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Violating the observation conditions for the investigated objects
leads to the formation of diverse typical forms of objects throughout
the frame in the series. As a consequence, determining the exact
position of the object on the frame becomes difficult. To this end, a
method was devised to determine the position of an object using the
typical form of its image on a series of frames.

This method is based on the formation of a typical form of a
digital image of an object based on data from all frames of the series.
This makes it possible to take into account the peculiarities of the
very formation of the digital image of an object on each frame of the
original series. Based on this, a more accurate assessment of the ini-
tial approximation of the parameters of all Gaussians of the object’s
image is performed. Adapting the method specifically for the typical
form allows for a more accurate assessment of the positional param-
eters (coordinates) of the object in comparison with the analytically
set profile. The estimation of the position of an object was obtained
using the method of least squares. After that, minimization was
performed using the Levenberg-Marquardt algorithm. Also, the use
of the method makes it possible to improve identification with refer-
ence objects and reduce the number of false detections. The study
showed a reduction in the standard deviation of frame identification
errors by 7-10 times when using a typical digital image shape.

The method devised for determining the position of an object
using the typical form of its image was tested in practice within
the framework of the CoLiTec project. It was implemented in the
intraframe processing unit of the Lemur software to automatically
detect new objects and track known ones. Owing to the use of Lemur
software and the proposed computational method implemented in
it, more than 700,000 measurements of various objects under study
were successfully processed and identified.

Keywords: image processing, standard image shape, Levenberg-
Marquardt algorithm, parameter evaluation.
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The paper is devoted to machine learning methods that focus
on texture-type image enhancements, namely the improvement of
objects in images. The aim of the study is to develop algorithms for
improving images and to determine the accuracy of the considered
models for improving a given type of images. Although currently
used digital imaging systems usually provide high-quality ima
ages, external factors or even system limitations can cause images in
many areas of science to be of low quality and resolution. Therefore,
threshold values for image processing in a certain field of science are
considered.

The first step in image processing is image enhancement. The
issues of signal image processing remain in the focus of attention
of various specialists. Currently, along with the development of
information technology, the automatic improvement of images used
in any field of science is one of the urgent problems. Images were
analyzed as objects: state license plates of cars, faces, sections of the
field on satellite images.

In this work, we propose to use the models of Super-Resolution
Generative Adversarial Network (SRGAN), Extended Super-Res-
olution Generative Adversarial Networks (ERSGAN). For this,
an experiment was conducted, the purpose of which was to retrain
the trained ESRGAN model with three different architectures
of the convolutional neural network, i.e. VGG19, MobileNet2V,
ResNet152V2 to add perceptual loss (by pixels), also add more
sharpness to the prediction of the test image, and compare the
performance of each retrained model. As a result of the study, the
use of convolutional neural networks to improve the image showed
high accuracy, that is, on average ESRGAN+MobileNETV2 — 91 %,
ESRGAN+VGG19 — 86 %, ESRGAN+ResNet152V2 — 96 %.

Keywords: image processing, SRGAN, ERSGAN, VGG19, Mo-
bileNet2V, ResNet152V2, machine learning, Super-Resolution.

References

1. Yessenova, M., Abdikerimova, G., Adilova, A., Yerzhanova, A.,
Kakabayev, N., Ayazbaev, T. et al. (2022). Identification of fac-
tors that negatively affect the growth of agricultural crops by
methods of orthogonal transformations. Eastern-European Jour-
nal of Enterprise Technologies, 3 (2 (117)), 39-47. doi: https://
doi.org/10.15587/1729-4061.2022.257431

2. Yessenova, M., Abdikerimova, G., Baitemirova, N., Mukhamedra-
khimova, G., Mukhamedrakhimov, K., Sattybaeva, Z. et al. (2022).
The applicability of informative textural features for the detection of
factors negatively influencing the growth of wheat on aerial images.
Eastern-European Journal of Enterprise Technologies, 4 (2 (118)),
51-58. doi: https://doi.org/10.15587/1729-4061.2022.263433

3. Yessenova, M., Abdikerimova, G., Ayazbaev, T., Murzabekova, G.,
Ismailova, A., Beldeubayeva, Z. et al. (2023). The effectiveness of
methods and algorithms for detecting and isolating factors that nega-

10.

11.

12.

13.

14.

15.

16.

17.

tively affect the growth of crops. International Journal of Electrical
and Computer Engineering (IJECE), 13 (2), 1669. doi: https://
doi.org/10.11591 /ijece.v13i2.pp1669-1679

. Yerzhanova, A., Kassymova, A., Abdikerimova, G., Abdimomyno-

va, M., Tashenova, Z., Nurlybaeva, E. (2021). Analysis of the spectral
properties of wheat growth in different vegetation periods. Eastern-
European Journal of Enterprise Technologies, 6 (2 (114)), 96—-102.
doi: https://doi.org/10.15587 /1729-4061.2021.249278

. Phiri, D., Simwanda, M., Salekin, S., Nyirenda, V., Murayama, Y.,

Ranagalage, M. (2020). Sentinel-2 Data for Land Cover/Use Map-
ping: A Review. Remote Sensing, 12 (14), 2291. doi: https://
doi.org/10.3390,/rs12142291

. Wang, X, Yu, K,, Wu, S, Gu, J., Liu, Y, Dong, C. et al. (2019).

ESRGAN: Enhanced Super-Resolution Generative Adversarial Net-
works. Computer Vision — ECCV 2018 Workshops, 63-79. doi:
https://doi.org/10.1007 /978-3-030-11021-5_5

. Wang, X, Xie, L., Dong, C., Shan, Y. (2021). Real-ESRGAN:

Training Real-World Blind Super-Resolution with Pure Synthet-
ic Data. 2021 TEEE/CVF International Conference on Comput-
er Vision Workshops (ICCVW). doi: https://doi.org/10.1109/
iccvw54120.2021.00217

. Clabaut, E., Lemelin, M., Germain, M., Bouroubi, Y., St-Pierre, T.

(2021). Model Specialization for the Use of ESRGAN on Satellite
and Airborne Imagery. Remote Sensing, 13 (20), 4044. doi: https://
doi.org/10.3390/rs13204044

. Zouch, W,, Sagga, D., Echtioui, A., Khemakhem, R., Ghorbel, M.,

Mhiri, C., Hamida, A. B. (2022). Detection of COVID-19 from
CT and Chest X-ray Images Using Deep Learning Models. An-
nals of Biomedical Engineering, 50 (7), 825-835. doi: https://
doi.org/10.1007 /s10439-022-02958-5

Yamashita, K., Markov, K. (2020). Medical Image Enhancement Us-
ing Super Resolution Methods. Computational Science — ICCS 2020,
496-508. doi: https://doi.org/10.1007 /978-3-030-50426-7_37

Dou, X, Li, C,, Shi, Q., Liu, M. (2020). Super-Resolution for Hy-
perspectral Remote Sensing Images Based on the 3D Attention-
SRGAN Network. Remote Sensing, 12 (7), 1204. doi: https://
doi.org/10.3390/rs12071204

Zhou, S, Yu, L., Jin, M. (2022). Texture transformer super-resolution
for low-dose computed tomography. Biomedical Physics & Engineer-
ing Express, 8 (6), 065024. doi: https://doi.org/10.1088,/2057-1976/
ac9da7

Kang, X., Liu, L., Ma, H. (2021). ESR-GAN: Environmental Signal
Reconstruction Learning With Generative Adversarial Network.
IEEE Internet of Things Journal, 8 (1), 636—646. doi: https://
doi.org/10.1109 /jiot.2020.3018621

Jaworek-Korjakowska, J., Kleczek, P, Gorgon, M. (2019). Melanoma
Thickness Prediction Based on Convolutional Neural Network With
VGG-19 Model Transfer Learning. 2019 IEEE/CVF Conference on
Computer Vision and Pattern Recognition Workshops (CVPRW).
doi: https://doi.org/10.1109/cvprw.2019.00333

Pan, H., Pang, Z., Wang, Y., Wang, Y., Chen, L. (2020). A New Im-
age Recognition and Classification Method Combining Transfer
Learning Algorithm and MobileNet Model for Welding Defects.
IEEE Access, 8, 119951-119960. doi: https://doi.org/10.1109/
access.2020.3005450

Alrashedy, H. H. N., Almansour, A. E, Ibrahim, D. M., Hammou-
deh, M. A. A. (2022). BrainGAN: Brain MRI Image Generation and
Classification Framework Using GAN Architectures and CNN Mod-
els. Sensors, 22 (11), 4297. doi: https://doi.org/10.3390/s22114297
Zhang, W, Liu, Y., Dong, C., Qiao, Y. (2019). RankSRGAN: Genera-
tive Adversarial Networks With Ranker for Image Super-Resolution.
2019 IEEE/CVF International Conference on Computer Vision
(ICCV). doi: https://doi.org/10.1109 /iccv.2019.00319



DOI: 10.15587 /1729-4061.2023.276650
DETERMINING THE INVARIANT OF INTER-FRAME
PROCESSING FOR CONSTRUCTING THE IMAGE
SIMILARITY METRIC (p. 19-25)

Elena Gorda

Kyiv National University of Construction and Architecture,
Kyiv, Ukraine

ORCID: https://orcid.org/0000-0001-7380-0533

Anatolii Serdiuk
Warsaw University of Technology, Warszawa, Poland
ORCID: https://orcid.org/0000-0002-0787-3889

Ivan Nazarenko

Kyiv National University of Construction and Architecture,
Kyiv, Ukraine

ORCID: https://orcid.org/0000-0002-1888-3687

The relevance of modeling digital images is determined by the
need to implement approaches in the study of localization and iden-
tification of objects in order to reduce the amount of data. In this
paper, the study object is the topology of a discrete two-dimensional
image within the framework of the problem of determining the invari-
ants of diffeomorphic transformations. Geographic information ob-
jects (GIOs) refer to objects that are on a given surface or objects that
locally change the surface. With regard to objects, it is assumed that
the change in their geolocation in the process of forming both single
images and an extended series of frames obtained in the process of
continuous monitoring is insignificant. In the process of scanning the
surface, possible changes in the position of the image source are taken
into account, for example, such as yawing, rolling, and pitch in the case
of unmanned aerial vehicles (UAVs). These maneuvers are represented
as a group of diffeomorphisms that are controlled by the internal gy-
roscopes of the carrier and the external navigation system. Based on
the studies reported here, the initial ontology of digital images (ODI)
has been determined by using the model of color spaces and functions
of a special kind. The presence of an ontology makes it possible to
build an adequate topology of color distribution in the image and take
into account the specificity of the distribution of different colors in
a digital image. The study results indicate that a promising method
is to determine the similarity by constructing a color atlas structure
graph (CASG) based on ODI and by determining invariants as a frag-
ment of CASG inherited by all images in the sequence. The scope and
conditions for the practical use of the result include its application to
the analysis of images by methods of artificial intelligence.

Keywords: digital image, color atlas, geographic information
object, ontology, measure, similarity, hash function, diffeomorphism,
persistent homology.
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The ability of the end user to work with a large amount of data
from a large number of heterogeneous sources and at the same time
get an effective result from the work is carried out through the use
of graphical web interfaces built on the basis of XML technologies
that allow displaying any structure of a file presented in XML for-
mat. As a data exchange method between applications on the Web,
XML still lacks capabilities for identification of web resources and
a system that uses them, and capabilities to express the knowledge
provided by XLM documents. In this study, a web interface has been
developed (a web-based server application), as an XML records
editor that provides display forms for the creation and editing of
XML documents and is able to adapt to the internal resources of the
system used. The technology is based on the XSD data set schema
transformation by the way of XSLT transformations. Screen forms
are generated on the server side and are provided to the user with all
the necessary tools for correct input and /or editing of heterogeneous
data. A distinguishing characteristic of this technology is the ability
to display both properly and improperly formed XML data. The
developed graphical interface allows any application to automati-
cally exchange and read information from other applications without
human intervention, which significantly improves performance and
ease of use. This software solution could be used both as an indepen-
dent data building and editing module presented in the XML format,
and as a built-in module plugged into various server software for
heterogeneous information management systems.

Keywords: web interfaces, XML document management/navi-
gation, XML/XSLT transformation, non-well-formed data.
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Inverted pendulum systems, such as double or single, rotational
or translational inverted pendulums are non-linear and unstable,
which have been the most dominant approaches for control systems.
The double inverted pendulum is one kind of a non-linear, unstable
system, multivariable, and strong coupling with a wide range of
control methods. To model these types of systems, many techniques
have been proposed so that motivating researchers to come up with
new innovative solutions. The Linear Quadratic Regulator (LQR)
controller has been a common controller used in this field. Mean-
while, the Artificial Bee Colony (ABC) technique has become an al-
ternative solution for employing Bee Swarm Intelligence algorithms.
The research solutions of the artificial bee colony algorithm in the
literature can be beneficial, however, the utilization of discovered
sources of food is ineffective. Thus, in this paper, we aim to provide a
double inverted pendulum system for stabilization by selecting linear
quadratic regulator parameters using a bio-inspired optimization
methodology of artificial bee colony and weight matrices Q and R.
The results show that when the artificial bee colony algorithm is
applied to a linear quadratic regulator controller, it gains the ca-



pacity to autonomously tune itself in an online process. To further
demonstrate the efficiency and viability of the suggested methodol-
ogy, simulations have been performed and compared to conventional
linear quadratic regulator controllers. The obtained results demon-
strate that employing artificial intelligence (AI) together with the
proposed controller outperforms the conventional linear quadratic
regulator controllers by more than 50 % in transient response and
improved time response and stability performance.

Keywords: double inverted pendulum (DIP), non-linear sys-
tems, unstable systems, linear quadratic regulator (LQR) controller,
artificial bee colony (ABC).
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The study is devoted to the expander turbine rotation speed
regulator, considering the possibility of implementing this regulator
on microprocessor automation tools. The use of expander-generator
units in general improves energy saving indicators, and the ability
to maintain the turbine shaft rotation speed within the specified
limits, in turn, directly affects the indicators of the quality of the
generated electricity. The expander turbine, as a control object, is
described by non-linear equations, which determines the possibility
of using regulators of different designs, and requires the selection



of the most suitable one according to certain criteria. As part of the
study, based on the tasks of practical implementation of the regulator
on microprocessor devices, the expediency of reducing the transfer
function of the model in the process of identifying the control object
was confirmed. As a result of research on an experimental setup,
it is shown that the use of a three-position relay regulator allows
for regulation dynamics at the level of a classic PID regulator. An
important result of the research is the stabilization of the turbine
rotation speed, which affects the parameters of the electricity gen-
erated by the generator. The description of the control object was
linearized by constructing a family of transfer functions for the oper-
ating points of the control range. For the construction of the turbine
rotation speed regulator, the criterion of “minimum fluctuation of
the parameter when changing its set value” is proposed. A regulator
for a non-linear object with oscillatory features is built, which has a
simple implementation and a cycle time of 1 ms. It makes it possible
to reduce rotation speed fluctuations to 5 % and minimize the impact
of rotation process disturbances.

Keywords: nonlinear plant, adaptive control, relay regulator,
plant model, reduced model.
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This paper proposes a method for improving empirical models
of complex technological objects with insufficient information
about the input and output values of an object’s parameters. It
has been established that most methods for constructing empiri-
cal models require knowledge of the statistical characteristics of
the input and output values of an object. When modeling complex
non-reproducible stochastic processes that evolve over time, infor-
mation about the parameters and structure of an object is usually
not available. A method has been proposed where input and output
values are treated as fuzzy quantities with a triangular membership
function. Since at some points in the region, the triangular mem-
bership function is undifferentiated, it is inconvenient to use it in
its typical form to solve the problem of optimal control. Therefore,
it is proposed to approximate it with the Gaussian membership
function. It is shown that such an approximation is reduced to
finding one parameter, which is determined by the least squares
method. Its value practically does not depend on the magnitude
of the uncertainty interval while the value characterizing the ac-
curacy of approximation is a monotonously increasing function
that has a linear character. This makes it possible to define the main
operations on fuzzy numbers and derive an empirical model for the
case of a polynomial “base” model. The resulting model is linear in
its parameters, so a genetic algorithm can be used to find them. It
is shown that genetic algorithms can be used in the construction
of empirical polynomial models when input parameters are inter-
preted as fuzzy numbers.

Thus, it can be argued that when constructing an empirical
model of an object that is affected by external disturbances that can-
not be measured, it is advisable to approximate all input quantities
with a triangular Gaussian membership function.

Keywords: empirical model, membership function, function ap-
proximation, fuzzy numbers, genetic algorithm.
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PO3POBKA METO/1Y BUSHAUEHHS ITIOJIOKEHHSA OB'EKTY 3 BUKOPUCTAHHAM TUIIOBOI ®OPMU MOTO
30BPAKEHH (c. 6-12)

C. B. Xunamos, B. €. CasaneBuy, O. b. Bpioxoseupkuii, B. II. Baacenko, T. O. Tpynosa, B. O. IlIseayn, JI. M. I'pens, 1. C. Tabakosa

[Topyiientsa yMOB 3HOMKK AOCTIAKYBaHUX 00'€KTIB TPU3BOAUTDL A0 (DOPMYyBaHHs PIBHOMAHITHOT THMOBOI GOpME 06'EKTIB 10 BCHOMY
Kaapy cepii. Hacaiakom 1poro BU3HAYEHHsI TOYHOTO MOJIOXKEHHsT 00'€KTY Ha Kaipi crae cKkpyTHUM. Jlist 11b0ro Gysio po3pobaeHo MeTox
BU3HAYEHHSI MOJIOKEHHSI 00 €KTY 3 BUKOPUCTAHHSIM THIIOBOT (hopMu HOTO 300paskeHHst Ha cepil Kapis.

Jlanwii Mmeto 3acHoBanuii Ha (hopmyBarHi THIIOBOT hopmu 1POBOTO 306pakerHs 06'€KTa HA OCHOBI aHKX 3 yciX KajapiB cepii. Bona
JI03BOJISIE BpaxyBaTh 0coOaMBOCTI (hopMyBaHHsA 300pakerHH s 00'€KTa Ha KOKHOMY Ka/[pi 104aTKOBOI cepii. basyounch Ha 11boMy, BAKOHYEThCS
GiTbIT TOYHA OIIHKA MOYATKOBOTO HAOJIMKEHHST TIAPAMETPIB yCix rayccian 300pakeHHs 06'ekTa. Aanraiiss MeToay came i TUnoBy (hopmy
JI03BOJIsIE BUKOHATH OiJIbIN TOYHY OIIHKY MO3UIIHHNUX TapamMeTpis (KoopauHatT) 06'€KTy y TOPIBHSIHHI 3 aHAJITUYHO 3aMaHiM T1podiaeM.
OuiHka 110/105K€eHHs 00'eKTa OyJia OTPUMaHA 3a A0IIOMOTO METOAY HallMeHIMX KBaapatis. ITicas nporo Oysa BUKOHaHA MiHiMi3alis 3a
nomomoroio anroputmy JleBenbepra-Mapksapira. Takok BUKOPHUCTAHHST METOY J03BOJISIE TIOKPAIIATI OTOTOKHEHHS 3 OIIOPHUMI 00'€KTaMu
Ta CKOPOTUTH KINBKICTb MNOMMJIKOBUX BUABJCHb. JlOCTI/KEHHS II0Ka3ajJo 3MEHIIECHHS CepelHbOKBA/PATUYHOIO BIXUJICHHS ITOMUJIOK
OTOTOKHEHHsT Ka/piB y 7-10 pasis mpu BUKopucTanHi THIOBOI (hopMu UhPOBOro 306pakeHHsI.

P03po6iicHUIT METO/I BUBHAUCHHS TIOJIOKECHHS O0'€KTY 3 BUKOPUCTAHHSIM THIOBOI (opMu iioro 300paskeHHss OyB anpoOoBaHuii Ha
npakTuii B pamkax npoekty CoLiTec. Bin 6yB BpoBajzkeHuii B 6J0I1 BHYTPIIIHBOKaZPOBOI 06poOKH TIporpaMHoro 3abesnedennst Lemur
JUIST aBTOMATH30BAHOTO BUSIBJICHHSI HOBUX Ta CYIIPOBOY BiIOMUX 00'€KTiB. 3aBAsSKU BUKOPUCTAHHIO IPOTPAMHOTO 3a0e3reueHnst Lemur ta
BIIPOBA/PKEHOTO B HHOTO 3AIPOTIOHOBAHOTO OOUHCITIOBAIBHOIO METOLy GYJI0 YCIiHO 06pobieno ta otoToxkuero monas 700 000 BumipioBarb
PisHKX 06'€KTIB, M0 JOCIIIHKYIOTHCS.

Kiouosi cioBa: 06pobka 306pakerts, Tunosa hopma 306pakents, aroput™ Jlesernbepra-MapkBap/Ta, olliHKa IrapamMeTpiB.
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3ACTOCYBAHHS MAITMHHOTO HABYAHHS JIJISI HOKPAIEHHS 30BPAKEHHS TEKCTYPHOTIO TUITY
(c. 13-18)

Jamalbek Tussupov, Kairat Kozhabai, Aigulim Bayegizova, Leila Kassenova, Zhanat Manbetova, Natalya Glazyrina,
Mukhamedi Bersugir, Miras Yeginbayev

Po6ora npucBsiuena MeToIaM MalinHHOTO HABYaHHST, OPIEHTOBAHNM Ha MOKPAIEHHsT 300paskeHb TEKCTYPHOTO TUITY, & CaMe Ha IO TIIIEHHST
00'eKTiB Ha 300pakeHHIX. MeTOW MOCHIKEHHST € POo3pOoOKa aIrOPUTMIB MOKPAIEHHST 300paskeHb Ta BUSHAYEHHSI TOYHOCTI PO3IJIHYTUX
MoOJIeseil IS TTOKPAIeHHsI TAaHOTO THITY 300pakerb. He3Bakaioun Ha Te, 110 BUKOPHUCTOBYBaHI B TaHWil Yac crcTeMu mudpoBoi 06po6Kn
300pakeHb 3a3BUYail 3a0e3MEUYI0OTh BUCOKY SIKICTh 300paketb, 30BHIIIHI (hakTopu abo HABITh CHCTEMHI 0OMEKEHHS MOKYTh NPUBECTU JI0
TOTO, 1110 300paKeHHsT B 6araTboX 06IACTSIX HAYKN MATHMYTh HU3BKY SIKICTh Ta PO3/IIBHY 3AaTHICTh. TOMY PO3TIISIAI0THCS TOPOTOBI 3HAYEHHS
JuIst 00po6KY 300pazkeHb y TIEBHIl ray3i HayKHL.

[Tepimm etarioM 06pOGKH 300pakenb € MoKparentst 300paxkentst. [lutanns o6po6Kkn 306paskeHb CUTHATIB 3aJHITAIOTHCS Y TEHTPI
yBaru pisHux daxisuis. B panuii yac, nopsj 3 po3BUTKOM iH(OPMANiiHUX TEXHOJIOTiil, OJJHUM i3 aKTyaJIbHUX 3aBJaHb € aBTOMATUYHE
MOKpAIeH s 300paskeHb, 10 BUKOPUCTOBYIOTHCS B Oy/Ab-sIKill Tamysi Hayku. 300paskeHHs aHAMI3yBaaucs 1K 00'€KTH: JiepsKaBHI HOMepHi
3HAKM aBTOMOOLIIB, 0COOM, AIISHKY 110/ Ha CYITyTHUKOBUX 3HIMKaX.

VY paniii pobOTi 3alPONIOHOBAHO BUKOPUCTOBYBATH MOJIEJI TeHepaTHBHO-3MarajibHol Mepeski Haaposziabhoi 3aatHocTi (SRGAN),
POSBIIMPEHUX TeHepaTUBHO-3MaraibHuX Mepex Haaposaiabhoi sgarnocti (ERSGAN). [lng 1b0ro OyB NPOBEAEHUIT EKCIIEPUMEHT, METOIO
skoro OyJsio nepenayantst Hapdenoi mozesi ESRGAN 3 TpboMa pisHUMM apXiTeKTypaMu 3ropTKoBoi HeiiponHoi mepeski, To6to VGG19,
MobileNet2V, ResNet152V2 g gogaBatsst BTpaT COPUITHATTS (3a MIKCEAAMM), a TAKOXK A0JAaBAHHS PI3KOCTI 10 TIPOTHO3YBAHHS TECTOBOTO
300pakeHHsT Ta TIOPIBHIHHS TIPOAYKTUBHOCTI KOJKHOI IepeHaBuyeHoi Mozesi. B pesysbrati HOCTIDKEHHS BMKOPUCTAHHS 3TOPTKOBUX
HEHPOHHUX MepeX IJIsl MOKpalleHHsT 300pakeHHsI MOKa3al0 BHCOKY TOYHICTH, ToO6TO B cepennbomy ESRGAN+MobileNetV2 — 91 %,
ESRGAN+VGG19 — 86 %, ESRGAN+ResNet152V2 — 96 %.

Kimoyosi cioBa: 06poOka 300pakerb, SRGAN, ERSGAN, VGG19, MobileNet2V, ResNet152V2, matine HaBYaHHst, HaZPO3/IbHA 31aTHICTb.
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BU3HAYEHHS IHBAPIAHTY MIXKKAZIPOBOi OBPOBKH JIJISI IOBY/IOBU METPUKU CXO3KOCTI
30BPAJKEHD (c. 19-25)

O. B.Topaa, A. A. Cepaiok, 1. 1. Hazapenko

AKTYanbHICTh MOJETIOBAHHS 1IU(BPOBUX 300pakeHb BUBHAYAETHCS HEOOXIAHICTIO peamizartii mX0AiB Y T0CTiKEeHH] 3aBAaHb JOKaI3alil
Ta igentudikanii 06 €KTIB 3 METOIO 3MEHIICHHS 00CATIB Janux. Y poOoTi 06 €KTOM AOCHIKEHHSA € TOTOJIOTIA AUCKPETHOTO ABOBUMIPHOTO
300pakeHHsT Yy MeKax 1pobsieMn BU3HaueHHs iHBapianTiB auddeomopbuux nepersopenb. Il reoindopmartiiinumu 06'exramu (I'TO)
MaloThCsl Ha yBasi 00 €KTH, IO 3HAXOAATHCA Ha 3ajaHiil mopepxui abo 06 €KTH, 1O JIOKAIbHO 3MiHIOIOTH nosepxHio. [Ilogo 06 ekTiB



nepenbavaEThes, Mo 3MiHa iXHBOT reosokaitii B mporeci opMyBaHHs SIK OZAMHOUHUX 300PaKeHb, TaK i Ha NPOTA3i cepii Kaapis, OTPUMAHOI B
TIpoIIeci He3MmepepBHOr0 MOHITOPUHTY, € He3HAYHOI0. Y IPOIleci CKaHyBaHH: TOBEPXHi BPAXOBYIOTHCS MOKJINBI 3MiHHN TOTOKEHHS /Kepeia
300paKeHHsl, HATIPUKJIA/, TAKi sIK PUCKAHHsI, KPEH 1 TOHrax y pasi 6esnisorHux Jitansaux anapatis (BIIJIA). ITi MaHeBpH IIPEACTABIAIOTHCS
sk rpyna quddeomopdiaMiB, SIKi KOHTPOJIOIOTHCS 32 PaXyHOK BHYTPIIIHIX TiPOCKOIIIB HECYYOTO anapaTty Ta 30BHIIIHBOI CHCTEMNU HaBirarfii.
Ha migcrasi mpoBeieHNX TOCTIKEeHb BUSHAUEHO TIOYaTKOBY OHTOJIOTIO 1ndposux 306pakenb (OI[3) 3 BUKOPUCTAHHIM MOJIEJ KOMIPHUX
npocTopiB Ta (GyHKIi creriagbHoro Burasy. HasBHicTb oHTOIOT 103BOJIsIE TTOOYYBATH aJIeKBATHY TOIOJOTIO PO3MOIIIY KOJBOPY
300pakeHHst 1 BpaxoByBaru crenudiky pO3NOLLy PI3HUX KOJIbOPIB Ha 1udPOBOMY 300paskeHHI. Pe3ysibraTu MOCHIKEHb CBIIYaTh, 1110
MEePCHeKTUBHUM METOJIOM € BU3HAYeHHs To/iOHOCTI 3a paxyHOK moOyaoBu rpada crpykrypu kosipuoro ariacy (FTCKA) wa 6asi O[3 Ta
BUBHauyeHHs iHBapianTiB sk (parmenta TCKA, ycnaakoBaHoro BciMa 306paskeHHAMU TT0CaigoBHOCTI. [lo chepu Ta yMOB HPaKTHYHOTO
BUKOPUCTAHHST OTPUMAHOTO PE3yJIbTaTy BiZIHOCUTLCS HOTO 3aCTOCYBAHHSI /10 aHAJTI3y 300paskeHb METOJAMY TITYIHOTO IHTEJIEKTY.

Kiouosi ciioBa: 1 pose 306paskeniis, KoJipHui atiac, reoindopmaniiinuii 06’ext, onTosoris, Mipa, moaibuicTs, xem-dyukiis, audde-
oMopdi3M, epPCUCTEHTHI TOMOJIOTII.
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PO3POBKA MOJIEJI AZTAIITUBHOIO TPA®IYHOTO BEB-IHTEP®EICY /111 PEJATYBAHHS XML-TAHUX
(c. 26-35)

Aigul Mukhitova, Aigerim Yerimbetova, Lyailya Cherikbayeva

MOK/IMBICTh KIHIIEBOTO KOPHCTYBaya MPAIIOBATU 3 BEJMKUM OOCATOM JI@HUX 3 BEJIUKOI KUIBKOCTI PISHOPIAHMX JUKEPEN 1 MpH oMy
oTpuMyBaTH ehEeKTUBHUI Pe3yJIBTaT 3AIHCHIOETbCST 32 PaxXyHOK BHKOpUCTAHHS rpadivnux Beb-inTepdeiicis, mobyaoBannx Ha ocrosi XML-
TEXHOJIOTIH, 1110 JI03BOJISIIOT BitoOpasxkati Oy/b-siKy CTpyKTYpy (ailiy, npeacrasienoro y dpopmari XML. B sikocti Metoy 06MiHy JaHuMu MixK
nonarkamu B Inrepreri, B XML Bee e BizcyTHI MOKIMBOCTI izeHTHDIKaIli BeG-pecypeiB i cCHCTEMH, 110 1X BUKOPUCTOBYE, 4 TAKOK MOKJIMBOCTI
BUPKEHHs 3HaHb, 1110 HajlaloTbess XLM-nokymentamu. B ranomy nocmiskeHH1 6yB pospobaennii BeG-inTepdeiic (Be6-104aToK) B AKOCTI pelake
Topa XM L-3aruciB, sikuii Hazae hopMu BiloOPaKeHHsT ISl CTBOPEHHs Ta peaaryBanus XM L-10KyMeHTIB i 3/aTHIil a[alTyBaTHCS 10 BHYTPIIIHIX
PecypciB BUKOPUCTOBYBAHOI cucTeMu. TeXHOJIOTis 3aCHOBaHA Ha TepPeTBOpeHHI cxemu Habopy manux XSD 3a gomomororo XSLT-mieperBopeHs.
Exparni hopmur hopMyroThest Ha CTOPOHI cepBepa Ta Ha[aloThesl KOPUCTYBadYeBi 3 yeiMa HeoOXiIHIME THCTPYMEHTAMU IS IPABUJILHOTO BBEICHHS
i/ab0 pegaryBatHs pisHOPIAHKUX AaHUX. BiIMIHHOIO OCOOIMBICTIO IET TEXHOJIOTT € MOKIMBICTD BIIOOPasKEHHS SIK [PABUJILHO, TaK 1 HEIPABUILHO
copmoBarnx XML-zganvx. Pospobsenuii rpadiunmii inrepdeiic 103Bossie Gyab-KOMY TOJATKY aBTOMATHYHO OOMIHIOBATHCS Ta 34UTYBATH
iHopMallifo 3 THIIMX JOJATKIB 6€3 yYacTi JIOMHH, 110 3HAYHO TH/BUIILYE TPOAYKTHBHICTD Ta 3py4HICTh BUKOpUCTaHHs. [e mporpamue pileHHst
MOJKE BUKOPHCTOBYBATHUCS SIK B SIKOCTI CAMOCTIHHOTO MOJIyJIst TIOOY/I0BY 1 peflaryBaHHs laHuX, pecrasiaennx y ¢opmari XML, Tak i B sikocti
BOYIOBAHOTO MOJLYJISL, 1O THKII0YAETHCS 10 PIBHUX CEPBEPHUX TIPOrPaM JIJIs CUCTEM YIIPaBJIiHHST PI3HOPIAHOIO iHbopMaIti€ro.

Kmouosi cnoBa: BeG-intepdeiicn, ynpasints/Hasiraris mo X ML-goxymenTam, ieperBoperts XML/XSLT, nenpasuibHo chopMOoBaHi JaHi.
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PO3POBKA LQR-PETYJISITOPA JIJII CTABLII3AIII HEJIHIITHOI DIP-CUCTEMU HA OCHOBI AJITOPUTMY
ABC (c. 36-44)

Mohammad A. Thanoon, Sohaib R. Awad, Ismael Kh. Abdullah

CuicreMu 3 EPEBEPHY THM MasITHIKOM, TaKi sIK TIO/BITHI 260 ofHAPHI, 06epTajibHi a0 TOCTYNATbHI IIEPEBEPHYTI MAATHUKH € HEHITHUMEI
i HeCTIiKMMH, 1110 € HARGIIBIIT TIOMUPEHUM TTXOIOM JI0 crcTeM yipasiintst. [ToABiHHMI epeBepHy THI MasTHUK € OJIHUM i3 BUJIB HEJHIITHOI,
HeCTINKOI crcremu, GaraTo(akTOPHIM Ta CHJIBHUM 3B SI3KOM 3 IIMPOKUM CIIEKTPOM METO/IB YIPaBIiHHsL. [[JIs1 MOJICTIOBAHHS CHCTEM TaKOro
THIy GyJI0 3alIPONIOHOBAHO Ge3J1i4 METO/IB, 110 MOTUBYIOTb AOCJIIHUKIB HA MOTTYK HOBUX IHHOBAIIIHIX pireHb. [TommpeHM KOHTPOIEPOM, IO
BUKOPHUCTOBYETHCS B I1iii Tatysi, € iniitHo-kBaapatuunmii peryssitop (LOR). Tum yacom ajbrepHaTUBHUM PIillEHHSIM JIJIsT BAKOPUCTAHHST aJIro-
PUTMIB iHTEIEKTY OKOJIMHOTO POIO CTaB METOL ITY4HOT 6/pK0smHoi kKostonii (ABC). Onucani B sritepatypi A0CTIIHATIBKI PITIEHHST aJITOPUTMY
MITYYHOT GKOIMHOT KOJIOHIT MOKYTh OYTH KOPUCHUMHU, TIPOTE BUKOPUCTAHHS BUABJIEHUX JKepes [Ki HeedeKTuBHO. TakuM YiHOM, y 11iit po6oTi
HAMaraJncst CTBOPUTU CUCTEMY 3 MOJABIHHIM TIePEBEPHYTUM MasiTHUKOM /Uit cTabisisanil misxom BUGOpy mapameTpiB JiHIHHO-KBaIPATHIHOTO
perysiAropa 3 BUKOPUCTaHHSIM GiOiHCIIIPOBAHOT METOA0JIOTIT ONTUMIBAILT IITYYHOT 6/KOJIMHOI KOJIOHIT Ta Barosux Marpuilh Q ta R. Pesynsratn
TIOKa3YIOTb, 110 [PU 3aCTOCYBAHHI AJITOPHTMY MITYIHOI G/UKOIIHOI KOJIOHII 10 JiHIHO-KBAaJPATHYHOTO PETYJIISITOPa, BIH OTPHMYE MOKJIMBICTD
ABTOHOMHO HAJIANITOBYBATHCS B peknMi onmaitt. 1106 101aTKoBO MpoIeMOHCTPYBaTh eheKTHBHICTD Ta KUTTE3AATHICTD 3aIIPOTOHOBAHOI Me-
TOHOJIOTIT, 6YJIO IPOBEIEHO MOETIOBAHHS Ta TOPIBHAHHS 31 3BMYAiiHUMU JIHIHHO-KBaApaTHIHIMHK perysitopamMu. OTpUMaHi pesysisraTh mo-
Ka3yIoTh, IO BUKOpUcTanus mtyunoro intenekry (1111) crinpro 3 3arrporonoBannM peryJsiTOpoM TIepeBepIy€e 3BIYaiiti JIiHiiTHO-KBaPaTHIHi
peryasaTopu Oibin Hix Ha 50 % 3a IePEXiHOI XapaKTEPUCTUKO Ta TOJIIIIIEHUM YaCOBHM XaPaKTEPUCTUKAM i CTIIKOCTI.

Kmouosi croBa: nozsiitnmii mepeBepuytuii Mmasgtuuk (DIP), meminiitai cucremn, mHecTiliki cucteMu, JiHIITHO-KBaPATHIHUI PeryJisi-
top (LQR), miryuna 6kommna kosonist (ABC).
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PO3POBKA METOZY IIOBYIOBU PETYJIATOPA IIBUJIKOCTI OBEPTAHHSA TYPBIHU JETAHEPA (c. 44-52)

Heorhii Kulinchenko, Viacheslav Zhurba, Andrii Panych, Petro Leontiev

JlOCITiIPKEH ST IPUCBSTYCHE PEryJISITOPY HMIBUAKOCTI obepranHs TypOIHM eTaHepa, 3 BpaxyBaHHSM MOKJIMBOCTI peasizaitii 1bOTo
PETryIIsiTOpa Ha MiKPOIIPOIIECOPHUX 3ac00aX aBTOMATU3AIT. BUKOPICTAHHS [IeTaH/Iep-TeHEPATOPHIX arPETATIB B IiJIOMY MOKPAIILYE MOKA3HIKU



€HepPro30epesKEeHH s, a MOKJIMBICTD MIATPUMAHHS NIBUIKOCTI 0OepTaHHS Baty TypOiHU y BUSHAUCHHUX MEKAX, B CBOK Uepry, Ge3MocepesHbo
BILIMBAE Ha MOKAa3HUKK AKOCTI 3reHepoBanoi eekTpoeneprii. Typbina geranepa, ik 06’ €KT KepyBaHHsT, OIUCYEThCsT HeJIHITHUMU PIBHSAHHSAMU,
0 0OYMOBJIIOE MOJKJIUBICTh BUKOPUCTAHHS PI3HUX 32 CBOEIO MOOYIOBOIO PETyJsATOPIB, Ta moTpedye 0OpaHHs HAWOLIbII BiAMOBIAHOTO 32
MEeBHUMHU KpUTepisiMi. B pamMkax Joc/ipkents, BUXOAAYN 13 3aBaHb NPaKTHYHOI peasizallil perystopa Ha MiKpOIPOIECOPHUX 3ac00ax,
MiZITBEPIKEHO JIOIIJIBHICTD PelyKyBaHHs HepeaaTHol (QyHKIii Mojei B ripoiteci ifentudikarii o6’eKTy KepyBaHHs. B pedyJbrati 1ocsiKkenn
Ha eKCIIePUMEHTABHII YCTAHOBIN TIOKA3AHO, IO BHKOPHICTAHHSI TPHOXIIO3UIIITHOTO PETEHHOT0 PETYIISTOPA T03BOJISIE 3a0€3MeYNTH ANHAMIKY
peryioBanHs Ha piBHi ki1acuuroro PID-peryssaropa. BaroMuM pesyisraToM A0Cikenb € hakT crabiaizalii msuakocti obeprants Typoinu,
sIKa BIUTMBAE HA MAPAMETPH €JEeKTPOEHEPTii, 10 TEHEPYEThCST eTeKTPOreHepaTopoM. Brkonana JiHeapusaiist ommucy 06'€KTa KepyBaHHS
UIIXoM oOyI0BU ciMelicTBa mepeaaTHuX (YHKI A7t POOOYNX TOUOK [ialla3oHy peryJioBaHHst. [ljist oGyI0BH PEryasTopa MBUAKOCTI
obepranHs TypOiH 3aMpPOTIOHOBAHO KPUTEPIH «MiHIMAIBHOI KOJIMBATBHOCTI TapaMeTpy TIPU 3MiHi HOTO 3afaHoro 3HaYeHHs». [100ymoBano
PeryJisTop s HeJliHiiHOTO 06’€KTa 3 O3HaKaMU KOJIMBAJIBHOCTI, AKUI Mae 1pocTy peasisaniio Ta yac nukiay 1 mc. Bin gae smory amMeHmuTi
KOJIMBAHHsI IIBUIKOCT] 00epTantst 10 5 % Ta MiHiMi3yBaTH BILIUB 30ypeHb 1polecy 06epTaHHsL.
KiouoBi caoBa: Hestiniiinuii 06'€xT, alalTUBHE KePyBaHHsI, PeJieiinuii peryisarop, MoJesb 00’ €KTa, pelyKoBaHa MOJE/Ib.

DOI: 10.15587 /1729-4061.2023.276586
YIOCKOHAJEHHSI EMITPUYHIX MOJIEJIEN CKJIAJTHUX TEXHOJIOTTYHUX OF’€KTIB B YMOBAX
HEBU3HAYEHOCTI (c. 53-63)

M. I. Top6iituyk, /1. P. Kponusuuupkuii, B. B. Kponusauupka

3alporoHOBaHO METOJT YIOCKOHAICHHST eMITIPUYHUX MOZIeJIell CKITaJiHIX TeXHOJOTTYHUX 00'€KTIB TPU HeZ0CTATHIH KibKoCTi iHpopMmartii
Npo BXiJHI Ta BUXiJHI 3HAueHHs1 mapamerpiB 00’ékTa. BeraHOBJEHO, 110 GibIICTD METOIB MOOYIOBU EMIIPUYHUX MOJE/ICH BUMAramTh
3HAHHSI CTATHCTUYHUX XapaKTePUCTHK BXiHUX 1 BUXIAHUX 3HaueHb 06’ekTa. [Ipy MoeoBaHHi CKITQHNX HEBIATBOPIOBAHNX CTOXACTUIHUX
MpoIIeCiB, sIKi PO3BUBAIOTHCA B vaci, iH(MOPMAIlis TIPO MapaMeTpy Ta CTPYKTYpY 00’€KTa 3a3BuYail € HeLOCTYNHOW. ByJo 3alipONOHOBaHO
METOJI, KOJIU BXi/IHI Ta BUXIi/IHI 3HAUEHHS PO3TJISIAIOTHCS K HEUITKI BEJIMIMHA 3 TPUKYTHOIO (DYHKITIEID HATEKHOCT. OCKIIBKU B AESIKUX
TouKax 00JacTi TpUKyTHa (DYHKI[A HAJIEKHOCTI € HeandepeHiioBaHoio, TO B 3BUYAHOMY BUIJISL i HE3PYYHO BUKOPUCTOBYBATH LIS
PO3B’S3KY 3aj1adi OMTUMATIBHOTO KepyBaHHS. ToMy TPONOHYEThCS arpokcuMmyBatu ii ¢ynkiieo Hamexuocti layca. [Tokasano, mo taka
AIPOKCHMAILis 3BOJUTBCA 10 3HAXOMKEHHS OIHOTO MApaMeTpa, AKMil BU3HAUYAETLCA METOJOM HAlMEHIMX KBaipaTiB. Moro Bemmdmna
MPAKTUYHO He 3aJEKUTh Bijl BEIMYNHU IHTEPBATy HEBU3HAYEHOCTI, a BEJIMYNHA, 10 XapaKTEPU3YE TOYHICTH AMPOKCHUMAIll, € MOHOTOHHO
3pOCTauolo (DYHKIIEIO, SKa Ma€ JiHiiiHnil xapakrep. lle 7103BoJIsS€e BUBHAUNTH OCHOBHI ollepaltii Ha/l HEYITKMMHU YMCJIAaMM Ta OTPUMATH
eMIIPUYHY MOJIEIb IS BUTIAAKY MOJIHOMIanbHOT «6a30B0i» Mozesi. OTpuMana MOzie/Ib € JIHIHHOIO 3a CBOIMH MapaMeTpaMi, TOMY s iX
3HAXOJKEHHS] MOJKHA BUKOPHCTATH TeHETHYHUN airoput™. [okasaHo, 1110 T€HETHYHI aJrOPUTMH MOKHA BUKOPUCTOBYBATH MU MOOYIOBI
EeMIIPUYHIX ITOJIHOMIQJIbHIX MOJIeJIel, KOIH BXi/[HI TapaMeTpu TPAKTYIOTh SIK HEUiTKi yHcIa.

TakuM 4MHOM, MOKHA CTBEP/KYBATH, IO MPU MOOYI0BI eMIipudHoi Mojesti 06'ekTa, Ha sSKWil II0Th 30BHIIIHI TEPENIKOAH, AKi He
MJIAI0THCST BUMIPIOBAHHIO, BCI BXi/IHI BEJIMUYIHN JIOI[IIIBHO alPOKCUMYBATH TPUKYTHOIO (hyHKIT€0 HasmexHocTi [ayca.

KmouoBi cioBa: emmiipuyana Mojiesib, GyHKITiS HATEKHOCTI, aTpOKCUMaItis GyHKITT, HeUiTKi YcJia, TEHeTUIHIIA aJTOPUTM.



