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CYYACHI ACIEKTH MATEMATUYHOI'O TA
IMITAIIMHOI'O MOJIEJTIOBAHHSI CUCTEM B EKOJIOI'Ti TA
T'EOQJIOITi
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MOJEJTIOBAHHS JITHLOI IMPKYJISIIII B MOPI
BEJUITHCTAY3EHA

Mapepnu B., Tepnemnska K., Bposuenxo 1., bexxenap A.
Incmumym Ipobrem Mamemamuunux Mawun i Cucmem HAHY,
Yxpaina

B poGori npoBezieHO YKcenbsHe MOAETIOBaHHS JIITHBOT IUPKYJIALIT B MOpi
Bennincraysena ta Ha mens(di AHTApKTHYHOrO HiBocTpoBa. /st Moxento-
BaHHS 3aCTOCOBYBaJIaCh YMCeNbHA rifpoauHamiuHa Moaens SCHISM [1] 3
HECTPYKTYpPOBaHOIO TPUKYTHOIO TOPH30HTAIBHOIO CITKOIO Ta BEPTHKAIBHOIO
JIOKaJIbHOIO cirMa cucremoro koopaunat (LSC). lnst onucy TypOynaeHTHOCTI
BUKOpHcTOBYBanach K-kl Moaesns TypOyneHTHOCTI. Po3paxyHKu OB Tedii,
PiBHS MOpsI, TEeMIIEpaTypy Ta COJIOHOCTI IpoBowiIHcs s menbdpy 3AIl,
Mops Benincraysena ta npuirernoi wactiau [liBgenHoro okeany (Puc.1). Ha
MIOBEPXHI OKEaHy 3a/1aBaJIuCs IIOTOKH TEIIa, IMITYIIBCY Ta COJIi, SIKi po3paxo-
BYBAJIUChH 3a MaHuMU peaHanizy ERA-Interim. Ha BimkpuTux rpaHuIisix Bep-
THKAJILHAHN PO3MOIIT TEMIIEPATYpPH 1 COIOHOCTI 3aJaBaBcsl 3TLTHO PO3PaxyH-
KiB miobanpHOTO peananizy HYCOM [2]. Ha 3axigHiil BiAKpuTii rpaHuti
OyJu TakoX 3a7aHi BIAXHMJICHHS PiBHS Ta BEPTHKAJIBHUI PO3MOJUT IBUAKO-
cti po3paxoBani HYCOM. Ha Binkpuriii cximHiii rpaHui po3paxyHKOBOT
o0JacTi 3a/1aBAJIMCS YMOBH BUIIPOMIHIOBaHHS. B SIKOCTI MOYaTKOBUX yMOB
TaKOX BUKOPHCTOBYBaIHKCS pe3ynbratu peananizy HY COM.

PesynbraTi MOAENIOBaHHS IONIB TEYil, TEMIEPaTypy 1 COJIOHOCTI B
nepion rotTuii-0epe3eHs 2014 poKy MOpiBHIOBAIKCH 3 JOCTYITHIMHA JaHUMHU
CIIOCTEpEeXXEHb Ha IeNb(hi AHTAPKTHIHOTO IIBOCTPOBA, BKJIIOYHO 3 TAaHUMHU
YKpaiHCbKOi AHTapKTHUYHOI Excnenmumii. Po3paxoBaHi BepTHKaTBHI
PO3IIOALIH TEMIIEPATYPH 1 COJIOHOCTI Ha HIeNb(i Y3TOMKYETHCS 3 CIIOCTEPE-
JKCHHSIMH, 30KpeMa, B TIOJIOKCHHI MIHIMyMy TEMIIEpaTypH XOJIOJHOTO
MPOMDXXHOTO IIapy Ta Horo Temneparypi B paiioHi APreHTHHCHKHUX OCTPOBIB.
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Puc. 1. Po3nozin rmubuH y po3paxyHKoOBiit o0sacTi B Mopi bemincray-

3eHa 3rigao (GEBCO, 2019 [3]) (a); po3paxyHkoBa ciTka (0).
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Po3paxyHKn mokazaiu, M0 TOJIOBHUM KOMITOHEHTOM IHPKYJAMIl € AH-
tapkrruHa Hupkymmnomspaa Tewist (ALT), sxa nmepeHOCHTH BOAYy Ha cXin. Y
AT dopmyroTbes IeKinbKa CTPYMEHIB, SKi BTIKAIOTh B IPOTOKY [lpefika.
JlaHII05K0K BUXOPIiB po3aisie menb(oBy 30Hy AHTAPKTHIHOTO IiBOCTPOBA
ta AIIT. B miTHiil mepiox B3IOBX Kparo mens(y BUHUKAE CIIPSIMOBaHA Ha
MBJCHb TeYid, BUKIMKAaHA, B OCHOBHOMY, BEIMKOMACIITA0HOIO ITUPKYIIS-
LI€I0 OKEaHy Ta IMOJIEeM BiTpy. 3p00JEHO BHUCHOBOK, IO ()OPMYBaHHS 30H
miIHOMy Ta OIyCKaHHS BOJ Ha Ielb(i AHTAPKTUYHOTO MIBOCTPOBA CYTTEBO
3aJeXxarth BiJ 3MIH arMocdepHoi IMpKymsuii Hax MopeM berriHcrayseHa.
BaxnuBuM ()eHOMEHOM € BUHMKHEHHS alBeNiHTy Ha Kpato menbQy mpu Bi-
Tpi HaNpaBJIeHOMY Ha MIBHIYHME 3axin (puc. 2).

-60° T i -60°

Puc.2. Tlone BepTHKaIbHOI MBUAKOCTI Ha TubOuHi 50 M myst 12:00 (a)
15 motoro i (6) 15 6epesnst 2014 poky Ha mienbdi AHTAPKTHYHOTO MiBOCT-
posa. Ha puc. 5a mokazaHo nosjoxeHHs cT. 15 (17 Ykp. aHTapKTHYHA eKcC-
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Puc. 3. TlopiBHSIHHS pOo3paxyHKiB (YOpHA KpHBa) Ta MOJIETIOBAHHSA (dep-
BOHA KPHBA) BEPTUKAILHOTO PO3MOALTY TeMIlepaTypH (a) Ta cooHOCTi (0)
Ha cT. 15.
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ATIBEJUTIHT € BaKIMBHM JDKEPETIOM MOXHBHHUX PEIOBUH IS (PiTOIIAHK-
TOHY 1 BCHOTO MTOXKMBHOTO JIaHITIOKKa. Po3paxoBaHi mpodini Temmneparypu i
COJIOHOCTI B paiioHI APreHTHHCHKUX OCTPOBAX 3iCTaBJICHI 3 BEPTHKAIBLHIM
PO3IIOAITIOM TEMIEPaTypPH i COJOHOCTI MOOYJOBaHUM 3a TAHHMH CIIOCTEpe-
JKeHb T 9ac 3oMKH AHTapkTraHOI excriequtii 2013-2014 pp. Pospaxosa-
HUH BEPTUKATBHUHM PO3MOALI TEMIIEPATYPU Y3TOMKYETHCS 3 CIIOCTEPEKEH-
HSIMH, 30KpeMa B IOJI0KEHHI MIHIMyMYy TeMIIEpaTypH XOJOJHOTO IPOMIX-
HOTO IIapy Ta foro TeMmepatypi (puc. 3) .

PoGora Oyna ninTpumana HanioHailbHUM aHTapKTUYHUM HayKOBUM II€H-
TpoMm 3a poroBopom Ne H/4-2018 «/locnikeHHs mpoLeciB IPOCTOPOBO-Ya-
coBoi MIHIMBOCTI Tewid B Mopi bemiHcray3eHa Ta MOJIENIOBaHHS 30H
iAoMY Ta OMYyCKaHHs BOJ Ha mielib(di Mopst» Ta KopelchKuM iHCTUTYTOM
OKeaHChKHX Hayk Ta TexHoJorii (KIOST), sxuif HamaB ajs po3paxyHKiB 00-
YUCIIOBaIbHUN KiacTep 3 120 nponecopamu.
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DISMANTLING A METAL FARM ON THE ROOF OF THE 4TH
UNIT OF THE CHERNOBYL NPP. SCENARIOS OF WORK AND
THE CALCULATION OF THE ACCUMULATED DOSES OF
PERSONNEL WHEN PERFORMING RADIATION-HAZARDOUS
WORK

M. V. Pashynov
Institute for safety problems of nuclear power plants NASU, Ukraine

The results of three-dimensional modeling of personnel work conditions
in radiation-hazardous conditions of the roof of the 4™ power unit of the
ChNPP — "Shelter" object (OS), carried out using the software complex
HVRC VRdose, are presented. Estimations of dosing loads on personnel
during the dismantling of a metal farm on the roof of the "Shelter" object
carried out. The results obtained are highly consistent with the results of the
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safety analysis, and the individual doses to each member of the staff are
calculating with greater accuracy.

The project of transforming the OS into an environmentally safe system
involves the gradual dismantling of the upper structures. An intermediate
stage in this process is the construction of a new protective structure - the
New Safety Confinement (NSC). During the period of existence of the NSC,
it is necessary to dismantle structures that can collapse [1], as well as to
remove hazardous accumulations containing nuclear fuel [2]. According to
the Project Criteria [3], it is necessary to dismantle 18 unstable building
constructions of the OS during the period of early dismantling and 10
structures of delayed dismantling.

Dismantling of unstable structures of the OS presupposes the presence of
personnel in hazardous radiation conditions and in conditions where access
to the work performance zones (WPZ) is complicated. The roofs of the OS
are sloping, which makes it difficult to access operations sites (cutting,
stroking, etc.). This leads to a high risk of employee injury, requiring
increased attention to safety measures. Designing for dismantling should take
into account all the negative factors and be based on optimal design solutions.

In 2015, on the initiative of ChNPP, the design of a dismantling of one of
the constructions, which is included in the list of "early" dismantling of
unstable structures of the OS, has been developed. The Institute for Safety
Problems of NPPs of the National Academy of Sciences of Ukraine (ISP
NPP) developed the Safety Analysis Report [4]. This report presented the
results of personnel dose calculations for the performance of all work.

Thus, verification of the results obtained by dismantling the farm using a
software package is an opportunity to evaluate the suitability of the HVRC
VRdose Planner for other design work to be performing.

To evaluate the radiation doses of personnel during radiation hazard work
a document [4] — developed by the staff of the ISP NPP. This document
describes the entire process of dismantling, including the development of
personnel paths at all stages of work and estimates the time during which all
dismantling works will be performing.

HVRC VRDose allows visualizing the entire dismantling scenario for
each of the metal farm fragments. However, if in the case of [4], conservative
dose rates were using to calculate the personnel exposure, then in the HVRC
VRDose there is a possibility to use the actual values of the DR on the
southern roof of the OS.

Radiation survey of the southern roof carried out in 2000, and the values
of radiation doses using the coefficients counted.
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After simulating of all the parts of the dismantling of the F1 fragment
process, using [4] it is possible to verify the correspondence of the exposure
doses to personnel. The simulation results giving in Table 1.

Table 1. Comparative analysis of the correspondence of radiation doses values

. N Eo, model,
in S-BF%G of work (item (number of mS\I/EO:S AR [4], mSv, VRDose
personnel) ' Planner

Closure of flexible 2,53
pipelines of the MDSS, 2 4,83 185
Point 1 ’
Closure of flexible 2,85
pipelines of the MDSS, 2 4,83 258
Point 2 '
Closure of flexible 3,8
pipelines of the MDSS, 2 4,94 355
Point 3 ’
Closure of flexible 4,48
pipelines of the MDSS, 2 4,94
Point 4 3,78
Marking with paint of
bracket C1 ! 0.4 0,24
Marking with paint of
bracket C2 1 04 0,25
k';"rzgmgc‘g"”th paint of 1 0,494 0,578
Marking with paint of
bracket C4 1 0,494 0,74
Cutting of fastenings of 492 1,62
walking bridges of the 2 (e\;er )
upper zone of the farm y 15
Cutting of fastenings of
walking bridges of the 1 4,18 2,72
lower zone of the farm
Stropping of the node 1,26
Cl 2 185 1,42
Stropping of the node 1,74
c2 2 216 1,78
Stropping of the node 3,9
c3 2 481 343

2 4,36 2,9
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(Sjt;opping of the node 2,67
Cutting of bracket C1 2 2,36 i;g
Cutting of bracket C2 2 2,84 ggg
Cutting of bracket C3 2 4,14 5(’53
Cutting of bracket C4 2 4,14 gg

Simulation results

The simulation results show that for point 2.9 - marking for the brackets
C3, C4 there is an excess of the radiation dose calculated in [4]. According
to [4], the value of the DR in the calculation was - 18 mSv/h. During the
simulation, there were areas where the PD reached the values of 21 mSv/h.
Such deviations from the design values can lead to receiving higher radiation
doses of personnel.

For the C4 bracket, the accumulated dose is 33% higher than that of [4].

A similar effect is observing with the final cutting of brackets C3 and C4.
The personnel at the time of performing these works is in higher radiation
load, compared with [4].

Conclusions

Using the HVRC VRDose software calculations of radiation doses of
personnel during the performing of the basic operations for the dismantling
of a metal farm and comparisons with SAR carried out. The data obtained
using the software is well correlating with the project data. For operations
that are similar in radiation conditions - exposure levels are the same.
However, the software package allows for more accurate modeling of
radiation doses in space, that is why operations the radiation levels are 20-
30% higher than the design values.

The HVRC VRDose software package is a convenient tool for calculating
estimated radiation doses in radiation-hazardous conditions, thus allowing for
the development of several alternatives for the performance of works, it
enables to optimize the process of work performance and personnel behavior
in radiation-hazardous conditions.
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DESIGN OF THE WEB SYSTEM FOR IDENTIFICATION OF THE
UNKNOWN SOURCE OF RADIOACTIVE CONTAMINATION

R. O. Synkevych, S.Y. Maistrenko, I. V. Kovalets
Institute of Mathematical Machines and Systems Problems of the
Ukraine National Academy of Science, Ukraine

Ukrainian Center of Environmental and Water Projects

Introduction. Indicators of radioactive contamination such as time
integrated concentrations of radioactive aerosols are used for assessing the
state of the environment in Europe. These indicators allow to record the
deterioration of the environment operatively and help to analyze the
consequences of the existing environmental situation. Monitoring data is
available in real-time using the different platforms such as EURDEP
(https://eurdep.jrc.ec.europa.eu), which is a network for the exchange of
radiological monitoring data between most European countries. By using data
from such platforms, scientists often fix high concentrations of radioactive
elements. In case of detection of high concentrations the main task is then to
determine the source of pollution. Finding a source of pollution is a very
complicated process, because the data received by the information gathering
stations fix the increase of radioactivity concentrations in different places, at
different times, with different concentrations.

Calculation algorithm. Consider, for example, the case of fixation of a
high concentration of Ruthenium (Ru-106), which happened in the autumn
of 2017. Almost all European countries then fixed the concentration of
ruthenium that exceeded the lower detection threshold. The recorded data did
not reach the dangerous values, but ruthenium-106 does not occur in natural
conditions, therefore the fixation of this radionuclide in large areas has caused
considerable concern among the public and specialists. Since no country
reported an accident in its territory, researchers from different countries
began to seek sources using various mathematical models.
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The authors ofthe work [1] started were capable to search for a source of
ruthenium using the European nuclear emergency response system RODOS
(https://resy5.iket.kit.edu/RODOS), which includes the model of long-range
transport of MATCH, capable of calculating the atmospheric transport of
radionuclides on a global scale. As input data, global weather data, pollution
data stations and a map of nuclear facilities were used.

The method of analysis of possible sources was based on solving
conjugate atmospheric transport equations, which enables to construct a
""source-receptor” sensitivity function in tabular form. From the received data
in manual mode, the area with the most probable location of the source of
emissions was identified on the map. Moreover, the more calculations
performed, with more data the more accurate the results can be obtained.

Functional requirements and flowchart of calculations. During the
calculation, researchers encountered a number of problems, the solution of
which is the main idea of the article. The RODOS system must be installed
locally, downloade the weather forecast data, set up the database, submit the
data of the monitoring model and additional input parameters of the MATCH
model. Each new calculation in another area must be started in manual mode.
And the results obtained should be minimized with additional third-party
program to determine the region with a likely source location. Map data
visualization is also done manually with third-party programs.

To automate the process of finding of the unknown source of
radioactivity, it is advisable to use a web system that will consist of
calculation and web servers (Fig. 1). This separation will simplify the creation
of every new calculation and the processing of the results.

( @@

S~— Web Server Calculation server Weather Data

Fig.1 The structure of the interaction of components of the web system.

The computational server will contain a RODOS system with a database,
and a map of nuclear installations. Here the automatic downloader of the
global weather forecast data will be installed which also turns the wind for
each forecast for inverse calculations and then passes data into the database.
Running the inverse calculation is done using the MATCH model in RODOS,
which will allow running the calculation automatically if the task is located
in the appropriate folder under the extension .xml. After calculation, the
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calculated source receptor function [2]is stored on the server as separate files

(Fig. 2).
Files that are transferred .
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| P —
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v
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Fig.2 Calculations flowchart.

The development of web system will be based on previously created
Povitrya system for air pollution forecasting in Ukraine [3]. The web server
will manage the computational server, and will assign tasks in the queue
modek. Execution of tasks will be carried out by parts, passing the input data,
receiving the results, passing the next input data and so in a cycle. All
incoming and outgoing data is stored on a web server, and can be easily
downloaded, modified and rendered.

To run the task on the computational server, there is a need for pollution
data, this data will be transmitted as a file, along with the RODOS launch
configuration, the object's search boundaries, and weather information. The
input data are important for the calculations and the mistakes made in them
can cause errors in the results. The web server allows you to check them
immediately after entering inside the browser and displaying errors to their
users, sending the approved data securely to the computational server.

After downloading all results of calculations to the web server, the
minimization is done, so that the resulting areas of potential sources can be
then displayed on a map or as a table. Users can download the results at any
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time, or make adjustments to previously entered input data and run the
calculation again.

Fonoewa PoMan Buxia

BHeceHi aaHi
CreopuTu HOBWA
Pagiowyknia  Aara ac Koopauwah PesynsTat
Ra 236 11.03.2019 10:00 50.39, 30.48 PO [D +
Ra 236 12.03.2019 11:00 50.39, 30.48 B uepsi [EJ R 2
U 235 13.03.2019 12:00 50.39, 30.48 B uepsi ID _L

Fig.3 An example of the web system interface, "Home Page" and form
for entering measurement data.

Conclusions. Using the web system to search for an unknown source of
radiation will greatly simplify the calculation process using RODOS and
accelerate it by automatic queuing tasks, downloading weather and solving
for the minimization problem. The calculations can be performed by different
users, even those who do not have powerful computers. Preservation of both
results and input data will take place in one centralized location with the
possibility of accessing it through the Internet. The results of the calculations
can be flexibly adjusted and displayed in different forms both on the map and
in the form of a sorted table.
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DISCRIMINATION OF LITHOLOGICAL TYPES OF THE
RUNOVSHCHYNA AREA FOR ALPHA AND BETA ACTIVITY

S. Vyzhva?, O. Shabatura®, Mizernaya M.2, V. Onyshchuk?, I.
Onyshchuk!
1 - Taras Shevchenko National University of Kyiv, Institute of Geology,
Ukraine, 03022, Kyiv, 90 Vasylkivska str., 2 - D. Serikbayev East Kazakh-
stan State Technical University, Republic of Kazakhstan

Radioactive properties of rocks have valuable information about the
composition and properties of rocks. Determining the content of U, Th and K
is possible by various methods, but they are usually quite complex and costly.
In logging wells and laboratory studies, y and n methods are usually used to
record relevant radiation [4]. Therefore, the use of the a- B-method, as more
expressive and simpler in the laboratory studies of sedimentary rocks will
allow to perform a qualitative and, if possible, quantitative assessment of the
radioactivity of different lithological types of rocks.

In the laboratory of nuclear geophysics of the Department of Geophysics,
the Institute of Geology of the Kyiv University, a series of alpha and beta-
analysis of powder samples was carried out with the help of a laboratory low-
background device of UMF-2000, which provides high-precision
determination of the specific alpha (o, Bg/kg) and beta (B, Ba/kg) activity of
samples of rocks [4].

Table 1 - Correlations between the content of uranium (Cy) and KO
(Cx,0) and specific alpha and beta-activity in sedimentary rocks of different
regions

Region Correlation R? Vol- Source
ume
Volyn-Podil- Ck,0=1,6-10" 0,916 107 [4]
lya 3B+5,5-102
Runovshchyna Ck0=1,6-10 0,992 191
area 3B+6>6'10_2
Volyn-Podil- Cu=3-10 0,863 107 [4]
lya Ta+5-10°
Runovshchyna Cu=3-10 0,999 191
area 30+0,5032
OumDheroua, Cuy=7,7-10 0,928 87 *
Mauritania 30+1,0396

* Oral message from R.Bokatuk [5]
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The given correlation dependences were high to evaluate the content of
K20 in different-age formations and lithological types of Volyn-Podillya [4].
Clays have an average higher content of uranium and, accordingly, a due to
its concentration by sorption on clay particles, the formation of quaternary
uranium or the formation of solid solutions under redox.

Sandy rocks may contain uranium minerals, often as an isomorphous
admixture to heavy fraction minerals. Compared with alpha activity, beta-
activity has a significantly better discriminative ability, which allows to
distinguish between rocks of different lithological composition.

Instead, the ranges of values a- and P activity of sedimentary rocks in
Runovshchyna area which makes it impossible to distinguish them easily
using these parameters (Fig. 1).
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Fig. 1 Alpha and beta activity of sandstone and clay of Runovshchyna
area

Two groups of objects (clay and sandstone) are presented in the
coordinate system of two signs - a- and [ activity. The density of the
probability of signs has a two-modal character. If it use radiometric features
separately, then the confident distinction will not be executed. Classification
error is proportional to the density of overlap area of variation. Therefore, the
task of constructing a decision rule for discrimination of two lithological
groups of objects is based on mathematical statistics methods. For these
purposes, it is proposed to use a decision rule with the linear discrimination
functions (LDF). LDF include two signs (o- and B activity) to divide the
primary sample into two classes | and Il (sandstone and clay).
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Linear discriminatory functions. LDF is used to construct a decision
rule for the discrimination of objects by a fixed set of signs [4]:

Di = AXig + ApXip + .o+ Ay Ximy :iﬂkxik (€

k=1
where X; - the value of the k-th sign for the i-th object; 4, 4,,..4, -
coefficients of LDF, D; - a discriminator.

If D; > D, then the object refers to the first group, the opposite case - to
the second one. The boundaries between a group of objects is a straight line
whose equation (for two signs) is:

Xp = Dol Ay =X 1 2, )

The LDF coefficients that perform the discrimination of objects into
groups are the roots of a system of m linear equations:

Ak + Agkyp + o+ ki = 0y

Aoy + Ak + ...+ Ankom =0, 3
Ky + AoKima + ..+ ApKom = O
lei}+NI|kj!: . .
where kj; =| ———————— | - the elements of the combined covariance

matrix A, which are calculated by the corresponding values ki ki' of the

group matrices K; and Ky; Ny, Ny - group sizes; g, =a; —b; - the difference
between the mean and i-th signs in groups 1 and 1l [2].

The threshold value of the discriminator is determined by substituting the
arithmetic mean values from the centers of groups of the corresponding

attributes in the LDF equations:
m -
a—b
Dy= ) A4 — . 4
0 k§:1 k( 2 j 4)

Results of classification. The calculations carried out in the program
Statistica 7.0 and received the following LDF:

Sandstone = 0,00228a + 0,00419p-1,28126 (5)

Clays = 0.00477a.+ 0.00496 B -9.51348 (6)
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Figure 2 - Results of the classification of Runovshchyna area in litholog-
ical type using radiometric data

Lambda o = 0,9931963 is greater than lambda = 0,853632, which
suggests the advantage of incorporating such a feature into a discriminatory
model as a-activity compared to B-activity (Fig. 2 and Tab. 2).

In the expanded model, the most informative are not radiometric
indicators, but and such indicators include titanium dioxide (Wilks’ Lambda=
0.184), manganese (0.185), magnesium (0.208) and water content (0.219).

Table 2 - Classification Matrix before and after including of chemical
composition data (Runovschyna area, rows: observed classifications,
columns: predicted classifications)

Percent correct classified sandstone clay
be- af- be- af-
Cases before after fore ter fore ter
sandstone 95,57 100 151 60 7 0
clay 20 100 24 0 6 4
total 83,51 100 175 60 13 4

The obtained LDF in the model of alpha-beta radiometry indicate a rather
effective distinction between sandstone and much worse clay. Incorrected
classified objects are mainly associated with clay as products of high degree
of chemical transformation of the rock. It was affected with high Fe-content
and decrease the content of silicates.
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KOMIT'FOTEPHE MOJEJIOBAHHS JISITIBHOCTI HA
OB'E€EKTAX 3 PAJIIAIIIMHO-HEBE3NNEYHUMH YMOBAMHU

C. A. IlackeBuy, C. C. Ilinbepe3nuii
Inemumym npobnem 6esnexu AEC HAH Yxpainu, eyn. Kiposa 36a, Yo-
probuns, 07270, Vkpaina

BuxopuctanHS KOMI'FOTEPHOTO MOJICITIOBaHHS € e(DeKTUBHUM 3aXO0JI0M
JUTSL 3a0€3TeYeHHS padialifHOl Oe3MeKH Ta ONTUMI3aIlil IPpoIiecy BUKOHAHHS
poOiT y paniamiitHo HeOe3meyHnx ymoBax. OcoOIMBOI BarOMOCTI Taki po-
0oTi HaOyBalOTH 32 YMOB JIKBiZamii HACHIOKIB pamialiifHuX aBapiii. Baxk-
JMBO BHKOPHUCTOBYBATH KOMIUICKCHHH IiJIXiJl BUKOPUCTAHHS 1H)KCHEPHHUX
(a7t MOZIeTTFOBAHHSI 30H BUPOOHHMIITBA POOIT) Ta IMITAIIMHUX (IJIST MOJIEITIO-
BaHHs TEXHOJIOTIYHMX TPOLECIB MPH JIIKBiJallii HACIiAKIB aBapil) KoMm'roTe-
pHEX Mojesel. Ha ocHOBI iMiTaniiHOT MO/IesTi MOXke OyTH po3po0iieHa iHTe-
paKTUBHA MOJIEJIb JUIsl HABUAHHS IEPCOHAITY, SIKUH TUIAaHY€EThCS 3a/1iTH Y BU-
KOHaHHI poOiT.

V Incruryti npobnem 6esnmekn AEC HAH VYkpainu (mani — IIIb AEC)
OIpanboBaHi HAYKOBO-METOAMYHI Ta MPAKTHYHI OCHOBH JisUTBHOCTI 3 PO3pO-
OJIeHHS1, BIPOBA/KEHHS Ta 3aCTOCYBAHHS TaKHUX KOMITIOTEPHUX MOJEJeH B
yMoBax 00'exta «YkpurTs» YopHoOmnechkoi AEC. 30kpema, MosienoBaHHs
IIKPOKO BUKOPUCTOBYBAJIOCS JJISI BUPIIIICHHS Pi3HHUX 3aBAaHb, TAKHUX SK BU-
0ip onTUMaIBPHUX IIIAXIB nHepeTBopeHHs 00'ekta "Ykputra" (OY) Ha exoro-
riuHo Ge3meuny cucteMy [1], yIocKoHaJIeHHS METO/iB BUMIpIOBaHHS pajia-
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uiitHoi obcranoBku B ymMoBax OV [2], MojemoBaHHS pafialmiifHoi oOcTaHO-
BKH i AuHaMIKH 11 3MiaK B OY 1 mo6mu3y HoTO [3], 3a0e3neueHHs pagiamini-
HOi Oe3IeKH B TpoIieci eKcIuryaTamii Ta meperBopeHHs OV, 30kpeMa BHIy-
YeHHs MaauBOBMicHUX MartepianiB (IIBM) Ta in.

3acrocyBaHHA 1H(POPMAIIITHIX TEXHOJOTIH iMITaifHOTO MOIEIOBAaHHS
i pOBHX KOMI'IOTEPHUX MOZENEH CTOCOBHO O TPOIECY BITyYCHHS
[1BM 3 BepxHiX BiIMITOK 00'€KkTa «YKPUTTS» T03BOJIMIIO BXKE HA PaHHIH CTa-
Jii ONpaIfoBaHHs TEXHIYHUX MPOMO3UIIIH BUSIBUTH JAESKi MPUHIMIIOBI IPO-
61eMu 3acTocyBaHHs TexHiYHUX 3aco0iB HBK, 30kpema, cucremu ocHOBHHX
kpaHiB. [loganpmmii pO3BUTOK 1 BAKOPUCTAHHS MOJIEIIEH JO3BOJIUTH ONITHMi-
3yBaTH npoiiec BuiydeHHs [IBM, 3MEeHIINTH 1031 OITPOMiHEHHS IIEPCOHAITY
3aJIisTHOTO B Lill poOOTi Ta 3HU3UTH (PiHAHCOBI BUTpATH.

3acTocyBaHHS IMITaliiHOI MO JO3BOJIHUTE BUOPATH Ta ONTHMi3yBaTH
MpoeKTHI pimreHHs BrrydeHHs [IBM 3a 3amaHuMu KpuTepisMu, Bepudiky-
BaTH Ha IPEAMET BiTIOBITHOCTI BCTAHOBJIEHNUM BUMOTaM, CTBOPUTH iHTEpa-
KTUBHHH MPOTrpaMHUI KOMIUIEKC JUIS JETAIFHOTO HABYaHHS Ta MiATOTOBKH
TIepCOHATY.

3acTocyBaHHS KOMITTOTEPHOI Tpadiki MpH IUIAHYBaHHI i BUPOOHHUIITBI
orepailiif 3 00CIyrOByBaHHS, PEMOHTY Ta 3aMiHU 00JIaIHAHHS B paiaiiHO-
HeOe3MEeYHNX YMOBaX JA03BOJIMTH MPUHMATH OOIPYHTOBaHI PillICHHs PO J0-
IITBHICT TI€T Y 1HIIOT MiSUTBHOCTI, 3a0€3MeUnTH O1TbII BUCOKHU pIBEHBb
IUIAaHYBaHHS POOIT 3 METOI HEJIOINYLICHHS MEPEBHUIIECHHS BCTAHOBJICHHX
MEX J103 1 IONYCTUMHX PiBHIB, BUOPATH ONTHUMAJIbHI TEXHIYHI PillIEHHS 1 OII-
TUMI3yBaTH pagialiiHIA 3aXHCT.

HeoOxigauii mogamemnii pO3BUTOK METOMIB KOMI'TOTEPHOTO MOJEIIO-
BaHHS /ISl BUPIIIEHHS 3aBJaHb OCTaTOYHOro neperBopenHs OY. V mepiry
Yepry 1€ CTOCYEThCSI CTBOPEHHS AeTalbHOI imxkeHepHoi Mmozeni OY i po3ra-
uryBauHs [IBM micis feMoHTa)Xy HecTaOUTbHUX KOHCTpYKIii. Taka momens
TIOBUHHA JI03BOJIATH JIETKO BHOCHTH 3MiHHU IIPH BUAAIECHHI OKPEMHX CKYII-
yeHb [IBM.

Jnst BUOOpY ONTHUMAJbHUX PillleHb LIOJ0 MOJAIBIIONO IIEPETBOPEHHS
OY nouisIbHO yIOCKOHAINTH METOAM MOJISIIFOBAHHS IPOLIECIB BUMIPIOBaHHS
panianiiHUX XapakTepUCTHK (IOBEepXHEBUX ajb(da i Oera - 3a0pyJHEHb, Ky-
TOBHX Ta €HEPTETUYHUX PO3IMOMAIIIB raMMa-BUIIPOMIHIOBAHHSI), PO3POOUTH
YTOUHEHHS MOJIeNTi pajialiitHoi 00CTaHOBKH, IPOBECTH MOISITIOBAHHS TAKUX
IPOLIECiB, SIK epBUHHE copTyBaHHs [IBM 6e3nocepeHbo B MiCISIX X BHILY-
YEeHHs1, BUJTy4eHHs] OCHOBHHUX cKymueHb [IBM.

st 3a0e3neueHHs 6e3neKy Npy BUKOHAHHI pOoOIT HEOOX1THO po3poOHTH
IHTEpaKTHBHY MOJIEJIb JUISl HABYaHHS 1 TPEHYBaHb IIEPCOHAITY IPH BUKOHAHHI
PI3HUX BUJIB JisSUTEHOCTI.
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J1st 00TpyHTOBAHOTO PO3TIIALY BapiaHTa BiKiIaIeHOTo BiurydeHHs [IBM
3 HIDKHIX BiIMITOK HEOOXiTHO IIPOBECTH KOMITIOTEPHE MOJICTIOBAHHS Pi3HUX
BapiaHTiB KoHcepBallii [IBM Ha HIKHIX BiIMITKax 3 ypaXyBaHHSM JIOITYCTH-
MHX BUKHIIB Ta CKUIIB.

Jyxe BaxITUBUM € npoBeaeHHs KM MOXITMBUX BapiaHTIB IIEPETBOPEHHS
OV B cx0BHIIE KOPOTKOKUBYIUX PaAiOaKTUBHHUX BiIXOMiB, BKIIOYAIOUH PO-
3paxyHOK BIUIMBIB Ha HAaBKOJIMIIHE CEPEIOBHIIIE.
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MO/JIEJTIOBAHHS ITPOIIECIB CAMOPETEHEPAIIIT TA
CAMOPEILTIKAIII METOJIOM PYXOMMUX KJITUHHUX
ABTOMATIB I3 B3AEMOPIBHOBA’KHUM OTOYEHHAM

B.B. XKuxapesuu, K.I1. I'azatok, C.E. Ocranos
Yepuiseyvkuii Hayionanvuuii ynieepcumem imeni FOpis ®edvkosuua,
Yrpaina

MonemnroBanHst 010JIOTTYHHX TPOIECIB Ta CUCTEM — OAWH 3 HAalaKTyasb-
HIIIKX Ta HAWTIEPCIIEKTUBHIIINX HAIIPSIMKIB HAYKOBUX JOCIiIKeHb. MexaHi-
3MU 0araThox 0i0TPOIIECiB HA JaHUH Yac € HeBigoMuMu. TakuM 4uHOM, OJ1HA
13 3a51a4, sIKa BUPINITYETHCS 32 PaxXyHOK MOJISITIOBAaHHS — TOIIYK BiJMOBiAeH
Ha [UTaHH, [I0 3aJIMIIAIOTHCS BIIKPUTHMH. J[0 X MUTaHb 30KpeMa Bi/IHO-
CATH MOMIYK IIAXIB caMOOpraHizaiiii Ta esoJromii xuBoi Matepii (Origin of
Life).
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[HCTpYMEHTapii, TKNHT BUKOPHCTOBYETHCSA IS TOOYIOBH Mojenel 6io-
JIOTIYHUX 00 €KTIB Ta iX AMHAMIKU JOCUTH PI3HOMAHITHHHA — BiJl OMUCY THUX
YH {HIINX MPOIECIiB B TEPMiHAX Teopii mudpepeHIIfHNX piBHAHB Ta IX dHCe-
JBHOTO PO3B’S3KY, A0 MOOYJOBH iMITAI[ITHUX KOMITIEKCHUX MOJIEIIEH, 110 Bi-
I00OpakaloTh OKpeMi CKIIaIOBi BiNMOBITHUX mpomeciB abo cucreM. Kiri-
THHHO-aBTOMAaTHE MOJEIIOBAHHS MOXKHA BIIHECTH caM€ M0 IMITariiiHOrO
MIX0/y, IO BXKE JOCUTH JaBHO BHKOPHCTOBYEThCS Ul pealtialii mupo-
KOT'0 CIIEKTPY IUTYYHHUX O10NOAIOHUX CTPYKTYp. 3arajioM Leil HarpsMoK Mo-
nentoBanHs oTpuMas HasBy «llItyune sxurtsi» (Artificial Life), mera sikoro —
PO3po0OKa 3araibHUX MiAXO0iB MOOYI0BH IITYYHUX MOJEJIEH KUBUX OpraHi-
3MiB. [Ipy IbOMY BUKOPHUCTAaHHS KIIITHHHUX aBTOMATIB SIK IHCTPYMEHTY MO-
JICTFOBaHHs NMPUBAOIIOE MOJKIIUBICTIO CTBOPEHHS HAWIPOCTIIIUX MOJEINei
HAWCKITJHIIINAX CHCTEM.

Meprnm pocrigaukom npodnematuku «Artificial Life» oys xoH dpon
HeiimaH, sxwif BUBYaB MOXIIMBOCTI peaizaiii CaMOBIATBOPIOBAHUX CTPYK-
Typ 13 BUKOPUCTAHHAM, Y TOMY YHCIIi, IHCTPYMEHTAPIIO KIITHHHAX aBTOMa-
TiB. 3JaTHICTh CAaMOBIITBOPEHHS (CaMOpEITiKallii) — e YHiKaIbHEe XapaKTe-
pHE SBHIIE, BIACTUBE BCIM JKUBUM opraHizMaM. HelimaH noka3as Ta onmcas
[1] MoxHBOCTI TOOYAOBH AMCKPETHOTO AETEPMIHOBAHOI'O CaMOBIATBOPIO-
BaHOTO aBTOMATa, L0 SABJsIE COOO0I0 IEBHUM aHATIOT MAallMHU THIOPUHTA, sIKa
KOITIIOE BMICT Kepylodoi mporpamu Ta (parMeHTH CTPYKTYpH aBTOMArTa.
Haii6isp11 MpOCTOr0 KITITHHHO-aBTOMATHOIO MOJIEIUIIO caMOpeIuTikaii € Mo-
nenb, 3anpornonoBana Kpicom Jlenrronom [2]. B aBromari JlenrroHa k-
THHA MO’KE 3HaXOIMTHCS B OJHOMY 3 BOCBMH MOXJIMBHX cTaHiB. CTaH Kili-
TUHH B HACTYIHHH MOMEHT 4Yacy BH3HAYa€ThCS CTAHOM B TEHEPIIIHIH Mo-
MEHT Ta CTAaHOM YOTHPHOX CYCi/liB. ABTOMAT SIBJIsIE COOOI0 CUT'HAIBHY CTpi-
YKy, II0 3HAXOIUTHCS MiX JIBOMa cTiHkaMu. CHTHaJbHA CTpidka Hece iH(o-
pMaitito, HeoOXiJIHy JUIsl CTBOPEHHS KOIIii aBTOMaTa, sSika OTPUMYETHCS Yepe3
151 takt wacy micis 3amycky. HaiOunemn BiTOMOI KOHTHHYalTbHOI MO-
JICIUTIO, 3aCHOBAHOIO Ha AU(DEPCHIIHHUX PIBHSIHHSAX JJISI OOUYHCIICHHS 3MiHU
HeMepepBHUX IapaMeTpiB CUCTEMH Y 4aci, € peakiiiiHo-audys3iiiHa Moiens,
3anpornonoBaHa AnanoM Twropunrom me y 1952 poui. PisHoMaHiTHI Moau-
¢ikauii niei Mmozei, 30kpema Moaens ['pesi-CkoTa Ta iHIi, BAKOPUCTOBYIOTh
Ha CHOTOJHIIIHIN I€HB TSI MOJICTIOBAHHS IIPOIIECiB cCaMOpeIuTiKaii, emopi-
orenesy Tomilo [3].

OxpemMHM HaNpsIMKOM JOCIIIKEHb IPOOJIEMaTHKN caMO3apoUKEHHS Ta
€BOJTIOLT OIOMONIOHUX CTPYKTYp € KOMIT FOTEpPHE MOJEJIIOBAHHS XIMIYHHX
MPOIIECIB, 1110 MOXKYTh MPHU3BECTH 10 MoAIOHOT quHamiku (Artificial Chemis-
try) [4, 5]. 3okpema aBTOpam poboTH [5] Branmocsi nodyayBaTH MOJEIb CaMo-
perutikanii KITHHONOMIOHUX cTpYKTYp (Tak 3BaHMX «Los Alamos Bugs»),
SIKI BOJIOJIOTH HE JIMIIE eJIeMEHTapHUM MeTaboJi3MoM, aine i cIiaJkoBOIo
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TeHEeTHYHOIO iH(popMartiero. Mozens nepeabavae pyHKIIIOHATEHY B3a€MO3a-
JIEKHICTh MeMOpaHH, METa00Ii3My Ta CAMOPEILTIKAII0 TeHETHIHOTO 0i0To-
aimepy. IIpu npOMy MOCHITHHMKH CTBEPUKYIOTH, IO MOJEINb 3aKIaga€e OcC-
HOBH ISl TIEPIIIOTO iHTETPOBAHOTO MPOCTOPOBO PO3IMOIIICHOTO KOMII FOTep-
HOT'O MOJICTTFOBAHHSI BCHOT'O IIPOTOKITITHHHOTO KUTTEBOTO UKIY. SIK iHCTPY-
MeHTapii U1 NoOYIOBU JOCHTH IPOCTOI MOJIEINI 3B’ I3aHUX poIieciB audy-
311, caM0300pKH Ta XIMIYHUX peakiiii, OyI0 BUKOPHCTAHO METOJ MOJIEIIO-
BaHHS IMHAMIKU TPUBUMIPHHUX JUCUIIATUBHUX YaCTHHOK.

AHani3yloun HaBeIeHi MiJXOIH I0JO0 MOJENIOBAaHHS CaMOpeIUTiKalili-
HUX CTPYKTYpP, MOXHA 3allpOIIOHYBAaTH METOJ, 3aCHOBAaHUH Ha PyXOMHUX KJIi-
tuHHUX aBToMatax (PKA). Meron PKA, no-cyTi, citii BBaKaTu CBOEPiTHOIO
riOpuau3aIlier0 aBTOMAaTHOTO MiAXO0Y Ta METOIY MOJICKYJISAPHOI TUHAMIKH
a00 IMUCKpETHUX eNeMeHTiB. [y moOynoBH eneMeHTapHOT MOJETI poIiecy
caMopeInTiKamii KNI THHOMOAIOHOT CTPYKTYPH IPOBOAUTHCS 11 IEKOMITO3HUIIiS
Ha OKpeMi CKJIAJIOBi €IEMEHTH 1 KOXKEH eJIeMeHT mpenacTtaBisieTbes PKA i3
BIATIOBITHOIO TIOBEIHKOIO, SIKa 3aJICKUTh Bifl TUILY €JIEMEHTA Ta CTaHy OTO-
YyI04Oro cepefoBuIa, TO0TO Bix crany cycigHix PKA. Taky mty4uHy cTpy-
KTYypy Ille Ha3uBaloTh «aniMatom» (Bix Artificial Animal). TTepeBaramu Bu-
kopucranHsi PKA mpu cTBopeHHi aHiMaTiB €: MOXJIMBICTD JJOCUTh THYYKOTO
(opmyBaHHs 1OBUIBHOI MOPQOIIOTIT ITYYHOI KIITHHONOMIOHOT CTPYKTYpH
Ta WOTO OpraHe, JITKICTh IMITallii MPOIIECiB CHHTE3Y Ta PO3KIIaJaHHs OKpe-
MUX (hparMeHTiB, 3a/laHHs IKPOKOTO CIEKTPY (HYHKIIOHAIBHUX BIACTHBOC-
Teil (parMeHTiB, MHOXKHHU SIKMX YTBOPIOIOTH BiJIIOBIJHI YaCTHHU CTPYK-
TypH (MeMOpaHu, GiOpH MUTOCKENETY, HUTOILIa3Ma Tomro). Kpim Toro, aBTo-
MaTHHH MiJIX1J JO3BOJISIE TOCUTH IIPOCTO PEaIi30BYBaTH 3MiHY CTaHIB MOJe-
KYJSIPHHX KOMILUICKCIB Ta IMITyBaTH TaKUM YHHOM TPOIIeCH, OAi0HI 10 6710-
KyBaHHS 200 aKTHBAIlii OKPEMUX TEHIB, IO iHII[IIOIOTH Ti YH iHIII PETyIATO-
PHI MEXaHI3MH B KJIITHHI.

HenTpansHot0 mpobieMoro moOyaoBH OyIb-sK0i KIITHHHO-aBTOMAaTHOT
MO/IeJi JOBIIBHOTO SIBUILA UM CHCTEMHU € 33J[aHHs PAaBUJI aBTOMATHUX B3a€-
Mo/iii. B Hamomy BHIaaKy /st MOZAEIIOBaHHS CaMOpPEILTIKALIItHUX CTPYK-
TYP MU HPOMOHYEMO C(OPMYBATH JJOCUTh HMIMPOKHIA CHEKTP PI3HOMAHITHHUX
tuniB PKA Ta BCTaHOBUTH Mi>K HUMH NpaBUJIa PIBHOBaXKHOTO cyciacTra. Li
MpaBWiIa MepeadavaroTh iICHyBaHHA HaBKoOIO okpemux TumiB PKA koHkper-
HUX Oa’kaHMX HAOOPIB 3 IHIMMX THMIB. Y TakWX BHUIMaaKax moreHmian PKA e
MiHIMQJIBHHUM, @ CTPYKTYPa, Ky BOHH YTBOPIOIOTh € cTiiikoto. Skmio sx PKA
He 1epe0yBaroTh y MO3UIISAX 31 CBOIM PIBHOBAXXHUM OTOYEHHSM, TO CTPYK-
Typa € HeCTabIJIbHOIO, a OT)KE MOXKHA OpPTaHi3yBaTy ii mpsiMyBaHHs 10 PiBHO-
Ba)XHOTO cTany. [Ipu iboMy Mo>xiuBi 1Ba Bapiantu: abo PKA npeiidyiors y
HarpsMKy 3MEHIIECHHS MMOTEHIIaNy 1 TAKMM YMHOM Peai3yeThCs MPOLEeC ca-
M030ipku (Self-Assembly), abo PKA iHiifor0Th BUOYAOBYBaHHS (CHHTE3)
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PIBHOB2XHOTO OTOYEHHS 1 TAKMM YHHOM PEaTi3yeThCs MPOIEC caMOpereHe-
patii. MoxHa TakoX po3risiaaTi KOMOIHAIIIO WX JBOX BapiaHTIB.

Sk mpukIax MOXXKHA PO3TIIAHYTH PiBHOBAaXHY B3a€MOJII0 JBOX THITIB
PKA, oguH 3 sikux (S1) B piBHOBaXHOMY CTaHi IIOBUHEH OYTH OTOYEHUI ITi-
ctema PKA irmoro tumy (S2). A mist PKA tumy S2 moBuHHO icHyBatu Tpu
piBHOBaXHHX cycina — oauH S1 Ta aBa S2. Li mpaBuia piBHOBaXKHOTO CYCia-
CTBa MOYKHA BUPA3UTH y TaOJIMYHOMY BHUIJISIAI:

Kinbkicts cyciniB S1 S2
6 S1 -
3 S2 1 2

JleMoHCTpalisi CTIMKOCTI CTPYKTYp, CPOPMOBAaHUX 32 MPHHIMIIAMH PiB-
HOB2)XHOT'O CYCIJICTBa PyXOMHUX KJIITHHHHUX aBTOMATiB 300pakeHO Ha puc.l.
HaBeneHi BiIXWiIeHHs IPU3BOIATH IO HEPIBHOBAXKHOTO CTaHy. B HacTymHi
MOMEHTH 4acy BiOyBaeThCs CaMOBIIbHE MOBEPHEHHS 10 CTaHy PiBHOBaru
Ta BITHOBIIOETHCA T0YaTKOBA CTPyKTypa. ToOTO Mae Miclie mpowec camope-

TeHepalii.

Puc.1. CxemaTruuHa A€MOHCTpALis CTIKOCTI CTPYKTYp, chopMoBaHMX
3a MPUHIUIIAMHU PIBHOBaXXHOTO cycizcTBa PKA.

IpaBuia B3aemoniit PKA MoxHa JOMOBHATH MOXJIMBICTIO aKTHBAIIiT pi-
3HHX MiAMHOXHUH a00 Tepexo/ilaMu BiJl OMHUX THUIIIB JI0 1HIINX, 3aJIEKHO BiJl
JESIKUX HETepepBHUX IapaMeTpiB (aHAJOT NMPHUTOKY KHUBISYUX PEUOBHH).
Takum unHOM OyJIe peanizoBaHO AOBUIBHY NMEPIOJMYHY JHHAMIKY, YaCTKO-
BUM BHUITaIKOM 5IKO{ € camoperutikarist. Kpim Toro, alroputM MeToay MOXXHa
JIOIIOBHUTH MEXaHi3MOM BHIIaJIKOBOTO J0o/aBaHHs HOBHUX THIIB PKA 1o mo-
JIeTIbOBaHOI KIITHHONOAIOHOT CTPYKTYpH (aHAJIOT MyTalliif), 110 MOKe MpHU3-
BECTH JIO MiIBUIIEHHS CTIHKOCTI T1 TUHAMIKH, a00 HaBIIAKU — MPOTHUIISATH pe-
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rutikamii. | HapemTi, CTBOPUBIIY YMOBH /ISl IPUPOIAHOTO T000pY, MOXKHA Op-
TaHi3yBaTH €BOJIOUIIO TOCIIHKYBaHUX CaMOPEIDTIKAIlIHHAX KIIITHHOTIOi0-
HHUX 00 €KTIB.
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VIIK 519.8
®OPMAJIIBALISA 3AJIAYI PO3IOALTY TEPUTOPIM JIJISI
OBCJIYI'OBYBAHHJ
Kocruuena K.1O.

Hayionanvnuti mexuiunuii ynieepcumem Yxpainu « Kuiscokuii nonrimex-
Hiunut incmumym im. leops Cikopcoko2oy

Beryn. Ha croroaHinHiii JeHb OUIBIIICTD MiZANPHEMCTB, 1110 3aMaIOTHCS
30yTOM HPOJIYKIIiT, 3ILTOBXYIOTHCS 3 IPOOJIeMaMy OpraHi3aliii MapKeTHHTY
MPOJIaK, CTPATETriYHOTO IUIAaHYBaHHSI, @ TAKOX €(EKTUBHOTO PO3IOJITY TPY-
JIOBUX pecypciB. JlociUKeHHSIM JaHuX Mpo0JieM 3aiiMaeThCsi TeOMapKeTHHT,
10 JOITEHO TPOBOMTH 3a JIOTIOMOT'OF0 BUKOPHCTaHHS TeorpadiyHux iHpo-
pmamiiiaux cuctem (I'1C).

I'IC abo reoindopmariiiHi CHCTEMHU 3aiMAIOTHCS JOCIIKSHHSIM IPOIIeCy
MPOCTOPOBUX 3aKOHOMIPHOCTEH y PO3MOAUICHHI JaHUX Ta B3a€EMO3B'SI3KY
Mix o0'extamu. IlmanapHi 00'exT (Ha MicrieBocTi) OyBalOTh JEKUTBKOX TH-
MiB: TUCKPETHi, HEeTIepEepBHi Ta y3arajibHEHi 3a mromero. CKIaJoBUMH Yac-
trHamu ['IC € mouaTkoBuit 00’ekT, pecypeu (TpynoBi, GiHaHCOBI, MaTepia-
JBHI, iHPOpPMAILIiiiHI TOIIO0), METa TIEPETBOPEHB Ta MPaBMIIa MEPETBOPEHHIX
[1].

Koxen 00'ekT Mae TIeBHI 0COOINBOCTI, III0 BHOKPEMITIOIOTH IX cepen iH-
mux a00 HAaBIAKH, 3a JIOMIOMOTOI0 IIUX 0COOINBOCTEH MOXKIIMBE 00'€JTHAHHS
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iX y rpynu. 3aBIsSKHA TAKOMY PO3AUICHHIO TIOJIETIIY€ETHCS COPUIHHATTS, 30epi-
TaHHA Ta 00po0Ka BeNMKOI KiTBKOCTI pi3HOTHIHO]I iH(popmarttii. Taka mpore-
Jypa Ha3MBAETHCS KIACTEPH3ALIEI0, TOOTO 1€ MPOILEC MONIYKY MEHIIUX Io-
MOTEHHHX TpyI(Kiactepis) 3 Habopy reTeporeHHnx 06’exti [2]. Kmacrep-
HUIl aHaNI3 OUTATHCSA Ha TaKi OCHOBHI THIH: iIMOBipHICHHN ab0 HEUITKHH ,
TepeKpUBarOYHi, iepapxiunnii Ta Bukmounmii [3]. Came ocTaHHii THIT po3T-
JISAAETHCS Jalli y poOOTi.

Hocuth yacto y 3amayax crBopeHHs ['IC BHKOPHCTOBYIOTBCS METOIU
rpynyBaHHs abo kiacudikamii ABOBUMIpHUX 00’ €KTIB AJIs TIOJIETIICHHS BU-
KOHaHHS omepaniil Hal HUMH. Y JTaHili poOOTi PO3IIISIHYTO caMe TaKy 3aaady
Ta 3alPOIIOHOBAHO Ii MATEMATUYHY MOJEIIb.

3micToBHA mocTaHoBKa 3amayi. [TinnpueMcTBO, 110 3alMaEThCs JUC-
TpuO I0TOPCHKOIO JiSIBHICTIO, Mae M MeHekepiB (Mmanager) s oocayro-
BYBaHHsI KOXKHOI 31 3B’SI3HUX TEPUTOPIH, Ha SIKi TIIUTHCS BCsI 30Ha 00CIIyro-
ByBaHHs. KoxxHa TepuTopist cKinagaeTbes 3 obnacteld adbo Opikis (brick), 3a-
rajbHa KUIBKICTh SKHX CKJagae N . 3 KOKHOI 00JIACTIO aCOLIIOETHCS TIEBHA

KiNBKIiCTh KIi€HTIB a0 cIielianicTis; 3aranom € K Tumis creniamictis. Me-
HEJDKEPU MaloTh 00CITyryBaTH KOXHOTO CIeliajicTa JHIIe OJJUH pas.

Otxe, OyeMO BUKOPUCTOBYBATH TaKi MOHATTS:

—  Opikw, K y3araJbHeHi 3a IUIOIIEIO IIPOCTOPOBI 00'€KTH;

—  3B’s3HIi TepUTOPIi, AK MiAMHOKUHH TaKUX 00’ €KTIB;

—  MeEHeIXep, K IeBHUH (haxiBelp, 10 Mae 0OCIYrOByBaTH KITI€EHTIB

—  KUIBKICTh KIIIEHTIB OJHOTO THITY, SK KUTbKICHA aTpHOYTHUBHA BEJHU-
yrHa 00'€KTa, 10 MOBHICTIO Ta OJHO3HAYHO XapaKTEePHU3ye 00’ €KT;

OCHOBHOI0 METOI0 TMOCTaBJIEHOT 3aa4i € 3HAXOJPKEHHS TaKkoro o0’el-
HaHHS OpPIKIB y TepUTOPIi, 11100 3aBaHTAXKEHICTh MEHEKEPIB OyJia piBHOMI-
pHOto. [HIIMMHU coBaMu, HEOOXIZHO 3HAWTH Take PO3OUTTS HAa KIIACTEpH,
cyMa 3Ha4eHHs aTpUOYTIB Y SIKUX /I KOXKHOT TPYIH y CEpeTHbOMY Ma€ Ofi-
HaKoBi 3HaueHHs. T00To, CiIiJ| MiHIMI3yBaTH BIIXWICHHS BiJ cepe/HiX 3Ha-
4yeHb aTpu0OyTiB. [Ipn Takomy migxo/i 115 mpodiema BiIHOCUTHCS 10 pobIieM
KJIacTepH3allii, [0 IPUBOIUTH JI0 CIEIiabHOI 3a7a4i KOMOIiHATOPHOI ONTH-
Mmizarii.

®opmanbHa mocraHoBka 3anavi. ChopMyeMo MaTreMaTHYHY MOJEIb
3agad4i. s oo BBEAEMO TaKi IO3HAYCHHS:

- KUTBKICTh MEHEJKEPiB — M ;

- KIJIbKiCTh OpiKiB (00’€KTiB 00CITyroByBaHHs) — N ;

- KiJIbKiCTh aTpuOyTIB — K ;

- MaTpHIs 3HaYeHb aTpulyTiB A, ne i=1n, ] =1k;
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- BaroBuil Koedimient aTpubyry — @., j = 1,k :

J

- MaTpHIll CYMDKHOCTI Teputopiid L i=1,_n, i :1,_n , ne L =1,

ij 1
AKILO TEPUTOPIi i Ta j MexyrTh onHa 3 onHoro Ta Ly; =0 y npo-
TUIICKHOMY BHIIAIKY.

Po3paxyemo mist j—ro atpubyTy cepeHe 3HaUCHHS XapaKTEPUCTHKH 10

00’eKTaMm:

n
_2A
fj:L,jzl,k. 1)
m

L{to BeM4MHY MOXKHA IHTEPIPETYBATH K CEPEIHIO KIIBKICTh CIeLialic-
TiB MIEBHOT'O TUILY, 110 OOCIyTrOBYIOTHCS. OJTHIM MEHEIKEPOM.

Hexait maemo MHOXHHY M , 10 CKJIagaeThest 3 N eneMeHTiB. KoxkeH 3
CJIEMEHTIB € TEPUTOPIATBEHOI OJUHHUIICIO, KOJKHA 3 SKMX BH3HAYA€THCS MijI-
MHOHHOIO OpIiKiB, SKMM BiJITIOBiZlae ICBHUIA HaOIp aTpUOYTIB.

Sk Bimomo, cucrema muoskun S ={X;, X,,.. X} HazuBaeTbcs po3ouT-

TSAM MHOXKUHH M , SIKIIO 151 CUCTEMA 33JI0BOJIbHSE TaKi YMOBH:

1. DByap-axi asi MHoxubau X,Y €S € IU3'TOHKTHUMH, TOOTO MarOTh
nopoxHiii nepetur: X,Y €5, X #Y = X nNY =,

2. OOG’emHaHHs BCiX MHOXHH, SIKi BXOAATH B PO3OUTTS S, Ja€ BCHO
MHOXHHY M:

UX=M.

XeS

B Hamomy BHMaIKy JOBiIBHE PO3OUTTS S Ha M HEMOPOKHIX TiAMHO-
JKHH, SIKi IOIIAPHO HE MEPETUHAIOTHCS, BU3HAYAE PO3B’ 30K 3a/1a4i.
Jdnst P—ro MeHemKepa po3paxoByBaTUMEMO CEpEIHE 3HAYCHHS | —TO

aTpuOyTYy, IO ACOIIIOETHCS 3 BIAMOBIAHAM OPiKOM, TaK:

¢n =2 A.J=Lkp=L1m. )

ieX,
XpeS

BukopucroByroun Gopmynu (1)-(2), 3HaueHHs 1iap0BoI QYHKIIT MOXKHA
MOJATH TaK:

m k — J—
£(S)=2"> |py — f;| > min, j=1k, p=1m. ®)

p:l j:]_
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V 3B’3Ky 3 TUM, 1[0 PO3TIIAAAIOTECS TEPUTOPIi, IO MAFOTh 3aJOBOJIBHATH
MIPAKTUIHUM 3aIllUTaM, HEOOXiTHO BBECTH YMOBY 3B SI3HOCTI JUIA KOXKHOT TIi-
JIMHOXKHHU PO3OHTTS S , BUKOPUCTOBYIOUM €IEMEHTH MaTpHL CyMiKHOCTI

Lij,i =1n,j=1n.

Otxe, 3a/1aua MoJIsIrae y Tomy, o0 3HalTH Take po30uTTs S , Ha IKOMY
J0CSIraeThcs MiHIMYM HiTbOBOT QyHKLIT (3), 32 yMOBH 3B'SI3HOCTI TEPUTOPIH,
110 BU3HAYAIOTHCS UM PO3OUTTSM.

BucnoBku. Ha ocHOBI aHamni3y pociiukyBaHoi 3a1a4i kiactepusanii 3a-
nporoHoBaHa ii popManbHa MOCTaHOBKA. Y MaTeMaTHYHOMY acleKTi BOHa
HAJICXKHUTH JI0 3a/1a4 KOMOIHATOPHOI ONTHMI3allii MiJBUIIICHOT CKIIAJHOCTI,
TOMY TOYHI QJITOPUTMH PO3B’SI3yBaHHS 3aCTOCOBHI JIMILIE JUIS 33/1a4 HEBEJIH-
KOi po3MipHOCTi. [{lUM TOSICHIOETBCS aKTYyalbHICTH PO3POOKH Ta 3aCTOCY-
BaHHS HAOMKEHUX allTOPUTMIB KOMOIHATOPHOI ONTHMIi3allii, IO CTaHe mpe-
JIMETOM ITOJAJIBIINX OCIiKEHb.
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YK 004.6:528

MOJIEJITMPOBAHUE U CPABHUTEJIbHBIN AHAJIN3
XAPAKTEPUCTUK HEKOTOPBIX IPOCTPAHCTBEHHO-
BPEMEHHBIX MO/JIEJIEV TEOJAHHBIX HA IIPUMEPE
C®EPBI YIIPABJEHMS JIECHBIM XO3SICTBOM

K.B. Xypunnasa, B.A.Jlutsunos, C.5.MaiicTpeHko
Hncmumym npobiem mamemamuieckux Mawun u cucmem, Yxpauna

B nocnegnee Bpemsi MpOUCXOIUT AKTUBHOE Pa3BUTHE MPOCTPAHCTBEHHO-
BpEMEHHBIX T€OMH(POPMAITMOHHBIX CHCTEM, ONEPUPYIONINX MPOCTPAHCTBEH-

41



HBIMH T€OJaHHBIMH M MX N3MEHEHUSIMH BO BpeMeHH. KoHnenTyansHO# oc-
HOBOM IIPEACTAaBICHUSA U 00pPaOOTKM TaKUX JAHHBIX SBISTIOTCS IIPOCTPAHCT-
BeHHO-BpeMenHble Moaenu (ITB-mozxenn) [1-3].

Jloxnan mocBsilieH CpaBHUTEILHOMY aHaIu3y HEKOTophIx I[IB-monenei,
KOTOpBIE, [0 MHEHHUIO aBTOPOB, B OOJBIIECH CTENIEHN COOTBETCTBYIOT Tpebo-
BaHMAM U OCOOCHHOCTSIM NPEJCTABICHHS T€OAAHHBIX Ul JIECHOW OTPaCIHy,
r7ie HeoOXOIMMO OTCIIC)KUBAHUE W3MEHEHMs T'PaHHUIl M CBOWCTB JIECHBIX
00BEKTOB BO BPEMEHH, a TAK)X€ BBIIBICHUE OIIMOOK B JIECHBIX T'€0JIaHHBIX
[4, 5].

JlecoycTpoiiCTBOM 10 €AMHON CUCTEME Ha BCE TEPPUTOPUM Y KPaUHBI
3aHumaercs I10 «YxkpaepkiaucrnpoekTy, 6a3a reoJaHHbIX KOTOPOTro, MO TOY-
HOCTH NPHOJIMKAETCS K KaJlaCTPOBBIM JaHHBIM. Bce reojaHHbie XpaHsTCS B
OJTHOM KOOPJMHATHOW CHCTEME C OJMHAKOBBIM MAacIITabOM, B SIBHOM BHJC
coJiepKaT BPEMEHHYIO KOMIIOHEHTY U MMEIOT MepapXHyeckuil xapakrep. B
OCHOBE MEPapXHH JIECHOTO (hOHIA JekKaT TAKCAIMOHHBIX «BBIAEIBI» - OJIHO-
POIHBIE TO TAKCAIIMOHHBIM XapaKTEPUCTHKAM YYaCTKH JIECHOTO (OH/A.
Kpome yka3zaHHONH 0COOCHHOCTH OPraHM3ALUH JIECHBIX T€OIaHHBIX CYIIECT-
BEHHOE 3HAUCHHE /I BHIOOpA AJIbTEPHATHBHBIX KOHKYPEHTOCIOCOOHBIX MO-
Jierieid iMeeT 00beM JaHHbBIX, YaCTOTa BHECEHHS U3MEHEHHH, YacTOTa U CJIO-
JKHOCTH BBINOJIHCHHS 3aIPOCOB, Halu4ue (WIM OTCYTCTBHE) IOJBMIKHBIX
00BexTOB U Ap. C y4eToM yKa3aHHBIX KPHUTEPHEB M 3aMEUaHUil BBIICICHBI
Tpu [IB-mMonenu.

B SS-Monenu nanHsle XpaHATCA B CIOAX Yepe3 TUCKPETHBIE BPEMEHHbIE
uHTepBaNIBL. OTACNBHBII CIIOH COXPaHsET BCE TO, YTO OTHOCHUTCS K 33aHHOM
TEeMaTHYECKOH 00JIacTH B HEKOTOPBIH MOMEHT BpeMeHu. CI10i conpoBoxaa-
eTcst TabnIel HeTPOCTPAHCTBEHHBIX JaHHBIX, CBA3bIBAIONIEH 00BEKTHI C CO-
OTBETCTBYIOIIMMH HOMEPaMH BBIJICIIOB.

B LCG-moaenu naHHbIE XpaHATCS B BUAE COBOKYITHOCTH HAaUMEHbBIINX
00mmx reomerpuii (LCG) - HeM3MEHHBIX CO BPEMEHEM MOJIUTOHOB, KOTOPHIE
MOJTHOCTBIO BXOJAT WM COBIAJAIOT C OJHHUM H3 IOJUTOHOB B KaXKIBIH 3a-
JTaHHBI MOMEHT BpeMeHH. CBs3b HCTOPUYECKHUX 0OBEKTOB, BPEMEHH CYyIIe-
cTBoBaHus U coctaBisionmx ux LCG xpansitcs B 6a3ze pekomOuHaimii. Ka-
KBTI ICTOpUYECKUI 00BEKT B HEKOTOPHI MOMEHT BPEMEHH MTOTHOCTHIO CO-
CTOUT W3 oiHON min Heckoubkux LCG.

PO-mozenp B 1esioM Mojio0Ha MpeabIAyIei, HO 371eCh HMOJUTOHbI Xpa-
HSTCS C TTIOMOIIBIO IyT (JIMHEHHBIX CETMEHTOB), HCIOJIB3YEMBIX B 3TOH MO-
nenun BMecto LCG. Tabnuua ayr npenocTaBisieT CHHCOK AYT O BpeMEeHEM
UX CO3/IaHMS MU YHHUTOXXEHHUS, a TabInIa HICTOPUIECKUX 0OBEKTOB OTpakaeT
CBSI3b HCTOPUYECKUX OOBEKTOB U IyT. [Ipy BHECEHNH HOBBIX UCTOPHUYECKUX
00BEKTOB M3MEHEHHBIE OOBEKTHI 3aHOCSTCSI KaK HOBBIE C YKa3aHHEM COO-
TBETCTBYIOIIUX UM JYT.
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I[H}I HpOBC,Z[eHI/I}I CpaBHI/ITGDJILHOFO aHaJIn3a B KAYCCTBC OCHOBBI «6CHLIMa-
PKUHTa» Ha pearbHBIX JAHHBIX ITOCTPOEH (pparMeHT mpeaMeTHOH 00JIacTH,
KOTOpast K3MCHSCTCS BO BPEMCHHU, U PACCMOTPCHBI €TI0 IIPCACTaBICHUS TPEMSI
BBIACJICHHBIMU MOJICJISIM Ha HpOTH)KCHI/II/I LIeTpreX JICT.

V&
1

CBoanble JaHHBIC 3a 4 TO/1a TI0 KOJMYECTBY BEPIINH , XapakTepu3y-

i
OIIUE HYKHBIM Pecypc MaMsaTH U 00beM Tabiul] pekoMOuHanuii ' , xapa-
KTEPHU3YIOIIHE TOTMOTHUTEIBHYIO BPEMEHHYIO TPYI0EMKOCTb MPEIBAPHUTEIb-
HOW 00pabOTKH re0JaHHBIX, IPUBEICHBI B TA0IUIE 1.

Tabnmma 1 XapakTepucTuKN 00beMa MaMsITH

I AV \YA R
(Toma) ! !
SS LCG PO SS LCG PO
1 27 27 27 20 0 2 4
2 49 76 56 58 0 10 21
3 59 135 66 63 0 12 23
4 65 200 75 70 0 14 27

W3 Tabin.1 BUIHO, 9TO 3a YETHIpE roja Ul NPEeACTaBICHNUS T€OAaHHbBIX B
LCG u PO-monensx TpeOyeT mouTH B TPH pa3a MEHbBIIE MaMsITH, 9eM B SS-
Mmojenu. C apyroii cTopoHsl, SS-Mo/eib, He TpeOyst 00paboTKH NaHHBIX PU
BHECEHHH U3MEHEHHH, IPY BHECEHUU HOBBIX JIAHHBIX pab0TaeT 3HAYUTEIIHHO
obircTpee. OJHAKO, 3TO XapaKTEPHO TOJIBKO I HEKOTOPOro MEPBUYHOrO Ie-
pHoja npejcTaBleHus Habopa BbIIENIOB. B ocHOBY Ooee B3BELIEHHOM Mpo-
THOCTHYECKON OLIEHKHM OBbUTM TIOJ0)KEHBl OTHOCHUTENIBHBIE IMOKa3aTelH,

OTIpENICIIAIONINE TUHAMUKY 3HAUCHHNA ViJ "u Rij . B Ttabn. 2 mpuBeneHs! mo-

marossie oTHoCHTENbHEIE 3Hauerms AV )/ AV,, AR/ AV, RI/ V,, xa-

paKkTepHU3ymolIie COOTBETCTBEHHO IUHAMHKY MPUPOCTa OOBEMOB MaMSITH,
JIOTIOJIHUTENIbHON TPYAOEMKOCTH BHECEHUS M3MEHEHMH, JOMOJHUTEIbHOMN
TPYJIOEMKOCTH BBITIOTHEHUS 3aIIPOCOB.

Tadauua 2 CpaBHUTENbHBIE XapaKTEPUCTHKHA 00EMOB IIAMSITH U TPYL0EM-
KOCTH 00pabOoTKH

T'ona
1 2 3 4
AV LCG | AV SS 1 0.59 0.17 0.14
AV PO AV S8 0.74 0.78 0.08 0.11
ARCC [ AV SS 0.07 0.16 0.03 0.03
ARPC / AV S8 0.15 0.35 0.03 0.06
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RLCC Jy/ LCG 0.07 0.18 0.18 0.19
RPO J\ PO 0.2 0.36 0.37 0.39

B nenom, moyiydeHHbI€ TaHHBIE, C YU€TOM COOTBETCTBYIOLIUX CPABHUTE-
JIBHBIX Ka4eCTBEHHBIX OICHOK [1-3], nat0T OCHOBAaHUSI IS CIAEAYIOIIUX OIle-
HOYHBIX YTBEPKACHUM.

1) Haubonpbuie# mpocToToi peanusalyu, NpOCTOTON MOJIb30BAHUS yXKe
HAKOIUICHHBIMH JTaHHBIMH, IIPOCTOTONH U CKOPOCTHIO BHECEHWU M3MEHEHUH
oTMedaercs SS-MoJens, - oco0eHHo i pacnpoctpaneHHBIX [IC, opuen-
TUPOBaHHBIX Ha ciion. OIHAKO, C POCTOM KOJHYECTBA CIOEB PE3KO BO3-
pactaeT 00BEM MAHHBIX, TOCKOJBKY B Ka)KIOM CJO€ COXPAHIIOTCA Kak
W3MEHCHHBIC, TaK W HEW3MEHHBIE OOBEKTHL. IIpocThie 3ampochkl OTHOCH-
TENEHO HEKOTOPOTO COCTOSHISI KAPTHI BBITOIHIIOTCS OBICTPO, HO YTOOBI y3-
HaTh, KaK M3MEHWICS HEKOTOPHII OOBEKT 3a ONpEACICHHBIH IPOMEKYTOK
BpEMEHM HY)KHO IIIar 3a IIaroM MpOCMAaTpUBaATh MOCIEA0BATENbHBIE CIIOH,
YTO MOXKET OBITh OYCHB TPYAOSMKHUM. M, HaKOHEIl, U3MCHEHU, MPOU3O0IIE/-
M€ MEXAY ABYMS BPEMEHHBIMU CJIOSIMH, - TEPSIFOTCSL.

2) LCG- u PO-mojenu TpeOyrOT 3HAUYUTEIFHO MEHBIIIC TAMSTH, 4eM SS-
Mojienb, ipu 3ToM, PO-Mozens skoHoMHee, yeM LCG. DTo npeumyniecTBo,
OJTHAKO, CKa3bIBACTCS TEM OOJIBbIIIC, YEM MEHBIIIC MEHSACTCS CO BPEMEHEM 00-
JIACTh OTCIICKMBAHUS.

3) BHeceHne n3MeHEHUH M OTBETHI Ha 3alIPOCHI XapaKTepU3YIOTCS 00Jb-
meit BpemeHHoM TpynoeMkocTeio ais LCG- u PO-mozpenelt, uem ans SS-
monemu. [Ipu atom, LCG-Monens pabdoraer O6bicTpee PO-monens. Kak otme-
gaercs B [2, 3] MeTO HAMMEHBIINX OOIINX TEOMETPHI TIPEBOCXONT IPYTHE
METOJIbI B ClTydae, KOrja He00X0AUMO MpOoaHATU3UPOBATh M3MEHEHHS HEKO-
TOpOH 00JIaCTH 3a 3a/JaHHbII BpeMeHHoW mpoMexyTok. Kpome Toro, LCG-
MOJIeNTb TIPOIIE pea3yeTcs, 4eM IceBo-00bpekTHas. Oqnaxko, PO-monens
HMEeT MPEUMYIIECTBA B CKOPOCTH MPHU OOJIBIIIOM KOJIMYECTBE U3MCHEHUH U
CJIOXHOMW, HEOJTHOPOTHOU HepapXuu 0ObEKTOB, WIIH €€ OTCYTCTBHH.

B nacrosiiee Bpems B cucreme «I'MC-Jlucnpoext» [4, 5], mist koropoi
OOHOBJICHHE T€OJAHHBIX BBIMOJIHIETCS C TOJOBBIM WHTEPBAJIIOM, MPHHATA
HanboJlee mpocTast s pean3anu, - SS-Moens. [IpoBeieHHbIN KaueCTBeH-
HBI ¥ KOJIMYCCTBEHHBIN aHAIN3 acT ONpeelICHHbIe OCHOBAHUS IS PEKO-
MeHAauui o npuMeHeHnu uMeHHo LCG-moaenu, Kak MHCTPYMEHTaIbHOM
OCHOBBI ITepexo/ia OT 33a]a4 OMUCAHUS M IKCILTyaTaIliu JIeCHOTo (JOH/A K 3a-
JladaM aHaJIHM3a U YIPABJICHUS €ro Pa3BUTHEM.
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VJIK 528.9

PO3POBKA BEB-THTEP®EWCY JIJ151 HABYAJIbHOI
BIBJIIOTEKH YUCEJIBHUX METOJIB PO3B’A3AHHSA
PIBHSHHS AJIBEKTUBHO-IU®Y3IMHOI'O MIEPEHOCY

C.JI. KiBBa, C.A.Maiictpenko, T.O. [louros-3arpe6a, 1.B.Kosanenp
Incmumym npobrem mamemamuux mawun i cucmem HAH Ykpainu

OnHUM 3 HaOLIBII BOXKIIMBUX HAMPSIMKIB PO3BUTKY KOMII FOTEPHOTO MO-
JICTIFOBaHHSI B MPUKJIAIHUX JOCITI/DKEHHSAX € IiJBUIICHHS IIBUIKOJII Ta TO-
YHOCTI YHUCEJIbHUX METOJIB PO3B’sI3aHHSI MaTeMaTHYHUX MOJIeJIell HaBKOJIHU-
IIHBOTO cepenoBHIa. Hanpukian, y MOAeII0BaHHI HOBITPSTHOTO Ta BOJIHOTO
Cepe/IOBHINA OJIHIEI0 3 HAHOUIBII BaXIIMBHUX 33/1a4 € PO3B’3aHHS aJIBEKTH-
BHO-IM(Y31HHOTO PIBHAHHSA, SKE OMHCY€E TPAHCIOPT PEUOBHH. Y cepenuHi
munynoro cropiudst C.K. I'ogyHOB nokasas, 1o A7t piBHSAHHS IIEPEHOCY He
iCHYe JIiHIIfHOT Ta MOHOTOHHOT CXEMH PO3B’SI3KY, III0 MAE MOPSIIOK AIPOKCH-
Maii aIBEKTUBHOTO OTIEPATOPY BHIIE MIEPIIOTO. 3 TOTO YaCy MPOJIOBKYETHCS
po3po0Kka iTepariiHuX (HeMiHIHHUX) CXEeM PO3B’s3aHHS TaKUX PiBHSHB, SIKi
MOETHYIOTh BUCOKY TOYHICTh 3 MOHOTOHHICTIO po3B’s3kiB. OjHaK, M0ci HE
iCHy€e cXeMH, sika 0 0JHAKOBO A0Ope TpalltoBaia Jjs 3a/1a4 pi3HOi pO3MipHO-
CTi, THIHHUX Ta HENiHIHHUX PiBHAHB, 3a0e3MedyBaja yci BUMOTH KOHCEPBa-
THBHOCTI, OyJIa JOCTaTHhO NIBUKOMIHHOI0. TOMY B JaHili raimy3i TpUBalOTh
aKTUBHI JocixeHHs. 3a octanHi 10 pokiB Timbku BUAaBHUITBOM Elsevier
Oy1no omy6sikoBaHo moHax 5000 crareil Ha TeMy po3poOKH CXeM aJBEKTH-
BHO-IN(Y31HHOTO TPAHCIIOPTY.
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HaBuaHHS CTyIEHTIB Cy4acHHM METO/IaM MO/ICITIOBAHHS HABKOJIUIIHBOTO
CepeOBHINa TAKOXK MOTpedye KOOPAMHAILIIT OO peai3allii, TeCTyBaHHA Ta
MOPIBHAHHA YUCETHHUX CXEM 1 3pyYHOTO JOCTYIY /10 OOYUCIIOBATBHUX pe-
cypcis. I'pynoto pocnigaukis IIMMC npoBenena nonepeass pobdora 3 iH-
TETPYyBaHHS MAaTEeMaTHIHHUX MOJIENCH HaBKOJMIIHBOTO CEPEOBUINA Yy PSIi
BeO-CHCTEM, PO3pOOIIEHO BeO-CepBiC MPOTHO3YBAaHHS IOTOAH HA ETATBHIX
ciTKax JyIs MOBiTBHOI 00nacti Ha Teputopii 3emuoi kymi [1, 2]. Jana momo-
BiZIb TPHCBSYEHA caMe BUPILIEHHIO MUTaHb LI0J0 CTBOPEHHS BeO-cepBicy
JUISL TOCJTiZPKEHHS1, TECTYBaHHS Ta OPIBHSHHS YUCEIBHUX CXEM PO3B’sI3aHHS
PIBHSIHb MaTEeMaTHYHUX MOJieJield HaBKOJIMIIHBOTO CEPEJOBHINA Ha OCHOBI
PO3B’sI3aHHS MOJIENIbHUX 33/1a4.

IIpu cTBOpeHHI HaBYaJIbHO-AOCTIAHOI Tpig-mIaThopMu OIS  JOCHi-
JUKEHHSI Ta TECTYBaHHA HOBHX YHCEIBHUX METOJIB, IO 3aCTOCOBYIOTHCS B
3aJadax MOJIEIIOBAHHS HaBKOJIMIIHBOTO CEPEIOBHINA HEOOXITHO BUKOHATH
nepepaxoBaHi HIDKYE 3aBIaHHS.

[IpoBecTH TaHyBaHHS MOAEIBHUX 33/1a4, B IIEPIIy YEPTy AJIS PIBHIHHSA
a/IBEKTUBHO-AH(Y31HHOTO IEPEHECEHHS Ta, MOJINBO, W 1HIIHX.

CcdopmymoBaTy BUMOTH Ta IIPOTOKOJIM BBEACHHS/BUBEACHHSA JAHUX I
MaiOyTHIX pPO3POOHHUKIB, II0 CTOCYIOTHCS: IMOYATKOBHX, TPAHUYHUX YMOB,
napaMeTpiB CIiTOK, ITapaMeTpiB BUBEICHHS, NESIKHX KePYIOUnX MapaMeTpis,
sIKi 33/1a10ThCs B YHI(iKOBaHOMY (hOpMaTi, BU3HAYEHOMY JUIs AaHOI I1aTgho-
pmu; yHidikoBaHOTO (DOPMATy Ta MapaMeTpiB Ui BUBEIEHHS PE3YJIbTATIB;
BUMOT MIOZ0 BHKOPHCTAHHs IEBHUX OI0JIOTEK iHIHHOI anreOpu; BHU-
MOT CTOCOBHO MOBH mporpamyBaHHs ais peamizanii (C/C ++, Fortran) ta
KOMITUISITOPIB; BAMOT CTOCOBHO JIOKYMEHTaIlii METOY.

CTBOpUTH MOYATKOBY BepcCito miaT¢hopMu (porpaMHa peaizallis AeKi-
JBKOX METO/IB Ta TECTYBaHHS KEH3iB, 1[0 BiJINOBIIAIOTH MOJACIBEHIM 33]a-
aM.

3aJly9UTH CTOPOHHIX KOPHCTYBAYiB Ta (paXiBI[iB JIJIS IOYATKOBOT'O TECTY-
BaHH 1 HAIIOBHEHHS IUIaTGOPMHU Ta KOPET'yBaTH IIaTGOpMy 3 ypaxyBaHHIM
JIOCBIly TaKOi pOOOTH, OTPUMAHUX KOMEHTAPIB Ta 3ayBaXKCHb.

[Tpu npoexTyBaHHI BeO-101aTKy BUPIIIYBaINCh TaKi 3aBlIaHHs, K BUOIpP
apXIiTeKTypH, MPOSKTYBaHHS 0a3u JaHUX, BUOIP CTEKY TEXHOJIOTIH Ta iHIIe.

Jannii BebO-cepic peanizoBaHO 3 BUKOPHUCTAHHIM apXiTEKTYpH KIII€HT-
cepBep, 110 BKIOYAE BeO-BY3NH 3 iHTEPaKTHBHUM iH(QOPMAIiHIM HAIOB-
HCHHSM, SIKi B3a€MOJIIOTH 3 02300 JaHHX, 3 OJHOTO OOKY, i 3 KIIIEHTOM 3 iH-
moro, pyHKIIOHYIOYH B JaHOMY MPOEKTI 3a JOTIOMOTO0 TEXHOJIOTIH Java Ta
PHP.

[lepeBaru BUKOpUCTaHHS TAKMX CYy4aCHHX MOB ITPOTpaMyBaHHs, SK Java
ta PHP y cdepi Be6-po3poOoK i, BIIIOBIIHO, CyMICHUX 3 HUMH TEXHOJIOT1H 1
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CTaHJAPTIB JOCHUTH iCTOTHI. Java- KpocmardopMHa MOBa Ha piBHI BHKO-
HaHHA, TOOTO 1 BUKOHYBaHI (ailiii MOXKHA 3aIlyCKaTH Ha Pi3HUX Mm1atdop-
Max 0e3 momepennboi nepexommiinii; PHP - kpocmmardopmua mMoBa, mo
IHTEepIpeTY€EThCA, i1 iHTEepIpeTaTOpH ICHYIOTH sl OaraThox miatdopm. Crig
3a3HauuTH, o PHP - ckpunToBa MoBa mporpaMyBaHHs 3arajibHOIO IpHU3HA-
YeHHS, IHTEHCHUBHO 3aCTOCOBYETHCS ISl po3poOKK BeO-momaTKiB. Y maHWi
Yac MiATPUMYETHCS OUIBIIICTIO XOCTUHT-TIPOBAWIEPIB 1 € OJHIEIO 3 JiJepiB
cepesl MOB MPOTpaMyBaHHS, 1[0 3aCTOCOBYIOTHCS [l CTBOPSHHS TUHAMIY-
HUX BeO-CaiiTiB.

Web-cepBep pearnizoBano sik moeananus Apache HTTP Server, mo re-
HEpYy€E CTATHYHHI 1 JUHAMIYHAN KOHTCHT Ta € HamiiHuM i mBuakum HTTP-
cepBepoM, i Apache Tomcat, ockinbku 3Bu4aiinuii cepsep Apache HTTP, ne
MiATpUMYE TeXHooTii Java-cepsieTiB. KpiM Toro, mpoBeaeHi NOCTiIKeHHS
MOKas3aJjH, [0 BUKOpUCTaHH: cepBepy Apache Tomcat mist craTHUHHX BeO-
cropiHok MeHm eektuBHE HixK Apache HTTP.

Jl1s mpoBeIeHHsT pO3paxyHKy KOpUCTYBad MOBHHEH 3aJaTH HEOOXiIHi
napaMeTpu: TUII CXEMH PO3B 3Ky (MOHOTOHHA Ta IEHTPAIbHO-CIPSIMOBaHA
CXeMH HEpLIOro i APYroro MOpsIKy aIpOKCHMail 3a 4acOM Ta METOJ YaCTH-
HOK); THII IOYAaTKOBOT YMOBH (LMJIIHADP, KOHYC, TAarop0); THUII yMOB MIBUAKO-

cti (oOepranus, aedopmariis); posmip citku (100x100, 200x200, 300x300,

400x400); TpOMD>XOK Yacy MOJEIIOBaHHs Ta IIPOMIKOK 4acy BUBEJICHHS pe-
3yJIbTATIB.
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Pucynox 1 — IlIBuakicts obepranHs
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IlouaTkoBHil Ta KIHIEBHH MOMEHTH PO3pPaxXyHKY OyIyTh TPHCYTHI
000B’s13k0B0. KpiMm TOTO, KOpHCTYBad MOXKE 3a/1aTH 10 5 IPOMIKHIX MOMe-
HTIB 4Jacy, Ha 5Ki Oy/ie BUKOHYBaTHCH PO3PaXyHOK.

Iadopmaris crocoBHO mpoBeneHnx KopructyBadem po3paxyHKiB 30epira-
€ThCA B KypHaii B/ i Mo)ke BUKOPHUCTOBYBATHCH [UISl IEPETIIAAY Pe3yiIbTa-
TiB IPOTHO3YBAHHS 338 BUMOTOI0.

Jlnst npoBeieHNX pO3paxyHKIB y BeO-CepBiCi MPUCYTHS MOXKIIMBICTD IIe-
perysiy pe3yiabTaTiB y BHIIISAL: CXeMH IIBUAKOCTI obepTanHs (puc.l); i30-
JIiHIT Ta 130MOBEPXHI.

Jnist 3a0e3neueHHst MOXKIIMBOCTI TIOPIBHSHHS pe3yJIbTaTiB Ha pi3HI MOMe-
HTH 4acy, Ipajiallis BUKOHYETHCS BiIMOBIAHO 10 3HAYEHHS MaKCUMaJbHOI
KOHLEHTpalil AJs BCIX MOMEHTIB po3paxyHKy. Ha puc. 2 HaBeneHo
pe3yabTaT Po3paxyHKy ISl MOHOTOHHOT CXeMH PO3B 53Ky, YMOB IIBUIKOCTI
o0epTaHHsI, TOYaTKOBOI YMOBH y (GopMi mumiHgpa, po3mipy citku 100x100
Ha NMOYaTKOBHH Ta KiHLIEBUHA MOMEHTH (371iBa — MOYAaTKOBI YMOBH; CIIpaBa —
pe3yJbTaTH Mmiciis OAHOro nepioay obepranus (T=1.0 c)).

IIpu HeoOXimHOCTI NaHi, A AKUX BUKOHAHO Bi3yali3alito, MOXXYTb OyTH
excriopToBaHi B Qaiinu popmary XLSX/TXT.

Pucynok 2 — Bisyaiizalist pe3ysbTaTiB po3paxyHKY

Takum umHOM, Ha 0a3i MPOrpaMHOrO KOXy, IO pealizye 0i0mioTeKy
DSTEST (Difference Scheme TESTing) [3], cTtBopeHo BeG-cepBic /it HaB-
YaHHS CTYJICHTIB Ta acHipaHTiB Cy4acHUM YHCEIILHUM CXEMaM PO3B’sI3aHHS
PIBHSHHS aIBEKTUBHOTO TpaHCTopTy. bibiioTeka 103BOJIsIE OTPUMYBATH
PO3B’SI3KH 3 BUKOPUCTAHHSIM CYy4aCHHX YHCEIBHUX CXEM JUIsl PI3HUX MOYar-
KOBUX YMOB, Pi3HHMX IOJIB IIBHIKOCTI, 10, Y CBOIO YEPTy, JO3BOJIIE MOPiB-
HIOBaTH HOB1 CXEMH, SKi PO3POOJISIOTECS 32 HAMKpAIIMMHU CydYaCHUMHU aHa-
JIOraMH MpH IZIGHTHYHAX YMOBaxX po3paxyHKy. [lnaHyeTbcs monanpiuuii po-
3BUTOK CTBOPEHUX BEO-CEPBICiB 111 BUKOHAHHS PO3PaxyHKiB y XMapHii iH-

(dhpacTpykTypi.
Jlitepatypa

48



1. Maiictpenko C.f., Kopaneup 1.B., becmanos B.II., 3arpe6a T.O.,
XypmmnaBa K.B. IIpororumHa Bepcis cuctemu «[1oBiTps» s po3paxyHKyY
30H ypa)keHb BHACIIIIOK BUKHIB HEOE3IIETHUX PEIOBHH B aTMOC(epy Ha oc-
HOBI BUKOPHCTAaHHS CKPUHIHTOBUX Mojeneit Ta Web-TexHomoriii // Marema-
TUYHI MamuHA i cuctemu. — 2016. — Ne 4. — C. 33 — 41,

2. Kosarens 1.B., Maiictpenxo C.H, 3arpeba T.O., [Tonorceknii O.0.,
Xypuunnasa K.B. "Be6-cuctema nporao3yBaHHs METEOPOJIOTIYHUX YMOB JJIS
JIOBUTBHOT TEPUTOPIi HA IETaTbHUX ciTKax" // MaTeMaTU4Hi MallluHK Ta CU-
cremu. — 2018. - Nel.

3. Kieea C.JI. (2017) Po3znain 1. HaBuaneHO-mocHigHa Tpia-tuiatdpopma
JUISL TOCJTIDKEHHS Ta TeCTyBaHHS HOBUXYHCEIILHUX METO/IIB, 1110 3aCTOCOBY-
I0ThCS Y 3a/lauyaxX MOJICNIOBAaHHS HaBKOJMIIHBOTO cepenoBuina. YucenbHe
PO3B’s3yBaHHS PiBHAHHS KOHBEKTHBHOI TuQy3ii // 3BiT 3a mpoekToM «CTBO-
PEeHHA BipTyaJabHOTO LEeHTPY ImdpoBoi Haykm» (mix pex.: O. AHToHIOK) No
nepxpeecrpanii 01170002812, K.:Incturyr matemaruku HAH VYxkpainn,
2017.

YIK 539.16.04

OI310JIOTTYHA MOJEJIb HAKOIIMYEHHAPAAIOHYKJIIAIB Y
PUBI

P.B. bexenap
Inemumym npobrem mamemamuunux mawiun i cucmem, Yxpaina

3arajabpHOBIIOMO, 110 Pi3HI PaliOHYKIIIIU 110 PI3HOMY HAKOIUYYIOTHCS B
puOi. BiNbIICTh 3 HUX HAKOIHMYYIOTHCS B EBHUX TKAaHUHAX, B 3aJI€)KHOCTI
BiJl CBOIX XIMIYHUX BIIACTHBOCTEH Ta O10JOTIYHUX MPOIIECiB B opraHi3mi. Ha-
TIPUKIIAM, 130TONN 11€3110 HAKONMHMYYIOTHCS IEPEBaXHO B M’SI30Biil TKaHMHI,
130TOIIH CTPOHINIO YH Pajlifo — B KICTKOBIH. [HII pamioHyKJian, Taki sSK KO-
0ainbT, MapraHelp, HUHK, IUTyTOHIH 1 T.Jl. HAKOTTMYYIOTHCS B IIEBHUX OpraHax:
HUpKax, MeYiHIl, IUTYHKY Ta iH. JJaHuii ¢akT OyB B3SITHI 32 OCHOBY MiIXOIY
BURN [1], ne BBaxkasocsi, 10 KOHIIEHTPALlisl paJiOHYKIIiIy B puOi Bu3HaUYa-
€ThCSI KOHIIEHTPAIII€I0 B TKaHWHI, Jie e pagioHyKIIi] MePeBaKHO HAKOIIH-
yyeTbest. [Ipu 11bOMY BMIiCTOM aKTHBHOCTI B TKAHMHAX 3 HU3bKOI KOHIICHT-
patiero HexTyBasiocs. [IpoTe maHuii miaxia cpaBeTUBUN JTUTIE JJIsT ASSTKUX
PamioHYKIiiB, SKi O1TBII-MEHII PIBHOMIPHO PO3MOIUIAIOTECS Y BCBOMY Op-
rafi3mi. st pagioHyKITiiiB, SIKi HAKOITUYYETHCS TKAHWHAX 3 HEBUCOKOIO Ma-
COBOIO YaCTKOI0, HOT0 3aCTOCYBaHHS IPUBOJAUTD JI0 CYTTEBOTO 3aHMKEHHS
po3paxoBaHoi KoHLEHTpawii B pubi. ToMy, B 3aralbHOMy BHUIaJKy, KOHIICH-
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Tpamio pagioHyKIIiAy B pudi HOTPiOHO pO3paxoByBATH 3a JOTIOMOTOI CyMY-
BaHH: KOHIIGHTpALl B Pi3HUX TKaHWHAX 3 ypaxyBaHHIM IXHbOI MacoBOI 4a-
CTKH:

Cfish:ZCk o, 1)
k=1

ne f — macosa gactka K-toi TkanuHM (nuB. Ta6m. 1), Ck — KOHIIEHTpAILis
PamioHyKIi Iy B K-Tilt TKaHWHI.

B naniii poboti med minxin OyB peani3oBaHMi B KaMepHid Mojeni
POSEIDON-R [2], 0COOMUBICTIO SIKOT € MOKITUBICTD MPOBEJICHHS OJHOYAC-
HOTO PO3paxyHKY KOHIICHTpAIlii paJiOHYKIIIIB Y BOJI, JOHHUX BiJKJIaJCH-
HSX 1 MOPCBKUX opraHizmax. J{Jist ommicy mpoiecy 3acBOEHHS aKTHBHOCTI pH-
0010 3 BOJM 1 3 TXi BUKOPHCTOBYIOTHCS TPU PIBHSHHS, KOXKHE 3 SIKHX BiJIIO-
BiZla€ 32 HaKONMWYEHHs 3a0py/JHEHHS B OKpeMill TKaHMHI (KiCTKax, M’si3ax i
opranax). L1i TkarnHYU Oynu BHOpaHi Ha OCHOBI BETMKUX BiIMiHHOCTEH B gaci
OHOBJICHHS KIITHH (0i0JIOTIYHOMY dYaci HAmiBXKHUTTS). Xoda (izionoriuni
BJIACTUBOCTI TEYiHKH, HUPOK, NUIYHKY Ta IHIIMX OpraHiB puOW Bimpi3HS-
I0TbCS, B MOZENI PEaTi3yEThCS MPUITYIIEHHS, 110 MPOLECH HAKOIMYICHHS i
BUBEICHHS 3a0pyIHEHHS B HUX € CXOXKUMH 1 3HAYHO BiIPi3HAIOTHCA BiX Ta-
KHX TIPOIIECIB B KiCTKaxX 1 M’s3aX. 3 TOUKH 30py MOJAETIOBAHHS II¢ 03HAYAE,
110 3a0pyIHEHHS, SKE BIAKIANIOCS B KICTKAaX, 3aJIMIIATUMETHCS TaM Hai1o0-
BIIIE, & 3 OPTaHiB BOHO OYy/ie BUBOJUTHUCS JOCUTH LIBHIKO, L0 Y3TOJKYETHCS
3 criocrepekeHHsIMA. Came yepe3 3HauHy BiIMIHHICTb B 0i0JIOTYHOMY 4Yaci
HaIiBXUTTS TPbOX TKAHUH, BBAXKAETHCS, 1110 MTPOIIECH HAKOIINYEHHS i BHUBe-
JICHHSI 3a0py/JHEHHS B HUX BiZI0YBaIOThCSl HE3AJIEKHO.

TakuM YMHOM, OTPUMYEMO CHCTEMY PIBHSHb, 32 JOIIOMOTOIO SIKOT 3HaX0-
JUTHCST KOHIICHTpaIis 3a0pynHeHHS B KicTKaX (Chone), M s13aX (Criesh) 1 opra-

Hax (Corgan)
dCbo% = ab Kfcf + waCw - In% Cbone

0.5(b)

dC
ﬂ% =8, Kfo + waCw - In% Cflesh ! (2)

05(f)

C
W/:aKc +bK.Cc -2/ ¢
dt o f T f woow T0‘5<0) organ

ne Ci — KOHIIEHTpaIlisl PATiOHYKIIAY B iXi, 8i — KOS(IliEHTH 3aCBOECHHS
3a0pyaHeHHs 3 ki, Kf — JeHHa BeJMYnHA CIIOKUBAHHS Ki, b — KoedimieHT
3aCBO€HHS 3a0pynHEeHHS 3 Boju, Ky — KiJIbKiCTh BOAH, III0 IPOXOAUTD Yepe3
OpraHi3M puoH 3a JeHb; To5() — O10IOTIYHIN Yac HaMIBXUTTS PAIiOHYKIIIIB
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B Opraui3mi, iHaekc i npuitmae 3 3Hadenss: | = b (kictkn), 1= (M s13m), 1 =
0 (opraumn). OCHOBHI TTapaMmeTpu MoJiei omrcani B [2].

KoedimienTn ai Oynu Bu3HadeHi (auB. Tabi. 1) Ha OCHOBI eKCIIEpUMEHTa-
JBHUX JaHUX IO BiTHOIICHHS KOHIIEHTPAIIH Pi3HIX pagioHYKIIidiB B Opra-
Hi3Mi prOH 10 BiAMOBIHNX KOHIICHTpAIIiH B KOXHi# TkauuHi [3]. [Ipu ribomy
BiHOIIEHHS OTpHMaHOi 3a ¢opmyoro (1) KoHIeHTpaIlil akTHBHOCTI B puOi
JI0 KOHIIEHTpallii B 0TOYyI0Yii BOJi B PIBHOBa)KHUX YMOBaX MOBHHHE JIOPiB-
HIOBAaTH CTAaHAApPTHOMY 3HAYCHHIO KOHIIEHTpauiiHoro dakrtopy [4].

Tadoanusa 1. KoedinienTn 3acBo€HHs pagioHYKIIIB 3 TKi 8 U1l pi3HUX
TKaHUH

TkanuHa Kic M’ Opra
TKH SA3H HU
Macosa yactka fy 0.12 0.8 0.08
o KoedirieHTr 3aCBOEHHS IS 130TOIIB 0.02 0.7 03
o KoedirieHTH 3aCBOEHHS IS 130TOIIB 02 02 035
KoeoimieHTH 3aCBOEHHS JJIs 130TOITIB 0.00 0.05 05
Co, Mn, Zn, Fe, Ni, Ag... 5 ' '

[[{o6 mpoBecTH TecTyBaHHA Po3poOICHOI MOAETI, BOHA Oylia BUKOpPHC-
TaHa JJIsl BiITBOPEHHS Pe3yJIbTATiB €KCIIEPUMEHTY METOIOM MOPiBHIHHS PO-
3paxoBaHMX i BUMIPSHUX 3HAUCHb KOHIEHTpAMLii. EKCIIepuMeHT 1o HaKommu-
YEHHIO TPhOX PaliOHYKIiIiB B pUOi MPOTATOM (ha3u 3aCBOEHHS Ta 3aTyXaHHIO
iXHBOT KOHIIEHTpalii B opraHi3mi nporsiroM (a3 BUBEICHHS Jayke 100pe
omucanuii B pobori [5]. B dasi 3aceoennst 10 ocobun Monomoi hopesti macoro
11.3+1.2 r rogyBasics 3a0pyIHEHOO DKero (MajbKaMU KOPOIIiB) Ha MPOTS3i
42 nuis. Ipu npomy Oy BKasaHi KoHueHTpauii pagionykiigis $°Co, 3*Mn i
137Cs B kopomax Ta n060Buii pamion dopeni. ITicns pasu 3acBoeHHs popei
JlaBay He3aOpynHEeHy 1Ky MpOTsSroM 73 AHIB, 10 ckiano (asy 3aTyxaHHs.
[NepiognyHO TPOBOAMIIICS BUMIPH KOHIICHTPALIT PaJiOHYKIIIIIB B YCiX 0CO-

O6uHax ¢operi.
25—

~
S
|

KoHueHT pauis, Bk/r
s
<
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S
|
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Puc. 1. Konnenrpauis ©Co (a), >*Mn (b) i *¥Cs (c) B opranismi putu
(Monoaux ocoOuH (opedi), po3paxoBaHa 3a JIONMOMOT0I0 po3podIIeHOT MO-
neni (iHiT Ha rpadikax) Ta OTpUMaHa B €KCIIEPUMEHTI (TOYKHU 3 IOBIpUYUMHU
iHTepBaIami), orkcaHoMy a po6oTi [5].

Pospaxosana koHuentpauis ®°Co B pubi y3romxyeTbcst 3 BUMIPSHOMO
(puc. 1a) sik st ha3u 3acBOEHHS 3a0pYAHEHHS, TaK 1 s da3u Horo BUBe-
nenns. Y Bumanky “*Mn (puc. 1b) 6ymo oTpuMane no6pe y3romKEHHS s
(ha3u 3acBOEHHS 1 [IEIIO 3aBUINCHI 3HAYCHHS KOHIICHTpAIliil 1 ¢a3u BuBe-
JeHHs. XO04a CITiBBiTHOMICHHS MK PO3PaXOBaHUMH | BUMIipSTHAMH KOHIICHT-
paLisiMi He MePEeBHINYE 2, IO € IPHUHHATHAM, OEpy4H J0 YBark CKJIaJHICTh
OTIMCaHUX MPOIIECiB. 3aCBOEHHS pUOOIO 80Co i Mn BiZIPi3HAETHCS Bif 3aCBO-
ennst 1¥7Cs, OCKiIbKM BOHH TIEPEBAKHO HAKOMMMYYIOTHCS B Pi3HUX TKAHWHAX
(®°Co i 5*Mn makonuuyeThcs B OCHOBHOMY B opraHax, Tofi sk “'Cs — B
M’s13ax). Uepes 1ie, 100pe y3ropKeHHs po3paxoBaHHUX 1 BUMIPSHUX KOHIICH-
tpaiii **’Cs B pubi npotsrom a3 3acBOcHHs i BuBeeHHs (puc. 1¢) mixTse-
PJUKY€E NPaBUIIBHICTD IPUHHATHX B MOJIEINI y3arajbHEeHb.

3acTocyBaHHs pO3pOOJICHOT MOJIEII 0 BiATBOPCHHS 3MiH KOHIICHTpAIT
TPBOX PaMiOHYKIIIIB B MOJIOMIi XIKiil pubi mokasano g00pe y3ropKeHHs
PO3paxOBaHUX 1 BUMIPSHUX IPOTATOM EKCIIEPUMEHTY KOHIECHTpALIN SIK U1
(hasu 3aCBOEHHS 3a0pyIHEHHS, TaK i A (a3 HOro BUBEACHHS 3 OpraHi3My.
[epeBarorw Mojeni € MOXJIUBICTD 11 3aCTOCYBaHHS JUISl IUPOKOTO CIEKTPY
PamioOHYKIIIIB, SIKi TIEPEBa’KHO HAKOTIMIYIOTHCS B PI3HUX TKAHWHAX PUOM.

Pobora BuxonyBamack 3a migTtpumkun MATATE (mpoexr CRP K41017
«Behavior and Effects of Natural and Anthropogenic Radionuclides in the
Marine Environment and their use as Tracers for Oceanography Studiesy).
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UDC 004.75

CUCTEMA JUCTAHIIIMHOT O MOHITOPUHT'Y TIOKA3HUKIB
MIKPOKJIIIMATY

ITapxomenko b.M., Tkauyx H.O., Ilunyn O.B.
Yepniciecokuil HAYIOHATLHUL MEXHONO0TUHUL YHIgepcumem, M. YepHi-
2ie, Yxpaina

CucTeMu IUCTaHIIHHOTO MOHITOPHUHTY € HEBIiJ’€MHOIO CKJIaIOBOIO CY-
YaCHUX KOMIUIEKCHHMX DILIEHb MO BIJICTEKEHHIO MOKa3HUKIB CEPEeIOBHIIA.
Bonn 103BOIISIIOTE BUBUIBHUTH POOOUHIA Yac JIF0IMHN-0TIEpaTopa, MiIBUILY-
I0Th HAAIHHICTh CHCTEMH, 30KpeMa, 3a iX JIOMOMOT0I0 MOXKHAa CTBOPIOBATH
BiJtaJieHe KepyBaHHS oOnagHaHHsIM. OHa 3 TOJIOBHUX 3a/1ad — I BiicTe-
YKCHHS ITOKa3HUKIB MIKPOKIIIMATy cepeIoBHINA B puMirieHHsX. L{inb 11 y mo-
KpallleHHi KTiMaTy KIMHATH y pa3i BHHUKHEHHS BiIXWICHB, 110 Y CBOIO YEPTy
HanpsiIMy BIUIMBA€ Ha 370POB S JIFOANHH.

MeToro poOOTH € CTBOPEHHS CUCTEMH AMCTAaHIIHHOTO MOHITOPHUHTY Ma-
pameTpiB MIiKpOKJIIMATy MPUMIMIECHHS JJIS TIOKPAIICHHS 3/10pOB’S JIOIUHH-
KopucTyBaya. J{J1s boro moTpiOHO BUPIMINTH TaKi 3a1adi:

—  TIPOBECTH aHaJi3 iCHYIOYMX aHAJIOTiB i CTBOPUTH apXiTEKTYpPy CHC-
TEMH;

—  oO0rpyHTyBaTH BHOiIp KOMIIOHEHTIB CUCTEMH;

—  po3poOuTH nporpaMHe 3a0€3MEUSHHS CUCTEMH;

—  TPOBECTH IHTETpaLilo i TECTyBaHHS CHCTEMHU.
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Ha ocHoBi ipoBeeHOT0 aHali3y OyJI0 CTBOPEHO HACTYIIHY apXiTEeKTypy
CHCTEMH, 300pakeHy Ha PUCYHKY 1.

&
ﬁ; Seorver nuxDB
B
M L}a\::\;l' Wi-Fi MC{‘.\'xC Wi-Fi
L Web-Sita
f @ Clients T 2]
= 5 = Tlagram
Falruk e ey
=

Pucynox 1 — Apxitekrypa cuctemu

['0JI0BHOIO OCOOJUBICTIO CTBOPIOBAHOT apXITEKTYPH € TE, M0 CHCTEMOIO
JIaTYHKIB, IKUX Moxe Oyt 1o 10, kepye LeHTpaabHUI IPUCTPiH (Ha pHuCy-
uxy HUB). Horo cyTs monsrae y 360pi JaHUX 3 yCiX CEHCOPIB i HaJCHIaHHS
ix 10 6a3u manux wacoBux psaiB — INfluxDb, 3 sikoi maHi 3unTyeTHCS Yepes
metoau API 3a 3amuToM KitieHTa AJs TX TOAABIIOTO BiJOOPaXKSHHS B aMi-
HicTpaTHBHIN maHeni Opay3epa abo MOOUIBHOMY 3acTOCYHKY 4M Ternerpam
00Ti.

CTBOpEHMIA MPOTOTHIT CUCTEMH 32 aPXITEKTYPOIO OIMMCAHOIO BUINE ITpa-
mroe Ha 6a3i amatopebkoi miatgopmu Arduino Uno R3. Jlana mnardopma €
JIETIIEBOIO JUIsl OpraHi3alii Ha Hill 6a30BUX MOXKIMBOCTEH 3UYMTYBaHHS MTOKa-
3aHb 3 IaTYMKIB Ta BIIMPaBKH iX Mepexero [HTepHeT A 30epekeHHs B 6a3i
naHnx. OCHOBHMMH YacTHHaMu Arduino € mraTa MiKpOKOHTpOJIepa 3 eJieMe-
HTaMH{ BBOJIY/BUBOIY Ta CepeloBHIIEe Po3po0ku Processing/Wiring Ha MOBi
nporpaMyBaHHs, 110 € miaMHO)HHOKW C/CH++. [l 3unTyBaHHs 0a30BUX IMO-
Ka3HUKIB MIKPOKJIIMaTy, a cama TeMIepaTypt Ta BOJOTOCTI BUKOPHUCTOBY-
erbest patunk DHT22. Ha pucynky 2 nokaszaHo Horo 0a3oBi XapakTepuc-
THUKH.

Model [ AM2302
: Power supply |33-5.5vDC
Output signal digital signal via I-wire bus
| Sensing element | Polymer humidity capacitor
Operating range humidity 0-100%RH; temperature -40~80Celsius
Accuracy humidity +-2%RH(Max +-5%RH); temperature +-0.5Celsius
[ Resolution or sensitivity [ humidity 0.1%RH; temperature 0.1Celsius
: Repeatability humidity +-1%RH; temperature +-0.2Celsius
Humidity hysteresis +-0.3%RH
| Long-term Stability | +-0.5%RH/year
Interchangeability fully interchangeable

Pucynok 2 — Xapakrepuctuku aaranky DHT22
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Tounicte manmx, siky Hamae DHT22, mocraTHsS mist CTBOpPEHHS MPOTO-
THITY.

InfluxDB € 6a3010 maHWX 9acoBUX PSAIiB, OPIEHTOBAHOIO HA 30epiraHHs
BEJIMKOTO 00CATY HaHUX JJIS IX aHaJi3y B peanbHOMY daci. BoHa 3a6e3nedye
MOJKJIMBICTB 3aIHCy Ta 0OPOOKH 3aIHTIB 3a TOTIOMOTOI0 iHTepdeiicy KoMaH-
nHOTO psinka, mae BOynoBanuit HTTP-API, HaGip 6i0mioTek KiieHTa (Hampu-
knan, Go, Java ta Javascript). [linTpumka Bxigaoro gopmary aanux JSON
J103BOJIsIE (POPMYBATH KIIIEHTCHKI 3aIIMTH, 1110 3pyYHO JUISl YNTAHHS Ta HAIH-
CaHHSI 1 JIFOTUHOIO 1 KOMIT FOTEPHOIO CHCTEMOIO.

VY pe3ynbTaTi poOOTH HaJl MPOTOTUIIOM BIAJIOCS CTBOPUTH Ta NEPEBIPUTH
MoJienib 3 0a30BUM (DYHKIIIOHAJIOM 3YMTYBaHHS IIOKa3HHUKIB MIKpOKJIIMaTy Ta
BiZIOOpaXkeHHS 1X /I KIIiEHTa y BUIIIsL rpadikiB Ta TeMnepaTypHoi KapTu.
Hapasi mpucTpiii iHTerpoBaHo B 0QicHE MPUMIIICHHS, A€ IPOBOJUTHCS HOTO
TECTYBaHHS Ta JOOINPALFOBAHHS allapaTHOI Ta MPOTrPaMHOI YaCTHH.

Jlireparypa

1. InfluxDB is the Time Series Database in the TICK Stack [Enexrpon-
Huii pecypc]. — Pexxum moctymy : https://www.influxdata.com/time-series-
platform/influxdb/

2. PoGorsl: nadopmanus aist pazpadoturkoB [Enexrponnuii pecypc]. —
Pexxum noctymy : https:/tlgrm.ru/docs/bots

BUKOPUCTAHHS MOJIEJI CALPUFF J1JISI MOJAEJFOBAHHSI
PAJIOAKTUBHOI'O 3ABPY/JIHEHHS BHACJILIOK ABAPIi HA
YOPHOBWJIBCKIN AEC

0O.B.Xamuenxos, 1.B.Kopanenp
Tuemumym npobnem mamemamuyHux Mawiun ma cucmem

Beryn. Asapis 1986 pokxy Ha YopHoOmnschkiit AEC crana mpukiamzoM
BeJIMKOI pajianiiHOl aBapii, 0 Mpu3Besa 10 3HAYHOTO 3a0pyJHEHHS TepH-
TOpif pagiOaKTUBHIMH i30TOMIAMH JJAJIEKO 32 MEKaMH 30HH BiIITOBITAIBEHO-
cti AEC. OpHi€ro 3 mpu9HH, 0 HE JO3BOJIMIA i Yac aBapii y MOBHii Mipi
3a0e3NneunTH pajioJoriYHMil  3aXMCT HacesleHHs, Oyja BiICYTHICTH
KOMII'FOTEPHUX CHUCTEM MIATPUMKH i MPUHHATTA pilleHb, 110 AO3BOJMIN O
IIPOBECTH OINEPATUBHY OI[iHKY i IPOTHO3 PO3MOBCIOKEHHS 3a0pyIHeHb. Po-
3po0IieHa MiJIOTHA BEPCist CHCTEMHU MPOTHO3YBAHHSA HACIIAKIB €KOJIOTIYHIX
katactpod «Iloitpsi» [1,2] no3BOIIsIE BUKOpHUCTOBYBATH CydacHy EiinepoBo-
JlarpamxeBy perioHaJbHY MOJENs aTMOC(EepHOro mepeHocy 3abpyIHEHb
CALPUFF y 3B’s1311i 3 MPOrHOCTHYHOIO ME30MAacCIITA0OHOI0 METEOpOJIOTiy-
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Horo monemto WRF [3]. Llg cucrema 103BOJIsSI€ BUKOHATH YHCENIbHE MOJIE-
JIIOBaHHS IIepeHOCY 3a0pyIHEHHS 1 CIIPOTHO3YBATH HACIIAKH MTOIOHUX aBa-
piit.

VY maHiit poboti npuBeneHuit nocein Bukopucrtanusa moxeni CALPUFF y
3B s31i 3 Mozemmtro WRF 1715 peTpocieKTuBHOTO MOAETIOBaHHA atMochep-
HOTO TIepeHECeHHA 3a0pyJHEHHS BHACIIIOK MacIITabHOi TEXHOTEHHOI aBapii
Ha YopuoOunbckiii AEC 1 pekoHCTpyKuii IOJIB palioakTHBHOTO 3a0pyn-
HEHHSL.

MeTteopoJioriune MmoaeoBanHs. J{J1st MOIETIOBaHHS TPUBUMIPHUX Me-
TEOPOJIOTIYHMX TOJIIB Oyna BHKOpHCTaHa Mereoposoriyna cucrema WRF-
Vkpaina [3]. V sikocTi HOYaTKOBUX Ta TPaHUYHUX YMOB OYJIH BHKOPHCTAaHI
JaHi rinobansHoro peananizy ERAS [4], y SKOCTI maHHX MpO MiACTHIAI0YY
MIOBEPXHIO OyIIM BUKOPHUCTaHi AaHi riiobansHOTo Habopy MODIS. Monenro-
BaHHSA IPOBOAMIOCS 3 BHUKOPHCTaHHSIM PO3PaxyHKOBOI CITKH pO3MipoM
154x96 3 xpoxom 0.15 rpamycis. Ha puc.1 mpuBeneni po3paxoBaHi Ta moMmi-
psiHI 3HaYCHHS BUOPAHUX METEOPOJIOTIYHMX XapaKTEPHUCTHK At Mmicta Ku-
eBa. Ha puc. 2 nmpuBeneHi OTprMaHi y pe3ysbTaTi MOJEIIOBaHHS IOJIS OTTafiB
3a mepiox 3 26 kBiTHA 1Mo 7 TpaBHA 1986 poky.

Mopnean aTmocepHoro nepenocy. /s MoaenoBanHs aTMOCHEPHOTO
nepeHocy BukopuctoByBanacsi monenb CALPUFF, kotpa Bxe HeomHOpa-
30B0 OyJ1a yCIilIHO BUKOPUCTaHA B 33/1a49aX aTMOC(EPHOro NepeHeCeHHs 3a-
OpyaHEHb BHACIIJIOK TEXHOI'€HHHX aBapiil. MoienoBaHHs BUKOHYBAJIOCS Ha
po3paxyukoBii citii 120X120 3 kpokoMm 10 kM. Y SKOCTI MiJCTHIIAI0YO] 10-
BepxHi OyJIH BUKOPHCTaHI 1aHi TI00aTbHOTO HA0OpY KaTeropii 3eMIeKOpHU-
cryBaaHs MODIS 3 pospimenasam 15 cexyH Ta JaHi TI00aIpHOTO HA0OPY
tororpadigaux BUCOT SRTM 3 pospimennsm 3 cexyHIH.

MonemtoBaHHS poBOIMIIOCH Ist i30TomiB 137Cs. [xepeno 3a0pyaHio-
BaHHS MOJEIIOBANIOCS, SIK PsiJl HECTAIIOHAPHUX TOYKOBHUX JKEPET po3Miliie-
HHUX Ha Pi3HHX BUCOTax. Y KOXXEH OKPEeMHII MOMEHT 4acy BBakajocs, IO
MpALIO€ JIMILE OJHE 3 JKEpeJ, BUCOTA SIKOTO NpHuiiManacs piBHIH BHCOTI oc-
HOBHOT'O BUKHU/1y Y BIANOBIZHNII MOMEHT 4acy, a IHTEHCUBHICTb SIKOTO TPHA-
Masiacs piBHIiM 3arayibHii IHTEHCUBHOCTI BUKHLY JUISl TOTO K MOMEHTY 4acy
(maui mpo mxepeno 6ymu B3sTi 3 pobotu [5]).
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Pucynok 1 Po3paxoBasi Ta momipsiHi (4OpHAM) METEOPOJIOTIUHI Xapak-
TEePUCTHUKH: A - Temneparypa, b — atmocdepHmii THCK, B - mBuakicTs
BiTpY, [ - HampsiMoK BITpY;

Monems CALPUFF micTuts 1Ba pi3Hi MEXaHI3MHU BHITAAIHHS 3a0pyIHIO-
BayiB, JIs TBEPAUX YACTHHOK i TS Ta3iB. Y JaHiid poOOTi MOJICIIOBAHHS PO3-
NOBCIO/KEHHs 130ToniB 137Cs MpoBOAMIIOCS 3 HAJAIITYBaHHSIMHU XapakTe-
PHUCTHK BUNAJIHHS, SK ISl TBEPJMX YaCTHHOK, apaMeTPH OCaKSHHS 3a/a-
BAJTUCh TaxK, sIK B po6oTi [2]. PagioakTHBHUIA po3Mas i30TOMIB y mpotieci Mo-
JIeJIF0OBaHHsI He BpaxoByBaBcs. KoedinieHTu aucnepcii BU3Hayamuics y Biamno-
BIJTHOCTI JIO KaTeropiii crifikocti 3a cxemoro [lackyina I'idopaa. dust miaro-
TOBKHM TPUBHMIPHHUX METEOPOJIOTTYHHX MOJIB BUKOPHCTOBYBABCS METEOPO-
noriuauii npenpornecop CALMET, kotpwmii y sskocTi BXigHOI iH(poOpMartii Bu-
KOPHCTOBYBaB METEOPOJIOTiuHi moiist otpuMaHi y mogeni WRF.

] W A

%0 ]

60 = \

AN = DA . S
Pucynox 2 Pozmonin arMocdepHux omaiiB 1o TepuTopii YKpaiHu 3a me-
pion 3 26 xBiTHA o 7 TpaBHA 1986 p. 3a pesynpTaTamu MoaemoBanHs WRF
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Pucynox 3 ITone minbaOCTi Bunaains Cs137 B YkpaiHi 3riJHO pe3yib-
taramu mojeaoBands Calpuff (izoninii: 5, 10, 50, 100, 500, 1000, 5000
kbx/M2)

Pe3yabTaTH MoaeaoBaHHs. MoJienb 103BOJIMIIA OTPUMATH CEPEIHBO-
4acoBi, CepeaHbOI000BI, MAKCHMAIbHI, Ta CEPEIHI XapaKTEPUCTHKH 3a0py-
JHEHHS IS JOBIJIBHOTO YaCOBOTO MEPiofy Y MeKax MOACIIOBAHHS, Ta Y J0-
BUTBHINA TOYIIl Y MEXaX pO3paxyHKOBOI ciTku. OTprMaHi MO BUMATiHHI
i3otomy 137Cs (puc.3) y3ropKkyoThes 3 JAHUMU MPUBEICHIMH y 1HIIUX J0-
cripkeHHsx [5]. [l CTaTHCTUYHOT OLIHKH pe3y IbTaTiB 010 MpoBeeHe Mo-
PIBHSHHS 3 IHTEPIOJIbOBAaHUMH HA PETYJLIPHY CITKY 3HAYSHHSMH ITOMIPSHHUX
kouueHrpanii 137Cs y rpynri [6]. Otpumane 3nauennst FB=0.04 (fractional
bias) cBimuuTh po PaKTUUHO BiACYTHIO CHCTEMAaTHYHY MOXHOKY MOIEIIO-
BaHHs. B To#l jxe wac orpumane nocuth 3HauHe NMSE=3.73 (normalized
mean squared error), o CBiTYUTH PO MOXKIIHUBICTH MOJAJBIIOTO BIOCKOHA-
JICHHSI MOJICJIIOBAHHS, IUIIXOM YTOUHEHHS BUOPAHOTO HaMH CHOCO0Y Tpe-
CTaBJICHHs JKepena, Ta OUIbII JeTaJbHOr0 METEOPOJIOTiYHOr0 MOJIEIIO-
BaHHSL.

BucHoBkm PerioHanbHa HecTallioHapHa MOJENb aTMOC(HEpPHOro Iepe-
Hocy Calpuff y 38’5131 3 Me30MacmITaOHOK METEOPOJIOTIYHOI MOJIEILIIO
WRF no3Bosisie BceOGigHO TOCHTIIKYBATH HACTIIKH Pi3HOMaHITHIX TEXHOTCH-
HUX aBapiif HABITh TAaKUX CKIATHUX, 5K aBapis Ha YAEC. JlaHa Moens Moxe
OyTH yCHIIIHO BUKOPHUCTaHA y CyYacHUX CHCTEMaXx MIATPUMKH MPUHHATTS
pilieHs, Takux sik cucrema «I1oBiTpsi».
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CUCTEMA ITPOTHO3A PAJIJMAIIMOHHOM OBCTAHOBKH OY U
HBK

M.B.CasenseB
Hnemumym npobaem mamemamuyueckux mawun u cucmem HAH, Yrpa-
una

Jletom 2019r. 3aBepiiaercs OAMH U3 KIIOYEBBIX JTANOB B JMKBUIALIMH
mocTeICTBUIA aBapud Ha 4oM sHeprodmoke YADC — mepenmaercs B IKCIUTya-
taimto Hosbiit Besonacubiii Kongaiiment (HBK) OO6bekra «YkpbiTHE»
(OY). DM cobbiTeM 3aBepiiaercs 6osee 20-netHuit [Lnan MeponpusTuit
mpeobpasoBanusi OO6bekTa YKpBITHE B SKOJIOTHYECKH Oe30MacHoe COCTO-
saaue. OmHaKo, HECMOTpPS Ha YCHENIHOE 3aBEepIIeHHE ATOTO I'PaHANO3HOTO
MIPOEKTa, CIEAYET 3aMETUTh, YTO PSIJI HAYYHO-TIPAKTUIECKUX 3a7jad OCTAJINCh
6e3 pemenns. OgHON U3 TakUX 3a1ad sBiseTCs 3P GEeKTHBHBIN MPOTHO3 pa-
JMAIOHHON 00CTaHOBKH B rnoMerieHussX OY | 1oJapoyHOM IPOCTPAHCTBE
HBK.

OnHOIt 13 TTIaBHBIX MIPUYMH HEPEIICHHOCTH AaHHOH 3aa4M CTaja CJIOXK-
HOCTbH PEIICHHs aHHOW 33/1a4M KJIACCHYECKUMH METOAaMH, OCHOBaHHBIMH
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Ha Pa3NYHBIX (PU3UUECKUX TEOPHAX U ONMUCAHUSIX (PU3MUECKHUX MPOIIECCOB.
s cuctemel HBK + OV, Hanbonee oberatomiee pemieHne B JaHHOM Harpa-
BIeHNH pa3padareiBaeT UucTuTyT Texanueckoit Temnmoduznkn HAHY B ko-
onepaunu ¢ MacTHTYTOM [Ipobiiem bezonacaoctn ADC HAHY [1]. Ins no-
menieHnit OY BBINONHAINCH MOIBITKH PEMINTH JAHHYIO 3a/1a9y MyTeM II0CT-
POCHHUS PErPECCHOHHBIX MOAENEH [2], 0IHAKO NaHHOE PEIICHUE BBIIBHIIOCH
HECOCTOSATENBHBIM B ycloBuax OVY.

Hemanyto poinb B OTCYTCTBMM aJeKBaTHBIX MOJEJEH MIrpana OTHOCH-
TEeNILHO OrpaHn4eHHast nHpopmanus 06 OY. B 4acTHOCTH, OTCYTCTBHE BBISB-
JICHHON KOPPEJSLMOHHON 3aBUCHMOCTH MEXAY PSIOM HaOII0aBIIUMHUCS
M3MEHEHMSMH paJUalliOHHOW OOCTaHOBKU M JJOCTOBEPHO M3BECTHBIMHU CO-
OBITUSIMHU (BBITIOJHEHHE PA0OT, H3MEHEHNE METEOPOJIOTHYECKHUX M CE30HHBIX
(baxTopoB 1 T.11.). C 3aITycKOM B SKCIIYaTaIHIO CUCTEM PaJHAIIOHHOTO KO-
arpons OY (CCPK UACK) u HBK (CPK HBK) ocymectBnstoTes peryisp-
HBIC aBTOMATHYCCKHE U3MEPEHHS paIMalliOHHbIX TAPaMETPOB U UX apXHUBU-
poBanue. K HacTosimeMy BpeMEeHH HAKOIUICHBI 3HAYUTENILHBIE JaHHbIE, 03~
BOJIIIOIIME BEPHYTHCS K IOWCKY AaJEKBATHBIX MOJENCH HM3MEHEHHus pa-
JIMAIOHHOW 0OCTaHOBKH Ha OCHOBE aHAJIN3a BPEMEHHBIX PSIJIOB.

OpmHUM U3 pelIeHUH MPaKTHYSCKON 3a1a4y IPOTHO3a paJUalliOHHON CH-
TyaluH, 10 MOCTPOCHUs BepH(PUIIMPOBaHHON (PU3MKO-MATEMATHYECKOH MO-
JIeNI TIepeHoca 3arps3HEHUN, MOXKET SBISATHCS MOCTPOCHUE BBIYMCIUTENb-
HOHM CHCTEMBI, KOTOpas Ha OCHOBE HETPEPBHIBHOTO MOTOKa MH(MOPMAIMU OT
00BEKTa KOHTPOJIS OyAET MPOCUUTHIBATE PSIA KOHKYPHPYIOLIHX MPOTHO3HBIX
MoJieTiel ¥ BBIIaBaTh ONEpaTopy Kak MHHHMYM JiBa MPOTHO3a — Hauboiee
KOHCEpPBaTHUBHBII 1 HanOoJiee aieKBaTHBIN. [Ipy 3TOM BelMUIHHY aJeKBaTHO-
CTH MOJEN MOXKHO PACCUUTHIBATH KaK CPEAHEKBAAPATHUHYIO OMINOKY Ipo-
THO3a.

Jns pemeHus naHHOW 3ajgadn moTpeOyeTcs paspadoraTh HHGpOpMa-
IIMOHHO-BBIYHCIINTEIbHYIO CHCTEMY, BKIIOYAIOUIYI0 B CeOs: IOJICHCTEMY
cOopa NnepBUYHBIX JaHHBIX; NOJCUCTEMY Pa3ZeIeHUsl JOCTYIa K JaHHBIM CO
CTOPOHBI KOHKYPHPYIOIINX MOENEH; MOJACUCTEMY U30JIALUH BEIYUCIUTENb-
HBIX TIOTOKOB; ITOJICHCTEMY OICHKH aJeKBATHOCTH MOJIENIEH; MOACHCTEMY
MPECTaBICHUS JaHHBIX OTIEPaTopy.

B gactu Mozenelt 1 METOOB MPOTHO3a MPEATIaraeTCss pacCMOTPETh, Kak
muaEMYM, Mozens ARIMA (Auto Regressive Integrated Moving Average —
MOJIENIb aBTOPETPECCUN — MPOUHTEIPUPOBAHHOIO CKOJB3ALIETO CPENHETO),
M3BECTHYIO Kak MeToJ bokca-J[kenkuHca [3]. A Taxke MOJENH, NOCTPOE-
HHBIE Ha METO/Ie TPYIIIOBOro yuera aprymeHToB (MI'YA) [4].
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MOJEJIOBAHHSA MPOHECIB 'TEOCUCTEMHOI'O
MOHITOPHUHT'Y JICOBAX TEPUTOPIIA

C.B. KoBanenko, M.€. CaxHo
Yepniciecokuil HAYiOHATbHUL MEXHOI02TUHUL YHIgepCUmem

Ha cyyacHoMy eTami po3BHTKY HAIIOI J€p’KaBH MOCTA€E MMPpodieMa MOHi-
TOPHHTY JIICIB YKpalHH, OCKIIBKH B OCTaHHIN Yac 301IbIININCS 00CATH He-
3aKOHHUX BHUPYOOK, 1110 HECE 3arpo3u eKOJIOTii KpaiHu Ta Mi/IBUILYE PiBEHb
Kopymuii Ta iHaHCOBI BTpaTH JiepkaBHOro Oromkery. IloripuieHHs crany
JICiB HA CHOTOIHIMIHIN JICHb € OHIEIO0 3 HAHOIIBII aKTyaIbHUX IIPOOIIEM, pi-
IICHHS SIKOi TOCUTH €(EKTHBHO BiJOYBAETHCS 3 BHKOPUCTAHHS CY9aCHUX CH-
CTeM Ie0CHCTEMHOTO MOHITOPHHTY HaBKOJIHIITHBOTO cepenoBuina. Habyruit
BITYM3HSAHAMH (HaXiBIIMHU JOCBIJ JO3BOJISIE BHKOPUCTOBYBATH Pe3yIbTaTH
MOJICITIOBaHHSI Ta OOPOOKH T€OCHCTEMHHUX ITAHHUX U1 PO3PAXYHKY 3MiHU
TUTOII JTICOBUX MACHBIB, BU3HAYCHHS THIIIB JIiCiB, IXHOT'O IIOPOJTHOTO CKIIATY
Ta BiKy TIEPEBAYXKHO Ha perioHaapHOMY piBHi [1,2].

ToMy roJIOBHOO METOIO TaHOT POOOTH € MPOTIECH MOJISITIOBAHHS CUCTEMH
MIPOBEACHHS MOHITOPUHTY JIICiB, SIKi CIIi PO3TIIAAATH K €AWHUN iHPOpMa-
MiHHUAN KOMIUIEKC, IO Ja€ MOXJIMBICTh OI[IHUTH CTaH TEPUTOpIi KpaiHU Ta
BH3HAYUTH OOCATH JIICOBUX HACAKEHD 1 TOJIOBHE HE3aKOHHUX BUPYOOK, 11O
BILUTUBATUME Ha €KOJIOTIUHY Ta (PiHAHCOBY CHUTYaIlito B IepkaBi. | mst 3amo-
OiraHHs HETAaTHBHOMY BIUIMBY BHPYOKH JIICIB Ha HaBKOJIMIITHE CEPEIOBHIIE
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HEoOXiHO BUKOPHUCTOBYBATH CyJacHi reoiHpopMariifHi mporpaMHi KOMILIe-
KCH, SIKH JAIOTh MOJKJIMBICTH JOCHTH IIBHIKO Ta 3 3aJaHOI0 TOYHICTIO OIli-
HUTH MacIITaOH JiCOBUX MUISHOK i MPUHHATH PIIIEHHS IIOJ0 IPUPOT00XO0-
POHHUX 3aXOIiB JJIsI €(PEeKTHBHOTO TOCIOIAPIOBAHHS B JTicax Ykpainu [3].

Omninky KinbkocTi JiciB [TakynbchKkol Cibebkoi panu YepHIriBChbKOi 00-
macti Oyio omineHo 3a mepioz 3 2000 o 2017 poku 3a JOOMOTOIO cepBicy
«Global Forest Watch» a Takox 3 BUKOPHCTAHHAM I'€OC3HIHOTO MPOTPaM-
Horo komiuiekcy ArcMap. CTBOpeHi B pe3yJbTaTi MaTeMaTHIHOTO MOJIEITIO-
BaHHs IM(POBI MIapH 00’ €KTIB €KOJIOTIYHOTO MOHITOPHHTY JIO3BOJISIIOTH MO-
PIBHIOBATH Ta CITIBCTABIIATHU JIaHi PO XapaKTEPUCTHKH €KOJIOTIYHOTO CTaHy,
OTpPHMaHi y pe3yJbTaTi BUMIpIOBaHb a00 CHOCTepekeHb. JlaHi 3aHOCAThCS Y
BIAMOBIIHI TOJIs1 aTPUOYTHUBHOT TaOJIMII Ta MOXKYTh BUKOPUCTOBYBATUCH IS
ABTOMaTU30BAHOTO ONPALFOBAHHS.

Bukopucrosyroun «Global Forest Watchy 6ymo BcTanoBII€HO, 110 cepBic
Jla€ MOXKJTMBICTh BU3HAYNTH 00paHy IJITHKY Ha IIEBHOT TEPUTOPIT, aJie He Jae
JTAHWX TI0 TUIOMII KOXHOI JocHimKyBaHol nurstakd. 1106 oTpumaTu Taki maHi
Oynu moOymoBaHi BCi MOJITOHM OKPEMO B MpOTrpaMHOMY Ipoaykti ArcMap
Ha OCHOBI1 0a30BOi KapTH, IO Ja€ MOXJIUBICTh 3 JaHUX aTPUOYTHBHUX Tad-
JIMIIb BU3HAYATH IUIOILY KOXKHOI OKpeMOl BUPYOHOT AUISHKH JIICY 3 33JJaHOI0
TouHiCcTIO. [IOpsIIOK MPOBEACHHS JOCTIIIB HACTYIHHUI: CHOYATKy O MPO-
rpaMu J10Ja€ThCcsl 6a30Ba KapTa, MOTIM Yepe3 BIKHO KaTaJIOTy CTBOPIOETHCS
HOBa (haiisioBa 0a3a AaHMX, B SKY JOJAETHCS KJAc MPOCTOPOBHX 00'eKTiB. B
MEHIO KaTaJlor 0OMpA€EThCs IOJIITOH Ta CTBOPIOIOTHCS IAPU 3 IUISHKAMH.
IIpoBoanMO aHaIi3 TOCTIIKYBaHOI TEPUTOPIi 3 AUITHKAMH JICY Ta OTPUMY-
€MO BUMIpH IO TOJIIFOHIB BUPYOHOTO JiCy, IO MOKa3aHo Ha puc. 1, me
YepBOHHM KOJBOPOM BHIUICHWH BHPYOaHHH JIiC, a 3€JEHUM HOBI Haca-
JOKCHHS.

Puc. 1. MosniTopuHr Jlicy B IporpaMHOMY KoMmIutekci ArcMap
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I3 306pakeHHs Ha puc.] BHIHO, IO IJIOMIAa BUPYOAHUX JICiB 3HAYHO IIe-
PEBUIIYE TUTONTY 3HOB IMOCAHKEHHUX 1 I1€ BiTHOIIEHHS CTAHOBHUTH PUOIU3HO
1:3. ITicns mpoBeneHHs BIMipiB MOKHA CKa3aTH IIO 3a OCTaHHi 17 pokiB Ha
JaHii Teputopii Oyno BupydaHo 6nm3pko 20% miciB.
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AKOIO MA€ BYTHU CYYACHA CIIIP JJIA EKOJOTTYHOT'O
BPAAYBAHHA?

A.O.Jlemunenko?,
Biooinenua mamemamuunozo mooenoeants oosxinia, IHTMMC HAHY

€.A.JlemuieHKO,
KHY im. T.Illesuenka, IMB

B VYkpaiHi 10 0CTaHHBOTO Yacy €KOJIOTIYHE BpsLyBaHHS BEJIOCS BiJIIO-
BIZIHO /IO 3aCTapiiMX paJssHCbKHX CTaHmapTiB. 30kpema, 3akoH YKpaiHu
BCTAaHOBJIIOE, 110 OJHMM 3 OCHOBHHUX IPHHIIMITIB OXOPOHH HABKOJIMIIHBOTO
CepelIoBHUIIA € «IOoAep KaHHS CKOJOTIYHIX CTaHIAAapTiB, HOPMATHBIB Ta JiMi-
TiB BUKOPHUCTAaHH IIPUPOJAHUX PECYPCIBY», EKOJIOTIYHA Oe3reKa ‘e Takui CTaH
HaBKOJIMIIHBOTO TIPHUPOIHOTO CEPEIOBUINA, TIPH SKOMY 3a0e3MeuyeThCs T0-
TiepeKeHHs] BHHUKHEHHs HeOe3nekn”, 1 3abe3neuyeThes Oesneka «Herepe-
BUILICHHSAM TPaHUYHO JONMYCTHMHX HOPMAaTHBIB 3a0pyJHEHb HABKOJIMWII-
HBOT'O IPUPOTHOTO cepenoBumay [1]. 3a Takux yMoB epeKTUBHICTh IIPOLIECY
€KOJIOTIYHOTO BPSTyBaHHS BH3HAYAETHCS «OAa30BUMH CTaHIAPTaMH, JOTPH-
MaHHS SKHX 3a0e31edye BUCOKUHA PiBeHb €(PeKTHBHOCTI».

[Ipote mpocTo AOTpUMaHHS HOPMATHBIB HE 3a0e3rmeuye BUCOKHIA PiBEHb
epexTHBHOCTI BpsAayBaHHs. Ha oMy maBHO Harozomrye €Bpomnericrka Ko-
Micis (€K) ta Opranizamis Exonomignoro CriBpoOiTHHIITBA Ta Po3BHTKY

63



(OECP), aHanizyoun eKOJIOTi9HEe 3aKOHOIABCTBO MOCTPAASIHCHKHX KpaiH [2,
3]. CmpaBa B ToMy, 110 paIsTHCEKI HOpMAaTHBH OyJIN BCTAHOBIICHI BUXOITIH
3 HENPUHHATHOCTI X0U SKOTOCh PU3UKY (B yKpaiHcbkoMy Komekci muBinb-
HOTO 3aXHCTY TEX AO0CI HAIMCAHO, IO “Oe3nexda - ye i0CYymHicmb pusuxia’)
1 TOMY CTpaTerisi HeepeBUIEHH HOPMATHBIB HE JTa€ MOXITUBOCTI PO3POOKH
XO0Y SIKOICh CTpaTerii pO3BHTKY. 3a BIICYTHOCTI CTpaTETiii pO3BUTKY, HEMAE i
MOXIJIMBOCTI 3acTocyBaHHs what if... a00 ONTUMAaIbHOTO MOIETIOBAHHS JJIS
ctBopenns CIIIP. Xoua 6 Tomy, 1o cryminyara GyHKIs He nud)epeHIito-
€TBCSL.

B 38’513y 3 num OECP 3anponoHyBaiia BiIMOBY BiJl OLIHKH €()EeKTUBHO-
CTi BPSLLyBaHHS JIUIIIC TI0 “‘00MPUMAHHIO HOPMAMUGEie ”, HATOMICTb 3aIpoIIo-
HYBaBILY HOBI MPHUHIIMITK HAJIE)KHOTO BpsiAyBaHH: (CHOPMYIIbOBaHI AJIsl BO-
JTHOTO BpsINyBaHHA B [3]):

I"0J10BHI IPUHIUITN ONHCYIOTHCS IPU IFOMY HACTYITHUM YHHOM:

e PesynpraruHicTs/effectiveness — ne BusHadeHHs 4iTKuX IiIeH Ta
[UTBOBUX TOKA3HUKIB, JOCSITHEHHS OUiKYBaHHX IIIJICH,

o Edekrusnicte/efficiency — mie mocsarHeHHs O4iKyBaHUX IS CTii-
KOTO YIPaBIiHHSA PeCcypcaMy 3 HAHMEHIINMH BUTPAaTaMH I CYCITiIbCTBa,

e JloBipa Ta 3aJy4eHICTh — II¢ 3MIIIHCHHS JIOBIpH Ta 3a0C3MCUCHHS 3a-
Jy4eHHs 3alliKaBICHUX CTOPIH LUIIXOM JEMOKpPATW4HOI JIETITUMHOCTI Ta
CIPaBEITUBOCTI IJIsI CYCITIIbCTBA B IIJIOMY.

OueBHHO, 110 TaKe BU3HAYEHHS PE3yJIbTaTUBHOCTI JIa€ INUPOKI MOKITU-
BOCTI JuIs 3acTocyBaHHs what if... MosientoBaHHs, a Take BU3HAYCHHS eek-
THUBHOCTI - JUIS 3CTOCYBaHHS ONTHMAJILHOTO MOJICIIIOBAHHS 1 CTBOPEHHS Bi-
nnosigHoi CIITIP. Insg Ykpaiau Taki MOXKIMBOCTI BIAKPHIIACS Pa3oM i3 OHO-
BJIEHHSIM e Exomoriunoi Crparerii (mMBHCH
http://wl.c1.rada.gov.ua/pls/zweb2/webproc4 17pf3511=63948 ), ne tenep
IIJUTIO CYy9acHOTO €KOJIOTTYHOTO BPSAyBaHHS € «3a0e3MeueHHs CTaIoro po3-
BUTKY» 3aMiCTh «3a0e3IeUYcHHs 0e3eKn», 1 «3MCHIIICHHSI eKOJIOT1YHUX PH-
3HMKIB» 3aMICTh «3axXHCTy AOBKULIA». [Ipore mepunerii 3 popmytoBaHHIM
IUTI T[0/T0 PU3UKIB CBIMYATH MPO TE, 10 HABITH i3 3aTBEPIKCHHSAM OHOBJIC-
HUX 1ineit BepxoBHoto Paoro, po3yMiHHs pU3UKY, K 100yTKY BIpOTiIHOCTI
HeCHpUATIUBOI Mol Ta ii pe3ynabTaTy, B CyCHiJIbCTBI HE 3MIHUIIOCS.

Ist mpoGiiema ctana 0coOJIMBO OYEBUIHOIO ITiJT Yac HaIliOHAIBHOT ajan-
tarii [{ineir Cramoro Po3sutky (LICP) Ta miarorosui OuikyBaHoro Harrio-
HaibHO Busnauenoro Buecky (OHBB) Ykpainu no Ilapusbkoi yroau. Taxk,
LCP13 nanpaBneHa Ha «nom siKuieHHs HACAIOKIE 3MIiHU KAiMamy, B TOU
yac, sik [Tapusbka yrona nepenbayae J1a HUIIXH BIPOBAIPKEHHS — « CHPUSAHHSA
(1) oniprocmi 0o 3minu knimamy ma (2) HuzbKO8Y2IEYEBOMY POZGUMKY» T
«3abesnevenns y3200ceHocmi Qinancosux nomoxie iz nanpsimom (1) nuzb-
Kogyaneye6o2o ma (2) onipHo2o 00 3minu Kiimamy po3sumkyy. BinmosinHo
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MMUTaHHS HACTIAKIB/BIUIMBIB 3MiH KITiIMaTy Ta iX NPUYMH, MAIOTh PO3TIIAA-
THUCS, IK MIHIMYM, pPiBHOTIPaBHO.

BaxmmBicTh TPUHIOWITY PIiBHOCTI ToisATae y monokeHHsAX Ilapuspkoi
YTO/H, sIKa TOBOPUTH HE TPOCTO TIPO «NPOMUito 3MIHAM KAIMamyy, a Tpo
«GHUMCEHH PUSUKI6 3MIHU Kiimamyy, a pU3UK, K Bigzomo 3 The Global Risks
Report of the World Economic Forum, € 106yTKOM BipOTiIHOCTI HECTIPHSIT-
nBoi nozii Ta ii BrumBy. Came Tomy nocsirienHst LICP13 Ta nineit ITY mo-
XKITBE TaKOXX JIBOMA LIISIXaMH —3MEHIIYI0UH KOKeH 3 IBOX MHO)KHUKIB pH-
3MKY 3MIHH KJIIMaTy i BUOMparoyu, KOTPHH 3 HUX HAHOUIHII e)eKTMBHO 3Me-
HIIy€ PU3MK. 3Ba)KarOYM Ha BUILCHABEJICHE, TAKMH BUOIp anbTepHATHB Pajin-
KaJIbHO BIiJPI3HSAETHCS Bl 3BHYHOTO YKpPAiHCHKOTO Oe3ajbTepHATHBHOTO
cnoco0y BU3HaueHHS €(DEKTUBHOCTI 110 “JTOTPUMaHHIO HOPMATHUBIB”.

Sx CBIEYUTH HEMOAaBHE AoCHikeHHS meHTpy «CycmimsctBo 1 Jlo-
BKUDIS», YKpaiHIIB TeX ONbIIC MiKABISATh HACTIIKH 3MiH KIiMaTy (B YK-
paiHi HIMH TIEpEBaKHO € TTABOJKH Ta ITOCYXH), X04a Y psizt OiIbIIe IiKaBIATh
BHUKHIW, K MPHYMHHU 3MiH Kiimary. [Ipo Oe3aipTepHATHBHICTh YKpaiHCh-
KOTO MiITXOAY CBITYUTH TaKOXK MOBHA BIACYTHICTH B ykpaincbkomy OHBB
3TaJIKM TIPO BIUTMBH 3MiH KJIIMaTy Ta MPO aJanTaIiiio 4u MiABHIICHHS OIip-
HocTi. B ykpainchkiii crparterii amantamii 3apnanas [ICP13.1 3Byuunts, sik
«OOMedHCeH s GUKUOLI8 NAPHUKOBUX 2A3I8 6 eKOHOMIYI», TOM1 KOJIU B III00ab-
nomy 3aBnanui LICP13.1 ifixeThest po «nidsuwyernts onipHocmi i 30amHocmi
aoanmygamucs 00 Hebe3neuHux KIMamuyHux aeuwy i CIMUXitiHUX 1ux y 6cix
Kpainaxy», 10 CBIIYUTH NPO NMOBHE HEPO3yMiHHs YpsiaoM cyTi Ta wuineit [1a-
pusbkoi yroau ta LICP13.

s mpuBeeHHs] JOKYMEHTIB 10 CIUIFHOTO 3HAMEHHUKA 1 3aKPITUICHHS
Ha 3aKOHOJIaBYOMY PiBHI OJJHAKOBOI TepMiHOJOTII BinnoBigHo a0 1Y, Ykpa-
HI BapTO Oy7I0 O 32aKOHOJABYO 3aTBEPINTH MIXKHAPOJHE BH3HAYCHHS e(ek-
TUBHOCTI «8PA0Y8AHHA», K “00CsACHEeHHs OUIKY8AHUX Yiiel PO36UMKY 3 HAll-
MeHwuMu gumpamamu 01 cycninbemea” [3].

OueBHHO, 1110 TaKe BU3HAYECHHSI e)EKTUBHOCTI ITiAKPECITIOE MOMKIIUBOCTI
AIPTEPHATHBHUX IUIIXIB pearyBaHHS Ha 3MiHHM KJIIMaTy, 30KpeMa, 3MEH-
LIEHHS 3arpo3H BiJl 3MiHH KJIIMATy IUIIXOM 3MEHIIEHHSI BUKW/IB, 1 ajanTa-
uito 1o HaciakiB 3K nuisixom 301bLISHHS aganTaliiftHol 34aTHOCTI Ta Orip-
Hocri. Ilpn npoMy amanTamis CTOCYETHCS B OCHOBHOMY BOJHOTO CEKTOPY, a
60poTh0a 3 BUKHaMH — €HEPTeTUKH, 1 BOHH JJOTIOBHIOIOTH, & HE BUKITIOYAIOTh
OJIHE OJTHOTO.

LlikaBuii npHKIIa1 3aCTOCYBaHHS TAKOTO ITiAX0y HaBeJICHUH B apryMeH-
TaIil THX aMepUKAaHCHKUX BUYCHUX, MO miaTpuMyroTh Buxin CIIA 3 ITapuss-
Koi yroau. CyTh apryMeHTIiB HAaCTyIIHa — aHaJi3 CITiBBiJHOILIEHHS JOXO/IB Ta
BuyaTKiB ameprkancbkoro OHBB no Ilapusbkoi yroam cBi4uTh Ipo Hee-
(exTuBHICTS BUTpaT y po3mipi | TpmH. nonapis CIIA, HeoOXimHUX A
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TIOM SIKIIEHHS TJI00aIbHOTO TMOTEIUTIHHS [UITXOM 3MCHIICHHS BHKHAIB Ha
menme Hix 0.05°C [4]. B choropHimHiX yMoBaxX 3HaYHO e(EKTHBHIIIEC BHU-
TPAaTUTH TPETUHY Ili€1 CyMH Ha aJanTarliio 0 TOJIOBHUX HACIHIAKIB 3MiH K-
MaTy — 301IbIICHAS iHTEHCUBHOCTI Ta YaCTOTH ITOCYX Ta MaBOJKIB, Oy Iyr0oun
JIOJATKOBI BOJIOCXOBHINA, JaMOW, MPOTHIABOIKOBI CIIOPYIH, IecajiHi3a-
IiitHI 3aBOIHM, Oepero3axiCHi CIOPyaH TOIIO. SIK BOHU CTBEPIKYIOTh, caMe
aJlanTanis, a He 3MCHIICHHS BUKH/IB, € CKOHOMIYHO PalliOHAJIbHUM pillleH-
HSIM B ICHYIOYHX Jy’)K€ HEBU3HAUCHUX YMOBaX.

Sk G6aumMmo, mepexia 10 aganTauii 10 3MiH KJIiMaTy BUMarae 3acTocy-
BaHHs KapIUHAJIBHO 1HIIKX, 1 OJJHOYACHO HA0AraTo OUIBII CKIAIHHUX MPUH-
IIUITIB €KOJIOTIYHOTO BpsiayBaHHsA. [lepmr 3a Bce, HEOOXiHO B yINpaBIIiHHI
€KOJIOTIYHOI0 0E3MEeKOI0 MepelTH Ha MPAKTHLI BiJl «3aXUCTy NOBKULID) J0
«yTIPaBIIHHS €KOJOTIYHUMHU PU3UKaMK», 110 B MOAAJBIIOMY CIIPHUITHME 3a-
TBEPUKCHHIO B YKpaiHi MXKHapOAHOTO BH3HAYCHHS €(PEKTUBHOCTI €KOJIOTi-
YHOTO BPSyBaHHS.

IIpore musax g0 Takoro po3yMmiHHS e(EeKTUBHOCTI €KOJOTiYHOTO BPSIY-
BaHHS MPOJIATAE HE IPOCTO Yepe3 3MiHY 3aKOHO/IABUNX ITOJIOKEHB, aje i Je-
pe3 3MiHy mapagurMu po3BUTKY 1 TAHYIOUOTO PO3YMIHHS O€3IeKH, K BiICY-
THOCTI PU3MKIB, 1 PO3yMIiHHS PH3HKY, SIK JHMIIE BiporigHOCTI 3arpo3u. [lana
CTaTTS € 3aKIMKOM HTHU MO I[bOMY LUIAXY Pa3oM 3 OUIBLIICTIO IMiANUCAHTIB
ITapuspkoi yroau.
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COLOR CORRECTION METHOD IN STEREOSCOPIC VISION
SYSTEMS AND ITS PRACTICAL REALIZATION

K. Dergachov, L. Krasnov, O. Cheliadin, O. Plakhotnyi
National Aerospace University — Kharkiv Aviation Institute,
Kharkiv, Ukraine

Currently, the most relevant direction in the development of computer
vision is the improvement of stereo-visualization and stereo-matching
algorithms in determining distances to objects, 3D-reconstruction of the
scene, the formation of three-dimensional images in virtual reality systems.
In connection with this growing demand for low-cost, but high-quality
stereoscopic vision systems. Experimental studies conducted indicate that it
is possible to build accurate stereoscopic vision systems based on the use of
inexpensive uncalibrated web cameras [1] . At the same time, it is necessary
to ensure their connection to the computer via USB ports and to setup the
parameters. However, even minor discrepancies in the parameters of
stereoscopic meters lead to a significant deterioration in the quality of their
work, even to the disappearance of the stereo effect.

Discrepancies of the space-time characteristics and color rendition
parameters lead to the distortion of the measurement space and reduce the
accuracy of stereo systems [2, 3]. Therefore, to form high-quality images of
stereoscopic camera systems, you must perform:

e software synchronization of cameras;

e calibration of cameras to determine their parameters (focal length, op-
tical distortion, etc.) and stereo calibration in the general coordinate system;

e image rectification to determine correspondences between epipolar
lines on a stereo pair in stereo-matching algorithms;

e stereo channels color correction.

The main difficulties in performing color correction are due to local and
global color discrepancies between the cameras as part of a stereo pair [4]. A
significant factor is also the presence of glare on objects when observing them
from different angles. Such discrepancies are due to the differences in the
photosensitive arrays and stereopair cameras light filters, and their unequal
position relative to the sources of scene illumination.

The existing methods of images color correction, which have a number of
undoubted advantages, are distinguished by a large amount of computation
thus are rarely used for working in real time. Therefore, it is advisable to
explore the possibilities of optimizing the structure of such algorithms to

68



create software that allows you to effectively carry out color correction of
cameras in the stereoscopic vision system. .

Stereo pair cameras color correction should be carried out in two stages.
At the first stage, white color balance is established and differences in the
intensity of the color components of each camera are eliminated separately,
and at the second, the joint adjustment of these parameters taking into account
the results of the mutual cameras rectification.

To solve joint color correction of cameras in the stereoscopic vision
system problem, we consider a system consisting of two cameras - a stereo
pair. The authors proposed to use a method based on determining the vertical
and horizontal parallax of target label on image when combining images of
the left and right cameras Ax and Ay. The resulting image offsets
Ay are also used for the rectification of stereopair images (image rectification)
— bringing reference points to a single epipolar line.

Then two fragments of the same dimension are selected on the left and
right images of the scene. Let's call them regions of interest (ROI). Based on

previously obtained offsets Ax and Ay digital convergence (combination of

pixel accuracy) of these fragments (ROI_left and ROI_right) is carried out.
Next, the color characteristics of the right channel are corrected relative to
the left one, which is selected as the reference.

The proposed method is illustrated by a generalized block diagram
presented in Fig. 1.

The received signals from webcams are a sequence of images represented
in the RGB color space. Due to the scene illumination high variability, color
correction and white color balancing usually might be preliminary applied
independently for each camera. Different algorithms for each camera color
correction are determined by the software settings. They can be selected and

installed online.
LEFT CHANNEL

Combination and
Program interface rectification —— Joint color —
of images correction

J(l ¥
e I E—— e
D—jl RGB.rc H““’,ff;’{,‘f““’" RGB 2y HSV Hcm: filter HBinary image I :

RIGHT CHANNEL

Fig.1 - Stereo cameras color correction algorithm block diagram
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The main task for cameras stereo pair joint color balance is to estimate
parallax of the colored target mark on image in the frames of the left camera
relative to the right one. To search objects coordinates on images by color
and brightness, as a rule, the HSV color space is used, where H, S and V are
the parameters that determine hue, saturation and brightness respectively.
Therefore, the most important procedure after the input and color correction
of the stereo channels video data was to convert the RGB color space to the
HSV space using the corresponding function of the OpenCV library.

Detection quality is significantly affected by the accuracy of the
components choice corresponding to the observed object color under
different lighting conditions of scene. Any point on the H scale defines a two-
dimensional region with different values of S and V. In this connection, an
algorithm has been developed that allows filtering process using a threshold
function in the range of space parameters. To eliminate the background image
noise, it is binarized using the corresponding function of the OpenCV library.

The next step of the algorithm determines the coordinates of the target
label in current frames of the left and right cameras. When working with
binary images, the most productive way of this solution is to calculate the
moment invariants of such image, which allow to determine the coordinates
with a high degree of accuracy.

After images binarizing and determining the coordinates of the target
label in the left and right channels, these images are combined using direct
overlay. Basing on images combination results values of horizontal and
vertical parallax Ax and Ay are calculated. These values are used both for
stereopair images rectification and digital convergence of the extracted ROIs.

In addition to the described algorithm, the work presents:

- set of different color correction algorithms for a separate camera as part
of a stereoscopic vision system and their software implementation;

- algorithm for the joint color correction of stereoscopic camera systems
and its software implementation;

- proposed an approach to assessing used algorithms effectiveness;

- description of the laboratory test bench;

- described software for experimental studies;

- experimental studies results.

Thus, the work proposes a new technique and color correction algorithms
for webcams in stereoscopic vision systems. Experimentally proved the
effectiveness of their use. Python software using the OpenCV library
resources is described, which allows realizing the work of these algorithms.
It is possible to adapt the operation of the algorithms to various changes in
the lighting conditions of the scene. The use of these results makes it possible
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to improve the quality of stereoscopic vision systems work when solving
practical problems of stereo visualization and stereo comparison.
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VIIK 004.5

3AJIEXKHICTh TOYHOCTI BIJIBOPY BEPCTATHUKA
METO/IOM JIHIIHOI 3rOPTKH BIJ1 3POCTAHHS
KBAJII®IKALIITHOT'O PO3PSIAY

O.1. JlakTioHOB
Tlonmascokuil nosimexHivHul Koieodc HayloHAAbHO20 MEXHIYHO20
yHigepcumemy «XapKi6CbKuil NOAIMEXHIYHUL IHCIUMMYM »

1. Berym Ta moctaHoBKa Ipo0eMu

TounicThk BinOOpy (axiBIiB MaTEMaTHYHHUMH METOJAMH JIOCIIIKYBaJIH:
M.C. Cymxoga, E.®. Illapaxosa [1], E.C. Cymaxosa [2], O.B. Tpynosa [3],
I'.P. Jlxurapamze [4] 1 iHIII Ha OCHOBi OIIIHOK €KCIEPTiB, CAMOOIIIHOK Ta
00’€IHAHUX Ha 1X OCHOBi IHTErPOBAaHMX MOKA3HUKIB, ajie HAyKOBIIl HE BU-
BYAJTK 3JISKHICTh TOYHOCTI BiJOOPY BEpCTAaTHHKA Bij 3pOCTaHHS KBasi(ika-
LiHOTO PO3pALY.

2. Mera, 3aBIaHHs 1 rinoTe3a J0CiHKEHHS
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Merta mocmimKeHHS: TOCTiANTH BIUIUB (POPMYIOUIIX METOIIB aTecTallii Ha
TOYHICTB BifOOpPYy BepCTaTHHUKIB METOJIOM JIiHIHHOI 3TOPTKH.

3aBaa”Hsa TOCHTIHKEHHS

1. BuBunuTH 3aNMeXHICTh 3pOCTAaHHS TOYHOCTI BiZIOOpPY BEpCTATHUKIB Me-
TOJIIOM JIHIFHOT 3rOpPTKH MPH IiIBUINEHHI KBami(ikamiifHOTO po3psmay Bepc-
TATHHUKIB (POPMYIOUNMHU METOJaMH Aep>KaBHOI aTecTarlii.

3. baza ngocunimxeHHs

BignosinHo no moneni ['enepanbHoi cykynHocTi 419 cuctem BBKII ma-
MmUHOOYNiBHUX 3aBoAiB M. KapiniBku, M. [TontaBu Ta M. XapkoBa (Ykpaina)
copMoBaHa 0a30Ba EKCIICPUMEHTAIbHA BHOIpKa 3 51 BepCTaTHUKIB, SKi O~
Jlaii 3asBU aTecTalliliHIi KoMicii Asi OTpUMaHHs BIANOBINHUX KBamigika-
IIHHUX PO3PSIIB.

3a pesynpTaTaMu aTecrtalii copMoBaHi MoAiOHI ABI BUOIPKY BEepCTATHH-
KiB 3a KpuTepieM: 1) gki He MPONILIA aTecTamito; 2) AKi MiABAIIMIN 3 3-TO
Ha 4-11 cBiif kBaui¢ikaniitamii po3psa. Ha 6a3i maHux qBox BHOIpOK BepcTa-
THHKIB POBOAWIOCS JTOCTIUKEHHS BIUIMBY ()OPMYyBaJIbHUX METOIB aTecTa-
i Ha TOYHICTH BiIOOPY BepCTaTHUKIB. J{JIs MOPIBHSAIBHOTO aHAJI3y TOYHO-
CTi BiIOOPY BEPCTATHHKIB 3 JBOX MiATPYI METOJOM IiHiiHOI 3ropTku [5],
Ha OCHOBI 1HJIEKCHHX OIIIHOK Ta IHTETPOBAHUX MOKA3HHKIB, BUKOPUCTOBY-
€ThCS CyMapHa BeIMYKMHA PO3KUIY OLiHOK [6] Ta kputepiit dikcona [7].

4. Mertoiu BUpaxOBYBaHHS 1HICKCHHUX OLIIHOK JJIs BiIOOPY BEPCTATHUKIB
METOJIOM JIIHIHHOT 3rOPTKH 3 BUKOPUCTAHHIM €IMHOTO CIHMCKY 1HIUKATOPIB.

J1J1s1 300py CaMOOI[IHOK, OI[IHOK SKCIIePTiB, HOPMOBAHHX OI[IHOK Tay3e-
BOTO CTaHJApPTy BHUMOI' /10 MiJrOTOBKM BEPCTATHHKIB BHUKOPHCTOBYBAaBCS
€IMHUH CITUCOK iHIMKATOPIB, 3MICT SKUX: 1) y3rOKeHHUH 3 BHMOTaMH JIep-
JKaBHOTO CTaHIAPTY A0 poOOTH BEpCTaTHHKIB; 2) nudepeHIiiioBaHNi Ha
TpH OCOOWCTICHI KOMITOHCHTH: THOCTUYHUI, MOTUBAIIIHAH Ta I[IHHICHO-pe-
3yIBTAaTHBHUH; 3) cyMa KOe(ili€HTIB MUTOMOI Bard iHIUKATOPIB 3aBXKIU J10-
PIBHIOE OIMHMILI: i B 1.

i=1

4.1. Yucnose 3HaueHHS [HIECKCY SKOCTI CPOPMOBAHOCTI mpodeciiHol
KOMIIETEHTHOCTI BepcTaTHUKA (I77x) CKIIAIA€ThCS 3 TPHOX YHCIOBUX Koedilli-
entiB (Kr — enocmuunuii, Ky — momusayivnuii, Kp — yinnicno-pesynomamu-
6HUL), KOXHHUU 3 SIKUX BHPAXOBYEThCS METOAOM 00’€IHAHHS JBOX PSIiB
EMITIPUYHUX OI[HOK, caMOOLIHKH (O ©) — X1, X2, X3, ..., X6.; OL[IHKH €KCIIEPTIB
(O)=y1y2y3 ... e

OI1iHKH OTpUMaHi 3a IONIOMOTOI0 €IMHOTO CIIHCKY 1HIUKATOPiB, BUPAXO-
BYIOTBCSA 32 popmyoio (1), Bizomoi sk [aaexc Jlebeanka [5]:

20°
K=05+— 1
T10+3y @)
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1e (O ©) — cyMapHHil TOKa3HUK €KCIIEPTHHUX OIIHOK i-r0 HOMEepa BimoBi-
. n . . . . I
JIHOTO {HIMKATOPa, 16 O° ="y, B, , N — KUIBKICTb iHAMKATOPiB; B, KOediwi-
i=1
€HT TUTOMOI Bary i-ro mapameTpy (iHaukaTopa), a Z": B -1
i=1
%° — y3aralbHEHHH NOKa3HUK CYMH PO30iKHOCTEH CaMOOIIHOK BEPCTAT-
HUKa (X) Ta OIIHOK eKCIepTiB (y), BUPaXOBYETHCS 38 (GOPMYIIOFO:
- (Xi — yi)2
-y W) g
i=1 (X\ + y|)
OrpumaHi uucioBi KoedirieaTn rHOCTHIHOTO (K7), MOTHBAIIIHHOTO (K))
Ta MIHHICHO-pe3ynbTaTuBHOTO (Kp) KOMIIOHEHTIB OCOOHMCTOCTI 00’€IHY-
IOTBCS Y YHCIOBUH [HIEKC SIKOCTI CPOpPMOBAHOCTI MPOdeciitHOT KOMITETeHT-
HocTi BepcTatHuKa (I7x) 3a hopmysioro (2):

Lo =3K, K, K,. )

K

ne Kr, Ky, Kp— xoe(illieHTH THOCTUYHOTO, MOTHBAIIIMHOTO Ta I[IHHICHO-
Pe3yJIbTATUBHOI'O KOMIIOHEHTIB 0COOMCTOCTI (haxiBIIs.

4.2. Tamekc sIKOCTI MiATOTOBKU BepCTATHUKA ([g77) CKIAMAEThCS 3 TPHOX
yrcaoBux koediuieHtiB (Kr — enocmuunuii, Ky — momusayiinui, Kp — yin-
HiCHO-pe3yIbmamueruil), ki 00’ €JHYIOTBCS Y YHCIIOBE 3HAYCHHS 1HICKCY,
aHaJOTi4HO, 32 popmyoro (2). Koxunii koedimieHT OKpeMO BUPaXOBY€ETHCS
METOJIOM 00’€THAHHS IBOX PSAIB EMIIPUIHHX OIIHOK, OI[IHKH EKCIIEpPTiB
(O°) —y1, y2, y3, ..., V6; OLIHKH BUMOT Taiy3eBoro craniaapry (O), — ci, ¢z,
€3, ... cg. 3a hopmyoro (1).

5. BupaxoByBaHHS METOIOM aHaJi3y i€papXiil IHTETpOBAHOTO MOKa3-
HHUKA 3arajbHOT OI[IHKHU SIKOCTI B3a€MO/IiT BEpCTATHUKA 3 CICMCHTAMH TEXHi-
4HOT Ta iHpopMaiiHoi miacuctem cuctemu BBKIIL.

[HTerpoBaHuit Moka3HUK SIKOCTI B3a€MO/IIT eleMeHTiB cucteMu « Bepcra-
THHK — BepcTar 3 4ncinoBuM nporpaMHuM KepyBaHHsM — Kepyrouda nporpama
BurotosieHHs aetaii» (BBKIT) BUpaxoByeThCs METOIOM aHANI3Y i€papxiid,
SIKHI 00’ €THY€E Pi3Hi 32 3MIiCTOM OLIHKK — KBaTi(hiKaiiHUA PO3psiT BepcTa-
THHKA, TUI IPOXYKTUBHOCTI BepcraTa 3 UIIK Ha sikoMy npaiifoe BepcTaTHUK
Ta piBEHb CKJIATHOCTI KEPYI04O0i IpOrpaMy BUTOTOBJICHHS I€Talll Ha BepcTari
3 YIIK ([H HB)-

6. Pe3ynpTaTé TOCHIIKCHHS.

[MopiBHANBHMIA aHAJ3 TOYHOCTI BiIOOPY BEPCTAaTHUKIB Y BOX €KCIIEPH-
MEHTaJbHHUX BHOIpKax — AKi MIABHUIIIIN CBii ipodeciinuii po3pan opmy-
BaJIbHUMH METOJaMH Ta sIKi He MPOUIIIM aTecTallito, IPOBOJUBCS 3 BUKOPHU-
CTaHHSAM BEJIMYMHU CyMapHOT'0 IOKa3HWKA PO3KHUIY OLIHOK, Tabm. 1.

Tabmums 1
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3HaYCHHS CYMapHHUX HOKa3HUKIB PO3KHUIY JUTSI KOHTPOITIO 32 TOUHICTIO Bi-
I00pY BEPCTAaTHHKIB ABOX BHOIPOK METOIOM JIiHIHHOT 3TOPTKU HA OCHOBI 1H-
JIEKCHHX OIIIHOK Ta iHTETPOBAaHUX MOKA3HUKIB 3araJIbHOI OLIHKA

Kpurepii BHPaXOBYBAHHA JBi rpynu
iHIeKCHUX OWIHOK Ta iHTerpoBaHHX |BePCTATHHUKIB:
MOKA3HUKIB /1151 Bi100pYy BepCcTaTHUKIB MiABULIH HE

JH po3psx | NpoiuIn
aTecTaniro

Kpurepiii = Nel — Immekc  sgkocTi
chopMoBaHOCTI npodeciitnoi | Y Ri = 0,078 |>Ri=0,081
KOMIIETEHTHOCTI BepcTaTtHHKA (/7x)

' Kputepit No2 — Inmekcy sKocTi TRi=0,088 |YRi=0,108
miarotoBku BeperatHuka (L)

Kpurepiit  Ne3 —  IHTerpoBanuii
MOKA3HAK SKOCTi B3aeMOJT BEpCTaTHHKa 3 SRi=0128 |YRi=0,159
eJIEMEHTaMU TeXHIYHOI Ta iH(popMaIiitHol
migcucteM BigkpuToi cuctemu (Igz)

YcTaHOBIIEHO, 1110 CyMapHa BeJIMUNHA PO3KHY PAHTOBHX OL[IHOK BEpCTa-
THUKIB, SIKi MiIBAMAIA KBaNi(piKamiiHUN po3psil 3HAYMMO MEHIA y TTOPiB-
HSHHI 3 OIL[IHKAMH TPy BEPCTaTHUKIB, AKi HE MIPOHIIH aTecTairo. L{e Bka-
3y€ Ha 3aJIeXKHICTh TOYHOCTI BiZOOpy BepCTaTHUKA METOAOM IIiHIHHOI 3rop-
TKH Bifl 3pOCTaHHS KBaJi(iKaIiitHOTO pO3pALy

IlepeBipka OCTOBIPHOCTI BiZOOPY BePCTATHHKIB IJII BUTOTOBIICHHS Jie-
taneit Ha Bepcrati 3 UIIK, siki migBuniunm cBiil npodeciiHuii po3psia ta sKi
He TPOMIILIK aTecTallito, 3aiicHIoBaIacs kpurepiem Jlikcona ( 1abi.2).

Tabmnuus 2 TlopiBHAJIBHUMIT aHANI3 TOYHOCTI BiZIOOPY BEPCTATHUKIB Ha OC-
HOBI OIIIHOK 1HJIEKCY SKOCTI MiATOTOBKH 3a KpuTepiem JlikcoHa

1 - BEPCTATHUKHU 2 — BepCTATHHUKHU He MPOMHILIN
T ABMII T cBiii | mep:kaBHY aTecTallilo
KBaJidikaniiinuii po3psia
Q . O N
g ? IIpi3Buie g ;‘ [Ipi3Bunie S 5
22 =2 =8
S E| BEpCTaTHUK = S £ | Bepcraruuka = E;
Zla (1-wa 5 E | (2-2a s =
S G o g s 6i o &
5| eubipxa) g5 5 | subipxa) 2,
al < a, O o, (5}
QO 9 =R L 5 3]
A m z = = n m )
© =R == N = o >
= = B O = o> <
=z g g = 2 -
~ |8 © 5 ~ L8 98 9
= % = 8=
‘2 2 ‘= =
1. Jly6enceku | 0,111 1. JIsmiko M. 0,001
uA.
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2. I'pumixo 0,231 2. HesBienp 0,034
AL A.C.

15. Mocrto- 1,0 15. Kopmyn A. 1,0
Benko C.

BupaxoBani 3HaueHHs kpuTepiro JlikcoHa Tabil. 2, MoKa3yroTh IIOXHOKY
Ha piBHi 3HaunMocTi 0=0,01 npu rq;=0,616, 1110 BKa3ye Ha MiHIMaIbHY OLi-
HKY HOXHWOKH HaHO1IbII MIATOTOBICHUX BEPCTaTHHUKIB JI0 BUTOTOBJICHHS Jie-
taneit Ha Bepcrari 3 UIIK. Ile miaTBepmkye nepesary Bindopy BepCTaTHUKIB
1 IPaBIIIBHICTD 3aHHATHX HUMH TEPIINX-IPYTUX PAHTOBUX MICIb IPH BUPIi-
IICHHS CIIPHUX MUTAHb i3 3aMOBHHKOM.

7. BucHOBKH

1. Ha migBumeHHs TOYHOCTI BifOOpy BEPCTATHUKIB MAaTEMATHYHIM Me-
TOJIOM JIHIHHOT 3TOPTKU BIUIMBAE (PaKT 3pOCTaHHSA iX KBali(iKariitHoro po-
3psizy, O 00yMOBIIEHO (pOPMYBAILHIUMHU METOAAMH aTeCTaLlil.

2. Jlns MOpIBHSUIBHOTO aHajli3y TOYHOCTI paH)KyBaHHS BEPCTaTHUKIB,
IpH X BiIOOpI METOAOM JIiHIHHOT 3rOPTKH Ha OCHOBI 1HIEKCHUX OLIHOK Ta
IHTETPOBAHMX MOKA3HUKIB 3arajbHUX OIIIHOK y B3a€MO3B’S3KY i3 3pOCTaH-
HSIM 1X KBai(hiKaliifHOTO po3psiy, JOCTATHRO BUPAXOBYBATH CyMapHHUIl NO-
Ka3HUK PO3KUY OILIIHOK Ta JOAATKOBUI KpuTepiil [likcoHa.
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SIMULATION OF WORKING PROCESS OF THE ELECTRONIC
BRAKE SYSTEM OF THE HEAVY VEHICLE

D. Leontiev!, V. Klimenko?, M. Mykhalevych?, Y. Don?, A. Frolov?
! Kharkiv National Automobile and Highway University, Ukraine

2 Kharkiv scientific research institute examinations, Ukraine

There are many scientific publications devoted to research of the braking
dynamics of multi-purpose vehicles equipped with pneumatic brake drive.
These works show that the braking distance of vehicles of this class can be
reduced to 20% due to reduction in the operating time of electro-pneumatic
brake drives. At the same time, scientific and technical literature devoted to
operation of automated braking control systems often focuses on the fact that
such systems increase braking time of wheeled vehicles (WV). Therefore,
there is an issue on selection of rational law of pressure change in electro-
pneumatic devices of braking system used in heavy vehicles upon designing
of automated braking systems.

Simulating study of electro-pneumatic drive system of heavy vehicles
depends on mathematic model of its movement dynamics. Adopted
mathematical model should implement various laws of pressure change in
electro-pneumatic pressure modulators of brake drive of heavy vehicle.

Based on the approach to the dynamics of wheeled vehicle motion
proposed in work [1] and the approach to the interaction of automobile
wheels of wheeled vehicle based on creep theory [2, 3], for the different
loading conditions of the vehicle, adopted a unique model for determining
the deceleration of heavy vehicle.
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Based on accepted mathematical model of motion dynamics of a heavy
vehicle that considers the level of loading of a vehicle, it is easy to simulate
the nature of the motion of such a vehicle, taking into account the slope of
the road surface towards roadside, by determining of torsion angles of tires
of heavy vehicle through the equation of motion dynamics of wheels. These
angles depend on the nature of the pressure change in the brake cylinders of
vehicle brake drive.

To solve the gas dynamics equations, we adopted the classical methods
described in works [1, 4]. These methods represent pressure change during
the working process of the brake drive as increase, holding and emptying
phase of its throttling links, including cyclic mode.

Adopted mathematical model of the dynamics of pressure variation in
electro-pneumatic brake drive can be easily executed by means of software
complex MATLAB package SIMULINK. Output data for the simulation of
the electro-pneumatic brake drive are taken in accordance with specifications
of mobile laboratory [5] of A. B. Gredeskul Department of Vehicles where
the individual pressure modulators were installed.

The results of the simulation of the pressure dynamics in one of the front
and one of the rear of circuits of electro-pneumatic brake drive in ABS mode
have showed that the decrease in the speed of wheeled vehicle results in
decrease of intensity of emission of the working medium from the electro-
pneumatic brake drive and frequency of its operation increases due to
increase in the value of adhesion of tire with road surface that has direct effect
on the deceleration of heavy vehicle (ja).

The analysis of the simulation of wvehicle movement dynamics,
considering processes that take place in brake drive suggest that the decrease
of average pressure in circuits connected to the rear axles of heavy vehicle is
conditioned by changes in the physical properties during adhesion of tires to
road surface. The simulation of the vehicle movement dynamics also showed
that the extension of the processes of filling the brake chambers during the
operation of the electro-pneumatic brake drive reduces the load on the driver's
vestibular apparatus and creates more comfortable conditions in case of
emergency braking of the vehicle.

During the simulation study, it was also found that the braking
performance of the wheeled vehicle depends on overlapping of operation
phases of the automated brake control system located in the rear and front
circuits of the vehicle braking system. During the simultaneous release of
several circuits, the overall efficiency of vehicle's braking is reduced due to
the simultaneous release of wheels brake.

The study of braking dynamics of vehicle in loaded condition showed that
the decrease in the weight of the vehicle compared to maximum loading
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results in the increase of overall braking performance up to 20%. It should be
noted the value of the average pressure in the brake drive decreases with the
increase of deceleration. This is due to the physical processes that occur in
the area where tire adheres to road surface, which are described in the
scientific and technical literature [1 - 4, 6 - 9].

Experimental studies of wheel braking process under the influence of the
electro-pneumatic brake drive during extension of brake chamber filling
showed that such approach leads to a significant reduction in the load on the
brake mechanism due to the decrease in the frequency of alternating loads
upon application of braking force between tire and road surface.

In this case, larger pressure is observed in the brake chamber in
comparison with that observed during braking under similar conditions
without extension of filling of pneumatic brake chambers of the electro-
pneumatic brake drive of heavy vehicle, depending on the value of tire slip
relative to road surface due to the implementation of the braking force.
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DEVELOPMENT OF THE INTELLIGENT INSTRUMENT SYSTEM
FOR MONITORING THE PARAMETERS OF THE STRESS -
STRAIN STATE OF COMPLEX STRUCTURES

Lyudmyla Kuzmych, Dmytro Ornatskyi, Volodymyr Kvasnikov
National Aviation University, Kiev, Ukraine;

The most common current instruments of measuring the parameters of the
stress-strain state of complex structures are strain gauges. Typically, the
strain gages are connected to the process of measuring by the bridge scheme,
which eliminates systematic measurement errors and compensates for
temperature deformations. Advantages and disadvantages of their application
for this purpose are well known [1-5].

The method of data transmission from primary sensors to secondary
devices using analog interfaces with wired telecommunication lines in remote
measuring systems is currently very popular, despite the large number of
advanced and more advanced wired and wireless digital interfaces. This is
confirmed by the fact that researchers and chip manufacturers continue to
offer new integrated solutions for analog transmission of information [1, 2,
3,6, 8].

Such decisions are explained by several reasons. In systems of industrial
automation there is a large number of developed and manufactured many
years ago devices that use analog data transmission channels. These may be
gauges, actuators, registration devices, etc. Replacement of this equipment is
slow and requires very large investments. In addition, the transfer of any
production entirely to digital networks means a one-time replacement of
virtually all equipment and information cable networks. Such a large-scale
reconstruction requires not only enormous costs, but also stopping the
production process, which in many cases is unacceptable. Therefore, when
creating or upgrading automatic control systems, it is necessary to use analog
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data transmission channels to obtain information from sensors and transmit
control to actuators.

The analysis of domestic and foreign publications carried out by us
showed that for today optimization of analog interfaces is aimed at reducing
not only instrumental errors but also eliminating methodological errors, in
particular spectral errors and error recovery errors [4, 9, 10].

Resistive strain gauges transform deformation into a change in their
resistance, which, in practice, is equal to the deformation of the object in the
place of fixing the sensor. These sensors are passive and use a power source
connected to the measuring circuit containing strain gauges to excite
(initialize) them [5, 11, 12].

The task of modeling the analog interface for remote measurements with
the help of multiplexer and resistive strain gauges is to increase the noise
immunity and accuracy of analog-digital interface measurements for
multichannel remote measurements.

We have proposed an analog interface scheme for remote measurements
using multiplexer and resistive strain gauges [4].

In this case, unlike the classical method of model measures [3,13,14], this
method is distinguished by the "indistinguishability" of the measuring line,
which makes it possible to compensate for a greater number of influential
factors, in particular, the correlated noise of operational amplifiers and noise
caused by the presence of the overall ground loop, the resistance of the analog
commutators.

To test this, the model presented in Fig. 1, which uses the parameters of
real components, namely the 8-channel analog-to-digital multiplexer (type
MAX 307 firm MAXIM) and operational amplifiers OA1 and OA2 common
use mA741 type [5].

SR

Lo e % ) o |
' i ’ I S e
l -

Fig. 1. Electric model of the measuring channel in the software EI-
ektronic Workbench.
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Output resistance of the source of the initialization current was selected
according to the parameters of the current source in the integral performed
type REF200 of the firm Burr-Brown 10 M ohm in the worst case.

Using the software NUMERY, the regression equation of the
measurement channel conversion function was determined, which allowed
determining the systematic and random components of the measurement
channel error without taking into account sensor errors.

Then the regression equation of the transformation function of the
measuring channel of the first order will have the following form:

(y=ag+a, x+a,- x?
a, = —6,95-107°
a, = 1,000163 , (1)
a, = 0,00007
\ y62=0948-10-°

where y — the output signal at the output of the measuring amplifier;
ay, a4, a, — coefficients of regression; x — the current value of the input
measurement; Y. 52 — sum of squares is the non-relation between the current
value of the original value and its mathematical expectation.
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MATHEMATIC SIMULATION OF GLUE JOINTS STRENGTH
CHARACTERISTICS

S.G. Radchenko, S.M. Lapach
The National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute”

Different types of composite materials are applied in the world practice
of aircraft engineering. They allow increasing endurance strength and
durability, reducing cost and flight weight, enhance design reliability. The
most interesting are layered constructions with glue joints dissimilar
materials [1, 2]. Metals, glass reinforced plastics, fiber-glass plastic are used
for the outer layers. It is essential to solve the problem of qualitative glue
joint of glass reinforced plastics outer casing with metal carcass.

Performance parameters of composite materials greatly depend on
technological and design factors. It is difficult to define analytically the level
and quality of effect of each factor. The formulation of mathematical
regression models of process allows finding the factor combination, which
has optimal quality criteria [3]. Models reflect the process physics within the
variation range of research factors.

The developed methodology of regression analysis takes into account the
fundamental properties and process environments and systems. It also allows
formulating models with the best possible properties [3].

The target of the current research is the usage of the regression analysis
methodology for research and formulation of high precision statistical model
of dissimilar materials interplay adhesion process characteristics.

We researched the process of fiberglass covering gluing to metal profile
in order to find out the conditions for high quality glued joint. The following
samples were created for the testing: circles with 60 mm diameter were cut
from fiberglass cover; circle steel workpieces with 60 mm diameter were
processed with metallic shot with particle diameter 0,3 mm or sandpapered
to even roughness; surfaces of fiberglass samples were prepared for gluing
according to the matrix of experiment; gluing of fiberglass samples with
metallic circles was done with the help of glue VKV-3 at temperature 125°C
during 3 hours.

The criteria for glued samples quality was the tearing joint strength o,
kgficm?.

The following process factors were researched in the experiment:

X, — clearance between glued surfaces, 5, mm, levels: 0,6, 0,8, 1,0;
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X5 — glue layer thickness, t, mm/rev, levels: 0,6, 0,8, 1,0;
X3 — glue foaming coefficient, k, levels: 1,6, 1,8, 2,0;
X 4 —fiberglass surface preparation option, P, levels: 0 (covering creation

with the help of separating polypropylene film), 1 (polypropylene film plus
sandpapered glued surface), 2 (drainage glass fabric, treated with release
agent K-21);

X5 —, testing temperature, T, °C, levels: 20, 50, 80;

X — plan of experiment divided into blocks, B, levels: 0, 1, 2.

Experiments were done according to the multi-factor regular plan 3%/27.
Three trials were executed at each point of experiment. The check showed
that the dispersions of experiments are homogeneous: Srecip=57,32; G &
=0,1787 < G(a=0,05; vi= 27,vz= 2)=0,2149.

The calculation of statistical model for tearing joint strength ¥, and all
statistics model parameters were done with the help of PRIAM [5] software.

The resulting model is as follows:

y =75,5975-10,1796x%, +9,77963x,Z, + 7,91975z, + 7,19383z, +
+8,53519x,z, —5,44815x, +6,60278x,x,

where:

X, =5(X, —0,8); z, =1,5(x; —0,6666667);

X, =5(X; -1,8); z, =1,5(x? —0,6666667);

X, = 0,0333333(X, —50); z, =1,5(x; —0,6666667);
X, = X, -1 2, =1,5(x; —0,6666667);

The developed model is relevant (s%e = 81,74; F®*" =1,4259<F (¢ =0,05;
vi= 7, vp=19)=1,7825) and informative (multiple correlation coefficient
R=0,8910 and statistically significant Fr  =10,4592 > F («¢ =0,05; vi = 7,
vo = 73)= 2,1378. Model is also persistent structurally (all included into
model regressors are orthogonal to each other) and computationally
(condition number cond=1). Model interprets 79,4% testing results
dispersion. Approximation mean error is 7,92%.

The glue joint strength of fiberglass covering with metal carcass is mostly
influenced by the following factors:

Xg — temperature of testing, T, °C (quadric correspondence) — explains
35,97% of total dispersion; interaction X»z3 (double, tertiary) — 11,42% of
dispersion; independent from this X,— glue level thickness, t, mm/rev

interprets 7,09%, anda X3— glue foaming coefficient, k — 9,27%.
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The character of resistance dependency from separate pairs of factors is
displayed on pictures 1, 2.

Ynax = 184. StepforY = 3.28 Factor for 2 - k
hln‘; 1.2 Znin = 1.6 Step = 8.8218526
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nindXnindZnin  Xmin = 8.6 Xmax= 1 Step for X-= 8.82

Picture.1. Response dependency from t and k. The other factors are fixed
at levels: T=20; B=0.

Ymax = 184, StepforY = 5.44 Factorfor 2 - 1
'l'ninr 49.6 Znin = 28. Step = 38
Z1-58
=2=88.
k

YrnindXnindBnin  Hnin = 1.6 Xmax= 2 Step for X= B.82

Picture.2. Response dependency from T and k. The other factors are fixed
atlevels:t=1;,B=2.
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The developed model was used to define the optimal conditions for gluing
(type of surface preparation — sample surface treatment, glue foaming
coefficient -2, glue layer thickness —0,8).

Thus, the application of experimental-statistical methods allows
developing relevant empirical models for gluing technologies design and
develop optimal technologies based on them.
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METO/ M NIIBUHIEHHS EOEKTUBHOCTI YITPABJITHHS
AT'PAPHUM HMIAITPHEMCTBOM

SI.A. CaBunpka, B.B. Cmoumiii, B.I'. IllentecToBchbKuiA
Hayionanvuuti ynieepcumem diopecypcis i npupo0oKopucmysanHs
Yxpainu, m. Kuis, Yxpaina

[ BUpiIIeHHS 3a7a4 yHpaBJIiHHA Ha arpapHUX MiANPUEMCTBAX MOX-
JIMBO BUKOPHCTaHHS aBTOMAaTH30BaHUX CUCTEM KiTbkoX KiaciB — MRP, ERP,
CSRP, siki € HaOIIBIT B)KHBAHUMU Ha CHOT'OJHI 1 MAIOTh Y CBOTi OCHOBI CcH-
cteMHuH miaxin. Lle no3Boisie poO3MISHYTH HUTICHUH IIPOIEC YIpaBIiHHS
MiATIPIEMCTBOM SIK CYKYTTHICTH ITOB’S3aHMUX (YHKIIOHAJBHUX 3a/1a4 — IJIa-
HYBaHHS Ta MOTOYHUI KOHTPOJb y cdepi piHAHCIB Ta pecypciB pi3HOTO THILY
— JIIO/ICBKHX Ta BUPOOHMUYUX. PI3HOMaHITHICTh MOJIATa€E Y CyKYITHOCTI BUPi-
IIyBaHMX 3a7ad4, IX KOMIUIEKCHOCTI Ta PiBHI OXOIUICHHS y YaCOBUX iHTEpBa-
nax.
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[MigBumeHas eheKTUBHOCTI CHCTEMH KePYBAaHHS arpapHUM TOCIIONApCT-
BOM TIPU3BOANTH A0 EKOHOMII TOTOYHUX BUTPAT, HiIBUIICHHS I'HYYKOCTI BU-
poOHHIITBA Ta PalliOHATHFHOMY PO3MOUICHHIO PECYpPCIB y Yaci Ta MPOCTOPi.

ABTOMATH3AIIisI IPOIECIB Y NTaXiBHUITBI M TBAPUHHHUIITBI HE € BXKE pi-
nkicTio. [TocTymoBo cucTeMn KOMI IOTEPHU30BAaHOTO KOHTPOIIO 1 KEpyBaHHS
epexoasTh i y chepy pocnuHHAITBA. OJHAK HEJOCTATOK OIIEPATHBHOI, aK-
TyaJbHOI Ta JOCTOBIPHOI iH(OpMalii MepelKo Kae CBOEYaCHOMY BHHE-
CCHHIO KEPIBHHX PILICHB.

Posrisnatoun 0coONMBOCTI arpapHULITBA, MOXKHA JIITH BHCHOBKY, IIPO
HEOOXITHICTh BIPOB3KCHHS HOBITHIX TEXHOJIOTIH 3a KUIbKOMa HaIlpsM-
KaMH — MiJIBUIIEHHS e()eKTUBHOCTI CHCTEMHU arpapHOro MEHEPKMEHTY, HO-
BITHI arpapHi TE€XHOJIOTi4HI IPOLECH, HANPUKIIAJ, TOYKOBE 3eMJIEpOOCTBO,
BTIJICHHS CHeproe()eKTUBHUX Ta 30epirafounx TEXHOJOTIH y CYNpOBiqHIX 10
arpapHUX 3a/ad Iporecax.

[TixBumeHHs: €PEeKTUBHOCTI CHCTEM MEHEIKMEHTY MOKHA JTOCSTTH 3Me-
HIIICHHSIM Yacy B Iporeci 00MiHy iH(popMaIli€ro, NIIIX0M JOCITiIKEHHS 1 po-
3pO0KH JBOCTOPOHHBOT KOMYHIKAIIHHOI CHCTEMH (hepMEPCHKOTO TOCTIOAap-
cTBa. Y OCHOBI TOCTIIKCHHS JISKATh POOOTH, SIKi BUKOHYBAIIHCS K CKIIAIOBI
TOCIPO3PaxyHKOBOI HayKoBO-#ociifHOi pobdotu Nel5/17-2017 3a temoro
«Po3pobka MakeTy MporpaMHO-TEXHIYHOTO KOMIUIEKCY 3 KOHTPOJIO IMOTOY-
HOTO PO3TAllIyBaHHS Ta CTaHy BiJaJeHUX 00'€KTIB U1l (hepMepChKOro roc-
M0JIapCTBaY, Y paMKax sIKoi 00’ €KTOM JO0CJIi/IZKeHHs € OpraHizallisi mpoLecy
orepaTuBHOI iH(opManiiiHoT B3aemMoaii Mix criBpoOITHUKaMH (QepMepch-
KOT'0 TOCIIO/IapCTBa, & MPeAMeTOM HOCJTi/IKeHHsI METOIM Ta TeXHIUHI 1 Ipo-
rpamMHi 3aco0u 3a0e3TleUeHHs OMEePaTUBHOI 1H(QOPMAIIIITHOT B3aeMOIIT Mix
CIIBPOOITHUKAMH JJAHOK TOCIIOAaPCTBA Pi3HOTO PiBHS.

Baxxnmmsum € Toit dakr [1,2], o s JocSTHEHHSI BUCOKOI €(peKTHBHOCTI
BUKOPHCTAaHHS TaKUX CHCTEM aBTOMAaTH30BAaHOTO YIPaBJIIHHS MOTPiOHI 3Ha-
YHI pecypcH Ta MpaBWIBHAN OpTaHi3aIliifHO-TIAHOBUH MigXiJ, 1HAKIIE MO-
JKHA OTPUMATH 3BOPOTHIi pe3ynbTar. B YkpaiHi cbOroiHi BAKOPUCTOBYIOTh
BEJIMKY KUIbKICTh MOIOHUX CUCTEM 3aB/SIKM TAKHM iX XapaKTEPUCTHUKAM SIK
MacIiTaOyBaHHS Ta MOYJIbHICTB, 1[0 JO3BOJISIE CTBOPHUTH, 3a HEOOXiTHOCTI,
MPaKTHUYHO YHIKJIbHY CHCTEMY i3 IHIUBIyalbHUMHU BIACTUBOCTSIMH. 32 Jia-
HUMH i3 BIIKPUTHX pKepen [3], MOXKHA BHIUIMTH KiJIbKa JIiAEpiB Ha [IBOMY
PHHKY.

Tak, 32 TMMHU JTaHUMU JIiAepoM pUHKY € cuctema OneBox [4] Bix ogHO¥-
MEHHOT'0 YKpaiHChbKOTO BUPOOHHUKA, SIKUH HaJlae MIMPOKUi ciekTp iHdopma-
LifHUX TOCIyT, aje po3po0ka OUIbII MO3HIIOHYETHCS K pilleHHsS y cdepi
ynpaBiiHHS 3B’s3kamu 3 xiieHtamun (CRM  — Customer resource
management), a posmmpeHHs ii Bepcii 1o +ERP nepenbdaueHo sk ponaTko-
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Buii ¢yHKkmioHan. L{ikaBuM BiZHOCHO i€l CHCTEMH € IBa HANPSIMKH — BTi-
JICHHS OHJIAWH pilleHsp 3 miarpuMkoro [P — renedonii 3a qomomororo komra-
Hii KuiBcrap, Ta BrinenHs Ha miatdopmi kommanii WebProduction criemiami-
3oBaHoro CRM WEB-nonatky.

Ha 2-y wmicti po3ramryBanacs cucrema Bif 1C, sika 3afiMae 110 TO3UILIIO,
MaOyTh, OLTBII 3 ICTOPUYHHX IPUYHH TA iHEPIii HA pUHKY, OCKUITBKH epexis
Ha HOBI IIPOJIyKTH MOTPeOy€e 3HAYHOTO Yacy Ha BTiIEHHS HOBOI CUCTEMH SIK 3
TEXHIYHOT TOYKH 30Dy, TaK 1 BIAMNOBIAHO A0 MiATOTOBKHU IIEPCOHAIY.

Sk anprepHaruBa 10 1C, posrnspaerses IT-Enterprise [5] Bix Ykpaiucs-
KOro po3pobHuKa «IHpopMarliiiHi TexHoori». Halidinbm nikaBuMm y nbomy
IUIaHI € «XMapHa) peaji3allis CHCTEMHU 3 TOHKUMH KIIIEHTaMU, sIKI BCTAaHOB-
JIIOIOTH Ha KOMIT'toTepi KiieHTta. Llei mpoaykT 3aiimae Ha puHKY 4-¢ Micue
micist MS Dynamics ERP [6].

Po3mopin 3acTocyBaHHS CHCTEM YNPaBIiHHS IMiIIPHEMCTBAMH 32 Tajy-
35MH, HaBEACHUI y THX K€ pecypcax BKasye, IO arpapHUi CeKTop 3aiiMae
MaJly YaCTHUHY LIbOT0 PHHKY - OYJIO BTIICHO TiJIBKH 55 MPOEKTIB, IO CKIIaiae
npubmzHo 0,68% Bif iX 3aranbHOI KUTBKOCTI, BXOASYH Y TPYIy «lHIIi».

OcCHOBHa TEHJCHIIiS MPH PO3POOIi TAKUX CHUCTEM, SKY BiIMI9arOTh SKC-
MEPTH — IIe MEPeXiJ Ha «XMapHI» TEXHOJIOTII, 1[0 TO3BOJISE CKOPOTUTH BU-
TPaTH 3 KalliTaJIOBKJIAJACHb Ha NPUIOaHHS Ta 00CIyroByBaHHs 00JIaJHAHHS
Ta MPOrpaMHOro 3abe3rneueHHs.

[HIIM# HAnPsAM — IHTETpAaIlis 3 TEXHOJIOTIIMU CMapT-IIPUCTPOTB:

- opradi3amis 300py naHux 3 npuctpois [oT;
- B3aEMOJIis 3 MOOUTBHUMH NPUCTPOSIMH;
- IHTerpamis TepMiHaJiB 300py JaHUX;

- B3aEMOIiS 3 «KPO3YMHHUM» 00JaJHAHHSM Ha BUPOOHHUIITBI, 3 METOIO
MiATPUMKH TEXHOJOT1YHUX MPOIIECIB.

Y PpO3BHTKY CHCTEM YIPABJIIHHS BUAIISIOTH TaKi HANPSMKH SK CIIPO-
IIEHHS KOPHUCTYBAalbKUX iHTEp(deiiciB Ta BKIIOYEHHS y CHCTEMY €JIEMEHTIB
IITYYHOTO 1HTEJIEKTY.

Oco0IMBICTIO arpapHOT0 CEKTOpa € HOT0 TEPUTOpiaibHA PO3TATY>KEHICTD
Ta K CIIJCTBO - 03114 JOTICTUYHUX 3afad, SKi MOXYTh OYTH BHUPIIICHI 3a
nmoromoroto I'IC-xkomnonenriB. Ctpykrypa cdep Bukopuctanus ['IC [7]
MOKH IO € IOCUTh CTATHYHOIO - CHCTEMH MOHITOPHHTY Ta JIOKAIlii 3 HeBeNu-
KOI0 PO3MOJUTFYOI0 37aTHICTIO abo aHami3 maHux. Codepn, ski € HabmIKe-
HUMH JI0 poOsieMHOT 00NacTi e TPAHCIOPT Ta BUKOPHCTAHHS 3eMENbHUX
pecypciB. ArpapHuii CeKTOp CroknBae mpoayktu e 5% Bix ycix I'IC cu-
cteM. OcobmuBocTi opraHizaiii arpapHHX TEXHOJOTiYHHX IIPOIECiB, SKi
NOB’sI3aHi 13 3MIHOIO PO3TallyBaHHs 00'€KTIB Ta MOXKYTh OyTH BHpIlIEHI Ha
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ocHoBi ['IC-TexHOTIOT1# — I1e BU3HAYEHHS IOTOYHUX KOOPAUHAT 00'€KTiB (ci-
BaJIKa, KOMOaifH, TPaKTop), BU3HAUYECHHI MapIIPYTiB Ta MapaMeTpPiB pyxXy IIHX
00'€KTiB, KOHTPOJIb BUKOHAHHS TEXHOJIOTIYHO 3a1a4i y TOUI TPU3HAYCHHS.
Jesiki 3 oco0nmmuBOCTEH IUIX 33734 - «M’ SIKHI» PEXKUM PearbHOTO Yacy Ta Bi-
JHOCHO HEBEJIMKI BUMOTH JI0 TOYHOCTI BU3HAYCHHS KOOPIMHAT.

TepuTopiampHa po3ramyXeHiCTh Biirpae 3HaYHY POJb Y BIUIMBI Ha 4ac
BUKOHAHHS 1H(OpMaLiItHOr0 0OMiHY, OCKITBKH € TEPUTODIi, Ha SIKUX 3B'SI3KY
HEMae B3arali i moTpiOeH Yac Uil ePEeMIlICHHS Y 30HY 3B'sI3KY, a JIFO/IMHA,
sIKa Kepye 00’ €KTOM Yy IOJIi He MOKE TOYHO BU3HAUUTH CBOE MiCIIE PO3TAIILY-
BaHHs. Lle BUMarae HassBHOCTI reorpaiqyHuX JaHUX, a y CUCTEMI yIIpaBIiHHS
MAPUEMCTBOM — reoiHdopManiiiHol CHCTEMH.

Oprasizailis IpOIECy YIMPaBIiHHs MiANPUEMCTBOM BHMAarae€ HE TUIbKU
HAsBHOCTI TIpoIlecy JOHECCHHS iH(opMarii, aine if BHKOHAHHS BiIMOBiTHIX
niit. KosxeH 3 eramiB y 0OMiHI iHpOpMaIIi€lo TIOBUHEH PEECTPYBATHUCS CUCTE-
MOIO YIPaBJIiHHA, U YOT0 Ha MiANPHEMCTBAX CTBOPEHO BiILIININ JOKYMEH-
T000Iry. Po3pobmroBana crcteMa peaiizye YacTHHY OpraHi3aIlifHUX Ta iH-
(dopmamiifHuX (HYHKIIH, SKi TOKJIaIEHO Ha OpraHi3aliifHy CHCTeMY TOKyMe-
HTOOOITY - OTpUMaHHS iH(popMamii Bix i JKeperna, peecTpallis mapaMeTpis,
SIKI XapaKTepu3yIoTh iH(popMarliiiHe ITOBIIOMIICHHS Ta CTaH JyKepesa, 10CTa-
BKa iH(pOpMalil 10 OTpUMyBaya, PeeCcTpallist MapaMeTpiB, sIKi XapakTepu3sy-
I0Th CTaH OTPUMYBaya, PeECTpaIlis mapaMeTpiB 0OMiHY iH(pOpMaIIi€TO.

Jnst peanizauii cucteMu IPOMOHYEThCsl OyayBaTH ii HA OCHOBI KIJII€EHT-
cepBepHUX TexHoJorid 3 WEB-cepBepoM 3 MeToro yHidikamii goctymy Ta
iHTEepdeiciB 3 BiIaTCHUM JOCTYIIOM Ha OCHOBI AMHAMIYHOT reHeparii KoH-
TeHTy. Lle He mMoTpedye MOAAaTKOBMX BHTpPAT Ha CIeEMiali3oBaHI 3aco0W Ta
MOK€ BHKOPHCTOBYBAaTH 3aXHIICHI KaHaIW 3B'I3KY Ha OCHOBI MPOTOKOIY
SSL. O6MiH taHUMH 32 IPOTOKOJIOM http OymyeThes, SIK 3BiCHO Ha MEXaHI3Mi
00OMiHY MOBIIOMIICHHSIMH THITY «3allUT»-«BIINOBiABY. s mepemadi naHmx
BiJl KJIIEHTCHKOI YaCTHHU BUKOPHCTOBYIOTh MexaHi3Mu GET abo POST 3a-
IIUTIB, sIKI HAJCWIIAIOTh JIaHHI y (GOpMi «I1apaMeTp=3Ha4deHHs», siKi Gopmy-
I0ThCsI HA OCHOBI (POpM, B SIKUX iIMEHA TETIB JIsl BBe/IeHHS iH(opMallil BU3HA-
YarTh IMCHA MMapaMeTPiB, a BBEJACHHI TaHHI BU3HAYAIOTh 3HAUCHHS. Taki Me-
XaHI3MH He NOTPeOyI0Th CKIIQJHOT 0OpOOKHM JaHMX, K OT jSON YH iHIII, aje
BHKOHYIOTH yci TOTpiOHI PyHKIT 3 0OMiHy manumu. PeecTpariist moBizom-
JICHb BUKOHYEThCS CEPBEPHOI0 YACTHHOIO, siKa 30Mpa€e MOBIIOMIICHHS IS
KJIEHTIB Y IIPOMDKKH 9acy MK ceaHCaMU 3B'SI3KY, BUKOHYE IPOLIEC i1eHTH-
¢ikauii KopucTyBaua Ipy MiJKII0YEHH] 10 CUCTEMH, Iepeiae HoMY HaKOIIHU-
YeHi MMOB1IOMJICHHS Ta IPUIMAaE MOBITOMIICHHS BiJl HBOTO.
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YUCJIEHHOE MOAEJINPOBAHUE B3ANMOBJ/IMAHUE IBYX
ITAP HAHOYACTUI HA 9JIEKTPOMATHUTHOE TIOJIE3 B
BJWKHEN 30HE METO/IOM BEKTOPHBIX KOHEUHBIX
3JIEMEHTOB

K.C. Kypouxa, K.A. [Tanapun, /I.H. Tpyberok
Yupexnenne oopazoBaHus «I OMeIbCKUH rOCy1apCTBEHHBIA TEXHUYE-
ckuit yauBepcuret umenu [1. O. Cyxoro», Pecryonmka benapyce

Bgenenune

HaHOKOMMIO3WTHEI C YacTHUIIAMH BOCCTAHOBJIEHHBIX METAJUIOB HAXOIST
IIMPOKOE NPHMEHEHHNE B Ka4eCTBE ONTO3JIEKTPOHHBIX 3JEMEHTOB, ONTHYE-
CKHX CEHCOpPOB, MIPHOOPOB IJISI PETUCTPAIMH ONTHUYECKUX CHUTHAJIOB, ONTH-
YeCKMX HAaHOAHTEHH W mp. [1]. JlaHHBIE MaTepHamnsl MPEaCTAaBIAIOT COOOH
CIIO)KHBIE CTPYKTYPHI, COAEPIKAINe OTPOMHOE HYHCIIO IMIJICKTPUUECKUX U
MeTtamndeckux HanoyacTul [2]. [Ipu co3qaHiy HOBBIX MATEPUAIOB 3HAYH-
TEJBHYIO 4aCTh BPEMEHH IIPU 3TOM 3aHHUMAaEeT NIPOU3BOJCTBO U UCCIIEA0BaHHE
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MPOTOTHUIOB. MCHONB30BaHUE KOMIBIOTEPHOTO MATEMAaTHYECKOr0 MOJEIH-
pPOBaHHsI HAa OCHOBE METOJa JICKOMIIO3HIUH B MEPCIEKTHBE MO3BOJIUT Iie-
PEHTH K CO3[IaHUI0 HOBBIX MAaTEPHAJIOB C 33 JaHHBIMH CBOHCTBAMH B BUPTYya-
JIbHOM MPOCTPAHCTBE, JI0 MPOBEICHHS HATYPHBIX SKCIIEPUMEHTOB, 4TO aeT
BO3MOXKHOCTh YMEHBIIUTH CE0ECTOMMOCTD M 3HAYUTEILHO COKPATUTD [ITUTE-
JIHOCTB BCETO IpOoIiecca pa3paboTKH.

OCHOBHBIM 00BEKTOM HCCIIEIOBAHUS SIBIISETCS 3JIEKTPOMArHUTHOE TI0JIE,
Ha KOTOPOE OKa3bIBACT BIHSHKE BECh aHCAMOITh YACTHII, TO3TOMY MaTeMaTH-
YECKHE MOJICIIH JODKHBI YUUTHIBATh B3AMMOBIIMSIHUAC YaCTHUII, & HE paccMar-
pHBaTh pacrpeieseHUue 3JIEKTPOMArHUTHOTO IMOJsS Ka)I0W 4acTHIBI OTIe-
JbHO [3].

ITocTanoBka 3anauu

OOBEKTOM MPOBOTUMBIX HCCIIEIOBAHUIA SBISIIOCH 30J1b-Tellb CTEKIIO, CO-
JieprKalee HaHOYACTHIBI BOCCTAHOBIICHHBIX MeTaIUI0B [2]. Ha matepuan na-
JIaeT TUI0CKAas MOHOXpOMaTHYecKasi BoJiHa. VIConmp30Baicss METO IEKOMIIO-
sutu [4] ms onpeseneHust pacipeaeieH st SIEKTPOMAarHUTHOTO OIS, BO-
3HUKAIOIIETo B ONMKHEH 30HE NBYX map HaHodactuil. Hauamo koopauHaT
pacriojaraeTcs Ha paBHOM yJIaJICHHH OT LIEHTPA KX 101 U3 yactuil. B pacue-
THOM 0O0JIaCTM MOXHO BBIJICNIUTH NPHHIMIIHAIBHO OTIMYAIOIINECS dJe-
MEHTBI: YaCTHIIBI, «OJIMKHIOIO» U «TaJIbHIOI0Y» 30HBI JUIS YACTHII, OJTHOCTHIO
MIOTJIOMAKOIIHNH ciio# (puc. 1). B ponu rpaHUYHBIX YCIOBUI UCTIONB3YIOTCS
ycioBus nornomenus: (ABC — absorbing boundary condition), peann3zoBas-
HBIE B BHJIE YCIOBUS M3Iy4eHHus 3oMMmephennaa.

AR

L B

'

Pucynok 1 — Cxema pacuetHol obnactu (cedenne pacuaetHor 3D-o6ma-
CTH B KOOPJMHATHOM MIIOCKOCTH XY)
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«brmxHAT» 30HA yacTUIs! (00macTs 1, puc. 1) mpexacrasisier coboit ma-
paiutenenumen, onuceBaommiA chepy pammyca R + 2\, rne R — pannyc Ha-
HOYACTHUIIBI, A — JUTMHA TTaJaromieii BOJIHEL. Pa3smMeps! «manpHei» 30HHI ompe-
JEISIFOTCS] NCXOSI M3 Pealu3aliy T'PAHUYHBIX YCIIOBHUI TOTJIOIECHNMS U IIPea-
CTaBIIIOT OO0 TakKe MapajuIeNienue ] ¢ JNnHoi pedpa 7R.

Hccrnenyemast 001acTh MOXKET OBITh Kak JBYX-, TaK UM TpeXMepHOH. [l
OTIpeZIeIeHUs] HANPSDKEHHOCTH 3JIEKTpHYecKoro mnoist E HeoOxommmo pe-
IINTH ypaBHEHHs1 MakcBeIula ¢ y4eTOM TPaHUYHBIX YCIIOBHH.

PaccmaTpuBainch HaHOYacTHIBI paguycoM 40 HM, HaxoxsIIMecs B BO3-
nyxe (€ = 1), UX HEHTPBI COBIAJIAIOT C LIEHTPOM JEKapPTOBOH CHCTEMBI KOOP-
JIUHAT. B kayecTBe MeTaJUIMUECKON HAHOYACTHIBI paccMaTpuBaiach ceped-
psHas (AQ) co 3HaueHHEM AUIIEKTPHUUECKONW MPOHMLIAEMOCTH MaTepHalia
enp= —3,5191+0,5798i. [li1s AMIIEKTPUUECKOI HAHOYACTHIIBI BEIOPAHO 3HAUeE-
Hue enp = 3,5191+0,5798i. [{;1s pacdeTa mapaMeTpoB YaCTHIl UCIIOIb30BANIACH
Mozens Jpyne — Jlopenua.

s Bepuduramiy u KamuOpOBKH MOJIENIN UCTION30BAIOCH perieHne Mu
JUTS DJIEKTPUIECKOTO TIOJIs B OMMKHEH 30HE chepHIecKoi YacTHIIBI U perre-
HHE, MOTyYeHHOE ¢ ITOMOIIBIO Y3JIOBBIX KOHEUHBIX 2J1eMeHTOB [5]. Pacxo-
JKJI€HUE YHCIIEHHOTO PEIIEeHHs COTJIAaCHO NPEeMJIOKCHHON MaTeMaTHYecKOn
MOJIeTH U pelieHuss Mu He npessimano 10%.

HccnenoBanne B3aMMOBIHSHUS Tapbl HAHOYACTHUI[ HA WHTEHCHBHOCTH
3JIEKTPOMAarHUTHOTO OIS

PaccmarpuBanacs 3aada onpeeseHus B3aUMOBIIHSHNA YeThIpex ceped-
PSIHHBIX HAHOYACTHII B 30JIb-T€JIb CTEKJIC HA 3JIEKTPOMAarHUTHOE TI0JIe B OJIH-
JKHeH 30He. Bo30ykIeHHe OCYMIeCTBISUIOCH IIOCKOW JTMHEWHO MOJSPU30-
BaHHOH BAOJE ocH X BOJHOW JuinHOHM 405 HM. PacuérHas o0nacTs BEIOpaHa
B (hopMme mapanenenumnena pazmepamu 2500x1250x1250 awm.

Juckperusanust MpoBOAMIACH KOHEYHBIMH JIEMEHTAMH Pa3JINuHbIX pa3-
MEpOB B 3aBUCHMOCTH OT 30HHI (puc.l). [locie yuéra rpaHUUHBIX YCIIOBHI
pa3MEepHOCTh MATpHIBl CHUCTEMbI B IPOBOJMMOM HCCIEIOBAaHHU HE
MPEeBBINIaIa OJJHOTO MUJUTHOHA HEU3BECTHBIX. J{JIs pemIeH s HCIIOIB30BAaJIC
METOJI COTPSKEHHBIX TPAJUCHTOB € TPEA0OycIaBIuBaHneM Xoerkoro [6].

PesynbraThl MOAEIMPOBAHUS NPU PACCTOSHUM MEXIY 4aCTHLAMU PaB-
HOM T0JIOBUHE PaJInyca YacTHIIbI PE/ICTABICHBI HA PUCYHKE 2.
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20

Pucynox 2 — PacnipesieneHne HHTEHCUBHOCTH AJIEKTPOMArHUTHOTO TOJIS
B OJIDKHEH 30HE IByX Iap HAHOYACTUI] IPH PACCTOSHUU MEXKAY YacTH-
LIaMU PaBHOM II0JIOBUHE PaJinyCca YacTHUIIbI

3akiroueHue

B pesynbrare ucciaenoBanns ObUTH OTyYEHBI CIeyIOIINE OCHOBHbIE Ha-
YUHBIE PE3YJIbTATHI:

—  TIPEIUIOKEH aJTOPUTM IOCTPOCHUSI KOHEYHO-JIEMEHTHBIX COOTHO-
LIEHHUH, O3BOJISIOIINH BEIYMIATH pacTIpe/ielIeHUE 3JIEeKTPOMArHUTHOTO T10JIS
B OmwkHEH 30HE HaHOYAacTHI], oOecreunBas HEIPEPBIBHOCTh €ro
TaHTeHIUAJIBHOW KOMIIOHEHTHI TP NEPEX0e MEXK/ly T'PaHUIIAMU KOHEYHBIX
3JIEMEHTOB. DTO IMO3BOJISIET BBIYMCIATH pacipeeseHue moyieil B OmmkHei
30HE HAHOYACTHUI[, T/l€é HHTEHCHUBHOCTh E* mpHHUMaeT 3HauYMUTEIbHBIC
3HA4YCHUS, NPUBOJSIINE K TEPEIONHEHUIO BEIIECTBEHHBIX TUIOB JTaHHBIX
IIPU UCIIOJIF30BAHUH APYTHX METOA0B. KpoMe TOoro, CTAaHOBHUTCS BO3MOKHBIM
HCTIONBb30BaTh HEPETYSAPHBIM IIar CeTKH, yBEIUYMBAs pa3Mep KOHEYHBIX
9JIEMEHTOB B «JaJbHENH» 30HE, YTO MPHUBOAUT K CHIDKEHHIO Pa3MEPHOCTH
3a[]a4d ¥ YMEHBIICHUIO BPEMEHH HaXO0XKJCHHS PELICHNUS;

— IpU HCCIEJOBAaHUU B3aUMOBIUSHHUSA  PACIOJIOKEHUS  Mapsl
HAaHOYACTHUI] HAa WHTEHCUBHOCTb JJIEKTPOMArHUTHOTO MOJS PacCTOSHUE
MEXIy YacTUIaMH BapbupoBasiock ot 0,5 pamuyca gactuus! (20 Hm) o 10.
UucneHHble pe3ynbTaThl NOKA3aiM, YTO IIPH PACCTOSIHUU MEXIY 4aCTUL[AMU
cBpime 4 pagMycoB B3aMMOBIMSHHE Ha DJIEKTPOMAarHWTHOE IIOJIe
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IMPAKTUICCKU OTCYTCTBYET, a4 3HAUYCHHE HWHTCHCHUBHOCTH COIIOCTaABUMO C
HWHTCHCUBHOCTBIO SJIEKTPOMATrHUTHOT'O IT0JISA OJTHOM YaCTHIIBI.
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MODELING OF THE ELECTROSTATIC SEPARATION OF
MIXTURES particles OF POLYMERIC MATERIALS

V.A. Mashchenko?, V.V. Drevetskiy?, 1.V. Dilay®
10dessa State Academy of Technical Regulation and Quality, Ukraine

2National University of Water and Environmental Engineering, Ukraine
3Lviv Polytechnic National University, Ukraine

The problem of determining the optimal parameters of the operating mode
of the separator is an actual technological problem in the electrostatic
separation of a mixture of polymer materials to obtain the necessary
separation parameters.

94


http://lp.edu.ua/en/lp

The purpose of the work is to simulate the process of electric separation
of a mixture of polymer materials in a power field of an electrostatic separator
using an imitation computer experiment.

The developed algorithm for simulation of electrostatic separation
provides the determination of optimal parameters of the mode of operation of
an electrostatic separator, such as the voltage between the precipitating and
deflecting electrodes (U), the rotation frequency of the precipitating electrode
(ng) and the position of the separation product dividers.

The process of separating the mixture of polymer particles in an electric
separator is as follows. A two- or three-component mixture of polymer
particles is fed into a tribo-charging device. As a result of friction between
different types of polymer particles in tribo-charging device, we obtain a
mixture of positively and negatively charged polymer particles, which is
directed to the precipitating electrode of an electrostatic separator. Between
precipitating and deflecting electrodes, high voltage is applied, creating an

electrostatic field intensity E in the inter-electrode. Under the influence of
the force field of the working space of an electrostatic separator in the inter-
electrode space, the separation of positively and negatively charged particles
of a mixture occurs. The position of the dividers determines the penetration
of the polymer particles of the mixture into the corresponding separation
product receivers (Fig. 1) [1].

The algorithm for modeling the process of electrostatic separation
consists of the following steps:

—calculation of the electrostatic field of the electrode system by
electrostatic separator;

— solution of the equation of motion for a single particle on the surface of
the precipitating electrode and the determination of the separation point from
the precipitating electrode;

—solution of the equation of motion for a single particle in the inter-
electrode space of an electrostatic separator and calculation of its trajectories
of motion;

— determination of the particle coordinate for the direct position of the
separation product divisions.

The movement of the charged polymeric particle of the mixture along the
surface of the precipitating electrode is as follows: in the first stage, we have
a common rotating motion of the particle and a precipitating electrode with
an angular velocity o (®, =27, ), in the second stage, the motion of the

particle with the slip on the surface of the precipitating electrode to the point
of separation.
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Fig. 1. Schematic electrostatic separator.

The dynamics of the charged particle motion along the surface of the
precipitating electrode is described by the following equation:

mo’r = Mg + N + F frictiont+  E + Fsmage, 1)

where m — mass of the particle; q — electric charge; r — the radius-vector

of the particle in the system of coordinates Ox'y’ connected with the center of
mass of the particle r =R+r,, R is the radius of the precipitating electrode,

ro is the effective particle radius; N - force reaction of the support; F friction

— friction force F0n =HN ; Fimage — electric image force; g — acceleration
of gravity.

The nature of the motion of a charged polymer particle of a mixture is
determined by the ratio between the force of friction and the projections of
the force of the earth's gravity and the electric Couloon force in the coordinate
system Ox'y’ [2].

The angle o, at which there is a change in the nature of the motion of
the particle on the surface of the precipitating electrode, is determined from
the following equation:

E,+F ,
HCoS @, —sin Per. = %((Dir - a ! e J"— x , (2)
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where Ey, E,» are the projections of the components of the electrostatic
field intensity in the coordinate system Ox'y’, the sign at the mirror's F ..

strength is determined by the sign of the charge of the particle “—* for q < 0;
“+” forq>0.

The separation of the particle from the surface of the precipitating
electrode is possible provided that the zero forces of the reaction of the

support ( N = 0) are equal. The angle of separation [Imax and the angular
velocity o at the moment of separation, which is necessary to determine the
initial conditions for describing the motion of a charged polymer particle of
a mixture in the inter-electrode space of the separator, is determined from the
system of the following equations:

0= \/(Dg + 28((pmax - (pcr.)’
Cl)zr qEv’ * I:image (3)
COSQPpyy =— —————,
g mg

where ¢ is the angular acceleration of the polymeric particle.

The motion of the charged polymer particle of a mixture in the inter-
electrode space after separation from the surface of the precipitating electrode
is described by the following system of differential equations:

Ox: mi&= -mgcos0—qE, —&pcS,,
. (4)
Oy: m&- mgsin®—qE, — ¥pcS,,
where, &, Y& — the first derivatives of time; £, & — second derivatives of

time, 6 — the angle of inclination of the direct Ox from the vertical position;
Ex, E, are the projections of the components of the electrostatic field intensity
in the coordinate system Oxy; p — air density, ¢ — coefficient of aerodynamic
resistance, Ser — effective particle area.

The numerical solution of the system (4) determines the trajectory of
motion of each charged polymer particle of the mixture in the inter-electrode
space of the electro separator. The intersection of the trajectory of motion of
each polymeric particle of a mixture with a line p passing through the upper
points of separation products in the inter-electrode space of the separator
allows us to determine the distance from the precipitating electrode (L;).

The algorithm for modeling the separation process and determining the
optimal parameters of an electric separator is implemented in a computer
program in MATLAB environment. The input data for the simulation model
are the parameters of the representative sample particles of the mixture (type
of polymer m, g, u, ro), geometric parameters of the electrostatic separator
(R, 6, H), ranges of technical parameters change U, no, and given
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technological separation parameters: purity polymer concentrates and
recovery.

The result of simulation in the program is the distribution of the polymer
particles of the mixture on the straight line p (Fig. 2).

A fsoc) =0 44

Fig. 2. The result of simulation in the program.

The simulation of experimental separations is carried out for all possible
values of U, ng from a certain range. For each simulation separation, the
position of product dividers (d1, d2) and technological separation parameters
(Pur, Rec) are determined.

The given technological parameters of electrical separation of the
representative sample are compared with the set of technological indices of
imitation separations and determine the optimal technical parameters of the
separator (one or more variants).

Using the proposed algorithm for mathematical modeling of the process
of electric separation of a mixture of polymer particles in a power field of an
electric separator for computer simulation experimental separations, it is
possible to determine the optimal parameters of an electric separator at given
technological parameters of electrical separation.
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AOCJIUKEHHS BILJIMBY 3HWXKKHW HA EKOHOMIYHY
E®EKTUBHICTD PEAJII3ALIII TOBAPY

A.O.Buxnsepa ta B.JI.ITonexko
Hayionanvnuti mexniunuii ynieepcumem “KIII im.Izops Cikopcbkoeo”,
Ykpaina

3 omsiy Ha 000POTH PO3JPiOHOT TOPIiBII Ta OXOIUICHHS LIMMH HpOLie-
caMH MPaKTUYHO yCiX TPOMaJIsH, JOCIIKEHHs POLECiB peai3anii ToBapiB
MIOCTIHHO € aKTyaJlbHUM. 30KpeMa, IHTepeC CTAHOBUTS SIBUIIE 3aCTOCYBaHHS
PI3HUX CHUCTEM 3HMKOK JIJISI CTUMYJIFOBAHHS PO3APiOHUX MPOJaxiB. 3 0MHOU
CTOPOHH, 3HW)KKa CTUMYIJIIOE IONUT Ha MEBHUU TOBap, a 3 1HIIOI CTOPOHH,
BOHA X 3MEHIIlye BUPYUYKY BiJl peajii3allii ToBapy.

Icuye Ge3miu Moserneit 3HIDKOK. IcHYBaHHS 1 po3Mip 3HIKKH MOXYThH 3a-
JISKATH BiJ] 9acy JOOH, CTaTyCy HOKYMIS (IK-OT MEHCIOHEP ), JIOSITHHOCTI M0-
Kynis (TOOTO TIOBTOPIOBAHOCTI 3aKyIiBENb y IEBHIHN TOPToBiit Mepexi). Jo-
CHITHUKY aHATI3YIOTh BIUIMB 3HIKKH Ha JIOSUIBHICTB MOKYIILS, SIKY PO3yMi-
IOTh SIK IMOBIpHICTh TOBTOPHO{ 3aKYIIBIIi TOTO % TOBapy. JIOSIIBHICTD MOKY-
TSI HO3UTHBHO BIUTUBAE HA BUPYUKY, a 3HIKKA — HETATUBHO.

Ioni6Ha Moenb 3HMKKY po3risHyTa B [1]. Ha skanb, kinnesa ¢popmyia
KpHUTEpio epeKTUBHOCTI BUpAXKae IMOBIPHICTh TIOBTOPHOI 3aKyIIiBJIi TOBApy
criokuBaueM. B Toprisii x iHTepec CTAHOBUTh MaKCHUMi3allisi IPUOYTKY BiJ
TOPTiBJI TBapoM, TOOTO MakcHuMi3allis BHPYYKH, abo, 1[0 T€ came, CyMHU
OTpMMaHOi TOProBoi HalLliHKK BiJ peanizanii Toapis. 1o Oinpia niHa pea-
mizarii, THM OiNbIIa HAIliHKAa HAa OWHUIIO TOBAPY, ajle TUM MEHIIE CIOXH-
BaHHS TOBapy. 3 IHIIOI CTOPOHH, YUM MEHIIIA [liHa, THM MEHIIIa HalliHKa, ajie
CIIOXKHMBAHHS TOBapy Oyze OimbmmM. IMOBipHO, Jiech TOCepeinHI iCHy€ Halli-
HKa, 5IKa 3aJI0BOJILHAE 1 MPOJABIIs, 1 MOKYIIS, ONTHMaJIbHA JUIS TIPOLIECy TO-
PTiBIIi B HiJIOMY.

Hexaii:

S - coOiBapTiCTh OJMHUII TOBAPY, I PO3APIOHOI TOPTIBII 1€ ONTOBA
IiHa, TOOTO IiHA 3aKYIIiBIIi;

P - mina npoxaxy, To0TO po3/pidHA 11iHa;

. . . . -3
O - 10115 TOProBoi HAIlIHKH BiJ| cobiBapTOCTi: O = p=s , Oynemo Hazu-
S

BaTH L0 BEJIIMUHNHY pPIiGeHb HAYIHKU.
I - pIBEHD CIIOKUBAHHS TOBAPY , KU 3QJICXKHUTH BiJl BCTAHOBIICHOT I[IHU

Hpojaxy i, BigmosinHo, O ;
V - cyma TOproBoi HaIliHKH 3a TOBap.
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HenTpanpHa rinoresa B 1iif po0OTi moisrae B GopMi 3aIeKHOCTI PiBHA
CHoMBaHHA ToBapy I Bin O . Hexail BoHa Mae eKCHOHEHIiNHE craiaHHs
npH 301IBIICHHI IiIHU TOBapy:

r=ke @ (1)

ne K i o - uesinomi moku 1o KoeQiIienTn.
3aranpHUA BUTIA i€l QyHKIIT HagaHO HA PUCYHKY 1.

\-_-__ A

i
T

Pucynok 1 — Xapakrep ¢yHKIIi piBHA CHOXKUBAaHHS TOBapy Bill piBHA
HaIllHKH.
Toxi cyma TOProBoi HaliHKH, sKa Ma€e OyTH MaKCHMi30BaHa, MAaTHME BH-
IS

v=scke %0 @)

3arasnpHuii BUrIs] i€l QyHKIIT HalaHO Ha PUCYHKY 2.

1

Y T S S —

Pucynox 2 — 3aransHuii BUriIsa QyHKIIT CyMH TOPToOBOT HAaLiHKHY BiJ pi-
BHS HaILlIHKH.

"

Hexaii 0 —3mauenHst aprymenTy QyHKWii (2) — piBHS HaIliHKH, 1pU
SKOMY BOHA JIOCSITa€ MAaKCUMyMY. 3HalIeMO aHATITHIHUHN BUpa3 AT HepIIoi
noxiguoi Vo O ;

V(6)=s(e” % +5(-a)e” % —ae~ ¥ (1- ),
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: 3
a

B mexax mozeni (1) — (2) mo CTaTUCTHYHHUX NAaHUX MPOJAXKy TOBAPY y
. . . * [
JIBa Pi3Hi MOMEHTH Yacy MOYIIMBO BU3HaunTH i 0 . Hexait

rl, r2- mani cTaTUCTHKU IO CIIOKUBAHHS TOBAPY y MEPIUHH i APYTHit
MOMEHTH 4acy;

01,62 - piBHi HaWiHKY Yy 11i MOMEHTH Yacy. Tl 3 CHCTEMU PiBHAHb

ri=k e—a51
r2==k e—a52
BUILIIMBAE
In LZ
_ rl ,5=51_52. @
o01-62 r2
In—
rl

BuzHaunMo piBeHb HAI[IHKM 1 ONTUMaJIbHY I1iHYy peaji3auii [uis OaHaHiB
(coGiBapTicTh 16TpH/KT), BUXOSUH 3 33J]aHUX PIBHIB CIIOXKHUBaHHS B [ 1] mpu:
®  BiJCYTHOCTI 3HIDKKM (MaKCHMaJbHIN HaliHII 1 IiHI y 32rpH/KT),

npu upomy r1=0.4,61=1;

3HIKLI 10 cobiBaprocTi, npu usomy F2=0.9,62=0.

* _ 1_0
0.9
In —
0.4

o =1.233.

OnruManbHa HiHa POJIaXy BUSBISIETHCS JIENO BUILE PUHKOBOI 1 CTaHO-
BUTh

p =s(1+5")=235.73 rpHkr .
Jlis BU3HaUeHHs KoedillieHTy ¢ Oyma JociipkeHa iCHyroua CTaTHCTHKA

CTOCOBHO IIPOJIAXYy 1 IIiH Ha pUHKaxX OaHaHIiB, MOMilOpiB, sOIYK, OopomIHa.
JlocTaTHBO NOBHA CTATHUCTHKA ISl BU3HAUCHHS
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Oyia 3Halinena e ayst puaKy 6ananis ([2]). Leit puHOK cTpiMKO pocTe
1 o oOcsirax CIOXKHBAHHA, 1 110 IiHAX, X0Ya B PE3yJIbTaTi 3pOCTAHHS LiH BiH
MaB OM CKOpOUYyBaTHCh. BoueBuIb, HA pUHOK OaHaHIB BIUTMBAIOTH OLIBII ITO-
TyXHi (pakTOpuH, HIK PO3IIIAHYTI B NaHii myomikarii. Tomy € morpeda B 1mo-
MAJIBIIMX JOCIIIKEHHIX Ha OCHOBI SKICHOI CTATUCTHKH, SIKA MICTUTHME OII-
TOBI 1 po3piOHi LiHU MO pOKax i Ce30HAX, Ta OOCATH CIIO)KMBAaHHS PHHKOM
JIAHHOTO TPOAYKTY I10 THX XK€ Mepioax.
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MATEMATHYHE MOJIEJTIOBAHHA PYXY BUIBHOI IIOBEPXHI
PIINHU B CIVIbCBKOI'OCITIOJAPCBKHUX IUCTEPHAX

A.IT. Koxymiko, O.JI. I'purop’eB
Hayionanvuuii mexuiunuii ynigepcumem

«XapxigcoKuti noaimexHiuHuil IHCIumym»

B arpapHomy cekTopi nependayaeThcss BAKOHAHHS SIK TSTOBHX (TEXHOJIO-
TIYHUX) TaK 1 TpPaHCHOPTHUX pobiT. TpaHCHOpTHA poOOTa, 3a3BUYAIA, BHKO-
HYETHCSI BAHTAKHUMH aBTOMOOUISIMH a00 KOJIICHUMHM TPaKTOPaMH Pa3oM 3
MPUYIITHAMY Ta HAIIBIIPUYITHAMH arperaraMmu.

CpOrosiHi aKTyalbHOK TPOOIEMOI0 B CUTBCHKOMY TOCHIOAAPCTBI € BHPI-
IICHHS 3a0e3MeUeHHs] CTIHKOTO PYXy TPaHCHOPTHUX 3aCO0iB 3 IEPEMiIHHOKO
Macoro (TlepeBe3eHHs piAkuX BaHTaxiB). Oco0aMBoi yBaru ciiji HaJgaT Tpa-
HCIIOPTYBAHHIO TPAKTOPHHUX MPHUYIMHUX Ta HAMIBIPHYIITHUX LUCTEPH, TOMY
10 Ha BiZIMIHHO BiJ] aBTOMOOINBHUX LUCTEPH, TPAKTOPHI HE OCHAIICHHI ITe-
peropokamu (OCKIJIbKH IepeBe3eHHs TPAaKTOPOM BiI0yBa€eThCS BiTHOCHO Ha
MaJIuX IBHAAKOCTSAX MOPIBHAHO 3 aBTOMOO1/IEM), sIKi TOBUHHI TaCUTH KOJIHU-
BaHHS pinuHU. OCKINBKH Cy4acHI BHPOOHUKHM TPAKTOPHOI TEXHIKM HaMara-
IOTBCS TIOCTIMHO ITiJIBUIIYBaTH €HEPrOHACHYEHICTh KOJIICHMX TPaKTOPiB Ta
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301TBITYBaTH Macy BaHTaXy, TO/I IIEPEPO3IOALT Mac B IUCTEPHI MOXKE CIIPH-
YUHHUTH 3CYB LIEHTPY Mac, 0 NPU3BOIUTH IO HOTIPIICHHS TEXHIKO-€KOHO-
MIYHHX Ta eKCIDTyaTalifHUX MOKA3HUKIB MAITHHHO-TPAKTOPHOTO arperary.

KoHCcTpykTHBHI 0COONMHMBOCTI NMPUYIMHUX Ta HAMIBIOPUYITHUX IUCTEPH
JIeTaJIbHO OKpecieHi B po6oTi [1], mpoTe B HamiBIpUYimHKUX IUCTEPHAX (OT-
LiOHAJIPHO) MOYKE BCTAHOBJIOBATHCH 3MiITyBad, KU IpeAcTaBisie 3 cebe
portop. Pobora poTopa nepeadavae 10AaTKOBUI 30ymKyrounii eheKT Ha KO-
JIMBAaHHS PIIMHU B IMCTEPHI. TaKUM YHHOM, JOCITIDKEHHS IMHAMIKY Ta eHe-
PTeTHYHOCTI KOJIICHMX TPAKTOPIB NPH TPAHCIOPTYBAaHHI LUCTEPH — JOLIi-
JIbHE.

[Tepr HiX CTBOPIOBATH HENIHIIHY MaTeMaTHYHY MOJIEIIb 3 ypaxyBaHHAM
OiipIIOCTI (haKTOPIB, SKi BIUIMBAIOTh Ha JAWHAMIYHY Ta €HEPTEeTHYHY CKJa-
JOBY pyXy, HEOOXiHO PO3pOOHUTH NiHIHHY (JiHCApH30BaHY) MOJIENb, SKa
Oyze BpaxoBYBaTH YCi BiJOMi 3B’ I3KH MiX eJIeMEHTaMH Ta (POpMYBaTHCS IPH
BUKOPUCTaHHI MaTPHYHOTO aHai3y. Taka MOAeNb JO3BOJIUTS, LIE Ha I10Ya-
TKY KOHCTPYIOBaHHs 3a0€3[eYNTH TMEepBUHHHUN MiAOip TPaHCHIOPTHOTO 3a-
co0y 3 IIUCTEPHOIO.

KonuBauHs piguHu B IUCTEPHI (3aMKHYTIiH €MHOCTI) MOKe OYTH OITHCaHO
3a JIOTIOMOTO0 MOJIENIOBaHHs piBHsAHH Memepcbkoro 1.B. [2] Ta dopmyiu
uonkoecekoro K.E. [3], ae B poboTi [4] 32 1OIIOMOT00 MaTeMaTHYHOTO
MO/JICTIIOBaHHS TOBEPXHEBUX XBWIb Peines, TOOTO YaCTMHHHMX ITOXiJHUX.
[MpuHIMT TOEqHAHHSA MX MaTeMaTUYHUX MOJEJEH 3Be/ieHO B poboTi [5], B
SIKii HaBEZEGHO 3arajbHy AWCKPETHY MOJIENb Ta 3allPONOHOBAHO OOYMCIIIO-
BaTH KOJIMBAHHS PIJMHHU 338 PaXyHOK BBEICHHs MapLialbHUX OCLUIISATOPIB,
SIKI MaIOTh CBiH pO3MIip Ta Bary.

JliniitHa (J1iHeapu30BaHa) MOJIEINB — e MOJEb, SKa IT030aBlieHa JHHAMI-
YHOT CKJIaJIOBOI (HATIPUKIIA]], TIO3/IOBKHI CHIIH, KOS(IIiEHTH 3YETICHHS KO-
JIiC 3 TIOPOTOXO AOPiBHIOIOTH KOHCTAHTI), IIPOTE BPAXOBYE B3a€MO3B’I30K MK
JMaHKaMH MeXaHi9Hoi cucteMu. OTOX, JHIHHY MOJENb JOLITEHO MOJEIIO-
BaTH JJIs aHAJI3Y BJIACHUX BJIACTUBOCTEU CHCTEMH.

3arajbHe PIBHAHHS KOJUBAJIBHOTO TPOLECY MAaLIMHHO-TPAKTOPHOTO ar-
perary 3 HamiBOPUYiN-IIUCTEPHOIO Ma€ HACTYITHUI BUIIIS]

M- E By 20 (1)

ne M — e miaroHanbHA iHEpIliiiHA MaTpHIIs, Ska CKIIaIeHa i3 Mac Ta MO-
MeHTIB iHeplii; F — marpuius nemndipysanus; C — MaTpuls )KOPCTKOCTI;
Y - BEKTOP-CTOBIIEIb, IKUiI C(DOPMOBAHO Ha OCHOBI CKJIQJIOBHX BEIHYHH
KOJIMBAJIbHOTO TIPOLIECY.

[Tpu BupimenHi piBHsHHS (1) MaTpuneio F MoxxHa 3HeXTyBaTH ajxe ii
BIUIMB Ha PE30HAHCHI 30HU He CyTTeBUH. Toxi piBHSIHHS (1) MOXKHA IPUBECTH
JI0 HACTYITHOT'O BHUTJISILY
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Mvzi(MVZ'\FHOM’VZ(MW~\;)—(r) )
dt? o

dz2r, LI R _12 -2 ! 2
dt_zY +C*Y =0,me C*=MY?>.Cc.MY?>0, Y =M¥2.Y .

Ha ocHOBI BuIlle 3a3HAYEHOT0 BIACHI KyTOBI YaCTOTH @ '

det(w®1 —C*) =0.

PesynpraToM MaTeMaTHYHOTO MOJICITIOBAHHS JTIHIHHOT MOJIEHI PyXY Tpa-
KTOpa 3 BUIHHOIO ITOBEPXHEIO PiAMHYU B IPUUIINHIH Ta HAITIBIPUUIIHIH IIUCcTe-
pHax (3 potopoMm abo 6e3 Horo) Oyme Po3MoIiT Pe30HAHCHUX YacTOT, IKHM
BiJIIOBiZaTHME TIeBHA ()OpPMa BIACHUX KOJIHUBAHb.

KoedimienTr koxHOT ( K — toi ) BacHOi (hOpMHU HOPMOBAHO Y BIATOBI -
HOCTI JI0 MpaBHja

" 2 ! .
Yi=M¥ ., j=01..,18.

Crij 3a3HaYNATH, IO A7 HAIBOPUYIIMHOL TUCTEPHH 3 TiIPaBIIIHIAM 3Mi-
IIyBaYeM iHIEKC | 3MiHIOEThCS 110 19 (3a paXyHOK BUPaxOBYBaHHS MO3T0BXK-
HBOTO PyXy BaJIy pOTOpa TiIpaBIidHOTO 3MIlIyBaya), a Ul IPUIITHOI Ta Ha-
MIBIPHUYINHOT HUCTEPHU 3MIHIOETHCs 10 18. SIKIo Tenep yTBOpUTH CyMH

18 r
T=05-A%- a2 3 (V)7
j=0

ae A, o, =27-v, —aMIITyJa Ta KPyroBa 4acToTa KOJMBaHb, TOAI IIi
CYMH BIATIOBIAaTUMYTh KiIHETHYHI# eHepril konuBaHHA. ToMy cyma KBaapa-
I
. * .
TiB koop/uHat Y | nopiBHIOE 1.

OTxe, B MaTepiaax JaHOI KOH(EpeHIIii MpeICTaBIeHO OCHOBHI IPUH-
UK TOOYAOBH JiHIHHOT (JIHEapU30BaHOT) MATEMaTHYHOT MOJIET KOJIMBAHb
KOJIICHOTO TpakTopa Ta MpHUYinHOoi abo HamiBOpUUinHOT (31 3MilIyBayeM 4u
0e3 HbOI'0) MUCTEPH 3 OYIb-SIKKM PIBHAM piguHd. J[aHa MOJENb I03BOJISIE
MPOBOJIUTH aHaJi3 BJACHHUX (PE30HAHCHUX) YACTOT ILISIXOM JOCIIKEHHS
(hopM pyXiB CKJIQJIOBHX YaCTHUH KOJIMBAJIBHOI CUCTEMH, aMILTITYJH SIKUX HO-
pPMOBaHi 3a iX BKJIaJIOM JI0 3araJibHO1 KiHETHYHOI eHeprii konuBanb. Moje-
JIFOBAHHSI Takol MOJIeJi JO3BOJIMTH, LIe Ha IOYaTKy KOHCTPYIOBaHHS 3a0e3-
MEeYUTH MEPBUHHMH IMTiA0Ip TPAHCIIOPTHOTO 3aC00Y 3 UCTEPHOIO.
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YIK 519.85

BUKOPUCTAHHA CTATUCTHYHOI'O AHAJII3Y JJIA
MOJEJIOBAHHS EKOHOMIYHUX ITIOKA3HUKIB
nIanPUEMCTBA

JIM. Koneukina, }0.0. JIMTBHHEHKO
Tlonmascoxuiil ynisepcumem exonomixu i mopeieni, [lonmasa

BuBueHHS pi3HOMaHITHUX, CKJIAJHUX Ta B3aEMO3AJEKHHX SBHII 1 IPOIe-
CiB, MOB'SI3aHUX 3 MISUTBHICTIO MiAMPUEMCTB, Nepeadavae X OMIHKY 3a JA0M0-
MOTOI0 KOMIUIEKCY MOKa3HUKiB. Lle 1ae 3Mory oTpuMaTH LijicHY XapakTepu-
CTHKY CYKYITHOCTI HiJIPUEMCTB, 30KpeMa OLIHUTH iX CTPYKTYpy Ta CTPYK-
TYpHI 3pYIIEHHS 32 OCHOBHUMH ITOKa3HUKaMH IisTIbHOCTI, BUSBUTH 3aKOHO-
MIpHOCTI B3a€MO3B'SI3Ky Ta AuHaMiku po3BUTKy [1]. Posrmsparoun cykym-
HICTb MIJNPUEMCTB K CKJIAJHY AUHAMIYHY CHCTEMY, BAKOPUCTOBYIOTH KOM-
IUIEKC B3a€MOIIOB'I3aHHUX MTOKa3HUKIB, SIKI XapaKTepU3yIOTh iX CTaTUKY - Te-
MIEPINTHIHA CTaH 1 CTPYKTYPY Ha MaKpPOPiBHi, & TAKOXK OI[IHIOIOTh JHHAMIKY Ta
MIEPCIEKTHBH PO3BUTKY [2].

[Ipu BUBUYEHHI MPUYNHHO-HACIIAKOBUX 3B'S3KIB MOKA3HUKH TOMIJISIOTH
Ha pe3ynbTaTHI Ta (akTopHi. Lle rpymyBaHHS HE € MOCTIHHUM, BOHO 3aJie-
JKHUTD BiJl KOHKPETHUX CUTYyalil, MeTH aHaii3y. Hanmpukan, mpu OmiHIi 3MiH
mpuOyYTKY BiJ peaizalii IpoIyKIIii MOKa3HUK co0iBapTOCTI MPOAYKILT po3T-
nAa0Th K (pakTopHUil. BogHOUac mpy BMBYEHHI 3aTpaT Ha BUPOOHHUIITBO
c00IBapTICTh PO3IIISAAIOTH SIK PE3YIbTATHUH IMOKA3HUK, 110 3aJI€XKHUTh BiJl 6a-
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raTtboX (axTopiB BUpoOHMIITBA. CIIijl BIAMITHTH, 110 TTPU BUKOPUCTAHHI CTa-
TUCTHYHOTO TTOKa3HMKA HEOOXiTHO pO3TILLIATH HACTYIIHI 3aadi: OIHC CTPY-
KTypH €KOHOMIKH MiAPHEMCTBA, OMUC TCHICHIINH PO3BUTKY €KOHOMIKH B
Maii0yTHROMY, aHaJIi3 i MPOTHO3YBaHHSA Pi3HNT €KOHOMIYHUX SIBUIL, BUSB (pa-
KTOpIiB PO3BUTKY €KOHOMIKH ITiJIPUEMCTBA U IPUHHATTS YIPaBITiHCEKAX
pimrens [3-4].

BinpI1icTh CTATHCTUYHUX METOJIIB BITHOCATHCS IO METO/IIB TApaMeTPHU-
HOI CTaTHCTHKH, B OCHOBI SIKMX JISKHThH HPHUITYLICHHS, 110 BUITaJIKOBUH BEK-
TOpP 3MIHHHUX YTBOPIOE JesIKMi 0araToBUMipHHN po3moait. SIKIio ue npuiy-
IIEHHS HE 3HAXOAWTH MiATBEP/DKEHHS, CJIiJI CKOPUCTATUCS HerapaMeTphy-
HHMH METOJaMH MaTeMaTHYHOI CTaTUCTUKY.

IIpu MozenoBaHHI €KOHOMIYHUX MMOKA3HHUKIB IIIMPUEMCTBA 3aco0amMu
CTaTHCTHYHOTO aHAJi3y 3aCTOCOBYIOTHCS HACTYIIHI ITiJXO/H:

1. Kopenswyitinuii ananiz 1O3BOJIsIE BCTAHOBUTH CHITY 1 HAIIPSIM CTOXacTH-
YHOTO B32€MO3B'SI3KY MK 3MiHHUMH (BUITaJKOBAMH BEIIMIHHAMH).

2. Peepeciunuii ananiz 3a0e3medye MOJICITIOBaHHS B3a€MO3B'SI3Ky OJHI€T
BHUITAAKOBOI 3MIHHOI BiJ oxHiel a00 AEKIIBKOX IHIINX BHIIAAKOBUX 3MIHHUX.
[Ipn npomy, mepina 3MiHHa HAa3WBAETHCS 3aJIEKHOIO, a PEIITa - HE3aIexk-
HUMU. Bubip a00 npu3HaueHHs 3aJIe)KHOIO0 1 He3aIeKHUX 3MIHHUX € JIOBLIIb-
HUM (YMOBHHM) 1 3/1iIHCHIOETBCS TOCIIJTHUKOM B 3aJISKHOCTI Bijl pO3B'sI3yBa-
HOI HUM 3ajayi.

3. Kauowiunuii auaniz NPU3HAYCHUH Uil aHANi3y 3alieKHOCTEH Mixk
JIBOMa CIIMCKaMH O3HaK (HE3aJe)KHHUX 3MIHHUX), 110 XapaKTepU3YIOTh 00'e-
KTH.

4. lucnepcitinuil ananiz MOYXXHa BU3HAYHUTH SIK TTapaMETPUYHHIMA, CTATHC-
TUYHUHA METOJ, TPU3HAYEHHUH JUIS OIHKY BIUIMBY Pi3HMX YMHHMKIB Ha pe-
3yIbTAT EKCIIEPUMEHTY, a TAKOX JJISI ITOIAIBIIOT0 IUIAHYBAHHS eKCIeprMe-
HTIB.

5. Knacmepnuii ananiz — e MeTo| KJTacu(pikaIiifHoro anami3y; Horo oc-
HOBHE ITPU3HAYCHHS — PO3OUTTSI MHOKUHHU JOCIIKYBaHUX 00'€KTIB 1 03HAK
Ha OJTHOPI/HI B IESIKOMY CEHC1 rpymH, abo kimactepu [5].

BucnoBku. OTKe, BUKOPUCTAHHS CTATUCTUYHOTO aHAI3Y JUIS MOJIEIIIO-
BaHHSI €KOHOMIYHMX MMOKa3HHUKIB MiJIPHUEMCTBA € €(DEKTHBHUM IHCTPYMEH-
toM. [Ipu 3acTocyBaHHs BiIOBIIHOTO porpamMHoro 3adesneuenns (MS Ex-
cel, GPSS World, AnyLogic i T.i1) MOHa IIBHIKO OTPUMATH TOYHI TTOKA3-
HUKH JiSUTBHOCTI MIANPUEMCTBA Ta 3pOOUTH BiIMOBITHI BUCHOBKH IIOJIO IO
Horo (QyHKIIIOHYBaHHS Ha JaHUH MOMEHT Ta pO3paxyBaTd HPOTHO3HI 3Ha-
YeHHsI Ha MaiiOyTHe.
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YK 539.3

PACYET TEMITEPATYPHBIX IIOJIEM B CACTEME KOJIOJIKA-
KOJIECO BOSHUKAIOIUX TP TOPMOXEHUN
PEJbCOBOI'O TPAHCIIOPTA

K.C.Kypouka, E.B.Kompakosa
Tomenvcxuti 2ocydapcmeeHuvlll mexHuyecKull yHusepcumenm umMeHu
11.0. Cyxoeo, benapyco

IIpu 3xcrmyaTanyy pesibCcOBOT0 TPAHCHIOPTA (JKEJIC3HOIOPOXKHBIHN TpaHC-
IIOPT, TPaMBau U T.II.) HEU30EKHBI epHOIBl TOpMOKeHHS. CaMo TOpMOXKe-
HHUE 00ecleunBaeTCs 3a CUET TPEHHS MEXIy dJIEMEHTaMH TOPMO3HOH Imapsl
(xomeco u TopMo3Has Koionka). [Ipm maHHOM Buae (u3HIECKOro BO3-
JEHCTBUS MEXKTy TeJIAMH IIPOUCXOIUT MEPEX0 MEXaHMICCKON dYHEPTHH (KH-
HETHYECKON YHEPTHUH) B TEIUIOBYIO SHEPTHIO, YTO MPUBOIUT K HATPEBY KaK
KOJIEC, TaK M TOPMO3HBIX KOJIOJIOK, 0OCOOCHHO B 30HE WX KoHTakTa [1]. dus
MOBBITICHUS  3()()EKTUBHOCTH W HANEKHOCTH IKCILTyaTAIlHA PEITHCOBOTO
TPAHCIIOPTA MPEACTABISAECT NMPAKTHYECKUA HWHTEPEC PACCMOTPEHHS B3aHMO-
JEHCTBUS MEXAY 3JIEMEHTaMH TOPMO3HOM Maphl I TIOMCKa KOHCTPYKTOPC-
KUX PEIIeHHUH MO3BOJISIONINX YMEHBIINTh W3HAIIMBAEMOCTD 3JIEMEHTOB TOP-
MO3HOH Iaphl U3-3a MOBBIIICHHBIX 3HAYCHUN TEMIIEPATYP B HUX MPH TOPMO-
JKCHHUH.

[Ipn maHHOM YHCIIEHHOM HCCIIEIOBAaHUH PACCMATPUBAIIOCH JAWHAMHYE-
CKOE€ TePMOYIIPYroe TPUOOKOHTAKTHOE B3aUMOICHCTBUE MEKTY JIIEMECHTaMHU
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TOPMO3HOH Mapsl IPU y4eTe TOPMOXKEHHE Koeca. DPPeKT 103a, T.e. CKOIb-
JKEHHE KOJIeca OTHOCHUTENIFHO Pelbca MEUICHHEE YeM 3TO HEOOXOIUMO IS
paccMaTpuBaeMoON CKOPOCTH, B JaHHOW paboTe HE paccMaTpHUBAJICS.
PacueTrHas Mozienb TOpMO3HOM Naphbl IPEACTABICHA HA pUCYHKE 1 U IIpeli-
CTaBIISIET COOOH IUIOCKYIO CHCTEMY COCTOsIIeH n3 gpparmMeHTa xojeca (1) u
TOPMO3HOT0 OalIMaKa, COCTOSIIEro U3 MOAOLIBEI ( 21 ) U OCHOBaHU (25 ).

Pucynok 1- PacueTHast cxema TOpPMO3HOH Hapbl peIbCOBOTO TPAHCIIO-
pTa
TopMo3Has KonojaKa MpHKUMaeTcs K konecy ¢ cuioi P . Tpenue B 06-
JIaCTH KOHTaKTa paccuntbiBanock no popmyne F,,, =k- f(P).

Maremarnueckoe ONHUCAaHUE pacCMaTPUBAEMON PacueTHOW MOJENH AJis
Ka)KJ0r0 3JIEMEHTAa TOPMO3HOM Naphl OIUCHIBACTCA CIEAYIOIIUMU YPaBHEHU-

SIMM TEPMOYPIIPYrocTH [2]
lo}=[Dfe}+{BiaT,
D _ryppyr 2l e AT e,

rae {8} — BekTop nedopmanuy; D — MaTpuIa ynpyrou KecTKoCTH; {o-}
— BEKTOD HampsDKeHUi; T — TeKymas Temreparypa; Q — IIIOTHOCTh OTOKa;
To— abcomoTHas TeMIepaTypa OKpYyKaroIlel cpeibl; {ﬁ } — BEKTOp TeMIIe-
paTypHBIX KO3()(UIIHMEHTOB; P — MJIOTHOCTH; C — yIenbHas TEeIJI0eMKOCTh
MIPY OCTOSHHOH 1eopMaruy; [K ]f MaTpuLa TEIUIONPOBOIHOCTH.

3ajaua pemranachk ¢ MOMOIIBIO METOAA KOHEUHBIX diieMeHToB. [Tpu moct-

POSHHMH MOJIENH TeJl MCIOJIB30BAIMCh KOHEUHBIE JIEMEHTHI, ONMCHIBAEMbIE
CIIEIYIOUINMH MAaTPHYHBIMHU YpaBHEHUSIMH [3]

M foT)fis8 [le] oLy [] [kJlfuh _ [iF}
OIS ] < " lie)
rae M — ManI/Illa Macce, u-— BeKTOp CMCIIIGHI/Iﬁ; T — BeKTOp TeMr[epa-
Typ; C— MaTpuna JeMnpupoBaHus; thy)lem)Haﬂ TEIVIOEMKOCTh; K — Ma-

Tpuma xectkocty; K ut_ MaTpula TEPMOYIPYTroi xKEeCTKOCTH.
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PacueTHast ceTka KOHEUHBIX 3JIEMEHTOB CTPOMJIACHh CTAHAAPTHBIM CIIOCO-
O0M, T.€. U JOCTI)KEHHS ONTHMAJIbHON TOYHOCTH M BPEMEHH pacdeTa OHa
crymangachk B 30HaX OJNM3KMX K KOHTAKTHBIM obOmacTsM. IIpu s3Tom mist kop-
PEKTHOTO PEIICHHMS 3a/1a91 HCIO0Ib30BaIach COBMECTHAS CETKA HA COTPHKa-
CAIOUINXCS MOBEPXHOCTIX B TOPMO3HOI Tape.

Jnst dpu3Haeckn KOPPEKTHOTO Pe3yIbTaTa MHTEPBAT Pa3OMeHHs 1O Bpe-
MEHHU BBIOMpAICS TaKUM 00pa3oM, 4TOOBI KOJECO MOBOPAYMBAIOCH TIPHMe-
pHO Ha 50 YIJIOBBIX CEKYH] 32 KBaHT BPEMEHH BBIUUCIIECHUII.

IIpoBoauIOCh YNCIIEHHOE UCCIENOBaHUE BIMSHUS Pa3IUIHBIX PEKUMOB
TOPMOXKEHHMSI KOJIeca Ha paclpeielieHNs TEMIIEpaTyp U HarpsbKeHHO-1edop-
MHUPOBaHHOTO COCTOSHMS B TOpMO3HOH mape. CormacHO HpOBEAEHHBIM
pacyeraMm B Ha4yaJbHBIH MOMEHT BPEMEHH HanOOJbIINE TEMIIEPaTyphl BO3-
HHUKAIOT Ha Kpasx MOAOMIBBI TOPMO3HOM KOJIOJKH, a JAajee C TeUEHHEM Bpe-
MEHHU OHH NEPEMEINAIOTCS B LIEHTP MOMOIIBHI.

Pe3ynbTaThl, MoIy4eHHbIE TP JAHHOM HCCIIEAOBAHUT MOTYT OBITH HCIIO-
JIb30BAHbI JUIS YTOUHEHNS] KOHCTPYKIMH TOPMO3HBIX KOJIOJIOK C LIENBIO YBE-
mdeHus 3G OEeKTHBHOCTH MX MPUMEHEHUsS, U CIICA0BATENLHO HAIECKHOCTH
HCTIONIB30BAHMSA KOJIOTHYECKOTO PEIHCOBOTO TPAHCIOPTA.
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YK 004.93

MOJIEJTIOBAHHA CUCTEMU IMIITPUMKU IPUMHATTA
PINEHBb KOPUCTYBAYEM IIIJ YAC TIPOLECY COPTYBAHHSA
BTOPUHHOI CUPOBUH

I0.M. Hlumman
Hayionanvnuti mexuiunuil yniseepcumem Yxpainu « Kuiscokuii nosimex-
niynutl incmumym imeni leops Cikopcovroco»

[Ipobnema cMitTs B YKpaiHi cTOITE 0COOIMBO rocTpo - 95% Beix TBEpANX
BIIXOJiB MOTPAIUIAIOTh Ha 3Bajuimia. KokeH ykpaiHenb HIOpiYHO TeHepye
6mu3pK0 350 Kr cMITTS. A B pik Ha IOJITOHM 1 Heo(iliifHI 3BaJHIIa BUBO3STH

109



npubmu3HO 14 MiNBHOHIB TOH MOOYTOBHX BiAXOZiB. 3arajpHa IUIOIIA BCiX
3BAJIMI CKITamae Maibxe 5% Tepuropii kpainu [1].

B VYkpaini mporec cOpTyBaHHS CMITTS CTa€ OUIBII MOIYISAPHUM, JIFOIH
PO3YMIIOTh HIKOAY, SIKy YHHSATh HABKOJIWIIHBOMY CEPEIOBHINY 1 BpEIITI
PELIT MOYNHAIOTh COPTYBATH BTOPHHHY CHPOBUHY. AJle NP IbOMY CTHKa-
FOTBCS 3 PSAIOM TPYAHOIIIB:

- BIZICYTHICTb PO3YMIHHS KaTeropiii BiaxXo/is;

- BIZICYTHICTh PO3yMiHHSI KOHKPETHOI CUPOBUHH, JI0 SIKOTO THITY BiJ-
XOJiB MOXK€ BiIHOCUTHUCS;

- Opak iHpopMarii 110,10 TyHKTIB IPUHOMY CUPOBHHH.

3 oAy Ha Lie € akTyalbHUM IMHUTaHHS po3poOKH iH(opManiiHoI cuc-
Temu minTpuMku yrumizanii Biaxoais (ICITYB), sixa 6 BoxHowac 3moria 6
HaJaBaTH PEeKOMEHJaMii Moa0 MonepeIHbol 00pPOOKH Ta TOCTaBKH BTOPHH-
HOI CHPOBHMHH B ITyHKTH 300py

BoT — ne xoMn’10TepHa nporpama, Ipu3Ha4YeHa JUIs JII0ACH, SKa aBTOMa-
THUYHO i/ 200 3a IeSKOF0 MOCHIIOBHICTIO BUKOHYE TICBHI il Yepe3 TeKCTOBHI
qar. Dialogflow — 1ie oHnmaita cepsic Big kommasii Google, Skuil 103BOIISIE
CTBOPIOBATH 4aT-00TiB pi3HOTO NMpu3HadeHHs. CepBic JO3BOIISIE CTBOPIOBATH
PO3MOBHI iHTEp(elcH MoBepX MPOrpaMHUX MPOIYKTIB 1 MOCiyT, 3a0e3nedy-
1041 TIOTY>KHUH MeXaHi3M po3yMinHs npupoanoi moBu (NLU) mist 06poOxu
Ta PO3yMiHHSI TEKCTIB IPUPOAHUMH MOBaMH.

Jliist po3po0ku yaT-60TiB Dialogflow Hamae areHTiB, CyTHOCTI Ta HAMIpH.
AreHt (Agent) - 1ie i € yaT-00T, KUl MOXKeE 3pPO3YMITH BEJIHKI 1 pi3HOMaHITHI
HIOQHCH JIFoACcbKkoi MoBH. Hamip (Intent) - me 3icTaBIeHHS MiX THM, IO TO-
BOPHUTH KOPHUCTYBAY, 1 sKi oreparii Moxe BukoHatu 60T. CyTHicTh (Entity) -
1e rpyna 00'eKTiB, AKi HEOOXiTHO PO3Mi3HATH areHTY.

Arentu Dialogflow BUKOPHCTOBYIOTH aITOPUTMH MAIIMHHOTO HaBYAHHS,
00 3pO3yMITH BUCIIOBIIOBAHHS IPUPOTHOIO MOBOIO, 3iCTaBHUTH iX 3 HaMi-
paMH i BUTATTH CTPYKTYPOBaHi JlaHi.

AreHT HaBuYa€eThCA SIK Bij ()pa3 HABYAHHS, SIKI BM HAJIAE€TE, TaK 1 BiJl MOB-
HUX MoJenel, BOynoBanux y Dialogflow. Buxoasuu 3 nux nanux, Bin Oyaye
ITOPUTM JUIsl IPUIHATTA pillIeHb MPO Te, IKUil Hamip MOBHHEH OYyTH Y3ro-
JKSHH 3 BUCIIOBOM KOpUCTYyBada. Llel anropuT™ € yHiKaJIbHAM JIJIs BaIllloro
areHra.

Dialogflow OHOBJIIO€ alrOpUT™M MAIIMHHOTO HABYaHHS BAllOr0 areHra
1opasy, KOJIM BH BHOCHTE 3MiHH JI0 HaMipiB 1 00'€KTiB, iMIopTyeTe abo Bis-
HOBJIIOETE areHTa abo TpeHyeTe CBOTo areHTa. [2].

Ha pucynky 1 300pakeHO 4acTHHY IeTepMiHOBAHOT'O AepeBa pilleHs (Imi-
JIKaTeropii MiIacTUKy), sike BioOpakae MOSIIMBI BapiaHTH pillleHb KOPHCTY-
BayYa Ta OTPUMaHy KOPHCTh IPH BUOOPi TOTO UM IHIIOTO CTaHy NPHU poOOTi 3
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gat-60ToM. [Ipornec mpuiAHATTS pilIeHb 3a JOMTOMOT OO AepeBa PillleHb BUKO-
HY€ETHCS B I SITh €TAITiB:

Etam 1. ®opmymioBanHs 3aBnaHas. Hacamrepen HeoOXiTHO BIIKHHYTH
Bci (hakTOpH, 110 HE CTOCYIOTHCS MPOOJIEMH, a cepell MHOXKHIHHA THX, II0 3a-
JIUIIAIACS, BUJUTATH iCTOTHI Ta HECYTTEBI.

Etam 2. IToGyznoBa mepeBa pimeHb.

Etan 3. Ouinka iMoBipHOCTE# cTaHiB cepelnoBuIlNa, TOOTO 3iCTaBICHHS
IIAHCIB BUHUKHECHHS KOYKHOI KOHKPETHOT TOJIi1.

Etan 4. BcranoBneHHs1 BUrpamiB (44 Nporpatis, K BUTPAIIIB 31 3HAKOM
MIHYC) JUIsl KOYKHOT MOXKJIMBOT KOMOiHawii anpTepHaTHB (i) 1 cTaHiB cepe-
JIOBHIIIA.

Etan 5. Bupinienns 3aBnanss. «J/lepeBo pilieHb)» CKIAaEThCS 3 pSLy BY-
3IIB 1 TUIOK, sAKi 3 HUX BUX0AATh [3]. KBagpaTn mo3Ha4alOTh MyHKTH TIPHIA-
HATTS pillleHb, KOJa — MOXITUBI TOAIi, a IyTH — BIATOBIAAIOTH TIEpexoaaM
MIX JIOT19HO TIOB’I3aHUMH PIIICHHSIMH 1 BUITAIKOBUMH TOMISIMA. 3 BEPIIIHH-
pimeHs (KBaaparTiB) BUXOANTH CTUTBKH YT, CKITBKA € BapiaHTIB (albTepHa-
TUB); BUOIp KOHKPETHOI AyTH (BapiaHT pimeHHs). s po3pobiaeHoi mincuc-
TEMH HaJaHHs peKOMEHaMiH 1010 ITONepeaHb01 0OPOOKH Ta TOCTaBKU BTO-
PHHHOI CHPOBHMHH B ITyHKTH 300py JIepeBO pillIeHb € JeTepMiHOBaHUM, OCKi-
JIbKH KOPUCTYBaY B Oy1b-IKOMY BHUIIaJIKy OTPUMY€E KOPUCTb, HABITH SIKILO BiH
HE 3HAMIIOB TOYHOI BiJIOBI/i HA CBOE MUTAHHS, TO 4aT-00T HAAACTh 1H(OP-
Mallio IIpo Te, JIe MOYKHA 3HAWTH BIAMOBIIb 00 10 KOT'O 3BEPHYTHCS.

st aHanizy eexkTHBHOCTI PO3pOOICHOIO MPOAYKTY MOXKEMO Heperiis-
HYTH CTaTUCTHKY, II0 CTOCY€EThCS KOHKPETHOTO areHTy. BiH nomomarae 06-
poOIATH BXiIHI JaHi BiJf KOPUCTYBa4a B CTPYKTYpOBaHi AaHi, sIKi MOJKHA BH-
KOPHCTOBYBATH I TIOBEPHEHHS TIeBHOI BiAmoBiai. Ha pucynky 2 BimoOpa-
KeHO Tpadik ceciif, KO KOPUCTYBad B3aeMOJII€ 3 4aT-00ToM. 3HaueHHS 56
HaJa TpadikoM 03HaYa€e KUIBKICTh CEaHCIB 3a TomepenHii geHs. CHHSA JiHisA
Ha rpadiky moka3ye JaHi 3a IIOTOYHUH NIeHb a0 mepio] yacy, a BTOpPHHHA
MYHKTHPHA JIiHisl (CBITIIO-0JIaKMTHA) MO3HAYAE JIaHi 3a MoTepeiHii AeHb a60
MEPioJI 4acy, TOMY MU MOXKEMO MTOPIBHATH OCTAHHI 3MiHU.

Ha pucyHky 3 mpeacTaBieHo MPUKIIa]] CTATUCTUYHUX JIAHUX PO PO3MO-
BHI IIUISIXH, SIKi KOPUCTYBadi CHCTEMH OOpalil IPH B3a€MOJIi 3 areHToM, a
TaKOX BiZICOTOK BCiX KOPUCTYBaUiB, sIKi OTPUMAaJIH BiNIOBib HA IIOCTABIICHE
3aIUTaHHSA Ta KUJIBKICTh 3aIUTIB, SKAM OYJIO CITIBCTaBJIEHO HaMip.

BrpoBamxeHHst iHpOpManiiHOT CHCTEMH HiATPUMKH YTHITI3aIli1 BIIXOMIB
HA/IaCTh MOXIIUBICTh 30UTHIIMTH 00I3HAHICTh KOPUCTYBAUIB y MPOIIECi COp-
TyBaHHsS BTOPWHHOI CHPOBWHH, IOJIETIIUTH TIPOIEC COPTYBaHHS Ta OTPH-
MaTy peIeBaHTHI BiANIOBI/i CTOCOBHO COPTYBaHHS Ta ITyHKTIiB 00poOku. BOy-
JIOBaHUI B CHCTEMY 4aT-00T J0IoMarae OTPUMYBATH PEIICBAHTHI BiJIIOBI I
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Ha 3aIllUTH KOPUCTYBa4iB CTOCOBHO COPTYBAaHHS BTOPHHHOI CHPOBHHHU Ta ITy-

HKTIB 11 IpHifomy.

MepernsHys indopvaLio npo
MIECTHK 3 MapkyBaHHAM PS6

MeparnsAHys iHMopMaLia Npo
NNAacTHK 3 MapkyBaHHAM PS6

0 ° —
- HaTHeHM TTyHKTH NDUAOMY

e

—
praTcH nevin? .
- Sricn Peromengasi

Ha;
o
Vrtkcr,y
Wougs
Oney,

HaTUCHW MNPUAMEEMD

Mepermatys iHdbopmaLiio npo
MNAcTHK 3 MapkyeaHHAM HDPE

MepernAHys iHopMaLiio Mpo
NNACTVIK 3 MAPKYBaHHAM PS6

MepernaHye iHopMaLLiio npo
nnacTwk 3 Mapkysatiam OTHER 7

MepernAHya CrIMCOK TOro, AKKA NACTUE
NDHIAMBETECA 3 MapKyBaHHAM PP5

Mepernanye pekoMeHaaLii 1woao
nigroTosku nnacTuky PP 5 40 05poGki

TepernAHya NYHKTH NPUIHOMY
BTOPMHHOT CUPOBMHI

MepermnARYS CIMCOK TOro, AKWIA MNacTHk
NDHAMAETLEA & MapKyBaHHAM PET 1

MepernsHya pexoMeRgaul Wwoso
nigroTosku nnacTky PET 1 Ao 0GposkA

MepemmAHYS NYHKTH NPUIHOMY
BTOPHHHOT CUPOBMHM

TepernAHya CrIMCOK TOro, AKWIA NNaCcTUK
NPUAMAETLCA 3 MapKyBaHHAM LDPE 4

TepernsHyE pexoMesgaui Woso
nigroTosk1 AnacTvky LOPE 4 A0 0Gpodku

TlepernsHys nyHKTH MpWiioMy STOpMHHOI
cuposusi

Puc. 1. JlerepmiHOBaHe iepeBoO pilieHb

Sessions @

Sessions yesterday

56

3/28/119 2 AM

I
= Daily: 161

Daily Historical: 288

Queries per session yesterday

3.68

to last period

April 1,2019

April 1,2019

Puc. 2. CraTicTHYHI aHi ICHHOTO CeaHcy
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Session Start E
I

o G
[ 12% |

Puc. 3. [liarpamu moToKy ceaHcy
Jlitepatypa

1. CopryBanHs cmiTts —  KkpacuBe 1  kopucHe. URL:
https://Ib.ua/society/2018/05/02/396399 sortuvannya_smittya krasive i ko
risne.html (mara 3Bepuenns: 10.03.2019)

2. Machine learning. URL: https://dialogflow.com/docs/agents/ma-
chine-learning (zata 3BepuenHs: 25.02.2019)

3. Buxopucranus «aepeBa pileHp» URL:
https://pidruchniki.com/10780621/ekonomika/vikoristannya_dereva_rishen
(nara 3BepHenns: 02.05.2019)

YK 519.854.2
MOJAEJIOBAHHS JOCTATHIX YMOB OIITUMAJIBHOCTI
PO3KJIAJIIB BUKOHAHHSA POBIT MAILIMHAMMU

10.10. Maptuniok
Hayionanvnuti mexuiunuti ynieepcumem Yxpainu « Kuiscoxkuu nosimex-
Hiynuil incmumym imeni 1. Cikopcvkozo», Ykpaina

PoGora mpucBsueHa JTOCHIPKEHHIO TPHOX MPAKTUYHO 3HAYYIIUX 33134
Teopii po3KIaaiB.
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https://lb.ua/society/2018/05/02/396399_sortuvannya_smittya_krasive_i_korisne.html
https://lb.ua/society/2018/05/02/396399_sortuvannya_smittya_krasive_i_korisne.html
https://dialogflow.com/docs/agents/machine-learning
https://dialogflow.com/docs/agents/machine-learning
https://pidruchniki.com/10780621/ekonomika/vikoristannya_dereva_rishen

1 ITocranoBka 3axayi. 3a1aHO MHOXHHY POOIT J = {1,2,,_, j,_,n} Ta m

mapaie’lbHUX MAIIMH Pi3HOI MBHUIAKOCTI. Bemmanna p;e TPHUBAJICTIO BUKO-
HaHHs poOoTH | Ha MammHi | (MamuHa 1 BBaXkaeThes eranonnow). [lsua-
KicTe Mamuan | mosHauaetsest yepes V; . Yac, sikuii manmnna | BuTpadae Ha

BUKOHAHHS poOOTH |, JOpiBHIOE Pi . Vci poGorn muOKMEN J HaEXOAATH
i

OJTHOYACHO B HYJIBOBHH MOMEHT 4acy, IpoLeC 00CIyroByBaHHs KOXHOI po-
0oTH TpoTikae 6e3 mepeprBaHb. Bei MalMHN MOYUHAIOTH CBOIO POOOTY B HY-
JBOBUI MOMEHT Yacy, 3TiaHo 3 pobotamu [1-3].

3agava 1. 3HaliTH pO3KIaj, y SIKOMY JOCSTra€ MiHIMyMy MaKCUMabHUMA
MOMEHT 3aBepiieHHs pooit (C ).

3amada 2. 3HaUTH PO3KIAM, ¥ SIKOMY IOCSTa€ MaKCUMyMy MiHIMalbHHIH
cepell MOMCHTIB 3aBEPIICHHS pOoOIT MalTHHAMH.

3amada 3. 3HalTH pO3KIIa] 3 MAKCHMAIBHO PiBHOMIPHUM PO3MOIIIOM PO-
01T MIXK MaIIMHAMH.

2 PesyasTaTn gociaimkenHs 3amad. Ilepmmm KpokoM aHami3y 3agad €
BU3HAYCHHS HWKHBOI IPAHMII 3araJlbHOTO 4acy BUKOHAHHS yCiX poOiT (Hu-
JKHBOI TPaHUIl KPUTEPish ONTUMAaIBHOCTI 3a1a4l

n m
Dec*_PreP= 3 pj - cymMapHuit 06csr poGir B cucremi, V = Zvi

Vv j=1 i=1
- CyMapHa MBHUAKICTh MamyH. O4eBUAHO, IO PO3KIAL, Y SKOMY MalllHU 3a-
BEPUIYIOTH BUKOHAHHS POOIT B MOMEHT Yacy C* € ONTUMAaJbHIM 3a TPhOMa
KputepisiMu. g cTaTTs € mpogoBKEHHAM pOOOTH, B AKiH AA 3a/1a4, 110 aHa-
J3yIOTHCS, OYJI0O BUKOHAHO MEPETBOPEHHS KPUTEPisl ONTHUMAIBHOCTI Y QyH-
Kiii Bimxunenns Bix 3Havenns C. Ile 1ano MOXIMBICTH cHOPMYITIOBATH
JIONIOMIXKHI ONTHMI3aLiiiHi 3aa4i, METOIO SIKMX € BU3HAYEHHS «iJ€aIbHOrO
KOHTYPY po3kiaiy». Jlani juist 3py4HOCTI, o yci P; € LiTMMH YHCIaMH, a

MallMHK yIOPsIKOBaHI 32 INBUKICTIO TaK, WO v, 2V, >...2V, - BBe1eMo aoro-

MDKHY BEIMYMHY JI€ ki = i - KoedilieHT NpoayKTHUBHOCTI MammHu |
Vi

i=1...,m (Toni BUKOHYeTBCSO6 k <k, <..<k, )-

2.1 Kpurepiii onTumManbHoOCTi. 3 ypaxyBaHHSIM BBEJECHHUX MO3HAYCHb
cOpMyYITIOEMO KpUTEPii ONTUMAIBHOCTI /IS 3a/1a4, 10 PO3IISAAIOTHCS, K

*
¢bynkuii igxunenns Big C . Posrnsaemo posknan geskuit O .
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3agaua 1 . Kpurepiit MiHimMi3aIil MakCHMaJIbHOI 3 TPHBAJIOCT] 3aBaHTa-
YKEHOCTI MaIIiH (MiHIMi3aIlii 3aralkHOTO YaCy BUKOHAHHS BCiX 3aBlIaHb) Ma€
Bursin (2.1):

Cpoax = Max S; (o) =C” + max A; (o) — min - (2.1)
i 1<i<m

3 ypaxyBaHHsaM Toro, mo C~ = const , kputepiii C..ax — Min 3BOAUTHCS

710 MiHIMi3aI1lii MaKCHMAaIEHOTO BUCTYILY (2.2):
max A; () - min. (2.2)

1<i<m
3agaua 2. 3amava 3BOAWTHCS A0 MiHIMI3allii MAKCHMAIBHOTO PE3epBY
(2.3):
max R; (o) —>min- (2.3)
3apmaua 3. [1ig po3kiaoM 3 MaKCUMaJIbHO PIBHOMIPDHUM 3aBaHTa)KEHHSIM
MAIlIMH MOYKHA BBaXaTH PO3KiIa, ajst sikoro LD e :

3a) mgX{R,(a)};{Ai(a)}—)min;
35)miax{Ri}+miax{Ai}—>min;
3B)iRi +iAi — min-

i i

JlomomizkHa onTuMi3amiiina 3agava 1. MatematndHa MOJIEIb JOMOMi-
HOT onrtuMizaniinol 3amadi (JIO3) 11 BU3HAUEHHS HAKPAIIOro 3a KpUTe-

piem (1) posnoziny poGit i3 3aransanm obcarom P mae Taxi ckianosi: 1)

3MiHHi: X{ — KiIBKICTh POOIT OAMHMYHOT TPUBANIOCTI, SIKi HOBUHHI OyTH HIpH-

3Ha4eHi Ha Mammmnay |, i=1,...,m;

m
2) 06M€9IC€HHE.‘ZXi =0 ; X; >0, moia, j=1..m;
=

3) Lirvosa pynxyis: miax{ki (x —¢ )} —min .
J103 2. 1® 3apaui: max{ki (ei - X )} —min.

J103 3. 11® nonmoMi>kHUX 3a7a4:
3a) max {|k, (e —x)|} - min:
1

36) max{k, (x —e )} +max{k; (e ~x )} —min:

38) Zm:|ki (& —x, )| — min -
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Pe3ysabTaTi ekcnepuMeHTiB. OTprMaHi pe3yIbTaTH €KCIIEPIMEHTIB Ha-
BEZICHO HAa PUCYHKY 1.

[03171a 032 [1033a, 36,38
» 4
0 5
225 AN § 30N
g N Y B
L] : c
s ; & u T3 - = 10332110336
L A=Y 10333130338
@10 \ L Vi A N :
003367210338

0 == G e -
3 4 5 1 1520 B 3N 3 4 5 10 152 25 30 35

KinbKicTb Mawu KinbKicTs Maums

Pucynok 1 — BruiiB KiJIbKOCTI MaIllMH Ha BiZICOTOK 30iriB ONTHMAIb-
HUX KOHTYpPIiB PO3KJIAiB
BucnoBku
Y poboti Oynu mocmimKeHi 3amavi Teopii po3KIaaiB HamaHHS poOiT Ha
BUKOHAHHS TIPOMOPIIIHAMH MaIllWHAMH. ByTH 3MOAENThOBaHI OIMyCTHMI
YMOBH ONTHMAaJIbHOCTI K0xkHOT 3 JIO3.
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VJIK 621.95

AHAJII3 BIUVIMBY TEMIIEPATYPHU 30HU PI3AHHSI HA
TOYHICTb JIAMETPAJIBHUX PO3MIPIB IIIJ1 YAC OBPOBKH
OTBOPIB KOMBIHOBAHUM IHCTPYMEHTOM

I. M. Jlarmmo, H. B. Coxopurcrka, B. M. ABpamenko, M. O. CeHpkoBHY
Heporcasnuii hayko6o-00caionuu incmumym eunpobyeans ma cep-
mugixayii 030po€eHHs I 8ILICbKOBOT MeXHIKU

AXTyaJIbHICTh BUBYEHHS TEIIO(QI3UYHUX MTPOIIECIB MEXaHIYHOI 00pOOKH
00yMOBJIeHa THM, LIO TEIUIOTA, SKa BUIUTMIACE ITiJ Yac poOOTH pi3aHHs, y
3HaAuHIi Mipi BU3HaYa€ HABAaHTAKEHHS Ha pi3aJibHUN IHCTPYMEHT, HOT0 CTil-
KiCTbh, @ TAKOX SIKICTh 1 TOYHICTH PO3MIpiB 0OPOOIIOBAHUX MOBEPXOHb. [l
LIIECTIPSIMOBAHOTO Ta YCIHIITHOTO 3aCTOCYBAHHS IPOLIECY Pi3aHHs i paIfio-
HaJIbHOTO BUKOPUCTAHHSA Pi3aJIbHOTO IHCTPYMEHTY, HEOOXiTHO 3HATH 3aKOHH
BUHUKHECHHS Ta PO3IONUTY TEIUIOTH Ha Pi3HHUX MUISHKAX NETaji, IHCTpyMe-
HTY, CTPYKKH; TEMIIEpPaTypy Ha KOHTAKTHUX MOBEPXHAX IHCTPYMEHTY; TEM-
mepaTypHe IoJie B 30Hi AedopmMarii i pixkydoro KIuHy. ToMy DOCTiKeHHS
poOoUnX TMpoIeciB y 30HI pi3aHHA MMiJ Yac 0OpOOKH OTBOPIB i po3poOKH Ha
Liff OCHOBI MPaKTHYHUX PEKOMEHIAMIN ITiIBUIIEHHSI TOYHOCTI OOPOOISTHHS
OTBOPIB 32 paxXyHOK 3MEHIIIEHHS IIOXUOKU HOT0 MOMEpevHOro mpodiito € Ba-
JKITMBOIO HAYKOBO-TIPAKTUYHOIO 33/1a4€I0 B rajly3i 0OpOOJICHHS pi3aHHM.

dopMyBaHHSI TEIJIOBOrO OanaHCy TEPMOJMHAMIUHOI CHCTEMH IHCTpY-
MEHT — CTPYy)KKa — JeTallb — HAaBKOJIMIIHE CEPEeNIOBUILE IiJ 4ac oOpoOku
OTBOPIB SIBJISIE COOOK0 CKJIQJHMH MeXaHi3M B3aeMofil Teruodizuynux, ¢i-
3MKO-MEXaHIYHUX MPOIIECiB, OB’ A3aHUX 3 HAAXOMKCHHSIM, PO3IOIICHHIM
Ta BigBOJOM Teruia. OCOONUBICTIO TEIODI3MYHIX JOCHTIHKEHb KOMOiHOBa-
HOT'O OCHOBOTO IHCTPYMEHTY € B3aEMHHH BIUIMB TEIUIOBHX JUKEPET Ha Pi3HUX
CTyIeHsX. 3a3BH4ail B KOMOIHOBAaHOMY 1HCTPYMEHTI HACTYIHI CTYIICHI 3a-
0e3medyroTh OUIbII SKiCHY 00poOKy moBepxHi. ToMy HalOLIBIIHN iHTEpeC
CTaHOBUTH JOCII/KEHHs BIUIMBY TEIUIOBOTO JDKEpENa BiJ MONEPEIHIX CTy-
TNIeHIB Ha TEMIIEPATYPHUIl CTaH Ha HACTYITHUX CTYIEHSIX OCbOBOI'O iIHCTpyMe-
Hty. [Ipu popmyBanHi TeruoBoro 6ajaHcy mij yac 0OpoOKH OTBOPIB Bpaxo-
BYBaJIOCh TEIJIOBUIIJICHHS] B YMOBHIH TIJIONIMHI 3CYBY, Bifl TEPTS MO MEpe-
Hill Ta 3a7HIA TOBEPXHi Pi3aIbHOTO IHCTPYMEHTY Ta TEPTS MO CTPIidIli, IO
KamiOpye, MepBUHHUI PO3MOAUT TEIUIOTH MK IHCTPYMEHTOM 1 JIETaJUIio, a
TaKOX TEIUIOOOMIH 13 HABKOJMIIHIM cepepoBuiieM. [Ipu Bu3HAYCHHI Tep-
BUHHHUX TEIUIOBHMX MOTOKIB I10 NEpeHil 1 3a]Hil MOBEpXHI BpaxoByBaJlach
TeOMETpisl IHCTPYMEHTY Ta YMOBH HOTo poOOTH, a TAKOXK TETIOBUILIICHHS 10
cTpivui, mo kaniopye[1].
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3arampHe TermoBHAUTeHHS Q mix yac 0OpoOKHM OTBOPIB BU3HAYAIOCH 32
(hopmymoro:

0-0 +0.+0.40 1,5,V V21,18,V cos(n/4+ D7)
nooTe o me e tan @ cos(® —y)

TtV (psin®@ +1, + A, /(2sin ) T5Vh, (I, +85,) tS
+ + =1,V %-ﬁ-

sin @ 2

tpsin_+l+A,/(2sina) | hy(l,+S,) | V215, cos/4+ D7) )
sin 2 cos(®—vy) '

Je Qn — TeIUIOBHIIICHHS BiJl 30BHIIIHBOTO TEPTsi 00pOOIIIOBaHOTO MaTe-
piajy mo nepeHiil moBepxHi pisis; Q3 — TEIUIOBUIUICHHS Bl 30BHILIHBOTO
TEpTs 00POOITIOBAHOTO MaTepially MO 3aHil OBEPXHI Pi3Ilst; Qp — TEIUIOBH-
IIUTeHHS BHACHIJOK TUIACTHYHOI AedopMariii B 30Hi 3CyBY MO YMOBHIH TIIIO-
muHI 3¢yBY; QN — TEIUIOBUAUICHHS BiJ TEPTSA B 30HI KOHTAKTY IO CTPIUIl,
mo Kaiopye, i moBepxHi aetani; @ — KyT 3CyBY; Tp— JOTHYHI HANPYKCHHS,
ITa; V — mBuakicts pisaHHsi, M/XB; Sz — oAada Ha 3y0, MM/00; t — rmnOuHa
pi3aHHSA, MM; Y — TIEpPEeIHIA KyT, Tpaj; 13 — Benmn4nHa KOHTAKTHOI JTUISHKA
3aJJHbOT TIOBEPXHI IHCTPYMEHTY; p — Pajiyc 3a0KPYIJICHHSI OCHOBHOI piKy4Oi
KPOMKH, MKM, hiT — IIMpHHA 30HH KOHTAKTY 10 CTPidili, 110 Kaniopye, mum; |,
— JIOBXKMHA 30HM KOHTAKTY MO CTPIYlli, 110 KaliOpye, MM.

OCKIJIbKY TEIUIOBI OTOKM BU3HAYAIOTh TEMIIEPATYpHHI CTaH B 30HI pi-
3aHHsI, TIePIIOYEProBO0 3a1a4eto Teruo(i3uKu pi3aHHs € BU3HAYCHHS CKJIa-
JIOBUX mapaMeTpiB piBHsHHS (1), ki 6 3aJOBOJIBHSIIM YMOBaM TEINIOOOMIHY
B Oyb-sikuii MOMeHT 4acy (puc. 1).

Juist po3poOKu MaTeMaTHYHOI MOJIENTi TEIUIOBOTO OaaHCy B 30HI pi3aHHA
i1 9ac 00poOKH OTBOPiB KOMOIHOBAaHHM OCHOBHM iHCTPYMEHTOM JTOCIIIKY-
BaBCsl BIUIUB Pi3HUX (DAKTOPIB Ha PO3PAXyHKOBE 3HAUCHHS TEMIIEPATYPH.

3a pe3ynbTaTaMy IPOBEICHUX PO3PAXyHKiB 3 BUKOPHCTAHHSIM IHTErpaib-
HHX TepeXOJiB NepLIOro i TPEThOro THIY Ha MiJICTaBi METOAY KOHCTPYIO-
BaHHs Oyiia OTprMaHa Mo/iesib (popMyBaHHS TEIJIOBOTO OajlaHCy KOMOIHOBa-
HOTO OCBHOBOT'O iHCTPYMEHTY Y BHTJIAI:

0 337.q-Ja-D?d? 1 [ .
: 4D-d)-Vv ‘
1€ ( — 06’ €EMHa UIIBHICTh TETUIOBUIEHHS BHYTPIlIHiX Jokepen, Br/m;
® — Koe]illieHT TeMneparyponpoBigHocTi, M%/c; V — IBUIKICTh pi3aHHs,
M/xB.; D — HaliGibIHit KiaMeTp iHCTPYMEHTY, MM; 0 — HaMeHIIH TiaMeTp
iHcTpyMeHnTy, MM; | — rnbuna oTBOpY, MM.
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Byno BcTaHOBIICHO, 1O 33 TEIUIOBUM JIKEPEJIOM, 10 PYXAEThCS, TEMIIE-
parypa MpakTUYHO IMOCTiiHA, a Mepes HUM TeMIIepaTypa 3MEHIIYEThCS 32
€KCITOHEHIIaJbHIM 3aKOHOM THM OljIbIIIe, YUM OlIbIIa IIBUIKICTD.

YHaciI0K TOT0, 10 TETIOBI MPOIIECH i 9ac pi3aHHs MPAaKTUIHO CTali-
J3YIOThCS 33 4Yac MEHIIE CEeKyHIHM, OCHOBHA yBara HPHUIUIAIACH HPUPO-
LICHHIO TEMIIEPATyPH [PU CTAIIOMY TEMIIEPATyPHOMY PEKHMI.

[Tpu BU3HAYEHHI TeMIIEpaTypHOT'o CTaHy JieTalli Oyl BpaxoBaHi NPUITY-
IICHHS, SIKi 3aCTOCOBYBAIIUCH ITiJ] YaC TEIUIO(I3UIHUXK JOCITIIKCHb MEXaHI4-
HOT 00POOKH OTBOPIB: 3aMiHa KOMOIHOBAaHUX TCILIOBUX JKEPEI KiTbLIIECBUMU
MPOCTOT POPMH 1 MOCTIHHOT IHTEHCUBHOCTI; 3aMiHa OCECUMETPHYHOIO 33724l
IUTOCKOX0. JIOCHiIXKeHHS TPOBOIUIIUCH HA OCHOBI JICTalli TUITY BTYJIKa (pHC.
2), BHyTPILIHBOIO MIOBEPXHEIO K0T PyXa€eThCsl KiJIbLIEBE TEILIOBE IXKEPEIO iH-
TEHCUBHICTIO (. Y IeplIiry uepry po3risiianach miocka 3aada i3 3acTocyBaH-
HSM METOIy JDKeped i MoCiIo

BHUM TIEPEXO/IOM BiJI TOYUKOBOT'O HEPYXOMOTO JKepeia [0 JiHIHHOTO py-
)|£0MOFO JOKEpena, sIke 1€ Ha TPaHuIl NpsMOKyTHOI obnacTi (puc. 2, B) [2].
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Pucynoxk 1 — Cxema ¢opMyBaHHS TENIOBOrO OajlaHCy IHCTPYMEHTY, Je-
TaJIi,CTPYKKH IIiJ] 9ac 0OpOOKH OTBOPiB KOMOIHOBAaHUM IHCTPYMEHTOM
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Pimenns 3ama4i Oymo 3mifiCHEHO B YOTHPH €TalH, B pe3ynbTari Oyma
OTpUMaHa MaTeMaTHYHa MOJEIb (POPMYBaHHS TEIUIOBOTO OajaHCy KOHCTPY-
KIIHHIX MaTepiajiB y BUTIISII:

_a-cp-d-D71° G

R 62,01-10° -2 ’ ©

JIE p — I'YCTHHA PEYOBHHH, KI/M; ¢ — MUTOMa TETIOEMHICT, J[K/KI Tpa;

A — KoedimieHT TemTonpoBigHOCTI, BT/M'Tpan; o — KoedimmieHT Temmepary-

ponposiaHocTi, M%/c; ( — 06'eMHa INIIBHICTh TEIIOBUIIECHHS BHYTpPIlIHIX

mxepen, Br/m®; V — LIBUAKICTb pizaHHs, M/XB; 0 — liaMeTp MEHILOTo CTyIEHs

KOMOIHOBAaHOTO iHCTpYMEHTY, MM; D — miameTp Ginprioro crymneHs koMOiHO-
BaHOTO IHCTPYMCHTY, MM.

Bymno BcraHOBIICHO, 110 TIiA 9ac 00poOKK OTBOPIB HAHOLIBIIE BILTBAE HA

V"M a x
L A

PucyHok 2 — Po3paxyHKOBI CXEMH TEILIOBOIO HAaBAHTAXXCHHSI BTYJIKH (a, 0) i
IPSAMOKYTHOT 06sacTi (B)

XapakTep PO3MOIIICHHS TeMIIEPaTyp reOMETPist 00JIACTI PO3MOMITICHHS TEM-
nepaTyp, a pyX iIHCTPYMEHTY € MPOIECOM TOCIIIJOBHOTO MPUKIIAACHHS KiJlb-
[[EBOr0 TEIIOBOro jukeperna. OOepTalbHUl PyX 3MIHCHIOETHCS 3a CIIIOM,
MPOTPITHM HONEPEIHIM TEIUIOBUM JKEpeJIoM i3 mBUAKICTIO pizanHs V. [o-
CTYNAIBHUH PYX 3A1HCHIOETHCS XOJIOTHOIO HETIPOTPITOIO IIOBEPXHEIO OTBOPY
31 mBuAKicTIO ogayi V. LBuakicTs pizanus V B nd /S pasiB OinTbIIIa IBH-
JakocTi moxaui Vi, [t aiamasonis mogay npu possepryeandi S = (0,8-2)
mm/06 mipu d = (20-50) MM 11e cmiBBimHOMIEHHS m0piBHIOE (32—195). Tomy
3aMiHa Z KOMOIHOBaHHX TEIUIOBUX JDKEpEN KiJIbIIEBHUM IIiJ] 9ac YHCTOBOI 00-
POOKH OTBOPIB LiJTKOM OOIPYHTOBAHA.
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Ha 0a3i orpuMaHux pe3ynbTaTiB moOymoBaHa AiarpamMa 3MiHH poOodnx
TeMIepaTyp JIeTajli B 30HI pi3aHHSA Mix 9ac 0OpoOKH OTBOPIB IS BCiX YMOB
TEIIOBOTO HABAaHTa)KCHHs Ta IapaMeTpiB pi3aHHs, IO Majla XapaKTepHUH
«CiuTOTIONiOHMIT» BUTIIAAA 3 IOCTIHHOIO TEMIIEpaTypOIO IIOCEPEANHI OTBOPY i
3HaYHUM 3POCTAHHSAM TEMIIEpaTypH Ha Mo4aTky oTBopy (puc. 3). [lomioue
3pOCTaHHS TEMIIEPATypH HOSCHIOETHCS KpaloBUM e(eKToM B IUX 30HAX.
[TinBuIeHHs TeMnepaTypH IpH IIbOMY BHKJIHMKA€ HAaKJIaJCHHS Ha OCHOBHY
TEIUIOBY XBWJIIO BiJl Ji0YOTO TEIUIOBOTO JKEpeda BTOPHHHUX TEIIOBHX
XBHJIb, BIIOWUTHX BiJ| MEPEAHBOI Ta 3aJHBOI CTiHKHM BTYNKH. [locepenuHi
OTBOPY BIUIMB BiJOMTOT XBUJII MEHIII ICTOTHHUH, 3BA)KAI0YH Ha 1 pO3CIFOBAHHS.
AHaJITHYHI JOCHIIKEHHSI TEMIIEpaTypHOro CTaHy J03BOJMIM BCTAHOBHTH
HEeJHIHHMIA XapaKkTep 3MiHU TEMIEPaTypH B 30H1 pi3aHHA 110 TIIMOWHI OTBOPY

[3].
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Pucynok 3 — XapakrepHa 3mMiHa TeMIeparypH JaeTaji B
30H1 pi3aHHS 110 TIIMOUHI OTBOPY

Jnst TocHipKeHHsT KUIbKICHUX XapaKTePUCTHK TEMIICpaTypHOTO CTaHy
JeTalli BUKOPUCTOBYBAJIMCh YHCENbHI MeTonu. B pesynbpTari mpoBemeHHx
AHATITHYHHUX JOCTIKEHb OyJI0 BCTAHOBIICHO, IO 31 3HIKEHHM IUTACTHYHO-
cTi Ta MiItHOCTI 00poOIIOBaHICTE MaTepiaiiB 301IbIIyeThCsA. BpaxoByroun,
110 MIIIHICTh MaTepiaTy MOHOTOHHO 3MEHIITYETHCS 31 301/IBIIEHHIM TeMITepa-
TypH, @ XapaKTePUCTUKH IJIACTUYHOCTI MAlOTh €KCTPEMAIbHUI XapakTep 3
MiHIMyMaMH IIpH NIEBHi# Temmeparypi, Oyio 3po0IeHO IPUITYIIeHHS, IO I
TeMIepaTypa IOBHHHA BiIOBIAATH TeMIepaTypi MaKCUMaJIbHOI 00po06to-
BaHOCTI Marepialy.
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IIpoBeneno anaimi3 3MiHN Qi3UKO-MEXaHITYHAX XapaKTEPUCTHK 00pobITIO-
BAaHUX MaTepialiB y 3aJI€KHOCTI BiJ TEMIIEpaTypH, IO JTO3BOJIUIO BUBYUTH
MOXJIMBOCTI iX 3aCTOCYBaHHS IS BU3HAYEHHS TEMIICPaTypH MaKCHMaJIbHOT
00poOIoBaHOCTI MaTepianiB. 3aJeKHOCTI XapaKTEPUCTHUK IIACTUIHOCTI Bif
TeMIepaTypH HaBezeHi Ha puc. 4 [4]. Ha mincraBi mpoBemeHOTO TOPIBHSIIE-
HOTO aHaJNi3y TinoTe3a Mpo MOXIINBICTh 3aCTOCYBAHHS TEMIEPATYp €KCTpe-
MaJIbHUX 3Ha4eHb (Pi3MKO-MEXaHIYHHUX XapaKTEepPUCTUK O0OpOOIIOBAHUX Ma-
TepialliB Uil BU3HAUEHHS TEMIIEpaTypH X MakCUMalbHOI 00poOIIIOBaHOCTI
Oyna minTBeppkeHa. B pe3ynbTati ociikeHb BIUIMBY TEMIEpaTypH Ha Blla-
CTHMBOCTI MaTepialiB, 0yJI0 BCTaHOBJICHO, 1110 TEMIIEPATypa, MPH sIKil (i3uKo-

5, %
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PucyHoxk 4 — 3anexHiCTh XapaKTepUCTHK IUIACTUIHOCTI
Big Temnepatypu Craini 45

MeXaHIuHi XapaKTepUCTHKUA MalOTh €KCTPEMallbHI 3HAYCHHSI, 3 JOCTATHHOIO
TOYHICTIO BiJITIOBI/Ia€ TeMIlepaTypi MakcuMaibHOI 00po0IIIOBaHOCTI MaTepi-
any.
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Pucynox 5 — Po3noBcIoKeHHS TETIIOBOTO TI0JIS 110
piKydiit Kpomui 1 mepe/iHii MoBepXHi cBepAIa
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Binmomo, o B mporieci MeTaaoo0poOKH TEIUIOBI IIOTOKK HE € CTalioHap-
HUMHU: CTPYKKa, 4epe3 Ky BiIOyBa€ThCs 3HAUHHHN TEIUIOBHH IepeHoC, oC-
TIHHO CKOJIOETHCA Ta NePOPMY€EThCA. [ eoMeTpiss KOHTAaKTYIOUUX IOBEPXOHb
3MIiHIOETHCS TIPU BPi3yBaHHI iHCTPYMEHTY, 3MiHIOIOYH THM CaMHM YMOBH Te-
wronepenadi. TelIoeMHICTh 1 TEIUIONPOBITHICTE SIK CAMOTO iHCTPYMEHTY,
Tak i 00OpoOIFOBaHOI JeTali HEeNiHIHO 3amexars Bif TemnepaTypu. Takum
YMHOM, JIiHiIHA 3aJa4a Teruronepeaayi Npyu HaKJIaJeHHI CKIaJHUX TpaHNy-
HHUX YMOB Ha0yBa€ 3Ha4HOI HeTiHIHHOCTI. JIJIsl i ITBEpKEHHS TEOPETUUHIX
BUKJIaIeHb OYyJIO NPOBEJICHO IMITalliiiHE MOJENIOBAHHS, PE3YJIbTaTH SIKOTO
HaBeJIeHI Ha puc. 5.

BuzHaueHo, 1110 MakcHMalibHa TEMIEpaTypa Ha pixy4dill KpoMIl cBepia
cknamae 192° C, o € gomyctumum st iHcTpymenTansHoi Ctami POMS [5].
Bimomo, 1110 po3moin TemMiieparyp B OIepeyHOMY Iepepisi IeTaji BU3Ha4ae
TIIMOWHY MIPOTPiBaHHS TOBEPXHI OTBOPY, SIKa 3HAYHOIO MipOIO 3aJICKHUTD Bif
KoediIieHTa TeMIIepaTypoIPOBITHOCTI Ta TOBIIMHY CTiHOK aeTaii. [ mnbuHa
30HH IHTCHCHBHOTO NPOTPiBaHHA MaTepiay AeTalli MPH IMOCTiHHIN TOBMIKHI
CTIHOK 1 BIIACTHBOCTSAX MaTepialy JeTajl 3aJUIIaeThCs MTOCTIHHOI MO BCilt
rmbuHI 00poOku oTBOpY. [lomanpmmii aHaI3 TeMIepaTypHuX Aedopmartiit
JieTai MoKasas, 110 OCHOBHI TeMIIepaTypHi Aqedopmallii 1eTalri BU3HaYae Ha-
IpiTuii mwap Marepiaily, Temmeparypa sikoro ooMmexyerscs Q=0,5Q,..,, e
Quax— MaKCHMaNbHa TEMIIEPATypa B 30Hi Pi3aHHS IS [IbOTO TOJI0KECHHS Te-
IIOBOTO JpKepena [6].

BcraHoBiIeHO, 1110 ITPY BU3HAYCHHI TEMIIEPATYPH BiJ Jil IBOX OJHOYACHO
JUFOYMX TEIUIOBUX JKEPE CIpaBeUIMBUIA IPUHLUI cynepro3uuii. Tomy Te-
MIEpaTypHUH CTaH B MONEPEYHOMY Hepepi3i OTBOPY B AOBUILHUNH MOMEHT
Yacy BU3HAYAETHCS PIBHICTIO TEMIIEpaTypH 1HCTPYMEHTY Ta JIeTalli, TOOTO
Q, =Q, . CniBcTaBuBIIY [IpaBi YacTUHHU piBHAHG (2) 1 (3) 1 BUALIMBLIN 3 Pi-
BHOCTI HIBHUJKICTb, OTPUMAEMO BUpa3 JUIsl BU3HAYCHHS LIBHIKOCTI Pi3aHHs
i1 Yac MeXaHi4HOT 0OPOOKH OTBOPIB OCHOBUM IHCTPYMEHTOM Y BHUTJISII:

_5,56-105-d-7» @

D-d)cpl’
ne V — WBUKICTb pi3aHHA, M/XB; p — T'YCTHHA PEYOBUHH, KI/M®; ¢ — 1U-
TOMa TEIUIOEMHICTh, JIX/Krrpam; A — KOeQIIieHT TEIUIONPOBiTHOCTI,

Br/™MTpax; d — giamMeTp MEHIIOro CTymeHs KOMOIHOBAaHOTO iHCTPYMEHTY,
MM; D — niamerp 611b1I0TO CTYIEHS! KOMOIHOBAHOTO IHCTPYMEHTY, MM.

3 METOI0 OLIHIOBaHHS aJeKBaTHOCTI OTPUMAaHUX Mojeneid Oyiu mpose-
JICHI eKCIIEPUMEHTAJIbHI TOCTIKEHHST 00POOKH OTBOPIB IHIIHAPHYHOI BTY-
JIKW KOMOIHOBAaHMM IHCTPYMEHTOM PO3BEPTKa — 3eHKep. SIK BiOMO, BeJH-
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YHHA IIACTHYIHOI HedopMarii XxapaKTepu3ye OIlip MaTepiary pO3BUTKY B’sI3-
Kol TpimwHA. 3 1€l mprdyuHN i HA3MBAIOTh B SBKICTIO pyHHyBaHHA. UnM
BOHa OiNbIIa, TUM BHIIE MaTepial miamaeTscs pyitHyBaHHIO. Lle mo3Boise
BU3HAYHUTH O€3MEYHUHA pO3Mip TPIMIMHHU IPH BiIOMOMY poOOYOMY HAIIpy-
JKeHHI a00, HaBIAKH, Oe3IeYHe HANPYXKEHHS IPU BiIOMOMY po3Mipi nede-
KTy. Pe3ympTatn mocmikeHHS HaBeneHi y BUILAA rpadikiB Ha puc. 6—7.
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Pucynox 6 — 3anexHiCTh BEIH- Pucynox 7 — 3anexHicTh Be-
4YuHU IulacTHYHOI nedopmarii Bl nuumHM miacTuyuHOi aedopmartii
TeMIepaTypHu A ciaaBy POMS Bixg Temneparypu ais Craini 45

3a rpadikaMu MakCHMaJbHO JOIYCTHMa TeMIIEpaTypa pi3ajbHOTO iH-
ctpymenTty cknagae 900 °C. Temmeparypa MakCHMaIbHOT 0OpOOIFOBaHOCTI
Crami 45-750 °C. V maHoMy BHMAJKy JIIMITHOIO Oy/e Temieparypa oopo0-
JIOBAHOCTI CTaJi.

Ha ocHOBiI oTpuMaHOi aHATITHYHOI MOJENIi BU3HAYEHO MIBUIAKICTH Pi-
3aHHsI, BCTAHOBJICHO, 10 00JIaCTh IHTEHCUBHOT'O HArpiBy JeTali B 30HI pi-
3aHHs oOMexeHa i ckianae (3 —10) MM 1o rubuHi oTBOpY U (2 — 7) MM 1O
TOBILMHI JI€TAI.

BcranosneHo, 110 Ha 1€l 4ac HeMa€e TOYHOTO CIIoco0y BU3HAYEHHS TEM-
nepatypH B 30Hi pizaHHs. BoHa BU3HauaeThCS €KCIIEPUMEHTAIBHUM IILIIXOM
a00 3a eMITIpUYHIMU 3aJIEKHOCTSIMH, 1 K HACHIJIOK, 3HAUCHHS TeMIlepaTypu
B 30Hi pi3aHHs nocuTh npubnm3He. [Ipy 3HOIIYBaHHI IHCTPYMEHTY 3pOCTa€e
CHJIa pi3aHHS, IO MPU3BOAUTH /10 3MIHM TEMIepaTypH B 30HI pisaHHs. [Ipu
3MiHI IIBHJIKOCTI Pi3aHHA, MOAAYi, TIMOMHU pi3aHHS TEeMIlepaTypa TaKOX
3MiHIOETCS. TakuM YUHOM, Ha TEMIIEPATypy B 30HI pi3aHHS BIUIMBAIOTH Oa-
TaTo YUHHHUKIB, OOJIIK SAKHUX MOTPeOye TOBrOTPUBAINX Ta TPYAOMICTKHX PO3-
paxyHKiB.
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CEKIIS 3
CYYACHI ACHEKTU MATEMATHUYHOTI' O TA
IMITAHIﬁHOFO MOJEJIOBAHHS CUCTEM B
IH@OPMAHIﬂHHX TEXHOJIOTIAX



VJIK 004.94

MMAPAJIATMH IMITAIIIAHOT O MOJEJIOBAHHS

B.M. TomameBcbkuit
Hayionanvuuii mexniunuii ynieepcumem Yxpainu « KIII imeni leops
Cikopcbkoeoy

MonemtoBaHHS K OJHY 3 HABKIMBIMINX KaTETopiil mporecy mizHaHHS
HEMO>KJIMBO BIZIOKPEMHTH Bijl po3BUTKY JitoacTBa. Cepa ioro 3acrocyBaHHs
OXOILTIOE BCI 00JIaCTi AisUTHHOCTI JIFOCTBA Ta MPUPO/IHI sSBUINA. JIfoauHa BH-
KOPHCTOBY€E MOZEJI, 0 JAI0Th MOXJIMBICTh «IIPOrpaBaTH» OyIb-sIKi JKUT-
TEBI Ta BUPOOHMYI CUTYyallil # OTPUMYBATH TaKi pillIeHHs, IO J03BOJISIOTH
3HalTH HalKpamuii cnocid BUpilIeHHs NpoOiieMH. Y TaKUX BHIAIKaX € MO-
JKJIMBICTh aHATI3yBaTH 3a JOMOMOTOI MOENI OyIb-sAKi CHUTYyaIlil, BKJIFOYa-
I0YH Ti, 32 IKMX peanbHa cucTeMa Buiia 0 i3 nangy. Lle no3sosse Monento-
BaTH KaTacTpOo(u, PiIKiCHI BUNAIKH, Ta HABITh TaKi SBHIIA 1 IPOLIECH, STKUX
HE iCHy€ HacIpaBli, TOOTO BipTyalbHY pPEaNbHICTb.

MonemoBaHHS TICHO TOB’sI3aHE 3 aHAII30M OyIIb-SIKUX CHCTEM 1 € HOTO
cKkianoBoio. OCHOBHE NMPU3HAYCHHS MOACTIOBAHHS — MPUHHATTS PillIeHb 3a
JIOTIOMOTOI0 Mojenel. HalmupmmMm kiracoM Mojeneit € MaTeMaTHIHI Mo-
JIeTTi, a HAlPO3MOBCIOKEHUM METOAOM — KOMII IOTEPHE MOJIECTIOBAHHS, I10-
MyJSIPHUM Pi3HOBHJIOM SIKOTO € iMiTalliiiHe MoentoBanHs. [lepeBaru imita-
LIfHOTO MOJIENIIOBaHHS 3B’s13aHI 3 MOXUJIMBICTIO HOTO 3acTOCYBaHHS ISt
Oynb-sIKMX TUHAMIYHMX CUCTEM B YMOBaX HEBH3HAUYEHOCTI 3 BPaxyBaHHIM
TUX (aKTOpiB, SKi BaXKKO (opManizyBaTd. 3a3Buuaii iMitaniliHa MoJielb Bi-
J00paxae CTPYKTYPy MOJIEIbOBAHOI CHCTEMH Ta MOAAETHCS Y BUIIISAII CYKY-
MTHOCTI aNrOPUTMIB 200 PiBHSHb, SKi OIIMCYIOTh Ipolec (pyHKIIOHYBaHHS CU-
CTeMH. 3 TOYKH 30pY pO3YMiHHS 3ac00iB MOOYAOBH IMITAIIIHOT MOJIEITI BaXK-
JIMBUM IOHATTSM € TTapaurMa iMiTalifHOro MOJIeIIFOBaHHSI.

MozenroBaHHs SK OJ{HY 3 HAHBaKJIMBIIINX KaTEropii mporecy Mmi3HaHHSI
HEMO>KJINBO BIZIOKPEMHTH Bijl pO3BUTKY JitozcTBa. Chepa Horo 3acrocyBaHHS
OXOILTIOE BCi 00JIacTi AisUTFHOCTI JIFOACTBA Ta IPUPOIHI ABUIIA. JIFonnHa BH-
KOPHCTOBY€E MOZEINI, 0 JAI0Th MOXIIMBICTh «IIPOTpaBaTH» OyIb-sIKi JKUT-
T€BI Ta BUPOOHWYI CUTYyaIlil # OTPUMYBATH TaKi PIillIEHHS, IO JO3BOJISIOTH
3HAWTH HalKpamii crocié BUPIMIeHHs npo0ieMu. Y TaKUX BUMAIKaX € MO-
JKJIMBICTh aHAJI3yBaTH 3a JIOTIOMOTOI0 MOJENi Oyab-sKi CHUTYyaIlii, BKIOYa-
I0UH Ti, 32 SIKUX peaybHa cucTema Buiiia 6 i3 nagy. lle mo3Bossie Mmoento-
BaTH KaTacTpoQu, pifKiCHI BUIIAIKH, Ta HABITh TaKi SBHIIA 1 IPOLIECH, KX
He iCHy€ Hacmpasi, TOOTO BIpTyaJibHy peabHICTb.

MonenmoBaHHS TICHO IOB’sI3aHE 3 aHATI30M OYb-SIKUX CHCTEM 1 € HOTro
cKkianoBoro. OCHOBHE NPU3HAYEHHSI MOJCIIOBAHHS — MPUHHATTS PillIeHb 3a
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JOTIOMOTO10 Mojesieli. HalmmupmmM ki1acoM Mojeneil € MareMaTHdHi Mo-
JIeTTi, @ HalipO3MOBCIOKEHUM METOIOM — KOMIT I0TepHE MOJETIOBAaHHS, M0-
IyJISIPHAM Pi3HOBHIOM SIKOTO € iMiTamiifHe MoaemoBanHs. [lepeBarn imira-
LifHOTO MOMETIOBaHHSA 3B’S3aHI 3 MOMJIMBICTIO MOTO 3aCTOCYBaHHS IS
Oynb-SKAX TUHAMIYHUX CHCTEM B YMOBaX HEBH3HAUCHOCTI 3 BpaxyBaHHIM
TUX (aKTOPiB, SIKi BaXKKO GopmaiizyBaTu. 3a3BHyail iMiTaniiHa MOJEIb Bi-
Jo0paxkae CTPYKTypy MOAEIbOBAHOI CHCTEMH Ta ITOJAETHCS Y BUTIIIL CYKY-
ITHOCTi aNTOPUTMIB 200 PiBHSIHB, SIKi OTIUCYIOTH MPOIieC (PYHKIIOHYBAHHS CH-
CTeMH. 3 TOUKH 30py pO3yMiHHS 3ac00iB TOOYAOBH iMITAI[IITHOT MOJICII BaXK-
JIMBUM TIOHATTAM € TIapaJurmMa iMiTaliifHOro MoJIe/TFOBaHHS!.

[Mapagurma (3 TpenpKoi — «IIPHUKIAA», «B3ipelpy») — y 3araJbHOMY 3Ha-
YEeHHI Lle TEOPETHKO-METOAO0JIOTIYHA MOJIEIb, SIKa BKIIIOUAE CHCTEMY iei i
MOHSATH, 1[0 BU3HAYAIOTh KOHIICII[II0 CTBOPEHHS IMiTAIlifHUX Moaene. Jlis
TOrO, 00 BHU3HAYUTH MapajurMy MoOyAOBH IMITAIiifHOI CHCTEM MOTPiOHO
PO3TIISTHYTH BHYTPIIIHIM MexaHi3M ii peaizaliii, SKUil CTOCYEThCS 3aBIaHHS
BHYTPICHCTEMHOT'O MOJICJIHOTO 4acy, JIOTIKO-MaTeMaTHIHOI CXEMH alIrOpH-
TMY IMiTaIii Ta CTPYKTYpHOI OpraHi3arii Mojaei.

TpamumiiHO TMHAMIYHI CHCTEMH, a TaKOX IX MOJIENi, MOIUIAIOTH Ha He-
MIEPepBHi, TUCKPETHI Ta KOMOiHOBaHi. J[JI1 MOJEeMIOBaHHS HETIEPEPBHUX JH-
HaMIYHUX CHCTEM BHKOPHUCTOBYIOTH OJIOUHI METOIHN MMOOYIOBH MOAETCH, SKi
3aCTOCOBYIOTBCS JUIS aHAJIOTOBOTO MOJICIIOBAHHS, 1 BIATBOPIOIOTE POOOTY
aHanoroBux i riopuaaux EOM, To0TO eneMeHTaMu TakHuX 3ac00IB MOJIEIIO-
BaHHS € OJIOKM CyMaTOpH, IHTErpaTopH, MiZICHIIoBavi. AHaIOr0Bi MOBH MO-
JICITIOBAHHS YCTIAAKyBaIk aHAJIOr0BI OJ0K-cxeMu. Takuii miaxin i 3apas3 € Oa-
30BHM, aJIe anapaTHi OJIOKU 3aMiHIOIOTHCS IPOrPaMHUMU (IHCTpYMEHTaIbHA
cepenosuie Simulink), a Mojesni po3B’sA3yIOTh NPSIMUM IHTETPYBaHHIM a00
3ac00aMH CHCTEM IMITaliifHOro MoJemoBanHs. biiokn BUKOHYIOTh MaTeMa-
TUYHI OOYHCICHHS Ta 3’ €JHYIOTHCS MiXK cO00F0, MepeqaroTh OJWH OJHOMY
3HAYEHHS 3MIHHHUX BiJl BXOIIB OJHUX OJIOKIB 10 BUXO/MIB IHIINX. TakuM 4u-
HOM, OJIOK-Opi€EHTOBaHI MOBH MOJICTFOBAHHS CKOPIIIIE BiT0OpakatoTh 3aco0n
PO3paxyHKIB Hi)K caMy CTPYKTYPY MOJICJIbOBAHOT CHCTEMH.

OcTaHHIM 9acoM IIUPOKO BIIPOBAKCHI MOBH MOJICITIOBAHHSA, sIKi 0azy-
I0ThCS Ha PIBHSHHSIX, 1 HE MOTPEOYIOTh OIKCY alrOPUTMIB PO3B’SI3KY IUX Pi-
BHsIHb. Lle 3aBaHHS BUKOHYE KOMIUISTOp MOBH MojentoBanHs. OpHIEo 3
IIMPOKO 3aCTOCOBAHWX MOB MOJETIOBaHHA Takoro Tumy € Modelica
(https://www.modelica.org/) — 06’exTHO-Opi€HTOBAHA, EKIAPATHBHA, MYJIb-
TU/IOMEHHA MOBa MO/JICJIFOBAHHS JIJIsl KOMIIOHEHTHO-OPIEHOBAHOT'O MO/IEIIIO-
BaHHS CKJIQJHUX CUCTEM, sIKi MICTATh MEXaHi4Hi, eJIeKTPUYHI, eIEKTPOHHI,
TiIpaBIivHi, TEIUIOBI Ta 1HII KOMITOHEHTH. Ha CbOTO/HI 10 MOBY BUKOPHC-
TOBYIOTh 0araTo BENMKHUX IiIIPUEMCTB, Takux sk Siemens, ABB u EDF,
AUDI, MBW, Daimler, Ford, Toyota, VW Ta iHmIi.
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Jis hopmamsHOTO TpeACTaBICHHS MOZETCH HemepepBHUX cucteM JIxK.
®dopecTep 3anpoNOHYBAB MiAXiM, HA3BaHMH CHCTEMHOIO IHMHAMIKOIO, KU
Jla€ 3MOT'y OyIayBaTH MOJEI AHHAMIYHUX B3a€MOIIOB’ SI3aHUX CHCTEM 32 I0-
MTOMOT OO MIPUIMHHUX JiarpaM OUKIIB i cxeM BUAy «(poHI — MoTik». Moaens
0a3yeTbcsa Ha cHCTeMi TU(epeHIiadbHO-Pi3HEIEBUX PiBHAHB, 3BUYAHHO 1€
piBusaHHEA JlaHKacTepa, po3B’s3aHHS SKHAX Y 3aMKHEHOMY BU1 BUKOHYETHCS
YHCJIIOBUM METOJIOM Ha JIEIKOMY MPOMIXKKY 4acy, IO Ja€ 3MOTY MOJIEITIO-
BaTH 3MiHM (OHJIIB 1 MOTOKIB MOB’SI3aHUX MiXK COOOIO Uepe3 3MiHHi.

BisyasnbHa rpagiuHa Moaenb OyayeThes 3a JOMOMOTOI0 11e0rpam, a Ipo-
TpaMHUI KO OyAyeThcst aBTOMATu4HO. [IporpaMHi iHCTpyMEHTH, 1110 BUKO-
PHUCTOBYIOTH ifeorpadivHi HOTAIlil BBAXKAIOTHCS 3aCO0aMHU Bi3yalbHOTO MH-
cienns. J{o uux BigHocaThes Stella i iThink, Powersim, Vensim, Modus Ta
. IIpaxtudaHo Bei i 3acobu OyayroTecs Ha 6a3i MoBu DYNAMO. CydacHi
CHCTEMH HETICPEepBHOTO MOAEITIOBAHHS PO3IMINPEHi 3ac00aMH MOJIEITIOBaHHS
BUTIAIKOBUX (YHKIIIH Ta JOTIYHIMH BHpa3aMH, MAaIOTh MOXJIMBICTH 3aa-
BaTH 3aJIS)KHOCTI B TpadidvHOMY Ta TaOJMYHOMY BHIIIAIAX, B3a€MOIIIOTH 3
6azamu gaHux 1 Tabaumsamu Excel, Y GiapmIocTi BUIagKiB TaKy ITAKETH MO-
JIETIOIOTh HE TIIBKH HETIEPEPBHi CHCTEMH, a i HeTIepEepPBHO-ANCKPETHI, BKIIIO-
Yar0Yu MOXKJIMBOCTI CTBOPCHHS YePT, KOHBEEPIB 1 MPUCTPOIB.

JuckpeTHo-ToiiHI MoJieNi € HalHOIbII PO3MOBCIO/PKEHUM KJIACOM 1Mi-
TaliiHUX MOJEeJeH, 5SKi OXOIUIIOIOTh CHCTEMH MacoBOTO OOCIYroBYBaHHS,
TPaHCIIOPTHI, iH(OPMAaIiiiHi, JOTiICTHYHI, MEIUYHI, PEMOHTHI CUCTEMH, 301-
pajibHe BUPOOHMITBO Ta OaraTo iHIIMX CUCTEM i mpoleciB. Yci BOHH 00Y-
JIOBaHI Ha KOHIIEMIII MPOCYBaHHS MOJICITHHOTO Yacy Bia momii Jo momii,
TOOTO B MOMEHTH 4acy, KOJIM 3MiHIOIOTHCS BJIACTHBOCTI MO/IEIIEOBAHOTO TIPO-
necy. B xum3i [1] po3risigaroThCsl TP OCHOBHUX ITiIXOJH, SIKi JTO3BOJISIOTH
OymyBaTH MOJIEIIOI0Y] alNTOPUTMH JUIS TUCKPETHO-TIOIHHUX CUCTEM: Opi€H-
TOBaHI Ha TMOJii, BUIU MiSUTBHOCTI Ta Tporecd. IMiTamiiHi MOBH 1 CHCTEMH
OpIE€HTOBaHI Ha MPONECH € HAHOUTBII YHIBEPCATEHUMH 1 TO3BOJISIOTH CTBO-
proBaTé 00’€KTHO-OPIEHTOBaHI 3acO0M IMITalliHHOTO MOJENIOBAHHS, Cepell
SKAX HEOOXiJJHO BUAUIMTH CEpellOBHINE Bi3yalbHOro MojeitoBaHHs VSE,
sike BinTBOpIoE KoHIemniito «I1lo 6auy Ha ekpaHi, TO 1 OTpUMAIO T Yac Mo-
JICIIFOBAHHS» 3 aBTOMaTHYHUM CTBOPEHHSIM KOJIy iMiTaniiHol mporpamu. s
yCiX IMITaIlifHUX CHCTEM OpIEHTOBAHMX HA MPOILECH XapaKTEPHO MPHUCYT-
HICTh TUHAMIYHUX 00’€KTIiB (MOBiOMIIEHB, TPAH3AKTIB), SIKi PYXaOThCS IO
MO/IETi 32 BU3HAUEHOIO CXEMOIO Ta y Mipy CBOTO IIPOCYBaHHS «CIOXKHUBAIOTb)»
Jeski pecypcu. CTpyKTypa NMporpaMHoi peaiizamii iMiTaniiHOi Mozet, K
MPaBUJIO, CIIBMAAE 31 CTPYKTYPOIO 00’ €KTa MO/ICITIOBAHHSI.

Knac 3aco0iB MOzenIOBaHHS OPIEHTOBAaHUX Ha MPOIIECH 3HAYHUH, cepen
SIKHX TOTPiOHO BHIUIATH MAKETH OPIEHTOBAHI Ha MOJICTIOBAHHS BHPOOHHMII-
TBa, Taku sk FlexSim (https://www.flexsim.com/flexsim/whats-new/),
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OCTaHHE OHOBJIGHHS, sKoro 3pobmeHo y 2019 p., Ta Arena
(https://www.arenasimulation.com/). Ile makeT mupoKo BUKOPHUCTOBYETHCS
BenukuMHA cBiToBUMH Koprioparissmu PWC, Federal Express, Nike mig wac
MOJIEITIOBaHHS Oi3HEC-TIPOIIeciB i J03BOIsAE OyayBaTH iMiTaliiHI MOJEINI IO
JiarpaMax CTBOPEHHM 3a TOTTOMOroio BPwin.

Arenrre MozemoBanas (agent-based model) — mertox imitamiiiroro Mo-
JICITIOBAHHSI, SIKUH JOCITIIKY€ TIOBEIIHKY JICIIEHTPATi30BaHUX areHTIB 1 T€, K
Taka MOBEliHKA BU3HAYAE MOBEIHKY BCi€i cucTeMH B 1iyiomy. [lin areHTOM
PO3YMIETBCS JiesiKa CYTHICTB, sIKa BOJIOJII€ aKTUBHICTIO, aBTOHOMHOIO TTOBE-
JIHKOIO, MOX€ NPUIMaTH pillIeHHs 32 TIEBHUM Ha0OpOM IpaBHJI, MOXeE B3a-
€MOJISATH 3 OTOYCHHSIM Ta IHIIUMHU areHTaMH, a TaKOXXK MOXKE 3MiHIOBATHCS
(eBomronionyBaTH). baraToareHTHI MOJesli BUKOPUCTOBYIOTBCS IS TOCTi-
JUKEHHS TUHAMIKH KOJIGKTUBHOI IMMOBEIIHKY (CYCILIbCTBA, KOJIOHIH, MOIYIIs-
Iiif i T. 1H.) 1 MOXKYTh BKJIFOYATH ACCATKHU i COTHI THUCSY aKTHBHHX arcHTIB.
ATEHTHHH MiAXiA T03BOJSIE OTPUMATH iH(POPMAIIiTO PO 3arajbHi II00aNbHI
3aKOHHU JOCIIKYBaHOT MOJIEN, 1110 0a3yIOThCSl Ha aKTUBHOCTI 11 CKJIQJIOBHX
€JIEMEHTIB, TOOTO BUKOPHUCTOBYETHCS 1HIYKTHBHUH ITiXi]] CTBOPEHHS MOJIe-
Jent..

3py4YHHM CEpPEIOBUINEM CTBOPEHHS OaraToarcHTHUX MOJCNei € iMirta-
uiitHa cucrema AnyLogic, sika i Gopmadizanii MOBeAiHKY areHTiB y CHc-
TeMi BUKOpPHUCTOBYE Jiarpamy cratiB (State Chart). [nst ctBopeHHsT Moaeeit
y OLIBLIOCTI BUITA/IKIB BAKOPUCTOBYETHCS TpaiUHUI peIakTop, B IKOMY KO-
pHUCTYBa4 OMKCYE BCi CKIaaoBi Mojeii. [loBeiHKa OKPEMUX SIIEMEHTIB MO-
JIeTTi ONHUCYEThCsl 00’ €KTHO-OPIEHTOBAHOKO MOBOIO MporpamyBaHHs Java. Ic-
Hye 0araro MpHKIaAiB MOJIeNel pi3HOMaHITHHUX JIOTICTHYHIX MEPEX Ta Tpa-
HCTIOPTHUX CHUCTEM, CHCTEM KepYBaHHS Pi3HUMH Oi3Hec-mporecaMu Ta 0i0-
JO0TeKa TOTOBUX MOJYJIB i PO3POOIICHIX MOICTICH.

3 areHTHUM IIiIXOJIOM TiCHO TMOB’sI3aHE CHUTYAIliIiHE MOJICTIOBAHHSI, SIKE
ONHCY€ MHOXXHHY CHUTYaIlili Ta MHOXHHY TpaBMJI (QITOPUTMIB), 32 SKHMHU
areHT BU3Ha4aloTh MPOILIEC, 110 TIOBUHEH BUKOHYBATHUCS. J{JIsl IbOTO MOXKYTh
BUKOPHCTOBYBATHCS TaOJIUIII Ta JiepeBa pilleHb. Y OLIbII CKIaJHUX BUMA[-
Kax IMpH BUKOPHCTaHHI 0331 3HaHb MOXYTh 3aCTOCOBYIOTHCSI MOJIEJI IITYY-
HOTO IHTEJICKTY.
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Introduction. The amount of data in the digital representation in 2013
was 4.4 zettabyte and as expected to exponentially increase to 44 zettabyte in
2020 [1] due to the widespread informatization of world society. Awareness
of the criticality of the situation has led to the emergence and rapid
development of new information technology BigData [2-3], as a set of special
methods and means of transferring, storing and processing data, the volume
of which goes beyond the ability of typical databases.

One of BigData's main objects is texts that are stored, as a rule, in com-
pressed form (archive). There are a lot of algorithms for text compression at
this time. Their common point is that they all are based on the redundancy of
data. However, it is known that meaningful and counted text has the lowest
redundancy among other types of data (graphic, video, audio, etc.). This fact
significantly reduces the efficiency of the known methods of text compres-
sion. Even more, the data in compressed form is not suitable for their further
use, or processing without special deployment procedures to the original
state. In this case, the effectiveness of text processing algorithms on the huge
volumes of texts often becomes unacceptably small. For example when the
spell checker program announces the cessation of the algorithm due to too
many errors.

In this paper, we propose to consider the process of compressing and fur-
ther processing of texts as the combined process in which compression is a
pre-processing stage. As a result of pre-processing, the amount of data de-
creases without loss of information; the structure of information presentation
provides the ability to process text without prior "deployment™ to the original
state and increases the efficiency of the algorithms of processing.

Idea. Text is a finite set of sentences consisting of words (in one or an-
other wordform in synthetic languages) over the natural language vocabulary.
Word - a finite sequence of letters of the alphabet. The word is the basic se-
mantic sentence unit.

So, the idea is to compress the text by replacing the words with the words
of a constant and less length of some code. The corresponding code table can
be stored either on the user's computer or in the "cloud" repository.

Analytic language. It is known that English belongs to the class of
analytic languages [4] and it is one of the most compact languages by the
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length of words. Consider the English text as the worst for the proposed
compression approach. When using the ASCI table, each letter of the English
language takes 1 byte in the computer memory. Thus, the word "Text" will
take 4 bytes of memory, and the word "information™ - 11 bytes.

Oxford dictionary is one of the most complete and it contains 600
thousand English words [5]. It is easy to get an estimate that it is enough to
use only 3 bytes length binary code for compressing English text based on
the Oxford Dictionary. So, the words "Text" and "Information” will be
replaced by three-byte words, which illustrates the proposed. In this case, the
coefficient of compression increases linearly with the increase in the length
of the word (Figure 1).

10
8

6

Compression ratio (times)

3 4 5 6 7 8 9 10 11 12 13 14 15 16

Word length(letters)

Figure 1 Dependence of the compression coefficient on the length of the

word

Synthetic language. In synthetic languages, the word is formed by add-
ing suffixes, prefixes, etc. to the root. Consequently, the length of the words
of such languages is greater than the words of analytical languages. Synthetic
languages include, on their own, Slavic languages, besides Bulgarian. If the
average length of the English word is five letters, then, for example, the
Ukrainian one is seven. Therefore, for the Ukrainian language and synthetic
languages in general, the proposed method will be even more effective than
for analytic languages.

The capacity of the basic vocabulary of the Ukrainian language is about
180 thousand words, but the set of all word forms has 3.4 million words [6 -
7]. Itis easy to show that for the Ukrainian language over such a dictionary,
it is also sufficient to use a code with a constant length of words in three bytes.
Each element of 3.4 million words set can be encoded using a 22-bit tuple

22* =4194 304 The minimum integer of bytes that covers the number of
bits is 3 bytes 3 * 8 = 24 bits. Consequently, we can encode each word of the
Ukrainian language using 3 bytes.
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At present, the Unicode table is the most commonly used. It involves
allocating two bytes of the computer memory per character of text.
Consequently, the proposed method of compression of text with Unicode
table of codes will be effective even with the length of the word in 2 letters.

Comparative research on the effectiveness of text processing
algorithms. One of the basic algorithms for text processing is the word
search algorithm in the text. If we consider the entire text as a string of N
single-byte characters, and the length of the word M, then the signal time is
at best ~ N - M + 1, and in the presence of many partial matches ~ N « M[8].
When we using a triple code for text compressing, it is natural, that the search
efficiency increases, three and nine times for analytic and synthetic languages
respectively.

For the task of finding a symbolic substring in a string, a symbolic
comparison is required, and even in the most efficient algorithms such as the
Knut-Morris-Pratt algorithm, the time-domain asymptotic complexity of the

algorithm is Q\H\)I, where N is the length of the string that is looking
for, and M is the length of the string in which search is being done. This
means that at least you need to read and compare each character in the string
in which you are looking and each character of the searched string. l.e. it is
N + M comparison operations. If you use the ASCII code table, each letter of
the English language in the computer memory is 1 byte. That is, you need to
read and compare at least N + M bytes.

We use 3 bytes for each word to store text in compressed form. The
average length of the English word is 5 letters. Consequently, the text string

with length N + M letters contains % words an average. The number of

bytes for encoding this string by the dictionary method is calculated by the
formula (1)

(N +M) -2 )
where N — number of characters in a line, M — the word we are looking
for.

It is almost twice less than in uncompressed text. Therefore, to search in
3
the compressed text you need to compare B less bytes.

The experiment of text file archive was made. A software tool that
compresses the text proposed by our method is developed. The experiment
compared the compression ratio of the file using the ZIP archiver and the
software that we have created. The results are shown in Figure 2.
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Figure 2 Comparison of compression efficiency of the algorithm ZIP

archiver and archiving using the dictionary method

As can be seen from the figure, the method of archiving using the
dictionary gives a better result than the ZIP archiver method on files of about
5000 bytes. In addition, the text remains in a form that is suitable for
processing, while other ways of archiving the text for its processing require a
full unzip - which is an additional cost of computing power.

In order to study the search efficiency of the word in the compressed text,
an experiment was performed comparing the speed of searching for the
string.IndexOf (“searchs tring") of the C # programming language and the
search function in the archived text. The experiment was conducted in the
same software and hardware environment for both exploratory search
methods. The steps of the experiment were programmed in the C #
programming language. In the Ukrainian-language test, the search for the
word "Analyst" was performed. In order to create the worst case of a search,
searched word was put only at the end of the text.

350

300 ——

250 Standard
search

200

150

—4—Search in
100 compressed

— et
50

(4]

Searchtime, ms
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Figure 3 Comparison of search speed in uncompressed and compressed
text
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The results of the experiment are shown in Fig. 3 As can be seen from the
figure - the search in the compressed text is 4 times faster than searching in
the expanded text. So, as you can see from the figure, as larger the size of the
text in which the search is performed, as greater will be the difference in the
search time.
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MATEMATHYHE MOJEJIOBAHHS B COEPI OCBITH

JI.B. 3inuenKo
HTYY «KIII im. l2ops Cikopcokoeoy

Beryn. Mu xuBemo B iHGOpMaLifHOMY CYCHIJIBCTBI, y CBIiTi, Y AKOMY
BCE 3MIHIOETHCS 3 BEITMUYE3HOIO MIBUIKICTIO 1 y IKOMY KOKHIH JTFOTUHI IIOTHS
JIOBOJUTHCS OIPaIbOBYBAaTH BEJIMKI MOTOKM iH(opMmanii. barato mpouecis
ABTOMATH3YIOThCSl, i OTPUMAaHHS OCBITH HE BHUKJIIOYEHHS. Y 3B’SI3KY 3 LIHM,
Oararo JItoiel BTpayatoTh poOOTY 1 3MyIIEH] OTPUMYBAaTH 1lie OAHY KBaui(i-
Kallifo, 1 OJHUM 13 JI€BUX CIIOCOOIB OO € CAMOOCBITA.

Barato ntozieit He TUTBKY NepeKBalti(hiKOBYIOThCS, a 1 mapaenbHo 3 iCHY-
F0YO0I0 POOOTOIO MPArHyTh OCBOITH IIe OJHE a00 AEKiNbKa 3aHSATh (YU Mix-
HATH piBEHB 3HaHB B 00JaCTi, 0 Oe3MOCcepeIHbO IX TOPKAEThCs). BpaxoBy-
I0YM pealii, Hailnerme ne 3poOUTH 3 BUKOpPUCTaHHAM [HTepHeTy. BTim, s
IBOTO HE 3aBXKIH € I IXOAAII pECypcH Ta 3aco0u.

Memoto poOOTH € TABUICHHAS SKOCTI iHQOPMYBaHHS MMOTESHIIITHUX CIIO-
JKMBAYiB Ta IHTENEKTyali3allis MPOLECiB HaJaHHI OCBITHIX MOCIYT OUITXOM
PO3pOOKH OPUTiHAIBHOTO MPOrpaMHO-AITOPUTMIYHOrO 3aa0e3leueHHs Ta
peaizauii #oro y BUMISAL CHeLialli30BaHOi IPOrPaMHOI CHCTEMHU.

JocsirHeHHs MeTH 0a3yeThesl Ha po3po0Ii OpUTiHATBHUX MaTeMaTHYHUX
METO/IiB Ta aJrOpUTMIB Ta X peaiizawii y creuianbHiii cucremi.

OTXe, pO3TIISIIAEThCS TIOCTAaHOBKA 3ajadyi, 0 Oy/e 3aJ0BOJBHSTH MOT-
pedaM CydacHOr0 OCBITHBOT'O OHJIAWH-CEPBICY.

MaTeMaTH4YHA NOCTAHOBKA 3aay4i

€ MHOXXWHA y4YHUTENiB (MEHTOPIB), [0 HABYAIOTH OJHOMY YH JEKiTHKOM
npenMeTaM; y4YHi MOJAIOTh 3asiBKM HA BHBYCHHS NPEAMETY, SIKMH BiJHO-
CUTBCA 10 OfHIET i3 oOnmacTell 3HaHb. TakuM YMHOM, Ma€MO MHOKHHH Y9YHIB,
MEHTOpIB, IPEAMETHUX 00JIacTeil, 3a1BOK HAa HABYAHHS Ta YacOBi iHTepBaJIH,
B SKUX MEHTOPH JOCTYIHI 1Jisi HaBYaHHS. [lepeHyMepyeMo KOXHY 3 LHUX
MHOXHH.

BBenemo psz no3HaueHs:

Pn — MHOXWHA ITPEAMETHUX o0JacTeii;
N — KiJTbKiCTh IPEIMETHUX 00IaCTei;
Pm — MHOKMHA MEHTOPIB;

M — KiJIBKICTh MEHTODIB;

P, — Muox)uHa yusiB;

S — kinbKicTh yuHiB;
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Pr — MHOJHHA 3asBOK BiJ] YUHIB MPO IOMOMOL'Y;
R — kinpkicTh 3as1BOK;

Pt — MHOKHMHA YaCOBUX IHTCPBAIIB;

T — xinbKicTh YacoBUX iHTEPBANIB.

Omxe, 10 K -i mpeameTHoi obnacti, K € P, , BinHOCHTBCS MeBHA Kisb-
KicTh MeHTOpiB My, j =1,....,M, ] — HOMep MenTOpa. | HaBNaKH, KOKeH ] -
i MEHTOp MO’K€ MaTH BiTHOIICHHS 10 ICKIIBKOX MpEeAMETHHX objacTelt i3
BKa3aHHSM iX MPIOPUTETY y BUIJISII CTPOTO PAH)XyBaHHS, YHIKAILHOTO /IS
KOXHOI K -1 mpenmeTHOi 0071acTi, Je MAKCHMaJIbHO MOJKITBE 3HAUCHHS — I1e
KUTBKICTh TaKUX MpeaMeTHUX oOmacteir N .

[purmyckaeTbes, Mo pa3 Ha 0Oy OyIyTh ONpPAaIbOBYBATHCS HOBI 3asSBKH
YYHIB TIPO JOTIOMOTY, IO 3’ SIBIUTHCS 32 OCTAHHIO 10Oy, a TAKOX Ti, 0 OyIu
B3SITI paHille, ajie He MiITBepIKeH]I yUHEM Ta MEHTOPOM. Y 9Hi, 1[0 He MalOTh
3a5BOK, ZI0 PO3IIISAY, HE OpaTUMYThCS IO yBarH.

Maemo, 1o i-i yuens, i =1,...,S , MOXKe CTBOPUTH NEBHY KiIBKICTh 3a-
MIUTIB HA HABYAHHA i3 IEBHOI IIPEAMETHOI 00JIaCTi.

[losHaunmo Vj; — KOePILieHT CXOKOCTI MiXK i -M y4HEM Ta | -M MeHTO-

poM, 3HaueHHA SKOTO 3HAXOIATHCSI B MeEKaxX OSVij <1, i=1.,S,

j=1..,M . Tyt 1 o3Hauae, M0 MEHTOP Ta y4eHb MAKCHMAJbHO CXOXi 3a
BHOOPOM IpeaMeTHOI 00macTi, 0 — HaBIaKH.
[TpoHymMepyBaBIIM MPEAMETHI 00IacTi j -ro MEHTOpa, OTPUMAEMO TIpio-

PHUTET KOXKHOI IMPEAMETHOI 001acTi, 10 HOro cTocyeThes. Bimobpasumo 1
npiopuretu Ha Binpizok [0,1] Tak, mo 1 o3Hayatume, IO aHa MpeaMeETHA
00J1aCTh SBISIEThCS HAWBHIIOIO 32 MPIOPUTETOM JUTsl MEHTOpa, a 0 — HaltHMK-
40I0.

Hexait W — koedirienT BaxxmBocTi K -i mpeamerHoi obnacti aust j -
Or0 MEHTODA, sIKUil Oy/ie 3aI0BOJILHATH HEPIBHOCTI:
O<wg<1,k=1.,N, j=1..,M.
BukopucroByroun BBeZieHI HOHATTS, chOpMyeMO po3kian MeHtopa. Ilo-
JaM0 0OMEXEHHsI Ha pO3KJIaJl MeHTopa y BUMIIsiAl Matpuii Y po3MipHOCTI

T xM , enement Yy SIKOT BU3HAYAETHCS TaK:

1, sixmo B t-7 4acoBHi iHTEpPBAJI MEHTOpP 3aMHSTHIA,

Yi = 0 —y iHmomy pasi,
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Ie t —ugacoBnit inTepBan, t=1,..., T,

j — HOMep MeHTOpa, j=1,..,M .

Jnst momaHHS poO3B'A3KY BBEIEMO MaTpumio X , posmipHocti M xT |
CIEMEHT X;j SIKOI BU3HAYAE€THCS TaK:

r, sKuio B t-it yacoBuit inTepBai 3asBKa I € Pr NpHU3HAYEHA |-MyMEHTOPY,
X = —1, sKI0 MEHTOp 3aiHsATHII B t-if YacoBmii iHTEpBAa,
0, B iHImIOMY pa3i

ne t —wgacoBwmii inTepBan, t=1,...,T,

j — MeHrop, migiOpaHuii HA 3asBKY MEBHOrO YYHS B JaHOMY BapiaHTi
poskmany, j=1,..,M.

st Mmatpuiii X BHUKOHYETHCSI HACTYITHI OOMEIKEHHSI.
OpHa 3as1BKa IOBHHHA OYTH Ha3HAuYCHA JIMIIE OJIMH Pa3 OJHOMY MEHTODY:

3.t e{l,...,T}:le, i e{l,...,M} g 0 IX g =X
KoxHa 3asBka moBuHHa Oyt 06po0ieHa:
VreR =3(te{l..Thie{l...M}) ¥ =r.

3asiBka Moyke OyTH Ha3Ha4eHa MEHTOPY JIMILE Y TOMY BHIIQ/IKY, KO Me-
HTOp BUILHHH Y mepion 100H, BKa3aHUH Y 3asBL IPO TOIIOMOTY:

Wy eV.yy =0=3(te{l.. T} je{l...M}):x =r.

OmnuiemMo XapakTepUCTUKH 3asBOK B Matpuili C po3mipHocTi 2 x R. TTe-
pIInit pSAOK Wi€i MaTpuili Oyxe MiCTUTH HOMEPH YYHIB, III0 TTOJAITN BiIMOBI-
IHY 3asBKy. Jpyruii psmok miel Matpumi Oyne BU3HAYATH HpEAMETHY 00-
JIACTh, 10 SIKOT HAJIEXKUTH 1151 3as1BKa. J[JIs1 CIPOIIEHHS IPUITYCKAEMO, 1[0 OJTHA
3asBKa MOXKE€ MATH BIJIITOBINATH JIMIIE OJHIM IpeAMETHIH obmacTi. Y moxa-
JIBINUX JOCITIHKEHHSX 151 YMOBa MOKe OyTH 3aMiHEHA YH PO3BHHECHA.

TakuM 4MHOM, MaEMO Taki eleMeHTH Matpulli C :y CTOBIYHUKY | eje-

MEHT C;; BU3HA4Ya€ HOMEp y4Hs, KUl CTBOPHB 3asBKY 3 HOMEPOM ], a Cy;

— JI0 AKOI BIZIHOCUTBCS 1A 3asBKa.
Toni nimkoBY PpyHKIIIO 3a1a4i MOKHA Oy/Ie MOIATH TaK:

T M
F(X) :ZZ(a(l—v%mj ) + (1—a)(1—wc“‘j j )) —min |
t=1 j=1
e o — BaroBuil KoeQilieHT, ssKuil OanaHcye GaKTOPH CXOXKOCTI 1 Bax-
JINBOCTI,
Ve, j — KOCQILIEHT CXOKOCTI MiXK y4HEeM ¢, , Ta J -M MeHTOpOM,
Xtj "y
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W - KkoediIlieHT BaXKIMBOCTI IpeIMETHOT 0071acTi ¢, x, A j -ro me-
i ]

HTOpA.
BucnoBku. ChopmynsoBaHa OpHTriHaJIbHA MMOCTAHOBKA 3a7adi HaJaHHS
OCBITHIX MOCTYT, B SIKiif HE BUMAraeThCsl HASBHICTH Ta aHAIII3 TPYII 1 ayAUTO-
piii, a BUKOPHCTOBYIOTHCS TaKi MapaMeTpH, IK KOeQiIlieHT CX0KO0CTi pode-
Ccilfi MCHTOPIB Ta 3aIKTIB YYHIB, a TAKOXX BaXIIUBICTh MIPEIMETHUX OOMacTen
Ut MeHTOopiB. KoedimieHT cX0KO0CTi B IIbOMY BHITAIKY 3aMiHsI€ paH)KyBaHHS
nocaJ, siK Iie onucaHo B rnocranosui [1]. Po3poOneno MaTtemMaTndny MoJeib
3a1adi, IKa Mpu3Beia J0 CIeniaabHOT 3a1a4i KOMOIHATOPHOT ONITHMI3allii, [0
BU3HAYA€ aKTyaJbHICTh PO3POOKH alrOpPUTMIB PO3B’I3yBaHHs, a TAKOXK JI0C-
JIJDKEHHS NUTaHb 1X epeKTUBHOT peanizalii Ta MoKa3HUKIB e(peKTHBHOCTI.

Jlitepatypa
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VIK 004.75

MOKJIABOCTI BAKOPUCTAHHS MIKPOCEPBICHOI
APXITEKTYPH B IHOOPMAIIMHUX CUCTEMAX OB’EKTIB
KPUTUYHOI IHOPACTPYKTYPH

LLA. Bypmaka
Yepuiciecokuu Hayionanvnul Texnonoziunuii Yuisepcumem

AKTHBHHUI pO3BUTOK iHPOPMAIIHHUX TEXHOJIOT1H BUMarae maciraOHoT
aBTOMAaTH3allil Ta KOMII 0Tepu3allii iHpopMaIliiHUX MPOIECIB B PO3MOIiie-
HUX iH(popMamiiHuX cuctemax. [IpoTe wacTo ays aBTOMAaTH3amii OKPEeMHX
MPOIIECiB BUKOPUCTOBYIOTBCS OKpEMi MPOrpamMHi MOIYJ Ta CHCTEMH, IO
CTBOPIOE 3HAUHI CKJIAJTHOWII /T 1HTETpaIlii TAKUX CEPBICiB B €JJMHY CUCTEMY.

Oco0a1Bo 1151 pobJieMa CTOCYeThesl 00 €KTIB KPUTHYHOI iH(pacTpyK-
Typu Ha Taki 1H(OpPMAIiiiHI CHCTEMH HAKJIAaJarOThCS JTOJATKOBI BHMOTH
11010 HaJiHOCTI, OE3MeKH Ta pO3MEXXyBaHHS NPaB JOCTYILY.

Pimenns s iHTErpanii
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Haii0inpm nommpeHrnMy Ha ChOTOAHINTHIA JeHb MMiX01aMH JI0 iHTerpa-
mii cepiciB € Cepsic OpienroBana Apxitekrypa (SOA), Iarerpamiiina
una (ESB) Ta MikpocepsicHa ApxiTekTypa(Ha ocHoBi API abo Message
Queues). KoxxHa 3 ux apXiTeKTyp Mae CBOI CHTyamliliHi TIepeBaru Ta HeJo-
JKA.

KnacnyamM migxomoM 10 iHTerparii € BHUKOPHCTaHHS IHTETpamiiHOi
mmHK (Enterprise Service Bus) — crioiy4HOro nporpaMHoro 3ade3neueHHs,
o 3a0e3neyye HEeHTpali30BaHu Ta yHi()iKOBaHUIi, OpIEHTOBAaHUN Ha MOJIT
OOMIH MOBIJOMIJICHHSMH MIDX Ppi3HHUMHU iHpOpManiiHUMHU cUCTEMaMH Ha
NIPUHIUIAX cepBic-opienToBaHoI apXiTekTypH (Puc. 1). OcHOBHUIT npuHIUI
CEepBICHOT IIMHU — KOHIIEHTpalis OOMiHYy MOBIJOMJICHHSMH MiX PI3HUMH
cUCTEeMaMH 4yepe3 €JJUHYy TOUYKY. TakuM YMHOM, NpH 3aMiHi Oyab-akoi iHpo-
pMariifHoi CHCTeMH, MiTKITFOYEHOI 0 ITUHA, HeMa€e HeOOXiJHOCTI B IepeHa-
JAIITyBaHHI iHIUX cucteM [1].

DakTHYHO 337a4i TOB’s3aHI 3 00POOKOI0 1 MapIIPyTH3ALIEI0 MOBIIOM-
JICHb, 3aXHINEHOI0 Ta IIUTICHOI(3a JOMOMOTOI0 TPaH3aKIIii) iX mepemadeto
MIX cepBicaMH, aIalTaIli€I0 TOBITOMIICHb BiJl CTOPOHHIX CHCTEM, OPKECTPO-
BKOIO CITy’KO mepekianatotees Ha ESB.

Jlo HeoJIIKIB 1HTErpamiiHOl IIMHK MOKHA BIJIHECTH HAsBHICTH LICHTpA-
JIHOTO KOMIIOHEHTa, 110 MOXE€ IPH3BECTH J0 3HAYHOTO CIIOBUIBHEHHS PO-
00TH CHCTEMH TIPU BUCOKHX HaBaHTaxxeHHsX. Ha nanuit MomenT Bix ESB ua-
CTO BiZIMOBIISIFOTHCSI HA KOPUCTh MIKPOCEPBICIB, OCKIILKH CHCTEMa 100y 10-
BaHa Ha MIKpOcepBicax € OLIbII HYYKOIO.

Service Service Service Service
A B C D

l | |
| |

Message Router

Message Bus

Admin
Tools

Puc. 1 — Knacuuna apxitekrypa Enterprise Service Bus
MikpocepBicn — OJIWH 3 HAHOIIBII Cy9acHUX apXiTEKTYypHHX ITiXO/iB
1o inTerparii. OCHOBHa i1es MiKpOCEepBiCiB B TOMY, III0 CHCTEMa IOAIISIETHCS
Ha BEJMKY KUTBKICTh €JIEeMEHTapHUX JT0JIaTKiB, IPH IIbOMY KO>KEH eJIeMeHTa-
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pHHI TONATOK SBIsIE cOOOI0 MIKpOCEpBic, SKMW HANpPSAMY B3a€MOIIE 3 iH-
IIMMU MiKpocepBicamu 3a gonomororo API 3 merkumu npotokonamu (Puc.2).
B3aemopis 3 kieHTaMu 3a3Bu4aii BindOyBaeTbcs uepes AP Gateway.

APl
Gateway
b b F l b
Microservice Microservice Microservice
Module A Module B Module C
Database Database Database
A =] C

Puc. 2 — MikpocepBicHa apXiTeKTypa

Jo mepeBar MiKkpocepBiciB MOKHA BiTHECTH OLIBII BUCOKY HaMiHHICTB
CHCTEM NMOOYAOBaHMX Ha TaKiil apxiTekTypi. KpiM TOro Takwii miaxia 103Bo-
JIsi€ TIPUIIBUANIATH TIPOLEC PO3POOKH, OCKUIBKH OKpeMi MIKpOCepBiCH MO-
JKHa BiZIaTH Ha pO3poOKy OKPEMHM KOMaH/aM pO3pOOHHUKIB, IPH IOMY T'O-
TOBI MIKpOCEPBICH MOXYTh BUKOPHCTOBYBATHCS TIOBTOPHO [2].

AJie He TUBIITINCH Ha BENHKY KUTBKICTh ITEpeBar, MIiKpOCEPBICH MAIOTh i
JIOCTaTHBO CEPHO3HI HEIOJIKK — IPU BUKOPHCTaHHI MIKpOCEPBICIB 3HAYHO
MIJIBUILYETHCS CKIIAHICTh PO3po0KH i posropranHs. Kpim Toro Tpeba Bpa-
XOBYBATH, IO NPU 30UIBIICHHS YHC/Ia KOMIIOHEHTIB, 301IbIIYETHCS 1 Kib-
KICTh 3B’A3KIB MK HUMH, TIPH 1IbOMY BEJIMKA KUIBKICTh MIKKOMIIOHEHTHHX
3B’A3KiB 3HAYHO YCKIJIQJHIOE CUCTEMY, IPU IbOMY YCKJIQIHIOETHCS 1 MOIIYK
npoOJieM y BUNAJKY iX BUSBICHHS. Takox MpH OHOBJIEHHI CHCTEMH Ha OcC-
HOBI MIKpOCEpPBiCiB MOKE BHHUKATH ITPOOIIeMa 3MiHU BEepCii, sika OB’ s3aHa
31 3MiHaMH y popmaTax 30epiraHas abo 0OpoOKH TaHUX.

Y KOHTEKCTi CUCTeM I 00’€KTiB KPUTUYHOI iHPPACTPYKTYPH CIIiJ Ta-
KOX BpPaXOBYBaTH Te, L0 /ISt MIKpOCEPBiCiB KOHTPOJIIOBATH 1TPaBa A0CTYITY
Ta 3a0e3nevyyBaTy Oe3reuHy rnepeaavy JaHUX IIOBHHEH KOXKEH CepBic, 110 J10-
3BOJISIE MiABUIINTH O€3IeKy CHCTEMH BIIIIOMY, OCKUTBKH IIpobieMa Oe3rnexn
B OJTHOMY 3 KOMIIOHEHTIB HE BIUIMBA€ Ha OE3MEKy iHIINX.

MikpocepBicHa apXiTeKTypa Ui 00’ €KTiB KPUTUYIHOI iHYPaCTPYKTypH.
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Knacnyna MikpocepBicHa apXiTeKTypa — JaJieKo He HaWKpaIluii BapiaHT
IHTeTpamiitHOl apXiTeKTYpH I 00’ €KTiB KPUTHYHOI iHQpacTpyKTypH. 3Ha-
YHO ONTHMANBHINIO B JAHOMY BHUITAJKy OyZe MiKpoCepBiCHa apXiTeKTypa 3
OpOKEepOM TIOBiTOMJICHB.

B TakoMy BUIagKy 3aMiCTh IpAMOT0 0OOMiHY JaHUMU 3a JonoMororo API
BHKOPUCTOBY€EThCS Message Queues. Bukopucranas MQ 1o3Bosste miiBu-
LIUTH HAAIHHICTh CUCTEMH, OCKUIBKU J03BOJISIE y BUIIA/IKY BIIMOBU OJJHOTO
3 IUIOBUX CEPBICIB aBTOMaTHYHO IepeapecyBaTH IOBIIOMJICHHS Ha aHa-
norivHe n3epkaino cepeicy (Puc.3).

Microservice Microservice Microservice Microservice
A B c

Message Queue

Exchange Queue

Puc. 3 — MikpocepBicHa apXiTeKTypa 3 OpOKepoM MOBiIOMIICHb

Takox Message Queues 3a0e3nedyroTh aCHHXPOHHY Tepeady MoBizo-
MJICHB (TIPY HAJCWIAHHI MMOBIIOMIICHHSI, BOHO CTABUTHCS B YEPry, i OUiKye
JIOCTYITHOCTI OZIHOTO 3 CEPBICIB KU MOXE HOro 00pOOUTH) 1110 MEePEeKIIaaae
3a/a4y rapaHTOBAHOCTI JOCTABKH MOBIIOMIICHHS 3 cepBicy Ha MQ. Takox
Message Queues cuctema Oepe Ha ceOe BIAMOBIAAIBHICTH 33 MacHITa0y-
BaHHS CUCTEMH 1 PO3MOIIICHH 3aMUTIB MK 13epKaiamu [3].

AuJte ¢t 3a3HaYUTH, IO B TAKOMY BHIIAJIKy HaIIHHICTh CUCTEMH 0arato
B YOMY 3aJICKHUTH BiJ] IPABIIILHOTO BHOOPY OpOKepa MOBIZOMIICHB.

OpmHUM 3 HAUTIOIIMPEHIIITUX BapiaHTIB BiIKPUTOTO OpOKepa MOBiIOMIICHb
€ RabbitMQ. OcobnuBicTIO Takoro Opokepa € Te, Mo OUTBIICTh HOTO KOM-
ITOHEHTIB NOOYI0BaHI TaK, [0 OPIEHTYIOTHCS Ha pOOOTY B pEXKHUMI PEaTbHOTO
qacy.

[Tpu 1boMy MiKpOCEpBICH B AEIKHX BHUIIAJAKaX MOXKYTh B3a€MOJIISITH 1 Ha-
MpsAMY, IO JO03BOJISIE 3MEHIIIMTH Yac 3BEPHEHHS — 110 € HAWO1IBII BUT1THIM
BapiaHTOM JUIS CEPBICiB, III0 BUMAararoTh MOCTIHHOTO 1 MacoBOro 0OMiHy Ja-
HUMU.

BuchHoBku

AHauti3 rmepeBar Ta HeJJOMIKIB Pi3HUX apXiTeKTyp iHTeTrpallii oka3as, 110
JUIs1 00’ €KTIB KpUTHYHOT iHPpacTpyKTypH HalO1Ib I ONTUMaILHUM BUOOPOM
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Oyze MikpocepBicHa apXiTeKTypa 3 OpOKEepOM IMOBIAOMIICHbD, alle IIPH HEOMY
CIIiJ] BpPaXOBYBATH, IO IIEPEBATH TAKOi apXITEKTypH HPOSBISIOTHCS TINBKH Y
BUTIAJIKY 1HTETPalii BEIUKOI KIJIBKOCTI MPOTpaMHHX MPOAYKTIB a00 HEoOXiI-
HOCTI MacIITa0yBaHHS CHCTEMH IIPH BEIUKUX HaBaHTAXKCHHAX. Taxuii BUOIp
3YMOBJICHHUH THM, II0 MIKpOCEPBiCHA apXiTEKTypa 3 OPOKEPOM MOBiTOMICHB
JTO3BOJISIE THYYKO HAJIAIITOBYBATHCS ITiJT Pi3HI MPOTOKOIN 0OMIHY JaHUMH Ta
3a0e3reuye BUCOKY Ha/liHICTh CUCTEMHU.
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VIK 004.89

DECISION-MAKING INFORMATION SUPPORT FOR
ORGANIZING THE MOVEMENT OF MUNICIPAL PASSENGER
ELECTRIC TRANSPORT

1.V. Shostak, A.V. Cherevatenko

Recently, the idea of “‘smart cities” is gaining popularity in the world. The
concept of a “smart city” itself implies the integration of several information
and telecommunication technologies with the technology of the Internet of
things. As part of this concept, a large number of information models have
been developed, focused on the automation of various business processes that
take place in the life of cities. In this case, for the implementation of each
such model, the same management principles are applied. The concept of a
“smart city” gives the greatest effect when it is introduced in megalopolises,
since in such cities public utilities, in particular, municipal transport, have a
relatively complex structure, which necessitates informatization.

In the Ukrainian megacities such as Kiev, Kharkov, and the Dnipro, a
problem with the organization of passenger traffic in land-based municipal
electric transport is long overdue. For example, in Kharkov, with a population
of approximately one million seven hundred and sixty thousand, the electric
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transport network is well developed, although in recent years the tram has
been pushed out of the city center due to the appearance of an excessive
number of cars. Thus, one of the important tasks in the implementation of the
“smart city” concept in Ukrainian cities is to ensure that the functioning of
municipal transport is so rhythmic that the occupancy of each vehicle unit
would be close to optimal (when all seats are occupied). With acceptable
restrictions on the range of movement, which directly determines the waiting
time of passengers and, ultimately - the quality of service.

The report discusses one of the possible solutions to the above problem
under the following assumptions and limitations:

1 1 The amount of electricity consumed by rolling stock engines is di-
rectly dependent on the workload of the tram or trolleybus;

2 Each tram or trolley bus is equipped with a device for measuring en-
ergy consumption, with the possibility of remote monitoring in real time;

3 A GPS sensor will be installed in each unit of rolling stock.

4 Energy consumption data can be converted from analog to digital
form;

5 Further, they will be sent to the cloud, where they will be processed
and stored;

6 In parallel, the same data will be sent to the dispatcher via tracking
monitors;

7 Indication of the utilization of transport units will vary from green
(low load) to yellow (medium load) and red (high load)

8 Indicators will be displayed on monitors with route maps as icons of
the corresponding color.

9 Based on this data, the dispatcher will decide whether to launch on the
route of an additional train or not;

10 Each unit of rolling stock will have a separate indicator.

The world is increasingly used as a means of tracking the location of
certain objects, GPS-sensors. So in our case, the use of such devices will give
us an increase in efficiency.

In parallel with the transmission of GPS data to the dispatcher’s monitors,
it will be possible to track transport from a smartphone, this will allow
passengers to assess the situation, calculate time, etc.

On a real example, one of the key tram routes, namely # 12, is considered.
The route itself is a message between the lvanovka stop (Kholodnogorsky
district) and the stop Forest Park (Kievsky district), along the following
streets: lvanovka — Bolshaya Panasovskaya str., Losevsky side street,
Piskunovsky side street, Rogatinsky driveway, Klochkovskaya str.,
Klochkovsky declivity, Independence Ave., Trinklera str., Mayakovsky str.,
Mironositskaya str., Sumskaya str., Belgorod highway - Forest Park. Model
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of the tram, which is on this route — Tatra-T3. The length of the route is 10.02
km. Table 1 presents the characteristics of this rolling stock we are interested
in.

Table 1 - Characteristics of the rolling stock

Speed characteristics of the wagon
Estimated speed of the car, km / h 72
Maximum empty wagon speed will be set 65
in a straight horizontal section of the route, km / h
Average acceleration of acceleration, m/ s2 18 06 -
Average deceleration when the service braking m / s2 1,4
The maximum deceleration during emergency braking, 35.4
m/s2 ’

Traction motors
Traction motor type TE 022
Traction motor power, KW 40
Amount of traction engines 4

On the next page shows the continuation of Table 1.

Continuation of Table 1.
The maximum rotational speed, r / min 3940
Operating voltage, V 300
Weight, kg 320
Contact network rated voltage, V 550
Control circuits voltage, V 24

Based on the above characteristics, it will be possible to calculate the
amount of electricity consumed, and thereby obtain data on the occupancy of
the train. A similar procedure will be carried out with trolley buses.

An important component of the information and analytical dispatching
system of ground-based municipal electric transport (IASDNMET) is the
dispatcher's interface system, since this system, being a dialog box by its
nature, is designed to support the decision-making of a dispatcher on the
organization of land municipal electric transport.

In the course of the research, a model was developed to support decision-
making by the tramway-trolleybus management for the rational organization
of traffic.

In order to substantiate the choice of platform for creating IASDNMET,
a comparative analysis of various cloud services was conducted. Table 2
presents the benchmarking data.
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Table 2 — Comparative analysis of cloud services.

Web Services

Vendor Strengths Weaknesses
!D_ommant market Difficult to use
position
Extensive, mature
Amazon offerings Cost management

Extensive training

Problems at the stage
of verification of the

Global reach phone number
Second largest Issues with
provider documentation

Integration with Mi-

Microsoft crosoft tools and software
Azure Broad feature set Incomplete
Hybrid cloud management tooling
Support  for  open
source
Designed for cloud- Late entrant to laaS
native businesses market
Google Commitment to open Fewer features and
Cloud source and portability services
Platform

Deep discounts and
flexible contracts

DevOps expertise

Historically not as en-
terprise focused

Based on the results of the analysis, the most appropriate cloud service
for implementing IASDNMET is Microsoft Azure.

In the future, the solutions described above can be used to develop a full-
scale IASDNMET, which will cover all routes, and will occupy its segment
in the “Smart City” concept.
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Software development process has gained a lot of changes during last
years. The best practices of it are constantly modified. New experience
produces new improvements, which helps to prevent error previously met.

Increasing significance of QA process is one of the main trend of modern
software development process. This is a reasonable outcome of many years
practice of implementation of stable high-quality applications. There is a
well-known fact that application quality significantly impacts its cost. There
is a well-known axiom about error costs: “While costs vary by project and
environment, the costs to fix defects follow what has come to be known as
the "1:10:100" rule” [1]. In other words - the cost of each defect becomes 10
times higher at the next stage of product life-cycle. Considering the fact that
identification of each defect at development stage produces valuable costs
saving, it’s completely clear why good QA process is so important stage of
modern software development.

The problems, produced by real-time network environment, are typically
identified in a last production stage and their fixes will costs hundreds times
detection at the initial stage. At the same time if a bug is detected and fixed
in a traditional test phase it will be 10 times cheaper.

The most frequent problems that appear in a real environment are
problems due to network operation. There is no user, who doesn't meet
problems in operation of applications, which require network resources in
real-time mode.

Poor network operation causes problems during resources loading, slow
data processing and data loss. All this factors impact software operation. In
case when the software didn’t work as expected user actions can be
significantly different from a typical scenario, expected by a software
producer. Often it is a reason for unexpected user actions (e.g. clicks), which
can lead to system breaks, instability.
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To identify user actions, performed in case of unstable software operation,
a number of tests have been performed. Table 1 describes the number of
redundant clicks made by the person until the resources are loaded.

Table 1. The number of redundant clicks without pending elements.

Type of Content 0-4s |5-6s 7-10s |10-15s |>15s
Styles (css) 23% |56% 88% |95% |97%
Data blocks (text, news etc.)|13% |47% 78% |94%  [96%
Forms 18% |78% 92% |95% |96%
Animation <1% <1% <1 <1 <1%
% %
Graphs, videos 12% |38% 43% |54% |56%
Navigation 20% |66% 91% |94% |96%

Provided numbers show, that user can produce large number of
unexpected actions, which can lead to system failure.

Unfortunately, software developers can’t impact network operation of
each end user. This is the reason why QA should performs additional testing
with different network settings to find bottle necks of the application, before
it would be delivered to a potential user Such vulnerabilities can be closed by
special loading elements, which prevents user actions while data processing.

One more set of the experiments have been conducted using same
application, but with temporary presence of pending elements. Obtained
results can be seen in Table 2.

Table 2 The number of redundant clicks with pending elements.

Type of Content 0-4s |5-6s 7-10s |10-15s |>15s

Styles (css) 3% |36% 92%  |94%  |98%

Data blocks (text, news 4% |27% 93% (94% |97%
etc.)

Forms <1% |15% 72% |91% |98%
Graphs, videos 3% 8% 41% |52% |57%
Navigation 4%  |25% 91% |95% [97%
User Profile 3% |12% 53% [61% |67%

There is a valuable difference between numbers, obtained for a short time
terms. So it can be concluded that presence of pending elements significantly

149



impact on users’ actions. A number of redundant actions are match lower in
case of small time delay.

The definition of potential software vulnerabilities due poor network
operation is one of the most important tasks of modern QA.

The importance of the QA has been significantly increased. This leads to
a question - how much resources should be spent on QA.

Figure 1 shows the Software Test Costs and Return on Investment (ROI)
proportions [2].

Cost Of Testing

Optimal Testing will be unique for each IT System

Fig. 1. Software Test Costs and Return on Investment (ROI)

Based on the presented graph the conclusion can be made that there is no
one universal scenario. However there are some general data, provided on
different resources. The most common data provided in the books is that QA
takes 30% of all product implementation process. At the same time most
modern companies (e.g. Microsoft) prefer working using 1:1 ratio between
QA and development (i.e. QA takes 50% of whole software development
lifecycle). The results obtained from automated estimation models, available
in the Internet, typically vary from 20 to 50% depending on project
complexity.

Table 3 contains result of survey based around the question “How much
time spent on testing in comparison to the whole software development life
cycle” [3].

Table 3. Time spent on testing in comparison to the whole software develop-
ment life cycle

Question Response Option % of Respondents
<30% 28%
30% - 50% 48.6%
50% - 75% 14%
75% -100% 7%
Other (please specify) 3.75%
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The obtained results supports current trend to spend more resources on
QA as a way to increase stability of a system and prevent possible loses
because of defects and errors.
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One of the typical tasks encountered in the designing of intelligent
systems is modelling of the multilevel structures for solving various applied
problems. Such structures are characterized by the variable amount of levels
in the hierarchy and the amount of elements in every level depending on one
or another object of the calculation; by a repeatability of the procedures which
are carried out in the processing of the elements of every level of this
hierarchy; by their significant size and complexity of the implementation of
the procedures that leads to the considerable spending of resources and, as a
result, to the searching for the effective methods of their presentation and
processing in the machine memory.

Calculation tasks based on such structures can be solved by implementing
traditional branched and cyclical processes using the appropriate standard
programming language operators (iterative programs). But involving of the
recursive procedures in such calculations significantly changes the
computing technology which is typical for the methods of artificial
intelligence and ultimately can cause the additional positive results, such as
simplification and universality of the algorithms.

A lot of workings and publications are devoted to the recursive computing
technologies and programming [1,3,4,5,7,8,9,10]. Historically, these
technologies were developing on the basis of two important paradigms — the
functional programming and the logical one. The functional programming
began with the creation and realization of the Lisp language, and the logical
one — with the Prolog language. An important feature of these languages is
the focus not on the numerical processing, but on the character one.
Therefore, data structures, which are supported by these languages, are not
limited by the arrays. Lists are the basic structure of data which are
maintained both by the Lisp language and by the Prolog one [3].

Let us further consider the problem of modeling multilevel structures on
the example of solving the problem of breaking up the structure of complex
products, also sometimes defined as the problem of a product mix. The
essence of this task is to determine the quantitative inclusion of components
and elements in the product, has a multi-level structure.
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The complexity of this task allows to try various automatized solutions:
approaches, methods and programming technologies. In the case of
implementation of these solutions by a lot of methods, later it is possible to
conduct a comparative analysis and define the abilities of the applied
approaches.

Let us consider the solution of the component problem based on the one
hand application of simple procedures using procedural and object-oriented
language technologies (Pascal, C, C ++, etc.) And on the other hand,
recursive procedures and the declarative Visual Prolog language.

We will base on two approaches, which have the features of two relevant
methodologies and are historically famous:

solving the task of the building component products, proposed by O.B.
Biletsky and V.S. Mykhailov [2];

solving the component task by the Prolog language, proposed by S. Ceri,
G. Gottlob, L. Tanka [10].

The explosion algorithm is performed in several stages [10].

At the first stage, data shown in the graph are placed according to the
spreadsheets “Plan”, “Catalogue” and “Input”.

At the second stage, the i record of the j" tier is read from the catalogue,
and s address of a bigger brother is determined from this record.

At the third step, the transition to the “Input” table to the s'" record of the
bigger brother is carried out, the input is defined and after that is multiplied
on the product value in the “Plan” table. The result should be written in the
“Norm” table.

At the fourth stage, the transition to the brothers records is fulfilled, and
the same to the third stage actions are performed.

At the fifth step, formed data in the “Norm” table are sorted, and, if it is
necessary, summing up the values of requisites with the same identifiers is
implemented.

At the sixth step, data of the “Norm” table is transferred to the “Plan”
table. Then, actions in accordance with the 1-5 steps are carried out.

To implement this algorithm, it is enough to use simple procedures with
the variables and arrays determination, and to use the assignment, branching,
and cycles operators.

The second approach to solve this problem contains a significantly
simpler information base, which consists of two tables. At the same time, the
task is slightly expanding. Using the second table makes it possible to
calculate the total cost of the components.

Note that the book contains a request for the execution of this program
and the result of its work. It seems that it is a well-established and working
program. But with a more thorough consideration of it, there are doubts about
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its performance, regardless of the developed qualitative structure, determined
at a high level of recursive procedures, their content and implementation.

Here are some errors and problems:

— alot of typos;

— more significantly, the built-in predicate Findall requires a task in it of
one input variable or structure for the formation of a list, but in the program
three variables of the various types are used;

— indefinite domains and predicates, but in the version of the Prolog sys-
tem in which the program was then developed, it might not have been neces-
sary to do it. In today's conditions, in particular, in the Visual Prolog envi-
ronment, the program will not work and therefore there is a need for its re-
finement;

— the program partially determines the ways of propulsion the algorithm
on the tree components nodes, and when moving in the opposite direction
from the leaves-nodes to the root node are generally not defined resulting in
the wrong answer;

— when propulsing the algorithm on the node tree components, the size
of the ancestor node in some cases is not calculated at all, which also leads to
an incorrect answer.

The authors of the program have corrected the following errors. For the
correct organization of the Findall operator, the domains component object
strukt3 = struk3 (prod, kol, priz), in which its elements respectively determine
the value of the component name, quantity and attribute, are either simple or
complex. Based on this object, the list-object list3 and the CL variable were
created. The program also uses the composite object strukt2 = struk2 (prod,
kol) and the list2 object list. This object is used in the defining of variables
for the formation and placement of output data in the lists of IL, FL and
others.

To form a list of nodes for advancing the component tree, the conv
predicate (CL, STV, STECV) was created, which performs the concatenation
of a part of the list of unprocessed specific top-level nodes STV and a list of
certain nodes of the lower level CL formed by a special Findall predicate.

To calculate the component weights (as the product of the number of
components of the current node and the components of the ancestor nodes)
two gorp predicates (FACTOR, CL, ITOG) and cong (STG, ITOG, STECG)
were created, the first of which generates a list of nodes horizontally at the
current level and calculates their weights are in the ITOG variable, and the
second adds the ITOG list to the main STG list.

Considered two approaches to the solution of the problems of components
indicate their relevance and the need to use in solving the problems of this
class. In the first case, the information base requires more advance
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preparation. The algorithm of the solution and the program built on its basis
is based on a larger number of arrays, increases the memory expenses for
their preservation and complicates the development and debugging of the
program. But at the same time, from the point of view of the ease of
perception of the work of the program, it increases its value. In the second
case, the high power of the Visual Prolog language allows you to form
concise programs of high expressiveness. The power of Visual Prolog is
particularly evident in the tasks of processing hierarchical and multi-layered
structures.
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One of the characteristic features the current computer science state is the
presence of a huge variety of methods, paradigms, principles, methods of or-
ganizing information processing. Currently, there are several approaches to
the design of applied information systems, various types of languages for
knowledge representation and processing have been developed, for example,
frame languages, production systems, semantic networks, etc.

Many information system developers consider the approach to the
representation of knowledge in the form of homogeneous semantic networks
to be one of the most promising. This is due, firstly, to the clarity and external
simplicity of the description of information, secondly, the provision of the
ability to describe and process knowledge of a complex structure, and thirdly,
convenience for describing the principles of cooperative interaction.

In papers [1-3], the application and development of semantic networks at
a qualitatively new level was proposed. The models of information
processing called graph-dynamic parallel asynchronous models are proposed.
The main features of the models under consideration are: representation of
the processed information in the form of non-linear structures; structural
adjustment of the system of relations between the memory elements during
the processing of information structures stored in this memory (graph-
dynamic nature of the representation); associativity, i.e. use of an associative
method of access to the required fragments of the processed information;
concurrency; asynchrony; the ability to process information using high-level
operations. It is easy to see that the above these models properties are closely
related to each other and are the complete opposite of the properties of the
classical von Neumann models of information processing that form the basis
of a family of traditional computers. The properties of classic models include:
the linear nature of the processed information structures, the linear nature of
the relationship between memory elements and the structurally fixed nature
of changes in the state of memory; the address method of access to the
required fragments of the processed information, which is based on a fixed,
i.e. unchanged in the processing of information, one-to-one correspondence
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between the set of memory elements and the set of their names (identifiers) -
such names (for which natural numbers are usually used) are called addresses
of memory elements; consistent processing; synchronous, i.e. based on
centralized management, the nature of the organization of information
processing; low level of information processing operations.

The most important approach to the study of organizing information
processing various ways in modern systems is the study of the corresponding
formal (abstract) models. Consider the relationship of the graph-dynamic
models of knowledge processing with known classes of knowledge
representation models, which include network models of knowledge
representation, logical, frame, production models.

It should be noted that the knowledge representation's network models, in
which knowledge is presented in the form of semantic networks arranged in
one way or another, are directly related to the graph-dynamic models of
knowledge processing, because the semantic network is a particular form of
graph construction.

The basis of frame models of knowledge representation is the system-
structural interpretation of the described domain, in which the subject domain
is considered as a set of interrelated subsystems, each of which is described
in the form of the corresponding frame. The links between frames can be very
different, in particular, they can have a rather complex hierarchical structure.
Graph structures are a convenient means of representing frame structures;
therefore, frame models are often considered a special case of network
structures. The corresponding knowledge representation languages can be
conventionally called graph frame knowledge representation languages.

Graph-dynamic models of information processing are also in good
agreement with logical models, since in these models nothing prohibits the
use of graph constructions as processed information structures. In particular,
nothing prohibits the construction of so-called graph-logical languages that
underlie the graph-dynamic logical models of knowledge representation and
processing. In these graph type logical languages, logical statements (logical
formulas) are presented not in the form of symbolic constructions, as in
known logical languages, but in the form of graph constructions.

Graph-dynamic paradigm is the only possible basis for the formal
consideration and implementation of knowledge's parallel processing. This is
due to the fact that parallel processing of knowledge is always the
simultaneous processing of various and unpredictable fragments of this
knowledge and the simultaneous implementation of several strategies for
solving the same task at once. Any fragment of the processed knowledge
cannot be separated from this knowledge in such a way that this fragment has
no connection with the rest of the knowledge. Such a connection, in
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particular, can be carried out through the names (identifiers) assigned to
various objects of the knowledge presented. This property of knowledge can
be called its connectivity or integrity. From this property, it follows that
during the processing of each piece of knowledge, in general, not only the
internal structure of this piece, but also its external relations (including meta
links), with the rest of the knowledge being processed, may unpredictably
change. That is, when processing each piece of knowledge, in general, it is
necessary to take into account not only its internal structure, but also its
context (immediate environment). With the sequential processing of any
knowledge, there is no need to talk about different fragments of this
knowledge — at any given time, all the processed knowledge can be
considered as a processed fragment. With parallel processing of knowledge,
the picture changes, because you have to talk about simultaneously processed
fragments of this knowledge. At the same time, the processing of these
fragments can interact with each other due to the connectedness of knowledge
- during the processing of one fragment, its external relations can also change,
which are directly included in the composition of another simultaneously
processed fragment. Thus, the knowledge's parallel processing is the
interaction of simultaneously running local processes, each of which carries
out the processing of a certain piece of knowledge. Moreover, the interaction
of these local processes is carried out on the basis of an analysis of the
external relations of each fragment. Consequently, for the organization of
parallel processing knowledge is necessary. 1) an explicit representation of
various relations between potentially processed pieces of knowledge and 2)
support for the possibility of changing these relations. It is obvious that the
graph-dynamic paradigm of processing knowledge meets these requirements.

The graph-dynamic paradigm is also the only possible basis for the
developed forms of associative access to the information stored in the
memory. As it is known, without developed forms of associative access to
the required fragments of the processed complexly structured information,
having an arbitrary size, arbitrary configuration and arbitrary “linking” to the
rest of the stored information, it is impossible to implement the most
promising models of parallel processing of the complexly structured
information - asynchronous models. Thus, the advantages of the graph-
dynamic models of information processing compared to other types of
information processing models (character models) are as follows:

» easily support advanced forms of associative access;

» easily support parallel and asynchronous implementation of operations;

* easier to integrate, since the initial integration of information structures
graph-dynamic integrated models can be reduced to the simple bonding of
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some elements integrated graph designs while fully maintaining these struc-
tures;

« are easily interpreted by each other, because thanks to associative access,
it is easy to ensure the independence of programs describing the methods of
implementing the interpreted model operations from the data they process.
from the initial information construction of the interpreted model;

* in the graph-dynamic models, the work with complexly structured in-
formation of any degree of complexity is easily supported.

Promising areas of application of the proposed models are all those
applications where it is necessary to operate with complex structured
knowledge, where the use of complex models for solving problems is
required, where a high level of flexibility of systems is needed, where there
are serious time constraints. Examples of such applications are:

* subsystems of natural-language interface, for the creation of which hi-
erarchical complex-structured linguistic knowledge bases are needed, the
processing of which must be carried out in real time;

« intelligent learning and training systems, semantic electronic tutorials,
semantic web-sites;

« distributed intelligent systems, multi-agent intelligent systems, intelli-
gent systems for complex automation of organizations, virtual organizations,
intelligent systems for managing corporate knowledge;

« intelligent protection system of information resources open corporate
systems;

« intelligent decision support systems in the face of time constraints;

« intelligent control systems of complex objects;

« intelligent system to support the design of complex objects
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MOJEJIM ITIOCTPOEHUSA HEHTPOB OBPABOTKHN JAHHBIX

IO.M. JInceuxnii,
T «2C DHA TU YKPAUHA»

IocTpoeHre BBICOKOMPOU3BOANUTEIBHBIX IEHTPOB 00pabOTKH IaHHBIX
(IOX) — ouH u3 cambIx 3 PEeKTUBHBIX CIOCOOOB KOHCOHUIAIIMN BBIYHCITH-
TENBHBIX PECYPCOB 00pabOTKH U CPeACTB XpaHeHus AaHHbIX [1, 2]. Tpaau-
UOHHOW Mozesbo octpoenus LIO/] siBiseTcs TpexypoBHEBasi MOJIENb, KO-
TOpast BKITIOUaeT B ce0sl ypOBHH sipa, arperaiuu u gocrymna (puc. 1). lanHas
Mo/Iesb chopMHUpOBaJIach, KOT/Ia MOTOKU Tpaduka nanusix B L0/ Obuin eme

HC3HAYUTCIIbHBIMHU.

Yposens sigpa

Yposens arperanuu

YpoBeHns gocryna

Pucynok 1 — TpexypoBHeBas mozenb nocrpoerust O/

YposeHs spa obecrieunBaeT OBICTPYIO NIEPECHUIKY MAaKETOB B HAIpaBJIe-
Husx oT ¥ 10 LHO/I. OH sBisieTCsl TOUKOM COeIMHEHUS BCEX arperaliuOHHbIX
y3J10B, obecnieunBaeT Mapmpytuzanuio Mexay 1Ol moaynem 1 OCHOBHBIM
SIIPOM KOPIIOPaTUBHOM CETH.

YpoBeHb arperaiyu sBisieTcsl TOUKOH 00beJMHEHMs TpadHKa BceX cep-
BEPHBIX PECYPCOB, MOAKIIOUEHHBIX K YPOBHIO focTyna. OH BBINOTHSIET Ta-
KYIO BOKHEHITYIO (QYHKIHIO, KAK HHTETPAIU CEPBUCHOTO MOIYJIS, TAE MPHU-
MEHSIOTCS KIIFOUEBbIE CEPBHCHI ISl TPAH3UTHOTO MOTOKA JTAHHBIX.

YpoBeHb I0CTyIa MPEICTaBIAET CO00i MeCTO (PU3MUECKOTO MOIKITIOYe-
Hus cepBepHbIX pecypcoB B LIOJ]. Kak mpaBuio, Anst HOCTpPOEHUS YPOBHS
Jocryna ucnoib3ytotes moaenn Top of Rack u End of Row. B mogenn Top
of Rack m1s1 kaxkoro cepBepHOTO 1IKaga CTaBUTCS HEOOIBIION KOMMYTATOP

160


https://ru.wikipedia.org/wiki/%D0%92%D1%8B%D1%87%D0%B8%D1%81%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B
https://ru.wikipedia.org/wiki/%D0%92%D1%8B%D1%87%D0%B8%D1%81%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BF%D0%BE%D0%BC%D0%B8%D0%BD%D0%B0%D1%8E%D1%89%D0%B8%D0%B5_%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%B0

JoCcTyma (UKCHPOBAaHHOW WIIM MOIYNIBbHOHW KoHurypamun. [Ipu stom cep-
Bepa COCIUHSAIOTCS MEIHBIMH KaOESIMU C COOTBETCTBYIOIIMMH KOMMYTATO-
pamu. KoMMyTaToOps! H0CTyIa COEAUHAIOTCS ONTHIECKUMH KaHAJIaMH CBS3U
¢ ypoBHeM arperammu. B mogenu End of Row mcmone3yroTcst MoxynsHbIE
KOMMYTaTOPBI YPOBHS I0CTYIIa, KOTOPBIE HAXOAATCS B MKadax, Kyxa cpel-
CTBaMH CTPYKTypupoBaHHO! KabenpHo# cuctemsl (CKC) koMMmyTHpyroTCs
BCE COEAMHEHMs C cepBepaMu. Mexay cepBepaMu U KOMMYTaTOpaMH JI0C-
TyNa UCTIOJIB3YIOTCSI MEAHbIE COCTUHEHUS, MEXTy KOMMYTaTOpaMu JOCTyIa
U KOMMYTaTOpaMHM arperayy — ONTH4eCKUe COSANHEHHUS.

ITpu mocrpoenuu cereBoil mHppacTpykTypsl LIO/] ykpauHckux mnpen-
NPUSATHH W OpraHM3alyid, KaKk MMPaBWIO, MPUMEHSIOT JIBYXYpPOBHEBYIO MO-
Jenb. B takoit Moneny B kauecTBe siapa ceteBoi nHppactpykTypsl IO uc-
TIOJIb3YETCs AP0 KOPHOPATHBHOW ceTH. [IByXypOBHEBAs MOJEINb yIEIICB-
msiet croumocts octpoernus 1{O/], HO mpu 3TOM OrpaHNYNBAET BO3ZMOXKHO-
CTH IT0 MacIITaOMPOBaHMIO HH(POPMAIMOHHO-TEXHOJIOTHIECKON HHPpacTpy-
KTYypBI B CJTydae UCIIOIb30BaHMs NpeanpusTueM Heckoabkux IO/

B nocnennue ronsl HaOMOAAaETCA aKTUBHOE Pa3sBUTHE WHHOBALMOHHBIX
texaonoruit g 1O/, Tak, Hanpumep, kommanus Cisco Systems BEITycC-
THJIAa CEPUI0 KOMMYTaTOpoB Nexus, MO3BOJISIOIINX pean30BaTh HOBYIO MO-
JieJIb TIOCTPOEHUs YpoBHs qocTymna — Distributed Access Fabric (DAF). Oc-
HOBHOE OTJIMYME ATOI MOJEH 3aKII0uaeTcs B MOCTPOSCHUH €IUHOM pacipe-
JeTeHHON (aOpuKM KOMMYyTaluH JJisi YPOBHEH JOCTyNa M arperamyi.
KomMmyTaTopsl ypoBHS JTOCTyna BBICTYNAIOT KaK MOIYJIH, YIIpaBisieMble
KOMMyTaTopoM arperanun. OcHOBHbIE penMyniecTBa mojenu DAF:

e  eIuHas yNpaBiIoNIas KOMIOHEHTA ISl KOMMYTaTOpOB YPOBHSI JI0-
CTyIa M arperanuy;

e  eauHas yHU(HUIMPOBAHHAS KOMMYTallMOHHas Gadpuka, 03BOJISIO-
mas nepenaBath kak [P-manneie, Tak u Fiber Channel nanusie B Hampasie-
nun Storage Area Network (SAN);

e  3HAYMTENFHOE PacIIMpeHHe KOMMYTAI[HOHHON MaTpHIBI IO CpaB-
Henuto ¢ mozensamu Cisco Catalyst 6500 cepuu;

e ympomenue Tonojgoruu CKC u ymeHbIIIeHHe CTOUMOCTH €€ IOCTPO-
SHHS,

e  BO3MOXHOCTbH PEIICHHS MPOOIEMBI pa3/ieleH s 30H OTBETCTBEHHO-
cti Mexy SAN agMHUHHCTpaTOpaMH U afMUHHACTpaTopamu [P-ceTu.

Eme onHoit maHOBanmel komnanuu Cisco Systems B 00J1acTH BUPTY-
ammzamun [{O/] sBisercss ucnonb3oBanue TexHomoruu Virtual Switching
System (VSS) Ha 6aze kommyTtaropoB Catalyst 6500. JlanHas TeXHONOTHs
coBMecTHO ¢ Spanning Tree Protocol (STP) naer BO3MOXKHOCTb JIOTHYECKH
00BEMHUTD J1Ba IIACCH B OJTHO, YTO ITO3BOJISAET OJIYYHTh OOIIYI0 KOHTPOJIb-
HYI0 KOMIIOHEHTY M OOIIYI0O MaTpHIly KoMMyTanun  (puc. 2).
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broknpyemsrii
IOPT IIPOTOKOJIOM
STP

MyJabTH-IIACCHITHASA
arperanusi KaHaJIOB
(Jloruyeckuii BUJ

Jlornueckwuii Bug STP

Pucynok 2 — Cxema STP ¢ ucnonszoBanueM VSS-texHonoruu

Takoif mogxo MMeeT CleAyIIHe MPEUMYIIECTBA:

e oObenuHEHME pacmpeneneHHoro L2 momeHa, MMo3BOJISIONIEE CTPO-
uth Etherchannel mMexy ypoBHAMU siipa U arperanuu;

e oOecrieueHne OBICTPOI CXOAMMOCTH CETH B CITydae BBIXOJIa U3 CTPOsI
OJTHOTO M3 IIACCH, MOZYJIS IIIACCH;

®  BO3MOXHOCTb IOCTPOEHHS OOIIEH KOHTPOIBHONW KOMITOHEHTHI IS
000uX I1acCH, YTO 3HAUYUTENIBHO 00JIeryaeT aIMUHUCTPUPOBAHHE CETH.

Komnanus Juniper Networks BBITyCTHIIa CEPHIO MEXKCETEBBIX SKPaHOB
(MC?3) SRX, xoTopble O3BOJISIOT PEIIUTh OJIHY U3 IaBHBIX npobsiem 11O/]
— yBenuueHue npousBoauteabHoct MCO. Jlannoe cemeiictBo MCD obec-
MCYMBACT MPOM3BOAUTEIBHOCTD 10 120 Gbps u Intrusion Detection System
10 30 Gbps.

ITocTpoeHre BUPTYaNBHOTO MIACCH HA OCHOBE KOMMYTaTOpoB Juniper EX
4200 cepuu no3zBosisger ynpoctuth tonosioruto CKC 3a cyer yMeHbIIEHHs
KOJIMYECTBA COCAMHEHNI MEX/y YPOBHEM JIOCTYIAa 1 YPOBHEM arperawys, a
TaKKe CO3/1aTh EIMHYI0 KOMMYTAI[MOHHYIO MATPUIy U KOHTPOJBbHYIO KOM-
MOHEHTY MEKAY TPYIIONH KOMMYTAaTOPOB pa3inaHoil koHpurypamuu (10 10
KOMMYTaTopoB). J[aHHOE pelreHne MOXKHO HCIIONIb30BaTh Kak juist Top of
Rack, Tak u ays End of Row Mopeneit ypoBHst qocTyra.

B monenu Top of Rack, cTpoutcst KoJp11o MeXly KOMMYTaTopaMu Kax-
Joro u3 mkagoB. PaccTosHue Mex Tty AByMS COeTMHSIOINMUCS KOMMYTaTO-
paMu He JOJDKHO MpeBhIIIaTh S MeTpoB. J{is moctpoenust Virtual chassis me-
KTy HECKOJIBKUMH PsiIaMH HCIIOB3YIOTCS JONOIHUTENbHBIE Uplink Moxymu
nnu Ethernet mopTel B COOTBETCTBYIOIIEM PEKUME.

B mozaenu End of Row kommyTaTopsl, 06pasyrowue Virtual chasssis, pas-
MELIAIOTCS B OMHOM HIKady M COSAMHSIOTCS Mexay coboit daisy-chained
cniocoooM. CepBepHble MIKa(bl COSANHSIOTCS ¢ KOMMYTAI[HOHHBIMH IIIKa-
¢amu ¢ nomorpsto CKC. Takoit BapuaHT siBisiercs 60iiee MacITabupyeMbIM
Y THOKMM C TOYKH 3pEHHs HapalllMBaHUS MIPOU3BOAUTEIBHOCTH U yBEJINYE-
Hus KosmmyecTBa mkados B [JO/I.
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HekoTopelie npon3BOIUTENN BMECTO TPAAULIMOHHONW TPEXYPOBHEBOM MO-
nenu moctpoerns LIO/] ucrons3yroT coOcTBeHHBIE MOAemH. Tak, HarpuMep,
komnanus Extreme Networks mpemmaraer Direct-Attach monens, koTopas
MTO3BOJISIET YMEHBIIUTH KOJHMYECTBO YPOBHEH 3a cueT momkmrodeHus blade
CEpBEPOB HANPSAMYIO K KOMMYTATOPY arperanyy, yKOMITIEKTOBAaHHOMY MO-
OyJIsMH ¢ OOJBIINM KOJMYECTBOM IOPTOB. Vcmonb30BaHME TaKOH MOMEIH
NIPEABSBISIET OINpEAETICHHbIE TPeOOBaHMS K MaTpUIle KOMMYTAaluH, W
Extreme Networks oOecrieunBaeT UX BBIIOJIHEHHE CPEICTBAMU KOMMYTATO-
poB BlackDiamond 8900 cepuu. OcHOBHOE NMpPEMMYLIECTBO MPUMEHEHHS
Direct-Attach Monenu 3akmrouaeTcs B UCMOJIb30BaHHU MOJYJISIMH B IACCH
kommyTtaropa MRJ21 texHomoruu, mo3poistonield o0benuuuth 6 Ethernet
kabeseil B oMH U TeM caMbIM ympocTuTh Tonojoruto CKC B ciyuae oT-
cyrctBus Top of Rack mmn Blade koMmmyTaTopos.

TakuM 00pa3oM, pacCMOTPEHBI TPAAUIIMOHHAS TPEXYpPOBHEBAs MOJCIb
noctpoenus 1[OJ], nByxypoBHeBas, a Takxke monenu Distributed Access
Fabric u Direct-Attach, kommanuii Cisco Systems u Extreme Networks, ux
0COOCHHOCTH, IPEUMYIIIECTBA M HEIOCTATKH.
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CUHTE3ATOP MOJIEJIEH JIJIsI CACTEMHW MOHTIOPUHI'Y
KIBEPATAK

Tony6 C.B., Muxaiinuk O.M.
Tuemumym npobnem mamemamuxu, mawun i cucmem, Yxkpaina

VY cTarTi pO3MISIHYTO MPUHIMIT CHHTE3y Ta aHANI3y BXiJHUX MOJeNeH mo-
BEJIHKH IS 3arp0o3 CHHTE3aTOPY Ta METOJH MOJIEIIOBAHHS IPOIeciB Kibe-
pataku. CTBOpeHi MOAET CHHTE3aTOpa, 10 aHAi3yI0Th Kibep3arposw, sKi
HAJIXOJISITh B MEPEKY aHAIII3YIOThCS IATYMKAMH, BCTAHOBJIICHHUMH Ha 3a3/1a-
JIeTi/Ib 3aIUTAHOBAHKX BYy3JIax, 3BaHuX macTkaMu [3]. MeTomoiorist moserrye
IHTETpaIlilo nepeoBUX CUCTeM iH(popMamiiHOi O€3MeKH y HOBOCTBOPEHHUX
IT-TexHOMNOTIAX, pa30M 3 BHUPILICHHAM OCHOBHUX 3aB/aHb, BUPIIIYE IpO-
6nemy iH(opMmariitHo Oe3neKu 1 € BiIHOCHO CTIHKOIO 10 Kibep-aTak i mpo-
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THO30BaHMX IapaMeTpiB KJacy, 0 IX XapaKTepu3yloTb. Pe3ynsTaTi MeTo-
noJorii BimoOpakeHi SIK y KiNBKICHOMY, TaK i B SKICHOMY BWIIIII, IO HE
CYIIEPEUUTh OCHOBHHM IIOJIOKEHHSIM Teopil ckilanHux cucteM. 11106 otpu-
MaTH HaWOUIBII eEeKTHBHI pe3yabTaTh, PO3POOIFOBaHA CHCTEMA IHCTpyMe-
HTIB 30upaeThes B 0i0Ii0TEKy 1 4epe3 Hel iHiMiloe MiICUCTEMH YIIPaBIiHHSI
(MomynBHY CHCTEMY) 3amobiranus kibepsarposam [2].

Buxomsiuu 3 BioMOT0 HiIX0Ay 10 MOOYA0BH METOOMOTIH [ 1], Ha OCHOBI
JIOCJTIJPKEHHS IIPOTIOHYETHCS METO/IOJIOTISI CTBOPEHHSI IHCTPYMEHTIB JJIsl MO-
JieTield CHHTE3aToOpIiB 1 METO/IB MOJICIIIOBaHHS NPOLIECIiB KibepaTaku 3 BUKO-
pHUCTaHHIM 0a3M TaHUX ANTOPUTMU CUHTE3Y MOJIEIIeH:

1. BwuzHaueHHs CYKYITHOCTI CTaHIB cucTeMH iH(opManiitHol Oe3mneku.

2. Bubip crpareriii kibep3axucrty (HEHpoHHa Mepexa, alrOpuT™M Me-
TOAY TPYIIOBOrO PO3IIISIAY apryMEHTIB TOLIO).

3. Onrumizaris cTpareriif Kibep3axucTy Ta OIliHKa Oe3MeKH.

4. TIporHo3yBaHHS pO3BUTKY AMHAMIKH IIPOIECY KiOep-aTaKH.

5. Omnrumizaris pecypciB kibep3axucTy Ta OIiHKa Oe3IeKH.

6. Orminka e)eKTHUBHOCTI CHCTeMH iHPOPMALiHHOT Oe3IeKH.
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YIAK 378.146

IPOEKTYBAHHS IJIATTHY OIIHKA KOMIETEHIIA HA
BA3I INTAT®OPMHU MOODLE 3 BUKOPUCTAHHSM ER-
JIATPAM

0O.B. Yopnoisan, O.B. TpyHoBa
YepniciecoKutl HAYIOHATLHUL MEXHONOSTYHUL YHIGepCUmem

o Toro, mo6 6inpIe aroaei MOTIM OTpUMaTH BUILY ocBiTy BY3m Bce
YacTillle 3BEPTAIOTHCS 10 CUCTEM EJEKTPOHHOI'O Ta JWCTAHIIMHOTO HaB-
YaHHS. AJle Ha KaJlb HA TaHWH MOMEHT IIi CHCTEMH HE 3aJI0BOJILHSIOTH YCiM
BUMOTH, SIKi CTABUTh IIEpeJI HUMU BIIPOBAKCHHS KOMIIETEHTICHOTO i IXOY.
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Tomy onniero 3 HaranpHHUX TpodieM cydacHnx BH3 e opranizarmis npo-
LleCy OLIHIOBaHHSA KOMIICTCHILIH, 3 BHKOPHCTAaHHAM aBTOMAaTHU30BaHUX CHC-
TeM i pecypciB BH3.

[Ipu mepexoni Bix MPOSKTYBaHHSA aJITOPUTMIB 10 peaji3amii po3IIipeHHs
(yHKIIOHATY OI[iHIOBaHHSA KOMITETEHIIi i Ha OCHOBI tutaTdopmu Moodle ciig
CIOYATKY JOCTiANTH sKi naHi 30epiratotsest B BJI. Y mpomeci pobotu 3 koM-
METEHIISIMU CHCTEMa eJIeKTpoHHOro HaB4aHHs Moodle 36epirae y BJ1 miny
rpymny Tabnuip. Yci BOHM y CBOIll Ha3Bi MicTATh npedikc “competency ”
(competency usercompcourse, competency framework i T.1.). [ns xpa-
LIIOT0 PO3YMIHHS CTPYKTYPH JaHUX po3risHeMo ER-miarpamum kmodoBux
TaOJIMILb, SIKI MO’KHA BUKOPHCTOBYBATH MPH PO3pOOLI.

Cepen yciei MHOKHUHU Tabauilp wiathopmu Moodle mis peanizarii Ho-
BOTO CHIOCOOY OIIiHIOBaHHS KOMIICTCHIIH Oynu BHOpaHI HACTYIIHI:
competency_usercompcourse; competency; course; user [1].

Sk 6Gaummo 3 TabIUI competency MOKHA OTPUMAaTH OCHOBHY iH(opMa-
L0 TIPO KOMIIETEHIIifo (IuB. puc 1): Ha3Ba, OmuC.

"] competency_usercompcourse ¥

] competency v
id BIGINT(10) - id BI.G.INT(1|})
shortname VARCHAR(100) R » userd BIGINT(10)
description LONGTEXT S~ > courseid BIGINT{10)

;n_ % competencyid BIGINT{10)
proficiency TINYINT(Z)
grade BIGINT(10)

» timecreated BIGINT(10)
timemadified BIGINT{10)

» usermodified BIGINT(10)

» descriptionformat SMALLINT(4)
idnumber VARCHAR{100)

< competencyframeworkid BIGINT{10)

» parentid BIGINT{10)

» path VARCHAR(2585)

» sortorder BIGINT(10)
ruletype VARCHAR(100)

2 rulecutcome TINYINT(2)
ruleconfig LONGTEXT
scaleid BIGINT(10)
scaleconfiguration LONGTEXT

» timecreated BIGINT(10)

» timemadified BIGINT(10)
usermadified BIGINT{10)

Puc. 1. ER-nmiarpama yactuHu Tpynu Tabauie cCompetency
Tabnums competency usercompcourse yTBOPIO€ 3B’SI30K KOMIETEHIIIT 3
KYpCOM, Y TKOMY MOYKHA OTPUMATH ITF0 KOMIIETEHITiI0, 3 KOPUCTYBaUYeM, STKUH
OTpUMY€E KOMIIETEHITil0, Ta 30epirae craryc KOMIIETEHIIii 3aBEepIICHHS
(Tak/Hi).
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[ITo6 KopHCTYBa4 Mir MepersSHyTH CBOIO MTOBHY KapTy KOMITETCHIIIH 1O
Kypcam, HeoOXiqHO MaTH AedKy iH(opmarttito mpo Kypc. Taki qani mae rpyma
TabImuIp “‘course”. A IS MEperisimy CTaTyCcy KOMIETEHINH, Ha IpUKIal
TPYIH 3HAZTOOUTHCS OTPUMATH JJaHi PO KOPHUCTYBAdiB. Y IIbOMY JOITOMOJXKE
rpyrma tabiump “user” [2]

| course ¥ ] user v
id BIGINT{10) id BIGINT(10)

» auth VARCHAR(20)

» confirmed TINVINT(1)

» policyagreed TINYINT(1)

& category BIGINT(10)
» sortorder BIGINT(10)

> fuliname VARCHAR(254) » deleted TINYINT(1)
» shortname VARCHAR255) 2 suspended TINYINT(1)
» idnumber VARCHAR(100) > mnethostid BIGINT(10)

» usemame VARCHAR(100)
» password VARCHAR(255)
» idnumber VARCHAR(255)
» format VARCHAR(21) > firstname VARCHAR(100)
» showgrades TINYINT{2) ®lasinamae VARCGHAR(100)
» newsitems MEDIUMINT(S) > amail VARCHAR(100)

» emailstop TINYINT(1)
» startdate BIGINT(10) scq VARGHAA(1S)

summary LONGTEXT
»summaryiormat TINYINT(2)

» enddate BIGINT(10) .+ skype VARGHAR(S0)
»marker BIGINT{10) » yahoo VARCHAR(50)
» maxbytes BIGINT(10) ®aim VARCHAR(S0)

5 msn WARCHAR(50)

» legacyfiles SMALLINT(4) » phone1 VARCHAR(20)

»showreports SMALLINT(4)

» phone2 VARCHAR(20)
> visible TINYINT(1) » institution VARCHAR(255)
> visibleol TINYINT(1) ® deparimant VARCHAR(255)

» address VARCHAR(255)
> ity VARCHAR(120)
» country VARCHAR(2)

»groupmode SMALLINT(4)
»groupmod eforce SMALLINT(4)

» defautigroupingid BIGINT{10) > lang VARCHAR(30)
»lang VARCHAR(30) » calendartype VARCHAR(30)

» calendartype VARCHAR(30) » theme WARCHAR(50)
» timezona WARCHAR(100)

> >

Puc. 2. ER-niarpamu Tabuuip COUrse ta user
B pesynerati npoektyBaHHs i po3poOku, Mu oTpuMaeMo Imraris ast CAH
Moodle, sikuii 3HaYHO NOJETIIUTE NEPETIIs] CIUCKY KOMIICTEHLIH, SIKi OTpH-
MaB CTYICHT Ta HaJacTh MOIIMBICTb BiOOpa)KeHHs HOro IOBHOI KapTh
komrereHiii. OTke, cuctema Moodle Hamae aysxe MUPOKI MOKIUBOCTI IS
PO3IIUpPEHHS Ta KacTOMi3allii CBOro (yHKIOHAITY.

Jlireparypa:

1. Moodle 3.5 documentation. [Exekrponnuii pecypc] URL:
http://www.examulator.com/er/components/competency.html (mara 3Bep-
Henus 10.05.2019)

2. Moodle 3.5 documentation. [Enexrponnuii pecypc] URL:

http://www.examulator.com/er/components/course.html (mata 3BepHEHHS
10.05.2019)
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FORMALIZATION METHOD OF THE FIRST LEVEL VARIABLES
IN THE AUDIT SYSTEMS IT

T.V. Neskorodieva
Donetsk national University named Vasyl Stus, Ukraine

Currently, the actual scientific and technical problem of information
technologies in the financial and economic sphere is the automation of
analyzing large amounts of financial and economic information of enterprises
stored and received online in databases of local and global computer systems
in order to formulate recommendations in audit.

Designing DSS IT in accordance with the method of generalized-multiple
information display proposed in [1] requires the creation of a method for for-
malizing primary accounting information for the automated solving of audit
tasks of prerequisites of account Provisions (standards). The first stage of the
method creating is setting two types of local tasks of data analysis during the
verification period [2]. The first local subtask is the definition of equivalent
and nonequivalent subsets when displaying data sets of operations among
which are correspondence relations for accounting objects of one type. The
second one is the definition of equivalent and nonequivalent subsets when
displaying accounting data for sets of two types of objects for which there are
correspondence relations for operations of one type.

To formulate a method for solving local problems, it is necessary to for-
mulate a method for the variables formalizing of the first level of economic
and production activities that are invariant with respect to the features of op-
eration and accounting of the enterprise. For this it is necessary to solve the
following tasks.

create rules for determining correspondence between first-level
accounting variables and characteristics of objects, operations, and
correspondence relations between them;

form the rules for determining the input and output variables of local
tasks.

In order of generality, the method is considered for the audit subsystem
of the accounting rule “Completeness” for material expenses on first level,
since, due to the dimensionality of the data, the types of relationships between
them and the number of elementary primary accounting subsystems (PAS) is
the most common and time-consuming task.

Rules for determining the correspondence between first level varia-
bles and the characteristics of objects, operations, and correspondence
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relations between them. These rules will be defined on the basis of the for-
malization of objects, operations and two type of the relations in the graphs
of type G1 and Gz:

Ge)=(V(e).R(E)). V,(e)=(x.x .e). (1)
R(e)=("r(n ). e()eE, (2)

G,(x )=(,(x )R (x ), V,(x )=(.x e ) (3
R, (x )= (n )r  (n )).x (n )eX_ . (4)

where
G1 — graph of data correspondence relations of the interrelated operations

to data of accounting object,

V1 — set of graph vertices G1 ,

R1 — set of graph edges G1 ,

G2 — graph of data correspondence relations of the interrelated objects to
the operation,

V2 — set of graph vertices GZ,

R2 — set of graph edges 62 ,

e — vertex characterizing data of the accounting object,
s — type of the accounting object, which increase,

x — vertex characterizing the operation data,

k — number of the operations,

r* — the edge characterizing the operation compliance relation to the
increasing of the accounting object,

r- — the edge characterizing the operation compliance relation to the
reduction of the accounting object,

n — number of the primary accounting subsystem.

For the account of the characteristics of each object e on first level forms
the primary subsystem, which is determined by the number n and the date
of the creation. Also, in this subsystem are specified the characteristics of all
elements of the graph of type G_, the vertex of which is the given object.

Moreover, due to the existence of interrelations between these characteristics,
one variable can be a characteristic of several objects (duality of the values
of variables). Therefore, to formulate a method for formalizing the variables
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of the selected subtasks, we define a set of vectors of the subsystem variables

. . G S .

in accordance with the structure of the graph of type 2, which is invariant
with respect to the features of functioning and accounting of the enterprise
and takes into account the duality of the values of variables:

V() =e X6 0, data), s=13, 5)

1
S

where

V —subsystem variable set,

s —accounting object type variable,
n — subsystem variable number,

e and Z — characteristics vectors of vertices e and e_ of the graph
62 respectively,

X_s — characteristics vector of the vertex X of the graph G2 :

rs* ur_ - characteristics vectors of the edge rs+ ur of the graph G2

respectively,

data — date of creation subsystem.

Rules for determining variables of local subtask. Let's perform the
formalization of the variables of the first subtask. The vector of the input
variables is formed by the indicators of operations from the set of variables

of the subsystem V(ns) (5), which in the graph of type G1 correspond to

increase of the objects of the set ES and indicators of their compliance:

X :((ns,rs_*,x_s(ns),data(ns)),ns e NS). ©)

The vector of the output variables is formed by the indicators of
operations from the set of variables of the subsystem V(nsﬂ) (5), which in

the graph of type G1 correspond to reductions of the objects of the set ES and
indicators of their compliance:

Y = ((nm,r_’,x_(nm),data(nm)), n., € NM). @)

S s+1
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Conclusion. The proposed method of the variable formalization is
invariant with respect to the characteristics of the enterprise, the type of
accounting object, the type of accounting transaction and the relationship
between them. It is common for two types of local sub-tasks of the audit
subsystem. This allows to use this method to create tools for the account of
the special features of the enterprise at the stages of solving two local subtasks
regarding these objects and accounting operations of any kind. This technique
is an element of the methodology for formalizing information in audit
systems.
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MODELLING OF COMPLEX TECHNICAL OBJECT OPERATION
AS PHYSICAL MODEL FOR CYBER-PHYSICAL SYSTEM

N.D. Pankratova, V.A. Pankratov
Institute for Applied System Analysis,

Igor Sikorsky Kyiv Polytechnic Institute

Modelling of complex technical object (CTO) operation as physical
model for cyber-physical system (CPS) is considred, Modelling is based on
the general problem of multi-factor risks, the margin of permissible risk, the
prediction of the destabilizing dynamics of risk factors, principles,
hypotheses, axioms that are directly related to the analysis of abnormal
situations, accidents and disasters. CPS is a complex system consisting of
various natural objects, artificial subsystems and controllers, which allow us
to represent such combination as a single whole [1]. CPS ensures close
communication and coordination between computational and physical
resources, which demand the creation of two types of models. On the one
hand, these are engineering models, and on the other, computer models. The
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role of modeling in the engineering of cyber-physical systems is considered
in [2]. The future development of society is associated with the creation of
the Internet of Things, which will allow creating dynamic networks
consisting of billions and trillions of such things, communicating among
themselves. This will ensure a fusion of the digital and physical worlds, for
which applications, services, middleware components and end devices are
things [3].

This paper focuses on the engineering model in which computational
elements interact with sensors, providing performance monitoring and
maintenance of the technical system. The attempt is made to improve the
quality of the survivability and safety of CTO operation, taking into account
the concept, features and properties of cyber-physical systems. Modelling of
a CTO is realysed on the basis of set of principles, hypotheses, axioms,
methods and techniques; a system of sensors at critical points of a physical
system that is providing of the data in the course of operation, and a
computational system that brings the data to a single format; data analysis
software that allows to carry out the further control of physical elements.

The existing diagnosing technologies are oriented at exposure of failures
at early stages before the appearance of serious malfunctioning in a certain
place and class [4-6]. The approach for diagnosing the technical state of a
system before a failure, taking into account uncertainties related to the fault’s
time, location, and class is considered in [7]. The issues of designing and
creating complex anthropogenic systems which satisfy the required level of
guaranteed quality (reliability, durability and safety) under conditions of
incompleteness of the original information for forecasting technical systems’
conditions are investigated in [8].

The proposed model is based in the replacement of the typical principle
of detection of the operability state turning into the inoperability state based
on detection of failures, malfunctioning, faults of an object by a qualitatively
new principle. The essence of the proposed principle is the timely
identification and elimination of the causes of the undesirable events
occurrence and the prevention of the transition from normal to an abnormal
mode. The strategy of this principle is based on the system analysis of
multifactor risks of abnormal situations, a credible estimation of the margin
of permissible risk for different modes of operation of a CTO, and a forecast
of the main operability indicators of an object during the assigned operating
period [9].

We point out a number of fundamentally important peculiarities of the
formulated problem:

- sets of risk factors and sets of situations are largely unlimited;

- athreshold restriction of time for decision forming is a top priority;
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- the problem is not completely formalized;

- indicators of a multifactor risk estimation are not determinate;

- criteria of a multipurpose risk minimization are not determinate;

- asetofrisk situations is in principle not a complete group of random
events.

Indeed, the problem is presented in a generalized statement that gives a
decision maker some freedom in adapting it to practical needs in a specific
subject domain by concrete definition of the aforementioned indicators and
criteria. In the general case of risk factors p, includes risk degree n; as the

probability of occurrence of undesirable consequences of the influence of any
risk factors at any point in time 7j T inthe process of CTS functioning;
risk level W; as the size of damage caused by the influence of any risk factors

at any point in time 7j € T and margin of permissible risk 7', as the dura-

tion of complex system functioning period in a certain mode when the risk
degree and risk level will not exceed the a priori assigned permissible values
under the possible influence of risk factors.

Based on the decomposition principle, the general problem of an analysis
of the multifactor risk is represented as a sequence of the following system
of coordinated, informationally interconnected problems [10]:

e  System multifactor classification of revealed and predicted risk situations;
System multifactor recognition of revealed and predicted risk situations;
System multicriterion ranking of situations;

Multipurpose risk minimization of a predicted set of abnormal situations;
Rational multipurpose optimization of informedness level in recognition of
abnormal situations in the process of a complex system’s functioning;

e Rational coordination of margin of permissible risk of a predicted set of
abnormal situations;

. Definition of a rational informedness level at the threshold time limitation
in the process of a complex system’s functioning;

e  System estimation of margin of permissible risk under the dynamics of
abnormal mode.

The diagnostic unit, which is the basis of ensuring of survivability and
safety of complex technical objects functioning, is developed as the
information platform of engineering diagnostics [11] that contains the
following modules:

e acquisition and processing of the initial information during the CTO
operation;

e recovery of functional dependences from empirical discrete samples;
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quantization of the discrete numerical values;
identification of sensors failure;

timely diagnosis of abnormal situations;

forecast of no stationary processes;

generation of the process of engineering diagnostics.

At any time of the CTO operation a user has the ability to look at the
operator scoreboard, which displays a series of indicators that reflects the
character of the state of CTO functioning. These indicators include the state
of the system, the risk of the damage, the causes of the abnormal or
emergency mode, as well as the indicator of the danger level of the system
operation and possible failure of sensors.

The proposed strategy of systemic coordination of survivability and safety
for technical system’s operation is one of the physical models of cyber-
physical systems. The proposed strategy for the operation of the CTO ensures
the survivability and safety of the system by the timely detection of abnormal
situations, the assessment of their degree and level of risk, and the
determination of the margin of acceptable risk in the process of forming
decisions on operational actions.

Combining a number of similar models into a single network, where each
physical element is assigned its digital analogue, will allow online to carry
out a rational distribution of the required resources among different
consumers. To solve this problem, it is necessary to develop computational
processes, take into account the heterogeneity of data obtained from various
applications and devices, develop models and methods for collecting, storing
and processing large data, analyze the results obtained for timely making
decisions.

It is believed that cyber-physical systems can really make people's lives
easier and improve its level, therefore many large companies are now taking
a course on their development.
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MODIFICATION FOR THE INTEGRITY ANALYSIS METHOD OF
THE FPGA PROGRAM CODE

K.V. Zashcholkin, O.V. Drozd, O.M. lvanova, R.O. Shaporin
Odessa National Polytechnic University

The paper deals with the problem of ensuring the integrity [1] of the
FPGA chips program code (Field Programmable Gate Array) [2]. Integrity
can be achieved: a) by physical limitation of access to the program code;
b) by monitoring (analyzing) the integrity of the program code. A key feature
of the programmable devices (to which FPGA chips belong) is the ability to
modify their operation by modifying their program code. Under these
conditions, restrictions on access to program code are not an effective means
of ensuring integrity. This paper addresses the problem of ensuring integrity
by performing its (integrity) monitoring.

Traditionally, integrity monitoring is based on the use of additional
monitoring data, allowing making conclusions about the integrity of the code.
The most widely used in practice are approaches to monitoring the integrity
of program code using hash sums. One of the effective approaches to
monitoring integrity is the embedding of a monitoring hash sum into the
information object of the program code in the form of a digital watermark
[3]. This approach hides from the external observer the very fact that integrity
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monitoring is carried out. The embedding of the digital watermark does not
change the size of the information object of the program code and does not
modify the operation of the programmable device. Digital watermark has such
properties due to the fact that its embedding is performed using special
equivalent conversions for elements of the program code.

To perform integrity monitoring using a digital watermark, it is necessary
to ensure the recovery of the initial state of the information object of the
program code (the state that the information object had before embedding the
digital watermark into it). For this recovering, a lossless compression-based
approach [4] is used. From the set of elements of an information object,
according to some rule, a subset of elements is selected that are located along
the embedding path. The values of the elements along the embedding path
form a bit sequence — target bits. The sequence of target bits is compressed
using a lossless compression method. A monitoring hash sum is appended to
the compressed sequence. These data in the form of a digital watermark are
embedded in the place of the target bits.

With this approach, most of the digital watermark volume is used to store
the compressed initial state of the target bits. For the monitoring hash sum,
only a small part of the digital watermark volume is allocated.

This paper proposes a method of integrity monitoring, which has all the
positive properties of methods based on compression. However, the proposed
method allows the use of the entire available volume of digital watermark to
store the hash sum.

We propose to ensure the recovery of the initial state of the information
object in the following way. By equivalent conversions (the same ones that
are used when embedding a digital watermark), the target bits are brought to
the specified initial state. The principle of such bringing is stored in one of
the components of the steganographic key (the secret key that sets the rules
for embedding and extracting a digital watermark). Because the bringing of
the target bits to the initial state is performed using equivalent conversions,
the operation of the FPGA-based device does not change. If it is necessary to
recovery the initial state of the information object, the values of the target bits
are again brought (to initial state) in accordance with the rule stored in the
steganographic key.

The digital watermark in the proposed method contains only a monitoring
hash sum. Therefore, there is no need to store the initial state of the
information object in a digital watermark. This makes it possible to use hash
sums of a larger size than those provided by compression-based methods.

The paper presents the basic theoretical principles of the proposed
method. The sequence of actions that form the proposed method is also
shown. The paper describes an experiment in which the proposed method is
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compared with traditional methods (compression-based methods). The
results of the experiment showed the effectiveness of the proposed method in
terms of increasing the effective volume (intended for storing the monitoring
hash sum) of a digital watermark.
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In this paper, we consider cognitive maps as an additional tool for build-
ing a knowledge base of the DSS. Here we present the problem of choosing
the optimal scenario of the impact between nodes in the cognitive maps based
on of the introduced criteria for the optimality of the impact. Two criteria for
the optimality of the impact, which are called the force of impact and the
speed of implementation of the scenario, are considered. To obtain a unique
solution of the problem, a multi-criterial assessment of the received scenarios
using the Pareto principle was applied. Based on the criteria of a force of
impact and the speed of implementation of the scenario, the choice of the
optimal scenario of impact was justified. The results and advantages of the
proposed approach in comparison with the Kosko model are presented. Also
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we calculate rank distribution of nodes according to the degree of their impact
on each other to reveal key and the most influential components of the
cognitive map that corresponds some subject domain.
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CASE-BASED MODELLING OF DATA AND KNOWLEDGE

V.Sheketa, M.Chesanovskyy, T.Styslo, Y.Romanyshyn, L.Poteriailo
National Tech.University of Oil&Gas,Ivano-Frankivsk, Ukraine

Case-based reasoning techniques are one of the most advanced in the
artificial intelligence, since they allows to effectively combine the very basic
types of basic concepts for methods of reasoning and methods of machine
learning for problem solving based on previous experience in the form of case
scenarios [1]. An important indicator of the success for the applications of
this class is the presence in the subject domain of some complex problems
whose solutions necessarily requires past experience, and without such a clear
expression of expert-oriented experience, it is impossible to construct a
solution if it is to seek a reasonable decision-making with the maximum
validation and verification of this process in general and in particular.In the
field of intelligent systems, the adoption of reasoning method based on
precedents is a way to effectively incorporate existing expert experience in
the decision-making process. From this point of view this methodology is an
integral part of the methodology for the processes of constructing knowledge-
oriented systems.

This is the way of effective adaptation of past experience to the solution
of new problems. In turn, the solution to the new problems allows to generate
some experience that will substantially increase the intelligence of the
systems. Thus, in the initial approximation, the essence of the methodology
can be reduced to machine learning in the process of solving new problems.
In order to solve selected subject domain problem, we need some minimal set
of knowledge (in the knowledge base), at the same time, by solving certain
problem, we perform the updating of the knowledge base through introducing
of new consistent inputs in the form of expanded knowledge entities for the
entire area of application. The ability of the system to address
correspondingly new relevant problems or even entire classes of mostly
relevant problems gives an substantial boost to the system expertise at
whole.

Forming in this sequence the process of building knowledge-oriented
systems, it should be kept in mind that the structure of knowledge should not
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only describe the signature of the relevant cases, but also describe the
processes of displaying elements of data-systems that are not in line with the
concept of knowledge which form the corresponding past experience of an
expert, to perform the calculation of the corresponding levels of similarity,
determine the appropriate ways of adapting the correct and satisfactory
solutions for the selected problems through possible modification of its
parameters values at the level of their predefined ranges.

Therefore, by the analogy with the human expert, it can be argued, that
the system should work out a certain or some basic number of cases that can
be regarded as basic ones respectively, in order to obtain some minimum level
of "qualifications" in terms of human experts. Thus, for each subject area,
some basic cases can be identified, which can also be interpreted as typical,
most common ones.At the knowledge base level for the cases base, we will
obtain some core of knowledge base that can form its set of inertia in the
process of expected modifications. An important fact, understandable from
the general theory of knowledge bases, is that such basic inputs can be made
immediately without the need for training systems on some real set of cases .
And such the case-entry will be immediately guaranteed to be true. From the
point of view of artificial intelligence, it will also be an important fact that
such initialization of the system in such a way will set the basic gradation and
the corresponding scenarios of its reasonable behavior by the solution of the
problems in the subject area, where the unexplored part of the problem would
be the combination of the case-based methodology reflections with the
specifications of the theory of imposing and satisfaction of constraints.

Proceeding from the given problem (technological problem in the field of
drilling of oil and gas wells), the relevant methodology of reasoning should
be used in order to be able to retrieve the past similar cases for the purpose of
repeated or modified use of it for a new solution for the current problems (for
example, the choice of drilling mode: forced, optimal, rational, etc.).
Formally we would have for some generic solution like Sol(TP) a further

mdf .

explication of the form Sol(TP)[Case, or SoI(TP)|CaseJ. , Where i,jeN .

Consider the issue of constructing the signature for typical case in the subject
area of oil and gas wells drilling. To do this, lets consider the sequence of
technological parameters which do describe the technological process:
controlled parameters (tcp -parameters), uncontrolled parameters (UCP -

parameters), disturbing parameters ( dcp -parameters) and output results
parameters ( OCP -parameters). The initial signature matrix will look like this:
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tcp,, tcp,, L, tep,
ucp,, ucp,, L, ucp,
L

TNt
Sig™ = dep,, dcp,, L, dep,

ocp,, ocp,, L, ocp,

For the cases with constraints, it is clear, that the natural formalization is

the approach of constraints satisfaction problem : (X.D,C) , Where X — set

of variables, D — set of domains, C_ set of constraints. It is also clear that
there is need for control specifications over the whole technological process

run out, and more specifically for its certain states — TP-State' 1€N
Moreover, each technological parameter from the initial signature matrix

TP ={tcpil ,ucp, ,dcp, ,ocpiA}, where, respectively, I, 6[1; nl] , e [1; nz] ,

i, €[L;n,], i, €[L;n,] for n,n,,n;n, €N will accept the corresponding
values from the sets that belong to a certain domain and will have an
appropriate results for the output parameters with given constraints in the
form of sets, systems and hierarchies.

Lets consider probabilistic models for case-based reasoning, which will

be determined by a given set of variables (parameters) of the form <tp1.L tpn>

UL
. Accordingly, each case case, will be some instance in the form of
substitution of the relevant values. For such variables (parameters) we will

UL
have a representation of the form case, = (&ol e 2(143'2 ,Jpn jé/n] .

Thus, all potential actions can be arranged accordingly to their
expediency, and the system will select the corresponding action with the
maximum expediency from all available.

In addition, the description of the case may also include the results of the
decision instantiation, that is, the fact whether such an instance gives the
desired result or not. That is, under the most general schedule the case will
be represented by some type of tuple < TP,Sol,Out.tp >, where TP —actually

a technological problem, Sol — expected solution of a problem, Out.tp —

expected results.

Of course, it is clear that, as in the case of other types of artificial
intelligence systems, the most difficult to implement will be cases of
inclusion of text and graphic data (in image form), since their processing itself
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requires complex algorithms and solutions, and in many contexts such
algorithms may not exist in the perfect cataloged form . An important task is
also the presentation of the case components at the semantic level. This
requires a clear separation between the features of the objects, the objects
themselves and the relational objects as such. Such features can be considered

as attributes (parameters) —value pairs (TPi ,Vi) — that is, they are actually

descriptions of the properties that are highlighted as key ones in this context.
At the same time, the attributes are defined in the network semantic
dictionary. The variables are related to the attributes and therefore they
(variables) are either numeric, or redefined and specified in the dictionary.
Thus, objects with attributes are grouped in the form of more complex data
to ensure the functionality of reflection rotine at a higher level. Consequently,
when it comes to enriching the knowledge representations by means of
relational objects, then, obviously, a certain type of relational representation
will be obtained. At the same time, all components of the case from the tuple
< TP,Sol,Out.tp > can, respectively, be represented either by properties or

objects, or by relational objects in the order to uphold the knowledge model
required in the domain of application.

Therefore, the main task for modeling is to present the influence of the
initialization of the control parameters on the expected state of the
instantiation of the output parameters. However, this task is significantly
complicated by two factors: 1) the effect of each particular input parameter
on the sequence of the output parameters or on one particular, specific output
parameter, does depends on the set values of the other input parameters; 2)
the set of input parameters can be divided into subsets and singletons (of
selected parameters) of dependent(from the other input parameters),
independent and free parameters.

The main objective is to construct generalized case studies and prototype
cases. In particular, the use of prototypes will greatly enhance the process of
extracting cases and extend its functionality. All components can be sorted
into groups, and thus cases will be represented by corresponding objects.
Representation in the form of relational objects, as a rule, will require
visualization in the form of a tree or graph.

The different number of labels in such cases is quite natural, given the
level of complexity and uncertainty that we are dealing with in the subject
area of oil and gas wells drilling, where the processes are characterized as
non-reproducible, that are running under conditions of uncertainty, fuzziness
and incompleteness

Thus, the resulted formal-algorithmic implementation of case data and
knowledge models for the drilling process underlies the simulations of the
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corresponding typical industrial field drilling cases that gives a broad way to
generalizations.
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PA3PABOTKA MO/JIEJIM HATPY30UYHbIX BO3JIEMCTBUI HA
BA3Y JAHHBIX

A.M. Xomaba, B.B. JIutBunoB
Hucmumym npobaem mamemamuueckux mawun u cucmem HAH Yrpa-
UMbl

Hayuonanvnvii mexnonocuueckuti ynugepcumem, Yepnueos, Yrpauna

BBenenue

B mocnennee Bpems, 0cOOEHHO aKTyaJbHBIM SBIISICTCS 00s3aTeIbHOE Ha-
TPy3049HOE TECTUPOBAHNE KaK OCHOBHOT'O M3 MOIATAIOB KU3HEHHOTO IHKIIA
pa3paboTku mporpaMMHOTO obectiedeHus. Taxoke, Tpynisl QA 1 HHKCHEPOB
T10 MOBBIMICHUIO TPOU3BOAUTECIILHOCTU BHIYUCIUTEIIBHBIX CUCTEM (BC) ia-
HUPYIOT BBIMIOJIHATH TECTHI ¢ OOJIBIIION HArpy3Kol Ha cepBepe W Ha Oojee
MO3/IHUX 3Tamax HHKJIa pa3paboTKH. DTO CIIOCOOCTBYET BBISBICHHUIO NPO-
0JieM ¢ TIPOU3BOAMTEILHOCTRIO BeO-caiiToB, mpuwioxenuit u API. J{is storo,
TECTUPOBUIMKU UCTIOJIB3YIOT OJIHH U TC K€ CUCHAPUU TCCTUPOBAHUA B JIOKaA-
JFHOM U CEPBEPHOM PEXHUMax BBITOTHEHUS. Kpome Toro, TpaauIiimoHHO UH-
TepIIpeTanys pe3yIbTaTOB TeCcTa MPOM3BOJUTEIh- HOCTH OBUIa TPYIOHOH B
moboe BpeMs. V3ydeHue BIUSAHUS HATPY3KH HA Pe3yNIbTAaThl IOTOKA 3aIpo-
COB 00JIer4aeT MOHMMAaHUE BCEX PE3YIbTATOB TECTUPOBAHHS CHUCTEMBI. Ta-
KM 00pa3oM, IMOJB30BATEIH MOTYT OBICTPO HAXOAWTH M YCTPAHSITH MPO-
OJIeMBI C TIPOM3BOAMTEIEHOCTEIO KOMIBIOTEpa. TecTupoBaHue MPOU3BOIHU-
tenbHOCTH BC - 310 0co0ast popma TecTUpOBaHUS IPOTPAMMHOTO oOecteye-
HUsI, KOTOPast POKyCUPYyETCs Ha TOM, KaK CHUCTeMa paboTaeT U BOCCTaHABIIH-
BaeTCs [0J] ONPEeNICHHON Harpy3Kkoi. TecTHpoBaHHe MTPOU3BOIUTEILHOCTH
HE WIIET MPOTpaMMHBIE OMIMOKH WiH JieeKTsl. TecTupoBaHue MPON3BOAN-
TEJILHOCTH JI0JKHO MCIIOJIb30BATh CIIPABOYHBIC CLICHAPUH, CTAHAAPTHI U PO-
rpaMMHEIE cpefcTBa. B pesynpraTe TecTupoBaHus nponsBoauTensHocTH BC
MIPEOCTABIIICTCS TUATHOCTHYECKass HHPOpMAIHs, HE0OX0AUMAas ISl BBISB-
JICHHS U YCTPAHECHUS Y3KUX MECT B KOMITBIOTCPHOU CHCTEME.
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AHanu3 uccieoBaHuN 1 ImyOIuKanuit

Ha npaktuke npoBozstes pasnuaasie uccnempoBanus ([1] - [8]) BimsHMS
MIOTOKOB 3aIIPOCOB K 0a3e JaHHbIX. 1I3BECTHO, 9TO €CTh MHOTO (haKTOPOB, KO-
TOpBIE OKA3bIBAIOT 3HAYUTENBHOE BIMSHIE Ha 3aMPOCH K 6a3e naHHbIX. K Ta-
KM (hakTopam otHOcsATCH [ 1] Hammame pa3paboTaHHOTO aNmapaTHOTO U MPo-
rpammHOTO obecrieueHuss BC, BRICOKHI ypOBEHb Mapauiein3Ma, OJIOKHPO-
BKa MeXaHHM3Ma XpaHeHHs JaHHBIX (OI0KMpoBKa Tabnui u cTpok). Tak, B pa-
6ote [1] Takxke oTMeuaeTcs, 4TO 3TOT ITHU MOKa3aTeIH, KOTOPbIE MOJIE3HbI
JUISL TIOMCKA 3aIlpOCOB, OOJIBIIE BCErO BIUSIIOT HA BPEMsI OTKJIMKA TPHIIOKE-
HUS WK HanboJiee Harpy»KaroT cepBep.

B npyrux cratesax ([2] - [4]) oTMeuaeTcs, 4TO onepaiyst yaajieHus 00ib-
IOr0 KOJIMYECTBA CTPOK W3 0a3bl JaHHBIX HPENCTABISIET COOOH JOBOJIBHO
6oJIBIITy O HAarpy3Ky, 11 KOTOPOi HE00XO0IMMO HCIIOIb30BaTh ClIENAaIbHbIC
METOJIBI: YMECHBIINTH pasMep TPaH3aKIMH, YBEITHIUTh BPEeMsI MEXIy olepa-
topamut DELETE, 9T00B YMEHBITUTH CHITY 3aIIPOCOB.

B [5] 6611 mpotectupoBan SQL Server 2016, rae ObLT HcceI0BaH mapa-
MeTp AutoAdjustBufferSize. [Tapamerp AutoAdjustBufferSize Biamser Ha
CHIIy TIOTOKa 3ampocoB K ©Oa3ze faHHBIX. lV3MeHeHWe mapamerpa
AutoAdjustBufferSize ymyuimmio npon3BoauTensHOCTb 0a3bl JaHHBIX [S].

B pabotax [6] u [7] onpeienieHbl MOICIH U ITOJYYEHBI PE3YJIbTaThI UCCIIC-
JIOBAaHHH TMPOU3BOJUTENILHOCTH CTPYKTYP 0OBEKTHO-PEIISIIIMOHHOTO 0TOOpa-
xenust (ORM) ¢ 0azamu 1aHHBIX.

B pesymnpraTe 3THX HccnenoBaHuil, B paboTax [6] u [7] OpuM paccMOT-
PEHBI Pa3IMYHBIE TUIIBI CTPYKTYPHBIX 3aIIPOCOB.

B pabore [8] oTMedaeTcs BaXKHOCTb pa3pabOTKH MOZETICH, BITUSIOMINX Ha
MPOU3BOIUTENBEHOCTD 0a3 JaHHBIX, HO METOJbl ¥ KOJINYECTBEHHBIC OLICHKH
MX CO3/1aHHS HE OITMCAHBI.

Taxum 00pazoM, XOTs podIeMa U3ydeHHsI BIUSHIS TOTOKA 3aIIPOCOB Ha
Harpy3ky BC cymniecTByeT B TeueHHe JUINTETLHOTO BpEMEHH, OCTAIOTCSI BOII-
POCBI, KOTOPBIE CBSI3aHBI C X H3MEPEHHEM.

Lens paGoTh

Llenbro JaHHO# pabOTHI SBJsIETCS pa3paboTKa MOJIENH HArPY304HOI'O BO-
3/ecTBUS Ha 0a3y JaHHBIX JUIs ONpe/eIeHHs KOJMYECTBEHHBIX U KauecT-
BEHHBIX OLEHOK mnpousBojutenbHocTH BC, KoTOpas peuiaeT OnucaHHYo
HIDKE TIpo0iemMy.

IocranoBka npoGIieMbl

Ha cepBepe kommbloTepHO# ceTn HaxoxuTces Oa3a maHHbIX. [l poBe-
JICHUSI TECTHPOBAHUS MPOM3BOAUTEIBHOCTH B 0a3y NAHHBIX C KIMEHTCKHX
pabouMX CTaHIMH MOCTYMAIOT 3anpockl. CKOPOCTh 3alpoCcOB KOHTPOJIHMPY-
eTcsl HAMCAaHHBIM clieHapreM. HeoOxomuMo co3/iaTh Moiesb Harpy304HOTro
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BO3/eiicTBUS Ha 0a3y NaHHBIX W ONPENENNTH: KOJMUECTBECH-HBIC M KadecT-
BEHHBIE XapaKTEPUCTHKH MOJENHN; OLUEHKH OCHOBHBIX XapaKTEPHUCTUK MO-
JEIn.

Pemenne npo6memsl. Moienb sieMeHTa i1 BO3AeHCTBUS HATPY3KA

PerynupoBaHue mOTOKa 3aIIpOCOB K 0a3e JaHHBIX SIBISIETCS] Ba)KHBIM ac-
MIEKTOM U3Y4EHHS BIUSHNSA Harpy3ku. CIieHapHii HCIIOIb3yeTCs IS pEeryIu-
poBaHus IOTOKA 3anpocoB. I103TOMy OCHOBOM BO3JCHCTBUS HATPY3KU SIBJIS-
eTcd cueHapuil. CrieHapuil COCTOUT U3 OT/ICJIBHBIX 3JIEMEHTOB Harpy30YHBIX
BO3/ICICTBUIA, KOTOpbIE UMEIOT BXOJHBIC M BBIXOJHBIE MTapaMeTpsl (puc. 1).

RR TT
:Q> pa——
N SN

pE—— >

Puc. 1. Mopens 35eMeHTa Ui BO3AEHCTBHS Harpy3KH

BxoaHbIMH apamMeTpaMu 3JIeMEHTa Harpy304HOTO BO3IeHCTBUS (puc. 1)
sBisitoTes [9]: ckopocth 3ampocoB (RR) u oOlee KoiauyecTBO 3ampocoB
(NQ). BeixonHpIMU TapaMeTpaMH 3JIeMEHTa Harpy304HOT0 BO3/IeHCTBUS SB-
msroresi: obmee Bpemsi (TT) m cocTosiHMe 00BekTa HArpy304HOTO BO3-
nercteus (NS).

OnpenesieHne MO/IeJH MOCTYIVIEHHSI 3alIPOCOB

CKOpOCTb MOCTYIUICHHS 3aIIPOCOB SIBISIETCSI BXOJHBIM ITapaMeTPOM 3Jie-
MEHTa Harpy304Horo BozzelcTsus (puc. 1). Ha ocHOBe ckopocTy mocryrure-
HUSI 3aIIPOCOB, ONPECIISIOT CIIEAYIOIINE KOJIMUECTBEHHBIC OIICHKH: N3MEHe-
HHE CKOpocTH nocTymuienns 3anpocos (RCR) u oO1iee konudaecTBO 3a1poCcoB
(TQR).

Ecnu ckopocth mocryruieHus 3amnpocoB (RR) o6o3naunth kak f'(t), To
cKopocTh 3ampocoB Ha m3MerneHne (RCR) o6o3nauaercs kak f(t).

Taxoke, 3TH OLIEHKH UMEIOT CIIeIYIOIINE COOTHOIICHHS JUISl CKOPOCTH TI0-
crymienus 3anpocoB (RR):

RR=[ f"(Od @)

RR = 2, @)
Jlis n3MeHeHus: CKOpoCcTH nocTyreHwus 3anpocoB (RCR):

RCR = % ; ©)

Taxxe MBI MOKEM OIIPEACIINTD o61uee KOJIMYECTBO IMMOCTYIHBIINUX 3alIpO-
coB (TQR) kak:
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TRQ = [ f'(dt; (4)
B HekoToprix cnyyasx, korga RCR HenuHelHO, MBI HCTIONIB3YEM MPOU-
3BogHyI0 oT RCR - DRCR. Torga:
dRCR,

DRCR = s (5)
Taxoke, M3MeHeHHne CKOpocTH moctymieHus 3anpocoB (RCR) moxnO
OTIpeNIeNUTh U3 (POPMYIIBI:
RCR= [ f®(t)dt; (6)
OmnpeeneHre KOJINIECTBEHHBIX OIICHOK MOJICIH
W3 cootnomenntit (1)-(5) BO3MOKHO ONpeAeTHTh KOTHIECTBEHHBIX OIle-
HKH HAarpy304YHbIX BO3JCHCTBUM, KOTOPbIE UMEIOT CIEAYIOIINE COOTHOIIIE-
HUSL.
Jlnist onpenenieHns OLEHKU 0011ero koiauvecTsa 3anpocos (eVTQR):

evTRQ = [, RR(t)dt ; ©)
Jst onipenienieHust OLEHKH CKOPOCTH MOCTYILIeH s 3anpocoB (eVRR):

evRR = [ RCR(t)dt ; 8)
Jst onipenienieH st OLEHKH CKOPOCTH M3MeHeHus 3anpocoB (EVRCR):

evRCR = [, DRCR(t)dt ; 9)

KagecTBeHHbIE XapaKTepUCTUKHU MOJIEIIN

KagecTBeHHbIE XapaKTepHUCTHKA HArpy304YHBIX BO3IEHCTBUI NpencTaB-
JICHBI BBIXOJIHBIM IapaMeTPOM 3JIE€MEHTa Harpy304HBIX BO3aecTBuil (puc.l,
SN). KauecTBeHHBIE XapaKTEpPHUCTHKA HArpy30YHBIX BO3ZCHCTBHUN HMEIOT
rpajialiii, KOTOPbIE ONPEIEIISIOTCS B 3aBUCUMOCTH OT COCTOSIHHS 00BeKTa
uccieoBaHus. ['paganuy 1 U3MepSAIoTCA B eIMHNIIAX U 0003HAYAIOTCS KaK
cocrosinus S1, S2 u S3. D1u rpagauuu MOXHO COOTHECTH C HU3KUMH, CPEJI-
HUMH (CPETHUMHE) ¥ BEICOKUMH Harpy304HbIMH cocTossHUAMH [ 10, 11]. Kpu-
TEpUsIMU OTIPEJICTICHUS] COCTOSIHUH OOBEKTa HCCIICAOBAHUS MOTYT OBITH
CJICIYIOLIVMU: HATMYHE OYepe/IH, MOsBICHHE OIIHOOK, OTEpPs 3aIIpOCOB, CH-
HXPOHHAasI WIN aCHHXPOHHAs mepeada 3anpocos. Hanpumep, Takue kpure-
pHH, KaK BBIMOJHEHHE CHHXPOHHBIX OTJENBHBIX 3alpPOCOB K 0a3e JaHHBIX;
OTCYTCTBHE OUYEepeaH, OMNOOK U MOTEPSHHBIX 3apOCOB MpU 0O0paboTke 3a-
MPOCOB K 0a3e NaHHBIX - OTHOCSAT K COCTOSTHHIO S1.

Cocrosiane S2 00beKTa NCCIIEAOBAHIS BKIIIOYAET B €051 TAKHE KPUTEPHUH,
KaK HaJIMYMe MHOXXECTBEHHBIX ACHHXPOHHBIX 3alpOCOB K 0a3e JaHHBIX; Ha-
JMYHe OYepear 3alpocoB K 0a3e AaHHBIX, HO OTCYTCTBHE OIIMOOK W IOTe-
PSIHHBIX 3aIIPOCOB TP UX 00padoTKe.
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Cocrostane S3 00beKTa HCCIIETOBAaHHA BKIIIOYACT B ce0s TaKIe KPUTCPHUH,
KaK HaJTM9ue OMIOOK MIIH MTOTEPSIHHBIX 3alIPOCOB IpH 00paboTke 6a30ii gaH-
HBIX. B HEKOTOPBIX cilydasx MOTYT OBITH ONpENeNeHBI IEPEeXOIHBIE Ipa-
Januu Mexay dtanamu S1 u S2.
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YK 378.146

IMPOLHEC BUBOPY XMAPHHUX IT-CEPBICIB

K.M ®okin., B.B. Hexait
Yepuiciecokuu Hayionanonui Texnonoziunuii Yuieepcumem

B ocranHi poku epeKTHBHOTO 3aCTOCYBaHHS HAOyBarOTh XMapHi TEXHO-
yorii abo xmapHi o6uncienHs (anra. Cloud computing).

XMapHUMH TEXHOJIOTISIMU 3alliKaBJICHI sIK BEJIMKI KOMIIaHii, sSIKi Hamara-
I0ThCSl ONTUMI3yBaTu CBOi BuTpatu Ha IT-iH(ppacTpykTypy minnpueMcraa,
TaK 1 MaJii KOMIIaHil, IKi HE MalOTh MOXJIUBOCTI Biipa3y pO3rOPHYTH CBOIO
BiIacHy iHpacTpykTypy. Takoxk 3auikaBieHi 3BUuaiiHi KOpUCTyBayi, 10 MO-
JKYTh OTPUMATH TaKi HOCIYTH SIK 30epiraHHs JaHWX, BUKOPUCTaHHS [IPOrpam
TOIIO0. 3POCTaHHS IHTEPECY JI0 TEXHOJIOTIT XMapHUX O00YHCICHD OB’ I3aHO 3
E€KOHOMIYHUM e()eKTOM BiJl iX BUKOPUCTAHHS. Y XOJi iX BUKOPHCTaHHS CIO-
JKHBadi MOXYTh ICTOTHO 3HH3HUTH KalliTaJbHiI BUTPATH HA TIOOYIOBY LICHTPIB
00poOKH JaHWX, 3aKyHIBIIIO CEPBEPHOTO Ta MEPENKHOTO 00JIaIHAHHS, arapa-
THUX 1 IPOTPaMHHX DiIlleHb, 3a0e3neueHHs Oe3MepepBHOCTI 1 mpare3aaTHo-
CTi, a TaKOXX Yac MOOYIOBY Ta BBEJCHHS B €KCIDTyaTaIlil0 BEIMKUX 00’ €KTiB
iHppacTpyKTYpH iHPOPMAIIITHIX TEXHOJOTIH. Yci i mpoOieMHi MUTaHHS 32
JIAaHUX YMOB TI€pEKJIaJaloThCs 3 KOPUCTYBaviB Ha MPOBaiiepiB XMapHHX I10-
CIJIYT, @ KOPUCTYBAY JIMIIE CIIadye GpakTUYHO HaJaHi mociyru. Takox xma-
PHI CepBiCH HaIal0Th IX KOPUCTYBa4yaM THYYKICTh y HaJIAIITYBaHHI TaKHX T1a-
paMeTpiB, SK OOYMCIIIOBAIIbHA MOTYXHICTh, 00cAr (ailIoBOro cxoBHIa,
CKJIaJ] MPOrpaMHOro 3abe3mneucHHs Tomo. OnHaK, He3BaXKAOUU Ha SBHI ITe-
peBary, miJl yac BUKOPHCTAHHI XMapHUX TEXHOJIOTiH He0OXiTHO BUPIITyBaTH
1 psin mpodeMHMX nuTaHb. OCHOBHUMM 3 HUX € JIOBIpa JI0 IOCTadyalIbHAKA
cepBicy, 3a0e3nedeHHsT KOH(DIIeHIIHHOCTI, MiTICHOCTI, CIIPaBKHOCTI Ta He-
CIPOCTOBHOCTI iH(opMaIii Ha yciX eTamax il icHyBaHHs, Oe31epeOiliHICTD B
po0orti, 3axucT Bix HecaHkIioHoBaHOTO noctymy (HCJI) Ta 30epexeHHs oco-
OHMCTHX TaHUX KOPUCTYBAdiB, SIKi MEPENAIOTHC Ta 0OPOOIIAIOTECS B XMapi.
ToMmy, AJIst KOXKHOTO MiIPHUEMCTBA (OpraHi3alil) € aKTyaJbHUM [TMUTaHHS BU-
0opy HaiKpamoi XxMapHOI TEXHOJOrI, sika Oymae 3abe3neuyBatu eeKkTHB-
HICTh yTIPaBIiHCHKUX PIIIEHb 3 YpaxyBaHHIM PH3HKIB iH(opMariitHoi 6e3-
MEKH.

Jis mpuitHATTS OOTPYHTOBAHOTO pilleHHSA NMpH BHOOpi xmapHuX IT-
CepBiciB s BIPOBAKEHHA B OpraHi3amiio (IiANMPHEMCTBO) HEO0OXiTHO IPO-
BECTH aHaIi3, IPU IIbOMY TOLLIFHEM OyJI0 0 3aCTOCYBaTH CUCTEMHUH i IX 11,
BUJIIJIMBIIN BayKJIMBI €Tary.

OCHOBHOIO OTIEpAIli€l0 CUCTEMHOTO MIX0/Y € MOJIUI IIJIOro Ha CKJIa0Bi
YacTWHH. 3aBJaHHS MOKE pO3MaaTHCs Ha Mia3a1adi, T — Ha M i T. 1.
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[Ipu HEOOXiTHOCTI JaHWI MPOIEC MOXKE MOBTOPIOBATHCA, IO TIPH3BEAE 0
JIepEeBOBUIHIM i€papXidHuM cTpykrypam. Ilpomec BubOopy xmapamx IT-
CepBiciB CKIIaHUIMA, IIOTaHO (OPMali30BaHUH, C1a00 CTPYKTYPOBAHHUH, TOMY
OTIepamio JAEKOMIIO3HUIIil BaXJIMBO YiTKO IpoxymyBaTH. OOuH i3 crocobiB
CHPOLIECHHS CKIAJHOTO — II€ METOJA JEKOMITO3MILI, SIKHHA MOJATae B PO3Mi-
JICHHI IIIOTO CKIIAJHOTO Ha MPOCTI 1 OUTBII ApiOHI YaCTHHH.

VY 3B’S3Ky 3 UM OOIPYHTYEMO JCKOMITO3MIIF0 KOHIICIii BUPIIICHHS
npo0JieMH BiINOBIAHO 10 METOAUKH, po3podieHoi @.I1. ITeperynosum i B.3.
Smmnonscekum [1, 2]. Tnobansna mMeta — BubOip xmapuux IT-cepBiciB s
BIIPOBAPKCHHSI B KOPIIOpALI0 IPYHTY€EThCsl Ha (opMyBaHHI cTparerii, sika
BKJIIOUYa€ B ce0e TpU CKIIAJ0Bi: KOPIIOpaTHBHA CTpaTeris, cTpaTeris Oi3Hecy
Ta (yHKIiOHaTbHA cTpaTeris [3]. Jlami 3a 03HAKOI KUTTEBUH LUK I
(YHKIIOHATBHOI CTpaTerii BUAUIMMO (ICKOMIIO3HIIIF0) CTAHAAPTHI CTAITH:
30ip Ta aHANI3 JaHWX; OI[IHKA MAaHWX; IPUHHATTS pimeHs [4] (puc. 1).

CrpaTeris SisHecy

Buuiora Sisnecy aip

Hati npo aogaTry AopaTHs

Lani npo nposaiiaepa

36ip a awanis garix

07

MaTpia
piwers

Oujnea

BUCHOBOK NBHAHATTR
pileHs NP ENRCBaMNEHHA

ey xasapmx T-cepeicia

Tpyna

NNaHyEaHHA aved

excneprie

Pucynox 1 — Jlekomro3uiis Iporiecy NPpUHHATTS PillIeHHs NIPU BU-
60pi xmapuux IT-cepsicis

BxinHoto iHdopmaliero st aHanizy OyJie: BU3HaAYSHHS! BUCOKOPIBHEBHX
BAMOT Oi3Hecy; BH3HAYCHHS MOJIENII XMapHOTO CEpBiCy i Mozerni po3rop-
TaHHS; JaHi PO MpoBaiIepiB Ta JoAaTKH Toio. Ha Buxoni nponecy aHaiizy
Oyne oTpuMaHO Halip TONATKIB, AKHH MIANAETHCS OIIHIL. 3a pe3ylbTaTaMu
OLIHKM OTPUMYEMO 0ai Ui KOXKHOI NMpOTrpaMH, Ha OCHOBI SKOTO INpuiiMa-
€THCS PIILICHHS TIPO BIIPOBAKEHHS.

[Iporiec oIiHKH 3T1THO 03HAKOIO «POCTIP 1HIIIFOBAHHS LIJIEH TEKOMITO-
3y€MO Ha 2 eTamnw:

Orninka pe3yabTaTUBHOCTI.

Orinka MOKITUBOCTI ITEPEXOY.

Ha mepmomy erari BU3HAYa€ThCS BiAMOBIAHICTH CTaHAAPTAM 1 THM ca-
MHM MOJKIIUBICTB 3aCTOCYBAaHHS Ha I AIPUEMCTBI TOIATKIB IO OI[IHIOIOTHCS.
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Ha npyromy erari micis BiICiBY AOAATKIB, SIKi HE MOXKYTh BHKOPHCTOBY-
BaTHCS, IPOBOIUTHCS aHAI3 MOMIIMBOCTI MIEPEXOAY MiAIPHEMCTBA IO XMa-
PHHX TEXHOJIOT1# B HOPiBHAHHI 3 iHITNMH aJbTePHATHBAMH, JI¢ BU3HAYAETHCS
X pIOPHUTET AJIS BIPOBAHKEHHS.

OriHKa MPOBOAXUTECS TPYIOI0 EKCHEPTIB Y BIAMOBITHOCTI 0 3aBAaHb Ha
excreptu3y. Ha puc. 2 mpencraBieHa JeKOMITO3MIS Tporiecy omiHkd. Ha
BUXO/Ii MPOIIECY OL[IHKH OTPUMYEMO MATPHLIO PillIeHb PO BIPOBAIKEHHS
xmapHux [T-cepsicis.

Crpateria GisHecy

o
Habip popaTkie Oujika pesynbTaTHBHOCTI
M-cepsicie

Ban pesynekTaTHBHOCTI
ACTOCYBAHHA XMEPHIX
CEPBICIE

0?

Ouinka MosnUBOCTI
Nepexogy 8 XMapy

WMaTpHURA pilleHb

rpyna Ipyna
NNaHyBaHHa EKCNEpTIE

PucyHOK. 2 — J[eKOMITO3HIIisl IPOIIECY OIIHKU

Ha ocrannbomy ertami «Bubip» podutsest BucHOBOK OITP mpo Bmposa-
JoKeHHs xMapHUX [ T-cepBiciB Ha M ANPHEMCTBI.

[licas MozxemoBaHHS MOKHA MIPUCTYIATH [0 €Tary BIPOBAJHKCHHS XMa-
paux | T-cepricis.
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SYSTEM ANALYSIS OF METHODS OF COMPUTER MODELING
AND OPTIMIZATION

Anatoliy Tymchenko!™ and Hryhoriy Zaspal!!
! Cherkasy State Technological University

Abstract. The report presents the results of systematic studies of complex
systems using simulation methods using theoretical positions. Objects and
processes of the environment are used as complex systems: objects of nature
(living and inanimate), society (humanity), techniques (artificial nature),
phenomena and events, and processes of their research. Such objects in the
field of engineering, namely, objects of machine building, large power
complexes, communication networks, computer networks, etc., are the
purpose of collective activity abstract should summarize the contents of the
paper in short terms, i.e. 150-250 words.

Keywords: System approach, System design.

Introduction

Processes are considered as technological (material and energy produc-
tion) and information processes as means of implementation of information
technologies - achievement of the goal.

The modern stage of the scientific and technological revolution gives the
opportunity to significantly accelerate the development process due to the
widespread use of computer equipment as the basis for the implementation
of modern technological enterprises using information technology.

Approach to Computer Modeling

It is shown that the processes of development of methods of system design
of objects of new technology (ONT), which are considered as objects of au-
tonomous functioning, are constantly improving. This explains the persis-
tence of system specialists working in the field of systemic research, applied
mathematics, cybernetics and informatics in solving the main component of
the effectiveness of modern technology - the programming of life cycles of
objects of new technology and technologies [1].

An important step in solving this problem is the creation of a system of
system simulation, which enables the installation of large mathematical
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(computational) experiments and the preparation for the creation of auto-
mated information systems (AIS) programming JC ONT. The banks of the
mathematical models (system) of the ONT JC programming objects and dy-
namic operations packages should become the system core of such integrated
AIS [2].

It is shown that for the modeling of the processes of the ONT functioning,
a device of differential, structural (finite) and grid dynamics is used that al-
lows the hierarchical combination of known fundamental models: differential
dynamic system (DDS) and finite dynamic system (KDS). Such a class of
systems was designed in the form of logical-dynamic systems (LDS). Ac-
cordingly, the mathematical principles of management are formulated as fol-
lows [1-2].

The upper level of such a system model is the model of dynamic opera-
tion, network dynamics (growth, combination, selection, distribution and
neutral transition) and, respectively, the model of ordering the sequence of
structural states (average level), as well as ordered phase transition states
(lower level) [1-2 ]

A coherent study of the methods of theoretical and mathematical model-
ing of these problems reduces to purposeful management by streamlining the
local global goal. The task of system optimization of processes in ONT refers
to the multicriteria in solved which system simulation takes the main place
[3-4].

Conclusion

System design of modern objects of new technology - a complex systemic
and technical problem. Its complexity is determined by the complexity of the
object itself (the elements and connections between them), its multipurpose
purpose, the cyclic nature of the functioning of the organizational and tech-
nical distribution of functions of target management. In a system set of formal
models of various aspects of an object, the corresponding complexity prop-
erties must be displayed and integrated simultaneously into the optimization
problem. [5-6].
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USING THE AGENT-ORIENTED SIMULATION MODEL FINDING
ROUTE PARAMETERS IN AN AUTOMATED PUBLIC
TRANSPORT MANAGEMENT SYSTEM

A. Zadorozhnii, M. Dorosh, I. Bohdan, L. Svetenok
Chernihiv National University of Technology, Ukraine

The developed automated city transport management system combines
capabilities of several different systems. On the one hand, the proposed
system has the function of public transport fare payment by the aid of RFID
cards and it offers flexible payment mechanisms with different types of
discounts. On the other hand, the proposed system allows a customer to track
the position of a public transport vehicle and determine its time of arrival.
The most important feature of the system is ability to find acceptable public
transport route parameters by using the agent-oriented simulation model. The
feature makes it possible to change dynamically such parameters of the routes
as traffic interval and passenger capacity of vehicles. Furthermore, this
feature allows researching possibility of changing the routes and combining
several routes in one. Fig. 1 demonstrates the architecture of the transport
management system.

The automated city transport management system has distributed archi-
tecture and contains following main subsystems.

Public transport vehicle subsystem contains GPS tracking module, GPRS
communication module and fare payment module using RFID card. GPS
module identifies the current position of a vehicle and transfers it to the server
in real time using GPRS module. Fare payment data are transferred to the
server using GPRS as well; however, the frequency of data transfer is lower
than the frequency of transferring current vehicle position.
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The architecture of public transport vehicle subsystem rests on Arduino
platform described in Fig. 2.

MySQL database stores user data concerning RFID card balance, the per-
formed operations, personal data and the data necessary for the site to func-
tion. A user puts an RFID card on RFID reader. The RFID reader reads user’s
token and unique number and transfers the data to Arduino UNO. Arduino
UNO sends REST request via GPRS module to APS (Automation Payment
System). The Automation Payment System has fare amount in its configura-
tions and makes SQL request to MySQL server to withdraw the defined
amount of money from user’s account.

Simulation module is used to model public transport load simulation. Re-
sults of the simulation are transferred to processing simulation results module
used for finding acceptable route parameters.

The timetable generator uses the data from the processing simulation re-
sults module to schedule transport vehicles on the route and sends the time-
table to public transport drivers.

Data layer
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Fig. 1. The architecture of the automated transport management system
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Fig. 2. The architecture of the public transport vehicle subsystem based
on Arduino platform

The presented model was tested several times to find acceptable route
parameters such as amount of public transport vehicle agents on the route,
their passenger capacity and traffic intervals. Chernihiv trolleybus route #1
was chosen for performing the experiments. Let us set the parameters for the
first experiment. The quantity of vehicles is 3 trolleybuses, their passenger
capacity — 20 people, and their traffic interval — 30 minutes. Fig. 3
demonstrates the diagram of number of passenger at all stops on the route in
the first experiment.

1000

Passenger count
N
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(]

2M 4M 6M Model time 16M18M20M

Fig. 3. The diagram of number of passengers at all stops on the route in
the first experiment

So, the first experiment demonstrates that there are many passengers
waiting for the trolleybus at the stops. This indicates that the route parameters
are not acceptable and need changing.

Let us set the route parameters for the second experiment. Let the quantity
of vehicles be 4 trolleybuses, their passenger capacity — 40 people and their
traffic interval — 20 minutes. Fig. 4 demonstrates the diagram of number of
passengers at all stops of route in the second experiment.
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Fig. 4. The diagram of number of passengers at all stops on the route in the
second experiment

In the second experiment, the number of passengers waiting for the
transport at the stops reduced in comparison with the first one. Consequently,
the route parameters for the second experiment are better than the route
parameters for the first one but they still can be improved.

Let us set route parameters for the third experiment. Let the quantity of
vehicles be 6 trolleybuses, their passenger capacity — 45 people, and their
traffic interval — 35 minutes. Fig 5 demonstrates the diagram of number of
passengers at all stops on the route in the third experiment.
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Fig. 5. The diagram of number of passengers at all stops on the route in
the third experiment
In the third experiment, the number of passengers waiting for the
transport goes to zero. Consequently, the route parameters for the third
experiment are the most acceptable among all the experiments.
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ABTOMATHU30BAHA CUCTEMHA POBOYHUX ITOTOKIB HA
OCHOBI AHUKJITYHUX I'PADIB

KoBanenko M.A.
Yepuiziecokuil HAYiOHATLHUL MEXHONO2TYHUY YHIGepcumem, Yxpaina

3a ocTaHHI IBa NECATHIITTA OyIH po3poOIIeH] IHCTPYMEHTH, 110 JOTIOMa-
TaloTh HE TUIBKY BUKOHYBAaTH poOOTY, ane i ynpasisty ii nmpomnecom. Komrr'-
torepHi workflow-cucTtemu € KpOKOM BIIepell y MOPiBHSAHHI 31 3BHUAtHIMU
NpOLEAYPHUMH JOKYMEHTaMH. Y JTaHUX CHUCTeMax BUPOOHHUUMIA Tpolec 3a-
JaeThes GOPMAITBHO, 1 XiJ] pOOOTH YIIPABISETHCS MPOrPAMOI0, SIKa PO3/IaE 3a-
BJIaHHsI, TIepeae poOOTY BiJl OTHOTO yYacHUKA MPOLECY O 1HIIOTO i BijcTe-
KY€, Ha sIKi#l cTaii 3HaX0AUThCs 11 BUKOHAHHS [1].

OCHOBHI 1epeBaru JIaHoTo MiIX01y:

1. Po6ota HanpaBIsSETHCS B TOTPIOHOMY HANPSMKY 1 HE 3aTPUMYETHCS
- BTPy4YaHHs 330BHI MOTPIOHO TUIBKM B PIAKICHUX BHIIAAKaX, IS
BHUITPABJICHHS 300iB 00 HACIIIIKIB HEMPABUIILHOTO YIIPABIIIHHSI POOOTOO.

2. MeHemKepy MOXYTh NPUIUIATH OlIbIE Yacy MEepCOHaNTy 1 Takux
MUTaHb, SIK 1HAMBIIyallbHA MpPale3laTHICTh, ONTHMI3allisl TEXHOJIOTTYHOTO
npotecy i T. A., 3aMiCThb TOro o0 3aiiMaTHCS PYTHHHOK PO3HOALIOM
3aBJIaHb.

3. VYci oneparii (opManrbHO JTOKYMEHTYIOTBCS 1 TOYHO BUKOHYIOTBCS -
MOYKHa OYTH BIIEBHEHHM, 1110 p0OOTa BUKOHYETHCS CaMe TaK, K 3aIUIaHOBAHO
KEpiBHUIITBOM, 3 YpaxyBaHHSM BCiX JIIIOBHX 1 IOPUIANYHUX BHUMOT.

4. KoXHOMY 3aBIAaHHIO TMPHUIHCYETbCS KpallMHd Ul HBOTO
BHKOHABEIlb, OyJb TO JIIOJMHA a00 MAIIMHA, i HAHOLIBII BaXIIUBI 3aBIAHHSI
PO3IOUISIOTECS B MEPITy Yepry.
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5. TlapamenbHi poOOTH, TpU SAKUX JBa 1 OLIbIIC 3aBAaHHS
BUKOHYIOTbCS OJIHOYACHO, 3/IMCHIOIOTBCS Habarato Jiermie, HDK B
TpaAuLIHHUX TIpolecax, KEpOBaHUX BPYUHY.

6. CrpoiyeTbesi podOTa 3 JTaHUMH, SIKI Terep MOXYTh 30epirarucs
BiJTaJIEHO 1 BAKOPUCTAHO 3a JONIOMOT0I0 [HTepHeTy.

3a yac icHyBaHHS METOOJIOTI] ClIeHapiiB BUHUKIIO KiJIbKa Pi3HUX CIIOCO-
6iB ix GopMansHOTO OTMCcy. MOKHA BUAIATH HACTYIHI Tiaxoau[2]:

1. BukOpHCTaHHS CKPUITOBHX MOB.

2. Buxopucranss rpagis:

1. opieHTOBaHI aNMKIIYHI Tpadu;
2. wmepexi [lerpi.

VY naHit poOoTi OyAyTh PO3MIISHYTO CIOCIO AIMKINYECKUX TIpadis.
I'pagu - nie ynucTo MaTeMaTHYHA aOCTpPAKIIis, ajie, TUM HE MEHIII, BOHU O1JIbIII
3pY4Hi JJIsl HEMiArOTOBJICHOTO KOPHCTYBAayua, OCKUIBKH MPEACTaBISIOTh Clie-
Hapiii HaouHO. [IpaBna, 3i 301IBIICHHAM CKJIAIHOCTI CIICHAPIIB rpadu «po3-
POCTaIOTBhCS», 1 X cTae BaXKKO meperisigatd. Hao4yHICTh B I[bOMY BHIIAAKY
MOXHa 30eperTd, BUKOPUCTOBYIOUH i€papXidHe MpecTaBlIeHHS rpada, 1o
JI03BOJISIE IPUXOBYBATH JIETalll OKPEMHUX HOTo moArpados.

Jln1s omaHHA CIieHapiiB MHUPOKO BUKOPHCTOBYIOTHCS JIBa KiacH rpadis:
Opi€HTOBaHI alMKIIYHI Tpadu i Mepexi [lerpi.

Opienmosanum ayurxnivnum epagom (DAG) Ha3uBaeThCs OyIb-OpH-CH-
TipoBaHHHH Tpad), B IKOMY HEMae OpieHTOBaHMX LUKIIB [3]. Bep-mmuamu
rpada e, BUKOHYBaHI nporpamu abo BUKOHYIOThCS orepailii, a pedpa BcTa-
HOBJIIOIOTH 3aJIeXKHOCTI Mk HUMHU. [lepeBara Takux rpadis - mpocrora CTpy-
KTypH 1 peaiizariii. AJie € i HeZIOTIKH: BOHU HAKJIaJal0Th OOME)KEHHS Ha THITH
ClieHapiiB - Ha-NPUKIIAJ, MOXKHA SIBHO 33/1aTH IIMKJIM O€3 3aCTOCYBaHHS JO-
JIATKOBMX KOHCTPYKIIil, BXKe He IOB'S3aHUX 3 rpadoBuUM moaaHHAM. Kpim
TOTO, Taki rpadu 3MaTHI OIMMCYBATH TLUTHKHA MOJIEITb IOBEIHKH IIPOLIECY, SIKi
He (iKCyroun HOro CTaH i 9ac BUKOHAHHS.

[puxmagn nonatkie, Mo BHKOPUCTOBYIOTh DAG ais momaHHs CIie-Ha-
pieB: Airflow, Condor, Symphony, Cactus, UNICORE.

Posrastnemo cuctemy Condor sik NpUKIIAA MPOTPaMHu, 110 BUKOPHUCTOBYE
JUTSA IPECTABJICHHS CIIEHApiiB Opi€HTOBaHI al[UKIiYHI rpadu.

Cucrema Condor [4] mpusHaueHa ais 00'€ JTHAHHS 00YUCITIOBATILHUX I10-
TY>KHOCTEH OKpPEeMHX MAaIIWH 1 KIacTepiB B BIPTYaJIbHHUH KJIACTEP 3 METOIO
MpOBEIEHHS pecypcHOMICTKHX obunciens. PopmansHo Condor mpea-cras-
JATH COOOIO CHeIiai30BaHy CUCTEMY makeTHoi o0poOku (batch processing
system) /1St 3aBJIaHb, [0 BUMATaI0Th IHTEHCUBHUX 00YHCIIeHb. SIK 1 iHIIi o-
BHOQYHKIIIOHaJIbHI CUCTEMH 1IbOTO Kiacy, Condor BKIIIOYAE MITPUMKY Me-
XaHI3My opraHizaii uepru 3aB/iaHb, NOJITHK IUIAHIPOBA-HS, MOHITOPUHTY Ta
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ynpaBiiHHS pecypcamu. Ilicis Toro, Ik KOPUCTYBad I0JIaB CBOE 3aBIaHHSA,
Condor nowmimae #ioro B uepry, ooupae Miciie i 4ac BUKOHAHHS 3aBJaHHS
BiNIOBITHO /O TMOJITHKH IUIAHYBAHHSA, 3M1HCHIOE MOHITOPMHI HOTO BHKO-
HaHHA 1, 10 3aBEePIICHHI BUKOHAHHS, TIOBIIOMJISIE TIPO IIe KOPUCTYBAya.

[Tix 3aBmanasM B Condor MaeThCs Ha yBasi 3aIyCcK 3aJaHOTO BUKOHYBa-
HOTO KOy Ha 3alaHNX BXiIHUX JaHWX. B ommci 3aBIaHHS BKa3yeThCS MUIIX
JIO IPOTPaMU 1 BXIJIHUX JaHUX, @ TAKOXK IIISIX IO MICI, JIE CIiJl PO3MICTHTH
pe3ynbTatu obumcieHb. [lepe]] BUKOHAHHSAM 3aBJIaHHSI BUKOHYBaHI MOJYJI
Pa3oM 3 TaHUMU MEePEHOCAThC 3acobamu Condor Ha BUOpaHi MaluHN. AHa-
JIOT1YHO BiJIOYBA€THCS TIEPEHECEHHSI PE3YJIbTATIB 3 MAIIMHHY, Ha SIKil IIPOBO-
JIAITUCS] OOYKCIICHHS, B MOTPIOHE MicIe.

Jyis momanHs HAOOpy 3aBOaHb € BXiJAHI / BUXIJHI JaHI a00 BUKOHAHHS
KOKHOT0 i3 3aB/IaHb MOXKYTh 3aJIe:KaTH BiJI IHIIKX 3aBJIaHb, B cuctemi Condor
BHKOPHUCTOBYETHCSI OPIEHTOBaHWH anuKIivHU# Tpad. Bepmmuamu rpada €
BHKOHYBaHI IIporpamu, a pedpa yCTaHOBIIOIOTE 3aJIC)KHOCTI MiXK HUMH.

Condor TibKH 3HAXOIUTHh MAIIMHH UIS 3aITyCKy MPOTpaM, aie He BUKO-
Hy€ TUIAaHYBAaHHS X BHKOHAHHS BiJNOBITHO IO BCTAHOBJICHUX 3aJIC)KHOC-
TaMu. {715 i€l MeTH BUKOPUCTOBYETHCS CIELIaTbHAN «MeTalUIaHyBaJIbHHUK
Directed Acyclic Graph Manager (DAGMan). DAGMan niepenae 3aBaaHHs
B Condor B mopsjKy, OMUCAaHOMY 3a TOTIOMOror0 rpada crieHapiro, i 00po0-
JIFOE OTPUMAaHI pe3ynbTatd. Bxigaumu manumu 1t DAGMan € TekcToBwuid
¢aiin 3 omrcom rpada crieHapiro, a TAKOXK IMOB'sI3aHI 3 HUM 3BHYAitHI (aiiu
3 ONKCaMH BCiX 3aBJaHb, 10 BXOJATH B rpad. Bci 3aBnaHHs MOBHHHI BUKO-
PUCTOBYBATH 3arajbHUi cucTeMHUI xKypHal, akuil DAGMan BUKOpHCTOBYE
micis nepenadi 3apnanb B Condor st KOHTPOJIO HAJl BAKOHAHHSM 3aBJaHb.
DAGMan BiamoBinae 3a IuaHyBaHHsI, BiTHOBJCHHS Micisi 300iB i OMOBI-
IICHHS TIPO PE3yIbTaTH POOOTH 3aJTaHOTO HAOOPY IPOTPaM.

Bxiganii daiin, skuit BukopucToByeThcsi DAGMan, BKitodae B cede
(muB. Puc 1):
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¥
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.condor
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Script PI
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.PI/IcyHOK 1 - [Ipuknan onucy cueHapiro ta rpadgy B Condor DAGMan
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ITepeBaru cucremun Condor DAGMan:
1. TIlpoctoTa CTpyKTypH i peami3arii.
2. Cucrema Condor cmoyaTtKy npu3HadeHa Ui OOYHCIIOBAIEHUX
LJIEH.
3. Po3BuHeHa 00poOKa BiIMOB.
Henomiku cucreMu:
e Hemae KOITIB OMUCY JIOTIYHMUX KOHCTPYKIIiH, HE MOXXHA SBHO
3MOJICITIOBATH LIUKIIH.
e MoJentoe TUTBKU MOBEAIHKY, ajJe HE CTaH MPOIeCy
PoGora 3 pecypcamu ONMCYETHCS B TEPMiHAX 3aITyCKy BUKOHYBaHUX (aii-
JIB Ha BIJAJICHUX MaIIWHAX, 1[0 OOMEXY€E CIIJIBHICTh MiAX0AY 1 0071acTh
Horo 3aCTOCYBaHHS TPAIHMLIHHIMH NapaTCIbHAMH O0YHCIICHHSIMH.
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YK 681.003
OHTOJIOT'ISA IHOOPMAIIIMHOI BE3NEKU EJJEKTPOHHOI'O
BIBHECY
I''"M. I'ynak
Tnemumym mamemamuunux mawun i cucmem HAH Ykpainu
B.I Kamyx
Haguanvno-nayrxosuii incmumym ingopmayitinoi 6esnexu HA Cb Vrpa-
iHu

[Ipo6nema omiHKK e(peKTHBHOCTI MOOYAOBaHOT CUCTEMH iHpOpMAamiHHOT
Oe3rnexn Mae 0COOIMBE 3HAYECHHS JUIS €JIEKTPOHHOTO Oi3HECY, OCKIUIbKU ele-
KTPOHHUU Oi3HEC 3 OAHOTO OOKY € CKJIaJIOBOIO O€3MeKH KpUTHUYHOI iH(pa-
CTPYKTYPH, 3 IHIIOTO — BUTPATH HA OOYIOBY cHCTeMH iH(popMaIliiHoi 6e3-
NeKH (BKITIoYaoun 3abe3nedeHHs KibepOe3neKku) 3BUdaifHO MePEeHOCATHCS Ha
BapTICTh TOBapiB, poOIT a00 MOCIYT, 110 HA/IAIOTHCS SICKTPOHHUM Oi3HECOM.
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3ayBakuMo, IO TOHATTS EIEKTPOHHUH Oi3HEC IepeBa)KHO CTOCYETHhCS Ha-
JaHHS PI3HOTO POy MOCIYT (BKIIIOYArOUH, OaHKIBCHKIi, iH(pOopMamiliHi, ruia-
TDXKHI, OPUANYHI TOIIO), peamizamnii ToBapiB, YIPaBIiHHA IIEBHUMH PeCyp-
caM¥ 3a JOTIOMOTOI0 CyJacHHX iH()OPMAIfHUX TEXHOJOTiH Ta riodanbHOT
Mepexi [aTepHer.

3Ba)kalouM Ha Te, [0 OCHOBHOIO METOI0 Oi3HECY € OTpUMaHHS IIPHOYTKY,
MIOCTa€ aKTyaJbHUM IUTaHHS 3a0e3NeueHHs pallioHaJIbHOTO CIIiBBiIHO-
LIEHHS «PU3UKH BTpaT/3aTpaTH Ha Oe3neky». CydacHi MiIX011 10 ONTUMi3a-
Iii I[bOTO CIiBBIIHOUICHHS 0a3yIOThCS Ha MOJCI MAaTeMaTHYHOTO OYiKy-
BaHHS y JIesIKOi IMOBIpHICHOT cXeMi. Y TOH e TOJIOBHOIO MPOOIEMOIO IIbOTO
MiIXO/y € HEe BpaxyBaHHs TiIIePBUIIAAKOBOrO xapakrepy [2] moaiit B 03Haue-
Hill cxemi. A came, QYHKIsSI po3Mmoily HMOBIpHOCTEH peanizalii pu3uKiB
00yMOBJIEHHUX JAXKEPEIIOM aHTPOIIOTCHHOTO TIOXOKEHHS HE MOXKE BBYKATUCh
CTaTHCTUYHO CTilK0I0. CTOXaCTHYHI MOJIEINI YCIIITHO BUKOHYIOTh CBOI (hyH-
KUil y BUMaAKax aHali3y MOAINH NPUPOTHOTO ad0 TEXHOT€HHOTO XapakTepy,
Y BUIIAJKY JUKEPEN aHTPOIIOTEHHOTO XapakTepy (JIIOACHKUH (HaKkTop) 3aBKAn
ICHye IesKa JIeTepMiHOBaHAa CTPATETis, IO BUKIIOYA€E KIACHYHY BHUITAIKO-
BiCTh TOZIi, i 1Ka 0OYMOBJIICHA MPHUPOJOI0 JIOAWHU, KA MEPECciIye MeBHI
i, ii MOTHBAITIETO, siKa 0a3YETHCS HA TIEBHUX BIACTHBOCTSX JIFOJIUHH, 30K-
pema, xaaibHOCTI, Kap’epHUX aMOiIlisIxX, TOMUJIKOBOMY PO3YMIiHHI Bipy 200
JI000BI, JKark J0 MOMCTH Tolo. JIFonuHi, 3aJeXKHO BiJ 00CTaBUH KOHKPET-
HOT'O 4acy, BJIACTUBO BXOAMTH JI0 NMEBHUX KOAIILIH ¢ IHIIUMH JIOJbMH, TIO-
CHJTIOIOYH TMPH [[OMY CBili BJIaCHUI MOTEHIia, a00 BUXOIHU 3 IIMX KOAIIIiH,
BHACJIIZIOK YOro il MOTEeHINAT MOXKe 3MIHIOBAaTHUCh B TOM 4M iHIIMH Oik. Le
03Hauae, M0 y3arajdbHeHa (PYHKIIIS PO3MOALTy HMOBIpHOCTEH peari3allii 3a-
I'PO3 aHTPOIIOTEHHOTO XapaKTepy AJIsI HEBHOTO BUMNIAIKY (iH(popMalliifHoi cu-
cremH, iHGOpPMAIIiT siKa B Hilf 00pOOITIOETHCS) SBISIE COOOI0 TIEBHAM YaCOBHI
psan:

{ ,:F_z(f, ﬁ—Z )r*’F—l(ff ﬁ—l ),:Fo(f, IIO )r:Fl(fr ljl ), r“Fn(fr ﬁn )' }1 (1)

ne F_, (X, i_, ) - KOHKpeTHa (QYHKIIis pO3MOiTy HMOBIPHOCTEH IO Bij-

MOBiIa€ TUCKPETHOMY MOMEHTY yacy t:n = 0,+1,+2, ...,; X — ii BekTop —
apryMeHT, [i,- BEKTOp IMapaMeTpiB M0 «TePCOHIpIKYIOTH» (QYHKIIIO po3Mo-
Iy .

JloriyHUMY TOCTAIOTh MPUITYIIECHHS, II1O0:

1. Jnavn: F_, (X, i_, ) € & — nesKka KiHleBa MHOXKHUHA QYHKILH po3mo-
Tiy.

2. Coocrepirad TOYHO 3Hae Yyci TomepenHi (GYHKINT po3MOALTy
F o (x,f_,),n=0,1,2,.. TobTo crocrepirauesi JOCTEMEHHO BigoMa Iie-
peaicTopis MOBEIIHKH JKepena aHTPOIIOTeHHIX 3arpo3 Oe3meri po3moiisie-
HOi aBTOMAaTH30BaHOI CHCTEMH, sika 3a0e3redye Oe3MepepBHICTh JESKOTO
SJIEKTPOHHOTO Oi3HeCy.
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YJIK 004.75:004.05

AHAJII3 3ACOBIB BE3IIEKH XMAPHUX TEXHOJIOT'TH

B.I. T'yp’es, .B.®@ipcoBa
Yepuiziecokull HAYIOHATLHUL MEXHONO2IYHUL YHIGepcUumem

OcTtaHHIM 9acoM Bce OUTBIIOTO MOIUpPEHH HaOyBae TEXHOJIOTIS XMap-
HUX O0YHCIICHB, 0 IIependayace BignaieHui (B ToMy uncii yepe3 [aTepHeT)
JOCTYII KOPUCTYBaYiB JI0 CXOBHIIL JAHUX, OOYHCITIOBAIBLHUX PECYPCIB 1 Mmpo-
IpaMHUX J0/aTKax. XMapHi TeXHOJIOTIi 3JaTHI PEeCTaBUTH KOPHCTYBayamM
HEeoOXiTHI 00YUCIIOBAJIbHI TOTYKHOCTI 38 paXyHOK JIWHAMIYHOTO BH/IIICHHS
HEOOXITHUX pecypciB, MPU IIbOMY HABaHTKEHHS MK KOMI'IOTEPaMH, IO
BXOJISITh B OOUUCIIOBAJIbHY XMapy, PO3MOALISIETHCS aBTOMATHYHO.

KiienTn npoBaiiiepiB XMapHUX HOCIYT OTPUMYIOTh MOXIIMBICTb, 32 10~
MIOMOTOI0 OyIIb-SIKHX, B TOMY YHCIi MOOUTBHUX, MPUCTPOIB JOCTYITy B Me-
PeXy, BUKOPHUCTOBYBATH TOTPiOHI O0UHCITIOBANBHI pecypcH 1 odcsarn mam'-
SITi, HEOOXimHe mporpaMHe 3abe3medeHHs. [ OLTBIIOCTI opraHi3aiii, B
TOMY YHCII 1 HaBYaJbHO-HAYKOBHX, CaMe XMapHi CepBICH CHOTONHI € Haii-
6ibII IPHBAGIMBOIO MOJIEIUIIO JOCTYIY 10 OOUMCIIOBANBLHUX PeCypcis. Ix
OCHOBHI TEpEBard - 3py4HIiCTh OCTYITy, MacIITa0OBaHICTh MOCIYT, IO Ha-
JIAl0ThCS, BIIHOCHO HEBHCOKA (y MOPIBHSHHI 3 MPUIOAHHSAM CYNEPKOMII'TO-
Tepa, CTBOPEHHSAM OOYMCIIIOBAILHOTO KiacTepa abo HaBiTh MPSIMOi OpEeHAN
00YHCITIOBAILHUX PECYPCIB B LIEHTPax 00pOOKHU JIaHHUX) BapTiCTh.

KiieHT XMapHHUX CepBiCiB MOXXYTh ICTOTHO 3MEHIINTH BapTICTh sIK 30e-
piraHHs JaHHX, TaKk i BUKOPUCTAHHS OOYMCIIIOBAILHUX ITOTYKHOCTEH, BUKO-
PHUCTOBYIOUH 3arabHOIOCTYITHI MEPEKEBI CXOBHINA 1 00UNCITIOBAIBHI pecy-
pcH, B TOMY YHMCII 32 paXyHOK HaJaHOi MpOBaiiepaMy IIUX MOCIYT MOXKIIH-
BOCTi 3MiHH BHKOPHCTOBYBaHHX PECypCiB Ha BHMOTY KJII€HTA i OIUTaTH M
TIJIBKH TOTO O0CSTY, SIKHH oMY B IaHW MOMEHT motpibeH. [TocragampHuk
nocITyT 00'€IHy€ pecypcu sl 00CITyTrOBYBaHHS BEJTMKOT'O YMCIIa CIIOKHBAYIB
B €IMHUHN MyJT JUIs JUHAMIYHOTO TIepepO3NOIITY HOTY)KHOCTEH MK CHOXH-
BayaMH B yMOBaXx IMOCTIHHOI 3MiHH MOMUTY Ha IOTY>KHOCTI. ATiapaTtHi pecy-
pcH, siki Oinbiie He MOTPIOHI /i SKOrOCh CepBiCy ab0 MporpaMu MOXKHA
IIBHJIKO TIEPENPU3HAUNTH, 1 TOJATKOBA OOYHMCIIIOBANIBbHA MOTYKHICTh ITOYHE
CIIOXKMBATHCS 1HITNMH CepBicaM¥ JUIA 301TbIICHHS X €(eKTHBHOCTI.

OpHak XMapH, K MPHUBaTHI, Tak i mMy6JIiYHi, BBOAATh J[OJaTKOBUM
map abcTpakuii Mik MOYaTKOBHUM BJIACHUKOM JJaHUX i TUMH, XTO B pea-
JIbHOCTI ynpaBJisi€e HIUMH JaHUMU. OHUM 3 YHiBepcaJbHUX CNOCo6iB 3a-
Oe3neyeHHs 3aXUCTY JAaHUX B XMapi € BUOip pillleHHs 6e3IeKH, 3aCHOBa-
HOro Ha mudpyBaHHi JaHUX Ha piBHI ¢ailsiB nepir Hi>k BOHU IOKUHYTh
JOBipeHy 30Hy.
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Xoua XxMapHi 00YNCIIEHHS CHOTOIHI BXKE HE € BiTHOCHO HOBOIO TEXHOJIO-
riero, muTaHHA 3a0e3MedeHHs X iHQopMaIliifHOT 6e31eKH MPOJOBKYIOTh 3a-
JUMATHCS cIa0KUM MictieM. Y 3B'SI3KYy 3 TEXHOJOTIYHUMH OCOOJIMBOCTSIMH,
BUKOPHCTOBYBaHHMH AJSI MMOOYJOBH CTPYKTYPH XMapHUX OOUYMCIICHB, IO
CTaHJAPTHHX THIIIB 3arpo3, IKi € HACTIAKOM PO3MIIIeHHS pecypciB Ha ¢i3u-
YHHX CepBepax, JOJAIUCS CKIAIHOCTI, MOB'A3aHi 3 KOHTPOJIEM XMapHOTO Ce-
penoBuina BipTyanizamii, Tpadiky MiXk TOCThOBUMH MallIMHAMH Ta PO3MEXY-
BaHHSM IPaB JOCTYITy. BTkl TOro, pO3MoiieHa i BIIKpUTA CTPYKTypa XMa-
PHUX OOYMCIIEHb 3 MYJbTHAOMEHHOIO Ta PO3PAaXOBaHOIO Ha 0arato KopHc-
TYBayiB CTPYKTYPOIO CTalia Ay>Ke NPUBaOINBOIO MILlIEHHIO JJIsl HOTSHIITHUX
3JI0BMHUCHHUKIB.

ApXITeKTypa XMapHHX CEpBICIB CKJIAQJAETHCS 3 TPHOX B3aEMO3AICIKHUX
piBHIB: iHOpacTpyKTypa, mIardopMma i qomatku. KoxeH 3 ux piBHIB MOXKe
OyTH ypa3iuBHI 0 MPOTPAMHHX i KOH(IrypaIiifHAX MOMIUIOK, IO JOITy-
IIeHI KOpUCTyBadaMH a0 IpoBaiiiepaMu cepBicy.

CucremMa XMapHHAX O0YHCIEHb MOXE MiANaBaTHCS JEKUTBKOM BUAAM 3a-
Tpo3 Oe3MeKH - BKIIOYAI0YH ITOTPO3H LUTICHOCTI, KOH(iIEHIIIHOCTI Ta T0C-
TYIHOCTI 11 pecypciB, JaHUX 1 BipTyadbHOI iHQPACTPYKTYpH, SKi MOXKYTh
OyTH BUKOpHCTaHI HEIJIbOBUM YMHOM, HANPHKJIAJ, B SKOCTI MalIaHYnKa
JUIS TIOIMPEHHS] HOBHX aTaK.

30epiraHHs JaHUX B XMapi O3HAYae, 110 Il 1aHi MICTATHCS Ha 3arajibHO-
JIOCTYITHUX cepBepax. SIKIo koMmnaHis nepeiizie B xmapy 0e3 ypaxyBaHHs He-
nepen0ayeHNX HACII/IKiB, KPUTHYHI KOPIIOPATUBHI AaHi, Taki, sIK, HaIpu-
KJaz, iHpopMarlis Ipo KIi€HTIB a00 iHTEeTIeKTyalbHa BIACHICTb, i ATy ThCS
MiABUIICHOMY pU3HKY. [Ipy oMy FOpHUAMYHA BiAIOBiTANBHICTE 3a 30epe-
JKeHHS iH(popMarii K 1 paHilIe JeKUTh Ha OpraHi3alii, mo po3MicTmia i
JlaHi B XMapi, a He Ha MIpoBalaepax XMapHUX ITOCIYT.

Inmra cepifo3Ha nmpobieMa 3 3aXMCTOM JaHUX B XMapi - I1e He3JaTHICTh
JUTSL KIIIEHTA XMAapHUX TTOCIYT CAMOMY IIPOBOJUTH ayANT i KOHTPOJIIOBATH il
ciy)kOu Oe3MeKd, HANpPUKIIad, 3a JOMOMOIOK TepeBipku Jor-(aiiiis, 1o
MOXe€ CepHO3HO OOMEXHMTH MOJMJIMBOCTI IO MOUIYKY Jii, SIKI CIIPUYMHUIN
MOpPYIIEHHS 0€31eKH CUCTEMHU.

OnuH 3 OCHOBHHUX MOMEHTIB, SIKHH HEOOXiJHO BPaxOBYBaTH CTOCOBHO
Oe3mexu B XMapi, HOJISrae B TOMY, IO BiJIOBITaNBHICTD 32 BUKOPHCTAHHS
pecypciB MOAUIAETHCS MK KIIIEHTOM 1 IMOCTa4aTbHUKOM XMapHOTO CEPBICY.
I HEOOXiTHO PO3YyMITH, J¢ KIHYAETHCS BIAMOBIIAIBHICTE MIpOBaiiepa xmap-
HHUX 00YHUCJIEHD 1 TOYMHAETHCS BiANOBIIAJILHICTD KII€HTA.

[puitHaTO BBaXKaTH, 1110 IPUBATHI XMapH € HAHOIIBII OE3IEYHUMH, OCKi-
JIKY BOHHU J03BOJISIIOTH BIPOBAJANTH BIIacHI 3aCO0M MM(PyBaHHS 1 3aXHUCTY
I1Ie Ha eTali iX CTBOPEHHs, a TAKOX Yepe3 Te, [0 JIaHi 3aINIIAIOTHCS B iICHY-
104iii iHdpacTpykTypi kommnanii. OHaK, SKIIO AaH] HE 3aXHIIECHI HATEKHUM
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YHHOM B XMapi BOHH MOXYTh OyTH BTpadeHi ab0 MMOIIKOKECHI HEe3aIe)KHO
BiJl TOTO MPHUBATHA I XMapa abo myOIIivHa.

Knacuuni 3arposu inpopmamiitHoi Oe3nekn B myOmigHill XMapi cTaloTh
0COONMBO aKTyadbHUMHU. Tak, HAPUKIAJ, agMIHICTPaTOp BEIHKOTO XMap-
HOTO pecypcy Ma€ JIOCTYI J0 AaHUX Oe3Mivi KIIi€HTiB. BiH erko Moxe 31iii-
CHHUTH HECAHKIIIOHOBaHi Hii HaJ MU JaHUMH, IIPH I[bOMY TakKi Iii B IPHH-
LI MOXKYTh OyTH HIKOJIM HE BHUSBIICHI. ICHYIOTh 1 30BHIIIHI 3arpo3u 0e3-
TIeKH, TaKi K, HAIPUKJIA, BiJIaJICH] XaKepChKi aTaky. Y IMyOIiYHuX XMapax
PO3MIIIY€eThCST BENTMUE3HA KiJbKICTh KOPIOPATUBHUX IAaHUX, IO POOHTH iX
NIPUBaOIMBUMH /17151 3I0BMHCHUKIB.

Opranizauii MOXyTb MiZIBUIIMTH PiBEeHb OE3MEKU NPH BUKOPUCTAHHI Ti-
OpPHUIHOTO MiIXOAY J0 XMapHHUX OOYMCIICHb, SIKUI TIOEAHYE B COO1 IMyOIiuH1
Ta mpuBaTHI xMapu. YacTHHA JaHUX, SKi KIacH(DIKYIOTHCS OpTaHi3aIli€ro sK
HAMOLIPII KPUTHYHI 3aITUIIAIOTHCS B TIPUBATHIA XMapi, TOI K BCi 1HIII TaHI
30epiraroThbes B MyOIiYHIA XMapi.

Haii0inpim ehekTHBHIM 1 TpH IEOMY YHIBepCaIIbHUM CIIOCOOOM 3abe3rre-
YUTH 3aXUCT NAHUX, iX KOH(DiASHIIHHICTP 1 MUTICHICTD - IIe BUKOPUCTATH IITH-
(¢pyBaHHA JaHUX MIPH iX Iepegadi mo iHpopMaifHIX Mepekax i mpu 30epi-
raHHi BcepenuHi xmapu. Hanpukian, B kepiBHULTBI 3 iHpOpMaIiiHOT 0e3-
MIeKH, pO3pOOJICHOMY AJBSHCOM OE3MEKH XMap, CTBEPIXKYETHCS, 10 HIH(-
pYBaHHs HaJae NepeBaru HalMEeHIIO1 3aJIeKHOCTI SIK Bijl MpoBaiizepa Xxmap-
HOT'O CEpBICY, TaK i Biji eKCIUTyaTalliiHIX MOMUJIOK. 3aXUCT IaHHUX, 3aCHOBa-
HUI Ha WKQpyBaHHi, pOOHUTS 11i AaHI MApHUMHU JUIsi Oy Ib-sIKOT 0COOH, IO HE
Mae KIOYiB I ix memmdpyBaHHs. | He BaXIIMBO, 3HAXOMATHCSA I aHI B
mporieci nmepeaadi abo 30epiraHHs, BOHH 3aJHIIAIOTHCS 3aXUIICHIMU.

IT-agmiHiCTpaTOPH 1 KOPUCTYBaYi MOKYTh YaCTKOBO IOBEPHYTH CO01 KO-
HTPOJIb Haj 3a0e3NedeHHAM Oe3NEeKH CBOIX aHMX, BUKOPHUCTOBYIOUH pi-
IICHHS 3aXHUCTY, 3aCHOBaHI Ha MM(PYyBaHHI JaHUX, TaK SK IIi PIICHHS MO-
KYTh OYTH IIepeHeceHi Ha BCi 00YHCIIOBANBHI ITaTHOPMU Ta OTeparliiiHi cu-
CTEMHU 1 IIPaLOIOTh B OY/1b-SIKOMY KOMIT'TOTEPHOMY OTOYeHHI. BUkopucTaHHs
BIJIMOBITHUX METOJIB MK(PYBaHHS 3a1100irac HEAaBTOPU30BAHOMY JOCTYITY
JI0 JTAaHUX HE3aJIeKHO BiJl TOTO, I6 BOHU 3HAXOJATHCS (B Mpoleci nepeaadi
a0o 30epiraHHs B XxmMapi), 1 11e 03Ha4ae, 10 opraHizaiii MOXXyTbh BUKOPHCTO-
BYBATH I€peBard XMapHUX OOUNCIICHDb, HE MiJAAal0YN BAXKIIUBI JaHi pU3HKY
a0 3BOIMYM IIEW PU3HK 10 MIHIMYyMY.

Otxe, MOJKHA 3pOONTH BUCHOBOK, 1110, SIK MiHIMYM, HEOOXI1JTHO:

* 3aJiSITH MK XMapoIo 1 CIIOKMBayeM XMapHHX MOCIyT GyHKIIT mmdpy-
BaHHS;

* HAJIATOMTH aJaNTUBHUI 1 TUHAMIYHIIA BUOIp HAHOIMKIOTO (32 KpUTE-
pisiMM dYacy BiOTyKy, 3aBaHTaKEHOCTI 1 IHIIMM IapameTpaM) XMapHOTO
LIJTI03Y, IIPH [IbOMY OOMEXYBaTH MiKIIOYEHHS CII0)KMBaya OJJHAM IIEBHUM
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IITI030M HEPO3yMHO - Billpa3y BTpadaeThCsl BENIMKa YaCTHHA IIepeBar Bil Ie-
pexozry J0 MOZIeIi XMapHUX 00UHCIICHB;

* HaJIAIITYBaTH 1K (POBaHy Nepefady JaHHX YCepeanHi XMapHOTO cepe-
JIOBHIIA.

AJe TooBHOO TIp00IeMOT0, 10 HE BHPIIICHA B raixy3i XMapHHUX 004HC-
JIeHb Ha CHOTOJIHI, € JOBipa KOPHCTYBAdiB O MOCTa4adbHHUKA MOCHyT. L
npo0JeMa rocTpo CTOITh HE TUNBKH JJIs KOMITaHIH Ta MiANPUEMCTB, IO BHU-
KOPHUCTOBYIOTh CTOPOHHIX IIOCTa4aIbHUKIB, ajie i 3BUYaliHUX KOPHCTYBauiB,
MepCOHAJBHI JIaHl SKUX TaKOX MOTPEOYIOTh 3aXMUCTY Ta rapaHTiii Oe3meKu.
SIKII0 y BUIIA/IKY BEJIUKOTO IiJIPUEMCTBA BOHO MOXE 3aXUCTUTHU cebe Bil
3arpo3 IPOBEJCHHIM ayIuTy Oe3NeKH MpoBaliaepa XMapHHX MOCIYT Ta aHa-
JI30M PHU3HKIB Ta 3arpo3 iHhopMaIliifHOT OE3IEeKH, a TAKOXK 3aCTPaxyBaTH iX,
YH CTBOPHUTH CBOIO BJIaCHY NIPHBATHY XMapy, TO HEBEJIHKI KOMITaHil a0 3BH-
YaifHi KOPUCTYBadi HE MAlOTh TaKOl MOXIIMBOCTI. ToMy HE0OXiTHO BIIpOBa-
JDKYBAaTH MEXaHi3MH KOHTPOJIIO IIOCTAYaIbHUKIB XMapHUX MOCIYT Ha MiXKHa-
pomHOMY piBHI a00 Ha PiBHI JepKaBH, 3 METOIO IIPOBEICHHS ayAUTY Oe3reKn
Ta MEPeBipKH iX BIAMOBITHOCTI MIKHApOIHUM abo JepKaBHUM CTaHIApTaM
Ta BUCYHYTHM JIO HUX YMOB.
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VJIK 004.9

NIABUIIEHHSA NBUIKOCTI HABYAHHSA MOJIEJIEN B
MOHITOPUHI'OBUX IHTEJIEKTYAJIBHUX CUCTEMAX

Aspamenko A.C., I'ory6 C.B.
Yepracokuil HayionanvHul yHieepcumem imeni boedana XmenvHuys-
K020

CyvacHi MOHITOpUHIrOBI iHTenekTyansHi cuctemu (MIC) mponoHyoTh
PAA TOTYKHUX MOXITUBOCTESH Ui 3a0e3ledeHHs iHQOpMaIlie€ro mporecy
npuitHATTA piens. Hai6inbmim incTpymenToM MIC € MoximBicTh oba-
YUTH MOXKJIUBI HACIIIKU MIPUHHATUX PillIeHb Yepe3 MOJICIIIOBAHHS 3MiHH Xa-
PaKTEpUCTHK 00’ €KTIB MOHITOPHUHTY.

IIpore MIC maroTh psj 0OMeXeHb 10 YHEMOXKIIUBIIIOIOTh iX BUKOpPHUC-
TaHHS B IEIKUX cepax MPOIeciB MPUHHATTS pireHb. OTHUMU 3 TPUKIAIIB
Takoro € 6opoThOa Ta JIKBiNAIlisl HACTIAKIB HAI3BUYAHAX CUTyamid. Y Ta-
KHUX BUMAIKaX MPOIeC MPUHHATTA pillleHb Ma€ Jy>Ke KOPOTKHHA TepPMiH 1 pi-
IIEHHS HOBUHHI IPUHMATHUCS HE TUIBKU TOYHO aje i SKoMoTa IIBH/IIIE.

Hotyxui MIC ckiagaroTecs i3 iepapXivHOTO TO€THAHHS OaraTomnapame-
TPUYHHX Mogeliei [2], koxxHa 3 sIKHX BHpILIye CBOT JIOKaJbHi 3aBIaHHs. Bu-
KOpPHUCTaHHS TaKUX MOJIeNIeil Ha CyyacHOMY OOJaiHaHHI € Maii)ke MUTTEBUM
MpOTE CTBOPEHHSI 1 HABYAHHS TaKUX i€papxiil 3aiiMae 3Ha4UHWIA Yac, TaK sK
MOJIeJIel B JISIKUX CepeIOBHIIIAX MOHITOPHHTY MOKe OyTH 3HauHa KUJIbKICTb,
Bix 50 i 6inbuie. Takoxx npu BUXOAI i3 CTPOIO OJHIET Moiei B iepapxii mor-
piOHa 3amiHa He TLIBKM caMoi MOJelNi, ajie 1 BCiX MoJelneil 1o NnoB’si3aHi 3
HEIO.

B cygacanx MIC mMozeni CTBOPIOIOTECS 3a JIOTIOMOTOFO CIEIialTbHIX all-
roputMiB cuHTe3y Monenelr (ACM), m0 BUKOPHCTOBYIOTh MAaCHBH BXiTHHX
naanx (MB/I), oTpuMaHuX 3 JOMTOMOTOO CIIOCTEPEKEHB 32 00’ €KTaMHU MOHI-
TOPHHTY, Ta Ha BHXOJI BHUBOJAATH TOTOBY 10 BHKOPHCTaHHS Mozaenb. ACM
MOXYTb 0a3yBaTHCS Ha pi3HUX MeTOAaX, Hanpukiag Ha MI'Y A, Heiipomepe-
Kax, TeHETUYHUX aJITOPUTMax Ta IHIIUX, Ta HA X HaIAWTYyBaHHAX. [[ns BuU-
6opy Haiikpamoro ACM BHKOPHUCTOBYIOTBCSI TIOBHE MOCIIIZIOBHE BUIIPOOY-
BaHHS 3 MOJAJBIIOI0 OMIHKOIO SIKOCTI OTPUMAaHMX MOJENEH Ta OOpaHHSIM
HalKparioi Mozeri.

Od4eBHUIHO, IO BJIACTUBOCTI MACHBIB BXiTHUX JAHHUX PI3HUX 00’ €KTiB Oy-
IyTh Binpi3HsaTUCs. ToMy JUIsl CHHTE3y Mojenei 1t koskaoro MBJI morri-
npHO BuOupatn ACM iHnuBinyansHO [3]. Takum umHOM 3a0e3mevyyeThCs
aJlanTallis CHHTe3aTopa Mojelel 1o 3minu BractuBocteii MB/I. Ha croro-
nHi, B icHyrounx MIC cuHTe3 Mozesnell TpOBOIUTHCS IICHS MOCTIIOBHOTO
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BUTIPOOYBAaHHS TOMEpeaHb0 CKOHCTpyHoBaHUX ACM Ta BHOOpPY Kpamioro
AITOPUTMY CUHTE3Y MOJEIIEH.

byna cdopmynboBaHa rinoresa, o 3MEHIIECHHS 9acy CHHTE3y MOJENCH
MOXIIMBO JOCATHYTH 3@ PaXyHOK IIiIBUICHHS IIBUAKOCTI MPOLECY afamnTa-
il cuaTe3aTOpa Moeneil. IIpomoHyeThCs ananTarito Iporecy CHHTE3Y MOo-
JIeNieii IPOBOIHTH MIITXOM PO3B's3Ky 3anadi knacudikamii MB/I. [Ipu npomy
TOJIOBHUM 3aBJIaHHSM CTa€ 100y 10Ba BUPILIYIOUYOT0 NMpaBHia, 3a IKUM OyJie
BU3HAYaTUCh HaJleXKHICTh HOBOro MB/I 10 ostHOTO i3 Ki1aciB, IS SIKOTO BXKE
BU3HaueHul kpamuit ACM.

Takum ynHOM naHo MHOXHHY KiaciB MB/I Q, moTyHicTh siKOi BU3Ha-
Ya€eThCs KUTBKICTIO CKOHCTpyHoBaHuX ACM:

QI =v+1, M

ne v - Kigpkicte ACM y cuHTe3aTOpi Mozenei. +1 s BU3HaUYCHHS KIlacy
«He posmizHano xoanoro ACMy».

Brnactusocti MB/I BinoOpaxkeni MHOKUHOIO X. EneMeHTaMu MHOXHHU
X € BektopH X;€X, CTPYKTypa SIKHX MICTUTh XapaKTepHCTHKH KiacHupika-
miitaux o3nak MBJ] [3]:

Xi = {xilrxiZI“'lxim}: i= 11_n (2)

Jie M — KinbKicTh 03Hak MBJI, a n — kimpkicts MB/I, 1110 BHKOpHCTOBY-
BaJMCH I MO0y I0BH Kilacu(ikatopa, TOOTO MOTYKHICTh MHOKHHHU X.

ExcnepumenTanbsHO BU3HAUSHO It KoskHOTO 13 MBI kpammuit ACM, o
3a0e3neuye MoOyIOBY MO i3 3aJaHIMHU BIacTUBOCTAMHU. Lle mo3Bonmio
BU3HAYMTH IO SKOTO i3 KJIaCiB MHOXHHUA Q HAJICKHUTH KOXKEH 13 €JIEMEHTIB
MHOXXHHH X, TOOTO OTPUMATH PO3B’ 30K 3a1a4i

a: X —>0, (3)

€KCIEePUMEHTATBHUM [UISIXOM.

Heo0xifiHO OTpUMaTH aHANITHYHUIA BUpa3 BHpilrydoro mpasuia a (3),
SIKE JTO3BOJISIE 3a0€3MeUNTH MaKCUMAaJIbHY KIJIBKICTh TPAaBHIIBHO KJIACU(iKO-
BaHUX €JIEMEHTIB MHOKWHU X Ta 3a0e3meunTh e()eKTUBHY poOOTY CHHTE3a-
TOpa MOAEIeH.

CuHTe3aTop MoJelel IPOIIOHYETHCS OMUCYBATH Y (GOPMi CKIHUCHHOTO
aBTOMATA:

M = (V, Q! qu F, 6) (4)
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neV =1{0,1,---, k} — Bxiguuii andasir, k - kinekicte ACM Binomux cu-
cremi, Q-MHOXWHA CTaHIB aBTOMATy, (,- TIOYATKOBHU CTaH aBTOMAaTy, F-
MHOXKHHA KiHIIeBUX cTaHiB F C Q, §- pyHKLis nepexo/iB

§:Qx (Vu{e}) »Q )

Knacudixarop mozenei reHepye Ha BUXO/i CHTHAJ, M0 Hece iH(opMa-
IO MPO KJIac, 0 SIKOTO HaJexkuTh BXimHui MBJ, i BimnosigHo mpo ACM,
3a SIKUM HOTPIOHO CHHTe3yBaTh Mozenb. OTPUMYIOUM BXIIHUHA CHIHAN Bij
Kacudikaropa, aBTOMaT NepexouTh y CcTaH, o Bixnosizae ACM i3 Bigo-
Mux cucremi. Binnosigauit ACM otpumye Ha BXix MB/I, mo o0poGisiBes
KJIacu(ikaTopoMm, CHHTE3y€e MOZEJb Ta BUKOHYE CTaHAAPTHI Aii i3 BUIPOOY-
BaHHS Ta BUKOPUCTaHHS i€l MOAe.

Jnst miaTBEpHKEHHS 1€ TioTe3n Ta TeCTyBaHH 3allpOIIOHOBAHOTO aJl-
ropurMy OyB pOBEIECHUH eKciepuMeHT. B mporpamumii komrureke MIC, mo
o0y moBaHWH Ha Kadeapi IHTeNeKTyaTbHUX CHCTEM IPUHHSTTSA pimeHs Yep-
KachbKOTO HAIlOHAJIBHOTO YHiBepcHTeTy iMeHI bormana XMenpHHIBKOTO,
Oynu BHECEHI 3MiHH, BiAMOBITHO A0 (YHKIIOHATHHOI CXEMH, ITOJaHOI Ha
puc. 1. ITicns mporo nporpamuuit komrieke MIC npo#ioB TecTyBaHHS 115
NepeBipKM KOPEKTHOCTI IPOrpaMHoOi peanizallii 3agaHomy Ha puc. 1 anropu-
T™MY Kinacudikarii.

Jyis BunipoOyBaHHs e(peKTUBHOCTI BUKOPUCTAHHS KiacudikaTopa B CTpy-
kTypi MIC BUKOpHCTaHI pe3yJIbTaTh CIIOCTEPEIKEHD 32 3aXBOPIOBAHICTIO Ha-
cenenns Yepkacekoi obnacti Biipogosxk 2000 — 2016 poxkis.

Ta6auns 1. [TopiBHIHAS MOXUOOK MOJETIOBAHHS.

Moxnbka moaentoBaHHA %
3axBo- bes iepapxii 3 iepapxieto
POBAaHHSA CTaH- Kna- CTaH- Kna-
papt cuodikauin [apT cuodikauin
Juxanus 12,4 12,4 12,4 12,4
Kpogi 8,22 8,22 8,22 8,22
HlnyHky 111 111 13,6 13,6
ERJOKpHHRO] 37,1 38,4 13,6 38,4
CHUCTEMH
Hepgogoi ~ ci- 35 37,1 26 26
CTEMHU
Bponxit 26 26 10,2 10,2
Act™ma 16,8 16,1 10,2 10,2
Tactput 16,8 16,8 11,3 11,3
JiabGer 26,6 24,3 11,3 11,3
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| Amemia - ze- 27.3 27.3 26,6 27.3

¢imuTy 3amza

Anepris 180 215 30,5 22,6

TIHeBMOHisA 40,1 40,1 27,3 27.3

Cedocraresa 30,5 30,5 19,9 19,9
cucreMma

Tnowepynore- 36,8 40,1 7.79 7,78
¢pur

T'enerurami ano- 19,9 19,9 3,32 3,2
Malil

Y tabmumi 1 mogani pe3ynbTaTH TECTYBaHHS SIKOCTI MOJIENEH OTPUMaHUX
CTaHJAPTHUM METOJIOM Ta METOJOM, III0 BUKOPUCTOBYE KiacH(ikamlio Mo-
Jeneit. SIk MU MOXKEeMO MOOaYHUTH PI3HHUII MK METOJIaMH B SIKOCT1 MOJICIICH,
NPY IPUCKOPEHHI MOJIEIIIOBAHHS B CEpeHbOMY B 4 pa3u, MiHIMaJbHa.

TakuM YMHOM OTPUMAHO EKCIIEPUMEHTAJbHE IiTBEPKEHHSI HayKOBOI
rimoTes3u npo po3B’s3aHHs 3anadi kiacudikaiii MB/] no kinacy Halikpamoro
ACM.
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VJIK 378.04

NPUMEHEHHME HCKYCCTBEHHOI'O UHTEJIJIEKTA
COBMECTHO C OBJJAYHBIMHA TEXHOJIOTUAMU

E.A. BOPOJIMHA, C.I1. AJIEIIWMH
THonmasckuil nayuoHanbHbIll MexHuveckull yHusepcumem umeru FOpus
Kounopamrorxa, Yrkpauna

[Mpoextsl MU mpenocraBisioT miarhopmy 1Sl aHATUTHKH 1 MallIHHHOTO
oOydenust, a obnaunas UT-unppactpykrypa obecrieunBaeT HeOOXOIUMYIO
JUIsL pabOThl 3TUX AITOPUTMOB BBIYUCIHUTENBHYIO MOIIHOCTh. CoueTaHue
9THUX TEXHOJIOTHl CTIOCOOHO U3MEHHUTHh MHOXKECTBO cep Harei sxusnu [1].

Cama o6sauHasi OTpaciib MHBECTUPOBAJIa 3HAUUTENIbHBIC cpecTBa B I,
nanpumep: IBM ¢ nponykrom Watson, Microsoft ¢ KOTHUTHBHBIME CEpPBU-
camu u Google co ceonmu Cloud Vision u API-uaTepdeticom Ha ecTecTBeH-
HOM s13bIKe. B HacTosee Bpemst Microsoft mpenmaraer 6onee 20 KOTHUTHB-
HBIX YCIIYT Ha cBOeH oOmavHo# mratdopme, a Amazon eme B 2015 rony 3a-
ITYCTHJI CEPBHC, MO3BOJISIOMINI 100aBIATh aHATNTHIECKNE U MHTEIUIEKTya-
JIbHBIE BO3MOXXHOCTH B TIPHJIOXKCHHUS.

OO6mako 3aHMMAeT IEHTPAIILHOE MECTO B IPOJIOJDKAOIIEHCS SBOIOINH
NU. VX cBsA3b OTKPHIBACT BE 00aCTH: 00IaYHBIC CEPBUCHI HA Oa3e HCKYCCT-
BEHHOT'0 MHTEJUIEKTa U IIaT(OopMbl MAIIMHHOTO 00y4eHus B obnakax. [Tep-
Basi MO3BOJISIET IOJIL30BaThCsl NpenmMyniecTBaMu MM B npuioxeHusx, He
BKJIaJIbIBasl CPEACTB B UHPACTPYKTYPY — 1O CYLIECTBY, 9TO «HCKYCCTBEH-
HBIA MHTEJUIEKT Kak yciyray. IlocnenHue — 3To ceMaHTHYECKHE MAIlIHHBL,
KOTOpBIE yJ4aTCsi HA MacCHUBax JaHHBIX U MOT'YT aBTOMaTH4ECKH CTPOHUTH aHa-
JIUTHYECKHE Mojenu [2].

[NoTeHan UCKyCCTBEHHOTO MHTEIIEKTA, KOTOPBI MOMKET yYUTBhCS Ha
HECKOHYaeMOM KOJMYECTBE AaHHBIX M3 00JaKa, MPaKTHIECKH OECKOHEUeH.
[TporpammHOe oOecriedeHne paclo3HaBaHUS JIMII MOXET IIOMOYb YITy4dIINTh
cUcTeMy KOHTPOJISI 1 0€3011aCHOCTH, Pa3IMYHbIE IOKYMEHTBI MOTYT OBITH Tie-
peBeieHBl KOPPEKTHO U MIPABUIBHO 03 HEOOXOIUMOCTH BHECEHHUS! U3MEHE-
HUIl CO CTOPOHBI CHEIMAINCTOB, U Ja)ke MIPOCTOE aBTOMAaTU3UPOBAaHHOE 00-
CITy’)KMBaHHUE KIMEHTOB Oy/IET Ka3aThCs COBEPIIEHHO OTIIMYHBIM OT TOTO, YTO
Y Hac ceidvac ecTb.

[TocpencTBOM 00BEIMHEHNUS TEXHOJIOTHH HCKYCCTBEHHOTO HHTEIUIEKTA 1
00JaYHBIX TEXHOJIOTHI 00pabOTKM KOMITBIOTEPHBIX JaHHBIX MOKHO OymeT
MIPUTBOPUTH BCE 3T BO3MOKHOCTH B PEILHOCTb. MHOTOYHCIICHHBIE Cep-
BEpHI 110 BCEMY MUPY, HOAKIIOUYEHHBIE K 00Ja4HbIM 0a3aM JaHHbBIX, XPAHSIT
B ce0e 3HaYNTEeILHOE KOJINIECTBO BCEBO3MOXKHON HH(OpManny, KoTopast J10-
CTYIHA JUIS UCIIOJIb30BAHHS TEXHOJIOIMH UCKYCCTBEHHOTO MHTEIUIEKTa JUIs

209



pelIeHys TOCTaBIEHHBIX 3a1a4. Tak ke umeercsa Bo3MoxxkHocTh M nepenats
HOBYIO TIOJIYUYEHHYIO B X01e 00paboTku MHPOpMAINio B 007IaK0 AJIS Jaib-
Hemeil paboThI ¢ HeW APYTHM CHCTEMaM M TEXHOJIOTHSIM.

Hanpumep, Teneps ecTh BO3SMOXKHOCTDh OPTaHU3AINSAM «HCTIOIB3YOIINM
IBM Watson 1t 60ps0BI ¢ KHOPIIPECTYITHOCTEIOY, 00Y9aTh CYIIePKOMITHIO-
Tep Watson TeM WJIN WHBIM JIEHCTBHSAM, €CIIH OH CTOJIKHETCS ¢ KaKOH-THO0
HECaHKIMOHMPOBAHHOU BUPYCHOMU artakoi B ceru. Ilockonbky Watson moc-
TOSIHHO U3y4aeT M XPaHUT HEOOX0AUMYIo eMy MH(OPMALHIO, ero AeHCTBU
U QyHKIMOHAIbHBIE BO3MOKHOCTH CTaHOBSTCS Bee Oosee 3¢ heKTHBHBIMMU.

Ho B HacToOsiIIee BpeMsl BCe ellie CYIIECTBYET MpodiieMa, KOTopas 3aKJIto-
9aeTcsi B TOM, YTO 3TOT CYHNEPKOMIBIOTEP MO-IPEKHEMY COBEpIIAET OILIM-
OKH, KOTOPBIX HE JOIYCTHII OBl YSIIOBEK, HATPUMED, MPEIIoaraTh, 4To MPo-
rpaMMa-BbIMOTaTENb MOKET yKa3aTh CBOE MECTOPACIIONIOKEHUE». Takum 00-
pa3om, 1moka MH(GOPMAIMOHHBIE TEXHOJIIOTHH HE BRIHAYT Ha Ooiee HOBBIN U
BBICOKHH YPOBEHb, ITO-TIPEKHEMY OCTaHETCS HEOOXO0IMMOCTh YJacTHs Yelo-
BeKa B 3TuX mnporeccax [3].

CoueTaHne UCKYCCTBEHHOTO MHTEIUIEKTA, MAIIMHHOTO OOYUCHHUS U JaH-
HBIX, COXPaHEHHBIX C IOMOIIBIO OOJAYHBIX TEXHOJIOTHH, IPUBEIET K TOMY,
yro 1 U1, n nroiu cMOTYT aHalIM3upoBaTh U cOOUpaTh 0OJIbIIE IaHHBIX, YEM
KOT1a-Ti00 Mpexe.
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YK 519.876.5

MOJIEJTIOBAHHA CTPATEI'TH MOTHUBAIIII KOPUCTYBAYIB Y
JAEINEHTPAJII3OBAHUX MEPEKAX

K.M. Arnmenxo, O.I'. XXnanosa, M.O. Crepkady,

Hayionanvuuii mexuiunuil ynigepcumem Yxpainu « Kuigcokuii nonimex-

niynutl incmumym imeni leops Cikopcovroco», Ykpaina

VY cygacHOMY CBITi MU CTHKa€EMOCS 3 BEIMKOIO KITbKICTIO MEPEX Pi3HOTO
TUITY: COLIANBbHI MEpexi, Mepexi eIeKpoTporepeaad, Mepeki oCTadaHHs,
Ta iH. 3HaYHA iX KiITbKiCTh Ma€ OHH a00 AEKiIbKa HEHTPIB, 3 AKHUX ISl Mepeka
KEpY€EThCS 91 PETYIIOETHCS. AJle 3 PO3BUTKOM TEXHIYHOTO MPOTPECy 3’ ABIIS-
€ThCSI MOXKJIMBICTh YHUKHYTH y4acTi TPETHOI CTOPOHHU y B3a€MOIIi MiXk yda-
CHUKaMH MEpeXki — Tak 3 ABISIOTHCS IEICHTPAIi30BaHi MEepexi, 1e yci mpa-
BuJIa poOOTH Mepexi 3akiajeHi B ii CTPYKTypi Ta IpoToKoiax. BincyTHicTh
y TaKUX MEpEeXax peryJirorouoi CTOPOHH, SKa Mae KOHTPOJIb Haj yCi€lo Me-
pexero, Hece 3a co00t0 Jesiki pu3uKky. Koiu AisuIbHICTh KOPUCTYBadiB HIXTO
HE KOHTPOJTIOE, TX Xa0TUYHA IMOBEIIHKA MOXKE IeCTa0IIi3yBaTH YCIO MEPEXKY.
[HTEpecH KOPHUCTYBaUiB MOKYTh HE CITIBIIaJaTH 3 IHTEpECaMT caMoi Mepexi,
10 POOUTH TaKy MEPEIKY HEHKHUTTEIAATHOIO, 1 B TICPCIICKTUBI 1€ MOXKE MPU3-
BECTH JI0 TOTO, 110 OUIBIIICTH KOPUCTYBAYIB IPOCTO NMEPECTAHYTh HEIO KOPH-
cryBatucs. Tomy mocrae nmpobieMa y CTUMYJIOBaHHI KOPHCTYBadiB TaKUM
YMHOM, 11100 KOPHCHA JUIsl HUX MOBE/liHKa CTaBaJla 3all0pyKoI0 iCHyBaHHS Me-
pexi B itomy. HeoOXiHO sikoMora OiibIiie 30JIM3UTH IHTEpeCH KOPHCTYBa-
YiB Ta MEpEeXi, a TAKOXK 3MEHIINTH BIUIMB AECTPYKTHUBHOI MOBEIIHKH ydJac-
HUKIB MEPEKIi.

Mopaens mepe:ki. bBysemMo posrisiiaTi MOJiellb CUCTEMH, sIKa 0a3yeThes
Ha BUKOPHMCTaHHI MOHATH Teopii rpadis. B wiit Mmoaeni Bepunnau rpady Bia-
[TOBiIAI0Th KOPUCTYBauaM MEPEXKi, Tyr'H Bi0OpakatoTh B3a€MOBITHOIICHHS
MiX 1l KOpHCTYBauaMHM, a Haropoja, sika HaJXOJIUTh J0 MEPEeXi, MOIINPIO-
eTbes nyramu rpady. Kopuctysadi Mepexi po3aisisitoThes Ha 2 TUIH: a8mopu
Ta nionucHuxku. ABTOPH € yJaCHHKAMHU MEpEXi, sIKi BHPOOJAIOTH TICBHHUI
KOHTEHT, 1[0 MOKe OyTH HiKaBUi miamucHUKaM. [linmucHuKr MOXyTh (op-
MYBaTH 3B’3KH Y MEPEXi, HINMCYIOYHCh Ha aBTOPIB, SIKi IPOIYKYIOTh IiKa-
Buit iM MaTepian. Takox JesKi MiAMUCHUKE MOXYTb OyTH JDKeperaMy BUHA-
TOpoJiH, TOOTO Yepe3 HUX y Mepexy OyJie MoTparusiTH Haropoja, sIKy Heoo-
X1JTHO PO3IIOJIUTHTH BiIIIOBITHO J0 ICHYIOUHX 3B’SI3KIB.

Crparerist po3noJijly Haropoa y Mepexi mMae OyTH Takoro, 1o Oye
MPU3BOJIUTH JI0 OTPUMAHHSI yYaCHUKaMU MEPEeXi, 1110 HOBOJSITH cebe KopHC-
HUM JJIS1 MepeXi YMHOM, OUTBIIO YaCTKW BHHATOPOIM Yy MOPIBHSHHI 3 iH-
mmMH. JIOTIYHAM € TIPUITYIIEeHHS, 0 YUM OUTbIIe Y aBTOpa € IiANNCHUKIB,
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THM OiJIbIlle HATOPOAM BiH MOBHHEH OTPUMYBATH (BEJIHKA KUTBKICTh 3B'S3KIB
TOBOPHUTH PO TIOMYJBIPHICTH Ta OLTbIIHIA iHTEpeC 3 60Ky ayauTopii). 3amex-
HICTh NMOBMHHA OYTH JiHiIHOIO ab0 norapudMidHOIO0, 00 Ha MTOYATKOBHX
eTanax HeBEJIHKi IPUPOCTH KOPHUCTYBAUiB JaBalH OiNBIINIA MPHUPICT HATO-
pomu. A 9uM OiNBIN MOMYJIIPHUM CTa€ aBTOp, TUM IIPOCTillle oMy Hapoc-
TUTH HOBY ayAHUTOPIiIO, i BITHOCHO HEBEIHKI IPUPOCTH B)KE HE TIOBHUHHI Ja-
BaTH TAaKWil 3HAUHUH Pe3yJIbTaT, K paHime. [HIIe npumyneHHs 6a3yeTbes
Ha TOMY, II0 PaHHI 32 4acoM («cTapi») 3B'I3KM IIOBHHHI MaTu OuIbIIE 3HA-
yeHHs. Lle o3Hayae, 110 aBTOp NMPOAOBKYE 3ATMIIATHCS LIKAaBUM HPOTATOM
JoBroro yacy. Lle Oyne ctumysroBaT aBTOpiB 30€piraTy miIUCHUKIB, YTPH-
MYBaTH 1X MiTPHUMKOIO SIKOCTi CBOTO KOHTEHTY Ha HaJIEKHOMY PiBHI.
[TiAMUCHUKIB TOTPIOHO CTUMYJIFOBATH MIAMKUCYBATUCS HA OUIBII I[iIKaBUX
1 IEPCHIEKTHBHAX aBTOPIB. SIKIIIO0 BUMIPIOBATH IIeH MOKa3HUK TUTBKA KiJIbKi-
CTIO 3B's3KiB, TO Oy/e BUIiNIeHa sIKach MHOKHHA aBTOPIB, Ha Ky OyJe BHTi-
JTHO TATACYBATUCS BCIM, 1 3 4aCOM TaKHH MepeKic Oyae cTaBaTH OUIBII SB-
HHM, 1 yCsl Mepexa 30CepeuThCs HaBKOJO HHUX. L[pboMy MOXHA 3aBaguTHy,
BPaxOBYIOYi Yac MiAMUCOK TAKUM YHMHOM, MO0 paHHI IiIIUCKH JaBaiu Oi-
npaie Haropoau. Lle crioHykaTiMe MiANMCHUKIB HiATPUMYBATH THX aBTOPIB,
SIKi MOXKYTh CTaTH MOMYJISIpHI B MaiilOyTHhOMY. | HaBmaku, Tpeba qesskuM 4u-
HOM J]aBaTH MEHILE HArOpPOAW HOBUM MiINMHCAaHTAM HaWOUIbII MOMYJIAPHUAX
aptucTtiB. bo 1X MpUBAOIMBICTE € OYECBUIHOIO, 1 HOBI HOTO IMiJIHCHUKA HE
JTA0Th 0araTo HOBOI iH(popMalii mpo 1ikaBux aBTopis. Lle Oyae GinbIe cTH-
MYJIIOBATH MiIMUCHUKIB MITPUMYBATH NEPCIIEKTUBHUX, ajle MMOKH HENoMy-
nspHUX aBTOpiB. TOOTO AaBaTH OLIBITY HATOPOIY MEPIITHM ITiIITHCHUAKAM, K1
HiATPUMYBaJIM KOHKPETHOTO YCHIIIHOTO aBTOPA 10 TOTO, SIK BiH CTaB 3arab-
HOBITOMUM (MaJIOUHCENbHI (DaHW HOBUX aBTOPIB B IMOJANBIIOMY HMOBHHHI
MaTy IIepeBary py OTPUMAaHHI BAHArOPOAM — BITHOCHA ii KiJIbKiCTh HOBUHHA
301TBITYBATHCE 13 3pOCTaHHSIM IOMYJIPHOCTI aBTOpa). YnM Oibiie 3B'S3KiB
(hopMye TIAMUCHAUK, TUM MEHII 3HAYYIIUMHU BOHU NOBHHHI OyTH. [ToTpiOHO
CTUMYJIIOBATH HIAMMCHUKIB (DOKYCYBATHCS HA HAWOIIBIN 1IKaBUX aBTOPAX, a
HE MPOCTO MiANUCYBATHCS HA SIKOMOTa OUIbINY 1X KUIbKICTh. Taka noBeniHka
Ma€ MPU3BOAUTH J0 3MEHILEHHS OTPUMYBaHOI Haropoau. s 101aTKOBOTO
rapaHTyBaHHS BiJICYTHOCTI IiAMUCHUKIB 3 HAJBEIMKOK KITBKICTIO 3B s3KiB
MO>KHA MTPOCTO OOMEKUTH KiJTbKiCTh MOKIIUBUX 3B'S3KiB, JOCTYIHUX TTiIMH-
cHUKY. Takok MOKHa 301JIbIITYBATH IIEH JTIMIT 3 4acoM, 1100 CIIMCOK ITiKaBHX
aBTOPIB MIir OyTH PO3IIMPEHUH TUIBKH B MalOYTHBOMY, a HE OJpa3y Micis
NpUETHAHHS 10 Mepexi. HasBHICTD €TMHOTO 3B'3KY [UIS MiANMCHUKA TaKOXK
HE € JIy’Ke KOPUCHOI0, TOMY III0 BOHA HE CTBOPIOE HOBHX IIISAXIB MIXK IHITAMU
By3JlaMH, TOOTO He Jla€ HOBY iH(opMarito npo O1m3bKicTh By3iiB. ToMmy mo-
TPiOHO HAKJIAATH TAKOX 1 0OOMEXEHHS Ha MiHIMaJIbHY KiJIbKICTh 3B'SI3KIB.
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Bunu mepe:k, siki BUKopucTaHi 1151 MoJeJI0BaHHs cTpareriii. Haii-
OUTBIII IPOCTHM Ta 3PO3YMIINM BapiaHTOM MOOYIOBH MEPEXi € BUIAIKOBUHA
BHOip 3B’s3kiB. Taka Momenb sunadkosozo epaghy Mae Ha3By Mozaenb Ep-
noca-Peni. PeanbHi Mepexi MaloTh JesKi CITITbHI XapaKTepuCTHKH. Pobotn
[1, 2] naroTh orysn LUX BIACTHBOCTEM.

Llepeeonodioni mepedxci. KimpkicTh pebep pocte JiHIHHO Bif KiNBKOCTI
BY3JIB.

Mepeosici 3 0ominyi04010 KOMROHEHMOI0 - Mepexka Moxe OyTH po3ziieHa
Ha JIeKUIbKa KOMIIOHEHT, ajle OJiHa 3 HUX MPEJCTaBIsie OLIbIIY YaCTUHY Me-
pexi.

Besmacwumabni mepeaci (scale-free network) — Takuii TUI Mepex, y SKUX
PO3MOJII CTENEHIB BEPIINH aCUMIITOTUYHO MiAKOPSETHCS CTYIIEHEBOMY 3a-
KOHY.

Mepeoica «michuti ceimy. IlpocTuii BUaaKoBuUi rpad XapaKTeprU3yeThCs
KOPOTKHMH BiICTAaHSIMH MiXK BY3JIaMH, aJIe Ma€ MaJIHi KOSQIIieHT KIlacTepH-
3amii. AHaNi3 peaJbHUX MEpeX MOKa3ye, 0 BOHH MAOTh 3HAYHO O1TBIINH
KoeiIieHT K1acTepu3allii Ta MEHII BiAcTaHI MiXK By3namu. s cTBOpeHHS
MEpeX 3 TAKMMH BJIACTUBOCTSMH icHye Mozaenb Borrca-Crporana. Taki me-
PEXi MaroTh Ha3BY «TICHHUI CBIT», 00 y HUX BIICTaHI MiX By3JIaMH € HEBEJIH-
KAMH y TOPIiBHSIHHI 13 pO3MipOM Mepexi.

Mepeoici nepesasicnozo npueonanns. barato Mepex pealbHOTO CBITY Xa-
PAKTEPU3YIOTHCS THM, IO € HEBEIHMKA KUIBKICTh BY3iB, SKi MAlOTh HaJBeE-
JIMKY KUIBKICTB 3B’A3KIB MOPIBHSAHO 3 iHIIUMH. TOOTO iCHYIOTH IIEBHI XaOu
(weHTpH TpyII), SIKi KOHIICHTPYIOTh HABKOJIO ceOe 0arato iHIIMX YYacCHHKIB.
Juis BiATBOpEHHS TaKoi BIACTHBOCTI icHYe Mojeib bapabamm-Ans0epT.

Po3podxka crparerii po3noainy. B sikocti 6a30B0i cTpaterii Oyia B3sTa
Ta, mo po3mranaeTrbes y [3]. Tobro Haroposa po3MOMUIAETHCS XBHIISIMH.
Konn Haropoza noTparisie y IeBHy BEpIINHY, YaCTHHA i HallaeThCs il Be-
PIIFHI, a 3IHIIOK PIBHOMIPHO PO3IOAUTIETHCS MiXK 11 CyCilaMu 3a BHKITIO-
YEHHSIM THX, 110 BXXE IPUHMaIF Y4acTh Y PO3IOBCIO/DKEHHI 1i€] YaCTKU Ha
MOTIepeIHIX XBUIISIX, 1 MPOLIEypa MOBTOPIOETHCS Jali.

Crparerist po3moiny, 3anponoHoBana B [3], po3imiupeHa HACTYITHIM YH-
HoM. [lo-nepiue, Haropo/a He PO3MOALISETHCS PIBHOMIPHO MK CYCilamH.
3amicTh HOTO BBEIEHI BaroBi KOeQilli€HTH, MPOMOPIIHHO JI0 SKUX OyIe po-
3MOUIATHCS 3JIMIIIOK HATOPOJIH, 110 BUXOAUTSH 13 BepmuHU. 11i Barosi koe-
¢ilieHTH 1 MalOTh 3aJeXaTH BiJl XapaKTEPUCTHK BEPIUIMH 1 JUI1 KOKHOTO 3
THUIIIB BEPIIMHM TNPOLEAYypa PO3paxyHKYy Koe(illieHTiB MOBHHHA MPOBOAH-
THCH OKpeMo. [I1s1 BpaxyBaHHS 4acy y BaroBi koedilieHTH it 000X THIIB
KOPHUCTYBaYiB BKJIIOYEHO MHOXKHUK, 1[0 3aJI€KHUTh Bil 0a6HOCMI CTBOPEHHS
3B’SI3Ky, 110 SIKOMY Haropoja IMOTpAaIUIsi€ Y HAcTYMHY BEpUIMHY (KUIBKICTH
Yyacy MK MOTOYHHM MOMEHTOM Ta MOMEHTOM YTBOPEHHS 3B’SI3KY). Takox

213



I0JJaHO MHOYKHHK, IO 3aJIEKHUTH BiJ KIJIBKOCTI 3B’ SI3KIB. 3arajJbHUH BUTIISA
koediuienty Bepmmnu npu posnoxini sunaropox: r(k,t) =r,(k)-r,(t), e

K —ximpkicTs 38’ s13KiB y Bepmmni, t — maBHicTS 38’43KY, TI0 IKOMy Haroposa
HOTPAIULIE Y BEPLINHY.

Jis gacy 3B’SI3KiB IPOMIOHYETHCS MHOKHUK Y BHTIIAIL JToTapudMy IaB-
HOCTI, 00 HEe CTBOPIOBATH 3aHAJTO BEIHMKUI ITucOaIaHC y CTOPOHY CTapHXx

3p’s3kiB: I, (t) = In(t) . dns aBropis KinbKicTh 38’3KiB HE MOTPIOHO SKOCH

oOMexxyBatd, 00 YiM OiJTbIIe 3B’ S3KiB, THM OLUIBIIIOIO € TIOMYJISIPHICTD, 1 THM
OinmpIre Haropoau OyJ0 O JOTIYHO BiIaBaTH caMe TaKUM aBTOpaM. Tomy y
KoeimieHT 11 aBTOPIB HEOOXiTHO BKIFOUUTH MHOKHUK, TIPOIIOPIIIHIH 110

kinbkocri 38’s3kiB: I} (K) = BK , ne B — nesikuii aificauit koedinient mpo-
MOPIIHHOCTI.

Jis i ECHUKIB BBeIeHO Koe(illieHT, SIKMii HaJae ImepeBary IoMipHOMY
3HAYCHHIO KUTHKOCTI 3B’S3KIB Ta MTpadyBaB 3aHAITO MAIY YU BEIUKY KiJlb-
KicTh 3B’s3KiB. TakuM BUMOTaM BiAOBimae Taka ¢popMysa 00OpaxyHKy Koe-

D [k
. ) k N C e
(hiIlieHTIB MAMHCHUKIB: rl(k) = (— e (Cj ,ae C, D — mesxki aiiicHi Koe-
C

¢imierTn.

ExcnepumenTu s nepeBipku rinore3. byno mposeneHo monento-
BaHHS A1 TpadiB pi3HUX TUIIIB Ta BU3HAYCHA |) 3aJIeXKHICTh KUTBKOCTI OTPHU-
MaHOi BUHATOPOIH BiJl KUTBKOCTI 3B’SI3KiB aBTOPIB Ta I IUCHUKIB; 2) 3aJe-
JKHICTH KUTBKOCTI BHHArOpPOJM BiJl TaBHOCTI iCHYBaHHS 3B’SI3KiB aBTOPIB Ta
i AMUCHHUKIB.

JlirepaTypa

1.Guillaume J. Bipartite graphs as models of complex networks / J.
Guillaume, M. Latapy. // CAAN. — 2004. — C. 215-221.

2.Newman M. Random graphs with arbitrary degree distributions and
their applications / M. Newman, S. Strogatz, D. Watts. // Phys. Rev. E. —
2001. — Ne64.

3.Anumenko K.M., XKXnanosa E.I'., Cxopuk B.A., Cnepkaa M.O. Hccne-
JOBaHHEC BO3MOKHOCTEH 3HOyH0’I‘p66J’IGHI/II71 B JACHCHTPAJIM30BAHHBIX CETAX C
pacnpenenenuem Harpanasl // INNOVATIVE SOLUTIONS IN MODERN
SCIENCE. —2019. — Ne2. — ¢. 46-62.

214
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BUKOPUCTAHHA THOOPMAIIMHUX TEXHOJIOTTA ITPU
BUBYEHHI ®A30BUX IEPETBOPEHD B
TEPMOJANHAMIYHUX CUCTEMAX PI3HOI ITPUPOIN

C.0O. 3aika, A.T. JloOypetb
Tlonmagcokuti HayioHanbHull MexHiYHUuL yHieepcumem

imeni FOpiss Konopamioxa, Yrpaina

HIBuaKMIA picT BEIWYE3HOrO 00’€My HAYKOBHMX 3HaHb, IO HAKOIUYY-
€TBCS B €JICKTPOHHIHN (POPMi, CYIIPOBOIKYETHCS CKIIAIHOIIAMH B AOCTYIII KO-
pucrysauiB. L{e noB’s13an0 3 pizHOpiAHiCTIO THIIIB iH(OpMalii, 00poOKoro Ta
IHTEPIPETAIE€I0 CKCIEPUMEHTAILHUX pe3yibTariB. ToMy iCHye HE0oOXina-
HICTh CTBOPEHHS CIICIialIbHAUX iH(OpMaIiifHuX pecypcis. Hac mikaBuTh mpo-
BEACHHS JIOCHIIKCHb TETIO()I3NYHUX BIACTUBOCTEH TEPMOANHAMIYHNX CH-
CTeM, IO € BaXIUBOIO (yHIAMEHTAIBHOI MPoOIeMOr0 cydyacHUX (i3HKH i
ximii. BupinieHHs Takux 3a7ad cTa€ MOKJIMBUM JIUIIE 332 HAsSBHOCTI Hamil-
HHUX GKCIIEPUMCEHTAJIbHUX NaHuX. lle nae MOXIHMBICTH 3AiHCHIOBATH MOOY-
JIOBY TaKHX MOJEJEH, SKi T03BOJISIOTH aI€KBATHO ONUCYBATH ITOBEIHKY CH-
CTeM B IIMPOKOMY iHTepBalli mapameTpiB crany. Ll oOcraBuHa MOpoKye
npo0IieMy JOCTOBIPHOCTI Ta Y3ro/IXKEHOCTI pe3yJIbTaTiB, 0 CTOCYIOTHCS O/1-
HAKOBUX CHCTEM a0o0 I[INX KJIACiB CHCTEM, OJICpIKaHUX PI3HHMMHU aBTOPaMHU.
YacTo Taki JaHl HOCATh IOCUTh OOMEXEHHi Xapakrep abo ) BOHHM BiJIHO-
CATBCSL IO PI3HMX Jiana3oHiB TEPMOAMHAMIYHUX mMapamerpiB. ToMy icHye
po6ieMa po3BUTKY METOIVK 3iHCHEHHS JOCTOBIPHOT OLIHKH Ha OCHOBI 00-
MEXXEHOT0 00’€My eKcIiepuMeHTadbHO1 iHpopmarii. [Ipn peamizarmii Takmx
3a7a4 cTa€ HeoOXiJHUM BUKOHAHHS €KCHEPTHOI OI[IHKM ICHYIOUOTO MacHBY
eKCTIEPUMEHTAILHIX PE3yJIbTaTIB 3 100pe OOIPyHTOBAaHMM BHOOPOM pEKO-
MEH/IOBaHHX 3HAYCHP i OIIHKH MOTPIITHOCTEH, OMPAIFOBAHHS Pi3HOPITHUX
JIaHUX 3 BUKOPHCTaHHAM Mozenel. TyT BUHHKae moTpeda BUKOPUCTAHHS Ta-
KuX 1HGOpMAIiHHO-aHANITHYHUX CUCTEM, SIKI 3JaTHI HAJAaTH MOXKIIHMBICTbH
OTIEPaTHBHO i 3 IOCTAaTHHOIO TOYHICTIO O/ICPKYBATH JaHi P JOBUTBHUX 3HA-
YEeHHSAX TEMIIepaTyp, THCKIB 1 CKIaIiB.

BaxxnmBoro mpo01eMor0 IPUPOAHUYNX 1 TEXHIYHMX HAYK 3aJIUIIAETHCS
CTBOPEHHS (PI3UYHO TOYHOI MOJIEINI CHCTEMH «pPiIHA — Ta3y», sika 0JTHAKOBO
noOpe mpaifoBaiga 6 y BCbOMY TeMIiepaTypHOMY Jliana3oHi iCHyBaHHS Tapo-
piAMHHOT piBHOBAry iHIMBIyalbHUX PEUYOBUH UM iX cyMimei. Metonu tep-
MOJIMHaMiKH HeE JI03BOJISAIOTH BUPIIIUTH 110 IpoOIieMy 6e3 BUKOPHCTaHHS pe-
3yJBTATiB BIAMOBIIHAX €KCIIEPUMEHTAIBHUX JOCTIKEHb TEPMOINHAMIYHIX
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BJIACTHBOCTEH pealbHUX PedyoBUH. J[0 IIbOTO Yacy 3aJIMIIAIOTHECS HE BUBYE-
HUMH KPUTHYIHI XapaKTEePUCTUKH MepEeBaKHOI OLTBIIIOCTI METAaliB, 32 BHHSAT-
KOM JIy’)KHUX 1 pTyTi. 3HaUe€HHS KPUTHIHHAX XapaKTEPUCTUK METAIIIB PI3HUMHI
aBTOpaMHu OyJI0 Oep>KaHO JIUIIIE TSCOPETUYHO Ha OCHOBI i7eaTi30BaHUX MO-
JeNBHUX yaBIIeHb. L5 iHpopMarlis yacTo € JHie OiHOYHOIO, aJKe Pe3yb-
TaTH 3aJie)KaTh BiJ BHOOpY aBTOpamMu Mojeiel Ta rimore3. MokHa cTBep-
JUKYBaTH, 110 TTOBHOT BiJITIOBi/i HA MMUTAHHS PO NMPUPOLY KPUTUUHUX SIBHILL
BCe IIie HeMae. ICHyIoTh He3alnepeyuHi eKCliepUMEHTaIbHI (haKkTH, sIKi OraHo
BIHCYIOTECS y CydacHy Teopiro. OkpiM QyHIaMeHTanpHOTo iHTepecy A0 Ha-
YKOBUX 3HaHb, 110 TIPUBOISATH A0 PO3YMIiHHS MEXaHi3MiB BUHUKHEHHS SIBUILL,
XapaKTepHUX JUIsl METaJIeBUX PiIKuX (a3, He MEHII BaXXJIMBUM € Oe3rocepe-
JIHE TIPAKTHYHE 3HAUYEHHS LIMX 3HaHb. SIK BUIUIMBAE 31 CKa3aHOTo, Ha 3aBaji
BUpIMICHHS c()OPMYITHOBAHUX BHUIIE TPOOIEM CTOITh B TOMY YHCHTI i iHpOP-
MaIliifHu# Tooa. Xo4ya OCTaHHIM 9acoM Y CBITI pO3pOOISIOTHCS i BHKOPHC-
TOBYIOTBCS CICIiajli30BaHi KOMEPIiiHI IMakeTH Mporpam, 1o I03BOJITIOTH
OTpUMYBaTH iHPOPMALIiO PO TETIO(I3UIHI BIACTUBOCTI IESKUX KIACIB pe-
YOBUH 1 MaTepiais, aje, K BiqMidaoTh aBTopu [1], 10CBi IXHROTO BUKOPH-
CTaHHS CBIMYHUTPH MPO HASABHICTH ICTOTHHX HEHONiKiB. BoHN He maroTh moc-
TYIy 10 TaOJHLb MEPBUHHUX EKCIEPUMEHTAILHUX NaHUX, HE J03BOJIAIOTh
BUOUpATH MOJIEINI ISl IXHBOT 0OpOOKH, 2 BAKOPUCTaH1 MOJIEIIi YacTo € HeJ0-
CTaTHBO (izmuanO 006TpyHTOBaHMMH [1]. He 3Bakaroum Ha momepesHi 3ayBa-
JKCHHSI, HEMa€ CYMHIBIB Y TOMY, 1110 1HTerpaiis iHpOpMaliifHUX pecypciB y
enuHe iH(popMaliiiHe cepeIOBHUILE Ta OpraHiallis J0CTYIy 10 00YHCIIIOBa-
JBHUX PECYPCIB € OJHUM i3 HaWBaXIIMBILIMX HANPSMIB PO3BUTKY Cy4aCHHX
iH(pOpMaiHHUX TeXHOIOTiH. BaxxinuBoro nmpobiremoro € 00MiH iHpopMaIiero
MiX PO3pOOHHKAMH 1 CIOXKMBaYaMH HayKoBoi iHpopmanii. TpagumiiiHa cuc-
TeMa IyOIiKaIii pe3yabTaTiB HAyKOBUX HAIIPALIOBAaHb (CTATTi, MOHOTpadii,
JIOBITHUKH) He 3a0€3MeuyroTh BUCOKI TEMITH PO3BUTKY BHCOKOTEXHOJIOTIU-
HUX Tany3eit [1]. 3 Meroro BupileHHs pobiieMu pO3pOOIISIOTHECS Ta BUKO-
PHCTOBYIOThCS clienianbHI iH(popMmaniiiHi cucremu. BBaxkaeTncest, o Hai0i-
JIBLIOTO MPOTpecy B MUTaHHIX 1H(OpMaLiitHOro 00MiHY TOCATHYTO B SMOHIT
ta CILA [2, 3]. B pi3uux kpaiHax 3/1iiCHIOIOTHCS KPOKH B HANPsSMi MiXHa-
poxHoi iHTerparii iHpopmariiiHux pecypcis [4]. Ha sxainsp, sik mpaBuito, Bei
mi 0a3W JaHWX JOKANi3YIOThCS B J1aOOPaTOpisiX YM HAYKOBUX IEHTPAX i €
HEIOCTYITHUMH ISl 30BHIIIHIX KOPHCTYBa4iB. TakuM KOpHCTyBadaM JI0BO-
JIUTBCSI CAMOCTIHHO CTBOPIOBATH 111/l CBOT KOHKPETHI 3a/1aui BiMOBIAHI 0a3u
JIaHux. B emoxy komepiiianizamii HayKoBOI iH(popMarii Takui Miaxiax mae
CBOI He/lOJIiKY 1 mepeBaru. B nepury yepry, Lie BeslMKa 3aTpara 4acy Ha CTBO-
peHHst 0a3u Ta HEIOCTYIHICTh 0araTboxX pecypciB. 3 iHIIOTO OOKy, Iie 30-
00B’s13y€ 10 qyKe cepiio3H0T pobOTH 3 HAYKOBOIO JIiTepaTypolo (ii eTanbHe
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BHUBYCHHS | KPUTUYHE OCMHUCIICHHS Iepes 3aHeCeHHAM 10 6a3u maHux). Ta-
KUM 9UHOM, KOPUCTYBa4 3MYIICHHH caM IPOBOJHUTH €KCIIEPTU3Y ITyOITiKaIliit
Ha BIIACHHUHU PO3CY i OYEBHUIIHO, 110 Pe3ybTaT Oy/e 3aJeKaTH BiJ HOTO KBa-
migikarii. [Ipu oMy BiH He Oyze B cBOiif poOOTi CKOBaHUM HisIKUMH IIa0-
moHamu. Jlami MOXKHa CKOPHCTATHCS HaBYAJHHUM ITOCIOHWKOM s 30epi-
rauns ganux ETL [4].
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MO/JIEJIFOBAHHSI ITIPOLIECY BIABIJIYBAHHSI
KOHCYJbTALINA CTYJAEHTOM, IPAIIIOIOYUM HAJ{
KYPCOBUM IIPOEKTOM 3 BUKOPUCTAHHSIM XMAPHIX
TEXHOJIOI'TA

A. 1. AaTonrok, O. A. Arroniok, B. B. Pycinos
Hayionanonuti mexuiunuil ynisepcumem Yxpainu

«Kuiscoxutl nonimexuiunuti incmumymy, Yxpaina

CTy/leHTChbKE JKUTTS Jy)X€ HACUYCHE: HaBUYaHHS, CYCIIJIbHE >KHUTTS,
cropT, 3ycTpiui 3 Apy3smu. [locriitanii nedinut 4acy B 1poMmy Kodii. [lpu
IbOMY € 3aHATTS, YaC BUKOHAHHS SKUX CTYJCHT MOXE IUIaHYBaTH, HaNpH-
KJaJ1, KypcoBuil mpoekT. Lle camocriiiHa poboTa cTyaeHTa, Py BUKOHAHHI
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SKO1 CTYICHT MEPiONYIHO BifBiTye KOHCYIbTalil BUKIanaya. KoHcymprarmii
noTpiOHi 1 TOTO, MO0 BUKIIagay OI[iHUB OOCST Ta SIKICTh BUKOHAHOI CTye-
HTOM pOoOOTH. 3a MiJCyMKaMH OLIiHKH CTYJICHTOBI HapaXOBYIOTHCS PEHTHH-
roBi 6amu. TpuBaicTs poOOTH CTYACHTa HaJ MPOESKTOM 3BUYAalHO 3 Micsi,
a TPUBAJIICTH OJHi€T KOHCYJIBTAIll MOKE TPUBATHU KiIbKA TOAWH (HAIIPUKIA],
| ronuHa — MOi3aKa B IHCTUTYT, 1 TOAMHA — BIIaCHE KOHCYJBTAIis i 1 ro-
JIMHA — TIOBEPHEHHSA J0A0MY). [Ipu 1IboMy TpHBaNICTh MPOBEJIECHHS KOHCY-
JbTalii HOCUTh BHIAJIKOBHH XapakTep 1 MOXKe 3MIHIOBATHCS 3 HE3aJICKHUX
BiZl cTyAeHTa nmpuuuH. Hanpukmnaa, MOXXyTh BUHUKHYTH TPaHCIIOPTHI IIpoO-
6neMu («KOpKM» Ha goporax abo aBapii TpPaHCIIOPTHUX 3ac00iB), a00 BUKIIA-
Jlad 3alHATHIA 1HIIOK POO0TOI0, a00 KOHCYJBTYE IHIIOTO CTYACHTa. B pe-
3yJIbTaTi Hall CTYAEHT 3MYILICHWI 4YeKaTh CBO€i uepru. SIKIo cTyaeHT
MPUIHAB MPABWIBHI PIMICHHS, TO KOHCYJIBTALlISI MOXKE CKOPOTHUTHCS JI0 KiJIb-
KOX XBIJIMH. SIKIIO CTYZEHT YIIEBHEHUH B TPABWIILHOCTI IPUHHATHX PIllICHb,
BiH MO)KE€ IPOITyCTHTH Y€PrOBY KOHCYJIBTALI0, OCKIIBKH, 3 1OT0 TOUKH 30Dy,
OUIKyBaHHSA B Yep3i Ta BiABITyBaHHS KOHCYJBTAIlii CYIIPOBOIKYIOTHCS BTpa-
TaMH 4acy. Y CydYaCHHX yYMOBax 3arajbHOI TiloJWHaMii BTpadeHWil vac
Kpallle IPUCBATHTH 3aHATTSAM CIIOPTOM.

3 iHI0ro OOKY, B IpoLieci poOOTH HaJI IIPOSKTOM MOXKYTh BUHUKHYTH BH-
NaJKOBi aBapiiHi cutyarii. Hanpuknan, 3 TeXHIYHUX IPUYMH BUHILOB 3 JIay
KOMIT'TOTEp, Ha IKOMY BUKOHY€ETHCS TIPOEKT, 200 KOMIT'TOTEp HOCTPaX1aB Bil
«BIPYCHOT aTakmy», a00 «IOACHKUI YUHHHUKY - CTYJICHT BHUIIAJIKOBO BHAJIIB
(aiin 3 mpoekroM. B 1bOMy BUNIaJIKy pOOOTY JOBOAUTHCS PO3IIOYUHATH 3 MO-
gaTKy a00 3 MOMEHTY OCTaHHBOT KOHCYIbTallii, TOOTO HAacTa€e Mmepiof BiIHO-
BJICHHS IIPOEKTY, a IIe TeX BTPayeHHUH Jac.

Omnucana Buile cxema y400BOT0 Ipoliecy 1Mo 1i0Ha 10 OJJHOTO 3 OCHOBHHUX
crioco0iB 3a0e3medeHHs 30epexeHHs iHpopMallii - MeToTy KOHTPOJIBHHX TO-
4ok ab0 pe3epBHOMY KOMifOBaHHIO JaHUX [1-2]. Buxomsuu 3 mporo yTod-
HUMO 3anavy. KoHcynbramii - 11e CTBOPEHHSI KOHTPOJIBHUX TOYOK B POOOTI
HaJl IPOEKTOM, a BIJIHOBJICHHS IIPOEKTY MICJIsl aBapiiiHOT CUTYaIliT - 1ie BiJIHO-
BJICHHs 1H(OpMAIIi 3pyHHOBAHOT YaCTHHHU MPOEKTY. Pe3epBHE KOMIIOBAHHS
iHpopMaii mpoexTy Moxe 3ailcHIoBaTHCs Ha 30BHIiHI HM/] abo Moxe Bu-
KOPHUCTOBYBATH «XMapHi» TexHouoril. CTyAeHT caM BHpilye, KOJIH BiABiTy-
BaTH KOHCYJIbTaIlii, 3 HOTO TOYKH 30Dy, MePio]] BiABIAyBaHHS KOHCYIbTAIliil
€ €JIEMEHTOM YIpPaBIiHHA. Y BKa3aHUX YMOBAX Iepell CTY/ICHTOM [IOCTaE 3a-
Jlada - SK 94acTO XOJUTH Ha KOHCYJbTAIlil, 00 BTpaTH Yacy OyJIU MiHIMaJb-
HHMMH, a piBEHb TOTOBHOCTI ITPOEKTY OYB 10CTaTHHO BUCOKHH.

3aja4a po BU3HAYECHHS ONTHMAIILHOTO TIEpio/1y 3aram'ssTOBYBaHHS B CH-
CTeMax 3 BHIIaIKOBUMH BiIMOBaMH JJBOX THIIIB (PYIHIBHUX Ta HEPYHHIBHUX
moxao iHdopmarii) posrisganacs B [3], e aBTOPOM BCTaHOBIICHA 3aJICkK-
HICTb, 110 BU3HAYAE ONITUMAJILHUH Mepio]] 3amam'sTOBYBaHHSI U sk byHKITITO
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b

Bizl inTencHBHOCTEH @ - pyitHiBHMX BinMoB Ta P - HepyiiHiBHEX BiqMOB, ce-

. .. t . . . t o .
pEeIHBOT TPUBAJIOCTI BiTHOBJIECHHA °- pyWHIBHHX BiIMOB Ta ¢ - HEpyHHiB-

. o t (a o .
HUX BiJIMOB, TPHBAJIOCT] BiJTHOBJIEHHS (@) HepyHHIBHUX BIJIMOB, 1110 Ha-
CTaJIi Ha IHTEpBaJi BiTHOBICHHS MICJISI pyWHIBHUX BIIMOB, 1 BiJl cepeqHbOT

TPHUBAJIOCT] 3aIaM'ATOBYBaHHS fy . [locranoBka 3anadi, mpuitasTa B [3], Bia-
TIOBi/la€ IIPOIIECY CTBOPEHHS KOHTPOJBHUX TOYOK ITPH BHKOHAHHI OKPEMOT0
TIPOEKTY i MOXke OyTH BUKOPUCTAHA ISl MOJICIOBAHHS IIpoLiecy poOoTH Haf
KyPCOBHM IPOEKTOM.

B po6orti [4] Takok CTaBUTHCS 3a7a4a BCTAHOBUTH 3AJIC)KHICTD BETMYMHU
nepio/ly BiABiJyBaHHS KOHCYJIbTALIH BiJ] TapaMeTpiB y400BOTO MpoLecy Ipu
PO3po0Ili KypCOBOTO MPOEKTy. Y Iiifi poOOTi rojIOBHA yBara MPUIIAETHCS
PYHHIBHUM BiJJMOBaM, a IHTCHCHUBHICTh HEpYHHIBHUX BiJ]MOB JIOPIBHIOETHCS
HYJIIO 1 BCTaHOBIIETHCS 3aJIKHICTh ONTUMAJBHOTO MEPIiOJy 3armam'sToBy-

BauHs U, KinbkocTi pesepBrux Komiii " Ta mokomink komiit K , K1 OTPiOHI

UL 3a0e3NCUeHHAS Q . 3a[1aHOTO PiBHS HMOBiIpHOCTI 0€3BiMMOBHOI poOOTH
HaJ poekToM. B po0oTi [4] mepenbaydaeThes, 0 CTYyACHT 30epirae BCIO iH-
(bopmariro Ha CBOEMY KOMIT FOTEPI 1 CAMOCTIHHO OMIKY€ETHCSI CTBOPEHHSIM pe-
3epBHUX KOMiil CBOET iH(OpMAIIii, TOOTO TOIOBHOIO 3a/1a4et0 € 30epekeHHS
HasBHOI iHpOpMaIIii.

B Hamr yac CTyJeHTH MIMPOKO BHKOPHCTOBYIOTh «XMapHi» TEXHOJOTI -
BOHH PO3MIIILYIOTh CBOIO 1HPOPMALiIO NI00 KYPCOBOTO MPOEKTY HE HA CBO-
€My KOMIT FOTepi, a Ha cepBepi ocTayaabHUKA «XMAapHUX» MOCIYT. B IboMy
BUIIJKY ITPOLIECOM CTBOPEHHS PE3ePBHUX KOIIil OMIKYETHCS TTOCTA4YaIbHUK
«XMapHUX» MOCIYT, & CTYJIEHT 3BIIBbHAETHCS BiJ i€l podoTu. TobTo iHdOp-
Mallist 30epiraeTbesi B OJJHOMY HaJliiiHOMY Miclli, HMOBIpHICTh BTpaTH iH}op-
Mallii Maike JIOPIBHIOE HYJIS 1 CTYACHT HE 3aJIe)KUTh BiJ HaJiHHOCTI poOOTH
CBOI'O KOMIT'IOTepa, 00 MOKE MpalloBaTH HaJ NPOEKTOM 3 OyIb-sSKOTro
KoMIT'FoTepa. B 1mx yMoBax roioBHOIO 3aJja4yelo CTa€ IIaHyBaHHs 4acy po-
00TH HaJl MPOEKTOM 3 BpaXyBaHHIM JIMIIC HEPYHHIBHUX BiIMOB. SKII0 iHTe-
HCHBHICTb PyHHIBHHX BiIIMOB JIOPIBHATH HYJISA, TO OTPUMYEMO aCHMITOTH-
YHYy (GOPMYJTY AJIsl BU3HAYEHHS ONITUMAJILHOTO TIepio/ly BiJIBiAyBaHHS KOHCY-
JIBTAIlN t:

bt

t:EIn(1+ —)
b 1+Dbt,

ne b inrencusmicrs HepyHHIBHUX m0J0 iH(opMarlii mpoexTy BiAMOB,
TOOTO BCi BUIIAJKH, SIKi IPUIUHIIOTH pOOOTY HAJ| IPOEKTOM i IPUMYIIYIOTh
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. t
CTYACHTAa B1AHOBJIIOBATH YMOBHU YU oOcTaBUHH p060TI/I HaJ IDPOCKTOM; 9-

. .t .
cepenHsl TPUBAJICTh MPOBEICHHS KOHCYJbTAlll; ¢ - cepenHs TPUBAIICTh
BiTHOBJIEHHS poOOTH HaJ MpOoeKkToM. BukopucTaHHS HaBeneHOI (hopMyin
JIO3BOJISIE CTYACHTOBI OOTPYHTOBAHO IDTAHYBATH Yac poOOTH HaJl IIPOSKTOM.

Jlitepatypa

1.Kyms6a B.B. AHanu3 crpareruii pe3epBUpOBaHHS HH()OPMAIIMOHHBIX
maccuBoB B ACY. — B ku.: COopHuk Tpyno MHcTHTyTa npodieM yrpasie-
Hud. - M.:1977, Brin. 14, C.20-32.

2.'opnoBoit A. DBomonys U MEPCHEKTHBBI PE3EPBHOIO KOMUPOBAHUS
JaHHBIX [DneKTpoHHBIN pecype] / «Dkcnpecc-DaekTporukay. — 2003, Ne06.
— Pexxum moctyna: http://habrahabr.ru/company/veeam/blog/242983.

3.bponeukuii I"JI. O6 oxgHO# 3a1a4e EPUOTUIECKOTO 3aIIOMUHAHUS Pe-
3ymbratoB. - K.; Kubepueruka, 1974, N5, C. 70-74.

4.Anrtontok A.U., Bypaunk A.A. MozenupoBaHue npoliecca noceueHust
KOHCYINIBTAIINi CTYICHTOM, pabOTAONINM Hal KYpCOBBIM IpoekToM / Mate-
MaTU4HE Ta iMiTanifine moxemoadds cucteM MOJC 2016: Ogunanisara

MDKHAPOIHA HAYKOBO-TIPAKTHYHA KOH(pepeHis, 27 dYepBHA — | JMMHS
2016 p.: Te3u nonosineit. — XKykun, 2016. — C. 307-311.

VIK 378.146

INPOEKTYBAHHA IIVIAT'THY JUISI BITPOBA I KEHHS
KOMIETEHTHICHOI'O IIAXOAY B CUCTEMI MOODLE

0O.C. Paboraii, O.B. TpynoBa
YepniciecoKuil HAYIOHATLHUL MEXHONOSTYHUL YHIGepCUmem

OpHie€ro 3 HarapHUX MpobieM cydacHux BH3 € opranizartis nporecy Bu-
MIpIOBaHb KOMIETEHIIiH, 3 BHKOPHUCTaHHAM aBTOMAaTH30BAaHUX CHCTEM 1 pe-
cypciB. Y cucremi enektpoHHoro Has4yanHs Moodle peanizoBaHo komreTeH-
THICHUH Mi/XiJ, ane BiH BUMarae yJOCKOHAJICHHS, & caMe CTBOPEHHS ILIa-
TiHy, [0 HA/IaCTh MO>KJIMBICTH BIIPOBAJIMTH HOBE CTPYKTYpHE PilllEHHS JUIs
BIIOCKOHAJICHHS CCTEMH, 32 PaXyHOK PO3LIMPEHHS MOXKINBOCTEW IUIS CTY-
JISHTIB Ta BUKJIJa4iB. 3aBISKH YOMY MOKHA OYIKyBaTH TOJIMIIEHHS HE
JIMIIIE SIKOCT1 HABYAHHS CTYACHTIB, a ¥ IKICTh pOOOTH BUKJIA1adiB IPH 3aCTO-
CyBaHHI KOMIIETEHTHICHOTO MiIXOY.

Ha ocHoBi 3HaHB TIpo apxiTekTypy Moodle Mu MOXkeMO TIPUCTYIHTH 10
MpoeKTyBaHHA Muiariny. CriouaTKy Tpeba 3p03yMiTH SIK TOBHHEH MPANIOBATH
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wrarid. [{ng nporo Tpeba MaTH NMpeACTaBICHHS PO AITOPUTM POOOTH IUIa-
riHy. AITopuT™M poOOTH Ma€e Ha METi IPOJIEMOHCTPYBATH SKAM YHHOM IIPO-
rpaMHHUNA TPOAYKT Oyae (GyHKIIOHYyBaTH pUCYHOK 1.

MouaTok

AsTopu3sauia
KopucCTysaua s
cuctemi Moodilsg

OGpobka gaHunx

Buas A poni
BigoSpaxeHHa BigoSpaxeHHa
iHTepdency ans iHTepcbenicy ans
cTyaenTa suxnanaua

Pucynox 1 — Anroput™ po6otr mariny (po3po0JIieHO aBTOPOM)

Moodle Mae MOAYIIEHY apXiTEKTYpY, IO O3HAYAE, IO KPiM BOYJOBaHUX
MOZYJIiB MOXKIIMBA 1le i po3poOKa CTOPOHHIX po3mmpens[1].

JonaBaHHs HOBUX MOXITMBOCTEH iiJie UISIXOM JI0JaBaHHS KOJY B JIOT14HI
mrapu Moodle B U, i B 6i6miorekn. [Ipu iboMy MOIYIB TaK CaMO MOXKE BH-
KOPHUCTOBYBATH KOJI iHIIOTO MOJYJIS, IKIIO TOW HaJla€ TaKy MOXKIHMBICTB. Tak
camo MoJylib Moxe BukopuctoByBatu b/l Moodle Ha npsimy, alie pH 1iboMy
BHUKOHaHHS BChoro SQL toxi Oyze 3MiHCHITBCS 3 MPaBaMu CUCTEMH: JT03BO-
JICHW#1 OBHHUI TOCTYH N0 BCIX JaHHMX Ha 3amuc i yutaHHs. [Ipu HasBHOCTI
BianoBigHoro API, miaxim i3 3aCTOCYBAaHHSIM IPSMHX 3alUTIB BBaXKAETHCS
HEBJIAJIUM 1 HEOE3MeYHHM SIK JJIsl apXiTEKTypH CAMOT'0 MOJIYJIs, TaK 1 CHCTEMH
B mizomy[4].

3 Touku 30py Moodle Bci KOprCTyBadi CHCTEMH OJHAKOBI, 1 HE HUIATHCS
Ha «CTY/EHTIB» 1 «BHUKIaga4iB». OJIMH 1 TOH jxe KOPHCTYBa4 MOXKE OYyTH «BH-
KJIaJadeM» B OJHOMY Kypci 1 «CTyIeHTOM» B iHIIOMY. Pi3HuIs B paBax Ko-
PHCTYBadiB JIOCATAETHCS 3a JOMOMOIOI0 CHCTEMH pojlell — HabopiB mpas,
00’eIHAaHMX TiJ OJHHUM iM’M. 3a 3aMoBUyBaHHSIM B Moodle cTBOprotoThCs
TaKi poii:

Anminictpatop (Administrator) — HeoOMexkeHi mpasa.

TBopenpb kypcy (Course creator) — He MOKE 3MIHIOBATH HaJallTyBaHHS
caiTy, aje MO>kKe CTBOPIOBATH KYPCH 1 3MiHIOBATH 1X BMICT,
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Buxmagau (Teacher) — Mmoxke mpoBoauTH B Kypci Oyab-sKi Iii, OB’ s3aHi
3 Ge3mocepenHpoI0 poOOTOI0 BUKIAAa4Ya (JOAABATH 1 BUJAISATH MaTepiaid,
BHUCTABJISATH OIIIHKH 1 T.1I.),

Buknamau 6e3 npasa penarysanns (Non-editing teacher) — npasa 36ira-
I0ThCA 3 IIPaBaMU BHKJA/ada, 33 BUHATKOM MOXKIIMBOCTI 3MIHIOBATH BMICT
Kypcy,

Cryznent (Student) — mae 6a30Buii Habip mpas, 110 JO3BOJISIE IPALIOBATH
3 MaTepiaiamu Kypcy.

3apeectpoBanuii kopuctyBau (Authenticated user) — miHiMaIbHUN HAOIp
IpaB, IO JI03BOJISIE KOPUCTYBATHUCS 3aralbHOJAOCTYITHUMHU PECypcaMu CHC-
TEMH 1 3aIucyBaTucs Ha KypcH,

Icts (Guest) — camuii 0OMexeHUi HaOIp Tpas, IO J03BOJISIE MEpPErs-
JaTH pecypcH, IPU3HAYCHI IS TOCTs, ajle He Ma€ MOYKIUBOCTI OpaTh y4acTb
B HaBuaHHi[3].

Sk O6yno ommcano umie CtyneHT Mae 0a3oBuit Habip mpaB. Ha ocHOBI
[MX TpaB BiH 3MOe 0ayuTH Hepeik Horo KOMIIETEHLIH Kypcy B IepeBOBH-
IHi cTpykTypi. [Ipu boMy MOKHA CIIOCTEpIraTé BimoOpa)XeHHS SIKi 3 HIX
3aBepIICHi a sKi Hi pUCYHOK 2 a.

Ponb Buurens Oyne BinoOpaxaTu mepesik MmiaTBepIKEHUX Ta HelliATBe-
PIKEHMX KOMIIETEHIIH BCIX CTYAEHTIB SIKi 3apeeCTPYBaIUCh B ITAHOMY Ky-
pcy. Takoxk BiH MaTUMe 3MOTY JMBHTUCH KapTy KOMIETEHLIN I JaHOTro
KypCy pUCYHOK 2 0.
0 /7N

include

Crygesr

jaBeplLeHHA 3a8aHs B

ypci

include

BinofpaxenH ecix
33BEDLEHIK
foMneTeil

SAH0HTTA KoMneTeLil

Pucynok 2 a — Use-case xiar- Pucynok 2 6 — Use-case niarpama [jist aktopa
pama st aktopa CTymeHt (pos- Buwurens (po3po6ieHo aBTopom)
poOIIeHO aBTOPOM)
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Crmpatodnch Ha po3poOJeHe MPOEKTyBaHHS Oyllo peani3yBaHO IUIATiH
nist cuctemu Moodle. SIkwuit 3Ha4HO HOKpAIUB poOOTY 3 MOAYJIEM KOMIETE-
HIIi#l 3aBISKN BIPOBAHKEHHIO (PYHKI[IOHAIY KOPHUCTYBAIBKOTO iHTEpdeiicy
JUTsI BASHAUEHUX poJiell B Kypcax HaBdanHs Moodle.

Jlitepatypa

1.Moodle Gradebook/ R. Barrington — Packt Publishing, 2013. — 118 c.

2.Le module Référentiel pour I'évaluation et la certification des
compétences  [Enextponnmii  pecypc]. — Pexum  pocrymy
http://moodlemoot2009.insa-lyon.fr/course/view.php?id=24.

3.Cucrema enekrponHoro HaBuanHs BH3 Ha 6a3i MOODLE : metoanu-
uuii nociouuk / 10. B. Tpuyc, 1. B. I'epacumenko, B. M. ®panuyk / 3a pen.
1O. B. Tpuyca. — Uepkacu, 2012, — 220 c.

4 Illepouna O. A. Moxaynb «Perno3utopiii KOMIIETEHTHOCTEI IS CHC-
TEMH yIpaBIiHHSI HapdaHHIM Moodle / BicHHK TicIsAUIIIOMHOT OCBITH : 30.
HayK. Tpans / YH-T Merek. ocBitd HAITH Ykpainm, peakon.: O. JI. Anyd-
pieBa [ta in.]. — Bum. 7 (20) / ronos. pex. B. B. Omiitauk. — K. : «KATOITOJI»,
2012. - C. 244-251.

YK 004.056.5

CUCTEMHUM IMIIXIJ 10 3ABE3NEYEHHS KIBEPHETUYHOI
BE3IEKH OB’€KTIB KPUTUYHOI IHOPACTPYKTYPH

Ckitep Irop CemenoBuu,
Inemumym npobrem mamemamuunux mawun i cucmem HAH Ykpainu,

TpyHosa onena BacuniBua
Yepuiziecokuil HAYiOHATLHUL MEXHONO2TYHUL YHIGEpCUmen,

VYnpaBniaHsA KibepOe3rnekor 00’€KTiB KPUTHYHOI 1HPPACTPYKTYpH BH-
3HAYAETHCS K YNPABIIHHI CUCTEMOIO, IO CKIIAJa€ThCs 3 MHOKUHH TEPHUTO-
pilaybHO PO3MOIINICHAUX EIEMEHTIB, KOXKHHH 3 AKUX (DYHKIIIOHYE 32 BIAaCHIMHU
3aKOHAMHM Ta 3/IHCHIOE BIIMB Ha iHIII €JIEMEHTH CUCTEMH.

HeoOxiHicTs MOHITOPHHTY Ta iHTErpaii BeJIMKOi KIJIbKOCTI pi3HOMaHi-
THOI JUHAMIYHOI iH(opMaIlil, 0 XapaKTepHu3ye CTaH KOXKHOTO eJIEMEHTa i
CHCTEMH Yy IIIOMY, BUSBJICHHSA 3B’SI3KiB 1 3aKOHOMipHOCTEH iX B3a€MHOTO
BIUIMBY 3 YpaxyBaHHSIM KOMIIJIEKCY 30BHIIIHIX Ta BHYTPIIIHIX 3arpo3, MPHii-
HATTS OOTPYHTOBAaHMX OIEPATHBHUX CTPATETiuHUX pilleHs Mo 3abesme-
YeHHIO 0e3NeKH B peKHUMi peabHOTO 4Yacy, rnepeadadae CTBOPEHHS €HMHOT
KOMITJIEKCHOI aBTOMATH30BaHOI CHCTEMHU YIPaBIiHHSA KibepOe3neKoro
00’exTiB kpuTnuHOi iHppacTpykrypu (OKI).
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Monens B3aeMoil eeMeHTiB iHpOpMamiiHO CHCTEMHU 00’ €KTy KpUTHY-

Henapmu
CHi OMMJIKH iH-

|
I M
| . ‘ caiizepa Tpo-
. HYTPILIH rpaMHoO- Cwur-
| i Jnecrabinizyroui ﬂej - amapartHi 3a- HAaJM Ke-
| dakropn CTPYKTHBHI Cu- cobu cHCTEMH
I B — . Iu- > c:em;:;zm- 06'eKTiB KpHTHY- I
| caiinep T};m"ﬁ, P HOT iH(pacTpyk-
Ty |

I Crpusitiusi |
| YMOBH JUTSt Jie- 3arposu, |
| CTPYKTHBHHX Hiit ACCTpyK-
| incaiizepis THBHI il ) |

y pesynbTati |
[ BpasmuBocri cu- |
: CTEMH 3aXHcTy iHpop- |
| I

Bryrpinla 3oBHimmHi

i pecrabinizyroui M MOpYIIHUK
hakropn

Puc. 1. Mogens B3aemopii enemMeHTiB iH(opMaliiiHoi cucteMu 00’ €KTy Kpu-
TUYHOT IHQPACTPYKTYpHU

Cucrema ympaBniHHA KiOepOesmekoro OKI  moBmHHa 3a0e3neduTH
CTiliKe, )KUBYYe 1 Oe3meune (hyHKIIOHYBaHHS 00'€KTiB KpUTHIHOT iH(pacTpy-
KTypH; O€3NeKy HaBKOJIMIIHBOTO CEPEIOBHINA; 3aXHCT IHTEPECIB ocoOwmc-
TOCTI, CYCIILIILCTBA 1 IeP>KaBH, a TAKOXK CIOKUBAYIB TIOCIIYT.

ITig cuctemoro ympapninas kidepoesnexoro OKI po3yMieTbes KOMILICK-
CHa OopraHizaliiHO-TEXHIUHA CUCTEMa, 1110 BUKOHYE (PYHKILIT aHali3y cTaHy,
KOHTPOJII0, MOHITOPHHT'Y Ta 3a0e3reueHHs Oe3IeKH sIK OKpeMUX (QyHKIlIOHa-
JIbHUX €JIEMEHTIB 1 MPOIIECiB, TaK i CHCTEMHU B LILIIOMY.

Meroto cuctemMH € 3a0e3MeueHHs] TAKOTo PiBHS KioepOe3neku, pu KoMy
3arpo3H i pU3MKHU 3HWKEHI 10 MiHIMAJILHO MTPUHHATHOTO PiBHSI.

OcHoBHI 1ii cTBopeHHs HeHTpY kKibepoesneku (LIKB) OKI:
®  MmIBUINEHHS ¢(QEKTHBHOCTI MPUHHATTS YIPaBIIHCHKHUX DIllICHb 3a
paxyHOK BIPOBAHKCHHS HOBUX IHCTPYMEHTIB YIIPaBIIiHHS KiOepOe3neKoro;
e 3a0e3leveHHs BCIX YYaCHHKIB JOCTOBIPHOIO Ta ONECPATHBHOIO iH-
(hopmMariiero 3a paxyHOK (hOpMYBaHHS €TMHOTO iHQOPMAIIITHOTO ITPOCTOPY;
e MacmTaOyBaHHs, IHTErpaiisi CHCTeM KiOep3axWcTy, pO3BHUTOK iH-
CTPYMEHTIB 300py Ta aHATITHYHOI 00poOKH iHpOpMaii.
OcnoBHi ¢ynkuii i 3amagi LIKB I[NEK npuseneni Ha puc. 2.
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Dynkuii i 3a-

naui [IKB OKI
Indopmaniiine T'paciuna
3a0e3neueHHs Bi3yaJri3artis
Amnani3 indop- JlokymeHTy-
Marii BaHHs IPOTOKOJIIO-

TIporunosyBaHHs OnepatuBHe

Ta MOZICTIOBAHHS YIpPaBIiHHS Ta

B3aEMOJis
IMnanyBanHs Kontpomns

Puc. 2. OcnosHi ¢ynxuii i 3anaui IKB OKI

Po3pob6xa IKB OKI moBuHHA 31ifiCHIOBATHCS Ha OCHOBI TaKHX 0a30BUX
MIPUHITHUITIB:

. iHTerpalis 1 KOHCOJIIALisl JaHuUX;

. LEHTpPali30BaHe BEJICHHSI METaIaHUX 1 HOPMAaTHBHO-JIOBIIKOBOT
iHdopmaii;

. yHi(ikaiis B3aeMO/Iil, BIIKPUTICTh 1 €BOJIOIIHHICT;

. MacuTaboBaHICTh, MOIYJIbHICTD, )KUBYYICTh.

OprasizaniiHo-TeXHIYHA MOJIENb CHUCTEMH YIIPaBIiHHA KiOepOe3neKoro
OKI ckimagaeTses i3 IBOX 30H Ta BIAMOBIAHOT B3aeMOIil MK HUMMU:

Ki6ep-uentp (CyberCenter) —1ieHTpani3oBaHa 30Ha y3roIKEHOI arpe-
ramii i iHpopmarii Ta cepBiciB; yIpaBIsSIETHCS OJHAM IIEHTPaIbHUM (200 ae-
KUTbKOMa) cy0’€KTOM CHCTEMHU; 3a0e3meuye PyHKIIOHYBaHHS [ICHTPAaIi30Ba-
HUX KiOepcepBiciB.

KiGep-mepe:xa (CyberNet) —nenenrpanizoBana 30Ha, peCTaBIeHa Ta-
JIy3eBUMH ycTaHOBaMu-Cy0’ektamu cuctemu. Cy6 ekt CyberNet e mocra-
YaJIbHUKOM BU3HAYEHO1 iH(QOpMaIIii mpo moii y BmacHOMY KibepmpocTopi 10
CyberCenter uepes npucTpoi Ge3mnexu

Oprani3zaniiiHa, TEXHOJIOTIYHA Ta iHpopMamiifHa B3aeMois 000X 3a3Ha-
yenux 30H (CyberCenter, CyberNet) e k1:040B00 YMOBOK QYHKIIOHYBaHHS
lamyseBoi cuctemu ynpasiinas kibepoesnexoro OKI
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(CyberInfrastructure- iCyber) sxificHroe pearnizamito 3axoiB momepe-
JOKEHHS, YIPaBITiHHA Ta YCYHEHHS Kibep3arpo3, 0OMiHOM iH(opMarti€ro mpo
nofii y xibepmpocropi.

CrpykrypHa cxema ramyzeBoro llentpy OKI moxasanma Ha puc. 3.
006’ exTamu Kibep3axucTy € 00’ €KTH KPUTHYHOI iH(opMaIliitHoi iHppacTpyK-
Typu:

P Cyber Center |«

Cyber Infrastructure

Security
OperationsCenters

A 4 A 4
MisxHapoui Iz N | Hauio-
Tamy3eBi cuCTeMH | Cyb | HanbHi LleHTpu
360py Ta .
P03noacrl’())lﬂ>xennﬂ I Topusonr 1: Topuzonr 2: Topusonr 3: I ygg?;;:}zﬂ
indopmartii moso | | Kpurnuna in- Kpuruuna in- npusatei  kpu- | | JICC331
Kkibep3arpos || dpactpyxrypa $pactpyk- Tuani  ingpa- || ta CBY
HALlIOHABHUX Typa JepiKaB- CTPYKTYpH
i ypa nep
| | xommaniii  Ta HHX |
| | yeranos i ANPHEMCTB |

Puc.4. CtpykrypHa cxema raimy3eBoro neHTpy kibepoesmexn OKI

MacmrabyBanas iCyber 3mifiCHIOETBCS 32 paXyHOK ITIOCTYIOBOTO Ta
CIUTAHOBAHOTO 301IBIICHHS KUTbKOCTI Cy0’ekTiB 30HM CyberNet, TX miakiio-
yenHs g0 CyberCenter, Ta Hanaro/pkeHHs: B3aemMoii. s ynpaBiiHHS UM
npouecom CyberNet posnoinsieTses Ha joriuni ropuzonty. Iepumii ropu-
30HT - JICpKaBHI OpraHu BJajH, IO MiANOPSIKOBaHI rajgy3eBUM 00’ €KTaM
KPUTHYHOT iHPpacTpyKTypu. Jpyruii ropu3oHT - KpuTH4YHa iHPPACTPYK-
Typa JepkaBHUX mianpueMmcTB. TpeTiii ropu3oHT - NpUBaTHI KPUTHUYHI 1H-
(pacTpyKTypH, KOTpi B3a€EMOIIOTH i3 IPYTHM Ta MEPIIUM TOPH30HTOM Yepe3
BIJITIOBITHI €NEKTPOHHI KoMyHikatii Tormo. Koxen ropmsont CyberNet, a B
JISSIKUX BUITAKaX HOTO OKpeMHil cy0’€KT, Ma€ BIACHY CIICHU(IKY ITiIKITI0-
YeHHs Ta mopsaok B3aemoii i3 CyberCenter.

CyberCenter sik neHTpalbHMH arperaTop iHdopmanii Ta HeHTpaibHa
nanka ["amy3eBoi Cucremu KibepOesnekn 3aiHCHIOE B3a€EMO/IIIO i3 MXKHApO-
JHUMH TaJly3eBUMH CUCTEMaMH 300py Ta PO3MOBCIO/PKEHHS aHATITUYHOI Ta
craTucTHYHOI iH(popMamii moao Kidep3arpo3 (cUcTeMH KibepaHATiTHKH).
KirouoBoro naHkoro B3aeMopii € iHhopMalliiiHo-TexHIuHa B3aeMozis [ary-
3eBoi Cuctemun KibepOesmekn 3i CTBOpEeHMMH HaliOHaIbHMMHU LleHTpamn
ynpasininas 6e3nekoro JJCC33I ta CBY (cnenmdika oOMiHy Ta TaHUX BCTa-
HOBITIOETHCS BIAIIOBITHUMH MPOTOKOJIAMHU B3aEMOJIIT).
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VYnpaBniHHS TOPU30HTAMH 3IIHCHIOETECS Yepe3 ['amy3eBi IieHTpH yrpas-
nmiHH KibepOesnekoro (Security Operations Centers), KOTpi CTBOPIOIOTBCS
BiANOBITHO 0 crierudiky ramys3i ( HapHUKIIag A TaJHBHO -€HEPTeTHIHOTO
kommiekcy Yipainu ne JII1 "HarmionansHa eHepreTnyHa KOMIaHisA «YKpe-
Heproy, A1 "HamionansHa aToMHa eHeproreHepyoda kommnasis "Exeproa-
toMm", HamionanpHa aknionepra kommadis “Hadroras Ykpaiau”, ByrineHa
TIPOMHCIIOBICTB).

Cucrema LEHTPaTi30BAaHOTO MOHITOPHHIY Ta JIETEKTYBaHHS MEPEXEBUX
aHOMaJIi{ 3a0e3reuye TeNeMeTpilo 3 IPUIIaliB, 10 PO3TAIIOBAH] B JepiKaB-
HUX MIAPUEMCTBAX Ta 00’ €KTax KpUTHYHOT iHpacTpyKTypH. Y SIKOCTI CeH-
COpiB (HaT4nKM) rependavaeThbcss BUKOPHCTAHHS ICHYIOUOTO MEPEKEBOTO
oOnajHaHHs, IO BCTAHOBJICHE Ha [HTEpHET-NIepUMETpi BiINOBIAHUX MifM-
pueEMCTB Ta 00’€KTiB KPUTHYHOI IHPPACTPYKTYpH. Y SKOCTI IPOTOKOIY
300py Tenmemetpii BukopucToByeThest NetFlow abo anamorn.

CucTteMa LEHTPai30BaHOTO MONEPEDKEHHS aTaK HOBOTO IOKOJIHHS Jie-
TEKTy€e Ta OJOKye MEpexeBi aTakd Ta IIKIUIMBUI KoA. B 3amexHOCTI Bifn
PEeXKHUMY MOXKE BUKOPUCTOBYBATUCA SIK ITACHBHHUN CEHCOP TINBKY IS IETEK-
TyBaHHA Kibepartak (Intrusion Detection System), a6o B aKTHBHOMY pexXUMi
JUTs OJIOKYyBaHHsI Ta monepemkenHs atak (Intrusion Prevention System).

CucTemMa ICHTPATI30BaHOTO JETCKTYBAHHS Ta aHATI3Y IIKIIIMBOTO KOIY
MEePEXOIUTIOE €K3eMIULIPH IIKIAIMBUX NPOTpaM, aHali3ye BIpYCHHH KOJ,
CTpUMYE Ta OJIOKYE PO3MNOBCIOKEHHS IIKIJIUBUX Nporpam. J{is BUsSBICHHS
HOBHUX €K3eMILISIPIB IIKIITIMBUX MTPOTPaM JlaHa CUCTEMa MOYKE BUKOPHUCTOBY-
BaTH XMapHi TEXHOJIOTIi Ta TexHoJoril Big Data.

Jo iHIINX T0IaTKOBHX IIEHTPAaTi30BaHUX (YHKIIN BiTHOCSTHCS CHCTEMH
3a0e3neueHHsI CIIOCTEPEKHOCTI MO/ Ta IHITUACHTIB OE3MEKH, a TAKOXK aKTH-
BHOTO TIONIEPEKEHHS CKIIAQJIHUX LIJIbOBHX aTak.

JlitrepaTypa

1. 3akoH Ykpainu «[Ipo ocHOBHI 3acanm 3a0e3medeHHs KibepOes-
NIEKU YKpaiHu»;

2. Vka3Ilpesunenra Ykpainu Bix 13.02.2017 p. Ne32/2017 «IIpo pi-
uieHHs Panu HalioHaapHOT Oe3meku 1 000ponn Ykpainu Big 29 rpyaus 2016
poky «IIpo 3arpo3u kibepOe3smeni AepkaBy Ta HEBIAKIAIHI 3aX0H 3 X HEH-
Tpamizarii;

3. JCTY ISO/IEC TR 13335-1:2003. Indopmartiiiai Texnosorii. Ha-
CTaHOBH 3 KepyBaHH: Oe3nekoro iHdopmaniitaux texHosorii (IT). Yactuna
1. Konuenuii i moaeni 0e3neku IT;

4, JACTY ISO/IEC 13673:2009. Indopmaniiiai Texuosorii. O6po0-
JICHHS IOKYMEHTIB 1 TI0B’13aHe 3 HUM NEepEeCWIaHHs JaHuX. TecTyBaHHS Ha
BIZINOBITHICTH CUCTEM CTaHAAPTHOI MOBH y3arajibHeHo1 po3MiTka (SGML);
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5. ACTY ISO/IEC 27001:2010. Tadpopmaniiiai TexHomorii. Meroau
3axucty. Cuctemu ynpaBiiHHS iHQopMaIliiftHoro Oe3nexor. Bumory;

6. JACTY ISO/IEC 27001:2014. Tadpopmaniitai TexHomorii. Metoau
6e3nexn. CucreMu MEHEIKMEHTY iH(opMaIliiiHoro Oe3nexoro. Bumory;

YK 004.043

HEMPO-IMYHHUM AJITOPUTM ITEHTUDIKALI
HECTAHJAPTHOI MIOBEAIHKA KOMII'IOTEPHUX MEPEX

B.B.JIutBunos*, [.C.Ckitep**, A.I'.I'pedeHHUK**
* YepHiciecoKull HAYIOHANbHULL MEXHOA0SIYHU YHIGEPCUmem

** [ncmumym npobnem mamemamuynux mawun i cucmem HAH Yrpa-
iHu

3 METOI0 MiJBHUIICHHS S¢(PEKTHUBHOCTI Ta IIBUIKOII CUCTEM BHSIBICHHS
BropraeHb (CBB) i cucrem BusiBneHHs 3noBxuBaHb (CB3) craBuThCH 3a-
BIAaHHS MOOYJJOBU CHCTEM 3aXHCTY 3 BUKOPHCTAHHAM IHTEICKTYalIbHUX Me-
TOJIIB, III0 MOJICITIOIOTH ITOBEIHKY 37IOBMHUCHHUKIB. [0 HUX BiTHOCATH METON
1 MOZIeNi ITYYHOTO IHTENEKTY, TCHeTUYHI aJTOPUTMH, IMYHHI MOJENT, He-
pomepeskeBi Mozeni [ 1]. BukoprucranHs BKa3aHUX METOJIB VISl SIKICHOTO BH-
3HA4YEHHS aHOMAJILHOI MTOBEAIHKM MEpEeXi BUMarae 3HaYHUX OOUHCITIOBAIIb-
HHUX 1 YacoBUX pecypciB. Lle mpu3BOIUTh 10 HEOOXIMHOCTI PO3POOKH Crielli-
aJi30BaHUX 3aC0O0IB JUIsl aBTOMATH3Allii IPOLIECY BUSBICHHS aHOMaJIbHUX M0~
Jiil B Mepexi.

Haii6inbin mepcrneKTHBHUMHU IAXOJaMHU JUIS BUPIMICHHS 3a3HaueHHX
npo0JeM MOXYTh OYTH METOH 3aCHOBaHI Ha OI0JOTIYHOMY MOJICIIOBAHHI
HITYYHOTO IHTENEKTY - iMyHHi cuctemu (Artificial Immune System - AlS)
[2], meiiponni mepexi (Artificial Neural Networks - ANN) [3], a Takox ix
KoMOiHaIii.

3acTocyBaHHS HEHPOHHHMX MEpPEX SIK IHCTPYMEHTY aHaJi3y B PeKHMI pe-
JIBHOTO Yacy HailOLIbII eekTHBHE pH BUKOPUCTaHHI Mepexx KoxoHeHa Ha
6a3i meromy «Winner Takes All» (WTA) [4]. Lle naec MOKXIHBICTh BUSIBIISTH
HECTaHIApPTHY MOBEAIHKY MEpPEXKi, aHOMaJlii, BTOPTHEHHS 1 aTakd IIJISTXOM
MOPIBHSAHHS MOTOYHUX CTAHIB CHCTEMU 3 «i/IeaTbHUMHE.

PeanpHi imynHi cuctemu (AILS) cTocoBHO 10 cdhepu iHDOpMAIIHHNX TEX-
HOJIOTi# [5] € po3moAiIeHnMH i BiTHOCHO HEBUMOTIUBUMH 10 OOUYHCIIOBA-
TpHHX pecypciB. CaMe IIi BIACTUBOCTI MOXKYTh 3a0€3MEUYUTH MaKCHMAJIbHY
e(DeKTUBHICTh MPOEKTOBAHWX CHCTEM BHSBIICHHS aHOMAIbHOI TOBEIIHKH
(CBAII). CBAII 1t 01HOTO CETMEHTa MepeKi, o0yaoBaHa Ha IPHHIUIIAX
IITYYHOI IMYHHOI CHCTEMH, YMOBHO MO>KHa PO3JIUINTH Ha OCHOBHY 1 Ha0ip
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BropuHHHX. B ocHOBHIN CBAII Ha 6a3i AIS iMiTyrOTBCS 1Ba IPOIIECH - €BO-
JIFOLIS TeHHOT O010I10TEKH 1 HETaTUBHA CEJIEKIIIS.

Ha eramni eBosromii reHHO1 0101i0TeKH BiIOYyBa€eThCS HAKOTMYIEHHS iH(DO-
pMarii mpo xapakTep aHOMamiid MepexeBoro Tpadiky. ['eHna 6ibmioTeka
IITYYHOI IMyHHOI CHCTEMH TTOBMHHA MiCTUTH "TeHH" (HampuKIal, AaHi PO
mapameTp Tpadiky) Ha MiACTaBi IKUX TEHEPYIOTHCS MPOTPaMHi areHTH - Jie-
tekTopu. [lowarkoBi maHi juis popmyBaHHs TeHHOi 0i0nioTexku BHOMpa-
I0ThCSI, BUXOJISTYHU 3 0COOJIMBOCTEH 3aCTOCOBYBAaHHX MEPEKEBHUX IIPOTOKOJIIB,
30KpeMa iX cilabKuX, 3 TOUKH 30py 3aXHCTY, MiCIIb.

Ha npyromy erari 1usxom 10BiIbBHOTO KOMOiHyBaHHS "TeHiB" BinOyBa-
€ThCs TeHEPYBaHHS IIPe-JIETEKTOPIB, K IOTIM 3a JI0IIOMOT'0I0 MEXaHi3My He-
TaTUBHOI CeNIeKIi] MepeBipsIOTHCS Ha HECYMICHICTh 3 HOPMaJIbHUM MepeKe-
BuM Tpadikom. [Ipn 1bOMy BHKOPHUCTOBYIOTHCS JaHi PO XapakTep TaKoTo
Tpadixy (mpodimi), mo (OPMYIOTECS aBTOMATHYHHM Tpodaiiiepom
(automated profiler), mocTifiHO aHAMI3YIOTH MOTIK JaHWUX, IO HATXOAHUTH Bij
MapIIpyTH3aTopa, SIKUi CTOITh Ha BXOJI B MepekeBuii cermeHT [6]. Kinme-
BOIO METOIO B IIbOMY BHIIA/IKY € CTBOPCHHS 0OMEXEHOTr0 Habopy IETEKTOPIB,
3a JIOTIOMOTOI0 SIKOTO MO>KHa OyI10 O BUSBUTH MaKCHMalIbHE YHCIIO MEpexe-
BUX HECTAHAAPTHUX IOJIH.

[Ipu BusIBIICHHI HECTAaHIAPTHOT NOBEIIHKH BiIOYBa€ThCS KIIOHABHA Ce-
JIeKIis - BIANOBIAHUI Ti JeTeKTOp "pO3MHOXKYETHCA" 1 PO3CHIAETHCS HA BCI
By3si. OcTaToyHe X PillIEHHS PO BTOPTHEHHS B MEPEXKY MPUHMAETHCS Ha
I/ICTaBi JaHUX BiJl IeKUIbKOX BY3:iB. [Ipu ¢ikcyBaHHI IeTeKTOpaMu HecTa-
H/apTHOI TOBEIIHKH Bigpa3dy Ha JEKUIbKOX BY3JaX NPOTATOM KOPOTKOTO
MIPOMIXKY 4acy piBeHb PHU3UKY 3pOCTa€ 1 IPU AOCSATHEHHI 3aJIJaHOTO TTOPOTY
BiIOYBa€THCS OMOBIMICHHAS aIMiHICTPATOPa MEPEXKi.

3acrocyBanns koMmOiHamii AIS i ANN moB'si3aH0 3 THM, BOHH OOHIBI 311a-
THI BUBYATH AMHAMIKY 1 CTATHCTHYHI BIACTUBOCTI cUCTeMH. [lJIsl JOCATHEHHS
MaKCHUMaIIbHOI e()eKTUBHOCTI B HUX HEOOXiTHUH Mia0ip 3HAYCHb KePYIOUX
rapaMeTpiB, TOIIO.

CrtpyKkTypa cHUCTeMH BHUABJICHHSA aHOMajbHOTO noseninku (CBAII) pos-
pobiieHa Ha ocHOBI npuHIHIiB podoTu AIS i ANN BrItOUae B cebe: MOAYIb
aHanizy Tpadiky, MOAYJIb HABYAHHS, MO/IYJIb BUSBIICHHS HECTAHAAPTHOI O~
BEJIHKH 1 MOJTyJIb IPUHHATTS pillleHb Ta OnoBimeHHs (puc.1).

Monyne aHamizy Tpadiky B 3aJaHOMY By3Ji MEpeXi IPOBOJHUTE MEPexo-
IUICHHS 1 CTaTHCTHYHY 00poOKy nmapaMeTpiB Tpadiky 3a MeBHUN YacOBHH iH-
tepBasl. Pesynbrat 006poOkn Tpadiky GopMyroThCS y BUIIIAIl CTATUCTHY-
HOT'O MacHBY.

Mopayns HaBYaHHS BHKOPHCTOBYE AJTOPUTM HETaTHBHOTO BinOopy i
BKITIOYa€ B cebe TeHepallilo IETeKTOPiB, IX HaBUaHHs Ta BimoOip. Ha Buxoni
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MoIyJs opMyeThCsl pobOYa MOMYJIAIIS AETEKTOPiB, HAJAIITOBAaHA HA aHA-
mi3oBaHy iH(popManiiHy Mepexy. ChopmoBanuii Habip HETEKTOPIiB 3 BHCO-
KOIO TOYHICTIO BH3HAYa€ aHOMAJBHY MOBENIHKY Tpadiky i Mae HH3BKY dYac-
TOTY MMOMHJIKOBHX CIIPAIlbOBYBaHb.

HefipomepesxeBuii qeTekTop sBisie cO0010 HeMpOHHY Mepexy KoxoneHa.
st #ioro HaBYaHHS BUKOPHUCTOBYETHCS METON HAaBYaHHA Oe3 yumtens. [l
HaBYaHHS MEPEeXi 3aCTOCOBYIOThCS MEXaHi3MH KOHKypeHuii. [Ipu noxaui Ha
BXiJl MEpeXi BEKTOpa NepeMarae Toi HeHpOH, BEKTOp Bar SIKOr0 HalOLIbII
CXOXKHH 3 BXIZIHUM BeKTOpoM. HaBkoJo HelipoHa-NiepeMoKIsl YTBOPIOETHCS
paziyc HaBYaHHS, KUl BU3HAYA€E KiTbKICTh HEWPOHIB, 110 3MIHIOIOTH CBOT
Bard B MPOIIeCi HABYAHHS Ha JaHii iTepamnii. Paniyc HapuaHHs npuiiMae Hali-
Oinplie 3HAUEHHS Ha MepIlii iTepamii i MOCTYNOBO 3MEHIIYEThCS 31 301Ib-
IICHHSM YHCJIa iTepamii TAKHM YIHOM, IO B KiHIII HABYaHHS KOPHUTYE CBOL
Bard TiIbKH HEHPOH-TIEPEMOKeLlb.

. CTaTUCTHKA
CTaTUCTHKA Moyss aHamisy
—| wMepexeBoro Tpadiky
A 4
Monynb Monynb
HaBYaHHS H BUSIBJICHHS
T | Loty aHOMAaJIbHOT
cHe- - .
. LT ACTEKTO TTOBEIHKH
pauis nere- piB
Busna-
-
P denHs aHOMa-
Has- JILHOI IIOBEi-
YaHHA [ie-
Dopmy-
Bubip BaHHS IMyH-
IIETEKTODIB HO{ mam’siTi
BusiBnenns anomaib-
HOT MOBEIHKH
v Moayip npuiHATTS pilleHb
Kiacucgikarop OnoBileHHs
aHOMAITbHOT MOBE/Ti- 1 IPUHAHATTS pi-
HKA [ICHBb

Puc.1. CtpykTypa cuctemu BUsBIECHHS aHOManbHOI oBeminky (CBAIT)
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Moy BUSBICHHS HECTaHAAPTHOI IOBEIIHKY aHANII3y€e CTATUCTHUKY, SIKa
HA/Ia€ThCS MOYIIEM aHaJIi3y Tpadiky 3a TOTIOMOTOIO MTo/1a4i BUX1THAX JaHIX
Ha BXiJl KO)KHOTO JIeTeKTopa 3 pobodoi momyrmmii. Skmo xo4da 6 oxuH 3 1e-
TEKTOPIiB PEECTPY€E BiAMiHY BXiZHOI CTATUCTHKH BiJ HOpMAIIbHUX 3HAYCHB -
B CHCTEMi IETEeKTY€ThCS aHOMAlbHA IMOBediHKa. Momaynb BKITIOYae B cebe
OJIOK IETeKTYBaHHSA HECTaHIAPTHOI TIOBEMIHKH i OJIOK pOpMyBaHHS iIMyHHOI
nam'sTi (KIIOHYBaHHS 1 MyTallisl IETeKTOPiB).

bnok nerekTyBaHHS MOXKE€ BUKOPHUCTOBYBAaTH HEHPOHHY MEpEXy Ha Oc-
HOBI OaraTouIapoBOro NepcenTpoHy. Y peskuMi BUSBICHHS aHOMaJTiif Ha BXiJ
JIETEKTOpa IOJAI0THCSI BEKTOPH CTATHCTHYHOI iH(popMaLil npo MepexeBuii
tpadik. [lepmmii map HeHPOHHNX eEMEHTIB PO3MOALNISIE BXiHI CUTHAIN Ha
HEWpOHHI eJeMEeHTH Apyroro (MpuxoBaHOro) mapy. Jpyruil map ckiana-
€ThCs 3 HelipoHiB KoxXoHeHa, SKi BUKOPHCTOBYIOTh KOHKYPSHTHHUIT IPUHIHIT
HaBYaHHA 1 QyHKIIIOHYBaHHS BinnoBigHo 10 anroputmy WTA. Tperiii map
CKJIAIA€THCS 3 JBOX JIHIHUX HEHPOHHUX CJIIEMEHTIB, SIKi BHKOPHCTOBYIOTh
TMiHIMHY QYHKIIIO aKkTHBaMLii 1 3IHCHIOE TIPOLIEAYPY OCTATOYHOTO PIllICHHS
PO NMPUHANSKHICTh 00'€KTy CKaHyBaHHS BEKTOpPa IO HOPMajbHOI abo 10
AHOMAJIFHOI aKTUBHOCTI. MOAYNb IPUUHATTS PillIeHb BUPOOIIse KiIacudika-
Lil0 HECTaHJapTHOT OBeNiHKH (3011, aHOMaJtisl, aTaka i T.1.) 1 BUJa€ MOBiJ0-
MJICHHS Ha OJIOK TIPUHHSTTS PillICHb.

3arnpornoHoBaHa i/iesi BUKOPUCTaHHS HEHPOMEPEIKEBHX IETEKTOPIB B iMy-
HHOMY QJTOPUTMI Ul BHUSIBJIICHHS HECTaHJAPTHOI MOBEAIHKH MEPEKEBOTO
Tpadiky € epeKTUBHOO i MOKE OYTH YCIIIIIHO BUKOPUCTAHA ISl BUSBJICHHS
HEIITaTHUX CUTYallill i MOKJIMBHUX MOPYIICHb (PYHKIIIOHYBaHHS iH(OpMAIIiii-
HOT Mepexxi; BUOpaHi mapaMeTpu MepeKeBoi CTATUCTUKH HE BUMArarOTh JUIS
cBOro (OopMyBaHHsS 3HAYHUX OOYHCIFOBAILHUX BHUTpAT i JO3BOJISIOTH pe-
3yJNBTATHBHO BHUSABIIATH aHOMATIi Tpadiky 0OUUCITIOBATBHOT MEPEKI.

s pobora ¢inancyerses npoektoM HATO SPS Project CyRADARS
(Cyber Rapid Analysis for Defense Awareness of Real-time Situation -
CyRADARS) - Homep rpanToBoi yroau: G5286.
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VIK 004.93

MOJEJIOBAHHS PO3III3HABAHHSA 305PA’KEHD
METOJAMMU MAPAJIEJIBHUX OBYUCJIEHD 3
BUKOPUCTAHHAM HEHPOHHUX MEPEX

I'.O. ManosH
Hayionanvuuii mexuiunuii ynigepcumem Yxpainu « Kuigcokuii nonimex-
uiunuti incmumym im. leopsa Cikopcbko2o»

3HauHUM KJIAaCOM 3a/1ad, SIKi BHPILIYIOTHCS 3a JONOMOTOI0 HEHPOHHHX
Mepex € 3anaui kinacudikanii. OfHa 3 HaliJaBHIIIKX 3a]1a4, 110 CTOITh Iepe]
Mepexero: po3mi3HaBaHHs 00'ekTa Ha 300paxenHi. [lepenbavaerncsi, 110
MpaBUJIbHA BIAMOBIIAb - CTPOTO OJHA, a BCE IHINE, 1[0 MOTPAIMIO B Kaap -
LIyM.

Haii6inb1 mommupeHnM alropuTMOM HaBYaHHSI HEHPOHHOT Mepexi € Me-
TOJ] 3BOPOTHOTO MONIMPEHHS MOMIIKH. Ha ocHOBI 00paHoi GyHKIIT BUXiTHOT

TIOMMJIKH E(y,, y,),/:[e Y — LiNbOBe 3HaUEHHS BUXOMY, Y — MOTOUHE BHXi-

JHE 3HAYCHHA. Ha KO)KHII/I lTCpaI_[ll MeTO,Z[y BI/IKOHy('ZTLCﬂ KOpI/IFyBaHHﬂ Bar
KO>KHOTO TIapy HEMPOHHOI MepeXi 3a HACTYITHOIO CXEMOIO:
M _\yw® o 1
WO =W," + AW, @
ne | — nomep mapy, |- HoMep Barm Ha moTOYHOMY ImIapi, 7] — MapameTp
IIIBI/IHKOCTi HaB4YaHHA.
BeJ'II/ILII/IHa, Ha ﬂKy HpOBOZ[I/ITBCH KOpI/IFyBaHHH Bar, BU3BHAYA€THCs TaK:
m _ < 9a(Zi)
AW =5 ———=, )
5Z,

ne a(Z) — axrupariiina GyHKIis MOTOYHOTO IAPY,
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N 1),,0-1 .
Z = z J,71W j( ’y} ) _ 3BajkeHa Cyma 3HaueHb BUXO/IIB TIONEPEIHBOTO

i y(_Ifl) N — ki . o . . 5(|)_
pyY; . KibKiCTh HEHPOHIB y MepeKi, O; ' — 3HAYEHHS HapaMeTpy

MMOXUOKHU.
[MapameTp MOXUOKH BU3HAYAETHCS HACTYITHIM YHHOM:
SO = 5E(yi’ )7,)
| 59, 3)
(mst BUXimHOTO TIIAPY)
M _ NN e+,
5" =2 a0 W,

(4)
(1 IPUXOBaHMX LIAPIB)

Jlyis BU3HAYCHHS SIKOCTI POOOTH HEHPOHHOI MEpeKi BUKOPHCTOBYIOTH
¢yukiiro Brpar (loss function). 3assuuyaii 3a Taky (QyHKIiF0 0OHPAIOTh EBK-
JIOBY BiZICTaHb, CEPEAHBOKBAAPATHIHY MMOXHOKY a00 (hYHKIIIF0 KPOCEHTPO-
mii. Mepeka BBaXKaeThCsl HABUCHOIO, AKIIO (YHKIIS BTpaT Ha0yBae MiHiMa-
JIBHOTO 3Ha4eHH. OCHOBHA iJies IbOTO METOAY ITOJITAE B MOIINPEHH]I CUT-
HaJIiB TIOMHUJIKA BiJl BUXOJIB Mepexi A0 ii BXOMIB Y HAPSMKY, 3BOPOTHOMY
MPSIMOMY TONTUPEHHIO CUTHAJIB y 3BHYAHHOMY pPEXHMi POOOTH Mepexi.
[Tpouenypy 3BOPOTHOTO MOMIMPEHHS MOMIUIKM MOKHA 3aCTOCYBATH KiJIbKa
pasiB, 1100 NOMIMPUTH IPAAIEHTH Yepe3 YCi MIapu, NOYNHAIOYH 3 BUXOLY (pe-
3yJIBTATy MPSIMOTO TPOXOJIKEHHs HEMPOHHOT MepeKi) 1 10 BXOJIIB, 1110 110/1a-
FOTHCS B MEPEKY. Y MPOIeCci HaBYAHHS HEHPOHHOT MEPEXi Baru 3B’ I3KiB MiXK
HEHPOHAMU KOPHUTYIOTHCS Ha OCHOBI METOy I'PaIi€HTHOTO crycky (gradient
descent) [1].

Cxema anzopummy

Kpox 1. Baram Mepesxi IPUCBOIOIOTHCS TIOYATKOBI 3HAYECHHS.

Kpox 2. Obupaetncst HaBuanpHa mapa (X, Y); Bektop X 1moJaeThes Ha BXij
Mepexi.

Kpoxk 3. OGUHCITIOETHCS BUX1T MEPEKi.

Kpok 4. OGUHCIIOETHCS PI3HUIL MiXK BUXOJIOM MEPEXKi, 0 BUMAra€ThCs
(mimpoBuM, Y) 1 peasibHUM (OOUHCICHUM).

Kpoxk 5. Bara mepexi KOperyeTbcs Tak, Iod MiHIMI3yBaTH IOMHUIIKY.

Kpoxk 6. Kpoku 3 2-T0 10 5-# NOBTOPIOIOTHCS JUIsl KOXKHOI Mapy  HaB-
YarbHOI MHOXHHH J0 THX Iip, TOKH TOMUJIKA HA BCIH MHOXHHI HE JOCSTHE
NPUMHATHOI BEJIMYUHHU.

Jis KopuryBaHHS BariB peanizyeMo MoIu(iKaIliio rpagieHTHOTO CIYCKY,
0 € WOro ONTHUMI3AIl€l0 - METOA CTOXACTUYHOTO TPAJi€HTHOTO CITYCKY,
KOJIM Ha KOXKHIH iTepallii anroputMy 3 HaB4aJIbHOI BUOIPKH BUIIAIKOBUM UH-
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HOM 00HpaeThCs numIe oauH 00'ekT. TakuM YUHOM BEKTOp Bar HAIAIITOBY-
€ThCA KOKCH pa3 Ha HOBOOpaHMH 00'€kT. BUKOPUCTOBYETHCS IS MIPHUCKO-
PEHHS TOUTYKY IIIbOBOT (YHKIIIi MIITXOM BHUKOPUCTAHHSI OOMEKEHOTO 3a
PO3MipOM TPEHYBATLHOTO HAOOPY, IKUH BUOUPAETHCS BUTIAJIKOBOTO MIPH KO-
JKHIH iTepartii.

J1s1 3MeHIIeHHS 9acy 0OYUCIICHb allTOPUTMY ITiABUINCHHS IIBUAKOIIT 1e-
SIKi KPOKHM MOKYTh OYTH PO3/IiJIeHI Ha IapalielibHi 3a/1a4i i BAKOHYBaTUCS T1a-
panensHo. Lle no3BoJsie BupiryBaTH 00'eMHi 3aBaHH 1 3aBIaHHs (hikcoBa-
HOI pO3MipHOCTI HabaraTo IIBUIILIE.

[1ix yac HaBYaHHS HEHPOHHHUX MEpEX € MoTpeda B 301IbIICHHI NIBUIKO-
cTi 00pOOKH JaHUX 32 paxyHOK pa3napaliesIeHHs aJlTOPUTMY.

JocaigkeHHs eeKTUBHOCTI po3napaJsieeHHs] AITOPUTMY

YacTHHa alrOpUTMY, IO HPECTAaBIIE COO0K CTOXaCTHYHUH Tpaji€HT-
HUH CIIyCK, MOKe OYTH peaji3oBaHa mapajeibHo. € Halip TpeHyBaJIbHUX Aa-
HHX 1 JUI HUX PO3PaXxOBYIOThCA Bary. L{i po3paxyHKH € He3ale)KHUMH, TOOTO
OOYHCIICHHS Bar MOXKHA BUKOHYBATH NapaJieNIbHO: OJIHA YaCTHHA JaHUX 00-
POOITIOETHCS OJMH HPOLIECOM, iHIa — APYTUM i T.J. 32 paxyHOK IIbOI'0 MOXKHA
JOCSATTH 3MCHILICHHS 9acy 004HCIICHHS.

B nanoMy Bunanxy pilieHHS! IpoOJIeMU NMPEACTABISEThCS Y BUMIIAL KO-
JeKuii OJHOYacCHO BUKOHYBAaHHMX OJTHAKOBHX OIEpalliif, caMme TOMY po3i-
JICHHSI Ha MapaJieNibHi MiA3aaayl TyT JOLIbHE.

Jist OIiHKY pO3pOOIIFOBAHUX METO/IIB MapaiebHIX 00YHCICHD HABEICHI
IIMPOKO BUKOPHUCTOBYBaHI B TEOpii 1 MPAKTHUIIl MapajelibHOro Mporpamy-
BaHHS OCHOBHI IIOKa3HUKH SIKOCTi — MPUCKOPEHHS, IO MOKA3ye, y CKUIBKH
pa3iB MWBUAIIC 3IHCHIOETHCS PINICHHS 3aBIaHb [IPH BUKOPUCTAHHI EKiTb-
KOX MPOLECOPIB, i €EKTUBHICTB, KA XapaKTePH3Y€e YACTKY Yacy peajbHOro
BUKOPHCTAaHHS IPOLIECOPIB 0OUNCIFOBANTBHOT CHCTEMH.

MoskeMO BBaXKaTH, IO U BHPIMICHHS 3aadi MOCTIIOBHO IMOTPiOHO

vacy I, = le +(Q—f)T,, a o1s Bupimenss mapanenbHO

Tp =T, + w [2]. O6uncnumo npuckOpeHHsL:
o T _ M+a-nr,
" T g O Oh ©)
P

Tenep oOpaxyemMo MPUCKOPEHHS poOOTH mporpamu 3a Gopmysor Am-
nana [3]:
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1
P 1-f (6)
fe—

BpaxoByroun Te, 110 BCi omeparlii, 0 BUKOHYETHCS B paMKax allTOPHTMY,
po3mapaneneHi, yactka koay (f), ska He MOke OyTH po3mapaneneHa I0piB-
Hioe 0, BpaxoBYIOUH Te, IO KilbKiCTh MpOIecopiB gopisuioe 4, 10 P =4 .
[TprckopeHHs OLIHIOETHCS BETUYHHOIO:

1 1
S = = :4
p _ —
f+1 f O+1 0 (7)
p 4

EdexTuBHicTs BUKOpHCTAaHHS TIpouecopiB P = 4 npu nmapanensHiii pea-

Jti3auii aropuTMy OLIHIOETHCS BETUUHUHOIO:
S
E,(m=—=2_P_; )
e, P
n

OTxe, TEOPETHYHO, € IOLIIBHUM IapalelibHe BUKOHAHHS, aJKe 3aBISIKH
[bOMY JIOCSTA€ETHCS IPUCKOPEHHS pOOOTH alITOPUTMY PO3IiHABaHHS 300pa-
JKEHb.

Ha pucynky 1 300pakeHO 3aJIe)KHICTh MIPUCKOPEHHS alTOPUTMY Bif Ki-
JBKOCTI JaHUX HA MaKCHMAaJbHIN KITBKOCTI IPOILIECOPIB, HA PUCYHKY 2 — 3a-
JISKHICTh TOYHOCTI PO3IMi3HABAHHS BiJl KITBKOCTI TaHUX, JI€ KUTbKICTh TaHUX
— 1€ YHCII0 300paXKeHb, SIKi MOAAF0THCS Ha BXI1JT /ISl HABYAHHS.

3,9

38

MpuckopeHHA
W W oW
= i o ~

&
[

0 10000 20000 30000 40000 50000 60000

KinekicTe ganumx

Puc. 1. 3anexxHiCTh TPUCKOPEHHS BiJl KUTBKOCTI ITPOLIECIB
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Puc. 2. 3anexxHiCTh TOYHOCTI pO3Ii3HABAHHS BiJ] KUTBKOCTI HaBUAJIbHUX
JIAaHUX
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CTBOPEHHSI MOJIEJII HEUPOHHOI MEPEKI JIISI
CETMEHTAIII 30BPAKEHbD

Kypxo . O., Coxonernko 0. M., Mimenko M. B.
Yepniciecbkuii HAYiOHATbHUL MEXHOI02IYHULL YHIgepcumem, M. YepHi-
2i8, Yxpaina

IMuTanHs cerMeHTarii 300paxeHpb (BimokpeMiieHHs QoHY Big 00'exTa) €
HaJ[3BUYAIHO aKTyaJbHUM Yy CYY4aCHOMY CBiTi, OCKUIBKM JaHUH METO] Jie-
JKUTh B OCHOBI CKJIQJIHMX CHCTEM KOMII'IOTEpHOTo 30py. BoHm 3acrocoBy-
FOTBCS ISl aBTOMATUYHOT JICTEKIIi1 Ta BUIIIEHHS 00’ €KTiB Ha 300paKeHHSIX
3 METOI0 Mool 00poOku oTpumaHoi iHpopmMmarrii. CermeHTaris 300pa-
KEHb IINPOKO BUKOPHUCTOBYETHCS VIS NePEKTOCKOTIi, 0OpOOKH EPBUHHUX
3HIMKIB B MEJUIIMHI Ta JJIS CKJIaJIaHHS KapT HAa OCHOBI 3HIMKIB 3 CYIyTHHKA.

B sxocti Habopy naHuX B3sATO HaOip 300paXkeHb aBTOMOOLITIB Bil KOMITa-
Hii Carvana. BoHa Hamana Jekiibka TUCSY 300paKe€Hb 3 METOIO CTBOPEHHS
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AITOPUTMY, 110 e()eKTUBHO BiJAise€ MaInHy Ha 300pakeHi Bix ¢pony. Haii-
KpaluM pillleHHsM JTaHO1 3a/1avi € CTBOPEHHS HeHPOHHO1T Mepexi. {1t poro
Oyny BUKOPUCTaHI HACTYITHI METOIN Ta 3aCO0MH:

1) 3roptkoBa HeiiporHa Mepexka (CNN). 3ropTkoBi HelipoHHI Mepexi €
OCHOBOIO Cy4acHOi 00pOOKH 300pakeHb i KOMITIOTEpHOTO 30py. s BHpi-
IICHHS 3a/1a4i CETMEHTAIli] 32 OCHOBY OyJIa B3sATa apXiTekTypa Mepexi U-Net
[1], sixa Oyxna crBopena B 2015 poui st cermeHTanii 6iomequyHuX 300pa-
*xeHb B BigniaenHi Computer Science @paiibyp3bkoro yHiBepcuteTy. Oco0-
nBicTio apxitekTypu U-Net € Te, 1110 BOHA CKJIQIAETHCS 3 IBOX YaCTHH: CTH-
cKkarouoro nuiixy (contracting path), mo siBisieTbest 3BUMAHHOIO 3rOPTKOBOIO
Mepexero, 0 OTPUMYE Mally O3HaK, 1 PO3LIMPIOI0YOro HUIIXY (expansive
path), 1m0 3MEeHIIye KiIbKICTh KaHaIliB 03HAK, IIEPETBOPIOIOYH 300pakeHHS B
Mamy kiaciB (PucyHok 1).

input
imapge le output
tle segmentation
S map

A *[*!J 3 [": "[ = conv 3x3, ReLU

copy and crop

T s s 1024 512
;j..*.;“‘*g - [T § max pool 2x2
R Y & & 4 up-conv 2x2
*":l’ = conv 1x1

Pucynox 1 — Apxitextypa mepexi U-Net
2) Transfer learning B sKOCTI TeXHIKM poOOTH 3 HeWpoMmepeKamu.

Transfer learning — e npouec JOHaBYAHHS Ha HOBUX AaHHUX Oyab-sKOT HEM-
pOMepexi, BKe HABYCHOI A0 LBOr0 Ha IHIIMX JaHUX. 3aBASKH LBOMY
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Transfer learning moka3ye Halkpali pe3yIbTaTH Ipu poOOTI 3 OAHOMAHIT-
HUMH JaHMMY, IPY OOMY €KOHOMIITYM Yac Ha HaBYaHHS HEWpoMepexki 3
HYJIs.

B sKocTi cTHCKa0YOro Ta po3MHUPIOI0YOTo MUIIXY Oylia B3sATa Mepexa
ResNet34 [2]. Bona Oyna 3a3ganerins HaBueHa Ha ImageNet — Habopi
Oimpmr HiX 14 MinbiOHIB 300paXkeHb, MoieHNX Ha 20 THCSAY KIIaciB.

3) B sikocTi QyHKIIi BUTPAT BUKOPUCTOBYETHCS JIOTICTUYHA (PYHKIIs 11O-
muiku (Cross-entropy loss, or log loss). B sikocTi onTuMizaniiHoi GpyHKii
3MeHIeHHs nommiku — Adam [3].

Jani 0ynu noxineni Ha 1gi yactuaun — 4000 300paXkeHb BUKOPHCTOBY-
IOTBCS JIJIsl HABUAHHSI Mepexi, 3amumok, 1088 300paxens, — Ui Bajiaarii
mozeni. Kpim Toro, HaBuanbHa BHOIpKa MiJJla€ThCs ayrMeHTalii — 300pa-
JKEHHS BUIIAJIKOBHM YHHOM MOBEPTAIOTHCS, 00Pi3aI0ThC, 3alIyMIISIOTECS Ta
PO3MHBAKOTHCS.

3ajaua BUpinIyBaacs 3a JONOMOTOI0 MOBH nporpamyBaHHs Python 3 Bu-
KopucTaHHAM 0i0mioTexn Keras. Came crinmbHOTa Python € Ha#tOinbmn po3Bu-
HEHOIO B Tajy3i MalllMHHOTO HaBYaHHS, Ha Python icHye Ge3miu 6i0mioTex
IUTSE X iteit. B sikocTi mmathopMu Ui TpeHyBaHHS MEPEXi BHKOPHCTOBY-
BaBcst Google Colab, sikuii Hajae KOpUcTyBadaM OE3KOIITOBHY MOXKIIMBICTb
BUKOPHCTOBYBATH MOTYXKHOCTI IpadiyHuX mpolecopiB Ha cepBepax Google
JUISl TPEHYBaHHSI BIACHUX HEHPOHHUX MEPEXK.

Haguanns TpuBaino 40 enox, Ko>xHa TPUBATICTIO OJIM3bKO 2 3 [TOJIOBHHOIO
xBUJIKH. Bike Ha 15 enoci Mepexa mocsriia TOYHOCTI Ha TECTOBIN BUOIpIL B
99,6%, 1110 BBaKa€THCS JOCTATHIM JUIA 1aHOI 3a/1a4i.

TouHicTh Mepexki MOKHA 30LTBIINTH, EKCIISPUMEHTYIOUH 3 IHIIUMH apXi-
TEKTypamMH HEWPOHHUX MepeX, (YHKIISIMU BUTPAT Ta onTuMizamii. [Tomryk
HAMOLTBII ONTHMANBHOI apXiTEKTYPH Ta MapaMeTPiB MEPEKi 3aBXKIU 3aId-
IAE€THCS HAMCKIIAIHINIO 33/1a4€F0 MAlIMHHOTO HABYAHHSI.
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OCOBJIMBOCTI NOBYIOBH MEPEKI CUTY AIIIHHAX
HEHTPIB CEKTOPY BE3IIEKA 1 OFOPOHU

B.®.I'peuaninos, M.O.AHIpOCEHKO
IHemumym npobnem MamemamuyHux MAwiuH i cucmem

OpHUM i3 HafaKTyadpHIMINX 3aBAAHb MisUIPHOCTI Aep>KaBHUX OpraHiB ce-
KTOpY Oe3meku i 000poHU YKpaiHH € 3a0e3MeUCHHS BOEHHOT, 30BHIIIHBO-TT0-
JITHYHOI Ta eKoJIoriyHoi Oe3nexu. [y BUpIlIeHHs IMX 3aBlaHb, 0COOINBO
B IIepioJ] HAIBHOCTI peajbHUX 3arpo3 31 CTOPOHHM IHIIUX AEprKaB, YaCTKOBOT
okynauii Teputopii YKkpainu, BeeHHs TiOpuIHOI BiliHH, HenepeadadeHiCTh
Jiif arpecopa, BUMarae noCTiiHOT OllepaTHBHOT B3a€EMOIii OpTaHiB JiepKaBHOT
BJIaJM B OLIHII CUTYallii, MPOTHO3yBaHHI ii pO3BHUTKY, YIEPEKEHHS 1 3HEIl-
KOJUKEHHSI MOKJIMBHX 3arp03 Ta IPUHHATTS BIATIOBITHUX pimeHb. st 3a0e3-
TIeYeHHS B3a€EMOJIi OpraHiB ceKTopy Oe3meku i 00OpOHM HEOOXiTHO MaTh
enuHUH iHGOPMAIITHUN TIPOCTIip, KU JO3BOIUTE IPU NPUHHATTI HEOOXia-
HUX PIllICHb OTIEPATUBHO B3aEMOIISTH MiXk cO0OO¥0.

B mepion BoeHHHX KOH(]IIIKTIB, BOEHHUX [Iiil HA TepUTOpii YKpainu, He-
00xinHO moOyBaTH, 00pOOIATH iHPOPMALIitO Ta OOMIHIOBATHCS HEFO 3 MAKCH-
MaJIbHUM HaOJNMKEHHSM JI0 MaclTady peanbHoro 4acy. binbiie maHciB Ha
NPUIHATTS €PEKTUBHOIO DIllIEHHS Ja€ ONepaTHBHA HASBHICTH JOCTOBIPHOT
iHdopMarlii, sika 1acTh MOXKIIMBICTh 8JEKBATHO OLIIHIOBATH 0OCTAaHOBKY B YK-
paiHi, B MK/IEpXKaBHUX BIJTHOCHHAX, PIBEHb TOTOBHOCTI BiiicbKOBHX (hOpMY-
BaHb yCiX JIep»KaBHUX OpraHiB ceKTopa Oe3neku it 06opoHn YKkpainu ta Has-
BHICTh HEOOXIiTHIX MOKITUBOCTEH y IEpKaBi.

Ha croroaHimHil 1eHs B YKpaiHi KOXKEH OpTraH CeKTOpy Oe3neku it 06o-
POHH Mae cBO1 6a31 JaHMX, CBOT CHCTEMH aBTOMAaTH3aLli1 IpoLiecy IPUHHATTS
pilIeHs 3 MHTaHb, AKi MiAIAJAIOTh ITiJ] KOMIETEHI[II0 KOHKPETHOTO OpPraHy
Biany. | IiIOTH Il OpraHy AOCTaTHBO ABTOHOMHO, HE BPaXOBYIOUH, 3 PI3HUX
TIPUYHH, TIO3UIIIO0 1HITUX OpPTaHiB.

Lle yacTo MPU3BOAUTH JI0 MIEBHUX HENOPO3yMiHb, IPOTHUPIY Ta 3BUHYBA-
YeHb OJIUH OJHOTO0. ToMYy, ISl ONIEPATUBHOT «IAPYKHBOI» B3aEMOIII BCIX Op-
raHiB cekropa Oesmneku i o6oponn B [1] 3ampormoHOBaHO CTBOPHTH Taki
YMOBHU:

1. BupimmTty MUTaHHSA CTBOPEHHS CYKYITHOCTI 3aXMIICHUX iH(popMamini-
HUX MEpEeX, TI00aIbHUX iHQOPMAIIHHNX MepexX SK TEeXHIYHOI OCHOBH JJIS
3a0e3neueHHs IIBUKOAIFOUMX TOPU30HTAIBHUX 1 BEPTUKAILHUX KaHAJIB 00-
MiHy iH}opMani€ro B pealisbHOMY MaciuTadi 4acy MiX opraHamMy ceKTopa 0e3-
neKu i 060poHu. 3ailicHeHHs wiel yMOBH 000B’s13k0Be [2].
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2. 3abe3neunTn iH(pOpMAIIiitHy CyMiCHICTP Y ISUTBHOCTI OpTaHiB CEKTOPa
6esnexu it oboporu (OIBCBHO) 3a paxyHOK:

— BUKOPHUCTAHHS €IMHUX MIPHUHITAITIB TOOYIOBH 0a3 TaHWX;

— CTBOPEHHS €IMHO{ IeKTPOHHOI CHCTEeMH KIacu(ikaTopiB 1 JOBITHHUKIB
3 BUKOPUCTAHHSM 3arajisHOJIepKaBHAX Ta BIIOMYHX PO3pPO0OK, sika 3a0e3re-
gyyBaja 0 poOOTy K B aBTOMaTHYHOMY, TaK i B 1iaJIOTOBOMY PEXHMI, 8 TAKOXK
3aIpoBaJUTH BUKOpHCcTaHHs 1iel cucremu B ycix OJABCBO.

3. CtBoputH enuHe iH(pOpMAaLliiiHe cepelOBUINE Ha OCHOBI CYKYITHOCTI
6a3 manux OJIBCBO, amke KOXHHUI OpraH BiIaau ceKTopa Oe3meku i 000-
POHH yKe Ma€ CBOIO BJIacHy 0a3y i, K paBHJIO, OOHOBIIIOE 11 32 IEBHUM pe-
rilaMeHToM. YacTHHa 3arajibHOJIEp)KaBHUX ITOKa3HUKIB MOXKe AyOioBaTHCS
B pi3HUX 0a3ax, MOCTYNATH 13 Pi3HUX JKepen 1 B pi3HUA yac. ToMy MOXYTb
BUHHMKHYTH NIPOTHPIYYS Y 3HAYCHHSIX OJHOTO 1 TOTO K IOKa3HWKa, abo X
OIMH 1 TOH ke NMOKAa3HMK MOKE Ha3WBaTHCS IMO-pisHOMY. I1[00 yHMKHYTH
IIBOTO, MOTPIOHO CTBOPUTH MeTabasy JaHUX, B AKii OyIyTh OMHCaHI CYTHOCTI
KOKHOTO JaHOTO0, ¢ BOHO (hOPMY€EThCS, SIKMH Mae (opMart, KyJau Haacuia-
€TbCs, Ta iH. CTBOpEHHS MeTaba3y JaHUX YNOPSAKY€E HAAXOMKEeHHS iHpop-
Mariii i 3a06e31meYnTs OJHO3HAYHE TIIyMaueHHs yCiX MOKa3HUKIB ceKTopa 0e3-
neku it oboponu. Lle myxe Tpynomicrka po6oTa, ajne ii He0OXiZHO 3POOUTH.

4.1 came TOJIOBHE — II€ 3alPOBAIUTH €JMHY HOBITHIO TEXHOJIOTIIO ITiIT-
PUMKH MPUHHATTS PilIeHb — aBTOMATH30BaHy CUCTEMY MIATPUMKH TPHH-
HATTS SIK KOJIGKTUBHHUX, TaK 1 IHAMBIyaIbHUX PillIeHb, Y BUTJISI MEPEXi CH-
TyanidHuX 1eHTpiB. 1le M03BOJUTH MOEIHATH MOXKJIMBOCTI KEPIBHUKIB BH-
mux mwabais OJIBCBO ta cydacuux iHpopMaliiHux TexHosorii [3].

Buxonsuu i3 3a3HaueHNX YMOB e(eKTHBHE (YHKIIOHYBaHHS BHCOKOIH-
TEJNEKTyallbHUX CUTYAIIHHUX IEeHTPiB 0a3yeThCs Ha ONEpaTHBHIA B3a€MOIi
KepiBHHIITBA OpPTaHiB CeKTOpY Oe3reku i 00OpOHH Mia yac 0OTOBOPEHHS Ta
NPUHHATTS pilIeHb # HANPSAMY 3aJI€KHUTh BiJ] HASBHOCTI IIBHIKOJIFOYHX I'O-
PU30HTANFHUX 1 BEPTHKAJIHHUX KaHAIIB 00MiHY iH()OpMAIII€0 B peaTbHOMY
Macuitadi Jacy.

CyuacHi TelleKOMYHIKaliiHI Mepexi OyAyIThCsl B OCHOBHOMY 3 BUKOPH-
CTaHHSAM NIBHIKOIFOYMX ONTUYHHUX TEXHOJIOTIH, 1[0 B MOBHI# Mipi 3a/10BO-
JIbHSIE CaMUX BHOArJMBUX PO3POOHHKIB IHTENEKTYaIbHUX 1HQOPMAIiHHIX
CHCTEM.

OpHak, y 3B'13Ky 3 0COOIMBOCTSMH (DYHKI[IOHYBaHHS CHUTYaIliHHUX LI€H-
TPiB ceKTOpY Oe3reKH it 000pOHU B OCOOIMBHH Nepioj] BEICHHSI BOEHHUX Jil
Ha TepuTopii YKpaiHu, HeoOXiTHO BpaxoBYBaTH MO>KJIMBI Ha3BUUYaifHO He-
KOM(OPTHI YyMOBH X QyHKIIOHYBaHHS, SIKI XapaKTepPU3YIOThCSl 4AaCTOIO 3Mi-
HOFO JIOKAIIIT Ta BiICYTHICTIO HEOOXiTHIX 3aKPUTUX IIBUIKOIFOYHX KAHAIB
3B'AI3KY.
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B Takmx ymMoBax BHKOPHCTAaHHS Cy9acHHUX iH(QOpMAIiiiHUX TEXHOJOTIH,
SIKi B OCHOBHOMY PO3PaxOBYIOTECS Ha (QYHKIIOHYBaHHS B TI00aIbHAX iH(DO-
pMamiifHuX cepeJOBHIIAX MUPHOTO Yacy CTa€ MpoOIeMaTHIHIM, a TO i B3a-
raji HEMOKJINBHUM.

Tomy, ipu po3poOIli TEXHIYHHUX 3aBAaHb Ha HAYKOBO-IOCIiAHI Ta TOCTi-
JTHO-KOHCTPYKTOPCHKI poOOTH 3a HANIPSIMKOM CTBOPEHHS CHUTYaIliHHUX IIeH-
TpPIB CEKTOPY Oe3neku i 000poHH, HEOOXiJHO BpaXOBYBAaTH MOXKJINBI HAaWTi-
piui ymMoBH X pyHkuionyBanHs. [Ipu npoMy, yBary HeoOXiHO 3BEpHYTH Ha
PO3pOOKY HOBUX IPOTOKOJIIB OOMIHY JaHMMH NPUKJIQJHOTO PiBHS Mixk iH]O-
pMaLiiiHIMH CHCTEMaMH Pi3HOI apXiTeKTYpH 3 MiJBHIIEHOIO rapaHTi€lo A0C-
TaBKM iH(opMalii B yMOBaxX BUKOPUCTaHHS HU3BKOI MPOITYCKHOI CIIPOMOJXK-
HOCTI KaHaJIiB 3B'A3KY.

3 inmoro 60Ky, iHpopMariitHi ciucTemMu A 0OMiHY TaHUMHU TIOBHHHI BU-
KOPHUCTOBYBATH (pOPMATH 3 IKOMOTA OLTBIT YCYHYTOO iH(pOpMamiiHOO HAll-
mumkoBicTio. Jlo Takux ¢opmaTiB BimHOCATRCS popMaTu apxiBaTopis. Oa-
HaK, MOKJIMBOCTI YHIBEpCAIbHUX METOIIB CTUCHEHHS, IO BHKOPHUCTOBY-
I0ThCS BIJIOMHMH apXiBaTopaMH, MOXHA ITOKPAIIUTH 33 PaXyHOK pPO3pPOOKH
HOBHX CHEIiaJbHUX METOMIB MOIEPeIHp0T 00pOOKHN HaHUX iHPOpMAaIiTHIX
cUCTeM mepel IX CTUCHEHHs M. Tak, 1y 30inblieHHs Koe(illieHTIB CTHC-
HeHHs apxiBaropamu (aitniB Gopmary XML, sikuit BAKOPUCTOBYETHCS ISt
00MiHy iH(opMaIli€ro Mixk 0a3amMu JaHUX 1H(GOPMAIIITHIX CHCTEM MOYKHA BH-
KOPHCTaTH METOJM COPTYIOUHX IEPETBOPEHB, MPO sKi MoBa e B [4], me
BOHHM OYJIM BIIEpIIie OMyOJIiKOBaHI pa3oM 3 pe3yJIbTaTaMHM iX MPOrpaMHOi pe-
amizanii mpu3HAYeHOI [UIS TiABUIICHHS KOC(IlieHTIB CTUCHEHHS (OopMarTiB
Microsoft office B ocHOBI sikix BUKOpPHCTOBYEThCs came Gopmar XML to-
yuHatouu 3 2007 poky.

Bineo, aynmio ¢popmaru ta popmaTti BUIOBOI iHpOpMAIii B iHPpopMaIIiii-
HUX cucTeMax 0e3 ycyHeHHs iH(QopMaIiifHOT HaJTUIIKOBOCTI, K MPaBHIIO,
HE BUKOPHUCTOBYIOThCS. KpiM TOTO, EsIKi CHCTEMH, 110 MPOTIOHYIOTh, HAIIPHU-
KJIaJ], BiJIeO CepBICH 1 3aBJJaHHSM SIKHX € JJOCTaBKa JaHUX 10 KOPHCTYBauiB,
SIKI HE MArOTh IIBUAKOIIFOYMX KaHAIIB Mepeaadi JaHuX MPOMOHYIOTHCS MO-
JKIJIMBOCTI BUOOPY SIKOCTI BiZieo Ta ay/io qaHux. JlaHuii miaxin HeoOXiqHO BH-
KOPUCTOBYBATH IIPU CTBOPEHHI Cy4YaCHHMX CHTYAIIHHUX LEHTPIB CEKTOpPY
Oe3neku i 00OpOHM, ajie iCHye MOMUIMBICTh 3HAYHO IMiJBUIIUTH €(PEKTUB-
HICTh JIAHOTO TiIXO0Ty IUISIXOM 3aCTOCYBAaHHSI MPOTPECUBHOTO METOTY TIEpe-
na4i naHux. Tak, HaNpHKIIaJ, KOPUCTYBad OTPUMABIIN iH(OpMaLilo ITOHHU-
KEHOI SIKOCTI OYMHAE 3 HEIO MPAIfOBATH, a B IIeH Yac IPOJOBXKYIOTHCS MOC-
TYIaTH HOPILISIMU JaHi JeTaIi3aIil I HOKpaIIeHHS SIKICHIX XapaKTePUCTUK
TIOTIepeTHBO MPUHHATUX JTaHHX.

TakuM 4MHOM HeMae HeOoOXiTHOCTI 30epiraHHs Ta IepeaBaHHs BapiaH-
TiB IIPEACTABJICHHS OJJHUX JIAHHUX 3 Pi3HOIO sKicTIO. POpMaT MoBHHEH OyTH
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OJINH, aJie 3 MOKJIMBICTIO PO3AUICHHS JaHUX Ha iHTETpaLiiiHi Ta JaHi AeTai-
3amii. ToMy akTyanbHUMH Ha CHOTO/IHI € 3aBIaHHA 00 CTBOPEHHS CIIerlia-
JTHHHUX (OPMATIB 3 MOKIIMBICTIO TIPOTPECHBHOI MIepeAadi Ta MpeACTaBICHHS
BiZleo, ay/io Ta BHIOBOI iH(OpMAIIil IS MiABUIICHAS ePEKTUBHOCTI QPYHK-
[IOHYBAaHHS CUTYaliHHUX [EHTPIB CEKTOPY Oe3MeKH i 000OPOHH.
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VK 519.85

MAKCHUMM3ALMS LEJTEBOM ®YHKIIUUM HA MHOKECTBE
PA3SMEIIEHUM

A.H. Haropnas
Kuesckuii mexcoynapoonwiii ynusepcumem, Kueg

Ceroias B 00J1aCTH MCCIEOBAHHUS PA3IMNYHBIX KJIACCOB KOMOMHATOPHBIX
MojIeIel U pa3pabOTKK HOBBIX MOJIENEH U METOOB MX PENIEHUS TOTyIEHbI
3HAYMTEIbHBIE pe3ybTaThl [1-6]. Cieayer OTMETHTD, YTO KOMOHHATOPHBIE
ONTHMU3AIMOHHbIE 33/1aY¥ C BBIYUCIIUTEIBHON TOUKU 3PEHUS SIBIISIFOTCS OJ1-
HMMH M3 CaMBIX CJI0XKHBIX [7,8].

PaccMOTpUM ONTHMH3AIMOHHYIO 3a1a4y BH/IA:

Z(®, Ay):max{d(a)|a e Ar Y, )
D={xeR"|Gx< ()b}, 1e GeR™", beR", )
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n

rae ®(a) = ZC jXj — uenepas (G yHKIMS HA KOMOUHATOPHOM MHOXECTBE
j=1

pa3MenieHui Ar': .

Mertox pemeHrss KOMOWHATOPHOM 3aJadn yCiIOBHOU onrummsanud (1)-
(2) coctout U3 Tpex mMIATOB.

ITepBBIit mar cocTONT B MOCTPOSHHUE MaTPHIBI HOpMaIH3auy. CoriacHo
HopsiKa HeyObIBaHUsI KO((HUIMEHTOB LIeIeBOH (pYHKINH, OCYIIECTBISIETCS
nepectaHoBKa Kod((UIIMEHTOB 3aJaHHBIX OTPAaHWYEHH, 110 pe3ysbTaTram
KOTOpOH cocTaBisieTcsl MaTpuiia Hopmanusauuu. OHa ¢popMupyeTcst Ha oc-
HOBE Iepe0003HaYCHUS OPAIKa ClIe0BaHUS KOAP(UIIMEHTOB ONOIHUTE-
JBHBIX OrpaHudeHuil (puc. 1).

N¢ Uy u, Up_q Up
n ! ' ' '
9 Upg Up, Upng Upp
n ! ' ' '
92 Uy Uy Uong Uz
n ' ! ' !
Im Un U2 Unn-1 Umn

Puc. 1. MaTpuua HopManuzanuu

B marpure:
Ny Ny Ng Ny
, 2, m — HOMEp MECTa COOTBETCTBYIOLIEIO 3JIEMEHTa
n
MHOXKECTBA pa3MECIICHUU; IJId HEJIEBOU (i)yHKLII/II/I — f , U1 OTPAaHUYCHUU —

ngl ngz ngm

1 LRRRE) i

1 1 1
X X3 . Xp

ur@ u@) ... ut(m)

BTOpOﬁ Iar — 9TO HaXO0KACHUEC IIEPBOro0 ONNOPHOI'0 pCHICHUS. CormacHo
OIIpeAC/ICHUA, MHOXKECTBO paSMCIIICHI/Iﬁ YUYHUTBIBACT NOPAAOK CICAOBAHUA

rae AupiN - CrAuy, =

[6].
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3JIEMEHTOB, [TOTOMY IIPH HAXOXKACHHUHM MaKCUMyMa (YHKIMH, HadaJIbHON
BbIOMpaeTcst  “MakcMMaipHas® ~ TOYKa  MHOXECTBA  pa3MEHICHHH
(X4, X94 e X1y Xp) -
Jlanee mpou3BOAMTCS pacyeT:
max
1 (%, Xy Xngs Xn) s
fd oyt
0104, Xz, X1, %) =b] < (2)by., ®)
1l i ’
01 (X1, Xz Xn1, %) =B < ()b -
CocraBmnsieM HeOOXOIMMBIE YCIIOBHS JIJIsI IPUPOCTOB OIPaHUYEHHH:
’ ’
Ag; = (S)byy, by =by —by 4)
’ ’
Agi = ()b, by =b; —by/.
Ecnm nanHas HavanbHast TOYKa MHOXKECTBA Pa3MEIICHUH YIOBICTBOPSIET
BCE OTPaHUYEHUs, TO Hall/IEHO MePBOE OMOPHOE PEIICHHE.
Dopmynupyem yCJ’IOBI/Iﬂ JUIsl JaNbHEHUINETO YIy4IIeHHUs OIIOPHOIO pelie-
HOS: 07,05 ,....0f Y [EPEXOAUM K Inary 3.
HaY Hav y

Hay /u

3HaueHus npupoctoB Af , AQ; BBMHCIAIOTCA 32 HOPMYIaMU:
f f f f
Af = Afz —Afl = (Xi 2 *Cj +Xj2 *Ci )—(le *Cj +Xi ! *Ci) (5)

Ag =Ag, —Ag; = (xig2 *Cj+ xjg2 *C )— (x?l *Cj+ xJt *ci)
(6)

Ecnu xe orpaHudeHHs HE BBINOJIHAIOTCS, TO HEOOXOIUMO BBIOpATh
CJIC/TYFOLIYIO TOUKY U3 YIIOPOSA0UYCHOTO MHOXECTBA Pa3MEeLleHHI U IeperTH
K IPOBEpKe yCIoBHit (4).

Tpernii mar ocTUT B yJIyYIIEHHH OIOPHOTO PEIICHHs 3a CYeT BhIOOpa
CJIe/TyolIel TOUKH U3 MHOXKECTBA pa3MEIIeHHH 110 yObIBaHNIO 3HAYEHUH 11e-
JIeBOH (DYHKIMH, COTJIACHO TJIABHOTO YCIOBHS MPOBEPKH:

Af ™50 (7

Ecnm nanHOe ycnoBHe He BBIOJIHAETCS, TO OIyYEHHOE OMOPHOE pellle-
HHE HeJb3s YIydIINnTh, & CJIEA0BATEILHO, ONMOPHOE pelieHne OyaeT OnTH-
MaJIbHbIM. B NpoTHBHOM citydae BbIOMpaeTcsl TOYKAa U3 MHOXKECTBA pa3Me-
MICHU TI0 YOBIBAHUIO LIETIEBOM (DYHKITUU U OCYIIECTBISIETCS MPOBEPKA OTpa-
HU4YeHUH 1o ¢popmymnam (4), mara 2.

VYcnoBust (4) SBISIOTCS TOCTATOYHBIMHE JJIs1 IOUCKA ONTHUMAJIEHOTO pellie-
HUS, a BBINIOJIHEHNE HepaBeHCTBa (7) HEOOXOIMUMO Ui MOWUCKA ONTHMAIb-
HOTO pelIeHusl.

BoiBoabl. B pabote npeioskeH HOBBIH METO/ HAX0XK/ICHNS! MaKCHMallb-
HOT'0 3Ha4YeHUs 11e71eBOi (yHKIIMHM Ha MHOXKECTBE Pa3MEILeHHH, C y4eTOM J10-
TIOJIHUTENBHBIX OTPaHUYEHHH.
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CriemyeT OTMETHTb, YTO [UISl HAXOXKICHHS IIEPBOTO OINIOPHOTO PELICHHS
J0CTaTOYHO PACCYUTATh IPUPOCTHI OTPAaHUUEHUH Ag] (5). YiydiueHus ono-

PHOTO IDTaHa MPOUCXOIUT COTIacHO yciaoBus (7). 3HaueHHe (HYHKIUHN HETH
HaxXOIWTCS 3a CYET HaxoxaeHWs npupoctoB Af (6), 6e3 HeoOxomumocTH

BBIYKCIICHUSI BCEH TpeNbIayIei (yHKINH.

JlaHHBIH METOJ MO3BOJISAET 3HAYUTENIBHO YIIPOCTUTH NMPOLEAYPY MOUCKA
MaKCHUMaJIbHOTO pEeIlIeHHs, TOCKOJIbKY HEpPaBEHCTBA IMPUPOCTOB OTpaHUYe-
HUH TO3BOJISIIOT Cpasy K€ ONpEJeTUTh OYAET JIM TOYKa MHOXKECTBA pa3Me-
IIEHUH OMOPHBIM PEIICHUEM WIIN HET.

WTtak, momp3ysAch JaHHBIM METOJIOM, MOXKHO 32 KOHEYHOE YHCIIO IIaroB
HaliTH MakcuMyM (YHKIMH Ha MHOXECTBE pa3MelleHui. JlanpHeimme
nCcIe0BaHMs OyAyT HaIpaBIICHBI HAa aJlallTallii0 METOAA JJISI IPYTUX KOM-
OMHATOPHBIX MHOXECTB.
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VIK 369.013

®OPMYBAHHS INEPEKJAJTAIIBKOT KOMIETEHIII 3A .
JIOMOMOT' OO0 CYYACHUX THOOPMAIIMHNUX TEXHOJIOTTA

0.0. BOPOJIIHA, M.M. KAIIKO
THonmascvkuil Hayionanvruti mexHiunull yrnieepcumem imeni FOpis Kon-
Opamioka

HaiiBaxxiuBinry poib y GOopMyBaHHs IepeKiIagabKoi KOMIIETEHLIT rpae
camMe XapakTep Ta IiAX1J1 J0 HaBYaHHSI CIIELiaicTiB y cdepi nepexiany, sKuii
MOMITHO 3MIiHMBCSl 32 OCTaHHI AEKIJIbKa JECSATHIITh, 3HAYHOIO MIpoIo 3a-
BISKH IIBUJIKOMY PO3BUTKY TEXHIKH Ta TEXHOJIOTIH. Y 3B 53Ky 3 LIUM i mepe-
KJ1aJI03HaBCTBO CTPIMKO PO3BHBAETHCS Y HANPSMKY IHTErpalii Cy4acHHX iH-
(hopMaIiifHUX KOMIT FOTEPHHUX TEXHOJIOTIH y MPOoIec AOCIIHKEHHS TaKUX M-
TaHb SIK HMOKPAIIEHHS SIKOCTI MEepEKIaay Ta, BIaCHE, BU3HAUCHHS OCHOBHHUX
CKJIQIOBHX IEPEKIANAIBKOT KOMIETSHIIII.

Taxi 3apyOikHI Ta BiTYM3HsAHI MOBO3HaBII K B. Bapxynapos, B. Ko-
MiccapoB, P. Minesip-benopydes, 1. Xaneepa, Ta iHmI, JOCTIIKYBaIA MH-
TaHHS (paXOBOi KOMIICTEHINl CIEIaJiCTiB 3 TMepeKiamy, SK CYKYITHOCTI
3HaHb, YMiHb, HABUYOK, SIKi JIO3BOJIIOTH MEPEKIAAaueBi YCIIIIHO BHUPINTY-
BaTH CBOI MpoQeciiiHi 3aBaaHHs.

B cydacHoMy mepekiiaJo3HaBTBI iCHY€ BU3HAUCHHS HANPSIMY KOMIIETEH-
il nepeksaaaya sik ClpsMOBaHOCTI Ha 3a0e31IeYeHHs] OCHOBHHX (pyHKIIH, Ta-
KUX SIK: IUChMOBA Ta YCHAa KOMYHIKallisl y pi3HUX cepax cycHiibHOT Iisuib-
HOCTI; 3aCTOCYBaHHsI Cy4acCHHX METOJIiB 30upaHHs Ta 00poOiieHHs iHpopma-
1i1; BUKOPHUCTAHHA TI00aTbHUX iHQOPMAIIHHUX Mepek; BUKOPUCTAHHS aB-
TOMAaTH30BaHUX MOIIYKOBUX CHCTEM; BUKOPHCTaHHS €JICKTPOHHHX 0a3 1a-
HUX, [JI0CapiiB, TOBITHUKIB, Ta iHIIE. [3]

TakuM YMHOM Ma€eMO 3MOTy 3pOOHMTH BHCHOBOK, IO BHKOPHUCTaHHS
KOMIT FOTEPHUX 1HPOPMAIifHIX TEXHOJIOTIH Ipae posb y MOOYAOBI MepeKiia-
JlanbKoi KOMITETEHIIIT 3 TOUKH 30pY Cy4acHOTO IePeKIa03HaBCTBa.

BiacHe Temy cy4YacHMX TEXHOJIOTIH B Mepekiail JOCIiDKyBaJM Taki
BueHi sik H. Bacosa, C. Berpos, M. Knapin, B. lllyknrysos, XK. [Toriaschka,
a IHTerpaIlio TaKUX TEXHOJOTiN caMe y HaBUaJbHUI MPOIEC PO3TISHYIN Y
CBOTX HAYKOBHX MpAISIX Taki JocaiaHuku sk B. besnansko, A. Hicimuyk, O.
[usH Ta iHMIII.

PosrissHeMo HU3KY MOKIIMBOCTEH BIAKPUTHX Al MailOyTHIX mepekiana-
4iB 3aBISKH IHTETpalii IHPOPMALIHHIX TEXHOJIOTIH B IPOIIeCi HABYAHHS:

v/ NPOBEJIEHHS ayJUTOPHUX 3aHSTH i CAMOCTIHHOT pOGOTH 3 PO3BUTKY

v {HIIOMOBHHX BMiHb i HABUYOK;

v/ NOMOBHEHHS AKTUBHOTO CIIOBHUKOBOTO 3aMacy;
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v' nepesipka opdorpadii;

v/ nepeBipKa iHIIOMOBHUX MOBJIEHHEBUX 3HAHb, HABMYOK TA BMiHb

v/ 1UIIXOM TECTYBaHHS;

v/ aHajiTM4Ha 00poOKa MOBiIOMIIEHD.

BapTo 3a3HaunTH, 10 ITepekiafay - ne QaxiBelp, SKOMY Y CBOill poOoTi
JOBOJIUTHCSI MATH CIIPABY 3 BEIMYC3HUMH 00’ eMaMu iH(QOpMAIlil y CTHCITI Te-
pminn. Ockinbky iH(opManiiiHi Ta iHGopMaLiiiHO-KOMYHIKaLiiHI TEXHOJIO-
Tii po3rIsAOTh K TakKi, M0 3a0e3MeYyIoTh Ta HATPUMYIOTh iHpopMaliiHi
IpoLecH TOIIYyKy, 300py, nepenaui, 30epeKeHHs, HAKOMMYECHHS, THPaXYy-
BaHHs iHpopMauii Ta npoueaypu gocTymy 1o Hei [1], dpaxiBismM y cdepi me-
pexiay iHpopMauiiHi TEXHOJIOTIT 103BOJISATh 31 CHIOBATH HACTYIIHI Jii:
apxiBHe 30epiraHHs JOCHTh BEIMKUX 00cATiB iHpopMarii 3
MOXKJIMBOCTSIMH IX Iepeadi;

AaBTOMATHYHHUI1 epeKIIa 3a JOIIOMOTOI0 KOMIT IOTePHHX
TepeKyIaadviB;

aBTOMATHYHHUII epeKIa 3a JOIIOMOTO0 KOMIT IOTePHHX CIIOBHHUKIB;
aBTOMaTH4YHe ped)epyBaHHs Ta AHOTYBAHHS MaTepiajiB;
ABTOMAaTH30BaHi CHCTEMH Tepekiany. [2]

VYci 1i MyHKTH MOKHA BBa)KAaTH MTO3UTHBHUMU CKIIQJIOBUMHU JUTs GopMy-
BaHHs KOMIIETCHIIIT CIIeIiaicTiB Ta MallOyTHIX (axiBiiB y chepi mepeKiay.

OTxe, mpodeciitHa isIbHICT TepeKIagaya Mae 0araTto acreKTiB, IPOTe
HEBiJI’€MHHMM i KOMIIOHEHTOM € BUKOPHCTAHHs CyYacHUX iH(pOpMAaIliiHUX
TEXHOJIOTIH JJIsl 3MIMCHEHHS AKICHUX, aJICKBATHUX MEPEKIIA/IiB Ta BIOCKOHA-
JeHHA, a00 HaOyTTs MepeKIajanbKkoi KOMIIETEHIlil, OCKUTBKH OCHOBHHM
00’ekTOM po0OTH IEepeKiagaya € came iHpopMaIlis.

NN N NN
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YK 378.04

IMPOBJIEMU BE3INIEKN JAHUX Y XMAPHUX TEXHOJIOTI'IAX

0.0. BOPOJIHA, AM.TA®DIIK, A.€. BUTTOBCBKA, M.C.
MO/JIHA
THonmascvkuii Hayionanvrull mexHiunuil yHieepcumem imeni FOpis Kon-
Opamioka

XmapHe 004HCIICHHS — 1I€ TEXHOJIOTis raly3i 004NCIIIOBAIbHOT TEXHIKH,
1110 CHOT'OJIHI CTPIMKO PO3BUBAETHCS. JlaHa TeXHOIOTIsI Mae sk Gararo mepe-
Bar, Tak 1 JICKiTbKa HEAOJIKIB, MOB’I3aHUX 3 mpobieMamu Oes3meku. J{is
Oynb-sIKOr0 KOpUCTyBauya XMapHOTO CEepBIiCY JaHi € HaJ3BUYAHO BaXKIH-
BUMH, a IX BUTIK MO>Ke 3pYHHYBAaTH JIOBIpY JIIOJICH Ta IOTATTH 3a COOOKO iHII
cepiiosHi Hacnigku. ToMy mpoBaiepu XMapHUX CEpBICIB IPUIUIAIOTH Oi-
JBINIE YBard Oe3Ieli JaHuX.

KoskeH BHKOPHCTOBY€E XMapHE OOYMCIICHHS Y TOBCAKICHHOMY XXHTTi B
Tifl 9n iHmINA $opMi, HaBITH He MimO3proroYH, SK-0T Microsoft Office 365,
Gmail, Dropbox i T. x. ¥ XMapHHX 00YHCIIEHHSIX JaHi 30epiratoThCs 3a Me-
JKaMU Micus croxwuBada (y mpoBaiepa), TOMy CIiJl 3aCTOCOBYBATH JI0JAT-
KOBIi 3ax07u Oe3IeKn, OKPIM TPAIUIiHHUX ITEPEeBipoOK, 00 3a0e3neunTH 0e3-
MeKy JIaHHX, a TAKOXK He JIOMYCTUTHU aTaK XaKepiB Ta iHILI MOpYyLIeHHs Yepes3
BPa3JIMBICTh CUCTEMHU.

JKuTTeBUil UK MaHUX CKIAJAETHCS 3 IIECTH €TaliB: CTBOPEHHS, 30epi-
raHHsI, BUKOPUCTAaHH, MOLIMPEHH, apXiByBaHHs Ta 3HuieHHs [1]. [Ticus
CTBOPEHHS JaHI MOXXYTh BUIBHO IEpECyBaTUCS MiX OyIb-IKHMH €TaramH.
Jlani TOBHMHHI OyTH 3aXHIIECHI Ha BCIX CTaiIX CBOTO YKATTEBOTO IUKIY Bill
1X CTBOPEHHS 10 1X 3HUILCHHS.

KondineHmiitHicTh, MUICHICTh Ta AOCTYIHICTH € TPhOMa BaXKITMBHMH
BJIACTHUBOCTSIMH JIaHUX, 1 IIe MOMYIIPHO Ha3uBaroTh Tpiagoro CIA [2]. Kon-
(higeHIOIHHICTE cTOCYEThCA KOH(IICHIIHHOCTI HaHWX, NI BOHH HAJCKATh
CHOXWBady, Ta HE MOBIJOMIISIFOTECS CTOPOHHIM 0C00aM y OyIb-SKOMY BH-
naaky. L{iTiCHICTh TaHUX — 11 BIEBHEHICTh Y TOMY, IO JaHi, siKi 30epira-
IOTBCS Y XMapi, He MeperIaloThCcs HeaBTOPU30BaHUMHE cTopoHamu. Lle Ta-
KO BPaXxOBY€ETHCS, KOJIM JIaHi nepemimyroTeed. LlimicHicTs mependayae min-
TPUMKY TOYHOCTI, y3TO/KEHOCTI Ta HAXIHHOCTI JAHUX MPOTATOM BCHOTO iX-
HBOT'O )KUTTEBOTO LUKITY. JIOCTYIHICTh TaHUX O3HAYa€E 3aMOpPYyKY, IO KOJIH
CHOXWBa4 NOTpeOye JaHUX, JaHi TOBUHHI OyTH JOCTYITHUMH HoMy 6e3 Oyib-
K0T 3aTpUMKH a00 BigxuieHb. Lli Tpu OCHOBHI acleKTH 3aXHCTY JaHMX IIe-
peBipeHi HEOJHOPA30BO B MOJIENI PO3TOPTAHHS ITyOJIIYHUX XMap.

BaxxmuBuMu € rpaBuia aBTOpH3aLlii, siKa € 3aI0pPYKOI0 TOT0, 1110 JIIOJMHA
Mae€ JIOCTYI 10 CBOiX JaHUX. ABTOpH3allisl — [Ie Ipoliec BUSHAYECHHS TOTO, YU
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Mae JIFOIMHA [IPaBO BUKOHYBATHU 3 JaHUMH TaKi [il, sSIK YNTAHHS 41 penary-
BaHHS.

BpaxoByroun BuIecka3zaHi 0COOMMBOCTI Oe3IMekH NaHWMX, HA HANTy Y-
MKY, HACTYITHI KPOKH MOXXYTb OyTH BHKOPHCTAHI IS IiATPUMKH HAJICKHOT
CIA y xMapHUX OOYHCIICHHSX:

v’ xnacu(ikaiis JaHUX Micyis iX CTBOPEHHS, BUSHAYEHHS PABUII Ta Me-
TOJIIB AOCTYIY JUIS Pi3HUX THUIIIB JaHHX;

v/ 30epiraHHs JaHuX 3 HAIEKHAM (Di3MIHMM Ta JIOTIYHUM 3aXUCTOM 0e3-
MIeKH, BKJIIOYAI0YH PE3EPBHY KOIIIIO Ta IJIaH BiTHOBJICHHS;

v/ BU3HAYEHHS TUIIB JaHHUX Ta SIKAM YMHOM 1X MOXXHA IIOLIUPHUTH, BH-
3HAYEHHS MIPaBWJI OOMIHY JaHMMHU. Y XMapHUX OOUMCIICHHSAX 0araTo Takux
MIPaBUJI CIUJIbHO Ha3MBAIOTHCSl YT0JaMu NIpo piBeHb o0ciyroByBanHs (SLA);

v/ CTBOPEHHs [UIAHY BUIIPABHUX [ill y pasi MOMIKOUKEHHS TaHUX Yepe3
MepexeBi a00 KOMyHiKamiiHI IPUCTPoi, AeeKTiB Oe3neKH i Jyac mepemi-
IIEHHS JaHUX;

v/ BIIPOBADKEHHS HAJIEKHUX METOIB ineHTudikanii Ta KepyBaHHs 10C-
TYNOM [l KOPHCTYBadiB 10 AaHHX. BHKOpHCTOBYBaHHS MyONIOBaHHA Ja-
HHUX, PE3CpPBYBaHHA, PE3CPBHHUX KOMIH Ta 3MIHIOBAaHHX CHCTEM JUI BHpI-
IeHHS po0JIeM TOCTYITy.

Cunij 3a3HauUTH, IO METOAU MIK(PYBaHHS, K MPAaBUIIO, 3a0€3MEUyIOTh
KOH(IICHIIMHICTD BiJ aTak IpoBaiiiepa Xmap, ajle He MOXYTh 3aXUCTHUTH
JlaHi BiJl MOMMJIOK KOHQIryparii Ta mporpaMHuX MOMHUIIOK [3].

Koumu 3’1B11s110TECsI HOBI po3p0o0KH y rany3i [T, 3aBx/u BAHUKAIOTh i HOBI
mpobiemMu B 001aCTi XMapHUX 00YHCIICHB, 0 MOTPeOyIOTh BUpinieHH. Ta-
KOX psiZi IHIIMX Tpo0JieM MOXe BUHUKATH 4epe3 iX po3TanryBaHHS Ta OJIHO-
YacHY BEJIMKY KUIBKICTh KOPHCTYBadiB. Y XMapHHUX OOYHCICHHSX BCi JIaHi,
0CcOoOMMBO KOH(DIICHIIIHHI, TOBHHHI PErYJSIPHO MiATPUMYBATUCS Ta IEPEBi-
PATHCS Ha HAJIS)KHE BiTHOBJICHHS JAaHNX y BUIIAAKY CHCTEMHHX HOMHJIOK.
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VJIK 004.43

BUKOPHUCTAHHSA MOBHU ITIPOT'PAMYBAHHS C++ ITPH
CTBOPEHHI CYYACHHUX NPOI'PAMHUX ITPOJAYKTIB

0.0. BOPOJIIHA, A.M. TA®ISK, b.B. CUHATIBCHKHUIA, B.O.
JALLEBCBHKUI
THonmascvkuil HayionanvHuli mexHiunull ynigepcumem imeni FOpis Kon-
opamioka

Ha moBi C++ po3po0OuisitoTh IporpaMu JUisi CaMuX pi3HUX IUTATPOPM 1 CH-
creM. Icropis moBu C++ nmovanacst 3 moBu C . Komnawist Bell Laboratories
Ha mouatky 1970-x pp. ctBopmia MmoBy C sIK iIHCTpYMEHT pO3pOOKH orepa-
uiitnoi cuctemu UNIX. Cnouatky Maptin Piuapac po3po6us mosy BCPL,
noTiM Ha 11 ocHoBi Ken Tomncon — MoBy B, i Hapeuiri, Jlennic Piui — MoBy
C. 3aBAsKY TaKOHIYHOCTI, BUPa3Hii HOTYXHOCTI i HAIIITHIM KOMITUIATOpaM
sl MOBA IIPOTPaMyBaHHA Jy’Ke IIBHAKO CTajla OJHIEI0 3 HANUITOMYJIPHIIINX
Ta HAUTIOIHUPEHILTHX.

HaftgacTime 6araTo xopucTyBadi KOMI'TOTepiB Ha ocHOBI Windows mo-
MIYafoTh, IO JESIKi MPOTpaMH IPH IHCTAIALIT BITaCHUX KOMIIOHCHTIB JOAAT-
KOBO BCTAHOBIIIOIOTH 1 AKuiich makeT Microsoft Visual C++. I1]o 1e 3a miat-
(dopma, 3HaroTh ganeko He Bei. Microsoft Visual C++ (MSVC) — interpo-
BaHe cepeOBUIIE PO3poOKU MporpaMHoro 3abesnedeHHs Ha MoBi C++, po3-
pobiieHa ¢dipmoro Microsoft. IlocrauaeTscst a00 SIK YacCTHHA KOMILICKTY
Microsoft Visual Studio, a0 okpemMo y BUTIISII OE3KOMITOBHOTO (hYHKI[IOHA-
JbHO 0OMexxeHoro kommuiekTy Visual C++ Express Edition. Microsoft Visual
C++ Redistributable — me omun 3 Tux mnakeriB, 0e3 SKUX Ha BalIOMY
KOMIT'FOTepi HE 3aIyCTHUTHCSA OUTBIIICTE irop. BiH MicTuTh 0i0mi0TEKH, AKi
JO3BOJISIIOTH 3AIyCTHTHCS IIPOrpamMaM, y po3poOLi SKuX OyJI0 BUKOPHCTAHO
cepenosute Microsoft Visual C++, Bizoma Tak camo ssk MSVC. [lo Takux
MpoTpaM BiTHOCUTHCS OiMbIIicTh irop Ha Windows, TOMy HasBHICTb JaHOTO
MmakeTy HeoOximHa. Irpu, sK MpaBmiIo, 3aBaHTAXYIOTh HEOOXiTHI (Qaiiin 1mo
3aBepIICHHI YCTAaHOBKH, OJHAK y poOoTi makera Microsoft Visual C++ mo-
JKYTh TPAIUIATUCS 3001, BUKJIMKaHI BCTAHOBJIEHHSM ITIPATCHKOTO KOHTEHTY 32
AKTUBHICTIO IIKiJNIMBUX TporpaM. He Topkato4ncs TOHKOIIIB poOOTH BCHOTO
MaKeTy, & PO3TIISIA0YH JIHIIIE TUTaHHsI TOTO, o 1e - Microsoft Visual C++,
BapTO BiJ3HAYMTH, IO B OTEpAIliiiHIN cCHCTEMI 1€ KOMIIOHEHT, B 000B'S3K0-
BOMY HOPSAKY HEOOXITHHUN IS 3aIlyCcKy OUTBIIOCTI Cyd9acHUX irop i pomart-
KiB JuIs poOOTH 3 MyJIbTHMelia. 30KpeMa I1e CTOCYEThCS rpadikH, Biseo i ay-
mio. {na DAW-ctyziii Taka miatopma MOKe BUKOPHUCTOBYBATHUCS 1€ 1 10~
natkoBumU 1iarinamu ¢popmariB VST, AAX, RTAS i T. 1., ko cama cTyis
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€ XOCTOM, Yepe3 KU 10 Hel MiAKITI0YaloThCS BiATIOBIAHI TPOTpaMHi CHHTE-
3aropH i epexT. Takox ii BUKOPUCTOBYIOTH 0arato iHXCHEpHi MPOTPaMH,
Hanpukian, AutoCAD [3].

Moga C ++ BHKOPHCTOBYBAJIACh I CTBOPSHHS 0ararb0X Cy4acHHX OIle-
pamiifHuX cucteM, codTa, OpadBepiB, irop Ta irpoBUX IBIDKKIB. 3aBISKA
HOTo THYYKOCTI, irpr MOKHa BiTHOCHO HeckiagHo nepeHecty 3 1K Ha xoH-
coJIi 1 B 3BOPOTHOMY HanpsiMKy. OHI€r0 3 HAWIOMYJISIPHILIIMX irop, Hamuca-
nux Ha C ++, € World of Warcratft.

C++ npoJoBKy€e BUKOPHCTOBYBATHUCS [TOBCIOAHO, BKIIOYAIOUN KOMITLJIS-
TopH, BeO-Opay3epu tuny Chrome Bix Google, mnatdopmu comianbHUX Me-
pex tuny Facebook i onepartiiini cucremu tury Windows. Hosuii 6paysep
Bix Google - ne open-source mpoxaykr, Hanucauuii Ha C ++. KoxkeH Moxke
3aBaHTAXUTH Horo BuxinHi koau Ha C ++ 1 3i10patu cBiif BmacHuit 6paysep 3
Hux [5].

Jns C ++ BHIIyCKAarOThCs Pi3HI IHCTPYMEHTH, IO JO3BOJIIOTH ITOJIET-
IUTH poOOTY 1 IpOLeC CTBOPEHHS NoAaTKiB. TyT BapTO 3ragaTu Toi xe Qt,
sikui HemonaBHO BuiimoB ReSharper C ++ Big JetBrains. ¥ Visual Studio
2015 BBenM MIATPUMKY JSSIKMX HOBOBBEJICHB 3 OCTaHHIX CTaHIAPTIB, ILTIOC
JesIKi 0JaTKOBI (DYHKIIT - MpPAIfOBaTH CTajdo0 3pyuHimie. Buxoauts, 1o
3HaHHs C ++ HeoOXimHi. A 3 ypaxyBaHHsM Toro, mo C ++ craB Habararo
3py4Hilie B poOOTi 3 BUXOIOM HOBHX CTaHIAPTIB, 1/1es MHCATH MOIYII / 10-
NoBHEeHHs Ha cydacHoMy C ++ Mae ceHc 1 He BUrisiiae 0oxeBinbHO0. Hanamni
TaKui KoJ| Oyze KyJM MPOCTille MATPUMYBATH. Y TOi e 4yac 1ie Bce TOMH ke
npoayktuBHuUH C++, 3 HAHOLTEIIMM HAOOPOM MOKJIMBOCTEH. A JOMTOBHEHA
cTaHgapTHa 0i0TioTeKa T03BOIUTH BUKOPUCTOBYBATH BKE TOTOBI PIllICHHS.

[TinBoasYM MiACYMKH BiI3HAYMMO NepeBark MOBHU IporpamyBanHs C++

V' Benukuil CIIEKTp 3aCTOCYBAHHS;

v' BuKopHCTaHHs B pO3p0OILIi caMUX Pi3HUX MIATPOPM i CHCTEM;

v' SIkicTh po3pobIIeHHX IPOrpam;

v' BUKOpHCTaHHS B OCBIiTHIX IIpOrpaMax;

v/ 3acrocyBaHHs B po3poO0li Ta miaATpuMmili Be6-pecypcis;

v' HoBoBBejIeHHS JUIs OJIETIIIEHHS [IporpaMyBants Ha C++;

v' Hanwucanus apaiiBepiB 1/ pi3HUX NPUCTPOIB.

Jlitepatypa

1. OCOBJIMBOCTI BUKOPUCTAHHS MOBU
[MPOTPAMYBAHHS C++ BUILDER JJIs1 PO3POBKU OCBITHIX
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nocrymy:https://habr.com/company/pvs-studio/blog/259777/

3. Microsoft Visual C++: mo ne i zHaBimo notpidHo? [EnexTpoHHwmii
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6. Mosa C++ oTpuMye BUCOKY OILIHKY 3@ NMPOAYKTUBHICTH 3aBISIKH
HoBoMy craHaapty ISO/IEC [Enextponnwmii pecypc]. — Pexxum noctymy:
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YK 004.43:004.93

MOBU TIPOI'PAMYBAHHA, AKI BUKOPUCTOBYIOTHCA ITPH
CTBOPEHHI CYYACHHUX IT'OP

0.0. BOPOJIHA, AM.TA®DIIK, O. C. CKOPBATIOK, I. A.
[IITEHKO
Tonmascokuii nayionanbruil mexniynuil ynisepcumem imeni FOpia Kon-
Opamioka

CyuacHa KOMIT'IOT€pHaA I'pa — e PI3HOCTOPOHHS porpama, sIKy BUKOPH-
CTOBYIOTH HE TiJIbKH 3 PO3BOKAIILHUMH, a i 3 HABYAJIbHUMH, COLIIaIbHUMH Ta
HaBITh MEIWYHUMHU IIsMU. Tak, (axiBii 3 HIMEIBKOTO YHIBEPCUTETY
®paiidypra CTBEp/DKYIOTh, 10 “‘CUCTEMa BipTyaIbHUX 3a0X0UYCHb TAKOX ITi-
JICWJIIOE MOTHUBAIIIIO, SIKY TPaBellb 3MOXe BUKOPUCTOBYBATH 1 B pEaIbHOMY
JKUTTI”, @ TICHXoJoTH JlikapHi Bax ['ora B benbrii mormomararoTs namieHTaM 3
aropago0iero Ta akpooOi€r0 MOJOTATH CTPAXH 32 JOIOMOTOIO IIOJIOMa Bip-
TyalbHOI peanbHocTi [1].

CTBOpEHHS IPOrPaMHOTO KOy € OJJHUM 3 HalTOJIOBHIIINX €TaIliB po3po-
OKu Oyb-sKOI BiZIEOTPH, BiJl IKOTO 3aJICKHUTH 11 TEXHIYHA (QYHKIIOHATBHICTS,
KOHTEHT Ta 0e3IocepeIHpO caM irpoBuit mporuec. [lepeBaxHa OUTBIIICTE CY-
YaCHHUX KOMII IOTEPHHX irop CTBOPEHi Ha TOTOBHX IrPOBUX PYIIisAX (Iporpa-
MHUX MOAYNSAX, JI¢ BTUIEHI 0a30Bi MOXIMBOCTI poOOTH 31 3BYKOM,
06’extamu, rpadikoro), Takux sk Unity, Godot, Blender 3D, UnrealEngine.
Ane 1ie He 3MeHIIye oTpedy B CaMOCTIHHOMY HalHMCaHHI KOy, OCKIJIbKH
BOHH € JIMIIIE OCHOBOIO JIJIsI TPOAYKTY Ta i HE 3aBXK/IN HASIBHUX MOXKJIMBOCTE
JIOCTaTHBO 1A peanizaii izei. Came ToMy BiJ BHOOPY MOBH IIPOTpaMyBaHHS
(am irpoBoro pymris, siKuii 0a3yeThesl Ha il MOBI) 3aJIE)KUTH MalOyTHE TpH

[21.
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3 TOYKH 30py pO3pOOKH KOAY Ta MPOTPaMyBaHHS TPy MOKHA PO3ILUTATH
Ha YOTHPH OCHOBHI yacTirM: [ padiunnit pymiit, @isuaauil pymrii, 3ByK Ta
IrpoBa sorika. Sk i B Oyab-KOMY Tpo1eci po3poOKH, B CTBOPEHHI irop s
KOXKHOI 3a/1a4i 3a3BU4ail BUKOPHUCTOBYIOTh HAHOUIBINI BiJNOBiTHI 32 BUMO-
raMH iHCTPYMEHTH, TOX PO3TIITHEMO 33/1a4i X cep AeTaIbHO:

@Di3uunui pywin. g qacTiHa TPH € OHIEIO 3 HAHOIIBII MOB'I3aHIUX 3
arnapaTHOI0 YaCTMHOIO Ta HU3BKOPIBHEBMMH IporpamMaMu. Takox came TyT
MIPOBOASATHCS HANCKIIAIHINI PO3paXyHKH: 00paxyHOK B3aeMOJII Ta pyxy 00'-
€KTIB 5K Qi3nyHMX TiI. CaMe TOMY JUIsl HUX Ba)XXJIMBUI BUCOKHMI PiBEHb KOH-
TPOJIIO MIPOLIECY, HA/IIHHICTh Ta MIBUAKICTH BUKOHAHHS. T0X 3a3BHUyaii BUKO-
PHUCTOBYIOThCS Taki MOBHU nporpamyBanHst sik C ta C++.

Tpagpiunuii pywiii. I'padiuamii pymiii € npourapkoM MiXk OLIBII BUCOKO-
PIBHEBUM KOJIOM Ta TpadiuHUMH CHCTEMaMH KOMIT foTepa. OCKUTbKH HU3b-
KOpiBHEBE YIPABIIHHSA € JOCHTH CKIIAHOIO 3a7a4010, B IIEpeBakHil O1IBII0-
CTi BHIIAJIKIiB BUKOPHCTOBYETHCS amapatHa a0cTpakimis - rpadiane API, 3a-
3Buuait OpenGL uu DirectX. /lns ynpaBiiHHSI HUIM BUKOPUCTOBYIOTBCS MOBH
nporpamyBaHHs C Ta C++. OxpeMo Tpeba pO3TIIIHyTH CTBOPEHHS IIeHIepiB
- TIporpam, 10 NpU3HAYCHI U BUKOHAHHS MPOIeCOpaMu BineokapTu. s
iX HamMCaHHS BHUKOPUCTOBYIOTH CIICI[ia/li30BaHI MOBH IPOTPaMyBaHHS:
HLSL, Cg ta GLSL.

Izposa nozika ma 36yxk. IrpoBa Jiorika OMUCY€ B3aEMOIIF0 MiXK 00'€KTaMH,
ix iepapxito, aii okpemux 00'ektiB. Came TOMY BiJi MOB POrpaMyBaHHs ir-
POBOI JIOTIKK 0COOJIHMBO MOTPEOYETHCS MIATPUMKA 00'EKTHO-OPIEHTOBAHOTO
migxony. Takox He BapTo 3a0yBaTH, MO0 B POOOTI HAJ JOTIKOIO Ta 3BYKOM
MOXYTb IPUAMATH Y9aCTh HE TUTBKU MPOTPAMICTH, a ¥ TeHM-Iu3aifHepH, aHi-
MaTOpH, CIeHApHUCTH. JIOCHTh 0araTo irpoBHX PYIIIiB MOTPEOYIOTH JIHIIE
CTBOPEHHS IrPOBOT JIOTIKH, IO JI03BOJISIE HABITH JIFOASIM 3 MiHIMaTbHUMU Ha-
BUYKaMH CTBOpIOBaTH iX. ToXX OCHOBHMMH BHMOTaMH JI0 MOB IIPOTrpamy-
BaHHS € JICTKICTh iX OCBO€HHSI, YHTa0EIbHICTh, BHCOKOPIBHEBICTh, aBTOMa-
TUYHe 30upaHHs cMiTTs. Haifwyacrime Juis 1[bOro BHKOPHUCTOBYIOTH MOBH
Java, Python, Ruby, C#, Lua ta moai6Gui. Takox GiblricTh irpoBUX pyIIiiB
MIPOTMIOHYIOTh BUKOPUCTOBYBATH CBO{ BIACHI MOBH MporpaMyBaHHs [3].

[TigBOAsIYM MiACYMKH, BIA3HAYUMO, 10 KOMIT FOTEPHI irpy — 1€ HE TIIBKH
€KOHOMIYHO TTePCIIeKTHBHA I'ally3b, a il HeBi/I'€MHA YaCTHHA XKHUTTS 0araTbox
JIIOEH BCHOTO CBITY, SIKA CTa€ MOBHOI[IHHUM Pi3HOBHJIOM Cy4aCHOTO MHUCTE-
uTBa. SIK HAaCJIiIOK, CTBOPEHHS BiJICOIrop CbOTOJIHI — Iie CKJIaJHNUH OaraTor-
paHHUH TIpoLeC, SKUH HEMOXIIMBO YSBUTH 0€3 HAIHMCaHHS IPOrpaMHOIO
koxy. Came TOMy AJIsl KO>KHOT 3 OCHOBHUX YaCTHH I'PH 3a3BUYail BUKOPHCTO-
BYIOTh Pi3HI MOBH POrpaMyBaHHS, 1110 JI03BOJISIE CTBOPUTH KpeaTUBHHH, Oa-
raToOUIapOBHMH Ta IiKaBHUH MPOAYKT [4].
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1. Yotupu apryMeHTH Ha KOPHUCTH Bimeoirop, abo 4omMy He BapTo
Oositrics  komm'totepa [ExextporHmMii pecypc]. - Pexmm mocrymy:
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2.  Kowmrm’torepni irpu. CtBopenHs irop [EnextporHmMil pecypc]. -
Pexxum goctymy: http://programming.in.ua/other-files/other/308-creating-
computer-games

3. Dransl co3maHus KOMIBIOTEPHOI Urpsl [EnekTponHuii pecypc]. -
Pexxum noctymy: http://gamesisart.ru/game_dev_create.html

4. Games Now Legally Considered an Art Form (in the USA)
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https://www.escapistmagazine.com/news/view/109835-Games-Now-
Legally-Considered-an-Art-Form-in-the-USA

VIK 004.41

MAWMBYTHE IT'POBOI IHAYCTPIi. UNREAL ENGINE

0.0. BOPOJIIHA, AM. TA®ISK, O.P. BIJIOBPOB, C./I.
MMPOCBETOB
Tonmascoxuti nHayionanvHull mexniynutl ynisepcumem imeni FOpis Kon-
opamioka

Komm’totepHi irpu oTpuManu HaA3BHYallHO MOTYXXHUI PO3BHTOK Ta
JIy’Ke CTPIMKO PO3BHMBAaIOThCSI 338 OCTAaHHIN 4Yac, K B IUIaHi rpadiku, Tak i
ctoxery. Komm'totepHi irpu, 1110 BUHILIM B OCTaHHI KiJIbKa POKIB, HA/Ial0Th
MIMPOKi MOXKIIMBOCTI JIs pETENbHOI HacTpOiKH repcoHaiB. KoxeH rpaserp
MOJKE CTBOPIOBATH YHIKaJIbHI MEPCOHAXKI Ta MPUMIPATH OYAb-IKUAN OIAT TaK,
o6 Horo BipTyalbHUIA aBaTap MOBHICTIO BiANOBIIaB HOTO CTHIIIO.

Juist Toro, o0 CTBOPUTH SKICHY TPy BUKOPHCTOBYIOTH CIEHiaTbHAN 1H-
CTPYMEHT, TKUi HA3UBAIOTh «IBUTYH» a00 K TpalibHui pymIiit. [rpoBuit aBu-
T'YH — Il IEHTpaJibHa IIporpaMHa JyacTHHA Oy/Ib-SKO1 BiIEOTPH, sIKa BiZIIOBI-
JIa€ 3a BCIO il TEXHIYHY CTOPOHY, TO3BOJISIE TIOJIETTIUTH PO3pOOKY TPH 3a pa-
XYHOK yHiikarii Ta cucremaTn3anii ii BHyTpillIHBOi CTPYKTYpHU. Baskimmeum
3HAYEHHSM PYIIisS € MOKIIUBICTh CTBOPEHHS OaraToraaTgopMoBux irop[4].
Pi3Hi cTyzil BUKOpPHUCTOBYIOTH pi3Hi ABUTYHH. Ha manuit yac HaiOinbmI Bigo-
MUM Ta porpecuBHIM asuryHom € Unreal Engine.

Unreal Engine — irpoBuii pymiiii, sikuii 6yB po3poOIICHHH Ta MiATPHUMY-
eTbcs koMnanieto Epic Games. Iepiua rpa, cTBOpeHa Ha [IbOMY PYLLIIO 3'SBU-
nacst 1998 poxky. 3 Tux mip pi3Hi Bepcii HbOro irpoBOro pymlisi BAKOPUCTAIN
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B OLITBII Hix COTHI irop, cepen sikux Deus EX, Lineage |1, Thief: Deadly Shad-
ows, Postal 2, cepistx irop Brothers in Arms, cepist irop Splinter Cell, Tom
Clancy's Rainbow Six, a takox y Bimomux irpoBux cepisx Unreal ta Unreal
Tournament Bix camux Epic Games. IpucTocoBanuii y Tepiry 4epry s
IIyTepiB Bij mepioi ocodu, pyIiid BAKOPHCTOBYBABCS 1 IIPH CTBOPEHHI irop
iHmumx xaupiB. Hammcannit MmoBoto C++, pymii JO3BOIISIE CTBOPIOBATH iTpH
It GimblrocTi omeparidHux cuctem Ta miatdopm: Microsoft Windows,
Linux, Mac OS ta Mac OS X, konconeii Xbox, Xbox 360, PlayStation 2,
PlayStation Portable, PlayStation 3, Wii, Dreamcast Ta Nintendo GameCube.
V rpyani Mapk Peiin npogemoncTpyBaB poboty pytuis Unreal Engine 3 Ha
iPod Touch ta iPhone 3GS. Y 6epe3ni 2010 po6orta pyist 6yiia mpoaeMoH-
cTpoBaHa Ha KoMyHikatopi Palm Pre, mo 6a3yetscs Ha MOGinbHIM miaTdo-
pmi webOS.[1] Iepuie nmokominast Unreal Engine 6yno po3po6ieno Timom
Cyini, 3acHoBHHKOM Epic Games. CyiHi, sikuii Bxke MaB JOCBiJ] CTBOPEHHS
IHCTPYMEHTIB JUIsl pelaryBaHHsl, TakuX stk nporpamu it ZZT (1991) i Jill of
the Jungle (1992), nouas nmucatu nBuryH y 1995 porii asst BApOOHUIITBA TPH,
sIka Ti3Hilre crana Bigoma sik Unreal, mryrep Bin nepioi ocodu. ITicns 6ara-
THOX POKiB pO3pOOKH, BiH 1eOOTYBaB 3 BUITycKOM Tpu B 1998 pomi. Sk npo-
rpamMHe 3a0e3neueHHs, TaK 1 amapaTHUHA peHIepiHr OyJiu MpUCYTHI B 6a3o-
BOMY IIpOI'paMHOMY 3a0€3MeUYeHHI, @ TAKOXK Y BUSIBJICHHI 3ITKHEHb, KOJILOPO-
BOMY OCBITJICHHI Ta pyJUMeHTapHii Bepcii ¢inbTpauii Tekctyp. ABUryH Ta-
KOX MaB pemaktop pieaiB, UnrealEd (komumwiit pemakrop Unreal World),
SIKMHA MaB MiJITPUMKY 3MIHIOBAaTH reoMeTpito 00’exTiB e B 1996 poui, mo-
3BOJISIFOYM MarmrepaM 3MiHoBaTh MakeT "Ha mp0Ty". [2] Ha mpoTssi icHy-
BaHHS JIBUTYH ITOKPAIIyBaBCs 1 3MiHIOBaBCsA. PEBOMIOINIIHOIO BepCi€ro BBa-
xaetscs Unreal Engine 4.

Sk i y Bunazky 3i cBoimu mnonepeanukamu, Unreal Engine 4 ue Tinbku
MIPUBHOCHTE IIOCH HOBE, aJle i BUBOJWTH B)KE ICHYIOUE SIKICTh Tpadiki Ha HO-
BHH piBeHb. OHIEIO 3 HAUTONOBHIIINX OCOOIMBOCTEH € Te, MO IBUKOK CaM
10 co0i 3pydHH i CIIPOIIYE KUTTS pO3poOHUKY. BisbmMemo Hanpukiaz Blue-
print — cuctemMy CKpHWIITiB, sika Oyia CIpoIIeHa [0 3BUYAHHOrO MEHIO i B
SIKOMY MOJKHa OyJie CTBOPIOBATH JIOT1YHI 3B'I3KM MiX MOAISIMHU — LIe O3HAYAE,
IO CLIEHAPHCTAM HE 3HAJIOOMTHCS CleliajbHUX 3HAaHb MOB IIPOrpaMyBaHHsI
Juist pOOOTH 3 CHCTEMOIO CKPHIITIB JBIKKA. 3a CBO€r0 cyTTio Blueprint- me
30ipKa 3 KOMIIOHEHTIB, SIKa YTBOPIOE CKIIQJHUH 00'eKT irpoBoro city. Pema-
ryBaTH Taky 30ipky moxkHa uepe3 Pemakrop Kpecnens (Blueprint Editor).
[MoBeninka 36ipku ynpasisie C ++ kiac i penaktop rpadis. Pazom BoHu 1o-
TIOBHIOIOTH OJIMH OJIHOTO.

Cuctema ocsiTienns B Unreal Engine Oyne nunamiyna — pi3Hi HOBEpXHi
OyayTb IO Pi3HOMY BiIOMBATH CBITJIO 3a BciMa 3akoHaMu ¢isuku. B Unreal
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Engine 3 Bci mkepena cBiTia MiHHWIA pO3CTABIATH BPy4YHY i BUTpauard Oa-
raTo yacy Ha pO3paxyHKH KyTiB MaIiHHS i BCROTO iHIIOTO. Y HOBiH Bepcil
JBIKKA BCE L€ HAJIAIITOBYETHCS B PEabHOMY Yaci aBTOMAaTHYHO, IO OO~
Marae po3poOHHKaM 30cepeIuTHCs Ha iHmmMX Aetansx. OcoOImuBy yBary Ba-
PTO TPUIITATH HOBi CHCTEMi YaCTHHOK, sIKa YHIKalbHA THM, IO, HAIIPH-
KJIaJl, IPY CUMYJIAII] ATy KO’KHA OKpeMa MOPOIINHKA Oyze MaTH JIeTaji3a-
II¥0 HE MCHII OyIb-sKUH THIIUH CX0KOK0 MOJICII, aJiec TAKMX MHIIUHOK Oy Ty Th
TUCSYl 1 MOLIMPIOBATHCS BOHU 1O €KpaHy OyIyTh XaOTHYHO, HE3aJEHKHO
OJIUH BiJl OJTHOTO, TOOTO HE 3aCKPINTOBaHHHUX. [3]

Takum yuMHOM, HEOOXIAHO BIIMITUTH TOH (akT, IO irpoBa iHIYCTpisd
CTPIMKO PO3BHBA€ETHCS, a 32 LIUM HJE T€, IO i TEXHOJIOTIi, IKi BHKOPHUCTOBY-
FOTBCsI He CTOsATh Ha MicTi. Unreal Engine 4 e omxuMm i3 HaitmporpecuBHimmx
ITPOBHX IBUTYHIB. 3a TOTIOMOTOI0 HHOTO MOXXHA POOHUTH HE TUTBKH iTpH, a i
KOMIIOY3HHT, TOOTO BiIeo 3 HaApealiCTAYHOIO ACTATi3aIielo.

Jlurepartypa

1. Unreal Engine [Enextponnmii pecypc]. — Pexum gocrymy:
https://uk.wikipedia.org/wiki/Unreal_Engine

2. Unreal Engine [Enektponuuii pecypc]. — Pexum pocrymy:

https://en.wikipedia.org/wiki/Unreal Engine
3. UNREAL TECHNOLOGY [Enexrponnuii pecypc]. — Pexum
noctymy: https://gamegpu.com/history/istoriya-tehnologii-unrealengine.html
4. Tpanphmii pywiii [Enextponnuii pecypc]. — Pexum nocrymy:
https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BB%D1
%8C%D0%BD%D0%B8%D0%B9_%D1%80%D1%83%D1%88%D1%96
%D0%B9

YK 004.774.2/.6

EBOJIIOIISA WEB TEXHOJIOT'TA B CYYACHUX YMOBAX

0.0. BOPO/IIHA, A.M. TA®ISK, C.A.ITPOCBETOB,
O.P.BIJIOBPOB
Toamaecokutl nayionanvHull mexuivnuil ynieepcumem imeni IOpis Kon-
opamioka

Baxko ysBuUTH cydacHe XHUTTS 0€3 TaKMX MPOCTHUX HAa MEPIINH IOTIISA
pedeid, Ik KOMIT IOTep Ta iHTepHeT. MaJio XTO 3aMHUCITIOETHCS Hall THM, IO i3
cebe sBIISE Ta SK BIIAIITOBAHI i CTBOPIOIOTHCSA CalTH, COI[iaJIbHI MEpexi Ta
1HIIT 1HTEPHET pecypcHu.
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VY po3yMiHHI IFOTO JTOMOMOXKYTEH Be6G-cTopinku (Web-page) — indopma-
HiitHi pecypcH, sKi MOKHa TIeperyiiHyTH y Be6-6paysepi. Ix MoxkyTh 06'e1-
HYBaTH B CAlTH 3a IOTIOMOTOI0 TIiePTEeKCTY 3 HaBiramiHUMHU TillepIIOCHIaH-
HSIMH Ha {HIII CTOPIHKH, a caMi BOHHU 30epiraloThCst Ha JJOKaTHbHOMY KOMIT'FO-
Tepi ab0 OTPUMYIOTHCS 13 BifmaneHoro BeO-cepBepa.

[Ipormec cTBOpEeHHS BEO-CTOPIHKH HA3UBAETHCS BEPCTKOIO.

Web 1.0 € perpoHiMOM MOHSATTS, K€ BITHOCHTBCS 10 cTatycy WWW i
OyIb-SIKOTO CTHIIIO IM3aifHy BeO-CaliTy, 110 BUKOPHCTOBYETHCS IEpes HOs-
Boto Tepmina Web 2.0. Lle - 3araneHuil TepMiH, kUil OYB CTBOpEHHH, 11100
onucary riodansHy Mepexy y 2001 poui, sikuii OyB BinzHaueHni OaraTtbMa
SIK IOBOPOTHUM MOMEHT Juid [HTepHeTy. [1]

Web 2.0 — npyre mokoiHHS MEpPEeXHHX CEPBICiB, 10 OCTAHHIM 4acOM
CTaJli OCHOBOIO PO3BUTKY Mepexi [arepret. Tepmin Web 2.0 6yno 3ampoBa-
mwxeHo y 2004 BupaBHUIITBOM O'Peiini (anrn. O'Reilly Media) ta komepiriii-
HUM OpraHizaTopoM cepii koHpepeHtiit mix Ha3Bow «Web 2.0», — Memia-
Jla#B (anrn.15 cent. 2010 1.). [2]

Web 3.0 (Buznauenns Jxeiicona KamakaHica) — BHCOKOSIKICHHH KOH-
TEHT 1 CepBICH, SKi CTBOPIOIOTHCS TaJaHOBHUTHMU Mpo¢ecioHaNaMu Ha TeX-
HoJjioriunii miathopmi Web 2.0.[3]

Web 4.0 (y3arajgpHeHe BU3HAYEHHSI) - BUCOKOSIKICHUIT KOHTEHT 1 CepBicH,
SIKI CTBOPIOIOTHCS 3BUYAHUMK KOPHCTYBauyaMM Ha TEXHOJIOTIUHIN 1miatdo-
pmi Web 3.0.

3apas3, mpsMo 3apa3s - BiOyBaEThCst OHOBIICHHsI MOknBocTeld Web 3.0. -
1o moxxmBocteit Web 4.0. ToOTO - cTBOpEHHS KOHTEHTY, CITYKO 1 cepBicy
JUTS CITIIKYBaHHS, POOOTH, HABYAHHS, BiIIOYHHKY i T.II. - CTA€ HACTLUIBKH JI0-
CTYIHUM, 10 KO>KEH HEJOCBiUeHNH KopucTyBad [HTepHETY, B 3M03i CTBO-
PHUTH BJIACHY IUIOIIA/KY B [HTEpHeTI, 1e Oyne peasli3oByBaTHCs caM i pa3oM
31 CBOIM cotiyMoM. 3i CBOIMH Jpy3sMH, 3HAKOMHUMH, KOJIETaMH i OJHOTyM-
wsmu. [lo € HaouanM npukitagom nporo? [1osBa, MPakTUYIHO Ha BCiX caliTax
- KHOTIOK, $IKi JI03BOJISIIOTh MOAUIMTHUCS, BiIIIPABUTH NOCHIIAHHS Ha BIOJ00a-
HUil Matepian (CTaTTiO, Bileo, KOMEHTap, 1 T.I1.) - B CBIiii Oyor, abo B 0fHY i3
cBoix CorrianbHux Mepex. ToOTo Ko)KeH KOPUCTYBad MOXKE CAMOCTIHHO (o-
pMyBaTH KOHTEHT AJisi cebe, Ta [uisi cBoro IHTepHeT oToueHHs. Kpim Toro,
3apa3 Maibke Bci corfiasibHi Mepexi, Taki sk VK, YouTube, Facebook Buxo-
PHUCTOBYIOTH CTIClialibHi alrOPUTMH, SIKiI B 3aJIC)KHOCTI BiJI TOTO, YUM BH ITi-
KaBUTECh CTBOPIOE Ballly BJIACHY €KOCHCTeMY. A mo x 3 "3Bu4aitHUMH"
monemu? PsnoBumu kopuctyBadamu [nTeprery? Hagimo im - Web 4.0. Bee
nyxe npocro! Ileft MexaHi3M - TO3BOJISIE TITH BiJl IEHTPATiI30BAHUX PECYp-
ciB. Benndesnnx nopraiis, e moTpiOHO TpinaTucs Npo Bce, 100 oTpuMaTu
X04 KPUXTY JUISl PO3BUTKY BJIACHOI [yMKH, 3aCTOCYBaHHS BJIACHUX MO>KJIHU-
BOCTEH.
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JenenTpaizamis 3HaHb, MOXKIIMBOCTEH, YMiHb, 37i0HOCTEH, TaNaHTIB - B
iX mposiBi, Uepe3 10 CTBOPIOETHCS 1 SIKUH IPHUTATA€THCS KOHTEHT, T03BOJIIE
OiTBII e)eKTHBHO B3a€MOJISATH BCEPEIMHI CBOET rpymu. TUM caMHM - TTOB-
Hillle BUKOPUCTOBYBATH HAsIBHI BCepeArHI TPyNH (CIUIBHOTH) PECYPCH, LIS
JOCATHEHHS OyIb-SIKUX Iineit. [4]

Bucaoku: 1. Web - mokoiHHS MEpEXHHUX CEPBicCiB, IO JO3BOJISIE KOPH-
CTYBaTHCs IHTEPHETOM B IOBHii Mipi. 2. Be0 myxe mpocTuii siK A1 KOpHc-
TyBayiB, TaxK 1 Juisl po3poOHUKIB. 3. 3 po3BUTKOM Beb cTaio MOXIMBUM Iiep-
COHaJTi3yBaTH, CTBOPIOBATH CBill BIacHUi IHTEepHET HAaBKOJIO cede
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XI. — Xepcon, 2000.
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BUKOPUCTAHHSA CYYACHUX MOB ITPOI'PAMYBAHHS ITPA
CTBOPEHHI ITYYHOTI' O IHTEJIEKTY

0.0. BOPOJIIHA, C.I1. AJIbOILINH, A.M. TADISK,
O.I.LKO3MIBbKA, KM.I'EJIELIIbKA
THonmascokuti nayionanbHuu mexnivnuil ynieepcumem imeni FOpia Kon-
Opamioka

HITyuHuii iHTENEKT 3HAYHO BiAPI3HIETHCS BiJl JIFOJCHKOTO: Ha HHOTO HE
BITUBAIOTH €MOIIi1, 31aTHUH 00pOOIIATH BEeTMKH 00CsT iHpopMallii 3a HeBe-
JMKUHA TPOMIXKOK dacy. BiH He 3aMiHIO€ JIIOAMHY, ane 3HaYHO MOJIeTHIye ii
XKHUTTS B Cy4dacHOMY CBiTi, JIe IOCUTh BaXXJINBa MIBUAKICTH 00poOKH iHDOP-
Marlii ¥ Te, HaCKiTbKH €()eKTUBHO PO3MOIIICHI pecypcH (MaTepiaibHi IiHHO-
cTi, (hiHaHCH, Yac). 3 KOKHIM POKOM CIIOCTEPIra€ThCs 3HAaYHUH PO3BUTOK Ta
MOIyISIPH3aLlisl INTYYHOTO 1HTENEKTy, IKUH Hapasi 3aCTOCOBYeThCS y Oara-
TBOX TaJy3sIX: MEAMIMHI, CUcTeMax Oe3neky, mooyTi Tomo. Lle cnpaxHii
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KOMIUIEKC CHOPiTHEHUX TEXHOJOTIH Ta MPOIIECiB, IO PO3BUBAIOTECS SKICHO
Ta CTPIMKO, HATIPUKIIAL;

MainHHe HaBYaHHS

O06pobKa TeKCTy MPUPOIHOI0 MOBOIO;

BipryanbHi areHTu;

ExcnepTHi cucremy;

Cucremu peKOMeH Ialii.

Hpouec CTBOPEHHS LITYYHOT'O 1HTEJIEKTY € JOBOJI CKJIQJHUM 3aHSATTAM,
o notpedye Bij po3poOHMKa CrielianbHUX 3HaHb Ta HABHYOK, SIK, HAIIPHU-
KJIaJ], BOJO/AIHHS Cy9aCHUMH MOBaMH IporpaMyBaHHs. [lo HUX Ciix BiJgHe-
ctu: LISP, Java, Prolog ta Pyton, koxHa 3 SKux Ma€ K 3HAUHi epeBart, Tak
i Hemomiku [1].

LISP € mepmioro KoM IOTEpHOIO MOBOIO, SIKY 3aCTOCOBYBAJIH IS IITYY-
HOTO iHTeNeKTy. JlaHa MOBa porpaMyBaHHS € HaHOLIbII Ba)KITMBOIO, i caMme
TOMY BOHA OTpUMaJjia IIHPOKOTO 3aCTOCYBAHHS B JOCHTIDKEHHAX IITYYHOTO
IHTETIeKTY ¥ B MaTeMaTH4Hi# JTiHrBicTHII. BOHA mMepeTBOproe BaXkKi 3a1a4i B
TIPOCTI, € TOBOJI THY4KOI0. [I0oTyXHa cucTeMa 00'€KTHO-OPiEHTOBAHOCTI po-
outs LISP oxHi€ero 3 HARMOMYISAPHIIIAX MOB MIPOTPaMyBaHHS UL IITYIHOTO
IHTEJIEKTY B Cy4aCHOMY CBiTi, HaBiTh HE JUBJISIYUCH Ha T€, [II0 MOBA € JIOBOJI
crapoto. [IpoTe, 3 pO3BUTKOM TEXHOJIOTIH, 3’ SIBUJIMCH 1HIII MOBH MPOrpamy-
BaHHJ, sIKi CTaJId BUKOPUCTOBYBATHCH MPU CTBOPEHHI IUTYYHOTO iHTEJEKTY
it Oysm po3poOuieHi AJist 3py9YHOT B3a€MOJIT 3 KOPUCTYBaueM, SIK, HAlpPHUKIIA,
MOBa mporpamyBanHst Java. [2]

Java sBnseThCsl OfHA 3 HAWMOMYJSAPHIIINX CYJ4aCHHX MOB IIPOTpamy-
BaHHJ, KA TAKOX BHKOPUCTOBYETHCS IIPH CTBOPCHHI HITYYHOTO iHTEJIEKTY.
OCKIiJIbKY 1151 MOBa € JIOBOJIi YHIBEPCAIBHOIO Ta THYYKOIO, HA TAHWH MOMEHT
€ TOCUTH OaraTo KOPHUCHOI iHpopMarIii A1t pO3pOOHHKIB, STKa TOTIOMaraTuMe
Yy CTBOPEHHI IITYYHOTO iHTENEKTY. J10 OCHOBHUX TepeBar Imi€i baratoyHk-
[iOHATBHOT MOBH CIIiJl BITHECTH: 3pYYHICTH CYNPOBOAY U mpo3opicts. 1o
0cOOIMBOCTEH: 3pydYHA B3a€EMOJISA 3 KOPUCTYBayeM, IIPOCTE HANATOPKEHHS,
pocToTa podOTH 3 BEIUKUMU MpoekTaMu. [IpoeKTH, siki CTBOPIOIOTHCS 3a-
BJSIKM MOBI Java MaroTh JJOCHTh 3py4YHUH Ta nMpuBabauBuil iHTEpdeiic. lana
MOBa POTPaMyBaHHS BiJIHOCUTHCSI JI0 YKMCJIa HAMBAXKIIUBIIIMX MOB IIPH CTBO-
peHHi MTYYHOTO 1HTENEKTY Tak camo, sIKk MOBa MporpaMmyBaHHs Prolog, ane
Java € 611 yHIBEPCATHHOIO Ta MPOCTIMIOI Y PO3YMiHHI I PO3POOHHUKIB.
[3]

Prolog BizHOCHTBCS O YKClIa HAWBAXKIHMBIIIMX MOB, IO BUKOPHUCTOBY-
I0ThCS B CHMBOJIbHIH 00pOOIIi Ta B JOCIHIDKEHHX IITyYHOTO iHTeNIeKTY. Ma-
I0YH TOTY)XHY Ta 'HYYKy OCHOBY, BOHA IIMPOKO 3aCTOCOBYETHCS JUIS Non-
YHCENILHOTO IPOrpaMyBaHHs, JI0Ka3iB TeopeM, 0OpoOKH MpUpPOIHOI MOBH,
CTBOPEHHS EKCIIEPTHUX CHCTEM Ta LITYYHOTO iHTEJeKTy B wLinomy. Prolog

arwnE
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CTaHOBUTHh OCHOBY AJISI HAaBYAHHS METOAAM INTYYHOTO IHTEIEKTY, NOCIi-
JOKEHHSIM 1 IPaKTUIHOMY 3aCTOCYBAHHIO B i ramy3i. Jlo cucTeM mryqHOTro
IHTENIEKTY HaJeKaTh CKCHEPTHI CHCTEMH, JOKa3W TEOpeM, IHTeIeKTyalbHi
POOOTH Ta CHCTEMHU MAIIITHHOTO TIepekiary. PO3poOHIKH IITYIHOTO iHTETIe-
KTy IIHYIOTh HOTO 32 BUCOKHH PiBEHb aOCTpaKilii, BOYIOBaHIH MEXaHi3M IT0-
YKy TaK CaMo CHIIBHO, SIK i MOBY TporpamyBanss Python. [4]

Python 1mupoko BHKOPHCTOBYETHCS PO3POOHHUKAMH Yepe3 HOro YHCTY
rpaMaTHKy # CHHTaKCHC, Ta IPHEMHHHN qu3aitH. «PyBrainy - oqHa 3 Halikpa-
mux Python-6i6iotex asist BUBYEHHS 1 peastizaiiii BEIMKOI KiTbKOCTI Pi3HO-
MaHITHHUX aJITOPUTMIB MOB'A3aHUX 3 HEHPOHHUMH MepexaMH. SIBisie co6oro
BJANTUI MPUKIIA] MOEJHAHHSA KOMIIAKTHOTO CHHTaKcucy Python 3 rapHoro pe-
ali3ali€ro BEJIUKOro HabOpy Pi3HUX aJrOPUTMIB 3 001aCTI MAIIMHHOTO 1HTE-
nexkTy. OCHOBHOIO HOTO METOIO € HafaHHs JOCHIHUKY THYYKHX, IPOCTHX Y
BUKOPHUCTAHHI, ajie BOJHOYAC TOTYXXHHUX IHCTPYMEHTIB IUIs peaiizamii 3a-
BIaHb 3 rally3i MallMHHOTO HaBYaHHS, TECTyBAaHHS Ta MOPIBHAHHS €()EKTHB-
HOCTI pi3HHUX anropuTMiB. JJaHa MOBa mporpamMyBaHHS IIHPOKO BUKOPHCTO-
BYETHCS Y HAILIOMY CHOTOZICHHI 1 BIJ3HAYAETHCS CBOIMHU CTPYKTypaMu JaHUX,
CHIBBIAHOIICHHSIMH BHCOKOTO I HU3BKOTO PiBHIB IPOTpaMyBaHHS, 5IKi po0-
716 Python oHi€ero 3 HARGLTBIN TOMYISIPHUX MOB TIPOTPaMyBaHHSI [T IITY-
YHOTO 1HTEJICKTY. [5]

TakuMm 4MHOM, PO3IJISIHYTI MOBH IIPOrpaMyBaHHs HaOyBalOTh IIMPOKOTO
BUKOPHCTAHHSI IPH CTBOPEHHI IITYYHOTo iHTenekTy. KoxHa 3 nux MOB Mae
SIK CBOT IlepeBar, Tak i HEAOJIKH, ajie PO3pOOHUK MaTUMe 3MOTY 00paTu JJist
HBOTO CaMe Ty MOBY, 5IKa Oyae MakCUMaJbHO 3pyYHOIO y BUKOPHUCTAHHI Ta
JI03BOJIUTH €()EKTUBHO PO3POOIATH IITYIHNH IHTEIEKT.
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VJIK 004.9

OLEHKA U MOJAEJIUPOBAHUE CTENIEHU BHEJIPEHUS
UH®OPMAIIMOHHBIX TEXHOJIOT UM JIJIS1 IOBBIIIEHUS
BE3OIIACHOCTH IPEANIPUATHUI

T.3. ®unapos
Hucmumym npobaem mamemamuueckux mawun u cucmem HAH Yrpa-
uHwl, Yxpauna

I'naBHOW 3amauedl oHEHKHM H(PQEKTHBHOCTH BHEAPEHUs HHPOpMa-
uroHHBIX TexHosoruit (UT) B cdepbl NOBBIIECHNST TPOU3BOJUTEILHOCTH U
0€30MacHOCTH MOTEHIMAIBLHO ONACHBIX MPOU3BOJICTBEHHBIX (TEXHOT'€HHBIX)
o0bekToB (ITI00) B Ykpaune, - sABisttoTCs pacu€rbl 3 (HEeKTHBHOCTH ITpUMe-
HEHUS JUIsl HUX TEXHOJIOTHH KOMILIEKCHOTO YIIPaBJICHUsSI 0E301aCHOCTBIO, a
TaKKe OIECHKM CHIDKeHHus ¢ momompio VT morennmansHOro ymepoba, Ko-
TOPBIIf MOXKET M HAHECEH OMACHBIMH MPUPOTHBIMH SIBICHUAMH C YTPO3aMH
BO3HUKHOBEHHUS upe3BbdaiHbIX cutyammid (UC), CBS3aHHBIX C HECaHK-
LIMOHUPOBAaHHBIMHI BHEITHUMH MH(OPMAIIMOHHBIMHU BO3/EHCTBUSAMH (KHOE-
paTtakamu), peatnu3yIUMI HHHOPMAMOHHBIE YIPO3bl BHYTPH/U3BHE MPE/I-
TIPUSTHS.

Lenpto naHHO# paboThHI siBIsieTCs BBIOOP 3aj1a4, CPEACTB M METOHOB
pacuéroB s dextuBHOCTH BHeApeHus: T B cdepbl NOBbIIEHHS TIPOU3BOIH-
TenbHOCTH 1 6e3omacHocTy cyniecTBytonux [100 Ykpaunsl, a Takxe co3/a-
HHUE KOHIENTYaJIbHBIX OCHOB IMOCTPOEHHS I TAKUX O0BEKTOB MOICHCTEMBI
nHpopmanmonHoii 6ezonacuoctu (Mb) B pamkax enuHON ceTH ynpaBlieHHs
[HIOO VYkpauHbl. 3TO NO3BOJUT HE TOJIBKO CYLIECTBEHHO CHU3HUTHh YPOBHH
PHCKOB, BBISBIISIEMBIX 3KCIIEPTaAMH W/MIHM HACHTH(GUIMPYEMBIX C TIOMOIIBIO
cnenuanbHOro odopynosanus Ha [100, HO ¥ IPUHUMATE aJIEKBaTHBIE MEPEI
10 CHI)KEHHIO MOTECHIMAIBHOTO YIIepOa, KOTOPhIH MOXXET ObITh HaHECEeH
IIPY peaJIU3aluy OHOTO WX OoJiee BHJIOB MTOTCHIMAIBHBIX PUCKOB Ha JIIO-
6om m3 [10O Ykpawunsr [1, 2].

Hwuskwuii /i HeJoCTaTOYHbINH ypoBeHb 3O (HEKTUBHOCTH U KOMILIEKCHO-
CTH ITOJJOOHBIX MEp, a TAK)KE ONIEPATUBHOCTH U 3P )EKTHBHOCTH IPHUMEHEHUSI
UT u TexHonoruii ynpasnenus Ub B Ykpaune, - yrpokaeT He TOJIBKO yCTOM-
ynBoMy QyHKIIMOHUpOoBaHHUIO caMux 1100, HO M CIOCOOHO MTPHUBECTH K Ha-
PYLICHHIO YCTOHYHUBOTO SKOJIOTHYECKOTO PABHOBECHS B KOMIIEKCHOM 00Be-
kre obecneuenns Oe3omacHoctH (KOOB), Bkmouaromem, kpome I[100,
OKPY>KaIOLIYI0 UX BHELTHIOI Cpely, IEPCOHAN U KUBYIINX B MOTEHIHAIBHO
OIIACHOM PETrHOHE JIF0/IeH, a TaKKe XKMBOTHBIX U (ayHy.
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Oco0060 BaXHYIO POJIb B IpoLeccax ynpaBieHus 0e3zomacHocThio Ha [I0O
(KOOB), - urpator 000CHOBaHHOCTH BHeApeHMs TeX Win HHbIX YT Ha 00Be-
KTe W aJeKBaTHOCTb MX MpPHMEHEHHS K ycioBuaM pabotel 10O, a Ttakxke
MPUMEHEHNE HOBBIX TEXHOJIOTHH M OPTaHU3aLMOHHBIX MEp AT CHIDKCHUS
ypoBHe# puckos, nMmerontuxcs Ha [100. Otu cpencTBa MO3BOJIAT IeNICHATI-
PaBIEHHO CHIDKATh MOTCHIMAIBHBIE OOBEMBI yIiepOa, BO3HUKAIOLIETO MPH
peanu3alyy OZHOTO MK 00Jiee PUCKOB.

A) Crnoco0sl n cpeacrsa 3¢ pextusHoro npumenenns UT B ynpas-
JIeHHH 0e30I1aCHOCThI0

D¢ dexruBHas peanuzanus Bozmoxuocreid UT npu ynpasnenun 6e3orma-
cHocThio Ha ypoBH:AX [IOO (KOOB), - TpeOyeT peanusanuu Takux cTpaTerui
Y TEXHOJIOTUI obecreueHus 6e301acHOCTH, KOTOPBIE CBSKYT BOSANHO BaXK-
HEWIIne OpraHU3alMOHHbBIC, TEXHWYECKHE W MPOrpaMMHBIE BO3MOXKHOCTH
000pyIOBaHUS U CIICIINAIICTOB 00BEKTOB.

B cBsi3u ¢ 3THM, pelIeHue 3a1a4 YIpaBIeHUS MIPOU3BOICTBEHHO-3KOJIO-
THYECKOH 0E301MacHOCTBIO B YKpanHe, - TpeOyeT BKITIOUCHHUS B IUIAHBI TOCY-
JAPCTBEHHBIX CIyXk0 (BKIodas ciryk061 UC) paboT 1Mo co3IaHUI0 U peai-
3aLUH 00120CPOUHOU 00We20cy0apCmeeHHol cmpame2uu ynpasienus 6e3o-
nacrocmoio (8xkatouas Mb), 4TO MO3BOJUT BBIIBUTH 3KOHOMUYECKHE, TEXHU-
YeCKHUe, OpraHi3aluoHHbIe, (UHAHCOBBIC U TEXHOJIOTUYECKHE BO3ZMOKHOCTH
YKpauHbI IPH peann3alliy TON CTpaTEeTHH, a TAKXKe MIPUHATH PELIeHHUE O Iie-
necoo0pa3HoCTH co3aanus 6a3oBoii cetu ynpasienus [100 (KOOB), ocobe-
HHO Ha T€X JKU3HEHHO B)KHBIX MPOMBIIIIEHHBIX U SKOJOTMYECKH OMACHBIX
00BEKTaxX, KOTOPBIE yiKe OB UCTOYHUKaMU ontacHocTel, UC, aBapuii 1 3Ko0-
JIOTHYECKUX KaTtacTpog.

B) OcHoBHBbIE CTPYKTYpPHbIe U HUH(PACTPYKTYpPHbIe 00bEKTHI CUC-
TeMbl ynpasJjaeHus 0e3onacHoctbio [100 (KOOB) Ykpaunsl

KommiekcHast crcteMa aBTOMaTH3aLMK yIIPABICHUS IPOU3BOACTBEHHOM
6e3omacrocteio [I00 (KOOB) YkpauHsL, - T0obKHA BKITIOYATh HE TOJIBKO He-
00X0AMMBIE BUIBI U CPEICTBA OPTaHU3AIMOHHOTO U 00IIeCHCTEMHOT0 00ec-
MeUeHNs], BKIIIOYas anmapaTHO-NPOrpPaMMHBIE CPeICTBA NMPOTHBOACHCTBUSL
HE BCer/ia IpeiCKa3yeMbIM PUCKaM, HO U CPEJICTBA MPEIYNPEKACHUS YIpo3
(hyHKIMOHMPOBaHUIO U nosiBiieHuio yiepoa st [I00 (KOOB), - npu Heca-
HKIIMOHUPOBAHHON yTeUKe CIIy)KeOHOH KOPHOPAaTHBHOW W/WIIM CEKPeTHOMH
nH(OpMaLUK KaK 10 MPOU3BOJICTBEHHBIM /MM JINYHOCTHBIM KaHaJIaM COT-
PYAHHUKOB, TaK M 110 HHPOPMAIIMOHHBIM CETSIM M KaHallaM 00paboTku HHPOP-
Mmanuu. Takast cucTemMa JJOJDKHA ONEPaTHBHO BBISBIISITH MHOTHE BHJIBI YTPO3
Y COBEPILIECHCTBOBATHCS OJTHOBPEMEHHO C 000pYyZOBaHMEM, HHPPACTPYKTY-
poii, MH(QOPMAIMOHHBIMH H TPOU3BOJACTBCHHBIME TexHoorusmu [100
(KOOB) [3 - 4].
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CpezncTBa 1 METOBI IEPHOIUUECKOM OLEHKH ITOCIIEACTBIH BHECCHUS TEX
WA WHBIX W3MeHeHnd B ¢yHKkumonupoBanue [100, a Taxke maHHBIE 00
HM3MEHEHHHU BHEITHHX ycioBuit padbotsl [100, momydaemsle cpeacTBaMu MO-
HuTOpHHTa oKpy*)armeit KOOB cpensl, - TOKHBI Iedb B OCHOBY EOuHOU
Asmomamuszuposannoti Cucmemst Ilpouszsoocmeenno-Ikonozuyeckou beso-
nacrhocmu Yxpaunwl (EACIIOBY), KOTOpYIO MOKHO CO31aTh B COOTBETCTBHU
¢ IpeAJIOAKEHHOM 3/1ech cTpaTerueil.

Ora cuctemMa JI0JKHBI BKIIIOYATh TAKIKE eOUHYIO NOOCUCTEM) KOHMPOTs
u obecneuenust 6ezonacnocmu 1100 (KOOb), 0XBaThIBaIOLIYI0 COBOKYII-
HocTh [10O ¢ 6aM3KUM M0 3HAYMMOCTH YPOBHEM HOTEHIMAJIBHOTO yiepoa
OT Ka)XKJJOT0 U3 HUX, a TAaK)Ke CPEICTBA MOHUTOPHHIA, KOHTPOJIIS U OTIEpaTH-
BHOrO ympasiieHus 6e3omacHocThio [TI00 ¢ momornipio UT myrém paspado-
TKH{ U OCYIIECTBJICHHS KOHTPOJIA 33 BHITIOJIHCHHEM HEOOXOIUMBIX IJIs nX Oe-
30T1aCHOCTH MEPOTIPHUATHH.

Urak, EACIIOBY momkHa BKIIOYATE: cpedcmea KOHMPOIs 3a MEPORPU-
AMUAMU HE MOALKO NO oxpane ungopmayuu u cpedcmsa T, no u cpeocmea
KOHMPOS 34 MEPONPUAMUAMU NO 3auume npou3B00CMEeHHO-MeXHoA02UYe-
CKUX npoyeccos u ynpaeienus 6esonacnocmuio o6vexma. be3omacHOCTh
ITOO (KOOB) takxe TpebyeT yuéTa U COXpaHHOCTH BCEX BUIOB €r0 JIOKY-
MEHTOB (JJIEKTPOHHBIX, OyMa)kKHBIX H JIp.), UCIIOJIL30BAHHS CPEICTB KOHT-
poJIs goctymna JioobIx crierranuctoB Ha [100 u Ha ero HHGPACTPYKTYpHBIE
9JIEMEHTBHI, TPOTUBOJICHCTBHE KpaykaM, OpYe JOKYMEHTOB, U3/IC/IN, MaTe-
puanoB, 000pyJOBaHUS H T. II.

B cocraB EACIIOBY nomkHa BXOAMTH TAKKE MOACHCTEMA LEHTPATIU30-
BaHHBIX M JIOKAIBHBIX JITOPUTMOB BBHIPAOOTKM M NMPHHATHS PEILICHUN NpH
BO3HUKHOBEHUM Ha 00bekTe omacHBIX cutyanuii u UC. EqmHoe nHpOpMa-
nuoHHoe npoctpancTtBo (ENII), - Hanbonee GyHKIMOHATIBHO HArPYKEHHOE
3BEHO aBTOMAaTH3alWM ynpasieHus OezonacHoctsio [100, MockoabKy OHO
SIBIISICTCS NCTOYHUKOM aKTyallbHON mH(OopMarmu i1 6e3onacHoi u 3ddek-
TUBHOI paboThl MHOOPMALIMOHHON CUCTEMBI TOJCPKKU TPUHATHS pelie-
muii B EACIIOBY. KonnenrtyansHas ctpykrypa 6a3osoro y3ina EACIIOBY
IIpEJCTaBICHA Ha PHCYHKE.

Oco6oe BHUMaHHE HAJI0 yASIUTh U aJalTallii MEXaHN3MOB HHTETpaIiH
noacucteMbl 6e3onacHocTd [TOO ¢ CymecTBYIONIMMH W/ WU BHOBb BKITIO-
gaeMbIMHU B uX cocTaB HOBEIMU ACY TII, a Takxke yHUPUKAIIUU alTOPUTMOB
U CPEJICTB 3alUTHl JOCTYNa KO BCEM TOYKAaM II0JIb30BATEILCKOTO MHTEP-
(eiica CUCTEMBL.
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brok YIPaBJICHHA MPOLCCCAMH OXPaHbI brox 3AIIATBI TIPOH3BOJICTBEHHO-TEXHO- Peammsamis d) HKLWI 06ecreeHns

MHq}OpMauW/I W peanu3aiii  yrpasieHHS JIOTHYCCKHX TPOIIECCOB M CPEICTB Y] }IH

CpEICTBAMH HH(OPMAIHOHHBIX yNpaBleHHs 0€30MaCHOCThI0 0OBEKTOB uopvauonHoii Gesonackocti

TEXHOTOTHi [100 u 511eMeHTOB €ro HHPPACTPYKTYPI
Obmiasi muAA 17151 NAHABIX H3MEPCHHi M JAHHBIX 0 COCTOSIHUH JATYHKOB >

1lluna ynpasisiomux Bo3elicTsuit
(KOMIIBIOTEPHAs CHCTEMA)

CTpyKTypa HIeMEHTOB H HX B3aHMOCBSI3H ﬂ briok aHami3a JaHHBIX H3MepEHHi

B pamkax [100, Bmoyas pacnpenenéunyig/ IlnHA JaHHBIX aHATN3A CHTYALHii JIMHAMMKH CHCTEMHBIX TIPOLIECCOB
CHCTEMY M3MEPHTEIIbHBIX JaTYUKOB n ahlpaﬁorxa HCOéXD,ElMMth CHCTEMHbI
BO3/IEHCTBHI HA HJIEMEHTHI CHCTEMBI

Pucynok. Brok-cxema moxcrcremsl nHdopMmainorHoit GeonacHocti I100

O¢ddexruBHOCTE yrpaBienus 6e3onmacHocThio [100, - sBiseTCS OT-
HOCHUTEJIbHOH XapaKTePUCTHKOH AESTEIbHOCTH YIPABIAIOMEH 00BEKTOM CH-
ctemsl (Bkirouast cpenctsa NUT), oTpaxaromasicst kak Ha okasarersix ddde-
KTUBHOCTH paboThl camoro I100, Tak u Ha €ro ynpaBIeHYEeCKON NesITeIbHO-
CTH TI0 0€30MacCHOCTH MH(PACTPYKTYPHBIX SJIEMEHTOB 00BEKTa.
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CYYACHI I'IBPUJHI APXITEKTYPHU I'NITBOKOTI'O HAYAHHSA

Mtynyn M.A.
KoBanenko M.A.
Yepniciecokuil HAYioOHATLHUL MeXHON02TUHUL YHIGepcumem, YKpaina

3 kiang 90-X poKiB BEIUKOTO MOIIUPEHHS HAOYIH Ti0pUIHI apXiTeKTypH
rIOOKOro HaBYaHHS HA OCHOBI HEOKOTHITPOHA, IO AOCATAIOTH BPayKArOUMX
MPaKTHYHUX pe3ynbTariB. Lli apXiTeKTypH Ha3UBAIOTHCS 3TOPTOYHUMH HEH-
POHHHUMH MEPEKaMH.

Softmax-mapu

B cyugacanx [IIHM s momemtoBaHHS iIMOBIPHICHOTO PO3IOILUTY BHKO-
pucToBYyIOTHCs SOftmax-mapu, BkiroyaroTe N HEHPOHIB 3a IITLOBOKO KiJIbKi-
CTIO KJ1aciB. BHXiJ KO)KHOTO HEfipOHa 3aJI€KHTh BiJl CyMMAaTOpIB BCIX IHIIMX
HelipoHiB mrapy[1].

Cy6auckperunsariis, Max-Pooling-mrapu

B  cywacamx IIIHM  BUKOPHCTOBYIOTBCS  CYOAMCKPETH3YIOUi
(subsampling) mapwu, o BUKOHYIOTH 3MEHIIICHHS BX1IHOT KapTh 03HaK. Haii-
YacTime sl IbOr0 BUKOPUCTYETHCS METO]] BHOOPY MaKCHMaJIbHOTO eJieMe-
HTa (max-pooling). Bukopucranus max-pooling 103Bosie€ 3p0OUTH MEPEXY
iHBapiaHTHOI 10 MacIITaOHUX MEPETBOPCHB.

LeNet

LeNet - mepira cyyacHa 3ropTodHa HelipoMepexa, po3pobirena B 90-x po-
kax SIaom JleKyHnom[2], HaBuanacst st po3mi3HABaHHS PYKOIMCHUX CHMBO-
niB. Octanns Bepcis mepexi LeNet-5 neMoHcTpyBasia Ha TOH MOMEHT Bpa-
JKarodi pe3ysbTaTH 3a paxXyHOK peajli3allii KiTbKOX HOBaTOPCHKHX ifnei. Oc-
HOBHOIO BiJIMIHHICTIO BiJl HSOKOTHITPOHA OYyJI0 BKIIOUECHHS CYOIUCKPETH3Y-
F0U0TO0 MaxX-pooling mapy micis KOXHOTO 3TrOPTOYHOTO MIApy i BKIIOYECHHS
ITOBHO3B'AI3HMX IIapiB Ha BUXOi Mepexi (Mai. 1.). 3 IIboro MOMEHTY 3ropTo-
4Hi 1 max-pooling-1mapu cTarTh CeplEM CYYaCHHX ITHOOKHX MEPEX.
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Masronok.1 Apxitekrypa LeNet

AlexNet

Y 2012 pomi BimOynacs e oJHa HOBaTOPChKa MOJis: BIEPIIE B iCTOPIi
KOHKYpC 3 Kiacudikarii 300paxens 6a3zu ImageNet na 1000 knacis 3 nepe-
Baror TOYHOCTI pO3Mi3HaBaHHS Maike B JIBa Pa3u BU- Ipajia 3rOpTOYHA HEell-
pomepexka AlexNet, HaBueHa AsnekcoM KpipkeBchkuil. ApXiTeKTypa BKIIO-
YaJjia 3ropTOYHi mIapy, max-pooling-mapu, moBHO3B'SI3HI IIapH HA BUXOJi Me-
pexi. BukopuctoByBamuics meronu dropout i JokanpHOI HOpMamizarii. Sk
(yukmii aktuBarii BukopuctoByBanacs QyHkiis ReLU. Hapuanas mepexi
MPOXOAMIO Ha ABOX MOTY)XXHUX IpaidHUX MPUCKOPIOBAYAX NMPOTATOM TH-
HKHSA.

GoogLeNet, Inception

Y 2014 pomi ImageNet Recognition Challenge Burpana ueiipomepexa
Google GoogLeNet[3], na ocuosi neprioi Inception-apxitexktypu. B apxite-
KTypi OyB 3MEHIIIEHUI PO3Mip 3rOpTKH, OYyJIH Mapaie’lbHO BKIIOYCHI HEBe-
JIMKi 3TOPTKH pi3HOTO MaciiTady, BUAAIEHI MOBHO3B'S3HI IIapu Ha BUXO1
Mepexi i 3aMicTh HUX BKIIIOUEHI apy, Ha3BaHi global average pooling. Hosa
apXiTeKTypa 3a3Halla aKTHBHOTO PO3BHUTKY 3aBJSKH CBOil €(EKTUBHOCTI.
Inception-v3 - ocranHs peamizallis, 110 BKJIIOYAE KiTbKa JECATKIB MIApiB
(man.2).
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ResNet (Residual Network)

Inception-ResNet Inception-v3 mas Burpati ImageNet 2015 poky[4],
YOro HE CTaJOCs, OCKITIBKY 3'aBuiacs apxirektypa ResNet Bix Microsoft, B
OCHOBI SIKOi JIC)KHTh METOJ TMepea0aueHHs PI3HHIN MK METOI pO3Ii3Ha-
BaHHS i THM, IO BUAAIOTH MOTEpenHi mapu. TakuM YHHOM, TIHOOKI mapu
OTPUMYIOTh MOXKIIUBICTh 3aHYJIUTH Bark ab0 MPOMYCTUTH CUTHAT. APXiTeK-
Typa OTpUMaJa HOJAIBIIHN PO3BHTOK, HAIIPHKIA, Y BUIJISII BUCOKOC(EK-
TUBHOI Ti0puaHOI Mepexi Inception-ResNet.

VY naniit po6oTi Oyu pasrisHYTI Cy9acHi BHIU apXiTEKTYp HEHpoMepex
110 3HAUIIUTM CBOE PAKTHYHE 3aCTOCYBAHHS Y KOMIIBIOTEPHOMY 30Di.
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INPOEKTYBAHHA POV3HOI[IJIY_.POJIEI‘/‘I KOPUCTYBAUIB JJIsA
3ABE3IIEYEHHSI HAUBLUIBIIOI EGEKTUBHOCTI CTYJIEHTIB
Y EJIEKTPOHHOMY HABYAHHI

J.4. Pynues, A.T'. ['pebenHnk
YepuiziecoKuil HAYiOHATLHUL MEXHOIO0TUHUX YHIGEepCUmem

[IpioputeToM po3BUTKY Cy4acHOI OCBITH YKpaiHM € BIPOBA/KEHHS CY-
JacHUX 1H()OpMAIiTHO-KOMYHIKAIIHHUX TEXHOJIOTIH, 110 3a0e3meuye moaa-
JbIIE BJOCKOHAJICHHSI OCBITHBOTO IIPOIIECY, JOCTYIHICTh Ta €(eKTUBHICTh
OCBITH, MIJATOTOBKY MOJIOJIOTO TOKOJIIHHS 10 JKUTTEIISUILHOCTI B iH()OpMa-
HiiiHoMy cycmiibeTBi. Came ToMY, ChOTO/THI, JUIsl BCiX BUILUX HABAJIBHHX 3a-
KJIaziB crae aktyansHuUM E-HaBuanHs. [Ipuyomy He nume sik popma aucra-
HITIITHOT OCBITH, a AK 3aci0 3aliKaBJICHHS CTYICHTIB CTallioHapHOI (GopMHu,
MiIBUILICHHS PiBHS X iHPOpMAIiiHOI rpaMoTHOCTI [2].

B Takux ymMoBax Ha MepIIMi IJIaH B CHCTEMI BHIIO1 OCBITH BUXOJIUTH CH-
CTeMaTH4Ha, Ta KOHTPOJIbOBaHA BUKIIAJAadeM CaMOCTiiiHa poboTa CTyneHTa.
Oco6mmBoi BayXIMBOCTI HaOyBae MUTAHHA 11 paIliOHANBEHOI OpraHi3amii B BU-
IOMY HaBYAJIBHOMY 3akiaji. Bemnki MOXIHBOCTI HAM HamaroTh iH(QOpMa-
IiiTHI TEXHOJIOT1, SIKi 37]aTHI 3a0€3MEUYNTH CTYICHTIB HOBUMH HaBYaJIbHO-ME-
TOJUYHUMH MaTepialaMy — eJIEKTPOHHUMH OCBITHIMH PECypCamH.

Enexmponni oceéimni pecypcu (EOP) — 1€ HaBUYaJIbHI, HAYKOBI, iIHpOpMa-
1iiTHi, TOBIAKOBI MaTepiaiu Ha 3aCO0H, pO3pOOJICHI B CJICKTPOHHIH (hopmi Ta
MPE/ICTaBIICH] Ha HOCISIX Oy/Ib-SIKOTO THITYy 200 PO3MIIllEHH] Y KOMIT FOTEPHHUX
Meperkax, sIKi BIITBOPIOIOThCS 33 JJONOMOTOI0 €JIEKTPOHHUX LU(POBUX TeX-
HIYHUX 32c00iB i HEOOXiTHI AN ePeKTHBHOI OpraHi3allii HaBYaIbHO-BIXOB-
HOTO TIPOIIECy, B YAaCTHHI, IO CTOCYETHCS HOr0 HAIIOBHEHHSIM SIKICHIMH Ha-
BYAIBHO-METOANYHUMH MaTepianamu [1].

Cepen HUX HEOOXITHO BiI3HAYMTH IOCTATHRO NOMYJIIpHUiT pecypc —web-
noxarok. [Ipu #oro cTBOpeHHI, HEOOXiTHO 3ayBaXKUTH, 1[0 Y AESKUX CHCTe-
Max YIpaBIiHHS KypcaMH HEMa€ PO3MOALIY KOPUCTYBaYiB Ha POJIi, TOMY MU
MPOMOHYEMO y HOBOCTBOpIOBaHii Hamu cucremi MELS (Modern Electronic
Learning System) posrisiHyTH po3mofin pojei. Pomi xopucrysauis EOP
JTy’)K€ BaXIIMBi, OCKIIBKM KOKEH 3 HUX TOBHHEH BUKOHYBATH CBOIO pOOOTY
SIKICHO JUTSI IOCSTHEHHSI TOJIOBHOT METH — SIKOMOT'a Kpallie i IroTyBaTH Maii-
OyTHix ¢axiBuiB. Y cuctemi MELS 3a 3aMOBUyBaHHSM € Taki podi:

AnMiHicTpaTop — HeoOMesxeHi npasa (1uB. puc.1).
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Hagansn npusine rifosasmx
P8 KopyCTyENEM

Pucynok 1 — Use-case miarpama [uis aktopa AaMiHiCTpaTop (po3poo-
JICHO aBTOPOM)
Buknamad — Moke 1oaBaT, Ta BUAAISTH yCi daiimm, GpoTo, Bigeo. Moxe
3MiHIOBAaTH iH(OPMAIIFO TIPO Ti UM iHII HOBHHH, 3aIliCH, TOImO. Moe mo-
JABaTH CIHCKH CTYICHTIB J0 aJMIHICTpaTOpa 33Ul PEECTpAIlisl CTyACHTIB

(muB. puc 2).
@
U aasTamesn HOTO
npo nposeger
A inc) udE
R e
<_ .
Y Y\\ wing} udE B o S
wingl uden e rocrn

s

PoaMiLyaaTH KOBY
inppuauio crocosno
onimniag

Pucynok 2 — Use-case miarpama i aktopa Bukmagaga (po3po6ieHo
aBTOPOM)
CryneHT — Mae HaOip npaB, 10 J03BOJISIE NPAIOBATH JHIIE 3 IOTPiO-
HUMH (Ha pO3CyZ BUKIJIajada) MaTepiajgaMu Kypcy (IuB. puc. 3).
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Meperma garo Nepernagany woswhm
SasawTamwTn paian z
ity

. Kopucrysas

TiepernamyTy cIHCoK
napTHepie

epefiTi 3a nocnaanan)
a pecypenapThepa

Pucynox 3 — Use-case miarpama s aktopa CtyzaeHTa (po3po0iieHo aB-
TOpOM)
Ticte — Mae camuii oOMexeHuit Habip IpaB, MO JO3BOJISIE KOPUCTYBATHCS
THUMH 3alicaMy Ta MaTepiaiaMH, SKi HagaHi rocTio. He mae mpas Opatu y4-
acTh y HaBYaHHI (IUB. puc. 4).

3apeErTpYBATHCA

MepernawyTn myibyTs

lepernayTH K afimm
Bukna s wa cait
NepernamyTn
pororanepers

Pucynok 4 — Use-case giarpama ams aktopa ['octst (po3pobaeHo aBTo-
pom)

Crmparodynch Ha po3po0iieHe MPOEKTYBaHHS OyJ0 peaii3oBaHO Maiibke
imeanbHUN po3noin pojieir y MELS, sikuit Mae siBHI iepeBaru y po0oTi 3a-
BISIKM (pyHKIIOHANY iHTepdelicy kopucTyBada. Y paMKax pO3pOOKH CHC-
temu MELS 0yra mpoBeieHO MpOeKTYBaHHS HOBOI CHCTEMH POJICH KOPUCTY-
BadiB, sKa € HAMKpaIorw. 3aBIKU OMY OyJe 3HaYHO MOKpalieHa podoTa
CUCTEMH B LIJIOMY.

270



Jlitepatypa:

1. SlideShare. [Emexktpommmii pecypc]. — Pexum mocrymy:
https://www.slideshare.net/Kalachova/ss-30706764.

2. Hapopnna ocBita. Enextponne HaykoBe (haxoBe BumaHHs [EmekT-
pouHHii pecypc]. — Pexxum mocryrry:
https://www.narodnaosvita.kiev.ua/Narodna_osvita/vupysku/10/statti/vinarc
hyk_t.htm.

VK 004.8.032.26; 517.9; 681.3

MPATMATUYECKHUE CBOMCTBA UH®OPMAILIMUHA B
MHNPAKTUYECKHUX 3AJAYAX UHTEJUVIEKTYAJIBHOI'O
AHAJIN3A JAHHBIX

C.I1. AJIEILIMH, E.A. FOPOJJUHA
Tlonmasckuii nayuonanvusiti mexuuyeckuii ynusepcumem umenu FOpus
Kounopamrworxa, Yrpauna

[Mpennaraercst HelipoceTeBask TEXHOIOTUS ISl AaBTOMATH3AINH IPUHATHS
pemeHni KiraccuuKanuyu 0ObEKTOB WIIM X COCTOSIHHH 110 IOMCKY ONTHMA-
JIBHOTO COOTHOIICHNSI MUHUMAJIbHBIX OIIMOOK M PUCKOB P OTPaHWYEHHBIX
(hMHAHCOBBIX, MaTEPHUANILHBIX M BPEMEHHBIX peCypcax HHBApHAHTHAS IIIHPO-
KOMY CIEKTPY IMpeAMETHBIX obacTeil.

Jis sToro ciexyer peanu3oBaTh Takoil ypoBeHb (opmanmzaium,
BBIOpaTh KPUTEPHH ONTUMAIBHOCTH M (POPMY BXOJIHBIX BO3JEHCTBHH, IpHU
KOTOPBIX (hU3HUEeCcKre 0COOEHHOCTH HCCIIEAyeMbIX 00BEKTOB U MX COCTOS-
Huii nHIU(dEpEeHTHBI penaeMoil ONTUMH3ALUOHHON 3a1a4e. ITO TO3BOJIHUT
co3naBath 3¢ (HeKTUBHBIE TPOTPAaMMHBIE TIPHIIOKEHHS ISl IIUPOKOTO Kpyra
nojb3oBarteneil 0e3 CyIIeCTBEHHBIX MaTepHANIbHBIX, MH()OPMALMOHHBIX H
BPEMEHHBIX 3aTpaT Ha 3aITyCK JIAaHHOHW TEXHOJIOTHHU B IIPAKTHKY.

PaccmaTpuBaeTcss BO3MOXHOCTh M LI€JIECOOOPA3HOCTh HCIOJNb30BAHUS
IIparMaTH4ecKUX CBOWCTB MH(popMaIHH B popmare nHGpOpMannoHHON Mepb
Xapxkesuua [1], mo3Boisttomied qudepeHIHpoBaTh ¥ KOTUIESCTBCHHO (H-
KCHPOBAaTh BIMSHHE 3JEMEHTOB BEKTOPAa BXOAHBIX (DAKTOPOB Ha IEIEBYIO
¢yskuumio. [Ipu 3TOM crieayeT arropuTMHYECKH TOCTaBUTh B COOTBETCTBUE
nH(OPMANMOHHYIO Mepy Kaxa0ro (pakTopa, 3aTpaThl Ha OPTaHU3AIINIO0 CEH-
COpHOTO obOecriedeHus, HOPMHPOBKY M JAEKOPPEISAIHNIO YIEMEHTOB BOIHOTO
BEKTOpa, a Takke KpuTepuit 3 (HeKTHBHOCTH U BPEMS PEaKIIUH.

[Ipenmaraercst HOZONTH K peaM3alyy IpelaraéMoro moaxoa Kax K pe-
LIEHUIO 33Ja4l HENMHEIHON ONTHMU3aluy B MHOTOMEPHOM MPOCTPAHCTBE
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MHPOPMATUBHBIX MIPU3HAKOB, 0OYCIOBINBAIOIINX COCTOSIHAS O0BEKTa aHa-
mm3a [1, 2].

CranmapTHBIE TTAKETH TEXHUYECKOTO aHann3a nanabix (Matlab, Statistica
U JIp.) TIO3BOJISIFOT KOHCTPYHPOBATh HEHPOCETEBYIO CPely U CHHTE3UpPOBATh
aHcaMOJb HEeHpOCEeTeBBIX MOZENEH Pa3NNYHBIX apXUTEKTYP M CIOKHOCTH
[3], a Tarke co3gaBaTh CaMOCTOSITENBHBIC IIPUIOKEHHUS B OCHOBHOM IIPOTpa-
MMHOM KOJIE.

B pe3ynbpTaTe KOHEYHBIM IPOAYKTOM CTAHOBSITCS HEUPOCETEBBIC MOICITH
Ki1accuuKanuu 00ObEKTOB WIIM MX COCTOSIHHH, oOecrieunBaroniue noajep-
KKY PELICHHH B 33JlaHHBIX OTPAHUUYCHHUSX TOYHOCTHU, PUCKOB, BPEMEHH pea-
KIHH.

dopmaibHO 3aa4a CBOJMTCS K CIEIYIOHIEMY BUILY:

SupKg (S, P, X, T )l

Ru(AT)< Ay : 1)

Ru(5)< By,

rie S€S,S — MHOXKECTBO TEKYIIMX COCTOSHME 00nekTa;, peP,P —

MHOKECTBO [IPOTHO30B JIMHAMUKH COCTOsIHUI 00bekTa; X € X, X — MHOXKe-
CTBO BXOAHBIX (hakTopoB; T, K € {0,1,2,....} — MOMEHTHI BpEMEHH MPUHATHUS
pewrennit; Kg — kpurepuit apdexruroctr peurenus; AT, — uHTepBan
BPEMEHH Ha MPHUHATHE PEIICHUS U TEKYyIasi CTENeHb aJIeKBATHOCTH MOJEIIH,
COOTBETCTBEHHO; RU (AT) — 0XKHJaeMBbIH yIiepO OT 3a1ep>KKH IPHUHSITHUS pe-
IICHHUS; SRu(é' ) — OXKHJAaeMbIi yIepO OT CTeNeHH HeaJIeKBaTHOCTH MOJICIH;
Ay — IomycTuMsbli ymiepd OT NPHUHATOTO pelleHus Ha rpanuue PB; By —

JOIYCTUMBIH yIiepO OT onIMOOK Ha KOHTPOJILHOM MHOYKECTBE.
JomycTuMmble orpaHuueHus: (0KHIAaeMBId yIiep0) YyCTaHABIMBAOTCS
9KCIIEPTHBIM MYTEM.
AHAIUTHYECKYIO Mepy Ba)KHOCTH KaXIoro (akropa KOJIHMYSCTBEHHO
BBIPAa3HUM 4epe3 CTeleHb 00YCIIOBJICHHOCTH UM BEPOSTHOCTH TOT'O UIIM HHOTO
COCTOSIHUSI 00BEKTA C UCTIOIb30BaHHEM NH(POPMAIIMOHHOI Mepbl XapkeBHya

[1]:

. bl
;) =log, ﬁ : @
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rIe IiJ — €CTh KOJIMYIECTBEHHAS Mepa ICTCPMUHHUPYIOIICH CHIIBL | -0T0

(baxkTopa Ha NepeBoj 0OBEKTA UCCIIEOBAHUS B | -€ COCTOSIHUE; PiJ u P) -

COOTBETCTBEHHO BEPOATHOCTH II€PEXO A 00BEKTa B J - € COCTOSHHEC I10J BO-

3JICUCTBUEM i-ro (l)aKTopa 1 BEPOATHOCTH cnyqaﬁﬂoro nepexoaa o0BbeKTa B
TO )K€ COCTOSAHHC.

Ipu IiJ >0 —i-it pakTop crocoGCTBYET Mepexoay 0ObEKTa B | - € COC-

TOSIHHE; KOT/Ia IiJ <0 — npemATcTByeT 3TOMY MEPEXOY, KOT/Ia Ke IiJ =0-

HHUKaK HE BIMSET Ha Iepexoj, 00beKT MHAUPPEPEHTEH K YIPaBISIOMEMY
BO3/ECTBUIO. DTO TMO3BOJIIET AJITOPUTMH3HUPOBATh AW((EpEeHINATBHYIO
OIIEHKY NPAKTUYECKOH Ba)KHOCTH MHO)KECTBA BXOJHBIX (PaKTOPOB 1 cOanaH-
CHPOBaTh 3aIPOC KAYECTBA PEIICHHS C PECYPCHBIMH BO3MOXHOCTSIMH COTJIa-
cHo (1).

WHcTpyMeHTanbHO 3a/1a4a pelieHa B MapaJurMe METo/a CONPSHKEHHBIX
T'PaJlieHTOB IIPU PEATN3aliN aITOPUTMa 00PaTHOTO PACTIPOCTPAHCHHUS OIIIH-
O0xu B 00yueHun Helipocetu [4,5]. CXOAUMOCTD aJrOpUTMa MOAU(DHUKALIUH
BECOBBIX KO (PHUIIEHTOB OTBEYALT TPEOOBAHUSM IIPAKTUKHU U XapaKTepHU3y-
€TCsl OTHOCUTEILHON yCTONYMBOCTRIO (puc.l):
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CUCTEMA UJEHTA®HUKAIIAU MOJIb30BATEJEN KAK
CIIOCOB NOBBINEHNWA BE3OITACHOCTH
NHOOPMALNMUMOHHBIX CUCTEM

0.0. Cumonos, A.T". ['pebenHuK
Yepuuco6ckutl HAYUOHANLHBIL IMEXHONOSUYECKULL YHUBEPCUMEm

C yBenu4eHHEM CI0XXHOCTH MH()OPMAIMOHHBIX CHCTEM M BBIJECICHUEM
OTJENIBHBIX CEPBHCOB OCTPO CTaja Mpo0IeMa aBTOPU3ALNH U ayTeH(PHUKALINH.

Aymenguxayus — 3T0O TPOLIECC MTPOBEPKH MO UTMHHOCTH Yero-iubo [3].

Aemopu3ayusa — Ipe10CTaBICHNE OTPEAETIEHHOMY JIMILY WM TPYIIIE JHIT
IIPaB Ha BBIIIOJIHEHUE ONPEACIEHHBIX IEUCTBUH; a TAKXKE IPOLIECC IPOBEPKU
(monTBEpIKACHNS) AAHHBIX MPaB MPU TONBITKE BHIMOJHEHHS 3THX JACHCTBUI
[1].

[Ipobnema ycTapeBIIMX CHCTEM B TOM, YTO OOBIYHO KaX/IbIH N3 CEPBUCOB
caM 3aHUMaJICcs Kak ayTeH(UKaui Tak 1 apropusarueii. [Ipu 5Tom nossima-
JICS PUCK ITOTEPH TAaHHBIX, CTOMMOCTB XpaHEHHs 1 00cITykuBaHus. Takue cu-
CTEMBI HE TI03BOJISIIOT BHICTPANBATh B3aNMOAEHCTBHUS MEXK/Ty CEpBHCAMH, TaK
KaK eCJIM Ha OJTHOM U3 CEpPBHCOB JIaHHBIE OBUIM CKOMIIPOMETHPOBAHBI, APY-
THE CEPBHUCHI HE MOTYT JOBEPSITHh JOCTOBEPHOCTH MPEIOCTABIAEMON HH(MOP-
MarmH. Tax jxe mo100HBIe CHCTEMBI ITOIBEPTa0TCS TUITY ATAKU «YEJIOBEK M0~
cepenune» [6, 7].

OTU U Apyrue npobdIaeMbl, 10 3aIIuTe U 0OMeHy HHpopMaIlueit ObuH pe-
1IeHsl B OTKpoIThIX poTokiax Openld Connect u OAuth [4, 8].

Openld Connect — OTKPBITBIN CTaHIAPT MCHECHTPATH30BAHHON CHCTEMBI
ayTeHTH(UKAIMN, IPEIOCTaBIISIONIEH IT0JIb30BATEII0 BO3MOXKHOCTD CO3/1aTh
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SIMHYI0 YYETHYIO 3aIMCh JUI ayTeHTH(HUKALMHA Ha MHOXKECTBE HE CBSI3aH-
HBIX IPYT C IPYTOM HHTEPHET-PECYPCOB, UCIIONB3YS YCIYTH TPETHUX JIUI [2].

OAuth — OTKpBITBIN TIPOTOKOIN (CXeMa) aBTOPHU3AINH, KOTOPHIH MO3BO-
JSIeT TPEeJOCTaBUTh TPEThEH CTOPOHE OrPaHMYEHHBIH JOCTYNl K 3a-
IUIIEHHBIM pecypcaM II0Jb30BaTelst 0e3 HEOOXOIMMOCTH IepelaBaTh el
(TpeTbeit cTopoHe) JIOTHH U Mapodsb [5].

I'maBHOM LIeNBIO HAIIETO HCCIIEA0BAHUS COCTOMT B YIIPOILIEHUH TIpoliecca
ayTeH()UKalMM W aBTOpU3allMM, a TaKKe MOBBINIEHHMH OE€30IIaCHOCTH H
YIAYYLIICHUH T0JIb30BATEILCKOTO OIBITA OT WCIIOJIB30BaHMS OONBIINX CHC-
TeM. B pabote paccmoTpeHa coOcTBeHHast cHCTEMa UICHTU(HKALIUH TT0JIb30-
Barenel, kotopas Oyzaer peanuzosath Openld Connect 1 O Auth mpoTokost
(cMm. puc. 1).

Security Token

Service

Browser WS5-Fed, SAML 2.0,

OpenlD Connect

Web App

ple=t

B VLo ]
[ = D Web AP Web API

—>

ko
L

Server App

N

Pucynoxk 1 — B3auMoeiicTBrE CEPBUCOB U CUCTEMbI HACHTH(UKAIINT

B kauectBe cepBrcoB BricTymaoT Web App, Web API. [Tins aBTopusupo-
BaHHOTO goctymna knuenToB (Browser, Native App u Server App). Cucrembl
ayrendurmpytorcs B Security Token Service ucnions3yst Openld Connect. 1
Jlajiee B3aMMOJIEHCTBYIOT € cepBHUcaMu ncnonb3yst OAuth mportokod.

OCHOBHBIM OTJIMYHEM OT yX€ MMEIOIINXCSl aHAJIOTOB SIBJISIETCS TO, YTO
cUcTeMa MOXKET Pa3MECTUTHCSI HA COOCTBEHHOM CepBepe U OBbITh MOIHOCTHIO
aBTOHOMHOM, 4TO SBJISIETCSI OUYEHb BXKHBIM (PaKTOPOM B OaHKOBCKOIA, ToCy-
JApCTBEHHOW, BOCHHOM 1 IpyTHX cepax, T1e 6€301acHOCTH MTOJIB30BATEIbC-
KUX JIaHHbIX O4€Hb Ba)KHA.
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B pamxkax moctaBieHHOH 3a/a4u ObLTH MPOBEAECHA MHTETPAINs cepBepa
UACHTU(QHUKAINY ¢ yKe QYHKIIMOHUPYIOUIeH cucTeMoi. bein mpoBeneHo cpa-
BHEHHE BBIJCICHHOTO CepBepa HMACHTH(UKAINU W BCTPOCHHOH CHCTEMBI
uneHTH(UKaIUN BHYTPb cepBrca. Ha OCHOBE 3THX OLIEHOK OBUIO IMTOKa3aHO
MPENMYIIECTBO pa3pabOTaHHOTO BEIJEICHHOTO cepBepa HACHTH(UKAIN.
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EKCIIEPTHUM AHAJII3 PE3YJILTATIB KIIOMETPUYHOI'O
MOHITOPUHI'Y

C.B. T'ony6, H.O. Xumurs
Yepracokuii 0epoicasHuil mexnoaociynuil yHisepcumem, Hayionanvruil
yHisepcumem «JIvgiecoka noaimexuixa», Ykpaina

Ha mouarky XXI cTomiTTs, 0cOOJMBO B NEPioAM COLIaIbHOIO Xaocy,
KOJIM TepeadadyBaHiCTh X0y iCTOpii 3HAYHO TMOCHAOIIOEThCS 1 30iMbITy-
€THCS MOXIIUBICTh HEOUIKYBaHMX BapiaHTIB PO3BHUTKY IOIN, 3pOCTAE aKTya-
JBHICTH OaraTonapaMeTpHYHOTO MOJETIOBAHHS U1 BUBYCHHS ICTOPHYHHUX
aNbTEepHATHB. B Me)kax Takoro miIXoay pealtizyeThCs IPUHIUI CHHEPTeTHKN
SK MDKIUCIUIUTIHAPHOT HAYKH, IO 3aifMA€ThCSl BUBYEHHIM IPOIIECiB caMo-
oprasizarlii Ta BAHUKHEHHSI, TIIATPUMKH CTIHKOCTI Ta po3maay CTPyKTyp (cu-
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cTeM) pi3HOi nmpupoau. TakuM YHHOM, CHHEPTeTHKA TO3BOJISIE ICTOPUKY BH-
SIBUTH, B SIKMX YMOBaxX MaJli BIUINBH COPUYUHSIOTH HA CKJIAJIHY CHCTEMY Ma-
cmtabHi 3MiHU Ta JIABUHOIIOIOHI MIPOIIECH.

B cy4acHHMX CKIagHHX yMOBaxX €KOHOMIYHOI KpU3H Ta CYCIILIBHUX TPaH-
chopMariiif HiHHICTB SIKICHUX ICTOPUIHAX 3HAHB TIOCTIHHO 3pOCTA€, OCKUTBKU
JI03BOJISIE TIOSICHIOBATH 3aKOHOMIPHOCTI COIiaIbHO-€KOHOMIYHUX TOJIiH, BH-
3HaYa€e TCHJCHIII, B3ipIli MailOyTHBOTO. 1]e HeOOXiaHO ISt BUPOOJICHHS Me-
XaHI3MY pallioHaJILHOI OpraHi3allii CyCIuIbHUX MPOIECIB, ypaXyBaHHS PeCy-
PCiB HONITHYHOT BJIa 1, OCOOJIMBO TaKMX i KOMIOHEHTIB 1 OPM, SIK aBTOpPH-
TET, KOHTPOJIb, BILUIMB, IPUMYC TOIIIO.

TeopeTH4Hi OCHOBM MaTeMaTUYHOI'O MOJIEIIOBAHHS PO3pOOJISIB 1 3aCTO-
coBysas I. KoBanbsuenko [1]. AMepiKaHChKHIT €KOHOMICT, OZIUH 3 OCHOBOIIO-
JMOXKHUKIB KiioMeTpii P. dorens mpakTHKyBaB KOHTp(AKTHIHE MOMEIIO-
BaHHS ISl JOCHI/KEHHST eKOHOMIUHHX mpotieciB [2]. BuBueHHsIM HenmiHiH-
HUX TPOLIECIB aKTUBHO 3aiiMaeThes mpodecop JI. bopoakin [3]. ITix #ioro ke-
PIBHHIITBOM peasli30BaHO NPOEKT AOCTIDKEHHS albTEPHATHUB ICTOPUYHOTO
PO3BUTKY paasHCchKoi Pocii 1929 poky, mepiogy «BEIHKOTO MHEpPEIoMY»
(xotu BiOyBaBCs mepexij Biji HOBOI eKOHOMIYHOI MOJIITHKHY JI0 1HIyCTpiati-
3aIlii Ta KOJIeKTHBI3aIlii).

MeTor0 HAIIIOro JOCIIPKEHHS € PO3pO0Ka METOIy KITIOMETPHYHOTO MO-
HITOPUHTY JUISl BUSIBJICHHSI CXOXKMX ICTOPHYHMX IEPiOJiB, 3aCTOCOBYIOUH
KJIaCTEepPH3allil0 BEKTOPIB 1X YHCENbHUX O3HAK.

CouiaibHO-eKOHOMIYHUH Ta JieMorpadiuHuil pO3BUTOK YKpaiHU A0CITi-
JoKyBaBcst BIpogoBx 1998-2012 pokiB, 3a JOIIOMOT0I0 TEXHOJIOTIT baraTopi-
BHEBOI'0 IHTEJIEKTYalbHOrO MOHITOpUHTY [4]. MojenoBanack 3aJie)KHICTh
BaJIOBOTO BHYTPIIIHBOTO MPOAYKTY KpaiHH Bijl COLiaIbHO-€KOHOMIYHHX I10-
Ka3HUKIB. [l CMHTE3y Mojiesieil BUKOPUCTOBYBABCsI OaraToOpsiiHUN airo-
putm MI'VA [5]. Cunre3yBanace MHOXHHA Mojeneii. [licis BunpoOyBaHb
BiIOHMpaTUCh MOJEN, IO BiJIOBIJAIOTh KPUTEPisIM TOYHOCTI, aJeKBAaTHOCTI
Ta CTIMKOCTI Ta OLIHIOBAJIACh BIUIMBOBICTh COIIaJIbHO-€KOHOMIYHMX MOKa3-
HUKIB, [0 BBIHILIM A0 CTPYKTYPH IMX MoOjejel. BIIMBOBICTh MOKa3HUKIB
BU3HAYaach 3a BArOBUMHU Koe(illieHTaMH, 1110 PO3pax0oByBaIUCh 32 GopMy-
soro (1):

Fy.
W; = tr 1

i=1"x;

e Fx’i — YaCTHHHA TOXigHa Moze 1o ii i-i 3MiHHIH,
N — KiJIBKICTh MTOKA3HUKIB, 0 YBIWIIUIN JI0 CTPYKTYPH MOJEITI.
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MeTon KIIiOMETPUYHOTO MOHITOPHHTY ITO€JHYE BUKOPHCTAaHHS MTPOIIECiB
KJIacTepH3allii iCTOpUIHNX NepioiB 3a iX YHCEeTPHIMHU 03HAKaMH Ta eKCIIep-
THOTO OOTPYHTYBAaHHS Pe3yNbTaTiB KJIACTePHU3Aalii BiAIOBITHO 0 TAaKHUX €Ta-
MiB:

1. Bu3HavaeThCs TMEperik 03HAK, IO € BAXKIUBAMH IS NPUHHATTA Pi-
IIEHb 3a PE3y/IbTaTaMH MOHITOPHHTY iCTOPHYHHX IPOLECIB E€KCIIEPTHUM
HITSIXOM.

2.DOpMYETHCSI MacHB YHCEIBHUX XapaKTEPUCTHUK IJIs1 BXKIIMBUX O3HAK.
TouKOIO CIIOCTEPEKEHHS € YUCENbHI XapaKTePUCTUKU BIIPOJOBXK OJHOTO
POKy.

3.ITlpoBoanThbCs KiacTepu3allis TOUOK CIIOCTEPEIKEHHS 3a pe3ylbTaTaMu
MO/ICTIFOBaHHSL.

4. BucyBaeTbc TirmoTe3a Ipo MOgiOHICTh iICTOPHYHUX IIPOLIECIB, IO IPO-
XOJUIIH BIIPOOBXK POKIB, [0 YTBOPUIIN OKPEMi KJIaCTEPH.

5.I1poBOANTECS TepeBipka BUCYHYTHX TiNOTE3 MUIIXOM iX €KCIIEPTHOIO
OOTpYHTYBaHHS i3 BUKOPHUCTAHHSAM METOJIIB iICTOPUIHUX JOCITIIKCHb.

SIKIIO0 eKCIIEPTHUM LIUIIXOM BIAJOCh OOIPYHTYBAaTH BUCYHYTI TilIOTE3H,
ICTOpPHYHI TIepiou, IO BBIMILIA 10 OJHOTO KJIAcTepa, BBAKAIOTHCS MOII0-
HUMHU. SIKIIO 1IbOTO 3pOOWTH HE BJAETHCS — MPOBOAATHCS HACTYITHI JOCITi-
JUKEHHS 1 BUCHOBKH 3 MPUBOJY MOAIOHOCTI iCTOPUYHUX IEPioJiB HE OroJIo-
HIYIOTBCSI.

Kitactepwu3zaiiisi BEeKTOpiB 03HAK iCTOPUYHHX NEPIOAiB TPOBOMIACH 32 pe-
3ymbratamu MozenoBanus [5, 6]. Koxen ictopuunuii mepion BimoOpaxka-
€TBCS OJTHAM BEKTOPOM YHCEIBFHHX XapaKTePHUCTUK IIMX O3HAK. IMepenik
Ta MEXI1 ICTOPHYHIX MEPiOAiB, a TAKOXK IEePEITiK XapaKTePUCTHUK BIH3HAYCHUN
eKCIIePTHUM MUITXOM. Pe3ynpTatv mojaHi y BUTIISAI JBOBHMIPHOI TaOJHIIL
MacuBy BXiJHUX AaHuX (2):

Xoo X o Xy Yo Yoo o Vi
Xa X o X Ya Yoo o Yo
Xa X2 o X Ya Yoo o Yim @)

Je Xij — j-Tiil He3ane)KHUil MOKA3HUK i-T0 iCTOPHYHOTO Tepiony, Yij — j-
THIA 3aJI)KHUN MOKA3HHK I-r0 iCTOPUYHOTO Mepiofy, K — KibKicTh BEKTOPIB;
N — KUIBKICTh MOKA3HHKIB, M — KUIbKICTh ICTOPUYHUX TEPiOJIiB.

Heo0xinHO po3poOutn MeTo KilacTepu3anii iCTOpUYHKX TepiojiB y BU-
i GyHKIil
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a:(X,y)-or, 3)

Jie T — HOMep Ki1acTepa sIKMid YTBOPIOE MHOXHHY KiacTepis R.

ITpouec kmactepuzalii KO)KHOMY BEKTOPY O3HAaK ICTOPHYHOTO Hepiomy
CTaBHUTH Y BIATIOBiAHICTH HOMep kiactepa r € R. IIpu mpoMy moTyxHIiCTH
MHOXUHH R Hanepen He BinoMma.

Excriepr-icTOpHK 371iiCHUB OLIHKY ICTOPHYHHX MEPIOIB.

1 knacmep 2001-2012 pp. : 3MEHIIICHHSI IHBECTHIII B OCHOBHHIA KaIliTaT;
TIOCHJICHHS IIPOLIECIB IHAYCTpiaii3alii; Kpu3a B MAIIMHOOY TyBaHHI, XIMi4HI i
MIPOMUCIIOBOCTI; 3pOCTaHHS B Taly3i CUTBCHKOTO TOCHOJApCTBA, TOPTiBII,
TPAHCIIOPTI; 3a JpKepenaMu (piHAaHCYBaHHS CYTTEBY pPOJb BiIIrparoTh Kpe-
IUTH OaHKIB Ta iHINI TO3WKH; BiJ’€MHE CajJblI0 TOPTOBEIHHOTO OallaHCY;
Opax iHBecTHIIiil; HATIPUOYTKHM eKCIIOPTHHX raixy3eil y HoBHOMY 00cs3i 1mo-
TPAIUISUTA B KUIICHI OJIrapXivHUX KiT; 3pOCTaHHS 00CSTIB COLIANBHOI IOTIO-
MOTH; HEKOHTPOJILOBAHA MITpallisi HaCEJICHHs; 3pOCTaHHs AeMOorpadiyHOTOo
HaBaHTAXKCHHS.

2 knacmep 1999-2009 pp.: ekoHOMIYHE MaAiHHs, BHACTiTOK yoro BBII
3HM3UBCA 710 40,8%.; IOpyIIeHHsI MaKPOEKOHOMIYHOI PiBHOBAry, CIiBBiTHO-
LIEHHS MDXK pIBHEM OIUIATH Mpalli Ta BAJIOBUM MPUOYTKOM/3MIILIAHUM JIOXO-
oM y ctpykrypi BBII, He mMano xapakrepy cranoi TeHIEHLi; TPOMHUCIIO-
BicTh OyJia MPOBITHOIO TATY33(0 PEaTbHOTO CEKTOPa EKOHOMIKH, 30epiraroun
HalOinbITy yacTKy B Horo crpykrypi (y 2008 p. Ha Hel npumaganu 46,1%
BaJIOBOTO BUITyCKy TOBapiB i mociyr i 31,3% BanoBoi monaHoi BapToCTi);
OUTBII 5K 2/3 3ara’bHOTO 00CATY IPOMHUCIOBOI IPOAYKINT MPHUITaIaIo HA Ta-
JIy3i, 110 BUPOOJISAIOTh CHPOBUHY, MaTepiallil i eHepreTH4Hi pecypcH; 4acTka
MIPOAYKIIT COIiallbHOT Opi€HTAIlil CTAHOBUTH 1/5 3aranbHOTO 00CATY IPOMHU-
CJIOBOTO BHPOOHHMIITBA. Maiike 3HUKIIA Jierka MpoMucioBicts (1999 p. —
1,6%, 2008 p. — 0,9, cepriern 2009 p. — 0,8%); rany3p MalTHHOOYIyBaHHS,
X04a 1 Ioj1ajia B TeMIax po3BUTKY mpotsirom 1999-2007 pp., ane ii yactka B
CTPYKTYPIi MPOMHCIIOBOCTI Yepe3 kpu3y 3um3miacs 10 10,3%, 1o 6ymno 3—4
pasu HIDK4e 3a PiBeHb PO3BUHYTHX KpaiH.

3 knacmep 1998-2002 pp.: NpUPICT peanbHUX TOXOIB POMAIsIH y 5-6
pa3 nepesuinyBas BBII; BinOyBanocs 3poctanHs 3apo0iTHOT IU1aTH; peaibHe
3poctants BBII cranoBuio 4,1-9 %; 3adikcoBaHo npupict BAPOOHUITBA Y
TIPOMHCIIOBOCTI; TEMITH 3POCTaHHS €KCIIOPTY TOBApiB NEPEBUILYBAIH TEMITH
3pOCTaHHS IMIOPTY; 30UIBIINIIACS KOHKYPEHTHO-CIIPOMOXKHICTH YKpaiHCh-
KHX TOBapiB; MPOIO3UILIisl BAJIIOTH NEPEBUIIIyBajIa MOIHT.

OTxe, y TOCTIKEHH]I €KCTIEPUMEHTAIBHO JJOBEICHO CEKTHBHICTH ITOE-
HaHHS IPOIECiB KITacTepu3allil iCTOPHYHUX MEPioiB i3 eKCIEPTHOIO iHTEPII-
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perarttiero ii pe3ynbpTaTiB. Pe3ynbTaTi MOJEMOBaHHS OTPHMAaHI 32 JOIOMO-
roro iHdopMaIiifHOI TexHOJOrii 0araTopiBHEBOIO0 MOHITOPHHTY IOUIJIBHO
BHUKOPHCTOBYBATH IS BUSBJICHHS OMHOTUIIHUX (32 MEXaHi3MaMH BIUIUBY Ha
eKOHOMIKY, sika cTBoproe BBII) mepiozis ictopii Ykpainu.
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VIK 004.75

BUKOPUCTAHHSA TEXHOJIOT'Ii BJAOKYEWH JJ151 3AXUCTY
ABTOPCBKHUX ITPAB

P.B. Tepewenko
Hayionanvuuii mexniunuii ynieepcumem Yxpainu “Kuiscvkuii nonimex-
Hiynutl incmumym im. leopsa Cikopcbkozo”

[IuTaHHS OXOPOHM IHTEIEKTYaIbHOT BIIACHOCTI CHOTO/THI BUUTILTH Y CBiTi
Ha MepUIMi TUIaH 1 CTaJIM BXKe HE IPOCTO IOPUANYHUMH 200 KOMEpUiHUMH
MUTaHHAMH. Bix BupimeHHs npoOieMu CTBOPEHHA €(PEeKTHBHOI CHCTEMHU
OXOpOHH IHTENEKTYaJIbHOI BIACHOCTI 3aJIC)KUTh MIIHICTh PYHAaMEHTY I
IHHOBAII{HOT MO/IETIi PO3BUTKY Y KpaiHw, Il MOAEpHi3amii, I IBUIIEHHS KOH-
KYPEHTOCIIPOMOXKHOCTI Yy CBITOBiH cCOIlialbHO-eKOHOMIuHIH cuctemi. Jlo
CKJIQJly CUCTEMH BiJJHOCHUTBLCS HE JIMIE 3aKOHOJaBya 0a3za, ajie i TeXHiuHi
3acobu peaizallii 3aXUCTy iHTeJIeKTyaJIbHOI BJIACHOCTI CyJyacHUMU iHpOpMa-
HIMHUMH TEXHOJIOTISIMU.
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YHaciIoK BCEOCSKHOT iHTEIeKTyai3alii CydacHOI CBITOBOT €eKOHOMIKH
MMUTaHHS 3aXHCTY IPaB iHTENEKTyalIbHOI BIACHOCTI Iexaii OuIbIe CTaoTh
MOJIITHYHOIO TPOOJIEMOI0, MTOB’A3aHOI0 3 €KOHOMIYHOIO OE3MEeKO0 Ta BIMa-
Taf0Th CTPATETIYHMX MiAXOIB MO IXHHOTO BUpimeHHA. POpPMaIbHO 3aKOHO-
naBda 0aza 3 OXOPOHH iHTEJIEKTYaJIbHOI BIIACHOCTI iCHY€ BXK€ TPHUBAJIHI Jac.
[IpoTe cTraHOM Ha CHOTOJIHI € CKIAIHICTh MPAKTUIHOTO 3a0€3IIeUCHHS 3aXH-
CTY aBTOPCBHKHX IIpaB y BCECBITHIM Mepexi [HTepHeT uepe3 ii TeXHOTEHHY
ocHOBY [1]. TBopu, npeacraBieHi B €NEKTPOHHIM (opMi Ta NOCTymHI B
Mepexi, MOXKYThb OyTH BHKOPHCTaHI HEOOMEXEHUM KOJIOM KOPUCTYBadiB
y Oynb-sikuii MoMeHT 4acy. KokeH TBip, po3MilieHuii B Mepexi [HTepHer,
CTa€ JIETKOIO 300MYYI0 JJIsl HOPYIIHHUKIB aBTOPCHKOTO Tpasa. [Ipodiemoro
MEPECIYHUXK CIIOKUBAYIB € T€, 110 BOHU HE MAIOTh MOKJIMBOCTI BCTAHOBHTH,
YH € KOIIiSl IHTEIEeKTYaIbHOTO TBOPY Y €JIEKTPOHHOMY BHIJISAI MiPaTCHKOIO,
Y Hi.

Ha pa3i icHyroTh mporpamu, 1o Jal0Th MOXKIUBICT BHSBIIATH B MEpexXi
KOPHCTYBadiB, sIKi HEJICTaJIbHO CKA4yIOTh KiHO YU MY3UKY. YK€ ICHYIOTh iH-
¢dopmariifHi cucTeMH, e Oyab-SIKHI TBOPENb TEKCTY, OITyOIIKOBAaHOTO B
IHTepHeTi, MOXe 3apeecTpyBaTH HOTO i BiJCIIIIKOBYBATH IUIariaT. 3 METOIO
HEJIOMYIICHHsI HECAHKI[IOHOBAHOTO PO3IMOBCIO/KEHHsSI 00’€KTiB Tpasa iH-
TEJIEKTYaJIbHOT BJIACHOCTI HMHI aKTHBHO BHKOPHCTOBYIOTHCSI TaKi 3aXHCHI
METonH, K IU(pyBaHHs, Napoi, [U(POBI BOJSHI 3HAKH, KOHTPOJIb JIOC-
TyIly, eIEKTPOHHI KOHBepTH TOmIO [2]. CipoOH CBITOBOI'O CIIBTOBAapUCTBA
npucrocyBatd iH(OpMaliiiHi TEXHOJOTIT J0 3aXHCTy NMpaB Ha OO0 €KTH
IHTENIeKTYaIbHOI BJIACHOCTI 3HAWIUIM BiMOOpaXEHHA y CHCTeMax “Iud-
pooro ymnpasiiaHsa mpaBamu” (DRM), mo cripsiMoBaHI Ha aBTOMATH3AIIIO
IIpoLeCy JIILEH3YBaHHS TBOPIB Ta 3a0€3MEUEHHS YiTKOTO BUKOHAHHS yMOB
JineHsin [3].

HenanifiHicTh ONMMCaHUX MIAXO/IIB 10 TEXHIYHOTO 3a0€3MCUCHHS 3aXUCTY
aBTOPCHKHX IPaB MOJIATAE B TOMY, III0 BOHH HE MAIOTh ITOB’I3yBaHHsI iHTeIIe-
KTYyaJIbHOTO TBOPY Ta HOT0 BIIACTUBOCTEH 3 MITKOIO 4acy, KOJIH BiH OyB CTBO-
peHMI YU TIepeaHuil y BIACHICTD iHIIH 0c00i. Takoxk y cy4acHiil cuctemi
OXOPOHHM 1HTEJIEKTYaJIbHOI BIIACHOCTI iICHYE CKJIJHICTh JOBEICHHS aBTOPC-
TBa 4Yepe3 Te, 10 MOTPIOHO MOCUIIATUCS Ha JYMKY TPEThOI CTOPOHH.

Ha tenepimnHiii MOMEHT Nepe0BOI0 TEXHOJIOTIETO, 10 T03BOJIUTH 30epe-
I'TH TIOB’ SI3yBaHHS 1HTEJIEKTYyaJIbHOTO TBOPY Ta HOT'O BIACTHBOCTEH 3 MITKOIO
Yacy, KOJIu BiH OyB CTBOpEHHH, Ta 3a0€311eYNTH HAHBUIIUHI CTYIIIHb 3aXUCTY
BiJl IiApOOKHM Ta BTpaTy 1iel iHdopmarii € TexHoorist 6iokyeliH. JlaHa Tex-
HoJIoTis 30epiranus iHdopMarii B TaHWH MOMEHT € peBoioniiHoo. Taknit
Meton 30epiranus iHpopmanii MoXke MaTH BUpillajbHE 3HAYEHHS 1711 3a0e3-
TIeYeHHs HaAiiHOCTI 30epiranus iHdopmarii Ipo aBTOPCTBO Ta ITiBUIIEHHS
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e(eKTHBHOCTI Horo noBeneHHs. biokueitH HaOyB MHUPOKOTO MOMIMPEHHS 3a-
BJISIKM KPUTIITOBAITIOTI, 000pOT K01 OyB OOYIOBaHUH Ha MaHii crcteMi 30e-
piranHs iHpOpMaii, i 0 HANTOJOBHIIIE, MOMIOHUNA METOJ € YHiBepcalb-
HUM, 1 MOe OyTH 3acTocOBaHHMI B Oynmb-sikiii ramysi. Hesamexxso Big Toro,
AKi BiZOyBarOThCS OTepallii, CyThb aJrOpUTMY 3aJIHUINAETHCS HE3MIHHOIO: T10-
B'si3aHI MiX co00t0 0JI0KHM iH(OpMAIlii, IO MPEACTABIAIOTE 0a3y MaHUX, 3a-
MOBHIOIOTHCS yYaCHUKAaMU TpaH3aKii, TOOTo Bei TxHi Aii GikcyroThes B €1u-
Hilf 0a3i, 1o iHpopMalii PO AKUX € AOCTYI Y BCIX YYACHUKIB TPaH3AKIIIH.

CeHc JTaHIIOXKKA TOJISITa€ B TOMY, IO BCi Jii MOBHHHI OyTH MOB'A3aHi 3
c00010, aDCTPAKTHO KaXKy4H, sIK IPUYMHA 1 HACIIIIOK, TOOTO, SKIIO FPOMa/Is-
HUH 3/1iIHCHIOE OaHKIBCHKUI NepeKas 31 CBOTO PaxyHKY, TO Iii TPOILi TOBUHHI
Y HBOTO SIKOCh BUSIBUTHUCSL, 1 OyTH BijoOpakeHi B 0a3i JaHUX, B CHIIY YOTO BCi
TpaH3aKIIii CHHXPOHI3YIOTECS MiX coboro. IlomiOHa TexHOMOTIs 30epiranHs
iH(pOopMaIii MOBHICTIO CTBOPIOE MIPO30PICTh YCIX ICHYIOUNX BITHOCHH, 1 MOXKE
3aCTOCOBYBATHUCS B OyAb-sKiil cepi ASLIPHOCTI, 30KpeMa 3a0e3eUeHHS 3a-
XHCTY aBTOPCHKUX TIpaB. JlocTym g0 6a3u maHux Oyze y BCiX YUYaCHHKIB Bif-
HOCHH, 1 IpY BUHUKHEHHI CYIIEpEWINBHIX JaHNX TPaH3aKLii He OyoyTh CXBa-
neHi. TakoX, BHECEHHS 1 KOPUTYBAaHHS JaHUX HE 3MOXKE IMPOBOIUTHUCS Oe3
BCIX YYaCHHKIB TpaH3aKILiH.

CrpykTypa AaHux “OJoKuYeiiH” — Iie YHOpsSAKOBAaHUIN Ha3a[, TOB'sI3aHU
MiXk COOOI0 CIUCOK OJIOKIB TpaH3akiliii. biokueitn Moxke 30epiratucs y
Oynb-skoMy aitni abo mpocto B 0a3i gaHux. biioku mos's3aHi Ha3aq — e
03HAYa€ 1[0 KOXKCH MOCHJIAETHCS HA TOMepeaHii 0ok B yaHIo3i. Koxen
OOk B OJIOKYEHHI IMCHTU(IKYETHCS XeeM, SKH TeHePYEThCS 3 BUKOPHC-
TaHHsM KpunrorpadigHoro anropurMy SHA256, 3acTocoBaHOTO /10 3aroJio-
BKa 0110Ky. KoskeH 00K TaKkoK TOCHIIAETHCS Ha MOTIepeIHii OJ0K, BiTOMUit
K 0aTHKiBCEKHI OJIOK, Yepes MoJIe “Xell MOMepeIHhOTO OJIOKY™ B 3aT0JIOBKY
65oKy. [HITMMU crTOBaMHM, KOKEH OJIOK MICTHTB XeIll CBOTO TPEKY BCepPEeaAnHI
BJIACHOTO 3aroyioBKa. [1oCiOBHICTH XemIiB, MO 3B'SI3YIOTh KOXKEH OJIOK 3
Horo 6aThbKOM, CTBOPIOE JIAHIIOT, 1[0 TATHETHCS N0 Haifrepuioro ONOKY 3
KOJIU-HEOY/Ib CTBOPEHHUX, BiJOMOMY SIK TeHEe3UC-0JI0K. X0ua OJIOK M€ TUTbKH
OJTHOTO 3 0aThKiB, BiH MOKE€ TUMYAaCOBO MaTH KiJibka Jo4ipHixX Osokis. Ko-
JKCH 3 JIOUIPHIiX OJIOKIB MMOCHJIAETHCS Ha OJMH 1 TOH ke 0aThKIBCHKHIA OJIOK 1
MICTUTh TOU K€ XeII B MOJ “Xell MOoMepeaHbOro 0J0Ky”. Xen J09ipHbOTO
0JIOKY 3MIHIOETBCS, SIKIIIO 3MIHIOETHCS Xl 0aThbKiBChKOT0. Kosm 6aThKiBCh-
Kuit 010K oTpuMye OyIb-sIKi 3MIHH, 3MIHIOETBCSI HOTO Xeml. 3MiHEHHH Xeml
0aThKiBCBKOTO OJIOKY BHMAara€ 3MiHM IOCHJIAHHS “XeIly MHONEepEIHBOTO
650Ky” B toyipHbOMY O71011i. Lle B CBOIO Yepry 3MiHIOE Xell caMoro JIovip-
HBOTO OJIOKY, SIKE, B CBOIO YEPr'y, 3MiHIO€ TIOCHIIAHHS y CBOTO MONEPETHHOTO
010Ky, SIKWi, B CBOIO YePTry 3MIHIOE XEII BJKE CBOTO MOIEpPEeHHOTO OJIOKY, i
Tak gaini. Lle kackagHuii epeKT rapanrye, o SKmo 3a 010koM Oyio Garato
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MOKOJiHb, BiH HE MOXe OyTH 3MiHEHHH 0e3 ImepepaxyHKy BCiX HACTYITHHX
6mokiB. Tak K I MOAIOHOTO IepepaxyHKy MoTpiOHa BeMUIe3Ha KUTBKIiCTh
00YHCIIeHD, TOBTUH JAHIIOT OJOKIB POOHUTH TIAMOOKY iCTOpif0 B OIIOKUYEiHI
HE3MIHHOIO, IO € KII0YeM J0 Oe3IeKH PeeCTPy aBTOPCTBA TBOPIB.

Ipu poboTi 3 cepBicamu IO 3aXUCTY aBTOPCHKOTO TIpaBa HaKpaIiM BU-
060poM cTaHe TIpHUBaTHHUH ONOKYEHH, 00 He MOKHA HaJaBaTH JIO3BLI Ha BHE-
CeHHs 3MiH /10 OJIOKYelHY HeoOMexeHOMY Kouy mojed. Ha sxanmb, skmo
JlaHHI TIpo TBIip 1 OyNM BHECeHi y peecTp, TO Lie He O3Hauae, o ocoda, sika
3po0miIa BHECEHHS € aBTOPOM — o I1ie iHpopMmartis He ¢ikcyeTbes. B 6mok-
YelHl JuIIe 30epiraeTbCsi THMYAcoBa M03Ha4YKa PO BHECCHHS JaHMX 1 He-
3MiHHICTh TBOPY. ToMy Taka iH(pOpMallis He MOBUHHA OYyTH y BIAKPHUTOMY
JIOCTYTIi, & OJIOKH y peecTpi MOBUHHI OYTH 3HE0Cc00JeHI Ta 3ammdposani. [
caMe y BUIIaJKy 3 aBTOPCHKUM IIPaBOM, MOXKHa OyTH BIIEBHEHUM, IO HiKHH
3JI0BMHCHHK HE 3MOJKE MiPOOUTH pe3ynabTaTH peecTpy. s toro, mob me-
PEBipHUTH HasIBHICTH TBOPY i AaTy HOT0 BHECEHHS JI0 PEECTPY, MOTPiOHO Oyme
JIMIIIE TIO/IATH 3asIBKY JIO CIICIIaIbHOTO CEPBICY, a TO1 3 OTPUMAaHHIM Pe3yJlb-
TaTOM BJKE 3BEPTATHCS /10 Cydy. | came TyT BUHHKAE Iie JEeKiJIbKa TUTaHb, a
caMme pealri3alis cepBiciB Ta iX yIi3HaAHHS CYIOM.

BaxnmBoro yMOBOIO /IS Cy Ly € cIiociO oTpuMaHHs 1oka3iB. [Hdopmaris,
3100yTa 13 MOPYLICHHSIM 3aKOHY HEe BBa)KaeThes 3a AikicHy. Cyn npuiime no-
Ka3u CTBOPCHHI B OJIOKUEITHI 32 YMOBOIO, 1110 BOHH OYJIM OTpUMaHi 0e3 mopy-
nieHb. B Ykpaini, Ha BiAMiHY BiJ] A€SKUX 1HIINUX KpaiH OJOKYEHH BU3HAETHCS
IOPUAMYHO JIHCHUM 1 MOXKe OyTH BUKOPUCTaHHI B CY/i AJIsl 32XKHCTY aBTOP-
CBKOTO TIpaBa.

VY BUmanky 3BEpHEHHS JI0 CYAY, BCi 3aIHCH 30epekeHHi y OJIoK4IeiiH Oy-
JyTb NIPECTaBIICHH] y BUIIISAI IMCEMHOTO A0Ka3y. [lonpu 1ie BoHM Bce 0/THO
€ €JIEKTPOHHUMH JIOKYMEHTaMHM Ta TOMY HOBHHHI MIiCTHTH NPOCTHH €JeKT-
poHHUI miamuc. ExekTpoHHIM IiIIHCcOM € iHPOpMAaIis 3aBISKH SKii MOKHA
BHU3HAYHTH, XTO MiAHcaB iHQopMaIlito, ii mpuegHyOTh 10 (aiiry, mo 30epi-
raeThes B OJIOK4ElHI. PeKkOMEHIy€eThCsl yIIEBHUTHCH Y HAAIHHOCTI SKOCTI 30€e-
PEeKEeHHS! Ta MOCHUIIaHHS eIEKTPOHHUX JI0Ka3iB. JIOKyMeHTH NMOBUHHI 30epi-
raTy CBOIO LITICHICTh Ta HE MICTHTH 3MICTOBHUX 3MiH, aJ[)kK€ TOJi JOKYMEHT
Oy/ie BBaXaTUCs HEIIHCHUM.

OTxe, BITHOCHO 3aXHCTy aBTOPCHKUX INIPaB, CHCTEMa, OOy J0BaHa 3 BU-
KOPHUCTaHHSAM TEXHOJIOTii OJIOKYEiTH, MOKe HaJaTH HOBUI PiBEHb BOJIOIIHHS
aKTHBIB, sKa 3a0e3ne4yye BUANMICTS BUKOPUCTAHHS, BOJIOJIIHHS, METOJIIB TIe-
penadi i MPOCTOTH OIUIATH 3a IHTEJIEKTyaJIbHY BJIACHICTD. 3aBJISIKH [IbOMY KO-
pHCTYBadi 3MOXYTh MOOAYUTH XTO aBTOP 1 KOMY HaJIe)KaTh ITPpaBa HA TOW 4n
IHIIHMH 00'€KT, CTBOPIOIOYH TII00aIbHY KHHTY 13 3aIIMCOM IIPO BiacHicTh. Oc-
HOBHa i7iesl, peaji3oBaHa OJIOKYEeHHOM — IIPO30PiCTh BIAHOCHH, BiICYTHICTh
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[EHTPaIi30BaHOTO KOHTPOIIO 32 0a3010 TaHMX, SIKa MOXE JOITOMOTTH YHHUK-
HYTH TIOBCIOTHE TIOPYIICHHS aBTOPCHKUX IPaB.
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HANPSIMKU MIJIBAIEHHSI EOEKTUBHOCTI CUTYAIIMHUX
IEHTPIB ITPH iX CTBOPEHHI TA ®YHKIIIOHYBAHHI.

I'peuaninos B.®., Jlonmymancekuii A.B.
Inemumym npobrem mamemamuunux mawun i cucmem HAH Ykpainu

Beryn

Curyanitai nearpu (CLl) — me aBTOMaTH3oBaHI CHUCTEMH IiATPHMKH
NPUAHATTSA pillIeHb, BOHH MPU3HAYCHI MiABHUIUTH IIBUAKICTH Ta OOTPYHTO-
BaHICTh NPUAHATTS YIPaBIiHCHKUX pireHs [1]. [Iporte 3a ocTaHHi pOKH po3-
BUTOK TEXHOJIOTiH, 3HaYHE 301IBIIEHHS KUTBKOCTI Ta pisHOMaHiTHOCTI CI] B
yCiX YaCTHHAX CBITY TaKOX BHCBITHJIM HOBI MUTaHHS. TaKi, HAPHUKIAM, SIK
HaJIaroPKeHHs B3a€EMO/IiT iH(OPMaIifHUX CHCTEM LIEHTPIB YIPaBJIiHHS pi3-
HUX BIZJOMCTB Ta 37JaTHICTb JIFOJAUHU TPAAULIHHAMH 3aC00aMH YCBIIOMUTH Ti
BEJIMYE3HI OOCATH aHWX, SKi TEHEPYIOTh Cy4acHi 3ac00u CIOCTepeKeHHS i
3B’13Ky. [IpobieMHOI0 CipaBorO 3aNIMIIAETHCS YCHINIHICT peai3alii Oyib-
SIKOTO CKJIATHOTO MPOEKTY B 00J1acTi aBToMaTH3alil YIIPaBIiHHs 32 Y4acTHO
6araTbox 3aIliKaBJICHUX OCIi0.

PosrnsgaeMo mesKi DUITXH MiABUIICHHS eEeKTUBHOCTI Ta MUTAHHS, SIKi He-
00XiZTHO BpaxoBYBaTH NP CTBOPEHHI Ta ¢pyHKIioHyBaHHI CLI.
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1 YiTka cnpsAMOBaHICTh MPOEKTY Ta HOTO peaji3allii Ha BiANOBIOHICTH
MmeTi ctBoperHs CL|

CI] He € MPOCTO CYKYIHICTIO NPUMIIIeHb, OKPEMHUX iHCTPYMEHTIB Bijeo-
KOH(EepeHIIii, CnocTepeKeHHs, Pe3eHTallill, 3ac00iB OE3MEeKH, KOIH KepiB-
HHLTBO OTPUMYE B CBOE PO3IOPSKEHHS POCTOPY NIEPETOBOPHY 3 BEMYE3-
HUM €KpaHOM, Ha SKHH OTIEPATUBHO i KPACHBO BUBOIATHCS NIaHi 3 TAOIHMIKU
Excel abo miaroToBneHi Bpy4Hy npe3eHTarii.

CI — e iHTerpoBaHa CHCTEMa, IO TIOETHYE JOACHKUN 1HTEIEKT, HOBITHI
iH(pOpMaIiiHI TEXHOJIOT1, Cy4acHi MporpaMHO-TEXHI4Hi 3aC00H i 3ac00M MO-
JICTIFOBAHHSL, 10 JIO3BOJISTIOTH B JIFOJJMHO-MAIIMHHOMY PEXHMi IpUHMAaTH pi-
LIEHHS Ta IPOTHO3YBATH HACIIIKH LIUX PIILICHb.

Cyrtaictio CIL] € 3B'13yBaHHsI CHCTEM Ta KOMYHIKaIliil HE TUTBKHU 1J1s1 300pY
iH(popMaii, ae Takox A 3a0e3nedeHHs po3poOKH pilieHs Ta Oe3nepediii-
HOTO PO3IIOBCIOJDKCHHS BKIMBHUX IHCTPYKIIH Ta HaKas3iB.

2 3abe3medeHHs OCTYIMHOCTI HeoOXinHoi iH(popMarii

OmnepaTuBHi, MTOBHI i HAOYHO TIPEICTABIICHI aHAMITHYHI IaHi, HEOOXiTHi
JUTS TIPOTHO3YBAHHS 1 MPUUHATTA YIPABIIHCHKHUX PIIICHb, € HAWIIHHIIINM
pecypcom CLI. Axe muTaHHS 300pY AOCTOBIpHOI iH(POpPMAIIiT BaXKIIBO BUPI-
IIYBATH III¢ Ha CTaJii MPOEKTYBAHHA i Iepen0dayaTi HeOOX1IHI OpraHi3amiiHi
3MiHH, 10 3a0€3MeYy0Th 30ip BCIX NOTPIOHMX NaHHX.

CL noknukaHi BUpilIyBaTu npoodjaeMu oOMiHy iHpOpMaIIi€ro TPU MiXkBi-
JIOMUiil B3a€MOJIIT HIJISIXOM CTBOPEHHS €IMHOTO iH(OpManiiHOTo MPOCTIpy,
B paMKax sSIKOTO MEPEeTHHAIOTHCS NPEJICTABHUKH PI3HUX BIIOMCTB i BUpILIY-
I0Th €UHY MPOOJIEMy, B TPOIIECi YOTO 3'ABISAETHCS HAHOUTBII eeKTHBHE
YIOpaBIiHCEKE pilleHHS. AJle B Tporieci oOMiHy iHpOpMAIiEr MiX BiIOM-
CTBaMH MOXXYTh BHHHKATH CKJIATHOII Iepenadi iHGopMarii npo pimieHHs
TOTO YH iHIIOTO ITUTAHHS BiJl MPOCTHX BUKOHABIIIB J0 BiIMOBiAIEHUX T1OCA-
noBuX oci0, a 3BiaT B CII.

{06 BupimuTH 1F0 MPoOIEMy HEOOXITHO PO3IUIUTH CHCTEMY MiXBiIO-
MY0i B3a€MOJII1 Ha JiBa PiBHsI, a came: Ha PiBEHb PYHKIIIOHATBHUX IPYII €KC-
nepTiB (TOOTO HaJIaroAWTH OOMIH Ha PiBHI PI3HUX MIIPO3ALTIB 1 EKCIEPTIB)
Ta Ha OpraHi3aliiHui piBeHb (TOOTO piBEHb NPUIHATTS PillICHb).

3 YHHKaHHS HAaJMIpHOT OCTiiHOT 3anexHocTi CLI Bijg KommaHii-po3po0-
HHUKa

Bnposamkenns CL — numie nepmuii KpoK B JOBTOCTPOKOBOMY MapTHEP-
CTBI 3 KOJISKTMBAMH, SIKi HOTO CTBOPHIIH. AJle 4acTo (POPMY€EThCS 3aJIEKHICTh
BiJl NOCTaYaJbHUKIB CHELialli30BaHOTO IPOTPaMHOro 3abe3nedeHHs abo
KOMIIaHii-iHTerparopa, sika MpoBeja BIPOBA/KCHHS.

Jast npotuii oMy He0OXiZTHO B MEpIIy Yepry 3BEpHYTH yBary Ha Jiis-
HKH 3 HaWOUTBIIOW KiMbKICTIO 3MiH. 1100 He onmMHUTHCS B CHTyaIii, KOJIU
KO’KHa 3MiHa CUCTEMH 3BITHOCTI ab0 MiJKIIIOYEHHS HOBOTO JDKepelia JaHUX
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BUMaraTuMe BUTPATHOTO JOOMPAIFOBAHHS CHCTEMH, CJIif 3a3/aleTiab NOTy-
pOyBatHcs mpo BKmoueHHS B BUMOTH a0 CLI 3aco0iB aBTOMaTW4HOI Ha-
CTPOWKH 3BITHOCTI Ta MIATPUMKH BiAKPHUTOTO IMPOTpaMHOTO iHTepdeiicy,
SKAH JTO3BOJUB OM 3aBaHTaXKyBATU JIaHI 3 CHCTEM, IO pPO3POOIAIOTHCA Pi3-
HUMH KOMITaHIsIMU.

3BHUUAifHO, IIeH MiIXix BUCYBa€e OUIBII BUCOKI BUMOTH IO PiBHA MiATOTO-
BKH IIEPCOHAITY CUTYaIlifHOTO IeHTpYy. O/HaK He3aJIeKHICTh BiJl ITOCTavyallb-
HHKa B PillICHH] TOPIBHSHO IpiOHMX, aje 4acTO BUHUKAIOYHX 3aB/IaHb JI03BO-
JIsl€ HE TIJIbKY 3HU3UTH BUTPATH, aJle 1 CKOPOTHTH Yac BIIPOBAHKEHHS 3MiH,
1110 YacTO € BUPIIIAIBLHUM (aKTOPOM.

4 Po3poOka HOPMATHUBHOI Ta METOJMYHOI JOKYMEHTAIIIl [0 OpraHi3amii
nismeHOCTI CL]

Croroani C1I mpomoHyOTh OLTBIIOI YaCTHHOKO caMe TEXHIUHI PilleHHS,
a He TeXHOIIOTIYHi, SKi BKIIFOYAIOTh Pi3HI MOJIEINi TOTOBUX PIllIeHb 1 IPOTHO-
3yBaHHS CLEHAPIiB 3 MOJANBIIO0 iX KOpUTyBaHHAM. HeoOXinHO Takox po3-
poOHUTH HOPMATHBHI aKTH 1 PETJIAMEHTH Ta BAOCKOHATIOBATH TEXHOJIOTIUHI
pilIeHHs, 30KpeMa, BIIPOBaIUTH MOXIIMBICTh €KCIICPTHOT HAPAIH 3a IOTIOMO-
roro Mepexi [HTepHeT ab0 pekuM IIIAaHOBOTO 0OTOBOPEHHS MPOOIIEM.

5 Po3poOka THIIOBHX pillIeHb Ta THIIOBOI NPOEKTHO-KOIITOPHUCHOT JIOKY-
MeHTalii CTBOPEHHS CUTYaliiHUX LEHTPIB

s crBopennst enunoi Mepexi CLI KUTTEBO HEOOXITHO PO3POOHUTH TH-
MOBY MPOEKTHO-KOIITOPUCHY Ta HOPMATHBHY JIOKYMEHTAIlil0, THIIOBI PEKO-
menpauii moxao nodyxosu CL. CranaapTy NOBUHHI 320€3MEYUTH IHCTPYKIIT
a00 BEMOTH 00 OOYI0BH, 00cyroByBaHHs Ta Bukopuctanus CII. ITix-
TOTOBJICHI CTAHJIApTH MAIOTh JIONIOMaraT BCTAHOBUTH KpHUTEpii /Uit o0naa-
HaHHSA, aJITOPUTMIB [Tili, 0OMiHY JaHUMH, CHCTEM 3B'13KY, CHCTEM MOHITOPH-
HT'y CUTYallil, yIpaBIIiHHS PU3UKaMH, OIIIHOYHHX 3aX0JliB Ta pearyBaHHs Ha
KOHKPETHI BUAM HA3BUUAHUX CUTYAIiH.

6 MoxuBicTh moanemoi MmoaepHizaris CL]

[TinBuILIEHHS! 00YHCITIOBAIBLHOT MOTYXHOCTI Cy4aCHUX KOMIT'IOTEPIB MpH-
3BOJIUTH 10 301JBLICHHS BUMOT IO iX PO3MIILEHHIO, EIEeKTPOKHBICHHIO Ta
0X0JI0/pKEHHIO. [Ipy MPOEKTYBaHHI BaXKJIMBO YCBIIOMIIIOBATH, IO ICHYOUI
OLIIHKHM TEIUIOBHX Ta €HEPreTUYHHX HAaBAHTAXKEHb B IEPCHEKTHBI MOXYTh
OyTH MeperasHyTi.

7 3MeHIIeHHS IeMacKyl0uoro eJIeKTPOMAarHiTHOIO BUIPOMiHIOBAaHHS Ta
Mi/IBUILIEHHS] MOOIIBHOCT] BIHCHKOBMX IMYHKTIB yNpaBIiHHS (SIKi € peaiza-
uiero CI).

B ocranHi poky MM MUTaHHSIM NpUIUIAETECS Bearka yBara B CLLA. Lle
BUKJIMKaHO YCBIJIOMJICHHSIM CEPHO3HOI 3arpo3H, ska OyJia BUSBJICHA IIPH BU-
BYEHHI JIOCBIly 3aCTOCYBaHHS pOCIHCHKHX 3aC00IB pajioeeKTpOHHOI 60po-
TH0U 3 2014 poky.
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I'enepan-neiirenant bproc Kpoydopa (Bruce Crawford) Bu3HaumB axty-
AITBHICTH MPOOJIEMH B TOMY, IIIO0 POCIHCHKI BificbKa MalOTh MOXIIUBICTh aHa-
J3yBaTH eIeKTPOHHE BUIIPOMIHIOBAHHS, [TOJIaBAaTH JaHiI HA CHCTEMH YIIPaB-
JIHHS BOTHEM Ta HAHOCHUTH YAapH IO BiickkaM Y KpaiHH Ta, MOTEHIIIHO, IO
cumam HATO. Bik ckazas: "Lg 3arpo3a Mae ocobimBe 3HaUCHHS 11 OyIb-
SIKOT'O BIHCFKOBOTO ITYHKTY YIIPABIIIHHS: CKJIaJHOTO CKYITYCHHS TeHepaToOPiB,
HaMeTiB, KOMII'IOTEPIB Ta 3ac00iB 3B'13Ky. BOHM POCTO MayaroTh B NEKTPO-
MarHiTHOMY CHEKTpi... SIKIIO Haml IyHKTH YIpaBJIiHHA MOXKHa Oyne
3HAWTH, 1X MOXkHa Oyje 3aumuTu" [2].

BucyBaroThCsl HOBI TeXHOJOTIYHI i, cepen sakux [3]:

* TEXHOJIOTIS 3aXHIIEHOT0 0€3POTOBOIO IIBHIKOTO i JKIIOYESHHS;

* MiABUINEHHS MOOIMBHOCTI IIISXOM 3MEHIIEHHS KiJIbKOCTI HAaMETIB,
MIPUYCTIIB i TEHEPATOPIB;

* BUKOPHCTAaHHS IHTEJNEKTYaJIbHUX EGHEPrOCHCTEM Ta MIKpOIIPOLIECOPiB
JUTS 301ITBIICHHS CTIHKOCTI Ta 3MEHIICHHS eNIEKTPOMATHITHOTO IIyMY;

* MacmITabOBaHICTh AJIS i1HTETpallii B CTPYKTYPY KOMaHAYBaHHS Ha pi3-
HUX PiBHSX;

* 3MCHIIICHHS Bi3yaJIbHOI Ta €JIEKTPOHHOI MOMITHOCTI, 00 MOJIMIIUTH
MIPUXOBAHICTh, MACKYBaHHS Ta )KUBYYiCTh;

* 3a0e3MeUeHHs] HU3bKOT MMOBIPHOCTI BHSIBJICHHS 1 HaBEICHHs 3aco0iB
ypasKeHHs Bi3yaJbHO YH 110 TEIJIOBOMY Ta €JIEKTPOMAarHiTHOMY BHITPOMIHIO-
BaHHIO.

Iporpama Command Post Computing Environment (koM toTepHe cepe-
JIOBUIIIE KOMAH/IHOTO ITyHKTY) JO3BOJINTB, CEPEJl iHIIOT0, 3HU3UTH BTPHYI
Bary cepBepiB y KOMaHAHOMY ITyHKTI Ta JIETIIe Ta MIBHALIE 30upaTucs i py-
xarucs. Lims nonsrae B Tomy, o6 OyTH TOTOBUMH BKJIFOUUTHCS 110 iH(Op-
MaIiifHOT MepesKi Yepes3 IT'ITh XBIJIMH MICII TIepeIUCIOKAIlil Ha HOBE MicIIe.
KepiBarnurso Apwmii CIIA BBaxae, o B MaifOyTHIX BiifHAX i3 CHIILHHM TIPO-
TUBHHMKOM BilicbKaM Ta mTabaM JOBEIEThCS pyXaTHCs MOTOAWHHO, HA Bij-
MiHy Bij cranioHapHux 6a3 B Ipaky Ta Adranicrani [4].

BucHoBku

Jlep>kaBHI OpraHu CEKTOpY Oe3meku Ta 000POHH ChOTO/IHI CTHKAKOTHCS 3
HOBUMH TipoOneMamu. [1oCTiHO €BONIIOIIOHYIOUM 3arpo3H, OpraHizamiiiHi
BHKJIMKH Ta HOBI TEXHOJIOTII poOIATh mpoekTyBaHHS ix CLI 6iibm cxiiagHuIM
HiX panime. OHaK, BHKOPUCTOBYIOUH CTPYKTYpPOBaHI METOIOJIOT ], 3ayda-
I0YH BiJI MOYATKY NMPOEKTY AOCBITUEHUX €KCIEPTIB I KepyBaHHS MPOEKTY-
BaHHSM, MOJIMBO YHUKHYTH TIOMWJIOK NPH AW3aHHI Ta 3a0€3M1eUnTH Tparie-
3naTHiCTh Ta eexTrBHiCTH CLI.

Jliteparypa:
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YK 004.67

IPOIHO3YBAHHS PE3YJbTATIB CHOPTUBHUX MO
O.I'. XKXnanoga, b.B. Pomanuenko, M.O. Cnepkau

Hayionanvuuii mexuiunuii ynigepcumem Yxpainu « Kuigcokuii nonimex-

uiunuti incmumym imeni leops Cikopcwvro2o», Ykpaina

Ha croromninmHii [eHb MOHATTS OSTTHHTY Ta OyKMEKEpCTBA CTAIOTh BCE
OUTBII TTOTYIIAPHUMHU. BUKOPUCTOBYIOUYH PiI3HOMAHITHI METOH JIFOIA HaMa-
TaroThCs Mepea0aYnTH pe3yNbTaTh MaiOyTHIX moaii. J{1s mboro HeoOXiTHO
BMITH aHaJi3yBaTH MpeJMaTueBy cTaTUCTUKY. KoxkHa 0coba, 1110 3aiiMaeThest
OerTHHroM Mae OpaTH JI0 yBaru BeJIMKY KiJbKicTh (akTopis, 1o 6e3mnocepe-
JIHBO BIUTUBAIOTh HA CIIOPTHBHY MOJII0. AJle JesKi mapamMeTpy 30BCiM Heode-
BUJIHO 3aJI)KaTh OJIMH BiJl OJJHOTO Ta MAalOTh JOCTATHIH BIUIMB HA 1HIII mapa-
METpH.

Orisaj icHyrOUMX pilieHb. ICHye psii METO/IB, sIKi TOCIIJHUKU 3aCTOCO-
BYIOTH IJISi OTPUMAaHHS OYiKyBaHOTO pe3yibTaTy. ¥ poborti [1] Bukopucto-
BYIOTBCSI METOJIM LITYYHOTO IHTENEKTY JJIsI CTBOPEHHS IiependadeHp Ha
Mmard. Jleski HaykoBUi [2] po3misgainy MOMIIMBICTh 3aCTOCYBaHHS YHCEIb-
HOTO NPOTHO3YBaHHS, JIe MOXJIMBO Nepen0aunTH BiIpi30K BUTpally — Yuc-
JIoBe 3Ha4eHHs. [IpoTe Halle pilleHHs MPOIIOHYE CIIilyBaTH 3a CTPATETIsIMH,
SKi OyJH Tepel UM TepeBipeHi Ha MUHYIIUX JOCIDKSHHSIX. Y HEKOMaH/I-
HHUX BUJaX CIOPTY JOCIHIAHUKA BUKOPHCTOBYIOTH MOJIEJ MAIIMHHOTO HaB-
YaHHA U IPOTHO3YBaHHS MPOAYKTUBHOCTI rpaBus. Hampuxiazx, y po6oTi
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[3] mopiBHIOIOTBCS HEHPOHHI Mepexi i HemiHiHA perpecis A MPOTHO3Y-
BaHHS JOBXHHU METaHH CIIHCA.

Omnwmc mponoHOBaHOTO MeTOXy. berTuHroBa crpareris, abo OeTTHHrOBa
cucTeMa — Iie CTPYKTYPOBAaHHUH MiAXix 3 METOI0 oTpuMaHH: 3apo0biTky. 11106
JIOOUTHCS pe3ynbTaTy — CACTEMa IOBHHHA IIOBEPHYTH IIEpEBary «OyIHHKY»,
TOOTO OyKMEKepChKOi KOMITaHil Y CBOIO CTOPOHY, III0 MOKJIMBO B irpax 3 He-
(ikcoBaHMMH KoedillieHTaMu.

[Ticnst cTBOpeHHSs cTpaTerii — € HeoOXiIHICTh NepeBipUTH ii Ha MPaBUIIb-
HicTh. Hapa3si My nponoHyeMo 31l iCHUTH HajJ Heto «OEKTECTHHIY, 10 03Ha-
Yyae MOJICNIOBAaHHS POOOTH CcTpaTerii, HOYNHAIOYH 3 SKOIOCh MOMEHTY B MH-
HYJIOMY.

IMocranoBka 3agaui. IcHye MacuB ciopTuBHUX Mofii. KoxxHa noaist Mae
CBOI IMapaMeTpH, TaKi sK Jac Ta KoeQilieHTH. Y KOKEH BiIpi30K 4acy KO-
MaH/Ia Ma€ CBOI ITapaMeTpPH, TaKi K, HAMPUKJIA, KITbKICTh MaT4iB, 3irpaHUX
Y HIYHIO, IPOTPAHUX YU BUTPAHHX TIPS, SKi HEOOXiqHI IJIs TIEBHUX CTpa-
TeTiH.

KopucryBau Moxe cCkOH(DIrypyBaTH CBOIO «cTpateriroy. [l cTparerieto
MAa€TbCs Ha yBa3i HaOip mpaBwi ((pakTopiB), 3a SKUM (QUIBTPYIOTECS MO
Takumu dakropamu MOKyTh OYTH sIK 1 KOe(illieHT Ha repeMory Bij Oykme-
KepiB, TaK 1 cepe/Hsl KUIbKICTh OTPUMaHUX OaliB 3a TPy, CepeliHs Y1 MaKCH-
MaJlbHa KiIBKICTh HIUMIX Ta 0araTo iHIINX.

3ajayero € mepeBipka CTBOPEHOI CTparerii IUIIXOM aHajli3y MHHYJIHX
CHOPTHBHUX MOJiH. SIK pe3ynbTar MU MOBUHHI OTPUMAaTH HEOOXIJHY MiHi-
MaJlbHy CyMY KOILTIB JUIsl iHBECTYBAaHHS Ta OTPUMAaHH HPHUOYTOK 41 30MTOK
TPH YMOBI, 0 MU JOTPUMYEMOCS Li€] CTpaTeril MOYHHAIOYH 3 SIKOTOCh MO-
MEHTY B MUHYJIOMY.

JocainkeHHs BJacTUBOCTel 3aaaui. Ep — CHOPTHBHA TIOMis, sKa

npoinuia y Mudyinomy. Ianekcn h i & 6yayTh BHKOPHCTOBYBATHCS JUIsl BKa-
3aHHS Ha Te, Y1 KOMaH/a rpae BAOMa, 9M Ha BHi3/1. KoxkHa ciopTuBHA mofist

Ma€e HaCTYIHI IapaMeTpH: t — yac mpoBeJeHHS, S - KIJIbKICTh OUKIB, 3ap00-
JIeHI KOMaHJIOI0, sIKa Tpajia BIOMa, Sa- KUTBKICTBh OYKiB, 3ap00JIeHi KOMaH-
JI010, sIKa Tpajia B roCTAX. | - JIira, sIKiii HajekaTh OOMBI KOMaH/IH, Th-
KOMaH/1a, sIka Tpajia BIoMa, Ta- KOMaH 13, sIKa Ipajia B TOCTSX. Oh - Koedi-
LIEHT Ha IEPEMOT’y KOMaH]IH, sIKa TPa€ BAOMa, Oa - KoedilieHT Ha IepeMory

KOMaHy, ska rpac B roctsax, O ™ KoediIieHT Ha Te, 0 KOMaHH 3irpaioTh
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y Higuio0. St - yMa, IKy MU CTaBIMO Ha NIEBHUHA KoeilieHT. Y TakoMy BUIIa-
JIKy, mo6 ni3Hatuca npubyTox P npu craBui a komanny, sKa rpae Bioma,

HeoOXiZHO ckopucTaTucs Gopmynoro: P = X Oh.

Jns Toro, mo0 JeTanbHINE HaJalITyBaTH CTPATETil0 — € MOXJIUBICTh
BKa3aTH JI0JJaTKOBI apaMeTpH Juist KoMaHA. Jlo HUX MOXKYTb BXOJIUTH cepe-
JIHS KUTBKICTB OUKiB (TOJIB) 3a TPy Tppg , IOTOYHA, CepEeIHs Ta MAKCUMaJIbHA
cepis 3 He HIUMIX, HE IepeMOT UK He TIporpaiis. Beenemo nosnauenns adv(g
AU Mo3HaYaHHsA cepennboi cepii, MaX mna makcumansHoi, NO draw

wist He Hiunix, NO_ WIN s ve mepemor Ta NO_ |ose s ve NPOTrpaLLiB.
Toni mOTOYHA cepist He HiYMiX 111 KOMAHAU Oy/e IIO3HAYATHCS HACTYITHHM

upHOM: | . Kinbkicts irop y cepii nosnaunmo Qty. CrarucTika ko-
no_ draw

MaHIH IiCIIs 3irpaH0'1' Maﬁ6yTHLo'1' I'py pO3PaxOBYETHCS HACTYITHUM YMHOM:
X +
no_draw_avg Tno_ draw_ gty Tno_ draw ( 1)

no_draw_avg
Tno_ draw_qty +1

Dopmyny (1) MoxkHA BUKOpHUCTATH AJIst Oyab-sikoi cepii. Takum unHOM
MOXHa CKOH(IrypyBaTH CTpaTerito, HAIPUKIIA]] «4ac IePEeMOTH», CYTh K0T
MOJIATAE B TOMY, 1110 SIKIIO KOMaH/a He repeMaraia siKychb KiIbKiCTh irop Imij
psil, LIAHC BUTPATH 3POCTAE.

AJTropuT™M podoTH. [1es anroputMy: Ha KOKHOMY Kpolli 00paxoByBaTH
CTAaTHCTHUKY ISl KOMaH/U i CyMy IPUOYTKY YH BTPAT, [IOYMHAIOYH 3 IEBHOTO
MOMEHTY B MUHYyJoMy. HaBeniemMo rceBoko/1 anroputMy «OEKTECTHHTY»:

1 Bxin: E"F 1", 1", §
2 Buxia: b, avg_odds, roi
3 b= [l

4 avg_odds=0
5 [l ®inpTpartist momiit

6 for i:=0 to E.length do

! if t* not includes Er']or E;
8 delete

9 endif

10 if |” not includes EII
11 delete

12 endif
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13 end
14 for i:=0 to E.length do
15

1 bp - Ha IO TIOCTaBJEHA CTaBKa (BUrpaml/mporpam Ko-
MaH/IN)

16 b:= PlaceBet(I",t",F,E',S)
17 result := Process(E;, E. b )

18 if result ="win’

19 outcome:= outcome+ O, | * <t
P

20 else

21 outcome:= outcome- O, , * <t
P

22 endif

23 end

24 e_qty:= blength
25 for i:=0 to b.length do

26 if bresult ="win'

27 odds_out:=odds_out+bodd -1
28 else

29 odds_out:=odds_out -1

30 endif

31 end

32 roi := (odds_ out / b.length)x100

33 for i:=0 to b.length do

34 total _odds:=total _odds+ b.odd
35 end

36 avg _odds:=total _odds/ blength

*
E — macus cnoprusnux nogiit, F — paxropu, npuxiaau skux npuse-
* *
neni pume, | — mirm,t — xomammm, St — tun crparerii. D — craBku Ha

noxii 3riaHo 3i crpareriero, @Vg_0ddS — cepenniii koediuient, roi — sin-
COTOK ITOBEPHEHHS 1HBECTHUIIIH.

PlaceBet — dbymKiis, sika nepeBipsie, 49U CXOIUTHCS CTATHCTHKA KOMAH]
Ha MOMEHT 4acy 3Ti/iHO 31 cTpaTterieto. Process — gyHkuisi, sKa oBepTae pe-
3yJIBTAT CTABKH Ha IOIiI0: EPEeMOTa, Y Iporparl.
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Y pesymnbraTi poOOTH IIFOTO AMTOPUTMY MH MTOBHHHI OTPUMATH Bia]isb-
TpPOBaHI MUHYJI MOJii, BiICOTOK MOBEpHEHNX iHBECTHUIiH. BaxmmBum pe-
3YJIBTATOM € KUTBKICTB TIOAIMH, sIKi OyJI0 3HAMAEHO, aIyKe UMM OUThIIa 1X KijTh-
KiCTh — TUM OLJIBIIIE MU MOKEMO JOBIpATH UM JaHUM. Takuii pe3yipTaT Mo-
JKHa OTPUMATH TOIi, KOJIU (PaKTOPH HAATO 3BYKYIOTH OOJIACTH MOIIYKY IO-
niit. SIKmo GeKTeCTHHT TOBEPHYB MAaJIO IOAIH, TO MU HE MOXEMO JOBIpATH
HOro pe3ynbTaTtaM Tak camo, K i OeKTeCTHHTY, SIKUi TOBEPHYB 06ararto 1o

INEPEJIIK IIOCUJIAHb

1.MamuHHOe OOydYeHHe A MPOTHO3MpOBaHMS TeHHuca — Habrhabr
[Enextponnuii pecypc] // [Pexum noctymy]: https://habr.com/post/307422/

2.D. Delen, D. Cogdell, N. Kasap A comparative analysis of data mining
methods in predicting NCAA bowl outcomes // Int. J. Fore-
cast., 28 (2) (2012), pp. 543-552

3.A. Maszczyk, A. Gotas, P. Pietraszewski, R. Roczniok, A. Zajac, A.
Stanula Application of neural and regression models in sports results predic-
tion // Proc. — Soc. Behav. Sci. 117 (2014) pp. 482-487.

AHAJII3 METOIB JIOCJIJKEHHA TEKCTY TA IX
BUKOPUCTAHHA B ICHYIOUHUX TPOI'PAMHUX 3ACOBAX

Kypro O.C.
Kauanoscokuit I1.I1.
Yepniciecokuil HAYiOHATbHUL MEXHONI02TUHUL YHigepcumem, YKkpaina

ChoroziHi O1IBIIICTh BIOMHX IIJXO/IIB /10 aHAII3Y TEKCTY CHPSMOBaHI Ha
PEKOHCTPYKIIiIO 3 TEKCTY PI3HUX aCHEKTiB KOMYHIKaTHBHOI cUTyalii, IpyH-
TYIOUUCHh Ha BHIUICHHS T4 OIIHKY CITiBBITHOIICHHS THX YH IHIINX OIHHUIH
ananizy. [Ippydyomy, 3 4acom, CTa€ XapakTepHUM PO3IIUPEHHS KOHTEKCTY PO-
3rIsiy TeKeTy. Tak, NMCHXOJIHTBICTHMKA MEPIIOro ITOKONIHHS po3risigana
TEKCT SIK «pid y co0i», Bapialii po3msay SKOTO MOXKJIHBI JIMIIE 32 BHYTPIIII-
HIMH 3aKkOHaMH (pOpMyBaHHS TEKCTY, a poJib cy0'eKTa 3yMOBIIOBaIacs BpoO-
JOKEHUMH 1 Ha0yTUMHM IIpaBUJIaMHd MOBOTBOPEHHSL. Y Mipy pPO3BHUTKY IICHXO-
JIHIBICTHKA PO3IIMPIOBAJIA YSIBICHHS, SIK PO OJIMHUIII aHAI3Y TEKCTY, TaK 1
PO HOTO MOKIIMBOCTI JaHOTO METOMY (IMB. PHCYHOK 1).

TakuM YMHOM, TPYHTYIOUHChH Ha BUIIICHABEICHIH OIIIHIII METO/IIiB aHATI3Y
TEKCTY, MH MOKEMO BUIIUTUTH TPU KPUTEPisl [UIS CHCTEMAaTH3AaIlii BCiX METO-
UK 1 METOJIB aHai3y TEKCTY: ONMHUIlI aHai3y, MOSCHIOBAIbHA MOJIENb
aHamizy abo chepa npu3HAYCHHS.

Cepen MOXIIMBHX pillleHb cUCTEMaTH3anii 0e3:1i4i pisHOPIAHUX METOUK
aHai3y TEKCTy HaWOINbII BiJIOMI AIJICHHS 32 BUKOHYBAaHHUMH (YHKIISIMHU 1
OpIEHTYBaHHSM.
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3a BUKOHYBaHIUMH (QYHKIIISIMHA PO3PI3HAIOTH TPYITy METOIIB!

a) 3MaTHHX 3IIHCHIOBATH IMIIOPT TEKCTY i pOOOTY 3 HIM;

0) mocmimKkeHHs TeKCTy (MPAIloI0Th Ha TpaMaTHYHOMY, CHHTaKCHIHOMY
piBHI, 3MiHCHIOIOTh Pi3HOMAHITHHH IMONIYK B TEKCTi, BHIUIAIOTH KIIOYOBI
CJIOBa, IHACKCH 1 iH.);

B) OpiI€HTOBaHMX Ha CEMAaHTHYHHWU aHaIi3, CTBOPCHHS CXeM KaTeropmsa-
11, CIOBHUKIB, KOJTyBaHHS;

I') J03BOJISIIOTH 3AIMCHIOBATH €KCIOPT JAaHUX aHallizy (HAaNpHKIal, cam
TeKCT abo cXeMy KOayBaHH:, a00 BUKOPUCTOBYBaHHH CJIOBHHUK 1 T.I1.).

3a 00'eKkTOM aHaNI3y:

a) METO/IH, «OPIEHTOBaHI Ha MOBY» (JIIHTBICTHYHUX OJIMHHIIb):

* THTBICTHYHI METOIH;

* METOIH POOOTH 3 AaHUMHU (TIOIIYK iH(OpPMAIIil, CITUCKH CIiB, KOHKOP-
JaHC, IHIEKCH 1 1H.).

0) MeTonu, «OpiEHTOBaHI Ha KOHTEHT» a00 3MICTOBHHI aHAaJIi3:

* IKiCHI METOJIH, 1[0 JTO3BOJIIIOTH 3/1iHCHIOBATH TMOIIYK 3aKOHOMipHOCTEH
1 BIIMIHHOCTEH B TEKCTi, aHATI3yBaTH TEKCT LIJIKOM (JIesIKi METOIUKH JJO3BO-
JISIOTH aHAJI3yBaTH ay/io- Ta BizeoindopMmariro). Y maniil rpymi METOIIB IS
MIPOBEJICHHSI SIKICHOTO (3MICTOBHOT'0) JIOCI/PKEHHS TEKCTY MOXYTh OyTH BHU-
KOPHCTAHI 1 KiTbKICHI JIaHi, SIKi TOTOMararoTh OpraHi3yBaTH SKiCHY (3MiCTO-
BHY) iH(popManiro. BaxxinBow BiAMIHHICTIO € IEepeBakHE BUKOPHCTAHHS B
SIKOCTI OZIMHHIIb aHANI3y TeM, KOHIICITIB, IPOLECiB, KOHTEKCTIB. [Ipu ibomy
00CsIT aHAJII30BaHOTO TEKCTY MOXKe OyTH 0OMEKEHHH;

* METOJIMKH aHaJli3y MOAiN 32 TEKCTOBHUM JIaHUMH;

* KiJIbKICHI METO/IMKH, 110 JO3BOJISIOTH 341HCHIOBATH CTaTHCTHYHY TIepe-
BipKy TiIOTE3, OPIEHTOBAHI Ha TOCIIKCHHS BEIUKHX OOCATIB TEKCTY:

- KaTeropiajpHi CHCTEMH MaroTh BOYIOBaHI a00 MpU3HAYCHI IS KOPHUC-
TyBada CIIOBHUKH, Ha OCHOBI SIKMX 3HIHCHIOETHCS TIOITYK B TEKCTi (KaTeropii
IIPH IIBOMY MOXYTh OYTH SIK TEMATHIHHMH, TaK 1 CEMAaHTUIHAMH), IESKI Me-
TOJUKH MArOTh OOMEKEHHSI 32 PO3MIPOM OJIHHHUIIH aHATI3Y;

- HeKaTeropiajbHi CHCTEMH Ha OCHOBI OJJHOYACHOTO HAXOJKCHHS CIIiB,
PSZIKIB, KOHIENTIB J03BOJISIIOTH OylyBaTH pi3HOMaHITHI rpadu i JeHIpOor-
pamu;

- CUCTeMHU KOJYBaHHS BiMIOBiIell Ha MUTaHHS HE3aKiHIYEHUX TPOTIO3HITIi
He mependadeHi I aHami3y BEIMKHUX O00CSTiB TEKCTY, IpU3HAYEH] 7 aHa-
JIi3y TOCUTh TOMOT€HHOT'O TEKCTY 1 JIIMITOBaHI 32 pO3MipOM OAMHHIIb aHAJI3Y
TEKCTY.

PoGora no cucremarun3anii icHyroUMX METOIB BKpail HeoOXiaHa /st 00'-
€/IHaHHS Pi3HUX CIOCO0IB 3MICTOBHOT'O aHaNi3y TEKCTY, TaK K KiIbKa METO-
JIIB MOXKYTh 3HAXOJUTH CBOKO peallizallilo B OJHI KOHKPETHIH METOIUII, /e
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JIaHi 10 HIM JOTOBHIOIOTH OJMH OJJHOTO 30UIBIIYIOUN PEIPe3eHTaTUBHICTD 1
B THICTH PE3yNbTaTiB.

Hwx4ve Oyne HaBe[CHO HEMOBHHUI CIHMCOK METOMIB, a TAKOX MPUKIA[
TpoTrpam, o iX BHKOPHCTOBYIOTH (puc. 1).

M opd onoriyHmi
aHania

IHTeHT-aHanis

D OHOCEMAHT HYHII HapatHeHii
aHania 3Hania

CHHT BKCHYHHA CeMaHTHYHIA
auania aHania

ATLAS T

Profiler Plus | T-LAB Tools for
Text Analysis

Textanz ‘ DictaScope |
PROTAN
Y oshikoder TextArc

PROTAN

Kwalitan

Leximancer | Vaal | uwc

DIATON | PC-ACE

Pucynox 1 — OcHOBHI MeTo/M Ta 1X MporpaMHa miATpUMKa

InTeHT-aHaJMi3 — 1[e METOM, WO J03BOJISIE PEKOHCTPYIOBATH IHTCHII
(cy6'exTHBHA CIPIMOBAHICTH Ha MEBHUI 00'€KT) aBTOpA MO Horo Tekcty [1],
TOOTO METOJ] aHAI3Y JOKYMEHTIB, SIKUii Tepeabdayae eKCriepTHE OLiHIOBaHHS
XapakTepy HamipiB MOBIIS.

IMocnigoBHICTE omeparniii mpy BUKOHAHHI [HTEHT-aHANI3Y CTPOTO 3aJaHa:

1. po3mineHHS aHAJIi30BaHOTO TEKCTY €KCIIepTaMH Ha (JparMeHTH, B KO-
JKHOMY 3 SIKAX MICTHUTBCS 1HTCHIIiS,

2. kBami(ikaris iHTEHIIiH;

3. KOHCTpYIOBaHHS 3B'S3KiB 00'€KT-IHTEHIIis, 1 TOBHA XapaKTEPHUCTHKA,

4. BU3HAYCHHS IHTCHIIOHAJIHHHUX CKIIAIOBHUX TEKCTY (aHANTi3 KOia 00'eK-
TiB);

5. BepOasbHa iHTEpHpeTAallisi OTPUMAHUX Pe3yJIbTaTIB.

doHOCEMaHTHYHUI aHalli3 J1a€ 3pO3YMITH SIK BOKAJbHI 3BYKH MOXYTh
MAaTH CEHC caMmi 110 co0i, TOOTO MOJIsTae B OLIHII HOT0 3ByYaHHS OC3BiTHOCHO
J10 #oro 3micty [2].

Juckypc-aHamni3z abo TUCKypCUBHHI aHAJI3 - CYKYITHICTh METOJIHUK 1 TeX-
HIK 1HTeprpeTalii TEKCTiB UM BUCIIOBIIIOBAHb SIK ITPOIYKTiB MOBJIEHHEBOI Jli-
SIIBHOCTI, 3[IiCHIOBAHO B KOHKPETHHUX CYCIUIBHO-TIOJITHYHUX OOCTaBHH 1
KyJIbTYpHO-ICTOpMYHHX yMoOBax. PeamizoBaHuii B Takii mporpami sK
CATPAC. Lle meToauka aHaIi3y TEKCTY, HAITUCAHOTO Ha OyAb-Kii MOBI, 3a-
cHoBaHa Ha cuctemi Galileo.

HapaTuBHUii aHani3 — 1ie METO/1 y3arajbHEHHs MHHYJIOTO JIOCBIy 3a J10-
MIOMOTOI0 CITiBBIZTHECEHHSI ITOCIIIIOBHOCTI CIIIB y peYeHHi 1 OCIIiI0BHOCTI pe-
aNbHUX (K rependavyaeThbes) monii. JJo3Bomse 3iHCHIOBATH KUTBKICHY OITi-
HKY Tekcty [3].
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Mopddonoriunmii aami3 cripsIMOBaHHUN Ha BU3HaYCHHA Oe371idi Mopdoro-
TIYHUX IHTEpIpeTaIliif KOXKHOTO 3 CIIIB TEKCTY, IO CKIANAETHCS 3 TAKHUX T1a-
pametpiB, AK Jema, MOPQOJIOTigHa YacTWHA MOBH; Halip 3aralbHHUX Tpa-
MMeM; 0e3iid HabopiB rpaMMeM.

CHHTAKCHYHUNA aHaji3 — 1€ METOJ 31CTaBJIEHHS JIIHIMHOI ITOCIIIHOBHOCTI
JIEKCEM MOBH 3 Horo (hopMaIbHOI TPaMaTHKOIO.

CeMaHTHYHUI aHAJi3 — METOJI, CIPSIMOBAaHUI1 Ha IOOYIOBY CEMaHTUYHOL
CTPYKTYPH HPOIO3HUILIT, 110 CKIAAAETHCS 3 CEMaHTUYHUX BY3JIIB i CEMaHTHY-
HUX BigHOCHH [4].

TakuM 4nHOM, HaBEJIEHI METOM aHATI3y TEKCTY OXOILTIOIOTh 3a1adi J0-
CIIIJPKEHHS CIIPSIMOBAHOCTI TEKCTY Ha MEBHUI 00’ €KT, OLIIHKY 3BYYaHHS TEK-
cTy O€3BIIHOCHO 10 HWOro 3MICTy, y3arajbHEHHs YCiX BiJOMHX METOJUK,
MOP(}OIOriTHOTO, CHHTAKCHYHOTO Ta CEMaHTUYHOTO IHTEPIPETyBaHHS TCK-
CTY, a MUTaHHS I0JI0 MOXIIMBOCTI Ta IOLIJIBHOCTI BAKOPHCTAHHA TaHUX Me-
TOJIB y aHaJi31 TEKCTiB Pi3HOTO 00’ €My IIe 3aJHIIAE€THCS HEMOCTATHRO JT0C-
T KSHHAM.

Jlitreparypa:

1.  Cnogo B peficTBun. IHTEHT-aHAIH3 TOJTUTHYECKOTO AUCKYpCa / IO
pen. T.H. Ymaxkosoii, H.JI. [TaBnosoii. - CII6.: Anereiis, 2000. - 316 c.

2.  XypasneB, A.Il. ®onernueckoe 3Hauenne /A.I1. XKypasnes. - JL.:
W3n-Bo Jlenunrp. ynra, 1974. - 150 c.

3. Labov, W. Sociolinguistic patterns / W. Labov. — Pennsylvania:
University of Pennsylvania Press, 1972. - 346 p.

4. Meroabpl aHanNHM3a TEKCTa: METOAOJOTMYECKHE OCHOBAHHS U IIPO-
rpamMHas peanusanus — O.B. Mwutuna, A.C. EBmoxkumenko, BecTHuk
OVYpI'Y, Ne40, 2010.
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YK 004.415.2.043

3ACOBHM ONTMCY ABTOMATHHMX MOJEJEM

B.I. CanamatoB
Yepxracvkuil nayionanvuuil ynieepcumem imeni b. Xmenonuybro2o

CTBOpeHHS MOJeJeH MporpaM y BUTIISAI HEAETEPMiHOBAHOTO CKiHUCH-
HOTO aBTOMAaTy € Cy4aCHHM METOJIOM JUIA iX MojansInoi po3podku [1, 2].
OCKIJIbKH KOKEH CTaH aBTOMATy XapaKTepU3YEThCS BOMa QYHKIISIMHU — (y-
HKI[I€I0 BUXOAY Ta (DYHKLIEIO0 MEPEXoay, TO JOPEYHO caMmy MOJENb OIHUCY-
BaTH 3a IOTIOMOTOI0 WX (YHKIIIH 7151 KOKHOTO cTany. DyHKIIis Buxoay da-
KTUYHO OTHCYE TIOCIIIJOBHICTH il Y MOTOYHOMY CTaHi, a QyHKIiS epexoay
3a0e3neuye nepexiyi aBToMaTa 3 MOTOYHOTO CTaHy IO 3aBEPIICHHIO BHKO-
HaHHS QYHKIIT BUX0oay y HacTynHui ctad. Onuc QyHKLIT BUXOIy MOXe OyTH
3a0e3MeueHuit 32 JOTIOMOT 00 apU(PMETHIHUX OIepalliif, TOTTYHUX OTepaIliid,
TEMITOpaJIbHOI JIOTIKH Ta peryisipHuX omnepaniid. Jlo apudmernannx omepa-
il BiTHOCATHCS orepanii fogaBaHHs (+), BigHiMaHHS (-), MHOKEHHS (*), mi-
neHHs (/) Ta mimHeceHHs no crymneHro (V). Jo JoriuHuX omepariii BigHO-
cAThCA JIoTivHe a0o ( | ), moriyne Ta (&) Ta 3anepedeHHs (). 3 TEeMIOPaTbHUX
OTIepaToPiB I BU3HAYCHHS IUKIIYHHX il JOPEYHO BUKOPHCTOBYBATH OIIE-
parop (Until) y Burmsai pUQ, ae npeaukar p — BKasye Ha HOTO iCTHHHICTh
MOKHU NpeJMKaT ( He cTaHe icTHHHUM. llle oxmH TeMnopanbHUii oneparop,
10 MOXX€ BUKOPHUCTOBYBATHUCH /IS ONKCY (YHKIIT BUXOIY - Lie Oneparop
(Next), sixuii Bka3ye Ha mocuigoBHicTs aii [1]. [omo perymsapHux omepariii,
TO MOXKHa 3aCTOCOBYBATH OIEpallil0 KOHKareHamil (.) Ta omepariio 3amu-
kaHHs (a* abo a*). [yt 3MiHK MOPSIIKY BUKOHAHHS OTEpalliil MOKHA 3aCTO-
COBYBAaTH AYKKH. 32 JIOIIOMOTOIO TIEpEeTideHNX omnepamniii MO>KHA ITOBHICTIO
BU3HAYMUTH i A YMCIOBHX, JIOTIYHUX Ta CUMBOJIBHUX JaHHUX. 3aBEpIIy-
€TBCS onuc (YHKIIT BUXOIy onrcoM (yHKIIT mepexoy, ska BU3HayYae 1o/1a-
JBIIMH IUIAX pOOOTH aBTOMATY JI0 HACTYIHOTO CTaHy. B xiacuuHiit Temmo-
pabHil JIOTiI I BU3HAYEHHS NUIAXY B POOOTI aBTOMAaTy BHKOPHUCTOBY-
10ThCst TemmopaibHi onepatopu (All), ski BkazyooTh Ha 6e3yMOBHE BHKO-
HaHHS il Ha BU3HaYeHOMY nunsixy Ta (EXist), o Bka3yroTs Ha 000B’s13K0BE
iCHYBaHHS y HMOJAJBIIOMY ITEBHOI yMOBH. 3 TOYKH 30py aBTOMaTH3allii 1o-
OymoBM aBTOMAaTHOI MOJIEJi i [IBi omepamnii BUKJINKAIOTh TPYXHOII, OCKi-
JBKU HEOOXiTHO BHU3HAUYATH CTAHU JJIS OpraHi3alii mepexoiB B aBTOMATI.
Yepes ue Texunouioriss MODEL CHECKING Bumarae HacTymHo1 Bepudikarii
MOJIET 3a JOIIOMOTOIO CIIeNialbHIX IporpaM-BeprdikaTopis. 3a Li€w Tex-
HOJIOTIEI0 B SIKOCTI MOJEJN CHCTeMH sl BepHu(iKalii BUKOPHUCTOBYETHCS
crpykrypa Kpinke [1], a popmanbHa crienndikauis BUMOr 3a1aeTbes Gpopmy-
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JIAMH TeMIIOPaIbHOT Jorikn. DyHKIIiS mepexoy BU3HAYaE Mepexia y HacTy-
ITHUH CTaH B aBTOMaTHi# Moaeni. ToMmy 1t 11 onmcy gocTaTHRO Oye CKopH-
cratuck onepaTopoMm U TeMIopanabHOI JIOTIKH, a TAKOX JIOT1YHUMH Ta apud-
METHYHIMH OIIEpaTOPaMH, SIKi BH3HAYAIOTh YMOBH IepexoiB. J{is BKa3iBKU
mepexoxy HeoOXiTHO 3aCTOCOBYBATH iMEHa CTaHiB 31 CTpinkor. B mpormeci
TaKOTO OIHMCY MOXXYTh BHABJIATHCH CTAaHH i3 CXOKHMU (DYHKLISIMH BHXOIY.
B TakoMy BUNaaKy Taki CTaHU MOXYTb SIBIISITH OO0 MiANpoOrpaMu ado crii-
JIbHO BUKOPHCTOBYBATHCH JUISl PI3HHUX CTaHiB. B ocTaHHBOMY BHITIa/IKy HEOO-
XiJTHO 3amam’sTOBYBaTH KOJ CTaHy-JKepeja ISl MMOJabIIOr0 KOPEKTHOTO
posranyxeHHs. Bubip BapiaHTy MoHa 00MpaTH 3 MipKyBaHb MiHIMyMY OIle-
paropiB Juis MporpaMHoi peaiizanii. OnTHMaBHICTh IIPU LBOMY 3a0e31euy-
€THCSI ITHOBOO PyHKIier0 F = min(sub | comn). Tyt sub —3aranehi BuTpatu
Ha o(OpMIIEHHS MiJIPOTaMH, SIKi TOB’s3aHi 3 BUTPaTaMU Ha BIACHO 0(OpPM-
JICHHS MIANPOrpaMy IUTIOC BUTPATH Uil OpraHi3amii 3BepHEHHsS IO Hel, a
COMN — 1e BUTPaTH Ha (iKcalilo CTaHy Ta BUTPAaTH Ha BU3HAYCHHS CTaHy,
JUTSL SIKOTO BUKOHYIOTBCS CrijibHI Aii. Takum uunom, sub = fpar + n*rpar, ne
fpar — BuTpaTn npouenypH A BU3HaYCHHA 1 pOpMaNbHHUX MapaMeTpiB Ta
BJIACHO BHKJIMKY, N — KUIBKICTh BUKIIHKIB IPOLIEAYPH, a IPar — BUTPAaTH Ha
MITOTOBKY peaJIbHUX MapaMeTpiB MPH 3BEPHEHHI 10 NPOLEAYPH.

JlaHa TEXHOJIOTISI 3aCTOCOBYETHCSl Y HaBUAILHOMY IIPOLECi NMPH BUKO-
HaHHI JJabopaTopHUX poOIT 1Mo po3podui mporpam B YepkackkoMy HallioHa-
JIbHOMY yHiBepcuTeTi iMeHi b. XMenpHuIbKOTO.

Jlirepatypa

1. Kapmos I0.I'. MODEL CHTCRING. Bepudukanus mapaureabHbIX U
pacupeneneHHbIX TporpaMMHbIx cucteM. /FO.I. Kapmos — CII6.; BXB-
[etepbypr, 2010.- 560 c.
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VJIK 519.218

MOJEJJIIOBAHHSI TEHEPATOPA IHAUBIAYAJIBHUX 3AJAY

Hy6ina A.B.
Hayionanvuuii mexuiunuii ynigepcumem Yxpainu « Kuigcokuii nonimex-
Hiunutl incmumym imeni I. Cikopcokozo», Ykpaina

OpmHAM 3 HAaBaKITMBIMINX €TAIiB JOCTIHKCHHS 3a/1a4 TEOPii po3KIIamiB —
€ TeHepallisl IHAMBIAYalbHUX 33a]a4, Ha OCHOBI SKHUX ITPOBOAUTHMYTHCS €KC-
HepuMeHTH. Bij pi3HOMaHITHOCTI BXiTHUX JJaHHX 3aJIe’KaTh Pe3yJIbTaTH IIPo-
BE/ICHUX €KCIICPHMEHTIB.

Knacugikauis 3agay . 3anaui, mo OyayTh po3rIsSHYTI B CHCTEMI MalOTh
MEBHI MapaMeTpH, SKi BIUIMBATUMYTh Ha MOOYIOBY KOHTYpIB Ta PO3KJIaiB.
Jnist mocipKeHHsT BIUTUMBY 1IMX MapaMeTpiB Jaii Oy/e HaBeleHa Kinacudika-
Ll KOXKHOTO 3 HHX.

Tpusagicts pobit. 3anano cepeniit uac po6otn mammus ( C *) Ta cepe-

JTHE 3HAUCHHS TPUBAJIOCTI BUKOHAHHS poOiT MamuHamu ( p ). 3a JOIIOMOT0I0

CHiBBiHOIMICHHS BEIMYMH p _ € koHKpeTHOT 3a/1aui, 3 BU3HAYCHUMH Tapa-
p
MeTpaMH, TPUBAITICTh pOOIT MO’KHA BiTHECTH 0 TIEBHOTO KIIacy:

- knac S — Habip pobiT, sIKi MaloTh JIy’ke MaJeHbKUH 4ac BUKOHAHHS
€TAJOHHOIO MAIIMHOIO (JI0 HAX BIAHOCATHCS CT ~75);
p
- x1ac M - HaGip po6ir, siki MalOTh MaleHBKHIT YaC BUKOHAHHS €Ta-
JIOHHOIO MAIIMHOIO (10 HUX BiJHOCSTBCS Cj _50)
p
- knac L - HaGip po6ir, siki MaroTh cepenHiil yac BUKOHAHHS eTajOH-
HOIO MAIIMHOKO (710 HUX BiJHOCATHCS C; _ 25);
p
- knac XL - a6ip po6ir, ki MaloTh BeIMKHii YaC BUKOHAHHS eTAIOH-
HOIO MAIIMHOIO (JI0 HUX BiTHOCATHCS Cj* _5)
p

Jucnepcis 4acy BMKOHaHHS pOOIT €TAJIOHHOIO MamuHOwo. Yac BHKO-
HaHHA KOXKHO{ 3 pOOIT eTaJJOHHOI0 MAIIMHOIO0 MOYKHA XapaKTepU3yBaTH THM,

Ha CKUTBKHU OJM3bKi iX 3HaueHHs. J[1s bOro BU3HAYMMO Q SIK TUCTICPCItO
yacy BUKOHaHHsS po0iT MamMHOK0. B 3a51e)KHOCTI BiJl TOTO, KA JUCIIEPCis —
Oynemo kitacu(ikyBaTH 0 HACTYITHUX KJIACiB:
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knac S — Habip poOiT, I SKMX JMCIEPCis Yac BUKOHAHHS POOIT

Q=2;

- wirac M - HaGip po6ir, ans sKuX aMCHEpCis Yac BUKOHAHHS POGIT
Q=4;

- wnac L - mabip poGir, m1s sxux mucmepcis yac BUKOHAHHS POOGIT
Q=40:

- xnac XL - ma6ip po6ir, ans AKHX mucrepcis uac BUKOHAHHS POOIT
Q=100 .

Jucnepcis mpoxyKTUBHOCTI MaIuH. [IpoTyKTHBHICTh MAIIMH MOYXHA Xa-
paKkTepU3yBaTH THM, Ha CKITbKH OJIM3bKI iX 3HaueHHS. [J1s1 IbOro BUSHAYUMO

K SK TUCTIEPCiI0 MPOAYKTUBHOCTI MaIINH. B 3a1eKHOCTI BiJ TOTO, sIKa [TU-
crepcis — OyaeMo kinacu(hikyBaTH 0 HACTYIMHUX KJIacCiB:

- kmacS — Habip MammH, 1A AKUX JUCTEpPCis MPOAYKTHBHOCTI
1<Q <1.2 (MamwuHA, TPOAYKTHBHOCTI SKUX MaTUMYTh OJIM3bKi 3HAUCHHS);

- xmac M - maGip mammm, ;1 AKEX AECTIEpCis MPOXYKTMBHOCT
1<Q <6 (MammHHU, NPOXYKTUBHOCTI SIKNUX MAaTHMYTh MEHII OJM3bKi 3Ha-
YEeHHA);

- wnac L- waGip mammm, s skux gmcnepcis mpogyKTHBHOCTI
1<Q <12 (MamuHM, TPOAYKTHBHOCTI SIKMX MAaTUMYTh HaiMEHII OJHM3bKi
3HAYEHHS):

- wnac XL - mabip mammm, mis SKMX JMCHEPCis MPOAyKTHBHOCTI
1<Q <24 (mammvuu, IpOXYKTHBHOCTI AKMX HE MATHMYTh ONM3BKHX 3HA-
YEHB).

Ienepamnin inguBiTyanpHux 3aga4. ['eHepamis iHAWBITyalbHHAX 32124
CKJIQIAEThCS 3 TeHepalii pobiT, IX TPUBAIOCTI, IPUCTPOIB Ta iX MIPOTYKTHB-
HocTi. J[yis renepaltii BUKOPHCTOBYIOTHCS 3aKOH PO3IOILUTY, 100 BU3HAYUTH
SIKUM YMHOM OYyyTh 3reHepOBaHi faHi. B po3pobieHoMy mporpaMHOMY TIpo-
JYKTI TeHepallisi 31iHCHIOEThCS 32 HOPMaJIbHIM Ta PIBHOMIPHUM 3aKOHaAMH
po3noainy. Jlani HaBeIeMO OMKC TeHepallii 3aBIaHb IJIsl KOKHOTO 3 TUITY PO3-
TIOJTITIB.

I'enepania TpuBagocTi poliT 3a 70IOMOro piBHOMIPHOIO po3IO-
aiy.

Maemo HacTymHi BXifHi mapamerpu redepauiit: m, kK ,C*, Q,Kra p .

Jlist TeHepaltii 3aBjaHb HEOOXiHO BU3HAYHUTH 3HAYCHHS & Ta b.

CepenHbpOKBagpaTHYHE BiIXUIICHHS MOXHA BU3HAYHTH 32 (popMynamu:
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beD 1267 +1-1, — J2oP+1-1

=p N220 oo, NReO Al
P 2 P 2

Z[ani HaBCJICMO OITUC AJITOPUTMY I'€HEPYBAaHHSA TpI/IBaJ'IOCTi 3aBJaHb 3a J0-

MIOMOT'0}0 PIBHOMIPHOTO PO3MOALTY

Hexait Ci - 3aBaHTAXEHICTh MALIMHY | HA TIOTOYHOMY Kpowi, ae 1 =1, m

Jano: C,, a, b, C*, Izl’m, P
KPOK I Teaepyemo C* st M MaImuH.
KPOK 2 Tloxu C — Cl <p+ 2, / Q , 115 KOKHOT MAIITHHHY § TEHEPYEMO

pobotu B inTepsai [a;b].
KPOK 3 Ha mammny | npu3HaqaeMo octausio podory C - C..

I'enepanisa TpuBasocrti podiT 32 J0MOMOrol0 HOPMAJBLHOIO PO3MO-
Aiy.

Juist renepanii TpuBanocTi podiT HeoOXiaHI Taki mapameTpu: Q, P

3a 0CHOBY TeHepallii HOpMAILHOTO PO3MOILUTY TPUBAIOCTI 00paHa HACTY-

_(x=p)?

nHa popmyna: ¢ (x) = e 20 /Jlajli HaBeAEMO ONHC AITOPUTMY Ie€HEPY-

oN2r
BaHHs TPUBAJIOCTI 3aBJIaHb 3a JOMTOMOI'0I0 PIBHOMIPHOT'O PO3MOALTY

1=1m

Hexaii Ci - 3aBAHTAKCHICTh MAIIMHHU | Ha TOTOYHOMY KpOIIi, 1e

Hano: Ci,C*, |=l'm, P

KPOK [ T'erepyemo C* mist M MaIimmH.

KPOK 2 Tloku C - Cl <p+ 2\/5 , JJ1s1 KO’KHOT MalllMUHU | TEHEPYEMO
POOOTH 32 HOPMAJIBHUM PO3IOJITIOM.

KPOK 3 Ha mammny | npu3HadaeMo octansio podory C e e

BucHoBku

B naniii crarTi Oyso po3risiHyTO MOJIENIIOBaHHS T'eHeparopa iHIuBiTya-
JTHHUX 3a]1a4 Teopii po3kianiB. byno Bu3Ha4eHO OCHOBHI KOMIIOHEHTH, SIKi
HeoOXiTHO peasizyBaTH B T€HEpATOpi JJIs JETAIBLHOTO JTOCHTIKSHHS 33134
Teopii po3kiaznis. ['eHeparop iHIUBIAyaIEHIX

JlirepaTypa

1.PaBHOMEpHO pacipereneHHas cryJaiiHas BennanHa — [EnekTpoHHmiA
pecypc] // Pexxum noctymy: https://www.matburo.ru/ex_tv.php?pl=tvravn.
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2.MeToapl KOPPEISAIHOHHOTO U PEerpecCuBHOrO aHanm3a — [ExekTpoH-
Huil pecypce] // Pexxum goctymy: http://edu.alnam.ru/book mkor.php?id=9.

VJIK 004.93

PO3B’SAI3AHHS 3ATAUI KJIACI{!CI)IKAHIi TEKCTIB METOJAMH
OBPOBKH TPUPOJHBOI MOBU TA MAIIMHHOI'O
HABYAHHA

M.O. Cnepkau, /.}O. FO3pBak
Hayionanvuuii mexuiunuil ynigepcumem Yxpainu « Kuigcoxuti nonimex-
Hiynutl incmumym imeni leops Cikopcbkozo»

Cy4acHH# CBIT IIPOCTO MOTOMNAE y BEIUKUX oOcarax iHpopmarii, Kijb-
KICTb SIKUX CTPIMKO 3pocTae. JIjist IIoIMHM Bece CKIIaHIIe CTae aHaIi3yBaTH,
00po0IIATH Ta KIacu(iKyBaTH AaHi 32 KaTeropisMH.

[Ipu mpomy 3pocTaHHs iHPOpMALIii i OJHOYACHE 3POCTAHHS TOCTYITHOL
00YHCITIOBANIBHOI MOTY)KHOCTI KOMII IOTEPIB I03BOJIIOTE BUKOPUCTOBYBATH
CydJacHi METOAH AJIS BUPIMICHHS 3a1adi Kiacuikarii.

Ipornec knacudikamii TEKCTiB 3aiiMae JOCUTH 0arato 4acy, ajpke Ui BU-
pimreHHs 1i€l 3aaa4i HEOOXITHO HE TINBKH MPOYUTATH TEKCT, a U IMpoaHali-
3yBaTH HOTO 3MICT Ta 00paTH MiAXOIAITY KATETOPIf0 i3 MHOKHHHU JOCTYITHHX.
Kouu 5k MoBa iiie mpo ri1006abHi 3a/1a4i Ta BEJUKY KiNBKICTh JAHUX, TO 4aCTO
BUHUKAIOTh MPOOJIEMH 13 OpakoM JIFOJICBKUX PeCypcCiB Al X 00poOIeHHS.
[IpononyeThCs aBTOMaTH3YBaTH 1I€H MPOILIeC.

Knacugikauis rexcriB. /[y Toro mo6 kinacudikyBatu TeKCTH HeoOXi-
JIHO TIPOMTH TaKi eTarnu: 03HAaHOMHUTHUCS 13 JOCTYITHHUMH KaTeropisiMu, Ha siKi
MOXKHa PO3IUTUTH TEKCTH, O3HAHOMHTHCS 13 MEPETiKOM TEKCTIiB Ta MPOYH-
TaTH KOXKEH TEKCT, MPOaHali3yBaTH TEKCT Ta BIAHECTH HOTO 10 KOHKPETHOL
KaTeropii.

VY mpolieci aBToMaTH3allii CHCTEMa MPALOE 3 JOKYMEHTAMHU Ta aHAi3ye
iX 3MicT. Y KiHII aBTOMATH3alii MU OTPIMAEMO CHCTEMY, IO JO3BOISTHME
KOPHCTYBa4eBi CaMOCTI{HO CTBOPIOBATH MOJIEJi MAaIIMHHOTO HABYAHHS Ha
OCHOBI BJIACHHX JIaTa CETiB, HABYATH Ta aHAJI3yBATH iX €(hEKTUBHICTE.

IocTtanoBka 3agayi. BBexeMo mo3HadeHHs, SKi OyAyTh 3ycTpidaTHCA
IIpH poO3B’sA3aHHI 3afadi kiacudikamii TecTiB MeTogaMu 0OpOOKH TPUPOI-
HBOI MOBH Ta MAIlIMHHOTO HABYAHHSI.

3amaya nmossrae y ToMy, abu OJHO3HAYHO BU3HAYMTH, JIO SKO1 KaTeropii
BiIHOCHUTBCSI TEKCT, 1110 HE HaJIEKUTh HA0OPY TEKCTiB, TOOTO HE OYB KiacH-
(ikoBaHUM paHilIe.
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Maemo MHOXWHY TekcTiB D, 1m0 ckmagaeTbcs 13 TEKCTiB:

D Z{dl,dz,...dn}, e di = ﬁ — KOHKPETHHH TEKCT, N — KiIbKiCTh
TEKCTIB.
Hexaii MaeMo MHOKUHY KaTeropiit C= {Cl, C2,...Cm}, ze G, = 1, m

KOHKPETHHH TEKCT, M — KUIBKICTh KaTeropil.

Muoxusa teketiB D |, koxen enement skoi knacudixopauii 1o xare-
TOpisM i3 MHOKHHHI C mHasuBaeTbcs maTa cetoM, TOOTO Ha0OpOM IaHUX.
Jara cet nozHayaTuMeMo sk DS .

d, c,
™M ™M
d, , C,
dy Co
_ ™M ™M
Ds = d, c,
™M MM
d, Cm
™M ™M
d, Cm
Bin no0yaoBaHmii 32 JOMOMOTO0 HEBIOMOI I[iIbOBOT (yHKIIIT F:
F:CxD—>{01}.

3amada kimacudikaiii TeKCTIB METOJaMH MAIIHHHOTO HaBYAHHS TIOJISITae

y ToMy, abu 106y ryBati k1acudikatop F , Makcnmanbio HaGmmkenuii 10

Kmacugixaropom F " 3BeThCs BM3HAYCHA HA MHOXHHI TekcTiB D | ¢byn-
KIS SIKa OJIHO3HAYHO 3iCTABJIAE KOXKEH TEKCT i3 MHOKMHM D KOHKPETHIMH
kateropii i3 maoxuan C .

Jnis BupimeHHs 1i€i 3a1a49i MU BUKOPUCTOBYBAaTUMEMO METO/IM MAIlHH-
HOTO HaBYAHHS Yy MOE€JHAHHI 13 00poOKoI0 MpupoaHnX MoB. [TnanyeTbes po-
3IJIIaTH Taki aNrOPUTMHU MalIMHHOTO HaBuaHHA: HaiBHuil baecis xmacudi-
karop (Naive Bayes Classifier) [5], Meron norictiuanoi perpecii (Logistic
Regression) [3], HepeBo yxBanennsa pimens (Decision Tree) [3] ta Metox
onopHuX BeKTOPiB (Support Vector Machine) [4].

Onuc MetoaiB po3B’sa3aHHA 3aaaui. [ po3s’s3aHHs 3aga4i Oyno BuU-
KOPHCTAaHO 4 METOAM MAIIMHHOTO HABYAHHS, AKi 0a3yIOThCS Ha TAKHX aJiro-
pHUTMax: JIOTICTUYHA perpecis, alroputM HaiBHoOTo baiieca, ormopHuX BeKTO-
piB Ta JepeBO YXBAJICHHS PillleHb.

JlorictnuHa perpecis € MeTogoM minbopy miHii perpecii Y = f (X) Y%
BUITAJIKY KOJH Y CKIaaeThest i3 JaHHX, 10 MOXKHA MPEICTABUTH Y ABIHKO-

Bomy Burizi [1]. Kinacudikarop naiBaoro Baiieca € mpoctim iMOBIpHICHEM
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kiacudikaTopom, M0 3aCHOBAaHMH Ha 3aCTOCYBaHHI TeopeMu baifeca 3 crib-
HUMH (HaiBHUMH) TIPUITYIICHHAMH [IPO HE3aJICKHICTh [2]. MeToa omopHuX
BEKTOPIB — II¢ aJITOPUTM, SIKUH BH3HAYAE Y SIKOMY MICIli HEOOXITHO pO3Me-
JKYyBaTH KJIACH BEKTOPIB, SIKI HaJIeXKaTh MIEBHUM TpyraM. BiH Moxe OyTH 3a-
CTOCOBaHUH 110 OyIb-SKUX BEKTOPIB, SKiI KOAYIOTH OY/b siKi paHi [3]. JlepeBo
pilIeHb € iepapXiyHUM JAEepPeBOM HABUANBHHUX €K3EMIULIPIB, B IKOMY yMOBa
3HAYCHHS aTPUOYTy BUKOPHUCTOBYETHCS JIJISl MMOMLTY JaHUX I€EpApXivHO.
PesyabTaTn fmochimkeHHss Ta ominka edextuBHOcTi. Bupimysaru-
MeMo 3ajauy kiacudikamii TeKCTIB Ha MPHUKIAAi JaTa CeTy 13 TeKCTaMH 3i
crartamu BBC. [lara cet micTuth 2225 TEKCTIiB, pO3/IJIEHUX HA 5 KaTeropii:
business, politics, entertainment, sport, tech. Pe3ynsrat po6oti mporpamu y

BUTJISIII TOYHOCTEH MoJieiel MalllMHHOTO HaBYaHHS 300paKeHO Ha PUCYHKY
2.

thm is @.95585617977

support Vector Machine Algorithm is ©.943 47191611

0 on Tree Algorithm is ©.7910112359558562
Puc. 2. PesynpTat po60oTH IpOorpamMu
€ pi3Hi METOIH OLIIHKU e(h)EeKTUBHOCTI MOJIeJICH MAIIMHHOTO HABYaHH:. B
JIaHi CTAaTTi BUKOPUCTOBYBATHMEMO METOJI MATPHIII HEBiAMOBigHOCTEH [2].
PosrisiHeMo MaTpuIlio HEBiAMOBITHOCTEH, 10 Oyiia OTpUMaHa BHACIIIOK
knacuikamii TEKCTIB i3 1aTa ceTy.
Ha pucynky 3 300paxeHo chopMOBaHy MaTPHIIO HEBIAMOBITHOCTEH IS
MOJIeNTi MAIIMHHOTO HABYaHHS.

BB cm - NumPy array - O X

0 95 ] 2 ] ]

Puc. 3. MaTpuIis HEBiNOBITHOCTEH /ISt MOIEIi MAIIMHHOTO HaBYaHHS
CTBOPCHOT Ha OCHOBI aJITOPUTMY JIOTiICTUYHOI perpecii
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Komonka i3 Homepom 0 BigmoBinae kareropii ‘business’, KOJOHKa i3 HO-
MepoM | BignoBimae kateropii ‘entertainment, KOJIOHKA i3 HOMEpOM 2 Bifmo-
Bimae kareropii ‘politics’, kKoJloHKa i3 HOMepoM 3 BiATOBimae KaTeropii
‘sport’, KOJIOHKa i3 HOMepoM 4 BiamoBinae kareropii ‘tech’.

PesynbraT 00uMCIeHHS TOYHOCTEH TIpeACTaBICHO Y Taomumi 1.

Tabmus 1 Pesynaprat 0OUHCIICHHS TOXUOOK

AnroputM Tounicte
JloricTu4Ha perpecis 0.95
HaiBHoro 0aiieca 0.90
OnopHHX BEKTOPIB 0.94
JlepeBo yxBaJIeHHS pillicHb 0.79

OTxe, MOKEMO 3pOOUTH BUCHOBOK, 1110 JISl JAHOTO J1aTa CeTy, IOLIIbHO
BUKOPHCTOBYBATH aJITOPUTM JIOTICTUYHOI perpecii.

VY cydacHoMy CBiTi OinbLIiCT iHpOpPMaNii MpeAcTaBIeHa Y BUTIIA TEK-
ctiB. ToMy 3pocTae HEOOXiIHICTh y CTBOPEHHI aBTOMATH30BaHUX CUCTEM 00-
poOKM TeKCTOBUX NaHuX. J[ys Toro, mo0 BUPINIMTH KOHKPETHY 3aja4y Kiia-
cudikarii TeKCTiB MOTPiOHO BUTPATHTH OaraTo pecypciB, IO HE € TPHAHS-
THM OCOOJIMBO KOJI PO3IIIAIAI0THCS KOMIUIEKCHI 3a1a4i. ToMy BHHHKae He-
0OXiTHICTD Y CTBOpPEHHI YHIBEPCaJIbHOTO METOAY BUPILICHHS ITOCTABICHOT
3amadi. BukopucroByoun po3pobieHy cucteMy Kiacu(ikamii TEKCTiB KO-
JKEH MOJKE CTBOPHTH MOJEJi MAIIMHHOIO HABYaHHS Ha OCHOBI OOpaHHX aj-
TOPUTMIB, OI[IHUTH €()EKTUBHOCTI MOJIesel 1 00paTH KOHKPETHY MOJIEINb JIJIs
BUPIIICHHS 3a/1a4i.

JlitrepaTypa:

1. Manabu Sassano Fujitsu, Japan «Virtual Examples for Text
Classification with Support Vector Machines».

2. Kevin P. Murphy, «Naive Bayes classifier», Department of
Computer Science, University of British Columbia, 2006.

3.  Barry de Ville, «Decision Trees for Business Intelligence and Data
Mining: Using SAS Enterprise Miner», SAS Institute Inc., Cary, NC, USA,
2006.

YIK 004.056.5
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MOJEJTIOBAHHS C;J.[EHAPIIB KIBEPATAK SIK IHCTPYMEHT
MMPOTHUAII 3ATPO3AM B KIBEPITPOCTOPI

O.C. PoBuuk, B.B. Hexaii
Yepuiziecokull HAYIOHATLHUL MEXHONO2IYHUL YHIGepcUumem

Ha cporopHimHil AeHP IS YCHINTHOTO (DYHKIIOHYBaHHS OYIb-SIKHX
KOMIaHIi{, 3aKJIajiB, CIIy’K0, TOImo, He 00iTHCh 0e3 BUKOpUCTAaHHS iH(pOp-
MaliiHUX cucteM abo eNeKTPOHHUX pecypciB. BaknuBumu Qakropamu €
CTaOUIBHICTH POOOTH, 3aXMINEHICTh JNAHWX, BIAHOBJIEHHS Ta (YHKLIOHY-
BaHHs CHCTeM Iicist 30010. Y pasi KibepHEeTHUHHX aTak poOOTa CHCTEM 3Ha-
XOAUTHCS Mij 3arpo3oto. st Toro, mo OM YHUKHYTH OyIb-SKHUX 3arpo3 op-
raHizaiii 3BepTaloTh yBary Ha MOJICIIOBAHHS CIICHAPIiB YIIPaBIiHHs Onepa-
isAMU B pa3i iHpopManidHuX aTak a0o 300iB. Mo/1e/IF0BaHHSI KPUTUIHUX BijI-
MoB IT-cucteM i cepBiciB JO3BOJISIE OpTaHi3aIlisaM MOOAYHTH, K iX CHIBPOOi-
THUKH pearyroTh Ha Taki MOl

MopemoBaHHs 103BoJsIE epcoHary [ T-ciry>x0 BianpanpoByBaTH CUTYa-
il KpUTHYHUX 3001B 0e3 OyIb-IKOT0 pU3HKY AJIS peaabHOl Mepexi abo ma-
HuX KommaHii. [{e MomeTroBaHHS MOXe BapilOBAaTUCS BiJl CIICHAPIiB aBapiii-
HOTO BiTHOBIICHHS 10 KPaIi>kKOK KOH(1ICHIIITHAX TaHUX 3 METOIO BUSBJICHHS
peaxiiii [T-komaHIu Ha HemepenOayyBaHy 3arpo3y.

ImiTamisi ynpaBiaiHHS aTakaMH B MOJEJIbOBAaHUX CHUTYyalisix 300iB mo-
BUHHA [IPOBOIUTHCH Y BIJIIIOBIAHOCTI 10 BAKOPUCTOBYBAHOT apXiTEKTYpPH CH-
CTEMH OpraHizaiii, TaKHM YMHOM 3a0e3Ieuylodr peajbHUi JT0CBif 1 neper-
Boprotouu BixnosiaHi aii IT-Bianiny B npuponHy peaxuito. Lle no3sosie 3a-
CTOCOBYBATH Ha MPAKTHUIII Ti IHCTPYMEHTH O€3IeKH, IKi BAKOPHCTOBYBAIIUCH
0u B peanpHil curyamii. [y MakCUMalTbHOI €(h)eKTUBHOCTI TaKOi METOMKHU
HEOOXIJTHO SK yMOTa TOYHIIIE MOJETIOBATH CIICHApil MOXIIMBUX 3arpo3, B
TOMY YHCII CKJIaJIHI, [0 MAIOTh IiTkoBe mKimmBe 13 1 He3akoHHI Aii BUMa-
radgis.

ImiTamiss ynpaBimiHHS iHOIUAGHTaMH MOXKE OyTH ITOCTAaTHIO KOIITOBHOIO
npakThkoro. KpiM BUCOKMX MOYaTKOBUX BUTPAT Ha 3a0€3Me4YeHHs peaticTh-
YHOCTI CLEHAPil0 HaBYaHHs, KOMIIaHisl BUTpayae 4yac CBOIX CITiBPOOITHHKIB
Ha TPEHYBaHHS, BIAPUBAIOYH TX BiJl IOTOYHOT MOBCSAKICHHOI podoTn. OjHak,
SIKIIIO BCe 3p00JIEHO MPaBUIIHLHO, 3MOJIENIbOBaH1 ClieHapii aBapiitHUX CUTYaIlil
HE MPOCTO HABYAIOTH MEPCOHAI, aje ¥ AUCIUILIIHYIOTh OpPTaHi3alliio B IIi-
noMmy. BukoHaHHS CIieHapiiB BiZIMOB J03BOJIIE€ OpraHi3allisM OI[IHUTH, B
YOMY BOHH MOJKYTh TOJIIIIIIUTH CBOI MPOLIECH BiTHOBIICHHS AaHUX 1 YU MO-
KHYTh aBTOMaTH3yBaTH Oyab-sKi 3aBJIaHH.

B xoni anaxnizy npoGiemu 0y10 BU3HAUSHO, 1110 JUIS YCITIITHOTO MOJIEIIO-
BaHHS CUTYalliii HEOOXi/THO PO3pOOHTH cucteMy sika O Mana HacTyImHHH Qy-
HKIIOHAT:
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— 3aBaHTa)XCHHS 200 CTBOPEHHS MOJYJIIO UL MOACIIIOBAHHS CLICHAPIIO;
— CTBOpEHHS Ta 30epeKeHHs CIIeHaPiIo;
— CTBOPEHHS Ta B3a€EMOJIs 3 pecypcaMu, 0 BUKOPHCTOBYIOTHCS B CIIe-

— CTBOpPEHHS KEPOBAHMX 00’ €KTIB aTaKW Ta 3aXHUCTY,
— 3MiHa Ta MOJEpPHi3amisi KePOBAaHUX 00’ €KTiB;
— OIJIAJ NPaBWJI CLEHAPIIO Ta OMHUCY HOTO CKJIAJ0BHX;
— onif rpadivHAX PECYPCiB A MOJCTIOBaHHS CIICHAPIIO;
— BuOIp MoBH iHTepdeiicy cucremu;
Jiarpama BapiaHTiB BUKOpPUCTaHHS 300pakeHa Ha PUCYHKY 1.

Pucynok 1 — Jliarpama BapiaHTiB BUKOPUCTaHHS

BukopucranHs JaHOi CHCTEMH AAacTh 3MOTY 3MEHIIMTH BUTPAaTH Ha MO-
JICIIFOBaHHS HeOe3NEeUHHUX CUTYallil, 1110 BUHUKAIOTh B KOMIAHIsAX Ta OpraHi-
3anigx. OCHOBHHMM 3aBJIaHHSIM OCTaHHIX Oyie CTBOPEHHS MOYIIIO SIKUi Oye
CTBOPIOBATH CIICHApiiB PIi3HOTO CHEKTPY. 3acTOCYBaHHS CHCTEMH IacTh
3MOTY BHSIBUTH Ta 3BEPHYTH yBary Ha NpoOJieMH BHKOPHUCTOBYBAHOI CHC-
TEeMH, JacTh JOCBIJ CIiBpOOITHUKAM, HEOOXITHUI IJI MPOTH/IIT 3arpo3aM B
MaiiOyTHEOMY.

Jlitepatypa
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1. Banepiii Anamonitiosuy Jlaxno, Tapac Anamonitiosuy Ilempenxo, Mu-
xkona Bonooumuposuu Ilupoe MopnemupoBanue pabOTHl aJaNTHBHOHN CHC-
TEMBI pacIO3HaBaHMS KHOEpaTak B YCIOBHAX HEOAHOPOIHBIX IOTOKOB 3a-
TPOCOB B MOAyJIsIx e-business [Exextpounuii pecypc]. — Pesxxum gocrymy 1o
pecypcy: http://jrnl.nau.edu.ua/index.php/Infosecurity/article/view/10706

2. 3erxa JI. MeTonp! ncciegoBaHUs KHOEpyTpo3, BKIIFOYAst 3349 BEISIB-
JICHHS, JIOKQIU3aIUH U 3alIUThl OT HUX, B TJI00aTbHBIX WH(GOPMAIIMOHHBIX
cucTeMax momiepKku nudpoBoit SkoHOMHUKHU [EnexktponHmii pecypc]. —
Peum JOCTYITy JI0 pecypey:
https://www.rfbr.ru/rffi/ru/project_search/o_2082067

3. B CBY pacckazanu, Kak 3alIuIIaThes oT kubeparak [ EnexrpoHHui pe-
cype]. — Pesxum moctymy mo pecypey: https://bykvu.com/bukvy/69547-v-
sbu-rasskazali-kak-zashchititsya-ot-kiberatak

YK:004.453

MOPIBHSUIbHUI AHAJII3 METO/IIB BUSHAYEHHSA
MOMEHTY 3AXOIIJIEHHA 30BPA’KEHHSA EKPAHY B
3ACTOCYHKAX JJIs TAUMTPEKIHI'Y

A. C. Paguenko, I.B. Binoyc
Yepniciecokuil HAYiOHATLHUL MEXHONO2TYHUL YHIGepcumem, Ykpaina

[Mporpamue 3abe3neueHHs ISl BIACTEKEHH Yacy - 11e KaTeropis KoMir'-
IOTEPHOTO IPOrPaMHOro 3a0e3NeueHHsl, SKa I03BOJIsIE CITIBPOOITHUKAM peec-
TpYBaTH 4ac, BUTPAYCHUH HAa BUKOHAHHA 3aBJaHb a00 MPOEKTIB B IJIOMY.
[Mporpamue 3a0e3nedeHHs UIsl TAHMTPEKIHTY TTOKPAILYye MiA3BITHICTB (I0KY-
MEHTYIOUH OTPHMaHi JaHi), JO3BOJIIE MiABHIIATH MPOAYKTUBHICTH TIpari
(pixcyroun iHpopMaIifo PO 3aTpaucHIil Yac Ha KOKHE 3aB/IaHH, SKa B 110-
JabIIoMy MOXe OyTH IpoaHalli3oBaHa), HaJJa€ MOXJIMBICTh aBTOMaTHIHOTO
(opMyBaHHsS paxyHKIB HAa OCHOBI BUTPady€HOTo 4acy, Joromarae BijcTe-
JKUTHU TIEPEBUIICHHS MPOCKTHUX BUTPAT (9ac, BapTICTh) Y MOPIBHSIHHI 3 3a-
TUITAHOBaHNUMH.

OcHoBHIMH chepaMu 3apoOBaHKEHHS TAKUX 3aCTOCYHKIB € IT, abo iHmmi
ctepu mos’s3ani 3 BukopuctaHasaM [IK. [lpuHmmm po6otn TaiMTpekepy, B
OCHOBHOMY, TOJISITA€ B aBTOMAaTUYHOMY 200 pyYHOMY 3aIyCKy 3aCTOCYHKY
JUTS BIICTeXKECHHS 9acy B (JOHOBOMY PEKMMI IIiJl Yac BUKOHAHHS MEBHOI 3a-
nadi. JIns migBuieHHsT eQeKTUBHOCTI TAaKOTO MiAXOy TpeKep MepioTuIHO
30epirae 300paskeHHS €KpaHy, M0 MATBEPIKYe (akT poOOTH HAJ BKa3aHOIO
3aaveto, 0e3 BiIBONIKAHHS Ha CTOPOHHI aKTUBHOCTI.
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[l BU3HaUCHHS MOMEHTY 3aXOIUICHHS 300paKeHHS €KpaHy B 3aCTOCYH-
Kax JUII TARMTPEKiHTY iCHYe NeKinbka MeToiB. OCHOBHHMM i HaiO1IbII TTO-
IIMPEHUM € 3aJ[aHHS CTaJIOTO Iepioay 30epeskeHHs CKpiHMIOTIB. Llel MeTon
€ JIOCHUTH MPOCTHM Ta Tepen0adyBaHUM: IICIS KOXKHUX N XBWINH (TOIIH)
BUKOHYETHCS 3HIMOK ekpaHy. Came nependadyBaHiCTh € OCHOBHHM HeEOJTi-
KOM TaKOTO IiJIXO0.y.

IcHye me ofuH MiAXin Uil BUKOHAHHS e()eKTHBHOTO TaHMTpPEKIHTY. 3a
HOro BUKOPHMCTaHHS TaKOX 3aJa€ThCs MEPioJ], ajle 3HIMOK €KpaHy BHKOHY-
€THCS HE B KiHIII KOXKHOTO Mepioay, a B SKMHCh BUIAAKOBUH MOMEHT i3 33/1a-
HOTO NMPOMIXKKY 4acy. B TakoMy pasi npariBHUKy HEMOXKJIMBO MepeN0aynTH
B SIKMI MOMeHT Oynie 3aikcoBaHO cTaH ioro expaHy. Ta i el mijaxiz € He-
i7IcaTbHUM, OCKIJIBKH HE CIPOMOXHHM HAIIJICHO CHiiMaTH TOW MOMEHT,
KOJIM TIpaIliBHHUK 3aX04e BiIBOJIIKTUCH HA MeJlia YU KYMEIHI Bifeo.

Tperiii criocib € ORI CKIIATHUM Yy peatizallii, aie i O1TbII eeKTHUBHIM.
BiH cxoxxuii Ha monepeHi JIMIIe 3aJlaHHsAM CTaJIOTO TEPioLy, MiJ] 4ac sIKOTO
Oyze BUKOHYBAaTHCh JIMIIE OJHE 3aXOIUICHHS €KpaHy, ale MOMEHT IbOTO 3a-
XOIUICHHSI BU3HAYAETHCS 32 CKJIAAHIIINM aJITOPUTMOM. 3aCTOCYHOK MICTH-
THME CIIMCOK Ha3B IPOrpam, sIKi MpaIiBHUK BUKOPHUCTOBYE i1 9ac CBOET po-
6oTu. SIKII0 mij yac 3aaHOro Nepioy, KOPUCTYBad TPEKEPY BiIKPUE BIKHO
MporpaMu, Ha3Ba fKOi HE BKa3aHa B CIHCKY, TO B TOM CaMHi MOMEHT
TaliMTpeKep BUKOHA€E 3aXOIUICHHS eKpaHy Ta 30epexe ioro. SIKiio x BiJgk-
PUTTS BIKOH IpOrpaM, He3a(ikCOBaHHUX B CIHCKY JOMYCTHMUX, HE BinOyBa-
€TBCSI, TO CKPIHIIOT Oy/ie BAKOHAHO Ta 30€pPEkEHO B KIiHIII 3a3HAUEHOTO I1e-
pioxy. Takuii miaxix € mocuTh epeKTUBHUM, OCKUILKH HAIIIICHWHA camMe Ha
BiZICTEKEHHS Hellepe0aueHNX MTOCTaBICHOO 3a1a4eto JIii.

PesynbraTs MOpiBHAIBHOTO aHAMI3Y BCIX TPHOX METOiB BU3HAYCHHS MO-
MEHTY 3aXOIUICHHS 300paKeHHS €KpaHy BKa3aHi B Ta0mwi 1.

Ta6mums 1

MeToau Bu3Ha- B xinmi B Bunan- Bincrexenns

YEHHS MOMEHTY | 3a3Ha4YeHOTO | KOBHMI MOMEHT | KOHKPETHHX CTO-
3aXOIUICHHS | KOpPUCTYyBa- qacy mij Jac POHHIX HiH, IUIA-

eKpaHy | 4YeMm Iepiony | 3a3Ha4eHOro XOM BKa3aHHs Ie-
KOPHCTYBa4YeM | pejiKy BUKOPUCTO-

Kpurepiit nepiony BYBaHHUX MPOTpam

PerynsipHicTb 3ax0-
IUICHHSI 300pa)KeHHS eK- + + +
pany
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Henepenbauysa-
HICTb MOMEHTY 3aXOII-

- + +
JICHHS 300pakKeHHS K-
paHy
CrpsiMoBaHicTh Ha
¢ixcyBaHHS Henepenoa- ) ) +

YCHHUX ITOCTABJICHOIO 3a-
Ja4ero Jik
[NopiBHABIIM BCi TP METOJY, MOXKHA MMOMITHUTH, IO JIUIIC OJUH 3 HUX
BiJITIOBIJIa€ BCIM PO3TJITHYTUM KPUTEPIsSIM 1 € ONTUMAITBHUM JJISI TOCSATHEHHS
MaKCHMaJIbHOT e()eKTHBHOCTI Ipalli Ta BUCOKOTO PiBHS 3BITHOCTI.

Jlireparypa

1. The Complete Guide to Time Tracking [Enexrponnmuii pecypc] — Pe-
KHUM JocTymy 10 pecypey: https://www.actitime.com/time-tracking/time-
tracking-software-essay.

VJIK 004.

APXITEKTYPA IH(I)OPMA]_IIIZIHOT CUCTEMMU OLIHKH PIBHA
KYJbTYPU IHOOPMAIIMHOI BE3ITEKW OPT AHI3AIILI

M.C. lopom, B.B. Hexaii, M.M. BoiiniexoBcbka
Yepniciecokuil HAYiOHATLHUL MeXHON0TYHUL YHIGepcumem, Yipaina

B pamkax gociiKeHHsl, CIPSIMOBAaHOTO Ha BU3HAYEHHS PIBHS KYJIbTYpH
inpopmarniiinoi 6e3nexu (KIB) opranizaiii, Oyna po3pobiieHa MOAEb OIli-
uku piBHA KIB opranizamii. J{ms peanizanii 3raganoi Moieni 3anponoHOBaHa
apxiTeKTypa, sika BIATBOPIOE MPOIleC OTPUMaHHS Ta 00poOKH iH(opMarlii, mo
XapaKTepu3ye MOTOYHMI cTaH KyibTypH 1b opranizanii, nounHarouu Big ¢o-
PMYBaHHS CIELialli30BaHNX aHKET 3 HA0OPY MMUTaHb Ta 3aBEPLIYIOYH 3araib-
Hoto oninkor piBHA KIb opranizamii. Koxxen eram moseni BiITBOpeHHH ap-
XITEKTYpOIO Y BUIIISIIII OKPEMHX MOJYIIB.

Just mpoenenns ouinku KIb opranizarii HeoOXigHO chopMyBaTH Habip
aHKeT, sKi OyIyTh BU3HAYATH PiBEHb HAIBHUX KOMIIETEHIIH B rarysi Ib nep-
COHAITy BIITMIOBIHO JI0 iX poJyied B iHGopMaIliiHUX MpoIiecax opranizariii.

s mporo ¢popmyeThes yHiBepcyM nuTanb. OfHi 1 Ti K MUTAHHSA MOXYTh
OyTH BKIIIOUEHI 10 aHKET JUIA Pi3HMX, IpoTe CyMbKHUX poneit. Lleit miaxin
JIETKO PeaJli3yeThCsl 3 JOMOMOTOK0 HEHITKOI KilacTepur3ailii. BIiuB KoxHOTO
TIUTAHHS Ha Pe3yJbTaT aHKETyBaHHs BU3HAYA€THCS YePe3 MaTPHUIIIO Bar.

AJNTOpPUTM HEUiTKOi KJacTepu3alii J03BOJISE BiIHECTH OAMH 00 €KT 10
JeKITBKOX KIIACTEPiB, CIUPAIOYHCh Ha MATPHULIFO HEYiTKOro po3ouTTs [1], mo
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TIOTIepeTHhO BH3HAUYCHA ekcrepToM. Kimactepm3zariiss Moxke BimOyBaTHCA 3a
JIOTIOMOTOI0 aTOPUTMIB K-cepenHix Ta C-cepennix. OCKilbKY JaHa 3a1ada
MOJISITA€ Y CTBOPEHHI KIIACTEPiB, IO CTOCYIOTHCS MEBHUX TEM B Taly3i iH(O-
pMamiiHOi 6e3MeKH, a TAKOK MOXITUBICTh BITHECEHHS THX CaMUX ITUTaHb 10
PI3HUX TEMAaTHK, IPOIIOHYETHCS 3aCTOCOBYBATH AJITOPHTM HEUITKOI KilacTe-
pu3arii c-means [2, 3].

dopMyBaHHS aHKET IJIs PI3HUX POJIeH 3/11HCHIOETHCS 3 BpaXyBaHHSIM BU-
MOT 710 KOMITETEHIII} PaliBHHUKIB 3aJIe)KHO BiJI X poii y 3a0e3rnedeHHi 3ara-
JBHOT crcTeMu Oe3mneku opraHizaiii. CyTTEBOIO IIEpEBaror TaKOTrO MiAXOMy
€ MOXJIMBICTH peaizalii inauBinyanpHol ominku KIB oprauizariii, BuX0oassuu
31 cneuudiku i1 QyHKIIOHYBaHHS.

B nanomy Bumanxy ajaroputM kiacrepusauii C-means Oyne 37ilicHioBa-
THCS TAKMM YHHOM:

- Kinbkicte knacTepiB j oOyMoBleHa KinbKicTio TemaTtuk Tj., 3a
SIKUMH IPOBOJUTHCS TOCHiIKEeHHA. Lle MoKy Th OyTH MUTaHHS TEXHIYHOI, Te-
XHOJOTiuHO{ Ta MepcoHaIbHOT iHpopMariitHoi 6esnexu (j = 1,t).

- ExcnepTHa omiHKa (OpMy€e MaTPHIIO HEYITKOTO PO30OHTTS F, 110 Mi-
CTHUTB JIaHi PO CTYTIHb HANIEKHOCTI [y, TanHs Q; (I = 1,m) 10 TeMaTHKH-

knactepy T;. [i Moxna ommcaTu y BUrIAmi:
F=[ugyl o, €101, i=Tnj=1r¢ )
ne {-TAH pSAAOK MICTUTH CTYIICHI HAIEKHOCTI MUTaHHA (; IO KiacTepiB
T;. O60B’43K0BOKO YMOBOIO JJIsl MATPHIIi HEYITKOIO PO3OUTTS € OOMEKEHHS:
0 < Xi—tmMo,j <n,j=1t. 2)

- Lentpu xnmactepy 3a1al0ThCS MMTAHHSAMH, SKi MAIOTh MaKCUMAaIbHE
3HAYCHHS CTYIICHIO HAJICKHOCTI Uo; O IIeBHOI TeMaTHKH T;.

Jauti peamni3ariist HEUiTKOI KJIAaCTepHU3aIlii IPOBOAUTHCS 3a BiIOMHM aJ-
roputMom [1].

Buxiganmu naanmu s popmyBanHs aHkeT ominku KIb cremianicra €
MHOXXHHA nuTanb (mkepeno — cranmapt ISO/IEC 27001, MokiuBe TaKOXK
BukopucTanust cranaapty ISO/IEC 27032 3rimHo yMOB JisUIbHOCTI OpraHiza-
1i1); epesiK TeM i TEMaTHK, IO TO3BOJISTh OXOIHUTH HANIPSIMHE PO eCciiHHOT
JUSUTLHOCTI TIEBHOTO MpalliBHUKA; HaO1p poJieH, 1110 BUKOHYIOThCS MpalliBHU-
KOM Tipu o0iliMaHHI MeBHOI mocaaw; Ta HaOOpy KOMIIETEHIIiH, 10 MaloTh
OyTH OITaHOBaHI MPETEHICHTOM.

B sxocTi OCHOBHM AJisl OLIHKH PE3YyJbTATiB TECTYBaHHS BHKOPHCTOBY-
FOTBCS KAPTH KOMITETEHITIH.

[Ticns 3aBepIieHHS eTarry reHepalii aHKeT BUPIIIYIOThCS HACTYIHI 3a-
navi:

- TIPOBE/ICHHS aHKETYBAHHS;

- OIliHKA PE3yJIbTATIB 3a TOTIOMOTO0 HEUYITKOI JIOTIKH;
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- Bu3HaueHHs piBHA KIb criemiamicTiB okpeMux miapo3aiiB Ta

- BU3HaueHHs 3aranbHoro piBas KIb opramizarii;

- (hopMyBaHHS POTO3HUIIiii om0 3axoiB migsumeHH: piBHA KIb op-
rasizamii.

Jus peamizarmii mocTaBiIeHHX 3a1a4 OyII0 3aIPOIIOHOBAHO apXiTEKTypy
iHpOopManifHOI KOMII FOTEPHOT CHCTEMH BH3HAYCHHS PiBHS KYJIbTYpH iH(DO-
pMarliifHoi 6e3meKu opraHizailii, 300pakeHy Ha pUCYHKY 1.

Cucrema CKIIQIa€THCS 3 6 OCHOBHUX MOJYJIIB:

- MonyJb 300py JaHUX, IPU3HAYEHUH VIS TOTO 1100 EKCIEPTH 3 Ky-
IbTypH iHpOpManiiHOT Oe3rmeKkn Manu 3MOry HANOBHIOBATH 0a3y IaHUX
yCi€r HeoOXIAHOI 1H(OPMAITIErO [T TOAaIBINOT TeHepallii aHKET;
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- MOAyJb IeHepalil aHKeT, PO3MOiISE MUTAaHHS U aHKET 32 TeMa-
THUKaMH, TTCIIS Y0TO 32 JOTIOMOTOI0 eKCIIEPTHOI OIIIHKK Saati BU3Ha9aroThCst
BarW NMUTAaHb 3 BpaXyBaHHAM Ha0Opy KOMIIETEHIIIH Ta poJeH MpaliBHUKIB,
SKi IIPOXOAATH TECTYBAaHHS;

- MOZYJb NIPOBEJCHHS aHKETYyBaHHS HaJa€ OCTYH POOITHIKAM opra-
HizaIii 10 aHKeTH Ta 30epirae y 6a3i pe3ynbTaT MPOXOIKCHHS TECTIB;

- MOJIyJIb HEYITKOT OI[IHKH 32 pe3yJibTaTaMi NPOWAEHUX TECTIiB Gop-
MYE€ 3arajibHy OLIHKY piBHS KyJIbTYpH iH(opManiiiHoi Oe3neku 3a migpo3i-
JIAMH OpTaHi3allii;

- MOJIyJIb OLIIHKH PiBHS opraHizatii opMye 3arajJbpHUil piBEeHb KyJIb-
TypH iHpOpMaNiiHOT Oe3MeKH BCiel opraHi3ailii, BUXOSYH 3 OI[IHKH BCIX Mif-
PO3iTiB;

- MOAYJb KOMIUICKCHOI OLIHKH, TEHEPYE 3BIT 3a pe3yJIbTaTaMH Mpo-
BEJICHOT'O TECTYBAaHHS IPALiBHUKIB Ta BUXOASYHU 3 BUSHAUYCHOTO PiBHS KYJIb-
TypH iHQOopMaIIiifHOT Oe3MeKH opraHi3amii Halae peKOMEHaIli1, IKi CIpsMO-
BaHi Ha MOT0 MiIBUILIEHHS.

Po3poOiiena apxiTekTypa MOXe BHKOPHCTOBYBATHCS Ul ITONAJBLIOTO
(dopmyBaHH: 3aranbHO iHpopMamiiiHoi cuctemu Bu3HaueHHS KIb opraniza-
Iii.
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KIBEP-CUTYAIIMHA OBIBHAHICTb:MOJEJIb
KOJIEKTUBHOTI'O JOCTYITY 1O IHOOPMANIMHUX
PECYPCIB

B.B. Hexaii, O.0. ApyxuHin
Yepuiziecokull HAYiOHATLHUL MeXHON02IYHUL yHieepcumem, Ykpaina

3pocTarounii 1 eBOIOLIHHII XapakTep KibepaTak i 3arpo3 B KOMIT'TOTep-
HUX 1H(OPMAIIHUX cHCTeMaX MPU3BENH 0 HEOOXiJHOCTI MOIIYKY HOBHX
migxoniB 1 MeToAiB 3axucty inpopmanii. Y 1995 poui Oyna omy6nikoBaHa
CTaTTs KepiBHHMKa fociigHuipbkoro minposaity [IBC CIHA Muka €uncii
(Mica Endsley) [1], ne 6ymo HaBemeHO 3aranbHe BU3HAUCHHS MOHSATTS 00i3-
HAHOCTI TIPO CHUTYAIlil0, SIKa ONMMCYETHCS HACTYIHUM YHHOM: CIIPUHHATTS
€JIEMEHTIB CepeIOBHIIA B 00CA31 Yacy i MpOCTOPY, PO3YMIHHA iX 3HAUCHHS i
MPOEKTYBaHHS IX CTaHy Ha MaiOyTHe. 3aCTOCYBaHHs JaHOI KOHIIETILIT MOKe
BH3MBATH 0araTo Cymepeyok B 00JIacTi 3aXUCTY iH(opMaIlii, are ogHIM 3 0c-
HOBHHX aCHCKTiB CHUTYaIlifHOI 00i3HAHOCTI € 1 IWHAMIYHICTh, TOOTO 31aT-
HICTh CBO€YACHO pearyBaTH Ha HOBI 1 MiHJIHMBI MOJEIi 3arpo3, mo 3Hax0-
JIUTBCSI B MPSIMOMY TPOTHPIUYi 3 MapajurMo0 KJIACHMYHOI iHpopMaliiHol
Oe3rexy, sika CX0)Ka Ha «CTaTHUHY (DOPTELIo», sSIKa 3aXUILeHa TPAHULI THUMH
METOJIaMH1 3aXUCTy: aHTUBIPYCHI IporpaMu, OpaHamayepH, aBTOpH3alisi Ko-
pHUCTYBauiB, pe3epBHE KOMIIOBAHHs 1 BIIHOBICHHS, MiATPUMKA LITICHOCTI,
mmdpyBaHHS TOIIO.

Tpangumifina cucrema iHGOpMAaIiitHOT O€3IeKH BHKOPHCTOBYE B yIIPaB-
JHHI pU3UKAMU CTAaHIAPTHUI HAOIp €IeMEHTIB yIPaBIIHHS IS TOCATHCHHS
6a3zoBoro piBHs Oe3nekn. OnHaK B AMHAMIYHUX YMOBaX BUHHUKHEHHS 3arpos,
CJIiJ] ITYKaTH HOBHH CITOCIO MOJENIOBaHHS 3aXUCTY iH(opMarlii, mo Bpaxo-
BY€ MIBUAKY 3MiHY 3arpo3. O4eBHIHO, IO BUKOpUCTaHH KoHIenii «Kibep-
yCBiToMIIeHHS cuTyarii», «Kibep-cutyamniitaa o6i3HanicTe» (Cyber situation
awareness) 3HaXOJUThCSI Ha M1 THOMI.

CrpuitHATTS, pO3yMiHHS, IPOEKIsl HIOTOYHOI CUTYaIlii Ta OLliHKa MOXKJIN-
BHX HACJIIJIKIB 1 BIJIMTOBIHOTO pearyBaHHs HE MOXe BiOyTHUCS 0e3 JroeH -
AQHAJIITHKH, aAMIHICTPATOPH, OIIEPATOPH i T.1.

B momeni M. €nacii npencTaBieHi Tpu piBHS YCBIZOMIJIEHHS CHTYAIlil,
CHPUIHSTTS, PO3YMIHHS 1 IPOEKIis, Ii3HIIIe, BpaXOBYIOUH JIIOJCHKUH (ak-
TOpP 1 BUKOPUCTAHHS KOHIEMIII cUTyamiiiHoi 00i3HaHOCTI y 3aXuCTi iH)Op-
mauii, b.Makrinecc [2] Ta C. OuBy6ika (C. Onwubiko) u T. OysHc [3] Bumi-
JIMJIM 9E€TBEPTHH PiBEHB - TO3BLIL
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Pigensv 1. Cnpuiinammasa. Ha nipoMy piBHI, aHATITHKHA iHQOpMALiHHOI
0e31eKkn BUSBILIIOTH MOKIIMBI YPa3UBi MICII B CHCTeMi 3axucTy iH(popma-
1ii, e mependavae BUKOPUCTAHHS 1HIMBITyaTbHUX 1 HE3aIEeKHHUX IHCTpyMe-
HTapiiB U1 MOHITOPHHTY Mepexi. Ha piBHI cnpuiiHATTSA, iHpOpMaLis mpo
cTaryc, aTpuOyTH i JHHAMIKY BiIMOBITHUX 3arpo3, K 3 00Ky BHYTPIIITHHOTO
TakK i 30BHIITHHOTO CEPEIOBHIIA, JO3BOIISIE PO3IIUPUTH Kitacupikamiro iH(po-
pMarlii B 3Ha4UMI YSABJICHHS, SIKI € OCHOBOIO JIJIsl HACTYITHUX PIBHIB: PO3Y-
MiHHsI, TTpoekuil i mo3Bouy [4].

Pigens 2. Pozyminna. Ha upoMy piBHI aHaimiTuku iHpopmauiitnoi Ges-
MIEeKH BUKOPUCTOBYIOTH sl IHCTPYMEHTIB, METO/IB, [UIs arperyBaHHs, aHa-
T3y, y3arajdbHEHHS 1 3iCTaBJICHHsI OKPEMHX YacTHH JJOKAa3iB 3arpo3 Ta BTPY-
4yaHb B iHpOpMalLiiiHy cuctemy. TakuM YMHOM, PO3yMiHHS IIPEICTABIISIE CO-
0010 creHapill TOTOYHOI CUTYaIlii SKAH peani3yeThCcs IMULIXOM BU3HAYCHHS
3HAYMMOCTI OTPUMAaHHMX JI0Ka3iB BTPy4YaHb Ta 3arpo3, o Mi/UIraloTh MOHi-
TOPHHTY.

Pigens 3. Ilpoekyia. Ha poMy piBHI eKCIICPTH 3 MUTaHb iHPOPMAaLiHHOT
0e3IeKku MPOTHO3YIOTh MOKIIMBI METOIM 1 B aTak Ha iH(OopMaIliifHy cuc-
TeMy. 3[aTHICTh aHANITHKA 3pOOUTH TOYHHUI MPOTHO3 HAa MailOyTHE MOXKe
OyTH mi/IBUILIEHA 32 paXyHOK BUKOPHCTAaHHS MOTY>KHUX CHCTEM MOHITOPUHTY
1 TEXHOJIOTIH, sIKi 3/aTHI BUSABUTH 1 mepea0avYnTH 3aKOHOMIPHOCTI BHHHK-
HEeHHS MaiOyTHIX MOiH, SK IPUKIIaJ, BUKOPHCTAHHS CUCTEMH PaHHBOT'O 0~
NepeHKEHHS, 110 JO3BOJIMUTH TOJIMIINTH [UIAHYBaHHS 1 BUKOPUCTaHHS IPO-
(UIAKTHYHOTO KOHTPOJIIO JUIsl 3ar100IraHHsl MOXKJIMBUX CHTYAIIH.

Pisens 4. /lozein. Ha npomy piBHIi (paxiBii 3 iHpopMaIiitHOT Oe3mexu Mo-
KYTh PEKOMEHYBaTH 1 31 ICHIOBATH a/ICKBATHUI KOHTPOIb i MPUIMATH Bi-
JTOBIHI KOHTP3aX0, HEOOXiTHI U1 3MEHIICHHS YH YCYHCHHS PU3HKIB,
MOB'sI3aHUX 3 (PYHKI[IOHYBaHHSAM KOMIT FOTEPHHUX iHQOPMAIIITHAX CUCTEM.

Mognens iHopMaIiifHoi Oe3mekH, sKa € GpopMaTbHIM BUPAKCHHSM ITOTi-
TUKH Oe3neKkH (MaTeMaTHYHe, CXeMOTEXHIYHE, allTOPUTMIUHE TOIIO), BKIIIO-
4yae B cebe BUOIp 1 00IpyHTYBaHHs 0a30BUX MPHHLUIIB apXiTEKTYpH 3aXH-
IICHUX KOMIT'FOTEPHHUX CUCTEM, 1110 BU3HAYAKOTh MEXaHI3MHU peatizarlii 3aco-
01B 1 MeTOAIB 3aXUCTy iHpOpMaIllii, Ha OCHOBI iH(YOPMaLIITHUX TIOTOKIB Yy CH-
cTeMi.

BusnadyeHnHs iHpOpManiiHUX MOTOKIB y KOMIT IOTepHi iHpopManiiHii
CHCTEMi MOHA 3[IHCHUTH HA OCHOBI CY0'€KTHO-00'€KTHOT MOJIEIi KOMIT'FO-
TEPHOI CHCTEMHU B MEXaHi3Max 1 Iporecax KOJIEKTUBHOTO JIOCTYILY /10 iH(poO-
pMariiiHuX pecypciB 3anpornoHoBaHoio npodecopom Iaiinamakinum M.O.
[5].

OCHOBHUMH TIOJIOKEHHSIMH CY0'€KTHO-00'€KTHOI (popMaltizarii KoM 'to-
tepHux cucteM (KC) B acriekti 6e3neku iHdopmauii €:

1. Y KC nie nuckperHuii yac.
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2.V koxeH ¢ikcoBanuii MomeHT 4acy tk KC npencrasiste coboro cKiH-
YeHHY MHOKHHY €JIEMCHTIB, SIKa TUTHTHCS Ha ABI MiIMHOKHH:

- TAMHOXHMHA Cy0'€KTIB JOCTYIY S, ImiJ AKOI PO3YMIIOTh aKTHBHY CYT-
HicTh KC, sKa MOXe 3MiHIOBaTH CTaH CHCTEMH 4epe3 3MIMCHEHHS IPOIECiB
HaJ 00'€KTaMu, B TOMY YHCIIi, CTBOPIOBATH HOBi 00'€KTH i iHIIiFOBaTH CTBO-
PCHHS HOBHX CyO0'€KTIB;

- MiAMHOXHHA 00'€KTiB gocTymy O,miJ SIKOI PO3YMIIOTh MACHUBHY CYT-
Hicte KC, nporiecu HaJi sSIKOI0 MOXKYTh B IIEBHHX BHUIJKax OyTH JDKEpPEIoM
CTBOpPEHHSI HOBUX CYy0'€KTIB.

VY mozeni nependavaeThCsi HasiBHICTD anpiopHO OE3MOMMIIKOBOIO MeXa-
HI3MY pO3pi3HEHHs aKTHBHHUX 1 MACHMBHUX CYTHOCTEH, a TaKOX Iependava-
€TBCS, IO B OYy/Ab-SIKUI MOMEHT yacy tk, B TOMY 4HCIIi 1 B TOYaTKOBUH, MHO-
JKMHA Cy0'€KTIB IOCTYITy HE OPOXKHSI.

3. Kopuctysaui KC npencrasiieHi oqauM a00 IESKOI0 CYKYITHICTIO CYy0'-
€KTIB IOCTYIIY, IO IifOTh BiJl iMEHi KOHKPETHOTO KOPUCTYBaYa.

4. Cy0'extnn KC M0OXyTh OyTH CTBOPEHI 3 00'€KTIB TUIHKH 1HIITNM Cy0'€K-
TOM (aKTHBHOIO CYTHICTIO).

AKTHBHA CYTHICTB Cy0'€KTIB JOCTYITY ITOJIATAE B IX MOKJIMBOCTI 3AiHCHIO-
BaTH MEBHI Jii HaJl 00'€KTaMH, 1110 00'€KTHBHO NMPHU3BOAUTD 10 BUHUKHEHHS
MOTOKIB iH(popManii. Buxoas4u 3 1boro, HeHTPaIbHUM HOJIOKEHHSIM CY0'€K-
THO-00'eKTHOT MoJIeNi € HacTynHe: Bci npouecu 6e3nexu B KC onucyroTbest
JIOCTynamu cy0'eKTiB JI0 00'€KTIB, 1[0 BUKIMKAIOTH [TOTOKK iHPOpMALlii, i
SIKMM PO3YMIIOTh TOBUIBHY OIEpaIlito HaJ 00'€KTOM 0j, 10 PEalti3yeThCs B
Cy0'eKTi Sm 1 3aJIEXKHTH Bij 00'€KkTa 0i. [T0TiK MOKe 3MIHCHIOBATHCS Y BUTIISI
pi3HUX omepamniii Hax 00'€KTaMH - YUTaHHS, 3MiHA, BUIAJICHHS, CTBOPCHHS
TOIIO.

Crij 3ayBayKUTH, IO TOTIK 3aBXKIH IHIIIIOETHCS (TOPOHKYETHCS) Cy0'eK-
TOM JOoCTymy. Ha 1iif mizcTaBi BBOMUTHCS IICHTPAJIbHE B TOJITHII 1 MOIEISIX
PO3MEXyBaHHS AOCTYITy MOHATTS: TOCTYIIOM Cy0'eKTa Sm 710 00'eKTa 0j — Ha-
3MBAETHCSI MOPOKEHHS Cy0'€KTOM Sm MOTOKY iHpOpMalii Mixk 00'eKTOM 0f —
i nesikuM(u) 06'eKTOM 0i.

dopMaiibHe BU3HAYEHHS TOHSTTS JAOCTYIy /A€ MOXKJIHMBICTh 3aCO0aMH
Cy0'eKTHO-00'eKTHOI MOZENI MeperTH Oe3MocepeIHbO A0 OIKCY HPOLECIB
6e3nexu indopmariii B 3axumernx KC. 3 mi€to METOI0 BBOJIUTHCS MHOXKHHA
noTokiB P ams Beiei cykynmHOCTI (hikcoBanmx nexommo3utiin KC Ha cy6'extu
Ta 00'€KTH B yc1 MOMEHTH Yacy (MHOxwHA P € 00'e JTHAHHIM NOTOKIB 3a BCiMa
MoMeHTamH dacy ¢yHkuionysanus KC).

3 TOYKH 30py HpOLECiB OE3MEKH, 110 TPAKTYIOTHCS K CTaH 3aXHIIEHOCTI
iHpopmanii B KC, MHOXMHa 1TOTOKIB P po30nBaeThcs Ha JIBi HENEpECivHi Ii-
JIMHOXHUHU PN i PL:

P =Py P,
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PPN =0,

ne, PL — MHOXKMHA TIOTOKIB, 110 BUKJIMKAIOTHCS JIETAIbHUMU (Oe3rey-
HUMH) JOCTYIIAMU;

PN — MHOXMHA HeOe3neuHnx notokis B KC, mo nopymyoTs cTaH 3a-
XHIIEHOCTI iHpopMaii (KoH(Di1IeHIIHHICTh, UTICHICTD, JOCTYIHICTH iH(OP-
Mallii ToImo).

Ha ocHOBi MHOXHHH NOTOKIB TA€THCS IIOHATTS, IKE CKIIAJa€ OCHOBY
(opmairizarii MONMITHKA PO3MEKXYBAHHS JOCTYILYy B MOJEINAX OC3MeKH: mpa-
BUJIa PO3MEXXYBaHHS JOCTYITy CYO'€KTIB 10 00'€KTIB € (hOpMabHO ONMCaHi
MIOTOKH, IO Hajie)xaTh MHOKMHI PL. JlaHe BU3HAueHHs 3aBEpLIyE OCHOBHI
TMIOJIOKEHHS Cy0'ekTHO-00’ekTHOT Moieni KC, Ha MeToonoriyHoMy miarpy-
HTI K0T OYAy€EThCs OLIBIIICTE MOJEIEH PO3MEXKYBAHHS JOCTYILY, IO BUpa-
KAIOTh MiIXOIH, TPUHIMIIK 1 MEXaHI3MU HPaBHJI PO3MEKYBaHHS JAOCTYILY
(ToMiTHKY pO3MEXYBaHHS IOCTYITY), @ TaKOX (popMalbHi iX crermdikamii
(cami MozeIni pO3MEXyBaHHS IOCTYITY). 3 OTJISAAY Ha Te, IO JaHEe BU3HAYCHHS
HE KOHKPETH3YE 1 He IeTallizye KOHKPETHUX MeXaHi3MiB (inbTparii mOTOKIB
Ha HeOe3MeuHi i Oe31eyHi, MOXKHa TOBOPHUTH, IO Cy0'€KTHO-00'€KTHA MOJIEITH
KC inBapianTHa mono 6yap-skoi npuitaaToi B KC momiTuku 6e3nex.

TakuMm 4rHOM, OCHOBHI acmekTn Oe3mneku, Oyap To (izmyHa Oe3reka
abo xibepOe3neka, noiAraloTh y KoHtpoui pocryny no KC, moHiTopuHry
OTOYYIOYOTO Cepe/IOBUIIA | TOBUHHI 3a0e3MeuyBaTH pearyBaHHs Ha BUIIaIKU
HECaHKI[IOHOBAHOTO JIOCTYITY.

VY HoBiit napaaurmi indopmariiina 6e3nexa Moxke OyTH NpecTaBiIeHa
SIK CUTYyaliliHa 00i3HaHICTh PO OTOUYIOYE CEPEIOBHUIIE 1 aIeKBaTHE peary-
BaHHS Ha PIBEHb BUSBIEHOI 3arpo3H.

Curyauiiina o6izHanicte B Cyber Security € ve sikuii-HeOyabp OJUH
MpoAyKT — 1e (imocodis, ska MOBUHHA OYTH peayi3oBaHA ILIIXOM PO3yM-
HOT'O BUKOPUCTAHHS METO/IB 1 MPOIIECIB, SKi OXOIUTIOIOTH MEpexy iHpopma-
LIITHUX CHCTEM.
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TIBPUIN3ALISI KOHIENTYAJBHOI MOJIEJI JJIST
®OPMYBAHHSI CTPYKTYPH BA3U MOJEJIbHUX 3HAHD

LA. XKupsixoBa
Yepkacokuil HayioHanbHul yHieepcumem imeni boedana Xmenohuyo-
Koeo, Ykpaina

C.B. T'ony6
Yepracvkuil 0epocarull mexHoI02iuHull yHisepcumem, YKpaina

HaBkonumHiii cBiT HATOBHEHUH Pi3HOPIAHUME 00'€KTaMH 3MiHa BIIACTHU-
BOCTEH SKMX BiZOOpaXkae CTaH KOXHOTO 3 HUX y BU3HAUCHUH MOMEHT 4acy.
Tomy #ioro BimoOpaxxeHHS B CTPYKTYpi 0a3u 3HaHb sl OyAb-AKOi iHTEIIeK-
TyaJbHOI CHCTEMH Ma€ BPaXOBYBaTH OCOOJIMBOCTI HOTO €BOMIOLIITHOT 3MiHU
y 9aci, peICTaBICHOI Y BUIIIAI JIHIHHO yIIOPSAIKOBAaHOT MHOXXHWHHU CTaHIB
Horo 00’eKTiB, sIKa XapaKTEPU3YEThCs HESIBHICTIO Ta 0araTOBHMIpPHICTIO.
OTxe, Npy NPOEKTYBaHHI 0a3u 3HaHb iICHYE HarajbHa IpoOJieMa, sika oS-
rae B ToMy, 00 copMyBaT KOHIENTYaIbHUI 0a3uC, SKUH B TOAAIBIIOMY
MOHa 0yJI0 6 BUKOpUCTATH JJIsl CTBOPEHHS ONTUMaJIbHOT crienudikariii iH-
TENEKTYaJbHOI CUCTEMH.

B mmpokoMy ceHci KOHIENTyajabHe MOZIETIOBAHH NpU3HAUeHe i (o-
PMAaJBHOTO ONKCY BUOPAHUX SBHIIl OTOYYIOUOTO CBITYy B IIPOIIECI iHTEIIEKTY-
IFHOTO MOHITOPHHTY 3 METOIO OKPAIIEHHS iX CHIPUHHATTS. B fioro ocHOBI
JIeXKHUTh 1H)XKEHEpisl OHTOJIOTIH, sKa NMpHU3HAYeHA JUIsS NPOEKTYBAaHHSI, Kepy-
BaHHS | BUKOPHUCTAHHS CTPOTO THII30BAHUX JIOTIYHUX CTPYKTYP B paMKax
Apa IHTeIeKTyaIbHOI cucTeMHu. 7151 MoOyA0BH CEMaHTHYHO 3pO3YMIIHX 3a-
CTOCyBaHb 06a3M 3HaHb, OHTOJIOTI] MOTPeOyIOTH ribpunu3anii. OHTONOTI] T16-
PUIN3YIOTECA B paMKaxX BapiaHTiB BUKOPHCTAHHSI, BU3HAYEHUX OOJACTIO X
3actocyBaHHs [1].

Beeaemo psn Bu3HaueHb. 3HAHHS — I1€ BIIOMOCTI TIPO TEHJEHIII1, sIKi 30e-
piratoTecs y ¢hopMi KOHIENTIB ((akTiB) Ta MexaHi3MiB (aITOpUTMiB) hopMy-
BaHHs BUCHOBKIB (TIporiexyp BUBOAY). KoHIIENTH MOXHA PO3AUINTH Ha TIO-
YaTKOBi, BCTAHOBJIEHI €KCHEPHUMEHTAIBHO 1 Ti, 110 MICTATHCA B YUCEIBHUX
MacuBax BXiJHHX JJaHUX. BoHN HesBHI i OTpeOyIOTh yTOYHEHb, TOMY MalOTh
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OyTu mepeTBopeHHi y popmy Mozerneii. Lli Mmogeni MiCTHTUMYTH iH(pOpMaIifo
— BiJOMOCTI ITPO BJIACTUBOCTI 00'€KTiB MOHITOPHHTY Y (hopMi 3aJIeKHOCTI I10-
Ka3HHUKIB CTaHIB BiJl YNCENBHUX XapaKTEPHCTUK 30BHIIIHIX Ta BHYTPIITHIX
BIDTMBOBHUX (akTopiB. TakuM 9nHOM (POPMYy€ETHCS HIKHS CTpaTa riodainbHOT
¢yHKIioHaNRHOI 3anexHOoCcTI (I'D3) 6a3u MmoxenpHUX 3HaHb (BM3). Ctpara
BH3HAYA€ PiBEHb COPHUHAHATTSA (Bil HAUTIPOCTIMIOTO 1O OiNBIN CKIIQJTHOTO) Ta
CKJIQIHICTh C(OPMOBAHUX 00pas3iB [yist 00 €KTIB MOHITOPUHTY B CYKYITHOCTI
3 JIOKaJIbHUMH 3a/la4aMH piBHS MOHITOPHHTY. JlaHi — 1ie pe3yspTaTH Henepe-
PBHHX CIIOCTEPE)XEHb 32 3aJaHUMH XapaKTePUCTHKaMH 00'€KTiB MOHITOPH-
Hry. Bonu 36epiratorbest y Gpopmi 6a3u qaHux — ojHi€el abo KITbKOX, MOB'S-
3aHUX MK CO00I0, IBOBUMIPHUX TaOJIMIb, SIKI MICTATh XapaKTEPUCTUKH 00'-
€KTIB MOHITOpPHHTY. [H(pOpMaIist — 11e BiJOMOCTI PO BIACTHBOCTI 00'EKTIB.
3a3Buuaii iHpopmaris icHye y ¢popmi Mozenel, mo iIeHTHDIKYIOTh 3aJexK-
HOCTI TIOKA3HUKIB CTaHIB BiJl XapaKTEPHUCTHUK 30BHIITHIX BILIUBIB.

OTxe, 3HaHHS — 1€ BIIOMOCTI IIPO TEHACHIII1 Ta 3aKOHOMIPHOCTI B32aEMO-
Iii, axi icHyroTh y popmi ['D3 — iepapxiuaoro moegHanHs Moaeneii. CTpyk-
typa ['®3 crpatndikoBana. KoxxHa cTpaTa HoexHy€e MOJENI, IO PO3B'SI3yIOTh
JIOKaJIbHI 3a7ja49i OJHOTO PiBHS MOHITOPUHTY. CTPYKTYpa CTpaTH iepapxigHa.
Iepapxist B Mexxax ozHiel cTpaTté Moxke OyTH BEpTHKaJIbHOI, TOPH30HTAIIb-
HOI0, TOpUAHOI0, 3 3BOPOTHIMH 3B'sI3KaMH. lepapXxist cTpaT — BepTUKaJIbHA,
ribpuHa Ta i3 3BOPOTHHMH 3B'SI3KAMU.

Tomy, BM3 moxe noeanyBati o1y abo KinbKa riio0aabHuX (GYyHKIIOHA-
JIbHUX 3aJISKHOCTEH Ta 3aJIS)KUTD Bill 3MICTY INI00abHOT 3a1a4i MOHITOpH-
HTY, sika OPMYETHCS 0c00010, IO MPUHMAE PIlIeHHs, HA OCHOBI MOHITOpPH-
HTOBHX JIaHUX.

Sxmo it 3a0e3nedeH s 3HAHHAME MIPOIIecy MPUHHATTS PillleHb HeoOXi-
JTHO OTPUMATH PE3yNbTaTH MOHITOPUHTY IPOIECiB Ta 00'€KTIB i3 KUTBKOX
npeaMmeTHUX obnacreit, BM3 Oyne mictutu kinbka @3 ta MmeToawm i 3acodu
KOOpAMHAII IX BUX1THUX JAHUX, 8 TAKOK IHTEPIPETAIIIFO pe3yabTaTiB iX B3a-
eMoil.

3Ba)kaloyM Ha MpEAMET JOCHIDKEHb aBTOPIB MO CTBOPEHHIO 3arajibHOT
MeTooJ0rii mpoekTyBanHs: BM3 st Oyib-sk01 npeAMeTHOT 0071acTi, SIK HO-
Bo1 (hopmu 37100yBaHHsI, popMyBaHHs Ta 30epeKeHHs 3HaHb, aBTOPAMHU, TPO-
MIOHYETHCS 32 PAXyHOK TiOpHan3aIii KOHIENTyaJIbHOI MOAENI MOKPAIIUTH
TIiIX1/T 10 BUBOIY Ha OCHOBI IpaBmJI Ta (PaKTiB 3a paxyHOK (hOPMYBaHHS IS
MIPaBUJI MPUYHMHHO-HACITIIKOBHUX OI[IHOK, IIEPEBIPKH BiIIIOBIIHOCTI Ta Jiar-
HOCTYBaHHSI XUOHUX CTPYKTYp, @ TaKOXK BCTAHOBJICHHSI B32€EMOIIOB’SI3aHUX
¢axriB. PosristHemo 1i nokmnagsine.

Hexaii npemMeTHa 00J1aCTh CKIIAA€THCS 3 MHOXKIHHA 00’ €KkTiB O, sIKi B3a-
emMopitoTh Mixk coboro. Toxi koprex (D, R) — 11e excreHcioHanbHa pernsiiina
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CTPYKTYpa, e D — MHOXKWHA, SKa HA3UBAETHCA IOMEH (YHIBEpCYM), IKAH Mi-
CTHTH TIEBHY MiAMHOXHHY 00’ekTiB O, a R — MHOXHHa BigHOIIEHH Pi3HOI
apHocrti Ha D.

ITix cucremoro S, 110 i ABIATHME 0000 3araibHy KOHIIETITyai3arlito 0y-
JIEMO PO3yMITH YaCTHHY HABKOJHUIIHBOTO CBITY (IIpeaMETHY 00JacTh), SKY
MH HaMaraeMoch JOCIIIHTH 1 sSKa TIpy IIEBHOMY DiBHI JeTaji3alii cripuiiMa-
€TBCSl ar€HTOM, 30BHILIHIM MO BiJHOIIEHHIO JI0 CUCTEMH, y BUIJISAI CYKYII-
HOCTI 3MiHHUX, OTPUMaHHX B PE3YJIbTATI CIOCTEPEIKEHHSI.

HaBxonuuHiii cBiT — 1ie JTiHIHHO yrnopsiiIKoOBaHa MHOXHHA cTaHiB W, sika
BioOpaxae eBomowito cucremu y uaci. [lo BigHomenHo 1o S ctan W B
SIKOMY 3HaXOJHUThCSI HABKOJIMIIIHII CBIT — I1€ YHIKaJbHI 3HAYECHHs 3MiHHUX,
SIK1 CIIOCTEPIraroThCs, 1 XapaKTePU3YIOTh CUCTEMY.

Toxi iHTeHCIOHANEHUM BimHOIIEHHAM p™ apHocti n Ha (D, W) € ¢yHK-
uiero p™: W — 2P " i3 MEOXHHE W Ha MHOXXHHY YCIX N-apHUX €KCTEHCiOHa-
JBHUX BifHOMIEHb Ha D.

OTxe, iIHTEHCIOHANBHA pelisiliiiiHa cTpyKTypa — 1e Tpikika (D, W, R"), ne
R’ — MHOXMHA IHTEHCIOHAIFHUX BimHOMIECHD MiXK O. SIKII0 BBaXKaTH, 110 YHA-
PHI BiIHOIICHHS HE3MiHHI, a OiHapHI 3MIHIOIOTECS, TO MOXHA CIeIH(]iKy-
BaTH IHTCHCIOHANBHI BiHOUICHHS, K (yHKUii. ToMy iHTeHCiOHaNBHA cIie-
mudikaris — e pakTHIHO BHOIp MOBH 1 0OMekeHHS 1i iHTepIIpeTarii -
XOM BBeJICHHs HA0Opy IpaBmII (aKcioM). A OHTOJIOTISA — IIe MHOKHHA aKCioM,
MpU3HAYCHA AJISI IPECTaBJICHHS JIMIIE THX MOJEINEH, SKi BiIIOBINAIOTh BU-
3HaYeHI{ KOHIENTyai3allii.

Toni, sixkmio L — MoBa niepiioro nopsiaxy 3i cinosapem V i S=(D, R) — ekc-
TEHCIOHAJIbHA pellsilliiiHa CTPYKTYpa, TO €KCTEHCIOHaJbHA CTPYKTYypa Iep-
moro nopsiaky (moxens L) — ne kopresxx M=(S, 1), ne I — ¢pynkuis excreHci-
oHaJbHOI iHTepnpeTamnii [:V—DUR, ska BimoOpaxae cuMBodi cioBaps V B
D a6o R.

Sxuro L — moBa nepiioro mopsiaky 3i cioapem V i C=(D, W, R’) — xoH-
LernTyani3alis, To/i, IHTeHCIOHAIbHA CTPYKTYypa IIePILIOro MOopsAKY (OHTOJIO-
riuHe cmiBcTaBieHHs) — 1ie koprex K=(C, 1), ne I’ — pyHKIis iHTEeHCIOHAND-
Hoi iHTeprperanii I':V—DUR', sika BimoOpaxae cumBoiu cioBaps V B D abo
R'.

OTxe, TaHUK TiJIXiJl YCHIIIHO MOYKHA BUKOPHUCTOBYBATH JUISI OOYIOBH
3arajbHOl CTPYKTYpH KOHIIETITIB B CHCTEMaX MIATPUMKH MPUUHSITTS yIIpaB-
JHCBKHUX pilleHb, fKi 0a3ylOThCS Ha MOJICIBHO-OPIEHTOBAHOMY IIJIXOMI.
CyTb mizxoay nossirae B o0y0Bi abCTpakTHOI MeTaMo,1elli B3a€MOIIOB s13a-
HUX KOHIIENTIB (OIKCY€E CTPYKTYPY 1 MPUHIMIT Jii iHIIKMX Mojeneil B BM3)
Ta 0OMiHY MeTaJJaHIMH MIXK HElo Ta OararornapaMeTpuIHUMH OO0YHCITIOBAIIb-
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HUMH MOJEIISMH, SIKi KOHCOJIAYIOTh 3HAHHSA, IUIIXOM roegHanHsa [ @3, cdo-
PMOBaHUX B paMKax Pi3HOPITHUX NMPeIMETHHUX obnacTel. Takoxk, e miaxis
JacTh MOXKJIMBICTH YHi(iKyBaTH Imporec CTpyKTypHOi imeHTH]iKamii ['D3,
IUITXOM MEPEBIPKH iX BiAIMOBITHOCTI 3aaHil CTPYKTYpi KOHIETITIB AJIS 3Me-
HIIIEHHS HEeMapKOBAHOI YaCTOTH MOMMIIOK, 3aBISKH aHAIII3y HMOBIpHOCTI IO~
PYIICHb OHTOJIOTII.

Ha puc. 1 npezncraBieHo 0J1H 3 MOXIIMBUX CIIOCOOIB BIATBOPEHHS T'i0-
puau3aii 3araypHoI crienngikarii KoHIenTyati3anii.

Baza modensnux snansy Cnpuiinammsa

Onmonozis npeomemnoi oonacmi

Mooeni ¢ pamkax onmonozii

Hagxomuwuniit ceim

Mosa L 0=(D, W, R") Konyenmyanizayis
Excmencionansna Inmencionanona
inmepnpemayin: inmepnpemayis:
I: V-DULR I': VoDUR'
Puc. 1. Crnenudikanist koHuenrtyaiizauii 0yabp-skoi npeaMeTHoi oba-

CTi.

IHTeHciOHANbHA THTEpIpeTallis 3a3Buyaii POPMYyeThCSI HA OCHOBI TOMO-
TeHHHX Ta TeTePOreHHNX BUOIPOK XapaKTEePHCTHK OJHOPIIHUX 200 HEOHO-
pimHAX 00’€KTiB 3 MHOXHHHU 00’ €KTiB O. Y BUIAIKy OJHOPITHOCTI 00’ €KTIB
JlaHi He MOTPEOYIOTH MOMEPEeTHBOI 0OPOOKH, 1HAKIIE — CJIiJ] BAKOHATH iX ITO-
JIiJT Ha KJIaCTEepH 3T1THO OHTOJIOTIYHOTO 06a3nCy, JJIsl yTBOPSHHS TOMOT€HHHUX
BHOipok. Ha ocHOBI roMOTeHHHX BHOIPOK B ITOAATBIIOMY OyIe OPMYBaTHCh
iepapxiuHa cTpykrypa ['®3 okpemux cTpar, sIKy CIiji po3IiIsiIaTy K 3a1ady
IHTEpIOJISILi Ta eKCTPArNoJIsIii, KOJM 32 eMIIPUYHUMHU JAaHHUMHU MOTPIOHO
3HAMTH QYHKIIOHATIBHY 3aJIe)KHICTh 32 SIKOIO 3 JOCTaTHHOK TOUHICTIO MOYKHA
BU3HAYUTH 3HAUEHHS CTaHy JIOCIIPKyBaHOTO 00’€KTa MOHITOPUHTY B JIOBi-
JIbHI MOMEHTH 4acy BiJ| YUCEIbHUX XapaKTEPUCTUK 30BHILIHIX Ta BHYTPIllI-
HiX BIUTMBOBUX (haKTOPiB.

Amnani3 indopmarii mo chopMOBaHUM MacHUBaM BXiJHUX JTaHUX HA OCHOBI
MoJiesiell CTBOPEHUX 38 TOMOT€HHUMH BHOIpKaMK Oy/1eMO pO3IIIsIaTH SIK iH-
JTYKTHBHUI CHHTE3 3HaHb, L0 PEali3yeThCsl B PE3YJIbTATI aBTOMATHYHO] Te-
Hepauii knacudikaniiinoi 6ararornapaMeTpuYHOI MOJIENI Ha OCHOBI cIiemia-
JILHO MATOTOBJIEHUX TECTOBHX (HaBYAJIbHUX) BUOOPOK.
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CEKIIA 4
CYYACHI ACIIEKTA MATEMATHYHOI'O TA
IMITAIIAHOI'O MOJEJTIOBAHHSI 3PA3KIB TEXHIKH
CHELIAJILHOI'O IIPU3HAYEHHS



V]IK 519.8

PO3POBKA MATEMATHAYHOI MOJIEJI TIPOBJEMHU
OIITUMI3ZAIII MAPIIPYTIB I'PYIIA BIIJIA 3A HAABHOCTI
JEKIVIBKOX JEITO

JL.® . I'ynssaunbKuit
Tucmumym kibeprnemuxu imeni B.M.Inywxosa HAH Vkpainu

B ocTanHi poku 4iTKO BU3HA4YMIIACs TEHICHLIS 10 PO3LIMPEHHS cdep BU-
KOpHUCTaHHS OE3MIJIOTHUX anapariB, 30KpeMa, Oe3MiJIOTHUX JIITaJbHUX ara-
pariB (BILJIA). CBiToBHIi JOCBiA pO3BUTKY O€3MIOTHOI aBiallii, mepiu 3a Bee,
y TakMx po3BHHEHHX KpaiHax, sik CIIIA, Himewyuuna, [3pains, nmokasye, mo
BITJIA B HaitOnmxyi 10-15 pokiB 3MOKYTh BUKOHYBATH OLIBIIICTh 3aBJaHb,
SK1 BUPIITYIOTHCS HUHI MUIOTOBaHUMH 3aco0amu. Yike 3apa3 BITJIA Buxopu-
CTOBYIOTBCS JUISl KOHTPOJIIO TEXHIYHOTO CTaHy, O€3MeKHn Ta mpouecy QyHKI-
OHYBaHHSA Pi3HUX 00'€KTIB i CUCTEM, 30KpeMa, B €KOJIOTii, CLIIECEKOMY UH JTi-
COBOMY T'OCITOJTAPCTBI, Ha 3aTI3HUYHOMY TPAHCIIOPTi, TIPH OpraHizaIii Mop-
CBKUX IOITYKOBO-PATYBAIRHUX OIepamiif; Bce OLIbII cyTTeBY poib BITJIA
BIZIIrparoOTh 1 y BIHCHKOBHX 3aCTOCYBaHHAX [1].

PosrnsmaeTbes cnenianbpHa nmpodaema mapiupytusanii rpynu BITUIA, ne-
pel SIKUMH CTOITh 3aBJIaHHs BiABIJATH 3a/laHy MHOXHHY 00'€KTIB (TOUOK Ha
MICIIEBOCTI) Tak, 1100 BCi 00'€KTH OyiM BifBifaHI B TOYHOCTI JIMIIE OJHUM
BITJIA, npuuomy BITJIA MOXyTh CTapTyBaTH Ta NPU3EMILITUCS Y ACKUIBKOX
MyHKTax (JIero).

Oco0a1BOCTI MOCTAaHOBKH MOJIATAIOTH B TOMY, 110!

- nist koxkHoro BITJIA 3anaeTbest 3HaU€HHS, L0 XapaKTepU3ye NOJbOTHUM
pecypc i B pa3i BUuepIyBaHHS IIbOTO pecypcCy anapar OBHHEH ITOBEPHYTHCS
B JIOBUIbHE JIETIO Ul HOTO MOMOBHEHHS, 100 NMPOIOBXKUTH BUKOHAHHS 3a-
BIAHHS;

- BITJTA MOXyTh CTapTyBaTH i MPU3EMIIATUCS, BUKOPHCTOBYIOUH Pi3HI
JIeTIo, TPHUB'A3Ka 10 SKUX BiAOYBA€ThCS B XOJ IUIaHYBaHHS BUKOHAHHS 3a-
BIIaHHSL.

Bumaraetscs 3naitn Mapupytu BITJIA MiHiMansHOT cyMapHOi TOBXKUHH
3 MOJKJIMBOIO MIHIMI3aII€IO TX KIJTHKOCTI.

Po3B'ss3yBaHHs 337241 PO3AUIMMO Ha J1BA €TaIIH:

1) Bu3HAUEHHS Jeno st cTapTy KoskHoro BITJIA;

2) hopmyBanns mapupyTiB BITJIA 13 Bu3HaueHHX JIeT0, BpaXOBYIOYH pe-
CypCHI 0OMEKeHHSI.
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ITo3naunmo U KINBKICTH OENO, N — KUIBKICTH 00'€KTiB, M — KIJIBKICTh
BIUIA. Hexaii B={b,...,b,} — e Muoxuna neno, a Y={y1,...,yn} — MHOKHHA
00'eKTiB.

PosrnsHeMO po36HTTs MHOKUHHK Y Ha CTIeiaibHi 610KH po36uTTs Y, saxi
€ abo TOpoXHIMH, a00 6nopAOKO6aHUMY TIOCTITOBHOCTSAMHU €JIEeMEHTIB Y
(ToOTO, PO3MIIIEHHAM) 1 33I0BOJBHIIOTH YMOBAM

m -
Uy'=v,
i=1
Yiyl=@, i=j,ij=1..m.

TakuM YMHOM, TaKi CHelianbHi OJIOKU PO3OUTTS MOXYTh BIIAPI3HATHUCS
MiX cO0OK0 K eleMEHTaMHU, TaK 1 X mopsaakoM. BoHu i OyayTh BU3HA4YaTH
MTONTBOTHI 3aBHaHHS 11 KosKHOTO BITJIA: ik MHOKUHY 00'€KTIB, SIKi CIIi Bij-
BiJJaTH, TaK i MOPSIOK iX 00X01Iy.

Sxmo mouatkoBe po3mimenHs BIIJIA B memo He 3amaHO, TO BapiaHTH
MIPU3HAYCHHS MOXYTh MTOPODKYBATHCS SKCTIEPTHUM IIUIIXOM Ha OCHOBI aHa-
T3y CHUTYAIIil YU BUIIAKOBUM YHHOM.

ITicns mepioro eramy, KoJiu BijoMe craptoBe po3mimienns bITJIA, ¢pa-
rMeHT Mapuipyty i i-ro BIIJIA, moxe Oytu onucanuii Tak. Criovyarky 3a-

i i i .
JIA€THCSL BEKTOP X = (bioﬁ> ), ne bio €B,a Y - 1€ OJIMH 13 3a3HAYCHUX

. . i .
OJIOKIB PO3OUTTSI 3 YHOPSIAKYBAHHIM. 3PO3YyMiJIO, IO SIKIIIO Y =0 , TO BiJl-
noBiguuit BITJIA B TakoMy BapiaHTi MJIaHyBaHHS MapIIpyTiB HE 3a1iTHHUH.

i ) ; .
Hexaii Y = n's.., ys'), Ie yis eY,i=1.,5,a l1<s<n. s 3ano-
BOJILHSHHS YMOB Ha 0OMEXEHHS JTbOTHOTO pecypey (L0 BUMArae Imia3apsaKy

s
YM J103aIIPaBJISTHHS B JIETI0), BAKOHAEMO TaKy MPOLEAYpY: MOUYNHAIOYH 3 Y7~ ,
BHU3HAYa€MO TaKMH MaKCUMaJIbHO MOXIIMBHH MiA(ParMeHT i3 pO3TallOBaHUX

. i ) - .
nigpsaa t KoMIOHeHT X' t<s , 10 MapuipyT (bio, V' yt' ,bll) i (
bll € B — maiibmmxue 10 00'exta yt' JIETI0, 33I0BOJIBHSIE YMOBaM OOMEKEHb

Ha pecypc i-ro BIIJIA, a mpu t <'s miapparmeHT (bio, LI yt' , y»[+1I ,bl')
yKe He 33I0BOJIbHAE. [IpOoTOBKUBIIH ITI0 POTIETYPY 3 HACTYITHUMU Tiadpa-

gl . . .
IMEHTaMH, BCTaBJIIEMO B X BIANOBIZHI J€NO, OCTAHHE i3 SKUX BU3HAYa-
THMeE KiHeIlb MapIpyTy. Y pasi, SIKIIO BiJIBiIaHHS BXKE IEPIIOTr0 KOMIIOHEHTA
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s .
Y1~ He Moke OyTH pealizoBaHe, TOOTO HOAaBaHHS OYIb-SIKOTO JEMO IS MO-

BepHeHH: BITJIA HeMoKIHBe 13-3a IEPEBHUILCHHS PECYPCY, TO TaKe PO3OUTTS
MHOXXUHH Y BBa)KA€THCSI HEIPUILYCTHMHM; aHAJIOTIYHO, BOHO € HEIIPUIYCTH-

. i
MHM, SIKIIO IIPH BCTABJICHHI JENO 3aJHIIAIOTHCS KOMIIOHEHTH X', Brmo-
YEHHS SIKUX B MapIIpyT IPU3BOAMTS 10 NEPEBUIICHHS MTOJIBOTHOTO PECYpCy.
[Ticnsg ycminrHOTo 3aBEpPIICHHS TAKOTO ONPALIOBAHHS OTPHUMYEMO ITOCITi-

k(i)

L . 0. .
noBHicTh i3 1(i) enemenris, ska nounHaeTbes 3 by~ 1 3akinuyerses by

bio,bik(') e B, ne I(i)=k(i)+s+1, a k(i) — xinbKicTh J€N0, BCTABIEHUX IILIs-
XOM BHUKOHAHHsI OMHMCaHOI mporenypu. 1{ro mocaimoBHICTh, sl 3pyYHOCTI,
nosuaummo X', Tak mo mamani sBaxarumemo X' = (X', ..., Xl(i)l) .

Joxuna mapupyty i-ro BIIJIA B 1MX MO3HAYCHHSIX BU3HAYATHMETHCS
TaK:

O . ,
Z d(Xj',Xj+1'), scmmo Y # @,
=1

0—B iHmIOMY pa3i,

f(x"h=

e d(x jl /Xj +1') — BIICTAHb Mik BiZMOBiTHMME TyHKTaMH (1er0, 00'e-

KTH).
HinpoBy GyHKIIO TOCTiIKYBaHOT 3a1a4i onTuMizamii MapmpyTiB BITJIA
TOZi MOXKEMO TIOJIaTH TaK:

m .
F(X)=> f(x"),
i=1

ae X = (Xl,..., X m) — @IIEMEHT TPOCTOPY PO3B'SI3KIB 3a/1a4i, SKUH BU-
3HAYAETHCS CIIOCOOOM PO3OUTTS MHOXKHUHH 00'eKTiB Y Ta po3TallyBaHHIM
nero B.

BaxmBo BiZ3HAYMTH, 1110 IPOIIOHOBaHA MaTeMaTHYHa MOJIEIb MapIIpy-
TH3awil B SIKOCTI YaCTUHHHUX BUITAAKIB BKIIFOYAE TaKOK TaKi IOCTAHOBKH 3a-
Jlad, 10 MAIOTh B)KJIMBE NPUKJIAHE 3HAYCHHS:

1) Bei BIUIA crapTyroTh Jiniie 3 OHOTO AEMO i HOBEPTAIOTHCS B HHOTO.
B mpomy pasi 3agada MoxKe 3BOIUTHCS O BIIOMOI 3ajadi MaplipyTH3aIii
TPAHCIOPTHUX 3ac00iB [2].

2) dns xoxHoro BITJIA Bka3aHe ofHE i3 KOHKPETHHUX JETIO 13 JeKITbKOX
HasBHHX B AKOCTI MicLis CTapTy i 3aBepuieHHs Mapipyty [3].
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3) Hns xoxuoro BITJIA omHO3HaYHO 3adikcoBaHE ONHE i3 MEKIITBKOX Ha-
SIBHUIX JICTIO JUTS CTapTy, @ IOBEPHEHHS MOXKIINBE B OyIb-sKe i3 1ux mero [4].

3 iHmoro 60Ky, 3aIPOIIOHOBAHMM i IXi/ 10 (hopMatizariii MOXKe CITy>KUTH
KPOKOM JI0 pO3p00OKH MaTeMaTHIHNX MOJETICH 3a/1a4 MapIIPyTH3AIlii JIiTaJlb-
HUX anapariB y BUTIA/IKY, Koy JiTaibHi ammapatu (BIIJIA g ciemiansHi Kpu-
JIaTi pakeTu 0araTopa3zoBOr0 BUKOPUCTAHHS) 3aITyCKAIOTHCS 31 CIIEIiaTbHOTO
nitaka-Hocis [5].

BpaxoByroun CKJIaIHICTh 3a/1a4i KOMOIHATOPHOI ONTHMI3allii, 1[0 BHHU-
Kae€, 3aCTOCYBaHHSI TOYHUX METO/IIB MOJMIIMBE JIMIIE JUI MAJIUX PO3MipHOC-
teit. ToMy 1u1s 11 po3B'sI3yBaHHS AOLIJIBHO PO3POOIIOBATH HAOIMKEH] ajro-
PHUTMH, 30KpeMa, aJrOPUTMH ONTUMI3Aalil MypalMHIMH KOJIOoHisMH [6,7].
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OCOBJIMBOCTI IMITAIIMHOI'O MOJIEJIFOBAHHS ITPH
IMPOEKTYBAHHI I EKCILTYATAIIL BIPTYAJIBHUX
BUMIPIOBAJIbHUX PUJIAJIB JJISI BATIPOBYBAHD
03BPOEHHS TA BIICbKOBOI TEXHIKU

IL.JI. ApkyiieHko
B.B. bopi
O.1. Bepgeiiko
A .B. Kosanenko
Leporcasnuii Hayko60-00cnionuil incmumym eunpo0yeans i cepmu-
@irayii 036pocuHs ma GICbKOB0T MEXHIKU

[IporonomeHuii Kypc YkpaiHu Ha €BpOiHTErpallito Ta BTy B [liBHIYHO-
aTIIAHTHYHHH aJIbsTHC BUCYBA€ 10 Hel pi3Hi BUMoru. OnHI€0 3 TAKUX BUMOT
€ cydacHi 30poiiHi cmin Ta cyMmicHICTB ix apMmismu kpaiH HATO. B nanwmit
yac B YKpaiHi iHTeHCHBHO IIPOBOAUTHCS 000pOHHA pedpopma, sika Ma€e BiAIo-
BiJaTH aKTyaJbHUM moTpedaM 00OpOHM YKpaiHW, CIPHATH 3MiIHCHHIO
cupoMokHOCTeH 30poriHuX Cuil, MiIBUIIEHHIO X TOTOBHOCTI IO BUKOHAHHS
3aBJaHb 3a NpU3HaYeHHAM. B pamkax miei pedopmu, 30kpema, nepegdadeHo
“CTBOpPEHHS HOBUX Ta MOJICPHI3allisl ICHYIOUHX CHCTEM, KOMIUIEKCIB 1 3pa3KiB
030pO€HHSI Ta BiiCHKOBOT TexHiKH ...” [1] Ta “...MpUAHSITTS Ha 030pOEHHS
MPUHLIMIIOBO HOBHX 3pa3KiB, pO3POOJICHUX HAa OCHOBI Cy4acHUX TEXHOJIOTIH”
[2], a TakoXK “CTBOpPEHHS Ta BUKOPHCTAHHS MaTeMaTUYHHX MOJENeH, iMiTa-
LITHO-MO/IEJTIOI0YHX KOMIUIEKCIB. ..3 METOI CKOPOYEHHS TEPMiHIB Ta €KOHO-
Mii MaTepiaJbHO-TEXHIYHUX 1 (DIHAHCOBUX PECypCiB Ha IIPOBEJCHHS yCiX BH-
JiB BUnpoOyBaHb. .. [3].

[puiimanHs 030poeHHs Ta BificbkoBoi TexHiku (OBT) Ha 030poenHs (mo-
CTayaHHs) 301HCHIOIOTh, 30KpeMa, Ha MiJICTaBi IO3UTHBHUX PE3YJbTATIB Jep-
JKaBHUX BUIPOOYBaHb. SIKi Ha Cy4acHOMY €Talli XapaKTepu3yIOThCs ITOCTiH-
HUM 301IBIICHHSIM 00CATY W CKIIaJHOCTI BUMipIOBaHb ITapaMeTpiB (XapakTe-
puctuk) OBT, miBUIIICHHSIM BUMOT JI0 OIIEPATHBHOCTI Ta CBOEYACHOCTI BH-
MipIOBaHb, MIBUAKOII1 3ac06iB BuMiproBanbHOT TexHiku (3BT).

[Tpu npoBeaeHHI BUIIPOOYBaHb 4aCTO 3aCTOCOBYIOTh MOPAJIBHO 1 pi3MYHO
3acTapiii 3aco0u. Y psiji BHMAIKiB HEOOXiHO OJJHOYACHO BUMIPIOBATH Be-
JUKY KiTbKicTh mapameTpiB 1 xapaktepuctuk OBT. Ile Bumarae 3HagHOTO
30iIpIIeHHS HOMEHKIATypH Ta KinbkocTi 3BT mpu BunpoOyBaHHAX 3pa3KiB
OBT, TpuBayocTi Ta 00CATy BUMIipIOBaHb, (hiHAHCYBaHHS METPOJIOTIYHOTO
3abesneueHHs. st yCyHEHHsl 3a3Ha4€HHMX NpoTHpid y [lepkaBHOMY Hay-
KOBO-JIOCJIITHOMY 1HCTHTYTY BUIIpoOyBaHsb i ceprudikanii OBT na cTuky Bu-
MIpIOBAUILHHX Ta iHQOpManiHHUX TEXHOJIOTIH MPOBOAATHCS pOOOTH 3 PO3pO-
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OKM BHMOT JI0 BHUMipIOBAIBHO-iHQOPMAIIfHUX CHCTEM, Cepel SIKUX 0co0-
JUBE Micle 3aiiMaroTh BipTyasbHI BUMipioBaibHi mpuianu (BBII). Ipose-
JIeHi TOCTIHKEeHHS 3 00TpyHTYBaHHS TexHIuHOTO 00prcy BBII mix gac Bumpo-
OyBaHb JIETKOOPOHBOBAHOI aBTOMOOITBHOI KOJICHOI TEXHIKH Ta MOXKIIHMBHIX
BapiaHTIB cTBOpeHHs pekoHpirypyemoro BBII mapameTpiB Ta Xxapaxrepuc-
Tuk OBT moBiTpsHUX CHII.

BBII npencrasisie cob6oro 3BT Ha 0CHOBI yHiIBepCaIbHOTO KOMII FOTEPa,
SIKM{ OCHAICHUH TOJJaTKOBHM IIPOTPaMHUM 3a0e3NeyeHHsIM (TIPUKIa HUM 1
JpaiiBepiB) i amapaTHUMH (TexHIYHUMH) 3acobamu) [4]. [TokaszaHo, M0 TpH
CTBOpPEHHI MpUKJIaJHOro mporpamHoro 3abesnedenns (I13) BBII, B manwuii
yac, Bce Oinblia mepeBara BigaeTses crenianizoBanoMy I13, 30kpema, rpa-
(iuHOMY mporpaMyBaHHIO Ha MOBI G B CHCTEMi aBTOMATH30BaHOT'O IPOEK-
tyBarHsi LabVIEW. [Ipuknanse [13 B oMy BHMIAAKY MiCTUTH MIEPEIHIO TIa-
HeJb Ipuiiazy i O10k-aiarpamy Horo poOoTu.

BuBueHHs, aHami3 Ta y3araJbHEHHS JITEPAaTYpHHUX DKEpPEN T03BOJIUIIO
po3pobuTH y3aranbHeHY CTpyKTypHY cxemy BBII i BuminuTH 'sats BapiaHTiB
ioro peanizauii [4-10].

VY nepmomy BapianTi mig BBII po3yMitoTs KOMIT'IOTEpHY TIpOTpaMy, sIKa
Mae rpadiuHui iHTepdelic kopucTyBaya (IepeJHIO MaHelb) 1 ONKUCYE aNro-
put™ poboTH BuMiproBaua (610k-miarpamy). OcobnuBictio Takoro BBIT € Te,
10 po3po0JIcHa 1 BIATBOPEHA HA eKpaHi MOHITOpA IMPOTPAMHUM LUIIXOM TIe-
penHst maHe b MOJKe IOBHICTIO IMITYBaTH MaHe b TPaAULIIHOTO 3ac00y BH-
MiptoBaHb. [IporpamHuii iMiTatop BUMIpIOBasIbHOT 1H(GOPMAaIl CTBOPIOIOTH
Hanpukian mo [5, 6]. BBII uporo BapianTy MOXKHa BUKOPHUCTOBYBaTH IPH
BHUBYCHHI aJITOPUTMIB POOOTH 31 CKIaJHUMH BUMIpIOBaJHHUMU IIPHIIATaAMHU
3a IXHIMH iMiTaTopam; I HaOyTTS MPaKTHYHUX HABHYOK B poboTi 3 BBIT i
iX mporpaMyBaHHSM; TIpU poekTyBaHHI HoBux BBII; mpu miarorosmi daxi-
BIIIB 3 eKCILTyaTalii Ta TexHigHoro obciryropyBanHs OBT, 3maTHHX eKcIiTy-
aTyBaTH CKJIAJHI BAMIpPIOBAIGHI MPUIAIN; IPU MOJEIIOBAHHI METPOJIOTiU-
HUX XapaKTepUCTHK [6].

CxeMHO-KOHCTpyKTHBHE BiKOHaHHS BBII npyroro Bapianty aHaiori4Ho
nepiioMy. [IpHHIIMIIOBA BIIMIHHICTE MOJIATA€ B TOMY, 1[0 B IMITATOP BUMi-
proBaibHOT iH(pOpMAaIIii OHUM 3 BiJOMUX CIIOCOOIB 3allUCaHi Pe3yJIbTaTH BH-
MipIOBaHb, SIKi OTpUMaHi monepeanso. Jpyruii BapiaHT 3aCTOCOBYIOTh B THX
)K€ BHIAJIKaX, 1110 U MEPIINid, a TAKOXK JUTs BiAIPAaIfOBaHHS arOPUTMIB 00-
POOKH pe3yibTaTiB MPaKTHYHUX BUMIPIOBAHb; NMPU HEMOKIMBOCTI MiJIKIIO-
yernHs1 BBII 10 06’exTa BUMiprOBaHb.

VY BBII tperboro BapiaHty, sSIKHil iHOZ1 Ha3UBAIOTh KOMIUIEMEHTAPHUM
abo0 JIOMIOBHIOIOUNM, JIOCSITHEHHS! KOMIT IOTEPHOI TEXHIKM CIIPSIMOBaHI Ha
YJIOCKOHAJICHHSI NIPOLIECY BUMIpIOBaHb, a caMe PO3LIMPEHHS MOKJINBOCTI
BX€ ICHYIOUMX aBTOHOMHHUX IPOMHCJIOBHX BUMIpIOBaJIbHUX NpHianiB. s
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peaiizanii Ib0ro BapiaHTy BUKOPHCTOBYIOTH IPOMHUCIIOBHI BUMipIOBATbHAN
TpriIaj 31 CTaHZAPTHUM MPHCTPOEM CHOIYYEHHS 3 KOoMI IoTepoM. Po3pob-
JSFOTH IEPEAHIO TAHEeNb, 1110 iIMITy€ 30BHIIIHINA BUTIIS IIPOMHUCIOBOTO BIMi-
pIOBaNBHOTO TpHiany, a Takox I13 mms 30opy # 0OpoOKH NaHMX, IXHBOTO
TIPEICTaBJICHHS B 3pY4Hil 11 KOpHCTyBada GOpMi, a TAKOK KepyBaHHS ca-
MHUM BUMIPIOBAJIbHUM IpWIafoM. THM caMHM 0 BUMIPIOBAJIbHUX MOXKIIH-
BOCTEW MpPHUIIaay J0JAI0THCS TOTYXKHI OOYUCIIOBaJIbHI, Kepyroui i rpadiuHi
MOXIIMBOCTI KOMII'I0Tepa 1 y MiICYMKY BUXOJUTh HOBHUH BipTyaJIbHUI MpHU-
nan, sKuid Mae HabaraTo OUTBII MOXKJIMBOCTEH, HIX TPAIUIIHNHUN MpHian
[10]. BBII nanoro BapiaHTy MOHa BUKOPHCTOBYBATH JJIsl PO3IIHPEHHS cep-
BICHHMX Ta ()YHKIIIOHQJbHUX MOJKJIMBOCTEH CTaHIAPTHOTO BUMIPIOBAILHOTO
NpWIIaay; IPH BUBYCHH] ITOPUTMIB POOOTH 3 CKIIAJIHUMHU BUMIPIOBAIbHUMH
MpWIaJaMHa 3a iX iMiTaTopamMu.

BBII getBepToro i m’aToro BapiaHTIB MPU3HAYCHI Ui BUPIOICHHS MET-
POJOTIUHNX 3aBAaHb. [[pHHIMIIOBA BiIMIHHICTE YETBEPTOTO 1 I’ SITOTO Bapia-
HTIB TIOJIATAaE B TUIIAX iHTEPQEHCiB 3B’ SA3KY, AKi BAKOPHUCTOBYIOTHCS IS TIe-
penaui BUMiproBanbHOI iHpopMamii Ha koM totep. Y BBII gerBeproro Ba-
plaHTy BUKOPUCTOBYIOTH 30BHIIIHI iHTep(eiicH KOMIT I0Tepa, a B I'ATOMY -
BHYTPIIIIHI ITMHU BBOY/BHBOJIy KOMII'IOTEpA.

Po3pobnena apxitektypa BBII, sikuit B HailOLnbm CKIagHIi peamizamii
SIBJISIE COO0I0 PEKOH(IrypoBaHUil OaraToKkaHaIbHUNA OaraTOBEIMYMHHUI BH-
MipIOBay y BUIVIAII HA0OOpY NpOrpaMHHUX 1 arnapaTHUX 3aco0iB, 3 SKOTO MO-
JKHa CTBOPUTHU 3acO0M ISl BUMIpIOBaHHS pi3HHMX (izmynux BennumH. 1leit
NpoLeC CTBOPEHHs nepeadadae peKOH)IrypyBaHHS almapaTHHUX 1 Mporpam-
HHX 3aC00iB.

3anexHO BiJl MOKIMBOCTEH peKOH(IrypyBaHHS BHIUICHO TPH BapiaHTH
3actocyBanHs BBII: nepmmii BapiadT — iHCTpyMeHTanbHe [13 BifncyTHE; Opy-
ruii Bapiant — nepenbadeno inctpymenTansHe [13 CAIIP LabVIEW; Tperiii
BapiaHT — nepeadaveHo iHcTpyMeHTadbHe 113 1 MOXKITMBOCTI 3MiHH amapa-
THHX 1 IPOrpaMHHUX 3aC00iB.

ITpu 3acTocyBanHi nepiuoro BapianTy B BBII 3aBantaxyots koHpirypa-
wiiiHi ¢aiinu, ski cTBOpeHi npH npoekTyBanHi npuiany. Kopucrysaui BBIT
MOBUHHI MaTH CTaHAAPTHI 3HaHHS B 00J1aCTI 3aCTOCYBaHHS KOMIT IOTEPIB.

Hpyruii Bapiant BBII 3acTocoByroTh A1 He3HAYHOT 3MiHM KOH(pIirypamii
BBII, 1o motpi6Ho HE yacto. Tomy Taki kopuctyBadi BBII moxyTs BXxoauTn
JIO CKJIaJy periOHaJIbHUX METPOJIOTIYHUX BIHCHKOBHX YAaCTHH JUISl ITiATOTO-
Bku BBII 10 ekcruryarartii Ha 00’ektax OBT. Bonu moBuHHI MaTH OCHOBHI
3HAHHS 31 CXEMOTEXHIKHM, KOHCTPYKLIl 1 TexHiYHUX XapakTtepuctuk [1JIIC,
OCHOBHHMM KOHCTPYKIISIM 1 apajurMaM NporpaMyBaHHS; NPAaKTHYHI HaBU-
4ykH i 1ocBig pobotu 3 CAIIP, MaTeMaTHIHUME MOICTSIMH 1 METOAAMHU MO-
JICTIFOBAHHS.
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Tperiit Bapiaat BBII 3acTOCOBYIOTE TiNbKH IPH iCTOTHIH 3MiHI PO3B's3y-
BaHUX METPOJIOTIYHUX 3aBJaHb, IO TOTPiIOHO BKpal pinko. ToMy TakuX KO-
puctyBauiB BBII B 36poitanx Cmax Ykpainu HeoOXigHa oOMekeHa Kijlb-
KiCTB 1 BOHH, 30KpeMa, MOXKYTh OYTH IIpeICTaBHUKAMHU OJHIHN 3 opraHi3amii
31 cKjamy MeTpoJoriuHoi ciayx06m MinicTepcTBa 00opoHHM YKpaiHH Ta
36poitnux Crmn Ykpaiau. Kopucrysadi BBII moBunHI MaTn 6a30Bi 3HaHHS 31
CXEMOTEXHIKH, OCHOBHHM aJITOPUTMaM i MeTo/iaM 00poOKH BUMIpIOBaJIbHOT
iHpopMarlii, OCHOBHUM KOHCTPYKI[ISIM Ta MapajurM NporpamyBaHHs;, HaBH-
yku poootu 3 CAIIP i kKoMIT'tOTEpHUMH cCHCTEMaMH, PO3pOOKH MaTeMaTHy-
HUX MOJeNeH KOMIIOHEHTIB, BUKOPHCTaHHS MaTeMaTHYHUX METOJMIB MOJe-
JIFOBaHHS [IPUCTPOIB.

TakuM yuHOM, IMiTalliiiHE MO/ICIIOBaHHS aBTOMaTH3Y€E TPOLIEC IPOEKTY-
BanHs BBII i 3Mmian iX koH(Irypamii Ha pilllecHHsS HOBUX METPOJIOTIUYHHUX 3a-
BIaHb mpu BunpoOyBanHax OBT. BoHo cnpusie migBUIeHHIO e(heKTHBHOCTI
npouecy npoextyBaHHsA BBII; 1o3Bossie: MOMITHO CKOPOTHTH TEPMiHM IPO-
eKTyBaHHSI OCOOJHMBO Ha PaHHIX eTamax, KOJIW HEoOXiTHO MEepeBipUTH Me-
TOJIM 1 AITOPUTMH, 3a JONIOMOTOIO SIKHX Tepea0dadaeThcs BUPIIIATH TOCTAB-
JICHI METPOJIOTIUHI 3aBJJaHHs, BUOpPAaTH HaWKpaIlli pillicHHs 3 HassBHUX Bapia-
HTIB, @ TAKOXK OL[IHUTH XapaKTEPUCTUKH npoekToBanoro 3BT; 3Hu3uTH cxe-
MHO-KOHCTpYKTHBHE BukoHaHHs 3BT 1 iX HOMEHKIaTypy.
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DETERMINATION OF CRITERIA AND METHODS FOR
ASSESSMENT OF THE WAYS ON ENSURING ON THE WAYS OF
THE MILITARY FORMATIONS ARMING

Bilokur M.O.
Central Research Institute of Armaments and Military Equipment of
the Armed Forces of Ukraine

Maintenance of samples of weapons is carried out at the stages of their
life cycle and is carried out on the basis of coordination of actions of the
customer and the consumer with a wide range of organizations from the main
developer to the co-executors, which does not exclude the occurrence of
conflict situations. This leads to the problem of implementing the optimal
synthesis of such a complex system and does not allow to direct efforts to
achieve the extremum of the target function of the system as a whole.
Therefore, the emergence of such a problem and the existing conflicts in the
process of determining the means of providing arms to military formations is
considered as a complex organizational system, and the difficulties of direct
solution of the problem of optimal synthesis in this case are related to:

- the interconnections of a complex system (between systems of the
lower level and elements of the system);

- limited programming abilities;

- the construction of a mathematical model, etc.;

- and cause the need to find solutions to this problem.

The methods developed at present allow analytically to calculate the
technical perfection of the weapons samples that are considered for providing
military formations, as investigated when choosing for procurement or
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development.Such tasks are deterministic, but, considering costs at all stages
of the life cycle, there may be stochastic (probable ones) that can be solved
by expert methods. At present, the list and content of the source data when
choosing ways of providing weapons are not defined at all stages. Thus,
having them strictly non-formalized, the statement of the problem of
synthesis is carried out under conditions of uncertainty, which in most cases
is solved by heuristic methods, which in turn allows elements of subjectivity.

Having determined the list and content of the initial data, it is possible to
pre-implement the calculations in cost form (strictly mathematical) in the
form of expenses, having carried out the projection of expenditures at the
stage of the weapon's life cycle, and such a list to be chosen according to the
criterion of the problem of synthesis, while defining the criteria of the
restrictions, and to use these data for assessing the quality of this type of
weapons and the cost of the stages of their life cycle. Also, in case of
incomplete receipt of such data in cost form, with their partial, such an
assessment will allow to determine between the corresponding methods when
solving the problem of choosing ways of providing arms in the medium term.
Even if this method is not analytical, then the relevant statistics will help to
reduce the degree of uncertainty and subjectivism when choosing ways to
provide armed skills by expert means.
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METHOD OF UAS QUALITY ASSESSMENT BY THE
TECHNICAL DIAGNOSTIC DATA

Bashyns’ka Ol’ha
Chernihiv National University of Technology, Ukraine

Kazymyr Volodymyr
Chernihiv National University of Technology, Ukraine,

Nesterenko Serhii
State Scientific and Research Institute of Arms Testing and Certification
of the Ukraine Armed Forces, Ukraine,

Unmanned aerial systems (UAS) recently have been rapidly developing
[1] both conceptually and technically. The reason for this is they quite
unexpectedly found as effective alternative to traditional means and technical
systems in a number of areas of use.

In the pre-production period of the UAS life cycle, technical diagnostics
(TD) data are using in a wide variety of purposes [2]. At the same time, a
rational evaluation of the final quality indicators (QI) through TD requires
the development relevant means how to do this.

The aim of this theses is to describe the action sequence for assessing the
quality of UAS via the TD data to increase the validity of decisions on their
compliance with the system requirements.

In the examination process the TD data accumulate in large volumes [3],
especially when automated systems for registration primary information are
using [4]. They are not always structured enough and can be easily interpreted
not always as well. The UAS QI definition becomes possible after processing
of large data arrays only, which slows down the overall testing process. These
barriers overcoming is possible by using two approaches:

—  structuring of information entities to different semantic layers with
ensuring of correctly organized interfaces between them;

— using the modern probabilistic mathematical methods of current TD
data processing in real time. Such a mathematical apparatus is Bayesian trust
networks (BNT).

Now more and more researchers’ attention is attracted [5, 6] to the
methodology of using BNT to solve a variety of technical problems [7],
especially those related to uncertainty and the need to combine expert
estimates with numerical data accumulated in various databases.
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The analysis of the TD process and the logical connections found in it
allow us to construct a diagram of causes and consequences in determining
QI of UAS (Fig. 2).

{R} R, R, R; .. R, Diagnosys Layer

Aﬂx

{HT, I, I; .. T, Consequences Layer

2§l2§

MyM, M, M, .. My Metrics Layer

Ny

Generalization

Fig.1.Causes and consequences diagram of the TD procedure.

Thus, objects that participate in the UAS examining can be grouped
logically into the diagnostic layer {R}, the effects layer {T}, and the layer of
QI metrics {M}, as shown in Fig. 1. The matrices RT and MT act as interfaces
between these layers.

In Fig. 1 also there is the node of generalization of quality metrics G
which is not mandatory in terms of normative documents. It looks useful
technically for ensuring the possibility of final result obtaining and it can be
interpreted simply in process of results analysis. Traditionally, it is calculated
as a weighted sum of metrics M;:

G=YFK, a;M;,

where ¢ is a weight of metric M.

The sequence of determination of UAS QI according to the TD data
corresponds to the following algorithm.

1. TheR, Tand M sets must be determined based on the UAS technical
documentation and the existing regulations. Their elements determine the
course and results of the UAS assessment.

2. The matrices RT and TM are to be filled up. They determine the
structure of causative relationships in the test procedure.

3. Atestis conducted with two conditions:

a) TD is performed and by this way the results of measurements and
failures observation R become actualized;

b) the results of the T test are determined and the X-sets for each metric
of the M set become actualized,;
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4.  If necessary, the generalized index G is calculated according to the
customer’s test method.

To use the model in Fig. 1 as BNT, further it is necessary to define a priori
probabilities for each of its objects. These a priori probabilities are
determined either on the basis of the statistics of previous examinations,
and/or on the basis of expert information.

Condition (3-b) defines a slow consecutive procedure based on the RT
and TM matrices obtained in i.2. Such an approach does not pay attention to
the possibility of a logical problem decomposition, taking into account the
mutual different tests independence in the UAS structure, which belongs to
different subsystems of it. Here using BNT is proposed as a solution for this
problem.

Conclusions

Based on metrics of the UAS QI and set of TD data it is possible to con-
struct a BNT to solve the tasks for quality indicators assessment in real time
during of UAS testing.

The proposed method allows quantifying the extent to which tests are ex-
pected to be used during the assessment process. This opens up the oppor-
tunity to determine the most rational and economical test methods, which in-
clude the most significant checks that give a reliable and fast result.
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RATIONAL CONTROL OF OBJECTS WITH UNDEFINED
DYNAMICS

A. S. Kulik, V. G. Dzhulgakov
National Aerospace University «Kharkiv Aviation Institutey, Ukraine

The growth of consumer requirements for the quality of functioning of
automatic control objects is in contradiction with the growth of a priori and
aposteriori uncertainties of the conditions of their operation. Uncertainty of
conditions is caused by the action of external disturbing influences
unforeseen when designing, and also by the appearance of various internal
disturbing influences: malfunctions, breakdowns, failures, in general, failures
in the operation of hardware. The uncertainty of conditions is caused by the
action of external disturbing influences, unforeseen during design, and also
by the appearance of various internal disturbing influences: malfunctions,
failures, breakdowns, and, in general, failures in the operation of hardware.
External and internal disturbing influences destabilize the working capacity
of automatic control objects (ACO) and lead to a significant change in its
dynamics. Such impacts are essentially destabilizing effects with event
uncertainty.

Models and methods of adaptive control allow to partially resolve this
contradiction with the use of a number of plausible hypotheses about the
nature of destabilizing effects and their influence on the dynamics of ACOs
[1, 2]. For amore complete solution of the contradiction is necessary to search
for new approaches.

A productive solution of the contradiction seems to be an adaptation with
the help of ‘rational control’ principle based on a deep diagnosis of the causes
of destabilization of the ACO working capacity and its flexible recovery
according to the diagnosis.

‘Rational control’ principle is formed using a priori knowledge obtained
in the process of designing automatic control systems for objects with uncer-
tain dynamics, and a posteriori knowledge acquired during maintenance
through diagnostics [3].
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The report presents the results of research on the development of rational
control approach of ACO with uncertain dynamics due to the destabilizing
effects of event type.

Studies are based on a hypothesis about the nature of destabilizing effects

d; € D;i=1,q, corresponding to data on emergency situations of control

systems of autonomous objects.

The destabilizing effect is considered as an indefinite event, characterized
by the appearance at an unknown point in time, at an unknown location in the
ACO, with unknown properties.

To describe the processes of the influence of destabilizing effects on the
dynamics of the ACO, a new class of mathematical models has been proposed
that reflect the functional connection of direct signs of destabilization with
indirect ones.

Such models are called diagnostic functional models (DFM). The sim-
plest DFMs are models obtained using linearized representations of transfor-
mation processes in a discrete state space:

AX; [(k + 1)T0]= [Aix(kTO) +Byu (kTO)]A/li; AX; (0) = AXjy;

@
Ay; (k7o) = cax, (ko) + [ Cix(kTo FNiu(kTo) A% i = T,

where AXx; (kTo) — n-dimensional vector of deviations caused by desta-
bilizing effects d; , Ax; (kTO) eAX"; x(kTO) - n-dimensional vector of the
nominal state of ACO; x(kTO) ex"; u(kTO) — r-dimensional vector of

control  actions of  ACO, u(kTo) eU'; Ay, (kTO) -
m-dimensional vector of indirect signs of destabilizing effects available for

measurement; Ay; (kTO) eAY" ; A%, —direct signs of destabilizing effects;

C —mxn- ACO measurement matrix; A;, B;, C;, u N; — matrices of
sensitivity functions of the corresponding matrices of the nominal ACO
model by the parameter 4, corresponding to the destabilizing effect d;;

T, — quantization period, k = 1.
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With the help of DFM (1), the tasks of ACO diagnostic support are
consistently solved. The first task is to detect destabilizing effect. The second
is its localization. The third task is to identify the properties of destabilizing
effect. The obtained knowledge about the properties of destabilizing effects
are formed into production bases using two-digit predicate equations of the
form:

2 =5,{ay, (k,).0}, @)
where z; — Boolean sign; S, {} — the symbol of a two-digit predicate

function depending on the indirect feature Ay, (kTO) and the threshold value
J; .

For the formation of a logical conclusion about the diagnosis, a
dichotomous tree is used, in the nodes of which predicate equations are used,
corresponding to the sequence of solving diagnostic problems. To ensure the
efficiency of diagnosis, a dichotomous tree is balanced according to the
criterion of branch length minimization.

After receiving the diagnosis, the process of restoring the destabilized
ACO begins. Recovery of the ACO working capacity is carried out with the
help of such redundant means: signal and parametric adjustments,
reconfiguration of algorithms and equipment. For the synthesis of recovery
algorithms, the following process model is used:

Ay; [(k+1)T0 ]= RAy; (kTo) + h(p(kTo);

@)
G (kTp) = c"ay; (kTo); Ay, (0) = Ay,

where  Ay; (kTO) — vector of deviations of ACO signals caused by

destabilizing effect d; e D; R, h, ¢ — matrices of corresponding

dimensions: cp[c(kTo)] :
Lyapunov function selected in such form:

v[ ay; (ko) |= a7 (ko) Qay; (kTo). @)
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where Q = QT > 0. Such a function is definitely positive in the domain

Q and, therefore, satisfies the requirements.
From the condition of satisfaction of the first difference of the Lyapunov

function
av[kr ,(k+1)TO]=V{Ay[(k+I)76]} (5)

an algorithm is formed that ensures the asymptotic stability of the process
of ACO recovery.

The task of synthesis of recovery algorithms is reduced to the problem of
synthesis of control actions using the second Lyapunov method.

The productivity of the proposed approach was studied by computer
modelling and experiments on prototypes of autonomous aircraft.

As a result of the research, it was confirmed that it is possible to diagnose
and restore the system’s working capacity at the time of ACO transition to
the operation according of the control program, that is, even in a transient
mode. This allows to significantly saving resources of the control system.
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AND TECHNOLOGICAL FEASIBILITY OF VARIANTS FOR
AIRCRAFT MODERNIZATION
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Karpenko
State Research Institute of Aviation

The main direction of the development of military aviation of Ukraine in
the long-term perspective, as well as in the vast majority of countries of the
world, is the modernization of existing aviation fleet.

The analysis of the results of partial modernization of the military aircraft
of Ukraine shows that the such projects implementation were mainly
accompanied by exceeding the established resource indicators, over-spending
of financial resources and, in a particular case, failure to reach the increasing
of expected military-technical level of aircraft. The experience of
implementing complex scientific and technical projects demonstrates, that it
is connected, including, with the lack of evaluation of projects of
modernization on the indicator of their feasibility.

The analysis of scientific works devoted to the subject of quantitative
assessment of the feasibility of complex scientific and technical projects,
including in the field of the creation (modernization) of arms and military
equipment, shows that the relevant methods are based, as a rule, on heuristic
approaches. Very often such an assessment is generally ignored, which does
not exclude the adoption of false decisions and may lead to unreasonable
over-spending of financial and time resources. Thus, the development of
formalized methods and models for assessing the feasibility of scientific and
technical projects is an actual scientific and applied task.

The authors consider the task of determining the technical and
technological feasibility of the project (variant) of modernizing the combat
aircraft based on the assessment of the risk of integrating (complexing) new
equipment at different levels of the degree of integration of the modernized
aircraft as a complex technical system.

At the same time, the risk of integrating new units into the regular on-
board systems is proposed to be determined through technical and
technological complexity of these nodes, which is conditioned by the relative
number of implemented functional links and the number of components
(nodes) in the node.

As an indicator of the risk of integration new nodes it is proposed to use
the probability of its occurrence. The calculation of the probability of the
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occurrence of the risk of integration of new nodes is proposed to be based on
the synthesis of scientific and methodological apparatuses of the theory of
risks and fuzzy logic that allows estimating the probability parameter of a
certain event under uncertainty conditions in the absence of sufficient
statistical information and the impossibility of formalizing (modeling) the
stochastic processes under investigation.
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APPROACH TO MODELING OF TRANSMISSION PROCESS AND
PROCESSING OF INFORMATION IN THE MANAGEMENT
SYSTEM OF ROCKET FORCES AND ARTILLERY

1.D. Volkov, 1.V. Pasko
Missile Forces and Artillery Research Center, Ukraine

The basis of the functioning of any automated control system (ACS) are
the processes of transmission and processing of information, known as the
information process. Considering it from the point of view of purpose, it is
possible to single out the main phases of information conversion into the
ACS, such as collection, registration, preparation, transmission, storage,
processing, display of information. These phases of information
transformation are implemented on the basis of individual functional
subsystems of the technical support of the ACS. The following can be
distinguished: subsystem of preparation and registration of information,
subsystem of collection and transmission of information, subsystem of
preservation and processing of information. The most complicated is the
information process in the administrative system of the ACS, which includes
the ACS missile forces and artillery [1].

In the information process it is necessary to ensure [2]:

—  the coherence of the intensity of the processing of information with
the intensity of its receipt;

—  equability of operators and hardware loading;
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— solving tasks in a term that does not exceed the critical one;

—  compatibility and consistency of the work of the hardware of the
ACS, etc.

In the process of creating an automated control system, a hardware design
is required. The development of the latter provides the necessary
characteristics of these tools, a choice of different options for building the
appropriate complexes based on the use of models and criteria for assessing
the effectiveness [3].

The study of the process of hardware and software functioning and the
definition of requirements for their elements requires the use of models. The
elements of the system are so diverse that it is inappropriate to create a
universal model of elements that are used in all parts of the control system. It
suffices to have a set of models that, for the sake of ease of use, should be
designed as separate modules. The main types of models that can be used
during the study of information processes in the ACS are:

— single-phase, single-channel with failures, with expectations and
mixed type;

— single-phase, multichannel with failures, with expectations and
mixed-type;

—  multiphase, multichannel with expectation and mixed type;

—  multiphase, multichannel with closed information streams, etc.

At the stage of creating a basic version of the requirements and basic
structure of the ACS, it is most appropriate to apply mathematical models,
each of which is a queuing system and is characterized by an input stream of
requests, a mechanism and discipline for their service. To model the
processes of information transmission and processing (research of
information processes) in the automated control system, it is advisable to use
the mathematical apparatus of queuing theory, network methods, graph
theory and methods of mathematical modeling.
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MOJIEJTIOBAHHA KOHTYPA CTABUIIBAIIT KYTA HAXWJTY
KBAJPOKOIITEPA

O.JI. llamosanog, }0.0. lerucos, O.0. Bypcana.
Heporcasnuii Hayko8o-00Caionuil incmumym eunpobyeans ma cepmu-
Qikayii 036poenna ma ilicbKo80i MexXHIKL.

CyuyacHi cucTeMH KepyBaHHs IOJIbOTOM OE3IIJIOTHOTO JIITAIILHOTO ara-
pary (BITJIA), BUKOHAHOTO 3a CXEMOIO KBaJPOKONTEPY, SIK MOKa3aB IIPOBeE-
JICHUi1 aHalli3, B OCHOBHOMY BUKOHYIOTBCS 328 OJIHOKOHTYPHUMH CXEMaMH 31
3BOPOTHIM 3B’3KOM M0 KyTy Haxity [1]. CurHan moxuOKu B TaKMX CHCTE-
Max 0OpoOJISETHCS MPOMOPIIHHO-IHTErpaJbHUMH a0 MPONOpLiiHO-iHTe-
rpo-AndepeHiiHIMH PeryJIaTopaMu 3a KpUTEepisiIMU IIBUAKO/IT Ta rmepepe-
TYJIOBAHHS, sIKE HE IOBUHHO NIEPEBUIIYBATH JECATH BiJICOTKIB.

[Tapamerpyn HanamMTyBaHHS TAaKUX PETYJIATOPIB MiOMPAIOTHCS EKCIIEPH-
MEHTAJIbHO 3a BiAMOBiMHMMH mporpamamu [2]. B icHyrounx cucremax xepy-
BaHHS ITOJILOTOM KBAJPOKOIITEPIB HE BUPINICHO IMHUTaHHS ONTHUMi3amii mpo-
IleCy BUKOPUCTAHHS €HEPTeTHYHOTO pecypcy OOPTOBOTO aKyMyJITOPA, SIKUH
€ oOMexeHnM. [IponoHyI0ThCS TPHOXKOHTYPHI CHCTEMH YIIPABIIiHHS MOJIHO-
TOM KBaJIpOKONTEPIB 3aMiCTh OJHOKOHTYpHHUX (pHc.1).

Puc. 1

Cucrema cKiaJla€Tbes 3 TPHOX KOHTYPiB. BHYTpilHIM KOHTYp cTpymy
MiAMOPSIKOBAaHMH  KOHTYpY  INBHJAKOCTI, SIKMH, B CBOIO  Hepry,
MiATOPSAAKOBaHUI TOJOBHOMY KOHTYPY KyTa HAXHUITY.

l'onoBHMIT KOHTYp BigNpaIbOBYe MOMMJIKY IO KyTy Haxwiy 3a
pe3ysibTaTaMy BUMIPIOBaHHS BIIXWJICHHS HOTO MOTOYHOT'O 3HAYEHHS Bij
€TaJIOHHOTO KYTa Oy .

BryTpimHil KOHTYp CTpyMy BH3HAYA€ TEMI i XapaKTep MpoIecy Hapoc-
TaHHS CTPYMY, 3IIHCHIOE HOro 0OMEXeHHS Ha PiBHI CTPyMOBOi yCTaBKH ly,
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110 IPU3BOAUTH 10 €EKOHOMHOTO BUTPAYaHHS CHEPrOpeCypCy aKkyMyJsiTopa.
Jlo KOHTYpY CTpyMy BKIIIOYECHHH IMPONOPHIHHO iHTErpalbHUI pEerymisTop
cTpyMmy. BHyTpinmHiif KOHTYp CTpyMy ONTHMIi3y€e HpOILEC €HEPTOKUBICHHS
OE3KOHTAKTHHX JIBUTYHIB MOCTIHOTO CTPyMy, II0 0OepTaTHMe TBUHTH KBa-
JpOKOIITEpA.

Jpyruii BHYTpIMIHIA KOHTYp CHCTEMH KOHTPOIIOE IMBHIKICTH €IEKTPOI-
BUTYHIB. B Hioro cknazi nepenbayaerbest HasIBHICTD PETyIIsITOpa, SIKUH J103BO-
JISiE OTPUMATH TIPOLEC PETrYNIIOBAaHHS KiHIIEBOI TPUBAIOCTI Oe3 mepeperyio-
BaHHsA. CHHTE3 HU(PPOBOTO PEryysiTopa KOHTYPY KyTa HaxMiy KBaJpOKOII-
Tepa 3a 03HAUYCHUMH KPUTEPISMH JIO3BOJIUB OTPUMATH HOTO MOJIENb Y BH-
IS/ PeKYpPCUBHOTO LU(POBOTO (BiIbTPY 3 HECKIHUCHHOIO MaM SITTIO.

Sk moka3aaM po3paxyHKHU Ta IPOBEAEHE MOJIEIIOBAaHHA, IPOLEC CTabili-
3aI1ii KyTa HaX/WIy KBaJIpOKONTEPY MOXKHA 3aBEPIIUTH O€3 epepeTryIrOBaHHs
3a TPW MepioaM HANPYrW HA BUXOJI aBTOHOMHOTO IHBEPTOpA, IIO KUBHUTH
0€3KOJICKTOPHUH ABUTYH MOCTIHHOTO CTPyMYy.

Jlitreparypa
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2. OnrTuMizaliist eHeproAMHaMIiYHUX TIPOLECIB Y CUCTEMI KepyBaHHsI IPH-
BOJIOM cTabumi3allii moiboTy 0e3mijoTHOro JitansHoro amapaty /FHO.O. [e-
HHUCOB Ta iH. / TexHiYHI HAyKH Ta TeXHOJIOTI: 30. HayK. nmpaipb YepHiriBcb-
KOT'0 Hall. TEXHOJIOTIYHOTO YH-TY. - 2018 - Ne3(13). - ¢.187-193.

YIK 629.374.

MOJEJIb IU®POBOTI'O PET'YJIATOPA KOHTYPY CTPYMY
CUCTEMM EJIEKTPOIIPUBOAY KBAJPOKOIITEPA

O.JI. anogainos, }0.0. [enucos, O.0. Bypcaina
Heporcasnuii Hayko6o-00caionuil incmumym eunpo0yeans ma cepmu-
Qixayii 036poeHHa ma 8iliCbKOBOI MexXHIKU.

BesminorHi nmitaneHi amapatu (BITJIA) 3 gotupMma enexTponpuBOIaMH
I'BUHTIB (KBaJAPOKONTEPH) IMUPOKO 3aCTOCOBYIOTHCS K B HAPOJHOMY T'OCIIO-
JapCTBi, Tak i B cremiaapHux rany3sx [1]. TogoBHME HETOMIK KBaIPOKOI-
Tepy MOB'I3aHUN 3 0OMEKEHOI0 EMHICTIO OOPTOBOTO aKyMYJIATOpA, 110 00-
MeXy€e Jac Horo moyisoTy. Yac moap0Ty MOKHA 301IBIIUTH 32 paXyHOK €KO-
HOMHOTO BHTPa4YaHHS iICHYIOUOTO €HEPropecypcCy, IO JTOCATAETHCS 3a Paxy-
HOK 3HI)KEHHSI BTPAT B CHCTEMaX €JIeKTPOIPHBO/IiB 'BUHTIB KBaJPOKOIITEDY.

345



JlocsATHEHHS i€l METH MOJKIIMBE HE TITBKHU 32 PaXyHOK SIKOCTI KOMIUIEKTYTO-
YUX €JIEMEHTIB, ajle i 3HAYHOIO MipOI0 — 3a paXyHOK SIKOCTI TpoIieciB op-
MyBaHHsI CTPYMY €JICKTPOIBHUTYHIB [2].

Ha OopTy kBazmpokonTepy BUKOPHCTOBYIOTHCS OE3KOJICKTOPHI ABUTYHU
nocriitHoro ctpymy (BATIC), sKi KepyIOThCs 3a TOTIOMOT 00 ABTOHOMHHX iH-
BepropiB Hanpyru (AIH) [3]. Takum 9vHOM, MOCTIHHHN TEMI HaIpyTrd
CTPYMY, CIIO’)KMBAHOTO BiJl aKyMyJIITOpa, MOKHA 3a0€3IIEUHTH, SKIIO HEKOM-
MIEHCOBaHa MOCTIHHA KOHTYPY CTPYMY JOPIBHIOBAaTHME IIE€Pioly YaCTOTH BH-
ximaoi Hanpyru AIH. Ile MOXIMBO 3IHICHUTH 32 TOTIOMOIOK0 ITU(PPOBOrO
PEKYpCHBHOTO (QUIBTPY 3 HECKIHYEHHOIO IMITYJIbCHOIO XapaKTepHUCTHKOIO,
CTPYKTYpHA CXeMa SKOro npejcTaBieHa Ha puc.l.

AUz, 0]

AU, 0] s

A

Puc.1

Cxemy peryisiTopa KOHTYpY CTPyMy MOXKHa peaiizyBaTh Ha LU(poBHid
eleMeHTHiN 0a3i abo x nporpaMHo. BoHa BKITto4ae B cebe Ba eIeMEHTH 3a-
TPUMKH — KOKEH Ha mepion komyTanii AIH, n'ste miacniroBadis, Tpu cyma-
TOpa i eJIeMeHT, 10 BiHIMAaE.

3anpornoHOBaHi PIlIEHHS JO3BOJISFOTE, 3 MOMEPEIHBOI0 OI[IHKO0, 301JTh-
IIMTH Yac MOJBOTY KBaApokonTepy Ha (4-6)%. B manuii wac BoHM BrpoBa-
JUKYIOTBCS B PO3POOITIOBaHIM CUCTeMI cTabimi3allii moJp0Ty KBaAPOKOMITEPY.

JlirepaTypa
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1. Pa3paboTka crcTeM aBTOMAaTHIECKOTO YIPABICHI OSCITMIOTHBIM JIe-
TaTeNBHBIM anmapaToM MynbTupoTopaoro Toka / K.E. IllunoB — M.: Tpynsr
M®TH, 2014, Tom 6, Ne 4 —c. 139-151.
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KOr0 Hall. TeXHoJloriyHoro yH-Ty. - 2018 - Ne3(13). - ¢.187-193.
3. A.U. Jlenucos, B.M. 3Bonunckuii, 10.B. Pynenko Benruibnble npeoOpa-
30BaTeU B CHCTEMax TOUHOU crabunu3anmu. - Kues: Haykosa mymka, 1997.
—250c.

VK 681.5

INTAHYBAHHS MAPIIPYTY MYJbTUKOIITEPA

.M. Kpunpkuii, B.M. Oscsunik, O.K. [Torynina, B.B. Illesens, €.A.
HpyxuHia
Hayionanvuuii aepoxocmiunuii ynigepcumem im. M.€. JKykoecvrkoeo
«Xapxiscokuii agiayitinutl incmumympy, Ykpaiua

€ HH3Ka TepeBar 1Mo BUKOPUCTAHHIO OC3MUIIOTHHX JIITANBHUX arapariB
(BILTA) [1]. TTo-niepiue, sterki BITJIA BuMararoTh Habarato MeHIIe pecypciB
HIX MIJIOTOBAaHI JIITAKU JJIsl BAKOHAHHS OJTHAKOBHX 3aBJaHb, TOMY II[0 IIiJIO-
TOBaHI JIITAKH MOTPIOHO OCHAIIYBATH CHCTEMAaMH JKUTTE3a0C3MCUCHHS, 3aX -
CTY, KOHAMIIIOHYBaHHs 1 T. . Takox NpUCYTHS HEOOXiHICTh MONEpeIHbOT
MiATOTOBKH IIJIOTIB, 110 € JOCUTH KOMITOBHUM 3aBIaHHsM [2]. 3 OO BUXO-
JIMTh, 110 BIICYTHICTh €KillaKy Ha OOPTY iICTOTHO 3HM)KY€E BUTPATH HA BHKO-
HaHHS TOTO YH IHIIOTO 3aBAaHHA 1 i ABHUIY€e KOpUCHE HaBaHTa)keHHs BITJIA.
[o-gpyre, minoToBaHi JitanbHi anapaté (JIA) mocTynmaroThest OE3MIIOTHUM
B 00Cs31 CIIOKHUBaHOTO maiwBa. [1o-TpeTe, Ha BIAMIHY Bif MUTOTOBAHUX JIiTa-
KiB, OUTBIIICTh OC3MUIOTHUX JITATbHUX amapaTiB HE MOTPEOYIOTh aepoapo-
MiB 3 BHCOKOSIKICHIM O€TOHHUM HOKPHUTTSAM. BiNBIIiCTE acpoapoMiB mmoTpe-
OyIOTh PEMOHTY, a H10r0 TEMIIH ChOTO/IHI HE JJO3BOJISIOTH CTE)XUTH 3a MpU/a-
THICTIO BCIiX 3JITHO-OCaakoBuX cMyT [3]. [To-ueTBepTe, BUKITFOUCHHS JIFO-
cpKoro (hakTopy NMpH BUKOHAHHI [TOCTABJICHOTO 3aBJaHHs TaKk caMo € iCTOT-
HOIO TIEpEBaror0 BUKOPUCTAHHS OE3MIOTHOI JTiTaTbHOT TEXHIKH.

OpHUM 3 TOJIOBHHUX NHUTaHb NP 3HUIICHHI TEXHIKH CYNPOTHUBHHKA € ii
BUSIBJICHHS 3 IOAAJIBLIAM CYNPOBOAOM. [I0 CKiIaay CydacHHX 3€HITHUX paKe-
THUX KoMmIuiekciB (3PK) OimbIocTi THMIB BXOISATH PalioIOKaIlidHI CTaHIIIT
BUSIBICHHS 3 PI3HMMH XapaKTEPUCTHKAMH. VIMOBIpHIiCTh BHSIBJICHHS TOBIT-
PSIHOT 11iJTi 3aJIKUTD BiJT ISSKUX MMapaMeTpiB, IEepII 3a Bce Bix 11 epeKTHBHOT

347



rromi poscitoBanHs (EITP). [TopisasHO Benwki BITJIA Bigpi3HAIOTBCS OiB-
moro EINP, mo momermrye ix BuUsABICHHS. Y BHIIAAKY 3 MaIOTa0apHTHUMH
amaparamy, B TOMY YHCIi T0OyTOBaHUMH 3 IMIUPOKUM BUKOPHCTAHHSM ILIa-
ctukiB, ETIP 3MeHIIyeThCsI, a 3aBIaHHS BUSBJICHHS CEPHO3HO YCKIaTHAETHCS
[4].

OpmHak TpU CTBOPEHHI MEPCHEKTHBHUX 3ac00iB MPOTHUHOBITPSIHOI 000-
POHM BXKHBAIOTHCS 3aX0/IH, CIIPSIMOBaHI Ha ITiIBUILICHHS XapaKTEPUCTHK BHU-
ABJEeHHs 1ijed. Takuil po3BUTOK MPHU3BOAMTH A0 PO3IIUPEHHS Aiana3oHiB
EIIP i mBuaKOCTEH Mijei, Mpy sSIKUX BOHA MOXKE OYTH BUSBJICHA 1 B3sATa HA
cynpogif [5]. OcranHi BiTun3HsHI Ta 3apyOikHi 3PK i iHImI cucremu npotu
noBiTpsiHoi o6oponu (I1110) oTpUMYIOTh MOXKIIMBICTH OOPOTHOH HE TIIBKH 3
BEJIMKMMHU IUISIMH Y BUTJISII TUIOTOBAHKX JIITABHUX anapaTis, a i 3 BITJIA.
B octanHI pokH I AKiCTH cTana 00OB'I3KOBOIO TSI HOBHX CHCTEM, 1 TOMY
3aBXKIM 3TaJyeThcsl B PEKIAMHHUX MaTepianax A0 NMEpCIEeKTUBHHUX 3pa3KiB
BILJIA.

[Ticns BUABNEHHS MOTEHIIIITHO HEOS3MEeYHO METH CIIi/I TPOBECTH ii yTi3-
HaHHA | BU3HAYHTH, SKAN 00'€KT YBIHIIOB B OBITpsHUH mpocTip [6]. [IpaBu-
JIbHE PIIICHHS TAKOTO 3aBJAaHHS JTO3BOJIUTH BU3HAYUTH HEOOXIAHICTh aTaKHy,
a TaKOX BCTAHOBUTH XapaKTEPUCTHKH IIiJIi, HEOOXiIHi st BUOOPY MpaBUIIb-
HOTO 3aco0u ypakeHHsS. Y psijii BUIAAKIB NpaBUIbHUN BUOIp 3aco0y ypa-
JKSHHSI MOXKe OYTH TOB'I3aHUI HE TUIBKH 13 3aliBOI0 BUTPATOIO HEBIIOBI/I-
HHUX OOEMPUIIACIB, a i 3 HETATUBHUMH HACIIIKAMH TAKTHYHOT'O XapaKTepy.

[Ticnst ycmilHOTrO BHUSIBICHHSI 1 PO3MI3HABaHHS BOPOXKOI TEXHIKHM KOM-
wreke [1T10 moBHHEH BUKOHYBATH aTaKy 1 3HUITYBATH ii. [IJ1s1 bOTO CITij| BU-
KOPHCTOBYBAaTH 030pO€HHS, BINIMOBITHE THITy BHSABICHOI Iumi. Hampukian,
Benuki BITJIA posBimyBanpHOTO 200 yAapHOTO NpU3HAYCHHS, IO 3HAXO-
JITHCSI Ha BEJMKIN BHCOTI, CIIiI BpaXKaTH 3a JIOTTIOMOTOI0 3€HITHUX pakeT. Y
BUIAJKY 3 MaJO-BUCOTHHMHM | HHM3bKO-IIBHJKICHUMH alapaTaMH JIErKOTO
KJIacy Ma€ CEHC BHUKOPHCTOBYBAaTH CTBOJIbHE O30POEHHS 3 BiANOBIIHUMH
6oenpunacamu. 30KkpeMa, BEIMKHIA MoTeHIian y crpasi 6opotsou 3 BITJIA
MarOTh apTHJIEPICHKI CHCTEMH 3 KEPOBAHUM BiUTAICHAM TTiIpUBOM [ 7].

Aaroput™m ¢opMyBaHHSI TPAa€eKTOpii MOJLOTY mnepexomjaiBaya. Y
MpoIieCi BU3HAUCHHS TPAEKTOPIl MepexoruioBaya OyB 3aCTOCOBAHUI METO/
HaBeJIeHH 3a MIPUHINIIOM «KpHBOI MoroHi». [lanunit meron Oys obpanuii ue-
pe3 CBOIO TMOPIBHSUIBHY MPOCTOTY peallizailii, a TaK caMo Yepe3 MOXKIINBICTh
3aCTOCYBaHHS IPH pOOOTI HE TIJILKK B CUCTEM1 HaBEJICHHS CAMOHABIIHUX pa-
KET, a i 3 Ge3MIOTHOIO JITATBHO0 TeXHIKOIO [8].

Merto/1 HaBeZIeHHS 32 MPUHIUIIOM «KPHBOI OTOHI» HaraJly€e FOHUTBY CO-
Oaku 3a 3aiflieM, TOMY B JIiTepaTypi MOXKHA 3YCTPiTH H IHIIY Ha3By I[bOTO
METOJly - HaBe/IEHH 110 KPHBil repeciigyBanHs abo 1o «cobadiil KpuBii»

(9]
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[Ipu npoMy MeTOAI CITiT MaTH Ha yBa3i IBa MOJJINBI BHITIAJIKH: TIEPECIIi-
JTyBaHHS IIiJIi, IO BiAMAISIETHCS (HAa MOMMyTHUX Kypcax, puc. 1, a) i mepeci-
IyBaHHS I1ii, Mo HaOmmkaeTses (puc. 1, 6). Y mepmomy Bunanky (puc. 1,
a), sxmo JIA Mae HOCTAaTHIO aJbHICTh MONBOTY 1 MIBHUAKICTH OiNBITY, HIXK
IIBUIKICTH IiJIi, BOHA MOJKE BPA3UTH IUTb. Y Ipyromy BUMaiky (puc. 1, 6) B
Mipy HabmmkeHHs JIA 10 misti pi3ko 3pocTae MBHUAKICTH TOBOPOTY. Take Ha-
BaHTa)XEHHS HE B 3M03i BUTpuMat kopnyc BITJIA. Ane B ailicHOCTI Kepy-
104a CUJIa, CTBOPIOBAHA KEPMOM HANpPSIMKY, MOXKE 3pOCTATH TIJIbKH JI0 TIEB-
Horo 3HayeHHs. OTXe, MOXKe HACTYIUTH TaKUi MOMEHT, Kok kepmo JIA Bin-
XWJIMTBhCA A0 YIOpY, ajle BeIWYMHA BUHMKAIOYa MPU [BOMY MaKCHMaJIbHOT
KEpYIOUuOi CHJIM BUSIBUTHCS HEAOCTATHHOIO AJIsl HEOOX1AHOT 3MIHU HANPSIMKY
PYXy.

1 2 3 4 5 6 7 8 9 -
HaﬂpHM.Ol-( pyxy

Micue 3ycTpiui npn
nonyTHo-
nepeciyHnX Kypcax

Micue 3ycTpiui npu
3yCTpiYHO-NepeciuHmnx
Kypcax

Crapt 2

Pucynok 1 — KpuBi moroHi 3a momyTHO- i 3yCTpi9HO-TIEPECITHIMHA
Kypcamu

[MounHarouu 3 BOro MOMEHTY JIA cTaHe pyXaTHCs N0 KONy MiHiMallb-
HOTO pafiyca, sKe BiAIOBiae TpaHINYHIH Kepyrodii cuii. HaBeneHHs mpurmm-
HHUTbCS, OCKUTBKY JIA He BCTHraTHMe po3ropratucs 3a niumo. Lline yepes
JIeSIKAI Yac BUiilie 3 MOJIsl 30py KOOPJHHATOPA, ITCHIsl YOTO HaBEICHHS CTa€E
HemoxsueuM [10].

Ha pucynky 2 mnokazaHa 3araibHa (haiiyioBa apXiTeKTypa CHCTEMH
«Interception UAV Simulationy, 1o 6yio po3po0sieHo B poOoTi.
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WPF.Media InterceptlonUAXjSlmuIatlon.cspr
Animator.cs App.xaml|cs JSBSim
AnimationBuilder.cs MainWindow.xaml.cs JSBSimRunT.cs
[
PathCalc.cs XS.eEd I_Data ConfigureFiles.cs
Visualizer
Gmaps.Net JSBSIm.
aeromatic

Pucynoxk 2 — ®aiinoBa cTpyKTypa NporpaMHOTro 3a0e3edeHHs

BucnoBku. B po6orti Oyia cTBopeHa mporpaMHa CHCTEMa, IO BUKOHYE
no0y/I0BY MapuIpyTy IMOJBOTY IiJIi, PO3PaxyHOK TPAeKTOPii MOJBOTY i,
PO3paxyHOK KpHBOI MOJILOTY MEPEXOILIIOBAYa 32 METOJOM KPHBOI IIOTOHI,
no0y/i0oBaHa aHIMOBaHa MOJIEJb MPOLIECY MEePEXOIUICHHS LI,

Po3pobineHa crcTeMa BUKOPHUCTOBYE MPOrpamy iMITAI[iiHOTO MOJEIO-
BaHHs JIUHaMiKu nojpoty JSBSim, mMomynp reHepauii rpadidHux 3BITIB
XSeed, sikuii BAKOPUCTOBYETHCS B Mpolieci reHeparii rpadikiB 3MiHH Xapak-
tepuctuk BIIJIA B mporieci moapoTy, MiACHCTEMY HiJIeBKa3iBKH reorpadid-
HUX TOYOK Ha KapTi cBiTy GMaps.Net, a TaK0 OCHOBHHIA ITPOTPaMHUH TIPO-
IYKT, sIKUit ipeacrasisie 3 ceoe WPF nomatok, 1o 3'e1Hye Bech Habip MoIy-
JIB B €IUHY CHUCTEMY.

Po3pobirena nmporpamMHa cuctemMa JOIOMOXKe JOCIiTHUKaM, pO3pOOHHKaM
Ta ekciuryatantam BITJTA BH3HaYMTH ONTHMabHI TE€OMETPUYHI Ta aepOIH-
HamiuHi mapamerpu JIA, HEoOXiaHI /Ui JOCATHEHHS MOCTABICHUX IIUICH i
BUKOHAHHS 3aBJIaHb, a TAKOXX BU3HAUYUTH MOJIJIUBY TPAEKTOPIIO MEPEXOll-
JICHHS IIiIL.

IIpakT4Ha HIHHICTD OTPUMAHMUX PE3YNbTATIB MOJSTaE B TOMY, IO MPO-
BeJieHa po0oTa JOMOMOKE B PO3pOOLI ajJropuTMiB aBTOMAaTHYHOTO YIpPaB-
ninas BITJIA-niepexoruroBaya.
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METO/] PACIIO3HABAHMS OITACHBIX CUTYAIIMI
CBJIN’KEHUA (CTOJIKHOBEHUA) BO3AYIIHBIX CYAOB HA
OCHOBE CUTYAIIMOHHOT' O AHAJIN3A U MOJEJIN
HEYETKOI'O OI'MYECKOI'O BBIBOJIA

AN. Tumouxo, C.A. Onuzapenko, A.B. Camokum
Xapvkrosckuti Hayuonanvusii yHugepcumem Bozoywnvix Cun, Yxpauna

IIponyck aeiicTBUA WM HEaJeKBATHOE BBIMIOJIHEHHE JIEUCTBUI OTHO-
CATCS K CaMbIM paclHpOCTPAHEHHBIM MPUYMHAM aBHALMOHHBIX IHPO-
HCUIECTBUM NpU NMEPECEUYEHUU MapLIPYTOB JBHKEHHUSI BO3IYILHBIX CYZOB
(BC). B cBs3u ¢ 3THM BO3HHKAET HEOOXOAMMOCTh aBTOMAaTHYECKOTO KOHT-
poisi 6e30MaCHOCTH UX COMIKEHHs. B cBSA3M ¢ 3THM BO3HHKAaeT HEOOXOIH-
MOCTh aBTOMAaTHYE€CKOTO KOHTPOJISI 0€30IaCHOCTH HX CONMKCHUS.

IlycTb 3a1aHbl KJacchl HA MHOKECTBE PELICHUN U PACIIO3HABAEMBIX CH-
TyalMil, U YCTAHOBJICHO OJHO3HAYHOE COOTBETCTBUE MEXJY TaKUMHU
KJIaCCaMHu.

Jis pacrio3sHaBaHUS OTACHBIX CHTYaluii Bo Bpems amxeHns BC B Bo3-
IOYIIHOM TIPOCTPAHCTBE HEOOXOAMMO TIOCTPOWTH COBOKYITHOCTH MOJIENEH,
OTpPaXAIOIIMX IPOLECC OLEHKH OOCTaHOBKM KOMAaHAMPOM JKHIaXa MpHU
ONPEJEIICHUN PUCKA CTOJIKHOBEHHUS.
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Eran 1 Ertan 2 Eran 3

. i MozenipoBanue 1 OLeHKa
Meto/uka H3BIEUEHUS 3HAHII O Popmanisammd Sarmii 0 ACTpOBAH .
GeTa ToKasarelnei kauecTpa
HlapaMeTpax i GakTopax, IpOLEccax OLEHKH OOC]T;?OBK“ BO .
. ACTIO3HABAHMUS ONIACHBIX CHTYALIHil
OrtHocurensHo aBukenus BC Bpem roieta p Tyan
B nportecce ynpasnenns BC
(OGOCHOBAHHE METOTa [ocTpoerue Mozie/ KOHTPOILS Co3/aHie IMHTAIMOHHON MOJIEITH
. \ Jwkenns BC n onenku Cl i
IIpesCTaBIeHNA 3HaHMT \ p ) JUISl OLIEHKH ONACHBIX CHTYaLlHit
\ 00CTAHORKH npu ynpasiennn BC
l \
DopManH3aIKs OTHCAHHH TIpoBe/ieHIE HMHTALHOHHOrO
Onncanie anpropHbIX JAHHBIX — neikennst BC u yerpanenne MOJIETTMPOBAHHS U TIOTYYEHHE
3a/1aHHe A1(aBHTA KIIacOB Heonpe/ieeHHoCTeH pe3ynbTaToB

l

i Pa}paoa‘"{a MeToza Ouem\'a KayecTBa pacro3HaBaHus
Konuenryanmsauus suanmii pe/ICTaBIeHUs 3HAHMI 1

OIACHBIX CHTYaIMil 1py
OTHOCHTEJIBHO OTaCHBIX NIPOLIE/IYPbI OFHYECKOrO BBIBOA yi P

CWTVAIT mpasienni BC
CHTYaUlH JU1 OTIPE/IENIEHHs ONACHBIX 2’ P
. Pa3pabOTaHHBIMH METOAAMH
cuTyanmi

Pucynox 1 - OGwas cTpykTypa u coliepkaHie MEeTO/a IPEeICTaBICHHs 3Ha-
HUH 0 3a/1aue 0OHapy>KeHUs OTIaCHBIX CUTYyallui Bo BpeMs nojera BC
MerTo/ BKITIOYAET CleAyIoNIue OCHOBHBIE ATarbl (puc. 1):

- 000CHOBaHME M BBHIOOp aNpHOPHBIX AAHHBIX, IIOCTPOCHUE HAYAIBHBIX

MOJCTICH;

- popManu3anms ONMMUCAHUH CUTYalni, BOSHUKAIOIINX MTPH JBIKCHUH CY-

JIHa, yCTPaHEHHE HEOIPEAECIEHHOCTEMH;

- pa3paboTka METOJOB TPEICTABICHHUSA 3HAHWH W MaHUITYJIHPOBAHUS

UMH;

- MOJIETIMPOBAaHUE U OLICHKAa KauecTBa PELeHUs 3a7ayll paclo3HaBaHUs

CUTYyaluH.

CoopmynupyeM MaTeMaTHYECKYIO TIOCTAHOBKY 331a41 paclio3HABaHMSI.
Mg BC, BBINONHSIONETO MOJET MO0 MapHIPyTy B BO3IYIIHOM IIpO-

CTpaHCTBE, CYIIECTBYET LiejeBas pyHKUuUs F , KOTOPYIO OH peallu3yeT B IIpo-

recce akcruryatanuy. CooTBeTcTBeHHO 1ienb BC C . 3aKiodaercs B MOJy-

prod
YEHUH MaKCHUMaJIbHOI SKOHOMUYECKOH 3 (HEKTUBHOCTH MIPH yCIOBUHU 00ec-
reyeHus 60€30MMaCHOCTH ITOJIETa.

Coros = FI[(E > maxE)/(P, > P, )] o))

rae E- s3KoHOMHYECKast 3(1)(1)GKTI/IBHOCTL; Pm - BEPOATHOCTH ITOJICTA 0e3

prod

CTOJIKHOBEHUH; P - BEPOATHOCTL HACTYIUICHHS CUTYalluM OMAacHOro cOJn-

KEHUS.
IIpu Hanuuuy B BO3AYIIHOM IpocTpaHcTBe Apyrux BC Bo3HUKaET cuTy-
aIysl ONAaCHOTO COJIVKEHHSI. ITosTOMy IpH BO3HUKHOBEHHU CUTYaLlUU

onacHoro commkenuss C . u3MeHsercsa Ha C, !

prod
Cpros = Can, = FI(P, =P, )/(E - maxE)] @

03
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Hockonbky nens BC ¢ BosuHukaer npu nosisnenny B BC, mosromy Bo-
3HUKAeT KaTeropus cutyannu. Kaxnas cUTyalus XapakTepu3yeTcs 3Hade-

HUAMH HEKOTODBIX TIpH3HakoB S; € S [1]:
5 =S{Dij'Pij’Vi’Vj’Ki'Kj'W N 'hj}’ (3)
rae Dy - mucranums mexny BC; B; - menenr na BC-norenumnanbuyro
Yrposy; V,,V, - cKOpocTh BC; K, K; - Kypc BC; w - Buaumocts; h hy -

BeicoTa BC;
MHOXECTBO CHTyalii S JeJIUTCsl Ha TOJAMHOXECTBO HEIOMYCTHMBIX

3HadeHni S, MomajaHue B KOTOPYIO MPUBOAUT K BBICOKOH BEPOATHOCTH
)

CTOJIKHOBCHHA U ITIOJMHOXECTBO 0e30MacHbIX HOSI/IHI/Iﬁ Ssaf . Taxxe cymiec-

TBYCT IMOJAMHOXKCCTBO CI/ITyaL[I/Iﬁ OIIACHOI'O COJIMKCHUS S . ABHIKCHHEC B KO-

den
TOPOH MPHBOAUT K OMACHOMY CONMKEHHIO € OJTHUM MM Heckonbkumu BC.
Ipencrapnss ABUKEHUE Cy/HA COBOKYMHOCTHIO CUTYalMii B KOTODBIX
OHO HAaXOJMTCs, HEOOXOAUMO YUUTHIBATh HAOOP MPU3HAKOB. 3a/1a4a pacros3-
HaBaHHs MOXKET OBITH MPECTaBICHA KaK ONpeJIeTIeHNE COBOKYITHOCTH CHUTY-
aluii B KOTOPBIX HAXOAUTCS CYIHO B IIpolecce cyroBoxaenus. Ho yacto Ba-
’KHA HE CaMa COBOKYITHOCTb Ha0JII0JaEMBIX CUTYaLlUi, a MX NOCJIE0BATEb-
HocTb. To ecTh, pesynbTaT pacro3HaBaHUs ONpeJeNseTCs MpeablcTopuei 1
BO3MOKHBIMH TIOCIIEYIOIIMMH MaHeBpaMu cynoB. Pasgenum obnacts Bo-
kpyr BC Ha oTnenbHble 30HbI puc 2. A uMeHHO: Z; — 30Ha CTOJIKHOBEHUS,

Z. — 30Ha OMACHOTO COMMKeHus, Z

TIOBBIINICHHOTI'O BHUMAaHUs.

— 30Ha MaHeBpa, Z,, — 30Ha

mov

Pucynox 3 — IlpocTpaHCTBEHHOE NPEICTABICHUE TPAHUL] 30H MIPEIy-
MPEXIECHUS CTOJIKHOBEHUS

I/ICHOHL3y5{ MaTeMaTHYCCKUI armapaTt HEYCTKUX MHOXKECTB U HEYETKOU
JIOTHMKH, a TAaK¥XC MapaMETPpbl, KOTOPHIC ONMCBIBAKOT CUTYyallul NIPU ABUIKE-
auu BC MoxxHO CO31aTb MATEMATHYICCKYIO MOACIIb AJIs1 OMTMCAaHU CI/ITyaIII/If/'I
Sei Suen O

saf den coll *
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- CHTyalus mTaTHas:
(X7 Y=zl )V =avi, ) n(a) = akL, )~ (4)

omn

m(h" — hl )m(Wch)z Sear

sav

- CUTYyaIus (Sden) mist j—20 BC popMupyeTcst MHOXKECTBOM COCTOS-

®)

i [({x:,v,"}cz;)m({xrm,vr*m}cz:,g)m({x.m,v.m}cz;w)m]u
A(wa=W,)
({x ezl Y a({xpmypmt ez YA ({ Xyt ezl ))u

[{x MY 2L ) (XY e 2L ) (DX e 2L ) J

Vi eV (q, CK,},,),,)m[h,"ch?j
-V
({x;.vph e z:n)m(vf cv;{mjm

m[qr = K::;,,.jm[h," < hi"]

Curyaris (Sw” ) M1 ] —20 cyaHa HacTae TCIs CHTYaIi (Sden) , TOMY

= S,

()

JUTA 11 BU3HAUCHHSI PO3TIITHEMO JIMIIIEC HaBITalliifHi mapaMeTpu:
({X?,Y]f‘} - Z:es)ﬁ({XHme'Yrer} Czi )m
v
m({xinwniner} zZ' ) (a] = AKE,)

({xpyphezl )a({xym, Y,">m}<:z;s)mJu

(V = AV, ) (q, < AKgy, )

(6)

= Scoll ;

(X307 e z0 ) (X <2t )m({xrm'vw*m}cz;v)ﬂ

(V < AVcou ) (qj < AKcou ) (hn < Ahg, )

AHaJOTUYHBIM 00pa30M JUIsl JAHHBIX CUTYAIlUil CTPOSTCS JIOTUKO-JTHHT-
BHUCTHYECKHE OMUCcaHus. Ha OCHOBaHUM MOTyYeHHBIX BRIPAXCHHH pa3pado-
TaH METOJ] OIICHKH OITaCHOU CUTyaluu cOnmxkenus (cronkHoBeHus) BC puc.

4

Vrounenne nanmbix, c6op
AOTOAHITENBHON
nrbopmarui

Chroa » AKUO 5, = &
prod i

Clen » AKUO 5 = S|

Coon » AKWYO 57 = S,
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Pucynox 4- MeTon pacrio3HaBaHHS OTIACHBIX CUTYAIHHA COMDKEHHS
(cronxuoBenwus) BC

JlaHHBIN METOJ CUTYallMOHHOI'O aHAJIW3a MpU BO3HUKHOBEHUH ONACHOU
cutyaruu commkerns (croakHoBeHus) BC, mo3BoseT npencTaButh, oopa-
00TKy 3HaHUI B 3a7ade 0OHAPYKEHHS OMACHBIX CUTYaIMil P YIPaBICHUU
BC. Hx peanusanus mpeanogaraeT pelieHNe pacueTHBIX 1 JIOTUKO-aHATUTH-
YeCKHX 3aj[ay C UCIOIb30BaHUEM METOI0B HEUETKOM JTOTUKU. JlaHHbBIE MEeTO
MIO3BOJISIET PELIMTH 3aJady aJalTHBHOTO YIPaBIJICHUS, U MOBBICUThH OIepa-
TUBHOCTh 1 0OOCHOBaHHOCTH OLIEHKH OOCTaHOBKH.

Jlureparypa
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HOCTH TeXHHUECKUX cucteM / MyxameT3sHoB 1.3. // KubepHeTrka u mporpa-
mmupoBaane. — 2017. — Ne 2. — C. 59 — 77.

VIIK 623.094

BUMOI'M KOHCTPYKTUBHOI, BHPOEHHUYO-
TEXHOJIOITYHOI TA EKCILTYATAIIMHOI JOCKOHAJIOCTI
PAKET

C.€.BONUYH
Jleparcasne Ilionpuemcmeo Koncmpyxmopcwvke bropo «Ilisoenney imeni
M.K. HAneens

C.B.JIAITULIbKUIA
CB.CYC
O.B.ITOIIKOB
Lenmpanvrutl Hayko80-00CaiOHUL IHCIMUMYM 030POEHHA MA BILICbKOGOT
mexnixu 36pounux Cun Ykpainu

Ha Tenepimrniit wac B YkpaiHi 3ailiCHIOETBCS ajanTallisi CHCTEMH PO3po-
Oxu Ta moctaHOBKH Ha BUpoOHUIITBO (CPIIB) 030po€eHHS Ta BIHCHKOBOI TEX-
Hikn (OBT) mo BUMOT MDXHApOJHHWX CTaHIApTIB, TOMY OCOOJHMBA yBara y
MATPHEMCTBAX - PO3pOOHNKAX 00OPOHHOI MPOTYKINi MPUAUIAETHCS OMIHII
AKOCT1 KOHCTPYKTOPCHKHX PIllIeHb, 0 MPUUMAIOTHCS i JOCKOHAJIOCTI MPO-
1Iecy Po3pOoOKH TEXHIYHOTO 00’€KTa, B TOMY YHCHI W OaTiCTUYHUX paKeT.
SIkicHa omiHKa pillleHb, 10 TPUHMAIOTHCS, MOXKJIIMBA IPH SKICHO OL[IHEHOMY
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Ta CTPYKTypOBAaHOMY MHUHYJIOMY AOCBilli KOHCTpyKTOpa. DOpMyeThCs MOT-
peba y CTBOpPEHHI IHCTPYMEHTY SIKICHOI OIIIHKH JOCKOHAJIOCTI TEXHIYHOTO
00’€eKTy.

TamaHT KOHCTPYKTOpa IIOBUHEH TPOSIBIITICS B YMiHHI paIliOHaIBHO I10-
€IHYBATHU Tl 9ac po3poOku BUpoOy BUMOTH CIIOKMBada 10 KOHCTPYKIIIi 3
MOJKJIMBOCTSMH BHPOOHHYO-TEXHOJOTIUHOI 0a3H, M0 BH3HAYA€ PIBEHB Mi-
JpOBOI Bigaui o0'exra. Ha puc. 1 nokasaHna cripoiieHa cxema eBOJIOLIHHOTO
PO3BHUTKY TEXHIYHOTO 00’ €KTa IiJ] BILIHBOM cy0 ekTa. L{inboBa Bimmaya Tex-
HIYHOTO 00'eKTa 3a0e3meuye Horo TeXHIYHUI piBeHb. TOMY OCHOBHA BUMOTa
J10 OaicTHYHOI pakeTH Ta il KOHCTPYKIIT MoJsirae B TOMy, 100 NpU IpOeK-
TyBaHHI ¥ BUPOOHMITBI 3a0€3MeYNTH MaKCUMaIbHO BUCOKHH PiBEHb TEXHi-
4yHOT TockoHaNocTi. L[ BUMoOra € CyKynHICTIO BAMOT KOHCTPYKTUBHOT, BUPO-
OHMYO-TEXHOJIOTIYHOI Ta eKCINTyaTaliifHoi nockoHanocTi. KoHCTpykTHBHY
JOCKOHAJIICTB - OZIHA 3 HAHOUIBII IPECTaBHUIIBKUX y3araJlbHEHUX XapakTe-
pHCTHK OaiCTHYHOI pakeTH, IO XapaKTepU3ye MACOBY, A€POJHMHAMIUHY,
SHEepreTUYHy Ta €KOJIOT1YHY JOCKOHANICTh. LM MOHATTSAM BH3HAYAIOTh Cy-
KyTHICTb BIIACTUBOCTEH 1 XapaKTEPHUCTHK, IPUTAMaHHUX Oe3mocepe b0 0a-
JMCTHYHIN pakeTi. BBaxkaeThcs, M0 KOHCTPYKTHBHA JOCKOHAIICTH MaJo 3a-
JIOKUTH BiJ] TEXHOJIOT1] BADOOHUITBA Ta YMOB eKCILTyarallii. BupooHuuo-te-
XHOJIOT1YHA JIOCKOHAICTh 3a0e3Meuye JOCATHEHHs HalOUIbI BUCOKHUX BHU-
poOHMUMX TOKa3HMKIB. EkcruryaTaniiiHa JOCKOHATICTh BinoOpaxkae mpucTo-
COBaHiCTh OaNiCTHYHOT pakeTH 10 mpoliecy excrutyatanii. CrnenudivyHoro pu-
COI0 TEXHIYHOTO PIiBHS € MO0 BiTHOCHUI XapakTep. Hanpuknaza, Macose, ae-
pOAMHAaMIYHE, EHEPreTHYHE BIIOCKOHAIECHHS (€JIEMEHTH KOHCTPYKTHBHOI J10-
CKOHAJIOCTi) BU3HAYAIOTHCS O0JIACTIO PaIlioHAIFHOTO 3aCTOCYBaHHS TypOO-
HACOCHOT CHUCTEMH M BUTICHIOBaJIbHOI cucTeMu mozadi nanusa (BCIIID). ¥
Mamux paker 3 BCIIII ToBmuHa cTiHOK O0akiB He Oyne BEIHUKOI0, a iHOMI i
MOPIBHSHHA 3 TOBIIMHOIO CTIHKM 0aka pakeT 3 TypOOHACOCHOIO CHCTEMOIO
moJiadi MajyiMBa, TOMY HalOUTBII 3pYYHAMH 1 ONIEpAaTHBHAMH B 3aCTOCYBaHHI
OyIyTh paKeTH TaKTHMYHOTO MPH3HAYEHHS CEepPeJHbOI 1 Mayoi ajbHOCTI 3
BCIIII. Kpim 1iporo, nmpu podoti qeuryHHoi ycranoBku ([{Y) Ha BelMKux Bu-
coTax 3 MaJIUMH THCKaMHU B Kamepi, 6iu3sko 0,5 MIla [S], HeoOXigHO pariio-
HaJIbHIllIe 3aCTOCOBYBaTH BUTICHIOBAIbHY cUcTeMy noaadi. [Ipu nupomy, 3Bu-
YaiiHO, 3pOCTalOTh rabapuTh KaMepH 3ropsiHHS, alie IPH HU3bKOMY THCKY B
kamepi 3ropsuHs (K3) MacoBi XapakTepUCTHKH B LIJIOMY 3aJIMIIAIOTHCS O~
cutb xopomnmu. [Ipuknanom Bukopucranns BCIII Ha pakere - Hocil € ame-
PHMKaHCHKa BEJIMKA OJIHOPa30Ba pakeTa-Hociii BA-1, sika npu3HayeHa, B TOMy
YHCI, JUIs 3aIyCKy CYNMYTHHKIB. B sikocTi omHOTO 3 KpHTEpiiB BU3HAYECHHS
THUITY CUCTEMH MOJa4i BUKOPUCTOBYIOTh 3HAYEHHS IMITyJIbCY TSTH. IMITyJbC
TSITW OJTHOYACHO BPaxOBYE 1 BEJIMUNHY TSTH, i 4ac poOOTH IBUTYHA. 3aJIe)KHO
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BiJl BEJIMYMHHM TATH Ta 9acy poboTn 3acTocoByroTh 1yt JKP /[ abo BuTicHIO-
BaJIbHY, a00 TypOOHACOCHY CHCTEMY IToJadi rmajauBa. s OmiHKA TeXHIYHOT
JOCKOHAJIOCTI TEXHIYHOTO 00'eKTa HE0OXiHO MaTH 0a3y IUIs TIOPIBHAHHSA Y
BHTJISAI y3araJbHEHOTO HayKOBO-TEXHIYHOTO HOCBixy. Po3paxoBaHi xapak-
TEPUCTUKH OaTICTUYHOI PAaKeTH € TIOKa3HUKaMH KOHCTPYKTHBHOTO JOCKOHA-
mocti. OTXe, 3'IBIAETHCSI MOKIIHMBICTH OIIHUTH KOHCTPYKTHBHY JTOCKOHA-
JICTh pO3pOOJICHUX paKeT uepes3 ieHTH(IKaIiF0 KOHCTPYKTHBHUX TapaMeT-
PiB 1 BIAMOBIAHUX M XapaKTEPUCTHK 1 MOKa3HUKIB. CIOYATKY JJIs OLIHKU
SIKOCTI KOHCTPYKTHUBHOI TOCKOHAJIOCTI HEOOXITHO Kiacu]ikyBaTH mapame-
TpPH 3a CTyIEHEM BIUIMBY Ha HUX KOHCTpyKTOpa. Ha nepumomy piBHI HOBUHHI
OyTHu BIIAaCTUBOCTI (ITapaMeTpH), 0 BU3HAYAIOTh 37aTHICTh KOHCTPYKIIi{ BU-
KOHYBATH LIbOBY QYHKII0 (HE0OXiaHI i Taki, IO MPAKTUYHO HE 3aJIeXkKaTh
BiJl BIUIMBY KOHCTPYKTOpa). BimmoBigHO 10 miTboBOI1 QyHKIIT OamicTHIHOT
paKeTH, MOKAa3HMKAMU IIEPIIOTO PIBHA € JANBHICTH IOJILOTY 1 Maca KOpHC-
HOTO HaBaHTaKCHHA. BOHM, MpUPOIHO, HE3ATIEKHI Bi PIIIEHHS KOHCTPYK-
Topa. Jlo mapaMeTpiB mepmoro piBHI OyIyTh CTaBUTHCS i CHIIBHO (popmati-
30BaHi MapaMeTpH. 3aBJaHHsI KOHCTPYKTOpa BUOPATH MapaMeTpH, IO 3ajx-
IIAJTACS TaKUM 9UHOM, 00 00'€KT BUKOHYBAB CBOIO IUTFOBY (QyHKII0. [1a-
paMeTpaMu Jpyroro piBHs (CHIIBHO 3aJI€XKHUM BiJ PIIIEHHS! KOHCTPYKTOpA)
e tun neuryHa (gpopma K3 i corua, Tin GopcyHOK), THI KOHCTPYKLIHHOTO
MaTepiary BUpoOy, KOHCTPYKTHBHO-KOMITOHYBaJIbHA cXeMa Ta 11 eJIeMEHTH,
THUII NajiBa (BUCOKO KUILISYl 200 HU3BKO KHUILISIY1), BATOBE CITIBBITHOIICHHS
KOMITOHEHTIB I1aJIMBa, AiaMeTp MiJIeNeBOTr0 MEPETHHY, CTATUCTUYHI Koedii-
eHTH. [X 3HaueHHs B 3HAYHIH Mipi 3HAXOJATHCA Y 3JIEKHOCTI BiJl KOMIIETEH-
il KOHCTPYKTOpa ¥ TEXHOJOTIYHHX MOXIHMBOCTeil BupoOHMKa. [lapamer-
pamu TpeThoro piBHA (c1a00 3aJCKHUMHU BiJl PIlICHHS KOHCTPYKTOPA) € I10-
XiJHI BiJ] MapaMeTpiB apyroro piBHA. Lle THCK B Kamepi 3rOpsHHS, TATa, BH-
Tpara MajxuBa, HEOOXiTHUA MUTOMHU IMITyThC ABUTYHA, IO 3aJIe)KaTh Bil
TUITy TaJIMBA 1 THIy JBUTYHA; Maca KOHCTPYKIIi, IO 3aJIeXKUTh BiA THILY
KOHCTPYKIIHHOTO MaTepiaiy Jeralieid, arperaris, BiJICIKiB, KOHCTPYKTHBHO-
KOMITOHYBAJIbHOI CXEMH; JIOBXKWHA PaKeTH, 110 3aJISKUTh BiJl TUITYy NajKBa,
KOHCTPYKLIHHUN MaTepial BUpOOy; XapaKTepUCTHKH aepoAMHaMIKu it Gari-
ctuku. [lapaMeTpu TpeThOro PiBHS MaKOTh Jlialia30HH, 0 00MEKYIOThCs a00
TaKTUKO-TeXHIYHUMHU BuMmoramu (TTB) TexriuHOTO 3aBIaHH:, ab0 pexoMme-
HJAIISIMU JTOCBiYEHUX KOHCTPYKTOPiB. TakuM YMHOM, KOHCTPYKTHBHI Ta-
paMeTpu CTPYKTYPHUX €JIEMEHTIB pO3JUIEHI, B 3aJeXHOCTI BiJl CTYHEHS
BIUIMBY KOHCTPYKTOPAa, Ha TpH piBHI: 1) He3asnexHi; 2) cuiIbHO-; 3) c1abo 3a-
JieKaTh BiJ| pillleHHs KOHCTpyKTopa. B oOmacti mpyroi rpynu mapamerpis
KOHCTPYKTOp Ma€ HaWIIUpIIE I10JIe JisTIbHOCTI. Y CBOIO Yepry, HOeTHAHHS
rapaMeTpiB TPEThOI rpyNy BU3HAYA€E OCHOBHI XapaKTEPUCTHKU OaniCTHIHOT
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pakeTH, TOOTO 3aTHICTF BUKOHYBaTH HEIO LiNbOBY (QyHKIi0. s mimBH-
MEeHHA €(QEKTUBHOCTI MPOIECy NMPUHHATTA ONTHMAIBHOTO KOHCTPYKTOP-
CBKOTO PIllICHHS pO3pOOIIIOTECS KITacu(piKaIlil CTpyKTYpHHX elneMeHTiB. Bcei
eJeMeHTH (pyHKI[IOHAIEHOTO MacOBOTO 3BEJICHHS PO30OMBAIOTH HA TPH TPYIIH:
TepIa - eIeMEHTH, Maca SKHUX 3aJISKUATh TUIHKH Bi 3MiHU poO0YOro 3amacy
MaJIuBa; Apyra - eIEMEHTH, Maca SKUX 3aJIe)KUTh TiNBKH BiJl TATH JBUTYHIB,
TPETsI - €JIEMEHTH, Maca SKUX NPaKTHYHO HE 3aJIC)KUTh BiJl 3MIHU OCHOBHHX
MPOEKTHHX rnapamerpiB. Hal6imb1 NpocTHM IPUHOMOM € COCi0, IpH IKOMY
BUJIUIAIOTH TPYITy €JIEMEHTIB, 110 3aJIe)KUTh BiJ TATH JBUIYHA, a Macy, IO
3aJIMIIMIACS BBAXKAIOTh TAKOIO, IO 3AJISKUTh TUIBKH BiJl poOoUoro 3amacy
nanuBa. [lepura yacTrHa Macu KOHCTPYKUII 3a0e31meuye BUKOHAHHS LiJIbO-
BOTO IIPU3HAYEHHS 0ANiCTHYHOT pakeTH, 1ie HeoOXiaHa Maca. [Ipyra yacTuHa
Macu OOyMOBJICHa TEXHOJIOTIYHUMH I €KOHOMIYHIMH MipKyBaHHsAMH. Ha-
MPUKIIA, SKach AeTaib 0aliCTUIHOI pakeTH poOUThCS MIIHIIIE, HiX IIe TTOT-
pibHO mu1st 3a0e3medeHHs Oe3neKu i HaaiitHOCTi OJBOTY, TaK K IS ii BUTO-
TOBJICHHS 3aCTOCOBAHUH MaTepiall CTaHAApTHOI TOBIIMHHM, a0 SKHUICH ee-
MEHT KOHCTPYKIil BHKOHY€ETHCS MOCTIHHOTO MEPETHHY, 100 YHUKHYTH TPY-
JIOMiCTKO1 0OpOOKH 3a JOBXKUHOIO Il OTPHUMAaHHS MiHIMaIbHOTO (HE0OXia-
HOT'O 32 YMOBOIO MIIIHOCTI) 3MiHHOTO IIepepizy, abo poOsThes po3'eMu, ki
He OyIlyTh BUKOPHCTOBYBATHCS TIPH EKCILTyaTallii, ajie BBEICHHS SKHUX CIIPO-
1Y€ Ta 3[ELICBIIOE TEXHONOTYHII npouec. L[ yacTuHa mMacu € TeXHoJIoTi-
YHUM "Z0BaKKOM", BOHa Moke OyTH 30iblieHa a00 3MEHIIeHa IIPH BiO-
BITHOMY CIIPOILEHHI ab0 YCKJIaaHeHHI KOHCTpyKii. Hapeniri, TpeTio vac-
THUHY MacH CTAHOBJIATh JUCKPETHI KOHCTPYKTHBHI €JIEMEHTH, a TAaKOX BCi-
JISIKi KOCUHKH, HAKJIQJKH, KPIMWIBHI 1eTai i T.i. I{e KoHCTpyKTHBHUH "moBa-
JKOK", SIKUH, Tak caMO K 1 TEXHOJOTIYHHA, HE € HEOOXiTHUM I poOOTH
KOHCTpYKIIi. J[pyra i TpeTst yacCTHHN MacH CTAaHOBIIATH 3aiiBy Macy. YacTka
3aliBO1 MacH XapaKTepU3ye MAaCcOBY (BaroBy) JOCKOHAJICTh OalicTHYHOL pa-
KeTH, PiBeHb BIATIPAIIOBAHHSA I KOHCTPYKIi. MacoBa JOCKOHaNICTh Oaic-
THUYHOI pakeTH y Oarato pasiB BHMIle, HK BUPOOIB B 3BUYAIHOMY MaIlIWHO-
OyayBaHHI, X0ua XapaKTep HABAHTA)KCHHSI Ta 1HII YMOBH Ui 0adiCTUYHOT
paKeTH 3HAYHO MEHIN BUTiaHI. JlaHa Kiacudikallis He Ja€ YITKUX MEK MiX
€JIEMEHTaMU TPYII, KPIM IpyNu AUCKpeTHUX Jeraneil. CKIamHO 3pO3yMiTH
3MICT €JIEeMEHTIB MepiIoi Ta Apyroi rpyn. s BUKOHAHHS MiJIbOBOTO MPH3-
HaueHHS OJHO3HAYHO HEOOXiJHI JBUTYHHAa YCTaHOBKA, NMAJMBHHHN BIiJCIK,
NPWJIaI0OBUH 1 XBOCTOBIH Bi/ICIKM, KOPHCHE HABAHTA)KEHHS, aJIe YaCTHHA eJle-
MEHTIB IIUX BiJICIKiB BUTOTOBIISETHCS 3 MaTEpialiB CTAHJAPTHOI BEIIMYHHHU,
1110 HAJIa€ IPaBo BiHECTH iX JI0 IpyTroi rpyIH eneMeHTiB. Bigomo, 1mo koxHa
JieTallb, By30J1 ab0 arperat BUpoOy BUPOOJISIETHCS 3 ypaxyBaHHIM MiHIMaJIb-
HHX BUTpAT 1 BOHU NpU3HAYEHI JUIsl BUKOHAHHS NeBHUX (DYHKLIH. 3 po3paxy-
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HKY, 32 SKAX YMOB €JIEMECHT IIOBUHEH BHKOHATH CBOIO (DYHKIIiI0, KOHCTPYK-
TOp BU3HA4ae (popMy i MaTepian Aetai, 3MiCT KOHCTPYKIIii By3ma abo arpe-
rary. OgHOYacHO HEOOXiTHO mependaynTh 3pyJHICTh AeTaji abo Bysnia 10
BHPOOHHUIITBA 1 eKkciuryaTamii. TakuM 9uHOM, BHOIp AeTam BUpoOy TPYHTY-
€TBCSI HA YOTHUPHOX YMOBAX: PO3PaxyHOK, KOHCTPYKTHBHICTh, IPHCTOCOBA-
HICTB 10 BUPOOHHUIITBA, 3PYIHICTh B €KCIDTyaTalii. 3 pO3paxyHKy KPUTHIHIX
rapaMeTpiB i HassBHOCTI pe3epBiB MiNPHEMCTBA 32 MaTepiajlaMu 1 3aKyIiie-
HUMH JICTaSIMU (3 PO3paxyHKY HAsSBHOCTI ICHYIOUOi KOpHoparii miamnpu-
€MCTB, 3 SIKUMH B3a€MOJIi€ BUPOOHHUK, 3 ypaxyBaHHsM Tpaaunid Kb) koHcT-
PYKTOp TOBHHEH NPHUUHITH KOHCTPYKTHUBHE PILICHHS IOJO0 3aCTOCYBaHHS
poay Mmarepiany, KoH(irypauii i BHyTpilIHbOro 3MicTy esneMeHTa. Hanpu-
KJaJ, 3 PO3paxyHKy BU3HAYMJIM MiHIManbHY (KPUTHYHY) TOBIIHHY CTiHKH
Oaka. ToBuriHA 30LTBITYETHCS 32 PaXYHOK BHKOPHCTaHHS KoedillieHTa 3a-
Iacy MIITHOCTI, 3aCTOCYBaHHS MEHII MIITHOTO MaTepialxy CTiHOK, abo depe3
HasBHICTH JIMCTIB METaly 3 TOBIIMHOKO, OiNbIIEe po3paxyHKOBOI. Jpyrum
MIPUKIIAIOM MOYKHA ITPUBECTH BUOIp IMYCKOBHX KJamaHiB ab0 MeMOpaH mpo-
pHUBY Ha TpyOOIPOBOaX MaricTpaieil CuCTeM HaIayBy OakiB a0o mogadi ma-
JIMBA B KaMepy 3ropsiHH:. ['0JIOBHUM KpUTEpieM BUOOPY € BUTpaTa poO0odYoro
TijIa, BUXOMSAYH 3 I[HOT0 PO3PAXYIOTHCS TiaMeTpH Marictpaeii. [To miametpy
TpyOOIPOBOIY i BUTpATi poOOUYOTro Tijila BUOMUPAETHCS THI KJIamaHa: eJIeKT-
PUYHMH, THEBMAaTUYHUM, ipoTeXHIuHUU. /{715 BHOOPY BapiaHTa KOHCTPYKIIT
3aCTOCOBYETHCSI MOpdoJoriuHui aHaii3 abo MaTpHls ONOPHHUX BapiaHTIB.
IpucTocoBaHICTh 10 BUPOOHHUIITBA - aHAII3 MOXKJIMBOCTI peaizaiiii oopaHoi
KOHCTPYKLIi Ha KOHKPETHOMY BHPOOHHUUTBI. JIJIs1 IbOr0 KOHCTPYKTOP 3My-
LICHUI 3aCTOCOBYBATH PO3'€MHI 3'€THAHH, IKi 320€3MEUYIOTh CTUKOBKY 1 PO-
3CTUKYBaHHS OKPEMHUX arperariB Ta Bi[ICiKiB (HAIIPUKIIAL, 3aCTOCYBAaHHS CTH-
KOBUX IIIIAHTOYTIB MiXK BiAcikammu). Lli crmomykw HEe BHKOPHCTOBYBATH-
MYTBCS B €KCIUTyaTalii, HaBIIaK{, BOHH 30UIBIIYIOTE 3arajibHy Macy i mepe-
IIKO/DKAIOTh BIKOHAHHIO TOJIOBHOI ITUTFOBOI (PYHKINT KOHCTPYKIIIL, anme ix
BBEJ/ICHHS CIIPOCTUTH TEXHOJIOTIUHHUH TIPOIIEC.

TakuM YMHOM, BU3HAYEHO, 1110 B KO)KHOMY €JIEMEHTI 0alliCTUYHOI pakeT!
MPUCYTHI YOTHPH CKJIaJIOBUX: PO3PaXyHKOBA, KOHCTPYKTHBHA, TEXHOJIOTI4HA
Ta eKCIuTyaTaliiiHa, aje, B 3aJeKHOCTI BiJi BUKOHYBaHOI ()YHKIIIT, 0fHa a0
JIBi CKJIaZIOBUX OKPEMOTO elleMeHTa OyAyTh TOMIHYIOUMMH, a PillleHHs MPO-
6nemu (opMyBaHHS IHCTPYMEHTY AKICHOI OIIIHKH MOke OyTH 37ilicHeHe Je-
pe3 CTBOpEHHS HOPIBHUIBHOT 0a3K JaHUX MapaMeTpiB Ta XapaKTEePHCTHK pa-
Hillle CTBOPEHUX 3pa3KiB TeXHIYHOro 00’exTy. CTBOpeHHs 6a3u JaHux i po-
3po0Oka Ha 1i OCHOBI IMOKA3HUKIB JOCKOHAJIOCT]I TEXHIYHOTO 00’ €KTY MO>KIJINBI
micis imeHTH(}IKAMii H#oro MapaMeTpiB i OIIHKU JOCKOHATIOCTI TEXHIYHUX Pi-
LIeHb KOHCTPYKTOpA.
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VIK 623.094

CTPYKTYPHE NEPETBOPEHHS CIIEITA®IKAIIIA
OB'€KTIB EKCITOPTHOI'O KOHTPOJIIO

0.B.JIOKYUAEB
Ynpaesninna Cnyocou Besnexu Yxpainu 6 Xapkisecokuti ooracmi

L.LB.YEIIKOB
C.B.JIAIIULIbKUIA
0O.B.3YBAPEB
Lenmpanvruii HayK0680-00CHIOHUL IHCMUMYM 030POEHHS MA BIUCbKOBOL
mexniku 3opotinux Cun Yxpainu

Crpykrypa O0yap-skoro cnenudikosanoro supooy (IFOCT 2.101-68) Bi-
Jobpaxae CKJIas i KiIbKICTh MeTalel i CKIaJalbHUX OJUHHIIb, [0 BXOAAThH
JI0 HBOTO0, 1X BiTHOCHHU NepenyBaHHs (CTYNEHI BXODKEHHS). SIK MOKa3yoTh
JOCTIKCHHS, CTPYKTypa crernudikoBaHoro BUpoOy BimoOpaskaeTbes rpa-
($oM crneniadbHOTO BUIY, IO 33J0BOJILHAE HACTYIIHHUM TPHOM yMoOBaM: 1).

I'pad mae xopinb X, AKMI He Mae MONEPEHIX €NEMEHTIB F’lxo = a60

‘ F'lxo‘ =0; 2). Koxen exemeHT rpada, 3a BUHATKOM €JIEMEHTIB HIXKHBOTO

iBHSI, Ma€ He MEHILE JBOX EIEMEHTIB, HACTYITHHX 33 HUM |[y.|> 2|, ne | -
x;| >

piBens rpada; 3). KoxeH eneMeHT, 32 BUHATKOM KOPEHs, Ma€ TiJIbKH OJWH
€JIEMEHT, 110 Nepenye Homy ‘ Fflxj‘ —1j#0" 3 HaBeJIEHOTO BU3HAUEHHs rpada

CJTiJ, 110 HOr0 CTPYKTYpa € iepapxivuHOr0, THILY IECPEBO.

OCHOBHHI1 KOHCTPYKTOPCHKHUI JOKYMEHT OY/b-SKOT0 CHEeln(piKOBAHOTO
BUpOOY - crieruikariis, npaBuiia BUKOHaHHS sikoi BctaHoBieHi [OCT 2.108-
68, TakoXK Ma€e iepapXxiuyHy CTPYKTYpY, ajic TaKy, sKa MpeICcTaBlicHa B HEsB-
HOMY BHUIIAI. HesBHUI BUA i€papXidHOI CTPYKTYypH cnenu(ikamii BH3Ha-
YEHO BCTAHOBJICHOIO TIOCITITOBHICTIO 3aIUCy iH(popMaIlii mpo BUpiO: KoMILIe-
KTH; CKJIaJaIbHI OJWHMUII, ETaji; CTAHAapTHI BUPOOH; iHIII BHPOOH; MaTe-
piaiy; KOMIUICKCH.

[Ipn TakoMy 3amucy BiJHOCHHM II€pPEAyBaHHS MIX CKJIaJOBUMH YacTH-
HaMu BUPOOY MOXKYTh OyTH BU3HAUYEHI TiJIbKHU 32 TIO3HAYEHHSIMH WX YaCTHH.
s opranizarii ekcnepTH3u BHpPoOy AK 00'€kTa €KCIOPTHOTO KOHTPOIIIO
fioro crierudikaimiro He0OOXiTHO CTPYKTYPHO TIEPETBOPHUTH B OJMH 3 OCHOB-
HUX TEXHOJIOTIYHUX JOKYMEHTIB - BiIOMICTh CKJIaJaHHS BUPOOY, SKa 3a BH-
3radeHHsM (TOCT 3.1102-81) mae iepapxiuHy CTpYKTypy i IpuU3HaUeHA IS
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BKAa3iBKM CKIIQAy JeTajel i CKIamanbHAX OTUHHIb, I10 HEOOXITHI I CKIIa-
JaHHS BUPOOY B MOPSIKY CTYICHIB BXO/DKEHHS, IX 3aCTOCOBHOCTI 1 KiJIBKiC-
HOT'O CKJIaJy.

MeTo/; CTPYKTYPHOIO MEPETBOPEHHS BUPOOY MOJArae B HACTYIHOMY:
OCKUTBKH BHPOOH BiJPI3HAIOTHCS 33 CKJIAAHICTIO BUKOHAHHS, MPHYOMY IS
cknanaicTh 1o ECK/] xapakTepn3yeThcs CTYICHSIMH BXODKEHHS, Il BUPOOH,
a 3HAYMTH 1 BIATIOBI/IHI IM crienudikaliii MoxkHa Ki1acu(ikyBaTH B TAKUH CIIO-
ci6. Hexait x — (%, } MHOXHHA crierudikarii. A =la,,} -~ MHOXHHA kimacudi-

KallifHUX O3HaK MO/ BEKTOPIB MHOKUHH Ha JEsKi B3aEMO3aJIeXKHI CTPYK-
TypHi rpynu. Takumu kiacudikaniiHUMU IrpylnaMH € CTYHNEHI BXODKEHHSI.
Hexaii r, - KiIbKIiCTh CTYTICHIB BXODKEHHS 11t K -0 BUPOOY HOMEHKJIATypH

E€KCIIOPTHOTO KOHTPOJIIO r, =1 3. Tomi MHOKHMHA A = {am} Oyze cximagatucs

3 TaKoi CYKYITHOCTI O3HAK MOETAITHOT KJIaCH(iKaIlil MHOKHHH X , 10 BU3HA-
YaloTh CKJIaHICTh BUpOOiB Ha: 0- of cTyneHi BXxo/pkeHHs; 1-0f cTyneHi BXo-

IKEHHS; 2-01 CTyIeHi BXOMkeHHs; I, -01 CTyIeHi BXOMKEHHS; 4 -0i CTyneHi

BXODKEHHS.
Ha 0-my kpoui kimacudikamii o3Hari ay €A, BiANOBia€ MHOXXHMHA

A, = (a0, v =12 MOKIMBAX 3HAYEHD Li€i O3HAKH, IPU LBOMY: 3HAYCHHS
03HaKU Ha 0-My cTyrneHi BXOJKEHHS BUPI0 € CKIIaAalbHO0 OJAMHHILIEIO;
Aoy =

3HAUCHHS O3HAKN ,,  _, Ha 0-My CTyIeHi BXO/UKeHHs BUPIO € getammo. Jami
BBOJIIMO BiIOOPAXCHHSA MHOKHHH p B MHOXKHHY X = (% }! Vary,, € A0
3ICTABJISETHCS 3 NEAKOKO MJIMHOKMHOK X . MHOXHHH X , EIEMEHTH SKOT
BOJIOJIIFOT IAHMM 3HAYEHHSM O3HAKH ¢, . B HallOMy BHIAJKy yTBOPHO-
201 1 Xa202 )

X = X o009 X 02 X oo O X a0 = 2.

Ha mepmomy kpori kinacudikarii o3Hari a,, € A, BIJIIIOBI/IA€ MHOXKHA

€TBCS 1BA IMIAMHOKHAHU X

A= {aw },v =1,2 MOXIMBHX 3HAYCHb Li€l 03HAKHU, NIPU [OMY: 3HAYCHHS
O3HAKH ¢, —» Ha l-My CTymeHi BXO/DKEHHs BUPIO € CKIaJaibHOK OJMHH-
U€I0; 3HAYEHHs O3HAKH (,, —> Ha 1-My cTymneHi BXO)KEHHS BHpIO € je-
TaJLIIO.

BBoauMo BimoOpakeHHS MHOKUHH Pouns Y MHOXHHH Xazm:{xk} i

={x}. Va,, € . . .
X2 {Xk}: 2w € oo 31CTaBISIFOTHCS] YOTUPU HETIEPECIYHUX ITiIMHO-

KHHH Xa201a211’Xa201a212'xa202a211'Xa202a212_ JIBi OCTAHHIX MiAMHOKHHHU

TIOPOKHI, T00TO: X 2020211 — 1 X 202212 — !
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Xa201 = Xa201a211 i Xa201a212 ! xa201a211 M xa201a212 = @ Ha Apyromy Kpoti

knacudikamii o3HaIi Ay €A, BIAIIOBiga€ MHOXHUHA A= {a } v =12 Mo-

JKIIMBUX 3HA4YCHb HiCI O3HAaKH: 3HAYCHHA O3HAKH Qppy —> Ha 2-My CTYIICHIO

22v

BXOJDKEHHs1 BUPI0 € CKJIaIaNbHOKO OJIMHALIEI0; 3HAYEHHS O3HAKH ¢, —» HA 2-
My CTYTIEHIO BXO/KEHHS BHPiO € merammo. BBomumo BimoOpakeHHS MHO-

KHHH A, ) Y MHOKHHH X 01,011 = {Xk} 1 X 2010212 = {Xk L Vay,, €h

31CTaBIIIOTHCS MM IMHOXAHA
Xa201a211a221' Xa201a211a222’ Xa201a212a221’ Xa201a212a222 )

:@ix

» X goota211 = X azota211a221 Y X 201021102201 X a201211a221 0 XK a201a2110220 =
Ha  -om kpoui knacidixaiii o3HaKu g, ,c A, BIINOBiIa€ MHOKMHA

JlBa octaHHi 3 HUX MOPOXKHI, TOOTO: X

2010212222 20102120222 =

Aoy = {0 bV =1,2 MOKIMBUX 3HAYEHD Li€i O3HAKH, TIPH IBOMY aHAJIO-
iYHO: 3HAYEHHS O3HAKU ¢, ,  —> Ha [,-OMY CTYIEHIO BXOIDKEHHS BUPIO €
CKJIQ/IaIbHOI OJIUHMIICIO; 3HAYEHHS O3HAKH ¢, ,, —> HA [, -OMY CTYIIECHIO
BXOJDKEHHs1 BUPIO € jieTammo. BBOAMMO BinoOpaeHHs MHOXKHHH A, , . B
I IMHOKHUHU
Xa201a211a221a231..a2(r2—1)1 = {Xk }v Xa201a211a221a231..a2(r2—1)2 = {Xk }
Yz € Posr BIJITIOBIZIAOTh YOTHPH I IMHOKHUHU:

X X

a201021102210:231.. 2(r2-1)1ax2r 211 2010211221023, 2(r2-1)1a2r 22

xa201a211a221a231..a2(r2—1)1a2r21 = Qj xa201a211a221a231..a2(r2—1)1a2r22 ZQj
1 H
X 201021102210 231, a2(r2-1)11 —

=X 20102110221 231.. 2 2(r2-1)1a2r21 u X 20102112210 231.. 2 2(r2-1)12r 22

Xa201a211a22la231..a2(r2—l)1a2r21 M Xa201zz211a221a231..a2(r2—1)1a2r22 = Qj

[IpoBiBmIn aHAMOTiYHI MipKYBaHHS HA OCTAHHEOMY B eTari kiaccigika-

1ji, OTPUMYEMO: AZaZﬂ = {azﬁv}:V =12 .

Vay,,, € A,

MyCTi:

@2F BinMOBiAAIOTH YOTUPH MiAMHOKUHY, 3 SKHX TPU OCTaHHi
Xa201a211a221a231..a2r21..a2(ﬁ—l)la2ﬁ2’ xa201a211a221a231..a2r21..a2(ﬁ—1)la2ﬁ1 =

Xa201a211a221(1231..112r21..a2(/i—1)2a2/1’l =
1

362



X

@20102110221231. a2 21, a2(f-Dia2fL — (7

[Ticns Toro, sIK MHOXKMHA X € KJIacH(piKOBaHOIO OMMCAaHUM BHILE CIIOCO-
00M, 3 ICHUMO OTiepaIlifo BUOIPKU 3 OTIMCAHOT BUIIC MHOXHHU X — {yk} Be-
KTOpIB X, » KOODJIMHATH SKHX MICTSTh BKa3iBKy Ha CTYIiHb CKJIaHOCTI BU-

poOy Ha BiINOBIAHIN CTyneH] BXokeHHs. Bubupaemo Habip KoopAnHAT, 1110
BiJINIOBIAIOTh 3HAYEHHAM PEKBI3UTIB po3iniB: 2. YyTiuBi TOBapH i TeXHO-
yorii; 3. dyke ayTnuBi ToBapH i TexHoJorii. Ha Bcix xiacugikoBaHUX BUIIIE

MiIMHOKHHAX MHOKAHH X BBOIUTHCS (DYHKIIis F;Z(xkrzm, X 2h2s xmhs) , IIe
I'2 - cTymiHb BXOUKEHHS; hy - HOMep KOOpIiHATH BUOIPKH, y = 1,3. DyHk-
ist F,? Ma€ BUTJISL:
Fre_ {(/’31’”‘“40 Bon V K2 V ¥ons =1 TTpuuomy, )%Zh =1, AKIo
3
0, K140 B 510 v Koo Vv K ons = 0
Xieany = Azzy i )&rzhy =0, AKWO x,,, =0-
Omnepamiro BUOIPKH 3iHICHIOEMO TOETAITHO (TTOCIiIOBHO) 5 a3 BIIITO-

BiJTHO /10 KJIbKOCTI CTYIICHIB BXO[)KCHHSI.
Ha O-my erami BuOipkd BiAmoBimHO p  (QYHKIIEW  BHOIPKH
o . - .

F’ (Xeonas Xeonas Xeona) 3 MHOMKHHH BEKTOPIB X = {xk} BUOUPAEMO TTiIMHO-

JKHHY BEKTOPIB, KOOPIUHATHU SIKUX BIMOBIIA0TH O3HALI oy -
. 0 —
X201 = {Xk € X | R (Xconys Xk0h21xk0h3)}’ X202 = X\ X o0 -
Ha 1-my erani BuOipkum BigHoBiZHO 3 (QYHKIIEIO BHOIpKH

1 . . _ .
Fy (Xeane Xeana» Xeang) 13 MHOXKHHH BEKTOPIB X, = {Xk} BHOMPAEMO TTiIMHO-

JKIHY BEKTOPIB, KOOPIMHATH KX BiAIOBITAIOTH O3HAIII Oy
— <y l —
X 20111 = {Xk € X001 | Fs (K Xkth'Xk1h3)}l X 2012212 = Kz \ K aoraonn -
Ha 2-my erami BuOipkd y BIONOBIZHOCTI 3 (YHKIEIO BHOIPKH
5 . . e .
F; (kahl, Xy 2h2s Xk2h3) 13 MHOKUHHU BEKTOPIB szom211 = {xk} BHOUPAEMO i

JMHO)KHHY BEKTOPIB, KOOPIMHATH KX BiIMOBIIAIOTH O3HALI Q-

_ e 2 —
Xa201a211a221 - {Xk € szZOlale | F3 (XkZhl' Xk2h2 ' Xk2h3)}’ Xa201a211a222 -
= XaZOlale \ xa201a211a221
Ha r2-my erami Bubipku:
_ )y r2
XaZOlale..aZ(rZ—l)laZer = {Xk € XaZOlale..aZ(rZ—l)ll Fs (Xkrzhl’ Xir2na Xkr2h3)}’

X \ X

2010211, 22(r2-1)1a2r22 — XaZOlale..aZ(rZ—l)l 201211, a2(r2-1)la2r21 "
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Ha ocrannboMy p-My eTani BUOIpKH B IiAMHOXHHI X 201a211. or(payt

MICTSITBCS JIHIIC BEKTOPH, KOOPIAWHATH SIKAX BIINOBINAIOTE O3HAL O, 4, ,

T06TO Xa201a211..a2r21..aZ(ﬂ—l)laZﬂl = {Xk € XaZOlale..aZ(ﬂ—l)l | Fsﬁ(xk,&ml X2+ Xkﬁhs)}z
2010211, a2r2L. a2 p-Da2p2 = RKa201a21l. a2r2. a2(p-1L "

PosrnsiHyTHIT METOZ ONMCY THITOBHX OTEpaTopiB 00poOku iHpopMariii-
HUX MacHBiB Ha MOBi TeOpii MHOKHH 3 BUKOPUCTAaHHSAM €JIEMEHTIB Teopii ¢y-
HKIIH DIICHOTO 3MIHHOTO MOXe OYyTH MOKJIaIeHO B OCHOBY PO3poOKH (op-
MaJbHOI BXiJHOI MOBH aBTOMAaTHYHOI 0OpoOKH iH(popMarii B cucremax yii-
paBIIiHHS €KCIIOPTHUM KOHTpoJieM. Pi3HI NMO€IHAHHS THIIOBHX OIEpaTopiB
npH iX 6araropa3oBOMy IMOBTOPEHHI BU3HAYAIOTh MPOLIEC BUPIIIECHHS OY/1b-
SKOT 3aJa4l ynpaBIiHHS.

TuIoBi onepaTopy MOKHA PO3IJISIATH SIK MAKPOOIIEPATOPH, SIKi TeHEpY-
I0ThCS 3 ISSIKOT CYKYITHOCTI MikpoonieparopoB. JlocBix 00poOku iHpopmartii
NpY BHUPILICHHI 3aBJaHb €KCIIOPTHOTO KOHTPOIIO TOKa3ye, M0 CYKYIHICTh
MIKpOOHepaTopoB MOXke OyTH pO3AijicHa Ha /[Ba KIIACH:

1) xoHBepTalii HJaHUX B poOOYOMY TOJIi OMEpPaTHBHOI MaM'sTi i 3 podo-
YOTO TOJISI OTIEPATUBHOI TaM'sITi B yci BUAM 30BHIIIHBOI TTaM'sTi;

2) 00poOKH aHUX B poOOYOMY IIOJTi OTIEPATUBHOI MTaM'SITi.

MikpoornepaTropaMi IepIIoro Kiacy €: Neperiisa MaCUBY ITOCTIJOBHO-0-
HOPA30BO IO 3aIHKCY; TEPEryIsi MAaCHBY MOCIHIIIOBHO-OAHOPA30BO 10 OJIOKY
3aIUCiB; MEepersis]] MacUBY MOCHIIIOBHO-IMKIIYHO TI0 3aIMCY; MEpersi Ma-
CHUBY TOCIIIIOBHO-IIUKJIIYHO 110 OJIOKY 3aIKCiB; AOBIIBHUMN MEperiisii OJ0Ky
3aIiCiB 110 33J1aHOMY HOMEpY 3anucy; GOpMyBaHHsS MaCUBY IOCIiJOBHO-0/I-
HOPa30BO MO 3amucy; (OpMyBaHHS MAacHBY IIOCIIZIOBHO-OJHOPa30BO IO
010Ky 3amuciB; GopMyBaHHs OJOKY 3aIKCIB IO 33JAHOMY HOMEPY 3aIucy.

MikpoormnepaTopami Apyroro Kijiacy €: HOPiBHSHHS 3aIMCIB 3a 3alaHUMH
o3HakaMu; GOpMyBaHHS Ta 3MiHa O3HAK 3aIUCiB; BUOIpKa 3aIHCIB 3a BiIIO-
BiTHIMH 3HAYCHHAMHY PEKBI3UTIB 3aIHCIB; IIEPECHIAHHS 3aIUCIB B iHIIE PO-
60ude 1noJe; AMXOTOMUYHHUH MTONTYK 3aIMCIB MO 331aHMX O3HaKax B OJI0IIi yro-
PSIIKOBAHOTO MacHBY.

PosrnsHyTi MikpooniepaTopu IBOX KIIACiB i OpraHi3amis IX BAKOPUCTAHHS
3a0e3meuyroTh 00po0OKy Oy Ib-IKOTO 33JaHOTO YUCIIa MACHBIB 3 Oyab-SIKO1 3a-
JIaHO1 CTPYKTYpOIO iX eleMeHTiB. HamamTyBaHHS MiKpOOIIepaTopoB Ha 00-
poOKy MacHBiB 13 32/1aHOI0 CTPYKTYPOIO €JIEMEHTIB MOBUHHE 3/11HCHIOBATHCS
3a omrcamMu 00pOOITIOBaHUX 1 pe3yIbTYIOYNX MAaCHBIB.

OTpuMaHi CYKyITHOCTI PEKBI3HTIB € OCHOBOIO iX Kiacudikallii Ha BXiHi,
BUXIiJTHI IPOMIDXKHI 1 cyBOpo BuXinHi. BuximHi mpomixHi i cyBOpOo BHXiTHI
MiIPO3AIISIIOTECS. HA 00YNCITIOBaHI M CTPYKTYPHO NEPETBOPEHI.

Qj - IIOPOJKHS. MHOXKHHA, a X
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AJNTOPUTMH TIEPETBOPEHHS BXiTHMUX PEKBI3UTIB Y BUXIIHI € THIIOBUMH i
peaizyloThes POrpaMHUMH KOMILIEKCAMH.

HageneHi mono)KeHHsT BCTAHOBJICHI aBTOpAaMH Ha OCHOBI JTOCBiTy eKcIre-
PTH3H 3HAYHOTO YHUCIA 00'€KTiB EKCIIOPTHOTO KOHTPOJIO.

VIIK 623.094

BUXIJAHI JAHI OO0 OINIHKHU IMOBIPHOCTI YPAXKEHHS
OKPEMOI L1, II{O € MO3A 30HOIO CIIOCTEPEKEHHS

0.A.MAHCTPEHKO
O.B.IIOTIKOB
Lenmpanoruii HAYKO80-00CHIOHUU IHCIMUMYM 030POEHHS MA BIUCLKOBOT
mexnixu 3opotinux Cun Yrpainu

Bb.0.OJIIIPHUK
epoicasre nionpuemcmeo «Jlvsigcokuii oeporcasnuii 3800 “Jlopma”

B.B.IIETYIIIKOB
Komanoyeanna Paxemuux giticok ma apmunepii 36pounux Cun Yrpainu

Jo okpeMuXx ITisielt BiTHOCHMO TaKi I[iTi SIK ITyCKOBa YCTaHOBKA, TaHK, Mi-
HOMET, apTWiIepiiicbky rapmaty, ycranoBka [ITPK, kymemer Ta in. Oxpemi
LTI MOXKYTh OyTH CHIOCTEpEKyBaHi 1 HE CIIOCTEPEKyBaHi 3 HA3eMHHUX CIIOC-
TEPEeXHUX IyHKTIB. [Ipy yparkeHHI OKpeMUX CIIOCTEPEKYBaHHX Lijel y Hac
€ MOXJIMBICTh KOPEKTYBaTH CTPUILOY 10 OTPUMAaHHS HEOOXIIHOTO pe3yiib-
taty. [Ipu 00CTpIjIi HE CIIOCTEPEKYBAHKX IILJICH Taka MOXKJIMBICTh BHKIJIFOYA-
€TBCSl, TOMY CTPUILOY IO HE CIOCTEPEKYBAHUX LINISAX BEAYTh JIO THUX Hip,
MOKU He OyIyTh BUTpaueHi CHAPSIU, IPU3HAYCH] JUIs 11 yparkeHHsI.

B pesymbTati cTpiieOHM OKpeMa He CIIoCTepeKyBaHa IIiTh MOXKe mepedy-
BaTH TUTBKH B IBOX CTaHaX: ypakeHa abo He ypaxkeHa. OTxe, mpu cTpLIbOi
M0 OKpPEeMill He CIIOCTepeKyBaHIl LIl BeIHIHHA 30UTKY MOXE MpUHMATH
TIJIBKH JBA 3HAYCHHS: 30MTOK E=1, AKIIO 1iJb YpaxkeHa, a60 & = 0, sIKIIo I1iJib
He ypakeHa. 30MTOK - BeIMYMHA BUMAAKoBa. [lo3HaumMMO: p - IMOBipHICTB
ypakeHHs; q =1-p - IMOBIpHICTb He ypaxkeHHs 1imi. Toxi MaTeMaTnyHe odi-
KyBaHHS YHClia ypa)XeHb OKPEMOT LiJIi IPH MPOBEJICHH] JOCUTh BEJTUKOT'O M-
cia cTpisb0 BU3HAYNTHCS SIK CyMa ITapHHUX IEPEMHOKEHb BUIIAIKOBOI BEJIH-
YUHU 30MTKY Ha HMOBIpHICTH 1T mosiBu: m(&)=1p+0q=p.

OTxe, MaTeMaTUYHE OYiKyBaHHS YUCIIA YPKEHb OKPEMOi He CIIOCTepe-
JKYBAHOI ITiJTi 9YUCENBHO JOPIBHIOE IMOBIPHOCTI ii ypakeHHA. Tomy odikyBa-
HUI pe3ynbTaT CTPiIEOM MO OKpeMill He CIIOCTepeKyBaHOI il OymeMo Xxa-
pakTepu3yBaTH UMOBIPHICTIO 11 ypaxkeHHs. K0 1o 11imi 3po0iaeHo KiTbKa
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MIOCTPIJIiB, TO WUMOBIPHICTD 1i ypa’keHHS BU3HAYA€MO SIK HMOBIPHICTH TOTO,
o xo4a 0 OJMH 3 HUX OYB BIAJIHM.

IIpu cTpinb6i rapMaToro MalOTh MicIle IBi TPYIH HOMIIIOK: IIi, IO HE TI0-
BTOPIOIOTHCS (IIOMHJIKH PO3CIIOBaHHS CHApAIiB) W MOBTOPIOBAHI (TOMMIKH
BU3HAUCHHS YCTaHOBOK). [IOMUIIKY BU3HaYCHHS YCTAHOBOK BU3HAYAIOTH I10-
JIOXKCHHS IEHTPa PO3CiIOBaHHS CHAPSIIB i, 0T)Ke, BIUIMBAIOTH HA HMOBIPHICTH
YpasKeHHs! LTI IPH OZHOMY HOCTpisi. HeBpaxyBaHHS CHCTEMH IIOMMIIOK, SIKi
CYNPOBOJIKYIOTH CTPiIb0y HEMHHYYe TPHU3BEAE OO IMOMMJIOK BH3HAUYCHHS
HMOBIpHOCTI ypaxkeHHsI 1iti. [yl ypaskeHHsI OKpEeMOi He CIIOCTEpEex yBaHOI
I[UTI B 3aJICKHOCTI Bijl 11 BaKJIMBOCTI Ta YMOB BHKOHAHHS BOTHEBOI 3aaadi
NPUBEPTAIOTh OaTapero, AUBI3ioH ab0 apTHIIEPIHChKy Tpymy.

[Tpu crpinbbi OaTapeero Mae Micle TpHU IPYNU MOMUIIOK, IPHU CTPLIBOI
JUBI310HOM 200 apTHIIEPIHCHKOI TPYIIO - YOTHPH a00 II'SATh TPYI HOMHIIOK
B KOX)KHOMY HalpsIMKY. 301TbIICHHS YUCIIa TPYIl IOMHJIOK BU3HAYCHHS yCTa-
HOBOK BHKIIMKa€ HEOOXiIHICTh BpaxyBaHHsS JOJATKOBHX yMOB NpH BH3HA-
YeHHI IMOBIPHOCTI ypaXKeHHs 1iJTi. J{J11 BU3HAYCHHS HIMOBIPHOCTI YpaXKCHHS
LTI TIpH cTPiNTBO1 OaTapeero, MUBI31I0HOM a00 apTHIEPIHCHKOT IPYIIO0 HE00-
X1THO OTpHMAaTH pO3paxyHKOBY (popMyITy, III0 BpaXxoOBYeE IBi Ta OiNIbIIe YMOB.

IMOBipHiCTh ypaxkeHHsI Wil mpH cTpinbOi OaTapeeto. Hexait Oatapes B
cknaai k rapmar Bene cTpijb0y 1o OKpeMiii He CriocTepe)kyBaHoT i 31 I Ty-
YHUM PO3CIFOBaHHIM TaK, 1[0 CEPEOHS TOYKA MPULIIIOBAHHS IOE€JHAHA 3
neHTpoM 1. Crpinbp0a cynpoBOKYETBCSI TPhOMA IPyNaMH MOMUIIOK: He
MOBTOPIOBAHOK TPYIIOI0 TIOMHUIIOK PO3CIFOBAHHS CHAPSIIB HA TUIOLIHHI, SKE
XapaKTepu3yeThCsl (PYHKIE0 MIUTBHOCTI O(Xp, Zp); IBOMA TPyHaMH TOBTO-
PIOBaHMX ITOMHWJIOK BH3HAYCHHS YCTAHOBOK: FAPMATHHX 3 (YHKLIEK IIiJIb-
HOCTI @(X0p,zop) 1 baTapeiHNX 3 HYHKIN€I0 MIUTBHOCTI Q(X0,20).

B pe3ynbrari BUNaAKOBHX MOBTOPIOBAHUX IIOMUJIOK BU3HAYCHHS YCTaHO-
BOK JUTS BCIX TIOCTPLiB OaTapei (x0,z0) BiAXUICHHS OaTapeitHOTO IEHTPY PO-
3CiIOBaHHS CHApsIiB Biz[ HaMIiYeHOi TOYKH MPHUIIIOBAHHS Oy/Ie XapaKTepu-

3yBaTUCS BEKTOPOM A, a #Oro MOJIOKEHHS - TOUKOIO. Llentp po3citoBaHHs

CHapsIiB OHIET i3 TapMar (Oalimyske K01 caMe) BHACHIIOK BHITAIKOBHX TI0-
MUIIOK BU3HAYCHHS YCTAHOBOK JUTA i€l 30poi (XOP,Zop) BiIXMWIUTECS BiJl Ha-
[Y)

MI4€HO{ TOYKHM Ha BiZICTaHb, [II0 XapaKTEPU3YEThCA BEKTOPOM %7 .

Kosxna rapmata Besie cTpinp0y 1Mo AEKUIPKOX TOYKaX IPHUITUTIOBaHH:. Bu-
JTAJICHHSI IICHTPY PO3CIFOBAaHHS CHAPSIIB K-ro 3HAPSAA BiJl LTI IPH CTPibO1
MO OJHIH 3 TOYOK MPHULUIIOBAHHS CTAHOBHUTH: 10  JAJIBHOCTI

+ + Xgi = X+ Xai + + 74 = Z+ 74
X6 T Xop T Xdi Xdi ; Y HAIIPAMKY 26T Zop T Zdj Zdj .
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Toni MOBIpHICTE HE ypakKeHHS ITi TaHOKO rapMaTolO TIPH CTPLIBOi 1o
ycix TOYKAX TPULUTIOBAHHSA, BHU3HAYHUTHCS

P n, Ny N
Qu(x6:26)= [ [ @xeps zn,,)_l_{ l'il[l— p(X+ xai, 2+ 2]V d Xopd Zop
—o0 —o0 i=1 j= .

J171st KoXKHOT Tapy rapMart BUITaJKOBI TOBTOPIOBAaHI MOMMIIKY BU3HAYECHHS
YCTaHOBOK IO TAJILHOCTI 1 HAIIPSMKY He3alleXKHi, TOMY HMOBIpHICTb HE ypa-
JKEHHsI LTl yciMa rapmatamu Garapei (npu (ikcoBaHMX MOMMIKaX X0 i z0),

k
o Q (x5:26) = 1Q (x5 26)
BIATIOBITHO 10 TEOPEMH MHOYKEHHS, v .

BusHaunBImM OBHY HMOBIPHICTD HE Ypa)XeHHS i Q, nepeineMo 1o

HWMOBIPHOCTI MPOTHIICKHOT MOIT - 10 HMOBIPHOCTI YpaXKeHHS IiJIi:

© o © © n: Ny -
P=1- ] [o(x, 26)1£[l [T @xops zoP)]'[ﬁl[l— X+ xair 2+ 26T d X0 d 2,0 X6l 76
v=l—o0 -0 i=1 j=

—0 —0
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THE MATHEMATICAL MODEL OF LONGITUDINAL MOTION
OF AN UNMANNED AERIAL VEHICLE TO OPTIMIZE ITS
TAKEOFF TRAJECTORY WITH A LAUNCH DEVICE

A.L. Zirka
Central research institute of weapons and military equipment of the
Armed Forces of Ukraine, Ukraine

Starting unmanned aerial vehicle (UAV) using a catapult launching
device (PE) allows for unmanned aircraft systems (UAS) ) from unplanned
areas, significantly reducing the geometric size of the site required for the
deployment and implementation of UAV take-off. In addition, starting
devices allow the use of BPAC on mobile platforms, for example from the
deck of the ship.

At the same time, there is a contradiction between the requirements for
ensuring a safe take-off of the UAV with an intense set of altitudes and the
minimum mass-dimensional characteristics of the characteristics of start-ups
and accelerators, to ensure their transportation and compact accommodation,
for example, on the deck of a ship of small water-tightness.

Next, the report presents the results of mathematical modeling of longitu-
dinal motion of the UAV at its start by using PP.

Rise UAV using the catapult device, usually divided into two stages:

moving along the directional launcher under the action of the marching
engine and accelerator at the same time;
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acceleration of the UAV in the air after the loss of contact with the trigger
when operating only the march engine.

It is known that the airplane UAV airplane trajectories and characteristics
of the launching device are closely linked and interrelated. Taking into
account the above, there is a problem of formation of the nominal trajectory
of the UAV movement on the take-off airway, taking into account the optimal
energy costs and restrictions of the mass-dimensional parameters of the
launching device.

On the other hand, by optimizing the trajectory (by successive selection
of the optimal values of the angle of inclination of the guiding plane 6, and
the speed of the approach of the UAV V), one can obtain rational geometric
and mass parameters of the missile device.

The most critical parameter is the height of takeoff, so the optimization
of the trajectory is based on the minimum of its loss.

Since in the flight process both speed and altitude change simultaneously,
the energy height is chosen for an independent variable He, which depends
on the geometric height A and the square of the speed. It defines the combined
total energy 1 kg UAV

In this approach, it is expedient to look for a change in the geometric
height in the form of a functional from the energy height, that is,

He2 dH
Hopw = | ~.0,n,,n,)dH,..—>min’
HeldHe
where
dH  siné@.
dH n

e xa

The resulting relation has a certain physical meaning: siné evaluates the
action of the component of the weight force gm sinf, and ny, is the action of
the force of the draft on the change in height. In parallel, you can calculate
the dependence of H.(t), and then calculate the ratio sin6/ nxa in the function
H..

It should be noted that the loss of height occurs at low values of derivative
dH/dH.. At positive values of dH/dH. there is a set of altitudes.

Thus, at a certain given integration interval (H.; —H.>), the maximum
height loss will be unambiguously related to the extreme values of the
derivative dH/dHe.

The given technique allows to calculate the geometric characteristics of
the latter, as well as the required power of the starting accelerator, according
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to the resulting parameters of the BPLA with the PP. Together, they should
provide the best characteristics of UAV take-off triggering device.

UDC 355.02+004.91

SOME APPROACHES TO ENHANCE INFORMATION AND
ANALYTICAL SUPPORT PROCESSES OF DEVELOPMENT OF
WEAPONS AND MILITARY EQUIPMENT

0.0. Holovin
Central research institute of weapons and military equipment of the
Armed Forces of Ukraine, Ukraine

The basis of the analytical activity of experts in the military field is the
information resources whose narratives fully characterize the properties and
functionality of the whole nomenclature of armaments and military
equipment. It also needs to include the narratives of descriptions of scientific
and technical products, which can be used to upgrade existing or to create the
latest models of weapons and equipment in accordance with modern require-
ments.

Analysis of the effectiveness of the information and analytical support of
the Armed Forces of Ukraine demonstrates the need to improve the automa-
tion of management of the development of weapon systems, primarily in the
direction of improving the efficiency of appropriate methods of information
tools and technologies, as well as measures and procedures that affect the
quality of input data, receiving and processing new information and analysis,
development of recommendations necessary for timely informed decisions
regarding the development of IWT.

One of the priorities for defense reform in the Armed Forces of Ukraine
(AFU) is to create a single information system of defense management. An
important component of this system is to become IAS support processes and
equipment of the Armed Forces of weapons and equipment.

It is expedient to create such a system by means of comprehensive auto-
mation of the Armed Forces' management processes based on the use of mod-
ern information technologies and standards of leading NATO member states.

The analysis of the automation of the processes of equipping and devel-
oping the Arms Technical Inspectorate of the Armed Forces made it possible
to determine that each of the directions created separate components of the
information systems, but they are heterogeneous in terms of time of creation,
degree of completeness, technologies used, scope of processes coverage, vol-
ume of deployment and filling of data, and also the possibility integration into
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a single system with regard principles and standards of the relevant provisions
of STANAG NATO standardization.

The state of the information and analytical infrastructure aimed at ensur-
ing the needs of the leadership of the structural units of the Armed Forces of
Ukraine does not fully meet modern challenges in the field of defense build-
ing and the creation of the latest models of weapons. The integration of in-
formation systems in certain areas absent or carried fragmented, leading to
duplication and lack of accuracy and completeness of information on inte-
grated defense management in general.

At the same time, the development of information and analytical support
for the processes of equipment and development of weapons and military
equipment of the Armed Forces of Ukraine should be carried out in the fol-
lowing areas:

- the introduction of new information technologies in decision-making on
equipping and development of arms and military equipment of the Armed
Forces;

- the creation of new technical solutions during development (moderniza-
tion) of information and analytical systems;

- development and improvement of information infrastructure taking into
account NATO standards;

- creation of information and analytical systems (1AS) taking into account
requirements for ensuring interaction between existing and created infor-
mation systems in the Armed Forces of Ukraine;

- use of flexible technological platforms during the implementation of in-
formation and analytical systems that are developed,;

- consideration of requirements for fault-tolerance and disaster resistance
of IAS being developed;

- introduction of automatic identification and authentication of 1AS users,
regulated access and data exchange, providing the necessary level of protec-
tion of information from external and internal threats;

- improving the organizational structure of the IAS developed.

You must have the appropriate software and information software that is
able to implement intelligent services semantic content analysis of all narra-
tive descriptions of IWT and structural funds allocated by the results of this
analysis all system forming properties, functional characteristics and inter-
system connections.

The decision of this task is impossible without the introduction of IAS,
which should be built on the basis of existing organizational structures oper-
ating in the system of support of the life cycle of weapons and equipment on
the basis of a single normative, organizational and methodological support,
the consolidation of component parts and unified components of this system.
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The conducted analysis of the state of development of information sys-
tems allows us to state that today there are two main problems that need to be
solved for the effective implementation of IAS for the management of the
development of weapons.

First, it is an imperfection of the mechanisms for implementing interactive
services for expert users, on the one hand, the very high heterogeneity of
technical platforms, and, on the other hand, a very different level of training
of decision makers, operators and consumers of information.

Secondly, the lack of effective procedures (mechanisms, algorithms,
methods and techniques) for the use of intelligent means of automated
structuring of network information arrays, the inclusion of their contexts in
the information processing circuit, and the imperfection of mechanisms for
integrating the means of extraction and knowledge formation about managed
processes, as well as the detection and identifying latent objects and processes
in a network-centric information environment.

The main purpose of creating AlIS equipment and processes support the
development of weapons and equipment of the Armed Forces is the
development and implementation of intelligent solutions network-centric to
enforce relevant tasks in the formation and development capabilities for
various thematic profiles structural units of the Ministry of Defense of
Ukraine.

To do this, it is planned to use the ontological principles for the processing
of heterogeneous information. 1AS to support the processes of equipment and
development of weapons and ammunition should be an innovative complex
of network-centric software, information and methodological tools for the
integrated use of distributed information resources and corporate knowledge
systems.

The mentioned 1AS should be created on the basis of the ontological basis
for the processing of heterogeneous information and represent an innovative
set of network software, information and methodological tools for the
integrated use of distributed information resources and corporate knowledge
systems that have a significant amount of interdisciplinary relationships [1].

The basis for creating such a system is to provide solutions to cognitive
tasks in the processing of text documents, databases and knowledge:
structuring, analysis, synthesis and selection, in particular:

Structuring of input information arrays;

processing of received structured information, including analysis and
selection;

synthesis based on input data and results of processing output.
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In this case, the structuring of incoming (text) documents consists in
separating objects from such documents, links between them and their
attributes [2, 3].

This approach will allow the management of information resources
provide users with access to the information system and their interactive
interaction in order to solve a wide range of analytical and expert tasks.
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FEATURES OF APPLICATION OF CAD/CAE-SYSTEMS IN THE
CONTEXT OF SUPPORTING THE CAPABILITY OF AVIATION
ENGINES OF FIGHTER AIRCRAFT

O. Lobynko, A. Shulgin
State of research institute of aviation, Ukraine

At the present time, due to the use of certain aircraft engines for fighter
planes of maximum values close to the assigned resources, there are risks of
lowering their serviceability, readiness to perform tasks for the purpose of
operating units and safety of flights.

In order to prevent the decrease of these indicators below the permissible
values, it is expedient to have methods that would allow to substantiate the
development of recommendations for ensuring the effective technical
operation of aviation engines with significant developments close to the
assigned resources and service life, taking into account the real conditions of
work (load).

In today's conditions, the most appropriate way to solve this problem is to
develop and implement advanced information CAD/CAE-technologies in
order to maximally reliable assessment of its technical condition in the
process of operation, effective management of the development of the
resource of aircraft engines fleet [1].
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Application of cluster computing technologies in the process of operation
of aviation engines of fighter planes allows to create the most exact
mathematical models of aviation engines and their components, to reproduce
processes of their work and to predict the rests of the resource.

Summarizing the above, it can be argued that the use of CAD/CAE-
technologies in the operation of fighter aviation engines allows us to
implement the necessary terms for monitoring the strength reliability at
optimal cost of experimental testing of engines and their parts.

The high level of implementation of advanced information technologies
allows more reasonably and promptly to carry out scientific and technical
support for the operation of fighter aircraft without reducing their level of
variability and flight safety.
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MAIN PROVISIONS OF NATO POLICY OF MODELLING AND
SIMULATION APPLICATION TO SUPPORT DEFENSE
MATERIEL TEST AND EVALUATION

A.G. Pavlenko, A.G. Kozyr, R.V. Holodnyi
State Research and Development Institute of Armament And Military
Equipment Testing and Certification

The defense authorities of NATO countries (e.g. USA and Canada)
consider the early use of modeling and simulation (M&S) as a key tool
throughout the acquisition life cycle [1, 2]. Over the past 10-15 years NATO
countries implement capability-based approach to defense acquisition
process. One of the most important parts of the acquisition life cycle is
Capability Engineering Process (CEP).

With an efficient use of M&S tools and processes, CEP provides a core
process to support defense authorities in delivering new or updated
capabilities in less time with reduced cost and risk. The capability-based
acquisition process has brought many changes in the way people, processes
and material collaborate in order to create, transform and exchange
information throughout the acquisition life cycle. Some of these challenges
are: exploding complexity; broad range of missions; new/uncertain threats;
coalition/joint perspective; System of Systems perspective (requires the
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development of a high degree of interoperability within existing and new
systems); distributed collaborative development environment; joint
development and test environment; and efficient and secure sharing of
products, models, simulations and other related information among
distributed participants.

M&S, when properly employed, provides the Test and Evaluation (T&E)
community with valuable information that can increase confidence levels,
decrease field test time and costs, and provide data for pre-test prediction and
post-test validation. A symbiotic relationship exists between M&S and T&E.
All defense M&S requires verification, validation and accreditation (VV&A)
for each use in the acquisition process, and T&E is needed to validate most
models. M&S must be well understood to ensure a reasonable return on
investment for its use. So, using M&S has to increase the efficiency of the
T&E process, reduce time and cost, provide otherwise unattainable and
immeasurable data, and provide more timely and valid results.

The term “modeling and simulation” is often associated with huge digital
computer simulations, but it also includes manual and man-in-the-loop war
games, hardware-in-the-loop simulations, test beds, hybrid laboratory
simulators, and prototypes.

There is a broad spectrum of simulation types ranging from
theater/campaign simulations to detailed engineering simulations. A program
will likely use a suite of models and simulations. The engineering-level
models assess measures of performances along with design, cost,
producibility, and supportability information for components, subsystems,
and systems. The military utility of systems can be evaluated within
engagement and mission/battle-level models. At the highest level,
theater/campaigh models can be used to simulate the outcomes of major
conflicts. Clearly, there is no single model or simulation to suit all of a
program’s needs. Each model or simulation has a specific purpose for which
it was intended and the tester should carefully evaluate its utility for T&E
purposes. One way of looking at the role of simulations used in T&E is by
categorizing the simulations into a three-part continuum, which is described
below.

Constructive  Simulations.  Constructive simulations are strictly
mathematical representations of systems and do not employ any actual
hardware. They involve simulated people operating simulated systems. Real
people stimulate (provide inputs to) constructive simulations but are not
involved in determining the outcomes. Constructive simulations may,
however, incorporate some of the actual software that might be used in a
system. Early in a system’s life cycle, computer simulations may provide the
most system evaluation information. In many cases, computer simulations
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can be readily developed as modifications of existing simulations for similar
systems.

Virtual Simulations. Virtual simulations involve real people operating
simulated systems. A system test bed usually differs from a computer
simulation as it contains some, but not necessarily all, of the actual hardware
that will be a part of the system. Other elements of the system are either not
incorporated or, if they are incorporated, are in the form of computer
simulations. The system operating environment (including threat) may either
be physically simulated, as in the case of a flying test bed, or computer
simulated, as in the case of a laboratory test bed. Aircraft cockpit simulators
used to evaluate pilot performance are good examples of system test beds. As
development of a system progresses, more subsystems become available in
hardware form. These subsystems can be incorporated into system test beds
that typically provide a great deal of the system evaluation information used
during the middle part of a system’s development cycle.

Another type of virtual simulation used in T&E is the system prototype.
Unlike the system test bed, all subsystems are physically incorporated in a
system prototype. The system prototype may closely represent the final
system configuration, depending on the state of development of the various
subsystems that compose it. Preproduction prototype missiles and aircraft
used in OT by the Services are examples of this class of simulation. As system
development proceeds, eventually all subsystems will become available for
incorporation in one or more system prototypes. Hardware-in-tne-loop
simulators or full-up man-in-the-loop system simulators may provide the
foundation for continuous system testing and improvement. These simulators
can provide the basis for transitioning hardware and software into
operationally realistic training devices with mission rehearsal capabilities.
OT of these prototypes frequently provides much of the system evaluation
information needed for a decision on full-scale production and deployment.

Live Simulations. Live simulations involve real people operating real
systems. Some say that everything except global combat is a simulation, even
limited regional engagements. Live exercises in which troops use equipment
under actual environmental conditions approach real life in combat while
conducting peacetime operations. Training exercises and other live
simulations provide a testing ground with real data on actual hardware,
software, and human performance when subjected to stressful conditions.
These data can be used to validate the models and simulations used in an
acquisition program.

The complexity of testing in a joint environment will require testing in a
distributed environment that combines live, virtual, and constructive models.

375



Hardware, software, databases, and networks are integrated into a system and
tested to make sure they can operate as intended.

M&S accuracy is dependent on the technical level of confidence or
credibility of the simulation. To ensure that confidence in a particular use of
M&S for a given purpose is justified, a rigorous process must be followed,
such that: modeling assumptions are accurate and well documented; results
produced by the M&S are stable, consistent, and repeatable; and the
correlation between the M&S behavior and real world behavior is clearly
understood. Model credibility is established via a VV&A set of increasingly
rigorous criteria.
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INCREASING THE QUALITY OF RECOGNITION OF AIR
TARGETS IN MODERN MODELS OF RADIOACTIVE
EQUIPMENT

Shknai Oleh Viktorovich
Central research institute of weapons and military equipment of the
Armed Forces of Ukraine, Ukraine

One of the ways of solving this problem is to take into account all the
conditions that affect the quality of the recognition system, the correct choice
and accurate description of the signs of air targets, the optimization of the
recognition system, taking into account consumers of radar information, and
the adaptation of the recognition system in samples of radar equipment to the
conditions of its operation.

At present, the development of computer information processing has led
to the emergence of technologies that allow computers to perform electronic
identification elements-images in the information processed. The
development of methods for machine recognition allows you to extend the
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range of tasks that are solved by computing means and make machine
processing information more intelligent.

The perspective range of increasing intelligence capabilities radar
technology is introduction into the radar recognition procedure that would
include a consistent solution to the problems of forming classification
attributes of air targets by range profile and neural network identification of
their portraits in terms of the set of traits received.

The scheme of operation of such a system of recognition consists of two
phases: the phase of setting up (training) and the phase of operation, which
contains the processing stage and the stage of decision-making.

One of the main ways to improve the quality of aerial recognition in
modern samples of radar equipment is to increase the informativity of radar
systems by improving the corresponding mathematical models. These models
should take into account a set of recognition attributes that correspond to
certain properties of a particular air type type and distinguish it from other
types. This can be realized by taking into account during the classification of
the purposes of the results of the analysis of trajectory and signal signs of air
targets. The use of trajectory signs of air targets (introduced in existing
samples of radar equipment) does not enable the creation of a complete radar
target for a more precise classification.

The most convenient mathematical description of this model is a vector
description of target images, in which each image is brought into conformity
by some vector of signs of this image. The choice of the most informative
features describing this image is one of the main tasks of recognition. The
proper functioning of the radar detection system (hereinafter - radar) depends
on the correct choice of signs and signs of the dictionary of signs.

Taking into account the above, it is proposed to take into account, in
addition to the trajectory, the mathematical model, in addition to the
trajectory signs, of the objectives. Signal signs are directly related to the
reflecting properties of the target and the dynamics of its flight, so they
provide high quality recognition indicators and allow you to recognize more
classes. But unlike trajectory features that can be measured with sufficient
reliability with most radar systems, measuring most of the signal signs
requires the use of special methods related to the analysis of the structure of
radar signals. In this case, the radiation radar signals themselves are
complicated. The most complete description of the properties of the targets is
radar profiles. Their reception implies the presence of high resolution for the
corresponding parameters of the signal, the achievement of which is mostly
complicated or impossible at present.

One example is to get a resolution value in the range of one meter,
requires a bandwidth of an irradiation signal of about 150 MHz, high
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resolution for angular coordinates requires the use of radar with an antenna
direction pattern equal to units of angular seconds. In both cases, clustering
(shredding) of the signal leads to a decrease in the signal / noise ratio.

Thus, the problem of authentication rangefinder and Azimuth profiles
objectives may conflict with the objective of detecting them.

At present, due to the use of broadband signals and the possibility of their
compression, the possibility of obtaining a long-range goal profile, which
allows you to recognize not only the class, but also the type of purpose.
Currently, studies on recognition rangefinder profile fighters, bombers,
transport aircraft and false targets.

Another way of solving the problem is to get recognition Doppler profile
targets, which is a radial velocity distribution points reflecting targets
engaged by driving purposes regular and chaotic reciprocating and rotating
movements. In Doppler profile targets in the spectrum doplerovsokoho
common characteristic is the offset frequency components, which are caused
by maneuvering targets regular components that are associated with turbine
or helical modulation and random components, which are caused by
vibrations and yaw air targets.

However, receiving a Doppler profile involves radiation of a continuous
signal. In this case, such important advantages of the radar as the resolution
and the possibility of using a compatible antenna are lost. However, some
possibilities of using the "turbine" effect for recognition are triggered by the
creation of a quasi-continuous radar.

Spatial, polarization, time and spectral characteristics of the reflected
radar signals mainly depend on the properties of four different types of goals:

the size, shape and material of the scattering surface;

movement of reflective elements relative to each other;

movement of the entire body of the target around the center of gravity;

moving the center of gravity targets in space.

Therefore, these properties can be divided into four groups of characters
purposes. It should be noted that for the recognition and selection the most
informative parameters are reflected signals, which are due to the first and
second properties of the targets. Using the principles of modern radar allows
you to define each group of signs in different ways.

Thus, the report provided a process for improving the quality of air targets
detection in samples of modern radar technology, which involves improving
the mathematical model appropriate procedure. Further researches should be
conducted in the direction of synthesis of recognition, control and distribution
algorithms in order to optimize management processes and eliminate existing
contradictions.
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Recently, the number of telecommunication systems (TCS) with extended
spectrum has considerably increased. Signals with the extended spectrum in
scientific literature are called difficult, broadband, noise-shaped, multi-
dimensional, etc. Thanks to it the jamming suite of TCS increases, the hidden
mode of their functioning is provided (the latter factor is important for
military TCS of tactical use).

Due to the above-mentioned advantages of TCS with the extended
spectrum, difficulties arise in solving the problem of radio monitoring of such
signals. To detect such radio emission, to define signals that is used, to
measure their parameters and in future to process in a situation, when there is
no priori information about TCS, that has to be monitored, is an intricate
scientific and technical problem.

Authors are set forth procedures of exposure of linear-frequency
modulation signal (LFM) and code phase manipulation (CPM), evaluation of
midfrequency, width of spectrum (frequency deviations), duration of bit
interval and their recognition by the method of dispersible-time analysis. The
detection of difficult signals comes true by means of autocorrelation
transceiver with quadrature treatment (ATQT) on the basis of accumulation
of useful signal and comparing of initial effect to the set threshold that
provides the level of probability of erroneous alarm.

The evaluation of midfrequency of signal comes true on results of the
arctangent of relation of quadrature constituents of autocorrelation function
of entrance signal calculation. The got estimation of midfrequency is used for
displacement of signal spectrum on the middle of transceiver bandwidth.

The evaluation of spectrum width (deviations) comes true on first a
minimum of the module of autocorrelation function by linear-discrete
alteration of time of delay of ATQT line within the limits of maximally
interval of elementary impulse of difficult signal that is expected.

The evaluation of bit interval comes true on first a minimum of the
module of frequency cross-correlation function by linear-discrete frequency
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displacement of spectrum of entrance signal at presence of permanent
temporal displacement of delay line.

Properties of diagram of vagueness (DV) of broadband signals of TCS are
researching by authors. Signs sufficient for recognition of LFM signals on
the basis of the mutual placing of characteristic points of DV of difficult
signals are first set forth. Characteristic points set are: a) an intersection of
DV with a time axis (a zero is on axes t); 6) an intersection of DV with a
frequency axis (a zero is on axes f); c) DV top.

Recognition comes true by comparing of the got values of initial effect of
transceiver to the expected values on the basis of DV. If the first two “zero”
intersections are full enough described in scientific literature, then the top of
DV has its own features. For LFM signal a cut of DV is at level -2 dB
(p(t, f) =0,794) from a maximal value is prolate between axes t and f and
compressed in perpendicular direction to the cut of DV (has a “knife” form).
The intersections of DV matter: on time axes is 0,206 and on frequency axes
is 0,646 with any aspect ratio. For CPM a cut of DV is at level - 2 dB of a
maximal value has an elliptic form. The intersections of DV like matter: on
time axes is 0,891 and on frequency axes is 1,134/t; with any aspect ratio.

UDC 623.418.2

MATHEMATICAL MODELING OF RELIABILITY INDICATORS
FOR MOBILITY MEANS OF COMPOUND TECHNICAL OBJECTS

V. V. Tyurin, P. V. Open’ko, P. A. Drannyk, V. V. Kobzev
National Defense University of Ukraine named after lvan Cherniakhov-
sky, Ukraine

Modern experience of local wars and conflicts testifies to necessity of
high mobility of military equipment in order to improve their survivability.
Moreover, the mobility provides hidden combat deploying and timely
withdrawal to avoid counter-attack. At the same time, the development of
new special purpose equipment (SPE) systems and modernization of the
existing ones are associated with the necessity to substantiate requirements
for their vehicles (mobility means) that in common with deployment and
withdrawal systems intended to provide SPE system’s mobility [1, 2].
Requirements for some vehicle characteristics (such as average speed,
average cruising range, carrying capacity, ford depth, etc.) can be specified
using some tactical considerations including SPE system external
environment, and requirements to its survivability. However, the problem of
substantiating the dependability requirements [3, 4] for mobility means of
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SPE systems, to which design and technological solutions, implemented by
the motor vehicle chassis designer must comply with, needs more detailed
research.

In most cases, reliability and maintainability are the key factors that
define the dependability performance of any object of military equipment
[3,4]. The developed method for substantiating the reliability and
maintainability requirements for mobility means of SPE systems, which
accounts for the functioning peculiarities of the mentioned systems, is
described in the report.

Problems connected with reliability of the complex systems have been
discussed in many works, particularly in [5-11]. Research of the SPE systems
reliability focuses, as a rule, at problems of reliability of its land combat
means, and, particularly, at the radio-electronic equipment [6, 8-12]. At the
same time, it is assumed, that the vehicles, designed for transportation of
means of SPE system, are considered either as having no failures or their
reliability being accounted for indirectly using simplified form of given
probability that combat and technical means will be successfully transported
on certain distance.

Problems of reliability of vehicles of various types, which perform
different functions, are described in different research, for example, in [13-
16]. However, the influence of vehicles reliability on SPE system
effectiveness in the known works has not been practically examined and
demands further research.

The authors in [16] developed the method for substantiation of reliability
requirements for mobility means of SPE systems. However, the objects of
research were being simplistically studied as the ones that couldn’t be
restored. The developed provisions stated that the failure of mobility means
results in the breakdown of the task completion. It means that in case the
performance is restored during the given period of time, the probability of
successful task completion isn’t taken into account. Besides, the effectiveness
of SPE system mobility means was studied in [16] only in terms of firing
support. At the same time as it was proved by the recent local conflicts if in
case of retaliation the SPE hasn’t been withdrawn in a timely manner it will
be destroyed with a high degree of probability.

Our report is devoted to the developing the method for substantiation of
reliability requirements for mobility means (vehicles) of SPE systems, which
takes into account their hierarchic structure as well as the influence of the
SPE system mobility means reliability on the system effectiveness.

Functional structure of SPE system as in the [16] can be represented as
hierarchic system [5, 8-10]. In line with this the structural scheme of the
mobility means of the perspective SPE system involves three levels. Zero
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level of this structural scheme corresponds to the mobility mean of the missile
guidance station. First level corresponds to the mobility mean of the missile
launcher with the pre-launch preparation equipment. The second level
corresponds to the mobility mean of missile launcher without the pre-launch
equipment.

In such structure, auxiliary objects exist between basic controlling objects
and the controlled ones. The objects interact on the basis of "signal transfer
and transformation” by means of operable "intermediate” objects and
"communication channels”. Channel failure leads to impossibility of using
this particular channel, and the object failure leads to impossibility of using
also all slave (connected to this particular object) channels. We assume that
element failures are mutually independent.

Evaluation of the SPE system performance using hierarchic systems is

done under the following assumptions: element of i level is thought as
correctly functioning if this element along with all those elements connecting
it to the zero level element of the hierarchic system S; are operable. It is

possible to assume that communication lines (branches) that unite elements
are absolutely reliable. In other words, the reliability of branches can be
accounted for by introducing corresponding corrections into the reliability of
elements; performance of hierarchic system depends on the number of

correctly functioning elements at each i level (i< f).

While calculating the coefficient of effectiveness sustainment for
mobility means of perspective SPE system, we note the fact that design of the

entire system allows for connection of the 2" level launcher to any of the
1%t level launchers. Also, the number of the 2™ level launchers, which can

be connected to the 1%t level one, is not limited.

In doing so, the statutory value of the march length for mobility means
and corresponding values of reliability and maintainability measures of
mobility means are used as the input data for calculating the coefficients of
effectiveness sustainment for the vehicles carrying the combat and technical
means of SPE system. Expected values for these coefficients are the functions
of the number of operable elements (mobility means of SPE system).

Conclusions. A method of substantiation of reliability requirements for
mobility means of SPE systems described here accounts for the hierarchic
structure of SPE system as well as the influence of reliability of combat and
technical mobility means on the SPE system effectiveness. Mathematical
equations for the coefficients of effectiveness sustainment for the vehicles of
SPE system carrying combat and technical means of the SPE system as the
functions of reliability and maintainability measures of the vehicles have
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been obtained. Using these equations, the boundary values of the mean
distance between failures and the mean time needed for the combat and
technical means of SPE system to be restored, that are consistent with the
given values of coefficients of effectiveness sustainment. The method
developed here has an important practical application at the stage of
development of perspective SPE systems and modernization of the existing
ones.
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Training aircraft L-39 of Armed Forces of Ukraine going to replacement
in the years 2025-2030. The problem of replacing the fleet of training aircraft
of Armed Forces of Ukraine is very urgent.

Proposed one of the ways to solve it. This path is based on the analysis of
turboprop trainers aircraft and on the latest trends in the training of military
pilots in the world. According to Flight Global (World Air Forces-2018) in
the world is in operations 2364 turboprop training aircraft, including the
Pilatus PC-21 (PC-7, PC-9), Beechraft T-6 Texan, Korean Aerospace
Industries (KAI) KT-1, etc. The traditional training program includes levels:
Elementary, Basic Training, Advanced Training, Fighter Lead-In Training,
Fighter Aircraft. In traditional training, different types of aircraft are applied
at different levels. In the latest trends used simulator level D, training
turboprop aircraft with a "glass cabin" and a Fighter Aircraft. This way of
solving the problem may be optimal for Armed Forces of Ukraine by the
economic criterion.
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M.V. Zirka
Central research institute of weapons and military equipment of the
Armed Forces of Ukraine, Ukraine

Increased requirements for modern armaments and military equipment,
including special aircraft, and complications most samples, the appearance of
control close to the intelligence leads to increased complexity (of innovation)
projects of creation, and therefore the level of risks in their implementation.

Thus, at each stage, as early in the project (decision to open a research
work), provides for the adoption of different kinds and levels of decisions
(management, design, engineering, etc.). Some of them are listed below:

Within the competence of the Customer: the beginning of the
development (opening of research work); on the choice of the main contractor
and the conclusion of the contract; acceptance of the appropriate stages;
continuation or termination of research and design work;

Within the competence of the research institution of the Customer:
regarding the provision of feedback; the results of scientific and technical
expertise;

Within the competence of the developer (main executor of research and
development): on the choice of co-executors and the conclusion of contracts;
design technical about the assignment of the letter of the documentation, etc.

The proposed decision support system (DSS) is proposed to provide a risk
management unit (the structure of such a DSS is presented below in the
report). The work of this unit is based on the scientific and methodological
apparatus of risk assessment at the stages of development of the
corresponding models of technology.

It should be noted that risk management has already become widespread
in the economic, banking, and is gradually extended in the form of partially
implemented software and methodical products and in the field of industrial
machinery. Therefore, the proposed approach with the introduction of the
appropriate scientific and methodical apparatus, at present, is an actual
scientific task.

The structural algorithm of such a scientific-methodical apparatus is
presented in the report and in general, it includes the following: in the first
stage, the identification of risks, indicators are used as local indicators, for
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example, scientific and technical assignment, degree of innovation of the
project, possible term of implementation, required financial resource, etc.

Further, the weight of the indicators and membership function builds their
hierarchical sequence and introduces into a mathematical model built on the
basis of fuzzy logic. Further evaluation of the indicators by the accepted
criteria and their convolution makes it possible to carry out a general risk
assessment as a global indicator by the global criterion based on such initial
characteristics (global criteria): "Minimum risk”; "Moderate risk";
"Significant risk"; "High risk"; "Extreme risk".
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The emotional intelligence that many speak in recent times is not only the
ability to control their feelings, but also the ability to understand other people.
Manager is simulating it project manager performance more extensive
features, which include: financial management, personnel management,
operations (production) management, procurement and supply, technical-
technological aspects of management, etc. Therefore, project Manager needs
to have a sufficient level of competence and developed emotional intellect.
The challenges facing leaders require the ability to carry out an active search
for the necessary decision making information; to recognize the emotional
state of the interlocutor, to interpret adequately the content of the received
information taking into account their nature, degree of completeness and
accuracy, the presence of "hidden meaning", manipulating, etc. The project
Manager must be able to interact with their partners, subordinates to achieve
the goals, to obtain the desired effect (change of behavior, thoughts,
relationships, etc.). How to learn to recognize someone else's experiences?
And why empathy is the key to success? This is discussed in the paper.

The ability to recognize the feelings of another person, and the correct
response to her emotions is necessary in very many areas, from trade to social
activity. To create a product or service that you are interested in, you need to
know well who will use them. The general characteristics of the target audi-
ence: gender, age and profession are undoubtedly important, but for the best
companies in the market, this information about the client is clearly not
enough. This requires empathy - the ability to empathize with another person,
the ability to put himself in his place.

The concept of emotional intelligence is probably the only theory in man-
agement based on neurophysiology. Emotional intelligence is personality
traits that give the ability to recognize and analyze the emotions of surround-
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ing people and their own emotions. Thanks to the developed emotional intel-
ligence, project managers are able to achieve their goals using more flexible
behavior strategies.

With project managers, different situations occur in life, therefore, it is
very important to have the ability to interpret your emotions as negative and
positive, in order to use your positive thinking to change your state. That's
why it often happens in life that people who graduated from school with a
gold medal and have diplomas on higher education do not reach professional
heights perfectly, because they have not developed enough emotional intel-
lect. 1Q does not provide professional success, it is necessary to have a devel-
oped emotional intelligence.

Goleman is available to explain how the almond-shaped body, the emo-
tional center of the brain, affects the activity of the cerebral cortex, which is
responsible for logical thinking.

Goleman gives the following information in his book that the most effec-
tive project managers are those who can show feelings and mind towards
subordinates.

Modern employers are increasingly inclined to employ those profession-
als who are quick to be guided in life situations, professional problems, are
able to be active, take initiative in their own hands, optimistic about the abil-
ity to succeed, courageously and well-balanced approach to planning and im-
plementation of work that can prove the case to logical completion, rebuild
(to adapt quickly to changes in the design environment), if required by the
right. The most successful in their activities are those people who skillfully
combine the mind and emotions.

People with high emotional intelligence are:

- make decisions faster;

- operate more effectively in critical situations;

- better manage their subordinates, which, accordingly, promotes their

career growth and prosperity of the structure in which they operate.

It is clear that the project manager needs to work with interested parties,
subordinates, interacting with them, trying to understand their motives,
reasons, or their actions. At the same time, "penetrating into the inner world"
of colleagues, it is important not to become the victim of manipulation
himself.

Simply purely intuitive is attracted to us by an interlocutor who listens
carefully to us, understands our emotions and feelings, does not give any
marks to our actions, does not torment us with advice "from our own lives",
respects our opinion (even if he does not agree with us). Then there is a
strange feeling of unity, a feeling that you are both - at one wave.

389



Detecting empathy with your interlocutor means to perceive the inner
world of another, but without losing contact with oneself. This means that
you must retain the ability to return to your world of emotions. If the shade
"as if it is with me" (the key part - "like") disappears, then instead of empathy
there is an identification with the emotional state of the interlocutor, you
become infected with his emotions and experiences to the same extent as he.
Empathy does not mean "putting yourself at the place of the interlocutor," it's
not copying his feelings. Empathy is an attempt to look at things through the
eyes of the interlocutor. Another very important point: one can feel empathy,
even at the root of not agreeing with the point of view of the interlocutor.
That is, you are capable of deep understanding of the feelings of the person
with whom you speak, you distinguish your own emotions from those that
arose in response to the emotions of the "other side” in the conversation.
Empathy is not a formal logic or an appreciable reaction. Empathy promotes
effective communication.

Project managers in their work constantly feel the need to understand the
interlocutor as fully as possible.

This is felt during an interview with a potential candidate for a vacant
position, in solving conflict situations, in the formation of a system of
motivation, in the creation of project teams, in optimizing the number of staff,
in the release of employees - in all these cases, the project manager is vital to
listen and hear interlocutors.

For efficient and effective work with the personnel it is necessary to
understand the essence of the real motives of the actions of the employee, the
source of his interests, the causes of lies, the goals of isolation.

When forming a team (especially in the "storm™ stage), various emotions
are raging, which is extremely difficult to control and direct in a constructive
way. It is worthwhile making a reservation. It is not about the phenomenon
of nature, but about the five stages of team formation: formation, storm,
normalization, execution and completion.

If we talk about "storms" in a very short way, then you can characterize it
so. Initial optimism after a starting jerk gives way to pessimism, if not
frightened by the tasks set. A sense of disappointment or disagreement about
the goals, responsibilities in the project. And in order to achieve a general
result, it is necessary not only to listen, but also to understand the point of
view of each member of the team, to come to a common opinion, while
avoiding a clash of interests and the collapse of the team.

If the company introduces a system of motivation based on an individual
approach, then only through an empathic hearing (it is also called "active
listening") it is possible to determine the internal motives of each employee,
and, therefore, get to the point, making a specific motivational proposal to a
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unique specialist, expert. And, as a consequence of the competent elaboration
of the system of motivation, one can solve the problem of retaining the key
specialists of the company. And in our time of high competition, the latter
task is especially relevant: as a highly professional specialist, an expert can
be a talented leader. Accordingly, when "good" people go, very often take
away all their team. Usually emotional exchange occurs on a thin, almost
imperceptible level. The ability to calm down the painful experiences of other
people and the ability to communicate with the interlocutors, who are in
absolute fairy tales, are indicators of higher skill. The only effective strategy
is this: you need to deeply absorb the feelings of a person, and then adjust it
to a more positive wave.

How to develop empathy? It is important to understand that it is closely
related to other elements of emotional intelligence - the ability to recognize
and control their own feelings. This should be learned first and foremost.

The transformational leader demonstrates empathy, motivation, self-
consciousness and self-confidence. Goleman described the above
subcomponents of emotional intelligence. Emotionally, intellectual leaders
use empathy to connect to the emotions of other people they lead. These
leaders sympathize with and also express emotions that are group
experiences. Thus, the team feels that the leader understands it.

UDC 005.4: 001.89

MECHANISM FOR MANAGEMENT OF RESEARCH PROJECTS
IN THE SYSTEM “UNIVERSITY-STATE-BUSINESS”

V.M. Piterska
Odessa National Maritime University

As world experience shows, the progressive development of a state is im-
possible without an effective combination of the sphere of knowledge and
high technologies. The decisive factor in improving the welfare, intellectual
and spiritual potential of society is the constant deepening of knowledge in
the field of scientific and technological development [1]. Therefore, it is im-
portant that at the state level the priority of support for innovation activity is
determined as an integral part of the country's economic growth. In order to
effectively create the conditions for realizing the intellectual potential of cit-
izens in the field of scientific and technical activities, a purposeful policy
should be pursued to ensure that the achievements of domestic and world
science and technology are used to meet the social, economic, cultural and
other needs of society. Intensive research and development on their basis of
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new technologies, access to world markets with them and the deployment of
international integration in the research and production sphere have actually
become a strategic model of economic growth for developed countries [2].
Moreover, intellectual resources together with the latest technologies not only
determine the prospects for economic growth, but also serve as an indicator
of the level of economic independence and welfare of the country, its national
status [3].

International practice has proven the feasibility of using the triple helix
model, which combines the efforts of universities, business structures and
government agencies in the implementation of innovative projects [4].

This paradigm assumes that knowledge and technology arise as a result
of the actions of the university, business structures and the state, which over-
lap partially. It also implies that knowledge and technology are then trans-
ferred to the economy, which ultimately is the main driving force of innova-
tion [5].

The system of cooperation between the university, state and business con-
sists of a combination of public organizations, private enterprises and aca-
demic institutions (universities) that work together to implement effective in-
novation activities.

The participants represented form a triple university-business-state spiral
system, which will be called the U-S-B system [6]. This system combines the
processes of scientific activity, production and various forms of government
regulation, which are in interaction with each other.

Proceeding from this, the purpose of such interaction of universities in the
triple helix model involves the development of the scientific and technologi-
cal complex and providing it with the necessary human resources through
research, technology transfer to the economy and the formation of a belt of
business companies around the university using appropriate state scientific
management mechanisms.

Thus, the third mission of the university appears, which assumes a signif-
icant role in the socio-economic development of the region through effective
innovation activities.

As a strategic goal of the university, most experts recommend using the
competitiveness of the university. There are dozens of ratings in the world by
definition of this indicator, however, at present there is no uniform methodo-
logical basis that would allow to fully take into account all aspects of the
university’s activities.

The international competitiveness of universities is associated primarily
with the following factors: talented researchers, teachers and students, a wide
resource base and an effective institution management system, including ac-
ademic freedom and university autonomy; breakthrough scientific research,
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the integration of research components in the educational activities of stu-
dents; a highly developed system of state support for universities, state fund-
ing of scientific research and investment in the development of university
infrastructure; productive cooperation with business, other organizations and
graduates.

The complexity of implementing the U-S-B model is explained by the
unequal goals of various participants.

Thus, the strategic goal of state institutions is to improve the quality of
life of the population in the respective territories. The quality of life of the
population is determined, on the one hand, by the composition and size of the
needs for various life benefits (food, clothing, housing, transport, various
public and household services, education, medical care, cultural and educa-
tional activities, etc.), the other is the possibility of satisfying them on the
basis of offers on the market of goods and services, real incomes of people,
their wages. In turn, the quality of life of the population is determined by the
degree of efficiency of social production based on the use of scientific and
technological progress, the scale of development and the quality of the ser-
vice sector, the educational and cultural level of the population.

For business structures, the main indicators are economic efficiency (for
example, NPV, profit, profitability, etc.) [7].

It is possible to take into account the interests of all groups of stakeholders
in accordance with the P2M standard by combining various projects and pro-
cesses of their activities into a common innovative program.

An innovation program will be understood as a set of projects united by a
single goal — obtaining a socio-economic effect from the implementation of
innovation results (implementation of an innovation product [6].

If we consider the stage of the scientific activity of the university, then in
the framework of the implementation of the innovation program there can be
many scientific projects. However, the purpose of the university, which car-
ries out innovative activities, is the inclusion in the portfolio of exactly those
research projects, as a result of which the competitiveness of the university
will be increased.

That is, in this case, the university manages a portfolio of research pro-
jects, which allows, based on the establishment of priorities, to effectively
achieve the strategic goals of the organization, taking into account resource
constraints.

This situation implies income from the implementation of a portfolio of
research projects, as well as dividends from the patenting of the result already
obtained from the implementation of scientific activities, which can be sent
to new projects planned for future implementation by the organization.

393



Consequently, the university forms and manages a portfolio of research
projects. At the same time, the research project is part of the innovation pro-
gram.
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PROBLEM OF FUZZY PORTFOLIO OPTIMIZATION AND ITS
SOLUTION WITH APPLICATION OF FORECASTING

Yuri Zaychenko
Institute for Applied System Analysis, lgor Sikorsky Kiev Polytechnic
Institute

For many years the classical theory of Markowitz was the main
theoretical tool for optimal investment portfolio construction, after which
most of the novel theories were only modifications of the basic theory.
However, the global market crisis of recent years has shown that the existing
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theory of investment portfolio optimization and forecasting stock indices
exhausted itself and a revision of the basic theory of portfolio management is
strongly needed.

New approach in the problem of investment portfolio construction under
uncertainty is connected with fuzzy sets theory created about half a century
ago in the fundamental work of Lotfi Zadeh [1] The application of fuzzy sets
technique enabled to create a novel theory of fuzzy portfolio optimization
under uncertainty and risk deprived of drawbacks of classical portfolio
theory by Markovitz.

The main source of uncertainty is changing stock prices of securities at
the stock market as the decision on portfolio is based on current stock prices
while the implementation of portfolio is performed in future and portfolio
profitableness depends on future prices which are unknown at the moment
of decision making. Therefore in order to raise the reliability of decision
concerning portfolio and cut possible risk it’s reasonable to forecast future
prices of stocks.

The goals of this work are to review the main results in fuzzy portfolio
optimization theory, to consider and analyze so-called direct and dual
problem of optimization, to estimate the application of FGMDH for stock
prices forecasting and to carry out experimental investigations for estimation
of the efficiency of the elaborated theory.

1. Mathematical model of fuzzy portfolio optimization

Let us consider a share portfolio from N components and its expected
behavior at time interval [0, T]. Each of a portfolio component i = 1, N at the
moment T is characterized by it’s financial profitableness r; (evaluated at a
point T as a relative increase in the price of the asset for this period) [3, 4].
Assume the capital of the investor be equal 1. The problem of share portfolio
optimization consists in a finding of a vector of share prices distribution in a
portfolio x = {x;},i = 1, N maximizing the income at the set risk level .

Let’s state the main principles and ideas of a fuzzy portfolio optimization
method [2,3]:

1. The risk of a portfolio is not its volatility, but possibility that ex-
pected profitableness of a portfolio will appear below some pre-established
planned value.

2. Correlation of stock prices in a portfolio is not considered.

3. Profitableness of each security is not random but fuzzy number r;.

For ! -th security denote:
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i the expected profitableness of the i-th security; i _ the lower

border of profitableness of the i-th security; i _ the upper border of

r.=\r.,r,[,
profitableness of the i-th security. ! (1' i 2')

security is a triangular fuzzy number.
Then profitableness of a portfolio r is fuzzy number given as follows:

N _ N _ N
F=(Nin = 2 Xl T =2 X6 T = D %ily;)
i1 i1 i1

— profitableness of i-th

; 1)
where X1 is the weight of the I-th security in a portfolio ( its ratio),
ixi =1 %20, i:1,7N

@

Critical level of profitableness of a portfolio at the moment of T may be

fuzzy triangular type number r= (rl AERLE ) or non-fuzzy r*

To define structure of a portfolio which will provide the maximum
profitableness at the set risk level, it is required to solve the following
problem [2]:

r= i X;F; = max 3

B(x) < ,Bgiv (4)

%xizl, %20, i=LN, (5)
i=1

where I is a portfolio profitableness , Bgiv 1s a desired risk, vector X

satisfys (2).

In [2] mathematical models for risk p (x) for different membership
functions for fuzzy ri. were obtained.

I11. Dual portfolio optimization problem

Now consider the portfolio optimization problem dual to the problem (3)-

®) [2I:

To minimize B(x) (6)
under conditions YL X = =17 @)
Lix=1x 20 (8)

In [2] ,it was proved that the risk function B(x) is convex . So the dual
problem to the problem (3)- (5) is convex programming problem. This
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problem may be solved by standard methods of convex programming, for
example method of feasible directions or method of penalty functions.

IV. The experimental investigations

The profitableness of leading companies at NYSE in the period from
03.09.2013 to 17.01.2014 were used as the input data in experimental
investigations. The companies included: Canon Inc., McDonald's
Corporation, PepsiCo, , The Procter & Gamble Company , SAP AG. For
forecasting share prices fuzzy GMDH method [2] was used with triangular
membership functions, linear partial descriptions, training sample of 70%,
forecasting for 1 step . Thus, as the result of application of FGMDH the
stocks prices were forecasted to the end of 20-th week (17.01.2014. These
data were used for construction of optimal portfolios. During investigations
direct and dual problems of fuzzy portfolio optimization were solved and
investigated under varying constraints on given risk value and different
critical profitableness values r".

V. Conclusion

1. The problem of optimization of the investment portfolio under uncer-
tainty is considered in this paper. The fuzzy-set approach for solving the di-
rect and dual portfolio optimization problems was suggested and explored.
The optimal portfolios for the five stocks at NYSE stock market were con-
structed and analyzed.

2. The problem of stock prices forecasting for portfolio optimization
was also investigated. The fuzzy GMDH was applied for  stocks
profitableness forecasting at NYSE stock market in the problem of fuzzy
portfolio optimization. The application of fuzzy GMDH enabled to decrease
risk of the wrong decisions and to raise the reliability of decisions
concerning portfolio content.

3. After analysis of the direct problem experiments it was detected that
the dependence “profitableness — risk” has descending type, the greater risk
the lesser is profitableness that is opposite to classical Markovitz model.
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JOCIIIKEHHSA 3AJJAYI BUBHAYEHHSI MAKCUMAJIBHO
HNI3BHBOI'O MOMEHTY ITOYATKY BUKOHAHHS POBIT 3
MIHIMI3AHOIEIO CYMAPHOTI'O BUIIEPE/’)KEHHS BIJHOCHO
JUPEKTUBHUX TEPMIHIB BUKOHAHHSA POBIT

J.0.Bonomun, B.M.Kmumenko, O.I'. XKnanosa, M.O. Criepkay, O.A.
Xamnyc
Hayionanvnuii TexHiyHni iHCTUTYT YKpainu «KniBChbKHMHA MOMITEXHIYHUI
iHcTUTYT iMeHi Iropst Cikopcbkoro», Ykpaina

CyuacHuii cBIiT TOTpeOy€e 371aroPKeHoi Ta onepaTHBHOI poOoTH B Oara-
ThOX c(hepax, TOMy BHHHUKAE HEOOXITHICTh Y PO3B’sA3aHHI 3aa4u Teopii po3-
KJIaJiB.

OnHi€ro 3 TaKUX 3a1a4 € 3ajada BU3HAYEHHS HAWOUIBII IMI3HEOIO MOME-
HTY MOYaTKy BUKOHAHHS POOIT 3 MiHIMI3aIli€l0 CYMapHOTO BHITCPEIKEHHS
BiTHOCHO JIWPEKTUBHUX TECPMiHIB BUKOHAHHS POOIT.

VY poGoTi po3B’A3y€THCS 3aa4a, ¢ € OlHa MAlIWHA, IO € BUKOHABIIEM,
Ta BIIaCHe poOOTH, sIKi HEOOXiTHO BUKOHATH. bazyrounce Ha pe3ynbTaTax, o
OTpHUMaHi y TaHiH 3a/1a4i, MOYKHA JOCHITUTH BapiaHTH 3 BUKOPHUCTAHHSM Jie-
KiJIbKOX MAallIFH, 10 MOXYTh BUKOHYBaTH POOOTH MapaJiesibHO.

3anaui Takoro kinacy [1] BUKOPHCTOBYIOThCS y pi3HHX cepax, Hanpu-
KJ1aJl, Y MEHEeJDKMEHTI, P YIPaBJIiHHI IPOEKTaMH Ha MiIIPUEMCTBAX; Yy JIO-
riCTHI, TPY TUIAHYBaHHI TPAHCIIOPTHUX JIOCTABOK Ta 1HIIIE.

IMocranoBka 3ajgavi. 3agaHO0 MHOXHMHY  HE3QJEXHHX  POOIT
J= {l, 2,..., n} , KOXKHa 3 SIKUX CKJIAZa€Thest 3 onuiel omeparii. s podboTu

j € J BuU3HAueHi TPUBATICTL BUKOHAHHS P; Ta IMPEKTHBHUN TEPMiH BUKO-
HauHA 0 ;. POGOTH HAAXOIATH 10 CHCTEMH OJiHOYAcHO. [lepepuBanus pobiT

He J0IycKaeThes. [Iponec BUKOHAHHS POOIT € HeMepepBHUM: MICIsl BUKO-
HaHHS IepuIoi Mo MopsiaKy poOOTH 0Ipa3y K PO3NOYHNHAETHCS BUKOHAHHS
JPYTOi, 1 TaK 10 THX Tip, JOKH He OyTyTh BUKOHAHI BCi pOOOTH.

Heo0xigHO 3HANTH ZOMYCTUMHN PO3KIIAL, Y IKOMY:

—  MOMEHT NOYaTKy BUKOHAHHS POOIT (r) € MaKCUMaJIbHO Mi3-
HIM;

—  CyMapHe BUIIEPE/DKCHHS MOMEHTIB 3aBEpIlECHHS pOOIT BIAHO-
CHO JIMPEKTUBHUX TEPMiHIB NPUIIMa€e MiHIMaJIbHE 3HAYCHHSI.

Knacugikanis 3agay. Tunu 3anau Oynu kiacudikoBaHi 3a 3aKOHOM po-
3MOALTY TPUBAJIOCTEH Ta 3aKOHOM PO3IOIiNY AUPEKTUBHUX TepMiHiB. KoxeH
PO3IIOIN Mae MaTeMaTHIHe CIIOJIiBaHHS (CepeHe 3HAUCHHs) Ta JUCIEPCis.
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Baxkaetscs, mo Bumaakosi Benmanan (BB) «rpuBamicts pobotm» Ta «au-
PEKTHBHHN TEPMiH» MAIOTh PiIBHOMIPHHUHA PO3IIOILNT.

Bizomo, mo BB X PIBHOMIPHO pO3MOJIiNIeHa, SIKIIO0 BOHA Ma€ Taky dy-
HKIIiFO IIIBHOCTI iiMOBipHOCTEi [2]:

L, AKWO X € [a;b]
f(x)=<b-a .
0, sxwo x ¢ [a; b]
YMoBHUH 3amuc piBHOMipHO po3nofgimeHoi BB X @ X : U [a;b], MaTe-

_b+a

MaTHYHE  CHOZIBaHHA  JIOPiBHIOE M (X ) = T , ~Omcmepcis  —
(b-a)’
D(X)=—[3].

PisHomipHO posnozineny BB X @ X : U[a;b] Moxna 3anaBaty i inmmmm

CHOCO6OM, 3aJ1aBIIU CEPECIHE 3HAUYCHHA C =

Ta 3HAYCHHS HAIIBIHTEP-

b-a .. . .
Bany f = T , 1[I0 CIIBBiIHOCHTKCH i3 Aucnepciero sk =3, [ D ( X ) , TOMy

HOro MOKHa BBaXKaTH Miporo po3kuay BB.

CepenHe 3HaYeHHS TPUBaJIocTei podiT. OLUiHIOBATH TPUBATICTh _p po-
OiT SIK «Maja», «CepeaHsD» Ta «BEIHKa» OyJeMO 3 OIJIsLy Ha Te, sIK BOHA CITiB-
BITHOCHUTBCS 13 CEPEAHIM 3HAYCHHIM JUPSKTHBHUX TEPMiHIB d.

Knacudixkamis 3a1a4 1mo 3HaYSHHIO cepeIHBOI TPUBAIOCTI pOOIT _p HaBe-

JeHa B Tabnumi 1.
Tabmuus 1 — Kiracudikaris 3amay mo 3Ha4EHHIO CEPEIHBOI TPUBAJIOCTI
pooir

[To3nauenHs minknacy | IHrepBan 3HaueHb
“s” p[0.01d;0.05d |
M7 pe[006d;0.1d ]
‘L pe[0.11d;0.15d |

[Mpumitka. Kpaiini Toukn iHTepBasiB mifiOpaHi 3 ypaxyBaHHSAM pe3yJib-
TaTiB €KCIIEPUMEHTIB.
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Mucnepcisa TpuBanocteii podir. e oqarM mapamerpom, 3a SIKHM TIPo-
BOIUTHCS Kiacuikaiis 3amad, € TUCTIepCis TpuBajcTeil pooiT, Sika XapaKTe-
pHU3ye CTYIiHb PO3KUAY 3HAUYEHb TPHUBAJIOCTEH POOIT BITHOCHO CEPEeTHHOTO
3HaYCHHS.

3navyenHs HamisinTepsany f, mms posmoniny Tpusanocteit poGir Gy-

JIeMO 3aJlaBaTH SIK BIJICOTOK BiJl CEPEIHBOTO 3HAUCHHS TpUBAJOCTEH p. 3
orIsAy Ha 1ie, 3a7a4i Oy po3/isieHi Ha TPH MiAKIIAcH, 10 HaBeJeHi B Ta0-
v 2.

Tabmuus 2 — Kiracugikaliis 3a7a4 Mo 3HAYCHHIO JAUCIEPCil TPUBAIOCTI
pobit

IMo3HavyeHHs migkaacy | IHTepBan 3HaUCHB
“Sy” pe [0.96;1.15}
“My” pe [0.56;1.55]
“Lly” pe |:O.1_p;1.95J

XapakTepucTHKa THPEeKTHBHUX TepMiHiB. OcTaHHIi mapameTp Kiacu-
¢ikauii — cTyniHp po3CilOBaHHS ITUPEKTHBHUX TepMiHiB. Bu3Haunmo 3Ha-
YeHHs HamiBiHTepBany f, Ui po3mozminy MUPEeKTHBHUX TEPMiHIB SK BiJcCO-

TOK BiJl CEpelHBOr0 3HAYCHHS AMPEKTUBHUX TepMiHiB d , 1110 HaBeaeHi B
Tabnui 3.

Tabmuus 3 — Knacudikanis 3a1a4 1o 3Ha4eHHIO JUcHepcii AMPEKTUBHUX
TEpMiHiB

ITo3nauenHs migknacy | IHrepBas 3HaYEeHB
“Sy” de[08d;12d |
“My” de [0.66;1.46]
“Ly” de [0.46;1.66]

KonyBanust 3aga4. Byso BuineHo 27 kiaciB 3a1a4, KOXKEH 3 SIKUX BU-
3HaYa€ CepeiHs TPUBAIICTh BUKOHAHHS, IUCIIEPCisl TPUBAIOCTI Ta AUCIIEPCis
nupektuBHuX Tepminis. Kinac ( A/ B/C ) 6ys npencrapienuii pisHOKO KOM-
Ginawiero 3HaueHb (S, M Ta L) cepennpoi TpuBanocti pobit (A ), auc-
nepciero TpuBanocti pobit ( B ) Ta mucnepcieto nupektuBauX Tepminis (C ).

ExcnepumenTn ans nepeBipkn podoru aiaropurmy. byno nposeneHo
o 200 excrieprMeHTiB JIJIs Pi3HOT KUTBKOCTI poOiT B 3ama4ax (Big 5 1o 8) ta
JUTA Pi3HUX MiAKIAciB 3a/1a4, pe3y/IbTaTaMH IKUX OyJI0 BiTHOIIEHHS KiJIBKO-

400



CTi 3amad, A¢ PO3pOOJICHUII aIrOpUTM JaB Take K caMe CyMapHEe BHIIEpe-
JDKEHHS TPUBAJIOCTI poOiT, K 1 IMOBHUI miepedip, 10 3araibHOI KITBKOCTI 3a-
Iad.

s mepeBipku poOOTH aNTOpUTMY CKIIaJaHH po3kiary OyB po3polire-
HUI aJTOPUTM TeHepalii iHOAUBIAyaTbHIX 3a11ad, SKHA TeHepye HaOOpH po-
0iT, 3HAYCHHS TPHUBAJOCTI BUKOHAHHS Ta TUPEKTUBHUX TEPMiHIB IKHX BU3HA-
YarOTh BIJTIOBIHI 3HAYCHHS TUCTICPCIil.

Jlo BU3HaueHMX KJIACiB 3a]a4 OyJM NpOBeAEH] eKCIIepUMEHTANBHI OCTi-
JDKEHHS, Pe3yJIbTaTaMH SKHX € e()eKTUBHICTh POOOTH aNTOPUTMY CKIIaIaHHs
PO3KJIay 1O BiTHOIIEHHIO 10 METOy TIOBHOTO mepebopy.

Jnst pi3HOT KiIBKOCTI poOIT Ta Kiacy 3aia4y OTpUMaly OKpeMi 3HaYEeHHS
BiJTHOIICHHS, [0 TO3BOJISE AOCHIIUTH TCHACHIIIO 3MiHH ¢()CKTUBHOCTI aJi-
TOPUTMY CKJIQJIaHHS PO3KJIaTy MPH 3MiHI KUTBKOCTI poOiT B 3ajadi, Aucmep-
ciif TpuBaNoOCTeH i AMPEKTHBHUX TePMiHiB poOiT. Byia momiueHa TeHaeHIisA
ToTipIIeHHs e()eKTUBHOCTI aroputMy (y MeXaX HOPMH) IpH 301bIICHH]
3Ha4YeHHA gucnepciit. ToMy, anroput™ € TocHTh ehEeKTUBHUM B 3aJadi, II0
PO3IIISIAETHCSL.

BucHoBok. Y po6oTi Oy1o npoBeeHo eKCIepUMEHTANIBHE JOCITIHKSHHS,
IO MiATBEpAMIO e(EeKTHBHICT PO3POOIICHOTO AITOPUTMY PO3B’SI3aHHS 3a-
Jadi TIOPiBHSHO 3 METOJIOM IIOBHOTO TIepedopy.

Jlitepatypa

1 3amaga mMOCTpOEHUsS] AOMYCTHMOTO PACHHCAHUSA C MaKCHMAaJbHO T03-
JHUM MOMEHTOM 3allyCka M MHMHUMAJbHBIM CyYMMapHBIM OIIEPEXKECHHEM
[EnexTpoHHuit pecypc] - Pexum JIOCTYIyY:
http://nbuv.gov.ua/UJRN/sdtit 2015 2 3

2 PaBHOMepHOE pactipenesieHue BeposTHOCTeH [ EnexTporHuii pecype] —
Pexum JOCTYIY:
http://mathprofi.ru/ravnomernoe_raspredelenie_veroyatnostei.html

3 PaBHOMEpHBII 1 HOPMaJILHBIH 3aKOHBI PACIPEICIICHNSI HENPEPBIBHBIX
ciaydaiiHeIX  BennumH [EnextpoHHMi pecypc] — Pexum moctymy:
http://edu.tltsu.ru/er/book_view.php?book_id=1cee&page id=19506
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