sl},i IS {0,1,..., gl}. L D:

g-1|S-1

minz=> >y, —a|. (3)

k=0|j=0

Beenemo HACTYIHEC MMO3HAYCHHS AJII BUSHAYCHHSA TpI/IBaJ'IOCTi MepepBu:

g-1 T

DY+ Y AKwoc—s; < g <T+s;
i=sj+c i=0

J Sj+C

Z Yjis 6IHWOMY 6UNAOKY

i=sj+c

OOMexXeHHsI Ha TPUBATICTh 00Iy IS | -TO POOITHUKA:
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C-Cc-F=c, jE{O,l, e S —1},
Y 6{0,1}, ie{O,l, . g—l}.

OOMekeHHsI Ha 3arajibHy KUIBKICTh POOITHUKIB 3aBXKM BUKOHYBAaTHMETHCS, BUXO TN
3 oOMexeHb 3amadi [.3.1, Tomy He € HeOOXiTHUM J0aBaTH oro B 3axauy 1.3.2.

3amaua 1.3.2 moxe Oyrm 3Benena 1o 3amadi OyneBoro mporpamysBanHs (3BID).
[TeperBopumo ii TakuM drHOM, 00 M030yTHCS Bix cymu MmoayniB y LD (3). 3aminumo Bupas
MOJyJIsl il CyMOIo Ha U, , oTpuMaemo LdD:

g-1
minz=>u,.
k=0

PoskpuBmM MOIyilb, OTPHMAaEeMO JBI TPYNH OOMEKEHb, AKI HaKJIaJaloTbCd Ha U, .
[lepeneceMo 3MiHHI B IpaBy YaCTUHY, a BUIbH1 KOE(ILlIEHTH — B JIBY:

S-1
Zyjk —U =a,,
=0
S-1
DY +U = a,.
j=0

Otpumana 3aada HAISKUTh A0 kiacy 3bI1.
3aoaua I1.3.1. 1le 3anava 2, B sikiii C Ta C (auB. 3amauy 1.3.2).

3aoaua 11.3.2. 3anava aHanoriyna 3agadi 1.3.2, ne X, — ue po3s’s30k 3anaui 11.3.1, BoHa

3poauThbes o 3bI1.

BukopucTaHHs TOYHOTO aJTOPUTMY Ui BHPIMIEHHS 3a7adi 3 € KOPEKTHUM JIHIIE IS
BHUIMAJKy, KOJU TPHUBATICTh OOIMHBOI TIEpEepBH piBHA OJHOMY iHTepBaly. OCKUIbKH
HEMOXJIMBO BKa3aTH 3a J0rnoMoror oomexeHb 3bII, mo nBa abo Oinbine 00iHI iHTEpBAIH
MalOTh WTH TOCIIZOBHO OJIMH 33 OJTHUM, Il yMOBa Mae€ 3a0e3MevyBaTHCS B XOJi BUKOHAHHS
anroputmy. llle omHMM 3 HEAOJIKIB TOYHOTO aITOPUTMY € T€, IO BIH MIHIMI3y€e JIHIIE
cyMapHe BinxwieHHS Bim moTpe0. lle o3Hauae, mo B OKpeMO B3ATHUH IHTEpBAI 4Yacy
BIJIXWJICHHS MOXXYTh OYTH JOCHTh BEJIMKHUMH, IO € HE IyXe J0Ope /sl pealbHUX YMOB.
OT1xe, € HEOOXITHOIO PO3pOOKa ANTOPUTMY, IKUW OU BUPIIIMB HaBE/ICHI BUIIE HEJIOJIIKH.

Y3arajpbHeHi cXeMH eBPUCTUYHHUX AJITOPUTMIB BUPilleHHs 3a1a4i 3

Memoo 1.

Etan 1. [ToGynyBatu po3B’s30k 3aaa4i [.3.1 TouHuM MeTOIOM.

Etan 2. Jloku € «HenpoiiieH» poOITHUKH, 3HAWTH MakCHUMajbHY CyMY HempoiifeHoi
KOMOIHaIil 3 C «CYCIOHIX» BIIXWJIEHb Ta 3HAUTH POOITHHKA, SKOMY Ill€ HE MPU3HAYEHO
nepepBy Ta sIKOMY MOXe OyTH Horo Mmpu3Ha4deHo Il 3HalIeHUX iHTepBalliB. SIKIO 3HAWIEHO
poOiTHMKA, OOHYIUTH BIAMOBiIHI Y; Ta MO3HAYATH HOTO «IPOWUICHMM», a SKIIO HE
3HalICHO, TO MO3HAYUTH «IIPOHJACHOIO» 3HAlIeHy KOMOIHAIIIO BIAXHUIICHb.

Jletani3oBaHUM aNrOpPUTM EBPUCTUYHOIO BUpIMIeHHs 3adadi [.3.2 HaBeneHo Ha
PHUCYHKY 2a.

Memoo 2.

Etan 1. [ToGyayBaTtu po3B’si30k 3a1aui 11.3.1 Tounum metoiom.

Etan 2. [Ins iHTepBatiB, y SKUX BIIXHUIIEHHS Bil MOTpeOU € Big’eMHe, JOCTaBUTH | y

Y;i, OOMparouu Iopa3sy HaHOUIbIIE BIIXWIEHHS, 32 YMOBH, WIO y KOXKHOTO POOITHHKA
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3aJIMIIATHCS HYJIbOBUM CTUIBKH IHTEpBaJiB, CKUIbKH MOTPIOHO Ui 00imy Ta siKi OyayTh WTH
HOCTIOBHO OJIMH 32 OJHUM.
Etan 3. Jlns koxHOro poGiTHUKa mpocTaBuTu 1 B Y [1UIsl IHTEPBANIB, IO 3aTHIIAINCS.

Jletani3oBaHuil aNrOpUTM EBPUCTUYHOTO BupimeHHs 3amayi 11.3.2 HaBeneno Ha
pHUCYHKY 20.

Ilpuknaou 3acmocysannsa memooie 1 ma 2

Ilpuxnao poszé’szannsn 3aoaui 1.3.1. Hexait MmiHiManbHI mOTpeOU IS |-ro IHTEpBATY
MPUIMAIOTh 3HAYCHHS, IO HaBeAcHI B Tabm. 1, poboumii neHb TpuBae 9 romuH, a g00a

po30uTa Ha IHTEpBAIM TPHBAIICTIO | TOMMHA (gz 24, t= 9). Kinpkicte pobitHUKiB 14

(S = 14). 3HalICHO ONTUMAIBHUN PO3B’SI30K 3 CYMapHHUM BiJXHJICHHSM 5.

Tabanus 1.
Bxiani nauni npukiany 3anaui 1.3.1 ta 1.3.2

i 0 ] 1] 2] 3] 457 6] 7] 8 9] 10] 11
a, | 2 | 3| 4| 4|5 | 5|6 |6 /|6 | 6/|6]|7
i | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23
a, | 7 | 7| 7|8 | 8|8 | 4| a]| 3] 3| 3]|3

IIpuknao pose’azanna 3adaui I.3.2. Hexaii HoMepH iHTEpBaNiB S;, B AKi | - poOITHHK
MMOYMHAE POOOYMIA IeHb, MPUUMAIOTh 3HAYCHHS, 110 HaBeeH] B Tabn. 2,a g =24,t=9 — gk B
npukiazi [.3.1. O6ixn1 nepepBu TpuBaiicTio 1 roguHa (C :1) MarOTh TOYMHATHCS HE pPaHiIlIe

HDK TICIIA TPEThOI TOJMHU POOOTH Ta 3aKiHUYBATHCS HE Mi3HIIIE HDK Yepe3 6 TOJWH ICIs
MOYaTKy po00o4oro JaHs poditHuKa ( C=3,C=5).

1 Bxin: g.S.c.c.c, 1 Bxin: S,c,c.c
2 $ = (SpeSieres8s) 2 $ = (Sp0S1055.)
3 a=(aya,,...q,,) Yoo 0 Yoga
4 b:(h,,.l),.....h; ,) 3 L=
Veiior s Vs
Yoo o e Yog-1 iR ci
5 Y= : : 4 a:(un.ulu...a“ ,)
Yéia 6 Fiie 5 B=(By B b, 0)
Yoo v Yoga Yoo oo Yog
6 Buxin:¥Y'= © - 4 6 Buxin: ¥'= i :
Ysao o0 Ysoaga Ysao o0 Ysaaga
7 g=diff(b) T 4=k
8 w=(0,1,...5-1) 8 w=(0.1...5-1)
9 m = sum(Y) 9 m=sum(Y)
10 “.h,-/(,(/(,,,g,/,,!/' w#0): 10 u'llile(l(‘nglh of w#0):
11 i =indexof max q 1 i =indexof ming
12 f = false 12 f = false
13 foreach jinw : 13 foreach jinw :
14 if y, #0and check (\,.g’-:j.r..‘-’) 14 if ¥, = 0and check ( ,\",,v\_r.gf,i.g)
15 fork, fromitoi+c: 15 Y=l
16 k=k, 16 m+=1
17 ifk>g:k=k-g 17 q,=b=m —a,
18 ¥, =0 18 f =true
19 = 19 break
M == 20 else:
20 b,=m -a, 21 if check _ Ium'h(y'“ ):
2 4, =diff (b) 22 w.remove( j)
22 f =true 5= .
5 ; . 23 if not f : g, =null
23 w.remove
emavi{ ) 24 calculate(a,b)
24 break
25 if not f = q, =null
26 calculate(a.b)

Puc. 2. JleranizoBanuii anropuT™ €BPUCTHYHOTO BUpIilIeHHS 3a1adi: a - [.3.2 (etan 2 metony
1); 6 - I1.3.2 (etam 2 ta 3 metony 2)
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Taoauns 2.
Bxiani nani npuxiany 3amadi 1.3.2

ilol 1|l 2)|13| 4|5 |6 |7 |8 9 |10]11]|12] 13

S; 0 0 2 4 6 9 9 9 10 | 11 | 13 | 15 | 15 | 22

Hana 3BI1 mMoke BHpINIYBAaTUCh OJHUM 3 BiTOMHX TOYHHMX MeToniB (merox ['omopi,
TJIOK Ta MeX Tomo). B poOOTi 3ampornmoHOBaHO EBPUCTHYHHUI alrOpUTM il PO3B’SI3aHHI.
Tounum anroputMoM OyJI0 3HAMIEHO ONTHUMAIBHUN PO3B’A30K 3 CYMapHUM BiIXHICHHSIM 15
(3Hauenns L[®D), sk i st eBpucTHYHOTO anroputMy. Ha pucyHKy 3 HaBeneHO imrocTparlii
rpadiky poOOTH Ta 3HaYECHHS 3HAHIEHOTO PO3B’S3KY.

Ipuknao posé’asanna 3adaui I1.3.1. Hexaii X, (tabu. 1), ¢,t,S mpuilMaroTh 3Ha4YEHHs

gk B npuknani [.3.1, a ¢,C — sk B [.3.2. TouHuMm anropuTMoMm 3HaWJEHO PO3B’SI30K 3
CYMapHUM BIIXUJICHHSM 41.
IIpuknao posze’azanns 3adaui I1.3.2. Hexaii HOMepH iHTepBamiB S;, B sAKi ] -if

POOITHUK MOYMHA€E poOOUUid IeHb, IPUIMAaIOTh 3HAYEHHS, 1110 HaBeJeHi B Tabin. 3, ¢,t — sk B

npuknazi I1.3.1. O6ixui nepepsu Tpusatots 1 roquny (€ =1).

0111212 S|O6{T{8[9[IO[HI2]I3)14)I5]16]IT[IS{I9 [20 [21 [22 |23 O L2123 14516 7[8[9[IO[ITJI2]I3]14]I5]16]1T]I18]19 [20 [21 [22 |23
Bamnamonm | 3[ 3] 3] 3] S| 4 of 4 4] 6f 6] 7[ 7] 5] 6] 6] 8] 8] 4] 3] 2[ 3] 3[ 3] [Bamnamonm | 3| 2| 4] 3| 4] 4 6] 5[ 5| 5| 6] 7| 6] 6] 6f 7) 7 &) 3] 3] 3] 3 3
a 21 3141 4] 5| S| of of of 6| 6| 7| 7] 7) 7| 8 8] 8] 4| 4] 3[ 3] 3] 3| [ & 213141 4] 5| S| of of of 6f 6| 7| 7] 7| 7| 8 8| 8 4| 4] 3] 3] 3] 3|
b 1 of-1]-1] ol-1f ol-2f-2] of of of of2]-1{-2] o] of o]-1]-1] of o] 0] L& L-1] Of-1{-1]-1{ O]-1{-1]-1] O] Of-1]-1{-1]-1{-1] Of-1]-1] O] O] 0] O]

0 0
1 1
2 2
31 24
5 4] B 41
T 51 g 5
=] =]
o 01 o 01
2 [=]
E 7] g7
S 8 E s
94
10 1 10 4
n4— ! ! ! 1A !
12 12 T
01234567 89%10HNR2IBKIS6GITIBIINDAR2 01234567 89%0NR2BKISHBITIEBIINANRD
Homeput inrepeanis Howmepu inTepsanis
a 0
Puc. 3. P ’ i 1.3.2: .
HC. 5. FE3YJIbTAaT PO3B A3KY IIPpUKIAAy 3aJdayl J.2: @ — TOYHUM aJIrOPUTMOM; 0—
CBPpUCTUYHUM aJITOPUTMOM
Taoauns 3.

Bxiani nani npuknany 3anaui 11.3.2

] 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13

S; | 3 3 3 4 6 6 6 6 9 12 | 12 | 14 | 16 | 21

ToyHuM Ta €BPUCTUYHUM aITOPUTMOM OYJIO 3HANHJEHO ONTUMAIbHI PO3B’S3KH 3
cymapHuM BinxuieHHsM 27 (3HaueHHs L{®D). Ha pucynky 4 HaBeneHo umrocTpanii rpadiky
poOOTH Ta 3HAYEHHS 3HAIIEHOTO PO3B’SA3KY.
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oft[2]3]4]s]e] 789 io[n]ia[iz[1aNis[ie[i7]18 19 o o1 2223 O |203[4]5)6]|7[8]9)I0[IT[I2]13]14[I5]16]|17]I8[19 [0 21 {22 (23
Sanzanom | 2] O] 1] 4] 5] S 7] 7] o] 8[ o] of [ 7l 7l al a4l 4[4[ 3[3[ 3] 3[ 2] [Bamnamom | U] 1] 1] 4] S| S| o6 7] 7] 7] 7| 9 7] 7] 8| 4] 3] 5]3]4[3[3[32
a 2] 31 4L 4] s[ S| 6] of of o] 6 7[ 7] 7] 7[ &[ s[ 8] 4[4[ 3[ 3[3[ 3] | a 2{ 3] 4] 4] 5] 5| of 6f 6] 6| 6] 7| 7{ 7] 7| 8 8] 8] 4| 4] 3] 3] 3] 3
b 0]-31-31 0] 0] O] 1] 1] O 2 1| of o]4|4)4] of-1]{ o] 0] 0]-1 b 11-2]-31 0) Ol O] O 1| H 1) 1| 2] 0 Of 1|4])-5({-3]-1] 0f 0] 0] 0f-1

01 0]
11 1
2 1 24
31 1
E_‘. ..... ;_‘.
g S+t £ 51
=] . =]
8 611111 8 61
=] =]
g 74 g 71
S 81 E s
9 94
01111 10 1
1 1
DIJ-I” ”ﬂ-l””'”“
13 L. S, RO LT A, . W, EB 0, 0. WEL 13 |30 B e s Pocn pe o i o e et et Pt
01234567 89%910INRBKISIBITISIINA2RDS 0123456789 0HNRI3MKIS6ITIZSIINANARS
Howmepu intepsanis Homepu inteppanis

a 0

Puc. 4. Pesymprar po3B’sa3ky mpukiany 3amaui 11.3.2: a — TouHMM anroputMom; O —
€BPUCTUYHUM AJITOPUTMOM

AHaJi3 NMPOBECACHUX eKCHepI/IMeHTiB Ta IIJIAHU 010 1MOoJAaJdbIINX IlOC.TIiIl)KeHb

JI1st mpoBeIeHHS €KCIIEPUMEHTIB BUITAJIKOBUM YMHOM OyJI0 3T€HepOBaHO HAOIp BXITHUX
nanux 3 50 HANBITyaJbHHUX 3a7ad. 3HAYEHHS BEJIWYWUH MIHIMAJIBHUX MOTPEO IS KOKHOTO
Jlama3oHy IHTEPBATIB TEHEPYBAIMCS y BH3HAUeHWX Mekax. Ha pucyHKY S5 11 KOXKHOTO

inTepBany nokasaui mexi Bemmumd @, k€{0,1...,g—1}. Paxiyc kpyra nponopuiiiuuii

4acTOTI 3yCTPIYaIbHOCTI BIAMIOBITHOTO 3r€HEPOBAHOTO 3HAYECHHS TIOTPEOD.

104 | . XX
0000000
84— 092008800089
0000000000000000
64 0SS SS0ScSS0cSSS

ITotpeba B criiBpoOiTHHKAX, OCOOH

0000000000000°00 oPe®
1 P00 008000S C X5
0HSeS 0000
21 $09® $Sss
0000 | | (XX L
0 5 10 15 20

Yac 100H, TOIUHA

Puc. 5. YacroTa 3ycTpidaqbHOCTI 3T€HEPOBAaHUX 3HAUYEHb

Ilepma cepis eKCHEpUMEHTIB TMOPIBHIOE PO3B’SI3KM, OTPUMaHI EBPUCTHUYHUMHU
AITOpUTMaMH 3 PpO3B’SI3KaMH, IO OTPUMaHI TOYHMMHU ajroputMamu. ExcnepuMeHTH
INPOBOJMIINCE JUISI MHOXKUHM IHIUBIAYQJIbHUX 3aJad 3 pI3HUMH [ialla30HaMM, B SIKHX
JOMYCTUMO IIJIaHYyBAaTH MeEpepBy MpHU KUIBKOCTI poOiTHUKIB 13, TpuBajocti iHTepBaily 1
rOJIMHA, KUIBKOCTI IHTEepBaJliB 24, TpUBAIOCTI 3MiHU 9, a 0011HBOT iepepBu — 1. [l moaeni 2
NPUIAHATO, 110 TepepBa (PIKCOBAHO MOYMHAETHCS y YETBEPTHM MO MOPSAKY IHTEpBaJl 3MiHU.
CepenHi 3HaueHHS CyMapHUX BIIXWJICHb HaBelAeHO y Tabm. 4. Ha puc. 6 HaBemeHO
pe3ybTaTH MPOBEIEHUX Cepiif eKCIIEPUMEHTIB.
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Taoauns 4.

Cepenni cymMapHi BiIXWJICHHS Bi MOTped, OTpUMaHi B eKCIIEPUMEHTaX 3 PI3HUMHU
Jiara3oHamMu JUisl TUIaHyBaHHS TIEpepBU

Jliara3oH u1st IJIaHyBaHHS NIEPEPBU

Monens (Tun anroputmy) a5 | 35 | 36
2 (TOYHMIA) 30.62
1.3.2 (Tounmuit) 33.64 32.32 31.64
1.3.2 (eBpucTUYHMIA) 33.64 32.36 31.68
11.3.2 (Tounwmii) 40.12 45.2 48.76
I1.3.2 (eBpucTuuHuUin) 42.02 46.74 50.1

= 2 (TouHHH) = 11.3.2 (tounuit)

= 1.3.2 (Tounmit) — 11.3.2 (eBpucTHUHHIi)

= 1.3.2 (eBpucTHUHIIT) L — 132

55 1 01

&8 & 8

Cymapse sizxunenns (L)

2

Cymapse sigxunenns (L{D)
]
—T"
<f
Bt

il V
30 -
25 1 30 1
ZD . T T T T T :D : ¥ 1S 5
0 0 0 0 40 0 10 bl 0 40 0
HOMCP excnepm«erny
120
s ]

— - 110 1
3 ~
=S =
g 01 g 1907
= =
v v
g = 91 A A
: VI
o o 20
= =
g g
EE -
< O
& -
4
i) e
T T T T T
0 10 0 0 40 0 10 20 0 40 0
Howmep excnepumenty Howmep excnepumenty
4
190 1
S M1 g 180
=S =S
-] \ = 170
R v Q £
2 \ 2
S A \ f 2 160 1
= | =
= 0 A , =
=
: | P A o 150
= =
g g
5, 0 A v \ . 'A VAT A V 5 Lk
| 130
04
T T T T T 120 T T T
0 10 20 0 40 0 10 20 0 40 s0
Homep excnepumenty Homep excnepumenty
B

Puc. 6. Pesynpratu mepioi cepii eKCIEpUMEHTIB 3 PI3HUMM Jiana3oHaMU IS TUIaHyBaHHS
nepepBu: a —3 4 mo 5 iHTepBamr; 6 —3 3 o 5; B — 3 3 mo 6; Ta Ipyroi cepii eKCIepUMEHTIB 3
KUTBKICTIO i1HTEpBamiB: T — 24; 1 — 48; 1— 96
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MoskHa 3poOWTH BHCHOBOK, IO EBPUCTHYHHMIA anroputM wmeroay | € poBomi
epeKTUBHUM Ta Ja€ pe3yJbTaTH ONU3bKI J0 ONTHMalbHUX. Mojeni 3 He3zadikcoBaHUMHU
nepepBamMu Manu 0 naBatu MeHue 3HadeHHs LID, npore nporo He BinOynocs. s merony [
11, B TOMY YHCJIi, ITOB’S3aHO 3 THM, III0 Y TPOIIECi po3B’si3aHHs 3anadi 1.3.1 iHOII anroput™m
Oynye rpadik HE BUKOPHCTOBYIOUM BECh IMOTEHINAN INTATy POOITHUKIB. AJTOPUTM MOXHA
MOKPAIUTH, BU3HAYMBIIN B HHOMY Ha 2 €Tami yMOBH JOJaBaHHS POOITHHKIB «3 pE3epBY».
st metoay | unm Oinbie € BapiaHTHICTD po3MitneHHs o0iny, Tum LD e meHmoro.

lomo metony 11, momaTkoOBI €KCIEPUMEHTH TIOKA3aJIH, 110 JUISl BHITAKIB, KOJIH 33JaHO
MEHIITY KUTBKICTh POOITHHKIB Ta TPUBATICTD 00iAy HAOIMKAETHCS O TPUBAIOCTI Aiana3oHy, B
SIKOMY WMOTO J103BOJIEHO TuIaHyBaTu, 3HaueHHs LD wabmmxaeTrbes 10 11 ONTUMAIBHOTO
3Ha4eHHs. TOX Iel aNroOpuTM CIIiJi BUKOPHCTOBYBATH 3 OOCPEXKHICTIO Ta JIMINIE 32 MEBHUX
yMOB. SIK BapiaHT MOKpalIEHHS MO>KHA PO3IJISTHYTH BCl aJIbTEPHATUBHI PO3B’SI3KU Ta 00paTH
cepell HUX TOM, KU HaWOUIbIIE MIAXOAWUTH JUIsl 3alIOBHEHHS IEpepB HAa OCHOBI JJaHUX NP0
BIIXWJICHHS B KOXKEH 1HTepBaJl a00 BM3HAYMTHU IUTbOBY PyHKIit0 3anayl [1.3.1 sk pizHUIIO
KUIBKOCTI IHTEpPBaIIB J0 3alIOBHEHHS Ta CyMH B1Jl'€EMHHX BIXUJIEHb POMDKKIB.

VY npyriii cepii eKCIIEpUMEHTIB BapilOBAJIUCS TPUBAJIOCTI IHTEPBAIIB Ta IEpepB 31
3HAYEHHSAM OUIblIe HDK OJUH IHTEpBaJl, MPHU KUIbKOCTI poOiTHUKIB 13. ¥V Tabn. 5 HaBeneHo
3HAYEHHS CepeHIX CyMapHUX BIIXUJIEHb, 10 OYyJIM OTpUMaH1 y ApYTii cepii eKCIIepUMEHTIB.

Ta6auus 5.
CepenHi cyMapH1 BIAXUJIEHHS Bi TOTPeO, OTpUMaH1 B €KCIIEPUMEHTAX 3 PI3HOIO KUTBKICTIO
IHTEepBaJiB

KinbkicTp iHTEpBaiB / TPUBAIICTH NIEPEPBU (TPUBATICTH Moniensb (TUn aJIropuTMy)
3MIHU Ta Jiana3oH IUIaHyBaHHS IEPEPBH) 1.3.2 11.3.2

24 /2 (3mina 9 3 mepepBoro 3 3 1o 5) 45.6 47.66

48 / 4 (3mina 18 3 mepepBoro 3 6 mo 11) 01.74 94.36

96 / 8 (3mina 36 3 mepepBoro 3 12 mo 23) 183.5 184.76

3HaYCHHs KpPUTEPIiB MPAKTHYHO CIIBMAJal0Th, IO CBIIYUTh MPO MPAKTHYHY
JOIUTBHICTh BUKOPHUCTaHHS 000X pO3pOOJICHUX EBPUCTHUYHUX alnroputMmiB. [lepeBaroro
3aIPONOHOBAHUX CBPUCTHYHUX aJITOPUTMIB € T€, 0 BOHU TAKOK MIHIMI3YIOTh MaKCHMaJIbHE
BIIXWJICHHS B KOXKEH 3 IHTepBalliB, Tok X049 LD i € ripiioro, 3aTe MakCUMajbHE 3 BIIXWICHD €
MEHIIIUM TIOPIBHSHO 3 TOUHUM METOJIOM.

VY nmojanbmux MOCTIHKCHHSX TUIAHYETHCSI PO3TISIHYTH BUIAIKH, B IKUX PO3B’SI30K OYyB
HE3a0BUIBHUM Ta MOIU(IKYBaTH aITOPUTMU TaKHUM YHHOM, 1100 MOKPUTHU OUTBITY KUTBKICTh
BunajkiB. Takok B IUlaHaXx € PO3TJSHYTH IHIN 3aj1adl IUTaHyBaHHS rpadikiB poOoTu
poOitHuKiB. [locTaHOBKa IIUX 33734 BIAPIZHATUMETHCS BiJ PO3TISHYTUX 3a]1a4 JOJATKOBUMU
O0OMEeXEeHHIMH, SIKI X0Y 1 YCKIQJHATH MOJEINb, ajie HAOIMU3ATh il 70 BUPILICHHS pealbHUX
3amad. Hampuknaa: 3amada miaHyBaHHS THYYKUX rpadikiB, B fAKii HEOOXIIHO ILIKOM
3aJI0BOJILHUTH MOTPeOH, 3a7a4a IIaHyBaHHA THYYKUX rpadikiB 3 poboyrMu 3MiHaMU Pi3HOT
TpuBajocTi abo 3adaya MUIaHyBaHHS rpadikiB poOOTH 3 BpaxyBaHHAM IHAMBIAYaJIbHUX
no0axaHb POOITHUKIB.

BucnoBxknu

VY naniif cTaTTi pO3MIIIHYTO 3aja4di BU3HAYEHHS KUTBKOCTI pOOITHHKIB, 1II0 BUXOIATh Ha
3MIHYy Ha TIOYaTKy KOXHOro 3 iHTepBamiB. Jlns 3amadi 3 mIaBalouuMu  00imamMu
3alpONOHOBAHO JIBA METOJM BHUPILIEHHS, sIKi NepeadadyaroTh MOCHIJOBHE PO3B’SI3aHHS JABOX
ontuMizaniinux 3ana4. [loOynoBano (opmanbHi MOl Ta TPOBEAEHO MPOLEC M030aBICHHS
BiJl MOJYJs, B pe3yibTaTi sIKOro HemiHiiHi 3amaui 3Bemucs g0 3LUJIIT Ta 3BII. ITpoBeneHo
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aHaJi3 4yacTKOBUX BUNAnKiB 3a1a4 1.3.2 Tta 11.3.2 ta oOGrpyHTOBaHO HEOOXIAHICTH PO3POOKU
EBPUCTHUYHUX aITOPUTMIB JUIg iX BHpilieHHS. Po3po0iieH0 Ta peari3oBaHO MPOTPaMHO
EBPUCTHYHI AJITOPUTMH PO3B’SA3aHHA, €(PEKTUBHICTh SKHUX MIATBEP/KEHO pE3yJbTaTaMU
MPOBEACHUX EKCIIEPUMEHTIB. Y IUIaHaX MOJANbIIMX JOCIIKEHb € PO3TIISLA MOXKIMBOCTEH
MOKpAILEHHSI ITOPUTMIB PO3B’ 3Ky PO3IJISTHYTUX 3a/lad Ta JOCIIHKCHHS OB’ sI3aHUX 3 HUMHU

3aaa4.
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PA3PABOTKA AJI'OPUTMOB IINTAHUPOBAHUSA PABOTBI IIEPCOHAJIA C

I'MBKUM I'PA®UKOM PABOTbI
E.N. I'aBpuiiok, E.I'. XKnanosa, M.O. Crepkau

HanumoHanbHblA TEXHUYECKUN YHUBEPCUTET Y KpanHbl « KMEBCKUI MOIUTEXHUUECKUN
wHCTUTYT UMeHU Uropst CHKOpPCKOTo»
npocir. [To6emsr, 37, Kues, 03056, Ykpauna; email: havrilyuk.olena@gmail.com,
zhdanova.elena@hotmail.com, sperkachmaya@gmail.com

[porecc ontuMmzanuu rpaduka paboTel BakeH VIS YIOBJIETBOPEHHS MOTpeOHOCTEH B
mepcoHale, BBIMONHEHUS TpPeOOBaHMH K HOpPMaM TpyJa MW ydeTra MpearnouTeHHH
pabGoTHHKOB. B pabore paccMaTpuBarOTCs 3aJaull CMEHHO-CYTOYHOTO ITAHMPOBAHHS
pabotel mepcoHana ¢ rubkuM rpadukoM. CHOpMyTHpOBaHO TPH 3aadd ONPEICICHHUS
KOJIMYecTBa pabOTHHKOB, KOTOPHIE BBIXOJAT HA CMEHY B Ka)KIIOM M3 MHTEPBAJIOB JIHS TPH
YCIOBHH, YTO JUIMTEIBHOCTH CMEHBI SIBISICTCS TOCTOSHHOW BEIMYMHOHW. A Takxke
NPUCYTCTBYET OOCICHHBI HepephlB MOCPEaH CMEHBI B 3aJaHHOM NPOMEXYTKE, a LITar
paOOTHUKOB OrpaHMYEH M JOCTHIaeT MHUHHMyMa CYMMapHOE OTKJIOHEHHE KOJINYecTBa
pabOTHHKOB OT MOTPEOHOCTH B HHUX B KOKAOM HHTepBase. [IpeanmokeHO &Ba MeTona,
KOTOpBIE MTPEAYCMATPUBAIOT TOCIEIOBATENbHOE PEIICHNE JIBYX ONTHMHU3AIMOHHBIX 3a7ad.
B nepBoM MeTozie Ha epBOM dTale perraeTcs 3a4ada, B KOTOpoi He00X0UMO ONpeneiTh
KOJIMYECTBO PAOOTHHKOB IPH YCIOBHH, YTO OOEICHHBIC IEPEPBHIBBI OTCYTCTBYIOT, a BO
BTOPOM — TIPW YCJIOBHHM, YTO JUII OOEACHHBIX MEPEPHIBOB BBIIACIECH WHTEPBAN, B paMKax
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KOTOpPOTO pa3pelleH0 Ha3HayaTh IepephiB. B 00oMx MeTomax Ha OCHOBAaHMH PEIICHHUS
COOTBETCTBYIOIIEH 3a/7aud TEpPBOro 3Tama, HEOOXOIWMO pPa3MECTHTh HEPEpHIBBI TaKUM
o0pa3oM, 4TOOBI JOCTHYH MHHHMAJIBHOTO CyMMapHOTrO OTKIOHEHHs. B pesynbrare
(dopManmzay IONTYyYeHbl 3a/a4d HEJIMHEHHOrO NpOrpaMMHUpOBAHMS, KOTOpHIE OBUIH
CBEJCHBl K 3a7layaM LEJIOYMCICHHOI0 JIMHEHHOro W OyneBa mporpammupoBanus. Jlis
3aJlauyl ¢ IUIaBAOMIMMK 00e1aMu pa3paboTaHbl 3BPHCTHIECKUE ANTOPUTMBI PEIICHHS, JUIs
KOTOpPBIX TIPOBEIEHO [BE CEPHM OKCIEPUMEHTOB C IEJbI0 HCCIENAOBAHUS —HX
¢ pekTUBHOCTH. BXOonHbIE NaHHBIE IS SKCHEPHUMEHTOB CT€HEPUPOBAHBI CIydailHbIM
o0pa3oM B 3aJaHHBIX TIpaHMIAX MPOMEKYTKOB BpeMeHH. BapbupoBanuch Takue
TapamMeTphl, KaKk KOJIMYECTBO MHTEPBAJIOB IUIAHWPOBAHUS, HA KOTOPbIE pa30MBaeTCs IEHb
TpaHMIBl  IDIABAIONIMX OOEJEHHBIX IIepephIBOB. Pe3ynpTaThl paboThl  alrOPUTMOB
BH3yaIM3UPOBaHbl Ha TpadukaXx ¥ CBHICTEILCTBYIOT O TOM, 4YTO TNEPBBIH METOA
3¢ PEeKTUBEH, a BTOPOW HY)KAAETCs B IOMOTHUTEIHHOM UCCIIEAOBaHUH.

KaroueBsie ciioBa: riuOkuii rpaguk padoThI, KaJeHAapHOE TUIAHUPOBAHUE, SBPUCTUIECKHH
QJITOPUTM, JINHEHHOE IPOrpaMMHUPOBAHUE.

DEVELOPMENT OF SCHEDULING ALGORITHMS FOR STAFF WITH
FLEXIBLE WORK SCHEDULE

O.1. Havryliuk, O.G. Zhdanova, M.O. Sperkach

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”
37, Peremohy Ave., Kyiv, 03056, Ukraine; email: havrilyuk.olena@gmail.com,
zhdanova.elena@hotmail.com, sperkachmaya@gmail.com

The process of optimization work schedule is important for meeting the needs for staff and
requirements of work time standards and also for accounting staff availability and
preferences. The paper considers shifts scheduling problems for staff with a flexible work
schedule. It was formulated three problems of determining the number of staff, who start to
work in a given interval of the day. The problems deal with a given duration of the shift and
lunchtime, which can be planned in the given bounds and the given staff number. The
objective of the problems is to minimize the total deviation of staff count from needs for
them in each time interval during the day. There have been proposed two methods for
determining the staff number in each interval, which envisages the solve of the two
optimization problems. The problem, in which it is needed to define the number of staff
without the count of lunchtime is solving in the first stage of the first method and with the
count of lunchtime in given intervals in the first stage of the second method. After the
solution of the first stage problem, in both methods, it is needed to assign lunchtime in
allowed bounds in the solution got in the previous problem to minimize the total deviation
of staff numbers from needs for them. It was got nonlinear problems, which were
transformed into the integer linear and binary integer programming problems. There have
been developed heuristic algorithms for solving the problem with unfixed lunchtime. There
were two series of experiments with the purpose of research their efficiency. The input
dataset for experiments was generated randomly in given bounds of interval time. The
number of intervals and bounds of flexible lunchtime are variated parameters. The results
of experiments prove the efficiency of the first method and the needs of additional research
on the second one.

Keywords: flexible shift scheduling, calendar planning, heuristic algorithm, linear
programming.
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HISTOGRAM ANALYSIS FOR DETECTION OF SHARPENED DIGITAL IMAGES

V.V. Zorilo!, O.V. Pyvovar?, P.S. Safronov!, O.Yu. Lebedieval, M.E. Shelest?
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The information technologies are spreading in the modern world and are one or more
interconnected software products for a particular computer that helps the user achieve this
aim. Every day we receive a wealth of digital information, such as emails, articles on the
Internet, messages in various communication systems, and more. Therefore, the issue of
qualitative and rapid verification of its authenticity, namely, elements such as digital
images, is very timeliness. Digital images are often not original. They have different types
of integrity violations, such as cloning or collage. After applying these operations, the
different filters for blurring, brightness and contrast variation, sharpening, etc. often are
used to hide the digital image processing.These operations are performed by graphic editors
such as GIMP. In this graphic editor, which is a free analogue to the Adobe Photoshop
graphic editor, sharpening is implemented as an Unsharp Mask Filter. A review of open
source literature has shown that little attention is paid to detecting artificial sharpening.
From open sources it is known about the method for detection of artificial sharpening based
on the analysis of close color pairs of the image matrix. Its main disadvantage is the high
number of the type | errors and the type Il errors. This fact leads to the development of new
methods and algorithms for detection this type of image processing. The object of this work
is to detect artificial sharpening of a digital image as an integrity violation. A study is
conducted in which the formal parameters of the digital image matrix were revealed,
indicating the presence of artificial sharpening. A quantitative estimation of the qualitative
differences between processed and raw images is obtained and used as a threshold for
detecting artificially sharpened images. An algorithm for the detection of the artificial
sharpening of a digital image is developed and its efficiency is estimated, According to this
algorithm, the number of the type | errors is 3,8%, and the number of the type Il errors is
9,8%. The development potential of this work is to improve the detection of different ways
of artificial sharpening the digital image.

Keywords: sharpening detection, digital image, integrity violations, information protection,
Unsharp Mask Filter, sharpness factor, histogram peak

Introduction

In today's fast-paced technology world, when almost everyone has their own computer,
the number of different applications, including applications for the image processing, is
grown dramatically. As a result of growing competition in the software market, in an effort to
pay attention to their product, developers make them as cheap as possible, and even
completely free of charge. As a result, image processing tools become available to any user of
a personal computer or smart phone. But this availability of the processing tools has
contributed to the rise of cybercrime. Using photo editors is not uncommon today. The most
common image processing is used to remove any shortcomings digital image (DI). However,
this may also indicate an attempt to conceal the forgery. By the widely available Internet,
spreading false information is extremely easy and fast. As a result, the facts may be distorted,
and this may affect public opinion, which will have a negative social impact. The
consequences can be even worse, especially in justice, when photos are presented as
evidence [1].
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There are many such situations, which is not surprising given that access to the DI is
open and the number of situations caused by false information obtained through the DI
increases every second. Based on that, manipulation of the visible surface of the image or
invisible parts is performed, manipulation methods can be classified as the forged image or
the steganographic image. The damage to the image can be done either by modifying the
context of the scene elements, or without modifying the context. Otherwise, the journalist
deceives the opinion that the objects of the image are something else from what they really
are, but the image itself does not change.

Fig. 1 shows an image published in November 1997 after 58 tourists were killed in a
terrorist attack at the Hatshepsut Temple in Luxor, in which a puddle of water has been
digitally altered to make it look like blood flowing from a temple [2].
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Fig. 1. Photo of the Temple of Hatshepsut after the terrorist attack: a — forged image; b — the
original image

Thus there is a high demand for a valid and reliable authentication method to
distinguish whether the picture is original or not. Sharpening is one of the most common ways
to process forged DI. However, despite the popularity of this filter not much is known about
the methods for the sharpening detection.

A method for detection image processing by sharpening filter is published in [3].

A blur detection method is based on the analysis of the growth rate of the corresponding
singular values. The threshold value for the growth rate of singular values is determined. In
case of exceeding the threshold value, it is concluded that the images is not blurred, otherwise
the images is considered blurred. In this situation, though, using sharpness increases the
growth rate of the singular values, but it is impossible to set a threshold value, since different
images will be characterized by different sharpness and different growth rate of the singular
values, respectively.

The technical journal Informatics and Mathematical Methods in Simulation (# 2, 2018)
discusses an improved method for sharpening detection.

The method is based on the analysis of close color pairs with respect to the total number
of color pairs of digital image matrices. The difference between these values is currently large
enough to distinguish a threshold value that allows distinguishing the processed image from
the raw one, but it is necessary to find ways to increase the difference between these values to
reduce the number of errors in the method [4].

The ability to separate the true image from the artificially sharpened image will increase
the efficiency of the complex system of information protection. The methods covered by
publications today have proved to be ineffective in detecting sharpness due to the large
number of the type I errors and the type Il errors. It is not possible therefore to clearly identify
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a method that allows the separation of images processed by the sharpness filter from the raw
ones.

The aim of the paper

The aim of this work is to identify artificial sharpening the digital images as an integrity
violation.

In order to achieve this aim, it is necessary to solve the following problems:

e identifying the formal parameters of the DI matrix indicating the presence of
artificial sharpening;

e oObtaining a quantitative estimation of the qualitative differences between the
obtained parameters when the first problem is solved; a quantitative estimation can be used as
a threshold value to separate the processed DI from the original ones;

e developing an algorithm for detecting artificial sharpening of DI and evaluating its
effectiveness.

Main Part

As DI processing medium, GIMP is selected because it is one of the most popular free
image editors. GIMP is an example of the embodiment of the simple idea of Peter Mattis
which is to create a graphic application for DI processing (similar to Adobe Photoshop).
GIMP is designed to provide an intuitive graphical user interface for a variety of the image
editing operations [5].

Today, GIMP is a cross-platform graphic image editor that works with raster graphics,
but also partially supports the vector ones and is available for GNU/Linux, OS X, Windows,
and other operating systems. It is free software where anyone can modify its code and
distribute modification [6].

In order to sharpening the image, the Unsharp Mask Filter is used. The Unsharp Mask
Filter makes clearer edges of the elements without increasing the noise and without disturbing
the visual perception stability. Therefore, it is one of the best sharpening filters.

To examine the image for post processing, histograms of each color component of the
DI represented in the RGB color model are considered. Histogram is bar grah of the image
halftone distribution in which brightness is represented on the horizontal axis, and the number
of pixels of the image block with brightness values is represented on vertical axis.

By examining 700 images of different types, we were able to identify some regularities
in the histograms of the color components of the DI.

As a result, examining of the histogram of the B color component (RGB image)
revealed a noticeable increase in the number of pixels whose brightness value is 0 (Fig. 2).
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a b
Fig. 2. Histogram of the B component: a — before processing; b — after processing
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The increase in pixels with zero brightness after filter processing increased significantly,
but the increase in black was noticeable before processing. Therefore, the histogram of the G
component (Fig. 3) should be considered further.
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Fig. 3. Histogram of the G component: a — before processing; b — after processing

The histogram of this component also showed a noticeable increase in pixels with zero
brightness. However, unlike the results obtained from the B component, there is no increase
in black values on the original G channel, but it has appeared after processing. In order to
obtain a complete estimate of the deformation of the color components of the DI after
processing, the R histogram is examined.

The result of the study of the histogram of the R component is the increase of zero
pixels of this component also (Fig. 4).
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Fig. 4. Histogram of the G component: a — before processing; b — after processing

Fig. 5 shows the histograms of all three color components at once.
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Fig. 5. Histogram of the RGB color components: a — before processing; b — after processing
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Generally speaking, it can be argued that using the Unsharp Mask Filter for the image
affects all three RGB components of the DI simultaneously. On this basis, it is further
advisable to consider the histograms of all three color components at once.

As a result of the joint examination of the histograms of the RGB component of the
other DI, it becomes apparent that after the processing of the DI by the filter, there is a
significant increase in the amount of black in all components simultaneously. Such an
increase in black will be referred to as the black peak. Although such peaks appear in the DI
after processing, they can also be present in the components of the original image. Therefore,
it is worth examining this feature on a larger number of the DlIs for a complete estimation.
The results are (partially) presented in Table 1.

Table 1.
Results of finding black peaks in the DI
Before processing After processing
# Red Green Blue Red Green Blue
1 - - + + + +
2 + + + + + +
3 - + + + + +
4 - + + + + +
5 - - + + + +
6 + - + + + +
7 - - + + + +
8 - - + + + +
9 - - + + + +
10 - + + + + +

If the black peak is found, the symbol "+" is entered in the table, but if there is no
increase in black then symbol "-" is entered in the table.

As a result of the experiment, it becomes apparent that in the vast majority of images,
peaks appear in one or two color components or are absent in any. After processing the digital
images by the Unsharp Mask Filter, the peaks appear in all three histograms of the color
components, thanks to this feature and we will construct an algorithm. However, for
sufficiently contrasting images, the increase of zero values may also be noticeable before
processing.

It should be noted that in some cases it is quite difficult to visually estimate the increase
of black in the histograms due to the different filling of the color components in different Dls.
Therefore, referring to the histograms in Fig. 5, it should be noted that the peaks relative to
other close values of the brightness of the considerate component, due to the application of
the sharpness filter, become similar in all three components.

This uniformity is caused by the uniform processing of each of the RGB components
and has not yet occurred in the original image. Based on this, we will only estimate the peak.
But we will give an estimate as a percentage, since the quantitative filling of the brightness
values of each component is very individual and depends on many criteria of the DI itself,
such as priority in color interpolation, illumination, CCD matrix, etc.

Let R, G, and B be the matrices of the red, green, and blue components of the digital
image, (rij, gij, bij) is the triad of digital pixel components with coordinates (i,j). Using these
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notations, we will construct an algorithm for sharpening detection:

Step 1. For the R matrix, r equal to the number of (0, gi;, bij) triads and r' equal to the
number of (1, gij, bjj) triads are found.

Ifr=0,

then it is considered the image is not processed by the Unsharp Mask Filter,

otherwise go to Step 2.

Step 2. For the matrix G, g equal to the number of (ri;, O, bjj) triads and g' equal to the
number of (ri;, 1, bjj) triads are found.

Ifg=0,

then it is considered the image is not processed by the Unsharp Mask Filter,

otherwise go to Step 3.

Step 3. For matrix B, b equal to the number of (ri, gij, 0) triads and b* equal to the
number of (rij, gij, 1) triads are found.

Ifr=0,

then it is considered the image is not processed by the Unsharp Mask Filter,

otherwise go to Step 4.

Step 4. If r<r'ab6o g<g' abo b<b',

then it is considered the image is not processed by the Unsharp Mask Filter,

otherwise go to Step 5.

Step 5. The sharpness factor K is obtained according to the formula (2.1) by calculating
previously the percentage of the difference of the triads r and r' for the red component rR by
the formula (2.2), similarly the percentage of the difference of the triads g and g' for the green
component rG by the formula (2.3) and the percentage of the difference of the triads b and b’
for the blue component rB by the formula (2.4):

‘ R = rG|+|rG —rB|+|rB - IR

3 1)
wherein
R - w )
_(9-g')*100
rG = —g : 3)
_ (b—Db")*100
e @

Step 6. If K <16,
then it is considered the image is processed by the Unsharp Mask Filter,
otherwise the image is original.

Results and Discussion

In Table 2, it can be observed the results of the study in the DIs before processing by the
Unsharp Mask Filter.

As can be seen from the results presented in these two tables, the desired sharpness factor
of the DI after the application of the specified filter is significantly reduced compared to the
same characteristic before processing the digital image. This feature makes it possible to
detect the integrity violation of the image by artificially sharpening.
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Table 2.
Results of the study in the DIs before processing
Before processing
DI # 'R rG rB IrR-rG| [rG-rB| [rB-rR| K
1 | 59.61401 | 46.18474 | 82.5343 | 13.42927 | 36.34956 | 22.92029 | 24.23304
2 | 24.10318 | 54.27052 | 74.43302 | 30.16735 | 20.16249 | 50.32984 | 33.55323
3 37.92185 | 59.46909 | 82.9935 | 21.54724 | 23.52441 | 45.07165 | 30.04777
4 41.5703 | 49.04473 | 79.13701 | 7.474431 | 30.09228 | 37.56671 | 25.04448
5 0 25.10154 | 83.7167 | 25.10154 | 58.61516 83.7167 55.81113
6 48.54641 0 80.12792 | 48.54641 | 80.12792 | 31.58151 | 53.41861
7 | 53.02198 | 1.935484 | 87.22527 | 51.08649 | 85.28979 | 34.2033 | 56.85986
8 0 0 47.77889 0 47.77889 | 47.77889 | 31.85259
9 0 41.89189 | 55.90361 | 41.89189 | 14.01172 | 55.90361 | 37.26908
10 | 47.31138 | 57.60901 | 84.12761 | 10.29763 | 26.5186 | 36.81623 | 24.54415
Table 3 shows the results of the study in the same Dls after processing by the Unsharp
Mask Filter.
Table 3.
Results of the study in the Dls after processing
After processing
DI # rR rG rB [rR-rG| [rG-rB| [rB-rR| K
1 08.69817 | 98.48332 | 95.83575 | 0.214851 | 2.86242 | 2.64757 | 1.90828
2 08.59418 | 98.55068 | 98.48153 | 0.043497 | 0.069148 | 0.112645 | 0.075096
3 97.8734 | 97.90032 | 97.16821 | 0.026917 | 0.732104 | 0.705188 | 0.488069
4 97.0169 | 97.10855 | 96.08312 | 0.091656 | 1.025433 | 0.933777 | 0.683622
5 08.82973 | 98.81233 | 98.48181 | 0.017402 | 0.330515 | 0.347917 | 0.231944
6 99.33043 | 99.34721 | 99.30064 | 0.016777 | 0.046571 | 0.029794 | 0.031047
7 99.0403 | 98.99713 | 98.9642 | 0.043163 | 0.032937 | 0.076101 | 0.050734
8 97.64324 | 97.85388 | 96.28881 | 0.210643 | 1.56507 | 1.354427 | 1.04338
9 94.80096 | 93.9693 | 94.61643 | 0.831664 | 0.647135 | 0.184529 | 0.554442
10 | 98.73552 | 98.75984 | 98.35214 | 0.024321 | 0.407695 | 0.383375 | 0.271797

The experiment to determine the algorithm effectiveness is carried out. For its
implementation, it is used 500 own images obtained with a smartphone and 200 images
obtained with modern digital cameras (owned by NRCS). The digital images after application
of artificial sharpening filter (Unsharp Mask Filter) are stored in a lossless format in the
graphic editor GIMP. The GIMP editor is multifunctional. It can be used as a simple graphic
editor, as a professional photo retouching application, as a network batch image processing
system, as an image playback program, as an image format converter, etc.
The digital images of lossless formats (*.TIF, *.BMP, *.PNG) is taken according to the
GIMP quality standard. The images used for the experiment are arbitrary in size. The
efficiency of the developed algorithm is estimated in terms of type I and type Il errors.
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The type | errors mean incorrectly rejected the application of the filter; the type Il errors
mean the case when the raw DI is mistaken for the processed one. Table 4 shows the results of
the analysis.

Table 4.
Analysis of the algorithm effectiveness
Type | errors Type |l errors
The original image - 9.8%
The image processed by the Unsharp 3.8% i
Mask Filter '

According to the results of the study, the following conclusions can be drawn. The
developed algorithm has high efficiency. This algorithm also has the applicability restrictions.
Firstly, it is only tested for the particular filter in the particular graphic editor. Secondly,
studies are not carried out with saving the processed DI in the lossy format.

However, all these disadvantages can be the subject of further development of this work,
as well as adjusting the formula to detect the application of the Unsharp Mask Filter in the
image in order to reduce the number of the type I errors and the number of the type Il errors.

Conclusions

It has been established that the DI post-processing as a DI forging has been given
insufficient attention, in particular to the detection of artificial sharpening of the digital image.
Methods known from open sources have a large number of the type | errors and the type Il
errors, so other methods for detection of the DI post-processing by this filter should be
developed.

The parameters of quantitative estimation of qualitative differences between the
processed digital images and the original ones have been revealed.

Based on these parameters, a threshold value is selected to distinguish the processed
images from the raw ones.

The algorithm for detection of the artificial sharpening of a digital image is developed
and implemented into sofware.

The efficiency of this algorithm is estimated, according to which the number of the type
| errors is 3.8%, and the number of the type Il errors is 9.8%.
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AHAJII3 TUCTOI'PAM Y BUABJIEHHI HIIBUIIEHHSA PI3KOCTI
OUP®POBOI'O 306PA’KEHHA

B.B. 3opino!, O.B. [Tusosap?, I1.C. Cadporos?, O.FO. Jlebeaepal, M.€. Illenect?
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IndopmariiiHi TeXHOIOTIT HEBIJICTYITHO MOMIMPIOIOTHCSI B CYYaCHOMY CBITI 1 SIBJISIFOTH OJIMH
ab0 JMeKijbKa B3a€MOIOB'SI3aHMUX MPOrPAMHHUX TPOMYKTIB s TEBHOTO KOMITIOTepa, 3a
JAOIIOMOI'OI0 SIKMX KOPHUCTYBAa4d A0CsArae nocrasienoi metd. KoxkHoro AHA MU OTPUMYEMO
BEJIMKY KiJIbKiCTh IM(poBoi iH(OpMAIlii, TAKOi SK MOBIJOMJICHHS €IEKTPOHHOIO MOIITO0,
CTaTTi B Mepexi IHTepHeT, MOBITOMIIEHHS B PI3HUX CHCTEMax CIUIKyBaHHS Ta iHme. Tomy
JIy’K€ aKTyaJlbHUM II0CTA€ MUTAHHS SKiCHOT Ta MIBUKOI MepeBIpKH 11 TOCTOBIPHOCTI, a came,
TaKMX eJeMeHTIB sK wuudpoBi 300paxeHHs. [luppoBi 300paxkeHHS YacTo He €
OpHUTiHANBHUMHU. B HUX MaroTh Micle pi3HI THIM MOPYUIEHHS IUTICHOCTI, HalpUKIa,
KIOHYBaHHS 260 komax. Ilicis 3acTOCyBaHHs JaHHX OMEpaIliif 9acTO BHKOPHCTOBYIOTH
pizHi inbTpu s MacKyBaHHS — PO3MHTTS, 3MiHa SICKPaBOCTi, KOHTPACTHOCTI,
HiBUILEHHS pi3kocTi Tomo. JlaHi omnepaiiii BUKOHYIOTh 3aco0aMu rpadiyHUX PeaaKkTopiB,
Hanpukian, GIMP. B nanomy rpadiuynomy pepakropi, skl € OE3KOIITOBHHM aHAJIOIOM
rpagiuHoro penakropy Adobe Photoshop, migBuieHHs pi3KOCTi peani3oBaHO Y BHIJISII
¢inbTpy «Unsharp Mask». Orusi nitepatypu, AOCTYIHOI 3 BIIKPUTHX JKeped, TOoKa3aB,
IO BUSIBJICHHIO ILITYYHOTO IiJBUIIEHHS PI3KOCTI NPUALISIETHCSA IIy)KE€ Majo yBaru. 3
BIJIKPUTOIO JIPYKY BIJIOMO MPO METOJl BHSBJICHHS INTYYHOrO IMiJBHIICHHS PIi3KOCTI,
3aCHOBaHMI Ha aHai3i ONM3BKMX Map KOJNBOPIB Marpwuil 300pakeHHs. ['onoBHUil ioro
HEIOJIK — BUCOKa KiIBbKiCTh MOMHIIOK 1 Ta 2 pony. Lleit ¢akT crioHykae 10 po3poOKu HOBHX
METOIIB Ta AITOPUTMIB BHSBJICHHS IaHOTO BHIY OOpOOKHM 300pakeHHs. Mera naHol
poOOTH — BHUSBIIGHHS INTYYHOrO MiJBHUIICHHS PI3KOCTI HU(PPOBOrO 300pa)KEeHHS K
MOPYILEHHs HOro 1iticHocTi. [IpoBeneHo ToCiipKeHH s, B X0 SKOr'0 BUSBICHO (hopMabHi
rnapamMeTpyd MaTpHili HUPPOBOro 300paXKEHHsI, 1[0 BKa3YIOTh Ha HASBHICTh IITYYHOTO
IiBUIIEHHS Pi3KocTi. OTPUMAHO KIIBKICHY OIIHKY SIKICHUX BIJIMIHHOCTEH OOpOOJICHHUX Ta
HEoOpOOJIEeHUX 300paXkeHb, KOTPI BHKOPUCTaHO SIK IIOPOrOBE 3HAYECHHS IS BHSBICHHS
300pakeHb 31 INTy4HO TMiABHINEHOIO pi3KicTio. Po3pobieHo anroputM BHUABICHHS
LITYYHOTO IMiJABUIICHHS PI3KOCTI IM(POBOro 300pakeHHsS Ta MPOBEACHO OLIHKY HOro
e(eKTUBHOCTI, 3T1THO SKOI KUIBKICTh MIOMIIOK | pony ckiamae — 3,8%, moMmiku 2 poxy —
9,8%. llepcneKTHBH MOAAIBIIOIO PO3BUTKY JAHOI POOOTH MOJATar0Th y BAOCKOHAJIEHHI
BUABIICHHS Pi3HHUX CIIOCO0IB IITYYHOTO MiABHUIIIEHHS Pi3KOCTi IIU(POBOTO 300paskeHHS.
KarwuoBi ciioBa: BUSIBIICHHS MiIBUIICHHS PI3KOCTi, IM(pPOBE 300pa)KeHHs, MOPYIICHHS
iTicHOCTI, 3axucT iHpopMaii, ¢inbTp «unsharp mask», koedilieHT pi3KoCTi, TiK
ricrorpamu.
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AHAJIN3 T'ICTOTI'PAM B BBISIBJIEHUU ITIOBBINEHUA PE3KOCTH
IUP®POBOT'O N30BPAKEHUA

B.B. 3opuno?, O.B. ITusosap?, I1.C. Capponos?, E.JO. JIe6enesa’, M.E. Illenect?
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npocr. Illesuenko, 1, Omecca, 65044, Ykpauna; e-mail: vikazorilo@gmail.com
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WNHdopmanmoHHbIe TEXHOIOTHH MOCTOSHHO PAaCHpPOCTPAHSIOTCS B COBPEMEHHOM MHpPE U
MIPE/ICTABISIOT OJUH MM HECKOJIBKO B3aMMOCBS3aHHBIX IPOIPAMMHBIX HPOAYKTOB JUIS
OTPECNIEHHOTO KOMITBIOTEPa, C IIOMOIIBIO KOTOPBIX  IIOJB30BATENb  JIOCTHIAET
rocTaBleHHON nenu. Kaxaplii aeHb MBI MOMydaeM OOJbIIOE KOJIWYECTBO IM(PPOBOM
uH(OpPMAaILUK, TaKOW KaK COOOIIEHHE IO 3JIEKTPOHHOW IouTe, cTaTbu B ceTd MHTepHer,
COOOIIEHNSI B pa3IMYHBIX cHUcTeMax oOmieHus U npodee. [103TOMYy O4YEeHb aKTyaJlbHBIM
CTQHOBHUTCSl BONPOC KAaUYECTBEHHOW M OBICTPOM NPOBEPKU €€ JTOCTOBEPHOCTH, a UMEHHO,
TaKHMX 3JIEMEHTOB KaK HU(ppoBbie n300pakenus. L{npposbie n300paskeHnst 4acTo SIBISFOTCS
OpPUTMHAJIBHBIMA. B HHX HMEIOT MECTO pa3jM4Hble THIIBI HApPYIICHHs IIEJIOCTHOCTH,
HarpuMmep, KIOHMpPOBaHWE WM Kojutax. [locie mpuMeHeHHs AaHHBIX ONepanuii 4acTo
UCTIONB3YIOT Pa3iinuHble (PUIIBTPBI U1 MAacKHpOBKH - pa3MbITHE, W3MEHEHHE SIPKOCTH,
KOHTPAaCTHOCTH, IOBBIINICHUE PE3KOCTU U TOMY H0}106HOC. zlaHHI)IC Oonepanuun BBITTOJIHAIOT
cpeAcTBaMU Tpaduueckux pemakropos, Hampumep, GIMP. B ganHOM rpadudeckoM
penakTope, KOTOPBIN SIBJISETCsSI OSCIIaTHBIM aHanoroM rpaduueckoro pemakropa Adobe
Photoshop, moBsliieHre pe3kocT peanu3oBaHo B Buae ¢uiabtpa «Unsharp Mask». O630p
JIMTEPATYpPHI, JlOCTyHHOﬁ M3 OTKPLITBIX HCTOYHHUKOB, IIOKa3aJl, YTO BbIABJIICHUIO
HCKYCCTBCHHOI'O IOBBINICHUSA PE3KOCTH YACIIACTCS OYC€Hb MaJI0 BHUMAaHMUA. U3 OTKPBITOT'O
neyatu MU3BECTHO O MCETOAC BbIABJICHHA HWCKYCCTBEHHOI'O IIOBBIIICHHSA PE3KOCTH,
OCHOBAHHBIA Ha aHaiKM3e ONM3KUX Tap LBETOB MAaTpUIlbl M300paxkeHus. [J1aBHBINA ero
HEJJOCTATOK - BBICOKAs KOJMYECTBO ommOOK 1 u 2 poma. DTOT dakt modyxmaer K
pa3paboTke HOBBIX METOJOB U aJIrOPUTMOB OOHAPYKEHHUsS NaHHOTO BHAa 00pabOTKH
n3o0paxenus. Llens qaHHON pabOTHI - BBIBIEHHE UCKYCCTBEHHOI'O IOBBIMICHUS PE3KOCTH
1ppoBOro n300paXKeHHs Kak HapyleHHe ero nenocTHoctu. IlpoBeneHo nccnenosanue, B
X0Jle KOTOPOTO BBIABICHO (pOpMaibHBIE MapaMeTpbl MaTPHLBI LU(POBOro H300paXKeHMs,
yKa3bIBaIOIME HAa HAJIMYHE HCKYCCTBEHHOIO TOBBIMIEHHA pe3KocTu. [lomydeHo
KOJIMYECTBEHHYIO OLCHKY KaueCTBEHHBIX DPa3IH4Mil 00paOOTaHHBIX M HeoOpaGOTaHHBIX
n300pakeHU, KOTOpBIE HCIOIb30BaHbI KaK IIOPOroBOE 3HAUCHUE [UIS  BBISBICHUA
m300pakeHU C HCKYCCTBEHHO IIOBBIMIEHHOM pe3KoCThi0. Pa3paboran  airoputm
BBISIBJICHUS HCKYCCTBEHHOI'O ITOBBILIEHHS PE3KOCTU LU(PPOBOro H300paKeHHs M IPOBEIeHA
oleHKa ero 3(p(HeKTUBHOCTH, COIIACHO KOTOPOH KOMMYECTBO OIIMOOK 1 poma cocTaBisier -
3,8%, ommbOku 2 poma - 9,8%. IlepcnekTHBEI NanbHEWIIETO Pa3BUTHSA AAHHOH pabOTHI
3aKJII0YAIOTCS B COBEPIICHCTBOBAHHMHM BBIABICHUS PA3IMYHBIX CIIOCOOOB HCKYCCTBEHHOI'O
TIOBBILICHUS PE3KOCTH HUPPOBOTro U300paKEHHUSI.

KnioueBble cjioBa: BbISBICHHE NOBBINIEHHS pPE3KOCTH, IM(POBOE H300pakeHHe,
HapyUICHUs LENOCTHOCTH, 3amura uHpopMaimu, GuibTp «unsharp mask», kodhGuueHt
PE3KOCTH, UK THCTOTPAaMMBIL, HU(PPOBBIE KOMITIOHEHTHI
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NH®OPMAINMOHHOE OBECIIEYEHUE CUCTEMBI BBISIBJIEHUSA
PUCKA OTKA30B ABTOMOBUWJIBHOI'O OBOPYIOBAHUA

B.B. Beruy:kanun, H./l. Pynuuyenko, A.B. BeruyxkanuH, A.E. Ko3Jios

Onecckuii HAIIMOHAJIBHBIN MOMUTEXHUUECKUN YHUBEPCUTET,
npocr. [llesuenko, 1, Omecca, 65044, Ykpauna; e-mail: 126.ist.onpu@gmail.com

CrnoxHasi TeXHHYECKas CHCTeMa SIBISIETCS HH(POPMAIMOHHO-TEXHHYECKOH CHCTEMOIA.
HecmoTpst Ha HIMPOKHE BO3MOXHOCTH COBPEMEHHBIX METOJIOB, M MOJENEH OLIEHKH pUCKa
OTKA30B CJIOXHBIX TEXHMYECKHX CHCTEM B HHX HE B TOJHOH Mepe HCMOIb3YIOTCS
pe3yabTaThl pa3paboTok B obmactd MHG)OPMAIMOHHBIX TEXHONOTHH Ui JTUATHOCTUKA H
NPOrHO3MPOBaHMs PabOTOCIIOCOOHOCTH TakKMX CHUCTeM. lIpoBeneHHBI aHaIM3 METOJI0B
MOJICTUPOBAHUS [Tl OICHKM PHCKA OTKA30B CIIOXKHBIX TEXHHYECKHX CHCTEM MOKa3al
MEPCIIEKTUBHOCTE U HCO6XOJII/IMOCTB pa3BUTUA METOJAOB KOTHUTUBHOI'O MMUTAIITMOHHOI O
MOACIINPOBAHUA [JIsI OUEHKU CTPYKTYPHOI'O pHCKa OTKA30B DJIEMEHTOB U MEXKIJIEMEHTHBIX
cBs3ei cucteM. [IprmeHsieMast KOHIENIUS OLEHKU PUCKA OTKA30B CIIOKHOM TEXHUYECKOU
cucTeMbl (Ha TIpUMepe aBTOMOOWIIBHOIO JIBUTAaTeNss BHYTPEHHETO CropaHus c
HO}ICI/ICTeMaMI/I) B aBapHﬁHBIX CIHICHApUAX OCHOBLIBACTCSA Ha O6’])CI(I/IH€HI/II/I Pa3HOPOAHBIX
OJIEMEHTOB CHUCTEMBI B €IUHYIO MOJICIIb. MO}IGJ’[E IIpru3BaHa OGCCHC‘H/ITB OLI€HKY pHUCKa
OTKa30B JJIEMEHTOB CJIOXHOW TEXHHYECKOW CHUCTEMBI C YYETOM B3aMMOCBSI3aHHOCTH W
B3aHMO}1€ﬁCTBHH X DJJEMCHTOB C TOYKHU 3pPCHHA 3HAYMMOCTH W KPUTHUYHOCTH [JId
(YHKIMOHUPOBAHMUS BCEH CHCTEMBI B IIEIOM, a TaKKe O00ECHeYuTh BBIABICHUE
CTPYKTYPHBIX YIpo3, Y3BHUMBIX MecT B cucteMe. [IpoBenenue mporecca MOAEIUPOBAHUS
peannu3oBaHO CPEACTBAMH Pa3pabdOTaHHOrO IPUKIAJHOIO HPOrPaMMHOTO oOecledeHus,
Oasupyronierocs Ha KJIMEHT-CEPBEPHOI apXUTeKType. MozenupoBaHue Npou3BOJHIOCH Ha
6a3ze nuctpudyruBa oneparonHoi cucrembl Debian GNU/Linux 8.0 (stable). B kauectse
A3bIKa MPOrPaMMUPOBaHMs UCTONB30Basicss Python 3.7, cpema paspaborku PyCharm 2018,
Ooubnuoreka coznanusi uHrepgeiica monp3oBarens PyQt. Jlanueie 00 snementrax u MC
paccMaTpuBaeMoil CIOXKHOW TexHuueckod cucrembl pasmemiensl B NOSQL CVYB]]
MongoDB. O6MeH qaHHBIMH MEXIy KIMEHTCKOM M CEPBEPHON CTOPOHOM OCYIIECTBIISIETCS
ucrons3oBanrem Restfull API. Mcxonusie maHHBIC MOIeNedl TMpeACTaBIEHbI B (opmaTe
JSON. ABromaru3aiusi pabOThl CHCTEMBI OCYLIECTBIISUIACH Ha 0a3ze mHCTpymeHToB GNU
Make. AHanu3 TONy4eHHBIX pe3yiabTaToB mpoBoawics cpeacrBamu Calc Libre Office.
Pa3paboTanHas KOTHWTHBHAs MMUTAlMOHHAs MOJENb OLEHKH PHCKAa OTKAa30B CIOXKHOM
TEXHUYECKOH CHCTEMBbI MO3BOJSET HCCIENOBATh CTENCHb BIMSHUS CTPYKTYPHBIX CBOMCTB
CHCTEMBI Ha OIIEHKY PHCKa OTKa30B, BBLIBUTH HanMeHee pabOTOCIIOCOOHBI 3JIEMEHTHI U
MEXDJIEMEHTHBIE CBsI3H, (DYHKIMOHHPOBAaHHE KOTOPBIX CYIIECTBEHHO OTpakaeTcs Ha
paboTOCTIOCOOHOCTH W HAJOE)KHOCTH BCEH CIIOKHOW TEXHWYECKOW CHCTeMBl. Pa3BuTie
METOAOJIOTHYECKO OCHOBBI MH(OPMAIIMOHHOIO 00ECIIeYEHHs BBISABICHHS PUCKA OTKa30B
3JEMEHTOB  JAMATHOCTUPYEMOH  CIIO)KHOM  TEXHHYECKOW  CHUCTEMBI  IO3BOJSET
KOHTPOJIUPOBATh 3HAYEHHUS BEPOATHOCTH IIOTEPH PabOTOCIIOCOOHOCTHM M PUCKa OTKAa30B
9JIEMEHTOB CUCTEMBI IIPH ITOCTYILIEHHH HH(popMaImu o0 0TKa3axX B MOACHCTEMAX.

KioueBble c/I0Ba: CIOXKHAs TEXHHYECKAs CHCTEMA, ABTOMOOMIBHBIA JIBUTaTelb
BHYTPEHHEr0 CrOpPaHWs, pPHUCK OTKAa30B, KOTHHTHUBHAS WMHTAIMOHHAS  MOJIEIb,
nporpammHoe npunokerne, Python, NoSQL CYBT MongoDB.

BBenenne

KputepreM HanexHOM 3KcIUTyaTalluy cia0XkHbIX TexHndeckux cucreM (CTC) sBusercs
CBOEBpPEMEHHAsi IMarHOCTUKA C OLIEHKOM pHCKa OTKa30B 3MeMEeHTOB Takux cucrem [1-3]. C
TOYKH 3pEHHUS TEXHUYECKOH 0e30MacHOCTH KOJMYECTBEHHBIE OLEHKH pucka oTka3zoB CTC
NPEACTaBISIOT cO00M HEOOXOAMMYIO M CIOXKHYIO 3ahady, TpeOyromyio pa3paboTKu H
IIPUMEHEHMSI CIHELMAIBHOIO MAaTeMaTHYecKoro ammapara. PemieHue NpUKIaaHBIX 3aaad
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TAaKoro THUIIAa YacTO OCHOBBIBAETCS HAa METOJAaX MaTeMaTU4YeCKOro MOJEIMPOBAHMS, METOJE
aHanM3a «aepeBa OTKa30B» U T.1. [4,5]. Cpeau MeToI0B MOJCIMPOBAHUS HA/IEKHOCTU UMEET
MECTO pa3BuTas TEXHOJIOT UL aBTOMAaTU3UPOBAHHOTO CTPYKTYPHO-JIOTHYECKOTO
MOJICTTUPOBAaHMUS OE30MaCHOCTH CJIOKHBIX CHCTEMHBIX OOBEKTOB M TIPOIIECCOB, pacueTa
HAJISKHOCTH, SPPEKTUBHOCTH U pUCKa (PYHKIMOHUPOBaHUS cucteM [6 - 8].

Hanexuaocts CTC 3aBUCHT OT 3HAYUTEIBHOTO YHCIIA (PAKTOPOB, XapaKTEPUIYIOIIUX UX
KOHCTPYKIIMIO, YCIOBHUSI MPOM3BOJICTBA M AKCIUTyataiuu [9]. DTO NMpUBOAUT K TOMY, YTO
MIPOLIECCHl UBMEHEHUSI TEXHUUECKOTO COCTOSIHUS U HaJEKHOCTH HOCST CIIy4alHbIN XapakrTep,
a TpHU OICHKE M aHaJM3e IOKa3zaTeliel HaJe)KHOCTH HEOOXOAMMO HCIOJB30BATh METOMIBI
TEOPUM BEPOSITHOCTH. I[IepCHEKTUBHBIM B TaKMX CIIy4asX SBJSETCS HCIOJIb30BaHUE
umurtaironnoro wmozeiaupoBanus (MM) [10] mis AMArHOCTHKM W MPOTHO3a YPOBHS
oezomacHoctn CTC. MU3BectHbie mporpammubie Tnpoayktel CARA u  RCM-Tool,
pazpaboranasie MARINTEK, mnpencraBnsior coboli cucteMy aBTOMATHU3HPOBAHHOTO
noctpoeHust «jaepeBa orkazoB» CTC. Ho onu He ucnonsdytor MM, 4TO CyliecTBEHHO
OTPaHMYMBAET BO3MOXXKHOCTh HX MCIOJb30BAaHUS, OCOOEHHO TMIPU HEOIpPEAEICHHOCTH
UCXOJHBIX JaHHBIX, Bo3HUKaromen npu skcrutyarauuu CTC. IlepcnektuBHbiM MeTogoM M
g uccnenoBanus HaaexHoctu CTC npu mepexoax CUCTEM MEX]y pa3HbIMH BapuaHTaMU
TEXHMYECKOTO CTaTyca SIBISEeTCS KOTHUTHBHOE MMUTAIMoHHOe MojenupoBanue (KMIM) Ha
OCHOBE MojJieJieil B BHJE OPUEHTHPOBAHHBIX TIpadoB, OTPAKAIOUIUX B3AUMOJIEHCTBUE
amementoB CTC [11,12]. Ha ocHoBaHuu aHaim3a rpad)oB TMEPEXOIOB Ui MPOIIECCOB
OTIpeJieNieHUs] TEXHUYECKOro cTaTyca OOBEKTOB BCEX YpPOBHEHM HepapXxuu pa3paboTaHbl U
peamn30BaHbl  AITOPUTMBI  MPHHATHS  PEHICHHWS B COOTBETCTBYIOIIMX  (DYHKIHSX
MPOrpaMMHOTO oOecrieueHus: MeHeKepa CUCTEMBI yIpaBiieHus. B npouecce MoiennpoBaHus
CTPYKTYPHBIX CBOMCTB CHCTEM W OTHOIICHWA MEXIy HUMHU Tpad mpencraBiseT cobOou
CTPYKTYPHYIO MOJIeNb (PU3NUECKHX OOBEKTOB PA3INYHON MPUPOIBL.

B coBpemennom nonnmmannu CTC siBasieTcss HHPOPMAIMOHHO-TEXHUYECKOU CHCTEMOM
[13-15]. HecmoTpst Ha HIMPOKHE BO3MOKHOCTH COBPEMEHHBIX METOJIOB, M MOJEJICH OICHKH
pucka oTka3zoB CTC B HHUX HE B IMOJHOW Mepe HCIOJB3YIOTCS Pe3yabTaThl pa3padOTOK B
obrmactu  MHGOPMAIMOHHBIX TEXHOJOTWUH Ui JAWAarHOCTUKM M MPOTHO3UPOBAHUS
paboToCroCOOHOCTH (OLIEHKH PUCKA OTKA30B) TAKHX CHUCTEM.

[IpoBeaeHHbIN aHAIUM3 METOJIOB MOJCIMPOBAHUA Uil OllEHKH pucka orkazoB CTC
MOKa3zajl MEePCIEeKTUBHOCTh M  HEOOXOJMMOCTb  Pa3BUTHS METOJOB KOTHUTHUBHOTO
MMUTAIMOHHOTO MOJIEIMPOBAHUS Ul OLIEHKH CTPYKTYPHOTO pPHCKa OTKAa30B AJIEMEHTOB U
MexanemMeHTHbIX cBszed (MC) CTC. CymectByeT OOBEKTHBHAas HEOOXOJAMMOCTh B
JaNbHEHIINX HCCIEOBAHUSAX U HH(POPMAIMOHHOM MOJIEP)KKE MPOIECCOB OLIEHKU PHUCKa
oTka3zoB onemMeHToB U B nenom CTC B memsx oOecredeHHs HAOEKHOCTH TPU  HUX
AKCIUTyaTaI|H.

eab padoTsl

ue.flbIO pa6OTI>I SABJIICTCS HNOBBIMICHUE HAACKHOCTH OSKCIUTyaTalluu CTC Ha ocHOBe
COBCPHICHCTBOBAHUSA I/IH(i)OpMaI_II/IOHHOl"O 0o0eCreYeHNs] CUCTEMbI BBISBICHUS pUcCKa OTKa30B
OJICMCHTOB U CUCTEM B LICJIOM.

OcHoBHAA YaCTh

WndopmanonHoe oOecrneyeHne MpOLECCOB  JTUArHOCTUKUA — pabOTOCHIOCOOHOCTH
(ouenku pucka otkazon) CTC.

3amaueii nmpu pa3paboTKe KOHIENTYAIbHOTO MOAX0/a JUIsl JOCTH)KEHHUS MOCTABJICHHOMN
LU SBISIETCA CO3JaHUE METOJUYECKUX OCHOB OLIEHKM pucka oTkazoB CTC B ycnmoBusX
MOPAKAOIINX MaJIONPEACKAa3yeMbIX BHEIIHUX M BHYTPEHHHMX Bo3aeicTBuid. [Ipeanmaraemas
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KOHIenus Oa3upyercss Ha MeToze baiiecoBckoro ananusa u cereil baiteca [16,17] — onenku
CTpYKTypHOTro pucka otkazoB CTC B aBapuiHBIX CLIEHApUAX C YUETOM B3aMMOCBSA3aHHOCTH U
B3aMMO3aBUCUMOCTH MX 3JeMeHTOB. Puck otka3oB s3nemeHToB CTC oneHuMBaeTcs Kak
MPOU3BEJICHUE BEPOSTHOCTH BO3HHKHOBEHHS OINMACHOCTH M ymepba OT MOpakKeHHBIX
3JIEMEHTOB.

Konuenuus ouenku pucka otkazoB CTC B aBapuiiHbIX CIIEHApUsSX OCHOBBIBAETCS Ha
oObemuHeHnn pasHopoaHbiX sneMeHToB CTC B emunHyro Mozaens. Mopenb Npu3BaHa
o0ecreynTh OIEHKY pHCcKa 0TKa3oB 3neMeHToB CTC ¢ y4eroM B3aWMOCBSI3aHHOCTH W
B3aUMOJICHICTBUSL HUX DJJIEMEHTOB C TOYKM 3pEHHMS] 3HAYMMOCTH M KPUTUYHOCTH IS
(YHKIMOHUPOBAHUS BCEH CHCTEMBI B 1IEJIOM, a TaKXKe 00ECIIeUUTh BBISBICHUE CTPYKTYPHBIX
yrpo3, ysa3sumbix Mect B CTC.

[Ipu npoBeaeHNM UCCIIET0BAHUN MOJIEIN TEHEPUPYETCS MOPAKAIOIIANA MOJECITHP YOI
umnyasc (IIMU) B ycnoBHO 3aaHHON nopakeHHo# BepuuHe (pedpe) KM, nemxymumiics K
MOCJIEAYIONMM BepIIMHaM (pedpaM), MOCIeI0BATEILHO BBIBOIS U3 CTPOSI B3aMMOCBSI3aHHbBIC
AJIEMEHTHI CUCTEM.

KornutusHast MoJienib IpecTaBieHa B BUJie GyHKIIMOHAIBHOTO Tpada

@,(G,.X,F,0)

rnre G= <V,T,E>, G-3nakoBeIii  oprpad; V = {vi}, i=1,2,...k - MHOXECTBO BEpIINH
KOTHUTHBHOW KapThl; E = {eij} - MHOKECTBO JyT, COCTUHSIONINX BEPIIUHBI Vi U Vj; X = {Xi} -
MHOJKECTBO MapamMeTpoB BepiuH;, F = f {Vi WV ,eij} - GyHKIHS CBSA3M MEX]y BepmuHamu; Q —

MIPOCTPAHCTBO MapaMeTPOB BEPIIHH; 7- Bpemsl.

CocrosiHuto snemMeHTa (B3aumocBsizu) cootBeTcTByer 0, ecnmm [IMUM He mpoxomut
aneMeHT (B3auMOCBs3b), U — 1, ecu [IMU npoxoauT snemMeHT (B3aUMOCBSI3h). MITYIbCHBIN
BekTop s V, E

impi(ij)(t) = (X, XZ""XV(E)) '

TIE Xy, X, X, gy — COCTOSIHUS SJIEMEHTOB (B3aMMOCBS3EN ).

Jlnst  paH)XKMpOBaHMSI OLIGHKHM pPHCKAa OTKa30B ayeMeHToB (B3ammocBszeir) CTC
HCIIOJIb3yeTcsl 0000menHas GyHKIUs xKenaTebHocTH XappuarroHa: 0-0,2 — ypoBeHb pHcKa
OIICHUBAETCA KaK MHUHUMAJIbHBIN, MOCIEICTBUS aBapHy MUHUMAJbHbBI, HE OKa3bIBAIOUINE HA
skcruryataruio CTC cymectBennoro Bozzaeictsust; 0,2-0,37 — ypoBeHb pHCKa OLIEHUBAETCS
KaK JOTYCTUMBIH, TMOCIEACTBUSI aBapUU HE3HAUUTENIbHBIE, MMO3BOJISIIOIINE IKCILUTYaTUPOBATh
CTC 06e3 cymecrBenHoro pemoHnTa; 0,37-0,63 — ypoBeHb pHCKa OLIEHUBAETCS Kak
MaKCUMAJbHBIH, MOCIEICTBUS aBapUU 3HAUUTENbHBIC, HO MO3BOJISIOUINE SKCILTyaTHPOBATh
CTC mnpu BblloJIHEHUU peMOHTHBIX paboT; 0,63-1 — ypoBeHb pucCKa OIICHMBAETCA Kak
KPUTHYECKHM, MOCIEACTBUS aBapuu KaTacTpopuueckre, He MO3BOJISIONINE SKCITyaTUPOBATh
CTC.

[IpoBeneHne mpolecca MOAEIMPOBAHUS PEATU30BAHO CPEACTBAMHU Pa3pabOTaHHOTO
NPUKIAJAHOTO TPOrpaMMHOrO oOecredeHusi, O0a3upyooUIerocss Ha KIMEHT-CEpBEPHOI
apxutektype. MoaenupoBanue aedcteus I[IMM Ha cuctemy mnpous3BoIwiIoch Ha 0ase
mctpulyrtuBa onepannonHoit cuctembl Debian GNU/Linux 8.0 (stable). B xauecTtBe si3pIka
nporpaMMupoBaHusi ucmoib3oBaH Python 3.7, cpema paspaborku PyCharm 2018,
oubnunoreka co3ganusi wHTepdeiica momszoBarens PyQt. Jlanueie 00 snmementax u MC
paccmarpuBaeMoit CTC pasmeniensl B NOSQL CYB/] MongoDB. O6MeH naHHBIMEH MEXIY
KJIMCHTCKOM W CEepBEpPHOM CTOPOHOW oOCyIecTBiseTcss wucnojib3oBanueM Restfull  API.
Hcxonuele naHHble Mojeneil mpezcraBieHsl B ¢opmare JSON. ABromaruzanusi pabOThI
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CHCTEMBI OCyIIecTBisIack Ha Oase wuHcTpymMeHTOB GNU Make. AHamu3 MOJY4YEHHBIX
pe3ynbraToB mpoBoauics cpeactBamu Cale Libre Office.

s anpoOaruu iporpaMMHOTO TipwiiokeHus B Hem coszmaHa KM CTC B Buze
OpPUEHTUPOBAHHOTO Tpada, Ha MPUMEPE aBTOMOOMIIBHBIX IOJCUCTEM JIBUTaTeNsl BHYTPEHHETO
cropanus ([IBC), MexaHHYECKH CBS3aHHOTO C BEAYIIMMHU KOJECAMH COOTBETCTBYIOLUIMMU
nojcuctemMamu (puc. 1).

TAB

A

= [

JOBC | |MCl|_|on® | | MC2| |MYM [ | MIT [ | BK —

=~ PZIBC POIID PITYM

.
3P/

Puc. 1. CrpykrypHas cxema aBromoOmiasHOro JIBC ¢ moacucremamu (TAB — tsarosas
akkymysstopHas Oarapes ; JIBC — naBurartenp BHyTpeHHero cropanwmsi; 3PJ — 3amarumk
pexumoB awxkeHus; TOIl — taroserit smekrponpuBoa; bC — 0ok cymmupoBaHUs
HanpspkeHuid u momHocTei; OIID — oOpatumblii mpeoOpaszoBarens sHepruu; [TUM —
npeoOpaszoBaTeslb 4acTOThl BpamieHuss 1 MoMmeHTa, MII — Mexanmdeckas nepemaya; BK —
Benymue koseca; MCI — mydra cuerienus mexay Banamu [IBC u OIID; MC2 — mydra
cuerieHus: mexxay Banamu OIID u MII; POIID — perynstop OIID; PITUM — perynstop
M4M; PABC — perynsarop ABC; Mc — MOMEHT cONpOTUBIEHUS HA Bally; My — KpyTSIIUi
MOMEHT Ha Baiy)

Cxema opueHTHpOBaHHOTO rpada Ha npumepe aBromoounsHoro JABC ¢ nmoacucreMamu
NIPUBEJICHA HA PUCYHKE 2.

B kawectBe Mephl yiiepb6a HEXENAaTeNbHOTO COOBITHS MpeJaraercst ONpeAeisTh
CTPYKTYpHBIH yiiepo sneMeHToB U MC B COOTBETCTBMM C METOJIOM OLIEHOK CTPYKTYpPHOTO
pucka CTC. Jlna oueHok pucka ortkazoB sneMeHToB u MC JIBC ¢ mnoacucremamu
HE00X0/IMMO OTIpeZieJIeHHE BEPOSITHOCTEN OTKA30B /IS KaXKI0ro OTAeabHOro sementa u MC.
Jl1sl 3TOTO UCIOJIB3YIOTCS CTAaTUCTUYECKUE JIaHHBIE, TOJTy4YeHHbIE 32 (PMKCUPOBAHHOE BpEMs
T, COIepIKaIle CBEICHHS O KOJMYECTBE BBIX0I0B deMeHToB 1 MC u3 ctpos (N).

BepostHocTh BBIXOZAa M3 cTposs anemMeHToB M MC aBtomoOmieHOM [IBC ¢
MIOICUCTEMAaMU OIIPEAETISAETCS

171



B.B. Beruyxanun, H.JI. Pynauuenxo, A.B. Berayxanun, A.E. Koznos

— BCPOATHOCTH BbIXOJAa M3 CTPOsA I-ro OJICMCHTA, pa — BCPOATHOCTH BbIXOJa M3
J
. — KOJIHNYCCTBO

rae I0vi
crpos j-ii MC; Ny — KOIMYECTBO BBIXOJOB M3 CTPOS I-TO BIEMEHTa; Ng
|
BBIX0JI0B U3 cTpos J-it MC; 7 lO6 Y. — IEPUOJI POBEICHUS CTATUCTUYECKUX UCIIBITAHUI
T,

P
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Puc. 2. Cxema opuentupoBantoro rpaga asromobunsHoit JIBC ¢ moacucremamu

KorautusHoe umuranmonHoe moaenupoBanue CTC
[Ipu mpoBeneHUN CleI0BaHUN UCIOJIb30BAJICS aITOPUTM OIIEHKH CTPYKTYPHOTO pHCKa
0TKa30B BepurH iy pedep oprpada KUM CTC (puc.3).
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/ JamaHie HoexoJHOoH KOTHHTHEHOHR KapThl T C /

¥

OTpenenseHie BEpOATHOCTH BBIXOAA H3 CTPOI BEPIIMH K pebep
oprpada KM TC

¥
DopMHApOBAHHE LIHEIA O Ko BepIMHEL 1 (0T 1 go
MNyupebpaj (ot 1 go M) oprpada KW TC

¥
SamaHue HoXoOH Oro MMITYIIECE Ltrp

Het

3amaHHe NPy, AN MOMEHTA
Ep eMeHH t+1

Ol eHKa CTpYKTYpHOTo yiepba gna
v Kaxgoro pebpa UM BepIIHHEI
MMogenupoBaHHe Mop &k eHH A oprpada KIIM T
oprpada KM TC UM ymbCcon tmp I

¥

IP=IITIpy

OLeHKa CTPYETYPHOTO PUCKA T OpAKeHBIE Bep INHHEL MK pebpa
oprpada KN TC

¥

BrEon sHa4eHMH CTPVETYPHBIX PH CKOE 110D &4 ¢HHBIX BeplIHH HITH
pebep oprpada KM TC

Puc. 3. Aliroput™M OIIEHKH CTPYKTYPHOTO pUCKa OTKAa30B BepiliuH uiu pedep oprpada KM
CTC

o pesynbratam monenupoBanust KM Oblin mosTyueHsl OLIEHKH CTPYKTYPHBIX yiiepoa
U pHUCKAa OTKa30B OT BEPOSITHOCTEH BBIXOJOB M3 CTpos ans Bcex aeMeHToB JIBC ¢
MOJICHCTEMaMH U OCYIIECTBICHO PAaHKHPOBAHUE PE3yNIbTATOB pacueToB (puc. 4, 5).

W3 pe3ynbTaToB HCCIEIOBAaHMA M PACUETOB CTPYKTYPHBIX YIIEpOOB »BIEMEHTOB
aBToMoOmibHOro J/IBC c moacucteMaMu CleayeT, 4YTo Hanbosiee KpUTUYHBIMH 3JIEMEHTaMU
apisitorest aneMenTsl TAB — taroBas AKbB (akkymynstophast 6arapes), bBC u PIABC, uto
00yCJIOBJICHO BBICOKUMH 3HAYCHHUSIMU UX CTPYKTYpHbIX ymiep6os (1,0, 0,85 u 0,75). Menee
KpUTUYHBIMU 31eMeHTamu siBsAtoTcs aneMentel MIL, BK JIBC, a uMeHHO MexaHuueckas
nepeaaya, Beaylle KoJieca; 00J1aJaoniie HECKOJIbKO MEHBIIMMHU 3HAYEeHUS CTPYKTYPHBIX
yiep6oB (0,15 u 0,05). U3 pe3ynbTaToB MojaenupoBaHUsi, 0000IIEeHNsT 3HAYCHUN TEepBOi
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BBIOOpKH BeposiTHOCTEH 0Tka3oB aneMeHToB JIBC crienyer, 4ro kK Hambosee YS3BUMBIM
anemerntaMm JIBC ¢ mojacucreMamu, HMCXOAs M3 TOJYYEHHBIX 3HAUYEHUH pHUCKAa OTKAa30B
anemeHToB oTHociaTcs cam  JABC (0,089). K wmenee ysa3BumbiM anementam JIBC ¢
nojcucteMamu otHocurcs peryisitop OI1D (0,02).

Y‘i-"ll ] 1

T

T
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i)

T

')

=l=l=l=fel=Y YT}
~how B Taoyatelo
"

T

=

[

tab zir  bs rdvs rope dvs msl ope ms2 rphm phm mp pk i

1

Puc. 4. PamxupoBanue pe3yabTaTOB OIEHOK CTPYKTYPHBIX yiiepOoB snementoB JIBC ¢
nojicucTeMaMu

Rwi1

QQE“QQI—H—II—II—II—IM
L] O]

OO Okl b 00O

cCOoOCOoOODooooDD

zir dvs bs tab rope rphm msl phm mp ms2 rdvs pk ope

Vi
Puc. 5. PamxupoBanue pe3yabTaTOB OIEHOK CTPYKTYPHOTO PHICKa OTKa30B 3yeMeHTOB JIBC
C MOJICCTEMaMU

CpaBHUTEIIBHO HEBBICOKHE 3HAYEHHS! CTPYKTYPHOTO PUCKa OTKa30B 3jieMeHTOB U MC
00yCNOBJIEHbl HU3KUMHU 3HAUEHUSIMU CTPYKTYPHBIX YIIEpOOB, YTO CBHJIETENIHLCTBYET 00
OTPaBJIaHHOCTU TOIOJOTUYECKOW KOMIOHOBKHM 31eMeHTOB M MC, 3amaBaeMoil Ha 3Tamax
npoektupoBanus JIBC ¢ noacuctemamu.

BrniBoanbl

Takum o0pa3zom, pa3paOOTaHHBIH KOHLENTYaJbHBIM MMOAXOJ B LEJIAX IMOBBILICHUS
Hage:kHOCTH CTC OCHOBAaHHBIM Ha CO3JaHUU METOJUYECKUX OCHOB OLIEHKH PUCKAa OTKa30B
CTC B ycnoBHSX NOpaXarOUMX MaJIONPENCKAa3yeMbIX BO3JEHCTBUAX IO3BOJIAET BBIIBUTH
HaunboJiee ysI3BUMBIE JIeMEHTHl 1 MexaaeMeHTHbIe cBsi3u CTC.

PazpaGoTanHas KOTHUTHBHAs MMHUTALMOHHAs MOJENb OLEHKM pucka otkazoB [IBC c
IIOJCUCTEMAaMH MTO3BOJISIET UCCIIEN0BATh CTEIICHD BIUSAHUSA CTPYKTYPHBIX CBOMCTB CUCTEMBI Ha
OLIGHKY pHCKa OTKa30B, BBIIBUTh HauMeHee paboTocnocoOHbl snmemMeHTel U MC,
(YHKIMOHMPOBAHUE KOTOPBIX CYIIECTBEHHO OTpa)kaeTcs Ha paboTOCHOCOOHOCTH U
HaznexHoctH Beced CTC. Pazpaborana KM JIBC ¢ moacucteMaMu Mmo3Bojiuiia 000CHOBATh
BO3MOKHOCTb HCIIOJIb30BAHUS METOJOB IOPAXKAaeT HUMIIYJIbCa U HOPMHUPYET BIUSAHUS I
OLICHKM pucka a oTka3oB anneMeHToB 1 MC JIBC ¢ nmoacucremamu, ONpeesinTh 3HAYEHHUE
PHUCK a 0TKa30B 1171 271eMeHTOB U MC cucteMsl.

PazButne MeTOA070rHMYecKO OCHOBBI HMH(OPMAIIMOHHOTO O00eCHeueHHs BBISBICHHS
pUCKa OTKa30B 371eMeHTOB auarHoctupyeMoil CTC mo3BoJIs€T KOHTPOJMPOBATH 3HAYECHHUS
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BEPOSITHOCTH TMOTEpU PAOOTOCIIOCOOHOCTH M PHCKA OTKAa30B JJIEMEHTOB CHCTEMBI IPHU
MOCTYIUIEHUU WH(popMaIuu 00 0TKa3ax B MOJICUCTEMAX.
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TH®OPMANINHE 3ABE3IEYEHHSI CACTEMHY BUSIBJIEHHSI PUBUKY
BIIMOB ABTOMOBIJIBHOI'O OBJIAJTHAHHSA

B.B. Buuyxanin, H.JI. Pynaiuenko, A.B. Buuyxanin, A.E. Ko3nos

Opnecbkuii HAIllOHAJIBHUI MONMITEXHIYHUH YHIBEPCHTET,
npocrt. Illesuenka, 1, Oneca, 65044, Ykpaina; e-mail: 126.ist.onpu@gmail.com

CkraZHa TeXHIYHAa CHCTeMa € I1H(QOpMAIliHO-TeXHIYHOI cucTeMoro. He3Baxkarouun Ha
IIHPOKI MOXKJIMBOCTI CYYaCHHX METONIB, 1 MOJENCH OIlIHKHA PU3HUKY BIiJIMOB CKIIQIHUX
TEXHIYHUX CHUCTEM B HHMX HE MOBHOIO MipOI0 BUKOPHCTOBYIOTHCS PE3YIBTATH PO3POOOK B
obnacti iHpopManiiHUX TEXHOJOTIH IS IIarHOCTUKH Ta MPOTHO3YBaHHS Mpare3laTHOCTI
TaKUx cHCTeM. IIpoBefeHMI aHasi3 METOMIB MOJEIIOBAHHS JUIS OIL[iHKA PHU3HMKY BiJIMOB
CKJIAJTHUX TEXHIYHUX CHUCTEM IOKa3aB MEPCHEKTHBHICTh 1 HEOOXIAHICTh PO3BUTKY METOIIB
KOTHITUBHOTO IMITAI[ifHOrO MOJICIIOBAHHS JUIS OLIHKKA CTPYKTYPHOTO PHU3UKY BiIMOB
€JIEMEHTIB 1 MEXEJIEMEHTHHUX 3B'I3KIB CHCTEM. 3aCTOCOBYBAHA KOHIIEMIIiS OIIHKH PU3UKY
BIIMOB CKJIQJHOI TEXHIYHOI CHUCTeMH (HAa TPUKIAaI aABTOMOOLIBHOIO JBUTYHA
BHYTPIIIHBOrO 3TOPSHHS 3 IIJCHCTEMaMH) B aBapiiiHUX CLEHAPisSX TPYHTYETHCS Ha
o0'emHaHHI PI3HOPIMHUX EIIEMCHTIB CHCTEMH B €IMHY MOJCTb. MoJens TMOKIMKaHa
3a0€3MEUUTH OI[IHKY PHU3HMKY BIJIMOB CJIEMCHTIB CKJIAaMHOI TEXHIYHOI CHUCTEMH 3
ypaxyBaHHSM B3a€MO3B'A3Ky 1 B3a€MOJii X €NEMEHTIB 3 TOYKHM 30py 3HAYYIIOCTI Ta
KPUTHYHOCTI JUIsi (YHKI[IOHYBaHHSI BCi€i CHUCTEMHM B MLIJIOMY, a TaKOX 3a0e3NeuuTd
BUSBJICHHS CTPYKTYPHHX 3arpo3, ypasiuBHX MiCIb B cucTeMi. [IpoBemeHHsS Mpolecy
MOJICITIOBAHHS ~ pPealli30BaHO 3aco0aMH  PO3POOJICHOIO MPHUKIATHOIO  IPOrPAMHOIO
3a0e3meueHHs, 10 0a3yeTbCs Ha KIIEHT-CEpBEpHiN apxiTektypi. MonentoBaHHs
npoBoawiiocss Ha 0a3i aucTpuOyTHBa omepauniiiHoi cuctemMun Debian GNU / Linux 8.0
(stable). B skocti MoBHM mporpamyBaHHS BHKOpHCTOBYBaBcsi Python 3.7, cepemoswuie
po3podku PyCharm 2018, 6i6mioreka ctBopenHst iHTepdeiicy kopuctysaua PyQt. [lani npo
enemedTn 1 MC pnaHoi ckimagHoi TexHi4HOi cuctemu po3mimeni B NoSQL CVYB]]
MongoDB. OOMiH JaHuMH MDK KIIEHTCHKOI 1 CEpBEpHOI CTOPOHOIO 3IHCHIOETHCS
BukopuctanusMm Restfull APl. Buxinui mani moneneit npencrasieni B ¢opmati JSON.
ABTOMaru3ailisi poOOTH cucTeMu 3iilicHioBanacs Ha 0a3i incrpymentiB GNU make. Anaini3
OTPUMAaHUX pe3ynbTaTiB npoBojuBcs 3acobamu Cale Libre Office. Po3pobiena korHiTiBHa
iMiTaliiiHAa MOJENb OIIHKH PHU3UKY BIJIMOB CKJIQJHOI TEXHIYHOI CHCTEMH JIO3BOJISIE
JOCITI/DKYBATH CTYIiHb BIUIMBY CTPYKTYPHHX BJIACTHBOCTEH CHCTEMHU Ha OLIHKY PH3HKY
BI]MOB, BHSBUTH HaWMEHII Ipale3/JaTHI €JIeMEHTH 1 MEXKEIEMEHTHH 3B'S3H,
(YHKIIOHYBaHHS SIKUX ICTOTHO BiJOMBA€ThCS Ha MpPAalE3IaTHOCTI 1 HaJIMHOCTI BCi€l
CKJIQJIHOI TEXHIYHOI cUcTeMH. PO3BHUTOK METOAOJIOTIYHOI OCHOBM iH(OpMAIHOrO
3a0e3MeueHHs] BUSBICHHS PU3UKY BiJIMOB €IIEMEHTIB JIIarHOCTYEThCS CKIIAJHOI TEXHIYHOT
CHCTEMH JIO3BOJISIE KOHTPOJIOBATH 3HAYEHHS MMOBIPHOCTI BTpAaTH Ipale3laTHOCTI Ta
PHU3UKY BiJMOB €JIEMEHTIB CHUCTEMHU TIPH HAJXOMKEeHHI iHpopMalii Hpo BiIMOBU B
mijcucreMax.

KawuoBi ciioBa: ckiajHa TeXHIYHA CHCTEMa, aBTOMOOUILHHMH JBUTYH BHYTPIIIHBOT'O
3TOPSIHHS, PU3MK BIJIMOB, KOTHITHBHA IMIiTalliiiHa MOJeNb, MporpamMHuil poaatok, Python,
NoSQL CYB/] MongoDB.
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DETECTION SYSTEM INFORMATION RISK OF FAILURES OF AUTOMOBILE
EQUIPMENT

V.V. Vyuzhujanin, N.D. Rudnichenko, A.V. Vyuzhujanin, A.E. Kozlov

Odessa National Polytechnic University,
1, Shevchenko Ave., Odessa, 65044, Ukraine; e-mail: 126.ist.onpu@gmail.com

A complex technical system is an information technology system. Despite the wide
possibilities of modern methods and models for assessing the risk of failures of complex
technical systems, they do not fully use the results of developments in the field of
information technology for diagnosing and predicting the operability of such systems. The
analysis of modeling methods for assessing the risk of failures of complex technical
systems showed the promise and need for the development of methods of cognitive
simulation for assessing the structural risk of failures of elements and interconnections of
systems. The applied concept of assessing the risk of failures of a complex technical system
(using the example of an automobile internal combustion engine with subsystems) in
emergency scenarios is based on combining heterogeneous system elements into a single
model. The model is designed to provide an assessment of the risk of failures of elements
of a complex technical system, taking into account the interconnectedness and interaction
of their elements from the point of view of significance and criticality for the functioning of
the entire system as a whole, and also to identify structural threats and vulnerabilities in the
system. The simulation process is implemented using the developed application software
based on the client-server architecture. The simulation was based on the distribution of the
operating system Debian GNU / Linux 8.0 (stable). The programming language used was
Python 3.7, the PyCharm 2018 development environment, and the PyQt user interface
creation library. Data on the elements and the MS of the complex technical system under
consideration is available in the MongoDB NoSQL DBMS. Data exchange between the
client and server side is carried out using the Restfull API. The initial data of the models are
presented in JSON format. Automation of the system was carried out on the basis of GNU
make tools. Analysis of the results was carried out by means of Calc Libre Office. The
developed cognitive simulation model of failure risk assessment of a complex technical
system allows us to study the degree of influence of the structural properties of the system
on the risk assessment of failures, to identify the least functional elements and
interconnections, the functioning of which significantly affects the performance and
reliability of the entire complex technical system. The development of the methodological
basis of information support for identifying the risk of failure of elements of the diagnosed
complex technical system allows you to control the values of the probability of loss of
working capacity and the risk of failure of system elements upon receipt of information
about failures in the subsystems.

Keywords: complex technical system, automotive internal combustion engine, failure risk,
cognitive simulation model, software application, Python, NoSQL DBMS MongoDB.
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JOCIIIKEHHA EOEKTUBHOCTI AJITOPUTMY IIOBYJ1OBHU
JOIMIYCTUMOI'O PO3KJIAZAY AJIAA OJHOT'O TPUJIAZLY 3 PIBHUMMU
JUPEKTUBHUMU TEPMIHAMMU 3A KPUTEPIEM MIHIMAJIBHOI'O

CYMAPHOI'O BUIIEPE/I’KEHHS

0.A. Xaiayc

Haunionanbhuii TexHIYHUE yHiBepcuTeT YKpainu « KUTBChKMI MONITEXHIYHUN IHCTUTYT iMeHi Irops
CiKopCcbKOroy,
Byi1. Iomitexuiuna, 41, Kuis, 03056, Ykpaiua; e-mail: selena.ua@gmail.com

VY nmaHiii cTaTTi MOCIIUKYETHCS ANTOPUTM CKIAJAHHS JOMYCTUMOTO PO3KIany BHKOHAHHS
poOiIT 3a KpHUTepieM MIHIMAJILHOTO BHIEPEDKEHHS Uil 3a/lad OJHOr0 MPWIIAAY B Teopii
PO3KITaIiB. 3aMpONOHOBAHO YOCKOHAIEHHS JaHOTrO anropuTMy. Y XOMi AOCHiKeHb 0ya0
PO3pO0JIEHO TPOrpaMHYy CHUCTEMY JIsl TEPEeBipKH JOCTOBIPHOCTI POOOTH allTOPUTMIB.
[TopiBHIOIOTBCS PO3KJIAaU CKIaICH] alropuTMOM Ta chopMoBaHi MOBHUM mepedopom. s
PI3HUX XapaKTepUCTHK PpO3KIJIaAy IiJPpaxOBaHO BIJICOTKOBHH (AKTOp TOMWIKH TpH
CKJIQJIaHHI PO3KJIAay JOCTIDKYBaHUM anropuTMoM. OO’€KT JOCHIDKEHHS — Ipolec
onTUMi3aIii po3KIamiB Ta IX HOCHipKEeHHS. Mera poOOTH — MiABMIIECHHS ePEKTHBHOCTI
npolecy noOylI0BH JIOMYCTUMUX PO3KIAAIB IIsl OJHOTO MPHJaly MPH HasBHOCTI TpadiB
3a 3akKiH4eHHs1 pOOOTH /O JMPEKTUBHOro TepMiHy ii BukoHanHs. [ns edexTuBHOT
opraHizamii BHUpOOHMITBA Ta IUIaHYBaHHS pPOOOTH  MiINPHEMCTBA  HEOOXIJHO
BUKOPHCTOBYBATH BIJIIIOBIIHI €KOHOMIKO-MaTeMaTH4HI METOJH, 30KpeMa METOIu Teopil
po3knaniB. Y Ham yac 3amadi Teopii po3KIagiB MAalOTh BEJIMKE NPUKIAJHE 3HAYCHHS.
HIBuaKkuii pO3BUTOK 3B’S3KYy 1 TEXHIKM BCE 4YAaCTillle BHKJIMKA€ HEOOXiOHICTH MOOYIOBU
pO3KIaniB, MmO 3B’s3aHi 3 (QYHKIIOHYBaHHSIM IPOMHCIIOBHX HiIIPHEMCTB 1 cheporo
00CIIyroByBaHHs, OCBITOIO, TPAHCIIOPTOM 1 OaraTbMa iHIIMMU obOnacTsMu. [Ipobnemarnka
Teopii PO3KJIaiB OXOILUIIOE JOCITIHKEHHS OOYMCIIOBAIBLHOI CKJIAJAHOCTI 3a/1ad, pO3pOOKY
TOYHUX, HAOJIMKEHUX Ta €BPUCTHYHUX aJNTOPUTMIB iX po3B’s3anHs. [Ipu npomy OiLIbLIICTH
mpaib MPUCBIYCHO PO3BUTKY KOMOIHATOpHHX miaxoxiB. OHaK, SK TNOKa3ye NpaKTHKa,
MOXIIUBOCTI KOMOIHATOPHUX AJTOPUTMIB CYTTEBO OOMEXEHI PO3MIPHICTIO PO3B’S3yBaHUX
3aga4. Y 3BS3KY 3 LUM AaKTyaJbHMM € JIOCTI[DKCHHS Ta IOKpAaLIeHHS AJTOPHTMY
CKJIQJIaHHS PO3KIIaJy BUKOHAHHS POOIT OJJHAM IMPUIIAJIOM 3 METOI MiHIMi3alil cyMapHOro
BUIEPE/PKEHHS. Y JOCHIDKEHHI BUKOPHUCTOBYIOTHCSI METOAM KOMOIHATOPHOI ONTHUMI3allii,
TEopisi PO3KIaJiB, EBPUCTUYHI aJrOPUTMH Ta CTATHCTHYHUI aHami3. HaykoBa HOBH3Ha
OTPUMAHUX pe3yNbTaTiB TONsrae y MoAudikamii ICHYHOYOro anropurMmy mno0yJqoBU
pO3KiIangy, IO MiHIMI3ye CyMapHe BUIEpPEMKEHHS U1 OIHOr0 MpWiIaxy Ta HOro Kpama
e(eKTHBHICTH 32 ICHYIOUl aITOPUTMHU.

KuouoBi caoBa: [1[IC-anropurm, NP-ckmagi 3a7adi, TO9aTOK BUKOHAHHS, KaJeHIApHE
IUTAHYBAaHHSA, PO3KJIAJl, OWH MPIJIAA, MiHIMI3aIlisl CyMapHOTO BHIIEPEIKEHHS.

Beryn

Jns edekTHBHOT Opraizamii BUpOOHHMITBA Ta IJIAHyBaHHS pPOOOTH MiNPUEMCTBA
HEOOXIJJHO BUKOPUCTOBYBATH BIAIMOBIHI €KOHOMIKO-MaTeMaTHYHI METO/IU, 30KpeMa METOIH
Teopii po3kiIaaiB. Y Hall yac 3a/adi Teopii po3KialiB MarOTh BEJIUKE MPUKJIAJHE 3HAUCHHS.
HIBuakuii pO3BUTOK 3B’A3KY 1 TEXHIKM BCE YaCTillle BHMKJIMKAE HEOOXiTHICTh MOOYAOBU
pO3KiIamiB, IO 3B’s3aHI 3 (YHKIIOHYBaHHAM HPOMHCIOBHUX MIANPHEMCTB 1 cdeporo
00CIIyroOByBaHHS, OCBITOI, TPAHCIIOPTOM 1 OaraTbMa iHIIMME oOnacTsamu [1]. [IpoGiemaTuka
Teopii PO3KIAIB OXOIUIIOE AOCTIHKEHHS OOYMCIIOBaIbHOI CKIAJHOCTI 3adad, pPO3pOOKY
TOYHHMX, HAOJMIKEHUX Ta €BPUCTHUYHUX aJNTOPUTMIB iX po3B’s3aHHs. [lpu npomy OLIbLIICTH
npaib OPUCBSIYCHO PO3BUTKY KOMOIHATOPHHX MinxoaiB [2-5]. Aie Ha MpakTUI[i MOXKIHBOCTI
KOMOIHATOPHHUX aJTOPUTMIB CYTTEBO OOMEXKEHI pPO3MIPHICTIO pPO3B’A3yBaHMX 3amad. Y
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3B’S3KY 3 IUM aKTyaJbHHUM € JAOCII/PKEHHS Ta MOKPAIICHHS aJrOPUTMY CKJIaJaHHS PO3KIATy
BHKOHAHHS POOIT OJHUM MPUIIAJIOM 3 METOIO MiHIMI3allii CyMapHOTO BUIEPEIKECHHSI.

VY crarTi po3rismaeTbes 3agada MOOYIOBH JOMYCTHMMOTO pO3KJIany Ui OJHOTO
npuiany 3 pisHUMH JTUPEKTUBHUMH TEpPMiHAMU BUKOHAHHS POOIT 3 MiHIMaJIbHUM CyMapHUM
BUNepeDKeHHSIM. A Takoxk edektuBHuit [1J]C-anroput™m, 3anpormoHoBaHuéi B [6].
3anpornoHOBaHO HOBI MEPECTAHOBKH, IO IOKPAamyloTh anroputMm. [y 3acrocyBaHHs
QITOPUTMY HA TPAKTHIN, HEOOXITHO KUIbKICHO BHU3HAYHUTH €(QEKTHBHICTH aITOPUTMY, 3a
MOJKJIMBICTIO BUAUTUTH OKPEMi KJIacH PO3KJIAiB, [UIS SKHX aJTOPUTM HE Ja€ ONTHMAIbHOTO
PO3B’A3KY, a TAKOXK OIIIHUTH BIJHOCHY IMOXHOKY y BUIIAJIKy HETOYHOCTI BUXITHOTO PO3KIALy
anroputMy. Jlnst chopmMoBaHOI cHCTEMH TeHepamii JOMYCTHMHX pPO3KIAIB 3 PI3HUM
JMPEKTUBHUM BIKHOM [7], OIlIHEHO pe3yabTaT pOOOTH QJIrOPUTMYy HA TE€HEPOBAHUX
JOIMYCTUMHX PO3KIIaIaxX.

Mera podoTu

Memoro nocniKeHHs € MIABUIIEHHS €(pEKTUBHOCTI Mpoliecy MOoO0yI0BU JTOMYCTUMHUX
PO3KJIAJIIB JUIsl OJTHOTO TIPUIIAAyY 3a KpUTEPIEM MIHIMIZAIlli CyMapHOTO BUTIEPEIKECHHS.

Jly1s nocsirHeHHS TOCTaBJIEHOT METH MOBHUHHI OyTH BUPILIEH]1 HACTYIIHI 3a0ayi:

® YJOCKOHAJIUTH QJITOPUTM TMOOYIOBU ONTUMAILHOTO PO3KJIAaLy IO KPHUTEPIO
CYMapHOTO BUNEPEHKEHHS 3 MOMEHTOM 3aIlycKy I ;

® YJIOCKOHATUTH MOJU(IKOBAHUN aNrOpUTM 3HAXO/KEHHS PO3KIANy 3a KpUTEpiEM
MIHIMaJIbHOTO BUIEPEIKEHHS;

® pPO3pOOUTH TMPOrpaMHUN MPOMIYKT, IO TEHEpye POOOTH ISl aJITOPUTMIB, 30Mpae
CTAaTUCTUYHY 1H(GOPMAITiI0, TaKy SK Yac MPOTOHY, BIAXWJICHHS Bil ONTUMYMY, a TAKOK MOXKE
TOYHO PO3B’A3yBaTH MOCTABJICHY 3a7a4y I PO3KJIa/IiB HEBEIMKOT pO3MIPHOCTI.

OcHOBHA YacTHHA

3a/1aH0 MHOKHHY HE3JIC)KHHUX poOIT J = {1,2,...,n}, KO’KHA 3 AKHUX CKJIaJacThCs 3 OJHIET

onepauii. Jlng pobotu jeJ BiIOMiI TPUBANICTh BUKOHaHHA |,

BHUKOHAaHHA dj. PobGotu IOCTYNAKTh A0 CHUCTEMH OJHOYACHO. HepepI/IBaHHH y BUKOHAHHI

Ta JUPEKTUBHUHA TEPMIH

pobiT He aomyckarThcs. [Iporiec BUKOHAHHS POOIT € HENepepBHUM: IICIs BUKOHAHHS TIO
MOPSIKY MEpIIoi poOOTH Ojpa3y X MOYMHAETHCS BUKOHAHHS JIPYroi A0 TUX ITip, MOKH HE
OyayTh BHKOHaHiI yci poOotu. HeoOXimHO 3HANTH BHOPSAKYBAHHAM TaKUM PO3KIAJ, IO
CyMapHe BUIIEPEIKEHHS TUPEKTUBHUX TEPMIHIB Oy/e MIHIMAIBHUM Cepell YCiX TOMYyCTUMUX
poskiazis [8].

BBeneMo no3HaueHHs:

C, — MOMEHT 3aBEPUICHHS BUKOHAHHS 3aBJIaHHA | ;

E, — 3HaueHHs BUNEPEKEHHS 1is j-oi pobotu: E; =max{0,d; -C };
E(c) — 3HaYeHHS CyMapHOTO BUIIEPEHKEHHS PO3KIaNy o ;

T, — 3HaueHHA 3ami3HEeHHs s j-0i pobotu: T, =max{C; —d,,0};

[, — 3HAQYCHHSI TPUBAJIOCTI POOOTH, 1O CTOITH Y PO3KIA/I Ha MO3KLIT j ;

I' — MOMEHT NOYaTKy BUKOHaHHS pOOIT.

B nomycrtumomy poskiani d; >C,;Vj, to6ro E; =d; -C;.

B [9, 10] naBegeno AnropuT™M A BH3HAYEHHS CaMOTO Mi3HHOTO MOMEHTY IMOYATKy
BUKOHAHHA poOIT y cucteMi N|1|r — max, npu sskoMy po3KjaJl 3aIMIIA€ThCs JOMyCTUMUM. B

[11] 3ampomnonoBano AsnroputM Al TOOYJIOBHM ONTHMAIBHOTO PO3KJIANy 3a KPUTEPIEM
CYMapHOI'O BUNIEPEIKEHHS 3 MOMEHTOM 3alycKy I .
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Bignosigao no anroputmy Al MoXkHa MOOyayBaTH JOMYCTHUMHUN pO3Kian st Oynab
aKoro MomeHty r mikx O Ta r,, . MiHiMaTbHEe BHUIIEPEDKECHHS, SIKE 3HAXOIATHCS y 3ajadi,
OyzZe po3TalmoBaHO cepel YCixX po3kianiB, modymoBanux AnroputMoMm Al. IIpore mepelip
yCIX MOXIJIUBUX I MOJKE 3aiHATH HETIPUMHATHHUH Yac.

Jlnisi 3HAXO/DKEHHS PO3KIAAy 32 KPUTEpPIEM MIHIMaIbHOTO BHIIEPEDKEHHS CTBOPEHO
Anroputm A2 [6].

B pesynbrari gocnimkenns poootu Anroputmy A2 [7], Oyno BUSBIEHO, IO iCHYIOThH
BUIIA/IKH, KOJIM PE3yJAbTaTH BIAXUIICH] Bi/l ONTUMAIIbHUX.

Pesynmprar poGotu Anroputmy A2 0Oa3yeTbcs Ha Oaratopa3oBOMy BHKOPHCTAaHHI
Anroputmy Al — moOymOBH ONTHUMAIBHOTO 33 KPUTEPIEM MIHIMAJIBHOTO BHIIEPEIKCHHS
PO3KIIaay /Ui TOBUIBHOIO MOMEHTY 10YaTKy BUKOHaHHA poOiT r . [lokaxemo, 1o AJIropurm
Al He 3aBx1u Oyaye ONTUMATbHUNA PO3KIAL.

Hexaii 115 MomeHTy r moOynoBaHO po3kiiaj o 3riqHo Anroputmy Al. BignosinHo Ha
KOJKHIN TO3UIli, MOYMHAIOYN 3 OCTaHHBO1, 3HAXOAUTHCS poOOTa MIHIMAILHOT TPUBAJIOCTI, IO
3aoBotibHsE (2.3) Ta (2.4) eBpuctuku 2 [6]. Hexait po3kinan ¢ mae Burisia {j;, j,-..j.}, A€

Jj — poboTa, sika Mae CBIif IMPEKTUBHUIT TCPMIH BUKOHAHHS Ta TPUBAJIICTb.

BcraBka po6otu j, Ha mosuuito X (y>X) B po3Kiali ¢ — IpoIec 3CyBY YCiX poOir 3
03U [X...y) Ha OHY TIO3HIIiI0 BIPABO, HA MO3HIIIIO X CTABUTECSA POOOTa Iy -

Ilpuknan: nHexall maemMo po3knan o, ={j;, j,» Js is» Js}- 1licna BcTaBku pobotu 4 Ha
HO3ULIIO 2, po3knan Oyae MaTti BUTISA G, ={ i, jsr Jp J3r Js} -

Ha ocHoBi po3knany o OyayemMo HOBUHM poskian o, [J, [Jmo yTBOpeHHUil BCTaBKOIO

po6otu | Ha mosumito k. Ilpumyctumo, 1m0 HOBUM PO3KJIAA € JOMYCTUMHM, TOOTO HE
MOPYIITYETHCS JKOACH 3 MTUPEKTUBHUX TepMIHIB. OIIHUMO 3MIHY CYMapHOTO BHUIIEPEIKCHHS
TTICTISt TIPOTIEAYPH BCTaBKH.

Hexait BumepemxeHHs po3kiaay o piBHe E, Tomi poskman o, Oyme Maru
BUIIEpEKEHHS piBHEe E, =E + Z:ili —I,(1=k) . Pob6oTa, sika BCTaBIAETHCA, 30UTBITYE CyMapHe
BHIIEPEDKEHHS HAa 3HAUYCHHsI, pIBHE TPUBAJIOCTI YCiX POOIT, 10 3HAXOAATHCSA MK MTOYATKOBOIO
Ta KIHIIEBOIO TOYKOI BCTaBKH, a KO)KHa po0OTa, IO 3CYBAETHCS HA OJHY IO3UIIIO BIPABO
3MEHIIIYE CyMapHe BUIICPEDKEHHS Ha TPUBAIICTh pOOOTH, IO BCTABJISIEThCS. [HII poOoTH He
BIUIMBAIOTh HA HOBE BHIICPECIDKCHHS, aJDKE iXHI 4acH TOYATKy BHKOHAHHS 3aJHIIAIOTHCS

HE3MIHHUMHU. TakuM YMHOM, MOXKHA 3HAWUTH YMOBY TOTO, IO BHUIIEPEKEHHS HOBOTO
PO3KIIaay, OTPUMAHOTO BCTaBKOIO POOOTH, Oy/ie MEHIIIe BUX1AHOTO BUIIEPEIKEHHSI.

E,<E

E+Y L -1(-k)<E

i=k 1

Sk <l (-k)

Zok (1)
-k

ToGTo BHMEpeKeHHS pPO3KIaay 3MEHILIUThCA, SKIIO CEepelHS TPUBANICTh 3CYHYTHUX
poOiT Oy/ie MEHIIIOI0 32 TPUBANICTH pOOOTH, 1110 BCTABISAETHCS.

HemoxmuBo mnoOyayBaTu po3kiaa, skuil st oOpanux poOitr | ta k  Oyne
MOKpAIyBaTUCs BCTABKOIO Micis peanizanii anroputmy Al, sikmo |-k =1. Y npoMmy BUnaaxy
BCTaBKa IIEPETBOPIOETHCS B OOMIH CYCiIHIX €JEeMEHTIB. SIKIIO JOMyCTUMICTh He
MOPYIIYEThCA, TO YMOBOIO TOKpAIlEHHS CyMapHOI'O BHIIEPE/DKEHHS € TPUBAIICTH JIBOTO

180



[HOOPMATUKA TA MATEMATHUYHI METO/I1 B MOJIEJITFOBAHHI = 2019 = Tom 9, Ne3

eJIEMEHTa MEHIIIA 32 TPUBAIICTh MPaBoro, 3rimHo Gopmynu (1), a ue cynepeunts (2.3), (2.4)
epuctuku 2 [6]. Tlpu |-k>1 moxHa mimiOpatu Taki poO3KJIaay, IIO BCTaBKa Oyje
MOKpAIIYBaTH BUIIEPEHKEHHSI.

[IpoBiBImIM psii EKCIIEPUMEHTIB, MaeMO BIJHOCHE TOKpAIICHHS pPe3ylbTaTy poOOTH
anroputMy Al nHa 10%. Po3srnmsHemo mepeGip MOMEHTIB 3MiH CTPYKTYp alropuTtMoM A2,
a/pKe PpO3IIIAAAIOTHCS JHIIe OOMIHHI TPOIECH MDK eJIeMEHTaMH pO3KIaay, M0 He
MOKPUBAIOTh yCi BapiaHTH 3MIH y PO3KJIaai 3 YacoMm. BiImoBigHO, MOMEHT TMOYaTKy
BUKOHAHHS PO3KJIaay, IPU SKOMY JIOCSTAETHCS MIHIMaJIbHE CyMapHE BUICPEKEHHS MOXE
HaBITh HE OYTU PO3TIISIHYTUM aJITOPUTMOM A2.

Sk Oymo moka3zaHO BHWINE, ISl PO3KIamy, MOOYIOBAaHOTO [UIi MOMEHTY IOYaTKy
BUKOHAHHS POOIT I MOJHA IHKOJW 3HAWTH BCTaBKU POOIT, 10 HE OyayTh MOPYIIYBaTH
JOIYCTUMICTh OTPIMAHOTO PO3KIIAJY, Ta 3MEHINATh PE3YIbTYI0Ue CyMapHe BUTIEPEIKEHHS.

Jlema 1. SIkmo Juis MOMEHTY IOYAaTKy BHMKOHAaHHsS poOiT r 3a airoputmMoMm Al
Mo0y/I0BaHO PO3KJIAMA, Ta ICHYIOTH MOKpAIIyloUul BCTAaBKH, TO MICIs peaji3aiii MaKCUMaIbHO
e(eKTUBHOI 3 HUX y PO3KIaAl MOXYTh 3 SBUTHCS HOBI OOMIHM, 110 3MEHIIATh CyMapHe
BUTIEPEDKEHHS Ta He Oy/AyTh MOPYITYBATH YMOBY JIOTTYCTUMOCTI.

Jloseoennsa. Hexait posknan o ={j, J,...J,} s MOMEHTY MOYaTKy BUKOHAHHS POOIT r
BIOPsIAKOBaHUN 3rifHO anroputmy Al. Hexail icHye makcumanbHa e(eKTHBHAa BCTaBKa 3
MicCII | Ha MICIIE k. ITicnsa BCTaBKU pO3KIaz npuMae BUTJIS
& =Lius Jpreerbias o Boareess as s JroareerJn}

Tsepooiwcennsn 1. Pobota j, , mae Ouiblily a00 piBHY TPUBAIICTD 3 J; .

[Ipunyctumo, 1o TpUBAIICTH j, OUIbIIA, HDK MPOJOBXKHICTH J, ,. Yac 3akiHUEHHS
poboTH j, y o Ta j,, y o, cmiBnagarThk. Toji 3a anroputMoM Al y po3kiaai ¢ pobora j, ,

Mae CTOSITH Mi3Hime. Ane e He Tak. iy npotupiuus. TBepHKEHHS JOBEICHO.
Teepoowcennsn 2. PoboTa j, mae meHIry abo piBHY TPUBAIICTD 3 |, .

[Ipunyctumo, mo podoTta j, Mae OUIBITY TPUBATICTh, HDK J,. [Ipy IbOMY BUKOHYETHCS
HepIBHICTB (2.7), OCKUIbKH BCTaBKa € €(EeKTUBHOI. 3MEHIICHHS CyMapHOTO BHUIIEPEIKCHHS

Ipy BCTaBlUi pobotu j, Ha Mmicue podotu j: A =(I-K)I, —Z:;tl , - PO3rIssHEMO BCTaBKy

poGoTu j, Ha Micle j,,,. 3MEHIICHHS CYMapHOIO BHIEpPEXKEHHA Y I[bOMY BHIIAJIKY:

1-1 . .
A, =(=k=DI, =>. 1, =A -1, =1, >A,. Tomi ns BcraBka € Oinbll ePEeKTHBHOK 3a
makcuMainbHy. [Ipuiimnm no npotupivus. TBepLkeHHs JOBEAEHO.

Po3i6’eMo ©, Ha TpH YaCTUHU:

e yacTWHa poOIT, sIKi 3a1isTH1 pU orieparlii BCTaBKU: { ], Jis Jyo1se- Ji 1}

e yactuHa poOiT micis yacTuHU 1: {J;,1, oo Jnts

e yacTtuHa poOIT 10 YyacTuHU 1: {j;, J,r--es Je 1} -

Posrnsaemo yactuny 2. OOMIH MicCISIMU POOIT 1i€l YaCTUHU Ta POOIT OyIb-AKO1 1HIIOT
HEe MO)Ke OyTH e(pEeKTHBHUM HAaBITh, SIKILO MPU I[bOMY HE MOPYIIYETHCS JOMYCTUMICTb, aJKe
e Oy/e cynepeuuTH CKiiaieHoMy anroputMom Al poskiany o .

Posrnsinemo yactuny poOit 1. OOMiH poOiT 1i€i yacTMHU Ta poOIT YaCTUHM 2 HE MOXKe
OyTu eQeKTUBHMM, 10 MPUYMHAM ONMHUCAHUX B 0OMiHI yacTHHHU 2. Po3rissHeMo oOMiHU cepen
eneMeHTiB yactuau 1. Posrmsnemo poGott {j,, ji.1v--rJio}- 3MIHA TOPSAKY B I[bOMY
BIOPSAZIKYBaHHI HE Moke OyTH e(eKTHBHOIO, aKe TMOpPYIIUTh MOPAIOK, CKIaJeHUN
anroputMoM Al y OiIbI BUTbHUX yMOBax. PosrmsHemo oOMiH {jy, ji.ir--- i1} TA J,. Y 1bOMY
BUIQJKY, SKIIO pO3KJIaJ He BTpadyae JOMYCTHUMOCTI, a TPUBAIICTh POOOTH Oulblia 3a
MPOJOBXKHICTh j,, €PEKTUBHUIA OOMIH MOXJIMBUN 0€3 MOPYIIECHHsS BJIACTUBOCTEH pO3KiIamy,
CKJIaJIEHOTO aJIrOpUTMOM Al.

Brecemo 3minu 10 anroputMiB Al ta A2, 100 BpaxoBYBaTH MOKJIMBOCTI €(PEKTUBHUX
BCTaBOK.
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Kpok 1. PeanizyBatu Anroputm Al.
Kpok 2. Busnauntu Haiikpaily e(peKTHBHY BCTAaBKY 32 BUPa30M

max {l,(l—k)—fli}. ?

|-
klI>k,Viek..1-Ld; -Cj >l Ii;kk'd,

sKWo0 Taka BCTaBKa iCHYE,
Mo MPOBECTH 110 BCTABKY, NEPEUTHU 10 KPOKY 3
inaxue KIHEILLD.
Kpok 3. Busnauntu Haikpamuid epeKTUBHUN OOMIH ISl BCTaBJIEHOT pOOOTH

max (0, -1)0-K)}.

]||J<|k \Vie j+1..k-1d; -C;>ly 7'] ,deCk,j<k
Ik <|j ,Viej#—l..‘k—ldi _CiZIj_Ik ,deCj ,j>k

(3)

[lepeiitu no Kpoky 2.

O3HakM ONTUMAIBLHOCTI JOMYCTHMOTO po3kiany (2.8) ta (2.9) [6] cnpaBemuBi i st
MOAU(IKOBAHOTO AJITOPUTMY. 3MIHM B QITOPUTMI CTOCYIOTbCS BHOOpY Yacy 3MIHH
CTPYKTYpH, 1110 Oy/ie BKJIFOUATH HE JIUIIE MaiOyTHI 0OMiHH, a i MailOyTHI BCTaBKH.

Kpox 1. lloOGyayBaT poO3KJaj, ONTHUMAaJbHUA 3a KpPUTEpPIEM MIHIMAJIBLHOIO
BUIIEPE/DKEHHS JUII MOMEHTY 3amycky f.. Ta 0. BusHauuTu BiAmoBiAHI iM cymapHi

) Ta E(0).
AKWj0 BUKOHY€EThCA piBHICT E(r,,,)+nr,, =E(0),

BUIIEpEIKEHHSA E(r,,,,
mo KIHEIb — oTpumanuii ais fr,,,, po3Kiaj ONTUMAIbHUAMN.
iHakuie BBaxaeMmo: | =0 — MOpSAIKOBUN HOMEp 3MIHU CTPYKTYpPH PO3KIay;

Kpok 2.

21 1=1+1.
2.2 3HaiiTi 1oBXUHY | -ro iHTEepBaTy A, 3a GOpMYIIOIO:

A=min{min{C™ — max{d.,} { min {[naX(er'ml—djm)“ji} (4)

. ji . .
<i< <i<n,l<k<i-1 k<
2<i<n s/IS<I7'_‘1,dS<C'.1_’1 3<i<n,1<k<i-1 k<m<i
Ji Ji

S0 <1, (60
o=k

2.3 3cyHyTH MOTOYHY NOCIIAOBHICTE POOIT HA BEIUYUHY A, i =1 —A, .
2.4 TloGynyBatu [uis MOMEHTY 3amycKy [, ONTUMalbHUM 3a KpPUTEPIEM

MIHIMATBHOTO BUIIEPEIKEHHS PO3KIIA].
2.5 saKujo He BUKOHYEThCA piBHICTE © E(n) +nr, = E(0),
mo nepenTH 1o m.2.1.
inaxuie (BUKOHYEThCS O3HAKA ONITUMANBHOCTI 2). 3Haktu: E(r,,) = mlﬂ E(r)

ACHMITOTHYHA CKJIQIHICTh aITOPUTMY HE 3MIHIOETHCS 1 3amumaerbes kO(n?). Aue
(akTHYHO MU PO3LIMPIOEMO KOJIO TMOIIYKY ONTHUMAaJbHUX PO3B’SI3KIB Ha KOKHOMY KpOIli,
TOMy MoOAM(IKOBaHMIA anroputM OyJe MpalioBaTH JIEMIO MOBUIbHINIE 3BUYAHHOTO
Anropurmy A2.

JUisi CTaTUCTUYHOTO BU3HAYEHHS XapaKTEPUCTHK alrOPUTMY HEOOXiTHO MaTH BEIUKY
BUOIpKY HaOOpiB poOIT [0 BHIOPAAKYBAaHHS, JOCTOBIPHMH alNrOPUTM BHU3HAYEHHS
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MIHIMaJIbHOTO CYMapHOTO BUIIEPEIKEHHS Ta aBTOMAaTH30BaHy peali3allilo aroputmia A, Al,
A2. HeBnopsakoBaHi po3kianu OyaeMO TEHEpyBaTH, 3aCTOCOBYBAaTH HAa HHUX aJTOPUTM,
3aCHOBAHUU Ha OBHOMY Iepebopi, a Takox Anroput™m A2, AnroputM A2 Moan(iKOBaHHMA.
[Ipu BenuKii KUTBKOCTI 3r€HEPOBAHUX PO3KIA/IIB MOXKEMO CKJIACTH CTATUCTHKY XHOHOCTI
HAOJIMKEHOTO aNrOPUTMY Pa3oM 3 MIIPaXyHKOM BIJHOCHOTO O BiIXHUJICHHS BiJl ONTUMAIBHOTO
3Ha4eHHs. TakoX MOXXHA MOPIBHATH Yac POOOTH ajlrOPUTMIB Ta pe3yibTaTd iX poOOTH Ha
OJTHUX 1 TUX CaMHX JIaHUX.

Beenemo no3naueHHs:

® N — KUIBKICTh poOIT y po3Kiaii, 1o Oyze 3reHepOBaHo;

® (o — MaKCHMaJbHE 3HAYEHHS TPUBAJIOCTI pOOOTH, 1110 MOKE OYTH 3reHepOBaHa,

e k — koedillieHT AUPEKTUBHOIO BIKHA — B 3r€HEPOBAHOMY JOMYCTUMOMY PO3KJaji
PI3HULA MDK AMPEKTUBHUM TEPMIHOM KOKHOI poOOTH Ta BIANOBIIHUM YacoOM 3aKIHUEHHS HE
Oyne mepeBuIIyBaT ok ;

e S, — KiHelb poOOTH NEPIIUX i poOIT.

Ha ocHOBi ckiasieHOro MpOrpaMHOTO 3a0€3MEUYEeHHsS MO)KHA MPOBECTU CTATUCTHUHY
OIIIHKY XHMOHOCTI Ta BiAXWiIeHb AnroputMmy A2 Tta AnroputMy A2 MoJu(iKOBaHOTO BiJ
ONITUMAIILHUX 3HAYCHb, MOPIBHIOBATH €(PEKTUBHICTh AITOPUTMY INPH 3aJaHUX ITTapaMmeTpax
pO3KIaay, BU3HA4YaTH yac poOoTH anroputMis. Ilicis 360py cTaTuCTUKU pOOOTH allrOPUTMIB
MO>KHA 3pOOUTH BUCHOBOK PO €(eKTUBHICTh €BPUCTHK. HacTymH1 pe3yiabTaT OTpUMaHi Npu
KUTBKOCTI FeHEPOBAHUX PO3KIIAIiB piBHIl 10°.

[Hpopmaniss mpo po3B’si3kU anroputMy A2, BIAMIHHI BiA ONTHUMAlbHUX, 310paHa y
HACTyMHHUX TabauIsx (Tadu. 1, tadm. 2).

Tadoamnus 1.
IMOBIpHICTH HEONMTUMATBHOCTI POOOTH anropuT™My A2 miis pizHEX K Ta n

n 8 9 10 11 12 13 14
k
0.5 0.29% 0.44% 0.63% 0.67% 1.01% 1.11% 1.07%
1 2.67% 3.8% 4.93% 5.54% 6.44% 7.48% 8.64%
15 5.21% 6.62% 8.25% 10.42% 11.63% 13.18% 15.55%
2 6.14% 8.41% 10.46% 12.47% 14.64% 17.03% 18.89%
[npopmarnist mpo po3B’szku  anroputMy A2  MoaudiKOBaHOTO, BIOMIHHI  Bif

ONTUMAJBHUX, 310paHa y Tabnuii 2.

Taoauua 2.

IMOBIpHICTE HEONTUMATBHOCTI A2 MOAM(IKOBAHOTO /IS Pi3HUX Kk Ta n

n 8 9 10 11 12 13 14
k
0.5 0.13% 0.17% 0.15% 0.19% 0.18% 0.22% 0.21%
1 1.17% 1.34% 1.78% 1.93% 2.08% 2.2% 2.61%
15 2.6% 3.3% 4.18% 4.76% 5.44% 5.86% 7.38%
2 3.66% 4.24% 5.53% 6.88% 7.84% 9.04% 9.72%

Ha ocHoBi 3i0panoi iH(popmamii MOXKHA 3pOOUTH BHCHOBOK, IO MOAM(IKOBAHHIA
QITOPUTM TOMUJISIETbCS 3HAYHO pifie, MpoTe BIAXWJICHHS Bl ONTHUMYMY Y BHUMNAQJAKY
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MOMUJIKM JIOCSATa€ B CEPEIHBOMY OUIBIIMX 3HaueHb. AJle 1€ CHpPaBEAJIUBO JIUIIE IS
HEBEJIMKUX N, JUIA SKUX MOKJIMBA TOYHA MEpeBipKa Po3B s3KiB.

BucnoBxku

B crarri 3amponoHOBaHO YAOCKOHAJIEHHWH aITOPUTM MMOOYJOBH ONTHMAIBHOTO
pPO3KIagy MO KPUTEPI0 CYMapHOTO BHUIEPEHKEHHS 3 MOMEHTOM 3allycKy [, a TaKoxX
MOAU(DIKOBAaHUN ~ ANTOPUTM  3HAXOKEHHS PO3KIAAy 3a KPUTEpieEM  MIHIMaIbHOTO
BUIIEPEIKEHHS.

VY xoxi nocnimkeHHs OyI0 BUSBIICHO, IO 3alPOIIOHOBAHUNA MOAN(DIKOBAaHUNA AJTOPUTM
A2 Ha po3kIagax 3 KUIbKICTIO POOIT, 1m0 mepeBuirye 20 cTaOUIbHO 3HAXOAUTH Kpallui
ONTUMYM 3a KpPUTEpIEM MIHIMAJIbHOTO CYMapHOIO BHIIEPEIKEHHS, HDK Anroputm A2.
ACHUMIITOTUYHA CKJIATHICTh MOJU(]PIKOBAHOTO ANTOpUTMY Ta AJTOoputMy A2 OJHAKOBa, alie
JI0JTATKOBI IIPOTOHU y MONIYKaxX €(pEeKTUBHUX BCTABOK 30UIbIIY€E Yac BUKOHAHHS aJTOPUTMY.
Ha poskiagax waioi po3MIPHOCTI, aIrOPUTMU TOKa3ylOTh OJHAKOBO OJU3bKI 10
ONTUMAJIFHOTO PIIICHHS Y pa3i MOMWIKH, He Outhbilie HIX 7%, ane MOAU(IKOBAHUNA alITOPUTM
MMOMUJISIETHCS HabaraTo piamie.

Jlis miATBEpKEHHS pe3yJbTaTiB OyJIo CTBOPEHO MPOrpPaMHUN MPOAYKT, IO TE€HEpye
poOoTH JyUIsl anropuTMiB, 30Upa€ CTaTHUCTUYHY I1HPOpPMAILiO, TaKy $K Yac IPOTOHY,
BIIXUJIEHHS B ONTHUMYMY, a TakK0X MOXKE€ TOYHO PO3B’SI3yBaTH IOCTaBIIEHY 3aJady JUist
PO3KIIa/iB HEBEJIUKOI pO3MIPHOCTI. B pe3ynbTari KUIBKOCTI PIBHIB 3r€HEPOBAHUX PO3KIIAIIB
Oinbmie, Hik 10°, BusBwin, mo Anroput™m A2 ta MoaudikoBanuii Anroputm A2 y 83%
CHIBIIAJIa€ 3 ONTHMAJIBHUM PIMICHHSAM. AJTOPUTMH TPAMIOIOTh 3a MPUUHATHUNA Yac Ha
po3kianax po3MipHicTio 6ubme, Hbk 1000, a TOMy MOXYTh BUKOPUCTOBYBATUCS y PEATbHUX
IIPOMHCIIOBHX 3a/1a4aX.
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EFFICIENCY RESEARCH OF ALGORITHM FOR A FEASIBLE SCHEDULE
CONSTRUCTION BY THE TOTAL EARLINESS MINIMIZATION CRITERION
ON SINGLE MACHINE WITH DIFFERENT DUE DATES

E.A. Khalus

National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institute»,
41, Polytechnic Str., Kyiv, 03056, Ukraine; e-mail: selena.ua@gmail.com

We research a scheduling algorithm for a feasible schedule construction on one machine by
the total earliness of jobs minimization criterion. We propose an improvement to this
algorithm. During the research, we have developed a software system to verify reliability of
the algorithms. We compared the schedules built by the algorithm with those constructed
by an exhaustive enumeration. We calculated the percentage of a non-exact schedule
construction by the investigated algorithm for different characteristics of the schedule. The
object of research is the process of schedules’ optimization and their investigation. The
purpose of the paper is to increase the efficiency of feasible schedules construction process
for one machine in the presence of penalties for jobs completion prior to their due dates.
We need to use appropriate economic and mathematical methods, in particular those from
scheduling theory, to organize the production and planning on an enterprise efficiently.
Scheduling problems have a great application value today. Rapid development of
communication and electronics technologies increasingly requires the construction of
schedules. The schedules are related to functioning of industrial enterprises and the service
sector, education, transport and many other areas. Tasks of scheduling theory include study
of the computational complexity of the problems and development of exact, approximation
and heuristic algorithms for their solution. Most papers are devoted to combinatorial
approaches’ development. However, as practice shows, possibilities of combinatorial
algorithms are substantially limited by the dimension of the problems they solve. This is
why we believe in importance of the research and improvement of the scheduling algorithm
to minimize the total earliness of jobs on one machine. We use combinatorial optimization
methods, scheduling theory, heuristic algorithms and statistical analysis. The scientific
novelty of the results consists in modification to the existing scheduling algorithm that
minimizes the total earliness on one machine. New algorithm has better efficiency than the
existing ones.

Keywords: PSC-algorithm, NP-hard problems, start of processing, calendar planning,
schedule, one machine, total earliness minimization.
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HNCCIEJOBAHUE 3OOEKTUBHOCTHU AJI'OPUTMA ITOCTPOEHUA
JAOIIYCTUMOT O PACIIMCAHMUSA J151 OJHOI'O TIPUBOPA C
PA3JIMYHBIMU JUPEKTUBHBIMU CPOKAMM 11O KPUTEPUIO
MHUHHUMAJIBHOT'O CYMMAPHOTI'O OIIEPEKEHUA

E.A. Xanyc

HanmonanbeHbli TeXHUYECKUN YHUBEPCUTET Y KpauHbl «KueBCKUil MONUTEXHUYECKUI
HMHCTUTYT UMeHHU Uropst CUKOpCKOroy,
yi. [onurexundeckas, 41, Kues, 03056, Ykpauna; e-mail: selena.ua@gmail.com

B naHHOW cTaThe HCCIEOyeTCS QITOPUTM COCTaBJICHHS JOIYCTUMOTO pPacHHCaHUs
BBINOJHEHHUsI pabOT MO KPUTEPUI0 MUHHMAIIBHOTO OINEPEeKEHUs Il 3ajad Ha OIHOM
npudope B TeopuH pacnucanuil. [IpemiokeHo yCoBepIIEHCTBOBAaHHE JTAHHOTO aJITOPUTMA.
B xome wuccrnemoBaHumii Obuta pazpaboTaHa TIpOrpaMMHasi CHCTEMa sl NTPOBEPKH
JIOCTOBEPHOCTH  paboThl  anroputMoB. CpaBHHMBAIOTCS PACHMCAaHUS, COCTaBJICHHBIC
QITOPUTMOM W C(POPMHUPOBAHHBIE TOJNHBIM TepeObopoM. s pa3uuHBIX XapaKTepHUCTHK
pacricaHusi TOACYUTAHO MPOLEHTHBIN (PakTop OMIMOKHM IPU COCTaBJICHWH PaCIUCAHHS
uccienyeMbiM MetogioM. OOBEKT MCCIIe0BaHUsI — MPOIECC ONTUMM3ALNK PACITUCAHUN U
ux uccienoBanue. llenp paboTel — MoOBBINIEHHE (PPEKTUBHOCTH Tpolecca MOCTPOSHHUS
JOIMYCTUMBIX paclUCaHU{ JUIsi OJHOTO NMpHOOpa MpH HAIMYMK IITpadoB 32 OKOHUAHHE
paboThl O JUPEKTHBHOTO Cpoka ee BbimomHeHus. s 3ddexTnBHON opraHu3anuu
NPOU3BOJCTBA M IUIAHUPOBAHMS pPaOOTHI NPENIPUITHS HEOOXOAMMO HCIONIb30BaTh
COOTBETCTBYIOIIME IKOHOMHKO-MAaTeMaTHYECKHE METOJbl, B YaCTHOCTH, METOJbI TEOPHH
pacniucanuii. B Hamie Bpems 3aJauu TEOpUM PACHHCAHUNA MMEIOT OOJNBIIOE MPHUKIAJIHOE
3Ha4YeHHe. BBICTpoe pa3BUTHE CBS3M W TEXHUKH BCE 4Yallle BBI3BIBAET HEOOXOIUMOCTh
NOCTPOSHUSI ~ PACIHMCAaHWM, CBS3aHHBIX C  (QYHKIMOHMPOBAHHEM  MPOMBIIIIEHHBIX
NpennpusITuii U cepbl 00CITyKUBaHUS, 00pa30BaHUEM, TPAHCIIOPTOM M MHOTUMH JIPYTHMHU
obmactamu.  IIpobGmemMaTHka  TEOPMM  PAaCIUMCAHMN  OXBAaThIBACT  HCCIICIOBAHUS
BBIYMCIIMTENBHOM  CIOXKHOCTH — 3afad, pa3pabOTKy TOYHBIX, MNPUONKEHHBIX U
IBPUCTHYECKHX AJITOPUTMOB HX pelieHus. [Ipu 3ToM OOJBIIMHCTBO PabOT MOCBSLICHO
Pa3BUTHIO KOMOMHATOPHBIX MOAXOA0B. OIHAKO, KaK ITOKA3bIBAET MPAKTHUKA, BO3MOXKHOCTH
KOMOMHATOPHBIX aITOPUTMOB CYIIECTBEHHO OTPaHUYEHbI PA3MEPHOCTHIO PEIIAeMBIX 3a7ad.
B cBs3M C 3TUM aKTyaldbHbIM SBJISETCS MCCICJOBAaHME M YIy4IlEHHE aJrOpUTMa
COCTABJICHHS PACIMCAHMS BBINOIHEHUS PAabOT OJHUM NPUOOPOM C LEIbI0 MHUHHMH3ALUU
CYMMapHOTO OIEpeXeHHsA. B HCcCIeOBaHMM HCIONB3YIOTCSA METOABl KOMOWHATOPHOMN
ONTHMU3AIMH, TEOPHUsI PACHIHCaHUH, IBPUCTUUECKHE AJITOPUTMBI U CTATUCTHUECKUH aHaIN3.
Hayynas HOBM3HAa IIONY4YEHHBIX pE3yAbTaTOB  3aKMO¥aeTca B MOAU(HKALMH
CYILECTBYIOIIETO alrOpUTMa IOCTPOEHHS DPACIHCAHUS, MUHHMH3HPYIOIIETO CyMMapHOE
ONepeKeHHUe sl OJHOr0 INpuOOopa, W ero Jydias 3QQeKTHBHOCTh MO CPaBHEHUIO C
CYILECTBYIOLIMMU aJITOPUTMaMHU.

KawueBbie caoBa: I1J[C-anroputM, NP-cioxHble 3amad4i, Hayaao BBIIOIHEHUS,
KaJIeH/JapHOe IUTAaHMPOBAHHUE, DPACHMCAHUE, OIUH MPUOOp, MHUHUMM3ALMA CyMMapHOrO
OIEPEKEHHUSI.
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PO3POBKA METOAY 3BEPEKEHHSA BIHAPHUX IU®POBUX 306PA’KEHD

K.P. lllep¢eninos

Opnecbkuii HAIllOHAJIBHUI MOMITEXHIYHUH YHIBEPCUTET,
npocrt. Ilesuenka, 1, Oneca, 65044, Ykpaina; e-mail: k.sherfedinov@gmail.com

binapui 1mdpoBi 300pakeHs 4YacTO € BiJIOOPaKEHHSIM PI3ZHOMAHITHHX KPECIIEHb,
NPOMHUCIIOBUX CXEM, MaKeTiB, IUIAHIB TOWIO, SIKI Ha MPAKTHII MOXYThb 3aiiMaTH KiIbKa
coTeHb Merabaiit, a iHofi 1 rirabaiiTu npu 30epeskeHHi 6e3 crucky. Ha crorogHimHiid 1eHb
300pa)KeHHsI, 110 BUKOPUCTOBYIOTHCS, SIK MPaBUIIO, 30epiratoTbcsl B opmMarax 3 BTpaTaMu
JUIS eKOHOMIi Tpadika Ta BIIBHOrO Micis B mam’sti (cmaptdona abo koM ’rotepa). Ale
JUIsl IH)KEHEPHUX CXeM Oynb-sKi BTpaTH iH(opMamii yacTo € HEeNpUIlyCTUMHMH, MOXYTh
NPUBECTH 10 HellependauyBaHHUX, JKaxXJIMBUX HachigkiB. Pobora mpucBsdeHa po3poOii
METOMY CTUCKY OiHapHUX IM(POBUX 300paskeHb Oe3 BTpart. J{is 3a0e3medeHHs MOXKITHBOCTI
BUKOPHCTAHHS TIEpEBar ajJrOPUTMIB, IO MPAIOIOTh 3 PO3PiPKEHUMH MATPHUIIIMH, MATPHIIS
MO/IAHOTO 300pa)KeHHSI TIEPETBOPIOETHCS 10 CUMETPUYHOro BUIY. [lyis boro iii cTaBUTHCS
y BIINOBIZHICTD JIBI CUMETPUYHI MATpHIl IUIIXOM BiJIOOpakeHHs HWKHBOI/BEPXHBOI ii
TPUKYTHOI YacTHHU BIJIHOCHO TOJIOBHOI JliaroHaji, Npu IIbOMY OOOJOHKA KOXHOI 3
OTPUMaHUX MAaTpHIb BU3HAYAETHCS B 3aJEKHOCTI BiJl TOrO, SIKMX 3HAYCHb EJIEMEHTIB
(HyabOBUX YM OAWHMYHUX) Oinbine. CTHCK IaHUX BiNOYBA€ThCS NUISIXOM 3MEHIICHHS
npodineil MaTpuib, WO BIANOBIAAIOTH 300paXkeHHIO. JIsi IbOr0 BUKOPHUCTOBYETHCS
anroputm Karxina-Maki BropsiikyBaHHs BepIIUH TpadiB, IO CTABJIATHCS Y BiINOBIIHICTh
OTPUMaHUM CHMETPHUYHHUM MaTpULISIM. BiHOBICHHs 30epekeHoro GiHapHOro 300paXKeHHs
BiZIOYBa€ThCS 3 BUKOPUCTAHHSIM OOOJIOHOK Ta BEKTOPIB IepecTaBiieHb, 1110 30epiraloThCs B
3alpoNOHOBaHIM  cXeMi, JBOX CHMETPUYHUX MAaTpHIlb. ANTOPUTMIYHA peai3alis
PO3pO0JICHOr0 METOAY IepeBuIlye 1Mo e()EeKTHBHOCTI (3 TOYKHM 30py CTHUCKY) aHAlOTiuHi
¢dopmatu 30epexeHHs Juis OiHAapHHX 300pa)keHb, B MAaTPUIAX SKUX KUIBKICTh
HYJIiB/OIMHUIb 3HAYHO MEPEBUIIYE KUIBbKICTh OJAWHHIIL/HYIIB, i MOXKEe OYTH BUKOPHCTaHA
SIK CKJIaJIoBA YaCTHHA KOMIUIEKCHOro TpadidHOro makery ajisi podoTH 3 OliHaApHUMHU
300pakeHHIMH.

KawuoBi cioBa: OiHapHe 300pa)ceHHS, CUMETPUYHA MATPHUILI, PO3PIIKEHA MATPHIL,
ctuck 0e3 BTpat, 000JI0OHKA MaTPHIIi, MPOQLIL MATPHII.

Beryn

CyuacHi iHpopMalliiiHi TEXHOJIOTIi 3a0€3NeUnIN CTPIMKUNA PO3BUTOK TaKUX Taly3eu sk
IM3aliH, KOHCTPYIOBAaHHS, PO3pOOKa CXeM Uil MPOMHCIOBOCTI TOIIO. ICHyrodi mporpamHi
kommiekcu Autocad, Adobe Photoshop, Adobe lllustrator, CorelDraw, Inkscape cyrreBo
noJsiermui poOoTy ¢axiBIliB, sKi 3aliMalOTbCS CTBOPEHHSM KpecleHb, MAaKETIB, IJIAHIB
OyIMHKIB Ta MPOMHCIOBUX CXeM. AJle pa3oM 3 MM 3'sBUiIacs MoTpeda B HOBUX (hopmarax
1u1s 30epexeHHss Ta 0OpOOKM pe3ynbTaTiB poOOTH 1HXKEHEpIB, MPUYOMY B TaKUX (opmarax,
Akl 0 MakCHMMaJbHO 3MEHINYBAJIM KUIBKICTh 1H(OpMalii, mo 30epiraerbcsi, 1 IpU IBOMY
3a0e3neyyBany O TOBHE BIIHOBIEHHS TMOYAaTKOBOi iH(Mopmarii. AmKe [Oeski cXeMu
(HampuKJaj, TIaHu OyIUHKIB a00 MPOMMCIOBUX MPOEKTIB) MOXKYTh 3aliMaTH KiIbKa COTEHb
MerabaiiTis, a iHO/I 1 rirabaifTiB mam’sti npu 30epexeHHi 6e3 CTUCKY.

BigminHOIO pHcoro cxeM, rpadiB 1 KpeciaeHb BiI IHIIMX 300paXxeHb € ix
MOHOXPOMHICTb; iX B3araji 3py4HO 1 JOIUIBHO MPEACTABIATH Yy BUIJIAAI HAOOPYy YOPHHX 1
OiMX miKceniB — OiHapHUX 300paxkeHb. lle cyTTeBO monerurye 3agady CTHUCKY JaHHMX 1 iX
30epexxenHs [1]. 3aBIsky HAsSBHOCTI BCHOTO JBOX MOXJIMBUX 3HaueHb MIKCETiB («0» 1 «1»)
OiHapHi 300paxenHs (b3) moOpe CTHCKAOThCS 1 BIIPI3HAIOTHCS MaauM 00'€eMOM JaHUX, B
MOPIBHSHHI 3 IHITUMH THIIAMH PACTPOBHX 300paxeHsb [2].
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Ha croroanimHiii 1eHb OUTbIIICTh 300pakeHb, IKUMH MU KOPHCTYEMOCS, OOMIHIOEMOCS
B NOOYTi, BUKOPHCTOBYIOTh (pOpMaT 3 BTpaTaMu sl OUTBIIOI eKOHOMIT Tpadika Ta BUIBHOTO
MiCIlsl B TaM’siTi cMapTdona abo ko 'torepa. Ale, Ha BiaMmiHy Bin portorpadiit y Instagram
yn aBarapiB y Facebook, mns iHKeHEpHHUX CXeM BaOXIUBUM € KOXKEH Mikcenb. | Ko
3HEXTYBAaTU II€I0 BUMOTOI0 33Ul €KOHOMii Tpadiky abo mam'siti, To npiOHI merani
300pakeHHSI MOXKYTh 3HUKHYTH B IPOILIECi CTUCKY 3 BTpaTamu. Hacninku Takoi «onTumizarii»
MOXYTh OyTH HemependadyBaHi.

Jlnst BUpimeHHs MpoOIeMu BTpAaTH JaHUX Oyau po3poOIieHI alTfOPHUTMHU CTHCKY, SKi
3a0e31euyroTh MOBHE BiJHOBICHHS MOYaTKOBOI iH(opmamii. [leski 3 HUX MpUAATHI TUTBKU
IU1sl 300pakeHb MEBHUX THIIIB, iHINI X € yHiBepcambHuMu [2]. CTHCK 0e3 BTpaT H03BOJISE
MOBHICTIO BIIHOBUTH OpPUTIiHAJIbHE MOBIIOMIICHHS, TOMY IIO HE 3MEHIIYE B HbOMY KUIBKICTb
iHopMallli, He AUBJISIYUCH HA 3MEHILIEHHS JOBXHUHU. AJle ICHYIOUM CXeMM 30epeKeHHs He
BUKOPUCTOBYIOTh IIOBHOIO MIpOI0 OIHApHICTh Ta PO3PLIKEHICTh (fKa YacTO Mae MICIIE)
MaTpHllb, L0 BIIMOBIAAIOTh OIHAPHUM 300pa)K€HHSM, 3aIMINAIOYM JJI HUX aKTyaJIbHUM
MUTaHHS PO3POOKH HOBUX METO/IIB CTUCKY O€3 BTpar.

Merta Ta IOCTAHOBKA 32124

Memorw poboTH € po3poOka HOBOTO METOMY CTHCKY O€3 BTpaT i 30epe:KEeHHs
O1HapHUX 300paKEeHb.

Jly1s nocsiTHEeHHS! METH B poOOT1 BUPIIIYIOTHCS TaKi 3a0ayi:

e OOrpyHTyBaTHM Ta 3AIMCHUTH BHUOIp IHCTPYMEHTIB [uisi poOOTH 3 OlHapHUMU
300pakeHHSIMU 3 BpaxXyBaHHSIM METH pOOOTH;

e OOTpyHTYBaTH Ta 3AIMCHUTH BHUOIp METOAY, NMPUIATHOTO B TPOIECI OopraHizaii
cTUCKY 0e3 BTpaT b3, BpaxoByroun po3piKeHICTh X MaTPHIIb,

e TIepeTBOPUTH MaTpuIfo b3 1o cuMerpuyHOro BHy, 0 3a0e3mnedye BpaxyBaHHS il
PO3PIIKEHOCTI;

® TIPOBECTH OIIHKY €(EeKTUBHOCTI aJITOPUTMIYHOI peaiizailii po3poOJICHOTO METOIy
30epexkenHss b3 muisxoM 0GUHCIIOBAIBLHOTO €KCIIEPUMEHTY; NOCHIIUTH BiacTuBocTi b3, ans
SIKUX 3aIPOTIOHOBAHHMI METO/ € €(PEKTUBHIIINM 32 ICHYIOY1 aHAJIOTH.

OcHOBHA YaCcTHHA

[IpenmeromM nOCHDKICHHS € HOBHM MeETOJ 30€peKeHHS YOpHO-OUIUX 300paKeHb Y
dhopmari 6e3 BTpart.

Hailinomupenimumu icHyrounmu opmaramu, ki 30epiratote 6iHapHi 300paxkeHHs 6e3
BTpaT, € popmaru .pbm Ta .hdf. IIpu oMy popmat .pbm He BUKOpHCTOBYE CTHCK Ta 30epirae
BCIO MAaTPHITIO 300pakKeHHs sIK MAaTPHULIIO 13 HYIIIB Ta oJAWHUIG. Ha BinMiHy Bif HbOTO, (popmar
HDF ctuckae matpuiito 300paxents 3a gonomororo RLE koxyBanus [3].

Ockinbku  (popMambHUM MpEACTaBIACHHSAM OiHApHOTO 300pakKeHHS € MaTpuls 3
eneMeHTaMu «0» Ta «1», He 0OMEXYIOUH CHNUILHOCTI MIpKyBaHb, JJISl CIIPOILIEHHS BHKIATy
MaTepialy B poOOTI pO3IIIAAAIOTHCA CXEMM €JIEKTPUYHOIO KoJjia, KpecaeHHA. Y OuIbIIOCTi
BUIAJIKIB MAaTpUI TaKUX 300pakeHb € po3pimkeHuMH [4], ane He € CUMeTpUYHUMH. AJie
PO3pIIKEHICTh MaTpHLl MpH ii 30epekeHH] HallKkpale Mo)ke OyTH BpaxoBaHa Yy BUMNAJKY ii
CUMETPHYHOCTI.

byna 3anpononoBana nepeno6poOka marpuili b3 nepex ioro ctuckom, sika MOJSArae B
HactynHoMmy. Hexan
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MaTpui OiHapHOTO 300pakeHHs, a M1 1 M2 — 11 BepxHs 1 HVJKHS TPUKYTHI YaCTHHH.
[Tpuknax HaBeeHO HA puUcyHKax 1,2.
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Puc. 1. Cxema e1eKTprU4IHOTO KOJia
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Puc. 2. binapni 300pakeHHs1, 110 BIAMOBIIAIOTh HIKHIA Ta BEPXHIA TPUKYTHUM MaTPHIISIM,

OTPUMAHUM 3 HI)KHBOI Ta BEPXHBHOI TPUKYTHHX YAaCTUH MATpUIll OIHAPHOTO 300pakeHHS,
HABEJICHOTO Ha PUCYHKY 1

[Ipouec nmeperBopenHst Matpuii b3 10 cUMETpUYHOTO BUAY 3aCTOCOBYETHCS O KOKHOT
3 M1 ta M2 okpemo 1 nosisirae B HaCTyNHOMY: KokHa 3 M1 1 M2 BimoOpakaeTbCsi CAMETPUYHO
BITHOCHO TOJIOBHOI JiaroHaii, B pe3ynbTari 4oro 3 (1) oTpuUMYyIOThCS IBI CHMMETPHYHI
matpuii M1, M2:

my, My, My...My, my,; My, My, ... My,
My, My, Mys ... M,, m,; My, My, ... My,

M1= Mz My Mg ... My, |, 2= M3y My, Mg ..My (2)
mln mZn m3n s mnn mnl ng mn3 mnn

BIJIMOBIIHI 300paxXeHHs SKUX JJIs1 300pakeHHsI, HABEIGHOTO Ha PUCYHKY 1, mpencTaBieHi Ha
PHUCYHKY 3.
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Puc. 3. 300paxxeHHs, 110 BiAMOBINAIOTh TPUKYTHAM MAaTPHUIIM ITIiCIISI CUMETPH3aIlil

2+

Jliig 3a6e3nedeH s MOXIIMBOCTI BpaXyBaHHS PO3P1IKEHOCTI CHMETPUYHOT MaTpuUIll IPU
ii 30epexxeHH] (3 METOI0 3MEHIIEHHS 3alHTIB J0 IaM’STi) MPONOHYETHCS BUKOPUCTAHHS
obepuenoro anroputMmy Karxina-Maki BmopsigkyBaHHs BepIIuH rpadiB, MO CTaBIATHCS Y
BIJIMTOBIHICTE OTPUMAHUM CUMETpHUYHUM MatpuisiM M1, M2, mo BimoOpakaerbcs B
CHUMETPUYHOMY TIEPEYIOPSIKYBaHHI PSIKIB Ta CTOBMUMKIB Matpuis M1, M2 [5].

EdextuBnicte Merony Karxima-Maki 3amexuTh Bil mapameTpiB MaTpHIll OiHApHOTO
300pakeHHs. SIKIIO KUIBKICTh HYNBOBUX OITIB Oyne 3HAYHO OUIBIIOI, HDK KUIBKICTH
HEHYJIbOBHUX, TO 3MEHIICHHS Mpod o MaTpuili Oyae cyrreBuM. Lleit mo3uTuBHUN pe3yabTaT
MOXe OyTH BUKOPUCTAHUU 1 TOMI, KOJIU KUIbKICTh HYJIBOBUX OITIB Oy/e 3HAYHO MEHINA, HIK
KUIBKICTh HEHYJhOBUX. B 1IbOMYy BUNAAKH MPOTOHYETHCS MOMEPEAHBO MPOBECTH JIOTIUHY
1HBepcito eneMeHTiB maTpuili b3.

TakuMm 4YMHOM OCHOBHI KpOKH MeToy cTUCKY b3 0e3 BTpaT MarOTh HaCTYIHUN BU/I.

Kpok 1. ]Ins matpuni b3 otpumaru cuMeTpudHi Matpuill (CUAMETPUYHY MATPHIIIO), SIKI
BIJIMTOB11at0Th TOJIAHIN 1 1TO KM MOKHA OJJHO3HAYHO BITHOBUTH MATPHIIIO MojaHoro b3.

Kpox 2. Jns x0XHOT 3 OTpUMaHUX MaTpHib BU3HAYHTH K,,K, — KUIBKOCTI HYJbOBHX i

€JIEMEHTIB 1 TAKHX, 110 JOPIBHIOIOTH OJIMHUIIL, BIIITOBITHO.

Kpok 3. Axwo

K, <k,
mo
JUIA €JIEMEHTIB BiIMOBIAHOT MAaTPHUIIi TPOBECTH JIOTTYHY 1HBEPCIIO.

Kpok 4. 3veHmmutd npodili OTpUMAHUX CHMETPUYHUX MATPHUIb 3a JIOIOMOTOIO
BIIMOBIAHUX aNropuTMiB. 30epertu npodiai Ta BIAMOBIAHY iH(GOpPMAILiIO ISl BiIHOBICHHS
CUMETPUYHUX MATPHIIb.

Bignosnenus B3 micis 3anponoHOBaHOTO CTUCKY BiI0YBAa€ThCS y 3BOPOTHOMY Hampsimi
3 ypaxyBaHHSAM 30€peXeHOl miJ Yac 3MEHIIeHHsS MNpo(duII0 CUMETPUYHUX MAaTpPHULb
iH(popMmarii.

IIponoHyeThCSI HACTYNMHA aJTOPUTMIYHA peallizallis 3alpONOHOBAHOTO METOAY CTHCKY
06e3 BTpar OiHapHUX IUPPOBUX 300paKEeHb 3 BUKOPUCTAHAM 3acO00IB IMPOrpPaMHOI0
cepenosuiiia Matlab.

Kpok 1. Otpumatu ajsi MoJaHOTO 300paskeHHs! OlHAapHY MaTpulio M 3a J0IOMOTolo
BOynoBaHo1 ¢yHkuii im2bw (11 Hao4HOI LMocTpallil BUKOpUCTOBYeThCs b3, mpencrasiene
Ha pHucyHKy 4) [7].

190



[HOOPMATUKA TA MATEMATHWYHI METO/I1 B MOJIEJITFOBAHHI = 2019 = Tom 9, Ne3

Puc. 4. binapse 300pakeHHs

Kpox 2. Po30utn GiHapHy MaTpuIl0 Ha JBI YaCTUHH — BEPXHIO TPUKYTHY Ta HUKHIO
TPUKYTHY CTOCOBHO TOJIOBHOT JllaroHai 3a 1ormomMororo pyHkiii triu Ta tril (puc.5)[8]

Kpox 3. IloOynyBatu BiAnoBigHi M CUMETpUYHI MaTPHUII M1, M2 (2) (puc.6).
Kpox 4. Jlms xoxuoi 3 M1, M2 BusHaunth K, K, - kimbkocTi HymbOBHX Ha

HEeHYJIbOBUX OITIB. T1 O1TH, KUIBKICTh SKUX OUIBINE, Majl BBAKATUMYTHCS IJIs1 BIAMOBITHOT
MaTpHili KOJbOPOM MEePEIHBOTO MJIaHy, B TOM Yac SK 1HIIa YacTHHA OITiB Oy/e KOJIbOpOM Tia.
Skmo mis M1 i/am M2 Kk, <k, , mpoBectr iHBepcito exeMeHTiB. Pe3ynbrar Kpoky — MaTpuii

M1, M2i.

Puc. 6. binapHi 300pakeHHS MiciIs CUMETpU3aIii
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Kpok 5. 3actocyBatu 3BopoTHHI anroput™m Karxina-Maki 3MeHIIeHHs TpoQimo ams

KOKHOT 3 Matpuis ML, M2i 3a nomomororo dyHkuii symrcm. Pesynsrar — marpumi M1,

2

Kpoxk 6. Otpumarun o6Gomonkun wmarpunb M1, M2 Tta BignoBigHi BekTOpH
MepeCcTaBIICHb, 10 MLIAralTh 30epekenHio. (OTpuMaHi CHMETPU30BaHi 000JIOHKHM HaBeICHI

Ha PUCYHKY 7).

Puc. 7. CumerpuzoBani o6osonku matpuits M1, M2

Kpok 7. 3anucatu y TEKCTOBUH (pailil JBa BEKTOpa MEPECTaBICHb Ta JIBI 0OO0JOHKH

Matpub M1, M2, a takox iHdopmarliro Ipo HasBHICTH/BIICYTHICTh IHBEPCii €IEMEHTIB
MaTpUIl/MaTpullh. 3aKiHUECHHS 30epeKEHHS 300paKCHHS.

JIsi KOKHOTO 300pa)KEHHSI aJITOPUTM BITHOBJICHHS Ta BiIOOpaKeHHS Ma€ HACTYIHI
KpPOKHU.

Kpoxk 1. 3uutatu naHi 3 TEKCTOBOTrO (aiiay — BEKTOPH IEPECTAHOBKH Ta OOOJOHKH

MaTpHIlb |v|=1 , M=2 )

Kpok 2. BigHOBUTH MaTpHIli M1, M2, BUKOPHUCTOBYIOUH iX 00OJIOHKH.

Kpok 3. 3a 1o1IOMOT010 BEKTOPIB MEPECTaBIICHb BIIHOBUTH M1 , M2;.

Kpoxk 4. 3a nonomoroto iH(popMmarlii nMpo HasBHICTH/BiACYTHICTh IHBEpCIi BITHOBHUTH
M1, M2,

Kpok 5. Marpui M1, M2 o6'eanaru B OJIHY MaTpUI[I0 HACTYIIHUM YHUHOM: BEPXHS
TPUKYTHAa 4YacTUHA M1 Oyle BEpXHBOK TPUKYTHOK YaCTHHOK MaTpuili M OiHapHOTO

300payKeHHs, a HIDKHS TPUKYTHA YacTuHa M 2 - HI)KHBOIO TPUKYTHOIO YaCTUHOO M.

Kpok 6. BinoOpasutu oTpumaHe OiHapHE 300pakeHHS 3a JOTIOMOIOK TIpadidHOTro
iHTepdelicy 101aTKy.

Kpok 7. 3akiHueHHS BiTHOBIICHHS 300pa)keHHSI.

TecryBanHs po3pobneHoro poaatky mnposoawnocss Ha 200 Bb3. B pesynbrari
00YMCITIOBAJILHOTO €KCIEPUMEHTY OyIu OTpUMaHi1 HACTYNHI pe3yiabTaTH. AJNTOpUTMIYHA
peainizailisi po3po0IeHOro MeToAy 30epexeHHs] OiHapHUX 300pa’keHb 31 CTUCKOM 0e3 BTparT €
Ha 71% edekTuBHIMOW (3 TOYKM 30py 0OCATY BMKOPHCTOBYBAHOI Iam’sTi), HDK ¢opmaT
Portable Network Graphics (PNG), na 5,8% edexruBHimoro, Hixx ¢opmat Hierarchical Data
Format (HDF), ta Ha 69% edekruBHimior, Hibx ¢opmar Portable Bitmap (PBM) nns B3 3
PO3PIIKEHOI0 MaTpHIIe0 (KUTBKICTh HYJIB/OAMHUIL CEPEl] €JIEMEHTIB MaTPUIll IEPEeBUILLY HE
MeHIne HiK B 1.7 pa3iB KUIbKICTh OJTMHUIIB/HYJIIB).
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BucnoBxku

B po0Goti po3pobnieHuii HOBHIT METOJ Ta WOTO alrOpUTMIYHA peami3allisi CTHCKY 0e3
BTpar OiHapHUX HHU(POBHUX 300pakeHb. Pe3ynpTaT TeCTyBaHHSA alrOpUTMIYHOI peaizarii
MIATBEP/UKYIOTH i1 BUCOKY €(EKTUBHICTh 3 TOUKH 30py 0OCATY BUKOPHUCTOBYBAHOI IaM’sTi
nipu 30epexenHi b3.

[{iTbOBOIO ayAMTOPIEIO [UIS JAHOTO MPOTPAMHOTO MPOIYKTY € Kpecispi, Au3aiiHepH,
IH)KeHepH, a 00J1acTIO 3aCTOCYBaHHS € 00pOOKa cXeM, KpecleHb, IHKEHePHUX TUIaHIB TOIIO.

Po3pobmnennii MeTo1 Ha CHOTOJHINIHINA JIeHb € OUThIn epeKTUBHUM, HDK MeToqu PBM,
BMP, HDF 3 Touku 30py 00’eMy ctucHeHo1 iHpopmarii 1 b3 3 pospimkenoro matpurieio. B
MailOyTHROMY JaHWW METOJl MOKE€ BUKOPHUCTOBYBATHCS SK CKJIaJOBa YacTHHA TpadiuHOTO
nporeccopy st O1HApHUX 300paKEHb.
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PA3ZPABOTKA METOJIA COXPAHEHUSI BUHAPHBIX TA®POBbIX
HN30BPA’KEHUU

K.P. lllepdenunor

Opnecckuii HATMOHATBHBIN TONMUTEXHUYECKUN YHUBEPCHUTET,
npocir. Ilesuenko, 1, Omecca, 65044, Vkpanna; e-mail: K.sherfedinov@gmail.com

bunapabie 1HQpPOBEIE M300paKEHUS UACTO SBIAIOTCA OTPAXKEHHEM Pa3HOOOPa3HBIX
yeprexel, NPOMBINUICHHBIX CXEM, MaKeToB, IUIAHOB M TOMY IOIOOHOE, KOTOpble Ha
NPaKTUKE MOTYT 3aHHUMAaTh HECKOJBKO COTEH Mera0aiT, a WHOrma M THrabalThl Mpu
coxpaHeHHH Oe3 cxaTus. Ha ceromusmiHuid gaeHb M300pakeHHus, KOTOpbIe HUCIONB3YIOTCS,
KaK TMPaBWJIO, XPAHATCS B opMaTax C MOTEPSIMH LTSI IKOHOMHUHU Tpaduka m CBOOOTHOTO
MecTa B mamsTh (cMapTdoHa mim KoMItbioTepa). Ho 11 HHXEHEpHBIX CXeM ITF00BIe TTIOTepH
HHGOPMAIUK YaCTO SIBISIIOTCS HENONMYCTUMBIMH, MOTYT NPUBECTH K HENPEICKa3yeMbIM,
y)KacHBIM TIOCIEACTBUsAM. Pabora mocBsiieHa pa3paboTke MeTola CKaThi OMHAPHBIX
muppPOBBIX U300paXkeHnit 0e3 morepb. s obecriedeHnsT BO3ZMOXKHOCTH HCTIONB30BAHUS
NPEUMYILECTB AITOPUTMOB, KOTOpBIE paboOTAIOT C Pa3peKEHHBIMH MaTpUIIAMH, MaTpHIa
JaHHOT'O M300pakeHusl MpeBpamaeTcss K CHAMMETPHYHOMY BHAY. i1 3TOrO0 €if oTHOCHTCS B
COOTBETCTBHE [[B€ CHMMETPHYHBIX MATPHIBI IyTeM OTpaKeHWs HIDKHEI/BepxHEeH ee
TPEYroJlbHOM YacTH OTHOCHTEIHHO TJIaBHOW JHArOHAJIH, IIPU 3TOM O0ON0YKa KaXIOoH u3
TIOTYYEHHBIX MAaTpPUII ONPEAENIIeTCS B 3aBUCHMOCTH OT TOT'0, KaKMX 3HAUCHUH JIEMEHTOB
(HyneBbIX WM eAMHWYHBIX) Oombime. CkaTne MaHHBIX MPOUCXOAWT ITYTEM YMEHBIICHUS
npoureii MaTpuIy, KOTOpBIE OTBEYAIOT M300paKEHMIO. J[JIs 3TOr0 UCIONB3yeTCsl aITOPUTM
Karxunna-Makkn ynopsijoueHus BepmiMH TpadoB, KOTOpBIE CTaBATCS B COOTBETCTBHE
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K.P. Illeptenino

MOYYEeHHBIM CHMMETPHUYHBIM MaTpunaMm. Bo300HOBJIEHHE COXpaHEHHOTO OHHApHOIO
N300pakeHHs] MPOMCXOMUT C HCIONB30BAaHWEM O0OJIOYEK W BEKTOPOB II€PECTABIICHUM,
KOTOpBIE  XpaHATCS B  TIPEUIOKEHHOM cXeMe, IBYX CHMMETPHYHBIX MAaTpHIL.
AnropuTMHuYecKas peann3anys pa3paboTaHHOTO METO/1a TPEBBIMIAET 10 3 PEKTUBHOCTH (C
TOYKM 3pEHUs CKUMAaHWs) aHAIOTMYHbIE (OpPMaThl COXpaHEHHs JUIS OWHAapHBIX
n300pakeHHH, B MATPUIAX KOTOPBIX KOJIMYECTBO HYJIECH/SIMHAL 3HAYNTEIBHO MPEBBIIIAET
KOJIMYECTBO €IWHHIY/HYJEH, U MOXKET OBITh HCIOIb30BaHa B KauyecTBE COCTABHOW YacTH
KOMIUIEKCHOT O rpaMuecKoro nakera Juist paboThl ¢ OMHAPHBIMHU N300paKEHHUSIMHU.
KnroudeBble cioBa: OuHapHOe M300pa’keHHE, CUMMETPHUYHAs MAaTpHIlA, pa3pekKeHHas
MaTpHIa, CKUMaHue 0e3 MoTepb, 000I0YKa MaTPHUIIBI, TPO(UIIE MaTPHUIIBL.

DEVELOPMENT OF METHOD OF MAINTENANCE OF BINARY DIGITAL
REPRESENTATIONS

K.R. Sherfedinov

Odessa National Polytechnic University,
1, Shevchenko Ave., Odessa, 65044, Ukraine; e-mail: k.sherfedinov@gmail.com

Binary digital representations often are the reflection of various drafts, industrial charts,
layouts, plans and others like that, that in practice can occupy several hundreds megabyte,
and sometimes and gigabytes at maintenance without a compression. To date images that is
used, as a rule, are kept in formats with losses for the economy of traffic and available
space in memory (smartphone or computer). But for engineering charts any losses of
information often are impermissible, can result in unforeseeable, terrible consequences.
Work is sanctified to development of method of compression of binary digital
representations without losses. For providing of possibility of taking advantage of
algorithms that work with disperse matrix, the matrix of this image transforms to the
symmetric kind. For this purpose two symmetric matrices belong in accordance her by the
reflection/of her overhead three-cornered underbody of relatively main diagonal, here the
shell of each of the got matrices is determined depending on that, what values of elements
(zero or single) are more. The compression of data takes place by reduction of profiles of
matrices that answer an image. The algorithm of Cathill-Mackey of organization of tops of
counts that is put in accordance to the got symmetric matrices is used for this purpose.
Proceeding in the stored binary image takes place with the use of shells and vectors of
moving that is kept in an offer chart, two symmetric matrices. Algorithmic realization of
the worked out method exceeds on efficiency (from the point of view of clench) the
analogical formats of maintenance for binary images, in the matrices of that the amount of
zeros/of units exceeds the amount of units/of zeros considerably, and can be used as
component part of complex graphic package for work with binary images.

Keywords: binary image, symmetric matrix, disperse matrix, clench without losses, shell
of matrix, profile of matrix.
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MOJEJIb ®OPMYBAHHS CYYACHUX KOMIETEHIIIN IT-®AXIBIIIB

0.A. Kypan, T.B. ®inaroBa, O.0. YepHuiosn

Opnecbkuii HAIllOHAJIBHUI MONMITEXHIYHUH YHIBEPCHUTET,
npocr. Illesuenka, 1, Oneca, 65044, Ykpaina; e-mail: juran@ukr.net, filatova.321@gmail.com,
oleksii.chernyshov@outlook.com

HasiBHICTD iHTEJEKTyaJbHOIO TMOTEHIIAlly Ha MIANPUEMCTBI Ta Horo edexTuBHE
BUKOPHCTAHHS — II¢ OJHE 3 OCHOBOIIONIOKHUX EJICMEHTIB KOHKYPEHTHOI IepeBaru cepen
QHANOr YHMUX KoMMaHii. PopMyBaHHS KOHKYPEHTOCTIPOMOXHOCTI MiAMPUEMCTB 33 PaXyHOK
BUKOPHCTAHHS CKJIAJI0BOI KOHKYPEHTHOTO MOTEHINANY SBISETHCS aKTYaJbHUM HAIPSIMOM,
ToMy 110 OaratonpodinbHUHA cneniamictT OLTbII 3py4HWil it QyHKkuid opranizamii. I1T-
KOMIIaHii 3allikaBjleHl Yy TpOsBI BHUCOKOIO Ta CY4YacHOrO pIiBHS KOMIIETEHTHOCTEH Yy
BUITYCKHUKIB HaBYAJIBbHUX 3aKJajiB MO creriagbHocTsIM. CaMe TOMY OCHOBHOIO METOIO
pobOTH SBISIEThCS BH3HAYEHHS KOMIIETEHIIH 0 MalOyTHiX creniamictiB IT-Hampsmky.
Merty poOOTH CIijJi BUDIIIMTH 3a PaXyHOK JOIYYCHHS EKCIEPTiB 3 MpeAMeTHOI obiacti
HAaBYAJbHUX 3aKJaJiB Ta KOMIAHIHM, sKi 3alliKaBJIeHI Y KOHKYPEHTOCHPOMOXKHHX
crierjiayicrax, Ta CTPYKTypu3amii eramiB 300py Ta o00poOieHHs naHux. OgHuM 3
HaWKpalMx METOiB BUKOPUCTAHHS Cy/PKEHb €KCIIepTiB, Ha Halll Norsy, € Meton denbdi,
SKWH € PI3HOBUIOM METO/Yy KOJEKTUBHHX €KCIIEPTHUX OIHOK. [Toka3HUKH, siKi HEOOX1IHO
BPaxOBYBATH - 1€ 1 MpodeciiiHi 3HaHHS, 1 MPAKTU4HI HABUYKH, 1 poOOTa B KOMaH/I, 1 JIJIOBI
SIKOCTi, 1 BIAMOBIAHICT KOPHOPATUBHUM I[HHOCTAM. IliABHMINCHHS PIBHS MiATOTOBKH
cryneHtiB [T-cdepn MOXKIMBO 32 paxXyHOK CTBOPEHHS yCepeTHEHOro crucKy BuMor Big IT-
6i3Hecy. [lanuii mabnoH KpUTEpiiB, MOXke OyTH BUKOPUCTAHUH [UIsi OTPUMAHHS CTATUCTUKU
a00 aHKETyBaHHs 3allIKaBJICHUX B OTPHMaHHI sikicHoro (axiBus opraHizauiii. CTBOpEHHs
0a3u JaHMX KOMIIETeHLIH Ta pe3ynbTaTiB (popMyBaHHS pe3yNnbTaTiB BUKOHAHHS
KOMIIETEHIII) MOXKJIMBO NpeacTaBuTH 3a paxyHok UML moznentoBanns. [locninoBHy aito
IPU CTBOPEHHI 0a3u KOMIIETEHTHOCTEW BifoOpaxkae po3poliieHa jaiarpaMa IOCiiJOBHOCTI.
[pencraBneni BuMoru 10 BUNYCKHMKIB IT-HampsiMKky € 1ma0ioHHOK 0a3010, sika MOXE
HApOIIYBaTHCs 1 3MIHIOBaTUCS. [HTENeKTyalbHa MPOIYKIsl Y CBITI IN100aIbHOI EKOHOMIKU
Ta CTPIMKOIO PO3BHUTKY Oi3Hecy SIBISIEThCS TOK (YHIAMEHTAJIbHOIO JIAHKOK, Ha SIKIi
TPUMAETHCS TIPUHAHATTS PABHIBHUX, CBOEYACHUX Ta HEOOX1THUX KOMIaHii pirieHb. Ko
¢daxiBenp Oyae BOJIOMITH YCiMa THMH KOMIIETEHTHOCTSMH, OTPUMAaHUMH Ha eTarli
HaBYaHHS, OpraHizallis He BTPAaTUTh KOHKYPEHTOCHPOMOXHICTh y TIOPIBHSHHI 3 1HIIMMH
KOMITaHisSIMH.

KawuoBi cioBa: iHTeneKkTyallbHHH IIOTEHINAd, IHTEJIeKTyalbHe BupoOHHMITBO, [T-
KOMIIaHisl, iH(pOpMAIliiHI TEXHONOril, KOMIETEHIlil, KOMIETEHTHICTh, KOHKYpPEHTHHI
MOTEHI[iall, KOHKYPEHTOCIIPOMOXKHHH (haxiBellb, eKCIIEPTHI METOIH.

Beryn

Buacnigok BceOiyHOT riioOanizanii MOCHIIOETHCS MUTAaHHS KOHKYPEHTOCIPOMOYKHOCTI
MIANPUEMCTB Ha MDKHApOIHIM apeHi. B 3arani KOHKypeHTHHI MOTEHLIan MiANPUEMCTBA
(dbopMyeTbCs HacaMmIiepel 3 BHYTPILIHIX (akTOpiB, 3 HOro KOHKypeHTHuX mnepeBar. Koxue
HIAPUEMCTBO CAMOCTIHHO (OPMY€E CTPYKTYpPY KOHKYPEHTHOTO MOTEHIliady B 3aJIEKHOCTI Bil
AKICHUX Ta KUIBKICHMX XapaKTEePUCTHK HasBHUX y HbOTO PECypciB. Y 3arajbHOMY BUIJISAIL
KOHKYPEHTHUHN MOTEHINal MiAIPUEMCTBA CKIATAETHCS 3 TaKUX MiJCUCTEM (MOTEHIIATIB) K
BUPOOHMYMM, YyIpaBIiHCbKUH, (DIHAHCOBUIM, MApKETUHTOBUI1, a TOJIOBHE — IHTEJIEKTYaJIbHOTO
Ta iH(pOopMaLiiiHO-IHHOBALIITHOTO OTEHIIIATIB.

JUSIBHICTD BITYM3HSHMX MIIIPUEMCTB B CKJIAQAHUX EKOHOMIYHHMX YMOBax Ta IIpH
BUCOKI KOHKypeHLIi Ha pHHKax HE MOXJIuUBa 0€3 aKTHBHOTO BHUKOPHUCTaHHSA
IHTEJIeKTYaJIbHUX Ta IHHOBALIHHMX KOHKYPEHTHHX IepeBar. HasBHICTh IHTENEKTyalbHOTO
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MOTEHI[ia]ly Ha MIANPHEMCTBI Ta HOTO €(pEeKTHBHE BHUKOPUCTAHHS JO3BOJIATH HiNIMPUEMCTBY
3HaYHO MIIBUIIYBAaTH SIKICTh MPOJYKLil Ta MOCIYr, IO 3JIHCHIOE MiJIPUEMCTBO, Ta
3aCTOCOBYBAaTH HOBAIlil y CBOIH JisUIBHOCTI. 31aTHICTH MEPCOHANy A0 T'€HEpPYBAaHHS HOBUX
116, KpeaTHBHUX MIIXOJIB y 33JOBOJICHHI CIIOKMBAYiB, HOTO OCBITHIN ¥ kBamidikamitauit
pIBHI, TICHXOJIOTIYHI SIKOCTI Ta MOTHBAIIMHUN TOTEHIlIAJl € BCHOTO OJHHM 3 TOJIOBHUX
(baxTOpiB yCHiXy IiSUTBHOCTI OYAb-SKOTO MIAMPUEMCTBA Ta JOBIOCTPOKOBOIO KOHKYPEHTHOIO
MepeBarolo K Ha BHYTPIIIHIX Ta 1 HA 30BHIIIHIX PUHKAX 30yTYy.

AHaJii3 0CTaHHIX J0CTi/zKeHb i myOJrikanii

Crin 3a3Ha4YuTH, 10 B JAHWHA Yac HEMOXJIMBO YSBHTH POOOYMI mpoIiec abCOJIOTHO
OyIb-sIKOTO MiAIpUEMCTBAa 0€3 BUKOPHUCTAaHHS 1HPOpPMALIHUX CUCTEM 1 TeXHOJOrid. Bonu
MOXYTb OyTH JIJIs1 OJHUX MIANPUEMCTB MPOBITHUMU KPUTEPISIMHU YCHIXY, a JUId IHIIUX HECTU
JOTIOMDKHHMM XapakTep, aje BOHM OOOB'S3KOBO NPUCYTHI B JAISJIBHOCTI MIATNIPUEMCTBA B
HE3JIEXKHOCTI Bl XapakTepy 1 macmraldy iX MisUIbHOCTI. 3acTOCyBaHHS 1H(OpMAaIIHHUX
TEXHOJIOT1M Yy BUPOOHUYIN AISUIBHOCTI MIAIPUEMCTB CHPUSE MIABUIICHHIO il IHTEIEKTyalbHO1
CKJIJIOBO1, @ 1€ y CBOIO UePTy CTAaBUTh MUTAHHS MIATOTOBKHU BIAMOBIAHUX (PaxiBIliB, 3MaTHUX
710 IHHOBAIIIHOTO Ta IHTEJIEKTYaTbHOTO BUPOOHHUIITBA [1].

BnpoBamxenHs iHbopMaLifHUX TEXHOJIOTI B peabHUN CEKTOp EKOHOMIKH 3a0e3meuye
3pOCTaHHS EKOHOMIYHOTO PO3BUTKY B LUIOMY Ta po3BUTYy IT-iHaycTpili sIK OKpemoro
BUPOOHMYOIrO JaHIfora. Taka MOJEpHI3allil MPOMHCIOBOCTI CIpHUSi€ TOSIBI HOBHUX
HAayKOMICTKMX TOBapiB Ta IMOCIYr Ha BITYM3HSIHOMY PUHKY, O3J0POBIEHHIO €KOHOMIKH Ta
MIIBUIIEHHIO 11 KOHKYPEHTOCIIPOMOXKHOCTI. AJle Taki TOTalbHI MEPETBOPEHHS MOTPEOYIOThH
Bil MIIMPUEMCTB OpraHi3amiiHoi, TeXHIYHOi Ta (IHAHCOBOI TMIATOTOBKH. A TaKOX
BIMOBIIHOT MIArOTOBKM KaapiB. Ha croromni Ourbina yacTWHa poOOYMX MICIL B KpaiHi
BUMara€ TpUHANMHI MIHIMaJIbHUX 3HAHb CydacHUX IHopMaIiiHuxX TexHosorid. Lli
MMOKa3HUKH 3pOCTAIOTh 3 KOXKHUM JHEM, & BUMOTHU KOPUCTYBATUCSA CYYaCHUMH TE€XHOJOTISIMU
CTalOThb OOOB’S3KOBOI0 BHUMOTOIO 70 MepcoHary. JIOCHIMHMKK NPUIUISIOTH yBary I
nmpoOsieMi camMe BHUXOASYM 3 TOTO, IO TPOTPECHBHUMH TEXHOJIOTISIMU TOKPAILYEThCS
PO3BUTOK JKHUTTSI, PIBEHb OCBIYEHOCTI Ta COIIAIBLHOTO KUTTSI.

IT-xomnaHii 3aIikaBJIeH]1 y MPOsBI BUCOKOTO Ta CY4aCHOTO PIBHS KOMIIETCHTHOCTEH Yy
BHUITYCKHUKIB HaBUAJIbHUX 3aKJIAJIIB IO CIiemiaabHOCTAX. [T-cremiamicT — 1e cuerianicT, SKui
MMOYMHAE BOJIOAITH 3HAHHAMHM 1H(POPMAIIMHUX CUCTEM Ta TEXHOJIOTIH 1T yac HaByaHHsA. Came
TOMY TOTPIOHO TPHUAUIUTH YBary OCBITI CIEIIaJIiCTIB, KOJM BOHU OTPUMYIOTH Yy IIKOJI,
KOJIS/DK1 UM YHIBEPCHUTETI. 3a OCTaHHIM yac y MomnepeaHix poOoTax po3rsiIaauch mpooaeMu
SKOCTI OCBITM MaMOyTHIX CIeHiallicTiB, IHTEIEKTyalbHOTO Kamitany. DopMyBaHHS
KOHKYPEHTOCIPOMOKHOCTI MIAIPUEMCTB IIJITXOM BHUKOPUCTAHHS CKJIAI0BOT KOHKYPEHTHOIO
MOTEHIIANY SBISETbCS AKTyaJlbHUM HAmpsMOM, TOMY M0 OaratompoduUIbHUNA CHEI[aTicT
OuTbII 3pyYHU# I QYHKIH opranizamii [2].

AuJte KO TIISHYTH Ha cTpYKTYypy ekcnopty IT, To B YkpaiHi HaillOu1bIy YacTKy 3aiimae
ayrcopcunr [3]. ToOTO BITYM3HSHI KOHKYPEHTOCIIPOMOXKHI (paxiBIli CTBOPIOIOTH MPOJYKTH 3
BEJTUKOI0 YACTKOIO JI0JIaHOT BAapTOCTI Ui PO3BUTKY IHIIKUX KpaiH. Tomy mocrae muTaHHS
MIATOTOBKM HE TUIBKM KOHKypeHTocnmpoMmoxkHux IT-daxiBuiB, ame W MOIIATOTOBKH
iHHOBaIlIHUX TiAnpuemiliB. CaMe TyT MOTPIOHO AOCTIIKYBAaTH B3a€EMO3B’S30K OCBITH BiJ
KON 70 yHiBepcuteTy. Camo 1is ifesd BUCBIUYeTbCsS y poOoTax BUAATHOro pedopmartopa
6puTaHCchKoi ocBitn Maiikna Bap6epa [5,6]. Ioro mpHHIMIN IHPOKO 3aCTOCOBYIOTHCS B
ocBiti y bpuranii, Cunranypi, IliBnennoi Kopei, Kurai. ['070BHHI1 aklleHT B OCBITHIX
nporpamax pobuthess Ha SOft skills — me Hax mpodeciiiHi HaBUYKH, HE TMOB'SA3aHi 3
nmocasioBuMu o0OoB's3kamu mroauHd. B IT-cdepi — 1me Ti 3HaHHS 1 BMIHHS, SIKI HE MAaloTh
BIJJTHOLIEHHS /10 PO3pOOKH ab0 TecTyBaHHS, ajie HEOOXIAH1 A YCHiIIHOI poOOTH B KOMaHI.
CamMe 111 HABUYKH € OCHOBA MIMPUEMHHIIBKOT TiSTBHOCTI.
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dopMy IIOBaAHHSA Lijel cTaTTi

AHamni3 OCTaHHIX JOCHIPKEHb KOHIIGHTPYE yBary Ha BHMOIax JI0 BHITyCKHHKIB [T-
crnenianbHoCcTeld. CaMe TOMY OCHOBHOIO METOIO POOOTH SIBISETHCS BU3HAUCHHS KOMIIETEHIIIN
no MaitOytHix cnemianictiB [T-nanpsmky [8]. Mery poOoTH ciin BHPIIIMTH LUIIXOM
JOJyYeHHS eKCIIePTIB 3 MpeAMeTHOT 00JacTi HaBYAIbHUX 3aKiIajiB Ta kommaHiid [T-cdepu,
K1 3aIiKaBJIeH]1 Yy KOHKYPEHTOCIIPOMOXXHHX CHeIiaiicTax, Ta CTpyKTypu3alii eraniB 300py i
00pOOJICHHS TaHUX.

OcHOBHA YacTHHA

Brumaytn Ha piBenp miarotoBku |T-crerianpHoCTel (Ta CrelialbHOCTEH, IO TICHO
noB’si3aH1 3 [T-TexHosnoriiMu) BUIMIMX a00 CEpeqHIX HAaBYAIBHMUX 3aKJIaAIB HEOOXITHO s
3aJ10BoJIeHHs IoTped abo BuMor IT-kommnaniii. BzaeMue cniBpoOiTHULITBO MDK O13HecoM B I T-
cdepi Ta BUIIii (cepeHiit) OCBITI PO3B’shKE MPOOIEMy AKICHUX MOTSHIIIMHUX KaIpiB.

[ligBuiieHHs piBHSA MIATOTOBKU CTyAEHTIB IT-chepu MOXIMBO BHACIIIOK CTBOPEHHS
ycepeaHeHoro cnucky Bumor Bif IT-013Hecy. [loka3HukH, sSiKki HEOOXIHO BPaxoByBaTH — II€ 1
npodeciitHi 3HaHHS, 1 TPaKTUYHI HAaBUYKH, 1 poOoTa B KOMaHMl, 1 JAUIOBI SKOCTI, 1
BIJIMOBIIHICTh KOPIIOPATUBHUM LIHHOCTSIM.

Kpim mepeniky KOMIIETEHII1 HaBUaJIbHUM 3aKiiaJjaM Ba)KJIMBO 3HATH SKUW DPIBEHb
BIIMOBIIHUX KOMMETEeHII moTpiOHO IT-kommanism. Bummii HaBuanpbHUN 3akman, SKAW
3IaTHUH pallioHaJIbHO BUKOPUCTOBYBATH Ti TOJMHH, SIKI HAYyTh Ha JaOOpaTOpHI Ta MPaKTUYHI
3aHaTTsA Ha [T-cremianbHOCTI, Oyne HaWOULIBII MPUBAOIMBUM I CTYACHTIB. 3BHUYAWHO XK
MarepianbHa 0a3a Mae HE MEHIIE 3HAYCHHsI, ajjeé OCHOBHUM BCE XK 3aJIMIIAIOTHCS OTPUMaHI
KOMIETEHINT 1 SIKICTh BUKJIANaHHA. SIKIIO 3YNMUHUTBCS Ha BUsABIEHHI BuUMor g0 IT-
CHEIiaTbHOCTEH, TO TOJJOBHUMHU BEKTOpaMHu € MpodeciiiHi Ta MPaKTUYHI HABUYKHU BOJIOTIHHS
CBO€IO CHEIIaBbHICTIO. J[0 mUX HampsIMKIB MOHa JTOJATH JUTOB1 SKOCTi, BMIHHS POoOOTH B
TPYIOBOMY KOJIEKTHBI, a TaKOXX BIAMOBIAHICTh IIIHHOCTAM KOMIaHii. MakeT BUMOT 0
CHEIiaTiCTIB HaBeICHUI Ha pUCYHKY 1.

4 ™ *3HaHHS KJIIaCHYHOTO MPOrpaMyBaHHS

*3HaHHS 00'€KTHO-OPIEHTOBAHOTO MPOrpaMyBaHHS
[Ipodeciiini 3HaHHS *3HaHHs BeO-IU3aiiHy

* TexHOIOTI1 POSKTYBaHH IIPOrPAMHUX CHCTEM
\. J/ * [Hme

4 N\ *PoGora 3 6GazaMu JaHUX

*Pobora 3 BeO-pecypcamu

[TpaxkTiyHi HABUYKHU * [HO3eMHi MOBH

* BojIomiHHS MPHUKIAIHAMU CUCTEMaMHU

~ e JHme

. ) * CTpecoCTilKicTh

* Oprani3oBaHiCTh

JlimoBi sIKOCTI * lucumrtina

* CIIpsAMOBaHICTh Ha PE3yIIbTaT

— o [HIIE
7 ™\ « JIosIBHICTE

* [IpoayKTUBHICTD
*[Ipe3eHTaTHBHICTH
* Ki1ieHTOOp1€HTOBAHICTH

~— * [rmre

BinmoBigHICTE
[IHHOCTAM KOMITaHil

ﬁ
* BzaemoBupyuka
. * B3acMo3aMiHHICTE
PO6OT8. B KOJICKTHB1 .
*B3aemoist 3 KoMaHIO0I0
\ y e [ammIe

Puc. 1. Bumoru no BunyckHukiB IT-cneniansHocten
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Januii mabiaoH KpuTepiiB, Moke OyTH BUKOPHCTAHHA JJIs1 OTPUMAHHS CTaTHCTUKU 200
aHKETYBaHHA 3alliKaBJICHUX B OTPUMaHHI SKICHOTO (paxiBIlst opraHizamii.

KonkypeHTtocnpomokHuid  ¢axiBenmp — 1€ OJHAa 3 TOJIOBHUX KOMIIOHCHT
(GYHKIIOHYBAaHHS CY4acHOTO MigmpueMcTBa. SKImo QaxiBenb 3MOXe BUKOPHUCTOBYBATH
3HaHHS, JOOYT1 y IepioJl HABYaHHS y HaBYAJIILHOMY 3aKJIaJi, KOMIIaHii JIETTIe MaTH CIPaBy 3
TakuM (axiBIeM, HDK 3 TUM, SIKOTO II€ TOTPIOHO HABYATH Ta YAOCKOHAIIOBATH.

OnmHuM 3 HayKOBUX IHCTPYMEHTIB Uil BHUPIMICHHS CKJIAIHHUX MpoOsieM B Oynb-sKii
cdepi € excreptHi ominku. [Ipu BupimieHHI ckiaagHuX HedopMalli3oBaHUX MPoOIEM, KON
HEMOXUIMBE 3aCTOCYBAaHHS CTAaTHCTUYHOTO MiAXOMYy, €KCHEepPTH BiMIrparoTh 3HAYHY pOJIb.
CyTHICTP METOAY EKCIIEPTHUX OI[IHOK IIOJIATa€ B MPOBEICHHI EKCIePTaMu IHTYiTUBHO-
JIOTIYHOTO aHa3y MPOOJIeMH, IO JIOCIIDKYEThCS, 3 KUIBKICHOIO OIIIHKOIO CY/KEHBb 1
dbopmanpHOIO 00pOOKOI0 OTpUMaHUX pe3ynbrariB. OpepkyBaHa B pe3ylbTaTi 0OpOOKH
y3arajbHEHa JIyMKa eKCIIepTIB NPUMMAEThCS SK po3B’s3aHHA mpoOiemu. Kowmrekche
BUKOPUCTAHHS IHTYIII1i, TOTTYHOTO MHCJICHHS 1 KUIBKICHUX OIIHOK 3 (JOpMaJIbHOIO 00pPOOKOI0
TI03BOJISIE OJIEP’KATH €PEKTUBHE PO3B’A3aHHS MPOOIEMH.

XapakTepHUMHU pUCAMH METOJY eKCIIEPTHHUX OI[IHOK SK HAayKOBOTO IHCTPYMEHTY
pO3B’sI3aHHS CKJIAJHUX HedopMalli30BaHUX MpPoOJEeM €, Mo-Nepiue, HayKoBO OOIpyHTOBaHa
oprasizailisi IpOBEJIEHHS BCIX €TaliB eKCIEepTU3H, 110 3abe3neuye HalOUIbIy e(heKTUBHICTD
poOOTH Ha KOXKHOMY 3 €TalliB, 1, O-IPYre, 3aCTOCYBAHHS KUIbKICHUX METOIB SIK MPH Mig0opi
€KCIEePTIB, TaK 1 MPH OLIHIII X Cy/HKEHb Ta 00poOLl OTpUMaHUX PE3YJIbTaTIB.

Opranizaiis B3aeMOii 3 eKCIepTaMH 3aJIOKUTh BT OOpaHOro MeToay 300py
excriepTHOi 1H(popMarlii. ChOTOJHI 3aCTOCOBYIOTHCS PI3HI PI3HOBUIM METOAY EKCHEPTHUX
OLiHOK. IX MO’KHa MOJUIMTH Ha JBi 'PYNU: HAUBiLYyalbHi i rpyHoBi (KOJEKTHBHI) eKCIepTHi
omuTyBaHHA. EKcmepTHI MeTOmW, [0 BIAHOCATBCA JO TEPIIOl TPYMH, TNPHUITYCKAIOTh
IHAMBITyaJIbHY POOOTY MOCTIAHHMKIB 3 KOXXKHHUM 3 3allydeHHUX ekcreprTiB. Ha BiaMiHy Bif
IHAVBITyaAIbHUX TPYIMOBI METOJM TMPUITYCKAIOTh KOJIGKTHBHY pPoOOTy ekcrepTiB (odHi abo
3a04YHy), BOHM BHUMAaraloTh Y3TOJDKEHHS JYMOK YCiX EKCIepPTIB 1 pO3poOKy 3arajibHOTO
€KCIIEPTHOTO BUCHOBKY Ha OCHOB1 KOHCEHCYCY.

OpHuM 3 HallKpalux METOJIB BUKOPHUCTaHHS CY/KE€Hb €KCIEpTiB, Ha Hall MOTJIS, €
Meton Jlenbdi, KUl € pI3HOBUIOM METOYy KOJEKTHBHUX €KCIEPTHUX OI[IHOK. MeTo 1 sBisie
co0010 3a0YHE W aHOHIMHE OMUTYBAHHS EKCIIEPTHOI IPYNU B KUTbKAa TYPIB 3 Y3TOJKEHHSIM
IyMOK ekcrepTiB. Excmepram  mIpONMOHYIOTBCS — ONMWTYBaldbHI  apkymri (aHKeTH) 3
JoCHiKyBaHoi mipobnemu. [lutaHHsS B aHKETI MOXYTh OyTH PI3HUMH — 3aKpUTHMH,
BIIKpUTHMH, MaTH Ha yBa3l K KUIbKICHY, Tak 1 SKICHY BiamoBimb. MoxiuBi Bapiamii ¥ B
IJIaH1 apryMeHTaIlii i oOrpyHTyBaHHS €KCIIEPTHUX OIHOK (110 Moke OyTh 000B'sI3KOBUM ab0
Hi). B OCHOBY METOJMKHM NMPOBEJACHHS €KCIEPTHOI OILIHKHU IMOKIJCHI MaTepiaiv, BUKIAJICHI
B [9].

[TouaTkoBMM eTamoM MPOBEJIEHHS EKCHEpTHU3H € mpouec (OpMyBaHHS EKCIEPTHOI
rpynu. 3arajbHa MpakThka pekomeHaye (gopmysatu rpymy ekcreptiB 3 10—-15 daxiBiiB B
naHii ramysi (He Outbmie 20 oci6). CHoucoK eKCHepTiB CKIaJaBcs 3 YpaxyBaHHSIM IXHBOTO
CIIy’k00BOT0 CTAaHOBHIIIA, CTAXKY POOOTH HA YMPaBIIHCHKIN MOCA/i, OCBITH.

Jlony4yuBiiy 10 JociikeHHs B3aeMoito [T-koMmaHiii Ta HaBYaJIbHI 3aKJIaId MOKJIMBO
MIPOBECTU aHKETYBaHHS, 310paTu CTaTUCTUKY Ta BUKOPUCTOBYBATH TaKi HaBUYAJIbHI IJIaHH, SKi
3aTBEep/KEHI OyAyTh U OopraHizaiisiMu, 3aI[IKaBJICHUMH Y [IbOMY.

3BakarouM Ha Te, M0 KOHKYPEHTOCIPOMOXKHICTh (DaxiBIlsl 11e OaratorpaHHe i CKJIagHe
MOHSATTSI, TO BCE BHSBJICHE PI3HOMAHITTS KOMIIETEHIIIH, 110 BIUIMBAIOTH Ha HEl, HEOOXITHO
y3arajlbHUTH y BUJ1 CTPYKTYpHOI iepapXidHoi cxemu. Ha camMomy BEpXHbOMY — HYJbOBOMY
PIBHI CXEMHU MICTUTBCS y3arajJbHIOIOUMH MOKa3HUK KOHKYPEHTOCHPOMOXHOCTI (paxiBus; Ha
NPOMDKHHX — KOMILJICKCHI MOKAa3HHUKH, & HA HAITHI)KIOMY — OJIMHUYHI MMOKa3HUKHU (HABUYKH),
10 HE PO3KJIAJAt0THCS Ha 1HIIII.

[ToOynoBa Takoi cxeMH JOCHTH BIINOBiAaJdbHA 1 CKJIagHa poOoOTa, TOMY BOHA
BUKOHYBaJIacsl pa3oM 3 ekcrneptamu. Exkcriepram Oyna po3naHa po3po0sieHa aBTOPOM aHKeTa.
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Ankera  wmictuTh ~ 0a30BMH  TeEpeNiK  XapaKTePUCTUK, [0  BIUIMBAIOTh  Ha
KOHKYPEHTOCIPOMOXKHICTH [T-(axiBiis.

Jlo HecTaTKy eKCIEepPTHUX METOMIB YacTO BIJHOCATh TPYAOMICTKICTh 0OpOOKH
OTPUMAaHUX PE3yJbTATIB, OCOOUCTO 1I€ CTOCYEThCS TEKCTOBOI iH(popmarii. Kommerenmii, mo
OylM BHICYHYTI €KCIIEPTaMH, MOXXYThb HECTH OJHE CMHCJIOBE HABAaHTA)XCHHS, a OMHUCaHI
PI3HUMH CIIOBaMH. A TaKOXX € MOXJIMBICTh 00’ €IHAHHS CXOKHX KOMITCTCHI[IA B €HHY OUTBIIT
KOMIUIEKCY. B epy cTpiMKOTO pO3BHUTKY iH(MOpPMAIIHHUX TEXHOJOTIH II0 MPOOJIeMy MOXKHA
BUPIIINTH BXKE ICHYIOUMMH pO3poOKaMu B 3ICTABIICHHI Ta aHaIi3l TEKCTOBOi iHQopmaii B
0azax manux [10, 11].

BukopucToByroun eBHHUHA psii KpUTEPiiB (BUMOTH poOoTOaBus Ta komnereHmii BH3)
MOJKHA 3aCTOCYBATH OTIEPAIlil0 MEPETHHY Ta 00’ €THAHHA MHOXHH JI0 TIPEAMETHUX 00JacTen
PoGoronasens i BH3 ta mobymyBatu niniiny dysakiito. [le Moxe Oytu mimsoBa QyHKITIS IS
MakcHUMi3alii OTpUMaHHS SKOCTI YCIIIIHOCTI Ta KBajidikailii, ska BKJIIOYAE YUHHUKH, SKI
BIUIMBAIOTh Ha IMOKA3HMK YCIIIIHOCTI Ta BHUCOKOI KBasi(ikalii BUIYCKHHMKA, Ta BaroBUM
KOe(DIIeHT 3HAYyHIOCTI TOTO YM IHIIOTO KOe(IUIEHTY 3 MOy ekcnepra. Y pe3yibTari
MOXKJIMBO MiAiOpaTH Taki mapaMeTpH, 00 (QyHKIIiA, 3MIHIOIOUM HapaMeTpu Mojeil, Moria
MIJBUIIUATH YCIIIMIHICTh 3HaHb. UMHHUKH LUTLOBOT (PYHKINII BIUIUBAIOTh HA 3100YyTTS SKICHOT
OCBITH, KOTpa MpEACTAaBIIIE B MOJAIBIIOMY KOHKYPEHTOCIPOMOXHOTO axiBis [2].
3acTOCOBYBABIIM CaM€ METOJM EKCIEPTHOTO OIHIOBAaHHS MOJKHA BH3HAYHTH TaKOXK
BIIMOBIIHICTh OCBITHHO-KBaITI(piKAIIHHUX PIBHIB OCBITH Pi3HHUX piBHIB akpemuTailii [12]. Tum
caMHM B)K€ Ha eTalll HaBYaHHS 3/1iICHIOBATH CTBOPEHHS YHi(iKallii KOMIIETEHTHOCTEH.

[IpencraBnenHs 3AiCHEHHS 3a/1a4 (GOPMYBaHHS KOMITIETEHTHOCTEH MOYIJIMBO BUKOHATH
3a paxyHok UML mopemtoBanns. UML MoBa mpu3HaueHa Jyis CHOPOIICHHS CHUIKYBAaHHS 1
B3a€EMO/IIT YYaCHUKIB MPOEKTY, CKOPOUEHHS 4Yacy Ha MOSICHEHHs 1 3aCBO€HHA iH(opMallii,
MOJIETHIEHHA JIOKYMEHTYyBaHHsA. JlaHa MoBa J03BOJIsIE Bi3yasli3yBaTH CTPYKTYpPY, sKa
po3pobmserses. Kpim Toro, 3a nonomoroto UML mMokHa onrcyBaTH pi3Hi MPOIECH BCEPEINHI
KoMmaHii abo onucyBatu 013HEC-TIPOIIEC, B paMKax SIKOTO MPAIIoE PyHKITIS.

Ha pucynky 2 mnpexncraBieHa jiarpaMa BapiaHTIB BHKOPHCTAHHS, IO OIHCYE
B3a€EMOBIJTHOCHHU 1 3aJIe)KHOCTI MDK BapiaHTaMU BUKOPHUCTAHHS 1 JIIOYUMHU ocoOaMH, sKi
O0epyTh ydacTh B mporlieci. JlaHuil PHCYHOK TaKOX BimoOpa)ka€ OCHOBHY METY pOOOTH IS
CTBOPEHHS 0a3W aHUX KOMIIETEHIIIN Ta pe3yibTaTiB — GOpMYBaHHS PE3yIbTaTiB BUKOHAHHS
KOMITETEHITIH.

HapaHHA TEOPETHUHKX 3HAHL

e T

Hapanua akagewiunol moSinkHoOCTI

=

C BHeceHHAa komneTexyit >

—_—

———

e

Hi AKOCTI OCEITH

wextends

OPMYBAHHA pezylLTaTie BW{ """" @

-
Komnanin /“"r—_'_.__ _-_‘_‘_""“'\
i S
/’r;p_a.xyﬂau HA AOAATHOEMX HAB u;;‘\\

i

Puc. 2. Use-case giarpama B3aemoxaii BH3 Ta xommanii ansi CTBOpPEHHS CHCTEMH
KOMITIETEHTHOCTEHN
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Hacrynuuii Tunm niarpam, SKaii BioOpasuTh MOCHIIOBHY 0 NMPH CTBOPEHHI 0a3u
KOMIIETEHTHOCTEH — Jiarpama mociigoBHOCTL. Jliarpama MOCIITOBHOCTI MpU3HAYCHA IS
MOJICITIOBAHHS BITHOCHH MDK OO'€KTaMH CHCTEMH B paMKax OJHOTO KOPUCTyBaya, B JAHOMY
BUMAAKy — Kommanii. Ha pmiarpami mocmimoBHOCTI (IuB.puc.3) NpeAcCTaBICHUN BapiaHT
BUKOpUCTaHHA (popMyBaHHS 0a3M MPAKTUYHUX HABUYOK (PE3ysIbTATIB 32 KOMIIETEHI[ISIMHU).

[Ticnst mux Al MOXIIMBO CKOPHCTATHUCS MaTEMAaTUYHUMHU METOJAMU MaHIyJTIOBaHHS
iHpOpMAIIi€I0 TTPEAMETHOT 001aCT1 IHTEIEKTYabHOT TIPOIYKIIT HABYAILHOTO 3aKIIady, a came
MEPETHHOM MHOXKWH JUIS BIOPOBA/DKEHHS Yy pEAIbHY CHCTEMY HaBYAIbHHUX 3aKJIaiB,
peamizaiii HEOOXiTHMX KOMIIETEHTHOCTEH 1 pe3ynbTaTiB il MalOyTHIX CIeHiamicTiB
KomraHii [2].

/Q\ MNpakTyuni Haexkk: Rezultat Baza panux: BD

Komnanin: Komnauin
1 : CTEOpEHHA KOMMETEHUIR Ta HABMKIE

2 : JonaEaHHA B Gagy ,anH.Pi

— 3 - 30epertul)

4 © 3anuT nepeniky KOMNeTeHUIA Ta pesynsTaTie[)

I:r L : Buoaty nepenik KomMneteHuid Ta peaynsTaTief)

Puc. 3. Jliarpama mnocmigoBHOCTI aisa BapiaHTy BuKopuctaHHs DopmyBaHHs 0asu
MPAKTUYHUX HABUYOK

BucHoBku

JocmikenHss B 00jacTi BUSBJICHHS HEOOXTHMX KommeTeHTHocTer IT-daxiBiiB €
Cy4aCHHUM HEOOXIIHMM MIAXOJOM SKICHOTO TPYAOBOIO pecypcy KOMIIAHId 1 pEeUTHUHTY
HaBYAILHUX 3aKJIaJliB.

[TpencraBneni BuUMoru 10 BUIycKHUKIB IT-HanpsiMKy € mabioHHOIO 0633010, SIKa MOKE
HapouryBaTucs 1 3MmiHioBatuca. OmnuryBaHHsS poOoTomaBIiB 1i€i cdepu, opranizariii
OCBITHBOI c(epu MoOXKe JaTH pi3KUH MOLITOBX IPOrPECUBHOIO HABYaHHS 1 OTPUMAaHHS
CY4aCHOTO CIIBPOOITHUKA KOMIIaHIi.

IHTenexTyanpHa MPOAYKILIS Yy CBITI IN100AIbHOI €KOHOMIKM Ta CTPIMKOIO PO3BUTKY
Oi3Hecy SBISETBCA TOKWO (DyHIAMEHTAIbHOIO JIAHKOIO, Ha SAKIA TPUMAETbCS NPUHHATTA
MPaBIWJIBHUX, CBOEYACHUX Ta HEOOXIAIHMX KOMIIaHii pimeHs. ko daxiBeup Oyae BOJIOIITH
yciMa TUMHM KOMIIETEHTHOCTSMHU, OTPUMAaHUMHM Ha eTall HaBYaHHs, OpraHi3allis He BTPaTHTb
KOHKYPEHTOCIPOMO>KHICTb Y IMTOPIBHAHHI 3 IHIIUMHU KOMIaHIIMU.
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Hanmume wWHTEINMEKTyanbHOTO TOTEHIMATA HA MPEANPUSTHH U ero 3(QeKTUBHOE
WCTIONIb30BAaHNE — JTO OAHO W3 OCHOBOIOJATAIOIIMX 3JIEMEHTOB KOHKYPEHTHOI'O
MIPENMYII[ECTBA CPEIM AHAJIOTUYHBIX KOMIaHUH. POPMUPOBaHNE KOHKYPEHTOCTIOCOOHOCTH
MIPEANIPUSITAA 332 CYET MWCIONB30BAHUS COCTABIIIONIEH KOHKYPEHTHOI'O IOTEHIHAa
SIBIISIETCST AKTyaJIbHBIM HAIpaBJICHWEM, TaK KaK MHOTONpo(WIBHBIN crenuamuct Ooree
ymoOHeId s QyHKIMH opraHm3amuu. [T-koMmaHWK 3aWHTEPECOBAHBI B MPOSBICHUH
BBICOKOTO ¥ COBPEMEHHOT'O YPOBHSI KOMIIETEHINH Y BBITYCKHUKOB yI€OHBIX 3aBEICHUI 1O
CIIeIaIbHOCTSIM. VIMEHHO TO3TOMY OCHOBHOW WENBIO PaOOTHI SIBISIETCS ONpeelieHHe
KoMmrieTeHImi  Oyaymunx — cnenuanuctoB IT-wampaBnenus. lLlemp  paboTel  MOXHO
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OCYIIECTBUTH 32 CUET JOOABJICHHUS SKCIEPTOB MPESIMETHON 00JIACTH YIeOHBIX 3aBEACHUNA U
KOMIIaHUH, KOTOpBIC 3aWHTEPECOBAHBEI B KOHKYPEHTOCIOCOOHBIX CICIHANHCTaX, |
CTPYKTYpHU3allMK 3TaloB cOopa W 00paOOTKM maHHBIX. OTHAM W3 IYYIIUX METOIOB
WCTIONB30BaHUS CYXJICHUH SKCIEPTOB, HA HAI B3MIIAM, sBIseTCS MeTon Jlemb(u, KOoTophIi
SIBJISIETCS.  PA3HOBUAHOCTHIO METOJa KOJJIEKTUBHBIX SKCIEPTHBIX OLEHOK. Ilokazarenu,
KOTOpBIC HEOOXOIUMO YUYHUTHIBATH - 3TO M NMPO()ECCHOHANBHBIC 3HAHUS, W MPAKTUUCCKUE
HABBIKM, U paboOTa B KOMAaHJE, W JICIIOBBIC KAa4yeCTBA, U COOTBETCTBUEC KOPIOPATHBHBIM
IeHHOCTSM. [IOBBIINICHHUE YPOBHS MOATOTOBKU cTyneHTOB [T-cdepbl BO3MOXKHO 3a cuer
CO3MTaHMS YCPEITHCHHOTO CrHcka TpeOoBaumii ot IT-On3Heca. JlaHHBIN Ma0I0H KpUTEPHEB
MOXET OBITh HCIOJB30BAH IS TOMYYCHHWS CTATUCTHKH WM  AHKCTUPOBAHUS
3alHTEPECOBAHHBIX B IMOJIYYEHUH KAayeCTBEHHOTO CreunuanucTa opraHusamui. Co3gaHue
0a3bl NaHHBIX KOMIICTCHIIMH W pPe3yabTaToB ((OPMHUPOBAHUC PE3YIBTATOB BBHIMOJHCHHUS
KOMIICTCHIMI)  BO3MOXXHO  TpeAcTaBuTh 3a cyer UML  mMopenupoBaHus.
[NocnenoBarensHble qEWCTBHS IPU CO3/IaHUM 0a3bl KOMIIETEHIIMI OTpakaeT pa3paboTaHHas
JuarpamMMa nociefoBaTensHocTH. [IpencraBineHHble TpeOoBaHMS K BbIMyckHHKam [T-
HATIPABJICHUS SIBIISCTCS INAOJOHHBIM 0a30i, KOTOpas MOXET HapallUBaThCS U MCHSATHCS.
WuTemiexkTyaabHas MPOAYKIMS B MHpPE TIIOOATBHOW SKOHOMHKH H CTPEMHUTEIBHOTO
pa3ButTHs Ou3Heca sBsAeTCS TeM (YHIAMEHTAJIbHBIM 3BEHOM, Ha KOTOPOM JiepKaTcs
NPUHATHS TPABWIBHBIX, CBOCBPEMCHHBIX U HEOOXOIMMBIX KOMIIAHHH pelieHuil. Ecmu
CTHCNUANIUCT OyaeT BJIANETh BCEMH TEMH KOMIICTCHIIMSMHM, TONYYCHHBIMH Ha 3Tare
00y4eHHs1, OpraHu3anus He MOTepsSeT KOHKYPEHTOCIIOCOOHOCTh 10 CPaBHEHHIO C PYTHMU
KOMIaHUsIMHU.

KnroueBble cjioBa: HHTEIUIEKTYalbHBIM IMOTEHIMAN, KOMIIETEHIUH, KOHKYPEHTHBIN
NOTEHIIMAal, KOHKYPEHTOCIIOCOOHBIH CHEIHaINCT, JKcrepTHble Meroabl, WT-kommnanus,
KOMIICTCHTHOCTbD, I/IH(bOpMaLII/IOHHI)IC TEXHOJIOI'UH.

MODEL FORMING MODERN COMPETENCES OF IT SPECIALISTS
E.A. Zhuran, T.V. Filatova, O.0. Chernyshov

Odessa National Polytechnic University,
1, Shevchenko Ave., Odessa, 65044, Ukraine; e-mail: juran@ukr.net,
filatova.321@gmail.com, oleksii.chernyshov@outlook.com

The presence of intellectual potential in the enterprise and its effective use is one of the
fundamental elements of competitive advantage among similar companies. The formation
of the competitiveness of enterprises through the use of a component of competitive
potential is an urgent area, since a multidisciplinary specialist is more convenient for the
functions of the organization. IT companies are interested in displaying a high and modern
level of competence among graduates of educational institutions in the specialties. That is
why the main goal of the work is to determine the competencies of future IT specialists.
The purpose of the work can be achieved by adding experts from the subject area of
educational institutions and companies that are interested in competitive specialists, and
structuring the stages of data collection and processing. One of the best methods of using
expert judgment, in our opinion, is the Delphi method, which is a variation of the collective
expert assessment method. The indicators that need to be taken into account are
professional knowledge, practical skills, teamwork, business qualities, and compliance with
corporate values. Raising the level of training of students in the IT sphere is possible by
creating an average list of requirements from the IT business. This criteria template can be
used to obtain statistics or questionnaires of organizations interested in obtaining a high-
quality specialist. The creation of a database of competencies and results (the formation of
the results of competencies) can be represented through UML modeling. Consistent actions
when creating a competency base reflects the developed sequence diagram. The presented
requirements for IT graduates are a template base that can grow and change. Intellectual
products in the world of the global economy and rapid business development are the
fundamental link on which the adoption of the right, timely and necessary decisions by the
company rests. If a specialist will possess all those competencies obtained at the training
stage, the organization will not lose competitiveness in comparison with other companies.
Key words: intellectual potential, competence, competences, competitive potential,
competitive specialist, expert methods, IT company information technology.
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