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This paper has determined the relevance of the issue related to
improving the accuracy of the results of mathematical modeling of
the software security testing process. The fuzzy GERT-modeling
methods have been analyzed. The necessity and possibility of im-
proving the accuracy of the results of mathematical formalization of
the process of studying software vulnerabilities under the conditions
of fuzziness of input and intermediate data have been determined.
To this end, based on the mathematical apparatus of fuzzy network
modeling, a fuzzy GERT model has been built for investigating soft-
ware vulnerabilities. A distinctive feature of this model is to take into
consideration the probabilistic characteristics of transitions from
state to state along with time characteristics. As part of the simula-
tion, the following stages of the study were performed. To schemati-
cally describe the procedures for studying software vulnerabilities, a
structural model of this process has been constructed. A “reference
GERT model” has been developed for investigating software vulner-
abilities. The process was described in the form of a standard GERT
network. The algorithm of equivalent transformations of the GERT
network has been improved, which differs from known ones by con-
sidering the capabilities of the extended range of typical structures of
parallel branches between neighboring nodes. Analytical expressions
are presented to calculate the average time spent in the branches
and the probability of successful completion of studies in each node.
The calculation of these probabilistic-temporal characteristics has
been carried out in accordance with data on the simplified equiva-
lent fuzzy GERT network for the process of investigating software
vulnerabilities. Comparative studies were conducted to confirm the
accuracy and reliability of the results obtained. The results of the
experiment showed that in comparison with the reference model, the
fuzziness of the input characteristic of the time of conducting studies
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of software vulnerabilities was reduced, which made it possible to

improve the accuracy of the simulation results.
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One of the key processes in software development and informa-
tion security management is the evaluation of vulnerability risks.
Analysis and evaluation of vulnerabilities are considered a resource-
intensive process that requires high qualifications and a lot of techni-
cal information. The main opportunities and drawbacks of existing
systems for evaluation of vulnerability risks in software, which in-
clude the lack of consideration of the impact of trends and the degree
of popularity of vulnerability on the final evaluation, were analyzed.

During the study, the following information was analyzed in the
structured form: the vector of the general system of vulnerability
evaluation, the threat type, the attack vector, the existence of the
original code with patches, exploitation programs, and trends. The
obtained result made it possible to determine the main independent
characteristics, the existence of a correlation between the param-
eters, the order, and schemes of the relationships between the basic
magnitudes that affect the final value of evaluation of vulnerability
impact on a system.

A dataset with formalized characteristics, as well as expert evalu-
ation for further construction of a mathematical model, was gener-
ated. Analysis of various approaches and methods for machine learn-
ing for construction of a target model of dynamic risk evaluation
was carried out: neuro-fuzzy logic, regression analysis algorithms,
neuro-network modeling.

A mathematical model of dynamic evaluation of vulnerability
risk in software, based on the dynamics of spreading information
about a vulnerability in open sources and a multidimensional model
with an accuracy of 88.9 %, was developed. Using the obtained
model makes it possible to reduce the analysis time from several
hours to several minutes and to make a more effective decision
regarding the establishment of the order of patch prioritization, to
unify the actions of experts, to reduce the cost of managing infor-
mation security risks.

Keywords: risk management, information security, machine

learning, vulnerability evaluation, risk scores.
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The development of the social aspect of the world community
is closely related to the expansion of the range of digital services in
cyberspace. A special place in which social networks occupy. The
world’s leading states are conducting information operations in this
environment to achieve geopolitical goals. Such processes are reflect-
ed in real social and political life. This makes it possible to influence
not only the social groups of society, but also to ensure manipulation
in political “games” in the conduct of hybrid wars.

The simultaneous interaction of social factors, influencing fac-
tors, the presence of communities in social networks forms a full-

fledged socio-cyber-physical system capable of integrating real and
virtual interactions to manage regional communities.

The article proposes a method for predicting the assessment of
social mutual influence between “formal” and “informal” leaders and
regional societies. The proposed models make it possible to form not
only a forecast of the influence of agents, but also the interaction of
various agents, taking into account their formal and informal influ-
ences, the use of administrative resources, political moods of the
regional society. This approach allows dynamic modeling based on
impact and relationship analysis.

The presented results of simulation modeling do not contradict
the results of opinion polls and make it possible to form a set of
measures that can be aimed at overcoming the negative impact on
the regional society of both individual “leaders” and political parties.
Analysis of the simulation results allows to increase both the political
and social stability of the regional society, helps to prevent conflict
moods and contradictions.

Keywords: socio-cyber-physical system, social networks, models
of influence, rating of political parties, regional society.
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The paper deals with general issues of organizing access to
electronic documents in the framework of scientific and educational
activities.

Large volumes of already existing information, its continuous
growth, the heterogeneous nature of storage and distribution, the
lack of a unified way of working with it create many difficulties when
using it. Awareness of these difficulties, qualitative changes in the
field of information technology and telecommunications have led to
the need to solve the problem of finding new approaches to the cre-
ation of repositories of information resources, their structure, and the
development of tools necessary for users. Currently, such approaches
are called “digital” or “electronic” libraries.

According to the preliminary concept, an intelligent scientific
and educational Internet resource will be an information system
accessible via the Internet, providing systematization and integra-
tion of scientific knowledge, data, and information resources into a
single information space, meaningful and effective access to them,
as well as support for their use in solving various scientific and
educational tasks.

Another problem of the organization of effective information
support for scientific and educational activities is that, due to its
diversity and multidimensional nature, scientific and educational in-
formation resources are dispersed on remote pages of many sites and
in distributed electronic libraries and archives. To solve this problem,
it is necessary to solve the problem of bringing such resources related
to one area of knowledge into a single information space, and also,
no less important, to support their logical integrity. Without solving
these two related tasks, it is impossible to solve the main task — to
provide all participants of scientific and educational activities with



meaningful access to integrated information resources and means of

their analysis.

The support of information systems in the field of scientific and
educational activities is relevant, since the need for information
always exists. In order to satisfy this need, it is necessary to organize
access to various resources.

Keywords: information systems, information resources, access,
document, distributed, metadata.
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The information technology that implements evaluation of
redundant information using the methods of preprocessing and
segmentation of digital images has been devised. The metrics for
estimating redundant information containing a photo image using
the approach based on texture variability were proposed. Using the
example of aerial photography data, practical testing and research
into the proposed assessment were carried out.

Digital images, formed by various optoelectronic facilities, are
distorted under the influence of obstacles of various nature. These
obstacles complicate both the visual analysis of images by a human
and their automatic processing. A solution to the problem can be
obtained through preprocessing, which will lead to an increase in
the informativeness of digital image data at a general decrease in
content.

An experimental study of the dependence of image informative-
ness on the results of overlaying previous filters for processing digital



images, depending on the values of parameters of methods, was car-

ried out. It was established that the use of algorithms sliding window
analysis can significantly increase the resolution of analysis in the
time area while maintaining a fairly high ability in the frequency
area. The introduced metrics can be used in problems of computer
vision, machine and deep learning, in devising information technolo-
gies for image recognition. The prospect is the task of increasing the
efficiency of processing the monitoring results by automating the
processing of the received data in order to identify informative areas.
This will reduce the time of visual data analysis. The introduced
metrics can be used in the development of automated systems of air
surveillance data recognition.

Keywords: computer vision, image recognition, digital image
informativeness, image preprocessing.
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The detection of weeds at the stages of cultivation is very im-
portant for detecting and preventing plant diseases and eliminating
significant crop losses, and traditional methods of performing this
process require large costs and human resources, in addition to ex-
posing workers to the risk of contamination with harmful chemicals.
To solve the above tasks, also in order to save herbicides and pes-
ticides, to obtain environmentally friendly products, a program for
detecting agricultural pests using the classical K-Nearest Neighbors,
Random Forest and Decision Tree algorithms, as well as YOLOvS
neural network, is proposed. After analyzing the geographical areas
of the country, from the images of the collected weeds, a proprietary
database with more than 1000 images for each class was formed. A
brief review of the researchers’ scientific papers describing the meth-
ods they developed for identifying, classifying and discriminating
weeds based on machine learning algorithms, convolutional neural
networks and deep learning algorithms is given. As a result of the re-
search, a weed detection system based on the YOLOVS5 architecture
was developed and quality estimates of the above algorithms were
obtained. According to the results of the assessment, the accuracy of
weed detection by the K-Nearest Neighbors, Random Forest and De-
cision Tree classifiers was 83.3 %, 87.5 %, and 80 %. Due to the fact
that the images of weeds of each species differ in resolution and level
of illumination, the results of the neural network have corresponding



indicators in the intervals of 0.82-0.92 for each class. Quantitative

results obtained on real data demonstrate that the proposed ap-

proach can provide good results in classifying low-resolution images

of weeds.

Keywords: agriculture, weeds, machine learning, YOLOVS5,

segmentation, Otsu’s method, classification, algorithm evaluation.
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This paper considers a model of the neural network for semantical-
ly segmenting the images of monitored objects on aerial photographs.
Unmanned aerial vehicles monitor objects by analyzing (processing)
aerial photographs and video streams. The results of aerial photogra-
phy are processed by the operator in a manual mode; however, there
are objective difficulties associated with the operator’s handling a
large number of aerial photographs, which is why it is advisable to au-
tomate this process. Analysis of the models showed that to perform the
task of semantic segmentation of images of monitored objects on aerial
photographs, the U-Net model (Germany), which is a convolutional
neural network, is most suitable as a basic model. This model has been

improved by using a wavelet layer and the optimal values of the model
training parameters: speed (step) — 0.001, the number of epochs — 60,
the optimization algorithm — Adam. The training was conducted by
a set of segmented images acquired from aerial photographs (with a
resolution of 6,000x4,000 pixels) by the Image Labeler software in the
mathematical programming environment MATLAB R2020b (USA).
As a result, a new model for semantically segmenting the images of
monitored objects on aerial photographs with the proposed name U-
NetWavelet was built.

The effectiveness of the improved model was investigated us-
ing an example of processing 80 aerial photographs. The accuracy,
sensitivity, and segmentation error were selected as the main indi-
cators of the model’s efficiency. The use of a modified wavelet layer
has made it possible to adapt the size of an aerial photograph to the
parameters of the input layer of the neural network, to improve the
efficiency of image segmentation in aerial photographs; the applica-
tion of a convolutional neural network has allowed this process to
be automatic.

Keywords: semantic segmentation of images, convolutional neu-
ral network, aerial photograph, unmanned aerial vehicle.
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The article presents a technique for studying space images based
on the analysis of the spectral brightness coefficient (SBC) of space
images of the earth’s surface.

Recognition of plant species, soils, and territories using satellite
images is an applied task that allows to implement many processes
in agriculture and automate the activities of farmers and large farms.
The main tool for analyzing satellite imagery data is the clustering of
data that uniquely identifies the desired objects and changes associ-
ated with various reasons.

Based on the data obtained in the course of experiments on
obtaining numerical SBC values, the patterns of behavior of the
processes of reflection of vegetation, factors that impede the nor-
mal growth of plants, and the proposed clustering of the spectral
ranges of wave propagation, which can be used to determine the
type of objects under consideration, are revealed. Recognition of
these causes through the analysis of SBC satellite images will cre-
ate an information system for monitoring the state of plants and
events to eliminate negative causes. SBC data is divided into non-
overlapping ranges, i.e. they form clusters reflecting the normal
development of plant species and deviations associated with nega-
tive causes. If there are deviations, then there is an algorithm that
determines the cause of the deviation and proposes an action plan
to eliminate the defect.

It should be noted that the distribution of the brightness spectra
depends on the climatic and geographical conditions of the plant
species and is unique for each region. This study refers to the Akmola
region, where grain crops are grown.

Keywords: spectral brightness coefficient, multispectral images,
Landsat-8, atmospheric correction, wavelength, range, cadastral
number.
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Active attacks and natural impacts can lead to two types of image-

container distortions: noise-like and geometric. There are also image

processing operations, e.g. scaling, rotation, truncation, pixel permuta-
tion which are much more detrimental to digital watermarks (DWM).

While ensuring resistance to removal and geometric attacks is a more

or less resolved problem, the provision of resistance to local image
changes and partial image deletion is still poorly understood. The

methods discussed in this paper are aimed at ensuring resistance

to attacks resulting in partial image loss or local changes in the im-



age. This study’s objective is to develop methods for generating a

distortion-resistant digital watermark using the chaos theory. This
will improve the resistance of methods of embedding the digital
watermark to a particular class of attacks which in turn will allow
developers of DWM embedding methods to focus on ensuring the
method resistance to other types of attacks. An experimental study
of proposed methods was conducted. Histograms of DWMs have
shown that the proposed methods provide for the generation of
DWM of a random obscure form. However, the method based on a
combination of Arnold’s cat maps and Henon maps has noticeable
peaks unlike the method based on shuffling the pixels and their bits
only with Arnold’s cat maps. This suggests that the method based
only on Arnold’s cat maps is more chaotic. This is also evidenced by
the value of the coefficient of correlation between adjacent pixels
close to zero (0.0109) for color DWMs and 0.030 for black and
white images.

Keywords: digital watermarks, chaotic maps, Henon maps,
Arnold’s cat maps.
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The study of modern frameworks and means of using virtualiza-
tion in a grid environment confirmed the relevance of the task of
automated configuration of the environment for performing tasks in
a grid environment.

Setting up a task execution environment using virtualization
requires the implementation of appropriate algorithms for schedul-
ing tasks and distributed storage of images of virtual environments
in a grid environment. Existing cloud infrastructure solutions to
optimize the process of deploying virtual machines on computing
resources do not have integration with the Arc Nordugrid middle-
ware, which is widely used in grid infrastructures. An urgent task is



to develop tools for scheduling tasks and placing images of virtual

machines on the resources of the grid environment, taking into ac-
count the use of virtualization tools.

The results of the implementation of services of the framework
are presented that allow to design and perform computational tasks
in a grid environment based on ARC Nordugrid using the virtual
environment of the Docker platform. The presented results of the
implementation of services for scheduling tasks in a grid environ-
ment using a virtual computing environment are based on the use of
a scheduling algorithm based on the dynamic programming method.

Evaluations of the effectiveness of the solutions developed on the
basis of a complex of simulation models showed that the use of the pro-
posed algorithm for scheduling and replicating virtual images in a grid
environment can reduce the execution time of a computational task by
88 %. Such estimates need further refinement; it is predicted that plan-
ning efficiency will increase over time with an increase in the number of
running tasks due to the redistribution of the storage of virtual images.

Keywords: grid, cloud computing, virtualization, task schedul-
ing, replication.
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This paper reports the construction of a mathematical model for
the process of dosing liquid foods (non-carbonated drinking water).
The model takes into consideration the differential equations of changes
in the kinematic parameters of the liquid in a dosing device’s channels
and the corresponding accepted initial and boundary conditions of the
process. The boundary conditions account for the influence of software-
defined airlift dosing modes using the driver and the geometry of the
product pipeline. The current’s value measured in mA (with an accuracy
of 0.001 mA) relative to the standard scale Imin is Imax=4...20 mA.

Individual stages of the dosing process were analytically described,
followed by the analysis of separate stages and accepted assumptions.



The accuracy achieved when testing the experimental sample of

the dispenser, with the repetition of the dose displacement process,
ranged between 0.35 % and 0.8 %.

The reported results are related to the established dosage weight
of 50 ml when changing the initial level of liquid in the tank of the
dosing feeder by 10 mm.

An experimental bench has been proposed for investigating the
functional mechatronic dosing module under the software-defined
modes to form and discharge a dose of the product. The bench oper-
ates based on proportional feedback elements (4—20 mA) for step
and sinusoidal pressure control laws in the dosing device.

The control model with working dosing modes has been substan-
tiated. The control models built are based on proportional elements
and feedback.

During the physical and mathematical modeling, the influence
of individual parameters on the accuracy of the product dose forma-
tion was determined; ways to ensure the necessary distribution of
compressed air pressure, subject to the specified productivity of the
dosing feeder, were defined. The study results make it possible to
improve the operation of precision dosing systems for liquid products
based on electro-pneumatic complexes.

Keywords: dose discharge, airlift system, excess pressure, feed-
back, dosing accuracy.
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The high pressure fuel system is the fundamental system that
forms the indicator of the minimum fuel consumption per unit of the
vessel’s path.

The calculation of the optimal control of the vessel complex with
the main diesel engine is performed according to the criterion of the
minimum fuel consumption per unit path at a given average velocity
of the vessel.

The propulsion of a vessel with a main diesel engine is described by
equations. The equations contain a significant number of parameters,
the reduction of which is performed by introducing dimensionless quan-
tities, followed by bringing the equations into dimensionless forms. This
made it possible to present a solution to the optimal control law for the
main vessel diesel engine as part of the vessel complex.

Optimal control of the vessel complex under stormy navigation
conditions has been investigated. The calculations of the control law
of the vessel complex, which ensure the movement of the vessel with
the maximum average velocity in conditions of stormy navigation,
are presented. It is determined that the established law of control of
the vessel complex ensures the minimum fuel consumption per mile
at a given average velocity of its movement. The influence of a high-
pressure fuel system on the optimal control of a vessel diesel engine
has been investigated.

Thus, the calculated studies indicate that for all values of the pa-
rameters of the vessel complex according to the law of control of the
fuel system d=a+b-Cy(7), they give fuel savings up to 6 % per unit
of way in comparison with the law of control of the vessel complex
DO=atb-(ci(1)/ca()).

The obtained ratios during modeling and optimal control of the
main diesel engine of the vessel complex allow using the dynamic
programming method to analyze the fuel consumption per unit path
with optimal control compared to the corresponding constant control.

Keywords: vessel complex, vessel diesel engine control, optimal-
ity criteria, maximum average velocity.
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The relevance of the study is substantiated by the fact that when
managing the processes of oil transportation through main pipelines,
it becomes necessary to determine and select the optimal operating
modes of the oil pipeline units, taking into account the fuzziness of
some part of the initial information. In this regard, solving the problem
of multi-criteria selection of effective operating modes for an oil heat-
ing station for a hot oil pipeline system, which is often described in a
fuzzy environment, based on the apparatus of fuzzy set theories, is an
urgent scientific and practical problem. A method for the synthesis of
models in the conditions of fuzzy output parameters of the object has
been developed, with the help of which fuzzy models of the investi-
gated oil heating station of the main oil pipeline have been built. Based
on the modification and combination of various optimality principles,
mathematical formulations of the problem of multi-criteria selec-
tion of effective operating modes for an oil heating station in a fuzzy
environment are obtained. By modifying and adapting the principles
of guaranteed results and equality in a fuzzy environment, a heuristic
method has been developed for solving the formulated problem of
selecting object’s operation modes using the initial fuzzy information.
The proposed heuristic method for multi-criteria selection in a fuzzy
environment is based on the use of the experience and knowledge of
the decision-maker. The proposed approach is implemented in the
formulation and solution of the problem of multi-criteria selection
of operating modes of the oil heating station in Atyrau of the Uzen-
Atyrau-Samara main oil pipeline. As a result of the application of the
proposed method, an improvement in the degree of fulfillment of a
fuzzy restriction on environmental impact was achieved by 2 %, as well
as the optimal values of the operating parameters of the object were
improved: the temperature was reduced by 1.85 % (5.67 K), pressure —
by 0.04 % (kPa) and fuel consumption — by 2.9 % (0.0002 kg/s). The
obtained results have confirmed the effectiveness of the proposed ap-
proach to solving the assigned tasks.

Keywords: mathematical models, optimization, multi-criteria
selection, main oil pipelines, oil heating station, fuzzy information,
decision-maker, heuristic method.
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PO3POBKA HeuirkOI GERT-MOJIEJII JOCJIIZKEHHS PO3IIOBCIOI?KEHUX BpasiuBocTeii
MMPOTPAMHOTO 3ABE3INEYEHHHA (c. 6—18)

C.T. Cemenos, Zhang Ligiang, Cao Weiling, C. C. Byan06a, B. I'. BaGenko, B. B. [TaBuzios

BusnayeHo axkTyagbHiCTh MUTAHHS MiABUIIEHHS TOYHOCTI PE3YJIBTaTiB MATEMATHYHOTO MOJIETIOBAHHS IPOIECY TECTYBAHHS Oe3IeKy
nporpamuoro 3abesnedentst. [Iposeneno anasiisz Meroais Heditkoro GERT-mozemoanst. BusnaueHo HeoOXiHICTD 1 MOKJIUBICTD T ABUIIEHHS
TOYHOCTI Pe3yJIbTaTiB MaTeMaTUyHOi hopMaisallii mporecy MOCTIIKEHHs BPA3IMBOCTEIl MPOrPaAMHOro 3abe3IeyeHHs] B yMOBaX HEUiTKOCTi
BXIJIHKX 1 TIPOMIKHUX JaHuX. 3 M€ METOK HA OCHOBI MATEMATHYHOTO Alapary HEYiTKOTO MEPEKEBOrO MOJETIOBAHHS PO3POOJIEHO HEUITKY
GERT-MO/1€/1b I0C/TI/UKEHHST BPa3IMBOCTEl porpamMHoro 3adesnedentst. BiamMinHOI0 0co6IMBICTIO IaH0T MOZiesI € BpaxyBaHHsI IMOBIPHICHHIX XaX
PaKTepUCTHK TTEPeX0/IiB 3i CTaHy B CTaH MOPSI 3 YaCOBUMHU XapaKTepUCTHKaMU. B paMkax Mo/iesIfoBaH s BUKOHAHI HACTYTIHI €TaIH OCTiIPKeHHS.
JIJ1st CXeMaTUYHOTO OIKCY TIPOIEAYP AOCIUKEHD BPA3INBOCTE IPOrpaMHOro 3abe3redeHHst po3pobieHa CTPYKTYPHA MOJIENb JAHOTO TIPOIIECY.
Pospobaieno «etanonna GERT-Mozeb» g0caipKenb BpasaiMBoCTell porpamuoro 3abesnedenns. [pu 1IbOMY JIaHUH IIpOIieC 6yB olucaHuil y
Burssai crangaptoi GERT-mepeski. Ynockonaneno anroputM ekBiBasieHTHHX TeperBopeHb GERT-Mepeski, 1o BifipisHAETbCS Bil BioMux
ypaxyBaHHSIM MOKJIMBOCTEH PO3IIMPEHOTO CIIEKTPY TUIIOBHUX CTPYKTYP TapaiesbHIX TJIOK MK cyciaaiMu Byssiamu. [IpencraBieni anamiTimdmi
BUPA3H JIJIs PO3PAXYHKY CEPEAHbOro Yacy rnepedyBaHHsI B IiJKax i HMOBIPHOCTI YCMIIIHOTO 3aBEpPIIEHHs JOCTIKEeHb B KOKHOMY BysJi. I1po-
BEJICHO PO3PAaXyHOK 3a3HAYEHHUX IMOBIPHICHO-4aCOBUX XapPaKTEPUCTUK BiJIITOBIZHO /10 IAHKX CIIPOIIeHOI ekBiBaseHTHOI Heuitkoi GERT-mepeski
POIIeCy JOCHI/DKEHb BPa3IMBOCTEN TIporpaMHoro 3abesrnedensst. [IpoBeseHo MOPIBHSIIBHI AOCIIPKEHHST JUIST TATBEPUKEHHST TOYHOCTI Ta J10-
CTOBIPHOCTI OTPUMAHNX Pe3yJbTaTiB. Pe3yssraTit eKcrepiMenTy HoKasasH, 0 Y HOPIiBHAHHI 3 eTaJTOHHOI0 MOJIEJLTIO 3HIDKEHO HEediTKICTh BU-
Xi/[HOT XapaKTEePHICTHKHU Yacy MPOBEIEHHs! IOCIIPKEHb BPA3IMBOCTELT TPOTPAMHOTO 3a0€3ITeYeHH s, M0 HAAT0 MOKIUBICTD MIBUIIUTH TOUHICT
Pe3yJIbTaTiB MOJIC/IIOBAHHSI.

Kimouosi cioBa: nporpamue 3abesredenns, TecryBanis Oesnekn, Heditka GERT-mozens, kibep3arposa, Bpas3/JiuBiCTh IPOTPAMHOTO
3a6€3MeTeH s
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PO3POBKA MOJIEJI IUHAMIUYHOT OIITHKU BPA3JIMBOCTI B IPOTPAMHOMY 3ABE3NEUYEHHI HA
OCHOBI 3ATAJIbHOAOCTYIIHUX /IZKEPEJI (c. 19—29)

I0. €. Tarapinosa, O. I. Cunenbnukosa

OHUM 3 KJIIOYOBUX TIPOTIECIB Y Tasy3i po3poOKH MPOrpaMHOro 3abesredeHHst Ta yupasJints inhopMaitiiiion 6e3MmeKoio € omiHKa pusu-
KiB Bpa3imBocTeil. Byso mpoanarizoBano 0CHOBHI MOKJIUBOCTI Ta HEIOJIKH iCHYIOUMX CUCTEM OI[iIHKY PU3HKIB BPA3JIMBOCTI B IIPOTPAMHOMY
3abe3neveHHi, 10 IKUX MOKHA Bi/IHECTH BiICYTHICTh BPaXyBaHHsI BIUIMBY TPEH/IIB Ta CTYIICHIO MOITYJIIPHOCTI BPA3JIMBOCTI Ha KiHIIEBY OIIHKY.

B nporteci gocuriprenns GyJia mpoanasiizoBaHa HACTYIHA iH(OPMAIList y CTPYKTYPOBAHOMY BUTJISI/L: BEKTOP 3araJibHOI CHCTEMH OIHKH
BPA3JIMBOCTI, THIT 3aTPO3H, BEKTOP aTaKM, HAABHICTh BUXIZIHOTO KOJY 3 BUIIPABICHHAMM, IPOTPaMi eKCItyaTaitii, Tpena. OTpumMannii pesyib-
TaT JI03BOJIMB BUIIJINTH OCHOBHI He3aJIeKHI XapaKTepHUCTHKHI, HAABHICTh KOPEJIAIii MixK TapaMeTpaMH, MOPSI/IOK i CXeMH B3a€EMO3B SI3KIB Mixk
OCHOBHUMH BeJIMUMHAMH, SIKi BIUIMBAIOTH HA ITi/ICYMKOBE 3HAYEHH OIIHKU BIUIMBY YPa3JIMBOCTI HA CUCTEMY.

Byano chopmosano Habip naHnx 3 GopMaTi30BaHUMU XapaKTEPUCTUKAMH, & TAKOK EKCIIEPTHOIO OIIHKOIO /IS OAAJIBIIOT TOOY/I0BU Ma-
TeMaTuYHOi Mojesii. ByB mipoBesieHnii anasi3 pisHUX MiAXO/IB i METOAIB MAIIMHHOTO HABYAHHS JUIS OOYA0OBHU IIJIbOBOI MOZEJI IMHAMIYHOT
OI[IHKY PU3HKY: HEIIPO-HeUiTKa JIOTiKa, aJITOPUTMI PErPeciifHoro aHai3dy, Heilpo-MepeskeBe MO/IeTIOBAHTS.

Po3pobiieHo MaTteMaTUyHy MOJE/b JMHAMIUHOI OIIHKM PU3MKY YPas3JMBOCTI B IporpaMHomy 3abeslieyeHHi, 3aCHOBaHA Ha AWHAMIII
noumpents iHGopMaIli mpo BPasIMBICTh y BIIKPUTHX JFKepeJaax Ta GaraTOBUMIpHIN Mozesi 3 TounicTio ominku 88,9 %. Bukopucranus
OTPHMAHOI MOJIENTI T03BOJISIE CKOPOTUTH Yac aHAJI3y Bijl JEKITBKOX TOAMH 0 AEKIIBKOX XBIJIMH Ta MPUHHITH OLIbIN eeKTUBHE PillleHHs
IO/I0 BCTAHOBJIEHHS TOPSIZIKY MPIOPUTETHOCTI BUTPaBJIenb, YHi(hiKyBaTH /i eKCIepTiB, 3HU3UTH BUTPATH Ha YIPABJIiHHSA PU3UKaMu indop-
MalIliiiHOI Ge3IeK.

Kmo4oBi ciioBa: ynpasiinns pusukami, inhopmaiiiiina Ge3nexa, MaliMHHe HABYAHHsL, OIIHKA BPA3JIUBOCTEN, METPUKHU PUBHKY.
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PO3POBKA METO/IY IIPOTHO3YBAHHSI OLIIHKU COIJIAJIbHOTO BILUINBY B PETTIOHAJIBHIX
CIIUIBHOTAX (c. 30—43)

C. II. €scees, 10. M. Psdyxa, O. B. Mizos, C. B. Minescokuii, C. C. Ioraciii, €. B. Isanuyenxo, . C. Isanyenko, €. O. Menenri,
L. P. Omipcekuii, 1. B. ITackko

PO3BUTOK COIIAIBHOTO ACTIEKTY CBITOBOTO CIIBTOBAPUCTBA TICHO MOB I3aHUH i3 PO3IMMPEHHSIM CITEKTpa (B POBUX MOCTYT y KiGEPIPOCTOPI.
OcobuiBe Miciie B SIKOMY 3ailMatoTh cortiaabhi Mepexi. TIpoBiiHUMK [epKaBaMu CBITY Y 1IBOMY CEPEOBHUII TIPOBOSITHCS iH(GOpMAaItiiiHi



orepallii 3aj/ist JTOCATHEHHs TeomoJiTHYHKUX IMijteit. Taki mpollec BiAOMBAIOTbCS Ha peajbHOMY CYCIIJILHOMY Ta HOJITHYHOMY KuTTi. Ile
JI03BOJISIE HE TIJIbKY BIUIMBATH Ha COLIaIbHI IPYIIN CYCIIIBCTBA, a i 3a0e31euyBaTi MaHIIyJISAIio y MOMITHYHNX “Irpax”, i yac ri6puaHuX BiiiH.

OmmHouacHa B3a€EMOZis cOIianbHuX (GakTopiB, GaKTOpiB BIIMBY, HASBHOCTI YyIPYIIOBAHb y COIAJIBHUX Mepekax (OpMy€ MOBHOIIHHY
coIiokibepdisnuHy cucTeMy, 3/aTHy IHTErpyBaTH peajibHi Ta BIpTyaibHi B3aEMO/IT JJIs YIIPABJiHHS PEriOHATLHUMHE CIIIBHOTAMH.

Y cTarTi NpOMOHYETHCST METOJI MTPOTHO3YBAHHS OIIHKKU COIHAJILHOTO B3aEMHOTO BIUIUBY Mixk “Gopmanbaumu”’ Ta “HedopmanbHUMEU”
JijlepaMy Ta PETiOHAJIBHUMH COIliyMaMin. 3alpONOHOBAHI MOjesi /I03BOJIAI0Th ¢(HOpPMyBaTH He TiJbKU IIPOTHO3 BILUIMBY areHTiB, aje
I B3a€EMOJIT0 PI3HMX areHTiB 3 ypaxXyBaHHAM I1X ¢opManbnux i HeOpMaTbHUX BIJIMBIB, BUKOPUCTAHHS aaMiHICTPAaTHBHOTO pecypcy,
TIOJTITHIHUX HACTPOIB PETiOHAIBLHOTO COIiyMy. Takuit mixin 103BoJIsI€ 3AIFICHIOBATH ANHAMIUHe MO/IETIOBAHIS Ha OCHOBI aHasidy $haxkTopiB
BILIUBY Ta B3a€MO3B'A3KiB.

[IpesicraBieni pesyibraTti iMiTalliiiHOro MOZIEJTIIOBAHHS He CyTiepedaTh Pe3yJibraTaM COI0IOTiYHIX OIIMTYBaHb i I03BOJISTIOTH C(hOPMYyBaTH
KOMIIJIEKC 3aXO/IiB, SIKi MOKYTh GyTH CTIPSIMOBaHI Ha MOOJAaHHSI HETATUBHOTO BILIMBY Ha PEriOHANBHUI COLIyM SIK OKpeMux “minepis”, Tak
i MOJITHYHUX TapTiil. AHaJII3 pe3yJabTaTiB MOAETIOBAHHS 03BOJISIE MABUIIUTH SIK TIOJITUYHY, TaK i cOIiabHy cTablIbHICTh PEriOHANIBHOTO
COIIyMY, CITPUSAE 3aI00iTaHHI0 BUHUKHEHHSA KOHMIIKTHUX HACTPOIB 1 MPOTHPIY.

KouoBi cioBa: coriokiGepdizuuna cucrema, CoriaibHi Mepeski, MOJIE BIUIMBY, PEUTUHT IO TUYHUX MAPTiii, perioHalIbHUiT COIiyM.
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PO3POBKA MOJIEJII TA TEXHOJIOTIi IOCTYILY 10 JOKYMEHTIB Y HAYKOBO-OCBITHIIT
JUSIIBHOCTI (c. 44—58)

Sandugash Serikbayeva, Jamalbek Tussupov, Madina Sambetbayeva, Gaukhar Muratova, Mukhtar Makhanov, Gaukhar Borankulova,
Aigerim Yerimbetova

VY po6oTi pOSIIAAAIOTECS 3araibHi MATAHHST OPTaHi3allil JOCTYITY 0 €eKTPOHHUX JOKYMEHTIB B PAMKAX HAyKOBO-OCBITHBOI [isJIBHOCTI.

Besmmiki obcsiru Bike HasiBHOT iHdopMartii, ii GesrepepBHe 3pOCTaHHs, HEOAHOPIAHICTb 30epiraHHs Ta MOMMPEHHST, BIICYTHICTh €NHOTO
crocoby pobOTH 3 Helo CTBOPIOIOTH Ge3iu TPYAHOILB I Yac il BUKOPUCTAHHS. YCBIIOMJIEHHSI IIMX TPYAHOILB, AKiCHI 3MiHn y cdepi
iHdopMaIiITHUX TEXHOJIOTI Ta TeJeKOMyHiKalliil IPU3BesIH /10 HEeOOXiIHOCTI BUPIIIEHHS TTpoOIeMu MOIIYKY HOBUX IiJIXO/IB 10 CTBOPEHHS
cxoBulll iHGOpMAIHHUX pecypciB, IXHBOI CTPYKTYPU Ta PO3POOKH HEOOXIAHUX ISl KOPHCTYBadiB iHctpymenTiB. Humi taki miaxoan
HA3WBAIOTHCS «IIHPPOBUMI»> a00 «€JEKTPOHHIMI» 016Ti0TEKAMIL.

3riZiHo 3 MONepeAHbOI0 KOHIEIIEI0, THTeNeKTyalbHUil HayKOBO-OCBITHII iHTepHeT-pecype sBiise co6o0i0 HocTynHy 4epe3 Intepher
indopmariiiiny cucremy, 1o 3abesledye CHCTEMATH3AII0 Ta IHTErpaliio HAyKOBUX 3HAHD, AaHUX Ta iHdopMauiiinux pecypciB B euHuUil
iHdopMariitHuil TPOCTip, MOBHOIIHHKI Ta eheKTUBHUI JOCTYI /10 HUX, a TAKOX MiITPUMKY iXHBOTO BHUKOPHUCTAHHS I/ Yac BUPIIIEHHS
PI3HNUX HAYKOBO-OCBITHIX 3aB/IaHb.

Ile oxnieio nmpobaemoro opramizaliii eekTrBHOTO iH(GOPMaIIHHOTO 3abe3IedeHHs HayKOBO-OCBITHBOI AiSITILHOCTI € Te, 110 B CUIIY CBOTO
PO3MAITTs1 i GaraTOBMMIPHOCTI HAYKOBO-OCBITHI iH(OpMaIIiiiHi pecypcr po3ocepeiKeHi Ha BiflaIeHIX CTOPIHKAaX 6arathoX CailTiB, a TAKOK B
PO3IOAINEHNX eJIeKTPOHHUX 0ibmioTeKax Ta apxiBax. [l BUpimeHHs i€l mpobaemn HeOOXIAHO BUPIINTH 3a/a4y 006 €THAHHS PECyPCiB, 10
BiTHOCATHCS 0 O/IHIET TATy3i 3HAHb, B €ANHNN iH(MOPMATIITHMIT TPOCTipP, a TAKOXK, IO He MEHII ByKJIUBO, MATPUMATH iX JIOTIYHY Ii/TiCHICTb.
De3 BupireHHs 11X BOX B3AEMOIIOB'SI3aHUX 3aBIaHb HEMOXKJIMBO BUDINIATH TOJOBHE 3aBIaHHS — 3a0€3[eYNTH BCIM YYaCHUKAM HAYKOBO-
OCBITHBOI SITILHOCTI MOBHOIIHHWI OCTYII 10 KOMILIEKCHUX 1H(MOPMAIIHIX PecypeiB Ta 3aco6iB IXHBOTO aHATI3Y.

TTixrpumka indopmaniiinux cucreMm y cdepi HAYKOBO-OCBITHBOI AISTIBHOCTI € aKTyaJIbHOIO 3aBSAKU TOCTIHHO icHYy0uiii motpebi B
indopmartii. [yt 3agoBosieHHst 1iei moTpebu HeoOXiAHa opranisaitist IOCTYITY [0 PI3HUX PeCypCiB.

Kmouogi cioBa: indopmariiini cuctemu, indopmaliiitii pecypcu, 0CTyII, JOKYMEHT, PO3NOIIIeHI, MeTaIaHi.
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PO3POBKA IHOOPMAIIITHOT TEXHOJIOTIi BUSHAUYEHHS HA/IJIMIIIKOBOI IHOPMATUBHOCTI
IMUOPOBOI'0 30BPAYKEHHH (c. 59—70)

II. O. Ilpucraeka, K. K. [lyxHoBcbka, O. 1. KosryH, O. O. Jlemenko, O. I'. Hommmkina, A. K. dKyatuncbka

Pospobiieno indopmaliiiiny TexHosorio, 1o peatisye oniHioBaHHI HaIMIIKOBOI iH(opMallii 3 BUKOPUCTAHHSAM METO/IB MONePeHbOT
00poOKK Ta cerMenTallii nuppoBUX 300paskeHb. 3alPONOHOBAHO METPUKY JUIS OLIHIOBAHHI HaAJMIIKOBOCTI iHdopMarii, 1mo MicTHTh
(HOTO3HIMOK, 332 BUKOPUCTAHHAM IIAXOAY Ha OCHOBI BapiaGenbHOCTI TekcTyp. Ha nmpukmani JaHuX aeposiloMKH IPOBEIECHO MPAKTHYHY
anpobaliiio Ta 0CIIIKeHH s 3aIIPOIIOHOBAHOT OI[IHKH.

[Tudposi 306paxkents, chopMoBaHi PIBHUME ONTHKO-JIEKTPOHHUMHU 3ac00aMU, CIIOTBOPIOIOTHCS TMiJI BIIMBOM IEPEIIKO/ Pi3HOTO
xapakrepy. Lli meperkoy yeKIaIHIO0Th sIK BisyaJabHUNl aHaI3 300pakeHb JIOANHOI0, TaK 1X aBTOMAaTH4Hy 006poOKy. PienHst nmpoGiemMu
MOJKJIMBO OTPUMATHU 3aBASKU MOTEPEAHill 06po0il, sika pussesie A0 MiABUIIECHHS 1HHOPMATUBHOCTI AaHUX 1(PPOBOrO 300PasKEHHS MIPU
3araJibHOMY 3MEHIIeHH] KOHTEHTY.

[TpoBeieHo eKcrepuMeHTaIbHE JTOCTIPKEHHsT 3aIeKHOCTI iH(OPMATUBHOCTI 300paskeHb Bijl Pe3ysbraTiB HaKJIaJaHHS TTONEepeaHixX
PiabrpiB 06pobKK 1HMPOBUX 300paXkeHb B 3a€KHOCTI Bil 3Ha4YeHb MapaMeTpiB MeToziB. BeraHoBieHo, 110 3aCTOCYBAHHS aJrOpUTMIB
aHali3y 3 BUKOPUCTAHHSAM KOB3HOTO BiKHA J03BOJISIE ICTOTHO 301MBIINTU PO3/LIBHY 3/aTHICTD aHAI3y B 4acoBiil obmacti npu 36epesKeHH]
JIOCUTBH BUCOKOI 3/[aTHOCTI B 4acTOTHIN oOsacti. BBeaena MeTpuka Moe MaTu 3aCTOCYBAHHS B 3a/a4aX KOMIT'IOTEPHOTO 30Dy, MAIIMHHOTO
Ta rIMOOKOr0 HaBYaHHs, TPU Po3polIl iHdopMaiiiHuX TeXHOMOrIH posmizHaBanis 06pasiB. IlepcrekTHBOI0 € 3aBAaHHs TiABUIICHHS



OIIEPATUBHOCTI OOPOOKHM pe3yJIbTaTiB MOHITOPHHTY 3a JOMOMOTOK aBTOMATH3allii 0OPOOKU ONEp/KYBAHHUX JAaHUX 3 METOK BUSIBJIECHHS
indopmaruanx obsacreil. 11lo 103BOUTL CKOPOTUTH Yac Bi3yalbHOTO aHAJIi3y JaHUX. BBe/eHa MeTpuKa MOKe MaTH BUKOPUCTAHHS MPU
PO3pO0IIi ABTOMATH30BAHNX CHCTEM PO3TI3HABAHHST JAHUX MOBITPSIHOTO CIIOCTEPEKEHHSI.

KiiouoBi caioBa: KoMIr'i0TepHiii 3ip, posiizHaBars 06pasis, inhopMaTHBHICTS IHGPOBOTO 300pakeH s, HoTepeHst 06poOKa 300pakeHHsI.
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PO3POBKA CUCTEMU BUABJEHHA BYP’HIB 13 SACTOCYBAHHAM AJITOPUTMIB MAIINMHHOTO
HABUYAHHS TA HEIPOHHUX MEPEJXK (c. 70—85)

Baydaulet Urmashev, Zholdas Buribayev, Zhazira Amirgalieva, Aisulyu Ataniyazova, Mukhtar Zhassuzak, Amir Turegali

Busientst 6yp'siHiB Ha eTamax BHPOIIYBAHHs Ma€ BaKJINBe 3HAYEHHS JUISI BISIBJIEHHS Ta TPOMITAKTHKI XBOPOO POCIHH i YCYHEHHSI
3HAUHKMX BTPAT BPOKaio. TpaguiiiiHi MeToAu 3/iHCHEHHS I[[bOTO ITIPOIECy, OKPIM BILIMBY Ha POOITHUKIB MIKIAJMBUAX XIMIYHUX PEYOBHH,
BHMAraloTb BeJIMKUX BUTPAT 1 JIOJCHKUX pecypciB. [l BUpilIeHHS BUIEBKA3aHUX 33/1a4, @ TAKOXK 3 METOI0 €KOHOMIT repOiuIiB i NeCTUINIIB,
OTPUMAHHS €KOJIOTIYHO YMCTOI MPOJYKILI, 3aIlPONOHOBAHO MPOTPAMy BUSIBJIEHHS CLIbCHKOTOCHOAAPCHKUX TIKIAHUKIB 3 BUKOPHCTAHHSM
KJIACHYHUX aJTOPUTMIB K-HalOIMKInX CyciiB, BUIIQJKOBOTO JICy i JepeBa pilienb, a Takox Heiipornoi Mepeski YOLOVS. Tlicas ananisy
reorpadiuHux paitonis kpainu i3 306paxennb 3iGpanux Oyp'auis Oyia chopmosana BaacHa 6aza ganux 3 Oiabir Hizk 1000 306paskeHb s
KOKHOTO KJacy. HaBoAuThCst KOPOTKUHN OMJIsI/I HAyKOBUX POGIT A0OCIIIIHKKIB, 110 OTIUCYIOTh PO3POOJICHI HUMU METO/IU BUSIBJICHHS, KJTacudikartii
Ta po3ni3HaBaHHs Oyp'sSHIB HA OCHOBI AJITOPUTMIB MAIIMHHOTO HABYAHHS, 3rOPTKOBUX HEHPOHHUX MEPEXK i AIrOPUTMIB IVIMOOKOrO HABYAHHSL.
B pesyuisrari nposesennx gocaipkerns Gya pozpobieHa cructemMa BUusBieHHs Oyp'siHiB Ha ocHoBi apxitektypu YOLOVS i orpumani omiHku
SIKOCTI BUINEBKA3aHUX aJlOPUTMIB. 3a pe3yJbraTaMy OIHKH TOYHICTH BUsABJEHHs Oyp'sHiB KiacudikaTtopamu K-HalGaMAKIMX CYCiiB,
BUTIAIKOBOTO JIiCY 1 fiepesa pitens ckiaia 83,3 %, 87,5 % i 80 %. Y 38's3Ky 3 ThM, 110 300pakeHHst Oyp'siHIB KOKHOTO BULY BiIPI3HAIOTHCS
3a PO3/IJIBHOIO 3/IATHICTIO 1 PiBHEM OCBITJIEHOCTI, pe3ysibraTi poOOTH HEHPOMEpPesKi MAaIOTh BiAMOBiAHI mMoKkasHuKK B Mexax 0,82-0,92 s
KOKHOTO Kiacy. KinbKicHI MOKa3HUKM, OTPUMaHi HA OCHOBI peasIbHIX MaHHX, TIOKA3YIOTh, 10 3aIPOIIOHOBAHMI MKl MOKe 3abe3mednTn
XOPOII pe3yJIbraTi npu Kaacudikailii 306paskenb Oyp'siHiB 3 HU3bKOIO PO3ALIBLHOIO 3/aTHICTIO.

K1040Bi cioBa: cisibcbKe rocrogapeTso, Oyp’suu, Mmanimate Hapuants, YOLOvVS, cermenraris, meton Orty, Kiacudikaltist, OliiHKa auro-
PUTMY.
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B/IOCKOHAJIEHHSA MOJIEJII HEIPOHHOI MEPEXKI IJII CEMAHTUYHOI CETMEHTAIIIi 30BPAYKEHD
OB’€KTIB MOHITOPUHI'Y HA AEPO®OTO3HIMKAX (c. 86—95)

B. I. Cmocap, M. M. IIpouenko, A. A. Uepnyxa, B. B. Mexbkin, O. I. IlerpoBa, M. M. Kpasuos, C. B. Beasma, H. B. Kocenko,
0. B. Cuzopenko, M. O. CoGoab

Po3ristHy TO MOJIEJTb HEHPOHHOT MepesKi /st CeMaHTHYHOI cerMeHTaltii 300paskeHb 00’'€KTiB MOHITOPUHTY Ha aepodoTosniMkax. besminor-
Hi JliTabHi anapaty 34i1iCHIOIOTh MOHITOPUHT 00'€KTIB MIIsIXOM aHasizy (06pobku) aepodoTo3HiMKIB Ta BigeonoToky. Pesyasrat aepodo-
TO3HOMKH 0OPOOJIAIOTHCS ONEPATOPOM Y PYUHOMY PEKUMI, ajie € 00’€KTUBHI TPYAHOII, OB’ A3aHi 3 06POOKOIO OMEpaTOpPOM BEJUKOT KilbKOCTI
aepo(oTO3HIMKIB, TOMY JIOIIJIBHO II€il IIPOIEC aBTOMATU3YBAaTH. AHAJI3 MOJleJieil TT0Ka3aB, 110 /JIsi BUKOHAHHS 3aBJIaHHS CEMaHTHYHOI cer-
MeHTallii 306pakerb 00'€KTIB MOHITOPUHTY Ha aepoOTO3HIMKaAX B IKOCTI 6a30B0i Moztesti Haitbibin migxoanTs Mozens U-Net (Himeuunna),
gKa € HellpoHHOIO Mepesketo. /lany Mojie/ib B/IOCKOHAJIEHO IILJISIXOM BUKOPHMCTAHHS BEIBIIET 1Iapy Ta 3aCTOCYBAHHSAM ONTHMAJIbHIX 3HaYeHb
napaMeTpiB HaB4aHHA Moesi: BUAKICTb (kpok) — 0,001, unco enox — 60, anroputm onrtumizarii — Adam. HaBuarmus npoBoaunioch HaGopoM
CErMEHTOBAaHUX 300pakeHb, K MArOTOBJEHI 3 aepodoTo3HIMKIB (poszinbHOI 3aatHicTIO 6000°4000 HikceniB) mporpamoto Image Labeler
cepeztosuia Mmatemariynoro mogeaosanast MATLAB R2020b (CIITA). B pesysbraTi oTpUMaHo HOBY MOZIE/Ib CEMaHTHYHOI CerMeHTallil 30-
OpaskeHb 06’€KTIB MOHITOPHHTY Ha aepohoTO3HIMKaX i3 3arnponoHoBaHolo Hazoio U-NetWavelet.

TIpoBeaeno pocipkens eheKTHBHOCTI BAOCKOHAIEHOT Moe/i Ha npukiagi o6pobku 80 aepodorosHimMKis. B saKkocTi nokasHUKIB edek-
TUBHOCTI MOJIeJIi OOpaHi: TOUHICTD; YYTJIUBICTD; HOMUJIKA cerMeHTailil. Bukopucranust Moa(iKoBaHOTO BEHBIIETY 11apy JO3BOJIUIO a/iall-
TyBaTH po3Mip aepodOTO3HIMKA 10 MapaMeTpiB BXiHOTO Mapy HEHPOHHOI Mepeski, MiABUINTH OMEPATHBHICTD CEeTMEHTAIli 300pakeHpb Ha
aepooTO3HIMKaX, a 3aCTOCYBAHHS 3TrOPTKOBOI HEHPOHHOI MePEeXKi J03BOJNIIO AaBTOMATU3YBATH JAHIIT TTPOTIEC.

KiiouoBi cioBa: cemManTHyHa cerMenTallist 300paskerb, 3ropTKoBa HelipoHHa Mepeska, aepohoTo3HIMOK, Oe3IiIoTHII JTiTagbHuil anapar.
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AHAJII3 CIIEKTPAJIbHUX BJIACTUBOCTEI 3POCTAHHSI INIIEHMII B PISHI BETETAIIIITHI IIEPIOIN
(c. 96—102)

Yerzhanova Akbota, Kassymova Akmaral, Abdikerimova Gulzira, Abdimomynova Manshuk, Tashenova Zhuldyz, Nurlybaeva Elmira

V crarTi npeacTaBieHo MeTOANKY JIOCTIFKEHHsT KOCMIYHNX 300paskeHb, 3aCHOBaHy Ha aHajizi KoedillieHTa CleKTpaJbHOl SCKpaBoC-
i (KC) KocMiuHuX 300pakeHb 3¢MHOI MOBEPXHI.

PosmiznaBanus BUAIB POCJANH, TPYHTIB Ta TEPUTOPI 32 CYIMyTHUKOBUMHU 3HIMKAaMH — IIPHUKJIAHE 3aBIaHHS, IO JI03BOJISIE peati3yBaTi
6araTo MpoIeciB y CIIIbCHKOMY IOCIIOIAPCTBI Ta aBTOMATHU3YBATH JisIBHICTH (hepMepiB Ta BEJIMKUX rocriofapcTB. OCHOBHUM iHCTPYMEHTOM



aHaJIi3y JaHUX CYIYyTHUKOBUX 3HIMKIB € KJlacTepu3allist JaHuX, 110 OAHO3HAYHO 11eHTH(hIKYIOTH GaskaHi 06 €KTH Ta 3MiHM, OB’ 3aHi 3 PisHUMEI
HpUYNHAMU.

Ha ocnoBi annx, OTpMaHNX B X0/ €KCIePHMEHTIB 3 OTPUMaHH: ynceabHnx 3naderb KCS, BusABIeHo 3aKOHOMIPHOCTI TTOBE/IHKY TPO-
1eciB Bi0OpaskeHHsT POCAUHHOCTI, (haKTOPIB, 1O MEPENIKOIKAIOTH HOPMATbHOMY 3POCTAHHIO POCJINH, Ta 3allPOTIOHOBAHOI KJacTepusaiii
CIIEKTPAJIbHUX JAlIa30HIB TIOMIMPEHHS XBUIIb, SIKi MOXKYTh BUKOPUCTOBYBATUCS /7SI BUSHAYEHHSI THITY 00 €KTIB, 110 PO3IJISIAITHCSL. Po3iris-
HaBAHHs IUX [IPUYUH NIJIIXOM aHAJI3y CynyTHUKOBUX 300pakenb KCS 103B0UTh CTBOPUTH iH(MOPMAIIHY CHCTEMY /ISl MOHITOPUHTY CTa-
HY POCJIMH Ta MO/ st yeyHentst Heratnsuux npuand. Jani KCS posmineni Ha giamasornm, mo He epeKpruBaioThest, TOOTO. BOHI YTBOPIOIOTh
KJIACTEPH, IO BiIGMBAIOTH HOPMATBHIIT PO3BUTOK BUIIIB POCIINH Ta BiIXUIEHHS], TOB'sI3aHi 3 HETATHBHIMI TTPUYITHAMIL. SIKIIO € BiIXMIEHH S,
iCHY€ aJIrOPUTM, SIKUI BUBHAYAE TIPUYMHY BiIXUJICHHS 1 TPOTIOHYE TIJIAH [ill 3 yCyHEHHs 1eeKTy.

Curiy 3a3Ha4MTH, 10 PO3IIOILJ CIIEKTPIB SICKPABOCTI 3aJIEKUTD BiJ| KIIMATHUHNUX Ta reorpadiyHUX YMOB BH/LY POCJINH i € YHIKAJIbHUM JIJIS
KOKHOTO periony. e 1ocmiken s BiTHOCHTBCS 10 AKMOJIIHCBKOI 06JTaCTi, ie BUPOIIYIOTh 3¢PHOBI KYJIBTYPHL.

KiouoBi cioBa: koeillieHT CIIeKTpasbHOI SCKPABOCTI, MYyJIBTUCIIEKTPpabHi 300paskenns, Landsat-8, kopekiiisi arMocdepu, H10BKHHA
XBWJII, Jllalla30H, Ka/JaCTPOBUIT HOMeP.
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PO3POBKA METO/IIB TEHEPATIIIi CTIIIKOTO 10 CHOTBOPEHbD IIU®POBOTO BOJISTHOTO
3HAKY (c. 103—116)

B. O. Maprosunpkuii, I. B. Py6an, H. M. Boaorogsa, O. B. Cegepinog, O. JI. Kypuno, O. 0. Ilepmsikos, A. M. Hocuk,
1. M. Henoxpuros, I. M Kpurenko

AKTUBHI aTaky i UPUPOAHI BIUIMBU MOXKYTbh IPHUBECTU 0O [BOX BU/IIB CIOTBOPEHb KOHTEHHEpPAa-300paKeHHs: HMIYMOTOMIOHUX 1
reoMeTpUYHUX. ICHYIOTh TakoXK 1 Habarato Oiibin 3ry6Hi A5 tndposux Boaaunx sHakis (IIB3) omepartii 06po6Kn 300pakeHb, HATPUKIA,
MaciTabyBaHHs1, TOBOPOTH, YCIYEHHS, IepecTaHoOBKa MiKceiB. SKIo 3abe3nederts CTiiKOCTI 10 aTak BUAAJIEHHsT Ta TEOMETPUYHUX aTak €
GiJIbII-MEHIT BUPIIIEHUM 3aBAaHHIM, TO 3a0e3MeYeHHsT CTIHKOCTI 10 JIOKaJbHUX 3MiH 300pakeHHs Ta YaCTKOBOTO BUAANEHHS 300pasKeHHsI
BCE Ille MaJo BUBYEHO. MeTou, PO3IJIAHYTI B CTATTI, CIIPAMOBaHi Ha 3abe3MeUeHHs CTIIKOCTI 10 aTak YacTKOBOI BTPATH 300paskeHHs abo
JIOKQJIbHUX 3MiH B 300paskeni. MeToto nanoi po6oTu € po3poOka METOAIB reHepaltii CTifikoro 0 CIIOTBOpeHb U(POBOTO BOASHOTO 3HAKY 3
BUKOPHCTAHHSIM Teopii xaocy. [le mactb MOKIUBICTD 361BITUTH CTIHKICTH MeTOAIB BOYIOBU 1IU(MPOBUX BOASHUX 3HAKIB /10 TIEBHOTO KJIacy
aTak, 10 B CBOIO Yepry JA03BOJIUTH po3pobHuKam Metozis BOyaosu 1[B3 socepeaurucs wa 3abesrnederi cTiiKOCTI METOLY A0 iHIIUX THIB
araxk. [IpoBezieno ekcriepuMeHTaIbHe AOCIiZKEH s 010 3aIporioHoBaHnX Meto/iB. [ictorpamu [1B3 mokaszasu, 1o 3arporoHoBaHi MeTOI
3abesneuyiors rerepartiio 11B3 BunaakoBoi He3po3ymiioi hopMu. Ajie MeToj1 3acHOBaHUI Ha KOMGIHAIT KapT KoTa ApHOJIbAA Ta KapT [enona
Mae MOMITHI THKH, Ha BiIMIHY Bil MeTo/a, IKMI 3aCHOBaHUIT Ha MepeMillyBaHHi MKcesiB Ta ix 61T TIIbKHU 3a J0MOMOTOI0 KapT KoTa APHOJIb/IA.
Ile cBiUUTD PO Te, 1O METOJ 3aCHOBAHMI TIIBKKM Ha Kaprax KoTa ApHOJbAAa Ma€ OLIbII XaOTHYHUI XapakTep. IIpo 1e TakoXK CBiAYUTD i
3HaueHHs KoedilienTa Kopeasiii MixK cycianivm mikcesasmu, skuil Hadbmskaerses 10 0 1 gopisuioe 0.0109 ais komboposux IIB3 a 0.030 st
4OPHO-6inX 300paKkeHb.

Kmouosi croBa: nndpoBi BosHI 3HAKHN, XaOTHIHI KapTH, KapTu [eHoHa, KapTnt KoTa ApHOIbIA.
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PO3POBKA CUCTEMHU OPTAHI3AIIIl GRID-OBUHCJIEHb HA BA31 ARC NORDUGRID 3
BUKOPHCTAHHAM BIPTYAJbHUX OTOYEHDb BUKOHAHHS IIVIAT®OPMH DOCKER (c. 117—124)

0. A. IIpina, B. B. Kazumup, B. M. Basunesuu, O. O. Cuca

TIpoBenene pocaikents cyqacHux (ppedMBOPKIB Ta 3ac00iB 3acTOCYBaHHs BipTyasizaiii B grid-cepeloBUII MiATBEPANIO aKTYANbHICTD
3a/1a4i aBTOMATH30BAHOTO HAJIAIIITYBAHHSI OTOUYEHHsI BHKOHAHHS 3aj1a4 y grid-cepemoBHIii.

HasnamryBatns oToYeHHsI BUKOHAHHS 3aa4 3 BUKOPUCTAHHAM BipTyasizallii CTaHOBUTH HEOOXiJHICTb BIPOBA/KEHHS BiANOBIIHUX
AJITOPUTMIB TUIAHYBAaHHS 33/1a4 Ta PO3IO/LIEHOT0 30epesKeHHs 00pasiB BipTyalibHUX OTOUeHb y grid-cepenosuii. [cHyoUl pileHHs 1JIst
XMapHUX iH(GPaCTPYKTYp NIOZ0 ONTHMI3allil POIecy PO3TOPTAHHSA BiPTyaIbHUX MAIIMH Ha OOGUMCTIOBATBHIX PECYPCAX He MAIOTh iHTerparii
3 MPOMIzKHUM niporpamunm 3abesnedentsam Arc Nordugrid, 1o mmipoko BUKOPUCTOBY€EThCs B grid-iHpacTpykTypax. AKTyaabHOIO 3aa4eio
€ po3pobKa 3aco0iB MIAHYBAHHS 3a/[a4 Ta PO3MillleHHsT 06pa3iB BIPTyalbHIX MAlIUH Ha pecypcax grid-cepeoBuina 3 ypaXyBaHHSIM BUKOPUC-
TaHHs 3ac00iB BipTyasisartii.

TIpencraBiaeHo pe3ysbTaTH peatisalii cepBiciB (peiiMBOPKY, IO MO3BOJISIOTH TPOEKTYBATH Ta BUKOHYBAaTH OOUMCHIOBAIbHI 3a7adi y
grid-cepenosumti ra 6asi ARC Nordugrid 3 BukopucranHsam BipTyaabHOro otodeHsst Bukonanus miardopmu Docker. HaBezneni pesyssratu
peanizaiii cepsiciB IaHyBaHHA 3a1a4 y grid-cepesoBulIll 3 BUKOPUCTAHHS BIPTYaJbHOTO OTOYEHHSI BUKOHAHHS 3aCHOBaHI Ha BUKOPUCTaHHI
aJITOPUTMY TJIAHYBaHHSA Ha 6a3i METO/Y ANHAMIYHOTO TPOTPAMYBAHHSL.

Ouinkn eeKTHBHOCTI PO3pobIEHNX pilleHb Ha (a3l KOMILIEKCY IMITAliiHIX Mozesiell TTOKa3asIi, 110 BUKOPUCTAHHS 3aIIPOIIOHOBAHOTO
AJITOPUTMY TJIAHYBAHHS Ta peruiikallii BipryanbHux 00pasiB B grid-cepefoBull 103B0JISIE CKOPOTUTH YaC BUKOHAHHST 0OUMCITIOBAIBHOI 3a1adi
Ha 88 %. Taki oliHKY TOTPEOYIOTH MOAAIBIIOTO YTOYHEHHST, IPOTHO3YETHCSI [ ABUIIIEHHS e(DEKTUBHOCTI IIAHYBAHHS i3 4aCOM IpH 361IbIITEHH]
KIJIBKOCTI 3aITyIeHKX 3a/1a4 32 PaXyHOK TIePEPO3IO/LLY CXOBUIIA BIPTyaIbHUX 00pasis.

Karouosi ciosa: grid, xmapHi o6umCcIeH s, BipTyasisartis, IJIaHyBaHHS 3a/1a4, PETLTiKaIlis.
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CHUHTE3 NPEIU3IITHOI CUCTEMU I03YBAHHS PI/IKUX ITPOJIVKTIB HA BA3I
EJJEKTPOITHEBMATUYHUX KOMIIJIEKCIB (c. 125—135)

0. M. I'aBBa, JI. O. KpuBomisic-Bonozina, C. I. Bia:xxenko, C. B. Tokapuyk, A. B. /lepeniBcbka

Po3po6Jiero MaTeMaTH4Hy MOJIEJb POIECY 03yBaHHs PIZIKUX MPOAYKTOB (MTUTHA BOJa Herazopana). Moesb BpaxoBye anbepeHttiiiii
PIBHHS 3MIiHM KiHEMAaTUYHWX TTApaMeTPiB PIMHM y KaHajdaxX A03aTopa Ta BiATIOBiAHI MPWHHATI TMOYATKOBI i TpaHMYHi YMOBH TIPOIIECY.
Ipannyni yMOBHM BPaxoBYIOTh BILUIUB IIPOTPAMHO BCTAHOBJICHUX PEKUMIB epJIi(hTHOTO J03yBaHH: 3a JIOIIOMOTOIO J[paiiBepa Ta reoMeTpilo
POYKTONPOBOAY. Bumipsine 3nauenus ctpymy B MA (i3 Tounictio 0,001 MA) o BigHOmIEHH!O /10 cTanAapTHOI mKaan Imin, Imax=4...20 MA.

ChopmMoBaHO aHATITUYIHUIT OITIC OKPEMIX ETATIB IPOIECY [O3YBAHHS 13 MOAATBIINM AHAJII30M OKPEMUX €TalliB Ta MPUHHSITHX JOMYIIEeHb

Orpumana Tz yac BUMPOOYBaHb €KCIIEPUMEHTATLHOTO 3pa3ka [03aTopa TOYHICTh OBTOPIOBAHb BUTHCHEHHS 103H cKaza Mexi £0,35 %
ta 0,8 %. Orpumani pesyJbraTu MOB's3aHi i3 BCTAHOBJIEHOIO BEJINYMHOIO MacH 103U 50 MJI T1ijl 4ac 3MiHM IIOYaTKOBOTO PiBHSI PiAMHU B
pesepByapi JKUBHJIbHUKY jto3aTtopa Ha 10 Mm.

3ampoIoHOBAHO eKCIIePUMEHTAIbHNN CTeH]| /T JOCTIKeHHS (PYHKI[IOHAIBHOTO MEXaTPOHHOTO MOAYJS JI03yBaHHSA i3 IPOTPAMHO
BCTAHOBJIEHUMH PesKMMaMi (hOpMyBaHHs Ta BUTICHeHHs 103U TpoayKTy. Crenj mpaioe Ha 6asi MponopIiiiHuX eJeMeHTIB i3 3BOPOTHIM
3B’s13K0M (4—20 MA) /IS CXOZIMHKOBOTO Ta CHHYCOIIAIbHOTO 3aKOHIB KEPYBAHHST TUCKOM B /103aTOPI.

OO6IpyHTOBAHO MOJIE/Ib YINPABJIIHHS 3 POOOUYUMU PEKUMAMU 103yBaHHSA. Po3pobiieHi Mogesi yupasiiHHs 06a3yloThCsi Ha OCHOBI
TIPOTIOPIIIITHNX €JIEMEHTIB i 3BOPOTHOTO 3B'SI3KY.

B xozxi mpoBezenns (hismuHOro Ha MaTEMaTHYHOTO MO/IEJTIOBAHHS BU3HAYEHO BIJIMB OKPEMUX ITapaMeTpiB Ha TOUHICTD (hOPMyBaHHS 1031
MIPOAYKTY, & TAKOXK 3HAliIeH] musixu 3abe3nevyeHHst HeoOXiIHOTO PO3MOAINEHHST TUCKY CTHCHEHOTO MOBITPS, 32 YMOB JIOTPHMAHHS 3aJIaHOI
MPOLYKTUBHOCTI Jjo3aTopa. OTpuMaHi pe3yJsbTaTi JOCJIi/UKEeHb I03BOJISIOTh YI0CKOHAIUTI po60Ty MPelU3iHIX cUCTeM 03YBaHHS PIIKUX
MPOJIYKTIB Ha 6a3i €JIEKTPOITHEBMATHYHUX KOMILJIEKCIB.

KmouJoBi coBa: BUTHCHEHH /103U, epaidTHA cuCTeMa, Ha/TUIITKOBHUI THCK, 3BOPOTHIH 3B’SI30K, TOUYHICTD /[03YBAHHS.
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BU3HAYEHH OIITUMAJIbHOTO KEPYBAHHSA CYTHOBUM AU3EJIbHUM JIBUT'YHOM I YAC
HECTAIIOHAPHUX PEXKHMIB PYXY (c. 136—146)

A. B. Ycos, M. B. Ciro6oasuniok, M. B. Hikoubcbkuii

[TammBHA crcTeMa BUCOKOTO THCKY € OCHOBOTIOJIOXKHOIO CHCTEMOIO, sIka (hOPMY€E MOKA3HUK MiHIMaJbHOI BUTPATH MAJINBA HA OJNHUIIO
MJIIXY CYIHA.

BukoHaHO pO3paxyHOK OITHMAJIbHOTO KePYBAaHHS CYIHOBUM KOMILIEKCOM 3 TOJIOBHUM JIN3€JIbHUM JABUTYHOM 33 KPUTEPiEM MiHIMaIbHOI
BUTPATH MAJINBA HA OINHUINIO MIJIIXY DU 3a/IaHiil cepeiHiil IIBUAKOCTI Cy/HA.

Pyx cyana 3 rOJTOBHUM U3€TBHIM JABUTYHOM OIMCAHO PiBHAHHAMU. PiBHAHHS MiCTATh 3HAYHY KiJIBKICTD TTApDAMETPiB, 3MEHIITEHHS STKUX
BUKOHAHO 32 PaXyHOK BBeIeHHs Ge3p03MIPHUX BEJINYNH, 3 HOAAIBIINM TIPUBEACHHIM PiBHSAHD 10 6e3po3MipHoi hopmu. [le 1a10 MOKIUBICTD
TIPEJCTABUTHU PIIIEHHST ONITUMAILHOTO 32KOHY KEPYBAHHS TOJIOBHUM CYJIHOBUM JM3€JIEM Y CKJIA/ CY/THOBOTO KOMILIEKCY.

JlocijpkeHo onTUMasibHE KEPYBAaHHSI CY/[HOBUM KOMILJIEKCOM B YMOBAaxX HITOPMOBOTO IiaBaHHs. [IpezcraBiieHi po3paxyHKH 3aKOHY
KepyBaHHsI Cy/THOBUM KOMILJIEKCOM, sIKHii 3a0e31edye pyx cy/Ha 3 MaKCUMAJIbHOIO CEPeHbOIO MIBUAKICTIO B YMOBAX MITOPMOBOTO TIJIaBaHHSI.
BusnaueHo, 1110 BCTAHOBJEHMI 3aKOH KepyBaHHs CYAHOBUM KOMILIEKCOM, 3abe3nedye MiHiMaJbHy BUTPATy MajuBa Ha MUJIO HIJIAXY I
4yac 3aJ[aH01 cepelHbOI MBUIKOCTI oro pyxy. JlocizkeHo BIJIMB MAJUBHOI CUCTEMU BUCOKOTO TUCKY HA ONTUMAJIbHE KEPYBAHHS CYITHOBUM
JTU3EJIEM.

Taxum unHOM, TTPOBE/IEH] PO3PAXYHKOBI TOCIIIPKEHHS BKa3yIOTh, IO TIPU BCiX 3HAYEHHSX TTAPAMETPIB CYyTHOBOTO KOMILTIEKCY TI0 3aKOHY
KepyBaHHs naauBHolo cucteMoio M=a+b-Cy(7), nae ekonomiio namusa 10 6 % Ha OAMHKIIIO MUISIXY Y HOPIBHIAHHI 3 3aKOHOM KEePyBaHHST Cy/I-
HoBUM Komiuiekcom D=a+b-(c1(1)/ca(T)).

Otpumani CHiBBIZIHONIEHHS TIPM MOJIEJIOBAHHI Ta ONTHMAaJbHE KEPYBAaHHS TOJOBHUM JM3EJbHUM J[BUTYHOM CY/HOBOTO KOMILJIEKCY
JIO3BOJISTIOTh METOJIOM JIMHAMIYHOTO TPOrPAMyBaHHS TPOBECTH aHAJI3 BUTPAT MAJINBA HA OJUHUIO HIJISXY MPU ONTHMAIBHOMY KepyBaHHI
TIOPIBHSHO 3 Bi/IMOBITHIM MOCTIHHIM KePYBAHISIM.

KmouoBi cioBa: cymHoBuHiT KOMIUIEKC, KEPYBaHHS CYIHOBHM [H3ElIeM, KPUTEPIl ONTHMATFHOCTI, MAKCHMAITBHA CEPE/IHS MIBUIKICTh.
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PO3POBKA MATEMATUYHUX MO/IEJIEI TA OIITUMI3AIIS PE;KUMIB POGOTHU CTAHIIII ITIIITPIBY
HA®TU MATICTPAJIbHUX HA®TOMPOBO/IB B YMOBAX HEUITKOCTI BUXI/THO{

THOOPMAIIII (c. 147—162)

B. B. Opas6aes, K. JK. Mosnamesa, K. H. Opas6aesa, B. E. Maxatosa, JI. T. Kypmanrasiesa, A. E. Ta6aysnosa
AKTYaJIbHICTD JIOCHI/KEHHST OOIPYHTOBYETHCSI THUM, IO TIPU YIPABJIiHHI [pOIecaMK TPAHCIOPTYBaHHSA Ha(TH MaricTpaIbHUMU

TpyGONPOBOZIAMI BUHUKAE HEOOXIAHICTh BU3HAYEHHS | BUOOPY ONTHMATBHUX DEKUMIB POOOTH BY3JiB HaTONPOBOMAIB 3 ypaxyBaHHIM
HEYiTKOCTI JIeSIKOT YacTUHK BUXiAHOT iHhopMaltii. Y 38’I3Ky 3 MM BUPIlIEHHs 3ajiaui 6araToKpUTepiasbHOro BUOGOPY e(heKTUBHUX PEKUMIB



poboTu craniii migirpisy HadTu A cucteMu TPyOOIPOBOAIB rapssuoi HadTH, KA YaCTO OMUCYETHCA B HEUITKOMY CEpPeOBHUII, Ha OCHOBI
arapary Teopiil HeuiTKIX MHOKIH, € aKTYaJIbHIM HAyKOBO-TIPAKTUYHUM 3aBIaHHAM. PO3POGIEHO METO CUHTE3Y MOJIEIEli B yMOBaX HEUITKUX
BUXIIHMX TTapaMeTpiB 06'€KTa, 3a J0MOMOTOIO SIKOTO TT00Y/0BaHI HeYiTKi MOjesi JOC/I/KYBaHOI CTaHIlii MAirpiBy HaTH MaricTpaabHOTO
nadrompoBoxy. Ha ocnoBi mommdikariii i moennanns pi3HUX TPUHIUINIB ONTHMAJBLHOCTI OTPUMaHi MaTeMaTH4Hi MOCTAHOBKH 3a/adi
GaraTokpuTepiaabHOrO BUGOPY eheKTUBHUX PesKUMIB poOOTH cTaHiii migirpisy Hadru B HeuitkoMmy cepemosui. IInsgxom Moxmdikaiii
Ta ajanTaiii NPUHIUINB rapaHTOBAHOTO PE3YJIBTATy i PIBHOCTI B HEYITKOMY CEPEAOBHINI PO3POOJIEHO €BPUCTUUYHUIT METOJ BUPIIICHHS
cdopMyTbOBaHOI 3a1a4i BUGOPY peKMMIB po6GOTH 00'€KTa 3 BUKOPUCTAHHAM BUXIHOI HEiTKOT iHdopmartii. 3armponoHoBaHuil €BPUCTIHIHIH
MeToj1 HaraTOKpUTEPiaabHOro BUGOPY B HEYITKOMY CepeIOBUII 3aCHOBAHMIT Ha BUKOPUCTAHHI 0CBI/LY 1 3HaHb 0COOM, sika TIPUIAMAE PillieHHs.
3anpornoHoBaHuii Xz peanizoBanuii mpu MOCTaHOBIL | BUpiNeHHi 3a1a4i 6araTOKpUTEPiaabHOro BUGOPY PEKUMIB poOOTH CTaHIii MiirpiBy
Hadti ATnpay marictpanabHoro HadronpoBoay Ysenb-Arupay-Camapa. B pesyubraTi 3acTOCyBaHHSI 3alIPOIIOHOBAHOTO METOY JIOCSTHYTO
TT/IBUIIEHHST CTYIEHsT BUKOHAHHS HEYITKOrO OOMEKEHHS BILUIMBY HAa HABKOJIMIIHE CepeloBUINe Ha 2 %, a TAaKOXK MiABHUINEHI ONTHMATbHI
3HAYEHHS eKCILUTyaTalliiiHiX mapaMeTpi 06'ekTa: TeMmeparypa 3umkena na 1,85 % (5,67 K), tuck — na 0,04 % (xIla), Burpara masmsa — Ha
2,9 % (0,0002 xr/c). Orprmani pe3yJibraTi MiATBeprIN eheKTHBHICTD 3aIIPOIIOHOBAHOTO Ti/AXO/LY /10 BUPIIIEHHS [OCTABIEHHIX 3a/a4.

KmouoBi cioBa: maremaruuHi Mogesi, onTuMmisaris, GararokpurepianbHuii BuOip, MaricTpaibHi HaTOMPOBOAM, CTAHIs MiAIrpiBY
HadTn, HeviTKa iHdopMaiis, 0coba, sika NPUIMAE PillleHHs], eBPUCTUYHUNA METO/.



