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The study focuses on using a computer cluster for imple-
menting real-time physical simulations, responding to a grow-
ing need for such use in various sectors, including medicine,
video processing, automated transport management, robotics,
and visualisation. The object of research is cluster and cloud
technologies for conducting costly physical simulations for
specific sectors, particularly high-budget and entertainment
ones, such as cinematography and interactive entertainment.

Research methods include using a modified Bullet engine
to carry out physical simulations, integrated with OpenCL to
work with the cluster. The choice of these technologies was
determined by their high performance and adaptability to clus-
ter systems. The research was based on a typical Bullet frame-
work’s benchmark falling tower scene with the primary goal of
measuring computational performance in frames per second.

Results showed that the use of clusters is not advisable
in environments with a low network throughput and the use
of non-uniform computers. Under those conditions, simula-
tions using a cluster become unstable with many objects and
contacts between them and show a degradation in perfor-
mance by an average of 50—60 % (to values of 10—20 frames
per second).

Despite the intermediate results of calculations on the
cluster, the study met the expectations within the goals set
and resources available. These results have significant impli-
cations for the further development of cluster and cloud tech-
nologies in physical simulations, providing valuable informa-
tion about the limitations and capabilities of these systems.

Keywords: 3D space, continuous space, collision solution,
collision detection, cloud technologies, distributed comput-
ing, high-performance computing.
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The object of the research is the review of ways of imple-
menting service-oriented approaches (SOA) and artificial
intelligence (AI) technologies in modern healthcare systems.
The generalization of these ways will allow to cope with com-
plex modern challenges, such as increasing demand for medi-
cal services, growing volumes of data, and the need for high-
quality and effective treatment. This work is aimed at this.

The field of e-Health is rapidly gaining popularity and
combines many different systems. But due to the large num-
ber of tools and system providers with different architectures,
there is a problem that different systems are difficult or im-
possible to integrate and connect with each other.

It is shown that the use of SOA makes it possible to break
down complex systems into separate services that can interact
with each other to ensure fast and accurate data processing,
effective management of medical resources, and improvement
of the quality of medical services. Al can be used to analyze
large volumes of medical data, predict risks, diagnose dis-
eases, and develop individualized treatment plans. The use of
Al in healthcare systems helps improve diagnostic accuracy,
reduce treatment times, and improve patient outcomes. The
synergy of SOA and Al in health care systems is important
when SOA provides the means to integrate various Al solu-
tions, which allows for the interaction of different services
and the exchange of data to ensure effective treatment and
collaboration between medical professionals and artificial
intelligence systems. Such distribution of systems makes it
possible to scale them without affecting other services that
are already running. Therefore, it becomes possible to use
unified data transfer protocols and combine different services
into one system without radically changing the codebase
and building additional layers of abstraction for interaction
between services that cannot be combined in one system.
Examples of the use of SOA and Al in modern health care
systems to improve the quality of medical services, optimize
resources and ensure an individual and effective approach to
patient treatment, which can be used at the next stages of
medical reform in Ukraine, are considered.

Keywords: service-oriented approach, weak link, web ser-
vices, artificial intelligence, machine learning, body sensors,
remote monitoring.
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The object of the research is a system for recognizing
handwritten text in medical prescriptions. The peculiarities
of handwriting, the variety of calligraphy styles, as well as
the specificity of medical prescriptions, create many problems
and challenges for recognition algorithms, causing errors and
reducing recognition accuracy.

The work presents a new system with additional compo-
nents of post-processing the recognition results to increase
the accuracy of the final results. An algorithm for combining
words into lines and blocks is proposed, which makes it pos-
sible to group words while preserving contextual connections
between them. Also, a generative neural network with a large
language model is used to analyze the recognition result and
correct possible errors. The results of the testing show an
improvement in recognition accuracy by 0.13 %. Successful
cases of generative artificial intelligence usage are analyzed,
as well as examples of the results deterioration, that are re-
lated to grammatical errors in the initial input data.

The obtained results show the use of generative artificial
intelligence as an additional step for processing the recogni-
tion results really can improve the accuracy of text recogni-
tion systems. The results of the study can be used for further
experiments to improve recognition results in other tasks
related to text recognition and in related fields.

Keywords: handwriting recognition, generative artificial
intelligence, recognition algorithms, deep neural networks.
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The object of this research is the application of evolu-
tionary algorithms for the synthesis and training of neural
networks. The paper aims to select and review the existing
experience on using evolutionary algorithms as competitive
methods to conventional approaches in neural network train-
ing and creation, and to evaluate such existing solutions for
further development of this field.

The essence of the obtained results lies in the successful
application of genetic algorithms in conjunction with neural
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networks to optimize parameters, architecture, and weight
coefficients of the networks. The genetic algorithms allowed
improving the performance and accuracy of neural networks,
especially in cases where backpropagation algorithms faced
difficulties in finding optimal solutions.

These results can be attributed to the fact that genetic
algorithms are efficient methods for global optimization in
parameter space. They help avoid local minima and discover
more reliable and stable solutions. The obtained findings
can be practically utilized to enhance the performance and
quality of neural networks in various classification and pre-
diction tasks. The use of genetic algorithms enables the se-
lection of optimal weight coefficients, network connections,
and identification of significant features from the dataset.
However, they come with the limitation of additional time
costs for evaluating the entire population according to the
selection criteria.

It is worth noting that the application of genetic al-
gorithms is not a universal method for all tasks, and the
algorithm parameters should be individually tuned for each
specific problem. Further research could focus on refining
the combination methods of genetic algorithms and neural
networks, as well as exploring their application in new do-
mains and tasks.

Keywords: neural networks, evolutionary algorithms, ge-
netic algorithms, hybrid approach, optimization neural net-
work architecture.
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The object of research is fuzzy search algorithms based on
Damerau-Levenshtein automata and Levenshtein automata.
The paper examines and compares solutions based on finite
state machines for efficient and fast finding of words and
lines with a given editing distance in large text data using the
concept of fuzzy search.

Fuzzy search algorithms allow finding significantly more
relevant results than standard explicit search algorithms.
However, such algorithms usually have a higher asymptotic
complexity and, accordingly, work much longer.

Fuzzy text search using Damerau-Levenshtein distance
allows taking into account common errors that the user may
have made in the search term, namely: character substitu-
tion, extra character, missing character, and reordering of
characters. To use a finite automaton, it is necessary to first
construct it for a specific input word and edit distance, and
then perform a search on that automaton, discarding words
that the automaton will not accept. Therefore, when choos-
ing an algorithm, both phases should be taken into account.
This is because building a machine can take a long time.
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To speed up one of the machines, SIMD instructions were
used, which gave a speedup of 1-10 % depending on the
number of search words, the length of the search word and
the editing distance.

The obtained results can be useful for use in various
industries where it is necessary to quickly and efficiently
perform fuzzy search in large volumes of data, for example, in
search engines or in autocorrection of errors.

Keywords: fuzzy search, Levenshtein automaton, Da-
merau-Levenshtein distance, editing distance, finite state
machines.
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The object of research of this work is the algorithm for
searching for duplicates in the program code based on the
Abstract Syntaxes Tree (AST). The main tasks solved within
the framework of this study are the detection of duplicate
code and the search for vulnerabilities in the program code.

The obtained results showed that the proposed algorithm
is resistant to type 1 and 2 clones, which means its effective-
ness in detecting similar code fragments with identical or
variant text. However, for type 3 and 4 clones, the algorithm
may show less efficiency due to the change in the AST struc-
ture for these types of clones.

Experimental studies of the proposed algorithm showed
that the algorithm can detect matches between unrelated
files due to the presence of typical AST chains present in
many programs. This can lead to a certain level of false posi-
tives in the detection of duplicates.

Testing of the algorithm in the task of finding vulnerabili-
ties showed that:

1. The best recognition is observed for the «SQL injec-
tion» vulnerability, but it also has the highest number of
false positives.

2. Memory leak and null pointer dereferencing vulner-
abilities are detected with equal effectiveness and false
positives.

3. «Buffer overflow» has the lowest recognition rate but
fewer false positives compared to «SQL injection».

The study showed that the use of AST allows for the ef-
fective detection of duplicate code and vulnerabilities in the
software code. The developed tool can help software deve-
lopers reduce maintenance efforts, improve code quality, and
ensure software product security.

Keywords: clone detection, abstract syntax tree, AST,
hashing, vulnerability search, false alarms.
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The paper is focused on solving the modern scientific and
applied problem related to development and practical use in
Decision Support Systems (DSS) of information technolo-
gies directed towards forecasting of non-linear non-statio-
nary processes (NNP) that take place in economy and financ-
es as well as in many other areas of activities. Thus, object of
study are non-linear non-stationary processes taking place in
economy and financial sphere.

The basic problem of the study is development of new
mathematical models and methods of analysis and forecasting

non-linear non-stationary processes in economy and finances,
improvement of information decision support technologies
that would help to enhance quality of forecast estimates
and respective decisions in conditions of uncertainties and
risk. The methods given in the paper are used for automat-
ing the process of intellectual data analysis that describe
the processes under study and automatizing model construct-
ing procedures.

As aresult of the study performed the information tech-
nology was developed to be used in DSS based upon sys-
tem analysis principles, taking into consideration possible
data uncertainties, regression and intellectual data analysis.
The technology provides for constructing adequate models
of the process under study and computing high quality
forecast estimates. The particular feature of the approach
proposed is that it provides for high quality of experimental
results due to taking into consideration special features of
non-linear non-stationary processes that take place in vari-
ous spheres of activities and their evolution is influenced
by many specific factors.

The use of the technology proposed in decision support
systems of enterprises, state governmental organs, and local
self-government will create basis for effective solving the
tasks of governing development of non-linear non-stationary
processes that take place in many spheres of activities. The
approaches proposed in the paper can be used in practice as
separately as well as parts of existing information systems at
enterprises and organizations.

Keywords: forecasting, non-linear non-stationary pro-
cesses, decision support system, data uncertainty, system
analysis principles.
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Ensuring the security of complex technical systems of
various functional purposes requires a constant search for
new scientific and practical approaches in order to ensure its
proper level against a growing list of new risks and threats.
Nowadays, no state in the world is able to work on the cre-
ation and implementation of artificial intelligence in isolation
from others. Artificial intelligence technologies are actively
used to solve both general and highly specialized tasks in
various spheres of society. The problem of synthesis of man-
agement of complex technological processes is an urgent task
in management theory. A promising direction in the design of
such complex ones is the use of bio-inspired algorithms that
are effectively used while solving optimization tasks.

Thus, the object of research is complex technical systems.
The subject of research is the state security of complex techni-
cal systems. The research developed a method for assessing the
security of complex technical systems using artificial immune
systems. The novelty of the proposed method consists in:

— taking into account while calculating the correction
factor for the degree of uncertainty about the state of a com-
plex technical system;

— reducing computing costs while assessing the state of
a complex technical system;

— improved implementation of procedures for solving the
task of influencing relationships in a complex technical system;

— creating a multi-level and interconnected description of
hierarchical complex technical systems;

— the possibility of performing calculations with source
data that are different in nature and units of measurement.
It is advisable to implement the mentioned technique in
specialized software, which is used to analyze the state of
complex technical systems and make decisions.

Keywords: security of complex technical systems, artificial
immune systems, uncertainty of the state of complex techni-
cal systems.
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The object of research is the effectiveness of the imple-
mentation of electronic fare collection systems on public
transit. Applying the electronic fare collection systems is
a general trend in improving public transport services for
users. In the pre-war period, the systems began to be imple-
mented in many cities of Ukraine. At the same time, this
activity was not of a systemic nature and at the current stage
it is mainly considered as a means of ensuring more conve-
nient conditions for the use of scheduled passenger transport
services for passengers. The article focuses on a broader un-
derstanding of the effectiveness of the fare collection systems
implementation, their role in ensuring the internal integra-
tion of the multi-modal public transport system, increasing
the operational efficiency, providing the safety of transpor-
tation and increasing the attractiveness of public transit
services for the population as a real alternative for the private
cars to use. The implementation efficiency of the electronic
fare collection systems in public transit should be expressed
through various aspects. There are 9 aspects to be considered:
system integration; comfort ensuring; transportation safety
assistance; operational efficiency and passengers’ travel time
reduction; integration into the management and planning
systems; implementation of the flexible fare system; conduc-
tion of the flexible fare policy; development of reasonable
income distribution system; increase of the scheduled pas-
senger transport services attractiveness. It is suggested to use
systemic approach for integrated multimodal public transit
system creation. It requires the development of an intelligent
transport system that would integrate separate functions of
the electronic fare collection system into controlling, manag-
ing and planning subsystems. The practical introduction of
the solutions proposed regarding the prospects to develop
electronic fare collection systems in the cities of Ukraine will
make it possible to increase the efficiency of their use and
contribute to the improvement of the quality of transport
services for passengers.

Keywords: public transit, electronic fare collection sys-
tems, smart card, fare system, integrated transport system.
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BMKOPHCTAHHA PO3NOAINEHKX OEYMCAEHDL INA NMPOBEAEHHA PI3MYHUX CHMYMALIHA 3 BHKOPHCTAHHAM BULLET
TA OPENCL cropinku 6-9

Besnocuk 0. 10, Cuporiox 0. B.

JlocijkeHHsT 30Cepe/sKy€eThCs Ha BUKOPUCTAHHI KOMIT'IOTEPHOTO KJacTepy /uld peasizarii (isMdHUX CUMYJIAL{ B peaJbHOMY vaci,
BiAMOBial0uM Ha 3pocTaioyy moTpedy B TaKOMY BUKOPUCTaHHI y PisHNX cdepax, BKIOYAIOUN MeIUIIHY, 00pOoOKy Bie0, aBTOMATH30BaHe
KepyBaHHsI TPAHCIIOPTOM, pOGOTOTEXHIKY Ta Bisyasizariio. O6’eKTOM JOCHIDKEHHS € KJIacTepHi Ta XMapHi TeXHOJIOr s poBeeH st ¢i-
3UYHUX CUMYJISIIIHN, [0 MAIOTh BEJIMKY BaPTICTh UIsI OKPEMUX rajry3eid, 0COOJNBO BUCOKOOIO/KETHUX Ta PO3BAKAIBHUX, 1K KiHeMaTorpadis
Ta iHTEPaKTUBHI PO3BaTH.

Merozn 10CIiPKEHHS BKIIOYAI0Th BUKOPUCTAHHS MOIM(IKOBAaHOTO pyIiist Bullet anst mposeaenus dhisndnux CUMYJIALIN, iHTerpoBaHOro
3 OpenCL st pobotu 3 KiractepoM. Bubip 1ux TexHoJI0Tii 00yMOBJICHHIA iX BHCOKOIO TIPOAYKTUBHICTIO Ta aalTUBHICTIO 0 KJIACTEPHUX
cucrem. JlocisKeH s IPOBOANIOCH Ha OCHOBI cTanaapTHOI A/ ppeitmBopky Bullet Germumapk-ciieny maginns Besxki, 3 METOI0 BUMIPIOBaHHS
MPOYKTUBHOCTI 00UNCIIEHD B Ka/[Pax 3a CEKYHLY.

PesysipraTit mokasasi, o BUKOPUCTAHHS KJIACTEPiB He € JAOIIbHUM ITPU MaJTiii TPOITYCKHill CIPOMOKHOCTI MEPEesKi Ta BHKOPUCTAHHI He-
OJTHOPITHUX BY3JIiB. 32 TAKUX YMOB, CUMYJISIII] 3 BUKOPUCTAHHSAM KJIACTEPy CTAIOTh HECTAGIIBHUME HA BEJIMKIN KiIbKOCTI 00 €KTIB | KOHTAKTIB
Mi’K HUMH Ta MOKa3yIoTh JlerpaaIliio mBuaAKoii B cepeprbomy Ha 50—60 % (10 3navens B 10—20 kajapis 3a cexyHuy).

HesBakaioun Ha moceperi pesyasraTi 00paxyHKIB Ha KJacTepi, JOC/HiPKeHHs BUIPaBAAIO OUiKyBaHHS B paMKaxX 3ajJaHuXx Iijieil ta
HasiBHUX pecypciB. 1li pesysbraTii MaoTh BeJMKe 3HAYEHHS [IJIsI MTOAJBIIOTO PO3BUTKY KJIACTEPHUX Ta XMAPHUX TEXHOJOTIH y (isnmanmx
CUMYJIAIIISAX, HAJAI0YM BaKIUBY iH(MOPMAIIIIO PO 0OMEKEHHS Ta MOKIUBOCTI [IUX CHCTEM.

Kmaouosi cnosa: 3D npoctip, HerepepBHUiT IPOCTIP, BUPIIIEHHsT KOJIi31i1, 3HAXO/LKEHHS KOJIi3ii, PO3MOoiIeHi 06YnCAeH s, BUCOKOHABAH-
TaxkeHi 0GUNCITEHHSI.

DOI: 10.15587/2706-5448.2023.285335
Y3ATAJIGHEHHA THPOPMALIL 3 TPHKNAAMM NP0 MOMIMBOCTI BHKOPHCTAHHA CEPBIC-OPIEHTOBAHOIrO NIAXORY
TA TEXHOMOTTH WITYYHOr0 INTEEKTY B FANY3I E-HEALTH  cropinku 10-17

Metpenxo A. I, Bono6ax 0. A.

OG6’eKTOM JOCTIKEHHST € TUISIXU BIPOBA/UKEHHs cepBic-opientoBanoro miaxoay (SOA) ta texnosoriii mryuroro intenekry (Al) B cy-
YaCHMX CHCTeMaX OXOPOHU 3/[0POB’sl. Y3araJbHEHHs IIMX ILIAXIB J03BOJIUTD BIIOPATUCS 31 CKJIQIHUMHU CYyYaCHUMH BUKJIMKAMU, TAKUMHU SK
361JIbIIEHHS TIONUTY Ha MEANYHI [IOCJYTH, 3POCTaHHs 00CATIB JaHUX Ta HEOOXIAHICTb Y BUCOKOsIKiCHOMY Ta eekTuBHOMY JiKyBanHi. Ha 1e
il HarpaBJIeHa 1ana poboTa.

Cdepa e-Health msuako HaGysae nomyasspHOCTI Ta OEAHYE B 00l Harato pisHOMAHITHUX cucTeM. AJjie uepes BEINKY KiJIbKICTh iHCTpY-
MEHTapilo Ta MOCTAYaJIbHUKIB CHCTEM B apXiTeKTypi € 1mpobsieMa, 1o Pi3Hi CHCTeMU CKJIaAHO abo B3araji He MOKYTb OyTH IHTErpoBaHi Ta
MOEHAHHI Mi’K c00010.

TTokazano, mo Bukopuctaisa SOA 103B0JIsI€ PO3OUTH CKITAHI CHCTEMU Ha OKPEMI CEPBICH, SIKi MOKYTh B3aEMOISITH MizK COOO0IO /ISt 3a-
GearedeH st MBUIKOI Ta TOYHOI 0OPOOKH TaHNX, ehEeKTUBHOTO YIIPABIiHHST JHKAPCHKUMU PECYPCAMU Ta MOITIIEHHS IKOCT] HaJlaHHST ME[ITIHIX
nocayr. AT MOJKe BUKOPHCTOBYEThCS JIJIsI aHAI3Y BEJMKOTO 00CATY MEAMYHUX JI@HKX, TIPOTHO3YBAHHS PUSHKIB, IaTHOCTUKU 3aXBOPIOBAHD Ta
PO3POOKHM IHAMBIYATbHUX TIIAHIB JIiKyBaHHs. 3acTocyBanis Al B cucteMax 0XOPOHU 37I0POB’SI IOMIOMATAE MiIBUIIUTA TOYHICTD IarHOCTHKH,
3MEHIINTH Yac JiKyBaHHS Ta MOKPAIIUTH pe3yJbsraty nanientis. Basksmsa cuneprist SOA i Al B cucremax oxopoHu 3710pos’st, kosin SOA Hajae
3aco0u juist inTerpaitii pisoManiTHIX Al-piliens, 1m0 103BoJIsie 3a0€3MeYNTH B3aEMOZIII0 PI3HUX CepPBiciB Ta 0OOMIH TaHuMM JJisT 3a0e31edeHHsT
edeKTUBHOTO JIKYBaHHsI Ta CIIBHOI POOOTH MK MeandHiME (GaxiBISIMU Ta CHCTEMAaMU MITYYHOTO iHTesneKTy. Take PO3IOiieH s cucTeM
Hajla€ 3MOTy MacinTadyBaty ix 6e3 BIUIMBY Ha iHII CEPBiCH, IO B/KE MPAIOTh. TOMY 3'SIBJSETbCA MOKINBICTH BUKOPUCTATH YHi(iKOBaHI
TIPOTOKOJIN TIepe/iadi IAaHMX Ta MOEHATH Pi3Hi CePBiCH B OHY crucTeMy 6e3 KapIMHaIbHOI 3MiHN KOZOBOT 6a3u Ta TO6YI0BH 0ATKOBHX IapiB
abeTpakiiii AUt B3aEMO/Iii MisK cepBicaMu, 110 He MOKYTb 6yT14 1o€/iHaHi B o/iHiil cucremi. PosrusinyTi npukiaan Bukopucranis SOA ta Al
B CYYaCHHUX CHCTEMAX OXOPOHH 3/I0POB’ST VTSI TIOKPATIEHHSI STKOCTI MEIMYHUX MOCITYT, ONTHMI3aliil pecypciB Ta 3abe3edeHnst iH/IBiyaTbHOro
Ta eheKTUBHOTO MiIXO/LY 0 JIKYBaHHS NAI[€HTIB, ki MOKYTh OyTH BUKOPUCTAHI Ha HACTYITHKUX eTalax Mern4Hol peopmu B YKpaiHi.

Kmovoei cnosa: cepBic-opieHTOBaHMN MiAXIA, CTAOKMI 3B’I30K, BeG-CepBiCH, ITYYHNUIT IHTEIEKT, MAIMHHE HABYAHHS, HATITbHI CEHCOPH,
JICTAHITHII MOHITOPUHT.

DOI: 10.15587/2706-5448.2023.284998
JEIBLUEHHA TOYHOCTI PO3MI3HABAHHA PYKONUCHOr'o TEKCTY B NIKAPCBKHUX PELENTAX 3A I0NOMOroH
FEHEPATHBHOI'O WTYYHOr0 IHNTENEKTY cropinku 18-22

fAxoBuyk 0. K., Bacix M. C.

OG6’eKTOM HOCTIIZKEHH S B 11l poOOTi € crcTeMa po3Ii3HaBaHHs PyKOIIMCHOTO TEKCTY B JIIKapchKuX perentax. OcobJInBOCTI pyKOTIMCHOTO
HalMCaHHsI, PIBHOMaHITHOCTI TI0YEPKIB Ta CTUJIIB, a TaKOXK crelndika JIKapChKUX PEIeNTiB CTBOPIOITh HaraTo MpobjieM Ta BUKJIUKIB /I
AJTOPUTMIB PO3Mi3HABAHHS, 1[0 CIIPUYNHAE BUHUKHEHHS TOMHUJIOK Ta 3MEHIIEHHS TOYHOCTI PO3ITi3HaBaHHA.

B po6oTi mpenacTaBieHO HOBY CHCTEMY 3 JOAATKOBMME KOMIIOHEHTAMH IIOCT-00POOKM pe3yJIbraTiB PO3IMi3HABAHHS ISt 30i/IbIIEHHS
TOYHOCTI KiHIIEBUX PE3yJIBTaTiB. 3alPOIMOHOBAHO aIrOpuT™M 00’€/IHAHHS CJIiB y JIiHii Ta GJOKH, 110 1a€ 3MOTY 3rpyIyBaTH CJI0Ba, 30epiraoun
KOHTEKCTHI 3B’I3KM M’k HUMHU. TaKoX BIKOPHUCTAHO TeHEPATHBHY HEHPOHHY MEPEKY 3 BEJIHKOI0 MOBHOIO MOJIEJLITIO /LTI aHAJII3Y Pe3ysIbTaTy
PO3IIi3HABAHHS Ta BUIIPABJICHHS MOXKJIMBUX MOMUJIOK. Pe3ysibraTyt TecTyBaHHs MOKAa3a/1 MOKPAIIEHHsT TOYHOCTI posrisnaBanis Ha 0.13 %.
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[TpoBeieHO aHai3 YCIUHUX BUMAAKIB POOOTH FeHEPATUBHOIO MITYYHOTO IHTEIEKTY, & TAKOK HABEJCHO TIPUKJIAIN TIOTIPIIEHHS Pe3yJIbTaTiB,
AKI TTOB’SA3a11i 3 rpaMaTHYHUMHU TOMUJIKAMHU B TOYAaTKOBUX BXIIHUX JJAHUX.

OtpumaHi pe3ysbraTu MOKa3yoTh, 110 BUKOPUCTAHHS F€HEPATUBHOTO IITYYHOTO IHTENEKTY K J0AATKOBOTO KPOKY /st 0OPOOKU pe3yJib-
TaTiB PO3MIZHABAHHST AIHICHO MOJKE TTOKPAIUTHU SKICTh CUCTEM /17 0GPOOKH Ta PO3II3HABAHHS TEKCTY. PesybraTu 0Ci/KEHHS MOKYTh OyTH
BUKOPUCTAHI /LT TIOJJA/IBIINX eKCIIePIMEHTIB 3 TIOKPAIleHHsIM Pe3yJIbTaTiB PO3Mi3HABaHHS B iHINNX 3a/a4ax, 0B’ A3aHNX 3 PO3ITi3HABAHHAM
TEKCTY, Ta B CyMisKHUX cepax.

KmovoBi cmoBa: po3Mi3HABAHHS PYKOIMCHOTO TEKCTY, TEHEPATHBHUN IITYYHUII IHTEJNEKT, alrOPUTMU DPO3Ii3HABAHHS, TIHOOKI Heil-
POHHI MepesKi.

DOI: 10.15587/2706-5448.2023.286278
PO3rNAM NPAKTHKH BHKOPMCTAHHA EBOMIOLIHHUX ANrOPHTMIB JUIA CHHTE3Y TA HABYAHHA
HEAPOMEPEMf cropinku 22-26

Fipaucexwit B. I, Bynax B. B.

OO6’€KTOM JIOCIIIZKEHHS € TPAKTUKA BUKOPHCTAHHS €BOJIOIINHIX aJIrOPUTMIB JJIsi CUHTE3y Ta HABYAHHS HEWPOHHUX Mepexk. Pobora
HaIlpaBjieHa Ha TOITYK Pe3yJIbTaTiB BUKOPUCTAHHS F€HETHYHUX aJTOPUTMIB SIK KOHKYPEHTHHUX METO/IIB /IJIsI 3BUYHUX Mi/[XO/IIB y HABYaHHI Ta
CTBOPEHHI HEPOHHUX MEPEK Ta OIIHKM TAKKUX PillleHb 33115 MO/AJIbIIOr0 PO3BUTKY JaHOI TeMU.

CyTb OTPUMAHKX Pe3YJIBTaTiB IOJISATa€ B YCIIITHOMY 3aCTOCYBaHHI reHeTHYHNX anroputmis (I'A) y noeaHanHi 3 HEPOHHUME MepekaMi
LTSI OTITUMI3AITii TapaMeTpiB, apXiTeKTYPH Ta BaroBux KoedirmienTiB Mepesk. ['A 103BoMIN TTOKPANTATH TPOAYKTUBHICTD Ta TOYHICTH HelipoMe-
PEK, OCOOINBO Y BUIAIKAX, KOJIU aJITOPUTMU 3BOPOTHOTO TIONIMPEHHST MOXUOKI MAJU TPYAHOI 31 3HAXO/KEHHSIM ONTUMAIBHUX PO3B’SI3KiB.

11i pesysbTaTnn MOKYTh OYTH MOSICHEHI THM, TIIO TEHETUYHI a/ITOPUTMU € ePeKTUBHUM METOOM /IS TI0GATBHOTO MONTYKY ONTHMATbHIX
PO3B’SA3KIB Y IPOCTOPI TTapamMeTpiB. BoHu 03BOJISIOTH YHUKHYTH JOKAJILHIX MiHIMYMIB Ta 3HAXOAUTH OLIbIN Ha/iiHi Ta cTabiIbHi PO3B’I3KH.
OtpumaHi pe3yIbTaT MOKYTh Oy TH BUKOPHCTaH] HA TIPAKTHUIL /It TOKPAIIIEHHS TIPOLYKTUBHOCTI Ta IKOCTI HEIPOMEPESK Y PI3HUX 3aBJAaHHIX
kaacudikanii Ta IporHo3yBanHs. BUKOPUCTAHHS TeHeTHYHUX aJTOPUTMIB J03BOJISIE TiAIOpaTH ONTHMAIbHI TTapaMeTpy BaroBUX KoedilieH-
TiB, 3B’I3KIB MK By3JIaMu MePeKi Ta BUOKPEMUTH BasKJIMBIII O3HAKU 13 HAOOPY HaHUX, ajie TIPU IIbOMY BOHU MAIOTh OOMEKEHHS Y BUTIISI
MONIATKOBUX 3aTpaT yacy Ha MepeBipKy BCi€i Moy il Ha BiAMOBiAHI KpuTepii mo6opy.

Bapto BpaxoByBaTH, 1110 Bukopucranus ['A He € yHiBepcaJIbHIM METO/IOM IS BCiX 3a/1a4, TOMY ITapaMeTpy aJITOPUTMIB CJIiji HAJIAIITOBY -
BaTH IHAMBIZYaTbHO TTi/l KOKHY KOHKPETHY 3aa4y. [1ofambii 0CTiKeHHS MOKYTh Oy TH CIIPAMOBaHI Ha BIOCKOHATIEHHS METO/IIB KOMOIHAITi T
TeHETHYHHUX aJITOPUTMIB Ta HEHPOMEPEIK, a TAKOK IXHBOTO 3aCTOCYBAHHS Y HOBUX 00JTACTSIX Ta 3a/ladax.

Kmovoei cnoBa: HelipOHHI Mepeski, €BOIOIIIHI aJITOPUTMU, TEHETUYH] A/ITOPUTMU, TIOPUAHKMI MiAXiA, onTUMI3aIliiiHa apXiTeKTypa Heil-
POHHOI Mepesxi.
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MOPIBHAHHA ANTCOPHTMIB HEYITKOI'O NMOLIYKY HA OCHOBI ABTOMATA JAMEPAY-NEBEHIUITEAHA HA BEMMKMX MACHBAX
IAHUX cropinku 27-32

Knew K. 0., llla6nii B. C.

OO0’eKTOM JOCIIKEHHST € aJTOPUTMI HEYITKOTO TONIYKY Ha OCHOBI aBTOMaTiB /lamepay-JleBeHmteiina ta aBToMaTiB JleBeHITelHA.
B po6oTi po3riisiHyTO Ta MOPIBHAHO Mixk 00010 PillleHHs! Ha OCHOBI CKIHYEHHUX aBTOMATIB /1151 €(heKTUBHOTO Ta MIBUAKOTO 3HAXO/KEHHS CJIB
Ta PS/IKIB 13 32/IaHOIO BI/ICTAHHIO pe/laryBaHHS Yy BeJUKHUX TEKCTOBUX JAHUX IIPY BUKOPUCTAHHI KOHIIEIIIii HeUiTKOTO IOIIyKY.

ANTOPUTME HEYITKOTO MOTIYKY TO3BOJSIIOTH 3HAXOANTH 3HAYHO OiJTbIlle PEIEBAHTHIX Pe3YJIBTATiB, HIK CTAHAAPTHI AJITOPITMHU YiTKOTO
nouyky. [Ipore taki anropurmu 3a3suuaii MaloTh 6iJ[bLL[y ACUMIITOTUYHY CKJIQJHICTD 1 BIZITIOBIZAHO IPALIOIOTh nabaraTo J10BIIIe.

Heuitkuii momryk B TekcTi 3 BUKOpUCTaHHsSM Bizctani [lamepay-JleBenmTeiina 103BoJIsSIE BPaXOBYBATH TOMNPEHi TTOMUJIKH, SIKi KO-
pHCTYBay Mir JIOIIyCTUTH B IIOIIYKOBOMY CJIOBi, @ caMe: 3aMiHa CHMBOJLY, IO/IATKOBUI CHMBOJI, IIPOIIYIIEHUII CMBOJI Ta 3MiHEHHIT TOPSIIOK
CHMBOJIIB. /[JTsT BUKOPUCTAHHS CKIHYEHOTO aBTOMATa HEOOXIZHO CIoYaTKy moOyAyBaTH 0T0 /IS IeBHOTO BXi/[HOTO CJI0BA Ta MEBHOI BiacTaHi
pefaryBaHHsi, a MOTIM BUKOHATH TOTIYK TI0 TIGOMY aBTOMATY, BiIKMIAIOUN CJI0BA, sIKi aBTOMaT He Gyiie mpuiimari. Tomy mpu Bu6opi aaroput-
My, CJIii BpaXOByBaTH 06uBi dasu. e NOACHIOETHCSA TUM, 1110 1106yu03a aBTOMara Moske 3aiiMaru 6arato yacy. J{Jist IPUIIBU/IIIIEHHST OZHOTO
3 apromaris Gysm Bukopuctani SIMD inerpykitii, mo gamo npuckopenns na 1-10 % B 3a/eKHOCTI Bift KITBKOCTI TIOITYKOBUX CJTiB, TOBKUHN
MOIIYKOBOTO CJI0BA Ta Bi/ICTaHI pelaryBaHHsI.

OTpuMani pesysbratu MOXKYTh OyTH KOPHCHUMH JIJISI BAKOPUCTAHHS B PI3HUX Tajly3sX, Jie MOTPiOHO MBUAKO Ta e(heKTUBHO MTPOBOAUTH
HEYiTKUI TOIIYK Y BEJUKNX 00CsTaX TaHUX, HAPHUKJIA, B TIOMYKOBIX CHCTEMAX ab0 TIPU aBTOKOPEKIIiT TOMILIOK.

Kmouosi cnosa: HeuiTkuii nomryk, aBromar Jlesenmreiina, Bifcrans Jamepay-JleBenmreiina, Biictanb pe/iaryBanis, CKiHueHi aBTOMATH.
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PO3POBKA ANTrOPHTMY NOWIYKY AYEMIKATIB B NPOTPAMHOMY KOAI HA BA3I AGCTPAKTHOr'0 CHHTAKCHYHOID
REPEBA cropinxu 33-36

Ky6'vwox E. 0., Kucenwos I 1.

OG6’'e€KTOM JOCI/PKEHHS IaHOT POOOTH € aJTOPUTM [OILYKY Lly6JliKaTiB B IIPOrPaMHOMY KO/i Ha 6a3i abCTPaKTHOTO CUHTAKCUYHOTO JIepe-
Ba (Abstract Syntaxes Tree — AST). TosloBHUMH 3a1a4aMH, 1110 BUPIIIYBAJINCS B paMKaX JAHOTO JOCJi/UKEHHS, € BUSIBJICHHS yOIiKaTiB KOLY
Ta MOIIYK BPa3IMBOCTEIl B IPOrPAMHOMY KOJi.

OTpumani pesyJsbraTi MOKa3aJn, M0 3alPOIIOHOBAHUI aJTOPUTM € CTIHKUM /10 KJIOHIB Tuiy 1 Ta 2, 1o o3Hayae iioro eeKkTUBHICTH
y BUSIBJICHHI CXOKUX (DparMenTiB KOAY 3 iIeHTHYHIM ab0 BapiaTHBHUM TeKcTOM. IIpoTe, st KJIOHIB THITY 3 Ta 4, aJITOPUTM MO3Ke MOKa3yBaTh
MeHIy e(heKTUBHICTD Yepes 3MiHy cTpyKTypu AST juist 1UX THIIB KJIOHIB.
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ExcriepnMeHTaIbHI IOCHIIPKEHHS 3aIIPOIIOHOBAHOTO AJITOPUTMY TTOKAa3aJin, 110 aJITOPUTM MO’Ke BUSBJISATH CIIIBHA/[IHHS MiXK Heros’si3a-
HUMH (haillaMy dyepes HasBHICTh THIOBUX JaHIioxkkiB AST, 1o npucyti y 6arathox mporpamax. Ile Mojke TIPU3BOIUTH 10 IEBHOTO PiBHS
nomukosux curnanis (False-Positive) y Busisienni ay6ikaTis.

TectyBanHs anTOpUTMY B 33j1a4i TIONIYKY BPAa3JNBOCTEN MOKA3AIIO, TIO:

1. Halikparie posiisnaBaisi criocrepira€tbes s BpasianBocti «SQL-in’ekitis», ajie BoHa TakoK Mae HaiiOiIbIny KiJbKiCTh TOMUIKOBUX
CUTHAJIB.

2. BpasimBocTi «BUTOK IaM’sITi» Ta «pO3iMEHyBaHHS HYJIbOBOTO BKa3iBHHKAa» PO3II3HAIOTHCS 3 OZIHAKOBOIO e)eKTUBHICTIO Ta TIOMUJIKO-
BMMU CUTHAJIAMU.

3. «IlepenoBrennst Oydepy» Mae HaHWKYMH MOKA3HUK PO3IMI3HABAHHS, aje MEHINY KiJIbKICTh MOMUJIKOBUX CHTHAJIB TIOPIBHSHO
3 «SQL-iH'ekIi€ios.

Ilocimxenns mokasasno, mo sukopucrants AST 103Bossie eheKTUBHO BUSABIATH AyOJIiKaTH KOy Ta BPA3JIMBOCTI B TPOrPAMHOMY KOJIi.
Po3pobiennii iHCTPYMEHT MOJKE TOTTOMOTTH PO3POOHIKAM TPOTPAMHOTO 3a6e3MeYeHHsT 3MEHTITITH 3YCHILIS 3 00CTyTOBYBAHHSI, TOKPAIITUTH
SKICTH KOty Ta 3a0e31eunTi Ge3reKy MporpaMHOro MPOAyKTY.

Kmo4osBi cnoBa: BUSIBIIEHHS KIIOHIB, a0CTpaKTHE CHHTAKCHYHe 1epeBo, AST, XelyBaHHs, TOIMYK BPas3INBOCTEl, TOMIIKOBI CHTHAJIIL
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YIOCKOHANEHHA INTENEKTYANLHUX CHCTEM NMIATPUMKH NPHAHATTA PIUEHD JUIA NPOCHO3YBAHHA HEMHIAHUX
HECTALIOHAPHMX NPOUECIB cropinkn 37-46

Bimox II. I, Mipocankina-Maposa T. I, {axox B. M., lakox [I. B.

Po6oTa npucssiyena nepernekTuBHiil HayKOBO-IIPUKJIAAHIN 3aa4i po3po6JIeHHsT Ta BUKOPUCTAHHS Y CHCTEMaX TATPUMKY IPUIAHATTS Pi-
enb inopMaIiiHuX TeXHOJIOTI I TPOTHO3yBaHH HeiHiinnX Hecrarionapuux mpoitecis (HHIT), o maioTs micite B exornowmirti ta dinamncax,
a Tako)K y 6araTboX 1HIINX rajiy3six JisIbHOCTI. TakuM YHHOM, 00’€KTOM JOCIIKEHHS € HETIHIiTHI HecTallioHapHi IPoIIecH, 110 MAIOTh Micie
B €KOHOMITII Ta (iHancoBiil chepi.

OCHOBHUM HAIIPSIMKOM JIOCJIJIDKEHHSI € CTBOPEHHSI HOBUX MaTeMAaTHYHIX MOJeJIeil Ta MeTO/IiB aHasi3y Ta IIPOrHO3yBAaHHS HEJIHINHIX
HecTarioHapHUX TIPOIIeCiB B eKOHOMIIII Ta ¢inancax, yIocKoHaIeH s iHdopMaIiiiHiX TeXHOTOTIH MiTPUMKI TPUHHATTS PillleHb, 10 T03BO-
JITD HIBUIIUATH SKICTH OL[IHOK TIPOTHO31B Ta BIANOBIAHUX PillleHb B yMOBAaX HEBU3HAYEHOCTI Ta PUHKY. MeTo/u, 110 npe/cTaB/ieHi B podoTi,
TIPU3HAYEHI /11T aBTOMATU3Allii ITPoIecy iHTeIeKTYaaIbHOTr0 aHAI3Y IaHUX, 1[0 OIHICYIOTh AOCTI/PKYBaHi IIPOIlecH, Ta aBTOMATH3AIlil IIpoleyp
Moy I0BY MOJIETIEH.

B pesyubrati BUKOHaHUX JOCJI/IKEHb 3alIPOIIOHOBAHO iH(MOPMAIIIITHY TEXHOJIOTIO, IPU3HAYEHY /IJIsI BUKOPUCTAHHS Y CUCTEMaX IT/ITPIM-
KW IPUIHATTS pillleHb, NOOYA0BAHUX Ha OCHOBI CHCTEMHOTO TXO/Y, BpaXyBaHHs HeBU3HAYEHOCTEH, PErpeciiiHoro Ta iHTeJIeKTyaTbHOTO
aHasizy maHux, 1o 3abesnedye mobyaoBy aleKBaTHUX MOJeNeH TOCTIKYBaHUX MPOIECB 1 OTPUMaHHA BUCOKOSKICHUX OIIHOK MTPOIHO3iB.
Oco6IUBICTIO TPOTIOHOBAHOTO IIXOTY, KA 03BOJISIE 3a0€3IIeuyBaTh IKICTh OTPHMYBAaHNX PE3YJIBTATIB € T€, 10 B Hili BpaXOBaHO 0COOIMBOCTI
HeJIHIHHUX HecTallioHapHUX MPOIIECIB, 1O MAIOTh Miclle y Pi3HUX cdepax AisabHOCTI, a/7Ke BOHK MalOTh 0COOJMBOCTI PO3BUTKY Ta TIPOTiKa-
10TD Ml BITMBOM (arathox crenudivnux GakTopis.

Bukopucranms Takoi TeXHOJIOTI] B cCTeMax MiATPUMKN PHHHATTS PillleHb K MiAMPUEMCTB, TaK i OPraHiB epKaBHOTO YIIPABIIHHS Ta
MiCIIEBOTIO CAaMOBPS/LYBaHHS CTBOPIOBATUME II/[I'PYHT /IJId BUPILIEHHS 3aB/IaHb YIIPABJIIHHSA PO3BUTKOM JIOCJII/IKYBAaHUX HEJIIHIMHUX HecTa-
I[IOHAPHUX MPOIIECIB, IO MPOTIKAIOTH ¥ 6arathox chepax aispHocTi. ITigxomm, mponoHoBaHi B po60Ti, MOKYTh Oy TH BUKOPHCTAHI Ha TIPAKTUIL
SIK OKPEMO, TaK i B CKJIaJIi iCHYIOUnX iH(hOOPMAIITHIX CUCTEM T IIPUEMCTB, YCTAHOB, OPTaHi3aIliil.

Kmouosi cnosa: 11porHo3yBaHHs, HEJiHINHI HecTalliOHAPHI IIPOIlECH, CUCTeMa HMiATPUMKHU HIPUIHATTS pillleHb, HeBU3HAUEHICTD JIAHUX,
TIPUHIUIIN CUCTEMHOTO aHai3y.

SYSTEMS AND CONTROL PROCESSES
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PO3POEKA METOAY OLIHKM 3AXMIUEHOCTI CKMAAHUX TEXHIYHUX CHCTEM 3 BHKOPHCTAHHAM WITYYHUX IMYHHHX
CHCTEM cropinxku 47-50

Uhnuauskuii A. B., Craciok T. 0., Pininos B. B, Hananko 0. /I, MMporac H. M., Bepesancekuii [ 0., 3inuenxo M. 0., Cozix 0. B.,
Maxkapuyx B. I, Hesmnopyk B. B.

3abesreyeHHs 3aXUIEHOCT] CKIAIHNX TEXHIYHUX CUCTEM PISHOMAHITHOTO (DYHKI[IOHAIBLHOTO IIPU3HAYEHHS BUMATAE MOCTIHOTO MOIIYKY
HOBHX HAYKOBHX Ta IPAKTUYHUX TAXO/IB 3 METOIO 3abe3eueH st il HaleKHOTO PIBHS Bijl 3DOCTAIOUOTO MEPENiKy HOBUX PUSHKIB Ta 3arpo3.
Ha cporoami sxoHa mepskaBa y CBiTi He CIIPOMO’KHA i30JTbOBAHO Bifl iHITUX MPAIIOBATH HA/l CTBOPEHHSM 1 BIPOBA/DKEHHSIM IITYIHOTO iHTe-
JiekTy. TexHosoril MTyYyHOoro iHTe/IeKTy aKTUBHO 3aCTOCOBYIOTLCS /111 BUPILIEHHS SIK 3arajbHUX Ta BY3bKOCIEIIa30BaHUX 3aB/laHb B PI3HUX
raJIy3sx AisIbHOCTI cycriibeTBa. [IpobieMa cuHTe3y yIpaBIiHHs CKIQJHIUMI TeXHOJOTIYHUMM MTPOIECAME € AKTYaJIbHUM 3aBIAHHSAM Y TEOPil
yrpasiints. [TepcrieKTHBHIUM HAIPSIMOM TIPU TIPOEKTYBaHHI TOMIOHNX CKIaHUX CUCTEM € 3aCTOCYyBaHHsI Oi0IHCIIIPOBAHUX aJTOPUTMIB, 110
e(eKTUBHO BUKOPUCTOBYIOTBCS 111/l Yac BUPIIICHHS ONTUMI3AI[IITHIX 3aB/IaHb.

OTske, 00'€KTOM OCTIKEHHS € CKITaHi TexHiuHi cucteMu. TIpeMeToM MoCTipKeH s € 3aXUIIEHICTh CTaHy CKJIaJHIX TeXHIYHIX CHCTEM.
B nocaijzkenHi nposeieHo p03p061<y METO/ly OLIHKM 3aXUIIEHOCT] CKJIAJHNUX TEeXHIYHUX CUCTEM 3 BUKOPUCTAHHAM HITYYHIX IMYHHUX CHCTEM.
Hosusna 3anmpomnonoBaHoro MeToy HoJsTae y:

— BpaxXyBaHHi IIPU PO3PAXYHKAX KOPErYBATHHOTO KOEMII[iEHTY HA CTYIHb HEBU3HAYEHOCTI PO CTAH CKJIAJHOI TEXHIYHOI CUCTEM;

— 3MEHIICHH]I 00YMCITIOBATIBHIX BUTPAT MPH OI[IHIOBAHHI CTaHy CKJIJHOT TEXHIYHOI CHCTEMHU;

— YIOCKOHAJIEH] MpoIiecy peastisallii mporielypy BUPIIeH s 3aBAaHHsT BILUTHBY B3a€EMO3B SI3KiB B CKJIAJIHiiT TEXHIUHIll cucTeMi;

— CTBOPEHHI 6araTOPiBHEBOTO Ta B3AEMOIIOB I3AHOTO OIUCY 1€PAPXIYHUX CKJIAIHUX TEXHIYHIX CUCTEM;

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/2(72), 2023 67 —)



— AHOTALI ISSN 2664-9969

— MOJKJIMBOCTI IIPOBE/ICHHS] PO3PaXyHKIB 3 BUXi/IHIMU JJAHUMH, 1110 € Pi3Hi 32 IPUPOJIOIO Ta OJIMHUIISIMI BUMIPIOBAHHS. 3a3HAuYeHY METO-
JIMKY JIOTTBHO PeasisyBaT y CIEI[ali30BanoMy TIPOrpaMHOMY 3a0e3Ieder i, sSike BHKOPUCTOBYETHCS [UIST A3y CTaHy CKJIA[HNX TEXHid-
HUX CUCTEM Ta IIPUIHSATTI PillleHb.

Kmouosi cnoBa: 3aXNIIEHICTD CKIATHUX TEXHIYHIX CUCTEM, HITYYHI IMyHHI CICTEMH, HEBU3HAYCHICTD CTAHY CKIQHIX TeXHIYHUX CHCTEM.
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KOMMNEKCHHHA AHAM3 EPEKTHBHOCTI BIPOBARNKEHHA ENEXTPOHHMX CHCTEM 3E0PY OIUIATH 3A NMPOI3/ HA MICBKOMY
NMACAMMPCBKOMY TPAHCIOPTI TA MEPCMEKTHBHI HANPAMEKM IXHLOr'0 3ACTOCYBAHHA B YKPATHI  cropinxu 51-54

NMouxparos [i. I, Kormrxos JI. M., lona B. K.

O6’exToM ocipKeHHsT € eDeKTUBHICTD BIIPOBAJUKEHHS CHCTEM €JIEKTPOHHOrO 300py IIIATH 3a MPOI3/l Y IPOMAJCHKOMY TPAHCIIOPTI.
3acTOCYBAHHSI CHCTEMH €JIEKTPOHHOTO 300py TIIATH 3a TPOI3[ € 3aralibHOIO TEHIEHIHEI0 MOKPAIIEHHsI 00CIyTOBYBaHHs KOPHCTYBAYiB IrPo-
MaJICBKUM TPAHCIOPTOM. Y JIOBOEGHHUIA 1epioJ] CHCTEMU MOYaIn BIPOBA/PKYBATH B OaraThox Mictax Ykpainu. Bognowac 151 pisibHiCTh He
MaJjia CHCTEMHOTO XapaKTepy i Ha Cy4acHOMY €Talli PO3TJISIIAETHCS MEPEBAKHO SIK 3aci6 3abe3nedeHtst GiTbIT 3PYIHNX YMOB KOPUCTYBAHHS
MacakupamMu MOCIyraMi MapiipyTHOTO aCAKIMPCHKOTO Tpauenopty. /lana poboTa 30cepeizkeHa Ha IPHIIOMY PO3yMiHHI e(eKTHBHOCTI BIIPO-
BaJKeHHs cucteM 300py 3a 1poisz, iX posi y 3abe3nedeHHi BHYTPINIHBOI iHTErpail MyJIBTUMOIAIBHOI CHCTEMH IPOMAJICHKOTO TPAHCIIOPTY,
nigsuieHHi eekTuBHOCTI poboTH, 3abe3nederni Oe3NeKku nepeBeseHb Ta MiABUIIEHHI TPUBAOIMBOCTI TPOMAICHKOTO TPAHCIIOPTY. MOCAYTIH
JUUIS HACEJICHHSI SIK PeajibHa albTePHATUBA KOPUCTYBAHHIO IPUBATHUM aBTO. EDEKTUBHICTD BIPOBA/KEHHS €JIEKTPOHHUX CHCTEM 300Dy Ilia-
TH 3a TIPOI3JI Y TPOMAJICHKOMY TPAHCIOPTI Ma€ BUpaskaThCs yepes pisHi acriekt. HeoOXiaHo posristnyTi 9 aciekTiB: cHCTeMHa iHTerpaitis;
3abe3neueHHst KOMMOPTY; 0MOMOra B Ge3Ielli TPAHCIOPTYBaHHsT; eheKTUBHICTH POOOTH Ta CKOPOUYEHHS Yacy MacakKUpiB y 0PO3i; iHTerpatis
B CHCTEMU YIIPABJIIHHS Ta IJTAHYBAHHS; BIIPOBA/UKEHHS THYYKOI CHCTEMU OILTATH TPOI3/Ly; IPOBEIEHHST THYYKOI TapudHOI MO THKY; PO3BH-
TOK PO3YMHOI CHCTEMH PO3IOILTY JOXO/IiB; iABUIIEHHS TIPUBAGIMBOCTI TIOCIYT MAPIIPYTHOTO MACAKUPCHKOTO TPAHCIIOPTY. 3aIlPOOHOBAHO
3aCTOCYBaHHSI CUCTEMHOTO MiZXOAY I1i/i yac (hOPMYBAHHSI IHTETPOBAHOI MYJIBTHMOJAIBHOI CUCTEMH TPOMAJICBKOTO TpaHcHopty. PimeHHs
1BOTO 3aBIaHHsT HOTPeGY€E PO3POOKH IHTENEKTYaIbHOT TPAHCTIOPTHOT CHCTEMH, siKa O iHTerpyBajia okpeMi (hyHKIIT eJeKTPOHHOI CHCTEMHE OI1-
JIATH TIPOI3/Ly B Hi/ICMCTEMH KOHTPOJIIO, YIPABJIiHHA Ta IJIaHyBaHHs. [IpakTnuHe BIPOBAJIKEHHS 3aIIPOIIOHOBAHKX PillleHb I110/I0 EePCIIEKTUB
PO3BUTKY €JIEKTPOHHHUX CUCTEM OIUIATH TIPOI3/y B MicTaX YKpaiHu AacTh 3MOTY MiBUIUTH e(DEKTUBHICTD IX BUKOPUCTAHHS Ta CIPUSTHME
MOKPAIEHHIO SIKOCTI TPAHCIIOPTHUX ITOCJIYT /IS TTACAKHPIB.

Kmaouosi croBa: rpoMa/ICHKUI TPAHCIIOPT, €JIEKTPOHHI cucTeMu 3060py MJIaTH 3a MPOI3Jl, CMAapT-KapTa, CUCTEMa OILIATH MPOI3JLy, IHTEerpo-
BaHa TPAHCIIOPTHA CHCTEMa.
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