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VIIK 551.326.7 (292.3)

MOJIEJIFOBAHHSI JIITHbOI LIUPKYJISILIII B MOPI
BEJLJIIHCTAY3EHA

Mapnepuu B., Tepneuska K., Bposuenko 1., bexxenap A.
Inemumym Ipobrem Mamemamuunux Mawun i Cucmem HAHY,
Ykpaina

B po6oTi npoBeneHo yncenbHEe MOICTIOBAHHS JTITHROI ITUPKYJIIAII] B MOpi
Benmincraysena ta Ha mienbgi AHTapKTHYHOTO TiBOcTpoBa. [y Momermto-
BaHHs 3aCTOCOBYBANACh YHCeIbHA rigponnHamiuyHa Mogens SCHISM [1] 3
HECTPYKTYpPOBaHOIO TPUKYTHOIO TOPH30HTAIBHOIO CITKOIO Ta BEPTHKAJILHOIO
JIOKaJbHOIO cirma cuctemoro koopauHat (LSC). [l ommcy TypOyneHTHOCTI
BUKOpHcTOBYBanach K-kl Moaesns TypOyneHTHOCTI. Po3paxyHKu OB Teii,
PIBHSI MOpsI, TEMIIEpaTypu Ta COJIOHOCTI mpoBomuiucs s menbohy 3ATl,
Mmopst benincraysena ta npuierioi yactunu [liBnenHoro okeany (Puc.1). Ha
MOBEPXHI OKEaHy 3a/1aBaJIMCs TIOTOKHU TEILIa, IMITYJIbCY Ta COJIi, IKi pO3paxo-
BYBaJINCh 3a JaHuMH peananizy ERA-Interim. Ha BigkpuTux rpaHuusx Bep-
TUKAJILHUHN PO3MOLI TEMIIEPATYPH 1 COJIOHOCTI 3aJaBaBCsl 3TiIHO PO3paxyH-
KiB miobanpHOTO peananizy HYCOM [2]. Ha 3aximHiit BigkpuTiii rpaHuii
OynH TakoX 3aJaHi BiAXWIICHHS PiBHS Ta BEPTUKAIBHUH PO3MOILT ITBHUIKO-
cti po3paxoBani HYCOM. Ha BigkpuTiii cCXigHii TpaHUI PO3paXyHKOBOT
o0acTi 3a1aBajvcss YMOBH BUIIPOMIHIOBaHHS. B SKOCTI MMOYaTKOBHX YMOB
TaKO’X BUKOPUCTOBYBAJNCA pe3yibpTaTi peananizy HY COM.

PesynbraTi MOAENIOBaHHS IONIB TEYil, TEMIEPaTypy 1 COJIOHOCTI B
nepion roTuii-oepesens 2014 poKy MOPIBHIOBAIUCH 3 JOCTYITHUMHU JaHUMU
CriocTepe)keHb Ha Iesib(i AHTAPKTHYHOTO MIBOCTPOBA, BKJIIOYHO 3 TaHUMH
VYkpaincbkoi AHTapktuuHoi  Excrnenmuii. Po3paxoBaHi BepTHKajbHI
PO3MOALIH TEMIIEPATYPH 1 COJIOHOCTI Ha HIeIb(I Y3rOMIKYETHCS 3 CIIOCTEPE-
JKCHHSMH, 30KpeMa, B TMOJIOKEHHI MIHIMyMy TeMIepaTypH XOJOIHOIO
MPOMDXXHOTO IIApY Ta HOTo TeMneparypi B pailoHi APreHTHHCEKHUX OCTPOBIB.

2 =700 60 o
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Puc. 1. Po3nonin raubuH y po3paxyHKOBiii 061acTi B Mopi bemincray-
3ena 3rigHo (GEBCO, 2019 [3]) (a); po3paxyHkoBa ciTka (0).
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Po3paxyHKu 1mokasaju, 10 TOJOBHMM KOMIOHEHTOM LUPKYJSLi] € AH-
tapktuuHa Llupkymnomnspra Teuis (ALIT), sika mepeHocuTs Boay Ha cxin. Y
ALT ¢dopmyroTbcs IeKiIbKa CTpYMEHIB, SKi BTIKatOTh B IpOTOKy /Jlpeiika.
JlaHII0’KOK BUXOPIB po31UIsi€ meNb(pOBY 30HY AHTapKTUYHOTO MiBOCTPOBA
ta ALIT. B niTHil mepion B3ZOBX Kparo meab(y BUHUKAE CIPSIMOBaHA Ha
MBJICHb TeYid, BUKJIHKAHA, B OCHOBHOMY, BEIMKOMACIITa0HOIO ITMPKYIIS-
Li€I0 OKeaHy Ta IMoJieM BiTpy. 3po0JeHO BHCHOBOK, IO (hOpMyBaHHS 30H
iAoMY Ta OITyCKaHHS BOJ Ha IIeNb(i AHTapKTHYHOTO ITIBOCTPOBA CYTTEBO
3ajekaTh Bif 3MiH atMochepHol mupKymsnii Hagy mopem bemmiHcrayseHa.
BaxxnmmBuM (eHOMEHOM € BUHUKHEHHS alBeJiHTy Ha Kparo menb(y npu Bi-
Tpi HampaBJICHOMY Ha MiBHIYHUH 3axix (puc. 2).

-60° T i -60°

Puc.2. Tlone BepTrKambHOT IBAAKOCTI Ha TIHOMHI 50 M 1 12:00 (a)
15 motoro i (6) 15 6epe3nst 2014 poky Ha menbdi AHTAPKTHIHOTO MiBOCT-
poBa. Ha puc. 5a nokazano nonoxxenss ct. 15 (17 Ykp. aHTapKTHYHA eKc-
. TIEINILIS).
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Puc. 3. TlopiBHSHHS po3paxyHKiB (YOpHA KpUBA) Ta MOJICJIIOBAHHS (Uep-
BOHA KpHUBa) BEPTUKAILHOTO PO3IOJUTY TeMIepaTypH (a) Ta cosoHocTi (0)
Ha cT. 15.
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ATNBEJUTHT € Ba)KJIMBUM JKEPEJIOM ITOKUBHUX PEYOBHUH ISl (PiTOIIIAHK-
TOHY 1 BCHOT'O TIO’)KMBHOTO JIAHIIO)KKa. Po3paxoBaHni npodini remneparypu i
COJIOHOCTI B paiiOHI APreHTHMHCHKHX OCTPOBAaX 3iCTaBJIEHI 3 BEPTHKAJIbHUM
PO3IOIIOM TeMIIEpaTypH 1 COJIOHOCTI MOOYAOBaHUM 3a AaHHUMU CHOCTEpe-
JKEeHB IiJ] yac 3HOMKH AHTapkTH4HOI excrieauuii 2013-2014 pp. Po3zpaxosa-
HUH BEPTHKAIBHUHA PO3MOAIT TEMIIEPATYPH Y3TOMKYETHCS 3 CIIOCTEPEKCEH-
HSMH, 30KpeMa B MOJO0XEHHI MIHIMyMY TeMIIEpaTypH XOJOTHOTO HPOMiXK-
HOTO mIapy Ta foro Temmepatypi (puc. 3) .

Po6ota 6yna migrpumana HanionanpHAM aHTapKTHIHUM HAyKOBUM IICH-
TpoM 3a goroBopom Ne H/4-2018 «JlocimimKeHHS TpOLECiB MPOCTOPOBO-Ya-
COBOI MIHIMBOCTI Tediii B Mopi bemmincrayzeHa Ta MoJemOBaHHS 30H
migiioMy Ta omyckaHHs BoA Ha meibdi Mops» Ta Kopeiicbkum iHCTUTYTOM
okeaHCchbKHX Hayk Ta TexHoutorii (KIOST), sxuit HamaB 1uist po3paxyHKiB 00-
qUCIoBabHUH Ki1acTep 3 120 nmpouecopamu.
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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
Type of work (item Eo, [4], : ’
. (number of mSv, VRDose
in SAR) personnel) mSv, SAR 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 4,83 558
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 ! 04 0,25
Marking with paint of | 0.494 0578
Marking with paint of
bracket C4 ! 0,494 0,74
Cutting of fastenings of 492 1,62
walking bridges of the 2 (ev’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 1.85 1,42
Stropping of the node 1,74
C2 2 2,16 1,78
Stropping of the node 3,9
C3 2 4,81 3,43
2 4,36 2,9
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gtgopping of the node 2,67
Cutting of bracket C1 2 2,36 i;g
Cutting of bracket C2 2 2,84 3;2
Cutting of bracket C3 2 4,14 5?3
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 RODQOS 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 .
Web Server il Calculation server
| P —
Enter input data Data xml uploaded |
transmission to the server
Incorrect JRodos Server
data Loading is running
weather
forecast l
Data is correct Create input Launching
"xml" data calculation
Creating a task
No|
Data Calculation

transmission
Result is received «—————————

No
alculation for @
areas complete

Yes

finished

Yes
Saving results

Create output
"xml" data

Source determination
‘v
Building a map
v

Saving results

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.

ronosa PoMan  Buxia

BHeceHi aaHi
CroopuTy HOBMH
Papionyknia  Aara Yac Koopaunarn Pesynstar
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 @ R 2
U 235 13.03.2019 12:00 50.39, 30.48 B uepsi ID __6__

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. Vyzhval, O. Shabatural, Mizernaya M.2, V. Onyshchuk?, 1.
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, Bg/kg) activity of
samples of rocks [4].

Table 1 - Correlations between the content of uranium (Cy) and K;O
(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 3p+5,5-102
Runovshchyna Ck0=1,6-10 0,992 191
area 3[3"‘6’6' 102
Volyn-Podil- Cu=3-10 0,863 107 [4]
lya Tg+5-10
Runovshchyna Cu=3-10 0,999 191
area 30+0,5032
OumDheroua, Cu=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 B 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]:

D; = A1Xig + ApXig + ot Ay Xiy :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:
Xo =Dl Ay =X 1 2. (2)
The LDF coefficients that perform the discrimination of objects into
groups are the roots of a system of m linear equations:
Ak + Aok + o+ AKi = 0y

Koy + ApKgp + .t Ko = 3)
ﬂlkml +ﬂ’2km2 + "'+imknm =0On
lei}+Nuk}: . .
where ki =| —————— | - the elements of the combined covariance
"IN #N, -2

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

group matrices K; and Ky;; Ny, Ny - group sizes; q; =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 I
a—-b
Dy= ) 4| ) 4
0 k§:1 k[ 2 ] (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 B = 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 MOJEJIIOBAHHA JIAJIBHOCTI HA
OB'E€EKTAX 3 PAJIAIIIMHO-HEBE3NNEYHUMHA YMOBAMM

C. A. IMackeruy, C. C. ITinbepesnuit
Inemumym npobnem 6esnexu AEC HAH Yxpainu, eyn. Kiposa 36a, Yo-
probunw, 07270, Yrpaina

BukopucTaHHS KOMIT'IOTEPHOTO MOJICIIOBaHHS € e()EKTHBHUM 33aX0/I0M
JULs 3a0e3MedeHHs pajialiiHoi 0e3neKku Ta onTuMi3allii mporecy BUKOHAHHS
pobir y panianiiiHo HeOe3neuHnx ymoBax. OcoOJMBOT BaroMocTi Taki po-
60T HaOyBalOTh 32 yMOB JIIKBialil HACHIAKIB panianiiHux aBapiid. Baxk-
JMBO BHKOPHCTOBYBATH KOMIUIEKCHHH MiJIXiJ] BUKOPHCTaHHS IHXXCHEPHHUX
(mmst MozeroBaHHS 30H BUPOOHHUIITBA pOOIT) Ta iMiTamiHHUX (AT MOZIEIIO-
BaHH: TEXHOJIOTIYHUX MPOIIECiB IPH JIKBigallii HACTIIKIB aBapii) KOMI'IOTe-
pHEX Moaenel. Ha ocHOBI imMiTaniifHOT MOl Moke OyTH po3po0iieHa iHTe-
paKTUBHA MOJIEJIb [UISl HABUAHHS NIEPCOHAITY, IKUH IUIaHy€eThCS 3a/1isITH Y BU-
KOHaHHI POOIT.

V¥ Incturyti npobnem 6e3nexun AEC HAH Vkpainu (mani — IITb AEC)
oTpanboBaHi HAYKOBO-METOAWYHI Ta MPAKTHYHI OCHOBH JisUTBHOCTI 3 pO3po-
OneHHs1, BOPOBAKEHHS Ta 3aCTOCYBAHHS TaKUX KOMITIOTEPHUX MOJeel B
yMmoBax 00'exta « YkpuTTsi» HopHoominbcbkoi AEC. 30kpema, MOAeTIOBaHHS
HIMPOKO BUKOPUCTOBYBAJIOCS JJIsl BUPIIICHHS PI3HHUX 3aBlaHb, TAKUX K BU-
0ip onTUMaIBPHUX IIIAXIB nHepeTBopeHHs 00'ekta "Ykputra" (OY) Ha exoro-
riuHo Oe3neyHy cuctemy [1], yIoCKOHalleHHSI METO/IiB BUMipIOBAaHHS pajia-
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1iiiHoi o0cTaHoBKU B yMoBax OV [2], MojemOBaHHs pajdianiiHOi 06cTaHO-
BKH 1 iuHaMikH 11 3Mian B OY 1 mo6nu3y Heoro [3], 3a0e3neueHHs pajialiii-
HOi Oe3meku B mpolieci ekcrutyaTanii Ta nepersopenss OY, 30kpema BHITy-
YeHHsI naMBoBMicHUX Matepiani (IIBM) Ta in.

3acTocyBaHHs iHPOPMAIIHHUX TEXHOJIOTIH IMITAIIHHOTO MOJETIFOBAHHS
i poBHX KOMI'IOTEPHHX MOIENEH CTOCOBHO JO TIPOLECY BHIIYYEHHS
[1BM 3 BepxHixX BiIMITOK 00'ekTa «Y KpUTTSD JO3BOJIMIIO BXKE HA PaHHIH cTa-
Ii1 oTpaIfoBaHHS TEXHIYHUX IPOIO3UIA BUIBUTH JACSKI MPHUHITUIIOBI TIPO-
6memu 3acTocyBaHHS TexHITHUX 3aco0iB HBK, 30kpema, cuctemn 0CHOBHHIX
kpasiB. [logampmmii pO3BUTOK 1| BHKOPUCTAHHS MOJIEIEH TO3BOIUTE OMTHMi-
3yBaTH Mporiec BurydeHHs [IBM, 3MeHIINTH 1031 OTIPOMiHEHHS IEPCOHAITY
3aJIisTHOTO B Lill poOOTi Ta 3HU3UTH (piHAHCOBI BUTpATH.

3acTocyBaHHs iIMiTaliiHOT MO/EINI JO3BOJIUTH BUOPATH Ta ONITHMI3yBaTH
npoekTHI pimenHs BuiayueHHs [IBM 3a 3aganuMu kputepisiMu, Bepudiky-
BaTH Ha NPEJAMET BIAMOBIIHOCTI BCTAHOBJICHUM BUMOI'aM, CTBOPUTH 1HTEpa-
KTUBHUH MPOTrpaMHUI KOMIUIEKC JUISl IETAIbHOTO HABYAHHS Ta MiJrOTOBKH
HEepCOHay.

3acTtocyBaHHA KOMITTOTEPHOI Tpadiku MpH IUIAHYBaHHI i BUPOOHUIITBI
omepaiii 3 00CIyrOBYBaHHS, PEMOHTY Ta 3aMiHU O0JIaTHAHHS B paiamiiHo-
HeOEe3MEeYHNX YMOBAX J03BOJIHUTH MPUHMATH OOIPYHTOBaHI PillIEHHS PO 10-
LUTBHICTB Ti€l 9 1HIIOT isSUTBHOCTI, 3a0€3MeUnTH OiNBII BUCOKHU piBEHBb
IUTAaHYBaHHS POOIT 3 METOI0 HENOMYLICHHS NEPEBHINCHHS BCTAHOBJICHHX
MEX 7103 1 IONYCTUMHX PiBHIB, BUOPATH ONTHUMAIIbHI TEXHIYHI PillIEHHS 1 OII-
TUMI3yBaTy pajialliiH1i 3aXUCT.

HeoOxinHuii mojaipIinii pO3BUTOK METO/IB KOMI'IOTEPHOT'O MOJIEIIO-
BaHHs JIJIsl BUPIIIEHHS 3aBJIaHb OCTaTOYHOro neperBopenns OVY. Y nepiry
Yepry Ie CTOCY€EThCSI CTBOPEHHS JeTalbHOI imkeHepHoi Moaeni OV i po3Ta-
uryBanHs [IBM micis nemoHTaxy HecTaOuIbHUX KOHCTpYKLii. Taka Monens
TIOBUHHA JI03BOJIATH JIETKO BHOCHTH 3MiHHU IIPH BUAAIECHHI OKPEMHX CKYII-
yens [IBM.

Jnst BHOOpY ONTHUMAJbHUX PIllIeHb OO0 IOJAJIBIIOTO IEPETBOPEHHS
OY nouisbHO yI0CKOHAINTH METOAN MOJICITIOBaHHS MPOLIECiB BUMIPIOBAHHS
pamialifHuX XapaKTepHCTUK (TIOBEpXHEBHX albda i Oera - 3a0pyaHEHB, KY-
TOBHX Ta €HEPreTHYHHUX PO3MOALTIB raMMa-BUIIPOMIHIOBaHHS), pO3poOUTH
YTOUHEHHS MOJIeNTi pajialiitHoi 00CTaHOBKH, IPOBECTH MOJCIIOBAHHS TAKUX
IIPOIIECiB, SIK epBUHHE copTyBaHHI [IBM 6e3mocepesHbO B MiCIX IX BHITY-
YEHHsI, BUWJIyUYEHHS OCHOBHUX cKylueHb [IBM.

Jis 3a6e3nedeHHs O6e3neky Ipu BUKOHAHHI poOiT HE0OXiTHO po3poduTH
IHTEpaKTHUBHY MOJIEJNb JUIsl HABYAHHS 1 TPEHYBaHb IIEPCOHAITY IIPH BUKOHAHHI
PI3HUX BUAIB TisSUTBHOCTI.
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J1n1st 00TpyHTOBAaHOTO PO3IIISLY BapiaHTa BifKiafeHoOro BritydeHHs [IBM
3 HIKHIX BIIMITOK HEOOXiTHO IPOBECTH KOMIT'TOTEPHE MOJICTIOBAHHS PI3HIX
BapiaHTiB KoHcepBauii [IBM Ha HWKHIX BiIMITKaX 3 ypaxyBaHHSM JOIYCTH-
MHX BUKHUIB Ta CKUIB.

Jyxe BaxxnuBuM € npoBesieHHs: KM MOXIMBUX BapiaHTIB EpEeTBOPEHHS
OV B cx0BHIIE KOPOTKOKUBYIHUX PaAi0aKTUBHHUX BiIXOMiB, BKIIOYAIOUH PO-
3paxyHOK BIUIMBIB Ha HABKOJIWIITHE CEPETOBHIIIE.
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MO/IEJTIOBAHHSI ITPOIIECIB CAMOPETEHEPAIIIL TA
CAMOPEILTIKAIIII METOJOM PYXOMMX KJIITUHHUX
ABTOMATIB I3 B3AEMOPIBHOBAKHUM OTOYEHHAM

B.B. XKuxapesuu, K.I1. I'azaiok, C.E. Ocramnos
Yepniseyvkui Hayionanonuti ynisepcumem imeni FOpis @edvrosuua,
Ykpaina

MonemnroBanHs 010JIOTTYHHX TPOIECIB TAa CUCTEM — OAWH 3 HallaKTyasb-
HIIIMX Ta HAHEPCIIEKTHBHIIINX HANPSIMKIB HAYKOBUX JIOCIiKeHb. MexaHi-
3MH OaraTboX O10TPOIIECiB HA JaHUH Yac € HeBITOMUMH. TaKuM YAHOM, OJTHA
i3 3a11a4, siKa BUPIIIYETHCS 38 PaXyHOK MOJEIIOBAHHS — IOIIYK BiJIOBiaeiH
Ha MUTaHH, 10 3JIMIIAIOTHCS BIIKPUTUMH. [0 IIUX MUTaHb 30KpeMa BiTHO-
CSITh MOLIYK IUTSIXIB caMoopraHizanii ta eosrouii sxuBoi marepii (Origin of
Life).
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[HCTpyMeHTapil, SIKNiT BUKOPHCTOBYETHCS JUI TI0OYI0BH Moaeneit Oio-
JIOTIYHUX 00’ €KTIB Ta iX JMHAMIKU JOCUTH Pi3HOMAHITHUHN — BiJI OMUCY THUX
YM IHIIUX MPOLECIB B TEPMiHax Teopil AndepeHiitHnX piBHSIHb Ta iX 4YHce-
JIHOTO PO3B’A3KY, 10 MOOYOBH iIMITAI[IITHUX KOMIICKCHUX MOJICIICH, 10 Bi-
JOOpakarTh OKpPEeMi CKIIAJOBI BINMOBIMHUX TporeciB abo cuctem. Kimi-
THHHO-aBTOMAaTHE MOJEIIOBAHHS MOYKHA BIIHECTH caM€e IO IMITAiiiHOTrO
MiAXOy, MO BXKE JTOCHTh JaBHO BHKOPHCTOBYETHCS UL pealtizallii Mmpo-
KOTO CIIEKTPY ITYYHUX 010MOAI0HIX CTPYKTYp. 3araioM e HarmpsiMOK MO-
nemoBaHHs oTpuMas HasBy «llITyune sxurtsi» (Artificial Life), mera sixoro —
po3poOKa 3arabHUX MiIXOAIB MOOYIOBH MITYIHUX MOJENeH )KUBUX OpTraHi-
3MmiB. [Ipu bOMY BUKOPHUCTAHHS KIITHHHIX aBTOMATIB SIK iHCTPYMEHTY MO-
JICTFOBaHHs NMPUBAOIIOE MOJIIUBICTIO CTBOPEHHS HAWIIPOCTIIIUX MOJENei
HAWCKJIaHILINX CHCTEM.

IMepumm mocnigaukom npobnemaruku «Artificial Life» 6ys JIxou don
HeiimaHn, sxuii BUBYaB MOKJIMBOCTI pealtiallii caMOBiATBOPIOBAHUX CTPYK-
Typ 13 BUKOPUCTaHHIM, ¥ TOMY YHUCJI, IHCTPYMEHTApPil0 KIITHHHUX aBTOMa-
TiB. 31aTHICTH CAMOBIITBOPEHHS (caMOpeIuTiKalii) — 1ie yHiKalbHe XapakTe-
pHE SBHIIE, BIACTUBE BCIM JKMBUM opraHizMaMm. HeliMaH mokasas Ta omnmcaB
[1] MoxnmBOCTI TOOYZOBH AMCKPETHOTO AETEPMIHOBAHOTO CAMOBIATBOPIO-
BaHOTO aBTOMATa, IO SBJISE COOOI0 MIEBHUH aHAJIOT MaIIMHK ThIOpHHTa, SKa
KOITIIOE BMICT Kepylodoi mporpamu Ta ()parMeHTH CTPYKTYpH aBTOMATa.
Haii0inpm mpocToro KIITHHHO-aBTOMATHOIO MOAEIUTIO CaMOPEILTIKaIii € MO-
nenb, 3anpornonoBana Kpicom Jlenrronom [2]. B aBromari Jlenrrona kiii-
THHA MOJKE 3HAXOIMTHCS B OJHOMY 3 BOCBMH MOXJIMBUX cTaHiB. CTaH Kili-
TUHHU B HACTYIIHHH MOMEHT 4Yacy BHU3HAYA€ThCS CTAHOM B TEMEPIlIHIH MO-
MEHT Ta CTAHOM YOTHPbOX CYCi/liB. ABTOMAT SIBJIsiE COOOI0 CHTHAJIBHY CTpi-
YKy, 110 3HAXOIUThCS MIX BOMa cTiHkamu. CUTHaJbHA CTpiuKa Hece 1H(O-
pMaltito, HeoOXiIHy JUIsi CTBOPEHHS KOIIiT aBTOMaTa, sSika OTPUMYEThCS uepe3
151 takt wacy micis 3amycky. HaiOinemn BiTOMOI KOHTHHYalIbHOI MO-
JIeIUTIO, 3aCHOBAHOIO Ha Au(epeHIINHNX PIBHAHHAX IS OOYHCICHHS 3MiHA
HETIepepBHUX MapaMeTPiB CUCTEMH Yy Yaci, € peakiiitHo-1udys3iitHa MoIenp,
3anpornoHoBaHa AianoM TreropuraroM mie y 1952 pormi. PisHoMaHiTHI MOaH-
¢ikarii miel Mmomeni, 30kpema Mozens [ pes-CkoTa Ta iHIIi, BAKOPHCTOBYIOTh
Ha ChOTO/HIIIHIH AE€Hb JUIST MOJICJIIOBAHHS MPOLIECIB caMOoperIuTiKallii, eMopi-
orenesy Tomio [3].

OxpeMuM HaIpsMKOM JIOCTIIKeHb MPOOJIeMaTHKN caMO3apOKEHHS Ta
eBOITIOIII] O10TOMIOHUX CTPYKTYp € KOMIT IOTEPHE MOJIEIOBAHHS XIMIYHHUX
MPOIIECiB, TII0 MOXKYTh MPU3BECTH 10 ToaiOHOT quHamiku (Artificial Chemis-
try) [4, 5]. 3okpema aBTopaM poOOTH [5] Baanocs modyayBaTH MOJIENb CaMo-
peruikarii KmTHHOMOAIOHNX CTPYKTYp (Tak 3BaHuMX «Los Alamos Bugs»),
SIKI BOJIOJIIOTH HE JIMIIE €JIeMEHTapHUM MeTaboJi3MoM, aie i cIiaJkoBOIo
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TCHETUYHOI iH(popMartiero. Moenb nepeadavae pyHKI[IOHATEHY B3aEMO3a-
JIXKHICTh MEMOpaHH, METaboIIi3My Ta CaMOpEIUIiKallil0 TeHeTUYHOTo Giomno-
aimepy. IIpyu HpOMY MOCHITHUKH CTBEPIDKYIOTH, IO MOJEINb 3aKJIafae oc-
HOBH JUIs TIEPILIOTO IHTETPOBAHOTO MPOCTOPOBO PO3IOIIEHOTO KOMIT I0TEp-
HOT'O MOJIETFOBaHHSI BCHOT'O IIPOTOKITITHHHOTO KUTTEBOTO LUKITY. SIK iHCTpY-
MeHTapii U1t NoOYIOBU TOCUTH IIPOCTOI MOJIEINI 3B’ I3aHUX MpoIieciB audy-
3i1, caM0300pKHK Ta XiMIYHHX peakiliif, 0yI0 BUKOPHCTAHO METOJA MOJIEIIO-
BaHHS IWHAMIKH TPUBUMIPHHUX JUCUIIATHBHUX YaCTHHOK.

AHai3yloun HaBeIeHI MiAXOIM IMIOAO0 MOJCITIOBAHHS CaMOpeILTiKaIliii-
HHX CTPYKTYpP, MOXHA 3allpOIIOHYBAaTH METOJ, 3aCHOBAHUH Ha PyXOMHX KJIi-
tuHHEX aBToMartax (PKA). Meron PKA, mo-cyTi, citig BBa)aTu CBOEPiTHOIO
riOpuau3aIliel0 aBTOMAaTHOTO MiAXOY Ta METOIY MOJICKYJISAPHOT TUHAMIKH
a00 IUCKpEeTHUX eneMeHTIB. [y moOymoBH eIeMeHTapHOi MOJIeNi poLecy
caMopeIuTiKalii KIiTHHOMOMIOHOT CTPYKTYPH MPOBOAUTHCS 11 IEKOMIO3HUIIIS
Ha OKpeMi CKJIaJIOBi €JIeMEHTH 1 KOXKeH eJeMeHT mpencraBisierbesi PKA i3
BiJITIOBIJTHOIO MOBEIIHKOIO, SIKa 3aJIC)KUTH BiJl THITYy €JICMEHTA Ta CTaHy OTO-
YYIOUOI'o CepeoBuIla, ToOTo Bix craHy cycinHix PKA. Taky mryuny crpy-
KTYpy Ille Ha3uBaoTh «animatom» (Big Artificial Animal). TlepeBaramu Bu-
kopuctanHsi PKA npu cTBOpeHHI aHIMaTiB €: MOXKJIMBICTD JOCUTh THYYKOTO
(opMyBaHHS HOBUTEHOI MOP]OIIOTIi MTYYHO! KIIITHHONOIIOHOI CTPYKTYpH
Ta HOTO OpTaHelN, JITKICTh iMiTallii IpOIeciB CHHTE3Y Ta PO3KIIATaHHS OKpe-
MHX (PparMeHTiB, 3alaHHS IIMPOKOTO CIEKTPY (HYHKIIOHAIBHUX BIACTHBOC-
Teil (parMeHTiB, MHOXKHHU SIKMX YTBOPIOIOTH BiJIIOBIJHI YaCTHHU CTPYK-
Typu (MeMOpaHnu, $pidpu HUTOCKeNeTy, HuToIIa3ma Tomio). Kpim Toro, aBro-
MaTHHH MiIX1]1 JO3BOJISE TOCUTH MPOCTO PEaTi30ByBaTH 3MiHY CTaHIB MOJIC-
KyJISIPHUX KOMIUIEKCIB Ta IMITyBaTH TAKUM YHHOM MPOLIECH, OAI0HI 10 O10-
KyBaHHsI 200 aKTUBallii OKPEMHUX T'€HiB, IO IHIIIOIOTh Ti YW 1HIII PEryJysTO-
PHI MEXaHI3MH B KJIITHHI.

HenTpansHor0 mpobieMoro moOymoBu Oyab-sK0i KIITHHHO-aBTOMAaTHOT
MOJIET JOBUIBHOTO SIBUIA Y CHCTEMHU € 33aHHs NPaBHJI aBTOMAaTHHUX B3a€-
MoJiii. B Hamomy BHIagKy AJsi MOAETIOBAHHS CaMOPEILTIKALIIHAX CTPYK-
TYp MU HPOIIOHYEMO C(OPMYBATH JIOCUTh MIMPOKHH CHEKTP Pi3HOMaHITHHX
tuniB PKA Ta BcTaHOBUTH MiXK HIMH NpaBWIa PiBHOBAXXHOTO cycimcTaa. Lli
npaBuia nepeadavaroTh iCHYBaHHS HaBKoJIO okpeMux THmniB PKA koHkper-
HUX Oa’kaHMX HAOOPiB 3 IHIMMX THMIB. Y TakWX BHUMaakax moreHmian PKA e
MiHIMaJIBHUM, & CTPYKTYpa, Ky BOHH YTBOPIOIOTH € CTilkot0. SIkmo x PKA
He mepe0yBaloTh y MO3MIIAX 31 CBOIM PIBHOBRXKHUM OTOYEHHSM, TO CTPYK-
Typa € HeCTaOUIbHOIO, a OTXKE MOXKHA OpPTaHi3yBaTH ii MpAMYyBaHHS IO PiBHO-
BaXHOTO cTaHy. [Ipu 1ipoMy MoskimBi 1Ba BapianTu: abo PKA mpeiidyiots y
HaNpsAMKY 3MEHIIICHHS TOTeHIIaTy 1 TAKMM YHHOM Peajli3yeThCsl MPOoLieC ca-
Mo30ipknu (Self-Assembly), abo PKA ininitorors BUOyoByBaHHS (CHHTE3)
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PIBHOB&)KHOTO OTOYEHHS 1 TAKMM YHHOM peali3yeThCsl MPOILEC caMopereHe-
pauii. MoHa TakoX po3riisiiaT KOMOIHAIIIO [IMX JIBOX BapiaHTIB.

SIk mpHKIax MOXKHa PO3IJISIHYTH PIBHOBaKHY B3a€MOJIIO JIBOX THIIB
PKA, onuH 3 sixkux (S1) B piBHOB2)XHOMY CTaHi HOBUHEH OYTH OTOYEHHIA Iili-
crbMa PKA inmoro tumy (S2). A ayist PKA tuny S2 noBuHHO icHYBaTH TpU
piBHOBaXHHX cyciga — oauH S1 Ta aBa S2. Li mpaBuia piBHOBaXKHOTO CYCia-
CTBa MO>KHA BHPA3UTH Y TAOIMYHOMY BHTIIIII:

KimpkicTs cyciniB S1 S2
6 S1 -
3 S2 1 2

JeMoHCcTpamist CTIHKOCTI CTPYKTYP, chOpMOBAHHX 3a MPUHIUIIAMH PiB-
HOB2)XHOT'O CYCIJICTBa PyXOMHUX KJIITHHHHUX aBTOMATiB 300pakeHO Ha puc.l.
HaBeneHi BinXuiieHHsS MPU3BOIATH 10 HEPIBHOBAXKHOTO cTaHy. B HacTymHi
MOMEHTH 4acy BiZI0yBa€eThCsl CaMOBLIbHE NOBEPHEHHS JIO CTaHy piBHOBaru
Ta BIJIHOBJIIOETHCS MOYATKOBA CTPYKTypa. ToOTO Mae Miclie mpolec caMmope-

reHepaiii.

Puc.1. CxemaTnyHa A€MOHCTpALS CTIHKOCTI CTPYKTYP, CHOPMOBaHIX
3a IPUHIAIIAME PIBHOBaXXHOTO cycimcTBa PKA.

[paBuna B3aemoniit PKA MoxHa JOMOBHATH MOXKJIMBICTIO aKTHBAIIiT pi-
3HHX ITIIMHOKHH a00 ITepexoJaMy BiJl OJJHHX THIIIB JIO 1HIINX, 3aJI€KHO BiJ
JESIKUX HETepepBHUX IapaMeTpiB (aHAJOT NMPHUTOKY KHUBISYUX PEUOBHH).
Takum ynHOM OyZe peani30BaHO JOBIIbHY NMEPiOAWYHY IWHAMIKY, YaCTKO-
BHM BHIIQJKOM SIKOi € camoperutikanisa. Kpim Toro, anroputM MeToy MOKHA
IOTIOBHUTH MEXaHI3MOM BHITaAKOBOI0 JoAaBaHHsA HOBHX THIIB PKA 1o Mo-
JIeTbOBAHO1 KIIITHHONOAIOHOT CTPYKTYpH (aHAJIOT MyTaIliif), 0 MOXKe IpU3-
BECTH JIO IMiIBUIICHHS CTIHKOCTI T1 TUHAMIKH, a00 HaBIIAKU — MPOTHUIISATH pe-
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rutikauii. | HapeurTi, CTBOPUBILY YMOBH JJIsl IPUPOJHOTO 1000PY, MOXKHA Op-
TaHi3yBaTH €BOJIOLII0 JOCIHIIKYBAaHUX CaMOPEIUTiKaliiHUX KIIITHHOIIOI0-
HHX 00’ €KTIB.
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VK 519.8
DOOPMAJIIBALIA 3AJAYI PO3ITIOALTY TEPUTOPIN JJIL
OBCJIYT'OBYBAHHS
Koctnuena K .1O.

Hayionanvuuii mexuiunuii ynieepcumem Yxpainu « Kuiecokuti nonimex-
Hiunutl incmumym im. leopsa Cikopcbko2o»

Beryn. Ha choromHimmHi 1eHb OUTBIIICTE MiAIPHEMCTB, IO 3aiMAIOThCS
30yTOM HPOJYKIIil, 3ILTOBXYIOTHCS 3 IPOOJIeMaMy OpraHi3alii MapKeTHHTY
MPOJIAXK, CTPATEriYHOrO TUIAHYBaHHSI, @ TAKOXK €()EKTUBHOTO PO3IOJITY TPY-
JIOBUX pecypciB. JlociikeHHIM JaHUX po0IieM 3aiiMaeThesi TeOMapKETHHT,
II0 JIOIIIBHO TPOBOIMTH 32 TOTIOMOTOI0 BUKOPUCTaHHS reorpadiuyHux iH(po-
pmariiiaux cucrem (I'1C).

I'IC abo reoindopmariiiti cucTeMu 3aiiMarOTHCSI IOCITIPKEHHSIM TIpoLeCy
MPOCTOPOBUX 3aKOHOMIPHOCTEH y PO3MOAUICHHI JaHUX Ta B3a€EMO3B'SI3KY
Mk o0'extamu. [Inanaphi 00'exTr (Ha MicleBOCTi) OyBalOTh JNEKIJIBKOX TH-
iB: AWCKPETHI, HENIEPEPBHI Ta y3araJbHeHi 3a miomero. CKIagoBUMHU Yac-
tuHamu I'IC € novaTkoBuit 00’€KT, pecypcH (TpynoBi, GpiHaHCOBI, MaTepia-
JIbHI, iH(OPMAIiHHI TOIIO), METa MEePETBOPEHb Ta IpaBHiIa NEPETBOPEHHIX
[1].

Koxen 00'ekT Mae TIeBHI 0COOINBOCTI, III0 BHOKPEMITIOIOTH IX cepeq iH-
mux ad0o HaBIIAKH, 3a JOIMOMOIOIO IIUX OCOOJIMBOCTEN MOJKIINBE 00'€ JHAHHS
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iX y Tpynu. 3aBISIKM TAKOMY PO3AIJICHHIO HOJIETITYETHCSI CIIPUHHATTS, 30€pi-
raHHs Ta 00poOKa BeJMKOI KUIBKOCTI pi3HOTHITHOT iH(opManii. Taka mporte-
Jypa Ha3MBAETHCS KIACTEPH3ALI€r0, TOOTO 1€ MPOIEC MOUTYKY MEHIIHNX To-
MOTEHHUX Tpym(knactepis) 3 Habopy reTeporeHHux 06’extie [2]. Knactep-
HUI aHaNi3 JUIUTHCSA Ha TaKi OCHOBHI THIHU: IMOBIpHICHHN a00 HEUITKHH ,
TepeKpUBArOYHi, iepapxiunnii Ta Bukimounuii [3]. Came ocTaHHii THIT po3T-
TSAAETHCS Nalli y poOoTi.

Hocutp gacto y 3amadax cTBopeHHSA ['1C BHKOPHCTOBYIOTHCS METOIH
rpymyBaHHA a00 Kinacudikarii JBOBUMIPHUX 00’ €KTIB IUIS TIOJICTIICHHS BH-
KOHAHHJ omepariii Hax HUMHU. Y naHii poOOTi po3TIIHYTO caMme TaKy 3a1ady
Ta 3aMPONIOHOBAHO 1i MATEMATUYHY MOJEIb.

3micToBHA mocTaHoBKa 3amayi. [TianpueMcTBO, 10 3aiiMa€eThCS IUC-
TpuO I0TOPCHKOIO JiSIBHICTIO, Mae M MeHeKepiB (Manager) mis o6¢ayro-
BYBaHHS KOKHOT 31 3B’SI3HUX TEPUTOPIi, HA SKi JUIATHCS BCA 30HA OOCITYTO-
ByBaHHA. KokHa TepuTOpis cKiagaeThes 3 obmacteit abo Opikis (brick), 3a-
rajgbHa KUIBKICTD SKHX CKIagae N . 3 KOXHOI0 00IACTIO aCOIF0EThCS IIEBHA
KUIBKICTB KII€HTIB a00 criemiamicTiB; 3aranoM € K tumis criemiamictis. Me-
HEJDKEPU MaloTh 00CITyryBaTH KOXHOTO CIeliajicTa JHIIe OJJUH pas.

Otxe, Oy 1eMO BUKOPHCTOBYBATH TaKi MOHATTS:

—  Opikw, K y3arajibHEeHi 3a IUIOIIEIO IIPOCTOPOBI 00'€KTH;

—  3B’S3HIi TepUTOPIi, AK MiAMHOKUHH TaKUX 00’ €KTIB;

—  MEHeIXep, K IeBHUH (haxiBelp, 10 Mae 0OCIYrOByBaTH KITI€HTIB

—  KUIBKICTh KIII€HTIB OZHOTO THITY, SK KUTbKICHA aTpHOYTHUBHA BEJHU-
yrHa 00'€KTa, [0 MTOBHICTIO Ta OJHO3HAYHO XapaKTEepHU3ye 00’ €KT;

OCHOBHOIO METOIO TTOCTaBJICHOI 3a1avi € 3HaXOPKCHHS Takoro o0’en-
HaHHS OpPIKiB y TepUTOPIi, 11100 3aBaHTAXKEHICTh MEHEKEPIB OyJia piBHOMI-
pHOto. [HIIMMHU coBaMu, HEOOXIZHO 3HAWTH Take PO3OUTTS Ha KIIACTEpH,
cyMa 3Ha4eHHs aTpUOYTIB Y SKUX JJIs KOXKHOT TPYIIH y CEpEHbOMY Ma€ OJ1-
HaKoBi 3HaueHHs. T00To, CiIiJ| MiHIMI3yBaTH BIAXWICHHS BiJ cepe/HiX 3Ha-
4yeHb aTpuOyTiB. [Ipu Takomy migxo/i 115t mpodiiema BiIHOCUTHCSI 10 poOIiem
KJIacTepH3allii, 1110 IPUBOIUTH 10 CIIEI[iaIbHOT 3aa4ui KOMOIHATOPHOT OITH-
Mmi3arii.

®opmanbHa mocranoBka 3aaavi. ChopMyeMo MaTreMaTHYHY MOJEIb
3agad4i. s boro BBEAEMO TaKi IO3HAYCHHS:

- KUTBKICTh MEHEIKEPIB — M ;

- KIJIBKICTH OpikiB (00’e€kTiB 006cTyroByBaHH:) — N ;

- KiJIbKicTh aTpuOyTiB — K ;

- MAaTpHIIA 3HAYEHb aTpHOYTiB A, 1e | =1n,j=1k;
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- BaroBuii KoedilieHT aTpudyTy — a)J = Lk;

— MaTpHUII CYMDKHOCTI TEPHUTOpii Lij i :1,_n, j :ZL,_n , Ie Lij =1,
SAKILO TEPUTOPIi i Ta j MexyloTh oaHa 3 oHoto Ta L; =0 y mpo-
TUIICKHOMY BHIAIKY.

Pospaxyemo 1i1st j —ro aTpuOyTy cepelHe 3HaUEHHS XapaKTEPUCTUKH 10

00’exTaMm.

n
A
e
Lo BenmumHY MO’KHA IHTEPIIPETYBATH SIK CEPEAHIO KUTBKICTh CIIeIliaic-
TiB IEBHOTO THITY, IO OOCIYTOBYIOTHCS OHAM MEHEIKEPOM.
Hexaii MaeMo MHOXXHMHY M , 110 cKiIamaeTbes 3 N eneMeHTiB. KoxeH 3

CJIEMEHTIB € TEPUTOPIATBLHOI0 OJUHHUIICIO, KOJKHA 3 SKMX BH3HAYA€THCS Iij-
MHOXXHHOIO OpiKiB, SKVM BiIIIOBigae eBHUN HaOip aTpuOyTIB.

=1k, M)

Sk Bimomo, cucrema Muoxud S ={X,, X,,..X } HasuBaerbcs po30ut-
TSAM MHOXKUHH M , SIKIIO 151 CUCTEMA 33I0BOJIBHSE TaKi YMOBH:

1.  Byap-sxi aBi muoxkuan X,Y €S € AU3'IOHKTHAMH, TOOTO MAIOThH
nopoxHiit nepetun: X,Y €S, X #Y = X NY =,

2. OOG’emHaHHs BCiX MHOKHH, SIKi BXOAATH B pO30OUTTA S, Jae BCIO
MHOXHHY M:

Ux=m.

XeS

B HaiioMy BUIAJIKy JOBiIbHE PO3OUTT S Ha M HEMOPOKHIX IMiIMHO-
JKHH, SIKi IOIIAPHO HE NMEPETUHAIOTHCS, BU3HAYAE PO3B’A30K 3a/1a4i.
JUin P—TO MeHeIKepa po3paxOBYBATUMEMO CEPEIHE 3HAYEHHS | —TO

aTpuOyTY, IO aCOIIIOETHCS 3 BIAIOBIAHAM OpiKOM, TaK:

ijzzpﬁjvj:ﬁ’p:ll_m- 2

ieXy
Xpe$

BukopucroByroun Gopmynu (1)-(2), 3HaueHHs 1iap0Bo1 QYHKIIT MOXKHA
MOJATH TaK:

m k _ - -
f(S):ZZa)j‘gopj—fj‘—)min,jzl,k,pzl,m. 3)

p=1 j=1
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VY 3B’513Ky 3 TUM, L0 PO3TJIISIAI0THCS TEPUTOPIT, 110 MAIOTh 33/I0BOJILHSTH
MIPAaKTHYHKUM 3aliTaM, HE0OXiTHO BBECTH YMOBY 3B’SI3HOCTI JUIsl KOXKHOT ITi-
JMHOXHHHU PO30OUTTS S , BUKOPHCTOBYIOUH €IEMEHTH MaTpHIi CYMIKHOCTI

L, i=Ln,j=1n.

Otxe, 3a/1aua MoOJISIrae y ToMy, 100 3HalTH Take po30UTTS S , Ha IKOMY
J0CSIraeThcs MiHIMYM HiTb0BOT QyHKLIT (3), 32 yMOBH 3B'SI3HOCTI TEPUTOPIH,
110 BU3HAYAIOTHCS UM PO3OUTTSAM.

BucnoBku. Ha ocHOBI aHani3y mociiukyBaHoi 3a1a4i kiactepusaii 3a-
nporoHoBaHa ii popManbHa MOCTaHOBKA. Y MaTeMaTHYHOMY acIeKTi BOHa
HAJICXKHUTH JIO 3a/1a4 KOMOIHATOPHOT ONTHMIi3allii MiJBUIIICHOT CKIIAJHOCTI,
TOMY TOYHI aJITOPUTMH PO3B’A3yBaHHS 3aCTOCOBHI JIMIIIE JUIs 3384 HEBEIIU-
KOi po3MipHOCTi. L{lUM TOSICHIOETBCS aKTyalbHICTH PO3POOKH Ta 3aCTOCY-
BaHHS HAOMKEHUX allTOPUTMIB KOMOIHATOPHOT ONTHMI3allii, 0 CTaHEe pe-

JMETOM TOJANBIIHX JTOCHTiIPKCHb.
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YK 004.6:528

MOJIEJITMPOBAHUE U CPABHUTEJIbHBIN AHAJIU3
XAPAKTEPUCTUK HEKOTOPBIX IPOCTPAHCTBEHHO-
BPEMEHHBIX MOJIEJIEV TEOJAHHBIX HA IIPUMEPE
C®OEPBI YIIPABJEHMS JIECHBIM XO31CTBOM

K.B. Xypunnaga, B.A.JIlutsunos, C.5.MaiicTpeHKo
Hncmumym npobiem mamemamuieckux Mawun u cucmem, Yxpauna

B nocneiHee Bpemst IPOUCXOJUT aKTUBHOE PA3BUTHE MPOCTPAHCTBEHHO-
BPEMEHHBIX T€OMH(OPMALOHHBIX CUCTEM, OIIEPUPYIOLIMX TPOCTPAHCTBEH-
HBIMH T€OJJaHHBIMH M UX M3MEHEHUsIMHU BO BpeMeHu. KoHnenTyansHoit oc-
HOBOW TpejicTaBlICHNsI 1 00pabOTKM TaKUX JaHHBIX SIBISIIOTCS ITPOCTPAHCT-
BeHHO-BpeMeHHbIe Monenu ([1B-monenn) [1-3].
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Jloknag mocBsilieH CpaBHUTEIbHOMY aHainu3y HekoTopbix [IB-Mopenei,
KOTOPEBIC, [0 MHCHHUIO aBTOPOB, B OOJIBIIICH CTETIEHU COOTBETCTBYIOT TpeOO-
BaHUSIM U OCOOCHHOCTSIM MPEJCTABICHUS I'€OJJaHHBIX LIS JICCHOW OTpacCIH,
rJic HCOOXOTUMO OTCIIC)KMBAHUEC HM3MCHCHHS TPAHUIl U CBONCTB JICCHBIX
00BEKTOB BO BPEMECHHU, a TAK)KE BBIABICHUEC ONIMOOK B JIGCHBIX I'COIaHHBIX
[4, 5].

JlecoycTpoiicTBOM 1O €AMHON CUCTEME Ha BCEM TEPPUTOPUM Y KpauHBI
3aanmaetcs [10 «Ykpaep kIrcipoekTy, 6a3a reoJaHHBIX KOTOPOTO, IO TOY-
HOCTH MPHOIKAETCS K KaaCTPOBBIM JaHHBEIM. Bce reoaHHbIe XpaHATCS B
OJTHOW KOOPIMHATHOW CHUCTEME C OJMHAKOBHIM MAacIITaboM, B SBHOM BHIE
COZIEpPKAaT BPEMEHHYIO KOMIIOHEHTY U UMEIOT MepapXUuecKuil xapakrep. B
OCHOBE MEpapXuH JICCHOTO (hOH/A JICKAT TAKCAIIMOHHBIX «BBIACIBI» - OJTHO-
POIHBIC TI0 TaKCAIIMOHHBIM XapaKTEPUCTHKAM YYacTKU JIeCHOro (oHa.
Kpome ykazanHON 0COOEHHOCTH OpraHU3alliu JIECHBIX T€0JaHHBIX CYIIECT-
BEHHOC 3HAYCHHUE [T BRIOOpA AIbTEPHATHUBHBIX KOHKYPEHTOCIIOCOOHBIX MO-
Jeneii uMeeT 00beM JaHHEIX, YACTOTa BHECEHUS U3MEHEHUIH, YaCTOTa U CJIO-
JKHOCTh BBITIOJTHEHHS 3alpOCOB, Haluuue (WM OTCYTCTBHE) TMOABHXKHBIX
00BexToB 1 p. C ydeToM yKa3aHHBIX KPUTEPHEB M 3aMEUaHUil BBIICICHBI
Tpu [IB-monenu.

B SS-monenu naHHble XpaHTCS B CJIOSIX YEPE3 AUCKPETHBIE BPEMEHHBIE
uHTEpBabl. OTAEIBHBIN CIOH COXpaHSIET BCE TO, YTO OTHOCHUTCS K 3aJaHHOM
TEMaTHIECKOH 00J1acT B HEKOTOPHIIf MOMEHT BpeMeHH. CII0# cOommpoBoKaa-
€TCsI TA0JIMIICH HeTTPOCTPAHCTBEHHBIX TaHHBIX, CBA3BIBAIOIIEH OOBEKTHI C CO-
OTBETCTBYIOIIUMHU HOMEPAMHU BBIICITIOB.

B LCG-Mozaenu gaHHbIE XpaHSITCS B BHJIE€ COBOKYIMHOCTH HAUMEHBIITHX
o6mux reometpuit (LCG) - HEU3MEHHBIX CO BPEMEHEM TOJIUTOHOB, KOTOPHIE
MOJHOCTBIO BXOJSAT WM COBIAAAIOT C OJHUM K3 ITOJIMIOHOB B KaXKIBIM 3a-
JIAHHBIA MOMEHT BpeMeHHU. CBsI3b HCTOPUIECKUX 0OBEKTOB, BPEMEHH CYIIIE-
cTBOBaHUA U cocTaBisttommx ux LCG xpansTcs B 6a3e pekomOuHarmii. Ka-
KBTI ICTOPUIECKUI 00BEKT B HEKOTOPEI MOMEHT BPEMEHH ITOJTHOCTBIO CO-
CTOUT U3 oaHOU miH Heckoabkux LCG.

PO-Monens B 1enoM moo0Ha MPeabIIynei, HO 31eCh MOJUTOHBI Xpa-
HSATCSI C TIOMOIIBIO IyT (JIMHEHHBIX CErMEHTOB), UCTIONB3YEMBIX B 3TOW MO-
nemu BMecto LCG. Tabnumna ayr npeaocTaBiseT CIHHCOK IyT CO BpEMEHEM
WX CO3JaHMSI U YHUUTOXKECHHS, a TA0JINIIA HICTOPHUECKUX 0OBEKTOB OTpaKaeT
CBSI3b UCTOPUUECKHUX OOBEKTOB U AYT. [Ipy BHECEHNN HOBBIX UCTOPHUUECKHUX
00BEKTOB M3MEHEHHBIE OOBEKTHI 3aHOCATCS KaK HOBBIE C YKa3aHHEM COO-
TBETCTBYIOIIUX UM JIYT.

Jlst mpoBeeHus CPaBHUTEILHOTO aHAJIN3a B KA4€CTBE OCHOBBI «OeHUMA-
PKHHT2» Ha peaNbHBIX JaHHBIX MOCTPOEH (PparMeHT mpeaMeTHo 00macTH,
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KOTOpasi UBMCHACTC BO BDEMCHH, U pACCMOTPCHBI €I'0 IMPECACTABIICHUA TPEMA
BBIACJICHHBIMU MOJCJISIM Ha NPOTSXKECHUUN YETBIPEX JICT.

Vj

CBOJIHBIE JIAHHBIE 3a 4 TOJIa MO KOJMYECTBY BEPUIMH | , XapaKTepU3y-

IOITHe HYKHBIH pecypc MaMsATH B 00beM TaOIuI] peKoMOWHAIHN

i, xapa-

KTEPU3YIOIINE AOTOIHUTENLHYIO BPEMEHHYIO TPYI0EMKOCTh MPEIBAPUTEIb-
HO 00pabOTKH re0JaHHBIX, IPUBEICHBI B TA0IUIIE 1.

Tabnuna 1 XapakrepucTuku o0beMa namsitu

i AV ! V_i R_J'
(TCona) ! !
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 tabn.1 BuaHO, YTO 3a YeThIpe roja AJs NPEeACTaBICHHUS I'e0JaHHbIX B
LCG u PO-mozensx TpeGyeT mouTH B TpU pa3a MEHbIIE NaMsITH, 4eM B SS-
mozenu. C apyroii cTopoHsl, SS-Mo1emb, He TpeOys 00pabOTKY JaHHBIX IPU
BHECEHHH N3MEHEHHH, IPH BHECEHNHU HOBBIX JAaHHBIX pab0TaeT 3HAYUTEIIHHO
obicTpee. OTHAKO, 3TO XapPaKTEPHO TOJBKO I HEKOTOPOTO IIEPBUYHOTO TIe-
pHoa rpezcTaBieHnst Habopa BEIJENOB. B ocHOBY OoJiee B3BENIEHHOH Mpo-
THOCTHYECKOH OIEHKM OBUIM  IIOJIOXKEHBI OTHOCHTEIbHBIE IOKa3aTelH,

oIpeesaonIe JMHAMUKY 3HAaUeHHU Vi] u RiJ . B T1ab:1. 2 npuBeneHs noma-

TOBBIC OTHOCUTCIIbHBIC 3HAYCHUA AV J /AVI , ARJ /AVI , RJ /VI , Xapa-

KTEpHU3YIOIINEe COOTBETCTBEHHO AMHAMUKY NPHPOCTa 00BEMOB HAMSATH, J0-
TIOJTHUTEIBHON TPYI0EMKOCTH BHECEHHSI N3MEHEHUH, IOTIOTHUTEIBHON TPY-
JIO€MKOCTH BBITTOJTHEHUS 3aIIPOCOB.

Ta6auna 2 CpaBHUTEIBHBIC XapaKTEPUCTHKH OOBEMOB MAMATH U TPYIOEM-
KOCTH 00pa0OTKH

TI'oma
1 2 3 4
AV LG J AV SS 1 0.59 0.17 0.14
AV PO JAV SS 0.74 0.78 0.08 0.11
ARLCC J AV S8 0.07 0.16 0.03 0.03
ARFC J AV S8 0.15 0.35 0.03 0.06
RLCG yy Lce 0.07 0.18 0.18 0.19
RPO jy PO 0.2 0.36 0.37 0.39
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B nenom, nonmy4yeHHsle JaHHbIE, C Y4ETOM COOTBETCTBYIOIUX CPABHUTE-
JIbHBIX KAYECTBEHHBIX OLEHOK [1-3], Aar0T OCHOBaHMS [UIS CIEAYIOIINX Olle-
HOYHBIX YTBEP)KICHUI.

1) Haubonpbuie# mpocToToi peanusalyu, NpOCTOTOH MOJIb30BAHUS yKe
HAaKOMJIEHHBIMU JAHHBIMHU, IPOCTOTOM U CKOPOCTHIO BHECEHUU H3MEHEHUI
oTMedaercs SS-MoJens, - oco0eHHo i pacnpoctpaneHHBIX [IC, opuen-
THUPOBaHHBIX Ha ciod. OIHAKO, ¢ POCTOM KOJIMYECTBA CIIOEB PE3KO BO3-
pactaeT 00BEM [aHHBIX, MOCKOIBKY B Ka)KIOM CIOE€ COXPAHIIOTCS Kak
W3MEHEHHBIC, TaK M HEM3MEHHBIE OOBEKTH. [IpocThIe 3ampochl OTHOCH-
TENIBHO HEKOTOPOTO COCTOSIHUSI KapThI BRITIOTHSAIOTCS OBICTPO, HO YTOOBI y3-
HaTh, KaK M3MEHMIICS HEKOTOPBI OOBEKT 3a ONPEIEICHHBINH MPOMEXYTOK
BPEMEHHU HY)XXHO IIIar 3a IIaroM IIpOCMaTpHBaTh MOCJIEIOBATENbHBIE CIOH,
YTO MOXET OBITh OUEHBb TPYJOeMKHM. V, HaKOHel, U3MEHEeHHUs, TPOU30ILIE/I-
IMe MEKAY ABYMs BDEMEHHBIMHU CIIOSIMH, - TEPSIOTCS.

2) LCG- u PO-mojenu TpeOyrOT 3HAUYHTEIHHO MECHBIIIEC TAMSITH, 4eM SS-
Mojienb, ipu 3ToM, PO-Mozens skoHoMHee, yeM LCG. DTo npeumyniecTBo,
OJTHAKO, CKa3bIBACTCSI TEM OOJIBILIE, YeM MEHbIIIE MEHSETCS] CO BpEeMEeHEM 00-
JaCTh OTCIIC)KUBAHU.

3) BHeceHre M3MEHEHUH 1 OTBETHI Ha 3aIIpOCHl XapaKTEPHU3YIOTCs 00IIb-
el BpemeHHOW TpyaoemkocTeio it LCG- u PO-monene#t, uem s SS-
mognemu. [Tpu atom, LCG-Momens pabotaet ObicTpee PO-monens. Kak otme-
gaercs B [2, 3] MeTOx HAMMEHBIINX OOIINX TEOMETPHI IIPEBOCXOINT IPYTHE
METOBI B clTydae, KOTAa He00X0IMMO MPOaHaIH3UPOBATh N3MEHEHUS HEKO-
TOpOH 00JIaCTH 32 3a/JaHHBII BpeMeHHOW mpoMexyTok. Kpome Toro, LCG-
MOJIEJTb TIPOIIE peain3yeTcs, 4eM IceBo-00bpekTHas. Oqnako, PO-monens
MMeeT MPEUMYIIECTBa B CKOPOCTH MPHU OOJIBIIOM KOJIMUECTBE U3MEHEHUH U
CJIOXHOMW, HEOJTHOPOIHOU HepapXuu 0ObEKTOB, WIIH €€ OTCYTCTBHH.

B nacrosiiiee Bpems B cucreme «I'MC-Jluctpoext» [4, 5], a1st koTopoit
OOHOBJICHHE TEOJaHHBIX BHIIIOJHACTCS C TOJOBBIM HHTEPBAJIOM, IPHHATA
HanOostee mpocTast st peaau3aud, - SS-moxaens. [IpoBeaeHHbIN KauecTBEH-
HBII ¥ KOJIMYECTBEHHBIH aHAJIN3 aeT ONpe/eICHHbIE OCHOBAHUS JUI PEKO-
MeHAauui o npuMeHeHun uMeHHo LCG-moaenu, Kak MHCTPYMEHTaJIbHOU
OCHOBBI TIEPEX0/1a OT 3314 OIMCAHMS U HKCILTyaTallHy JIecCHOro (OoH/a K 3a-
JlayaM aHaJn3a M YIpPaBJIEHUS ero Pa3BUTHEM.
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VK 528.9

PO3POBKA BEB-IHTEP®EWCY JJ151 HABYAJIbHOI
BIBJIIOTEKH YU CEJIBHUX METOJIB PO3B’SAI3AHHSA
PIBHAHHSA AIBEKTUBHO-JU®Y3IMHOI'O IIEPEHOCY

C.JI. Kisga, C.f.Maiictpenko, T.O. [louros-3arpe6a, 1.B.Kosanenp
Incmumym npobnem mamemamuux mawiun i cucmem HAH Vkpainu

OnHMM 3 HalOIIBII BaXKIIMBUX HAINIPSIMKIB PO3BUTKY KOMII IOTEPHOTO MO-
JICTFOBaHHS B MPHKJIAHUX JTOCTI/DKEHHAX € IiJBHIIECHHS IBUIKOII Ta TO-
YHOCTI YNCEIIbHUX METOJIB PO3B’I3aHHS MaTEMaTHYHNX MOJIeNIeH HAaBKOJIH-
IIHBOTO cepefoBHIa. Hanpukian, y MOAEII0OBaHHI HOBITPSTHOTO Ta BOJTHOTO
Cepe/IOBHUINA OJIHIEIO 3 HAMOUIBII BaXIIMBHUX 33/1a4 € PO3B’s3aHHS aJJBEKTH-
BHO-/IN(Y31HHOTO PIBHSHHS, SKE OIUCYE TPAHCIOPT PEYOBUH. Y cepeirHi
munyinoro cropiudst C.K. ['oyHOB noka3zas, 110 JJisl pIBHSHHS IIEPEHOCY He
ICHY€ JIHIIHOT Ta MOHOTOHHOI CXeMH PO3B’S3KY, 1110 MA€E MOPSIOK anpOKCH-
Mallii aIBEKTUBHOTO OTIEPATOPY BHIIE MEPIIOTO. 3 TOI0 Yacy MPOJIOBKYETHCS
po3poOKa iTepamiiHuX (HEMIHIHHIX) CXEM PO3B’SI3aHHS TAKUX PIBHSHB, SKI
MIOETHYIOTh BUCOKY TOYHICTH 3 MOHOTOHHICTIO Po3B’s3KiB. OnHaK, 10ci He
ICHy€e cxeMH, sika O 0JJHaKOBO JJOOpe MpartoBaia Juis 3aj1a4 pi3HoI po3MipHO-
CTI, JIIHIMHUX Ta HENIHIHHNX PIBHSIHb, 3a0e3MeuyBaa yci BAMOTH KOHCEpBa-
TUBHOCTI, OyJia JOCTaTHRO MIBUAKOIHOI0. ToMy B maHiil rany3i TPHBalOTh
aKTHUBHI JOCIiIKeHHs. 3a octaHHi 10 pokiB Tinbku BUIaBHUITBOM Elsevier
Oy1no omy6nikoBaHo moHax 5000 crareif Ha TeMy po3poOKM CXeM aJBEKTH-
BHO-TU(DY31HHOTO TPAHCIIOPTY.

HaBuaHHs CTy/IEHTIB Cy4aCHHM METOJIaM MOJIEJIIOBAHHS HABKOJIMIIIHHOTO
CepeoBHIIa TaKOX MOTpeOye KOOPAMHAILT 00 peaizaiii, TeCTyBaHHS Ta
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MOPIBHSHHS YHCEIBHUX CXEM 1 3pYYHOTO JOCTYITY 10 OOYHMCITIOBAIBHUX pe-
cypciB. I'pynoto pocnigaukis IIMMC npoBenena nonepeans podorta 3 iH-
TErpyBaHHS MaTeMaTHYHHUX MOJIeNIed HAaBKOJMIIHBOTO CEpPEeNIOBUINA Y PSJIi
BeO-cucTeM, po3po0IieHO BeO-cepBic MPOTrHO3yBaHHsI MTOTOIM Ha JETAIBHUX
ciTKax JuIs MOBiTBHOI 00nacTi Ha Teputopii 3emuoi kymi [1, 2]. Jlana momo-
Bilb TIPHCBSYECHA caMe BHPIIICHHIO MHUTaHb IOJ0 CTBOPEHHS BeO-cepBicy
JUISL TOCITiZPKEHHS, TECTYBaHHS Ta MOPIBHAHHS YUCEIbHUX CXEM PO3B’SI3aHHS
pIBHAHb MaTEeMaTHYHUX MOJEICH HABKOJMIIHHOTO CEPEAOBHINA HAa OCHOBI
PO3B’sI3aHHS MOJECIbHUX 33/1a4.

IIpu cTBOpeHHI HABYAJIBHO-IOCTIAHOI Tpix-TIaTGOPMH AT TOCIi-
JUKEHHSI Ta TECTYBaHHA HOBHX YHCEIBHUX METOJIB, IO 3aCTOCOBYIOTHCS B
3aJja4ax MOJICIIOBAHHS HABKOJMIIHBOTO CEPEIOBHINA HEOOXITHO BUKOHATH
nepepaxoBaHi HIKYC 3aBIaHHS.

[TpoBecTH TuIaHyBaHHS MOJENBHUX 3aJia4, B IEPLILY Yepry Ul PIBHAHHS
aJIBEKTUBHO-TU(Y31HHOTO MEPEHECEHHS Ta, MOXKIIHBO, i IHIIIHX.

CdopmyimoBaTy BAMOTH Ta IIPOTOKOJIM BBEACHHS/BUBEACHHS JaHUX JIJIs
MaiOyTHIX pPO3POOHHUKIB, II0 CTOCYIOTHCS: IMOYATKOBHX, TPAHUYHUX YMOB,
IapaMeTpiB CITOK, ITApaMeTPiB BUBEACHHS, JICSIKNX KEPYIOUHX MapaMeTpis,
SIKi 337aI0ThCs B YHi(iKoBaHOMY (popMarTi, BH3HAYCHOMY JJIs aHOT Tutatdo-
pMHu; yHiQiKoBaHOTO (POpMATy Ta MapaMeTpiB IS BUBEIACHHS PE3yIbTaTIB;
BUMOT IIIOJJ0 BHKOPHUCTAHHSA IEBHUX Oi0MiOTeK JiHINHOI anreOpw; BH-
MOT' CTOCOBHO MOBH TporpamyBanHs s peanizamii (C/C ++, Fortran) ta
KOMITUISITOPiB; BAMOT CTOCOBHO JIOKYMEHTaIlii METOAY.

CTBOpUTH TOYATKOBY Bepcito miaThopMu (porpamMHa peaizaliist eKi-
JBKOX METO/IIB Ta TECTYBaHHsI KEH3iB, 1110 BiJIOBIIAIOTH MOJICIBLHUM 33]1a-
qam.

3aJyuyuTH CTOPOHHIX KOPUCTYBauiB Ta (axiBIiB AJIsl TOYATKOBOT'O TECTY-
BaHH 1 HAIIOBHEHHS IUIaTGOPMHU Ta KOPET'yBaTH IUTaTGOPMYy 3 ypaxyBaHHAM
JIOCBily Takoi poOOTH, OTPIMaHUX KOMEHTAPIB Ta 3ayBaXKEHb.

IIpu mpoekTyBaHHI BeO-101aTKy BHPINTYBaJINCh TaKi 3aBAAaHHS, SIK BHOIp
apXITeKTypH, MPOEKTYBaHHS 0a3u JaHUX, BUOIP CTEKY TEXHOJIOTIH Ta iHIIe.

Januii BeO-cepic peanizoBaHO 3 BUKOPUCTAHHIM apXiTEKTYpH KITI€HT-
cepBep, IO BKIFOYAE BeO-BY3IH 3 iHTEPaKTHBHUAM iHQOPMALiHHIM HAIOB-
HCHHSM, SIKi B3a€MOJIIOTH 3 02300 JaHHX, 3 OJHOTO OOKY, i 3 KIIIEHTOM 3 iH-
r1oro, YyHKIIIOHYIOYH B JaHOMY ITPOEKTIi 3a JOMOMOTOI0 TeXHoJoriil Java Ta
PHP.

IepeBary BUKOPUCTaHHSI TAKMX CYy4aCHHX MOB ITPOTrpaMyBaHHs, 5K Java
ta PHP y cdepi Be6-po3po0oK i, BIAMOBITHO, CyMiCHUX 3 HUMH TEXHOJIOT1H 1
CTaHJApTIB IOCHUTH iCTOTHI. Java- kpocrutar¢popMHa MOBa Ha PiBHI BHKO-
HaHHA, TOOTO 1 BUKOHYBaHI (aiii MOXHA 3aIyCKaTH Ha pi3HUX miatdop-
Mmax 0e3 nonepenuboi nepexommisinii; PHP - kpocnmargopmua moBa, mo
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IHTEPIIPETYETHCS, T1 IHTEePIIPETaTOPH ICHYIOTh AJist 6araTbox miatdopm. Corig
3a3HauuTH, mo PHP - ckpunroBa MoBa nmporpamMyBaHHS 3arajbHOTO TIPH3HA-
YEeHHsI, IHTEHCHBHO 3aCTOCOBYETHCSI JUIsl pO3pOOKH BeO-I0AaTKIB. Y naHui
Yac MiATPUMYETHCS OUIBIIICTIO XOCTUHT-TIPOBAHIEPIB 1 € OJHIEIO 3 JiJepiB
cepesl MOB MPOTpaMyBaHHS, 1[0 3aCTOCOBYIOTHCS [l CTBOPSHHS TUHAMIY-
HUX BeO-CaliTiB.

Web-cepsep pearnizoBano six moennanus Apache HTTP Server, mo re-
HEepy€e CTAaTHYHHUN 1 TUHAMIYHUN KOHTEHT Ta € HauiHuM i muakum HTTP-
cepsepoM, i Apache Tomcat, ockinpku 3pr4aitanii cepsep Apache HTTP, ne
miATpIMYye TexHouorii Java-cepsietiB. KpiM Toro, mpoBeaeHi NOCTiIKeHHS
MOKa3ay, [0 BUKOPUCTaHHA cepBepy Apache Tomcat aist cTaTHIHHX BEO-
CTOpiHOK MeHII edekTuBHe Hixk Apache HTTP.

Jnst mpoBeZieHHsI PO3paxyHKY KOPUCTYBad MOBHHEH 3aJaTH HEoOXiJHi
rapameTpu: THUI CXEMHU PO3B’ 3Ky (MOHOTOHHA Ta LEHTPAIbHO-CIPSIMOBAaHA
CXEMH MEPLIOTO i JPYroro NOpSAKY alpoKCHMallii 3a 4acoM Ta METO]] YaCTH-
HOK); THII IOYaTKOBOT YMOBH (LIMITIHAP, KOHYC, MAarop0); TUI yMOB HIBUAKO-
cti (oOepranus, aedopmariis); posmip citku (100x100, 200x200, 300x300,

400x400); mpoMi>KOK Yacy MOJEIIOBaHHS Ta MPOMIXKOK Yacy BUBEICHHS pe-
3yNbTATIB.
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Pucynox 1 — IlIBuakicts obepranus

[TouaTkoBHH Ta KIiHIEBHH MOMEHTH pPO3paxyHKy OyIyTh NPHCYTHI
000B’s13k0B0. KpiM TOr0, KOpHCTYBad MOKeE 3aJaTH JI0 5 POMIKHHX MOMe-
HTIB 4acy, Ha siKi Oy/ie BUKOHYBaTHCh PO3PAXyHOK.
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Indopmarist crocoBHo npoBeneHnx KopuctyBauem po3paxyHKiB 30epira-
€TbCs B KypHaui b/l 1 MoXe BUKOPUCTOBYBATHCH JJIsI IEPETJIs Ly pe3yibTa-
TiB IPOTHO3YBaHHS 38 BUMOTOI0.

Jlnst mpoBeieHNX pO3paxyHKIB y BeO-CepBiCi MPUCYTHS MOXKIIHMBICTD TIe-
perisiy pe3yibTaTiB y BHIIISAL: CXeMH IIBUAKOCTI oOepTanHs (puc.l); i30-
JiHiT Ta 130MTOBEPXHi.

Jist 3a6e31edeHHsT MOXIIMBOCTI TIOPiBHAHHS pe3yNbTaTiB Ha Pi3HI MOMe-
HTH 4acy, Tpajaiisi BUKOHYETHCS BIOIOBITHO IO 3HAYCHHS MAaKCHMAJIBHOI
KOHIIGHTpAIii I BCiX MOMEHTIB po3paxyHKy. Ha puc. 2 HaBemeHO
pe3ynbTaT po3paxyHKy I MOHOTOHHOT CXeMH PO3B’SI3KY, YMOB IIBHIKOCTI
o0OepTaHHs, TOYaTKOBOi YMOBH y (GopMi muitiHApa, po3mipy citku 100x100
Ha TMOYaTKOBHIA Ta KiHIIEBUM MOMEHTH (371iBa — MOYATKOBI YMOBH; CIIpaBa —
pe3yNIbTaTH Miclis OAHOro mepioay obepranus (T=1.0 c¢)).

ITpu HEOOXiMHOCTI aHi, A1 SKUX BUKOHAHO Bi3yalli3allito, MOKYTh OyTH
excroproBaHi B (aiinu Gopmary XLSX/TXT.

N

Pucynok 2 — Bisyaiizarist pe3ylbTaTiB po3paxyHKy

Takum umHOM, Ha 0a3i MPOrpaMHOrO KOMy, IO pealizye 0i0mioTeKy
DSTEST (Difference Scheme TESTing) [3], cTBopeHo BeG-cepBic st HAB-
YaHHS CTYJICHTIB Ta aclipaHTIB Cy4aCHUM YHCEIbHUM CXeMaM PO3B’s3aHHs
PIBHSIHHSI aJIBEKTUBHOTO TpaHCHopTy. bibiioTeka 103BOJISIE OTPHUMYBATH
PO3B’SI3KH 3 BUKOPUCTAHHSIM CYy4aCHHX YHCEIBHUX CXEM JUIsl PI3HUX MOYar-
KOBHMX YMOB, Pi3HHX TOJIIB HIBUAKOCTI, 110, Y CBOIO Yepry, T03BOJISIE TTOPIB-
HIOBAaTH HOBI CXEMH, SIKi pO3POOJISIIOTHCS 332 HAHKpAIIMMK CyYaCHUMHM aHa-
JIOTaMH IPH IIEHTUYHNAX YMOBax po3paxyHKy. [lnanyerscst monanbimii po-
3BUTOK CTBOPEHHX BEO-CEPBICIB JUIsl BAKOHAHHS PO3paxyHKiB y XMapHii iH-

(dpacTpykTypi.
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®I3I0JIOTTYHA MO/JEJIb HAKOIIMYEHHAPAAIOHYKJIIAIB Y
PUBI

P.B. bexxenap
Incmumym npobaem mamemamuynux mawiun i cucmem, Yxpaina

3araipHOBIIOMO, IO Pi3HI PANiOHYKIIIIU MO PI3HOMY HaKOIHMYYIOTHCS B
pudi. BinbImicTs 3 HUX HAKOMMYYIOTHCS B MEBHUX TKaHWHAX, B 3aJIC)KHOCTI
BiJl CBOIX XIMIYHUX BIIACTHBOCTEH Ta O10JOT1YHUX MPOIECiB B opraHi3mi. Ha-
MIPUKIIa, 130TONHU 11€3110 HAKOMHMYYIOThCS TIEPEBaKHO B M’SI30Biil TKaHMUHI,
130TOIM CTPOHIIIIO UM PAJIi0 — B KICTKOBIH. [HII pamioHyKIIiaH, TaKi K KO-
0aybT, MapraHelpb, HMHK, IUTyTOHIH 1 T.Jl. HAKOIIMYYIOTHCSI B IIEBHUX OpraHax:
HHUpKax, NeviHi, IUTyHKy Ta iH. Jlanuii hakT OyB B3sITHI 32 OCHOBY MiJXOIY
BURN [1], me BBakamocsi, 1110 KOHIIEHTpAIlisi paTioHyKIIi1y B pubi Bu3Hava-
€ThCSl KOHLIEHTPAILIE€I0 B TKAHKHI, Jie el pajioHyKIIi epeBaKHO HAKOIH-
yyeTbest. [Ipu 11boMy BMICTOM aKTHBHOCTI B TKAHMHAX 3 HU3BKOIO KOHIICHT-
pauiero HextyBasocs. IIpote gaHuii miaXia cipaBeUIMBHH JIUIIE IS AKX
PalioHYKIIIiB, SIKi OUIBII-MEHII PIBHOMIPHO PO3MOJIUISIOTECS Yy BCHOMY Op-
rani3mi. 1 pasioHyKIIiiB, Ki HAKOIIMYIY€ETHCS TKAHUHAX 3 HEBUCOKOIO Ma-
COBOIO YaCTKOIO, HOTO 3aCTOCYBAHHS IPUBOIUTD J0 CYTTEBOTO 3aHMKEHHS
po3paxoBaHoi KoHIeHTpawii B pubi. ToMy, B 3araJibHOMY BHITaJIKy, KOHIICH-
TpaIito pagioHyKIiay B pubdi moTpiOHO pO3paxoByBaTH 3a JJOIIOMOTOIO0 CyMY-
BaHHS KOHIIEHTPAIil B PI3HUX TKAaHUHAX 3 YpaxyBaHHIM iXHBOI MacoBoi 4a-
CTKH:
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CfishZZCk o, 1)
k=1

ne f — macoBa 4yacTka K-toi TkanuHu (muB. Tabn. 1), Cx — KOHIEHTpALLis
PamioHyKIiay B K-Tiif TKaHHHI.

B naniii poboti ned miaxin OyB peani3oBaHMH B KaMepHIH Mojeni
POSEIDON-R [2], 0COOMUBICTIO SIKOT € MOXKITUBICTD MPOBEJICHHS OJHOYAC-
HOTO PO3paxyHKy KOHIICHTpaLii pagioHyKIIIiB Y BOi, JOHHUX BiJKIaJeH-
HSX 1 MOPCBKHX OpraHi3Max. J{Js ommcy mporiecy 3aCBOEHHS aKTHBHOCTI PH-
0010 3 BOIH 1 3 1’Ki BUKOPHUCTOBYIOTECS TPH PIBHSIHHSA, KOXKHE 3 SIKHX BiJIIO-
BiJla€ 3a HAKONMYCHHA 3a0pyIHEHHS B OKpeMii TKaHWHI (KiCTKax, M’ f3ax i
opranax). L1i TkarnHM Oynu BHOpaHi Ha OCHOBI BETMKUX BiIMiHHOCTEH B gaci
OHOBJICHHS KIITHH (0i0JIOTIYHOMY dYaci HamiBXUTTA). Xoda (i3ionoriuni
BJIACTMBOCTI TNEYiHKH, HUPOK, IUTYHKY Ta IHIIUX OpraHiB puOU BiIpi3Hs-
IOTBCSI, B MOJICJII Peai3y€eThCsl MPHUITYIICHHS, 10 MPOIECH HAKOIMHMYCHHS 1
BUBEJICHHS 3a0pY/JHEHHS B HUX € CXO)KUMH 1 3HAYHO BIJIPI3HSAIOTHCS BiJ Ta-
KHX TIPOIIECIB B KiCTKaxX 1 M’s13aX. 3 TOYKH 30py MOJICIIIOBAHHS II¢ 03HAYAE,
110 3a0pyIHEHHS, SKE BIAKIANIOCS B KiCTKAaX, 3aJIMIIATUMETHCS TaM HaW0-
BIIIE, & 3 OpTaHiB BOHO OYy/ie BUBOJUTHUCS JOCUTH LIBHIKO, L0 Y3TOJKYETHCS
3 cnoctepekeHHsiMA. CaMe depe3 3HaYHy BIIMIHHICTH B 0i0JIOTIYHOMY dYaci
HAIIBXHUTTA TPhOX TKAHUH, BBAXKAETHCS, 110 MPOLIECH HAKONIMYCHHS 1 BUBE-
JICHHS 3a0pyIHCHHS B HUX BiI0OYBaIOTHCS HE3aJICIKHO.

TakuM YHHOM, OTPUMYEMO CUCTEMY PIBHSHb, 38 IOMIOMOTOIO SKOi 3HAX0-
JUTHCST KOHIICHTpaIis 3a0pynHeHHS B KicTKaX (Chone), M s13aX (Criesh) 1 opra-

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

0.5(b)

C
ﬂe% =a, Kfo + waCw - In% Cflesh ! )

05(f)

C
org% — ao Kfo =+ waCw - In% Corgan

0.5(0)

ne Ci — KOHIIEHTpaIlisl PATiOHYKIIAY B iXi, 8i — KOS(IiEHTH 3aCBOECHHS
3a0pyaHeHHs 3 ki, Ki — JeHHa BeIMYMHA CIIOKUBAHHA ki, b — KoedimienTt
3acBOEHHS 3a0pyaHEHHS 3 BoaH, Ky — KiJIBKICTh BOJH, IO MMPOXOINTH Yepe3
OpraHi3M puOH 3a JeHb; To.5() — O10IOTIYHIN Yac HAMIBXUTTS PAIiOHYKIIIIIB
B OpraHismi, injiekc i npuiimae 3 3nadenss: i = b (kicrkun), i=f (M s13m), i =
0 (opranu). OCHOBHI mapameTpu Mojiei onucani B [2].
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KoediuienTtu a; Oyiu Bu3HaueHi (1uB. Ta0i. 1) Ha OCHOBI eKCIIepUMEHTa-
JIbHUX J@HUX MPO BiTHOIIEHHS KOHIEHTpalild pi3HUX palliOHYKJIIiB B opra-
Hi3Mi pyuOH 10 BIAMOBIIHUX KOHIIEHTPALlid B KOXKHii TkaHuHi [3]. TIpu npomy
BIZIHOILIEHHS OTPpUMaHOi 3a (hopmyitoro (1) KoHIEeHTpalii akTUBHOCTI B puOi
JI0 KOHIIEHTpallii B 0TOYyI04ii BOJi B pIBHOBR)XHUX YMOBaX IIOBUHHE J0PiB-
HIOBaTH CTaHIapPTHOMY 3HAYEHHIO KOHIIEHTpatiiHoro dakropy [4].

Taoaunsa 1. KoedimienTn 3acBoeHHS pagioHYKIIAIB 3 TKi & Ul pi3HUX
TKaHUH

TrkanuHa Kic W\ & Opra
TKH 13U HH
Macosa yactka fi 0.12 0.8 0.08
e Koeoitientr 3acBOEHHS IS 130TOMIB 0.02 0.7 03
o Koeoitienty 3acBOEHHS IS 130TOIIB 02 0.2 035
KoeoitieHTH 3aCBOEHHS AJIs1 130TOITIB 0.00 0.05 05
Co, Mn, Zn, Fe, Ni, Ag... 5 ' )

1006 mpoBecTH TecTyBaHHS PO3pOOJICHOI MOETI, BOHA OyJia BUKOPHC-
TaHa JUIsl BIITBOPEHHS Pe3yJIbTaTiB €KCIIEPUMEHTY METOJIOM MTOPIBHAHHS PO-
3paxoBaHMX 1 BUMIPSHHUX 3HAYCHb KOHIEHTpalii. EkcriepuMeHT no Hakonu-
YEHHIO TPhOX PAZIOHYKIIIIB B pubi MpoTArom ¢azu 3aCBOEHHS Ta 3aTyXaHHIO
iXHBOI KOHIIEHTpalii B opraHi3mi nporsiroM (a3 BUBEICHHS Jayke n00pe
onucanuii B poboti [5]. B da3i 3acoenns 10 ocobuH Mo0101 hoperti Macoro
11.3+1.2 r romyBancs 3a0pyTHCHOIO DKEI0 (MaJbKaMH KOPOIIiB) Ha POTS31
42 nHis. [Ipu npoMy OynH BKa3aHi KOHIIEHTPAIii paaioHYKIIiIiB 80Co, %*Mn i
187Cs B kopomax Ta n1060Buii pauion dopeni. Ilicns pasu 3acBoeHHs opei
JlaBany He3abpyIHeHy Ky NpOTsAroM 73 IHIB, IO CKiano (asy 3aTyXaHHS.
[NepiognaHO TPOBOAMIIICS BUMIpPH KOHIICHTPALliT PaiOHYKIIIIIB B YCiX 0CO-

6unax ¢operi.
25 4

(@)

N
=
1
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<
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Puc. 1. Konnenrpauis °Co (a), >*Mn (b) i *¥Cs (c) B opranismi putu
(Monoxnx ocobuH Qoperi), po3paxoBaHa 3a JOIIOMOTOI0 po3p0OIeHOT MO-
neni (iHii Ha rpadikax) Ta OTpUMaHa B eKCIIEPUMEHTI (TOYKH 3 TOBIpIUMU
IHTEpBaJaMH), OIIUCAHOMY a poOoTi [5].

Pospaxopana konuentpauis °Co B pubi y3romxyeTbcs 3 BUMIpSHOIO
(puc. 1a) sik uist ha3u 3acBOEHHS 3a0pyAHEHHS, TaK 1 s a3y Horo BHBe-
nenns. YV Bunajaxy **Mn (puc. 1b) 6yno orpumane 106pe y3roakeHHs s
(ha3u 3aCBOEHHS 1 IEII0 3aBUIIIECH] 3HAYCHHS KOHIGHTpaMil uist a3y BUBe-
JeHHs. Xo4a CITiBBIIHOIIEHHS MK pO3paxOBaHUMH 1 BUMIPSHUMHU KOHIIEHT-
pauisiMH He TMEePEeBUILYE 2, 0 € MPUUHATHUM, OEpYUH 10 yBark CKJIaJHICTh
ONKMCaHuX npouecis. 3acsoerns puboro °Co i **Mn BinpizHsaeTbes Bijt 3acBo-
ennst 1¥7Cs, OCKiIbKHM BOHH MEPEBAKHO HAKOMYYIOTHCS B PI3HMX TKAHMHAX
(®°Co i 5*Mn HakonuuyeThcs B OCHOBHOMY B opraHax, Tofi sk *’'Cs — B
M’s13ax). Uepes 1ie, 1oOpe y3roKeHHST PO3PaXOBaHUX 1 BUMIPSHIX KOHIICH-
tpawiit **'Cs B pubi npotsarom (a3 3acBoeHHs i BuBeneHHs (puc. 1¢) miaTse-
PIUKYE NPABIIIBHICTh NPUHHATHX B MOJIENI y3arajibHeHb.

3acTocyBaHHS po3pOOICHOT MOJIENI A0 BiATBOPEHHS 3MiH KOHIICHTpAIIii
TPbOX PaIiOHYKIIIIIB B MOJIOJII XIKiii pubi 1mokaszano no0pe y3roKeHHs
PO3paxoBaHUX i BUMIPSIHUX MPOTATOM €KCIIEPUMEHTY KOHIIEHTpALil SK JJIst
(ha3u 3acBOEHHS 3a0pyTHEHHSI, TaK 1 U1 (a3 HOro BUBEIEHHS 3 OPraHi3My.
[TepeBaror MoJesi € MOXKJIMBICTD 11 32CTOCYBaHHS /IJIsl IIUPOKOTO CIIEKTPY
PaIioOHYKIIIIIB, SIKi TIEPEBaYKHO HAKOIMYYIOTHCS B PI3HUX TKAaHWHAX PHOH.

Pobora BukonyBamack 3a minrtpumkun MATATE (mpoexr CRP K41017
«Behavior and Effects of Natural and Anthropogenic Radionuclides in the
Marine Environment and their use as Tracers for Oceanography Studies»).

Jlitepatypa

1. Heling R., Koziy L., Bulgakov V. A dynamical approach for the uptake
of radionuclides in marine organisms for the POSEIDON model system //
Radioprotection, 2002. — Vol 37, C1. — P. 833-838.

2. Maderich V., Bezhenar R., Tateda Y., Aoyama M., Tsumune D.,
Jung K.T., de With G. The POSEIDON-R compartment model for the
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Biophysics, 2010. — Vol. 49. — P. 549-565.

4. 1AEA, International Atomic Energy Agency. Sediment distribution co-
efficients and concentration factors for biota in the marine environment //
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tissue distribution of %*Mn, ®Co and ¥Cs in the rainbow trout
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P. 2869-2878.

UDC 004.75

CUCTEMA JUCTAHIIMHOIO MOHITOPUHI'Y TIOKA3HUKIB
MIKPOKJIIMATY

[Tapxomenko b.M., Tkauyk H.O., lllunyn O.B.
Yepniziecokuil HAYiOHATLHUL MEXHON02TUHUL YHIgepcumem, M. YepHi-
2is, Yrpaina

CucrteMH AMCTAHIIMHOTO MOHITOPHHTY € HEBIJI'€MHOIO CKJIAJIOBOIO CY-
YaCHUX KOMIUIEKCHHX DILlIeHb 110 BIJICTEKEHHIO MOKa3HUKIB CEpeIOBHUINA.
Bonu 103BOIISIIOTH BUBLIBHUTH POOOUMIi Yac JIFOAMHK-OTIepaTopa, MiIBUIILY-
I0Th HAJIHHICTh CUCTEMH, 30KpeMa, 3a iX JOMOMOTOI0 MOXHa CTBOPIOBATH
BiJlasieHe KepyBaHHs oOnagHanHsIM. OJIHa 3 TOJIOBHUX 3a/iad — I BijcTe-
YKEHHsI [IOKa3HUKIB MIKpPOKJIIMaTy cepeAoBHIIa B IpuMiteHHsX. Llinb 11y mo-
KpalleHH] KiiMaTy KIMHaTH Y pa3i BAHUKHEHHs Bi[XUJIEHb, 110 Y CBOIO Yepry
HanpsiMy BIUIMBA€ Ha 370POB S JIIOANHH.

Merto10 poOOTH € CTBOPEHHS CUCTEMH JUCTAHIII{HOTO MOHITOPUHTY Ta-
paMeTpiB MIKPOKJIIMaTy MPUMILIEHHS JUIsl TTOKPAIIEHHS 3/10POB’S JIIOANHH-
KopucTtyBaya. /Iyt 1boro MOTpiOHO BUPIMIUTH TaKi 3a/1adi:

—  TIPOBECTH aHajli3 ICHYIOUMX aHAJIOTiB 1 CTBOPHUTH apXiTeKTypy CHC-
TEMH;

—  0oOrpyHTyBaTH BHOIp KOMIIOHEHTIB CUCTEMH;

—  po3poOuTH mporpamMHe 3a0e3MeUeHHS CUCTEMH;

—  TIPOBECTH IHTETPALilO 1 TECTyBaHHS CHCTEMH.
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Ha ocHOBI npoBeieHOTO aHami3y OyJI0 CTBOPEHO HACTYIHY apXiTEKTypy
CUCTEMHU, 300pakeHy Ha PUCYHKY 1.

Router Sorver InfiuxDB.

- T

vith Wi-Fi MC with Wi 1 i
accoss
i Web-Site

Clients W =
Cul Wk =
=

Pucynok 1 — Apxitekrypa cuctemu

I'0110BHOIO OCOOIMBICTIO CTBOPIOBAHOI ApXITEKTYPH € T€, IO CHCTEMOIO
JATYHUKIB, IKUX Moxe OyTtu o 10, kepye meHTpanbHUI NpUCTpiit (Ha pucy-
uxy HUB). Horo cyTs mossirae y 360pi 1aHuX 3 YCiX CEHCOPIB i HAICHIAHHS
ix 10 0a3u maHux vacoBux psaiB — InfluxDb, 3 sikoi mani 3uuTyeThes yepes
Metoau API 3a 3amuToM KitieHTa I7Is TX TTOAABIIOTO BiJOOpaXCHHS B aIMi-
HicTpaTHBHIN maHeni Opay3zepa abo MOOUTBHOMY 3acTOCYHKY 4M Ternerpam
60Ti.

CTBOpEHHIi MPOTOTHIT CUCTEMH 32 aPXITEKTYPOIO OMHCAHOIO BHUILE Ipa-
o€ Ha 6a3i amatopebkoi mwiatgopmu Arduino Uno R3. Jlana miardopma €
JICLIIEBOIO JUIsl OpraHizalii Ha Hiil 6a30BUX MOXKIMBOCTEH 3UMTYBaHHS MOKa-
3aHb 3 JaTUYMKIB Ta BIANPaBKHU 1X Mepexkero [HTepHeT 1ist 30epekeHHs B 0asi
naHnx. OCHOBHMMH YacTHHaMu Arduino € maTa MiKpOKOHTpOJIepa 3 eJieMe-
HTaMH{ BBOJY/BUBOJIY Ta cepeloBHIe po3poOku Processing/Wiring Ha MOBi
MporpamMyBaHHS, MO € mAMHOXHHOI C/C++. [ln1s1 3unTyBaHHS 0a30BUX T10-
Ka3HHUKIB MIKPOKJIIMaTy, a caMa TeMIepaTypH Ta BOJOTOCTiI BUKOPHUCTOBY-
etbes matauk DHT22. Ha pucynky 2 mokaszaHo ioro 0a3oBi XapakTepwuc-
THUKH.

Model [ AM2302
: Power supply |33-5.5vDC
Output signal digital signal via l1-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 garanky DHT22
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Tounicte manux, siky Hamae DHT22, mocraTHs Ijisi CTBOPEHHS MpPOTO-
TUILY.

InfluxDB € 6a3010 1aHNX YacoBHX PAJIB, OPIEHTOBAHOIO HA 30epiraHHs
BEJINKOT0 00CATY NaHuX JUIs IX aHallizy B peaibHOMY 4aci. BoHa 3abe3neuye
MOJKJIMBICTh 3aIHCy Ta 0OPOOKH 3aIHUTIB 3a TOMOMOTOI0 iHTep(eiicy KoMaH-
nHOTO psinka, mae BOynoBanuit HTTP-API, HaGip 6i0mioTek KiieHTa (HAamIpH-
knan, Go, Java Ta Javascript). [ligrpumka BximgHOTO (hopmary manux JSON
J03BOJIIE€ (POPMYBATH KIII€HTCHKI 3aIUTH, M0 3PYYHO [T YUTAHHS Ta HAIIH-
CaHHS 1 JITOIUHOIO 1 KOMIT FOTEPHOIO CHCTEMOIO.

VY pe3ynpTati poOOTH HaJl IPOTOTUIIOM BAJIOCS CTBOPHUTH Ta IIEPEBIPUTH
Mozenb 3 0a30BMM (YHKIIIOHAJIOM 3UNTYBAaHHS MOKa3HUKIB MIKPOKIIIMATY Ta
BiZIOOpaXkeHHS 1X /I KIIiEHTa y BUIIIsIL TpadikiB Ta TeMepaTypHoi KapTu.
Hapasi mpucTpiii iHTerpoBaHo B 0(iCHE MPUMIIICHHS, 1€ TPOBOIUTHCS HOro
TECTYBaHHsI Ta JOOIPALFOBaHH allapaTHOi Ta IPOrpaMHOi YaCTHH.

Jlitepatypa

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

2. PoGoTsl: nHpOpManus i pa3paborunkoB [EnekTponHuMit pecypce]. —
Pexwm goctymy : https://tlgrm.ru/docs/bots

BUKOPUCTAHHSA MOJEJII CALPUFF AJ1s1 MOJAEJIOBAHHS
PAIIOAKTUBHOI'O 3ABPYTHEHHS BHACJIIJIOK ABAPII HA
YOPHOBMJILCKIN AEC

0.B.Xanuenkog, [.B.Kosanenp
Incmumym npobaem mamemamuyHux Mawun ma Cucmem

Beryn. Aapis 1986 poxy Ha YopHoOwmibscbkiii AEC crana npuknagom
BEJIMKOI pajiariiiHoi aBapii, 1[0 mpu3Besa 10 3HAYHOTO 3a0pyTHEHHS TEpH-
TOpiit paJioaKTHBHUMH 130TONIAMH JaJIeKO 38 MEXXaMH 30HH BI/INOBIIaIbHO-
cti AEC. OpHi€ro 3 mpu4HH, 10 HE J03BOJIMIIA TIiT 9ac aBapii y MOBHi# Mipi
3a0e3MeUnTH  PATIONOTIYHUA 3aXHCT HacelleHHS, Oyna BiACYTHICTh
KOMIT FOTEPHUX CHCTEM IIJTPUMKH 1 MPUHHSTTS pillleHb, IO AO3BOJIWIN O
IIPOBECTH ONIEPATUBHY OLIHKY i IPOTHO3 PO3IOBCIOKEHHS 3a0pyJHEHb. Po-
3po0iieHa MIOTHA BEpCis CHCTEMH MPOTHO3YyBaHHS HACHIJKIB €KOJIOTTYHHX
katactpod «Iloitpsi» [1,2] no3BOINIsIE BUKOPUCTOBYBATH cydacHy Eiinepoo-
JlarpamxeBy perioHaJbHY MOJENb aTMOC(EepHOTro mepeHocy 3abpyITHEHB
CALPUFF y 3B’s1311i 3 POTHOCTHYHOIO ME30MaCIITA0HOI0 METEOpOJIOTiy-
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Hoto mozemtio WRF [3]. Ls cuctema 103BOIISIE BUKOHATH YHCETIBHE MOJIE-
JIFOBaHHS [IEPEHOCY 3a0pYIHCHHS 1 CIIPOTHO3YBATH HACIIAKY MOIIOHUX aBa-
piii.

VY naHiit po6OTi npuBeneHnit nocBix Bukopuctanus moneni CALPUFF y
3B 51311 3 Mogemnto WRF ist peTpocieKTHBHOTO MO/IENIOBaHHs aTMocdep-
HOTO TIepeHECCHHA 3a0pyTHEHHS BHACIITOK MacIITaOHOI TEXHOTEHHOI aBapii
Ha YopHoOmnbckii AEC i pekoHCTpyKIii MOMiB pamioOaKTHBHOTO 3a0py/I-
HEHHS.

Merteoposioriune MoaeloBaHHs. {11 MOJeTIOBaHHS TPUBHMIPHUX Me-
TEOPOJIOTIYHHUX IOJIiB Oylla BUKOpHCTaHA MeTeoposoriuaa cuctema WRF-
Vxpaina [3]. ¥V SKOCTi MOYATKOBHMX Ta TPAHUYHHAX YMOB OYyJIM BHKOPHCTaHi
JaHi rinobansHoro peananizy ERAS [4], y SKOCTI maHHX MpO IMiACTHIAI0YY
MOBEPXHIO Oy BUKOPHUCTaHI aHi rinodansHoro Habopy MODIS. Mogento-
BaHHS IPOBOAMIOCS 3 BUKOPHCTaHHSIM PO3PaxyHKOBOI CITKH PO3MipoM
154x96 3 xpoxom 0.15 rpagycis. Ha puc.1 mpuBeaeHi po3paxoBaHi Ta momi-
psIHI 3HaYEeHHsI BUOPaHUX METEOPOJIOTIYHUX XapaKTepPUCTHK aist Micta Ku-
eBa. Ha puc. 2 npuBenieHi OTprMaHi y pe3yybTaTi MOJICIIOBaHHS MOJIS OIaJIiB
3a mepiox 3 26 kBiTHA 1o 7 TpaBHA 1986 poky.

Mopeas aTmocdepHoro nepenocy. /s MoemoBaHHs aTMOC(HEPHOTO
nepeHocy BukopuctoByBanacs moxeinb CALPUFF, xotpa Bxe HeogHOpa-
30B0 OyJia YCITIIIHO BUKOPHCTAHA B 3aJa4aX aTMOC(EPHOro epeHECeHH: 3a-
OpyIHEHb BHACIIIOK TEXHOTCHHHX aBapiil. Mo/elIoBaHHS BUKOHYBAJIOCS Ha
po3paxynkoBii citii 120X120 3 kpokoMm 10 kM. Y SKOCTI MiJCTHIIAI0YO] 10-
BEpXHi OyJIM BUKOPHCTaHI AaHi r100alsHOro Habopy KaTeropii 3eMjIeKopu-
cryBanHsi MODIS 3 pospimenHsM 15 cekyHz Ta iaHi r100anbHOro Habopy
tornorpadiuaux Bucotr SRTM 3 po3pilieHHsM 3 cekyHIH.

MopentoBaHHs poBoamiock Juist i3otomiB 137Cs. [Ixepeno 3a0pynHro-
BaHHSI MOJICIIOBANIOCS, SIK PsIJl HECTAI[IOHAPHHUX TOYKOBHUX JKEPEN po3Miliie-
HHX Ha Pi3HUX BHCOTaX. Y KOXXEH OKPEMHIl MOMEHT 4acy BBaXauocs, L0
NpaLoe JIUIIE OJJHE 3 JUKEPell, BUCOTA SIKOTO IpHAManacs piBHild BHCOTI oc-
HOBHOI'O BUKHJY Y BiIIOBITHHI MOMEHT 4acy, a iIHTEHCUBHICTb SKOT'O MIPHii-
MaJacsi piBHIH 3araybHiil IHTEHCUBHOCTI BUKUAY JJISL TOTO X MOMEHTY 4acy
(mani ipo mxeperno Oyiu B34ti 3 pobot [5]).
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Pucynox 1 Po3paxoBaHi Ta momipsiHi (HOpHUM) METEOPOJIOTTYHI Xapak-
TEPUCTUKU: A - Temneparypa, b — armocdephuii Tick, B - mBuakicTs
BiTpYy, [ - HanpsMOK BITPY;

Monens CALPUFF micTuTh Ba pi3Hi MEXaHI3MU BUNAAIHHS 3a0pYTHIO-
BayiB, IJIs TBEPAMX YACTHHOK i TS Ta3iB. Y JaHiid poOOTi MOJICIIOBAHHS PO3-
NOBCIOJKeHHS i30TomiB 137Cs mpoBOIMIOCS 3 HANAIITYBAHHAMH XapakTe-
PHUCTHK BHIAIHHS, SIK JUIsl TBEPIUX YACTHHOK, IIapaMeTpH OCaJDKSHHS 3a/1a-
BAaJIUCh TaK, K B poOoTi [2]. PagioakTuBHMII po3Maj i30TOMIB y IPOILIECi MO-
JIeIMOBaHHs He BpaxoByBaBcs. KoedimieHTn qucriepcii BH3HAYAIUCS Y BiIIO-
BiJTHOCTI JI0 KaTeropii criiikocti 3a cxemoro [lackyina ['idopaa. dist miaro-
TOBKHM TPUBHMIPHHUX METEOPOJIOTTYHHX MOJIB BUKOPUCTOBYBABCS METEOPO-
noriyauii npenpouecop CALMET, xotpwuii y sikocTi BXifgHoT iHpopMmarii Bu-
KOPHCTOBYBAB METEOPOJIOTIuHI 1oJist orpumai y mozaeini WRF.
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Pucynox 2 Pozmozin armocdepHuX onaiB 1o TepnTOpiI VYkpainu 3a ne-
piox 3 26 kBitHs o 7 TpaBHs 1986 p. 3a pesynabratamu MoaemoBanHs WRF
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Pucynok 3 Ilone minsHOCTI Bunagiae Cs137 B YkpaiHi 3rigHO pe3yib-
tatamu MogemoBanss Calpuff (isomiwii: 5, 10, 50, 100, 500, 1000, 5000
kbx/M2)

Pe3yabTaTi MojeaoBaHHs. MoJienb 103BOJIMIIA OTPUMATH CEPEIHBO-
4acoBi, CepeIHhO1000BI, MAKCUMaJIbHI, Ta CEPEAHI XapaKTEPUCTUKH 3a0py-
JTHCHHS JIJIsl TOBUTBHOT'O YaCOBOT'0 MEPIOJy Y MekKaX MOJICIIOBAHHS, Ta Y J10-
BUIBHIHM TOUIl Yy MeXaxX po3paxyHKoOBOi ciTku. OTpuMaHi Mojs BHIIAAiHHS
i3otomy 137Cs (puc.3) y3roJKyrOThCS 3 JaHUMHU NPUBEICHUMH Y 1HIIHUX J0-
cripkeHHsx [5]. JIyis cTaTUCTUYHOT OLIHKH pe3y/IbTaTiB 0yJI0 MPOBEIEHE M0~
PIBHSHHS 3 IHTEPIOJIEOBAHUMH HA PETYJLIPHY CITKY 3HAYCHHSAMH MOMIpSHUX
konuenrpauiit 137Cs y rpynti [6]. Otpumane 3nauenns FB=0.04 (fractional
bias) cBimuuth mpo GaKkTHYHO BiJCYTHIO CUCTEMATHUYHY MOXHOKY MOJCIIO-
BaHHs. B To# e yac orpumane jgocuth 3Haune NMSE=3.73 (normalized
mean squared error), oo CBiTYUTH PO MOXKJIIMBICTh MOJAJBIION0 BIOCKOHA-
JICHHSI MOJICJIIOBAHHS, IUIIXOM YTOUHEHHS BUOPAHOTO HaMH CHOCO0Y Tpe-
CTaBJICHHsI JpKepena, Ta OiJbll JIETAIbHOTO METEOPOJIOTIYHOTO MOJIEIO-
BaHHSI.

BucHoBku PerionanbHa HecTalioHapHA MOJEIb aTMOC(EpPHOro mepe-
Hocy Calpuff y 3B’s31i 3 Me3oMacmTaGHOIO METEOPOJIOTIYHO MOJIEILTIO
WRF n03Bouisie BceO14HO AOCIIHKYBATH HACIIIKH Pi3HOMaHITHUX TEXHOT€H-
HUX aBapiif HABITh TAaKUX CKIATHUX, 5K aBapis Ha YAEC. JlaHa Moaens Moxe
OyTH yCIIIIHO BUKOPUCTaHA Y Cy4aCHHX CHCTEMAax MiATPHUMKH HMPUAHATTS
pinieHp, Takux sk cuctema «I1oBiTpsi».
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CUCTEMA ITPOTHO3A PAJJMAIIMOHHOM OBCTAHOBKH OY U
HBK

M.B.CagenseB
Huemumym npobnem mamemamuveckux mawun u cucmem HAH, Yrpa-
uHa

Jletom 2019r. 3aBepinaercs OAWH U3 KIIOYEBBIX 3TANOB B JTUKBHIAIUU
mocTeICTBUH aBapun Ha 4oM sHeprodmoke YADC — mepemaercs B SKCIUTya-
tarmio Hosrrit besomacuerii Kondatiment (HBK) OOvexTa «YKpBITHE»
(OY). OtaMm cobbiTreM 3aBepmaercs Ooxee 20-netHuit [Inan MeponpusTuit
npeoOpa3oBanuss OOBeKTa YKpBITHE B SKOJOIMYECKH Oe30MacHoe cocTo-
ssaue. OJHaKO, HECMOTpPS HA YCIENIHOE 3aBEpIICHUE ATOTO I'PaHIHMO3HOTO
MIPOEKTa, CIIeyeT 3aMETUTD, YTO PSAJ HAYYHO-TIPAKTHUECKHX 33a4 OCTAIINCh
6e3 pemenns. OgHON U3 TakuX 3a1ad sBIsLETCS 3PPEKTHBHBINA MPOTHO3 pa-
JIMaMOHHON 00CTaHOBKH B noMerieHusx OV H 1oJapoyHOM HPOCTPAHCTBE
HBK.

OpHO¥ 13 TTIaBHBIX IPUYHH HEPEIIEHHOCTH JaHHOM 3a/1auy CTaja CI0XK-
HOCTh PElICHHs IAHHOW 3a/1a4i KJIACCHYECKUMHU METOAaMH, OCHOBAHHBIMH
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Ha pa3JIMuHbIX (PU3UUECKUX TEOPHSX U ONMUCAHUSX (U3MYECKUX MPOLIECCOB.
s cuctembl HBK + OV, Han6Gosnee oberaromiee perieHue B JaHHOM Harpa-
BiIeHNH pa3padateiBaeT UucTutyT Texunueckoit Temnopusukun HAHY B ko-
oneparuu ¢ MactutyTom Ipodnem besonacnoctu ADC HAHY [1]. [ns no-
MeteHu OY BBIMONHAINCH NONBITKY PEHIUTh JaHHYIO 33Ja4uy IIyTeM MOCT-
POCHHUS PErPECCHOHHBIX MOAENEH [2], 0IHAKO NaHHOE PEIICHUE BBIIBHIIOCH
HECOCTOATENBHBIM B ycloBusX OVY.

Hemainyro ponb B OTCYTCTBHM aI€KBaTHBIX MOJEINE Hrpaja OTHOCH-
TeNbHO orpaHmdeHHas nHpopMmarms 06 OY. B uacTHOCTH, OTCYTCTBHE BBISB-
JICHHON KOPPETANHNOHHON 3aBUCHMOCTH MEXAY PSIOM HAOIFOJaBIIUMUCS
W3MEHEHMSAMH PaJHallioHHOW OOCTaHOBKM M JOCTOBEPHO M3BECTHBIMHU CO-
OBITUSIMHU (BBITIOJHEHHE PA0OT, H3MEHEHNE METEOPOJIOTHYECKHUX M CE30HHBIX
(axTopoB 1 T.11.). C 3amycKOM B SKCILTyaTalHi0 CUCTEM PaJHallHOHHOTO KO-
HTpons OY (CCPK MACK) u HBK (CPK HBK) ocymiecTistoTes peryssip-
HBIE aBTOMAaTHYECKHE U3MEPEHHS PAJHALIMOHHBIX TTApaMETPOB U UX apXHUBH-
posanue. K HacTosieMy BpeMeHH HAKOIUIEHBI 3HAYUTENbHbIE JaHHbIE, I103-
BOJIIIOIINE BEPHYTHCS K IIOMCKY aJEKBATHBIX MOJICJIeH H3MEHEHMs pa-
JIMAIIOHHOW 0OCTaHOBKH Ha OCHOBE aHAJIN3a BPEMEHHBIX PSIIOB.

OnHUM U3 pelieHni NPaKTUYECKOM 3a1auu IPOrHO3a paAuallMOHHON CH-
TyaIH, 10 TOCTPOEHUs BepH(PUIIMPOBaHHON (PU3MKO-MATEMAaTHYECKOH MO-
JIENIN TIEpEeHOca 3arps3HEHUH, MOXKET SBIATHCS MOCTPOCHUE BBIYMCIUTENb-
HOHM CHCTEMBI, KOTOpasi Ha OCHOBE HETPEPHIBHOTO IOTOKA MH(POPMAIUHU OT
00BEKTa KOHTPOJIS OyAET MPOCUUTHIBATE PSA KOHKYPHUPYIOLINX MPOTHO3HBIX
MoJIeJIell ¥ BbIIaBaTh ONepaTopy Kak MHHMMYM J[Ba TIPOTHO3a — Hanboiee
KOHCEPBAaTUBHBIN 1 Hanbosee afekBaTHBIN. [Ipy 3TOM BemunHy a/1eKBaTHO-
CTH MOJIEJIM MOKHO PACCUHUTHIBATH KaK CPEIHEKBAIPATHUHYIO OIMINOKY IIpo-
THO3a.

s perreHusl JaHHOW 3amadu moTpedyeTcs paspaborats HH(OpMA-
IIMOHHO-BBIYHCIINTEIBHYIO CHCTEMY, BKIIOYAIOUIYI0 B CeOs: IOJICHCTEMY
cOopa NepBUYHBIX JaHHBIX; NOJCUCTEMY Pa3Ze]eHUs JOCTYIa K JaHHBIM CO
CTOPOHBI KOHKYPHPYIOLINX MOJENEH; MOJCUCTEMY N30SI BBIYACIUTENb-
HBIX NOTOKOB; MOJACUCTEMY OLEHKH aJeKBAaTHOCTU MOJENEH; MOACHCTEMY
MpPEeJCTaBICHUS JaHHBIX OIIEpaTopy.

B vactu Mozenell © METOAOB IIPOTHO3a NPEATATAETCA PACCMOTPETh, Kak
muaEMyM, Mozens ARIMA (Auto Regressive Integrated Moving Average —
MOJIENTb aBTOPETPECCHUH — MPOUHTETPHUPOBAHHOTO CKOJB3AIIETO CPEIHETO),
M3BECTHYIO Kak MeToJ bokca-/[kenkunca [3]. A Takke MOJENH, OCTPOe-
HHBIE Ha METO/Ie TPYIIOBOro yuera aprymeHToB (MI'YA) [4].

60



Jlureparypa

[1] KpyxoBckuit I1.I'. Moaens TennorazoAuHaMHUYecKOro, BIaXXHOCTHOTO
n paguanuoHHoro cocrosuusi HoBoro besomacnoro KongaitHmenta u
OObekra "YkpbiTHe" (U1 NOJJEPKKH MPOEKTa Mpeodpa3oBaHust 00beKTa
«Yxpoitue») / Kpykosckuii [1.I'., Merens M.M., [Toxyounckuii A.C., Kpac-
HoB B.A., Crursipenko J[.1.,letinexo A.1.

[2] UnTerpupoBannas baza Jlanuasix O0bekra YkpeiTue. [lomcucrema
B3amMoneiictBus ¢ WHTerpupoBaHHON ABTOMaTHM3MpoBaHHOH Crcremoit
Kontpons OVY. Iloscaurenpras 3amucka. Koncopumym IBS — Yepho-
OpuTECKHH TIeHTp, 2006

[3] boke Hx., [Jxxenkunc I'. Ananu3 BpeMeHHbIX pAnoB. IIporHos u
ynpasnenue. Beim. 1: Ilep. ¢ anrn. — M.: Mup, 1974. — 408 c.

[4] UBaxnenxo A. I'., FOpauxosckuii 0. I1. MoaenupoBaHue CI0KHBIX
CHCTEM 10 9KCIIEPUMEHTANIBHBIM AaHHBIM. - M.: Paano u cBs3b, 1987. — 120.

VJIK 528.4

MOJEJIOBAHHS MPOHECIB TEOCUCTEMHOI'O
MOHITOPHUHI'Y JICOBUX TEPUTOPII

C.B. KoBanenko, M.€. CaxHo
YepniciecvKkuii HAYIOHATbHUL MEXHONIO2IUHULL YHIgepCUmem

Ha cygacHOoMy erami po3BUTKY Halloi AepKaBH MOCTa€ MpodiieMa MOHi-
TOPHUHTY JIiCiB YKpaiHH, OCKIIEKH B OCTaHHIH Yac 30UTBIIIINCS 00CATH He-
3aKOHHHUX BHPYOOK, III0 HECE 3arpo3M eKOJIOTi] KpaiH! Ta MiJBHUIIYE PiBEHb
Kopymuii Ta iHaHCOBI BTpaTH JiepkaBHOro Orokery. IloripuieHHs crany
JIICIB Ha CHOTO/IHILIHIHN JICHb € OJIHIEI0 3 HAMONIBII aKTyaJIbHUX MPOOJIeM, pi-
LIEHHS SIKOT IOCUTb €()eKTUBHO BiZI0YBAETHCSI 3 BAKOPUCTAHHS CYy4YaCHUX CH-
CTEM T'€0CUCTEMHOT0 MOHITOPUHTY HaBKOJIMIIHBOTO cepenoBuina. HaOyrtuit
BITYM3HSIHAMH (aXiBISIMHU JOCBIJI JO3BOJIsIE BUKOPUCTOBYBATH PE3yJIbTaTH
MOJICTIIOBaHHS Ta OOpPOOKM T€OCHCTEMHHX JaHUX ISl PO3PaxyHKY 3MiHH
IUTOII JTICOBUX MACHBIB, BU3SHAYCHHS THUIIIB JICiB, IXHROTO IIOPOJIHOTO CKIATY
Ta BIKy MEPEBaXKHO Ha perioHaJbpHOMY piBHi [1,2].

Tomy rosloBHOIO METOIO IaHOT pOOOTH € IPOLIECH MOJIEITIOBAHHS CHCTEMHU
MIPOBEJICHHS] MOHITOPHUHTY JICIB, SKi CIIiJI pO3IIIAAATH SIK €AMHUNA iH(pOopMa-
LiAHMIA KOMITICKC, IO A€ MOXJIMBICTh OI[IHUTH CTaH TEPUTOPIl KpaiHH Ta
BU3HAYUTH 0OCSTH JIICOBUX HACaJUKEHb i TOJIOBHE HE3aKOHHHUX BUPYOOK, 1110
BILUTUBATUME Ha €KOJIOTIuHY Ta (PiHAHCOBY CHUTYaIlit0 B IepkaBi. | mst 3amo-
OiraHHA HETaTMBHOMY BIUIMBY BHPYOKH JIiCIiB HAa HABKOJIMIITHE CEPEIOBHIIIC
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HeoOXi/THO BUKOPHCTOBYBATH CydacHi reoindopmaniiiti nporpamHi KomIuie-
KCH, SIKH J]al0Th MOXJIUBICTH JTOCUTH IIBHJKO Ta 3 3aJIJaHOI0 TOYHICTIO OLli-
HHUTH MacIITaOH JIICOBUX AUISHOK 1 IPUHHATH PILICHHS 100 NPUPOI00XO0-
POHHHX 3aXO0[iB ISl €PEKTHBHOTO rOCIIOAAPIOBaHHs B Jlicax Ykpainu [3].

Ouinky Kinbkocri siciB [Takynbepkoi cinbebkoi paan YepHiriBebkoi 00-
macti Oyio omineHo 3a mepioz 3 2000 mo 2017 poku 3a JOOMOTOIO CEpBiCy
«Global Forest Watch» a Takox 3 BUKOPHCTAHHAM T'€0C3HIHOTO TIPOTPAM-
Horo KomIiekcy ArcMap. CTBOpeHi B pe3ylibTaTi MAaTeMaTHIHOTO MOJICITIO-
BaHHS IU(POBI MApH 00’ €KTIB €KOJOTIIHOTO MOHITOPHHTY JO3BOJISIOTH TI0-
PIBHIOBATH Ta CHIBCTABIATH AaHI PO XapaKTEPUCTUKU €KOJIOTIYHOTO CTaHy,
OTpHMaHi y pe3yJbTaTi BUMipIOBaHb a00 crocTepekeHs. JlaHi 3aHOCATRCA ¥
BIAMOBIIHI TOJIs1 aTpUOYTUBHOI TaOJHMIII Ta MOXKYTh BUKOPUCTOBYBATUCH JJIS
ABTOMATH30BaHOTO OIPALIOBAHHSI.

Buxkopucrosyroun «Global Forest Watchy 6ymo BctanoBieHo, 110 cepBic
Jla€ MOYKITBICTh BU3HAYUTH 00paHy IUISTHKY Ha IEBHOT TEPUTOPIT, ane He 1ae
JIAHUX TIO IJIOILI KOXKHOT IoCiipKyBaHoi AinsHku. 1106 oTpuMaTu Taki naHi
Oynu moOyoBaHi BCl MOJIrOHU OKPEMO B IporpaMHOMY NpoaykTi ArcMap
Ha OCHOBI1 0a30BOi KapTH, IO Ja€ MOXJIUBICTh 3 JaHUX aTPUOYTHBHUX Tad-
JMIb BU3HAYATH IUIONITY KOXKHOT OKpeMoi BUPYOHOT IUISHKY JIicy 3 3a/IaHOI0
TouHicTIO. [IOpsiIOK MpOBENeHHs MOCHIiAIB HACTYIHHUIA: CHOYATKy IO IPO-
rpaMH J0Ja€ThCs 0a30Ba KapTa, MOTIM 4Yepe3 BiIKHO KaTaJoTy CTBOPIOETHCS
HOBa (ailioBa 0a3a JaHUX, B SIKY JOJAETHCS KIlac MPOCTOPOBHX 00'ekTiB. B
MEHIO KaTaJlor OOMpA€EThCs IOJIITOH Ta CTBOPIOIOTHCS IIAPU 3 IUISHKAMH.
[TpoBoaMMO aHai3 IOCHIPKYBaHOT TEPUTOPIT 3 AUISHKAMH JIiCY Ta OTPUMY-
€MO BHUMIpH ILIOII MOJIITOHIB BUPYOHOTO JIicy, IO MOKa3aHo Ha puc. 1, ne
YEepBOHMM KOJILOPOM BUWJIJICHHH BHPYOaHMii Jlic, a 3€JIeHHMM HOBI Haca-
JOKEHHSI.

Puc. 1. MoHiTopuHr Jticy B nporpaMHoMy Komiuiekci ArcMap
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13 300pakeHHs1 Ha puc.]l BUIHO, 1110 TUIONIA BUPYOaHUX JicCiB 3HAYHO IIe-
PEBHIIYE IUIONLY 3HOB ITOCA/KEHUX 1 L€ BIJHOIICHHS CTAHOBUTDH IPUOIN3HO
1:3. ITicnst mpoBeleHHs! BUMIPIB MOJKHA CKa3aTH 1110 3a OCTaHHI 17 pokiB Ha
JaHii Tepuropii Oyio BupydaHo 6nnzbko 20% micis.

Jliteparypa:

1. Iwmymia B.JI. OCHOBHI NpHHIHUIK TeoiHGOPMAIITHUX CHCTEM
/B.J. umynin. — Xapkis: XHAMI, 2012. - 312 c.

2.  Xonob6ak I''M. Bitam3HsaHHN TOCBiT CYIyTHHKOBOTO MOHITOPHHTY
micoBux MacuBiB Ykpaian/ I'. M. XKomo6axk //KocmiuHa HayKka i TEXHOJIOTi,
2010. T.16. Ne3.- C.46-54.

3.  Momitopurr micy [EnexrpoHnuii pecypc] — Pexum noctymy:
http://www.eco-initiatives.org.ua/page/chergovij-kosmichnij-monitoring-
lisu.

VJIK 517.957

AKOIO MA€ BYTHU CYYACHA CIIIIP JJIs1 EKOJIOTTYHOT'O
BPAJTYBAHHA?

A.O.JlemuaeHKo?,
Biooinenns mamemamuuno2o mooeniosannsi 0oskiins, IHIIMMC HAHY

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

B VYkpaiHi 10 0CTaHHBOTO Yacy €KOJOTIYHE BPSAYyBaHHS BENOCS BiAmoO-
BIZJHO O 3acCTapiiuX paAsHCHKUX CTaHAapTiB. 30kpema, 3akoH YKpaiHu
BCTAaHOBJIIOE, L0 OJIHUM 3 OCHOBHHUX IIPHHIMIIIB OXOPOHH HABKOJIMIIHHOTO
CEepeNIOBHIIIA € «OJIePKaHHs eKOJIOTIYHUX CTaHIapTiB, HOPMATHBIB Ta JiMi-
TiB BUKOPHUCTaHHS IIPUPOJHUX PECYPCIBY», EKOJIOTTUHA Oe3eKka “e TaKkuii CTaH
HaBKOJIMIIHBOTO TIPUPOHOTO CEPEIOBHUINA, TIPH IKOMY 3a0e3MeuyeThCs 10-
Mepe/PKEHHS] BUHUKHEHHS HeOe3neku”, 1 3a0e3neuyeThes Oe3neka «Hemepe-
BUILEHHSM TPaHUYHO JONYCTHMHX HOPMAaTHBIB 3a0pyJHEHb HAaBKOJIMIL-
HBOT'O IPUPOTHOTO ceperoBumIay [1]. 3a TaknxX yMOB €(eKTHBHICTB poLiECy
€KOJIOTIYHOTO BPSIyBaHHS BU3HA4Ya€Thesl «0a30BUMHU CTaHAAPTAMH, JIOTPHU-
MaHHS SIKHX 3a0e31euye BUCOKHI PiBEHb €)EeKTUBHOCTI».

[Ipote npocTo NOTpUMaHHS HOPMAaTHBIB He 3a0e31edye BUCOKHI PiBEHb
eekTUBHOCTI BpsayBaHHs. Ha oMy naBHO Haromomrye €Bpomnelicbka Ko-
micist (€EK) Ta Opranizaniss EkoHomiunoro CniBpoOiTHunTBa T2 PO3BUTKY
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(OECP), aHanizyroun eKOJIOTiYHE 3aKOHOJABCTBO MOCTPAASTHCHKUX KpaiH [2,
3]. CnpaBa B TOMY, 110 paJiTHCbKI HOPMATHBH OYJIM BCTaHOBJIEHI BUXOSIUH
3 HENPUUHIATHOCTI X04 SIKOTOCh PH3MKY (B yKpaiHcbkomy Kopmekci nuBiib-
HOTO 33aXHCTY TEX JO0CI HAIMUCAHO, IO “Oe3nexa - ye GI0CYMHICMb PU3UKiE™)
1 TOMy cTpaTerisi HelepEeBHILIEHHSI HOPMATHUBIB HE JIa€ MOKIUBOCTI PO3POOKH
X0Y SKOICh CTpaTerii po3BUTKY. 3a BiICYTHOCTI CTpaTETiii pO3BUTKY, HEMAE i
MOJKJIMBOCTI 3aCTOCyBaHHS What if... a00 onTHManEHOTO MOAETIOBAHHS IJIS
ctBopenns CIIIP. Xoua 6 Tomy, mo crymiadara QpyHKIisS He nudepeHIito-
€TBCA.

B 3B’s13xy 3 v OECP 3amporonyBaiia BiIMOBY Bifl OIIIHKH e€()eKTHBHO-
CTi BpSLIyBaHHS JIUIIE TIO ““00MPUMAHHIO HOpMAMUEie ’, HATOMICTB 3aIpoIIo-
HYBaBILY HOBI MMPHUHIIMITK HAJIE)KHOTO BpsiAyBaHH: (CHOPMYIIbOBaHI AJIsl BO-
JTHOTO BpsAIyBaHHS B [3]):

["0510BHI MPUHIMITK ONUCYIOTHCS TIPH IbOMY HACTYITHUM YHHOM:!

e PesynpraruBHicTs/effectiveness — e BusHaueHHs 4iTKUX Ifine Ta
[[UTbOBUX TOKA3HUKIB, JOCSTHEHHS O4iKYBaHHX IIJICH,

e Edekrusnicte/efficiency — nie mocsarueHHs O4iKyBaHUX IiIEH CTiM-
KOT'O YIIPaBJIiHHA PecypcaMu 3 HAHMEHIIMMH BUTPATaMH ISl CYCIIJIbCTBA,

e JloBipa Ta 3aJy4eHICTh — IIe 3MIIIHEHHS JOBIpH Ta 3a0e3MeUeHHS 3a-
Jy4YeHHs 3aliKaBJICHHX CTOPIH HUIIXOM NEMOKPAaTHYHOI JICTiITUMHOCTI Ta
CIPaBEITUBOCTI UISI CYCITIIHCTBA B IJIOMY.

OueBHIHO, IO TaKe BU3HAYCHHS PE3yJIbTATHBHOCTI A€ IUPOKI MOKITH-
BOCTI JuIs 3acTocyBaHHs what if... MozentoBaHHs1, a Take BU3HAYCHHS e(eK-
TUBHOCTI - JIJIsl 3CTOCYBaHHS ONTHMAJILHOTO MO/JISIIFOBAHHS 1 CTBOPEHHS Bi-
nnosigHoi CIIIIP. [lnst Ykpainu Taki MOXKJIMBOCTI BIAKPUIIUCS Pa30M i3 OHO-
BJICHHSM ineit Exosoriunoi Crparerii (nuBHUCH
http://wl.cl.rada.gov.ua/pls/zweb2/webprocd 1?pf3511=63948 ), ne tenep
LIJUTIO CYy4acHOTO €KOJIOTTYHOTO BPSyBaHHS € «3a0e3MeueHHs CTaloro po3-
BUTKY» 3aMiCTh «3a0€3MeUCeHHs Oe3IeKn», 1 «3MECHIIICHHSI eKOJIOT1YHUX pH-
3WKiB» 3aMICTh «3aXHCTy NOBKULII». [IpoTe mepumertii 3 GpopMymoBaHHIM
LTI TIIOJT0 PU3WKIB CBITYATH MPO Te, IO HABITH 13 3aTBEPKEHHSIM OHOBIIC-
HUX 1ineit BepxoBHoto Panoto, po3yMiHHs pH3HKY, K JOOYTKY BipOTiTHOCTI
HECTIPHSITINBOI TOIT Ta 11 pe3yabTaTy, B CYCHUILCTBI HE 3MIHUIIOCS.

s mpoGirema cTana ocoOIMBO OYEBHUIAHOIO IiJ] YaC HAI[IOHAIBHOI ajal-
tarii [{ineir Cramoro Po3sutky (ILICP) Ta miarorosmi OdikyBanoro Harrio-
HanbHO Busnauenoro Brecky (OHBB) Ykpainu no Ilapusskoi yroau. Tak,
IICP13 HampaBieHa Ha «noM SAKWEHHSA HACAIOKIG 3Minu Kiimamy», B TOU
yac, sik [Tapu3bka yroja nepeabdayac 1Ba IUISIXU BIPOBAPKEHHS — « CHPUSIHHS
(1) oniprocmi 0o 3minu kaimamy ma (2) HU3bKOBY2IEUEBOMY PO3GUMKY» Ta
«3abe3neuens y3200#ceHOCmi PIHAHCOBUX NOMOKIE i3 Hanpamom (1) Hu3b-
Kogyaneye6o2o ma (2) onipHo2o 00 3minu Kiimamy po3sumkyy. BinmosinHo
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MUTaHHS HACTIAKIB/BIUIMBIB 3MiH KJIIMaTy Ta X MPUYMH, MAIOTh PO3IJIsA/Ia-
THUCS, SIK MIHIMYM, PIBHOIIPaBHO.

BaxnuBicTh NpUHIMITY PIBHOCTI MoOJsrac y mnojoxeHHsx I[lapu3pkoi
yroniu, sika TOBOPUTH HE MPOCTO MPO «APOMUOII0 3SMIHAM KIIMAmMy», a Tpo
«GHUDICEHHs] PUSUKI6 3MIHU KILmamy», a pU3MK, sk Bimomo 3 The Global Risks
Report of the World Economic Forum, € 100yTkoM BiporiZHOCTI HECTIPHSAT-
nmBoi moxii Ta i BrumBy. Came Tomy aocsraensas L{CP13 ta mineit ITY mo-
XKITMBE TAaKOJXK JIBOMA [IISIXaMH —3MEHIIYI0UH KOKeH 3 IBOX MHO)KHUKIB pH-
3WKY 3MiHH KJIIMaTy i BUOUpatoyn, KOTPUH 3 HUX HAHOUThII eeKTHBHO 3Me-
HIIIy€ PU3UK. 3Ba)Kaf0uu HA BUII[CHABECHE, TAKUI BUOIp alTbTepHATHB paaH-
KaJbHO BiAPI3HAETHCS BiIl 3BUYHOTO YKPAIHCHKOTO Oe€3aIbTepHATHBHOTO
cnoco0y BU3HaueHHs €(DEKTUBHOCTI 10 “TOTPUMaHHIO HOPMATHUBIB”.

Sk CBIAYUTH HEIIOAABHE AOCHipKeHHS 1eHTpy «CycminsctBo 1 Jlo-
BKUJUISI», YKpalHIIB TeX OUIbIIE LIKaBISATh HACTIIKH 3MiH KiiMary (B Yk-
paiHi HUMH NEPEeBaKHO € MABOJKH Ta IIOCYXH), X04a Y psiz OlIblIIe [IKaBIsATh
BUKUIM, K MPHYMHHA 3MiH Kiimary. [Ipo Oe3anbTepHaTHBHICTh YKpaiHCh-
KOTO Mi/IXO/y CBIIYUTh TaK0OXX MOBHA BiJCYTHICTH B ykpaincbkomy OHBB
3TaJIKM TIPO BIUTMBH 3MiH KIIIMaTy Ta MPO aJanTaIiiio 4u MiABHIICHHS OIip-
HocTi. B ykpaiHchkilt ctparerii amanranii 3asmanas [ICP13.1 3ByunTs, sk
«0OMedHCEHHSL BUKUOIE NAPHUKOBUX 2A3i6 8 eKOHOMIYI», TOI KOJIU B TI100aIIb-
Homy 3aBnaHHi LICP13.1 #imeTsest ipo «nidguwyents onipnocmi i 30amuocmi
aoanmygamucs 00 Hebe3neyHUX KIMAMmUYHUX 8uty i CIUXItHUX IUX Y 8Cix
Kpainaxy», 10 CBIUUTH MO MOBHE HEPO3yMiHHS YpsaoM cyTi Ta uineit [la-
pusbkoi yroau ta LICP13.

Jyis mpuBeIeHHs JOKYMEHTIB 10 CIIJIbHOTO 3HAMEHHHUKA 1 3aKPIIUICHHS
Ha 3aKOHOJIaBYOMY PiBHI 0JIHAKOBOI TepMiHoOTi1 BignoBiaHo 1o ITY, Ykpa-
Hi BapTO OyJ10 O 3aKOHO/IaBYO 3aTBEPIUTH MIKHAPOJHE BU3HAUCHHS e(eK-
TUBHOCTI «8Ps0Y8AHHSN, K “00CACHEHHs. OUIKY8AHUX Yiiel PO3GUMKY 3 HAll-
MeHwiuMu gumpamamu 0as cycninbemea” [3].

OueBHIHO, 0 TaKe BU3HAYECHHS €(pEKTUBHOCTI MiIKPECITIOE MOXKIMBOCTI
IBTEPHATHBHUX IUIAXIB pearyBaHHS Ha 3MiHHM KJIMaTy, 30KpeMa, 3MEH-
IICHHS 3arpO3H BiJ 3MiHU KIIIMATy NUITXOM 3MEHIIICHHS BUKHU/IB, 1 ajamnTa-
miro o HachiakiB 3K numixom 301TbIIeHHS aJanTaIiifHol 34aTHOCTI Ta Orip-
Hocti. [Ipn boMy ajanTarist CTOCyeTbcsi B OCHOBHOMY BOJIHOTO CEKTOpY, a
60poTr0a 3 BUKHaMH — €HEPTeTUKH, 1 BOHH JJOMTOBHIOIOTD, & HE BUKIIFOYAIOTh
OJIHE OJHOTO.

[ixaBuit mpukiag 3aCTOCYBaHHS TaKOTO ITiX0Ay HAaBEJACHHUM B apTyMeH-
Taril THX aMepUKaHCHKUX BUCHUX, M0 MATPIMYIOTh Buxin CIIA 3 [Tapu3s-
koi yroau. CyTh apryMeHTiB HACTYIIHA — aHaJi3 CIIiBBITHOIICHHS TOXOIB Ta
BHUAaTKiB amepukancekoro OHBB no Ilapu3ekoi yronm cBiT4uThs Ipo Hee-
(exTuBHICTH BUTpaT y po3mipi | TpmH. nonapis CIIA, HeoOXimHUX A
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MOM’SIKIIEHHSI TJI00abHOTO MOTEIUTIHHS [UISIXOM 3MEHIICHHS BHKHIIB Ha
mennre Hix 0.05°C [4]. B cporoaHimHix yMoBax 3HauyHO e(heKTHBHIIIE BHU-
TPATUTH TPETUHY Ili€1 CyMH Ha aJamlTaIlio 10 TOJIOBHUX HACIIIKIB 3MiH KJIi-
Mary — 3017bIIeHHsI IHTEHCHBHOCTI Ta YaCTOTH MOCYX Ta ITaBOJIKIB, OyAyr0Uun
JIOZIATKOBI BOJIOCXOBHUINA, AaMOU, MPOTUIIABOJIKOBI CIIOPYIH, JecajiHiza-
IiitHI 3aBOIH, Oepero3axiCHi CIOPYIH TOIIO. SIK BOHU CTBEPIKYIOTh, caMe
aJianTaris, a He 3MCHIICHHS BUKU/IB, € CKOHOMIYHO PamioHaJFHUM PillIeH-
HSIM B ICHYIOUHX Jy’K€ HEBU3HAUCHUX YMOBaX.

Sk Gaunmmo, mepexix Mo amanTamii 1o 3MiH KIIIMaTy BHMarae 3acTocy-
BaHHS KapIMHAJIBHO 1HIINX, i OAHOYACHO HAbaraTto OUIBII CKIATHUX MPUH-
IIUITB €KOJIOTIYHOTO BpsiayBaHHA. [lepm 3a Bce, HEOOXiTHO B YIIPaBIiHHI
€KOJIOTIYHOI0 0E3MEeKO0 MEepeTH Ha MPAKTHLI BiJl «3aXUCTy TOBKULISD) JI0
«yTPaBIIHHS €KOJIOTIYHUMH PU3UKAMK», 1110 B MOJABIIOMY CIPUITUME 3a-
TBEPXKCHHIO B YKpaiHi MD>KHapPOJIHOTO BU3HAUYEHHS e)EKTUBHOCTI EKOJIOTi-
YHOTO BPSAyBaHHS.

[Ipore nUIsIX 4O TaKOro po3yMiHHS €(PEKTUBHOCTI €KOJIOTTYHOTO BPSIY-
BaHHsI IPOJISATAE HE MIPOCTO Yepe3 3MiHy 3aKOHO/IaBUMX TT0JIOKEHb, ajle i ue-
pe3 3MiHy mapagurMu pO3BUTKY 1 MAHYIOYOTO PO3YyMiHHS O€3IeKH, sIK BilICY-
THOCTI PHU3HKIB, i pO3yMiHHS PH3HKY, SK JIHIIC BipOTiTHOCTI 3arpo3u. JlaHa
CTATTSA € 3aKJIMKOM HTH MO IOMY IIISIXY Pa3oM 3 OUTBLIICTIO MiAACAHTIB
ITapu3sbpkoi 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
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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
web-camera ———— I (_: _________ ' ----------------------------------------------
H:’_.I f;gﬁl‘em olorcurr:ctfon h“{RGB D HSV H Color ﬂmrH Binary image I

Combination and
Program interface rectification ——{ Joint color }—
of images correction
u I T

T et e = E e — [ e——
H:'TI '?g?n‘e'c HCoiorcorrecaon RGB ) HSV HColor filter Hsmary 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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YK 004.5

3AJIEIXKHICTb TOYHOCTI BIIBOPY BEPCTATHUKA
METO/IOM JIHINHOI 3rOPTKHU BIJ 3POCTAHHS
KBAJII®IKAIIIMHOI'O PO3PSILY

O.1. JlakTioHOB
Tlonmascovkuti nosimexHiuHuil KO1eoNC HAyiOHAIbHO20 MEXHIYHO20
yHigepcumemy « XapKieCoKull NOAIMEXHIYHUL THCTMUMYM »

1. Beryn Ta moctaHOBKa mpobiaeMu

TounicThk BinOOpy (axiBIiB MAaTEMAaTHYHHMH METOJAMH JIOCIIIKYBaJIH:
M.C. Cyuikosa, E.®. llapaxosa [1], E.C. Cynakosa [2], O.B. TpyHosa [3],
I'.P. Oxwurapanse [4] ¥ iHIII HA OCHOBI OLIIHOK EKCIIEPTiB, CAMOOIIHOK Ta
00’eIHAaHMX HA IX OCHOBI IHTEIPOBaHMX IMOKA3HUKIB, ajle HAYKOBII HE BH-
BYAJIM 3aJISKHICTh TOYHOCTI BiJOOPY BepcTaTHHUKA Bijl 3pocTaHHs KBami(ika-
LiifHOrO po3psay.

2. Mera, 3aBIaHHs 1 rinoTe3a JOCiHKEHHS
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Merta nociiKeHHs: TOCTIIUTH BIUTUB (hOPMYIOUMX METO/IIB aTecTanii Ha
TOYHICTH BiIOOPY BEPCTAaTHUKIB METOIOM JIiHIHHOT 3rOpTKH.

3aBIaHHs JOCIIIKEHHS:

1. BUBYUTH 3aJICKHICTh 3POCTAHHS TOYHOCTI BiZIOOPY BEPCTATHUKIB Me-
TOJIOM JIHIFHOT 3rOPTKH MPH MiBUINCHHI KBaTi(ikamiifHOTo po3psay Bepc-
TATHHUKIB (POPMYIOUMMH METOJaMH JEP:KaBHOI aTecTallii.

3. baza mocmimkeHHs

Binmosimxo no mopneni I'enepansroi cykymHOCTi 419 cucrem BBKII ma-
mmHOOYyiBHUX 3aBoAiB M. KapmiBku, M. [Tonrasu ta M. XapkoBa (YkpaiHa)
copmoBaHa 0a30Ba eKCIIepUMEHTAIbHA BHOIpKa 3 51 BepcTaTHUKIB, SKi TO-
JTaJTK 3asBU aTeCTAIliiHIA KOoMicii Ui OTpHMaHHS BIATIOBIAHUX KBaui(ika-
IIHHUX PO3PSIIB.

3a pe3ynbTatamu atecraiii copMoBaHi MoiOHI JBi BUOIpKH BEpCTaTHU-
KiB 3a KpuTepieM: 1) siki He MpOHIUTH aTtecTaniro; 2) sSKi MiABUIIMWIN 3 3-TO
Ha 4-1i cBiii kBamidikamiitauit po3psn. Ha 6a3i nanux aBox BUOipok BepcTa-
THUKIB TPOBOIMIOCS AOCIIPKECHHSI BILTUBY ()OPMYBaIbHUX METO/IIB aTecTa-
i1 Ha TOYHICTH BiOOPY BepcTaTHUKIB. /{1 MOPIBHSUILHOTO aHaji3y TOYHO-
CTi BiIOOPY BEPCTATHHKIB 3 JBOX MiATPYI METOJOM IiHiiHOI 3ropTku [5],
Ha OCHOBI IHAEKCHHUX OI[IHOK Ta IHTEIPOBAHUX ITOKA3HUKIB, BUKOPUCTOBY-
€THCS CyMapHa BEJIMYMHA PO3KULY OILiHOK [6] Ta kpurepiit [ikcona [7].

4. Metou BUpaXxOBYBaHHS iHACKCHHUX OILIHOK IS BiTOOPY BEPCTATHUKIB
METOZOM JIiHIHHOT 3TOPTKH 3 BUKOPHCTAHHAM €JIMHOTO CIIMCKY 1HAUKATOPIB.

J1J1s1 300py CaMOOIIIHOK, OI[IHOK SKCIIePTiB, HOPMOBAHHX OI[IHOK Taixy3e-
BOIO CTaHJAapTy BUMOI' JIO MiJATOTOBKH BEPCTATHHKIB BUKOPHCTOBYBABCS
€IMHUIN CITUCOK 1HIMKATOPIB, 3MICT SIKUX: 1) y3ro/KeHuil 3 BUMOTaMu Jiep-
JKaBHOTO CTaHJAApTy J0 pOoOOTH BEPCTATHHKIB; 2) audepeHLiiioBaHnii Ha
TPU OCOOMCTICHI KOMIIOHEHTH: THOCTHYHUI, MOTHBAL[IfHUH Ta IHHICHO-pe-
3yJIbTaTUBHUH; 3) cyMa koedillieHTIB TUTOMOT Bar iHJMKAaTOPIB 3aBXK/IH J10-
PIBHIOE OJIMHHIII: iBi 1

i=1

4.1. YucnoBe 3HaueHHs [HIekcy sikocTi cOpMOBaHOCTI mpodeciiiHol
KOMIIETEHTHOCTI BepcTaTHHKA (I17x) CKIIAMA€ThCSI 3 TPHOX YHCIOBUX KOeirli-
entiB (Kr — enocmuunuii, Ky — momueayivinuti, Kp — yinnicno-pesynomamu-
6HUL), KOXHHUU 3 SIKUX BHPAaXOBYETbCS METOAOM 00’€IHAHHS JBOX PSIiB
EMITIPUYIHUX OI[IHOK, caMOOIiHKH (O ) — X1, X2, X3, ..., X6.; OI[IHKU €KCIIEPTiB
(O)=yLy2, 3 .., Ve

OMuiHKN OTPHMAaHI 32 JIOTIOMOTOI0 €JMHOTO CITUCKY 1HAMKATOPiB, BUPAXO-
ByIOThCS 32 popmyioro (1), Bigomoi sk [Hnexc Jlebeauka [5]:

90°
K=05+———, 1
+10+3x2 ( )
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1e (O ©) — cymapHuii MOKa3HUK €KCIIEPTHHUX OIIHOK i-r0 HOMEpa BiIMOBi-
. n . . . . . .
JIHOTO IHIMKATOPA, 1¢ O° = y,B » N — KUIBKICTb IHMKATOPIB; B, Koediui-
i=1
€HT IIUTOMOI BarM i-ro napameTpy (IHIuKaTopa), a i B -1
i=1

x° — y3aralbHEHuUi IIOKa3HUK CyMU PO30DKHOCTEH CAMOOIIIHOK BEpCTaT-
HUKa (X) Ta OIIHOK eKCIepTiB (y), BUPAXOBYETHCS 32 (GOPMYIIOFO:
2 _ c (Xi _yi)2 B
1~ (N

= (X +Y)

OrpumaHi uucioBi koedirieaTn THOCTHIHOTO (K7), MOTHBAIIHHOTO (K))
Ta MiHHICHO-pe3ynbTaTuBHOTO (Kp) KOMIIOHEHTIB OCOOHMCTOCTI 00’€IHY-
IOTBCS Y YHCIOBUH [HIEKC SIKOCTI CPOpPMOBAHOCTI MPOdeciitHOT KOMITETeHT-
HocTi BepcTatHUKA (I17x) 32 hopmydoro (2):

/ :\IEKF'KM'KP' (2)

K

ne Kr, Ky, Kp— xoe(illieHTH THOCTUYHOTO, MOTHBALIMHOTO Ta IiHHICHO-
Pe3yJIbTATUBHOI'O KOMIIOHEHTIB 0COOMCTOCTI (haxiBIIs.

4.2. Tamekc sIKOCTI MiATOTOBKU BepCTATHUKA ([g77) CKIAMAEThCS 3 TPHOX
yrciaoBux koediuieHtiB (Kr — enocmuunuii, Ky — momusayiinui, Kp — yin-
HICHO-pe3yIbmamuerull), siki 00’ €THYIOThCS Y YHUCIIOBE 3HAUCHHS 1HICKCY,
aHaJIorivHO, 3a popmyiioro (2). Koxuuii koedilieHT OKpEMO BUPaXOBY€EThHCS
METOOM 00’€THaHHs ABOX Ps/IiB €MIIPUYHHUX OLIHOK, OLIHKH EKCIIEpPTiB
(O°) —y1, y2, y3, ..., ¥6; OLIHKK BUMOT Taiy3eBoro cranaapry (O), — ci, ¢z,
€3, ... cg. 3a hopmyoro (1).

5. BupaxoByBaHHS METOAOM aHAJi3y i€papXill IHTETPOBAHOTO MOKa3-
HHKa 3arajbHOI OLIHKY SIKOCTI B3a€EMO/Iil BEPCTATHUKA 3 €IIEMEHTAMH TEXHi-
9HOI Ta iHpopmaniiHoi miacuctem cuctemu BBKII.

[HTerpoBaHuit Moka3HUK SIKOCTI B3a€MO/IIT eleMeHTiB cucteMu « Bepcra-
THHK — BepcTar 3 4ncinoBuM nporpaMHUM KepyBaHHsIM — Kepytouda nporpama
BurotosieHHs aetaii» (BBKII) BUpaxoByeThCs METOIOM aHATI3Y iepapxii,
SIKH 00’ €JHY€E Pi3Hi 32 3MICTOM OIIHKY — KBaTi(DiKamiiHUA po3psia BepeTa-
THHKA, TUI IPOXYKTUBHOCTI BepcraTa 3 UIIK Ha sikoMy npaiifoe BepcTaTHUK
Ta piBeHb CKJIATHOCTI KEPYIO4O0T IpOrpaMy BUTOTOBJICHHSI IeTajll Ha BepcTari
3 YIIK ([H HB)-

6. Pe3ynpTaTé TOCHIIKCHHS.

[MopiBHANBHMIA aHAaJI3 TOYHOCTI BiIOOPY BEPCTaTHUKIB Y IBOX €KCIIEPH-
MEHTaJIbHUX BUOIpKax — sIKi MiABUIIMIN CBill mpodeciiHuii po3psaa Gpopmy-
BaJILHIMHU METOAAaMHU Ta sIKi He MPOUIIIIN aTecTallito, IPOBOIUBCS 3 BUKOPH-
CTaHHSM BEJTMYMHN CYMapHOT'O OKa3HUKA PO3KHUY OLIIHOK, Ta0. 1.

Ta6mums 1
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3HAYCHHS CYMapHUX OKA3HUKIB PO3KUIY JUTS KOHTPOJTIO 32 TOUHICTIO Bi-
JI00pPY BEPCTAaTHUKIB JIBOX BUOIPOK METOJIOM JIiHIHHOT 3rOPTKU HA OCHOBI 1H-
JICKCHMX OI[IHOK Ta IHTErPOBAaHUX MOKA3HUKIB 3arajibHOI OLIHKU

Kpurepii BHPaxXOBYBaHHS JBi rpynu
iHIEKCHUX OHIHOK Ta iHTerpOBAHMX |BEPCTATHHKIB:
MOKA3HUKIB /1 Bi100py BepCcTaTHUKIB MiABUIIA He
JU po3psx | mpoiuuIn
aTecTanuio
Kpurepiii = Nel — Immekc  sgkocTi
copMOBaHOCTI npodeciiiroi | Y Ri = 0,078 |>Ri=0,081

KOMITETEHTHOCTI BepcTatHuka (I1x)

N - — —
. Kpurepiit  Ne2 Innexcy skocTti TRi=0,088 |YRi=0,108
miaAroToBKH BepcraTtHuka (L)

Kpurepiit  Ne3 -  IurerpoBanmit
MOKA3HUK SKOCTI B3a€EMO/Ii1 BEPCTaTHHUKA 3

eJIeMEHTaMH TeXHIYHOI Ta iHpOpMaLiiHOT
migcucreM Bigkpurtoi cuctemu (Igz)

YRi=0,128 |YRi=0,159

YcTaHOBIIEHO, 1110 CyMapHa BeJIMUNHA PO3KHY PAHTOBHX OI[IHOK BEpCTa-
THHKIB, SIKi MIABUIIWINA KBaJiikaliitHuil po3ps 3HAYUMMO MEHIIA Y HOPiB-
HSHHI 3 OLIHKaMH I'pYITU BEPCTATHHKIB, SKi HEe MpoMIum aTecraunito. Lle Bka-
3y€ Ha 3aJIe)KHICTh TOYHOCTI BiJOOPY BEPCTATHUKA METOJIOM JIIHIHHOI 3rop-
TKH BiJ] 3pOCTaHHs KBaJi]ikauiitHOro po3psmsy

IlepeBipka DOCTOBIPHOCTI BiIOOPY BePCTATHUKIB IJII BUTOTOBIICHHS Jie-
taned Ha BepcTati 3 UIIK, gxi migBummmm cBiif mpodeciiftHuil po3psa Ta sSKi
HE MPOWIILIM aTecTalliio, 3aificHioBanacs kpurepiem Jlikcona ( tabi.2).

Tabmums 2 [TopiBHAIBHAN aHANI3 TOYHOCTI BiOOPY BEPCTATHHKIB HA OC-
HOBI OIIIHOK iHJIEKCY SKOCTI MiATOTOBKH 3a KpuTepiem JlikcoHa

1 - BEPCTATHHKH 2 — BepCTATHHKU He MPOHIILTH
MiIBUIHIHA cBiil | Iep:kaBHY aTecTalilo
KBaJidikaniiinuii po3psia

[®) . 5] .

g : IpizBuine o4 ;‘ IpisBuie g z
.2 . =2
S E| BepcTaTHHK 2 S # | BepcrarHuka = §

Ela (l-wa = g | (2-ea S =

& oubi 2 g g - S &

5| eubipka) g 3 5 | eubipxa) <

af < a, 9O o, (5]

QO D =X o= L 9 =]
2 A 2o = 2 q =
o T o < K © 2
5> = = © o> <
= g H = = e B =
SN © 35 a8 =88

= & = L

‘m @ ‘m =
1. Jly6encekn | 0,111 1. JIsmko M. 0,001

iA.
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2. I'pumixo 0,231 2. HesBienp 0,034
AL A.C.

15. | Mocro- 1,0 15. KoBmyH A. 1,0
BeHko C.

BupaxoBani 3HaueHHs Kputepiro JlikcoHa Tabi. 2, MOKa3ylTh HOXHOKY
Ha piBHI 3HaunMoOcTi 0=0,01 1pu 14=0,616, 1m0 BKa3ye HAa MiHIMAIBHY OIi-
HKY HOXHWOKH HaHOIIbII MIATOTOBICHUX BEPCTaTHHUKIB JI0 BUTOTOBJICHHS Jie-
tauneit Ha Bepctarti 3 UIIK. Lle minTBepmxye nepesary Bigoopy BEpCTaTHUKIB
1 IPaBWJIBHICTB 3aHHATHX HUMU TNEPIIUX-IPYTUX PAHTOBUX MICIb IPH BUPi-
LIEHHS CIIPHUX MUTaHb i3 3aMOBHHUKOM.

7. BucHoBku

1. Ha mizBuIeHHsT TOYHOCTI BigOOPY BEPCTATHUKIB MaTeMaTUUYHUM Me-
TOJIOM JIHIHHOI 3TOPTKU BIUIMBAE (PaKT 3pOCTaHHSA iX KBalli(ikariitHoro po-
3psimy, o 00yMOBICHO (pOpPMYyBaIEHIMU METOAAMH aTeCTAaLil.

2. JIns mOpiBHSUTBPHOTO aHANi3y TOYHOCTI paH)XyBaHHS BEPCTATHHUKIB,
TIPH X BiIOOPI METOJOM JIiHIHHOT 3TOPTKM Ha OCHOBI 1HIEKCHHX OIIIHOK Ta
IHTErpOBaHMX TOKAa3HHKIB 3araJIbHUX OLIHOK y B33a€MO3B’S3KYy i3 3pOCTaH-
HAM iX KBaJiiKaIiifHOTO PO3psIy, TOCTaTHHO BUPAXOBYBaTH CyMapHUH MO-
Ka3HUK PO3KUY OILIIHOK Ta JOAATKOBUH KpuTepiit [likcoHa.

Jlitepatypa

1. CymkoBa, M.C. MeTtoauka KOMIIJIEKCHON OLIEHKH CIELUAINCTOB Ha
stane otbopa [Dnekrpounsii pecypc] / M.C. Cymikosa, E.®. Illapaxosa. —
Pexxum JoCTyma:
http://www.ngmu.ru/cozo/mos/article/text full.php?id=1043. JlaTa oOparmie-
Hust: 30.04.2019.

2. Cynaxosa E. C. YnpaBneHne pa3BuUTHEM TPYAOBOTO MTOTEHITHATA ITEp-
coHaxa (MHAHCOBBIX OpPTaHU3AIWi : IUC. KaH. eK. Hayk : 08.00.05 / Cyna-
koBa E. C. — Mocksa, 2014. — 220 c.

3. Tpynosa O. B. 3acrocyBanus merony CaaTi pu IpUHHATTI YIIpaBIIiH-
cpkux piuteHb [Enextponnuii pecype] / O. B. TpyHosa // Bicu. UepHiris.
Hail. nexa. yH-Ty. Cepist: [Tegaroriuni Hayku. — 2013. — Bum. 108.1. — Pexum
noctymy: http://nbuv.gov.ua/UJRN/VchdpuP 2013 1_108_34.

4. Txuruapanse I'.P. [Iponenypa oleHkH nepcoHaia B paMKaX CUCTEMBI
YIpaBJIEHUS YeI0BEUYeCKUMH pecypcamu // UaTepHeT-)XypHaNn «HaykoBeze-
HUEY, 2013. - No 3. Pexum JIOCTyTa:
http://naukovedenie.ru/PDF/24ergsu313 .pdf.

75


http://naukovedenie.ru/PDF/24ergsu313%20.pdf

5. Axynenxo K.}O.Koncnexr nekuiii 3 HapyanbHOI qucuuiutiny «Teopis
NPUHHATTS pilIeHbY» JUIs CTYJEeHTIB crienianbHocTi 122 «Komm’rotepHi Ha-
yKu» JIeHHoi popmu HaBuaHHs. PiBre:HYBI'TI, 2017. 51 c.

6. Cmopoaunckuit C.C., brun H.B. CuctemHbIi aHaNIK3 U UCCIIEZIOBaHNE
orepanuii: nad. MPakTUKyM AJsl CTY[. cIiell. « ABTOMaTH3WPOBAHHbBIE CHC-
TeMBbl 00paboTkn mH(pOManum» NHEBH. W AWcTaHN. (Gopm oOyd. MuHCK:
BI'VUP, 2009. 64 c.

7. Tpetssk JI.H. O6paboTka pe3ynpTaToB HabmroneHuit: Y4aeOHoe moco-
oue. — Opendypr: [OY OI'Y, 2004. 171 c.

8. Jlebenuk ML.II. TexHouoris aTecTartii HiTiCHOTO PO3BUTKY OCOOMCTOCTI
Ha OCHOBI OIIIHOK COIIAJBHOI 3pIOCTiI YYaCHHKIB MEAArOTiYHOTO TPOIECY:
moHorpadis. [Tonraa: PBB [TYCKY, 2003. 305 c.

YK 629.33 + 629.062

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 vehicle 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

Al

” *
=
[
\

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,
kgf/cm?,

The following process factors were researched in the experiment:

X1 — clearance between glued surfaces, 3, 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);

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

X¢g — 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,v2= 2)=0,2149.

The calculation of statistical model for tearing joint strength 1 and all
statistics model parameters were done with the help of PRIAM [5] software.

The resulting model is as follows:

§ =75,5975-10,1796x, +9,77963x,2, +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 z, =1,5(x; —0,6666667);

The developed model is relevant (s%e = 81,74; F®" =1,4259<F(¢ =0,05;
vi= 7, ve=19)=1,7825) and informative (multiple correlation coefficient
R=0,8910 and statistically significant Fr  =10,4592 > F (« =0,05; v1 = 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:

X5 — 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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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 NIAITPHEMCTBOM

SI.A. CaBunpka, B.B. Cmoniii, B.I'. lllenectoBchkuii
Hayionanvuuii ynieepcumem oiopecypcis i npupo0oKopucmyeants
Yxpainu, m. Kuis, Yxpaina

Jnist BUpilIeHHS 3a7a4 YHpaBJIiHHS Ha arpapHUX MiANPUEMCTBAX MOX-
JIMBO BUKOPHCTaHHS aBTOMAaTH30BaHUX CUCTEM KiTbKoX KiaciB — MRP, ERP,
CSRP, siki € HalOLTBIIT BXXKMBAHUMH Ha CHOTOJIHI 1 MAIOTh y CBOTH OCHOBI CH-
creMHud minxia. lLle 7103BoJsie PO3MIISTHYTH LUTICHWH TPOLEC YHpaBIJIiHHA
HiMPUEMCTBOM SIK CYKYIHICTbh MOB’sI3aHUX (PYHKIIOHAIBHUX 3a]a4 — IJIa-
HYBaHHS Ta OTOYHUI KOHTPOJIb y chepi GiHaHCIB Ta pecypciB pi3HOTO TUITY
— JIOJCBHKMX Ta BUPOOHMYMX. Pi3HOMaHITHICTB IoJIsira€e y CyKyITHOCTI BHpi-
IIyBaHMX 3a7ad4, IX KOMIUIEKCHOCTI Ta PiBHI OXOIUIEHHS y YaCOBUX iHTEpBa-
nax.
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[TinBuieHHs: epeKTUBHOCTI CUCTEMU KEpyBaHHs arpapHUM TOCIOIapCT-
BOM IIPU3BOJUTH 0 EKOHOMIi TOTOYHUX BUTPAT, MiIBUILEHHS I'HYYKOCT] BU-
POOHHMIITBA Ta palioHAIEHOMY PO3IOAUIEHHIO PECYPCiB Y Uaci Ta mpocTopi.

ABTOMATH3AIlisI MPOIECIB Y NTAXIBHUIITBI YM TBAPUHHUIITBI HE € BXKE Pi-
axictio. [TocTynoBo cucreMu KOMIT IOTEPU30BaHOTO KOHTPOJIO 1 KEPYBaHHS
epexoasTh i y chepy pocnmuHHHITBA. OTHAK HEJOCTATOK OIIEPATHBHOI, aK-
TyalbHOI Ta JOCTOBIpHOI iH(opMamii MepemKomKae CBOEIaCHOMY BHHE-
CEHHIO KePiBHUX PIIlICHb.

Posrmsmatoun 0coONMMBOCTI arpapHUITBA, MOXKHA IIHTH BHCHOBKY, IIPO
HEOOXiJHICTh BIIPOBAPKEHHS HOBITHIX TEXHOJOTIH 3a KiJIbKOMa HarpsM-
KaMU — TiABHUIICHHS e€(peKTUBHOCTI CHCTEMH arpapHOTO MEHEIKMEHTY, HO-
BITHI arpapHi TE€XHOJIOTIYHI NPOLIECH, HANIPUKIIA], TOYKOBE 3eMJIepPOOCTRO,
BTiJICHHSI €HeproeeKTHBHUX Ta 30epiraroumx TeXHOJIOTiH y CyNpoBiHIX 10
arpapHuX 3a/a4 Iporecax.

[MigpunieHHs eh)eKTUBHOCTI CHCTEM MECHEPKMEHTY MOXHA JJOCATTH 3Me-
HILIEHHSM Yacy B Ipolieci 00MiHy iH(pOpMaIli€lo, HIIIXOM JOCIIIKEHHS 1 po-
3pO0KH JBOCTOPOHHBOT KOMYHIKaIiHHOT cCUCTEMHU (hepMepPChKOro rocroap-
cTBa. Y OCHOBI TOCTIIKCHHS JIS)KATh POOOTH, SIKi BUKOHYBAIIUCS K CKIIAIOBI
TOCIPO3PaXyHKOBOI HAayKOBO-HOCHiTHOI podotu Nel5/17-2017 3a Temoro
«Po3poOka MakeTy MporpaMHO-TEXHIYHOTO KOMIUIEKCY 3 KOHTPOJIO IOTOY-
HOTO PO3TAlIyBaHHS Ta CTaHY BiIJIAJICHUX 00'€KTIB Il (hepMEpPCHKOTo roc-
MIOZIAPCTBAY, Y PaMKax SIKOi 00’ €KTOM J0CJIi/IkeHHs € OpraHizallis mpouecy
ornepaTuBHOI iH(opManiiiHoOT B3aemMoaii MiX criBpoOiTHUKaMH (GepMepch-
KOT'0 TOCIIOJIapCTBA, & MPeAMETOM AOCJi/IPKEHHsI METOIU Ta TeXHIYHI 1 Ipo-
rpamHi 3aco0u 3a0e3MedeHHs OlepaTUBHOI iHPOPMAaIiiHOT B3aeMOIIT Mik
CHiBpOOITHUKAMH JIAHOK I'OCIIO/IaPCTBA Pi3HOTO PiBHSL.

Baxxnusum € To# akr [1,2], 1o aj1st JOCATHEHHS BUCOKOI €(h)eKTHBHOCTI
BUKOPHCTAHHS TaKUX CUCTEM aBTOMAaTH30BaHOTO YIPaBJIiHHs MOTPiOHI 3Ha-
YHI pecypcH Ta MpaBWIBHUN OpraHi3alliifHO-TIAHOBUH MigXiJ, 1HAKIIE MO-
’KHA OTPUMATH 3BOPOTHIH pe3ynbTar. B YkpaiHi chOrosHi BUKOPUCTOBYIOTh
BEJIMKY KUJIbKICTh TOIOHNX CHCTEM 3aBISIKM TaKUM iX XapaKTEPUCTHUKAM SIK
MacITaOyBaHHS Ta MOAYJIBHICTB, IO JO3BOJISIE CTBOPHTH, 32 HEOOXiTHOCTI,
MIPAKTHYHO YHIKAIbHY CHCTEMY 13 IHIMBIlyalbHUMH BIIACTUBOCTSIMU. 32 J1a-
HUMH i3 BIIKPUTHX JpKepen [3], MOXKHA BUIUIMTH KUTbKA JIIJEPIB HA [IEOMY
PHHKY.

Tax, 3a tMMHU JTaHUMU JIiAepoM pUHKY € cuctema OneBox [4] Bix ogHO¥-
MEHHOTO YKpaiHChKOTO BUPOOHMKA, SIKHIA HA/Ta€ IMUPOKHH CrIeKTp iHhopma-
LifHUX TOCIYT, aje po3poOKa OUIBII MO3HIIOHYETHCS SIK PIMIeHHS y cdepi
ynpaBninHs 3B’si3kamu 3 kimientramun  (CRM  —  Customer resource
management), a po3mupeHHs ii Bepcii 10 +ERP nepeabadeHo sk mogaTko-
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BUH (yHKiioHan. [{ikaBUM BITHOCHO IIi€i CHCTEMH € JBa HANPSIMKUA — BTi-
JICHHsI OHJIalH pileHsp 3 miaTpuMKoro [P — tenedowii 3a onmomororo koMmna-
Hii KuiBcrap, Ta BrisieHHs Ha matdopmi komnanii WebProduction cneuniai-
3oBaHoro CRM WEB-nonatky.

Ha 2-y wmicrti po3ranryBanacst cucrema Bin 1C, sika 3aiiMae 110 MO3HUILIIO,
MaOyTh, OLTBII 3 iICTOPUYHUX MIPUYHH Ta iHEPIii HA pUHKY, OCKUIBKH Hepexis
Ha HOBI1 MIPOAYKTH MOTpeOye 3HAYHOTO Jacy Ha BTUICHHS HOBOi CHCTEMH SIK 3
TEXHIYHOI TOUKH 30pY, TaK 1 BiIMOBITHO IO MiATOTOBKH IEPCOHAIY.

Sk anmsTepratuBa go 1C, posrmsanaetses [T-Enterprise [5] Bin Ykpaiace-
KoTo po3poOHmKa «IH(popMamiiiHi TexHoIoTi». Haiibinpm mikaBuM y isoMy
TUTaHI € «XMapHay peaji3allisi CHCTeMH 3 TOHKUMH KITI€HTaMH, SKi BCTAHOB-
JIIOIOTH Ha KOMIT'toTepi KiieHTta. Llei mpoaykT 3aiiMae Ha puHKY 4-¢ Micue
micist MS Dynamics ERP [6].

Po3monin 3acTrocyBaHHS CUCTEM YIpPaBIiHHS HiANPUEMCTBAMH 3a Taiy-
35MHU, HABEJEHUW y TUX JK€ pecypcax BKa3ye, 110 arpapHUi CEKTOp 3aiimae
MaJly YaCTHHY L[bOT'O PHHKY - OYJIO BTUJICHO TUIBKH 55 MPOEKTIB, 110 CKIAAa€e
npubnusno 0,68% Bif ix 3araibHOT KUTBKOCTI, BXOIAYH y Tpymy «IHIIIi».

OCHOBHa TEHJCHIIIS MPH PO3POOIi TAKUX CHUCTEM, SKY BiIMIYarOTh SKC-
HepTH — [e IepexiJ Ha «XMapHi» TEeXHOJOTI], 0 JO3BOJISIE CKOPOTUTH BH-
TPaTH 3 KaIiTAIOBKJIaACHb HA NPUIOAHHS Ta 0OCIYroByBaHHs OOJiaJHAHHS
Ta IPOrPaMHOro 3a0e3MeYCHHS.

[HIIMiT HanpsIM — iHTErpawis 3 TEXHOJIOTISIMU CMapT-IIPUCTPOIB:

- oprasizaiis 300py nanux 3 npucrpois [oT;
- B3a€EMOIiS 3 MOOUTFHIUMH IPUCTPOSIMU;
- IHTerparmis TepMiHaJiB 300py JaHUX;

= B3aEMOIIS 3 «PO3YMHUM)» 00JIaJHAHHSIM Ha BUPOOHHUIITBI, 3 METOIO
MiATPUMKH TEXHOJIOTTYHUX MPOIIECIB.

VY pO3BHUTKY CHCTEM YIpaBIiHHS BUAUIAIOTH TaKi HANPSMKH SK CIIPO-
IIEHHS KOPHUCTYBAlbKUX iHTEep(deiiciB Ta BKIIIOYEHHS y CHCTEMY €JIEMEHTIB
MITYYHOTO iHTEJEKTY.

Oco0JIMBICTIO arpapHOTo CEKTOpa € HOro TepUTOpiabHA PO3TATYKEHICTh
Ta SIK CJIJCTBO - 03114 JIOTICTHYHUX 3ajad, sIKi MOXKYTb OyTH BUpiIlIeHi 3a
nonomoroto ['IC-xomnonentiB. Ctpykrypa cdep Bukopuctanus ['IC [7]
MIOKH IO € JIOCUTh CTATHYHOIO - CHCTEMH MOHITOPHHTI'Y Ta JIOKAIii 3 HEBEJIH-
KO0 PO3MOJIBYOI0 37aTHICTIO abo aHami3 nanux. Cdepw, siki € HaOImKe-
HUMH JI0 poOJsieMHOi 00J1acTi e TPAaHCIOPT Ta BUKOPHUCTAHHS 3€MENbHUX
pecypciB. ArpapHHi CEKTOP CIIOXHMBAE NpoAyKTH jmie 5% Bix ycix I'IC cu-
cteM. OcobmuBOCTi OpraHizamii arpapHMX TEXHOJIOTIYHHX IIPOLECIB, fAKi
MIOB’s3aHi 13 3MIHOIO PO3TaIIyBaHHS 00'€KTiB Ta MOXKYTh OyTH BHpiIIeHi Ha
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ocHoBi ['IC-TexHoJIOT1# — 1€ BU3HAYSHHS IOTOYHUX KOOPAUHAT 00'€KTiB (Ci-
BaJIka, KOMOaliH, TPaKTop), BU3HAUCHHS MapIIPYTiB Ta TapaMeTpiB PyXy LHX
00'€KTiB, KOHTPOJIb BUKOHAHHS TEXHOJIOTIYHOT 33/1a4i y TOYLli TPU3HAYCHHSI.
Jlesiki 3 0COOJIMBOCTEH IMX 3a7ad - «M’SKHI» PEKUM peajbHOro 4acy Ta Bi-
JTHOCHO HEBEJIMKI BUMOTH JI0 TOYHOCTI BU3HAYECHHS KOOPIUHAT.

TepuTopiampHa po3ramyXeHiCTh Bilirpae 3HaYHY poOJb Y BIUIMBI Ha 4ac
BHKOHAHHS iHPOPMAIifHOro 0OMiHY, OCKITBKH € TEPUTOPii, Ha SKHUX 3B'SI3KY
HEMae B3arali i oTpiOeH Jac I IIepeMillieHHs Y 30HY 3B'sI3KY, a JIIO/INHA,
sIKa Kepye 00’€KTOM Y IT0JIi He MOK€ TOYHO BH3HAYHUTH CBOE MICIIC PO3TAIITy-
BaHH:. Lle BUMarae HassBHOCTI reorpaiyHX JaHUX, a Y CHCTEMI YIPaBITiHHS
MATIPHEMCTBOM — T€0iHPOPMAIIiTHOT CHCTEMH.

Oprasi3ailis IpoOIECy YIMPaBIiHHS MiANPHUEMCTBOM BHMAara€ HE TUIbKU
HAsBHOCTI IPOIECY JOHECCHHs iH(opMaIlii, ane i BUKOHAHHS BiJIOBITHIX
niii. KoxxeH 3 etamiB y oOMiHi iHpOpMalli€ro MOBUHEH PEECTPYBATHCS CUCTE-
MOIO YIPAaBJIiHHS, VIS YOTO HA MiJNPHEMCTBAX CTBOPEHO BiAIIIN TOKYMEH-
T000Iry. Po3po0itoBana cuctema peanizye 4acTUHY OpraHizalliiHUX Ta iH-
(dopManiifHuX QyHKIIH, SKi TOKIaeHO Ha OpraHi3aliiiHy CHCTEMY JOKyMe-
HTOOOITY - OTpUMaHHs iH(popMaii Big 11 JKeperna, peecTpalis mapaMeTpis,
SIKI XapaKTepU3yIOTh iHpOpMaliliHe MOBITOMIICHHS Ta CTaH JDKEepelia, JOCTa-
BKa iH(OpMaIii 10 OTpuMyBada, peecTpallis mapaMeTpiB, SKi XapaKTepu3y-
I0Th CTaH OTPUMYBada, PeecTpallis mapaMeTpiB 0OMiHy iHpOpMaIi€ro.

Jus peamizamii cucTeMu MPOMOHYEThCS OyAyBaTH ii Ha OCHOBI KJII€HT-
cepBepHUX TexHoJorid 3 WEB-cepBepoM 3 MeToro yHidikawii goctymy Ta
iHTep(eiiciB 3 Bi/IAJICHNM JIOCTYIIOM Ha OCHOBI TMHaMIuHOI reHeparlii KOoH-
TeHTy. Lle He moTpedye 0JaTKOBUX BUTpAT Ha Clieliani3oBaHi 3aco0H Ta
MOKE BHUKOPHCTOBYBAaTH 3aXMIIEHI KaHAIU 3B'SI3Ky Ha OCHOBI IMPOTOKOIY
SSL. OOmin nanumu 3a npotokoiioM http OyayeTbes, sk 3BICHO Ha MeXaHi3Mi
00MIHY MOBIIOMIICHHSIMH THITY «3allUT»-«BIAMOBIAbY. [ mepenaui gaHux
BiJl KJIIEHTCHKOI YaCTHHU BUKOPHCTOBYIOTh MexaHi3Mu GET abo POST 3a-
IMUTIB, SKI HAJCHIIAIOTh JaHHI ¥ (opMi «mapameTp=3HadeHH:», Ki HopMy-
IOTHCS Ha OCHOBI ()OpM, B SIKHX iMEHA TETiB JUIsI BBEICHHS iH(popMarlii BU3HA-
Yal0Th IMEHA MTapaMeTpiB, a BBEACHHI 1aHHI BU3HAYAIOTh 3HaYeHHs. Taki Me-
XaHI3MH He OTPeOYyIOTh CKIaHOI 0OpOOKH JaHWX, SK OT jSOn YH iHIII, aje
BUKOHYIOTh YCi MOTpiOHI GyHKUI 3 0OMiHy nanumu. Peectpauis nosigzoM-
JICHb BUKOHYEThCS CEPBEPHOI0 YACTHHOIO, siKa 30Mpa€e MOBIIOMIICHHS IS
KIIIEHTIB Y IPOMIXKKHM Yacy MiXK CEaHCaMH 3B'SI3Ky, BUKOHYE IIPOIIEC iICHTH-
¢ikarii KoprcTyBaya IpH MiAKIIOYECHHI 10 CHCTEMH, ITepeae oMy HaKOIH-
YeHi MOBiJOMJICHHS Ta MPUIMAE MOBIJOMIICHHS Bi/I HHOTO.
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YAK 519.6 +681.3

YUCJIEHHOE MOAEJINPOBAHUE B3ANMOBJ/IMAHUE IBYX
ITAP HAHOYACTUIIL HA 9JIEKTPOMATHUTHOE IIOJIE3 B
BJUWKHEN 30HE METOJOM BEKTOPHbIX KOHEUHBIX
3JIEMEHTOB

K.C. Kypouxa, K.A. ITanapun, /I.H. Tpy6enox
Yupexxaerue oopazoBanus «I oMenbcKuii rocy1apCcTBEHHBIN TEXHUYE-
ckuit yauepcureT uMmenu I1. O. Cyxoro», Pecniybnnka benapycs

Beenenue

HanoxoMno3uTel ¢ uyacTUIaMM BOCCTAHOBJIEHHBIX METAJJIOB HAXOJSAT
HIMPOKOE NMPHUMEHEHHE B KaYeCTBE ONTO3IEKTPOHHBIX 3JEMEHTOB, ONTHYE-
CKHX CEHCOPOB, NPHOOPOB ISl PETHUCTPALIMH ONTHYECKUX CHUTHAJIOB, OITH-
YecKnX HaHOaHTeHH W mp. [1]. /laHHBIE MaTepHaibl NPEACTABISIIOT cOO00M
CIIOKHBIE CTPYKTYPHI, COAEPIKAIINE OTPOMHOE HUHCIIO JUDIEKTPUYECKUX U
MertamTindeckux HanoyacTuil [2]. [Ipu co3qanun HOBBIX MATEPHATIOB 3HAYH-
TENBHYIO 9aCTh BPEMEHH IIPH 3TOM 3aHIMAaET IPOM3BOJCTBO U UCCIIETOBAaHHE
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MIPOTOTHUIIOB. VICHONIB30BaHNE KOMIIBIOTEPHOTO MaTEMaTH4eCKOro MOJEIH-
pPOBaHMsI HAa OCHOBE METOJa JCKOMIIO3MLUK B MEPCIIEKTUBE IO3BOJIMT Iie-
PEHTH K CO3aHUI0 HOBBIX MaTEPHAJIOB C 3aJJaHHBIMH CBOHCTBaMH B BUPTYya-
JIHOM TIPOCTPAHCTBE, /10 MPOBE/ICHHS] HATYPHBIX SKCIIEPUMEHTOB, YTO JIAeT
BO3MOXKHOCTh YMEHBIIUTH CE0ECTOMMOCTh ¥ 3HAYUTEIILHO COKPATUTD JTUTE-
JIBHOCTB BCETO IIpOIIecca pa3paboTKH.

OCHOBHBIM 00BEKTOM HCCIIEAOBAHUS SABIACTCS 3JEKTPOMATHUTHOE TI0JIE,
Ha KOTOPOE OKA3bIBACT BIUSHNE BECh AHCAMOIIb YaCTHUI], TO3TOMY MaTeMaTH-
YECKHE MOJIEIH JOJDKHBI yUUTHIBATh B3aMMOBIIMSHHE YacTHII, @ HE paccMaT-
PHUBATh paclpeielcHHe 3IEKTPOMArHUTHOTO MO KaXKIOW YacTHIBI OTIC-
JeHO [3].

ITocranoBka 3agaun

OOBEKTOM IPOBOIUMBIX HCCIIEIOBAHUI SBIISUIOCH 30JIb-T€JIb CTEKIIO, CO-
JieprKaliiee HaHOYACTHIIB BOCCTAHOBIICHHBIX MeTaioB [2]. Ha marepuan ma-
JlaeT IJI0CKasg MOHOXpOMAaTH4YecKas BoJHa. VICroap30Bascs METo I AEKOMIIO-
sunmu [4] mwis onpeneseHus pacpeeieHUs! SIEKTPOMAarHUTHOTO OIS, BO-
3HUKAIOLIETO B OJIM)KHEH 30HE NBYX map HaHoudactull. Hawano koopmunHat
pacrionaraeTcs Ha paBHOM yaJICHHU OT LIEHTPa KaXk1oi 13 yactui. B pacue-
THOH 00NacTH MO’KHO BBIJCIUTH NPHHIMIIHAIGHO OTIMYAIOIIHECs 3JIe-
MEHTBI: YaCTHIIBI, «OJVKHIOIO» 1 «JTAJIbHIOI0» 30HBI IS YaCTHII, TOTHOCTHIO
morIomaromui coit (puc. 1). B ponn rpaHIYHBIX YCIOBHI UCTIONB3YIOTCS
ycnosust nornomierns (ABC — absorbing boundary condition), peannzoBan-
HBIE B BHUJIE YCIOBUS M3Iy4eHus 3oMMepdennaa.

AR

L B

'

Pucynok 1 — Cxema pacuerHolt obnactu (cedenne pacuetHoi 3D-o6ma-
CTH B KOOPJMHATHON MIIOCKOCTH XY)
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«bmwkHss» 30Ha yacTuikl (obnacts 1, puc. 1) mpeacrasiusier coOoit na-
pajulenenunen, onuchBaroIuii chepy panuyca R + 2A, rne R — pagnyc Ha-
HOYACTHILIBI, A — JJIMHA MaJiatoleil BoiHbl. Pa3sMeps! «1aibpHei» 30HbI orpe-
JIEIISIFOTCS] UCXOSI U3 PeasTU3aliyi T'PAaHUYHBIX YCIIOBHI ITOTJIOIEHHUS U TIPe/I-
CTaBIIAIOT OO0 TakKe MmapasuieNiemuIe]] ¢ JIMHOH pedpa 7R.

Hccrnenyemast 001acTh MOXKET OBITh KaK JBYX-, TaK U TpeXMepHOH. [l
OTIPEZICTICHUS] HANPSHKEHHOCTH 3JIEKTpHiecKoro moist E Heobxommmo pe-
IINTH ypaBHEHNUA MaKcBeIa C y4eTOM I'PAaHUYHBIX YCIOBHH.

PaccmaTpuBannch HaHO9acTHIB! pagimycoM 40 HM, HaxoAsIuecs B BO3-
nyxe (€ = 1), UX IEHTPBI COBNAJAIOT C IECHTPOM AEKAPTOBOM CHCTEMBI KOOP-
IuHAT. B KauecTBe METaNIMYECKON HAHOYACTHIBI paccMaTpuBaIach ceped-
psHas (AQ) co 3HauCHHEM AMINEKTPUUECKONW MPOHMLIAEMOCTH MaTepHaia
enp= —3,5191+0,5798i. [l AM3IEKTPUYECKON HAHOYACTHIIBI BHIOPAHO 3HAUeE-
Hue enp = 3,5191+0,5798i. J{i1s pacueTa mapaMeTpoB YaCTHI] HCIIOIb30BAIACH
Mozensb Jpyne — JlopeHua.

Jliist Bepud KAy 1 KaTHOPOBKH MOJICITH UCTIONIb30BAIOCH peliieHne Mu
JUISL 3JIEKTPUYECKOT0 TI0JIsl B OJIMKHEH 30He chepruecKor 4acTHIIbI U perie-
HHE, MOTyYSHHOE ¢ ITOMOIIBIO Y3JIOBBIX KOHEUHBIX 31eMeHTOB [5]. Pacxo-
JKJICHHE YHCJICHHOTO PELICHUS COTIACHO MPENTI0KEHHON MaTeMaTHYeCKOU
MoJenu 1 pemenus Mu He npessimano 10%.

HccnenoBanne B3aMMOBIIMSHMS Haphl HAHOYACTHI HA MHTECHCUBHOCTH
3JIEKTPOMArHUTHOTO TT0JIS

PaccmatpuBanack 3aaua onpeeseHns B3aUMOBIIHSHNS YeThIpeX ceped-
PSHHBIX HAHOYACTHIL B 30JIb-T€JIb CTEKJIC HA 3JICKTPOMAarHUTHOE T0JIe B OJIH-
JKHeH 30He. Bo30yXaeHue oCyIecTBISIIOCh MIOCKOW JTMHEHHO MOJSpU30-
BaHHOU BA0Jb ocu X BOJHOU JuynHOM 405 HM. Pacuérnas obnacth BeIOpaHa
B (hopme mapasutenenumnena pasmepamu 2500x1250x1250 um.

I[I/ICerTI/ISaHI/ISI MMpoBOAWIACH KOHCYHBIMU 3JIEMEHTAMH pa3JIMYHbIX pa3-
MEpOB B 3aBUCHMOCTH OT 30HHI (puc.l). [locne yuéra rpaHUUHBIX yCIIOBHI
pasMEepHOCTb MATpHIBl CHUCTEMbl B TPOBOJAMMOM HCCIEIOBAHWH HE
MpeBBIIIANIA OAHOTO MIIJIMOHA HEU3BECTHBIX. /ISl peIeHns! NCIOIb30BaJICs
METO CONPSDKEHHBIX TPAIUEHTOB C NPpeAo0ycaBIuBaHueM Xoenkoro [6].

PesynbraThl MOAENMPOBaHUS NPH PACCTOSHUM MEXIY YaCTHUI[AMU PaB-
HOM TI0JIOBUHE Pajilyca YacTHUIIbI PE/ICTaBICHBI HA PUCYHKE 2.
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PI/ICYHOK 2— Pacnpez(eneHI/Ie HWHTCHCUBHOCTH 3JICKTPOMATrHUTHOI'O ITOJIA
B OIMKHEH 30HE JABYX IIap HAHOYACTHUL NPU PACCTOAHNU MCIKAY HaCTHU-
HaMH1 paBHOM IOJIOBUHE paanyCa 4aCTULIbI

3axroyeHne

B pesynbTare uccieoBanus ObUTH MOTYYEHBI CIEAYIONHUE OCHOBHBIE Ha-
YUYHBIE PE3YJIbTATHI:

—  [PeUIOKEH aJTOPUTM MOCTPOCHHS KOHEYHO-3JIEMEHTHBIX COOTHO-
LICHUH, TO3BOJISIFONIUI BRIYHIIATE PACIIPEICICHHIE 3JICKTPOMATHUTHOTO [TOJIS
B OMWKHEH 30HE HAHOYACTHI, oOecrmeyuBas HEMNPEPHIBHOCTH €ro
TaHTEHIINATHFHON KOMITOHEHTHI TIPH MTEPEX0e MEXK Ty TPAaHHIIAMH KOHEUHBIX
AJIEMEHTOB. DTO IMO3BOJAET BBHIYUCIATH pacIpefelieHue Moyieii B OMKHEH
30HC HAHOYACTHWI], T¢ HHTCHCHBHOCTh E* mnpHHUMaeT 3HAYNTEIHHBIC
3HAYCHUS, MPUBOJIAIINE K TIEPETIONHEHUIO BEIIECTBEHHBIX THUIIOB JaHHBIX
TIPH HCTIOJIF30BAHUH APYTUX METOJ0B. KpoMe TOoro, CTAaHOBUTCS BOZMOKHBIM
WCTOJB30BaTh HEPETYNSPHBIA Iar CETKH, YBEIUYMBAs pa3Mep KOHEYHBIX
3JIEMEHTOB B «JajbHEH» 30HE, YTO MPHUBOAUT K CHH)KCHHIO PAa3MEPHOCTH
3a[1a4d ¥ YMEHBIICHUIO BPEMEHH HAXOXKICHUS PEIICHUS;

—  [OpH  WCCICAOBAaHWH  B3aWMOBIMSHHUS  PACIOJIIOKEHHUS  Maphbl
HAHOYACTHUI[ HA WHTCHCHBHOCTH JJICKTPOMArHUTHOTO ITOJSI PAaCCTOSIHUE
MEXIy YacTHIIaMH BapbupoBasioch ot 0,5 paauyca gactuisl (20 M) 10 10.
YuceHHbIC Pe3yNIbTaThl IOKA3alIH, YTO TIPU PACCTOSTHHH MEXKy YaCTUIIAMU
cBhIllc 4 pagWycoB B3aWMOBIMSHUEC Ha DJICKTPOMArHUTHOE IIOJIC
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MPaKTUYCCKU OTCYTCTBYET, a4 3HAYCHHUC HUHTCHCHUBHOCTU COIIOCTaBUMO C
HMHTCHCUBHOCTBIO DJICKTPOMArHuTHOI'O IOJIA OJIHOM YaCTHULIbI.
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MODELING OF THE ELECTROSTATIC SEPARATION OF
MIXTURES particles OF POLYMERIC MATERIALS

V.A. Mashchenko?, V.V. Drevetskiy?, I.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.
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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
(no) 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 wo (®, =2mn, ), 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:

m0)2 r=mg+ N + F trictiont+ QE + Femage, (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 fiction

— friction force F =uN; I_fimage — electric image force; g — acceleration

friction
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:

i E,+F E,.
pecos o, —sin e, :%((Dgr_q y magej+q . @)

m mg '
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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,

Image
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 ["max and the angular
velocity  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:

o= \/(DS + Zg(q)max - (pcr.)'
®2r  GE, £ Fiug @)
COS QP = ————————,
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 © m¥=-mgcos0—qE, —x’pcS.

4)
Oy: my=mgsin0—qE, — y’pcSy ,

where, x,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 (Ls).

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, p, 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, no from a certain range. For each simulation separation, the
position of product dividers (di, 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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JOCJII/KEHHS BIIVINBY 3HUKKHW HA EKOHOMIYHY
E®EKTUBHICTD PEAJIIBALIIl TOBAPY

A.O.Buxunsesa ta B.JI.ITonenko
Hayionanvuuii mexuiunuii ynieepcumem “KIII im.leopsa Cikopcbkozo”,
Vkpaina

3 ormamy Ha 000pOTH PO3APIOHOT TOPTIBIi Ta OXOIUICHHS HUMH IIPOIe-
caMH¥ MPAKTHYIHO YCiX TPOMaJISTH, JOCHTIHKSHHS MPOLIECIB peaiszamii ToBapiB
MIOCTIHHO € aKTyabHUM. 30KpeMa, iHTepec CTAHOBHUTD SIBUIIIE 3aCTOCYBAHHS
PI3HHUX CHCTEM 3HMKOK JUISl CTUMYJIOBAHHS PO3/APIOHHX MPOaxiB. 3 OIHON
CTOPOHH, 3HM)KKa CTUMYJIIO€ TIONUT Ha TEBHHUH TOBap, a 3 1HIIOI CTOPOHH,
BOHA X 3MEHIIIye BUPYUKY BiJ| peaji3alii ToBapy.

IcHye Ge3nivy Moene 3HMKOK. ICHyBaHHSI 1 pO3MIp 3HIKKH MOXYTh 3a-
JISKATH BiJ] 9acy JOOH, CTaTyCy MOKYIIIS (IK-OT MEHCIOHEP ), JIOSUTLHOCTI IM0-
Ky (ToOTO MOBTOPIOBAHOCTI 3aKyIiBeNb y MEBHil Toproiil Mmepexi). o-
CIIJTHUKY aHAJTI3YIOTh BIUIMB 3HMKKH Ha JIOSUIBHICTh MOKYIILS, SIKY PO3yMi-
I0Th SIK IMOBIPHICTh OBTOPHOT 3aKYIIiBJIi TOTO X TOBapy. JIOSUIbHICTh MOKY-
TSI O3UTHBHO BIUTMBAE HA BUPYUKY, & 3HWKKA — HETATUBHO.

[onibna Momens 3HMKKH po3risaHyTa B [1]. Ha skans, kinmeBa ¢popmymna
KpHUTEPio ePeKTHBHOCTI BHpa)ka€ IMOBIPHICTH MTOBTOPHOI 3aKyIIiBJIi TOBapy
CIOXHMBadeM. B TOPTiBii X iHTEpeC CTAHOBUTH MAaKCUMi3allisi IPUOYTKY BiJl
TOPTIBIIi TBapOM, TOOTO MaKCHMi3aIlisl BHPYYKH, abo, IO Te camMe, CyMH
OTpHMaHOI TOProBoi HaILliHKK BiJ peanizanii Toapis. 1o Oinplia mniHa pea-
mi3anii, TUM OlNbIlIa HALlIHKA Ha OJMHHUIIO TOBApy, ajie THM MEHIIE CIIOXKH-
BaHHs TOBapy. 3 IHILOI CTOPOHH, YUM MEHIIIA [iHa, TUM MEHIlIa HalliHKa, aJie
CHOXKMBaHHS ToBapy Oyze OuibinM. IMOBIpHO, 1ech IOCEepEe/IMHI iICHY€E Halli-
HKa, 5IKa 3aJI0BOJILHSE 1 MPOJABLIS, 1 MOKYIILS, ONTUMaJIbHA JUIS IPOLIECy TO-
PriBili B HIJIOMY.

Hexaii:

S - co0iBapTiCTh ONWHMIII TOBAPY, U1 PO3APiIOHOI TOPTIBII II€ ONTOBA
1iHa, TOOTO IliHA 3aKyMiBJIi;

P - mina mpomaxy, To6TO po3apiOHa IiHa,
. . . . p-s.

O - 11oNIs TOPTOBOT HALIHKK Bijl coGiBapTocTi: & = e Oynemo Hazu-
BaTH L0 BEIUIUHY pi6erb HAYIHKU.

I' - piBeHb CIIO’KMBaHHS TOBApPY , IKUH 3aJISKHUTH Bil BCTAHOBJIEHOI IIIHU
npoaaxy i, Bianosiguo, O |

V - cyMa TOproBoi HalliHKHU 3a TOBap.
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LlentpanbHa rinore3a B 1l poOOTi noisrae B opMi 3aJIeKHOCTI piBHS
CHOXWBaHHA TOBapy I Big O . Hexaii BoHa Ma€ eKCIIOHEHIIHHE CIaJaHHA
npy 301IBIICHH] WiHU TOBapy:

r=kg @, )

ne K i o - HeBizomi moku mo koedimieHTy.
3arajapHUA BUIIISI ITi€T QYHKITIT HaJaHO HA PUCYHKY 1.

\\E— A

i
T

Pucynok 1 — Xapakrep ¢yHKIIi piBHA CHIOXKHBAHHS TOBapy Bill piBHA
HaIliHKH.
Tonai cyma TOProBOi HaIliHKH, sika Ma€ OyTH MaKCHMi30BaHa, MATHME BH-
IS

v=ske %9 )

3arasnpHuii BUrs i€l QyHKIIT HalaHO Ha PUCYHKY 2.

1

P70 N S S | S -

Pucynox 2 — 3aransHuii BUrisa GyHKIIT CyMU TOProBoi HalliHKH BiJ pi-
BHS HaILliHKH.

* vee . .
Hexali O —3HaueHHs apryMeHTy (QyHKUii (2) — piBHS HAIIHKH, U
SIKOMY BOHA JIOCSITa€ MAaKCUMyMY. 3HalIeMO aHATITHYHNH BUPa3 AT HepIIol
noxigHoi Vo O :

V'(5)=s(e” % 1+ 5(—a)e” %0 —ae" ¥ (1- 5),
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5==. 3)

B mexax mozeni (1) — (2) mo CTaTUCTHYHHUX NAaHUX MPOJAXKy TOBAPY y
. . . * [
IIBa Pi3Hi MOMEHTH 4acy MOXKJIHBO BH3HAa4nTH i O . Hexai

rl, r2- nani cTaTUCTUKU OO CIIOKUBAHHSA TOBAPY Yy MEPIIKH i IpYruii
MOMEHTH 4acy;

01,62 - piBHi HaLiHKK Y 1[I MOMEHTH 4acy. Toli 3 CHCTEeMH PiBHSIHB

ri=k e_aé‘l
r2=k (-;70552
BUILIIMBAE
In rz
o= ri ,5261_52. (4)
o0l1-62 In LZ
rl

BusHaunMo piBeHb HAIlIHKU i ONTHMAJbHY IIiHY peaii3alii [uist OaHaHIB
(cobiBapTicTh 16TpH/KT), BUXOISYH 3 33IaHUX PiBHIB CITOKUBAHHA B [ 1] mpu:

®  BIJCYTHOCTI 3HIDKKM (MaKCHMANbHIN HAIlHII 1 IiHI y 32rpH/KT),

npu upomy r1=0.4,61=1;

3HIKL 10 cobiBapTocTi, npu usomy F2=0.9,62=0.
* _ l_ 0
~ .. 09
In—
0.4

o =1.233.

OnruManbHa HiHa POaXKy BUSBISIETHCS JIENO0 BUILE PUHKOBOI 1 CTaHO-
BUTh

p =s(1+8") =35.73rpH/kr .
Jnst Bu3HaueHHs koedinieHTy ¢ Oyia JociiUKeHa iCHyIoYa CTaTUCTHKA

CTOCOBHO IPOAAXYy 1 I[iH HA PHHKAaxX OaHaHIB, MOMIJIOPIB, A0JIyK, OOPOIIHA.
JlocTaTHRO NTOBHA CTATUCTHKA JJIS BU3HAYCHHS O
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Oyna 3Haiinena nuiie s puHky 6ananis ([2]). e puHOK cTpiMKO pocTe
1 110 00csirax CIIO>KMBAHHS, 1 110 IiHaX, X04a B pe3yJbTaTi 3pOCTaHHS 1IiH BiH
MaB OM CKOpOYyBaTuCh. BoueBub, Ha pUHOK OaHaHIB BIUTUBAIOTH O1IBII IO-
TYXHI ()aKTOPHH, HDK PO3IIISIHYTI B aHii myOumikanii. Tomy € morpeba B mo-
JIANbIIHMX JOCITIPKEHHAX HA OCHOBI SIKICHOT CTaTUCTHUKH, SIKa MICTUTUME OII-
TOBI 1 po3piOHi LiHU MO pOKax i Ce30HAX, Ta OOCATH CIIO)KMBAaHHS PHHKOM
JaHHOTO IPOXYKTY 10 THX K€ Iepioax.
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MATEMATHYHE MOJIEJTIOBAHHA PYXY BUIBHOI IIOBEPXHI
PIIVHU B CIUIBCBKOI'OCIIOJAPCBKHUX HUCTEPHAX

A.I1. Koxymiko, O.JI. I'purop’es
Hayionanvuuii mexuiunuii ynieepcumem

«XapxiecoKuil nOIIMexXHIYHUL IHCIMUmMym»

B arpapHOMy cexTopi nependadaeTbcss BAKOHAHHSA SIK TATOBUX (TEXHOJIO-
riYHMX) Tak i TpaHcnopTHHUX poOiT. TpaHcnopTHa poboTa, 3a3BH4ail, BUKO-
HYETHCSI BAHTQ)KHUMH aBTOMOOUISIMH 200 KOJIICHUMH TPaKTOPaMHU Pa3oM 3
NPUYIMTHAMH Ta HAMiBOPUYiTHUMU arperaTamu.

ChOrofiHi aKTyaJbHOIO MPOOJIEMOIO B CLILCHKOMY TOCIOAPCTBI € BUpI-
IIeHHs 3a0e3Me4YeHHsI CTIHKOro pyXy TPaHCIOPTHHX 3ac00iB 3 EPEMiHHOIO
Macoro (TlepeBe3eHHs piikuX BaHTaxiB). Oco0aMBoi yBaru ciij HaJgaT Tpa-
HCIIOPTYBAaHHIO TPAKTOPHUX NPHUYIMHUX Ta HAMIBIPUYINHUX UCTEPH, TOMY
IO Ha BiZIMIHHO BiJ] aBTOMOOUTEHUX IUCTEPH, TPAKTOPHI HE OCHAIICHHI ITe-
peroposikamu (OCKUIbKH TIEpEeBE3EHHS TPAKTOPOM Bi0YBAETHCS BiJIHOCHO HA
MaJliX MIBUAKOCTSX MOPIBHSIHO 3 aBTOMOO1/IEM), SIKi HOBUHHI F'ACUTH KOJIH-
BaHHsA pinnHU. OCKUIBKK CydacHi BUPOOHHKH TPAKTOPHOI TEXHIKM Hamara-
IOTBCS TIOCTIMHO Ii/IBUIIYBaTH €HEPrOHACHYEHICTh KOJIICHUX TPaKTOPiB Ta
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30UIBIIYBaTH Macy BaHTaXy, TOJli IEPEPO3IOILT Mac B IIMCTEPHI MOXKE CIIPHU-
YUHUTHU 3CYB LEHTPY Mac, 10 IPU3BOAMUTH A0 MOTIPIICHHS TEXHIKO-EKOHO-
MIYHUX Ta eKCIUTyaTaliiHUX MOKa3HUKIB MAalIMHHO-TPAKTOPHOTO arperary.

KoHCTpyKTHBHI 0COONMBOCTI MPHUYINTHUX Ta HAMIBIPUYIMHUX IHUCTEPH
JIeTaJbHO OKpecieHi B po6oTi [1], mpoTe B HamiBOPUYiMHKUX [UCTEPHAX (OI-
LiOHAJTPHO) MOKE BCTAHOBJIOBATHCH 3MiITyBad, KU IpeAcTaBisie 3 cebe
potop. Pobora potopa nepeabadae momaTKOBHiA 30yHKYyIOUHIA e(eKT Ha KO-
JUBaHHA PiTUHY B UCTEPHI. TakKUM YUHOM, JOCHTIPKEHHS TUHAMIKH Ta €He-
PreTHYHOCTI KOJICHUX TPAKTOPIiB MPH TPAHCIIOPTYBAaHHI IIMCTEPH — JOIIi-
JIbHE.

[epm HiXk CTBOPIOBATH HENIHIMHY MaTeMaTHIHY MOJIEIB 3 YPaXyBaHHIM
OipIIOCTI (DaKTOPIB, SIKI BIUIMBAIOTH HA JIWHAMIYHY Ta €HEPTEeTHYHY CKJa-
JIOBY PYyXY, HEOOXiZIHO pO3pOOHMTH JiHIWHY (JiHEapu30BaHy) MOIEJb, SKa
OyIle BpaXxOBYBAaTH yci BiJIoMi 3B’13KH MK eJleMeHTaMu Ta popMyBaTuCs Npu
BUKOPHCTaHHI MaTpUYHOTrO aHaii3y. Taka Mozaenb 03BOJIUTS, 1I¢ Ha MoYa-
TKY KOHCTPYIOBAaHHs 3a0€3ME€YHTH MEPBUHHUI MiA0Ip TPaHCHIOPTHOTO 3a-
c00y 3 ITUCTEPHOIO.

KonuBauHs piguHu B IUCTEPHI (3aMKHYTIiH €MHOCTI) MO>Ke OYTH OITHCaHO
3a JIOTIOMOT'OI0 MOJIeNTIOBaHHs piBHsHHSA Meiepcskoro 1.B. [2] ta dpopmynu
Huonkoscekoro K.E. [3], ame B poboTi [4] 3a 1o1IOMOT0r0 MaTeMaTHIHOTO
MOJICTIIOBAHHS TTOBEPXHEBUX XBWIb Pernes, TOOTO YaCTHHHHUX ITOXiAHUX.
[puHIMN MOEMHAHHA WX MaTeMaTHIHUX MOJENei 3BeIeHo B poOoTi [5], B
SIKii HaBEZEGHO 3arajbHy AWCKPETHY MOJIENb Ta 3alPONOHOBAHO OOYMCIIIO-
BaTH KOJIMBAHHS PIIMHM 32 PaXyHOK BBEACHHs MapliiajibHUX OCLHJISATOPIB,
SIKI MalOTh CBilf pO3Mip Ta Bary.

JliniitHa (J1iHeapu30BaHa) MOJIEIIb — 1€ MOJIEIb, SIKa MT030aBiicHa JHUHAMI-
YHOT CKJIa/IOBOT (HAIPHKIIAJ, O30BXKHI CHIIM, KOe(IliEHTH 3YerIeHHs KO-
JIiC 3 IOPOTOI0 JIOPIBHIOIOTH KOHCTAHTI), IPOTE BPAXOBYE B3aEMO3B 30K MK
JaHKaMH MeXaHi9Hoi cucteMu. OTOX, JMHIHHY MOJENb JOUUTEHO MOJEIIO-
BaTH JJISI AHAJI3Y BJIIACHUX BJIACTUBOCTEH CHCTEMH.

3aranbHe PiBHAHHS KOJMBAJIBHOTO HPOLECY MAIMHHO-TPAKTOPHOTO ar-
perary 3 HaniBOPUYiN-IUCTEPHOIO Ma€ HACTYITHUH BUTIISAL

M-Y+F-Y+C-Y=0; (1)
ae M — me giaroHanbHa iHEpIiiiHAa MaTpHLS, SIKa CKJIaJeHa i3 Mac Ta MO-
MEHTIB iHepuii; F — matpuus aemndipyBanus; C — MaTpuis )OpPCTKOCTI;

Y — BEKTOp-CTOBICIb, SKHiI cOPMOBAHO HA OCHOBI CKII4[OBHX BEINIHH
KOJIMBAJBHOTO TPOIIECY.

[Ipu BupimenHi piBHsHHA (1) MaTpunero F MoxHa 3HeXTyBaTH amxke ii
BIUINB HAa PE30HAHCHI 30HU He CyTTeBHH. Toxi piBHAHHS (1) MOXXHA IPHBECTH
JI0 HACTYTIHOTO BUTJISIAY
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2
M”zjt_z(MW-V)+C-M—V2(MV2Y)=6 : @

2
d° & valll 12 12 3 i
7YY =0 ¢ =M V2.comM >0, ¥ =M¥2Y.
t
Ha ocHOBI BuIIe 3a3Ha4€HOTO BIACHI KyTOBI 4aCTOTH @ '
2 *
det(w1 —-C")=0.

PesynbpraToM MaTeMaTHYHOTO MOJIEIIOBAHHSI JIIHIHHOT MOJieNni pyxy Tpa-
KTOpa 3 BUIBHOIO MOBEPXHEIO PiAMHY B IPUUINHIN Ta HaNiBOPUYiNHINA DUCTe-
pHax (3 poTopom abo 6e3 HrOro) Oye PO3MOIIT PE30HAHCHUX YacTOT, IKUM
BiAMOBigaTUMe NeBHa (popMa BIACHUX KOJIUBAHb.

Koedirmiertn xoxHOI ( K _ 1oi ) BIacHOi (hopMH HOPMOBAHO y BiAIIOBIJI-
HOCTI JI0 MpaBHja

I*_ 1/2 1 .
YJ_M j’j‘Yj,J—O,l...,].S.

Cu1ijt 3a3HAYNTH, IO JUTS HAIliBOPUYITHOT IUCTEPHH 3 TIAPABIIUYHIM 3Mi-
IyBaveM iHIEKC j 3MiHIOEThCS 710 19 (32 paxyHOK BUPaxOBYBaHHsI O3I0BXK-
HBOTO PyXy BaJIy pOTOpa TiIpaBIidHOTO 3MIlIyBaya), a Ul IPUIITHOI Ta Ha-
MIBIPHUYINHOI UCTEPHH 3MiHIOEThCA 10 18. SIKmo Tenep yTrBopuTH CymMH

18 r
T, =05-A%- 02> (Y7,
j=0

ae A, o, =27V, —aMIUITyJa Ta KPyroBa 4acToTa KOJMBaHb, TOAI IIi
CYMH BiJIIOBIIaTUMYTh KIHETHYHIH eHepril konuBaHHs. ToMy cyma kBapa-
. 7 * .
TiB KOopauHat Y j nopisHIoe 1.

OTxe, B MaTepiaax JaHOI KOH(EpeHIii MpeICcTaBIeHO0 OCHOBHI MPUH-
UMK TOOYIOBH JiHIIHHOT (JIHEapU30BaHOT) MaTEeMaTHYHOI MOJIEIIi KOJIMBaHb
KOJIICHOTO TpakTopa Ta NpHYinHoi abo HamiBOpUUinHOL (31 3MilIyBayeM 4u
0e3 HbOI'0) MUCTEPH 3 OYIb-SIKKM PIBHAM piguHd. J[aHa MOJENb 103BOJISIE
MPOBOJIUTH aHaJi3 BJACHHUX (PE30HAHCHUX) YACTOT ILJISIXOM JOCIIKEHHS
(hopM pyXiB CKJIQJIOBHX YaCTUH KOJIMBAJIbHOI CUCTEMH, aMILTITYJH SIKUX HO-
pMOBaHi 3a iX BKJIaJOM JI0 3arajibHOi KiHETHYHOI eHeprii konmuBanb. Moje-
JIFOBAaHHSI TaKOT MOJIeJi JO3BOJIUT, i€ Ha MOYaTKy KOHCTPYIOBaHHS 3a0e3-
MEYUTH MEPBUHHMH MMTiA0Ip TPAHCIIOPTHOTO 3aC00Y 3 UCTEPHOIO.
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VK 519.85

BUKOPUCTAHHSA CTATUCTUYHOI'O AHAJII3Y JJIsA
MOJEJIOBAHHS EKOHOMIYHUX ITIOKA3ZHUKIB
HIAINPUEMCTBA

JI.M. Koneuxina, FO.0. JINTBHHEHKO
Tlonmascwvxuii ynisepcumem exonomixu i mopeieni, Ilonmasa

BuBYeHHS pi3HOMaHITHHX, CKJIQHUX Ta B3a€EMO3aJIEXKHMX SIBHIL 1 IIpo1LIe-
CiB, IOB'SI3aHUX 3 MISUTBHICTIO MIATIPHEMCTB, Iepedavae ix OIiHKY 3a JOMOo-
MOTOI0 KOMIUIEKCY ITOKa3HUKIB. Lle 1ae 3Mory oTprMaTH LijiCHY XapaKkTepu-
CTHKY CYKYIHOCTI HiJIPUEMCTB, 30KpeMa OLIHUTH iX CTPYKTYpYy Ta CTPYK-
TYpHI 3pYIIEHHS 32 OCHOBHUMHU ITOKa3HUKAMH J[iSJIbHOCTI, BUSBUTH 3aKOHO-
MIpHOCTI B3a€MO3B'SI3Ky Ta TUHAMIKd po3BuUTKy [1]. Posrmsimatoun cykym-
HICTb MiJINIPHUEMCTB K CKJIaJIHY AUHAMIYHY CHCTEMY, BAKOPUCTOBYIOTH KOM-
ITUIEKC B32€MOIIOB'SI3aHUX MTOKA3HUKIB, SIKI XapaKTePU3YIOTh iX CTATUKY - Te-
MIEPINTHIHA CTaH 1 CTPYKTYPY Ha MaKpPOPiBHi, & TAKOXK OI[IHIOIOTh JHHAMIKY Ta
MEePCHEKTUBH PO3BUTKY [2].

[Ipu BUBYCHHI MPUYMHHO-HACIIIKOBUX 3B'S3KIB NMOKA3HHUKH IOIIIISIOTH
Ha pe3ysbTaTHi Ta QakropHi. lle rpymyBaHHs He € MOCTiifHUM, BOHO 3aie-
JKUTD BiJl KOHKPETHUX CUTYaIlild, METH aHaji3y. Hanmpukiam, nmpu OmiHI 3MiH
npuOyTKY BiJ peanizamii mpoaAyKIii NOKa3HUK co0iBapTOCTI MPOAYKIIT po3r-
nAa0Th K (paxTopHUil. BogHouac mpu BUBYEHHI 3aTpaT Ha BUPOOHHUIITBO
c00iBapTICTh PO3TIAAAIOTH K PE3yIbTATHUH ITOKA3HUK, III0 3aJIeXKHUTH BiJl 6a-
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ratbox (axTopiB BUpoOHUNTBA. CIliJ BIAMITUTH, 10 IPY BUKOPHCTAaHHI CTa-
TUCTUYHOTO [TOKa3HUKA HEOOX1THO PO3IIIsIaTH HACTYIIHI 3a/1adi: OIHNC CTPY-
KTYpH €KOHOMIKH MiANPUEMCTBA, ONKC TEHJCHIIH PO3BUTKY €KOHOMIKH B
MaiOyTHROMY, aHaJIi3 1 MPOTHO3yBAaHHS Pi3HUI EKOHOMIUHHX SIBHIL, BUsB (a-
KTOPIB PO3BUTKY €KOHOMIKH HiJIPHUEMCTBA JUISl IPUIHATTSA YIPaBIiHCHKUX
pimrens [3-4].

BinbIIicTh CTATUCTHYHIX METOIIB BiTHOCATHCS IO METO/IIB TIapaMeTpHy-
HOI CTaTHCTHKH, B OCHOBI SIKMX JISKUThH IPHUITYIICHHS, 110 BUITaJIKOBHUH BEK-
TOp 3MIHHHUX YTBOPIOE IESKHH 0araTOBUMIipHUI po3moAii. SKimo e mpuiry-
IIEHHA HE 3HAXOAWTH MiATBEP/DKEHHS, CIIiJ CKOPUCTATHCS HEmapaMeTphd-
HUMHJ METOAaMH MaTeMaTHIHOI CTATUCTHKH.

IIpu MozenoBaHHI €KOHOMIYHUX MMOKA3HHUKIB MIIMPUEMCTBA 3aco0amMu
CTaTUCTHYHOTO aHAJ3y 3aCTOCOBYIOTHCS HACTYITHI IMiIXOIH:

1. Kopenswyitinuii ananiz NO3BOJISIE BCTAHOBUTH CHITY 1 HAIIPSIM CTOXaCTH-
YHOTO B32€MO3B'SI3KY MIXK 3MiHHMMHU (BUIIaIKOBUMHU BEITMYMHAMH).

2. Peepecivinuti ananiz 3abe3nedye MOJICITIOBAHHS B3a€EMO3B'SI3Ky OJHIET
BHUIIaJKOBOI 3MIHHOI BiJ o[Hicl a00 AEKUIBKOX IHIIUX BUIAJIKOBUX 3MIHHUX.
[Ipn npomy, mepina 3MiHHA HAa3WBAETHCS 3aIEKHOIO, a PEIITa - HE3aIexk-
HuUMH. Bubip abo npu3HaYeHHS 3aJI€)KHOIO0 1 He3ale)KHUX 3MIHHUX € JTOBIJTb-
HUM (YMOBHHM) 1 3IHCHIOETHCS TOCIITHUKOM B 3aJICKHOCTI Bil pO3B'A3yBa-
HOI HAM 3ajadi.

3. Kawoniunuii ananiz TPU3HAYCHUH OIS aHAJI3y 3alle)KHOCTEH MiX
JIBOMa CIIMCKaMH O3HaK (HE3aJe)KHHUX 3MIHHUX), 110 XapaKTepU3yIOTh 00'e-
KTH.

4. Jlucnepciunuili ananiz MOXHa BU3HAYUTH SIK TTApaMETPUIHH, cTaThC-
TUYHUNA METOJ, TIPU3HAYEHHUH JUIs OL[IHKM BIUIMBY PI3HMX YMHHHKIB Ha pe-
3yJIbTAaT €KCIIEPUMEHTY, a TAKOX JUIS TIO/INBIIOrO IUIAHYBAaHHS eKCIIepUMe-
HTIB.

5. Knacmepnuii ananiz — ie MeTo| KJTacu(pikaIiifHoro anami3y; Horo oc-
HOBHE NPU3HAYEHHS — PO3OUTTS MHOXHIHH JOCHTIKYBAaHUX 00'€KTIB i 03HAK
Ha OJTHOPI/IHI B IESIKOMY CEHC1 rpymu, abo kiactepu [5].

BucnoBku. OTXe, BUKOPUCTAHHS CTATUCTUYHOTO aHaJi3y AJISI MOJIEIIO-
BaHHS €KOHOMIYHHX IMOKA3HHKIB IiIIPUEMCTBA € e(DeKTUBHIM IHCTPyMEH-
ToM. [Ipm 3acTocyBaHHs BiqmoBixHOTO Nporpamuoro 3abesneyenHs (MS Ex-
cel, GPSS World, AnyLogic i T.ir) MOHa IIBHIKO OTPUMATH TOYHI TTOKA3-
HUKH JiSUTBHOCTI MiANPHEMCTBA Ta 3pOOUTH BiAMOBIIHI BUCHOBKH IOJIO IO
fioro (hyHKIIIOHYBaHHS Ha JaHHMH MOMEHT Ta pO3paxyBaTH NPOTHO3HI 3Ha-
YeHHS Ha MaliOyTHE.
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VK 539.3

PACYET TEMIIEPATYPHBIX IIOJIE B CHCTEME KOJIOJIKA-
KOJIECO BOSHUKAIOIIUX ITPU TOPMOXEHUU
PEJBCOBOI'O TPAHCIIOPTA

K.C.Kypouka, E.B.Kompakosa
Tomenvckuil 2ocyoapcmeenHblil mexHu4ecKull yHUusepcumen umeHu
11.0. Cyxozo, benapyco

[Tpu sKcmTyaTanyy penscoBOro TPAHCTIOPTa (KEJIE3HOJOPOXKHBIHN TpaHc-
IIOPT, TPaMBau U T.I.) HEU30EKHBI EpHOJIBI TOpMOKeHHS. CaMo TOpMOXKe-
HHUe 00ecleurnBaeTCs 3a CYET TPEHHS MEXAy 3JIeMEHTaMHU TOPMO3HOI mapsl
(xonmeco m TopMo3Has kojoaka). [Ipm nmaHHOM Buzae ¢(u3HIEcKOro BO3-
JeHCTBUS MEXTy TeJIaMH IIPOUCXOAUT MEPEX0] MEXaHNUECKOH SHEPTHH (KH-
HETHYECKON PHEPTHUH) B TEIUIOBYIO YHEPTHIO, YTO MPUBOIUT K HArpeBy Kak
KOJIeC, TaK MU TOPMO3HBIX KOJIOJIOK, 0COOEHHO B 30He MX KoHTakTa [1]. s
MOBBIIIEHUST  3(P(PEKTUBHOCTH M HAJEKHOCTU HKCIIIyaTallMHd PEIbCOBOTO
TPaHCHOPTA MPEACTABISAET MPAKTUYECKUHA MHTEPEC PACCMOTPEHHUS B3aUMO-
JEUCTBUS MEXAY dJIEMEHTaMH TOPMO3HOM Maphl JJIs IOUCKA KOHCTPYKTOPC-
KHX pEeLICHUH MO3BONIIONUX YMEHBIIUTD U3HAIINBAEMOCTb YIEMEHTOB TOP-
MO3HOH Maphbl U3-3a MOBBIIICHHBIX 3HAYCHUH TEMIIEPATYP B HUX NPH TOPMO-
KEHUU.

[Ipn maHHOM YHCIIEHHOM HCCJIEJOBAaHMHU PacCMaTPUBAIOCh AWHAMHUeE-
CKO€ TePMOYTIPYTroe TPHOOKOHTAKTHOE B3aUMOICHICTBHE MEKIY YJIEMEHTaMHU
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TOPMO3HOH Maphl MPU y4eTe TOPMOKEHHE Koyieca. DPPEKT r03a, T.c. CKOJb-
JKCHHE KOJIeca OTHOCHTEIBHO Pelibca MEIICHHEE YeM 3TO HEOOXOAUMO st
paccMaTpUBacMOi CKOPOCTH, B TaHHOM paboTe HE pacCMaTPUBAJICS.
PacyetHast MoiesTh TOPMO3HOM MApHI IPEICTABIICHA HA pUCYHKe | 1 mpe-
CTaBIIAET COOOH TUIOCKYIO CHCTEMY COCTOSIICH u3 (hparMenTa koyeca (1) u
TOPMO3HOT0 OalMaka, COCTOSIIEro 13 MOAOWBEI ( 21 ) ¥ OCHOBaHHUA (25 ).

Pucynok 1—- PacueTHas cxema TOpMO3HOU Napbl peiabCOBOIO TPAHCIIO-
pTa
TopMo3Has KoIoAKa MPMKUMAETCs K Kosiecy ¢ cuiioit P . Tperune B 00-
JaCTH KOHTaKTa paccuuthiBanock no popmyne F,,, =k-f(P).

MateMaTHueckoe ONKCaHUE PacCMaTpUBAEMOI paCUETHON MOAEIH Ui
KaKJ0r0 3JIEMEHTAa TOPMO3HOM Napbl OIUCHIBACTCA CIEAYIOIIUMU YPaBHEHU-

SIMU TEPMOYpIpPYyrocTH [2]
lo}=[Dlie}+{pIaT

0 _rypyr 2k, o 28T).fear

rie {5} — BeKTOp Aedopmanuu; D — mMaTpuma yrnpyroit ;KeCTKOCTH; {o-}
— BEKTOp HampspKeHUit; T — Tekymas Temieparypa; Q — INDIOTHOCTh IIOTOKa;
To— abcomoTHas TeMIepaTypa OKpYy>KaloIlel cpeibl; {ﬂ} — BEKTOpP TeMIIe-
paTypHBIX KO3(D(UIIHMEHTOB; P — IJIOTHOCTH; C — yIenbHas TEeIJI0eMKOCTh
MIPY TIOCTOSHHOH JTeopMaInu; [[{ ]— MaTpHIa TETUIOPOBOTHOCTH.

3ajaya peranach ¢ MOMOIbIO METO/Ia KOHEYHBIX 3JIeMeHToB. [Ipu mocr-
POSHUH MOJIENH TeJl MCIOJIb30BAINCH KOHEUHBIEC AJIEMEHTHI, ONMCHIBAEMbIE
CIIEIYIOUINMH MAaTPHYHBIMHU YpaBHEHUSIMH [3 ]

M] [o]]f{a]  [lc] [o] {U} RISl
pIlliry "L ki < T el
rae M — matpuia macc; U— BEKTOp CMemeHHﬁ; T — BEKTOp TemIepa-
Typ; C— maTpuna JeMnpupoBaHus; thy)lem)Haﬂ TEIIOEMKOCTh; K — ma-

Tpuna xectkocty; K ut_ MaTpula TEPMOYIPYTroi IKECTKOCTH.
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PacueTHas ceTka KOHEUHBIX 3JIEMEHTOB CTPOMIIACH CTaHAAPTHBIM CIIOCO-
O0M, T.€. Ul JOCTH)KEHHSI ONTHMAIILHON TOYHOCTH M BPEMEHH pacyeTra oHa
crymanack B 30Hax OJM3KMX K KOHTAKTHBIM oOxacTsiM. [Ipu aTom st kop-
PEKTHOT'O peIIeHHUs 3a/1a41 MCIO0JIb30Bajach COBMECTHAs CETKa HA CONPHUKa-
CarolMXxcs HOBEPXHOCTIX B TOPMO3HOM Iape.

Jnst du3udeckn KOPPEKTHOTO Pe3yIbTaTa MHTEPBAT Pa3OMEHHs 1O Bpe-
MEHH BEIOWpascs TaKuM 00pa3oM, 4TOOBI KOJIECO TOBOPAUYHNBAIOCH TIPHMeE-
pHO Ha 50 YrJIOBBIX CEKYH/ 32 KBAHT BPEMEHHU BBIUUCICHHUMN.

ITpoBoAMIIOCE YHCIIEHHOE MCCIIEIOBAHUE BIMSHUS Pa3INYHBIX PEKUMOB
TOPMO>KEHHMSI KOJIeca Ha PacpeIeNICHNs TEMIIEPATyp U HaNpspKeHHO-aedop-
MHPOBAaHHOTO COCTOSIHUS B TOPMO3HOH mape. COrJIacHO MHpPOBEICHHBIM
pacyeraMm B Ha4aJbHBIH MOMEHT BPEMEHU HanOOJbIINE TeMIIEpaTyphl BO3-
HHUKAIOT Ha KpasXx MOJAOLIBBI TOPMO3HOI KOJIOJIKH, a Jjajiee ¢ TeYCHUEM Bpe-
MCHHU OHU NEPEMECIIAIOTCA B HEHTP IMMOJOIIBBI.

PeSyJ’ILTaTI)I, IMOJIYYCHHBIC ITPU JaHHOM HUCCJICAOBAHUN MOT'YT 6I)ITI) UCII0-
JIb30BaHbI JUIsl YTOYHEHUS] KOHCTPYKIIMM TOPMO3HBIX KOJIOIOK C LIEJIBIO yBE-
JIMYCHUSA S(I)q)eKTI/IBHOCTI/I X MPpUMCHEHU, U CJICA0BATCIbHO HAACKHOCTHU
HCTIONB30BAHMSA KOJIOTHYECKOTO PEIHCOBOTO TPAHCIIOPTA.
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VIK 004.93

MOJEJIOBAHHSI CACTEMHY NIATPUMKHA TPUMHATTS
PIIIEHb KOPUCTYBAYEM I YAC NPOLIECY COPTYBAHHS
BTOPUHHOI CHUPOBUH

IO.M. lIumman
Hayionanvnuti mexuiunuti ynieepcumem Yxpainu « Kuiscokuil nonimex-
HiuHul incmumym imeni leops Cikopcbkoz2oy

[TpoGnema cMmiTTs B YKpaiHi cTOITH 0c00IMBO rocTpo - 95% BCix TBEpIUX
BIZIXOJIB MOTPAIUISIOTh Ha 3Bania. KoxkeH ykpaiHenp LIOPIYHO TeHepye
6mu3pK0 350 Kr CMITTS. A B piK Ha MOJIITOHY 1 Heo(iNilHI 3BaJIHIIa BUBO3STD
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npubu3Ho 14 MiNbHOHIB TOH MOOYTOBHX BiAXOJIB. 3arajbHa IUIOIA BCIX
3BAJTUII CKJIaae Maibke 5% tepuropii kpainu [1].

B VYkpaini nporec copTyBaHHS CMITTS CTa€ OUIBII NOMYJSPHUM, JIIOH
PO3YMIIOTh MIKOZMY, SIKY YMHSATH HABKOJMIIHBOMY CEPEIOBHIIY 1 BpPEIITi
pelIT MOYMHAIOTh COPTYBAaTH BTOPUHHY CHPOBUHY. AJle NPH LIbOMY CTHKa-
FOTBCS 3 PSAIOM TPYAHOIIIB:

- BiJICYTHICTb PO3yMiHHS KaTeTopill BiIX0iB;

- BIJICYTHICTb PO3YMiHHS KOHKPETHOI CHPOBHHH, JIO SIKOTO THUITY Bif-
XOMIB MOKE BiJTHOCUTHCS,

- Opax iHdopMmaIrlii Moo MyHKTIiB MPUHAOMY CHPOBUHH.

3 ormy Ha Ie € aKTyaJbHUM MUTaHHS po3poOKH iHpOpMamiiHOI cuc-
Temu minTpuMku yrumizanii Biaxoais (ICITYB), sixa 6 BoxHowac 3mormia 6
HaJaBaTH pEeKOMEHJalii 00 MonepeIHbol 0OpPOOKH Ta JOCTABKHU BTOPHH-
HOI CHPOBHMHH B ITYHKTH 300Dy

bor — e xomn’toTepHa nporpama, pu3HaueHa s JII0IeH, sika aBToMa-
THUYHO i/ 200 3a JIESTKOI0 MOCIIOBHICTIO BUKOHYE TICBHI i1 Yepe3 TeKCTOBHIA
yar. Dialogflow — nie onnaiin cepsic Bix xomnanii Google, sikuii 103BoIsIE
CTBOPIOBATH 4aT-00TiB pi3HOTO Npn3HaueHH:. CepBic J03BOJISIE CTBOPIOBATH
PO3MOBHI iHTepdelcH MoBepX MPOrpaMHUX MPOAYKTIB 1 MOCIYT, 3a0e3medy-
I0YH MTOTYKHUIM MeXaHi3M po3yMiHHA npupoaroi MmoBu (NLU) mist 06poOku
Ta PO3yMiHHS TEKCTiB IPUPOTHUMH MOBaMH.

st po3po0ku gat-60TiB Dialogflow Hamae areHriB, CyTHOCTI Ta HAMipH.
AreHt (Agent) - Lie i € yaT-00T, KUl MOXKeE 3pPO3YMITH BEJHKI 1 pi3HOMaHITHI
HroaHcH Jiojichkoi MoBu. Hamip (Intent) - me 3icTaBieHHs MiX THM, IO TO-
BOPHTBH KOPUCTYBaY, 1 siKi onepaiiii Moxxe BukoHatu 60t1. CytaicTs (Entity) -
e rpymna 00'eKTiB, sIKi HEOOXI/IHO PO3Ii3HATH areHTy.

Arentu Dialogflow BUKOPHCTOBYIOTH aJrOPUTMH MAIIMHHOTO HAaBYAHHS,
11100 3pO3yMITH BHCIJIOBIIIOBAHHS IPUPOIHOI0 MOBOIO, 3ICTABHUTH iX 3 HaMi-
paMH i BUTATTH CTPYKTYPOBaHi JIaHi.

ATeHT HaBUAETHCS 5K BiJ (pa3 HaBUaHHSA, SKi BU HAaJa€Te, TaK i BiJl MOB-
HUX Mozeneii, BOynosaaux y Dialogflow. Buxonsau 3 mux nanux, Bid Oymye
ITOPUTM JUISl IPUIHATTA pillleHb MPOo Te, IKU HaMip MOBHHEH OYTH y3ro-
JOKEHHH 3 BUCJIOBOM KOpHCTYBaua. Lleit anroput™ € yHiKaJIbHUM A1 Balloro
areHra.

Dialogflow OHOBJIIO€ aJrOpUTM MAIIMHHOTO HABYaHHS BAILIOrO areHTa
I0pasy, KOJIM BU BHOCUTE 3MiHH JI0 HaMipiB 1 00'eKTiB, iMnopTyere abo Bif-
HOBJIIOETE areHrta abo TpeHyeTe CBOTo areHTa. [2].

Ha pucysky 1 300pakeHo 4aCTHHY JIETEPMIHOBAHOTO JiepeBa pimeHs (Ti-
JIKaTeropii IIacTUKY), sIKe BioOpaskae MOKIIMBI BapiaHTH PIIlIEHb KOPUCTY-
Baya Ta OTPUMaHy KOPUCTh IPX BUOOPI TOTO UM IHIIOTO CTaHy IpHu poOoTi 3
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yar-6oToM. [Iporiec npuiAHATTS pillleHb 32 JOTIOMOT OO JIepeBa PillleHb BUKO-
HYETBCS B I1’ATh €TalliB!

Etan 1. ®opmymoBanHs 3aBiaHHa. Hacamnepen HeoOXimHO BiAKMHYTH
BCi (hakTOpH, [0 HE CTOCYIOTHCS MPOOIIEMH, a cepe]l MHOKUHHU THX, L0 3a-
JIUIIUIACS, BUJUTATH iCTOTHI Ta HECYTTEBI.

Etam 2. IToGynoBa mepeBa pimieHb.

Etam 3. Ouinka iMOBIpHOCTEH cTaHIB cepeloBHINA, TOOTO 3iCTABICHHS
ITaHCIB BUHUKHEHHS KOYKHOI KOHKPETHOT TOi.

Etam 4. BcTaHOBNICHHS BUTPAIIiB (UM IIPOTPAIIIB, K BUTPAIIiB 31 3HAKOM
MiHYC) AJIs KO’KHOI MOYKIIBOI KOMOiHAII1 anbTepHATHB (Iiil) 1 cTaHiB cepe-
JOBUIIIA.

Eran 5. Bupinienns 3aBnanss. «J/lepeBo pilieHb)» CKIAaEThCS 3 pSLy BY-
3J1B 1 TUJIOK, 5IKi 3 HUX BUX0AATh [3]. KBajpaTu no3Ha4yaroTh MyHKTH MPHKA-
HATTS PillieHb, KOJa — MOXIIUBI TOJIl, a IyTd — BIAMOBIAAIOTH MEPEX0aaM
MIX JIOT1YHO MOB’A3aHUMHU PIIICHHSIMH 1 BUMAJKOBUMH HOisIMH. 3 BEPIIHH-
pileHs (KBaxpaTiB) BUXOIUTh CTUIBKH YT, CKITbKH € BapiaHTIB (albTepHa-
THUB); BUOIp KOHKpeTHOI nyryu (BapiaHT pitenHs). st po3poodnenoi miacuc-
TEMH HaJaHHs peKOMEHaMii 1010 ITONepeaHb0i 0OPOOKH Ta TOCTaBKU BTO-
PHHHOI CHPOBHHH B ITyHKTH 300py JI€pEBO PIllICHb € IEeTCPMiHOBaHUM, OCKi-
JIBKM KOPUCTYBaY B Oy 1b-IKOMY BHITQIKy OTPUMY€E KOPUCTb, HABITH SIKIIO BiH
HE 3HAMIIOB TOYHOI BiNOBIi Ha CBOE MUTAHHA, TO YaT-00T HaZACTh iHQOP-
MaIIifo PO Te, A€ MOYKHA 3HAHTH BiAIOBIAH 200 J0O KOTO 3BEPHYTHCS.

st aHanizy eexkTHBHOCTI PO3pOOICHOIO MPOAYKTY MOXKEMO Heperiis-
HYTH CTaTUCTHUKY, II0 CTOCYEThCS KOHKPETHOTO areHTy. Bin nonomarae 00-
poOJISITH BXi/IHI 1aHi Bil KOPUCTYBaya B CTPYKTYPOBaHI JIaHi, sIKi MOYKHa BH-
KOPHCTOBYBATH IS IOBEPHEHHSI MIeBHOT BiAmoBiai. Ha pucyHky 2 BigoOpa-
eHO rpadik ceciii, KoJu KOPUCTYBay B3a€EMOJII€ 3 4aT-00TOM. 3HaUeHHS 56
HaJa rpadikoM 03HAYa€e KiJIBKICTh CEaHCIB 3a momnepenHii aeHb. CUHS JiHisS
Ha rpadiky moka3ye AaHi 3a IIOTOYHUH NIeHb a0 mepiof Jacy, a BTOPHHHA
ITyHKTHPHA JTiHis (CBITIO-OJaKWTHA) MTO3HAYAE JAaHi 3a MOTepeHil 1eHb a00
MIePioJT 9acy, TOMy MU MOKEMO MTOPIBHATH OCTaHHI 3MiHU.

Ha pucynky 3 mpezacraBieHO MPUKITAL CTATUCTUYHHUX JaHUX TIPO PO3MO-
BHI [IUISIXH, SKi KOPUCTYBadi CHCTEMH OOpalld MPU B3a€MOJIIi 3 areHTOM, a
TaKOX BiZICOTOK BCiX KOPHUCTYBauiB, SIKi OTPMMAJIN BiJIIOBi/Ib HA ITOCTaBJICHE
3aIUTaHHSA Ta KUIBKICTh 3aIUTIB, SKUM OYJIO CITIBCTaBJIEHO HaMip.

BnpoBamxenns iHpopManifHOT CHCTEMH i ITPUMKH YTHIII3aIli] BiX01iB
HaJacTh MOXJIMBICTh 301IBIIATH 0013HAHICTH KOPUCTYBAYiB y MPOIIECi COp-
TyBaHHsS BTOPUHHOI CHPOBWHH, MOJIETIIUTH MPOLEC COPTYBAHHS Ta OTPH-
MaTH peJIeBaHTHI Bi/IMTOBi/Ii CTOCOBHO COPTYBAHHSI Ta IyHKTiB 00poOku. BOy-
JIOBaHUI B CHCTEMY 4aT-00T oromarae OTpUMYBATH pelIeBaHTHI BiAIMOBi i

111



Ha 3a111uTHu KOpI/ICTyBa}IiB CTOCOBHO COPTYBaHHSA BTOpI/IHHO.I. CHUPOBHHHU Ta ITy-

HKTIB ii Ipuiiomy.

MepernsHys indopvaLio npo
MIECTHK 3 MapkyBaHHAM PS6

MeparnsAHys iHMopMaLia Npo
NNAacTHK 3 MapkyBaHHAM PS6
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e

—
praTcH nevin? .
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o
Vrtkcr,y
Wougs
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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 @
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I
= Daily: 161

Daily Historical: 288

Queries per session yesterday

3.68

to last period

April 1,2019

April 1,2019

Puc. 2. CratuctryHi JaHi JEHHOTO CEaHCy
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Puc. 3. [liarpamMu IOTOKY ceaHCY
Jlitepatypa

1. CopryBamHs cmiTts — kpacuBe 1  kopucHe. URL:
https://lb.ua/society/2018/05/02/396399 sortuvannya_smittya Kkrasive i_ko
risne.html (nara 3epuenns: 10.03.2019)

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

3.  Bukopucranus «IepeBa pIlICHBY URL:
https://pidruchniki.com/10780621/ekonomika/vikoristannya_dereva_rishen
(mara 3Bepuenns: 02.05.2019)

YIK 519.854.2
MOJEJIOBAHHA JOCTATHIX YMOB OIITUMAJIBHOCTI
PO3KJIAJIB BUKOHAHHSA POBIT MAIIMHAMHU

10.10. Mapruniok
Hayionanvuuii mexniunuii ynieepcumem Yxpainu « Kuiecoxuti nonimex-
niunuti incmumym imeni I. Cikopcbkozoy, Yxpaina

Po6oTa mpHCBsiUCHA MOCIIHKEHHIO TPHOX MPAKTHYHO 3HAUYIIAX 337124
Teopii pO3KITAIIB.

113
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1 ITocranoBka 3amayvi. 3a1aHO MHOXXHHY POOIT ] — {1,2,__, j,_,n} Ta m

napajie’IbHUX MAIIMH Pi3HOI MIBUIKOCTI. Bennunna p;e TPHUBAJICTIO BUKO-
HaHHs poOoTH | Ha MaumHi 1 (MammHa 1 BBaxkaeThes eTanonnow). IBua-
Kicth Mamunn | nosnauaetses wepes V; . Yac, sxuii Mammua | BuTpavae Ha

BUKOHAHHS poOOTH j , TOpIBHIOE P vei poOoTH MHOXXHHHU J HaIXOIATh
Vi

OJTHOYACHO B HYJIBOBHI MOMEHT 4acy, IpoLeC 00CIyroByBaHHs KOXHOI po-
0oTH TpoTikae 6e3 mepepuBaHb. Bei MalIMHN MOYHHAIOTH CBOIO POOOTY B HY-
JIBOBHI MOMEHT 4acy, 3riJHo 3 podotamu [1-3].

3anava 1. 3HaiiTH poO3KiIaj, y SIKOMY JOCSTra€ MiHIMyMy MaKCUMalbHUMA
MOMEHT 3aBepIueHHs pooit (C, ., ).

3amada 2. 3HAWTH PO3KIAM, Y SIKOMY JOCSTa€ MaKCUMyMy MiHIMalbHUHA
cepell MOMCHTIB 3aBEPIICHHS pOoOIT MalTHHAMH.

3amada 3. 3HalTH pO3KIIa] 3 MAKCHMAIBHO PiIBHOMIPHUM PO3MOIIIOM PO-
01T MK MalIMHAMH.

2 PesyasTaTn gociaigxeHHs 3agad4. [lepmmm KpokoM aHami3y 3ajad €
BU3HAYCHHS HIKHBOI TPaHMII 3araIbHOTO Yacy BUKOHAHHS YCiX poOiT (Hu-
JKHBOT 'PaHUIll KPUTEPish ONTUMAaJIBHOCTI 3a1a4l

n m
)P aepP=3% P; - cymapHuii 06csr poGit B cuctemi, V = Y ;

\ j=1 i=1
- CyMapHa MBUAKICTh ManiuH. OUYeBHIHO, 10 PO3KIIA[, Y IKOMY MAIIIMHH 3a-
BEPIIYIOTH BUKOHAHHS pOOIT B MOMEHT Yacy C* € ONTUMAJIBFHUM 3a TPhOMa
kpurepisiMu. L{s1 cTaTTs € IpoaoBkeHHIM pOOOTH, B SIKIiH JUId 3a/1a4, 110 aHa-
J3YI0ThCsI, OyJI0O BUKOHAHO MEPETBOPEHHSI KPUTEPisi ONTUMAIILHOCTI y (yH-
Kuii Bimxunenns Bix 3nadenns C*. lle nano MoXiuBicTh chopmyITrOBaTH
JIONOMIXKHI ONTHMI3aliiiHi 3a1a4i, METOIO SIKMX € BU3HAYEHHS «iJ€aabHOrO
KOHTYPY PO3Kiafy». Jlani juist 3py4HOCTI, o yci Pj € WiduMu 4uciam, a

MallMHK yIOPAAKOBaHI 33 MBUJKICTIO TaK, WO v, >v,>..>V, - BBeneMo gomo-

MDKHY BEJMUYHMHY JI€ ki = i - KoedilieHT NPOAYKTHUBHOCTI MamuHu |
i

i=1...,m (toxi BUKOHYETBCAO <k, <. <k, )-

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

*
¢ynxuii Bigxunenns Big C . Posrsnemo poskinan neskuil O .
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3amaua 1 . Kpurepiii MiHiMi3alil MaKcCUMaJIbHOI 3 TPUBAJIOCTI 3aBaHTa-
YKEHOCT] MalIMH (MiHIMi3amii 3araJbHOr0 Yacy BUKOHAHHS BCIiX 3aBaHb) MA€E
Burisg (2.1):
Croax = Max S; (o) =C”™ + max A; () — min - (2.1)
i 1<i<m
3 ypaxyBaHHsaM Toro, mo C” = const, KpuTepiii C,x — Min 3BORUTECS
JI0 MiHiMi3a1il MAaKCUMAaTBHOTO BHCTYIY (2.2):
max A; () — min - (2.2)

1<i<m
3amaua 2. 3agaya 3BOJUTHCS 10 MiHIMIi3alil MaKCHMaJIBHOTO PE3epBY
(2.3):
maxR; (c) — min- (2.3)
3amaua 3. [1ig po3kiagoM 3 MaKCUMaJILHO PIBHOMIPHUM 3aBaHTa)KCHHSM
MalllMH MOXHAa BBa)KaTu po3knaj, 1t skoro Ld e :

3a) max {R (0)}:{A; (o)} > min:

30) max (R } +max {A;} - min

33)%& +§:Ai —min-
R

Jonmomizkna onTuMizamifina 3agaya 1. MaTtemaTndHa MOJAEIH TOTIOMi-
kHOT ontuMizaniitnol 3amayi (JIO3) 1uist BU3HAUEHHST HAHKPAIIOro 3a KpUTe-

piem (1) posnominy po6it i3 3araneauM obcsrom P mae Taxi ckmamosi: 1)
3minni: X; — KiTbKiCTh po6iT OAMHIYHOT TPHBAJIOCTI, SIKi TOBUHHI OyTH HpH-
3HAYCHI HA MAIIIUHY i, i =1..m;
m
2) 06/\4eofcem-t;z:Z:Xi =0 ; X; =0, uina, i=1,.m;
i1
3) Linvosa pynxyis: max{ki (Xi —-€ )} —>min .
1
J103 2. 11D 3apaui: max{ki (ei — X )} —min.
1

J103 3. 11® nonoMi>KHUX 3a1a4:
3a) max{ ki (& = %)) } —>min:
I

30) mgx{ki(xi -e )+ miax{ki (& =)} —min:

38) i|ki (& —x)|—min-
i=1
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Pe3ynbTaTn ekcnepuMenTiB. OTprMaHi pe3yIbTaTH CKCIICPUMEHTIB Ha-
BEJICHO Ha PUCYHKY 1.

A0311afl032 10333, 36,38
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KinbKicTb Mawu KinbKicTs Maums

Pucynok 1 — BB KiJIbKOCTI MaIllMH Ha BIZICOTOK 30iriB ONTHMAIb-
HHUX KOHTYpIB pPO3KJIaJiB
BucHoBku
Y po6oTi Oynau mociimKeHi 3amavi Teopii po3KIIaaiB HalaHHs poOIT Ha
BUKOHAHHS IPONOPIIHHUMU MallMHaMH. Bynu 3MonenboBaHi JomycTumi
YMOBH ONITHMAJILHOCTI KOkHOT 3 J103.

Jlitepatypa

1. Popenko V., Sperkach M., Zhdanova O., Kokosinski Z.: On
Optimality Conditions for Job Scheduling on Uniform Parallel Machines. In:
Hu Z., Petoukhov S., Dychka I., He M. (eds) Advances in Computer Science
for Engineering and Education Il. ICCSEEA 2019. Advances in Intelligent
Systems and Computing, vol. 938, pp. 103-112. Springer, Cham (2020) // The
Second International Conference on Computer Science, Engineering and
Education Applications ICCSEEA 2019, 26-27 January 2019, Kiev, Ukraine.
— 2019, pp. 103-112. doi: 10.1007/978-3-030-16621-2_10

2. Pinedo M.L. Scheduling. Theory, Algorithms and Systems / Michael
L. Pinedo. — Springer, 2008. — 671 p.

Senthilkumar P. Literature Review of Single Machine Scheduling
Problem with Uniform Parallel Machines / P. Senthilkumar, S. Narayanan //
Intelligent Information Mana
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VK 621.95

AHAJIT3 BIIVIUBY TEMIIEPATYPHU 30HU PI3BAHHSA HA
TOYHICTb JIAMETPAJIBHUX PO3MIPIB III/I YAC OBPOBKHA
OTBOPIB KOMBIHOBAHUM IHCTPYMEHTOM

1. M. JIanimo, H. B. Cokopuncbka, B. M. ABpamenko, M. O. CeHbkoBUY
Heporcasnuii Hayko6o-00caionuu incmumym eunpobyeans ma cep-
mugixayii 030po€eHHA T 8iliCbKOBOI MeXHIKU

AKTyaJbHICTh BUBYECHHS TEIUIO(QI3MIHAX MPOIECiB MEXaHIYHOI 00poOKH
00yMOBIJIEHA THM, IO TEIUIOTA, SIKa BUIUIMIACH IIiJ 9ac poOOTH pi3aHHSA, Y
3HAYHIN Mipi BU3HAYa€ HABAHTA)XCHHS HA pi3abHUHN IHCTPYMEHT, HOTO CTili-
KiCTB, @ TAKOX SAKICTh 1 TOUHICTH pO3MipiB 00pOOITFOBaHUX TOBEPXOHB. [l
LIIECTIPSIMOBAHOTO Ta YCIHIITHOTO 3aCTOCYBAHHS IPOLIECY Pi3aHHsS i paIfio-
HAJIbHOTO BUKOPUCTAHHS Pi3aJIbHOTO IHCTPYMEHTY, HEOOX1/THO 3HATH 3aKOHH
BUHHMKHEHHS Ta PO3IOJUTY TEIUIOTH Ha PI3HUX AUIHKaxX JAeTali, iIHCTpyMe-
HTY, CTPY)KKH; TEMIIEpaTypy Ha KOHTAKTHUX MOBEPXHAX IHCTPYMEHTY; TeM-
nepatypHe 1oJje B 30Hi Aedopmauii it pixxydoro kiuHy. ToMy HocimimpKeHHs
pobouYnX MpoLEeciB y 30HI pi3aHHs MiA yac 0OpOOKH OTBOPIB 1 pO3pOOKH Ha
Lifl OCHOBI MPaKTHYHNX PEKOMEHIAMIN ITiIBUIICHHSI TOYHOCTI 0OpOOISTHHS
OTBOPIB 33 paxXyHOK 3MEHIIIEHHS IIOXHOKN HOT0 MONIEpEedHOro Mpodiso € Ba-
JKITUBOIO HAYKOBO-TIPAKTHYIHOIO 331a4CI0 B TaTy3i 0OpOOIICHHS pi3aHHIM.

@dopMyBaHHS TEMJIOBOrO OanaHCy TEPMOJMHAMIUHOI CHCTEMH IHCTpY-
MEHT — CTPYyXKa — JeTallb — HaBKOJIMIIHE CEpPEeNOBHUINE Mia dac oOpoOKu
OTBOPIB SIBJISIE COOOK0 CKJIQJHMK MeXaHi3M B3aeMofil Teruodizuynux, ¢i-
3MKO-MEXaHIYHUX MPOIIECIB, OB’ I3aHUX 3 HAAXOIKSHHSM, PO3IOALICHHIM
Ta BigBOIOM Teruia. OCOOMUBICTIO TEIOMI3UYHKUX JOCIHKEHb KOMOiIHOBA-
HOT'O OCbOBOT'0 IHCTPYMEHTY € B3aEMHHI BIUIMB TEIIOBUX JDKEPEI Ha PI3HUX
CTyneHsx. 3a3Buuail B KOMOIHOBaHOMY IHCTPYMEHTI HACTYIIHI CTYIEHI 3a-
Oe3rneuyroTh OiNbII SIKICHY 00poOKy moBepxHi. Tomy HalOiIbLIIMK iHTEpeC
CTaHOBUTH JOCII/KEHHs BIUIMBY TEIUIOBOTO JDKEpENa BiJ MOMEPEIHIX CTy-
TICHIB Ha TEMIIEPAaTYPHHUH CTaH Ha HACTYITHHUX CTYNIEHSIX OCHOBOTO iHCTpyMe-
Hty. [Ipn popmyBaHHI TermoBoro OanaHcy mix 9ac 00poOKH OTBOPIB BPaxo-
BYBaJIOCh TEIUIOBUAIJICHHS B YMOBHIiI IUIOMIMHI 3CYBY, BiJl TEpTS O mepen-
Hill Ta 3a7HIH MOBEPXHI Pi3aJILHOTO IHCTPYMEHTY Ta TEpPTs MO CTPIvll, II0
KaniOpye, MEPBUHHUI PO3MOJUT TEIUIOTH MK 1HCTPYMEHTOM 1 JIETaJuIIo, a
TaKOX TEIUIOOOMIH 13 HABKOJMIIHIM cepepoBuiieM. [Ipu Bu3HAYECHHI Tep-
BHHHHUX TEIIJIOBHX TIOTOKIB IO MEPEIHil 1 3aJHiil MOBEpPXHI BpaxoByBaJlach
TeOMETpisl iIHCTPYMEHTY Ta YMOBH HOTO POOOTH, & TAKOK TETUIOBUIIICHHS TI0
cTpiuri, o kamiopye[1].
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3aranpHe TermoBHIUICHHS Q i yac 0OpOOKHM OTBOPIB BU3HAYAIOCH 32
hopmymoro:

0-Q +0. +Q.+Q, == 2> V21,18,V cos(n/ 4+ ® )
=Q,+Q,+Q,+Q, == + N
T tan @ cos(@-7)

TV (S @+l + A, /2sine))  TVhy(1+S,) T ts,
'l tan@

sing 2

t(psin_+1,+4,/2sine)) | hy(,+S,) J2ts, cos(n/ 4+ d—7) 1)
sin 2 cos(@® —7y) ’

ne Qn — TeIUTOBUALICHHS Bifl 30BHIMIHBOTO TEPTS 0OpOOIIOBAaHOTO MaTe-
piaiy mo mepenHiii moBepxHi pisns; Q3 — TEIIOBUAUICHHAS Bill 30BHIITHBOTO
TepTs 00pOOITFOBAHOTO MaTepialry O 3aHIN TOBEPXHI Pi3Ist; Qp — TEIIOBH-
JIUJICHHS BHACJIJIOK TUIACTHYHOI AedopMariii B 30Hi 3CyBY IO YMOBHI# ILTO-
muUHI 3¢yBY; QI — TEIUIOBMIIICHHS BiJ TEPTS B 30HI KOHTAKTy IO CTpidll,
o Kaimiopye, i noBepxHi aetani; @ — KyT 3cyBY; Tp— AOTUYHI HAIIPY>KEHHS,
Ia; V — mBHIKICTh pi3aHHs, M/XB; Sz — mojava Ha 3y0, MM/00; t — rTuOuHa
pi3aHHs, MM; Y — TMEpeIHid KyT, rpaj; 13 — BeIMYMHA KOHTAKTHOI AUISHKA
3aHbOT HOBEPXHi IHCTPYMEHTY; p — paliyc 3a0KpyrJICHHS OCHOBHOI PiXKy4oi
KPOMKH, MKM, hjT — mMprHa 30HH KOHTAKTY 0 CTPivll, 110 Kamiopye, mm; |,
— JIOBXMHA 30HU KOHTAKTY 1O CTPIYIIi, 0 KamiOpye, MM.

OCKUTBKH TEIIOBI IOTOKHM BU3HAYAIOTh TEMIIEPATYPHUI CTaH B 30Hi pi-
3aHHSI, IEPLIOYEProBOIO 3aJa4€CI0 TeIIO(I3NKH pi3aHHS € BU3HAYCHHS CKJIa-
JIOBHX TapaMeTpiB piBHAHHSA (1), siki O 3aJ0BOJBHSIIN YMOBAM TEILIOOOMiHY
B OyIb-KUi MOMEHT uacy (puc. 1).

Jiist po3po0Oky MaTeMaTHYHOT MOJIENI TEIUIOBOTO OajlaHCy B 30HI pi3aHHs
iz yac 00poOkU OTBOPiB KOMOIHOBAHUM OCHOBUM IHCTPYMEHTOM JIOCIIIIKY-
BaBCsI BIUIMB pi3HUX (DAKTOPIB HA PO3PaXxyHKOBE 3HAUCHHS TEMIIEPATypPH.

3a pe3yJsibTaTaMy IPOBEJCHUX PO3PAXYHKIB 3 BUKOPUCTAHHSIM 1HTETpalib-
HUX IIEPEXOJIiB MEPIIOro i TPEThOTro THIY Ha MiJICTaBl METOJY KOHCTPYIO-
BaHHs Oyiia OTpMaHa Mo/iesib OpMyBaHHS TEIJIOBOTO OajlaHCy KOMOiHOBa-

HOT'O OCHOBOT'O IHCTPYMEHTY Y BHTJISI:
_3,37.q.JE~D2-d2.|_e[— o

% 4D-d)Vv ’ @)

e 0 — 00’eMHa IiILHICTh TEIIOBU/ILIEHHS BHYTPILIHIX [xkepen, B1/mS;

® — Koe]illieHT TemneparyponposigHocti, M%/c; V — IBUAKICTh pi3aHHs,

M/xB.; D — HaiibibInit giaMeTp iHCTpyMEHTY, MM; 0 — HAMEHIIHH JiaMeTp
iHCTpYMEHTY, MM; | — rnbuna oTBOpY, MM.

V(D—d)}
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Byno BcraHOBNIEHO, 11O 33 TEIUIOBUM JKEPEIIOM, IO PYXAETHCS, TEMIIe-
parypa NIpaKkTUYHO IOCTiHHA, a Mepej HUM TEeMIIepaTypa 3MEHIIYETHCS 32
€KCTIOHEHIIaTbHIM 3aKOHOM THUM OlIbIle, YUM OUIbIIA MBHUJIKICTB.

YHacIi0K TOro, 110 TEIUIOBI MPOLECH ITijl Yac Pi3aHHs MPaKTUIHO cTadi-
J3YIOThCS 3a 4Yac MEHIIE CEKyH[H, OCHOBHAa yBara HpUALIAIACH MPUPO-
IICHHIO TEMIEPATYPH NP CTAIOMY TEMIICPaTypPHOMY PEKHMI.

[Ipu BU3HAYEHHI TEeMIIEpaTypHOTO CTaHy JeTaii Oyii BpaXxOBaHi MPHITY-
IICHHS, SIKi 3aCTOCOBYBAIUCH ITiJ] Yac TEIUIO(I3MIHNAX JOCITIKEHb MeXaHid-
HOi 0OpPOOKH OTBOPIB: 3aMiHa KOMOIHOBAHUX TEILUIOBHX JKEPEN KiJIbIIEBUMU
pocTOi POPMH i MOCTIHHOT IHTEHCHBHOCTI; 3aMiHa 0CECHUMETPHIHOIO 33134l
IUTOCKOI0. JIoCHiIKeHHS TIPOBOIUIINCH HA OCHOBI JIETalli THITY BTYJIKa (pucC.
2), BHYTPILIHBOIO MIOBEPXHEIO K0T PyXa€eThCsl KiJIbLIEBE TEILIOBE IKEPEIIO iH-
TEHCHBHICTIO (. Y mepiry uepry po3risiianack ocka 3aada i3 3acTocyBaH-
HSIM METOJy JKEped 1 HOCIiIo

BHHUM IEPEX0JIOM BijJI TOYKOBOT'O HEPYXOMOT'O JKEpeia 10 JIHIHHOTO py-
>|i0Mor0 JDKepera, sike Jli€ Ha TpaHuIili MPSIMOKYTHOI obmacti (puc. 2, B) [2].

Tennoma 63 Tennoma 610 Tennoma 6i7 Tennoma 63 mepma
" g‘,’”" mepma no epma no 3acwii| | meoma cmpryok, cmpyxku no
ey nepedii nobeoxH nobepxw wo KamopLyems cmpyxxobur karnabkar
meniomy
& 0,40 4,4, G, @ 40,0, Q,

=8
.

N {
| Tennoma degopraii psanns Q=G+, | | Tennoma 62 87 cums mepma 8,+Q,+8,+4, |

! i

| Jazanere menobudenns npu opodyl ombopb 8-8,+8,+0,+0, +4, |
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[ 2o / g 1
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| nepeposnoding lepeposnodn mennomy | Vlepepoanodin mennomy| | | /Tepeposnodin menaomy \
| mennomu X HCMpYMeRmaN ma | Yax cmpyxkon ma MIX IHCTPYMEHIMOM A |
L emanm 8.z iemanm &, cmpyxkow @, |
| ! [
| Jona Bidbod mensomu \Bidbod mennomy | | Bidbod mennomu \

bidbody 83 demar @, 160 empyrenmy 4, &3 cmpyxu 4.,
| mennomu y i - B l
| Habkomure Y * * |
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Pucynox 1 — Cxema ¢opMyBaHHS TEIUIOBOTO OaJlaHCY IHCTPYMEHTY, Jie-
Tai,CTPYKKH i 9ac 00poOKn 0TBOPiB KOMOIHOBaHHUM 1HCTPYMEHTOM

119



Pimenns 3amavi Oyno 37ifiCHEHO B YOTHPH €TamM, B pe3ysbTari Oyna
OTpHMaHa MaTeMaTH4Ha MoJieb (POPMYBaHHSI TEIUIOBOTO OajlaHCy KOHCTPY-
KUIHNX MaTepialliB y BUIIISIL:

qcpd .D? 13 e{— %0

R 62,01-10° -2 ’ ®

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

A — KoedilieHT TemonpoBigHocTi, Br/Mm'rpax; @ — koedimieHT Temnepary-

POIpPOBiAHOCTI, M?/c; (| — 00'€MHA IIIIBHICT TEIUIOBHALICHHS BHYTPIilIHiX

mxepen, Br/m®; V — mBuakicTs pizanns, M/xs; d — 1iaMeTp MEHILOro CTyNeHs

KOMOIHOBaHOT'O IHCTPYMEHTY, MM; D — niamerp OinbIioro cryneHs KoMOiHO-
BaHOTO IHCTPYMEHTY, MM.

Bymno BctaHOBIICHO, IO TTiA 9ac 00OpOoOKK OTBOPIB HAWOINIBIIE BIUTMBAE HA

vip-o)

V"M a x
L A

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

XapakTep Po3MOIiUICHHS TEMIIEpaTyp TeOMETpist 00JIACTI PO3IIOAIIICHHS TEM-
neparyp, a pyx iHCTPYMEHTY € IIPOILIECOM ITOCIIIOBHOTO NPHUKJIIaJCHHS KiJIb-
[[EBOr0 TEIIOBOro jukeperna. OOepTalbHUl PyX 3AIHCHIOETHCS 33 CIIIOM,
MPOTPITHM MOIIEPEIHIM TEIUIOBUM JKEPENIOM i3 mBUAKICTIO pizanHs V. [lo-
CTYMaIbHUHN PYX 3MIHCHIOETHCS XOJIOIHOIO HETTPOTPITOIO IIOBEPXHEIO OTBOPY
3i mBuKicTio moxayi V. BuakicTs pisanus V B ©nd /S pasis Gisblia mem-
nkocti mogadi V. Jlns miamasoniB momau npu posseprysanui S = (0,8-2)
mm/06 mipu d = (20-50) MM 11e cmiBBimHOMIEHHS H0piBHIOE (32—195). Tomy
3aMiHa Z KOMOIHOBaHHX TEIUIOBUX JDKEPEN KiJTbIIEBUM ITi 4ac YHUCTOBOI 00-
POOKH OTBOPIB LiJTKOM OOIPYHTOBAHA.
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Ha 6a3i orpumannx pe3yibTaTiB MoOyaoBaHa Jiarpama 3MiHH poOOUYMX
TEMIIepaTyp JeTalli B 30Hi pi3aHHs IiJ] 4ac 0OpoOKH OTBOPIB JUIS BCiX YMOB
TEIJIOBOTO HaBaHTAKEHHS Ta MapaMeTpiB pi3aHHs, 10 Maya XapakTepHUH
«C1ATI0NOAIOHNIY BUIIIS 3 TOCTIHHOIO TEMIIEPATypOIO MOCEPEANHI OTBOPY i
3HAUYHUM 3POCTaHHSM TEMIIEpaTypH Ha modaTky otBopy (puc. 3). [lonione
3POCTaHHS TEMIIEPATypH HOSCHIOETHCS KpaloBUM e(eKTOM B IUMX 30HAX.
[TinBuIIeHHS TeMIlepaTypy NpH LbOMY BHKJIHKAE HaKIaIeHHS Ha OCHOBHY
TEIUIOBY XBHJIIO BiJ MAiI0YOI0 TEIUIOBOTO JOKEpesa BTOPHHHMX TEIUIOBHX
XBHWIb, BIIOWTHX BiJ MEpeIHBOI Ta 3aTHBOI CTIHKH BTYJIKH. [locepennHi
OTBOPY BIUIMB BiTOUTO{ XBUIII MEHIII iCTOTHHUH, 3Ba)Kal04H Ha ii pO3CiFOBaHHSI.
AHAITHYHI TOCT/KEHHS TEMIIEpaTypHOTO CTaHy JO3BOJWIIN BCTAHOBHTH
HEeJHIHHUIA XapaKkTep 3MiHU TEMIEPaTypH B 30H1 pi3aHH 110 TIIMOWHI OTBOPY

[3].

O, rpang
200

175

150

125

'\
100 \ /,
\

75

50

0 5 10 15 20 25 30 35 40 |, Mm

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

Jnst TOCIHiJpKeHHST KUIbKICHUX XapaKTEPUCTHK TEMIIEpaTypHOIrO CTaHy
JeTaj]i BUKOPUCTOBYBAIIMCH YHCENbHI METOAW. B pesynbpTaTi mpoBeneHnx
aHATITHYHHX JOCIIIJIKEHb OYJI0 BCTAaHOBIICHO, IO 31 3HIKEHHSM IJIaCTUYHO-
CTI Ta MiIHOCTI 00pOOIIIOBaHICTh MaTepialiB 3011bHIyeThCSI. BpaxoBytoun,
1110 MIIHICTh MaTepiary MOHOTOHHO 3MEHIIY€EThCs 31 301IbIIIEHHM TeMIIepa-
TYpH, a XapaKTEePUCTUKH IUIACTUYHOCTI MalOTh €KCTPEMaJIbHUI XapakTep 3
MiHIMyMaMH IIpH NIEBHIH Temneparypi, 0y0 3po0iIeHo IPHUITYIEHHS, 110 15
TeMIepaTypa IOBHHHA BiIOBIAATH TeMIepaTypi MaKCUMaJIbHOI 00po0io-
BaHOCTI Marepiaiy.
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IIpoBeaeHo aHai3 3MiHU Pi3UKO-MEXaHIYHUX XaPAKTEPUCTUK 00POOITIO-
BaHMX MaTepiajiB y 3aJIeKHOCTI BiJl TEMIIEpaTypH, L0 JO3BOJIHMIO BUBYUTH
MOJKJIMBOCTI X 3aCTOCYBaHHS JJIsl BU3HAUSHHS TEMIEPaTypH MaKCUMaJIbHOT
00po06IoBaHOCTI MaTepialiB. 3a1eKHOCTI XapaKTEPUCTHK INIACTUYHOCTI Bij
TeMOepaTypH HaBejeHi Ha puc. 4 [4]. Ha mincraBi mpoBeneHOro MOPiBHSIIb-
HOTO aHaJi3y TiloTe3a Mpo MOKIMBICTh 3aCTOCYBAaHHS TEMIIEPATyp €KCTpe-
MaJbHHX 3HAYCHb (DI3MKO-MEXaHIYHUX XapaKTEPHCTUK 0OpOOIIOBaHUX Ma-
TepiajyiB UI1 BU3HAUEHHS TEMIEPATypH X MaKCHMaJIbHOI 00pOOIIOBaHOCTI
Oyma migTBepmKeHa. B pe3ynbpTati JOCTIKEHD BIDIHBY TEMIIEpaTypH Ha Bia-
CTHBOCTI MaTepiaiiB, Oy0 BCTaHOBIICHO, III0 TEMIIEpaTypa, PH AKii (i3uKo-

5, %
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PucyHok 4 — 3anexHICTh XapaKTePUCTHK IUIACTUYHOCTI
Bix remnepatypu Cram 45

MeXaHIYHI XapaKTepUCTHKH MAIOTh EKCTpEeMalIbHI 3HaYECHHS, 3 TOCTaTHHOIO
TOYHICTIO BiJITIOBi/Ia€ TeMIlepaTypi MakCUMaIbHOI 00poOIIIOBaHOCTI MaTepi-
ay.
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Pucynox 5 — Po3n0BCIOKEHHS TETUIOBOTO TIOJIS IO
piKydii Kpomui 1 epesiHiii oBepxHi cBepuIa
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Bigomo, 1o B nporeci MeTanoo0poOKH TEIUIOBI IOTOKHU HE € CTallioHap-
HUMU: CTPY’KKa, 4epe3 sIKy BiIOyBaeThCsl 3HAUHUH TEIIOBUIH IEpeHocC, moc-
TIHO CKOJIOETHCS Ta JeopMyeThest. ['eoMeTpist KOHTAKTYIOUNX TOBEPXOHb
3MIHIOETBCS TP BPi3yBaHHI IHCTPYMEHTY, 3MIHIOIOYH THM CaMHUM YMOBH Te-
ronepeaayi. TemIoeMHICTh 1 TEIIONPOBIHICTD SIK CAMOTO 1HCTPYMEHTY,
Tak i 00OpoOIFOBaHOI JeTalli HEeNiHIHO 3amexars Bif TemMnepaTypu. Takum
YHHOM, JiHIlfHA 3afjada TeIuronepenavi Ipu HaKJIaIeHHI CKIaIHIX TPaHUu-
HUX YMOB HaOyBae 3HaYHOI HeMiHIKHOCTI. J{J1s1 ATBEPIKCHHS TEOPETHIHIX
BHKJIAJICHb OYJIO MIPOBEACHO iMiTalliifHe MOIEIIOBAHHSI, PE3YIIbTaTH SIKOTO
HaBe/IeHi Ha puc. 5.

BusnadeHo, o MakcUMalbHA TEMIIEpaTypa Ha phKydid KpOMIIl cBepaiia
cknanae 192° C, o € gomyctumuMm st iHcTpymenTansHoi Ctami POMS [5].
Bimomo, 1110 po3M0/Iis TeMIeparyp B MOMEPSUHOMY Tepepi3i IeTalli BU3HAYAE
rIIMOUHY MTPOTpiBaHHsI MOBEPXHI OTBOPY, KA 3HAUYHOIO MipPOIO 3aJIEXKUTh Bil
KoedilieHTa TeMIepaTyponpoBiJHOCTI Ta TOBIMHHU CTIHOK Aetaii. [ mubuHa
30HM IHTEHCHBHOTO MPOTPiBaHHs MaTepiaiy JeTaili MpU MOCTIHHI| TOBIIMHI
CTIHOK 1 BJIACTUBOCTAX Marepiany AeTajll 3alMIIAEThCS MOCTIHHOIO MO BCii
rmbuHI 00poOku oTBOpY. [lomanpmmii aHaII3 TeMIepaTypHuX Aedopmartiit
JleTai MoKasas, 10 OCHOBHI TeMITepaTypHi Jedopmallii 1eTalti BH3HAYa€ Ha-
IpiTuii mwap Marepiaily, Temmeparypa sikoro oomexxyersca Q =0,5Q,..,, e

Qmax_ MakCHuMaJlbHa TEMIIEpATypa B 30H1 piSaHHﬂ JJIA ObOI'O IMOJIOXKCHHS TC-

IUIOBOTO JpKepena [6].

BcraHoBIeHO, 110 MPU BU3HAYEHHI TEMIIEPATYPH BiJ il IBOX OJHOYACHO
JUFOYMX TEIUIOBUX JKEPET CIpaBeUIMBHNA PUHIMII cyreprno3uiii. Tomy Te-
MIEpaTypHUH CTaH B MONEPEYHOMY Hepepi3i OTBOPY B AOBUIbHUNH MOMEHT
Yacy BH3HAUYA€ThCS PIBHICTIO TEMIIEPAaTypH IHCTPYMEHTY Ta JeTaji, TOOTO
Q, =Q, . CniBcTaBuBIIY [IpaBi YacTUHHU piBHAHG (2) 1 (3) 1 BUALIMBLIN 3 Pi-

BHOCTI LIBHAKICTb, OTPUMAEMO BUpa3 JJisl BUSHAUYCHHS LIBUAKOCTI pi3aHHA
i 9ac MeXaHI9HOI 00POOKH OTBOPIB OCKOBUM IHCTPYMEHTOM Y BHTIISII:

5,56-10°-d - A
V=r—x—° (4)

(D-d)-c-p-l
e V — WBHIKICTh pi3aHHsA, M/XB; p — I'yCTHHA PEYOBUHH, KI/M®; ¢ — 1U-
TOMa TeIUIOEMHICTh, JIK/KrTpaa; A — KOe]illieHT TeruIonpoBiJHOCTI,

Br/™mTpan; d — miameTp MEHIIOrO CTymeHs KOMGIHOBAHOTO iHCTPYMEHTY,
MM; D — miameTp GiIbIIOro cTyrneHst KoOMOIHOBAaHOTO IHCTPYMEHTY, MM.

3 MeTOI0 OIIHIOBAHHS a/IeKBATHOCTI OTPUMaHHUX MOAEJeH OyiH mpoBe-
JICHI eKCIIEPUMEHTAJIbHI TOCTIKCHHST 00pOOKH OTBOPIB HIIIHIPUIHOT BTY-
JIKM KOMOIHOBaHHMM iHCTPYMEHTOM pPO3BEpPTKa — 3€HKep. SIK BioMo, Benu-
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YHHa TUIACTUYHOI eopMaltii XapakTepHu3ye oIip MaTepiany po3BUTKY B’sI3-
Kol TpimuHU. 3 wi€l NpUYMHM 11 Ha3MBAIOTh B’S3KICTIO pyHHYBaHHA. Yum
BOHA OUNbIIIA, TUM BHIIEC MaTepian miagaeThes pyiHyBaHH. Lle mo3Bose
BU3HAYUTH OE3NEUHHI pO3MIp TPIIIMHU NPHU BiZoMOMY poOO4YOMy Hampy-
JKCHHI a00, HaBIaKK, OC3MEYHE HAMPYKCHHS IPU BITOMOMY po3Mipi nede-
KTy. Pe3ynmpTatn mocmikeHHS HaBeneHi y BUILAA rpadikiB Ha puc. 6—7.
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Pucynok 6 — 3anexHicTe BenH- Pucynok 7 — 3anexHicTh Be-
YMHM IUIACTUYHOI AedopMauii Bil JIMYMHM TIACTHYHOI medopmarii
TeMIepaTypH Ajs ciiaBy POMS Big Temneparypu ais Craii 45

3a rpadikamMy MakCHMaJIbHO JIONYCTHMa TeMIIeparypa pi3ajibHOro iH-
ctpymenTty cknagae 900 °C. Temmeparypa MakcuMaIbHOT 00pPOOIIFOBAHOCTI
Crami 45-750 °C. V maHoMy BHUIIaJKy JIIMITHOIO OyJe TeMIeparypa oopoo-
JIFOBAHOCTI CTaJIi.

Ha ocHOBiI oTpuMaHOi aHANITHYHOI MOJENI BH3HAYCHO IIBHIKICTH pi-
3aHHS, BCTAHOBJICHO, IO 00JAacTh IHTEHCHBHOTO HATrpiBY JeTalli B 30Hi pi-
3aHHs oOMexeHa it ckianae (3 —10) MM 1o rmOuHI oTBOpY U (2 — 7) MM 1O
TOBIIUHI JETAI.

BcranoBneHo, 0 Ha 1eif yac HeMae TOYHOTO CIOCO0y BU3HAUEHHS TEM-
neparypH B 30Hi pizaHHs. BoHa BU3HAYa€ThCS €KCIIEPUMEHTAIBHUM ILIIXOM
a00 3a eMITipUIHIMH 3aJIC)KHOCTSAMH, 1 K HACTIIOK, 3HAYCHHS TEMIIEPaTypH
B 30Hi pi3aHHs AOCUTH NpuOIn3He. [Ipu 3HOIIYBaHHI IHCTPYMEHTY 3pOCTa€
CHJIa pi3aHHS, IO MPU3BOAUTH /10 3MIHM TEMIepaTypH B 30HI pisaHHs. [Ipu
3MiHI IIBHIKOCTI pi3aHHS, I10/adi, IIMOWHM pi3aHHS TeMIlepaTrypa TaKoxX
3MiHIOETbCA. TakuM YMHOM, HA TEMIIEpATypy B 30Hi pi3aHHs BIUIMBAIOTH Oa-
raTo YNHHHUKIB, OOJIK SKUX ITOTPeOye JOBrOTPUBAINX Ta TPYAOMICTKHX PO3-
PaxyHKIB.
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CEKIIIS 3
CYYACHI ACHEKTU MATEMATHUYHOTI' O TA
IMITAHIﬁHOFO MOJEJIOBAHHS CUCTEM B
IHQOPMAHIFIHHX TEXHOJIOT'IAX



VK 004.94

MAPAJIMTMU IMITALIIITHOTO MOJEJTIOBAHHS

B.M. TomameBchkuii
Hayionanvuuii mexuiunuii ynieepcumem Yxpainu « KIII imeni leops
Cixopcvroeon

MonemtoBaHHS K OJHY 3 HABOKJIMBIMINX KaTEropiil mporecy mi3HaHHSA
HEMOXKITUBO BiIOKPEMUTH BiJl pO3BHUTKY JitofcTBa. Chepa Horo 3acToCyBaHH
OXOIDTIOE BCi 00J1aCTi AIsUTFHOCTI JIFOACTBA Ta IPUPO/HI sABUIIA. JIfonnHa BH-
KOPHCTOBY€E MOJIEINI, IO AAI0Th MOKIJIMBICTH «IIpOTpaBaTW» OyIb-sKi JKUT-
TE€BI Ta BUPOOHWYI CUTYyaIlil i OTPHUMYBATH TaKi PIIICHHS, IO JO3BOJISIOTH
3HAWTH HaHKpaIii crocid BUPIMIeHHS Ipo0ieMu. Y TaKuX BUMAAKAX € MO-
JKJIMBICTh aHATI3yBaTH 3a JOMOMOTOK MOJEI Oyab-sAKi CHUTYyaIlil, BKJIFOYa-
I0YH Ti, 32 IKMX peajbHa cucTema Buiinuia 6 i3 nangy. e no3Bosse Mmonento-
BaTH KaTacTPO(H, PiAKICHI BUIIAIKH, TA HABITH TaKi SBUIIA 1 IPOIIECH, IKHX
He iCHy€e Hacnpas/i, TOOTO BIpTyaJibHY PEabHICTb.

MopentoBaHHs TiCHO MOB’sI3aHE 3 aHATI30M OY[b-SIKMX CHCTEM 1 € Horo
cknanoBoro. OCHOBHE NPU3HAYECHHS MOJCIIOBAHHS — MPUHHATTS PillleHb 32
JIOTIOMOTOI0 Mojienell. HalmmpmmM KiacoM Mofeneit € MaTeMaTHIHI Mo-
JIeTTi, a HAlpPO3MOBCIOKEHUM METOAOM — KOMII I0TEPHE MOJIETIOBAHHS, I10-
MyJSIPHUAM Pi3HOBHIOM SIKOTO € iMiTamiiHe MoaemoBaHH:. [lepeBaru imita-
IIfHOTO MOJICNIIOBaHHS 3B’S3aHI 3 MOJKJIMBICTIO MOTO 3aCTOCYBAaHHS JUIS
Oynb-sIKMX JUHAMIYHMX CHCTEM B yMOBaX HEBHM3HAUEHOCTI 3 BPaxyBaHHSIM
TUX (QaKTOPIB, SKi BaXXKO QopMaii3yBaTu. 3a3BHyaii imMiTaliifHa MOAEIH Bi-
Jno0pakae CTpYKTYpy MOJIETIbOBaHOT CHCTEMH Ta TOAAETHCS Y BUTIISIN CYKY-
MTHOCTI aIrOPUTMIB 200 PiBHSHb, SKi OIIMCYIOTh Ipolec (pyHKIIOHYBaHHS CU-
cTeMH. 3 TOYKH 30pY PO3YMIHH 3ac00iB OOYI0BH IMITAI[IFTHOT MOIEITI BaXK-
JIMBUM MOHATTSM € TapagurMa imMiTariiiHoro MoaeIIoBaHHs.

MopentoBaHHs K OJIHY 3 HAaBaXIIUBILIMX KaTEropiil mpouecy mi3HaHHs
HEMO>KJIMBO BIZIOKPEMHTH Biji po3BUTKY JitozcTBa. Chepa ioro 3acrocyBaHHs
OXOIUTIOE BC1 00J1aCTi AisUIBHOCTI JIIOJICTBA Ta MPUPOAHI sBuIa. JIfo1Ha BU-
KOPHCTOBY€E MOZEINI, IO JAI0Th MOXJIMBICTh «IIPOTpaBaTH» OyIb-sIKi JKUT-
TEBI Ta BUPOOHWYI CUTYyallii # OTPUMYBATH Taki PillIEHHS, IO J03BOJISIOTH
3HAWTH HaMKpamyii crocid BUpimeHHs npobiaeMu. Y TakuxX BUIIAKAX € MO-
JKJIMBICTh aHATI3yBaTH 3a JOMOMOTO MOZENi OyIb-sKi CHUTYyallil, BKIIF0Ya-
I0YH Ti, 32 IKMX peaibHa cucTema Buiinuia 0 i3 nangy. Lle no3sosse Monento-
BaTH KaTacTpoQu, PiiKiCHI BUIIAIKH, Ta HABITh TaKi SBHIIA 1 IPOLIECH, IKUX
HE iCHy€e HacIpaBli, TOOTO BipTyaJbHY PEaNbHICTb.

MoientoBaHHS TICHO TOB’SI3aHE 3 aHANI30M OyJIb-SIKUX CHCTEM 1 € Horo
cknanoBoro. OCHOBHE NPU3HAYCHHS MOJICIIOBAHHS — MPUHHATTS PillieHb 32
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JIOTIOMOTO10 MoJiesieli. HalmmpinuMm kiacoM Mojenieil € MaTeMaTH4YHI MO-
JeTTi, @ HalipO3MOBCIOKEHUM METOIOM — KOMIT I0TepPHE MOJETIOBAaHHS, M0~
MYJIIPHAM Pi3HOBUIOM SIKOTO € imiTauiitne MozaentoBanus. [lepeBaru imiTa-
LIIfHOTO MOJIENIOBaHHS 3B’s3aHI 3 MOXJIMBICTIO HOTO 3acTOCYyBaHHS IS
Oynb-SIKMX JMHaMIYHMX CHUCTEM B YMOBaX HEBHM3HAYEHOCTI 3 BPaXyBaHHIM
TUX (haKTOPIB, sKi BaxKO (hopmaiizyBaTu. 3a3Buuail iMiTauiiHa MOJeJb Bi-
J00paxkae CTPYKTYpy MOZAEIbOBAaHOT CUCTEMH Ta MOAAETHCS Y BUTIIA CYKY-
ITHOCTI aNTOPUTMIB 200 PiBHSIHB, SIKi OMUCYIOTH MpoIiec PYHKIIOHYBaHHS CH-
cTeMH. 3 TOYKHU 30py pO3yMiHHS 3ac00iB TOOYZOBH iMiTAIlifHOT MOIEIN BaXK-
JIUBUM TOHATTSM € TIapagurMa iMIiTaliifHOro MOJCIIOBAaHHS.

[Mapagurma (3 Tpenpkoi — «IPHUKIAa», «B3ipelpy») — y 3araJbHOMY 3Ha-
YEeHHI 1[€ TEOPETHKO-METONOJIOTIYHA MOZIENb, sIKa BKIIIOYa€ CHCTEMY imeH i
MIOHSATS, 1[0 BU3HAYAIOTH KOHIICIIIII0 CTBOPEHHS IMiTAIIHIX Moaenei. [l
TOTO0, 00 BU3HAYNTH MApaJurMy MOOYAOBH IMITaIliifHOT CHCTEM HOTPiOHO
PO3TIISTHYTH BHYTPIIIHIM MexaHi3M ii peanizaliii, SKUil CTOCYEThCS 3aBIaHHS
BHYTPICHCTEMHOT'O MOJICJILHOTO Yacy, JIOTIKO-MaTeMaTHYHOI CXeMH aJropH-
TMY iMiTalii Ta CTPYKTYpHOI opraHizauii Moerti.

TpagumiiHo TUHAMIYHI CHCTEMH, a TAKOX 1X MOJENI, MOIUISIOTH Ha He-
MEPEPBHi, JUCKPETHI Ta KOMOiIHOBaHI. J[JI1 MOJICITFOBaHHS HETIEPEPBHUX JIH-
HaMIYHUX CHCTEM BHKOPUCTOBYIOTH OJIOUHI METOAM MOOYJOBU MOJIENEH, SKi
3aCTOCOBYIOTBCS JUIS aHAJIOTOBOTO MOJICIIOBAHHS, 1 BIATBOPIOIOTE POOOTY
aHanoroBux i riopunaux EOM, ToOTO elreMeHTaMu TakuxX 3ac00iB MOZIEIIO-
BaHHS € OJIOKH CyMaTOpPH, IHTETPaTOpH, MiJCHIIOBadi. AHAJIOTOBI MOBH MO-
JIeIMIOBaHH yCIIaAKyBaJIl aHAJIOTOBI OJ0K-cxeMu. Takuii miaxizn i 3apas3 € 6a-
30BUM, ajie anaparHi OJIOKH 3aMiHIOIOTECS MPOTpaMHUMH (IHCTpYMEHTAIbHA
cepenosuie Simulink), a Mosesni po3B’s3yIOTh IIPSIMUAM IHTETPYBaHHIM 200
3ac00aMH CHCTEM IMITaliifHOrO MoJientoBaHHs. bilokn BUKOHYIOTh MaTeMa-
TUYHI OOYHCICHHS Ta 3’€IHYIOTHCS MK CO0OI0, MEPEatoTh OJUH OIHOMY
3HAYCHHS 3MIHHUX BiJl BXO/IB OJHHUX OJIOKIB 0 BHXO/IB iHIIKUX. TakuM 4u-
HOM, OJIOK-OPi€EHTOBaHI MOBH MO/ICJTFOBAHHS CKOPIIIIE BiJI0OpakarTh 3ac00n
PO3paxyHKIB HiXk caMy CTPYKTYPY MOJIEJIbOBAHOT CUCTEMH.

OcTtaHHIM 9acoM IIUPOKO BIPOBA/KCHI MOBH MOJICIIOBAHHS, sIKi 0a3y-
IOTHCS Ha PIBHSIHHSIX, 1 HE IOTPEOYIOTh OTHCY AITOPUTMIB PO3B’S3KY LIUX pi-
BHSHB. Lle 3aB1aHHA BUKOHYE KOMIUISTOP MOBHM MojentoBaHHs. OpHie0 3
LIMPOKO 3aCTOCOBaHMX MOB MOJIENIOBaHHS Takoro tumy € Modelica
(https://www.modelica.org/) — 06’ekTHO-OpieHTOBaHA, NEKJIAPATHBHA, MYJlb-
TH/IOMEHHA MOBa MO/ICJIIOBAHHS JIIsI KOMIIOHEHTHO-OPIEHOBAHOTO MO/IEIIIO-
BaHHS CKJIQJHUX CUCTEM, SKi MICTATh MEXaHi4Hi, eJeKTPUUHI, €JIEKTPOHHI,
TiApaBiivHi, TEIUIOBI Ta iHIIN KOMIOHEHTH. Ha ChOTO/IHI 10 MOBY BUKOPHC-
TOBYIOTh 0arato BENWKUX MiANpUEMCTB, Takux sk Siemens, ABB u EDF,
AUDI, MBW, Daimler, Ford, Toyota, VW Ta ixmi.
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s opmanbHOrO mpencTaBiIeHHs Mojenel HerepepBHUX cucteM JIx.
®dopectep 3ampornoHyBaB IiaXil, Ha3BaHUH CUCTEMHOIO JTUHAMIKOIO, SIKUH
Jlae 3Mory OyIyBaTH MOJIEJi AMHAMIYHUX B3a€MOIIOB’ I3aHUX CHCTEM 3a JI0-
MIOMOT'OI0 IPUYMHHUX JliarpaM LUKIIB 1 cXeM BHIY «(pOH — MOTiKk». Moenb
0azyeTbcst Ha cucTeMi AU epeHNianbHO-Pi3HEIEBUX PiBHAHD, 3BUYAHHO IIE
piBHsaHHA JlaHKacTepa, po3B’sA3aHHS SKUX Y 3aMKHEHOMY BHUII BUKOHYETHCS
YHICIOBMM METOJIOM Ha JISSIKOMY IIPOMIXKKY 4acy, IO A€ 3MOTY MOJEIO-
BaTH 3MiHM (OHJIB 1 MOTOKIB OB’ I3aHIX MiXK COOOIO depe3 3MiHHI.

Bisyanpaa rpadiuna Moaens OyIOyeThCs 3a TOTIOMOTOIO ieoTpaM, a Impo-
rpaMHHUHA Kof OyIyeThCs aBTOMAaTHYHO. [IporpamMHi iHCTpyMEHTH, 1110 BHKO-
PHUCTOBYIOTH imeorpadivHi HOTaIlil BBAKAIOTHCA 3aCO0AMHU Bi3ya bHOTO MH-
cienns. J{o aux BigHocaTecs Stella i iThink, Powersim, Vensim, Modus Ta
iH. IIpaktuuHo Bei 1i 3acodu OyaytoTbest Ha 6a3i MoBu DYNAMO. CyuacHi
CHCTEMH HETIepepBHOTI0 MOJIEIIOBAHHS PO3IIMpPEHi 3aco0aMy MOIEIIOBaHHS
BUMAJKOBUX (PyHKLIM Ta JIOTIYHMMHU BUpa3aMM, MAlOTh MOXIIMBICTh 3aj1a-
BaTH 3QJIE)KHOCT] B rpadiyHOMY Ta TaOJUYHOMY BHUIJISAAX, B3AEMOIIIOTH 3
6azamu gaHux i Tabaunsgmu Excel, Y O1IbIIOCTI BUMAAKIB TaKK MAKETH MO-
JIETIOIOTh HE TIIBKH HETIEPEPBHi CHCTEMH, a i HeTlepepPBHO-ANCKPETHI, BKIIIO-
Yar0Yl MOXKIIMBOCTI CTBOPEHHS YePT, KOHBEEPIB 1 IPUCTPOIB.

JMcKpeTHO-TIOAIMHI MOJIeNi € HAWOUTBII PO3MOBCIOKEHUM KIIACOM iMi-
TaliiHUX MOJEJEH, SKi OXOIUTIOIOTh CHCTEMH MAacOBOTO OOCIyrOBYBaHHS,
TPaHCHOPTHI, iHPOPMAaIiiiHi, TOTICTUYHI, MEIUYHI, PEMOHTHI CHCTEMH, 30H-
pajibHe BUPOOHMITBO Ta OaraTo iHIIMX CUCTEM i mpoleciB. Yci BOHH 00Y-
JIOBaHI Ha KOHIICMIII MPOCYBaHHS MOJEIBHOIO Yacy Bia momii 10 MOil,
TOOTO B MOMEHTH 4acCy, KOJIM 3MIHIOIOThCS BJIACTHBOCTI MO/IEIIBOBAHOT'O TIPO-
recy. B kuu3i [1] po3risigaroThess TPH OCHOBHHX ITAXO/IH, SIKI TO3BOJISIFOTh
OymyBaTH MOJICIIOIOY] alTOPUTMH JUIS IMCKPETHO-MIOIIMHUX CUCTEM: Opi€H-
TOBaHI Ha MOJIi, BUIU MISUTBHOCTI Ta MpoIecu. IMiTalliiiHi MOBH 1 CHUCTeMHU
OpIEHTOBAHI Ha MPOIECH € HAHOUTBII YHIBEPCATEHUMH 1 TO3BOJISIOTH CTBO-
proBaTH 00’ €KTHO-OPIEHTOBAHI 3aCOOM IMITAI[ifHOTO MOJEITIOBAaHHSI, Cepel
SKUX HEOOXiTHO BUAUTUTH CEpPEIOBHINE Bi3yanbHOTro MonemoBaHHS VSE,
sKe BinTBOproe koHMenmito «I1lo 6agy Ha expaHi, TO 1 OTpUMAIO i Yac Mo-
JIETIFOBaHHS» 3 aBTOMaTUYHIM CTBOPEHHSAM KOy imiTariiHoi mporpamu. s
ycCiX iMiTalifHUX CHCTEM OPIEHTOBAHMX Ha IPOIECH XapaKTEPHO IIPHCYT-
HICTh TUHAMIYHUX 00’€KTIiB (MOBiOMIIEHB, TPAH3AKTIB), SIKi PYXaOThCS IO
MO/IeJTi 32 BU3HAUEHOIO CXEMOIO Ta Yy Mipy CBOT'O IIPOCYBAHHS «CHIOXKHUBAIOThH)
nesiki pecypeu. CTpyKTypa ImporpamHoOi pearizarii iMiTamiiiHol Mozeni, K
MIPABHUIIO, CITIBIIAJIAE 31 CTPYKTYPOIO 00’ €KTa MOJICTIOBAHHS.

Kiac 3aco6iB MO/ieTfOBaHHS OPiEHTOBAHKMX HA MPOIIECH 3HAYHHMA, CePET
SIKUX TIOTPiOHO BUIUIMTH MAaKETH OPIEHTOBaHI Ha MOJICITIOBAHHS BUPOOHHUII-
TBa, Taku sk FlexSim (https://www.flexsim.com/flexsim/whats-new/),
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OCTaHHE OHOBJIEHHS, sKoro 3pobmeHo y 2019 p., Ta Arena
(https://www.arenasimulation.com/). Ileii makeT MUPOKO BUKOPHUCTOBYETHCS
BenukuMHu cBitoBuMu koprnopauisimu PWC, Federal Express, Nike minx gac
MO/IETIFOBaHHS Oi3HEC-TIPOLIECIB 1 103BOIISAE OyIyBaTH IMiTalliiiHI MOAEINI 1O
JiarpamMax CTBOPEHHM 3a Jonomororo BPwin.

Arenrre MozemoBanas (agent-based model) — mertox imitamiiiroro Mo-
JeITIOBAaHHS, SIKUH JOCIIIKY€ TIOBETIHKY JCIEHTPATi30BaHNX areHTIB 1 Te, IK
Taka IMOBEJliHKA BU3HAYAE MOBEIHKY BCi€i cucTeMH B misiomy. Ilin areHTOM
PO3YMI€TBCS IesKa CYTHICTB, SIKa BOJOMII€ aKTHBHICTIO, aBTOHOMHOIO ITOBE-
JIHKO0, MOYXKE TIPUHMATH PIlIEeHHS 32 TIEBHUM HaOOPOM IpaBHII, MOXKE B3a-
€MOJIATH 3 OTOUCHHSM Ta IHIIMMHU areHTAMH, a TAKOXK MOXKE 3MIHIOBATHCS
(eBomronionyBaTH). baraToareHTHI MOJesli BUKOPUCTOBYIOTBCS IS TOCTI-
JOKCHHS TUHAMIKH KOJICKTUBHOI MOBEIIHKH (CYCIiIbCTBA, KOJOHIH, MOMyJisi-
i 1 T. iH.) 1 MOXYTh BKIJIIOYATH AECSATKH 1 COTHI THCSY aKTUBHHUX arcHTIB.
ATEHTHUIA MiXiJ 103BOJISIE OTPUMATH 1H(OPMALi0 PO 3arajibHi r1obanbHi
3aKOHHU JOCIIKYBaHOI MOJIEN, 1[0 0a3yIOThCSl Ha aKTUBHOCTI 11 CKJIaJIOBHX
€JIEMEHTIB, TOOTO BUKOPHUCTOBYETHCS 1HIYKTHBHHUN IMiIXi]] CTBOPEHHS MOJIC-
Jent..

3pyYHHM CEepeloBHINEM CTBOPEHHS 0araTOareHTHHX MOJelied € imita-
miiftHa cucrema AnyLogic, sika st popmarizarii HOBEQiHKH areHTiB y CHC-
TeMi BUKOPHCTOBYE miarpamy craHiB (State Chart). [l ctBopeHHs Moeneit
y OLTBIIOCTI BUMIAIKiB BUKOPHUCTOBYETHCS TpadiqHU pelakTop, B IKOMY KO-
pHUCTyBa4 OMHKCYE BCi CKIamoBi moseii. [loBeiHKa OKPEMUX SIIEMEHTIB MO-
JIeTTi ONHUCYEThCsl 00’ €KTHO-OPIEHTOBAHOIO MOBOIO IporpamyBaHHs Java. Ic-
Hye 6araTo NpuKIaaiB Mojieseld pi3HOMaHITHUX JIOTICTHYHUX MEPEXK Ta Tpa-
HCIIOPTHUX CHCTEM, CUCTEM KepyBaHHs Pi3HMMH Oi3Hec-Tporiecamu ta 6i0-
JIIOTEKA TOTOBUX MOJYJIIB 1 PO3POOIICHIX MOICIICH.

3 areHTHUM IIiJIXOJIOM TICHO IIOB’SI3aHE CHUTYyallilHe MOJEIIOBAaHHS, SIKE
OMHCYy€ MHOXHUHY CHUTYAIliil Ta MHOKHHY TIPaBHWI (AITOPUTMIB), 32 SKHMH
areHT BU3HAYAIOTh MPOLEC, 10 MOBUHEH BUKOHYBATHCS. [ IOTO MOXYTh
BHKOPHCTOBYBATHCS TaOJMIII Ta AepeBa pillieHb. Y OUIBII CKIAJHIX BUTIA-
KaX NpHY BUKOPHUCTAHHI 023 3HaHb MOXYTh 3aCTOCOBYIOTHCSI MOJETI LITYY-
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]. It is easy to show that for the Ukrainian language over such a dictionary,
itis 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° = 4194304 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 (1)
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
the compressed text you need to compare g 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

File size, mb

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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MATEMATHUYHE MOJEJIOBAHHS B COEPI OCBITH

JI.B. 3iHueHKO
HTYY «KIII im. leops Cikopcovrozo»

Beryn. Mu xuBemMo B iH(OpMaliiiHOMY CyCIIBCTBI, Y CBITI, Y SKOMY
BCE 3MIHIOETHCS 3 BETMYE3HOIO MBUAKICTIO 1 y IKOMY KOXKHIH JIFOTUHI IIOTHS
JIOBOJIUTHCS OIIPAallbOBYBATH BENHKI MOTOKK iH(opMarii. bararto mpomeciB
ABTOMATH3YIOThCS, i OTPUMaHHS OCBITH HE BHKIIIOYCHHS. Y 3B SI3KY 3 UM,
Oararo JoAel BTpav4aoTh poOOTY i 3MyIIeHI OTPUMYBATH IIe OJHY KBaJidi-
KalIlifo, 1 OJHMM 13 II€BUX CIIOCOOIB I[LOI'0 € CAaMOOCBITA.

Bararo mrozeit He TiTBKH TIepeKBaTi(DiKOBYIOTHCS, a 1 ITapalieNbHO 3 iCHY-
F0YO0I0 POOOTOO MPArHyTh OCBOITH M€ OJHE a00 AEKiNbKa 3aHATh (YU Mix-
HSTH piBEHb 3HAHb B 00JIACTI, 1110 Oe3MocepeIHbO iX TOPKAEThCs). BpaxoBy-
104H peauii, Haiermie e 3poouTH 3 BUKOpUcTaHHAM [HTepHery. Brim, ms
LLOTO HE 3aBXK/IU € MiXOJISIi PECYPCH Ta 3aCOOH.

Memoro poOGOTH € T ABUIIECHHS SIKOCTI iHPOPMYBaHHS MOTEHLIHHUX CIIO-
)KMBayiB Ta IHTEJEKTyali3allisi IPOLECiB HalaHHS OCBITHIX HOCIYT IIUIIXOM
PO3pOOKH OPUTiHAIBEHOTO MPOrPaMHO-AITOPUTMIYHOrO 3aa0e3MeueHHs Ta
peaitizarii #oTo y BUIIIAI CTIeIiali30BaHOI IPOTPaMHOI CHCTEMH.

JocsarHeHHs MeTH 0a3y€eThCs Ha po3po0Li OpUTiHAIBHUX MaTeMaTHYHHX
METOJIIB Ta aJITOPUTMIB Ta IX peai3alii y creriaapHiil CHCTeMi.

Omxe, pO3IIISNAETBCS IOCTAHOBKA 3a1adi, M0 Oyle 3aJ0BOJBHITH MOT-
pedaM CydacHOr0 OCBITHBOT'O OHJIAWH-CEPBICY.

MaremaTH4Ha MOCTAaHOBKA 3aa4i

€ MHOXUMHA y4uTesiB (MEHTOPIB), 10 HABYAIOTh OJHOMY YH JIEKIIIbKOM
npeAMeTaM; Y4HI HOJal0Th 3asBKM Ha BHBYEHHS MpEAMETY, SKUH BiIHO-
CUTBCS 0 OJIHI€T 13 0OsacTeil 3HaHb, TakuM YHHOM, MAEMO MHOYKUHU YUHIB,
MEHTOPIB, PEIMETHUX 00JIacTeil, 3asiBOK HAa HABUAHHS Ta YacOBI iHTEpBaH,
B SKUX MEHTOPH JOCTYIHI 1Jisi HaBYaHHS. [lepeHyMepyeMo KOXHY 3 LHUX
MHO>KHH.

BBeneMo psa Ho3Ha4YeHb:

P, — MHOXHHa mpeaMeTHIX 06MaCTeil;
N — KiTBKICTh IPEAMETHHUX 00JIacTel;
Pm — MHOKHHA MEHTOPIB;

M — KiJIBKICTh MEHTODIB;

P, — MHOxuHa yuHiB;

S — kinpKicT yuHiB;
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P — MHOXHHA 3a5BOK Bix y4HIB PO ZOMOMOTY;
R — kinekicTs 3a4B0K;

P, — Muo)wuHa yacosux inTepBanis;

T — KinbKicTh 4aCOBMX iHTEpBAIB.

Omxe, 10 K -i mpeametHoi obnacri, K € P, , BinHocuThCs MeBHa Kinb-
KicTh MeHTOpiB My, j =1,....M, ] — HOMep MeHTOpa. I HaBNaKH, KOXKeH ] -

i MEHTOp MO’K€ MaTH BiTHOIICHHS 10 ICKIIFKOX MpEeAMETHHX objacTell i3
BKa3aHHAM IX HPIOPUTETY Y BUIVISLI CTPOrO PAHXKyBaHHS, YHIKAJIBHOTO VIS
KOXHOI K -1 mpenmeTHOi 0071acTi, 16 MAKCHMaJIbHO MOJKIIBE 3HAUCHHS — 11e
KUTBKICTh TaKUX MpeaMeTHUX obmacteit N .

[MpunyckaeTbes, Mo pa3 Ha 100y OyIyTh ONPAIlbOBYBATHCS HOBI 3asiBKH
YUHIB [IPO JOIOMOTY, 1110 3 SIBHJIKCS 32 OCTaHHIO 100Y, a TAKOX Ti, 10 OYyJIH
B3AITI paHilie, ane He MiATBEepPKeHI YIHEM Ta MEHTOPOM. YuHi, 1[0 HE MaIOTh
3a5BOK, ZI0 PO3IJIANY, He OpaTUMyThCS 0 yBaru.

Maemo, wo i-i yuens, i =1,...,S, MOXKe CTBOPUTH NEBHY KiIBKICTb 3a-
MUTIB HA HABYAHHS 13 ICBHOI IPEAMETHOI 00JIaCTi.

Hosnaunmo Vj; — KoedillieHT CX0KOCTi Mix |-M ydHeM Ta j -M MeHTO-

pOM, 3HAUEHHS SKOTO 3HAXOIATHCS B MeXKax OSVij <1, i=1..,S,

j=L1..,M . Tyr 1 o3Ha4ae, 1110 MEHTOP Ta YYCHb MAaKCHMAJIbHO CXOXi 3a

BUOOpOM IpeMeTHOT o0acTi, 0 — HaBmakH.
[TponymMepyBaBIIM PEAMETHI 00IacTi j -ro MEHTOpa, OTPUMAEMO TIpio-

PHUTET KOXKHOI IpeAMeTHOi 00acTi, mo Horo crocyeThes. BimoOpasmmo i
npiopuretu Ha Binpizok [0,1] Tak, mo 1 o3Hayarume, 1O aHa MpeaMeTHA
00J1aCTh SIBJISIETHCS HAWBHUINOIO 32 PIOPUTETOM JJIst MEHTOPA, a 0 — HAHMK-
40I0.

Hexait Wy — koe(irieHT BaxmBocTi K -i mpeamerHoi obnacti st j -
Or0 MEHTODA, KU Oye 3aJJ0BOJILHATH HEPIBHOCTI:
O<wy <1, k=1.,N, j=1..,M.
BukopucToByroun BBelleHI MOHATTS, chopmyemo poskiaa mertopa. [o-
JaM0 0OMEXEHHsI Ha pO3KJIaJl MeHTOpa y BUMIIsiAl Matpuii Y po3MipHOCTI

TxM , enement Yij AKOI BU3HAYAETHCS TaK:

1, sxmro B t-17 yacoBwmii iHTEpBaJl MEHTOP 3aHHATHH,

Yi = 0 —y iHmomy pasi,
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ae t —gacoBunii inTepBan, t=1,..., T,

j — HOMep MeHTOpa, j=1,...,.M .

Jnst momaHHS poO3B'A3KY BBEIeMO MaTpumio X , po3mipHocti M xT |
eNeMEHT X;j AKOi BU3HAYAEThCS TaK:

r, sIKIo B t-i yacoBwmii iHTepBan 3asBKa I € Pr NpU3HAYCHA |-MyMEHTOpY,
X = —1, SIKII0 MEHTOp 3alHATHII B t-if YacoBuii iHTEpBAa,
0, B iHIIOMY pasi

ae t —uaacoswmii intepBai, t=1,...,T,

j — MeHrop, migiOpaHuil Ha 3asBKY MEBHOrO YYHS B JAHOMY BapiaHTi
poskmany, j=1,..,M.

st matpuiii X BUKOHYETHCSI HACTYITHI OOMEIKEHHSI.
OpHa 3as1BKa IOBHHHA OYTH Ha3HAUYCHA JIMIIE OJIMH Pa3 OJHOMY MEHTOPY:

At el THiv b, e{L...M} Xep #0X g =X
KoskHa 3as1Bka TOBHHHA OyTH 00pOo0OIIeHa:
VreP =3(te{l..Thie{l...M}) ¥ =r.

3as;BKka MOKe OyTH Ha3HauYCHA MEHTOPY JIUIIIE Y TOMY BUIIAIIKY, SKIIO Me-

HTOp BUTBHHH y TIepio J0OH, BKa3aHUH Y 3asBIIi PO TOTIOMOTY:
Wy eVoyy =0=3(te{l..Thie{l..M}) i x; =r.

OmnwuiemMo XxapaKTepUCTHKH 3as5BOK B Matpuii C po3mipHocTi 2 x R. Ie-
pIInii psAAOK i€l MaTpuili Oyae MICTUTH HOMEPH YUHIB, IO MOJAJIH BiIMOBI-
IHY 3asBKy. Jpyruii psaok 1iel MaTpuil Oy/ae BU3HAYATH MPEAMETHY 00-
JIACTh, 10 SIKOI HAJIE)KUTB Lid 3as1BKa. J{J1s1 CIIpOIIEHHS IPUITYCKAa€EMO, 10 OJHA
3asBKa MOXKE€ MATH BiJITOBINATH JIMIIE OIHIA MpeaAMeTHiH obmacTi. Y moja-
JBIIUX JOCITIHKEHHIX 151 YMOBa MOXe OyTH 3aMiHEHa YH PO3BHHECHA.

TakuM 4MHOM, Ma€EMO Taki eneMeHTd Matpuili C:y CTOBITYHMKY | elie-

MEHT C;; BU3HA4a€ HOMEp y4Hs, IKHi CTBOPHB 3a5BKY 3 HOMEPOM ] , a Cy;

— JI0 AKOI BIZIHOCUTBCS 1A 3asBKA.
Toni nimeoBY (pyHKIIIO 3a1a4i MOKHA Oy/Ie TOIATH TaK:

F(X) =ii(a(l—vcwj)+(1—a)(1—wclxqj)) —> min |

t=1 j=1
Je o — BaroBui KoeQilieHT, KU 6araHcye GaKTOPHU CXOKOCTI 1 BaXK-
JINBOCTI,

Ve j — KOCDILIEHT CXOXKOCTI MIXK Y4HEM C; , Ta Jj -M MeHTOpOM,
X o'}
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W - Koe(illieHT BaXIMBOCTI IPEIMETHOI 00MIACTi C, , U j -ro Me-
X ]

HTOpA.

BucnoBku. ChopMmynboBaHa OpUriHaJIbHA TIOCTAHOBKA 3a/ladui HaJgaHHS
OCBITHIX IIOCIIYT, B SIKiif HE BUMAraeThCsl HASBHICTh Ta aHAJI3 IPYII 1 ayAUTO-
piif, a BUKOPHCTOBYIOTBCS TaKi MapaMeTpH, K KoeillieHT cX0KO0CTI mpode-
Cciif MEHTOpIB Ta 3aUTIB Y4HIB, a TAKOX BAXKJIMBICTh MPEAMETHUX oOnacTeit
Ut MeHTOopiB. KoedimieHT cX0K0CTi B IIbOMY BHITAIKY 3aMiHsI€ paH)KyBaHHS
mocas, sIK I1e orMcaHo B mocTaHoBIi [1]. Po3pobieno maremaTnany Moaens
3amadi, sIka pu3Besia A0 CIeniadbHOI 3a1a4i KoMOiHATOpHOI ONTHMIi3aIii, o
BH3HAYAE AKTYAIBHICTh PO3POOKHU aJTOPUTMIB pO3B’sI3yBaHH:, a TAKOXK JI0C-
JDKSHHS TUTaHb X eeKTUBHOI peaizallii Ta HOKa3HUKiB e()eKTHBHOCTI.
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MOKJIUBOCTI BUKOPUCTAHHSA MIKPOCEPBICHOI
APXITEKTYPH B IHOOPMAIIMHUX CUCTEMAX OB’EKTIB
KPUTUYHOI IHOPACTPYKTYPHU

LLA. Bypmaxa
Yepuiciecokuu Hayionanvnuu Texnonoziunuii Yuieepcumem

AKTUBHUI pO3BUTOK iHPOPMAIIHHUX TEXHOJOTIH BUMarae MaciTabHOT
aBTOMATH3alii Ta KOMII I0Tepr3allii iHpopMaiiHUX MPOIECiB B PO3MOIiIe-
HUX iH(opManiiiHnx cucremax. IIpore wacto Juis aBTOMaTH3alii OKpEeMUX
MPOLIECIB BUKOPUCTOBYIOTHCS OKpPEMI NPOTrpaMHi MOJYJI Ta CHCTEMH, IO
CTBOPIOE 3HAYHI CKJIAJTHOWII /T 1HTETpaIlii TAKUX CEPBICIB B €MHY CUCTEMY.

Oco6imBo 111 mpobiieMa CTOCY€EThCSI 00’ €KTIB KPUTHYHOI iHPpaACTPyK-
Typu Ha Taki iH(OpPMAIiifHI CHCTEeMH HaKJIAaJaroThCs JOJATKOBI BHMOTHU
IO0 HAIIMHOCTI, 6€3MeKH Ta PO3MEXYBaHHS MTPaB JOCTYITY.

Pimenns nns inrerparii
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Haii0inpm nommpeHnMy Ha ChOTOHINIHINA JICHb IMiIX01aMH JI0 iHTerpa-
uii cepgiciB € Cepsic OpienroBaHa Apxitekrypa (SOA), Inrerpariiina
una (ESB) ta MikpocepicHa ApxitekTypa(Ha ocHoBi APl abo Message
Queues). KoxxHa 3 1IUX apXiTeKTyp Ma€ CBOi CUTYyaliliHi IlepeBaru ta Hezo-
JIKH.

KnacnyamM migxomoM 10 iHTErparii € BHUKOPHCTaHHS IHTETpamiiHOi
mmeA (Enterprise Service Bus) — cnoxy4HOT0 mporpaMHOTo 3a0e3MeUeHHS,
10 3a0e3mnedye MeHTpali3oBaHui Ta yHi(DiKOBaHUI, Opi€HTOBAHUN Ha MOIT
0OMiH TMOBITOMJICHHSAMH MK PI3HAMH iHQOpPMALiHHUMH CHCTEMaMH Ha
MIPUHITUIIAX cepBic-opieHTOoBaHOI apxiTekTypH (Puc. 1). OcHOBHAI PHHINT
CepBiCHOI MMHU — KOHIEHTpalis 0OMiHYy MOBIIOMIICHHSAMH MiX Pi3HHAMU
cUCTeMaMU yepe3 €JJUHYy TOYKY. TakuMm YMHOM, TIpH 3aMiHi Oy/b-aKoi iHpo-
pMaIliifHOl CHCTEMH, MiJKIFOUCHOI 10 IUHKU, HeMa€e HEOOXITHOCTI B TIepeHa-
JIAITyBaHHI iHIIKX cucteM [1].

dakTUYHO 3a7a4i MOB’s13aHi 3 00POOKO0 1 MapUIPYTH3AIIEID MOBIIOM-
JICHb, 3aXHIICHOIO Ta IUTICHO(3a JOIIOMOTOI0 TPaH3aKIIiK) X mepenadeto
MIX CepBicaMH, alalTaIli€l0 MMOBIIOMIICHb BiJl CTOPOHHIX CHCTEM, OPKECTPO-
BKOIO CITy’KO mepekianatoThest Ha ESB.

Jo HemomikiB iHTETrpamiiHOl ITMHA MOKHA BiTHECTH HAsBHICTH LIEHTpa-
JIBHOTO KOMIIOHEHTA, 1[0 MOXXE MPHU3BECTH A0 3HAYHOTO CIIOBIIBHEHHS PO-
00TH CHCTEMH TIPH BUCOKHX HaBaHTaXeHHsAX. Ha manuit MomenT Bix ESB wa-
CTO BiIMOBIISIOTHCS Ha KOPUCTH MIKPOCEPBICIB, OCKUIBKH CHCTEMa MO0YI0-
BaHa Ha MIKpocepBicax € OLIbII HYYKOIO.

Service Service Service Service
A B C D

l | |
| |

Message Router

Message Bus

Admin
Tools

Puc. 1 — Knacuuna apxirexrypa Enterprise Service Bus
MikpocepBicl — OJIMH 3 HaHOUIbLI CY4acHUX apXiTEKTYPHHUX ITJIXOJiB
1o inTerpanii. OCHOBHa iJiest MIKpPOCEPBICiB B TOMY, III0 CHCTEMa ITOIUISETHCS
Ha BEJIMKY KUIBKICTh €JIeMEHTapHHX J0/IaTKIB, IIPH IIbOMY KOXKEH eJleMEHTa-
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PHHUI 10/1aTOK sIBJISE COOOI0 MIKpOCEpBIC, KU HampsMy B3aeMOJIE 3 iH-
IMMH MiKpocepBicami 3a joromororo API 3 nerkumu npotokonamu (Puc.2).
B3aemonis 3 kimieHTaMu 3a3Buvaii BinOyBaethes uepe3 APl 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

Jlo mepeBar MiKpOCEpBICIB MOXKHA BIIHECTH OLIbII BUCOKY HAMIAHICTH
crcTeM NoOyIOBaHMX Ha Takiil apxitekTypi. Kpim Toro Takumii miaxin p03Bo-
Jisie TPULIBUIIIUTH TPOLEC PO3POOKH, OCKIIBKA OKpPEeMi MiKpOCEpBICH MO-
JKHa BiZIaTH Ha PO3pOoOKY OKPEMHM KOMaH/iaM pO3pOOHHUKIB, IIPH LILOMY TO-
TOBI MIKPOCEPBICH MOXYTh BUKOPHCTOBYBATHCS IIOBTOPHO [2].

AJie He TUBITINCH Ha BENHKY KUTBKICTh IIepeBar, MiKpOCEepBiCH MalOTh 1
JIOCTaTHBO CepHO3HI HEAONIKH — TIPU BUKOPUCTAHHI MIKPOCEPBiCiB 3HAYHO
MiABUITYETHCSA CKIATHICTh po3poOKku i posropranHs. Kpim Toro Tpeda Bpa-
XOBYBATH, IO TPpH 30UTBIICHHS YHCIa KOMIIOHCHTIB, 30UTBIIYETHCS 1 KiJlb-
KiCTh 3B’S3KiB MK HUMH, IIPH IIbOMY BEJIMKA KUTBKICTh Mi>KKOMITOHEHTHHIX
3B’A3KiB 3HAYHO YCKJIAJHIOE CUCTEMY, IIPHU IIbOMY YCKIAIHIOETHCS 1 TMOIIYK
npoOJieM y BUNAJKY iX BUsIBIEHHS. Takox Mpu OHOBJIEHHI CHCTEMH Ha OcC-
HOBI MIKpOCEpBICiB MOX€ BUHUKATH Ipo0JieMa 3MIHU BEPCild, sKa I0B’s3aHa
31 3MiHaMu y popmarax 30epirants abo 0OpOOKHU JaHUX.

Y KOHTEKCTi CHUCTEM Ui 00’ €KTiB KPUTUYHOT iH)PACTPYKTYPH CIIiJ| Ta-
KOXK BPaXxOBYBaTH Te, IO JJIsI MIKPOCEPBiCiB KOHTPOIIIOBATH IIPABa TOCTYITY
Ta 3a0e3nevyyBaTy Oe3reuHy rnepeaavy JaHUX IIOBHHEH KOXKEH CepBic, 110 J10-
3BOJISIE TIJIBUIIUTH OE3MEKy CUCTEMH BIIJIOMY, OCKUIbKH IpoOiiemMa Oe3nexu
B OJTHOMY 3 KOMIIOHEHTIB HE BIUIMBAE Ha OE3IEKy iHIIUX.

MikpocepBicHa apXiTeKTypa JuIsi 00 €KTiB KpUTHUHOI iHYPACTPYKTYpH.
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Kiacuuna MikpocepBicHa apXiTeKTypa — JajieKo He HalKpaliuii Bapiant
IHTerpauiiHol apXiTeKTypu A 00’ €KTIB KpuTHYHOI iH(pacTpykTypH. 3Ha-
YHO ONTHMANBHINIOK B JAHOMY BHITAJKy Oy MIKpOCEpBICHA apXiTeKTypa 3
OpOKEpPOM TOBITIOMJICHB.

B Takomy BUIaaKy 3aMicTh IPSIMOTO OOMiHY JaHUMH 3a gornoMororo API
BHKOPUCTOBY€EThCS Message Queues. Bukopucranas MQ 1o3Bosste miiBu-
IIATH HAAIHHICTh CHCTEMH, OCKUTBKH JI03BOJISIE Y BHITAAKY BiZIMOBH OIHOTO
3 OUTBOBUX CEPBICIB aBTOMATHYHO IIepeajpecyBaTH MOBITOMIICHHS Ha aHa-
yorigHe m3epkaino cepsicy (Puc.3).

Microservice Microservice Microservice Microservice
A B c

Message Queue

Exchange Queue

Puc. 3 — MikpocepBicHa apXiTeKTypa 3 OpOKepOM MOBiJOMICHb

Takox Message Queues 3a0e3nedyroTh ACHHXPOHHY TIepeady MoBio-
MJICHB (TIPM HAJICWJIaHHI IMOBIIOMIICHHS, BOHO CTaBUTHCS B UEPTy, 1 OHiKye
JOCTYITHOCTI OZHOTO 3 CEPBICIB KU MOXKe HOTro 0OpOOHTH) IO TepeKIIaaae
3ajiaqy rapaHTOBAaHOCTI JIOCTaBKHM MOBiTOMIIEHHS 3 cepBicy Ha MQ. Takox
Message Queues cuctema Oepe Ha ceOe BIAMOBITAIBHICTH 32 MacmTaly-
BaHHS CHCTEMH 1 pO3MOIIICHHS 3alUTIB MiXK 13epKayamu [3].

Aute ¢ 3a3HaYUTH, IO B TAKOMY BHIIQJIKy HaIiHHICTh CUCTEMH Oarato
B YOMY 3aJIC)KHUTh BiJ] MPABHJILHOTO BUOOPY OpOKepa MOBIIOMIICHb.

OnHUM 3 HAHIIOIIUPEHIIINX BapiaHTIB BIAKPUTOrO OpOKEpa MOBiJJOMIIEHb
€ RabbitMQ. OcobnuBicTIO TaKOro OpoKepa € Te, 110 OUIBIIICTh HOTO KOM-
TIOHEHTIB OOy TOBaHi TakK, [0 OPIEHTYIOTHCS HA POOOTY B PEXKHUMI peaTbHOTO
qacy.

[Tpu npoMy MiKpOCEpBiCH B €KX BUIAJAKaX MOXKYTb B3a€EMO/IISITH 1 Ha-
TIPSIMY, 10 /I03BOJISIE 3MEHIIUTH Yac 3BEPHEHHS — [0 € HAWO1IbII BUTITHUM
BapiaHTOM JUIS CEPBICIB, 1[0 BUMAararoTh MOCTIHHOTO 1 MACOBOTO OOMIHY Ja-
HUMU.

BucnoBku

AHauti3 repeBar Ta HeJJOMIKIB Pi3HUX apXiTeKTyp iHTeTrpallii oka3as, 110
JUT 00’ €KTIB KpUTHYIHOT iHQPACTPYKTYpH HAUOLIBII ONITHMAJIBHIM BHOOPOM

143



Oyze MiKpocepBiCHa apXiTeKTypa 3 OpOKepOM MOBIJOMJICHb, aJie IIPH LIbOMY
CJIi1 BpaxoBYyBaTH, 1110 MIEPEBArH TAKOI apXITEKTYPH NPOSBISIOTHCS TUIBKH Y
BUIIAJIKY 1HTerparii BeJIMKol KIJIbKOCTI IIPOrpaMHUX MPOIYKTiB 200 HeoOXi-
HOCTI MacuITaOyBaHHS CHCTEMU MPU BEJIMKUX HaBaHTAXXEHHsIX. Takuii BUOip
3YMOBJICHHUI THM, IIJ0 MIKpOCEPBiCHa apXiTEeKTypa 3 OPOKEpPOM IOBIIOMIICHb
JIO3BOJISIE THYYKO HAJIAIITOBYBATHCS TIiJT Pi3HI IPOTOKOIN OOMiHY JaHUMH Ta
3a0e3mneyye BUCOKY HAAIHHICTh CHCTEMH.
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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 Ivanovka 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 14
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
p_omlnant market Difficult to use
position
Amazon E.X tensive, mature Cost management
offerings

Extensive training

Problems at the stage
of wverification 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%  127% 93% |94% |97%
etc.)

Forms <1% |15% 2% |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
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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 st 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 hame, 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

158



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 IIOCTPOEHUS IEHTPOB OBPABOTKHN JAHHBIX

IO.M. JIuceuxui,
I «2C DHI] TH YKPAUHA»

ITocTpoeHre BBICOKOMIPOM3BOIUTEIHHBIX IICHTPOB OOpabOTKH TaHHBIX
(IOMO) — onma u3 caMbIx 3¢ PpeKTHBHBIX CIOCOOOB KOHCONMUIAIINN BBIYHCITH-
TENBHBIX PECYPCOB 0OPabOTKH M CPEACTB XpaHeHus naHueixX [1, 2]. Tpaau-
IUOHHON Mozenbio moctpoeHus L{O/] sBisercs TpexypoBHEBask MOJEIb, KO-
TOpast BKITIOUaeT B ce0sl ypOBHH siipa, arperaiuu u aocrymna (puc. 1). lanuas
MoJIeNTb c(hOPMHUPOBAIACH, KOT/Ia TOTOKH Tpaduka qanHbX B [{O/] 6b11H emie

HC3HAYUTCJIIbHBIMHU.

Yposens siapa

YposeHb arperanun

Yposens gocryna

Pucynok 1 — TpexypoBHeBas mojens noctpoenus [O]

YpoBeHs sijipa obecrieunBaeT ObICTPYIO MEPECHIUIKY TAKETOB B Hal