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SYSTEM ANALY SIS AND MODELLING TOOLS FOR CRYPTOCURRENCY PRICE
FORECASTING

Abstract. In the development of financial technology, cryptocurrencies present a complex challenge for
price forecasting due to their volatile nature, influenced by various factors from market sentiment to
regulatory changes. This paper examines the application of System Analysis and Machine Learning (ML)
tools to enhance the accuracy of cryptocurrency price predictions. We review the literature on econometric
and ML models, highlighting their potential and limitations in the context of financial markets. The study
systematically assesses tools such as ARIMA and Prophet, deep learning frameworks like Keras with
TensorFlow and PyTorch, and advanced neural network architectures including LSTM, Transformer, and
Temporal Fusion Transformer. The findings reveal that traditional models like ARIMA offer ease of use
but need help with the non-linear patterns inherent to cryptocurrency data. In contrast, models like the
Temporal Fusion Transformer provide high accuracy but require substantial training time. This research
suggests a synergistic approach, integrating ML predictions with system analysis to enhance forecasting
accuracy. It proposes the exploration of data clustering by periods and asset types as a promising direction
for future research. This composite methodology holds the potential to significantly improve economic
forecasting and asset management in the cryptocurrency domain.

Analysis of recent research and publications. In the ever-evolving landscape of
financial technology, cryptocurrency has emerged as a revolutionary yet volatile asset,
capturing the attention of investors, economists, and technologists alike. The unpredictable
nature of cryptocurrency prices, driven by myriad factors ranging from market sentiment to
regulatory changes, presents a unique challenge: the need for precise forecasting tools. This
paper describes some principles of System Analysis and Machine Learning (ML) Tools,
exploring their potential to enhance the accuracy of cryptocurrency price forecasting.

Some authors collectively explore the efficacy of various analytical methods in
understanding financial markets, focusing on cryptocurrency price forecasting. Baranovskyi et
al. (2019) discuss econometric models related to monetary policy in Ukraine, potentially laying
the groundwork for analytical techniques useful in cryptocurrency markets [ 1]. The same group
(2021) later examines correlations between cryptocurrency market trends and economic
indicators, suggesting a regression analysis approach for price predictions [2]. Derbentsev et al.
(2020) investigate machine learning ensemble methods for forecasting prices, demonstrating
their effectiveness in a conference setting [3]. Finally, Derbentsev and colleagues (2021)
compare different machine learning algorithms for the same purpose, validating their
application for short-term cryptocurrency price forecasting [4].

System analysis principles and models as tools are the backbone of this study, providing
a vital framework to navigate the complexities of the cryptocurrency market. This methodology
underpins the selection and application of various machine learning tools and ensures that the
forecasting models account for the intricate web of factors that influence market dynamics.
Therefore, the paper systemizes top machine learning (ML) tools for cryptocurrency price
forecasting, leveraging Python programming tools. It encompasses models such as ARIMA and
Prophet for time series forecasting and utilizes deep learning frameworks, including Keras with
TensorFlow and PyTorch. The study also overviews advanced neural network architectures like
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the LSTM (Long Short-Term Memory) networks, the Transformer and Temporal Fusion
Transformer, and LSTNet versions.

Results and discussion. ARIMA via statsmodels. The ARIMA model, implemented
through Python's statsmodels library, demonstrated proficiency in capturing linear relationships
in the time series data for cryptocurrency prices. It excelled in short-term forecasting, benefiting
from its simplicity and ease of use, allowing quick model fitting and interpretation. However,
its efficiency was limited by non-stationarity and volatility in the data—a common trait in
cryptocurrency markets. The model's reliance on past values and differences means it often
failed to capture sudden, non-linear shifts in market sentiment [5].

Facebook Prophet. Facebook's Prophet tool offered flexibility in handling daily
seasonality and trend changes in cryptocurrency data, making it robust against irregular
patterns. It was particularly useful for datasets with strong seasonal effects and long-term
trends. Its intuitive parameters allowed for fine-tuning to improve model accuracy.
Nevertheless, Prophet's performance was less impressive when dealing with very noisy data or
outliers, which are frequent in cryptocurrency markets. Its assumption of regular seasonal and
holiday effects only sometimes aligns with the unpredictable nature of these markets [6].

Keras & TensorFlow. Deep learning models built with Keras and TensorFlow brought
significant advancements in price prediction tasks. Their capacity to learn non-linear
relationships and intricate patterns in high-dimensional data allowed for capturing complex
market dynamics. Models such as LSTMs and GRUs were particularly adept at understanding
temporal dependencies. The main drawback was the need for extensive computational
resources and large datasets to train these models effectively. Additionally, the complexity of
these networks sometimes led to overfitting, requiring careful regularization and
hyperparameter tuning to generalize well to unseen data [7; 8].

Model Variants. Variants of models like Transformer, Temporal Fusion Transformer,
LSTNet, and multivariate LSTM architectures each brought their strengths to the table. The
Transformer's self-attention mechanism provided a nuanced understanding of time series
relationships, while the TemporalFusionTransformer's ability to integrate static and time-
varying data proved advantageous for complex datasets. LSTNet's hybrid approach addressed
spatial and temporal patterns, but its application required domain expertise to structure the data
appropriately. Multivariate LSTMs extended the single-variable analysis to capture interactions
between different market indicators, though at the cost of increased model complexity and
potential overfitting [9].

The testing of the specified models on cryptocurrency market data demonstrated the high
efficiency of the Prophet-based models, which provided the broadest forecasting range. The
most accurate predictions were achieved using Temporal Fusion Transformer models, although
they require a significantly longer training period. To assess the accuracy of these models,
metrics such as Mean Absolute Percentage Error (MAPE) and Mean Absolute Error (MAE)
were utilized.

Conclusions. The investigation presented in this paper reveals that while traditional
models like ARIMA are beneficial for their simplicity and interpretability, they are often
outperformed by more sophisticated ML tools that can grapple with the non-linear and complex
patterns of cryptocurrency data. Tools like Facebook Prophet and advanced neural network
architectures, including LSTM, Transformer, and Temporal Fusion Transformer, represent a
significant leap forward in forecasting capabilities. These models accommodate the erratic
nature of cryptocurrency prices, with the Temporal Fusion Transformer standing out for its
exceptional accuracy despite its intensive training requirements.

The research describes a composite approach that marries the predictive prowess of ML
models with system analysis techniques. Such a holistic strategy could substantially refine
forecasting accuracy. Moving forward, there is a promising avenue in preliminary data
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MiHIMI3ali}O IIOKIB MPOMO3UIII Ta LiH 1 MABUINEHHS CTIHKOCTI MPOJOBOJBYHX CHUCTEM IO
MaiOyTHIX KpU3. ACHMETPUYHUI LIOK — II€ PanToBa 3MiHA €eKOHOMIYHUX YMOB, SIKa BILIHBAE
Ha onHi kpaiau €C Oinplre, HiXk Ha 1HI. BHOKpeMIIOIOTBCS (HaKTOpPH, SIKI MOXYTh MAaTH
pyHHIBHHI BIUIMB Ha MPOAOBOJIbYY O€3MEKy Ha €BPONEHCHKOMY Ta INIOOAJTBHOMY pPIBHSX, a
came Climate — rnobanpHe MOTEIUTIHHS, IO MPU3BOAUTH A0 KiiMaTuyaux 3mid, COVID-19 —
BcecBiTHA nannaeMis, Conflicts — BifiHa B YkpaiHi.

BaxuBicTh 1 akTyaJbHICTh PO3BUTKY CIIBCBKOIO TOCHOAAPCTBA B YKpaiHI HaBITH B
yMOBaxX MaKpPOEKHOMIYHOI HeCTablIbHOCTI HEMOKIIUBO MEPEOL HUTH.

ApPryMeHTYeThCSI HEOOXIAHICTh SIKHAWIIBUAIIOTO BITHOBJICHHS arpapHOro CEKTOPY
€KOHOMIKH,  30KpeMa  BTpadeHuXx abo  3pyHHOBAaHMX  JIAHIOTIB  ITOCTAYaHHS
CLIIbCBKOTOCTIONAPCHKOI  MPOAYKIII B TepioA BOEHHUX [iH, HacaMmepen MLITXOM
BIPOBA/KEHHS UPPOBUX MOMUIIUBOCTEH y Oi3HEC-TIponiecH arpomianpueMcTs. O4eBUIHO, L0
BIIPOBA/KEHHsI 1HHOBALIMHUX MPOEKTIB 1 BUKOPUCTAHHS CYYaCHUX TEXHOJOTH BIAKPHUBAE
¢ poBI MOKIIUBOCTI Jis1 0OMIHY 1H(pOpMaLi€r0, TOrINONEHHS] TAPTHEPCHKUX BITHOCUH MiXK
yYaCHHKaMH arpoOi3HeCy, CTHUMYJIIOIOUM 3POCTaHHS arapHoOi raiy3l €KOHOMIKM KpaiHH B
iioMy. BapTo momaty, mo Aisl BENMKHX arpoKOMMaHii YKpaiHH Hapasi B MPIOPHUTETI Taki
CTpaTeriuHi 1HINIATUBY, SIK aBTOMAaTH3alis Ta LU(poBi3aLis Ol3HEC-TPOLECIB, OpraHizamis
€JIEKTPOHHOTO JIOKyMEHTOOOITy, YIOCKOHAJICeHHS CHUCTEM VIPAaBIIHHSA BIIHOCHHAMHU 3
kimentamu (CRM) 1 cucteM aHasmi3y pUHKIB, BIIPOBAKEHHS
IHHOBaLIHUX pilIeHb B arpobi3Hect

VY niACYyMKY BUHUKAIOTB ITiICTABU TOBOPUTH CaMe PO PO3BUTOK LU poBOro hepmMepcTaa
s OLIBLIOCTI TOBAapOBUPOOHHUKIB, $IK CIOCOOY BEAGHHSA CIIBCHKOIO TOCHOJApCTBA 3
BUKOPHCTAHHSM TEXHOJIOT i, HEOOX1THUX 1151 iHTerpawii (iHaAHCOBHX 1 IMOJIbOBHX 3AIHCIB JJIS
MOJAJIBIIOTO KOMITJIEKCHOTO YIIPABJiHHS AlSUTBHICTIO (pepMHL..

Bin cynyTHHKOBHX 300pakeHb 1 APOHIB, METEOPOJIOTIUHUX AAHUX, O ONTHMI30BAHOTO
CTHOKMBAHHS PECYPCIB, arPOTEXHIYHOI aHAJIITUKH Ta BUPILICHHS COLaJJbHUX MUTAHb — 1€ JIUIIE
AesiKi 13 BEJIMUE3HOTO MepesiKy e(eKTiB, Kl Halae ClIIbCbKOMY TOCIIONapCTBy LU(poBi3aLis

(puc. 2).

eKOHOMIYHMIA

(onTUMi3aLisl BAKOPUCTAHHS
pecypciB)

coiaLHUN

(BUpIIIEHHS COLIJTBHUX
EdexTn npoOieM CLIbCBKUX TEPUTOPIii)
Bia nudposizauii B
arpapHux HiANPUEMCTB

TeXHOJOMYHHUIA

(moxxBaBienns IKT)

opraHizauiiHui

(omTHMizalist KOMYHIKaLi i
nepokaBy, BUPOOHUKIB Ta 1HIITHNX
CTEHKXONIEPIB)

Puc. 2 EdexTu nipposizanii arpodiznecy
Barome mnuTaHHS MOCTaE MPO TOTOBHICTH YKPaiHCbKHX (epMepiB A0 KOMIUIEKCHOI
U poBizamii roCnogapchbkoi MISIBHOCTI Ha ceni. Asie mepebir BIHHM TOYHO HAaBOAUTH
apryMEHTH Ha 11 KOpHCTb. B CBOIO 4epry po3BUTOK LU(PPOBUX MOIIUBOCTEH B YKPAIHCBKOMY
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arpo0i3Heci JO3BOJIUTH IMPOSBUTH 3aLKABICHICTh MIKHAPOIHUX MAapPTHEPIB 1O 3aTyUEHHS
{HBECTHLIHN U BIAHOBJICHHS arpapHOl raiysi Ta ii BUXony 3 kpu3u. JloBeneHo HEOOXiqHICTh
mpoLeciB UQpPOBi3allii arpapHOTO CEKTOPY.

Busnaueno, mo nudposizauis AIIK He TiibkHM MiIBUIIUTH €KOHOMIYHI Ta €KOJIOTi4HI
MOKA3HUKH, a W TONIMIIUTh YMOBH Tpall, JOTICTUKY Ta CHUCTEMY IPHHHATTS pPIIIEHb Ha
Iep KaBHOMY DIBHI Ta Ha piBHI BUpOOHUKIB. OOIpyHTOBAHO TEOPETHYHI 3aCajy Ta OCHOBHI
MOJIOXKEHHSI CTAJIOrO0 PO3BHUTKY. 3a3Hau€HO, MO 3a [JaHUX MAaKPOEKOHOMIYHHX YMOB
3a0e3redeHHs]  PO3BUTKY  CUIBCBKOTO  TOCIOAAPCTBA  CHIYT'YBAaTHME  IOLITOBXOM
msizabesneueHHs ro0aabHOI MPOAOBOIBUOI O€3MEeKH Ta 3pOCTaHHS CBITOBOI €KOHOMIKH.

HeobxignicTh popmyBanHs nudpoBOi EKOHOMIKH Ta CYCIIJILCTBA B Y KpaiHi BUSHAETHCS
Ha JIeP:KaBHOMY PiBHI, a IU(PPOBI TEXHOJIOTI PO3MIISIAIOTHCS SIK OJIUH 13 KJIFOUOBUX JIPAiBEPiB
CTaJIOrO PO3BUTKY arpapHoro cextopy. [lomapimi KociakeHHs] MOXKYTb CTOCYBATHUCS aHAI3Y
BUKOPUCTAaHHS IHU(PPOBUX MOXKIHMBOCTEH B YKpaiHCbKOMY arpobi3Heci Ta iX BIUIMBY Ha
3aiKaBJIEHICTh MI)KHAPOIHUX MaPTHEPIB O 3aJTyUEHHsI 1HBECTULIH [T BITHOBJIEHHS! arpapHoi
rajysi YKpaiHu.
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THE IMPORTANCE OF MACHINE LEARNING IN SUSTAINABLE AGRICULTURE

Abstract. In recent years, the field of agriculture has undergone significant changes due to the use
of artificial intelligence (Al) and machine learning. These technologies have transformed various
aspects of the agricultural sector, including the introduction of automated machinery and the
introduction of precision agriculture. In crop production, various machine learning models are used
for crop improvement, production optimization, disecase and pest prevention, irrigation
optimization, fertilizer management, etc. In this research is given example of a simple model based
on the scikit-learn library to predict yields based on weather data and other inputs.

Keywords: machine learning, model, algorithm, sustainable agriculture.

Analysis of recent research and publications. Many scientists around the world are
researching artificial intelligence and machine learning. Research by foreign scientists, in
particular, Dilli Paudel, Allard de Wit, Hendrik Boogaard, Diego Marcos, Sjoukje Osinga,
Ioannis N.O [1], and others, is devoted to the application of machine learning tools in
agriculture. However, despite significant scientific achievements, significant changes in
external economic conditions under the influence of military operations actualize the need for
further research into machine learning issues in sustainable agriculture. The purpose of the
publication is to justify the advantages of using machine learning methods in agriculture with
the aim of increasing productivity, optimizing the use of resources, reducing the impact on the
environment and ensuring the sustainable development of agriculture. The paper will consider
the application of machine learning algorithms for crop forecasting.

Results and discussion. The role of machine learning in sustainable agriculture is
becoming increasingly important as the world grapples with the challenges of feeding a growing
population while minimizing the environmental impact of agricultural practices. The
application of artificial intelligence (Al) and machine learning (ML) in agriculture is becoming
increasingly relevant and useful due to the opportunities that these technologies offer.

Machine learning is a subset of artificial intelligence that involves developing algorithms
that can learn and make predictions or decisions based on data. This technology has the potential
to revolutionize agriculture by providing farmers with valuable insights and recommendations
based on the analysis of vast amounts of data. By using machine learning tools, farmers can
make more informed management decisions that will improve efficiency, productivity and
sustainability.

It is worth noting that one of the main ways in which machine learning can contribute to
sustainable agriculture is through precision farming. This approach involves using data-driven
technologies to more accurately and efficiently monitor and manage agricultural operations.
For example, machine learning algorithms can analyze data from various sources, such as
satellite images, weather forecasts and soil sensors, to provide farmers with real-time
information about the condition of their crops and fields. This information can then be used to
optimize irrigation, fertilization and pest control practices, ensuring more efficient use of
resources and reducing the environmental impact of agriculture [2-4].
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[4] Kharchenko, V., Balanovska, T., Gogulya, O. and Kharchenko, H. 2021. Cognitive modelling of an
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TEOPETHUYHI TA ITPUKJIAHI ACIIEKTU ®OPMYBAHHA PUHKY
BYKMEKEPCLKUX ITOCJYT YKPAIHU

AnoTtanmisi. Y poOOTi BHCBITICHO TEOPETHUYHI Ta MPAKTHYHI 3acanu (POpMyBaHHSI PHHKY

OyKMEKEepChbKHX MOCHYT YKpaiHum. OCKITbKH NONMAT HAa OYKMEKEPChKI IIOCAYTH B CBITI

JUHAMIYHO 3pOCTAE, IPH BIAIOMY 3aIPOBAHKCHHI MEXAHI3MY PETIYIFOBAHHSI PUHKY BIH MOJKE

CTATH CTAJMM JDKEPETIOM HAOBHEHHS AEP>KABHOTO OIOKETY 32 PAXYHOK (DiCKATBHOTO €(EKTY.

OxapakTepH30BaHO OCHOBHI MOKA3HUKH JiAIBHOCTI PHHKY OYKMEKEPCHKHX MOCTYT, BH3HAYCHO

OCHOBHI IIOKA3HUKH €()eKTHBHOCTI. Ba)XMBY pob HA PHHKY OYKMEKEPCHKHX IOCIYT YKpaiHu

BIZITPaN0 MPHHHSATTS 3aKOHY IIOI0 JETANI3AI{ T PEry IFOBAHHS PHHKY OYKMEKEPCHKHX ITIOCIIYT.

[Nopsn 3 TuM, maHAEMIs Ta BiffHA HETATHBHO BILIMHY M HA KITFOYOBI MOKA3HUKH OYKMEKCPCHKHUX

nocyr. Banosuit goxin BP B ceiti B 2022 p. B cBiti 109 Mpa. mon. Ta akTuBHO 3poctae. B

YkpaiHi cCk1agHO AocmiauTy O PiIiifHy CTATHCTHKY, OCKIUIBKH JIAMIE 3 Pik O13HEC € JICTaTbHIM, 1

ITi1 BIUTHBOM BiffHH JOXOH Bix TpanbHOTO Oi3Hecy B 2022 poiri BNaad (JaKTHYHO HA MOJOBHHY.

Ha 2023 pik nume Parimatch, Favbet i Vbet 6ynu odinitiao mineH30BaHuME Oy KMEKEPCHKUMHI

KOHTOpPAaMH B YKpaiHi, MPOTE BHACTIAOK BHABJICHUX aIMIiHICTPATHBHHUX MOpPyIIcHs Parimatch i

Vbet 3akpunm cBOi BeOcaiiTw B KpaiHi. 3MOJCIHOBAHO OCHOBHI CTpaTerii BHOOPY TpaBUEM

CTaBKH Ha OYKMCKEPCHKY MOCIYTY, HABEACHO MOXKTHBI NIJITXH PO3BUTKY PHHKY OYKMCKEPCHKUX

MOCIYT B YKpaiHi B CYYAaCHHX MOJITHKO-CKOHOMIYHHX YMOBaX. MaHOyTHE OYKMEKEPCHKHUX

KOHTOp Oyze 3aJieXaTH BiJ NOAANBIIMX IHHOBAIIH B TEXHOJOTIAX i MOCHIICHHS PETYIFOBAHHS

iraycrpii. [{udposizanis Ta rmodam3anis CTBOPIOIOTh HOBI NEPCTIICKTHBY JJISI POCTY PHHKY, B

TOW 4ac K OyKMEKEpaM JOBEACTHCS aAaNTyBaTHCS IO BHMOT IPO30POCTI I BIATIOBIJAIBHOTO

rpamsHOTO Oi3HeCy. BaskimmBicTh OyKMEKEPCHKHX KOHTOP y CBITOBOMY CHOPTHBHOMY Ta

PO3BaYKATIBHOMY CETMEHTI 30€PEIKEThCs, SKIIO BOHU MPOJOBKATh BAOCKOHATIOBATH OE3ICKY Ta

YECHICTh CBOIX IOCIYT, a TaKOK OYAyTh C(PEKTHBHO PEaryBaTH Ha 3MIHH y CIIOKHBALILKOMY

TIOTIATI Ta CKOHOMIYHI KOJTHBAHHSI.

KirouoBi ciioBa: OyKMEKEpChKI IMOCIYTH, PHHOK OYKMEKEPCHKHX IOCTYT, C(ECKTUBHICTS,

Mapka, CTaBKa, KOe(ilieHT BUTpamLy, MiHIMAIbHAHN JCIIO3UT, MiHIMATIbHA CYMa BUBOJY, PH3HK,

BIPOTITHICTB, CTPATETLS.

1. BCTYIL

cI)OpMYBaHHfl PUHKY 6YKMeKepCbKI/IX nocjayr € AOCHUTb AaKTYaJbHOK TEMOK IJIA
JOCTII)KEHHS, OCKIJIbKA JaHWUH PUHOK TOCHYr IIBUAKO pO3BHUBAaeThbesA. LlIBuakuii Temn
PO3BUTKY PUHKY OYKMEKEPChKHX TOCTYT MOXKE MATH Psifl MO3UTUBHUX (EKTIB JIsl EKOHOMIKU
Oyab-sikoi KpaiHu 3a yMOB (POPMYBaHHS BAAJIOTO MEXaHI3My PEryJIIOBaHHS. 3arajibHUA 00CsT
CBITOBOTO PHUHKY OyKMEKEPCHKHX MOCIYyT MPOIOBKYE POCTH, OCOONMBO Yepe3 PO3BHTOK
oHJaifH-cTaBoK. Jlo 2023 poky riao0anbHUI PUHOK IrOp MOKe OyTH OLIHEHHH B COTHI
MUIBSIPZIB AOJapiB. €BpOMNa 3aIUIIAE€THCS OAHUM 3 HAHOUTBIINX PUHKIB U1 OYKMEKEPChKHX
nociyr, ocobnuso y Benukiii bpuranii, ne OykMekepcbKi KOHTOPHU € 3HAYHOK HYACTHHOO
puHKY rpampHuX irop. IliBHiYHa AMepuKka BIA3HAYAETHCA CTPIMKMM 3POCTAHHSM ITiCIS

nibepanizanii 3aKkOHOAABCTBA Y Aekiibkox mratax CIIIA, siki qo3BONMIN CIOPTUBHI CTaBKU. B
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A3ii pHHOK TaKOX PO3IIMPIOETHCS, 30KpeMa 4epe3 MOMyJsipu3aliro MOOUIbHUX CTaBOK 1
301IbIIEHHS] BHKOPHCTAHHS IHTEPHETY B PETiOHI.

B Vkpaini mapasi npaigoe Oinpme 10 BimoMux OyKMEKepPCbKHX KOHTOpP, X OCHOBHA
cneundika IisUTBHOCTI — OHJIAKH, ipoTe oddraliH TAKOXK € KOHTOPH, Y SIKUX MOXHA 3poOHuTH
CTaBKy Ha Ty, YH 1HIIy CHOPTHUBHY MOAII0. BapTo 3a3Ha4nTH 1po npobiieMy peryJroBaHHsS Ta
Jeramzauii gaHoro Buay Oi3Hecy B Hamnii kpaini. 3 2022 poKy BHACHIAOK  pAnyY
aJIMIHICTPATUBHUX MOPYILIEHb IJIsI YACTUHU KOHTOP OYJIO BIAMIHEHO JILEH310 HA JisUTbHICTb.
[Topsia 3 THM NMOMUT Ha iX MOCIYTH MOIPH NepeXif] B TIHbOBUI CEKTOP €KOHOMIKHU 30epiraeTbes

Banosuii noxix BP B cBiTi B 2022 p. B cBiti 109 Mpa. noi. Ta akTUBHO 3pocTtae. B Ykpaini
CKJIAHO AOCHIUTH OPiLiiiHYy CTATHCTUKY, OCKUIBKH JIMIIE 3 pik Oi3HEC € JeraJbHuM, 1 Mg
BIUTMBOM BilfHM JOXOAHM BIJ rpajbHOro OizHecy B 2022 powi Bnajgu (PakTHYHO HA MOJIOBUHY.
IMopsim 3 TuM, B LJIOMY PO3Mip PHUHKY OHJIAIH-CTaBOK Ha CHOPT B YKpaiHi 3a JOXOJaMH B
2017-2022 pokax MpOAOBKUB MATH YITKY TEHACHIIIO 10 3POCTaHHS, 33 PIK B CEPEIHbOMY Ha
5%. B 2023 poui KPALJI Bunana 1 ninensito bK. Ha nannii yac BifncyTHs oHOBJIeHa 1HQOpMALTist
npo (akTU4YHI HAAXOIKEHHS 1O JEep’KaBHOrO OrokeTy VYKpaiHW Bifg Jieramsarii
OYKMEKEPChKHX TOCIYI BHACITIOK BHSIBIEHHS Psiy aaMiHICTpaTUBHHX mopymeHb BK Ta
NPOBENEHHsIM po3ciiayBaHb. [IpaBoBuii craTyc OYKMEKEPCHKUX MOCIYT OXOIUIIOE HE TIJIbKU
npoIec JNEeH3yBaHHSA, aje N BCTAHOBIICHHsS MPAaBHJ, SIKI PEryIOIOTH PEeKJIaMy, YMOBH
00CITyroByBaHHsI KJIIEHTIB, 3aXO1 ITPOTH BiIMUBAHHS IPOIIEH, IPUHIUITH BiATIOBI AAJBHOI IPU
Ta 3aXUCT OCOOMCTUX MAaHUX KOPUCTYyBadiB. €BPOMEHCHKUH MiAXiA OO PEryIOBaHHA YacTO
PO3MIIANAETHCS SIK 3pa30K 30aIaHCOBAHOI CUCTEMH, STKa OTHOYACHO 3aXHINAE TPaBa CIIOXKHBAYIB
Ta CHpHUsiE CTablIbHOMY PO3BUTKY reMOJIiHTOBOI iHAyCTpii. s 3aificHeHHsT OyKMeKepChKol
IisUTbHOCTI B YKpaiHi KOMMaHii MOBWHHI OTpUMAaTH JineHsiro Big Kowicii 3 perymoBaHHs
azaptHux irop Tta jorepeii (KPALI), sika 3a0e3neuye Harjsg i KOHTPOJIb 32 JOTPUMAHHIM
3aKOHONABCTBAa. BHCOKa BapTiCTh JIEH31HHOro 300py Ta MEPIOAMYHI IUIATEXI CTBOPIOIOTH
eKOHOMIYHI Oap'epu Il BXOAY Ha PUHOK. 3aKOH BHU3HAYAa€ BUMOTH JO MICIb MPOBEACHHS
a3apTHUX 1rop, KUJIBKOCTI MyHKTIB MPUHOMY CTaBOK, MPABUJI IPH, 3aXHCTy JAHUX T'PABLIB, a
TaKOXK 3aXOAIB MPOTH YYaCTi B a3apTHHUX Irpax HEMOBHOJITHIX Ta 1HIIUX BPA3JIUBUX TPYII
HacelneHHs. He3Bakaroum Ha TMO3UTHBHI 3MIHM, 1HAYCTPIS TPOAOBXKYE CTHKATHCA 3
npobieMaMy, TAKUMH SIK BIIMUBAHHS TPOLICH, HEOOXITHICTh YAOCKOHAJICHHS 3aKOHO/IaBCTBA
Ta 3a0e31ne4YeHHs ePpeKTUBHOTO KOHTPOJIO 38 HOTO JOTPUMAHHSIM.

Ha 2023 pik gume Parimatch, Favbet 1 Vbet Oymu o¢iuiiHO JiIleH30BaHUMH
OyKMEKepCbKIMH KOHTOpaMH B YKpaiHi, MPOTE BHACIIOK BHUSBJICHUX aJMiHICTPATUBHUX
nopyiens Parimatch 1 Vbet 3akpunu cBoi BeGcaiiTi B kpaini. Jleramizamist OykMeKepChKHX
MOCHYT - [ KOMITJISKCHUH MpoIec, SKUil Mae sSIK MO3UTHBHI, TaK 1 MOTEHIIHHO HEraTHUBHI
HACNIJKK JIi CyCHiJIbCTBA Ta €KOHOMIKM. Ha xamp, 3HayHa uactka BK mpomoBxyroTh
NPALOBATH B MIAMIJUI, TAKUM YHHOM MNPALIOIOYH B TIHBOBOMY CEKTOPI €KOHOMIKHM Ta He
3/11CHIOKOYH MTOAATKOBI BUILIATH HA OCHOBI OTPUMAHUX JJOXOIIB.

B akamemiuHOMy nucCKypci OyKMEKEpCbKl IOCIYTH PO3IJBSINAIOTHCS 4Yepe3 MPU3MY
a3apTHUX 1TOp, (PIHAHCOBUX PUHKIB Ta TeOpii PU3UKY Ta HEBU3HAYEHOCTI. BUeHi BH3HAYAIOTH
OyKMeKepChbKl TIOCIYTH SIK IiSJIbHICTD, IO OXOIUIIOE Pi3HI aCHEeKTH, BiA poji OykMmekepa siK
NOCEPEIHNKA Y CTaBKaxX Ha MOJil 3 HEBU3HAYEHUM PE3YJIbTATOM A0 IXHBOI QyHKII sIK 3ac00y
PO3MOALNY PU3HKIB.

HocTranoBka npo6aemu. Ll yactuHa craTTi OmHUCye mpoOseMy, PO3IIIAae 3arajoM
TOCII IPKEHHS Ta HOTO 3B'sI30K 3 BAKJIMBUMHU HAYKOBHMH 1 IPAKTUYHUMH 3aBIaHHSIM.

AHAJI3 OCTAHHIX AocHiTxKeHb i myOuikamiii. HaykoBii 4HacTo aHami3yrOTh PUHOK
OYKMEKEPChKHX MOCIYT dYepe3 Mpu3My HOro JUHaMiKH Ta 3pocTtaHHs. Hampukian, y podorax
MOYKe HTHCS PO IOPiYHI TEMITH 3POCTAHHS, HOBl TEHACHII] B 3aKOHOAABCTBI, IO PETYJIIOE IIF0
chepy, Ta 3MiHY TMOBEAIHKU CIIOKMBA4iB, OCOOJMBO B KOHTEKCTI MEPEXOAy Ha OHJIAWH-
¢dopmaru. [xxonaran b. Xinn (Jonathan B. Hill) 1 Jlesonn b. Hapkessia (Levon B. Charkazyan)
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y CBOiX poboTax MiJAKPECTIOITh BAKJIUBICTh BIPOBAKEHHS TEXHOJOTIYHUX 1HHOBAIIA JJIs
npuBaOJIeHHS]T HOBHX KIJIEHTIB 1 3a0BOJieHHS moTped moceigueHux rpaBuiB[SS]. Jlxymis
Xvopcran (Julia Horstad), Bkasye Ha TeHmeHIii Ta BHNOJOOAaHHS B CErMEHTI MOOLITBHUX
kopuctyBadiB. Exonomictu Jleonin bormanoB ta Mapk I'pudditc, po3risimaroTh BILUTUB
OYKMeKepChKHUX MOCITYT HAa €eKOHOMIKY B IILJIOMYy. BOHU aHAJI3YIOTh, SIK JOXOH Bl IPaJIbHOTO
013Hecy BIUTMBAIOTh HA MOJATKOBI HAIX OJIKEHHS Ta 3alHATICTb, & TAKOXK K1 COLIaJIbHI BUTPATH
Hece 3a cOOOI0 3aJIeXKHICTh BiJ a3apTHHX irop. Ha Mi>kHapogHOMY piBHI Taki AOCHIJHUKH, SIK
Pobept Binmisimc (Robert Williams), mopiBHIOEpery IIOBaHHS OYKMEKEPChKUX MOCIYT Y PI3HUX
KpaiHax 1 HOro BILUTMB HA 3aXUCT CIOXHBAYiB, & TAKOK Ha e€(PEeKTUBHICTb pUHKY. ExcrepTu
Mapria laprmnc (Martin Sharple) 1 Pebexka Kaccini (Rebecca Cassidy), aHami3yrTh, sk
3aKOHONaBYl 3MiHU BIUTMBAIOTh HA PO3BUTOK PUHKY. IIpoOnema irpoBoi 3aieKHOCTI TaKOX
BUCBITJIIOETHCS] Y HAYKOBHX poOoTax, Takux sik pociimkenns xxkuma Opdopaa (Jim Orford),
SIKUH BKA3y€ Ha HEOOX1THICTh O1JIbIN BiIMOBIAAILHOTO HAJaHHS OYKMEKEePChKUX TIOCTYT.

Merta ny6aikamii. TakuM YHHOM, BPaxOBYIOUHM AaKTyalbHI JOCHIIKEHHS B IIbOMY
HANpPSIMKY, MOYKHA 3pOOUTH BUCHOBOK IIPO T€, IO PUHOK OYKMEKEPChKHUX MOCHYT, sIK 1 Oyb-
sKa 1HIIA 1HAYCTPIsA, 31IITOBXYETHCS 3 PSAIOM BUKJIHKIB Ta npodieM. [IpoGnema BU3HaYEHHS
epeKTUBHOCTI OYKMEKEPChKHX TOCIYT MOJISATAE B MEPIIy Yepry B TOMY, LIO y Tajly3i HE ICHYE
yHIBEpCAIIbHUX KpHTepiiB A ouiHku. EdexTuBHICTh MOXe OyTH BH3HaueHa dYepe3 pi3Hi
napaMeTpu: mpuOyTKOBICTh, 3aI0BOJIEHICTh KJIIEHTIB, OOCST PHHKY, IHHOBAMIHICTh TOIIO. bes
YiTKO BUSHAYEHUX CTAHIAPTIB, KOMITaHii MaIOTh CAMOCTIHHO BCTAHOBJIIOBATH, SIKI ACTIEKTH CJTi ]|
BBAXKATH HAWOLIBIN BAXKJIMBUMU /IS IXHBOI AISUTBHOCTI, 1 SIKUM YHHOM IIi aCTIEKTU MArOTh OyTH
ouiHeHi Ta iHTeprperoBani. Cepex 1HIIOrO BaXUIMBY pPOJib Ipae€ CyO'€KTUBHICTH B OLIHLU
3aIOBOJICHOCTI KIIEHTIB, mpobyiema acumerpii iHpopmamii, eTuuHi npodiemMu, , NMHTAHHS
peryysinii B pi3HUX KpaiHax . Pe3romMyroun, MeTor poOOTH € JOCHIIKEHHS TEOPETHYHUX Ta
NPUKJIAHUX acTIeKTiB pOpMyBaHHS PUHKY OYKMEKEPChKUX MOCIYT B YKpaiHi.

2. METOAU AOCJIKEHHSI.

JUis nociipKeHHST BUKOPUCTAHO - METOAU CIIOCTEPEXKEHHS Ta MOPIBHSHHS, a TaKOX

CTaTUCTHYHI Ta IrPOBI METOAM, IO BPAXOBYIOTh 0a30Bl MOHATTS TEOPii IMOBIPHOCTEH.
3. PE3YJIBTATHU TA OBI'OBOPEHHA
PunOK OyKMEKepChKUX TOCHYT € Iy’K€ KOHKYPEHTHHM, 1 YCIIX Ha HbOMY BUMArae He

TIIBKA 3AaTHOCTI BIJMOBIAATA HAa TOTOYHUN TMOMUT 1 TPOMO3MIIID, ane U mependadatu
MaifOyTHI TeHAEHLIl Ta 3MiHH y cdepi 1HTepeciB Ta TNOBENIHKH CrHoXuBadiB. Hiokue
CXEMAaTHUYHO 300pakeHO TPHUKIAAHI acrekTd (OPMyBaHHS TMOMUTY Ta NPOMO3MIII Ha
OykmekepcbkoMy puHKY. [lo BBeneHHst 3akoHy Ne 1334-V1, inaycTpist a3apTHHX irop B YKpaiHi
3a3HaJla 3HAYHOTO 3pOCTaHHs, 301mpmmBIIKCh 3 2005 mo 2008 pik 3 346 MITH €BpO 10 Maiixke
967 muH eBpo. Irposi aBromaru renepysanu 73% noxoxis, OykMeKkepcbki KOHTOpH - 16%,
notepei - 7%, a ka3uHo - nuiue 4%. ITicns 3MiH y 3aKOHOABCTBI irpoBa IHAYCTpIs "3aHypuiacs
B TiHB", MACKYIOUHUCH i JIOTEPEHHY AlSUIbHICTD. 3BIT AHTUMOHOIIOJBHOTO KOMITETY BKA3YE,
IO BHECKH BiJl JIOTepeil 10 nep:kOrmKeTy 3pociu 3 66,3 MitH rpH 10 320 MJIH IpH y epion 3
2009 o 2014 poku. barato azapTHuX irop i OyKMeKepCTBO IePEeOPiEHTYBAINCS HA JOTEpEHHUN
cektop, ne B 2013 pomi 80,7% cTaBOK B JAEpKaBHUX JIOTEepesx OyjiM Ha irpH, CXOXl Ha
3aboponeHi. OcKiIbkH OIBIIICTh CTABOK HA CIIOPT Tenep pOOUTHCS OHJIANH, peanbHUN 00csAr
OyKMeKepChbKOl AlsUIbHOCTI, IMOBIpHO, Habarato Oinbiuuii. Bamoswuii noxin irpooro 6i3Hecy B
cBiTi B 2022 pomi ckiaB npubmuzao 225 mupa. $. B Ykpaini po3mip puHKY OHJIAitH-CTaBOK
cranoButhb 155 Mt $ B 2022 poui. [lo Gromxkery Oyio crtadeno 1.6 mupa. rpH. B 2021 por.
Ha xinbkicTh crimaueHnx nonatkis B 2022 poui CyTTEBO BIUIMHYJIO BTOPrHeHHs PD, Tak B 2022
poui g0 Oromkery Oykmekepamu Oyio criadeno 0.85 mupa. rpH.
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MOYaTKOBa cyMma JuIst BUBOAY KowTiB - 71 rpH. CepenHiit po3mip Mapxi Ha seraim3oBaHux BK
CTaHOBHTH 5-6 %. OCHOBOIO [IJIs1 OTPUMAHHS IOXONY, SIK 3a3HAYAJIOCS PaHIIIe € Mapika, HIXKUIe
300pakeHl TOKa3HWUKU cepenHboi Mapku OykmekepiB. CepemHiii po3mip Mapki Ha
neram3osanux BK cranosuts 5-6 %.

Tabnuys 1
Kinskicai nokaznnkn BK Ykpainn B 2023 pomi
Caiir MiniMaanHmii Bonyc, MiniMaabHa MiniMaabpHa cyma
JAENno3ur, I'pH I'PH CTABKA, TPH BHUBOJ1Y, I'PH

favbet.ua 25 4500 3 100
vbetua.com 10 3000 3 50
gg.bet 40 3500 5 100
melbet.org 25 2900 10 40
mostbet.com.ua 40 9000 5 150
betwinner.com 25 3000 5 40
fan-sport.com 10 3000 3 50
betandyou.com 25 4300 5 40
lwin.com 40 20000 1 40
parimatch.com 50 2500 20 100
CeperHe 3HAUCHHS 29 5570 6 71

IIpoBeneno ananiz BK Ha ocHOBI momykoBUX 3amuTiB. B I1JIOMy 3amuTH Ha MOCITYTH
BK y 3B’s13ky 13 COVID-19 nemo nmamanu y MOpiBHSIHHI 13 MUHYJIMMU MICSALEIMH (L€ TaKOX
BUHHUKJIO y pPE3yJbTaTi NPHUIMHEHHS MPOBEACHHS CIOPTHBHMUX, Ta IHIIMX MOAIH), MiCIs
neramizauii B 2021-2022 poni 3anuti Ha BK 3poctamu. Tlopsin 3 TUM ciif 3a3HAYUTH, TTIONPU
ckacyBaHHs Jiuen3ii s psny BK e va [TapiMatd monut B 3amuTax BIIaB, 1€ OB’ SI3aHO 13
CKJIAJHICTIO BHBEICHHS KOIUTIB Ta 3MEHLICHHSM pekyamu, monut Ha pemty BK mpomosikye
3poctata. TOB «ITAPI MATY» 3 2022 poky mae cran mono 3anutis Ha 18%, TOB «BBET»
Ma€ 3pOCTaHHs 3amuTiB B cepenHboMy Ha 12%, TOB «®ABBET» - nemoHCTpye 3pOCTaHHs
3anuTiB 36%. OcHoBHIMHU obnacTsimu, e TOB «ITAPI MATYY, KOPUCTY€ETHCS MOMYJIAPHICTIO
— 3axigna Ykpaina. TOB «®@ABBET», TOB «BBET» nonynsapsi B IliBHiuHii Ta LleHTpanbHiii
VYkpaini. B niiomy He3Baskarouu Ha BOEHHUH cTaH B Kpainu iHTepec 10 BK 30epiraernces.
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crpareris nepeadavae O11bLT 00'€KTHBHUMN MIAX1A 10 CTABOK HA OYKMEKEPCHKOMY PUHKY, ajie
BUMArae BEJUKOI OOEpeKHOCTI Ta TIHMOOKOro po3yMiHHS Teopii KMoBipHOCTeH. Takoxk
BAKJIMBO MaM'sITaTH, 110 HABITh 3 BUCOKUM CTYTIEHEM aHaJi3y 1 mepen0aueHHs], CIIOPTUBHI MO
3aBXKIM MAOTh CBIM CTOXaCTUYHUH XapakTep, 1 rapaHTil IepeMOrH HEMae.

I'oOBHUM 1HCTPYMEHTOM pETyJIIOBaHHA NPUOYTKOBOCTI Ta PHU3UKY BEACHHS
OykMekepcbkoro Oi3HECY € BCTaHOBJIEHHS KOe(IIiEHTIB Ha CTaBKH, siki O TpUBaOIIOBAIH
KJI€EHTIB 1, BOIHOYAC, HE MPU3BOIMIN O OaHKPYTCTBA KOMMaHii. byo po3risiHyTo MexaHi3M
OUiHKU Koe(iumieHTIB Ha BUTpawl, skui 3abe3nedye NMpUOYTKOBICTb Ta MOMYCTHUMUN PiBEHb
pU3HKy. 3a pe3yibTaTaMH AOCHIIKEHHS OyKMEKepy He TaK BaKJIMBO BHUCTABUTH peajibHE
CIIBBITHOIIEHHS CUJI, SIK TOTPIOHO MPAaBWIIBHO PO3PaXyBaTU TyMKY IPOManChbkocTi. ToMy He
3aBKIM, KOMaH/a Ha sIKy BUCTaBWIH KoeditieHt 1,3, Mae aiiicHO 77% HMOBI pPHOCTI TIEPEMOTTH.
B rnobanpHMx macmrabax MIOAO MOJANBIIOTO PO3BUTKY OYKMEKEPCHKHI PUHOK € JTOCHTH
PUOYTKOBHM CEKTOPOM, 1 BIH MPOJOBIKYE 3pOCTATH 3aBSKH ITOIIUPEHHIO IHTEPHET-reMOIIHIY
Ta JIeraji3aLii CTaBOK Ha CIOPT y OaraTbOX KpaiHax.

4. BUCHOBKHN TA HEPCIHEKTUBHU NOJAJBINNX JOCIII)KEHDb

MaiiOyTHe OyKMEKepChbKHX KOHTOp Oyae 3aiexaTH BiJl MOAANbIINX IHHOBAIN B
TEXHOJIOTISIX 1 MOCHJIEHHs peryoBanHs 1HaycTpli. Lludposizamis Ta rimodanizanist CTBOPIOIOTH
HOBI MEPCIIEKTUBH JJIsl POCTY PUHKY, B TOH 4ac K OyKMeKepaM JOBEAEThCS alanTyBaTUCS 10
BUMOT IIPO30POCTI 1 BIANIOBI JAIBHOTO IPasIbHOTO Oi3HeCY. BakmuBicTh OyKMEKepChKUX KOHTOP
y CBITOBOMY CIOPTHBHOMY Ta pO3BKaJIbHOMY CEIMEHTI 30epeKeTbCs, SIKIIO BOHHU
MPOZIOBXKATh BIOCKOHAIOBATH O€3IMeKy Ta YECHICTh CBOIX MOCIYT, a TAKOXK Oy1yTh ePeKTHBHO
pearyBaTH Ha 3MiHH Y CTIO’KHBALIBKOMY ITOMHTI Ta €KOHOMIYHI KOJIMBaHHS. BykMeKkepu MOBHHHI
OyTH THYYKHMH, aKTHBHO BHKOPHUCTOBYBATH COLIAJbHI MEPEkKi, MapKETUHIOBI CTpaTerii,
NPOTpPaMU JIOSTIBHOCTI ISl TPUBAOJICHHA KJIEHTIB 1 TMiABHINEHHS SIKOCTI OOCITYTOBYBaHHS.
BoHu Takok TOBUHHI M IXOANUTH 10 PEKJIAMH CBOIX TOCIYT BIAOBIAIBHO, YHUKATH L1JIBOBOI
ayAUTOPIi, 110 BKIIFOYA€E HEMOBHOJIITHIX Ta BPA3JIMBI rpynu HacesneHHs. HapemTi, BaxinBa ixHs
poOJb y CHiBOpaLl 3 MIXKHAPOJHUMH OpPTaHi3amisiMU U MATPUMKH YECHOCTI B CHOPTI Ta
3ano0iraHHs MaHIMYJISALISIM, TAKUM SIK TOTOBIPHI MaTHdl, 32 JOIIOMOTOI OOMiHY 1H(pOpMAILI €O
Ta CUCTEM TOIEPEIPKEHHS PO MiI03pPiyi CTaBKU. PHHOK OYKMEKEepPChKHUX MOCIYT € BAKIMBUM
Ta MEPCHEKTHUBHUM U1 Y KpaiHU OCKUIBKU (DiCKambHUNA e(peKT AN AePKaBHOTO OOIKETY
YKpaiHu OONMOMOXKE CHPSMYBAaTH KOJOCAJTbHI HAIXOMKEHHS, L0 JAOMOMOXKYTh PO3BUBATH
1HQPACTPYKTYPY, CIIOPT, MEAULIMHY, MOMYJIIPU3YBATH KYJIbTYPY CEpell HACEICHHS.
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3. 3akononpoekt Ne 2713 Tlpo BHeceHHs 3MiH A0 IlogaTkoBOro KOIEKCY OO
OTIO/IATKYBAHHS AOXOAIB BiJl OpTraHi3alii Ta MPOBEACHHS a3apTHHX 1TOP.
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94acTOT 3Ha4eHb. [[pyre 3aBHaHHs - BUBYEHHS 3aKOHOMIPHOCTEH MPOITYCKY JaHHUX y Oararbox
3MiHHUX. Hanpukmaz, 9u € Taki 3MiHHI, 3HAYeHHS SKUX BIICYTHI HalJacTimie?

[Iponyiieni naHi CTBOPIOKOTH MBI OCHOBHI TpodOjiemu. BOHM 3MEHINYIOTH KiJIBKICTh
BUTAJIKIB, MPHUIATHUX IJIsI aHAJI3y, 3HWKYIOUM TAKHUM YHHOM CTAaTHCTUYHY MOTYXKHICTb, a
TAKOX BOHH MOXYTb OyTH JIKEPEJIOM CUCTEMATUIHO! TIOMIIIKH.

Hagenemo muisixu BUpILIEHHS TPOOJIEMH: JOKJIACTU TOJATKOBHX 3YCHIIb [T 3aITIOBHEHHS
MPOMNYIIEHUX JaHHX, 3'ICYBABIIH IPUYHHY iX BIICYTHOCTI, 3aCTOCYBATH 1HIINI Cr1OCi0 aHANI3Y
IaHWUX, TaKUi sk OaraTopiBHEBa MOJENb, 3aMICThb KJIACHYHOI MOJEJN MOBTOPHUX BUMIPIB;
BITHOBUTH TPOMYIIEHI 3HAYEHHS 32 JOMOMOIOK METONIB HaHOLIBIIOl MpaBaonoaiOHOCTI Ha
KIITANT THX, IO AOCTymHI B Moayiai MVA mporpamu SPSS, abo BUKOpHCTOBYBaTH METONU
MHOKMHHOTO 3aMIIIEHHs MPOIyLIEHNX 3HA4Y€Hb, Peaji30BaHl B TaKUX mporpamax, sik SAS
NPOMNYIIEHNX JAaHUX BOHU 3aMIIIAIOThCS HA 3HAUEHHs, 3aCHOBaHI Ha ICHYIOUMX MaHUX, B
pe3yJIbTaTi 4Yoro MU OTPUMY€EMO NIOBHUH Hallp MaHUX; CTBOPHUTHU A0AATKOBY 3MiHHY (O, 1) mst
MO3HAUEHHS! MPOIYLIEHUX JAaHUX TOPST 13 3aMiIEHHSIM MPONYIIEHUX JaHUX;, BUIATUTH PSIIKA
a00 CTOBMII 3 BEJHKOK KUIBKICTIO IpomyiueHux aaHux. (Lle mpumycTumo, TIIBKH SIKIIO
npobyiemMa TMOJSIrae y HEBEJIMKOMY YUCHL PSIIKIB Ta/abo0 CTOBMINB, SIKI HE AYXKe BaKIIUBI IJIsI
BAILIOTO AHAJII3Y, 1 IIe MOJKE CTaTH JKEPESIOM CUCTEMATUYHOI IOMIUIKH, SIKIIO AaHi MPOMyIIeH]
HE I[IJIKOM BHIIAJIKOBO.);BUKOPUCTOBYBATH 3aMIIEHHA 32 YMOBH, 3aMIHIOKOYH TMPOIYIIEHI
3HaUYEHHS HA HasBHI (HE PEKOMEHOYETHCS, OCKUIBKH MO)XKE TPHU3BECTH 10 3aHIKECHHS
OUCTepCii); BUKOPUCTOBYBAaTH TMPOCTE 3aMIMIEHHS, 3aMiHUBIIN MPOMYIIEH] 3HAYEHHS,
HANpPHKIIAM, CEPEeIHIM 3HAUYSHHSIM (He PEKOMEHIY€EThCS, OCKUIBKH Malike 3aBXKIU MPU3BOIUTD
10 CHUJIBHOI HEOOLIHKHU TUCTIEPCi).

Jlireparypa
1. XKepnmiuun JI.M., Hakoneuna K.B., I'amaesa JILB. Cratuctuunuii aHaji3 1 Bi3yaji3aiis
nanux. Hasuanbuuii mocioumk. Kuis. Komnpunr 2022, 267 c.
2. XKepmiumn JIM. Haxoneuna KB. IlpuknamHa craructuka IJsi €KOHOMIYHOTO
OOrpyHTYyBaHHHS iHXXeHepHUX pimeHb. Kuis.- Komnpunr 2023. 232 c.
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ITPOBJIEMH 1 ITEPCITEKTUBH PUHKY S€Lb YKPATHHU TA MO0 AHAJII3

AHoTaris. VYKpaiHCBKHH pPHHOK S€0b B OCTAHHI POKH XapaKTCPH3YETHCA CHATHOKO
KOH FOHKTYpo¥0. Lle moB’s13aH0 3 00cATaMu BHPOOHHUITBA 1 0OMCIKCHHUM CKCITIOPTOM TAa BOEHHHMH
OIIMH HAa TCPUTOPil YKpaiHm. OxapakTepU30BAHO JHHAMIKY BHPOOHHITBA A€Ob B
CITBCHKOTOCTIONAPCHKHUX TiAmpueMcTBaX. OXapakTepU30BAHO KOJWUBAHHA LiH HA SHIA, 3MiHH
00CSITIB EKCHIOPTY S€LB

Kuro4ori cyioBa; siiing, puHOK, 00CATH BUPOOHHUIITBA €D, CKCIOPT, CIIO’KUBAHHS, [IHA.
BCTVYII

Cooroani sl € OOHUM 3 OCHOBHHX JKepeN TBapUHHOro Oijika AN OpraHi3my. 3a
OaHUMH Acowiamii NTaxiBHUKIB YKpaiHW, IMOPIYHO Yy CBITI CIIOXKUBAETHCA OJHM3BKO 567
MUIBAPAIB KypsiuuX sielb. OfHAaK HenmepepBHUH MOHITOPUHT yMOB IPOMHCIOBOCTI Mae
BUpILIAJIbHE 3HAYEHHS U1 YCHOIIIHOTO MAapKeTHHIY Ta IUIAHYBaHHS BHPOOHHULTBA.
AHaN3yI041 CTATHCTUYHI JaHI MUHYJIUX TIEP10/1iB, MOYKHA OTPUMATH 3arajbHl TEHACHLI] 00
MOJAJIBIIIOTO PO3BUTKY PUHKY SIELD.

MocranoBka mnpoGuaemu. OcTtanHl TOXli CYTTEBO BIUIMHYJIM HA CHUTYAIll0 Ha
YKpaiHCBKOMY PHUHKY sielb. BifiHa Ta okymauisi Teputopii YKpaiHU NpHU3BENIH 1O 3MiH Y
CTPYKTypl mNTaxiBHALUTBA. PHHOK s€Ib, OKPIM CHPHUSTIMBUX IEPEIyMOB Ta 3arajbHOTO
PO3BUTKY MIANPUEMCTB y LIBOMY CEKTOpi, NEMOHCTPYE BHCOKY BOJIATHJIbHICTH I[IH Ha
MPOAYKLIIO, CKJIaTHE (POPMYBAHHS TOBIOCTPOKOBUX €KCITOPTHUX BiTHOCHH Ta HEBU3HAYEHICTh
MaiOyTHIX cTpaTerii pO3BUTKY.

AHami3 OCTaHHIX JOCHUKeHb 1 mnyOmikamiil. J{OCHiDKeHHSIM PHUHKY MPORYKINI
nTaxiBHUITBA npucBsiueHi npaui P. Bypska, F0. I'yni, T. I'ypenxo, JI. Mapmynb, P. MuHisa, C.
[Mamko, B. Tonixu, @. Apomenko, 1. AcinoBcbkoi, . Amipa Ta iHIIUX BYSHUX

Mera ny6aikaunii. [TpoananizyBatu Ta JOCTIAUTH PUHOK S€b Y KpPaiHH, BU3HAYCHHS
npobJeM 1 IepCeKTHB HOTO PO3BUTKY.

PE3YJIBTATHU TA OBTTOBOPEHHA

Po3BuTok mTaxiBHULTBA B YKpaiHi 32 OCTaHHI POKH 3a3HAB KiJIBKOX BaXUIUBUX 3MiH,
CHIPAMOBAHNX Ha i ABHUIIEHHS MPOXYKTHBHOCTI T4 €KOHOMIYHOI e(beKTI/IBHOCTl i€l rany31
OnmHuM 13 BaXUIMBUMX LUIAXIB AOCSATHEHHS LUX LiJIeH € crhemiamisamiss 1 KOHLIEHTpaLis
BUPOOHHUIITBA, MEPEXiA Ha IHAyCTpianbHy 0a3y, CTBOPEHHsS MAacIITaOHHUX AarpOXOJIUHIIB,
no0IN3y BETMKUX MICT 1 TPOMHCIIOBUX LIEHTPIB.

[TraxiBHUIITBO B YKpaiHI Ma€ MOTEHIA] AJISl MOAANBIIOrO 3POCTaHHS Ta PO3BUTKY, a
mepexiy 0 BEIHKHUX  CLIbCBKOTOCIIOAAPCHKUX — KOMIUIEKCIB ~ MOXKE  IIIBUIIHTH
KOHKYPEHTOCIIPOMOXKHICTh Ta BUPOOHMUMI noTeHwian. Takuii miaxig CopusTiMe MiABUIICHHIO
NPOAYKTHBHOCTI Ta MPHOYTKOBOCTI Trajly3l Ta CTaHE BAXKIMBUM (PAKTOPOM AJIST MOJANBLIOTO
PO3BHUTKY rayy3i Ta KOHKYPEHIli Ha CBITOBOMY PUHKY.

IIpore vepe3 kpu30Bi Ta TpaHcoOpMaLiiiHi sSBHUIIA YKPAiHCHKOI €KOHOMIKHM 1CHYIOTh
NEeBHI TEPEINKOAN JUIsI PO3BUTKY IMPOMHCIOBOrO sielb. Uepe3 HecTaOlIbHY CHUTyalllo Ta
CKJIaJHI €KOHOMIYHI YMOBU BUPOOHHUITBO SIEIH 3HAYHO 3HIU3UIIOCS.
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CYYACHI ITPOBJIEMH BUKOPUCTAHHA CTATUCTUYHUX TAHUX B
MOJEJITOBAHHI OLIIHKHW PU3UKY

AnoTtaris. MoICTOBAHHA PH3WKOBHX CHTYAIill Ta OLIHKA PH3WKY MOXS Oa3yBaTHCh Ha
JEKUTPKOX 1H(pOpMamiHHUX JKepesax cepen IKUX OJHHM 3 HaHOIIbII MOMIMPEHUX BHCTYIAIOTH
cratucThyHi JaHi. Tak, HAMPHKIAA, OIiHKA PH3HUKY 3MIHCHCHHA aTak Ha KOMIT IOTCPHY MCPCKY
3aJIeKUTh BiJ 3aTaTbHOI KiIJTBKOCTI aTaK Ta MOXKE OILIHIOBATHCH 3 BUKOPUCTAHHIM CTATHCTHYHUX
JAHWX Ta BU3HAUCHHS TCHACHIIN BiJTHOCHO 3arajJbHOi KIBKOCTI Kibeparak. PH3WK 3MEHINCHHS
TIOTIUTY HA TMIEBHHUH MPOIYKT YH IOCIYTY MOXE 0a3yBaTHCh HA CTATHCTHIHUX JAHHUX IPO 3MIHH
YUCEIPHOCTI UM CTPYKTYPH HACEICHHS ACpKaBy. [IpH HbOMY SIKICTh OTPHMAHHX CTATHCTHYHUX
JAHWX, MO BKIOYA€ B ceO€ TOUHICTH, HAMIHHICTH, BIANOBITHICTH (POPMH HATIPAMY BH3HAYAE
JOLUTBHICTh IX BUKOPUCTAHHS Ta BiANOBITHO €()CKTHBHICTh IPOLECY OLIHKH PH3HKY. B Takmx
yMoBax (hopMyBaHHS 0a3H 3HAHD UL MOAATBINOTO BUKOPHUCTAHHI OTPHMAHHX JAHHUX Y IPOIECi
MIPUHHATTS PIMICHb BITHOCHO YIPABIIHHI PH3HKOBHMH CHTYAIISIMH TA OLIHKH PH3HKY MOKIIHBC
JHMINE 32 YMOBH BHKOPUCTAHHS BiA(IIbTPOBAHUX HKEPEI Ta CTPYKTYPHOTO AHAMIZY OTPUMAHUX
JAHHUX.

Kouogi ciioBa: MoemoBaHHS OLIHKY PH3UKY, PH3HKOBA CUTYAIlisl, CTATUCTHYHI JaHI.

MonenoBaHHsI PU3UKOBUX CHUTYyallli Ta OLIHKA PU3UKY MOXKe 0a3yBaTHCh HA AEKIIBKOX
iHpopMaIIfHUX JDKepenax cepel SIKMX OJHMM 3 HaHOUIBII TMOIIMPEHHMX BHCTYMAKOThH
CTaTUCTUYHI faHi. Tak, HAMPUKJIA, Ol HKA PU3KKY 31 ICHEHHSI aTaK Ha KOMIT FOTEPHY MEPEKY
3aJIe)KUTh BiJ 3arajibHOl KUJIBKOCTI aTak Ta MOXE OLIHIOBATUCh 3 BHKOPHCTAHHSIM
CTATUCTUYHUX JAHUX Ta BU3HAYEHHS TEHACHLIN BIJTHOCHO 3arajbHOI KIJIBKOCTI Kibepartak.
Pu3uk 3MEHIIEHHS MONMHMTY HAa NEBHUH NPOAYKT UM TMOCIYry Moxe Oa3yBaTHCh Ha
CTATUCTHYHHX JIAHUX PO 3MIHU YUCEIBHOCTI YU CTPYKTYPH HaceseHHs nepkasu. [Ipu upomy
SIKICTh OTPUMAHHMX CTAaTUCTUYHHUX MJAaHWX, IO BKJIKOYAaE B cebe TOYHICTh, HAAIWHICTD,
BIATIOBIAHICTD (POPMH HAmNpsSIMy BU3HAYA€ MOUIJBHICTb {X BHUKOPHCTaHHS Ta BiJIOBITHO
e(peKTUBHICTb NPOIIECY OLIHKU PU3HUKY.

J10 OCHOBHMX MPOOJIEM IO BHHUKAKOTh IPH BUKOPUCTAHHI CTATUCTUYHHX JAHUX MOXKHA
BITHECTH HACTYIIHI:

-BIJICYTHICTh JJAaHHX (32 IIEBHUM ITOKa3HUKOM, 32 MIEBHUH Mepioxn),

-IPUXOBYBAHHS TAHUX,

-pi3Hi JoKepena 3 pI3HIMH JaHUMH,

-nicyBaHHs 00 3MiHA JaHUX.

HasiBHICTB BEMKOI KIIBKOCTI 1IHCTPYMEHTIB 300py, mepenadi Ta Bizyami3sarii iHpopmariii,
takux sk Google Data Studio mo3Bossie BUPIMIMTU NMUTAHHS KUIBKICHOTO HAIOBHEHHs 0aszu
JaHUX ajie He 3aBXKIU T03BOJISIE aICKBATHO OL[IHUTH SIKICTh OTPUMATH JAHUX Ta OOMPATH JINIIE
IDKepena o HalaloTh sSIKICH] 1aHi, 0OUpaTH MOBHI PAON JaHUX, OL[HFOBATH SIKICTh JAHUX ITiCJIS
IX OTpUMAaHHS.

B Taknx ymoBax ¢opmyBaHHS 0a3u 3HAHb IS MOAAJIBINOTO BUKOPUCTAHHS OTPUMAHUX
IaHUX Y TIPOLeci MPUHHATTS PlIIeHb BiTHOCHO YIIPABJIIHHS PU3UKOBUMH CUTYaLiSIMU Ta OLIHKH
PU3UKY MOJKJIMBE JIMIIE 32 YMOBU BUKOPUCTAHHS BiA(IIbTPOBAHUX pKepen. Tak, Hanpukian,
KOJKHE JKEPeNio MOXKe OTPUMYBATH Bary 3aJIe)KHO BiJl TOTO, HACKIJIBKU sAKICHA 1H(OpMALis
paHile OTPUMYBaJach 3 LbOTO JUKepena. MOIMBICTD OTPUMAHHS JaHHUX 3 PI3HUX JKepe
J03BOJISIE YCYHYTH NMPOOJIEeMY MOBHOI BIACYTHOCTI JAHUX — HEMOXIIUBO OTPUMATH aOCOIIOTHO
BCIO HEOOX1AHY 1H(OPMALIIO JIUIIE 3 OTHOTO KEpena.
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BukonyBaTu py4Hy MepeBipKy BXITHUX JAaHUX 3a JOMOMOIOK 3acO0iB Bidyaji3amii 4u
neperisily He 3aBXKAU PaLiOHAIBHO Ta JOLIJIBHO 3 €KOHOMIYHOI TOUKU 30pY, MEPEriisig BCiX
JaHUX HEMOXJIMBUH 32 YMOBH BEJIHMKOI KiJIBKOCTI ukepen iHpopmawii. ToMmy B mepiuy ydepry
HeoOX1aHO 3a0e3MmeYnTy NepeBipKy BXIJHUX TaHUX B ABTOMATHYHOMY PEXKUMI.

Tak, HanpuKIan, SKIIO 3 JpKepesa JaHUX Bke OyJI0 OTPUMAHO OAWMH pa3 HEINOCTOBIPHI
JaHi, BOHO HE MOX€ MaTW BHCOKWH piBeHb MOBIPH Ta BIAMOBIAHO BCl JaHI IO B HbOTO
HAIXOISTh HE MOXKYThb BHUKOPHUCTOBYBATHUCh HampsiMy Oe3 mepeBipku. BusHauumTH piBeHB
JOBIpU JIKEpesia MOKHA 3a JOMOMOTOK JaHUX IO OyJIH MepenaHl paHille sKIO iX MOXKHA
NOPIBHATH 3 €TAaJOHHUMH 3HA4YeHHSAMH. Tak, Hanpukian, sKIIO HaHOIIbIl TOYHUMH
pe3yJbTaTaMH PO YHUCENBHICTh BBAKATH MEPENUC TO MOLUIBHO MOPIBHIOBATH JaHI IO
HAJXOIMIN 3 MEBHOrO JUKEpesa 3 LIUM MOKAa3HUKOM. BH3HaueHHs! €TaJIOHHHUX NaHUX MOXKe
MPOBOAUTHUCH €KCIepToM ab0 aHAJITHKOM INO HaAajli MPOBOAUTH OLIHKY PU3MKY 3TITHO 3
OTPUMAHUMH BXITHUMH JaHUMH. Y SIKOCTI €TAJIOHHHUX 3HAYeHb MOXKYTb BUKOPHUCTOBYBATHCH
JaHl Aep KaBHUX OPraHiB CTATHUCTUKU abo 1HIN JpKepena IO € AOBIPEHHMH 3 TOYKH 30PY
eKcrepTa.

B Toli ke yac, maHWi MiAXiA YHEMOXJIMBIIOE MEPEBIPKY (IKTUBHUX NaHHUX sIKi Oyiu
3MIHEHI HABMHCHE, Ta MPHU LIbOMY iX HEMOXKJIUBO MOPIBHATH 3 €TAIOHHUMU. B 11bOMy BHIIaKy
JOLIJIBHO BUKOPHCTOBYBATH JIEKIJIbKAa METOIIB MEPEBIPKH OJHOYACHO Ta BU3HAYATH CTYIiHb
JOBIPHU J0 JKepeia 3a CYKYITHICTIO TOKA3HHKIB.

[Ipn 1pOMYy OTPUMAHHA TOYHHX Ta JOCTOBIPHUX NAHHWX 3 OQILIHHUX IKEpeT MOXKe
MPU3BOANTH IO BUKOPUCTAHHS 3acTapiiol iHpopMaLii o BXKe He € aKTYaJbHOIO Ta HAIXOINUTh
13 3ami3HeHHs OlJbIIe POKY.

OuiHKa pU3UKY HACTAaHHS PU3MKOBOI MOAll TaKOl SIK TOPOKHBO-TPAHCIOPTHA MPUTrOAa
BKJIFOYa€E B cebe Takuil mapaMeTp siK KiJbKICTh 3apeECTPOBAHUX TPAHCIOPTHUX 3acobiB. Ak
NpPaBWIO, MK LHUMH TIOKa3HUKAMH ICHY€ TPSMUH 3B'SI30K — 30UIbLICHHA KiJBKOCTI
TPAaHCIIOPTHUX 3aCO0IB MPU3BOAUTH A0 301JIBIIEHHS JOPOKHBO-TPAHCIIOPTHUX MPHUron. Tomy
OTPUMAaHHS TOYHHUX JAHUX PO KUJIbKICTh TPAHCIIOPTHHX 3aC001B Ta MOOYAyBaHHS JOCTOBI PHUX
MPOTHO31B HA OCHOBI WX JAHHX € OJHIEI0 3 KJIIFOUOBHX 3a/1a4 Uil PUHKY CTPAXOBHX TOCIHYT.

BincnigkyBatu KiJTBKICTh TPAHCIIOPTHHUX 3aC001B IO (PAKTUIHO BUKOPHUCTOBYIOTHCS Ta
NPURMAIOTh yYacTh y JOPOKHBOMY PYCl CKJIAgHIIIE — sSK MPABWJIO JaHWHA MOKa3HUK Oyne
HaOJIMDKEHWH IO KIJTBKOCTI 3aCTPaXOBAaHMX aBTOMOOIIB, TOMy IO aBTOMOOLT Oe3 momica
Maiike He BUKOPUCTOBYIOThCA. J{aHui mokasHUK Oye OibIn TOUHUM, ajie HOrO OTPUMAHHS He
3aBXKIOM MOJJIMBE uepe3 MyOmiuHi JuKepena NaHUX. TakuM YHHOM, MOJAETh OLIHKH PH3HKY
JIOPOXKHBO-TPAHCIIOPTHOI TMPUTONU MOXKE BUKOPHUCTOBYBATH OJHOYACHO SIK TIOKAa3HUKU
KIJIBKOCTI 3apeeCTPOBAHUX TPAHCIOPTHUX 3aCO0IB, TaK 1 MOKA3HHKHM KIJIBKOCTI MPONAHHX
NOJIICIB CTpaxyBaHHs aBTO. IIpy 1IbOMY IPOTHO3 KIJIBKOCTI aBTO HA PUHKY OZHOYACHO MOKE
BUKOPUCTOBYBATHUCh CTPAXOBUMH KOMIAHISIMHM Ui 1HIIUX LiJIEH — HAmpUKIan MPOTHO3Y
MIOTIUTY Ha PUHKY CTPAXOBHX TOCIHYT.

OxpiM KIJBKICHOI OLIHKM PHHKY aBTO Il (POPMYBaHHS OLUHKH PU3UKY B JaHOMY
NPUKJIaal JOLUIBHO BHUKOPHCTOBYBATH TAaKOX CTPYKTYpHUH aHam3. Tak, Hampukian,
301NbIIEHHS] KUJIBKOCTI 3apEECTPOBAHMX aBTO MOXKE HEMPOMOPLIHHO 301IBIIUTH PU3KK
TIOPOXKHBO-TPAHCIIOPTHHUX Tpuroa. ToOTo, sikimo Ha 2021 pik B YkpaiHi HapaxoByBajoch 10,2
MJTH TPaHCTIOPTHHX 3ac00iB 1 3a 2022 pik el mokasHUK 3011bmuBCs HA 0,5 MIIH, TO KUTbKICTh
(aKTUUHO BUKOPUCTAHHX 3aC0O01B 3pOCTac 13 OLIBIINM TEMIIOM HIJK PO3PaXyHKOBHI MOKa3HUK
4,9% Ta (pakTUYHO MOKE BHKOPHCTOBYBATUCH TUIBKW JJISi OLIHKH HAsSBHOCTI TEHIOEHII Ta
HANpPSIMKY 3MiHU TTOKa3HHKA.
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3Ha4yHy yBary BOHHU 30CEPEIMIIN Ha BUCBITJIEHHI TEHACHLI I pO3BUTKY IIM(POBOI €EKOHOMIKH, 11
30inpienHHi y cTpyktypi BBII npoBigHHX €KOHOMIK CBITY, Ha Cy4aCHHX IMpoLecax HugppoBoi
TpanchopMalii €KOHOMIKH. AJie TEMIU 3alpOBAKEHHs 1H(OpMAaLTHO-KOMYHIKaL[ HTHUX
TEXHOJIOT1H, OOYMOBJIIOIOTh 3aTPUMKY PO3BUTKY LIM(POBOI €EKOHOMIKH B YKpAiHi.

Meta ny0Oaikanii. AHanmi3 po3BUTKY Ta peaisauii nmpoekTa MUPPOBOi €KOHOMIKH, 3
MPUCKOPEHHSIM 3aIpPOBADKEHHAM 1H(POpPMaLiHHO-KOMYHIKALiHHIX TEXHOJIOTIH, BU3HAYEHHS
TEH/ACHLIN Ta BUAICHHA TPEHIIB LU(PPOBUX TpaHCPOpMAIil HaliOHAJIBHOI E€KOHOMIKU
VYkpaiHu.

Bukaan ocHoBHoro martepiany. Cexrop iHpOpMaLiiHO-KOMYHIKAII THUX TEXHOJIOT1H
€ TOJIOBHHUM Cepel KJIOYOBHX I1HHOBALIMHMX KOMIIOHEHTIB CydacHOro cBiTy. BoHu
NPEACTABIIOTh HOBY TEXHOJOTIYHY NApaJurMy, SKa HAJIEXKHTb OO THUIY TEXHOJOTIH
3aranpHoOro npusHaueHHs (General Purpose Technologies, GPT), siki IMPOKO 3aCTOCOBYIOTHCS
Ta QNANTYIOTHCS IO PI3HUX CEKTOPIB €KOHOMIKH. BHIIISIOTH Bl TOJIOBHI XapaKTEPUCTUKU
GPT: crmiibHICT 3aCTOCYBaHHS Ta IHHOBALI IiHA KOMIUTIMEHTAPHICTh

[udposa TpanchopMmalis € KIOUOBUM KaTtamizatropoMm pedopm B VYkpaini. IcHye
3aTBEPIUKEHUN Y PSAOAOM mepelik MmpoekTiB nudposoi Tpanchopmaii: E-mocayru, mudposa
TpaHcopMallsl Taly3ei, Oep:kaBHI PeecTpH, eNekTpoHHa ineHtudikaiis, E-memoxparis,
udposa ocBiTa, smart city, nudpoBHil PO3BUTOK PETiOHIB, BIAKPHUTI aHi, MyONiyHI TOCIYTH,
udposa iHPppacTpykTypa, Hudpposa eKoHOMIKa, po3BuToK IT mianpueMHULTBA, KibepOe3neka,
SKAMU 3aiMarOThCSl BIATMOBIMHI TeMaTW4Hl miarpynu. Beboro 94 mpoexTH, 3aTBEpIKeHHX
YpsAooM y KIOYOBUX cdepax, peanizyBaTH sIKi 3aIlUIAHOBAHO MPOTATOM TPHOX POKIB, IO
npusTAME po30yaoBi HUPPOBOI AEpPIKABHU.

Y motomy 2021 poky MinictepcrBoM nudpoBoi TpaHchopmarii YKpaiHH, 30Kkpema
CEeKTOpaJbHOI pobovor rTpymor 3 mnutaHb nudposoi Tpanchopmanii (CPT), Oyma
npeAcTaBiIeHa TMpe3eHTauiss Onoky came nudpoBoi €eKOHOMIKM Ta 1H(OpMaLiiiHO-
KOMIT FOTepHUX TexHoJorii «HamioHaapHOI ekoHoMiuHOI cTpaterii 2030» (mami — Ctpareris).
Takox Oynu mpencTaBieHl pe3yibTaTaMH POOOTH 1€l IPymH, a caMe. ayauT YKpPaiHCHKOI
U(pPOBOI EKOHOMIKH, BEKTOPH, L, PPEHMBOPK ii EKOHOMIYHOT'O PO3BUTKY Ta MPEICTABICHO
IIpesenrauiro Ilnany it Minicrepcrta 1mdposoi Tpancopmanii. Ykpainu. B 2018 Oyno
cxBasieHo KoHIeniro po3BuTKy upOBOi EKOHOMIKH Ta CyCIiibcTBa YKpainu Ha 2018 -2020
poKH 1 me 6araTo JOKyMEHTIB CTOCOBHO IH(ppoBoi TpaHchopmariii B YkpaiHi.

Tennenuis tudposoi Tpanchopmarii pi3HUX CyCHUIbBHUX cdep y riodaspHOMY
MacmTadi € oueBMAHOM. Lleil mpomec € OCHOBOK IJIsi HOBOTO CTYIEHsS ““TEXHOJOTTYHHUX
NEPEroHiB, HACIHIAKOM SIKHX Ma€ CTaTH TeOMNOJITHYHE Ta T€OSKOHOMIYHE JIJEePCTBO.
OnHOuACHO Lie MAHC SIK U PO3BUHYTHX KpaiH, Tak 1 Ut KPaiH, IO PO3BUBAIOTHCS, TTOJIMIITATH
CBO€ BHYTPIIIHE COIIAIbHO-eKOHOMIYHE cTaHOBUIE. ChOTO/IHI TOJIOBHUM MOPSIKOM JE€HHUM
1 1y1s1 OLbLIOCTI KpaiH CBiTY € unpoBa TpaHcopMalLlisi i CTBOPEHHSI caMe TIePKOHKYPEHTHOI
U(PPOBOI EKOHOMIKH.

BaxnuBo BigzHauwTH, O MOHATTS LM(poBOI Tpanchopmalii €KOHOMIKH B YKpaiHi
NPUHLHIIOBO BIAPI3HAETHCA BlA TOTO, IO Hapasl BinOyBaeTbes y cBiTi. B YkpaiHi moHATTS
“nugpooi Tpanchopmaiii’ CKOHIEHTPOBAHO BHHATKOBO Ha CTBOPEHHI HOBUX BHJIIB CEPBICIB,
10 06a3yI0ThCs Ha 300pi Ta aHaJi31 JaHUX 3 PI3HUX (PI3UYHUX 00’ €KTIB 1 HE OXOIUTIOE TUTAHHS
KapAWHAJIBHOI 3MIHM CHUTyallil y BHPOOHWYIA CHCTEMI, MIAXONIB 1O TNPOEKTYyBAaHHS,
BUPOOHHMIITBA, 30yTy Ta ekcrutyaTanli mux (i3MYHUX 00 €KTIB, L0 3aKJIAJCHO B KOHLEIILIIO
Ianycrpii 4.0. Cnix 3BepHYTH yBary Ta Te, IO 3a OLliHKaMH (axiBLiB, YKPaiHCbKI IPOMHUCIIOBLI
nix [Haycrpiero 4.0 po3yMitOTh NEPEBAKHO 3aKYIIBIIKO IMIIOPTHOTO OOIaAHAHHS — MOPiBHSIHO
cydacHoro 1, 6axkaHo, Hegopororo. Ha ripoMy ix GadeHHs1 MOEpHi3allii 3aKiHIy€E€ThCS.
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AHAJII3 TA MOAETOBAHHA JEAKUX ®AKTOPIB, IO BIVNIMBAIOTH HA PUHOK
MOJIOKA B YKPAIHI

IIporHo3yBaHHs Ta BHBYCHHS pHUHKOBUX TPEHAIB € BaXJIMBOK YaCTHHOIO
€KOHOMETPHYHOIO JOCIHIKEHHS, SIKe IomoMarae mnependayuTd MaiOyTHI KOJHMBAaHHS Ha
MOJIOYHOMY PUHKY. PO3YMIHHS aKTyaJIbHUX TPEH/IIB Ta X MOTEHLITHOTO BIUTUBY Ha MailOyTHE
J03BOJIsIE KOMITAHISIM MPUCTOCOBYBATHCS 10 HOBHX PHHKOBHX YMOB, BIOCKOHAJFOBATH CBOI
cTpaterii Ta 3a0e3medyBaTH HENMEPEPBHUN PO3BUTOK. 3aCTOCYBAHHS MPOTHOCTHYHUX MOJENEH
€ BHpINAJBHUM s €(PEeKTHBHOTO IUIAHYBAaHHA Ta NPUHHSTTS BHUBAXEHUX pIIIEHb VY
MOJIOUHOMY CEKTOPI.

Amnauiz BUpoOHHLITBA MOJIOKA Ha OIHY 0co0y 1o perioHaM Y kpainu B nepion 3 2016 no
2022 poku BKa3ye Ha 3HA4YHI perioHaibHI BIAMIHHOCTI. Jlimepamu 3a UM IOKa3HUKOM €
IMontaBcbka, XmeapHUIPKA Ta UepHiriBcbka obmnacti, ae y 2022 pori BUPOOHHUITBO MOJIOKA
cranoBujio BiamosimHo 0,491, 0,548 1 0,419 ToH Ha omHOro MemkaHis. lle 3HAYHO BHIIE
CepeqHBbOro MOKa3HUKa 1Mo YkpaiHi, sikuii cknanae 0,189 Ton Ha ocody. HaiiMeHIna KibKiCTh
MOJIOKa Ha ofHy oco0y BupoOssieThest B JloHeubkii, JIyrancbkiit Ta 3amopi3pkiii obmactsx 3
nokazHukamu 0,015, 0,035 1 0,065 Biamosiaxo [1].

Crocrepiraerbesl 3aralbHUH TPEHA 10 3MEHIIEHHs BHPOOHUIITBA MOJIOKA Ha OTHOTO
MEIIKAHIS B OlJBLIOCTI PETiOHIB, IO BHMAarae MoJAJbLIOrO aHAII3y Ta MOMJIUBO, KOPEKIi
arpapHoi TONITUKM Ha perioHanbHOMy piBHI. CTPyKTypHI 3MIHH B pPEriOHaJIbHOMY
BUPOOHUITBI MOJIOKA Ha OJHOTO MEIIKaHL B mepion 3 2016 mo 2022 poku MOKHA BUSIBUTH,
MpOAHANTI3yBaBIIM JWHAMIKY TMOKasHHKIB. [lepmn 3a BCe, BapTO BII3HAYUTH 3HUKCHHS
BupoOHUIITBA B JloHEUbKiH Ta JIyraHCchkif obnacTsx, Ae mokasHukH 3MeHmwmwmcs 3 0,045 ta
0,056 82016 pomi mo 0,015 ta 0,035 B 2022 pori BiATIOBITHO.

Ile moB's3aHO 31 CKIAQAHUMH TOJNITUYHUMH YMOBAaMH B LHX pErioHax, a came
HaCJAKaMu BiHU. 3 1HIIOTO OOKY, neski 00JIacTi MOKa3aid MO3UTHBHY IUHAMIKY. 30KpeMa, B
TepHominbebkiit obmacti neit mokasHuk 3pic 3 0,427 B 2016 poui mo 0,483 B 2022 poui.
XMenpHUIbKA O0NacTh TakoK Tokazana 3poctanHs: 3 0,457 nmo 0,548 3a aHamoriuyHmii
nepiox [1].

Psin obnacreit, Takux sik JIHIMPOIETPOBChKA Ta XapKiBChKa, MOKA3all CTaOlIbHICTD,
ajie Ha HU3bKOMY PiBHI, 1[0 MOXKE CBIAYUTH MPO HEAOCTATHIN (POKYC Ha PO3BUTOK MOJIOYHOTO
BUPOOHMUIITBA B IIMX PErioHax i KpH3y, MOB s3aHy 3 BIHHOIO Ta THMYACOBOKO BTPATOK YaCTHHU
TEPUTOPIi, B TOMY YHCII I U arpapHOTrO BUPOOHHLITBA.

3 METOr0 BHUSIBJIEHHSI OTHOPIAHUX TPYII PETiOHIB 32 OKa3HUKAMH BUPOOHHULITBA MOJIOKA
y T.4. Ha 1 0co0y mpane3gaTHOro HaceJleHHs: OYB 3aCTOCOBAHUI KJIACTEPHUN aHai3 PEerioHIB
Vkpainn. KnacrepHuii aHani3 [03BONAE CHCTEMATH3YBAaTH PETiOHH 32  CXOXXHMHU
XapaKTEPUCTUKAMH, BUSBIISITH 3aKOHOMIPHOCTI Ta B3a€MO3B'sI3KU MiK HUMH. Lle, B CBOIO uepry,
cripusie po3podii eeKTUBHUX CTpATeriii PO3BUTKY MOJIOYHOI Tajly3i Ha PEriOHAIbHOMY PiBHI,
BPaXOBYIOUH CrIeLN(iKy KOKHOTO PETIOHY.

BuxopucranHs iepapxiyHOl KiacTepu3alii Ui TPYNMyBaHHS PErioHiB YKpaiHU 3a
piBHEM BHPOOHHMLTBA MOJIOKa Ha | MemkaHUs mpare3naTHOro Biky (Bix 16 mo 65 pokiB)
O0OYMOBJIEHO 3[aTHICTIO IBOIO METOAY BUSIBJIATH NPUPOAHI I'PYNU B JaHUX Ta HAIaBaTH
IHTYITHBHO 3pO3YMLITY BI3yalli3aLiio y BUTJSII ASHAPOTPAMH.
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OCOBJIMBOCTI OPT AHI3AIIIL KIBEP3AXHCTY 35POMHUX CUJT YKPATHUA

Cyuacna HopMaruBHa 0a3a 30poiiHnx Cun Ykpainu tTa MinicrepcTsa 000poHH YKpaiHu
3a HampsiMOM oOprasi3amii kidep3axucTy 0Oa3yeTbcs Ha 3acajgax, IO B CBITOBUX (PaxoBHX
BUJIAHHSAX OTpuManu Ha3By “mozmen 3amky’ (Castle model) [1]. Opranizaumis 3axucry
iH(pOopMaLi HHO-KOMYHIKaLliIHHUX ~CHCTEM TMOKJIAJAEThCSl HAa “BHYTPIIIHIA®  JOBIPEHHI
NepUMeTpP, IO BIIOKPEMIIOEThCS Bif “30BHIIIHBOrO . ToOTO Te, 1m0 BiAOYyBaeTHCS 330BHI,
BBA)KAETHCS MMOTEHLI HO IIKITMBUM a00 HeOe3NeYHNM, a BHYTPILIHI TPOLECH MAIOTh IIEBHUIN
piBEHb JIOBIpU 3a 3aMOBUYYBaHHsIM. B cBiTOBI# nmpakTuwi kpuruka “Mozeni 3aMKy” 0COOJINBO
NOCHJIMJTHCS TiCHs BUXoAy Ha movatky 2011 poky crarri HaykoBLiB Kopmopauii Lockheed
Martin [2], mo BCTAaHOBWJIA BIATIOBIAHICTh MK MOAEIUTIO CTPYKTypH araku “F2T2EA” apwii
CIIA, mo Takox Mae Ha3By “naHIrokok 3uumeHHs (kill chain), Ta nismu kibep3nounnuis. Lle
CIPUYHMHUIIO aKTHUBI3ALI0 JOCIIKEHb 1 3rofoM (OPMyBaHHS aJIETEPHATHBHUX IMiAXOAIB 10
oprasizamii kidep3axucty. AnroputM Ali KiOEpP3JMOYUHINB BIAMOBIIHO 10 “JIAHIFOXKKA
3HULIEHHS BU3HAYACTLCS SIK MTOCIIOBHICTh TAKUX MiH:

1. Possinka. Jlocmimkenns, igeHtudikamnis ta BuOIp HiJied, 4acTO MPEACTABICHUX Y
BUTIsIZI CKaHyBaHHs BeO-caiiTiB [HTepHETY.

2. CtBOpeHHs1 30poi — MOENHAHHS TPOSHCHKOI MPOTPaMU BiAAAJNEHOTO IOCTYIY 3
eKCIUIONTOM Yy JOCTyIIHE KOPHCHE HAaBAaHTAKEHHS, SIK TPABWIO, 32 JOIMOMOTO)
aBTOMATHU30BaHOTO IHCTPYMEHTY (30poi).

3. HocraBka - Ilepena4a 30poi B IIJIbOBE CEPEIOBHUIIIE.

4. Excrimyararis - mciist TOro, sik 30posi JOCTaBJIeHa JKEPTBI, eKCILTyarailisi 3amyCKae Kox
3JIOBMHCHUKA.

5. BcranoBieHHs. BCTaHOBNIEHHS TPOSHCBKOI MpOrpamMu BiIAa€HOTO AOCTyIy abo
Oekmopa B CUCTEMY-JKEPTBY JO3BOJISIE 3JIOBMHUCHUKY OTPUMATH CTIHKHMH JTOCTYyI Y aTakOBaHE
CepenoBUILE.

6. Komannysanns Ta kepyBanHa (C2) — 3a3BHYali CKOMIPOMETOBAHI XOCTH ITOBHHHI
nepenaTy BUXI1/IHI CUTHAJIN Ha cepBep KoHTpoJepa [HrepHery, o6 BcTaHOBUTH KaHan C2. .

7. i momno winei - Jluine Temnep, micisi MPOXOIKEHHS MEePIINX mecTH (a3, 37I0BMUCHUKU
MOXKYTh BXKHBATH 3aXO/1B Il JOCSTHEHHS CBOIX MMOYAaTKOBUX LIJICH.

HakonuueHHs 1 cucTemarusaiisi 3HaHb INOAO MOCTIIOBHOCTI Al KiOep3JI04MHIIIB
NPU3BEIHN IO PO3YMIHHS, IO Ha eramax | (posBimka) Ta 2 (CTBOpeHHs 30pOi) JIAHIFOKKA
3HUINEHHS 3aBaIUTH KIOEP3JOYHHIK0 HEMOXJIMBO, NpPH LBOMY BIPOTIAHICTH TOTO, IO
KiOep3JIoYMHeb MOJKE YCIIIHO BHUKOHATH HACTYITHI €TaNy JIAHLEOXKKA, 3aBKAu Oljbina 3a
Hynb. Kputnka “moneni 3aMky” Ta BUKPHUTTS 0ararbox yCHIIIHUX Kibeparak, IO JOBTUH 4ac
3aJUINIAACS 1032 yBAarow (axiBiiB 3 KiOepOe3nmeku, MPU3BeIN A0 CTBOPEHHS HOBOI MOAEI
kiOepOesmekn, 1m0 orpuMaja Ha3py “Mopenb HyNbOBOI AoBipu” (Zero trust model) [3]. s
KPUTHKA aKTyajibHa 1 ISt M1 XOA1B, 110 BUKOPUCTOBYBaIUCS B MiHiCcTepCcTBI 000pOoHH YKpaiHU
ta 30poiiHnx Cunax Ykpainu 1o 2022 poky. Bpasnusi micus “moneni 3aMky” nposiBHIN cede
3 IMOYaTKOM BIAKPUTOI (a3u arpecii pociiicbkol peneparii.
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®OPMYBAHHSI [IPOPECIMHOI TOTOBHOCTI JIO 3BAXUCTY IHOOPMALIHUX
PECVYPCIB Y MAUBYTHIX MATICTPIB KIFEPBEE3IIEKU

AnHotamusi. B po60Ti PO3KPHTO aKTyaJbHICTh MUTAHHS iH(POPMAIHHOTO CYCHIJIBCTBA i TII0OATBHOTO
iH(OPMALIHHOTO TMPOCTOPY MIOAO 3AXHCTY 1HPOPMAMIHHUX PECYPCiB, MO € HAI3BHYANHO BAKIHMBHM
3aBOAHHAM I iH(POPMALiIHOI Ta KiOepOe3NeKH AepKaBH. TCOPSTHIHO OOTPYHTOBAHO 3MICT 1 CTPYKTYPY
(hopMyBaHHS KOMIICTEHTHOCTI 13 3aXHCTy iHpOpManiHHUX PecypciB y MaHOyTHIX MaricTpiB KidepOe3neKu.

BusnaucHo, o cTpykTypa mpodeciifHoi TOTOBHOCTI A0 3a0e3neUeHHS KidepOe3neku MaiOy THIX MaTiCTpiB

TMOEAHYE. MOTHBAIHHO-IIHHICHAH, KOHICTITYAJBHO-MCTOIOMOTIYHUH, OpraHi3aIiiiHo -MCTOIUIHHUH,

TEXHOJIOTTYHUH T MOHITOPUHIOBO-AHATITHIHHA KOMIIOHCHTH.

Kmmouosi ciioBa: in(opmartiiitae cycniabeTBo, iH(OOPMAIIHHIH MPOCTip, iHGopManiiiHa Oe3neKa, 3aXucT

iHpOPMAIIHHIX pecypciB;, MaHOyTHI MaricTpH Kiibepbesnekw; mpodeciiina KOMIIETCHTHICTD, TIpo(eciina

TOTOBHICTBH JI0 3a0€3MCUCHAA KiOCPOC3MeKH.

3aranpHa mocraHoBka mpo6Jjemu. B iHopmamiiiHoMmy cycminbcTsl 1H(pOpMariitai
pecypcu (iHpopmamifiHi o3epa Ta Oir-mara) cramu HagOaHHSIM PO3BUTKY LUBLII3aLii Ta
NOTYXKHUM (pakTOpoM po3BUTKY iHHOBawiil. Boueswnp, mo 0Oe3 3abe3medeHHs 3axUCTy
iH(pOpMaIITHUX CUCTEM Ta MEPEX pealtizanis Oyb-SKOro MpoLecy HaKOMU4eHHs, 00poOKH Ta
nepenavi  iHpopmanii HemokauBa. HakomuueHHs  iHpopmamii, y TOMy 4HCIH
HECTPYKTYPOBAHOI, TMOCTABIJIO Teped CyCHUIBCTBOM MPoOieMy TpPaBIIBLHO 30HUpaTH,
CHCTEMATH3YBaTH, PEeeCcTpyBaTH, 30epiraTd Ta BHKOPHCTOBYBATH. 3axUCT 1H(OpMaLiHHIX
pecypciB € IpiOPUTETHUM 3aBAAHHIM JUTst iHQOopMariitHol Ta kidepbesneku. Hosi comianbHi Ta
TeONONITUYHI BHUKJIMKH (MUKHAPOOHHWHA Ta JIOKAJbHHHA TEpPOpHU3M, KiOEP3JIOUHMHHICTS,
€KOHOMIYHA BIfHA Ta €KOHOMIYHMH IIMHUIYHCTBO, I1H(OpMaLiliHE MPOTHCTOSIHHA,
HenoOpocoBicHa Oi3HEC KOHKypeHIsi) (pOpMYyIOTh HOBHI TIEpeNiK 3arpo3 Ta BIAMOBIIHUX
npodeciiHNX KOMITETEHTHOCTeH (axiBLiB, IO 3MIHCHIOIOTH OpraHi3auiiiHi, MpaBOBHH Ta
TEXHIYHUX 3axucT iH(popmauiiHux pecypcis Lle ckiamae ocoOmmBy crenudiky ramysi
MIATOTOBKHU MariCTpiB 3 OCBITHBOI cremianbHocTi 125 KibepOesneka.

AHAJI3 OCTAHHIX AOCHiAKeHb i myOaikaunii. B iHpopmaniiiHOMy CycmiJbCTBI HOBI
BUKJIMKH BU3HAYAIOTh (POPMYBaHHS Crieli alIbHO-IPOdeCi HHUX KOMITETEHTHOCTEH 0COOMCTOCTI,
HacaMIiepesn, 3arajbHoi iHpopManiifHOl KyJIbTypH Ta Kibepririenu [1-4].

IaTerpamiitai mponecu B iHpOpPMamiHHOMY MPOCTOPi, KOJU i1HOpMaLiiiHI pecypcu
HaJIe)KaTh TPAHCHALIOHAJBHUM KOMITaHisIM, (pOpPMYIOTH MOTEHLiIHI HeOe3nmeKu i 3arposu
HalllOHaJIbHIH Oe3neni B iHpopmauiiiHii Ta KibepHeTHUHIH cepl. Y KOHTEKCTI Mi’KHAPOIHOTO
cniBpoOITHUITBA B Tajdy3i iHQOpMaiiiiHOI Oe3neku, Ha AYMKY BUEHHX Ta MpPAKTHKIB, Y
CYy4aCHHX YMOBaX KPHUTUYHO BaXKJMBO BHUPIIIUTHA KOHIEMIIIO Ta MeToau OopoTedm 3
KiOEep3JIOYNHHICTIO, CTBOPUTH €(PEKTHBHY MOJIENb 3aXUCTY OCHOBHOI YaCTHHHM iH(pOpMAIHHOI
a00 HOBOI TEXHOJIOTIYHOI JisUTbHOCTI (OCHOBaHA HA BITPOBA/IKEHHI LIN(POBUX TEXHOJIOTIH) [5-
71.

AHani3yrouu Ha#kpami MiXKHAPOAHI MPAKTHKH Oprasizamii cucreMm iHQopmauiiHoi
Oe3neku Ta 6OPOTHOU 3 KIOEP3TOUNHHICTIO, SIKI € €TAIOHHUMU MOJAEIISIMU, MOJKHA y3araJIbHUTH,
II0 BOHU MOXYTh OYTH BIPOB3’KEHHMH B HALlOHAJIbHY CHCTEMY 3aXHCTy 1H(opMariiiHux
pecypciB ansi 3a0e3MeueHHsT CTajioro PO3BHUTKY O€3MeKH HAalllOHAJIBHOTO 1H(OpPMALiHHOTO
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npoctopy YKpaiHU Ta 341fiCHEHHs e(pEeKTUBHOI B3aEMOJIi HAIIOHAIBHOI CUCTEMH OE3MeKH Ta
MiKHapOmHOro criBpoOiTHUITBA. JlaHi 3acany MarTh OyTH TOKJAAEHI sl sSKICHOI Ta
edexTUBHOI crctemMu mpodeciifHol MmAroTOBKM MaOyTHIX (paxiBLiB raiysi KidepOesneku Ha
3acazaX KOMITETeHTHICHOTro miaxony [8-10].

Memoio pobomu € BU3HAYECHHS 3MICTY 1 CTPYKTYpH MpodeciiiHOl TOTOBHOCTI Ha
Cy4acHOMy ertari KOH(IIKTHOCTI wHuBLI3amli MalOyTHIX MaricTpiB kibepOesmeku 10
3abe3neuenns kidepOesneku 1HGpoOpMaIiiTtHOI chepm.

Buknao ocnoenozo mamepiany. BaxyiusuMm (pakTOpoM BIUIMBY Ha 3arajbHHUN CTaH
KibepOe3nekn € 1HTEHCHUBHHUI PO3BHTOK TIJIOOANBHUX 1HQOPMALIHHUX MEpEeX, NpPU SIKOMY
HEIOTOPKAHICTh JEP’KaBHUX KOPAOHIB crae mpobmematuyHuM. [loctifiHe 30iibIIeHHS
KITBKOCTI KOPHCTYBa4iB Ta BIIPOBA/DKEHHS BHCOKOMIBHIKICHUX CIOCOOIB mepenadi,
iHTeHcHdikauisa Ta arperauii 00pobxu iHpopmaii yeknagHIIM npodaeMaTHKy 3a0e3nedeHHs
Oesnekn HaUiOHaJBHOI 1H(pOpMauiiHOi iHppacTpykTypu. Y wili curyamii epekTHBHICTDH
HOPMAaTHBHO-IIPABOBOrO MIATPYHTS, IO 0a3yeThCsl HA BUKOPHCTaHHI KOHLIEMLII IepKaBHHX
KOPZAOHIB y MpoLect po3poOKH, HEYXMIbHO 3HIKYEThes. [IIBuakicTh pikcanii Ta peectparii
3aXHUIIEHUX aBTOPCHKUM MPABOM 1H(pOpManiiHuX 00'€KTiB, 3pyUHICTh Ta €(EeKTUBHICTh POOOTH
3 LIUMH 00'€KTaMU CTAOTh BCE O1JIBII BAXKJIMBUMHL.

IIpodeciitna miaroToBka MaiOyTHIX MaricTpiB 3a cremianbHicTio 125 Kibepbesneka y
BIATIOBIAHOCTI IO 3alMTy pPHUHKY IMpaui, MOeaHye mnpodeciiiHi HaBYaIbHI AMCLHUIUTIHU
00OB’SI3KOBOI HYaCTMHM HABYAJBHOTO TIUIAHY Ta BaplaTUBHUX MTUCHMIUIH 32 pPI3HAMHU
HampsIMaMUCIIeIami3amii, SK. 3axucT 1H(QOPMAIIiHOrO TPOCTOPY [EepKaBH, 3aXHCT
KiOeprIpoCTopy AepsKaBU; 3aXUCT iHPOpMALlii 3 OOMEKEHUM TOCTYIIOM; 3aXUCT 1H(HOpMaLi iTHO-
KOMYHIKaIifiHOT iHppacTpykTypn nepkaBu. SkicHuUIl OCBiTHIHI mnpouec mpodeciitHol
MiATOTOBKM  MaricTpiB  3a cmeuianbHicTio 125 KibepOesneka Briowyae (HopMyBaHHs
npodeciiHOi KOMITETEHTHOCTI i mpodeciitHOi TOTOBHOCTI 10 3ade3meueHHs Oe3MmeKu siK
kiGepripocTopy, Tak 1 1HpOPMAaLIHHOTO IPOCTOPY.

OTxe, y mpoueci BHBUEHHS HABYAJbHUX JUCLHUIUIH (OPMYeTbCS CYKYITHICTB
KOMIIETEHTHOCTEH 3HaHHS Teopli NPHUHHATTS pilIeHb, CIPOMOXHICTh €(EeKTUBHO
BUKOPUCTOBYBATH CHCTEMY IMMIATPUMKH pillleHb, BUKOPUCTOBYBATH Cy4YaCHI TEXHOJOTIi Ta
METOIM CTBOPEHHS IHTENEKTyaJbHUX CHUCTEM KEpPYBaHHS I1HLHUIEHTaMHU iHGpOpMariitHOl
Oe3meku; BOJIOAIHHS TOHATTSAMH KiOepOe3nmeku 1 CyTHICTIO TOHSATh OopoTedu 3
KiOep3JIOYMHHICTIO; BOJIOJIHHS PABOBHMH 3aCalaMH NPOTUALT KIOEP3TOUMHHOCTI; BOJIOMAIHHS
CrieniaJi30BaHUMH KOHLENTYaJIbHUMH 3HAHHSIMHU 3 OpTaHi3auii Ta po3pobaeHHsT KOMITIEKCHOT
CUCTeMH 3axXHCTy 1H(pOpMAIli;, Creiaji30BaHUMU KOHIENTYAJIbHIMH 3HAHHIMH TIPO
NPUHLHUIKA MOHITOPUHTY, TMPOTUAII0 3arpo3aM KOH(IAEHLiHHOCTI, LiJIICHOCTI, AOCTYIMHOCTI
iH(popMarllli; BOJOAIHHS CIELiaNi30BaHUMH 3HAHHSMH JUI TPOBENEHHS 3aXO[iB 3aXUCTY
NEePCOHATBbHUX AHHX.

HoBi ¢akropu BH3HAYAIOTH CYKYIHICTh JOJATKOBHX KOMIIETEHTHICHUX 3IaTHOCTEH:
BUKOPUCTAHHS 3aCTOCYHKIB MOHITOPHUHTY 3arpo3 iHpopMamiifHoi Oe3neku B Mepexi [HTepHeT;
BUKOPHCTOBYBATHU Cy4acHl cepBicu Mepexi [HTepHeT; 3ailicHIoBaTH e(peKTUBHUN MOHITOPUHT
iH(pOpMaIIfHUX TMOTOKIB 3 METOK BHUSBJEHHS NECTPYKTUBHUX BIUIMBIB 3 BHUKOPHUCTAHHSM
COLIaJIbHO-OPIEHTOBAHUX PEeCypciB Mepeki [HTepHeT, peami3alii 3aXHCTy HAIlOHAJBLHOTO
KiGep-mpocTopy Bif 30BHIIIHIX 3arpo3.

Bucnonene no3Boisie AOMPALIIOBATH CUCTEMY PO eCciHHOI M ATOTOBKH Ta POPMyBaHHS
npodeciHHOi TOTOBHOCTI A0 3aXUCTy 1HPOpMaLiHHUX pecypciB (akTuBIB). OTKe, TOBOPSYHU PO
CHCTEMHICTb, MpodeciiiHa TOTOBHICTh A0 3aXUCTy iHGOpPMAIIHUX pecypciB y MaricTpiB
kiOepOe3nekn Mae CTPYKTYPY, IO MOEAHYE BU3HAYECHI KOMITOHEHTH: MOTHBAL THO-1[ HHICHU,
KOHIIETITY A IbHO-METOIOJIOT1 YHUH, OpraHi3alifHO-METOANYHHIA;  TEXHOJOTYHUH  Ta
MOHITOPHUHIOBO-aHAJI THIHHHN.
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ABOUT DIGITAL FILTRATION IN THE TASKS
OF GHG CONCENTRATION REDUCTION

Abstract. The process of global warming is currently accelerated due to human actions. Burning
fossil fuel, developing industry and transport, intensive land use and landcover change became
the reasons for carbon dioxide (CO-) concentration increase of up to 420 ppm nowadays in
comparison to 380 ppm in the preindustrial period.

To solve the problem of CO- concentration reduction is important for the preservation of all
habitable areas on Earth. The first step for developing of effective solution is to identify arcas with
high and low CO. concentrations. We propose to apply digital filtration methods for the
localisation of these areas and the identification of their borders.

Keywords: Greenhouse gases (GHG); CO: concentrations; Laplacian.
1. INTRODUCTION

One of the most important problems for humanity today is global warming. It is
scientifically proved [1] that greenhouse gas (GHG) concentration increase is mainly
responsible for that. The most dangerous impact comes from carbon dioxide (COz2), which we
place in the focus of our research. The global warming leads to climate change and an increase
in different types of weather and climate extremes, their power and frequency [2].

The main natural methods for atmospheric CO2 concentration reduction in the atmosphere
are afforestation and reforestation. This will increase the amount of green biomass, which fixes
the atmospheric CO2. However, these methods have some limitations. For example, the areas
available for growing new and recovering old forests depend on the climate conditions and
space limitations. Therefore, the problem of efficient land use and CO: fixation with vegetation
is urgent.

The efficiency of ecosystem COz fixation can be improved by vegetation variability. The
search for necessary species combinations is problematic and elongated. The problems set
contains the vegetation features, the local environment and the internal and external biophysical
ecosystem processes. The same species combinations in different environmental conditions will
have different properties. This is caused by different reactions of the species to even slight
environmental changes - soil chemistry and humidity, soil type, local landscape, location, etc.

In the process of evolution, species went through selection and form species
combinations. This explains a further investigation of the current ecosystems' features and their
efficiency analysis.

The problem statement. To reach the goals, we need to identify ecosystems with
effective CO2 fixation. The identification process is based on information about spatial changes
in atmospheric CO2 concentrations (CDC). We hypothesize that the spatial changes of
atmospheric CDC depend on the ecosystem's CO; fixation ability (H1). The alternative null
hypothesis (HO) is spatial changes of atmospheric CDC are independent of ecosystem features.

We plan to find species combinations, which have the highest CO> fixation level for
determined conditions. In this case, "combination" means a set of phenotypes and their ratio.
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Our goal is to define information tools for the first step of research - ecosystem
localisation. For this purpose, we propose a digital filtration method.

2. THE THEORETICAL BACKGROUNDS

Global warming is caused by the accumulation of GHG in the Earth's atmosphere, related
to human activity results. The natural balance of atmosphere gases changes due to the pollution
made by industrial production. About Carbon Dioxide, the balance change is described by the
Carbon Cycle [3] breach. The previously formed balance of natural CO; sinks and sources was
broken by industrial objects. The greatest impact is made by fossil fuel burning, cement
production and forest reduction. The most dangerous is that a small amount of industrial
pollution leads to non-proportional disturbance in the Earth's ecology. The fact is that natural
COz injection is more oversized than an industrial one, but the last was a guide to increasing
more than 40 ppm CO: concentration from the 380 ppm in the pre-industrial period. This may
be caused, in particular, by atmosphere chemistry structure changes with new components from
industry which are absent in nature.

However, Earth's atmosphere is a closed system with specific chemical and physical
characteristics. For example, the atmosphere temperature does not change instantly under the
Sun radiation in the morning according to thermodynamics law. The gas injection process 18
inertial too. The factory's chimneys do not immediately change the concentration of CO», for
example, at any part of the atmosphere of the planet. This process is described by the diffusion
law and additional features of the environment.

These pointed features make it possible to see a relatively small area of any ecosystem in
the time moment as a closed-volume system with temporary constant characteristics. According
to this, the CO2 balance (CDB), for example, in such systems may be described as:

CDB = Env_in — Env_out + z Int_src;, — z Int_sink; (1)

where, Env in — the intensity of the CO:z injection from the external environment,
Env_out— the intensity of the CO2 removal to the external environment, /nf_srci — the intensity
of the internal £-th CO2 source, Int sink; — the intensity of the internal /-#2 COz sink.

For the small neighbouring ecosystems' areas, an external environment impacts we can
take as equal based on the spatial coherence. The difference in CDB for neighbouring
ecosystems will be defined by the difference in ecosystems' internal features only:

CDB' — CDB? = (Envin — Env,, + Zlntmlld - Zlntsmk )

- (Envin — Env,,, + Z Intsrclzcz - Z Intgny 122) (2)

= Z Int_src}, — Z Int_sink}; + Z Int_sink?, — Z Int_srch,

So mathematically, the difference in the effectiveness between the neighbouring
ecosystems is explained by the greater difference in the total amounts of injected (by sources)
and fixed (by sinks) amounts of CO2 which are displayed by CDB’ and CDB? variables. This
property may be used for the ecosystem' CO: fixation effectiveness comparison and
corresponding area searching.

An implementation of this proposition coincides with a processing by digital Laplacian
filter [4]. The better effect has the filter with the next structure (3):
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For study purposes we use a multi-user environment. The easiest way for the attacker is
to change E with its own Ea, at it is open choice. Even though such substitution will lead to
attacker obtaining K through Ka. The receiver of such a message will know that this message
has been compromised. But the goal of the attacker is also to hide its presence. That is why it
will try to make encrypted cypher text to look like real one. Meaning message decrypted by Ea
can be easily decrypted by the algorithm D. To summarize, original and subverted cipher
messages should be indistinguishable to users who know only real key K.

On contrary, to prevent big brother from successfully mounting ASA original algorithm
should make it impossible for him to distinguish subverted message from real one, by using its
own key Ka. To sum up, both these require indistinguishability of real and subverted cipher
texts to an attacker, but to protect message, attacker should not know user key K.

Overview of ASA mechanisms.

Most types of symmetric encryptions schemes, which are randomized and stateless, are
vulnerable to ASA. Main goal of ASA is to get user key K from subverted cipher message,
while begin undetected by end user.

Freedom of choice of compunction protocols (open API), as well as verifiability of
mandated randomness makes ASAs possible. That is why Black box setting, allowing freedom
choice of IV - be either random or be explicit, are extremely insecure against ASA. IV, being
insecure, can lead to attacker obtaining communication session key. Variable length padding
in it turn allows Attacker to use it to create channel for key transmission.

We can classify ASA attacks in 3 categories:

1. Initial vector (IV)-replacement attacks. In this type of attack IV when subverted
communicates user key K, using encryption message with attackers key Ka.

2. Presents generalized ASA type of attack- biased-ciphertext attack. For this attack to
succeed it needs to produce ciphertext that is end-user system can’t distinguish from
real one. Its biases are that without (subverted) key Ka, it is impossible to detect
subversion.

3. Practical examples which show that SSL/TLS, IPsec, and SSH are very vulnerable to
generic ASA attack.

Protection against ASA.

Given the definition of successfull attack, for scheme to be considered protected against ASA,
it to be state-full and deterministic. However not every of such schemes are fully protected. As
in public key setting, key is generated deterministically, allowing to attack to predict future
instances [3]. Allowing message to be decrypted by trial-encryption. Use of states allows
system to be protected against such type of attack.

Important note — privacy and authenticity of the base scheme are not helpful in achieving
security against ASA. As in surveillance environment attacker obtains original key K, by
subverting algorithm Ea., so it alters authenticity and privacy.

In order to achieve a reliable, encrypted channel for symmetric encryption and to
overcome ASA - deterministic, stateful schemes, both for sender and receiver must be
implemented. Security can be achieved by relying on combinatorial properties of the scheme.
To be secure, base scheme (symmetric encryption) should have unique cipher texts. If this
scheme meets decryptability condition, it is secured against ASA.

Following above statement for scheme to be considered secure against ASA: ASA will
fail in differentiating real from subverted ciphertexts and won’t be able to recover the message
or auser’s key. One important not, subverted ciphertexts, must, still, remain decryptable by the
decryption algorithm of the base scheme. In order to show real benefits of protection, paper
presents notion of unique cipher text with symmetric encryption schemes. It presents simple
construction based on a variable-input-length PRP, which yields practical results. The paper
shows that nonce-based symmetric encryption scheme can be transformed into a unique
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ciphertext stateful deterministic scheme while preserving efficiency. Using existing nonce-
based encryption schemes like CCM, GCM, or OCB, this yields practical designs of
surveillance resistant symmetric encryption.

Restricted scope of the study and research.

This research work has restricted scope, as it considers the case of only symmetric
encryption schemes (SES) [4]. When in real world environment security systems use SES as
part of larger security mechanisms, which is often more prone to attacks, by the subversion.
This system uses nonce to check authenticity, which can be used by an attacker to obtain session
key. Another example is SSL/TLS, where nonce can be used to predict next session’s keys,
with the help of PRNG being backdoored.

Also, papers do not take timing information into account, as fine-grained timing
behavior of the encryption algorithm can be used to get encryption key. The subverted
algorithm Ea can later timing information for the end-host to create channel to transfer obtained
key K. (Timing Analysis of Keystrokes and Timing Attacks on SSH).

As a result of limited scope paper cannot consider all possible type of ASA attacks,
however it provides strong theoretical foundation for future study under following steps:

1. Symmetric encryption is foundation of secure communications

2. Presented model is typical for software subversion, namely, crypto library

3. Research shows that not all schemes succumb to direct ASA attacks, forcing attacker
to use other, more complicated schemes

4. This research can be further used to create real-world secure protocols and mechanisms.

For instance, these systems can have tasks of authenticated key exchange.
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METOJU TA 3ACOBH 1IOBY TOBH KOMIIJIEKCHHX THOOPMALIIMHUX
MOJEJIEU TA IHTEJIEKTY AJIbHUX CUCTEM JUUIA OIHKU AT PAPHUX
I[TPOEKTIB

AnoTtaunis. [TobynoBa kKOMIUIEKCHUX 1H(GOPMALIHAX MOJEJEH A arpapHUX CHUCTEM €
AKTYaJIbHOKO TEMOIO JTOCIII?KEHb Y CYy4aCHOMY CLIIBChKOMY rocrnonapcTsi. Lle mos’s3aHo
3 PO3BUTKOM CY4YaCHHMX TEXHOJIOTiH, 30KpeMa CEHCOpIB, MATYHKIB, CYIyTHUKOBHX
3HIMKIB, CHCTeM 30WpaHHA HaHUX Ta OOpoOkM 1iei iH(opmamii, MPOrpaMHOro
3a0e3MmedeHHs, KOHTPOJIEPIiB AJIsl CAMOXITHOI TEXHIKU Ta arperariB.
KomruiekcHi 1HpopManiiHi Mozeni 1O3BOJSIOTE 310paTh, aHAII3yBaTH, Bi3yali3yBaTH Ta
{HTerpyBaTH PI3HOMAaHITHI JaHi, [0 CTOCYIOTHCS arpapHux cuctem. Lle MoxkyTh OyTu naHi
PO TPYHT, BPOXKANWHICTB, peibed, MOrOIHI YMOBH, BUKOPUCTAHHS PECYPCIB, CTaH POCIHH
TOLIO.
OuiHKa arpapHUX MPOEKTIB BUMArae 3aJly4€HHS €KCINEPTHUX 3HAHb Ta aHAI3y Pi3HHUX
napameTpiB, TAKHX K PeHTa0ebHICTh, PU3UKH, PECYPCH, TEXHOJIOTIYHI (pakTOpH Ta 1HIII.
3acTocyBaHHA IHTEJEKTyaJIbHUX CHCTEM MOXE 3HA4YHO IMOJIETIINTH LeH MpoLec,
3a0e3rmedyround IIBUAKI Ta TOYHI OLIHKM, a TakKOX JOINOMAarar4dl B MPHHHATTI
OOI'PYHTOBAaHUX PIIIEHb B MOAEPHI3alli 0OmaiHaHHS.

1. META

Metoro poOOTH € CTBOPEHHsS IHTEIEKTYaJbHOI CHCTEMH TOOYZOBH Ta OLIHKH
CLIIbCHKOTOCTIONAPCHKUX TMPOEKTIB, MOB'SI3aHUX 3 aHAJI30M NEPCHEKTHBHOCTI BHPOILIYBAHHS
NEeBHOI CLIIBCKOTOCIIONAPChKOI KYJIBTYpH 32 PI3HOMAHITHUMH (PaKTOPaMU Ta IX CYKYIHOCTI,
Bi3yastizawii JaHUX Yy pasi YCIIIIHOTO MPHHHATTS MPOEKTY 32 PAXyYHOK BIPOBAKEHHS HOBHX
CHCTEM TOYHOTO 3eMJIepOOCTBA, IITYYHOTO 1HTEJIEKTY Ta MPEICTABICHHS 3HAHb.

ITo KOXKHOMY TIPOEKTY, SIK MPABHIIO, A0 YBaru OEpPyThCs NaHi mpo:

- KOHTYP TIOJISI,

- riomny (6aHK 3emtl),

- penbed,

- LIMPUHY arperaris,

- pobouy MBHAKICTS,

- KUJIBKICTB Ta BapTICTh pecypciB Ha ra (majiuBo, HaciHHs, 10O0puBo, 33P),

- BPOXKAMHICTb 3 Ta,

- e(beKTHUBHICTh BUKOPHCTAHHS arperaris,

- TEXHOJIOT11 BUPOIYBaHHS,

- KyJIbTYpH Y C1BO3MIHI,

- KaJIpOBI pecypcH,

- MaTepiaIbHO-TeXHIYHE OCHAIIECHHS,

- TOTOBHICTB Ta MOKJIMBOCTI TOCTIOAAPCTBA.

2. OCHOBHI 3A1AUI
ITonepenHiii anHami3 TexHOJOrIH po3poOku 1HGOPMALIHUX CHCTEM BKa3ye Ha
HEeOoOX1IHICTh HACTYITHUX BUMIIB POOIT:

48



XI Miscnapoona naykoso-npaxmuuna kongepenyisn X International scientific conference

"Inobanvi ma pesionanvii npooreMu iHPOPMANMU3aYii 6 CyCnitbemei i "Global and Regional problems of . [rgformatization in Societ;
npupodokopucmyeanni '2023", 15-16 mucmonaoa 2023 poxy, and Nature Using '2023", 15-16 November 2023,
HYBill Vkpainu, Kuis NULES of Ukraine, Kyiv

- Po3pobka mozeneii OIiHKY: OTHA 3 OCHOBHUX 33J1a4 MOJISITa€ B po3podLil Moaene, siki
MOXYTb €(EKTHBHO OLIHIOBATH arpapHi npoektu. Lle MoxkyTh OyTH MOnEeNl Ha OCHOBI MPABHII,
HEHpOMEepeKeBl MOZIEN, CTATHCTUYHI MOJIEJNI TOLIO.

- Po3pobka MareMaTMUHUX Ta CTATUCTUYHUX MOJENeH: BKIIOYAE pPO3POOKY
MAaTeMaTHYHUX Ta CTATHUCTUYHUX MOJENeH Ui aHaii3y Ta NPOTHO3YBAaHHS B arpapHHX
cucremax. L[i Mozmem MOXyTb BHKOPHCTOBYBATHCH [JIsl TPOTHO3YBAHHS BPOXKAHHOCTI,
BU3HAYEHHS ONTHUMAaJbHUX YMOB BUPOLIYBAHHS POCJIHH, BUKOPUCTAHHS PECYypPCiB TOLIO.

- [aTerpanis Ta aHai3 JaHUX: BKIFOYAE pO3pOOKY METO/IB Ta aIrOPUTMIB IUIS iHTEerparii
Ta aHaNI3y PI3HOMAHITHUX NaHHUX, IO CTOCYIOTbCS arpapHux cucreM. lle mMoxke BKJIIOYAaTH
00poOKy reorpadiyHUX MAaHUX, KIIMATUYHUX HaHWX, HAHUX MPO IPYHT, BPOXKAHHICTS,
BUKOPHUCTAHHS PECYPCIB TOLLO.

- Bubip mapameTpiB: BaKJIMBO BHM3HAYUTH, SIKI TApaMEeTPH NPOEKTy € HaiOiIbIn
CYTTEBUMH IJII WOTO OIHKU. Lle MOke BHMaraTd aHaji3y BEJMKOI KUTBKOCTI NAHUX Ta
BUKOPHUCTAaHHS METOIB (iybTparii ado BiIOOpY O3HAK.

- Bampanis mopeneil: iHIIa BaXJMBa 3ajada IOJNArae B TepeBipui e(peKTUBHOCTI
po3pobneHux wmonenei. lle Moke BKIJIIOYATH TOPIBHAHHS MPOTHO30BAHUX OLIHOK 3
(bakTUUHUMH pe3yJbTaTaMH arpapHUX MPOEKTIB, OLIHKY TOYHOCTI Ta CTablIBHOCTI MOJENEH.

- Pospobxka iHTepdeiicy kopucTyBada: IHTEJNEKTYaJlbHI CHUCTEMU EKCIEPTHOI OIlHKU
NOBUHHI OyTH JIETKUMH y BHMKOPHCTaHHI Ui KOPUCTYBadiB. 3ajada MOJSrae B po3poOri
3pyYHOrO Ta IHTYITUBHO 3pO3YMIJOro iHTepeHCy KOpHUCTyBada, SKHH [O3BOJISE JIETKO
B32EMOJIISITH 3 CUCTEMOIO Ta OTPUMYBATH PE3YJIbTATH OLI HKH.

OTtxe, Meronu Ta 3amadi B 0oOmacTi MOOYJOBH IHTEJIEKTYAJIbHUX CHCTEM EKCIEePTHOL
OILIIHKH arpapHUX MPOEKTIB € 0araToaCeKTHUMH, 1[0 OXOILTIOIOTh aHAJII3 3HAHb, MOJISTFOBAHHS,
CTATUCTHKY Ta ONTHMI3aLiI0 3 METOI MOKPAIIEHHSI TOYHOCTI Ta €()eKTHBHOCTI OLIIHKH PiLIIEHb
3 BIIPOBAKEHHS MPOEKTIB.

3. OUYIKYBAHI PE3VYJIbTATHU

Cucrema iMiTye poOOTY B MOJI BPaxOBYHOYM BHIIE BKa3aHi iHAWBIAyanbHI madi, a CI
i AMPUEMCTBO OAaYHTD BI3YJIBHO MPOOIEMHI MOMEHTH Ta iX MIHIMI3y€e TP TUIAHYBaHHI pOOOTH:

- ONTHMAJIbHUI HANPSIMOK BUKOHAHHS OTeparii;

- IOLUIbHE 00’ €IHAHHS [IMATKIB I10JISI B OHE,;

- IEPEKPUTTS Ta HEAOKPHUTTS MO3A0BXKHE Ta HA po3BopoTax (y % Ta ra),

- KUIBKICTh TOTPIOHHUX PeCypciB Ta YaCy HAa BUKOHAHHS 3aB/IaHHS,

- ONTHMAJIbHY TE€XHOJIOTII0 BUPOIIYBaHHS HA CbOTOJIHI;

- BUKOPHCTOBYBATH CBOIO TEXHIKY UM OPEHIYBAaTH,;

- BUKOPHCTaHHS JPOHIB, TPOrPaMHOr0 3a0€3MMeYeHHS;

- BILUTMB JIFOACHKOTO (pakTopy.

4. NNPAKTUYHE 3HAYEHHSA
OTtpumani pe3yibTaTH MalOTh OyTH CIIPSIMOBaHI Ha ONTUMI3aLii0 pOOOTH Y HACTYIMHHX
HaNpsIMKax:

- IligBUINEHHS TPOAYKTUBHOCTI: pPe3yJbTAaTH HOCTIKEHb MOXYTh JIOTOMOTITH
BAOCKOHAJIUTH YIPABJIHHSA AarpapHAMH CHUCTEMaMH, IO CHOpPUSE TIABHUIICHHIO iX
npoxykTuBHOCTI. OnTHMi3auiss BUKOPHUCTaHHS PECYpCiB, BPOXKAHHOCTI Ta BIIPOBA/IKEHHS
e(heKTUBHIX CTpaTeriii MOJXKE MO3UTHUBHO MO3HAYUTHUCS Ha BUPOOHUIITBI
CLIIbCHKOTOCTIONAPCHKUX KYJIBTYP.

- 3MeHIIeHHs] PU3MKIB Ta ONTHMi3alis NPUHHATTS piieHb. KOMIUIEKCHI 1H(popMaiiiHi
MOJIEJIl TO3BOJISIFOTh BPaXOBYBATH Pi3HI (PaKTOPH Ta iX B3a€EMO3B'SI3KH, IO CIIPHUSIE 3MEHIIIEHHIO
PUBHUKIB YIPAaBIiHHS arpapHUMH CHCTEMaMHd. BOHHM MOXYTb CIYXXUTH 1HCTPYMEHTOM ISt
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exploration of the tools employed in this field, and an understanding of the challenges and future
directions of big data analytics.

2. THE EVOLUTION OF BIG DATA ANALYSIS

Big data analysis has evolved significantly from traditional data processing methods.
Early data analysis was limited by computational power and storage capabilities, focusing
mainly on structured data. The advent of the internet and digital technologies catalyzed an
exponential increase in data volume, variety, and velocity, leading to the emergence of big data.
Key technological advancements such as distributed computing and advances in artificial
intelligence have been instrumental in this evolution. The development of platforms like
Hadoop and the adoption of machine learning algorithms have transformed data analysis,
enabling the processing and analysis of large, unstructured datasets in real-time.

3. BIG DATA ANALYSIS TECHNIQUES

Big data analysis encompasses a range of techniques. Machine learning, a subset of Al
empowers systems to learn and improve from experience, making it ideal for pattern recognition
in large datasets. Data mining involves extracting valuable information from large sets of data,
revealing patterns and relationships. Predictive analytics uses statistical algorithms and machine
learning techniques to identify the likelihood of future outcomes based on historical data. Each
technique offers unique advantages: machine learning excels in handling unstructured data, data
mining is effective for discovering hidden patterns, and predictive analytics is essential for
forecasting.

4. TOOLS FOR BIG DATA ANALYSIS

Various tools have emerged to facilitate big data analysis. Hadoop, an open-source
framework, allows for distributed storage and processing of large data sets across computer
clusters. Apache Spark, another open-source distributed computing system, provides an
interface for programming entire clusters with implicit data parallelism and fault tolerance.
NoSQL databases, like MongoDB, cater to the storage needs of big data by providing high
performance and scalability. These tools differ in processing capabilities, speed, and
complexity; Hadoop is renowned for its high storage capacity and fault tolerance, Spark for its
speed in data processing, and NoSQL databases for their flexibility in handling unstructured
data.

5. CASE STUDIES

In healthcare, big data analysis has enabled predictive modeling for patient outcomes,
improving treatment plans. In finance, it's used for risk analysis and algorithmic trading, leading
to more informed investment decisions. Retail companies leverage big data for personalized
marketing and inventory management. These cases illustrate the transformative impact of big
data analysis across sectors, driving efficiency, innovation, and strategic decision-making.

6. CHALLENGES AND FUTURE DIRECTIONS

Despite its potential, big data analysis faces significant challenges. Data privacy and
security are paramount concerns, especially with the increasing sensitivity of information.
Ensuring data quality and integrating diverse data sources also pose significant hurdles. Future
directions may include advancements in Al and machine learning algorithms, greater focus on
data privacy, and the development of more sophisticated tools for real-time analysis.

7. CONCLUSION

This presentation underscores the importance of big data analysis in the modern data-
driven world. By examining various techniques and tools, it highlights the ongoing evolution
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in this field. The continuous development of these methodologies is crucial for turning vast,
complex datasets into actionable insights.
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HOBI TEXHOJIOI'TI ITOKPAIIIEHHA BE3IEKU IHOOPMALIMTHUX CUCTEM
INIOCTKBAHTOBOI EPU

Anoranist. CTaTTs NPHCBICHA aHAMIZY MPOoOIeM HMOOYJOBH CHCTEM KiOepOe3IeKH MOCTKBAHTOBOI CpPH.
[TposeacHO aHAMI3 TCHACHIIH PO3BUTKY KBAHTOBHX KOMITHOTCPIB Ta MiHIMI3aLii KiTBKOCTI KyOiTiB 3 TOUKH
30Py 3arpo3 HCCAHKITIOHOBAHOTO ICKOIy BAHHA MPH BHKOPHCTAHHI MPOOICMHO-0Pi€HTOBAHIX AJITOPHUTMIB.
Po3riHyTO mWTAHHA BHOOPY UHMCEIBHHX METOMIB, IO BHKOPHUCTOBYIOTHCS IIPH BH3HAYCHHI
TEXHOJIOTIYHUX MAPAMETPIB CHCTEM KibepOe3Nmeky, 30KpeMa, Il BU3HAYUCHHS Yacy 3MiHHU mH(PY Ta npu
MPOTHO3YBaHHI Kibeparak. Ha OCHOBI 3anmpomoHOBAaHMX BapiaHTIB peamizauii mapaaurMu moOyIOBH
MOCTKBAHTOBOI CHCTEMH KibepOe3mekw, po3riasHyTHX B [1] Ta [6], mpoBemeHi MOJCNBHI PO3PaXyHKH
BJIACHUX YHCEJT MATPHIII.

KirouoBi cioBa: cucrteMum KEpyBaHHS, MAaTEMATHYHE Ta IPOTPAMHO-AITOPHTMIYHE 3a0€3ICUCHHS,
KibepOe3meKa, KBaHTOBI KOMITFOTEPH, IOCTKBAHTOBA €Pa, PO3PAaXyHOK BIACHUX 3HAYCHb MATPHIIb.

1. BCTYII

He cexper, 0 BUKOPUCTAaHHSI CTaHIAPTHUX METOIIB Oe3meku y MaiOyTHbOMY CTae
HEMOXKJIUBUM 13 TOSIBOIO KOMITIOTEPIB HOBOT'O PIBHSA — KBAHTOBUX KOMITIOTepiB. Tak, BOHU
3HAYHO MiJBUINATH HAIli MOXKJIIHMBOCTI MO OOpOOITKY BENUKHX 00’ €MIB AaHUX 1 BUPILIEHHIO
CKJIAJHIX MAaTEMAaTUYHHX 3aBJIaHb Ta MOZEIIOBAHb, aJle TAKOXK HECYTh 3arpo3y kibepoesmeri y
3JI0Mi Pi3HOMAHITHHX cHUCTeM InudpysaHas. [l 3arpo3a oOyMOBJI€Ha MOMKJIUBOCTSIMU
KBAHTOBHUX OOYHCIIIOBAJIBHUX CHUCTEM, SIKI JO3BOJSIIOTH PO3IIU(PYBATH OYyAb-KYy CEKPETHY
iHpopMario, 3amudppoBaHy ICHYIOUMMH aJTOPUTMaMu IMUQPYBaHHS, 1 3MIHUTH i,
BUKJIMKAIOUM CHCTEMHI 3001 1 Hempare3naTtHicTh iHpopMariiiHoi cucremu. Hamm
NPOTIOHYEThCS MOOYAOBa CUCTEMH 3aXHUCTy 1H(POpMALIii BIAMOBIAHO A0 PiBHS, LIO BIAMOBIAAE
PIBHIO 3arpo3 Ha MOTOYHOMY €Talll TEXHIYHOTO PO3BHUTKY.

IHocTanoBka npobaemu.

Haniitricte 1 edexTHBHICTD PO3POONIEHHX B TOMEPEAH] NECSITHIITTS aJIrOPUTMIB
KOZyBaHHs 1 caMa iaeosnoris koHuenii komm'rotepHoi 6esnekn (RSA, AES 1 T.11.) B)ke naBHO
HE BHKJIMKAOTh CYMHIBIB. OpHaK 3'SBJSIOTBCS TEXHIYHI MOMKJIMBOCTI (HAAMOTYKHI
CYIIepPKOMITFOTepH, 0araTomporecopHi OOYHCTIOBAIbHI CUCTEMHU Ha 0a3l HEWPOHHUX MEpEX i,
B [IEPILY YePry, KBAHTOBI KOMIT FOTEPH), SIKI IPUBOSTH 10 TOTO, IO MUHYJII PIIIEHHS B 00J1aCTI
iHpopmamiiftHOlT Oe3nmeku Bike€ HE BIAMOBIAAIOTh 3aBIAHHSM CbOTONEHHS 3aXHCT BIJ
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MOYUIUBOCTI  PO3KPUTTST MH(PY BHCOKOUIBUAKICHUM aBTOMAaTH30BaHUM IepeOopoM 3
BUKOPUCTAHHSM KBAHTOBUX OOYHCIFOBATIBHUX CHCTEM.

OTxe, sik 3a3Ha4aeThes B [ 1], «<HOBA 11€0510T1st TOOYA0BH CHCTEM KiOepOe3neKy MOBHHHA
OasyBaTHCs HE Ha KOHLEMLIi 3aBAaHTAKEHHS «XaKEPChKOro» OOMagHAHHS KOCMIYHOKO
KIJIBKICTIO OOYMCIIeHb, a Ha KOHLeNLii «3a0e3neyeHHs] Hee(eKTHBHOCTI CyIePKOMITIOTEPay,
TOOTO BHKOPHUCTaHHS TaKOl TEXHOJOrl KOAYBaHHS, MNPH SKIH CyHepKOMITIOTEp, IO
BUKOPHUCTOBYETBCS sIK 3acid «minbopy» mudpy, He 3a0e3nedye NOCATHEHHS Pe3yibTaTy —
posmuppoku iHGoOpMamii, s’k OM HWOro MOTYXKHICTb HE CHIBBIZHOCHJIACS 3 00CSIromM
O0YHCIICHDbY.

Merta ny0.aikaunii.

BpaxoByroun 1€, METOI CTaTTi € HOCITIKEHHsS HOBUX IPOrPAMHO-aJITOPUTMIYHUX
pllIeHb MOKpaIIeHHs 0e3Mneku iHpOpMAIITHUX CUCTEM Y MTOCTKBAHTOBY €pY.

2. TEOPETHUYHI OCHOBH

[MpunyctuMo, 1O BOPOBAIKEHHS CHCTeM KiOepOe3rmeku HOBOTO  TOKOJIHHS
31CHIOETHCS BiIMOBIAHO 10 apagurmu [ 1]

thae =~ > tsig, thac =~ > tre, ten << thac, tect << thac
qdk € [Xmin, Xmax],

1€ thac — YaC MOTPIOHUI IJIS B3JIOMY, tsic — YacC, MPOTATOM sIKOTO iH(popMariisi 30epirae
CBOIO IIHHICTb, tre — YaC, B AKOMY OLUHIOETHCS 3HAYEHHS BHKOPUCTOBYBAHOTO B JIITEPATYPI
TEPMiHY «HECAHKLIIOHOBaHE PO3IIN(PYBAHHS 32 PO3YMHHI Hacy, ten — 9ac MHU(PYBaHHS, tect —
iHTepBas 3MiHU Py, (dk — KIJTBKICTh OOYUCTICHD, sIKI HEOOX1AHO 3pOOUTH JJIsl BUSHAYEHHS
TOYHOTO 3HAYEHHSI KIIFOYA, Xmin T Xmax — MIHIMAJIBHO T4 MAKCUMAJIbHO JIOMYyCTHME 3HAYEHHS
Jiamna3oHy 3HAa4eHb CEKPETHOTO KIIF0Ya, MPU SKOMY 3aKOHHHI KOPHCTYBa4d 3MOXKE KOPEKTHO
IeKOmyBaTH 1HPOPMAILIITO.

Sk 3a3Ha4aeThCS B HU3LI NyOJKalid, OYIKyBaHE HA PUHKY BHKOPUCTAHHS KBAHTOBHX
KOMITIOTEpIB, SKI 3a0e3MeuyroTh pIiBEHb IPOMHUCIOBOIO BUKOPUCTAHHS, MOXE JaTH
MOYUIUBICTD JEKOAYBaTH Oyap-sKy MmupoBaHy iHPOpPMAIIO, 3aKOAOBAaHY 3a JOMOMOTO)
icHyrounx anroputMmiB ImudpysaHHs [2-4]. Posurok amapatHoi ©6asm 1 po3pobka
CHewiai30BaHuX  OOYHCIIOBAJIBHUX  QITOPUTMIB, SIKI ~ NPUCKOPIOIOTH  BUPILICHHS
MAaTeMaTHYHUX 3aBAaHb Ta BUKOPUCTOBYIOTBCS [UJIs1 HECAHKIIOHOBAHOTO JEKOAYBaHHS
cekpeTHoi 1H¢opManii, CTBOPOIOTH e(peKT cuHeprii 1 B TI'eOMETPUYHIH mporpecii
HaOJIIDKAIOTBCST 10 MOMEHTY, KOJIM BPAa3JIUBICTh CHUCTEM KiOEp3aXHCTy CTaE TEOPETUYHO
OOTrpyHTOBAHOK 1 MOKe OYTH JIETKO BUKOPUCTaHA HA MPAKTHULI. 30KpeMa, PeICcTaBIeHH B [5]
JTOPUTM BHPIIIEHHsS 3a7a4i PO3KJIaAaHHs Ha MHOXHHUKH (anmroputM Illopa), TeopernyHO
MOKa3y€ MOJKJIMBICTH 3JIOMy BHKOPHUCTOBYBAHHMX B JAaHUH 4ac ajiropuTMiB LIM(pyBaHHS 3a
JOMOMOTOK0 TTOTY’KHUX KBAaHTOBUX KOMITIOTEPIB, po3poOKa SKUX B JAHWUH Yac 1HTEHCHUBHO
BENIETHCS.

Bopnouac, peanizauisi MOCTKBaHTOBOI mapaaurMu nodynosu cuctem kidepOesmeku [1]
HE BHKJIOYAE JOLJIBHOCTI 3aMiHU 1HTepBasy 3MiHU mudpy (abo BubOpy pexkumy poboTh
CHCTEMH KiOep3axmcTy) 3aJIeKHO BiA TOTOYHOTO PiBHS Kibep3arpo3. Bubip «Oe3neunoro» qacy
3MiHH UG PY MOB'SI3AHUH 3 OLIHKOI 1CHYIOYOTO piBHS KibepaTak i loro MporHo3yBaHHsIM, 10
B CBOIO Hepry BHUMarae OOUYMCIIEHHS BJACHUX 3HAYEHb MATPHIlb, 110 BUKOPHCTOBYIOTBHCS Y
BIATIOBIAHUX IWHAMIYHUX Mopnensx. llle omHMM BapiaHTOM BIPOBAIPKEHHS MOCKBAHTOBOI
NapaurMu € BUKOPHUCTAHHS MPOrPAaMHO-AlapaTHUX MOAYJIB 3a3HAUYEHUX y [6], mis sAKkux
TaKOX NOTP1OHO 0OPaxOBYBATH BJIACHI YHCIIA MATPHULIb.

3. PE3YJIBTATHU TA OBI'OBOPEHHA

MonenbHi pO3paxyHKH BJIACHUX 3HAYeHb MATPHULb MPOBOAMIIHNCS 3 BHKOPHCTAHHSIM
YOTHPBOX pi3HuMX Meronis: JlaBep'e-HrptoToHa, KpuioBa, cremneHeBOro Merony Ta METOAY
XuneHka JJIsl MaTPUIb PI3HOTO CTYIEHS KOPCTKOCTI. Sk 3a3Havanocs B [7], i MeTOIH MOKHA
PO3MALUTH HA JIBI TPYHH. METONHM HE OPIEHTOBaHI HAa OOYHCIIEHHS, MOB'S3aHI 3 YKOPCTKUMHU
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MaTPHISIMU (TIEpIia Irpymna) i METOIH, OPIEHTOBaH! Ha poOOTY 3 JKOPCTKUMH MATPULISIMU (IpyTa
rpymna). MonesnbHi eKCIEpUMEHTH POBOAUIIHCA 3 KBAIPATHUMH MATPULIIMU PO3MipHOCTI N1 =
5, N2=71N3=10. [TopiBHsIbHA OLIIHKA Yacy pOOOTH MPOIECOpa HE MPOBOIUIIACS YePe3 MU
po3mip MaTpuib. MojenbHa MaTpHIs Ui PO3MIPHOCTI 5x5 HaBemeHa B Tabmumi 1, a
pe3yJbTaTH O0YUCIeHb 3Be/IeH] B Ta0mui 2:

Tabnuys 1
MopeabHa maTpuusi po3MipHocTi Sx5
-900 100 10 50 50
100 -700 50 10 50
10 50 -400 40 10
50 10 40 -200 10
50 50 10 10 -120
Tabnuys 2

Bu3sHaueHHs1 HAOLIBIIOrO BJACHOTO YHca MaTpuli (5x5) i3 3aAaHUM xiana3oHoOM
AOMYCTHMOI 3MIHH YHCEJI.

Hiamazon CreneHeBH METO Merox Meton Jlaep'e- | Metoa Kpunosa
XwuiecHKA Herotona
(-100000 - +100000). -944 992650 -944 942 -944 992754 -944 992754
(-800 - +800) -944 992532 -944 942 -675,741796 -675,741796

BUCHOBKU TA HEPCHEKTHUBHA NOJAJIBIINX JOCIII’KEHb

PesynbraTi, HaBeneHi B Tabauui 2, CBIYATh NMPO MOUIJIBHICTD BUKOPHUCTAHHS METOMIB
APYroi TPYyNmU Ui ICTOTHO JKOPCTKHX MATPUIb BEJIMKUX po3MipiB. Y TOH ke dHac, siK
3a3Havyasnocs B [ 7], 3aCTOCYBaHHS METO/IIB MEPLIO] TPYIH HABITh ISl MATPHULIb MAJIMX PO3MIPiB
BUMAarae TMeBHOI OOepekHOCTI y BHOOpI Alama3oHy METOAy, IO MOXKE YCKJIaTHHUTH
aBTOMATH3AL}0 OOYHCIIEHD, B TIEPIIY YEPTY AJIS JKOPCTKUX MATPHLb BEJTMKUX po3MipiB. Takum
YIHOM, BUKOPUCTAHHS METOIB JAPYroi TPymu CIPOCTHTH MPOLEC aBToMaru3auii mudopy
ONTUMAJIBHOT'O Yacy 3MiHU MNPy IS MOKPALeHHs piBHs Oe3nexu 1HpOopMaLiHHUX CHCTEM.
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BHKOPUCTAHHA OB'€KTHO-OPIECHTOBHOI'O MOJIE/TOBAHHA B
EHEPI'ETUYHIN COEPI €BPOIIEMCBKOI'O COIO3Y: MDKHAPOJHI CTAHIAPTH
TA IHOOPMANIMHI CUCTEMU

Amnoramisg. Orman miaxomiB a0 3actocyBaHHA mgiarpam UML 00’ €KTHO-OPi€HTOBHOTO
MOJICTIFOBAHHSI i1 4ac po3poOKy iHPOPMALIHHUX CHCTEM B CHEPTECTHYHIH TAIY31 SIK 3 TOUKH 30y
PErIaMEHTYIOUMX MJOKYMCHTIB, TaKk 1 3 TOYKH 30py (YHKIIOHANBHHX crerudikamiii 1o
PpOo3po0IFOBAHAX TH(POPMALIHHUX CHCTCM. BHCBITIFOETHCA MOKIHBICTH 3aCTOCYBAHHA JiarpaM
UML He TiThbKH 3 METOIO MOJANBINOTO BUKOPUCTAHHS B 00’ €KTHO-OPIEHTOBHOMY NMPOCKTYBAHHI,
aje 1 A OUMbII 3PYyYHOTO Ta 3PO3YMLIOTO BHCBITIICHHS 00°€KTY AocmimkeHHA. HaBomarscs
TIPUKJIATH BUKOPUCTAHHA JiarpaM KIIaciB, MOCIIOBHOCTEH, CTaHIB, AMbHOCTI. Haronomyerscs
HA MOKJIMBOCTI BHKOpHUCTaHHSA Meramonaeixi UML mpu mpOMy BIAXWIDIFOUHCH BiJl BHMOT INOJO
CHHTAaKcHCY. HaBOIiITHCSA HpHKIAAW Ta JOKA3W NMPAKTHYHOTO BHUKOPHCTAHHS JlarpaM sK il
HOPMATHBHHUX JOKYMEHTIB TaK 1 A1 (DYHKI[IOHATBHUX crieru(ikariii He OB A3aHUX 3 MMPOLIECOM
00’ €EKTHO-OPIEHTOBHOTO ITPOCKTYBAHHSL.

KiouoBi cjoBa: 00’€KTHO-OPi€HTOBHE MOZEMOBAaHHSA, MeTtamonenb UML; indopmamitini
CHCTCMH, CHCPICTHKA.

1. BCTYII

IHocTanoBka npobaemu.

3 KOXHHM POKOM KiJIbKICTh 1H(QOpMAIIHUX CHCTEM, IO BUKOPHCTOBYIOTBCS B YCIX
rajy3sx JIOJCbKOTO KHTTS, CTPIMKO 3poctae. Ilin vac po3poOku iHGOpMAIiHHUX CUCTEM
OJTHI€I0 3 HAMBAKIIMBIIINX CKJIAAOBUX € MPOLIEC aHAI3y BUMOT Ta Iu3aiHy cucteMu. Came Bif
I[bOTO €TaIy 3aJICXKUTh HACKUJIBKU YCHIIIHUM Ta e(peKTUBHUM Oyne mpouec BIPOBAIKEHHS
iH(pOpMaIiifHOI CUCTEMH.

Tomy ny’ke BaKJIMBHM € ITiIBUINEHHS €PeKTUBHOCTI poOOTH O13HEC-aHANITHUKIB MiJ] Yac
aHaM3y Ta MONENIOBAHHA 1HPOPMALIHHUX CHCTeM 1 JUIsl JOCATHEHHS Ii€i MeTH
BUKOPHUCTOBYEThCS OaraTo pisHUX miaxomiB. OMHUM 3 TaKUX MiIXOMIB € MPOIeC Bi3yasi3arii
O13HeCy 3 PI3HUX MPOEKI[IH 3a JOMOMOTO rpadidHUX MOB.

AHaJi3 0CTaHHIX J0CTIZKeHb i myOJtiKaniii.

bararo aBTOpiB MPOMOHYIOTH BUKOPHUCTOBYBATH Pi3HI MiIXOAH Ta 32CO0M MOAEIIOBAHHS
Ta Bi3yasl3aLii, 1 OJHI€0 3 HAWBIIOMIIINX Ta HAWYCHILTHIIINX BCE II€ 3ATUINAETHCS rpadidHa
moBa UML. Ilpore 3a3Buuaii BukopuctaHHs MoBu UML mnpomoHyeTbesi mpu 00 €KTHO-
OpIEHTOBHOMY aHami3l Ta mpoektyBaHHi [1], [2], [3], 1m0, Ha HAII TOTJISIA, 3HAYHO 3BYIKYE
MOYJINBOCTI BUKOPUCTAHHS 1li€i MOBH.

Maprin @aynep B cBoiii poOOTI BiA3HAYAE, IO T 4ac BUkopuctanHs UML sik B pexumi
€CKI3y TaK 1 B PEeXXUMI MPOEKTYBAHHA MA€ CEHC BUKOPHCTOBYBATH IHIII AlarpamMu, sIKIIO Iie
JO3BOJISIE TOAATH OLTbIIE MTPO3OPOCTI B MPoLeC MoaeoBanHs [4, ¢.42]. Kpim Toro B Tiii camiit
poboti BiH Haromomiye, mo ronoBHuM B UML € He cHHTakcuC a meraMoneib, TOOTO
MOJKJIUBICTh BUKOPUCTAHHS 17eH, IO JiekaTb B OCHOBI miarpam UML, 3anmnst momaHHs
iH(popMaii y 3p03yMiJIOMy BHUIJISII.
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IIe onuH ny>xe BaXJMBUH HANpPsIMOK 3acTocyBaHHs MOBU UML - 1ile JOKYMEHTH, 11O
OMUCYIOTH (PYHKIIOHATBHY crielu(iKaIio CUCTEMH, IO CTBOPIOETHCS. [IpoTe ToI0BHUM € TOM
¢akt, mo mig yac po3podku iHPOpMaLIHHOI CHCTEMH He Tiepea0avacThCsl peatizamisi CHCTEMH
3acobaMu 00’ €KTHO-OPIEHTOBHOTO NPOEKTYBaHHS. B TakoMy BHMAnKy TOJIOBHOK METOHO
BUKOPUCTAHHS JarpaM € 4iTKe Ta 3pO3yMuIe MOAaHHs iHpopMarii, IO 3HAYHO CIIPOLIYE
PO3YMIHHS SIK 31 CTOPOHU BUKOHABIIS TaK 1 31 CTOPOHH 3aMOBHHKA.

IIpu ubOMy Iy’ke 4acTO BUKOPHUCTOBYIOTBCS IlarpaMy NMPELENeHTIB, KJIaciB, CTaHIB Ta
nisutbHOCTI. Ha maHux miarpamax najeko He 3aB3KOu JOTPUMYIOThCs Beix ctanaaptiB UML abo
HaBITh OYAYIOTh iX 3 BUKOPHUCTAHHSIM KOPIOPATUBHUX CTAHIAPTIB IO CTBOPEHHS Jiarpam Ta
pucyHkiB. TUM He MEHII Il JiarpamMH BCe Lie 3aIHuIIaoTbes miarpamamu UML, amke BOHH
cniayrTh Metamonesi UML Ta nepenaroTh TOW caMuil 3MICT, IO i KJIACHYHI ITi TXOH.

BUCHOBKMU TA HEPCIIEKTUBH NNOJAJIBIINX TOCJII’KEHD

3a pe3yabpTaTaMi MH XOYE€MO i IKPECTUTH TOH (akT, 1m0 00’ €KTHO-OPIEHTOBHHI aHai3
ta miarpamu UML 3a mpaBoM 3aciayroByIOTh 3BaHHS OIHI€l 3 Halkpaummx rpadiuHux MoB
Bizyastizawii Oi3HEC-POLECIB Ta MPOEKTYBaHHA CKIANAHUX cucteM. [Ipu nmpoMy Ha mpakTULi
IOCUTh YaCTUM € BHUKOPHCTAHHS AlarpaM HE 3a iX MPSAMHAM NPU3HAYEHHSM - MOAAJBINOTO
MPOEKTYyBaHHS 3 3aCTOCYBaHHSAM 00 €KTHO-OPICHTOBHMX MOB MpOrpaMyBaHHs. IxHe
BUKOPHUCTAHHS 37e01JIbIIOro 3yMOBJIEHe HEOOXITHICTIO YiTKOTO, MPO30POro Ta 3pO3yMiJIoro
onucy Ol3HEC-TPOLECYy.

Tomy aBTOpH aHOI pOOOTH CTBEPAKYIOTH, IO BUKOpUcTaHHA MoBr UML € mouinpHIM
IiJ1 4aC MOJENIOBAHHS CKJIAHUX CHCTEM 1 JOMOMarae onucaT O13HeC MpoLec TAKUM YHHOM,
IO BiH CTA€ 3pO3YMIJIUM HE TIJIbKH 3 TOUKH 30py po3poOkw ajie i 3 Touku 30py Oi3Hecy. Lle 3
OJHOTO OOKY JO3BOJISIE YITKO BU3HAUYUTH BUMOTH Ta OITUCATH CUCTEMY, a 3 IHIIOT0 OOKY poOUTh
el npotec O1TbII TPO30PUM Ta 3PO3YMIITUM JJIs1 000X CTOPIH, SIK BUKOHABIIS TAK 1 3AMOBHHKA.
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2. THE RESULTS AND DISCUSSION

Any information processed by various discrete computers can ultimately be represented
by a binary sequence. This presentation, in fact, is used in the transformation of data using
various dynamic chaotic systems.

The encryption algorithm used in this work is based on the use of a discrete model of a
dynamic chaotic Lorentz system [4]. A Lorentz finite state automaton is described by a system
of equations:

(@) =x,() + h(Ax, (1) — x, (1) —x, (D)%, (1) + Au(?))
Xt +1) = x,(0) + B4, (y (1) = x,(0))

X, (1 +1) = x, (1) + (A, x, (1) = x, (1) — x, ()X, (1) + Au(?)) (1
X3 (F+1) =, () + h(x, (1)x, (1) — A;x,(2))

Here, the additive component is the current input symbol of the output information u(z),
y(t) — corresponding symbol of encrypted information. Sets of input and output symbols,
components x,(¢),i=1,2,3 are understood as elements of a finite field GF(g) or rings
Z(q), and the operations of addition and multiplication are the corresponding operations in this
field, or ring [5].

Decoding is carried out by an inverse Lorentz automaton, which exists for any 4 GF(q)
or AeZ(q), A #0. The coefficients of the system and the initial state of the automaton are the
key of the encryption system. System (1) will be rewritten as follows:

S =a,S$, +a,5S,

S, =a,, S, +a,,S, +a,S,S; +au

Sy =a,,S; +4a;,5,5,

y=S5,

Coefficients of the Lorentz automaton (a,q, @13, az1, A2z, Az3, Aos, A1, A32), as well as
input states S;, S, S5 is the key of the encryption system. If necessary, the value can also be a
key parameter k, which specifies the size of the data block that is processed in one iteration (a
quantum of information) in % byte.

The main stages of the encryption algorithm are as follows:

1. Initialization of the automaton - its coefficients and input state according to the
encryption key and quantum size are set;

2. Processing of the next quantum of information using system (1), which is in the
current state, and issues an encrypted quantum, after which it moves to a new state.
This step is repeated until the end of the data stream being processed.

When calculating the state values of the automaton, all operations take place in the field
GF(27) orrings Z(2").

The result of the encryption algorithm will be some sequence, which should have the
properties of pseudo-random. Two groups of tests were used for its research: graphical and
evaluative, which are part of the NIST statistical test package [5].

Test 1. To visualize the input as well as the output binary sequence, it is imagined in the
form of some matrix. The image of such a matrix is built according to the following rule: a
black pixel displays an element of the matrix equal to zero, and correspondingly, a white pixel
represents an element equal to one. For this test, 10 different input sequences of length 320,000
bits were used. Each sequence was encrypted with different, arbitrarily chosen parameters. As
a result of the tests, the following conclusions were obtained. When encrypting in a ring Z(2%)
using the Lorentz system, in no case is a homogeneous picture observed; In the case of
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pronounced areas in the source file, their contours remain in the source file, which indicates the
heterogeneity of the source data. As the power of the ring increases, the "blurring" improves.

Test 2. Use of the NIST statistical test package to assess the quality of PVP generators.
In this test, a sequence of units with a power of 100,000 is encrypted 125 times. Each parameter
is traversed step by step 27 /5 and all their possible combinations are taken. Thus, 125
sequences are obtained. The NIST battery of tests is applied to them.

NIST tests show that Lorentz encryption in the Zg ring performs poorly. As the power of
the ring increases, the result improves and the time of the tests decreases. When adding a
predicate to the system, there is a slight improvement in the result.

3. CONCLUSIONS

Any controlled dynamic system having an input-output structure can be used directly to
transform information. The idea of using reversible control systems with complex behavior of
trajectories is at the basis of the task of synthesizing new effective algorithms for information
protection, primarily from unauthorized access.

The conducted studies and their assessment allow us to say that new results were obtained
that expand the theoretical base of modern cryptology and are promising for the creation of
effective cryptographic algorithms. At the same time, a number of questions remain open
related to the influence of dynamic parameters on the resistance of crypto-algorithms to attacks,
resistance to information distortions, the appearance of invariant manifolds.
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PE3YJIbTATHU TA OBTOBOPEHHSA

[Iporpama Bizyamizauii aJropuTMy MNOLIYKY ONTHUMAJBHOTO HUIAXY B JIAOIPUHTI Mae
BEJINYE3HE MPAKTUYHE 3HAYCHHS 1 MOXKE 3aCTOCOBYBATHCS Ha (PepMEPChKUX JIaHAX, HA MOJISX
0010 3 BUKOpHUCTAaHHSIM naHux, orpuManux Bif BILJIA. Ilporpama 3acTocoByBajacs aBTOpOM
IiJ1 Yac BUKJIAAHHS AUCLUIUIH «AJTOPUTMH 1 CTPYKTYpH naHux» 1 «O0’€eKTHO-OpIEHTOBAaHE
nporpaMyBaHHs» B HarioHanbHOMy yHiBepcuTeTi OiopecypciB 1 IPUPOAOKOPUCTYBAHHS
VYkpainu. CTyIeHTH CHOCTepiraiy 3a BCIMa MpoLecaMu I yac poOOTH MporpaM i HAOYHO
OLIHMJIU {X KOPUCTb.

BUCHOBKU TA HEPCHEKTHUBHA NNOJAJIBIINX JOCIIIXKEHD

Jins Bizyasmi3zarii MoImyKy ONTUMAIBHOTO IIJISIXY B JIAOIpUHTI 3aITPONIOHOBAHA peati3amis
anroputmy [eiikctpu Ha moBi C# B 3actocyBanni Windows Forms NET. Kpim 3a3nadenoi
BUINE MPAKTHYHOI KOPHCTI MporpamMa MOK€ CTaTH MiIMOTO0 SIK JJISl BUKJIANA4iB, TAK 1 JJIs
CTYZICHTIB, SIKI BHBYAIOTh AMCLUIUIIHU «AJTOPUTMHU 1 CTPYKTypH maHux» 1 «O0’€kTHO-
OpIEHTOBAHE MPOTPAMYBAHHSD.
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CYYACHI TEXHOJIOT If CTBOPEHHSA IIPOI' PAMHOT'O 3ABE3IIEYEHHS
BIITTIOBIJTHO J10 PEKOMEHJIALIN SWEBOK

Anortanis. B crarTi po3rimamaroThCa CydacHi MAXOAW A0 CTBOPEHHS IPOTPAMHHUX IPOIYKTIB
BiamoBigHO 10 pexoMeHmamii SWEBOK. Amamsyerscs 10CBiA PO3POOKH MPOTPAMHHX
MPOAYKTiB, CHOPMYTHOBAHUH Y BUTIAAl PCKOMCHIALIH.

Kmmouosi ciioBa: snpo 3Hane SWEBOK; cTBOpeHHSI MpOrpaMHOTO 33a0€3MEUYEHHS; TEXHOIOTII
CTBOPECHHS IPOTPAMHUX ITPOIYKTIB.

1. BCTYII

HocranoBka npoGaemun. B kiami 90-x pokiB XX CTONITTS pO3MOYABCS AyXKe
IHTEHCUBHHUI TMpOLIEC BIOPSIKYBaHHS 3acO0IB Ta TEXHOJOIH CTBOPEHHS MPOTPaMHOrO
3abe3medeHHs, sike OyJIo MpU3HaUeHe I MPONAXKy — IPOTrPAMHUX MPOAYKTIB. [ KepyBaHHS
UM mpouecoM Ha modatky XXI cronitrst OyB cTBOpeHU MiKHApOIHUI KOOpIWHALIHHUT
KOMITET 3 mporpamHoi iHxeHepii (Software Engineering Coordinating Committee) mpu
amepuKaHcbkoMy 00'emHaHHI koMmroTepHux ¢axisuisB ACM (Association for Computing
Machinery) ta IactutyTi iHkeHepiB 3 enekTpoHiku Ta enektporexHiku (IEEE Computer
Society). 3aBnsku 3ycHyuisaM 1IbOro koMiTeTy y 2004 poui 3’ siBuiioch siapo 3Hanb SWEBOK. B
HBOMY CHCTEMAaTH30BaHI pPI3HOPIAHI 3HaHHA B O00JacTi NPOrpaMyBaHHs, IUJIAHYBAHHS 1
yIOpaBIiHHSA, CPOPMYIBLOBAHO MOHSTTS MPOrPaMHOl iHXkeHepii Ta Bu3HavyeHo 15 (10 na 2004
pik) obmacrefi 3HaHp (0O3), skl BIANOBIHAIOTH MpPOLECAM MPOEKTYBAHHS MPOrPAMHOIO
3abe3nedenns (I13) i MmeTonam ixX MATPUMKH.

AHAJI3 OCTaHHIX JoCHiKeHb i myOjikauniii. Lle sapo 3HAaHP CTAjIO HACTIILHUM
OOBITHUKOM Ui (paxiBLiB 3 1H)KEHepil mporpamMHoro 3adesmeueHHs, 00 BMimye y coOi
HaKpamui JOCBIJ y CTBOPEHHI MPOrpaMHUX NPOAYKTIB. BOHO MOCTIHO pPO3BHBAETHCS i
HATIOBHIOETHCS HOBHMH PEKOMEHIAIISIME, IO CITUPAIOTHCS HA HOBITHI 3aCO0M, TEXHOJOTII 1
iHCTpyMeHTH po3podku I13.

Merta ny6uikanii. BpaxoByouu 11e,METOIO CTAaTTi € BUCBITIICHHS ITiAXOAIB IO CTBOPEHHS
NPOTrPaMHUX MPOAYKTIB BIATIOBIAHO 10 pekomeHaauin SWEBOK.

PE3YJbTATHU TA OBT'TOBOPEHHA

Jlna cTtBopeHHsl cydacHux nporpamHux cucreM SWEBOK mpomnoHye xopucTyBaTucCh
TEXHOJIOT1SIMH, SIK1 TTOKa3aJI1 CBOKO €(EKTHUBHICTb.

Pospobka ta Bukopucranas APL Iarepdetic npukiagHoro nporpamysanss (Application
Programming Interface — API) — ue HaOip 3amuciB, sIKI €KCIIOPTYIOTHCSA Ta € JOCTYITHUMH
KOpucTyBadaM Oibmiorekn adbo ¢ppeiiMBOPKy Uil HAIMMCAHHS CBOiX BJacHUX mporpam. Okpim
3anuciB, API 3aBk1u MOBUHEH MICTHTH TBEPKEHHS PO ehekTH Ta/ado MOBENIHKY MPOTrpaMu
(Tobto ii cemanTuky). Po3pobka APl moBunHa Hamaratucs 3pobutu APIL jmerkum s
BUBYCHHS Ta 3amaM SITOBYBaHHsI, 3pYYHUM JJIsl CTBOPEHHS YUTA0ETBHOTO KOy, BAKKUM IS
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XUOHOTO BUKOPHCTAHHS, JIETKUM I PO3LIMPIOBAHHS, MOBHUM Ta 3JaTHUM IATPUMYBATH
3BOpOTHY cyMicHiCTb. Ockinbku API mns mupoko BxuBanoi 6i6miorexkn abo GpperdMBOpPKY,
3a3BUYAH, ICHy€E JOBIIE, HIJK pealizalis IeBHOTO MpoekTy, bakaHo, mob API OyB mpoctum i
CTallIbHUM, TakKuM, IO TOJETIIye pPO3poOKy Ta OOCIYyroBYBaHHS KIIIEHTCHKHX TOMATKIB.
Buxopucranns APl Bkirouae mporecu BHOOPY, HaBYAHHS, TECTyBaHHs, IHTErpauii Ta,
MOKJTHBO, posimuperHst APL, mo HagaroThcs 616mioTeko0 ado ppeliMBOpKOM

OcobamBocTi 00'€eKTHO-OPIEHTOBAHOTO MIJIXOAY [0 3amycKy Ha BukoHaHHA. O0'ekTHO-
Opi€HTOBaHI MOBH MiATPUMYIOTh HU3KY MEXaHI3MIB BUKOHAHHS, BKIIFOUAIOYH MONIMOp(i3M Ta
amanToBaHiCTh. L{i MexaHi3Mu peanizanii MABUINYIOTh THYYKICTh TA aalTOBAHICTh 00'€KTHO-
opieHToBaHUX mporpam. [TonimMopdizm — 11e 37aTHICTH MOBU HIATPUMYBATH 3arajibHi Omeparii,
HE 3HAKYM J0 MOMEHTY BUKOHAHHS, $IKI KOHKpeTHI 00'ekTu Oyae MICTUTH TpOrpaMHe
3abesneuenHs. OCKUIBKU Tporpama 3a3Aalieriib He 3HAE KOHKPETHHUX THUIIB 00’ €KTIB, TO
peanbHa MOBEiHKA BU3HAUAETHCS 111 YaC BUKOHAHHS (TaK 3BaHE JUHAMIYHE MPHUB’ s3yBAHHS).
ANanToBaHICTh — L€ 3[aTHICTh MPOrpaMy BIACHIAKOBYBaTH Ta MOAU(IKYBAaTH BJIACHY
CTPYKTYPYy Ta MOBEAIHKY TiJ Yac BUKOHAHHS. ANTAaNTOBAHICTh JO3BOJISIE MEPEBIPSITH KJACH,
iHTepdeiicy, most Ta METOAH il YaC BUKOHAHHS, HEe 3HAKOYH iX 1MeH mija yac kommisimii. e
TaKOXX JI03BOJISIE CTBOPIOBATH €K3EMILISIPH 117 YaC BUKOHAHHS HOBUX O0'€KTiB Ta BUKIIMKATH
MeTOau 0OpOoOKH 3a paXyHOK BUKOPUCTAHHS MAPaMeTPU30BAHUX iMEH KJIACIB Ta METO/IB.

INapamerpu3saliis Ta mabioHU apryMeHTiB (JukeHepukH). IlapamerpusoBaHi THIy, sKi
TaKOX BiaoMi sik jukeHeprkH (Mosu Ada, Eiffel) ta mabnonu aprymenris (C ++), 103BOISIOTH
BU3HAUUTH TUll ab0 Kjac 1 HE BKA3yBaTH BCI IHINI THIH, SIKI MapaMeTPU30BaHI THITH
BUKOPUCTOBYIOTh. HEeBCTAHOBNIEH! THUIH MOJAIOTHCS SIK MapaMeTpH y MiCIie BUKOPHUCTAHHSL.
[TapametpusoBaHi Tunu 3a0e3MeUyrOTh TPETiil crocid (Ha MOAATOK A0 HACIIyBaHHS KJ1aciB Ta
BMICTy 00’ €KTa) BU3HAYCHHSI IOBEAIHKH B 00’ EKTHO-OPIEHTOBAHOMY MPOTPAMyBaHHI.

TBepkeHHs, TPOSKTYBAHHS 32 KOHTPAKTOM Ta 3aXMCHE NporpaMyBaHHs. TBepIKeHHs
(Assertion) (BapiaHTH MepeKJIaay TEPMIHY: MPUITYIIEHHS, TBEPAKEHHs, TIEPECBITUSHHS) — 11e
BUKOHYBAaHHH MPEINKAT, IKUH PO3MILIYETHCS B IPOTPaMi, SIK PABUIIO, Y BUTJISIL M ATIPOTrPaMU
abo Makpocy, 1 JO3BOJIsIE IEPEBIPATH BUKOHAHHS MporpaMu. TBepakeHHs! 0COOIMBO KOPHCHI
B MPOrpaMax 3 BUCOKOIO HaIHHICTIO. BOHU TO3BOJSIOTE MPOrpaMicTaM LIBU/ALIE BUIPABISATH
HEBIPHI JOMYIIEHHS iHTepdeiicy, MOMIIIKH, sIKI 3aKPaJarOThCs MiJ Yac 3MiHH KOAY TOLIO.
TeepmkeHHs1, 3a3BUYall, JOAAOTHCS y KOJ MiA Yac po3poOKH, a 3roA0M BIIIYHAKOTHCS 3 KOAY,
abu BOHU He TMOT1pIIyBaJH MPOAYKTHUBHICT.

IIpoekTyBaHHs 3a koHTpakTOoM (Design by contract) — e Takuii miaxizx 10 po3poOKu, mpu
AKOMY TEepPeIyMOBH Ta IICIIYMOBH BKJIIOYAIOTBCS B  KOXHY mporpamy. Komn
BUKOPHUCTOBYIOTBCS MEPEAYMOBHU Ta MICISIyMOBH, KaXKyTh, IO KOJKHA Iporpama 4 Kijac
YKJIAAAa0Th KOHTPAKT 3 PELITO0 IporpaMu. KpiMm Toro, KOHTPakT Hagae TOYHY CrielndiKawio
CEMaHTHKH MPOTPaMH 1, TAKAUM YMHOM, TOTIOMAra€ 3po3yMITH ii MOBEeOiHKY. BBaxaeThcs, 1m0
MPOEKTYBaHHs 32 KOHTPAKTOM IOKPAILNYE SIKICTh KOHCTPYIOBAHHS IIPOTPAMHOTO 3a0€3eUeHHS.

3axucue nporpamyBaHHs (Defensive programming) Mae Ha METI 3aXUCTUTH IPOTPaMy
Bl pyHHYBaHHs uepe3 XuOHi BBeneHHs (invalid inputs). Iommpeni ciocodu o6pobku XHOHNX
BXOJ’)KE€Hb BKIIIOYAIOTh MEPEBIPKY 3HAUEHb yCIX BXITHHUX MapaMeTpiB Ta BUPIIIEHHS CIOCO0Y
00poOkn XHOHOrO BBEACHHS. TBEPIKEHHS YaCTO BUKOPUCTOBYIOTBCS B 3aXHCHOMY
porpaMyBaHHI JIJIsl IEPEBIPKU BX1THUX 3HAYCHb.

OO6pobka nmomMmiok, 06pobka BUHATKIB Ta TOJEpaHTHICTh A0 300iB. Crocib obpodku
NMOMWJIOK BIUTMBAE€ HA 3/1aTHICTh MPOTrPaMHOro 3a0e3MedYeHHs BIANOBINATH BUMOTaM, SIKi
NOB’S13aHl 3 KOPEKTHICTIO, HAAIWHICTIO Ta IHIIMMHU aTpuOyTamMu He(yHKLIOHAJBbHUX BHMOT.
Jlnis mepeBipkM Ha NMOMWJIKM BHUKOPHUCTOBYIOTH IIMPOKHHA Hallp piI3HUX METOAiB 0OpoOku
BUHATKM BUKOPUCTOBYIOTBCS [UISI BHSIBIIEHHSI Ta OOpOOKH MOMMIIOK 200 BUHSATKOBHX MO
TonepantHicte 10 300iB (Fault tolerance) — me CykymHICTH METOAIB, $IKI MiABHINYIOTH
HAAIHICTb TPOTPAMHOTO 3a0e3MeYeHHs! IITXOM BUSIBJICHHSI TOMIJIOK, & IMOTIM BiTHOBJICHHS
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MpOrpaMHOro 3ade3rmeueHHs], SIKIIO 1€ MOXJIUBO, a00 OOMEKeHHSI HACHIAKIB BiJl MOMHJIOK,
SIKIIIO BIJTHOBJIGHHS HeMoxUthBe. HaiOinbin momupeHi crparerii CTIMKOCTI 10 BIIMOB
BKJIFOYAIOTh. pPE3€pPBHE KOIIIOBAHHS 1 TMIOBTOpHA Crnpoda BUKOHAHHS, BUKOPHUCTAHHS
JOMOMIPKHOTO KOy, BHKOPUCTAHHSI ajJrOPUTMIB OLIBLIOCTI T'OJOCIB, 3aMiHa TOMHJIKOBOTO
3Ha4YeHHs Ha (paspIIvBe 3HAUEHHS, sIKE HE MaTUMe 3TyOHOTrO eexTy.

Moneni peanizanii (Executable Models). Moneni peanizaunii abcTparyroTbes Bi aeTaneit
KOHKPETHHX MOB MPOrpaMyBaHHS Ta PilIeHb MIOAO OPTaHi3allii MpOrpaMHOro 3a0e3meueHHsl.
Ha BimMiHy Bix TpamuMIiHHX MPOrpaMHHMX MOJENeH, MOJenb, sika moOyJoBa—"Ha Ha MOBI
MOZENOBaHHs st peamsanii, Hanpukian, XUML (UML nna peamizawii), moxke OyTH
PO3TOpHYTa B PI3HUX MPOrPaMHUX cepeaoBminax Oe3 3MiH. Komminsarop mozneni peanizamii
(TparchopMaTop) MOKE MEPETBOPUTH BUKOHYBAHY MOZENb HA Peaji3allifo 3a IOMOMOIO)
HaOOpy pillleHb MO0 IIIBOBOTO aNapaTHOTO Ta MPOTPAMHOrO CepeloBHUINa. TaKiuM YUHOM,
noOynoBa Mojened peanizamii MOXe po3mAgarucs sK crnocid moOyaoBH MPOrpamMHOro
3a0e3nedeHHsT 1JIs1 BUKOHaHHs. Mogeni peami3amii € OOHIE 3 OCHOB, L0 MATPHUMYIOTH
TEXHOJIOTI1, 1€ CMOCIO LiKOM BU3HAYUTH HE3AJEKHY Bif miaT(GopMu MOJeNb.

MeTtoan KOHCTPYIOBAHHS HA OCHOBI CTaHIB Ta YIpPaBJiHHS Tabauisimu. [IporpamyBaHHs
Ha OCHOBI cTaHiB (state-based programming), abo mporpamMyBaHHsI Ha OCHOBI aBTOMATIB, — 1€
TEXHOJIOTIS TPOTrPaMyBaHHs, IO BHKOPHCTOBYE KIHIIEBI aBTOMATH [IJIsI ONHCY IOBEIIHKU
nporpam. ['padiku nepexoniB aBTOMaTa CTaHy BUKOPHUCTOBYIOTBCS Ha BCIX €Tamax po3poOKd
nporpaMHoro 3abesnedeHHs. OCHOBHA iniesl MOJSIrae B TOMy, o0 OyayBaTH KOMIT FOTEpHI
mporpaMyd Tak CaMmo, SIK IIe¢ pPOOUTbCS 3 aBTOMATHU3AMIED TEXHOJOTIYHHUX TPOIIECIB.
[IporpamyBaHHs Ha OCHOBI CTaHIB, 3a3BHYai, TMOETHYETbCS 3 OO'€KTHO-OpPIEHTOBAHUM
MpOrpaMyBaHHSM, IO YTBOPIOE HOBUH CKJIANEHUH MiOXiJA, SIKUA HAa3UBAETHCS OO'€KTHO-
Opi€HTOBAaHE MPOTPAMyBaHHS HA OCHOBI CTaHIB.

Kondirypysanns ¢aiiniB Ha BHKOHAHHS Ta 1HTepHauioHami3aiis. J{ns mocsrHeHHs
OLIBIIOI THYYKOCTI MPOrpaMa 4acTO CTBOPIOETHCS 3 MOMJIUBICTIO TIATPUMKH MI3HBOI YaCOBOI
NPUB'S3KH TMPOrpamMor0 cBOiX 3MiHHUX. KoH@irypyBaHHs (aiiniB Ha BHKOHAHHS — L€
TEXHOJIOTIS1, SIKa TOB’SI3y€ 3HAUEHHs 3MIHHUX T4 HAJAIITYBaHHS MPOrPaMH IiJ 4Yac 3amycKy
NPOTpaMy, SIK MPABUJIO, HIJITXOM OHOBJICHHS Ta YMTaHHs (aiiniB KOH}Irypamii y pesxiumi OH-
naiiH. IHTepHamioHami3auis — e TeXHIYHa AiSUTbHICTh 3 MiIATOTOBKH MPOTPaMH, SIK MPAaBHIIO,
IHTEPaKTUBHOTO TPOrPAMHOTO 3a0e3MeueHHs] ISl MIATPUMKH JEKUTBKOX — JIOKAJTBHHUX
HAJIaTOJI’KyBaHb.

Iepmoyeprose nporpamMyBaHHs TECTIB (po3poOka mizx ynpasiiHHAM TecTiB — Test-Driven
Development — TDD) — ue nonyJsipHUI CTHIIE PO3POOKH, B SIKOMY TECTOBI KEHCH MULIYTHCS
nepen HalucaHHsIM Oy Ib-sikoro koxy. IlporpamMmyBaHHs Ha OCHOBI TECTYBaHHSI, 3a3BUYA, MOXKE
BUSIBUTH Je(QEKTH paHille 1 BUIPABUTH iX JIETHIE, HIXK TPAAWLIHHI CTUJI MPOrpaMyBaHHS.
binpiue Toro, HanmMCaHHS TECTOBUX KEHCIB CIOYATKY 3MYIIYE MPOTrPaMiCTiB IMOAYMATH IMPO
BUMOTH Ta MPOEKTYBAHHS PaHIIIe 32 KOAYBaHHS, THM CAMUM IIBHUIIE 3’ SICOBYIOYH BUMOTH 10
I13 Ta mpobieMu 3 MPOEKTYBAHHSIM.
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BHKOPUCTAHHA OB'€KTHO-OPIECHTOBHOI'O MOJIE/TOBAHHA1 B
EHEPI'ETUYHIN COEPI €BPOIIEMCBKOI'O COIO3Y: MDKHAPOHI CTAHIAPTH
TA IHOOPMANIMHI CUCTEMU

Amnoramig. Ormag migxomiB A0 3acTocyBaHHA miarpaM UML 00’ €KTHO-OPi€HTOBHOTO
MOJICTIFOBAHHSI i1 4ac po3poOKy iHPOPMALIHHUX CHCTEM B CHEPTECTHYHIH TAIY31 SIK 3 TOUKH 30y
PErIaMEHTYIOUMX MJOKYMCHTIB, TaKk 1 3 TOYKH 30py (YHKIIOHANBHHX crerudikamiii 1o
Ppo3po0IFOBaHAX 1HOOPMALIHHUX CHCTCM. BHCBITIIOETHCS MOKIHBICTH 3aCTOCYBAHHSA TiarpaM
UML He TiThbKH 3 METOIO MOJANBINOTO BUKOPUCTAHHS B 00’ €KTHO-OPIEHTOBHOMY NMPOCKTYBAHHI,
aje M A OLMbII 3PYyYHOTO Ta 3PO3YMLIOTO BHCBITICHHS 00°€KTY AocmimkeHHA. HaBomarscs
TIPUKJIATH BUKOPUCTAHHS JiarpaM KIJIACIB, IIOCTIIOBHOCTEH, CTaHiB, AisIbHOCTL. HaronomyeTscs
HA MOKIMBOCTI BHKOpUCTaHHSA Meramoneixi UML mpu mpOMy BIAXWIDIFOUHCH BiJl BHMOT OO
CHHTAaKcHCY. HaBOIiITHCSA HpHKIAAW Ta JOKA3W NMPAKTHYHOTO BHUKOPHCTAHHS JlarpaM sK il
HOPMATHBHHUX JOKYMEHTIB TaK 1 A1 (DYHKI[IOHATBHUX crieru(ikariii He OB A3aHUX 3 MMPOLIECOM
00’ €EKTHO-OPIEHTOBHOTO ITPOCKTYBAHHSL.

KiouoBi cjoBa: 00’ €KTHO-OPi€HTOBHE MOZEMOBAHHSA, MeTtamoneab UML; indopmamitini
CHCTCMH, CHCPICTHKA.

1. BCTYII

IHocTanoBka npobaemu.

3 KOXHHM POKOM KiJIbKICTh 1H(QOpMAIIHUX CHCTEM, IO BUKOPHCTOBYIOTBCS B YCIX
rajy3sx JIIOJIChKOTO XHUTTS, CTPIMKO 3poctae. Ilix dac po3pobku iH(popMaLiiiHUX CUCTEM
OJTHI€I0 3 HAMBAKIIMBIIINX CKJIAAOBUX € MPOLIEC aHAI3y BUMOT Ta Iu3aiHy cucteMu. Came Bif
I[bOTO €TaIy 3aJICXKUTh HACKUJIBKU YCIIIIHUM Ta e(peKTUBHUM Oyne mpouec BIPOBAIKEHHS
iH(pOpMaIifHOI CUCTEMH.

Tomy ny’ke BaKJIMBHM € MiABUINEHHS €PEeKTHBHOCTI poOoTH O13HEC-aHANITHUKIB TiJ] 4ac
aHaN3y Ta MONENIOBAHHA 1HPOPMALIHHUX CHCTeM 1 JUIsl JOCATHEHHS Ii€i MeTH
BUKOPHUCTOBYEThCS OaraTo pisHUX miaxomiB. OMHUM 3 TaKUX MiIXOMIB € MPOIeC Bi3yasi3arii
013HeCy 3 Pi3HUX MPOEKI[H 3a JOMOMOTOI0 rpadiuHUX MOB.

AHaJi3 0CTaHHIX J0CTIAKeHb i myOJiKaniii.

Bbararo aBTOpiB MPOMOHYIOTH BUKOPUCTOBYBATH Pi3HI MiIXOAH Ta 32CO0M MOAEIIOBAHHS
Ta Bi3yasl3aii, 1 OJHI€0 3 HAWBIIOMIIINX Ta HAWYCHILTHIIINX BCE 1€ 3ATUINAETHCS rpadidHa
moBa UML. Ilpore 3a3Buuaii BukopuctaHHs MoBu UML mnpomnoHyeTbesi mpu 00’ €KTHO-
OpIEHTOBHOMY aHami3l Ta mpoektyBaHHi [1], [2], [3], WO, Ha HAII TOTJISIA, 3HAYHO 3BYIKYE
MOYJIMBOCTI BUKOPUCTAHHS 1li€i MOBH.

Maprin @aynep B cBoiii poOOTI BiA3HAYAE, IO T 4ac BUkopuctanHs UML sik B pexumi
€CKi3y TaK 1 B PEXUMI MPOEKTYBAHHA Ma€ CEHC BHKOPHUCTOBYBATH I1HINI Jiarpami, SIKLIO L€
JO3BOJISIE TOAATH OLTbIIE MTPO3OPOCTI B MPOLeC MoaeoBaHHs [4, ¢.42]. Kpim Toro B Tiii camiit
poboti BiH Haromomiye, mo ronoBHuM B UML € He cHHTakcuC a meraMoneib, TOOTO
MOJKJTUBICTh BUKOPUCTAHHS 17eH, IO JiekaTb B OCHOBI miarpam UML, 3anmnst momaHHs
iH(popMaii y 3p03yMiJIOMYy BHUIJISII.
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[HImmit  posmoBcroKeHN TpuKiIan BUKOpucTaHHs niarpam UML - me niarpama
nociifosHocTeil. i BUKOpHUCTaHHs cTae B HAaroi JUis HagaHHs iHGopMaLii Npo MoTik oOMiHy
MOBI JOMJICHHSIMH MIJK YYaCHUKaMHU PUHKY.

Ille onuH nyxe BaKJIMBHI HanpsiMOK 3acTocyBaHHs MOoBU UML - ne noxkymeHTu, mo
OMUCYIOTH (PYHKIIOHATBHY crielu(iKaIio CHCTEMH, IO CTBOPIOETHCS. [IpoTe roI0BHUM € TOM
¢akt, mo mig yac po3podku iHpOpMaLIHHOI CHCTEMH He TiepeadavacThCsl peati3aisi CUCTEMH
3acobaMu 00’ €KTHO-OPIEHTOBHOTO TPOEKTYBaHHs. B TakoMy BHIAAKy TOJIOBHOK) METOIO
BUKOPUCTAHHS JlarpaM € YiTKe Ta 3pO3yMuIe MOAaHHS iH(popMarii, IO 3HAYHO CIIPOLIYE
PO3YMIHHS SIK 31 CTOPOHU BUKOHABIIS TaK 1 31 CTOPOHH 3aMOBHHKA.

[Ipu poMy ny’ke 4acTO BUKOPHUCTOBYIOTHCS AlarpamMu MpPeLeAeHTIB, KJIaciB, CTaHIB Ta
nisuTbHOCTI. Ha maHux miarpamax najieko He 3aB3KOu JOTPUMYIOThCS BCix ctanmaptiB UML abo
HaBITh OYAYIOTh iX 3 BUKOPHUCTAHHSIM KOPIOPATUBHUX CTAHIAPTIB IO CTBOPEHHS Jiarpam Ta
pucyHkiB. TUM He MEHII Il JiarpamMH BCe Lie 3alIulIarTbes aiarpamamu UML, amke BOHH
cniayoTe Metamozeni UML Ta nepenaroTs TOH caMuid 3MiCT, O H KJIACHYHI T IXOZIH.

BUCHOBKMU TA HEPCIIEKTUBH INOJAJIBHINX TOCJIII’KEHD

3a pe3yabpTaTaMi MH XOYE€MO i IKPECTUTH TOH (akT, 1m0 00’ €KTHO-OPIEHTOBHHI aHai3
ta marpamu UML 3a mpaBoOM 3aciyroBYIOTh 3BaHHS OHI€l 3 Halikpamux rpadiyHux MOB
Bizyastizawii Oi3HEC-POLECIB Ta MPOEKTYBaHHA CKIANAHUX cucteM. [Ipu mpoMy Ha mpakTULi
IOCUTh YaCTUM € BUKOPHCTAHHS AlarpaM HE 3a iX NMPSAMHAM NPU3HAYEHHSM - MOAAJBIIOTO
MPOEKTYyBaHHS 3 3aCTOCYBaHHSM 00 €KTHO-OPICHTOBHHX MOB MpOrpaMyBaHHs. IxHe
BUKOPHUCTAHHS 37e01JTbIIOro 3yMOBJIEHe HEOOXITHICTIO YiTKOTO, MPO30POro Ta 3pO3yMiJIoro
onucy Ol3HEC-TPOLECYy.

Tomy aBTOpH HaHOI POOOTH CTBEPMKYIOTH, IO BUKOpUcTanHs MoBU UML € nouinsHuM
IiJ1 4aC MOZEINIOBAHHS CKJIAJHUX CUCTEM 1 JONOMAarae OmucaTH O13HEC MPOLEC TAKUM YHHOM,
IO BIH CTA€ 3pO3YMIJIUM HE TIJIbKH 3 TOUKH 30py po3poOkw aje i 3 Touku 30py Oi3Hecy. Lle 3
OJHOTO OOKY JO3BOJISIE YiTKO BU3HAUYUTH BUMOTH Ta OITUCATH CUCTEMY, a 3 1HIIOT0 OOKY poOUTh
el npotec O1TbII TPO30PUM Ta 3PO3YMITTUM JUTst 000X CTOPiH, SIK BUKOHABIIS TaK 1 3AMOBHHKA.
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MEANS OF ACCELERATING THE LOADING SPEED OF WEB PAGES AND
REDUCING THE RESPONSE TIME TO CUSTOMER REQUESTS

Abstract. The paper examines the problem of optimisation of loading web-pages and reducing
response time for client requests. Examined impact of using a CDN, analyzed effectiveness of
hashing, optimizing for mobile users and low speed connection. Examined impact of using
asynchronous loading of content. This work helps to improve the overall speed of web
application.

Keywords: CDN; hashing; web-pages.

1. INTRODUCTION

The modern Internet plays an important role in the life of people and business. More and
more aspects of our daily lives are moving online, and website accessibility and performance
are becoming critical factors. Web page loading speed and response time to customer requests
affect user experience and user satisfaction.

According to research, most users will leave a website if the page does not load within
the first few seconds. This means that a poor website performance can result in lost visitors and
therefore lost business and possible profits.

In addition, given the diversity of devices and internet connections, it is necessary to have
tools to optimize web pages for mobile devices and low-speed internet connections. Mobility
is becoming increasingly important, and websites must provide fast and convenient access to
information regardless of the type of device or the quality of the Internet connection.

Therefore, the relevance of the research topic lies in the need to develop and improve
means to improve the speed of loading web pages and reduce the response time to client
requests, which has a direct impact on the user experience and the effectiveness of the web
presence.

The problem statement. Research and development of web page optimization methods

to increase loading speed and reduce response time to client requests. Consideration of CDN
technologies, caching, optimization for mobile platforms and low-speed Internet connections,
as well as the use of asynchronous loading of resources and scripts.
Today, a significant number of computerized systems are created in the form of web
applications, when the client is a web browser that interacts with a web server. This architecture
is implemented by numerous computerized management systems, business process
management systems, and websites. One of the main tasks that arise during the operation of
web systems is to ensure its speed.

Analysis of recent studies and publications. A review of current research and
publications related to web page loading speed and optimization was conducted. The
presented work examines modern approaches and technologies that affect the performance of
websites.
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2. RESEARCH METHODS

Formulation of recommendations
Practical recommendations for improving the performance of websites and network systems
are offered based on the research findings.

Impact of page size and its resources

The size of a web page and the amount of resources that must be downloaded to display
it are some of the key factors that affect download speed. This section explores the importance
of these factors and provides recommendations for optimizing them.

Most users expect a web page to load quickly. A large page size may cause loading delays,
especially on slow connections.

Images are often the largest elements on a web page. Using optimized formats (eg WebP
for images) and compression help reduce their size without losing quality. Also, you can use
"lazy loading" to load images only when they are needed for the visible part of the page.

Server infrastructure and hosting

Server infrastructure and hosting largely determine how fast a web page can be loaded by
a user. This point discusses important aspects of server infrastructure and hosting provider
selection to improve web page loading speed.

Data caching,

One of the most common ways to solve this problem is data caching — placing data in
an intermediate buffer for faster access. There are different approaches to data caching and
means of their implementation.

CDN service network

A CDN is a distribution network of servers located in different geographical regions,
which are aimed at accelerating the delivery of web content to end users. The main purpose of
a CDN is to reduce the loading time of web pages and resources for users, improving the speed
and performance of websites.

CDN includes servers located in different parts of the world. When a user opens a web
page or requests a resource, the request is automatically routed to the nearest CDN server,
reducing the time it takes to transfer data across the network. CDN also caches copies of web
pages, images, videos and other resources on its servers. This allows CDN servers to serve
content directly to users without burdening the original web server. Many CDNs optimize
content delivery for mobile devices, ensuring optimal cross-platform performance and low-
bandwidth speeds. CDNs usually provide performance analysis and monitoring tools, including
download speed statistics.

3. THE RESULTS AND DISCUSSION

Impact of loading speed on user experience

The loading speed of web pages has a significant impact on user experience and users'
decisions about using a particular website.

The loading speed of a web page determines the first impression of the user. If the page
loads slowly, the user may lose interest and leave the site. Responding to requests quickly
creates a positive first impression, as users have a limited tolerance for waiting for pages to
load. A slow page can cause them to lose interest and switch to another resource.

As an example, you can compare the first download for a web application to a large
project where many files need to be downloaded. The comparison was made using the
simulation of slow Internet (throttling) and asynchronous data loading was tested. Such
conditions may be relevant for people with limited access to high-speed Internet or people far
from large cities.
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Table 1
Comparison of download speeds
Test Without asynchronous download .
Y With asynchronous download (ms)
number (ms)
1 10.8 9.7
2 10.79 9.52
3 10.91 9.54
4 10.85 9.67
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CTBOPEHHSA TA PO3BUTOK EJIEKTPOHHOI TNTAT®OPMU GTHAHCOBO-
KPEJUTHOI'O JOPATHUIITBA

Amnoranist. [apopManiiiHo-HaByambHA BeO mIaropma Ans (PiHAHCOBHX/KPEAUTHHX JTOPATHHUKIB
CTBOPCHA IS MATPHUMKH ()YHKIIOHYBAHHSA MPO()iabHOI CHUTEHOTH SKCIICPTIB A BHCBITICHHS
MMUTAaHb KPEAWTYBAHHA CIMBTOCHBHPOOHUKIB 1 KOHICHTPAIl TEMATHYHHX MaTepiamis 1t
mopanaukiB 3a iHimiatueu UAFATA. lle mpomoHYBAmOCS OJHIEK 3 CKIATOBHX HATAHHA
minTpuMmkn  HarioHanpHiH acomiamii  CibCHKOTOCIIOJAPCHKUX AOPATUHMX CIYXO YKpaiHw,
Cy0’eKkTaM CITBCHKOTOCHOAAPCHKOTO JAOPATHHUITBA, OCBITHIM HABYATGHHUM 3aKIAJaM, OPTaHAM
BIAAM, AacOWamisM AarpoBHUPOOHWKIB v (OpMyBaHHI Mepexi (DIHAHCOBHX/KPESIUTHHUX
CLTBCHKOTOCTIOJAPCHKUX JOPATHUKIB, IO CHPUATHME JOCTYITY CyO €KTIB MAJOTO, Y TOMY YHCII
MIKpPOMANPHEMHUNTBA, Ta cepeansoro mianpuemMuuurea (MMCII) mo (iHAHCOBHX/KPCAUTHHX
pecypciB. Ha mepmmx ceramax peajizamii MOEKTY CTABHJIACA METa HC JHINC 3a0C3TCUCHHA
O4iKyBaHOI (DYHKIIOHANBHOCTI MIaropMu, a W BIANPALIOBAHHS TEXHOJOTIl MacIITaOyBaHHS
CHIIbHOT TPAKTHKIB TIATGOPMH EICKTPOHHOTO JOPAJHHUITBA, CATEIITOM SKOi (PaKTHIHO
SABILIETBCA JaHA TiatdopMa I (PiHAHCOBHX/KPSIUTHHX AOPATHHKIB. Takok po3podsuimcs Ta
BIATIPAIBOBYBAKCSI TEXHOJOTIYHI ACHEKTH CYMYyTHIX CEPBICIB IIAT(OPMH, 30KpEeMa INOIO
IHCTPYMCHTIB JUCTAHIIHHOTO HABYAHHA HA 0a3l MOJYIBHOTO OO0'€KTHO-OPIEHTOBAHOTO
JUHAMIYHOTO HABYANBHOTO cepenosuma Moodle 3 m0CTYyHmoM KOPHCTYBA4iB 32 €QMHUM
OOJTIKOBHM 3aITHCOM JI0 YCiX CEPBICiB.

Kmmouogi ciioBa: indopmaniiino-saguansHa BeO miaTdopma; (piHAHCOBO-KPEIUTHE EICKTPOHHE
JOPAIHULTBO, HH(POBI3ALiA CLTBCPKOTOCIOIAPCHKOTO JOPATHHUIITBEA.

Iadopmaniiino-HaBuanbHa BeO marpopMa A (piIHAHCOBUX/KPEIUTHHX
nopanHukis [1], [2] cTBopeHa anst miATpUMKH QyHKIIOHYBaHHS TPOQPIIBHOI CIIJIBHOTH
eKCIepTiB ANl BUCBITJIEHHS TIHTaHb KPEIWUTYBAaHHS CLIBIOCIIBUPOOHUKIB 1
KOHIIEHTpAIlll TEeMAaTUYHUX MaTepiaiB 1 nopanHukis 3a iHiniatueun UAFATA [5], [6]
Ta B pe3yJIbTaTI BUKOHAHHS BiMOBI THUX POOIT 3T1THO poBeneHoro B iumHi 2021 poky
KOHKypCy. MeToro koHKypcy Oyino HamauHs miaTpuMmku HamioHanpHii acouiarnii
CLIIbChKOTOCTIOAPCHKUX opanyuux ciyx0 VYkpaiunuy, cy0’exTam
CLIIbCHKOTOCIIONAPCHKOTO IOPAAHHUNTBA, OCBITHIM HAaBYaJbHHM 3aKJIaJiaM, OpraHam
BJI4JH, acowialisiM arpoBUPOOHUKIB y (OpMyBaHHI Mepeki (hiHAHCOBUX/KPEAUTHUX
CLIIbCHKOTOCTIONNAPCHKUX JTOPAAHUKIB, IO CIPUSTUME IOCTYNy CyO €KTIB Majoro, y
TOMY YHCII MIKpOMIANPUEMHHLTBA, Ta cepeanboro mianpuemuunrsa (MMCII) no
(h1HAHCOBUX/KPEIUTHHUX PECypCiB.

IndopmariiiHo-HaBuanibHa BeO mIargopma BKIFOYAE CKIAIOBI KOMITOHEHTH,
30KpeMa;
» iH(popMaLiiiHO-IOBiAKOBUI BeO-caitT[1], CTPYKTypOBaHHil 3a KPeOHTHOIO
TEMATHUKOIO 3 BIMOBIIHUMH pyOpHKaMH MEHIO: HaBYaHHS, IMyOikanii, aHOHCH,
€KCIIePTH, TUTAHHSI-BIAMTOBIL,
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CONSTITUENT COMPONENTS OF DIGITALIZATION OF THE ECONOMY IN THE
CONDITIONS OF GLOBALIZATION

The peculiarities and distinguishing features of the transformation of the digital economy in the modern
globalized world are considered. The dynamics of production, trade and consumption of digital products
and services in the conditions of the turbulent world economy were studied. It was determined that access
to digital data allows global players to create innovations in business models, management, promotion of
goods and services in the digital space, as well as to create technological innovations.

Keywords: globalization, digital economy, digital platforms, business structures, I'T products, innovations

Introduction and statement of the problem. The turbulent development of today's world
is undergoing a digital transformation with significant implications for the global economy and
livelihoods. The global economy in recent years has been filled with changes in the main course
of information and technological development of business structures, industries and regions.
General informatization was replaced by digitalization (digitalization), as a result of which the
digital economy is being formed. Thus, digitalization is the distribution and democratization of
knowledge, education and entertainment for the world's population at an unprecedented speed.
Taking advantage of the global digital ecosystem is important for both advanced and developing
countries [1]. Many developed economies already have a developed digital economy and are
widely using the benefits of digitalization for their own economic prosperity and the
improvement of the lives of their people. The development of the digital economy can support
inclusive growth, regardless of the country's macroeconomic development.

Analysis of recent research and publications. The digital economy as a leading component
of the global economy and a strategic goal of global innovation processes in economic systems
is revealed in the scientific works of leading scientists, such as: V. Isaacson, S. Brand, J. Wales,
E. Williams, B. Gates, D. Engelbart, J. Licklider, J. Von Neumann, E. Peters, S. Huntington.
Among the Ukrainian scientists-economists, V. Heitsa, Yu. Zaitseva, S. Kubiva, O.
Moskalenko, T. Yefimenko and others stand out. At the same time, the issues of a deeper study
of the impact of digitalization on the global economy, the transformation of its key
manifestations, elements and relationships in the context of the deployment of technologies and
tools of the digital economy remain insufficiently developed.

The purpose of the scientific article is to study the features, leading trends and prospects
for the development of the digital economy in the modern globalized world.

Research results. Trends in the development of the world economy, which appeared under
the influence of automation and informatization, have retained their relevance even today, since
the level of IT distribution will differ significantly depending on the industry (type of economic
activity). The trends that emerged as a result of the IT revolution of the 1990s include the
following [2, 3]:

1. Globalization. New technologies and their benefits are rapidly spreading around the
world.
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2. Informatization of society. Penetration of IT and services (e-mail web services, social
networks) into business and private communications, IT becomes an extension of people's
living space, an integral element of the environment.

3. Strengthening the influence of scientific and technological progress on the
development of the economy.

National initiatives of South Korea, the USA, Great Britain, Singapore, China and other
countries with developed or rapidly developing economies are aimed at realizing the
possibilities of digitization and achieving new effects of the digital economy.

As a result of the widespread use of IT, it is necessary to highlight the trends that set the
digital vector of future economic development. The most noticeable trend in the development
of information support is the growth of accumulated volumes of information resources [4].
Forecasts of the further acceleration of the rate of growth of the volume of information were
based on the fact that the list of information activities in the economy was expanding, more and
more people were participating in the creation and distribution of information. The international
research company "IDC" made a forecast according to which the volume of data will grow to
175 zettabytes in 2025 [5].

With the spread of IT and the involvement of a large part of the world's population in the
Internet (more than 4.54 billion people are Internet users by the end of 2020), the rate of growth
of the amount of information accumulated due to the increase in the number of interactions of
users with IT is increasing. According to research company IDC, each user averaged more than
500 interactions with IT per day in 2015, so by 2025 the number of such interactions per capita
is projected to be about 5,000, which is approximately one interaction every 17.8 sec [6]. It is
the interaction with technologies that can happen imperceptibly to a person due to the spread
of the Internet of Things, the increase in the wearing and use of devices by people, such as
smartphones, smart watches, fitness bracelets, etc.

Expansion of Internet of Things technologies. Digital data is collected by end devices,
which transmit it through networks to data centers.

At the same time, the number of end devices used by people of their own choice and
desire, as well as those used by state authorities and business structures for monitoring and
management, is increasing. The number of devices connected by the Internet of Things
amounted to about 22 billion units. in 2020, by 2022 the volume of 35 billion devices is
predicted, and in 2025 — more than 85 billion devices [5-6].

The volumes of information resources of all types, including socio-economic, scientific-
technical and regulatory-legal information, are increasing. But the volumes of data that record
the actions of users in a certain situation are growing at a much faster rate. Separately taken
information, for example, about trips made by people on public transport, is not information
with limited access, but their large volume (the so-called "big data" (Big Data) represents a
significant value for identifying factors, building models and forecasting in the interests of
transport management , the development of related services, the convenience of passengers.
The quality and speed of data processing will depend not so much on the devices themselves,
but on the network infrastructure through which data is transferred. In the context of the
development of the digital economy, the quality of networks is of prime importance in the IT
infrastructure. The projected growth rates of digital data from 2020 to 2025 are: 2.4 times for
traditional data, 4.9 times for IoT data that can be used in analysis, and 9.7 times for loT data
that lead to actions [7].

Digital platforms are a common mechanism for sharing IT infrastructure in the innovative
activities of business structures. A distinctive feature of digital platforms is the possibility of
their joint use by an almost unlimited number of participants. This feature was also reflected in
the widespread term "shared platforms". Search engines on the Internet became one of the first
examples of a digital platform where the interests of numerous advertisers and Internet users
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were reduced to a common equilibrium thanks to search engine algorithms. For the purposes of
researching the phenomenon of digital platforms, four types are distinguished: transactional,
innovative, integrated and investment. In practice, digital platforms can combine the
functionality and properties of several types of platforms [8].

Digital platforms fill all the modern global spheres of economy and society in which they
appear, from telecommunications to transport, as well as those sectors of the economy that were
not previously directly connected with informatization, for example, agriculture. Thus,
established business models of companies, developed over the years, cease to work.

The number of users of digital platforms and the volume of traffic passing through digital
platforms are critical to the development of the digital economy. Digital platforms are becoming
the source of "big data". Currently, digital platforms developed and owned by US companies
have the largest audience reach [9].

Factors of the external environment, including the level of competences of both the
business entity's specialists and its consumers, access to information resources, ownership of
new IT, determine the methodology of conducting innovative activities. These same factors
became prerequisites for the international information division and the emergence of the
"second digital divide" [10,11]. The possibility of the subject obtaining competitive advantages
on the national or global market from the achievements of digitalization depends on the factors
of the external environment. The lack of access to one or more of the most important types of
innovative activity resources in the business structure prevents the creation of effective
innovations.

Internal factors undoubtedly affect the organization of the entity's activities, including the
effectiveness of IT use. The researchers' conclusions are based on the fact that the introduction
of IT, mainly electronic means of communication into the management processes of the
enterprise, led to a sharp increase in the number of received messages and contacts for the
performance of job duties by employees [12,13].

Under the influence of factors of the external environment, as well as the internal
environment, there is a significant gap in the effectiveness of the implementation and further
use of IT in innovative activities. As a result, the implementation of similar IT projects in
different environmental conditions, for example, in different countries, leads to different
economic effects. The slowdown in obtaining economic effects from IT implementation is
exacerbated by the international information divide.

Conclusions. The conducted research showed that digitization is a sequential
development of the stages of IT use in the world economy, following automation and
informatization. It was determined that a distinctive feature of digitization as a stage is the
ability to use a significant part of the IT infrastructure and information resources that the
business structure does not possess, as well as to use intelligent technologies for their
processing. A new stage in the application of IT opened up new opportunities to use the totality
of IT accumulated by society in one's economic activity.
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BUCHOBKMU TA HEPCHEKTHUBHA NOJAJIBIINX JOCJIII’KEHb
JlaHe mOCHiIKeHHS TPOAEMOHCTPYBAJIO €(pEKTHUBHICTh 3aCTOCYBAHHS PO3POOJIEHOrO
MaTeMaTH4HOTro ajaroputMmy s popmysanss IT komann. Komannm 7 Ta 3, chopmosani 3a
JOMOMOT'OK0 MaTEMAaTHYHOT'O aJITOPUTMY, TMOKA3aJl HAHBHUILI PE3YJIbTATH 3 YCIX OL HIOBAaHUX
napameTpiB, HaOpaBmu B 3arajgpbHOoMy 390 Ta 3825 Gamu BigmosigHo. IIpoTe mocmimakeHHs
MOKa3aJjIo, IO AesKl KOMaHIH, sKi ¢hOpMyBaIUCh 3a TPAIUIIITHIM METOIOM 3HAWOMCTBA Ha
MOYATKy 3aXO0/y TaKOXX HaOpajy JOCHUTh BHCOKI MOKAa3HUKU. TOMYy MONAJbIIUM PO3BHUTKOM
NOTEHII ATy AJITOPUTMY aBTOMATH3aL1 Mi100Py KaHIAUIATIB €:
e [Jlomanpime BAOCKOHAJEHHS AJrOPUTMY HAa OCHOBI OTPUMAHHUX PE3yJIbTATIB IS
3a0e3MedeHHs TOUHIIOro Bi0opy Ta GopMyBaHHS KOMaHI.
e Po3mupeHHs] MOXJIMBOCTEH aJTOPUTMYy Ha BpaxXyBaHHS JONATKOBHX MapaMeTpiB Ta
XapaKTEPUCTHK KaHIUAATIB.
e JlomaBaHHs OLJIBLIOI KiJTBKOCTI BepH(iKOBAHUX TECTIB Ha SOft CKiJH.
e JlomaBaHHS MOKJIMBOCTI MMPOWTH TECTH HA BU3HAYEHHSI PIBHS BCIX XapaKTEPHUCTHUK.
e [lepeBipka aNropuTMy BJKE€ B peaibHUX YMOBax Haiimy kannuaatis B I'T kommaHiro.
JlocmimKeHHs,, TpOBEAEHE B paMKax [bOrO EKCIIEPUMEHTY, BIJKPUBA€E IIHPOKI
NEPCIEKTHBH JUIS MOJANBLINX JOCHIIKEHb Yy Taiy3i Bindopy IT-kanaunatiB ta popMyBaHHS
epeKTUBHIX KOMaHA. Pe3ynbraTi 103BOJISIOTH TIHOLIE PO3YMITH BaKJIMBICT 00'€KTUBHUX Ta
KOMILIEKCHUX KPUTEPIiB P CTBOPEHHI KOMaHA B chepi iHGopMarLi THUX TEXHOJIOT1H.

HOJASAKA
3a monmoMory B Oprasi3allii MpOBEASHHS XaKaTOHY, IO CTaJ0 OCHOBOK JOCIIIKEHHS
aBTOPH XOUYTh MOJSKYBATH:

e 3axapenky bormany OumnekcannpoBudy 3a TATPUMKY Ta MPOBEACHHS  BCIX
OpraHi3allifHUX MpOIECiB 3aXOAy, a TaKoXK y JOMOMO31 MOIIYKYy Ta peecTparii
KaHIUIATIB.

o KospmkeHko AHTOHY AHAPIHOBHYY 32 (POPMYBaHHS BUMOT Il YYACHHKIB, & TAKOXK
OLIHII pe3yJIbTaTiB pOOOTH KOMaH/ XaKaTOHY.
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Mpuxaiijio Caako, k.¢.H., TOUCHT Kadeapu iHPopMAIHHIX CHCTEM 1 TCXHOIOTIH
(axyxprer iHopmaniiinux TexHomoriit HYBIll Ykpaina.
sadko@nubip.edu.ua

CTBOPEHHSA IHOOPMALIHHO-KOMYHIKALIIHOT CUCTEMU JJ1A
3ABE3MEYEHHSI CTAJIOIO PO3BUTKY CUILCLKOI'O FTOCIIOJAPCTBA

Anoranmisi:  CrpopeHHs 0a3 [JAaHHX TOKAa3HUKIB IICPBUHHHX  3BITHHX  MAarepiajiBb
CLTbCHKOTOCTIONAPCHKHX I JMPHEMCTB T MPOTPAMHHUX PILIICHB O iX 00po0Li € CKIATOBOIO TOCTYITY
KOPHCTYBAYiB 10 AOCTOBIPHHX TA HAMIHHUX aHAM THIHUX MATEPIANiB, [T IPUHHATTS HUMH BIPHUX
VIPABIIHCHKHX PIMICHD B AIAIBHOCTI MIPHEMCTB, BHKOPUCTAHHS CYYACHHX IMPOTPAMHEX 3aC00IB
JUT BU3HAYCHHS ICPCIICKTHB PO3BUTKY arpOMPOMHCIIOBOI Tamy3i.

Korouosi cioBa: iH(popManiitHO-KOMYHIKALIHHI TEXHOJOTI, XMAapHI PECYPCH, CXOBHINA JAHHX,
CTPYKTYPOBAHI peiuimiiiHi 0a3u JAHHX, aBTOMATH30BaHA 00POOKa TAHHUX.

BaxnBoro CkJIa0BOI0 3a0€3MeUeHHs] CTAJOr0 PO3BUTKY CLIBCBKOTO T'OCIIONAPCTBA
YKpaiHu € BIPOBAPKEHHS B rajly3b Cy4aCHUX 1HQOPMALITHO-KOMYHIKAIllHTHUX KOMIT FOTEPHUX
TEXHOJIOTIH, CTBOPEHHS MOXJIMBOCTEH [UI IIBHAKOTO, MPOCTOrO JOCTYIy KOXKHOTO
HiAMPUEMLST 10 TOCTOBIPHOI, HaAlWHOI iH(popMarii, sika 0a3yeTbcs HAa MEPBUHHHUX 3BITHHX
Marepiajnax MmAnpPUEMCTB CTATUCTUYHUM Ta (JiHAHCOBUM OpraHaM.

OCHOBHHUM JIJKEPEJIOM CTaTUCTHYHOI CLIIBCBKOTOCIIONAPChKOl iHpopManii € mybsmikarii
Jep:kaBHOI CITy’KOM CTaTUCTUKU YKpaiHU y BUIIIAAL 301pHHKIB, €KCIPEC-BHUITYCKIB a TAKOXK
AHAMITHYHUX MaTepiajiB MEPBHHHMX 3BITHUX MaTepialiB TOCIONAPCHKOl  isUIbHOCTI
mianpuemMct arpapuoi chepu. IlyOmikamii odiliiiHOi CTATUCTHKU TPEACTABIICH] Y BUIJISIAL
y3arajbHEHUX HU(PPOBUX CTATUCTUYHUX 3HAYECHb MIOKA3HMKIB JIJIsI perioHiB Ykpaiau (o0nacTi,
paiioHy, B LiJIOMY 1O YKpAaiHi), THITy TOCTIOAAPCTB LIbOTO PEriOoHY (I AMPUEMCTB, (HepMEPCHKUX
rOCIIOAPCTB, TOCTIOAAPCTB HACENIEHHs), TEHACHIIH X 3MIH Y BUTJISAL 1HAEKCIB.

Hep:kaBHa ciayx0a cTaTUCTHKU (HOPMYE pe3yIbTATHBHI MaTepiain OKPEMO MO KOXKHIH
3BITHIH (pOpMI, 11O HE TO3BOJISIE KOPUCTYyBaUaM BUKOPHCTATH BCIO CYKYITHICTb TIOKA3HUKIB IS
KOJKHOTO TIAMPHEMCTBA Ta OOMEXKYe€ MOMJIMBOCTI TPOBEAEHHS TIJMUOOKOro aHaji3y i
BU3HAYEHHS MEPCIEKTHB MOJAIBIIONO PO3BUTKY CLIBCBKOTO rocrnonapcTsa. Tak HampHKIazn,
ICHYIOTb OKpeMi CTaTUCTH4YHI (OpMHM 3BITHHX MaTepiaiiB  ClIbCbKOTOCTIOAAPCHKUX
MIATPUEMCTB, SIKI CTOCYIOThCs BUpOOHUIITBA Tipoaykii (popma 24, 29), 1i peanizamii (popma
21), crpykrypu BupoOHHU4OI cobiBapTocTi Ta npuadaHHs Matepianis (popma 50). Otpumaru
IOCTYIl IO BCIX IIOKA3HUKIB, SIKI BIAHOCATBCSA O PI3HUX 3BITHUX (OPM MiANPHUEMCTBA
HEMOJKJTUBO.

ToMy BaXIMBHM € CTBOPEHHS AaBTOMATHU30BaHOI 1H(OpPMAIiNHOI CHCTEMH, sKa
3a0e3MeunTh: - CTBOPEHHS CXOBHINA TAHUX, sIKe Oy CKIIaIaTuCh 3 CTPYKTYPOBaHHUX 0a3 JaHNX
HAIOBHEHNX HEOOX1MHOW 1H(opMaLieto, - 30epiraHHs, HAKOMUYEHHS Ta PEAaryBaHHS B HUX
iH(popMari, - 3B’ s13yBaHHs Mik c000r0 0a3 JaHUX MO KJIIFOUOBHUM ITOJISIM (O3HAKaM), - peasti3amist
NPOTPaMHUX pIilIeHb, SIKI TO3BOJIIOTH AaBTOMATH3yBaTh BinOIp HeoOXigHOI 1H(Opmaril
rOCIIOAPCTB, SIK1 BIAHOCATBCS O NMEBHOI 30HH, 00J1acTi, palioHy, rpOMaan, OKPEMOI KaTeropis
abo Qopmm rocnojaprOBaHHS, OKpPeMid KyJnbTypi, NpoAykKmii Tomo Ta (OpMyBaHHS
aHAMTHYHUX MaTepianiB y BUMImi Tabmumb, niarpam, rpadikiB. Beenenns ta oOpoOka
iH(opmarii mokazana Ha puc. 1, 38’ s3yBaHHs 0a3 JaHUX O KJIFOUOBUM TIOJISIM, PUC. 2.
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MOJAETOBAHHA JIOTICTUYHUX BI3HEC - ITPOLIECIB

Y yMoBax MIHJIUBOCTI PHUHKOBOTO CEPEIOBHUINA, OIHUM 3 KIFOUOBUX 3aBJaHb IS
KEpIBHUKIB MiAMPUEMCTB € CBOEUYACHA PEAKLisl HA JUHAMIYHI BUKJIUKU Ta BIPOBAKEHHS 3MiH
y (yHKIIOHYBaHHI OpraHizamii Ta yrnpasiiHHl 0i3HecOM. JIsUTBHICTD MiANPUEMCTBA TIOBUHHA
OazyBaTHcsa Ha B3aemonii Oi3Hec-mpoueci. [1{o0 10 BUMOr puHKY 3 Horo crneungpiyHUMHU
0COONNBOCTSIMH.

IlepeocMucneHHss MIAXOAIB OO  JIOTICTUYHOTO  MOJENIOBAHHS — Oi3HEC-TIPOLIECB
npeacTasisie co00r epeKTHUBHUMN COCiO I MOUTYKY MOXKIIUBOCTEH PO3IIUPEHHS AlsUIbHOCTI
opraHisamii, MPOrHO3yBaHHS Ta 3HW)KEHHS IMIOTCHLIHHWX pHU3UKIB Ta BUTpar. Tema
JOCHIPKEHHSI Ba)KJIUBA YEPe3 CYyYacCHI PHHKOBI YMOBH, SIKI MIJAKPECIIOITH 3HAYYIIICTh
BUKOPUCTAHHSI Ta BIIPOBAKEHHS CYYaCHHUX METONIB MOJEIOBAHHS Ol3HEC-TIPOLECiB Ha
nianpuemcraax [1].

Maiikn Ioptep Bnepiue BBiB TepMiH "Oi3Hec-mpouec” mis ineHTH(IKanli moCi JOBHIX
JOKaJbHUX (YHKIIH, SKI MalOTh BAKJIMBE 3HAYCHHS JJIsI CIIOKMBada. 3a cioBaMH Maiikia
Xammepa Ta JIxefimca Yammi, 613Hec-mporiec - e MOCIiJOBHICTb OKPeMHUX A1l (Tl mpoueciB),
CHPSIMOBAHUX Ha JOCATHEHHS 3aIUTAHOBAHOTO PE3YJIbTATy Oprasizanii. Jlocii THUKY BBAXKAKOTh,
10 BU3HAYEHHS OCHOBHUX JIOTICTHYHHUX MPOIECIB MOBUHHO BIANOBIIATH KOHLEMIIIT JIAHIFOTa
MOCTauaHHsl, 10 BKJIIOYAE ITSATh MOCHIJOBHHUX eTamiB (puc. 1).

ITnan ITnan [Tnan Bupob &, ITnan

<+

Puc. 1. KoHnenuis gadirora mocTadasHs
(ckameHo aBTOPOM Ha OCHOBI [ 1;2])

OcHoBHI JoricTiyHI O13HEC-POLIECH MpencTaBieHi [2]:

- IJIAaHYBaHHSAM TOBAPOPYXY;

- peCypCHHUM mpoiiecoM (MOBa Iijie Mpo JOCTAaBKY MaTepiajiB BiJ MOCTAYAbHUKIB);

- OpraHi3ami€r CKJIAACHKUX MPOIECiB Ta OOJIKOM MPOAYKIIT HA CKJIanax,

- IpoLecoM 30yTy IpOayKIii,

- BUKOHAHHAM (YHKLIH CEPBICHOI JIOTICTUKH.

Piznumu ciocobamu Moske 31HCHIOBATH peopraHisarisi Oi3Hec-mporecis [4]:

1. IMonminmeHHsT - MAaeTbCS Ha yBa3l HEBENHMKE YAOCKOHAJIECHHS IPOLECIB 3a HU3bKI
BUTPATH 4Yacy Ta KamiTaJOBKJIAICHb.

2. IlepebynoBa - BiO3HAYAETHCS BUSBJICHHSM Ta BUKIIOUEHHSIM Hee(QeKTUBHUX 1
30uTKOBHX TporieciB 0e3 moTpeOu y poO3ropTaHHI 3HAYHMX HOBOBBENEHb B OpraHi3alliiiHii
IUSITBHOCTI.

3. PeimkuHipuHr - mependadae KOMIUIGKCHHM aHall3, 3aCHOBaHMN Ha CydYacHUX
iH(popMaI THUX TEXHOJIOTISIX Ta MOZICTIOBAHHI, 1 ependadae paguKajibHi 3MiHH B MPOLIECAx Ta
OpraHi3awiitHii CTPYKTYPI.

Ha nymxy Menpauk O.I'., Mykan O .B., 3notaixk M.JIL. [3], MonemOBaHHS JIOTICTHYHUX
O13Hec-MpoLeCiB - L€ BaXJIMBA CTPATEriyHa JiSUTbHICTD B Cy4acHOMY Oi3HECI, sika JO3BOJISIE
HiAMPHUEMCTBAM OMNTHMI3YBAaTH CBOI JIOTICTHUHY [ISUTBHICTD Ta 3a0€3MeunTH ePeKTHBHY
MOCTaBKY TOBapiB 1 nmocnyr. Llei mpouec BkiIrOUae B cebe BU3HAYECHHS, aHAJI3 Ta ONTHUMI3ALIO
JIOTICTUYHUX OMepaliii Ta TpoueciB mis 3a0e3nedyeHHs MaKCUMaIbHOI e(EeKTUBHOCTI Ta
3HIDKEHHSI BUTPAT.

MonentoBaHHs JIOTICTHYHHIX 013HEC-TTPOLIECIB - I1€ TIPOLIEC CTBOPEHHS 400 BUKOPUCTAHHS
MaTeMaTUYHUX, KOMITOTePHUX ad0 1HIINX aHAJITHYHUX MOJEJIEH sl aHATi3y, ONTUMI3alil 1
NPOTHO3YBaHHs PI3HHUX acHeKTiB Oi3HeC-NPOIECiB y rajys3i JIOTICTUKH. Mopemni T03BOJISIOTh
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JOCHIKyBaTH 1MITYBaTH pi3HI CueHapli, poOUTH NPOTrHO3W, aHANI3yBaTH BIUIMB PI3HUX
(akTOpiB Ta BUPIIITYBATH MPOOJIEMHU B JIOTICTHYHUX CUCTEMax O€3 peajbHOrO BIPOBAIKECHHS
3MmiH[4].

OCHOBHI €Tany MOZETIOBAHHSI JIOTICTUYHHUX Oi3HEC-POLIEC B BKIIOYAIOTh HACTYyMHE [3]:

e 30ip narmx. Cnix 30upaTy BasKJIMBI AaHl PO JIOTICTUYHY AlSUTbHICTB. Lle MOXyThb
OyTH IaHi PO MOCTaBKH, IHBEHTAP, BUTPATH, Yac NocTaBku Towo. Li nani 6ynyTh
B OCHOBI JUIsl TIOAAJIBILIOTO aHAJ3Y Ta MOJEIIOBAHHS.

e AHani3 noroyHux mnpoueciB. CiiJ OMIHIOBATH MOTOYHI JOTICTUYHI MPOLECH HA
mianpuemctsi. Lle nomomMoske BUSIBUTH ¢1aOki MiCIsl, MPOOJIEeMH Ta MOKITUBICTh
IUTSL ONITHMI3ALI1.

e Po3pobka wmopenedi. Cnig BHKOPHCTOBYBAaTH MAaTeMaTHYHI MOJEN IS
MOJIEJTIOBAHHS JIOTICTHUHUX MporueciB. LI Mogen MOXKyTh BKJIIOUATH IMiTALliHE
MOJIETFOBAHHS, MATEMATUYHY ONTHUMI3AII0, CHMYJISLIIO Ta 1HII T IXO/IH.

e Ouinka Ta TectyBaHHs1 Mogeneil. Ilicis po3poOku Mopesei ciify mepeBipsATH iX
Ha peaJbHUX HaHWX abo 3a JOMOMOTOK CHUMYJLILIHHHX €KCIIEPUMEHTIB.
[Mepexonarucs, mo moxaeni BimoOpakalOTh peajbHI YMOBH 1 JOMOMArarTh
BUPILIUTH TIPOOTIEMH.

e OnTuMizanis npoueciB. BUKOpUCTOBYOUM MOZEI, CJTi/T 3HAXOIUTH ONTHMAJIbHI
pILIeHHs! [JIsl TOMIMIIEHHs JIOTICTUYHUX TpoueciB. Lle Moxe Bkimouatn B cebe
pO3poOKy HOBHX CTpaTerii TOCTaBOK, BHKOPHCTAaHHS HOBHX TEXHOJIOTIH,
ONTUMI3ALF0 MAPIIPYTIB TA 1HII 3aXOH.

e BmnposamkeHHs pimeHs. Ilicns BUSBICHHS ONTHMAaJbHHUX PIIIEHb BHECTH iX Y
NPAKTHUKY Ta BIPOBAIUTH 3MIHU Y JIOTICTHYHI NIPOIIECH i ANPHEMCTBA.

e MoHiTopuar Ta oHOBIeHHS. Ciil TNOCTIHHO 3OIHCHIOBATHM MOHITOPHHT
JIOTICTUYHUX MPOLIECIB, OL[IHKY PE3yJIbTaTiB Ta BHECEHHS HEOOX1JHIX KOPEKTHUB.
JloricTuka MOCTIHO 3MIHIOETHCS, TOMY BRJKJIMBO 3QJIMIIATHCS AKTyaJbHUMH Ta
TOTOBUMH 10 JaITalli.

Bbepyun no yBaru i eranu MoxHa ToOyayBaTH e(pEKTUBHY MOZAEIb JIOTICTHYHUX Oi3HEC-
npoIeciB manpueMcTBa. MOZIENIOBaHHS JIOTICTUYHHX O13HEC-TPOLIECIB MOXKE TOMOMOITH
3MEHIINTH BUTPATH, MiJBUIIUTH PiBEHb OOCIYrOBYBaHHs KIIEHTIB, 3MEHIIUTH 3aracu Ta
MOKPALITUTH YIPABIIHHS JIOTICTHYHUMH OTNEPALisiIMU B HLJIOMY. J{Jis1 yCIIIITHOTO MOAEITIO BAHHST
CJIiI BUKOPUCTOBYBATH CYy4acHl IHCTPYMEHTH Ta TEXHOJIOT1i, TaKl K MporpaMHe 3abe3neueHHs
IUIS1 ONITUMI3AL] JIOTICTHKH 1 1HIII 1H(pOpMALiiHI CHCTEMU.
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CUCTEMA MOHITOPHUHI'Y ITAPAMETPIB POCJIMHHOI'O CEPEJOBUIIA JJIA
BUPOBHUIITBA BIOT'A3Y

Awnoranisi. OCHOBHUMH JDKEpeIamMu OioMacH 111 010Ta30BHX YCTAHOBOK MOXKYTh OYTH OPTaHivHI BIXOIH,
3€pHO, CIHO, THIH, pi3HOMaHITHI POCIMHHI Marepianum Ta iHme. [Ipomec aHAcpOOHOTO 30pOAKYBAHHS, SIKUH
CKJIAAETHCS 3 MOCTIIOBHUX OIONOTIYHUX PEAKIH, € aKTyaIbHUM 1 IOTPEOY€E IETATBHOTO KOHTPOIIO TTAPAMETPIB,
o0 3ano0Ir TH MOKIIMBHM BTPATaM 1 ONTHMAJILHO BHKOPHCTATH 3aKJIaAeHIH MaTepian ToMy METOr0 TOCIiTKEHHS
OyJ10 PO3MISTHY TH MOKIIMBICTh PO3POOKH aBTOMATH30BAHOI CHCTEMHM I MOHITOPHHTY NAPAMETPIiB POCIHHHOTO
CEPCIOBHINA MPH BUPOOHHUIITBI 010TA3y 3 MOKIUBICTIO 30CPSKCHHSA TAHUX 1 MOAATBIIOTO BUKOPHCTAHHA 1X MPH
mOOyI0BI MATCMATHYHOI MOJCHTI A MPOTHO3YBAHHS BHXOAy Oiorasy. CTBOPCHHSA anroputMy 0a3yBajocs Ha
MPUHIOUIAX HEYITKOI JOTIKM Ta CTPYKTYPI HEHPOHHHX MEPEX. 3alpOIIOHOBAHO APXITEKTYPY ABTOMATH30BAHOL
CHCTCMH MOHITOPHHTY HAPAMETPiB POCIMHHOTO CCPSIOBHINA AT OTpUMAHHA Oiorasy. HaBeaeHO po3poOncHy
TIPUHIUIIOBY CICKTPHIHY CXEMY Takoi cucteMu. POGOTY cHCTEMHE ITPEACTABICHO ¥ BUIVISII CTBOPEHOTO AJITOPUTMY
MONIyKy Ta imeHTH(ikamii MAKIFOYEHHX NPHCTPOiB HA mmHI 1-Wire. 3a HA3BaHOIO HIMHOK BHUKOHYETHCA
ONHUTYBAaHHA JABAYIB TA BIiANOBITHO BHMIPIOBAHHSA TCXHOJOTIYHHX mapamerpiB. Po3pobmeHo mporpamHe
3a0e3meyueHHs A B3a€MOJIl JaBadiB PI3HHUX THINB, mepenadi Ta 30E€pPeKCHHS JAHHX B XMApPHE CXOBHINE 3
TOATBIIOR) MOMUTHBICTEO X 00po0Ku. [lepenbaducHo hororpadysarHHsa OioMacH 3aBISKH BOYAOBaHIH (POTOKAMEPI.
BumMipsHI TexHOIOTIUHI TapaMeTpH Ta ororpadii nepeaaroThCs Ha CEpBEP CHCTEMH KEPYBAHHS IS TOJAIBINOTO
aHaJi3y, 1o JO3BOJINUTH TOUHIIIC OI[iHUTH IPOLIEC MATOTOBKA 0i0MacH Ui 30poKyBaHHA. OTpUMaHi Pe3yabTaTi
JIAFOTh MOXIHBICTh YAOCKOHAIHTH CUCTEMH KEPYBAHHS TAa MIATPHMKH NMPHHHATTS PIIICHb NMPH 3aBAHTAKCHHI
6iomacu B 010Ta30BY YCTAHOBKY.

KirouoRi cjioBa: BHMIPIOBAHHA, KCPYBAaHHA, (JOTOKAMEpA, IaBad, OioMaca, CHCTEMA MOHITOPHHTY.

3 ypaxyBaHHSIM TEHAEHINi BIPOBAIKCHHS EKOJIOTIYHO YHCTHX JIKEpeNl eHeprii Ta
HEeoOX1THOCTI 30epekeHHsI pecypciB, CUCTEMa MOHITOPHHIY POCIMHHOIO CEPENOBHINA CTAE
BKJIMBUM 1HCTPYMEHTOM JJISl CYH4aCHOTO CIIIbCBKOTO rocropapcTsa. BupoOHunTBo Giorasy €
BAKJIBOIO CKJIQJIOBOIO BITHOBIIIOBAHOI €HEPTETHKH, KA TOTIOMAra€e 3MEHIITUTHU 3aJI€KHICTh BiJ|
BYIJICBOIHEBUX MMaJbHUX. MOHITOPHUHI POCIMHHOTO CEPEIOBUINA CIPHSIE ITiJBUIIEHHIO
MPONYKTUBHOCTI Ta €(EeKTUBHOCTI BUPOOHHUITBA Oi0rasy, IO € BAXUJIMBUM UIA 3a0€3NeUeHHs
CTaJIOTO €HEPTETUYHOTO PO3BUTKY [1].

B cydacHux ymoBax BHpOOHMLTBO Oiora3zy HaOyBae BCE OLIBIIOI MOMYJSIPHOCTI, SIK B
VYkpaini Tak 1 €Bponeiicbkomy corosi. 2021 pik cTaB PEKOPAHHM B PIYHOMY HPUPOCTI
BU0OyTKY Olomerany (maiixe Ha 6,1 TBT-rox ado 0,6 mupn kybomerpiB GiomeTany Oiblire,
Hi>k B 2020 pori). B3arani 06’em Bupodnenoro Oiomerany B €Bponi y 2021 poui cknas 37 TBt-
rox ado 3,5 mipn ky0 (EBA Statistical Report, 2022).
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Meta poboTu: po3poOUTH CHUCTEMy MOHITOPHMHIY [JIsi BHMIPIOBAHHS IapameTpiB
610ra30BOi YCTAHOBKH iX 30€piraHHs Ta MOAAIBINOI OOPOOKH.

Po3pobnena cucremu nae 3MOry mpoBOOUTH BUMIproBaHHA TemreparypH (T), Boiorocti
(p) mOBITPs, BOJOrOCTI CHUPOBHHH Ta pobutu QoTtorpadiro 3akIaAEHOro Marepiaiy i
BIATIPABIIATH Pe3yJIBTaTH Ha cepsic 30epiranHs nannx Amazon Web Services Simple Storage

Kepyrouum npuctpoem 6yno odbpano moxayinb NodeMCU v3 Ha OCHOBI MiKpOKOHTpOJIepa
ESP8266 3 BOymoBannMm moapynem Wi-Fi. Temmeparypri BUMIpIOBaHHS Ha ruiatgopmi Oyio
peanizoBaHO KijbKOMa TuUraMu aaBaviB cepen Hux DS18B20, DHT 22, maBad BONOroCTi B
MO€THAHI 3 IBOKAaHAJIBHUM KoMmaparopom LM393.

dotorpadysanas BximHOro Olomarepiany BiOymBaeTbcs MmopyneM kamepu OV2640
PO3MIIIEHOro Ha MiKpokKOoHTposuiepi ESP32.

KommoneHnTa cxema cuctemu (apxitekrypa) 300pakeHa Ha Pucynky 1.

XmapHe
cxoBuLLe

HDaeau MiKpOKOHTpON-
TemMnepaTtypu > nep <
(DHT22) ESP8266

—

Hdagau
TemnepaTtypu
{D3S18B20)

Kamepa
{OV2640)

Hagau
BOMOrocTi

Pucynok 1. KommnoHneHTHa cxema (apXiTeKTypa) CUCTEMH

OTtpumani naHi 3 cucremu uepe3 BOymoBanmii Moayiab Wi-Fi mepenaroTbcs B MEpexy
Iareprer Ta 30epiratoTecst Ha cepBici AWS S3, aropurm poboTH cucTeMH 300pa’keHO Ha
Pucynky 2. 306epekeHHs JaHUX B XMapHOMY CXOBHINI 3ade3redye ix HafiiiHe 30epekeHHs Ta
JeTKuid  goctyn ais oOpoOKHM 1 MOAaNbIIOr0 BUKOPUCTaHHS Tpu TOOymoBI Mopaenei
NPOTHO3YBAaHHS JAaHUX BUXOMy Oiorasy.

Hagenena margopMa BHUKOPHUCTOBYETBCS I IMIAKJIIOYEHHS MPHUCTPOIB O XMapHOI
iHppacTpykTypu AWS miist 300py, 00poOkH, aHaIi3y Ta YIPaBIiHHS JaHUMH, IO FeHEPYIOThCS
B peaJbHOMY Yaci BiJ PI3HUX MPHUCTPOIB, 5Kl MPaLFOIOTh y cdepl IHTepHeTY peueii.

Cucrema Mae KijbKa MiJICHCTEM, BKJIIOYAIOYH IEpenady NaHuX, 30epiraHHs JaHHX Ta
KepyBaHHS KUBJIEHHsIM. BoHa Oyne BUKOPHCTOBYBATH TOAMHHUK PEAJIbHOTO Yacy AJIS BlIUTIKY
yacy, [HTepHer 3'eHaHHSA U151 Iepenadi JaHUX BUKOHaHe Ha 0cHOBI mpotokony MQTT. Xwmapaa
0asza naHux Oyne MOCTyIMHA Yepe3 XMapHuii cepsic AWS.
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nistipHOCTI [2]. Teopiro mMepek baiieca BUKOPUCTOBYIOTH ISl PO3B sI3aHHS OaratboxX 3amad,
30KpeMa, IMOBIPHICHOTO MAaTEMAaTHIHOTO MOJICTIOBAHHS POLIECIB 1 00’ €KTIB P13HOI PUPOAH,
AKl (PYHKIIOHYIOTh B YMOBaxX HasBHOCTI HeBH3HaudeHOCTeH [3]. OHTOMIOTr, SK CydacHHH
IHCTPYMEHT TIATPUMKH HPHUHSATTS PIIICHb, MO3BOJISIOTh LITICHO MIAXOAUTH A0 IMPOLIECIB
PO3MOBCIOIKEHHS 3HAHB [4].

3. METOAU JOCJIIZKEHHSA

CucreMHu#i, OHTOJOTIYHMM, KIOCp(DI3MUHMA TAa  CHHEPreTHYHHM  IMIIXOAH,
IHTEJICKTYaTbHAN aHAJI3 JaHUX.

4. PE3YJIbTATHU TA OBI'OBOPEHHA

Po3pobaeno aiarpamy KOMIIOHEHTIB IHHOBALIWHOI IHTEIEKTYAIbHOI CHCTEMH KEPYBaHHS
BUpOOHMLITBOM eHTOMOGpara 6paxon (Habrobracon hebetfor) (pucynok) y Hotami UML [5].
binpmmicte BuAIB OpakoHIL KOPHCHA, OCKIIBKH IOB si3aHA 3 KoMaxamHu-(itodaramu, skl €
IIKITHUKAMH Y CITBCBKOMY Ta JIICOBOMY I'OCIIOJApCTBax [6].

InHoBaLliifiHa iHTeJleKTYAJIbHA CHCTEMA KePpYBAaHHA
BHPOOHHLTBOM eHTOMO(gara dpaxkoH

[l
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Miaepama komnonenmis inHo8aYitiHOT iHmMenexmyanbHOI cucmemu KepyeaHus

supobHuymeom enmomopazca oparxon (Habrobracon hebetor)

IaHOBamli B ympaBmiHHI BHPOOHHUUTBOM €HTOMOGAriB 0a3ylOThCS HA CYMICHOMY
BUKOPHCTaHHI MAalIMHHOTO HaBuaHHs, Mepexki baiieca, merony amamdy iepapxiéi T. Caari,
OHTOJIOT1H, (ppeiiMIB, CyIaCHUX 3ac001B 1HPOKOMYHIKALIIH.

Tak, BUKOpUCTaHHS OaraTomapoBoi HCHPOHHOI MEPEXKI JO3BOJSIE 3 BUCOKOK) TOUHICTIO
K1acuQikyBaTH SKICTh eHTOMOmoriynoi mpoaykuii [7]. 3acrocyBanns mepexi bavieca nae
3MOTY OTpPHMATH Jiarpamy pO3MOALTY HMOBIPHOCTCH CTOCOBHO BILIMBY (DaKTOpIB HA
edexTuBHICTD BHpoOHMIITBA cHTOMO(AriB [8]. Metox anam3y iepapxiii T. Caari mo3Bomse
HOPIBHIOBATH SIKICHO Pi3HI BUpOoOHHYI cTparerii [9]. Bukopucranns ¢ppeiiMis 3HAYHO cripoInye
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nporecu crnpuiHATTA 1HGopMarii. Kibepdizmunmii miaxix nependadae BIPOBAIKEHHS
CYYaCHHUX 1HTEJIEKTyaJbHUX KOMYHIKalil, 30KpeMa, Mepexi [HTepHer.

BUCHOBKMU TA NEPCHEKTUBU NOJAJBIINX TOCII/ZKEHD

CuHepreTn4Ha il KOMIIOHEHTIB 1HHOBALIWHOI 1HTEJIEKTYaJbHOI CUCTEMH KEepPYBaHHS
BUPOOHUNTBOM eHTOMO(ara OpakoH MO3BOJISIE MIABUIIMTH PiBEHb aBTOMATH3AIlli MPOILECIB
KEPYBaHHS CKJIATHUM Ol0TeXHIYHUM BUPOOHULITBOM 33 PAXyHOK aBTOMATH3aLlli aHAJI3y 3HAHb,
3MEHIICHHS BUTPAT 4Yacy Uil MPHUHAHATTS pIlIeHb B YMOBax OaraTOKpUTEpiaibHOI
HEBH3HAUEHOCTI.
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BE3IIOINYKOBA AJTIAIITUBHA CUCTEMA

Amnoranist. [IpencraBieHO J0CTIHKEHHS Ta BAOCKOHAICHHS KOMITFOTCPHO -iHTETPOBAHOL
CHCTEMH KCPYBAHHS TEMIICPATYpOI0 V Kamepl OXONOMKCHHS HamiBpaOpukarie. OCHOBHOIO
METOK [JOCTI/DKCHHSI € WIABHINICHHSA TOYHOCTI Ta CTaOLTbHOCTI TPOIECY KEPYBAHHS
TEMICPATYPOr0, 4 TAKOK 3MCHIICHHSA BHTPAT Ta MiJBHOICHHA 3araibHOI C(CKTHBHOCTI
BHPOOHHITBA.

Y pesyapTaTi AOCTIHKCHB PO3POOJICHO I1HHOBAIIIHI MIXOAH OO0 BIOCKOHAJICHHS
CHCTEMH, BKIIFOYAIOYHM BHUKOPHCTAHHS OC3MOIIYKOBHX AJTOPHTMIB, aZaNTHBHICTh A0 3MiIHHHX
VMOB, CHCTEMY HABYAHHS TA ABTOMATHYHE INEPEKIIOYCHHS POXuMiB. OTpHMAaHI pe3ybTaTH
CBITYaTh TPO TOKPAIICHHS SKOCTI KEPYBAHHSA TEMICPATYypPOI0 Ta 3a0E3NEUYIOTh CKOHOMIUHY
JOLUTHHICTD BIPOBAKCHHS 3alIPONIOHOBAHUX BIOCKOHAJICHb.

Jlane AOCHIKEHHS BIAKPWBAE TEPCIEKTHBH I8 MOJANBINNX PO3BHTKIB Vv cepi
aBTOMATH3AMIi KAMEP OXOJIO/PKCHHS, CIPHIIOYH ITiIBUIICHHIO €(DEKTHBHOCTI BUPOOHHITBA Ta
MOKPALICHHIO YMOB 30€piraHHs NpoayKIii Xap4IoBoi MPOMHUCIOBOCTI. JIOCTIZKEHO Ta PO3pO0ICHO
0e3MoMmyKOBY aTANTHBHY CHCTEMY KOMITFOTEPHO-IHTETPOBAHOTO KEPYBAHHS TEMIICPATYPOIO ¥
KaMepi OXoJomkeHHA HamiBpaOpukarie. L1 cucTtema mpeacTaBiige iHHOBAIHHHMN miaxig A0
aBTOMATHU3AMI{ IMPOIIECIB 30EPIiraHHsI Ta BHPOOHUIITBA XaPUOBHUX MPOIYKTIB.

OcHOBHI 0COONMBOCTI CHCTEMH BKIIOUAIOTh B CeOC BHKOPHUCTAHHSI OC3MOIMYKOBHX
anropuTMiB I €()EKTHBHOTO PETYIIOBAHHS TEMIICPATYPH, AJANTHBHICTH 0 3MIHHHX YMOB
HABKOJIMITHBOTO CEPCAOBHINA, CHCTCMY HABYAHHS, SKA [JO3BOJIIE CHCTEMI ONTHMI3yBATH
MMApaMeTpy HA OCHOBI JWMHAMIKH BHPOOHHYOTO IIPOIECY, TA ABTOMATHYHE IICPEKIFOUCHHS
PEKUMIB 3 YPAaxyBaHHIM 30BHIIIHIX (DPAKTOPIB.

BuxopucTanHs Takoi CHCTEMH CHPHS€E INIJBUINCHHIO C()CKTHBHOCTI BHPOOHWITBA,
3MEHIICHHIO BUTPAT CHEPTii Ta 3a0€3MeYeHHI0 CTAa0IIbHOCTI TEMIIEPATYPHOTO PEXKUMY B KaMepi
OXOJODKCHHS, IO, B KIHOGBOMY INJCYMKY, ITO3UTHBHO BIUIMBA€ HA SKICTH Ta TPHUBAIICTH
30epiraHss HamiBpaOpUKaTiB.

K/no4oBi ¢/10Ba: TeMmepaTypa, aJanTHBHA CHCTeMa, KEPYBAaHHS, 1MITalliiiHI
MOJIEI.

1. BCTYII

Y cydacHOMY CBITI, [1é TEXHOJOIi aKTUBHO BUKOPUCTOBYIOTBCS Y BCIX cepax JKUTTS,
BUPOOHUITBA Ta 30epiraHHs MPOAYKIIi BUMAarae BUCOKOTOYHOTO Ta €(eKTUBHOTO KePYBaHHS
TeMIepaTypHuM pexxuMoM. OcoOJIMBO 1€ CTOCYEThCS rajy3eil Xap4oBoi MPOMHCIOBOCTI, Jie
TOYHICTh Ta CTAOUIBHICTH TEMIIEPATYPHHX NApaMeTpiB TIPalOTh BHPINAJIBHY pOJb Y
3a0e3MedeHHi SIKOCTI Ta TPUBAIOCTI 30epiraHHsI MPOAYKIi.

B nmaHOMYy KOHTEKCTI, PO3IIANAETBCS Ta OCIIKYETHCS OE€3MOINYyKOBa aJanTHBHA
cHCTEMa KOMITHOTEPHO-IHTETPOBAHOTO KEPYBaHHS TEMIIEPATYpPOI0 B KaMepi OXOJIOIKECHHS
HamiBdadpukaris. Llg cuctema BUCTyMae sIK BIAMOBIAb HA BUKJIMKH CYy4aCHOT'O BUPOOHHIITBA,
7€ BJXUIMBICTD TOYHOTO Ta AMHAMIYHOTO KOHTPOJIO TEMIIEPATYpPH € BU3HAYAIBHOI IS
3abe3meueHHs] BUCOKUX CTAaHAAPTIB SKOCTI mpoaykuii [1]-[3].

HocTanoBka npodyaemu. IIpobnema nonsrae B ToMy, 110 TPAAHULIHHI METOIHN KEPYBaHHS
HE 3aB)KAHM BPaXOBYIOTb JHHAMIYHI OCOOJIMBOCTI MPOLIECiB Ta 3MiHHI YMOBH €KCILTyaTalii, 1o
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MO3Ke MPU3BOIUTH A0 HECTaOUIBHOCTI TeMIEepaTypHOTO PEeXUMY Ta BILTUBATH Ha SKICTH Ta
TEepMiH 30epiraHHs MPOIYKIIil.

Meta nyo6uaikanii. [lonsrae B 3MeHILIeH] €eHepro3arpar Ta MiABUIIEHHS SKOCTI KIHLIEBOT
MPOAYKINl IIISIXOM BIOCKOHAJIEHHS KOMI'FOTEPHO-IHTETPOBAHOI CHCTEMH KepyBaHHS
TEMIEPATypol0 y KaMepl OXOJIOMKeHHS HamiB(paOpukaTiB i3 BUKOPUCTAHHSIM aAalTHBHOL
CKJIaZOBOI.

2. TEOPETUYHI OCHOBH

CTpykTypHa cxema 6e3MonryKoBol alaliTHBHOI CHCTEMH aBTOMATHYHOTO PETYIIIOBAHHS
3 €TAJIOHHOIO MOJEILTIO 31 cTabii3alli€to SKOCTI KepyBaHHS HaBeleHa Ha PUCYHKY 1.

A 4

A

)4
A 4

Pucynox 1. Cmpyxmypra cxema 6e3noutyko80i a0anmugHoi cucmemu agmomMamuyHo2o
PecyT06aH s 3 eMAIOHHOK MO0 3i cmabinizayiero AKocmi Kepyeans

Ha pucynky 1 BimoOGpakeni: [IK — mpuctpiit kepysanns; JIC — nanmror
camoHastamTyBaHHs; O — 06’ ekT kepyBaHHs; EM — etaioHHa MOeIb.

Posrnsuemo mpuHIMI poOOTH Ge3MOITYKOBOI aTanTHBHOT CHCTEMH aBTOMATHYHOTO
PETYIIIOBaHHS 3 €TATOHHOIO MoAesUT0. CHTHAN HEY3TOIKEHOCTI (7)) ToAaeThes Ha BXi MoAel
EM, a TakoK Ha BX1J IIPUCTPOIO KEPYBAHHS, BUXIJHHI CHTHAT SKOTO MiIKIIOUSHO 10 00’ €KTY
KepyBaHHsS. CHTHAIT Ha BUXO1 00’ €KTa KepyBaHHS Z(f) MOPIBHIOETHCS 3 BUXITHAM CHTHAJIIOM
eTaioHHOT MoJiesti Zm(t). SIKIo BOHU He 301raroThesl, TO BUpOOISETHCS CUTHAT BiIXUICHHS g(7),
kUi, BIUIMBAIOUN Ha JaHItor camoHanamtyBanHs (JIC), amintoe mapamerpu [IK gotu, moxu
BUXIJHI cHTHaJIA Moneni Zm(f) Ta 00’ ekTa KepyBaHHS Z(f) 30ikatbes [3].

HaiiGinpm BaXKIHBUM eTaloM pO3poOJIeHHs Oe3MMONIyKOBOI adalTHBHOI CHCTEMH
ABTOMATHYHOT'O PETYJIFOBAHHS 3 €TAJIOHHOK MOJCIUTIO 31 CTa0Lmi3aIlel0 IKOCTI KepyBaHHA €
PO3pOOIIeHHST aNropuT™My cHUTHaNTy HeysromkeHocTi JIC, mo6 curHan BiaxunenHs g(f) OyB
0OMEKEHHM 1 3TOJIOM MPSIMYBAB JI0 HYJIA, IO € 03HAKOKO CTIHKOCTI CHCTEMH KepYBaHHS.

Haii6inbm yHiBepCcaIbHAM IS OIIHKY CTIMKOCTI CHCTEMH € MPAMHUI MeTo 1 JIsmyHoBa:
SKIIIO CHCTEMH KepPYBaHHS OIHCYETHCS CYKYIHICTIO PiBHSHB Yy BIIXHIIEHHSAX y ¢opmi Komri

Vi = (yl’ Yaoeer Vo ), i=Ln MOXHa TigiOpaTd Taky 3HaKOBHU3HAUEHY (PYHKIItO
dv
, Bi sKxoi moBHa moximHa B waci 9 B meskiil oGmacti 0 €

V(yl, Vo eees yn)

JlanyHoBa
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V(2:(1)

Y2 ( ), - n (t) , Oy1yTh OOMEKEHUMH, a CUCTEMA AaCUMIITOTHYHO CTIHKOO.

Posrnsguemo 3acTocyBaHHs MPAMOTO METOAY JIIMyHOBA 1T CHHTE3Y CHCTEMHU
KepYBaHHS IPYTOTO MOPSIKY.

Hexaif y po3iMKHYTOMY cTaHi (63 MOJieNi) pealibHa CUCTeMA YIIPABIIiHHS OMMHCYETHCS
PIBHSHHSAM

Y (t),

3HAKOTIOCTIHHOIO (PYHKINEIO IMPOTHIIEKHOTO 3HAKa (YHKITT , TO (YHKIIT

() +ez(t)+ez(t) =k, (t)a(t)e(t) (1)

o

ne “ 1a ©2 _ nesminmi napametpu OV,
k, (1) L .
— KoeditieHT micuiIeHHs OV, 110 3MIHIOEThCS 3 HacoM;

alt .. . oo .
(¢) — xoe(ilieHT MiACHICHHS TPUCTPOIO KEPYBaHHS, SIKUH € H10T0 BapiaTHBHUM
napametpom [1K.

Hexaif piBHSIHHS MOIeJIi Mae aHAIOTIYHUN BUTIIA

2 () + ez, (1) +czy, (1) =ky,e(2) (2)

. . o . .. .oalt .
Heo0xiaHo 3HaiiTu Takuit mporec 3MiHU Koe]illieHTIB ( ), SIKAH MIPU3BEAE 10

g(t) 2(1) 2, (1)
YCYHEHHS HEY3TOP)KEHOCTI MIK BUX1AHAUMU curHagamu OY Ta MOJIe Ta
320€3MeUYUTh ACHMITOTHYHY CTIHKICTh. CHHTE3yeMO TaKy CHCTEMHU KEepyBaHHS.

Skrro g(t) = 2w (t) _Z(t) . To BimHiMeMo 3 (1) (2). OTpumMaemo
g(t)+ag(t)+ag(t)=k,—k (t)a(t)]e(r) =b(t)8(t)’ )

b=k, K (Dale)

Zamumemo (3) y ¢popmi Ko, mo3HaunsImm g(r)=2(1) . & (1)=2() .
Toni piBasHHAS (3) MOYKHA TIEPETTHCATH Y BUTIISIII:

g (1)+cg, (t)+og(1)=b(r)e(r) 6o
gz(t)=—clg2(t)—czgl(t)—i-b(t)g(t)‘ @
VYBeaemo ¢yHKII0 JIsnyHOoBa 4 v GopMi KBaIpaTHYHOL T0OJATHO BH3HAYEHOT

(bYHKIIT 3MiHHIX & (1) , & (1) i KoeirienTa b(t):
V=c,g (t)+g (1) +5(7)

)

3HaiileMo TIOBHY MOXinHy 3a 9acoM ! Bim QyHKii V.

av dg, (1) dg, (1) db(t)

—=c,2 —2+2 ———=+2b(t)——=

dr .2 (1) dr +28,(1) dt +26(1) dar (6)
3 ypaxyBaHHsaM (4) Bupa3 (6) MOJKHA 3alucaTH TaK:

av

— =2 [c:28,(1) &, (1) + &, (1) (-2, (1) - exg, (1) +

+b(t)€(t))+b(t)l§(t)} = z[czg1 (1) g, (1)—cg3(1)-
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e, (1) & (1)+ &, (1)D(1) £ (1) +b()b(1) ] =

:2[—clg22(t)+b(t) gz(t)g(t)-’_b'(t))] (7
ar

1106 noxigxa dt Oy71a BiI €MHO BH3HAYEHOIO, HEOOXIIHO, 00

b(t) (g, (1)&(2)+b(t))=0

c, >0
1 ,a

pHu Oyab-SIKHX b(t) Ta g(t). 3BijJicH BHILIHBAE, IO

b(t)=—g,(r)e(r) (8)

k (t . . .
ITpu ( ) , 10 3MIHIOETHCS MOBUIBHO (CHCTEMAa CAMOHANAIIITOBYETHCS [IBHUILIE, HIXK
3MIHIOIOTECS BiacTHBOCTI OY), MOYKHA 3aIllACaTH, IO

k(1) =k, + Ak, 1)

)
ne k, = const _ BiJIoMe HOMiHaAJIbHE 3HaUeHHS KoedirieHTa miacunents OV
Ak, (t) : .
— CKJIaZI0Ba, IO MOBUIFHO 3MIHIOETHC.
[TincTapuBinm B (8) BUpasu b(t) =k =k, (t)a (t) Ta (2.175), orpumaemo
d
_E[a(t)(ko + A, (1)) ] = -2, (1) &(7) .

Ak, (t) <k . ) .
Skmo ° °, TO IPYTUM OAAHKOM Yy JiBii yacTuHi (9) MoxHa 3HexTyBaTH. Toxi
—a(t)k, =-g,(1)e(¢) 260
1

d(t):k—gz(l)é‘(f)

o

3BicH BUILIMBAE BHpa3 ISl BapiaTUBHOTO napaMeTp.a [IK:
t
a(t)=kLU£g2(t)g(t)dt

CTpyKTypHa cXeMa CHHTe30BaHOI afallTHBHOI CHCTEMH 3 €TaJOHHOIO MOMEIUTIO 3i
cTabiii3aliero SKOCTI KepyBaHHS HaBeIeHa HA PUCYHOK 2.

(1)
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z,(t)

p+epte,

2,(» gH=g,(®

x(t) € (t). u(t)) X0 z(t)

p+epte,

Pucynox 2. Cmpyxmypna cxema cunme306anoi aoanmueHoi cucmemu 3 emaionHoio
MoOenno 31 cmadinizayiero AKOCmi Kepy6anHsl

3. PE3YJIBTATHU TA OBT'OBOPEHHA

ApjanTuBHa CHCTEMa - 1€ CUCTeMa KepyBaHHs ab0 peryJIioBaHHS, siKa 3/1aTHA
ananTyBaTH CBOI mapameTpu i1 mapamerpu peryysidii 6e3 HeoOXiTHOCTI aKTHBHOTO
MOIIYKY ONTUMAJbHUX 3HaueHb. li OCHOBHA MeTa MOJsirac B TOMy, 10O cUCTeMa
CaMOCTIHO 3MIHIOBAJIa CBOI HAJIAINTYBAHHS HA OCHOBI 310paHuX AaHuX 1 6€3 BTpy4YaHHs
onepaTopa abo inxkeHepa [1].

ARanTuBHI CHCTEMH BUKOPHCTOBYIOTHCS B CHUTYALIsIX, KOJH MapaMmeTpu o0'ekta
peryroBaHHS MOXYTh 3MiHIOBATHUCS B X0l POOOTH CHCTEMH, ajeé HEMAE MOKIJIUBOCTI
TOYHO MependauuTH Li 3MiHH. IX BUKOPUCTaHHS NO3BOJSE MiATPHUMYBAaTH BHCOKY
e(peKTHUBHICTb CHCTEMH PETYJIOBAHHS, HABITh KOJH MapaMeTpu 00'eKTa 3MIHIOIOThCA [2].

B mpoueci iMiTamiifHOr0O MOIEIIOBAHHS MOXKHA IEPEKOHATHCH B TOMY, IO
CHHTE30BaHa aJanTHBHA CHCTEMa 3 ETAJOHHOK MOIEJUI0 31 CTallii3aliero SKOCTI
KepPYBaHHs MPU 3MiHI MapaMmeTpa Ko 00’ €kTa KepyBaHHs B 3Ha4eHHsT K9 =0.01, moTiM Ko
=0.1 1 kg =2 Ta MOCTIHHUX TMapameTpax eTaJOHHOi Moneni (K, ) 1 HamamTtysanb I1I-
perynisiTopa 3a0e3nevye MOKa3HUKH SKOCTI MEePEXiAHOrO MPOLECY SKI MOKHA BUSHAYUTH
3 HaBEIECHUX Ha pUCYHOK] — prCcyHOK 3 TpadikiB mepexiTHUX MpOIeciB.
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E®EKTUBHE BUKOPUCTAHHSA HEMPOIH®OPMALIIMHOI CUCTEMU ANFIS UL
YITPABJIIHA OYHNINEHHAM CTIYHUX BO/I

Anoranmisi. Y wili myOmikamii po3riBIHYTO 3acTocyBaHHS Helipoinopmaniiiaoi cmctemu ANFIS
©()CKTHBHOTO YIPABIHHA MPOICCAMH OYHIICHHS CTIYHHX BOJ. ABTOP BH3HAYAE BAKIIHBI MAPAMCTPH, TaKi
K CTPYM, TCMIICPATypa Ta CJACKTPONMPOBLIHICTH BXiTHOI BOAH, SK KIFOUOBI (DAKTOPH 11 CHCTCMH
KEPYBAHHSI, IO PEary€ Ha 3MiHM CTYTICHS 3a0pyJHEHH BOIH. JIOKIATHO PO3TILIIA0TECS CTAH HABYAHHS
Ta TtectyBaHHA ANFIS, 30kpeMa onTmMizamis THIIB (DYHKIIH HAJCKHOCTI Ta  POSIIHPCHHA
(DYHKI[IOHATILHOCT1 CHCTEMH.

ABrop TpomoHye cTpaTerii MM JOCTIDKEHHA Ta ONTHMI3ANii CHCTEMH, BKIIOYAIOYH PO3MIHUPESHHS
(YHKIIOHATy VYUPaBIiHHA Ta INABUOICHHS TOYHOCTI HABYAHHA. [liAKpECIIOETHCS BAKIMBICTH
EKCIICPUMEHTIB 3 PI3HUMH TUIIAMHU (DYHKIIH HACKHOCTI A1 JOCATHCHHS ONTUMAIBHUX PE3yIbTaTIB.
ABTOp TaKOXK TPOMOHYE MULIXH 30CPEIKCHHSA PO3POONICHOI CHCTCMH Ta HATOJIOIIYE HA MOYKIIHBOCTL
TOJANBIIHAX TOCITHKCHD., BHCIOBMIOIOTECA PCKOMCHAAMIT MO0 PO3MHUPSHHSA (DYHKIIOHATY CHCTCMH Ta
BIPOBA/DKCHHA ABTOMATH30BAHMX CHCTCM VIPABTHHA I 3a0C3MCUCHHA CTAOLMBHOCTI MPOLECCIB
OUMINCHHS.

3aranbHOO METOIO € BHKOPUCTAHHS IHHOBAIIIHHUX TEXHOJOTIH 11 TOCATHEHHS BUCOKOI €(DEKTHBHOCTI Ta
ABTOMATHU3AMI{ OYHCTKH CTIMHHX BOJ, CIIPISFOYH €KOJIOTIUHIH CTIHKOCTI MPOEKTiB ¥ c(hepi BOAOOUHUCTKH.

KmouoBi cioBa: HelpoindopmamiiiHa CcHCTEMa; OYHCTKA CTIUYHMX BOJ, TEMIIEPaTypa;
CJIEKTPOTPOBITHICTE; cTpyM; ANFIS.

1. BCTYII

B cydacHOMy CBITI, /€ €KOJIOTIYHI THUTAHHS CTAlOThb BCE OUNbIIE AKTyaJIbHUMHU,
BOJIOOYHIIICHHSI BU3HAYAETHCS K CTPATEriYHO BAXKIIMBA Taily3b sl 30€PEeKEHHs TPUPOTHIX
pecypciB Ta 3abe3neueHHs! CTajJoro po3BUTKY. OIHUM 13 KIIFOYOBHX BHUKIHKIB y LBOMY
KOHTEKCTI € po3po0Ka 1HHOBAL HHUX TEXHOJIOTH, CIPSIMOBAHUX Ha i IBUIIECHHS €()eKTUBHOCTI
NPOIIECIB OYHUIIEHHSI CTIYHUX BOJ . Y IIbOMY KOHTEKCTI, HeHpOiH(pOpMAaLiifHI CHCTEMH B3SUTH
Ha ce0e BAXJIMBY pPOJb, 3a0€3MeUyroud aBTOMATH30BAHE Ta IHTEJEKTyaJbHE YIPaBIIHHS
CHCTEMaMH BOIOOYHIICHHSI.

s mybmikawist po3riisigae 3acTOCyBaHHs Takoi cuctemu, koHkpetHo ANFIS (Adaptive
Neuro-Fuzzy Inference System), myis ontumizaiii MPOLIECIB OUYMINEHHS CTIYHUX BOA. Mwu
AOCHIIUMO BaXKIJIMBICTh BpaxXyBaHHS IMapaMeTpiB, TaKUX sK CTPyM, TeMIepaTrypa Ta
€JIEKTPOIPOBIIHICT BX1AHOI BOZIH, Y CTBOPEHHI €(peKTHBHOI CHCTEMH KepyBaHHs. Po3risitHeMO
etany HaB4aHHs Ta TecTyBaHHA ANFIS, a Tak0X MOKJIMBI IIJTSIXH ONITUMI3ALI] U151 TOCATHEHHS
HAMBHIINX PE3yJIbTATIB.

3po3ymisio, MO po3poOKa TAaKUX TEXHONOTIH He OOMEXYEThCS JIUIIE MUTAHHIMHU
TEXHIYHOI CKJIAJHOCTI, aje¢ TaKOXK CTa€ KJIFOUOBHUM EJIEMEHTOM TIJIO0ATbHUX EKOJIOTIYHHX
3ycuiib. Y 1IbOMY KOHTEKCTI, BripoBamkeHHss ANFIS B crcTeMu OUMIEHHS CTIYHUX BOJ MOKE
CTaTH HE JIMIIE KPOKOM A0 IMiABUINEHHS TEXHIYHOI €(PEeKTHBHOCTI, ajie¢ il BATOMHM BHECKOM Y
30epeKeHHsT HAIIOro HAaBKOJMIIHBOTO cepenoBumia. [laaiite pasoM HOCHIIUMO, SIK IS
{HHOBaL iHA TEXHOJIOT1SI MOYKE TIEPETBOPUTH ITi IX1]] 1O 3aBaHb BOJXOOUYHIIEHHS Ta 3pOOUTH 1X
OnbIm cramumu Ta edexrusHuME [ 1]-[5].
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BUCHOBKHU TA NEPCIIEKTUBHU NOAAJBHINX TOCIIAKEHb

Ha ocHOBI mpoBemeHHMX OCTIKEHb MOXKHA 3POOUTH KiJIbKa BaXXIIMBUX BHCHOBKIB.
Buxopucranns HeiipoindopmaniiiHoi cuctemu ANFIS st ynipasiiHHS npoLecaMy OUHIIeHHS
CTIYHUX BOJ BUSIBHJIOCS Iy»K€ MEPCIEKTUBHUM IMiAXOAOM. PO3IMISHYTI mapaMmerpH, Taki siK
CTPyM, TeMIepaTtypa Ta eJIEKTPONPOBIAHICTb BXITHOI BOIM, BUSBUJIMCS KIIOYOBUMH IS
CTBOPEHHS €(pEeKTHBHOI CHCTEMH, SKa MOYKE aIanTyBaTHUCs 10 3MIH y PiBHI 3a0pyIHEHHS.
ANFIS npoaeMOHCTpyBaB BUCOKY CTaOIIbHICTD Ta TOYHICTD ITiJ YaC €Tany HAaBYaHHS Ta
tecTyBaHHs. Lle miaTBeprKye HOro MoTeHLian 71 BIPOBAKEHHS B PeaibHl YMOBH OUHIIEHHS
CTIYHUX BOJ. BakMBO BiA3HAYUTH, IO PO3TJISIA TUITB (PYHKIIH HAIEKHOCTI Ta ONTUMI3ALIs
TEXHIYHHUX MMapaMeTPiB MOXKYTh I1e OLJIbLIE MIABHIIUTH MPOXYKTHBHICTb CHCTEMH.
[TepcriekTHBY MOAATBINNX JOCHIIKEHb!
- OnTuMizanis CUCTEMH Y PealbHIX YMOBAaX: MPOBECTH AOMATKOBI €KCIIEPUMEHTH Ta
nochikeHHs: epexktuBHOCTI cuctemu ANFIS B peanbHux o0'ekTax OYHMINEHHS
CTIYHHX BOJ.

- JlomaTkoBi BXiAHI MapaMeTPU: PO3TISI MOXKIMBOCTI BKJIFOUEHHS JOAATKOBUX
BXIJTHUX TIapaMeTpPiB sl MOKPALIEHHS aAalITUBHOCTI Ta TOYHOCTI CUCTEMH.

- PosmmpenHs (yHKUIOHAIBHOCTI ~ YNPABIIHHA.  JOCHIJKEHHS  MOKJIHMBOCTEH
IOAAaBaHHS aBTOMAaTH30BAHUX CHCTEM VIPABIIHHS, SKI PEaryrTb Ha ITHPOKUH
CTIEKTp 30BHIIIHIX BILIUBIB.

- CTBOpEHHS amanTHBHOI MEPEKi: pO3pO0OKa aaNTHBHOI MEPEXKI, sTKa MOXKe THHAMIYHO

3MIHIOBATH CBOIO CTPYKTYPY IJIsl ONTHUMAJIBHOI peakiii Ha 3MiHH YMOB.

- BnockoHaneHHs METOZIB HAaBYaHHSA. BHUBYEHHS Ta 3aCTOCYBAHHS BIIOCKOHAJIEHHX

METO/I1B HAaBYaHHS JUJIsl TOCATHEHHS 1€ BUINOI €(EeKTHBHOCTI.

3asepmryroun, BukopuctadHs ANFIS y BogoouHIneHHi BiAKpUBAE IHUPOKI MEPCIEKTHBH
IUT TIBHINEHHS SKOCTI Ta €(pEeKTUBHOCTI MPOILECIB OUMUINCHHS CTIYHMX BoA. llomambrmi
JOCIHIIPKEHHS Ta 1HHOBalli B LIbOMY HAIPSIMKY MOJKYTb NPU3BECTH 10 CTBOPEHHS Ie OibIn
MEePEeIOBUX TEXHOJIOTIH, IO BIAMOBIJAIOTh BHKJIMKAM CYYaCHOCTI Ta CIPUSIIOTH CTaJIOMY
BUKOPHUCTAHHIO BOAHHUX PeCypCiB.
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