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PO3POBKA BEB-IHTEP®ENCY IH®OPMAILITHO-AHAJIITUYHOI CUCTEMHU EKOJIOTTYHOTO
MOHITOPHUHTY 3 BUKOPUCTAHHAM BIBJIIOTEKHU REACT

Exos02iyHull MOHIMOpUHZ 008KI/NIS € CyMAcHO0 hopMoto peasizayii npoyecie ekos02iuHoi disiibHocmi 3a donoMmozoto 3aco-
6is iHghopmamusayii i 3a6e3neuye pezyasipHy OYiHKY i npo2Ho3y8aHHs1 cmawy cepedosuwyd, scummedisiibHocmi cycninbcmea ma
YM08 YHKYIOHYB8AHHS eKocucmeM 0151 NPULHAMMSL ynpasaiHCbKUX piweHs wodo eko102i4Hoi 6e3neku, 36epexceHHs npupoo-
HO20 cepedosuwa ma payioHaabHo20 npupodokopucmysaHHs. Ekos02iyHuill MOHIMopuHe € nepwuM i 20108HUM emanom y 3a-
6e3neyeHHi eko1021uHOI 6e3neKu, 3anobizaHHi i Aikeidayii HezamugHo20 8n1U8y 20cnodapcbkoi disinbHOCmi Ha do8KiAAs, 36epe-
JtceHHi npupodHux pecypcis. IHgpopmayitiHo-aHarimuyHe 3a6e3neyeHHs eK0102iYH020 MOHIMOpUHay HeobXiOHe 0451 peanizayii
makux moxcaugocmetl ik 00epiHcaHHs nep8UHHUX JaHUX 80 cy6'ekmie MoOHIMopuHzy, 36epediceHHs1, 06pobka, nepedava ma aHa-
i3 iHgopmayii npo cmax HA8KOAUWHBLO20 NpupodHLO20 cepedoguuja. Memoro daHoi cmammi € cmeopeHHs 8eb-iHmepdeticy
iHgpopmayitiHo-aHarimuuHoi cucmemu 3 donomozot 6i6.1iomeku React. Po3pobaeHo seb-inmepgeltic iHpopmayiliHo-aHarimuy-
Hoi cucmemu nidmpumKu npuliHsammsi piuleHb Ha 0CHOBI iHmepakmueHoi kapmu nyHkmie 8id6opy npo6 eodu ma gizyaaizayii
0MpUMAaHUX pe3y/1bimamie ekoa102iyHo20 MOHimopuHay. /1151 po3apobku sukopucmato 6i6aiomexy React - JavaScript 6i6aiomexy
3 8IdkpumuM K00oM, SIKa BUKOPUCMOBYEMbCS 0151 N06ydosu KopucmysaabHUYbKuX inmepdgelicie. [lokas inmepakmusHoi kap-
mu MOHIMOpUHay Ha/1awmosaHo 3 donomozok iHmepakmusHux kapm Leaflet - JavaScript 6i6aiomeku 3 8idkpumum kK00oM 0151
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cmeopeHHs bpaysepHux ma adanmosaHux nid mob6inbHI npucmpoi iHmepakmugHux kapm. bibaiomeka peanizye niompumky
wapie man, siki noGydosai 3a mexrosozicto: WMS, GeoJSON, a6o eekmopHozo 8idobpadiceHHst nogepxHim. /]as eizyanizayii pe-
3ynbmamie MoHimopuHey sukopucmato 6i6aiomexy Chart.js. /lana 6i6aiomeka do3zsossie cmeoprosamu epagiku ma diazpamu
6y0db-s1k020 muny, a makodc aubydogysamu daHi Ha dianasoHi wacy ma o02apu@mivHill wkai.

Kawouosi cioea: ekonozivHuli moHimopuHe, ingpopmayitiHo-aHarimuyHa cucmema, React, Leaflet, Chart.js.

DEVELOPMENT OF THE WEB INTERFACE OF THE INFORMATION AND ANALYTICAL SYSTEM
OF ENVIRONMENTAL MONITORING USING THE REACT LIBRARY

Ecological monitoring of the environment is a modern form of implementation of ecological activity processes with the help
of informatization tools and provides regular assessment and forecasting of the state of the environment, the vital activity of
society and the conditions of the functioning of ecosystems for the adoption of management decisions regarding environmental
safety, preservation of the natural environment and rational use of nature. Environmental monitoring is the first and main stage
in ensuring environmental safety, preventing and eliminating the negative impact of economic activity on the environment,
and preserving natural resources. Information and analytical support for environmental monitoring is necessary for the
implementation of such opportunities as receiving primary data from monitoring subjects, saving, processing, transmitting
and analyzing information about the state of the natural environment. The purpose of this article is to create a web interface
of an information and analytical system using the React library. The web interface of the information and analytical decision
support system was developed based on an interactive map of water sampling points and visualization of the obtained results
of environmental monitoring. For development, the React library was used - an open source JavaScript library that is used
to build user interfaces. The display of the interactive monitoring map is configured using Leaflet interactive maps - an open
source JavaScript library for creating interactive maps adapted for browsers and mobile devices. The library implements the
support of map layers, which are built according to the technology: WMS, GeoJSON, or vector display of surfaces. The Chart.js
library was used to visualize monitoring results. This library allows you to create graphs and charts of any type, as well as plot
data on a time range and a logarithmic scale.

Key words: environmental monitoring, information-analytical system, React, Leaflet, Chart.js.

Bctyn

IndopmarnifiHo-aHaiTUYHe 3a6e3MeYeHHSI eKOJIOTIYHOTO MOHITOPUHTY HeoOXiZiHe [Jis peasizanii Takux
MOXKJIMBOCTEH SIK OJlep>KaHHSA MePBUHHUX JJaHUX Bifl cy6'€KTiB MOHITOpPUHTY, 36epekeHHs], 00p0OKa, nepe/ia-
4ya Ta aHaui3 iHdpopMarii npo cTaH HABKOJUUIHBOTO MPUPOHBOTO cepenoBuUIla. [ipHUYO-XiMiuHA TpOMHUCIIO-
BicTb 3aiiMa€ ofiHe 3 MPOBIJHUX Micllb B iHQpacTPyKTypi ekoHOMiKM Halioi KpaiHu. Ajie, pa3oM 3 UM, JislJib-
HICTb ripHMYO0-XIMIYHUX NiJMPUEMCTB € BU3HAYaJIbHUM YUHHUKOM TEXHOTEeHe3y, AKUU ICTOTHO YCKJIAJHIOE
€KOJIOTIYHY CUTYyallil0 Ha JIOKaJIbHUX TEPUTOPIAX Yepe3 3HaYHe HarpoMa/pKeHHs BeJIMKOI KiJIbKOCTI BiixoiB
BUPOOHUIITBA.

HaykoBusamu HanionanbHoro yHiBepcuteTy «JIbBiBChbKa MOJIITEXHIKA» NPOBOAATHCA AOC/IJKEHHS, CIPsI-
MOBaHi Ha YJJ0CKOHaJIeHHS MeTOJ0JI0Tii OLiHIOBaHHA NOKAa3HUKIB, 1110 BU3HAYAIOTh pPiBeHb €KOJIOTIYHOI He-
6e3MeKHU Mic/isd 3aKPUTTS FipHUY0-XIMIYHOTO MiANPHUEMCTBA HAa OCHOBI aHasIi3y npo1eciB BIVIMBY Ha JOBKI/LIA
OCHOBHUX Ji>)KepeJs HebGe3MeKu. 3a pe3ysibTaTaMu JOCTiKeHb CTBOPeHO iHQopMaliiHO-aHATITUYHY CUCTEMY
151 eGeKTUBHOrO 30epiraHHs, 06po6JeHHS, aHaIi3y JaHUX MOHITOPUHTY, a TAK0XX TPOTHO3YBAHHS MOXJIU-
BUX 3MiH B JIOBKIJIJII Ha MifCTaBi JaHUX PO NOTOYHUU €KOJIOTIYHUM CTaH.

MeTorw maHoOi cTaTTi € cTBOpeHHs Beb-iHTepdeiicy iHdopMaliiHO-aHANITUYHOI CUCTEMU 3 JOIIOMOTOI0
6i6sioTexu React.

Omiap giTepatypu

OaHUM i3 MpoMUCIOBUX 6aCeHHIB, 1110 3a3HAIU iIHTEHCUBHOI eKciiyaTaliii, € [lepeikapnaTcbKui cipkoHOC-
Hul 6aceliH [1]. Ha gaHui MOMEHT eKoJIorigyHa CUTYallisl B MexXaxX Po3/1iibCbKOTo AepKaBHOTO TipHUYO0-XiMiu-
Horo nifnpueMcTBa «Cipka» € ofHi€0 3 HalHanpyxeHimux B YkpaiHi [1, 2]. TyT Harpoma/pKeHO nepeBa)kHa
6inbLIiCTD YCiX TBEpAUX MPOMUCI0BUX Biaxo/iB JIbBiBmuHY [3]. Po3ainbcbke ATXIT «Cipka» 3HaX0AUTBCS HA
ctaail mikBifganii, ajse Bce 1me Hece 3arpo3y AoBKiI0. ToMy € Heob6xiAHICTL B cTBOpeHHI iHPopMalliiiHo-aHa-
JIITUYHOI CUCTEMHU MOHITOPUHTY, 32 J0IOMOT010 sIKOI MOXKHA OTPHUMATH, CTBOPUTH iHdopMalito Ta 341 HCHUTU
il ompanoBaHH#, aHa/Mi3yBaHHS. i MPOTHO3yBaHHSA — BU3HAYEHHS HACAiAKIB cutyanii [4, 5]. [HdpopmaniiiHo-a-
HasiTU4He 3a6e3MnedyeHHs PerioHaJIbHOTO eKOJIOMiYHOr'0 MOHITOPHUHTY HeoOXi/He /15 peastizallii TaKUX MOXK-
JIUBOCTEM SIK OJlepKaHHsI MEPBUHHUX JIAHUX BiJ| Cy6'€EKTIB MOHITOPUHTY, 36epexeHHs1, 06p0o6Ka, epejavya Ta
aHaJsii3 iHdpopmManii npo cTaH HABKOJIMIIHBLOTO MIPUPOJAHBOTO CepeOBUINA, 1110, B CBOIO Yepry HeoOXiJlHe JJisd
MO/ieJII0BaHHS Ta MPOTHO3yBaHHS PO3BUTKY €KOJIOTiYHOI cUTyallii B perioHi Ta NpuiHATTSA HAyKOBO OOI'PYH-
TOBAaHUX YIPaBJIHCbKUX pillleHb B rajy3i 0OXOpoHU A0BKiJLIS, eKoJloridyHoi 6e3neku [6, 7].

Tunoa [IACM cksafaeThbes i3 6aHKy JaHuUX, reoiHpopmaliiiHol KapTu Ta MPOrpaMHOro 3a6e3neyeHHs.
[IporpaMHUi NMPOAYKT NOEAHYE 6a3y JAaHHUX CUCTEMH 3 eJIeKTPOHHUM KapTorpadiuHuM 3abe3nedyeHHAM,
neperJisi/J; BiloMocTeld Mpo O6'€EKTH MOHITOPUHIY, aHaJi3yBaHHS AAaHUX MPO SKICTb KOMIIOHEHTIB JIOBKiJ-
Jisl, JpKepesia Hebe3MeKH TipHUYO-XiMIYHOro MiZIMPUEMCTBA, aBTOMATH30BaHe HAaHECEHHS Ha KapTy Miclb
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po3TauryBaHHS TOYOK Bifi6opy npo6, CKU/AiB, BoJ03ab0piB, Mo6Y10By TeMaTUYHUX KapT Ta iH. [1, 3]. KapTo-
rpa¢idyHoI0 6a3010 [ pO3p06JIEHHS CTpaTerii KepyBaHHS € HU3KHU KapT, L0 XapaKTepHU3YI0Th CTaH pi3HOMa-
HITHHUX €eJIeMeHTIB HAaBKOJIUIIHbOI'O Cepej0BUIIA, TAK HANIPUKJIAJ KapTa yPaXKeHOCTI TepUTOPIl eK30TeHHUMU
reoJIOriYHMMHU IPOLecaMy, KapTa OL[iHKH pOHOBOr0 TEXHOTEHHOTO HaBaHTAXKEHHS Ha JI0BKiJJisA. 3pyYHUM Ba-
piaHTOM MOKe ciyryBaTu reoindopmarifina cucreMa QGIS 3 BiibHUM JocTynoM i BifKpUTHUM KojoM. CucTeMa
€ 6araTodyHKIIOHAIBHOIO, HaNlMCaHa Ha MOBax nporpamMyBaHHs C++ Ta Python [3]. OcHOBHUM NpHU3HaYEeHHAM
CHUCTEMH € ONpaLOBaHHs i aHAJi3yBaHHS IPOCTOPOBHUX JAaHUX, PO3p006IeHHS pidHOI kKapTorpadidHoi npoayK-
uii. leoindopmariiina cucrema QGIS mae 3Mory KoprucTyBadaM CTBOPIOBATHU KapTH 3 06€3J1iY4i0 1IapiB, BUKO-
pUcTOBy0YH pi3Hi kapTorpadiyHi mpoekmii [1]. Takox QGIS 3a6e3nedye iHTerpamnito 3 iHIIUMU BiIKPUTUMHU
I'lC-makeTtamu. [lnariny, HanucaHi Ha Python, C++, posmuprorTb MoxuBocTi QGIS. € myiarinu s reokoay-
BaHHA 3a sonomoroio Google 'eokonyBanHs API, BuKoHaHHs reoo6po6ku (fTools) cxoxuMu Ha cTaHJApTHI
incrpymenTtu ArcGIS, inTepdeiic 3 PostgreSQL/PostGIS, SpatiaLite i MySQL 6a3 mgaHux, i BAKOPUCTOBYBaHHSA
Mapnik sik kapTy Bizyasisanii [1, 3]. PisnomaniTHi MoaynbHi nporpamu Hanucaxi Ha C i C++ A5 cucTeMu Mo-
HITOPUHTY KOCTi Boau [8].

Y crarTi [9] onucano mogenb ODM Tools Python - nmporpamue 3a6e3neyeHHs 3 BiJKPUTUM KO/IOM, sIKe
Jl03BOJISIE KOPUCTYBAa4aM POGUTH 3alIMTH Ta €KCIOPTYBATH, Bidyasli3yBaTH Ta BUKOHYBATHU KOHTPOJIb SKOCTI
00POOKU YaCOBUX PSAAIB JAaHUX CIIOCTEPEeXXeHb 32 HABKOJIMIIHIM cepeloOBUILEM, 1[0 30epiratoTbcs B 6asi Ja-
Hux ODM, 3a ooMOro0 aBTOMaTH30BaHUX ClieHapiiB Ha Python.

Peastizanist Be6-opieHTOBaHOI CMCTEMHU MiATPUMKH NMPUUHATTA pillleHb, onucaHa y craTti [10], 6a3yeTh-
csl Ha CTBOpeHiH Be6-myiaTdopmMi 3 AoCTynoM /10 633U JJaHUX, KepyBaHHSAM CeCisiMH, epeBipKO0 BBEJEHUX
JlaHUX, CTBOPEHHS 1abJioHiB. [laHa cucTemMa cTBopeHa 3 momomoror Django (Django Software Foundation
2015a), dpelMBOpPKY [y Be6-/10/1aTKIB MoBH nporpamyBaHHs Python (Python Software Foundation 2015).
B naHomy Bunazky Django BUKOpHUCTaHO pa3oM i3 /J0AaTKOBUMHU NTPOCTOPOBUMHU QYHKIISIMU /1Sl CTBOPEHHS
Be6-momaTkiB ['IC GeoDjango (Django Software Foundation 2015b).

Python - MoBa nporpamMyBaHHs, 3alIPONIOHOBAHA /iJ1s1 PO3POOKHU MPOrpaMHOro 3a6e31edyeHHsI 3aB/ISIKH CBO-
il rHy4KoOCTI i Jierka iHTerparnis 3 ycima koMnoHeHTaMu. [HTepdeiic nporpaMHoro 3a6e3nedeHHsI KOHTPOJIIOE
B3a€EMO/II0 3 KOPUCTyBadyeM i BiZjIOBiZja€ 3a OTpUMaHHA BXI/JHUX JAHUX, AKi IOTIM Ha/ICUJIAKOTHCA BiJIOBIA-
HOMY KOMITOHEHTY [11]

Be6-¢dpeiimBopk Flask Bukoprcrano aBTopamu ctaTTi [12] g5 po3po6ku Beb-amtikanii cucreMu MoHiTO-
punry. Flask Hanucanuii Ha MoBi Python i Mmae mpocrTe, ierke y BUKopucTaHHi si/{po, NiATpUMye pisHOMaHiTHI
pO3LIMpPEHHS, 3pYYHUHN Croci6 Bijo6pakeHHsI KapTH B pexXuMi oHJIaiH [12].

OGroBopeHHA

Hamu pospo6JieHo BeG-iHTepdeiic iHpopManiliHO-aHAIITUYHOI CUCTEMH MiATPUMKH MPUUHSATTS pillleHb
Ha OCHOBi iHTepaKTHBHOI KapTH MYyHKTIB BiZj00py nMpo6 BOAM Ta Bi3yasisanii oTpruMaHUX pe3yJbTaTiB Tif-
poxiMmiyHOro MoHiTOpuHTy Po3ainbchkux o3ep. [laHa Be6 amiikamisg JOCTynmHA B iHTEPHETI 3a MOCUJIAHHIM
http://ecotest.infostore.in.ua/.

React JS - e 6i6s1ioTeka JavaScript 3 BiJKpUTHUM KOA0M, STKa BUKOPUCTOBYEThCSA CIleNiabHO AJIs Mo6y/10-
B KOPHUCTYBaJIbHUIIBKUX iHTepdeliciB. bibioTeka 103B0JIsIE pO3pO6GHUKAM CTBOPIOBATH BEG-NPOrpamy, siki
MOy Tb 3MiHIOBaTH JjaHi,

He 3aBaHTaXy04u cTOpiHKy. OCHOBHa nepeBara React.]S moJsisirae B ToMy, 10 BiH MacmTaboBaHUM, MPo-
CTUM Ta mBUAKKH [13].

React - ifeasibHUH IHCTPYMEHT JJ1si CTBOPEHHS MaclITaboBaHUX Be60/1aTKiB, 0co6inBO SPA (oHOCTOPIH-
KOBUX 3aCTOCYHKIB). React BizHOCHO MPOCTHI B OCBOEHHI, Ma€ 3p03yMiNinil Ta JIAKOHIYHUM CUHTAKCHUC. React
BUKOpHUCTOBYE BipTyanbuuit DOM (VDOM) - 1je KoHIeNIis mporpaMyBaHHs, B IKii «BipTyasbHe» YsIBJIEHHS
MPHU3HAYEHOr0 /151 KOpUCTyBaya iHTepdelicy 36epiraeTbcs B maM'aTi i CHHXpOHI3y€eThCs 3 «crpaBkHiM» DOM
3a flonomoroto 6i6sioTexkn ReactDOM. Lle#t nmponec Ha3MBaETHCS Y3ro/KeHHSAM. B BKa3yeTe, B IKOMY CTaHi
MOBUHEH NepebyBaTH MPU3HAYEHUH [JIJ1s KOpUCcTyBaya iHTepdelic, a React 3a6e3neuye BifgnoBigHicTh peasb-
Horo DOM oMy ctany. Bipryanbnuit DOM npegcrasiise serky konito 3sudariHoro DOM. [ BigMiHHOM0O prcoro
React € Te, mo gaHa 6i6JioTeka mpaupe came 3 BipryanbHuM DOM, a He 3BUYaliHUM. Y MiZCYMKY Taka cxema
B3a€EMO/i 3 eJieMeHTaMH BeO-CTOPiHKH MPAII0E HabaraTo mBH/IIe i epeKTUBHIlIe, HXK SIKOW MU ITpaLloBaIx
3 JavaScript 3 DOM 6e3nocepe/iHb0. IHIII00 BiIMiHHO PUCOI0 6i6JIiIOTEKH € KOHIIEHTPAIlisl HA KOMIIOHEHTAaX —
MM MOKeMO CTBOPUTH OKpeMi KOMIIOHEHTH i MOTIM IX JIerKo IepeHOCUTH 3 IPOeKTy B NpoeKT. llle ogHa oco-
6suBicTh React - Bukopucranus JSX. JSX npejcrasisie koMmb6iHaniro koay JavaScript i XML i Hazjae npocTtui
i iHTYyITUBHO 3pO3yMiNni croci6 A/ BU3HAYeHHs KoJy BisyasbHoro iHTepdelicy. React JSX Tpancdopmye
XML-noni6HUM cuHTaKcuc B JavaScript. [13].

Y React BUKOPHCTOBYETbCS KOMIIOHEHTHUH MiAxiJ. BibioTeka HEMae KOHTPOJIEPiB, MojesieH, MabI0HIB —
BCe € KOMITOHEHT. KOMITOHEHTH MOKHA [TepEBUKOPUCTOBYBATH, YCIIaZAKOBYBATH OJIMH Bifl OJHOTO, 06'€IHYBATH.
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KoMmoHeHT - 1ie CBOTO poAy OyAiBe/ibHA OAWMHMUIIS, 3 IKOI 30Mpa€eThbcs iHTepdelic. [lepeBaror € MOXKIUBICTh
nopiBHsHHA React'oM BipTyasbHoro DOM'a 3 peasibHUM, i BAKOHAHHS MiHIMaJIbHUX 3MiH AJ151 iX CHHXpOHi3a-
uii. Bipryanpnuit DOM Bupinrye npo6sieMy 3 06po6Koto moAii B pisHUX 6paysepax, 3a paxyHOK I1boro React
Ha/la€e CyMicHY MoJiesib MOJiH B 6y/b-1KOMy Gpay3epi. React 03B0JIsie BUKOPUCTOBYBATH Oy/ib-sIKUH iHCTpPY-
MEeHT IIPHU PO3po0Ii, BiH J06pe MOEAHYEThCA 3 iHIINMU pelMBopKaMu. [lu3aiiH React moeHy€eTbCS 3 aCHH-
XPOHHUMH CEpPBEPHUMHU apxiTeKTypaMu s afjanTalii 1o Mai6yTHiX TexHosorik TakuM ynHOM, React BapTo
BUKOPHCTOBYBATH, SKI0 HEOOXiZTHO CTBOPUTH AKICHUH | B HAWKOPOTLI TEPMiHU IBUAKUH, TETKUH, 3pYyIHUN
OHOCTOPiHKOBUH AoaaToK [14]. OckinbKku JioTika KOMIIOHEHTIB HanrcaHa Ha JavaScript, 3aMicTh 1ma6JioHiB
MO’KHa 3 JIETKICTIO ITepeiaBaTH CKJIaAHI JaHi y nmporpamy i 36epiratu craH okpemo Bijg DOM. KomnoneHTH pe-
anizyrotb MeToz render(), sKnil npuiMae BxifHi faHi i moBepTae Te, 110 6yze MokasaHo KopuctyBauy. JocTyn
Jl0 BXiTHUX JIaHUX, sIKi TepeZlaloTbCsl B KOMIIOHEHT, MO>KHA OTpUMaTH 3a JjonoMoroio render() Ta this.props.
React mpuTpuMye napaZurMu ieKJaapaTUBHOIO NporpaMmyBaHHs. TaKMM YMHOM, Bifi pO3pO6GHHUKa JIMIIE BUMa-
ralTh OMMCAHHSA Pi3HUX YaCcTUH iHTepdeNcy B pi3HUX CTaHAX CUCTEMH, a caM PppelMBOpK Oyze caMOCTiHHO
pPeHJepUTH HEOOXiIHI eJleMeHTH, OHOBJIFOIOYH CTOPIHKY V BiAIMOBIHOCTI 10 AUHAMIYHUX 3MiH, iHIl[IHOBaHUX
KOpPHCTYBaueM UM iHIIMMHU YUHHUKaMHU. [Ipy boMy *0oHUX 06MeXeHb PO iHIIi TexHoJ10ri], AKi 6yAyTh BUKO-
PHCTOBYBAaTHUCH [J0/IaTKOBO, He icHye. ToMy € MOX/IMBUM po3pobJiaTh HOBI GyHKIIT B React, He nepenucyroun
icHyroun# Koz. React Takoxx MoXke peH/IEPUTHCE Ha cepBepi, BUKoprctoBytoyd Node, i npuBoAuTH B Aiit0 MO-
6is1pHI Mporpamy, siKi BUKOpUCTOBY10Th React Native [15].

[lokas iHTepaKTHUBHOI KapTH MOHITOPMHTY HAJIALITOBAHO 3 JIOMOMOrOI0 iHTepakTUBHUX KapT Leaflet -
JavaScript 6i6/1i0TeKH 3 BiAKPUTHUM KO/IOM /iJIsl CTBOPEHHS 6pay3epHUX Ta aalTOBAHUX ITi/i MOGiJbHI Mpu-
cTpol iHTepakTUBHUX KapT (puc. 1). bibsioreka peanisye miaTpuMKy mapiB Mam, ki mo6yjoBaHi 3a TeXHO-
soriero: WMS, Geo]JSON, a6o BekTopHOTro Bijfjo6paxkeHHs1 noBepxHi. Leaflet - mpocTa, npogyKTHBHA Ta 3pyyHa
y BUKOPUCTaHHI 6i6sioTeka. Moxke 6yTH po3LIMpeHa 38 paxyHOK BUKOPHUCTAHHS YMCJEHHUX IJIATiHIB, Ma€

rapHUH, JIErKUK y BUKOPUCTaHHI Ta fo6pe fJokyMeHTOBaHUM API, mpocTuil Ta ynTabesbHUN BUXIAHUN KOJ,
3py4YHuil A poboTu [16].

IHTepakTMBHa KapTa NyHKTIB Big6opy npo6 Bogu
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Bi6sioTeka React Leaflet 3a6e3neuye npup’sa3ky mixk React i Leaflet. Bona He 3aminroe Leaflet, ane Buko-
PUCTOBYE Horo AJis abcTparyBaHHd mapiB Leaflet sk komnoHeHTiB React. TakuM Y4MHOM, BOHA MOKe MTOBO/IH-
THCS iHaK1Ie, HiX iHIII koMnoHeHTH React, 30kpema:

- Bisyasisania DOM

React He pengiepuTsh mwapu Leaflet y DOM, e peniepunr Bukonye caMm Leaflet. React BigTBOpIO€ sinie ese-
MeHT <div> iz yac BiaTBOopeHHs1 koMnoHeHTa MapContainer i BMicTy KOMIIOHeHTIB 1apiB iHTepdeiicy kopuc-
TyBaua [16].

- BiacTuBOCTI KOMIIOHEHTIB

BnactuBocTi, nepejjaHi KOMIOHEHTAaM, BUKOPUCTOBYIOTBHCS JJI1 CTBOPEHHS BiJNOBIJHOTO eK3eMIJIsApa
Leaflet, ko1 KOMIIOHEHT Bi/J06pa’KAETHCS BIEPIIE, i 32 3aMOBYYBaHHSAM iX C1i/; po3risijaTH sk He3MinHi. [1ig
4ac MepIuoro BiATBOPeHHs Bci Iii BJAcTUBOCTI MatoTh miATpuMyBaTtucs Leaflet, onHak BoHM He 6ylyTh OHOB-
JIDBATUCA B iHTepdelici KopucTyBaua, K0 BOHU 3MiHATbHCS, IKII[0 BOHU SIBHO He 33/I0KyMEHTOBaHi 1K 3MiH-
Hi. 3MiHHI BJIaCTUBOCTI NOPiBHIOIOTHCS 3a MOCUJIAHHSAM (SIKILO He BKa3aHO iHIIe) i 3aCTOCOBYIOTHCS BUKJIHUKOM
BimoBigHOTO MeTOAY B ek3eMILisApi eieMeHTa Leaflet [16].

- IlocunaHHsA Ha eneMeHTH Leaflet

flkio He Bka3aHo iHLIe, yci KOMIIOHEHTH, eKkciopToBaHi React Leaflet, mizTpuMyoTs nocuiaHHs, sKi moka-
3YI0Th CTBOPEeHUH ek3eMIisAp esieMeHTa Leaflet a6o enementT DOM (151 maHeseit). Le no3Bosisie mporpamMam
OTpUMYyBaTH JocTyn Ao iMmnepatuBHux API Leaflet, kosin e noTpi6Ho, asie Moxke TPU3BECTH JJ0 HEY3TO/IPKEHO-
CTi 3 yCTAaHOBJIEHHMHU aTPUOYTaMH, TOMY BUKOPUCTOBYBATH iX ciifi o6epexxHo [17].

Bizyasizanisi oTpMaHuX JaHUX MOHITOPUHTY 3 onoMoroto Chart.js

EKoJ1oriYHMI MOHITOPUHT JOBKIJLIA € CydacHOO GopMoro peastizalii mpoueciB eKoJIOTiYHOI JisIbHOCTI 3a
JIONIOMOTO0I0 3ac06iB iHpopMaTH3allil i 3a6e3neyye peryysspHy OLIHKY i MPOrHO3yBaHHS CTAaHY CEPEeJIOBUINZ,
YKUTTEAISIBHOCTI CyCIiJIbCTBA Ta YMOB QYHKIIIOHYBaHHS €KOCHUCTEM /JIsl IPUUHSATTS yIPaBJIiHCBKUX pillleHb
110710 €KO0JIOTiYHOI 6e3MeKH, 30epeKeHHs MPUPOJHOTO CePeIOBUIIA TA PALliOHAJIBHOIO IPUPOLOKOPUCTYBAHHS.
Barkko 3anepedyn Ty TOH QaKT, 110 nepeBaxkHa 6inbinicTh iHPpopMarii Mae reorpadiyHuii acnexT i ToMy i MokHa
MIPOCTOPOBO aHaJIi3yBaTH i HAOYHO NMPEJCTABAATH Y BUIVIAAL KapT, cxeM, AiarpaM, rpadikiB Ta masatoHkiB. llle i3
CTapo/aBHiX 4aciB JIIo/JMHAa MPHUCTOCOBYBAJIACA [0 YMOB HaBKOJIMIIHBOTO CEPEOBUILA, CIpUMMaJIa ii Taky 4K € i
HaMaraJiacs IiJi1aluTyBaTHy 1ij ce6e. BoHa Bixke TO/AI mparHyJia MmoJIeriiTy CBOIO MPaLo IIJISIXOM 3aCTOCYBaHHS
pi3HuX npeMeTiB i MexaHi3MiB. 3 PO3BUTKOM JIIO/ICTBA i BiZjIOBIIHO HAYKOBO-TEXHI{YHOI'0 MPOrpecy 3'SsBUINCS
JIOCKOHaJIi CUCTEMH aBTOMATU30BaHOI0 YIIPABJIiHHSA, Ki B JaHUH 4ac 3aCTOCOBYIOTBHCS CKpi3b.

AHasioramu iHdopmMauiiftHoOi cucTeMu HakonmU4YeHHs i Bidyasizanii ekosioriyHuX 3aMipiB € OyzAb-sIKe MPO-
rpaMHe 3a6e3nedyeHHs, SKe Ma€ MOXJMBICTh Bi3yasidyBaTH CTaTUCTHUYHI JAaHi. IcHye 6araTo cneniaJbHUX
iHCTpYMeHTIB [i/1 cTBOpeHHs Bi3yasizauii. Jlesiki 3 HUX 30BCiM MpOCTi y BUKOPUCTaHHI: MOTPiIGHO TiJIbKU
3aBaHTAXXUTH JlaHi Ta BUOPATH, sIK BOHU 6yAyTh BimobpaxaTtucs, iHLi nporpamMu 6ijibi ckiIagHi i KOMILIEK-
CHi - BUMararoThb Cllellia/IbHUX 3HaHb | BMiHb IporpaMyBaHHs. € BapiaHTH A0JaTKiB, AKi MO>KHA 6€3KOIITOBHO
3aBaHTAXXUTH, 3MIHUTH i1 HaJIALITYBaTH Ta CTBOPIOBATH iHdorpadiky B pekuMi OHJIakH.

Chart.js - 6e3kourToBHa Javascript 6i6/1ioTeka, mpu3HaueHa /151 cTBOpeHHs rpadikis Ta giarpam. [lana 6i6.1i-
OTeKa J103B0JIsIE CTBOPIOBATH rpadiku Ta AiarpamMu 6y/jb-IKOT0 THITY, @ TAKOK BUOYLOBYBATH AaHi Ha Jiana3oHi
yacy Ta jsiorapudmivHii mkasi. Takoxx y Hel BOyj0BaHi 3aco6u po60TH 3 aHIMaIi€lo, 1110 103BOJUTH €PEKTHO
BU/I03MiHIOBAaTH rpadiku 3a/I€3KHO Bi/i HOBUX JJaHUX, @ TAKOX €KCIIEPUMEHTYBATH 3 KOJIbOPoM (pHuc. 2).

1 Osepo rrwisone [ Osepo Cepamwe [ 00 iaene [ P varan

o

Puc. 2. CKpiH Be6-A0AaTKy Bisyasizanii oTpyuMaHMX pe3y/IbTaTiB aHaJIi3y Npo6 BogH
Ha tepuTtopii ArXII «Cipka»
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Po3wmip 6i61ioTeku Chart.js cranHoBuTh mpu6sn3Ho 11Kb, Takok € MOXKJIMBICTBD 1ie 3MEHLIUTH po3Mip 6i6.ri-
OTEKH IIJISIXOM BKJIFOUEHHS B Hel TUIbKYU THUX MOAYJIB, sIKi Heo6XiZHi B KOHKpeTHOMY Bunazky [1]. Chartjs mos-
BOJISIE CTBOPIOBATH JjiarpaMu pisHux TuMmiB: — JliHiiiHa fiarpama (Line chart) - e croci6 mo6y0Bu TOYOK AaHUX
Ha JiiHii. YacTo BiH BUKOPUCTOBYETbHCS /IS BiIOOpaXKeHHS JJaHUX TeH/IeHLil abo MOpiBHAHHS JIBOX HabOpiB Ja-
HuX. - icrorpama (Bar chart) Haza€e crioci6 Bifjo6pakeHHsI 3HaYEHb JJAHUX, IPE/ICTABJIEHUX Y BUIVIS/{ BEPTHKAJIb-
HUX CTOBITYUKIB. [HOZI HOTO BUKOPUCTOBYIOTH [IJisl Bil0OpaXkeHHS JaHUX TeHZEHI[iN Ta MOPiBHSAHHSA KiJIbKOX Ha-
6opiB maHux. - [lestocTkoBa giarpama (Radar chart) - e crioci6 Bijo6pakeHHsT KiJIbKOX TOYOK JJAHUX Ta Bapialin
Mk HUMU. - CekTOpHIi Ta Kinbnesi fgiarpamu (Pie chart) - nie Hal6inbII YacTO BUKOPUCTOBYBaAHi Jiiarpamu. Bouu
po3zisieHi Ha CEerMeHTH, Ayra KOXKHOT'0 CerMeHTa MoKa3ye MpOoMNopLiiHe 3HaYeHHS KOXKHOTO ¢pparMeHTa JaHUX.
BoHM 4yZ0BO IEMOHCTPYIOTH CIIBBiJHOLIEHHS MPOIOPLiH MK JaHUMHU. — Jliarpamu nosisipHuX obJiacteit (Polar
area chart) cxoxi Ha KinibLeBi iarpamy, ajie KO>KeH CErMeHT Ma€ OJJHAaKOBUH KyT — paZiiyc cerMeHTa BiZipi3HAEThCSA
3aJIeXKHO Biji 3HaYeHHs. Llel THT AiarpaMu 4acTo KOPHUCHUH, KOJIM MU X0YEMO TI0Ka3aTH JIaHi MOPiBHAHHS, TOiOHI
Jl0 KpyroBoi JliarpaMy, ajie TaKoX MOKa3aTH IIKaJly 3Ha4eHb JJIs1 KOHTeKCTY. — Bysbbaikosa Jiarpama (Bubble
chart) BUKOpHCTOBYETBCS /115 Bilo6pakeHHs TPbOX BUMIPIB JaHUX ofiHOYacHO [18]. Po3TaiyBaHHs 6y/Ib0aIIKu
BU3HA4YAEThCA MEPUIMMHU JIBOMA pO3MipaMHU Ta BiATIOBIJHUMH FOPU30HTAIBHOIO Ta BEPTHUKAIbHOI OCAMM. TpeTii
BUMIip IIpe/iCTaBJIeHUH pO3MipOM OKpeMHX Oysbbaiiok. — [liarpamu poscitoBanHs (Scatter chart) 6a3yroTbcs Ha
OCHOBHMUX JIIHIMHUX JiiarpaMax i3 3MiHO0 OcCi X Ha JIiHiMHY Bich. [|/11 BUKOPUCTaHHA JiiarpaMy po3CilOBaHHA JlaHi
MMOBHHHI IepeJiaBaTUCA SIK 06'€KTH, 1110 MicTsTh BiaacTuBOCTi X Ta Y. - 3Mmima#i giarpamu. 3a gonomororo Chart.js
MOYKHa CTBOPIOBATH 3MilllaHi Zjiarpamy, siki € KOMOGiHaLi€r0 J{BOX 260 Gisblie pi3sHUX TUMIB Aiarpam. [loumpeHnuM
MIPUKJIAZIOM € TiCTOrpaMa, SIKa TaKOX BKJIIOYAE JiHIMHUN Habip JaHuX. [HIIO0 4yZi0BOI0 0COBJIMBICTIO 616/ 1i0TEKM
Chart.js € To ¢axT, 1110 CTBOPIOBAHI HEIO JiarpaMy aJJalTHBHI, BOHM MOXXyTb 3MiHIOBATH CBi po3Mip mnpu 3MiHi
po3mipiB BikHa 6pay3epa TakKUM YHHOM, 11106 epeKTUBHO 3aMaTH BeChb JOCTYITHUHN /IJIs [{bOTO MPOCTip CTOPiHKH.
Ha BigmiHy Bij 6araTbox iHImx 6i6J1ioTek moai6Horo Tumy Chart.js Mae feTanbHy i 100pe BUKJIAJIeHY JOKYMEHTa-
11i10, 32 /I0IIOMOT010 SIKOI MOXKHA JIEFKO CTBOPIOBATH SIK IPOCTI, TaK i ck/1aAHi 3pasku Aiarpam [19].

BHCHOBKM

Po3po6sieHo BeG-iHTepdeiic iHpopMaliitHO-aHANITUYHOI CUCTEMH TipHUYO-XiMiYHOrO MiJMPUEMCTBA 3
Jonomoroto 6i61ioTexku React - 6i6sioTexu JavaScript 3 BiAKpUTHM KO/OM, IKa BUKOPUCTOBYETHCS AJIS T10-
6y/l0BH KOPUCTYBa/IbHULbKUX iHTepdeliciB. [lokas iHTepaKTUBHOI KAPTU MOHITOPUHTIY HaJIAITOBAHO 3 /10I10-
Mororo iHTepakTUBHUX KapT Leaflet — JavaScript 6i6/1ioTeku 3 BiAKpUTHUM KOZOM JJisl [Jisl CTBOPEHHS Opay3ep-
HUX Ta a/lallTOBAHUX MiJi MOGiNbHI TPUCTPOI iIHTepaKTUBHUX KapT. [lsia Bidyasisaunii pe3ysbraTiB MOHITOPUHTY
BUKopHcTaHO 6i6sioTeky Chart.js. [lana 6i6s1ioTeka 103B0JIsSIE CTBOPIOBATH Ipadiku Ta AlarpaMu 6y ib-sIKOro
THILY, 2 TAKOXK BUOYOBYBATH JlaHi Ha Jjiana3oHi yacy Ta JjorapudmiyHii mkasi. Ha BigMiny Bij 6araTbox iH-
mux 6i6JioTek mofi6Horo Tuny Chart.js Mae getanbHy i ;06pe BUKIAJeHY JOKYMEHTAILli10, 3a IOITOMOT 00 SIKOi
MO>KHa JIETKO CTBOPIOBATHU AK IIPOCTI, TaK i CK/IaAHI 3pasKu Aiarpam.
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METOAU NIABUINEHHA MPOAYKTUBHOCTI TIPOI'PECUBHOI'O BEB3ACTOCYHKY BIBJIIOTEKH
HA OCHOBI MOJEJII RAIL

Anamayisa. Y cmammi posaasiHymo Hanpsimu yugposoi mpaucgopmayii 6i6aiomeyHoi chepu ma o6epyHmosaHo nio-
X0du, chpsiMosaHi Ha onmumizayio npodykmugHocmi esekmpoHHUX 6ibaiomek. Memoio cmammi € docaidsceHHs Memo-
dig nidsuweHHss npodykmusHoCcmi npozpecusHo20 8e63acmocyHKy 6ib.1iomeku y npoyeci io2o po3pobku 3 BUKOPUCMAHHAM
opienmoegaHoi Ha kopucmyeaua modeai onmumizayii npodykmueHocmi RAIL. Memodu docaidceHHs. BukopucmaHo 3a-
2a/1bHOHAYK08I Memodu aHa.izy ma cuHmesy, Mmemoou po3pobKu npozpecusHUX 8e63acmocyHKie ma memodu onmumisayii ix
npodykmusHocmi, wjo 6a3yrombucsl Ha OYIiHYi apximekmypHUX piuleHb 3 MOYKU 30py ix enaugy Ha weudkicms pobomu 3acmo-
cyHKy. Haykoea HOBU3HA 00CAIdNHCEHHS N0/1s12a€ Y 8USIBAEHHI 8 yMO8AX cyvacHoi yugposoi mparchopmayii 6i6aiomeunoi
cpepu memodis nidsuwjeHHs npodykmusHocmi 8e63acmocyHKy 6i6iomeku, adanmosaHoz2o do pobomu Ha pi3HUX anapam-
HUX ma npo2pamHux naamg@opmax — Npo2pecusHo20 8e63aCmMoCyHKY, SIKUll NOEGHYE y cobi anacmugocmi 8e63acmocyHKy ma
HamMueHo20 3acmocyHKy. BucHoeku. BukopucmatHs cy4acHux yugposux cucmem obpobku ingpopmayii eumazae nepeaasidy
nidxodie do subopy apximekmyp 8e63acmocyHkis, siki 6i61iomeKu 8UKOPUCMO8YIOMb SIK naamg@opmu 0415 83aemodii 3 uuma-
yamu, ma 0o 8U3HayeHHs ix npodykmueHocmi. [las 3a6e3neveHHs Kpocnaam@popmeHocmi ma modxcausocmi pobomu i3 6i-
6.1iomeyHuMu pecypcamu y pedxcumi offline susiesneto doyinbHicms po3po6Ku 8e63acmocyHKy 6i6.1iomeKu 3 BUKOPUCMAHHIAM
me3Hos02ii PWA, apximekmypa sikoeo ekarouae maHighecm 3acmocyHky, Service Workers ma Application Shell. /Jocaidscerns
Memodie nidguujeHHs1 npodyKmueHoCmi npoz2pecugHo20 8e63acmocyHKy 6ibaiomeku 003804uU10 8U3HAYUMU cmpameziio 3a-
cmocy8gausi y npoyeci iozo po3pobku memodie onmumizayii npodykmueHocmi gionogioHo do eumoz modei RAIL: cmucHeHHs1
pO3Mipy 306paxceHb ma 3a0aHHS iX po3Mipie 18HUM CnOCO6OM Yepe3 ampubymu; 3MeHWeHHs JavaScript kody — onmumizyro-
yu PyHkyii ma poszdiauswu mpusaai 3a80aHHS HA 3a80aHHS 3 mpusaaicmio He 6iabW ok 3a 50 MC WASAXOM 8NPOBAOHCEHHS
ACUHXPOHHO20 K0Jy; peanizayisi n1asHoi aHimayii 3a donomozoro CSS5 i3 06po6koto KodcHo20 kadpy do 10 mc; epyny8aHHs
3a80aHb, KI BUKOHYIOMbCS Y (POHOBOMY pexcuMi, y 610KuU, He biabwi 3a 50 mc.

Kamwouosi caoea: yugposa 6i6riomeka, mexHosnoziss PWA, mexHosoeia Service Workers, npozpecugHutl 8e63acmocyHok,
npozpecusHa sebmempuka, modeav RAIL.
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METHODS FOR INCREASING THE PERFORMANCE OF THE LIBRARY'S PROGRESSIVE
WEB APPLICATION BASED ON THE RAIL MODEL

Abstract. The article examines the directions of digital transformation of the library sphere and substantiates the
approaches aimed at optimizing the productivity of electronic libraries. The purpose of the article is to study the methods
of improving the performance of a progressive web application of the library during its development using the RAIL user-
oriented performance optimization model. Research methods. General scientific methods of analysis and synthesis, methods
of developing progressive web applications and methods of optimizing their performance, based on the assessment of
architectural solutions from the point of view of their impact on the speed of the application, are used. The scientific novelty
of the research consists in identifying, in the conditions of modern digital transformation of the library sphere, methods of
increasing the productivity of the library web application adapted to work on various hardware and software platforms - a
progressive web application that combines the properties of a web application and a native application. Conclusions. The
use of modern digital information processing systems requires a review of approaches to the selection of web application
architectures that libraries use as platforms for interacting with readers, and to determining their performance. To ensure
cross-platform compatibility and the possibility of working with library resources in offline mode, the expediency of developing
a library web application using PWA technology, whose architecture includes an Web App Manifest, Service Workers and
Application Shell, was found. The study of methods for improving the performance of the progressive web application of the
library allowed to determine the application strategy in the process of its development of performance optimization methods
in accordance with the requirements of the RAIL model: compressing the size of images and specifying their dimensions in an
explicit way through attributes; JavaScript code reduction - by optimizing functions and splitting long tasks into tasks with a
duration of no more than 50ms by implementing asynchronous code; implementation of smooth animation using CSS5 with
processing of each frame up to 10 ms; grouping tasks that are performed in the background into blocks of no more than 50 ms.

Key words: Digital Library, technology PWA, technology Service Workers, Progressive Web App, Progressive Web Metrics,
model RAIL.

IlocTaHOBKa MpPOGJIEMH Ta aHAJIi3 OCTaHHIX AOCaiJKeHb i my6Jiikanii. Bucoki Temnu iHpopmaTusa-
il cydyacHOro CycmiJibCTBa CyNpOBOKYIOThCSI PO3LIMPEHHSM B3aeMo/il yepe3 web-iHTepdeiic y Bcix rasny-
35X oTouyrouoi AificHOCTI. Y mpoueci undpposoi TpaHchopMmanii 6i61ioTedHoi chepu 3iCHIOETHCS EepeXif, 0
eJIEKTPOHHUX 6i6/1i0TeK, AKi cTasu OJHUM i3 HaMOI/bII NEPCIEKTUBHUX KaHAJIB JOCTYIY A0 6i6i0TeYHHUX
pecypciB 3aBAsiKM 6i/bIlI MBHUAKOMY 06CIYTrOBYBAaHHIO YHUTAUiB, MOJIETHIEHHIO JOCTYNy A0 iHopManii Ta il
MOUIYKY, HAABHOCTI OHJIalH MOCJIYT, MOXJ/IMBOCTI MpaLl0BaTU 3 peCypcaMy OHJIAMH Ta CKadyBaTH IX Y Pi3HUX
dopmarax [7; 10; 11; 12]. HajaHHA eIeKTPOHHUX OHJIAMH MOCJIYT BIPOBA/PKYIOTh Y CBOIO AisI/IbHICTB yCi Cy-
yacHi 6i6s1ioTeku - akaseMivHi, By3bKoceliaai3oBaHi Ta ny6J1iuHi, TpU3Ha4YeHi /1/1s1 LIMPOKOT0 KOJIa YUTAuiB.
3pocTaHHA 06CATIB [UX MOCAYT NOTPe6ye GibIl MPOrPeCUBHUX MiJX0IB 0 PO3PO6KU Be63aCTOCYHKIB, AKi
BUKOPHCTOBYIOThCA ¥ BUPPOBUX 6ibmioTekax JJis B3aeMozii 3 yutadyamu [4]. O4HUM i3 TaKuX MiAXOAIB, cipsi-
MOBaHUX Ha MIOKpalleHHs SKOCTi 06C/IyroByBaHHS YA Ta4iB Ta MMi/IBUIIEHHS iX 3a/Iy4eHHS, € peasisanis nocayr
udpoBoi 6i6/1i0TEKH 3 3acToCyBaHHAM TexHoJorii PWA.

B yMoBax MIMPOKOTO pO3NOBCIO/KEHHSI MOGiIIbHOTO IHTEpHETY i MOGIIBHUX TPUCTPOIB KJIIOUEM /10 YCIiXy
Be63aCcTOCYHKY € MOT0 MPOAYKTHUBHICTDb Ta KpocmaaTdopMeHicTs. [IpoTe ganeko He yci nudposi 6i6mioTekn
MaroTh 33/10Bi/IbHi TOKAa3HUKHU NPOAYKTHUBHOCTI eJIeKTPOHHUX I/1aTGOpM i afanToBaHi 0 po60TH HAa MOGIIb-
HUX IPUCTPOSIX. BipoBa/keHH: y IX [isIbHICTE MPOTPeCHUBHUX Web-3acTocyHKiB (aHrI. Progressive Web App,
PWA) no3BoJ1si€ 3a6€3MeYNTH BUCOKI MOKAa3HUKU NMPOAYKTUBHOCTI IPH A0CTyHi /10 6i61i0TeYHUX pecypciB i3
pi3HMX anmapaTHUX Ta NPOorpaMHuX niatdopm [8].

Y npoueci po3po6Ku Be63acTOCYHKY 6i6/1i0TeKH BaXKJIMBUM € BUOIP METO/iB, CIPSIMOBAHUX Ha Mi/[BUIIEH-
HS IPOAYKTHUBHOCTI 3 METO0 3a0e3Me4YeHHs ONTUMaJIbHUX TOKa3HUKIB. 3HauHa YaCTUHA METO/IB, sIKi 103BO-
JISIIOTh BUSIBUTH MPO6JIEMHI MicIlsl, HalliJieHa Ha OI[iHKY Ta ONTUMi3allif0 MPOAYKTUBHOCTI y>Ke po3p06JIeHOT0
Be63aCTOCYHKY. A METPUKH, 5IKi 3aCTOCOBYIOTh /11 OLiHKH NMPOAYKTUBHOCTI, 3/1€611b1IIOT0 XapaKTePU3yIOTh
MPOAYKTUBHICTb 3 TEXHOJIOT{YHOI TOYKH 30py 6€3 ypaxyBaHHs I Cy6'EKTUBHOTO CIPUHHATTS KOPUCTYBauyeM
[1; 2]. Higxin, peanisoBanuit y mogeni RAIL (anrs. Response Animation Idle Load), € 6inbin epekTnBHUM,
OCKIJIbKH BOHA HaJla€ MOXJIUBICTb BUMIpPIOBATU Ta ONTHUMIi3yBaTU IOKA3HUKU NIPOLYKTHUBHOCTI, OpPiEHTOBaHI
Ha KOpUCTYBaua, y mpoLeci po3po6KH i3 3a6e3nedeHHsIM PO3LMIHPEHUX MOXKIUBOCTEN fgocTynHocTi [5]. [IpoTe
MeTOAY MiABUILeHHS MPOAYKTUBHOCTI Be63aCTOCYHKY BiITIOBITHO 10 OCHOBHUX MOKa3HUKIB Mojesti RAIL € He
JlOCTAaTHBO JOCTI/PKEHUMH ¥ OTPEOYIOTH MO/AJIbIIOT0 ONpaLl0BaHHS.

BuksiaZ, oCHOBHOTO MaTepiaJty. [[poBe/ieHe HOCiPKeHHS J03BOJIMJIO YCTAHOBHUTH, 1110 TPOTPECUBHI Be6-
3aCTOCYHKH € HOBHUM IIOKOJIIHHAM 3aCTOCYHKIB, IKI MOXKYTb aZJallTUBHO llepeHaallTOBYBaTUCA Iij, napaMe-
TPH MPUCTPOIO, HA IKOMY iX BiZikpuTo (cMapTdoHi, mianueTi, JeckTonHoMy [IK, HOyTOyKoBi, HeTOYKY) Ta
MpaloBaTH B yCixX onepaniiHUX cucTeMax i 6paysepax TaKMM YHHOM, 1110 po60Ta 3 CAaTOM CX0xa Ha PO6OTY
3 HATUBHUM 3acToCyHKOM [13]. 3a paxyHOK 3aBYaCHOTO KelllyBaHHs JlaHUX 3a TexHoJorieto Service Workers
MPOTPECUBHUIN Web-3acTOCYyHOK 6i6/1i0oTEKH [03BOJISIE B3aEMOJISATH 3 €JeKTPOHHHUM PECYypCOM y PeXUMi
offline He3anexxHO Bix 3'eHAHHS 3 [HTEepHETOM, OTPUMYBATH JIOCTYI [0 allapaTHUX 3ac06iB MPUCTPOI Ta
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BianpassaTu push-nosigomiaeHHs. OcHoBHI nepeBaru PWA, siki po6JiaTh iX eGeKTUBHUMHU /1J151 KOPHUCTYBAYiB
eJIEKTPOHHOI 6i6/1i0TEKH, MOJIATAI0Th Y IBU/AKOMY 3aBaHTaXKeHHI, MPOrpeCUBHOCTI, a/JalTUBHOCTI Ta MOXKJIU-
BOCTI IparjoBaTH 3 6i6/1i0TEUHUMU pecypcaMH He3aIeXKHO BiJ| 3’eAHAaHHA 3 [HTepHeTOM [3].

Texnosoriss PWA € 6inpm 3py4yHoto anpTepHaThBoIo TexHosorii DRM - Digital Rights Management, sika
3abe3nevye ynpasJaiHHS JOCTYIIOM /10 TUPPOBUX JJAHUX 3 METOI0 3aXHUCTY aBTOPChKUX MPaB y BUNAJKY IJIaT-
HOT'0 Y¥ 0GMEXEeHOT0 J0CTymy A0 6i61ioTeuHux pecypciB. 3a3Buyail DRM BUKOpPHUCTOBYIOTH /151 06MEXKEeHHS
KOTMilOBaHH{, [PYKYy Ta BUKJIaJlaHHA Y 3araJbHUN JOCTYN €JIeKTPOHHUX KHUT. BuUkopucTanHa TexHosorii PWA
Jl03BOJISIE Be63aCTOCyHKY 6161i0TeKH NMpanioBaTH B aBTOHOMHOMY PEXXHMi, IPOMOHYIOUH YUTAHHSA ¥ PEXUMI
offline 6e3 HeoOXiZHOCTI BCTaHOBJIEHHS 10AATKOBUX porpaM DRM, BUKOPUCTOBY0YH AaHi, KeLIOBaHi MiJ| 9ac
nomnepeHix ceaHCiB po6OTH i3 3acTOCYyHKOM y poHOBOMY pexxkumi [11].

i cTBOpeHHs Be63aCTOCYHKY 6i6J1ioTeku 6ysio o6paHo TexHosorito PWA, 10 6a30BUX CKJIaJIOBUX SKOT
BigHOCATS [8]:

1) manidecT 3acTtocyHky (anri. Web App Manifest), skuii 3acTOCOBYIOTb /Jis1 Ha/IaHHS 3aCTOCYHKY HATHB-
HUX QYHKIiH, TaKUX SIK iIKOHKA Ha po6040My CTOJIi, iM's1, CTapTOBa CTOPiHKA, KOJIip TEMH TOIL0;

2) TexHouiorito Service Workers, sika € ocHoBoo PWA, BkJ104a€ nepii 3a Bce 06po6Ky KeLIoBaHUX pecypciB
JL1s1 3a6e3neyeHHs] poOOTH B aBTOHOMHOMY peXHUMi, 3/1iliCHIOE 06pO6KY 3anuTiB 6pay3epa, pOHOBY CHHXPOHI-
3aniro Ta push-noBigomeHHS.

3) axitekTypy Application Shell (060/10HKa 3aCcTOCYHKY), SIKa € 060JI0HKOI HATUBHOI MpoTrpaMy, 1o 36epi-
ra€ThCs HA MPUCTPOI KJIi€HTA i 3a paxyHOK [[bOr0 3/{MICHIOE IBU/AKe 3aBaHTaXkeHH 3 Service Workers.

CTBOpEHHS CTaTUYHOI 060JIOHKH KOPUCTYBaJbHULbKOTO iHTepdericy PWA, sika KellyeTbcsl Ha PUCTPOI KO-
pHCTyBaya Ta 3a0e3Mevye MIBUAKE 3aBAHTAXKEHHS, 3/IiICHEHO i3 BUKOPUCTAHHSM JavaScript Ta MOBU PO3MITKHU
HTMLS5 i CSS3 sik 3aco6y cTuutizaliil. Y mpoijeci CTBOpeHHs eJIeKTPOHHOI 6i6srioTeku 6ys10 BukopuctaHo Google
Books API, sikuil 103B0JIsSIE NPOrPaMHO BUKOHYBATH oOmnepalii B iHTepaKTUBHOMY pexHuMi Ha BeG-caiiti Google
Books, 110 MicTuTb 6isibIie 10 MJTH KHUT y eJIeKTpOHHOMY popMarTi, 6e3nocepeiHbO y web-3acTOCYHKY 6i6/1i0TeKH.

st po3po6ku PWA 6i6s1ioTekr BUKOopUCTaHO cepesoBulie po3pobku Web-Storm, peiimBopk Angular]S
Ta MoBy TypeScript, mo kommintoeTbcst B JavaScript. bi6siioTeka Rx]S 3acTocoByBanacst Aj11 HanvcaHHA 3a-
nuTiB i back-end yacTuHU 3 OMOPOIO HA METOAMKH PEAaKTHBHOTO MporpaMyBaHHs. Lle 1as0 MOXJIMUBICTD Bif-
CJIIIKOBYBATH aCUHXPOHHI [IOTOKU [AaHUX, AKi FeHepyTh NoAil, ynopsaAKoBaHi y 4aci, Ta BifIOBiJJHUM YNHOM
pearyBaTH Ha HUX.

JocnipreHHs iCHY0YHX MiAX0AIB /10 ONTHUMIi3alii TPOoAYKTUBHOCTI Be63aCTOCYHKIB 103BOJIUJIO YCTAHOBHU-
TH, 10 Mi TPOAYKTUBHICTIO PO3yMilOTh MIBU/KICTb BiIFYKY 3aCTOCYHKY Ha 3alMTH Ta Ail KopucTyBaya [2].
[ligBUILEeHHS TPOAYKTUBHOCTI Be63aCTOCYHKY BHMMarae CKJIaJHUX iH)KEHEPHHUX pillleHb, sKi nepes6adamThb
3aCTOCYBaHHSA METOAIB oNnTHMi3anii Ha pi3HUX piBHAX abCTpakLii, 0 AKUX BiJHOCATH KellyBaHHS O0'EKTIB
i3 BukopuctanHaM HTTP 3arosioBkiB, 3MeHuieHHs KijibkocTi HTTP-3anuTiB, onTuMisauio 3aBaHTa)keHHs
JavaScript Koy, CTUCHEHHSI TEKCTOBOTO KOHTEKCTY Ta 306paXkeHb, 3MeHIleHHs KijibkocTi DNS-3anuTiB, cko-
pouenHs1 Ta o6'eaHaHHsa ¢ainiB CSS, JavaScript i HTML, ynpaBsiiHHS nepeHanpaB/ieHHAM MK CTOpiHKaMH
Ta onTuMisarit gocrtaBku CSS [6; 9]. Po6oTa nporpeciBHUX Be63aCTOCYHKIB 3/1iICHIOETBCS 110 TPOTOKOJIY
HTTPS, 3a6e3neuyroun 6e3MevyHy nepeady JaHUX MiXK CEpBepOM i KJIIEHTOM Ta Ma€ CBO criel[udiky, ika 06y-
MOBJIIOE HEOOXiIHICTh pO3POOKH aZlallTOBAHUX /10 Hel MeTO/[iB ONTHUMi3aIlil.

BumMiproBaHHSI MPOAYKTHBHOCTI MPOrpecUBHOr0 web-3acTOCYHKY € CKJIaJiHUM 3aBJJaHHSM, OCKiJIbKH He-
06xi/1HO 3a6€3MeYMTH ONTHUMaJIbHi TOKa3HUKU Ha Pi3HUX aapaTHUX Ta MPOrpaMHUX I1aTgopMax. 3 MeTOr
OIiHIOBaHHS NPOAYKTUBHOCTI Be63aCTOCYHKY B OCHOBHOMY Bi/IC/IiIKOBYIOTH Taki moaii [5]:

1) DOMContentLoaded-nozis, sika BiZio0yBa€eTbCs, KoM CTOPiHKY - Bech koj, HTML, 3aBaHTakeHO Ta mpo-
WJIeHO MapcepoM He YeKal4H 3aBepIleHHs 3aBaHTaXKEeHHS Ta6JIMIb CTHJIIB, CKPUIITH TiJIbKY MOYaJId BUKOHY-
BaTHUCS;

2) Load-mopis, sika Bifj0yBa€ThbCs, KOJM CTOPiHKA MOBHICTIO 3aBaHTa)XeHa 1 BiAnpanioBaau BCi CKPUITH,
KOPHUCTyBa4 MOKe IOBHOLIHHO B3aEMOJIATH 31 CTOPIHKOIO.

OpHak BKa3aHi METPUKH He 3aBK/IM € ONITHMAJIbHUMHU, Yac NAPCUHTY Ta BUKOHAHHS CKPUITIB MOXe 6yTH
3aHa/ITO BEJUKHUM. PO3pO6GHUKM pa3oM i3 HAYKOBOIO CNiJIbHOTOIO MPAII0I0Th HaJ, PO3POOKOI0 MPOTrPECHBHUX
BeO6MeTpuUK (aHr1. Progressive Web Metrics, PWM). CykynHicTbh TaKMX METPUK, OPIEHTOBAHUX Ha KOPUCTYBa-
4a, MicTuTh Moziesib RAIL, sika o1jiHI0€ apXiTeKTYpHI pillleHHs 3 TOYKH 30py IX BIJIMBY Ha UIBU/KICTh POOOTH
3aCTOCYHKY, YCTAaHOBJIOIOYU I'PAaHUYHI 3HAaYeHHA [/ IWUBUAKOCTI BiArYKY Ha Ail KOpUCTYBa4a, 3aTPUMKHU aHi-
Marii, yacy 3aBaHTaXeHHsI BMICTy CTOpiHKH [5].

3acrocyBanHs mozesi RAIL npu po3po6i1ii mporpecHBHOr0 Be63aCTOCYHKY 6i6J1i0TEKH 03BOJIUIIO 33/ia4y
NiZIBUILEHHSI TPOAYKTUBHOCTI BIIPOBAAUTH ¥ npouec po3pooku. Mozenb RAIL nepeg6adae HacTynmHUE Ha6ip
iHCTPYKLiN A/151 BUMipIOBaHHS NMPOAYKTUBHOCTI web-3aCcTOCYHKY, BU/LIJISIIOYM OCHOBHI aClEKTH Y HOT0 KUT-
TeBOMY IuKJi (puc. 1):
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1) BiamoBizp (aHri. Response) Ha BUKOHAaHHSA [iii KOpHUCTyBauya MOBHHHA CTAaHOBUTHU He Oisblie,
Hix 100 minicekyHz;

2) animanis (aHm1. Animation) moBMHHA MaTH 3aTPUMKY He 6isiblry, Hix 60 KaJpiB y CEKyHAY;

3) ouikyBaHH4 (aHr1. Idle) - mpocTiit Mix AiiMU KOpHCTyBaya BAUKOPHUCTOBYETHCS ¥ POOOTI 3aCTOCYHKY /151
BUKOHAHHS BifiK/1aseH0] po60oTH (30KpeMa 3aBaHTAKEHHS YaCTHH, SIKi 11je He 6yJIM 3aBaHTaXKeHi);

4) 3aBaHTaXeHH (aHI. Load) MOBUHHO CTaHOBUTH He Gisibllle 1-2 ceKyH/, TOMY IIPY 3BEPHEH] KOPUCTY-
Baua /l0 3aCTOCYHKY 3aBaHTAXXYEThCS TIIbKHU Horo 6a3oBa Bepcisl.

Response < 100 ms Animation < 60 fps

Idle: delayed work

[¢

Puc. 1. OcCHOBHIi NOKa3HUKM NPOAYKTUBHOCTI Mozesi RAIL

Po3po6sienuit PWA 6i61ioTeku € kpocniaTGopMeHHUM Ta Ma€ po3liMpeHy GyHKIiOHAIBHICTh y MOpiB-
HSHHI 31 3BUYallHUMU web-3acTOCYHKaMU 3 JOCTYIIOM JI0 IPUCTPOIB KopucTyBaya. /lo3BoJIsiE MpaLl0OBAaTH B
aBTOHOMHOMY peXHuMi, 3abe3ne4ye JIerkicTb yCTAHOBKH, IPOCTOTY Ha/lalTyBaHb iHTepdeiicy, 6inbiy edek-
THUBHICTb, IPOAYKTUBHICTb Ta HaZiMHICTb HAaBiTh y JIOKa/JbHIM Mepexi. BikHO 3acTOCYHKY BiAKpUBaEThHCA y
6pay3epi, ofHaKk Ha po60YOMY CTOJI € iIKOHKA, KA TaKOX Z,03BoJIs€ 11 BiiKpUTH. KopucTyBay Moxke BUKOHATH
MOIIYK 6a)kaHOi KHUTH, BiAQIIBTPYBAaTH KHUTH 110 )KaHPaM, Neper/IAHYTH CIMCOK BiZiibpaHUX KHUT, OiabLl Je-
TaJIbHO 03HAaMOMUTHCS 3 iHdopMalji€eto PO OKpeMy KHUTY Ta llepelTH /10 il YUTaHHS OHJIAMH SKIL0 JOCTYI 10
Hel € 6€3KOLITOBHUM. € pecypcH, AOCTYH J10 IKUX € IVIATHUM (pHuc. 2).

Library

Enjoy our library! @

Fantasy

l Evolutionary
Governance
Theory

Puc. 2. BikHO CTBOpeHOro NporpecuBHOro Be63acTOCyHKY 6i6/1ioTeKu

Y nporeci po3po6k# 3AilicCHIOBaIacs OIiHKA MTOKa3HUKIB MPOAYKTHBHOCTI BE63aCTOCYHKY Ta IX ONMTUMi3aLlis
BianmoBigHO 0 Mogesi RAIL i3 Bukopucranusim cepsiciB Chrome DevTools i Google PageSpeed Insights. Chrome
DevTools, emysiotoun pi3Hi npucTpoi, A03BoJIsIE aanTyBaTH Be63acTtocyHok miz [1K, Mo6isbHI npuctpoi Ta
eKpaHH pisHUX raxkeTiB. lle Ja€ MOXJIMBICTb OLIHIOBATH NapaMeTPH NPOAYKTUBHOCTI KpOCIIATGOPMEHHOTO
Be063aCTOCYHKY Ta 3/[iHCHIOBATH aJjlanTUBHY BepcTKy 3 CSS, HTML i JavaScript-kozoM y npoteci Horo po3po6KHu.

Lighthouse n03BoJisie AiarHOCTYBaTH MiATPUMKY CYKYNHOCTI KOMIOHEHTIB TexHoJsorii PWA y Be63acTo-
CyHKYy: peectparito Servicer Workers, po6oty B pexumi offline, Bukopucranuss HTTPS Ta nepeHanpaBJieHHs
HTTP-tpadiky B HTTPS Ta inmux. ¥ Tabauni 1 Bijo6pakeHo, ik 3MiHIOBaJsacs OljiHKa BiZMOBiHOCTi cTaH-
naptam PWA po3po6JitoBaHOr0 Be63aCTOCYHKY 6i6sioTeku Mo Mipi JjoAaBaHHs 6a30BUX KOMIIOHEHTIB IIi€l

16 Inpopmayitini mexnonoeii ma cycninbcmeo. Bunyck 1 (7). 2023



Information Technology and Society. Issue 1 (7). 2023

TexHoJsorii. OTpUMaHi pe3yJbTaTH CBiAYaTh PO Te, 10 po3po6/IeHUH Be63acTOCYHOK 6i61i0TeKH Ha pi3HUX
miaTdopMax MaE BUCOKHUH CTYIiHb BiimoBigHOCTI cTaHgapTaM TexHouorii PWA, skomy BifnoBizae orinka B
6asax y mexax Big 90 g0 100.

Tabaung 1
3miHa BignoBigHoCTI crTanAapTam PWA Be63acTOCyHKY 6i6/1i0TeKH mij, 4ac Horo po3po6ku
Ctyninb BignoBigHocti PWA,
Etan po3po6ku 6a1u

JleckTonHa Bepcis Mo6isibHa Bepcis
/Jlo BpoBa/>keHHsI 6a30BUX KOMIIOHEHTiB PWA 40 36
Hanucanus maHidecty 65 55
BnpoBaxeHHs Service Worker 94 91
BripoBapxeHHst Application Shell 98 96

Google PageSpeed Insights 3 BukopuctanHsm TexHoJiorii Lighthouse oniHioe npogyKkTUBHICTb Be63acTo-
CYHKY Ha IeCKTOIHI# i MoGibHIM Bepcii, JolloMarae BUSHaYUTH, YUM BU3BaHA HU3bKa IPOAYKTHUBHICTb — IPO-
6s7eMaMu y KoZi ui KoHirypauii caliTy Ta HaJlae pekoMeH/alii Mo noJinieHH0 npogykTuBHocTi. [lig yac
MepuIoro TeCTYBaHHA OLliHKA NPOAYKTUBHOCTI Be63aCTOCYHKY 6i6J1i0TeKH NoKasaJla, 1110 € NapaMeTpH, [Ki He
BIZIIOBila/IM TPaHUYHUM 3HauYeHHAM Mogesi RAIL.

OnTUMaZIbHUMHU 3 TOYKH 30pY IPOAYKTHUBHOCTI /15 ;6 CKTOIMHOI Ta MO6iJIbHOI BepCiii BUSIBUIUCA HACTYIIHI
MOKa3HUKHU (Tab1. 2).

1. First Contentful Paint - yac, Heob6xigHuU#1 6pay3epy A/ BifobpakeHHsA Nepluoi YyacTUHU BMicTy DOM
(TekcT, oHOBI 306pakeHHs1) ctaHOBUB 0,6 1 0,9 cek.

2. Speed Index - 4yac BizyasbHOI0 Bifjo6paKeHHSI KOHTEHTY IiJi 4Yac 3aBaHTaXeHHSI CTOPIHKU BUSABUBCSA
piBauM 0,7 Ta 0,8 cekyH[.

3. Total Blocking Time - yac, npoTsiroM IKoro BiZj0yBa€eTbCsl 6JI0KyBaHHS CTOPIHKM y BiANOBiJb Ha Ail KO-
pUCTyBaya: KJIiku Mullelo abo HATUCKaHHA KJaBim ctaHoBUB 82 1 100 Mc.

4. Cumulative Layout Shift - Bi3yasbHa cTabisbHICTB, fIKa OLiHIOETbCA B 6anax Bif 0 mo 1, BusBuIacsa
6/1M3bKOI0 10 HyJid i 6ysa oniHeHa B 0,05 Ta 0,065 6auniB. Taki 3HaueHHs CBij4yaTh NP0 He3HAUYHe 3MillleHHs
MaKeTa yepe3 aCUHXPOHHe 3aBaHTaKeHHs PecypCiB.

Tabung 2
Iloka3HUKM NPOAYKTUBHOCTI 40 onTHMi3anii yacy 3aBaHTa:xeHHA Load

IloKka3HUKU NPOAYKTHBHOCTI JlecKkTONHA Bepcis MoG6inbHa Bepcis

First Contentful Paint 0,6 cex 0,9
Speed Index 0,7 cex 0,8
Largest Contentful Paint 4,5 cek 5,6
Time to Interactive 3,1 cek 3,9
Total Blocking Time 82 mc 100
Cumulative Layout Shift 0,05 0,065

[Tokasnukwy, siki He BianoBizaau Mmogeni RAIL Ta moTpe6yBasiv KOPpUTYBaHHS:

1) Largest Contentful Paint - yac 3aBaHTakeHHs Hal6i/bIIOTO eJleMeHTa B 06J1aCTi Neperyisily CTaHOBUB
4,515,6 cekyHz Ji/is1 AECKTOIHOI Ta MOGi/IbHOI Bepcili BiAIOBIIHO;

2) Time to Interactive - yac, 3a IKU# CTOpiHKA CTaHe MOBHICTIO iHTEPAKTUBHOIO, BUBUBCS piBHUM 3,1 11
JleckTonHoi Bepcii Ta 3,9 cekyH/ AJ151 MO6ibHOI Bepcii.

Google PageSpeed Insights 503B0/IMB BUSABUTH, 1110 OCHOBHMI Yac 3aBaHTAXKEHHS MPUHAILIOBCS Ha rpadivuHi
300pakeHHs1, 30kpeMa — poTorpadit ¢oHy.

Jl1s HaymanrTyBaHHs yacy 3aBaHTakeHHs Load i3 MeTor0 HOTo MpHUCKOpeHHs 6y/10 3MeHIIEHO Po3Mip 306pa-
»KeHb i3 BUkopuctanHsaM cepsicy TinyPNG Ta 3aziaHo ix po3mipu SBHUM crioco60M yepe3 aTpubyT. Posmip ¢o-
HOBOT'0 306paKeHHs 6yJ10 3MeHIIeHo Maike Ha 80%. 3acToCyBaHHS LIMX MiZX0/iB JO3BOJIMJIO 3MEHIIUTH Yac
3aBaHTa)XeHHs1 HAHUOI/IbIIOTO eJleMeHTa B 00J1acTi neperisiay v 4 pa3u - 3HadeHHs Largest Contentful Paintis,
3MmiHmsocs i3 4,5 g0 1 cekynau ta i3 5,6 10 1,4 cekyHau AJs AJi AeCKTOIMHOI Bepcil Mo6isbHOI Bepcii. Yac, 3a
AKUHM CTOpiHKa CTa€ NOBHICTIO iIHTepPaKTUBHO, 3MEHIINBCA y 3 pa3y — 3HayeHHs Noka3HuKa Time to Interactive
3Minmocs i3 3,1 7o 1,1 cekyHau aJis geckTomHoi Bepcii Ta i3 3,9 10 1,3 cekyHau A/ MOGi/IBHOI Bepcii (Ta6J1. 3).
HoBi pe3ysibTaTH OI[iHKHY Yacy 3aBaHTakeHHs Load 1isikoM 3a10BOJIBHAIOTE KpuTepii Momesti RAIL.
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Tab6sung 3
Iloka3sHUKH NPOAYKTHBHOCTI Nic/g onTuMi3anii yacy 3aBaHTakeHH:A Load
Iloka3HUKU NPOAYKTHUBHOCTI JecKkTonHa Bepcisa MoG6inbHa Bepcis

First Contentful Paint 0,6 cex 0,8
Speed Index 0,6 cek 0,7
Largest Contentful Paint 1,0 cex 1,4
Time to Interactive 1,1 cekx 1,3
Total Blocking Time 78 Mc 96

Cumulative Layout Shift 0,051 0,062

Jis ouiHKY WIBUAKOCTI BiATyKy Be63acTOCyHKY Response Ha Jiii kopucTyBaua y npoleci ioro B3aeMozii i3
inTepdelicoM (kJaLaHHA MUILEI0, HATUCKAHHS KJIaBill KJaBiaTypu Towio) 6yJio BUKopucTaHo cepBic Chrome
DevTools, sikuit 03BoJIsI€ TEpPeBipATU MepexkeBUH Tpadik, LIBUAKOAiI0 CAUTY Ta iHII HOKAa3HUKU NPOAYKTHUB-
HOCTi Ha pi3HUX anapaTHUX maTdopMmax (puc. 3). Bysio BusiBieHo, 110 LIBUAKICTb BiATYKY Ha Jii KOpUCcTyBaya
Be63acTOCYHKY eJIeKTPOHHOI 6i6J1ioTeku cTaHoBUA Bijg 72 g0 128 minicekyna. 3HaueHHs, 6iibuii 3a 100 mi-
JliceKkyH/i, He BignmoBizanu Bumoram mozeJti RAIL. [lsis1 npuckopeHHs BianoBizai Response Be63acTocyHKy Ha Ail
KOpUCTyBaua 0yJ10 3/1ilicHeHO 3MeHIlIeHHs JavaScript kofy — onTuMi3anio GyHKIiN Ta po3/ijleHHs TPUBAIUX
3aB/laHb ILIJISIXOM BIIPOBa/I)KeHHS aCUHXPOHHOT0 KoAy. TpHBaIMM € Take 3aBJjaHHS, BUKOHAHHSA SIKOT0 3aliMa€
6inbure 50 mc. [licsst BHECEHUX 3MiH Yac BUKOHAHHS TPUBAIUX 3aBJaHHs 6yJI0 3MEeHILEeHO GiJibllle Hi> BABIui,
a WBUJKICTB BiAryky Response He nepeBuiyBasa 100 mc.

e P Y TIV Ve A .Y YW

2780 ms 2800 ms 2820 ms 2840 ms 2860 ms 2880 ms 2900 ms 2920 ms 2940 ms 2960 ms 2980 ms 3000 ms

volumes (www.googleapis.com

Puc. 3. OnjiHka noKa3HMKIB MPOAYKTUBHOCTI Be63aCTOCYHKY 6i61ioTekH i3 BuUKopucranHsaM Chrome DevTools

Jia mepeBipku nmokasHuka Animation Takox 6ysno BukopuctaHo Chrome DevTools. Ilig animauiero, sika
MOBUHHA OYTH HellePEPBHOI0, MAaIOTh Ha yBa3i Taki oneparyii Ik CKpOJIiHT, BUlIaZjal04i CIIMCKH, BUKOPUCTAHHS
M0JIOC MPOKPYTKHU Ta iHLI edeKTH, MOB’A3aHi 3 TUM, 1110 BMICT eKpaHa MOBUHEH 3MiHIOBATHCS MPOTATOM SKO-
rocb yacy. Chrome DevTools mokasye, ckiibku 4acy 6yB aKkTUBHUM TOH YH iHIIUH KaJp.

JlJist mpaBUJILHOTO HaJIAITYBaHHs aHiMamii BignmoBigHo 10 Mozesti RAIL KokeH KaJip MOBUHEH GYTH 3aBep-
menui 3a 16 mMc (1/60 cex = 0,0166 mc). [IpoTe ockinbku 6pay3epy NOTpi6HO GJIU3BKO 6 MC JJII PEH/IEPUHTY
KOXKHOT'0 KaJ[py, KaZp NoTpi6HO cTBopUTH 3a 10 Mc. S0 yac cTBopeHHs 6yze 6i/bLIINM, KaZp 6y/e MPOIyILieHO
a KapTUHKA Ha eKpaHi 6y/ie mepepBHOI0. Y Be63aCTOCYHKY 6i6J1ioTeKkH aHiManio 6ys10 peasi3oBaHO 3 BUKOPHC-
TaHHsAM CSS. [Ipu ii nepeBipui Ha pisHux mu1aTdopMax He Gysi0 BUSBJIEHO TPOGJIEM, aHIMallisi mpaljioBasia IJIaBHoO.

BiamogigHo no BuMor Mozesi RAIL y To# 4ac, Koy KOPUCTyBa4d He B3aEMOZIE i3 iHTepdeiicoM Be63acTo-
CYHKY, MOKe OYTH BUKOHaHA BiJiKyaZieHa po6oTa (aHmr. Idle Task) - ininianisarisa pisHux KOMIIOHEHTIB, MO-
LYK | COPTyBaHHA [JaHUX, 3aBaHTa)KeHHA BiJIKJIaZleHUX paHillle eJleMeHTIiB KOHTEHTY, BiipaBJeHHA JaHUX
Zlo cepBicy aHasiTUKHU Towo. [Ipu po60Ti 3 UPPOBOO 6i6II0TEKO MPOCTIH CTOPIHKU MOXKe 6YTH Y TOH 4ac,
KOJIM KOPUCTYBa4d YUTAE TEKCT HA eKpaHi, He BUKOHYIOUYH HiIKUX Jil. Y 11ed yac y pOHOBOMY PeXKUMi MOXKYTh
3aBaTaXXyBaTUCA Lle He BIKPUTI CTOPIHKYA KHHUTY, i3 AKOI0 NpaLoe yuTad. Lle fae MOXI/IMBICTD y IOAA/IbLIOMY
OTPUMYBATH JOCTYT 10 CTOPIHOK KHUT'H HaBiTh 6€3 MiAK/II0UeHHs [0 Mepexi [HTepHeT.
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1 mpaBU/IBHOTO HAJAIITYBAaHHS 04iKyBaHHs Idle Be63acToCcyHKY — HOro po6OTH IIiJ 4ac MPOCTO, 6YJI0
3/ilicCHEHO IpynyBaHHS 3aBJaHb, SIKi BUKOHYIOTbCSI y GOHOBOMY peXUMi, y 6J10KH, He 6iapuii 50 Minicekynz,
(puc. 4). Lle rapaHTye MOXKJIMBICTh BiZinoBiAl Ha Ail kKopucTyBava y BikHi BiAryky 100 misicekynz. fxio ko-
pUCTYBa4 B3aEMOJIE i3 CTOPIHKOI Mifj Yac MPOCTOI0, B3AEMO/Iisl Ma€ BUIIUN NMPiopUTET i mepepuBae GOHOBY
po6OTY miJ Yac mpoCToIo.

input response

C——— Tooms ———

1_event handler

]
~ TN B

1
)
- + I
idle task idle task han T'-.; i idle task

up to 50ms | - up to 50ms -

blocked

Puc. 4. HanamryBaHHA o4ikyBaHH4 Idle

[licns 3pificHeHUX HaJIALITYBaHb MOKa3HUKHU MPOAYKTUBHOCTI Be63aCTOCYHKY 6i6/1i0TeKH 6y/10 ONTHMi30-
BaHO y BifnoBigHocTi o BUuMor mozesi RAIL CtBopenuit PWA 6i61ioTeku Bupillye Taki mpo6JseMu, SK MUT-
TEBUM BiAPYT Ha Aii KOpUCTYBaya, IJIaBHY aHiMallilo Ta IHTepaKTUBHICTb, IUBUJKHWHN JOCTYI [0 pecypciB Ha
pi3HMX anapaTHUX Ta IPOrpaMHUX M1aTdopMax HaBiTh NpU HU3bKIM MBUAKOCTI [HTEpHETY.

BucHoBKHM. [liiBullleHHS TPOAYKTUBHOCTI NPOrpecCHBHOT0 Be63aCTOCYHKY 6i6isioTekn BuUMarae riin6oko-
ro po3yMiHHSI KOHKPETHHX ClieHapiiB 1oro po60TH Ta peTesbHOr0 MJIaHyBaHHS Ii/f 4ac po3po6KH MOCIi0B-
HOCTI 3aCTOCYBaHHA MeTO/IB, CIPAMOBAHUX Ha ONTUMI3allil0 HOro NPpOAYKTUBHOCTI.

BusiBseHO HacTynHi MeToJM, CIpsIMOBaHi Ha MiJBUILEHHs] NPOJAYKTUBHOCTI Be63aCTOCyHKY BiAmoBiz-
Ho a0 Mogesi RAIL: 1) aJig 3MeHIIeHHs 4acy 3aBaHTaxXeHHs Load - cTUCHeHHs po3Mipy 306pakeHb Ta 3a-
JlaHHS 1X po3MipiB ABHUM cIOCOG0M yepes3 aTpUOYTH; 2) [J1s1 3MeHILeHHs Yacy BiiIryKy Ha [iii kopucTyBada
Response - ontumizanis ¢yHKIIN Ta po3AiieHHS TPUBAIUX 3aB/laHb LUIJISIXOM BIPOBA/XKEHHS AaCUHXPOHHOTO
KO/y Ha 3aB/IaHHS, TPUBAJIICTh IKMX He NepeBulye 50 Mc; 3) Ji/1 HalalITYBaHHS OKa3HUKaA Animation - pe-
aJizanis aHiManii 3a gonomororo CSS, cipsiMoBaHa Ha 3a6e3MeyeHHs] CTBOPEHHS KOXKHOTO KaJ[py He bisblie
Hix 3a 10 Mc; 4) f/151 HaJAWTyBaHHA o4ikyBaHH#A ldle - rpynyBaHHs 3aB/iaHb, IKi BUKOHYIOTbCS Y GOHOBOMY
pexumi, y 6J10kH, He 6isbii 3a 50 Mc. 3acToCyBaHHS BKa3aHUX METO/IB J03BOJIMJIO MaliKe BJIBiYi CKOPOTUTH
yac BiAryky Response, BTpuui - yac 3aBaHTakeHHs Load, 3a6e3ne4uTH 1aBHY po60Ty aHiMal(ii Ha MPUCTPOSAX
i3 pi3HOI0 YACTOTOI0 OHOBJIEHHSI €KPAaHy Ta BUKOHAHHS Bifik/1azieHOI po60TH ¥ GOHOBOMY PEXUMI.

Po3po6sieHu# nporpecBHUM Be63aCTOCYHOK HaJla€ AocTyn o pecypciB Google Books. basywounch Ha BU-
ABJIEHUX MeTOo/ax Mi/iBULlleHHA IPOAYKTUBHOCTI, AKi BiZIIOBIaI0Th BUMOIr'aM OPiEHTOBAHOI HAa KOpPUCTyBa4ya
mogesi RAIL, Mmoxxe 6yTH 37ilicHEHA po3po6Ka MPOTPECUBHOTO Be63acTOCYHKY 6i6J1ioTeKH, a/janToBaHa /10
nudpoBux pecypcis iHmoi 6i6ioTeku. lllo facTb MOXKIMBICTE KOPUCTYBa4aM OTPHUMYyBaTH AOCTYyN Ao 1i pe-
cypciB i3 BUCOKOIO NPOAYKTHUBHICTIO HA PI3HUX aapaTHUX Ta NPOrpaMHUX miaTdopMax y oHsaiH Ta offline
pexxuMax He3aJIeXXHO Bifi HassBHOCTI 3B’13Ky 3 IHTepHeTOM.
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METHOD FOR INCREASING THE STABILITY OF PSEUDORANDOM SEQUENCES
SYNTHESIZED ON THE BASIS OF MODULO ADDITION OPERATIONS

Problems of security and integrity of information in computer systems and networks require special approaches to their
solution. Data exchange processes have become much simpler, faster, and some of them are free. Making important decisions
in industry, financial and government spheres is no longer possible without processing gigantic arrays of information. Due to
the recent events in Ukraine and the world and the increase in the number of attacks on computer systems, it is necessary to
solve new tasks of information protection, which are faced by relevant specialists. At the same time, the danger of interference
in the operation of information systems for unauthorized reading of information begins to grow. Currently, there is a global
transition to an information society, the development of which is inextricably linked with the intensification of information
processes, the need to collect, process and transmit huge amounts of information. Informatization has affected all spheres of
human activity as a whole: public administration, finance, economy, education, production, etc. A special place in the field of
information protection is occupied by tasks, the solution of which has important scientific, technical and national importance.
One of these tasks is to increase the efficiency of computer cryptography algorithms due to the development of new microcrypto
primitives. Cryptography is one of the ways to combat cybercrime. Various cryptographic encryption methods, which are used
to protect information resources that are processed, stored and transmitted in modern information and communication
systems and networks, make it possible to sufficiently reliably and effectively protect information from unauthorized access
and familiarization with it. Cryptographic protection, that is, the use of text encryption procedure with the help of complex
mathematical algorithms, is gaining more and more popularity. The solution of this task will make it possible to improve the
existing crypto algorithms and create new ones, the main advantages of which will be high speed and crypto resistance due to the
increase in the variability of the encryption process. The paper provides a theoretical substantiation of the effect of improving
the quality of statistical characteristics of the resulting pseudorandom sequence, built on the basis of modulo addition of the
results of two-bit operations of cryptographic transformation of information. The obtained results are confirmed by statistical
portraits of the testing of the studied pseudorandom sequences. The constructed portraits for various parameters of sequence
generation have been analyzed.

Key words: pseudorandom sequence, modulo addition operations, cryptographic transformation, cryptanalysis.
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METO/, MIIBUILEHHA CTIMKOCTI IICEBJJOBUNA/IKOBHUX MMOC/IIIOBHOCTEH,
CUHTE30BAHHUX HA OCHOBI ONEPAIIII 10ABAHHS 3A MOJYJIEM

IIpo6aemu 3axuwjeHocmi ma yinichocmi ingpopmayii 8 komn’romepHUX cucmeMax ma Mepexcax hompegyoms 0co6.AUBUX
nidxodie do ix supiwenHs. [Ipoyecu 06 MiHy daHUMU cmaau HA6a2amo npocmiwuMu, WeUudWUMU, a 0esiKi 3 HUX — 6e3Kou-
mosHumu. [IputliHamms 8axcAusux piweHb y npomucaosocmi, piHaHcosill i depacasHili chepax yoce Hemoxcauge 6e3 06po6-
KU eizaHmcbkux macusie ingopmayii. Y 36°s13Ky 3 ocmaHHimMu nodiamu e Ykpaini ma ceimi, 36i16WeHHAM Kiabkocmi amak
Ha Komn'tomepHi cucmemu Heo6XxiOHO supiuwlysamu Hosi 3adayi 3axucmy iHgopmayii, ski nocmaroms neped gionosidHumu
daxiseysimu. BooHouac novasa 3pocmamu Hebe3neka empyvyaHHs 8 pobomy iHPopmayiliHux cucmem 0.1 HECAHKYIOHO8A-
Ho20 3yumyeaHHs iHgpopmayii. Huri 8id6ysaemucs enobanvHull nepexio do iHgpopmayiliHo2o cycninbemea, po36umok K020
Hepo3pusHo nos'sizaHull 3 inmeHcugikayiero iHopmayitinux npoyecis, HeobxioHicmio 360py, 06po6KuU [ nepedasaHHsl 8eau-
Yye3Hux o6cszie iHgopmayii. IHhopmamuszayis mopkHyaacs 8cix cgep disabHOCMI AIUHU 8 YIA0MY: 0epHcagHO20 ynpas-
JNIHHS, pIHaHCi8, eKoHoMIKU, oceimu, 8upobHUYmea ma iH. Ocobause micye y chepi saxucmy iHgpopmayii nocioarome 3adadui,
BUPIWEHHS AKUX MAE 8aXNCAUSE HAYKOBO-MeXHIYHe U 3az2a/1bHodeprcasHe 3HaveHHs. O0Hielo 3 makux 3ada4 € niosuujeHHs
edpekmusHocmi asnzopummie komn'romepHoi kpunmozpaii 3a paxyHoK po3po6KU HO8UX Mikpokpunmonpumimueie. OOHUM
i3 wsixie 6opomuvoU 3 Kibep3104UHHICMI0 € kpunmozpadgis. PisHomaHimHi kpunmozpagiuni memodu wugpysaHHs, aKi 8UKO-
pucmosyroms 3 Memoro 3axucmy iHgopmayiiiHux pecypcis, ujo 06po6.asomucs, 36epizaromsbcs ma nepedaromscsi 8 CyHacHUX
iHopmayiliHO-KOMYHIKAYITIHUX cucmemax ma mepexcax, 003805110mb documsv HAdiliHO ma ehekmusHo 3axuwyamu iHPop-
Mayir 8id HecaHKyioHo8aHO20 docmyny ma 03HatioMaeHHs 3 Heto. Kpunmoepaghiunuil 3axucm, mo6mo 8UKOpuUCmMaxHs npo-
yedypu wu@pyearHs mekcmy 3a 0onoMo2010 CKAAOHUX MAMeMAMU1HUX A/120pUMMI8, 3a80U08YE 8ce BiabUuly NONYASIPHICMEb.
BupiweHHs yiei 3adaui 0036041ums 800CKOHaA1UMU ICHYHOYI KpUNmMoa120pummu ma cmeopumu Hosi, 0CHOBHUMU hepesazamu
AKuUX 6ydyms gucoka weudkicms ma Kpunmocmitikicms, 06yMo8/1eHa 3611bWeHHAM sapiamugHocmi npoyecy wu@dpyeaHHsL.
Y po6omi nposederHo meopemuuHe 06rpyHmMysaHHs edhekmy nidsuweHHs AKocmi cCmamucmuvHUX Xapakmepucmuk pesy/ib-
myrouoi nceedogunadkosoi nocaidoeHocmi, no6ydo8aHoi Ha 0cCHO8I d00a8aHHs 3a MOJy/1eM pe3yabmamis 080p03pPsIOHUX One-
payiii kpunmozpagiuHo2o nepemeopeHHs iHpopmayil. OmpumaHi pedysbmamu nidmeepaoxceHi cmamucmu4HuUMuU nopmpe-
mamu mecmygaHHs docaidicysanux nceadosunadkosux nocaidosHocmetl. BukonaHo aHasiz no6ydosanux nopmpemis 045
pi3Hux napamempie gpopmyseaHHs nocaidosHocmell.

Kamwwuoei caoea: ncesdosunadkosa nocaidosHicms, onepayii dodasaHHs 3a Modysnem, KpuhmonepemeopeHHs,
KpunmoaHasis.

The problem statement. Information today is considered as a strategic product. A significant increase in
volumes of information flows in all areas of social relations, which are processed, transmitted and stored with the
help of computer systems, is associated with the processing of gigantic arrays of information. Problems of security
and integrity of information in computer systems and networks require special approaches to their solution.

Nowadays, technologies for processing and transmitting large volumes of information are gaining more
and more importance. If this information belongs to the category of information with limited access, there is an
additional requirement for the need to protect it. Cryptographic methods and means of information protection
form the basis of ensuring information security in information and telecommunication systems. Uncontrolled
distribution and use of software leads to the loss of confidentiality of information resources of citizens and the
state as a whole. As a result, the development of information resources is inextricably linked with their security
and protection.

It should be taken into account that the most reliable protection is provided only with the help of integrated
approach, and the solution of the task of information security should be a set of organizational, technical and
cryptographic measures. Thus, the urgency of the problem of ensuring information protection in all spheres of
life of a person, society and the state (social, political, economic, military, ecological, scientific and technological,
informational ones, etc.) serves as a basis for creating new developments in the field of information security and
is considered one of the promising areas of scientific research.

Analysis of recent research and publications. Cryptographic protection is one of the promising areas of
scientific research both in our country and abroad in the field of information protection.

A significant contribution to the improvement of existing and development of new methods and means
of cryptographic protection of information has been made by the following foreign and domestic scientists:
C.E. Shannon, B. Schneier, G. Brassard, J.L. Massey, W. Diffie, M.E. Hellman, R.L. Rivest, A. Shamir, N. Koblitz,
0.A. Moldovian, M.A. Moldovian, V.M. Rudnytskyi, 1.D. Horbenko, V.K. Zadiraka, M.A. Ivanov, A.N. Fionov,
V.V. Yashchenko, 0.0. Logachov, B.Ya. Riabko, A.M. Oleksiichuk, L.V. Kovalchuk, A.Ya. Biletskyi, O.H. Korchenko et al.

However, in connection with the development of computer systems, the tasks of increasing the level of
information protection and reducing the encryption time have always been and will remain unsolved. The main
characteristics of cryptographic systems are stability, speed and reliability of cryptographic transformation,
which must be constantly improved. The use of the latest technologies increases the requirements for the quality
of original sequences of pseudorandom numbers, which are the basis of ensuring data confidentiality in the
development of new methods for cryptographic protection of information for computer cryptography systems
[1,2]. Pseudorandom sequence (PRS) is widely used in modern computer systems to solve such tasks as protection
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of information from unauthorized access, control of information integrity, generation of signals that provide
hidden data transmission, simulation of complex systems and objects [3-5]. The term "random sequence" will
mean a sequence generated by a physical process, the result of which is unpredictable and cannot be reproduced.
By a pseudorandom sequence of numbers, we will understand a reproducible sequence generated with the help
of deterministic algorithm (regardless of the method of its implementation), which has statistical properties with
a specified accuracy that repeat all or part of statistical properties of random sequences.

Currently, a number of methods for the synthesis of operations of direct, inverse and mutual cryptographic
transformation have been developed [6, 7, 8]. The main advantage of cryptographic transformation is high
speed of implementation of crypto algorithms. However, all the possibilities of increasing the stability of
cryptographic systems based on cryptographic transformation operations have not been exhausted at the
moment. Therefore, there is a need to conduct additional research aimed at developing algorithms for the
synthesis of pseudorandom sequences based on the use of cryptographic transformation operations.

Based on quality indicators of pseudorandom sequences specified in [9-11], the assessment of the quality
of a pseudorandom sequence synthesized on the basis of operations of cryptographic transformation of
information and modulo two addition has been carried out.

In articles [3, 12-15], a study of a pseudorandom number generator based on the use of modulo addition
operation of some number M of two or more pseudorandom sequences (the period of which is mutually
simple), which shows that the combination of sequences leads to an increase in the period and improvement of
statistical properties of the resulting pseudorandom sequence, has been conducted.

In articles [16-18], a procedure for the synthesis of pseudorandom sequences based on the use of modulo M
{2;4} addition operation of Q{2;3;4;5} results of random two-bit operations of cryptographic transformation
of information is considered and experimentally investigated. As a result of these studies, the probability
of degeneracy of the resulting transformation operation, which leads to an increase in the stability of
cryptographic systems, is empirically determined, and a quantitative indicator of the assessment of the quality
of pseudorandom sequence construction according to the specified principle is also proposed.

In works [10, 19, 20] based on quality indicators of pseudorandom sequences, an analysis of methods for
assessing the quality of pseudorandom sequences, the synthesis of which was conducted based on the use of
operations of modulo two addition for computer cryptography systems, has been carried out.

In [21, 22], it is shown that for practical implementation of a cryptographic algorithm based on the use of
the proposed information-driven permutation operations, it is necessary to determine practical cryptographic
stability of the algorithm, which directly depends on the password length and the number of operations used
to encrypt information.

In [23], the entire sequence of mathematical transformations, which provides the synthesis of a formalized
model of the operation, suitable for practical use in crypto primitives, is considered.

The study of the quality of a pseudorandom sequence synthesized on the basis of operations of cryptographic
transformation of information is an urgent problem of the modern development of information technologies [24].

The purpose of the article is the theoretical substantiation of the effect of improving the quality of
statistical characteristics of the resulting pseudorandom sequence, built on the basis of modulo addition of the
results of two-bit operations of cryptographic transformation of information.

Results and discussion. After conducting an analysis of scientific studies of the received sequences for
theoretical substantiation of the reasons for the change in their quality, let’s formalize the obtained results. For
this, we introduce the following notations.

Let Z=(Jz, be a binary information sequence that is divided into combinations of pairs of binary symbols
z;, j=1,2,../. Coding operations are determined by commands, the number @ and the sequence number i of which
correspond to the number and sequence number of independent cryptographic transformations. Let’s denote the
operation of two-bit encoding of the j-th combination of information sequence for the i-th team by FJ, (zl.) . Then
for Q=2 commands: F;(z,) is an operation of two-bit encoding of the first sequence combination for the first
command; F);(z,) is an operation of two-bit encoding of the first sequence combination for the second command;
F{,(z,) is an operation of two-bit encoding of the second sequence combination for the first command; F},(z,) is
an operation of two-bit encoding of the second sequence combination for the second command.

Based on the given notations, let’s formalize the algorithm for constructing a pseudorandom sequence
based on the use of operations of modulo two addition of two transformation results.

Let’s denote the operation of two-bit decoding of the j-th combination of the sequence for the i-th command
by F, (z}.), and the operations of two-bit encoding and decoding of the j-th combination of the sequence by
Fy(z;) and Fj(z,). Then for Q=2:

1)if £, (z,)=F, (2,):F5(2z,)xF},(z,)=E ,whereEisanunaryoperator,and F,,(z,)=F,; (z,): F, (2, )xF,(z,)=E,
then for F(z,)=F}(z,)®F}(z,) and F(z,)=F,"(z,) itholds: F}(z,)xF,(z,)#E;
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2)if B, (z,)=F; (z,):Fy(2,)xF%(2,)=E, F},(2,)=F,; (2,):F5 (2,)x Fy, (z,) =E ,thenfor Ff(z,)=F/,(2,) ® F},(z,)
and F}(z,)=F* (ZZ) itholds: F(z,)xF, (ZZ) # E ;

3)if 12(23) F(2):Fly(23)xF(2,)=E , Fy(2,)=F,; (2,): Y, (2,)x Fy, (z,) =E ,thenfor F(z,)=F;(2z,) ® F},(z;)
and F}'(z,)=F, (23) it holds: F,(z,)xF, (23)¢E etc.

In general case, if F(z,)=F,(z,):Fy(z,)xFh(z,)=E, Fh(z,)=F;(z):Fy(z,)xF,(z,)=E, then for
Ff(z,)=F}(z,)®F,(z,) and F”’( ;)=F*(z,) itholds: Ff(z)xF; (Z}.);tE

Let’s formallze the algorithm for constructing a pseudorandom sequence based on the use of operations of
modulo two addition of three transformation results. Then for Q=3

1) if F1LT3(21):Fl_;3k(21):F1}f3(21)><F1lj3(21):E' F2‘33(21):Fz_;sk(Zl):lejs(Z1)XFz‘f3(Z1):E'
Fl(z,)=F;(2)):F(z,)xF5(2,)=E, then for Ff(z,)=F5(z,)®F5(z,)®F5(z) and F/(z,)=F*(z,) it holds:
Fk(zl)xF (Zl)iE

2) if F1LT3(22):F1_;3}<(Zz):Flg(Zz)XFl{s(Zz):E' szs(zz):Fz_;(Zz):Fz’:s(ZZ)Xthjs(Zz):E'
F(2z,)=F,;; (2,):F5(2,)xFi5(2z,)=E, then for F(z,)=F/,(z,)®F5(2z,)®F}(z,) and F/(z,)=F"*(z,) it holds:
F';‘(ZZ)XF;(ZZ);&E;

3) if Fis(25)=F5 (2;): Fly(2,)xFi3(2,) =E, Fs(25)=Fy3 (2,): Fz3( 3)¥Fs(2;) =E,
F(2z,)=F,; (25):F5(25)xFiy (2,)=E, then for Ff(z,)=F(2,)®F5(z,)®F(z,) and F" (z,)=F,"(z,) it holds:
E} (23)><F3d (23)¢E, etc.

In  general case, if  Fi(z)=F;(z):F: ( Fi(z)=E,  FL(z,)=F3(z):F5(z,)%Fs(z)=E,
F(z,)=Fs3 (2,):Fls (2, )xFis (2,)=E, then for F" (zj) Fly(z, )@563(21.)@F3’js(zj) and F'(z;)=F"(z,) it holds:
F;‘(ZI)XF (Z );tE

Let’s formalize the algorithm for constructing a pseudorandom sequence based on operations of modulo
two addition of Q transformation results

1) if for Vi<Q Fy(z,)=F, (zl) (2, )xF4(z,)=E, then for F)(z,)=F/,(z,)®Fy(2,)®...®F;,(z,) and
Fy(z,)=F,"(z,) itholds: F,(z ) (Zl)iE

2) if for Vi<Q Fy(z,)=F, k(zz) %(2,)xF4(2,)=E, then for F)(z,)=F!,(z,)®F(2,)®...®F;,(z,) and
Fy(z,)=F,"(z,) it holds: Fk(zz)xF (ZZ);tE

3) if for Vi<Q Fy(z)=F (25):F},(z)xFy(2,)=E, then for F)(z;)=F/,(z,)®F,(2,)®...®F,,(z,) and
Fy(2z;)=F,"(z;) it holds: Fk(z3)de(zs)¢E etc.

Ingeneralcase,iffor Vi<Q Fi(z,)=F, (z,):Fly(z,)xFj(z,)=E thenfor F) (z,)=F}y(z,)®F,(z,)®...@ F}y(z,)
and F(z,)=F,"(z,) itholds: F;(z )xF;(zj #E.

Thus, as a result of the formahzation of algorithms for constructing pseudorandom sequences based on
the use of operations of modulo M addition of Q results of the transformation, dependencies are obtained that
confirm the degeneracy of the result regardless of Q and M values.

Experimental studies have shown that for Qe{2;3;4;5} the values of relative coefficient of the quality of
pseudorandom sequence construction reach the values suitable for its practical use.

The essence of the method for increasing the stability of pseudorandom sequences to linear cryptanalysis
is due to the following: Fy (z,)xFj (z,)#E, where F)(z,)=F/,(z,)®F),(z,)®...@F},(z,), F; (z,)=F,"(z,), and for
Gi<Q Bl (s,)=F (5):Fh (2, )<F (7)<

Let's check the quallty of pseudorandom sequences for resistance to linear cryptanalysis attacks using the
system for evaluation of NIST STS statistical properties [25].

Statistical portraits of the results of testing of pseudorandom sequences, obtained on the basis of independent
two-bit random operations of the information sequence cryptotransformation followed by modulo two and
four addition of the obtained results, are shown in Figures 1-2.
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Fig. 1. Statistical portrait of the software implementation of the algorithm
of pseudorandom sequence generation for M=2
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Fig. 2. Statistical portrait of the software implementation of the algorithm
of pseudorandom sequence generation for M=4

The analysis of statistical portraits presented in Figures 1 and 2 shows that the pseudorandom sequence
obtained on the basis of independent crypto transformation operations with subsequent modulo two addition
of the obtained results has slight advantages in terms of resistance to linear cryptanalysis compared to the
pseudorandom sequence obtained on the basis of modulo four addition of the results of independent two-bit
operations of cryptographic transformation.

An increase in the number of crypto transformation operations leads to a sharp significant decrease in the
share of degenerate resulting operations (for Q=3) followed by a gradual increase in this share (for Q=4 and Q=5).

Conclusions and prospects for further research. The presented research has made it possible to obtain
the following results:

- algorithms for constructing pseudorandom sequences based on the use of modulo M addition operations
of Q results of independent two-bit cryptographic transformations of the sequence have been formalized;

- dependences that confirm the degeneracy of the result of the synthesis of such sequences regardless
of Q and M values have been obtained;

- the essence of the method for increasing the resistance of the obtained pseudorandom sequences to linear
cryptanalysis has been presented, and their testing with the help of NIST tests has also been performed.

Further studies will be conducted to further confirm the improvement of the quality of the obtained result
and the possibility of establishing the dependence between the input information and PRS results, as well as
the possibility of establishing the dependence of PRS construction. If the dependence is not established, then
the built PRS can be used as a damping sequence.

This method will be proposed to be used in further scientific research to solve the task of constructing a
discrete model of the synthesis of pseudorandom sequence using available computing tools. In further research,
the assessment of the quality of developed method of increasing the stability of pseudorandom sequences to
linear cryptanalysis with additional damping and a given number of primary pseudorandom sequences of the
transformation will be carried out.
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CUCTEMATHU3ALIA TA BI3YAJIIBALIA EKCHEPUMEHTA/IbHUX BUIIPOBYBAHDb
TA30TYPBIHHHUX KAMEP 3TrOPAHHA Y CEPEAOBHIII COMMON LISP

Cmamms npucesiueHa s8upiwleHHI0 8axcAU80i Haykoso-mexHiYHOI NPo6aeMuU cmeopeHHs1 Hogux modesell gizyanizayii
pO3pAXyHKOBUX MA eKCnepuMeHmMaabHUx 0aHux 0151 eHepaemuyHo20 MawuHo6ydysaHHs. Mema po6omu noaszamume y
po3pobyi HaAyKko80-MemoduyHo20 NidrpyHms 3 npoepamMHuM 3abe3nevyeHHIM 043 Gizyanizayii eumiproeaHb memnepamyp
npu 8unpo6ys8aHHAX 2a3omypbiHHUX kamep 320psAHHS ma io2o adanmayiero 0151 NOCMAHOBKU | po38’a3aHHS cumyayitiHux
3a80aHb y Hag4arbHOMy npoyeci suuty. Memodu docaidxceHHs1. B ocHogy zeomempuyuHoi iHmepnpemayii popmyeanHs ma-
cugy daHux nok/nadeHo Modeab eseMeHMapHoi KoMipKku,; asizopumm no6ydosu 0eosuMipHoi nogepxHi posnodisy memnepa-
MmypHUX nosie 3 egpekmom 3221a0x4cy8aHHs ckaadeHo memodom Iayca. [nsa peanizayii anzopummy po3pobaeHo npozpamHe
3a6e3nevyeHHs Ha Mogi Common Lisp; npoekm ingpopmayiiiHoi cucmemu npedcmasseHo y euzAasdi cykynHocmi epadis; au-
8id pe3yabmamie o6uucaeHb 30ilcHI0EMbCS 3a donoMozoto 2padiutoi npoepamu Gnuplot. Memodom SWOT-ananisy docai-
dsiceHo JoYinbHICMb BUKOPUCMAHHS PO3POOKU Yy HABYAALHOMY npoyeci cmydeHmie i3 3acmocy8aHHsIM Kelic-mMemodoa02il.
Haykoee 3Ha4eHHs odepicaHux pe3yibmamis no/s2aroms y po3pobyi HaQyko8o-Mmemodu4Ho20 NiOrpyHmMs aa20pummivyHoi
asmomamu3ayii 8izyaaizayii peayibmamie cmeHd08UX 8UNpo6ys8aHsL 2a30mypoiHHUX Kamep 320psiHHs. Pesyremamu docai-
diceHb 8Np0BADAHCEHO HA BUPOOHUY MBI Ma NAAHYEMbCSl BUKOpUCcmMamu y Haykoaux docaidsiceHHsX | HaguaabHoMy npoyeci. Bu-
CHOBKU. /][5 eHepaemu4H020 MAWUHOBYy8aHHS NPOAHANI308AHO CYyHACHUU CMAH 06pOOKU eKchepuMeHMa/AbHUX pe3yabma-
mie 3 ei3yasizayielo daHux; BU3Ha¥eHa Heo6XxidHicMb po3pO6KU NPO2PAMHO20 3a6e3neUeHH sl 3 BUKOPUCIMAHHAM cepedosuuyd,
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docmynHo20 0151 Ko/a iHdceHepig-koHcmpykmopie. Po3apo6.ieHe npozpamHe 3a6e3neveHHst peanizye PyHkyii subipku oaHux, ix
ocepedHeHHs1, 8idcigy HedilicHUX 3Ha4eHb, 8I0HOB/1eHHS 3HA4YeHb Y 8I00KpeMAeHUX MOYKax 3 no6ydosoro gyHkYill ocepedHeH-
Hs1 3a Memodom [ayca ma moxcaugicmio Kopegys8aHHs OAQHUX Y PYUHOMY pexcuMmi. [Ipoekm iHopmayitiHoi cucmemu micmumsb
cykynHicms 2pagpie: opieHmosaHull System-graph onucye 3asedxcHicms cucmemu memnepamypHo2o noas eio ii ckaadosux
cucmem. Po32/1s1Hymo Modicaugicmos 3acmocy8aHHs peaibHoi npakmuyHoi cumyayii Ha mawuHo6ydigHoMy nionpuemcmesi ma
Y Kelic-mexHO0102151X HA8YA/ILHO20 NPOYECY.

Kawuosi caosa: modenv enemenmapHoi komipku, Common Lisp, inpopmayiliHi mexHo02ii, npoepamHe 3a6e3neveHHs,
Kelic-Memod, eHepzemuyHe MAWUHOGYOIYB8AHHS.

SYSTEMATIZATION AND VISUALIZATION OF EXPERIMENTAL TESTS OF GAS TURBINE COMBUSTION
CHAMBERS IN THE COMMON LISP ENVIRONMENT

The article is devoted to the solution of an important scientific and technical problem of creating new visualization models
of calculated and experimental data for power engineering. The purpose of the work will be the development of a scientific and
methodological basis with software for visualization of temperature measurements during tests of gas turbine combustion chambers
and its adaptation for setting and solving situational tasks in the educational process of higher education. Research methods. The
geometric interpretation of the formation of the data array is based on the elementary cell model; the algorithm for constructing a
two-dimensional surface of the distribution of temperature fields with a smoothing effect was made by the Gaussian method. Software
in the Common Lisp language was developed to implement the algorithm; the information system project is presented in the form of a
set of graphs; calculation results are displayed using the Gnuplot graphic program. Using the method of SWOT analysis, the expediency
of using development in the educational process of students with the use of case methodology was investigated. The scientific value
of the obtained results lies in the development of a scientific and methodological basis for the algorithmic automation of visualization
of the results of bench tests of gas turbine combustion chambers. The research results have been implemented in production and
are planned to be used in scientific research and the educational process. Conclusions. For power engineering, the current state of
experimental results processing with data visualization was analyzed; the need to develop software using an environment accessible
to a circle of design engineers is determined. The developed software implements the functions of data sampling, averaging, filtering
out invalid values, restoring values at isolated points with the construction of Gaussian averaging functions and the possibility of
manual data correction. The information system project contains a set of graphs: oriented System-graph describes the dependence
of the temperature field system on its component systems. The possibility of applying a real practical situation at a machine-building
enterprise and in case technologies of the educational process is considered.

Key words: unit cell model, Common Lisp, information technology, software, case method, power engineering.

IlocTaHOBKa nmpo6sieMH Ta ii 3B'30K 3 Ba)KJIMBUMHU HAyKOBO-NPAKTUYHUMM 3aBAaHHAMU. [lixro-
TOBKAa BUCOKOKBaJIipiKOBAaHUX iH)KEHEPHUX KaJIpiB 3 TEXHIYHHUX CIleliaIbHOCTeH Ge3nocepeiHbO MOB'si3aHa
3i BMiHHSM CTaBUTH i p0o3B’sI3yBaTH BY3bKOCIeI[ia/li30BaHi Ta MiKIUCIUILIIHAPHI 3a/]adi 3 BUKOPUCTAHHIM
cy4JacHUX iHopMaLiHHUX TEXHOJIOTiH i MeToAiB cucTeMHOro aHasi3y. [[poeKTyBaHHS Ta eKCIIyaTalis 06'ek-
TiB eHepreTUYHOro MalIMHOOYAYBaHHS (ra3oTypO6iHHUX ABUTYHIB, ABUTYHIB BHYTPIIIHBOTO 3TOPSHHS, XO-
JIOAVJIbHUX MAIlMH i yCTAaHOBOK, CUCTEM KOH/MI[iIOBaHHS Ta KUTTE3abe3MeYyeHHs TOI0) BUMaraTiMe KBa-
snidikoBaHOl 06p06KH 6araTOBUMiIpPHHUX JJAHUX 3 HAOYHUM MOJIAaHHSAM TEOPETUYHHUX Ta eKCIIepUMEHTATbHUX
pe3ysibraTiB. Tak, NpOEKTYyBaHHS ra30TypOiHHUX KaMep 3TOPSHHS MOXKHA PO3IJI/AATH K 33/1a4y 3 03HAKaMHU
ckyIazHOI TexHivHOI cuctemu [1, c. 180-184], ne ogHOYACHO BpaxX0OBYIOThCA CKIaAHI $iznKo-XiMiuHi mponecu
CyMillIOyTBOPEHHS, aepOAMHAMIKHY, 3TOPSIHHS, TeII0- i Macoo6Miny. Tomy no6yzsoBa Mozesel rpadidnoi Bizy-
autizariii i KopeJisitist 06p0o6JIeHUX PO3PAXYHKOBUX Ta €KCIIEPUMEHTANBHUX JAHUX € BaXKJIMBOIO HAYKOBO-TEX-
HiIYHOIO Mp0o6JIeMOI0, TPAKTHYHA peasli3allis SKol BUMaraTuMe po3po6KH MporpaMHoro 3abe3neyeHHs 3 BUKO-
PUCTAHHAM Cepe0BUILA, JOCTYIIHOTO /I KOJla iH)KeHepiB-KOHCTPYKTOPIB.

Anasi3 ocTraHHIX Aoc/igXKeHb 1 my6Jikaniil. Y HaykoBo-mpaKTUYHUX My6JIiKalisgX HeJOCTaTHbO yBa-
T'Y NPUAIISETbCA po3po6blLi HOBUX MeTO/IB Bidyasizalii 306paXkeHb po3paxyHKOBHX i eKCIIEpUMEHTaTbHUX
JlaHUX [/ 06'€eKTiB eHeproMaminHO6yAyBaHHs. Lle MOB’s13aHO 3 iHEepLiHICTI0O BUKOPUCTAHHA AJIs BUPiLIEH-
He iHKeHepHUX 33/a4 TpaauLinaux CFD-nakeTiB fK Ije moka3aHo B po6oTax [2, c. 27-33] i [3, c. 180-184].
[x 3pyuHicTb 06yMOBJIEHa CIIPUATIMBOIO AJIs1 KOPUCTyBada KOJbOPOBOIO raMoo, popMyBaHHs AKOi Biji6yBa-
€ThCS 32 TEHHUM MPUHIUIOM. [IpoTe mo6yA0BaHUI TaAKUM YHHOM YHUCJIOBUHM €KCIIEPUMEHT MOXKe 3aCTOCOBY-
BaTHCs JIMIIIE HA eTAl KOHCTPYKTOPChbKOI MPOPO6KHU MPOEKTY. PO3BUTOK MeTO/1iB iMiTaliiiHOTO MO/Ie/TIOBaHHS
3 06pOOKOI0 iCHYIOYHX YHCIOBUX JAHUX He MOXK/JIMBHUH 6€3 3aCTOCYBaHHS SIKICHOTO iHCTpyMeHTapilo, IKUMHU
€ MakeTHi nporpamy, Taki sk MATLAB. [lepeBara ix BUKOPHUCTAHHS I'PYHTYEThCS Ha MOOYAOBI Cllellia/IbHUX Ta
y3araJbHeHUX CUTHAJIbHUX rpadiB 3 BU3BHAUEHUM HaNpsIMOM NOTOKIB i MiHiMi3alji€lo KiTbKOCTi 3HaUYeHb Mapa-
MeTpIB, fIK Ile T0Ka3aHo y po6oTi [4, c. 75-82]. Takuii miaxig nepeabadae MixKAMCIUILITIHAPHICTD 10OC/i[PKEHD,
XapaKTePHU3YETHCA JOCTYIHICTIO Ta HA0YHICTIO pe3yJ/IbTaTiB, IPOTe MAE CKJIAAHOCTI 3 MaTeMaTUYHUM OIIUCOM
cnenudiku dpizuko-xiMiuHUX MPOIIECiB, IKi TOBUHHI BpaxoByBaTHCs IPH MPOEKTYBAHHI ra30TypOiHHUX KaMep
3ropsiHHA. [[po61eMHUM MTUTAHHSAM € 06p006Ka pe3y/bTaTiB CTEH/I0BUX BUIIPOOYBAaHb KaMep 3ropsiHHS Ta iX
CKJIaIOBUX YaCTHH Ha HATYPHHUX Ta (a00) 3MO/e/IbOBAaHUX PEXXUMAX POOOTH, ITiJ| YaC IKUX BUMiPIOIOThCS TEM-
repaTypHi napamMeTpH.
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MeTa po60OTH MoJiAraTUMe y po3p001ii HAYKOBO-MeTOAWYHOI0 MiATPYHTS 3 MPOrPaMHUM 3a6e3TMeYeHHIM
JUis Bisyastizanil BUMiproBaHb TeMIepaTyp MpU BUINPOOYBAHHAX ra3oTypOiHHUX KaMep 3TOpsiHHS Ta HOTo
aJlanTali€o /115 TOCTAaHOBKH 1 PO3B’sI3aHHA CUTYaLiiHUX 3aB/JaHb y HaBYaJIbHOMY ITPOLIEC] BUILTY.

BukJsia ocHOBHOTo MaTepiasy. HaykoBo-MeTOAUYHUM i PYHTSM AJI5 OC/Ti/PKEHb € HAyKOBO-ITPaKTHY-
Hi HanpaloBaHHs 3 MaTeMaTUYHOI0 3abe3nedeHHs POoLecy BisyaJsizanil JaHuX, ToAaHUX Y BUIIAi rpadiB y
cepefoBuULi BifKpUTUX cucTeM [5, c. 18-33]; ocHOBHI mosioXkeHHS KOMIT'I0TEpPHO]I anre6pu 3 ix iHTerpaunier y
xMapHi TexHos1oril [6, c. 320-326]; Bj1acHi HanparjoBaHHA aBTOPIiB 3 BU3HAYEHOI po6eMaTHKH [7, ¢. 36-41].
MeTogos10Tis1 AOC/TiIKEeHHS HaBejeHa ¥ TabJI. 1.

Tabaung 1
MeToaoJ10Tist A0C/TiAXKEHHS

MerTtoga,

Mo>/IMBOCTI 1 peasiizanis metoay

Mopesb eleMeHTapHOl
KoMipk# [8, c. 81-89]

3aCcTOCOBYETBCS /11 FeOMETPUYHO]I iHTepnpeTalii opMyBaHHS MacUBY JJaHUX
3 BUMipeHHUX 3Ha4eHb TeMIIepaTyp

AnropuTM 06po6KH
pes3y/bTaTiB
eKCIleprMeHTaJbHUX
JlocaipKeHb [7, ¢. 36-41]

[Tosiirae y nocTaHOBL eKCIepUMEHTA/IbHUX JOCAIX)KeHb TeMIlepaTyp y CeKTopi
KinbLeBoI KaMepu 3ropsiHH#, ¢ikcalii 3HaueHb TeMIepaTyp NPOAYKTiB 3TOPSHHS

y penepHUX TOYKaX, Bii6pakyBaHHi JaHUX 3 BUGIpKH 3a KpuTepieM ['py6ca, 06po6Ii
pe3yJbTaTiB METOAOM HaliMEHIIUX KBaZpaTiB 3 MaTeMaTUYHUM MOJIe/II0BAaHHAM
TeMIepaTypHUX [T0JIiB Ta 3I/1aJP)KyBaHHAM NOBepXHi 3a MeToAoM l'ayca

MoBa nporpaMyBaHHs
Common Lisp [9, c. 47-51]

3acTOCOBYIOTHCA /1J11 HAIMCaHHS IPOrPaMHUX KOJIB y HAyKOBUX JOCIIKEHHAX
Ta PU po3B’sI3aHHI iHXKeHepHUX 3aa4. [locTaByieHy 3a/ja4y MOXKHA PO3IVIsAAATH
AK MiAXIJ «BiJ JaHKX 10 HAIMCAHHS KOAY ».

'padiyna nporpama Gnuplot
[8, c.81-89]

Gnuplot Ma€ Bl1acHy CUCTeMy KOMaH/, MO>Ke NpalloBaTH IHTEePaKTUBHO Ta B PeXKHUMi
KOMaH/IHOI CTPivYKHU. YTHUIIiTa € 3pyIHOI0 A1 Bidyasisanii Ta in6okoro anamzisy
pi3HUX HAYKOBUX JAHUX

CkiHYeHHOeJIeMeHTHe
nporpamMHe 3a6e3ne4eHHs
[10, c. 165-191]

[TomnpeHe 3aCTOCYBaHHS AJ1s1 pO3POOKH IPOrpaMHOro 3abe3nevyeHHs A1
pO3B’si3aHHA iH)KeHEepHHUX 33/ja4 3 Tenn10di3uku

SWOT-ananis [11, c. 281-285]

3acTOCOBYETHCA SIK IHCTPYMEHT CTPATETiYHOTO YNIPaBJiHHA [IJ11 KOMILJIEKCHOI
cucreMartusanii i oniHKM GaKTOpiB PO3BUTKY NPOEKTIB, 30KpeMa
JUISl CHCTEMHO-aHAIITUYHOT O JOC/I/PKEHHS CUTYyalil po3po6KY CUTyalliiHIX 3aB/IaHb

Ketic-meTtog (Case-metod)
[12, c. 39-43]

TexHika HaBYaHHS, IKa BUKOPUCTOBYE peasibHi CUTYalil 1[0/10 BAPOOHUYHUX TPO6IeM
Ta iHili10€ po60Ty 3 3aMOBHUKOM

MogentoBaHHS npolecy 06po6JieHHs pe3y/IbTaTiB BUMipIOBaHb OKA3aHO Ha NPHUKJIA/Ji eJleMeHTapHOoi KO-
MipKH, y MexKaX 1Kol 00Upa€EThCs TpU ToukH (puc. 1a). HaBK0J10 KOKHOI TOYKHU AKUX POPMYIOTHCSA MPSIMOKYT-
HUKH po3MipoM 3x3 KOMIpKH, sKi ! CKJIaaloTh eJieMeHTapHY KoMipky. [loc/1ioBHICTE 06p06KU pe3ybTaTiB
BigmoBigHO y Toukax 1, 2, 3 rpadiyHo 306pakeHa Ha puc. 16 — puc. 1 1.
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Puc. 1. MoaeiloBaHHS NpoLecy 06po6/IeHHs pe3y/IbTaTiB BUMipIOBaHb

y Meax eJleMeHTapHOI KOMipKu

Information Technology and Society. Issue 1 (7). 2023 31



Ingpopmayiiini mexnonoeii ma cycninecmeo. Bunyck 1 (7). 2023

AnropuTtM Mo6y10BM ABOBUMIPHOI TOBEPXHi PO3MO/ATY TeMIepaTypPHHUX MOJIB 3 ePeKTOM 3IVIa/PKyBaHHS CKJIa-
JleHo Ha mizictaBi dopmys [ayca i HaBegeHO y Ta61. 2. Y TabnLi TaKOXK PO3KPUTO PYHKIII i MOXKJIMBOCTI KOPHUCTYBaya.

Tabaung 2
AnroputMm no6ya0BU JBOBMMipHOI MOBEePXHi po3no/isly TeMIlepaTypHUX MOJIIB,
dyHkuii i MoxxIMBOCTI KOpHCTYBaya

Po6ouyi eTanu CyTHicTb nponecy
Z im(di) "Z;
z=—
PospaxyHok 3HaueHb TeMIepaTypHu Z so(d)

,
Jie Z — 3Ha4YeHHd TeMnepaTypH; d, — BiiCTaHb 10 TOYKH

_Ziw(di)'zi

BusHavyeHHs BiJicTaHi 10 TOYKH Z so(d)

’

Ile X — 6a30Ba BificTaHb

dyHKLioOHa/NbHA 3a/1€XKHICTD o(d)=exp(-d*)

BuKoHy€ po6OTY 110 3aHECEHHIO 3Ha4eHb BUMipIOBaHb, CTBOPIOE Ta peflarye

dyukuii KopuctyBaya . . . .
JIaHHi, BUKOHYE PO3paxyHKH, Oy/ly€e i30TepMU pO3MOAiNy TeMIepaTypPHUX MOJIiB

ABTOMaTHYHUU BUGIp MOKA3HUKIB — A€ 3MOTY BUGOPY MOTPIOHUX MOKA3HUKIB
(3 cepii Bubipku)

Py4yHe KopUTyBaHHS JaHUX — HAJIa€ MOKJIMBOCTI BPY4YHY 3/iIHCHIOBATH
MoK/IMBOCTI KOPUCTYBa4a KOperyBaHHS eKCllepMMeHTa/bHUX JaHUX Ta pO60TH NepeBipKy OTpUMaHUX
pes3y/bTaTiB

PeparyBanss iHdopMariii — BU3HaYa€ MOXKJIUBOCTI OGY0BY OBEPXHI
po3mnojisy TeMnepaTyp

Jlyis1 po6OTH aIrOPUTMY PO3PO6JIEHO MpOrpaMHe 3abe3nedeHHs Ha MoBi Common Lisp, sike peasizye QyHKIii
BUOIPKM [aHUX, X ocepeJHeHHSs, BiJ[CiBy He/[iINCHUX 3HAUYeHb, BiZJHOBJIEHHS 3HAYeHb Y BiJOKPEMJIEHUX TOUKAX
3 no0Oy10BOI0 QyHKILIN ocepejHEHHS 32 MeTOZ0M ['ayca Ta MOXKJIMBICTIO KOPEryBaHHS JAaHUX Y PYYHOMY PeXH-
Mi. [IpoekT iHpopManifiHoi cucTeMu peasizoBaHOo y BUMIAAL cyKynHOCTi rpadiB. OpienToBaHuit System-graph
(puc. 2) onucye 3aexHicTb cucTeMu TeMrnepatypHoro noJsst TEMPERATURE-FILD Bip 11 cKJ1aJJOBUX CHCTEM.

+ System-graph

MINAS HABH-TADLE

TEMPEEATURE FILD/SIGNAL

NATHARRMATR }—-| CLUTILITES |

;! TEMPERATURE-FILDIGEDM |--h| MATHICOORD
»

TEMPERATURE-FILDIT-FILD

TEMPERATURE-FILDSECTOR I

wr*mwnmmm]

Puc. 2. System-graph

CucteMa MicTUTb nakeTH, PyHKIii, MeToAH, Ki1acu. BUBiJ pe3ybTaTiB 064KcieHb 3/iHCHIOETHCS 3a JI0MO0-
Moroto rpadiyHoi nporpamu Gnuplot; B6Gyi0BaHa CKPUIITOBA MOBA Jla€ 3MOTY THYYHO 33/laBaTH pi3Hi mapame-
TpH BidyaJtizanil.

YnockoHasieHHs npolecy 06po6KHU JaHUX B pe3yJbTaTi BOPOBaKeHHS POo3po6JIeHOT0 IPOrpaMHOro 3a-
Ge3MmeyeHHsI MOXKHa CIIOCTepiraTy Ha puc. 3, [le HaBeJleHO pe3yJIbTaTH Bi3yasisalii JaHUX BUMipIOBaHHS TeM-
nepaTypHUX MOJIiB Z10 BIIPOBA/PKEHHSI Po3p0o6JIeHOT0 MporpaMHoro 3abe3mnedeHHs (puc. 3a) y pobouiit mporec
i mig yac fioro 3actocyBaHHs (puc. 36).
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Puc. 3. [Ipukiaau opopMIeHHsI TeMIlepaTypPHUX NapaMeTpiB
HepiBHOMIPHOCTi TeMIepaTypPHOTIo N0JIA NPOAYKTIB 3ropsiHHA

HayxoBe 3HaueHHs 0/iepKaHUX Pe3y/IbTATIiB MOJIATAITh ¥ PO3p0o61i HAYKOBO-METOANYHOTO NiATIPYHTS a/Iro-
puTMiyHOi aBTOMaTH3anii Bisyasizarjil pe3ynbTaTiB CTEHZ0BUX BUNIPOOYBaHb ra30TypOiHHUX KaMep 3TOPSIHHS.

[IpakTUYHa IiHHICTH BKJIIOYAE ¥ cebe PO3pOOKY crenianizoBaHOro MPOrpaMHoOro 3abesnedeHHs, po3po-
6s1eHOTO HAa MOBi Common Lisp; pe3y/ibTaTH po60TH BIPOBA/P)KEHO Y KOHCTPYKTOpCchbKoMy Biaainenni ]I HBKT
«3opsa»-«MamnpoeKT» Ta MOXKYTb OYTH [[iKaBUMH [IJIs IOCTAHOBKH 1 pO3B’I3aHHS CUTYyal[ilHNX 3aB/laHb y Ha-
BUaJIbHOMY nponeci BUILIB. B Ta6.1. 3 3a gonoMororo SWOT-aHasni3y po3r/iisiHyTO MOKJIMBICTh 3aCTOCYBaHHS
peasibHOI MPAaKTUYHOI cuTyanii Ha MaIMHOGY/[iBHOMY MiZIPUEMCTBI ¥ KEHC-TEXHOJIOTISIX HaBYaJIbHOI0 IPO-
1ecy. 3a xapakTepHUMHU o3HakaMHu [12, c. 39-43] ueit kelic (cuTyaliliHe 3aB/laHHS) MaTUMe YiTKO BUPaXKeHi
MeTY, BUpilllyBaTUMe eBHY BUPOOGHUYY CUTYaIlilo 3 He06XiAHICTI0 po3po6kH iHdopMaLifiHOI cHCTeMHU Ta Po-
rpaMHOTO 3a6e3IedyeHHs.

Tab6auug 3
SWOT-anaui3 cutyanii
CuiibHI cTopoHH (Strengths) Ciaa6ki croponu (Weakness)
1. OnaHyBaHHS 3HaHHSIMU 3 He3HailloMoi npegMeTHoI | 1. [lepeHacu4eHicTb JaHUMHU
ob6JiacTi 2. CkJIapHICTh y BiJOKpeMJIeHH] TPo6IeMHu
2. Po3ruisg neBHoi po6oyoi cutyauii Ha mignpueMctBi | 3. 06MexeHicTh iHpopmanil
3. MoxxsiuBicTb TBOpUOI peaJtizarii 3 Ma6yTHIM
nparneB/JalITyBaHHAM
MoxxanBocTi po3BUTKy (Opportunities) 3arposu (Threats)
1. HabyTTs HABUYOK NPAKTUYHOIO JOCBiLY 1. Ckopo4eHHs 06¢AATiB NPOopo6KU HayKoBOi i paxoBoi
2. Peanizanis y 3mimanux ¢opmax ocBiTHbOI JiTepaTypu
JiAJIBHOCTI 2. [losiBa MOMUJIOK Yepe3 HEKOMIIETEHTHICTD i 6pak yacy
3. [IpodeciiiHuil po3BUTOK CTyAEHTA sIK paxiBLs 3. BB piBHS CKJIAJJHOCTI

PesysbTaTu focaiikeHb JIaHYETbCA BUKOPUCTOBYBATH JJI1 IOCTAHOBKU HAayKOBUX J0CJI/>)KeHb Ta y Ha-
BUasibHOMY mpoilieci HaljioHabHOTO yHiBepcUTeTy KopabsieOyayBaHHs iMeHi aamipasa MakapoBa, 30KpeMa
IIpY BUKJIa/laHHI aBTOPCHKOT0 BUGipKOBOTO Kypcy «[IpUKIafHUN CUCTEMHUH aHa/li3 B TPAHCIIOPTHUX TEXHO-
JIOTisIX, eHepreTHlL, Cy/JHO- Ta MAUIMHOOYLyBaHHI».

BuCHOBKHM. /l/151 eHepreTUYHOr0 MallMHOGY/[yBaHHs [TpOaHali30BaHO Cy4YaCHUM CTaH 0O0pPO6OKHU eKCrepu-
MeHTa/IbHUX pe3yJ/bTaTiB 3 Bidyasisalji€lo JaHUX; BU3HAYEHA HEOOXiAHICTh pO3POOKH MPOrpamMHoOro 3abesre-
YeHHA 3 BUKOPUCTAHHAM CepeloBUILA, JOCTYIIHOIO A KOJIa IHKeHepiB-KOHCTPYKTOPIB.
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Po3po6siene MmoBoto Common Lisp nmporpaMHe 3a6e3ne4yeHHs peasidye GyHKUil BUGIpKY JaHUX, IX ocepe-
HEeHHS, Bi/iciBy He/liliCHUX 3HAa4Y€eHb, Bi/ITHOBJIEHHS 3HAY€EHb Y BiJJOKPEMJIEHHUX TOYKAaX 3 MOOYA0BOI0 QYHKILIH
ocepesHEHHs 3a MeTo/IoM ['ayca Ta MOXJIMBICTIO KOpPeTryBaHHS JJaHUX y pyyHOMy pexkuMi. [IpoekT iHdopma-
LiHHOI CHCTEMU MICTUTB CYKyNHicTb rpadiB: opieHTOBaHUH System-graph onvcye 3aJeXHiCTb CUCTEMHU TEM-
nepatypHoro nosisgs TEMPERATURE-FILD Bif 11 ck/1aJlOBUX CUCTEM.

3a fonomMoror SWOT-aHasizy po3mISHYTO MOXJ/IMBICTb 3aCTOCYBAaHHA peasibHOI MPAaKTUYHOI cCUTYyaLil Ha
MalIMHOOYAIBHOMY HiZTPUEMCTBI Y KEHC-TEXHOJIOTiSIX HABYAJIbHOTO MPOIIECY.
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3ACTOCYBAHHS COJIBEPIB Z3 B CHCTEMI BEPU®IKALII PYTHON-IIPOTPAM

Y pobomi onucana ocmaHHs 8epcis cucmemu sepudgpikayii npoepam VerPro Ha mosi Python. /115 nepegipku momodcHoi icmuH-
Hocmi yMoe eepugbikayii eoHa donosHeHa 3acmocy8aHHAM 3acobie nonynsapHoi cucmemu Z3 dosedeHHs: meopem. Memoro cmam-
mi € onuc Hosux modxcaugocmeli cucmemu VerPro, siki iti Hadaau coagepu Z3. Haykoea Hosu3Ha. Cucmema VerPro € cyuacHoio
cucmemoro gepudikayii aHomosaHux Python-npozpam, sika eeHepye YM0O8U KOPEKMHOCMi MEMOJOM CUMBO/IbHO20 BUKOHAHHSL.
VerPro Hadae kopucmysauy cy4acHull diasozosuli epagiunuil eikoHHUll iHmepgetic, no6ydo8aHuli 3 BUKOPUCMAHHAM 6ib.1iomeKu
PyQt5. CnpowjeHHs Yux ymos 6a3yembCsl HA eK8I8A/IeHMHUX NepemaopeHHsIX, ki peanisye 6i6.niomexka ExprLib. ExprLib - ye Hawa
e/1acHa 6ib.iiomeka, sika no6ydosaHa Ha mosi Python i He mae iHwux 3anexcHocmetl. bibiomeka nepemeoptoe aupasu y HympiuHe
npedcmassieHHs1, nobydosaHe Ha 6asi Kaacie mosu Python. PeanisosaHi 6 cucmemi VerPro ekgigasieHmHi nepemegopeHHsl 4acmo
MOJCYyMb CaMi 8CMaHO8UMU MoOmodicHy icmuHHicmb ymos eepugbikayii. Axkwo Hi, modi maxi ymoeu VerPro nepedae cucmemi do-
sedeHHs1 meopem Z3, IKka ab60 8CMAHOB/I0E (X MOMOJiCHIO icMUHHICMb, a6o 6ydye KOHMpNpuKAao 0151 2inome3u Npo MOMO*CHIO
icmuxHicmb makoi ymosu. HasigsHicmbs koHmpnpukaady cgiduums npo me, Wo aHomayisi He8ipHO onUCye PYHKYIOHANbHI 8racmu-
socmi npoepamu. AHai3yro4u 3HATOeHUl cCUCmeMo KOHMPNPUKAAd, KOpUCmysay Moxce 3Halimu npuvuHy Hekopekmsocmi i eu-
npasumu npozpamy i/a6o ii anomayito. Cucmema Z3 nidkarouaemscsi do VerPro uepes npoepamHuutl inmepgetic Z3py. BUCHOBOK.
Idest no6ydosu koHmpnpukaadis 8 cucmemax sepugpikayii npoepam peasizosara enepuie. Cucmema dosedeHHss meopem Z3 paHiule
8 makux cucmemax He 3acmocosysasacs. Cucmema VerPro Hadae npuk.nao 80a.1020 BUKOPUCMAHHS CyHACHOT cucmemu 008e0eHHs!
meopem He uuie 0151 6CMAHOB/1EHHS1 KOPeKMHOCMIi aHOmMoeaHoi npozpamu, ae i 0151 nowyKy piueHHs npu Hegdaill eepudpikayi.
Janvwuil pozsumok cucmemu nepedba4ae munizayiro 3Ha4eHb CUMBO/IbHUX napamempie ma no6ydosy iHeapiaHmie.

Kniouoei cnosa: sepugikayis npoepamu; yMosa KopekmHocmi; CUMB0.1bHe BUKOHAHHS; KOHMPNpukAao; coasep Z3.
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APPLICATION OF Z3 SOLVERS IN THE VERIFICATION SYSTEM FOR PYTHON PROGRAMS

The work describes the latest version of the VerPro program verification system in Python. In order to check the identical
truth of the verification conditions, it was supplemented by the solvers of the popular Z3 theorem proving system. The purpose
of the article is to describe the new capabilities of the VerPro system, provided by the Z3 solvers. Scientific novelty. The
VerPro system is a modern verification system for annotated Python programs that generates correctness conditions by the
method of symbolic execution. VerPro provides the user with a modern dialog graphical window interface built using the PyQt5
library. The simplification of these conditions is based on equivalent transformations implemented by the ExprLib library.
ExprLib is our own library built in Python without no other dependencies. The library transforms expressions into an internal
representation built on the Python language classes. Equivalent transformations implemented in the VerPro system can often
establish the identical truth of the verification conditions themselves. If not, then VerPro passes such conditions to the Z3
theorem proving system, which either establishes their identical truth, or builds a counterexample for the hypothesis of the
identical truth of such a condition. The presence of a counterexample indicates that the annotation incorrectly describes the
functional properties of the program. Analyzing the counterexample found by the system, the user can find the cause of the
incorrectness and change the program and/or its annotation. The Z3 system connects to the VerPro via the Z3py software
interface. Conclusion. The idea of building counterexamples in program verification systems was implemented for the first
time. The Z3 theorem proving system was not previously used in such systems. The VerPro system provides an example of a
successful use of a modern theorem proving system not only to establish the correctness of an annotated program, but also to
find a solution in case of failed verification. Further development of the system involves the assignment of types for symbolic
parameter values and the construction of invariants.

Key words: program verification, correctness condition; symbol execution; counterexample; Z3 solver.

AKTyanbHicTh IPOGIEMH

Cucrema VerPro npusHayeHa AJis Bepudikauii nporpaM Ha HeBeJsIMKiN nmiaMHOxuHI MoBU Python [K1]. La
MiIMHOKHMHA BKJIIOYAE SIK OCHOBHI Iporpamy, Tak i dpyHkuii moBu Python. Cama cucTeMa Tex HamyMcaHa Ha MOBi
Python i reHepye jioriudi yMoBU KOpEKTHOCTI Ta 3aBEPIIUMOCTI Tpac B nporpamax Mmetoaom dioitga-Xoopa [F1].

Cuctema VerPro 3BofuTh npobJsieMy Bepudikalii nporpaMm, aHOTOBaHUX iHBapiaHTaMu Ta BapiaHTaMy, 0
Mpo6JieMU NepeBipKu TOTOKHOI icTUHHOCTI dopMy B Aleskiit popMasbHil joriuHil cuctemi. Cuctema VerPro
Mae BJIacHi 3aco6U nepeBipKH TaKUX JOTYHUX GOPMYJI LIJISXOM CHPOLIEHHSM iX 3a JOIOMOI0l0 eKBiBaJeHT-
HUX [IepeTBOPEHb.

OpHak, el nigxis BUSBUBCS 10BoJi o6MexxeHUM. ToMy ZJisl mepeBipKu JIOTIYHUX YMOB y HOBiH Bepcii cuc-
TeMu VerPro BUKOPUCTAHO MeXaHi3M co/iBepiB MONy/sspHOI cucTeMu AoBeeHHs TeopeM Z3 [Z3]. B apudme-
TULI LiJIKMX Yyuces 6e3 CTPYKTYP JaHUX cucTeMa Z3 CIpaBJ/sETbCS NPAKTUYHO 3 yciMa JIOTIYHMMHU BUpa3aMH,
AKI MU MOXXe€MO NpUAYMaTH.

3a gonomoroto coJiBepiB Z3 cucteMma VerPro ycniniHo Bepudikye NpaBU/IbHO aHOTOBaHI nmporpamu. JKiio
K IeBHA JIoTivyHa GpopMyia BUSABJISETHCS HE TOTOXKHO iCTUHHOM, TO/Ii Z3 3HAXOAUTb KOHTPIPUKJIAJ AJs rino-
Te3H PO TOTOXHY iCTUHHICTb GOPMYIIH.

[fes mouyKy KOHTPIpPUKIA/iB IpU HeBAAIIN Bepudikalii mporpamMu po3ris/laeTbcs BOeplile, sik i 3acTo-
cyBaHH# /15 Bepuikarlii nporpam cucTeMu J0BeJleHHS TeopeM Z3.

B fanit po60oTi onucaHo po60Ty ocTaHHbOI Bepcii cuctemu. HoBa Bepcis cuctemu VerPro peasnisye BikoH-
HUl giasoroBudt intepdetic [K2]. [ns uboro 6ys10 BUKOpUCTaHO po3imupeHHs PyQt5 [Qt] iHTepnpeTaTopa
MoBHM Python. HoBa Bepcisi cucTeMu Takox [j03BOJIsI€ 3HAXOJUTH KOHTPIPUKJIAAH A5 JOTIYHHUX YMOB, SIKi He
B/laJ10Csl JOBECTH.

OcHOBHI pe3y/IbTaTH JJaHoI CTaTTi Taki: onucaHo iHTepdeiic cuctemu VerPro, sika 103BoJisi€e BepudikyBaTu
NporpaMu 3 MaJleHbKoI MiIMHOXKMHU cy4acHOi MOBM ITporpaMyBaHHs Python; g5 nepeBipku ymMoB Bepudika-
1[ii 3acTOCOBaHO O/lHA 3 HAUMOTYXXHIIINX CUCTEM JOBe/IeHHS TeopeM Z3; peasli3oBaHO MexaHi3M /Jisl MOIIYKY
KOHTPNPUKJIAAIB Y BUNIaJIKy HeBAas01 Bepudikauii [z3py].

[Ipu po3mupeHHi 1i€l 06/1acTi Ha 6araToCOPTHI aqrebpu Ta CTPYKTYPH AaHUX CUTYallisl KapAUHAJIbHO 3Mi-
HIOETbCSA. Y GopMysiax 3’ ABJASIOTbCS KBAHTOPH 1 HaBITh MPOCTi Ta 3p03yMisi GyHKIii OMUCYIOThCS CKIaAHUMU
BUpasamu. Hanmpukiaj, JocTaTHbO po3misaHyTH ¢yHKIi0 LeftPad [LP]. [H1y npo6yieMy cTaHOBUTb OGYA0BA
iHBapiaHTiB Ta BapiaHTiB nporpam. /laabiuil po3BUTOK cucTeMU VerPro BeeTbCsl B HAPSIMKY MO/0JIaHHS
LUX POGJIEeM.

[lepcieKTUBY BUKOPUCTAHHS MeToAy Bepudikalii /i1 BCTaHOBJEeHHS QYHKILiOHa/JIbHUX BJIACTUBOCTEN
nporpaM aKTUBHO 0Gr0OBOPIOIOTHCS B HAYKOBUX Myo6Jtikanisx [Br, St, Va].

CTPYKTYPA CUCTEMHU VERPRO

Cucrtema VerPro cknaZlaeTbCs 3 ABOX OCHOBHMX MiJICUCTEM: MiJCUCTEMU IeHepalii yMOB KOPEKTHOCTI Ta
MiZICUCTEMHU IlepeBipKU IX TOTOXKHOI icTUHHOCTI. [l/11 reHepalii yMOB KOPEKTHOCTI 3aCTOCOBYETHCS TEXHOJIO-
risi CUMBOJIbHOTO BUKOHAHHSI.

Jis mepeBipku yMoB Bepudikallii 3acTOCOBYETbCS MexaHi3M eKBiBaJIeHTHOTO MepeTBOPeHHsI dopMyJ
3rifjHo BiJloMUX cNiBBiZiHOIIEHDb 3 06J1aCTi apUPMeTHUKU Ta MAaTEMATUYHOI JIOTiKHU.
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s nepeBipku ymMoB Bepudikanii B cuctemi VerPro 6ysio peanizoBaHo Tpu 6i6s1i0TeKH K1aciB Ta QyHKIiH:

e arilib - 6i6;1i0Teka apudpmMeTHIHUX PYHKIIH;

e logilib - 6i6sioTeka JOriYHUX QYHKIIN;

e treelib - 6i6yioTexa PyHKLIN HAJ| lepeBaMHU.

OcHoBHI KJ1acy, fIKi peasi3oBaHi B 1jux 6i6/1ioTekax:

e Tree — KJ1ac lepeBOBUAHUX CTPYKTYD, AKUU NpeJiCTaBJISA€ BUPA3H;

e Monom - Kj1ac OAHOYJIEHIB, AKUM NpeJCTaBISAE CTaHAAPTU30BaHl OJHOUYJIEHH;

e Polynom - kJyiac noJiiHOMiB, SIKWH Npe/iCTaBJIsSIE CTAaHAAPTU30BaHI MOJIiIHOMUY;

e Relation - KJiac BiiHOIIeHb, IKUU NPeACTABJISIE CTAHAAPTU30BaHI BiJHOIIEHHS MTOJIIHOMIB;

e (Conjunct - KJ1ac KOH IOHKI[il, IKUU NpeACTaBJISIE CTAHAAPTU30BaHi KOH IOHKIIIT BiIHOIIEHB;

e [mplication - knac iMIutikalin, AKUU NpeJCTaBJISE YMOBU KOPEKTHOCTI.

Jlis mocusieHHs1 3aco6iB nepeBipky yMoB Bepudikaliil mporpam y HOBi# Bepcii cucTeMu 6ysio peanizoBaHo
MexaHi3M coJIBepiB cUCTeMHU JoBeleHHs TeopeM Z3 [Z3, Z3py].

Y HoBil Bepcii cucTeMu 0KpiM yKpaiHOMOBHOTO peasli30BaHO TaK0X aHIVIOMOBHUH iHTepdelic. Bin Bktovae
Ha3BH iaJIOTOBUX eJIeMeHTiB pOopM, HAJIMUCH Ta OBiJOMJIEHHS, CIJIMBAKOYI IMiIKa3KHU TOIO. |/l epeKJIroyeH-
Hs iHTepdeiiciB, a TAKOX [/ HaJIALITYBaHHS NapaMeTpiB CUCTEMHU 3aCTOCOBYIOThCs daiin popmaty JSON.

Crnenndika BxijHOI MOBHY po3uIMpeHHs Z3py Ta MoBH Python o6ymMoBuJIa MexaHi3M peastizauii migcucreMu ne-
pPeBIPKU YMOB KOPEKTHOCTI Tpac nporpamu. Lis nifcucrema peasisoBaHa 3a I0IOMOT 00 TPbOX OCHOBHUX ITPOrpaMm:

e [Iporpama winMain;

¢ [Iporpama winCheckZ3;

¢ [Iporpama counterExample.

[Iporpama winMain reHepye ymoBU Bepudikaril Tpac Ta copouiye ix 3acTOCyBaHHSIM €KBiBaJIEHTHUX Ile-
peTBOpeHb. YMOBHU BepudiKallil npeAcTaBsIOTh CO60I0 BUPA3H 3 JIOTIYHUMH Ta apuPMeTHUIYHUMU OTepari-
SIMM, BCi TapaMeTpH AKHUX € BIIbHUMU 3MIHHUMHU. [|J11 BUKOPUCTAHHA COJIBEPiB
Z3 nporpama winMain reHepye cneniajbHUR MOAy/b z3cond 3 onucoM QYHKIT

anprograms
_ checkcondsz3 Ha BXiJiHii MOBi po3mupeHHs Z3py.

design [Iporpama winCheckZ3 BUKJUKaEe 3reHepoBaHy yHKIit0 checkcondsz3 3

exprlib yMoBaMu Bepuoikarii, ki He BJajsocs BuBecTH mporpami winMain. ®yHkuist

output checkcondsz3 an1a nepeBipku ymoB Bepudikalii 3acToCOBye coJiBepH CUCTEMHU
Z3 [Z3]. lns koxHo1 ymoBU Bepudikalii, TOTOXKHY iCTUHHICTB KO He B/aI0Cs

Ve BHBECTHU 3a JIONIOMOTI0I0 COJiBepa Z3, KOPUCTYBAay 3MOKe 3reHepyBaTH KOHTP-

verification npukaaz. s 11boro nporpaMa reHepye creniajabHUMR MoAyIb z3counter.

3py [Iporpama counterExample BUKJIWKaE QYHKIi, ONMKUC SKUX PO3TALIOBAHO B

MoayJi z3counter, TeHepy04YM KOHTPIPUKIIAZ AJis1 YMOBHU, TOTOXHY ICTUHHICTb
o SIKOI He BJja/10Cs BCTAHOBUTH Hi nporpami winMain, Hi nporpami winCheckZ3.
M counterbxample.py Puc. 1 neMoHCTpye cTpyKTYypy cucteMu VerPro. B kaTanosi npoekTy po3Ta-
|ﬂ options.json IIOBYIOTBCS MOJYJIi OCHOBHMX ITPOTPaM Ta KOMaHAHI Gpaliu A5 IX BUKJIHKY.
winCheckZ2.cmd B MiAKATAI031 ANprograms 3HAXOAATECHA MOLy/Il aHOTOBAHHMX IPOrPaM. B nig-
KaTaso3si design 3HaXoAAThCS ui-daiiay 3 onrvcoM BiKOHHOTO iHTepdeiicy mpo-

counterExample.cmd

[ winCheckz3.py rpam CUCTeMH Ta MOyl il iHTepdeicHuX Kiacis.
winbain.cmd [ligkaranor exprlib MicTuTb 3rafiani Buile 6i6tioteku arilib, logilib Ta treelib.
er winMain.py [ligkaTanor z3py MiCTUTB MOAYJI, IPU3HAYeH] J/1 B3aEMOAII 3 pO3LIMPEHHAM
Z3py.
[ligkaTasior output MicTUTb TeKCTOBI ¢ail/iu 3i 3BiTaMU Npo eTanu nepeTBo-
Puc. 1. CrpykTypa peHHs1 aHOTOBaHOI mporpaM# Ta ii yMoB Bepudikanii.
KaTaJIoTy IPOEeKTy [ligkaTasor verification 3apae 6i61i0TeKy GYHKILIH, TPU3HAYEHUX JJIs1 peaJti-

3auii 3ajay Bepuodikarii nporpam, HamucaHux MoBoo Python.

[lizkaTasior venv - 1ie nmiZikaTasior BipTyaJbHOT0 OTOYEHHS IPOEKTY, SIKe BKJIIOYAE Po3MpeHHs PyQt5 ta Z3py.

IHTEP®ENC CUCTEMH VERPRO

OcnoBHa nporpama winMain 151 yTBopeHHs iHTepdelicy BUKIMKAE MOAYb verify 3 onucoM iHTepdercHo-
ro kiacy. PyHKIioHyBaHHS cUcTeMHU Ta ii iHTepdeiic mposeMoHCTpyeEMO Ha MpUKIazi GyHKILI frac o69ucieH-
HS YaCTKH Ta 3aJIMIIKY Bij| [iJieHHS ABOX IJIUX JoAaTHUX yuced [F1].

InTepdeiricauit Gain verify.ui fusaiiHepa posmnpeHHs PyQt5 Bu3Havyae BikHO dopmu Verify, y skomy Bifjo-
OpakaloThCsl TAOJIHMII 3 pe3y/ibTaTaMu aHati3y. Ha BepxHil maHesti BikHa Bio6paXkaroThCsl KHOMKH, sIKi CTa-
I0Th JJOCTYIIHUMH Y BiATIOBiAHKMI MOMEHT aHasi3y. Ha HIKHIN naHes i MOXyTh BiZjo6pakaTHCs MOBiJOMJIEHHS
KOPHUCTYyBauy.
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B Verify - O X
File name: |H:\pyihonjrojects\veriﬁcah’on\\"a’inVerPro\anprograms\fracfun.py .|| Automatically
Program Tracks Parameters Conditions Simplify Z3-solver Results
CP P5 CE TE T v EE e S 5T Options Save

Statement
1 def fracix, y):

2 ECP_lx==0andy>0

3 r=x

4 g=0

5 whiley <=

6 FCP Lix==q y+r
7 r-=y

2 g+=1

9 ECPEx==q*y+randr<y
10 return {"quotient™ g, "remainder”: r}

n

Annotated program has the right structure.

Puc. 2. Intepdeiic nporpamu winMain

[Tone BBoay File name no3BoJisie BUOpaTU Nporpamy AJsl aHauizy. KHonka Program aHanisye ii Ta Bifo-
6paxae B Tabsuui (puc. 2). KHonka CP Bifjo6pa)ae TabJUI0 3 KOHTPOJIbHUMU TOYKAaMU nporpaMmu. Jlo HUX
BiZIHOCATBHCSA TOYKA BXOJly IPOrpaMU Ta TOYKA BUXOJY 3 Hel, a TaKOX TOUYKH LIUKJIB porpamu (puc. 3a).

Program CP  Type CcP Condition
1 CP Imitial ||[1 CPl x>=0andy=0
2 CP1 Loop (|2 CP1 x==qg%y+r
3 CPE Ending||3 CPE x==qg*y+randr<y
a) b)

Puc. 3. KOHTpOJIbHI TOYUKH POrpamMy Ta yMOBH B HUX

Knomnka PS Bigo6pakae B TaGIMIi AeTaNlbHY CTPYKTYPY NPOTrpaMH, siKa MOJIETUIYE PO3YMiHHS MOMUJIOK Y
CTPYKTYpI nporpamu Ta il anoTtauyii

Knonka CE Bigo6paka€e yMOBH, aconiiioBaHi 3 KOHTPOJIBHUMH TOYKAMH MPOTPAMH, [0 IKHX BiZJHOCATBCS
MOYaTKOBA, KiHI[eBa YMOBHU Ta iHBapiaHTH IUKJIIB (puc. 3b).

Knomnka Tracks 6yzaye Tpacu B mporpami, iki BeAyTh Bifj oAHIEI KOHTPOJIBHOI TOYKH /10 iHIIOI. A KHonka TC
Biflo6Gpakae Tpacu Ta ix onepaTopu ¥ ymMoBU nepexoay (puc. 4).

Track Statements
1 CP->CP_1: r=x,q=0y<=r
2 CP-»>CPE r=xq=0y>r
3 CP1->CP 1 r-=y,q+=T1y==r

4 CP1->CPE r-=y,q+=T1y>r

Puc. 4. Tpacu Ta ix oneparopu

KHomnka Parameters BU3Ha4a€ Heo6XiAHi CAMBOJIbHI TapaMeTpH Jisi CAMBOJIbHOTO BUKOHAHHSI Tpac Mpo-
rpamu. fIKujo 3HaYyeHHs1 3MiHHOI Ha Tpaci He 3MiHIOEThCS, TOZi BOHA caMa Oy/ie NM03HA4YaTH CBOE 3HAYEHHSI.
KHomnka IV Buae CMMBOJIbHI MO3HAYEHHS 3MIHHUX AJI1 KOXHOI Tpacu nporpamu (puc. 5).
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Track Initialization of variables

1 CP_l-»CP_1:
2 CPI-»CPE
3 CP1-=CP_1: r=vl,g=q0

4 CP1-»CPE r=rl,q=q0

Puc. 5. [lapameTpu Tpac

Track Correctness condition

1 CPl->CP_1: x>=0andy=>0andx-y>=0->x-x==0
2 CP1->CPE x>=0andy=0and x+y>0->x-x==0and-x+y=0

3 CPA-=CP1: -q0*y-+x==0and)-y-y>=0->-ql*y-+x-y+y==0

4 CP1->CPE -q0*y-+x==0and - +y+y>0->-g0*y-+x-y+y==0and-+y+y>0

Puc. 6. YMOBU KOPEKTHOCTI Tpac

KHomnka Conditions 6y/1lye yMOBM KOPEKTHOCTI Tpac mporpamH, a KHomnka CC Bifo6pakae ix y Tabsu1i (puc. 6).
Knornka Simplify cnpoiiye no6yzioBaHi yMOBH 3aCTOCYBaHHSIM /10 HUX €KBiBaJIeHTHUX IEPETBOPEHb. A KHO-
nka SC Bijo6pakae crpoieHi yMoBH B Tabuii (puc. 7).

Track Simplified correctness condition

1 CP_l-» CP_1: True
2 CP_l-> CP_E: True
3 CP_1-> CP_1: True

4 CP_1-= CP_E: True

Puc. 7. CnpoiueHi yMOBU KOPEKTHOCTI Tpac

KHonka Results Bujjae pe3ysibTaT clipoleHHs yMoB Bepudikauii: "The ptogram is correct”. TakuM ynHOM, KO-
pekTHicTb QyHKII frac cucteMmi VerPro Bianocsi BUBECTU 3aCTOCYBaHHSIM eKBiBaJIEHTHUX ITepeTBopeHb. KHomKa
Automatically BUKoHYE Bci onucaHi Jjii aBTOMaTHUYHO, BiZjobpakaloyuy B TabGJIML JIUILIe 3araJbHUN pe3y/ibTaT.

Posrisz BlacTUBOCTEN NporpaMu JONMOBHUMO BJIACTUBICTIO 3aBEPUIMMOCTI. IHBapiaHT Ta BapiaHT LUKy
Bi3bMeMoO 6JIM3BKUMU [0 HaBeJleHUX B po6oTi [F1]. /s 1boro B KOHTPOJIBHIM TOYLi HUKJY TOOYAYEMO TaKUN
KOMeHTap:

#CP_l:x==q*y+randx-q>=0;x-q.
Ha ueit pa3 ekBiBasieHTHi lepeTBOpeHHs cucTeMu VerPro ycIilllHO CIpaBUJIKCS 3 YMOBOIO 3aBEPIIMMOCTI,

aJjie He CIIPaBUJIUCS 3 YMOBOI KOPEKTHOCTI TpeTboi Tpacu. KHonka Results Bujjae noBigomieHHs: "Failed to
prove 1 correctness condition of program tracks".

Track
1 CP_l-> CP_1: True

2 CP_l-»CP_E True
3CP1-=CP1: g0*y+r-x==Dand-ql+x>=0andrd-2%y>=0->-1-g0+x>=0

4 CP_1-= CP_E: True

Puc. 8. CipoieHi yMOBH KOPpEeKTHOCTI Tpac

Knomnka SC BuzacTh cripoiieHi yMoBU KopeKTHOCTI Tpac (puc. 8). OckisibKM He BCi yMOBU KOPEKTHOCTI CHC-
TeMi VerPro Baasocst nepeBipuTH BJaCHUMHU 3ac06aMy, BOHA pOOGUTH JOCTYITHOI KHOIIKY z3-solver. 11s1 kHOnKa
yTBOPIOE MOAYy/b z3cond i po3TalloBye Horo B mifKaTanosi z3py. B Tabauni 3’ aBasi0ThCA [jBa PsJKH MOBif0-
MJIEHB PO YCIIillIHE YTBOPEHHS MOAYJIsSl BUKJIUKY po3lupeHHs Z3py (puc. 9).
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I3 extension

1 Conditicns for z3py extension are built in the module z3py\z3cond.

2 ch. check them with the z3py extension, run the module or batch file winCheckZB.g

Puc. 9. [loBigoM/ieHHsI NP0 YTBOPEeHHS MOoAy/is z3cond

MEPEBIPKA TOTOXXHbOI ICTHHHOCTI 3A ZIOIIOMOT0I0 Z3PY

[ mepeBipKM TOTOXKHOI iCTUHHOCTI yMOB, 3TreHepOBaHUX B MoAy/ai z3cond, BUKJIWYEMO MPOTpaMy
winCheckZ3. TlporpaMa BUJACTh BIKHO 3 TAaKUMHU 5 KHONKaMM MeHIO Ta TAOJIMIEI0 3 YMOBOI KOPEKTHOCTI
Tpacu HoMep 3 (puc. 10).

B CheckZ3 - O *
Conditions Check Results Counter-example Options
Track # Type Condition

1 3 correctness g0y + -k ==0and-ql+x>=0andr-2%y>=0->-1-gql+x=>=0

Puc. 10. BikHo nporpamu winCheckZ3

Knomka Conditions Bigo6pakae yMoBHY Bepudikailii, ki He BAAIOCT BUBECTU 3aCTOCYBAHHAM €KBiBaJIEHTHHUX
nepeTBopeHb. KHonka Check Bu3Havae (puc. 11), yu € ymoBu Bepudikarii ToroxxHo ictuHHuMU (True), uu Hi (False).

B CheckZ3 - O x
Conditions Check Results Counter-example Options
Track#  Type Condition Value

1 3 correctness q0*y+ 0 -x==0and-q0+x>=0andr0-2*y>=0->-1-q0+x>=0 False

Choose the wrong condition

Puc. 11. [lepeBipka TOTOXXHOI icTUHHOCTi yMOB Bepudikanii

SK110 sikack yMOBa He € TOTOXXHO iCTUHHOI0, TOZI ii MOKHa BUAIJIUTHU i TOOYAYBaTH KOHTPIPHUKJIAZ — Habip
3HauyeHb apaMeTpiB, AKUHA POOUTH il pasblIKBoI0. [laHes b cTaTyCy Bigobparkae peKoMeH/Jamii mpo 1ie KOpUc-
TyBauy (puc. 12).

B CheckZ3 - O X
Conditions Check Results Counter-example Options
Track#  Type Condition Value

1 3 [RGBy g0y + 0-x ==0and-qg0+x>=0andrl - 2*y

The wreng condition was successfully selected

Puc. 12. BuaizieHHd CyMHiBHOI yMOBU

Ji1s mobyioBY NpUKJIaAy NOTPiOHO HATUCHYTH Ha KHONKY Counter-example, sika B nifikatasnosi Z3py yTBo-
puTh MoayJb z3Counter. llel Molysib MiCTUTB onuc ABOX GyHKIiN: z3countP Ta z3counterEXx.

Ju1 BUKIMKY 1uX QYHKLIN NOTPi6HO 3amycTUTH nporpamy counterExample. g nporpaMa Tex yTBOPIOE
KHOTIOYHEe MeHIO Ta Bijlo6pakae Tabsunio (puc. 13).

KHonka Condition Bifjo6paxae B TabiuIi yMOBY Ta NOsICHIOE ii moxomxeHHs. KHonka Build 3HaxogUTb Ha-
6ip 3HaYeHb apaMeTpiB, sIKi po6ATh 1i pasnbmKnBoIO (puc. 14).
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B " Build counter example — O X
Condition Build Substitute Options Save
Option Value
1 Program fracfunterm3
2 Track 3

3 Condition type 3aeepummicte

4 Condition ql*y+ M -x==0and-q0+x>=0andrl-2*y>=0->-1-gl+x>=0

Puc. 13. BikHo nnporpamu counterExample

Parameter Value

1 Condition False

2 x 2
3 1] 6
4 y -2
5 q0 2

Puc. 14. 3Ha4eHHs napaMeTpiB y KOHTPpOPUKIAAi

Expression Value
1 Program fracfunterm3
2 Track number 3
3 Correctness condition g0 *y+rl-x==0and-q0+x>=D0and D -2%y>=0->-1-gl+x==0
4 Parameter values x=2,M=6y=-2q0=2

5 Theresult of the substitution -2*2-2+6==0and-2+2>=0and-2*-2+6>=0->-1-2+2=>=0
& Calculation of polynomials 0==0and0>=0and 102=0->-1>=0

7 Calculation of polynomials  True and True and True -> False

8 Calculation of implication  True -> False

9 Walue of the condition False

Puc. 15. [IoKkpoKoBe 064U C/IeHHS 3HAa4Y€HHS] YMOBH

KHomka Substitute nificTaBJsie 3Hal/ieHi napaMeTpu B YMOBY i TOKPOKOBO 064uCIItO€ ii 3HaueHHA (puc. 15).

[IpuyrHol HeBJaui Bepudikanuii € moMuakoBi iHBapiaHT Ta BapiaHT UMKJy. B posi BapiaHTa Bi3bMeMO
BUpa3 I, a iHBapiaHT (puc. 2) JONOBHUMO KOH'IOHKTOM Y > 0, IKUH J0NOMOXKe 3a6e3MeYUTH CKiHYeHIiCTb mocJii-
JIOBHOCTI 3HaueHb BUPa3y. B pe3y/ibTaTi KoMeHTap 3 yMOBOIO B KOHTPOJIbHIN TOYLi LUKy IPUIMe TaKUi BUTJIAL:

#CP_l:x==q*y+randy>0;r.
Knonka TC BuZacTb TaKy yMOBY 3aBepPLIMMOCTI Tpacu 3:
-q0*y-r0+x==0andy>0andr0-y-y>=0->y>0

KHomnka Simplify cnipocTUTb n06y10BaHy YMOBY 10 TOT0XKHOI iCTUHY, a KHONIKA Results Bijo6pa3uTh TaKU

pe3ysbTaT crpolieHHs yMoB Bepudikariii: "The program is totally correct”.
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MO/IEJIIOBAHHSA CYITPOBOAY BCTYIMHOT KAMITAHIT 3AK/IAZ1Y BUII[OT OCBITH

Y cmammi docaidxcyemucsi opeanizayis cynposody npuiiomy Ha HaguaHHs o 3akaadie suwjoi oceimu. Ockinbku npuiiom
B8CMYNHUKIB € KJAI0408UM emanom 0151 6ydb-s1Kk02o 3akaady suwjoi oceimu, nocmae HeobXxioHicmb y 3a6e3neveHHi ssKicHOi ma
edpekmueHoi ecmynHoi kamnaHii das 8id6opy Halikpawjux cmydeHmis. Y docaidxceHHi demasnizo8aHo npoyecu, sKi € HE06-
Xi0Humu 0.8 nidzomosku, 30ilicHeHHs ecmynHoi kamnaHii ma aHaaizy pesysbmamis npogedeHo20 npuliomy Ha HABYAHHS.
O6rpyHmosaHo nompe6y Modeato8amHs cynposody 3a donomozoto 3acobie CASE-mexHo.io2ili. Memolo cmammi € no6ydosa
cmpykmypHo-@yHkyioHa1bHoi Modeni cynposody ecmynHoi kamnaHii 6 3akaadax suwjoi oceimu das demanizayii npoyecie 3
mouKu 30py po3po6HUKa iHgopmayiliHoi cucmemu nputimanbHoi kKomicii. Y docaidiceHHi sukopucmogyembscsi Memoao102is
¢yHKyioHarbHo20 ModeatoganHsi IDEF0 das modentosaHHs 6i3Hec-npoyecie. 3acmocosaHo yHkyioHaabHull nioxid das eu-
3Ha4eHHs1 06’ ekmis cynposody ecmynHoi kamnaHii ma 3’sicysaHus 36°sa3kie misc Humu. Haykoea Hogu3Ha. Y cmammi no6ydo-
8aHO Modeb npoyecy «Cynpogid ecmynHoi kamnaHii y 3aknadax suwjoi oceimu», BUKOHaHO dekoMno3uyito Modeai y Homayii
IDEF0. Buchogku. 3acmocyganHsi IDEF0 015 modeatosaHHs cynposody ecmynHoi kamnawii daso 3mozy 8idobpasumu cmpyk-
MYypHI 36°s13Ku Mixc npoyecamu ma o6’ ekmamu. /lemanizosaHo ma onucaHo npoyecu, cmpiaku 8xody, 8uxody, KOHMpoa ma
MexaHi3my. BusHaueHo ckn1adosi cynpogody ecmynHoi kamnauii: aHaiz ecmynHoi kamnaHii nonepedHbo20 poky, nidzomoska
do nputiomy Ha Hag4YaHHs 00 3akaady uwjoi oceimu, npogedeHHs1 CMyNHOI kKamnawii, 3agepuieHHs ecmynHoi kamnaHii. [Iped-
cmasJieHa Modesb depesa 8Y3/18 pO3KpUBAE KOMNOHEHMU Opy2020 pigHs dekomno3zuyii. CnpoeKmosaHa Modesb, U0 0XONJAHE
8ci cks1adosi cynposody ecmynHoi kamnaHii, Moxce 6ymu 3acmocosaHa npu po3po6byi yu modugikayii iHgpopmayiliHux cuc-
mem vu mModynie 0451 agsmomamu3ayii po6omu nputimMaabHoOi KoMicii.

Katouosi cioea: cynpogio ecmynHoi kamnauii, cmpykmypHo-@yHKyioHa1bHa Modesas, IDEF0, 3akaad euwoi oceimu, npu-
limanvbHa Komicis, iHgpopmayiiina cucmema.

MODELING OF SUPPORT FOR AN INTRODUCTORY CAMPAIGN OF A HIGHER EDUCATION INSTITUTION

The organization of support for admission to higher education institutions is analyzed in the article. Since admission of
entrants is a key stage for any higher education institution, there is a need to ensure a qualitative and effective introductory
campaign to select the best students. The study highlights the processes that are necessary for preparation, implementation
of an introductory campaign and analysis of the results of the admission to study. The need for support modeling with the
help of CASE technologies is justified. The purpose of the article is to build a structural and functional model of support for
an introductory campaign of a higher education institution to detail the processes from the point of view of the developer of
the information system of the admissions committee. The study uses the IDEF0 functional modeling methodology to model
business processes. A functional approach is applied to determine the objects of support of the introductory campaign and to
clarify the connections between them. Scientific novelty. In the article, a model of the process «Support for an introductory
campaign of a higher education institution» was built, the model was decomposed in the IDEFO0 notation. Conclusions. The use
of IDEFO0 for modeling the support of an introductory campaign made it possible to display the structural relationships between
processes and objects. Processes, input, output, control and mechanism arrows are detailed and described. The components
of an introductory campaign support are defined: analysis of the previous year's introductory campaign, preparation for
admission to a higher education institution, conduct of an introductory campaign, completion of an introductory campaign.
Presented node tree model reveals the components of the second level decomposition. The designed model, which covers all the
components of an introductory campaign support, can be used in the development or modification of information systems or
modules for automating the work of the admissions committee.

Key words: support of an introductory campaign, structural-functional modeling, IDEFO0, higher education institution,
admissions committee, information system.
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IlocTaHoOBKa Npo6JieMu. [IpuiioM BCTYIHUKIB € BOXKJIMBUM €TANOM [IJisl 6y/Ib-SIKOT'0 3aKJ/Ia/ly BHUILOI OCBITH
(3BO). Heo6xinHo 326€3Me4uTH SIKiCTb Ta epEKTHUBHICTb BCTYITHOI KaMIlaHii Z/151 Bii60py HaMKpaluX CTY/I€HTIB.
Be3 HanexHOro cynpoBoAy BCTYMHOI KaMNaHil Moxke BUHUKHYTH NOTipLIeHHA penyTalii 3ak/1aAy BUILO0I OCBITH,
BTpaTa MOTEHLiNHUX CTYAEHTIB Yepe3 HeJOCTaTHIO iIHpopMaLliiHy NiATPUMKY Ta 3aTPUMKY HaJJaHHS MTOCJIYT.

EdexTuBHA MO/ie/Ib CYIPOBOAY BCTYMHOI KaMNaHii cipusTUMe onTUMi3anil mponecy npuioMy Ha HaBYaH-
HA 10 3aKJIa/liB BUILOI OCBITH. 3a JOMOMOI0I0 CTPYKTYPHO-QYHKIIIOHAJIbBHOT'O MO/ZIE/IIOBAaHHSA MOXKHA JleTaJli-
3yBaTH BCi MPOLECH CyPOBOAY Ta iX cKJaLoBi. BiinoBiiHO BUHHKA€E HEOOXIAHICTD y cTBOpeHHI QyHKIIiOHAb-
Hoi Moziesti cynmpoBoAy BetymHoI kammnaHii 3BO. [To6yzoBaHa Mozesib MoXKe 6y TH BUKOPUCTAaHA K OCHOBA JJIs
PO3pO6KH YH y[IOCKOHAJIeHHS iHPopMaLiifHOl cucTeMy NpUUMaIbHOI KOMICii.

AHani3 ocraHHix AocaigxkeHb 1 my6sikaniil. [IpoBeseHnit aHai3 HAYKOBUX JOCJIPKEHb MMOKa3aB, 110
3/1e6ibIIoro My6JliKanil HayKOBIIiB MPUCBSIYEHI MO/ e/IF0BaHHIO mpornieciB fissibHOCTi 3BO B misomy. Y crartTi
[1] mpencTaBieHo fiarpamy GyHKI[iOHA/IBHOI MOJeJi HaZJaHHS OCBITHBOI mocryru 3BO, y IKiil 0JHUM 3 KOMIIO-
HEHTIB € NPUIOM Ha HaBYaHHS. ABTOPOM BHU3HAUY€HO, 10 iHpopMaLiiiHi MOTOKHY, AKi NPU [[bOMY BUHUKAIOTh,
MarTh cBOi oco6iMBoCTi. Heo6xiziHO 31 icHIOBaTH X MOHITOPUHT Y peKHMi peasibHOT 0 Yacy, 30KkpeMa, iHdop-
Mallio PO BCTYNHUKIB, peTUHTOBI circky. [HpopmaniiiHi moToku NOBMHHI CKJ1aaTHCA 3 MiATBEPKEHO] iH-
¢dopmauii 3 HagiHHUX 0diLiHHUX MKepest a6o JOKYMeHTIB. € HeobXiZjHicTh 3adikcyBaTH iHpopManiiiHi noTOKM
Ha KOHKPETHHUH MOMEHT 4Yacy /JJs HaJaHHs iM odiliiHOro craTycy, 1o Moxe Big6yBaTHCs 3a JOIOMOI0O0
MPOTOKOJIB MpUiMasibHOI KoMicii, odinifiHOro Be6-caiiTy 3akiazy, nanepoBUX CHUCKIB Too. [HpopmaniliHi
MOTOKH MOXKYTb GYTH SIK MOCTIHHHMMH, 1[0 BUKOPHUCTOBYIOTBCS ¥ {HIIMX Mpolecax, Tak i THUMYaCOBHUMH, 10
CYTYIOTh SIK JJonoMi>kHa iHpopMauis, moTpeba B AIKil 3 YaCOM 3HUKAE.

Y moHorpadii [2, ¢.78-79] onucytoTbca GyHKLIT npuiiMaabHOI KoMicil Ta IX BUKOHABIi B iHTerpoBaHil iH-
¢dopmaniniHii cucremi ynpassinHs yHiBepcuteToM (IICYY). ABTOpaMu npejcTaBjieHO cxeMy peaJisarii Mo-
nyas «[lpuiiMmanbaa koMicis» sk yactunu 1ICYY. Hetenmuyk B. y po6orTi [3] npeacTaBuB po3pobiieHy MojieNb
6isHec-nponecy ynpasJinaa 3BO 3rizno Bumor HoTauii IDEFO. Ciuko T. y [4] npuginuia yBary MosetoBaHHIO
iHpopmaniiiHoOi cucTeMHU ynpaB/iHHSA 3aKJ/IaZ0M BHINOI OCBIiTH. 3aBropo/Hii B. Ta flnosa K. 3xificHuan mo6y-
ZIoBY GYHKI[iOHA/IBHOI MoJiesti dopMyBaHHS akpeauTalidHoi cnipaBu 3BO 3aco6amu meTtogostorii IDEFO [5].
3anponoHOBaHO METOZOJIOTIYHI MiAX0[U 10 MOZEe/II0OBaHHS Gi3Hec-poIleciB B 3aKJafaX OCBITH, 3/[iIHCHEHO
MOPiBHSHHSA MPOLeCHOTr0 Ta YHKIiIOHAJIBHOTO MiAX0AiB ¥ po6oTi [6].

AHaniz ny6aikanii niATBeppKY€E aKTyaJIbHICTb MPOG6JIEMU CyIPOBO/LY BCTYITHOI KaMIaHil Ta He06XiJJHICTh
il BupieHHs. [IpoTe, NUTaHHS MOZE/II0BAHHS NPOLECIB MiATOTOBKY [0 MPUIOMY Ha HaBUaHHS 3aKJ1aZ|0M BU-
1101 OCBITH € HEZOCTATHBO JOCTI/PKEHUM Yy 3raJlaHUX BHUIIe po60TaX.

MeTa cTaTTi - M06y/AyBaTH CTPYKTYPHO-QYHKI[IOHAIBHY MO/eJIb CYyITPOBO/Y BCTYIHOI KaMMaHii y 3ak/a/iax
BMIIOI OCBITH /151 ieTasti3anii mporieciB 3 TOUKH 30py po3po6HMKa iHpopMaIiiHOI cucTeMy MpUHMaIbHOI KOMicil.

Bukuaz, ocHoBHoOro Marepiasy. CympoBi/; BCTYyIHOI KaMnaHii BK/IIoUa€e B cebe BCI0 CYKYIHICTb MPOLECiB, Mo-
YMHAIOYM 3 MiIFOTOBYMX 3aXO/iB | 3aKiHYyI04YM aHa/Ii30M pe3yJIbTaTiB NPOBeAEeHOro NpuioMy Ha HaBYaHHA. 1A
TOTrO, 106 3IHCHUTH MO/IeJIF0BaHHSI HE06Xi/JHO 06paTH METO/I0JIOTII0, IO I03BOJIUTD JIeTali3yBaTH BCi CKJIaJ[0BI.

CASE-TexHoJ0Tisi MeTOZ0J10Til MPOEKTYBaHHSA iHPOPMaLiHHUX CUCTEM NMOOYA0BaHA HA OCHOBI CTPYKTYp-
HOT'0 Ta 00’'€KTHO-OPiEHTOBAHOI0 aHaTi3y Gi3Hec-poIeciB y BUJIAAI AiarpaM JAJs1 ONUCY 3B'I3KiB MK Mo/Jie-
JIAMU cucteMmu [7].

Cepep CASE-TexHOJIOTiH, KOMIIOHEHTOM, 1110 HaiuyacTime BUKopuctoByeThcs, € IDEF0 - meTozostoris ¢yHK-
[[iOHAJIbHOTO MO/IEJIIOBAHHS, sIKa MPOMOHYE MOBY QYHKIIOHAJIbHOTO MOJEJIIOBAaHHSA JIJIs1 aHaJIi3y, pO3po6KHY,
pekoHCTpPYyKLii Ta iHTerpanii inpopmaniiiHuX cucteM; 6i3Hec-nporecy; abo aHaii3 nporpamMHoi iHxkeHepil [8].

Jiarpama IDEF0 Bijo6pakae cTpyKTYPHI 3B’I3KH MK MpoLjecaMu Ta 06’ekTaMH. [Ipo1iec 306paxyoTbcs y
BUIVIAI MPSAMOKYTHUKIB. [l/1s1 3AiHiCHeHHS poliecy HeoOXiHI BXigHI eJleMeHTH, 1[0 MPeICTaBJIeH] CTPiIKaMu
JliBopyd4. Pe3ysibTaTy 4M BUXIiAHI eseMeHTH mporecy po3MillyoThcs npaBopyd. MexaHi3aMu, HeobXiHI i
BUKOHAHHS MPoIiecy 306paXKyI0ThCs, 110 po3MimieHi 3Hn3y. O6MexkeHHs a60 yNpaBJliHHSA BUKOHAHHSA IPOLECY
Npe/CTaBJIeH] CTpiJIKaMHy, 1110 po3TalloBaHi 3Bepxy. KoxHa 31 cTpisIoK NOEAHYETHCA 3 BiINOBIJHOIO CTOPOHOIO
NpsSIMOKYTHHKA [9].

MopeitoBaHHS NpoIecy CynpoBOAY BCTYMHOI KaMIaHil y 3akJia/ii BULL0I OCBITHU JacTb 3MOTY JeTaJi3yBaTu
HWOTrO0 KJIIOUOBI eTanu, BCTAHOBUTHU IOC/iJOBHICTh BUKOHAHHS JIill Ta 3B’SI3KM Mi>kK HUMH, a TaKOX BUJAIJIUTHU
pecypcH, iKi HeoOXilHi [i/1s1 peastisariii KOXKHOTO eTaly.

Jis mpoexTyBaHHSA iHpopMariliHOI TexHOoI0Ti po3p0o6sieHO MOo/iesb CypoBOAY BCTyHOI kKammnanii 3BO. Mo-
Jlesib 6ys1a ctBopeHa 3a gonomoroto CASE-texHouiorii pyHknioHanbHoro MmozgentoBanns IDEFO. [iis cipoueHHs
Mo0Oy10BY po3p00OKa BUKOHYBaJIacsd B cepeloBHILi 6i3Hec-MozemnoBaHHsa BPWin (AllFusion Process Modeler 4.1).
KoHTeKkcTHA Aiarpama cynpoBoAy BCTYyIHOI KaMIIaHii y 3aKJiaiax BUIIOI OCBITH 300paXkeHa Ha puc. 1.

Jiarpama Ha HaWBUILOMY PiBHI MiCTUTB HAaHU6I/IbIN 3aTa/bHi OMUCH TPeICTaBIeHOrO0 mpoiiecy. s giarpama
MoXKe 6yTH po3/iJieHa Ha AeKiJIbKa Jo4ipHix Aiarpam, ski HajaroTh 6isblie getasned [10].
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Lo Mozeti € onyc B3aEMOZII Mixk yciMa KOMIIOHEHTaMHU CyNpoBoAy BCTynHoi Kamnail y 3BO. Mogesto-
BaHHS 3/[ICHIOBAJIOCS 3 TOYKU 30PY pO3pOoOHUKaA iHPOopMaIiiHOI CHCTEMU MPUHUMaTbHOI KOMIiCil.

HopMETREHO-NpaE0s] | By oz Magssisosas OGCAM [EQHABHOND
2T wopMaTkEHl | OBCAM SEMOBNEHHA
oKy MEHTA

DamE BCTYTHAKE |1:.GD\E.,H NP0 SEPECI0SSHDL BCTYTEWIS

¥
¥

Cynpoein BCTYMHOT KaMNaHT

SEITHICTE ECTYTHOI EaMnasil NONEPEHEON0 DOLY ¥ 33KNEJAX BHLLOT OCEITI

SSITHICTE NP0 NPOSSHEHHA BCTYTIHOT E3Mnanl

¥

CramacTvraia bopMaLiiA BCTYTHOT LamnaHil

MONEQELHEDND oKy CramacTraa BnbopMaLia

F
Kepissamso Mpagsam mbpacTpyTypa | AIM HiCTOETOR
38O MDVEAMEN==0T FHPOPMELIFHOT CACTEMA
BOMICH CYMPOSONY BCTYTEG
EEMnEH

NOODE: TITLE: NURMEER.

Cynposig BCTYNHOT KAMNAHIT Y 3aKknafgax BLLIOT OCBITA
A0 ]

Puc. 1. KoHTekcTHa Aiarpama «CynpoBij BCTYNHOI KaMIIaHil y 3aK/IaZax BUILOI OCBIiTHU»

[Ixepesio: moGya0BaHO aBTOPOM B cucTeMi BPwin

BxifHHUMM 06’€KTaMu CyPOBOAY BCTYITHOI KaMMaHil € 3as1BM BCTYMHUKIB, 3BITHICTb BCTYITHOI KaMMnaHii nome-
pPeAHBOr0 POKY, CTATUCTUYHA iHdOpMalis BCTyMHOI KaMIlaHii nonepegHbOro poky. PesysnbraToM € iHpopMmaris
PO 3apax0BaHMX BCTYMHUKIB, 3BITHICTh PO NMPOBEIeHHS BCTYIHOI KaMNaHil, cTaTUCcTUYHA iIHpopMalis.

3a BUKOHaHHA CyNPpOBOJY BiANOBIAAIOTE:!

- kepiBHUITBO 3BO (pexTop/ AnpeKTOp/ Npe3u/ieHT/ HauaJbHUK, IKUU 3/1iICHIOE yIIpaBJIiHHA JislJIbHIC-
TIO 3aKJIaJly BUI[OI OCBiTH, Ta HOTO 3aCTyITHUKH);

- MNpauiBHUKU NPUKMaJIbHOI KOMicil, Ki 3aTBep/KeHi kepiBHUKOM 3BO;

- ajMinicTpaTtop iHpopMauniiiHoi cucTeMHU CynpoBoAy BCTYHOI KaMNaHii, IKUH 3/[iiCHIOE HAaJIALITyBaHHS
MPOTrpaMHOTro 3abe3nevdeHHs Ta 06J1a/lHAHHS, 110 BAKOPHUCTOBYIOThCS B poleci BCTYNHOI KaMmaHil; agMiHi-
cTpye 6a3y JJlaHMX, 1[0 MiCTUTh iHPOpMalio Npo BCTYMHUKIB; BUpillye TexHi4YHI Mpo6seMu, NOB’sA3aHi 3 iH-
dopMaLifHUMU CHCTEMaMH, 1110 BUKOPHUCTOBYIOTBCS Mif| Yac BCTYMHOI KaMIaHil; mpantoe HaJ, 3aXUCTOM KOH-
dinennifinol inpopmarnii, 1110 CTOCYETHCSA BCTYNHUKIB Ta BCTYIHOI KaMMaHii;

- iHppacTpykTypa - iHdopMamniliHa cucTeMa MpUKAMaJbHOI KOMicii, po6oyi cTaHIil mpaliBHUKIB mpHU-
WMaJibHOI KoMicil, 6a3a JaHUX, NOMOMIXKHE NMporpaMHe 3abe3MedeHHs], CepBep, MepexeBe 00J1a/[HAHHSA, ITPO-
rpamu Microsoft 365 i T. iH., 1[0 3a6e3Me4yy0Th NPOBeJAEHHS BCTYIHOI KaMITaHil.

O6MeXeHHsI CylpoBOAY 0OYMOBJIeHI BHYTPIIIHIMHM HOPMAaTUBHUMHU JIOKYMEHTAMH, 1[0 3aTBEP/KYIOThCS
3aKJ/IaIOM BUILI0I OCBITH JJi per/laMeHTYBaHHA [IPoLecy NpoBeJeHHA BCTYIIHOI KaMIlaHii, HOpMaTUBHO-IIpa-
BOBHMH aKTaMH, JIiLleH30BAHUMHU 00CsIraMy, 06cAraMu iep>KkaBHOI0 3aMOBJIEHHS.

3AiMicCHeHO eKOMIO3ULiI0 3MO/le/IbOBAaHOI KOHTEKCTHOI Aiarpamu «CynpoBiJi BCTYHOI KaMNaHil y 3akJa-
Jlax BUILOI ocBiTH» (pHC. 2).

OCHOBHi KOMIIOHEHTH JiarpaMH, CTBOPeHOI Mmic/isi JeKOMII03uIlii, HaBeAeHi y TabJI. 1.
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Tabaung 1
KoMnoHeHTH AiarpaMu nepiuoi JeKOMIoO3MIii CynpoBoAy BCTYNHOI KaMINaHii y 3aK/Iafiax BULL0I OCBITH
Hassa XapakTepHuCcTHUKA
1 2
AHani3 BcTynHoi kamnaHii Oninka iHdopMarii npo pe3ysbTaTH BCTYNMHOI KaMIaHil,
ronepeiHbOr0 PoKy 1110 Biibys1acs B onepegHbOMY POILi.
3BO0 po3po6Jisie Ta 3aTBEP/PKYE paBUJia IPUHOMY, 3a6e31eyye BYacHe
[lizroroBka A0 npuiiomMy BHECEHHS BiAKPUTHX, GiKCOBAaHUX Ta HEGIOIKETHUX KOHKYPCHUX IPONO3ULLiH
Ha HaB4YaHH4 70 3BO o EauHOI 6331, MPOBOAUTD OL[iHIOBAaHHS PiBHS 3HaHb MOTEHLIHHUX

BCTYINHUKIB, 3/IIHCHIOETHCS peecTpallisi BCTYNHUKIB Ha y4acTb y EBI, EDBB.

[Iponec mpuiloMy Ha HaBYaHHS 10 3aKJia/ly BUI01 OCBITH Biji 06p06KU

[IpoBesieHHA BCTYNHOI KaMIaHii .
MOJJAaHMX 3as1B JI0 3apaxXyBaHHs BCTYIHUKIB

3aBeplleHHS BCTYIHOI KaMMaHii [lifBeieHHSA MiJACyMKIB BCTYNHOI KaMNaHil

Jxepesio: moGy0BaHO aBTOPOM

O Nigeszozasi ofeam ey TR
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HOPMETWESO-TPSE0ST XM 3 u0e nocem ——
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'.\’_a\ ....... ry ! a0 3BO
MEnOTOSIa £ MpwAcMy
M3 HITNIHER 10 350
Moy o
mponazAgil 350 SDOPME I MDD
EERERIEEERE
HPODMEER Mp0 ¥ ¥ ¥ ECTVTHMCE
MOTEHRA i B
sy MDOSELEsHR SCTYTHO KMl [ -
IERIM ECTHTHACE ‘
]
E HaaiM mpo
IENENYEER
Yy
-
CTaMACTIES o _ .
] ! ERDLUE-HE ECT IO KEMNaH!
ECTYMHOT KEMnEsl
MOMEPER-EOTD POKY 0 -
| j CTamCTINEa
—.J—_ HDOOMELR
HepiE=TE0 350 —
- AgpisicTpaTOD SsirsicTs B0
FDODME RO bl MOSRCER
CRCTEN CYSpen). | MDY= MDEMANEH0T | SODACTEYETYER ECT =
SCTYIOT IS s CaEs
NODE: TITLE: H T i r T i NULEER:
CynpoBia BCTYNHOT KaMnaKil y 3aknagax BuLLoi 0cBimi

Puc. 2. Mogenb nepiuoi gekoMmno3unii «Cynposij BCTYNIHOI KaMIlaHii y 3aK/1aJax BUILOI OCBIiTH»

[Ixepesio: moGyA0BaHO aBTOPOM B cucTeMi BPwin

Ha nepmomy eTtani «AHasii3 BCTYIHOI KaMIIaHii IonepeJHbOr0 POKY» PEKTOP, KUK € F0JIOBOIO NPUMMa/IbHOI
KOMicii, MpOpeKTOop, IKUH € 3aCTYITHUKOM T'OJIOBH KOMicil Ta iHIIi mocajoBi 0co6H, 110 BXOASTh /0 CKJIAJY KepiB-
Hux opraHiB 3BO, BiAnoBifanbHMi cekpeTap nMpuiiManibHOI KOMicii Ta HOro 3aCTYITHUKHY, yIIOBHOBaKeHa 0co6a 3
MUTaHb IPUHHATTS Ta PO3IJIs/Y eJIEKTPOHHUX 3asB, leKaH! $aKyJIbTeTIB, BiZiNOBiaIbHI 3a Habip CTyAeHTIB Ha
crneniaabHOCTI QaKy/bTeTIB, BiJOBiJaabHI 3a opraHisanio po60TH NpUiMaIbHOI KOMicii B OKpeMHUX KOpITycax
3BO Ta iHui yienn npuiiMasnbHoOI KoMicil, agmiHicTpaTop iHGopMaLiliHOI cHCTEMH CyPOBO/Y BCTYIHOI KaMnaHii
aHaJI3yI0Th 3BITHICTb Ta CTaTUCTUYHY iHOpPMalLlilo 32 pe3y/IbTaTaMH BCTYIHOI KaMIaHil ornepesHbOr0 POKY.

Y pesysbTaTi nepioro etamny ¢popMyOTbCs peKoMeH/1alii 111010 BJOCKOHA/IeHHS] TPUHOMY Ha HaBYaHHS Ta
CMUCOK MpaliBHUKIB npuiiManbHoi KoMicii, iki 6yay Tk 3ilicHIOBaTH po6OTY B poJii onepaTopiB iHpopMariifiHoi
CUCTeMH, MpalliBHUKIB siKi OyIyTh 3a6e3MevyBaTH Oe3MocepeHI0O B3aEMO/Ii0 31 BCTYIMTHUKAMU Ta iHIII MpalliB-
HUKH, 3a/Iy4eHi 10 mpoliecy npoBeZieHHS BCTyMHOI kKamnaHii. L[i 06’'ekTu € BxigHuMU JJ1s npouecy «IliaroToBka
Jl0 IpUKOMy Ha HaB4aHHA 710 3BO». ¥ Mexax AKoro, Kepyro4ucb HOpMaTUBHO-NIPAaBOBMMHU aKTaMH, BHYTPILIHIMU
HOPMaTHBHUMHU JloKyMeHTaMU 3BO0, JliieH30BaHUMU 06CATaMU Ta 06CAraMH Jiep>KaBHOTO 3aMOBJIEHHS.
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Ha ocnoBi «[lopsifiky npuiioMy Ha HaBYaHHS [J1g 3400y TTs BULoi ocBiTH» [11] KepiBHULITBO 3BO po3po-
6J151€ Ta 3aTBep/pKy€ «[IpaBusia mpruitoMy Ha HaByaHH#A 10 3BO». [IpaniBHUKK npuiiMaibHOI KoMicii Ta aaMiHi-
cTpaTop iHpopMaIiiHOI CHCTEMU CYNIPOBOAY 32 JJOMOMOT010 iIHYPACTPYKTYPU B3AEMOZIIOTH 3 MOTEHLIHHUMU
BCTYMHUKAaMH, HAKOIIMYY0YH PO HUX iHpopMarito.

Tpetim eTanom € «[IpoBeleHHS BCTYIHOI KaMIIaHii», II10 TPUBAE BiJl 06POOKH 3asiB BCTYNMHUKIB, MOJAAHUX
y eJIeKTPOHHIN 1 manepoBil ¢popmax g0 BUJAaHHA HaKa3iB po 3apaxyBaHHA. AaMiHicTpaTop iHpopmarifiHol
CHUCTEMH CYNPOBOJY BCTYITHOI KaMIaHii, BAKOPHUCTOBY0OYH 3i6paHy iHdopMaLilo Mpo NoTeHI[iHHUX BCTYITHU-
KiB, 3/1iICHIOE /IJI1 HUX PO3CUJIKY NTOBiZJOMJIEHB Ta JIMCTIB 3 aKTya/IbHOIO iH$OpMalLi€lo Npo Nopsi/ioK i TepMiHU
MO/IaHHS 3as1B, IOKYMEHTIB [IJ1s1 BCTYIy Ha 6axkaHy ocBiTHIO mporpamy. Kpim Toro agminicTpaTop Bianosizae
3a cTabisbHiCTh po60TH iHPOpPMaLIHOI CHCTEMH MiJ Yac BCTYNMHOI KaMmaHii. 3AiMCHIOE eHTpali30BaHUHN
ekcropT ganux xo €JEBO Ta BiacTexye ninmicHicTh iHdopmarrii.

[HpopmarniiiHa cucTema npuiiMasbHOI KOMicil Ha JaHOMY eTalli Mae 3a6e3nedyBaTH CyIPOBi/L onpantoBaH-
Hs 3a5B, IPOBE/IEHHS BCTYNHUX BUNPOOYBaHb, QOPMYBaHHS PEUTHHIOBUX CIMCKIB BCTYIHUKIB, Ha/laHHS pe-
KOMeH/aLil /10 3apaxyBaHHs, OpMyBaHHS 0C060BOI CIpaBH BCTYITHUKA, BUAAHHS HaKa3iB PO 3apaxyBaHHS.

YeTBepTOIO CKJIAZ0OBOIO CYNIPOBOAY BCTYIHOI KaMIaHii € «3aBeplieHHs BCTYNHOI KaMnaHii». [Hdopmaris
PO 3apax0BaHUX BCTYMHUKIB BUKOPHUCTOBYETbCS /JIsi CTBOPEHHS 3BiTiB, MiZIrOTOBKY CTaTUCTUYHOI iHOpMa-
1ii Ta HagauHA iHopManii niapo3aisiam 3BO BiamoBigHO A0 iX 3anuTiB. AAMiHICTpaTop 3a6e3nedye HalaHHSA
inpopmanii y BigmoBigHOCTI A0 MOTPEO, BiANOBiAaE 32 MexaHi3MH MOAAIBIIOr0 36epiraHHsI HAKOTUYEHOI iH-
¢dopmauii. 06MexxeHHsT 06yMOBJIEHI HAKa3aMH, JJUCTAMH, 1[0 MICTATH nepesik GopM JJist MOAaHHS CTaTUCTHY-
HOI 3BiTHOCTI, 3aTBeppKeHUMHU GOPMaMHU JeP>KaBHOI'0 CTATUCTUYHOIO CIIOCTEPEKEHHS, CJIY?KOOBHUMH 3allHC-
KaMHU i3 3anMTaMu npo HaZaHHA iH$opMalii mpo 3apaxoBaHUX BCTYMHHUKIB.

CkJ1a710Bi eJIeMEHTH JijarpaMu MepIoi JeKOMII03ullii, B CBOIO Yepry OyJiu JleTali30BaHi. 3arajaom po3pobJie-
Ha MOJieJTb CYyIIPOBO/AY BCTYIHOI KaMMaHii ckyiafiaeTbest 3 18 nmporjeciB gpyroro piBHA gekoMno3uil (puc. 3).

CYNpOBIL BCTYTHOI Kamnakll [

¥ 33KNafax BMLLCT OCBITH

0

Anariz ecTynwol kamnakl | MigroToBka go npuiomy TR _ - S =
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NODE: TIMLE:

WUMEER:

Cynposia BCTYNHOT KamnaHil y 3aknanax Lol OCBITH

A0 —

Puc. 3. Mogeb AepeBa By3J1iB CyIIpOBOAY BCTYNIHOI KamnaHii y 3BO

[xepesio: mo6yz0BaHO aBTOPOM B cucTeMi BPwin

BHCHOBKM. Y CTaTTi 3aIpONOHOBAHO CTPYKTYPHO-YHKIiIOHAJIBbHY MO/ieJIb CYNIPOBOAY BCTYIHOI KaMMaHii
y 3aKJs1aZax Buloi ocBiTy 3aco6amu CASE-TexHosorii BPwin y HoTanjii IDEF0. [leTasnizoBaHo Ta onvcaHo mpo-
LleCH, CTPIJIKM BXOZY, BUXOAY, KOHTPOJIIO Ta MeXaHi3My. BusHaueHo CKJIaZ0Bi CynipoBOy BCTYIIHOI KaMIIaHii:
aHaJli3 BCTyNHOI KaMIaHii nonepeiHbOro poKy, MiAr0TOBKA /10 NPUHOMY Ha HaBYaHHS 0 3aKJ/1a/ly BUILLOI OCBi-
TH, IPOBeJIeHHsI BCTYIIHOI KaMIlaHil, 3aBeplieHHd BCTYINHOI kamnaHii. [IpeacraBieHo Mozesb JepeBa BysJiB,
1110 BUCBIT/IIOE KOMIIOHEHTH JPyroro piBHA JekoMno3uuii. CnpoeKTOBaHa MOZeJib, 10 OXOIJIIOE BCi CKJIaZ0BI
CynpoBOAY BCTYIHOI KaMIlaHii, MOxke 6YTH BUKOPUCTaHa AJis1 po3po6ku yu Moaudikanii inbopmaniiHux cuc-
TeM Y4 MOJYJiB AJi aBTOMaTHU3allii po60TH NpUiiMaJbHOI KOMicii.
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CUCTEMM YITPABJIIHHA NPOLECAMHU 3HEBOAHEHHA TA TPAHY/IIOBAHHA
Y ICEBAO3PIAXXEHOMY IIIAPI

Pozeasinymo ocHosHi nidxodu do ynpagaiHHs pexcumamu nceedo3pidsceHHs nid yac npoyecie HaHeceHHs nokpummis i
2paHyN08aHHs 8 ncesdo3pidxceHomy wapi. Pozgsumok cucmem ynpagaiHHs 2paHyA08AHHAM Y ncegdospidiceHoMy wapi no-
8UHeH 3abe3neyumu po6omy 8 cmabibHOMY pedrcuMi ncesdo3piorceHHs, Wo NOCUAIOE MeNnJo- i MacoobMiH, a MAKoxHc 3a0aHy
sAKIcmb 20mo8020 npodykmy (epaHysomempu4Hull ck1ad, HU3bKuUll 80.10208Micm ma xopowa cunyyvicms). a5 ynpasainHs
pexcumamu ncesdo3piodHceHHs BUKOPUCMOBYEMbCS AHAI3 CUZHAAY KOAUBAHHS MUCKY. [ ynpasAiHHA 2paHyA0 MemPU1HUM
CK1adoM 3acmoco8yrombsCst Memoou 6.uxcHbol iHghpauepsoHoi cnekmpockonii ma gumiprogaHHs 8idbummsi choKyco8aHo20
npomeHio. []As1 ynpasaiHHs 8010208 MicmoM epaHy/1 po321510aomucsi Memoodu akycmu4Hoi emicii, MiKpoxeu.1608020 pe30HaH-
cy i eniekmpoemHuicHa momozpagis. Ha ocHoei koHmpolo memnepamypu menjaoHoCis ma memnepamypu 2paHys1 CmeopeHo
cucmemy ynpasaiHHs NpoYyecom 2paHy18aHHs Y ncesdo3pioxneHoMy wapi.

Katouoei caoea: ncesdospidiceHutl wap, cucmema ynpagaiHHs, 2paHya08aHHs, MiHepaabHi dobpusa.

CONTROL SYSTEMS FOR DEHYDRATION AND GRANULATION PROCESSES IN A FLUIDIZED BED

The main approaches to control fluidization regimes during the processes of coating and granulation in a fluidized bed are
considered. The development of granulation control systems in a fluidized bed should ensure operation in a stable fluidization
mode, whichenhances heatand mass exchange, aswell as the specified quality of the finished product (granulometric composition,
low moisture content and good flowability). Analysis of the pressure fluctuation signal is used to control fluidization modes. The
methods of near-infrared spectroscopy and measurement of the reflection of a focused beam are used to control the particle
size composition. The methods of acoustic emission, microwave resonance and electrocapacitive tomography are considered
to control the moisture content of granules. Based on the control of the temperature of the coolant and the temperature of the
granules, a control system for the fluidized bed granulation process has been created.

Key words: fluidized bed, control system, granulation, mineral fertilizers.

IlocTaHOBKa npo6sieMH. [Ipoliec rpaHy/Il0BaHHSI YaCTUHOK MOIMIMPEHUH Y Pi3HUX cerMeHTaX BUPOOHU-
L[TBA, B XiMiuHii Ta papMalLeBTUYHIN MIPOMUCIOBOCTI, OCKIJIbKY 3HAYHO MOKPAILYE SAKICTb KiHIeBOI MPOAYKIIil
3a paxyHOK Mi/IBUIIleHHsI MeXaHIYHOI CTIHKOCTi YaCTUHOK, 3aXUCT Bii MiKpoOpraHi3MiB i 30BHIIIHIX Gi3UYHUX
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¢dakTopiB, TaKUX K HAaZMipHE TEIJIo, BOJIOTICTh i BIJUB cBi™Ia. KpiM Toro, 3a6e3nevyoThbcsl Kpallli yMOBU
06pOOKH 3a paxyHOK 36i/bIIeHHsI pO3Mipy Ta I{iJIbHOCTI YacTUHOK. /ly»ke Bak/iMBa CTAGI/IbHICTD pexuMy
MCeB/03PipKeHHA Nif Jyac onepanii HaHeCeHHS MOKPUTTIB i rpaHyALii, 1[0 BUKOHYIOTbCA B ICEBJ03PimxKe-
HoMy mapi. Kosn BigGyBa€eThcs CylniHHSA, 3'SABJSAIOTHCI 30HU 06€3 aKTUBHOCTI, Bifl0yBa€EThCA aryioMepanis
YACTHUHOK, KoeQilliEHTH TeIJo- i MacoO6MiHY 3HIXKYIOThCS, 1[0 MOXKe NPU3BECTHU 0 TepepUBaHHS MPOIecy
Ha JIiYeHi XBUJIMHHU. Y eKCTpeMaJbHUX CUTYaLligaX 1le MOXe NPU3BeCTH [0 NOBHOTO pyHHYBaHHA wwapy. BmicT
BOJIOTH Ta JjiaMeTp YaCTHHOK € KPUTHUYHUMH MapaMeTpaMH, OCKIJIbKM BOHM BIVIMBAIOTb Ha CTabi/NbHICTH
MICEB/I03Pi/PKEHHS; OTKe, IX HEOOXi/IHO SIK BiZicTeXXyBaTH, TaK i KOHTpoJIOBaTH [1].

Heo6xigHO 106 cucTeMa yIpaBJ/iHHS B PeXXUMi peaIbHOTO Yacy 3abe3nevyyBasia CTabiIbHUN PeXUM 3BO-
JIOKEHHS, 1110 NPU3BOJUTH 0 OJHOPIZHOTO PO3IOAIIY XapaKTepUCTHUK TBEpPAOr0 MaTepiasy - IiJIbHOCTI,
BMICTY BOJIOTH, pO3MOAiay po3MipiB. BUKoprcTaHHSA cucTeMHU ynpaBJiHHS BUPOOHHULTBOM MiHepalbHHUX J10-
OpUB y rpaHy/AsTOpax i3 MceB03pi/pKeHUM apoM 3a6e3eyye BUCOKY BiZITBOPIOBAHICTh IKOCTiI MPOAYKTY,
MoKpalye GyHKLiOHaJbHY 6€3MeKH TEXHOIOTIYHOTO NMPOLECY, 3HUXKYE eHEPTOBUTPATH.

AHani3 nonepeaHix goc/ijgeHb. Po3rysHyTO OCHOBHI MiJIX0AM [0 YIIPaBJIiHHA peXXHMaMHU NCeBJ03pi-
JDKEHHS Mif yac mpolecy rpaHyJIl0OBaHHSA B [1CEB/L03PiPKeHOMY Iapi, [0 BIVIMBAIOTh HA CTA6/IbHICTD CHCTe-
MMU: aHaJIi3 CUTHAJy KOJIMBAHHA TUCKY BUKOPUCTOBYETbLCA AJIs1 YIIPABJIIHHA PeXKUMaMHU I1CEBJ03PiPKeHHs, Me-
To/Z1 6JIKHBOI iH$padepBOHOI cieKTpocKonil Ta BUMipIOBaHHS BiGUTTS cHOKYCOBAaHOTO MPOMEHIO MOXKYTh
O6yTH BUKOPUCTAHI AJI1 yIPaBJIiHHSA IPAaHYJIOMETPUUYHUM CKJIa/IOM, METO/IU aKyCTUYHOI eMicii, MiKpoXBHIbO-
BOTO PE30HAHCY i eJIeKTPOEMHICHA ToMOrpadis po3mIsAAATHCA IK METOAM JJisl YIIPaBJIiHHS BOJIOTOBMICTOM
rpaHyJl, CUCTeMa yIpaBJiHHA TeMIepaTypolo IpoLecy IPaHy/Il0BaHHSA y ICE€BA03PiIKeHOMY 11api.

MeTo0 CTaTTi € CUCTEeMHUU aHaJIi3 MeXaHi3MiB Ta MiAX0ZAIB /10 yIpaBJ/iHHA NPOLEeCOM IpaHy/II0BaHHA B
NceB/103pipKeHoMy LIapi /g 3a6e3MeyeHHs] TOTOBOTO MPOAYKTY 3aZ,aHOT IKOCTI.

BuKJ/1aJ, OCHOBHOI'O MaTepiany.

CucTeMH ynpaBJIiHHA PeXUMOM IICeBJ03PiJKeHHs Y TPaHy/IATOPI 3 NCeBA03PiAXKEHUM IIapoM

CTabinbHUN pEXUM ICEB/IO3PiPKEHHS € BXKJIMBUM [1JIs1 3a0e3MeUeHHs] BUCOKOI MPOYKTUBHOCTI MPOLECB,
110 BK/IFOYAIOTh IOKPUTTA Ta FPAHY/IFOBAHHSA TBEPAYX YaCTUHOK, OCKIJIbKY B IbOMY PEXHMi [NOCUJIIOETbCSA TEILIO0-
Ta Macoo6MiH M TBepZ010 Ta pifikoto pazamy, 1110 3a6e3neyye KOHTPOJIbOBAaHE 3POCTAHHS PO3Mipy YaCTHHOK.
3aJIexKHO Bii yMOB BCcepeIuHi I1apy, KOJIM BOJIOTi YaCTUHKY CTUKAKTHCS Ta CTBOPIOKOTD PiJIKi 3'€fHAHHS, i K0
€ Ha/IMipHa BOJIOTiCTb, 6araTo YaCTUHOK MOXKYTh arJIOMePyBaTH Ta CIPUYMHUTH 3HEBOAHEHHS mapy [2].

Po3po6JieHO AeKiibKka MeTO/iB AJisi KiJIbKiCHOI OI[iHKM PeXUMIiB ICeB/03PiKEeHHS Yepe3 HeoOXiIHICTb
OI[IHKH IKOCTI UPKyJIsALii YyacTuHOK. [1s1 ineHTHUdiKalii pexxuMiB nceBA03pimKeHHS 3aIPOIOHOBAHO JeKib-
Ka METOZiB: Bi3yasibHe CHOCTEPEXEeHHs, AOCIi/PKEeHHsI 0CbOBOro NMpodino KoHLeHTpanii TBepJux pevyoBUH
Ta iHTepIpeTalis KoJ1BaHb TUCKY 1wapy [3]. BisyasbHe cnocTepexeHHs [y»Ke BaXKJIMBE, X04a BOHO TaK0OX
Zyxe cy6'ektruBHe. [loTy>xHi kKaMepH, sKi 6ys1M po3pobJieHi i cnocTepe)keHHs 3a MMOBEiHKO0 apy 3a 0.1
CeKyH/, CIPUAJIN AOCHIPKeHHAM Yy LiH ranaysi. /1 OLiHKY AKOCTI peXUMy NCeBA03PiJP)KeHHs Ta OTPUMaHHA
iHpopmauii mpo po3Mip i BosioTicTh TBEpAUX YACTHHOK TAaK0>X BUKOPHCTOBYBAJIM aKyCTUYHI ZjlaBadi, BCTAHOB-
JieHi BcepenuHi mwapy [4-5].

PexxuMu nceBo3pi/P)KeHHS MOXKHA ONUCATH KiJIbKICHO Ha OCHOBI aHaJli3y 4acOBUX PAAIB KOJMBaHb TUCKY.
Takui onuc 3a/eXUTh Bijj aleKBaTHOIO METO/ly BUMIpIOBaHHS Ta METOAY aHaJli3y, 110 3aCTOCOBYETbCS A0
BUMIpIOBaHUX CUTHaJiB. CUTHA/IM THCKY MOXYTb OyTH 006po6JieHi B 4acoBiil o6sacTi (Aucnepcisa abo craH-
JlapTHe BiJIXWJIeHHs), B 4aCTOTHIN o6JacTi (cnekTpasbHUM aHas1i3) a60 B MPOCTOpPi CTaHiB 3 BAKOPHUCTAHHAM
HeJsiHIMHUX pAAiB (Teopisa xaocy) [3]. CurHanu THCKY, BUMipsHi B 1wapi, HecyTh iHdopMariito npo pi3Hi ABUILa,
AKi BiA6yBarOThCSA Mif 9ac nceBA03pi/pKeHHs, Taki K TYpOyJIeHTHICTb, pyxX | BUBep>KeHHs Oy/b6aIlokK [6].

Ba)x/1MBO 3a3HA4YMTH, 110 ICHYIOTBH IHILII METOAU MOHITOPUHTY PEXXUMIB NCeBAO3PiPKeHHS, AKI 3aCTOCOBY-
I0TbCA [0 IPOLECiB IOKPUTTA Ta FPAHYJIFOBAHHS, a caMe: NaAiHHA TUCKY B L1APi, CIIOXKUBAHHS eJIeKTpOoeHepril
B CMCTeMax I'PaHyJII0OBAaHHA 3 ITepeMilllyBaHHSAM Ta BUMipIOBaHHS CUTHAIIB QJIyKTyalil HAanpyru 4aCTUHOK 32
JOIIOMOI00 HAllPYTH.

YnpaBiiHHSA 32 epenazZioM TUCKY € HAMIPOCTIIMM, HaljeleBIIMM | HaW6ibLI MOLIMPEHUM METOA0M Ha
BUpO6GHUITBaX. TUM He MeHLI, 6yJI0 MOMi4eHO, 1[0 IisI 3MiHHA HE CTBOPIOE PAHHBOI'O MONEPEePKEHHS 1100
SIBUILla 3HEBOJHEHHS, I110 YCKJIAIHIOE 11 3aCTOCYBaHHA /10 aBTOMaTHYHO KepoBaHoi cucteMH [7]. HeaBaxkarouu
Ha 1ie 06MeXXeHHs, po3p006JIeHO 6araTo CUCTeM YIPaBJIiHHSA [/ 3a06iraHHs arJioMepartiii mij; 4ac moKpUTTA
YACTHUHOK Yy LIApi, 1[0 BAKOPUCTOBYHOTDb NaJiHHA TUCKY LIapy K KOHTPOJIbOBAHY 3MIHHY Ta NOTIiK PiAUHU A/
MOKPUTTS SIK 3MiHHY, 1[0 pery/oeTbes [8-9].

MeTo/, 3aCHOBaHUH Ha CIOXKMBAaHHI eJleKTpoeHeprii CUCTEMOIO NTepeMilllyBaHHs, BUKOPUCTOBYBABCSA AJI
yIpaBJIiHHS MPOLECOM T'PaHyJIF0BaHHS, 0COGJ/IMBO /Il BU3HAUYeHHS KiHneBoi Touku mpouecy [10-11]. Jocui-
JDKEHHS TI0Ka3yI0Th, 10 CepeHE CIIOKUBAHHSA eJIEKTPoeHeprii B 4acoBiit 06s1acTi He 3jlaTHE BUSIBUTH PiZjuH-
HO-ZIMHAMi4Hi HeCTabiJIbHOCTI B MOYaTKOBI MOMEHTH, sIKi BUHUKAIOTh, ajle 00p00Ka CUTHA/y CHOXXKWBAaHHSA
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MOTY>KHOCTI 32 JJOTOMOT'0I0 CTaHJAPTHOI0 BiZIXU/IeHHS ab0 AuCIepcii, CHeKTPaJbHOTO0 aHATi3y MOXe TPU3BO-
JOSTh A0 Oi/bII HAZiMHOT iHopMalii mpo rizpoAuHaMIYHUN peXxuM.

Takoxx gocuipKyBa/iv poLec rpaHy/Il0BaHHA 3a JJOIOMOT 010 JlaBaviB HaNpyTy /1 BUMIpIOBaHHS KOJIMBaHb
HanpyTH B KaMepi 00/1aZ{HAHHSA 3 1CEBA03PIKEHNM IAPOM, STKa CKJIAIaI0Cs 3 IBOX KOHIIEHTPUYHUX W HAPIB,
Jle YaCTHHKH pO3MilllyBa/IMCs B KiJIbLieBiH 06J1acTi, @ BHYyTpilHiN uuiingp ob6eprascs [12]. CnekTpasbHUH aHa-
Jii3 1 Teopis xaocy (HesiHIMHUM aHATI3 — PEKOHCTPYKLis aTPaKTOpPiB), sIKi aHAJII3YI0Tb CTATUCTHUKY, 6YJIM BUKO-
PHCTaHI [ OTKCY, 3 TOUKH 30y AKOCTI Ta KiNIbKOCTI, TOT0, IK GOPMYIOTHCS T POCTYTh I'PAHYJIH.

[IpoBogMIMCH AOCTIPKEHHA TPOLeCy NOKPUTTA MIKPOKPUCTAJIIYHOI 1{eJ110J1031 B ICEB/03PiAKeHOMY 1api
3 METOI0 MOHITOPUHIY PEXXHMHUX NePeXo/iB, siKi BiI6yBalOThCS MijL Yac Mpo1ecy BHACAIA0K PO3NMUIEHHS BOJ-
Hoi moJtiMepHoi cycneHnsii [13]. 3acTocoBaHO CeKTpaJbHUHM aHa/Ii3 CUTHAJIIB KOJITMBAaHb TUCKY. Bysio momiveHo,
1110 CIIEKTPU NOTY>KHOCTI 3MIHIOIOTHCA MiJ{ Yac po3nu/eHHs cycneHsii. CneKTpaibHi aMIUIITYAY 3MEHIIYOTbCA
B Mipy HaHeCeHHS NOKpUTTA. [Iponiec HaHeCeHHs NOKPUTTSA PO3MOYNHABCA 3 CUTyalil piAMHHO-JUHAMIYHOL
cTabiJIbHOCTI, KOJTM MpoLec MpauBaB y pexxuMi 6araTopa3oBoro 6ap6otyBaHHs. CoeKTpasbHi aMILIiTyAH
Oy BUCOKMMH, a 4aCTOTa JIeMOHCTpPYyBaJa JIoMiHyo4y 4acTtoTy. Kosu nmovyasu BUHMKATH TiApoAvHAMivHi
HecTabinbHOCTI, 6yJ10 BUAHO 3MillleHHS CIEeKTPiB MOTYKHOCTI, a Bi3ya/ibHe COCTEpEXEHHS 3a MOBEJiHKOI0
1rapy nokasasio CUTyallii BUCOKOI HeCTabiJIbHOCTI 3 yTBOPEHHSIM KaHAJIIB i arioMepari€ero.

Po3po6sieHO MeTOZ0J10riI0, 3aCHOBAaHY Ha BUMIipIOBaHHI CHUTHaJiB KOJHMBAaHb THUCKY Ta CHEKTPAJIbHOMY
aHaJTi3i curHasiB 3a fonoMoroio nepetBopeHHsa Pyp’e, cnpsiMoBaHy Ha ieHTHdiKaLiI0 06/1aCTi 3HEBOJHEHHSA
mapy MiKpOKpHCTaIivyHOI 11eJ110J103U Ta micky [14]. 3aBAsKy HeJIiHIHHOMY TPUCTOCYBAaHHIO CIEKTPIB THCKY [0
eKkcrnoHeHIjasbHOI GYHKILII, CX0K01 Ha peryasspHy QyHKILi0 po3noginy [ayca, 3HeBoJHEHHS MOHa MpoaHa-
JIi3yBaTH yepe3 3HauHi 3MiHU B OTpUMaHUX Npodiysax cepeiHboI yacToTH 'ayca. [aycoBa cepesiHs yacToTa Ta
koedirieHT nceBAO3piKeHHS BiJ0OpaXKalOTh XapaKTEePUCTHUKHU KHUITIHHSA B LIapi, TOGTO BOHHU Biflo6pakaloTh
Pi3Hi Jiana3oHU 3HA4YEHb [/ PEXKUMIB NICEBAO3PIAKEHHSA, MIOYaTKOBUX MOMEHTIB 3HEBOJHHSA Ta Jialla30Hy
HepyxoMoro mapy. Jlocaii>keHHd, TPOBe/ieHi 3 BUKOPUCTAHHAM MIKPOKPUCTaII4YHOI [1eJII0JI03H, JeMOHCTPY-
I0Th, 1[0 CEpPeJHS YacToTa Ta KoedilliEHT MceBJ03piKeHHSI He 3MiHIOIOTh CBOIX Jianma3oHiB 3MiHU 3a CTa-
617IbHHUX YMOB MCEB/03Pi/PKEHHS B IIMPOKOMY Jiianma3oHi po604Knx yMOB NPOLeCy HAHECEHHS MOKPUTTS (Maca
TBep/[01 peYOBHHH, LIBUAKICTb MOTOKY cycneHsii i mBugKicTh noToky nosiTps) [15]. 3HeBogHeHHS ifeHTH]I-
KY€ETbCsI Pi3KMMH 3MiHAMH Jlialla30HiB, BU3HAYEHUX SIK CTa6i/bHI. Hai3BMYaliHO BaXK/IMBO, 106 3MiHHI, IKUMHU
KEPYIOTh ¥ IPOLECi, MOTJIM MPEJCTABJISTH TAKUH NMPOLEC Y LIMPOKOMY Jlialla30Hi po60YHX yMOB JJIsI PO3POOKHU
CUCTEMH yIpaBJiHHA. MeTo0JI0TiA ceKTpaJbHOro aHanizy l'ayca fy1g1 BUABJIEHHA 3MiH y peXXUMi NceBJ03-
pi/PKeHHS Ta peasisanida cTpaTerii ynpaBJ/iiHHS, 3aCHOBaHOI Ha BOCKOHaeHOMy aaroputui I11/l-peryaaropa
JUIs MOHITOPUHTY Ta KOHTPOJIIO B peaJibHOMY 4Yaci Ipolecy MOKPUTTS Ta 3BOJIOXKEHHS YaCTHHOK, 3a6e3meyy-
I0Th MOKpallleHi rizpouHamMiyHi yMOBH MOPiBHSAHO 3 MPOIECOM 63 KOHTPOJIIO.

CnekTpasibHUN aHaIi3 i Teopis Xaocy € TOYHILIMMHU Ta LIBUAILIMMHY y TeHepyBaHHI iH$opmauii mpo HecTa-
6inbHI cuTyaril B pexxuMi IceB103piAKeHHS MOPIBHSAHO 3 MOHITOPUHIOM Nepenajy THUCKY B IIapi Ta COXHU-
BaHHAIM eJIeKTpOeHeprii y 3MilaHoMy nceBJo3pifkeHoMy wwapi. CnocTepexxeHHA CHEKTPIB MOTYXKHOCTI B
YaCTOTHIN 06Js1acTi Ta aTpakTopiB y 6araTOBUMipHOMY MpPOCTOPi BCe Lie € AyXe Cy6'EKTUBHUM 3aBJIaHHSM.
OnepaTop nmporecy HaHeCEHHS MOKPUTTS ab0 IpaHy/II0BaHHS B IICEB/03PiPKEHOMY LIapi TOBUHEH 6y TH JIyKe
JIo6pe MiAroTOBJEHUN BU3HAYATH MOYATKOBI MOMEHTH, KOJIM BUHUKAE HECTAOUIBHICTh, KOJH CIEKTPU Ta
aTpPaKTOPH 3MiHIOIOThCS BUMAJKOBUM YMHOM. Y CIIEKTPaIbHOMY aHauli3i ijeHTudikanis JOMiHyI09UX 4acTOT
TaKOX Ma€ OYTH Jiy>ke 06epeXXHUM MPOLECOM Yepe3 BUMA/[KOBICTb JMHAMIKH N1CEBA03PiPKEHOTO apy, Je He
3aB/IM MOKJIMBO BU3HAYMTH JOMiHYI04i yacTOoTH. TakMM 4YMHOM, 6yJ10 6 BaXKKO TOGYIyBaTH 3aMKHYTHH LIUKJI
KepyBaHH$, 1100 HAIAIITYBATH NPOLIEC, JIUILE aHATI3yI04YH CIEKTPH NMOTY>KHOCTI 4epe3 ifeHTUdikanito gomi-
Hyo4Hx 9acToT [16]. CTaTucTHYHA 06p06Ka CIEKTPAIBbHOI0 PO3IO/iNy TUCKY 3a Z0TIOMOI0I0 CIEKTPAJIbHOTO
aHaJstizy [ayca [16] i 06po6KH aTpaKTOPIB 3a JONMOMOTOK CTAaTUCTUKY [17] BUsSBUJIACS AyXKe HAJiHHUMHU Ta
TOYHHUMH METO/]JAMU JIJIsI BU3HAaUYeHHS HeCTabi/IbHOI MOBE/[IHKY B PEXXUMI IICEBA03PiIKeHHS.

CucTteMH ynpaBJliHHA rPaHy/IOMeTPUYHHUM CKJIAZ0M Y FPAHY/IATOPI 3 ICeBAO3PiJKeHUM IapoM

[IporHo3yBaHHA pO3NOJITYy YaCTHHOK 3a PO3MIpOM /11 BU3HAYeHHS KiH1eBOI TOYKH MpoLecy Y BUNAJKy Irpa-
HYJ/TIOBaHHS, 2 TAKOXX BUSIBJIEHHS YTBOPEHHSI HEO6XKaHUX aryIoMepaLiiHUX IPYA0K y BUNIAKY MOKPUTTS YACTHHOK
€ Iy>Ke CKJIaIHMMU 3aBJAaHHAMU. BU3HaueHHs TOYKW 3yIMHKY MPOLECIB IPAHYJIIOBAHHS a60 MOKPUTTS BCeE 1LE €
BEJIMKOIO ITP06,J1eMOI0. JI/151 OI[iHKY PO3Mipy YaCTMHOK BUKOPHUCTAHO KiJIbKa METO/[iB, HAUBIOMILTUMU cepe/ TKUX
€ IpociroBaHHS, 06po6Ka 300pakeHb i 1azepHa Audpakis. Lli MeTo 11 € Ay>ke TOYHUMHY, aJie He JAI0Th peasbHOI iH-
¢dopmarii mpo po3Mip YaCTUHOK BCeperHi 06J1a/JHaHHS /1151 HOKPUTTS ab0 rpaHysisLii B pexuMi peaibHOro yacy.

BausicHs iHgppavepeoHa cnekmpockonisi

Baiv>kHeA iHpayepBoOHa CIEKTPOCKOMISI BUKOPHCTOBYEThLCS /AJI1 MOHITOPHUHTY pPO3Mipy YaCTHHOK i BMiCTy
BOJIOTH, OCKIJIbKM MOIVIMHAHHSA B 06J1aCTi CIeKTpy G6/IMKHBOI iHPpauepBOHOI CIIEKTPOCKOIIii Yy TJIMBE JI0 KO-
JIMBaHb BMICTy BOJIOTH Ta PO3Mipy YaCTUHOK. 3HAUTH XOPOIY KOPEJIALi0 MiXK JAHUMU NOTJIMHAHHA Ta LUMU
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KPUTUYHUMU 3MiHHUMH € OJHUM 3 HaWOI/IbIIl CKJIaJHUX 3aB/aHb PH BIPOBA/XKEHH] TEXHIKHU GJIMKHBOT iHD-
payepBOHOI CIIEKTPOCKOITii ¥ BUPOOHUYUN MPOIeC, OCKIIbKU KaiOpyBaHHS CJIifi 3MiHIOBATH BiJIMOBiJHO 10
MPUPOJU MPOAYKTY a60 pOOOYUX YMOB Y TpaHy/Ir0BaHHI. JloCTimKeHHS, SIKi BiACTeKyBaIM pO3Mip YaCTUHOK Y
pexuMi peasIbHOTO Yacy 3a 0MOMOT00 BUMipIOBAaHHS MOVIMHAHHSA 6JIMXKHBOT iHpadepBOHOI CieKTpocKorii,
MOKa3aJ/Iu 3HAYHI TPYAHOILi 3 HAJIAIITYBaHHAM Mo/iesIeH [/ 3a6e3nedeHHs POCTY YaCTUHOK Y poleci rpaHy-
JIDBaHHS, OCKIJIbKY Ha BUMipIOBAaHHS BIIMBAE BMIiCT BOJIOTH, a METO/] KaJ1iOpyBaHHS NIOBUHEH Oy THU PETEbHO
nifi6bpaHuii 4151 mepeBipKy MPOTHO3Y AJIs BCiX po3MipiB yacTHHOK [18].

19 MporHo3yBaHHA BIJIMBY BMICTY BOJIOTH Ha PO3Mip YaCTHHOK y NpoLeci rpaHy/Il0BaHHSA B ICEBJ03Pi-
JDPKEHOMY 1Iapi BUKOPUCTOBYIOTh TaKOXX HEHPOHHY Mepexy [19]. BumiproBaHHS BMiCTy BOJIOTH KOHTPOJIIOBA-
JIY 32 I0NIOMOT 010 iHppauepBOHOI CIEKTPOCKOTIi, TO/i IK pO3Mip YaCTUHOK BU3HA4aJ M ITpocitoBaHHAM. OTpu-
MaHi pe3y/JbTaTy NOKa3aJ/iy, 0 METO/I0JIOTiS 3/jJaTHA aleKBaTHO BUMIPSITU MacOBUM cepefHiN AiaMeTp JJis
KiJIbKOX PiBHIB BOJIOTOBMICTY.

BumiprosaHHs 8id6ummsi cghoKyco8aHo20 NPOMeH

®iznyHO MeTo/ BUMIpIOBaHHSA BiJOUTTS cHOKYCOBAHOTO MPOMEHIO MOJISTAE Y BBEJEHHI 30H/1a, IKUW Ma€
Jla3epHi MPOMEHI Ta eJIEKTPOHHY CXeMY BCepeAuHi nceBo3pimKeHoro mapy. CuibHO cHOKycoBaHi sa3epHi
MPOMEHI MPOXOAATH Yepe3 06epTOBi JiH3H, AKi CHPSMOBYIOTH iX Ha candipoBe BiKHO, IPOEKTYIOUH Jla3ep HA
cepefioBHILe 3 YaCTUHKAaMHU. Koy Jla3epHUI MPOMiHb MOTpan/isie Ha YaCTUHKH, CBITJIO BiJOMBAETHCS Ha3as.
3BOpOTHE PO3CilOBaHHSA OOGUYUCJIIOETHCS €JIEKTPOHHOI CXEMOI0, SIKa PO3PaX0BYE Yac, KUK MOTPibeH Jiasep-
HOMY IIDOMEHI0 JJId [TlepexoAy BiJi OAHIE] CTOPOHU YAaCTUHKHU [0 IHILOI, 0 B NOEAHAHHI 31 IIBU/KICTIO Jla3epa
Jl03BOJISIE 06YMCUTH po3Mip yacTuHKH [20].

[Iponec rpaHy/II0BaHHA y NCEBJO3PiJKEHOMY 1Iapi AOCAIKYBaIM 3 BUKOPUCTAHHAM BUMIpIOBAaHHA Bij-
O6UTTS CPOKYCOBAHOTO NMPOMEHIO /i1l MOHITOPHUHTY B MepeXi Ta MPOBOJUJIM NMOPIBHAHHS 3 BUMipIOBaHHS-
MM B aBTOHOMHOMY PeXHMi 3a J0OMOTO0 JiazepHoi aAudpakiii Ta npocitoBanHs [21]. Bysio npoaHanizoBaHo
BIJIMB IIBU/KOCTI PO3MUIeHHS Ha eQEeKTUBHICTh MOHITOPUHTY.

[IpoBOAMIHNCE AOCTiPKEHHS, 1[0 BUKOPUCTOBYBAJ/IM OHOYACHO TPH OH-JIaWH MEeTO/IM BUMipIOBaHHS, 1106
cnpo6yBaTH KOHTPOJIIOBATH 3POCTAaHHS YAaCTUHOK y TPAHY/IATOpPI 3 MCEBAO3PiPKEHUM LIapOM: aKyCTUYHY
eMicito, BUMiproBaHHS BilOUTTSA CPOKYCOBAHOTO MPOMEHIO Ta GJIMKHIO iHQpayepBOHY ceKTpocKomito [22].
Yci Tpyu MeTOJUMKU OY/IM YyT/IMBUMH /10 MEXaHi3My POCTY YaCTHUHOK /JJs rpaHyJ/snil (yTBOpeHHs 3apo/AKiB,
ingykuii, KoHcosiganii Ta 3pocTaHHs, pyHHYyBaHHSA Ta CTUpaHH:A). [IopiBHAHHSA 3 BUMipIOBaHHSIMHU J1a3epHOI
Audpakiil B aBTOHOMHOMY peXHMMi He IT0Ka3asio Xopoluoi 36iry B nporHo3yBaHHi po3Mipy YacTUHOK. HasBHI
npo6JieMH iHKpycTauii aBayiB BUMiplOBaHHA BiZlOGUTTs cGOKycOBaHOr0 MPOMeEHI0 Ta 6JIMKHbBOIT iH$padepBo-
HOI CIIEKTPOCKOIIII, 1110 € HELOTIKOM LIUX METO/IB.

BesnocumeTpisa

BesocumeTpis - e TexHika NpsAMOr0 MOHITOPUHTY PO3Mipy YaCTHHOK, fIKa IPUBEPHYJIa BEJIUKY yBary Jio-
cniAHUKIB, 0c06/MBO Y papMaLleBTUMHOMY CEKTOPI, Y 3aCTOCYBaHHI /{0 rpaHyJII0BaHHSA. 3a I0[I0MOTOI0 METO-
Zly BeJiocuMeTpii MoXkHa 36upaTH iHdopMariito npo po3Mip i IBUAKICTb YaCTHHOK, KOJIM BOHU NEPETUHAIOTH
JIa3epHUH NPOMiHb, a Bi/ITIHOK YaCTUHOK PEECTPYETHCS HA6OPOM ONITUYHUX BOJIOKOH, SIKi F€HEPYIOTb CUTHAJI.

BesiocumeTpito BUKOPUCTOBYIOTH JJIS1 OLIHKM MOXJIMBOCTEH 3aCTOCYyBaHHS IpOLieCy TPaHyJIOBAaHHA B
nceB/03pimrenomy mapi [23]. Bnius ymMoB ekcrtyaTanii (TeMnepaTypa HoBiTps AJisl CyIIiHHS) HA pELeNnTypy
rpaHy/1 BUBYAJ/IM 3a JONOMOTOI0 OTOYHOTO MOHITOPUHTY po3Mipy rpaHyJ. [IpoBesieHO BUMiplOBaHHA MeTO-
JlOM BeJIOCUMETPIi 32 J0OMOroro Jia3epHoi Audpakiil.

TexHiKy BestocuMeTpil 3aCTOCYBa/u AJisI MOHITOPUHTY POCTY YaCTMHOK B IICEBJO3pPi[PKeHOMY Liapi, BU-
KOpPHCTOBYIOYH 6araTopakTOPHUM aHasi3 /s nepeBipKyU NPOAYKTUBHOCTI, Bapialiil mporecy Ta BUBUEHHS
MOKJIMBOCTi BIPOBa/PKeHHsI CUCTEMH yIpaBJ/IiHHA [24]. Po3Mip yacTUHOK 36i1b11yBaBCs mif 4ac nepiofy pos-
MUJIEHHS Ta 3MeHUIyBaBCA Mij| Yac CylliHHA, MMOBIpHO, Yepe3 pyiHyBaHHSA 4acTUHOK. IIBUAKICTh HUpKyAaLil
YAaCTHHOK NOKa3aJa MOBEeAIHKY PeXHUMY MceBA03pi/pKkeHHA. Ha no4aTKy po3nu/ieHHs IBUAKICTb [UPKYIALl
YaCTUHOK 36i/IbIINJIACS, B TOH K€ Yac CrocTepiraBcs cTabiIbHUN PEXUM NCeB03piKeHHs. Yepes 6 XBUIUH
pO3NHUJIEHHA el TapaMeTp No4YaB 3MEeHIIyBaTUCH, 10 BKa3y€ Ha BTPATY AKOCTI CeB/03PiAKeHHH.

MeToau oTpUMaHHS BUMIpIOBaHb PO3Mipy YaCTHHOK 3a JJONOMOTr00 06p0o6KHU 306pakeHb MAlOTh 3HAYHI
nepeBary, oCo6JIMBO KOJIM MOTPiOHO criocTepiraTv 3poCTaHHS TBEP/0i peYOBHMHU BCepeMHI IIceB03piLKe-
Horo mapy. OfHaK CKJIAAHICTb peaJiizamnii nmoJsisirae B 06/1acTi 3aco6iB 06p0o0OKH 306pakeHb i He06XiJHOCTI Ka-
JIiIGpyBaHHA AJIs KOXKHOTO TPOAYKTY. [HpayepBoHi abo 6s1mxHi iHpadepBOHi NpoMeHi 3aCTOCOBYBaJIOCH [
MOHITOPHHTY MOKPUTTS YaCTUHOK Ta rpaHy/0BaHHA. /liana3oH po3MipiB Takok 06MeKeHUH Yepe3 KOPOTKe
MPOHUKHEHHs iHppaduepBOHOI XBUJII, 1[0 GiJbIle MAXOAUTD AJ5 JPiOHUX YaCTUHOK. BUMiploBaHHS BiiOUTTS
choKyCcoBaHOTO MPOMEHS i BUMipIOBaHHS LIBUAKOCTI 3 MPOCTOPOBUM (iIbTPOM IIHMPOKO 3aCTOCOBYIOTHCS B
JOCJiIPKEHHAX 1 TPOMUCI0BOCTI. L]i METOAM MOXKYTh NpalLloBaTU 3 BUCOKOKOHLIEHTPOBAHUMU CUCTEMAMMU Yac-
THUHOK, BUCOKUMHU TeMIlepaTypaMH, CUCTeMaMU 3 BUCOKO BOJIOTICTIO.
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CucteMu ynpaBJ/iiHHA BOJIOTOBMICTOM I'paHyJl Y TPaHyIATOPI 3 ICeB03PiJPKEHUM ILIapOM

BigoMmo, 1110 BMICT BOJIOTU € KPUTUUYHOK KOHTPOJIbHOIO 3MiHHOIO B MPOLiECax, 110 BKJIOYAOTh IPaHyJIio-
BaHHA y NCeB03pipKkeHoMy wmapi. [IonuT Ha BUCOKOAKICHY NPOAYKLil0 NPU3BIB [10 MOCTYIOBOI €BOJIIOLIT Me-
TO/IiB MOHITOPUHTY BOJIOTOCTI HA ITUX YCTAHOBKAX. BOJIOrOBMICT B YaCTHHKAX € OHI€0 3 HAWOI/IBII BaXKJIUBUX
3MiHHMX Yy CTabiJIbHOCT] peXUMy MCEBL03PiPKEeHHS i, TOPsJ 3 AiaMeTPOM, € apaMeTPOM KOHTPOJIIO SIKOCTI,
10 CTOCYETHCS 36epeKeHHs] TaKUX BJIACTUBOCTEH, SIK: IIIJIBHICTb, TBEPAICTh, KPUXKICTh, 4ac po3maay, Mil-
HICTh CTHUCHEHHS 1 3axUCHUU Gap'ep Bij MikpoopranismiB. bysu 3acTocoBaHi pi3Hi MeTogu MOHITOPUHTY B
peXHMi peasIbHOTO Yacy Ta KOHTPOJIIO POoLeCy INCeBA03PiA>KeHHA 32 BOJIOTOBMICTOM B rpaHyJiax. OCHOBHUMU
MeToJlaMU € iHppauepBoHa a0 G/IMKHS iIHppadepBOHA CIEKTPOCKOIIis], 3aCHOBAaHA Ha MOTJIMHAHHI abo Bijo-
OpakeHHi XBUJIb B iIHQpauepBOHOMY CIIEKTPi, METOAH, IKi BJOBJIIOIOTh aKyCTUYHI CUTHAJIM, HAallPUKJIAJ, 3a
JOIIOMOI'00 aKyCTUYHOI eMicil.

AkycTu4Ha eMiciga

AKyCTHKY MO>XHa BUSHAUYUTH SIK TeHepallilo, mepesady a6o npruitoM eHeprii y popmaTi KoJIMBaJbHUX XBUJIb
[25]. AkycTryHa eMmicia cnpuunHeHa GpisMYHUMU a60 XiMIYHUMU MOAISIMHU, KOJIM BOHU BKJIIOYAIOTh PyX TBEp-
JMX YaCTUHOK (SIK y ICeBI03PiKeHOMYy 1mapi). AKyCTHYHA eMicis MOXKe BUHUKATH 4epe3 TepTs ab0 3iTKHEHHS
MiXK YaCTUHKAMHU Ta iHIIUMU 06’'€KTaMu ab0 CTiHKOIO anapary, i il MoxkHa 3adikcyBaTH, 11106 3pOOUTH MOMKJIH-
BUM OTpUMaHHS iHdopMalii mpo Te, 1110 BiAbyBaeThcs B mpoueci [26]. BuMiproBaHHS aKyCTUYHUX BUITPOMiHIO-
BaHb BUKOPUCTOBYBA/IUCA AK IHCTPYMEHT JJisI MOHITOPUHIY IIPOLECIB IPaHy/IIOBAHHSA B IICEBAO3PiAXKEeHOMY
mapi [4,5,27-28]. MoHITOpPUHT 3MiH BOJIOTOCTI 32 ZJ0TIOMOTOXO I[i€l METOAMKH BCe 1je 0O6MexkeHUi. MeTos akyc-
THUYHOI eMicii 3acTocyBaJu J0 MOHITOPUHTIY IPOLIECY IICEeBL03PiAKEHHS Ta LOCJiA2KyBaJIy BIIJIMB BOJIOTOBMIC-
Ty B YaCTHHI|i Ha CEpeJIHIO aMILIiTy/ly aKyCTU4YHOI eMmicii [27].

TexHika MiKpOXBUJIbOBOTO PE30HAHCY

TexHika, IKa BUKOPHUCTOBYE MiKPOXBUJIbOBUW pe30HAHC [IJI1 BUMIpIOBaHHSA BMICTY BOJIOTH, 3aCHOBaHa Ha
B3a€EMOZiI M>XK MOJIEKYJIaMHU BOAY 31 3MiHAMU €JIeKTPOMArHiTHOrO 0J1fl, CTBOPEHOr0 iIHAYKII€I0 eJleKTpoMar-
HITHUX XBUJIb i3 yacToTowo Big 300 MI'y go 300 I'Tu. et MeTo; BUKOPUCTOBYBABCS /Jisi MOHITOPUHTY BOJIO-
TOBMICTY MiJi 4ac mpolecy rpaHy/l0BaHHS B INceBA03pimkeHomy wmapi [28]. Bosorosmict B rpaHysiax BUMi-
PIOBaJIM B peXMMi OHJIAWH 3a AONOMOTr0I0 MiKPOXBUJIBOBOTO PE30HAHCHOTO /JlaBaya Ta MOPiBHIOBAJIX MOTO 3
pe3yJIbTaTOM, OTPUMAHUM B aBTOHOMHOMY PeXXHUMI 3a JOIIOMOTOK BTPATU BOJIOTH IIPY BUCYIIYBAHHI 3 BUKO-
pucTaHHAM iHppayepBoOHOro BUNpoMiHBaHHSA. Oiep>kaHa NoJi6HiCTh MiXK pe3y/ibTaTaMH, FOJIOBHUM YHHOM,
KoJi1 BoJioroBMmicT 6yB MeHIue 10%.

EnexktpoemHicHa ToMorpadis

BumMiproBaHHS BOJIOTOBMICTY I'paHyJIM 3a JIONOMOI0I0 eJIeKTPOEMHICHOI ToMorpadil 6a3yeThcss Ha Kope-
JIALI] MK BOJIOTOBMICTOM Ta 3HAa4Y€HHAM JieJIeKTPUYHOI IPOHUKHOCTI, OTPUMAaHUM LIJISAXOM BHUMIpIOBAHHSA
€MHOCTI MK [TIapOI0 eJIeKTPOAIB, 3arOPHYTUX y MaTepiaJl, 10 MiAJIarae BUMipIOBaHHIO.

EnexktpoemMHicHa ToMorpadiss BUKOPUCTOBYE Pi3HUINIO MiX JieJIeKTPUYHOI NPOHUKHICTIO ra3oBoi Ta
TBepaoi ¢pa3 y nceBAo3pimKeHOMy mIapi, 106 BU3HAYUTH PO3MO/ia uX ¢pa3. EsekTpoau po3milyoTh TaKUM
YHMHOM, 11106 BOHM PO3TaIllOBYBaJIMCs 30BHI 1apy. BUMiproBaHHS €EMHOCTI BUKOHYIOTBCS Ta Mepebyj0ByOThCS
3a I0[IOMOT0l0 TOMOTPaM, 1110 HaAAITh PO3MOALI JlieIeKTPUYHOI MPOHUKHOCTI [29].

EnexkTpoemMHicHy ToMorpadito 3acTocyBasu 151 BUSBIEHHS 3MiH riZijpojuHaMiKH, sKi Bij0yBa/Iucs MpoTs-
rOM INpoLecy cylliHHA ¢papMaleBTUYHUX IPaHyJl Y NICEBL03PipKeHOMY 1api, TPOJeMOHCTPYBaBIIH, 1[0 Bapi-
aujii, moB’s13aHi 3 BTpaTO0 BOJIOTH, € GiJIIINMHU, KO BOHH 3HAXOAATHCS MOGIU3Y CTIHKH LIapy, HiXK Y LEHTPI.
Tako>k 3anpONOHOBAaHO BUKOPHUCTOBYBATH €JIEKTPOEMHICHY TOMOTpadilo sIK TEXHIKy OH-JJalH MOHITOPUHTY
BOJIOTOBMICTY B I'paHyJ/1ax y nceBao3pimkenomy uapi [30].

CucTteMH ynpaBJIiHHA TeMIIepaTypol0 y rPaHy/IATOPI 3 NceBA03PiA)KEeHUM IIapOM

Ha npouec rpaHy/soyTBOpeHHS Y IPaHy/IATOpPI BEJUKUM BIUIMB MAalOTh Taki apaMeTpH [K: TeMIepaTypa
rpaHyJ1, TeMnepaTypa TeIJIOHOCIl Ta BOJOrOBMICT rpaHyJ. [IponoHyeTbCA KOHTPOJIIOBATH AaHi NapaMeTpH,
abu cucTeMa KepyBaHHS 3MOTJ/1a 3a6e3neuynTH epeKTUBHE BUKOPHUCTAHHS PEeCYPCiB Ta BUCOKY SIKICTb roTOBO{
npoaykuii. BosorosmicTt rpaHys, TeMiepaTypa TEIJIOHOCIS Ta TeMIepaTypa rpaHyJ TiCHO NOB’si3aHi MiX co-
6010, TOMY 1[0 SIKIIIO TeMIIEpaTypa TEMJIOHOCis O6y/ie MepeBULIyBaTH TEMIIEPATYPHUH Aiana3oH, BiA6yaeThCs
Ha/IJTMIIKOBE HarpiBaHHS rpaHys Ta KPUTUYHE 3HUKEHHS BOJIOTOBMICTY B rpaHyJi. B pesysnbraTi yoro 6yze
BUKOPHCTOBYBATHUCS HAJIJIMILKOBA KiJIbKICTb eHepril Ha HarpiBaHHs MOBITPS, 1[0 € HE ePEKTUBHUM 3 TOYKU
30py eHeproedeKTHUBHOCTI, a 3MeHIIeHHs KIJIbKOCTi BOJIOTH Y TPaHyJ/IaX MOXKe IPU3BECTH [10 X XPYyIKOCTI, 1110
HEraTHMBHO BIVIMBAE HA IPOIEC TPAHCIOPTYBAHHSA Ta BUKOPUCTAHHS MiHepasbHUX JOOPUB. [l mo6y0BU
CHUCTEMH YIIpaBJIiHHA [IPOL,eCOM I'PaHY/IIOBAHHSA Y IICEBA03PIXKEHOMY LIapi IPONOHYETHCA BUKOPUCTOBYBATHU
TeMIIepaTypy TEIMJIOHOCIS Ta TeMnepaTypy rpany. [31-55].

BucHOBKM. Po3rIsiHyTO Hal6i/1bII NOLIMPEH] METOM MOHITOPUHTY KPUTHUYHHUX TapaMeTpiB, sKi 6e3mnoce-
pe/IHbO BIUIMBAIOTh HA CTABI/IbHICTD MPOLECY TPaHY/II0BaHHS y NCeBA03pixeHOMY Mapi. Ha ocHoBi 3anmpomno-
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HOBAHUX MiAXO0iB peasi3oBaHi CHCTeMU yIpaBJIiHHSA Ha BUPOOHUIITBI rpaHy/II0BaHOI MPOAYKIii y amaparax
i3 IceBA03pi>KeHMM LapoM. 3 i ICHEHO OIJIA/, CUCTEM YIIPaBJIiHHA IPaHyJIATOPaMH i3 CeBA03PIKEHNUM Ila-
pOM, L0 YIPABJAKTb PEXXUMaMU N1CEBA03PIP)KEHHS, BOJIOTOBMICTOM I'DaHyJl, FPAaHYJIOMETPUYHUM CKJIAL0M
roToBOI MPOAYKIil Ta TEMIIEPATYPOIO, Ta € HAWGIJIBILI NOMKMPEHUMH [IJIs1 BUSHAYEHHS MOBEJ[iIHKU N1CEeBA03pi-
JDKEHHS Mifi yac HaHeCEeHHS MOKPUTTS Ta IPaHyJIIOBAaHHSA Ta BUSBJIEHHS HecTabinbHOCTI. [lo6y0Ba cyyacHol
CUCTEMH YNPaBJIiHHS NMPOLECOM I'PAaHYJIIOBAaHHS B anapari 3 NCeBJ03PiPKEHNM I1apoM MOTpebye po3po6KHU
MaTeMaTH4YHOI MozeJsi, fika 6 aZleKBaTHO OMNHMCYBaJla CKJIaAHHUU TEXHOJOTIYHHUU mporec. [lepcneKTUBHUM
3aB/laHHAM € no6yzoBa iHpopMaIiiHOI TeXHOJIOTII ynpaB/IiHHS NPOLECOM TPaHY/IIOBAHHSA Y IICeB03piLKe-
HOMY IIapi i3 3a6e3ne4yeHHsIM CTabiIbHOI pO6OTH 06J1aIHAHHS, OleP>KaHHS TOTOBOI MPOAYKIIiT 3a/jaH0T AKOCTI
Ta 36i/bLIeHHS eHeproepeKTUBHOCTI TEXHOJIOTIYHOTO MPOLECY.
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BUKOPUCTAHHA IITYYHOI'O IHTEJIEKTY B JIATHOCTHULI ICUXOJIOTTYHOT O CTAHY

Memoto ybo2o docaiddiceH s € 021510 ICHyrOUUX cnocobig diazHocmuKu po3/adie ncuxiuHozo 300po8’s (30kpema, denpecii
ma nocmmpasmMamuyHo20 cmpecogozo po3aady). [[ponoHyemucst 3aHypumucs 6 pisHi simepamypHi dscepena Ha Yo memy,
8KMI04AKOYU 00CAIONHCEHHS, SIKI 8Jice NPpo8odUAUCS 8 Yill 2a1y3i. [las1 po3yMiHHA akmyaabHOCmMi numaHHs daHe docAi0HceHHs
Mmakodc 8KAYamMuMe cepilo IHmepe’to ma onumysaHHb 3 ncuxomepaneemamu, Ncuxiampamu, ma NCUX0,a102aMu 3 pi3HUM
doceidom, o6 ompumamu ysigAeHHs npo iXHI n0210u Ha nomeHYyitiHe 3acCMocy8aHHsl WMy4vyHo20 iHmesekmy 8 diazHocmuyi
ncuxiuHo2o 300po8’st a makodxc dizHamucsl npo npoyecc diazHocmuku I aAiKysaHHs nayienmis. Cy4acHi ymosu cmeopormb
Ho8i meHdeHYii 8 po38UMKY aHa/i3y NCUX0/1021YHO20 cmaHy JAtodell, apmo po3ymimu epekKmugHicmb icHyrouux memodis,
8padiCceHHs NPAKMUKYI04UX cheyianicmie HacKinbKu menepiwHi ymogu 3MiHI0l0Mb nidxodu 0o aHAi3y NCUX01021YHO20 CMAHY
N100UHU [ nowyk idell ik wmy4HUll iHmesekm Modxce cnpocmumu ix po6omy i nokpawjumu pezynsmamu. Pezyasmamu ybo20
docaidxceHHs Hadadymb 024510 memu, ma nidmeeposimb YU CNPOCMYHOMb MONCAUBOCMI BUKOPUCMAHHS MEXHO1021U wmyu-
HO20 iHmesiekmy 0151 cnpoujeHHs1 npoyecy diazHocmuku, makoxc CmeopeHo Habip Kpumepiis, sski MOJ’CHA 8UKopucmosysamu
041 0YiHKU egpekmusHocmi pisHux memodis wmy4Ho20 iHmesekmy 8 diazHocmuyi ncuxiuHoz2o 300pog’s. Lje modice ekarouamu
pi3HI KinbKicmHi nokasHuKu, no8’s13aHi 3 mo4Hicmio, ehekmugsHicmio ma emu4HUMU MIPKY8aHHAMU. [lodamKosum pe3ynb-
mamom Mo2/10 6 cmamu Kpawje po3yMiHHs nomeHyiliHux nepesaz i Hedo1iKie BUKOPUCMAHHSA WMYYHO20 [HMeeKmy 8 YboMy
KOHMmMekcmi, Wo Mo2.10 6 cmamu 0CHO80H 015 MalibymHix docaidxiceHb [ po3pobok y yill 2aaysi. 3pewmoro, ye docaidxceHHs
Mae Ha Memi 3po6umu 8HeCcoK y nomo4Hy JUCKYCilo Npo me, 1K MexXHo/102ii wWmy4H020 iHme/ekmy MOXCHA 8uKopucmosysamu
0.1 NOKpaweHHs i cnpoujeHHs diaeHocmuKu ncuxiuHo2o cmaHy 30opoe’ss ma npoyecy AIKy8aHHSI.

Karouoei caoea: denpecis, ncuxomempisi, MQWuUHHe HABYAHHS, WABAOHU NPO2PAMHOI IHHCeHepil, wmyuHull iHmeaekm,
ncuxomepanis, nocmmpagmamu4Huii cmpecosutl po3ao.

USING ARTIFICIAL INTELLIGENCE IN MENTAL HEALTH DIAGNOSIS

The purpose of this study is to review existing ways of diagnosing mental health disorders (specifically depression and
post-traumatic stress disorder). We will dive deeper into the literature about the topic, including studies already conducted in
this area and their results. To understand how up-to-date this question is, the research will also involve a series of interviews
and surveys with psychotherapists, psychologists, and other mental health professionals with various years of experience to
gain insights about their views on the potential applications of artificial intelligence in mental health diagnostics and learn
more about the existing process of diagnosing different mental health issues. Modern conditions create new trends in the
development of the analysis of the psychological state of people, and it is worth understanding the effectiveness of existing
methods, the impressions of practicing specialists to what extent current conditions change approaches to the analysis of the
psychological state of a person and the search for ideas on how artificial intelligence can simplify their work and improve
results. The findings of this study will provide an overview of the topic and give the proof or disproof of the concept of using
the artificial intelligence methods for the diagnostic process and speeding up the treatment process. Besides, the study could
provide a set of criteria that can be used to evaluate the effectiveness of different methods of artificial intelligence for these
purposes. This could include metrics related to the accuracy, efficiency, and ethical considerations. An additional outcome could
be a better understanding of the potential benefits and drawbacks of using artificial intelligence in this context, which could
inform future researchers and developers in this field. Ultimately, this study aims to contribute to the ongoing conversation
about how technology can be used to improve mental health care and outcomes.

Key words: Depression, Psychometrics, Machine Learning, Software Engineering Patterns, Artificial Intelligence,
Psychotherapy, Post-traumatic stress disorder.
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Introduction. The natural variability of the mental state and susceptibility to various destabilizing
influences limits the effectiveness of traditional methods of analyzing a person's mental state.

According to WHO’s World mental health report [1], which was published in June 2022, only for the last
year, based on their report, depression and anxiety as the most common disorders rose 25%, bringing the total

number of people living with a mental disorder to nearly 1 billion people.
For example, in 2017, depression was diagnosed for 3.4% (Table 1) of the global population [3].

Table 1

Stats on mental disorders share in global population in 2017

Share of global population . .
Disorder with disorder (difference Number o fpeople with Share (.)f ma_lles.females
. disorder with disorder
across countries)
Any mental health disorder 10.7% 792 million 9.3% males
) 11.9% females
. s 2.7% males
0, -69
Depression 3.4% (2-6%) 264 million 41% females
Anxiety disorder 3.8% (2.5-7%) 284 million 2.8% males
) ) 4.7% females
. . s 0.55% males
0, - 0,
Bipolar Disorder 0.6% (0.3-1.2%) 46 million 0.65% females
Eating disorders o 10 s 0.13% males
(clinical anorexia & bulimia) 0.2% (0.1-1%) 16 million 0.29% females
. . s 0.26% males
0, - 0,
Schizophrenia 0.3%(0.2-0.4%) 20 million 0.25% females
Any mental or substance use o 1q0 - 12.6% males
disorder 13% (11-18%) 970 million 13.3% females
. . 2% males
0, -50,
Alcohol use disorder 1.4%(0.5-5%) 107 million 0.8% females
Drug use disorder o e s 1.3% males
(excluding alcohol) 0.9% (0.4-3.5%) 71 million 0.6% females

Moreover, as WHO mentioned, those numbers are growing faster from year to year, and in 2023, for example,

in Ukraine, it is up to 6.3%

Depressio

Fig. 1. Diagram of Depression Rates by Country in 2023
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Another common mental health issue that has been shared around the globe for the last couple of years
is PTSD. Armed conflicts worldwide grew in 2021 (Alert2021! Report, 2021 [4]). In 2022 the full-scale war
started in Ukraine, and all these armed conflicts have caused many people that suffer from PTSD. It should be
mentioned that PTSD usually is a delayed disorder. Psychotherapists explain that the symptoms could be shown
six months after trauma. But in 2021, NeuRA Foundation shared an article [5] that shows that around 3.9% of
the global population could have PTSD by the end of the year. And now, in 2023, because of the full-scale war
in Ukraine and other military conflicts around the globe, different research agencies expect to grow to 5.6%.

In addition, access to mental health care varies greatly depending on the country. Some countries have more
resources and funding allocated to mental health care than others. For example, in countries with lower income,
based on the WHO’s report from June 2022 [1], there may be long wait times to see a mental health professional or
limited options for treatment. Mental health care may be more readily available and affordable in more developed
countries. These disparities can significantly impact individuals' ability to receive the care they need.

Atthe same time, the number of people seeking medical treatment is growing, and some of them, as explained
earlier, can’t afford it. Therefore, the study of new methods that could speed up the diagnostic process, find new
ways to make early diagnostic is relevant.

Literature review and problem statement. Many articles explaining the process cover the mental health
diagnostic process. Mental health diagnosis is a complex process with many different variables the therapist
should rely on. Besides, it has numerous ways to work with patients.

The mental health diagnostic process involves a comprehensive evaluation of a patient's mental state, including
their symptoms, medical history, and personal background [6]. Mental health professionals typically interview
patients to gather information about their experiences and any symptoms they may be experiencing. They may
also use standardized questionnaires or assessments to help diagnose specific mental health disorders.

Additionally, imaging studies, such as MRI or CT scans, may be used to rule out other conditions that could
be causing the patient's symptoms.

These interviews and medical data are good starting points to make an early diagnosis of mental health
diseases. However, it's mostly processing with manual human work, while this data could be good starting
points for different artificial intelligence models that could speed up the process.

At the same time, we need a valid proof of concept that Al could be helpful at some tasks with mental health
diagnostics.

The aim and objectives of the study. The aim of this study is to find the most common problems
psychotherapists, psychiatrists, and psychologists struggle within mental health diagnostic processes, and find
how Al could be helpful for them. To accomplish the aim, the following tasks have been set:

¢ Determine the main tasks professionals do within the diagnostic of mental health diseases;

e To form a structure of diagnostic process for two of the most important and common mental health
diseases in Ukraine (PTSD and depression);

¢ Look for different studies and methods already developed for mental diseases diagnostic;

¢ Find a proof of concept that Al can be helpful in psychotherapy and mental health diagnostic process.

The study materials and methods. While searching for different materials about the usage of Al within
psychotherapy - could easily be found the first insight about it. The chatterbot, Eliza [8], is a 1960s natural language
processing program created to simulate conversations and give users an illusion of understanding. It is a very important
and successful experiment, followed by several other bots. However, such software aimed to mimetic a psychologist
interacting with a patient and was never supposed to perform recommendations about a patient’s problems. It was
during the 1980s that many reports were published describing the support of computers for clinical use [9; 10; 11]

These papers proved that logic-based Al could be used as an approach to computerized therapy, particularly
to brief cognitive and behavioral therapies. By then, automatic theorem proving and deduction systems were
not mature enough to support such applications, which may explain the lack of publishing concerning this
theme over the following years.

In 2019, de Mello, F. L., & de Souza, S. A. published a study that explains when a psychotherapist tries to map
and understand the phenomenon that generates a conflict in a patient with depression or other mental health
issues [12], there is an attempt to project the theoretical concepts of psychotherapy on the specific situation
presented by the individual.

The projection of these concepts into the real world is the reification operation of Knowledge Geometry,
a process of inference whose resources are analogies and isomorphism. By identifying the modus operandi
and the functional pattern of the family (or conjugal system), it becomes possible to intervene and propose
new alternatives to the system. This calls attention to the option to deconstruct the addictive mechanisms
of feedback and maintenance that prevent the system from admitting new experiences and learnings, thus
hampering its development or the resolution of the conflict in question.
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In Al this situation is known as Case-Based Reasoning (Figure 2) and is usually modeled by first-order logic.
What this means is when the psychotherapist tries to identify and understand how the patient’s individual
symptom is connected to the broader interactional system, that is, how the particular situation is related to the
general scenario, it represents the intuition operation of Knowledge Geometry.

Fig. 2. Case-Based Reasoning

From this point of view, de Mello and de Souza said the patient manifests symptomatology projected onto
the family or conjugal system. In other words, the particular phenomenon is used to support understanding a
broader pattern.

Baihan Lin, Guillermo Cecchi, and Djallel Bouneffouf [13] published that each therapy session has its own
pipeline of how in communication between the therapist and the patient therapists (Figure 3) can diagnose the
different mental health issues in earlier steps.
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Fig. 3. Communication pipeline between therapist and a patient

Based on this pipeline, they proposed a Working Alliance Transformer (WAT), a classification model that
utilized an inference module that informed the downstream classifier where the current state is with respect
to the therapeutic trajectory or landscape in the psychotherapy treatment of the patient. The algorithm they
proposed outlined the classification process. After the classification is done, they also added an analytical
feature that allows an algorithm to do not only classification but other downstream tasks such as predictive
modeling and real-time analytics.

Then, following the model architecture introduced above in the Figure, they evaluated three classifier backbones.
Classical transformer model: for the multi-head attention module, they set the number of heads to be 4 and the
dimension of the hidden layer to be 64. The dropout rates for the positional encoding layer and the transformer
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blocks are both set to 0.5. The second sequence classifier is a single-layer Long Short-Term Memory (LSTM) network
with 64 neurons. And the last one is a single-layer Recurrent Neural Network (RNN) with 64 neurons.

As a result, they ran 50,000 iterations of training. They improved the classification accuracy of mental health
diseases from 26% to 32%. To make it possible, they used a dataset with highly imbalance clinical conditions (495
anxiety sessions, 373 depression sessions, 71 schizophrenia sessions, and 12 suicidal sessions). They mentioned
that if they directly train models on this dataset, the classifier will likely be highly biased towards the majority class.
To correct this imbalance issue, the sampling technique was used. Instead of going through the entire training data
in epochs, they trained the models in sampling iterations. In each iteration, a class was randomly chosen, and then
arandom sample of one session from the class pool. Before they sampled the sessions, they splitted the dataset into
20/80 as a test set and a training set. It showed a great result during the training process.

In contrast to previous authors, there are some concerns about what we can reach with Al in psychotherapy.
Anna Melnik, Konstantyn Marchenko, and their colleagues [14] argue that it could be decomposed easily. They
tell us that there are different risks in this process.

For example, they assume that the absolute reliability of computer systems and the results of information
processes that run in them can not be guaranteed. So, the main problems with introducing artificial intelligence
in computer systems are the inability to predict all real situations and program the machine's behavior
adequately to them, lack of reliability, and software errors. The research task is to identify critical areas where
such mistakes and failures are unacceptable.

The input on which artificial intelligence is taught may be incorrect. Melnik and Marchenko are questioning
their developers' way of thinking and values, as they are not always familiar with psychology, sociology, and
other humanities. These shortcomings during the use of artificial intelligence systems have led to many
incidents, including fatal ones.

However, a weakness of this argument is that it assumes that Al will do the whole work instead of the
psychotherapists. The Al could use data and suggestions from the therapists. They could review the data before the
learning process, and it could speed up the process to highlight the most valuable findings in the diagnostic to help
therapists find the correct treatment for the patients. In the future, it could also cover some parts of their job. 37% of
interviewed therapists described the possibility of transferring part of the diagnostic job to the Al assistant.

In support of this point, Chao, Y., Wu, C,, Lai, Y, Hsu, H., Cheng, Y,, Wu, H., Huang, S., & Chen, W. (2022) [15] displays
that they worked in collaboration with a therapist to run different tests on the effectiveness of existing methods.
They have shown that only 35.71% correctly indicated the diagnoses represented by the test equations.

If you can test the effectiveness of existing methods with collaboration with therapists and real data from
their clients, we can also use it to create a more effective expert system for therapists on what diagnosis a
person could have.

To learn more about depression and PTSD diagnosis, it seems necessary to learn it from professionals
themselves.

For this study, numerous anonymous interviews and surveys were conducted with psychotherapists,
psychologists, and psychiatrists from Ukraine to gather more information about the process behind the
diagnosis. In interviews participated professionals with various years of experience (up to 16 years of practice).
There mostly were open questions to gather more explanations of psychological terms and to use them as
criteria in future research.

Based on their answers, we found that to assume that a person has depression, a therapist should learn
more about the person’s: current mood state, how well and for how long the person sleeps, the amount of day-
to-day stress, and the problems with focusing on the task. Most of these questions use quantitative numbers to
understand the level of depression the person might have. A similar process applied to PTSD.

Besides in these interviews, we gathered their experience on what changes in a person's behavior and
emotional state are the first symptoms of depression or PTSD. Mostly they highlighted and focused on:
feeling hopeless and helpless, anxious or worried, suicidal thoughts and thoughts of harming themselves
as psychological symptoms, and loss of libido, lack of energy, and unexpected aches and pains as physical
symptoms of depression. Or nightmares, flashbacks, and physical sensations for PTSD.

Also, they explained how often these symptoms usually repeat. For this question, responses were splited in
almost halves that a person should start therapy when symptoms are repeating every day or a couple of days
in a week. The other half explained that even if such symptoms repeat themselves at least once in a month, it is
better to start reaching for psychological support and help from professionals.

In addition to that, it was helpful to learn when usually first symptoms could be shown. For PTSD, most
professionalssaythatthefirstsymptomscouldbevisibleinaperiodbetween4weeksto6monthsafterthetraumatic
eventhappened.Fordepression,ithasaprogressionandcouldbevisibleafteramonthoftraumaticeventhappened.
That information uncovers the primary flags that mental health professionals look for when diagnosing these
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conditions and gain insight into the time and effort it takes to understand a person's mental profile and create
a personalized healing plan.

As a final touch, after the interviews, we gathered information about how they analyze the level of depression or
PTSD. Usually, therapists run different screening tests, but based on their experience, since the number of traumatic
events has grown due to the war in Ukraine, these tests started to show less efficiency and personal sessions work
more effectively for complexity analysis. In addition, each of these tasks, even running tests, is time-consuming.
Analyzing them is even more time-consuming. Based on the survey, 43% of the therapists admit that today they
should always rewatch the whole case independently to ensure they are making the correct diagnosis.

The main problems in these tests right now that professionals are struggling with a phenomenon that the
amount of symptoms is growing, and those tests do not cover all of them. Some of these symptoms could be the
same for different mental diseases. Analyzing data from screening tests is time-consuming and could be not efficient.
Screening tests are less personal than a conversation, so people might cheat in them because they are afraid of being
“notnormal.” Besides, to make them effective, they should be regular, on a daily or weekly basis, to track progression.

To cover all questions that tests cannot cover, they often ask for individual medical data such as hormone
level, sleep records, and other biomedical data. Analysis of these data is even more time-consuming than analysis
of tests. They also mentioned that sometimes people's interactions with strangers in social media could be a
small hint into their progress in healing from mental disease, so some of them also check patients' social media.

Once a diagnosis has been made, the mental health professional will work with the patient to develop a
treatment plan that may include therapy, medication, or a combination of those. All of these depend on the level
of depression or PTSD.

Based on it, we can assume that people need to start reaching for mental support and help from professionals
as early as possible, and therapists recommend making it in person instead of online screening. However, at the
same time, based on the Institute of Psychology, in their Public Attitudes Toward Guided Internet-Based Therapies:
Web-Based Survey Study in 2018 [7], we know that nowadays, almost 60% of people first will try to find answers
to their problems around the web or social media, instead asking help from psychotherapists directly.

As people are afraid of seeking help directly, and the diagnostic process starts to become even harder from
day to day, we can think of ways how using Al could speed up the diagnostic process and maybe improve
existing methods and their efficiency, and make the lives of people easier. For example, with Al, we can focus
on speeding up the analysis process of test data, improving tests, and making it regular to make a picture
clearer for therapists and let them focus on patients instead of creating a report based on all data. Also, it
seems possible to analyze biomedical data and notify people about possible mental diseases they could have to
motivate them to reach for help or at least consult with professionals.

It is also interesting how therapists analyze their patients' social media for some hints on the healing
progress. Analyzing social media with Al is not new, but it could be helpful to focus it on tracking possible
mental diseases.

Results of the research. In the previous section, a list of possible options to improve the diagnostic process
was reviewed . Mainly it’s speeding up the classification job, improving the accuracy of existing tests, and
focusing on highlighting the possibility of symptoms of the patient.

For example, as was mentioned in the first section of this study, therapists outlined that for diagnosis of PTSD,
there could be a delay between the first symptoms showing up and the situation that causes it, around 6 months.

The Nov 2020 Ann-Maria Bucur study from the University of Bucharest showed that they could find the first
symptoms before a person asked for help from a therapist based on what they post on social media [16]. From
the interviews arranged with therapists, it shows that almost half of the therapists review the social media
of their patients as a part of the “first interaction” with the patient. It helps them to understand the patients
better. But, based on this study, while using the app with such an algorithm, if a therapist has a link to a social-
media profile, the algorithm can gather the information from the person's social posts and create a profile with
possible symptoms a person might have to ask the therapist to pay attention to them.

In close work with therapists and with training a model similar to what Baihan Lin, Djallel Bouneffouf, and
Guillermo Cecch did in their research with analysis of sessions between therapists and patients, we could also
analyze tests and even go further and make a chatbot, for businesses for example to track the regularly mental
state of their employees, or for therapists to ask about mental health on a regular basis their patients, we can
gather more up to date information about each patient and algorithm could classify those patients who might
need a different or adjusted treatment program based on their answers. As mentioned earlier, regular state
tracking is the key to better understanding a patient’s needs and making treatment more efficient.

Also, the same algorithm could be adjusted or reworked to work with biomedical data (heart rates, sleep
tracking, hormones level) to gather even more information on patients' states. And improve results they
reached even more.
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Discuss the results. After the research, a second round of interviews was conducted with professionals to ask
them about their thoughts on how their work could be simplified or even improved with Al. Only 13% of them at the
beginning said that Al could help them, on a barely minimal level, speed up the process of gathering data. After we
reviewed those findings together, more than 30% of therapists agreed that Al could actually speed up their work on
analysis data if it could create an effective report for each patient they have. It is still around 70% of skeptical people,
but that is because they have yet to work in pairs with any tools that could do this job.

Conclusion. These abstracts show that psychology can find support for specific tasks in computation. From this
perspective, Al can play a role as an add-on resource for therapeutic work in addition to those that already exist.

The different tools could speed up the process of gathering information about the patients, and it could be a
separate application or an option to gather this data through chat-bots and social media.

But when the data is gathered, the correct Al model could classify the data, find patterns and create a list of
possible diseases for each patient with a full picture of possible or existing symptoms that could also speed up
finding the correct treatment for each patient.

Besides, with enough data set, it seems possible to create a recommendation system for those people who
do not want to reach for direct help from therapists at the beginning and suggest different options before they
are ready to make their life easier. The same recommendation system could also help therapists to focus on real
tasks while working closely on solving mental health issues each person could feel. In this case, we can focus
on these tasks to solve:

- Search for new data sources that can be used to analyze a person's mental state. Combine them with
existing ones.

- Development of an algorithm based on the means of artificial intelligence, which can predict the mental
state of a person or groups of people and create a list of recommendations for a person and psychotherapists

- Also, start working on correct models to analyze different biomedical data to help therapists fill gaps in
knowledge about the patient’s state and adjust the treatment process.

Those studies also prove that the future of diagnosis could relate to the new technologies to make diagnostics
affordable and faster with the help of Artificial Intelligence
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APPLICATION OF ARTIFICIAL INTELLIGENCE IN THE FORMATION OF A PROJECT TEAM
IN THE FIELD OF AEROSPACE COMMUNICATIONS

The purpose of the study is to develop methodical support for team formation in aerospace projects. The use of modern information
technologies will allow to automate the stages of selecting applicants for the team, to exclude the influence of the subjective factor.
The article proposes a team formation method in aerospace communications projects. The process of selecting applicants, which
takes into account the specifics of the industry, is considered, and the main stages of the method are defined. The developed method
involves the use of artificial intelligence. Artificial intelligence tools are applied in the first step, machine learning is applied in the
second step, while voice recognition algorithms and analysis are applied in the fourth and final step of the proposed method. The
first step in this method involves an automated search for potential team members. In this part, the web application presented in this
article searches several social networking websites such as LinkedIn and other websites where applicants can submit their resumes
and communicate with other professionals and potential employees to find the best for determined by the criteria of candidates on
the Internet. It also determines whether a candidate would hypothetically be interested in applying for a particular job. The second
step consists of an automated test that will be distributed to all possible candidates through the app, the app will validate the tests and
select candidates based on the automatic evaluation of the tests. In the third phase of the voice recognition interview, candidates will
undergo a question and answer interview with the help of artificial intelligence. At the last, fourth stage of the method, which is called
a live conversation, candidates are interviewed by company representatives. The peculiarities of the application of the proposed
method were considered, and the prospects and limitations of its use were determined. The proposed methodical and instrumental
support is of practical importance for the automation of applicant selection processes when forming a project team.

Key words: artificial intelligence, team formation, project team, aerospace communications, algorithm.

3ACTOCYBAHHSA IITYYHOTIO IHTEJIEKTY IPU ®OPMYBAHHI IPOEKTHOI KOMAHAU
B FAJIY31 AEPOKOCMIYHUX KOMYHIKALII

Memoro docaidxceHHs € po3pobka MemoduyHo20 3a6e3neveHHs OPMy8aHHS KOMAHOU 8 NPOEKMAX AepOKOCMIUHOI ea-
AY3i. 3acmocysaHHs cy4acHux iHgpopmayitiHux mexHo02ili do3goums asmomamusyeamu emanu 8id6opy npemeHdeHmie
Y KoMaHdy, sUKA0YUMU 8N1U8 CY6 EKMUBHO20 YUHHUKY. B cmammi nponoHyemucst Memod popmy8aHHs KOMAHOU 8 NPOEK-
max aepokoCcCMivyHUX KoMyHikayitl. Po3zastHymo npoyec 8id6opy npemeHndeHmis, skull 8paxosye cheyudiky 2a.ysi, usHave-
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HO 0CHO8HI emanu memody. Po3pobaeHuli memod neped6ayae 8UKOpUCMAHHS WMy4HO20 iHmMesekmy. Ha nepwomy emani
3acmocogylomucsi iHcmpymeHmapitl wmy4Ho20 iHmeekmy, MawuHHe HA8YAHHS 3ACMOCOBYEMbCA HA dpyeomy emani, mooi
SK a120pUMMU po3ni3HABAHHSA 20410CY MA AHAI3 3ACMOCOBYHMbCS HA Yem8epmoMy ma OCMAHHbLOMY KPOYi 3anponoHosa-
Hoz2o memody. Ilepwuti kpok y yboMy Memodi nepedba4ae agmomamu308aHull NOWyk nomeHyiliHux 4ieHie komanou. Y yitl
yacmuHi ge6-dodamok, npedcmagaeHull y yiti cmammi, 30ilicHIOE NOWYK y KibKOX 8e6-catimax coyianbHUx Mepexc, makux
sk LinkedIn ma iHwux se6-catimax, de 3asi8HUKU MOXCYMb HAACU/AAMU C80I pe3tomMe ma cnikysamucs 3 iHwumu npogecio-
Ha1amu ma nomeHyiliHUMU npayisHukamu, o6 3Hatimu HalKpawux 3a 8U3Ha4YeHUMU Kpumepisimu kaHdudamie 8 [HmepHe-
mi. Bin makodc gusHa4ae, 4u 6yde kaHoudam 2inomemuyHo 3ayikasieHull 8 momy, ujo6 npemeHdysamu Ha nesHy po6omy.
Apyaull kpok cknadaembvcs 3 agmMomMamu308aHo20 mecmy, AKUU po3noscrooHy8amuMemsCs 8CiM MOXCAUBUM KaHOudamam
yepe3 dodamok, dodamok nepegipsamume mecmu ma npogodums 8id6ip kaHdudamie Ha nidcmagi a8MoOMamu4¥Ho20 OYiHI0-
e8aHHs1 mecmis. Ha mpemvomy emani cnigbeciou 3 po3ani3HagaHHsM 2040cy KaHoudamu npoxodumumyms cnigbecidy i3 3a-
nuUMaxHHAMu ma gionogidsimu 3a donomoz20r0 wmy4Hozo iHmesekmy. Ha ocmannboMy yemeepmomy emani memody, sKutl
HA3UB8AEMbCS HCUBOI PO3MOBOK), KaHOUdamu npoxodsams cnigbecidy 3 npedcmasHukamu Komnawii. PoszasHymo ocobaugoc-
mi 3acmocysaHHs 3anponoHo8aHo20 Memody ma 8U3HAYEHO NepcnekKmusU ma o6 MexceHHs 1i020 8UKOPUCMAHHS. 3anpono-
HOBaHe Memodu4He ma IHCmpyMeHmMa/ibHe 3a6e3neYeHHs1 Ma€ Npakmu4yHe 3HAYeHHs 019 asmomamu3sayii npoyecie 8id6opy
npemeHdenmis npu gopmyeaHHi KOMAHOU npoekmie.

Kawuosi caoea: wmyunuil inmesekm, ¢dopmysaHHsi KOMAHOU, NPOEKMHA KOMAHOA, AepOKOCMIYHI KOMYHIKayii,
an20pumm.

Introduction. Problem statement. The aerospace communications industry is known to have one the
toughest requirements when it comes to forming a project team. The candidates, potential future teammates,
have to undergo a thorough selection process which determines if they have the qualifications necessary to be
a valuable part of the aerospace communications team. However, the method proposed in this article will not
only determine the most qualified candidates to join such a team but also evaluate how well the candidates are
expected to perform in a particular team based on the named team’s dynamic.

As of now, team formation in the aerospace communications industry is a long and difficult process,
conducted primary with the use of the hiring or the “main” company’s resources. The novel method proposed
in this paper will, however, analyze that the current methods used in team formation can be greatly improved
and propose a new method using artificial intelligence and machine learning. The proposed method is expected
to greatly decrease the use of human resources and time consumption.

Analysis of the latest research. The current method used in the industry is a combined model to explore
individual attributes, relational attributes, and previous structural tiesas determinants of work partner choice [1].
In the current method of selecting team members, based on the data collected in [1], the selection process is
based on a combination of individual and relationship traits. On the one hand, being in the same group, which
is considered a structural trait, did not influence future work group member decisions much. Working with a
person, which is referred to as a relational attribute, in the same group, considered a structural attribute, on
the other hand, was a substantial predictor of future work group member preferences. In that sector, structural
qualities appear to be essential to the extent that individuals are forced together and given the opportunity
to establish stronger relationships. However, the current method as described in [2] does not include a fully
automated team formation method which is proposed in this paper.

It is important to touch base on the different requirements for team formation specifically for aerospace
communications. Artificial intelligence can be of great use in the process to save time and resources.

An example of formula design and explanation of its components:

Xope =Z AZ+, (1)
where Xopr = clarification 1 (variable, denoted by a Latin letter, - italics; the abbreviation of the English word is
used as an index - regular font);

z - clarification 2 (vector - bold; the superscript t denotes the transposition operation, thatis, the abbreviation
written in Latin letters);

A - clarification 3 (matrix - bold);

¢ - clarification 4 (variable denoted by a lowercase Greek letter - italic).

Building a successful team entails more than just identifying expertise; it entails assembling a group of
individuals who play various but complementary roles. Team members offer diverse experience, information,
and social connections to the team, which benefits the team; nonetheless, persons must have a certain amount
of overlapping knowledge and viewpoints to operate well together. If you bring together a group of specialists
from various disciplines, but their perspectives are so far apart that they can't even discuss the topic due to
different language or point of view, it will be difficult for them to establish common ground. On the other hand,
bringing together a group of specialists who all agree with each other and have the same abilities and expertise
might damage diversity of opinion and the capacity to confront unknown difficulties.

This research analyzes the origins and performance consequences of shared versus diversified information
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using aunique data set of observed email content from 1382 executive recruitment teams and extensive accounting
data on their productivity. A striking inverted-U shaped association is discovered between mutual information
and team productivity. A large level of information overlap among team members is connected with improved
performance, but extremes of too little or too much mutual information are detrimental to performance. The data
shows that geographic dispersion and social network distance are important predictors of mutual knowledge
failures in the data, although demographic dissimilarity and organizational distance do not.

We constrain w such that in order to reflect the tradeoff between variety and mutual knowledge and to limit
the values of the parameter that adjusts for their relative relevance across work settings,

D<w< L , (2)
Performance = k *Cos(w£)* Sin(wz) 3

The cosine term captures the advantage of mutual knowledge and scales it by a parameter w that reflects
how relevant mutual knowledge or information diversity is to team performance in a specific work context. The
diversification advantage is reflected by the sine term and scaled by the same parameter. As grows, so does the
importance of knowledge diversity in determining team effectiveness. Conversely, as declines, the importance
of mutual knowledge for team success grows [3]. Based on the formulas above, the graph below, and the data
provided in [1], the hypothesis is that when teams have too little information overlap, communication and
cooperation are difficult, but when teams have too much mutual information, team members' contributions
become redundant, diminishing problem solving efficiency and productivity.

The parameter k simply measures the size of the influence of either information diversity or mutual
knowledge on team performance to account for the likelihood that information distribution among team
members is more relevant in certain settings than in others.

More
Dlver's:lty Balanced More Overlap
MK’ MK* MK*

—

7
/7

Total Performance

Low <«—— Mutual Knowledge — High

Fig. 1. An inverted U-shaped connection demonstrates the value of mutual knowledge
in team effectiveness

Figure 1 graph depicts the composite advantages of (information overlap) * (information diversity), which are
characterized as Cos[< ]*Sin[< ] for the angle between knowledge profiles. This type of connection suggests optimal
information overlap in teams (MK*), in which best performing teams have neither too little nor too much mutual
information among team members [4]. The appropriate degree of knowledge overlap in teams may vary depending
on the work setting. The ideal information overlap (MK*) shifts to the left as the relevance of information variety for
team performance grows (rising), showing that higher diversity is better. The optimal information overlap (MK*)
moves to the right as the importance of mutual information for team performance increases (decreases), implying
that greater mutual knowledge is beneficial. These many settings illustrate the link between mutual knowledge and
team performance in typical team situations such as innovation teams, regular operations and production teams,
and so on [5]. From this figure it can be seen that information diversity may be more significant for teams whose
success is linked to creativity and invention, whereas mutual knowledge may be more important for teams whose
performance is linked to effective exploitation of known organizational processes or tasks.

Search expansion. Expanding the potential aerospace communications team members to the international
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market can be challenging when done manually but becomes possible while utilizing the artificial intelligence
method described in this paper. Based on the evidence provided in [6], such international market search
expansion can be very useful and even contribute to better team bonding in the future projects of an aerospace
company. An experiment in team capstone design education conducted in [6] that began with the addition
of engineering freshmen to standard senior design groups has grown to include freshmen, sophomores,
juniors, and seniors in a big, interdisciplinary design team. The project has been expanded to incorporate
an international design experience, with American design students collaborating with counterparts from
European schools. This interdisciplinary, worldwide design approach has resulted in a useful experience
for its participants, who are considerably more equipped for today's team environment in industry and for
global aerospace programs.

Article purpose. All the above aspects of the search for the most suitable team members can be
significantly improved by applying the described below method of artificial intelligence.

Step 1: Automated potential team members’ search. In this step, a web-based application proposed in
this paper’s method finds the most suitable candidates online by searching different social media websites
such as LinkedIn and other websites where candidates can post their resumes and interact with other
professionals and prospective employees. As this method implements machine learning, every time this
method is applied in the search, the web-based application learns how to conduct the search better using
Al [7]. For example, in the first round of applying this method, the proposed application would search the
future team members based only on their resumes, education, and work experience, posted on the Internet.
However, in the second round, the application would not only do that, but also analyze the potential team
member interactions on social media such as LinkedIn and other websites, thus helping determine if the
communication style of the candidate is suitable for the team. As mentioned prior, work qualifications are
not the only things that matter how a person would fit in a particular team matters as well. The proposed
artificial intelligence method hopes to expand on that and find the most suitable candidates all around.

Future team member interest. The next point of interest in the proposed method is to determine
whether a potential candidate is interested in the job. There could be some caveats here, but since the
application does not use human resources to conduct this process, it can be run in the background without
requiring any attention from the current company stuff. Thus, if after searching the Internet, the application
finds a number of candidates, for instance one hundred people, who the application believes can be a good
fit for the job indicated, the application will then attempt to predict if the candidate would be interested
in applying for and acquiring the said job. If the application determines that yes, the candidate would be
interested, the application will then reach out to the candidate with the job details and ask the candidate to
complete a fifteen-to-thirty-minute test which can be completed remotely.

Step 2: Automated test. The proposed test may be developed by both artificial intelligence and humans,
albeit it is recommended that the test be monitored in the first few rounds of testing the application for
a specific company. The test would be given to all potential candidates via the application and, after the
applicants answer the test’s questions, the application would then review the tests in order to determine
which candidates passed the test and which did not. The passing of the test would be determined on a
percentage scale as further discussed in Fig. 2. The first priority would be given to candidates who scored in
the top 10" percentile; for those candidates who scored in the 85-90" percentile, a shorter second test would
be given. Those who score in the top 5" percentile on the second test would be given the second priority level
and will also move up to the next team building round.

An example of automated testing was applied in high school students where after a series of tests, the
application system recommended which high school students should be accepted to which university [6].
This example shows a hybrid neural network and decision tree classifier model that acts as the foundation
for a university entrance recommender system. In addition to the high forecast accuracy rate, the system's
flexibility allows it to anticipate potential universities that match the students' profiles as well as relevant
techniques via which the students should enter. Based on the students' histories, the recommender may be
extended to make other types of predictions.

Based on the instance above, automated testing with artificial intelligence analysis can be applied while
searching for the best candidates in the aerospace communications industry. As seen in Fig. 2, the testing
process can be fully automated with the help of the application proposed in this paper. From a pool of
potential candidate, the application would estimate what score would each candidate get on this future test
based on each candidate’s history. Such history can include but is not limited to: education, work experience,
volunteer experience, previous employers reviews, indicated candidate’s interests. This extra step is needed
so that the application could, in the future, conduct a more optimal search in the first step of this proposed
method [8].
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Fig. 2. The passing of the automated test algorithm

Test grading. The newly proposed method would create a ranking list that would rank all candidates right
away, even before giving out the test. Short after that, however, the test is given out to candidates; this process
is fully automated with humans only monitoring the process in the early versions of the application. Depending
on the individuals scores, they can either move up in the team formation process, be disqualified from the
process, or get a second chance on another, shorter, test. The percentages of correct answers are what gives the
people their scores. The second chance test is given out as another opportunity to make sure every candidate
is being vetted thoroughly and no excellent candidates are missed by the application. It is worth noting that
because of the automatic nature of this test, there would be no discrimination and no human factors, as there
are no humans involved in the test except for the actual candidates attempting to pass the test.

Step 3. Voice recognition interview. This method proposes using artificial intelligence to collect data and
analyze it in order to increase the speed of the team building process, decrease the use of human and financial
resources, and to avoid discrimination. However, question answering (QA) is perhaps one of the most difficult
jobs in natural language processing. It necessitates search engines capable of retrieving succinct, precise text
fragments containing an answer to a question provided by the user. The addition of voice interfaces to QA
systems gives these systems a more natural and engaging perspective [9].

Automatic Automatic

Speech Speech

Recognition Generation
Filtering Calculating an
the: r:> appropriate
answer response

Fig. 3. Process of the proposed question-answer system

As described in Fig. 3, the proposed question-answer system would have 4 main steps. The first step would be
the speech recognition. The application would determine if the candidate actually answered the given question. In
the second step, the application will research options on what to say next [10]. Thus, it will compare the answer
given by a candidate with a few most suitable options of what to say back. In the third step, the application would
calculate an appropriate response by deciding which answer option is most appropriate to say. In the fourth and
final step, the application will produce the response out loud, thus concluding the cycle of generating a reply. In
Fig. 3, the system tries to answer a spoken question correctly by first filtering out the many possible ill-formed
questions from the word lattice, and if that fails, it performs lexical and semantic alternations on the remaining
questions in the reduced word lattice. If the solution cannot be identified by employing keyword variations, the
questions will be answered using an interactive Questions & Answer approach [9].

Step 4. Live conversation. In-person or online in real time final interview. In the final fourth step of the
method called a live conversation, the candidates would be interviews by humans with the assistance of the
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application. Even though this interview is conducted by a real person, its audio and video are recorded by the
application and analyzed at a later time so that the application can learn how to conduct the interviews and,
in the future, even the fourth step can be conducted by the application. The fact that step 4 is the only step in
this application life cycle requiring human intervention significantly saves human time and resources. With the
hope of automating even the fourth step in the future as more versions of the proposed application come out,
humans in the team building aerospace communications company will only need to supervise the process.

Conclusions. Discussion. The novel method proposed in this paper analyzed that the current methods used
in team formation can be greatly improved and proposed a new method using artificial intelligence and machine
learning. The results confirm that the method proposed in this article will not only determine the most qualified
candidates to join such a team but also evaluate how well the candidates are expected to perform in a particular team
based on the named team’s dynamic. The method's initial stage involves searching several social media networks for
the most qualified persons online. The second phase is administering an automated test to all potential candidates via
the application, and after the applicants answer the test's questions, the application examines the tests to determine
who passed and who did not. Candidates would go through an artificial intelligence question-answer discussion in
the third phase of a voice recognition interview, which would be totally automated by the application presented in
this research. The applicants would be interviewed by humans with the aid of the application in the last part of the
procedure, known as a live conversation. The conclusions about the usability and benefits of this method have been
made, based on saving human and financial resources. The hope is that in the future versions of the application, all
steps will be done with artificial intelligence with minimum human intervention.
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JOCIIMKEHHA BATATO3B'ABHUX AUHAMIYHUX CUCTEM LIVIAXOM PO3B’AA3AHHSA
CUCTEM IHTETPAJIbHUX PIBHAHBb BOJIBTEPA I POAY METOOM KOJIOKAIIIA

Bazamose'sizni duHamiuHi cucmemu xapakmepusyomuscsl 8eAUKOI0 KIAbKICMIO 83AEMON08'A3aHUX 8XIOHUX ma 8uxio-
HUX 8e/UYUH, WO 8U3HAYAE CKAAOHICMb IXHb020 MamemamuyHo20 onucy. Yucaose Modeao8aHHs MaKux cucmem y auaaa0i
cucmem iHmezpabHUX pigHsIHL Boabmepa € efpekmusHum nidxodom, npome sumazae peanizayii onepamopie Boavmepa.
Ix ocobausicmio € HakonuueHHs: 06YUCACHb HA KOJICHOMY HACMYNHOMY Kpoyi anpokcumayii. Sk Hacaidok 3meHweHHS Kpo-
Ky anpokcumayii npuszeodums 00 3HQ4HO20 3pOCMAHHA Kilbkocmi 064uca8a bHuXx onepayill. Lle sucysae ocobausi aumo-
2u do npocmomu ma weudkodii gionogioHux aszopummie. B po6omi docaidxceHo edpekmusHicms 3acmocy8aHHs Memoady
Ko/0Kayii Ha 0CHO8I KYCK080-2/1a0KUX NOAIHOMI8 00 p0o38’13aHHS Mako2o Kaacy pieHsaHb. Memod koaokayii 3acHoeaHutl
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Ha OMpPUMAaHHI piwleHHs1 Ha OiASIHKAX, 008X*CUHA SKUX 8UGUPAEMbCS, | HA KOXCHOMY 3 HUX 30CMOCOBYEMbCS AnpOKCUMYIOYULL
8UPA3 3 HEBEAUKUM HUCA0M KOOpOUHAMHUX PYyHKYil. Beaukor nepesazoro an2opummis Ha 0CHO8I Memody K00Kayill € 6eAuKa
2HYYKicmb npu eubopi napamempis 3aminu PyHKYili KyCK080-2/1a0KUMU NOATHOMAMU. 3aNPONOHOBAH] A120pUMMU PEANi308AHO
6 cucmemi komn'tomepHoi mamemamuku MATLAB y suaas0i ¢yukyii slvielcolloc. Cknadosi vacmuHu cucmemu iHmeapaabHux
pigHsAHb (Adpa, npasi yacmuHu) nepedaromucsl apaymeHmamu npoepamu y eudi aHoOHIMHUX yHKYill abo y mabauvHomy euoi
4UC/108UX 3HA4YeHb PYHKYIl 6 8y3/1ax anpokcumayii. [Jodamkosumu apaymeHmamu € Yuc/108i 3HaA4eHHs 8y3/1i8 anpoMakcuma-
yitiHoi cimku, cmeneMi noiHOMY ma NOYAMKOBUX Y MO8 IHMe2pa1bHo20 pieHsIHHS. [Ipozpama 8UKOHYe nepesipKy 8XI0HUX 0aHUX,
npu HeKOPEeKMHUX 3HQYeHHsIX 8UB00UMbCS KOO NOMUJIKU Md nepepusaHHs pobomu npozpamu. [lposedero anpobayiro komn'to-
mepHoi npoepamu 3a donoM020t0 06HUCAHBANLHUX eKcnepuMmeHmis. OnucaHi peyrbmamu npodeMoHcmpysaau egekmus-
HICMb 3aNPONOHOBAHUX piuwleHb. A6COIMHA NOXUOKA 064UCAeHb 0151 po32AsiHymoi Modeal y su2a50i cucmemu iHmezpaabHUxX
pigHsiHb Bosbmepa [ pody 3 10pom 3a2a16H020 8Udy npu 3adaHux hapamempax He nepeguwjuaa 3,5 * 107,
Katouosi caoea: inmezpaavHi pieHsaHHA Boabmepa, 6azamo3e’si3Hi duHamivHi cucmemu, Memood Ko10Kayii.

RESEARCH OF MULTICONNECTED DYNAMIC SYSTEM BY SOLVING OF SYSTEMS OF VOLTERRA INTEGRAL
EQUATIONS OF THE FIRST KIND BY THE METHOD OF COLOCATIONS

Multiconnected dynamic systems are characterized by a large number of interconnected input and output values, which
determines the complexity of their mathematical description. Modeling of such systems in the form of systems of Volterra
integral equations is an effective approach, but requires the implementation of Volterra operators. Their feature is the
accumulation of calculations at each next approximation step. As a result, the reduction of the approximation step leads to a
significant increase in the number of computational operations. This puts special demands on the simplicity and speed of the
corresponding algorithms. The efficiency of applying the collocation method based on piecewise smooth polynomials to the
solution of this class of equations is studied. The collocation method is based on obtaining a solution on sections whose length
is selected, and on each of them an approximating expression with a small number of coordinate functions is applied. A great
advantage of algorithms based on the method of collocations is great flexibility in choosing parameters for replacing functions
with piecewise smooth polynomials. The proposed algorithms are implemented in the MATLAB computer mathematics system
in the function called slvielcolloc. The constituent parts of the system of integral equations (kernels, right-hand parts) are
transmitted by program arguments in the form of anonymous functions or in the form of a table of numerical values of the
functions in the approximation nodes. Additional arguments are the numerical values of the nodes of the approximation
grid, the degree of the polynomial, and the initial conditions of the integral equation. The program checks the input data, in
case of incorrect values, an error code is displayed and the program is interrupted. The computer program was tested using
computational experiments. The described results demonstrated the effectiveness of the proposed solutions. The absolute error
of calculations for the considered model in the form of a system of Volterra integral equations of the first kind with a kernel of
the general form under the given parameters did not exceed 3,5 * 107,

Key words: Voltaire's integral equations, multiconnected dynamical systems, collocation method.

IlocTaHoBKa npo6JsieMu. baraTosB's3Hi AuHaMivHi cuctemu (B/Z]C) xapaKTepu3yr0ThCs BEJUKOIO KiJIbKIiCTIO
B3a€MOIOB'sI3aHUX BXiIHUX Ta BUXIJHUX BEJIMYUH, 1110 BU3HAYAE CKJIAJHICTb IXHbOI'0 MaTeMaTHU4YHOI'0 OIKCY.

Yucsiose mopentoBanHs B/IC y Burisi cucreM inTerpanbHux piBHsAHb BosabTepa (CIPB) € ebekTuBHUM
nigX0J0M y il 3aia4i, npoTe BUMarae peasisauii oneparopis BosbTepa. [x 0co61MBicTIO € HaKONUYEHHS 06-
YUCJIEeHb HAa KOXKHOMY HAaCTYIHOMY KpOLi anpokcyuManil. Ik Hac/1ijok 3MeHLIeHHs1 KPOKY apoKCcUMalLil npu-
3BOJIUTDH /10 3HAYHOTO 3POCTaHHS KiJIbKOCTI 064YHCII0BaIbHUX omeparliil. Lle BucyBae 0co6inBi BUMOTH /10
IIPOCTOTHU Ta WIBUAKOAII aJITOPUTMIB.

HanpsiMok foc/tikeHb 3aCTOCYBaHHS YMCJI0BUX METO/IiB /10 PO3B’sI3aHHS CUCTEM iHTerpajbHUX PiBHAHb
BoJsibTepa po3BHHYTHUI HEJJOCTATHLO i IOTPEOYE PO3BUTKY, OCKIJIIbKY IIi MOZEJIi MalOTh CBOI 0COGJIMBOCTI, 1110
BUMAararwTb PO3p0o6KHU celudiYHUX aITOPUTMIB Ta JOCTIKeHHS IX ePeKTUBHOCTI.

AHauni3 ocTaHHIX AOCAiAKeHb Ta My6JIiKanii. B icHyrounx ny6Jikanisx [1-2] BUCBiT/IeHO psiJi METOZIB J10-
CJIIIP>KeHHS IHTerpajibHUX MoJesiel BosibTepa, ajsie po3risajaloThCs iHTerpaabHi Mozeii BosbTepa nepeBa>kHO
y BUIVIIZII CKaJIIPHUX PiBHSIHb. 3aCTOCYBAaHHS METO/Y KOJIOKAIil /[0 po3B’si3aHHS CKaJSIPHUX iHTerpaJbHUX
PiBHSIHB JJoCIiKeHO B po6oTax [1-4]. [cHye HeBesIMKa KibKicTb my6JtiKallil, 1[0 po3r/isi/[aloTh 3aCTOCYBaHHSA
YHCJIOBUX METO/IB 10 PO3B’I3aHHSA CUCTEM iHTerpabHUX PiBHAHb BosbTepa [5-9].

MeTa gocaigkeHHs. Po3po6ka airopuTMiB po3B’si3aHHS CUCTEM iHTeTrpa/ibHUX PiBHSAHb BosibTepa I poay
Ha 0CHOBI MeTO/y KoJIOKallil 3 3aCTOCYyBaHHSM KYCKOBO-IVI/IKUX MOJIIHOMIB, peaJiizallisi mporpaMHuX 3aco6iB
JocipKeHHs1 6araTo3B’ S3HUX AUHAMIYHUX CHUCTEM, L0 peasi3yloTh po3pobJieHi aJiropuTMmu. AHasi3 edek-
THUBHOCTIi 3aCTOCYBaHHS pO3p006JIeHUX aJITOPUTMIB Ta IPOrpam.

OcHOBHMII MaTepiaa AOCHiJKeHHS. AJITOPUTMU Ha OCHOBI MeTO/ly KOJLJIOKAI(ii MalOTh JJOCTAaTHIO MPO-
CTOTY i LIBU/IKOA{10. MeTo KoJloKallil 3aCHOBaHUM Ha OTPHUMaHHI pillleHHS Ha Ai/ITHKaX, JOBXHUHA IKUX BUOU-
pa€EThCA, 1 Ha KO)KHOMY 3 HUX 3aCTOCOBYETHCA allPOKCUMYIOUMH BUpa3 3 HEBEJIMKUM YHUCJIOM KOOPAUHATHUX
¢JyHKLiN. BesMkolo mepeBarow aJaropuTMiB Ha OCHOBI MeTOAY KOJIOKAIlill € BeJIMKa FHYYKIiCTh NMpU BUOOPI
napaMmeTpiB 3aMiHU QYHKIIN KyCKOBO-TJIAAKUMU MOJIIHOMaMU. 3aCTOCYyBaHHSI MeTOAY KoJioKallii 0 po3B’s-
3aHHS{ CUCTEM iHTerpajbHUX PiBHAHb BosibTepa npu mozentoBanHi B/|C noTpebye po3po6KH BiiMOBiJHUX aJ-
roputMiB, ix mporpamHii peasnisarii Ta gociaxkeHHs X epeKTUBHOCTI.
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MeToz, KoJI0OKaLii CTOCOBHO 10 CHCTeM iHTerpajbHUX pPiBHAHB BosibTepa I poay. Y po6ori [1] po3misiHyTO
3arajibHy CXeMy MeTO/Ly KOJIOKaLlil CTOCOBHO po3B’si3aHHs piBHAHB THIy BosibTepa | poay. CkoprcTaeMocs Lij€ro cxe-
MO0 /IJ1s1 PO3B’sI3aHHSI CUCTEMH {HTerpaJbHUX piBHAHB TUIY BosbTepa I poay. Y koMmakTHiN ¢popmi cucteMa iHTe-
IPaJIbHUX PIBHAHB N-TO NOpsAAKY TUIy BoJibTepa I posyy y 3arajisHoMy BUIVISIZI 3alIMCYETHCSA HACTYTTHUM YUHOM

? f;Kij[x,s,yj(s)]ds =fi(x), i=1n x€][ab] (1)

[Ipomixkok [a, b] po36vBaeM Ha M Ai/NIsTHOK, HA KOXKHOMY 3 SIKUX LIYKaHi PO3B’A3KU Y;, 1 =1,n npesCTaB-
JISIIOThCS y BUIVIAA QyHKIN BULY

§i() = @y(x, G, G s i), 0= 11, @)

1110 3aJ1€eXaTh BiJi BIJIbHUX TapaMeTpiB.
CucreMa piBHSIHB, 1[0 PO3B’A3y€EThCs, HA KOXKHIM (k+1)-# ginauui x, < x < Xi4q,k = 0,M — 1 npuiiMae
HaCTyIHUH BUJ,

" Kyj[x, s, 3,()lds = fi(x) = Yipe(x), X € [t xpa], =17 (3)
ze
Vi) = Xy [ Kyj[x,5,95()]ds, s € [a, %], x € [xi, Xpera], (4)

WO 3aBX¥/M MOxe GyTH O6uMCIeHMEl 3a BiJOMMM Ha NpoMixky @ =X =Xy HaGIMMEHUM DO3B'A3KOM
7;(x), i = 1,n, 0 OTPMMaHHi onepeAHbo AJsl k-1 ainsaHok. [loyaTkosi 3HaYeHHs §;(x), i = 1,7, LIyKaHOTO
PO3B’I3KY 3HAX0AATHCS IKUM-HEOY/|b JONOMIXXHUM CIOCO60M a60 BBAXKAIOTHCS 3aZJaHUMHU.

Jliia po3B’sa3aHHA PiBHAHD (3) BUKOPUCTOBYEThCA BUpa3 (2), a BUIbHI mapaMeTpu C;,, i =1,n, r = 1,m,,
BU3HAYaIOThCS 3 YMOB IIEPETBOPEHHS B HYJIb HEB 130K
_\yn Xk,
S(Ci,r' xk,v) — 4j=1 ka K[xk,v' S, cDj (5' Cj,li Cj,Z' ] Cj,m)]ds - fi(xk,v) + l/)i,k' (5)
Ae X, v=1, 2, .., | - By3Jy, W0 BIANOBIJaOTh PO3OUTTIO BiAPi3Ky [x,, X,,,] Ha [ yacTuH (migBiApi3KiB).

Bupas (5) l'Ipe,Z[CTaBJ'IHE co6oto cucreMy m piBHsIHb BifjHOCHO C,, C ..., C

J151 3py4HOCTi 06YMCIeHb IIYKAaHUH PO3B’SA30K Ha AIAHL ,E[OLUJ'IbHO l'ng,naCTaBJ'IHTI/I y BUJi IeIKOT0 OJIIHOMY
yilx) = 2}”:1 Cijdi (),
Ae ¢; j(x) - NHIAHO He3aIeXHI KOOPAUHATHI GYHKIIL

3acTocyBaHHA KyCKOBO-IVIaJKHUX MOJIIHOMIB /0 po3B’sizaHHA CIPB I poay. Po3risineMo BapiaHT MeTo-
Jly KoJIOKallii 3 BUKOPUCTAHHSM KYCKOBO-IVIQ[IKUX MOJIIHOMIB CTOCOBHO PO3B’sI3aHHS CUCTEMU iHTErpaJbHUX
piBHAHB BosibTepa nepiuoro poay.

Ha npomixky inTerpyBanHs [a, b] BuAineHi By3nu x, ,, = (kl + v)h + a,v = 0,1,k = 0,M — 1, ie injeKc k Biamo-
Bigae (k+1)-ili ginanui (Bigpisky x, < x < Xk+1)> a iHfieKc j - NiABiApisKy BcepepuHi AinsaHky; 21 - Kilb-
KIiCTb Ni/{BIAPI3KiB; OPU LBOMY X) | = Xj41,0} Xo0 = Q-

O6uucaeHHSI HAGJIMKEHUX 3HaYeHb QYHKI[IN OYAeMO IyKaTH 3a JJ0IOMOT0I0 KYCKOBO-TJIaIKUX MOJiHOMIB
, L0 3aCTOCOBYIOTHCA Ha JiJIAHKAX 3 NIOJIIHOMIB BUAY

Conj .
Piper1 () = Pype(xpo) + Zﬁ'=1%(x — X)), k=01,..,M -1 (6)

Beaxkarouu P;(x) € C[a, b], 0oTpUMaEMo:
Piy(Xp0) = Pij—1(Xr-1,0)-
Bynemo BBaxkaTu BifoMumu sHaueHHs P, (x, )=y,  (v,,=y,(a)), i=1, 2, ..., n. Toai Ha mepuiit AiasHLi Habu-
YKeHUH PO3B’sI30K piBHAHHS (1) mpuiiMae BUIIAL

Cio )
Pyo(x) = Pio(x00) + Z§'=1%(x — Xo,0)’- (7)

[ligcraBuBmu (7) B piBHAHHA (1) 119 piKcOBaHUX 3HAYEHB , OTPUMAEMO CUCTEMY
Tor S Kij[Xo, 5, Pio(8)] = fi(Xow), i = =11, (8)

[Ka Mic/1s1 064K CIeHHS IHTerpaJsiB npe/CcTaBJsie CO60I0 CUCTEMY B 3araJibHOMY BUIIA/IKy HeJIiHIMHUX PiBHSAHb
BifIHOCHO KoedinieHTiB C, ,,...,C, , , 3HAXO/KEHHs AKNX 03BOJIAE OTpUMaTH P, (x).

i,0,m’
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Hab6imxeHn# po3B’s130K Ha APYTil AiAsAHI 3HaxX0AUMO 3a popMys1010

Ciaj ;
Pi1(x) = Pia(x10) + Z}f:l% (x —x10)7, (9)
ne 3HayeHHaA P, (x, ) BijoMi 3 069KMC/I€Hb Ha TIONIEPESHbOMY KPOILi:
[icas migcraHoBkU (9) B cucTeMy piBHAHB (3), OTPUMYEMO CUCTEMY PiBHSHB

1fx11KU[x11,sPl(s)]ds—fl(x“) Z 1fx1°KU[x11,sP0(s)]ds
?zlf,j‘;jm,-[xl,z, Pa(®)]ds = fi(a12) = Zfy [, Kyylx12,5, Pro()]ds, (10)

C. C. , k=1,M-1, B 3araJlbHOMy BUNa/IKy BUKOPUCTOBY-

e i=1,n, W0 103B0JIsi€ 3HAWTHU 3HaYeHHs C, k2 Ciim

ETbCA BHUPA3

k1’

10 o O] 0w, -

J=x 0

ze
n J—
V(%)= IK S, P ds+zj1( S P(5))ds+ .. +Z j S (%05, (5))ds, k=1, M =1y =1,1. (12)
j=1 4 Jj=1 a a0
g cucteMu JiHIMHUX iHTerpanbHUX piBHAHB TUIY BosibTepa (C/1IPB) Il pony
n X R
ZJKU x,5)y;(s)ds=f,(x),i=1,n (13)
j=1g
ob6uurcaoBaibHUE BUpas (11) npuliMae BUTJISAL,
n Xky
a Z J.K”/ XkV' ( )dS f,i (Xk,v)_“lr,i,k (Xx,v)’ (14]
[ Mouarok | 7= %0
A / e
l n
/ dopmyBaHHA \Vr,k ka _[Kn] xS ',O(S)ds+
no4YaTKoBUX j=1 a
/ LaHUX
Homep +ZIKrU( o ) ( )ds+ A+
i=0 — BiApi3Ky J=1x,,
anpoKkcumaii
4)# n_ ko
O6uncneHHn +Z I K, (Xx,v’ P 1( )dS k=1,M-1,v=1,1
KoediLieHTiB NiBoT X
dacar CIAP y AnropuTMiyHe Ta mporpaMmHe 3a6esnedyeHHd. Ha puc. 1 HaBe-
ot gy Kri G s)PjuS)ds JleHO anropuTM po3s’azannsa CJIPB I pojy MeToJ0M KoJloKallii 3 BU-
KOPHCTaHHAM KyCKOBO-IVIaJIKUX OJiHOMIB.
O6uncneHHs NpaBux B
wacTun CIIAP BxiAiHMMHU napaMeTpaMu aJrOPUTMY €:
FuiCGen) = g (Few) X — BY3JIM allpOKCUMaLliiHO] CITKH,
mm - cTeliHb MoJiHOMa,
I Posa’saani ;(_‘nﬂil;éi‘ igii;ia; ib:l-['l?err0 I;;IBBHHHOP:‘}:)H’iBHHHHH
A C/IAP BigHOCHO p . p p ’
KoediLjienTie Py y0 - mo4aTKOBi YMOBH.
v Peanizanjito anropuTMy BUKOHaHO B CUCTEMI KOMIT'I0TEpPHOI MaTe-
O6umcneHHs 3HakeHb Matuku MATLAB y Burnaai oyHkuii slvielcolloc.
i Y; .. o .
LIYKAHUX QYHKUIA Y MoskuBi inTepdeiicu nporpamu slvielcolloc:
Pueaa(x) = Pelieo) + Zjoy =2 ( = xe0)! :
il 1. y=slvielcolloc(x, mm, K, f).
l 2. y=slvielcolloc(x, mm, K, f, y0).
- o BxigiHMMHU napaMeTpaMy NpOrpaMH €:
s i<n > X — BEKTOp 4HceJ, 1110 33/jal0Th BY3JIM alpOKCHMaliHO] CiTKH,
~ mm - 4UCJI0, 10 33/]a€ CTeliHb MT0JiHOMa,
K - siipa iHTerpasibHOro piBHSAHHS, 110 MOXKYTb OYTH 3a/laHi B IBOX Gop-
Max: a) IBOBUMIpHHMI MacHB aHaJITUYHUX BUPa3iB QyHKIIN y BUIIISA]
3Ha4eHb yj; . v .
aHoHIMHUX QyHKLii1 MATLAB, 1110 npe/icTaBASAIOTh si/jpa iHTerpaibHOTO
Ve ™~ piBHSHHS, 6) YOTHPHOX-BUMIPHHUN MacKB 3Ha4€eHb si/iep iHTerpasbHOro
[ Kineub ) . X fo e
. W) PIBHSIHHA y By3J/Iax ' alPOKCUMMaLiiHOI CiTKY;
f- npaBi YacTUHU iHTerpajJbHOr0 PiBHSHHS, 110 MOXKYTh OyTH 33/1aHi
Puc. 1. Anroputm poss’asanus C/IIPB B 1BOX GopMax: a) BEKTOPY aHa/liTUMHUX BUPasiB QYyHKIIH y BUIIAA
I poay MeTog0M KoTOKaNii . it MATLAB. 6 . .
3 BHKOPHCTAHHAM KYCKOBO-TIaAKHX aHOHIMHUX byHKLIN LAB, ) ZIBOBUMIPHOTI'0 MACHBY, 1110 MiCTUTb
noJiiHOMiB 4KCIOBI 3HAUYEHHs QYHKILIN f; y Bysnax x;.
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y0 (omuioHa/sbHO) - BEKTOpP YMCeJI, L0 33Jal0Th 3HAYEHHS MOYATKOBHUX YMOB (32 3aMOBYAHHSM BEKTOP
MiCTUTB HyJIi).

[IporpamMa BUKOHYE NepeBipKY BXiZHUX JJaHUX. [I[p¥ HEKOPEKTHUX 3HAYEHHSIX BUBOJUTHCS IOMUJIKA 3 KO-
JIOM Ta po60Ta MPOorpaMu NPUIHHSAETbCSI. MOXKINBI KOAH TOMHUJIOK 306parkeHi B Tabuuni 1.

Tabaung 1
Koau nomuiok B nporpawmi slvielcolloc
Ko, .
A YmoBa IMoBigoM/IeHHS
MOMUJIKH
[lepeBipsETbCS, YU BUXiAHUIN TapaMeTp X € BEKTOPOM,
1 g X IOBUHEH Oy TH BEKTOPOM
BUKOPUCTOBYIOUM BOYioBaHY QYHKIIiI0 isvector cuctemu MATLAB
[lepeBipsieTbcs1, YM BUXiAHUEN napaMeTp y0 € BEKTOPOM
2 PEBIp 3 A \PaMeTp .y poM, y0 noBUHEH GyTH BEKTOPOM
BUKOPHCTOBYIOUM BOYZ0BaHy QpyHKIi0 isvector cuctemu MATLAB
[TopiBHIOETBCA PO3MipHiCTh MacuBy K 3a BuMipoM 1 Ta BUMipoM 2
3 J0NIOMOT 00 BUpasy: K
: : NOBUHHA 6yTH KBaZAPaTHOIO
3 size(K,1)~=size(K,2), Ma_ly " e}oﬂp
Je size - ¢yHkis MATLAB, 1o moBepTae po3MipHicTh MacHuBYy 3a pat
3aZlaHUM BHMipOM.
4 [TopiBHIOETHCA pO3MipHICTb MacuBiB K Ta F 3a neplinM BUMIpoOM: BumipHicTb MacuBy K moBUHHA
size(K,1)~=size(F1) CiBNAZATH 3 JOBXKHUHOIO BEKTOPY f
5 [TopiBHIOETBCA po3MipHicTh MacuBiB y0 Ta F 3a nepmiuM BUMipoM: BumipHicTb MacuBy y0 noBuHHa
size(y0,1)~=size(F1) cniBnafaTH 3 JOBXKUHOI BEKTODY f

B pesysbTaTi BUKOHAHHS [POTPaMH TOBEPTAETHCS MAaCHUB Y YMCeJ, 110 € 3HAYEeHHSAMHU IyKaHUX QYHKIiN
Y. Macus Ma€ po3MIpHICTb [m, n] e m — pO3MIpHICTb CUCTEMH IHTErpabHUX PIBHAHD (KIIbKICTh HEBiJOMUX
byHKIiH), n - [OBXKHA BEKTOPY X (KiJIbKICTb BYy3J1iB apoKcHMMaliiiHo]I ciTku).

064K CcII0Ba/IbHUN eKClIepUMeEHT. Po3risiHeMo cucTeMy JiHIMHUX iHTerpaibHUX piBHAHB BosibTepa I poay:

_:[(x—s)yl(s)ds+j£(x+s)y2(s)ds:
(2x—1)sinx+cosx+x—1; (13)
(x-25)y, (s)ds{(zH) ¥, (s)ds =

(x—1)cosx+(x—2)sinx+x+1;

o t—x

3 TOUYHHUM PO3B’SI3KOM
yi (x)=sinx, y; (x)=cosx. (14)
BusnauuMo HactynHi BxigHi aaHi: [0, 41] - iHTepBasn inTerpyBanHs, 40 - KiJbKicTh niABiApi3KiB, 2 - cTe-

niHb noJiiHoMy. ['padiku ToYHOrO Ta 06UKCIEHOTO PO3B’A3KIiB CUCTEMH NMOKAa3aHi Ha PUCYHKaX 2, 3. [loxubku
00YHC/IeHb 300pa’KeHO Ha PUCYHKaX 4, 5.

1561

0s&

0.5

Puc. 2. I'padiku TouHOro (-) Ta 0649ucaeHoro (*) po3B’a3kiB piBHAHHA (13) MeTOA0M KoJIOKaLLii
3a ¢popmynamu (11)-(12) (yskuis 1)
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Puc. 3. I'pa¢giku ToyHOrO (-) Ta 06YKC/IeHOro (*) po3B’A3KiB piBHAHHA (13) MeTOAOM KOJIOKaLil
3a popmynamu (11)-(12) (pyskuia 2)

w1o®

2581 *
* 4
* *
2L
* *
.*.
18F  # # +*
+ *
.*.
w * + *
.*.
1} « ¥ o,
+ *
*
* * * *
0.5y * + *
.*.
o L * L + L L |* 1
0 2 4 53 8 10 12 14

Puc. 4. A6co0THA NOXMGKa po3B’A3aHHs cucteMHu (13) 3a popmysioro (11) (dyHknia 1)

35x10'3
. F
* ***
3k * .
* *
251 * * .
.*.
a2k
= * *
v " *
151
* *
+* *
1t o
.*.
+ + FF
o5t ¥ *
* *
*
0 * 1 1 * * 1 1 *l |
] 2 4 B 8 10 12 14

Puc. 5. AGco/1I0THA NOXUGKa po3B’a3aHHA cucteMH (13) 3a dopmysioro (11) (pynkuis 2)
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BucHOBKM. Po3T/ISIHYTO 3aCTOCYBaHHS MeTO/Y KOJIOKALii /10 pO3B’sI3aHHS CUCTEM iHTerpasibHUX PiBHAHb
Bosibrepa | poxy. lanuii Tvn mMojiesiedt Moxke 6yTH epeKTHBHO BUKOPUCTAHO MPH JIOCIi/KEHHI 6araTo3B’sa3-
HUX JIUHAMIYHUX CUCTEM. 3alpONIOHOBAHUM aJICOPUTM Ta HOro nporpaMHa peaJsisauniga B cuctreMi MATLAB g
HabJIMKEHOr0 YMCJIOBOTO PO3B’sI3aHHS BUKOPHCTOBYE KYCKOBO-IVIaJIKi moJsiiHOMH. [IpoBeseHuN 064HCIIIO-
BaJIbHUH €KCIIEPUMEHT NPOJEMOHCTPYBAB [Ii€BICTh 3aIPONOHOBAHUX pillleHb. AGCOJIIOTHA MOXMOKA 064HC-
JIeHb [1JI51 pO3IJITHYTOI MOJieJli Y BUIVIAZ1 CUCTeMU iIHTerpaJibHUX PiBHAHBb BosibTepa | pogy 3 ApoM 3arajibHo-
ro BUAY IIpU 3a/laHUX NIapaMeTpax Ha lepeBuliuia 3,5 « 107,
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APXITEKTYPA IHTEJIEKTYAJIbHUX CUCTEM NPUMHATTA PIIIEHD
IH®OPMAIIMHOI IH®OPACTPYKTYPHU 3BO 3 YPAXYBAHHSAM BUMOT €C

Anomayis. Lugpose cychinbcmeao, ik HOgULl eman po38UMKY Yusiaizayii, xapakmepusyemuvcsi 3p0CmaryuM 3HAYEHHAM
iHopmayiiliHux mexHo102ili 8 ycix chepax scummedisabHocmi, 8 moMy vuci i 8 ocgimuiii. Cmammsi npucesiueHa npob.iema-
muyi supiuwleHHs1 NUMAaHb PO38UMKY CyYACHUX IHPOpMayiliHux mexHo102ill 8 cucmemi Hag4aHHs1. [HmeaekmyaavHUll aHAAi3
ycniwHocmi cmydenmie Ha écix emanax HA8YaHHs 8idizpae 00Hy 3 OCHOBHUX poJiell npu NOWYKY piuleHb y YinKoM pi3HUX
HanpsiMkax — 8id niompumku upiwleHHs1 nuMaHs 8I0HOCHO 0KpemMo20 cmydeHma 0o KOpuz2y8aHHsi 0C8iMHIX mpaekmopitl
i, 8i0n0gidHO, 00 KapOuHA/NbHOI 3MIHU HABYA/NILHO20 NJAHY, A MAKOXC NpU POPMYB8AHHI peCypCcHO20 NOMEHYIaay 0C8IMmHix
3aknadie pidHo20 pigHs. Memotk docaidiceHHs € cm8opeHHs1 npoobpasy npocmoi ma docmynHoi iHopmayitiHo-aHaaimuy-
Hoi cucmemu niompuMmKu nputiHimmsi piuwleHb, Wo 6a3yemucst Ha 061Ky ycniwHocmi cmydeHmie 0415 3ak/aadie ocgimu 6cix
pieHie. 3a80s1KU BUKOPUCMAHHIO 342A/AbHOHAYKOBUX Memodi8 Ni3HAHHS — AHA/I3Y, CUHME3Y, NOPIGHSIHHS, ) 00CAI0xHCeHHI 6)/10
gupiweHo psid nocmas/ieHux 3a8daHsb. Y cmammi npoaHanizo8aHo 00ceio BUKOPUCMAHHS PISHUX 6/10Ki8 iHme/sekmyaabHuXx
cucmem npuliHammsi piwleHb Ha 0CHOBI IHhopmayitiHux mexHo102ill, po32assHymo mexHoJiozii 06pobku daHux OLAP i Data
Mining, a makod oKpec/ieHo Ha meopemu4YHOMy Mma anapamHoMy pPi8HIX KOHYenmyaJvHi 3acadu modei oyHKYiOHY8AHHS
iHopmayiliHo-aHarimuuHoi cucmemu 8 3BO, ujo 6azyemucsi Ha 06.4IKy ychiwtHocmi cmydenmis. Ompumati pezyabmamu 0o-
cAidsceHHs1 8 N00aIbWOMY MOKHCYMb Bymu yoocKoHaAeHi I peanizosaHi IT-cneyiasicmamu Ha npakmuyi 8 medcax He auuie
3BO0, ase il y pamkax oceimHix 3axkaadie iHWuUX pigHis, ki Hapasi He 8 3M03i sukopucmosysamu icHyrui Hedeuwlegi cucmemu,
Habauxcar4u 8im4yusHsaHy cucmemy oceimu do ditouux cmaHdapmie ocgimHbo2o npocmopy €EC.

Kawuosi caoea: inmesnekmyaavHi cucmemu npuilinammsi piwels, iHgpopmayiiina iHgpacmpykmypa, 3akaadu oceimu,
mexHoso2ii, ynpaeainHs, OLAP, Data Mining.

THE ARCHITECTURE OF INTELLIGENT DECISION-MAKING SYSTEMS OF THE INFORMATION
INFRASTRUCTURE OF HIGHER EDUCATION INSTITUTIONS CONSIDERING EU REQUIREMENTS

Abstract. The digital society, as a new stage of civilization development, is characterized by the growing importance of
information technology in all spheres of life, including education. The article sheds light on solving the issues of development of
modern information technology in the learning system. Intellectual analysis of student performance at all stages of education
plays a major role in finding solutions in completely different directions - from supporting the resolution of issues related to an
individual student to adjusting educational trajectories and, accordingly, to a radical change in the curriculum, as well as in
shaping the resource potential of educational institutions of different levels. The purpose of the study is to create a prototype
of a simple and accessible information and analytical decision support system based on student performance for educational
institutions of all levels. Through the use of general scientific methods of cognition - analysis, synthesis, comparison, the study
solved a number of tasks. The article analyzes the experience of using various blocks of intelligent decision-making systems
based on information technology, considers OLAP and Data Mining data processing technologies, and outlines the conceptual
foundations of the model of functioning of an information and analytical system in a higher education institution based on
student performance at the theoretical and hardware levels. The obtained results of the study can be further improved and
implemented by IT specialists in practice not only within higher education institutions, but also within educational institutions
of other levels, which are currently unable to use existing expensive systems, bringing the national education system closer to
the current standards of the EU educational space.

Key words: intelligent decision-making systems, information infrastructure, educational institutions, technologies,
management, OLAP, Data Mining.

Bctyn

BianoBizHo 10 HallioHAJILHOTO 3aKOHOAABCTBA Ta cTaHAAPTIB €C, B YKpaiHi Aie BopiBHEBa cUcTeMa BUILO1
OCBITH, 3TifiHO 3 KoK KBaJidikarlii «6akasaBp» i «MaricTp» po3misaAaloThCs K CAMOCTiHHI OCBiTHI piBHI 3
OKpPEMUMHU Jlep>KaBHUMHU OCBITHIMU CTaHJApTaMHU, BCTYIIHUMH iCIUTaMU i CaMOCTiHHOI0 MiZiICYMKOBOIO aTec-
Tanieto [7]. OgHi€lo 3 mepeyMOB NpUEAHAHHSA YKpaiHU 10 po36y/J0BU EBPOINENCHKOr0 OCBITHBOI'O IPOCTOPY
B paMKaX €EBPOINENCHKOr0 CTPATErivHOro CniBpo6iTHULITBA V¥ chepi OCBITH i HABYAHHS. CTAJIO 3a6e3MeUyeHHs
BHUCOKO{ SIKOCTI HABYAJIbHOTO MPOIIECY, BHACIIZOK YOro 6ys10 chOPMy/IbOBAaHO HU3KY MOKA3HUKIB, 1[0 perJia-
MEHTYIOTb Horo epeKTUBHICTh. Ha chorofHilIHIN eHb cTae AeAasi aKTyaJbHIIINM po3po6Ka HOBUX MeXa-
Hi3MiB IJIaHyBaHHS Ta opraHisanii HaB4ajibHOro npouecy B 3BO 3 MeTOI0 NiATPMMKU BCTAHOBJIEHUX OCBITHIX
cranzapTis. Li MexaHi3Mu MO6Y10BaHi HA OCHOBI MeTO/iB eheKTUBHOTO MJIaHYBaHHS Ta YIPaBJiHHSA pecypc-
HUM MOTEHIiaJIOM BHUILY, 301/IbIIIEHHS IKOT'0 BeJie J10 MiZIBUILeHHS IKOCTi QyHKI[iOHYBaHHS BChOTO 3aKJIa/ly B
L[iJIOMY, @ OTKe, i 3a06e3neYeHHs He06XiJHUX CTAaHAAPTIB TKOCTI.

OfHUM i3 BaK/IMBUX eTalliB OpraHisalil HaB4aJbHOT'O NIPOLECy € KOHTPOJIb 3a YCHILIHICTIO CTYAEHTIiB Ha
KO>XHOMY OCBITHbOMY piBHI. [HTe/ieKTya/lbHUN aHaJi3 JaHUX YCHIIIHOCTI CTYJeHTiB Ha BCiX piBHAX OCBIiTH
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3BO okpecJito€ 3arajibHUMA KOHTUHTEHT i 3aljikaBJieHICTh CTyAeHTiB 3BO, BiJ 1KOT0 3a/1€KUTh KiJIbKICTb cneri-
aJIBHOCTEH 1 OCBITHIX HaNPAAMKIB, IPyI i IOTOKIB, 3arajibHe HaBaHTAXXeHHA BUKJIaadiB, KIJIBKICTb ayUTOPIH,
006cAr 6rmKkeTHOr0 GpiHAHCYBaHHSA Ta KOIITIB, 10 HAAXOASATh Bif] CTYAEHTIB, AKi HABYaIOThCA HA KOMEPI[inHIH
0CHOBI To10. TAKMM YMHOM, iIHTeJIeKTyaJIbHUN aHasli3 YCHIIIHOCTI CTYAEHTIB Ha BCiX Kypcax HaBYaHHS Bifi-
rpa€e ofiHy 3 OCHOBHMX poJIel NIPY NOLIYKY pillleHb Y LIJIKOM pi3HUX HanpsAMKax — BiJ MiATPUMKHU BUPilleHHA
MMTaHb BiJ[HOCHO OKPEMOTO CTY/I€HTA [10 KapJMHaJbHOI 3MiHM HABYA/IbHOTO IJIaHY, a TAKOX NpU GOpMyBaHHI
pecypcHoro noteHniany 3BO. Buxofsauu 3 boro, B IKOCTi KpUTEPil0 epeKTUBHOCTI KOPUTYBaHHSI BHECEHHS
3MiHU JI0 HAaBYAJIbHOT'O MPOIIEeCY i IJIaHyBaHHS pecypcHoro noteHriany 3B0, 6y/10 o6paHo 06JIiK yCrilrHOCTi
CTYAEHTIB yCiX piBHIB HaBYaHHA.

[Ipo6sieMaTHKOIO MUTAaHb CTAHOBJIEHHS i PO3BUTKY CydyacHMX iHpopManiliHUX TeXHOJIOTiM B cucTeMi Ha-
BYaHHS 3aMMalOThCs Taki BUeHi i gocaigHuky, sk B. loryucekui, b. l'ony6, P. KBeTHui, B. Koctsk, T. Masypok,
€. lanamapuyk, W. [Tetposuy, 10. Pumap, C. TuTeHKo Ta inmi. [[poTe 3a1HIIA€TbCA aKTyaIbHUM UTAHHS I[0/[0
CTBOPEHHS [IJ1g 3aKJI1a/liB OCBiTH BCiX piBHIB mpocToi Ta AocTyIHOI iHpopMaliiHO-aHaIiTUYHOI CUCTEMH MTiJ-
TPUMKHU NPUHHATTS pillleHb, 1[0 6a3YEThCS HA 00JIIKY YCHIIIHOCTI CTYAEHTIB.

3arasioM po3BUTOK iHOpPMaLiMHUX TEXHOJIOTIA 3 ypaXyBaHHSIM OCBITHIX TeH/IeHIii BUMarae BUKOPHU-
CTaHHSI B HaBYaJbHO-OCBITHIX cucTeMax iHTesiekTyasi3anil KoHTpoJito 3HaHb [11, c. 54]. Komn'oTepusosani
iHpopmaniiiHi cucTeMu JalOTh MOXK/IMBICTE BIOPAJAKYBAaTH Ta aBTOMATHU3yBaTH OCBITHIO chepy AisJIbHOCTI,
110 JIOMTOMOXKe BiZimoBigaTu ocBiTHIM cTangapTam €C [4; 5; 6] Ta 103BOJINTh T036aBUTHCS Bif 3aliBOTO mHare-
POBOTO JOKYMEHTOOGIry, 1110 MTO3UTHBHO MO3HAYUTHCS Ha MPOAYKTHUBHOCTI Mpali cCniBpo6iTHUKIB.

MeToro 1i€i cTaTTi € OKpeCIeHHS KOHLENTYaJlbHUX 3acaj, MoZesi GpyHKLioHyBaHHSA iHpopmanifiHo-aHai-
Tu4HOI cucteMu 3B0, 1110 6a3y€eThCs HA 06JIIKY YCHIIIHOCTI CTYAEHTIB.

Jlis BupitieHHs mocTaBsieHol MeTH 6yAyTh BUpillleHi HACTYMHI 3aBAaHHS:

- pO3JIA/ apXiTEKTYPH iHTEJEKTyaIbHUX CUCTeM NpUAHATTA piens (ICIP);

- IPOBE/IeHHs aHaJli3y TEXHOJIOTiH 06PO6OKH JaHUX;

- OKpecJ/IeHHsI KOHLIeNTyaIbHUX 3acaj Mozesi QyHKIioHyBaHHS iHpopMaLiiHO-aHaITUYHOI CUCTEMHU MiJ-
TPUMKH NPUHHATTA pimeHb B 3BO, 1110 6a3yeThcs Ha 06J1iKy yCHilIHOCTI CTYZEHTIB.

ApxiTeKkTypa iHTe/JleKTyaJIbHMX CUCTeM NPpUHHATTA pimeHs (ICIIP)

Y po6oTi [2] 3anmponoHOBaHO 3arajibHy apxiTeKTypy iHTeJeKTyaJbHOI CUCTEMHU NMPUHHATTS pillleHb, KA
CKJIQZIAETHCS 3 TAKUX TPHOX OCHOCHUX KOMIIOHEHT, SIK 6JIOK BBOZY JJaHHUX, 6JI0K 36epiranHs iHdopmarii Ta
610k aHauizy (puc. 1). Li ckanzosi 6;10ku [CIIP BUKOHYIOTB 1OCUTB 4iTKi 3aB/IaHHS, a caMe — 3pY4YHOTO i epek-
THUBHOTO 3aBaHTeXeHs aHuX, 36epiranns (CYB/]) i HakonuyeHHs JaHUX, Ta aHali3y JaHUX (cepBic 3BiTHOCTI,
OLAP- cepgic, Data Mining,ta in.).

Biok ananizy
Hincucrema
indopmaniiHi—
IOIIYKOBOI'O aHai3y
(OLTP)
Bnok
B 30epiranHs [Tigcucrema
Oneparop - H(‘g%?]‘;g[ﬂy indopmanii 4 OIEPATHBHOIO aHaIl3y I
(CYB/1 i/a6o (OLAP)
OLTP) CXOBHIIE
JaHMX)
ITincucrema
IHTEJIEKTYaJIbHOTO
anaiizy (Data Mining)

Puc. 1. 3araspHa apxiTeKTypa iHTe/leKTya/IbHOI cucTeMu NpuiHATTA pitens (ICIIP) [2, c. 32]

®yukuii, o0 BukoHye ICIIP nosisiraloTb B HACTyIHOMY:

- J0TIIOMaralTh NPOBECTH OLIIHKY 06CTaHOBKHU (cUTYyaliil), 34iHCHUTH BUOIp KpUTepiiB Ta OLiHUTH IXHIO
BiZJHOCHY BaXXJIUBICTb;

- reHepyTh MOXJ/IUBI pilieHHd (cueHapii fii);

- 3AiMCHIOIOTH OLiHKY clieHapiiB (4il, pilleHb) Ta 06Mpa0Th HAaWKpaL Ui 3 HUX;

82 Inghopmayiimni mexnonozii ma cycninecmeo. Bunyck 1 (7). 2023



Information Technology and Society. Issue 1 (7). 2023

- 3a6e3Me4yy0Th NOCTIHHUN 06MiH iHpopMaliiero Mpo 06CTaHOBKY pillleHb 1[0 TPUHMAIOTHCS Ta 0IloMara-
I0Tb y3rOAWTH BiAIIOBIJHI IPpyIOBI pilleHHs;

- MOJIeJIIOI0Th NPUKHATI pimieHHs (y BUNaZKaX, KOJIH Lie MOKJINBO);

- 31 CHIOIOTh IHHAMIYHUH KOMIT'IOTEpPHUH aHaJIi3 MOXKJIMBUX HACJIIIKiB MIPUHAHATHUX pillleHb;

- 3{ACHIOIOTB 36ip JAaHUX ITPO Pe3yJIbTATH peasizanii NpUHHATHX pillleHb Ta 3/{iHCHIOIOTh OL[iHKY pe3yJIbTaTiB.

OnepaTuBHUH, eQEKTUBHUHN, CTPATET{UHUIN Ta AKICHUM aHa/i3 3a6€3Me4YyeThCs 3a J0NOMOr00 CUCTEMHU
NiATPUMKU NPUAHATTS pilleHb Ha OCHOBi HakomuyeHoi iHpopManii 3 pisHUX mKepes. Y 6Jo1i BBeJEeHHS
(OLTP) peani3yeTbcsa onepaliiiHa 06po6Ka Ta peecTparisa gaHux. /Jkepesa oTpuMaHHsA iHpopmalii MOXyTh
OyTH Mpe/iCcTaBJeH] JOKYMeHTaMH1 B PYKONIMCHOMY BapiaHTi,eJIeKTPOHHUMHU TaOIHUISIMHY, JIOKQJIbHUMH 6a3a-
MU JIaHUX, aBTOMATU30BaHOIO CUCTeMO0 ynpasJiHHA 3BO, €AuMHOI0 JlepKaBHOIO eJIeKTPOHHOI0 6a3010 3 Mu-
Tanb ocBiTu (EJEBO). Taky iHdopMarliito Heo6XiHO iHTErpyBaTU B €AMHE CXOBHUIIE NAaHUX JJIT TPUUHSATTS
pilneHHs 3a MOKa3HUKaMH epeKTUBHOCTI [2, c. 31].

Jis peasnisarnii 36epiranas iHpopmanii BUKOPUCTOBYIOTh 6a3u gaHux (CYB/]), a TakoxK KOHIEMI[il0 CXO-
BUIIA JaHUX. CXOBHILE JaHUX — 1ie TPeMETHO-OPiEHTOBAHUH, iIHTerpoBaHUM Habip JaHUX, AKUH NiATPpUMYE
XPOHOJIOTIIO0 Ta OPraHi30BaHUM 3 METO MiATPUMKHU NPUKUHATTA PillleHb.

BJiok aHasi3y Moe 6y TH NpeJCTaBAEHUHN y BUTJISA/I:

- OJsIoKy iHpoOpManilHO-NOMYKOBOTO aHai3y Ha 6asi pensuiiHnux CYB/ Ta cratuyHux 3anutiB SQL
(Structured QueryLanguage));

- GJIOKY OTIEpAaTUBHOI0 aHa/Ii3y HAa OCHOBI BUKOPHCTAHHSI TEXHOJIOTIi onepaTUBHOI aHAJITUYHOI 06pO6KHU
JlaHUX y pexxuMi peasbHoro yacy OLAP;

- OJIOKY iHTeJIEKTyaIbHOT0 aHaJli3y JJaHUX, IKUH BUKOPUCTOBYE METO/M Ta aJITOPUTMHU BUA06YBaHHSA Ja-
HUx a6o 3HaHb (Data/Knowledge Mining).

TexHos1orii 06po6ku gaHux OLAP i Data Mining

@yHKIi0 MATPUMKY iHTeIeKTyaibHOT0 NPUUHATTS piieHb B ICITP BukoHytoTh 6;10k1 OLAP i Data Mining.

OLAP (Online Analytical Processing) € npouecoMm onepaTUBHOr0 aHaJi3y i, BOJHOYAC, € KJIaCOM ITPOTpaM-
HOTro 3a0e3MnedeHHs, 1[0 Ha/la€E KOPUCTYBa4YeBi MOXKJIUBICTh MUTTEBO, B PEXKHMi peasIbHOr0 4Yacy OTPUMYBaTH
BiamoBizAi Ha OyaAb-AKi aHaMiTHYHI 3anuTH. [lo kKyiacy OLAP BigHOCATH jiuine Ti MporpaMmH, siKi B IKOCTi 30-
BHIIIHBOTO iHTEpeNcy HAa/Jal0Th KOPUCTYBA4YeBi 6araToBUMipHY KepOBaHy TabJIMIIO, @ TAKOXX 060B’I3KOBO
dopmytoTh rpadiuHe BimobparkeHHs gaHuX. OLAP cucTteMu MOKJWKaHI BUKOPHCTOBYBAaTH GaraTOBUMIipHI
JlaHi /1 JomoMaraTy aHaliTHKaM y nepeBipli rinores, siki BUHUKJIM Y HUX MiJ 4Yac aHaJiTH4YHOI po6oTH. Lle
MOXYTb 6y/iM MepeBipKH TiNoTe3 110/[0 MEePCNEeKTUBHOCT] OCBITHIX MporpaM, HalpsIMKIB Ta CIeLiaJIbHOCTEH,
a6o, BiamoBizHO, ix 6e3nepcrneKkTUBHICTS [3, ¢. 339].

Bukopucranas MetoziB Data/Knowledge Mining g indopmarifiHo-iHTeseKTyanbHOI MiATPUMKH NPH-
WHATTA pilleHb nepeg6adae 6ibll CIpoLieHy apXiTeKTYPyY, BUK/IIOYAl0YH 3 GJIOKY aHaJli3y TpUBiaJbHY iHPOp-
MaliiHO-NIOIIYKOBY Ta ONEPaTUBHY 0OPOOKY, OCKIIbKY MiJxoau 10 1l QYHKIIOHYBaHHSI HE MOXYTb OYTH BH-
KOPUCTaHi Ipu peaJtisaljil airopuTMiB BUAOOYTKY AAaHUX i 3HAHb, TOMY 110 He BiJ[TOBiJal0Th iX MPUHLIUIIAM.
[HakIIe KaXKy4H, 6JI0K OIIEPATHBHOTO aHAJIi3y BUKOPHUCTOBYE Bi/[THOCHO HEBEJIMKY KiNbKicTb iHpopMarii 3 6a3u
JIaHUX, IK HAPUKJIJ MiCTYHUN Y1 KBapTaJAbHUU 3BiTH, B TOH Yac sIK CUCTEMH 3 6JIOKOM iHTEeJIEKTYaJIbHOI'0 aHa-
JIi3y 06p06JII0I0Th HAaKONMKWYeHy iHpopMaIliro MiHiMyM 3a I'ATh-/[eCTh POKIB i BUKOPUCTOBYIOTh 30BCiM iHIIHN
mizxiz, 10 AonomMarae 3aHa4HO MPUCKOPIOBATH aHAJIITUYHY 00POOKY He 3BaXKalo4yH Ha 06'eM ¢iznyHOI mam AT

Data Mining - nomyk Heo4eBUAHUX 3aKOHOMipHOCTe!. IHcTpyMeHTH Data Mining Moy Tb 3HaX0JUTH TaKi
3aKOHOMIipHOCTI i 6yilyBaTH TinoTe3u Mpo B3a€MO3B'sI3KU CaMOCTiHHO. OCKiJIbKU GOpPMYJTIOBAaHHS TilOTE3U
L10/10 3a/IE)KHOCTEN € HaMCKJIaJHIIIUM 3aBaHHAM, nepeBara Data Mining B NopiBHSAHHI 3 iHIIMMU MeTOJaMuU
aHauizy € o4eBUAHUM [9, c. 4]. [l mpUKJIay [je MOXKYTh TiOTEe3H PO B3aEMO3B’A3KU MiXK TUM 3 SIKUX perio-
HIB IPUIK/PKAIOTh CTYeHTH FK 3 HAUTIpIIO, TaK i 3 HAMKpaI0k0 YCHIIHICTIO.

MeTop Data Mining BuKkoHye Taki Tpu ocHOBHI dyHK1ii: Data Base Mining (Bugo6yBanHs fanux), Knowledge
Discovery (BusiBsieHHs 3HaHb) Ta Intelligent Analysis Data (iHTesekTyasbHUM aHAI3 JaHUX).

BJioK iHTesIeKTyaIbHOTO aHaJli3y PO3B'sA3y€ HACTYIIHI K/IacH 3aB/aHb:

- aHaJIiTUYHI - 06YMCJIeHHS 33/JaHNUX [TOKA3HUKIB Ta CTATUCTUYHUX XapaKTEPUCTHUK JisIIbHOCT] Ha OCHOBI
peTpocnekTUBHOI (icTopruyHoi) iHpopmarii 3 6a3 JaHUX;

- Bi3yaslizauis JaHUX — Hao4YHe rpadiyHe Ta TaGJIMYHE MOAAHHSA HassBHOI iHpopMarii;

- BU/I00yBaHHS 3HaHb — BU3HAYEHHs B3aEMO3B'sI3KiB Ta B3aEMO3a/IeXKHOCTEH IPoIieciB Ha OCHOBI iCHY10-
yoi indopmarii;

- iMmiTaniiHi - npoBeseHHa Ha EOM ekcnepuMeHTIB 3 MaTeMaTUYHUMU MO/eJISIMY, 1110 ONUCYIOTh OBEAiH-
KY CKJIaJ[HUX CUCTeM MPOTSrOoM 33ZJaHOr0o a60 GOpMOBaHOI0 iHTepBaJIy Yacy;

- CUHTE3 yIpaBJIiHHS — BUKOPUCTOBYETHCS /I BUSHAUYEHHS OMYCTUMUX BIJIMBIB yNpaBJIiHHS, sIKi 3a6e3-
NeYyITh JOCATHEHHH II0CTAaBJIeHO] LiiJi;
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- onTHMi3aliiHi - 3acHOBaHI Ha iHTerpauii iMiTalliiHUX, yIpaBJIiHCbKUX, ONTUMI3aLifHUX Ta CTATUYHUX
MeTO/IiB MO/Ie/TIOBAHHS Ta MPOTHO3yBaHHA [9, c. 16].

Data Mining - 1je nporec niATpUMKHN TPUHRHSATTS PillleHb, 110 6a3YETHCS HAa MOIIYKY B BEJMYE€3HOMY MacHUBi
JlaHUX IPUX0BAHUX INIMOMHHUX 3aKOHOMiIpHOCTEH. [Ipy 1IbOMY HaKOIIMY€eHi BijloMOCTi aBTOMaTHUYHO y3araJb-
HIOIOThCSA J10 iHpopMauii, ska Moke 6yTH OXapaKTepHU30BaHa K 3HAHHS.

[Ipouec iHTesekTyasbHOI 06POOKH JJAHUX CKJIAJAETHCS 3 TPhOX CTAZiM:

- BUSIBJIEHHS 3aKOHOMipHOCTEH (BiJIbHUN MOLIYK);

- IPOTHO3yBaHHS — BUKOPHUCTAHHS BUSIBJIEHUX 3aKOHOMIpHOCTEH /1151 epei6aueHHs HEBiZJOMUX 3HAYEHbD;

- aHaJ/1i3 BUHATKIB — BUSABJIEHHS Ta TJlyMa4yeHHs aHOMaJIiil y 3HalleHUX 3aKOHOMIPHOCTSIX.

IcHYIOTB I'SITH TUMIB 3aKOHOMIPHOCTEH, a caMe — acoliiallisi, OC/IiJOBHICTh, KJacudikallis, KaacTepusaris
i nporHosyBaHHs. Po3risineMo ix 6isbi geTanbHime [3, c. 337].

Aconianis (Associations) Ma€ MicIie TozAi, IKI0 KiJIbKa MOAiN MOB'13aHi 0/{HA 3 OJHOH0.

fK1o icHye JTaHII0KOK MOB'sI3aHUX Y Yaci Mo/, To roBOpsITh NPO NocaiAoBHICTS (Sequence).

3a ponomoroto kiaacudikanii (Classification) BUAiNATECS 03HAKH, 1[0 XapaKTEPU3YIOTh IPYIy, 0 SKOi
HaJIeXKUTb TOU 4M iHIIKN 06'€KT. Lle po6buThCcs y BUT/IAA] aHATI3y BXKe KyacupiKoBaHUX 06'€KTIB i popmyiiro-
BaHHS JIesIKOT0 Hab60opy MpaBUIL.

Knacrepusanis (Clustering) BizpisHsieTbcs Big kiacudikanil TuM, o rpyny 3a3zgajerizp He 3ajaHi. 3a
JlonoMorolo KJjactepusarii 3acoby Data Mining camMmocTiiiHO BUAINAIOTE Pi3Hi 0HOPiAHI rpynu JaHUX.

OcHoBoOIO /15 BCiIsIKUX cucteM nporHo3yBaHHs (Forecasting) ciy»xuTth icropuyHa iHdopmMauis, 1o 36epi-
raetbcs y B/l ik TuM4acoBux psAAiB. AKio BAaeTbCs no6yAyBaTH MA6JI0HH, aleKBATHO BiJ0MBAOTh AUHAMIKY
MOBE/iHKH I[i/IbOBUX MOKA3HUKIB, € MOXKJIUBICTB, 1[0 3 JIOMOMOT'0I0 MOXKHA Nepei6aYnTH i MOBe/[iHKA CUCTEMU

y Mallby THbOMY.
Blzyanizaya
AaHmx

EkcnepTHi
CHCTEMM

IHbOpMALEAHMA
noLyk

OnepaTveHa
aHaniTUIHa
pospobika

PosnisHagaHHA
ofipasie

HelApoHHT

M epeaski

CxOBMLLA AaHmx,
Teopid Bas AaHMx

CratucTiaqHa
oBpofika gaHmx
Puc. 2. Knacu cucrem MmixkaucnumiaiHapHoi o6/acti Data Mining [3, c. 335]

TexHousioriss Data Mining BuBYa€ npoliec 3HaX0/PKEHHsI HOBUX, AIMCHUX | TOTEeHI[iIHHO KOPUCHUX 3HAaHb B
6a3ax gaHux. Data Mining iexxu'Th Ha mepeTHHi KiJIbKOX HAayK, FOJIOBHI 3 IKUX — 1le CUCTEMU 6a3 JAHUX, CTATUC-
THKa, LITYYHUH iHTeNeKT Ta iH. (puc. 2).

Xoya nepeBara Data Mining B mopiBHsIHHI 3 iHIIMMU MeTOZlaMU aHaJ1i3y € 6€3yMOBHOM0, IPOTe iHTErpoBaHa
TexHoJIoris Ha ocHOBI noeaHanHs OLAP i Data Mining 3Moxe oJHOYaCHO OpraHi30BYBTHU sIK 6araTOBUMipHUM
JLOCTYII, TaK i MOIIYK 3aKOHOMipHOCTeH.

KoHuenTtyasbHi 3acagu pyHKIioHyBaHHA MoJeJi iHpopManiiiHo-aHa/IiTUYHOI cuctemu B 3BO

Ha cborozHilHiN leHb Ha PUHKY iCHYy€e YMMaJlo FOTOBUX MJIaTGOPM NpU3HAUYEHUX JJId aflalTUBHOI aHa-
JIITUYHOI 06pOOKHU pisHOMAHITHUX AaHUX, Takux sik Microsoft Dynamic CRM, Analytic Workspace Ta 6arato
iHIIKX, AKi BUPI3HAIOTHCS CBOE 6araTodyHKI[iOHANBHICTIO ane W BUCOKOI0 BapTicTio (~ Big 500 1o 10 000
JoJut. CIIA / mic.), a yMOBHO 6€3KOLITOBHI aHAJIOTHU He 33/J0BOJIbHSAIOTh HEOOXiJHUM MoTpebaM i KpuTepisiM.
B nekinbkox ykpaiHcbkuX 3BO BIpOBaKyEThCA CUCTEMa eJIEKTPOHHOTO yIIpaBJiHHSA OCBITHIMM NpolecaMu
Jetlg, npoTe 1Lie He HOCUTh MAacOBOI'0 XapaKTepy, Z10 TOr'0 K BOHA TaK0XX BUMarae CyTTEBOTO 00N PaL0BaHHS
[8; 12]. Came 1i YUHHUKU CTaANU MOUITOBXOM [IJIsl MOMIYKY IIJISAXiB Po3po6KU MoAi6HOI Ha/[ilHOI i BiAHOCHO
JlellieBOi CUCTeMU MiATPUMKHU NPUNHATTA pilleHb A5 noTpeb 3BO Ta 3ak/1a/iB 0CBITH iHIIKX PiBHIB.

fAx 3a3Hayvanocs Bullle, 061K YCOIMIHOCTI CTY/IeHTIB yciX piBHIB HaBYaHHS € OCHOBHUM B JIAHLIIOTY «OL[iH-
Ka-CTy/eHT-BUKJIaJa4u-AuCLUILIiHA-CeljaabHicTb-Kadeapa-daKyIbTeT» i caMe ToMy Horo 6yso o6paHO B
AKOCTi 6a30BOro KpuTepito epeKTUBHOCTI KOPUTYBaHHS BHECEHHS 3MiH [0 HaBYaJbHOTO NpOLecy i IJaHy-
BaHHA pecypcHoro noreHuiany 3BO. B nbomy BunaZiKy BBeleHHS JJaHUX | HAIOBHEHHS BiJIIOBIIHOIO0 CXOBU-
la MOXKe BifOyBaTHCA K BPY4YHY, Tak i aBTOMAaTU30BaHO y BUII/IKy NPOBEeJeHHS KOHTPOJIIO YCIILIHOCTI B
KOMIT'IOTepPHOMY KJIaci YM JUCTaHLiHHO.
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Jlani y cxoBUIIi MOXKHA CTPYKTYpPyBaTH y CIIOCi6, AKMH Ha3UBA€EThCA «3ipka». CxeMa «3ipka» Mae [jeHTpa-
Jli30BaHe CXOBHIIE JJAHUX, siKe 36epiraeTbca B Tabsuii ¢pakTiB. CxeMa po36uBae Tabiuio GpakTiB HA s Ae-
HOpMaJli30BaHUX TabMUIb BUMIipiB. Tabuuis ¢aKkTiB MicTUTh arperoBaHi aHi, ki 6y/[yTb BUKOPUCTOBYBaTH-
csl [/ CKJIa/laHHS 3BiTiB, a Tabsinni BUMipiB onucyioTh 36epexeHi fgaHi (puc. 3). /leHopMasizoBaHi NpoeKkTH
JlOBOJIi He CKJIAJ{Hi, TOMY 110 JaHi 3rpynoBaHi. Tabauis pakTiB BUKOPUCTOBYE TiJIbKU OZjHE NMOCUJIAHHS [JIJIS
MpUEAHAHHS 10 KOXKHOI TabJiuni BUMiproBaHb. [loBOJIi MpocTa KOHCTPYKIisA 3ipKOMOi6HOI cxeMU 3HAYHO
CHPOLIYE HAMCAHHS CKJIQ/IHUX 3aNMUTIB. i NIOBUHHA BUIJIAAATH HACTYITHUM YMHOM. [3, c. 338].

Tabnuua Tabnuusa
BUMIPIB BUMIpIB
\ /

Tabnuua
hakTie
rd ™~
Tabnuua Tabnuun
BUMIpIB BUMIDIB

Puc. 3. Cxema CTPYKTYpPYBaHHSI CXOBHIIIA JaHUX Mo TUNY «3ipka» [3, c. 338]

Y HawoMmy BUNIAAKYy Tab/uis Score € Tabsniero GpakTiB, ska BKIOYaTHMe B cebe Taki BUMipu: «CTyseHT»
(Stud), «Bupn koHTpoJtO» (TecTyBaHHs, KOHTposbHAa po6oTta yu ek3ameH) (Type), «Aucuumaina» (Disc),
«/[aTta» (Date), «Buksagauy» (To xTo mpoBoAuB olniHoBaHH:A) (Teach). B cBoto 4yepry, ofep»aHi CTy/leHTaMU
oniHkH (Score) € dpakTopamu Tabsauni Score. [lesiki 3 BUMipiB MaTUMyTh CBOIO iepapXxiuHy cTpyKTypy. Tak, i's-
TUpiBHeBUH BUMIip Stud Burnsgatume sk «CtymeHT-I'pyna-IloTik-CrnenianbHicTb-PakynbreT». [JJBOpiBHEBUM
BuMip Disc - sk «Tun aucuumniainy (mpupoanudui, disosorivnui, UT, ekoHoMiuHMH, ToIm0)-/AucHuniHax.
JBopiBHeBui BuMip Teach - sk «Buknagau-Kadegpar» (puc. 4):

TpaguuiiiHi MeToAM aHaMi3y JaHMX B OCHOBHOMY OpPi€EHTOBaHi Ha mepeBipKy Hanepes chopMyIbOBaHUX
rinore3 (cTaTUCTUYHI METOAH) i Ha «rPyOUI PO3BiyBaJbHUM aHasi3», 1[0 CTAHOBUTH OCHOBY ONEPAaTHBHOI
a”aJiTUYHOI 06po6KH naHuX (Online Analytical Processing, OLAP) [3, c. 338].

Ak 6yno Buiie 3a3Haveno, OLAP (Online Analytical Processing) - ne cucrema aHaniTH4HOI 06pOOKHU JAHUX,
sKa MpU3HaYeHa JJs MiJFOTOBKH 3BiTiB, MO6Y0BU MPOTHOCTUYHUX CLieHapiiB i BUKOHAHHS CTaTUCTUYHUX
po3paxyHKiB Ha 6a3i BeJMKUX iHPopManiiHUX MacUBIB, 1110 MAIOTh CKJIAAHY CTPyKTYpy [1]. [os0BHa imes aa-
HOI CUCTeMH I0JIATA€ B MOOYZ0Bi 6araTOBUMIpHUX TaO/IHUIb (TaK 3BaHUX TillepKyOiB), AKi MOXYTb 6yTH J0-
CTYMHHUMHM JJIs1 3alIUTiB KopucTyBauiB. Lli rinepky6u 6yAy0ThCS Ha OCHOBI MOYAaTKOBUX | arperoBaHuX JaHUX,
AKi MOy Tb 36epiraTucs sk B pesIsiiiHUX, TaK i B 6araToBUMipHUX 6a3ax JaHuX [3, c. 339].

Icuye Tpu Buau apxitektypu OLAP-cepBepiB:

- MOLAP (Multidimensional OLAP) - mouaTkoBi i 6araToBuMipHi faHi 36epiratorbcs B 6araToBuMipHiit b/1
a60 B 6araToBUMipHOMY JIOKaJbHOMY KY6i;

- ROLAP (Relational OLAP) - mo4yaTkoBi JjaHi 36epiraroTbcsa B pesisiniiHux B/l a60 B MJIOCKUX JIOKAJIbHUX
TabJIMIAX Ha paii-cepBepi. ArperaTHi aHi MOXyTh MOMIIIAaTUCS B CIYK00Bi TabsuIli B TiH ke B/l;

- HOLAP (Hybrid OLAP) - noyaTkoBi faHi 3asMmamTbcs B pessaLiiHil 6a3i, a arperaTu po3MillyoThCs B
6araToBuMipHii [10].

Y HaloMy BUNAAKY AJiS peasisalii cxoBUla JaHUX JI0LiJIbHO 3acTOocoBYBaTU MeToAos0Tii ROLAP Buko-
PUCTOBYIOYH CUCTEMY YIIPABJiHHSA pessaniiHuMu 6a3amu ganux Microsoft SQL Server (2009-2019). Buxoasiyu
3 HEeOOXiZIHOCTI BUPilIeHHS TTOCTABJIEHUX 3aB/IaHb, laHA CUCTeMa NMPUHUHATTS pillleHb MOXKe OYTH amapaTHO
BTiJIeHa 3 BUKOpUCTaHHAM cepesoBuina Microsoft .NET 4.8 B sikocTi mporpamHoi miatdopmH.

CTBOpeHa 3a TAKMMH IPUHLMIIAMU CUCTEeMa MaTHUMe JOCUTh LUMPOKI aHaJIITUYHI MOK/IMBOCTI. Besnocepef-
HbO BOHA 3MO’Ke Bi3yas1i30ByBaTH oJjep:KaHi aHaIITUYHI jaHi y Hallpi3HOMaHITHILIMX MOPiBHAJBbHUX rpadikax
i cTaTucTUYHUEX Aiarpamax. Hanpukiaag, cucrteMa JeMOHCTpyBaTUMe NPOLEHTHUM BKJaJ, LUKJIY AUCLUIIIH
Ha 3araJbHUH PeUTHHT CTYAEHTIB, ki1acudikyBaTuMe npodopieHTanio CTyeHTiB BiiMOBiAHO 0 06/acTel
THUX HayK, B IKUX BOHU yCHilHi, BUOyJ0ByBaTUMe HeoOXi/{HI OCBiTHI Tpa€kTopil, po6UTHME NeBHI BUCHOBKH
po po6OTy BUKJIAZAYiB, MPOrHO3yBaTUMe MPO6JIeMHI Ta GaXKaHi MpeAMeTH AJis CTYAEHTIB, lolloMaraTume
6aTbKaM Kpallle OpiEHTYBaTHCS B OCBITHIX TeHAEHLisAX JiTeH TOLIO.

Information Technology and Society. Issue 1 (7). 2023 85



Ingpopmayiiini mexnonoeii ma cycninecmeo. Bunyck 1 (7). 2023

Tabuuns dakris Score (baktu — Score)
Buwmipu:— Stud; — Type; — Disc; — Teach; — Date
Tabmuns BUMipiB Tabmuis BUMipiB Tabmuis BUMipiB Tabnusa
«Crynent» Stud «Bu1 KOHTpOITIO» «Jlucuumiinay BUMIpiB
-1 (Credit Type) (Disc) «Buknagayu»
- rpyna Ne — THIT KOHTPOIIFO — THIT JUCIHUILT HA !Teach!
— MaKcUMaJIbHUI Oan — Ha3Ba JUCLHUIUTIHU _TIIB
\] )\ N2
«'pyma» Group «Tun «Kadenpa»
— HasBa rpynu (Ne) IHMCIATLTIHI (Department)
— HOTIK (DiscType) — Ha3Ba Kadenpu
\|/ — Ha3Ba JUCHHUIUTIHA

«IToTik» Stream
— Ha3Ba MOTOKy (Ne)
— CIIeniaJbHICTh

v

«CreniaibHiCTby
Spesialit

— Ha3Ba
crienialbHOCTI

i

«DakyIbTeT»
Faculty

— Ha3Ba (axyibTeTy

Puc. 4. lepapxiyHa CTpPyKTypa cX0BMIIA JaHUX. /l>KepeJio: CKJIaJeHo aBTOpaMHu

BHuCHOBKH

OxkpecJieHi Ha TEOpeTUYHOMY Ta alapaTHOMY PiBHSX KOHLENTYyasbHi 3acafu Mojesi QyHKLiIOHYBaHHSA iH-
dopMauiiiHo-aHaITUYHOI CUCTEMH MiJTPUMKU NPUNHATTA pitieHb B 3BO, 110 6a3yeTbcs Ha 06JIiKY yCHiLIHO-
CTi CTY[,EHTIB, JJ03BOJIUTDb KiJIbKICHO OLiIHIOBATH fIKICTb QYHKLIOHYBAaHHS CUCTeMM OCBITH. O6JiK ycmimHoCTi
CTY[IeHTIiB ycCix piBHIB HaBYaHHs € 6a30BMM B JIAHLIIOTY «OILiHKa-CTYAEeHT-BUKJIaJau-AYCLUIIIiHa-CcIelialb-
HicTb-Kadeapa-pakynbTeT», TOMy HOro 6y/10 06paHO B IKOCTi 6a30BOro KpUTepito epeKTUBHOCTI KOPUT'YBaHHSA
BHECEHH 3MiH [0 HaB4aJIbHOI'O IIPOLeCy i MJIaHyBaHHSA pecypcHoro noreHuiany 3BO. OTpyuMaHi pe3ysnbTaTu
JLOCJIiIPKeHHS B IOAAJIbLIOMY MOXYTb OYTH yIOCKOHaJIeHi i peasizoBaHi [T-cnenjiasictaMu Ha IpaKTUL B MeXax
He siuiie 3BO, asie i1 y paMKax OCBIiTHixX 3akJ/1a/iiB iHIIMX piBHIB, ki Hapa3i He B 3M03i BUKOPUCTOBYBATH iCHYIOUi
HeJlellleBi CUCTeMHU, HAGJIMKal04U BITYM3HAHY CUCTEMY OCBITH /0 Ail0UUX CTaHAAPTIB OCBITHLOTO npocTopy EC.
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