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AHoOTaNifg. 3aBISKH TIPOrpecy B Taly3l OOYMCIIOBAILHOI TEXHIKM CHOCTEpIraeThCsl CTallIbHE
3pOCTaHHsI OOYMCIIOBAIBHUX IMOTYKHOCTEH, 110 NPU3BOAMTH 10 EKCIOHEHLIHHOro 30UIbLICHHS
o0csriB  JaHWX, SKi TOTpPeOyoTh 00poOkHM. 30KpeMa, MiABUIIEHHS MPOAYKTUBHOCTI
aBTOMATHM30BaHUX CHUCTeM 3a0e3neuye MOKJIMBICTH 30epiraHHss Ta aHalily BEJIMKHX MAacHBIB
MEIWYHHUX JAHUX 3 BHCOKOI IIBHIKICTIO Ta TO4YHICTIO. CydacHa MeIMIMHA XapaKTepU3YEThCS
3HaYHUM 30UIbIIEHHSAM 1H(OpPMAIIfHOrO HaBaHTAXEHHs, 10 NOTpedye CcKIaaHOI 0OpoOKM Ta
INIMOOKOTo aHami3y Uil MIATPUMKH NPUHHATTS KIIHIYHUX pimieHb. [HpopmaliiiHi TexHomorii
BIJIIrpatoTh KJIIOUOBY pOjb y 3a0e3nedeHHl e(heKTUBHOI OOpOoOKM LHX BEIUKHUX OOCSTIB JIaHMX,
CIPUSIOYH IT1JIBUIIIEHHIO TOYHOCTI Ta MIBUKOCTI IIATHOCTHKH, & TAKOXK €(PEKTUBHOCTI MOJATHIIIOTO
JiKyBaHHS MalieHTiB. MeTO JAaHOi CTaTTi € po3po0Ka Ta TOCHiTKEeHHs iHPOopMAaIiHOT TEXHOOT1]
o0poOKkM rpadiuHMX JaHUX Ha OCHOBI TIOPUIHHUX HEHPOHHUX MEpeX 3 BHUKOPUCTAHHSIM
TeOMETPUYHUX 0COOIMBOCTEN 00’€KTiB 300paxkeHb. B poOOTI 3ampomoHOBaHO MEperoBi METOIU
MalIMHHOTO HaBYaHHA, apXITEKTYypH INIMOOKUX HEHPOHHUX MEpEX, a TaKOX CIelliali30BaH1
IHCTpyMeHTH a1 o0poOku rpadiunux aanHux, Taki sk OpenCV, TensorFlow Ta ixmi. IIpornec
0o0poOKM JaHuX MiJ Yac Balijamii 3alpONOHOBAHUX METOJIB Ta apXITEKTyp BKIIIOYAB JIEKUJIbKa
eTalliB: MOIMepeIHI0 OOpoOKy JaHUX, HaBYaHHS MOJEJeH Ta peTelbHE TECTYBaHHS OTPUMaHHUX
pesynbTaTiB. Po3pobieHa iHdopmaliiiiHa TEXHOJOTIS JEMOHCTPYE 3HAYHE MiABUIIEHHS TOYHOCTI
knacudikamii rpadgiyHuX HaHuX. ExciepuMeHTanbHI JOCTIIKEHHS MOKa3aly, 10 3alPOOHOBaHUH
miaxin 3abesneuye  epeKkTUBHY OOpOOKY BENUMKHX O0O0CSriB  OlOMEAMYHUX JaHMX, UIO
MiATBEPIXKYETbCS BUCOKOK TOYHICTIO Ta IIBHUJIKICTIO aHali3y. 30KpeMa, TOUHICTh Kiacuikaiii
MaTOJIOTI 3a JOTOMOror0 TIOpUIHUX HEWPOHHUX Mepex MiABHIIeHO Ouibin HiX Ha 11% y
MOPIBHSHHI 3 pe3yJabTaTaMu OTPUMAHUMH 3a JJOTIOMOTOI0 KIIaCHYHMX MeToiB. [IpakTnyHa iHHICTh
pO3po0sIeHOT TEXHOJOTIi MoyiArae B i BUCOKOMY MOTEHIaNl JUIsl 3acTOCYyBaHHS B o00JacTi
MalIMHHOTO 30Dy, B T.4 ISl MiJBUIIECHHS €(QEKTUBHOCTI JIarHOCTHKHU Ta JIIKyBaHHS MAIli€HTIB B
MeanuHii chepi. Bona Moxe OyTH 1HTErpoBaHa y Cy4acH1 CUCTEMH MIATPUMKHU MPUHHSTTS PillIeHb,
3a0e3neuyroun OiIbIll TOYHY Ta MBUAKY 00POOKY MEAUYHHUX 300paXKEeHb.

KirouoBi cioBa: o6poOka MeauuHuX naHi, OloiHXKeHepis, iHpOpMaliiHI TEXHOJOTIl, MalIuHHE
HaBYaHHS, KJIacH(iKallis maToJOTiH, IITYYHUHA 1HTEIIEKT.
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Abstract. Progress in computing technology has led to a steady increase in computing power,
resulting in an exponential growth in the amount of data that needs to be processed. In particular,
the enhanced performance of automated systems enables the storage and analysis of large volumes
of medical data with high speed and accuracy. Modern medicine is characterized by a significant
increase in the information load, necessitating complex processing and in-depth analysis to support
clinical decision-making. Information technology plays a pivotal role in ensuring efficient
processing of these large datasets, contributing to the accuracy and speed of diagnosis, as well as
the effectiveness of subsequent patient treatment. The purpose of this article is to develop and study
information technology for processing graphic data based on hybrid neural networks using
geometric features of image objects. The paper proposes advanced machine learning methods, deep
neural network architectures, and specialized tools for processing graphic data, such as OpenCV,
TensorFlow, and others. The data processing workflow during the validation of the proposed
methods and architectures included several stages: data pre-processing, model training, and
thorough testing of the results. The developed information technology demonstrates a significant
improvement in the accuracy of graphic data classification. Experimental studies have shown that
the proposed approach ensures efficient processing of large volumes of biomedical data, as
evidenced by the high accuracy and speed of analysis. In particular, the accuracy of pathology
classification using hybrid neural networks increased by more than 11% compared to the results
obtained using classical methods. The practical value of the developed technology lies in its high
potential for use in the field of machine vision, including enhancing the efficiency of diagnosis and
treatment of patients in the medical field. It can be integrated into modern decision support systems,
providing more accurate and faster processing of medical images.

Keywords: medical data processing, bioengineering, information technology, machine learning,
pathology classification, artificial intelligence.

Beryn. 3aBnsku cyyacHOMY PO3BUTKY OOYHMCIIOBAIBHOT TEXHIKM CHOCTEPIraeThCsl MOCTiiHE
3017IbIIEHHS OOYUCIIOBAIBHUX TOTYKHOCTEH, IO MPHU3BOJAUTH JO EKCIIOHEHIIMHOIO 3pOCTaHHS
o0cariB maHux, ski Marothk Oyt (A. Smith et al., 2023). 3okpema, miBUIIEHHS TPOIYKTHBHOCTI
aBTOMATH30BAHUX CHCTEM J03BOJIs€ 30epiraTé Ta aHali3yBaTH BEJIMKI MACHBH MEIUYHMX JAHUX 3
BEJIMKOIO INBUJKICTIO Ta TOYHICTIO. Lle 3Mylrye HayKkoBILIB MOCTIHHO IIyKaTW HOBI METOJIU Ta
Mozeni 00poOKH 3pocTaroyoi KiIbKOCTI 1H(popMalii, aganTyroud iH(OpMaliiiHi TeXHOJOrii A0
HOBUX CTaHAAPTIB SKOCTI Ta MIBUIKOCTI.

OcTtaHHIM 4YacoM 3HA4YHOTO TIONMIMPEHHS HAOyJIM HEUPOHHI MEpexi, SKIi € OCOOJHMBO
eeKTUBHUMHU IJ1si 0OpOOKH Bi3yanbHOI iH(oOpMalii, 3aBJsSKM CBOId 3JaTHOCTI JIO y3araJbHEHHS
CKJIAJHUX CTPYKTYp JaHHX, Ta CTAIX KJIIFOYOBHM 1IHCTPYMEHTOM y cepi 00pobku manux (G. Davis
et al., 2023). B wueit yac, OibIIICTh HAYKOBIIB Ta (axiBIiB 3 0OPOOKH JaHHX 30CEPEDKYIOTHCS Ha
MoaudikaIii apxXiTeKTyp HEHPOHHHUX MEpEeX, HAJIAIMTyBaHHI TileprapamMeTpiB Ta IiJIBHINCHHI
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SIKOCT1 BX1HUX JaHuX. Taki Mmaxoau 3HaYHO ITiABUIIYIOTh TOYHICTh, BHJIKICTh Ta SKICTH 00pOOKH
JaHUX Y MOPIBHSHHI 3 3aCTOCYBAaHHAM TPAIUIITHUX METOIIB.

s crarts npucBsiueHa po3poOini iHGopMaIiitHOI TEeXHOIOTIl, Mo 0a3yeThCs Ha IMOEIHAHHI
KJIACUYHUX METOJiB 00poOKu iHdopMamii Ta Cy4acHMX TEXHOJIOTIH, 30KpeMa TiOpHIHUX
HEHPOHHUX MepexX, A MIJBUIIEHHS TOYHOCTI aHali3y JaHUX Yy KOMII'IOTEPHUX CHCTeMax
MIATPUMKH PillleHb. 3acCTOCYBaHHS TaKOrO MiAXOAY IO3BOJIAE€ TOEAHYBATH IEPEBArM METO/IIB,
3a0e3neuyroun epeKTUBHINTY 0O0poOKy iH(opMalii Ta MiJBHUINYIOYHM TOYHICTh Kiacudikarrii.
Pesynbrati MOCHIDKEHHS MiATBEP/KYIOTh JOUUIBHICTh TaKUX MMIXOIIB IS TOKPAIlCHHS
€(EeKTUBHOCTI B IHTEJIEKTYAIBHUX CUCTEMAaX IMIATPUMKH MIPUNAHATTS PillICHb.

AKTyalIbHiCTh. AKTYaJlBHICTh HpoOJeMu moiisirae B HeoOXimHocTi edekTuBHOI 00poOKH
BEJIMKMX MAacHBIB JIaHUX, 5IKI CbOTOJIHI TEHEPYIOTHCSI 3 BUCOKOIO IIBUKICTIO Ta B 3HAYHUX OOCsTrax.
CyuacHai iHopMaIiifHi CHCTEMH 4YacTO CTHUKAIOTHCS 3 TPYAHOIIAMHU B OOpOOI Ta aHami3i TaKUx
JAHUX, L0 YCKJIAJHIOE€ NPUNHHATTA TOYHMX 1 CBO€YACHUX pillleHb. TOMYy ajamnTalis ICHYHOYHX
CHCTEM JI0 AMHAMIYHO 3MIHIOBaHMX YMOB €KCIUTyaTallil, iIHTerpaiisi HOBiTHIX JOCATHEHb B 00JacTi
MalIMHHOTO HABYaHHS Ta IITYYHOTO IHTENEKTY Juid 3a0e3MeueHHs] HaJIMHOCTI Ta JTOCTOBIPHOCTI
pe3yNbTaTiB 00POOKH € aKTyaTbHOKO 1 BIIMTOBIAE CyYaCHUM BUKITUKAM.

Meta. MeTa crarTi nosmsirae B po3poOIll Ta JOCTIDKCHHI €PEKTHUBHUX METOJIB 0O0pOOKH
BEJIMKMX MAacHBIB JJaHWX, AKi 0a3yeThCs Ha BUKOPUCTAHHI MAIIMHHOTO HAaBYAHHS Ta HEHMPOHHHUX
MepexKi, Ba BIMOBITHO HOBOI 1HPOPMAIIIHOT TEXHOJIOT11.

Indopmaniiini TexHosorii 00podku OGiomennunux gaHux. Y chepi OioMeaHMUHUX JTAHUX,
rpadika BiZirpae BaXJIMBY poJib B aHaJi31 Ta Bi3yamizalii pe3ynbTaTiB qociimkenb. Komn otepHuit
3ip OXOIUTIOE TEOPI0 Ta TEXHOJOTII0 CTBOPEHHS HITYYHUX CHCTEM, SIKi 3/aTHI OOpOOISATH BXiTHY
iHpopMalio y BUMIsAAl 300pakeHb. Bi3yanbHi naHI MOXYTh HaOyBaTH pi3HUX (QOpM, TaKuX SK
BiJI€OpsAIU, 300pakeHHsI 3 PI3HUX KaMep ab0o TPUBUMIPHI JIaHl, OTPUMAaHI 3a JI0IOMOI0I0 MEIUYHHUX
ckanepiB(G. Litjens et al., 2017). Ik TexHosOriYHA TUCIUIUTIHA, KOMIT IOTEPHUIN 3ip Ma€ Ha METi
BUKOPUCTOBYBaTH TeOpli Ta MOJENl KOMII IOTEPHOTO 30pY JUIsl CTBOPEHHSI CHUCTEM, Kl MOXYTh
e(eKTUBHO ONpalbOBYBaTH TpadiuHy iHpOpMaLil0 B pexuMi peanbHoro uacy. Lle ocobmuBo
BOXIUBO y TaKWX Tally3siX, SIK CHCTEMH YIPAaBIIHHA TPOMHCIOBAMH IIPOLECAMH, aBTOHOMHI
TPAHCIOPTHI 3acO0M, B1IEOCTIOCTEPEIKEHHS, OpraHizallis Ta iHJeKcallisa 0a3 JaHuX 300pa)xKeHb, a
TaKOX aHajl3 MEIMYHUX 300pa’KeHb.

CyuacHi IHCTPYMEHTH KOMI'FOTEpPHOIO 30py BKIIOYalOTh Yy cebe Oi0mioTekn s
IporpaMyBaHHs, 3aco0u AJii poOOTH 3 HEUPOHHUMHU MEpEKaMHU Ta XMapHi pIIeHHS A7 00poOKu
300pakeHb y peasbHOoMy uaci. Cepel HaWNOMyJSAPHINIMX IHCTPYMEHTIB BapTO BiJI3BHAYUTH
OpenCV, TensorFlow, CUDA, Theano, Keras, Scikit-learn, YOLO Ta pi3nomanitai APl s
00poOku 300paxens y xmapi, Taki ik Google Cloud Vision API, Amazon Rekognition Ta Microsoft
Azure Computer Vision API(Y. LeCun et al., 2017).

OpenCV (Open Source Computer Vision Library) € 0i0iioTeKO0 3 BIAKPUTHM BHXIJIHUM
KOJZIOM, II0 HaJa€ MIMPOKUN Hablp (YHKIIN Ta aNroOpUTMIB A KOMI'FOTEPHOTO 30pY, 0OpoOKH
300pa’keHb Ta YUCIOBUX alrOpUTMiB. BoHa 103BOJIsIE 0OPOOIIATH Ta aHANII3YBaTH 3MICT 300pakeHb,
po3mi3HaBaTH 00'€KTH, BIICTEKYBATU PyX, KOHBEPTYBAaTH 300paK€HHs, BUKOPUCTOBYBATH METO/IU
MAIIMHHOT'O HAaBYaHHS Ta 1IeHTU(]IKYBATH 3arajibHi €JIeMEHTH Y pi3HUX 300paxeHHsax. TensorFlow,
po3pobnena kommaniero Google, € HalMmOMyNISIPHIMIOW 610J10TEKOIO /71T MAITMHHOTO Ta TIIMOOKOTO
HaBYaHHS, HamucaHoro Ha MoBi Python 3 miarpumkoro moptiB Ha JavaScript (tensorflow.js), 1o
POOHTH Ti JOCTYITHOO ISl MIUPOKOTo Kojia po3pobuukis (M. Abadi et al., 2016). TensorFlow namae
1HCTpYMEHTH U1 0OpOOKH TaHUX Ta TU(epeHIIiOBaHOTO IPOrpaMyBaHHs, BKIIOYAIOUH MiATPUMKY
neriporaux mepexk. CUDA (Compute Unified Device Architecture) Big Nvidia mo3Bosisie 3Ha4HO
HiABUIIUTH TPOAYKTHBHICTh OOYMCICHb 3a JOMOMOrol0 TrpadidHUX MPOLECOPIB, OCATAIOUU
IHTEPaKTUBHOI MIBUAKOCTI OOpOOKH Bieo Ta 1HMMX rpadidyHUX 3aBlIaHb, IO € KPUTHIHUM IS
aHai3y Menu4HuX 300pakeHb y peanbHoMy yaci (J. Nickolls et al., 2008). Theano, po3pobiena
komanoo LISA y YHiBepcuteri MoHpeass, € IBUAKOK YUCIOBOIO 0i0mioTexoro mais Python, sika
HOiATPUMYE OOYMCIICHHS Ha LEHTPAIbHUX Ta TpadiuHUX MIpoIlecopax, IO3BOJSIOYM CTBOPIOBATH
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HOBI omepauii 3 rpadamu y pexumMi poOOTH Ta BUKOHYBATH YHCJIICHHI OIepalii 3 KOHBEPTALIE
rpadis (J. Bergstra et al., 2010). Keras e 6i0mioTekor0 TrauOOKOro HaBYaHHsS aias Python, mo
noenuye QyHkmii iHmmx Oi0miorek, Takux sk TensorFlow, Theano ta CNTK, akinentyroun Ha
3pYyYHOCTi, MOAYJIBHOCTI Ta PO3IIMPIOBAHOCTI, LIO JO3BOJISIE IIBUIKO EKCIHEPUMEHTYBAaTH 3
rnubokumu Heriponaumu Mepeskamu (F. Chollet, 2015). Scikit-learn, mo6ynosana va NumPy, SciPy
Ta matplotlib, € momymsipHOtO 06i10JIOTEKOIO IS MAIIMHHOTO HABYaHHs, SKa HAJa€ MPOCTI Ta
eeKTHBHI IHCTPYMEHTH JUIs BUSBJICHHS Ta aHATi3y JAaHUX, BKIIOYAIOYM AITOPUTMHU HaBYAHHS 3
yuHuTelleM Ta 0e3 HbOro, JIHIMHY Ta JIOTICTUYHY Perpeciro, METOJ ONOpHHX BEeKTOpiB (SVM),
rpanieHTHHIA OycTiHT Ta Kiactepusanito (F. Pedregosa et al., 2011). YOLO (You Only Look Once)
€ CHCTEeMOIO BHsBJICHHS 00'ekTiB y peambHoMy uaci (M. Abadi et al., 2016), sika 3acTocoBye
HEHPOHHY MEpexXy JI0 BChOrO 300pa)keHHs, PO30MBAIOYM MOTO Ha CITKY Ta MapKyI4H pPErioHd 3
BUSBIICHUMHU 00'€KTaMy, IO JO3BOJIAE€ JOCATTH BUCOKOI IIBUIKOCTI Ta TOYHOCTI BHSIBJICHHS
00'exTiB Ha 300pakeHHsx (J. Redmon ta A. Farhadi, 2018).

XMmapui cucreMu o0OpoOku 300paxenb, Taki sk Google Cloud Vision API, Amazon
Rekognition Tta Microsoft Azure Computer Vision API, HamaioTh MOTYXHI IHCTPYMEHTH IS
anamizy 300pakenp Ta Bimeo (D. Kang et al.,, 2017; Y. Liu et al., 2017). Bouu 103BOJISIOTH
pPO3pOOHMKAM BHUKOPHUCTOBYBaTH TIONEPEAHHO HABYCHI MOZENi MANIMHHOTO HaBYaHHS JUIs
knacudikanii 300pakeHb, BUABIECHHS 00'€KTiB, pO3Mi3HABAHHSA TEKCTY Ta O0JIMY, a TAKOX aHaIi3y
BiJICO Y peaTbHOMY Yaci.

3aranom, cydacHi iH(opmaliifHi TexHOoNIorii oO0poOKu OlOMEIUYHMX ITaHHX BKIIOYAIOThH
IIUPOKHUHA CIEKTP IHCTPYMEHTIB Ta METOIB, sKi 3a0e3MeuyioTh e(EeKTUBHY Ta TOYHY OOpOOKY
Bi3yaslbHOI 1H(opmauii. BukopuctanHs nuMX TEXHONOIH y MEIUYHIA MPaKTULI JO3BOJISIE
MIBHUIIUTH SKICTh IATHOCTUKH Ta JIKYBaHHS, 3a0€3MMeuyoun Kpari pe3yibraTy s namieHTis (E.
Shortliffe ta J. Cimino, 2013).

Puc.1 imocTpye 0OCHOBHI KOMIIOHEHTH Kiacu4yHuX ekcreptHux cucreM (EC), mo 3abe3neuye
0o0poOKy OI1OMEIMYHMX JaHUX JUIsl MIATPUMKA MNPUHHATTS KIIHIYHUX pimieHb. [HTepdeiic
KOpUCTYBaya NMpU3HauYeHUH Ui BBEJEHHs 1H(opMallii KopucTyBaueM (MeHeIKepoM, (axiBiem) B
€KCIIEPTHY CHUCTEMY 3a JIOTIOMOTOI0 MEHI0, KOMaHJ, MPUPOIHOT MOBH a00 BIIACHOTO 1HTEpeiicy.
Komanau MicTATh mapaMmeTpu, M0 CHPSIMOBYIOTH Hpolec oOpoOKHM 3HaHb. [HTepdeiic Takox
3abe3rnevye OTpUMaHHs BUXiMHOI iH(opMarii y ¢popMmi 3HaYCHB, IPUCBOEHUX MEBHUM 3MIiHHUM (S.
Dilsizian ta E. Siegel, 2014). Taki ekcriepTHI CHCTEMH, SIK IPABHJIO, HAJAIOTh HE TLIBKU PIllICHHS,
asie i MOSICHEHHS, SIKI MOXKYTh OYTH 3alluTaHl KOpUCTyBaueM abo CTOCYBATHCS KPOKIB BHUPILLIEHHS
MOCTaBJIEHUX 3aJiay.
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MoZynb CTBOPEHHA CUCTEMM

EKcnepT Ta cnewianict no 3HaHHAM

Pucynok 1. OcCHOBHI KOMIIOHEHTH 1H(POPMAIIIITHOT TEXHOJIOT1T KJITAaCUIHUX 010METUIHUX
EKCIIEPTHHUX CHUCTEM
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baza 3HaHp y Ccy4acHMX MEIMYHUX EKCHEPTHUX CHCTEMax SBJSE€ COOOI0 BEIHMKI MacHBU
O0lOMEeIMYHUX [aHUX, IO MICTATh JeTalbHy 1H(OpMAII0 MPO Pi3HOMAHITHI MEIUYHI aHaJi3u,
300pa’keHHs, A1arHO3H, JIKyBaHHs Ta iHIN acrektd kiaiHiunoi npaktuku (F. Jiang et al., 2017).. LTi
JlaHi BKJIIOYAIOTh SIK CTPYKTYPOBaHY, TaK 1 HECTPYKTYpOBaHy iH(pOpMaLlilo, sKa OMUCYEe TPOOIeMHY
rajy3b 1 3a0e31euye JOTIYHUIA B3a€MO3B'SI30K MK PI3SHUMHU MEAMYHUMH (aKkTamH. 3aBIsKH 00poOIi
BEIMKMX MAacCUBIB OIOMEIMYHUX IaHUX EKCIIEpTHAa CHUCTeMa MOXXE HaJaBaTH OUIbII TOYHI Ta
OOTpYHTOBaH1 KJIIHIYHI pIIIEHHS, BPaXOBYIOUM BCl MOJXKJIMBI BapiaHTH 1 MITXOIW JO JIIKyBaHHS
MAIIEHTIB.

Monynb CTBOPEHHSI CUCTEMHU CIY>KUTh JUIsl GopMyBaHHsS HAOOpPY MpaBMJl, BUKOPUCTOBYIOUH
abo anropuTMiuyHi MOBHM TporpaMyBaHHs, ab0 0OONOHKH ekchepTHuX cucreM. OcraHHI
MPEJICTaBISAIOTh COO0I0 TOTOBY MPOTPAMHY CEpeny, Aka Mo)Ke OyTH MPHUCTOCOBAHA 10 BUPILICHHS
MIEBHOT MPOOJIEMH IUITXOM CTBOPEHHS BIAMOBIIHOI 0a3u 3HaHb. EKCIIEpT 1 CHEmialicT 1Mo 3HAHHSIM
3a0e3MeuyloTh BU3HAUEHHS MPABUJI Ta AITOPUTMIB, 1[0 BUKOPUCTOBYIOTHCS ISl aHANI3y JaHUX 1
npuitaatTs pimens (X. Liu et al., 2019).

Sk Oauynmo, mMepeBakHa OLMBIIICTh CY4aCHMX TEXHOJOTiH 00poOKH OiOMEAMYHUX JTaHUX
NpU3HAYCHA JUI 3aBAHTAXKCHHS BEIMKHX OOCATIB JaHWMX Ta iX HaBYaHHS Ha OCHOBI BIIOMHX
pe3ynbratiB. lle 3a0e3neuye MOXKIMBICTh aganTallii CUCTEM JI0 HOBHX YMOB Ta BJIOCKOHAJICHHS
mojeneii nporno3yBanusi(G. Litjens et al., 2017).

BaxxnuBUM acneKkTOM BUKOPHCTAHHS BEJIMKHX JaHUX Yy OlOMEIWYHHX JIOCHIPKEHHSX €
HEOOXiTHICTh 3a0e3nedeHHs] BHCOKOI TOYHOCTI Ta IMIBHAKOCTI OOpoOkuM iH(opmamii. MamuaHe
HABYaHHs, 30KpeMa TIIHOOKI HEHPOHHI MepeXi, MO3BOJIAIOTh E€(PEKTUBHO aHAi3yBaTH BEJHKI
00CSTH JaHWX, 3HAXOIUTH TPHXOBAHI 3aKOHOMIPHOCTI Ta POOWTH TOYHI TMPOTHO3M HA OCHOBI
icropuunux manux (A. Esteva et al., 2017). Takwuii miaxia 3Ha4HO MOKPAIIYE SIKICTh TIarHOCTHKH Ta
JIKYBaHHS, OCKUIBKM CHCTEMHM MOXYThb LIBUAKO 1 TOYHO BHU3HAYAaTH HASABHICTb IaTOJIOTIH,
IIPOTHO3YBATH PO3BUTOK 3aXBOPIOBAaHb T4 PEKOMEHIyBAaTU ONTUMAJIbHI CTpaTerii JiKyBaHHS.

OaHMM 13 NEPCNEeKTUBHUX HANpPSIMIB PO3BUTKY € IHTErpamis pi3HUX JKepea O010MeaNuYHUX
JaHUX JJIs1 CTBOPEHHs OLIbIN MOBHUX Ta OaraTtomapoBux mojeneil. Hanpuknazn, o6'efHaHHS TaHUX
MEANYHOI Bi3yalli3allii, TEHOMHUX JOCTI)KE€Hb, €JIEKTPOHHUX MEIUYHMUX 3aIHCIB, pPe3yJbTaTiB
00pOOKH KIACHYHUMHU METOJaMM Ta 1HIIUX JDKepes MOxe 3a0e3MeunTy OuIbll MINOOKe pOo3yMiHHS
CKJIaJHUX OlOJIOTIYHUX NPOLECIB Ta NIABUIIMTA TOYHICTh JIarHOCTUYHUX 1 HPOTHOCTHYHUX
mozeneir (E. Topol, 2019). Taki miaxoau Bxke MOKa3aid CBOK €()EKTUBHICTH Y PAMI JOCITIKEHb,
JIEMOHCTPYIOUH 3HAUHE MTOKpAILlEHHS Pe3y/bTaTiB Y IOPIBHAHHI 3 TPAAULIHHUMU METOJaMHU.

Metoaonoriss 00poOKu BeJUKHX 00CATIB JaHUX 3 BUKOPHCTAHHAM HEHPOHHUX MEpPEK.
CydacHi MeTonu OOpOOKM BEIMKUX OOCSTIB MEIMYHUX JIaHUX YacTO 3aCTOCOBYIOTh HEHpPOHHI
Mepexi, K1 BUSBIISIOTh BUCOKY €(PEKTHUBHICTh Yy pO3Mi3HaBaHHI CKJIaJHUX 3B'SI3KIB y 1aHUX. OHUM
13 KJIFOYOBHX €TaIlliB PO3POOKH TaKHUX CHCTEM € PETEeIbHHMM aHaji3 1 MiJrOTOBKA BXIIHHUX IaHUX.
BaxnuBo ycyHyTHM aHOMaiii Ta HepeleBaHTHI JdaHi, OCKIJIbKM BOHUM MOXXYTh BIUIMBAaTH Ha
pe3yiabTaTH aHaATI3Yy.

Jns 0oO6poOku rpadiuHMX 1 CTAaTUCTMYHHMX JIAHMX 3aCTOCOBYIOTHCS KJIACHYHI METOAU
nonepeaHboi 00poOKH, K1 BKJIIOYAIOTh HOpMaii3allilo, BUTYyYEHHS! TEKCTYPHUX XapaKTEepPUCTHUK Ta
i texuiku (O. Ronneberger et al., 2015). ITicns nmonepenHboi 00poOKH 06a3a 3HaHb, 110 MICTHTh
BEIIMKI MAacCHBH MEIWYHUX JaHUX, TIEPENAE€ThCS CIPOCKTOBAHIA HEUPOHHIA Mepexi i
MOJJAJIBLIIONO HABYAHHS Ta aHANTI3Yy.

TouHicTh MOJENEel MaIIMHHOTO HAaBYAHHS, 30KpeMa HEHPOHHHX MeEpex, Oe3mocepeaHbo
3aNIe)KHUTh Bl SKOCTI Ta 00CATY TpeHYBaTbHUX MaHUX. UMM Oilbla KUIBKICTh SIKICHUX JaHUX
BHUKOPHUCTOBYETHCS JUIsI TPEHYBAHHS MOJENl, TUM OUIbII TOYHI Ta HAIAHI pe3ylIbTaTH MOKHA
orpumaru nipu knacudikamii. (V. Mnih et al., 2015).

[Ipukmamom ycmimmHOT pearizamii MOXe CIYryBaTH apXiTEeKTypa 3TOpPTKOBOI HEHPOHHOI
Mepexi, sika HaBYaeThCsl Ha miarororieHux Benukux aanux(O. Poplavskyi et al., 2020). B nipomy
BHUIMAJKy HaBYaHHS MOJZIENl BKJIIOYAE OMNTHUMI3AIlil0 BaroBUX KOEQIIIEHTIB I MiHIMI3amii
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PO30DKHOCTI MK mependaueHUMH MOJAEIUII0 Ta (paKTHYHHUMM MiTKamu kiaciB. Ilporec HaBuaHHS
3aBEPIIYETHCS TECTYBAaHHSAM MOJIENI HA HOBHX JaHUX JIJISl OI[IHKHM i1 TOYHOCTI Ta €()EKTUBHOCTI.

VY naHoMmy ajaropuTMi KIIOYOBY PpOJIb BINIrpaloTh Taki (akropu, sK BUOIp apXiTEKTypu
HEMPOHHOT MepexXi, HaJalTyBaHHS IMapaMeTpiB HaBYaHHS Ta AKICTh BXIJHUX JaHUX.
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A A
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Pucynok 2. KitacuyHa cxema CTBOPECHHsI aBTOMaTH30BaHOI CHCTeMH Kitacu(ikailii, mo
0a3yeTbcs Ha HEHPOHHHUX MEpeKax

Jliis oTpuMaHHs 300pakeHb, K IPAaBUIIO, TOTPUMYIOTHCSI IEBHOTO MPOTOKOY ISl 3HUKEHHS
HeOaxxaHux edekriB. lle BKkiIOYae HaneXHY MIATOTOBKY NAI[lEHTa, TOYHE HAJIAIITYBAHHS
obnajiHaHHs Ta MOTPUMAHHS CTaHAapTHHX mporenyp 3iiomku (J. Bushberg et al., 2011). ITicns
OTpUMaHHS 300pakeHb TIPOBOJMTHCS TMOMEPEAHS OIliHKA JUIS BH3HAYEHHS 1X SKOCTI Ta
BIJIMOBIAHOCTI BUMOTaM AOCHiKeHHs. Ha 1mpoMy eTami BH3HAYa€ThCS, YM JOCTATHHO 310paHUX
JAHUX JIJIs1 TPOBEICHHS TOIAIBIINX aHaJI31B Ta 3a0€3MeUeHHs IOCTOBIPHOCTI PE3YNIbTATIB.

s knacugikaii 300pakeHb MOXKHA BUKOPUCTATH 3ropTKoBY HeilpoHHy Mepexy (CNN), sixa
CKJIQaloThcsl 3 KUIbKOX THIIB IIapiB. 3rOPTKOBHH IIap 3acTOCOBYe (UIBTPH Ul BUKOHAHHS
orepariiii 3ropTky, MO J03BOJSE€ CKAaHYBAaTH BXiJHE 300pa)KC€HHs Ta TeHEpyBaTH KapTH aKTUBAIIi,
SK1 MICTSITh BCl BUsIBJIEHI o3Haku. [llap myauHry BUKOPUCTOBYETHCS ISl YIIUIBHEHHS O3HAK MICIA
3rOPTKOBOTO IIapy, 3aCTOCOBYIOYM MaKCHMalbHE a00 cepeqHe 3HaueHHs o3Hak. [loBHO3B'13aHwMiA
map KU o0po0sisie, MIOCKUN BXif, 1€ KOKEH BX1J MOB'sI3aHUM 3 yciMa HEHpOHaMHU, IO J03BOJISIE
3'€eHATH MPUXOBaHI MIApU 3 BUXIAHUM IIApOM 1 ONTUMI3YyBaTH OIIHKH kiaciB. KomOiHamis mux
mapiB 'y CNN 3a0esmedye edeKTHBHE BUTATHEHHs, YIIUTPHEHHS Ta KIAcH(IKaIlil0 O3HaK
300pakeHb, 10 MiaBHINYye TouHicTh Kiacudikarii (A. Krizhevsky et al., 2012).

® e .

| e e
— § o0 a
| D adnd
AN -

@ .. \ I i@

Pucynok 3. Moaudikairisi ToBHO3B SI3HOTO IIapy Ha BUXO/Ii 3rOPTKOBOI HEMPOHHOT MEPEexKi

CTBOpeHHsI apXiTEKTypH HEHpPOHHOI Mepexi, B JaHOMY BHIQJKYy BKIIOYAa€ KiUIbKa
KOHBOJTIOIIITHUX Ta TTOBHO3B'SI3HUX IIAPiB, IO A03BOJISIIOTH aHATI3yBaTH 300pa)KEHHS Ta BUSBIIATH
Bi3yaJIbHI O3HAKH. ApXITEKTypa MOYMHAETHCA 3 KOHBOIOLIMHOTO MIapy JUIsl CKAaHYBaHHS BXITHHX
300pakeHb Ta BUSBICHHS MPOCTHX O3HAK, Jalll CIIAYIOTHh IIApU aKTHUBAIlli Ta MaKCHMaJIbHOTO
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3TOpPTaHHSA IS 3MEHIIEHHsS po3MipHOCTI pgaHux. [licma cepii KOHBOJIOIIWHUX —IIapiB
BUKOPHUCTOBYETHCS TOBHO3B'SI3HUH mIap Jutst Kiracugikariii 300pakeHb.

HaBuanHs Mozeni 311HCHIOETbCSA Ha OCHOBI IONEPEHb BU3HAUEHOI'O J1aTaceTy, 10 BKIIOYAE
300pakeHHS 3 BIJNOBITHUMH MITKaMH, 3a JOIOMOTOI0 ITEPaTHBHOTO MinXoay. Bukopucranus
ontumizatopa Adam ta @ynkuii Brpat CrossEntropylLoss 103BoJsie €heKTUBHO OHOBIIIOBATH Baru
MOJIeTli, a TpOIeC TECTYBaHHS BKJIIOYae OOpOOKY 300pakeHb TECTOBOTO HAOOpYy MaHUX IS
OTPHUMAHHS MPOTHO31B 11010 CTaHy 3/JI0POB'S MAII€HTIB, IO JI03BOJISE OI[IHUTH TOYHICTh MOJIEII.

B KOHTEKCTI MaHOTO MOCHTIDKEHHS, OcoONmMBa yBara Oyna NpHIIJICHA BHOKPEMIICHHIO
tekctypuux xapaktepuctuk (A. Poplavska et al., 2021) 306pakeHb, sKi MICTHTh JgaTaceT Ta
OOYHCIICHHIO Yacy BUKOHAHHS OKPEeMHUX KpOKiB MeTozodiorii. Takuii miaxia BkitoyaB 30ip BEIHUKOL
KUIBKOCTI TEKCTYpHMX O3HAaK, L0 CIPUAJIO BCEOIYHOMY OMMCY I'€OMETPHUYHUX XapaKTePUCTUK
300pakeHb. BUITydeHHS TaKUX XapaKTePUCTHK SK KOe(illiEHT acHMETpii Ta IUIOIIa acHMETpii, Ta
inmux (V. Vassilenko et al., 2020) 3a0e3medyBaio MOMIIMBICTH TOYHO KiacHpikyBaTu Ta
aHaJIi3yBaTH 300pa)XCHHSI HA HASBHICTh MATOJOTIYHHUX 3MiH.

Pe3ysbTaTH eKCHepHMMEHTAJBLHUX JOCJHIIKeHb 00poOKM rpadiyHumx JaHUX HA OCHOBI
riOpuaAHUX HeHPOHHUX MepeX 3 BUKOPHUCTAHHAM reOMeTPMYHHMX ocobumBocTeil. MeTtoauka
IIPOBE/ICHHS €KCIIEPUMEHTAIBHUX JIOCIIIP)KEHb Ma€ BaXKJIMBE 3HAYEHHS 7S OYy/b-sIKOTO HayKOBOT'O
JOCIIJKEHHSI, OCKUIBKH BOHA JISKUTh B OCHOBI BAJIITHOCTI Ta HAAIMHOCTI OTPUMAHHUX Pe3yJIbTaTIB.
Y ngaHoMy JOCHIJUKEHHI BHKOPHCTOBYBalach METOJUKA IIPOBEACHHS EKCIIEPUMEHTAIbHUX
JOCIHI/KeHb, CHPSMOBAHUX Ha OIIHKY €()EeKTHBHOCTI Ta HAAIWHOCTI PO3POOJIIEHMX METOJIB Ta
IHCTPYMEHTIB, a TaKOX KIHIIEBOI MOl 3ampONOHOBAHOTO MeTony. AmpoOarlis po3poOIeHUxX
METOAIB Ha TMPHHIMIOBO pI3HUX HAOOpaX BEIMKHX JaHWX, TpapiyHUX Ta CTATUCTHYHUX,
3aCTOCOBYBAIACh JUISl MIATBEP/KEHH IX YHIBEPCAIBbHOCTI Ta JIOCTOBIPHOCTI pe3yabTariB. B oMy
KOHTEKCTI, 3aCTOCYBaHHS TEXHOJIOTIi A0 rpaiuHHUX [aHUX, SIKI OXOIUIIOIOTH cepili 300pa’keHb
BUMAarae aHajlizy CKJaJHUX Bi3yaJbHHMX B3a€MO3B'S3KiB Ta maTtepHiB. lle BKiIrodae posmi3HaBaHHS
00'exTiB, 0OpOOKY Ta aHall3 TEKCTYp, KOJbOPIB Ta popM. 3 1HIIOrO OOKY, CTATUCTUYHI J1aHl, SIKI B
JAaHOMY JTOCHIJIKEHHI CKJIaZaloThCs 3 YMCIOBHX 3aMUCIB-Ta0NMLb 3 24 MonepeIHb0 BUOKPEMIIEHUX
JUTSl KOKHOTO 300pa)K€HHSI KUIBKICHUX JIaHUX, TaKUX SK aBTOKOPEJSIlis, KOHTPACT, €HTPOIMi,
koedimient acumerpii (A. Poplavska et al., 2021) ta inmri.

[TouaTkoBuii erTam JOCHIPKEHHsS BKJIIOYaB OOpOOKY JaHHMX 3a JIONOMOIOK 3TOPTKOBOT
HeifponHoi Mepexi (CNN), mo Mana Ha MeTi ONpallOBaHHS BaXXIUBUX XaPaKTEPUCTUK MEIUUYHHUX
300paxeHs g Kiacudikauii maronoriil. Lleil mpouec mependadaB KijbKa KIIOYOBHUX KPOKIB,
KOXKEH 3 SIKMX CIpHSB MIATOTOBII Ta 0OpoOI BEMMKHMX JaHUX IS MOJAJIBLIOrO TIIIHOOKOro
HaBYaHHSI.

3asanmasicenns ma nonepeoHs 006podOKa OaHux BHUKOPHCTOBYBAlach C 3aCTOCYBAaHHSIM
CHeIlaJII30BaHUX MPOTrpaMHUX O10MIOTEK Ta 1HCTPYMEHTIB, SIKI JO3BOJSIOTH aBTOMAaTU3yBaTH Ta
ONTUMI3yBaTH OOPOOKY BEIMKUX 00CATIB AaHuX. Jlns 3aBaHTaKEHHS Ta MaHINYJSLii JTaHUMH Y
JOCTIPKEHHI BUKOpHUCTOBYBaslacsi Oi0mioreka Pandas, ska 3a0e3meumsia IIUPOKUM  CIIEKTP
¢byHKLIOHATY AJS YMTaHHA JAaHUX 3 PI3HOMaHITHMX (ainoBux (opmatiB, B T.4. JUId IMIOPTY
nataceTiB. st miaAroToBKkH 300pakeHb A0 MOAAIBIIOTO aHATI3y BUKOPHUCTOBYBaiacs 010iioTeka
Pillow (PIL), 10 103BOJIMJIO BiAKPUBATH, MaHIIMYIIOBaTH Ta 30epiraTu 300pa>keHHsL.

Ilpoyec po3dinennss oanux Ha TPEHYBaJIbHI Ta TECTOBI BUOIPKM BKJIIOYAIO 3aCTOCYBaHHS
¢bynkuii train_test_split 3 610motexu Scikit-learn muis noxiny natacery, ae nepuri 90% nanux Oynu
BIJIHECEH] 70 TpeHyBaiabHOI BuOipkm, a pemrta 10% — mo TectoBoi. Takuii miaxig € TEBHUM
CTaHJapTOM SIKHiA 3a0e3neuye 30aaHCcOBaHEe TPEHYBAaHHS MOJENI Ta ii aJleKBaTHY OILIIHKY HAa HOBHUX
TAHUX.

3acrocyBaHHS TpaHCcopMalliii 10 300pakeHb Mepel TPEHYBaHHAM MEpEXki JOMOMOIIIO
MIJBUINATA €EKTHUBHICTh HAaBYAHHS, 3MEHIITYIOUYHM PU3UK MEPEHABYAHHS Ta MiJBHIIUTUA CTIHKICThH
MoOjeNni 70 Bapiaumid BXiIHUX JaHUX. Y JOCHIDKEHHI BUKOPHUCTOBYBAIHMCA CTaHIAPTHI
Ttpanchopmartii 0i6miorexkn Torchvision, BKIFOYar0YM KOHBEPTAIil0 300paK€Hb y TEH30pH Ta iX
HOpMaJIi3aliio, 10 € CTAaHAAPTHOIO MPAKTHKOIO MPU POOOTI 3 IMUOOKUM HaBUYAHHSIM.
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Po3pobnena mozxens CNN, SimpleCNN, sika € KIIaCHYHUM MPHUKIIAI0M 3TOPTKOBOI HEHPOHHOT
Mepexi, BKIIFOYajia JeKiIbKa 3rOPTKOBHUX IIAPIiB Ta MOBHO3B'SI3HI MIApH, IO J03BOJILIH €()EKTHBHO
00pobmsTH 300paskeHHs. [lepmmii 3ropTKOBU map BUKOPUCTOBYBaB 16 (inbTpiB po3mipom 5x5 3
MaJIiHroOM 2, 3a SIKMM CJIiyBaB IIap MYJIIHTY, IO 3MEHIITYBaB PO3MIPHICTh BXIIHUX NaHuX. [{pyruit
3TOPTKOBHH MIAp, TAaKOXK 3 32 (iIbTpaMu, MOJAIbIIE 3MEHIITYBAB PO3MIPHICTbD, MIATOTOBIISIOUH JIaH1
JUTsl IOBHO3B'SI3HUX IIAPiB, SIKi IEPETBOPIOBAIM BEKTOP O3HAK y KiHIEB1 KiacudiKaIliiHi MIiTKH.

Tpenysanus ma oyinka modeni. Mojenb Oyna HaTpeHOBaHA Ha HAOOPI HABUAIBHHUX JTaHHX 3
BUKOPHUCTaHHAM omntumizaropa Adam ta ¢ynkmii Btpar CrossEntropyLoss, mo 3a0e3mnedyBaio
MiHIMi3aIlil0 MOMUJIOK TiJ 4ac kmacudikarii. HaBuanus mpoBommnocs mpotsrom 20 emox, 3
MOCTIHHUM MOHITOPHHTOM Ta KOHTPOJIEM BTpaT, o0 3amoOirTy nepeHaB4YaHHIO Mepexi. [licms
TPeHYBaHHS MOJIeNIb Oyiia OlliHeHAa Ha TECTOBOMY Ha0Opi JaHUX, JIe TOYHICTHh Kiacudikarii Oya
BHMIpsHA 3a JOIIOMOT'OIO IMOPIBHSIHHS Nepe10adyeHUX MITOK 3 (DaKTHIHHMH.

def forward(self, x):
x = self.pool(F.relu(self.convi(x)))
x = self.pool(F.relu(self.conv2(x)))
x = x.view(-1, 32 % 80 % 60) # iH 20pT
x = F.relu(self.fcl(x))
x = F.relu(self.fc2(x))
x = self.fe3(x)
return x
SimpleCNN

Run main

Epoch [10/20], Loss:
Epoch [11/20], Loss:
Epoch [12/20], Loss:
Epoch [13/20], Loss:
Epoch [14/20], Loss:
Epoch [15/20], Loss:
Epoch [16/20], Loss:
Epoch [17/20], Loss:
Epoch [18/20], Loss:
Epoch [19/20], Loss:

oD: > 1_Python > IIP1 > @ main.py
Pucynok 4. KoHTposb BTpar miji yac HaB4aHHS 3rOpTKOBOI HEHPOHHOT Mepexi

Pesynbratu, orpumani 3 mozaeni CNN, Oynu BUKOpPHUCTaH1 SK BXIAHI JIaHi A T1OpUIHOT
HeifponHoi Mepexi (Puc. 3). ITocTiiiHUIT KOHTPOJIB BTpAT MiJl YaC HaBYAHHS 3TOPTKOBOI HEHPOHHOT
MepesKi IPOBOAMBCS 3 METOIO MiIHIMI3alii BTpAT, SIK1 € 1IHAUKATOPOM TOTO, II0 MOJIENb MPaBUILHO
BUYMTHCS PO3MI3HABATH 3pa3Ky 3 HABUYAIBHOTO HA0OPY aHUX.

KonTpoib 3a BTparamu mij 4yac HaBYaHHSI HEHPOHHOI Mepeki BUKOHYBAB JEKUIbKA (YHKIIIH.
Ilepmr 3a Bce, BiH JTO3BOJIMB OLIHUTH, HACKUIbKH €(PEKTHMBHO MOJENb AAANTYEThCS 10 JAHUX, 3
SKMMH BOHA TIpaIioe. BUCOKMII piBeHb BTpAaT Ha MOYATKy HABYAHHS € 3BUYAWHUM SIBHILIEM, aye
ieanbHO, MO0 3 4YacoM ILiefl piBeHb 3HIKYBAaBCS, IO CBIAYUTH MPO 3AaTHICTH MOJEN Bce
edexTuBHIIE 00poOATH Ta KiacudikyBaTd BXigHI naHi. JlogaTKOBO, KOHTPOJb 3a BTpaTaMu
BiJIirpaBaB CBOIO POJb Y BHU3HAUYEHHI ONTUMAJIbHOI KUIBKOCTI €MOX HaBYaHHS, Tak sK HaaMipHa
KUTBKICTh €MOX MOJKe MPHU3BECTH A0 MepeHaBuaHHs (overfitting), ne mMonaenb A0Ope BUMTHCSA Ha
TpeHyBaJbHOMY HaOOpi, ajie MOraHo CIpPaBISETbCS 3 HOBUMH, HEBIIOMHMH JaHuUMH. Lle Moxe
CTaTU MpPOOJIEMOIO, OCKIJIBKM IEpeHaBY€HAa MOJENb BTpayae 3/aTHICTb y3arajlbHIOBAaTH, IO €
HETPUHHATHAM JIJIS TOCTTJDKEHHS.

Jlnst BUpIlIEHHS MPOOJIEMH MEepeHaBYaHHs, SK MPAaBUJIO BUKOPHUCTOBYIOTh METOJIU PaHHBOI
3yNMUHKKW HaBuaHHsA (early stopping), e HaBUaHHS MPUIHUHIETHCS, SIK TIIBKH BTPATH Ha
HaBYaJIbHOMY HaOOpi JaHUX BTPATH MEPECTalOTh 3MEHIIYBATHUCh a00 MOYMHAIOTH 3pocTaru. Llei
METOJI TO3BOJISIE 3HAYHO 3HU3UTH PU3UK MIepEeHaBUaHHs O0€3 BTpAaTH MPOIyKTUBHOCTI Moei(J.Jao et
al., 2016). Ane Tak BinOyBa€TbCs HE 3aBXKIU, TOMY B JaHOMY JIOCIHIKEHHI OyJl0 BUKOPHCTAHO
Jenio Moau(BIKOBaHUHN MiIX1/, IKWM BKIIFOUAB MOOYIOBY JiarpaMu BTPAT IS MONTYKY €KCTPEMYMIB

.14681889498035113
.12193619459867477
.08956808348496755
.07365091393391292
05955996736884117
0493090512851874
.03041038413842519
.029955274735887844
.021895745886365574
.01631938728193442
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¢dbysakmii. TakuMm yrHOM OyJI0 BU3HAYEHO ONTHMAJIBbHY JUIsl HAIIOTO AOCIIIKEHHS KIJIbKICTh €MOX
HABYAHHS.

TpeHYBaHHA 3a@BepuWeHo
ToyHicTb Ha TecToBoMy Habopi: 70.58823529411765%, BTpaTtw Ha TecToBoMy Habopi: 1.2370668649673462

Process finished with exit code 0O
PI/IcyHOK 5. P€3yJIBTaTI/I omnpanrOBaHHA TSCCTOBOT'O Ha6opy JaHUX 3ropTKOBOIO HCprOHHOIO
MCPEKEIO

Pesynpratn poGOTH 3ropTKOBOT HEMPOHHOI MepeXKi OyNnM OIIHEHI 3a JOIMOMOI0I0 TECTOBOTO
Ha0oOpy JaHWX, M0 JJO03BOJIMJIO BUMIPATH €(EKTHUBHICTb 1 TOYHICTP MOJCHI y BHU3HAYCHHI
3axBOprOBaHb xpedTa. Bei maHi mpo MpoayKTUBHICTH MOJIEINI, BKIIFOUAIOYN IMOKA3HUKH TOYHOCTI Ta
1HII METPUKH OILIHKH, Oynu 30epexeHi Ui MONANbIIOr0 aHamily Ta MOPIBHSAHHS 3 I1HIIUMHU
MO/IEIISIMU.

Jns 3abe3meueHHs OOIPYHTOBAHHMX BHCHOBKIB MO0 €()EKTHMBHOCTI 3allpOIIOHOBAHOT
TEXHOJIOTIT Kiacudikamii 3aXxBOprOBaHb XpeOTa BUKOPUCTOBYBAIHCS AalTOPUTMH TIHMOOKOTO
HaBYaHHS, K1 MPOXOIWIN OLIHKY LIUIAXOM JIeTaJbHOI'O MOPIBHAHHS 3 pe3yJbTaTaMu, OTPUMaHUMU
BiJl KJIACHYHOI 3rOpPTKOBOI HEWpOHHOI Mepexki. OCHOBHOIO METOI0 TaKOTO TOPIBHSIHHSA OYiio
BUSIBUTH IepeBard JaHOi MOJENl y TOYHOCTI PO3Ii3HAaBaHHS MAToJIOTiH XpeOTa Ha MEIUYHUX
TepMorpadigHuX 300pasKeHHSX.

Knacuuyna 3ropTkoBa Mepeka, 110 BUKOPHUCTOBYBaJlach sK 0a30Ba JIiHIA JUIsl HOPIBHSHHS,
JI03BOJISIJIA OIIHUTH 3JaTHICTH PO3pOOJICHOI MOJEN A0 caMOCTiiHOI imeHTHdiKaIii 1iarHOCTUIHO
3HAYyIIMX O3HaK 0e3 Oe3rnocepeHbOro BTPYYaHHs JOCIIIHHMKA. 32 JOMOMOTO MOPIBHIHHA 0YI0
BCTAHOBJICHO, 1110 3aIPONOHOBAHUI METOJI MIMOOKOTO HaBYAHHS 3JaTHUM J0 OUIBIN TITUOOKOTO Ta
BCEOIYHOIO aHali3y MEIMYHUX 300pakeHb 3 LULIIO iAeHTudikanii mnatonorii xpebra. Lle
JIOCATAETHCS 3@ PaXyHOK IHTerpauii JOJAaTKOBUX 1H(OPMATHBHUX XapaKTEPUCTUK 1 TEXHIK, II0
MiJBUIIYIOTh TOYHICTh KJIacu]ikallii Ta 3HWKYIOTh BIPOTiHICTh TOMUJIKOBHX J1arHO31B.

Pesynbratn 00poOKku cepii 300pake€Hb KIACHYHOIO HEMPOHHOIO MEpEeXero IO0Ka3alu
MIOCTYNOBE 3HIKEHHsS CepeJHIX BTPaT 3 KOXKHOIO €MNOXOI TPEHYBAaHHS, MIO CBIJYUTH IPO
e(eKTHUBHICTb Npoliecy HaB4aHHs. [loyaTkoBa BTpara Ha piBH1 0.695 y nepuiiii ernoci cBiguuia mpo
3Ha4YHI HETOYHOCTI MK mependaueHHsAMHM Mojeni Ta (GakTUYHUMH MiTkamu. [Ipore 3 micns
JOJJATKOBUX 1Tepalliii HaBYaHHS 115l BEJINYMHA BTPAT 3HAYHO 3MEHIINIIACS, IOCSITHYBIIN MIHIMYMY B
0.0586 y mBaaustiii emoci. Take 3HauHe 3MEHILIEHHS BTpaT BKa3dye Ha Te, 110 MOJENb Kpalle
aJanTyBaJiach JI0 TaHUX Ta MOKpPAIIKIa CBOIO 3aTHICTH J0 Kiacudikarrii.

OpnHak, MompW MO3UTHUBHY IWHAMIKY HaBYaHHSA, TOYHICTh MOJENi Ha TECTOBOMY Habopi
ckiana 70.59%, mo Moxke BKa3yBaTW Ha IMEBHI OOMEKEHHS KJIACHYHOI 3rOPTKOBOI HEWPOHHOT
Mepexi y aHami3i moaiOHuX AaHux. Brpatu Ha TectoBoMy Habopi, ki ckianu 1.237, xod 1 Bumi 3a
BTpaTH ] 4aC TPEHYBaHHS, BCE K TAaKH IiJIKPECITIOIOTh MOKJIMBICTh MO A0 y3arajibHEHHs Ha
HOBHX JIaHUX, X04a H 13 EBHOIO KUTBKICTIO TOMUJIOK.

Pesynbrat 00poOkHM cepii 300pakeHb MPOIMOHOBAHUM METOJOM I[IOKa3alld CYTTEBE
MOKpAIIeHHs B TOYHOCTI kinacudikaiii. Ha moyatkoBoMy eramni TpeHyBaHHS HEHPOHHOI MEpexki BiKe
Oyno gocarayto TogHocTi 68.26% 3 BTpatamu 0.6241, 110 cBiTYUTH NPO €PEeKTUBHE PO3Mi3HABAHHS
XapaKTepUCTHK, 110 AU(EPEeHLII0ITh CTaH 3/I0pOB'st Ha OCHOBI 300pakeHb. [IpoTAroM HaCTyMHHUX
€roX CrocTepiraiach TEHACHIlS 10 3MEHIIEHHS BTpaT Ta 301IbIIeHHS TOYHOCTI. lle Bkaszye Ha
CIIPOMO>XKHICTh MOJIENI aJaNTyBaTHCA Ta ONTHMIi3yBaTH CBOI BHYTPIILIHI MapaMeTpH i Kpamioro
KJacuikyBaHHs TaHUX.

B mporeci HaByaHHA MOJENb MPOJEMOHCTpPYBaja 3JaTHICTh OO TNIMOOKOrO HaBYaHHA, 13
MTOCTYIOBUM 3MEHIIIEHHSM BTPAT, 110 MiJKPECTIOE ii MOTEHIIal Y BUSBJICHH] CKIAQHUX MATTEPHIB y
TaHUX.

Pesynbrat 06poOKku cepii 300pakeHbh MTPOITOHOBAHUM METOJIOM ITOKa3aJId, 10 3aCTOCYBAaHHS
rIMOOKOT0 HAaBYAHHS 3IMCHUIIO 3HAYHWUN BIUIMB HA TOYHICTH Kiacudikarii. [Iporsrom HaBuaHHS
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Mozeni 3a 20 ernox crocTepiragocs MOCTiHHE 3MEHIIEHHs BTPAT, IO CBITYUTH PO €PEKTHBHICTH
HaBYaHHS Ta 3JaTHICTh MOJIENI aJanTyBaTUCS N0 JaHWX. Ha 3aBepiianbHOMY eTari TecTyBaHHS,
TOYHICTh Kiacuikarii ckimama npubnm3no 82.35%, 3 Brparamu 0.8819, mo Bkasye Ha BHCOKY
3MaTHICTh MOJIETi PO3PI3HATH 3A0POBHUX Ta XBOPUX TMAI€EHTIB 3a iX TepMorpadiuHUMH
300paKEHHSIMU.

0,8
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0,6 \
0,5 \
03 \ = Brpatu
0,2 \

\_\
0,1 —

0,75

0,7

0,65
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a) 6)
Pucynoxk 6. I'padix 3MiHM BTpaT HElpoHHOT MepexKi Mix yac TpeHyBaHH: a) kinacuuHa CNN 0)
moaudikoana CNN

[lopiBHSIHHS 3 pe3ynbTaTaMu KJIACHUYHOI 3TOPTKOBOI HEHPOHHOI Mepexi, TOYHICTh
30unpmmiack Ha 11,76% ne TouHicTh Ha TecToBOMY Habopi ckiana npubdausHo 70.59%, 3 BTpatamMu
1.2370, migxpeciioe mporpec, JOCATHYTUN 3aBISKHA BIPOBAKEHHIO HOBOrO MeToay. BpaxoByrouun
i JaHi, MO>KHa 3pOOUTH BUCHOBOK, IO HOBUH METOJ| TJTMOOKOTO HAaBUAHHS € MEePCHEKTHMBHUM
IHCTPYMEHTOM JJIsl TOJIMIIEHHS TOYHOCTI JIarHOCTUYHUX CHCTEM, 30Kpema Yy Kiacudikarii
3aXBOPIOBaHb XpeoTa.

[lin wac neranpbHOTO aHami3y JaHWX, OTPUMAHHMX Yy JOCHIJDKEHHI, OyJI0o 10JaTKOBO
JOCIHIKEHO MMOBIPHOCTI KilacHdikalii okpeMHux 300pakeHb. AHali3 MOKa3aB, L0 B OUIBIIOCTI
BUIAJKIB, KOJM MepeXa MpPaBUIBHO IPOTHO3yBajla HAsBHICTh a00 BIJICYTHICTh 3aXBOPIOBaHb
XpeOTa, BOHA JIEMOHCTPYBaJla BUCOKMI PiBEHb BIIEBHEHOCTI (B MPOLEHTHOMY BUPAXXEHH1) Y CBOiX
BIAMOBIASAX. Y BHMAAKaxX, KOJIM Mepexka poOuiia MOMHUIKHA, WMOBIPHOCTI, HagaHl Hero, Oyin
3HIDKEHI, 1110 BKa3yBall0 HA MEHIIY BIIEBHEHICTh y IHX BiAMOBiAsMX. Taka AMHaMiKa CBIAYUTH TIPO
MOTEHITa] TOJAIBIIOr0 HAaBYAHHS, IO MOXE MPHU3BECTH 1O 30UIBIIEHHS TOYHOCTI MOCHI B
MailOyTHbOMY.

Oyinka weuoxkocmi memoois. HYac, HEoOXITHUN KIIACHYHIM 3TrOPTKOBIM HEHPOHHIN Mepexi
JUIE BUKOHAHHS 3aBAaHTAXKCHHS IiATOTOBICHHX MITOK (34OPOBUII/XBOpHUII), CKIIaB B CEPEIHBOMY
0.158 cexynn(zamipu BigOyBanucs i3 10 cipo0).

13



ISSN 1999-9941, “IHOGOPMAILIIMHI TEXHOJIOTII TA KOMIT'FOTEPHA TH)XKEHEPIA”, 2024, Ne2

Yac, sxuii OyB moTpiOeH AJIs MiArOTOBKU 300pakeHb, CTBOPeHHS AaraceTiB i DatalLoader'is,
iHiIiami3aIii MoJIeNi, a TaKOK BCTAHOBJICHHS BTpaT Ta ontumMizatopa y Python, ckinas — 0.078
CEKYH/IH.

start_time = time.time()

train_model(model, train_loader, criterion, optimizer, num_epochs=20)

end_time = time.time()

execution_time = end_time - start_time

print(f"Yac BukoHauHus: {execution_time} cexkyupg")

Pucynok 7. [Ipouec ¢ikcarii yacy BUKOHAHHS TpEHYBaHHs HEWPOHHOT Mepexi y Python

Yac HaBuaHHS MOJIENI KJIACUYHOI 3TOPTKOBOT Mepexi Ha 20 ermox Oyjao BH3HAYECHO 32 JOMOMOTO0
dikcanii MmoMmeHTy mouatky (Start_time) ta 3aBepuienus (end_time) BukoHaHHs. 3aTpayeHuil Ha
BECh MPOILIEC HABYAHHA MoJIei yac ckiaB 41.235 cexynn, To0To 2.062 ceKyHIM HA €MOXY.

TpeHyBaHHA 2aBepuUeHo
Yac BWKOHaHHA: 41.23510432243347 cekyHfg
ToyHicTbe Ha TecToBoMy Habopi: 70.58823529411765%

Pucynoxk 8. Peynbrar ¢ikcarrii yacy BUKOHaHHS TpeHYBaHHS HEHPOHHOI Mepexi y Python

Yac naBuanHs mozeni Ha 20 enox — 1.567 cekyna. BpaxoByrouu Te, 10 JlaHa apXiTEKTypa
BKJIIOYajla B ce0e apXiTeKTypy KJIaCH4YHOi 3ropTKOBOT HEHPOHHOI Mepeki TO 3arajibHMH dac
TpEHYBaHHs 3alpPOTIOHOBAHOI HEHPOHHOI Mepexi ckiaaB — 43,008 c. 3aramom yac kiacudikarii
HaBYEHOIO pO3p00JIEHOI0 TIIHMO0KOI0 HEHPOHHOI MEpekero oJiHoro 300paxeHHs ckia — 0.0207
CeKYyH]I

3aranpHuil yac kiacudikaiii oJHOro 300pakeHHS 3a JIOMOMOIOK KIJIACHYHOI 3TOPTKOBOI
HeripoHHoi Mepexi ctaHoBuB 0.0182 cexyHa, Tomi K po3pobiieHa TIMOOKa HEHMpOHHA Mepeka
BUKOHYBana kiacudikamiro 3a 0.0207 cexyna. Lle o3Havae, 110 3apoONOHOBAaHUNA METO/ 30UIbIIyE
yac kinacudikanii aume Ha 0.0025 c., 1m0 € abcoNOTHO NPUIHHATHUM JJIsl oiepaTopa 301IbIICHHSM.
B Toil ke uac BHMKOPHUCTaHHS 3alpPOINOHOBAHOTO METOAY JO3BOJIMJIO 30UIBIIUTH TOYHICTh
kiacudikamii Ha O6utbm HiK Ha 11%. Take mominmIeHHs € BarOMUM 1 IEMOHCTPY€E, IO HE3HAYHE
301IbIIeHHS Yacy Kiacu(ikamii € IJIKOM BUIPABAAHUM 3 OTJISI1y Ha 3HaYHE IMiJBUIIEHHS TOYHOCTI.
Ile pobuth po3pobiaeHUt MeTo[ TAUOOKOro HaBYaHHS €QEKTUBHUM 1HCTPYMEHTOM st
MMBUILEHHS SKOCTI MEIUNYHOI JIarHOCTHUKH.

BucnoBku. IlpoBeneHi excrepuMeHTadbHI JOCTIIDKCHHS  MIATBEPIWIN  BaTiAHICTh
TEOPETUYHMX NPUITYILEHb, SKi JIeKaTh B OCHOBI 3allpOIIOHOBAHUX METOJIIB, Ta MPOJAEMOHCTPYBAIU
iX 37aTHICTH JocsATaTH OiIBINOI TOYHOCTI KiIacudikarmii mpu podOTi 3 pI3HOMAHITHUMHU HaOOpamMu
JaHUX. 30KpeMa, METOOU BUSBWINCSH €QEKTUBHUMHU Ui OOpOOKM sK TpadiyHUX, Tak 1
CTaTUCTUYHUX JAHMX, IO JIO3BOJIAE PO3MI3HABATU CKJIAJHI Bi3yallbHI B3a€MO3B'S3KM Ta YHMCIIOBI
MOKa3HUKHU. Pe3ynmpTaTv MOKa3yloTh, LI0 PO3POOJCHI TEXHIYHI pIICHHA € e()EeKTUBHUMH IS
IPAKTUYHOIO 3aCTOCYBaHHS B pEAJbHUX YMOBAaX, MIJKPECIIOIOYM IX MPAKTUYHY IIHHICTS.
BpaxoByroun yHiBepcaJbHICTh 1 HAAIWHICTh TEXHOJIOTIi, BOHA MOXE CIIY>)KUTH HAJIIHOI0 OCHOBOIO
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JUTS. TIOJANTBIITUX HAYKOBUX JOCHTIKEHb Ta PO3pOOKH HOBHX TEXHIUYHUX PIllIEHb y cdepi 0OpoOKu
BEJIMKHX JIAHUX.

IMopsiku. YacTuHa pe3ynbTariB, MPEICTABICHUX Yy CTaTTi, OTPUMaHa B XOJi BHUKOHAHHS
rpanTtoBoi yroam Ne871072, mo ¢inancyerscs uepe3 npoekt EURIZON, sxuit ¢dinancyerbes
€Bponeiicbkum Coro30M.

Konduikr inTepeciB. «Hemaey.
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AHoOTaNisA. Y cTaTTi BU3HAUEHO aKTyaJbHICTD JOCIIKEHb MO0 3aXUCTY PE3yJIbTaTiB aKaJAeMiqHOT
YCIIIIHOCTI B HaBYaJbHUX 3akjanax. IIpoaHanizoBaHO HOpPMaTHUBHO-IIPABOBY 0a3y, IO PEryloe
BHUMOTH JI0 3aXHCTy wi€l iHpopmaii. HaBeaeno anamiz MeToziB Ta 3ac00iB, [0 BUKOPHCTOBYIOTHCS
JUIS 3aXUCTy pE3yNbTaTiB akaJeMiyHoi ycmimHOocTi. Ha ocHOBI aHamizy BH3HAYEHO UUIAXU
YIIOCKOHAJICHHS BIIOMHUX pillleHb, SIKI CTAJNM MIIIPYHTAM IJIs TPOTIOHYBAaHHS BJIACHOTO DILICHHS
TaKOr'0 3aXHUCTY.

HaBeneHo pe3ynbTaTtu MpPOEKTYBAaHHS MOJEN JaHUX MpeAaMeTHoi obsacTti. Ha ocHOBI miei moaeni
MPOAHATI30BaHO BUMOTIM JI0 Oe3NeKku aTpuOyTiB CYTHOCTEH, IOB’S3aHUX 13 aKaJeMI4HOIO
YCHIIIHICTIO CTYACHTIB. J{Jis1 JOCSATHEHHS] METH aJalTOBAaHO METOJ] 3aXHUIICHOr0 30epiraHHs JaHUX
i iH(opMaIlii 010 MOKPAIIeHHS MOro 3aCTOCOBHOCTI AJI 3aXHCTy pe3yabTaTiB akaaeMidHOi
YCHIITHOCTI.  3ampoIliOHOBAaHO  pIIIEHHS, K€ TMepeadadae  OJHOYACHE  3aCTOCYBaHHS
LEHTPaJII30BaHMX Ta JCLUEHTPai30BaHUX CXOBUIL JaHUX, IO JO3BOJISIE MOKPALIUTH PIBEHb 3aXUCTY
IUTICHOCTI Ta JIOCTYMHOCTI JTaHUX, MOPIBHSHO 3 IIEHTPAII30BAaHUMHU CXOBHUIIAMHU, Ta MIABUIIUTH
piBEeHb 3aXUCTy KOH(DIJEHIIMHOCTI Ta 3MEHIIEHHS HAJJIUIIKOBOCTI JaHUX, MOPIBHAHO 3
JEIEHTPaII30BAHUMHU CXOBHIIIAMH.

Jlns 1oBeeHHS KOHLEMIl HaBelIeHO OAHY 3 MOXIIMBUX apXiTEKTyp MPOrPaMHOTO 3aCTOCYHKY,
KU peali3ye 3amponoHOBaHy i1H(opmauiiiHy TexHoisorito. L{io apXiTekTypy peani3oBaHO SK
KIIIEHT-CEpBEpHU Be0-3aCTOCYHOK, SKMHA Hajnae iHTepdeic KopHcTyBaueBi JUIsl 3aXHUILEHOTO
30epiraHHs JaHUX B PeJsAliiHIN 0a3il maHux, posnoauieHomy cxosui IPFS ta Omokueiini, skuii
OIATPUMY€E CMapT-KOHTpakTH. HaBeieHO pe3ylbTaTH CTATUYHOTO TECTYBaHHsS Oe3NeKu Ta IOHIT-
TECTYBaHHS IHOTO PO3pPOOJIEHOTO MPOTrPaMHOTO 3aCTOCYHKY [IJISi 3aXHUIIEHOTO 30epiraHHs
BiJoMOcTel akaznemiuHoi ycmimHocTi. Lle mo3Bonmmio moBectn Oes3meky po3poOJIeHHX CMapT-
KOHTPAKTiB, a TaKOX MOXKIUBICTh BHUKOPHCTAHHS 3allPONIOHOBAHOTO 3aco0y B TPaKTHYHUX
CUTyalliIX B MeEXaxX OCBITHBOTO NPOIECY HaBYAJIbHMX 3aKiafiB. BH3Ha4eHO MNEpCHEKTHBH
MOJTANTBIIHX JTOCITiPKEHb.

KirouoBi ciaoBa: kibepOe3nexa, aeneHTpai3oBaHi cHCTeMH, peasuiiiHa 0a3a JaHMX,
KpUTHYHA iHdpacTPpyKTypa, 0cBiTa, 3aXHCT iH(opmairii.
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Abstract. The relevance of research on the protection of academic performance results in
educational institutions is defined at the article. The legal framework regulating information
protection requirements for the case was analyzed. The analysis of used mechanisms and tools of
for the academic performance results protection used by known tools was presented. On the basis of
the analysis, approaches for known solutions improvement were defined, that became the basis for
proposing the solution for such protection. The results of data model designing are presented. On
the basis of this model, the requirements for security attributes of the entities related to students’
academic performance were analyzed. To achieve the goal, the method of secure data storing of the
academic performance results was adapted in order to improve scalability for the information
protection in the academic field. The solution is proposed that involves simultaneous utilizing of
centralized and decentralized data repositories, which allows to improve the level of protection of
data integrity and availability in comparison too centralized repositories, and to increase the level of
privacy protection and reduce data redundancy in comparison to decentralized repositories. To yield
proof-of-concept, one of the possible architectures of the software application that implements the
proposed information technology is presented. This architecture is implemented as a client-server
web application that provides a user interface for secure data storage utilizing the relational
database, distributed storage IPFS and blockchain, which supports smart contracts. The testing
results of this developed software application for secure storing of academic performance
information were presented. This made it possible to prove the security of the developed smart
contracts, as well as the possibility of the proposed technology utilization in practical situations
within the business processes of educational institutions. The perspectives of further research were
defined.

Key words: cyber security, decentralized systems, relational database, critical infrastructure,
education, information security.

Beryn. HeoOxigHICTh 3aXUCTy NEpPCOHANBHUX JaHUX YYaCHHUKIB OCBITHHOIO MPOLECY
BiJI3HAYA€ThCcs BUMOraMu 3akoHy Ykpainu "IIpo 3axuct mepconanpHux manux" (Law of Ukraine
No. 2297-V1). 11s indopmariiss BUMarae HajJeKHOTO 3a0e3meueHHsT KOH(DIAeHIIIHOCTI, MITICHOCTI 1
JOCTYIMHOCTI. 30KpeMa, MpoIlec HapaxyBaHHs CTUNEH/IH MOTpedye OHOYACHOTO JTOTPUMAHHS IHX
TPHOX KPHUTEPIiB JIJIs pPe3y/lbTaTiB aKaJeMiuHOI yCHIIIHOCTI. Y BUIAJKY iX MOPYIIEHHS MOAAJIbIIE
MIPOBAPKCHHS OCBITHBOI JISJIBHOCTI y BHINMX HaBYAJIbHUX 3aKjIaJiax MOXE OyTH 3yNHHEHE, IO
HETaTUBHO MO3HAYUTHCA 1 HA IHIIUX BHJAX iX JAiSUIBHOCTI. BiMOBiIHO Ba)KJIMBO 3aMoO0IrTH 1bOMY 3
ypaxyBaHHSM, IO 3aKJIaJd BHIIOI OCBITM YacTO HaJEeXaTh [0 KPUTUYHOI 1H(pacTpyKTypu
(Resolution of the Cabinet of Ministers of Ukraine No. 1109).
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barato kpaiH BCTaHOBIIOIOTH CYBOpI 3aKOHOJAaBUYi BHUMOTH, TaKi SK 3arajlbHUN periiaMeHT 3
oxoponu nanux (GDPR) B €Bponeiicbkkomy Coro3i, SKU He JIMIIIE BU3HAYA€ BUMOTH 010 3aXUCTY
JaHWX, aJe i peraamMeHTye ¢icKaabHI HACTIIKK JJIs OpTraHi3alliii, o He JOTPUMYIOThCS IUX BUMOT
(Hjerppe et al., 2019). TakuM YHHOM, 3aXHCT MEPCOHATBHHUX JAHWX € aKTyaJbHHM JJIS 3aKJIaIiB
OCBITH 1 I aKTYyaJbHICTh JIMIIE 3POCTATHUME 3 IMOTIUOJICHHSM IHTErpyBaHHS 10 €BpOINEHCHKOrO
Coro3y.

enTpanizoBani 0a3u JaHUX HE 3a0€3MEUYIOTh JOCTaTHIM PpIBEHb 3aXUCTy JOCTYITHOCTI,
OCKUIBKY TIepea0avyaroTh JIOKaIi30BaHe 30epiraHHs JaHUX, M0 MOPOKYE €IUHY TOUKY BITMOBH B
iHdopmartiiiHii cucreMi. KpiM TOro, BOHM MOCTYIAIOTHCS JACIEHTPATI30BaHUM CXOBHUIIAM JAHUX Y
3aXUCTI IUTICHOCTI 1aHuX. TOMY BUKOPHCTAHHS JCIICHTPATI30BAaHUX TEXHOJIOT1i 30€epiraHHs JaHUX,
TaKuX SK TEXHOJOTisA OJOKYEHH, MOXe OyTH e(PEKTUBHUM PIIICHHSAM I MOKpAICHHS PiBHS
3aXUCTY MUIICHOCTI Ta JOCTYMHOCTI nanux. OHAaK, CIIiI BpaXOBYBATH, IO BiIKPUTICTh OJIOKYCHHY
MOPOJIKY€E TPOoOIeMH KOH(IIEHIIIMHOCTI, 1 caMa TEXHOJIOTisl BUMarae 3Ha4yHO OUIBIIUX PECypcCiB,
MOPIBHSIHO 3 TPAaguIiiHUMH 0Oa3aMHM JaHWX, TOMY JUIS JOCSTHEHHS aJCKBAaTHOTO pIiBHSA
KibepOe3neku akTyaabHO PO3pOOUTH MOJENb JaHUX, SKa JI03BOJIUTH MOETHATH IepeBaru 000X
TEXHOJIOTIH /IS 3aXKUCTY BIJOMOCTEH aKaIeMIYHOI YCITIITHOCTI.

Takum 4YMHOM TMOCTae akTyallbHA 3aJa4ya IOEJIHATH CHJIbHI CTOPOHU Oa3u JaHUX Ta
TEXHOJIOTI! PO3MOIIIICHOTO 30€piraHHs JaHUX TS 3a0€3MEYCHHS 3aXUCTY HUTICHOCTI, TOCTYITHOCTI
Ta KOH(DIAEHIIITHOCTI MEePCOHAIBHUX JAHUX, BUMOTH J0 SKHX PErJIaMEHTYIOThCS 3aKOHOJAaBCTBOM
VYkpaiau Ta GDPR.

MeToo € TOKpalleHHS PiBHS 3aXWIIEHOCTI JaHWUX aKaJEMIYHOI YCIIIHOCTI IIIIXOM
po3po0IIeHHsT 1HPOPMAIIHOT TEXHOJIOTIi, IO JO3BOJIUTH IOEIHATH TEXHOJOTIT PO3MOJIIJICHOTO
30epiraHHs JaHUX 3 PEIALIHHOI 023010 TaHHMX.

Jliis nocArHeHHsI METU HeOoOX1AHO pO3B’A3aTH Takl 3a/1a4i:

— TpoaHalli3yBaTH BiOMI PIillIEHHS [Tl 3aXUCTY iH(opmallii OCBITHROTO MPOIIECY;

—  PO3pOOUTH MOJIEIb JaHUX;

— TpoaHalli3yBaTH BUMOTHU A0 Oe3neKku aTpuOyTiB B MOJET JaHUX;

— po3poOuTH iH(DOpMAIIHHY TEXHOJIOTIIO JIJIs 3aXUCTY PE3YyJIbTaTiB aKaJeMIqHOL

YCTIIIHOCTI;
— peai3yBaTH Ta MPOTECTYyBaTH PO3pOOIIeHY iH(OpMAIIHHY TEXHOJIOTIIO.

AHaji3 Bizomux pimenb. 3rigHo 13 3akoHamu Ykpainu «lIpo 3axucr iHpopmamii B
iHopmMmarriiino-TenekomyHikariiaux cucremax» (Law of Ukraine No. 80/94-VR, 2023) ta «IIpo
3axucT nepcoHanbHux nanuxy» (Law of Ukraine No. 2297-VI, 2012), Bumaraethcsi BACOKHIA PiBEHb
3aXUCTy KOH(DIAEHIIIITHOCTI, IITICHOCTI Ta JOCTYIMHOCTI OCBITHIX JaHUX. 30KkpeMa, €arHa fep:KkaBHa
enekTpoHHa 6a3a 3 mutaHb ocBiTH (€JIEBO) Bu3HauyaeTbcsd SK KIIOYOBUN 1HCTPYMEHT JUIS
30epiranHs Ta 00poOKu iHopmarlii npo cuctemy oceitu (info.edbo.gov.ua).

3abe3meyeHHsT MUTICHOCTI JaHWX BaXXJIWBO ISl TIPABHWJIBHOTO HapaxyBaHHS CTHIEHAIN Ta
pimieHb Tpo BiApaxyBaHHA cryneHTiB. Hemoctymuicts €IEBO Moke npu3BecTH 10 3yNUHKU
MPOLECIB Yy 3aKjiajjaX BHINOI OCBITH, BIUIMBAIOYM Ha JOCTYHHICTH i1H(opMmalii Ta mnpouexyp
yXBaJeHHS TakuX pieHb. [Ipy oMy YIOCKOHAJeHHsS IIi€l cucTeMHu MOTpedye ypaxyBaHHS
HEOOXITHOCTI y 3axXHCTI KOHQIIEHIIMHOCTI BIJOMOCTEH, M0 TaM 30epiraroThbCs, IO 1CTOTHO
BILJIUBA€E HA MaCIITA00OBAHICTh IIOTO PIllIEHHS.

OpnuM 13 anbTepHATUBHUX 3ac00iB 1H(OpMalLIHO-KOMYHIKAIITHIX TEXHOJIOTIH € cucTema
«Moodle» — MmoxynbHE 00'€KTHO-OpiIEHTOBaHE HaBYAJIbHE CEPEAOBUINE [T YIPABIiHHSI KOHTEHTOM
ocBiTHpOTO mporecy (moodle.org). st po6otu cuctemu «Moodle» HeOOXiHI TpU CKITa0BI: BEO-
cepBep, 0aza JaHMX 1 MOIITOBUU cepBep. BuKopucTaHHS MEKUIBKOX PO3MOIIICHUX PpillleHb
MOPOJIKY€E TIPOOIEMY 3aXHUCTy MEPCOHATLHUX JaHUX, SKHUMH IIi 3aCTOCYHKH OOMIHIOIOTHCS 1T 4ac
eKcIuTyaTarlii. ¥ BUMNAAKy BUTOKY OCOOMCTHX [aHUX, TaKWX SK IMEHA, TOMITOBI ajgpecu Ta JaHi
0OJIIKOBOTO 3alycy KOPUCTyBada, BIJKPHUBAETHCS MOMKIMBICTH JUIsi HE3aKOHHOTO JOCTYMY 10
KoH(ineHiitHOi iHpopmanii. Lle cTBOproe cHnpuATIMBI YMOBH ISl 3JIOBMHCHHUKIB, SIKI MOXYTh
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BHUKOPHUCTOBYBAaTH PI3HI METOJIU, HAINPHUKIAM], (QIIIMHTOBI aTakd 4epe3 E€JICKTPOHHY MOITY ado
TEKCTOBI TMoBioMIIeHHs. Lli aTaku cripsMoBaHI Ha OTPUMAaHHS JOCTYITY 10 OCOOMCTHX JaHUX Ha
IHIIUX OHJIAH-pecypcax Ta MOXXKYTh BHUKJIMKATH CEPHO3HI HACHIOKH I 0cCi0, KOoHIIeHIIHA
iHpopMallis skux crana goctynHor 3noBmucHukam (Belov O., & Delembovskyi M.M., 2021)..
BiamoBiaHo, B pa3i BUTOKY NMEPCOHANBHUX JAaHUX, 3aIUCH, 110 CTOCYIOTHCS 3/100yBadiB OCBITHBOTO
MPOLIECY Ta MpalliBHUKIB, MOXKYTh OyTH BTpaueHi a00 BUKOPHUCTaHI B HE3aKOHHUX IIIJISX.

Cepen BigoMmux IuiaTdopM JJIA OpraHizailii OCBITHROTO Mpolecy BapTo BimzHauutu Google
Classroom, sikmii po3pobacHuii kommaniero Google (classroom.google.com). 3a momomororo mi€i
iHQopMaIiiHOi TEeXHOJIOTII y BHKJIaJadya € MOXUIMBICTh OayUTH CTAaTUCTUKY BUKOHAHHS
J1a00paTOpPHUX pOOIT CTyJAEHTAaMH, IIAHYBaTH 4Yac PO3CHJIAHHS 3aBJaHb, BH3HAYaTH TCPMIHH
CKJIaJlaHHs 3aBllaHb, HAJCWUJIATH 1H(OpMAI0 oApa3y BcCiM ydacHukam rpynu. OnHak, Google
Classroom mae oOMexeHi (PyHKI[IOHAJIBHI MOXKJIHMBOCTI, OCKUJIBKH HEMa€e MeXaHi3MiB 30epiraHHs
pe3yIbTaTIB aKaJEeMIYHOT YCIHINIHOCTI, BECTH JKypHAJ BHKJIAJA4eBl YM MaTH CICKTPOHHUU
IIOJICHHUK CTYJCHTOBI, IKi TIepe10aueHi HOpMaTHBHO-TIPABOIO 023010 OCBITHHOTO TIPOIIECY Y BUIIIN
mkoni. Kpim Ttoro, iHdopmanis, mo 30epiraetbes Ha (Google-mucky AOCTymHA, SK MIHIMYyM,
kommaHii  Google Ta morpedye momaTKOBUX 3aco0iB 3axHUCTy iH(OpPMAIITHO-KOMYHIKAI[IHHUX
JHIH, 110 3aBa)ka€e MUPOKO 3aCTOCOBYBATH IO IIAT(HOPMY B OCBITHROMY IPOLIECY Yepe3 3rajjaHe
BHIIE 3aKOHO/IaBYE PETYITIOBAHHS 3aXUCTY 1H(pOpMAITii.

Cepen miatdopm, mo 3a0e3MevyroTh 3aXHCT MEPCOHATIBHUX JAHUX YYaCHUKIB OCBITHHOTO
MPOLIECY, BIAMOBITHO 10 BUMOT TPHOX KPHUTEPIiB 3aXHINEHOCTI € TUIATGOPMH 3 BUKOPUCTAHHSIM
JEIEHTPAII30BaHUX CXOBHII 30€piraHHs JTaHHX.

Open Campus (opencampus.Xyz) € IeHeHTPaIi30BaHOI TEXHOJIOTIEI, sIKa CIpsSIMOBaHA Ha
BHPIIIEHHS 33J1a4 Cy4acHOi OCBITH. B i OCHOBI JIGKUTH IHTEIpPOBaHA CUCTEMA, IO 00'€IHYE YUHIB,
BHMKJIQ/JauiB Ta HaBYaJlbHI 3aKjaau, 3a0€3[euyloud HOBI MOMKJIMBOCTI JJIs CIIBIOpaIi depes
BUKOPHUCTAaHHS OyokueiiH-TexHomoriid. Ilnardpopma Takok BHCTymae SK CIHIIBHOTA, CHPUSIOUN
0OMIHY 3HaHb, 3 METOIO TOKPAILLEHHS Pe3y/bTaTIB JUIsl BCIX YUaCHUKIB OCBITHBHOTO MPOIIECY.

He 3Baxarounm Ha 3amm@poBaHe MepelaBaHHS MTaHHUX, 3aBXKIW ICHYIOTb PU3UKU BHUTOKY
ocobucToi iHpopMallii mpu 0OMiHI JTaHUMU MK PI3HUMHU CTOPOHAMHU. TakuM 4MHOM, BUKOPUCTAHHS
BUKIIIOUHO OJTOKYEWH TEXHOJOT1], SIK 3a3Ha4€HO B JAHOMY PIIIEHHI, MOXE CIPUYUHUTH MPOOIeMH 3
KOH(DIICHIIIHICTIO TaHKX, SKi MOPYIIYIOTh 3aKOHU Ta HOpMaTHBHO-TpaBoBi aktu (Laws of Ukraine
No. 2297-VI, No. 80/94-VR). Ille ogHuM HEIOIIKOM € Te, IO HE BCi 3700yBaui Ta BUKJIagadi
BOJIOJIIOTh 3HAHHSMH Ta HABUYKAMH B KOPUCTYBAaHHI JIEIEHTPATI30BAHUMHU CXOBHUIIAMH, TOMY
HEOOX1HO MPOBECTU TPEHIHTH Ta KYpPCH JUId HaBYaHHS yYaCHHUKIB OCBITHHOTO MpOIECY mepen ii
BIIPOBADKEHHSIM.

B po6Gori (Panagiotidis, 2022) posrasayTro MmiaThopMmy st POBA/PKCHHST  OCBITHBOTO
IpOILECY 3 BUKOPUCTAHHAM TEXHOJIOTi Onokueitn — mkony [onbeprona. Ix indopmaniiina cuctema
Ha OCHOBI TeXHOIOTii OjokdeliH 30epirae Bci BUAM OCBITHBOI AaKTUBHOCTI YYHIB: YHIKaJIbHUN
11eHTU]IKATOp y4YHS, HOTO MOBEAIHKY MiJl Yac HaBYaHHS, JOCBIJl MIKPOAKaJEeMIYHHX NPOEKTIB Ta
MaKpopiBeHb 3/100yTOi OCBITH.

Sony Global Education (sony.com) po3poOuia TEXHOJIOTr (0, SIKa 3aCTOCOBYE OJOKYCHH Y
chepi OCBITH, BHUKOPHUCTOBYIOUM O€3IME€YHI BIIACTUBOCTI OJOKYEHHY i1 3a0e3leueHHs
3amupoBaHoi Mepenadi JaHUX — TaKUX K aKaJeMiuHi JOCATHEHHS Ta MOKA3HUKU MPOTpecy —
MDK JBOMa BH3HAYe€HWMH CTOopoHamu. Hampukmiam, micis CKIamaHHS ICOUTY I JAEMOHCTpaIlii
CBOTO pIBHS aKaJeMiYyHOI MiTOTOBKHA, 0co0a MOXKE [OPYYMTH OpraHizailii, 110 MPOBOIUTH
TECTYBaHHSI, MOAUTUTHUCS pe3ybTaTaMu ICIIUTY 3 O/IHI€I0 a00 KUIbKOMAa CTOPOHHIMH OpraHizalisMH,
SIK1 TIPOBOJIATh MOHITOPHHT SIKOCT1 OCBITH.

He 3Baxkatoun Ha Te, 1m0 OJNOKYEHH € JELEHTPai30BAHOI0 TEXHOJIOTIEI0, Y BUMAAKY Sony
Global Education Mo>ke BUHUKHYTH PU3UK TOTO, III0 KOMITIaHIs YU OKPEeMi OpraHizailii, siki KepyrTh
w1aThopMOr0, MOXYTh OTPUMATH HAJMIPHHWA KOHTPOJIb Hax JaHuMH. Lle Moxe mpusBectH 10
CUTYAIli{, KOJIM JIaH1 yYHIB Ta iX aKkaJeMiuHi JOCATHEHHS MOXXYTh OyTH BUKOPUCTaHI B KOPUCIUBUX
IUIIX 200 SISl MaHITYJIAIIH.
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MoOXIJIMBICTh IHTETPYBAaHHS PO3IOIUICHUX CXOBUII JAHUX, 30KpeMa OJIOKUCIHIB pO3TIISIHYTA B
pob6orax (Steiu, 2020). OxHak mOMPH MOKPAIIEHHS 3aXHUCTY I[LTICHOCTI HEIOIIKOM I[MX CHCTEM € TE,
10 OJIOKYEiH Kpaile cebe MPosIBIISIE B 3a/1a4axX, 1€ 10 HbOTO 3alKMCYIOTh HEBEJIHKI 32 00CITOM JIaHi,
a/pke 1X MOTpIOHO KOMIIOBAaTH Ha KOXKEH BY30J1 OJjoKYeiiHa. TakuM YMHOM MaciiTaOyBaTH TaKy
CUCTEMax B MEKax BHIIOTO HABYAILHOTO 3aKJIay, a TUM Ta4e KpaiHH — HEBHUIIPABIAHO BUTPATHO
Ta HakJaJae oOMeXeHHs Ha MIBHIKICTh 3amucyBaHHs ganux (Steiu, 2020). Kpim Toro, 30epiratss
JTaHUX Ha OJIOKYEHHi, K1 He MOTPEeOYIOTh IMiIBUIIICHOTO PiBHS 3aXUCTY JaHUX — € HAJJTHIIIKOBUM.

Open Source University MICTUTh KOMIIOHCHT HaBYaHHS, a BCl IUIATEXKI IOCTadaabHUKAM
HABYAJIbHOTO KOHTEHTY 3/1HCHIOIOTHCS 32 IOTIOMOT0I0 CMapT-KOHTPAKTIB, 110 3a0e3neuye Oe3mneKy.
s mmaTdopMa nmparne BUKOPUCTOBYBATH OJOKYEHH ISl KOPHUCTI YCIX TPhOX KIFOYOBHX YYaCHUKIB
OCBITHBOTO IIPOIIECY: CTYAEHTIB, akazeMii Ta 0isHecy (Steiu, 2020).

OpHi€ero 3 mepeBar BUKOPUCTaHHS OJIOKYEHHY B OCBITI € MOXJIMBICTh CTBOPEHHS 0€31eYHOr0
Ta 30epiraHHs pe3yJbTaTiB aKaJeMidHOI YCHINIHOCTI 13 MiABUIICHO 3aXHIICHICTIO J0 MiIpOOKH
BimoMocTeii. KoxkeH 3ammc, Takui SK akKaJeMidHi JOCATHEHHsS, BIJOMOCTI MPO YCIHIIIHICTh
BUKOHAHHS Tepen0avyeHrux BUIIB POOIT Ta BUBYEHI AMCHUUIUIIHM, MOXe OyTH 3adikcoBaHuii B
OJIOKYCIHI, IO POOUTH HOTO CTIMKUM JI0 371aMy Ta BiJICTCKYBAHHM.

[Ile omHiero TepeBaror € Te, IO iH(GOpMAaIlisd MPo JOCATHCHHS CTYACHTIB Ta BHKIIA/IayiB
30epiraeThCcsi HE Ha OJTHOMY CepBepi, a Ha KITbKOX By3Jax Mepexi. Lle 3HImKye pu3HuK BTpAaTH JaHUX
yepe3 TeXHIYHI 3001 4M 370MH IEeHTpalbHOI 0a3u. Skmo OJIOKYEeHHHM MiATPUMYIOTh CMapT-
koutpaktu (Kemmoe et al., 2020; Taherdoost, 2023), taki sik Ethereum (Wood, 2024) 4u Solana
(Yakovenko). Jlns 3aBmaHb OCBITHBOTO IPOIECY CMapT-KOHTPAKTH MOXKYTh aBTOMATHUYHO
MePeBIpATH BUKOHAHHS YMOB JUIsi OTPUMaHHS JWUILIOMiB abo ceptudikariB. Hanpukian, micis
YCHIIIHOTO CKJIa/IaHHS BCIX ICIIUTIB CHCTEMa aBTOMATHYHO BUJaBaTh cepTudikat, 6e3 HeoOXiqHOCTI
BTpYYaHHS JIOAMHMU. 3700yBaul OCBITM MOXXYTh MaTH IOCTIMHMH JOCTyHn IO CBOiX JaHUX Ta
KBasidikalliii, He3aIekKHO Bia MicIls 3HaXOKEHHs a00 HaBuyambHOro 3akiany (Taherdoost, 2023),.
Ile 0cobauBO BaXKJIMBO JIJIs1 MKHAPOIHUX MPOTPaM 1 akaJeMiqHOi MOOIJIbHOCTI 3/100yBayiB.

Cepen HenoiKiB BUKOPUCTAHHS BUKIIOYHO JICLEHTPATi30BaHUX CXOBHUII 30epiraHHs JaHUX
MOKHa 3a3HauUTH MNpoOJjeMy 13 3aXUCTOM KOHQIAEHIINHOCTI, SKYy MOPOIKYE BIIKPUTICTh
omokyeitHy. OCKUTbKH OOKYEHH € pO3MOALIEHO0 CUCTEMOIO0, BC1 TPaH3aKIlii, 1[0 MPOXOAATh uepe3
HBOT0, 30epiraroThcsi Ha 0araTboxX BY3/Iax 1 MOXKYTb OyTH JOCTYIHUMU JUISl IEPErIIAy OyAb-sIKOMY
KOpHCTyBauy Mepexi. Lle CTBOproe pH3UKH, IO CTOCYIOTHCS PO3KPHUTTS IMEPCOHATBHHUX ITaHHUX
CTYJIEHTIB, TaKuUX SK IMEHa, aKaJeMidHl JOCATHEHHs abo i1HII KOH(IAEHINHI BimoMOCTI. Y
BUIAJKY aKaJIeMIYHUX Pe3yJbTaTiB 1€ MOXKe MPU3BECTH JI0 TOTO, 110 CTOPOHHI 0COOU OTPUMAIOTh
JOCTYIl JI0 4yTIMBOI iHGOpMaIli mpo YCIHIMIHICTh CTYAEHTIB, iX OIIIHKMA Ta 1HIN aKaJeMidHi
nmoka3HUKH. OCKITBKU Il JIaHI € MePCOHAILHUMHU 1 MiANAJa0Th MiJl BUMOTH 3aKOHIB MPO 3aXUCT
MEePCOHANBHUX JaHUX, TakuX SK 3araabHuil persiaMeHT mnpo 3axuct gaHux (GDPR) B €C Ta
HAIllOHAJIBHI 3aKOHHU, TaKi AK 3akoH Ykpainu "lIpo 3aXucT nmepcoHambHUX JaHHUX', iX MyONiYHICTD
MOXE CTaTH CEPHO3HUM IMOPYIIEHHSM 3aKOHOJABCTBA, IO BIJIMTOBIIHO MOXKE TOPOJAUTH HeOaKaHi
HACJIKH TaKi, K (icKaabHI CTATHEHHS 3a HeaoTpuMaHHs BuMmor GDPR.

TakuM YHHOM, 3Ba)KAIOYW Ha BHUIICBHKJIAJICHE, MOXKHA 3POOUTH BHCHOBOK, IO Hapa3si iCHYE
aKTyalipHa MOTpeda B po3poOdii iHbopMaIifHOi TEXHOIOTIi, ska 3a0e3MeYnTh CTIMKUN 3aXUCT
OCBITHIX JaHHMX, 30Kpe€Ma BIJIOMOCTEH, SIKi TOB’s3aHl 13 aKaJAeMIYHOKO YCIIIIHICTIO 3700yBaviB
OCBITH.

Marepiaan Ta MeToau. 3Ba)XXKar0uM Ha HABEJCHUI BUIIE aHATI3, BUIUIMBAE, IO IPH pO3pOOIIi
1H(pOopMaLiHHOT TEXHOJIOr1] BapTO BpaXOBYBaTH BUMOTH IIOJO 3aXHMCTY LIJIICHOCTI, TOCTYITHOCTI Ta
koH(igeHiitHOCTI nanuX. KpiM Toro, aHami3 mokaszaB, II0 3aCTOCYBaHHSI CXOBHII JAHUX OIHOTO
TUITY He 3a0e3medye BCl TPU BUMOTH MPUPOJHUM YHHOM, & TOMY JOBOJUTHCS BBOIAUTH JOJATKOBI
MEXaHI3MHU MO0 3aXUCTy. Buxomom 3 miei curyarii € pimeHHs, e Oyae TiIOpUAHO TMOETHAHO
[IEHTpaTi30BaHl Ta JCIEHTPai30BaHl CXOBHINA 30€piraHHs JaHHUX, TakKl K pelisliiHa 0a3a JaHuX
(Harrington, 2016), ska € [EHTpali30BaHUM CXOBHUIIEM 30€piraHHs [aHHX, a TaKoX
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JeIeHTpaTi30BaHuMU. Jlo OCTaHHIX HaJeXaTh OJOKYEHH Ta PO3MOJICHI CXOBHINA TakKl SK
BHYTpillIHbOIUTaHeTHA (aiinoBa cuctema IPFS (docs.ipfs.tech) abo ¢peiimBopk 30epiranHs naHuUX
Storj (Storj Lab, 2024).

IlenTpanizoBaHi CXOBUIIA, SIK-OT PENSAIiiHI 0a3u NaHWX, 3a0€3MeUyIOTh IIBHIKHA AOCTYII 1
3pYYHICTh YHOpPaBIIHHA JaHUMUA. BoHHM m00pe miaxomaTe sl 30epiraHHsS BEJIMKUX OOCATIB
iH(popMarlii, ska He moTpedye HAIMIPHOTO PiBHS KOH(IACHIIHHOCTI ab0 Moxke OyTu 3MiHEHa B
MaiiOyTHpoMy. Hampukiian, Taki CHCTEMH MOYKHA BUKOPHCTOBYBATH JJIsl 30€piraHHsl JOMOMINKHHUX
JaHUX, 110 HE MAIOTh YyTIMBOIO XapakTepy, ado sl 30epiraHHs JaHuX, SKi MOXKYTb MOTpeOyBaTH
4acTOr0 OHOBJICHHS.

3 iHmoro 00Ky, JCICHTpali30BaHi CXOBMINA, Taki sk OnokueiH ta IPFS, maioTe mepeBaru B
3aXHMCTI IUTICHOCTI Ta JOCTYIHOCTI JaHUX, OCKUIBKYA BOHH 30€piraroTh JaHi Ha YUCIESHHUX BY3JIax 1
€ CTIMKMMHU JI0 arak. JlemeHTpasaizoBaHi TEXHOJOTil OCOOJIMBO KOPHUCHI i 3a0e3leueHHS
MPO30POCTI 1 JOBIPH, aJKE 3MIHM B TAKUX CHUCTEMaxX € HE3BOPOTHHUMH, IO 3a0e3Ieuy€e 3aXUCT Bij
MaHImyJsin 13 qaaumu. [lpote, 30epirands Benukux o0csariB iHGopMarlii B OJ0K4eliHI MOXe OyTH
HAATO PECYPCOMICTKUM Ta HE 3aBKIU BUIIPABIAHUM Yepe3 BUCOKI BUTPATH Ha 0OPOOKY TpaH3aKIIii.

[ToeqHaHHS MX JABOX IMIIXOJIB J03BOJISE OTPUMATH OamaHC MiX OE3MEeKOr0, MPOTYKTHBHICTIO
ta edexTuBHiCTIO 30epiranns (Baryshev & Lanova, 2023). JleneHTpanizoBaHi CHCTEMH MOKYTh
BUKOPHUCTOBYBATHUCS IS 30epiraHHsl HaHBaXUTUBIMINX a00 HE3MIHHUX JaHUX, TAKUX SK PE3yIbTaTh
icriuTiB @00 ceptudikaiiif, y TOH yac SK IEHTpaai30BaHl 0a3u JaHUX MOXYTh OyTH BUKOPHCTaHI
JUIS. OTIEPATHBHOTO YIPABIIHHSA IMMOTOYHUMH JaHWMH, IO MOTPEOYIOTh YacTOTO OHOBICHHS. B
pobori (Baryshev & Lanova, 2023). HaBemeHO MeTOJ Ui 30epiraHHs JaHHX HAa OCHOBI TaKHX
riOpuaHUX CXOBHI, SKUKW 0a3yeThcs Ha KiacudikyBaHHI iH(OpMaIi MOpeaMeTHOI o0JacTi
BIJIMOBITHO JI0 BUMOT MO0 3aXUCTy iH(opMalii Ta 3aJeXHO BiJl KJIaCy BUKOPHUCTOBYBAaTH OKpEMeE
JDKEPEJIo 3-MOMIDK pestsiiiiHoo 6a3or0 ganux (Wood, 2024), 6i0k4eiiHOM, SKUH MIATPUMYE CMapT-
koutpaktd (Yakovenko; Harrington, 2016), Ta po3momiJeHHM CXOBHINEM [aHHX, OJHAK BiH
OpIEHTOBAHMI Ha 1HIIY MPEeIMETHY 00JacThb, TOMY HE MOXK€ OYTH 3aCTOCOBaHUM 0e3 Moaudikaiiil y
WX TOCITIKEHHSX.

Hexaii D — MHOKMHA JaHUX TPEAMETHOI 00J1acTi, TO1 BOHA, BiAMOBiaHO 10 MeToaa (Baryshev
& Lanova, 2023)., po30uBa€eThCs Ha Taki MiAMHOKHHH 3aJISKHO BiJl BAMOT /10 iH(hopMaItii:

MHOKHHA JaHHX, 1[0 HE TOTPEOYIOTh MIIBUIIICHHX BUMOT 0 3aXHuCTy Dy;

— MHOXHMHA JIaHUX, [0 TOTPEOYIOTH MiJBUIIICHUX BUMOT JIUIIE 10 3aXHUCTY
koHpigeHtiitHocTi D;

— MHOXHMHA JIaHUX, 10 TOTPEOYIOTH MiABUIIIEHUX BUMOT JIUIIIE IO 3aXUCTY JOCTYMHOCTI
Da;

— MHOXHMHA JIaHUX, 10 TOTPEOYIOTh MiABUIIIEHUX BUMOT JIUIIIE 10 3aXUCTY LimicHocTI Dj;

— MHOXHWHA JaHUX, 10 MOTPEOYIOTH MiABUIIIEHNX BUMOT JI0 3aXUCTY KOH(D1ICHIIIMHOCTI Ta
LUJTICHOCTI, aJIe He MalOTh TAKUX BUMOT OO 3aXUCTY JOCTYIHOCTI Dg;;

— MHOXHWHA JaHUX, 10 MOTPEOYIOTH IMiIBUIIIEHHX BUMOT JI0 3aXUCTY KOH(IIEHIIIHHOCTI Ta
JOCTYITHOCTI, aJIe He MalOTh TAKUX BUMOT OO0 3aXUCTY MUTICHOCTI Dgy;

— MHOXHWHA JaHUX, 10 MOTPEOYIOTH MABUIIEHUX BUMOT JI0 3aXUCTY IUTICHOCTI Ta
JIOCTYITHOCTI, aJIe He Mal0Th TaKUX BUMOT MO0 3aXUCTY KOH(IISHIIHHOCTI Dij;

— MHOXHMHA JIaHUX, [0 TOTPEOYIOTH MiABUIIEHUX BUMOT MO0 3aXHCTY 1
KOH(1ACHITIHHOCTI, 1 MUTICHOCTI, 1 AOCTYMHOCTI Dyia.

BinmnoBigHO MHOKMHA JAHUX PO3TIISIIAETHCS TAKUM YHHOM:

D= {Du’Dc'Di’Da» D¢iy Deg, Dia'Dcia}- (1)
Hexait S — MHOXWHaA CXOBHIIl JJaHUX, SIKI BAKOPUCTOBYIOTHCS B cucTeMi. OCKIJTbKH OCHOBHOO

HpOHO3I/ILIi€IO € OJHOYAaCHC 3aCTOCYBAaHHA IIeKiJIbKOX CXOBHUII JOaHUX, TOMY LA MHOXHWHA
NpeaACTABIAECTECA TAKUM YHMHOM:
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S = {Spp, SipFs) Sbch (2)

1€ spg — 0a3a JaHMX, S|prs — PO3MOIIICHE CXOBUIIIE, Spe — OJTOKYCHH.
BiamoBigHo y 3aranbHOMY IMpoleaypa 30cpiraHHs JaHMX 3 TOYKH 30py KOPHCTyBaua
(dhopMai3yeTbcst TAKUM YHHOM:
storing:D — S. (3)

OpnHak HaAsSBHICTH TPHOX CXOBHUII JTAHWX BHMAarae BIAMOBIAHI TpW Tporeaypu 30epiraHHs 3
TOYKH 30py iH(OPMAIIITHOT CUCTEMHU:
— storingpp — nporenypa 30epiraHHs JaHux B 06a3i 1aHUX Spg;
— storing;pps — npoueaypa 30epirants JaHUX B JEIEHTPATI30BAHOMY CXOBHILI JaHUX
SIPFs;
— storing,. — npoueaypa 30epiraHs 1aHuX B OJOKUYEHHI Spc.

[Tpu npoMy JHIIIe 1aHi IEBHHUX KJIACiB OYAyTh 30€piraTich y WX CXOBHUIIAX 3AJIEXKHO Bij TOTO,
3aXUCT SKUX caMme BiIacTUBOCTEH iH(opMalii 103Bosisge 3abe3meuyBaTH T€ YW IHIIE CXOBHIIIE.
Ockinbku 0a3u JaHUX JTO3BOJISIOTH HalKpaiie 30epiraTi KOH(IACHIIHHOCTI MOPIBHAHO 3 1HIIUMHU
CXOBHUIIAMH, TOMY Spg Oy/e BHKOpUCTaHa JJIs 3aXUCTy KOH(iAeHuiiHux nanux. Kpim toro, nasi,
SIKi HE TIOTPEOYIOTh ITiIBUIIEHUX BUMOT JIO 3aXHCTY TaKOX JOIIHHO 30epiraTé B I[bOMY CXOBHIIII,
OCKIIbKM BapTIiCTh OMNEpaliiHUX BUTPAT Ta IUIBUAKICTH OMEpaliii 3YMTYBAHHS/3aIUCY Y IHOTO
CXOBHIIIa HAWBHINA TIOMIDXK THX, III0 BXOJATH JI0 S. BiMoBiHO, TIpoIIeC 3aniCcyBaHHs JaHUX 10 0a3u
JaHUX JJI 33[a4i JOCTiKeHHS (hOpMami3yeTbCcs TAKUM YHHOM:

storingpp:{Dy, D¢, D¢i, Dea, Deia} = Spp- 4)

3anuc 10 JeneHTpaTi30BaHUX CXOBHUII JO3BOJIsE 3a0€3MEUNTH MiIBULIEHUH 3aXUCT IITICHOCTI
Ta poctynHocTi iH(opmartii. [Ipu 1boMy OJIOKYEHH JO3BOJISIE TOCATTH KpalluX MOKAa3HUKIB, ajie B
CHJIYy TEXHIYHUX OOMexeHb Ha po3mip Omoka (Wood, 2024), teit HOCi He NPUAATHHNA IS
30epiranHsl BEJMKOro o0cary aaHux. ToMy miaAMHOXUHM MHOXUHM D, gxi He Oynu 3amydeHi 10
MPOLEAYPH storingpy, NOTPEOYIOTh MOJANBIIOTO MOALTY. Tak MHOXHHA JaHUX, IO TMOTPEOYIOTH
MIJBUIIEHUX BUMOT JIMIIE J10 3aXUCTy LiTicHOCTI D po30uBaeThcs TakuM YHHOM:

D; ={D%;, D"}, (%)

ne DS; — MHOXXHMHA JIaHUX MAajoro o0csry, 10 MOTpPeOyIOTh MiJABHIEHUX BUMOT IIHIIE IO
3axXHCTy IUTICHOCTI, D!; — MHOXHHA JIaHUX BEIUKOTO 00CSATY, IO MOTPEOYIOTh MiABUIIEHUX BHMOT
JUIIE JI0 3aXUCTY IUTICHOCTI.

Sxmo po36outu anajoriyHuM yuHOM D,, Ta Djy, TOmI ¢opmamizaris mporecy 3anmucyBaHHS
JaHKUX J0 PO3MOALIEHOTO CXOBHINA HAOY/Ie TAKOTO BUTIISALY:

; rnl. pl Nl
storingpps:{D";, D", D" iq} = Siprs. (6)
AHAaJIOTIYHUM YMHOM BH3HAYACThLCS IIPOLEC 30€piraHHs JaHUX J0 OIOKYEHHY:
I . S S S
storingp.: {D i’D a'D ia} = Spec- (7)

TakuM YMHOM OTpPUMAHO iJeai30BaHUi onHc iH(OPMAIiiHOI TEXHOJOTT 3aXHUILEHOro
30epiranHs gaHux. Ha mpakTtuii mig gac peamizaiiii Mojeni HeoOXiIHO nependadyuTH J0JaTKOBI
MEXaHi3MH 3aXUCTY, 30KpeMa, OJIaTH MEXaHI3MHU 3aXHUCTY IUTICHOCTI JUIsl JaHUX, 0 HANIEXKATh JI0
MHOXHUH D Ta Dgja, ke BOHM TaK0XK BUMArarOTh MiABUIIICHOTO PIBHS 3aXHUCTY ITiTicHOCTI. | mpwu
[[bOMY TO PIBEHb 3aXHCTy LITICHOCTI, KUK 3a0e3redyeThcsi 3aco0aMu 0a3 MaHUX, € HUKYUM 32
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piBEHb, IO 3a0€3MEeUyEThCS PO3MOIITICHUMH TEXHOJOTISIMH, 30KpemMa OjokueitHOM. BiamosimHO
aJICKBATHUM PIIICHHSIM OyJIe YaCTKOBO 3QJIYYUTU CXOBHUIIE Spe IS 30€pEKCHHS TEXHIYHUX TaHUX,
SKI HE MICTATh KOH(QIACHIIHHUX BIJOMOCTEH, ajie SKi JO3BOJIATH TMOKPAIIUTH KOHTPOJbL 3a
LUTiCHICTIO 0a3H JaHUX Spg.

Mopaeab ganux. 3 MaTEeMaTHYHOTO OIUCY BUIUIMBAE, IO IS pealtizallii OImMCcaHoi TeXHOJIOTIi
HEOOX1THO MOTepeHhO BUKOHATH aHANI3 CHEIU(IKA MPeAMETHOT 001acTi OCBITHROTO MPOIECY, a
came o0JIiKy aKaJIeMI9HOI YCHIIITHOCTI. 3 I[i€I0 METOIO B3ATO MIa0JI0OH BiIOMOCTI 00JIIKY aKageMiqHOT
YCHINIHOCTI, 8 TAKOK JJaH1 OCBITHBOTO MPOIIECY, SIKi TIOB’sI3aHi 13 BIJOMICTIO.

VY pe3ynabTaTi IPOEKTYBaHHS OyJio MOOYAOBAHO PEIAIINHY MOJAENTb JaHUX, KA MICTHTh 6
OCHOBHHX CYTHOCTEH:

— iH¢opMalis mpo pe3yabTaTu;

— iH(opmaris mpo OCBITHIO POTpamy;

— iH(opMalis Mpo BiIOMICTb;

— iHdopmaris Ipo JUCHIHUILTIHY;

— 1HdopMallig PO CTYJCHTA;

— iH(opMalis Ipo Ipymy.

JouinsHo Oyne HaBecTU JiarpaMy 3B’s3KIB MK MMM CYTHOCTSIMHU Ta ix atpuOyramu. Ha
OCHOBI aHAJTI3y ITUX CYTHOCTEH Ta iX aTpuOyTiB po3po0aeHO Moieb nanux (puc. 1).

id gueurnninm < Ne sigomocTi —

»| OcBiTHA Nporpama HayansHuii pik

K-Tb ronuH Aucumrnnina

K-Tb kpegutia K-Tk HegonywweHnx
Hasga gucuunnivm » pyna

®opma KOHTPONIo 3HaHL K-Tb NpUCYTHIX
OCBITHA Nporpama

CemecTp [laTa cknagaHHA
id oceiTHBOT Nporpamm

MNIB Buknapavya

YHisepcuret

Hasga ocaiTHbOT
nporpamu IHdpopmaLiis npo rpyny

DakyneTeT Hassa rpyni

CneujanbHicTs

Kypc

K-Te cTygeHTis InchopmaLis npo
peayneTati

®opMa HaBYaHHA

id iHcbopmaLiil npo
peaynkTat

IHchopmallis npo K-7o Ganie
cTyneHTa ECTS
Ne iHA. HaB4anbHoro
nnawy

Bigomicts

MIB cTynexra

» CrygeHT

»{ Mpyna

Gopmart chiHaHcyBaHHA
HaBYAHHS

Pucynok 1. Burmsn pensiiinoi Moeni JaHux

Jxepeio: po3po0IIEHO aBTOPaMH.

HaBenena Ha puc. 1 6a3za gaHux € HOpMaii3oBaHOIO 10 HopmanbHOI Gopmu boiica-Komna
(Harrington, 2016; Lee, 1995). BignomeHHs 3HaXOAUTHCSA B HOopMaibHii (opmi Boiica-Komna,
SKIIO BCSl HaJMIPHICTh Ha OCHOB1 (DYHKIIIOHAJIBHOT 3aJIeKHOCTI Oyna BUJalieHa, Xouya 1HIII THIIH
HaJIMIPHOCTI MOXKYTh Bee 1iie icHyBatu (Lee, 1995).

Ha ocHoBi po3po0isieHOi Mojeni MOKHa MpoaHaTI3yBaTH BUMOTH JIO OE3IMEKH KOXKHOTO 3
aTpuOyTiB.

Jnst Toro, mo0 BHU3HAYMTH BHUMOTH N0 Oe€3Meku aTrpuOyTiB B MOl JaHux, OyIIo
MPOAHATI30BaHO YCi CYTHOCTI Ta iX aTpuOYyTH BiJMOBIIHO MAaTEMaTHYHOTO OIHUCY, HABEICHOTO
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BUIIE, 3 YpaXyBaHHSIM pPiBHS BHUMOTI JI0 3aXHCTy LUTICHOCTI, TOCTYIHOCTI Ta KOH(iIEHIIHHOCTI.
[Ipuknan, oTpuMaHUX PE3YNIBTATIB IBOTO aHAJI3Y JJIsl aTpUOyTiB CyTHOCTI "BigoMicTs" HaBelneHO B
tabmumi 1.

Ta6auus 1. Araniz BUMOT 710 3aXUCTY iH(pOpMAIlii PO BiIOMICTb

Binomictb 3axuCT MTICHOCTI | 3aXMCT HOCTYMHOCTI | 3axuCT KOHDIICHIIHHOCTI

Ne BigomocTi + - +

HapuanbHuii pik - - -

Jucrumiina + - -

Haspa rpynu - + -

K-1p HEHOMYIIIEHNX - - -

K-1b nmpucyTHIX - - -

Jlara cknamaHHs + + -

I1Ib Bukmagaua + + -

Jxepeso: po3poOICHO aBTOPaMH.

[IpoananizyBaBimum BUMOTH 10 Oe3rekn aTprOyTiB KOKHOI 13 CYyTHOCTEH aHAIOTIYHUM YHHOM
BHU3HAUEHO HAMKpally TEXHOJOTi0 Ais iX 30epiraHHs BIAMOBIAHO 1O MiAXOIYy, HaBEIEHOTO B
MaTeMaTUYHOMY omuci. Tak 3amucy, Mo € HEBEIUKUMHU 32 00CATOM Ta MOTPEOYIOTh IMiABUIIICHOTO
3aXMCTy LUIICHOCTI Ta/abo JOCTYMHOCTI, aje He KOH(iAeHLIHHOCTI — 30epiratoTbecs B OJOKUeiiHi,
3aMucH, K1 MICTATh KOH(1IEHIIIHI BiZoMOCT1 a00 HEe MOTPeOYIOTh MiJBUIIIEHOTO 3aXUCTY B3araii —
B 0a3y JaHuX, a BeJIMKI 3a 00CAroM JaHi, sKi MOBUHHI Oynu O 3a KpUTEpIsIMU IMOTPANUTH B
OJIOKYEIH — MIOMICTHTH B IHIY JCUEHTPaNIi30BaHy cucTeMy 30epiranns nannx — IPFS.

PesyabTraTn Ta O0roBopenHsi. 3 MaTeMaTUYHOI'O ONKCY BUILIMBAE, 10 Ul peastizalii onucaHoi
TEXHOJIOTiT HeOOXiAHO MOMepeHO0 BUKOHATH aHaNi3 crenu(iku mpeaMeTHOl 00JacTi OCBITHBOTO
MpoIIecy, a caMe OOJIIKY aKaJeMIqHOl YCHINIHOCTI. 3 I[I€I0 METOI0 B3SITO IMIa0J0H B1IOMOCTI OOJIIKY
aKaJIeMI4HOl YCIIIIHOCTI, a TaKOX JaHi OCBITHBOIO IpoOLECy, SKi MOB’s3aHI 13 BIJIOMICTIO.
[npopmaniiina TexHonoris nependadyae BUKOPUCTAHHS KIIIEHT-CEPBEPHOIO BE0-3aCTOCYHKY IS
Ha/JlaHHS 1HTepdeilcy KopucTyBauaM 10 OOpOOKM JaHMX, a TaKOX IHKANCYyJsLil CKJIaJHOCTI
OJIHOYACHOI B3a€MOIIi 13 pI3HUMHU KOHTeHHepaMu JiIs 30epiranHs nqaHux. CepBepHa 4acTUHA LOTO
Be0-3aCTOCYHKY B3aeMoJii€ 13 0a30i0 JaHMX (HAa OCHOBI MpPOrpamMHOro iHTepdeicy ciayxou
ynpaBiiHHA 6a3amMu 1aHux), 6nokdeitnoM Ta IPFS (puc. 2).

3anponoHoBaHUN MiJXiJ peanidye maliaoH iHdopMalliiiHoro Opokepa, ajie MpH IbOMY HE
3poOUTH cepBep, €NNHOK TOYKOIO BIIMOBH, aJKE€ Y BUIIAJKy aTak Ha HbOrO YacTHWHA 1H(OpMallii,
3anmucaHoi 1o OnokueitHy Ta IPFS 3anmumatumerbcss OCTYNHOIO, IO JO3BOJMTH JIOCATTH
MOKpAIEHHs OPIBHSAHO 13 CUCTEMaMHU, SIKI BUKOPUCTOBYIOTh JIMILIE [IEHTPali30BaHi 0a3u JaHUX.

Jlns noBeseHHS KOHLENIii Oyno peani3oBaHO 3ampONOHOBAHWN MiIXix Ais 30epiraHHs
pe3ynbTaTiB 3allikoBO-eK3aMeHaliiHoi cecii y 3BO. byno ctBopeno pensuiiiny 6a3y AaHux mia
Ha3Boro MyUniversity, B skiii OyayTs 30epiraTich AaHi, siKi MOTPEOYIOTh MiBUILEHOIO 3aXUCTY
KOH(]1ACHITIHHOCTI 260 HE TOTPeOYIOTh MIBUIIIEHOTO 3aXUCTY TaHUX B3araii (puc. 3).
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IPFS

BrnoryeiH “

Cepeep

KnieHnt

Pucynok 2. Cxemarnyne 300paskeHHs iHQOpMAIiitHOT TEXHOIOT1{

Jxepeno: po3po0OICHO aBTOPaMH.

Studentinfo

Resultsinfo ¥ Studentld
% Resultld StudentName

Informationld ——— GroupName
Studentld FundingForm
IndividualStudyPlan

Information
% Informationld

AcademicYear
Discipline
NoAllowedCount
GroupName
AttendanceCount
ExamDate

TeacherName

Pucynoxk 3. Burnsn giarpamu 3B°sI3KiB pessIiiiHOi 0a3u JaHUX

J’kepeso: po3pobICHO aBTOPaMH.

KoxHe 13 BU3HaYeHHX MOMIB TaOJUIb HE MOXe OYyTH MOPOXKHIM, 1€ J03BOJSE YHUKHYTH
HEMOBHUX a00 XMOHMX 3anuciB. J{i1st KOXKHOI 13 TaOnUIb OyI0 BU3HAYEHO KIIIOYOBE MOJIE.

Jnst maHmx, sKi, BIANOBIAHO 110 BHUIIEBU3HAYCHHMX KPUTEPIiB, HEOOXimHO 30epiratu B
OnoK4YeiiHi, OyIo po3po0ICeHO OKpeMi cMapT-KOHTPAKTH i KOXKHY 13 cyTHOCTei. Lle 3abe3nmeunTh
3pYUYHICTh B3a€MO/II 13 KOJKHOIO CYTHICTIO.

Bapro posrisiHyTH [UIS NpUKIaLy JIOTIKY CMapT-KOHTPAaKTy, SKUM 3abe3neuye 30epiraHHs
iH(popMallii PO OCBITHIO MporpaMy. Jlorika cMapT-KOHTPaKTy MOJSATae B TOMY, IO PO3pOOIEeHUM
CMapT-KOHTPAKT J03BOJIE JI0JIaBaTH Ta OTPUMYBAaTH iH(OpMaLi0 IMPO OCBITHI HporpaMu 3a
JIOTIOMOTOI0 YHIKaJbHUX 1J€HTH(IKATOpPiB, SKI (OPMYIOTHCS Ha OCHOBI BHECEHUX aTpHOYTIB, fK1
CTOCYIOThCS Ii€i cyTHOCTI. Po3po0ieHunii cMapT-KOHTPAaKT OyJIO pO3TOPHYTO B TECTOBIM Mepexi
Goerli (goerli.net).

[HI11 KOHTPAKTH, AT IHIIMX CYTHOCTEH, peai3oBaHi 3a aHAJIOTTYHUM NIPHUHLIUIIOM.

IPFS moOymoBaHO HaBKOJIO MEIEHTPATI30BaHOI CHUCTEMH KOPHUCTYBadiB-ONEPATOPIB, K1
30epiraroTh 4acTUHY 3arajbHUX TaHWUX, CTBOPIOIOYM CTIMKYy cHCTeMy 30epiraHHsi Ta CIiJIbHOTO
BUKOPHUCTaHHSI (paiiiliB.
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IPFS nouinbHO BUKOPUCTOBYBATH Ui (haiiliB MOPIBHSHO BEIUKOro 00cAry. 30Kpema y
BHKOHaHIN peamizalii y (ailyioBy cucTeMy nependadacTbCs 3aBaHTKCHHS CUIa0yCiB TUCIMILIIH Ta
3HE0COOJICH] JaHi 3 BIIOMOCTEH aKaJleMiqHO1 YCIIIIHOCTI.

IaTepdeiic BeO6-3acTOCYHKY Ha MPUKIIAll ((OPMHU CTBOPEHHS BIJOMOCTEH HAaBEICHO Ha puc. 4.

NO sigomocTi
12-24-125
HasuanbHwWii pik
2024
Aucumninida
3axuct Ba3 paHwx
K-Tb HegomyweHux
1
Hazsa rpynu
bC
K-Tb NpucyTHiX
24
Mata cknaganHa

12.02.2024 ]

NIt evknagaua

MeTperko MeTtpo MNeTposuy

Pucynoxk 4. Burnsza 3anoBHeHoi ¢popmu 3 iH(popMalli€ro mpo akajeMiuHy yCHilIHICTb
Jxepesio: po3po0IIEHO aBTOPaMHU.

Ha puc. 5 HaBeZieHO Ty YacTUHY JaHUX, SKi 3alUcaluch B 0a3y JaHUX, a HA pUc. 6 — Ti JaHi,
SIK1 3aMUCAIUCH B OJIOKYEHH 32 TOTIOMOTOI0 PO3TOPHYTOTO CMapT-KOHTPAKTY [24].

100% ~
EH Results [ Messages

Informationld  AcademicYear Discipline NoAllowedCount GroupName AttendanceCount ExamDate TeacherName
3axuct 6a3 ganux 1 BC 24 2024-02-12 MeTtpetko MNeTpo MNeTposuy

Pucynok 5. ®parmMeHT 3anoBHEHO1 0a3U JaHUX

Jxepeno: po3pobIeHO aBTOPaMH.

3ais TecTyBaHHs Oe3lekd B il peanizailii Bukopuctano ¢peiimBopk Slither (Feist et al.,
2019), sikmii 3aCTOCOBYBABCS JUIsi TECTYBaHHS O€3MEKU CMapT-KOHTPAKTIB, OCKIIBKH CaMe BOHH €
KPUTHUYHUM MiCLIEM 3 TOYKM 30py O€3MeKH 1 uepe3 BIACTUBOCTI OJIOKYEHHIB HE MOXYThb OYTH
3MiHEHI MicIs pO3rOPTaHHS.

Slither He nmuIIe BUSBIISIE Bpa3IUBOCTI, alie i HAJa€ METAbHUN aHaTi3 Ta PEKOMEHAIIIT 1010
iX yCyHEHHsI, IO JIO3BOJIIE PO3POOHWKAM OIEPAaTHBHO BHOCHTH 3MiHH. BUKOpHCTaHHS Takoro
THCTPYMEHTY € HEOOX1IHUM KPOKOM Yy pO3pOOIIli JEIEHTPaTi30BaHUX CHUCTEM, OCKUTLKH MTOMIIIKH B
CMapT-KOHTPAKTaX MOXXYTh IMPHU3BECTH 10 HEBIIHOBHUX BTpaT JaHUX a00 (iHAHCOBUX 30MTKIB.
3o0kpema, y pasi peamizamii CMapT-KOHTPAKTIB s 30epiraHHs KPUTHYHUX MAaHUX, TaKUX SK
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aKaJIeMiuHI pe3yJIbTaTH, HEOOXITHICTh BUSBJICHHS Ta YCYHEHHs BPa3JIMBOCTEH € TMEpIIOYEPrOBUM
3aBJaHHAM.

CONTRACT

CONTRACT ADDRESS
EducationalProgramContract 0x445cD0eCCTDEA4CICcdL2FEAaBLDL12740BBCEIFI

FUNCTION

addEducationalProgram(_university: string, _programName: string, _faculty: string, _specialization: strin
g)

INPUTS
Hakpawnin yHiBepcuTeT, Halkpawa oCBiTHA nporpama, Ynwbnewuin tdakynbTeT, Hankpauwa cneyiansHicTb

Pucynok 6. Burnsag noganux nanux B 010k4eiiH 3 popmu “Iadopmartis mpo ocBiTHIO Iporpamy”

Jxepesio: po3po0OICHO aBTOPaMH.

Pesynbrati TeCTyBaHHs IOKa3alM, IO 3alpOINOHOBaHI CMapT-KOHTPAKTH BiAMOBIIAIOTH
BUMOTaM O€3IeKH, IO JO03BOJISE IHTErPYBaTH iX B OCBITHI Mpolecd 0e3 pU3MKy KOMIIpOMeETarlii
naHux abo 3001B y pyHKIIOHYBaHHI cucteMu (puc. 7).

NFO:Detector:
- Di

Pucynoxk 7. Burnsa pe3yiabTaTiB CTATUYHOTO TECTYBAaHHS O€3MEeKHU CMapT-KOHTPAKTIB

Jxepeio: po3po0IIEHO aBTOPaMHU.

Takox Oyno mpoBeAEHO IOHIT-TeCTyBaHHS (PyHKIIIM Ta MeToaiB mporpamHoro koay. FOHiT-
TECTYBaHHS € BOXJIMBUM JONOBHEHHSM J0 CTATHYHOTO TECTYBAaHHS OE3MEKH, OCKIJIBKU 3a0e3meuye
JUHAMIYHY TIepeBipKy (YHKIIOHAJIBHOCTI KOAy. Xoua CTaTWUYHMHA aHali3, HaNpuKIaa, 3a
JIOTIOMOT010 TaKMX 1HCTpyMeHTIB sK Slither, Moxke BUABIATH MOTEHLINHHI Bpa3IMBOCTI Ta MOMUIIKU
0e3 3amycKy Mporpamu, IOHIT-TECTH HaJalOTh MOXIIUBICTh NMEPEBIPUTH, IK KOHKPETHI MOy abo
GyHKIIT KOAYy MpalioloTh IMiJ 4Yac BHUKOHAHHA. Pe3ynabTaTu IOHIT-TECTYBaHHS MiABEPIMIIN
KOPEKTHICTh YXBaJCHUX TEXHIYHHX PILIEHb MiJ 4ac po3poOKH cMapT-KOHTPAKTIB.

TakuM YWMHOM BHAlOCSd EKCHEPUMEHTAIbHO JIOBECTH KOHIICTIIIIO  3alpPOMOHOBAHOI
iHpopMaiiHOI TEXHOJOril Ta MOXIUBICTB i peamizamii s po3B’si3aHHA NMPAKTHYHUX 3aBAaHb
1010 3aXUCTY JJAaHUX B OCBITHBOMY IPOIIECI.
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BucHoBku. Sk mokazaB aHaii3 iHQOPMALIHHUX TEXHOJOTIM IJs OpraHizamii OCBITHBOTO
mporiecy TpaauiliiHi iHGOPMAIIiiHI CHCTEMH SIKI BAKOPUCTOBYIOTH IIEHTPaII30BaH1 CXOBHIIA JaHUX
taki sk €/IEBO MaioTh enuHy TOYKY BiIMOBH. | KOJHM BTpadaeTbcs AOCTYHHICTH A0 IIi€l cuctemMu
3YIIUHSEThCS HU3KAa OCBITHIX TporeciB. BogHouac migxoaw, ski 0a3yrOThCA BHUKIIOYHO Ha
PO3MOAIIEHUX cUCTeMax 30epiraHHs JaHuX, MAlOTh HEJOCTATHIO MacIITabOBaHICTh Ta MOTPEOYIOTh
Oaratro pecypciB. Came TOoMy B poOOTi 3amporoHOBaHO iH(OpPMAIIHHY TEXHOJOTI0 I
3aXUINEHOTO 30epiraHHs pe3yJbTaTiB aKaJeMIYHOl YCHIIIHOCTI, SKa TOM SKIIye IIi HEIOIIKH
3aBasgkd Kiacugikanii iHGopMamii Ta BIAMOBIZHOMY pO3MOAUTY ii MOMIX PI3HUMH CXOBHUIIAMHU
3JIE)KHO BiJ OTPEO y 3aXUCTI KOHKPETHOTO aTpUOYTY B MOJIEIII JaHUX.

Byno mnpoananizoBano Bimomi iHGopMamliHiI TeXHONOTl OO0poOKH OCBITHIX JaHUX, B
pe3yibTaTi 4oro aHaji3 MmokasaB, IO MaTGOpMH, SKi HE BUKOPHCTOBYIOTH TEXHOJIOTIIO OJOKYEHH
HE € 3aXUIICHUMH, HE TapaHTYIOTh OJIHOYACHUU 3aXHUCT YCIX KPUTEPIiB 3aXHCTy Ta He
3a0e3neuyloTh HaleKHUM PpIBEHb 3aXUCTy JOCTYIMHOCTI Ta WuUIicHOCTI. BinmoBigHo 10
BHIIE3raIaHUX PE3yIbTATIB aHAI3y OyJI0 CTBOPEHO TEOPETUKO-MHOKMHHUN MaTEMaTHYHUN OIIHC
iH(pOpMaLiHHOT TEXHOJIOTI], 1[0 MPOMOHYETHCS AJIS 3aXUCTY PE3yJbTaTiB aKaJeMi4HOI YCHIIIHOCTI
cryneHTiB. Ha ocHOBI mporo Oyiao CHpPOEKTOBAHO MOJENb JAaHUX, MPOAHATI30BAaHO BHUMOTH 0
0e3meKn KOXKHOro i3 aTpuOyTiB CYTHOCTEH MoOJeNi JaHUX Ta PO3pPOOJIEHO METOJ 3aXHUIIEHOTO
30epiraHHs OCBITHIX JaHUX.

[IpakTnuna peanizailisa iHGOpMaLiIHHOT TEXHOJOTIT I 3aKjaay BHIIOI OCBITH 103BOJIMIIA
JOBECTH 3JIHCHEHHICTh 3alpOIOHOBAHOTO MiAXoay. TecTyBaHHS Mi€i TEXHOJOTil JO3BOJIHIO
JIOBECTH MOXKJIMBICTH MOEIHAHHS PEIAIIHHUX 0a3 JaHUX 3 PO3MOAUICHUMH CUCTEMaMH 30epiraHHs
TaHUX, K1 MABUIYIOTH PIBEHb 3aXHCTY HUTICHOCTI Ta TOCTYIHOCTI, IO € KPUTUYHO BaXKIMBHUM IS
3a0e3neueHHs Oe3nepepBHOCTI OCBITHIX MpoleciB. KpiM TOro, 3aBIski BUKOPUCTAHHIO OJIOKYECHHY
JUId 30epiraHHsl aKaJeMIYHUX JOCATHEHb CTYAEHTIB, OyJi0 JOCATHYTO CYTTEBOTO MOKpAIICHHS B
YaCcTHHI MPO30POCTI Ta BiJICTEKYBAHOCTI JaHUX, IO CIPHUSE IMiJBUIIEHHIO JOBIPH 10 CUCTEMH 3
OOKY SIK CTYJIEHTIB, TaK i OpraHiB 13 3a0e3MeueHHs SKOCTI OCBITH Ta aJIMIHICTpallii 3aKany.

[lepcrieKTHBOIO PO3BUTKY € MAacIITa0yBaHHS OTPUMAHUX pE3yNbTaTiB Ha 1HIII TPOIECH
00pOOKHM OCBITHIX JaHMX, a TaKOX JJII B3a€MOJIi 3 IHIIMMH OCBITHIMH Tpoliecamu. Takox
MEPCTIIEKTUBHUM OyJ1e CTBOPEHHS CIeIiali30BaHOro OJIOKYeHa /Ui 3aBaHb OCBITHBOTO MPOILIECY.

IMoasiku. «Hemaey.

Konduaikr inTepeci. «<Hemaey.
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Anortanisi. TexHonorii TpuBHMIPHOI (GOTOrpamMMeTpii, IO € OJHUM 31 CIOCOOIB OTpHUMaHHS
koM 'torepanx 3D- Mozeneil 00’€KkTiB, Mae MIMPOKHWHA CHEKTP HAyKOBHX Ta TPAKTHYHUX
3aCTOCYBaHb y BUPOOHUIITBI, OYyIIBHUIITBI, apXiTeKTypi, reoae3i Ta MeauiHi. OCHOBHI MpoOiaemMu
3aCTOCYBaHHS (POTOTPAMMETPUYHUX METOMIB MOB’sI3aHI 3 1X BUCOKOIO TPYAOMICTKICTIO. Y poOoTi
PO3IJIIHYTO OCHOBU (POTOTPaMMETPUYHOIO CIIOCOOY OTPUMAaHHS TPUBUMIPHUX MoOJeNeld 00’ €KTiB,
MpOaHaTi30BaHi MOro OCHOBHI HEJOTIKM Ta OOMEXEHHS, IO IMOB’S3aHi 3 HEOOXIAHICTIO MOIIYKY
KJIIOYOBUX €JIEMEHTIB Ha 0aratboxX 300pakeHHAX 00’€KTa, OTPUMAHUX 3 PIZHUX paKypciB, Ta
MOJAJBIIOTO iX criBcTaBaeHHS. OMHUM 3 HailleeKTUBHININX METOJIB MOPIBHIHHS 300paXKeHb, 110
MOke OyTH BUKOpPUCTaHHUH Tpu (oTorpaMMeTpuyuHid 00poOui Jii BU3HAUYEHHS KIFOYOBUX
€JIEMEHTIB Ha 300pakeHHAX 00’€KTa, € aJTOPUTM MacIITaOHO-IHBapiaHTHOTO TIEPETBOPEHHS O3HAK
SIFT. IIpoananizoBaHO OCHOBHI €Tany peaji3alii JaHOTO aIrOPUTMY Ta MPOBEACHO OTJISAJ KITBKOX
Horo moaudikamiif, mo 3a0e3MeuyroTh MiABHILEHHS MPOAYKTUBHOCTI 32 PaxXyHOK BWJIYYEHHS
HAUIMIIKOBUX  KJIFOYOBHUX  TOYOK Ta  3MEHILEHHS  PO3MIPHOCTI  JECKPUMOTOPIB,  IIO
BUKOPHUCTOBYIOTBCS JIJIsl BUAUIEHHS KOKHOI KJIFOUOBOI TOUKHU cepef] iHmuX. [loganbie 3011bIeHHs
MPOAYKTHUBHOCTI Ta 3MEHIICHHS TOXHOOK Ipu cTBOpeHHI 3-D Mmomeni moxe OyTu JocsSTHEHe 3a
paxyHOK BHJIYYEHHS Ha MOINEPEIHbOMY eTari KaJpiB a00 3HIMKIB 13 300pa’KeHHSIMH, SKi HE MICTATh
CIUTBPHUX O3HAK Yepe3 pi3Ky 3MiHY KyTa 3MOMKH ab0 ocoOmuBOCTI camoro 00’ekra. [list peami3artii
[IbOTO 3aBJaHHs 3alPONOHOBAHO BHKOPHCTATH HEHPOMEpEKy, sfKa aHalli3yBaTMME CXOXKICThb MIXK
KOXKHUMHM JIBOMa TIOCIIIJIOBHUMH 3HIMKaMH, TIOTIEPEAHBO TIEPETBOPEHUMH y O1HapHE 300paKeHHS.
BunydeHHs 3rajjaHuX 3HIMKIB He JIMIIE JJO3BOJIMTH HE BUTPAYaTH Yac Ha MOMIYK KJIIOUOBHX TOUOK
Ha 300pakeHHI 00’€KTa, a i 3MEHIIUTH IMOBIPHICTh OTPUMAaHHS MOMWJIKOBHX CHIBHQJIHb MIX
KIIIOYOBUMH TOUKAMU PI3HUX HOT0 300pakeHb.

Kurouosi cioBa: dororpammerpis, 3-D mozaens, MacmtabHO-iHBapiaHTHE MEPETBOPEHHS O3HAK,
SIFT anroput™, KITFOUOBI TOUKH 300paskeHHS, HEHpoMepexka.
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Abstract. Technologies of three-dimensional photogrammetry, which is one of the methods for
creating computer-generated 3D models of objects, have a wide range of scientific and practical
applications in fields such as manufacturing, construction, architecture, geodesy, and medicine.
However, the primary challenges of photogrammetric methods are related to their high labor
intensity. This work explores the fundamentals of the photogrammetric method for obtaining three-
dimensional models of objects, analyzing its key drawbacks and limitations associated with the
need to identify key elements across numerous images of an object taken from different angles and
then align them accordingly. One of the most effective image comparison methods that can be used
in photogrammetric processing to identify key elements in object images is the scale-invariant
feature transformation (SIFT) algorithm. This paper analyzes the main stages of implementing this
algorithm and provides an overview of several modifications that enhance its performance by
eliminating redundant key points and reducing the dimensionality of descriptors used to distinguish
each key point from others. Further improvements in performance and reduction of errors in 3D
model creation can be achieved by removing frames or images that do not contain common features
due to sharp changes in shooting angle or specific object characteristics in the preliminary stage. To
accomplish this, the use of a neural network is proposed to analyze the similarity between each pair
of sequentially taken images, which are preprocessed into binary form. Removing such images not
only saves time by avoiding unnecessary searches for key points on an object’s image but also
reduces the likelihood of obtaining erroneous matches between key points on different images of
the object.

Key words: photogrammetry, 3-D model, scale-invariant feature transformation, SIFT algorithm,
image key points, neural network.

Beryn. V' rtenepimniii wac 3D-mopenmioBaHHs Ta 3D-Bizyamizailisi 3HaxoJsATh IIMPOKE
BUKOPUCTAHHA y PI3HUX rally3sX: BiJl IPOMHUCIIOBOCTI 1 HAYKHU J0 TeJaeOaueHHs Ta irpoBoi iHIyCTpii.
OaHMMH 3 METO/IIB CTBOPEHHS IM(PPOBUX TPUBUMIPHHUX MOJIeNel € GOoTorpaMMETpUYH1 METOAM, K1
J03BOJISIIOTH OyayBaTH 3D- Mojeni 00’ €KTiB 3a iX TBOBUMIpHUMH 3HIMKaMU, OTPUMAHUMH 3 PI3HUX
pakypciB. 3a OCTaHHE JECATHIIITTS 3aBASKH PO3BUTKY KOMII FOTEPHUX TEXHOJIOTIH Ta KOMIT FOTEPHOI
00poOkH  300pakeHb  (OTOrpaMMeETpisi  JOCArJIa  BEJIWYE3HOrO  Mporpecy 1  IIUPOKO
BHUKOPHUCTOBYIOTBCSI Y HayIll, TPOMHUCIOBOCTI, OYyIIBHHUIITBI, T€0Je31i, apXxeosjorii Ta MEIUIHUHI
(Nebel S. et al., 2020; Pavlov S. et al., 2018; Romaniuk S. et al., 2022).

32



ISSN 1999-9941, “TH®OPMAILIIMHI TEXHOJIOT'Ti TA KOMIT'OTEPHA THXKEHEPIS”, 2024, Ne2

CydacHa ¢dotorpammerpisi 3abe3meuye BHCOKY TOYHICTh Bi3yaiizallii Ta Omucy o0’ €KTiB,
HaJa€ MOKJIMBICTH 3IIHCHIOBATH aHalli3 po3TamnyBaHHs 00’ ekTiB y mpocropi (Scholtens A., 2023).
[Mopsin i3 UM icHYE psif PoOIIeM, 10 YCKIIAIHIOIOTh 3aCTOCYBaHHS (JOTOrPAMMETPUIHHUX METO/IIB.
Tax wanmpukiaa, ¢oTorpamMmeTprudHa oOpoOKa 3HIMKIB TOBEPXOHb 31 CJIa0UM KOHTPACTOM YH
MOHOTOHHHX TMOBEPXOHb MOXE HAJIaTH HeAOoCTaTHI abo cymepewnuBi gaHi. Te came CTOCYEThCS
3HIMKIB pyXoMux 00’ekTiB. HapemTi ¢doTorpamMmeTpudHi METOAM MOTPEOYIOTh JOBOJI 3HAYHHUX
OOYHCITIOBAILHUX PECYPCIB Ta YaCOBUX BUTpAT. 3aBIaHHSAMHU JaHOI POOOTH € aHalli3 CydacHHX
METO/IiB, III0 BUKOPUCTOBYIOTHCS ISl BUSIBIICHHSI KJIFOYOBHX CJIEMEHTIB Ha 300paKCHHSIX 00’ €KTIB,
BU3HAYCHHS MOXIJIMBUX BapiaHTIB 3MEHIIIEHHS TPYIOMICTKOCTI I[bOTO TPOIIECY.

Metoaun  ¢ororpammerpii. [loOymoBa umdpoBoi ¢dororpammerpuynoi  3D-monemni
3MIIACHIOETHCS IUIIXOM BU3HAUEHHS MOJIOKEHHS KOKHOI TOYKU Ha TIOBEPXHI LIJILOBOTO 00'ekTa Ta 1i
XapaKTepUCTHK, TaKUX SIK, HAPUKIAA, KOJip, MPO30picTh, BiAOMBHA 3AaTHICTH. s 30mpaHHs
MPOCTOPOBOi 1HGOpMAIIii TOPIBHIOIOTHCSA PI3HI CErMEHTH 0Oaratbox 300pakKeHb (3a3BHYail Bij
JECATKIB JI0 KUIBKOX COTEHB), IO OTPUMAaHI il Pi3HUMHU KyTaMH, Ta 3CyB LIUX CETMEHTIB OJWH
BITHOCHO OJHOTrO Bix 300paxenHs 10 300paxkenns (Nebel S. et al., 2020; Kotlyk S., 2022; Caolan
P., 2023).

Icuye nBa ocHOBHI (oTorpaMMeTpu4Hi METOAM OTpPUMaHHS 300pakeHb. HaliOinbim
MOMYJISIPHOIO € MOHOKaMepHa (OTOTrpaMMETpisi, siIKa BHUKOPHUCTOBYE 300pa’k€HHs OTPHUMaHi 3a
nornomororo onHiei ¢dotokamepu. YacTKOBUM BUNAJAKOM MOHOKamepHOi ¢oTorpammeTpii €
Bigeopororpammetpist. OCKiIbKU OyIb-SKU BiACOPs sIBIIsi€ COO0I0 Habip KaJpiB, IO 3MIHIOIOTHCS
3 TMEBHOI0 YacTOTOI), TO OCHOBOKO 3aJaueio JUid CTBOPEHHS BXIJHOTO JaTaceTy € po30UTTA
BiJICOpsily Ha OKpeMi KaJpH, sKi IMOTIM, TaK caMo, SK 1 3BHYaiiHi (hoTtorpadii oOpoOIIIOTHCS
IIPOrpaMHUM 3a0€3MEeUCHHSM.

binbl cydacHUM Ta TOUHHM METOJIOM € MYJIbTHUKamMepHa (OTOrpaMMETpisl, MPH SKii 3HIMKU
POOJIATHCS KITbKOMa KaMepaMH 3 CHHXPOHI30BaHUMHM 3aTBopaMu. Kamepu poGiaTh 3HIMOK Y OJIUH 1
TOW caMHii MOMEHT 4acy 3 pisHux pakypciB (Caolan P., 2023; Olagoke et al., 2020). ¥V pesynbrarti
JOCATAETbCSl OUNbIIA IIBUAKICTH Ta TOYHICTh, OCKIJIBKM, Ha BIIMIHY Bil MOHOKaMEpHOIi
(dboTorpammeTpii, KamMmepa He BUTpava€ yac Ha MEPEMIIICHHS.

ChiBcTaBiieHHS! OTPUMaHUX 300pakeHb J03BOJIIE OTPUMATH 1H(POPMALIIO0 MPO MPOCTOPOBE
po3TalllyBaHHS TOYOK Ha MOBEPXHI 00’€KTa, TOOTO BU3HAYUTHU TPUBUMIPHI KOOpJAMHATH TOUOK. Lle
Ha/Ia€ MOJKJIMBICTH Bi0Opa3suTH O0’€KT y BMIVIAAI XMapu Touok. Jlami 3 BUXITHHX 300pa)keHb
TeHEPYIOThCSI CTPYKTYPH MOBEPXHI 00’ €KTA, SIK1 OTIM HAKJIaJAal0ThCsl Ha 110 XMapy.

IIpote mpu crabkoMy OCBITJIEHHI, 110 BUMara€ BUKOPUCTOBYBATHU IpPH 3HOMII BEIHMKY
niapparmy, NesKli CETMEHTH 300pak€HHS MOXYThb OyTH pO3MUTHUMH. TakuM 4YMHOM JaHl Hpo
KOHKpPETHI MIKCeli He MOXYTh OyTH BUKOPHCTaHI SIK Taki, IO BiJIMOBIIAIOTh KOHKPETHUM TOYKaMHU
Ha ¢izugHOMY 00’€kTi. CimaOKe OCBITIICHHS TAaKOXX YCKJIAIHIOIOTH MPOIEC CTBOPEHHS TEKCTYD,
OCKUJTBKU IITYYHE MOCHJIEHHS SICKPABOCTI OTPHUMAHOTO 300pakKeHHS MOXKE€ MPUBECTH 0 TOSBU
aptedakTiB, sIKi HE BIIMOBIIAI0OTh TIMCHOCTI.

BinmoBigHO A0 IHOTO BaXJIMBHM €TanmoM (HOTOrpaMMETpPHYHOI OOpOOKH € BUSBICHHS
JIOKaJBbHUX O3HAK Ha 300pakK€HHSAX 00’ €KTa Ta X TOYHA JIOKATI3allisd Ha OKPEMUX 300paKeHHSX, 10
y TOJAJBIIOMY J03BOJIUTh BH3HAuUTH iX 3D-koopaumnatu. Came BiJ SKOCTI BUKOHAHHS I[bOTO
eTaly 3aJeXUTh YCIHIIIHICTh OTPUMAaHHS KIHIIEBOTO Pe3yJbTaTy, BIANOBIIHICTh OTPUMAHOI MO
pearbHOMY 00’ €KTY.

Jlnst BUSIBIIEHHS JIOKATbHUX O3HAaK Ha 300paKEHHSX MOYKHA BHKOPHCTATH aQJITOPHTM
MacmTabHo-iHBapiaHTHoro neperBopeHHs o3Hak (SIFT), mo OyB 3ampomonoBanuii [esigom Jloy
(Lowe D.G., 1999). Anroputwm SIFT € ogHuM 3 Halle(eKTUBHIIINX METO/IIB TIOPIBHAHHS 300paXKEHb
1 BKIIIOYAa€ YOTUPU OCHOBHI €Tanu: 3HaAXOHKEHHS KIIOYOBUX TOUOK, YTOUHEHHS JIOKAIIH KIIFOUYOBUX
TOYOK, 3HAXO/DKEHHS TaK 3BaHOI Opl€HTAIlll KIOYOBUX TOYOK Ta BHU3HAYEHHS JECKPUIITOPIB
KITIOYOBUX TOYOK.

[Ti1 KIFOYOBOIO TOYKOIO PO3YMIETHCS TOUKA HA 300pakeHHI 00’ €KTa, KA MPUCYTHS Ha THIITUX
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300pakeHHAX IIbOTO 00’€KkTa. J[eCKpUNITOpoM KITIOUOBOI TOYKH € 1i 1iIeHTH(IKATOP, 10 A03BOJISIE
BUJUINTH II0 KJIIOYOBY TOUKY cepen iHmmx. Came 3a CHIiBHAAiHHAM JECKPUITOPIB BUAUISIOTHCS
KJIFOYOB1 TOYKH Ha PI3HUX 300paKEHHSIX, IO BIAMOBIIAIOTH OJTHA OJHIH.

Jlnsi momyKy KITFOUOBHX TOYOK 3HaxonsaThes ['aycmanm (Gaussian) ta pisHuui ['ayccuaniB
(Difference of Gaussian, DoG). I'ayccuanom L(X, Y, o) € 300paxenHs, po3mure ¢instpom ["aycca.
MatematuuHo 11e € 3ropTkoro Qynkmiii ['aycca

1
G(x;% O-) = ﬁ . e_(x2+y2)/20'2;

Ta BUXigHoro 3o6paxenns I(X, y) (Lowe D.G., 2004):

L(x,y,0) = G(x,y,0) *1(x,y), (1)

1€ 0 — pajilyCc pO3MHTTSI.

[ToyatkoBe 300pakeHHS HEOJHOPA30BO 3rOPTAEThCS 3a gomomoror ¢yHkuii [aycca 3
OJTHOYACHHUM 30UIBIICHHSAM pajiycy po3mutTss y K pas. VYV pesynbTari OTpUMYETbCsS Hadip
l"ayccuanis.

Pizaunero ["ayccuaniB € 300pakeHHs, IO OTPUMYETHCS [IUIIXOM TOMIKCEIBHOTO BiTHIMAHHS
l"ayccuaniB 300paxkeHHs 3 pisHUMH paaiycamu po3MuTTs (puc. 1) (Lowe D.G., 2004):

D(x'ylo-) = (G(x»y,ko') - G(x»y,o')) * I(x,J’) = L(x;y,ko') - L(x,y,O'),, (2)

ne D — 3nadyenns DoG y Toui 3 koopauHatami (X, Y);
K — koeilieHT, 3 SKMM 3MIHIOETHCS PAIIYC PO3MHUTTSI.

layccuanm PizHuui MNyccnaHis

Pucynoxk 1. Cxemarnune 300pa>keHHsI IpoLiecy OTpUMaHHs Habopy pi3HUIb ['ayccuaHiB

KitouoBl TOYKM BHSBISAIOTHCS LUISIXOM TOPIBHSHHSA 300pa)K€Hb JABOX CYMDKHHUX IIapiB
npoctopy DoG. Touka BBakaeThCsl KIIOYOBOIO, SKIIO BOHA € JOKAJIbHUM E€KCTPEMYMOM Pi3HHUII
lNayccuaniB. ToukM JIOKaJbHOTO €KCTPEMYMY 3HAXOJIUTHCS MUISIXOM IMOPIBHSIHHS KOXHOI TOYKH
nmoToyHoro 3o0paxkeHHs DoG 3 ii BickMoMa cycimamu Ta 3 AeB'sitbMa cycimamu B DoG, mo
3HAXOJAThCS HA PIBEHb BUIIE Ta HIDKYE. SIKIIO 11 Touka Oulbla (MEHIIa) 3a BCIX CYCi/iB, TO BOHA
IIPUMMAETHCS 3a TOUKY JIOKAJIBHOTO eKcTpeMyMy. lIporec nouyky TOUKM JJOKaJIBHOTO EKCTPEMYMY
CXEMaTHUYHO 300pakeHUH Ha pUCYHKY 2. SIKI0 3HaueHHs pi3HUIll ['ayccuaHiB y TOYIl, TO3HAYEHIN
XPECTUKOM, Ouble (MEHIIE) BCiX 3HAUYEHb Y TOUKaX, TOMIYEHHX 3€JIEHUM, TO 115l TOUKA BBAXKAETHCS
TOUYKOIO EKCTPEMYMY.
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Pucynok 2. CxemaTnune 300paxeHHs] METO1Y MOUIYKY JIOKAJIbHOTO EKCTPEMYMY

Jlamni 31iiCHIOEThCS TIEPEBIPKa YU € 3HANACHI TAKUM YMHOM TOUYKH JIOKAJIBHOTO €KCTPEMYMY
JIMCHO KIIIOYOBUMH (TOYKA EKCTPEMyMY B JMCKPETHOMY IIPOCTOpI HE € JIHCHOI TOYKOIO
eKCTpeMyMYy). Y pe3yibTaTi TaKol MepeBIpKU HE JIHIIE YTOUYHIOETHCS TOJI0KEHHS KIIF0YOBOT TOUYKH,
a ¥ BIIKUAAIOTBCS TOYKM 3 MAJIUM KOHTPACTOM Ta TOYKH, JIOKAJIi30BaHI B3JIOBX KpaiB
(Misra S. et al., 2019).

Bu3HauyeHHs qiICHOT TOUKH eKCTpeMyMy Y Oe3nepepBHOMY IPOCTOPI 3/11HCHIOETHCS METOJIOM
CyOmiKCcenpHOi iHTepnoLii, mo mnoisrae B anpokcuMmarii ¢ysakiii DoG maorounenom Teitnopa
JPYroro NOpsAKY B3STOrO B TOUIli, 110 po3risiaaeTses (Lowe D.G., 2004):

a2pT
0x2

DX) =D+ x4 1xr 200y (3)
o ax 2 ’

ne D — ¢ynkuis DoG;

X(X,y,6) — BEKTOp 3CYBY BIJHOCHO TOYKH PO3KJIaaHHSI.

Po3TamryBanHsl eKCTpeMyMy 3HAaXOJUTbCA HUIIXOM OOYMCIEHHs MmoxigHoi ¢yHkuii (3) Ta
MPUPIBHIOBAHHS 11 10 HYJA. Y pe3ylbTaTi OTPUMYETHCS 3MILIEHHS TOUKH 3HAWICHOTO eKCTPEMYMY,
10210 AiiicHOrO:

S 9%2D~1 oD
X=— %7 ax° 4)

Sxuio Oyap-ska 3 KOMIOHEHT BeKTopy (4) 6inbia 3a 0,5, 11e 03Havae, 1o eKCTPEMyM JIEKUTh
OnmK4Ye A0 1HIIOI, CYCITHBOI TOYKH. Y I[bOMY BUIAJAKY PO3IJISIHYTI Aii 3HOBY IOBTOPIOIOTHCS BXKE
JUIA i€l TOYKH. SIKIO TakuM 4MHOM OyJo 3MiiiCHEHO BUXiJ 32 MeXi MHOXKMHU DoG, maHa Toyka
BIIKAIAETHCS.

Ha HacTymHOMYy Kpolli OOYHCIIOETHCS TaK 3BaHUW HaNpsM KIIOYOBOI TOYKW. Hampsm
KJIFOYOBOi TOYKH OOYMCITIOETHCS BHXOASYHM 3 HAIpPsSMIB TPAAIEHTIB TOYOK, CYCIAHIX 3 HEH.
Crovatky BH3HAYA€THCS OOJIACTh HABKOJO KIIFOUOBOI TOYKH, 1[0 Oyae BUKOPHUCTOBYBATHUCS IS
oOuuncieHHs rpaaieHTiB. Ockinpku st GyHKIIT ['aycca gie mpaBUiIo «TPrOX CUTM», SIKE TIOJIATAE Y
TOMY 10, IO 3HaueHHs (yHKLII mpsMye 10 HyJs Ha BijcTaHi Ounbliiid 3a 36, e Oyzxe Kpyria
obmacTe pajiycy 36, 1€ 6 — pajaiyc po3MUTTS, 110 BUKOPUCTOBYBABCS Mpu oOuncieHHl ['ayccuany.
['pamieHTH OOYMCITIOIOTRLCS TSl KOXKHOTO 3pa3ka [ayccuany L(X, Y) i XapakTepu3yrOThCs 3SHAUYCHHIM
m(X, y) Ta HanipsiMmoM O(X, Y), 1110 pO3paxOBYIOTHCS BHXOsM4M 3 BiaMinHocTe# mikceni (Lowe D.G.,

2004):

2 2
m(x,y) = \/(L(x +1,y) — L(x — 1,y)) + (L(x,y +1)—L(x,y — 1)) , (5)
_ —1 (LCxy+1)-L(x,y—1)
B(x' y) = tan (L(x+1,y)—L(x—1,y))' (6)
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Jlani TpamieHTIB KOXKHOI TOYKH 3TaJlyBaHOl BHUIIE 007acTi BUKOPUCTOBYIOTHCS JIS
(dopMyBaHHS TICTOIpaMH HAaNpPsSMKiB, PO3JIUICHUX Ha PIBHI IHTEPBAIM, IIO0 IOKPUBAIOTH BCIO
obnacte y 360 rpagyciB HaBKOJ0 TO4kd. KojkHa Touka 001acTi poOWTH CBilf BHECOK Yy BIJIMOBIIHY
KOMIIOHEHTY TiCTOrpamMH, IPONOPLIHHUI 3HAYSCHHIO TPai€HTa.

HampsiMmok rpazieHTy KIIOYOBOI TOYKM BH3HAYAETHCS SIK HAMpPsIMOK, IO BIAMOBIJIAE
MaKCHUMaJIbHIl KOMITOHEHTI TiCTOrpaMu. 3a HAsSBHOCTI JOJaTKOBUX KOMITOHEHT, 110 MEPEBUIIYIOThH
MIEBHUI MOPIT, BOHU TAKOK BPaXOBYIOThCS, JO3BOJISIOYN TOYII MAaTH KUJIbKa MOKJIMBUX HAIPSIMKIB.
L1e 3a0e3neuye CTIHKICTh 10 Bapiamiil OCBITICHHS Ta 3MiH y 300pakeHHi.

®dinanpHuM kKpokoMm SIFT anroputMmy € moOymoBa JECKPUNTOPIB KIFOYOBHX TOYOK, SKi
J03BOJISIIOTh BIAPI3HATH KOXKHY 3 HHUX cepel ycix iHmmx. Ha pucynky 3 moka3aHa yacTuHa
300pakeHHs (371iBa) 3 HampsMamMH Ta 3HAYEHHSMH TPAJIEHTIB, Ta ICCKPHUIITOPIB (CrmpaBa), M0
OTpHMaHi Ha OCHOBI Janux npo rpagientu (Lowe D.G., 2004).

AnroputMm SIFT BHKOpUCTOBYE BEKTOpPHI JECKPUITOPU Ui TOYHOTO MpPEACTAaBICHHS
KIIIOYOBUX OcoOnmMBOCTEel 300paxkeHHs. LI meckpunTopu OOUYMCIIOIOTHCS Ha JesKiid o0macti
HABKOJIO KIIO4OBOI Touku Ha [‘ayccuani. [Ipouec oOuuCiEeHHS IeCKpuUnTOopa MOYHMHAETHCA 3
MOBOPOTY IIi€l 00JIACTI Ha KyT, IIO BiAINOBifae Hampsmy wiel KiIro4oBoi Touku. [lotiM obnacth
MOJLISAETHCS HA KUTbKA PErioHiB, 1 AN KOXKHOTO MIKCENsl PErioHy OOYHMCIIOIOTHCS TPAIIEHTH.
I'pagiertn npeacrapieHi y GopMi Ticrorpam, Je HalpsMH TPAII€HTIB MOICHI Ha TICBHY KUTBKICTh
iHTepBaiiB (3a3BHuai §) i 3a1af0ThCS BIAMOBIHMMH UM IHTEpBajlaM 3Ha4eHHAMU. ['icTorpamu B
perioHax OyayrOTbCS 3 BHKOPUCTAHHSIM BaroBUX KOEQIIli€HTIB, MO0 BPaxXOBYIOTh BIJICTaHb BiJ
MIKCEeNiB JI0 HEeHTPY 00JIacTi Ta BKJIaJ IPAIIEHTIB Y KOXKHY TicTOrpamy.

‘Vx H/“(/ =,
N e ey

Image gradients Keypoint descriptor
Pucynok 3. Cxematuune 300pa’keHHs IPpaJieHTIB 300pakeHHsI (371iBa) Ta 1X IECKPUIITOPU
(cipaBa)

JlecKpUNTOp KIFOUOBOI TOUKHU € CYKYIHICTIO BCiX TicTorpaM y perioHax. IIpencraBienuil Ha
puc. 3 IECKpHIITOp BU3HAYAETHCS MACHBOM TiCTOTpaM pPO3MIpHICTIO 2 X 2 3 8 3HAUYCHHSAMH
HanpsMiB TPAJi€HTIB B KOXXHOMY eJleMeHTI mMacuBy. Ha mpakTuii 3a3BHuail BUKOPHUCTOBYIOTHCS
neckpunTopu po3MipHicTio 4 X 4 x 8 = 128 enemenTis (pucynok 4) (Lowe D.G., 2004).

J17is 3MEeHIIIeHHsI BIUTMBY BIIMIHHOCTEH B OCBITJICHHI 00’ €KTY Ha 300paXKCHHSIX JIECKPUIITOPH
HOPMAJII3yIOTBCS 3a 3HAUEHHSM Tpaji€HTa, OOMEXYIOTHCS 3BEpXYy 1 3HOBY HOPMATI3YIOTHCS.
3aBAsKM [IbOMY MiABUIIYETHCS 3HAYUMICTh HAMpsAMIB rpaaieHTiB. Ciia BiA3HAYMTH, MO HE YCi
TOYKH Ta iX JIECKPUNTOPH MOXYTh OYTH BHKOPUCTaHI MpU MOPIBHAHHI 300pa)KeHb. Y AEIKHX
BUIMA/IKaX MOXe OyTH HEMOJKJIMBO 3HAMTHU PIllICHHS, HaBITh SKIO BOHO iCHYE.

Hespaxkatoun Ha octaHHO o0cTtaBuHy, anroput™ SIFT rapHo mnpamioe y Oararbox
NPaKTUYHUX BUIIAJKaX, a TOMY IpuBeprae no cebe yBary 3 Ooky (QaxiBLiB. Y pe3yinbTaTi Ha
chorofHi icuye psa iioro momudikartiii: GLOH (Gradient Location and Orientation Histogram),
3anponionoBanuii Kpicrianom Mukomaiiunkom (Mikolajczyk K. et al., 2005); CSIFT (Colored
SIFT), mo po3pobuB Abmens Xakim (Abdel-Hakim A. E. etal., 2006); ASIFT (Affine-SIFT),
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sanpornionoBanuii JKan-Mumens Mopenem (Morel, Jean-Michel, etal., 2009); omuc nokambHHX
ocobmBocTeii 3a Jlamacom, 3anpornonoBanuii Tan FOuxe (Tan X. et al., 2010).

K
oK
oK
K

R[]
KR
k[

Pucynok 4. 306paxenHs 128-MipHOT0 JECKPUNTOPA KIFOYOBOI TOUKH

AHaJi3 MOKIUBHX MiAX0AiB 10 BIOCKOHAJIEHHS MPOIeCY BUSIBJIEHHSI KJIIOYOBUX O3HAK.
[lepmuM 1 caMuM OYEBHIHUM HEIONIKOM (hOTOrpaMMeTpii € BUCOKA TPYAOMICTKICTh, 110 BUMAarae
BUKOPHUCTAHHS BUCOKOITPOYKTHBHOT'O KOMIT IOTEPHOTr0 00JaaHaHHs. THUIoBa armapaTHa miatgopma
s GoTorpaMMeTpii CKIaIa€ThCs HE MEHIIE HIX 3 8-MHU SIEpHOro mporecopa, rpadiuHoi miaTu
Nvidia cepiit Quadro RTX- abo RTX A- 3 06’emom Bimeo mam’siti Bix 6 ['Gaiit, omepaTtuBHOI
nam’sTi 06’emom Bin 32 I'6aiit, :xopctkoro SSD nucky 06’emom He meniie 1 TOait (Zmejevskis
L., 2022; Gosling Th., 2023). IIpu upomy 4ac moOyJOBH TPHUBUMIPHOT MOJIENI B 3aJICKHOCTI Bij
KITBKOCTI 0OpOOTIOBaHUX 3HIMKIB Ta 1X pO3pI3HEHHS MOXKE CKJIaJaTH BiJl KUTBKOX XBUJIHMH J0 KiTb-
KOX T'OJIMH, 1 HABITh AECIATKIB TOJIMH.

OcHOBHA NMPUYHMHA BUCOKOT TPYAOMICTKOCTI OB’ s13aHAa 3 OJJHUM 3 OCHOBHHX €TariB MO0y I0BU
TPUBUMIPHOI MOJIENI: 3HAXO/KEHHS KJIIOYOBHUX TOYOK Ha 300pa’keHHSAX 00’€KTa Ta iX Mojasblie
CHIiBCTaBICHHS. BIM3BKICTh 1 HaBITh HAKIAAEHHS PALY KIIOUOBUX TOYOK MOXKE CIHPHUUHUTH
CXOXIicTh OaraTthox aeckpunTopiB. Lle He numie 301IbmHUTh Yac BUKOHaHHS anroputmy SIFT, a i
CYTTEBO YCKJIaIHUTh peajizallilo HaCTyITHUX €TaliB.

Xoccerin-Hexxan (Hossein-Nejad Z., 2021) 3anponoHyBaB MeTO]] 3MEHIICHHS HAJUTAIIIKOBUX
kimo4yoBux To4ok B amroputmi SIFT 3a paxyHok BuiiyueHHs «3aiiBux». [[nsg 1mporo micis
BH3HAYEHHS KIIFOYOBHUX TOYOK OOYHCIIOIOTHECI MaHXeTTeHChKa Ta EBKiIigoBa BiACTaHl MIXK
KOXHOIO KJIFOUOBOIO TOYKOIO Ta BCIMa IHITUMHU:

Ay (P, B = %zl[Pm(i) — B, (D], (7)

de(Pm:Pn) = \/Zl'=1(Pm(i) - Pn(i))z- (8)

MeHmia cyma 3Hau€Hb BIACTaHEW HAJEKUTh A0 OUIBII HAJJIMIIKOBOI KJIFOYOBOI TOYKH,
OCKIJTbKHM BOHA 3HAXOJUTHCS MOOIM3Y OUTBIIOCTI 1HIKX. TOMY BiJICTaHi, pO3paxoBaHi 3a BUpa3aMu
(7) Ta (8), MOPIBHIOIOTHCA 3 MACSIKUM TOPOTOBUM 3Ha4deHHSIM. KITFOUOBI TOUYKH, UISI SIKUX
pO3paxoBaHi CyMH BiJICTAaHEH MEHII 3a MOPOTOBE 3HAYCHHS, BUIASIOTHCS 1 B MOJAIBIIOMY HE
BUKOPUCTOBYIOTHCS. 30UIBIICHHS MOPOTOBOTO 3HAYEHHS MPU3BOAWTH 10 30UIBIICHHS IIBUIKOCTI
anroputmy. [IpoTe 3aHaATO BENMKE MOPOTOBE 3HAYCHHS MOKE HETaTUBHO BIUIMHYTH Ha TOYHICTH
BHU3HAYEHHS BiJIOBIAHOCTI.

[Hmmit cmoci® 36imbmeHHs npoaykTuBHOCTI anroputMmy SIFT monsrae y migBuineHHi
cTabinbHOCTI po3TamyBanHs ['ayccuaniB L(X, Y, 0) y mpocTopi (3a KOOPIMHATOIO ¢) Ta CIIPOIICHHS
neckpuntopa (Tang L. et al., 2022). B 6azoBomy anropurmi SIFT macmirab 3MiHH IPOCTOPOBOI
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KOOpAWHATUu KOXXHOI'O FayccnaHa BU3HAYAETHCA SAK:

s §(S) =/ (ks % 69)%2 — (k™1 % 6p)? )
nek=2"".

Pe3yabTraTn Ta O0roBopeHHs. [y 3MEHIICHHS MOXUOKM aBTOpaMu OyJIO 3alpOIIOHOBAHO
BHKOPHUCTOBYBATH TaK 3BaHUM cTabimizarop P:

P= % =0.4°+0.9 (10)

[Ipu BUKOpHCTaHHI Takoro cradinizaTopa dpopmyia (9) HaOyne BUTISIY:

5(S) = /(WS * 8g) — (WSt * &,)2. (11)

ABtopamu OyJ0 J10BEIE€HO, L0 BHKOPHCTOBYIOUM CaMe€ Take 3HaueHHs craburizaropa P
MOKHA 3MEHIIUTH KUIBKICTh XHOHHX TOYOK B cepelIHbOMY Ha 15%, mo 30UTBIINIO IIBHIKOIIIO
aIropuT™My Ha 26%, a moxubky 3meHmuio Ha 20%.

Jnst orpuMaHHs mie OLTBIIOI MPOAYKTHBHOCTI 3alpOIIOHOBAHO 3MEHIIUTH PO3MIpPHICTH Je-
ckpurnropa. ¥ 6azoBomy ainroputmi SIFT oOumcioBaibHa CKIaIHICTh JECKPUNITOPIB CTAHOBUTh

O (KinbKicTbKII0UOBUXTOUOK X dy X dy X (n? + scale?)) (12)

ne d1 ta d2 — po3MipHicTh Heckpuntopa (4 Ta 4 y 6a30BOMY aITOPUTMI BiIIIOBITHO);
N — KUTBKICTD ITEpalliif aropuTMmyj;
scale — po3mip mikamy HanpsiMiB rpaiieHTIiB (§ y 6a30BOMY alropuTMi).

3 Bupa3y (12) BuaHO, IO uYuM OiIbIII PO3MIPH JECKPUIITOpPA, TUM BHIIA CKIAIHICTH
o0uucieHb. ABTOpaMu OyJIO 3alIpOINIOHOBAHO ITHOPYBATH B OOUMCIIEHHSX KYTOBI CEKTOPU MaTPHIl
JECKpUNTOPIB. [1€s IPyHTYETbCSA HA TOMY, 1110 YUM Jaji MKCEIb 3HAXOAUTHCS BiJl KIIFOYOBOT TOUKH,
TUM MEHIIUM € WOTO BIUITMB Ha B3a€MO3B'SI30K MiXK KIFOYOBUMH TOYKaMH. TakMM YMHOM MOKHA
3MEHIIUTH po3Mip AeckpunTopa a0 96 (puc. 5), 0 103BOJISE CKOPOTUTH Yac OOUUCIIECHb.

PR [FHK
k| H[ K %

Pucynox 5. 300paxkeHHs1 96-MipHOTO AECKPUIITOPA

[HIIMM TiIXOAOM 0 MiJBUIICHHS MPOAYKTUBHOCTI Ta MOKPAIICHHS BiAMOBIAHOCTI MO
peanbHOMY 00’ €KTY MOYKE CTaTH BHIIYYCHHSIM KaJIpiB a00 3HIMKIB 13 300paKeHHSIMH, K1 arpiopi HE
MOXYTh MaTH CHUIBHUX TOYOK. Harmpukiaz, 3HIMKH 00’€KTY, BUKOHAHI 3 MPOTHJICKHUX PaKypCiB
HE MOXYTh MaTH CIUIBHUX TOYOK, XO4Ya 1 BIJHOCATHCSA N0 TOTO camoro o0’ekra. [Ipu momyky
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BIJMIOBITHOCTI MK TaKMMM 3HIMKAaMH BUTpPaTH dYacy Ta OOYHMCIIOBAaJIbHHX pPECypCiB OyayTh
HEJIOIILHUMH, OCKUTBKM HE JalyTh OYIKYBaHOTO pe3yibTaTy. BHIy4eHHIO MOXYTh MiIJISATATH i
3HIMKH 3 OZHOTHITHUMH 300paKCHHSMH, 110 MOKE TOB’s3aHE 3 HEBIpPHO MiTiOpaHUMHU paKypcaMu
MIPH 3WOMIII 00’ €KTIB, SIKI MAIOTh CUMETPII0 BIITHOCHO JESIKO1 OCi.

Bunyuenns 3a3Ha4eHHX 300pakeHb MOXe OyTH 3I1MCHEHO 3a JOIOMOTOK0 HEHpPOMEpexKi, 0
HaBUCHAa Ha BHW3HAYEHHS CXOXKOCTI KazapiB. lleperBoproroum KoxeH BXigHUU Kaap (puc. 6a) y
YopHO-OUMMid (hopmMaT Ta BHAUIAIOYM ITKCEIl 3 MAaKCHMAJIbHHUM Ta MIHIMAJIbHUM 3HAYCHHSIMHU
SCKPaBOCTI MOXKHAa OTPHUMATH KOHTPACTHE 4YOPHO-Oie 300paxkeHHs (puc. 6b). Amnamizyroun
po3TanryBaHHSI CBITJIMX Ta TEMHHUX (parMeHTIB 300paKCHHsI HEHpoMepeka 3MOXKe Iepen0adyuTH
HasBHICTh CHUIBHUX JeTajiell Ha JBOX MOCIIJOBHUX 300pakKeHHSX IIE IO TOTO, SIK BOHU OYIyTh
00po6meni SIFT anropurmom.

Pucynok 6. a) Bxinni 300pakeHHs
b) BxinHi 300paxkeHHs] y KOHTPACTHOMY YOpHO-01710My (popmaTi

SIkmo HeWpoMmepeka He BUSABUTH Ha 300paKeHHSX CIUIBHUX €JIEMEHTIB, Iporpami He Tpebda
OyJe BUTpayaTd 4yac Ha MOIIYK CHUIBHUX TOYOK MK LIMMHU 300paK€HHSIMH. 3aBISKHA LbOMY HE
JUIIE TiABUIIYEThCS MIBUAKICTE OTpUMaHHS BuUxigHOi 3D mopenmi, a it 301IbIIUTHCS il TOYHICTB,
ockinbku SIFT anroputm He reHepyBaTUME MOMUIKOBUX CHIIBHUX TOYOK.

BucnoBku. ®otorpaMMerpuuHi METOAM OTPUMAHHS TPUBUMIPHHX Mojele 00’ €KTiB
ChOTOJIHI IIMPOKO BUKOPUCTOBYIOTHCS y pi3HHX cdepax. [Ipu 11boMy BOHH € €IWHO MOXIUBUMH
JUIS 3aCTOCYBAaHHS y 3HAuHIA KUTbKOCTI BUNAAKiB. OCHOBHMMH HENONIKaMHU (GoTorpammerpii €
HEMOXIMBICTh OTPUMAHHSI TPUBHMIPHUX Mojesield 00’€KTiB 31 CIaOOKOHTPACTHOI CTPYKTYpPOIO
MOBEpPXHI 200 PyXOMHX O0’€KTiB, a TaKOX BHCOKAa TPYIOMICTKICTh, SIKa BUMarae BUKOPUCTAHHS
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BHCOKOIIPOAYKTHBHOTO  KOMIT IOTepHOTO  oOnmamHanHa. OcCTaHHIM  HETOJMIK  00yMOBIICHHIA
HEOOXIHICTIO TIOIITYKY CIUTFHUX €JIEMEHTIB Ha 0ararbox 300pakKeHHSX Ta iX CITIBCTABJICHHS MiX
coboro. I'apHi pe3ynpTaTh 3 BHSBJICHHS KIFOUOBHX EJIEMEHTIB 300paKCHHS A€ alTOPUTM
MacmTaOHo-iHBapianTHOro mneperBopeHHs o3Hak SIFT, sxuii mMae Xxopomr NepCrneKTUBU IS
MOJTAJIBIIIOTO BJOCKOHAJICHHS 111010 3MEHIICHHS 4acy poOOTH, MPO IO CBITYMTH 3HAYHA KiIBKICTh
fioro mokpamenux moaudikamiid. Ille ogHUM MiIXOAOM A0 3MEHIIEHHS 4Yacy MoOyIOBH MOAETI
MOJKE CTaTh BUKOPHCTAHHS HEHPOMEPEIKEBUX TEXHOJIOTIH JIJIsl IONIEPeIHhOI 00pOOKH 300paKeHb 3
METOI BIUIYYEHHS THX, III0 HE MAIOTh CIIUTLHUX €JIEMEHTIB 200 MOBTOPIOIOTHCS.

IMoasixku «Hemace.

Konduikr intepeciB «Hemaey.
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AnoTanisg. CTaTTs NpUCBSYEHA PO3TIAY CYYaCHUX IHTPYMEHTIB HEHMpPOMEpPEeX, IO J03BOJIAIOTH
NPULIBUALIMTH PO3poOKy BeO-iHTepdeliciB Ta crnpoctutu poboty UI/UX nuszaitnHepiB. Oxpna 3
OCHOBHUX MpOOJEeM Cy4acHOro [W3aiiHy — IMIBUAKWAN JOCTYN J0 3aranbHOi 1H(popmaiii Ta
MOJKJIMBOTO CTPYKTYpPYBaHHSI CaWTy 31 CHeLiaJi30BaHUM KOHTEHTOM, a TaK0X OTPUMAaHHs
BI3yaJIbHOTO Oro HamoBHEHHS. 3apa3 HeMpoMepexi 1€ He MOXYThb 3aMIHUTH AuU3ailHepiB, aje
3HA4YHOIO MIpOIO JIOTIOMaraloTh iM BHpIIIyBaTH IMOCTaBJ€HI 3aBAaHHsA.  Bcl Helipomepexi, 110
MOKYTb BUKOPHCTOBYBATHCS y Jqu3aiiHl BeO-1HTepdeiiciB, MOXKHA MOAUIMTH HA YOTHUPU OCHOBHI
TUIHM: KOHBOJIIOLIIHI, PEKYPEHTHI, Mepexi MPsIMOr0 PO3MOBCIO/KEHHS Ta TeéHepaTHBHA 3MarajibHa
Mepexka. B cBoill po0oTi nu3aliHep MOXK€ BUKOPHCTOBYBATH IE€PEBAXXHO TI'E€HEPAaTUBHI MEPEXI,
kinacudikaiio X MOXHa 3IIACHUTH 3a MPUHLUIOM «iH(opmaiis Ha BXoai — iHdopmalis Ha
Buxoni». Ilpm poOOTI Haag MPOEKTOM JU3allHEp MOXKE CTBOPUTH 3alMT [0 HEWpOMEpexl Ta
OTpUMAaTH JeKUIbKa BapiaHTIB, T€HEpyBaTH Pi3HI i€ Ta CTBOPIOBATH MyIOOpIM Ha iX OCHOBI,
mia0MpaTH KOJBOPH, TPAJIEHTH, TEKCTypy, TUnorpadiky rtomo. Helipomepexa Moke CTBOPUTH
pi3HOMaHITHI TpadiuHi eJeMEeHTH: 1KOHKH, KHOMNKH, UTocTpamii Ta ¢otorpadii 3 moTpiOHOIO
MEPCIEKTHUBOIO, CTHJIEM, KOJIbOpaMH. TakoXX € MepCreKTUBHUM BHKOPHCTAaHHS HEHPOMEpEK s
MOKpAIIEeHHs! 300pakeHb, JOMabOBYBaHHS a00 BUAAJICHHS HEOOXIHUX eleMeHTiB. Po3risHyTo
MpoLEeC MPUIIBUIIIEHHS CTBOPEHHS 1HTEp(eicy JIEHIUHIOBOI CTOPIHKU 3a JOMOMOIOI0 JOAATKY
Midjourney. HaBezneHi mpukiaay HamuMcaHHS 3amUTiB (promts), sKi BILTMBATUMYTh HAa OCTATOYHY
SKICTh 3T€HEpOBaHOro 300paxxeHHs. OTpuMaHi pe3yibTaTH € SKICHUM Bi3yaJbHUM KOHTEHTOM,
AKMM MOXHa a00 PO3MICTHUTH B MpPOEKTI, a00 BHUKOPUCTATHU 1/1€10, PO3TAIIYBaHHsS EJIEMEHTIB,
KOMITO3HIIi10, KOJILOPOBY ramy, pororpadii, ikonku Tomo. [licims ctBopeHHs rpadiyHUX €ITeMEHTIB
mu3aiiny 3a gomomororo Chat GPT 3.5 OyB cTBOpeHMII KOHTEHT JICHIAMHIOBOI CTOPIHKH.
besnocepennbo B cepemoBumii Figma st mBuakoi TeHeparii MOTpiOHOTO KOHTEHTY MOKHA
Bukopuctatu Mmiarii FIG GPT. IcHyroul meBHI HEIOJIKM Ta HETOYHOCTI Te€HEpyBaHHS, IO
BUHUKAIOTh B POOOTI, MOXKYTh OyTH BHUIIPABJICHI HUIIXOM IIBHAKOTO OHOBJIEHHS Ta CTBOPEHHS
HOBUX BepCiii HEUPOMEPEK.

Kirouosi ciioBa: Heiipomepexa, Beo-intepdeiic, UI/UX auzaitn, Chat GPT, Midjourney.
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Abstract. The article is devoted to considering modern neural network tools that allow for speeding
up the development of web interfaces and simplifying the work of UI/UX designers. One of the
main problems of modern design is quick access to general information and possible structuring of
a site with specialized content, as well as obtaining its visual content. Currently, neural networks
cannot replace designers, but to a large extent help them solve tasks. All neural networks that can be
used in the design of web interfaces can be divided into four main types: convolutional, recurrent,
forward propagation, and generative adversarial networks. In his work, the designer can mainly use
generative networks, they can be classified according to the principle of "information at the input -
information at the output”. When working on a project, the designer can create a request to the
neural network and get several options, generate different ideas, and create mood boards based on
them, selecting colors, gradients, texture, typography, etc. The neural network can create various
graphic elements: icons, buttons, illustrations, and photos with the right perspective, style, and
colors. Using neural networks to improve images and refine or remove necessary elements is also
promising. The process of speeding up the creation of the landing page interface using the
Midjourney application is considered. Examples of writing prompts (prompts) that will affect the
final quality of the generated image are given. The results are high-quality visual content that can
either be placed in a project or used as an idea, element placement, composition, color scheme,
photos, icons, etc. After creating the graphic design elements using Chat GPT 3.5, the landing
page's content was created. You can use the FIG GPT plugin directly in the Figma environment to
quickly generate the required content. Existing shortcomings and generation inaccuracies that arise
in the work can be corrected by quickly updating and creating new versions of neural networks.

Key words: neural network, web interface, UI/UX design, Chat GPT, Midjourney.
DOI: https://doi.org/10.31649/1999-9941-2024-60-2-42-50

Beryn. CrpiMiuii po3BuTok mtydHoro iHTenekty (L) BukiMkae eBOMIOIINHI 3MiHH B
Oaratbox cepax Ta ramy3six eKOHOMIKH. Bjke 3apa3 Heilpomepexi JOIMOMAararoTb CTBOPIOBATH
KpeaTHUBHI Ta YHIKaJIbHI MPOEKTH KomipaiTtepam, SMM — (daxiBisgM, MapkeTosoraM, Ta 3BUYaiiHO,

BeO nuzaiiHepam. OnHa 3 OCHOBHHMX NIpOOJEM Cy4acHOTO AM3aiHY — MIBHIKUKA JOCTYH 0
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3arajgpHOi 1H(OpMaIlii Ta MOXIJIMBOTO CTPYKTYPYBaHHS CAMTy 31 CHEIliadi30BaHMM KOHTEHTOM, a
TaKOXX OTPUMAaHHS Bi3yaJbHOTO HOro HAIOBHEHHS. 3apa3 HEHpoMepexi Iie He MOXYTh 3aMiHUTH
AM3aliHepiB, aje 3HAYHOI0 MipOI0 JOIOMAararoTh iM BUPIIIyBaTH MOCTaBlIeHi 3aBaanHs. Hanpuxian,
HelipoMmepeka MoXKe MifiOpaTh KOHTEHT JUIi MakKeTiB, CTBOPUTH (GOH abo HaBiTh (h)parMeHTH
MIPOEKTIB, aHIMAIlil0, JJOTOTOIH, 3HAYKH Ta 1KOHKH, MigiOpaTy eaeMeHTH (HipMOBOTO CTHIIIO TOIIO,
TOOTO aBTOMATH3yBaTH TIPOIIEC CTBOPEHHS BeO-CaiiTy, MMOYMHAIOYM Bix BeO auM3aiiHy Ta
3aBEpPUIYIOYM PO3POOKOI0 KOPUCTYBALBKOTO iHTepdeiicy. BuxopuctanHs Helpomepex T03BOJISE
CTBOPIOBATH CaWTH, IO € OUIBII MEPCOHATI30BAHHUMHM, IHTYiITHUBHUMH Ta €()EKTHMBHHMH, 3HAYHO
MPUCKOPIOE TIPOIEC PO3POOKHM Ta BIAKPUBAE HOBI MOXJIMBOCTI s iHHOBarii. CydacHi
HelpoMepeski MOCTIHO PO3BUBAIOTHCS, BIOCKOHATIOIOTHCS y BUTJISAAI OHOBJICHUX BEPCii, a TaKOX
CTBOPIOIOTHCS HOBi, BPaXOBYIOUM NOMWJIKH HomnepenHuKiB. OAHI€I0 3 MEpHIMX HEHpoMepex, Mo
0a3yeTbcs Ha B3aeMHOMY nianosi, € Chat GPT.

CporozHi mocrynHa 4-Ta Bepcis HaBiTh Y O€3KOLITOBHOMY BapiaHTi, NpPOTe 3 IEBHUMHU
oomexenusmu. [loryxuum koukypenrom Chat GPT e HoBa po3poOka Bix Google — Gemini, ska
Maiike HeoOMeXeHa y BUKOPUCTAHHI 1 3aCTOCOBY€ OLbIII MOKJIMBOCTI Yy CIIJIKYBaHHI Ta BHUBO/II
OCTaTOYHOTO pe3ynbTary. J[Isi CTBOpEHHsS IHTEPHET CTOPIHOK 3aCTOCOBYIOTHCS 300paskeHHS, SKi
TEHEPYIOThCSI JIIEPOM 31 CTBOPEHb Bi3yallbHOTO KOHTEHTY — Jabopatopiero Midjourney 3
noctynHowoo Bepcieto V6.1. Lli mporpamMu € KIIOUOBHMH 1HCTPYMEHTaMH Y poO3poOIli CydacHUX
CalTIB 1 3HAYHO MPHUCKOPIOIOTH POOOTY nu3aitHepa. [IpuHIMIN BUKOPUCTAHHS LUX IHCTPYMEHTIB Ta
X mepeBaru i JOCIKYBaIHCA y JaHid pPOOOTI.

Orasig Jitepatypu. AHami3 CydaCHHX JOCATHEHb Yy Taily3l IITYYHUX HEHPOHHHX MEpPEeX,
MAITMHHOTO HaBYaHHS Ta OOYHCIIOBAIBHOrO iHTedeKkTy posristayro (Maltsev, A. 2022). 3apas
3’SBUJIACsS HM3Ka MyOJiKaliid, MPUCBAYCHUX BUKOPUCTAHHIO INITYYHOTO IHTENEKTY B JU3aiiHI Ta
00roBopeHHs iioro pomi B mpoueci npoektyBanHs. Apropu (Tomié 1. Ta in., 2023) BBaxkaroTh, 110
nepBuHHOIO Meroro iHcTpymeHTiB Il y rpadiunomy ausaiiHi panime Oynia onTuMmizalis Ta
IIBUJIKICTh — 3aMiHa AM3aifHepiB y poOOTiI NMpH BUKOHAHHI MOBTOPIOBAHMX 3aBJaHb a00 aHaii3
BEJIMKOI KUIBKOCTI IaHUX KOpHCTyBaya Jjisi CTBOpEHHsI Kpamux pimenb. Cproroani x LI no3Bosnse
Ju3aiiHepaM 30CepeIUTUC Ha TBOPYIM YacTHHI CBO€i pOOOTH, aje TAaKOXK CTBOPIOBATH JAM3alHU 3
HYJIs, JOTPUMYIOUUCH BKa31BOK KopucTyBauiB. [HcTpyMenTu LI nponoHyroTs Gublly THYYKICTh Ta
KpPEaTHBHICTh MOUIYKY HAaWKpaIloro pillleHHs Ul pi3HUX 3aBJaHb, TaKUX SK BHOIp mpudry Ta
KOJIbOPY, peaaryBaHHs 300paKeHHs, CTBOPEHHS HAaWKpaIIMX MAKETIB Ta KOMMIO3uIliil. BoHn Takox
3a0e3neuyroTh BUCOKUI piBEHb aBTOMAaTHU3allil, IepeBakHO B peAaryBanHi Ta auzaiini U/UX. Hosi
anroputmu  III, mpakTuuHa iHTeprpeTamis Ta €(QEeKTHUBHICTh s pealbHUX KOPHCTYBadiB
posrimsmaerbes B (J. Zhu et al.,). ¥V (Slityuk O. et al., 2023) npeacraieHo pe3yabTaTh TOCTIHKEHHS
Cy4aCHMX METOJIIB BIPOBA/KEHHS HEHPOHHUX MEpPEX IITYYHOTO IHTENIEKTy y web-nu3aiiHi Ta
BU3HA4YECHHI NPUHIHITIB BUKOPUCTAHHS HEHPOMEPEX Il CTBOPEHHS CaMTiB, IX BIJIMB HA B3a€MO/IIIO
3 au3aitHepoM mHdpoBoro pecypey. [HTenekTyanbHa cucTeMa, IO TeHEpye peKJIaMHi IIaKaTH 3
MOXITMBICTIO OHJIAH-pelaryBaHHs Ta 3BOPOTHIM 3B’si3koM HaBenena (Shunan G. et al., 2021). B
npari (Gang Chen et al., 2019) po3risHyTHII KpeaTuBHHI mporiec npu Bukopucranui III.
V3aranpHeHHs aocnipkeHb BmiuBy LI Ha mpodeciiiny AisnpHICTH AM3aiiHepa Ta MepeBipKa
MOJKJIMBOCTEH Ta pe3ynbTaTiB MpOeKTHuX pimreHs Ha ocHoBi LI mocmimkeno (Irbite A. et al.,
2021). BignoBimHICTh HEWPOHHHX MEPEX KOXKHOMY 3 BHIIB MPOAYKIIT rpadivHOro Ju3aiiHy Ta
e(eKTUBHICTh MEpPEX y IreHepyBaHHI KOHIIEITIB MEPCOHAXIB 1 JIOKAIIN JUIsi KOMI IOTEPHUX 1rop,
UTFOCTpanid Ans IpyKOBaHUX Ta ENEeKTPOHHUX BHJIaHb, TOPTOBHX MapoOK 1 JIOTOTHIIIB, HOCIiB
dbipmoBoro Ta imimkeBoro crwio goseaeHo (Bozhko T., & Arefiev V. 2023). Hoque Farhana
(2019) obrosoproe Hacmigku BukopuctanHs LI B poGoTi nu3zaitHepa, sIK TEXHOJOTiS IITYYHOTO
IHTEJICKTY TIOJICTIITUTL OOOB'SI3KM JU3aHEPIB Ta MPUYMHHU, Yepe3 sSKi BOHA HE 3MOXKE 3aMIHUTH
IHM3aliHepiB Ta apXiTEKTOpiB y HaiOmmk4yomy MaiiOyrHpomy. Y crarrsix (Verganti Roberto et al.,
2020; Ying Du et al, 2023) posrismarobcsi €THYHI MipKyBaHHS 11070 BHKopucTanus I B
rpadivHOMY Ou3aiiHI Ta HACTIAKH, SIKI BiH Mae ans ramy3i. [loTeHmiifHi mepeBaru Ta HEIOTIKU
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IITYYHOTO IHTEJCKTY B Au3aiiHi HaBeneni B (Bahaa Mustafa, 2023). Singh K. (2023) mocnimxkye
HaBHYKH, SIKi 3HAI00JSITECS MaHOYTHIM nu3aiiHepam miist eekTuBHOI podoTH 31 L.

AKTyajJIbHiCTh. BukopucTanHs HeHpoMepek I NPHUIIBUAINICHHS pPO3pOOKH BeO-
iHTepQEiCiB € JTOCUTh aKTyaJbHHM, OCKUIBKH JIO3BOJISIE JONOMOITH y TeHeparii au3aiiHiB BeO-
CTOPIHOK Ha OCHOBI BXIHHMX [JaHMX Ta 3a/JaHUX KPUTEPIiB, 110 3HAYHO IPUCKOPIOE IPOLEC
pPO3pOOKH, aHami3yBaTH IOBEIIHKY KOPUCTYBauiB Ha BeO-CaliTi JJis BUSBICHHS MATTEPHIB Ta
MOKpalleHHs BeO-1HTepdelicy 3 ypaXyBaHHIM LIUX JaHUX, ONTHMI3y€ 3aBaHTaKEHHS BeO-CTOPIHOK,
MOTIEPE/HKEHHS 3aTPUMOK 1 MOKpAIIeHHs poOOTH BeO-CallTiB Ha MOOUIBHHMX MPUCTPOsSX. Takox
HellpoMmepeski J101oMararoTh y CTBOPEHHI IEPCOHANI30BAHOTO KOHTEHTY JUIsl KOPUCTYBadiB, ILO
JI03BOJISIE TiATIAIITOBYBATH BeO-iHTep(delic mi iIHIuBIyanbHi HOTPEOH Ta IHTEpECH.

Meta Ta 3aaa4i. MeTor0 J0CIIIKEHHS € BU3HAUCHHSI IIPUHIINITIB BUKOPUCTAHHS PI3HUX THIIIB
HEHpOMepexkK K IHCTpyMEHTa CTBOpPEeHHsI iHTep(deliciB y BeO Au3aiiHi Ta BU3HAUYEHHS BiJIMOBIAHOCTI
TaKOro IHCTPYMEHTAapilo SIK HeHpoMmepexi, moTpedaM CTBOPCHHS KOXXKHOTO 3 CKIIAIHHKIB
npoaykuii Ul qu3zaiiny.

3anadi JOCIIIKEHHS MICTATh HACTYITHI aCTIeKTH:

1) mpoBeneHHS OMNIAAY PI3HHX THIIB HEHPOMEPEekK, 1X (YHKIIOHATBHUX MOXIHUBOCTEH Ta
CepBiciB;

2) aHajmi3 METOJIB aBTOMATH3allil Ta MPHIIBHIIICHHS PO3pOOKH iHTepdeiicy JeHIMHTOBOI
CTOPIHKH 3 BUKOPUCTAHHSIM HEHPOMEPEIK;

3) dopmymnroBaHHS BHUCHOBKIB Ta PEKOMEHMAIlifl 100 BUKOPHCTaHHS HEHPOMEPexX JJis
MPUIIBUALICHHS PO3POOKH BeO-1HTEpEHcCiB.

Metonosoriune o0rpynryBanns. Ha nanuii MOMeHT icHye 6araTto HeHpoMepex 1 KUIbKICTh iX
HEBIMHHO 3pocTae. SKimo OpaTH 10 yBarum HeWpoMepexi, 110 MOXXYTb BHKOPHCTOBYBATHUCS Y
nu3aifHl BeO-iHTep(deiiciB, TO X MOXHA TMOJUTMTH HAa YOTHPU OCHOBHI THIM: KOHBOJIIOIIIHI,
PEKYpEeHTHI, Mepeki IpSIMOro pPO3MOBCIOKEHHS Ta TeHepaTMBHA 3MarajlbHa Mepexka. B cBoilt
poOoTiI Au3aiiHEp MOXE BHUKOPHCTOBYBaTH NEPEBAKHO T'€HEpPATHBHI Mepexi, Kiacuikaiiioo ix
MO’KHA 3IiCHUTH 3a IPUHIIUIIOM «iH(pOpMallis Ha BXOAi — iHdopmalrist Ha Buxoi» (puc.1).

3a J0MOMOror0 HEHpOMEpeXK Au3aiiHep MOXKe 3HaXOAUTH pedepeHCcH Ta HATXHEHHS JJIs HOBOI
pobotu. Ha mnowatky poOOTH HaJ HOBHUM IPOEKTOM JU3aifHEp MOXE CTBOPUTHU 3alUT [0
HeHpoMepekl Ta OTPUMATH JIeKUJIbKAa BapiaHTIB, K1 3TrOJ0OM MOYKHA BUKOpPUCTATH B poOoTi. Takox
MOKHa TEHepyBaTH pi3HI i€l Ta CTBOpPIOBaTM MyJOOpAM Ha iX OCHOBI, MiAOMpaTH KOJbOPH,
TPaJliEHTH, TEKCTYpy, TUnorpadiky tomo. Helipomepexa Moxke CTBOPUTH Pi3HOMaHITHI Tpadivni
€JIEMEHTHU: 1KOHKHM, KHOIKH, LTocTpamii Ta Qotorpadii 3 MOTpiOGHOIO MEPCIEeKTUBOI0, CTUIIEM,
KobopaMu. TakoX € MEepCIeKTHBHUM BHKOPHCTaHHS HEWPOMEpPEeX ISl MOKPAIICHHS 300paXkeHb,
JOMaJIbOBYBaHHSI 200 BMJAJIEHHS HEOOXIJHMX eleMEHTIB. [ IbOoro BUKOPHUCTOBYETH (DYHKIIIS
Image-to-Image (121): 3aBaHTaxyeTbcss 300paXKEHHSI, MHUIIETHCS MPOMT 3 OMKCOM HEOOXITHHX Ha
300pakeHHI 3MiH, HelpoMepexa o00poOiyise 3amUT Ta BUAAE HOBUM BapiaHT 300pa)KeHHSA 3
HeoOxiaHuMHU 3MiHaMu. KpiM Toro, Mo’kHa MOKpallyBaTH SKICTh UTIOCTpalliif, 3SMIHIOBAaTH iX pO3Mip,
BUJANATH 200 10AaBaTH HEOOX1/IHE TIIO TOLIO.

[Tpu HamucaHHI 3alUTy HEOOX1JHO YITKO Ta MAaKCHUMaJbHO JOKJAJHO OMNUCATH MOCTaBJIECHE
3aBIaHHs (KOJIp, CTUJIb, ...). 3allUT MOBUHEH OYTH MaKCUMAaJbHO KOHKPETHUM Ta JETai30BaHUM,
HEOOX1/THO BKa3yBaTH BCi, HaBITh HaWMEHIII MOApOoOuIll. Ko BXinHOI iH(OpMaIlli HeTOCTaTHRO,
TO Helpomepeka MOXKe JO0AyMaTH Ta CaMOCTIHHO 3reHepyBaTH HEOOXiJHI elleMeHTH. ICHYIoTh
CalTH, MO0 MAalTh KOJEKIli B)XE MMATOTOBJICHUX MPOMTIB, IO JOMOMAara€ KOPHCTyBadyaM
KOHCTPYIOBATH X BJIACHI 3alIMTH, HE JIMIIE I MPOCKTIB, ajie 1 A mopTdoiio qu3aitHepa.

45



ISSN 1999-9941, “TH®OPMAIIHI TEXHOJIOTTi TA KOMIT'FOTEPHA THXXEHEPIS”, 2024, Ne2

(frﬂfﬂ Generative Al

o Curated by @aaronsiim

DALL:E 2] Stable Biffusion] # craiyon
Text-to-image (121) ~: ;1o , GaUGAN

neural

LT Y Wopder pixray-text2image ‘. Jove

Text-to-Video (T2V) o Fliki "::'\ synthesia 00 Meta Al Go gle Al
Text-to-audio (128) () Play.ht Al EATETNN = descript

% Simplified = frase
/A grammarly COpPY.ai :+ MarketMuse A|21 labs HubSppt

RS e I nforKith - | IO [ 2 cohere MEIE]

Ideas Al '"' copysmith * Elowrite ROE

ideasbyai®™ &% text.cortex OpenAl GPT-3 Blog Idea Generator

e

=39
Text-to-Motion (T2M)  “{4REE jna. MDM: Human Motion Diffusion Model

Text-Lo-Code (T2C) replit Generate code O G

Text-to-NFT (T2N)

Text-to-30 (r20)  DreamFusion @]HEENANs GET3D

Audio-to-Text (A2T) ;_. descript W}]isgpwél?
r——r AT

ounetam 9
Brain-to-Text (B2T) ~ speech from brain non-invasive brain recordings

Pucynok 1. Knacudikamis renepaTuBHUX HEHPOMEPEK,

IO BUKOPUCTOBYIOTHCS B )IPI33.I>1Hi
Haxepeno: Sim Aaron, (2023)

HesBaxatoun Ha Te, 10 HA JTaHUIl MOMEHT CTBOPEHHs iHTep¢eiiciB BeO-cailTiB BUKIIIOYHO 32
nornomoroto iHcTpyMeHTiB LI He € MoxIIMBUM, HEHpOMEpEKl MOXKYTh OYTH TapHUM OPIEHTHPOM Ta
MOMIYHUKOM IIPU CTBOPEHHI peallbHUX MpoeKTiB. Hamowo 0CHOBHOMO 3a/1aueto 010 MPUIIBUALINTH
Ta MO MOXJIMBOCTI aBTOMAaTH3yBaTH NPOLEC CTBOPEHHS 1HTEp(ENCy JEHIWHIOBOi CTOPIHKH.
OCKiIbKM ICHYIOTh Pi3HI HaJAIITYBaHHS, SKI MOXYTh BBECTH IEBHI BIIXWUJIEHHS B MOPIBHSUIBHUI
aHaJli3 pI3HUX Bepcid J0JaTKiB, TO JJs IMpoLecy TreHepalii BUKOPUCTOBYBAJINM OJHAKOBI
HaJIAIITYBaHHS, 110 JII0Th 32 3aMOBYYBaHHAM. [l ToCTiIKEeHHsT 00paji TeHepaLito JeHIUHIOBOT
CTOPIHKM JUIsl HaB4YaHHs rpadiuHomy nuzaiiHy. Crodatky Juig reHepaiii 300pakeHHs oOpaiu
nomarok Midjourney. 3a gomomorow mi€l HEHpOMepe:Ki MOXHA OTPUMATH BHCOKOSIKiCHI
pe3yabTaTH, MO € OJHUMH 3 HAWKpaluxX, MpU I[bOMY MOXKHa 3a pe3ylbTaTaMH 3aluTiB a0o
OTpUMAaTH Bi3yallbHI Martepiaiii, a0o TMOKpalIUTH BXX€ OTpUMaHe 300paxkeHHs. OTpuMaHi
300pak€HHsI MOKHAa BUKOPHCTOBYBaTH 3 KOMepIiiiHOIO Meroro abo mpuBartHo. [Ipu pobotu 3
Midjourney BHKOpPHCTOBYIOTBCSI 3amuTH (TIPOMTH), LIO KOPOTKO ONHKCYIOTh TEMaTHUKy Ta
XapaKTepUCTUKU 300pakeHHsI, sike MOTpiOHO 3reHepyBaTH. OTpuMaHi pe3yabTaTH € SKICHUM
BI3yaJIbHUM KOHTEHTOM, SIKMM MOXKHa a00 pO3MICTUTH B MpPOEKTi, ab0 BHUKOPHUCTATH ifelo,
po3TalllyBaHHS €JEMEHTIB, KOMIIO3HUIIIl0, KOJIbOPOBY Tramy, Qororpadii, ikoHku Tomo. Bci mi
€JIEMEHTH € YHIKaJbHUMH, II0 POOUTH MOJIMBHUM iX BHUKOPHUCTAHHS B KOMEPIIHHHMX HpPOEKTax.
Hampuknan, iHkomu nis Bizyamizamii moTpiOHI 300pa)XeHHs oA (HAmpUKIam, JKapi s
MEIUYHOTO CaiiTy, OyAiBeNbHUKY Ui caiiTa 3 OyaiBHUIITBA Towlo). Helipomepexka Moxke CTBOPUTH
300paXkeHHs JII0JeH, K1 B A1MICHOCTI HE ICHYIOTbh, aje CJiJl 3BepTaTH yBary Ha JeTajli, HalpuKiai,
HE 3aBXIH € I’ATh MaJbIliB Ha pykax Toulo. [Ipu reHepyBaHHi 300paxkeHb 000B’SI3KOBO BKa3yeMO
cTHIh (MOKHA BKa3aTW TPI3BHILNE XYAOXKHUKA a00 au3aiiHepa), MEPCIEeKTUBY, KOJip, HEOOXiTHI
eJIEMEHTH.

3a3Buuaii HEHpoMepeka TeHepye 4YOTHpU BapiaHTH. ICHye GyHKIIOHAN ajisi 301TbIICHHS
HaAOIBII BAAJOro BapiaHTy Ta OTPUMAaHHA HOro B TapHId SIKOCTI Ta y BEIMKOMY PpO3MIpi.
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300paXkeHHs1 MOYKHA CKOIIIIOBaTH, 3aBaHTaxuTH y Fifgma ta 3xificauTu ioro pexarysanns. Takox
0 00paHOro, HAMOUIBII BIAJIOTO 300pakKeHHS MOJKHA 3reHEpyBaTH 1€ 4YOTHUPH Bapiamii. Ha
NEepUINA TOTJISA i Bapiallil € CX0KUMH, ajie ICHYIOTh BIIMIHHOCTI Y ApPiOHHUX JeTajsX, eJIeMeHTax
Ta iHTepdeiici. [lpu reHepyBanHi iHTepdeENciB 10 3amuTy 000B’SI30BO Ciif momaBaTu cioBa «Ul,
UX, design, web, dribble, behance, awwwords». [Ipu HeoOXiqHOCTI 3reHepyBaT GOTO, 1O 3aMUTy
noxaemo cioBa «poropeanizm, full HD tomo».

PesyabtaTn Ta o6roopenHs. OcoOimBicTio pobotu 3 momatkom Midjourney e
MOXJIMBICTh BKa3aHHS MPOMOPLii 300pakeHHs1, sIKe MOTPIOHO 3reHepyBaTd (3a 3aMOBYYBaHHSM
TCHEPYEThCSl KBaJpaTHE 300pakeHHs). PO3MIIIHEMO KOHCTPYKIIiIO 3alUTy, 10 BUKOPHCTOBYBABCS
IUISl TeHepalii JICHUHTY:

luxury landing page for graphic design education, ui, ux, ui/ux, bright colors, watercolor
style --s 500 --no mockup --ar 3:2 --v 6.0 --style raw.

B pesynbrati reneparii onepxanu AeKiIbKa 300paKeHb €KpaHy, OJHE 3 HUX HaBEICHO Ha
PUCYHKY 2.

Jnist cTBOpeHHs 300pakeHHs rpadivHOro JIOTOTHUITY Ui KypCiB HaBYaHHS JW3aliHy 3HOBY
BUKOPHUCTANIHU Helipomepexxy Midjourney ta Hamucany BiANOBIAHUIA IPOMT:

minimalistic logo for graphic design education company, flat pictogram, black and white,
white background.

B pesynbTati onepkany JeKinbKa BapiaHTiB YOPHO-OUTUX JIOTOTHINB Ha Oitomy (oHI, A7
NOJaJbIIoi poOOTH 0OpaH JOTOTHI, 300payKeHUT HAa PUCYHKY 3.

[Ticns cTBopeHHs rpadiuHuX eneMeHTiB nu3aiiHy 3a nomomoroto Chat GPT 3.5 ctBopummn
KOHTEHT JICHAWHIOBOI CTOpiHKH. KOHTEHT 3a 3MICTOM MOXHa CTBOPIOBAaTH 3a JIOIIOMOTOIO
TekcToreHeparopis, Hanpukian, Chat GPT. Tekct «Lorem ipSumy, sikuii Ha MPOTSA3i JIOBrOro 4acy
BUKOPUCTOBYBAcs JUlsl CTBOPEHHS AM3aiiHIB iHTepdeiicy Ha MOYaTKOBHUX CTaaiidX (MOKH He OyIo
MaiiOyTHHOTO KOHTEHTY) 3apa3 He BHKOPHCTOBYETHCS. PEKOMEHYEThCS BiJjpa3y BCTaBISATH B CAlT
KOHTEHT, KUl Oyne monaiOHui a0 peanbHOro. Hakanb, MOIIYK Takoro KOHTEHTY 3aiiMae 6arato
qacy, 0COOJIMBO SIKIIO BIH CTOCYETbCA CHEHU(PIYHUX rany3ed (Hanpukiaa, MeIULMHaA, €HEPreTHKa,
Oy/IIBHULITBO), TOMY JM3aiiHEp MOKe BUTpayaTH OaraTo yacy Ha MOIIYK TaKUX JaHHUX B IHTEpPHETI.
Chat GPT pomomarae mBHAKO T€HEPYBATH TEKCT HE JIMIIE JUIsl KOHTEHTY, ajie ¥ JJis €JIeMEHTIB
iHTepdeiicy (MOMHUIKH, CIOIBIIEHHS, TOPOXKHI CTOPIHKU Tolo). Hanpukian, npu omuci CTOPIHKH
404 narmmcatu «Page not found» 6yne ne «User Friendly» no BigHomenHro 10 kopuctyBada. Chat
GPT moxe 3renepyBatu «User Friendly» moBimomienHs, siki OymyTh IPUEMHUMU JUISI KOPHCTYBava
Ta BUKJINYYTh y HOTO no3uTuBHI emortii. Takoxx Chat GPT moxxe renepyBartu iei 1ist Au3aiiHepa,
HanpuKial, Npu OpeHHIITOpMI, ISt KOHTEHTY B COLIMEpexax, JUIst opTdoIIio.

| Pegliaig:
Dsgcing UX
' visuhe

Pucynok 2. PesynsraTn reneparii 300paxenns pogatkom Midjourney
lxepesio: 3reHepoBaHo aBTopamMu gogatkoM Midjourney
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Pucynoxk 3. Bapiaut nororuiy, 3renepoBanoro goaatkom Midjourney
xepesio: 3reHepoBaHo aBTopaMu fogatkoM Midjourney

Takox Chat GPT moske gomomaratu reHepyBat iHdopmMaiiiro, 1o mos’s3ana 3 UX search.
Hanpuknan, ckimacTu apXiTeKTypy HpOAyKTy (Tmepen muMm Tpeba AETalbHO OMKMCATH MPOJIYKT),
narnucatu User Flow, User Persons, Custom and journe Maps. Takox MOXHa 3reHepyBaTH
CTPYKTYpy CTOPIHKM YW JICHIMHTY Ha 3aJaHy TEMaTUKy, BKa3aTH KUIbKICTh CEKI[iH, CTHIIb,
CTPYKTYpH PI3HHX €IeMEHTIB, Hanpukiag GineTpiB. Llg Mepexa Takoxx Moke OyTH KOPUCHOIO MPU
aHaji3i Ta MOPIBHSIHHI KOHKYPYIOUMX KOMIIAHIM, OCKIJIBKM IIBHUIKO Ta TOYHO 30Mpae HEOOXimHi
nani. Ciig mam’staTd, mo npu ckiaaandi 3anuTiB Chat GPT BaxnuBo, moOH MmepimMm CIOBOM
OyJ10 TI€CTIOBO — MOPIBHSH, TOCIIIHN, TPOAHATI3YH TOIIIO.

Jlnst mBHIKOT reHepallil moTpiOHOro KOHTEHTY Oe3mocepeiibo B cepenoBulii Figma moske
nonomorty twiarin FIG GPT, mo npamoe B pexxumi pefaryBaHHsI Ta CTBOPEHHS 1 Ma€ KOHTPOIb
CTHJIIO MMChMa Ta KIIbKOCTI CIIB.

Jlisi CTBOpEHHSI KOHTEHTY B HAlIOMY HPUKJIAJAl JEHIUHTOBOi CTOPIHKH BHKOPHUCTOBYBAIU
Chat GPT 3.5. [licns HanucaHHs BIJIOBIIHOTO 3alUTy HeWpomepexka 3amporoHyBalla CTPYKTYPY
JIEHJMHTOBOI CTOPIHKHU (3aroJIOBOK, MiA3arojIOBOK, BCTYIHE Bifieo0 ab0 300pa’keHHsI, OMUC KYpCY,
nepeBaru Kypcy, CBiIONTBAa Ta BIATYKM, LIHOBAa MPOIMO3UILSA) Ta Mepenik rpadiyHuX eIeMeHTIB
iHTep(deiicy CTOpiHKHU (IyHKTIB MEHIO 00 KHOIOK), 10 Oy/1yTh 3HAXOUTHUCS Ha TOJIOBHOMY €KpaHi
(3axmuk g0 nii, koHTakTHa iH(opmanis, FAQ, OJ0Kk HOBWH, MOCHJIaHHS Ha COIallbHI MEpPexi,
ajzpeca Ta Mara, IiANNCKAa Ha PO3CUIIKY, MOJITUKA KOH(IIEHIIIHOCTI Ta YMOBU BUKOPHCTAHHS).
ITpuknan gianory 3 Chat GPT 3.5 Ta onepkaHuil KOHTEHT HaBe/leH1 Ha PUCYHKax 4, 5.

o You

Hanuww cTpykTypy landing page Ans HaBuaHHA rPadiuHoro AnsakiHy

ChatGPT

. _ - Bukawk Ao aii (Call to Action)
Ocb NPONO3MLA CTPYKTYpY ANR NERAIHTY, AKIG NPONOHYE HaBUAHHS rPadiuHOro Ausaiiny:

* YiTkmii Ta npuBabanBni BKIVK A0 Ail, AKWE HaAWXHE BiABINyBadis NeHAIHTY 3apeecTpyBaTHCH
" abo oTprMaTK A04aTkoBY iHpopMaLito.

3aronosok (Headline) P Aoa yingop

- o KokraKTHa iHgpopmatia

* MpviBabanenii 3aron0BoK, AKNI BIA0GPaxac OCHOBHY NepeBary Baloro Kypcy. . X
* KOHTaKTHa i OPMALLiSt 418 38'33KY, TaKa FIK ENEKTPOHHA NOLUTa, TeNeGOH a6 popma
MNiasaronosok (Subheadline) .
3B0POTHOTO 3E'AZKY.
KopoTke MOSICHEHHS TOTO, WO KOPUCTYBaY 3MOXE AOCAITH, HABUAKOUNCH Bi BAC, Yacri nuranns (FAQ)

BeTynHe Biaeo abo sobpakeHHn * Haii6inbw nownpeH sanuTaHHsA Ta siANoBigl, W06 A0NOMOTTH BIABIAYBaYAM SHAITI HEOBXIAHY

* KopoTke sigeo abo 3axonntoroue 300paxeHHs, Lo ASMOHCTPYE BaX/IMBICTh | 3aX0MIeHHsA indopmaLito.
rpaGiuHMM AU3aRHOM. BAIOK HOBUH 260 OHOBNEHL
Qonuec kypey * IHOOPMaLLis NPO HOBI KypcK, NOAIT 3860 OHOBNEHHS B MPOrPami HaBuUaHHS.
* KopoTkuil OrnAA Nporpamy kypcy, BKAXOUAFOUN Temi, AKi ByyTe BUBUEHI, Ta Lini, ski ByayTs CouianbHi mepexi
pocarnyti. MoCKAGHHA Ha BaLLi CTOPIHKY Y COLIANBHIX MEPEXaX, A BIABIAYBaYi MOXYTb OTPUMATA

A04aTKOBY IHOOPMALIIO Ta CMIAKYBATVCE 3 IHWMMM CTYAGHTaMM,
Mepesarn kypcy
. Anpeca ta mana (aKwo we odnaiin kypc)
* Mepenik OCHOBHIX NEPEBAT BALLOIO KYPCY, TaKWX AK AOCTYMHICTb BIAMIHHWX BAKNAAAUIB, X _ )
* AKILO KypPC BIABYBAETCA B OGAaliH GOPMATI, BKIFOUITL 2APECy HABUANLHOTO 3aKAazy Ta Marly
NPakTUUHI BNPaBY, MOXAMBICTL B3AEMOAIT 3 IHLIMMM CTYAEHTAMM TOLLLO.
AN9 3pYUHOCTI yUaCHYKiB.

CeipoursaTa BiAryku Mianucka Ha poscuaky (Optional)

* KopoT«i siarykin nonepeauix yuackuKis Kypcy 260 BUCNOBNEHHS 3340BONEHHS BiA NOMePeaHix = MponosALiR MIANVCATVCA Ha POSCHAKY A1A OTRHMAHHA GHOBAGHE, Ak a60 Likasnx craTeil 3

cTynenTis. o6actirpadiunoro ausaiiny.
LliHoBa nponosuuis MoAiTUKa KOHPIACHLIHOETi Ta yMOBH
* MoRCHerHA 5aPTOCTI KyYPCY Ta MOXNMBOCTEN OMAATY, TaKVX 7K POSCTPOUKA 360 SHIKKM ANA * MoCUNaHHA Ha CTOPIKKY 2 NONTUKOIO KOHQIARHLIIHOCTI Ta yMOBAMY BIKOPUCTaHHS, AKi
pansix peccrpaliii. PETYNIOIOTS B32EMOAIH 3 CaITOM Ta HaAaHHA iHdOPMALI

Pucynoxk 4. Jlianor 3 Chat GPT 3.5 (3anutu moa0 cTpyKTypH JICHIUHTOBOT CTOPIHKHA
Ta mepesiky rpadiyHuX eJICMEHTIB)

Jxepesio: 3rernepoBanmii aBropamu giayor 3 Chat GPT
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Q You

HanuuwiTs Konito Be6-caliTy LiNbOBGT CTOPIHKM ANA HABUSHHA FPaGIUHOMY An3aliHy

ChatGPT

38icHO, O MPUKNAA KOMii AN5 LiNLOBOT CTOPIHKM HABUaHHS TPAdIUHOTO An3aliy:

3aronosorK:

*CTB0pHO/iTE MMCTELITE0 3 KoxXHM Mikcenem: Hasuarna Fpadiuromy Ausaiiny”

Miasaronosok:

"BiAKpUITe CBIT KPEATUBHOCTI Ta MPOGECIAHYX MOXAMBOCTEA 3 HALUMM Ky PCOM rPagiuHOro

Avzaliny. HagualiTecs Bia cnpaexHix npod Ta CTEOPIOITE 3aXONNI0IOU] Bi3yansHi

maiicrepHocTi”
onunckypey:

Halw kypc rpadiuHoro ansaiity - Ue WARX A0 0CBOEHHS IHCTPYMEHTIE Ta TexHIK, Lo A0NoMoxyTs
BaM CTaTy BidoMUM npodecionanom y uiii chepi. Bu aisHaeTecs ocHosu ausaiiny, sin Teapii a0
NPAKTVIKY, Ta OTPHIMAETE MOXAWBICT BUKOPMCTOBYBATH Hafi/UaCHILLE MPOFpaMHe 33Be3MeUenHA.

Hawi suknanaui - ue gocsiaueni npodecionany, Aki NOAINSTLCS CBOIM 3HAHHAM Ta AOCBIAOM 3 BaMy.

Pucynok 5. Onepxanuii 3a tonomoroto Chat GPT 3.5 konTeHT
Jxepesio: 3renepoBanuii aBTopamu kouteHT 3 Chat GPT
Sk Oynmo BKa3aHO BUINE, IITYYHUN 1HTEIEKT HE MOXE MOKH IO SKICHO CTBOPIOBATH rpadivxi
iHTepdeiicu, ToMy onep)kaHe 300pa’keHHs Al OCTaTOYHOI'O pelaryBaHHs 3aBaHTAXXWIM B
nporpamy Figma, Jie BCTaBHIIU JIOTOTHII, BUIAJTUIIA 3aiiBi HAIMCH Ta JOMKCAIN TOTPIOHUIT KOHTEHT,
onepxanuii B uati Chat GPT 3.5 (puc.6).

A

,, Db
ypcy rpadpisiHO

OV3aviHy :

CrBopioviTe MMCTEHTBO 3 KOKITVM rTikcerem!

Nepesaru Kypcy:

Pucynok 6. Octatouynwuii Bapiant iHTepdelcy
Jxepeno: po3pobiIeHO aBTOpaMu

BucHoBku. [l CTBOpeHHs [u3aifHy IHTEpPHET CTOPIHOK MH BHUKOPUCTAM HaWOUIBII
nomyJsipHi  Helipomepexi, a came Chat GPT, skuii € TekcroreHepyrounm Ta Midjourney s
reHepyBaHHs Bi3yalbHUX 300paxkeHb Ta GpoHiB. OTpuMaHHs MBUAKOI iH(popMaii Ta MiKaBuX iaen -
€ KJIFOYOBHM 3aBJaHHAM I cydacHoro amsaiinepa WEB caiitiB i came Chat GPT nmomowmir y
CTPYKTypHU3allii CTOPIHKM CaiTy Ta MOXXJIHMBHX BapiaHTIB Horo ausaiiHy. BisyanbHa mabopatopist
Midjourney m03BOMIIIA TIBUIKO OTPUMATH Bi3yallbHE HAIIOBHEHHS IHTEPHET CTOPIHKH. Jlambrmii
PO3BUTOK HEWpoOMepeX MPU3BOJAUTH 10 MOSIBM HOBHUX MpOrpaM Ta JOAATKiB, IO IMPalOiTh i3
300pakeHHSM 1 HaBITh BiZI€O KOHTEHTOM. 3HAHHS 1 BMiHHS BUKOPUCTOBYBATH 11l IHCTPYMEHTH Oyjie
KITIOYOBOIO 33J]auelo JUIsl Cy4acHOTO JAM3aiHepa 1 3HaYHO CIPOCTUTH Ta BJIOCKOHAIUTH BCI aCIEKTH
Takoi poOoTH. IcHYIOUl MEBHI HEMOJIIKM Ta HETOYHOCTI T€HEpPYBaHHS, 10 BUHUKAIOTH B POOOTI,
MOXYTh OyTH BHIpaBIEHI MNUISIXOM IIBUIKOIO OHOBJIEHHS Ta CTBOPEHHS HOBUX Bepcii
HEUPOMEPEK.

MMoasaxu. «Hemae.
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Anoramnis. /lana po6ora nmpucBsueHa aHaTi3y Ta BIOCKOHAJICHHIO METOJIB OOpPOOKH TOKYMEHTIB B
Cepe/IOBUILI E€JIEKTPOHHUX CUCTEM JIOKYMEHTOOOIry, 30KpeMa MeTOJiB 30epexeHHs IIUIICHOCTI Ta
aBTEHTUYHOCTI JIOKYMEHTIB 1 iX TeHepalii B aBToMaru3oBaHoMy pexumi. OCHOBHa yBara
NPUIUIAETBCS  TMpoIlecaM aceMOJIIOBaHHS Ta peaceMONIOBaHHSA JOKyMEHTIB. JlocmiKeHHs
IPYHTYIOTbCSI Ha HIMPOKOMY JIOCBiZI BUKOPUCTAHHS €JIEKTPOHHMX CHUCTEM JOKYMEHTOOOIrYy Ta
BUKOPUCTOBYIOTh 3araJlbHOJIOCTYNHY 1H(OpMaIlil0 Ipo HaWHOBIIII METOAU Ta MPAKTHUKH 0OpOOKH,
3aXUCTy Ta reHepauii JOKYMEHTIB 3arajgpHoro kopuctyBaHHs. Ilig dwac orysgoBoro ananizy
JTepaTypHUX JKepen OyB BUKOHAHHMH aHadi3 Cy4yaCHMX CHUCTEM JIOKYMEHTOOOIr'y Ta BOAHOYAC
PO3MISIHYTO MaHyaJIbHUHM T1IXi1 0OpOOKH TOKYMEHTIB. METOI OrjIsiloBOi YaCTUHU POOOTH CTajIo
O3HAWOMJIEHHS 3 ICHYIOUMMH IMIUIEMEHTALIIMU €JIEKTPOHHUX CHCTEM JOKYMEHTO00Iry Ta
PO3pOOKH 1X XapaKTEPUCTHK JJIsi BUKOHAHHS MOPIBHAHHS X MK COOO0 JIJIsi TTOAAJBIINOT pOoOOTH 3
BUSIBJICHUMH TlepeBaraMu Ta Hepomikamu. 3okpema po3risinyti Taki ECJL, sk «/lis», «PandaDoc»
ta «GoogleDocs». B pe3ynbpTaTi aHamizy Cy4acHOTO CTaHy MUTAHHS B Tally31 aBTOMAaTU30BaHOI Ta
MaHyaJIbHOI 0OpOOKH JOKYMEHTIB OyJI0 pO3pOOJIEHO TEXHOJOTIYHUHN JAHIIOKOK CHeliai30BaHol
aBTOMATH30BAaHOI CUCTEMH JOKYMEHTOOOITY, po3po0JieH] Ta OnucaHl MEXaHi3MHU aceMOJIFOBaHHS Ta
peaceMOIIIOBaHHS JIOKYMEHTIB, BOJHOYAC ONHUCAHO 1HII MPOLECH, IO CYHPOBOUKYIOTh JaHUN
TEXHOJIOTIYHUN JTaHIIOKOK. METOI0 TeXHIYHOI YacCTHHH JaHOi POOOTH CTaB ACTalbHHUU OTJISII
HEOOXITHUX MEXaHI3MIB CIelliai30BaHOT aBTOMAaTU30BaHOI CUCTEMHU JIOKyMEHTOOOIry, iX 3arajibpHa
B3a€MO/JIil Ha PIBHI KJIIEHT-CEPBEPHOI apXiTEeKTypH. Y MiJCYyMKY HayKoBa HOBH3HA NOJTae y
BHKOPHUCTaHHI creriaiizoBanoro [13 mys aceMOmoBaHHS Ta peaceMOIFOBaHHS TOKYMEHTIB 3 METOIO
BJIOCKOHAJICHHSI ~ TE€XHOJIOTIYHOTO  JIAHIIOKKA  CIIEiali30BaHOi ~ aBTOMATH30BAHOI  CHUCTEMHU
nokyMeHTooOiry. Ilix yac gociiakeHHs 3alpOIOHOBAHO aHAJIITUYHUN ONuUc 3amponoHoBaHoro 113
JUIE aceMOJIIOBaHHS Ta peaceMONIOBaHHA JOKYMEHTIB, SIKE OPUTIHAJIBHO BPAaXOBYE MOXIIMBICTh
aBTOMATH30BaHOI reHepallii TOKyMEHTIB.

KuirouoBi cjioBa: 10KyMEHTOOOIr, €JIEeKTpOHHA CHCTeMa JOKYMEHTOOOITy, aBTOMaTH30BaHA
reHepalis, NpolecH aceMONIIOBaHHA Ta peaceMONIOBaHHA JOKYMEHTIB, CHeEIialli30BaHOl
ABTOMAaTU30BAaHOI CUCTEMH JIOKYMEHTOOO0Iry
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Abstract. This work is dedicated to analyzing and improving document processing methods in the
electronic document management environment, particularly methods of preserving the integrity and
authenticity of documents and their automated generation. The focus is on document assembly and
reassembly processes. The research is based on extensive experience with electronic document
management systems and utilizes publicly available information on the latest methods and practices
of processing, protecting, and generating documents for general use. During the literature review,
an analysis of modern document management systems was conducted and a consideration of the
manual document processing approach.

The review part of the work aimed to familiarize with existing implementations of electronic
document management systems and to develop their comparative characteristics, highlighting their
advantages and disadvantages. Specifically, such electronic document management systems as
"DIA", "PandaDoc", and "GoogleDocs" were examined by the author. As a result of analyzing the
current state of the issue in the field of automated and manual document processing, a technological
chain of a specialized automated document management system was developed. Document
assembly and reassembly mechanisms were designed and described, along with other processes
accompanying this technological chain. The purpose of the technical part of this work is a detailed
examination of the critical mechanisms of a specialized automated document management system
and their overall interaction at the client-server level. In conclusion, the scientific novelty lies in
improving the technological chain of a specialized automated document management system
through software tools for document assembly and reassembly. During the research, an analytical
description of software tools for document assembly and reassembly was proposed, considering the
possibility of automated document generation.

Keywords: document circulation, electronic document management system, automated generation,
document assembly and reassembly processes, specialized automated document management system.
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Beryn. YV cyyacHomy CBiTi nu(poBi TeXHOJOTIT feaaii Ouible IHTErpyloThes B yci chepu
TSTTBHOCTI, BKJIIOYAIOYW YIpaBiiHHA i1H(oOpMmaliero Ta M0KyMeHTooOIr. EnexTpoHH1 cuctemu
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nokymeHnTooOiry (I'amxka Ta iH., 2022) cranm OCHOBHHUM 3acO0OM oOpraHizaiii Ta aBTOMaTH3allii
mporieciB 00poOKu JToKyMeHTIB y aep:kaBHomy (Komusk ta PamsixoBcbka,2020) ta mpuBaTHOMY
cektopax (Koitbiuyk ta I'pumko, 2021), i ocobnuBo, B ramxy3i HaI[lOHATBHOI OCBITH YKpaiHu
(uoynbuuk, Hakopuk i IliBropak, 2024); ®demoroa ta Xnaub, 2023) Ta CBITOBif MeaMIIUHI
(®on I'epix Ta iH., 2024); Kabenbo-Komnamo. Ta in., 2024), ®y Ta iH., 2023), Takok 3aCTOCYBaHHS
aBTOMATU30BAHOIO MiAX0Ay 10 (GOopMyBaHHS AOKYMEHTAIlll BCE YaCTillle 3BEpTalOThCs (PaxiBIi y
ranys3i iHpopmMariiHiuX TeXHOJIOTIH Ta Kibepoesneku (Ataine Ta iH., 2023; Anane, Cemroen , 2023).
OpHi€l0 3 OCHOBHHX MPOOJIEM TakKMX CHUCTEM € 3a0e3MeYeHHS IUIICHOCTI Ta aBTEHTUYHOCTI
JIOKYMEHTIB, a TaKOX iX aBTOMAaTHM30BaHOI I'eHepallii, 110 € KJIOYOBUMH acleKTaMu e(PEeKTUBHOTO
JOKYMEHTO00iry. Y LbOMY KOHTEKCTI BaKJIMBY POJb BiAIrparoTh IMPOLECH aceMOJIIOBaHHS Ta
peaceMOIOBaHHS JTIOKYMEHTIB, IO JO3BOJISIOTH 30€epiratu JIOTIYHY CTPYKTYPY AOKYMEHTIB Ta
3abe3neuyBaTu iX KOpeKTHY 00pOOKyY Ha BCIX eTarnax )KHTTEBOTO IUKITY.

VY 1iii cTaTTi OCHOBHA yBara MpUIUISETHCA MpoliecaM aceMOIIIOBaHHS Ta peaceMOIIOBaHHSA
JOKYMEHTIB, IO € HEBII'€MHOIO YaCTUHOK (YHKIIOHYBAaHHS CyYaCHHX EJIEKTPOHHUX CHCTEM
nokyMeHTooOiry. IlpoananizoBaHo cydyacHU CTaH PO3BUTKY IIMX TEXHOJOTIN Ha MPHUKIAl TaKUX
cucreMm, sk «[is», «PandaDoc» Ta «GoogleDocs», mpoBeneHo TMOPIBHAIBHHNA aHANMI3 IX
(GYHKI[IOHANPHUX MOXJIHMBOCTeH. BomgHouac, y crTaTTi pO3INAJAlOTHCS METOAM MOKpPAIECHHS
MPOIIECIB TOKYMEHTOOOITY 4Yepe3 BIOCKOHAIEHHS TEXHOJOTIYHOTO JIAHIFO’)KKA aBTOMATH30BAaHHMX
CUCTEM 3 BHKOPUCTAHHSIM HOBITHIX NMPOTPaMHUX 3acO0iB JUIsl aceMOIIIOBaHHS Ta peaceMOIIOBaHHS
JIOKYMEHTIB.

3aranbHU  pe3ynbTaT  JOCHIKEHHS  COpsIMOBaHUKW Ha  po3poOKy  edeKTUBHOI
ABTOMATHU30BaHOI CHCTEMH JOKYMEHTOOOIry, M0 3a0e3Iedye ITiIBHINECHHS MPOJAYKTUBHOCTI 3a
paxyHOK BJIOCKOHAJICHHS KJIFOUOBUX MEXaHi3MiB 0OpOOKH JTOKYMEHTIB, MOKPAIICHHS X 3aXUCTY Ta
30epeKeHHsI aBTeHTUYHOCTI.

[Ilopoky pi3HOMaHITHI OCBITHI OpraHizaimii Ta BY3M ONpPAIbOBYIOTh BEJIUKY KIJIbKICTbH
3anuTiB y popMi JOKyMeHTIB. KoxkeH 3 IIMX JOKYMEHTIB TOBHHEH BIANOBIJATH IEBHUM CTaHIapTaM
1 cTBOproBaTHUcs Bpy4yHy. KpiM Toro, Ha OCHOBI LIUX JOKYMEHTIB CEKpeTapi CKJIaJatoTh MPOTOKOIN
3aciJlaHb Ta BUTSTU MICIS iX PO3IJISAY Ta NMPUIHATTS pPIlIEHb HA PiBHI KOXKHOI 3 OpraHi3amiifHux
iHcTaHii. Lledl miaxig mpu3BOAMTH A0 3HAYHOIO HABAHTAXKEHHS Ta CTA€ JyXe BPa3IMBUM [0
OIOpPOKpPAaTUYHUX MOMMUJIOK, SIKI MOXKYTh BKJIFOUATH I'paMaTH4HI HETOYHOCTI a00 MOMMJIKM Mij yac
HA/ICWIaHHS JIOKYMEHTIB Ul MOAajbIoi oOpoOkH. Yci BUIllE3a3HAYEHI apryMEHTH CTOCYIOTBCS
nporecy py4Hoi oOpoOku mOkyMeHTiB. JlOCHiTKEHHs IIi€l TeMH € aKTyaJbHOIO, OCKUIbKU
BIJICYTHICTb a/IeKBAaTHOTO HAYKOBO-METOJMYHOIO amapary MoTpedye pO3BUTKY HaNpPSIMKY
BJIOCKOHAJICHHSI Ta BUBYEHHS METO/IB 0OpOOKH JOKYMEHTIB, 30KpeMa 13 3aCTOCYBaHHSM METOMIB
30epeXeHHsl LITICHOCTI Ta aBTEHTUYHOCTI JOKYMEHTIB, @ TaKOX iX aBTOMAaTH30BaHOI I'eHepalii.
OcHoBHa yBara 30cepe/KeHa Ha Ipolecax aceMOIIOBaHHS Ta peaceMOTIOBaHHS IOKYMEHTIB.

Metoro poOOTH € MiABMIIEHHS PiBHSA BiJMOBIIHOCTI 3alpOIOHOBAHOI aBTOMAaTH30BaHOI
CUCTEMHU JOKYMEHTO00Ir'y OCHOBHHUM MPUHIUIIAM €IeKTPOHHUX cucTteM aokymeHtooOiry (ECJI) 3a
pPaxyHOK 3aCTOCYBaHHS BJIOCKOHAJIEHUX MPOLEAYp acCeMOIIIOBAHHS Ta peaceMOIIOBaHHS.

Jns nocsarHeHHs MeTH HeoOxiAHO: BUKOHATH aHaniz cydacHux ECJ; po3pobutu
TEXHOJIOTIYHHI JTAHITIOKOK CIIelliaTi30BaHO] aBTOMATU30BaHoi cucteMu JokyMeHToooiry (CAC/) 3
OTMHMCOM TIPOIIECIB aceMOIOBaHHS Ta peaceMOJIFOBaHHS; TMEPEBIPUTH pO3pOOKYy HaA TPEAMET
BiJIMOBIAHOCTI OCHOBHUM mpuHItunam ECJI.

Orasp aiteparypu. JlocnipkeHHs y 1ii rany3i akTUBHO BeAyThcs OararbMa HayKOBISIMHU B
Vkpaini Ta 3a KOpPIOHOM, ajpKe MHUTAHHS EJIEKTPOHHOTO JIOKYMEHTOOOIry cTa€ BCE OUIBII
aKTyaJbHUM, 30KpeMa, IMPOLIECH CTBOPEHHS 1 reHepallii eeKTpOHHUX (DaililiB B LIIJIOMY. 3arajiom, €
CTifiKa i7ies y Cy4aCHOMY CYIUIbCTBI, Ky B poOoTi Bmamo omucanu Cimona Ctepnan, Canapa
Jbxopnan 1 Camo bobek, (2023), mo mnudposizamis ycTaHoB, 30Kpema, BrpoBamxkeHHs EC/I,
JI03BOJISIE BIPOBAAWTH Oe3manepoBuil Oi3HEC, MPUCKOPHUTH MPOIECH, 3HU3UTH Oi3HEC-BUTpATH Ta
HiATPUMYBATH 3aXOJ LIOJO0 CTAJOTO PO3BUTKY opraHizamiil. OJHUM i3 NOMyJSPHUX HAMPSIMKIB
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po3BuTKy y chepi ECJ] € 3acTocyBaHHS XMapHHUX TEXHOJIOTIH Il CTBOPEHHS CUCTEMH KEPYBaHHSI
daitnamu. Y cBoiit podoti (LI3iHp Xanp Ta iH., 2020) MpoONOHYye apXiTEKTypy CHCTEMH KEpyBaHHS
EIEKTPOHHUMH (aiijlaMyd Ha OCHOBI XMapHHX OOYMCIICHb IJIsi pi3HOro poay cucteM. Ha ocHOBI
OTpUMaHUX pe3yibTaTiB y poooTi (ABiacka Asmipa ta Jlyki Bimkasuri, 2022) Oy0 BHUSBICHO, IO
MOXJIMBICTh XMapHUX OOYMCIICHb B EIIEKTPOHHOMY JOKYMEHTOOOITYy TOJISITa€ B ITABUIICHHI
e(EeKTHUBHOCTI YNPABIIHHA EJIEKTPOHHUMH JOKYMEHTaMH Ta NpolecaMl TeHepalii TaKux
JIOKYMEHTIB, TOOTO, 1X 30upaHHs (aceMOirOBaHHs) Ta mnepe3dupanHs (peacemOmtoBaHHs). IIpo
JOKYMEHTOOOIT y HU(PPOBOMY BHIJISIII, SKHA IMOCTIHHO PO3BUBAETHCS Yy BCIX cdepax KHUTTS i
rocrofapoBanus, nuiryth y poooti (Koitbiuyk ta I'pumko, 2021). ¥V crarri (bepesnoro, 2024)
PO3IIISIIAETBCA  POJIb XMApHUX TEXHOJIOTIH B oprasizamii Monenell Oe3mepepBHOrO OOMIKY
JOKYMEHTAIlli I OyXraaTepchbKOro OOJiKY, BPaxOBYHYHM 3MiHHU TPATUIIHHOTO MEHEIKMEHTY
IIIIXOM BIIPOBAPKEHHS MoJiesell Oe3repepBHOro 00Ky 3aBIsSKHA aBTOMATH3allli TAKMX PYTHHHHX
3aBlaHb. A B Traiy3l MEIUIMHU EJNEeKTPOHHUU JOKYMEHTOOOIr KHUTTEBO HEOOXiTHUN s
e(eKTUBHOTO BHPIIICHHS 3a/1a4 CTBOPEHHs, 30epiraHHs i reHeparii JoOKyMeHTallii, 1o J0BOAATh Y
cBoix poborax (@ou 'epix X. ta iH., 2024), (Kabenpbo-Komnano ta iu., 2024), (Py Ta iu., 2023).

YKpaiHChbKI HAYKOBII TaKOX POOJISITH 3HAYHUN BHECOK y PO3BHUTOK Ili€i cepu. 30Kpema,
JUIS  PO3KPHUTTS 1i€i pOOOTH CKOPUCTAEMOCA IOCHIIKEHHSMU HAYKOBINB, M0 3aiiMarOThCs
MUTAHHSAMH €JIEKTPOHHOTO JOKYMEeHT000iry, nudposizanii Ta EC/] B Ykpaini [y 3aKi1ajiB OCBITH.
3acTocyBaHHS CUCTEMH €JIEKTPOHHOTO JIOKYMEHTOOOITY Ta IHIIMX CKJIQJ0BUX 1HTErPOBAHOI
CHCTEMH YIPABJIiHHS 3aKJIaJI0M BHIIOI OCBITH po3misaaroTh y poboti (Komusk ta PanzixoBcbka ,
2020) 1 HAroJoUIylOTh Ha MPAKTUYHIM LIHHOCTI CTBOpPEHHsS Ta (PYHKLiIOHYBaHHs iH(OpMaIiiiHO-
OCBITHBOT'O CEpEJOBHINA Ta HOTO IHTErpamii 3 CHUCTEMOI OOJIKYy HABYAJIBLHOTO IPOIECy Ta
CHUCTEMOI0O MOHITOPHUHTY pe3yjbTaTiB poOOTH BHUKIAJaua Ta CTyAeHTAa. BapTo 3a3HayuTH, IO
po3poOKa 1 BIPOBAHKEHHS ABTOMATH30BAHWX CHCTEM TEHepalii CyNpoBiTHOI JOKyMEHTaIii
OCBITHBOTO TIPOIIECY AKTUBHO pPO3BHUBAIOTHCA Y By3ax YKpaiHM, 30KpeMa, Ha MPHKIAIl
aceMOJroBaHHs cuia0yciB 1e nokasywots ([{ubyneauk, Hakopuk i ITiBTopak, 2024) y poGori, 1o
J03BOJINTH 3a0€3MEeYUTH OUIBII THYYKY poOOTY HaBUYAIBHUX 3aKJIaJiB, CTBOPUTH CHpPHUSATINBE
CepeNIOBHUIIE ISl HAaBYaHHS (B TOMY YHCII M1 Yac KapaHTHHIB a00 MUCTaHIIHOTO HaB4YaHH:). B
HAINpPSMKY BIIPOBA/PKEHHS EJIEKTPOHHOTO JOKYMEHTOOOIry akTWBHO mpaiowTts (DemoroBa Ta
Xnanb, 2023) 1 y cBoiif poOOTI pO3BMBAIOTH 1/1€}0 MPO CTBOPEHHS €IMHOIO 1H(OpMaliiiHOro
pocTopy y Mexax By3y. Lle Moke OyTu 3acTOCYBaHHS €JIEKTPOHHUX aBTOMAaTH30BAaHUX CHUCTEM,
MPOTE 3a3HAYAIOTh, IO MPOIEC MEPEXOy 3aKiIaAiB BUIIOI OCBITH Ha IMUGPOBUN JOKYMEHTOOOIT
raJbMY€TbCS HEJJOCKOHAJIUM CEMAHTUYHUM aHaJII30M JIOKYMEHTIB BiJICYTHICTIO CUCTEM PE3EpBHOTO
KOIIFOBAHHSI, HEIOCKOHATICTIO BIJIOMYUX CTaHIAPTIB, BAPTICTIO Mirpaillii TOIIO.

3aranoM, ICHYe TEHJEHIS A0 PO3BUTKY JAOCIIDKEHb, 30CEPEKCHHUX Ha IiJBUIIECHHS
BIJIMOBITHOCTI OKPEMHX aBTOMAaTH30BAaHUX CHUCTEM JOKYMEHTO00iry ocHoBHUM mnpuniumnam ECJI;
TaKOXX aKTyaJIbHUMHM € 3aCTOCYBaHHS MPOLEAYp aceMOIIOBaHHS Ta peaceMOIIOBaHHS Ul reHepaii
OKPEMHUX JTIOKYMEHTIB, IPyI JTOKYMEHTIB, 3BITHOCTI TOILIO.

Marepiaaun Ta meroau. [[ns cTBOpeHHS €(DEKTUBHHX CHUCTEM JOKYMEHTOOOIry, 30Kpema
U1 aBTOMAaTU30BaHOI reHepallii JOKYMEHTIB, 3aCTOCOBYIOTCS PI3HOMAaHITHI pecypcH.

[Tporpamui 3aco0u. J{i1st ynpaBiaiHHsS JTOKyMEHTaMU BUKOPUCTOBYIOThCA crierianizoBate [13,
take sk SM SharePoint, Alfresco, abo OpenText, sxi 3a0e3neuyroTh 30epiraHHs, 0OpoOKy Ta
YIIpaBIIiHHS €JIEKTPOHHUMM JOKyMeHTaMu. J[is 3a0e3nedeHHs IOCTymy 10 JOKYMEHTIB, iX
30epiraHHs Ta CHUIBHOI OOpOOKM Yy pEeXuMi peaJbHOro 4Yacy BHUKOPHCTOBYIOTHCS XMapHi
texHonorii: Amazon Web Services (AWS), Google Cloud, a6o Microsoft Azure tomo. [us
3a0e3MeyeHHs] aBTeHTUYHOCT! 1 0e3MeKH JOKYMEHTIB BUKOPHCTOBYIOTHCSI CUCTEMHU €JIEKTPOHHOTO
mianmucy: DocuSign a6o Adobe Sign Ttomo. [l pos3mizHaBaHHS Ta OOpPOOKH TEKCTY
BHKOPHUCTOBYIOTBCSI TEXHOJIOT1I ONTHYHOTO pO3IMi3HABaHHSA CHUMBOJIB, Ha KmTaaT ABBYY
FineReader (103Bos1sI€ aBTOMAaTUYHO OOPOOJIATH TEKCT 3 BiJICKAHOBAHUX JIOKYMEHTIB 1 IHTEIpyBaTH
iX y cucteMu IOKyMEHTOO0Iry).
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Metonu aBTOMaTH3allii Ta aBTOMATH30BAHOTO KOHTPOIO. ABTOMATH3allisl MPOIECIB Ha
ocHoBi anroputMiB (RPA — Robotic Process Automation) mo3Bosisie Bukopuctanas RPA-cucrem
JUIE  aBTOMAaTH3allil pPYTHMHHUX 3aBlaHb (TreHepamis [MAOJOHHUX JOKYMEHTIB, COpPTYBaHHS
nokymeHTanii Tomo). [ncrpymentu Bin kommaniii UiPath a6o Automation Anywhere 103BOJISIOTH
ayxke e(QeKTMBHO aBTOMAaTH3yBaTH pPYy4HI NpOIECH B cHcTeMax JoKyMeHTooOiry. Illabmonni
cuctemu (Template-based generation) aBTOMaTH30BYIOTH IIPOLIECH T€HEpaIlii TOKYMEHTIB Ha OCHOBI
3aKJIaICHUX PaHillIe CIeliali3oBaHuX MIa0JOHIB 1 JO3BOJSIOTH IIBUIKO T€HEPYBATH JOKYMEHTH Ha
OCHOBI 3a37ajieTilb BU3HAUYEHHX CTPYKTYpP, 3MEHIIYIOYM KUIbKICTh PY4YHOI Mpaii Ta MOMHIIOK.
MarunHe HaBYaHHS Ta MTYYHUH iHTENeKT (AI/ML) € He3aMiHHUMHU AJ1 aHATI3y BEITUKUX 00CATIB
JOKYMEHTIB, pO3Mi3HAaBaHHA TEKCTy, Kiacudikamii Ta aBTOMAaTHU30BaHOI TeHepamili HOBHX
JIOKYMEHTIB Ha OCHOB1 KOHTEKCTy abo momepeanix maodioHiB. IHcTtpymentn TensorFlow a6o
OpenAl, nonomararoTh aBTOMaTHU3yBaTH CTBOPEHHS CKJIAAHUX JOKYMEHTIB. TexHosorii 61okueiiny
Ui 30epekeHHsT aBTEHTUYHOCT1 JOKYMEHTIB Ui 3a0e3MeueHHs MPO30poro Ta HE3MIHHOTO 3aIUCy
icTopii 3MiH y JOKyMEHTax, IO MiABHINYE piBeHb Oe3meku. [HTerpariist cucremMam YHpaBIiHHS
nanumu (ERP/CRM) 3 mnatdopmamu ympaBiaiHHS HiANpUEMCTBAMHU ab0 KIIE€HTaMH, TaKHUMH SIK
SAP, Salesforce, a6o Oracle, mo m03BOJNsIE ABTOMAaTHYHO OTPUMYBATH JaHI ISl CTBOPEHHS
JOKYMEHTIB.

3 TOYKM 30py AapXiTeKTypHOrO WiAXOMdy: KIIEHT-CEpBEpHA apXiTekrypa — JJs
LEHTPATI30BaHOTO YIPaBIiHHS JAHUMHU Ta JOKYMEHTaMH, Jie cepBep 0O0poOIisie 3aUTH Ta TeHepye
JOKYMEHTH, a KJIIEHTH MalOTh JOCTYN 1O HeoOXimHux (QyHKIil uepe3 iHTepdeiicu; MikpocepBicHa
apxiTekTypa — okpemi (yHKIIi CUCTEMH JOKYMEHTOOOIry (reHepailisi JOKYMEHTIB, iX 30epiraHus,
NepeBipKa IiIMUCIB TOIIO) € HE3aJISKHUMH MOJIYJISIMH, JIETKO OHOBJIFOIOTHCS Ta MaCIITa0yIOTHCS.

Anroputmu Ta ctangaptu: XML/JSON — g cTpykTypyBaHHA JaHHX; UU(POBI
ceptudikaT Ta KpunTorpadiuHi MPOTOKOJM — JJs 3aXUCTYy JOKYMEHTIB Ta IEpeBIpKU iX
aBTeHTH4HOCTI (SSL/TLS, undposi ceprudikath).

3 touku 30py Kibepbesneku: mmdpyBanns nanux (AES a6o RSA); konTpons moctymy Ta
poueii (Role-Based Access Control, RBAC).

L1i pecypcu MOXyTh OyTH 3aCTOCOBaHI /10 CTBOPEHHS €()EKTUBHUX CUCTEM JIOKYMEHTOOOITY,
AK1 3a0e31euyloTh aBTOMaTU30BaHy IeHepalilo, 0e3neKy Ta 3py4HiCTh pOOOTH 3 JOKYMEHTaMH B
PI3HUX Trany3siX AISUIbHOCTI.

AHaJi3 Ccy4yacHMX cHCTeM JOKyMeHT000iry. CporojaHi MIANPUEMCTBA  MAaIOTh
30Cepe/KyBaTH yBary Ha onepauisx 3 JaHMMU. Butpatu Ha Oi3Hec-pO3BUTOK Ta JOKYMEHTOOOIr
[UISIXOM MaHyaJIbHOI OOpOOKM 3pocCiy 10 BeNW4Ye3HHX po3MipiB. Tpamuiliiini MeToau oOpoOKH
JaHUX HEAOCTaTHhO €(EeKTUBHI Yepe3 JHOACHKHM (haKTOp 1 YCKIAIHIOIOTHCS OOpPOOKOIO BETHMKUX
obcsriB nanux Bpyuny (Prashant Vilas Kanade & Arun Kumar, 2021; Adanur Dedeturk B. & Bakir-
Gungor, 2024).

Enextponna cucrema noxymeHtooOiry (ECJI]) — me take mporpamse 3abe3nedeHHs, 110
Kepye IpOLECOM CTBOPEHHS, YNPABIIHHA Ta PO3MOBCIOPKEHHSIM E€JIEKTPOHHUX JOKYMEHTIB B
oprauizanii (Hryshyn & Filipova, 2023; Kuts, 2023). OCHOBHI IPUHIIMITH TaKOi CHCTEMHU TaKi:

1. OnHopa3oBa peecTpallisi TOKyMeHTa, 1110 3a0e3reuye HOro yHiKalbHY 17IeHTU(DIKALIIO.

2. MOXITUBICTh TIPOBEACHHS JEKUIBKOX OTepamii OJHOYaCHO Il TPHCKOPEHHS 00iry
JTIOKYMEHTIB.

3. Pyx mokyMeHTa 3 MOKJIMBICTIO BU3HAYUTH BiAMOBIIATBHY 0CO0Y Ha KOKHOMY eTarli 00poOKH.

4. €nvHa 6a3a TOKYMEHTIB JIJIsl YHUKHEHHS iX TyOTIOBaHHS.

5. EdextuBHa cucTteMa MOIIYKY JOKYMEHTIB, IO JO3BOJSE€ 3HAXOAUTH iX 3 MIHIMAJIbHOIO
iHpopMalli€ro.

6. Cucrtema 3BITHOCTI 711 KOHTPOJIIO PYyXY TOKYMEHTIB Ta PUHHSTTS YIIPABIIHCHKUX PIIIEHb.

ManyaibHa 06poOKa TOKyMEHTIB MPU3BOIUTH A0 JCSIKUX HEIOJIKIB: 0OMeKeHa IIBUIKICTh
BBEJICHHS JIaHKMX; BUCOKI BUTPATH Ha MpaIlio; OUIbIIIEe BUIPABICHD Ta MEPEPOOOK.
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B T1abn. 1 momaHo MOpPIBHSUIBHHMI aHaNi3 MaHyajdbHOI Ta EJIEKTPOHHOI OOPOOKH TOKYMEHTIB.
PesynpTaTti cBiUaTh Ha KOPUCTH €ICKTPOHHOI CUCTEMHU.

Ta6auus 1. [TopiBHAHHSA MaHyaJIbHOI 1 €IEKTPOHHOT 0OPOOKU JOKYMEHTIB

ManyanbsHa Enexrponna
ITouaTkoBa .
. Husbka. Bucoka yepe3 BapTicTh IpOrpaMHOTO 3a0e3MeYeHHsI.
BapTICTh
IMporpamu  jans  aBTOMaTH30BaHOI  OOpOOKM  JaHUX
Jlronceke |Bumarae Bim mpamiBHHKIB IOKPOKOBOTO | IOTPEOYIOTh MIHIMQJIBHOTO BTPYYaHHS JIIOAWHH. BoHH
BTPYYaHHS |ONpAIfOBaHHS MaroTh 4ITKO BH3Ha4YeHI pobOoui mpouecu s 0OpoOKu
JOKYMEHTIB Ta BBEACHHS JaHUX.
Yac TpymomicTkuii mpomec, 1 KOMmIaHii MaioTh | 3a JTOIOMOTOi0 monepenuso HaBueHHX API 3aiimae kinmbka
3HANTH BiANOBITHUX (PaxiBIliB. XBWJIMH Ha 00pOOKY TOKYMEHTIB.
Kinbkicts Pu3uk MOBTOPHUX 3alHCiB, APYKAapchKi Ta| ABTOMaTH30BaHEe BBEICHHS ITaHMX MOXKE IOCHJIATHCS Ha
HOMIIIOK rpaMaTH4YHi ~ TOMHJIKH  a00  BBEACHHS | JOCBIJ IOMEPEAHIX MOJENCH MaHWX 1 MEPEBIPATH BBEACHY
HenpaBmWIbHOI iH(opMalii. iHpopMalio
O6po6ia AHaii3 JaHWX MaHyalbHO HAcTUIbKM K | TeXHOJOTis aBTOMAaTHYHOrO BWJIYYEHHsS JaHUX IIBHJIKO
p IPOMI3IIKHH, 5K 1 IX 00poOKa. 4YHTa€, YIOPSAKOBYE Ta aHAJI3YE JlaHi, M0 30epiratoThCsl.

Jxepeno: po3pobneno aBropom Ha ocHoBi (Korobeinikova, 2024).

SAckpaBum npukinagom ECJI e "[lis", 1 Hagae gocTynm 10 OHJIAWH-TIOCIYT OTPUMAaHHS
€JIEKTPOHHOTO TACIOPTY, BOIIHCHKOTO MOCBIYEHHS, aBTOIMBIUIKH, CTYJEHTCHKOIO KBHUTKA TOIIO
(Hryshyn & Filipova, 2023). 3apa3z «/lis» ¢yHKIiOHYE SK IH(pPOBa CXOBHIIE IS TOKYMEHTIB
KOpHCTyBa4a, SIKi OQIIifHO BU3HAIOTHCS aHAIOTAMH TMANEPOBUX a00 IUIACTUKOBUX ITOCBIIYCHb.
CroronHi cepaic «Jlisi» nmpononye nonaa 20 oHJANHH-NIOCTYT A7 TPOMAJASH Ta HiAnpuemcts. s
KOPHUCTYBaHHS HUMH IOTPIOHO 3apeecTpyBaTHCS 3a JIOMOMOIOI0 KBali(PIKOBAHOTO E€JIEKTPOHHOIO
nignucy (Kuts, 2023). Binbiricte mociyr, 3anpornoHoBaHux y «Jlii», peanizyroTbcs uepe3 caTH
Jep>KaBHUX OpPTaHiB, IO BUMAarae J0AaTKOBOI aBTOpHU3aIlii.

ECH «PandaDoc». PandaDoc — 1e iHTepHeT-cepBic AJsi CTBOPEHHS Ta YIpPaBIiHHS
EIEKTPOHHIMH JTOKYMEHTaMH, J€ MO)KHa CTBOPIOBATH JOKYMEHTH 3a JIOTIOMOTOI0 BOYIOBAaHOTO
penakTopa, MiAMUCYBaTH 1X €NEKTPOHHO Ta Hajacwiath Ha 3atBepmkenHs (Nakoryk, 2024). Ileit
penaKkTop CIpsIMOBAHUI Ha CTBOPEHHSI JIOKYMEHTIB 3a JJOTIOMOTOI0 11a0JI0HIB a00 3 HYJIA 1 I03BOJIsIE
CTBOPIOBATHU SK OQilliiHI JOKYMEHTH, TaK 1 MApKETHHIOB1 MaTepiainyu. MiCTUTh BKIIOYAIOTh (PYHKIIT
CTBOPEHHSI, BIJICTEKEHHS Ta BUKOHAHHS TJOKYMEHTIB, a TAKO MOKJIMBOCT1 €JIEKTPOHHHX ITI/IMHCIB;
IHTETpy€eThCs 3 IUIATDKHUMHU CHUCTEMaMH, XMapHHUMM CXOBHMIIAMH Touo. /lo3Bojsie cTBOproBaTH
MPOIO3uLii Ta yroau madioHaMu 3 (pipMOBUM CTHIJIEM, TEMaMH Ta MapaMeTpaMy MepcoHai3allli.
Jl03BOJIsI€ HAJAIITOBYBATH JOKYMEHTH OHJIAlH; iHTerpyeTbes 13 ciayxOamu Google, Dropbox, Box

ta iHmumu, cymicHa 3 Google Docs (Kuts, 2023).

ECJ] Google Docs — ue onnaifH-peqakTop Ajsi CTBOPEHHS Ta (OpMaTyBaHHS TEKCTOBHX
JTOKYMEHTIB, JIO3BOJISIE, AUTUTHCS HHMH 3 KOJETraMH Ta CHUIBHO penaryBatu. JlOKyMeHTH
KOpHCTyBada 30epiraroThCsi B XMapi, 110 3abe3rneuye JOCTYH A0 HUX 3 pi3HUX mpucTpoiB. Google
Docs Mae perakTop TEKCTy 3 MOBHUM HabOpoM (PyHKIIIN, KU MO’KHA BUKOPHUCTOBYBATH SIK y BeO-
Opaysepi, Tak 1 Ha MOOUIbHUX NpHCTposiX. JloAaTKoOBO, /Ui PO3IIMpPEeHHs MOoxiIuBocteil Google

Docs MoxHa moegHATH 3 PI3HUMH BeO-0/1aTKaMHU.

OcobmuBocti Google Docs Brimo4aroTh

CTBOPEHHSI Ta pelaryBaHHs JOKYMEHTIB, CHUIbHE pelaryBaHHs B peaJbHOMY uaci, HaJICHUJIAHHS
3ampolleHb KOpPHCTyBauaM uepe3 MOCHJIaHHS a00 €IeKTPOHHY MOLITY, MEeperjsii 1CTopii 3MiH,
pob6oty 3 popmaTtom Word, a TakoXK MOXKIUBICTh 3aBaHTAXKEHHS Ta MEPEKIIa] JOKYMEHTIB y pi3Hi

moBu (Vasylkovskyi, 2023).

OCHOBHUMH TI€peBaraMy CUCTEMH €JIEKTPOHHOTO TokyMeHTooOIry "Jlis" €:
1. 36epiranns odiriitHO BU3HAHUX ITU(POBUX KOTMIi JOKYMEHTIB B KOMITAKTHOMY (hopmari.
2. MOXJIMBICTh OTPUMaHHS JEPKABHUX MOCITYT B P&KKUMI OHJIAMH Ha PI3HUX PiBHSX.

OCHOBHUMU HENOIIKAMH I11€1 CUCTEMH €

56




ISSN 1999-9941, “TH®OPMAILIIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA THXXEHEPIS”, 2024, Ne2

1. CxnajHuii iporiec aBTopu3allii, kUi ependadae ineHTudikaiito yepe3 Texuonoriro BankID,
10 MO’K€ BUKIIMKATH HE3PYUHOCTI.
2. HenoBHe BioOpaskeHHs BCIX JTOKYMEHTIB, 10 CTa€ MPUYUHOIO CKAPT KOPUCTYBAYiB.
3. HeMOXIUBICTh MiATBEPPKCHHS AayTEHTUYHOCTI JOKYMEHTIB Yy BIJCYTHOCTI JOCTYIYy JIO
Iarepuery Ta BincyrHocti QR-KoniB y oduaitH-pesxumi.
[Iomo cuctemu eneKTpoHHOTO NOKyMeHT0o0Iry "GoogleDocs", Ti KiouoBUMHU TiepeBaraMmu

1. Be3KOIITOBHICTh CEPBICY.
2. 36epiranHs BCiX JaHHUX y XMapi, 1110 3a0e31nedye 3aXucT 1 JOCTYIHICTh 1H(pOopMaIlii.
3. Ilpoctuii o6MiH (aiimaMu Ta MOKIHMBICTh KOJIEKTUBHOI POOOTH.
4. 3pyuHa icTopis 3MiH (ailiiB Ta KpoCIIaTGOPMEHICTb.
AJe € 1 HeIOMIKH:
1. IloBinbHa poboTa cucTeMu, 0COOIMBO 3 00'€eMHMMH TEKCTaMU NpHU IMOraHomy I[HTepHeT-
3'€THAHHI.
2. 3anexHICTh B1Jl 00JIIKOBOI'O 3alKCy Ta HassBHOCTI AOCTYIY A0 IHTepHeTy.
[lomo cucremu "PandaDoc", ii mepeBaru mosAraroTh y TAKOMY:
1. Interparis 3 pisHuMu cepBicamu, Bkitouatouu Google, Dropbox i Box.
2. MOXJIMBICTh 3aBaHTXXYBaTH Ta HAJAIITOBYBATH (hailiii OyAb-IKOTO THITY.
3. BukopucranHs 1OpUAMYHO 00O0B'SI3KOBUX €JICKTPOHHHUX ITiIIKCIB Ta CIIBIpals B pexkumi real-
time.
AJie iCHYIOTb TaKi HEJOJIKHU:
1. BinCyTHICTh CHCTEMH KOHTPOJIIO BEPCiii Ta morane popMaTyBaHHs A0JIOHIB.
2. Bucoka 11iHa cepsicy.
3a pe3ynbTaTaMH HAYKOBOTO TOINYKY MPOTOHYETHCS MOpiBHAHHS po3rsiHytux ECJ] 3a
TAaKUMHU KpuTepisMu: 0a30Ba IiHA, JIIOJCHKHUH (haKTOp, YacoBi BUTpAaTH, pPiBEHb MOXHOOK, OILIHKA,
3acrocyBanHsa EIII, ¢popmyBanHs 1m1a0i0HIB, aBTOMaTU4HE (OpMYyBaHHS JOKYMEHTIB. OLIHMMO
KOXKHY 13 PO3IJISHYTHUX CHUCTEM 3a JeCATHOATBHOIO IIKAIOK 1 CTBOPUMO Bi3yali3allilo OTpUMaHUX
nanux (puc. 1).
Buxozasuu i3 ormsay mepeBar Ta HemodsikiB — JigepoM € «GoogleDocsy», OCKIIbKH Mae
MIPOCTUH 1 TOCTYIHUI 1HTEepQelic, € 6E3KOIITOBHUM, 1 MIITPUMYE Bepcli JOKYMEHTIB.

AsToMaTu4Ha NnobyfoBa AOKYMEHTIB B peasibHOMY Yaci

CrBOpeHHs wabnoHis

Mo¥NMBOCTI eNeKTPOHHO-UMGPOBOro NiANUCY AOKYMEHTIB

AHaniz

KinbkicTe nomunok e
Llac —
Tlioackke BTpyUaHHA S
MoyaTkoBa BapTicTb
0 2

GoogleDocs PandaDoc MAia

Pucynox 1. [lopiBHsaHHS po3rasHyTux ECJI
Jskepesio: po3po0IEHO aBTOPOM Ha OCHOBI BIAKPUTHX JKEPEI

TexHonoriyHui JIAHII0KOK cnemniajizoBaHoi aBTOMATHU30BAaHOL CUCTEMH
AOKYMEHTO000iry. Jlamo BH3Ha4YeHHs, IO CIELIaTi30BaHOI0 aBTOMAaTH30BAaHOIO CHCTEMOIO
nokymeHToo0iry (CAC]I) — e Taka cuctema Jijisi BeJIeHHS JOKYMEHTO0O0ITYy, 6a30BOI0 METOIO SIKOT €
aBTOMaTH3allis MpoLeciB 0OpOOJICHHS JOKYMEHTIB Ta BCIX INPOLECIB, 10 BUKOHYIOTHCS BPYUHY
(puc. 2). IlimBumenHs e(EeKTUBHOCTI OOpPOOKHM JOKYMEHTIB IUISXOM 3MEHBIICHHS HEIOMIKIB
MaHyaJIbHOTO Mi/IX0Jy, BUKOPUCTOBYIOUM CY4aCHI XMapHi TEXHOJIOTII Ta HalsABHI 3aCO0M MapCUHTY
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JUTsl aBTOMATHYHOTO (POPMYBAaHHS HOBHUX JOKYMEHTIB Ta IIBHUAKOTO OTpHMaHHsS iH(opMarlii, 1o
MIPOrPaMHO 00POOIIIETHCS.

=== —————— r--- Tp,e:n;m;aq; ____________ | == -!'Ia-pa:er;na- -
laeHTndikaujs qoxymenTy, T BHOTD ' 1 06poGa AOKyYMEHTIB :
Ay i,
ONTHMISALA NoLyKY MY YE e ?ﬂ‘;)?mpgsg I : 1
1

-

" - s m - 1
Iy l Onmamizayia 1
DoPMYBAHHA CEKDETAPEM TTARKCAHHA NpOTOKOMY . 1 . 1l DOPMYBAKHR BUTATY 3 nowyxy 1
MPOTOKONY 3ACINAHHA —l- CEKPETAPEM 3ACILAHHA  — ?gw:;::nnfgggﬁa -—||—1- p‘;;‘momrw it NpOTOKDY 3&CiE 1
kabenpn ratheapn ' ! 1 raenpm 1
B 1 2] Z] 1 [4] noE]
___________ oo oo ool !
e el Ee=—=mm———— B el e el
= InetTrdikalia = P = |oeHmniiayis 1
1 1 IneHTudikalin AokyMeHTY,
X BANOSIANNEHOM yHEMTNMBrEHHA Ay GmBaHHR, | BIANDBIANNBHOTD
KOpHCTYBaYA 3a obpobry 1 ONTHMISALIA NOWYKY | KOpMCTYBE4A 38 0BpobKy
1 [OKYMEHTE 1 | AokymetTa |
' ! |
1 - R MignucaHta npoTokomy 1 DOpPMYBEHHA CEKPETAPEM " MNignucadtA BATArY
1 Miaucania npaTokany {—— CEKPETAPEM 3ACINAHHA =4 NPOTOKONY SACILAHHAM BYEHOT <—}— i Ty < 3ACINAHHA
X [NPEXTOPOM HCTHTYTY Eeroi pamy cTiTyTy . paM HETHTYTY i 3aBiAyBaqen Kadeapw Tl wadhenpn
' (5] ' lul
:-TI;p;na;bH;_-_____ il Flualiaiiaialialllliey? = = = = = e = m - ——————— -~~~ ~"=======-=-
0GpoBKa AOKYMEHTIS |
1 DOpMYBaHHA BATATY 3 MignwcaHHa BATARY T 1 DOPMYBAHHA CEXPETAPEM
1 Jut LA —rh- pe SACIAHHA BYEH0T [— CEKPETAPEM JAcifaHHA BYSHOT — Aupﬂmopom iHcrur?:ry Tb NPOTOKOMY BYEHOT pagH
1 pam HCTATYTY PaM IHCTHTYTY Hl i fl YHIBEPCHTETY
! ] =] ] | e
- AEHTACIIRALIA JOKYMEHTY,
----------------- | . Ins:i'mml::;lz | VHEMORTMENEHHA fyaniRaHHa, |
1 Ommizauia e OTMMIZALIA NoWyKy
] KopUCTYEaYa 38 obpobky 1
1 mowyky 1 gosymenTa |
o e e o o oo oo TS = === === == ===
......................................... I
= =] i = 1 :
1 : 1
TlignncarHA BHTAry ©OpMYBAHHA BUTATY 3 1 1y .
1 MignMCaHHA BATARY 3acinaHHn leg—| npoTOKOY 3JACINEHHA L . 1, i n"”‘”"“::”ﬁ':?;ﬁ"“"’“ 1
1 pexTopaM ™ BUEHOI PaH B4EHOI pagu T - e 1 peKTopoM - " y:'i)ﬁeucnrery pan 1
' ’E 20| ywisepouTeTy 19] ymisepouTeTy : 1 m 1 : ﬂ El !
1 1 1 1
1 ! 1
1 1 1 IgerTHedikauia
1 _l,u,en_mq:m(aqm 1 I Mapanensra ' ! signoeignnetoro 1
BlANOSIANNEHOND o - 1 Ep 5 . I KOpUCTYBa4a 3a 0Gpobey |
1 KOPHCTYBaYa 3a 0Gpobiy MTUMIZALIA 1 | 0DpoDKa AOKYMEHTIB LI [DKYMEHTA
] LDRYMEHTE nowyKy ' ] T !

Pucynok 2. Texnonoriunuit naniro:xxok CACJ]
Jxxepeiio: po3po0IeHO aBTOpaMu

1) Ha nepiomMy etami cexperap (GpopMye MPOTOKON 3acilaHHs, OOMPArOUl JOKYMEHTH JUIsS PO3IIBY.
[Ticns Bigbopy naHi aBTOMaTHYHO OOpPOOISIOTHCS (aceMOIOETHCS TOTOBUH (hailll) POTOKONY 3acigaHH,
30epiraroTbCsi y XMapHOMY CEPEIOBHIN Ta HAJICHIAIOThCA Ui mmiamucy. JlocTym 1O MpOTOKONY MaroTh
aBTOPU30BaHi 0cOOH.

2) [Ilicns mporecy (opMyBaHHS MPOTOKONIY CeKpeTap Kadeapu Meperyisiae AOCTYIHI JOKYMEHTH Ta
MIITUCYE HEOOXITHI. HMoro migmuc 30epiraeThbcst B 0a3i JaHUX YIS [TOIAJIBIIOT BepHUQiKallii.

3) Takox 3aBimyBau kadeapor0 Mae TOCTYII 0 AOKYMEHTIB Ta miamucye motpioni. Moro mimmuc Takox
30epiraeThbest B 0a3i JaHUX JUIS MOAANBINOT Bepudikallii.

4) TIlig yac neKOMITO3MLIT IPOTOKOY Kadeapu MPOIOHOBaHA CHCTEMa NepeBipsie HAasBHICTh IiIIHCIB
ceKpeTaps Ta 3aBigyBaua B 0a3i JaHWX IS MiATBEP/PKCHHS 3a0€3MEeYeHHS IUTICHOCTI Ta aBTEHTHYHOCTI
JNOoKyMeHTiB. Ilicns poro anropuT™ BUKOHYE HapcHHT (ailiiB 3 MapKoBaHUMH OJ0KaMu (TIOPSAAOK JCHHUH,
CIHMCOK MPHUCYTHIX Ta pillieHHs) 1uIst GOpMYBaHHS BUTSITIB.

5) Cucrema CTBOpIOE BHTAT Ta IEPEHOCHTh JaHi 3 TEBHOro OJioKy mportokosny. HoBuit ¢aiin
3HaXOJIUTHCSI B XMapHOMY CEPE/IOBHIINI Ta HAJICUIIAETHCS 3aBiIyBady Ta CEKpeTapro Ha IiIIuC.

6) Takox cekpeTap Meperismac HamiCliaHi BHTATH Ta MiAMHCYe HeoOXimHi. CTBOpEHMA ITiIITHC
30epiraeThest B 0a3i JaHUX JUTSE MOKITMBOCTI Bepudikariii.

7) 3aBimyBau kadenpu meperisiac BUTATH Ta Miamucye motpioui. Moro migmuc Takox 36epiraetbes B
0a3i 1aHuX 3 METOI BepHudiKallii.

8) Ha xpomi ¢opmyBaHHS NpPOTOKONYy JUIS 3aciaHHS BUYCHOI paju IHCTUTYTY CEKpeTap BHUOMpae
JOKYMEHTH, sIKi OyIyTh pO3IJIAAaTUCh Ha 3aCiaHHI Ta HaJCHIae X cuctemi. CructeMa aBTOMaTHYHO GopMye
MPOTOKOJI, 3aBaHTAXKy€ HOTO B XMapy Ta HA/ICHJIA€ CEKPETapeBi Ta AUPEKTOPY IHCTUTYTY VIS MiTHNCY.

9) TIlicims CTBOpEHHS MPOTOKOIY CEKpeTap Ieperisigac MOKYMEHTH Ta Miamucye HeoOximmi. ITimmuc
30epiraeThbcst B 0a3i JaHUX JUIS [OAANBIIOT BepHrdiKallii.

58



ISSN 1999-9941, “TH®OPMAILIIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA THXXEHEPIS”, 2024, Ne2

10) Mupekrtop iHCTHTYTY micisi OPMyBaHHS MPOTOKOITY MEPETIIAAAE TOKYMEHTH Ta MiIMKCY€e MOTPIOHI.
Horo mianuc takox 30epiraeTbes B 0a3i JaHUX JUIT MOXKIIMBOCTI Bepuikartii.

11) Ha erami AEKOMIIO3MII MPOTOKONY TIEPEBIPSIOTHCSA IIIINHCH CEKpeTapss Ta JAUPEKTOpa s
Bepudikamii wmimicHOcTi Ta aBTeHTHYHOCTi. Konm mepeBipka BHKOHAHAa ajirOpUTM MapcuTh Qaiia 3
MapKOBaHUMH OJ0KaMH U1l POPMYBaHHS BUTATIB.

12) Ilix ywac ¢dopMyBaHHS BHTATY CHCTEMa CTBOPIOE BUTAT Ta 3allOBHIOE JaHi 3 IEBHOTO OJIOKY
MPOTOKONY sIK OyJO 3a3Ha4eHO Ha momepenHboMmy Kkpori. daiin 30epiraeTbcs B XMapi Ta HAACHIAETHCS
CeKpeTapeBi Ta JUPEKTOPY IS i IIHICY.

13) Ilicast GopmyBaHHS BHUTATIB 3 MPOTOKOJY CEKpEeTap MEeperiisigac BUTATH Ta MiAMUCYE HEOOXimHi.
[Tignmuc 30epiraeTbest B 0a3i JaHUX.

14) Jlupextop iHCTHTYTy mHeperisiac cOpMOBAaHi CHCTEMOIO BUTATH Ta MiAmHCYye TOTPi6Hi. Moro
mignuc 30epiraeTbest B 0a3i JaHuX I BepUQiKallii .

15) Ilpu ¢opmyBaHHI NPOTOKOJIB 3acigaHHs BueHoi pamy yHIBEpCHUTETY ceKperap oOHpae JOKYMEHTH
sKi OyIyTh po3risimaTuch BueHoro paam Ta Hajgcwiae ix cucremi. CucreMa aceMOITtoe IPOTOKOI 3aciJaHHS
Buenoi pagu yHiBepcuTeTy, 3aBaHTaKye HOTro B XMapy Ta HaJICHJIA€ YIIOBHOBAXEHHM 0CO0aM JUIS ITi/ITUCY.
PosMiniennii B XMapHOMY CEpEIOBHINI JTOKYMEHT aBTOPHU30BaHI OCOOM OTPHMYIOTh JOCTYIl JO HBOTO, a
TaKOX MOXYTb 3aBaHTKUTH Ha KOMIT FOTEP JUIS EePeriIsiy.

16) TIlicast cTBOpeHHS TPOTOKOIY CEKpeTap IMeperiifaac Ta MiAMMcye HeoOximui mokymentd. ITimmuc
30epiraeThes B 0a3i JaHuX A Bepudikarii.

17) Takox peKTOp yHIBEPCHTETY IiCJIsi CTBOPESHHSI (paiiily mpOTOKOITY Meperisaae HeoOXiIHI JOKYMEHTH
Ta MAMUCYE iX. HMoro mianuc takoxk 30epiraeThbcst B 0a3i JaHUX JUTsl BepUdikallii.

18) Ilix yac AEKOMITO3HMINT MPOTOKOIY CHCTEMOKO MEPEBIPSIIOTHCS HASBHICTH IMIAMHCY CEKpeTapsl Ta
pekropa it Bepudikaiii aBTEeHTUYHOCTI Ta MITICHOCTI. ANTOPUTM MapcuTh (aill 3 MapKOBaHUMHU OJIOKaMU
Ut GOpMyBaHHS BUTSATIB.

19) Ilpu dopmyBaHHI MPOTOKOJIY CHCTEMA CTBOPIOE BHTAT Ta MEPEHOCHTH JaHi 3 TEBHOrO OJOKY
npoTtokojty. daiin 30epiraeThCcs B XMapi Ta HaJICUIAETHCS CEKPETAPEBI Ta PEKTOPOBI JUIS MIIHCY.

20) Ilicns hopmyBaHHs BHUTSATIB MPOTOKOJIB CEKpeTap IMeperisaae HeoOXiMHI BUTATH Ta MiAMUCYE iX.
[Tignuc cexperaps 30epiraeThes B 0a3i JaHUX MOJAIBINOT Bepudikallil JOKyMEHTIB..

21) Pektop yHiBepcHTETY micis (OPMyBAHHS BHTAIIB Meperyisiac Ta mignucye notpicui. Moro migmuic
30epiraeThcest B 0a3i JAHUX i3 METOIO MOJAIBINOT Beprudikallii mimicaHnX TOKyMEHTIB.

IIpouecu acemd.iroBaHHs Ta peaceMOaoBanHs. [Iporiecn peaceMOIIOBaHHS MOJISATAIOTH Y
PO3MOALT JOKYMEHTa Ha OKpPEeMi YaCTHHHU 3a JIOMOMOTOK0 CHELiaJbHUX MAapKepiB 1 peryispHHUX
BHpa3iB, L0 JI03BOJISE IMOAAJBIIE MPOrpaMHE OIpalloBaHHSA LUX (parmeHtiB. PeacemOnroBaHHS
nepeadavyae IMEpPeTBOPEHHS JOKYMEHTa Ha IHpPOrpaMHi OO0'€KTH, SKI MOXYTh 00poOmsTHcs 1
3MIHIOBATHUCS CUCTEMOIO. Bizyarizaliito mporecy peaceMOIIOBaHHs MPEICTABICHO Ha PUCYHKY 3, a.

a) 0)
Pucynok 3. Bizyauizauis nporeciB peaceMOtoBaHH: (a) Ta aceMOmoBaHH (0)
Jxepeiio: po3po0ICHO aBTOPOM
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[Tix yac peaceMOIIOBaHHS CHCTEMa aBTOMATHYHO PO30MBAa€E MPOTOKOJ Ha CKIIAOBI YaCTUHU
st GOpMyBaHHS BUTATIB. 30KpeMa, IPOTOKOJI AUTUTHCS HA TaKi YOTUPU YACTHHU:

1) 3arojgoBOK MPOTOKOIY, MO MICTUTh #HOro Homep. LIs iHpopMmarlist BUKOPHCTOBYETHCSA IS
BiJOOpa)XCHHsSI HOMEpa y BEpXHill 4YacTHHI BHUTATY, 10 3a0e3nedye MOoJaIbUly iACHTU(IKALII0
MIPOTOKOITY, 3 IKOTO BUTAT C(POPMOBAHO.

2) Biiok 3 naroro mpoBeNCHHs 3aCillaHHs, SIKM IMi3HilEe BKa3YEThCS Y BEPXHIM YaCTHHI BUTATY SIK
naTa JOKYMEHTY.

3) Onmc nuTaHHA, SKE PO3IJISIAIOCS HA 3aci]aHHI 1 € OCHOBOI Uil ()OPMYBAaHHS BHUTATY.
[Iporpama po3mimiye 1€l onuc oApasy MijJ 3aroJOBKOM BUTSATY, OJNMXkK4Ye MO BEPXHBOI YaCTUHU
JTOKYMEHTA.

4) TlpuiiHsaTe pilIeHHs 1010 PO3TJSIHYTOrO MUTAHHS, PO3TAIlIOBAHOTO B HomnepenHboMy Oorr. Lle
pilIEHHS ABTOMATUYHO PO3MIILY€ETHCS Y BUTATY i BiNOBITHUM IMUTaHHAM, sIKE OyJI0 0OrOBOPEHO.

[Ipouec aceMOmroBaHHS, IO € TPOTHICKHHUM JO peaceMOIIOBaHHS, IEPETBOPIOE
nporpamMHui 00'€KT y (Gi3MYHMIA JOKYMEHT JUIsl MOJAbIIoi 00poOku. [{ins acemOnroBaHHs 3a3BU4ait
3aCTOCOBYETHCS MYCTUM MIA0JIOH, SIKMW Mporpama 3aloBHIOE MOTPIOHMMU AaHUMHU. Y pPe3ynabTaTi
CTBOPIOETHCS JIOKYMEHT, [0 O0'€IHye HasBHI JlaHi Ta 00 €KTH mporpamu. Bizyamizariio mporecy
aceMOJIIOBaHHS HaBEJEHO HA PUCYHKY 3,0.

Ha erami acemOimoBaHHsS cucTeMa BHOWpAE BUTATH 3 IMHUTAHHSMU, SKI CIIJl BKIIOYUTH JI0
MIPOTOKOITY 3aciJlaHHs, MOCTYMOBO JOJAI0YH iX A0 AoKyMeHTa. OCh SIK IPOrpaMHO PO3KIAIal0ThCS
BUTSTHU JJISl TIEPEHECEHHSI IO TPOTOKOITY:

1) Ilepmmii 650K y BUTATY — II€ ONMKC MHUTAHHSA, sIKe 00roBOpIOBajocs Ha 3acifaHHi. BiH nogaerbcs
710 TIPOTOKOJTY BiIITOBITHO 70 TIOPSIKY IEHHOTO.

2) Jpyruit 610K MICTHTH pIllIEHHS, yXBajeHE MO0 3a3HAUYEHOTOo MUTaHHSA. Y MPOTOKOJI IIe
pilIeHHS PO3MIIY€ETHCS OIpa3y MiCs BiIOBITHOTO TUTAHHS

PesyabTaTn

AHAJITHYHHI ONMHC NpoueAyp aceMOJIOBaHHSA Ta peaceMOa0BaHHA. Posrismaerscs
TUIIOBA CTPYKTYPY MPOTOKOJIY 3acilaHHs Kadeapu (BBaKaeThCs, IO 1€ CTPYKTYpHUH Miapo3aia 1-
ro pieusa CI1 I) sx muoxuny Pr! cknanosux mporo npotokomy (1):

Pr! = {N!,SP!,D!, Pres!, Agendal, Sign'} , (1)
ne N' —iM’st ToKyMeHTy, TYT 1ie «TIpOTOKOJ 3acigaHHs Kadeapuy.
SP! — mazBa cTpyKTypHOrO Tiapo3iny mepiroro pisas CIT”.
D' — nara 3acinauus CIT'.
Pres! — cicox npucytsix CIT”.
Agenda’- nopsiox nennnii CIT",
Sign' — mignucanru CIT".
CIIMCOK 4IeHIB KOJEKTHBY CTPYKTYPHOTO Iiapo3iny pieHs 1 CIT ' BU3HAYAETHCS MHOXHHOIO
Pres' (2), mictutume IIB npauisuukis, ne Ef, E2 — I1I5 roaoByiouoro Ta cekpeTaps BiImoBigHO.
Pres! = {El,EL, EL, ...EL} (2)
Jlisi KO)KHOTO TpalliBHUKA TependaueHo BKa3zaHHs Horo peraniii R, sk MaTpHIO BHOPSAKOBAHUX
CKITa/I0BHX, M0 MicTutuMe 3Hauenss [11B EY, mocaxy Pos) Ta maykoswmii cTyminb Sct (3).

El' Posl Sc!
Ri=( .. .. . @)
EL Posh Scl
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Onuinemo BU3HAYEHHMIT TOPAIOK AeHHui Agenda’ sk MaTpuIO BHOPAIKOBAHHMX €JIEMEHTIB,
0 MicTUTHMe iH(OpMALil0 W00 3acHyXaHUX IUTaHb «cayXamm» Qi Ta indopmamuiio 1010
BiNOBIHUX yXBan «yxBamunm» Di; (4).

Qi Di
Agenda' =| .. .. (4)
Qi Dy
OmnumemMo MHOKHHY IIiIHCAHTIB CTPYKTYPHOTO I Apo3aity mepuroro pisas CI77, sx S ign!,

10 MICTUTHME 3HauYeHHs IU(PPoBHUX TiAIUCIB (5).

Sign' = {DS!, DS} (5)

3a imeer0 BIAacHE JAEKOMIIO3ULIi BiOyBaeTbcsa MpoIeaypa peaceMONIOBaHHS JOKYMEHTY

(Tobt0, mpotokony 3acimanusi) CIT I, 1 MOTIM 3TiIHO TPOIEnypi aceMONIIOBaHHS y BUTAT 3

nporokony CI1 ! Prly nanidinyrs enementu Prl, mo nomomoxyrs CACJl chopMyBaTH BUTAT:

SP!, D!, QL, DL, DS, DS}, El, Posi, Scl, ES, Pos}, Scl. Onumemo crpykrypy Butary nporoxomy
sacizanms CIT' sk muoxuny Ex! ckmanosux (6):

Ex' = {ExX}iame, SP', D', Qn, Dy, (E1, D1), (E3, D3)} (6)

ne
Ex! 4me — IM’51 JOKYMEHTY, TYT i€ BUTAT 3 IIPOTOKOJTY 3acifaHHs Kadeapu»;
SP! — masBa cTpykTypHOro migposainy nepmoro pisus CI7 L
D' — nara 3acinanns;
Q.. D}, — ingopmanis mpo 3acmyxaHe MUTaHHS, 10 BUHECEHE y BUTAT i HOro yXBasa;
(EI, DIy ta (E}, DI) — xoprexi, mo mictaTs uudposi miamucy ronosyrouoro ta cexperaps CIT 7,
takox ix [IIb, peranii Tomro.

OnumiemMo 3araibHy CTPYKTYpPY MpPOTOKONY 3acifiaHHi BueHoi paam 1HCTUTYTY abo
daxynpTery (cTpykTypHOro migposainy 2-ro pisus CIT ") sx muoxuny Pr!! ckmamoBux 1mporo
nokymeHty (7):

prit = {N" sp!l D! Pres!!, Agenda', Sign''} (7)
ae
N —iM’s oKyMeHTY, TyT Ile «IIPOTOKOJ 3acifanns BPI».
SP'" — nasga cTpykTypHOro migposainy apyroro pisas CIT I1.
D' — nara 3acimanns CIT I1.
Pres!! — cnmcox npucyrnix CIT 11,
Agenda''— nopsanox nennmii CIT 1L
Sign" — migmacanta CIT"

3a anaoriero 3 (2) ta (3), cnucok npucytHix Pres!! sacimanms BPI ta peranii ydacHuKiB

onuiemo (8):

EM posit  gclt
1 1 1
Pres' = (EI EY EY . EV} 1a RV =

(8)

ElF Poslt Scll

61



ISSN 1999-9941, “TH®OPMAILIIIHI TEXHOJIOTTi TA KOMIT'FOTEPHA THXXEHEPIS”, 2024, N2

[Mopsimox neHHHMH TyT (3a HPOIEIypOl0 aceMOIOBaHHS) MOke (opMyBaTucsi i3 NHUTaHb,
POSMISIHYTHX Ha 3aciZaHHSAX NOBiIBHOI KimbkocTi pisHux CI7 ' i MOMOBHIOBATHCS MUTAHHSMI,
IofaHuX cekperapeM 3aciganns BPI B pyunomy pexumi, Toai orpumaemo (9):

of bf\ [ b
Agenda™ = .. .. |x[ .. .. 9)
o bi) \oi o

Amnanoriuno 3 (5) BM3HauaeMo MHOXUHY mignucantiB CIT ", ax Sign'!, mo onepye

3HAYCHHAMU ITUGPOBUX MIAMKUCIB cekperapsi Ta ronoByrouoro BPI BignorigHo (10).
Sign' = {DS!!, DS} (10)
Jlami, 3a OCHOBHOIO 1/Ie€0 JIGKOMIIO3HMIIIi BHUKOHYETBCS MpPOIEAypa peaceMOIIOBaHHS
JNOKyMeHTY npotokony CI7 H, 1 TOJ1 BIAMOBIHO MPOIEAYpi aceMOIIOBaHHS Y MiJICYMKOBUN BUTSAT
crr ! Pr,g( HAJIiAyTh Taki eneMeHTH Prl, mo JOTIOMOXYTh 3anpornoHoBaHiit aBTopamu CAC/]
chopmyBatu BUTSIT 3 MIPOTOKOITY 3acilaHHs BPI:
SP, D! QL DL, Qi, D}, DS, DSY EX, Posi!, Scil, EX, Pos)!, Scl!. Tlomano crpykrypy Butary 3
nporoxony 3acimamus CIT " muoxuaoro Ex!! 3 takumu cxramosamu (11):

Ex!" = {ExIL .., SP!!, D", QI DI (EI', DI"),(El}, DI')} (11)

ae

Ex!l,... — Ha3Ba JOKyMEHTY, a CaMe «BUTST 3 IPOTOKOJy 3acisanus BPI».

SP!! — nasga cTpykTypHOrO migposainy apyroro pisas CIT".

D' — nara 3acinanmus.

1, DI — 3nauenns nutanHs, mo BUHeceHe y BUTAT BPI i ioro BigmopinHa yxsana.

(E{T, DIy ta (EXT, DIy — xoprexi, mo mictars I1IB, peranii Ta nudpoBi MiANKCH TOIOBYKOYOTO Ta

cexperaps CI1 1 ginnoBinHo.
Toxi cTpykTypy mportokony 3acimaHHi Buenoi paau VYiBepcurery (BPY, crpykrypHOro

niapo3ainy apyroro piBas CI1 1”) MOKHA onucatH sk MEHOxuHy Pr!!l cknamosux mporo mokymenTy
(12):

PT'III — {N”I,SP’”,D”I,Pres’”,Agenda”’,Sign’”}, (12)

Jc

N _iM’s foKyMeHTy, TyT 1€ «IIPOTOKOI 3aciganHs BPY».

SP'! _ ga3ga crpykTypHOTO TiApo3ainy apyroro pisms CI7T ™.

. 1l
D' _ nara 3acimanust CIT".

Pres™ — crucox npucyrnix CIT™.

M_ qopsimox nennnit CIT™.

Sign"" — nigmucantu CIT™.

Agenda

Toni BuTsar 3 nporokoiny 3aciganas BPY moxHa onucatu sik (13)
Ex!ll = {Ex%me,spm,Dm; un pli (gl pliny, (Eéll’DgI)} (13)

nie
ExIl . —iM’s JOKYyMEHTY, TYT Ll «BUTAT 3 IPOTOKOJY 3acifanus BPY»;
SP!'! _ naspa crpykTypHOro miposainy 3-ro pisms (yaiBepcurery) CIT ™

D' _ nara 3acinanns BPY;
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Q;/', Dyl — 3HadeHHs 3acilyXaHOrO NHTaHHs, IO BHHeceHe y BUTAr BPY i jioro Bimmosinxa
yXBaa;
(BN pity gl pli . : MG o
1 plity 1 (EMT, DAY — koprexi, mo micTaTh , peranii Ta mdpoBi MiMHCKH peKTopa Ta
cekperapsi BPY BinmoBigHo.

OOroBopeHHsi. Y 3anpOINOHOBaHIN aHANITUYHIA YacTHHI Ii€] pOOOTH OCHOBHI NMPHHLIUIHN
eNeKTPOHHOI cucteMu AokymMeHTooOiry (ECJ/]) BimoOpakeHO y TEXHOJOTIYHOMY JIAHITIOKKY
creniaixizoBaHoi aBToMatu3oBaHoi cuctemu AokymeHToodiry (CACH) (pucynok 2). IlpuHiummnu
EC]I peanizoBani yepe3 BUKOHAHHS TAKUX BUMOT:

1) Cucrema 3abe3neuye yHIKaJdbHY iIeHTH(IKAIiI0 KOXXHOTO JOKYMEHTA 3a JOIOMOTOIO
pucBO€eHHS yHiKaapHOTO ID. Ile 3HauYeHHs € pSAAKOBUM I0JIeM 3 12 CUMBOIIB, 110 MOYKE MICTHTH
mudpy Ta JITEPH JATUHCHKOTO andasiry.

2) ABTOoMaru3aIllis MpoIeciB reHepallii MPOTOKOJIIB Ta BUTATIB 3 HUX JI0O3BOJIMJIA 3MEHITUTH
gac 00poOKH IOKYMEHTIB Ta iBUIIMTH OICPATUBHICTh 1X BUKOHAHHS.

3) Ilpunuun OGe3mepepBHOCTI JOKYMEHTOOOIrY peani3oBaHO 3aBISKH aBTOMATH30BaAaHOMY
HA/ICWJIaHHIO JJOKYMEHTIB /IO BIAMOBIIHUX JieTIapTaMEeHTIB U1t OOPOOKHM Ta OTpUMAaHHS ITiIIHCIB.

4) Mexani3M 3anobiraHHs TyONIOBaHHIO JOKYMEHTIB pealli30BaHO 4epe3 alroOpuTM
XeIIyBaHHS, [0 TeHEepye YHIKAIbHY CTPOKY JJIsi KOXHOTrO JokyMmeHTa. Lleli HaOip CHMBOIIB €
cnenuiYHUM JUISI KOXKHOTO JIOKYMEHTa 3 KOHKPETHHM BMICTOM, IO TapaHTye BiJICYTHICTh
OyOITiKaTiB.

5) dynHkuioHan 3BITHOCTI BKJIIOYAa€ aBTOMAaTHYHE HAKJIAJaHHA MIiAMNKHCIB CEKpeTapiB Ta
KepiBHHUKIB 3acimanb. [liImuc TeHepyeTbes 3a JAONOMOTOI  QITOPHUTMY aCHUMETPUYHOTO
mudpyBanHs RSA, a kokeH KOpUCTyBay Mae MPUBATHUN K04, cpopmoBanuil Ha ocHOBI ID Ta
CEKpEeTHOI CTPOKM, L0 30epiraerbcs Ha cepBepi. Llell migmuc miATBEpAKYye aBTEHTUYHICTh Ta
LUTICHICT IOKYMEHTA, a TAKOXX 3a0e31euye MOXKIIUBICTh MEPEBIPKU MIANUCY aBTOPAMHU.

Cucrema 3siTHOCTI

"HEMOKMBNEHHA [y GIHOBAHHA OKYMEHTIB

mCACH

GoogleDoc:
m PandaDoc
u fin

BeanepepeHICTL PyXy AOKYMeHTa

CHOPOYEHHA Yacy PyXy [CKYMEHTIB

OfHO3HaYHA IAeHTUIDIKALA AOKYMEHTY

=}

2 4 6 8 10 12

Pucynox 4. Bizyanizauis BinnosigHocti CACJ] ocnoBauM npunnunam ECJI
Jxepesio: po3po0IIEHO aBTOpaMHu

Hani Ha puc. 4 cBinuare, mo 3anpornoHoBaHa CAC/] Bianosigae npuniunam ECJI Ha 8%
Kpaie 3a HaiOmmwk4uii aHamor. Takoro pe3ynabTaTy BAAOCS OCSATTH 3aBISKH BIPOBAKEHHIO
MeXaHi3My 3amoOiraHHs IyOlioBaHHIO JOKyMeHTiB. CucTeMa YHIKaJbHOCTI peajli3oBaHa s
YHUKHEHHS TOBTOPHOI'O DO3IJISLYy OJHAKOBUX JIOKYMEHTIB, L0 30epirae yac Ha 3aciJaHHSX.
[lepeBipka yHIKaIbHOCTI JOKYMEHTIB 3H1MCHIOETHCS IIISXOM XEIIYyBAaHHS iX BMICTY alrOpUTMOM
SHA-256. PesynbTaT XemnryBaHHs, YHIKaJIbHA CTPOKa, 30epiraeThecsi B 0a3i TaHUX Ta MPHUB’ A3YETHCS
0 JIOKyMEHTa. 3arajioM, pe3yiabTaTH JOCTIDKEHHS MiATBEp/pKYI0Th BiamoBigHicTh CAC]]
ocHOBHMM TipuHuunam ECJI.
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BucnoBku. Y 1miii poOOTI 3acTOCOBAaHO CHCTEMHHMH MIiAXiM Il BUPIMICHHS 3a1a4
aceMOJIIOBaHHSI Ta peaceMOIIOBaHHA JIOKYMEHTIB Yy CIEIialli3oBaHiil cHCTeMi TOKyMEHTOOOIry,
30CEepEIMBIINCh HAa CTPYKTYPHHX MiApO3/AlIax 3aKiaay BUMIOl ocBiTh. OCHOBHA yBara mpHiieHa
aHaji3y Ta BJOCKOHAJICHHIO METOMIB OOpOOKM JIOKYMEHTIB, 30KpeMa METOIB 3a0e3meueHHs
IUJTICHOCTI Ta aBTEHTUYHOCTI JIOKYMEHTIB, @ TAKOX X aBTOMAaTHYHOI reHeparrii.

B pesynpTaTi mpoBeneHUX JOCHIKEHb BAAJIOCS TMIiABUINUTH PIBEHb BIAMOBIIHOCTI
aBTOMATH30BaHOI CHCTEMH JIOKYMEHTOOOII'Y OCHOBHUM MPUHIUIIAM EJICKTPOHHUX CHCTEM
nokyMeHToo0iry Ha 8%. Lle cTamo MOKIMBUM 3aB/ISKU aBTOMATH3AIlil MPOIIECIiB aceMOIIOBaHHS Ta
peaceMOTIOBaHHS JOKYMEHTIB, a TAaKOXX TOJIIMIIEHHIO MiTXOIB J0 30€peKEHHs IUTICHOCTI Ta
aBTEHTUYHOCTI JJOKYMEHTIB.

Y poOoTi BHKOHAHO TaKi 3aBIAaHHS: TPOBEICHO O] CYYacCHUX CICKTPOHHHUX CHCTEM
JOKYMEHTOOOITYy, MpOaHaIi30BaHO iX TMepeBard Ta HEAONIKH; PO3POOJICHO TEXHOJIOTIYHUN
JIAHIIFOKOK  CHEIialli30BaHOT ~ aBTOMATHU30BaHOI  CHUCTEMH  JIOKYyMEHTOOOIry;  MoOymoBaHO
aHATITHYHUK omwc TexHonorignoro naHiora CACJl; mepeBipeHO BIAMOBITHICT PO3POOKU
ocHOBHMM TipuHuunam ECJI.

IMoasikm «Hemaey.

Kondguaikr inTepeciB «Hemaey.
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Abstract. Decentralized control systems are gaining more and more expansion, which is due to the
increase in the availability and power of microcontrollers. Decentralized control of multi-zone
objects is associated with the need to coordinate the local control systems of zones state. Learning
systems are preferred for implementation of the coordination methods, as they are able for flexibly
adjust to the specifics of control of each zone. However, the training of coordinators is complicated
task by the absence at the stage of a system creating of marked datasets for controlled multi-zonal
objects. This article considers the creation of a dataset based on a simulation of a decentralized
system and four scenarios for training neural coordinators. A model for simulation of a
decentralized system was been created on the Scilab/Xcos platform using a pre-built library of
blocks for simulating decentralized systems. The scenarios differ depending on the structure of the
neural coordinators: a segmented network according to the structure of the coordinator simulation
model or an integrated one, as well as on the training strategy: train all the coordinators of the
decentralized system in parallel or only one coordinator and then clone the results. Experimental
studies of the proposed method of training neural network coordinators, implemented on Python
TensorFlow, were conducted. The study showed greater effectiveness of segmented coordinators
parallel training. However, in the course of the study, the last step of the scenarios — fine tuning on a
real physical object, was not performed. A preliminary evaluation suggests that after such additional
training, the advantages of mono-neural coordinators will become more visible, since such
additional training will correct the shortcomings of imitation.

Key words: machine learning, distributed control system, decentralized coordination, model-
based learning.

MopenbHO-0piEHTOBaAHEe HABYAHHA KOOPANHATOPIB AeLEHTPATi30BaHOI CHCTEMH YIIPABJIiHHA
0araTo3oHaJIbLHUM 00'€KTOM

Boaoaumup Muxaiisiosuu /{yooBoii

JOKTOp TEXHIYHUX HayK, podecop,
npodecop kadenpu KOMIT IOTEPHUX CUCTEM YIPABIIHHS
BinHUIBKMI HAIlIOHAILHUNA TEXHIYHUHN yHIBEpCHUTET, BiHHUIIA

AHoTaunis. /leneHtparnizoBaHi cuCTeMH KepyBaHHS HAOMPArOTh BCE OIIBIIOTO PO3IOBCIOKEHHS,
10 3YMOBJICHO 30UIBLICHHSM JOCTYIMHOCTI i HOTy)KHOCTl MIKpOKOHTpoJIepiB. JleneHTpanizoBaHe
KepyBaHHS 0araTo30HAJbHUMH 00 €KTaMH IIOB’s3aHE 3 HEOOXIJHICTIO KOOpAWHAMII JOKAIBHHX
CHCTEM KepyBaHHS CTaHOM 30H. [t peanmizamii MeTOMIB KOOpJHMHALIT MepeBary MalTh CUCTEMH,
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10 HABYAIOTHCSA, OCKIJIBKM BOHH 3JIaTHI THYYKO HAJAIITOBYBATHUCSA HAa OCOOJIHMBOCTI KEepyBaHHS
KO)KHOIO 30HOK0. [IpoTe HaBYaHHS KOOPJMHATOPIB YCKIATHIOETBCS BIJCYTHICTIO Ha CTajil
CTBOpPEHHSI CHUCTEMH PO3MIYCHHX JaTaceTiB IS KEPOBAHUX OaraTO30HAIBHHX 00 €KTiB. Y Il
CTaTTl PO3TJISAAAETHCS CTBOPEHHS JaTaceTy Ha OCHOBI IMITAIliiHOT MOJEi JIeleHTpaIi30BaHOi
CHCTEMH 1 YOTHpPM CIeHapii HaBYaHHS HEWPOHHUX KoopAMHATOpiB. IMitamiiiHa Moxaenb
JEIEHTPAII30BaHOT CHUCTeMH CTBOpeHa Ha ruiaTdopmi Scilab/Xcos 3 BUKOpUCTaHHSAM IMOIEPEIHBO
cTBOpeHoi 0ibmioTexkn OJNOKIB /i1 MOJENIOBaHHS JEUEHTpasizoBaHux cucteM. CrieHapii
BIJIPI3HSIOTBCS 3aJIGKHO BiJl CTPYKTYpH HEHPOHHUX KOOPJHMHATOPIB: CErMEHTOBaHA Mepeka
BIJIMIOBITHO JIO CTPYKTYpH IMITAIiifHOT MOJIesi KOOpJAHHAaTOpa abo iHTerpoBaHa Mepeka, a TaKOX
BiJ CTpaTerii HaBUaHHS: HABYATH MMapaJie)IbHO yCi KOOPJIMHATOPHU JICHEHTPAIi30BaHOI cUCTEMH a00
TIIBKM OJMH 1 pe3yiabTaTh KJIOHyBaTW. [IpoBeneHi eKCIEepUMEHTANbHI  JOCHIKSHHS
3alPONIOHOBAHOTO METOAY HAaBYaHHS HEUPOMEPEKEBHX KOOPIMHATOPIB, peani3oBaHuX Ha Pyton
TensorFlow. [lochmimkeHHss moka3amo  OuTblly  €(EKTHUBHICTh MApalieIbHOTO  HaBYAHHS
CEeTMEHTOBaHMX KoopauHaTopiB. I[IpoTe B X0l JOCHIIKEHHS HE BHKOHYBAaBCS OCTAaHHINM eTamn
CIICHapiiB — JOHAaBYaHHS Ha peaJbHOMY (izuuHoMy 00’ekti. [lomepemHs oOIiHKAa 103BOJISIE
MPUITYCTUTH, IO TICIS TaKOro JIOHABUAHHS IEPEBard IHTEIPOBAHUX HEHPOHHUX KOOPIMHATOPIB
CTaHYTh TIOMITHIIITUMH, OCKIJIbKY TaKe JOHABYAHHSI IO3BOJIUTH BUIIPABUTH HEJOJIKH IMiTaIlii.

Kuiro4oBi ci10Ba: MaliMHHE HABYAHHS, PO3NOAiJIEHA CHCTeMa KEePYBaHHS, /JIeeHTPAIi30BaHA
KOOPAUHAILisl, MOIeJIbHO-OPi€EHTOBAHE HABYAHHSI.

DOI: https://doi.org/10.31649/1999-9941-2024-60-2-66-76

Introduction. Decentralized control systems (DCS) are becoming more and more widespread,
which is due to the increase in the availability and power of microcontrollers. Decentralized control
of multi-zone objects (MZO) is associated with the need to coordinate local systems for control the
state of zones. The peculiarity of multi-zone objects is the mutual influence of zones. As a result,
their control becomes much more complicated, since the zone control algorithm must take into
account the consequences not only for the controlled zone, but also for other zones of the multi-
zone object. There are also other tasks within the framework of the problem of decentralized control
of MZO: ensuring the stability of a multi-connected system that arises as a result of the interaction
of MZO zones and local control systems (LCS); ensuring the reliability and safety of the DCS,
which may decrease due to failures of elements, communication means and coordinators, etc.;
ensuring the necessary speed of action, which is limited by the speed of the spread of impacts
between MZO zones, which requires high-quality forecasting of processes, etc.

State-of-the-Art. Classical approaches to coordination are based on a centralized (for a small
number of LCS and a small distance between them) or a hierarchical (for a large number of LCS or
a large distance between them) architecture of the coordination system. These approaches were
developed mainly for organizational management systems: organization management, military
management, etc. For the coordination of local control systems, these principles began to be applied
with the development of technological automation (Katrenko & Savka, 2008; Ladanyuk et al.,
2012). However, such systems have a rigid structure of connections and are difficult to scale. This
makes it difficult to use them in objects with frequent and rapid changes in requirements.

The decrease in the cost of automation tools, the development of the Internet of Things (loT),
and the exponential growth of the microcontrollers power have opened up a promising way to solve
the problem: the use of decentralized coordination with smart coordinators in each local control
system.

In order to investigate the phenomenon of coordination, a consortium comprising 12 European
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research centers was established, tasked with conducting the Project Control for Coordination of
Distributed Systems (CON4COORD or C4C) (Schuppen & Villa, 2015). An insightful review and
analysis of distributed coordination systems is expounded in (Ge et al., 2020). These inquiries
primarily focus on hierarchical systems, with particular emphasis on the allocation of functions
across different levels.

Decentralized systems are also the subject of research. A feature of distributed decentralized
systems is the significant uncertainty of subsystem interaction parameters, the incompleteness of
the system, and the lack of complete information about the state of other subsystems that are in
direct communication with a separate subsystem. The article (Bakule, 2008) reviews past and
current results in the field of decentralized control of large-scale complex systems.

Depending on system typology, the responsibilities associated with decentralized system
control encompass synchronization, decentralized stabilization, single-level coordination, peer
control, among others (Gong & Aldeen, 1997). This spectrum of inquiry spans linear and nonlinear
systems, continuous and discrete domains, and encompasses optimal and adaptive control
paradigms, robust methodologies, and systems featuring elements of artificial intelligence (Shaikh
etal., 2014).

The development of "small" energy, the appearance of a large number of solar wind and other
power plants made it practically impossible to centralize control. As a result, a number of works
dedicated to decentralized control in energy appeared (Zabet I. & Montazeri M. (2010); Aghdam et
al., 2019).

The analysis of modern research in the direction of the creation and research of distributed
systems of automatic control allows us to identify several urgent problems, in the solution of which
great attention is paid to the application of decentralized systems:

- Scalability and efficiency. Distributed automatic control systems often work with a large
amount of data and require high performance. The development of methods for optimizing the
operation of such systems in order to increase speed and efficiency remains an urgent problem;

- Reliability and security. Ensuring the reliability of distributed systems is an important task.
This covers both protection against accidental failures and ensuring resistance to failures of
individual elements of the system;

- Adaptability to changes. Given the variability of conditions and inputs, it is important to
develop methods that allow distributed automatic control systems to adapt to changes in real time
and provide optimal control.

Related works. Decentralized control of distributed systems has certain advantages, but it
raises a number of theoretical and practical problems. In many studies, attention is paid to the
problem of stability and quality of control in decentralized systems. Works (Boyd et al., 1994;
Siljak & Stipanovi¢, 2000). Use an approach based on the Lyapunov functions of the block-
diagonal structure and the construction of systems of matrix linear inequalities based on them.
Special tools for stability analysis are also being developed (Elmahdi et al., 2015).

Mirkin B. (1992) proposed the concept of adaptive decentralized control with model
coordination is. At the same time, it is assumed that information about the state of reference models
of all local subsystems is available to local controllers. In (Jianget et al., 2018). the problem of
consensus for a class of heterogeneous linear multi-agent systems is investigated. The consensus
problem is decomposed into a set of local tracking problems with local cost functions determined
from the tracking errors. Based on game theory, the set of stable optimal policies of the entire
network falls into a Nash equilibrium. In order to find the Nash solution, a distributed algorithm has
been developed that calculates control strategies using an iterative process.

For the implementation of methods of coordination of control systems of multi-zone
technological objects, learning systems are preferred, as they are able to flexibly adjust to the
specifics of each zone control. However, a difficult problem for the application of such systems is
the creation of training datasets. The article (Zhang et al., 2021). investigates model-based methods
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in multi-agent reinforcement learning (MARL). The complexity of dynamic sampling and the
complexity of component sampling in MARL are determined.

In modern works on the coordination of decentralized control in technical systems, the training
of agents in multi-agent systems based on neural networks is mainly considered. At the same time,
model-based multi-agent reinforcement learning is used. Wang et al. (2022) provides an overview
of existing research on model-based MARL, including theoretical analysis, algorithms, and
applications, and analyzes the advantages and potential of model-based MARL.

The article (Akramizadeh et al., 2010). developed model-based reinforcement learning for a
group of agents with self-interests and sequential action selection based on traditional priority
sorting. The learning process is considered as an extensive Markov game.

In previous works, the author of this article presented decentralized distributed control systems
(DCS) for multi-zonal objects (MZO) as two interacting layers (Fig. 1) (Dubovoi & Yukhymchuk,
2022): a layer of physical interaction of MZO zones and a layer of information interaction of local
control systems (LCS). The communication between MZO zones and the corresponding LCS is
carried out through regulators (executive devices) and sensors (feedback). The LCS implements
both the implementation of a specific control law (relay or linear) and coordination with other LCSs
in order to optimize the state of the MZO according to a given global criterion. In a decentralized
system, optimization is not carried out simultaneously by all LCSs, but in a sliding mode based on a
combined local-global criterion (Yukhymchuk & Dubovoi & Kovtun, 2022).

Local decision-
making and control

Layer of
information

subsystems U )
interaction
Regulators ‘/"l;/.’:/‘
VD o,
) ‘,‘_‘."—'.' L
L-- | A Al Sl 4 ,/
\ A /
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_______________________ /| functional
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Sensors
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Figure 1. Generalized image of a decentralized control system

In preceding research (Dubovoi & Yukhymchuk, 2022) specific facets of the architecture
pertaining to the decentralized coordination system governing multi-zone thermal entities were
examined. The constituents comprising the state control system of the DCS utilizing neural
networks are delineated as follows:

- DCS itself, which is divided into control and control zones;
- aset of agents implementing the sliding decentralized coordination algorithm;
- datasets characterizing the given and actual states of the DCS;
- training procedure for coordinators;
- user interface - system operator;
stream processors for control of data exchange between system components.
The coordinator agent in (Dubovoi & Yukhymchuk, 2022) uses the following principles,
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methods and algorithms

- A model of a distributed cyber-physical system with decentralized control, in which each
element of a multi-zone object is controlled by a local control system, which in turn
receives optimal control settings from a local coordinator;

- Assliding algorithm for control of the coordination sequence to ensure the stability of the
system;

- The principle of close action, which defines a set of coordinators (cluster), which provide
information to the sliding coordination center;

- Methods of estimating uncertain parameters;

- Methods of forecasting the effects and states of the system and the use of forecasting
during coordination control.

All the specified elements of the coordinator are combined in a synergistic interaction as
modules shown in fig. 2. As a result, the coordination function is implemented by a software
complex, but another version of the implementation of such an architecture using neural networks is
also possible.

The initial data for optimal coordination for MZO with n zones are:

- Vector F[n] of given zone states;

- Vector V,[n] of optimal states of zones (vector of LCS presettings is the initial data and

objective of coordination recursively);
- Vector V[n] of actual zone states (resource accumulated in the zone);

- Vector X[n] of the amount of input raw materials to each MZO zone, for the processing

of which the accumulated resource is spent;
- State uf1] of the surrounding environment.

At the output of the coordinator, only one value v,[1] is been obtained - the presetting for the
corresponding LCS.

Object model

Object model

Object model

T 1

Object model

1 1

A priori

V' | Estimation of clustering Optimization [== A;;EJZ?;?’::]OQH
=) Uncertain of the
parameters presetting 1—' Q, Vo
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F,u,X,V,

1 1

Local and
global criteria
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Figure 2. Scheme of interaction of coordinator modules

Objectives and problems. The conducted analysis showed that the existing approaches to
solving the problem of creating effective decentralized control systems for multi-zonal objects have
certain shortcomings. These shortcomings are mainly caused by too much idealization of the MZO
model. And since the MZO model, according to the scheme of connections of the coordinator
modules in Fig. 2, is used to perform all procedures: assessment, forecasting, optimization,
clustering, their accuracy is insufficient.

The problem can potentially find resolution through the development of coordinators based on
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neural networks (NN). However, another problem arises here: the training of such coordinators.
After all, training a neural network of coordinator requires a substantially extensive marked dataset
due to the complexity of the coordination task. Unfortunately, in most cases such datasets do not
exist for MZO.

The purpose of this work is to develop approaches to the creation of training datasets and
training procedures for DCS neuron coordinators (NC).

Proposed Method.

Statement of research. The volume and structure of the training dataset depends on the type
and size of the NN, which in turn depend on the characteristics of the problem for which they are
intended to be solved. Therefore, the first task of the work is to formulate an approach to choosing
the type and size of NN.The training method also affects the formation of the training dataset.
Given that multi-zone objects can differ significantly from each other in terms of spatial structure,
static and dynamic characteristics, final pre-operational training of the system is impossible.
Therefore, in this work, we will plan a two-stage training: preliminary training based on the DCS
simulation (model-based training) and further training in the process of operation. Accordingly, it is
necessary to formulate an approach to the creation of datasets and training procedures at both
stages.

Basic approach. Model-based training of the neural coordinator can be performed according to
various scenarios, depending on the structure of the neural coordinator and the features of the
structure of the multi-zone object.

According to the architectural depiction of the coordinator illustrated in Fig. 2, neural networks
must implement the following functions:

- DCS modeling;

Clustering;
Optimal estimation of parameters;
DCS state predicting;

- Optimization of the presetting according to the local-global criterion.

These functions can be implemented by separate neural networks (Separated Neural
Coordinator, SNC) and the NN of the architecture most suitable for this task should be chosen for
the performance of each function or with the help of one NN (Mono-Neural Coordinator, MNC)
which has 4n+1 inputs, 1 output and architecture united all the mentioned tasks in accordance with
Fig. 2.

GRU (Gated Recurrent Unit) is the most suitable type of neural network for solving the
problem of vector time series forecasting.

To solve the problem of optimal estimation of parameters, where one of the vectors is
calculated by solving a system of differential equations, it is advisable to apply the modification of
recurrent neural networks GRU (Gated Recurrent Unit)

Convolutional regression neural network is the most suitable type of neural network for solving
the problem of presetting optimization.

For the task of clustering a set of zones given by a weighted graph, the most suitable type of
neural network is GNN (Graph Neural Network). Among the modifications of GNN, GATs (Graph
Attention Networks) are the most acceptable - these networks pay attention to the proximity of
vertices in the graph and can take edge weights into account.

The most difficult task is the creation of a neural model of DCS, since it consists of
interconnected models of zones, resource flows and LCS, and each of them are described by
differential equations of different orders. As a result, the neural model should contain several
recurrent layers, several (at least two) layers with lateral connections, as well as a Convolutional
Neural Network with Vector Output.
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The MNC coordinator solves the problem comprehensively, therefore, taking into account the
order of the DCS dynamics model, the need to predict states, as well as the mutual influence of
zones and coordinators, the MNC architecture should be built on the base of a GRU network with
an additional recurrent layer and convolutional layer. Note that the MNC coordinator must receive
all 4n+1 input data and have an appropriate number of items in each layer, while NNs for
individual tasks have a much smaller dimension.

Thus, there are 4 basic scenarios of NC learning, shown in Fig. 3, and their combinations in the
case of partial merging of NNs.

dataset makin learning settings to all all MNC on all NC on real
. . Global All MN Fine-tuning of al
> S|mu|at|<> dataset Iearnlng> NC on real DCS
> Simulatio ocal segmente One SNC Cloning Fine-tuning of)ine-tuning of all
dataset makin learnin settings to all all SNC on NC on real DCS

> Simulation Global segmente§ All SNC Fine-tuning of Fine-tuning of
dataset making learning all SNC on all NC on real

>Simu|atio Local mono q>One MNC C_:Ionlng Fine-tuning 0f> Fine-tuning of

d)
Figure 3. Basic scenarios for training neural coordinators

According to the scenario in Fig. 3a, one MNC coordinator is trained. The dataset is created for
this purpose with the help of simulation of one NC of the most characteristic LCS, i.e., the one that
is affected by the largest number of external influences. Based on the training results of this NC,
other DCS coordinators are cloned. In the next step, individual adjustment of all MNCs is carried
out on the simulation model and further training on the physical object. The last stage of additional
training is already in the process of implementing the system.

According to the scenario in Fig. 3b, MNC coordinators of all LCS are simultaneously trained.
For this, a global dataset of inputs and outputs of all NCs is created using simulation. This method
does not require additional training on a simulation model, but requires a much larger dataset. In the
last step, additional training is carried out at the physical object.

According to the scenario in Fig. 3c, one SNC coordinator is trained. Since the NC is
segmented, that is, each function of the coordination task is performed by a separate NN, and a
corresponding segmented dataset for the most characteristic LCS is created with the help of
simulation for this. Based on the results of the training of all segments of the NN of this NK, other
DCS coordinators are cloned. In the next step, individual fine-tuning of all relevant SNC segments
is carried out on a simulation model and then fine-tuning on a physical object.

According to the scenario in Fig. 3d, SNC coordinators of all LCSs are simultaneously trained.
For this, a global segmented dataset is created for each module of all NCs using simulation. This
method requires fine-tuning the joint action of all modules of each SNC on a simulation model. In
the last step, additional training is carried out at the physical object.

Numerical Experiments, Results and Discussion

The study of the effectiveness of these scenarios was carried out on the basis of a decentralized
MZO control system with 4 zones located in series (Fig. 4).

Zones 1...4 affect each other by exchanging resource flows (heat, raw materials, etc.). Local
zone control systems exchange information necessary for coordination through a data transmission
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Figure 4. Basic structure for simulation

The simulation model of the system was created on the Scilab/Xcos platform using the block
library for modeling distributed control systems (Dubovoi & Yukhymchuk, 2022; Yukhymchuk,
2022). Fig. 5a shows the model of one zone with LCS, Fig. 5b shows the model of the coordinator.
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Figure 5. Simulation models of the controlled zone and the coordinator

Neural coordinators MNC were created using ChatGPT with the Tensor-flow library. An
example of the network generation function is shown in Fig. 6.

def create_model():
model = Sequential([
Input(shape=(5, 17)), # Input layer for historical data
GRU(64, return_sequences=True), # Recurrent layer GRU
GRU(32), # The second recurrent layer GRU
Dense(1) # Output layer with one neuron

)

return model
Figure 6. Function for MNC generation from ChatGPT

Let's calculate the number of configurable parameters for the proposed model:
1) First layer GRU:
- Parameters for the input vector: 17x64+64=108817x64+64=1088;
- Parameters for recurrent matrix: 64x64+64=416064x64+64=4160;
Total: N;=1088+4160=52481088+4160=5248.
2) Second layer GRU:
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- Parameters for the input vector: 64x32+32=208064x32+32=2080;
- Parameters for recurrent matrix: 32x32+32=105632x32+32=1056;
Total: N,=2080+1056=31362080+1056=3136.
3) Output fully connected layer:
- Parameters for scales: N3=32x1+1=3332x1+1=33
Thus, the total number of configurable parameters for this model is:
Np=5248+3136+33=84175248+3136+33=8417.

To create a dataset from the input, output and internal parameters of the coordinators, the
module for outputting simulation data to a file shown in Fig. 7 was used. Pre-normalization of the
simulation data was not required because the stability of the system had been verified in previous
work and the parameter ranges were specified in the simulation presetting. The resulting data array
was divided into a training (80%) and testing (20%) subset.

60 %

50 A

40 4\ ¢=—Scenario 1

30 ==fll==Scenario 2

bgnr:it:at:y file 20 -% Scenario 3
10 v i ==é==Scenario 4

MU

- . 0 T T T T T 1
Figure 7. Module for outputting 0 100 200 300 400 500
simulation data to a file

Figure 8. Comparison of the effectiveness of the
scenarios

Dependencies of the RMSE of the output vector of presettings of the neural network relative to
the same vector of presetting of the simulation on the testing sample and the number of training
epochs were studied. The results of the study are shown in Fig. 8. The dataset was generated by a
simulation with random input influences F[n], X[n], u with a uniform distribution and an

exponential correlation function. The probability distribution of the components of the vector F of

a given state of the zones is normal, with mathematical expectation m; =37, variation m—f =20%,
f

correlation interval z, =5 simulation cycles. The probability distribution of the components of the

raw material flow vector X is uniform, with mathematical expectation m, =10, variation Ix _10%,
mX

correlation interval ¢, =5 simulation cycles. The probability distribution of the state of the
environment u is uniform, with a mathematical expectation m; =15, range is [0;30], correlation

interval z, =15 simulation cycles.

Let's estimate the required number of dataset blocks. To prevent overfitting, we will use the
“10x rule”. This means that the number of training data should be 80,000, and the total number of
simulation cycles and, accordingly, data blocks (including test ones) should be Ng=10°.

Research results have shown that with a sufficiently large number of epochs, all scenarios lead
to approximately the same result. However, segmented NCs approach the final learning level faster.
In the cases of Scenarios 1 and 3, where one coordinator was first trained for 300 epochs and then
the results were cloned to other coordinators, the overall RMSE increased immediately after
cloning, but quickly decreased to close to Scenarios 2 and 4 as a result of fine-tuning.

At the same time, the training of segmented coordinators requires the creation of similarly
segmented datasets: separately for each task which complicates the training process.
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Conclusions. The studies allow us to conclude about the possibility of transition from the
algorithmic solution of the problem of coordination of local control systems of multi-zonal objects
to the solution using neural networks. Two variants of neural coordinators are considered:
segmented and non-segmented. The advantage of the segmented version is a slightly higher learning
speed. However, the non-segmented version is more versatile because it is not tied to a defined
coordinator structure.

In the course of the study, the last stage of the scenarios - supplementary training on a real
physical object - was not performed. However, it can be assumed that after such fine-tuning, the
advantages of MNC will become even more noticeable, since such fine-tuning will correct the
shortcomings of imitation.

Further research is expected to be directed to the task of choosing the optimal architecture of a
neural network for decentralized coordination of MZO.
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Abstract Fast DC charging sites are required along motorways to abrogate the car drivers' anxiety
of long-distance travels when driving electric vehicles (EVs) with batteries optimised for efficient
average reach. This is important to facilitate the mobility transition to EVs. In this study, a queueing
model-based approach to simulate and evaluate fast charging sites equipped with many DC
charging points is presented. Charging sites are modelled as multi-server queueing systems with
finite waiting space, where the servers represent the charging points and the waiting space the
parking area available for EVs waiting for service. To evaluate also arrival and service time
distributions that are non-Markovian, the queueing system is evaluated using event based
simulation. Exemplary results and a comparison with analogous simulation tools complete the
presentation of the simulation approach.

On one hand, the simulation reveals the mean potential waiting time per EV before charging can
start due to the temporary occupation of all charging points. On the other hand, the tool analyses the
aggregated power demand of all charging points. Based on latter, the smart charging mechanism
reduces dynamically the individually available charging power if needed to stay below the power
grid access limit. This smart charging mechanism causes a small decline in the charging
performance at high EV traffic loads when all charging points are maximally occupied. In
combination with the state-of-charge depending power demand, the tool provides the user critical
insights into realistically expectable waiting times and decreased charging volumes when many EVs
charge in parallel. Experimenting with different number of charging points and grid power
limitations helps the tool-user, the systems designer, to dimension charging sites along motorways
that can efficiently handle future traffic loads.
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AnoTauis. IIBuaki 3apsiiHi cTaHmii MOCTIHHOTO cTpyMy HEOOXi/IHI B3AOBXK aBTOMAricTpaiei, moo
1M030aBUTH 3aHENOKOEHHS BOJIIB IOJO IMOI3J0K HAa BEJMKI BIACTaHI Ha EJIEKTPOMOOUIAX 3
OarapesiMi, OINTUMI30BaHUMHU i1 €(EeKTUBHOIO cepelHboro 3amacy xoay. lle BaxmuBo amns
MOJAJIBIIOTO CIIPHUSIHHA MEepexoy Ha eIeKTpoMoOiIi. Y oMY JOCHIIKEHH] MPeICTaBIeHO MiAXiza
Ha OCHOBI MOJIEJI YepT /I MOJICTIOBaHHS Ta OLIIHKYA MaiIaHYMKIB MIBUIKOI 3apsAIKH, 00JaJHAHUX
OaraTbMa 3apsAAHMMHU IYHKTaMH [OCTIHHOrO CTpyMy. 3apsiHiI CTaHLil MOJENIOIThCA SK
OaraTocepBepHI CUCTEMH MacoOBOTrO OOCIyrOBYBaHHS 3 OOMEXKEHHM IPOCTOPOM OYIKYBaHHS, €
CepBepU MPEJCTABISAIOTh MYHKTH 3apsAKd, a MPOCTIp OUYIKyBaHHS-NAPKYBaJIbHY 30HY, IOCTYIHY
JUIs €JeKTPOMOOLIIB, Kl OYIKYIOTh Ha o0ciyroByBaHHs. IIl00 OLIHWTH TakoXX pO3MOAUI yacy
npuOyTTs Ta OOCIYrOBYBaHHSA, SIKMH HE € MapKOBCbKUM, CHCTEMa MAacOBOTO OOCIIyrOBYBaHHS
OLIHIOETHCS 3a JTOTIOMOTOK0 IMITAI[IITHOTO MOJIETIOBaHHS Ha OCHOBI Nofii. [Ipuknaani pe3yabraTu
Ta MOPIBHSAHHS 3 AaHAJOTIYHUMHU IHCTPYMEHTaMH MOJIEIIOBaHHS 3aBEPUIYIOTh IPE3CHTALII0 MiAX0TY
710 MOJIEJIIOBaHHs. 3 OJJHOTO OOKY, CUMYJIALIS IEMOHCTPY€E CepeAHIN MOTEHIINHUI Yac OYiKyBaHHS
eJIEKTPOMOOUIS 10 MOYATKy 3aps/PKaHHS Yepe3 THUMYAcOBY 3aMHATICTH YCIX 3apsJHUX TOYOK. 3
1HIIOTO OOKY, IHCTPYMEHT aHaJli3y€ CYKYIMHHUI MOMUT HA €JIEKTPOCHEPrito YCIX 3apsIHUX CTaHIIH.
Ha ocHOBI OCTaHHBOTrO, MEXaHi3M pPO3YMHOI 3apsiIKM JWHAMIYHO 3MEHIIYE 1HAMBITyaTbHO
JOCTYNHY MOTYXHICTh 3apsAIKy, 1100 BOHA HE MEpeBUIIyBajia JIMIT JOCTYMY 10 €IEKTPOMEPEKI.
Ile#l iHTENEeKTyaJbHUN MEXaHi3M MPHU3BOJIUTH [0 3HIDKEHHS NPOJYKTHBHOCTI 3apsKd MpU
BHCOKOMY HaBaHTa)KE€HH1 TpadiKy eIeKTpOMOO1IiB, KOJIM BCl 3apsAIH1 TOUKHU 3aiHATI. Y MO€IHAHHI
3 moTpebo0 B €Heprii, IO 3aleXUTh Bl CTaHy 3apsly, IHCTPYMEHT HaJa€ KOpPHCTyBayeBi
KPUTHYHO BaXJIMBY 1H(QOPMAI[IO MPO pPeaqiCTUYHO OYIKYBaHUM Yac OYIKYBaHHS Ta 3MEHILEHHS
00CsTiB 3apsKaHHs, KoM 0arato eJeKTpPOMOOLTIB 3apsIKaloThCs mapanenbHo. ExcriepuMenTH 3
PI3HOIO KUIBKICTIO TOYOK 3apsAKd Ta OOMEKEHHSMU MOTY)KHOCTI Mepexi JI0InoMararoTh
KOPUCTYBa4eBl IHCTPYMEHTY Ta IPOEKTYBAIbHUKY CHUCTEMU BHU3HAUUTH PO3MIpU 3apsIHHUX
MalJaHYMKIB Y3J0BXK aBTOMAaricTpaiei, siKi 3MOXYTb €(QEKTUBHO BIIOpaTUCA 3 MaHOyTHIM
TPAHCHOPTHUM HABaHTAXKECHHSIM.

KurouoBi cjioBa: mBuaka 3apsijaka, po3yMHa 3apsjka, 3apsiiHl CTaHIlii, MOJICTIOBaHHS Ha OCHOBI
MOJIii4, TICTOTPaMU MOTY>KHOCTI.
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Introduction. To significantly reduce greenhouse gas emissions in the mobility sector and
thereby mitigate climate change (Erbach 2024), the transition to electric vehicles (EVs) appears
imperative (Tang 2023). EV sales rise steeply and reached 20% or more in many markets, often
supported by governmental incentives. Overcoming the range limitations of current EV technology
with larger batteries is probably neither efficient nor sustainable because for the majority of
distances travelled (Eurostat 2021), the extra weight and cost are not required. Still, for the
occasional longer-distance travel, recharging needs to be integrated into the travel planning if
recharging opportunities are scarce and recharging occurs comparably slow. To be reliable, a
robust, freely accessible, and trusted fast charging infrastructure is required especially along
motorways (EUR-Lex 2023) to ensure that travel remains convenient and time-efficient, and to
alleviate the common range anxiety among non-EV users.

Recent literature covers mostly the deployment of a distributed AC charging infrastructure in
residential areas (Huang 2023, Jansson 2022). Research results on the integration of fast direct
current (DC) charging along motorways, where fast charging is most needed, are hardly found and
often very complex, as in (Witt 2023). Yet, some companies plan recharging sites with megawatt
grid access needs. Are the thereby triggered grid expansions really necessary, or can smart charging
considerably reduce the required grid access needs? The answer to this research question depends
heavily on the actual EV traffic load expected and the dynamics of fast EV charging (Witt 2023). In
addition to the technical and economic challenges of installing and operating such charging sites,
also the impact on the electric grid shall be encompassed (Lee 2019).

This research is grounded in the imperative necessity to address climate change through the
transition to a sustainable transport sector, in which the strategic shift towards EVs is a critical
element (Erbach 2024). As the global automotive market gradually shifts away from fossil-fuelled
combustion engines, the establishment of a comprehensive charging infrastructure becomes
paramount (EUR-Lex 2023). For an economic deployment, the designers of these infrastructures,
the systems engineers, need to anticipate future demands, and cannot cater to the immediate needs
of today's EV users only.

This research ventures beyond the common discourse on distributed AC charging solutions at
home and at work, which are needed because these cover the vast majority of the recharging events
(IEA 2024). The EV adoption is not solely an economic issue, the anxiety concerning the
occasional long-distance travel needs to be solved equally for broad acceptance (Sirapa 2022).
Delving into the realm of high-capacity, fast-charging sites capable of supporting long-distance EV
travel raises other issues, in particular regional grid access limitations (Csanyi 2018). It is therefore
critical to assess the potential of smart charging solutions to mitigate the impact on the electrical
grid, thereby avoiding or at least postponing extensive and costly grid upgrades (Rahila 2024). The
focal point of the presented simulation tool and exemplary study resides in the elaboration of
efficient and effective DC charging sites along motorways, pivotal for overcoming the notable
barriers to EV adoption, such as range anxiety and long recharging times (Sirapa 2022).

Exploring the interrelation of fast and smart charging technologies, the study adopts a
methodology from the telecommunications sector employing event-based simulation and queueing
theory (Yang 2018) to efficiently model the dynamics of smart and fast charging sites. This
approach offers fresh insights into optimizing charging site performance, managing the actual
power demand, and an effective step-by-step expansion path for high-capacity charging sites. In
essence, this investigation not only highlights the technical and logistical challenges inherent in the
deployment of a high-capacity DC charging infrastructure but also situates these challenges within
the larger context of the electricity distribution grid, the complex energy system as a whole, urban
planning, and environmental policymaking. By providing a detailed analysis of the requirements
and impacts of DC charging sites, the study seeks to inform a wide range of stakeholders, from
policymakers to industry leaders, thereby supporting the collective move towards a more
sustainable, electrified future.

The purpose that triggered the development of the simulation tool is the need to accurately
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assess the performance and grid impact of modern DC charging and to use this information for the
design of efficient DC charging infrastructures (charging sites) along motorways. The R&D aim is
to balance the EV serving capacity and the power demand challenge, ensuring that future EV
charging sites, yet planned and soon deployed, deliver efficient, reliable service without
overburdening the electrical grid. Through simulation, this study seeks to support the development
of smart charging strategies that achieve scalable, sustainable solutions for the mobility transition to
a low-carbon mobility future, which requires the rapid integration of a steeply rising number of EVs
into the transportation network every day.
The primary research objective is to simulate charging sites with any number of DC charging
points considering:
o the dynamic, state-of-charge dependent power demand of DC charging,
o the dynamic charging power limits introduced by smart charging technology,
o visualising the statistical results in publishable quality as scalable vector graphics for in-
creasing traffic loads,
o saving complete scenarios including set parameters in txt and XML format together with all
statistical results in CSV and graphical format in a single zip-file for research documentation
and open data support.

State-of-the-art and analogous simulation tools. The Electric Vehicle Queueing Simulation
designed by Ken Lau in 2017 (Lau 2017), is a visualization tool created to model and analyse the
traffic intensity at electric vehicle charging stations. It calculates waiting times based on car arrival
rates and charging speeds, assuming a Poisson process for the randomised arrivals and negative
exponential distributed charging times. The tool users can adjust parameters like mean arrival rate,
charging rate, and the number of charging points, to study their effects on key performance
indicators such as queue lengths and waiting times. The simulation of this M/M/n queueing system
serves as a valuable tool for understanding and optimizing charging station throughput and
customer waiting times. However, the electric load and the charging performance are not evaluated,
and other than Markovian arrival and service distributions cannot be chosen to better approximate a
more realistic charging time distribution.

The C++ simulation of a multi-server queueing system, made public available on GitHub by
Zedrex in 2021 (Kabeer 2021), leverages an event-driven approach for efficiently managing
customer flows. By simulating customer arrivals, service processes, and departures across multiple
servers, it adeptly mimics real-world queuing scenarios. It uses an exponential distribution for
generating random inter-arrival and service times, reflecting real-world unpredictability by
assuming a memory-less distribution process. Customers are queued and served based on server
availability, with the system tracking each customer's journey from arrival to departure. Key
methods include event scheduling, handling arrivals/departures, and statistical logging for analysis.
This setup allows for detailed insights into queuing dynamics and server efficiency, although it
simplifies real-world complexities and relies on an exponential distribution of both, the arrival and
the service process.

The Queueing Simulation tool implemented in Java and published in open source by Adnan
Ansari 2019 (Ansari 2019), aims to model the process of car servicing with two service types: one
assumed for Sedans and another for SUVs. It aims to model the process of servicing different EVs
(Sedans and SUVs) using a queuing system, where the inter-arrival time and the two service time
distributions can be specified by any number of discrete probability densities, which allows it to
mimic measured distributions. The main objective is to analyse the performance of the EV service
centre (charging site), i.e., average waiting probability and time as well as server utilisation, to
assess the efficiency of the configured service resources. The two servers are assumed to have their
own queues and are predestined to serve the assigned clients, Sedans or SUVs. However, if the
according server is busy and the other server is idle, the over server also serves EVs of the other
type. Still, the individual queues are filled with the assigned EV type only. This simulation tool
allows to determine key performance indicators of the service and helps to improve service
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processes, reduce waiting time for customers and optimise the utilisation of resources. On the
downside, to evaluate the performance over increasing load (arrival rate over service rate) the
distribution definitions need to be accordingly adjusted in the source code. Without prior
calculation, the simulated load is difficult to predict and similarly to compose curves over
increasing load.

A different approach is commonly taken when analysing the impact of EV charging on
electricity distribution and supply. Most studies rely on real-world data and model all EV charging
throughout a whole region, based on modelled, assumed, or empiric driving patterns for rural and
urban residents. These studies need to include charging at the owners' premises and at long-term
parking spaces, where most charging events occur, and where AC charging suffices because speed
is at these locations of minor relevance. These studies, e.g. (Witt 2023), (Grigorev 2021), and (Yang
2021), focus on the impact of electric vehicles (EVs) on the regional electricity supply, with
considerations ranging from traffic congestion to the dynamics of the EV charging demand.
Grigorev and colleagues explore how EVs could influence traffic congestion and energy
consumption through an integrated modelling approach, revealing potential shifts in urban mobility
patterns (Grigorev 2021). Witt’s research utilizes real traffic data and discrete event-based
simulation to determine the required number of charging stations along a German motorway,
providing essential insights for infrastructure planning (Witt 2023). Meanwhile, Yang and co-
authors offer a dynamic model for the real-time management of a system of EV fast-charging
stations, addressing the challenges of meeting EV charging demand without overburdening the
electrical grid (Yang 2021). Each study assumes varying degrees of smart charging control,
underscoring the critical role of intelligent charging strategies in harmonizing EV integration with
existing electricity networks.

The simulation tool and study closest in its aim to the customised tool developed for the R&D
project eAlloc (eAlloc 2021), is the tool presented in (Witt 2023). However, the reported results are
only mean values, lacking confidence intervals and variance to be convincing. To learn about the
system behaviour at different loads the simulation needs to be repeatedly executed and separately
visualised with the help of some extra software tool.

Finite multi-server queueing system simulation. The simulation developed in Java models
charging sites as finite multi-server queueing systems (Kleinrock 1975) as depicted in Figure 1. A
dedicated number of charging points and limited waiting (parking) space determine the site
configuration.

Parking space Charging points

&

Arriving EVs ®

Departure EVs

Waiting EVs Charging EVs

Figure 1. Finite multi-server queueing system modelling a charging site with three charging
points and waiting space for four EVs
Markov processes, renowned for their memoryless property, offer a solid foundation for the
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analysis of queueing systems. This distinctive feature ensures that the future state of a system is
determined solely by its current state, rather than the sequence of events leading up to it. When
applied to EV charging stations, this principle states that the arrival of vehicles and their respective
charging duration are both independent memoryless processes. This simplification aids in the
analysis yet effectively captures the core dynamics of people's arrival and queueing behaviour.

Utilizing the theory of Markov processes to model the queuing system for EV charging
involves defining the system's states based on the number of EVs either charging or awaiting
charge. Transitions between these states are governed by probabilities, i.e., the intensity of EV
arrivals and the times spent for charging. Such a methodical approach enables the examination of
the queueing system's dynamics, thereby facilitating the identification of an optimal design. This
modelling technique simplifies stochastic dynamics into manageable mean values and variances,
making it easier to analyse and optimize the operation of for example EV charging sites.

For memoryless (Markovian) arrival processes and independent (also Markovian) charging
durations, the state probabilities Pi of such a queueing system can be calculated analytically. These
systems are composed of n charging points and (N-n) places for EVs to wait, as shown in Figure 2.

1 21 3 L [u 1) ’u N nu Hﬂ nu nu

Figure 2. State-transition diagram

In Kendall’s notation, this is an M/M/n/N system: the first “M” denotes that the arrivals result
from a Poisson process with negative exponential distributed inter-arrival times (memoryless), the
second “M” indicates that the service times are also negative exponentially distributed (also
memoryless), n represents the number of servers (charging points in this context), and N is the total
system capacity, including both charging points and waiting space. Thus, an M/M/5/15 system can
accommodate up to 15 EVs at once, with 5 being charged and 10 waiting. If all waiting places are
occupied, arriving EVs are deflected (blocked), i.e., are assumed to continue to an alternative
charging site.

The theory of queueing systems has become popular with the advent of information and
communication technology (ICT) to predict system occupation and client waiting times. However,
the theory intensely studied by L. Kleinrock in (Kleinrock 1979, Liu 2021), can be applied to many
similar systems where clients arrive, occupy a resource, and after some time leave the system.
Based on this theory, the mean number of waiting clients equals the sum of the probabilities that the
system is in a waiting state multiplied by the number of clients waiting in each state. Little's law
E{N} = A-E{T} yields that the average waiting time Tyi; equals the mean number of waiting clients
divided by the arrival rate A, as shown in equation (1). Summing over all waiting state probabilities
P;~,, yields the waiting probability P.i;, as shown in equation (2).

M/M N _ M/M N
Toaie """ = 3 ZMpaa (=) B (1)
M/M N M M N
Pwa/it /ml Zl n+1 /Ml (2)
The individual state probabilities P"'/*/™"can be calculated by solving the following equation
system:
1AL pi
Pilicy = 57:Po = T Po ©)
o
P 1156=n| ni- nPO (4)
P0=1_Zi=1 i (5)
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where the load factor p = % Is introduced, and equation (5) states that the system needs to be in

one of the possible states at all times, i.e., YP; = 1.

We use equation (1) later on with the presented results to calculate the waiting time of an
equivalent M/M/n/N queueing system depicted as narrow black curve. Comparing the simulated
waiting time with that calculated for the Markovian system reveals the impact of the actually used
distributions compared to the memoryless system that can be analytically solved. Figure 3 proves
that the calculated waiting time equals the result of the simulation if we simulate the Markovian
system where both, the inter-arrival and the service times are negative exponential distributed.

Charging site Queueing Characteristics
M_Wg.“ -.9. Lng Sywom (A0 <§..Fv».p.- — Charging site Queueing Characteristics
15 Quesoing Systom (26000 sarpes acr e ualtan aeirt)

Figure 3. Waiting time over EV arrival rate for M/M/5/15 and U/D/5/15 queueing system

The results for the M/M/5/15 queueing system shown on the left in Figure 3, prove that the
statistically derived waiting times (red curve) achieved from simulating the queueing system
outlined in the next section equal the waiting times calculated analytically (narrow black curve)
using equation (1). The results on the right side in Figure 3 show that for uniformly distributed
arrivals (equally probable inter-arrival times between zero and twice the mean) and deterministic
service times (all equal), i.e., a U/D/5/15 queueing system, the performance up to the critical load is
better, but much worse if the traffic load exceeds the total service capacity (nu). This example
shows that the analytic approach is not always feasible and the simulation of the queueing system is
more versatile in the case that the inter-arrival and service time distributions are known and do not
fulfil the memoryless property required to be Markovian.

Charging site analysis based on simulation. EVs are assumed to arrive with negative-
exponentially distributed inter-arrival times, which models the independent arrivals of vehicles to a
charging site. Considering the typical similarity of charging times (service time), which results from
the commonly faster charging possibility of larger batteries, we assume the service time to be
Erlang-2 distributed. The charging demand is assumed to be Beta distributed between 0% and 100%
of the battery capacity, assuming a mean state of charge (SoC) when EVs arrive at the charging site
between 10% and 30% SoC. Figure 4 depicts the analytically calculated characteristic probability
density function (pdf) of these distribution functions as red lines and the histograms of the
generated random samples via blue bars.

The EV charging time is in general not negative exponential distributed but peaks at some
rather short duration between 15 minutes and one hour, as shown in the presentation in (Lau 2017).
This can be approximated with an embedded Markov chain and solved analytically, but easier and
applicable for any distribution is the simulation of the queueing system using the event-based
simulation technique. This enables the analysis of general G/G/n/N queueing systems (for any inter-
arrival and service time distribution that can be generated) and in addition, to directly evaluate also
the dynamic interactions among decreasing charging power demand (the SoC dependence) and
smart charging (dynamic power limit adjustments) at the charging site. This involves considering
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the fast-charging curve of EVs, which is not constant, in particular not when the SoC rises above
80% (Witt 2023). Key metrics of the individual charging and the aggregated electricity grid load are
recorded, analysed and visualised to reveal the charging site’s performance as exemplarily shown in
the results presented next.

EXPONENTIAL oETA

1l

Figure 4. Random distributions characterising negative exponential distributed EV arrivals
(left), Erlang-2 distributed charging times (middle) and Beta distributed charging demands (right)

Exemplary simulation results. Using the above outlined simulation of a finite multi-server
queueing system, we can analyse EV charging sites as they soon may become deployed along
motorways. According to the expected increase of EVs on the road, also the traffic load served by
these charging sites will accordingly rise.

The recorded performance samples are statistically analysed and visualized to determine the
efficiency and effectiveness of different charging site configurations. For the EV drivers, the
waiting times and the amount charged in the intended charging time are of prime relevance. For the
charging site operator and the adjacent distribution grid operator, the aggregated load and the
efficiency of the peak power limitation provided by the dynamic load limiting implemented by
smart charging are of prime concern. In Figure 5 the waiting time performance for two differently
configured charging sites is compared.

"--rﬂfrg(

Charging Site Queueing Characteristics Charging Site Queueing Characteristics

M/E/S/15 Queueing System (25000 samples per evaluation point) M/E/10/30 Queueing System (25000 samples per evaluation point)
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sFigure 5. Waiting time over increasing EV arrival rate for two exemplary
charging site configurations

The charging site shown on the left side provides five charging points and ten waiting places,
the site on the right has ten charging points and twenty waiting spaces, i.e., twice the size. In
consequence, the site shown on the left becomes overloaded at an arrival rate of ten EVs per hour,
whereas the site on the right remains uncritical for up to twenty EV arrivals per hour. Practically,
waiting times up to few minutes are commonly accepted by the EV drivers, thus five charging
points yield in average acceptable waiting times up to six EV/h and ten charging points for up to 15
EV/h, which shows the efficiency of size effect that here twice the number of charging points can
more than twice the traffic load with the same performance.

Figure 6 shows the change of the site power demand for increasing EV arrival rates.
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Figure 6. Waiting time over increasing EV arrival rate for two exemplary charging site
configurations

The bold blue line in Figure 6 (Energy per charged EV) shows the average amount of energy
charged. This amount drops slightly with increasing traffic load (EV/h) due to the dynamic site
power limitation. The narrow blue lines with triangle markers above and below show the 90% and
10% percentiles of the samples. The bold red line shows the average battery capacity not charged
when the EV leaves the charging site after completing the randomly determined charging time. This
curve shows the opposite behaviour compare to the blue line because the sum of the two needs to
equal the mean battery capacity of the charged EVs. We see that in average the battery is loaded to
nearly 80%, which indicates that the simulated mean charging time is in average sufficient.

The bold magenta line in Figure 6 (Average power per charging point) shows the average

power consumed by each charging point. It is calculated as P = 2ZPi and increases as the frequency

n
of vehicle arrivals increases causing parallel charging events. Because the total site power is
limited, which is shown by the narrow magenta line on the top, the dynamic power limiting (smart
charging) causes that it levels off slightly below the maximum possible. For the smaller
dimensioned charging site on the left side in Figure 6 this line rises rapidly as arrival rates (the
frequency of cars arriving for charging) increase. Doubling the capacity shifts the rise to higher
arrival rates, which is shown on the right side.

The narrow lines without markers show the standard deviation in respect to the equally
coloured results. A higher deviation indicates higher variability and accordingly less stable charging
performance. To better visualise the variance of the site power, Figure 7 shows the histograms of
the site power for increasing arrival rates.

e

BN NN EEEEEEEEENN

NN NN RN EEEEEEE
e

Figure 7 — Site power demand histograms over arrival rate for the two exemplary charging site
configurations
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Notably, we see ripples caused by the maximum power the charging points offer, here 100 kW
each, which are in particular visible at low arrival rates. The EVs per se, could charge with higher
power. Still, the maximum site power, which for five charging points is limited to 300 kW (left
side) and to 600 kW for ten charging points (right side), is in both cases dominant at high arrival
rates indicating a reduced charging performance per EV.

If we configure a charging site with five charging points that provide 150 kW each and 500 kW
maximum site power, and consider a more diverse mix of EV types including 30% hybrid EVs that
cannot use fast charging, i.e., are limited to 22 kW maximum charging power, we see in Figure 8
that the site power limit is not so often reached even though five times 150 kW would be beyond

the site power limit. This example represents a good charging site configuration, where
performance and effort are better balanced.
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Figure 8 — Site power histogram over increasing EV arrival rate for a well-configured
charging site

By analysing the different performances of different charging site configurations, potential
bottlenecks and areas for improvement in the EV charging infrastructure can be identified.
Visualization of key statistical measures such as mean, standard deviation, and confidence intervals
are utilized to provide a comprehensive view of the system's performance for increasing traffic
loads.

Comparison with analogous simulation options. The customised tool fulfils the criteria
required to directly generate publishable R&D results, as requested. Tables 1 to 3 show that
analogous simulation tools provide different features but not the precise set required by the client,
the eAlloc project team, for whom the software tool is developed exclusively. The tools compared
serve quite different purposes, including a PhD thesis on the topic (Jansson 2022), simple
visualisation and on-line calculators for multi-server queueing systems (Lau 2017, Kabeer 2021,
Ansari 2019) and complex real-world simulation tools (Witt 2022, Lee 2019, Liu 2021) interlinked
with other simulation tools.

Table 1 reveals that no other tool supports selecting a distribution function to model the arrival
and charging time distribution. KTH and EVCsim import pdfs and patterns respectively, which is
very versatile. Witt and ACN rely exclusively on gathered field data, which focuses the studies on
real scenarios of today. Smart Charging in respect to the grid access limitation PS¢ was no where
found. Most studies considering the energy demand focus primarily on energy costs but consider no
electricity grid access power limitation or peak power costs to be paid by the site owner.
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Table 1. Features of exemplary EV charging simulation tools

features traffic load and charging time modelling charging technology

mean pdf data pattern function DC p%iég

+ +

>
@]

tool
eAlloc + - - - +
KTH - + - - -
Witt - - + - -
ACN - - + - -
EVQS
MSQS
Qsim
EVCsim - - - + -

+ -

+| +| +
1
1
1
1

1
1
1
1
+| | | ] | ] ]+
1
1

Table 2 reveals that the waiting time T, IS evaluated by most tools, only MSQS focuses on
the charging time T.,. Some tools also provide the waiting probability pw.i and EVQS the mean
queue length Lquewe. Naturally, the plain queueing system tools EVQS, MSQS, and Qsim do not
yield information on the charging performance and the power demand. Those that model also the
charging itself, focus on the charged energy E.,, the SoC or AE, at departure. The total power
demand Y’ P, is also a topic in most of the studies, even though no grid access limit is commonly
considered.

Table 2. Simulation aims of exemplary EV charging simulation tools

aims queueing performance charging performance
t(-)-(-)| Twait Pwait Lqueue Tch Tin—out Ech SoC chh
eAlloc + - - + + + + +
KTH + + - + - + + -
witt + - - - - - +
ACN + - - - - - + +
EVQS + - + - - - - -
MSQS - - - + + - - -
Qsim + + - + - - - -
EVCsim + + - + - + - -

Table 3 shows that all except one lack the scientific rigour to include information on the
stochastic quality of the derived statistical results: Non includes confidence intervals (ci) or
standard deviation (std), only EVCsim (Liu 2021) states at least mean and maximum, as well as the
median. Lacking access to the source code of some tools, some properties could not be determined
and needed to be derived from the provided results. ACN-Sim does not bother to perform a
statistical evaluation and delivers simply the gathered traces, delegating the data processing to the
user.

The plain queueing system tools without charging performance and power demand
considerations assume negative exponential inter-arrival and service time distributions, i.e., a
Markovian system, for which the mean values can be analytically calculated (Kleinrock 1975). K.
Lau mentions in the presentation in the EVQS (Lau 2017) documentation on GitHub that in practice
the service time appears not to be negative exponential distributed and suggests to use a Gamma
distribution instead. Actually, the empirically achieved histogram presented shows similarity with
an Erlang-7 distribution, which is more smooth than the Erlang-2 distribution assumed for the
above presented results.
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Table 3. Outputs of exemplary EV charging simulation tools

outputs data quality means and formats
t(-)-(-)I mean ci std traces peaks GUI Ccsv SVG
eAlloc + + + - + + + +
KTH + - - - - +
Witt +
ACN - - - + +
EVQS + +
MSQS + + +
Qsim + +
EVCsim + + + +

Conclusions. The customised charging site simulation tool developed, attempts to fill the
existing research gap by enabling the user to predict the demand for, and performance of, fast
charging along motorways. It focuses on key parameters such as the aggregated power demand and
expected charging performance, and the expected waiting time and need for parallel recharging
facilities (charging points). Calculated expectable waiting times are for example used for the multi-
objective EV assignment optimizer, developed as part of the R&D project eAlloc (eAlloc 2021), to
consider the EV driver’s common wish not to wait for the recharging. The presented study seeks to
enhance the current understanding of fast EV charging infrastructure requirements and to facilitate
more efficient and user-friendly charging solutions and related services that support widespread EV
adoption. The project objectives are:

o to consider the dynamic power demand of fast charging,

o to simulate charging sites offering many charging points in parallel,

o to conveniently visualize the statistical results,
such that both, the characteristics of different charging site configurations and the electricity grid
access demands, become understandable and apparent. The results show the demand for the number
of charging points at charging sites along motorways and the expected power demand for any future
EV traffic load. Thereby, the strategic planning for electric vehicle infrastructure development is
supported and stakeholders can make informed decisions regarding the deployment of charging
infrastructure extensions to meet future needs.

The developed tool enables future research that provides valuable insights into the dynamics
and requirements of smart DC charging as it will probably be required along motorways in the near
future when mobility is primarily based on electric vehicles. The presented approach shows a com-
prehensive tool to better understand the properties and performance issues of EV charging sites
along motorways. The findings highlight the importance of adequate planning and investment in
charging infrastructures to conveniently accommodate the anticipated electrification of the mobility
sector. High-quality visualization of the analysed site’s performance using vector graphics provides
the quality necessary for high-quality publications in scientific media.

The event-based simulation of the finite multi-server queueing system that models a charging
site enables thorough statistical analysis, including not only mean values but also confidence inter-
vals (ci) and higher moments, e.g., the standard deviation. Approximating possible future traffic
loads by generated random traffic using different distribution functions that can be chosen to mimic
the statistical properties (mean and histogram) of recorded traffic data enables upscaling by simply
increasing the mean value. Each implemented distribution can be checked by generating a histo-
gram from a generated sample and comparing that with the analytically calculated pdf as shown in
Figure 4. The event-based simulation itself can be checked by simulating a Markovian queueing
system and comparing the statistically gained waiting time curve with the analytically calculated as
shown in Figure 3.
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AHoTauig. Y naHiii poOoTi po3rIsIIAETbCSA OHA 3 KIIOYOBUX 3a/1a4 MI0JJ0 KOMIUIEKCHOI CHCTEMH
OLIIHKK PU3HKIB iHQOpMaliiftHOI Oe3neku Isl MepcoHany MiJ 4Yac PO3MEXKYBaHHS JOCTYIY J0
iHpopMamiiHUX pecypciB KOMIaHil. AKTYaJIBHICTh JOCIIIPKEHHS MiATBEPIUKYETHCS YHCICHHUMU
BUIAJKaMH BUTOKIB 1HQoOpMaIlii, fKi JIeMOHCTPYIOTh HEJOCTaTHIO €(PEKTUBHICTh TPATUIIIHUX
MeToiB Kiacu(dikamii Ta KOHTPOJNIO JHocTymy. JlocmikeHHs mepeadadae aHali3 ICHYIOUHX
cTpateriii kiacudikaiii iHpopMaIiiiHIX pecypciB KOMIIaHii Ta po3po0Ka 101aTKOBOIO METO.Y, 1110
0a3yeTbCsl Ha MOCTITHOMY aHami3l JOCTYyNy 1 AMHAMIYHOMY KOpPUTYBaHHI KiacHikamii Takux
pecypciB. [l TOCATHEHHS L€l MeTH Oyl0 BHUKOPHUCTAHO METOAM aHalli3y MOTOYHUX CTpaTerii
kinacudikamii iHpopmalli, KOMOIHYBaHHS PI3HHX METOJIB Kiacudikalii Ta BIPOBAIKEHHS
rpagi4HOr0 MEeTOAYy MOEAHAHHS TPaAULIHHOT Ki1acudikallii pecypciB 13 IMHAMIUYHOIO CKJIaJI0BOIO 3a
JIOTIOMOT'010 OaratoBUMipHOT MaTpuill. OCHOBHI pe3yJIbTaTH AOCIIHKEHHS repeadadatoTh po3pooKy
BJJOCKOHAQJIEHOTO METOAY, IO [JO3BOJs€ IMOCTIHHO aHali3yBaTH JIOCTYNl IEpPCOHANy [0
iHpopMaLlIHHUX pecypciB KOMHIaHii 1 B JAMHAMIYHOMY pEXUMI KOPHUIyBaTH KiacuQiKallio
iHpopMaLiIfHUX pecypciB 3aleXKHO BiJl MPaBWJI PO3MEXKYBAaHHS LOTO JOCTYILY. 3alpONOHOBaHUN
M1JX1]1 T03BOJISI€ BKIIFOYATH JOBUIbHY KUIBKICTh TIOKa3HUKIB HA rpadiky y BUIIIAI HAOOPY BEKTOPIB
Ta B MOJAJBIIOMY PO3paxOBYBaTH 3arajibHi OLIIHKM PU3MKIB Ha OCHOBI CyMH a00 pPI3HHUI IUX
BeKTOpiB. [IpakTHuHa LIHHICTE POOOTH MOJIATAE B TOMY, 11O 3alpONIOHOBAHUM MiAXiJ J03BOJISIE B
MOBHINM Mipi BUKOPUCTOBYBATH Cy4acCHI TEXHOJIOT] KOHTPOJIIO JIOCTYILY 1 MOXe OyTH OCHOBOIO JJIS
MOJAJIBIINX JIOCHIKEHb, HANpPUKIIAJ, TAKUX, SKI MIATPUMYIOTH aBTOMAaTH30BaHY KiIacH(]ikaIlito
iHpopmalii 3a JOMOMOrol0 TpeHyBaHHS HEHpoHHUX Mepex. KpiMm TOoro, y paMmkax JaHOro
JOCII/DKEHHsT OyJ0 TIPOBENCHO JACTAJbHHUM OTJIAJ ICHYIOUMX METOJIB OIlIHKH PHU3HKIB
iHpopMaLiHUX pecypciB KOMIaHii Ta BUABICHO KIIOYOBI HEOJIKH, 110 IPUTAMaHH] TPAJULIHHUM
nigxoaam. 3okpema, Oyiu MpoaHaIi30BaHl METO/U, 10 0a3yIOThCS Ha (PIKCOBAHUX PIBHAX JOCTYILY
Ta BUKOPUCTAHHI CTATMYHMX NPaBUJ JJs KOHTPOJIIO JOCTyImy. BusiBuiocs, mo Taki METOOU He
3/1aTHI aJIeKBaTHO pearyBaTd Ha JWHAMIYHI 3MIHHM B TMOBEIIHI[l KOPUCTYBayiB Ta 3MIHH Y
BOXIUBOCTI 1HQOpMaLiiHUX pecypciB. TakuM 4YMHOM, 3ampONOHOBAHUM MiAXiA J03BOJISIE
3a0e3neynTH OUTbII THYYKHI Ta aJalTUBHUN KOHTPOJIb JOCTYILY 10 iHpopMaliiiHux pecypcis. Lle
JOCSTAETHCS IIISIXOM MOCTIHOIO MOHITOPUHTY JOCTYIY Ta aBTOMAaTWUYHOI'O KOPHUT'YBaHHS PiBHIB
JIOCTYITy Ha OCHOBI aHai3y MOBEAIHKOBUX JIaHUX KOPUCTYBAYiB Ta 3MIHU KOHTEKCTY BUKOPUCTaHHS
iHpOopMaLiHHUX pecypciB.

KurouoBi cioBa: nuHamivHa kiacudikaris iHpopmalii, Bizyasizalis CTaHy KpUTHUYHUX PECYpPCIB,
OararoBUMipHa MaTpUIlA Kiacudikarii, K1acugikaiiHuN CTEK, IHTETPAJIbHI OLIHKH PU3HUKIB.

T.1. KopobGeiinikosa, A.b. SImuuy, 2024 9



ISSN 1999-9941, “TH®OPMAIIHI TEXHOJIOTTi TA KOMIT'FOTEPHA THXXEHEPIS”, 2024, Ne2

Multidimensional classification matrix for information security risk assessment

Tetiana I. Korobeinikova
PhD, Associate Professor of Information Technology Security Department
Lviv Polytechnic National University
Stepana Bandery St, 12, Lviv, Ukraine, 79000
ORCID 0000-0003-2487-8742

Andrii B. Yamnych
Postgraduate Student of Information Technology Security Department
Lviv Polytechnic National University
Stepana Bandery St, 12, Lviv, Ukraine, 79000
ORCID 0009-0005-7226-1896

Abstract. In this study, we address one of the key challenges related to a comprehensive risk
assessment system for information security concerning personnel during access delineation to
company information resources. The relevance of this research is confirmed by numerous instances
of information leaks, which highlight the insufficient effectiveness of traditional classification and
access control methods. The research aims to analyze existing classification strategies for company
information resources and develop an additional method based on continuous access analysis and
dynamic adjustment of resource classification. To achieve this goal, we employed methods such as
analyzing current information classification strategies, combining various classification techniques,
and implementing a graphical method that combines traditional resource classification with a
dynamic component using a multidimensional matrix. The main results of the study involve the
development of an enhanced method that allows continuous analysis of personnel access to
company information resources and dynamic adjustments to resource classification based on access
delineation rules. The proposed approach allows for the inclusion of any number of indicators in a
graph as a set of vectors, subsequently calculating overall risk assessments based on the sum or
difference of these vectors. The practical value of this work lies in its ability to fully utilize modern
access control technologies and serve as a foundation for further research, such as automated
information classification using neural network training. Additionally, within this study, we
conducted a detailed review of existing risk assessment methods for company information
resources, identifying key limitations inherent in traditional approaches. Specifically, we analyzed
methods based on fixed access levels and the use of static rules for access control. It became evident
that such methods are inadequate in responding to dynamic changes in user behavior and the
evolving importance of information resources. Thus, the proposed approach allows for more
flexible and adaptive access control to information resources, achieved through continuous access
monitoring and automatic adjustments based on behavioral user data and contextual changes in
resource utilization.

Keywords: dynamic information classification, visualization of critical resources, multidimensional
classification matrix, classification stack, integral risk assessments.
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Beryn. LlenTpanbHuM pusukoM iHpopMaliifHOi Oe3neKd 3aBXKAW € HECAHKIIIOHOBAHUM
JOCTYIl 10 KpUTH4HOI iH(popmallii Ta/abo ii BUTIK 3a Mexi opranizarii (Velmurugan et al., 2024;
Pitafi et al., 2023; Al Qahtani et al., 2024). 3anexxHO BiJ TOro, HACKUILKA KPUTHYHOIO Oysa
inpopmaris (Mikuletic¢ et al., 2024), 30uTku MOXKYTh BapiroBaTHCS BiJ 3BHUYAHMX 0 JAHIIOXKKA
HACJIJIKIB, SIKI TMOTATHYTh IIKOAY HE JHINE AJii KOHKPETHOI opradizamii, a W g ii KII€HTIB,
KOHTpAareHTiB, a 1HOMI HAaBITh JJIsi TPOMAJSH, SIKI BUABWIHCS CYIMYTHIMH XEPTBAaMH BHTOKY
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(Wiedemann et al., 2024; Alotibi, 2024) (oco0nuBO SKIIO #AETHCS NPO IMEPCOHATBHI JaHi).
TpanumiitauM criocoboM 3amobiranHs abo MiHIMIZaIlli TAKWX BHMAJKIB € kKiacudikailis iHGopmartii
Ta 00MEXKEHHS JOCTYIy JIO Hel JIMIIe MeBHUM KOJIOM jaoBipeHux oci6 (Ramamurthy et al., 2022;
Wang & Gu, 2024).

[Tpouiec kmacudikarii Moxke OYTH YCKIATHEHHWH TOMATKOBUMHU (DaKTOpaMH, SK-OT PIBHEM
JOCTYITy TIepcoHally 10 iH(MopMaliiHux pecypciB mignpuemcTBa. IlpuBaTHI oprasizamii 4acTo
eKOHOMJISITh Ha TMEPCOHANI, 1 KOKEH NpAIliBHUK B HUX MOXE BiJIMOBIATH OJHOYACHO 3a KiJbKa
HanpsaMKiB. Lle cTBoproe 3HauHi pusuku s iHpopmariiinoi 6e3nexu (Shmatko et al., 2020).

TakuMm 4YHHOM, icHye mOTpeba J0JaTh y KOMIUIGKCHY CHUCTEMY OIIHKA pPHU3HKIB
iHdopmariiHoi Oe3neku (s MepCoHaNy MiJ Yac PO3MEXYBaHHS JOCTYIY A0 i1H(GOpMaIiiHUX
pecypciB KoMIaHil) AMHaMiuHy CKJIanoBy Kiacudikamii inpopmartii. Lle 703BoNNTh BU3HAYNTH, SIKi
camMe pecypcu € HaiOuIpIl 3arpeOyBaHMMH, SIKI CaM€ pecypcH HaWdacTille [eleryrThCs
TUMYaCOBHM ITPAIIBHUKAM 1, HAPEIITI, SKi 3 HUX HEOOX1THO HU(POBI3yBaTH B MEPIILY YEPTy.

Metoro po0OoTH € aHalli3 Ta BIOCKOHAJIEHHS CHOCOOIB Bizyali3allili CTaHy KPUTHUYHUX
iHpOpManiiHUX pecypciB Ha MiAMPUEMCTBI 3a JIOTIOMOTOI0 JTUHAMIYHOTO MiIXOAY 13 3aCTOCYBaHHSIM
OaraToBumipHoi MaTpuli KiacudikyBaHHS i1H(opmMauii A8 OIHKKM PHU3MKIB iH(opmamiiHoT
0e3IeKH.

Jlist ocsiTHEeHHs MOCTaBIIeHOT y JaHiil poOoTi MeTu HeoOXimHO: 1. BUKOHATH aHami3 3acaj
knacudikamii iHpopmaii Ta OOrPYHTYBaTH JOIUIBHICTh JUHAMIYHOTO IIJXOAY; 2. 3allpONOHYBAaTH
IuHaMiuHy Kinacudikaiito Ha 6a3i aHalli3y AOCTYILY 10 PECYpCiB; 3. 3alPONOHYBATH 0araTOBUMIPHY
MaTpUIIIO KiIacudikarii pecypcis.

HaykoBa HOBU3Ha pPOOOTH: TPOMOHYETbCA OaraToBUMipHAa MaTpulls Kiacu(iKyBaHHS
iHpopMamii A1 OIiHKK PU3UKiB iHPOpMAaIIIHOT Oe3rekH, sika, Ha BiAMiHY BiJI aHAJOTIB, JO3BOJISE
Bi3yalli3yBaTH KOKEH pecypc y popMi BEKTOpa, MPONOPLIHHOMY MaKCUMaJIbHIM 3MiHI THHAMIYHOTO
MOKa3HUKa, CIpsMOBaHOro B OIk mi€l 3MiHM. lle 103BONMTH Bi3yalli3yBaTh MUTTEBI MIKH IS
MaJio3aTpeOyBaHUX PeCypCiB.

Orasin Jgiteparypu. B po6oti (Velmurugan et al., 2024) 3a3nauaetbest, 1o Kiacudikaris
iHpopMaIlii € BaXJTUBHM €TaroM Jyis 3amobiranHs BuTOkiB maanux. Y mpami (Pitafi et al., 2023)
MOJIAHO JIOCTIJKEHHSI TIPO TEXHIYHE yOe3leUYeHHsI BUTOKIB JTaHuX, a y podori (Al Qahtani et al.,
2024) ocHOBHa yBara IMpHJiJeHa OpraHizaliiHUM Ta COLialbHO-IH)XEHEPHUM MPUYMHAM BHUTOKIB
nanux. Takox, M yac poOOTH 13 IEPCOHATILHUMH JIaHUM YacTO OCOOHMCTI MEPEKOHAHHS Ta €THKa
CTalOTh YMHHHMKAMHU Oe3reku, mpo 1o #aerbes y cratri (Mikuleti¢ et al., 2024), ska mocmimkye
METOAM 3aXHUCTy KOH(DIIEHIIIMHNX MEIUYHUX AaHUX. YacTo B pe3ynbTaTd BTPATH YYTIUBUX JTAHUX
’KepTBaMH € TpeTi ocobw, 1o mocmimkyote (Wiedemann et al., 2024) ta (Alotibi, 2024). Takum
yuHOM, mpoBimHi ydeni (Ramamurthy A. et al.,, 2022), (Wang & Gu, 2024) npomnoHywoOTb
OOMEXUTH JIOCTYI A0 YyTIUBOi KOH(QiAEHINHHOI iH(popMarllii, BOAHOYAC MOAUTUBINM i Ha MEBHI
rpynu, To0TO, MPOMOHYIOTH Ki1acu(ikyBaTH iH(pOpMaIIito Ta OOMEKUTH 10 HET TOCTYI.

OpHak y nep)KaBHUX MIANPUEMCTBAX Ta BINCHKOBUX YCTAaHOBAX TAKUU MIAXiJ MiAKPIMIECHO
JOJATKOBUMH 3axojJaMy O€e3NeKH Ta 3arpo30l0 KPUMIHAJIBHOI BIAMNOBIJANIBHOCTI, @ Ha pIBHI
MPUBATHUX MIJIPUEMCTB BiH 0a3yeThCs JIMIIE HAa MEPCOHAIBHIN BiJIMOBIANIBHOCTI MpalliBHUKA. SK
MIPaBUJIO, MIAMUCYETHCS JIUIIE CIeliaJbHe TOMOBHEHHS IO TPYAOBOTO JOTOBOPY, SIKE OOYMOBIIOE
BIJIMOBIJAJIBHICTh 32 MOPYLIEHHS PEXUMY JTOCTYIy IO JaHUX a00 PO3rojOMIeHHS KOMepLiiHOi
TAEMHHUI. SIKIO MiANMPUEMCTBO Ma€ JOCTYH JO JEpKaBHUX JaHUX Yy pPaMKax Jep:KaBHO-
MPUBATHOTO TAapTHEpPCTBA (3a3BUYaid, 1€ CTOCYEThCS MEPCOHAJIBHUX MaHMX), TO PIZHULSA MIX
PIBHAMHU 3a0€3ME€UYEHHSI PEKUMY CEKPETHOCTI Ha Jep>KaBHOMY Ta OpraHi3aliifHOMy pIBHSAX MOXe
CTBOPHUTH 3HAuYHY JipKy B cuctemi Oe3neku manux (Arslan et al., 2024; Emmanuel et al., 2024;
Venn et al., 2024; Song et al., 2024).

Tomy mnpuBaTHI MHiANPUEMCTBA 3HAYHO OLUIbIIE 3aJIeXKaTh BiJA TOYHOCTI Kiacupikarii
iHdopmarrii, a Takok OUIBII MIIJTBHOTO KOHTPOJIO 3a JOCTYNOM J0 KOHKPETHUX pecypciB. Uum
OLTBIIIONO 1 PI3HOMAHITHINIOK iH(OpMaIiifHOIO 633010 BOJIOI€ OpraHizallis, TUM CKJIAJHIIIOK Oyzae
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3agada Kiacudikallii pecypcis, 1o 10 Hei Bxoasts (Barnawi et al., 2024, Gambarelli et al., 2021;
Mazzola et al., 2021).

3aramoMm, ICHy€ TEHJCHINS JO PO3BUTKY JOCTIIKEHb, 30CEPEPKCHUX Ha IiJIBUIICHHI
TouHOCTI Kiacudikanii iHGopMaliiiHUX pecypciB Ta amanTailii MiAXOJIB 0 Cy4aCHHUX BHKIIUKIB
iHdopmariiHoi Oe3MeKu.

Marepianun Tta Metroau. OCHOBHI eTamu poOOTH BKIIOYANM aHAJi3 Cy4yaCHUX METOIB
kiacudikamii iHGoOpMaIIHHUX pecypciB, OOIPYHTYBaHHS AOILIIBHOCTI BUKOPUCTaHHS JUHAMIYHOT
knacuikarii, po3poOky GaraToBumipHOi MaTpulli kiacudikamii pecypciB. Meroomnorisi BKItoyana
BUKOPUCTaHHSA CTAaTUCTHUYHUX METOAIB JUIsl aHali3y JaHUX PO JOCTYN 1O PECYpCiB, a TaKOX
PO3pOOKY rpadivHUX IHCTPYMEHTIB I Bi3yallizamii JMHAMIKK JOCTYIy. AHai3 Cy4aCHHX METOJIIB
kinacudikamii iHGoOpMaIIMHUX PpecypciB TMOYWMHABCS 3 BHUBYCHHS ICHYIOUHX IJIXOMIB [0
knacudikamii iHpopmamii B PpI3HMX OpraHizamifx, 30KpeMa Jep)KaBHUX MiIINPUEMCTBAX Ta
npuBaTHUX KommaHisx. byno nocnimkeno crangaptu ISO 27001 ta QGISCEF, mo 3acTocoByroThCs
s knacudikamii inopmamiitaux pecypciB (QGISCF, 2023; ISO 27001, 2022). Buwamucs
MeTo U Kiaacudikallii 3a KpUTEpisIMU YyTIAUBOCTI, IIUTICHOCTI Ta JOCTYIMHOCTI iH(pOopMaIlii.

OOrpyHTYBaHHS JOUIIBHOCTI BUKOPUCTAHHS IWHAMiuHOI Kiacugikamii OazyBamocs Ha
BHUBUEHHI JWHAMIKM JOCTYIMy [0 1H(QOpMAIifHUX pecypciB Ha OCHOBI JaHUX >KypHAITIOBaHHS
JOCTYIy B CydacHHX (aillIoBUX CHCTeMax. byino MmpoBeleHO TOPIBHSHHS CTaTHYHUX METOIIB
knacudikaiii, ki BUKOPHUCTOBYIOTh (PIKCOBaHI TOYKHU MEPErisiAy, 3 AWHAMIYHUMH METOIaMH.
BusiBneHO KITI0YOBI MOKA3HUKH, SIKi BIUIMBAIOTh HA KPUTHYHICTD iHPOPMALIIHHIX pecypciB, Taki sK
4acToTa JI0CTYILY, IPOTOKOJI IOCTYIY Ta TUIl KOPUCTYBAUiB.

Po3poOka OararoBumipHOi MaTpuii Kkiacudikamii pecypciB BKJIOYana CTBOPEHHS
0araToBUMIpHOT MAaTpUIll, IO MOEJHYE Pi3HI MOKA3HUKU KPUTHUYHOCTI PECcypciB, BKIIOYAIOYU
94acTOTy JOCTYIy, DPiBeHb KOH(IAEHIIHHOCTI Ta cTymiHb mudposizamii. BukopucroByBammcs
METOJIM Bizyauizallii Jis BiIOOpaKeHHs 3MiH YacTOTH JIOCTYNY Ta IHIIUX AMHAMIYHUX MOKA3HUKIB
y Bunsial rpadikiB 1 giarpaMm. byno po3poOieHo MeTOoHoJoTiro i ajganTaiii kiacudikaimii B
PEKUMI pealibHOro Yacy Ha OCHOBI JaHUX MPO JOCTYH JI0 PECYPCIB.

Onuc crparerii Ta KpurtepiiB QopMyBaHHsS BUOIpPKM BKJIIOYaB BHUOIPKY 1H(OpMamiiHuX
pecypciB Ha OCHOBI iX 3HAYYIIOCTI AJIS IisSUIBHOCTI OopraHizaiii. BusHauanucst KJ1t04OBi OKa3HUKH
JUId aHaJli3y, Takl SK KUIbKICTb KOPUCTYBauiB, THUIIM JOCTYIY Ta 4YacTOTa 3alMTIB J0 PECYpCIB.
BukopucroByBasiucss CTaTUCTUYHI METOAM Ui aHali3y MAaHUX BUOIPKM Ta OLIHKM PHU3MKIB
1H(popMarLiiiHOT Oe3neKu.

ExcnepumenrtanbHa ©0a3a  JOCHIDKEHHS BKJIIOYANa TMPOBEJIEHHS EKCIIEPUMEHTIB 3
BUKOPUCTAHHSM >KYpPHAJIIOBaHHS JOCTYNy 10 1H(OPMAaLIMHUX PECYpCiB y pealbHUX YMOBax
opraizauii. AHami3yBainucs OTpUMaHi JlaHi JUIsl BUSBJICHHS NAaTEpHIB JOCTYNYy Ta aHOMAaii, 110
MOXXYTh CBIIYUTH MpO MOTEHLIHHI 3arpo3u 1HpopmauiiiHiil Oesmewi. OTpumaHi pe3ynbTaTu
BUKOPHUCTOBYBAJIUCS [UIsl KOPUTYBAaHHS METOMIB Kiacu]ikamii Ta MiJBUILEHHS e(eKTUBHOCTI
3aX0/1iB OE3IIeKH.

s 3abe3neueHHs] MOBHOI KapTHHU XOJIY AOCHIJKEHHS BHUKOPHUCTOBYBAJIUCS J10/AaTKOBI
MeToIu. MeToJ| CTaTUCTUYHOIO aHaji3y 3aCTOCOBYBABCS JIsl OOPOOKH BETUKUX OOCATIB JaHUX MPO
JOCTYH /10 iHPOPMaLIIHHIX PEeCypCiB, a TAKOXK JJISl BUSBJICHHS CTATUCTUYHO 3HAUYILUX BIIXUIICHD Y
narepHax jgoctyny. ['padiuni Meroau Bi3yamizailli BUKOPHUCTOBYBAJIWCS IS TMPEICTaBICHHS
pe3yibTaTiB JOCTIDKEHHS Yy BUIVILAL JiarpaM Ta rpadikiB, [0 JO3BOJSUIO HAOYHO Bi0OpasuTH
JUHAMIKY JOCTYMY J0 PECYPCIB Ta BUSBIIEHI aHOMAJIIi.

PesyabTaTrn

Ananiz 3acaax kiaacudikanii ingopmanii Ta oOIpyHTYBAHHS JHHAMIYHOIO MiAX0dy.
[Mepmr HiX po3rasaaTy knacudikamito iHpopmarii 3 6€3MeKOBOro pakypcy, HEOOXiIHO 3pO3yMITH,
SIK BUTJIAJIA€ CTPYKTypa JaHUX B MEkax opranizaiii. [Ipocrime 3a Bce po3risgaT ix 3 TOYKH 30py
I0IGHHOTO poOoyoro mpouecy. Tozi BCi JaHi MANPUEMCTBA MOXKYTh OyTH MOALIEH] Ha TPU TPYITU
(Malchiodi et al., 2024; Zhang et al., 2018; Robinson, 2024) (puc. 1).
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Legacy Data

\/

Internal Data Workflow Data

Pucynoxk 1. Knacudikarist 1anux 3a poOo4uM mpoIrecom
Jaxepeno: po3pobiieHo aBTopamu Ha ocHoBi qociimkens (Malchiodi et al., 2024; Zhang et al., 2018; Robinson, 2024)

Legacy Data (apxieni Oawni). ApxiBHI JlaHl Ta TOKyMEHTH MHHYJIHX IEPIOJiB, SIKI MOXYTh
30epiraTuch B MOBHICTIO HEMU(POBiit Gopmi abo B (hopmaTax, siKi BTpaTHIIM aKTyaJbHICTb 1 HE €
CYMICHHUMHU 13 Cy4yaCHUMH 1H(pOpMaIifHUMU CUCTeMaMU. 3aJeKHO BiJ 3HAYYHIOCTI IIUX AAHUX IS
MOTOYHOI POOOTH, IIi JTaHI MOKYTb OYTH SIK MOBHOI[IHHUMH, CTPYKTYPOBAaHUMH JOKYMEHTaMH (110
JI03BOJIUTh 30€perTd 1CTOPUYHICTh [AHUX, BIJCTEXKYBaTH TEHICHII B pOOOTI YCTAaHOBH YU
KOMepIiiHoi ¢ipmu, 3actocoByBaTH Big Data mns anamizy Tomo), abo BHOCHUTHCh B CHCTEMHU
O0JiKy SIK TEBHUW MIJCYMKOBHUM 3aluIIoK. Sk mpaBuio, Iie HalOLIbIl apxaiyHa dYacTHUHA
iH(popMaIiiHOT 010TI0TEKH, 13 HAHMEHIIIUM BiJICOTKOM ITU(POBI3aIlii;

Internal Data (énympiwmni Oawni). BHYTpINIHS JOKYMEHTAIlisl, SIKA BUKOPUCTOBYETHCS Y
MOBCSIKJICHHIN pOOOTI, aje He BUXOAUTH 3a MEXI MiANPUEMCTBA. 3a3BUYAl, I HAKA3H, MTOJIOKCHHS,
LUPKYJISAPH Ta 1HIIAa HOPMATUBHO-3JAMIHICTPaTUBHA JOKyMeHTalis. TyT HallyacTille 3ycTpidyaeTbes
uu@poBizalis, OCKUIbKM BOHM MOXYTh ICHYBaTH B (opmi OOMIHY MOBIJOMJICHHSIMH Yepe3
€JIEKTPOHHY MOIITY YM KOPIOPATUBHI CUCTEMH CHUIBHOI pOOOTH;

Workflow Data (nomokosi oOamui). Poboda [1OKyMeHTallisl, SKa BUKOPHUCTOBYETHCS Y
BUPOOHMYIM JisulbHOCTI 1 € OQIIIiHOIO JOKyMEHTAall€lo, sKa Moke OyTH BHKOpPHCTaHA
KOHTPOJIIOIOYMMH, CYAOBUMH Ta IHIIMMH YCTaHOBAaMH SIK TIPaBOYMHHA YH IIiJICTAaBOBA
nokymeHranis. Lli naHi IiIsATbcs Ha MEpBUHHI (CTBOPIOIOTHCS a00 BHOCSTHCS MpALlIBHUKAMU SIK
pe3ynbTar ix npodeciiiHoi AISUIBHOCTI) Ta BTOPUHHI ((POPMYIOThCS 3 JAAHUX, B3SITUX 3 NMEPBUHHUX
JIOKyMeHTiB). BoHM MOXyTh OyTH 1M POBI30BaHI K Me/Aia-JOKYMEHTHU (3a3BUYail, CKaHIEUTH abo
¢doroxomii) Ta/abo 3aMiHEH1 CTaHIAPTHUMH EJIEKTPOHHUMHU JOKYMEHTaMH B (opMaTax TEKCTOBHX
npouecopiB (Takux sik Microsoft Office, OpenOffice Ta iH.). Aje BOHM TaKOX MOXYTb OyTH Ha
narnepi, y popmi 3arucok, opAepiB Ta iHIINX HIOJEHHUX PO3XIAHUX JOKYMEHTIB.

Habip pecypciB, fKi 3HaXOIAThCS Ha MEPETHHI BCiX TPHOX IPYI, SIK MPaBHIO, € HAMOLIbII
KpuTHYHUMHU JIs pyHKIionyBaHHs mignpuemctBa (Robinson, 2024). Croau Moke BXOIUTH K
aynuTopchbka iHbopmarlis (B Hilt "cxonaTbes" BCl HAMOUTBIN BaXKJIMBI MOKa3HUKU JISUTBHOCTI), TaK 1
iHpopmanig, HeoOXimHa s 3a0e3ledeHHss BHPOOHHMIITBA ab0 MPOCTO MIOJIEHHOI pPOOOTH
1H(popMalii (HanpuKIIaj, MepcoHalbHI1 1aH1 KJIIEHTIB, 3aMOBJIEHHS TOIIO).

B cuny pi3Hoi crneungiku poOOTH pi3HUX YCTAaHOB MeXi Kiacudikaiii JOKyMEHTIB Ha
BHUIIE3ra/IaHl TPYNH HE € YITKUMU, TOMY 00CSTH NEPETUHIB MOXKYTh OyTH PI3HHUMH, a 1€ BIUIUBAE 5K
Ha KPUTUYHICTH 1H(OpMaIlii, Tak 1 Ha OE3MEeKOBY CTpaTerilo Ta crparerito mudposizaiii. Tomy sk
MpaBUjio, il JOMOBHIOIOTH JIOAATKOBMMHU KiacudikaTopaMu, SKi JO3BOJISIIOTH OLIBII HYITKO
OKPECIIUTH MEXI 1 OLIBII YITKO OLIIHUTH KPUTHYUHICTD.

[TigxomaiB 10 CTBOPEHHS KOHKPETU3YIOUMX KJIacu(piKaTopiB Tpu:

1. Ha ocHOBI 3MmicTy iH(popmalii. BiamosigHo, Taka kiacudikamis Mae nepeadayatd METOIUKY
OI[IHKA YYTJIMBOCTI YW KPUTUYHOCTI i1 1y (QyHKIIOHYyBaHHs opradizamii. Hampukmam, B
crangapti Queensland Government Information Security Classification Framework (QGISCF)
(Queensland Government, 2024), skuii 3acTOCOBYEThCS B ABCTpaiii, I MOMIOHHX
Kiacu(]ikaTopiB pEeKOMEHIYeThCs 1HTerpoBaHMi mapamerp Business Impact Level, skuii
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CKJIAJIAETHCS 13 TPHOX MapaMeTpiB — MOTEHIlIHA IIKO/1a, IUTICHICTH/9aCTKOBICTh Ta JIOCTYITHICTh
iHpopMmarii;

2. Ha OCHOBIi 3actocyBaHHs iH(popmarii. BigmoBigHo, Tak kiacudikallisi MOBUHHA BiAMOBIAATH
TEXHOJIOTIYHMM, OpraHi3aliiHuM, a00 HaBITh KaJPOBUM JIAHIFO)KKAM BCEpPEIMHI IMiIIPUEMCTBA.
Ak mpaBwiio, WaeTbcs mpo Kiacudikamiro BHYTPIIHBOI iHGOpMaIii 3a opraHizaliiHUMH
BiJUITaMu, @ poO0Y0i JOKYMEHTAIIIT 32 HAMPSIMKAMH JTiSTbHOCTI;

3. Ha ocHOBiI KopuctyBaua iHpopmarnii. Taka xmacudikamis Mae 0a3yBaTHCh Ha YITKOMY
BU3HAYCHHI, sKa came iHpopMallis HeoOXigHa ISl Ti€l uu iHIoi poOOTH 1 KOMY came. 3HOBY X
taku, B pamkax QGISCF BHOKpeMITIOIOTBCA BIJIACHUKH (CTBOPIOBAYi, PO3MOPSTHUKH )
iHpopmaii, KOpuUCTyBadi, MEHEIKMEHT, TNepeBipstoui, odinepu Oe3nekn gaHux (y BUIAIKY
JepKaBHO-TIPUBATHOTO MAPTHEPCTBA) Ta 1H.

MoyHa 3rajaTé mie npo MiAXiJ, SKUH Y)Ke€ YacTKOBO 3raayBaBCs: Ha OCHOBI (opmu
npezacrasinenns iHpopmarii. Ctanaapt ISO 27001 (Irwin, 2022) MicTHUTh CIIPOIIEHUI BapiaHT TaKoi
knacudikamii i3 YOTUPHOX  KIJACIB:  MamepoBi JOKYMEHTH, LUQPpPOBI JOKYMEHTH Ha
JIOKQJIbHUX/3HIMHUX HOCISIX JaHUX, HUGPPOBI JOKYMEHTH y BiJAJIEHUX CXOBHINAX Ta €JIEKTPOHHI
MOBIJJOMJICHHS B CHCTEMaX MHUTTEBOTO OOMiHY iH(OpMAIIi€t0.

Bei i kjmacu MaroTh HEWiTKI MeXi, 1 Tak camo, SIK 1 Kiacudikallis pecypciB 3a poOounM
MIPOIIECOM, OIUCYETHCS KPYTOBHMH JiarpaMaMi i3 MepeTHHAMH. TaKuM YHHOM, HE3aJeKHO BiJ
TUmy 1 Habopy kiacudikaTopiB pecypciB, sSiKi BUKOPHCTOBYIOTHCSI B OpraHisailii, BOHH BCi MalOTh
HEYITKI MeXIi 1 MepeKpUBAIOTHCS MK co00r0. [HTETrpanbHa OIiHKAa KPUTHYHOCTI PECypCy 3 TOUYKH
30py iHQopMarlliiiHoi Oe3neku, BiAMOBIAHO, Oyae HabopoMm '"MEpEeTHHIB MEpPeTHHIB", 1 KPUTUYHA
iHpopMalis 3HAXOAUTUMETbCS B OJHOMY i3 HHX. [l iHTerpaspHOi OIIHKH, SK MPaBHIIO,
BUKOPUCTOBYIOTh TaOMMYHUNA METON. Psaku B HBOMY BIANOBIJAIOTH DPI3HUM KilacudikaTopam
iHpopMalii, a CTOBOYMKA — OAHOMY i3 piBHIB moctymy. Ilapamerpu OIIHIOIOTHCS 3a TIEBHOIO
YHCENBHOIO KA.

MoskHa cKJIacTH TaOJIMII0 HAa OCHOBI BULIIEHABEIEHUX TUIIB KiIacu(iKalii, B3SIBIIU CUCTEMY
piBHIB foctymy i3 crangapra ISO 27001, ognak 3amoBHEHHS TaOJMIN BIAMOBITATH €MITIPUYHUM
MOKa3HUKaM — 3a IIKaJIOW '"HHU3bKHIi-cepeqHii-Bucokuii-naiiBuimin" (New Zealand Protective
Security Requirements, 2024).

Haiikpame Tabnuunuii MeTos moenHye cucreMmy piBHIB goctymy 13 BIL (Business Impact
Levels) — tam niniliHa 3aJIeKHICTh, 10 J03BOJISIE 3aCTOCYBATH CUCTEMY OalliB — HANPHUKIIAJ TaKy,
Ky BUKOpHCTOBYIOTH B HoBiii 3enanmii (Arora et al, 2023). Ognak ajnexBaTHO, Ha HAIIy JYMKY,
TaKWil MiAX17 JO3BOJIsE OIIHUTH JIMIIE TakKi MOKA3HUKU SK MIKOAA (YYTIUBICTH iH(opmarii) Ta
0e31ocepeIHbO JOCTYITHICTD.
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Pucynoxk 2. Kpyrosi giarpamu 101aTKOBHX Ki1acugikaTtopiB iHpopmarii
Jxepeno: po3pobieHO aBTOpaMH Ha OCHOBI po3poOku bropo Oesnexn ypsimoBoro 3B'si3ky H. 3emannii (2024),
nocmimkens (Arora et al, 2023).

96



ISSN 1999-9941, “TH®OPMAILIIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA THXXEHEPIS”, 2024, Ne2

Haiibinpma nocrynuicts Oyne y myomiunoi iHdopmarii, HaiiMeHIIa — y KOH(DIAEHIIHHO].

HaiiGinpma mkoga Bia po3rojomieHHs KoHpiaeHmiiHo1 iHopMarlii, a HaliMeHIIa — ITyOJIiYHOi.
PemmTa nmoka3HHUKIB CHIIBHO 3aJICKUTH BiJ KUTBKOCTI JOKYMEHTIB, 30KpeMa, IITICHICTb.
Jlnst  neMoHcTparii 3arajJbHOro IMiAXOMy JOCTaTHBO OyJe HEKOHKPETH30BAHOTO TIPUKIALTY.
Hanpuknan, B 10oChiPKEHH] TOUTYKOBUX CHUCTEM, SIKi BUKOPUCTOBYIOTH IyOJIiYHI Ta MpUBaTHI JaHi,
y SKOCTI mpuKiany iHGOpMaIiiHO AOCTaTHBOI BHOIPKM JJII BHCHOBKY Ha OCHOBI aHami3y
NPUBATHUX Ta MyOJIYHHUX JaHUX HABEIEHO €JIEKTPOHHI JIMCTH Ta HOBMHapHa cTpiuka Wikipedia —
47 THC. eNeKTPOHHUX JIUCTIB Ta 5,2 MiIH. HOBHUH. [1{0 1ae HaM CIiBBIIHOIICHHST MK ITYOJIIYHMMH Ta
npuBaTHUMHU JaHumu B 0,0011.

EMmipuyHO MOXKHA MPUITYCTUTH, IO TOJIOHE CITIBBIIHOIICHHS Ma€ ICHYBaTH MK OY/b-
SKOIO TapOoI0 CTYIEHiB npuBaTtHocTi. To0To, Ha 10000 nuCTiB MyOMiYHUX JOKYMEHTIB Mae OytH 11
JUCTIB TPUBAaTHHUX, 13 SKHX, B CBOK 4Yepry, MakKCUMyM II0 OJHOMY — OOMEKEHOro Ta
KOoH(}igeHiitHOrO XapakTepy. Take * CIiBBIIHOIIECHHS MOXXHA BUKOPUCTATH SIK EMIIPUYHY OLIHKY
LITICHOCTI — SIK YMOBHY KIJIBKICTh JIMCTIB, HEOOXIMHUX [UIsl BHUAA4l aJeKBATHOIO BHCHOBKA.
[ToeqHaHHsT cUCTEMH PIBHIB JOCTYITY i3 3aCTOCYBaHHAM iH(opMamii Take: HaWOUIbII 3aCTOCOBHOIO
3aBKIu € iHQopMmallis opraizaliiHOro piBHS — 1 BOHA, SK IPaBWIO, 3aBXKIU € MYOJII4HOIO,
MaKCHMYyM BHYTPIITHBOTO PiBHSA. A oOMexeHa 1 KoH(pimeHIiiHA iHQOpMAaIIisi He BUXOJUTh 33 MEXKi
BiJIIUTIB Ta HABITh OKPEMHUX POOOUHX TPYIIL.

Knacudikamiero B 3alexHOCTI Bifg KopHucTyBauiB iH(opmarmii ckianxima. Hampukiarn,
3pO3yMiJio, IO aBTOP YHM BIAcCHUK iHQopmalii Oyne Math A0 Hei JOCTYN HE3aJIekKHO BiJ
npucBoeHoro piBHsA. KopucryBauy mocTyn mMoke OyTH HaJaHWW Ha IIJACTaBi MOCAIH, ale MOXKE
(aKTUYHO BiH MOKE JOCTYIIMUTUCH 0 KPUTUYHHUX YEPe3 CYMILICHHS [TOCA]] YU NPSIMY Mepeaqy [ux
JaHWX BIJ] aBTOpa YW BJIACHUKA. AyIUTOPH MOXKYTh MaTH IOCTIHHUH IOCTYI, a MOXYTh —
tuMyacoBuid. Hapemiti, odinep Oe3mexku MaHMX MOXKe BIAMOBIIATH HE 3a BCl JaHI CBOTO PiBHSA
JOCTYITY, a TUTBKH 3a TEBHY iX IMJIMHOXHHY — SIKa Ma€ BiIHOIICHHS JO JCPKaBHO-IIPUBATHOTO
napTHepcTBa (MepeTuH KiacudikaTopa 3acTocyBaHHs iH(popMalii Ta kopuctyBaua). Ilitep Byn B
cBoiii crarti mns Computer Weekly (Wood, 2013) pekoMeHIye KOMILICKCHE OIIIHIOBAaHHS,
3aCHOBaHE Ha OIIHIII MOTHBAIlli Ta MOXJIMBOCTEH KOPHUCTYBauiB (aKTOpPiB), SIKi OI[IHIOIOTHCS IO
n'aTuOaIbHIN KA TUIFOC HYJIb K BIICYTHICTB 3arpo3u. Lle nae 3mory moOyayBaT Taky MaTpHIlO
OLIIHOK 3arpo3 3 00Ky akTopiB (Tadm. 1).

Tabauusa 1. MaTtpung 3arpo3 3 60Ky akTopiB

MoOXJIHBICTD
Hyxe mana | Maina OOMexeHa 3HauHa IToBHa
Bincyras 0 0 1 1 2
Morusais 3arikaBiaeHHs 0 0 1 2 3
Inrepec 0 1 2 3 4
Pobora 1 1 2 4 4
Dokyc 1 3 3 4 5

Jlxepeno: po3pobieHo aBropamu Ha 0cHOBI jociimkers (Wood, 2013).

3a 10omoMororo 1€l MaTpuIli MM MOXKEMO E€MITIpMYHO BH3HAUUTH, 110 3arpo3a Bij aBTOpa
3aBk1au OyJie MakCHUMallbHa, TOMY 10 BIH Ma€ MOBHUN JOCTYN 10 iH(popMallii 1 BiH coKycoBaHUI
Ha TeMi. B Toif e yac BiH NPaKTUYHO HE 3aIliKaBJICHUN B PO3TOJIOCI, TOMY IO II€ MOCTaBUTh ]
yaap uoro iHTepecu. TakuM 4rMHOM, HOTO 3arpo3a sik akTopa Oyze BapilOBaTHCh B 3aJ€KHOCTI Bij
TOT'0, HACKUIbKH CHUJIBHUM Oygie 1iei ynap. TouHo Tak ke, B 3aJIe)KHOCTI BiJl 0COOMCTOT IKOAU, Oyne
3aJieaTy 3arpo3a po3roJIONICHHS Ha PIBHI KOPUCTYBayva.

Haiibinpi1 HeBU3HaueHMMH OyIyTh OLIHKM BHCOKHX pIBHIB O€3MEKH — TOMY IO TaM
BCTYNAIOTh B Jit0 (HaKTOpH, SKI CKIAAHO OIMIHUTH. Hampukian, KpUTHYHICTH TIEBHOTO PECYpCy B
3aJIeKHOCTI BiJl KOPUCTYBaya B TAKOMY BHITAJKy EMITIPUYHO MOXHA OLIIHUTH TaK:

— myOsmivHa iHpOpMaIlisi KpUTHYHOO HE €, TaK K KOPUCTYBa4d Ma€ 3aBXKIU 710 HEl JOCTYM 1 y HbOTO
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BIJICYTHS 3aIliKaBJIeHICTh B posrosoci (0);

— BHyTpimHS iHpopMamis Mae 1-0ambHYy KpPUTHYHICTH, TOMY IO KOPHCTYBad Mae€ 3amali
MOXJIMBOCT1 O3HAHOMHTHCH 13 HEIO (BUITAIKOBI);

— oOmexeHa 1 KoH(pimeHIitHa iHpOpMalis Mae 4-0adbHY KPUTHYHICTD, MIEPII 32 BCE 4epe3 Malli
MOXJIMBOCTI KOpHCTyBada ii oTpumaTu (MakcuMyM B ¢opmari "HeoOximHO 3HATH'"), OJHAK SK
HaM BiZIOMO 3 OIIHKM IIUTICHOCTi, JOCTaTHHO BChOrO | JucCTa mpwBaTHOI 1HGOpMAaIi s
OTPUMAaHHS BIANOBII (HAHECEHHS IITKOIM ).

[Io, B cBOIO 4epry, CTaBUTh HEOOXIJHICTh JOIYUYEHHS /0 BUILEHABEIEHOI MaTpHULl TPETii
BUMIp — SK MIHIMYM IIKOAYy JUIsl akTopa, fKa Ma€ KOPUTYBATHUCh BIAHOCHO IIKOAM MJIst
HiANPHEMCTBA.

TodyHO TakuM >kK€ YMHOM MOXXKHA OIIHUTH 1 PHU3UKH BiJ 3acTocyBaHHs iH(opMarii B
3aJIeKHOCTI Bl OpraHi3aliiHOro piBHS, IJIs IKOTO MPU3HAYEHI JOKYMEHTH.

Bci nokymMeHTH opraHi3amiifHoro piBHsS MalOTh HAMBHUINY KPUTHYHICTH (OCKUIBKY IIKOJIA BiJl
HUX MOXX€ BIUIMHYTH Ha (YHKIIIOHYBaHHS MIiJNPUEMCTBA), a HAWMEHIIy — TOKYMEHTH piBHS
po0oU0i TpyIy, TOMY 110 BOHH IEMOHCTPYIOTh JIUIIIE MaTepiaiu MPOEKTiB, 00 HABITH JIUIIE MIEBHY
iX YaCTHHY — SIKIIIO MPOEKT CHJILHO AUBEPCH(PIKOBAHUH.

HaiiGinpini nmpobieMu — SKIIO 10 OIIHKH J0JaeThes (opma mnpeacTtaBieHHs. HaiOimbmn
3axXHIIEHUMH, SIK HE JUBHO, € TarepoBa i nugposa JokadbHa (HOPMHU, TOMY IO JOCTYI A0 HHUX
MOXHa KOHTPOJIIOBAaTH OpPTaHi3alliiHMMH 3aX0JaMH — 1 BIAMOBIJHO, MOYKHA OIlIHUTH PHU3UKH
iHpopManiiiHoi 6e3neKu. A 10 BiIJaJeHUX CXOBHII TOCTYIl MOYKE MaTH HEBCTAHOBJICHA KiJIBbKICThH
oci0 (Hampukiaa, oOCIyroByr4Hii mepcoHan (ipMu, sika 3a0e3nedye XOCTUHT JIaHuX), a
€JIEKTPOHHA IOLITa Ta MECEH/KEpPU € OE3MEKOBO CIIa0KMMHU CXOBMILAMHU (BOHH MOXYTb OYyTH
MiJCHJICHUMHU IUGPYBAHHSAM 1 MOJITUKOIO MiANMPHUEMCTBA J10 PiBHS HU(PPOBUX JIOKATHHUX CXOBHIIL,
aJie 1€ BUXOAMTH 32 paMKU TEMAaTHKH JTaHOi CTATTI).

Haperri, yacTuHa JOKYMEHTIB MOXe AyOJIOBaTUCh B Pi3HUX (opmax i popmarax — abo 3
MeTOI0 OuThIIOI 30epekHOCTI, ad0 MPOCTO ISl CHOPOIIEHHS poOOoTH (10, M0 pedl, T0JaTKOBO
YCKIJIAHIOE OE3MEKOBE MUTAHHSI — TOMY IO 3a KOMiSIMU CKIIJHIIIE YCIIAKYBaTH).

Matpuus Ilitepa Byna takox 103BoJisie 3p0OUTH TaKy OI[IHKY — BOHA HaBITh HABE/ICHA B
cratti (Wood, 2013). 3BereMo BCi BUIlIEHABEICHI OIIHKHU B CIIIBHY TAOIHIIO 2.

Tabauus 2. [nrerpanbHa olliHKa KPUTUYHOCTI pecypciB

| Public | Internal | Restricted | Confidential
Business Impact Levels(BIL)
JocTymHicTh 1 2 3 4
Ixoma 1 2 3 4
IimicHicTh 10000 11 1 1
3acTocyBanHs iH(popmarii
OpranizamiiHuit 0 3 5 5
CekropanbHuii 0 3 4 5
Bigmin 0 3 3 5
PoGoua rpyna 0 3 2 5
Kopucrysau indopmanii
Astop/BnacHux 0 5 5 5
KopuctyBau 0 1 4 4
[Tepesipsitounii 0 3 5 5
Odiuep B/ 0 2 5 5
®dopma npezcrasieHHs iHopMarii
ITaneposa 0 2 3 5
Hudposa (nokanpHa) 0 2 4 5
ITudposa (BixnaneHa) 0 3 5 5
Enextponna nomra 0 4 5 5

Jlxepeno: po3pobieHo aBropamu Ha 0cHOBI gociimkens (Wood, 2013).

[s Ttabmuns 1noOpe TmoOKa3ye, HACKUIBKM PI3HOMAHITHUMHM € TOKa3HUKH, fKi
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BUKOPUCTOBYIOTBCS JIJIsl OLIIHKM KPUTHYHOCTI iH(opMatiitHux pecypcis. Takox, BoHa MOKa3ye, 10
TabJIMyHa METOAMKAa [03BOJIslE €(EeKTUBHO TMOEAHYBAaTH He OuIblle JABOX, MaKCUMYM TpPbOX
knacudikaropis. [{poro goctaTapo 11 3a0e3MeueHHs MiHIMaIIbHOT iHpOpMaIliitHOT Oe3ekn, ane He
IOCTAaTHBRO 1A 3a0e3medeHHs 11 B HAJIE)KHUX 00csrax.

Kpim Toro, Hackinekm © He Oyla mnpoayMaHa CTPyKTypa TaOMuIli 1 HAaCKIJIbKU
JIeTaTi30BaHUMH He Oyiu 0 Kitacudikatopu, BOHH BCl MPEICTABISAIOTh COOOK0 CTAaTUYHY OLIIHKY "Ha
neBHy (iKcoBaHY TOUKY' — HANpUKIIAJ, HA MOMEHT ayauTa, a00 Ha MOMEHT 4eproBoi MOCajgoBOi
arecrarii.

B mpomixkky Mk nuMu (iKCOBaHMMM TOYKaMH aHI cama Kiacudikaiisi pecypciB, aHi
Oes3rocepenHi mepeiku KiIacu(PpikoBaHMX PECypCiB HE MEperisiaarThes. MK THM, IIBUIKICTH
3MIHM PHUHKOBOi KOH'FOHKTYPH, 3aKOHOJABYOTO IIOJIA, HaBiTh MONITUYHOI iH(OpMarii, xemaii
3pocTae 1 yke 3apa3 BOHA IIBU/IIA, HDK OyIb-sSKMil MEpiof MK ayauTamMHu 4M arecTarismu. He
KaXy4H Tpo Te, M0 MK (DIKCOBAaHMMH TOYKAMH MOXKE 3MIHMTHUCH KiJIbKICTh JIFO/ICH, SKHMM HaJIaHO
noctyn A0 Tiel uu iHmoi iHopmanii. TakuM yuHOM, MeBHUN dopMaT TUHAMIYHOI Kiacudikarii
CTa€ KHUTTEBO HEOOX1THUM.

JMuuamiyna kiaacudikania Ha 0a3i amamizy gocrymy a0 pecypceiB. Oanum 13
MEPCIEKTUBHAUX BapiaHTIB IWHAMIUHOI Kiacu]ikaiii pecypciB MOKe CTaTh MpOQLIIOBaHHS JOCTYITY
no Hux. Haiikpaiue el Meton crpaifoe uis HU(PPOBUX JOKYMEHTIB, OCKUIBKH Cy4acHi orepariiiiHi
CHCTEMH JI03BOJISIIOTH OOMEXYBAaTH JIOCTYII HE JIMIIE B PO3pi3i JAUCKIB Ta OKPEMHX KaTaJOXKHHX
eJIeMeHTIB (ManoK, apXiBiB, TUIIIB (ailliB TOIIO), a il A1 KOHKPETHO B3ATUX pecypciB. Posrisnemo
JIMIIE J1BA JIOIATKOBI TTAPAMETPH: YaCMOmMa i NPOMOKOL 00CMYNy 00 pecypcy.

O6uznBa 1i mNapaMeTpyd € YyHIBepCalbHUMH 1 0Oararo3HayHMMH, TPU HAISKHOMY
BUKOPHUCTAHHI 3JJaTHI BUCBITJIMTH IUINKA HA0lp KOPUCHUX TIOKA3HUKIB SIK JIJISl OI[IHKY PU3HKIB, TaK i
JUIs TIOKpalleHHs1 Oe3neku opraxizauii. Hanpukian, sKmo npoaHanizyBaTH YacTOTY JOCTYIY JJIst
oOMexeHMX 1 KOHQIIEHIIMHUX pecypciB, JErKo Mo0aunTH, K1 13 HUX € OUTbII KPUTHYHUMU IS
poboTH mignpueMcTBa (10 HUX Oyzae AocTyn Oyne Maiike MOCTIHHKMM), a sKi — Hi (IO HUX JOCTYII
Oyne copaguyHuM, abo 1 B3araii He Oy/ie 3a Mepioj] CKpUHIHTA).

SIKmo uactoTa JOCTYNy BHMIPIOETBCSA THEpPIOJUYHO, TO MOXHA CKJIAcTH TaK 3BaHMUU
"cTaHAApTHUI NaTTepH AOCTymy" — TPUBHUMIPHHUM Tpadik AOCTYNMy A0 KPUTUYHHX pecypciB. 3a
HOro JOMOMOIOI0 MOXHA BIJICTEKUTH aHOMAaJbHE 3pPOCTaHHS JIOCTYNY J0 KOH(IIEHIIHHUX
pecypciB. B 3amexxHocTi BiAg cUTyamii 1€ Moxe OyTH TOB'I3aHO 13 OKPEMUM IPOEKTOM,
peoprasizali€lo MiANPUEMCTBA, AyAUTOM... a00 NPUXOBAHUM JEJETyBaHHSAM JOCTYIy I1HIIUM
npauiBHUKaM. Lle 1onomoske OLIbII YITKO BU3HAUYWUTH IpaBa JOCTYMY 1 HaBITh NMEPEMICTUTHU ACSKI
pecypcu 3 MEHII 3aXUIIEHOI KaTeropii B OUIbII 3aXHILIEHY.

Hampuknan, sKmio 3a OCHOBY B3ATH OpraHi3alliiHy CTPYKTYpPY, TO MOXXHA EMITIPUYHO
MOKa3aTH, IO YacTOoTa 3BEpTaHHS 1O JOKYMEHTIB BIAMOBITHOTO piBHSI OyayTh NpUOIHU3HO
BIJIMOBIAATH KUIBKOCTI IEPCOHAIY, SIKUM 3alHATHH y MiJIpo3/ijaX, K1 MalOTh JO HHOTO JOCTYII.

To6To, AKIIO B AAaHOMY MiJIPUEMCTBI iCHYe TpH poboui rpynu nmo 10 mpamiBHMKIB, 3
MeHeKepr 1 1 JupekTop, 1 MO OAHOMY JOKYMEHTY KOXKHOTO THUIY, BIANOBIJHO, JOCTYIH
PO3MOIINATHCS Tak (Tadu. 3).

Tab6auus 3. Po3nozin qocTyny Mixk epcoHanoM

Public Internal Restricted Confidential
OpranizaiiiHui 34 4 1 1
CekTopanbHuil 34 4 15 1
PoGoua rpyma 34 4 12 1

Jxepeno: po3pobieHo aBTopaMH Ha OCHOBI fociipkens Byna I1. (2024).

3po3ymMino, Mo 0 MyOJiYHOTO JTOKYMEHTIB MaTUMyTh JOCTYI Bci. Jlo BHYTPILIHIX — BeCh
KepiBHUH ckian (To0To, 3 MEHemKepu Ta AUPEKTOop). Jlo JOKYMEHTIB OOMEXKEHOro OCTYITy Ha
piBHI po0OYOi rpynmu MAaTUMYTh TOCTYI MPAIiBHUKH, MEHEDKEP 1 TUPEKTOp, Ha PIiBHI CEKTOpa —
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MpaIiBHUKKA po0O0YOi Tpynu, BCi MEHEIDKEPH 1 TUPEKTOp. A Ha opraHizamiifHOMy piBHI J0 BCiX
JOKYMEHTIB OOMEXEHOTr0 JOCTYIy MaThMe JOCTYI JIUIIE JUPEKTOp, SK 1 A0 KOH(IACHIIHHOTro
JOKYMEHTA.

Cepen cyuacHuX (allIOBUX CHCTEM BHUAUISETBCA OKpeMa Trpyla TaK 3BaHHX
">KypHaJIbOBaHUX (paiIoBHX CHCTEM", SIKi JIO3BOJISIIOTh BECTH PEECTP TPaH3aKIlIHd HAa PIBHI OKpEMHUX
daiini. TpaHzakiis — 11e OyAb-siKa eJIeMEHTapHA [Iisl, HAPUKJIAJl, YATAHHSI, 3all1C, KOIIIOBaHHS Ta
nepemileHHs. B moeiHaHHI 13 CUCTEMOIO aBTOPH3allii )KypHATIOBAHHS MOXKE YITKO IMOKa3aTH, XTO 1
HACKUIBKH 4acTO 3BEPTABCS JO TOTO UM 1HIIOTO PECYpCy.

Lle no3Bossie MOOYAyBaTH aHAIOTIYHI CTAaHAAPTHI MaTepH AJs JOCTYIy 3a JA03BOJIOM YH 3a
YaCTOTOIO KOMiIOBaHHS. SIKIIO MEpiOJUYHO BUMIPIOBATH YacTOTY JOCTYIY, a MOTIM chopMyBaTH
yacoBuil rpadik, BUHIE HACTyIHA MOBEpXHS (TpuBUMipHHMHA Tpadik). Iliku mokake aHoManabHO
BUCOKY YaCTOTy, $KYy MOXHAa TpaKTyBaTH a00 SK JeJIeryBaHHS IOBHOBaXEHb, a00
HECaHKII0HOBaHUM JocTy (puc. 3).

@akTHYHO Ha OJHOMY TakoMy Tpadiky MOXKHAa pO3MINIyBaTH JIMIIE CIIBMIpHI 3a
MOKa3HUKaMH Tpynu pecypciB. Hanpukian, Ha niarpami 3 Hacmpas/i po3MIIIEHO HE ABI KaTteropii,
a Tpu — Public, Internal Ta Restricted. Onnak apyra kareropis Ma€ HaCTUIbKA HE3HAYHHUH JOCTYII,
110 MPOCTO HE BHJIHA Ha MOBEPXHI 1 BIACTEKUTU MOXKHA JIMIIE 30BCIM aHOMAJIbHUN JTOCTYN — Ha
piBHI MacMBHOTO BUTOKY naHuXx. 11lo, B cBOIO uepry poOuTh HEBiACTEKyBaHi qpiOHI a00 OAWHUYHI
BTPYCHHSI B Oe€3MeKy Ha piBHI Majo3arpeOyBaHUX pecypciB, abo iHdopmalii, sika HE MOBHUHHA
BHUXOJIUTH 32 MEXI1 JIy)Ke OOMEXKEHOro Koja — a II¢ HE JIMIIC BHYTPINIHSA JAOKYMEHTAIis, a U
KOH(piAeHITIITHA.
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Restricted

Public
Pucynok 3. CranapTHuii maTepH JOCTYIy
J:kepesio: po3po0IIeHO aBTOpaMu

3HOBY X TaKH, aHOMaJIbHE 30UIBIICHHS 3BEPTAHHS JI0 PaHIIIe Majgo3aTpeOyBaHOTO pecypcy
MOJK€ O3HauaTH abo MpUXOBaHE JIeNeTyBaHHs JOCTYIy, abo mepenady Qaiiia iHIIUM MpariBHUKAM.
OpHak oro HeOOX1THO SIKOCh BIICTE)KUTH, a Ha 3araIbHOMY TTATEPHI 1€ TTIOMITHTH CKJIQIHO.

[Io crocyeThcst MIKOBOT YacTOTH IS JIHCHO YacTo 3aTpeOyBaHOrO pecypcy — TO y pasi
MOCTIMHUX TIEPEBHINCHb TATEPHIB HEOOXIJHO abo TmeperisgaTd Kiaacu@ikaiiio sSK TaKy
(pO3TIIIHYTH, HANPUKIAJ, TOHUXKEHHS CTYNEHIO 3aXUCTy), ab0 PO3AUIUTH KOHTEHT Ha MEHII
3axuIeHy (i3 IePeBOIOM B MEHII 3aXHUIIEHY KATErOpi0) Ta OUTBIIT 3aXHINECHY.

Jns HeundpoBHX KPUTHUYHUX JOKYMEHTIB BHCOKAa dYacToTa JAOCTYHmy Moxe OyTu
JIOCTaTHHOKO TJCTABOIO MPHUIIBUIIIMTH 1X HMUQPPOBI3allii0, OCKIJIBKH TaK MPOCTIIIE 3amo0irTd ix
BUTOKY 1 3aIPOBAJAUTH MPOTOKOI (MOHITOPUHT) AOCTYITY 10 HHX.

Ile poOuTh MeTOJ CTaHAAPTHHX MATEPHIB TOCTATHHO IMPOCTHUM, IIO0 iX MOXKHa Oyio
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BUMIPIOBAaTH 3 JOCTATHHO BHCOKOIO MEPIOJAWYHICTIO 1 3poOMUTH 0a3010 JUIsI KOPUTYBAHHS IHIIHX
kiaacugikaTopiB pecypciB. OmHaK y HBOTO € CYTTE€BUI Hemonik. Binm moOpe migxoauts uis
aBTOMAaTH30BaHUX CHCTEM 1 JJIs YacTO BHUKOPHCTOBYBAaHHMX JIOKYMEHTIB, aje BKpail IOTaHoO
HiIXOANTH, SKIIO HA MiANPUEMCTBI iCHYe po3raiyeHa i pi3HOMaHiTHa Kiacu(iKalis TOKYMEHTIB
3a pIBHSMH JOCTYITY — JUIs MaJjlo3aTpeOyBaHUX JaHUX Il METO/I MOKaxKe Juiie MacoBi BUToKH (XU,
et al., 2024).

Ile mopomxye 3amady Takoi Bizyalizamii KiTbKOX MOKA3HUKIB PU3UKIB, sIKi O MOJICTIIYBAIH
aHa3 HacaMIiepe]] Maio3aTpeOyBaHUX PECYPCiB.

Bararopumipaua wmarpuusi  kiaacugikamii  pecypciB. 3 METOH  CHpOILEHHS
BUKOPHCTOBYIOTBCSl JBa KJIACHM(IKaTOpu — OCHOBHHI, B paMKax SKOTO BH3HAYaIOTHCSA PIiBHI
JIOCTYNy, 1 JONOBHSJIBHMN, SKWUH JO3BOJIAE UITKIIIE BH3HAYUTH MEXI KIACiB 1 KOHKpPETH3YE
knacudikoBany iHdopmarito. Tomy HaiOUIbIn momupeHuM € TabiauuHe kiacugikyBanHsa. s
BapiaHTa OJJHOYACHOTO 3aCTOCYBaHHS TPHhOX KJIACH(IKaTOPIB BUKOPUCTOBYETHCS "Kiacu(ikamiiHa
citka". Ile Oinplr rHy4Yka cucTeMa MpeAcTaBlIeHHS Kiacu@ikaiii, OCKUIbKM 3aMiCTh JIIHIHHUX
y3araJbHEHUX OJIOKIB pecypciB J03BOJISE€ PO3MIIAAATH iX Kiactepu. Hampukman, moOyayemMo Taky
CITKY, BIIKJIABIIM IO Bici Z 4acTOTYy JOCTYIY 0 AEIKOro Habopy IOKYMEHTIB pecypcy 3a MeBHUI
nepeBipoyHuil epion (puc. 4).
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Pucynok 4. Knacugikauiiina citka
Jxepetio: po3po0IeHO aBTOpaMU

Ha puc. 4 BugHo, sIKi pecypcd BHUKOPUCTOBYIOThCS HaWyacTille, a sIKI — Halpijaie.
Bonnouac Ha Oy/ab-KOMY piBHI MOKHA B3SITH IE€pepi3 1 OTPUMATH BCE TY X TPaAULIAHY TaOIU4YHY
dhopwmy.

Knacudikamiiina ciTka BHUKOPHCTOBYETbCA 1 Ui Kiacuikarii, i TakoXX A aHami3y ii
KOPEKTHOCTI Ta KOpHUIyBaHHs. Bapiiolounm CciTKy 1O BepTHKalbHIM Bicl, MOXHa OyIyBaTH
kinacuikamiiiai kiactepu. A HailOuIbIIOro neperyisaay (SK 1 HalOIbIIOl yBarw) 3aciayroBYIOThH
pecypcH, 10 SKUX HaiOuIbIa 1 HaliMeHmIa yactoTta aoctyny. [I{o6 anexkBaTtHo iX mpoaHami3yBatu,
HeoOX1THO AoAaTH Ha Tpadik TUHAMIYHY CKIIAJIOBY.

KnacudikamiitHa ciTka € CKIaJHOI, a YUM OUIBIIE MOKA3HUKIB, K1 MOETHYIOTHCS T 4ac
aHaji3y, TUM OuIbllle BUMIpiB MaTHMe MOBEPXHS 1 TUM cKiIajHime Oyne il aHamizyBatu. Ha namry
OYMKY, JUIsl CIpPOUIEHHS aHami3y 1 OUIbINOT HArsiIHOCTH HaWKpalle BUKOpUCTaTH (opmy
"knacuikamiifHoro Bekropa'", Mo J103BOJUTH MIPOAHAi3yBaTH AUHAMIYHY CKIIAJOBY, 1 IPU IIbOMY
He 00TsDKUTH rpadiK T0JATKOBUMH TAHUMH.

Inest Taka: KOXKEH pecypc HEOOX1HO MMOKa3yBaTu He B (POpMi CTATUYHOT TOUKH Ha rpadiky, a
B opMi BEKTOpa, MPOMOPIIHHOMY MaKCUMaJIbHIM 3MiHI TMHAMIYHOTO IMOKa3HUKA, CIPSIMOBAHOTO B
0ik wmi€i 3MiHu. Lle 103BONMUTH, HANPHUKIAJ, Bi3yali3yBaTH MUTTEBI MiKM A Majo3aTpeOyBaHUX
pecypciB, K1 B IHIIMX BapiaHTaxX Bizyallizalliii CKJIagHO po3pi3HUTH. KpiM TOTO, IepeBarorw Takoro
HiAXOly € MOKJIUBICTh TIOKAa3yBaTH MPAKTUYHO Oy/Ab-AKYy KUIBKICTh MMOKA3HUKIB Ta X KOMOiHALIH 1
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OpU IOMY HE BTpayaTH JAWHAMIYHOi CKJIanoBoi. Moro MoxHa Ha3uBaTH OaraTOBHMIPHOIO
MaTpuIero kinacudikaiii pecypciB. CpomeHuii MpuKIIaa Takol MaTpuili — KiacupikauiiHui cTex —
MOKa3aHUH HA PUCYHKY 5.

A Yacnona docnyna

Kpunuyricns
pecypca (wkoda)

Kpunuyrlcns
pecypca (gpopma)

Pucynok 5. Cripomienuii Bapiant 6araToBUMipHOI MaTpuIli Kiacugikarii
("xkmacudikamiitauit cTek")
Jxepesio: po3po0IEHO aBTOPOM

Ha puc. 5 HaBeneHo pecypc, sIKUM Mae cepelHe 3HAUYEHHS PU3UKY NOTEHIIMHOT IKOAM 1
cepenHe 3HaueHHs GopMmu (U(pOBE JTOKATBHE NMPEICTABICHHS), sIKI TIOKa3aH1 Ha IJIACKid Y4acTHHI
niarpamu. Bona BigmoBimae TabmuuHiii ¢dopmi kmacudikatopa pecypciB. OdikyBaHa YacToTa
JIOCTYIy IO PECcypcy BiJKJIageHa MO BiCl amuiikar, a MakCUMaJbHAa 3MiHA IIi€l YacTOTH 3a
NepeBIpOYHUINA NepioJ] MOKa3aHa Y BUTJISAI CTPLIOUKU-BEKTOPA, MPOMOPLIHHOT IIiH 3MiHi.

Axmo Takuit BekTop Oyae HaA3BUYaHO BelUMKUM (ToOTO, B 1.5 1 Oinbiie pasiB), Horo
BUKOPUCTAHHS CJIiJl IPOMOHITOPUTH 1 MIATBEPAUTH OMH 13 TPbOX MOMJIMBUX BUCHOBKIB!

— mnoTpeba B TIOKYMEHTI JIHCHO BUpOCa 1 HEOOX1THO MEPETJISIHYTH Horo Kiacugikailio;

— Mae Miclie JiefleryBaHHs JOCTYIy ocobaM, sIKi 3a3BHUail HOro He MarOTh — 11€ MOXKE HE CTAaHOBUTHU
CYTTEBOTO PU3UKY (y BUITAJIKy MaTepiaiaiB 0OMEKEHOTO JIOCTYIMY), a MOXKE CTAaHOBUTU CYTTEBHI
PU3HK;

— B110YyBCSI HECAaHKIIIOHOBaHUM TOCTYII.

Takum unmHOM, B KiacuikaliifHOMy CTEKOBi "CIUIUBYTh Ha MOBEpXHIO" BCl pecypcH i3
poOJIEMHOIO KJTACU(IKAIIEI0 YU MPOOIeMaMH 13 3aXUCTOM, 1 "MOTOHYTH" BC1 pecypcH, uns Oe3rneka
HE BUKJIMKAa€ CYTTEBUX NMUTaHb. Bapitoroun macimtad MaTpulll, a TaKOXK BapifolO4M MapH IJIacKoi
YaCTHUHU JllarpaMu, MOKHA MOPIBHSIHO JIETKO BU3HAUYNUTU OCHOBHI PU3UKH 1H(GOpMaIiitHOT Oe3MmeKH 1
MiHIMI3yBaTH iX 32 paxyHOK O1bII TOYHOT KJIaCH(iKaIlil Ta KOHTPOIIO TOCTYITY.

Kpim Toro, B Takwii THI miarpaMd MOJKHa JOJaBaTH OyAb-fSKY KITBKICTh JIOAATKOBUX
MOKa3HHUKIB y BUIJIAAI PI3HOCHPSMOBAHUX BEKTOPIB — IO MOJIETIIUTh OOpaXxyHOK IHTErpaJbHUX
MOKA3HUKIB, MOAIOHUX TOMY, SIKMI OyJ0 HaBeJEHO BHUIE JUIS 3arpo3 3 0oky akTopiB. IlokazHuku-
CKJIaJIOBI MO’KHA TIOKA3aTH y BUIJIA/II BEKTOPIB, a CyMa LIUX BEKTOPIB Oy/ie IYKaHUM iHTEeTpaIbHUM
MTOKa3HUKOM.

[Ipu Hane:xHOMY BUKOPHCTAHHI TaKWH MIIXiA JO3BOJISE BUPIIIUTH 3a/1adi, SKi CTAaBUIUCH B
ik poOOTi, 1 OAHOYACHO € 3PYYHHUM CIIOCOOOM Bi3yaii3allli CTaHy KPUTHYHMX 1H(OpMamiiHuX
pecypciB Ha MiAMPUEMCTBI.

OoroBopenHsi. OCHOBHMI MaTtepiasl JOCHIDKEHHS BKJIIOYA€E pe3yJNbTaTH 3aCTOCYBAaHHS
nuHaMmivyHOl Kkiacudikamii iHGoOpMalIiHUX pecypciB Ta IX Bi3yali3alilo 3a JOIMOMOTIOH0
OaratoBuUMipHOi MaTpHii. AHali3 MPOBOJMBCSA HAa OCHOBI JaHUX, OTPUMAHHMX BIJl peaTbHHUX
KOMITaHi#, 10 BUKOPUCTOBYIOTH Cy4acHI METOM KOHTPOJIIO IOCTYITY A0 iH(QOpMaIiHfHUX PECypCiB.

Pucynok 3 neMOHCTpye CTaHIApPTHUH MHaTepH TOCTYNYy A0 KPUTUYHHUX 1HPOpMaLiiHUX
pecypciB. Lleit TpuBuMipHU Tpadik MOKa3ye 4aCTOTY 3BEPHEHb JO PECYPCIB 3aJIEKHO BiJ PIBHA
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KoHpinenuiitnocTi. Ha rpadiky BuaHO, 0 HaOiLIbIIa YacToTa JOCTYIYy CHOCTEPIraeThecs 0
BHyTpimHIX naHux (Internal Data), Tomi sk go apxiBaux npanux (Legacy Data) moctyn
3MIIHCHIOETHCS 3HAYHO PiJIIe.

BcranoBiieHo, 110 yacTtoTa AOCTYIy 0 OOMEXKEHHX 1 KOH(IICHIIMHNX PEeCypCiB J03BOJISIE
BU3HAUUTHU IXHIO KPUTHUYHICTH ISl poOOTH miampueMmcTBa. Hampukman, pecypcu 3 MOCTIHHHM
BUCOKHM pIiBHEM JOCTYNy € HaWOUIbII KPUTHYHUMH, TOHI SIK PECYpCH 3 HU3BKOK YacTOTOIO
JOCTYITy MalOTh MEHINY 3HAUyIIicTh. Tabmuns 4 momae pe3ynbTaTH CTATUCTHYHOI OOPOOKH TaHUX
PO JIOCTYII JIO0 PECypPCiB.

Tabauus 4. Yactora noctyny 10 iHGopMaIiiHUX pecypciB 3a piBHEM KOH(D1ICHIIIITHOCTI

PiBens xoH(igeHIIHHOCTI UYacroTa noctymy (cepeaHs KiTbKICTh 3aIIUTiB Ha MICSIh)
[Ty6miyHa iHpopMaris 10,000 + 500

BrytpimHs iHpopmaris 5,000 = 300

Ob6Mexena iHpopmaris 1,000 = 50

Kondinenniitaa inpopmaris 100+ 10

Jaxepeno: po3pobaeHo aBTopoM Ha ocHOBI mocmimkens (Oseghale, 2023; Lipps & Schotten, 2022)

3a pe3ynpTaTamMH aHaiizy OyJi0 BCTAHOBJICHO, 110 BUKOPUCTAHHS TUHAMIYHOI Kiacudikarii
JI03BOJISIE BUSIBUTH aHOMAJii B JOCTymi 10 pecypciB. Taki aHoMamii B IOCTyI MOXYTb OyTH
MOB's13aH1 3 BUKOHAHHAM Ciel(PiYHUX MPOEKTIB a00 peopraHizailiero KOMMaHii, OJJHAK BOHU TaKOX
MOXYTh CBIIYUTH TpO TOTEHHiWHI 3arpo3W iHdopMmarmiiiHiii Oe3nemi. Bukopucrtanus
0araToBUMIpHOI MaTpHIll KiIacudikaiii T03BOJIsS€ BUABIATA Ta MOHITOPUTH TaKi 3MIHHU B PEKHMI
pEAbHOTO Yacy, M0 MiABUIIYE ¢PEKTUBHICTh 3aXMCHHUX 3aXO0/IiB.

PucyHok 5 nemoHcTpye ChpolieHuil BapiaHT OaraTOBUMIpHOI MaTpulli Kiacugikaii, Tak
3BaHMM, "KnacudikauiiHuil crek"), SKUM TOKa3ye BIJHOCHE pO3TALyBaHHS peCypciB 3a ix
KPUTHYHICTIO Ta YacTOTOIO JAOCTymy. Pecypcu 3 BHCOKOIO KPUTHYHICTIO Ta YacTOTOIO JIOCTYILY
PO3MillIeH] y BEpXHINA YaCTHUHI MaTpHIll, TOJI K MEHII KPUTHYHI PECypcu — y HWKHIM yacTuHi. g
Bi3yauli3allis J03BOJIA€ 1ICHTU(DIKYBATH PECYpCH, SIKI MOTPEOYIOTh MiJBUILEHOIO PIBHS 3aXUCTY, Ta
pecypcd, sIKi MOXYTh OyTH 1M(pOBI3OBaHI A TOKpalIeHHs iX 3axucTty. Buxopucranhs
6araToBUMIpHOi MAaTpHIll TAKOXX JI03BOJISIE aBTOMATHU3yBaTH Ipoliec Kiacudikamii, 1m0 3MEHIIye
PHU3HKH, TIOB'S13aH] 3 JTIOJCHKUM (PaKTOPOM.

OOroBopeHHs pe3ysabTaTiB BKIIOYAE MOPIBHAHHSI OTPUMAHUX JAAHUX 3 pe3yJbTaTaMH IHIIMX
nociimkenb. Hanpukman, nocmimkenus (Wiedemann et al., 2024), (Ramamurthy et al., 2022)
MiATBEP/KYIOTh, IO JAWHAMIUHA Kiacudikaiis 3a0e3neuyye OUTbII BUCOKHH piBEHb 3aXHUCTY
iHpOpMAIIfHUX pecypcCiB MOPIBHSIHO 31 craTnyHUME Metonamu. Pobora (Mazzola JI. et al., 2021)
MOKa3ye JOUUIBHICTh CTBOPEHHS 1HCTPYMEHTY, KUl JJOTIOBHIOE MEXaHi3M O€3MeKH, MiATPUMYIOUH
€KCIIepTIB y BUSIBICHHI HE3BUYAWHUX TMATEPHIB Ta MOAIN, MOB’sA3aHUX 13 O€3MeKor, SKi CIija
BIJICT€XKYBATH Ta NEPEBIPATH MEXaHI3MOM Kiacu}ikarii moii.

Takox BUSBIEHO, IO 3aMIPOTIOHOBAHUM TIIX1] 13 JUHAMIYHOIO CKJIQJI0OBOIO J03BOJISIE OLIBIII
e(eKTHUBHO pearyBaTH Ha 3MiHU y BHUKOPHCTaHHI 1HQOpMaLIHHUX pecypciB, MO MiATBEPIKYETHCS
pe3yabTaTaMi EKCIIEPHUMEHTIB, TPOBEIECHNX y pealbHUX yMOBaX. BHKOpHCTaHHS ITUHAMIYHOI
kiacudikamii copusie MiBUILIEHHIO TOYHOCTI OILIHKM PHU3UKIB Ta 3a0e3neuye OiIbll epeKTHUBHUI
3aXHMCT KPUTHUYHHUX JTaHUX.

[TopiBHSHHS OTPUMAaHUX PE3YJbTATIB 3 JAHUMH IHIIMX JOCTIKEHb CBIIYUTH MPO Te, IO
3aMpoNOHOBAHUM MiJIX1J Ma€ 3HAYHUN MOTEHLIaN JJs BIPOBA/DKEHHs y cucTeMax iH(opMaliitHoi
6e3nexku. BukopucranHs 0araToBUMipHOI MaTpHULli KJIacH(iKallii J03BOJIs€ MiABUIIUTH TOYHICTH 1
IIBUJIKICTh pEaryBaHHsS Ha 3arpo3H, IO € BAXIUBUM (PAKTOPOM Yy CYYaCHHX YMOBaX HIBHJIKOTO
PO3BHUTKY iHPOpPMALIHHUX TEXHOJOTIH.

3aramoMm, pe3yJbTaTH OCHTI/DKCHHS TMIiATBEP/KYIOTh €(QEKTHBHICTH 3alpPOIIOHOBAHOTO
MiAXO0y Ta HOTO MPaKTHYHY I[IHHICTh JJIS MMiIBUIIEHHS piBHS iHPOpMaLiiftHOT Oe3neKu.

BucnoBku. B paniii poO0oTi OOrpyHTOBaHO Ta 3alpOTNOHOBAHO MOKpAIICHUH MIAXid 10
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Bi3yamizailii cTraHy KpPUTHYHMX I1H(QOpMAIIHHUX pecypciB Ha MIANPHUEMCTBI 3a JOMOMOTOIO
JMHAMIYHOTO MiAXOMY 13 3aCTOCYBaHHSAM OaraToBUMIipHOI MaTpuii KiacudikyBaHHa iH(opmarii
JUTS OLIIHKY PU3UKIB 1H(QOpMaIliHOT OE3IeKH.

3okpema, B poOoTi Oyino chopMynbOBaHO 1 TMPOaHATI30BAaHO 3amauy Kinacupikarii
iHQOpMaIIHHUX pecypciB SK KIFOYOBY 3a7advy IIiJ] Yyac OIIHKM PHU3UKIB iH(OpMaIliiiHOT Oe3neKH.
OcHOBHY yBary NpUIUICHO MHUTaHHAM Kiacudikaiii, OCKITbKM HEBIpHA KiIacHQikailis MOKe
MPU3BECTH HE JIMIIE IO BUTOKIB JaHUX, a i 0 HECAHKIIIOHOBAHOTO JIOCTYITY JIO IIUPOKOTO CIIEKTPY
qyTIMBOI1 iH(opMmartii.

Bbyno npoananizoBano TabauyHi Ta rpadivHi MeToau Kiaacudikaiii iHdpopmMaiiitHoi Oe3reKu
Ta ii meperyisigy B Mpoleci IisUIbHOCTI OpraHizamii 4u MmigmpueMcTBa. 3po0JIEHO BHCHOBOK, IO
nepeBakHa OUTBIIICTh METOIB Kiacudikallii HaI3BUYaitHO C1a0KO BpaxOBY€ NMHAMIYHY CKJIaJ0BY
— HacaMIlepe]l YacTOTy IOCTYIY IO THUX YH IHIIMX PECypCiB, sIKa MOXE CIyryBaTH OCHOBHUM
MOKAa3HUKOM peallbHO1 KiacuQikaliifHOT HaleXHOCTI iHGOpMaIIHHOTO pecypcy — OCOOIMBO
BpPaxXOBYIOYHM CYyYacCHI TEXHIYHI MOXKIUBOCTi, SIKi JO3BOJISIOTH KOHTPOJIIOBATH 1 JKYpHATIOBATH
JOCTYII HaBiTh Ha PiBHI OKPEMUX IOKYMEHTIB.

Jns  mepioguuHOro meperyaay Kiacugikamii Ta  BIICTEXKEHHS JHHAMIKA JIOCTYITY
3aMporNOHOBAHO BUKOPUCTOBYBATH OaraTOBUMIpHY KiIacu(ikalliiHy MaTpHIIO, sIKa y CIPOIIEHIN
dopMi "kmacudikarifHoro cTexy" D03BOJISE BIACTCKUTH PECYPCH, IO CTAHOBIATH MOTCHIIIHHUI
PHU3UK Yepe3 HEKOPEKTHY UM 3acTapiiy Kiacudikaiiro.

3anpornoHOBaHUM MiAX1J MICTUTh 3HAYHUHN MOTEHIIIAT 1 MOYKE CTaTH 0300 IS TOJATBIITUX
JOCTIKEeHb, OCKUIBKM 3a HOro JOMOMOrOI MOKHa PO3MICTHTH Ha Tpadiky Oyab-iKy KUIbKICTb
MOKA3HUKIB y BHUIIAAI HAOOpy BEKTOPIB Ta (popMyBaTH iHTErpajibHi OLIHKH PU3WKIB HAa OCHOBI
CYMHU YU Pi3HHII BEKTOpiB. TakoX 3ampomoOHOBaHMUI MiAXiJ MOTEHIIIHO MOXe CIyryBaTH 0a30r0
JUTSL TOCTIKEHb 13 TPEHYBaHHS HEHPOMEPEIKEBUX 3aC001B aBTOMATH30BaHO1 KiIacu(ikariii.

IMoasaxku «Hemaey.

Konduikr intepeciB «Hemaey.
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Abstract. | Building specifically designed optical-electronic information processing expert systems
for blood rheology bioimage analysis requires a painstaking, subtle approach. Such systems provide
essential support for diagnostic operations and require an understanding of experimental properties
such as the rheology of blood and bioimage analysis. To properly build these systems, guidelines
are needed for improving imaging methods, image processing routines, and application of expert
knowledge so the blood's rheological properties can be analyzed precisely. nformation features
(information parameters) for the analysis of the biomedical images, in particular, for the assessment
of the rheologic properties of the blood, are formed. Algorithm and optical-electronic expert system
for the analysis of the rheological properties of the blood are suggested, they are used for the
increase of the diagnostic validity which is adetermining factor in the biomedical diagnostics. The
main focus of modern clinical hemorheology is the search diagnostic and prognostic criteria for
various diseases and rheological correction methods violations. Changes in the rheological
parameters of blood are one of the significant mechanisms of the formation of insufficient blood
supply in the early stages the development of the disease. Main pathological effects violations of
rheological properties in the blood can lead to micro-flow failure circulation, the extreme
manifestation of which may lead to a decrease in trophism and the development of ischemic
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syndrome, a violation of micro-rheology and an increase in the viscosity of blood, which causes an
increase in total peripheral resistance and the development of arterial hypertension syndrome, to
atherosclerotic changes in blood vessels, to a violation of hemorheology, which contributes to
increased thrombosis.

Keywords: biomedical information, optical — electronic expert system, membership functions,
complex hierarchical structure, hemodynamic parameters, analysis of blood rheology
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AHoTtaniss. CTBOpeHHs CHEliaJIbHO PO3POOJEHUX OINTUKO-EJIEKTPOHHUX EKCIEPTHUX CHCTEM
00poOkH 1H(OopMaIIii A1 peoJOTIYHOro aHali3y 610300pakeHb KpOB1 BUMAarae peTelbHOro aHamti3y.
Taki cucremu 3a0e3nedyroTb HEOOXIAHY MIATPUMKY JUIS TIarHOCTUYHMX OMeEpaliii 1 BUMararoTh
PO3yMIHHSI €KCIIEPUMEHTAJIbHUX BIACTUBOCTEH, TAKUX SK PEOJIOTis KPOB1 Ta aHaii3 010300paxeHb.
[ITo0 Hane)XHUM YMHOM MOOYAYBaTH IIi CHUCTEMM, MOTPiOHI peKOMeHJalii 00 BIOCKOHAJIECHHS
METOMIB Bi3yauizallli, mporuenyp oO0poOku 300pakeHb 1 3aCTOCYBaHHS €KCIEPTHHX 3HaHb, 100
MOXKHa OyJ0 TOYHO aHAII3yBaTH PEOJIOTIYHI BIAcTUBOCTI KpoBi. DopMmyroTbes iHpopmauiiHi
o3Haku (1H(QopMariifHi mapamMeTpH) Uil aHalizy OlOMEIMYHHX 300pa’keHb, 30KpeMa, JJI OIlIHKH
PEOJIOTIYHUX BJIACTHBOCTEH KPOBi. 3alPOMOHOBAHO AITOPUTM Ta ONTUKO-EIEKTPOHHY E€KCIIEPTHY
CUCTEMY JIJIsl aHaJIi3y PEOJIOTIYHHUX BJIACTUBOCTEH KPOBI, SKI BUKOPHUCTOBYIOTHCS JIJIS TI1IBUILICHHS
J1arHOCTUYHOI BaJIIAHOCTI, 10 € BU3HAYAIBHUM (aKTOpOoM y OiomenuuHii giarHocturli. OCHOBHUM
HaIPSIMKOM CY4YacHOT KJIIHIYHOT T€MOPEOJIOTii € MONIYK JIarHOCTUYHUX 1 TPOTHOCTHYHUX KPUTEPIiB
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PI3HUX 3aXBOPIOBaHb 1 MOPYIIEHb METOJIIB PEOJIOTIYHOI KOpEeKLii. 3MiHA PEOJIOTIYHUX MMOKA3HUKIB
KpPOBI € OJHUM 13 CYTTEBUX MeXaHI3MiB (hOpMyBaHHS HEIOCTATHOCTI KPOBOIIOCTAYaHHS HA PaHHIX
CTaJisiX PO3BUTKY 3axBOpOBaHHSA. (OCHOBHI MATOJIOTIYHI HACHIAKH TOPYIICHHS PEOJIOTIYHUX
BJIACTUBOCTEH KPOB1 MOXKYTh ITPU3BECTH J0 MOPYLIEHHS MIKpOPEOoJIorii KpoBOoOITy, KpaiHiid MposiB
SKOTO MOJKE MPHU3BECTU JI0 3HMKEHHS TPO(IKM Ta PO3BUTKY IMIEMIYHOTO CHHIPOMY, HOPYIICHHS
MIKPOPEOJIOTii Ta MiJBHINECHHS B’S3KOCTI KpPOBi. KPOBI, IO 3YMOBIIOE TMiABUIICHHS 3arajibHOTO
nepudepruaHOro ONopy Ta PO3BUTOK CHHIPOMY apTepialdbHOI TimepTeH3ii, 10 aTepOCKICPOTUIHHX
3MiH y CyJMHAX, IO TOPYIICHHS T€MOPEOJIOTii, IO CIPUSE MOCUICHHIO TPOMOOYTBOPCHHSI.

KurouoBi cjioBa: Giomeauuna iH(opmMallis, ONTHKO-CIIEKTPOHHA EKCIIEpTHA CHCTEMa, CKJIajHa
iepapxiuHa CTpyKTypa, FeMOJIMHAMIYHI TapaMeTpH, aHaJli3 PEoJIoTii KPOBi.

DOI: https://doi.org/10.31649/1999-9941-2024-60-2-107-121

Introduction. Building specifically designed optical-electronic information processing expert
systems for blood rheology bioimage analysis requires a painstaking, subtle approach. Such systems
provide essential support for diagnostic operations and require an understanding of experimental
properties such as the rheology of blood and bioimage analysis (Begum et al, 2020). To properly
build these systems, guidelines are needed for improving imaging methods, image processing
routines, and application of expert knowledge so the blood's rheological properties can be analyzed
precisely.

Mastering the imaging process is thus a critical part of building these systems. Careful control
of resolution, contrast, and image acquisition protocols is essential if relevant rheological
information held by bioimages is to be reliably obtained (Begum et al, 2020). Recommendations
also stress the use of suitable imaging modalities and methods suited to fully capturing blood
sample rheological characteristics. The second key principle is to develop strong image-processing
algorithms (Abdeldaim et al., 2018). Further, image processing algorithms are used when
processing bioimages for analysis of blood rheology properties. Such algorithms must take into
account variations in the quality of images, noise removal, separation of blood components, and
extraction of rheological parameters (Singha et al., 2021). Powerful analyses improve rheological
property analysis, which leads to more precise diagnostic capabilities.

Furthermore, these systems must absorb expert knowledge to allow blood rheology analysis.
Domain-specific know-how and biomedical principles are integrated in such a way that the system
can accurately interpret bioimages, taking into account blood component interactions and
characteristics (Singha et al., 2021). Algorithms based on expert knowledge enable computers to
interpret the rheological differences and analyze them with clinical significance (Crow, 2012).
Expert optical-electronic systems require a full grasp of both imaging and biomedical principles
before their implementation can be considered. This interdisciplinary approach brings together
experts in imaging technology with biomedical engineers and clinicians (Begum et al, 2020). It
helps to guarantee that the systems are by clinical demands, meet biomedical requirements, and
combine imaging technology of international standards.

Rapid development of the information needs puts forward new requirements to the means and
methods for the analysis of biomedical information. To meet these needs there appears the necessity
to apply new physical principles and technologies. Principally new solution of the problem is the
development of the expert optical-electronic information system, intended for the processing of the
biomedical data, based on new computation technologies. Objects in the medical images are
complex and of multifactorial nature and these factors stipulate high requirements concerning the
reliability, accuracy and validity of theresearch results. Usage of the computational facilities and
mathematical methods in this sphere enables not only to accelerate the processing of the biomedical
images but improve the accuracy of the result obtained. Greater part of the software products does
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not give sufficiently complete and accurate information regarding the quantitative and qualitative
character of the medical images. That is why, there exists the problem of the development of
highlyefficient information system, which is able to meet the modern requirements of the problem
put forward, the system must be constructed on the modern optical-electronic element base. Much
attention is paid to the development of the efficient methods and means of the work with the images
in medical diagnostic systems (Abdeldaim et al., 2018; Ahmed et al., 2023; Ansari et al., 2023). The
concept of the expert optical-electronic information system provides the creation of the basically
new structural organization both of the channels for the collection of the primary information and
means, intended for the processing, proceeding from the assumption that they must simulate
biomedical processes. This means that, for instance, parallel optical channels must interact with the
neurolike networks (Riva, & Feke, 1981; Riva, et al., 1992; Lerche et al., 1989).

Such system as the basic model of the complex noninvasive diagnosis assumes that this is
engineering systems which acquires the information, sent in the form of the visual medium of the
arbitrary shape, allocates certain features of the bioobject, processes them and makes the decision
automatically or with the participation of the operator (Harris et al., 1994; Kozhemiako et al., 2010).
In particular, systems for the analysis of the blood rheology are of great interest for the specialists
(Arber et al., 2017). Such optical electronic information system carries out the transfer of the
biomedical image to the computer where, applying the corresponding software, this image is
processed. Having obtained the biomedical image of the blood content, it is necessary to know how
to process correctly this information to obtain necessary, from the point of view of medicine, data
regarding the state of the studied object (Stoltz et al., 1987; Pryzwan et al., 2024; Michelson et al.,
1996).

In the last decade, significant advances have been made in the development of fundamentally
new approaches to the study of the rheological properties of blood as fundamental issues in the
theory of haemoreology, and problems in the methodology for diagnosing and correcting
haemoreological disorders in clinical practice with the aim of preventing vascular occlusion and
ischemia of vital organs (Riva & Feke, 1981; Pryzwan, 2024; Kozhemiako et al., 2010).

Disorders of the rheological properties of blood are an important pathogenetic factor in the
development of many diseases. Under conditions of pathology, reduced blood turnover can become
the primary cause of disorders in the microcirculatory and venous channels. The severity of these
violations often determines the severity of the patient’s condition and sometimes also the prognosis
of the outcome of the disease. Each category of patients has its own characterized haemoreological
profile, due to the original pathology. It is therefore urgent to make early diagnosis of the
rheological properties of blood in the early diagnosis of vascular conditions and to improve the
results of treatment, especially in cardiac patients, which will make it possible to correct blood flow
in a timely and adequate manner according to the vessels, preventing dysfunctional disorders in
vital organs (Lerche et al., 1989).

Of course, rheological dysfunction of the blood is also an important pathogenetic factor in
the development of many diseases. In conditions of pathology, the reduction of blood turnover can
become the primary cause of the impairment of internal organ functions, which in many ways can
determine the severity of the patient’s condition and further prognosis. This underlines the
diagnostic value of a laboratory hemoreological evaluation that enhances the pathogenetic
orientation (Lerche et al., 1989; Harris et al., 1994).

Biomedical image processing methods for expert systems. The application of biomedical
image processing techniques by expert systems in extracting critical diagnostic information is
crucial. These methodologies are essential to turning biomedical images into information,
augmenting the decision-support capabilities of medicine (Singha et al., 2021). Various types of
image processing are used to extract meaning from these images, such as image segmentation and
feature extraction; pattern recognition and machine learning also play an important part.
Segmentation of images is an essential step in biomedical image processing, which involves the
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separation and identification of a certain area or structure within the picture. Such a process enables
relevant areas of interest, for example, corrupt tissues or cells to be extracted from the surrounding
environment and analyzed specifically by expert systems (Abdeldaim et al., 2018). Another
important step is feature extraction, which isolates and selects the appropriate attributes or features
of segmented biomedical images. Extracting such discriminative features is vital for diagnoses of
actual clinical relevance to be possible using expert systems. The methods used to find patterns in
biomedical images and interpret them are known as pattern recognition techniques (Begum et al,
2020). These techniques allow patterns, aberrations, or groupings of features associated with acute
leukemia diagnosis to be identified.

The addition of machine learning algorithms to expert systems makes them even more
diagnostic. Neural networks, support vector machines, and deep learning methods allow the systems
to learn patterns from biomedical images (Singha et al., 2021). Many of these algorithms can detect
complex relationships within images that would not be evident to the naked eye, increasing
precision and diagnosis. Applying these approaches to image processing within expert systems, for
instance, enables the appropriate interpretation and implementation of visual biomedical data in
acute leukemia diagnosis (Begum et al, 2020). Through the use of these advanced methods, such
systems can derive more sophisticated information from biomedical images and assist clinicians in
diagnosis, prognosis, and treatment planning.

Evaluating the efficacy of expert optical-electronic systems in blood rheology. For
example, research into methods to compare the accuracy of diagnostic tests using expert optical-
electronic systems in analyzing biomedical information related to blood rheology is crucial. It also
requires careful evaluation processes to determine how effective these systems are in assessing the
blood's rheological properties, which can aid in the diagnosis of acute leukemia (Singha et al.,
2021). At the core of these studies is an experiment to determine system performance, diagnostic
accuracy, and reliability in detecting leukemia by analyzing bioimages related to blood rheology
(Begum et al, 2020). Such tests serve to determine the accuracy, sensitivity, and specificity as well
as the overall performance of such expert systems in interpreting bioimages related to blood
rheology.

Researchers hope that by subjecting expert optical-electronic systems to rigorous analysis, the
effectiveness and clinical applicability of these methods for diagnosing acute leukemia will be
confirmed. Such studies include comprehensive assessments of how closely these systems match
those typically employed by doctors in distinguishing blood properties between healthy and
leukemic individuals (Singha et al., 2021). The assessment focuses on the sensitivity of their
systems to detecting various minor differences, abnormalities, or vascular rheological changes
related to leukemia. Comparing the system's output to diagnostic standards and expert evaluations is
a comprehensive analysis. These kinds of comparative analyses can determine the extent to which
these expert systems are reliable and accurate in identifying such rheological anomalies as may
indicate acute leukemia (Begum et al, 2020). It also requires statistical studies to establish figures
and prove their diagnostic capabilities.

In addition, this kind of research is typically validated through the use of samples from
patients with different stages and subtypes of acute leukemia. The rigor and broad applicability of
the systems' diagnostic capabilities have been proven with these extensive tests, strengthening their
clinical utility (Rehman et al., 2018). The results of these research projects are valuable in helping
the expert optical-electronic system used to diagnose acute leukemia gain validity and recognition.
These positive findings on high accuracy, reliability, and correlation with established clinical
criteria serve to further affirm the appropriateness of these systems in supporting clinicians (Begum
et al, 2020). This kind of verification can be regarded as an important foundation for recognizing
these systems as aids to clinical decision-making in acute leukemia diagnosis.

Reliability metrics analysis for decision support. Reliable decision support is of paramount
importance for biomedical image analysis, especially when it comes to diagnosing acute leukemia.
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These include expert judgment, algorithms, and diagnostic results (Rehman et al., 2018). They are
taken together to make a final assessment of the reliability of decision support systems that depend
on them for accuracy and credibility. Reliability indexes must be analyzed. Precision, sensitivity,
specificity, and inter-rater agreement are important factors used to verify how accurate biomedical
image diagnosis can be relied upon regarding issues of consistency or credibility. Precision sets the
bar for how often test results are positive. Sensitivity assesses accuracy in detecting acute leukemia,
while specificity measures the accurate diagnosis of patients without it (Singha et al., 2021). Inter-
rater assessment measures the degree of consistency among various system elements or reviewers,
reflecting on the stability and accuracy of diagnostic reporting.

It is these indicators that can best direct the clinician in interpreting system output, and thus
help with accurate diagnosis of acute leukemias. High precision, sensitivity, and specificity will
help the expert system to produce more accurate diagnostic information (Rehman et al., 2018). This
helps healthcare professionals to have confidence in relying on the system's results when
considering clinical action. Analysis of reliability metrics also provides a vehicle for continued
development and fine-tuning of the decision support system (Abdeldaim et al., 2018). Scientists
should examine these indicators to assess the condition of the system and look for areas that need
adjustment or improvement (Singha et al., 2021). This way clinicians and developers alike can
make improvements based on strengths and weaknesses discovered so that reliability improves with
each rendition of the system.

Reliability metrics can help set standards for decision support systems in biomedical image
analysis. These benchmarks also help establish standards for system validation, so that clinical
implementation will only occur when the accuracy and reliability of a given system has been proven
before its use. With such confidence in reliable indicators, decision support systems are accepted
and used by clinical practitioners (Rehman et al., 2018). With these kinds of reliability measures
showing that things are consistent, credible, and in line with what the experts set out for people,
clinicians will very much be able to accept recommendations from such a system in their decision-
making.

Modern methods in information technology creation. Taking advantage of modern
techniques is crucial in designing information systems suitable for acute leukemia diagnosis. These
technologies include cutting-edge equipment and techniques for analyzing data, improving
diagnostic capabilities, and assisting decision-making (Singha et al., 2021). Incorporating modern
methods makes it more adaptive to the continuous change and multifarious nature of medical data,
maximizing its value for diagnoses such as various types of acute leukemia (Arber et al., 2017).
Harnessing the power of artificial intelligence (Al), machine learning and data analysis is at the core
of modern approaches to developing information technologies for use in diagnosing acute leukemia.
It can quickly process enormous amounts of data, with Al-driven algorithms that find useful
patterns and spot markers to differentiate the various leukemia subtypes (Rehman et al., 2018).
What is more, machine learning models are trained to learn from the information they receive and
grow progressively smarter when applied for future diagnostic purposes.

By using cloud computing and taking advantage of big data technologies in acute leukemia
diagnosis, scientists can say that they are fundamentally changing the way many people approach
working with large amounts of biomedical information (Rehman et al., 2018). Seamless storage,
management, and analysis of large-scale biomedical data is based on cloud computing. Through its
scalability and accessibility, it enables efficient data processing, providing decision support to real-
time operations. Such accessibility allows healthcare professionals to get the information they need
about a patient from anywhere when making quick critical decisions (Singha et al., 2021; Davis et
al., 2014). Cloud-based big data These cloud sorts of tools also provide incredible capabilities for
thoroughly analyzing large biomedical databases. It can unearth complex relationships and patterns
in the data that traditional methods would overlook. This advanced analysis reveals obscure
relationships among various factors, illuminating the complex nature of acute leukemia (Rehman et
al., 2018). Big data analysis produces its breakthroughs by examining huge amounts of information
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to reveal minute indicators or links that can guide correct diagnosis and treatment.

In addition, the incorporation of contemporary imaging technologies makes these systems
even more powerful diagnostic tools. Modern imaging techniques and optical-electronic systems
have a big impact on the detection of acute leukemia by increasing the resolution and refining the
precision of images taken (Singha et al., 2021). Both technologies provide high-resolution image
analyses, allowing a detailed examination of cellular shape and detecting characteristic
abnormalities found in different types of acute leukemia. The clear rendering of the microscopic
structure assists in identifying tiny differences or abnormalities imperative for diagnosis and
treatment (Rehman et al., 2018). All these modern imaging technologies are of tremendous benefit
for investigating the pathogenesis of leukemia.

Algorithmic Software Development. Designing computer programs specifically for acute
leukemia that allow analysis of this type is a necessary component in improving diagnostic accuracy
and speed. The software contains advanced computer programs that can analyze and assess
complicated biomedical data, helping to make timely diagnoses of various forms of acute leukemia
(Singha et al., 2021). But the most important part is developing algorithms that can handle various
types of data, such as genetic information and blood profiles along with imaging scans. These kinds
of algorithms are designed to learn how to identify patterns, abnormalities, and certain markers
representative of different subtypes of leukemia (Rehman et al., 2018). Improved pattern
recognition techniques allow one to detect slight variations or anomalies in the biomedical data
which may indicate certain special features of leukemia.

Through the employment of machine learning, there has been a continuous development in
the type of algorithm that responds to changing data sets. What makes these algorithms especially
impressive is that they can learn as new information becomes available, improving their diagnostic
powers and increasing their accuracy (Rehman et al., 2018). Using neural networks or deep learning
enables the system to extract useful insights from tricky biomedical data, revealing subtle
relationships that provide important diagnostic clues for acute leukemia.

One of the key factors behind improvements in diagnostic accuracy with time is machine
learning's adaptive nature when confronted by new data. These algorithms pick up new knowledge
from the updated data and as a result can better recognize minute markers, along with distinguishing
different subtypes of leukemia (Singha et al., 2021). This adaptive learning mechanism increases
the precision of the system's prognosis, improving assessment. The use of neural networks or deep
learning multiplies the strength and effectiveness of analysis by allowing a greater understanding of
biomedical data. These models are good at finding patterns, correlations, and associations that may
not be apparent otherwise (Rehman et al., 2018). Through the use of these models, the system can
draw out some diagnostic insights from bone marrow and build a better overall picture of acute
leukemia's complex etiology.

Furthermore, decision support algorithms also strengthen the diagnostic process and provide
valuable assistance to clinicians. After detailed analysis of the data, these algorithms can
recommend tests and treatments or make differential diagnoses (Singha et al., 2021). Closing the
gap between software and decision support, in this way, the system reduces the workload for
searching through different types of acute leukemia. Algorithmic software communicating with
decision support algorithms works together to maximize the efficiency and effectiveness of
diagnostic procedures by providing clinicians with capable information (Rehman et al., 2018). The
fusion of these cutting-edge algorithms and decision support systems allows healthcare providers to
gain a comprehensive portrait of the diagnostic information, making diagnosis more efficient,
precise, and informed about acute leukemia subtypes.

Hardware support in leukemia diagnosis. Information technology abounds, and the most
important point in using acute leukemia diagnostics is to develop robust hardware support so that
system performance can be optimized as well as data processing capacity or imaging. Advances in
hardware make it easier to analyze and interpret data, providing aid for more accurate diagnosis of
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all forms of acute leukemia (Singha et al., 2021). When these high-performance computing systems
are combined, they allow rapid and detailed examination of large amounts of biomedical
information. Such systems use high-speed processors and large memory capacity to crunch through
the relevant calculations, quickly providing information that is useful in diagnoses (Rehman et al.,
2018). Moreover, parallel computing architectures also speed up the processing of data and
facilitate real-time analysis and decision support.

Progress in hardware will be crucial to developing the implementation of imaging
technologies specifically designed for treating acute leukemia. The high-resolution microscopes and
optical-electronic systems used as imaging hardware are state-of-the-art, greatly enhancing
sampling precision (Singha et al.,, 2021). These new developments provide unprecedented
opportunities for precise and detailed observation, making it easier to see cellular morphology or
irregularities that may be related to specific disorders of acute leukemia. The application of high-
resolution micro-scopes and optical electronic systems, moreover enables clearer images to be
obtained that allow for better visualization of the structures related to acute leukemia. They also
allow for the careful analysis of cellular structure, which can help determine abnormalities and
irregularities unique to each type of leukemia (Rehman et al., 2018). This precision in imaging is
crucial to the diagnosis and characterization of various forms of acute leukemia.

In addition, hardware accelerators like GPUs add a great boost to the efficiency of acute
leukemia analysis. It's just that GPUs are specially designed to speed up the kinds of computation
involved in biomedical imaging or with large data sets (Arber et al., 2017). What these accelerators
do is increase the speed and efficiency of the system's mathematical processing, allowing data to be
processed even more quickly. Consequently, the system performs better in the high-speed
evaluation of vast amounts of biomedical data, and diagnostic accuracy is improved for the analysis
of acute leukemia (Williams et al., 2019). In the system architecture, taking advantage of hardware
accelerators (GPUs) results in significant improvements to computational efficiency. In biomedical
applications, their parallel processing capabilities make them quicker at performing complex
algorithms needed to analyze images and speed up the diagnostic process. With such accelerated
computing power, data can be interpreted and analyzed much faster than before (Rehman et al.,
2018). This not only ensures increased accuracy in the analysis of acute leukemia samples but also
results in greater efficiency as well.

Experimental studies & expert system framework. Experimental studies and the
development of an expert system in clinics are also major elements in constructing resilient acute
leukemia technology. These studies include in-depth validations and assessments, while the
structure of an expert system gives it a sound foundation for reliable diagnosis (Rehman et al.,
2018). In addition, there must be numerous experimental studies of the validation and comparison
of algorithms against standards for analyzing data and assessing diagnostics. The purpose of these
studies is to verify the validity, precision, and reliability of the newly developed technologies in
testing for different types of acute leukemia (Singha et al., 2021). Vigorous experimentation
guarantees that the system's performance will meet clinical needs and helps to give it credibility.

Creating the skeleton of an expert system involves several different aspects, including how its
structure will be organized and how decisions are made. Such an end-to-end system includes
numerous components that have been proven individually through algorithms, data processing
techniques, and decision support systems (Rehman et al., 2018). The shell way inside the expert
system encompasses several vital components, such as data storage cartridges, and operational
commands in evidence-based procedures for use by doctors to judge acute leukemia cases; all these
are carefully engineered to work together (Shah et al., 2021). Expert system architecture is precisely
tailored to combine the most rigorously tested and verified algorithms and methods. These parts are
all brought together to work in concert, which requires precise and coordinated operations
(Williams et al., 2019). The framework also provides data storage mechanisms to allow the
structured entry and retrieval of extensive sets of information, which is essential for making sound
biomedical decisions.
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An important part of the expert system's architecture is that it requires user-friendly interfaces,
specifically for doctors. These interfaces are intuitive, allowing the user to interact with them
naturally (Singha et al., 2021). They allow clinicians to enter appropriate patient data, read the
diagnostic output of machines, and deduce recommendations or findings generated by computers.
These interfaces, which focus on user-friendliness to support healthcare professionals using them
effectively and quickly, are highly innovative. In addition, decision support modules incorporated
into the framework enhance diagnostic accuracy by supplying doctors with actionable information
and guidance based on smart data analysis (Davis et al., 2014). These modules help practitioners
understand the system's output, providing differential diagnoses and treatment recommendations as
well as clinical data based on information analyzed.

The expert system skeleton consists of a mechanically organized structure in which verified
congruous algorithms are tightly integrated with data input and processing procedures as well as
decision support mechanisms and highly user-responsive interfaces. The fact that components are
so well integrated within the system framework itself produces coherence and stability in support of
accurate and actionable diagnoses of acute leukemia (Rehman et al., 2018). This user-centric design
makes it easy to interact with, allowing healthcare professionals to enter and read key diagnostic
information freely.

Methodology. By the blood rheology (hemorheology) we mean the study of the biophysical
features of the blood as the viscous fluid. The blood viscosity is characterized by the conventional
viscosity factor, which is referred to the certain conditions of the fluid flow (for instance, pressure,
velocity).

Macrology treats blood as an integer, devoid of structure, although it is a dispersed system
that is viscous, with a number of characteristics: viscosity of whole blood, viscosity of plasma,
concentration of hemoglobin). Microrheology examines the rheological behavior of blood
according to the properties of its components in particular erythrocytes, which is also characterized
by a number of indicators: erythrocyte aggregation, erythrocyte deformation. In the area of the
Newtonian current in the arterial channel, where the speeds are high (250+270 s™), the red blood
cells are completely disaggregated - it is in this zone that their deformation begins giving them the
shape of ellipsoids. The cardiac function and the mechanical properties of the vascular walls are
decisive for blood flow. In arterioles and pre-capillaries (70 s™), large aggregates are first broken
down into separate chains - coin bars that navigate along the flow, reduce their length in accordance
with the increase in speed, not too strong, aggregates rapidly disintegrate, The largest aggregates are
delayed (Riva & Feke, 1981; Kozhemiako et al., 2010).

In capillaries, the red blood cells move one after another. In the region of the Kesson
current, in the venous channel (2,5+10 s™) the most intensive aggregate formation takes place, after
which partial aggregates are destroyed, in the heart at the rate of shift «O» practically all the
erythrocytes are assembled in aggregates (Riva & Feke, 1981).

Dependence of the viscosity force on the velocity gradient becomes non-linear
(Kozhemiako et al., 2010):

Fvisc = f((n:—\z/)z), D)

where dV/dZ[1/s] — is the velocity gradient that shows how the velocityV changes at the
change by the unit of the distance in the direction of the transition from the layer to layer, otherwise
the shift velocity; 77 [Pa-s] is the coefficient of the dynamic viscosity of the fluid, that characterizes
theresistance of the fluid to the displacement of the layers.

The properties of such environmentfirst of all depend of the fluid. The system in general will
have other, greater viscosity that depends on the form and concentration of the particles. For the
case of small concentrations of C particles, the formula (Riva & Feke, 1981) is valid:
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77 = 77 (1+KC), )
For the ellipsoids K increases and is determined by the values of its semi axes and their
relations. If the structure of the particles changes (for instance, when the conditions of the process
change), the coefficient K in (3) and the viscosity of such suspension changes.
To study the viscosity of blood and plasma, the method of rotational or capillary viscometry
IS most often used (Arber et al., 2017; Riva & Feke, 1981) with the determination of viscosity in the
range of shear rates from 1 to 200 s™. The choice of working shear rates is determined by the fact
that in this range all the effects of nonlinear blood behavior are observed. The data obtained are
indicated as apparent viscosity 7, .

Realization of expert optical-electronic information system for the processing of the
biomedical information. The main problem, solved by the expert optical-electronic information
system for the processing of the biomedical information is the automatic allocation of the arbitrary
objects, their counting and calculation of the morphologic parameters. The system performs the
processing of the biomedical images, in particular, counting of the number of the red blood cells
(RBC) on the biomedical image (Fig.1). The search of the objects is performedcompletelyin the
automatic mode. The automatic mode operates with a certain error (practical error on the images of
rather large area is approximately 10%).

0

Figure 1. Biomedical image of the blood rheology

Hemodynamicindices of the blood flow are defined by the biophysical parameters of the
cardiovascular system activity (for instance, stroke volume), structural characteristics of the vessels
(their radius and flexibility) and directly by the properties of the blood itself (viscosity) (Riva &
Feke, 1981; Kozhemiako et al., 2010).

By the blood rheology (hemorheology) we mean the study of the biophysical features of the
blood as the viscous fluid. The blood viscosity is characterized by the conventional viscosity factor,
which is referred to the certain conditions of the fluid flow (for instance, pressure, velocity).

Macrology treats blood as an integer, devoid of structure, although it is a dispersed system
that is viscous, with a number of characteristics: viscosity of whole blood, viscosity of plasma,
concentration of hemoglobin). Microrheology examines the rheological behavior of blood
according to the properties of its components in particular erythrocytes, which is also characterized
by a number of indicators: erythrocyte aggregation, erythrocyte deformation. In the area of the
Newtonian current in the arterial channel, where the speeds are high (250+270 s™), the red blood
cells are completely disaggregated - it is in this zone that their deformation begins giving them the
shape of ellipsoids. The cardiac function and the mechanical properties of the vascular walls are
decisive for blood flow. In arterioles and pre-capillaries (70 s™), large aggregates are first broken
down into separate chains - coin bars that navigate along the flow, reduce their length in accordance
with the increase in speed, not too strong, aggregates rapidly disintegrate, The largest aggregates are
delayed (Riva & Feke, 1981; Kozhemiako et al., 2010).

One of the main characteristics of the rheological properties of blood is the aggregation of
red blood cells, which is determined the nature of superficial intererythrocyte interaction. States of
erythrocytes spontaneous aggregation are classified (Riva & Feke, 1981): the formation of
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aggregates of two red cells; the formation of linear aggregates; the formation of multidimensional

(fig. 2).
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Figure 2. States of erythrocytes spontaneous aggregation

Erythrocyte aggregates is also divided of types (Riva & Feke, 1981; Lerche et al., 2010): D; — linear
aggregates; D, - grid aggregation; D3 - lump aggregation; D, - echinocyte aggregation (fig.3).
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Figure 3. Types of erythrocyte aggregates

Normal physiological aggregation has the character of linear chains in the form of coin
columns consisting of 4-5 cells of Fig. 3,a.

On average, human blood samples are disaggregated at shift speeds of 50 seconds,
allowing for complete hydrodynamic disaggregation of erythrocytes in the vascular bed. At very
low shear speeds, even the normal red blood cells are almost entirely grouped into 3.b coin bars.

At a certain rate of shift, the coin bars are completely destroyed and a suspension flow from
individual cells is observed (Riva & Feke, 1981; Lerche et al., 2010). The main feature of a
pathological aggregation is a lump aggregation with increased adhesion strength between
erythrocytes maintain aggregation even at (y = 250! seconds). Lump assemblies are preserved even
at high shear speeds, which makes normal blood flow impossible in micro-vessels (fig. 3.c). The
resulting stable assemblies are dropped through a system of shunts past the capillary channel into
the venous system, thus ensuring continuity of blood flow. This leads to a discrepancy between the
volumetric blood flow through the main vessels and the level of microcirculation and the formation
of plasma capillaries free of erythrocytes. A direct consequence of the pathological aggregation of
red blood cells is the centralization of blood flow and the insufficiency of tissue perfusion (Riva &
Feke, 1981; Stoltz et al., 2010).

Changing the shape from discoid to spherical leads to the impossibility of free packing of
red blood cells, i.e., to an increase in the area of contact (aggregation). Echinocytic transformation
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significantly increases the strength of aggregates (Fig. 3, d).

Realization of the optical-electronic system for the analysis of blood rheology. In
general case, the input variables, used in the expert system, can be presented either in qualitative or
quantitative form. By means of optical-electronic expert system (OEES) the introduction of the
input variables, conversion of the quantitative variables into qualitative is performed. The given
expert system on the base of the fuzzy logic introduction also realizes the functions of the
collection, storage, correlation analysis and usage of knowledge, obtained by the experts in order to
analyze the rheologic properties of the blood (Posudin, 2014; Kostruba et al., 1996; Saldan et al.,
2017).

Structure scheme of the fuzzy-expert optical-electronic system for the analysis of blood
rheology is shown in Fig. 4. OEES consists of the optical block, photosensitive matrix for the
registration of the biomedical object of the research, unit for the image preprocessing of biomedical
information, block for select of image fragment, blocks for performance of algorithms based on
object selection, spatial filtering algorithms, static segmentation algorithms and algorithms based on
comparison with references, results proceeding block, customization block, block of standards for
evaluation of geometric parameters of the rheological properties of blood, system of results
inference and decision-making Unit of the fuzzy processing and output, used in the expert system
allows to process complex hierarchical structures of the input variables, which can be presented in
the form of the tree.

System of results inference and
decision-making

Block of standards for the evaluation
of the geometric parameters of the  j—— T
rheological properties of blood

Algorithms based on

object selection
o Image Pre- Select Image  |£
CCD - structure » i : . : -
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Figure 4. Structure scheme of the fuzzy-expert optical-electronic
system for the analysis of blood rheology

Results and Discussion. For instance, after the examination by means of optical-electronic
expert system, of the patients with the possible pathological changes, the results, shown in Fig. 5
are fixed.

To a great extent it is connected with the fact that the blood has the internal structure, that is
the suspension of the formed elements in the solution — plasma. As 93% of the formed elements are
the red blood cells, in case of the simplified model examination the blood is the suspension of the
red blood cells in the psychological salt solution.

Changes in the rheological parameters of blood are one of the significant mechanisms of the
formation of insufficient blood supply in the early stages the development of the disecase. Main
pathological effects violations of rheological properties in the blood can lead to micro-flow failure
circulation, the extreme manifestation of which may lead to a decrease in trophism and the
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development of ischemic syndrome, a violation of micro-rheology and an increase in the viscosity
of blood, which causes an increase in total peripheral resistance and the development of arterial
hypertension syndrome, to atherosclerotic changes in blood vessels, to a violation of hemorheology,
which contributes to increased thrombosis (Riva & Feke, 1981).

¢) Pathology of the 2* level — D3 d) Pathology of the 2% level — D3

Figure 5. Results of the biomedical images processing

Conclusion. It enabled to perform complex efficient diagnostics and increase by 10% the
validity and speed of the diagnostics. Information features (information parameters) of the analysis
of the biomedical images, in particular, for the assessment of the rheologic properties of the blood,
are formed. Algorithm and optical-electronic fuzzy expert system for the analysis of the rheological
properties of the blood are suggested, they are used for the increase of the diagnostic validity which
is a determining factor in the biomedical diagnostics. Changes in the rheological parameters of
blood are one of the significant mechanisms of the formation of insufficient blood supply in the
carly stages the development of the disease. In this way, the main focus of modern clinical
hemorheology is the search diagnostic and prognostic criteria for various diseases and rheological
correction methods violations.
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AHoTanisa. PoOora mnpucBsyeHa ontuMizamii MOpolecy po3MOAUTY 3aBAaHb Yy PO3MOIUIEHUX
OOYHCITIOBAJILHUX CHCTEMaX. 3a JOMOMOIOI0 3aCTOCYBAaHHS METOMIB CTaTUCTUYHOIO aHali3zy
po3po0IeHO TAX1A 10 aBTOMAaTH3aIlli BUOOPY BUKOHABIIIB, 110 JO3BOJISIE MIABUIIUTH €(DEKTUBHICTD
pO3MOALTY 3aBJlaHb, MOKPALIUTH ILIOJEHHY IPOAYKTUBHICTh Ta 3a/J0BOJIECHICTh MpAIliBHUKIB.
JlocimipkeHHsT TIOKa3ye, IO BHKOPUCTAHHS ONTHUMI30BAHOTO TIAXOMY JO3BOJHMIIO 3MEHIINTH
CEepe/IHIO TPUBAIICTh OOPOOKH 3BEpHEHb KOPUCTYBauiB 0OpaHoro tuny 3 34 10 31 XBUIMHM, 11O HA
7% eQexTuBHIIIE NOPIBHSIHO 3 BUIAJKOBUM PO3MOJALIOM 337ad, THM CaMUM IOKpAIIYIOUd SKICTh
00CIIyrOBYBaHHS Ta MPOJAYKTHBHICTb.

3anpornoHoBaHa yHi(pikoBaHa MOJENb JJII ONTHUMI30BAaHOTO PO3MOAUTY 3aBJlaHb BpPAaXOBYE Taki
KJIIOYOBI aCleKTH, sIK Mpodisii BHYTPILIHIX KOPUCTYBaUiB, PIBEHb iX HABAHTAKEHHS, IPIOPUTETHICTh
3aJ1a4, B3a€EMO/III0 MK BUKOHABLISIMU Ta 1HIII JOCTYIHI pecypcu cuctemu. L{s monens 3abe3neuye
OanaHC MK KOMITIETEHTHICTIO TIPAlliBHUKIB Ta MBHUIKICTIO 00OpOOKH 3aBJaHb, 110 CYTTEBO MiIBUIILYE
MIPOJYKTUBHICTH BCI€T CUCTEMHU.

OcobnuBy yBary MNpHIIICHO aBTOPCHKIH METOAONIOTii, MoOYyJIOBaHIi HAa OCHOBI 1HCTPYMEHTIB
Salesforce CRM, ska no3Bossie e(EeKTHUBHO BUKOPHCTOBYBAaTH ICTOPUYHI JaHl LIOJIO
MPOYKTUBHOCTI MPAIIBHHUKIB /ISl BU3HAUEHHS HAHOUIBII MiAXOIAIINX BUKOHABIIIB. Y TO€HAHHI 31
CTaTUCTUYHUMHU METOJAMHU aHaJi3y BEIUKUX OOCATIB JaHUX IMed MiIX1J CHpHUsSE He JIHIIe
OINITUMI3AIli] PO3MOLTY 3aB/laHb, ajie i MPOTrHO3YBaHHIO Yacy iX BUKOHAHHS, BUSBICHHIO aHOMAiH
y Tpolecax Ta po3poOIlli THYYKHX CTparTerid po3moauly. BpaxyBaHHS KOMIIETCHIIH Ta
IPOAYKTUBHOCTI TpALIBHUKIB CIIPHs€ BHCOKIH SKOCTI BHUKOHAHHS 3aBJaHb, CKOPOYEHHIO dHacy
00OpOoOKM Ta 3HWKEHHIO HAaBAHTWKEHHS, IO KPUTHYHO BAXIUBO s €PEKTHBHOI poOOTH
PO3MOIITICHIX CUCTEM.
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3arasioM, 3alpONOHOBAHE JOCTIKEHHS MIATBEPXKYE, 10 3aCTOCYBAHHS CTATUCTUYHOTO aHAJIi3y Ta
iHcTpyMmeHTiB CRM cnpusie migBuieHHI0 €(heKTUBHOCTI pOOOTH PO3MOAUICHUX OOYHMCIIIOBATIBHUX
cucreMm. lle BimkpuBae TEPCIEKTHBH Ui BIPOBAHKCHHS ONTHUMI30BAaHUX CTPATETid PO3MOALTY
3a/1ady 'y PI3HUX Taly3sX, BPaXxOBYIOUH TOCTIMHHHI pICT OOCATY JaHMX Ta CKJIAJIHICTh Oi3Hec-
MIPOLIECIB.

Kuro4uoBi ci1ioBa: po3noait 3aBaadb, ONTUMI3aIlisg, 00UHCITIOBAIBHI CUCTEMH, CTATUCTUYHHUM aHATI3,
npoditi KOPUCTYBaviB, IPIOPUTH3ALLIS.

Statistical analysis methods application for a task distributor selection in a
distributed computing system
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Abstract. This paper focuses on optimizing the task distribution process in distributed computing
systems. By applying statistical analysis methods, a strategy has been developed to automate the
selection of task performers, improving the efficiency of task distribution, daily productivity, and
employee satisfaction. The research shows that the optimized approach reduced the average
processing time for specific user requests from 34 to 31 minutes, which is 7% more effective
compared to random task allocation, thereby enhancing service quality and overall productivity.
The proposed unified model for optimized task distribution considers key factors such as internal
user profiles, their workload levels, task priority, interaction among performers, and other available
system resources. This model balances employee competencies with the speed of task processing,
significantly improving the system's overall performance.
Particular attention is given to the methodology based on Salesforce CRM tools, which allows for
the effective use of historical data on employee performance to identify the most suitable task
performers. Combined with statistical data analysis methods, this approach not only optimizes task
distribution but also enables accurate time prediction for task completion, identification of process
anomalies, and the development of flexible distribution strategies. Considering both competencies
and productivity ensures high-quality task execution, reduces processing time, and minimizes
workload, which is critical for the efficient operation of distributed systems.
In overall, the proposed study confirms that the use of statistical analysis and CRM tools enhances
the efficiency of distributed computing systems. This opens opportunities for the implementation of
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optimized task distribution strategies across various sectors, especially in the context of the growing
volume of data and the complexity of business processes.

Key words: task distribution, optimization, computing systems, statistical analysis, user profiles,
prioritization.
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Beryn. 3 KOXKHUM JHEM pPIBEHb CKJIAJHOCTI MOBCAKICHHHUX 3aBJaHb, L0 MOCTAIOTh MEPe]
MpamiBHUKAMHU Y Cy4YaCHUX KOMIIaHIsIX MPOJIOBXKYE 3pocTaru. Lle 3yMOBIeHO 301IbIIICHHSIM 00CATIB
JTAaHUX, €BOJIOIIECI0 TEXHOJOTIM Ta YCKJIAIHEHHSM Oi3HEC-TPOIECiB. 3a TaKWX YMOB BHPIIICHHS
3aBJjaHb BMMAara€e He JIMIIE PO3yMiHHS JOMEHY MpoOJIeMH YHM NEBHUX TEXHIYHHUX 3HaHb, ale U
CTpPATErivyHOTrO MiIXOTY.

[lepmr HiIX TPHUCTYNAaTH 1O BUKOHAHHS 3aBJaHHS, KPUTHYHO BAKJIMBO BIEBHUTHCH, IO
MpaliBHUK Mae BCli HeoOXimHi BXimHl AaHi. lle BkItouae WiTKMKA OMHUC 3ajadvi, MOTOYHHHA CTaH
CHCTEMH, OYIKYBaHUH pE3yJIbTaT, a TAaKOXX PO3YMIHHS MOXJIMBOTO BIUIUBY Ha IHII TPOIIECH.
HenocratHicTh, HEWITKICTh a00 HEIOCTOBIPHICTH IIi€l iHOpMaIlii MOXXEe CTaTH MPUYHHOIO
3aTPUMOK, IIOMIJIOK Ta JI0/IATKOBUX BUTPAT PECYPCIB.

Yepes 3pocTaHHs CKJIAJHOCTI 3aB/aHb, yCE YaCTillle TPAIUISIOTHCS CUTYALlll, KOJIM iX BaKKO
a0o ’X B3arajii HEMOXJIMBO BHPINIMTH CAMOCTIHHO. Y TakuX BHIIQJKaX HACTYIIHUM KPOKOM €
BU3HA4YEHHS HEOOX1THUX pecypcna IS ycnlmHoro BUKOHaHHs 3aBaaHHs. Lle MOXKYTb OyTH fK
iHMBITyanbHI (PaxiBil, Tak 1 TPyMH MpamiBHUKIB, OKPeMi BiIIIM KOMMaHii a0 HaBiTh CTOPOHHI
BEH/IOPH, SIKIIO BHYTPILIHIX 3HaHb T4 HABUYOK HEI0CTATHBO.

3BaykKarouM Ha BUILE 3TajIaHi BUKIIMKHU, 3pOCTAa€ MOTpeda y aBTOMATU30BAHKUX PIIICHHSX /IS
PO3MOALTYy 3aBIaHb. TyT Ha IOMOMOT'Y IPUXOASATh METOAM CTATUCTUYHOTO aHaNi3y, sIKi J03BOJIAIOThH
ONTUMI3YBaTH 1IeH MPOIIEC.

BukopuctanHs METOAIB CTaTHUCTUYHOIO aHAi3y CIpOIlye BHUOIp BHKOHABIIB, ajXke
JI03BOJISI€E aBTOMATHYHO OIIHIOBATH MPOIYKTHBHICTb, 3aBaHTAXXEHICTh 1 IIBUKO/AII0 MPAalliBHUKIB,
e(eKTUBHO PO3MOAUIAIOYM 3aBJJaHHA JJIs ONTUMAIBbHOTO BUKOpUCTaHHA pecypciB. Kpim Toro, Taki
MIJIXO/IA TIOMTOMAararoTh MPOTHO3YBATH Yac BUKOHAHHS, BUSIBJISTH MOXJIMBI aHOMAaJii Ta (opMyBaTH
cTpaTerii po3mojily, IO BPaxOBYIOTh PI3HOMAaHITHI ()aKTOpH, TaKUM YHUHOM IMiJBHUILYIOUH
HIBUAKICTh 1 SIKICTh BUKOHAHHS, 3HWKYIOUM BUTPaTH, Ta MOKPALIYIOUHN KOHKYPEHTOCIPOMOXKHICTh
KOMIIaHii B yMOBaX Cy4acHOTO PHHKY.

Oraspa gireparypu. [IpoGiema MOCTIHHOTO POCTY PiBHS CKJIATHOCTI MOBCSKIACHHHUX 3a7ay
TypOy€e AOCTIIHUKIB 3 AEKITBKOX MPUYUH.

[To-mepiie, y Mipy TOTO, SIK 3aBIaHHS CTalOTh CKJIAQJHINIMMU, MPAIliBHUKH KOMIIaHIi Bce
YacTillle CTHUKAITBCS 3 HEOOXIIHICTIO OCBOIOBATH HOBI HAaBHYKH, aJalTyBaTHCS 10 HOBHX
IHCTPYMEHTIB Ta METOAMK. 3a3BHuail Ile MPHU3BOAUTH JO POCTY BHUTpAT 4Yacy HEOOXiJTHOTO Jis
BUKOHAHHS 3aBJlaHb, a 1HOMI 1 JO 3HIKEHHS SKOCTI POOOTH Ta HaBITh IMIJBHUIICHHS CTPECY.
Hocaimkenns (Trautmann et al., 2011) noBoauTh Te, [0 HEBIAMOBIAHICTH MIXK KOMIIETEHIIISIMU
MPAIiBHUKIB 1 BUMOTaMH 3aBJaHb MPHU3BOJUTH 1O HHU3bKOI MPOAYKTHBHOCTI Ta 3a70BOJICHHS
po0OTOIO, IO € CEPHO3HIUM BUKIMKOM JIJIsI KOMITaHIH.

[To-npyre, 31 301IBIIEHHSIM CKJIQJHOCTI 3aBJaHb TAKOXK 30UIBIIYETHCS 1 00’€M poOOTH, IO
HEOOXITHO BHKOHATH, a pa3oM 3 HMM 1 HMOBIPHICTh MOMMHJIOK, IIO TaK YM IHAKIIe HEOOX1THO
BUIpaBUTH. Taka cuTyallis He TUIbKM MiJBUIIY€ HAaBaHTAXXCHHsS Ha MpalliBHUKIB, a il 3a yacTy
MPU3BOANUTH 10 HETaTUBHUX ITEpalliid y IUKII BHUPIIICHHS 3a7ad — KOJIU KOMIIaHii BHUTpadvaloTh
OlabIlle pecypciB Ha BUPIMICHHS MPOoOJIeM 4M TX HACiAKIB, HixK Ha ix momepemkenns (Trautmann et
al., 2011; Zhang, 2023).

[To-Tpere, 13 PO3BUTKOM OOYMCIIOBAIBHUX CHCTEM 3’ SIBISETHCS HEOOXIMHICTH MOCTIHHOTO
HaBUaHHS TPAIiBHUKIB Ta onrtuMmizanii pobounx mponeciB (Dery & Sebastian, 2017). Taxox,
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HEOOXITHO 3ayBa)XXKUTH, IO JESKI 3MIHM MOXYTh HETaTUBHO BIUIMHYTH Ha MOTHBAIIIO MPAlliBHUKIB
Ta iX 37aTHICTh €()EKTUBHO BHKOHYBATH NpPH3HAYCHI 3aBAaHHSA, TOMY BHOCHTH iX HOTPiOHO
3BaXEHO, @ HETaTWBHI HACHIJKMA IOM’ SKIIYyBATH MUIIXOM BIPOBAKCHHS IMPOLECY MiATPUMKHU
BHYTPIIIHIX KOPUCTYBaYiB.

I HapemTi, 31 3pOCTaHH]IM CKJIQAHOCTI 3aBAaHb, NPALliBHUKMA KOMIIaHIH MOXYTh BiT4yBaTH
BCe OUTBIIMI CTpec Ta HampyXeHHs, Mo Oe3noceperHbO BIUIMBAE Ha iX PIBEHb 3aJOBOJICHHS
MOTOYHOIO MOCAJI0I0 Ta Ha 1X eeKTHBHICTH MpoTsroM TpuBayioro 4yacy (Dery & Sebastian, 2017).
Lleii acnekT € BaXIMBHM ke 0e3 e(eKTHBHHX Ta 3pYYHUX Yy BUKOPHCTaHHI PIlIEHb 3pOCTAE
HMOBIpHICTh BUTOPAHHS Ta BTPATH KBaNIi(hiKOBAaHUX MPAIliBHUKIB.

[Tepemiveni Buie (akTOpy 3MYIIYIOTh SIK POOOTOJABINB TaK 1 JOCTIIHHUKIB ITyKaTH HOBI
MIIXOAM ISl OpraHizaiii Ta onTuMizarii podo4rx MpOIECiB, IHBECTYBATH B HABYAHHS IIEPCOHATY,
PO3pOOIATH Ta BHPOBAIKYBAaTH aBTOMAaTHU30BaHI PIlIEHHS JJIS 3a0IIa/UKCHHS 4Yacy NpalliBHHKIB,
IBUIICHHS IKOCTI 3T€HEPOBAHUX PIICHb, TOIIO.

[IpoGnema mapamerpusanii 3aa4d nepes NoJalbIINM ITOIIYKOM iX PillIeHb MPUBEPTAE yBary
HAyKOBIIIB 3 KUTbKOX KJIFOUOBUX ITPUYHH.

[To-mepme, BoHa crpuse e(QEeKTUBHOMY pO3B'SI3aHHIO CKJIQJAHUX 3aBIaHb, O3BOJIIOYH
CTPYKTYpPYBATH iX y BUTJISAI MOJEJICH Ta ONTHUMI3yBaTH Mpolec BUKOHAaHHS. Lle 0co6ImMBO BaIIMBO
B CHCTEMax 3 BEJIMKOIO KUJIBKICTIO OOUMCIICHb Ta BEIMKUM OOCSTOM JaHUX.

[To-npyre, mapameTpu3ailisi € KJIIOYOBHM €IIEMEHTOM Y PO3pOOIIl CHCTEM aBTOMAaTHU3AIlii, SIKi
PO3IOUISAIOTh 3aBJAaHHA MK BHUKOHABIIMH 3 METOIO ONTHMi3allii BUKOPHUCTAHHS PECypCiB Ta
MIBUIICHHS TPOJAYKTUBHOCTI. Lle M03BOJISIE MiABHIMUTH TOYHICTH Ta HAMIWHICTH PE3yJbTaTIB, a
TaKOX JIOCIII[)KYBaTH HOB1 METOAM 1 MOJIEN1 71l BUPILLIEHHS PI3HOMAaHITHUX 3aB/aHb.

Hanpuknan, y po6ori (Huang et al., 2023) ctBepkyeThes, 1m0 nmapaMeTpu3allis 3aaad €
BXJIUBOIO y KOHTEKCTI TeHepallli TpaekTopiil [uis poOOoTiB y poOOTO-TeXHIYHIM ramy3i. OcHOBHa
MeTa MOJISITa€ B JTOCSITHEHH1 CTaOlIbHOCTI, HAJIMHOCTI Ta MPOJYKTUBHOCTI y BUKOHAHHI 3aBJaHb
MaHimynauii. [IpoGiemu, ki 4acTO BUHMKAIOTh y IJIAHYBaHHI YacOBO-ONTUMAIBbHUX TPAEKTOPIH,
BKJIIOYAIOTh HEOJAHOPIIHICTh HIBUAKOCTI Ta IPUCKOPEHHS, TOXUOKH y 3'€IHaHHSAX, BiOpalii poOoTiB
Ta MOUIKOJUKEHHS JBUTYHIB. BupimeHHs X mpoOieM BKIIOYAEe yBary J0 Takoro rnapamerpy, siK
pPO3pUB, IO € MOXITHOK 32 YacoM MPUCKOpeHHs. OaHaK HENiHINHI Ta HEKOHBEKCHI OCOOJIMBOCTI
oOMEeXeHb Ha pO3pUB YCKIAJHIOIOTH ONTHMI3ALII0 TPAEKTOpid, M0 BHMarae 3HAYHHUX
O0YHCITIOBAJIBHUX BUTpPAT.

VY pobori (Xie et al., 2023) cTBepmKyeThes, M0 TapaMeTpu3allisi TOBCSIKICHHOI [Tl BOJIIB
3ajadi MI0J0 BU3HAYEHHS IOJIOC PYXY Ha JOpO3i Ma€ BHpIIIaJbHE 3HAUCHHS Y BUMAJKY, SKIIO
TPAHCHOPTHUHN 3aCi0 KEPyeThCs 3a JOINOMOTrO0 IITYYHOIO 1HTENEKTY. Y Mepekax 1HTeNEeKTyaTbHUX
TPAHCHMOPTHHUX CHCTEM II€ JI03BOJISIE€ BUSBISITH Ta KOHTPOJIOBATH PYX TPAHCHOPTHHUX 3acCO0IB ISt
3abe3neueHHss Oe3neku Ha Aoposi. llapamerpusaiiisi € KIIOUOBHUM €JIEMEHTOM aJTrOpUTMIB
BUSBIIEHHS MOJIOC pyXy. Taki anropuTMH MOXKYTh 0a3yBaTHCs Ha TPaJULIHHUX METO/ax 00poOKu
300pakeHb a00 Ha ITMOOKOMY HaBYaHHI.

VY nocmimxenni (Shi et al., 2023) iine MoBa mpo HEOOXiAHICTH MapaMeTpH3allii y 3agadax
CerMEHTallll eK3eMIUIAPiB, CEMAaHTUYHOI CETMEHTAlliil, OL[IHKM MOHOKYJISIPHOI TJIMOMHU, OLIIHKH MTO3H
JIFOJTUHU Ta BIAMOBIAHOCTI GOpMHU.

VY crarri (Li et al., 2023) crBepmkyeThcs, IO MapaMeTpu3allis 3agad HeoOXimHa s
ajanranii poOOTIB 10 3MIH y CIIEHI B YMOBaxX HECTPYKTYypOBaHOI'O cepefoBMINA. Y CTaTTi
PO3IIISIIAETbCS METOJ] HaBUAaHHS 3a JIEMOHCTpAIli€0, SIKUM MO€AHYe TUHAMIYHI MOJENi pyXy Ta
nmapaMeTpU30BaHE 3aBIAHHS 3 METOI TOKpAIIEeHHS 3arajibHOI MPOIYKTHBHOCTI Ta pPO3B'S3aHHS
3aBJlaHb MaHIIyJIOBaHHS 00'ekTaMu. BBeZieHHs mapaMeTpiB 3aBAaHHS JJ03BOJISIE pOOOTY HaBUMTUCS
OinpIe JIOKAJBHUX T'€OMETPUYHUX OCOOJIMBOCTEH Ta y3araJbHUTH HABYAJIbHY MOJENb IS
HEBIJIOMUX CHUTYalliid, 320€3Me4uy04r Kpallly aJanTamiio 10 3MiH B HABKOJIUIIHHOMY CepEI0BHIIIL.

VY po6oti (Mahmood et al., 2023) migkpecaoeTbCst TBEPKEHHS PO T€, M0 MapaMeTpr3allisa
3a7a4 € HEeOoOX1THOIO JJIsl BUBYECHHS CKJIAJHOCTI OOYHMCIICHh B KOHTEKCTI BHPIIICHHS MPOOJIEMH B
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MTYYHOMY 1HTENEKTi. Po3rismaroThes pi3HI MiAXoAaW Ta MpoOJeMHU pIillIeHHS, aje OCHOBHA yBara
NPUIUIAETBCS  TTapaMeTPU30BaHI CKJIaJHOCTI, sIKa BHU3HAYAEThCA 4Yepe3 MapaMeTpu3alliio
mpo0JieMy, 10 € BAKJIMBOIO JUISl MPAKTUYHOTO BUKOPUCTAHHS Ta MAa€ BEJIMKY BaXKJIMBICTh IS
3IIACHEHHS PillIeHb y KOHTEKCTI €(EeKTUBHOCTI 3a YMOBH IMOCTIHHOTO a00 MOBUIBHOTO 3POCTAHHS
rmapameTpiB.

VY nomnosini (Perez-Villeda et al., 2023) iize moBa npo Te, M0 MmapameTpu3allis 3a1a4 €
HEOOX1THOIO IS JIOCATHEHHS MIATPUMKH MPAaBWIBHOI TPAaeKTOpPii pyxy Ta i1 amanTallii 10 pi3HUX
YMOB BHKOHAHHS 3aBJlaHb. Tako) HAaBOIUTHCS HPUKIIAA TOTO, K BUKOPUCTAHHS IMapaMeTpu3anii
J103BOJIsI€ POOOTY aAaNTyBaTUCS IO PI3HUX YMOB, 110 MOKe OyTH BaKJIMBO JUIS YCHIITHOI poOOTH B
pi3HuX creHapisx. Hampukian, po3Mip mocyinHu, Kyau poOOT HalHMBae piguHy, abo 1 00’eM €
BYXJIMBUMH JIOCSITHEHHS IIEBHOTO PiBHS HAaNlOBHEHHs. Takuii MiaxXiJ JoIoMarae yHUKHYTH pooaemM
3 BUKOHAHHSM 3aBJIaHb 11032 00J1aCTIO0 JaHHUX JUIs HaBYaHHS, JOMOMAaraiouu poOOTy JOCATTH OLIbII
IIMPOKOI reHepasti3alii Ta aJanTUBHOCTI ITPH BUKOHAHHI 3aBJIaHb.

VY npari (Fu et al., 2023) iige MoBa mpo Te, M0 MapaMeTPU3allis 3a1a4d € HEOOXITHO s
JOCATHEHHS OUIBII THYYKOI, YHIBEpCAIbHOI MOBEIIHKM BUKOHABIS 3a/1adyl B PI3HHUX CLeHapisx. Y
TeKcTi 3a3HaveHo, 1o off-policy meta-RL meroan ycminiHO y3arajibHIOIOTHCS B CEPEIOBHINAX, /€
BIIMIHHOCTI MiXX 3aBJaHHSAMH MOXXYTb OYTH ONHCAaHI OJHHUM BEKTOPOM (HANPUKIAJ, 3MIHU Y
MBUAKOCTI 1uti). OHAK I 3aBlIaHb 13 OUTBIN PI3HOMAHITHUMHE BapiariisMu (HaIlpUKIAI, TATHYTH
KPY)KKY, HAaTHCHYTH KHOIKY, BIJKPUTH JBEpl TOIO) BHUIIE 3rajlaHi METOAU IOKa3ylTh TipILy
VHIBEpCAJIbHICTh TOPIBHAHO 3 on-policy MeTogamMu Ta METOAaMH Ha OCHOBI (DaifH-TIOHIHTY.
[TapameTpu3oBaHi HABUYKH, SIKI POIIMPIOIOTH JUCKPETHI HAaBUYKU 3a JOIIOMOTOK HEMEepepBHUX
nmapamMeTpiB, CTAlOTh OUTBII YHIBEpCAJBHUMH 1 NMPUAATHUMH JO BHKOPHCTAHHS Il BHPIIICHHS
CXOXKHX MPOOJIeM, OCKIIBKH TX MOKHA JIETKO aJIJaTyBaTH A0 PI3HUX CUTYaIlii.

VY crarti (Gao et al., 2023) crBep/KyeThes, IO MapaMeTpU3allis 33ad € BaXKIUBOIO IS
MOJIMNIIEHHS. 3JaTHOCTI HEBEJIMKUX IOMEepPEeHbO HAaBUEHUX MOJeIed /10 YHIBEpPCAJIbHOIO
3aCTOCYBaHHS, @ BAKOPUCTAHHS MAaTPUYHUX METOIB JEKOMIIO3UIIIi JO3BOJISIE 30UTHIIUTH KIJTBKICTh
napaMeTpiB MiJl Yac Mojanbloi MiAroHKU. Lle CTBOpIOE€ MOXKIIMBICTH PO3IIMPEHHS MOTEHLINHO
BAYJIMBUX NapaMeTPiB MOJIENI, MOJINIIYIOUH i 3aTHICTh y3arajJlbHEHHS.

VY nonogini (Celber, 2023) posrisizaeTbesi HEOOXiMHICTP BUKOPUCTAHHS MapameTpH3amii
3aja4 JUIsi aBTOMATHMYHOI'O CTBOPEHHS OpraHi3alllfHUX CTPYKTYp CHCTEM NUIIXOM OIL[IHKU
MOCTaBJIEHUX LIJIeH Ta JOCTYMHOCTI areHTiB-BUKOHAaBIIB. Lle 103Bossie reHepyBaTH oprasizaliizi
MO3UIIT Ta CTPYKTYpPH, IO BiIOOpaKkarOTh BUMOTU JIO PECYpPCIB Ta MOKJIUBOCTI iX 3alOBHEHHS
areHTamMu. BUKOpUCTaHHS mapaMeTpiB, TaKUX SIK LiJi Ta HASABHICTh areHTIB, JJOMOMArae
aBTOMATHU3YBATH MPOIIEC CTBOPEHHSI OpTaHi3alliid, poOssdu Horo OUThI €(heKTHBHUM Ta THYUKHUM.

Buxozsuun 31 cka3zaHOro BHIIE CTa€ 3pO3yMilo, IO MpolOiieMa napaMeTrpusauii 3agay Jyis
BUOOpY BUKOHABIS ICHYE y PI3HUX cdepax HAyKHU Ta TEXHIKH, BiJ] pOOOTOTEXHIYHHX ramxy3ed 1o
IITYYHOTO IHTEJIEKTY, a i BXKJIUBICTh BaXKKO MEPEOLIHUTH, OCKUIBKU MPABUIBHO MTapaMeTpU30BaHa
3aJjaua 3HAYHO CIPOIILY€E MPOIIECH TIONTYKY MOKIMBHX PIllICHb.

Marepiaaun Ta meroau. MeTta JOCHIIKEHHS TMOJSATaE B PO3pOOIl AITOPUTMY PO3IMOALTY
3aBJlaHb MDK BUKOHABLSIMH Yy PO3MOJUICHUX OOYHMCIIOBAIBHUX CHUCTEMax. ABTOpPHU JIOKJIATHO
aHaJII3yI0Th METO/IU Ta MOJIEN AJi1 BUOOPY BUKOHABIIB, BUKOPUCTOBYIOUM CTAaTUCTUYHMI aHaNI3 Ta
METO0JI0T110, 3acHOBaHy Ha Salesforce CRM. OCHOBHUM 3aB/IaHHSM € 3MEHIIEHHS Yyacy 0OpoOKu
3aBaHb, MABUIICHHS €PEKTUBHOCTI, IKOCTI Ta €()eKTUBHOTO BUKOPUCTAHHS PECYPCIB Y CHCTEMax
MacoBOr0 OOCIyroBYBaHHS. 3a3HAYa€ThCS BAXKJIMBICTD pO3pOOKM YHi(iKOBaHOT MoJeNi, IO
BpaxoBYy€e KIIOYOB1 (PaKTOpH, 110 MOKYTh BIUIMBATH Ha PO3IMOALT 33/1a4 Y TUX YU IHIIUX CUCTEMax
MacoBOro OOCIYroBYBaHHS, a cCaMe: BapiaTMBHICTh MNPO(]UIIB KII€HTIB; pi3HI HAaBUYKH Ta
3aBAaHTAXEHICTh arcHTIB; HASBHICTh IHCTPYMEHTIB, HEOOXIHMUX JUIsl IIBHIKOTO IiTaIlITyBaHHS
npoliecy MiJ MOTOYHI 3a1adi 331 3a0e3neueHHs X ONTUMAaIbHOTO Ta e(pEeKTUBHOTO PO3MOILTY Y
peanpbHOMY Yaci.

3anaui JOCTIIHKEHHS:
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1. Po3pobka yHi(hikoBaHOI MOZAETI PO3MOALTY 3aBJIaHb IIJISIXOM BPaxyBaHHS XapaKTEPUCTUK
3aJad Ta BMKOHABIIB. 3aBAAaHHSAM IbOIO €Tally € CTBOPEHHS KOMIUIEKCHOI MoOJeli, sKa
IHTEerpyBaTUME aHaJi3 XapaKTePUCTHUK 3aBJaHb (CKIAJHICTh, TEPMIHOBICTb, HMPIOPUTETHICTH) Ta
KOMIIETEHIIII BUKOHABIIIB (JIOCBiJl, HAaBUYKH, IMOTOYHE 3aBaHTaXXCHHs). Taka MoJenb MOBHHHA
BpPaxOBYBAaTH HE JIMIIE TEXHIYHI TapaMEeTPH 3aBAaHHS, a i MOXKIIUBICTh HOTO YCIIITHOTO BUKOHAHHS
KOHKpEeTHUMH (axiBIsiMH a00 KoMaHaaMu. MeTta mojsrae B ToMmy, o0 3a0e3nednTH OalaHe Mix
HABaHTAXCHHAM BUKOHABIIIB Ta SIKICTIO BUKOHAHHS 3aB/IaHb.

2. 3acTocyBaHHS METOJIB ONTHUMI3allii JIs TOKPAIIeHHS e(PEKTUBHOCTI Ta 3MEHIIICHHS Yacy
00poOku 3aBaanb. Ha mpomy erami nepeadadaeTbest BIPOBAIKEHHS METO/IIB ONTUMI3AIlil, TAKUX SIK
JHIMHE MPOTrpaMyBaHHS, €BPUCTUYHI aJITOPUTMU Ta METOAM INTYYHOTO 1HTENIEKTYy. OnTumizaris
MOJISITaTUME B TOMY, 100 3HU3UTH 3aTPUMKH y BHKOHAHHI 3aB/laHb, BUKOPHUCTOBYIOUM IEpPEIOBI
MaTeMaTH4HI Ta AITOPUTMIYHI MiIXOIU JUIsl PO3MOUTY 33/1a4 MK BUKOHABLSIMU. Y Pe3yJbTaTi Le
3MEHIINTh BUTPATH HA BUKOHAHHS 3aBJaHb, 30UIBIIYIOUYM MPOAYKTHUBHICTH Ta EKOHOMIYHY
€(EeKTUBHICTh KOMIaHii.

3. BukopucTaHHS CTaTUCTHMYHOTO aHamizy Ui BHOOpPY BHKOHaBIiB. Lleit eram €
pe3yabTaTOM BHUKOHAHHS IOINEPEJHBOIO Ta MPONOHYE BUKOPUCTAHHS CTATUCTHYHOTO aHANI3y IS
aBTOMATH30BaHO BHOOPY BHMKOHABIIIB 3373yl MUIAXOM aHaJi3y iX MPOAYKTHBHOCTI Ha OCHOBI
pe3yibTaTiB BUKOHAHHS CXOXMX 3aB/JaHb y MHUHYJIOMY. AHali3 BKJIIOYA€ OLIHKY IIBHIKOCTI,
TOYHOCTI, AOCBiIY, @ TAKOX 3aBaHTAXEHOCTI IMPAaliBHUKIB. BUKOPUCTaHHS IUX JaHUX O3BOJHTH
3a0e3neynTH HalOLIbI e(heKTUBHHUM PO3MOJILT 3aBAaHb, YHUKAIOUN NEPEBAHTAXXKEHHS BUKOHABIIIB,
TaKUM YWHOM 3amo0iralodd MOKJIMBOMY BUTOPAaHHIO, a TaKOX IIiJBUIIYE SKICTh OTPUMAHHX
pe3yNbTaTiB.

4. Oninka eeKTUBHOCTI pO3MOALTLYOI cucTeMu. Lleit etan mossrae y omiHIi epeKTUBHOCTI
CHCTEMH IIJISXOM aHaji3y KIIOYOBUX ITOKA3HUKIB INPOJYKTUBHOCTI, TaKUX SIK 4ac BHKOHAHHS
3aBJaHb, KUIBKICTh MOMIJIOK Ta 3a/J0BOJICHICTh KJIEHTIB. 301p 1 aHami3 IUX JAaHUX JO3BOJIATH
BUSBUTH TPOOJIEMHI AacleKTH CUCTEeMH Ta MIABUIIMTUA I MPOAYKTHBHICTh. Takoxk, OIliHKA
JIOTIOMO’KE€ BU3HAYMTH, YU peaji3oBaHa CUCTEMa BIANOBIJAE OUIKYBAHHSAM 1 UM € HEOOXIIHICTD Y 11
MOJIAJIBIIIOMY BJJOCKOHAJICHHI.

5. BuBueHHs quHaMiKU 3MiH y cucTeMi. OCKUIBKH CUCTEMU MOXKYTh 3MIHIOBaTHCS 3 IJIMHOM
yacy abo >k MiJ BIUIMBOM HOBHUX TEXHOJOIiH abo x uepe3 301IbIIeHHS 00CATY 3aB/laHb, BaXKIUBO
JNOCTIAMTH, SIK 11 3MIHM BIIMBATUMYTh Ha 3arajbHy IPOJYKTHUBHICTH MPAIIBHUKIB KOMIIaHII.
JluHamika 3MiH JJO3BOJIUTH BUSIBUTH, HACKUIBKHM CHCTEMa aJalTUBHA /IO HOBUX BUKJIMKIB, TAKUX 5K
3MIHHM y HaBaHTa)KEHHI1, MMOBEIHII a00 >k 3MIHM HaBaHTAKEHHS yepe3 30UIbIIEeHHS 00’ eMy poOoTH,
KOTpUi HEOOX11HO BUKOHATH KO>)KHOMY OKPEMO B3STOMY areHTy.

6. AmnHami3 B3a€MO3B'A3KY (aKTOpiB, TaKuUX SIK HABUYKH, OOMEXKEHHsS Ta IHINI, Ha
MPOAYKTHBHICTh MpPAIiBHUKIB y PO3MOJAUIBbYIN cucTeMi. BuBYeHHs BIUTUBY pi3HUX (akTOpiB Ha
MPOJYKTUBHICTh BUKOHABIIIB € BXKJIMBUM €TaIllOM, OCKUIbKM Ha HbOMY B1/1I0yBa€ThCs aHalll3 TaKUX
acIeKTiB, SK piBeHb MPOQECIfHUX HABHYOK, JOCTYIHICTH pecypciB, OOMEXEHHS 3a 4acoM Ta
pobounii rpadik. BukoHaHHS IBOTO JOCTIKEHHS JTO3BOJIUTh BU3HAYUTH, SIKI YMHHUKA HAWOLTBIIT
BIUIMBAIOTh HA NMPOJYKTUBHICTB 1 K BOHM MOXXYTb OyTH BpaxoBaHi B PO3MOAUIBYIA cUCTeMI A
JOCATHEHHS HAOLIbIII ONTUMAJIbHUX PE3YJIbTaTIB.

7. Po3poOka cTpaTeriii onTUMalbHOTO BUKOPUCTAHHS JIOICBKUX Ta TEXHIYHUX PECYpPCiB JUIs
MakcHUMi3allii MPOJAYKTUBHOCTI Ta 3a0e3MEe4YeHHs ONTUMAaJbHOTO PO3MOAUTlY 3aBAaHb. Ha nmymky
aBTOpiB, cTparerii MOBUHHI OyTH CHpPSMOBAaHI HAa MaKCHMi3allil0 MPOJYKTHBHOCTI KOMIMaHii 3a
paxyHOK €(QEeKTUBHOTO BHUKOPUCTAHHS SIK JIOJACHKHX, TaK 1 TeXHIYHUX pecypciB. lle Bkitouae
30aJlaHCOBaHUI pPO3MOJUT 3aBJaHb, AaBTOMATH3ALII0 PYTUHHUX TIPOLECIB Ta BUKOPUCTAHHS
MepeOBUX TEXHOJIOTIH NIl 3a0€3MEeUeHHs] THYYKOCT] Ta MIBUIKOCTI BUKOHAHHS. TakuM 4uHOM, IIi
cTpaterii JONOMOXKYTh MIHIMI3yBaTH BTpaTh 4Yacy Ta peCypciB, 3MEHIIUTH piBEHb CTpecy
MpaIliBHUKIB, Ta IiJIBUIIUBIIA 3arajbHy €(EeKTUBHICTh pPOOOTH KOMMaHIi y IOBrOTpUBAJIIN
MEPCIEKTHBI.
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Pesyabtatm Ta OOroBopeHHsi. 3acTOCYBaHHS METOJIB CTaTUCTHYHOIO aHAII3Y
JO3BOJISIIOTh  BUPIMIUTA TpoOJeMy BHOOpPY HAHOUIBII MIAXOMAIIOTO BHUKOHABI 3ajadi  y
PO3MOAIIEHUX OOYHCIIOBAIBHUX CHCTEMax aJpKe, BPaXOBYIOUM HEBIIMHHO 3pPOCTAIOYy CKIIAIHICTD
oO4YHClieHb, MONIYK KaHJWAaTa s BUKOHAHHS 3aBJaHHS BUMAarae He JIMIIE TEXHIYHHX, a U
CTpATETiYHUX PIllICHb.

VY cTaTTi pO3KPUBAETHCS aHalli3 PEe3yJIbTaTiB €KCIIEPUMEHTIB Ta MPOMOHYETHCS METO0JIOTIS
BUOOpPY, TOKJIMKaHa ONTHMIi3yBaTH TPOLEC MOIIYKY BHUKOHABII 33/adi y CHCTEMi MacOBOTO
obcyropyBanas(Amaral et al., 2023). na 6a3i Salesforce CRM 6a3yrounch Ha KOPEISIil JaHHX
Ipo BiacHe 3afayi, o Oynu BHUpINIEHI, Ta JaHMUX, M0 BiIOOpaXXkalOTh NPOAYKTUBHICTH Ta
JOCTYITHICTb MPaIliBHUKIB.

PerponepcieKTMBHUN CTaTUCTHYHHMMA aHami3 iH(opMamii Npo BHKOHAHI 3aBIAHHSA €
KOPHCHHUM IHCTPYMEHTOM JIJISL:

1. Ouinka eeKTUBHOCTI, BUSBICHHS TPEH/IB 1 aHAI3 BapiaTUBHOCTEeH. CTaTUCTUYHMIA aHANTI3
JoroMarae BUSIBUTH 3MIHM B MPOAYKTHUBHOCTI 3 4YacoM, IO JO3BOJSE MpUAMATH OLIbII
OOTrpyHTOBAHI YIPABIIHCHKI pillieHHs. 3a HOTo TOTIOMOTOI0 MOYKHA aHATI3yBaTH ICTOPUYHI JaHi JUIS
BIJICTe)KEHHS Mporpecy abo mpoOiieM y BHUKOHAHHI 3aBJaHb, L0 JONOMAra€ BHUSIBUTH KIIOUOBI
TPEH/IH, TaKi K CTabUIBbHICTH MmpolieciB a0o mosroproBani mommwiku (Pham & Yang, 2023; Wang &
Lin, 2023; Lee, & Kim, 2023). 1le Takox Haga€ MOKJIUBICTh OI[IHUTH, SIKi METOIM YIIPABIIHHS YK
iAXOMM HaWKpamle TMpamloTh y TEeBHHX YMOBaxX, MIO MIATBEP/PKEHO B JIOCIIIKEHHIX
MIPOLIECYaTbHOTO KOHTPOJIIO Ta YIPABIiHHSA SKICTIO.

2. Bu3HaueHHs WiANPOIECIB, IO TPUBAIOTh HAWIOBINE M iX MOJANBIIOTO TOKpAIIECHHS.
Amnanizyrouu 310paHi 1aHi MOXKHA BUSBHUTH €Tanu poOOTH, K1 CIIOKUBAIOTh HAWOLIbINE Yacy, 110 €
OCHOBOIO JUIsI MOJNANBIIOTO iX yAOCKOHaJeHHs. Lle jae MOMXIMBICTh BUSIBUTH «BY3BKI MICIS» B
npoIieci i BU3HAYMTH, SKi caMme miamporiecu ciif ontumizyBatu. Jocmimkenns (Gupta & Bharti,
2020; Michaud; Ivanisenko & Radivilova, 2015) mnokasanu, 10 BHW3HAYCHHS TPUBAIHX
MIIPOIECIB € KIYOBUM JJIsl 3HI)KEHHS 3aTPUMOK Ta MiABUIICHHS MPOAYKTUBHOCTI B 06araThox
ramy3sx.

3. OnTumizanii po3noaiy 3aBllaHb, HaJaHHS JOJATKOBOI MIATPUMKH HalMEHIN e(peKTUBHUM
BHKOHABIISIM 200 BJOCKOHAJICHHS TTPO1IeciB poOoTH. BUKOpUCTaHHS PETPOCIIEKTUBHOTO aHATI3Y /A€
3MOTY HE JIMILE OLIHUTH €(pEeKTUBHICTh BUKOHABIIIB, aje W JOMOMOITH THUM, XTO MAa€ TPYIHOIIl 3
BUKOHAHHSM 3aBJaHb. Lle M103BoJs€ KepiBHUKAM BXKUTH 3aXOJIiB MIOA0 TOKPAIIEHHS HaBUYOK ITHX
BHUKOHABIIIB, III0 B CBOIO YEPTy MiJBUINY€E 3araibHy €QeKTUBHICTh. Takuil miaxia crpuse OiIbII
TOYHOMY 1 €(pEeKTHUBHOMY pPO3MOJAUTY pPECypciB, a TakKOXX MIATPUMII MpPAalliBHUKIB, SKI MaroTh
tpyauom (Pham & Yang, 2023; Ivanisenko & Radivilova, 2015; Hu, Wu & Dong, 2023).

4. Po3yminHs noTpeb y pecypcax Ta yaci, 10 MaroTh OyTH BUPILIEH] IS pO3B’sI3aHHS PI3HUX
BU/JIIB 3aBJlaHb, & PETPOCTICKTUBHUYN aHAJI3 HAJa€ TOYHI JaHi MIOJ0 TOTO, CKUTBKHU PECYpPCiB 1 4acy
BUMararoTh pi3Hi TUIIH MOBTOproBaHKX 3aBaanb (Michaud F.). HasBHicTe Takoi iHdopmarrii 3Ha4HO
MOJIETIIYE TUIAHYBAHHSA Ta PO3MOAUT PecypciB KOMIAHIi fK y MOTOYHMX, TaK 1 y MaillOyTHIX
nmpoekTax. ba Oumbie, peTponepCrneKTUBHUN aHaji3 J03BOJISIE TIEPEeN0aYnTH MOXKIIMBI PHU3UKH,
3aTPUMKHU Ta ONTHUMI3yBaTH BUKOPUCTAHHS JIOJCHKUX 1 TEXHIYHUX PECYPCIB, IO MiATBEPKYETHCS
JOCIIDKEHHAMHU y cdepi ympaBiIiHHS MpoekTaMu Ta aHamizy 3arpuMok (Gupta & Verma, 2022;
Jones, 2021).

3 TBep/KeHb, HABEACHUX BHIIE, CTAE 3PO3YMLIO, MO PETPOCHEKTHBHHNA CTATHCTUYHUHN
aHaji3 JoIloMarae ONTHUMI3yBaTH poOoYi MHpOIecH, MiABHIIYIOYM €(QEeKTHBHICTh 1 3HUKYIOUH
BHUTpATH Yepe3 OUIbII TOUHE TJIaHyBaHHS 1 PO3MOJILT PECYPCIB.

Jnis nocnikeHHs y 1aHii poOoTi O0yj0 BUKOHAHO aHaji3 3/1a4 KOPUCTYBAYiB PO3IOAITICHOT
obumncoBasibHOI cructemu Ha 0a3i Salesforce CRM. Cepen ychoro cnucky 3amad 0yno 3po0sieHO
BUOIPKY THX, IO CTOCYBAJHCh MPOOJIEM JIOCTYIY KiHIEBHX KJIIE€HTIB J0 MEPCOHAIBLHOTO KaOiHEeTy
Ha mopTaii. Yci oOpaHi 3amadi BUMarajid CXOXHUX pIlIeHb, SK OT BIANPABKH CHCTEMHOTO
CHOBILICHHS 3 IHCTPYKUISIMM JUI 3MIHM TapoJI0, CKUJAHHA HAJIAMITyBaHb JBOX-(aKTOPHOI
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aBTeHTUiKaii, Tomo. [Ipubin3Hi npuKiIaay 3BepHEHb HaBEACHO y Tabnui 1.

Ta6auus 1. [IpubnausHi npukiiaan 3BepHEHb KOPUCTYBAYIB

Hglﬁle.p ’ 3aronoBoK TekcT 3BepHEHHS
1 Unable to Access Hi, I'm having trouble accessing my account. I've tried entering
Account my username and password multiple times, but it keeps saying
my credentials are incorrect. Can you please assist me in
resolving this issue?
2 Réinitialisation de Bonjour, j'ai oubli¢é mon mot de passe pour me connecter 8 mon
Mot de Passe compte. J'ai essayé le lien de réinitialisation, mais je ne regois
aucune instruction de réinitialisation par e-mail. Pouvez-vous
m'aider a regagner l'accés @ mon compte?
3 Probleme mit der Guten Tag, ich habe Probleme, auf mein Konto zuzugreifen. Ich
Anmeldung habe meinen Benutzernamen und mein Passwort mehrmals
eingegeben, aber es wird immer angezeigt, dass meine
Anmeldeinformationen falsch sind. Konnen Sie mir bitte bei der
Losung dieses Problems helfen?

Mpumitku: Y npuxnazai Nel kopuctyBauy HamaraeTbcs KilbKa pasiB BBECTH JIOTIH 1 HapoJjb, ajle CUCTeMa IMOCTIHHO
BHUBOJIUTH MOBIJOMJICHHS TPO HEBIpHI OOJIKOBI JaHi. 3amWT Ha JOIOMOTY y BIIHOBJICHHI JOCTYIY J0 akayHTy. Y
npukiani Ne2 xopuctyBad 3a0yB CBiif mapoJb i cipoOyBaB CKOpHCTATHCS QYHKIIEIO CKUAAHHS TapoJIsl, ajle He OTpUMaB
€JIEKTPOHHOTO JIUCTA 3 IHCTPYKUisIMA. BiH MPOCHUTE JOTIOMOTH y BiIHOBIICHHI TOCTYIIY 0 CBOTO OOJIKOBOTO 3amucy. Y
npuknai Ne3 KopucTyBadu Kijbka pas3iB BBOAMB NPABHIIbLHUI JIOTIH i MapoJIb, ajle CUCTEMa MOCTIHHO MOKa3y€e MOMUIIKY.
BiH 3anuTye 10MOMOTY y BUPILIEHHI IPOOJIEMH 3 IOCTYIIOM J0 CBOTO aKayHTY.

Jxepeno: Tabmuiio po3po0IeHO aBTOpaMH HAa OCHOBI JOCIIIJDKEHHS MOMYJIAPHHUX 3aIUTiB Ta YaCTO 3aUTyBaHHX
MUTaHb J0 CIYXOU MiITPUMKH KOPHCTYBaUiB Pi3HUX O0YHCITIOBAIEHUX CUCTEM.

Ha mnepmomy erami JOCHIKEHHS, pPO3MOAUI 3BEPHEHb 3/1MCHIOBaBCS BpYy4yHy, 0€3
ypaxyBaHHS Oy/b-SIKMX XapaKTepUCTHK 3a/1a4, IK OT MOBH 3BEpHEHHSI, Y1 HABUYOK IPAI[iBHUKIB, 5K
OT BOJIOJIHHA MoBaMu. IIpu aHani3l BUKOHAHHS 3aJad MPALIBHUKAMH CHOCTEPITauCh SK
MO3UTHUBHI, TaK 1 HEraTUBHI O3HAaKHW. Hanpukiana, KoxeH MpariBHUK MaB 3aadi Juisi 0OpoOKH Ta TaKk
Yy IHAaKIlE CIpaBJISABCA 3 iX BUPIIMIEHHSAM, aje 1HOAl 1Lleé BUMarajiao J0AAaTKOBHX 3aTpaT y dyacl.
Crocrepirajiuch CyTTEBI BUTPATH 3YCHJIb Ha KOMYHIKAIliI0 MPALIBHUKIB KOMIIaHii 3 KII€EHTaMHU y
TUX BMIIAJIKaxX, KOJM MpalliBHUK Ha BUCOKOMY PIBHI HE BOJIOJIIB MOBOIO KJIIEHTA 1 BUKOPHCTOBYBaB
OHJIAH cepBic AJI MepeKIaay MOBIAOMIICHD (TUB. TAOIHIIO 2).

Taoauus 2. [TopiBHAHHS cepeIHBOrO Yacy BUTPAYCHOI'O MpalliBHUKaMH Ha 0OpOOKYy 3BepHEHb Ha
PI3HHUX MOBax

MoBa 3BEpHEHHS —> .y :
: AHTIChKA ®paHiy3bka Himenpka
MoBa npaiiBHUKa l
AHTrIificbKa 25xB 45xB 37xB
dpaHIy3bKa 32xB 23xB 45xB
Himenpka 34xB 36xB 24xB

Mpumirku: Tabmuus nokasye cepelnHiid yac, BUTpayeHUil NpaniBHUKaMU Ha OOpOOKY 3BEpHEHb, 3aJI€KHO BiJ MOBH
3BEpPHEHHSI Ta MOBH, SIKOIO BOJIOJI€ TpauiBHUK. Lle 103Boise mpoaHanizyBaTH, HACKUIBKHM LIBHIKO OOPOOISIOTHCS
3BEpPHEHH!, KOJIM MOBH 3BEPHEHHS 1 IPaliBHUKA 30iraloThCs a00 BiPi3HAIOTHCS.

Jlkepeno: po3po0IeHo aBTOpaMK Ha OCHOBI aHaJIi3y BIIACHHUX €KCIIEPUMEHTAIBHUX JaHuX Ta qociimkens (Churkina et
al., 2023; Canestrino et al., 2022).

[IpoananmizyBaBim pe3yiabTaTd, HaBeAeHl y Tabmuii 2, MOKHA ITIWTH 10 BUCHOBKY, IO
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CepelHs TPHUBAIICTh OOpPOOKHM KIIEHTCHKOTO 3BEPHEHHS MpalliBHUKOM KommaHii — 34xB. Aule,
MOPIBHIOIOYM OTPUMAaHE 3HAYEHHS 3 CEepeJHIM 4YacoM BUTPAYCHMM Ha aHAJIOTiyHi omepamii B
ONTHUMAJIBHUX yMOBax (KOJW TIpaIliBHUK BIIBHO BOJIOJIE MOBOK KOpPHUCTyBaya, 24XB), cTae
3pO3yMiJI0, O pi3HUIS — CyTTeBa. [IpamiBHUK KomIaHii BUTpadae Ha ~29% Ounblie yacy, 1Mo B
CBOIO YEPry € IHAUKATOPOM Hee(hEKTUBHOTO PO3MOILTY pOOOTH, KOTPHI HEOOXiHO YCYHYTH.

BpaxyBaHHS TpPOAYKTHBHOCTI TMPAI[iBHUKIB MPH PO3MOMUTL 3a1ad HEOOXiAHE 3 KITbKOX
MIPUYKH, a caMe:

1. Onrumizamist eeKTHBHOCTI MUISXOM YpaxyBaHHS 3A10HOCTEM, TOCBITY, TaJaHTIB, HABUYOK,
TOILIO.

2. IligBumeHHs AKOCTI pe3ynbrariB. Hampukiaa, BupileHHs 3ajad, 10 BUMAraroTh yBaru J10
JeTael, 3a3BU4ail MOXYTh OUTBIIT OYTH OUIBII SKICHO BUPIMICH]I KPOIITKUMHU POOITHUKAMHU.

3. 3MeHIIeHHS Yacy, HeOOXiTHOTO JJisi BUKOHAHHS 3aBAaHb. [0TEHIIIHO, OUIBII TOCBiAYEHI
MpaliBHUKYA MOXKYTh BUPIIIUTH MPOOIeMY 3a KOPOTIIHIA Yac, HIXkK MPaIliBHUKU-TIOYATKIBIIL.

4. TligBUIIEHHS MOTHUBAIII Ta 33JOBOJICHHS MPAI[iBHUKIB, /K€ ONEPATOPU MOXKYTh BiTIyBaTH
MO3UTUBHI €MOIIii MPAIIOI0YN HaJ| 3a/1a4aMH, KOTPl BOHU BUKOHYIOTH Kpallle 3a 1HIIUX 3 THX Yd
IHIIUX TPUYUH.

Ha ppyromy erami pocmijpkeHHs Oyllo MpPOBEACHO BU3HAYEHHS PIBHS BOJOJIHHS
1HO3EMHUMH MOBaMH cepel IpamiBHUKIB. Lle Oyno HEoOXimHO Ui MONAibINOl 3MIHU IMPOIECY
PO3MO/ILTY 3BepHEHB KIHIIEBHUX KOPUCTYBAUiB BUXOJSUYH 3 PIBHIB BOJIOJIHHS MOBAMH MpaI[iBHUKAMH
KOMIIaHii TaKMM YHUHOM, 00 3BEPHEHHS HAIXOAWIN B IEPIIy YEepry TUM, XTO BUILHO BOJIOJIE
MOBOIO 3BEPHEHHSI, a B BUITAJIKY X HEJOCTYMHOCTI (HAMPUKIIAA, KOJM BOHU MPALIOIOTH Ha/l IHITUMU
3ajauaMu) 3a7adi Oylu eieroBaHi THM, XTO BOJIO/Ii€ MOBOIO 3BEPHEHHS Kpallle 3a iHIINX.

[IInsgxoM ONTUMI30BaHOTO PO3MOILTY OyJIO 3MEHIIEHO CEpPEelHI0 TPHUBAIICTH OOPOOKU
3BEpHEHHS KOpUCTYBayda 10 3 1xB, mo Ha 7% epeKTUBHIIIE BUMATKOBOTO PO3IMTOILTY.

OpHak, CUCTEMH MacOBOTO 0OCITYTrOBYBaHHS HE 3aBXKIH € CTaIUMU, aJKe iX (pyHKIIOHAN Ta
XapaKTepUCTHUKU MOXKYTh 3MIHIOBAaTHCh 3 4YacoM. ToMy, BUHHUKAa€ HEOOXIAHICTb po3poOI
yHi(hiKOBaHOT MOJIeJIi ONITUMI30BaHOT'O PO3MOLTY 3a/1aU.

[Tpu po3pob1i yHi(iKOBaHOI MOJIEl ONTUMI30BAHOTO PO3MOALTY 3a/1ay BaXJIMBO 3BEPHYTU
yBary Ha KiJIbKa KJIIOYOBUX aCIEKTiB:

1. Ilpodins kopucTyBaua Ta KOMIETEHTHICTh: PO3ymMiHHS HaBUYOK, BMIHb Ta OOMEXEHb
KOXXHOTO BUKOHaBIA. lle Moke BKJIIOYATH EKCIEPTHICTh y TEBHUX 00JacTiX, MIBUIKICTh
BUKOHAHH$ P13HUX BU/IIB 3aBJIaHb TOIIIO.

2. HaBanTaxkeHHsa Ta 0Ocsar 3aBaaHb: AHami3 o0cCATy Ta THUIIB 3aBlaHb, 1[0 BUHUKAIOTH Y
cucremi. Lle BaxIIMBO A1 pO3NOALTY 3aBAaHb 3 ypaXyBaHHSIM iX CKJIQIHOCTI Ta TEPMIHOBOCTI.

3. IlpioputeTHicTh 3aBiaHb: BiU3HaueHHS BaKIMBOCTI Ta TEPMIHOBOCTI KOKHOTO 3aBIaHHS JIJIs
ONTHMAJIBLHOTO PO3MOULY B 3aJIEKHOCTI BiJl TOTOYHHUX OOCTaBHUH.

4. Bzaemonis Ta koMyHikaiis: 3abesneyeHHs e(PEeKTHUBHOI B3aeMOil MiK BHUKOHABIIMH Ta
3aMOBHUKAMH 3aBlaHb. lle BKIOYae YITKICTh CHIIKYBaHHs, OOMIH iH(OpMAIi€l0 Ta CIUIbHE
PO3yMiHHS O4iKyBaHb.

5. AJIanITUBHICTH MOJENI: 3JaTHICTh MOJEIl MPHUCTOCOBYBATHCSA JI0 3MIH y HaBaHTaXEHHI,
HOBHMX BMKOHABI[iB 200 3MiH y NpPIOPUTETHOCTI 3aBJaHb. | HYUKICTb Ta MOJIMBICTH LIBUAKOTO
a/IalITyBaHHS € KJIIFOYOBUMHU JIJIS1 YCIIITHOT pOOOTH CUCTEMH PO3MOJILITY 3a1ay.

6. EdextuBHicTh pecypciB: OnTuMisalliss BUKOPUCTAHHS PECypCiB, BKIIOYAIOUHU JIIOJCHKI Ta
TEXHIYHI, JJI1 MaKCUMI3allil MPOJAYKTUBHOCTI Ta 3a0€3MeYeHHs] ONTUMAJILHOTO PO3IO/ILTY 3aB/IaHb.

Ili acnexkTn aomomararTh MOOYIyBaTH MOJENb, L0 BPAaXOBYE CHEHU(IKYy CHUCTEMH Ta
crnpuse epeKTUBHOMY Ta ONTHMI30BAHOMY PO3IMOLTY 3aBJJaHb M’k BUKOHABIISIMH.

[Tpuknan ywidikoBaHoi Mojeni BuOOpy BHKOHaBI 3amadui y CMO mo 06a3yeTbcst Ha
pe3ynbTaTax, OTpUMaHUX BHIIE, 300pakeHa Ha PUCYHKY 1.
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O e |
)\ smapuonr ——|

KnieHT (1)

Peectpauin Inchopmauiita

cucTema

ABTOMATHYHA NApamMaTpUaaLin
KNIEHTCLKOTO 3B8PHEHHA
BHKOPWCTOBYHO4M LLII
BnacTWBOCTI MeHeKepa l
CniBcTaBneHHA napaMeTpis
BONOAJHHA MOBaMMA AR KNIEHTCHKOMD SBERHEHHA 3
sonoaie yHl Q HABMYKAMM MEHEKEPIB 3 iX
3HaHHA npoaykTie HaBOPOM HABIAYOK HA oOpoSkn
piaiax piBHAX »t
3HaHHA IHCTPYMEHTIB l
MeHemxep(1) 3 onpawosaHHA ABTOMATH4HIA PO3NOLIN 3BEPHEHE
Towo KNIEHTCEKUX 38EPHEHD MM MEHE/KEDAMN BUXOLAYM 3 X
HABMHOK, 38BAHTAXEHOCT], TOWO

Cr npo ICTh.
ONPAUIOBAHHA 3BEPHEHHA

CnosilueHKA KNEHTa NPpo
BUDILEHHA NPEAMETY ROrD 3BEPHEHHA

MeperHHa obpobka asepHeHHI
MEHELKEPOM

MeHempxep Moxe obpobuTH
3BEPHEHHA CAMOTYXKKW?

Tak.
h 4

Eckanalia KNieHTCbKOro 3BepHEHHA
WINAXOM AOrO Nepepa3noainy mix
KepiBHAKaMW BUXOAAYM 3 iepapxil,
HaBMHOK, 3aBaHTAMEHOCTI, ToWwo

O6pobka Ta 3aKPUTTA IBEPHEHHA

¥

Mopanswa 06pobka 3BepHEHHA
3riAHO BHYTPILHIX Npouecis Komnawil

BnacTueocTi KepisHMKa

3HaHHA npouecis KoxeH KepieHuK Q Q Q Q
BONOAiE yHiKansHUM T

3HaHHA iepapxil y HaboPOM HABAYOK HA
KOMnNaHi PiaHMX pIBHAX
3HaHHA HABMYOK CBOIX KepiBHUK(W) BIAOINY 3 ONPALOBAHHA Kepl (] {-M) K NPOAYKTOBOIG(-x) IHiLLi npau|eHMK KoMnauil
npaueHwKia KNIEHTCHKUX 3BEPHEHD sinainy(-is) singiny-ie)
Touwo
MpauisHKMK(K) TEXHIMHOrO(-1X) MpauisHKK(u) NPOAYKTOROM{-4x)
einainy(-ie) sinniny(-is)

Pucynoxk 1. [Ipuknan ynidikoanoi Mmozeni Bubopy BukoHasLs 3agaui y CMO

Mpumitku: KiienT crBoproe 3BepHeHHs (200 3amady), KOTpe peecTpyerhest yepes ¢opMy abo iHmry iHpopmamiiiny
cucreMmy. /Jlami aBTroMaTn3oBaHa CHCTEMa BHMKOHYE IIapaMeTpH3allil0 IIOCTAaBJIEHOI 3a/1adi, BHUKOPHCTOBYIOUH
HOTIepeIHbO HAJIAIITOBaHI KPUTEpii, SIK OT THUN 3BEPHEHHS, TEPMIHOBICTh, KJIIOYOBI mapamerpu. Ilicias peecrparii
3aBIaHHs BiNOyBaeTbCs MOPIBHSHHS IapaMeTpiB 3BEPHEHHS 3 HaBMYKaMH MeHe pkepiB. CucremMa aBTOMAaTHYHO
BU3HAYa€, XTO 3 MEHEJDKEPIB Mae€ BiJIOBIIHI HaBUYKH 111 0OpOOKM 3BepHEHHA. SIKIIO MeHeIkep Moxke oOpoouTH
3BEpHEHHS CaMOCTiHO, BiOyBa€eThCs Horo o6pobka Ta mojasIie 3aKpuTTs. SKmo x moTpiObHa JogaTKoBa JOMOMOTa,
BiIOyBa€ThCS eCKayaIlisl 3BEpHEHHS Ha BHUIIUH piBeHb. SIKIIO 3BEpHEHHS BHUMarae CIeI[iaibHOi yBaru abo 3airydeHHs
OUTBII TOCBITYEHUX TPAIiBHUKIB, BOHO TEPENacThcsl HAa HACTYIHHH PiBEHb — KepiBHMKaM abo0 iHIIMM CHeIiajicTam.
CucteMa BpaxoBye He JIMIIE i€papXiuyHy CTPYKTYPY, aje i HaBUUKH, 3aBAHTAXKEHICTh Ta 1HIII BaXKIUBI YMHHUKY. [licis
nmepenadi 3amadi KepiBHUKY a0o cremiamictaMm, 3BEpPHEHHS MPOXOAWUTH MOAANBITY OOpoOKy 3TiZHO 3 BHYTPIIIHIMHU
nporecaMu KoMnanii. B pe3ynbraTi 3aBepuryeTbesi 00poOKa 3BepHEHHS Ta BiINIPABISIETHCS MTOBIJOMIICHHS KIIEHTY PO
pe3yJbTar.

JKepeso: aBTOpChKa po3pooKa.

BucHoBKHM. 3acTOCyBaHHS CTaTHCTUYHOTO aHali3y y BHOOpI BHKOHABI[IB 3aBIaHb Yy
PO3IOIUIEHUX OOYMCITIOBATBHUX CHCTEMAaX BUSBIIETHCS KPUTHYHUM depe3 IMOCTIHHO 3pOCTarody
CKJIaJHICTh OOYHCIeHb. Y JaHOMY JOCHTI/KCHHI, aHali3yloud pe3yJlbTaTh EKCIEePUMEHTIB,
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BHKOPHUCTAHO METOJ0JIOTit0 BHOOpY Ha ocHOBI Salesforce CRM. Ils meromuka IpyHTYEThCS Ha
KOpeJslii JaHWX [I0J0 BUKOHAHUX 3aBJaHb Ta MPOIYKTHBHOCTI MpailiBHUKIB. [limxonsdam mo
PETPOCHIEKTUBHOTO  CTaTHCTUYHOTO aHANi3y, BIAJIOCS BUSBUTH TEHICHII Ta 3MiHH B
MPOAYKTHUBHOCTI 3 YacoM, 1[0 CTaJI0 OCHOBOIO JUIS YIIPABIIHCHKUX PIllIEHb y MPOIeci onTuMi3arii
poboTw.

AHaII3YI0YM TPOIEC PO3MOJUTY 3aBlaHb BPYYyHY Ha MOYATKOBOMY eTarli, OyJI0 BHUSBJICHO
3Ha4Hi Hepomiku. He BpaxoByBaimcss OCHOBHI XapaKTEPUCTHKH 3aBJIaHb Ta HABHUYKH IPAIliBHUKIB,
0 MPU3BOAWIO JI0 BUTPAT 4Yacy Ha KOMYHIKamir0o a00 BUKOPHCTAHHS OHJIAWH-CEPBICIB IS
nepekiany. lle mpu3Beno A0 ICTOTHHX Pi3HHIL y 4Yaci oOpoOKH, OCOOIMBO TpH HEAOCTATHIM
BOJIOZIIHHI MOBOIO KITI€HTA.

BpaxyBaHHsI MPOAYKTHBHOCTI MPAIiBHUKIB Yy PO3MOJAUII 3aBIaHb Ma€ KiJdbKa BaroMux
nepesar. Lle He numie onTUMizye eheKTUBHICTS, alie i MOKpaNIye SKiCTh Pe3yabTaTiB, CKOPOUYE Yac
BUKOHAHHS 3aBJIaHb Ta CIPHIE€ MOTUBAIT MpaliBHUKIB. ONTHMI30BaHa MOJIENb PO3MOILTY 3aB/IaHb,
sIKa BpaxoBYye Mpodili KOPUCTYBAYiB, HABAHTAXKCHHS, MPIOPUTETH, KOMYHIKAI[IIO Ta aJalTHBHICTb,
MOXK€ CTaTH KIIOYOBUM IHCTPYMEHTOM JUIsl MiABUIICHHS e()EeKTHMBHOCTI poOOYHMX MPOIECIB Y
crcTeMax MacoBOTO 00CITYrOByBaHHS.

IMoasaxu. Hemae.

Kondguikr inTepecis. Hemae.
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