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JI. BAJIALL, P. CooMA, O. KOBAJIBUYK

IHTEJEKTYAJIbHI CUCTEMHU ®OPMYBAHHS NTPOEKTHUX KOMAH/J]
Y BE3IIEKOOPIEHTOBAHUX CUCTEMAX

®dopMyBaHHS MPOEKTHUX KOMaHJ y Taly3i Oe3MeKW 3IIMCHIOETHCS B 3aKiIafaX BUIIOI OCBITH, IO TOTYIOTH KBalli()iKOBaHUX
(axiBUiB HUBIBHOTO 3axucTy. OAHUM 13 3aBIaHb € MIIBUILCHHA e(EeKTUBHOCTI (OpPMyBaHHS NPOEKTHHX KomaHa SOS
cinyxbamu HR, a Takox ymockoHalleHHs mpolenypu HaOopy U BinOopy KaapiB i3 BHKOPHCTaHHSIM CydyacHHMX iH(opmariiHux
TexHoJOTiH. [HpopMamiiiHi cucTeMu 3a0e3nedyloTh BHCOKY IIBHUAKICTH OOpOOJEHHS ITaHUX, IOLIyK iHQopMmarii, onTuMizamiio
PEeKpyTUHTY ¥ aHami3 KaHauaaTiB. ABroMarm3amiss HR-mporeciB momomarae 3MEHIINTH TPYAOMICTKICTH 1 3aTpaTH pecypciB
Ha BHKOHAaHHS 3aBraHb. HoBi Mopjenmi, MeToaW I TeXHOJOTii ompamoBaHHS MaTepialiB 1 BIIOMOCTEH MpO TNPETEHICHTIB
3 METOI0 iX OILHIOBAaHHS Ta MOJAIBIIOrO 3alydeHHs a0 mpoekty SOS crpusitume cranmoMy po3BHTKy opraHizauii. Ilpeqmerom
HOCHiMKeHHsI € MojeNli aBToMaru3amii BiIOOpY KaapiB y OE3NEeKOOpi€HTOBAaHMX CHCTEMax i3 MOJaIbIIAM (GOpMyBaHHIM
MPOEKTHUX KOMAaHJ CIyXOW HUBUIBHOTO 3aXHCTy Ta HPAaBOOXOPOHHMX OpradiB. OIHUM i3 CKIAIHHKIB YNPaBIiHHA JIOJCHKUMHU
pecypcaMu € peaiizallis MiJCHCTEMH OILHIOBaHHS Ta BigOOpY TPYAOBUX pECypCiB, BHUXIJHI €JIEMEHTH SKOI € OCHOBOIO
UL OPUAHATTS  KaJpoBHUX pilleHb IOAO0 (OpMyBaHHS IPOEKTHHX KoMmaHA. MeTa poboTu: cdopmaiisyBatd Kputepii
BinOOpy KaHAWAATIB AJIsl 3MEHIICHHS Cy0’€KTHBI3MY OLIHIOBAHHS; BHKOHATH ONTHMI3aIlil0 Ta aBTOMATH3AIlI0 MPOIECy Bimdopy,
NPOEKTYBAHHS EKCIICPTHUX CHUCTEM MiATPUMKM NpUHHATTA pimieHb mis HR. VY crarTi BU3Ha4eHO Taki 3aBJAHHS: CHPOEKTYBATH
iHpopMmaLiiiHy cucteMy QopMyBaHHS MPOEKTHUX KOMaHI Y O€3MEeKOOPiEHTOBAaHMX CHCTEMax 3 ONIAYy Ha IapaMeTpu
0COOHCTICHHX sKOocTeH 1 mpodeciiHUX HAaBUYOK KaHIWJATIB 13 BHKOPHCTAHHAM iH(GOPMANifHUX EKCHePTHHX CHCTEM.
Jis  migBWINCHHS KUTBKICHOT OIIHKM Ta SKICHAX IIOKa3HUKIB MPETCHICHTIB IOIIIBHO (opMmamizyBaTH KpuTepii Ta ix
BaroBi KOe(Qili€eHTH 3 JOIOMOTOI0 Teopii KBamiMeTpii Ta METOIIB OLIHIOBAaHHS MEpCOHANY. Y JOCITIIKEHHI 3aCTOCOBAaHO MeTOIH
CHCTEMHOTO aHalli3y, EMITpUYHI METOAM Ta METOMOJOTiI0 YIPaBIiHHA MPOEKTaMH. 3M00yTO Taki Pe3yJbTaTH: PO3pOOICHO
MOZENb-CXeMy iTepamifHOro miAXoxy g0 po3poOieHHS iHQOpMaIiifHOI CHCTEeMH YNpaBIiHHA JIIOACBKHMH  pecypcaMu
JUIsL 3aKJIajiB BHINOI OCBITH 3 OMISLy Ha 0coOiMBI yMOBHM HaByaHHS. BucHOBKHM. IIpoaHanizoBaHO METOAM OLHIOBAHHS
Ta BiZOOpY JIOACBKUX PECYypCiB, a TaKOX KpHTepii IX OOpaHHSA B CKIaTHHX COLIOTEXHIYHHX CHCTEMax. PO3TIISIHYTO MOXIMBOCTI
aBTomaTtm3anii HR-mpomeciB  Ta  inTerpauii iHdopmamiiiHOi cHcTeMHM HIATPUMKH  (OPMYBaHHS MPOEKTHUX  KOMaH[
y OesmnekoopieHTOBaHii cucteMi. ONHMCaHO JKUTTEBHH LHKI CKJIAQAHUX CHCTEM OE3MEeKOOPIEHTOBAHOI CHUCTEMH, 30KpeMa
COIiaJTbHO-TEXHIYHAX, 3 OISy Ha IX 0COOIMBOCTI Ta CepeOBHUIIA.

Ku1r040Bi cj10Ba: 6e3meko0pieHTOBaHA CHCTEMA; 1HACKCHUI METO; YIIPaBIIiHHS JIIOACEKUMH PECYpCaMU; KCIIEPTHI CHCTEMH.

Beryn

OmHuM 13 TUIAXiB 3a0€3MEYeHHs YCIiXy CTparerii
oprasizailii € CTBOpEHHS IPOEKTHUX KoMaH/. EdexTnBHa
peamizamisi Micii Ta Iimell y 0e3MeKOOPi€EHTOBAHUX
OpraHizamlisix J0CATaeThCsl 3aBISKH 3J1aroKeHid poOoTi
MiAPO3ALTIB YCiX piBHIB 0€3MEeKOOPIEHTOBAHOI CHCTEMH.
SIKicTh TIpOIECiB YNpaBIiHHS JIIOACBKUMH pECypcamu,
a came BimOip, OIIHIOBaHHS Ta KaJpoBe 3a0e3ledeHHS,
BIZIIrpalOTh B&XJIMBY POJb Yy JOCSITHEHHI IiNICH 3aXUCTy
HaceleHHd B  TypOyJleHTHOMY Ta  JWHAMIYHOMY
cepenosuii. [Ipomecu GpopMyBaHHS TPOEKTHOT KOMaHIU
€ PECYpCOMICTKMMH dYepe3 OCOONMBICTH KBamidikarii
(axiBiiB. OCHOBHOI MPOOJIEMOIO TON-MECHEPKMEHTY
mig 49ac madopy MEepCOHAy € OIiHKA BigNOBiTHOCTI
KaH/auaaTa Horo MaifOyTHIH poJii B POEKTI.

[IpoBigHIMH B CHCTEMI YIpaBIiHHS € TaKi CydacHi
NPOEKTHI Merojoorii, sik Prince2, P2M, PmBOK

Ta THyuki migxomu Agile Scrum, Kanban, Lean, XP.

OmHnM 13 CKIIANHUKIB  YIPaBIiHHA  JIIOJICHKAMHU

pecypcaMu € peanmizaiis IiJICUCTEMH OI[IHFOBaHHS
Ta BiOOPY TPYOOBHX PECypCiB, BHXIiJHI €IEMEHTH SKOi
€ OCHOBOIO JUISl TPUHUHATTS KaJApPOBUX PIlIEHb IOJ0
(opMyBaHHS POEKTHUX KOMaH]I.

Y cyuacHoMy cBiTi iH(MoOpMalis Ta JIOIH €
HaWBaXJIMBIIIUME PeCypcaMd. 3 PO3BUTKOM CYyCITiIbCTBA
Ta 30UTBIICHHSAM 3HaHb 00CATH 1H()OPMAIIIHOTO pecypcy
3pocraioTh. BimmoBimHo, iH(pOpMamiiiHI TEXHONOTIi Bce
aKTHMBHIIIIE 3aCTOCOBYIOThCS B pi3HHMX Tany3sx. CyuacHi
TEXHOJIOTii MAalOTh IMUPOKUH CIIEKTP BHKOPHCTAHHS,
HalpHKIaA, aBTOMATH3allis YNPaBIIHHS JIIOJCHKHMU
pecypcamu 3aBusku iHpopmaniiiauM cuctemam (HRIS).
3 ix pgomomororw pi3HI Oprasizamii MarTh 3MOTYy

e(eKTHBHIIIE IUTaHyBaTH TIPOEKTH, TporpamMu

i moptdeni NPOEKTIB, NOCATATH CTPATETIUHUX LIeH
Ta pO3KpUBATH CBiii moreHmian. Tomy HeoOXimHO Opatn
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X 10 yBaru ais yHnpaBJIiHHS IPOEKTaMH B rairy3i Oesmnexn
moguHU Ta SOS SK BaKJIMBOIO KOMIIOHEHTa KPUTHYHOI
iH(QPACTPYKTYPH KpalHH, METOIO SIKOi € 3aXUCT JACPIKaBH.
besnekoopientoBana cucrema (SOS) — 1e ckiagHa
COIIIOTEXHIYHA CTPYKTypa, 00’€THAHA HHU3KOK ITUTHOBHUX
KOMITOHEHTIB: HAIlIOHATLHOIO 0€3MeK0I0, IMBIILHUM
3aX¥MCTOM, BHYTDIITHIM TMOPSIAKOM, 3aXHCTOM IHTEpECiB
cycninbcTBa. 3a0e3neuyloTh IHTepecH AepiKaBH KOMaH I
KBaJTi(hiKOBaHUX Komamma —

(axiBIiB. OCHOBA

e(eKTUBHOI JisTIbHOCTI oOpraHizamii 3arajioM Ta Il

migcTpykryp. IluTaHHa, TOB’sS3aHI 31  CTBOPEHHSIM
KOMaH/IY, Ha/I3BUYaiiHO aKTyalbHi, ajpKe e € HalOLIbII
MIPOTPECUBHOIO CTpaTterielo opradizamii. 3 Meroro ix
MIATOTOBKA BHKOPHUCTOBYIOTH 0a3u ii  3700yBadiB
BHIIOI OCBITH 13 CIIEI[ialbHUMH yMOBaMH HaBYaHHS,
o IependavyaroTh MPOXOKEHHS BIHCBKOBOI CITyKOU
(1rimomo0oB1 Haps AU, CTaXXyBaHHS B O0HOBUX MiAPO3/ALIAX
B YMOBax HEBHM3HA4YE€HOCTI) Ta Oe3NocepelHbO OCBITHiM
mporec  (JeKImii, ceMiHapW, caMoOCTiiiHa po0ora,
MiArTOTOBKA JO ICOHUTIB 1 3amikiB). Yci mepeniueHi
KOMIIOHEHTH 3YMOBIIIOIOTH BHCOKI CTAaHZApTH IIOJO
3100yBauiB — MaiiOyTHiIX odinepiB. ToMy BaKIHBOIO
migAQyHKIiEr0 (€IEMEHTOM) YIPaBIiHHS JIOJCEKUMHU
pecypcamu B SOS € pekpyTHHT, OHOOpDAMHI Ta
(hopMyBaHHSI TIPOEKTHUX KoMaHZ. HeoOXimHO BimiOpaTu
SAKICHUH 0coOOBMH cKjajn Juis  OCBITHIX KOMaH[
Yy BHUIIUX BIHCHKOBHX HaBuasbHUX 3akiamax (BBH3),
0 3IIMCHIOIOTH MIATOTOBKY MalWOyTHIX (haxiBIIiB
y ramy3i 6e31eKH JIOINHH.

IIpoexTHe BBH3  ¢ynkmionye

B MIHJIMBUX, TYpOYJIIEHTHHX 1 TUHAMIYHUX OOCTaBHHAX,

CCPCAOBHUIIC

HpHﬁMaTH piI_[IeHHH JOBOJUTHCA B YMOBax HiZ[BI/IHIeHOFO

pu3uKy, OaraTOKpUTEpialbHOCTI, TOMY HEOOXiTHO

3BaKaTH Ha JIOCBIl MpPOBIAHUX KpaiH CBITYy II0JO
3aCTOCYBaHHA CYYacHHUX I1H(POPMAmiHHUX TEXHOJIOTIH.

TeHaeHIi€l0  PO3BUTKY  oOpraHizamii  MaiOyTHBHOTO
€ IWDKUTAi3aIis Ta OmU(pPOBYBaHHS  IPOIECIB
YIpaBiiHHS JIIOACBKUMH  pecypcamu. I[Hpopmariiine

cepenosutie (motokn) B SOS gacto GpopMyeTsCs TOCHUTH
MOBIJIBHO Yepe3 KOHCEPBATHU3M Y METOJax YIpaBIiHHS,
CKJIaIHy OpTaHi3allifHy CTPYKTYpy iepapxiunoi ¢opwmmu,
a TakoX 4epe3 1l CTPYKTYpHI Ta (pyHKIIOHAJIBHI JIAHKH,

B SKHX  BiIOYBalOTBCS  MPOIECH  PETYIIOBAHHS
i yIpaBJIiHHS, 0  peaylizoBYIOTHCS pyxoM
1 IepeTBOPEHHSAM iHpOpMAIIii.

BignoBigHo, BTUIEHHS 1HHOBAIi, HOBHUX i€
Ta npuHIUmiB  Kaizen  (IOCTIHOTO  PO3BUTKY)
yckianHioeTbest.  HasiBHI  MeTonosiorii  ympaBiiHHS

npoexTamu, Taki sk PmBOK, P2M, Prince 2 Tomlo,

MalOTh B@XJIMBE 3HAYCHHS B MPAKTUYHIA isSUIbHOCTI,

ayie BOHM HE BPaXOBYIOTH OCOOJMBOCTEH i KOMIOHEHTIB
CreliaJIbHAX YMOB HaBuaHHs 3/1100yBaviB BUIIOi OCBITH
y BBH3 B SOS Tta cknagnicTs (opMaizamii eTeMeHTiB
cucreMd. /I 3MEHIIEHHS TPYAOMICTKOCTI 3aBlaHb
i 3arpar pecypciB MJOIIEHO IHTErpyBaTH CydacHi

iHpopMmauiiHi  TexHoiyorii, a came iHpOpMAaIiHHY
CHCTEMY MIATPUMKH (DOPMYBAHHS NPOEKTHHX KOMAHI,

y 0e3IMeKO00PIEHTOBAHII CUCTEMI.

AHaJi3 gitepatypu

[lpobnemu  GopMyBaHHS TNPOEKTHUX  KOMAaHA
y CKJAaJHHUX COLIOTEXHIYHHX CHUCTEMax JOCIHiIKyBaJo
YUMo HayKoBIiB, 30kpeMa C. bymryes, 1. Yymauenko [1],
1. Kononenxko [2], O. 3auko [20] Ta iH.

Y wmoHorpadii I

Uymauenko [1] BuBuaimmcs

MYJBTUIPOEKTH Ta 3asBHUKH, 110 Oynn BimiOpani
JUIA 3alydeHHS B KOMaHAy. Po3poOnseTscs crieriaibHe
mporpamMHe 3a0e3nedueHHsl JUIS  3JIMCHEHHS HOBHX
METOJiB 1 Mozenelt pOopMyBaHHS MTPOEKTHUX KOMaHI.

Y pobGoti [4] "dopmyBaHHS KOMaHAW IPOEKTY
3 PO3BUTKY iHPOPMAaLiHHO-KOMYHIKAI[ITHUX TeXHOJIOTii"
OiIBII  3MICTOBHO PO3IISAAETHCS  BAXKIUBHH — aCHEKT
BHMOT JI0 KOMITETCHIII yJacHHKIB mpoekTy. Lle cmpuse
[MABUILEHHIO $KOCTI BHUKOHAHHSA Ta 3aJ0BOJIEHOCTI
3aliKaBIICHUX CTOPiH, a THMTaHHS >KATTEBOTO ITUKIY
BHUCBITJIFOEThCS  HemoBHICTIO. Lle 31 cBoro Ooky
motpedye MOCHIKEHHS TPYNH TMPOIECIB JKUTTEBOTO
LUKy B TIEPCIICKTHBI.

Jliist po3B’s3aHHS 3aBIaHb TUTAHYBAaHHS Ta YIIPABIIHHS
noprdenemM IMpOEKTIB Ha TMiJNPHEMCTBAX pPEalli3yrOThCs
NPOEKTH  BIPOBAKCHHS HU3KM  aBTOMAaTH30BaHHX
CHCTEM, S/IPOM SIKMX € KOpHopaTvBHa iHQopmaiiiHa
CHUCTEeMa YIpaBJIiHHS.

[TpoBimHI KOMMaHII TakoX BHUKOPHCTOBYIOTH IX
B  YOpaBIiHHI TEPCOHAJIOM, 30KpeMa  aCeCMEHT-
LEHTPU TO3UTUBHO 3apeKOMEH/IyBaJIH cebe Y CBITI.
Y IOCKOHAIIOIOTHCS. METOANW KOMIUIEKCHOTO OIIHIOBaHHS
NepcoHay, M0 BIUIMBAE Ha YCHILIHICTH (OPMYyBaHHS
KOJIeKTHBY. KaHInmaTy BiOBialOTh pONIsiM y IPOEKTAX.

Hampuknan, wacrota BHKOPUCTaHHS — IIEHTPIB
omintoBanHs B CHIA i BemukoOpwuranii mpuOImM3HO
TaKka: y KOMIAHISIX 3 KUIBKICTIO CITIBPOOITHHKIB
moray 500 oci6 — mo 70 %, a 3 KUTBKICTIO TIpAIliBHHUKIB
MeHme Hixk 50 ocid — g0 25 %.

3a  pesyipraTaMH  JOCHIDKEHb  aHANITHYHOI
kommaHii Ambysoft, st IT-poeKTIB rHYYKI METOHOJIOTIT
Kpaii 3a KJIaCH4YHI MOJei, aje KOMIaHii MPOTOBXKYIOTh
BUKOPUCTOBYBATH TPAIUIIHHI METOIOJOTI, M0 Tar0Th

3MOTY YCIHIIIHO BHPOBAKYBaTH NMPOeKTH jume B 50 %
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BHTA/IKIB, TOAI SK THYYKi METOMOJOTil IMEepeBHIIYIOTh
uei noxasHuk (monazn 60 % ycnixy) [19]. 'amOyp3bkuii
IHCTHTYT YIPaBIiHCHKOI IaTHOCTUKHA PO3POOUB CHCTEMY
BUMOT' JIO MEHe/Kepa, L0 MOXe OyTH 3acTocoBaHa
B IIPAKTHLi KOMIUICKTYBaHHS POEKTHUX TPYII.
BitbIn 3MiCTOBHO pO3riisiiae BaXKIMBHN aceKT BUMOT
0 KoMIieTeHmil ydacHuWKiB mpoekty [. Kononenko [3]
B poOoTi "®OopMyBaHHS KOMaHIM MPOEKTY 3 PO3BHTKY
iH(popMaIiifHO-KOMYHIKaIiitHuX TexHoxorii". lle cnpuse
MIABUIICHHIO PIiBHS MPOAYKTUBHOCTI Ta 3a70BOJICHOCTI
3aIliKaBICHUX CTOPiH, a JKUTTEBUH IMKJI HE OepeThcs
Jn0 yBark moBHicTio. OTke, NOTpeOye IOCIHIIKEHHS
rpyna IpoleciB KUTTEBOTO LIUKITYy B MAHOYTHHOMY.
3HAYHUX YCIIXIB y MUTAaHHAX >XHUTTEBOTO LHUKIY
nmocar B. MopozoB y po6oti "®yHKIIOHATFHO-POIEOBHA
HiIX1J 10 OMHCY XUTTEBOTO IHKIY MPOEKTIB MPOEKTHO-
OpIEHTOBaHHMX Kopropamii". ABTOp 30CepemKy€eThCs
Ha PO3pOOJICHHI NMPOEKTHUX KOPIOpamliid i BHOKPEMIIIOE
BiCIM OCHOBHHX €TalliB JKUTTEBOTO MHKIYy Ta iX
B332€EMO3B’SI30K 13 CTBOPEHHSM KIIIOUOBHX JIOKYMEHTIB,
BHU3HAYa€ OpTraHi3amiifiHy CTpyKTypy, GYHKLii Ta podi
YYaCHUKIB TPOEKTYy SIK OCHOBY Uil  YCHIIIHOTO
IOCATHEHHS LUIeH. AJle, 3BakKarodd Ha OCOOJIMBICTH
NPOEKTIB 1 TporpaM JICBEJIONIMEHTY HEPYXOMOCTI,
MH HE MOXXEMO IIOBHOIIIHHO BHKOPHCTOBYBATH IIfO
METOJIOJIOTII0 B CUCTEMI, OPI€EHTOBaHIi Ha Oe3IeKy.
JlominpHO TaKOX pPO3MIIIHYTH poOOTYy KaHIWaaTa
exoHoMiunnx Hayk O.T'pucioka "MopenroBaHHs
JKUTTEBOTO ITUKITY MPOEKTHOI Ipynu”. ABTOp HAroJONIye
Ha B@KJIWBOCTI e€Taly BU3HAYEHHS CTEHKXOJAEPIB
MIPOEKTY, METOMIB YIIPABIIHHS IPOEKTHOI KOMAaHJIOIO.
IO. I'puctok  ommcye BCI €Tamd JKUTTEBOTO  ITUKITY
KOMaHJH MPOEKTYy Ta HABOIWTH INPUKIAAU YCIIIIHOTO
dyHKiioBaHHsS opramizamii. Moro poGota motpebye
MOJANBIIOT0 JIOCHIPKEHHST Ta TpOaHali30BaHa, MI00
ONHUCATH  KUTTEBHU
Ha Oesmexy (LC SOS).
B SOS cknamHO 3acTocoByBaTM HayKOBI Iparli
y cdepi
0co0nMBoCTI

UK CHUCTCMHU, OpiCHTOBaHO-l.

(GOopMyBaHHS TPOEKTHUX KOMaHI 4epes
(YHKIIIOBaHHS OpraHi3aliifHO-TEeXHIYHOT
cucreMu. lle 3ymMOBIIOE PO3pPOOIIEHHS HOBHX METOIIB

i Mozenelt (popMyBaHHS IIPOEKTHUX KOMaH].

Buxiiag ocHOBHOTO MaTepiany

1 HEKOMEpUIHHUX OPTaHisfX € 3aCTOCYBAaHHS IHCTPYMEHTIB
MIATPUMKA TPUHHATTS pilleHs Enterprice resource
planning ERP i
pecypcamu (HRMS).
Lle mnporpamHe 3a0e3leYEHHS,

CUCTEMH praB.TIiHHSI JIFOJJCBbKUMHA

M0 chemiaibHO
po3pobineHo sl aBToMaru3alii mpoueciB (hopMyBaHHS
KoMaHn, (YHKOiIA i mpomeciB opranizamii. [Ipukmamne
pilleHHs Ja€ 3MOTy aBTOMAaTHU3yBaTH  JiSUIBHICTH
Ha BENMUKUX (ipMax 3i CKIaTHOI CTPYKTyporo. [Ipomgykr
PO3pOOJISIETHCS 3 YPaxyBaHHIM OCOOIUBOCTEH MiSIIBHOCTI
opranizarii. [limouparoun ERP mns HR, BaxkimBo oOpaTt
TaKHid, 10 TIPONOHYE SKOMOTa OiNIbIIIe MOXKINBOCTEH.
Ocp [nesiki HaWNOIIMpEHInI: ympaBmiHHA Oa3amu
JaHUX  CHiBpOOITHHKIB  (30epiraHHs, 0OpOOJICHHS,
TIOITMPEHHS Ta YIPaBIiHHS NePCOHATBHOIO iHPOPMAIIiEI0
YIeHiB ~ KOMaHm), miabip mepconHamy  (oOpaHHs
MPETEeHICHTIB y TPOEKTHI KoMmaHmu). Himkde mnomano
MOpIBHJIBHY ~Tabimiro  ¢yHKmioHamy cucrteM ERP

i HRM (Tabm. 1).

Ta6auns 1. Iopisuanvua mabauys @yukyionary cucmem

YrpaBiiHHSA JIIOACEKAMH PecypcamMH CHpsIMOBaHE
Ha edexTuBHEe (OpMyBaHHS KOMaHJI B OpTraHizamii Ta
ix xoopauHanito. HuHi icHye Oe3iniy pizHMX IHM(POBHX
IHCTPYMEHTIB, IO  MOXYTh

MOJICTIIUTH KUTTA

Biguury kazapiB. CydyacHMM TpPEHIOM Yy KOMEpLIHHHX

ERP i HRM
OcobamBocti OcobsmBocTi | OcobauBocTi
monyaiB ERP HRMS

PexpyTuHr + +
OCHOBHE yTIpaBIiHHSA
6azamu 1aHKX + +
CHiBpOOITHHKIB
OuiHka e)eKTHBHOCTI - +
Po6oui nponecu — +
ITopran mus _ +
ciBpOOITHHKIB
3BiTH Ta aHaNI3 + +
HaBuaHHs Ta pO3BUTOK N 3
paliBHHUKIB

OCHOBHUMH  TpoIlecaMd  BiOOpY  KaHIUIATIB

y 3BO 3i cmemianbHUMH yMOBaMH HaBYaHHA, IO
TOTYIOTh (DaxiBIlB Yy Taiy3i OC3MCKH JIFOJUHH, €: TTOTaHHS
3asB, 30MpaHHs MepBUHHOI iH(popMarii, ii Bepudikais,
OITPAIfOBAHHS 3 IMOJAIBIINM METUYHHUM, ICUXOJIOTTYHIM
i QIBUYHAM TECTyBaHHAM METOJAMH Ta MOICIISIMH
eKCIIEPTHOTO OIliHIOBaHHS. PyTWHHI 3aBJaHHA ILOJO
OTIpaIfOBaHHA iH(POpMaIii MOTJIMHAIOTh YacOBi pecypcH
Ta € TPYAO03aTPaTHUMH JUIS KaJPOBHX CITYKO.

HR-Bigmin SOS BHKOHYe 4MMAaj0 3aBIaHb IIIOI0
(hopMyBaHHS KOMaHAN IIPOEKTY, a came:

— BHU3HAuYEHHA LIeH (OopMyBaHHSI KOMaHIH;

— IpUHHATTS pillIEHHs PO JiIepCTBO B KOMaHI;

— BigOip wieHIB KOMaHIH;
3B’SI3KiIB

— HaJaroaXCHH:A KOMyHiKaTI/IBHI/IX

MiXK YJIeHaMH KOMaH/IH;
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— po3momin (YHKIIOHANBHUX OOOB’S3KIB  MiX
YJIeHaMH KOMaHIy;

— PO3BUTOK KOMaHIHOI B3a€MOJIi.

Yac y 06e31eKOOPIEHTOBAHIM CUCTEMI € KPUTHUYHUM
rapamMeTpoM, TOMY aBTOMAaTH3alisi pPYYHHX MpOIECiB
3aBIKM  1H(QOpMaliiHUM  TEXHOJIOTISIM  BHBUIbHSE
MOTEHITiall OpraHi3arii.

IepeBaroro iH(OpPMAIIIHHUX CHCTEM € 3a0e3MeucHHS
BHCOKOTO TEMIy OOpOOJICHHS JaHWX, [IBHIKUH
nouryk iHgopmaii, goctym mo i Jkepen He3alekHO
Bil MicUs pO3TallyBaHHS, 3HIDKEHHS TPYIOMICTKOCTI
BUKOpHCTaHHS iH(opMaliiiHoro pecypcey. Yci BioMocTi
PO TpeTeHIeHTIB 30epiratoThcs B 0a3i JaHWX. 3amuTH
3ailicHIOE cucteMa ynpasiiHHA 6asamu nanux — CYB/I.
HRIS

sk "KimieHT-cepBep.

ApXITeKTypy JIOLITHPHO  BUKOPHCTOBYBATH
KonuenryansHy Mozenb-cxemy
KHTTEBOTO  LIUKITY

po3pobienHs  iHpopMamiiHOL

CHUCTEMH MOJ]aHO Ha puc. 1.

Puc. 1. KoHuenryanbHa MOJIEb-CXeMa )KUTTEBOTO IIUKITY
po3po0iieHHs iHPOpMAIiiHOT cCcTeMH

Bona ckmamaetscs i3 cucteMud 0a3 JaHUX pPa3oM
i3 cuctemoro ympasminas 6a3amu nanux (CYBJI), 6azoro
3HaHb €KCIIEPTIB TPEAMETHOI Tranmy3i, HPUKIaTHOTO
NpOrpamMHOro 3a0e3reyeHHs], OpraHizauiifHO-MeTOANYHOTO
(HOpMAaTUBHOTO) 3a0e3MeYEeHHS Ta TEXHIYHHUX 3aco0iB.
Iln excneprHa cucTeMa IIOEAHYE pPYYHE YIIPaBJIiHHS,
OIIIHIOBAHHS IPOEKTIB eKCOepTaMu #  0OpOOIeHHS

iHpopMarii 3acodbamMy MITYYHOTO iHTEJEKTy. ATperoBaHi

JaHi Ta 3BITH HAJAIOTHCSA CKCIepTaM IS IITPUMKH

NPURHATTS  pILIEHHS OpO  3aJlydeHHs KaHAWZIara
B IIPOEKTHY KOMaHIY.

[Tin wac po3poOsieHHsT IHHOBAIIfHUX NPOIYKTIB
3aCTOCOBYIOTh THYYKI METOMOJOTIi Agile Ta iTepariitHuit
miaxin (/), mo pomomarae e(eKkTHBHO peasi3oByBaTH
MPOEKTH, 3BAYKAIOUM Ha BCIX 3alUTH Bill CTEHKXOIIEPIB.
BoHr MIHIMI3YIOTh PHU3MKH 3aBJASKA KOPOTKHM IUKJIAM
po3pobiieHHsT TPOAYKTy. BaxmmBo Opatu g0 yBaru
BCl eramnM >KHTTEBOrO WUKIY MpPOEKTY: iHimianito (i),
IUTaHyBaHHA (p), peamizamito (7), 3aBepmieHHT (z).
Konrnenrtyansaa cramis mnpoexkty HRIS mepenodavae
Takl 3aBIaHHS:

— BU3HAYCHHS 3alliKaBJICHUX CTOPIH;

— (opMyBaHHS BUMOT JI0 CUCTEMHU;

— MOJICNIIOBaHHS TMPOLIECIB B  OpraHizamii s
peauizarii minei;

— MOJIeNb OpraHi3arii;

— TPOEKTYBaHHA iHPOPMALIHHOI CHCTEMH.

YrpoBajukeHHsT  Ta

iHTerpaniss  iHpopmamiiHol

CICTEMH BHMarae MiATOTOBIeHHA MeHemkepie HR
3 MOJAJBIIUM TECTYBAaHHIM 1 OI[IHFOBAHHSM PE3YJIbTaTIB

poOOTH IPOIYKTY MPOEKTY.

Indopmaniiina cucreMa HRM norpedye
MaTeMaTH4YHOTO,  iH(QOpMAIiifHOTO,  JIHTBICTHYHOTO,
MIPOTPAMHOTO, TEXHIYHOTO, OpraHizaIfiitHoro i

HOPMAaTHUBHO-TIPABOBOIO  3a0e3MeueHHs, a  TaKoX
rapaHTyBaHHs O€3MeKH JaHUX.

[Hdopmarmiiina cucremMa MATPUMKH TMPHAHATTS
cepl PEKPYTHHTY

OCBITH 3 OCOONMBHMH YMOBaMH HAaBYAaHHS JIOTIOMOXE

pilieHp y 3100yBadiB  BHUIIOT

ABTOMATU3YBATU 361/IpaHH$I TMEPBUHHUX BiI[OMOCTeﬁ

mpo kaHgmpatiB. CucremMa BHMOT CHpsSMOBaHa Ha
3a0e3neueHHs iHQopMamiiHUX MOTped CTEHKXOINepiB
BCTYIIHOI KaMIiaHii Ta crparerignoi metu SOS.

HRIS SOS MicTuTh Taki miIcucTeMu:

— iHdopmaniiiHOTO 3a0€3eUeHHS;

TEXHIYHOTO (3ac00u 00poOICHHS 1HpOpMAIlii);

MaTeMaTUIHOTO (METOAM Ta MOJIEHTI);
— OpraHizaliiHO-METOJUYHOro  (HOPMaTHBHOIO)
3a0€e3eYEHHS;

— mepconan (IT-Bimmin, dinancoBa Ta HR-ciryx0m)
MIPOTPaMHOTO 3a0e3rmeveHHs.

3aBIsikK  apXiTekTypi iH(popMamiiiHOi cucTeMu
"KITi€HT-cepBep” HaKoIMM4YeHa iH(OpMaIlis Mpo BCTYITHHUKIB
Ta pe3yJIbTaTH TECTYBaHHS (MEAMYHOrO, MCHUXOJOTIYHOTIO,
¢izionoriyHoro)  JomaBaTUMEThCs B 0a3y  JIaHHX,
o0 JacTh 3MOTY IIBHIKO ii 0OpoOIsITH ¥ HamgaBaTu

CKCIICpTaM. Hﬂ CHCTEMa € B3a€IOIOB’ I3aHOK MHOKHHOKO
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3ac00iB, METOMIB, MOJICJICH 1 TIepCOHAITY [T 0OPOOICHHS

3HayHUX  o0csariB  iHQopmamii Ui JOCSATHEHHS

[IOCTABJIEHOT METH.
BaxnmuBo, mo06 omiHka Oyiga 00 €KTHBHOIO,

OCKIJIBKH BiJl I[bOTO 3aJI€KHUTh 3HAYCHHS 1HTEIPAIHLHOTO

MOKa3HUKa M (bopmyBaHHS

OIENINIIE pEUTHHTY.

Tabauus 2. 3axoou woodo 6idbopy kanouoamis

Jmst TiOBUIICHHST TOYHOCTI KUIBKICHOI OIIHKHU SIKICHUX
MOKAa3HUKIB MNPETEHAEHTIB JOLUIBHO (opMalizyBaTH
KpuTepil Ta X BaroBi KoeQillieHTH 32 JOMIOMOTOI0 Teopii
KBaJgiMeTpil Ta METOMIB OIlIHIOBAHHS IEPCOHANY.
dopmarizaris IUX MOKa3HUKIB 3MEHIIHUTH Cy0’€KTHBI3M

(pe3ynbpTaTh MOAaHO B Ta0M. 2).

IIpouenypa Bindopy

JIii mpo€eKTHOTO MeHeI:Kepa

BUOIp KpUTEPIiB Il BAKAHTHOI MOCaIu

obupae KpuTepil MpeTeHICHTIB

3aTBEPUKCHHS KPUTEPIiB

3aTBEPIUKY€ KpHUTepil

BinOipKoBa crmiBOecina

MIPOBOJNTE CIIIBOCCIIN 3 KaHIUAATAMU

aHaJIi3 3aCTOCYHKIB 1 aHKETH

aHaJli3y€ 3asBHUKIB IPOTPaMu

TECTYBaHHA

eKCTIEPTHE OL[IHIOBAaHHS

MPUHHSATTS PILIEHHS PO yYacTh y AiSUIBHOCTI KOJICKTHUBY

MpuiiMae pillleHHs Mpo 3aJIyYeHHs KaHANUAATa B IPOEKTHY KOMaHIy

Ha edexTHBHICTP KOMaHIOYTBOPEHHS BIUIMBAE
BIIPOBA/DKEHHSI KOMIETEHTHICHOTO MIIXOMy, a TaKOoX
aHaii3 mpoQuUTI0 3asiBHUKA Ta IICHXOTpaMH. AHaNITHYHI
BiJOMOCTI  JArOTh

3Mory  (axiBusgM  po3poOuisiTH

iHpopmariiiHi cucremu HRIS (puc. 2).

Puc. 2. KonnenryansHa Mozens au3aitny npoekty HRIS

Kputepii matore Oytm 00paHi mns mMOOyHZOBH
"moptpera imeampHOrOo Kazupata'. HaBememo kpwurepii
OIIIHIOBAaHHS 3700YBaYiB BHUIIOI OCBITH 3 OCOOIMBUMH
YMOBaMH HaBYAHHS:

[1] omepaTuBHICTH y TPHHHSTTI NpaBHIBHUX
pillIeHb y MO3aIITaTHUX CUTYaMisX i 4ac poOoTH;

[2] ymiHHS TparfoBaTH B KOMaHI];

[3] 3maTHICTH HiSATH B HECTAHOAPTHHUX CHUTYAIisX;

[4] 3maTHicT Opatu BIITOBIAIBHICTE 3a
npodeciiiHy MisTbHICTS.

Jns xpamoi ¢opmamizamii po3aummMo Il 03HAKU
Ha migkpurepii (tada. 3).

Kaprka 3aranpHOi OIIIHKM MapamMeTpiB  wWICHIB
KOMaH/IY T10/1aHa HIK4e B Ta0I. 4.

Etan ¢opMmyBaHHS BH3HAYa€THCS BHUPIIIAIBLHOIO
poimo  mizmepa KepiBHUK  MpoeKTy
30CEpPEKY€EThC  HA  JOTIOMO31 KOMaH/IH,
CHINIKyBaHHI 3 HHUMH, 3HAOMCTBI Ui TapMOHi3arii
mporeciB. Llefi Wk MiCTUTH 3HAYHY HEBH3HAUYCHICTB,
y Tporeci sIKOi BOHa 3MEHIIYETHCSI MIpOI0 HEepexomy
Jno iHmMX a3 TNpoexTy. I[HCTpymeHTapi MICTUTB
JCTaqbHEC BHU3HAUCHHS  Ifiicl, poJsiel, 00OB’s3KIB

i mponenyp, OB’ A3aHUX 13 JiSIMA KOMaH[IH.

KOJIEKTHBY.
YJIeHaM

Ta6mauust 3. Kpumepii ma nioxpumepii 015 KaHOudamie y npOEKMHI KOMaHOU y chepi yusiibHO20 3aXUCny

Ne Kpurepiii

Hinkpurepii

1 | OnepaTHBHICTb y NPUHHATTI NPaBIIBHUX PIMIEHb y MO3AIMITATHAX CUTYaLisX i 9ac poOOTH

pimrydicts
HaIIMHICTh
YIECBHEHICTh

2 | YmiHHS mpaiioBaTi B KOMaHI1

eMIIaTis
AKTHBHE CIIyXaHHS
KOMYHIKa0€eIbHICTh

3 | YMiHHS JiSTH B HECTAaHIAPTHHUX CHTYaLisX

TBOPYICTh
BIJIKPUTICTh
LiJIeCIPsIMOBaHICTh

4 | 3maTHICTH BiIIOBINAIBHO CTABUTHCS JI0 IPOQECiHOI NisUIBHOCTI

BIINIOBIJAIBHICTH
JIOSUTBHICTH
MOTHBALLis
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Taoauus 4. Kpumepianona modenv oyinku

Iigxpurepii Binnosignicte | PiBenb BinnmosigHocTi CTyniHb BIUIMBY 10JaTKOBUX YHHHUKIB
(n) piBeHb (k) ki
HasiBHicTh g0CBigy PiBenn ocBiTH

VYMiHHS IpamnroBaT B KOMaH/1 1 1’0 1 BUIIA OcCBiTa

2 0,8 1 BMILA OCBITa

3 0,7 1 BUILIA OCBITa

4 0,6 1 BMILA OCBITa

5 0,4 0 BHIIIA OCBITa

6 0,1 0 BUIIIA OCBITa
Ha cragii "kuniHeA" BHHHKAIOTH KOH(DIIKTH HeoOximHO peryiaMeHTyBaTH CTBOPEHHA KOMAaHIHIX
B KOJEKTHBi. [pyma Mae mopmonatd BHYTpILIHI HOpPM. 3rypTOBaHICTh WIEHIB KOMaHAM Ta dYiTKa

CYNEepeuKkn I HOBOTO €Tally pPO3BUTKY KOMaH/U.
Ha npomy erami BHCOKMH pH3WK TIPOBATY IIPOEKTY.

B3a€MOJIisl CHPHUSIOTh OUIBIII TPOAYKTUBHOCTI, HIXK
y "pobouiii rpymi".

Puc. 3. XKurreBuit mukit popMyBaHHS MPOEKTHOT KOMaHH B O€3MEKOOPIEHTOBaHIN CHCTEMI

Ilicms BHKOHAaHHS 3aBJaHb KOMaHIM  YacToO

po3nagaroTeCd, a A (1)21321 TAKOXX  BH3HAYAETHCA

ocobmuBuMu  mpomecamu. 1Ilo6 omrtumizyBatm I
aBTOMaTU3yBaTH MpoLEeC BigOOpYy, BapTO PO3TIISTHYTH
eKCIIEPTHI CHCTEMH TMiITPUMKH NPUHAHATTS PilleHb It
HR. Ycnimni rinobanbHi kommadii, 30kpema Oracl, IBM,
SAP, sukopuctoBytoth HRIS, mo mae 3mory epexTuBHO
KOOPJMHYBAaTH pPOOOTYy 3HAYHOI KUIBKOCTI IEpPCOHAITY
Ta aHaJI3yBaTH KIFOYOBI IMOKA3HUKHU JUIS OpTaHi3alii.
Taki iHpopMamiiiHi CcHCTEMH WINTPUMKH HPUHHATTS
pIIIeHB CTIPHUSIOTH JOCSTHEHHIO MiJe KOMITaHii.

'I.X MPOEKTYBAHHA Ta CTBOPCHHSA BHUMAra€ BCIIMKUX
pecypciB.
NPOJXYKTy JUIs OpraHi3alliif, OpieHTOBaHMX Ha Oe3IeKy,

BimnmoBimHO, ans  po3pOONEHHS  TaKOTO
HeoOXimHi "po3ymHI" MeTomm Ta MoIemi, IO HAlTh
3MOTy Hajaji MiHIMI3yBaTH PHU3UMKW Ha eTari peaizawil

npoexty HRIS.

Jlo  OCHOBHMX  METOAOJIOTIH  TIPOEKTYBaHHS
inpopmamiinux cuctem Hamexarb: SADT (cTpykrypHe
mozemoBanas Hotamii IDEF0), RAD (metoa mBuakoro
MPOTOTHUITYBaHHS Ta po3podineHns), RUP (s MonemoBaHHs
mporecie ctBoperns IT-npoxaykry). st HRIS mominsaO
BHKOPHCTOBYBAaTH aAPXITEKTYPY,

110 MICTUTH Takl KOMIIOHEHTH: 0a3a JaHuX, 0a3a 3HaHb,

KJIIEHT-CEpBEPHY

OLAP nist onepatuBHOTO 00pOOIEHHS TaHKX.

3 MeTOI0 TOKpAaIIeHHS Tpolecy Bigbopy HEOOXiTHO
mepe]; CriBOECiIO CTBOPHUTH KaJpoBY 0a3y Ta aHKETY
Ul KOXKHOTO KaHnupara. basa JaHUX MiCTHTHME
HEeoOXisHy iH(pOpMAIiI0 NPO YYaCHUKIB BiJOIPKOBOTO
KOHKYpCY, a caMe: CBITJIMHA, CTaTh, MPi3BUILE Ta iM’f,
ocBiTa, ajpeca Ta Micle MpPOXKUBAHHSI, 3arajbHa
iHpopmamis Tpo aIMIHICTpaTHBHY Ta KPHUMiHAIBHY
CYyIUMICTh, MEIWYHHMIA 1 TCHUXIYHHA CTaH, a TaKOXK

(hi3nyHA 30aTHICTH CIY>KUTH y BIHCHKOBHX (DOPMYBaHHSX.
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ExcnieptHa cuctema mnepenbavae IIiCTh JIOTIYHO
CHCTEMATU30BaHUX CTalliB:

1) imenTmdikamis — BU3HAYEHHS MiJCH, 3aBIaHB,
OIIMC 3aBJaHHs, BUXIIHI JaHi;

2) KOHIEMNTyami3amis — aHalmi3 1 JOCIiIKSHHS,
10 31HCHIOIOTH (haxiBIli MPEAMETHOI TaTy3i;

3) ¢opmamizariss — OMHCYBaHHS TPOIECIB POOOTH
Ta BUOIp MPOrpaMHOIo 3a0e3MeueHHS;

4) ynpoBapKEHHS — 31iHCHEHHS TIPOEKTY;
KOMIIETEHTHOCTI

S) TecTyBaHHS —  mepeBipka

CKCHGpTHOI CUCTCMMU,;

6) excrmeprMeHTallbHA eKCIUTyaTallis MPUAATHOCTI
€KCIIEPTHOI CUCTEMH.

Jns sopmanmsHoro ¢yHkuitoBanHs CIIIIP (momano
Ha puc. 4), indpopmaTH3anii Ta KaJpoBoro 001Ky BUMOTH
no 0a3 pmaHMX MaoTh OyTH BpaxoBaHI Ha eTami
npoekTyBaHHs. PensimiiiHa 0a3a naHux po3poOsieHa
3 BukopucTtanHsaM 3aco6iB CASE, UML, a came miarpam
EER B aBTOMaTu30BaHUX IPOrPaMHUX CEPEIOBMILAX.
Hanpuknan, ©0asy TOILIIIIBHO

KazpiB MIPOEKTYBATH

B cepemoBuili MySql workbench, 1mo 3a CcBOIM

(YHKIIOHAIOM  J1Ta€  3MOTY  MOJETIOBAaTH  JIOTIYHY

CTPYKTYPY B3a€MOBITHOCHH.

Puc. 4. llporotun iHpopMaIiitHOT cHCTEMHU IS OIIIHIOBaHHS KOMITETCHITiI1 YIeHIB KOMaHIH MPOEKTY

BucHoBku
OTxe, y crarTi pO3MISHYTO  MOXKJIHMBOCTI
aBTOMAaTHU3allil HR-nportecis Ta iHTerparii
iHpOpMAIIHHOI ~ CHCTEMH  IATPUMKHA  (OPMYyBaHHS

MPOEKTHUX KOMaHJ y Oe3[eKOOpieHTOBaHIN cucTemi.
3anporoHOBaHO MOJICTb-CXEMY ITEPallifHOTO MiIXOMy
JI0 po3pobiieHHsT iH(GOPMALIfHOI CHCTEMH YIpPaBIiHHS
moackkuMu pecypcamu Uit 3BO 3 ormsgy Ha 0coOMuBi
YMOBH HaBUYaHHSI.

[IpoananizoBaHO METOIM OIIHIOBaHHS Ta BimOopy
JIIOJICBKUX PEcypciB, a TakoX KpuTepii ix oOpaHHs
B CKJIQJHUX COIIIOTEXHIYHUX CHCTeMax. Y poOOTi moJaHo
MPOEKTHUN MIiAXIJ IO OMUCY KHUTTEBOTO ITUKITY CKIATHUX
cucteM  0e3MeKOOpi€HTOBAHOI

CHUCTEMU, 30KpEmMa

COI[AJILHO-TEXHIYHUX, 3Ba)KAal04d Ha  OCOOJUBOCTI

Ta cepenoBumia. Po3poOieHo wMoaens (popMyBaHHA

iHbopMaiinHOT CHUCTEMU JUTSt 1i peaiizarii
B OC3MEKOOPIEHTOBAaHWX CHUCTEMaxX aBTOMAaTH3aIlii Ta

OINITHUMI3AIIiT KaJJPOBUX MPOIIECIB YIIPABITIHHS MIEPCOHATIOM.
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INTELLIGENT SYSTEMS FOR FORMING PROJECT TEAMS
IN SAFETY-ORIENTED SYSTEMS

Human security project teams are formed in higher education institutions that train qualified civil protection specialists.
One of the tasks is to increase the efficiency of forming SOS project teams by HR services, as well as to improve the recruitment
and selection procedure using modern information technologies. Developing human resources, improving the quality of
higher education for its applicants. Information systems provide high speed data processing, information search, recruitment
optimization and candidate analysis. Automation of HR processes helps to reduce the labor intensity and resource costs of tasks.
New models, methods, and technologies for processing materials and information about applicants for the purpose of evaluating
them for further involvement in the SOS project will contribute to the sustainable development of the organization. The subject
of the study is models for automating the selection of personnel in safety-oriented systems with their subsequent formation
into project teams of the civil protection service and law enforcement agencies. One of the components of human resource
management is the implementation of a subsystem for the assessment and selection of human resources, the initial elements
of which are the basis for making personnel decisions on the formation of project teams. The purpose of the study is to formalize
the criteria for selecting candidates to reduce the subjectivity of the assessment; optimize and automate the selection process,
design expert decision support systems for HR. The article sets the following tasks: to design an information system for the formation
of project teams in safety-oriented systems, taking into account the parameters of personal human qualities and professional
skills of candidates using information expert systems. To improve the quantitative assessment and qualitative indicators of
applicants, it is advisable to formalize the criteria and their weighting coefficients using the theory of qualimetrics and personnel
assessment methods. The following research methods were used: system analysis, empirical methods, and project management
methodology. The following results have been obtained: a model-scheme of an iterative approach to the development of
an information system for human resource management for higher education institutions, taking into account specific learning
conditions, has been developed. Conclusions. The methods of evaluation and selection of human resources, as well as the criteria
for their selection in complex socio-technical systems are analyzed. The possibilities of automating HR processes and
integrating an information system to support the formation of project teams in a safety-oriented system are considered. description
of the life cycle of complex systems of a safety-oriented system, namely, the life cycle of such complex socio-technical systems
is described, taking into account their characteristics and environment.

Keywords: safety-oriented system; index method; human resources management; expert systems.
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MATHEMATICAL MODELS FOR DETERMINING
THE PARETO FRONT FOR BUILDING TECHNOLOGICAL PROCESSES OPTIONS
UNDER THE CONDITIONS OF INTERVAL PRESENTATION OF LOCAL CRITERIA

The subject of research in the article is decision-making support processes in the tasks of optimizing technological processes (TP)
at the stages of their design or reengineering. The goal of the work is to improve the efficiency of technologies of automated
design of TP due to the development of mathematical models of the tasks of selecting subsets of effective design solutions
with intervally specified characteristics of options. The following tasks have been solved in the article: review and analysis
of the current state of the problem of supporting decision-making in the tasks of optimization of TP at the stages of their design
or reengineering; decomposition of the problem of making project decisions; formalization of the task of comparing intervals
for selection of Pareto fronts using comparison indices based on the generalized Hukuhari difference; development of
a mathematical model of the problem for the method based on Carlin's lemma; development of a mathematical model of the
problem for the method based on Hermeyer's theorem; determination of the Pareto front in the task of optimization of TP by
the method of pairwise comparisons. The following methods were used: system approach, theories of systems, theories
of usefulness, theories of decision-making, system design, optimization and operations research. Results. The place and connections
of the problem of determining the Pareto front in the problem of making project decisions are determined. A formalized interval
comparison procedure for the selection of Pareto fronts using Hukuhari total difference comparison indices. Mathematical models
of the problem of selection of Pareto fronts using methods based on Carlin's lemma and Hermeyer's theorem have been developed
for the case of interval publication with the value of local criteria. An example of the formation of the Pareto front in the
problem of optimization of the technological process by the method of pairwise comparison according to the indicators of the
duration of the technological cycle, reliability and specified costs is given. Conclusions. The proposed mathematical models expand
the methodological bases of the automation of TP design processes. They make it possible to correctly reduce the set of alternative
options for construction of TP for the final choice, taking into account the knowledge, experience of designers and factors that
are difficult to formalize. The practical use of mathematical models will allow to increase the degree of automation of design
or control processes, to reduce the time of decision-making in conditions of incomplete certainty of input data and to guarantee
their quality by selecting them only from a subset of effective ones.

Keywords: technological processes; design automation; optimization; reengineering; multi-criteria evaluation; decision
support; Pareto front.

Introduction increases sharply with the growth of the problem

dimension. The overwhelming majority of the options

In the context of the transition to Industry 4.0, the ~ for constructing TPs generated in the process of their

quality and price of manufacturing companies' products
are increasingly determined by the quality of the
technological processes (TP) used to make them [1].
The effectiveness of manufacturing processes, in turn, is
determined by decisions made at the stages of their
design or reengineering. The process of TP design
involves the iterative solution of a set of problems of their
structural, parametric, topological optimization and
the establishment of basic modes of operation [2—4].
The selection of the best options for the TP construction
is carried out using a set of functional and cost indicators
(local performance criteria). Mathematical models and
methods of decision theory are used to optimize
the options for the TP construction [5-7]. Due to the
combinatorial nature of most TP optimization models,

the number of alternative options for their construction

design are inefficient (dominated). There is a problem
of forming a subset of efficient (non-dominated) design
solutions that form a Pareto front or selecting such
a subset from the formed set of valid options [8-9].
The evaluation of options for the construction
of TPs according to local criteria is based on the
results of modeling with a certain error [10]. As a result,
decisions on the choice of the best option for the
construction of the TP are made under conditions of
incomplete certainty of its quality indicators. For TPs that
involve dozens of operations, the generated or selected
Pareto front may be quite powerful, unsuitable for
final expert evaluation and selection. It is necessary
to further reduce the set of effective options for building
a TA, taking into account the given preferences
between quality indicators.

© V. Beskorovainyi, L. Kolesnyk, Dr. Chinwi Mgbere, 2023
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The aforementioned, as well as the need to consider
the errors in the estimates of the options determined using
modeling, raises the problem of supporting design
decisions on the TP, taking into account the interval
representation of the values of local quality criteria.
The use of interval mathematics methods to account
for this kind of uncertainty requires the formalization
of the interval comparison operation.

Analysis of the current state
of the problem and methods of its solution

Today, the transition from traditional to additive
manufacturing is relevant. Hybrid (integrated, combined)
production, which combines the advantages of additive
and traditional production technologies, is considered
an intermediate stage. This requires a comprehensive
optimization of the technological production chain and
the necessary equipment. It is believed that the
integration of product design, optimization of production
technology, and operational management will allow
companies to increase their competitiveness [11].
However, such integration significantly complicates
the process of designing TP.

Digital
functional characteristics of the created TPs. It allows

modeling is used to determine the

you to automatically evaluate the technological
routes generated during the design process. It involves
formalization = based on  modular technology,
optimization, product realization modeling, and

analysis of the results. Technological routes optimized

in this way ensure a balanced and efficient
organization of the production process [10]. However,
the use of modeling allows only an approximate
determination of TP characteristics, which in decision-
making situations meets the challenges of incomplete
data certainty.

As a result of the decomposition of the TP system
optimization problem as a territorially or spatially

distributed object at the lower level / a set of interrelated

tasks is identified at the lower level Tasks = {Task, } [12]:
Task] — determination of requirements for TP and their

formalization; Task, — optimization of the structure of
TP (a set of equipment and transitions between them);
Task, — optimization of the topology of TP elements
placement); Task, -

(equipment optimization of

operating modes; Task., — selection of types or

parameters of equipment and transitions between them;

Task, — evaluation and selection of the best option

for building TP.
The process of system TP optimization as
a distributed object can be represented as a logical
scheme for
solution [12].

LS =<Tasks, InDat, Res, DD, PD >, (1)

constructing an appropriate  design

where Tasks =< Taskf >, i= 1,_6 — an ordered set of TP
design tasks (models);

InDat — set of input data of tasks;

Res — set of task constraints;

DD — a set of local design solutions (problem
solutions);

PD — mappings presented in the form of design
procedures (solution methods) that correspond to each

pair < InDat!,Res,| > a nonempty subset of local design
solutions < DD >, i=1,6.

It is known that the ordered set of tasks in (1)
is completely solvable if there are design procedures
for each of them PD),
is unique [12]:

|PD!(< InDat! ,Res! >)|=1,i=1,6. ()

i:1,_6and each solution

Modern technologies for designing TPs as complex
objects are They
implementation of procedures for

iterative. involve the repeated
generating and
analyzing TP

construction options and choosing

the best among them. The essence of the decision-making
in problems Task, is represented by the logical statement

"It is necessarys’" or formally in the form<—,s° >

(where s’ is the optimal design solution belonging to the
set X of acceptable solutions) [13]. In this case, the
decision-making situation Siz is usually incompletely
defined due to the incomplete definition of goals
and/or input data. To move to the decision-making
problem < Sit,s’ >, it is necessary to decompose
the problem by solving auxiliary problems of the
form "Given< Sit,— >, Required< Sit,s’ >", i.e.
<< Sit,— >,< Sit,s" >>, or "Given<—,s’ >, Required
< Sit,s’ > ", i.e. <<—,5° >, < Sit,s° >> .

Each of the tasks of the subset Task!, i=2,6
involves making decisions according to a set of local
criteria  k;(s), =l,_m (wherem is the number of

criteria). In this case, the local criteria are contradictory,

have different physical content, dimensionality,
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and measurement interval. In the most general case,
the decision-making process is a set of tasks [14]:
formalizing the goal of creating a TP; determining
a universal set of options for building a TP SY;
determining a subset of valid options S < S ; selecting

a Pareto front (a subset of effective options) S* < S ;

ranking optionss® >, > s, >..>-s_; selecting the

best option s° € S” .
TP design methods
and analysis of powerful sets of feasible options S .

involve the generation
To reduce the time for solving problems, it is proposed

to generate and analyze only effective options

belonging to the Pareto front S* =S . The power of
a subset of efficient options Card (S”) can range from

a few percent to a few thousandths of a percent

of Card (S). A variant of a design solution is called

efficients® € S¥ if there is no variant seS for

which the inequalities are satisfied on the set of
admissible ones j = I,_m [13]:
E .
ki (s)=k (s”),if k;(s) > max, 3)
E . .
k,(s)<k,(s”),if k;(s)—> min 4)

and at least one of them was strict.

Depending on the specifics of decision-making
tasks, different methods and algorithms for Pareto front
selection are used: pairwise comparisons, based on
Carlin's lemma and Hermeyer’s theorem, evolutionary
search based on genetic algorithms,
segment [9, 13, 14].

The method of pairwise comparisons allows you

sector, and

to fully isolate the Pareto front S” = {s} on convex sets

of options S . It involves a pairwise comparison of all
possible pairs of options s,ve S and therefore has
a relatively high time complexity [13].

Weighting methods, in particular those based
on Carlin's lemma and Hermeyer theorem, allow
for the identification of incomplete fronts. In addition,
the method based on Carlin's lemma, like the
sector and segment methods, is designed for convex
sets of valid solutions [13]. When genetic algorithms
are used for multicriteria optimization of options,
their effectiveness is tested by solving two problems:
the ability of the algorithm to converge to the
Pareto front (convergence problem) and to distribute
options evenly across the Pareto front (propagation

problem) [9, 15]. One of the most widely used

genetic algorithms for solving the problem of forming
a Pareto front on admissible sets of super-large sizes
is the NSGA-II non-dominant
Its features are:

sorting algorithm.
the ability to use binary data
representation in conjunction with classical genetic
operators (single-point crossing and point mutation);
the ability to use decimal data representation for
continuous optimization problems. The latter requires
the use of specific genetic operators, such as simulated
binary crossover and polynomial mutation.

To reduce the time complexity of the existing
methods, procedures for preliminary selection of
approximate Pareto fronts S’ using sector or segment

methods are wused [13].

SEcS'cS must be

For such approximations,
fulfilled.

preliminary

the requirement

These
determination of the options lying on the boundaries

procedures provide for the

of the approximate set of options S’ in the space
of local criteria k,(s), /= L_m on the set of admissible
options S ={s}. Hyperplanes are drawn through the

<ki, k>, j=lLm lying on the boundary

points i K

of the set of admissible options S ={s} in the space
of local criteria k,(s), j = I,_m which divide the options
into subsets that fall into the sector S/ 2 S” or segment
S o 8”, respectively, and are clearly ineffective s :
s=s/Us", snNs’ =@; Q)
s=s:Us", sins’ =@. (6)

In models of TP optimization problems, you can

use the interval

k,(s)=[k; (s); k;(s)] , j=1,m of the variants se€S.

representation of characteristics

In this case, each of the characteristics will be
represented not by one value, but by two values
that define its boundaries. For some interval values

aela ;a”] and be[b ;7] of the local criteria k;(s),

i :I,_m the rules for performing classical arithmetic

operations are determined by the relations [16—17]:

[ese"]=lasa"]o[b7:b"]; ™
[al+[b]l=[a +b ;a" +b"]; (8)
la]-[p]=[a" =b";a" =b7]; ©)
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[a]-[b]=[min{a” -b",a” -b",a" -b ,a" -b"};max{a -b ,a -b",a" -b”,a" -b"}]; (10)
[al/[b]=[a]-[1/b";1/b7]. (11)

It is possible to compare the scores of design
options represented by non-overlapping intervals by
comparing their centers (mean values). For interval
values of local criteria that intersect, the estimate of
the generalized Hukuhari difference (interval difference,
gH-difference) can be used [18-21].

An analysis of publications devoted to solving
the problems of determining Pareto fronts in TP design
decision-making technologies shows that

— existing mathematical models and methods
are designed for conditions with point input data and
have significantly different computational complexity
and accuracy;

— features of modern decision support technologies
show a tendency to increase the universalization of
their mathematical support;

— it is possible to formulate requirements
for effective technologies for solving the problems
of forming and selecting subsets of non-dominated
alternatives.

In view of this, the aim of the article is to increase
the efficiency of TP computer-aided design technologies
of the tasks

design

by developing mathematical models

selecting subsets of effective solutions

with interval-specific characteristics of options.

a=[a +a"']/2,a=[a"-a]/2,

The generalized Hukuhari difference 4 ;HB and

the comparison index y,, built on its basis for

A ;HB :[min{a’ -b;a" - b*}; max{a’ -

Study results

Mathematical model
of the interval comparison task
The implementation of Pareto front detection
methods involves comparing options from the set

of valid ones § = {s} for each of the local criteria k,(s),

presented in interval form &, (s)=[k; (s); k; (s)],

i :l,_m. The comparison of the evaluations of design

options according to local criteria, represented by non-
overlapping intervals, will be carried out by comparing
their average values (centers). If the intervals do
intersect, the choice will depend on their relative
position. To make a decision in such cases, some formal
indicator (additional criterion) is needed. To compare the
overlapping intervals, we will use the generalized
Hukubhari difference estimate as such an indicator.

Here are the values of the ;-th characteristic of
the options s,,5, € S as intervals 4 =[k, (s,); kj+ (s;)] and
B=[k;(s);k;(s)] in the form A=[a; a] and
B :[l;; b ] where a, b , 4, b — respectively, are the
centers and the radiuses of the intervals 4 and B :
b=[b +b"1/2,b=[p"-b]/2. (12)

intervals A =[a; aland B= [Z;; blare determined by
the relation [18—19]:

-a—z?|), (13)

van=(a-b)/(a-b). (14)

In optimization problems with interval parameters

or comparison index variables y,, (14) the measure of

profit or risk is important when choosing an interval A4
instead of Bonly based on the fulfillment of the
inequality a >b [20-21].

In multifactorial evaluation of design decisions,
local criteria may have different directions of desired
with  positive

change. In maximization problems

average return a > I;, the following situations of interval
intersection are possible [18].

Situation 1.1:
values of the interval a € A are worse than all values of

a <b” . In this situation, some

the interval be B, and the possible loss of decision
quality in the worst case is a — b <0. The ratio of the

worst-case loss to the average gain is:
1,(4.B)=(a =b7)/(a-b)=1-y,,<0. (15)

Situation 2.1:

values of the interval b B are worse than all values

a 2b . In this situation, some

of the interval ae 4.
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No losses in the worst-case scenario:

L, (4.B)=(a=b7)[(a=b)=1-y,,>0. (16)

Situation 3.1: a* <b". In this situation, all values
of the interval ae A are worse than some values
of the interval b e B. Negative value of the difference
a"—b" <0 reflects possible losses in the worst-case

scenario. The ratio of losses to average profit in the
worst case is determined by the ratio:

L, (4,B)=(a" =) [(a=b)=1+7,,<0. (17)

Situation 4.1:

values of the interval ae 4 are better than all values

a* >b". In this situation, some

of the interval be B, and there are no losses in the

worst-case scenario:
1y (4.B)=(a" = b")[(a=b)=147,,>0. (18

In minimization problems, the interval 4 is

pre-selected compared to B, if a <b. Using the value

of y,, (14), the risk measure for such a choice can be

established. A significant difference b—a>0 indicates
a correct choice, but it is necessary to take into account
the type of intersection of the intervals 4 and B [18].

Situation 1.2: a” <b . In this situation, for each
value of the interval b€ B there are such values of
acA,that a<b:

1,(4.8)=(a" = b7)[(a=b)=1-7,,>0. (19

Situation 2.2:

values of the interval b€ B better (smaller) than all

a 2b . In this situation, some

values of the interval ae 4. A positive difference

a —b” >0 indicates possible losses in the worst case.
The ratio of the worst-case loss to the average profit
is given by the ratio:

L,(4.B)=(a - b’)/(&— b)=1-7,,<0. (20)

Situation 3.2:
values of the interval b € B worse (larger) than all values

a” <b". In this situation, some

of the interval a e 4 :
L, (4,8)=(a = b")/(a=b)=1+y,,>0. @1

Situation 4.2:
values of the interval ae 4 are worse (larger) than

a®>b". In this situation, some

all values of the interval be B. A positive difference

a"—b" >0 indicates possible losses in the worst case.
The ratio of worst-case losses to average return is:

L,(4,B)=(a" = b")[(a=b)=1+7,,<0. (2

Using comparison indices based on the estimation
of the generalized Hukuhari difference (13)—(22),
we obtain mathematical relations for determining
Pareto fronts by the Carlin, Hermeyer, and pairwise
comparison methods [13] for problems with interval
values of local criteria.

Mathematical model of the problem
for the method based on Carlin's lemma

A subset of feasible options S effective on a convex
setS* based on Carlin's lemma can be found by

combining optionss; that optimize each of the local

k;(s),

programming

criteria izl,_m by solving a parametric

problem  with  respect to the

parameters A;, j=1,m:

zjeA={/1j:/1j>o Vj=1,m, 24/=1}, (23)

I=

s, =arg max {[P‘ (s), P (S)J = iﬂ/ [5; (s).&; (s)]} , (24)

where 4., j=1lm -

; importance coefficients of

P (x), P'(x)

bounds of the global performance criterion for the

local criteria; — lower and upper

option s€S; & (s), & (s) — lower and upper bounds

Jj=1

of the value of the utility function of the i-th local
criterion, 1'=l,_m.

To compute the bounds of the utility functions
criteria, the classical relations

of local we use

with parameters a, [17]:

k (s)—kv " K (s)—k" " —
é,-(s){L} , §f(s)={L} . i=Lm, (25)

b w
kj —k;

b w
k; —k;




Cyuachuii cman HAYKOBUX O0CNIOHCeHb ma mexHono2iu 8 npomuciosocmi. 2023. Ne 2 (24)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

where k; (s), k; (s) —lower and upper limits of the value
of the j -th local criterion for the design solution se S ;
kj.’ , k' — the best and worst values of the criterion

on the set of valid options S .
To calculate the interval values of the total

operations of adding and multiplying intervals by the

numbers 4,, ] =1,_m are performed. Addition of
intervals Az[d; E] and Bz[l;; 5} and multiplication

of an interval Az[&; E] by a certain number £ >0

utility function P (x), P'(x) in model (24), the are performed according to the relations [18, 21]:
A+B=[a +b;a +b |=(4G+b; a+b); (26)
BA=[min{fa"; Ba"}; max{fa ; fa’}]=(pa; fa). (27)

In a reasonable time, it is possible to accurately
determine the front S* =S only for small sets of valid

solutions S = {s} [13].

A mathematical model of the problem
for the method based on Hermeyer's theorem
A subset of effective options S on an arbitrary

set of admissible options S using this method can be

found by combining options s that optimize each

of the local criteria k;(s), j=1,m, by solving
a parametric programming problem with respect
to the parameters A ;s /'=1,_m:
A eN=1{2,:2,>0 Vi=Lm, DA (28)
Jj=1
s =arg max{[P"(s), P*(s)] = min 4,[£} (), &7 ()]} - 29

This method allows Pareto fronts on both convex
S ={s}.

it is impossible to determine the exact front using

and non-convex sets of options Usually,

this method for sets of admissible options of large
sizes due to the high complexity of the parametric
programming problem (28)—(29) [13].

Experiment

Let us consider an example of solving the problem
of forming a Pareto front in the TP optimization problem
using the proposed models by the method of pairwise
comparisons. The basic version of this method involves
comparing different pairs of options from the set of
admissible options [13]. The first option is selected from
the set of valid options s .S, which at this stage is the

basis of the Pareto front S°.

options ve S is compared with each of the front options

Each of the following

seS” (at the first step is the only option). If the current
option v € § is better than every variant of the previously

defined front S” at least by one of the indicators k;,
j= I,_m, it is added to S*. If some variant of the front

seS” is worse by all indicators k s = I,_m, than the

current option ve S, it is excluded from the front, and
the option ve S is added to the set S*. After reviewing
all the alternative options for building a TP, a full front
will be selected, containing all the effective options S*.
In this way, the set of permissible TP construction
options will be divided into two non-intersecting subsets
of effective ones S* and inefficient S* options:
s=StUS", $'NS =@. (30)
This method allows you to identify complete
Pareto fronts on both convex and non-convex sets of
admissible options S . Based on the fact that the vast
majority of TP construction options generated in the
process of their design are inefficient (dominated),
it is proposed to use this method already in the process
seS. This will

computer time

of generating acceptable options

significantly reduce and memory
consumption in TP computer-aided design technologies.
Statement of the problem. The characteristics

of the set of options for acceptable design solutions
S = {Si} ) i= 1’_8 ]

local criteria: the

are evaluated according to three

length of the
reliability k,(s) > max and the

technological
cycle k (s)—> min,
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above costs k;(s) > min. The characteristics of the

options are determined with an error ¢&; ~0,05,

i=l,_3: k (s)€e[3,601; 5,359]; k,(s)<[0,910; 0,993];
k,(s) €[9,683; 13,927] (Table 1).

It is necessary to determine a subset of options
that make up the Pareto front S on the set of options
S ={s;} for acceptable design solutions.

According to the ratio (12) for local criteria & ,(s),

the second, it becomes necessary to check the

relative corresponding  intervals
in all the situations considered above (15)—(22). In order

depending on

position of the

to reduce the number of checks

the direction of the desired change in the local criteria

by the relations (25) for «,=1 we calculate the
corresponding values of their utility (value) functions

& (s), &/(s;), as well as the values of their centers

and radiuses 92]. (s;), E, (s,), 7 =13 (Table 2). Based

j =1,3 we calculate the values of the centers lgj (s) and

radiuses ];/ (s) of the corresponding intervals (Table 1).

Based on the fact that it is desirable to minimize

the first

and

third

local

criteria and maximize

on the fact that &, (s)—> max,

allow us
intervals

to check
only for

the
the

case

situations 1.1-4.1, i.e. (15)—(18).

Table 1. Characteristics of acceptable design options for TP construction options

j=lLm this will

type of intersection of
of maximization —

Option | k() | k') | k() [ k() | K6 | BG) | L6 [ b |[L6 | K6 | k6 | k)
S, 4,923 5,359 5,141 0,218 0,913 0,961 0,937 0,024 9,683 10,247 | 9,965 0,282
s, 3,601 3,890 3,746 0,145 0,922 0,970 0,946 0,024 13,179 | 13,927 | 13,553 | 0,374
Sy 4,562 4,958 4,760 0,198 0,932 0,981 0,956 0,025 9,812 10,383 | 10,098 | 0,286
S, 4,412 4,902 4,657 0,245 0,936 0,985 0,960 0,025 11,149 | 11,790 | 11,470 | 0,321
S 4,405 4,894 4,650 0,245 0,935 0,984 0,959 0,025 12,666 | 13,387 | 13,027 | 0,361
Se 4,382 4,758 4,570 0,188 0,943 0,993 0,968 0,025 10,112 | 10,698 | 10,405 | 0,293
S5 4,476 4,973 4,725 0,249 0,923 0,972 0,948 0,024 12,522 | 13,235 | 12,879 | 0,357
Sq 3,935 4,261 4,098 0,163 0,910 0,958 0,934 0,024 12,140 | 12,833 | 12,487 | 0,347
Table 2. Values of utility functions of local criteria for TP construction options
Option | §7(5) | &) | &) |56 |46 [ &) [ &6 | &G [ &6 [ &§6) |6 |§6)
s, 0248 | 0,000 |o0,124 |0,124 |0036 |0614 |0325 |028 |1,000 |0867 |0934 |0066
5, 1,000 | 0,836 |0918 |0082 |0,139 |0,723 |0431 |0292 |0,176 |0,000 |0,088 | 0,088
54 0453 | 0228 |0341 |0113 |0264 |0855 |0560 |0295 |0970 |0,835 |0902 | 0,067
s, 0539 | 0260 |0399 |0139 |0310 |0904 |0607 |0297 |065 |0,504 |0579 |0,076
55 0,543 | 0265 | 0404 |0139 |0299 |0892 |0,595 |0296 |0297 |0,127 |0212 0,085
S 0,556 | 0342 | 0449 | 0,107 | 0402 | 1,000 |0,701 |0299 |089 |0,761 |0,830 | 0,069
s, 0502 | 0220 |o0361 |o0141 |o0161 |0,747 |0454 |0293 |0331 |0,063 |0247 | 0,084
S 0810 | 0,625 |0,717 |0,093 |0001 |0578 |029 |028 |0421 |0258 |0339 |0,082

To determine the composition of the front,

we will use the method of pairwise comparisons.
Taking into account that &, (s) > max, j= 1,_3, we use
(13)—(18) to calculate the value of the
generalized Hukuhari difference and comparison

indices for the utility functions of the first (Table 3),
second (Table 4), and third (Table 5) local criteria.

formulas

After analyzing the value of the logical function
True/ False (T/F=1v0) for all

<S;,8; >, we establish the ratio of strict preference

possible pairs

R;(S) on the set of acceptable design options § = {s,},

i=1,8 for each of the local criteria k (9,7 = 1,_3 :
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R(S)=1{<s5,,8, > <58,8 > <8,8, ><S8,8 ><S8,8 ><8, S >,< 85, >,<58,,8 >}, 3D
R,(S)={<5,,8,>,<8,,8 >,<8,,8, ><8,8 ><5,8 ><8,8 ><8,8 >}, (32)
Ri(S)=1{<5,,8, > <8,8 > <8,8, ><8,8 ><8,8; >,<8,,8 >,<8;5,8;, >,<8, 5, ><5, 8 >} . 33)
Table 3. Values of indices for comparing pairs of options by local criterion k,(s)
Pair 7(s;»s;) | Situations Indexes 1, T/F Pair 7(s;»s;) | Situations Indexes [, T/F
S > 8, -0,392 2.1,4.1 1,392 0,608 1 5, > 8, -0,053 1.1, 3.1 1,053 | 0,947 0
S > 8, -0,711 2.1,4.1 1,711 0,289 1 S5 > Sg -0,052 2.1,4.1 1,052 | 0,948 1
s =8, -0,655 2.1,4.1 1,655 0,345 1 S5 8, -0,055 1.1, 3.1 1,055 | 0,945 0
s > S5 -0,053 1.1, 3.1 1,053 0,947 0 S5 > Sg -0,053 2.1,4.1 1,053 | 0,947 1
S > S -0,051 2.1,4.1 1,051 0,949 1 Sg > S, -0,053 1.1, 3.1 1,053 | 0,947 0
S =8, -0,054 1.1, 3.1 1,054 0,946 0 Sg > Sg -0,050 1.1, 3.1 1,050 | 0,950 0
S; > Sg -0,053 2.1,4.1 1,053 0,947 1 8, > Sg -0,054 2.1,4.1 1,054 | 0,946 1
Table 4. Values of indexes for comparing pairs of options by local criterion k,(s)
Pair 7(s;,s;) | Situations Indexes 7, T/F Pair 7(s;,8;) | Situations Indexes I, T/F
S, > 8, 0,024 2.1,4.1 0,976 1,024 1 5, > 8y 0,026 1.1, 3.1 0,974 1,026 0
S) > 8y 0,021 2.1,4.1 0,979 1,021 1 S5 > S 0,026 1.1, 3.1 0,974 1,026 0
S =8, 0,020 2.1,4.1 0,980 1,020 1 S5 > 8, 0,026 1.1, 3.1 0,974 1,026 0
Sy > S5 0,024 2.1,4.1 0,976 1,024 1 S5 > Sg 0,026 1.1,3.1 0,974 1,026 0
S > 8¢ 0,024 2.1,4.1 0,976 1,024 1 Sg > 8, 0,026 1.1,3.1 0,974 1,026 0
S, > 8, 0,024 2.1,4.1 0,976 1,024 1 Sg > Sg 0,026 1.1,3.1 0,974 1,026 0
S > Sy 0,022 2.1,4.1 0,978 1,022 1 Sy > S 0,026 1.1,3.1 0,974 1,026 0
Table 5. Values of indexes for comparing pairs of options by local criterion k;(s)
Pair 7(s;»s;) | Situations | Indexes T/F | Pair 7(s;58;) | Situations | Indexes /,, T/F
s, >~ s, | 0,078 2.1,4.1 0,922 1,078 1 S, =8, | -0,043 2.1,4.1 1,043 | 0,957 1
s, =8y | -0,026 2.1,4.1 1,026 0,974 1 S5 > 8¢ | -0,026 1.1, 3.1 1,026 | 0974 |0
s, =8, | -0,026 2.1,4.1 1,026 0,974 1 S =8, | -0,024 2.1,4.1 1,024 | 0,976 1
s, =85 | -0,026 2.1,4.1 1,026 0,974 1 S5 > 8g | -0,026 1.1, 3.1 1,026 | 0,974 |0
s, =S, | -0,030 1.1,3.1 1,030 0,970 0 S > 8, | -0,026 2.1,4.1 1,026 | 0,974 1
s, =8, | -0,025 2.1,4.1 1,025 0,975 1 Sg > Sy | -0,043 2.1,4.1 1,043 | 0,957 1
s, >~ S | -0,024 2.1,4.1 1,024 0,976 0 S, > 8 | -0,025 1.1,3.1 1,025 | 0975 |0

From the intersection of the binary relations of strict
preference (31)—(33), we establish the composition of
a subset of inefficient options S* and the Pareto front S*:

§E:{sz,s3,s4}; S* =1{s,, S5, 5555755} . (34)
For the defined subset of inefficient options S* and

the Pareto front S* the initial conditions are met (30):
—E
S*US =8= {sl, S5 83584585, Sg5 s7,sg},

°, (35)
SENS" ={s,, 55, 86, 5,85} {85, 5, 8,} =D

It has been experimentally established that the
accuracy and time of solving such problems by methods
based on Carlin's lemma (23)—(24) and Hermeyer's
theorem (28)—(29) significantly depend on the step A4,

of changing the parameters 4,, /':l,_m. Thus, during

the solution of the problem with a uniform distribution
of the characteristics of the options by the method of

pairwise comparisons for |S|=100 000 and m=3 the
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method based on Carlin's lemma identified 16.9%, and
the method based on Hermeyer's theorem identified

only 8.5% of solutions belonging to the Pareto front S*.

Conclusion

Based on the results of the analysis of the current
state of the problem of decision support in the process
of TP optimization, the following has been established:
the vast majority of problems are combinatorial and
multicriteria; the number of alternative options for
building TP increases sharply with the growth of their
complexity; the vast majority of options are inefficient
(dominated) and can be improved simultaneously by all
local criteria; existing mathematical models, methods
and algorithms are designed to solve problems with point
input data; evaluation of options by In recent years, there
have been publications on interval analysis, which
propose a relatively simple and rational formalization
of interval

comparison operations in optimization

problems. This has created the prerequisites for
improving the efficiency of design decision support
technologies by developing mathematical models
of the tasks of selecting subsets of effective options,
taking into account the interval representation of
the values of local quality criteria.

It is proposed to compare the evaluations of design
options according to local criteria, which are represented
by non-overlapping intervals, by comparing their centers
(average values). To compare overlapping intervals,
it is proposed to use comparison indices based on the
generalized Hukuhari difference as a formal indicator
(additional criterion). Depending on the type of
optimization criterion and the relative position of the
intervals, such indices have the value of an indicator of
the degree of gain or risk, when one of the intervals is

selected only on the basis of comparison of their centers.
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MATEMATHUYHI MOAEJII BUSBHAYEHHA ITAPETO-®POHTY
JJI51 BAPIAHTIB IOBY1IOBU TEXHOJIOI'TYHUX ITPOLECIB
B YMOBAX IHTEPBAJIbHOT'O IIOJJAHHS JIOKAJIBHUX KPUTEPIIB

IIpenMeToM NOCTIUKEHHSI € MPOLECH MiATPUMKH HMPUHHSATTS pillleHb Yy 3ajadax onTuMizaiii texHomorignux npoueciB (TII) na
eTamax iX IPOEKTYBaHHS 4YM pEiHKUHIpUHrYy. MeTa po6oTH — miABUIICHHS e(QEKTHBHOCTI TEXHOJIOTIH aBTOMAaTH30BaHOTO
npoektyBanHs TII 3 mOonomMororw po3poOJieHHs MaTeMaTHYHHX MOJeNel 3aqad BUIUICHHS IiJMHOXUH e(pEeKTHMBHHX IPOEKTHHX
piLlIeHb 3 IHTEPBAIBHO 33JaHMMH XapaKTEPUCTHKAMH BapiaHTIB. Y CTaTTi pO3B’S3yIOTHCS TaKi 3aBAAHHS: OIJIAJ 1 aHAI3 Cy4acHOTo
CTaHy MpoOJeMu MIATPUMKH HPUHHATTS pimieHb y 3amadax ontuMizamii TII Ha eramax iX HpPOEKTYBaHHS YM PEIHXKUHIPUHTY;
JIEKOMITO3UIIisI MPOOJIeMH MPUHAHATTS MPOEKTHUX pilleHb; (opManizamis 3amadi MOpIBHAHHS IHTepBaliB i BUiteHHs [lapero-
(hpOHTIB 13 BUKOPUCTAHHAM 1HJIEKCiB IMOPIBHSAHHSA Ha OCHOBI y3aralbHEHOI pi3HHLI XyKyXapH; po3poOieHHs MaTeMaTHYHOI MOAETL
3ajayi U1 METOAy Ha OCHOBI JieMH KapiiHa; cTBOpeHHS MaTeMaTH4HOI MOJENi 3a/1adi Il METOAy Ha OCHOBI TeopeMu [epmeepa;
BU3HaueHHs (poHTy ITapero B 3amavi ontumisawii TIT MeToOM MapHUX MOPIiBHSAHB. BHKOPHCTOBYIOTBCS Taki MeTOAH: CHCTEMHUIH
miaxig, Teopii cucrteM, Teopii KOPUCHOCTI, Teopii MPUHHATTS pilleHb, CHCTEMHOTO MPOEKTYBAaHHS, ONTHUMI3allii Ta JOCIiIKECHHS
omepaniii. PesyabraTn. BuzHaueHo Micue Ta 3B’SI3KM 3amadi BU3Ha4deHHS [lapeTo-QpoHTY B mIpoOiieMi MPHUHHATTSA TPOEKTHUX
pimenp. DopMatizoBaHO MPONEAYPY IMOPIBHSHHSA IHTEpBANiB JUIs BUAUICHHS [lapeTo-QpoHTIB i3 BHUKOPHCTAaHHSAM IHIEKCIB
MOPIBHSHHS Ha OCHOBI y3arajbHeHOi pi3HHII XyKyxapu. Po3poOneHo maremaTwuHi Mojeni 3anmadi BunpiieHHs Ilapero-¢poHTiB
MeToJaMHu Ha ocHOBi Jiemn Kapiina i teopemm ['epMmeepa mis BHIanKy iHTEpBaJIbHOTO MOAAHHS 3HAYCHD JIOKAIBHHX KPUTEPIiB.
HaBeneno npukian ¢opmysanHus Ilapeto-GpoHTY B 3amadi onTuMizamii TEXHOJOTIYHOIO HPOIECY METOJOM IapHUX IOPIBHAHB 3a
MOKa3HUKAMH TPUBAJIOCTI TEXHOJIOTIYHOTO IMKITY, HAAIHHOCTI Ta HaBeIeHMX BHUTpaT. BHCHOBKH. 3ampornoHOBaHI MaTeMaTHYHI
MOZENi PO3IIMPIOIOTH METONOJIOTIUHI OCHOBM aBTOMAaTH3alil mpoueciB npoektyBaHHsS TII. BOHH yMOMIIMBIIOIOTH KOPEKTHE
CKOPOUYCHHSI MHOXXHHHM aJIbTEPHATUBHUX BapiaHTiB moOymoBu TII mns ocraToduHoro BHOOpY 3 ypaxyBaHHSM 3HaHb, JOCBITy
IPOEKTYBANBHUKIB 1 (PaKTOPIB, 110 BAXKKO MiAgal0Thes popmadizanii. [[pakTHuHe BUKOPUCTAHHS MAaTEMAaTHYHUX MOJIEINCH MiIBUIINTD
CTYIMiHb aBTOMATH3aLli] MPOLIECIB MPOEKTYBAHHS Y1 KEPYBaHHS, CKOPOTHUTH Yac MPUHHATTS PillleHb B yMOBaX HEMOBHOI BU3HAYEHOCTI
BXIJIHUX JAHUX 1 TapaHTYBaTUMeE SIKiCTh LIMX JAHUX 3aBASKH iX BUOOPY 3 MiMHOXHMHH e(pEeKTUBHUX.

Kir04oBi cji0Ba: TEXHOJOTiYHI MPOIECH; aBTOMATH3allisl NMPOEKTYBAaHHSI; ONTUMI3allis; PEIHXHUHIPUHT; OaraToKpuTepiaabHe

OILIIHIOBaHHS; MIATPUMKA MPUHHATTS pimens; [lapeto-dhponT.
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C. T'AllKO

OHTOJIOTI'O-KEPOBAHI 3ACOBH OBPOBJIEHHA TA IIOJAHHSA
BEJIUKUX MACHUBIB HECTPYKTYPOBAHUX TEKCTIB

IIpeqMeToM MOCTIIKCHHS CTaTTi € METOAW OHTOJOTO-KEPOBAHOTO OOPOOJICHHS Ta MOAAHHS HECTPYKTYpPOBAHHX TEKCTIiB
y riobanpHOMY cepenoBuili. Mera po0OTH — MiIBUIIEHHA €(EKTHBHOCTI aBTOMATHYHOI'O MOLIyKYy, Kiacugikamii Ta BHOOpPY
HeoOXiaHOT iHpopMaIlil, 110 MICTUTHCS B €IEKTPOHHUX BHIAHHAX Y HECTPYKTYpOBaHiil GopMmi HIIIXOM po3poOJIeHHS MOJETi, METOLY
It 3ac00iB aBTOMATH30BaHOTO OOPOOJECHHS Ta TPAaHCAWCIMIUIIHAPHOTO MOJAHHS TEKCTOBHX JIOKYMEHTIB, CTBOPEHHX YKPaiHCHKOIO,
POCIHCBKOIO Ta aHTJIHCHKOI0 MOBaMHU. BiAIMOBIIHO 10 METH BU3HAYCHO TaKi 3aBAAHHS: PO3TILIHYTH MOJEIi 00poOIeHHS Ta IOJaHHS
HECTPYKTYPOBaHMX TEKCTiB; BHSABHTH IepeBard iHQOpMAiMHUX CHCTEM 3 OHTOJIOTO-KEPOBAHOIO apXITEKTYpOIO; PO3POOUTH
KOHIICTITYaJIbHYy MOJIeNb 1 3acO0M aBTOMAaTH30BaHOTO OOPOOJICHHS Ta TPAaHCIUCLMILUIIHAPHOTO IMOJAHHS TEKCTOBHUX JIOKYMEHTIB;
YAOCKOHAIUTA METOJ] PEKYPCHUBHOI PEAYKIIl; 3a JOMOMOTOK pO3pOOJICHHX METOMIB 1 3ac00iB OOpOOWTH BENWKWIT MacuB
HECTPYKTYPOBAaHHX TEKCTiB (30kpema iHdopmaliiiHy 6a3y 3HaHb HaykoBoi mpoxykiuii (IB3 HII), HaBuanpHi mporpaMu, a TakoxX
HaBYAIbHO-IOCTiAHUIEKI npoekTn HII "Mana akamemis Hayk YkpaiHu'"); MOJaTH iX y BUIVIAII, IO JaCTh 3MOTY BHSBIISATH SKICTh
i TOBHOTY HasBHOI B 0a3aX CHCTEMH 3HAaHb 1, OTXKE, EKCIEePUMEHTAIBFHO MiATBEPIUTH €(QEeKTHBHICT PO3POOJICHUX 3aco0iB.
[IpoBeneni AOCTiMKEHHSI IPYHTYIOTBCS Ha TaKUX METOJAX: CHCTEMOJIOTIYHOI Kiachikaiii, anreOpo-JIoridHui Ta aKCioOMaTHIHUH
METOAU, METOJ peKypcuBHOi penykmii. 3100yTo Taki pe3yJIbTaTH: ONUCAHO HasBHI Mozedi OOpoONCHHA Ta TOAAHHA
HECTPYKTYPOBAaHHX TEKCTIB; yJOCKOHAJIEHO TEXHOJIOTIYHI ACHEKTH OHTOJIOrO-KepPOBAHOTO IMiAXOMy A0 OOpOOJCHHS Ta IOJaHHS
BEJINKMX MAacHBIB MEPEXHHUX JTOKYMEHTIB; PO3pOOJICHO TEXHOJIOTiI0 (JOPMyBaHHS OHTOJIOTIH TOKYMEHTIB Ha OCHOBI pelpe3eHTamii
iX TaKCOHOMIH, 3B’S3KiB MK IX KOHTEKCTAMH Ta MHOXHHHOTO TOAAHHS, mI0 3abe3rnedye e(eKTHBHUN NOIIyK iH(opMmaii
B HECTPYKTYpOBAaHHX TeKCTaX. BHCHOBKH: OOIDYHTOBAaHO IE€peBaru OHTOJOIO-KEpOBAaHHX 3ac00iB OOpOOIEHHS Ta MOJAHHA
HECTPYKTYPOBAaHHX TEKCTIiB; IOJAJBIIOr0 PO3BUTKY HaOyB METOJ] PEKypCHBHOI peIyKUil IUIIXOM HOOYJOBH IEPEeTBOPECHHS,
sK€ TPHUBOJUTH IO TPEIUKAaTHBHOI (OPMHM OHTOJOTIYHO 33JaHi omucH iHpopManii; BHKIAAEHO inel e(pEeKTUBHOrO IIOLIYKY,
00poOneHHs, KiIacudikaiii Ta BUOOpY HeoOXimHOT iHpopMaIrii.

KirouoBi c10Ba: HECTPyKTYpOBaHI TEKCTH; OHTOJIOTIS; PEKypCHMBHAa pEIOyKLis; TaKCOHOMisi; OOpOOJIEHHS TEKCTiB;
nojiaHHs iHpopmaii.

Beryn

Haiinommupenimorw ¢GopMoro nogaHHs 3HaHb 1 J10Ci

3aNHUIIAIOTBCS  HECTPYKTYpOBaHI TekcTH. llepeBakHa
OUTBIIICTh BUIAHD — BiJ HAYKOBHX CTAaTed M0 XYIOXKHIX
TBOPIB — CTBOPIOIOTHCS JIFOJBMH TPUPOITHOIO MOBOIO
Ta B TAKOMY HECTPYKTYPOBAHOMY BHIJISZI 30€piraroTbest
B HAJBENWKIA KUIBKOCTI B TJIOOAThHOMY HH(POBOMY
cepenosuiii. [Ipore 00poOUTH Ta BUKOPUCTATH MOMIOHI
iH(opMaIliifHi MacWBH JTIOASM O€3 MAIIUHHHUX 3acOo0iB
HE T CHITY.

Jist BUpITIIEHHS OKPECIIeHOI MpoOJIeMHy eKCIiepTaMu
PO3p0o0IIeHO 1Tl KiaacH iHGOPMAIifHUX CHCTEM, 30KpeMa:
MMOBHOTEKCTOBI 0a3W JaHWX Ta IHTEJICKTYyallbHUH IOIIYK;
CHCTEMH aBTOMATHYHOTO IHAEKCYBaHHS i pyOpuKarii;
CHUCTEMH aBTOMATHYHOIO aHOTyBaHHsA U pedepyBaHHS;
iH(pOPMAIIHO-TIOIYKOBI CHCTEMH; CUCTEMH MAIlIMHHOTO
nepexnany; cucremu kiacy "lltyynmit - iHTenekt"
(Tekct — ba3a 3HaHB); cHCTEeMH TeHepallii TEeKCTy
(baza 3mamp — Tekcr) [1]. Tlepemiyeni cucremu
MpU3HAueHi ISt

BUPILICHHSI  BY3bKOCIIEIIAII30BaHNX

3aBaHb. OHAK Y Cy4acHHX YMOBAaX yce YacTille BUHHUKAE
motpeba y BUPIIICHHI KOMIUICKCHHX 3aB/IaHb, [T0B’SI3aHKX 13
TIOIIYKOM, OOpOOJIEHHSIM, CTPYKTYPH3ALIi€I0 Ta IHTErpaliero
reTepOreHHO1, PO3IOIiICHOT, HETTOBHOT iH(pOpMAaIIii.

Came TOMy BHHHMKA€ HEOOXIIHICTH y CTBOpPEHHI Ta
PO3BUTKY CHCTEM, IO 3IaTHI OOPOOJIATH BEIUKI MaCHBU
HECTPYKTYPOBAaHUX JaHHUX (30KpeMa HPUPOJHOMOBHHX
JOKYMEHTIB) 1 IMM HaJaBaTH TEXHOJOTIYHY MiATPUMKY
¢daxiBIsiIM  pi3HHUX

raaysei B edeKkTUBHOMY

Ta KOHCTPYKTUBHOMY SaCTOCyBaHHi HAaKOIMNUYCHUX

JIIOACTBOM 3HAHb.

AHaui3 npod;emMu il HAABHUX MeTOAIB

AHamizy MeromiB  OOpOOJieHHS Ta  MOJaHHS
npuponHoMoBHEX TekcTiB (IIMT) mpucssiueni pobortu
takux gocaigaukiB: K. Jones [2], E.Liddy [3],
D. Jurafsky [4], O.bapkosceka [5], S.Praveena [6],
C. Cy606otin [7] ta iH. IIpomoHyeMO CTHCIHIA OTJISL
HaANO1IbII MiAXOMIB 10

HOLIUPEHUX 00po0IieHHs

Ta nomanHsa [IMT.

© C. TI'aiiko, 2023
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Obuucniosanrvruii  nioxio. Ilepmmvu  MoIensMHu,
110 PO3POOIISUTKCS IS 3aB/IaHb aBTOMAaTUYHOTO IIEPEKIIaNy,
Oymm: iepapxis TpamMaTHK XOMCBKOTO, TpPaMaTHKH
Bynca, rpamaTuky 3aieXHOCTEH, IMOBIPHICHI aBTOMATH,
monmem "3mict — Tekcr" Ttomo. BuBueHHs momiOHMX
MoOJeNiell  CIPHSJIO CTBOPEHHIO PO3BHHEHOI — Teopil
(hopMaNbHUX MOB.

Jlinegicmuynuti nioxio mae dotupu pieHi. [lepumii
MOJISITae€ 'y BUAUICHHI OKPEMHX CIIEMEHTIB TeKCTy /
JIOKYMEHTA, HAIPUKJIal, PO3/iIiB, a03alliB, peUYEHb 1 MOJI.
Hpyruit — y BusBICHHI MOP(OIOTIYHUX XaPAKTEPUCTUK
OKpeMoro ciioBa. Tperiii piBeHb BIAINOBIIAE 3a BU3HAUYCHHS
CHUHTaKCHYHOI 3aJIe)KHOCTI ciiB y pedeHHsAX. OcraHHIN
piBeHb TOB’sI3aHUII 31 3MICTOBUM PO3YMIHHSIM TEKCTY,
10 mependadae po3poOKu y cepi MTYIHOTO IHTEIEKTY.

Cmamucmuynuii nioxio. B 0OCHOBI 3a3HaueHOTO
MiAXOMy JISKUTh TPHUIYIICHHS, IO 3MICT TEKCTY
MoOXKe OyTH BH3HAUCHO 3a HaHy)XMBAHIIIMMHU CIOBaMH.
MiAX0Y

KOHKPETHOT'O

OCHOBHUM 3aBIaHHAM CTaTUCTUYHOT'O

€ BWSBJCHHS KUIBKOCTI ITOBTOPEHB
CJIOBA B TEKCTI.

Imosipricnutl nioxio. TlogaHuil TaKUMH MOJCIISIMHU,
SK N-TpaMH, CHCTEMH, OCHOBaHI Ha JepeBax piIIeHb,
Ta WMOBIPHICHI Yy3arajJjbHEHHS KOHTEKCTHO-BUIBHUX
rpaMaTHK. N-TpaMHa MOJENb MTOOYI0BaHa Ha ITOCITiIOBHOCTI
3 71 €JIEMEHTIB: Pe4eHb, CiIiB, OYKB, 3BYKiB TOII0. MOjeb
JTa€ 3MOTY pO3paxyBaTH MMOBIPHICTh TOSBU OY[Ib-SIKOTO
€JIEMEHTA B TEKCTI.

Cumeoniunuii nioxio. Le# miaxig rmuboko aHaizye
JIHTBICTUYHI SIBUIA TA IPYHTYETHCS HA SIBHOMY IOJaHHI
3HaHb, MO 3AIHCHIOETHCS MIISIXOM BHUKOPUCTAHHS J00pe
JIOCHI/DKEHUX CXEM TMOJaHHS 3HaHb 1 aJTOPUTMIB, SKi
NpamioloTh i3 HUMHU. JDKepeaoM 3HaHHA NPO MOBY
MOXYTh OyTH CIOBHUKHM, (opMynn W mpaBuia,
PO3pOo0ICHI TIOIEMHU.

Konnexmusicmcokuti  nioxio. 3a3Ha4eHHH METOJ
00poOIeHHST PUPOTHOI MOBH BIATIOBiAa€ 32 00pOOICHHS
3arajJbHUX MOJENeH 13 BHKOPUCTAHHSM KOHKPETHHX
TIPUKJIAIIB MOBHUX sIBUI. HalOimbIr 3HaUyIIa BiAMIHHICTE
KOHHEKTHMBICTCHKOT'O MIiJAXOAY BiJ IHIIMX CTATHCTHYHUX
METOJIB TMOJATa€ B IIOEIHAHHI CTATHCTHYHUX 3HAHb

1 pI3HUX TEOpil YSBIICHb, IO JAIOTh 3MOTY MpaIlOBATH

3 JIOTIYHUMH BHCHOBKaMH Ta  TpaHC(OpMAIIiEr0
JIOTTYHUX (OpMYII.

AHami3 TPUPOJHOMOBHHX TEKCTIB  HEMHHYyYE
NOB’si3aHMM i3  HEOOXIJOHICTIO MOJAaBaTH  IIEBHUM

crocoOOM pe3yIbTaTH TAaKoro aHamizy. [lo KiacwmaHHMX
METOJIiB MOJAHHs 3HaHb HaJEXaTh: (OpMalIbHI JIOT1YHI
MOJIEN, MO,

MIPOAYKIIHHI CEMaHTHYHI MEpEexi,

(peiimu, HEHPOHHI Mepexi.

Dopmanvui n02iunHi mModeni TiependavdaroTh, MO BCA
iH(dopMarlisi, HEOOXigHa i BHUPIIICHHS MPUKIATHIX
3aB/IaHb, PO3TIBIIAETHCSA SIK CYKYITHICTD (DaKTiB i TBEpPIKEHB,
IO TIOMAIOTHCS SIK (POPMYJIM B JAEsKii JIOrimi. 3HAHHS
BiTOOPaXArOThCs CYKYITHICTIO TaKuX (HOPMYH, a HaAOYTTS

HOBHMX 3HAaHb 3BOAMTHCSI JIO peaisaiii MHpoueayp
JIOTIYHOTO BUCHOBKY.
Ipooykyitini  modeni (abo Mojenmi, OCHOBaHI

Ha TpaBUJIaX) OMKCYIOTh MPOLEAYPHI 3HAHHSA Ta JalOTh
3MOI'y MOJATH 1X Y BHUIVIAAI MPOMO3HUIIN THITYy "SIKIIO
(ymoBa) ..., To (mist)". Mexani3M, peani3oBaHHUH sK 3aci0d
BUCHOBKY B TPOAYKIIMHUX CHCTeMaX, Ha3UBAETHCS
MAIIMHOI JIOTIYHOTO BHUCHOBKY I BHUKOHYE (QYHKIIT
MOIIYKY B 0a3i mpaBuil, MOCIIZOBHO 3[iiCHIOE orepariii
HaJl 3HAaHHSMU Ta OTPUMY€E BHCHOBKH.

Cemanmuuni  mepexci. lle rpadiuni cucremu
MO3HA4YeHb IS IOAAHHS 3HAHb Yy IIa0JIOHAX MOB’SI3aHHX
By3IiB 1 1yr. buteir gopmanbHo: 11e opieHTOBaHMIA rpad,
BEpPIIMHAMHU SKOT'O € MOHSATTA, a JyraMd — BiIHOIICHHS
MDK HHMH. 32 YMOBM IHAYKTHBHOTO BHBEJCHHS
Ha OCHOBI (PaKTiB i BiTHOIIEHhP MK HHUMH, IO ICHYIOTH
y HaBKOJMIIHBOMY CBITI, JIIOAM BUKOPHUCTOBYIOTb
acoIliaTHBHI 3B’ I3KH.

@petimu. OpeliMoBa MOJIENb € CUCTEMATU30BAHOIO
IICUXOJIOTIYHOI0 MOIEJUIF0 IaM’sTi JIIOOWHW Ta 1
cBiomocti. ®PpeiiM — cTpyKTypa NaHWX JJIsl TOJAHHS
JESIKOTO  KOHIIETITyalTbHOTO 00’ekTa. lle MiHiManbpHa
CTpyKTypa iH(popmalii, HeoOXiHa JyIs MOJaHHS Kiacy
00’€eKTiB, SBUII 200 TPOIIECIB.

Hetiponni mepeoici — ofiH 13 HanpsiMiB IITYYHOTO
IHTETIeKTY, MeTa SKOTO 3MOICTIOBATH  aHATITHYHI
MEXaHi3MM, MO0 3/IHCHIOIOTHCS JIIOJCHKAM MO3KOM.
3aBmaHHs, IO BHpINIye THIOBAa HeHpoMepexa, —

kimacudikaris, nepea0adeHHs ~Ta  PO3Ii3HABAHHI.

Hefipomepexxi  3maTHi  caMOCTIHHO — HaBUaTHCS U
PO3BHBATHCS, OyIyIOUH CBill JOCBI/I HA TOMMJIKAX.

JlomiHyBaHHS  OKpPEeMHX  METOIiB  YMOBHO
MOAUISIFOTh HA TaKi MEePioju:

I eran (ximemp 1940-x — ximemp 1960-x pp.) —
aKIEHTYBaHHS yBard Ha CTBOPEHHI CHCTEM MAIllMHHOTO
nepeKiay;

I eran (xineup 1960-x — kimenp 1970-x pp.) —
JOMiHYBaHHS T€OPill INTYYHOTO 1HTENEKTY;

Il eran (kimeump 1970-x — kinenp 1980-x pp.) —
po3po0IeHHsT OOYUCIIOBATBHAX TPAMATHK 1 JIOTi9HOTO
IPOrpaMyBaHHS;

IVeran  (1990-i

CTaTUCTHYHOTO IMiIX0/Y;

pOKH) —  3aCTOCYBaHHS

V eran (2000-i pp. — cbOromeHHs) NOMiHYBaHHS
eKCIUTIIUTHUX METOMIB CEMaHTHYHOTO aHaJli3y TEKCTOBOL
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iH(popMarii (aJTOPUTMH OHTOJOTIYHOTO CEMAaHTUIHOTO
aHaJi3y) Ta METO/IB JIATEHTHO-CEMaHTUYHOTO aHaIi3y.

Iapopmaniiini cucTeMH 3 OHTOJOTO-KEPOBAHOIO
apxitektyporo (abo 3HaHHs-opieHTOBaHi IC) peanizyoTh
iHTerpoBaHy iH(GOpPMAIifHy TEXHOJOTIIO, IO Iepeadadae
KOMIT FOTepHE OOpOOJIEHHS NPHUPOJAHOMOBHUX 00’ €KTIB,
3aJlaHHX JIHTBICTUYHIM KOPITYCOM TEKCTIB, SKi OIUCYIOTH
JIesiKy TpoOJeMHY Trajy3b, Ta BHIYYEHHS HpPEIMETHO-
Opi€HTOBaHMX 3HAHb 3 METOI0 iX (OPMAaNTBEHO-JIOTIYHOTO
MOJIaHHS Ta aBTOMAaTH30BaHOro 0OpoOJeHHs. 3a3HaueHi
cHCTeMH HaOyIu ocoONMBOI MepeBaru Ui IPOBEICHHS
CKJIaJIHUX MDKAMCIMIUTIHAPHUX HAYKOBHX JIOCIIIXKEHb.

[lonpy mMHUPOKY MOMYJIAPHICTH OHTOJOTIYHOTO
IHKUHIPpUHTY cepel (aXiBI[iB 3 KOMIT'IOTEPHUX HayK,
i, SIK HACTIIOK, BIQYYyTHY KUIBKICTh (PyHIZaMEHTAIHHHUX
1 IPUKJIAIHUX JIOCTIDKEHb y LM Tary3i, BOHA 3aJIHIIAETHCS
aKTyaJbHOIO Ta IepcHeKTUBHOIO [8, 9]. OcobmmBo BapTo
HATOJIOCUTH TMpPO Ae(IilUT SKICHUX METOMIB 1 3aco0iB
OHTOJIOTO-KEPOBAaHOTO  OOpOOJIEHHS TMPHPOTHOMOBHOT
iHpopMaii 111 yKpaiTHOMOBHOTO CETMEHTY.

MeTtol0 po6OTH € TiABHIICHHA e()eKTUBHOCTI
knmacudikarii

ABTOMATUYHOI'O0 MOLIYKY, Ta BI/I60py

HeoOXigHOi iH(opMaIlii, 0 MICTHTBCS B ENEKTPOHHHUX
dopwi,
PO3pOOIICHHS MOJIENT, METOY i 3ac00iB aBTOMAaTH30BAHOTO

BUJIaHHAX y HECTPYKTYpOBaHil LUIAXOM

00poOJicHHST Ta  TPAHCAMCUUIUTIHAPHOTO  TOJAHHS

TEKCTOBHX JIOKYMEHTIB, CTBOPEHHX YKpPaiHCBKOIO,

POCIHCHKOIO Ta aHTIIIHCHKO0 MOBAMHU.

BupimeHnns 3aBaanusi

Mamepianu it memoou

TexHOOTIUHO 0a3010 [T peai3allil MOCTaBICHUX

3aBllaHb 3aCTOCOBYEThCS Web-OpieHTOBaHHUIT — cepBic
KornuituHa indopmartiitna texuosoris (KIT) "Tlomiemp”
[10], ockimpku 1 TIATGOpMa A€ 3MOTY 3MIHCHIOBATH
Taki iHdopMaliitHi mporecu:

— JIIHTBICTUYHO-CEMAaHTUIHUN ~ aHATi3 MEpEeKHUX
iHpOpMAaIIHUX pecypciB, 10 MAlOTh 3HAYHY KUIBKICTh
BiAHOILIEHb,  Ta

MIXKIUCIUIDTIHAPHIX CTBOPEHHS

Ha OCHOBI BHKOpDHCTaHHS pIi3HUX IH(opManiiHuX
TEXHOJIOTIH 1 CTAaHIAPTIB;

— TPAHCOUCHMIUTIHAPHY  IHTErpaIlif0 3  IHIIMMHU
MepeXHHUMHU iHQopMmaniiHUMU cucremamMum Ta web-
OpIEHTOBAaHUMH 3aCTOCYHKaMHU;

— TaKCOHOMI3aIliF0 HAPATHBIB JOBUIBHUX JIOKYMEHTIB
1 BiTOOpa)KeHHsI X CTPYKTYpPH, 30KpeMa MiXKOHTEKCTHHX
3B’SI3KIB;

— CTBOPEHHSI OHTOJIOTTYHHX IHTEPAKTHBHUX JJOKYMEHTIB;

— BIBIBIICHHS JIATCHTHOI iH(popMaIii B iHpOpMAIITHIX
pecypcax, 110 aHaTi3yIThCS;

— ruOWHHEE W MamHae HaBYaHHA (Deep Learning,
Machine Learning),

— mATpUMKY (opmartiB i mpoTokoimiB Semantic Web;

— OTpalllOBaHHS BeNWKUX NaHuX (Big Data).

"[lomienp" ™ae 3HAYHY KIUTBKICTh 3aCTOCYHKIB
1 cepBiciB, 00’enHaHuX y OaratoyHKI[IOHAIBHI MOy
pi3HOrO mpH3HaueHHs. ba3oBMMHM 3acTOCYHKaMH € Taki:
neperisigad OHTOJIOTIH, PeJaKTOp OHTOJIOTIH, MOIIyKOBa
Ipu3Ma, paHXyBaHHS  aJbTEPHATHB, OHTOJIOTiYHE
aBTOMaTH30BaHe poOoue Micue. bazoBumu ceppicamu €:
iHOeKcaTop (IpHU3HAYCHUH /TS TIOBHOTEKCTOBOTO TIOIIYKY
iHpopmamii y
1 HECTPYKTypOBAaHMX JOKYMEHTIB), arperoBaHa TaOIHUIII

BEJIIMKUX MAacuBax CTPYKTYpOBaHMX

(npu3HaueHnid Juis  30epiraHHs ~ BENIMKUX  MAacHBIiB
CTPYKTypoBaHOi iH(opmarii), KOHCIEKT (IpU3HAYCHUI
JUISL CTPYKTYpH3aLlii HeCTPYKTYPOBaHUX JIOKyMEHTIB IIUISIXOM
BUIUICHHS 3 HHUX TEPMIiHIB), PEKypCHUBHHHA pPETYKTOP
(Ipu3HAYeHMH TS CTPYKTYpU3allii clnabKoCTpYKTypOBaHOT
Ta HECTPYKTypoBaHOi iH(opMmamii 3a IOIOMOTOI0
CTICTIIATTI30BAHKX MPABHIT, 33/IAHKX Y JOpMaTi A-BUpa3iB) TOIIIO.

VYei Momyni MOXYTh TONATKOBO MOIM(IKyBaTHCS
LUISIXOM PO3pOOJICHHS Ta MiAKIIOYEHHS OHTOJIOTTYHHX
ma0IoHIB MONAHHSA, YHACHIZOK YOTOo KOPHUCTYBad i3
NpaBaMy aJMIHICTPYBaHHSI MOXKE CTBOPIOBATH HOBI, OLITBII
CIeIiaNi30BaHi 3aCTOCYHKH, CIIPSIMOBAaHI Ha BHUKOHAHHSI
KOHKPETHHUX 3aBJIaHb.

Jnsa BupimeHHs 3aBOaHb, chOpMyITHOBAHUX Y Wil
CTaTTi, CTBOPEHO CIIeliali30BaHuii 3aCTOCYHOK '"cucremMa
TPaHCIUCIUILTIHAPHOTO TTOTAHHS iH(pOpMaIiHHIX
pecypciB pi3HHX CTWIIB", IO IPYHTYETHCS Ha 3acajax
[11-13] Ta

HWMOBIPHICTH PO3BMHEHHS CEPBICY "pEeKypCHBHUI peryKTop”

TPaHCIUCIUTUTIHAPHOCTI rinoresi  mpo
[UITXOM JOTIOBHEHHS 11 KITaCHU(pIKaTOPOM CTHIIB BHAAHB
i CTBOPCHHAM 0a3¥ €TAJIOHHUX BUIAHb Pi3HUX CTUIIB JUIS
edeKTHBHIImoro 00pobdIeHHs pi3HOpinHOI iH(opMarTii [14].

Konyenmyanvna mooens
aA6MOMamu306aH020 00POOIEHHA ma NOOAHHSA
HeCmpyKmypoeanux meKkcmie

3anponoHOBaHa KOHLENTYalbHA MOJIENIE € ONUCOM
TEXHOJIOTIi aBTOMAaTH30BaHOTO OOPOOJIEHHS PI3HOCTHIILOBUX
JOKYMEHTIB TJIO0AThHOTO CEepeloBHINA W TOJAaHHA IX
y GopMi, NpuAaTHIA Ui MOJAJbIIOTO iX IEepeTBOPEHHS
B aKTUBHUH (hopMaT iHTEpaKTUBHUX 0a3 3HAHb.

CrpyKTypa MoJielli Ma€ TP CKJIaJHUKU:

— MOJETIb

OHTOJIOTO-KEPOBaHOL imeHTUdiKamii

iHpopMmarii;
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— Mogens kiacugikaiii IpUpPOTHOMOBHOTO TEKCTY
3a CTHIIEM;

— MOZEThb TPaHCIUCUUIUTIHAPHOT iHTerparnii
iHpOpMAaIIHIX pecypciB.

Po3risiHeMO KOXKHUH i3 TPHOX CKJIAQJIHUKIB.

Moodenv onmonoco-kepoganoi
i0enmudghixayii ingpopmayii
Hus  imentudikamii  iHQopmarii Moxke OyTH
penykiii  [15].

Y mpoMy pasi OCHOBHHM HEIOTIKOM METOAY € Te,

BUKOPUCTAaHMM METOJ, PEKYyPCHUBHOI

IS 3ajaHHs  11a0JIOHIB

opmi,
He 3py4Hid Jusi KopucTtyBada. EQekTuBHiCTH mporiecy

0 TpaBWiIa, 3aCTOCOBAaHI

ineHTudikamnii, MomaHi B TpPEIUKATHBHIN
CTBOpPEHHA 0a3W TpaBWJI MOXXKHA 3HAYHO IIiIBHIIWTH,

noOyAyBaBIIM  TEPETBOPEHHS, 10 INPUBOAWIO O
JI0 TPEIWKAaTUBHOI (POPMH OHTONOTIYHO 3aJaHi OMHCHU
iHpopMarii, siky HeoOXinHO ineHTHdiIKyBaTH. Y TakoMy
pa3i MOXKHa TOBOPHUTH IPO NPOIIEC OHTOJIOr0-KEPOBAHOI
PEKYPCUBHOI peIyKIIii.

OHTosiorisg, IO 3aJaBaTUME TaKHH OIHKC, Mae
MaKCHMaJbHO MOBHO ONMCYBaTH npeamerHy ramysb (I11),
TOOTO OYTH aKTHBHOIO OHTOJIOTIEIO TAaKOTO BUIIIAAY [16]:

O=(X,R,F,A4,(D,Ry)), (1)

e X — KiHIIeBa MHOXKIHA KOHIIETITIB (TIOHATH) 3a1aHoi [1T;

R — KiHIEBAa MHOXHHAa CEMAHTUYHO 3HAYYIIUX
BiJHOIIEHb MK KOoHIenTamu I1I;

F: X xR — xinnesa MHOXMHa (YHKLIH iHTeprperamnii
(miit), 3a1aHUX HA KOHIIENTaX 1/a00 BiTHOIICHHSIX;

A — KiHIleBa MHO)KHHA aKCiOM, III0 BUKOPHUCTOBYIOTBCS
JUTSL 3aMUACY 3aBXKIM iICTHHHUX BHCJIOBIIOBAHb (BU3HAYCHB
1 oOMexeHb) y TepMiHax oreparionaipHoi TeMaTuku [117;

D — KxiHIleBa MHOXMHAa JOJATKOBHUX BH3HAYEHD
MOHATH Y TEPMiHAX omnepalfioHansHoi Tematuku 111;

Ry — xiHIeBa MHOXXHHA OOMEXCHB, IO BH3HAYAIOTH

coepy aii MOHATIHHMX CTPYKTYp B OICpaIliOHATBHOMY
CEPEeIOBHUIII JFOAUHU.

OnHak KOpucTyBayaM 3py4YHO peAaryBaTH CTaHIapTHI
onrosorii Burimy (2). Jlns 3a0e3medeHHsT MaKCHMaIbHOT
e(eKTUBHOCTI IPOIECY CTBOPEHHS IPaBWJI MHOTPiIOHO
IHTEPIPETyBaTH MHOKHHY aTpHOYTiB CTAHIAPTHOT OHTOJIOTIT
SK eJIEMEeHTH akThBHOi onTostorii (1) [17].

Oy, =(X.RF(A), A(A),D(A).R(4)). ()

Jns mporo HeoOXiTHO MOOYAyBaTH INEPETBOPEHHS
iHTeprperaiii aTpuOyTiB:

GO
Oy —0;,. 3)

AxrtuBHa oOHrousorist Burmany (1) moxe Oyrn
HepeTBOpeHa B HAO0Ip MNpaBWiI A PEKypCHBHOTO

penykropa 3a JIOTTIOMOT OF0 CIIEIaTi30BaHOTO
HePETBOPEHHS:
n_G.
R(A)=5 1 “)
F(A) Yt px 5)

Cknagauk (GopmyBaHHs GYHKIIT 3acTocOBHOCTI (4)
€ JOCTaTHbO TPOCTUM 1 3BOJAUTHCS JIO IHTEpIpeTanii
BIIOBIMHUX aTpHOYyTiB SK MPEIUKATHBHAX BHPa3iB,
penykirii
BUKOpHCTOBYBaTHCA 0Oe3 3MiH. CkmagHuK (opMyBaHHS
GbyHKii
0e3mocepelHO METOMy [UISI TOTO, MO0 JAWHAMIYHO

miciasl  4YOro MeTOJl  PEeKypCHUBHOI MOXe

neperBopeHHst (5) moTpebye Momudikamii

BpPaxOBYBaTH 3aJ]aHi OHTOJIOTIEI0 POPMATH PE3yJIbTATY.

"8
tr

Hacamnepen ¢yHKist nmepeTBOpeHHs IpHU3HauYCHA

it GopMyBaHHS 00'€KTIB 1 BIIHOIIEHD Y PE3YNIbTYIOUId
onrojiorii (1). OgHak y 3aBmaHHI OOpOOJICHHS TEKCTiB
pI3HHMX CTHJIIB JOJAaTKOBO TOTpiOHa Kiacu(ikaris
JnokymeHTiB. [yt kopekTHol kiacuikauii HeoOXigHo,
KpiM BIIacCHE Ha3B OO0’ €KTiB, BHIUIATHA 1 iX KOHTEKCTH.
Jns KOKHOrO 3 KOMIIOHEHTIB oreparopa pemyKIii
(GyHKIIi TIEpEeTBOPEHHS, IO MICTATHCS Yy BIATIOBITHUX
npaBHIax, MAaTUMYTh [IEBHY CTPYKTYpY.

OyHKIIsT CTBOPEHHA 00’€KTa BHKOPHUCTOBYETHCS
B TpaBWiax, 0 BU3HAYAIOTH Omeparop iaeHTudikaii

06’exra F , i Mae BUTIIAN

S (Lyesl,) = X (N (1sn1,)), (6)

ne X —ormepallisi CTBOPEHHs 00’ €KTa 13 3aJaHOK0 Ha3BOIO.
OyHKIIiS CTBOPEHHS 3B’SI3KIB € OUThII CKIIagHOO (7).
i ¢yHKIii 3acTOCOBYIOTECS B TpaBHiaX, 0 BU3HAYAIOTh
orepaTop 3apmaHHA i€l
¢byHKIii
1 CTBOpEHHI 3B’SI3Ky Mi’K HAMH.

5 (Lol ) = R(X (N (ool ), X (N (Ly1-4,))) o (D)

ae X — omeparis ctBOopeHHs (abo BHAiIeHHS) 00’€kTa

imeHTudikamii BiTHOIICHE.

MOJIsiTa€ y  BU3HAYCHHI JBOX  O0’€KTIB

13 33JaHOI0 HA3BOIO;

R — omepaiist CTBOpPEHHsS 3B 53Ky MDK JBOMa
3aJaHUMHU 00’ €KTaMH,

m — IHIEKC, SIKUA BKa3zye MEXy MDK IMEHaMH
00’€KTiB y BXiIHIl TIOCITiJOBHOCTI JIEKCEMH.

OyHkuis cTBOpeHHs aTpuOyTiB Mae Burian (8).
et Tim yHKii 9acTo moTpedye CremiaTi3oBaHNX TIPOLCAYP
JUIsl BU3HAUEHHS 00 €KTa, JI0 SIKOT'0 HAJIEXKHUTh aTpUOYT.

12 (lyeosl, ) = AN (yosd, VN (1 s0,)), (8)

ne A — omeparisi CTBOpeHHs arpubyTa 3a Horo iMm’sim
Ta 3HAYEHHAM;
m — 1iHIEKC, [0 BKa3ye MEXY MK IMEHEM

Ta 3HAYCHHAM.
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Mooenwv kracugixayii
NPUPOOHOMOBHO20 EKCMY 3a CIULeM
Juiis BupimeHHs 3aBHaHHS Kiacuikamii TEKCTiB
3a CTHJISIMU MOYKE€ BUKOPUCTOBYBATUCSI MEXaHI3M 3pOCTaHHS
BIIM) [18]. Leit
3a0e3rneuye GopMyBaHHS [TOHSATh, IEPAPXIYHE YIIOPSIKYBAHHS

MmipaMigambHOI  Mepexi crocio

Ta Kinacu(ikamifo BXigHOI iHpopMamii Ha OCHOBI

BUSIBJICHHSI 1CHYBaHHs 00 €JHYBaJIbHOI BJIACTHBOCTI,
IIO € 3aTAJTLHOIO JUTS IBOX TIOHSAT.

s 3aificHenHs kimacudikaimii HeOOXITHUN BiIacHE
OMHC CTWIB — Y BHUIJSIII OHTOJOTIYHOTO PEECTPY.
peectpy

eKCIIEpTHIM YHHOM OyB OOpOOJICHUII MacuB HAayKOBWX,

Jns  1moOymoBH  OHTOJIOTTYHOTO CTHIIIB
HABYAJIbHHX, 3aKOHOIABYMX, BIJOMYMX, IYOIIIIUCTUIHAX
1 9aCTKOBO XYIOXKHIX JOKYMEHTIiB. YHACIiIOK IpOro Oyna
noOy/ZioBaHa TaKCOHOMIYHA CTPYKTypa (YHKIIOHAIBHUX
CTIJIIB MOBH, a TaKOX BH3HAU€HI aTpuOyTH 00’ €KTiB,
1110 HAJISKATh 0 OCHOBHUX CTHIIIB.

Takmii peectp Moke OyTH TOmaHWI SK aKTHBHA
oHTOJNOTIT 3a cxemor (1), i B mopmampIIoMy
3aCTOCOBYBATHCA K 0a3a MpaBuII Ul METOY OHTOJIOTO-
KEepOBaHOI PeKypCHBHOI PeAYyKIIii.

O6’exTaMu 1HOTO KiIacH(pikaTOpa € TUIOBI BHIU
JIOKyMEHTIB, IO HajJeXaThb J0 BIINOBIAHOTO CTHIIO.
O0’exTH MarOTh aTpUOYTH, IO W OMUCYIOTH OCOOIMBOCTI
oopMIIEHHST TEKCTY KOHKPETHUX JOKYMEHTIB.

OmKe, MOXKHA 3aJaTd OCOOJIMBOCTI TEKCTOBOI
PO3MITKM THIIOBUX JIOKYMEHTIB, TaKuUX SK 3aKOHH,
CTaHIAPTH, MTOJIOKESHHS, IHCTPYKIIii, HAYKOBI 3BiTH TOIIO.

3IIM moske popMyBaTHCS HA OCHOBI LILOTO PEECTPY,
pe3ynpTaTiB  poOOTH  METOLy  OHTOJOTO-KepOBaHOI
PEKYPCUBHOT peyKIii:

G
ouUo,—1>T,, 9)
ne O — OHTOJOTIA, IO MICTUTH Pe3yIbTaTH METOIY
PEKYPCHBHOT PEAYKIIiT;

Og — OHTOJIOTIYHHIT PEECTP CTUIIIB;
Ty —xnacudikariiina TAKCOHOMIS, 10 Ma€ CTPYKTYpPY:
Ts:<XT7RT>’ (10)
ne X, —MHOXHHA 00’ €KTiB, 10 HAJIEXKATH TAKCOHOMIl;
R, — MHOXMHA 3B’SI3KiB, 1110 MICTATHCS B TAKCOHOMIT.
MHoxvHa X, ckiamaeTbes 3 00°ekTiB X, MOYaTKOBOT
onroyorii O;, a TaKko)X MHOXHHHM O0’€KTiB, IO €

kiacu(ikamiiHUMK BIACTUBOCTSAMH BiNIMOBITHUX CTHIIIB

(moGyoBaHKX Ha OCHOBI aTpHOYTIB Ay 00’€KkTiB X ):

X, =X, UX(4). (11)

MuoxuHa R,  MiCTHTH B3a€MO3B’SI3KH  MIiX

o0’ekramu X, , wo € cruwisamu, i 06 exramu X (4),
K1 € Kitacu(ikaliiHUMU XapaKTepUCTHKaMU 00’ €KTiB:

R, =R(Xy,X(45)). (12)

Hdnst takconomii Ty wmoxxHa moOymysatu 3I1IM,

sika OyJie YHIBaJICHTHOIO JI0 Hel:

TS&—)‘PS,TSEI{’S. (13)

Modenv mpancoucyuninapnoi inmeepayii
iHghopmayitinux pecypcis
[TpunHIIIH TPaHCIUCIUILTIHAPHOT iHTerparii
TOJIITeMATHYHNX 1HQOPMAIIHHAX pecypciB TI00aTHHOTO
cepeloBHUIla 3a0e3MeuyIoTh IPOIECH KOHCOJIIOBAaHOT
B3a€EMOJIii CKIIATHUX iHPOPMAIIMHIX CHCTEM — KOPEKTHOTO
BUKODHCTaHHS MEPEXHHUX IH(opMaliiHUX pecypciB,
III0 CTBOPEHI 32 PI3HUMHM CTaHIapTaMH, MalOTh HEOJHAKOBI
¢dopmatu it 0OpOOINISIOTECS PI3HMMHU iH(GOPMALIHHUMHA
CHCTEMaMH, SKi He MaIOTh CIILTBHUX iHTep(dEHCIB.

Jnst peanizanii Takoi iHTerpamii HpONOHYETHCS
3aCTOCYBaHHSI OHTOJIOTIYHOTO IIa0JIOHY TOIAHHS Pa3oM
13 PO3IIMPEHHSIM OHTOJIOTH KOHTEKCTaMH Ta BUKOPUCTAHHIM
JI0 HUX (DYHKITIH ITOITYKY # KOHTEKCTHOI 3B’ s13HOCTI [19].

OxTosoriyuHvii  mabjioH MOoJaHHS — L€ BHJ
OHTOJIOTII, TPH3HAYEHUH Uil BHU3HAYCHHS JOAATKOBUX
MO/JIYJIIB HAaTypaibHOi cucteMu. L{i Moy MOXYTh OyTH
BKJIIOUCHI B CTPYKTYPY CHCTEMH, 3MiHIOIOUH 1 MOBEAIHKY
BiJAMIOBIZHO 10 BUMOT 3aBIaHHS.

Heo0xinHo, mo06 y3aransHena iHdopMariiHa Moenb
HATypaJIbHOI CHUCTEMH, SKa MIATPUMYE OHTOJOTIYHI

ma0JIOHY MTOJAHHS, MaJIa TAKAN BUTIISAL;
ITSN :ZHéNUGT(OD)7 (14)
i=0

ne IT;, — cTanaapTHi MOy, 1O 3a6€3MeUyI0Th OCHOBHI
¢yHK1iT 00poOIeHHs Ta BiOOpaXKeHHS TaHNX;

G, — mepeTBOpEHHS IHTepmpeTarii OHTOIOTIYHOTO
1a0IoHy MOJaHHS;

O, — OHTOJIOTIYHMIA MTA0IOH TOIAHHSI.

OCHOBHMM CTaHJAPTHUM MOJYJIEM TaKOl HaTypaJIbHOT
CHCTEMH € CHCTeMHHH KOHTpOJIep, LIO CIocTepirae 3a
B3a€EMOJIEI0 MDK IHIIMMH MOJYJSIMH, OCKUIBKH BOHH
BUKOHYIOTh MihOBY (YHKIiF0O cucteMu. CHCTeMHUI
KOHTpoJiep 3a0e3rneuye MepeTBOPEHHs iHTerparii QyHKIiH
OKPEMHUX MOIYJIIB.

G.:UsUS,(0,)~ 1, (15)

ne G, — mepeTBOpeHHs iHTerparii;
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S, — dyukuii crangapTHUX MoxyItiB 7, ;
S;(0,) — dysxuii, orprmani BHAC/Ti 10K iHTEpIpeTaLii

OHTOJIOTIYHOTO 11a0JIOHY MOaHHSI.

[HTepnperanis TOMINAEThCS Ha JBa MapajelbHi
NpoLIeCH — CTBOPEHHA (QYHKLIH 0OpoONeHHS IaHMX
1 GyHKIIN BigoOpakeHHS TaHUX.

S (0,)= % G,y (x)U ; G,(x), (16)

ge X, — CyKymHICTh O0O0’€KTiB, IO HaJIekKaTh J0

outoorii O, ;

G, i G, -

0 MIePETBOPCHHS

IHTepIpeTaIii,
TIpU3HAYCHI I CTBOpEHHS (PYHKIIIH 00pOOIeHHS TaHWX
1 MOJaHHs BiAMOBIAHO.

3aBmaHHs TPaHCIUCIMILTIHAPHOT IHTETpartii iHpopMartii
BUPIIIYEThCSI  NUIIXOM  TMEPETBOPEHHS  PO3IIHUPEHHS
KOHTEKCTaMH 00 €KTIB OHTOJIOTIi, 3100yTOI BHACTIIOK
poOOTH METOly pEKYPCHUBHOT peTyKIIii.

whox,(wh), (17)

ne W' — xoHTeKcT;
X, — KOHIENT, 10 MiCTUTHCS B KOHTEKCTI.

VY nopaipoioMy Taki OHTOJIOTI] BUKOPHUCTOBYIOTHCS

SIK BXIZHI JaHi 11 GYHKIIT TOIIyKY.
O, (H,x)= {H({V(z)xV(x)}>} , (18)
ne H — iHmekc, OTpUMaHWA YHACHIOK IHAEKcarii
MacHBYy HapaTHUBIB MEPEIKHHUX JJOKYMEHTIB 3a JIOTIOMOT'00

crienianizoBanoi GpyHkuii ingexcanii O, ;
V(1),V (x) — inenrudixaropu nexcemn ! i06’ekra x

, 1110 HayexaTh oHTonorii O .

OyHKIIIA TOMIYKY Jae 3MOTy (opMyBaTH 3B’S3KH
MK KOHTEKCTaMHM BCIX JEKCUYHHUX OIMHHUIL Oe3iiui
MEpeXHHUX JOKyMeHTiB. Ilg ormepalis € OCHOBHOIO
Juist 0Oy 10BY (PYHKIIIi KOHTEKCTHOT 3B’ I3HOCTI:

0 (L.C)= U (0:(04(0).L,). (19)

ne C — MHOXHMHA OHTOJNOTIH O, MO ONMHCYIOTH OJHY
ab6o xineka I1T;

L — TCKCTOBC TIIOJAAHHA KOHTCKCTY JICKCUYHOT

x

OIUHHUII X , 1[0 HAJEKUTH TAKCOHOMIT 7 .

Ilopaook é3aemo0ii po3podnenux niocucmem
Y Medrcax cneyianizo6ano2o 3acmoCcyHKy

Jnst peamizariii criemianizoBaHOro 3aCTOCYHKY "'cHcTeMa
TpaHCAMCLMIUTIHAPHOTO TOJaHHs iH(opMariiiHuX pecypciB
PI3HUX CTHJIIB" CTBOPEHO TaKi MO (ITiACHCTEMH):

— MOJYJb iHTEpIIpeTaIlil OHTOJIOTIi CTHIIIB;

— Mmonyib opmyBanHs 311M;

— MOZIYJb Kiacu(]ikamii TEKCTY 3a CTHIIEM.

B3aemopniss migcucreM BinOyBaeThCsi B NEBHIH
MOCJIITOBHOCTI.

1) Ilixg yac 3amycKy CIIEIiai30BaHOI0 3aCTOCYHKY
OHTOJIOTiSI CTHITIB BUTSTYETHCS 31 CXOBHIIA T 33 IOTIOMOTOFO
MOJIyJIsl IHTEpIIpeTallii OHTOJIOTI] CTHIIIB IIEPETBOPIOETHCS
B 0a3y mpaBWIT PEeIYKIIii.

2) 3amyckaetbes peaykuis [IMT.

3) Ha ocHOBi pe3ymbTaTiB pemykiii (hopMyeThCs
3I1IM y BiANOBITHOMY MOYJII.

4) CrBopena 3IIM momaeTbes 10 MOIYITs Kiachpikarii
TEKCTy 3a CTHJeM, Jie 1 BinOyBaeTbcs KiacH(ikarlis
TEKCTy Ha OCHOBI OIlepalliii MOpiBHIHHS.

5) Otpumana xiacugikallis TOJAETHCI Ha BXIif
PEKYPCHBHOTO PEAyKTOpa, L0 Ja€ 3MOTY HOBTOPHTH
PEAYKIiI0 3 OLIBIIOK TOYHICTIO Ta MICTATH KIHIIEBHUU
pe3yneTat — iHpOopMaIiifHy OHTOJIOTIIO.

6) ChopmoBaHa OHTOJIOT IS BiJIOOpaXKa€ThCS
iaTepdeiicom KIT "Ilomienp" y BUIIAAl iHTEPaKTHUBHOTO
JOKyMEHTA.

7) EnemeHTH OTpHMAaHOTO IHTEPAaKTUBHOTO TOKyMEHTa
MOXYTh OYyTH TIOIIYKOBHM 3allUTOM, BUKOHABIIM SIKUIi
3a IOTTIOMOTOIO iHIIEeKcaIllil, CHCTeMa Ha/lae KOPHCTyBavYeBi
TPaHCIUCUUILTIHAPHO iHTErpOBaHMi MacuB iH(opMariii.

To0TO, OCHOBHHUI TIpOIEC CHCTEMH OOpPOOIICHHS Ta
TpPaHCAMCIUIUTIHApHOTO TmonaHHs [P  pisHMX cTHIiB
TOJIATAaE B PO3IMIUPEHHI (PYHKIIOHATBHOCTI Ta IiJBHIICHHI
e(EeKTUBHOCTI PEKYPCHBHOI PEYKIIil IIUITXOM 3aCTOCYBAHHS
IBOpIBHEBOi cxeMH O0O0poOieHHs (3  IOJaTKOBOIO
KJacuQikali€ero BXiJIHUX TEKCTIB 3a CTHJIEM), IO 3HAYHO
MiBHUINY€ TOYHICTh BUXIAHOTO PE3yJbTaTy Ta 3MCHIIYE

KUTBKICTh TIOMIJIOK OOpPOOJICHHS.

Ilpuxnad 3acmocysanna cucmemu
aA6MoOMamu306aHo20 00POOIEHHA ma NOOAHHSA
8eIUKUX MACUBIE HECHPYKMYPOBAHUX MEKCMIE

BennkuM MacMBOM HECTPYKTypOBaHHMX TEKCTIB
oOpano iH(popMariiiHy 0a3y 3HaHP HAyKOBOI MPOIYKIIii
(IB3 HII), naBwanpHi mporpaMu, a TaKOXX HaBYaJbHO-
nociaamieki poektr HI "Mara akamemist Hayk Ykpaiau'.
TpaHcpcuMIUTiHAPHE MOJIAHHS LIUX IOKYMEHTIB JIOTIOMOJKE:

— cHHXpOHI3yBaTH iH(OpMaIiiiHi pecypch, IO
BiZoOpaxxaloTh HaykoBO-TexHIuHy mnpoxaykuito (HTIT)
3 HABYAIPHUMH TPOTPaMaMM JAJIsl BH3HAUEHHS SKOCTI
Ta moBHOTH HassBHOI B Ib3 HII cucremu 3HaHb;

— cHHXpOHI3yBaTH iH(pOpMaIiiiHi pecypch, IO
BiZoOpaxaloTh HaykoBO-TexHiuHy mnpozaykuito (HTII)
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3 HaBYAJbHO-IOCTITHUIBKIMH TipoektamMu HI] "MAHY"
JUIsl BU3HAYEHHS SIKOCTI LIUX TPOEKTIB.

B 060x BuTIagKax CHHXPOHI3ALIS 3MIHCHIOETHCS MiXK
pecypcamu B Mexax 1b3 HII, 1o o3Hayae HeoOXiqHICTh
BHECEHHS B HEl NPOrpaM i MpOEKTIB BiAMOBiIHO. OCKUIEKI
o0uIBa TUMU NOKYMEHTIB € CIa0KOCTPYKTypOBaHHMH,
BUTPUMAaHNMH B PIi3HHX CTHIAX, A0 HHUX CIIOYaTKy
3aCTOCOBYIOTHCSI TEXHOJIOTIUHI 3aCO0M CTPYKTYpH3allii.

[Ipuxiran HaBYANBEHOI IPOTPaMH, MO 0OPOOIAETHCA,
nokazaHo Ha puc. 1. Taka mporpama MICTHTh 3HA4YHY
inpopmarii, 1o
JI0 TIEpeITiKy KITF0Y0oBHX CIiB. LIi ctoBa HEOOXiTHO BUALIATH

KUJIBKICTH 3arajiloM  3BOJIMUTHCS
3 TEKCTy NporpaMu, KiIacu]iKyBaTH W HalaIlITyBaTH
MPOIIECH aBTOMATH30BaHOI OIliHKK HasBHuX B IB3 HII

iHpOopMaLiHHUX pecypciB Ha I OCHOBI.

KomnereaTHicHH norennian HAaBYAJbHOIO OpeaMeTa

1. CmiakyeaHuA Yainnsa:
Jep:kaeHoIo (1
PIOHOO ¥ pasi
BiAMIHHOCT1)
MOBaMH

3aKOHH, TeOpii;

TOMIO;

Cmaénennn:

JIEKCHKH.
Haeuanshi pecypcu:

VCHO H IIHCHMOEO TIYMaIHTH O10/I0T19HI MOHATTA, PaKTH, ABHINA,

ONHCYBATH (YCHO 9H MHCEMOEO) EKCIIEPHMEHT, IOCIYTOEVIOUHCE
daraTHM apceHaTOM MOBHHX 3aCODIE — TepMIHAMH, TIOHATTAMH

ODrOEOPIOEATH MPoOIeMH 010IOTTIHOTO 3MICTY.

VCEiIOMISHHA 3HAYYIOOCTi 3Z00VTKIE 010I0ri9HOI HAYKH, 30KpeMa
TIOMIaHYBAaHHA JOCATHEHB YKPaiHCHKHX VIEHHX:
MIparHeHHd A0 PO3BHTKY VKPAiHCHKOI 010710T19HOT TEPMIHOIOTIYHOT

HABYATBHi, HAYKOBO-TIOMY APHI, XVI0KHI TEKCTH IIPO IPHPOIY,
JOCTITHHIBK] IPOSKTH B TaIy31 010:10T11, YCH1 / THCEMOEB1
Ipe3eHTalli IX pesyIbTaTIiE

Puc. 1. [Ipuknan pparmeHTa HaBYAIBHOT IPOrpaMu

OCKUIBKM B MeE)Kax IIOCTAaBJIEHOI0 3aBIaHHS

CTPYKTypa caMoOi MporpamMu HE Ma€ 3Ha4YeHHs, Le Jac

3MOTY OO0poOIsITH iX 3a CIPOIICHOI CXEMOI —

3 IOMOMOTOFO JIEKCHKOTpadidHuX MOAYITiB. Biamosigauit
JICCKPUTITOP CTPYKTYpH3allii MOKa3aHO Ha pUC. 2.

Puc. 2. OHTONOTIYHUIT AECKPUNITOP CTPYKTYpH3aLlil HABYAIBHOI IPOrpamMu

Hagenenuii BapiaHT AECKPHUITOpa Ta€ 3MOTY POOUTH
onHy iHdopMaliiiHy OHTOJIOTII0 Ha OCHOBI MacHBY
nporpam. YHacliJOK YTBOPIOETBCS OHTOJIOTIS (puc. 3),
[0 MICTUTh CaMi IpPOTrpaMu sSK O0’€KTH, a OTpPHUMAaHi

3 HHUX TepMiHM — sK arpubytu. Ekcnepr Moxe
BUKOPHCTOBYBATH TaKi OHTOJIOrii pa3oM i3 HasBHUMH
MeXaHi3MaMK IOBHOTEKCTOBOTO IMOIIYKY Ta BCTAHOBITFOBATH

CTYIIiHb BIINOBIAHOCTI MaTepiajiB MPOrpamMH.
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Puc. 3. Pe3ynpraT cTpyKTypH3anii MacuBy HaBYAJIBHHUX MIPOrpam

3a pe3ysbTaTaMy TaKOTO aHajli3y JOTOBHIOIOTHCS a00
Moaudikytotscs HasBHI B Ib3 HIT indopmariiiai pecypcen.

Jdns  HaB4anbHO-JOCHIMHULBKUX TpoekTiB  HIJ
"MAHY" BUKOPHUCTOBY€TBCS NEIIO IHIMHHM IIXiJ, IO
CTPYKTYPY Kpim  Bnacue
IO TaKoX BHIULIIOTBCS 3 TaKUX

BpPaxoBY€E JIOKYMCHTA.
KJIIOYOBHMX CIIB,
MPOEKTIB, AHANI3YETBCS 1 CTPYKTypa O€3MOCEPEIHbO

JIOKYMEHTa Ta HOTO CKJIaI0B1 YACTHHH.

Puc. 4. Ilpuxnag o6poOKy HaBYATHHO-AOCIIAHUIIBKOTO IPOEKTY

3a3HaveHl BHIE TEPMIHOJOTIYHI OHTOJIOTII HE €
KIHIIEBUM pe3yJbTaToM. BOHM € TmepmuM KpOKOM
10 edpexkTrBHOTO NonanHs 3HaHb ipo HTTI. pyrum kpokom

Y mnpomeci cTBOpeHHs OHTONOTIi (puc. 4) 10
aTpuOyTiB 00’€KTa IOMAETHCS BIIACHE BUXITHUNH TEKCT
YUHIBCBKOTO MPOEKTY, pPO3OMTHH Ha aTrpuOyTH THITY
"I'pyma" BiamoBimHO 10 BKJIAaASHOCTI po3aiiiB. Taxwmm
YMHOM TiJ Yac aHajily poOOTH EeKCIepT MOKe
TeperyiigaTi He TUTBKU KJIFOYOBI CIIOBA, aje i KOHTEKCT,
y SIKOMY Ili BOHH B)XHMBAIOThCS B poOOTI. Takuil mijaxin

3a0e3medye OUTBIT TOBHE Bi0OpakeHHS pOOOTH.

€ (hopMyBaHHS OHTOJIOTIT MOIIYKOBOTO 3aIKTY, 1[0 MOXE
3MiHCHIOBATHCA B KiNbKa crmoco0iB. HaiimommupeHimmit
OHTOJIOTT

3 HHUX — OOpOOJICHHS TEepMIiHOJIOTIUHOI
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excrieptHO (puc. 5). Excmepr BimbOumpae 3 HasBHOTO Taka OHTOJIOTISI BUKOPUCTOBYETHCS IS IHTETPOBAHOTO
CIMCKY Ti TEPMiHH, IO BBa)KA€ PEJIEBAaHTHHUMH CBOEMY nojanHs iHpopmanii npo HTII y dopmati onTosorivHol
3aBJIaHHIO, i BHOCUTS iX B €IEKTPOHHY TaOJHIIO. morrykoBoi mpu3miu (puc. 7). KoxkHa rpaHp Takoi mpu3Mu

CdopmoBana onTosioris (puc. 6) Bimodpaskae OaueHHs € neBHUM eneMeHTOM [II y Mekax 3aBIaHHS €KCIIepTa,
eKcIlepTa Ha CTPYKTYpy WOro 3aBHaHHS. 3alIeKHO BiJ a eJIeMeHTH Ha TpaHi NpH3MH € iH(POpPMAIIHHUMHA
CTPYKTYPH 3aBJIaHHsI MOXK€ MaTH TIEBHY iepapxito abo OyTu pecypcamu, pelieBaHTHUMH LbOMY €JIEMEHTY.

OITHOPIBHEBHM (SIK TTOKA3aHO HA PHCYHKY).

Puc. 5. ®opmyBaHHS OHTOJIOTIT TONTYKOBOTO 3aIUTY

Puc. 6. OHTOJIOTIsI TOLIYKOBOTO 3aIUTY

Puc. 7. Onronoriuna nouryxosa mpusma HTTI
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BucHoBku

HepcneKTan moAAJAbIIOr0 pO3BUTKY

Orxe, y crTaTTi BHpilleHa aKTyajbHa HayKOBO-
TEeXHIYHa MpobiemMa cUcTeMaTH3amlii BeNHKHX MacCHBIB
HECTPYKTYPOBaHHX TEKCTIB y IJI00AIFHOMY CEepeIOBHIII
IUIAXOM PO3pOOJIEHHS MOZewi, Meromy i 3acobiB ix
TPaHCIUCIUILTIHAPHOTO TOJJAHHS Ta IHTETPaIlii.

OOrpyHTOBaHO TIEpPEBAary OHTOJIOTO-KEPOBAHHX 3aCO0IB
00poO0IeHHs Ta TOAaHHs HECTPYKTYPOBAaHHUX TEKCTIB.

HabyB momampmioro po3BUTKY METOA PEKypPCHBHOI
pemykiii
MPUBOANUTE 10 TPEAUKATHBHOI (HOPMHU OHTOJIOTIYHO

IUSIXOM ~ NMOOYZOBH  TEPETBOPEHHS, IO
3aJlaHi OMKCH iHPOpPMAILi.
Buxnazeni izei epeKTHBHOTO MOIIyKY, 00poOIeHHS,

kiacuikamii Ta BuOOpY HeoOXigHOT iH(pOpMATTii.

Cnucok Jgireparypu

PosrisinaeTbcss MOKIIMBICTD MOMIMPEHHS 3100yTHX
pe3yJIBTaTiB MPOEKTYBAHHA 3aCO0IB OHTOJIOTO-KEPOBAHOTO
TPAHCIUCLUUIUIIHADHOTO TOAAHHS BEJIMKUX MAacHuBIB
HECTPYKTYpOBaHOI iH(opmarii amsi onTumizamii podotn
eKCIepTiB 3a HEOOXiTHOCTI BWIIyYEHHS 13 MHOXXHUHH
TEKCTOBUX JOKYMEHTIB 3HaHb, PEJIEBaHTHUX N0 3aaHOI
npeAMeTHOI Tramy3i Ta 3IiliCHEeHHs iX CHCTEMHO-
OHTOJIOTIYHOI cTpyKTypm3amii. CTpyKTypoBaHE IMOJAHHS
iHdopMaIlii € BXIMBIM €TaNOM JUTS MOAANBINOI peati3anil
(GYHKIOIA CHCTeM MiOTPUMKH MPUAHATTS pilleHb. Tomy
3HAHHSA-OPIEHTOBAHI €KCIIepTHI 010JIIOTeKH 1 perno3uTopil
ramy3eBUX IOKYMEHTIB MOXYTh CTBOPIOBATHCA y cdepi
JepXKaBHOTO YIIPABIiHHS, IPOMHCIIOBOCTI, HAYKH, OCBITH,

3ac00iB MacoBo1 iH(OpMAITil TOIIO.

1. TlaBnenko I1. M., ®inonenko C. @., ba6iu K. C. ta in. [npopmauiitni cucremu i texunomorii. Kuis : HAVY, 2013. 324 c.

2. Jones K. S. Natural language processing: a historical review. 1994. URL: https://aclanthology.org/www.mt-

archive.info/Zampolli-1994-Sparck-Jones.pdf (gata 3sepuenns: 10.05.2021)

3. Liddy E. D. Natural Language Processing. Encyclopedia of Library and Information Science. NY : Marcel Decker, Inc. 2001.
4. Jurafsky D., Martin G. H. Speech and Language Processing. Prentice Hall. 2000. URL: https://web.stanford.edu/

~jurafsky/slp3 (mara 3Bepuenns: 10.05.2021)

5. Barkovska O., Khomych V., Nastenko O. [ocmipkeHHS MeToAiB OOpOOKM Ta aHANi3y TEKCTy NpH OpraHizamii

CJISKTPOHHUX CXOBHIN iH(OpMaIiiHNX 00’ekTiB. Cyuacnuii cman HaAykosux O0cCniodiceHb md MeXHONO02il 8 NPOMUCTIOBOCHIL.
2022. Ne 1 (19). C. 5-12. DOI: https://doi.org/https://doi.org/10.30837/ITSS1.2022.19.005
6. Praveena S., Justus S. A Study on Knowledge Representation Models. European Journal of Molecular and Clinical

Medicine. 2020. Bun. 7. Ne 4. C. 2446-2452.

7. Cyb66otin C. O. ITlomanns # o0OpoOka 3HaHb y CHCTEMax MITYYHOTO IHTENEKTY Ta MIATPUMKH INPUHHATTS pillleHb.

Samopixoxst: SHTVY, 2008. 341 c.

8. Yang L., Cormican K., Yu M. Ontology-based systems engineering: A state-of-the-art review. Computers in Industry.
2019. Bumn. 111. C. 148-171. DOL: https://doi.org/https://doi.org/10.1016/j.compind.2019.05.003

9. bactok T. M., locun [, I'., Jluteun B. B. Oumonoeiunuii inocunipune. JIsis : Bua-o JIbBiBcbkoi momitexHiku. 2017. 224 ¢.

10. IrcTpyxmis KOPHCTyBayda KIT "[Nonienp".

polyhedron_instruction.pdf (mata 3Bepuenus: 10.05.2021)

2020. URL:

https://storage.ulif.org.ua/storage/instructions/

11. Lawrence M., Williams S., Nanz P., Renn O. Characteristics, potentials, and challenges of transdisciplinary research.
One Earth. 2022. Bun. 5. Ne 1. C. 44—61. DOI: https://doi.org/https://doi.org/10.1016/j.oneear.2021.12.010
12. Renn O. Transdisciplinarity: Synthesis towards a modular approach. Futures. 2021. Bum. 130. C. 1-18. DOIL:

https://doi.org/https://doi.org/10.1016/j.futures.2021.102744

13. Tomuap A. B., Crpmwxax O. €., bepkman JI. H. TpancaucummiinapHa KOHCoimamis iH(GOpMaIiiHUX CepesoBHIIL.
36’s130k. 2021. Ne 1(149). C. 3—10. DOI: https://doi.org/10.31673/2412-9070.2021.010310

14. Taiiko C. I., Ipuxommiok B. B. Iligxix mo aBTOMaTH30BaHOI CTPYKTypH3allii OCBITHIX PecypciB Ha OCHOBI METOXy

PEKYpCHBHOI  pemyKIii.
https://doi.org/http://doi.org/10.51707/2618-0529-2021-20-03

Haykosi  3anucku

Manoi  akademii

nayk  Yxpainu. 2021. Ne 1 (20). C. 28-38. DOIL

15. Ilpuxonutok B. B. TexHosoriuni 3aco0u TPaHCAMCIMIUTIHAPHOTO MPEACTABICHHS T'EOMPOCTOPOBOT  iH(MOpMaIii:

JTUC. KaHJl. TEXH. HAyK. [HCTUTYT TeJIeKOMYHiKalliii 1 robanbHOro iHpopMaliitnoro npoctopy. 2017. 267 c.

16. Crpmxak O. €., Ilpuxoguiok B. B., I'aiiko C. I., Illanoano B. b. Binobpakenus mepexesoi indopmarii y Bursai

IHTEPaKTHBHHUX AOKYMEHTIB. TpaHCANCUUILTIHAPHUH mixXid. Mamemamuune mooemosanns ¢ exonomiyi. 2018. Ne 3. C. 87-100.




ISSN 2522-9818 (print)
Cyuachuii cman HAYKOBUX O0CNIOHCeHb ma mexHono2iu 8 npomuciosocmi. 2023. Ne 2 (24) ISSN 2524-2296 (online)

17. T'aiiko C., Ilpuxomniok B. CpeznctBa TpaHCAMCIMIUIMHAPHOTO MPENCTABICHUS HH(POPMAIMOHHBIX PECYpCOB PAa3HBIX
ctuneit. Information Models and Analysis. Sofia : ITHEA, 2020. Bum. 9. Ne 1. C. 78-99.

18. Bennuko B. 10. Anroput™M noOymoBH 3pOCTAaO¥UX MipaMiflaibHUX MEpex Y MapalelbHOMy OOYHCIIIOBAIbHOMY
cepenoBuLi. Koun tomepHi 3acobu mepesci ma cucmemu. 2011. Ne 10. C. 50-57.

19. Dovgyi S., Stryzhak O. Transdisciplinary Fundamentals of Information-Analytical Activity. Advances in Information
and Communication Technology and Systems. MCT 2019. Lecture Notes in Networks and Systems. 2019. Bum. 152.
DOI: https://doi.org/https://doi.org/10.1007/978-3-030-58359-0 7

References

1. Pavlenko, P. M., Filonenko, S. F., Babich, K. S. and others. (2013), Information systems and technologies, Kyiv, NAU, 324 p.

2. Jones, K. S. (1994), "Natural language processing: a historical review", available at: https://aclanthology.org/www.mt-
archive.info/Zampolli-1994-Sparck-Jones.pdf (last accessed: 10.05.2021)

3. Liddy, E. D. (2001), "Natural Language Processing", Library and Information Science, New York, P. 15-25. DOI:
https://doi.org/10.1145/234173.234180

4. Jurafsky, D., Martin, G. H. (2000), "Speech and Language Processing", Prentice Hall, available at:
https://web.stanford.edu/~jurafsky/slp3/ (last accessed: 11.01.2023).

5. Barkovska, O., Khomych, V., Nastenko, O. (2022), "Study of text processing and analysis methods in the organization
of electronic storage of information objects", Innovative technologies and scientific solutions for industries, No 1 (19), P. 5-12.
DOI: https://doi.org/https://doi.org/10.30837/ITSS1.2022.19.005

6. Praveena, S., Justus, S. (2020), "A Study on Knowledge Representation Models", European Journal of Molecular
and Clinical Medicine, Vol 7, No. 4, P. 2446-2452.

7. Subbotin, S. O. (2008), Presentation and processing of knowledge in artificial intelligence and decision support systems,
Zaporizhzhia, 108 p.

8. Yang, L., Cormican, K., Yu, M. (2019), "Ontology-based systems engineering: A state-of-the-art review", Computers
in Industry, No. 111, P. 148—171. DOL: https://doi.org/https://doi.org/10.1016/j.compind.2019.05.003

9. Basyuk, T. M., Dosyn, D. G., Lytvyn, V. V. (2017), Ontological engineering, Lviv, 224 p.

10. "KIT  "Polyhedron" wuser manual", (2020), available at: https://storage.ulif.org.ua/storage/instructions/
polyhedron_instruction.pdf (last accessed: 12.08.2021)

11. Lawrence, M., Williams, S., Nanz, P., Renn, O. (2022), "Characteristics, potentials, and challenges of transdisciplinary
research", One Earth, Vol. 5, No. 1, P. 44-61. DOI: https://doi.org/https://doi.org/10.1016/j.oneear.2021.12.010

12. Renn, O. (2021), "Transdisciplinarity: Synthesis towards a modular approach", Futures, Vol. 130, P. 1-18. DOI:
https://doi.org/https://doi.org/10.1016/j.futures.2021.102744

13. Gonchar, A. V., Stryzhak, O. E., Berkman, L. N. (2021), "Transdisciplinary consolidation of information environments"
["Transdy scy plinarna konsolidaciya informacijny'x seredovy'shh"], Connection [Zv'yazok], No. 1(149), P. 3-10. DOI:
https://doi.org/10.31673/2412-9070.2021.010310

14. Haiko, S. L., Prykhodnyuk, V. V. (2021), "Approach to the automated structuring of educational resources based
on the method of recursive reduction", Scientific notes of the Junior Academy of Sciences of Ukraine, No. 1 (20), P. 28-38.
DOI: https://doi.org/http://doi.org/10.51707/2618-0529-2021-20-03

15. Prikhodniuk, V. V. (2017), Technological means of transdisciplinary presentation of geospatial information [Texnologichni
zasoby® transdy scy plinarnogo predstavlennya geoprostorovoyi informaciyi], Ph.D. thesis, Institute of Telecommunications
and Global Information Space, 267 p.

16. Stryzhak, O. E., Prykhodnyuk, V. V., Haiko, S. I., Shapovalov, V. B. (2018), "Display of network information
in the form of interactive documents. Transdisciplinary approach" ["Vidobrazhennya merezhevoyi informaciyi u vy glyadi
interakty vny'x dokumentiv. Transdy scy plinarny'j pidxid"], Mathematical modeling in economics, No. 3, P. 87-100.

17. Gaiko, S., Prikhodnyuk, V. (2020), "Means of transdisciplinary presentation of information resources of different
styles" ["Sredstva transdistsiplinarnogo predstavleniya informatsionnykh resursov raznykh stiley"], Information Models
and Analysis, Sofia, ITHEA, Vol. 9, No. 1, P. 78-99.

18. Velichko, V. Yu. (2011), "Algorithm for building growing pyramidal networks in a parallel computing environment"
["Algory'tm pobudovy' zrostayuchy'x piramidal’'ny'x merezh u paralel'nomu obchy clyuval nomu seredovy'shhi"], Network and
system computer tools, No. 10. P. 50-57.




ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2023. No. 2 (24)

19. Dovgyi, S., Stryzhak, O. (2019), "Transdisciplinary Fundamentals of Information-Analytical Activity", Lecture Notes
in Networks and Systems, Vol. 152. DOLI: https://doi.org/https://doi.org/10.1007/978-3-030-58359-0 7

Received 16.05.2023

Bioomocmi npo aemopis / About the Authors

laiiko Caitiiana IBaniBHa — [HCTHTYT TenekomyHikamidi Ta riobampHOTO iHpOpMamiiiHOro mpoctopy HAH VYkpainwm,

MOJIOJIINH HayKoBHI ciBpoOiTHHK, KuiB, YkpaiHa; e-mail: svitgai@i.ua; ORCID ID: https://orcid.org/0000-0002-3564-475X

Haiko Svitlana — Institute of Telecommunications and Global Information Space of the National Academy of Sciences
of Ukraine, Junior Researcher, Kyiv, Ukraine.

ONTOLOGY-DRIVEN MEANS FOR PROCESSING
AND PRESENTATION OF LARGE ARRAYS OF UNSTRUCTURED TEXTS

The subject of the article's research is methods of ontology-driven processing and presentation of unstructured texts in
a global environment. The goal of the work is to improve the efficiency of automatic search, classification and selection
of the necessary information contained in electronic publications in an unstructured form by developing a model, method and
means of automated processing and transdisciplinary presentation of text documents created in Ukrainian, Russian and English
languages. In accordance with the goal, the following tasks were set: to conduct an overview of models of processing
and presentation of unstructured texts, to identify the advantages of information systems with an ontology-driven architecture,
to develop a conceptual model and means for automated processing and transdisciplinary presentation of text documents, improve
the method of recursive reduction, with the help of developed method and means to process a large array of unstructured texts
(in particular information base of knowledge of scientific products (IBK SP), educational programs, as well as educational
and research projects of the National Center "Junior Academy of Sciences of Ukraine"), to present them in a form that allows
to reveal the quality and completeness of the knowledge system available in the databases and, thus, experimentally to confirm
the effectiveness of the developed means. The conducted research is based on the following methods: systemological classification,
algebraic-logical and axiomatic methods, the method of recursive reduction. The following results were obtained: the existing
models of processing and presentation of unstructured texts were described, the technological aspects of the ontology-driven
approach to the processing and presentation of large arrays of network documents were improved, the technology
of forming ontologies of documents based on the representation of their taxonomies, connections between their contexts
and multiple representations was developed, which provides effective search for information in unstructured texts.
Conclusions: The advantages of ontology-driven means for processing and presentation unstructured texts are substantiated.
The method of recursive reduction by constructing a transformation, which leads to the predicative form of ontologically
given descriptions of information, gained further development. The idea of effective search, processing, classification and
selection of the necessary information has gained further development.

Keywords: unstructured texts; ontology; recursive reduction; taxonomy; texts processing; presentation of information.
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IDENTIFYING THE DEPENDENCIES BETWEEN
IT PROJECT CONTEXT AND BUSINESS ANALYSIS DOCUMENT CONTENT

The subject matter of the article is software requirements documentation practices in IT projects. The goal of the work is to
identify what information is included in business analysis deliverables and how the project context influences the content
of business analysis documents. The following tasks were solved in the article: to examine the industrial standards and experience
of business analysts and requirements engineers in requirements specification and modeling activities in software development,
to create and conduct a survey on practices in requirement documentation activities in IT projects, to define practitioners’
preferences regarding business analysis documents’ content, and to define how project context influences document content.
The following methods are used: three hundred and twenty-four practitioners from Ukrainian companies were surveyed about
their current preferences in business analysis document creation, their experience, and project profile attributes in which techniques
were used. The Chi-Square test of independence and Cramer’s V effect size measure were applied to define statistically
significant dependencies between project context and business analysis document content. The following results were obtained:
a list of the most commonly used elements in business analysis documents was defined. Seventy-eight statistically significant
associations for pairs "project context — business analysis document content" were found based on the p-value of the Chi-Square test,
for eighteen of which the significance of the identified dependencies was confirmed using the Cramer’s V effect size measure.
Conclusions: It is concluded that project context influences the content of business analysis documents in IT projects.
The most influential factors are the business analyst’s experience, team distribution, company size and type, template usage,
and the purpose of using the requirements documents. The found dependencies can guide the selection of business analysis
document structure and the creation of project-specific templates during the creation business analysis approach and business
analysis information management approach.
Keywords: business analysis document; requirements engineering; project context; Cramer V; empirical study.

Introduction

According to the Project Management Institute
(PMI) definition in [1], business analysis is the set of
activities performed to support the delivery of solutions
that align with business objectives and provide
continuous value to the organization. In most cases,
the solution includes an IT component in the form of
software, hardware, or software-hardware systems.
The primary outcomes of business analysis activities,
including IT projects, are requirements and design, which
define needs and solutions on different levels. Network
analysis of business analysis tasks and artifacts [2]
showed that solution scope, future state description,
and requirements are the most influential elements.
These business analysis outputs laid the groundwork
for all future development and testing activities. The form
of organizing business results
depending on the selected Software Development Life
Cycle (SDLC), stakeholders’ preferences,
standards, and previous business analysts’ experience.

All individual models and specifications must be fitted

analysis can vary

company

together into requirements architecture to ensure that
all requirements form a single whole that supports the

overall business objectives and produces a valuable outcome
for stakeholders [3]. Usually, requirement architecture
creation starts from predefined templates or frameworks,
which can be defined at the company or project level.
Guidelines for business analysis and requirements
engineering developed by international specialized
organizations PMI [1], IBA [3], and IREB [4] do not
prescribe the structure of business analysis documents.
The international standard developed by the IEEE [5]
offers three requirements document templates: Stakeholder
requirements  specification, System  requirements
specification, and Software requirements specification,
of which the latter is focused on describing requirements
for software systems. RUP [6], one of the popular
iterative software development methodologies, offers
a two-level model for describing requirements: a Vision
document for describing the top-level boundaries of
asolution and a System requirements specification
document for describing detailed requirements. The main
limitation of these approaches is that they are more
focused on plan-driven approaches, while today, most
projects are implemented on an adaptive approach.
Secondly, these templates are recommendations and
should be adapted by business analysts to the project’s
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specifics. According to a survey [7], only 5% of
practitioners use the document templates recommended
in the standards, and more than 50% use the standards
developed by the company. All this indicates the
relevance of studying current practices for creating
business analysis documents, their structure, and
the impact of the project context on the tasks
of documenting requirements.

This study was conducted to analyze the current
preferences of business analysts and requirement
engineers regarding business analysis documents’ content
for software development projects. We also wanted
to define how a project context influences the
probability of choosing specific document content
elements. Using a survey, we studied the experience
of practicing business analysts and requirement engineers
working in Ukrainian and international companies.
The survey results were analyzed via statistical
analysis in conjunction with the Chi-Square test and
Cramer-V measure.

This article is organized as follows. Section II
includes a review of related works describing
elicitation activities and technique selection. Section III
is devoted to the survey results, and section VI includes
the result of statistical analysis. Section V concludes
the paper with a discussion of the findings of our study

and future work.

Analysis of last achievements and publications

Most of the related works are dedicated to analyzing
requirements document structure and templates used as
a basis for creation. Several of these works are devoted
to the analysis of the structure of the document "Software
Requirements Specification" (SRS). Raczkowska-Gzowska
and Walkowiak-Gall [8] conducted a survey among
163 practitioners from commercial software development
projects. The frequency of availability of certain types
of information in the SRS and the project context’s
influence on them were analyzed. The project’s domain
was found to affect the information in the SRS.
For example, the structure of the processed data, reports,
and dictionaries were rarely used in the SRS for projects
in the telecommunications industry. Statistical analysis
was not performed to check the influence between project
context and SRS structure nor for the use of templates
to develop documentation. Franch, Palomaresm Quer,
and Gorschek [9]
practices regarding artifacts in SRS, templates, and

Chatzipetrou, analyzed current

tools for document creation based on the results of

24 interviews at 12 Swedish companies. The most used
artifact categories were natural language, use case, and
user story. Most respondents used organizational
standards. Limited participants did not allow statistical
analysis to define dependencies between project context
and business analysis artifacts and templates. Wagner,
Fernandez, Felderer, and Kalinowski [10] studied the
practitioners’ preferences in functional requirements
documenting. The degree of formality and specification
techniques were combined to allow participants to select
the most appropriate options. The most popular ways
to document function requirements were free-form textual
domain/business process models, free-form textual
structured requirements lists, and use case models.
The study [11] presented the result of the worldwide survey
where except functional requirements were analyzed
ways for specification of non-functional requirements.
Other business analysis outputs such as business
requirements, user interfaces, and assumptions, were not
analyzed. Abdalazeim and Meziane [12] reviewed existent
approaches of generation natural language specifications
from the object UML model. Medeiros et al. [13] studied
requirements document content in agile projects.
The approach Requirements Specification for Developers
that each

functional and non-functional requirement is defined

was proposed. This approach assumes
in terms of data entities model, acceptance criteria, and
user interface mockup points of view, while the last one
is non-mandatory. An industrial case study was
performed to evaluate the proposed approach and showed
that this approach allows business analysts to meet
the developer’s expectations in most cases.
The disadvantages of this approach include ignoring
business and stakeholder requirements, as well as
ignoring modeling techniques. Heck and Zaidman [14]
studied quality criteria for Requirements Specifications
in Agile projects. Twenty-eight quality criteria were
described and categorized. One of the most important
quality criteria for agile and plan-driven projects is
completeness on the single requirement’s level and
requirement specification document’s level.

A set of studies is dedicated to analyzing business
analysis techniques used to specify and model
requirements. Despite the fact that they do not directly
analyze the composition of business analysis artifacts,
such techniques as the user story, the use case, and the
family of UML diagrams significantly affect the content
of business analyst outputs. Jarzebowicz and Potocka
[15] conducted a study that involved 42 professionals

from Polish IT companies. The survey asked the
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participants to indicate which requirement specification
or modeling techniques they considered applicable to
different projects. The survey allowed respondents to
choose from a list of 15 techniques, and they could
choose any number of techniques that they considered
applicable to the given context. However, due to the
limited number of participants, the study did not evaluate
the statistical significance of the results. Moreover, the
survey only captured the participants’ preferences,
not their current practices. Gobov [16] analyzed the
current practices of using specification and modeling
techniques in IT projects implemented in Ukraine.
The study identified the most
requirements analysis techniques in IT projects: use case,

commonly used

user story, and acceptance criteria were defined as the
most popular specification techniques; activity diagram,
business process model, and sequence diagram were
identified as the most popular modeling techniques.
Statistically significant relationships between the context
of the project and the techniques used in it were also
identified. At the same time, these studies do not define
the structure and content of business analysis documents.

Based on the results of the analysis of existent
publications, it can be concluded that the task of choosing
content for business analytical documents in IT projects
remains relevant and unresolved.

The purpose of this article is to identify current
practices regarding business analysis document content
and to define the influence of project context on it.

Solving of the problem

A survey was conducted to collect information
on current practices for creating business intelligence
documents, which was attended by 328 practicing
business analysts and requirements engineers from
Ukrainian and foreign companies. The structure of the
questionnaire in terms of information about the context
of the project was built based on the questionnaire from
the NAPIRE initiative [11]. The list of possible sections
in business analysis documents was compiled based
on international standards and templates reviewed in the
literature review and contained the following options:

e Assumptions

e Background (rationale and context for the new
solution decision)

o Business requirements

e Business rules

e Constraints

o Cost-benefit analysis

e Data models

e Dependencies/Integrations

e Deployment specifics

o Functional requirements

e Glossary

e Goals & Objectives

e Non-functional requirements
e Open questions

e Problem statement

e Risks
e Stakeholders  analysis  (including  target
audience/personas)

e Success metrics (project/solution)

e Technical Interfaces

e Usage scenarios

e User interface(s)

Four participants were excluded from the analysis
as they did not provide complete information about the
project context. The survey was shared in English
and Ukrainian languages, and Google Forms was used
as the platform for data collection. The survey was
subsequently distributed within the local Business
Analysis communities and via professional and social
networks, along with personal contacts established
within the top 10 Ukrainian IT companies. The data
collection period spanned one month, during which
the responses were gathered. Following this phase, the
collected data underwent merging and coding processes
in preparation for further analysis. The survey results
dataset has been made publicly available through the
Mendeley Data repository.

According to the survey results illustrated in Fig. 1,
the majority of respondents (69%) identified functional
requirements as the most crucial section in software
requirements documents. Business requirements were
also commonly included, with 63% of respondents
highlighting them in their documents. The high
highlighted
suggests that this section describes the key features

percentage of functional requirements

and functionalities of the software, which are
typically of the
process. Meanwhile, emphasizing business requirements

the primary focus development
highlights the importance of understanding stakeholders’
needs and objectives.

Glossary and non-functional requirements followed
closely behind, with 62% and 60% of respondents
highlighting them. This indicates the importance of
clear communication and understanding of technical
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terms and concepts used in the requirements, as well as
software quality aspects such as usability, security,

Fig. 1. Business analysis document contents

Other sections and subsections are highlighted
than  60%
The least highlighted sections include success metrics

in documentation in less of cases.
(project/solution), deployment specifics, and cost-benefit

analysis. Success metrics (project/solution) were
highlighted by only 15% of respondents. It suggests that
defining and agreeing upon quantifiable and measurable
indicators of success can be challenging for different
stakeholders. As a result, business analysts may focus
on more concrete aspects of software requirements,
such as functional and non-functional requirements,
leaving success metrics to be defined at a later stage
in the software development process.

(13%) and cost-benefit

analysis (8%) were the least highlighted sections.

Deployment specifics
Deployment is typically considered a separate phase
of the software development lifecycle, and business
analysts may focus on requirements relevant to the design
and development phases rather than deployment.
Cost-benefit analysis is usually performed at a higher
level of project planning, and project managers or other
stakeholders may perform it at a later stage in the
planning process, which is why business analysts may not

include it in the software requirements documentation.

and performance, which are crucial for ensuring that
the software meets the expected level of quality.

Given that the majority of respondents work
on Agile projects, it may have influenced the results.
The agile methodology is an approach to software
development that emphasizes the rapid delivery of
working software over comprehensive documentation,
according to one of its basic principles [17]. In [18], it is
noted that a complete requirements document is not
needed for agile and user-centered design since the
requirements change rapidly, making the document
quickly outdated and rendering the engineer’s efforts
mostly wasted. Thus, the software requirements
document should define only the minimum functional
requirements. As a result, business analysts often
prioritize the essential documentation sections, such as
functional and business requirements, that are crucial
for the success of the development process. Therefore,
it is necessary to analyze the relationship between
contextual factors such as company type, project
approach, etc., and the specific sections of the highlighted
business analysis documentation.

The previous analysis examined the relationship
between project context factors and documentation
section inclusion. The Chi-Square test of independence
was used to test the

relationship, considering

a significance level of 0.05. However, the Chi-Square test




Cyuachuii cman HAYKOBUX O0CNIOHCeHb ma mexHono2iu 8 npomuciosocmi. 2023. Ne 2 (24)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

has limitations when comparing tables of different
dimensions. Cramer’s V, a chi-square-based association
measure, was used to adjust the results to address
this [19]. Cramer’s V ranges from 0 to 1, where 0
indicates no association and 1 represents a perfect
association. For this research, we adopted SPSS’s
definition of effect size: V < 0.2 for the weak association,
0.2 <V < 0.6 for the moderate association, and V > 0.6
for the strong association. The choice to use Cramer’s V
was justified due to the categorical nature of the
variables, the need to assess the strength of association,

the use of contingency tables for analysis, and the
availability of a standardized metric for comparison.

An analysis was conducted using Cramer’s V
statistic to examine the dependencies between context
factors, including the business sector, company type,
company size, project (team) size, project category, team
distribution, way of working, templates usage,
experience, and way of using requirements, and the
specific sections and subsections that business analysts
highlighted in their documentation. The outcomes are

presented in Table 1.

Table 1. Cramer’s V for project context and document contents associations

Requirements used as:

5 N > | B | 2| & 2 | B 2

5151812 9| 2| 2| 2| 3|88 |2, 5|58

. ) 3 = A g ) 2 5 =) 2 |22 o 158| 2 |£&72

Business Analysis Document| . 2 2 s 3 & = @ 2 |2 g = |28 g I 5 3

172] < - = = o =

Contents g g =9 = 5 A S = s |TEl B |28 2 |23

- £ g s | 2| g ~| 8| &£ |%3| % |€8| Z |E%

2| S| S| g| 2|8 %8 Be| B g 2|22

~ i Sl g |F | & &

Assumptions 0 ]0.231]0216| O 0 ]0.201)0.14210.275/0.191| 0 ]0.207| O 0 10.167

Background 0 0 0 0 [0.164(0.173] 0 [0.214)|0.156] 0 [0.208| O [0.138]0.234
Business requirements 0 0 0 0 0 0 0 0 [0.196] O 0 [0.128] O 0
Business rules 0 0 0 0 0 0.12 0 0 [0.184] O 0 [0.181] O 0

Constraints 0 0 0 0 0 0 0 [0.186/0.189| 0 | 0.11 |0.216[ O |0.156
Cost-benefit analysis 0 0 0 0 0 0 0 0 0 0 0 0 [0.127] O

Data models 0 0 0 0 [0.182]0.143] 0 0 0232 0 [0.144(0.122] 0 ]0.183
Dependencies/Integrations 0 ]0.122] O 0 0 0 0 [0.185] O 0 0 [0.166] O 0

Deployment specifics 0 0 0 0 0 0 0 |0.158] 0 0 0 ]0.128]0.143 | 0.200
Functional requirements 0 0 0 0 0 0 0 |0.185(0.184| O ]0.113] 0.14 |0.117| O
Glossary 0 0 0 0 0 0 0 0 [0.167/0.143][0.149| 0 ]0.149] 0

Goals & Objectives 0 0 0 0 0 0 [0.158] 0 0222 O 0 0 [0.2240.182

Non-functional requirements 0 0 ]0.136f 0 |0.208]| O 0 10.196({0.221| O |0.165| 0O [0.174|0.131

Open questions 0 0 ]0.138] O 0 10179 0 0 0 0 [0.167| 0 0 0.13

Problem statement 0 0 0 0 [0.166] 0 ]0.152] 0 [0229| O 0 0 0 |0.161

Risks 0 0 0 0 0 0.12 0 0 10238 O 0 0 [0.111]0.124
Stakeholders analysis 0 0 0 0 0 0 0 0 [0.174] O 0 0 0 0
Success metrics 0 0 0 10.163] O 0 0 0 0.18 0 0 0 0 0
Technical Interfaces 0 0 0 0 0 0 0 0 (0172 O 0 0 0 0

Usage scenarios 0 0 0 0 0 0 0 0 [0204] O 0 (0171 0 ]0.142
User interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Based on the data presented in Table 1, it can be
concluded that the business sector, or the project’s
domain, does not have a statistically significant impact
on the inclusion of any of the sections presented in the
documentation. This may indicate that the content of the
documentation is not driven solely by the specific needs
of the business sector. Instead, other factors such as the
distribution of the development team, the maturity of the
organization’s software development process, and the
business analyst’s expertise may be more influential
in determining the content of the documentation.
While
requirements and specifications for its software projects,

each business sector may have unique

the overall process of gathering, documenting, and
communicating software requirements may be similar
across different industries. Business analysts may use
similar techniques and methodologies to identify and
document software requirements. The sections commonly
highlighted in the research (functional requirements,

glossary,
requirements) may be considered fundamental components

business requirements, and non-functional
of software requirements documentation necessary for all
software projects, regardless of the sector. For example,
business analysts may follow a template or framework
that is not tailored to the specific needs of the business
sector. Furthermore, as mentioned previously, software
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requirements often focus on the functionality and
behavior of the software system rather than the specific
business domain. Therefore, the content of software
requirements documentation may not vary significantly
across different business sectors, as the focus is on the
software system itself rather than the business domain
it supports. However, it is essential to note that
while the business sector may not have a statistically
significant impact on the inclusion of specific sections
in software requirements documentation, it may still
impact the specific requirements and specifications
included in the documentation.

Company type moderately impacts the Assumptions
section in software requirements documentation
(V = 0,231) and weakly impacts the section on system
integration and dependencies (V = 0,122). A survey
revealed that 57% of Outstaff and Outsource IT business
analysts highlighted Assumptions, compared to 42%
from IT Product companies and 26% from non-IT
companies. Outstaff and Outsource IT companies may

prioritize Assumptions due to risks in the requirements-

gathering process and are more likely to document
IT Product
companies may focus on meeting market needs and

system integration and dependencies.
emphasize assumptions less. In comparison, non-IT
companies may have more intimate knowledge of
business context and stakeholders and emphasize
assumptions less.

Most of the dependencies on contextual factors
were found for the Assumptions section: 8 out of 14
contextual factors have a statistically significant impact
on the presence of the Assumptions section in the
documentation, with 5 of them having a moderate
level of influence and 3 being weak. In addition
to company types, factors such as company size
(V =0.216), team distribution (V = 0.201), and template
usage (V = 0.275), as well as using requirements
documentation as a source for tests (V = 0.207), have
a moderate impact on the use of the Assumptions section
by business analysts. The associations between the
factors of team distribution and company size and the

Assumptions section are presented in Fig. 2.

Fig. 2. Team distribution and company size associations to the Assumptions section

From Fig. 2, it can be concluded that in larger
companies, where there may be more bureaucracy and
a higher level of risk aversion, there may be a greater
emphasis on documenting assumptions to ensure that all
stakeholders have a shared understanding of the project
goals and potential risks. The Assumptions section is
used in documentation in 60% of large companies,
compared to 35% of small companies. Smaller companies
may have a more informal approach to documentation
and risk management, which could result in a lower level
of emphasis on documenting assumptions. Similarly, the
impact of team distribution on using the Assumptions
section can be explained by the fact that distributed teams
often face more significant communication challenges
than co-located teams. In distributed teams, the
Assumptions section is used 20% more often than

in co-located teams. A distributed team may need

standardized templates and clear documentation to ensure
that all team members have a shared understanding
of the requirements. The moderate impact of template
usage (V = 0,275) can be explained by the fact
that templates provide a structured format for
documenting requirements, making it easier to ensure that
all required information is included in the documentation.
It can increase the likelihood that the assumptions section
is consistently and thoroughly documented across
different projects.

Using requirements documentation as a source for
tests has a moderate impact on using the Assumptions
section (V = 0,207) because it provides valuable insights
into the intended use and limitations of the software
being developed, which can inform the testing process.
Thus, a focus on testing may encourage business analysts

to document assumptions.
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The way of working (WoW) and the number
of years of analyst experience have been statistically
confirmed to have a weak impact on using the
Assumptions section. The impact of the WoW on the
usage of the Assumptions section may be weaker than
other contextual factors because the documentation
practices may be more influenced by the specific
rather than the
methodology being used. The more substantial influence

organization or project overall
of company type, company size, team distribution, and

template usage factors can explain the weaker impact

Fig. 3. Templates usage associations to the Background section

According to Fig. 3, most analysts use company-
approved documentation templates that typically exclude
the Background section. One possible explanation is that
the Background section may not be deemed relevant
or necessary for the specific project. Sometimes, the
focus may be on the system’s specific requirements
instead of providing a complete overview of the project’s
context and history. Additionally, there may be concerns
about the documentation’s length and complexity.
Analysts who do not use templates also tend to skip this
section in their documentation, as 74% of respondents
in this group answered negatively. It can be attributed
to the fact that analysts are attempting to document
only the essential information, focusing on the project’s
specific aspects, and may view the Background section as
not directly linked to the requirements.

Only 5% of respondents use templates presented
in standards such as ISO/IEC/IEEE. Half of the analysts
who use standard templates include the Background section,
while the other half do not. In contrast, the majority (63%)
of those who use self-developed templates include the
Background section in their documentation. The lower
frequency of utilizing templates from standards and the
mixed results regarding the inclusion of the Background
section indicate that more work is needed to standardize
software documentation templates to ensure that they

of analyst experience. In large distributed teams, the
importance of documenting assumptions may be
emphasized when training new analysts.

The use of templates not only affects the
Assumptions section but also influences the presence of
the Background section in the documentation (V=0.214),
which outlines the necessary context and prerequisites
for implementing the solution. The association between
an analyst’s use of templates and the inclusion of the

Background section is shown in Fig. 3.

include all necessary sections and adequately reflect the
field’s best practices. Analysts who use self-developed
templates are more inclined to include the Background
section, implying that they consider it essential for
comprehending the project’s context and objectives.

The survey data shows 63% of respondents use
templates when creating documentation. However,
according to [9], in Swedish companies, the proportion is
higher at 75%, although it should be noted that the number
of respondents in the second study is significantly smaller.

The use of templates also impacts the inclusion
of the constraints, dependencies, integration, deployment
specifics, functional and non-functional requirements
sections because templates provide a standardized and
structured approach to documenting a project, making
it easier for analysts to ensure that all necessary
information is included. The survey results show that
77% of respondents who use templates approved by
the company create a separate section for functional
requirements. Similarly, 70% of respondents who use
their own templates also separate functional requirements.
In contrast, respondents who do not use templates or rely
on standards highlighted functional requirements as
a separate section only in 60% of cases. It underscores
the importance of using templates and the need to
improve templates presented in standards.
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In addition to the template usage, the inclusion
of the Background section in the documentation is
moderately influenced by two factors: using the
documentation as a source for tests (Cramer V = 0.208) and
as a reminder for further discussions (Cramer V = (0.234).
Using the highlights the

importance of the Background section in providing

documentation for tests

essential information for effective test planning and

execution. Similarly, using the documentation as
areminder for discussions emphasizes the role of
the Background section in facilitating communication
stakeholders.

The Background section acts as a shared reference point

and collaboration among project

by incorporating relevant background information,
promoting understanding and effective communication.
These findings underscore the significance of providing
adequate context and reference material in software

requirements documentation. Recognizing the value

Fig. 4. Impact of business analyst experience on document content

According to Fig. 4, the separation of the mentioned
sections in documentation increases with the analyst’s
experience. Among respondents with over ten years
of experience, sections such as Data models, Goals &
Objectives, Non-functional requirements, Problem
statements, Risks, and Usage scenarios are highlighted
on average 30% more often than respondents with
less than three years of experience. It can be explained
by the fact that experienced analysts gain a deeper
understanding of project requirements over time,
allowing them to identify better and articulate critical
project components. Experience also enables analysts
to identify and analyze relationships between different

project elements, which can prove invaluable in problem-

of the Background section in supporting tests and
discussions can enhance the quality and effectiveness
of the requirements engineering process.

Most of the dependencies were found for the
experience factor. It has a statistically significant
influence on the separation of 16 out of 21 documentation
sections presented in the study — on 6 of which
experience has a moderate level of influence, and on ten,
it has a weak influence. The experience of the analyst
has amoderate impact on such documentation
sections as Data models (Cramer’s V = 0,232), Goals &
Objectives 0,222),
requirements (Cramer’s V=0,221), Problem statement
(Cramer’s V=0,229), Risks (Cramer’s V = 0,238) and
Usage scenarios (Cramer’s V = 0,204). Fig. 4 shows

(Cramer’s V = Non-functional

associations  between the analyst’s experience
factor and documentation sections, on which it has

a moderate impact.

solving and project planning. Experienced analysts are
exposed to a broader range of project scenarios, and
their combination of technical expertise, business
acumen, and practical experience enables them to
develop an intuitive sense of what is required to achieve
successful project outcomes.

Consequently, experienced analysts are able to
develop stronger documentation skills, such as the ability
to clearly communicate complex ideas, anticipate
potential issues, and organize information effectively.
These skills enable them to produce more comprehensive
and informative documentation, which leads to the
inclusion of additional sections. Therefore, fostering

a corporate culture that involves experienced analysts
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creating company documentation templates and
transferring knowledge to less experienced analysts is
critical. Using templates and knowledge transfer will lead
to better documentation of project requirements and,
subsequently, more effective implementation of software
development projects.

The data

a correlation between analysts’ experience and using the

presented in Fig. 4 demonstrate
Data models section in the documentation. As analysts
gain more experience, there is an observed increase
in highlighting the Data models section. Specifically,
after surpassing the three-year experience threshold,
there is a 14% rise in frequency and an additional 14%
increase after ten years of experience. These findings
indicate that experienced analysts recognize the
importance of data modeling and consistently incorporate
it into their documentation practices. The research
findings (fig. 1) indicate that only 41% of respondents
use data modeling. These findings are consistent with
a study conducted by Kassab et al. [20]. According to
their research, 60% of respondents expressed their
requirements using natural language, suggesting
an informal approach, while only 33% utilized semi-
formal methodologies like UML, class diagrams, and
sequence diagrams. In addition, the study shows
asignificant impact of the absence of data models
on the result and overall satisfaction of team members.
Among respondents who did not employ any modeling
methodology, only 69% felt that the finished product
adequately met customers’ needs, and a mere 48.5%
reported that end users found the finished product
easy to use.

In contrast, those who employed a modeling
methodology had more positive perceptions, with 87%
indicating that customer needs were met and 82%
stating that the product was easy to use. These findings
strongly suggest that incorporating data modeling
into the documentation process positively influences
the quality of the final product and customer satisfaction.
Semi-formal representations like UML were mainly
associated with higher end-user satisfaction levels.
Among respondents who utilized semi-formal
representations, 86% believed the finished product was
easy to use, compared to 59% of those who used informal
approaches. Additionally, 90% of respondents using
the finished

product’s capabilities aligned well with customer or user

semi-formal representations felt that

needs, while the corresponding figure for those using
informal methods was 65%. Therefore, including data
modeling and semi-formal

using representations

in requirements documentation positively impacts
the outcome and overall satisfaction of team members
and end-users.

The sections Goals & Objectives and Risks
demonstrate a similar trend (fig.4). After three years
of experience, the inclusion of these sections increases
by 20% but experiences a slight decline after five years.
The utilization of the Goals & Objectives section
decreases by 4%, while the Risks section decreases
by 6%. However, after reaching the 10-year experience
threshold, analysts observe a resurgence with a subsequent
increase of 13% and 18% in utilization. The slight decline
in utilizing the Goals & Objectives and Risks sections
after five years of experience may be attributed to several
factors. One possibility is that as analysts become more
experienced, they may focus more on the execution and
delivery of projects rather than explicitly documenting
goals and risks. Also, it can be influenced by the nature of
projects. However, after reaching the 10-year experience
threshold, there is a resurgence in utilizing the Goals &
Objectives and Risks sections. This resurgence could
be attributed to a deeper understanding of the value
of explicitly documenting goals and risks, particularly
in complex projects or those with higher stakes, which
experienced analysts often do. Analysts with extensive
experience may recognize that clearly defining goals
and effectively managing risks contribute to project
success and stakeholder satisfaction.

Among analysts with 5-10 years of experience,
there is a slight decrease in the usage of the Usage
scenarios section, while analysts with over ten years
of experience show a significant increase of 21%.
It can be explained by the evolving role of usage
scenarios in requirements engineering and the changing
needs of stakeholders throughout the project lifecycle.
Usage scenarios describe user interactions and ensure
the system meets their needs. In the early stages of
an analyst’s career, the focus is mainly on functional
and non-functional requirements, with less emphasis
on usage scenarios. However, as analysts gain more
experience, they recognize the importance of capturing
user interactions and ensuring usability and satisfaction.
Experienced analysts proactively include usage scenarios
to capture critical workflows, system behavior, and
interaction patterns. The significant increase among
analysts with over ten years of experience may also be
attributed to the growing adoption of user-centered design
practices and the recognition of usability and user
experience in software development. Analysts with
extensive experience have encountered scenarios where
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neglecting usage scenarios led to suboptimal system
performance or user dissatisfaction. They have witnessed
the positive impact of considering usage scenarios,
such as improved user acceptance and satisfaction.
Among analysts with over ten years of experience,
there is a slight decrease in the usage of the
Non-functional requirements section (67%) compared
to analysts with 5 to 10 years of experience (71%).
It suggests a nuanced trend in considering non-functional
requirements. Non-functional requirements specify the
quality attributes of a software system, such as
performance, reliability, security, and usability. They are
crucial in shaping the system’s behavior and meeting
user expectations. Shift towards agile methodologies,
emphasizing collaboration and face-to-face communication,
could reduce the reliance on formal documentation,
including non-functional requirements. The observed
decrease in utilization among experienced analysts can be
attributed to their understanding of non-functional
requirements, efficient communication channels, and
agile methodologies. Nonetheless, alternative approaches
should be employed to address non-functional requirements
and ensure system quality and stakeholder satisfaction.
Lastly, using the Problem statement section as
a separate entity shows a gradual rise (fig. 4). Before
reaching the 10-year experience mark, most analysts
do not single out this section. However, among analysts
with over ten years of experience, there is a notable 22%
increase in its usage as a distinct section, causing
the number of analysts who emphasize it to surpass
those who do not. The increased emphasis on the
Problem statement section reflects the maturity and
expertise acquired by analysts over time, highlighting
their growing ability to accurately identify and address
a software project’s core challenges and objectives.
A well-formulated problem statement should create
an awareness of the issue and encourage innovative
thinking without prescribing a solution or introducing

biases towards any particular strategy. Emphasizing
the problem statement as a distinct section is essential
in the long term because it ensures that the team
concentrates on the appropriate problem and
comprehends the fundamental causes. This approach
can help prevent being constantly reactive to issues.
Skilled analysts tend to have a more strategic mindset,
which accounts for the considerable rise in the use of
the Problem statement section in this respondent group.

It should be noted that the level of analyst
experience significantly affects only the "Non-functional
requirements" section among the top five sections most
frequently highlighted separately by analysts (fig. 1).
For the "Business requirements," "Functional requirements,"
and "Glossary" sections, there is a minor impact of
experience level, but the trend of highlighting separate
sections in the documentation remains consistent,
proportional to the respondents’ experience level (fig. 5).

According to the survey results, the Non-functional
requirements section is the only category the
Project Category statistically significantly influences.
The relationship between the Project Category and
the inclusion of the Non-functional requirements section
is depicted in Fig. 6.

Among the four project categories identified in the
research, the inclusion frequency of the Non-functional
requirements section varies (fig. 6). In development from
scratch projects, where software is built from the ground
up, the Non-functional requirements section is separate
in 69% of cases. This high percentage indicates an early
focus on specifying and addressing non-functional
aspects such as performance, security, reliability, and
usability. For User interface engineering projects
involving redesigning an existing system’s user interface,
the Non-functional requirements section is separate
in 61% of cases. It indicates that non-functional aspects
are still significantly considered even when the main

focus is on the user interface.

Fig. 5. Impact of business analyst experience on document content (weak association)
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Fig. 6. Project Category associations to the Non-functional requirements section

In  Reengineering projects, which involve
redesigning and reimplementing an existing system, the
Non-functional requirements section is separate in 57%
of cases. Although slightly lower than the previous
categories, it underscores the importance of addressing
non-functional aspects during reengineering. The lower
percentage of analysts highlighting the Non-functional
requirements section separately in Reengineering projects
can be attributed to several reasons. Firstly, the focus is
improving existing systems and prioritizing functionality
over non-functional aspects. Secondly, working with
legacy systems may lead analysts to assume pre-
established non-functional requirements. Extensive analysis
of the current system’s architecture takes precedence over
extensive documentation. Time and budget constraints
also result in a pragmatic approach, where non-functional
requirements may be addressed within functional
requirements or communicated informally.
in Product/Platform
projects, the Non-functional requirements section is
in only 42%
non-functional aspects may receive less emphasis in this

Conversely, customization

separate of cases, suggesting that
category. Importantly, in this category, non-functional

requirements are often integrated within other
documentation sections rather than isolated as separate.
The wvariation in including the Non-functional
requirements section across project categories can be
attributed to differing priorities, constraints, and contexts
associated with each project type. Development from
scratch projects may require more careful consideration
of non-functional requirements due to their clean slate
approach. Conversely, Product/Platform customization
projects may rely on pre-existing frameworks or
platforms where non-functional requirements are already
established and documented implicitly.

No statistically significant influence factors were
found for the "User interface" section. It suggests that
level, and other

company type, size, experience

contextual factors did not significantly impact whether
business analysts include a separate "User interface"
section in their documentation. The absence of statistically
significant influence factors for the "User interface"
section indicates that its inclusion is likely determined
by other factors not considered in this research study.
The decision to include the "User interface" section may
be more influenced by project-specific considerations,
client requirements, or the expertise and preferences of
individual analysts rather than general contextual factors.

Including the Deployment specifics section in
software requirements documentation is moderately
influenced by utilizing the documentation as a reminder
for further discussions. Fig. 7 presents the ratio of
analysts who use the documentation for discussions and
the percentage of those who include the Deployment
specifics section.

Fig. 7. Associations of usage documentation
as a reminder for further discussions in the Deployment
specifics section

The ratio shows an equal distribution between
analysts who use the documentation as a reminder
for further discussions and those who do not (fig. 7).
Among those who use the documentation for discussions,
the inclusion of the Deployment specifics section is three
times more frequent compared to those who do not.
It implies that utilizing the documentation for discussions
increases the likelihood of including the Deployment
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specifics section. Fig. 7 illustrates a relatively low
percentage of usage for the Deployment specifics section.
This section usually contains pertinent information
regarding deployment considerations, such as hardware
requirements,  installation

processes, or  system

configurations. As previously mentioned, business
analysts tend to focus more on requirements related
to the design and development phases rather than
deployment-specific details. The moderate influence
of employing the documentation for discussions suggests
that continuous communication and collaboration among
project stakeholders encourage the inclusion of the
Deployment specifics section.

The inclusion of the Constraints section in software
requirements documentation is moderately influenced
by the use of documentation in customer acceptance
(Cramer’s V = 0.216). This factor explicitly impacts the
Constraints section, indicating that documentation used
in customer acceptance affects whether or not the
Constraints section is included. Fig. 8 illustrates the
association between the use of documentation in customer
acceptance and the inclusion of the Constraints section.

Fig. 8. Associations of usage documentation in customer
acceptance to the Constraints section

Fig. 8 shows that the percentage of analysts working
on projects where documentation is used in customer
acceptance slightly outweighs those working on projects
where documentation is not used for this purpose.
Moreover, a higher percentage of analysts who use
documentation in customer acceptance include the
Constraints section in their documentation compared
to those who do not. It suggests that utilizing
the documentation in customer acceptance increases
the likelihood of including the Constraints section.
This section in software requirements documentation
typically captures any limitations, restrictions, or
conditions that need to be considered during the
development and implementation of the software.
The higher percentage of analysts who include the
section those who utilize

Constraints among

documentation in customer acceptance indicates the
value of involving customers in the requirements
process and considering their constraints and acceptance
criteria. By using documentation in customer acceptance,
analysts can better understand and capture the constraints
relevant to meeting customer expectations and ensuring
the successful adoption of the software.

Conclusions

A survey study was conducted to analyze the current
approaches to creating business analysis documents and
the influence of project context on them. A survey with
328 business analysts and requirements engineers from
Ukrainian and foreign companies gathered information
on current practices in creating business analysis
documents. The questionnaire was created based
on the NAPIRE initiative and international standards.
It included the following business analysis document
sections: assumptions, business requirements, constraints,
data models, functional requirements, non-functional
requirements, and others.

The survey results highlight the importance of
functional and business requirements, glossary, and
non-functional requirements in software requirements
documentation. However, success metrics, deployment
specifics, and cost-benefit analysis receive less emphasis,
possibly due to challenges in defining metrics and
the preference for lean documentation in Agile
methodologies.

The influence of the project context on the structure
of the business analysis document was identified by
using the Chi-square test. The significance of statistical
dependencies between the pair "project context —
document section" was assessed by Cramer’s V effect
size measure

Cramer’s V statistic indicates that the business
sector does not significantly impact specific sections’
inclusion in software requirements documentation.
Factors like team distribution, organizational maturity,
business analyst expertise, and documentation usage play
amore influential role. However, the business sector
can still influence specific requirements and specifications.

Contextual factors significantly influence the
inclusion of the Assumptions section. Out of 14 factors
examined, 8 have a statistically significant impact,
with 5 having a moderate influence. Factors like company
size, team distribution, template usage, and using

requirements documentation as a test source moderately
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impact the Assumptions section’s use. Outstaff and
Outsource IT companies prioritize assumptions due to
risks in the requirements-gathering process. System
integration and dependencies are weakly impacted by
company type, suggesting different company types
prioritize sections based on their business models
and risk considerations. Larger companies emphasize
documenting assumptions for a shared understanding
of project goals and risks. Smaller companies have
a more informal approach to documentation and risk
management, resulting in less emphasis on assumptions.
Distributed teams use the Assumptions section more
frequently due to communication challenges and the need
for standardized templates and precise documentation.
In large distributed teams, the importance of documenting
assumptions may be emphasized during new analyst
training. Using requirements documentation as a source
for tests encourages documenting assumptions.
Templates provide a structured format, increasing the
likelihood of including the assumptions section.

Survey data shows that 63% of respondents use
templates in their documentation. The use of templates
impacts the inclusion of various sections, including
Assumptions and Background sections. Templates
provide a standardized approach and facilities, including
necessary information. However, using templates from
standards like ISO/IEC/IEEE is low, indicating a need
for improved and standardized templates that include
all necessary sections and reflect best practices.
Using templates and knowledge transfer improves
project requirements documentation and the effective
implementation of software development projects.

Analyst experience significantly influences the
inclusion of various sections. Experienced analysts more
frequently include Data models, Goals & Objectives,
Non-functional requirements, Problem statements, Risks,
and Usage scenarios. Emphasizing the Problem statement
section becomes more prominent among experienced
analysts due to their profound understanding of project
requirements, ability to identify critical components,
and better communication and problem-solving skills.
To improve documentation quality, involving experienced
analysts in creating templates and transferring knowledge
to less experienced analysts is essential.
sections in software

Among the top five

requirements documentation, the analyst’s experience

statistically significant impacts the presence of the
Non-functional requirements section. Other sections like
Business requirements, Functional requirements, and
Glossary are influenced to a lesser extent. The project
category also influences the inclusion of the Non-
functional requirements section, with higher percentages
in Development from scratch and User interface
engineering projects.

The presence of the User interface section is not
significantly influenced by contextual factors, suggesting
project-specific considerations and analyst preferences
play a more significant role.

Using documentation as a reminder for discussions
increases the likelihood of including the Deployment
specifics section.

The use of documentation in customer acceptance
affects the
highlighting the importance of involving customers

inclusion of the Constraints section,
and considering their constraints.

Overall, the impact of project context factors
on documentation content may vary depending on
organizational culture, project complexity, and specific
requirements gathering and documentation processes.
Improving documentation practices, standardizing
templates, and fostering knowledge transfer among
analysts can lead to more effective software development
projects.

There are several limitations to this study. Despite
the fact that the list of sections in business analysis
documents for the questionnaire was created on the basis
of international standards and codes of knowledge,
survey participants could interpret them in different ways.
It is important to note that due to the survey’s
confinement to a single country, the findings cannot be
extrapolated to the global software industry without
additional study, despite the integration of Ukraine’s IT
sector into international environments, particularly
outsourcing and outstaffing firms, whose employees
comprised the majority (65%) of the respondents.

Future research may focus on analyzing the
impact of requirements elicitation and requirements
documentation techniques on the architecture of business
analysis documents, as well as on the methodology
for creating document templates, taking into account
the context of the project and the standards of

the organization.
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BUABJEHHSA 3AJIEXKHOCTEM
MI’K KOHTEKCTOM IT-ITPOEKTY TA 3MICTOM JOKYMEHTIB BIBHEC-AHAJII3Y

IIpeameToM CTaTTi € NPAKTHKU JOKYMEHTYBaHHS BUMOT JI0 IPOrpaMHoro 3abesnedeHHs B IT-npoextax. Mera poboTH moJsrae
B TOMy, MO0 BH3HAYUTH, sKa iH(OpMalis MICTUThCA B pe3ylibTaraXx Oi3Hec-aHali3y Ta SK KOHTEKCT IIPOEKTY BILUIUBAE
Ha 3MICT JOKYMEHTIB Oi3Hec-aHamizy. Y cTaTTi c(OpMyIbOBaHI Taki 3aBJAHHS: BHBYMTH IIPOMHCIOBI CTAaHIApTH H JOCBIf
Oi3Hec-aHANITHKIB Ta IHMKEHEpiB y crenudikarii Ta MOJCIIOBaHHI BHMOT; CTBOPUTH Ta HPOBECTH OIUTYBAaHHS IIOAO IPAKTHK
JOKyMEHTYBaHHS BHMOTI' CTOCOBHO IIporpamHoro 3abesmnedeHHs B IT-mpoekTax; 3’scyBatu ymojo0OaHHS (haxiBLiB-TIPaKTHKIB
i3 Oi3Hec-aHaJi3y IIOJO 3MICTy MOKYMEHTIB; BH3HAYHTH, SK KOHTEKCT NPOEKTY BIUIMBA€ Ha 3MICT JOKYMEHTIB. 3aCTOCOBAHO TaKi
MeTomu: 324 ¢axiBili yKpalHCHKAX KOMIIaHI OMUTAHO IOJO iXHiX YMOJ00aHb y TPOIECi CTBOPCHHS JOKYMEHTIB Oi3HEC-aHai3y,
a TaKOX IXHBOTO JIOCBiYy Ta aTpuOyTiB NPOQITIO MPOEKTY, y SKOMY ILii TEXHIKM BUKOPUCTOBYIOTbCS. JIJIsi BU3HAYEHHS CTATUCTHYHO
3HAUYYIIMX 3aIEKHOCTEHl M KOHTEKCTOM IIPOEKTY Ta BMICTOM JOKYMEHTIB Oi3Hec-aHallidy OyJi0 3aCTOCOBAHO TECT Xi-KBaapar
HE3aJIe)KHOCTI Ta MOKasHUK po3Mmipy edexry V. Kpamepa. 3m00yTo Taki pe3ysbTaTH: BH3HAUYCHO MEpeiK HaHOUIbII YacTo
BHKOPHUCTOBYBAHHX €JIEMEHTIB y JOKYMEHTax Oi3Hec-aHanizy. Ha OCHOBI p-3Hau€HHsS TeCTy Xi-KBaJpaT 3HaiJIeHO 78 CTaTUCTHYHO
3Ha4yIMX 3B’S3KIB Ul map "KOHTEKCT INIPOEKTYy — BMICT JIOKyMeHTa Oi3Hec-aHaumisy", s 80 3 HHMX 3HAYyIIiCTh BHSBIECHHX
3aJIeKHOCTEH MiATBEPIDKEHO 3a JOMOMOTror posMipy edekry V. Kpamepa. BucHoBku. OOrpyHTOBaHO, IO KOHTEKCT MPOEKTY
BIUIMBA€ Ha 3MICT HOKYMeHTiB Oi3Hec-aHamizy B IT-mpoekrax. Haiibinpm BrmmmBoBMMH (akTopamMu € IOCBin Oi3Hec-aHANITHKA,
PO3MONIT KOMaHAM, PO3MIpP 1 THUN KOMIaHil, BUKOPHCTaHHSA IIA0JIOHIB 1 MeTa BUKOPHUCTaHHS Oi3HEC-aHANITUYHHX TOKYMEHTIB.
3HaiiieH] 3aNeXHOCTI MOXYTh KepyBaTH BHOOPOM CTPYKTYpH JOKYMEHTa Oi3HEC-aHallizy Ta pPO3pOOJICHHAM CHEUU(IUYHUX I
MPOEKTY MIA0JIOHIB Y TIPOIIEC CTBOPEHHS MiAXOY 0 Oi3Hec-aHai3y W MiIX0Ay 0 YIpaBIiHHS iHpOpMAaIli€ro 3 Oi3Hec-aHaTi3y.

KurouoBi ciioBa: 1okyMeHT Oi3Hec-aHali3y; iHKEHepisl BUMOT; KOHTEKCT MPoeKTy; V. Kpamepa; emMiipudHe T0CITiIKEHHS.
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N. HULIEV, M. PERETIAHA, A. KHOVRAT, D. TESLENKO, A. NAZAROV

STUDY OF PREDICTION AND CLASSIFICATION MODELS
IN THE PROBLEMS OF DIABETES AMONG PATIENTS
WITH A STROKE IN DIFFERENT LIVING CONDITIONS

The subject of the study in the article is the methods of predicting the development of diabetes. Diabetes mellitus is
a non-communicable disease that has affected 425 million people, and by 2045 the number will only increase by 1.5 times.
It has been proven to be an independent contributing factor to stroke development. When there is too much sugar in the blood,
it negatively affects the arteries and blood vessels. People with this disease are more likely to develop atherosclerotic plaques
and blood clots, which can lead to heart blockage and ischemic stroke. Having diabetes increases the risk and worsens the course
of a stroke. According to the Framingham Study, the number of recurrent cases doubles. The aim of the study is to investigate
methods of predicting and classifying the development of diabetes among people, in particular stroke patients, to prevent
the development of other diseases. The complexity of the problem lies in the fact that there are as many undiagnosed cases
as diagnosed ones, so about half of people suffer from the disease and the resulting complications due to improper or delayed
diagnosis. Therefore, timely diagnosis of a disease that is difficult to detect is important in order to prevent the development
of further complications. The article solves the problem of a multi-criteria task of choosing the best algorithm for
predicting the occurrence of a disease. The following methods are used in this paper: multilayer perceptron, k-nearest
neighbors method, decision tree, and logistic regression. Nowadays, machine learning has begun to apply to similar problems.
In the 1950s and 1960s, there were attempts to combine the approaches to creating neural networks that existed at the time,
which made it possible to calculate quantitative descriptions of human intelligence, and memorize, analyze, and process
information, which resembled the work of the human brain. Medicine is one of the main areas of human activity where various
classifier and neural network algorithms are gaining popularity yearly. They are trendy in disease diagnostics. Results: the initial
conditions for choosing the best model are met by logistic regression. Conclusions: as a result of the study, the optimal model
for predicting the development of the disease was selected.
Keywords: multilayer perceptron; neural network; prediction; stroke; diabetes mellitus.

Introduction The World Health Organization defines DM as
a non-communicable disease that is one of the
Diabetes mellitus (DM) is one of the most common ten possible causes of death, as life expectancy
diseases of the endocrine system. Today, diabetes is in diabetics is reduced by 25%. Almost 80% of deaths
considered a pandemic, as the number of patients are caused by cardiovascular complications, namely
worldwide is increasing by 5-7% annually. It is predicted heart attack or stroke, which also lead to disability.
that by 2030 there may be approximately 360 million A stroke causes damage to the blood vessels in the
people with diabetes, and by 2040 the number will  brain because they are blocked by a blood clot or rupture,
double to 640 million. and therefore cannot carry oxygen and nutrients.
Diabetes mellitus is a metabolic group of diseases Causes of stroke:
characterized by impaired insulin secretion and action, — high blood pressure;

as well as hyperglycemia. — high cholesterol;

According to the 1999 classification, revised — abnormal heart thythm;
and improved in 2019, diabetes has the following types:
— type I — occurs as a result of the destruction of

pancreatic B-cells during an autoimmune or undetermined

— overweight;
— diabetes mellitus;

Se : — excessive stress.
process that causes insulin deficiency;

— type II — the most common type, which develops in

R ) o i Analysis of the problem and existing methods
case of impaired insulin secretion due to insulin resistance;

— hybrid f fDM; .

B Zs‘;ltior(:;n];ls/[' Canadian experts conducted a study: they collected

3 gDM of known e,tiolog ) data on 12.200 patients over 30 diagnosed with type II
. v diabetes. Of these, 9.1% were diagnosed with various

— unclassified DM.
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types of strokes within five years. Studies have shown
that long-term diabetes leads to macrovascular problems.

It is known that stroke due to diabetes is diagnosed
in people under the age of 40 3—4 times more often,
and after 40 years — 1.5-2 times more often than
Mostly,
(in 65% of cases, the atherothrombotic subtype), and
mortality is 40.3-59.3%. Also, the likelihood of strokes
increases due to high blood pressure, which can be

in nondiabetics. ischemic variants occur

accompanied by cerebrovascular syndrome, impaired
consciousness, and pneumonia. Thus, the brain is
affected, and neurological deficits slowly begin, but
the lost functions are not fully restored. It is worth
noting that in 46% of cases there are signs of
leukoaraiosis in the periventricular zone, which shows
the extent of cerebral vascular damage.

More than 80% of people with stroke in the setting
of diabetes mellitus may have movement disorders.

To date, the causes of stroke caused by diabetes
mellitus have not been fully identified. Researchers
believe that in this case, stroke is a clinical syndrome
of macroangiopathy caused by a disorder of
carbohydrate metabolism.

Machine learning is now being used to solve
such problems. In the 1950s and 1960s, there were
attempts to combine the approaches to creating
neural networks available at the time. They enabled
computational capabilities that quantitatively described
the features of human intelligence, memorization,
analysis, and processing of information that resembled
the work of the human brain.

In the modern world, many problems faced by
specialists in various fields are solved with the help
of machine learning, as there is a need to process
a significant amount of information. As you know, there
are countless medical records for each disease, so the
question arises: "How to correctly predict the possible
development of a disease?" The article [1] describes
Big Data as a set of organized and unorganized data
for which conventional methods are not effective, so in
this case, machine learning is used as a way to find
unnoticeable connections among a large number of
queries. This method involves the stages of collecting
and preparing information, selecting and training a model
that can solve the problem of a particular industry.
At the same time, the authors of the article emphasize
that the use of machine learning in this case does not
require deep knowledge and full immersion in the subject
area, which also simplifies the solution of tasks

when processing a significant amount of information.

It is worth noting that the first step is to define the
criteria for choosing a model. The article [2] describes
the construction of the principles of choosing the best
model for decision-making, in particular, for hiring.
The authors present indicators that provide useful
information for a more accurate assessment of the
algorithm’s effectiveness. In the process of developing
classification algorithms, the authors calculate the
accuracy, precision, recall, and f-measure criteria for
each. The authors argue that accuracy should be used
when the number of positive and negative examples is
approximately equal; precision calculates the severity
of possible consequences in case a negative example is
identified as positive; recall is appropriate when there is
no positive data; and the f-measure is effective when
the records of one class significantly exceed the
data of another. Thus, the study decided to apply the
following criteria.

It is well known that many neural network models

Article
and development of neural

are used in medicine. [3] discusses the

construction, analysis,
networks used to predict the development of endocrine
disease. First of all, we are talking about the Kohonen
neural network, multilayer perceptron, hybrid neural
network, adaptive resonance theory models and its
modified model — Fuzzy-ART. To choose the most
optimal model, the following indicators are taken into
account: neural network speed, reliability of results,
amount of memory required, training method, and
The best

networks is the multilayer perceptron, which will be

application principles. of these neural
discussed in this paper.

Thus, the basis for the use of neural networks in
medicine is the construction of a multilayer perceptron.
The wvariable accuracy of the neural network for
diagnosing cardiovascular diseases ranged from 64% to
94%. These were models of a multilayer perceptron
with two hidden layers with an accuracy of over 90%.
Their training was based on genetic algorithms.

The above proves that stroke and diabetes are
dangerous not only because of their consequences,
but also because they can lead to other serious diseases.
Therefore, the aim of the article is to investigate
methods of predicting the development of diabetes
among stroke patients under different conditions of life
and to choose the most optimal model for this task.

To select a model among a set of alternatives
with different characteristics, a multi-criteria problem
of choosing the best option is used.
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Solving such problems can be difficult due to the
ambiguity of the choice. In such cases, methods from
two groups are used: the first is designed to reduce
the number of evaluation criteria, in which case
assumptions are made to rank the values of characteristics
and compare all options; the second group of methods
is aimed at removing bad alternatives before the
comparison algorithm begins.

For our study, the preferred method is the
first group’s method — collapsing — a method in which
all criteria of alternatives become one common one.
The most commonly used methods are additive,
multiplicative, and maximin collapsing.

Additive collapsing is presented as follows:
K(x)=2a,K (x), (D
j=1

where K (x) — general criterion for the alternative x € X ;

(K1 (x), ...

criteria;

K, (x), ... K, (x)) — a set of initial

n — anumber that describes its number;

a, — mnormalization factor, weight of the
alternative’s characteristic feature.
The best alternative is calculated as follows:
x =arg maxK(x) . 2)

That is, the solution is the largest value calculated
by convolution.

The best solutions of multiplicative and maximal
convolution are also calculated using formula (2).

We have to choose the right method for the study.
We cannot immediately reject all possible alternatives,
so the methods of the second group are not suitable.

Let’s additive
multiplicative convolution requires normalization of

choose convolution, because
values from 0 to 1, whereby in the case of 0 we will
have 0, despite other priorities of the criteria. First, it is
necessary to determine the criteria by which all
proposed alternatives will be evaluated, and then weights
are calculated for each of them, i.e., the most important
and effective alternative in decision-making. All criteria
are distinguished by their indicators — qualitative
and quantitative. This method works with the latter,
so if you have the former, you need to replace them
with the appropriate values of the latter type.

Once the quantitative indicators are ready, some of
the alternatives can be eliminated using the Pareto
principle if there are those that are worse than others
in all criteria, and then normalization is necessary.

The scores for the criteria differ in the scales of their
values, i.e., mass is measured in kilograms, speed in
meters per second or in seconds, so for a correct
assessment of the values, they need to be normalized
in the range from 0 to 1. Usually, the higher the value,
the better, but it can also be the other way around,
depending on the task at hand.

The next step is to determine the weighting factors
for ranking the criteria. A weighting factor is a multiplier
that determines the importance of how much a particular
criterion can affect the final choice [4].

It remains to calculate the convolution value for
all alternatives, and then compare: determine for each
alternative the sum of the products of all the values
of the criteria and their weighting factors. We will
conduct an experiment to select the most optimal model
for the task at hand, but first we will describe each
of the possible options.

Let’s consider the practical part of building
forecasting and classification models. We will describe
experiments for selected algorithms:

— multilayer perceptron;

— classification tree;

— k-nearest neighbors method;

— logistic regression.

Let’s download two datasets from the website
https://www .kaggle.com/datasets/alexteboul/diabetes-
health-indicators-dataset. Each of them is a response to
a telephone survey on health topics conducted annually
by the U.S. Center for Disease Control and Prevention
(CDC). This
System (BRFSS) collects responses from more than

Behavioral Risk Factor Surveillance
400.000 Americans about unhealthy behaviors, chronic
diseases, and use of preventive services. The surveys
have been conducted since 1984, and the results
for 2015 are available on Kaggle in a csv file format.
The dataset contains 253.680 records [5—7].

The next step is to train the model. To do this,
we divide the data for each forecasting method
in the following ratio: 80% — training sample, and
20% — test sample.

The perceptron will have three layers. The first
one contains the same number of neurons and
independent attribute variables. The hidden layer will
have two neurons for further processing. The final layer
will have one neuron and will produce the final value
of the object’s probable belonging to one of the
possible classes: if it is greater than a certain threshold,

the prediction will produce 1, if less than 0.
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Suppose we have the following initial conditions
for the first data set:
threshold of values — 0.5;
— number of epochs — 100;

— training sample — 200.000;

— testing sample — 50.000.

The algorithm proceeds as follows:

1) the model receives another object as input;

2)the first layer is filled with the values of
its attributes;

3) calculate weighted sums for each of the
two layers of the hidden layer;

4) calculate sigmoidal activation values for each
of the following neurons;

5)repeat the same operations for the neurons
of the hidden layer that are further included in the
resulting neuron;

6) adjust the weights.

Repeat the algorithm and calculate the global error
using the gradient descent method until it becomes
minimal or until we reach the maximum number of
training epochs.

Let’s build a classification tree. Consider the
algorithm for the first data set. Initially, we have the
following conditions:

— training sample — 200.000;

— testing sample — 50.000.

The basis of the algorithm is the Gini Impurity
of the tree, an indicator calculated as the minimum
value of all possible Gini Impurity attributes of an object.
It reflects the extent to which an attribute can
distinguish data by the value of the main dependent
feature, and the lower its value, the fewer errors
it can cause. If the values of the attribute are not binary,
all its possible values are taken into account, sorted,
and for each two wvalues, their average number and
Gini Impurity are calculated.

After
root is built from this key, the left branch containing

selecting the appropriate attribute, the
information with a positive value for a particular
attribute is added, and the right branch with a negative
value. Then the branch with the larger amount of
information is selected as the root.

The algorithm terminates when the tree contains
all possible attributes or the branch becomes a leaf,
i.e. contains data from one of the possible classes.

Initial conditions:

— training sample — 25.000;

— test sample — 30.000;

— number of nearest neighbors — 3.

This classifier works in the following way:
the more neighbors of a certain class, the more likely
it is that the object belongs to this class as well.
The number k here is the number of neighbors that
are closer to the next element than others. The distance
in this algorithm is calculated using the Euclidean
criterion. The method does not require training, so it is
immediately applied to the test set items among the
training set records. Therefore, it loads the system by
calculating the distances from each element of the test
set to all its neighbors in the training set on a large scale.

Let’s conduct an experiment for the first dataset
using logistic regression, the main purpose of which is to
divide objects into two classes.

At the beginning we have:

— number of stages — 100;

— training sample — 200.000;

— testing sample — 50.000.

The algorithm is as follows:

— initialization of synaptic connections and offsets;

— calculation of a linear combination of input
features;

— calculating the probable value using a sigmoid
function;

— determination of the loss function (log loss);

— adjusting weight relationships and offsets using
gradient descent.

The algorithm terminates when the loss function
has reached the desired value or the maximum number
of training stages has been reached.

The experiment was conducted for the first dataset
with the initial conditions specified above. Now let’s
calculate the quality of the implemented algorithms
based on the calculated metric values.

Let’s simulate and solve the vector optimization
problem. We need to choose the best possible model
with a high percentage of reliable results. Let’s prepare
the decision-making process for choosing the right
algorithm [8-9].

1) Let us describe the set of alternatives:

— multilayer perceptron (MLP) [10];

— logistic regression;

— decision tree;

k-nearest neighbors method.

2) Let’s describe the selection criteria:

— precision — the number of objects that, according
to the algorithm, belong to a positive class, which
1S a true statement;

— accuracy — the number of correctly predicted
results;
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— recall — the number of positively identified items

from the entire scope of this class;

— f-measure is a quality criterion that combines

accuracy and recall.

Table 1. Output indicators

3) Let’s describe the scoring scales by criteria:

— all indicators have values between 0 and 1.
We present the model of the task in the form of a

table with known indicators (Table 1).

Multilayer perceptron Classification tree k-nearest neighbors Logistic regression
Accuracy 84.854 82.8 99.78 85.5575
Precision 1 0.845 0.9974 0.8683
Recall 0.84854 1 1 0.978
F-measure 0.91 0.9162 0.9987 0.92

For an accurate assessment, the indicators should be
in the same range, so let’s normalize the data: divide the

Table 2. Table with normalized indicators

accuracy value by the reference value of 100 and we will
have normalized indicators (Table 2).

Multilayer perceptron Classification tree k-nearest neighbors Logistic regression
Accuracy 0.84854 0.828 0.9978 0.855575
Precision 1 0.845 0.9974 0.8683
Recall 0.84854 1 1 0.978
F-measure 0.91 0.9162 0.9987 0.92

At this stage, the networks are not compared
according to the Pareto principle, so we will perform
linear additive convolution with normalizing factors
for the entire problem model and consider the results
of the study (Table 3).

As we can see, under the condition of linear
additive convolution, the k-nearest neighbors algorithm
is better at predicting whether objects belong to a certain

Table 3. Linear additive convolution

class. However, we should note that the study was not
conducted for the entire sample, but for a part of the
information due to the long operation of the method.
This alternative is suitable for a small amount of data,
so logistic regression is a better option for processing
a significant amount of information. If we repeat
the calculations for the second dataset (Table 4),
the result will be the same.

Normalization multiplier | Classification tree | k-nearest neighbors | Logistic regression | Classification tree
Accuracy 0.2832929 0.84854 0.828 0.9978 0.855575
Precision 0.2694909 1 0.845 0.9974 0.8683
Recall 0.2613327 0.84854 1 1 0.978
F-measure 0.2670298 091 0.9162 0.9987 0.92
0.97462471 0.96827181 1.079475332 0.977628

Table 4. Indicators of the second dataset study

Multilayer perceptron Classification tree k-nearest neighbors Logistic regression
Accuracy 86.482 82.8 99.68 86.925
Precision 0.86482 0.8419 0.9967 0.8796
Recall 1 1 0.9995 0.9833
F-measure 0.9275 0.9141 0.9833 0.9286
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Thus, as the study confirmed, regression analysis
is the best method for predicting the development of
diabetes among people.

Conclusions

Machine learning models are the key to new
fields.
applies to medicine, where machine learning is used

opportunities in various In particular, this
to diagnose and predict the occurrence of possible
diseases [11-14].

To date, many studies have been conducted
on an important problem of humanity — identifying
the cause of disease development. Various models
are used for this purpose: neural networks, classifiers,
decision trees, etc.

This paper investigates the most common prediction
and classification models used in the medical field,
namely the multilayer perceptron, decision tree, k-nearest
neighbors method, and logistic regression. Each of them
was analyzed on the basis of the accuracy, precision,
recall, and f~measure criteria. Linear additive convolution
was used to determine the best of these methods —
k-nearest neighbors. However, given that this model
functions slowly when working with a large amount of
information, logistic regression was found to be the best
model for predicting the development of diabetes.

The main advantages of the chosen model in
medicine are:

— the ability to search for relationships in very
complex situations when they are difficult to notice
when assessing the situation;

— due to the ability to learn, the model can find
solutions to problems even in the absence of a priori
knowledge of the initial information, the development of
the phenomenon under study, the dependence between
parameters, input indicators and expected results;

— the accuracy of forecasts does not depend on
the availability of different types of less informative
or missing data.

However, despite the effectiveness of machine
learning models, they have several drawbacks:

— training takes some time, the neural network has
to go through retraining stages during repeated use, and
a large amount of input information requires more time;

— the reliability of the results could be better [15].

Logistic regression meets all the requirements set
out in this paper, but its efficiency needs to be improved.

Therefore, further research will be aimed at optimizing
the chosen model. As of today, it has drawbacks that
need to be eliminated.

Logistic regression uses first-order optimization
methods, namely the gradient descent method. Its essence
lies in the fact that synaptic weights change iteratively
in the direct or opposite direction of the target gradient
function. The update of values reflecting how the
attributes of the elements affect the dependent feature
continues until the most optimal results are achieved.
The speed of this process, namely the number of
iterations, depends on the value of the training parameter.

The gradient descent method is easy to implement
when developing models in machine learning, but it
has several drawbacks.

The first one is that in the case of a large amount
of information, the algorithm is complicated by long
redundant calculations. This is when stochastic gradient
descent (SGD) comes in handy. This method uses
a randomly selected sample to adjust the gradient during
each iteration without calculating its exact value,
which is what the method estimates. The number of data
records does not affect the performance of the algorithm,
and it is capable of achieving sublinear convergence
speed. Therefore, stochastic gradient descent spends
less time updating model parameters and does not accept
large-scale calculations.

The second problem is to determine the optimal
model training parameter, or more precisely, the
hyperparameter. The process of model creation, speed,
and accuracy of results depend on the hyperparameter.
In choosing the best value that can be used in machine
learning, various methods are used that return a tuple
of hyperparameters and losses, namely:

— lattice search;

— random search;

— Bayesian optimization;

— optimization based on gradients;

— evolutionary optimization;

— population-based optimization.

The study wused the method
hyperparameters by random search. Therefore, in the

of tuning

future, it can be removed from the options for modifying
and optimizing the implemented algorithm.

Thus, the purpose of further research is to optimize
the model, eliminate shortcomings in its functioning
in order to accurately determine the possibility of
developing diseases.
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TOCJIDKEHHS MOJIEJENA MTPOTHO3YBAHHS TA KJIACU®IKALIIT
B 3AJJAYAX HASIBHOCTI JIABETY
CEPEJI IALIICHTIB 3 IHCYJbTOM Y PI3HUX YMOBAX KUTTEIISIBHOCTI

IIpenveToM nocaiIKeHHST € METOAM NPOTHO3YBAaHHS PO3BHTKY ILykpoBoro miabery. LlykpoBuii miaber — Heinbekuiiine
3aXBOPIOBAaHHS, 110 Bpaswio 425 miuH moneid, a g0 2045 p. iXHA KUIbKICTh 30UIBLIIMTHCS B MiBTOpa pasa. JloBemeHo, HIO 1e
3aXBOPIOBAaHHS € HE3aISKHUM (HaKTOPOM, 10 CIIPHUYHHSIE PO3BUTOK iHCYNBTY. Koiu B KpoBi 3aHaATO Garato IyKpy, BiH HEraTHBHO
BIUIMBaE Ha apTepii Ta cyauHu. [lamienTn 3 niabeToM OiMBII CXWMJIBHI O YTBOPECHHS aTEpOCKICPOTHYHUX OJSIIOK i TpoMOiB,
IO MOXXE HPHU3BECTH OO0 OJIOKaAW cepls Ta iMIeMiYyHOro iHCyNbTy. HasBHiCTH niabery 30UIblIye pH3WK IHCYNIBTY il TOTipIIye
Horo mepebir. 3a pesynbrataMd OpeMiHreMCHKOTO JOCTIPKEHHS, KUIBKICT ITOBTOPHUX BHIIAIKIB 3aXBOPIOBAHHS CEpIT
MOABOIOETECS. MeTa JOCTHiIKeHHST — BHBUMTH METOAM IPOTHO3YBaHHS Ta Kiacugikamii po3BHTKY JiabeTy cepen JIOneH,
30KpeMa TMamieHTiB 3 IHCYJIbTOM, Ui 3amo0iraHHs iHmMM 3axBopioBaHHAM. CKiIagHICTh NpOONEMHM MOISArae B TOMY,
[0 HEJIarHOCTOBAaHMX BHIIAJKIB CTUNBKH K, CKUIBKH N JIarHOCTOBAaHHX, TOMY OJM3bKO IIOJIOBUHH JIIOJCH CTPaXJaroTh
Bil XBOPOOH ¥ CHPUYMHEHUX YCKJIAJHEHb 4epe3 HeHane)kHe abo 3ami3Hije MiarHOCTyBaHHS. TOMy BaXJIMBa BYaCHA JiarHOCTHKA
3aXBOPIOBAHHS, SIKE€ BAKKO BHUSIBHTH, 3 METOIO 3alO0IraHHA PO3BUTKY MNOAANBIINX YCKIaTHEHb. 3aBAAHHAM CTATTi € BHUOIp
HAMKpamoro aaropuTMy HPOTHO3YBAHHS BHHUKHEHHS 3aXBOPIOBaHHSA. Y pOOOTI BHUKOPHCTAHO Taki MeTOAM: OaraTourapoBHit
MEPCeNTPOH, METOJ k-HalOMIKYMX CycCilmiB, AepeBO pimleHb 1 JoricThyHa perpecis. Ha cporomni s BupimeHHS MOMIOHUX
po0JIeM IMIUPOKO 3aCTOCOBYETHCS MAIIMHHE HaBYaHHI. YTpomoBxk 1950—-1960-x pp. Oymu crnpobu 06’eqHATH HasBHI Ha TOW vac
MiIXOIW J0 CTBOPEHHS HEWPOHHHX MEpPEeX, IO Iaj0 3MOry OOYHMCIIOBATH KiNBbKICHI ONMCH JIIOACHKOTO IHTENEKTY, a TaKOX
3amam’aTOBYBaTH, aHANI3yBaTh Ta 0OpoOIaATH iH(OpMaIlilo, 10 HaraayBajlo poOOTy JFOJCHKOrO MO3Ky. MenuimHa — OJIHA
3 OCHOBHHMX Taiy3el, ne pi3HOMaHITHI KiacudikaTopy Ta HEHPOMEPEe)KHI QJITOPUTMH 3 KOXXKHHM pOKOM HaOyBalOTb
Bce Oumpmol momynspHocTi. BOHM € mpiopuTeTHMMH, 30Kpema, i B JiarHOCTHII 3axBOpioBaHb. Pe3yabTaTm: 3’sCOBaHO,
IO TOYAaTKOBUM yMOBaM BHOOpY Ha#Kpamioi MOJENi BiINOBiZae JOTICTUYHA perpecis. BHUCHOBKH: YHACHIIOK OCIIKEHHS
00paHo ONTUMANIbHY MO/IENb [UIsl IPOTHO3YBaHHS PO3BUTKY 3aXBOPIOBAHHSI.
Ku1r04oBi cj10Ba: GararomapoBuii mepcenTpoH; HEHpOHHA Mepeska; IMPOrHO3YBAaHHS; 1HCYJIBT; IyKPOBHiA iabeT.
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O. KAPATAEB, I. LIIVBIH

ITPOBJIEMH ITOBTOPHOI'O BUKOPUCTAHHSA 3HAHD
Y IIPOLHECI IPOEKTYBAHHSA ITPOI'PAMHUX CUCTEM

OcTaHHIM YacoM 3Ha4yHa yBara NpUAUTIETHCS CTBOPEHHIO 0a3 3HaHb, MO MICTATh MUTBHOHH (PakKTiB Mpo pi3HI 00°€KTH PeanbHOTO
cBiTy. OmHMM i3 KJIIOYOBHX AacCMEKTiB YNPaBIiHHSA 3HAHHAMH € IOBTOPHE BHUKOPUCTAaHHS 3HaHb, ki Oynum HaOyTi paHie.
IIpenmeT mocJifzKeHHs — TPOIECH ITOBTOPHOTO BHKOPHCTAHHS 3HAaHb i CTBOPEHHS IPOrPaMHUX CHCTEM Ha OCHOBI 0a3 3HaHb.
[HTepnperanist 3HaHb € OJHMM i3 IIAXOXIB IO IOBTOPHOTO IX 3aCTOCYBAaHHS, IO IOJISITAa€ y BUBEIECHHI HOBHX 3HAaHb HAa OCHOBI
HasBHHUX (akTiB y 0a3i 3HaHb. MeTOI0 JOCIIDKCHHS € MiJBUIICHHS e()eKTHBHOCTI MOBTOPHOTO BUKOPUCTAHHS 3HAHB B IPOTPAMHUX
CHCTEMaX Ha OCHOBI 0a3 3HaHb CHOCOOOM aBTOMAaTHYHOI'O BHIOOYBaHHsA NpaBwil. [ JOCSATHEHHS IOCTABJICHOI METH BHKOHAHO
TaKi 3aBIAHHSA: JOCIIDKCHO MiIXOIU 0 CTPYKTYPYBAaHHS HasBHUX y 0a3i AaHUX (aKTiB; MPOBEACHO SKICHUI aHAIi3 MOYIIUBOCTI
3aCTOCYBaHHS AaBTOMATHYHHX METOMIB HMOOYJOBH IPaBHJI 1 BHBEICHHS; PO3MIIHYTO 3ahady NPOTHO3YBaHHS 3B’SI3Ky MDK Iapoio
CYTHOCTEH, IO BH3HAYA€ HAABHICTh BIMHOIIEHHS U1 (DaKTiB; 3ampONOHOBAHO Y3araJbHEHMH MiAXiA Ui HoAaHHSA (akTiB,
IO Ja€ 3MOTY BHUKOPHUCTOBYBAaTH €(EKTHBHI alrOPUTMH MOIIYKY HpaBwi. il BHpIIICHHS IepeliueHuX 3aBJaHb 3aCTOCOBAHO
Taki MeTOAM: anreOpa CKIHYEHHMX MNpEIUKATIB 1 MpPEeIUKATHUX OIepalii Iy IOJaHHS 3HAaHb, METOIM IPOTHO3YBAaHHS 3B’SI3KY
MK IIapoI0 CYTHOCTEH Ha OCHOBI DENMpPE3CHTATUBHOTO HABYAHHS IS aBTOMATHYHOrO BHAOOYBaHHS mNpaBWi. 3400yTO Taki
pe3yJbTaTH: PO3TITHYTO MiAXig 10 (GOpPMyBaHHS MPaBUII, 1[0 AAE€ 3MOTY CTPYKTYPYBaTH HasiBHI (haKkTH sIK CYKyNHICTh IBIKOBHX
MpEeITUKATIB Ta 3aCTOCYBAaTH aBTOMATHYHI METO1 OOy JOBY MIPABHJI i BUBEACHHS; 3pO0JICHO BUCHOBOK, III0 OOMEXEHHSIM ITOBTOPHOTO
BUKOPUCTAHHS 3HAHb € CTPYKTypa 0a3u 3HaHb i IporpaMHe 3a0e3MeueHHs], SIKe BUKOPUCTOBY€ETHCS JUIA 11 MIATPHUMKH; cHOPMYITEOBAHO
NPUHIUIHY 00YI0BU crelu(iyHUX MpeUKaTiB-KOHIEHTPATOPIB Ul MOaHHs aTpuOyTiB, 110 JA€ 3MOTY y3aralbHUTH NpEIUKaTHE
nofaHHs (akTiB Ta 3aCTOCOBYBATHM aBTOMATHYHI METOAM BHIAOOYBaHHS MpPaBHI, L0 MiABUILYE E(PEKTHBHICTh MOBTOPHOTO
BUKOPUCTAHHS 3HaHb. BHCHOBKHM: 3acTOCyBaHHS METOAYy # MexaHi3My ifeHTH(]ikalii Ha OCHOBI NpEIUKATHHUX OIeparii
i crer(ivHUX MMPEANKATiB, 0 aBTOMATHYHO BHAOOYBAIOTH aTpuOyTH 3 0a3u 3HaHb, Pa30M 3 OLIHKOIO SIKOCTI BUBEIEHHX IMPABHII
JlaJ i 3MOTYy 3allpONOHYBATH y3araJbHEHMil Mminxix s mogaHHs (akTiB i BUKOPHCTATH e(EKTHBHI aJrOPHUTMHU IOILIYKY HpaBHll,
1[0 IOTIOMOKE ITiIBUIUTH €()EKTUBHICTh HOBTOPHOT'O 3aCTOCYBAaHHS 3HaHb y NPOTPAMHUX CHCTEMaX.

KirouoBi ciioBa: mporpamHa iHkeHepisi; 0a3M 3HaHb; IOBTOPHE BHKOPHUCTAHHS 3HAHb; ajreOpa CKIHYCHHHMX MpEIUKaTiB;
(axTu; nmpaBmia.

Beryn

VY cydyacHOMY II00aJIbHOMY CBITI, /e PUHKH TTIOBHICTIO
IHTepHAIIOHATI30BaHI, CEPEIOBHUINE IIBUIKO 3MIHIOETHCS,
a KOHKYPEHIIisl 3pOCTae, KoMIaHii OOpIOThCs 3a epeBaru
Ta ix 30epexxeHHs. OCKITBKH iHTepHET 3poOuB iH(OPMAIIit0
rIO0ANBHOK Ta JOCTYMHOK, OUIBIIICTh  KOMIaHIH
HAaMaraloThCs BHKOPHCTOBYBATH LEH IHTENCKTYAIbHUI
KariTai, mo0 BIUIMBATH HAa Pe3yJbTaTH CBOEI NisSUIBHOCTI
i orpumyBaTH TpHOYTOK. B emoxy iHTENeKTy Ioau
YCBIIOMIIIOIOTh, 110 3HAaHHA MOXYTb JIOIIOMOITH
B NPUIHATTI pillleHb, YHUKHYTH NOBTOPEHHS ITOMHJIOK
i BTpatu 4acy. KpiM TOro, moBTOpHE BHKOPHUCTAHHS
3HaHb € MEHII JIOPOTUM, HIXK iX HaOyTTS. 3 Li€I0 METOIO
3’sIBUJIACsl KOHIICMILISl YNPaBIIiHHS 3HAHHAMM. YTIPaBJIiHHS
3HaHHSAMH — IIe TIporiec 30MpaHHs, PO3BUTKY, CIILIHHOTO
Ta e(QeKTUBHOr0 BMKOPUCTAaHHSI OpraHi3oBaHWMX 3HaHb [1].
Ha croromsi cTBOpeHO pi3Hi MPOIIECH YIIPaBIIiHHS 3HAHHIMH,
00 YMOJKJIMBUTH 3aCTOCYBaHHS I[bOTO pecypcy [2—4].

[IpoTe wiHHI 3HAHHS BCE OTHO BTPAYAFOTHCS.

OCKiJbKH TIOBTOPHE BUKOPHCTAaHHS 3HAHD € OIHUM

13 HaWBAXJIMBIIIKX  €TaliB

y Jitepartypi
JociipKeHs po nei eran [5]. Komnanii y BcboMy CBITI

MpoIecy  YIpaBIiHHS

3HAHHSAMH, MOXKHA 3HaWTH KiJbKa
BUTPAdYalOTh dac, 3yCWIII Ta TPOII, HAMarar4duch

3aJy4uTH  HalleQeKTHBHIIII ~ CHCTEMH  YNPaBIiHHSI
3HAaHHSAMH. PO3rIsmaroThes He JHIIEe TMporpaMHi 3acodw,
a W KyJbpTypHi Ta crpareriuHi acnektn [4]. Opnnak
MTOBTOPHOTO BHUKOPHCTAaHHS 3HAaHb HE BigOyBaeThCs
abo mpuHaiMHI Oa)xkaHi PE3yJbTATH HE JOCATAOTHCA.
3a3Buyail MPUITYCKalOTh, MO SK TiNBKH 3HAHHSA OYIyTh
HaJIS)KHUM YMHOM 30eperKeHi, IX MOBTOPHE 3aCTOCYBaHHS
BiIOYAETHCS aBTOMATUYHO.

OTxe, NUTaHHA, HAa SKE TIOTPIOHO BIAMOBICTH,
NOJISAITaE B TOMY, SIK MOXXHa CTBOPIOBAaTH 0a3W 3HaHb,
mob ix MoxHa Oyno e(eKTHMBHO BHKOPHCTOBYBATH.
HEOOXI1THO CUCTEMU

Hdis  uporo MpOoaHai3yBaTH

TIOBTOPHOT'O BUKOPUCTaHHSA 3HaHb, 3alpoInoHyBaTu

MiOXi IMOM0 CTBOpeHHS Oa3W 3HAHb Ta OIHHUTH
3aIpPOIIOHOBAHE PIlLICHHSI.

© O. Kaparaes, . llly6in, 2023
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MeToro DOCHIKEHHS € TMiABHIICHHS e(heKTUBHOCTI

IIOBTOPHOIO BUKOPUCTAHHA 3HAaHb y MNPOrPaMHHUX
CHCTEMaX Ha OCHOBI 0a3 3HaHb CIIOCOOOM aBTOMAaTHYHOI'O

BU100yBaHHsI IPABHII.

AHaJti3 npo6jemMHu il HASIBHUX METOAiB

IIle ©wa mowarky 90-x, KoiuM 3HAaHHA CTall

BU3HABATH BAXIMBUM aKTHBOM JUIA MIANPUEMCTB,
3’aBHUJIacS KOHIEIIiS YIpaBIiHHSA 3HaHHAMH. BomHodac
BUHHMKaJO0 Oarato HOBHMX 3amurtaHb. lllo Take 3HaHH:?
Uu Bci orpmmaHi 3HaHHA wiHHI? Yn nmani, iHQOpMarisa
Ta 3HaHHA OJHe W Te came? YMCIEHHI IOCIHiIKEHHS
MPUCBAYCHI TOMY, OI00 3HAWTH 3arajbHy BiANOBiOH
Ha [i 3anuTaHHsA. Y JTEepaTypi MOXKHA 3HAHTH JOCHTH
CXOXi BU3HAUeHHsS. Alle B I CTAaTTi 3BEepHEMO yBary
Ha HaWOimbm nommpeHi aedinimii. 3okpema B poboTi [6]
JlaHi Ha3BaHO "HEOpraHi30BaHUMHU Ta HEOOPOOIEHUMHU
(aktam", Tomi sk iHQOpMAIlS PO3TIMAMAETHCA  SIK
"CYKyITHICTh 0OpOOJICHNX MaHHUX, IO MOJETIIIY€e MPUHHSITTS
pimens". Ha BiaMiHy Bi momepeHix TepMiHiB, "3HaHHSI —
e OIlliHeHa Ta OpraHizoBaHa iH(pOpMAIlis, Ky MOXXHA
JTECIPSMOBAaHO BHKOPHCTOBYBATH B IIPOLEC BHPILICHHS
npobsem". IcHye OUTbII MIMOOKE BHU3HAYCHHS JIGKCEMHU
"3HaHHA" — "He 3AI0HICTh, YMIHHS, TOCBIJ MaHIITyJIFOBaTH,
MEepEeTBOPIOBATH, CTBOPIOBATH JaHi, iHpopmalito, igel
JUIS. BMUIOTO BUKOHAHHSI, TPUHAHATTS PillIeHb, BUPIIICHHS
mpobnem” [7]. Omxe, maHi Ta iH(OpMAIlIO JIETKO
30epiraTv, ONMMCYBaTH Ta MaHIITyJIOBaTH HUMH, TOII SK
3HaHHA MOTPeOYIOTh MOBHOIO MPOLECY pPO3YMIHHS,
1 TOMy € YMMOCh aKTHBHHM, III0 MOKE OyTH CTBOpEHO,
TpaHC(OPMOBAHO i aKTyasi30BaHO.

lenepamis 3HaHP BUMarae He JHWIIE dYacy, aie
i 3HAa4YHOTO AOCBiAy Imomo Temu. Kpim Toro, mporiec
reHeparii 3/1e01IbIIoT0 BiOYBAETHCS B PO3YMI JIFOJIMHH,
Horo He MOXHa criocrepiratid. ToMy BaKKO po3mi3HATH,
K (OPMYIOTBCSL HOBI 3HaHHS, 1 3aJOKyMEHTYBAaTH
pesyapTatd. OTKe, TpoleC TeHepallii 3HaHb MOXHA
PO3YMITH SIK TIPUPOTHUNA Tporec OOpOOJICHHS JaHUX
y iH(opMmallito, a MOTIM 1 B 3HAHHS.

Hawmararounce MakcHUMallbHO BHKOPHCTaTH 3HAHHS
KOMIIaHil, 3’BI/IaCs AUCHUILTIHA "YTIPaBIiHHS 3HAHHAMH',
mo po3yMieTscst SK "mporec 30MpaHHS, PO3BHUTKY,
0oOMiHy Ta €(EeKTUBHOTO BUKOPHCTAHHS OPraHi30BaHUX
3HaHb" [1]. 3 METOI CTBOPEHHS WIHHOCTI JUIS KOMITAHIT
Leil CHCTEeMHO-OPIEHTOBaHUM MINXiJ MPETeHIye Ha Te,
mod OyTH He JHIe BAXIUBUM (AKTOPOM YCIIXy
KoMmaHii, ajle ¥ KarodeM A0 iHHOBamii. €nuHa Mera
YIpaBJiHHS 3HaHHSAMHM IOJSITa€ HE B TOMY, LI00 CTaTh
Oinbil 00I3HAHMM, @ B TOMY, 1100 Kpalle YCBIJIOMUTH

MOXUJIMBI pimIeHHS MpoOiieM, sKi BXKe iCHYIOTH, 1 Te,
SK 0 HUX orpuMmartu jnoctyn. Cam mpouec ynpaBiiHHS
3HAHHSIMM JOCIIIHUKHN IMOJUIAIOTE HAa €TalH.

Ilepmmit eram — HaOyTTs 3HaHb. Halyrts -—
e CTBOPCHHS HOBUX 3HaHb, a TaKOX IX IIONIYK.
Konmu 3HaHHS BKe ICHYIOTh, JIIOAM MalOTh INYKaTH iX
y TIEBHOMY CXOBHIIIi; KOJM HIETHCS MPO CTBOPSHHS 3HAHB,
BizIOyBaeThcs npouec TpaHchopmallii. 3araibHOBU3HAHO,
10 3HaHHS OyBalOTH seHuMu (IX MOXHA 33I0KyMCHTYBATH)
a00 wHesenumu (O Tepedadi NUX 3HaHb HEOOXiTHA
ocobncTa B3a€EMOMisA), 1 BOHH MAalOTh PO3TIISAATUCS
B mporeci ctBopenns [1, 5]. Tpancdopmariis 3matHa
BiIOyBaTHCA 33 JOIIOMOTO0 YOTHPHOX PeXXKUMIB [5]:

— colliamizaiisi: HesBHI 3HAHHS IEPETBOPIOIOTHCS
Ha HOBI HESIBHI 3HAHH,

— eKCTepHaJi3alis: HEesBHE 3HAHHS CTa€ SIBHUM
3HaHHSM;

— KOMOIHalis: sIBHI 3HAHHS CIPHUAIOTH HOBHM
SIBHUM 3HaHHSIM;

— IHTepHami3alis: KOPHUCTyBadi IHTErpyIOTh SIBHI
3HaHHS Y CBOI MPOILIEAYPH, 1 B TAKUH CTIIOCIO BOHH CTAIOTh
HESIBHUMH 3HAHHSIMH.

HoBi 3HaHHS MOXHa pO3PI3HATH SAK JOJATKOBI
a00 3aMiHHI.

Hpyruit etan — moxkymeHTyBaHHs. Ha mpomy erarmi
3HaHHS (IKCYIOTBCS, JIOKYMEHTYIOTBCS, 30€piraroThest
Ta TOTYIOTBCS JJIs TIepeiadi Ta MOJAIBIIOTO IIOBTOPHOTO
BUKOPHCTaHHSI.

Tperiii eranm — mepemada 3HaHb. HeoOXigHO
MIpOaHaANTi3yBaTH CKJIaJHI 3B SI3KW MK JUKEPEIOM 3HaHb
i meroro. OCHOBHI BHIM MHisUTBHOCTI IBOTO €TaITy
OXOIUTIOIOTh ~ BU3HAHHS

notped 'y  TOBTOPHOMY

3aCTOCYBaHHI, MIATPUMKY  TPOIECIB  ITOMIHPEHHS
Ta CHPUSHHS PO3BUTKY 3HAHb.

UerBepTuil eran — L€ MOBTOPHE BUKOPUCTAHHSA.
Inetbecss mpo meprie 3acTocyBaHHs IEpefiaHUX 3HAHb.
Jlrongy MaroTh CIIOYATKy 3HATH, IO BOHH INYKAIOTh,
OyTH 30aTHUMHU OOpaTH BiJIOBiIHI 3HAHHS 1, HapelTi,
3aCTOCYBaTH ix.

OcranHil, WATHH, eTanm mepeadadae Bci i,
TOB’sA3aHI 13 3axwcToM 3HaHb. [Ipo meit eram dacto
3a0yBaroTh, a AEsKi aBTOPH HaBITh HE PO3MIISAAIOTH HOTO
SIK YaCTUHY HPOLECY YIPaBIiHHA 3HAHHAMH.

IT HapaloTh NIATPUMKY MIONO JIBOX OCHOBHHX
MiIXOMIB IO YIPaBIiHHA 3HAHHAMHU. BOHH Ha3WBaIOTHCS
Koougixayicio Ta nepconanizayicio [5]. 3a I1OMOMOro
Koau(iKamiHHOTO MiAXOLy OLTBIN YiTKi Ta CTPYKTYPOBaHI
3HaHHS KOJIU(]IKyIOTbcsl W 30epiratoTbesi B 0a3ax 3HaHb
(eTMeKTPOHHNX CXOBHIIAX 3HAHB); BIAMOBIIHO MO MiIXOILy

nepcoHayizamii HEsSBHI Ta HECTPYKTYpOBaHi 3HaHHSI
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MOMIUPIOIOTECS  3aBISKA  OCOOHMCTOMY  CITUIKYBAaHHIO.
Peauizanis 000X miaXoaiB € HEOOXIAHOO VISl YIPABIiHHS
3HAHHSAMH.

OnHiero 3 HalOUIBII BaXTUBUX (a3 € nosmophe
sukopucmantis 3Hanb. Yacto, SK TUIBKH JOKYMEHT
a0o0 yacTHHY 3HaHb 3HAlIEHO, iX MOBTOPHE 3aCTOCYBaHHS
HE PO3TIBIIaeThcsa. 3 IHIIOro OOKy, HENpOCTO OLIHWUTH
BIUIMB IIOBTOPHOTO BHKOPUCTaHHA 3HAaHb I Yac
MEBHOTO TIPOEKTY, KpPiM TOrO, BHECOK ITOBTOPHOTO
3aCTOCYBaHHsS 3HaHb B YCHIX IPOEKTY HEMOXKIHBO
BuMipsTH. [I0BTOpHE BUKOPUCTAHHS 3HAHb BiJI0YBAEThHCS
SIK BCEpPEeIWHI JIOAWHM, Tak 1 30BHI. L[ikaBuM ¢akToMm
€ Te, W0 XOYa BHYTPIIIHE MOBTOPHE 3aCTOCYBAHHS
31e0LIBIIOr0  yCIIilllHe, 30BHIMIHE — Hi. BHyTpinmHe
MOBTOPHE BHKOPUCTAHHS CHHMPAETHCS Ha HAWTOCKOHAIIITY
0asy 3HaHP — MO30K JIIOJAWHHU, Je HaOyTTH,
JIOKYMEHTYBaHHSI Ta TEPETBOPEHHs 3HaHb BiJ0YBa€ThCS
aBTOMATHUYHO, HAHOUIBII IHCTHHKTUBHHAM CIIOCOOOM.
Jochaimauku 3’SACyBajH, MO JIIOJMHA MOXKE IIBUAKO
3HAXOJMUTH 0araTtopa3oBi NIpenIMeTH y CBOIH mam’sTi,
KpiM TOro, BOHa 3allaM STOBY€ KOHTEKCT KOXXHOTO
mpeaMeTa Ta pPO3yMi€ IiJie, YMOMJIMBIIOIOYH OUTBIT
e(eKTUBHE MMOBTOPHE BUKOPUCTAHHA [5].

Mera cTraTTi — PO3pOOHUTH MiAXiJ O IMiIBUIICHHS
e(eKTUBHOCTI  TOBTOPHOTO  3aCTOCYBaHHS  3HaHb
y NpOrpaMHHX CHCTEMax Ha OCHOBI 0a3 3HaHb CIIOCOOOM
aBTOMAaTUYHOTO BUAOOYBaHHs mpaBui. J[Jsi HOCSTHEHHS
MOCTAaBJICHOI METH HEOOXIHO PO3IJSIHYTH —ITiJIXOIH
0 CTPYKTYpPYBaHHS HasBHUX y 0a3i maHuX (akTiB;
MPOBECTH SKICHUIM aHali3 MOXIUBOCTI 3aCTOCYBaHHS
aBTOMAaTHYHUX METOJIB MMOOYIOBH MPABWII i BUBEICHHS,
NpOaHali3yBaTH 3aJady MNpPOTHO3yBaHHS 3B’SI3KYy MiX
Mapor0 CYTHOCTEH, M0 BU3HAYAE HASBHICTH BiJHOIICHHS
Ui (paKTiB, 3ampONOHYBATH Yy3arajJbHCHUU  MiIXiX
JUIs ToJiaHHs (aKTiB, IO A€ 3MOTY BHUKOPHUCTOBYBATH

e(eKTHBHI aJITOPUTMH TOIIYKY MTPABHUIL.

Bupimenns 3aBgaHus

Ilix vac crnpoOuM TMOBTOPHOTO BHKOPUCTAHHS

30BHINIHIX 3HAHb BHHUKAIOTh TNEBHI  IpoOiIeMu.

[Mo-nepiie, nOAMHA MOXE HE PO3YMITH BaXKIIUBOCTI
JIOKyMEHTyBaHHS.  JIOKyMeHTamiss  TakoX  4acTo
00MEXY€EThCS (HOPMATLHIMU 3HAHHIMHM, a apryMEHTAIis
YM KOHTEKCT, IO CTOSATH 33 MPUAHATHMH PilICHHSIMH,
BiZicyTHI. Kpim Toro, BasMBy posib BiZirpae BiICYTHICTb
MEXaHi3MiB Ul BH3HAYCHHS, IOIIYKY Ta BiIHOBJICHHS
0araTopa3oBOro BUKOPUCTAHHS 3HAHb.

MoxHa  3pobuTtn

BHUCHOBOK, o np06neMa

MOBTOPHOTO BUKOPHCTAHHS Ma€ TPH OCHOBHI IPHYHHH.

Ilepma  crocyeTbcs  pO3yMiHHA  KOHTEKCTy  Ta
3aCTOCOBAHOIO pILICHHS, Jpyra HpPUYMHA CTOCYETHCS
3MiCTy 3HaHb, IO JOKYMEHTYIOTBCSA, 1 TpeTs — yci€i
cucteMd 0a3u 3HaHb ab00O MPOrPaMHOrO 3a0e3MeyYeHHs,
SIKE BUKOPHUCTOBYETHCS IS 11 TiATPAMKH.

Komu roBopsate mnpo 0OMIH 1  HOBTOpHE
3aCTOCYBaHHS 3HaHb, ICHY€ TPHITYLICHHS, IO 3HAHHS
MOXKHa BIITBOPIOBATH Ta IIEPEMIlIyBaTd 3 Micus
Ha Micle; pedoBHHA, Ky MOXKHA OTPUMATH B JIIOAEH-
EKCIIePTIB 1 MEPEHECTH 3 OJHI€T KOMII'FOTEPHOI CHCTEMH
YM TporpaMy B iHOIy. AJie SK MOXKHA 3alpOIIOHYBATH
MOJUTATHCS THM 200 MOBTOPHO BUKOPUCTOBYBATH TE, IO
HE Ma€ TaKHMX BIIACTMBOCTEMH, SIK JIOKAIbHICTh 1 CTIHKICTH?
dinocopu Ta iHIII HAYKOBII POKaMH JIOCIIKYBaIH
e nutaHHs [4, 8]. 3HaHHA PO3TIAAAETHCS SIK aOCTpaKIIis,
10 HEMOJKJIMBO 3alycaTd W HIKOJIM HE MOKHA MaTH
B pyKax. 3HaHHA — IIe Te, IO CHOCTepirad MosICHUB Ou
pO3YMHOMY areHty i mo pago O 3MOry areHTOBI
PparLlioHATEHO MOJIEIIFOBATH CBOIO TIOBEIHKY IS JOCSTHEHHS
MEBHUX IMiJIeH, SIKi BU3HAYAIOTLCS BIAMOBIAHO IO TOrO,
10 BiH Ji3HABCS Bij cHOCTepiraya.

OTxe, 3HaHHA MOXHa pO3IJIAJATH SIK 37aTHICTH
pearyBaTH IIEBHUM YHHOM, a HE SK MarepiajbHy
cyOcranuito. HaBiTh naHi, sIKi BUKOPHUCTOBYIOTBCS LIS
BIATBOPCHHS 3HaHb, HE MOJKHA BBAXATH TaKHMH.
[IpaBuia, cumBoM Ta (peliMu HE MOXKYTh I'€HEpYBaTH
PO3yMHY MOBEMIHKY SIK TaKy.

SIKImo MpUIYCTHUTH, IO BCE BHIIE3a3HAYCHE
pouecy

VIOpaBITiHHSA 3HAHHSIMH BCE 1€ TOTPEeOye BUPIIICHHS.

BHKOHaHO, To Tpobmema IT-miaTpumMkn
Metoro moTouHMX 0a3 3HAHb € CHPUSHHSI OOMiHY
3HAHHSIMH Ta IOBTOPHOMY BUKOPHUCTAHHIO. [ mogaHHs
3HaHb HEOOXIHO BPAXOBYBATH 3HAYHY KUTBKICTH (hDaKTOPIB.
TepmiHOJOTIT, OHTOJIOTi Ta METOJIM BHUPIIIICHHS MPOOJieM —
me nmekimpka 3 HuX [9]. IIpoGmema momsirae B TOMY,
00 MaTH 3MOTY TOJUTUTHCS 3HAHHIMH, SKI MICTATHCS
B pi3HMX 0a3ax 3HaHb, OCKIMBKM Bci mmi (akTopu
BIJIPI3HSIOTBCS BiJ OfHI€T 6a3u a0 iHmmioi. HecymicHicTh
cucTeM 1 (opMaTiB TaKOK YHEMOIIHMBIIOE 00’ €THAHHSI
IBOX 0a3 3HaHb.

MoHa BHOKPEMHUTH YOTHPH OCHOBHI TPUYHHH.

1. Heomuopignicte mnomanus. Tyr icHye Kuibka
MiIXOMiB, aje OAWH (OopMalli3M TIOJaHHS HE MOXKe
OyTu Oe3mocepelHhO BKIIOUCHUI B iHmmil. He icHye
yHiBepcanpHOTO (hopMalizMy TOJaHHS 3HAHb, SKUH OH
iZlcaJlbHO BIAMNOBIZaB yCiM BHMOraMm, i TOMYy OOMIH
3HaHHAMH Tiepenbavae mepekiaa 3MICTy OAHiei 0asu
B iHIIY.

2. MosHi mianexktr. OOMiH 3HAHHSIMH MDK CUCTEMaMU
MoXe OyTH JyXe CKIaJHHM, SKIIO 3HaHHA Oyiu
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3aKOZOBaHI pi3HUMH Hianekramu. lle Moxe TOBHICTIO
3MIHHUTH 3MICT MTOBIIOMJICHHS 200 HOTO IHTEPITPETAILiIO.
3. BingcyTHiCTP BH3HAYCHHWX IPABWI CITLIKYBaHHS.
TeopeTH4HO OKpeMi CHUCTEMH MOXKYTh CIUIKYBaTUCS
OolHa 3 OJHOK W y TakWii Ccrocid MaTu KOPHCTh
Bil OOMIHY 3HAaHHAMH, HE MAalOYd CIUIbHOI Oa3m.

Ane 3a3BHYall e HEMOXJIMBO, OCKIIbKH Opakye
Y3rO/KEHOTO MPOTOKOITY, KM OM J]aBaB 3MOTY CUCTEMaM
B3a€EMOJIISATH MiX COOOIO Ta 3aIUTYBAaTH OJHA OJIHY.

4. HeBigmoBimHOCTI MojeNi Ha piBHI 3HaHb.
HaBiTs y pasi yCyHEHHS BCiX MEpEeIKOo] IMPOoOIeMHU
3 TEpPMIHOJIOTIEI0 TaKOX CTaHyThb Ha 3aBaji s

e(eKTUBHOTO CIHINKYBaHHI MDK pi3HUMH 0a3aMu.
BifcyTHICT CHIBHOTO CIOBHHKOBOI'O 3aracy He Jae
3MOTY 3iCTaBUTH 3HAHHA OJIHi€1 6a3M 3 1HIIIOIO.

OTxe, NMOBTOpHE BHKOPUCTAHHS 3HaHb ab0 OOMiH
3HAHHAMH, IO MICTATBCS B pIi3HHX 0a3ax, € myxke
CKJIaJIHUM 3aBJIaHHSM.

Jis momaHHA 3HAaHP y iH(OpMAaIiitHMX cHucTeMax
3aCTOCOBYIOThCS  pi3HI  (hopMaibHi

MOBH, 30KpEMa

oOumcneHHs TnpeaukariB. BoHO Mae OgHO3HAYHY
(opmarbHy CEMaHTHKY Ta OlepamidHy MiATPUMKY
JOCKOHAJIOTO BUBEICHHS.

y  BUITAAL MeXaHi3My

MogBoto anrebpu mnpeaukaTiB  Oylb-iKa MHOXHHA

U={a,a,,..,a,; moxe Oyrn 3amucaHa y BHIJISII

piBmsaaa x“ vx®v..vx* =1, ge x - npeamerna
3miHHa [10]. CykynHICTh yCiX KOpEHIB I[bOTO PIBHSHHS
36iraetecst 3 MHOXKHHOIO U . PiBHsSIHHA € (hopMmaibHUM
3anmrcoM TBeppkeHHs x €U . Meroan inenTudikarii

Ta MOJIaHHA 3HaHb 3 BUKOPHUCTAHHSIM alreOpH MpeanKaTiB

30aTHI YMOXJIMBUTH OJHOMAaHITHE TOAAHHS 3HaHb
Y BUIJIAII piBHSHB anTeOpH IPEeInKaTiB.
Anrebpa TpeAMKATIB  OMKHCYE JIKIIC 3HAHHS

mpo daxtu. AnreOpa omepariiii Haj mpegukaTamMu ado
anreOpa TNpeavKaTHUX onepauid Mae QopmaiizyBaTH
omeparii Haj 3HAHHAMH, MOAAHUMH SK BiTHOIICHHS
Ha JESKOMY MpeJMETHOMY NpocTopi. AyreOpa MmpeauKariB
BU3HAUYa€ JEKJIApaTUBHUH CKIQAHUK 3HaHb, a anredpa
NpeANKaTHUX Ollepaliii — MpoeypHUil CKITaHUK 3HAHb.

BuokpeMIiroroTs Ba TUMHM (PaKTiB: MEPIIHNA OMUCYE
3B’S130K JIBOX CYTHOCTEW, JI0 TOTO ) OJHAa 3 HHUX OyJe
BU3HAYaTUCS SK CYyO’eKT, a npyra — SK 00’€KkT
npeaukataoi mii [11]. YV nepmomy Bumanky ¢axkr —
e TpUIwieT "cyb’'exkm — npeduxkam — 06’ekm", y IKOMY
NPEAMKaT € BiHOIICHHSM, a Cy0’€KT 1 00 €KT yKa3yloTh
Ha 1Ba mpeaMmerd. [pyruit Bun ¢dakty — TpHIUIET
"npeomem — ampubym — 3Hauenus", n€ TpeIMET —
me o0’ekT, mpo sKUK (ikcyeTbcs (QakT, aTpUOyT —
iMEHOBaHa O3HaKa 00’€KTa, IO 3a3[aJCTib Ma€ TEBHY

BJIACTHBICTD, a 3HAYEHHS — JI€SIKE 3HAYEHHS L€l O3HAKH,
001acTh BU3HAYCHHS SKOT MOXKE OYTH B JICSIKUX BUIIAIKAX
Bimoma. Hampukian, e MoxyTs OyTH (hakTh aTpuOyTiB
MICIsI ¥ 4Yacy 3aificCHeHHs meBHOI 1ii. PakTH apyroro
TUIY JAl0Th 3MOTY pO30MBAaTH MHOXHHY CYTHOCTEM
Ha KJIacH €KBIBAJICHTHOCTI Ta 3BY3UTH IPOCTIpP MOUIYKY
UUISIXiB  BUCHOBKY. Jlisi OTpHMaHHS TakuX TPIKOK,

BHU3HAYCHHS CYTHOCTEH, IO IX YTBOPIOKOThH, ICHYE
gumano miaxoxmiB  [12, 13]. 3aBmaHHS CTaBUTHCS
SK 3amavya TPOTHO3YBaHHS 3B’SI3Ky MDK Maporo

CYTHOCTEH, IIO BJacHe BU3HAYac: YW MOB’s3aHa Mapa
CYTHOCTEH Yepe3 BiAHOIICHHS.

OcTaHHIM dYacoM 3HAa4yHa YyBara HPHUIUIIETHCS
CTBOPCHHIO BEJHMKHX 0a3 3HaHb, 1[0 MICTITh MUIBHOHHU
¢akTiB mpo pi3Hi cyTHOCTI y cBiti. Lli 6a3u 3HaHB
BUSIBUIIHCSI HEIMOBIPHO KOPHCHUMM JUTS IHTEJIEKTYaIbHOTO
MIOIITYKY B iHTEPHETi, pO3yMiHHS 3alHTaHb, KOHTEKCTHOI
peKIaMu, aHami3y COIliaIbHUX Melia Ta OlOMEIHIIUHH.
3aBASKM HOBHUM MOXIIMBOCTSIM Taki Cy4dacHi 0a3u 3HaHBb
4acTO Ha3MBaIOTH rpadamu 3HaHb. OCHOBHUM 3aBJaHHIM
y mo0yoBi rpada 3HaHb € PO3POOIEHHS MACIITA00BaHUX
METO/IIB JUISl aBTOMAaTH30BAHOTO HABYAHHS HOBUX CYTHOCTEH,
ix BrmacTuBOCTEH 1 3B s13KiB. [IpaBmia € SBHIMHU 3HAHHAMH
(TTOpIBHSIHO 3 HEMPOHHOIO MEPEKEI0) i MOXKYTh HaJaBaTH
JIOIVMHI 3pO3YMUTI TIOSICHEHHS pEe3yJbTaTiB HaBYaHHS
(HanpuKnaa, MPOTHO3YBaHHS 3B’S3KIB) Ha IX OCHOBI.
OTxe, BXJIMBO aBTOMAaTHYHO OTPHMYBATH MIPaBHIIA.

TpaauiiiiHi METOAM BHBYCHHS MpPaBUII HE MOXYTh
OyTH Oe3mocepeTHh0 BUKOPUCTAHI I TOOYJOBH TTPABHIT
3 KiIbKOX HpuuuH. [lo-mepiie, 1i METOAM HEIOCTATHHO
MacmtaboBaHi, 100 0OpOOMTH BENIWYE3HY KIITBKICTh
JaHUX, SKa MICTHTbCS B 3BHYaWHMX rpadax 3HaHb.
Kpim Toro, rpadgu 3HaH SIBHO HE BUPa)KalOTh HETATUBHUX
MIPUKJIIAJIIB, SIKI € BAXIIMBUMHU Ul 0araTh0X IHCTPYMEHTIB
IHTENIeKTYaIbHOTO aHaji3y MaHuX. 3 IHOOro OOKy,
y MapajurMi penpe3eHTaTuBHOIO HaBYaHHS CTaTUCTHUYHI
MPOTHOCTHYHI ~ MOJENI  IIMPOKO  3aCTOCOBYIOTHCS
JUIS BHUBYCHHS (haKTiB, WIO SBHO BIACYTHI B 0a3i
3HaHp [12, 14]. OcHOBHa ines monsArae B KOXyBaHHI
pensAniiHoi iHpopMarii 3a J0MOMOroH BOYIOBYBaHHS
CYTHOCTEH 1 TpeawWKariB, a MOTIM y BUKOPUCTAHHI iX
JUISL KepyBaHHS BWJIYYEHHSM IPaBWI 1 B TaKWi crociod
JUTSL BMEHILICHHS IPOCTOPY TOLIYKY.

OTtxe, Oynemo posrisaaté nBi kareropii (akTis:
Ti, O € 3B’S3KaMH CYTHOCTEH, 1 Ti, IO CTOCYIOTHCA
arpuOyTiB cyTHOCTel. HeoOXiHO 3ayBaXkKuUTH, 1110 aTpHOYTH
CYTHOCTI YacTO MICTATh HE3HAYHY KUTBKICTH CYTHOCTEH
JUIsL  TIOJaHHSI 3HaveHb aTpuOyTIB, SKIi IOB’s3aHi
3 BEJIMYE3HOK KIIBKICTIO IHmMMX cyTHOcTed. ToOTo

aTpuOyTH CYTHOCTI MOXYTh OYTH KOHIICHTPAaTOpOM
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1 € TPHUPOIHOI0 OCHOBOKO [UIA PO3MOIUTY HAa KIAcH

eKkBiBaJieHTHOCTI. HasBHI migxoaM 1O  BUBYEHHSA

MpaBWJ YacTO HE PO3PI3HAIOTH aTpPUOYTH CYTHOCTI
BiJl 3B’5I3KiB CYTHOCTI.

JloTpuMyrourch KOHBEHIIII B ITOJaHHI 3HaHb, OyZIeMo
nosHauatu ¢akr sk p(e,e'), me CyTHicTh e NOB’sA3aHa
3 IHIIOIO CYTHICTIO e' 4epe3 CKIHYEHHHWH IBIHKOBHI
npeaukar p . PO3IIsIHEMO OCHOBHI TIOJIOXKEHHS IIIOJI0

BH3Ha4YeHHS npaBui [ 14, 15]. IIpaBuno 7 mae popmy:

pl(‘xO"xl)/\.“/\pn(‘xn—l’xn)/\al(xll)/\.“/\am(xlm) _>p(x()’xn) s (1)

ne kowen X,(0<i<n) e smimmoro i 0</ <n

JUISI KOSKHOTO 1< j<m.

Koxen p(u,v) Ha3zuBaeTbCAd aTOMOM, a u« 1 v —
BIJINIOBITHO apryMeHTaMHu Cy0’eKTa Ta 00’€kTa Il p,
i kowen a(u) € aTOMOM, i€ @ € YHAPHUM TPETUKATOM.
InTyiTuBHO

p] (xo > 'xl )’ "ty pn ('xnfl > xn )’ al ('xll )’ ) am (xlm) BHKOHyCTBCH,

NpaBWIO 7  CTBEPIKYE, IO SIKIIO
0 pP(X),%,) TaKOXK BHUKOHYeThCsA. AToM  p(X,,X,)
€ TOJIOBOIO (TOJIOBHHUM aTOMOM) MpaBmia 7, i Habip
{p] (-x()ﬂxl )7' ) pn('xn_] 7x;1)3 a, (xll)" Ty am('xlm)}

€ TIIOM TpaBWiIa F.

aToMiB

IIpaBuno, orpumane 3 r

CrocoOOM BIJIyYEHHs YHapHUX NpeAuKaTiB y Tifi,
10610 P, (X0, X)) A=A D, (X, 1, X, = P(X,,X,)), 3a3BUUaii

Ha3MBAIOTh IPABWJIOM 3aMKHYTOro nuuixy (closed-path

rule), OCKUIBKM TMOCTIJOBHICTh MpEAMKATIB Yy Timi
npasuwia  QGopmye

JI0 apryMEHTY 00’ €KTa rojIoBHOTO mpeaukara [14, 15].

OUIIX BiA apryMeHTy Ccy0 eKTa

B ocHOBHEX migxonIax J0 BHBYCHHS MpaBmi [15]
PO3IIISIAI0ThCS TaKi MojiokeHHs. Hexalt r — mpaswuiio.

ITapa cyTtHocTeit (e,e') 3amOBONBHSAC TLIO 7, HO3HAYCHE
ax body(r)(e,e') . SIkmo icHye crmoci6 3aMiHUTH 3MiHHI
B body(r) cyrHoctamu B 6a3i 3HaHb TaKMM YHHOM:

(1) yci aromu B body(r) (micnsa 3aminm) € daxramu

B 0a3i 3Ha®b, 1 (2) X, 1 X, 3amiHeHO Ha e 1 e

Bignosinno. I (e,e') 3am0BONbHSE TONOBY 7, O3HAYEHY
ak p(e,e"), sxmo p(e,e') € takox daxrom y 6a3i 3HaHb.
Toni cTymiHb MIATPUMKH TIPaBUIA 7' BH3HAYAETHCS SIK
supp(r) =#(e,e') :body(r)(e,e") A p(e,e'). (2)
To6To supp(r)

BU3HAYAETHCI  SIK 00’€eKTiB, IO

CTYNMiHb IIATPUMKH TpaBUia

KIJIBKICTH  TIap
3aJI0BOJILHSAIOTh SIK TOJIOBY, TaK 1 TLJIO MpaBmia 7 .

Cryninb ynesrenocti npasuna # SC(r) i nokpurrs
ronopu mpasuina * HC(r) BusHauaroThCa Ak GopMu
HOpMaJIi3alii 11 cTyneHs marpumku supp(r) :

' supp(r) _ 3)
#(e,e"): body(r)(e,e")

SC(r) =

supp(r) @)
#(e,e'): p(e,e") '

Orxe, SC(r) € mopmamizamiero supp(r) depes

HC(r)=

KUTBKICTP TIAp CYTHOCTEH, IO 3aJ0BOJBHSIOTH TiJIO,
toni sk HC(r) supp(r) d4epes

KUIBKICTh nap CyTHOCTCﬁ, 10 3aJ0BOJIbHAIOTH T'OJIOBY.

€ HOopMalli3alji€ero

MeTO,l:[ PEIPE3CHTAaTUBHOI'O HAaBYAHHS CKJIAJA€THCA
3 JIBOX OCHOBHHX KpoKiB: (1) BOymoByBaHHS CyTHOCTEH
i mpenukariB 0a3 3HaHb Yy JIATEHTHUH NPOCTIp
i (2) moOymoBa Mozei HaBUYAHHS HA OCHOBI OTPUMAaHHX
yOyIOBYBaHb i TependadeHHs HOBHX (akTiB [14].
Jnst noOynoBu BOYZOBYBaHb MOXKHA BHKOPHCTOBYBATH
Takuil minxig. KoxHa CcyTHICTE e NepeTBOpIOeThCS

Ha BekTOop £ 1 KOXeH mpeaukatr p — y marpuiio P.

Tomi mms  KoxkHOro 3amanoro  dakry  p,(e,e’)
OOYHMCITIOETHCST HACTYITHA (DYHKITISI OLIHKH:
f(e,p,e)=E"-P,-E". 6)

OyHKIIS OIiHKA BKa3ye Ha NPaBIONOIIOHICTh
dbakty p,(e,e'). 3aBgaHHs TOIIYKY MPaBAI MOKHA
3BECTH /IO 3aBJIaHHs TOINYKY MPaBIOMNOAIOHMX IIUISAXIB
npeaukartiB. Lle mocsraeTbes 3a IONOMOTOIO BBEICHHS
GbyHKIiH
IIlo6 BU3HAYUTH

P = Di»Dys--- D, PO3TINAECTBCA K JIBIMKOBHH MpeAnKaT

OLIHKA IS BCIX MOXJIMBUX IUISAXIB.

Taky (YHKIIIO OLIHKH, IIUIAX

MK TIOYaTKOBOI Ta KIHIICBOK CYTHICTIO, a p

€ TIPaBIOMOAIOHNM, SKIIO TMapa CYTHOCTEH, ITOB’SI3aHUX
LIJIAXOM, MOAI0OHA 10 THX, IO ACOLUIOKTHCS 3 IIILOBUM

mpenukatoM p,. Taka momiObHicTE MK p 1 P,

Ha3WBAETbCS CHHOHIMIEIO, KOJIM JIBA  IPEIUKATH
OB’ 3YI0Th TOAiIOHI mapu cyTHOCcTed. OTxke, QyHKIIiSA
OLIIHKM Ma€ BPaXxOBYBAaTH JIOBKHHY LIISAXY Ta CHHOHIMIIO.

KpiM 1150170, BaXXJIMBO OLIHUTH TIPaBHIA 32 CTYIICHEM
sresrenocti SC(r) Ta nmoxpurrs ronosu HC(7).

Sk noka3zano B po0ori [14], Takuii miaxiza nae 3mory
noOyayBaTu ajrOpUTM, 3JaTHUM BHU3HAYATH MpaBHIIA

B 0a3i maHmx, nae (akTh MOZaHO ABIMKOBHMH

npeaukaramMy, MO BUPAKAOTH 3B’SI3KU CyTHOCTeﬁ.

AJjie 3ampOIOHOBAaHWM IMIAXiA Ma€ MEBHI OOMEKEHHS
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o0 (akTiB APYroro THITY, TOOTO aTpUOYTIB CYTHOCTEH.
IJ.[O6 p (ea e ') >

HOTpi6HO BU3HAYUTH €' . SIKUI MOXKHA BUKOPUCTOBYBATH

inenTugdikyBatu ¢axktn aTpHOYTIB

JUTS 3HAYCHb aTPUOYTIB, 1 p , MO MIAXOIUTD JJIs TOJaHHS

atpuOyTiB. ToOTO WOTPIOHO iAEHTU(IKYBATH 3HAYCHHS
aTpuOyTIiB e' i mpeanuKaTH aTpuOyTIB p .

BaxnmBo 3ayBaKUTH, MO 3HAYEHHS aTpUOYTIB
YacTO IIOB’S3aHI 3 BEJIMYE3HOI0 KUIBKICTIO 00 €KTIB
i, OTXKe, YTBOPIOIOTH CBO€PiIAHI KOHIEHTPATOPH.
Taki KOHIEHTPATOpH IPONOHYETHCS 1AEHTU(IKYBATH
3a IIUIBHICTIO 1X 3°¢aHa”Hgd. Bu3HagaeMo NIIJIBHICTE

KoHIeHTparopa den(e, p) y Takuii crocio:

_ #e :p(e',e)
denin (e’p)_#(ev,en) :p(ev’eu)’ (6)
den,, (e,p) =< :2(e€) (7)

#(e'e") :p(e’,e")’
ne den, (e,p) i den,,(e,p) — BHYTpilWHS Ta 30BHIIIHS

OUJABHICTE BIAMOBIAHO;, #e' — 3arajbHa KUIBKICTD

BUNAAKIB e (iK cy0’exta um 06’exta) y dakri p(e,e’)
abo p(e'ye).

HeoOximHo 3a3HaunTH, IO KOHIIGHTPATOp e
3 BHCOKOI IIIIBHICTIO HE OO0OOB’A3KOBO IIiIXOJIUThH
IUTS 3HAa4YeHHs aTpuOyTa. Po3risHeMo excTpeMaabHHN

BHIA/IOK, KOJIM BCi IHII CYTHOCTI e' TOB’s3aHi 3 e
yepe3 IpeAuKaT p, TOAL e HE € 3HAUCHHIM aTpuOyTa,

AK€ MOXE BIApPI3HUTH e' B IHIMX CYTHOCTEH.
3 inpopmauniitHoi Teopii Takuil atpuOyT He 3abe3mnedye
JKOIHOTO iH(oOpMamifHOrO NPUPOCTY, OCKUIBKH BiH
HE BUPAXA€E KOMHOI BIAMIHHOI OCOOJMBOCTI aCOIIHOBAHUX
cytHocTell. OTKe, HaM MOTPIOHO OOpaTH KOHIIEHTPATOPH,
SIKi MalOTh BUCOKY ILIUIBHICTH 1 BIIMIHHI OCOOJHMBOCTI.
Y poboti [15] mnpomoHyeTbcs OOYHMCINTH EHTPOIIIO
KOHILIEHTPATOpiB, a TMOTIM, pa3oM 3  OIIHKOIO
CTymeHsi nucOaiaHCy, BHU3HAYUTH HMOBIPHICTH (aKTy
3 KOHLICHTPaTopoM e Ta HNPEAUKaToM p , IO € aTpuOyToM

To6ro pl(e',e) Bupaxkae Qakr, mo e

€ CYTHICTIO, @ e — 3Ha4yeHHsAM aTpuOyTta. lle gae 3mory

CYTHOCTI.

inenTudikyBatu pakti aTpuOyTiB y 0a3i 3HAHb.

3aranom aTpuOyTH MOXHA PO3IIISAATH SIK YHApHI
NpeANKaTH, TOAI SIK IHIN BiJHOIIEHHS € OiHapHUMHU.
Opnak Takuid yHapHHA (QakT He MOXe OyTH
Oe3nocepeIHBO  OOPOOJICHUN TaKUMH — aIrOPUTMAMH,
SIK  3alpOIOHOBaHO B poOoTi [14], OCKIIBKH BOHHU
NpUIMaloTh JIMIIE JBIHKOBI MpeaukaTH (TOOTO TpiHKM)

K BXigHi AaHi. @opMaiibHO KOkeH (akT atpudyTta BUIY

p(e,e") (abo p(e',e)) 3 e', mo € 3HaucHHAM aTpubyTa,
Moxxe OyTu meperBopenuii Ha ¢akr P:p E:e'(ee)
E:e' P:p(ee)), ne P:p E:e'

(BimnoBinHo, E:e' P:p) € HOBUM mpeaukaTtoMm. lnes

(BiznoBigHO,

TaKOrO MEPEeTBOPEHHS MOJSrac B TOMY, LIO0 IOIaTta
aTpuOyTH SK caMOLMKIU B rpadi 3HaHb (MoxaHi 0a3u
3HaHB), 00 METOA HABYAHHS MPABUI HA OCHOBI IUIAXIB
MOHa OyJI0 JIETKO a/IalTyBaTH, TOAI SIK aTOMHU aTpUOYTiB
(sSIK caMmOIMKIN) MOXHa Oyne 3py4HO imeHTH(]iKyBaTH
y BU3HAUEHUX MpaBHIIax.

€ Hu3ka poOiT, y SIKMX ONMCAaHO 3aCTOCYBaHHS
BU3HAYCHUX HAa OCHOBI HAaBYaHHS MPaBWI 0 BIJIOMHX
¢dakTiB U1 BHUBEICHHA HOBHX (akTiB y 0asi 3HaHB.
Binpmicte 1UX mOpalb NPHUCBSYEHA TOMY, SK MOXKHA
BUKOPHCTOBYBaTH TipaBWia itepamiiiHo [16]. IcHyroTs
IHIII  JOCHI/DKEHHS, II0 pO3TJBIIAIOTh  OJHOPA30BE
3aCTOCYBaHHS MpPaBHJ HEBU3HAYEHOCTI B CIUIBHOTI
rpadi 3HaHb [12, 15]. Jleski migxoanm AOIOBHIOIOTHCS
CTYINIEHEM JIOCTOBIPHOCTI, 1 MOIYJIb BUCHOBKY BPaXOBY€
i cTymeHi, 1100 HOBWI  (hakT

BUBECTU (sxuit

TaKo)X  JIONOBHIOETBCS ~ CTYIIEHEM  JOCTOBIPHOCTI).
[1[06 KOHTPOJIFOBATH SIKICTh 1 KUIBKICTh HOBHUX BHCHOBKIB,
Il CHCTEMH BCTAHOBITFOIOTH MaKCUMAITLHUH TIOPIT KUTBKOCTI
HOBHUX (DakTiB i MiHIMaJILHUH TOPIT JOCTOBIPHOCTI HOBUX
¢axriB. IlpobOieMoro Takoro MiAXOMy € Te, IO TaKi
METOJM HE BPaXOBYIOTh BUMOTH IIIOJ0 KOYKHOI'O HOBOI'O
(dakTy — BOHHM JHIIE 30CEPEIKYIOTHCS Ha IPOIECI,
PE3yJIBTaTOM SIKOTO € HOBI (DaKTH.

Y mpoMy AOCHIIKEHHI, Ha BiIMIHY BiJ HasBHHX
TIXOAIB 710 MOJIEITIOBaHHS aTPHOYTIB, 110 BAKOPUCTOBYIOTh
aTpuOyTH SIK BXIJHI JaHi, 3alpoNOHOBaHO BHI00YBaTH
aTpuOyTHBHI MpaBuiia 3 0a3u 3HaHb 0e3 SIBHOTO HAOOpY
atpubyTiB. Lle nocsraeThcst CHOCOOOM BHKOPHCTAHHSI
JBIKOBOTO IpeAuKaTa arpudyTa, SKHH MOJXKHA JIETKO
BOyIyBaTH B MpaBmWia 3aKpUTOTO IDIIXY, 1 MEXaHi3MYy
imeHTHdIKallii, 110 aBTOMaTHYHO BUJI00YBa€ Taki aTpuOyTH
0a3a 3HAHb JIOTMIOBHIOETHCS

3 0Oasum 3HaHb. OTXKe,

OCOOJMBUMHU TpEeIUKaTAMA — KOHIIGHTPATOpaMh —
Ta BINNOBIMHUMH (aKTaMHd i Moxke OyTH o00pobOicHa
METOJIAMH PETIPE3CHTATHBHOI'O HABYAHHS [UT BHIOOYBaHHS

mnpaBuii, 110 B CyKyHHOCTi 3 OL[iHKOIO SIKOCTI BHUBCJICHUX

NmpaBWwJl  JacTh  3MOTY  MIJBHINUTH  e€(QEKTUBHICTh
BUKOpHCTaHHS 0a3 3HAHb.
Mpuxnan

Po3risinemMo Ha mpuKiazi, K MOXHa 3aCTOCYBaTH

sanpornoHoBanuii  minxiz. Hexait K =(E,F ) — faza
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sHanb, ge E ={e,..,e,} — MHOXHHA BCiX CyTHOCTeif;

2% n

F={P,...,P

m

} — MHOXHHA BCIX mpeaukatiB. Moxxemo
momaTH BXim 0a3um 3HaHP sAK Ha0lp A  MaTpuip
CYMDXKHOCTI, JIe KO’)KHA 72X/ MaTPHII A(Pk) BIIIOBiga€
npeqmkaty P,y Gasi smame (1<k<m). 3okpema
A[i, j] JopiBHIOE 1, KO (akT Pk(ei,ej) MICTHUTBCS
B K; ta 0 B immomy Bumagky. OTxe, A(Pk)

€ MaTPHIICIO IBIMKOBUX 3HAYCHb.
[poimoctpyemo  me.  Posrmsaemo

r: B(x,z)AP(z,y)—> P(x,y). o6 obGuucaurn

MIPaBUIIO

SC i HC ngna mpaBwma r y Oasi 3Hamp K,
HAM TOTPiIOHO OOYHMCIWTH KUTBKICTH Tap CYTHOCTEH,
IO 3aJOBOJILHAIOTH TOJOBY mpaBmwia F  (TOOTO

#(e, e') : p(e, e') ), SIKi 3a/I0BOJILHSIOTH TLJIO IpaBmiia 7
(To6to #(e, €') : body(r)(e, €')), i sKi 3a10BONBHAIOTE

K TOJOBY, Tak i Tuno (TOOTO Supp(r)) BIAMOBIIHO.

[Mapu (ei,ej), 10 3aJ0BOJILHSAIOTH TOJOBY, MOXHA
0e3mocepe/IHbO MPOYUTATH 3 MATPHIIL A(P), TOOTO
ne A(P)[i,j]=1. Jna nap (ei,ej), AKi 3aJOBOJIGHSIOTh
TiJI0, HEOOXiTHO 3ayBakKWTH, IO BOHM 3’ €IHAHI IUIIXOM
p=F,P, i wMmoxyrs Oyru orpumani 3 JOOYTKY
A(RYA(P,) msox marpuup A(R) i A(PR). 3okpema
€JIEMEHT [i, j] MaTpHIli A(PI)A(PZ) NoJiae KUTBKICTB
IUSIXIB TpaBuia, SKi MOYMHAIOTHCS B €, TIPOXOMATH
uepes £ 7o iHmoi cyTHOCTi Ta BpemTi HIyTh Jio e,

uepes P,. Ane B upomy pasi marpuus A(F)A(P,)

Ta6auus 1. @pacmenm 6asu 3nano

MOXE MaTH HEBIHKOBI 3HAYEHHS. Hexait

A(R.P,)=binary(A(R)A(R,)), ne binary(M) -
[le MaTpuIlsi, OTpUMaHa 3 Marpumi M  YCTaHOBKOIO

BCiX HeHybOBHX eneMeHTiB Ha 1. Omxe, napu (e,.e, ),
10 3aJI0BOBHAIOTH TiNO, MoxkHa moGawntn 3 A(B,P,),
10610 1te A( B, P,)[i, j]=1. Iokaxemo Ha mpuKiazi.
Hexait E ={e,e,,e;} 1a F={P(e.e,).B(e;.¢),
B(e.e;).B(ey.e,).P (e;.¢).P (e5.e;).P(e,.e,)} . Toni

Matpuili CyMibKHOCTI st mpemukaris B, P, i P

3alMACYIOTHCA TAKUM YHMHOM:

011 000 00 1
A(R)=|1 0 0 ,A(Pz){l 0 1] 4(P)=[0 0 0
000 00 1 0 0 0]

. 102 binary() _1 0 1_
toni A(R)A(R)=|0 0 0| — 4(B,R)=|0 0 0]
000 0 0 0]

Marpurs A(PI,P2) MOKa3ye TapH, 3’ €IHaHI TUIIXOM
p=Ph,P,, tobro {(el,ez),(el,e3)}, i ne came Ti mapmu,
SIKi 3310BOJIGHAIOTH TiIO MpaBuia . | 3 orsimy Ha A(P)

€ TinbKkH ofHa mapa (e;,e; ), o 3a10BOJBHSE TONOBY I .

Toxni mMoxemo Jerko otpumatd, o Ssupp(r)=1,
HC(r) =11i8C(r)=0,5.

HeoOxinmHo 3ayBaknTH, IO XOodYa Il TNpPHKIAR
0a3yeThbCs Ha NMpaBUIIax JIOBXKHHH, IEH PO3paxyHOK JIETKO
y3araJIeHUTH JI0 TIPaBHII OyAb-5IKOi JTOBKUHU.

V 1abn. 1 HaBemeHo mpuKIamd (HaKTIB, IO MICTITHCS
B 0a3i 3HaHb SIK MHOXWHA TPiiok y ¢popmati RDF.

CyTHicTh € Hpeauxar p Cyrrictb €'
<Princess_Marie_Louise_of Parma> <isMarriedTo> <Ferdinand_I_of Bulgaria>
<Sebastian_Faulks> <created> <Birdsong_(novel)>
<Sebastian_Faulks> <created> <Charlotte_Gray (film)>
<Sebastian_Faulks> <created> <A _Fool’s_Alphabet>
<Brian_K. Vaughan> <created> <Runaways_(comics)>
<Brian_K. Vaughan> <created> <Pride_of Baghdad>
<August_Aleksander Czartoryski> <isMarriedTo> <Maria_Zofia Sieniawska>
<Jerzy Detloff Fleming> <hasChild> <lIzabela_Czartoryska>
<Antonina_Czartoryska> <hasChild> <Izabela_Czartoryska>
<Kenneth Waltz> <influences> <Stephen Walt>
<Marie of Brabant> <isMarriedTo> < Queen_of France,Philip III of France>
<Cynthia_Lennon> <isMarriedTo> <John_Lennon>
<Ferdinand I of Aragon> <hasChild> <Alfonso_V_of Aragon>
<Azerbaijan> <hasCapital> <Baku>
<The Rolling_Stones> <created> <Dirty_Work (album)>




Cyuachuii cman HAYKOBUX O0CNIOHCeHb ma mexHono2iu 8 npomuciosocmi. 2023. Ne 2 (24)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

CrovaTKy OIHIOEMO TpaBWIIA-KAaHJUIATH Ha OCHOBI
BuOipkn K' iobupaemo npaBuna, Juis skux supp(r) > 1.
i mpaBmia Bce 1€ MOXYTh MICTHTH BEIHKY KUJIBKICTP
HAJTUIIKOBUX 1 HU3bKOSKICHUX MPABUJI, TOMY HEOOX1IHO
3pOOUTH TONANBIIHI BiOip HA OCHOBI TBOX MOKA3HHUKIB —
HC Tta SC. Hdna obumcnenns 3HaueHp HC Ta SC

MOTPIOHO TIEPEeBIPUTH, Y 33/I0BUTBHATH YCI aTOMH Tijia

BCIX TpaBWJI-KaHOUAATIB Ha OCTaHHIA ¢azi. [HmmMu
CJIOBaMH, TIOTPIOHO BU3HAYMTH BCI pPEJIEBaHTHI aTOMH,
SAKi MOXYTh 3allyCTUTH MpPaBWJIO KaHOunara. Y LbOMY
pasi Mmaemo 0a3y 3HaHb 200 BuOipKy 3 Hel KG 1 mpaBuio
3aMKHYTOTO IIUIAXY SK BXiTHI IaHi.

Hanpuknan, 1yist HACTYIHOTO MpaBUIIa;

hasChild (x,t)/\hasChild -1 (t,z) nisCitizenOf (z,y)—)isCitizenOf (x,y) .

OtpuMani HaBeeHUM MeTonoM orinku SC = 0,89

ta HC=0,13 moKa3yloTh, IO CTYIiHb BIEBHEHOCTI

BUCOKMH, TOOTO CTYHiHb  JIOCTOBIpHOCTI  (aKTy

3a0e3IedyeThes MpaBWIaMi 3 0a3u 3HAHb.

BucHoBku

I'padu 3HaAHD BHSBHINCS KOPHUCHUMH JUISI TIOOYIOBU
B3a€MO3B’S3KIB MK KepernaMu iH(opmarii crocobom
3’¢HaHHSI OO0’€KTIB pI3HUX THIIB, BOHH HAJAIOTh

dopmanpHUil  6a3UC  CTBOPEHHA Ta  e(PEKTHBHOTO
BUKOpPHCTaHHS 0a3 3HaHb y TMIPOLECI IPOEKTYBAHHS
IHTEJIEKTyalbHUX TIPOTPAMHUX CHCTEM. Y LITyYHOMY
iHTeJeKTi rpad 3HaHb IOJAETHCS 3a3BUYail HaOOpOM
Tpiiiok: "cy6 ‘exm — npedukam — 06 ’exkm" abo "06’exm —
ampubym — 3nayenus". JI1s OTpUMaHHS TakWX TPIHOK,
BHU3HAYCHHS CyTHOCTEH, IO iX YTBOPIOIOTH, iCHY€e Oarato

IHCTpYMEHTIB, aie, SK IO0Ka3aB IPOBEACHUN aHai3,
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REUSE OF INFORMATION BASED ON THE INTERPRETATION OF KNOWLEDGE

Recently, much attention has been paid to the creation of knowledge bases that contain millions of facts about various objects
of the real world. One of the key aspects of knowledge management is the reuse of previously acquired knowledge. The subject
of research is the processes of knowledge reuse and the creation of software systems based on knowledge bases. Knowledge
interpretation is one approach to knowledge reuse, which consists in deriving new knowledge based on existing facts
in the knowledge base. The purpose of the study is to increase the efficiency of knowledge reuse in software systems based
on knowledge bases due to automatic rule extraction. To achieve the goal, the following tasks were solved: approaches to structuring
the facts available in the database were considered, a qualitative analysis of the possibility of applying automatic methods
of rule construction and derivation was carried out. The task of predicting the connection between a pair of entities, which
determines the presence of a relationship for facts, is considered. A generalized approach to the presentation of facts is proposed,
which allows the use of efficient rule-finding algorithms. The following methods are used to solve the given problem: the algebra
of finite predicates and predicate operations for knowledge representation, methods for predicting the connection between
a pair of entities based on representative learning for automatically obtaining rules. The following results were obtained:
an approach to rule formation was considered, which allows structuring existing facts as a set of binary predicates and
applying automatic methods of rule construction and derivation. It is concluded that the limitation of knowledge reuse is the structure
of the knowledge base and the software used to support it. The article formulates the principles of building specific concentrator
predicates for the representation of attributes, which allows generalizing the predicate representation of facts and applying
automatic methods of rule extraction, which increases the efficiency of knowledge reuse. Conclusions: the application of the method
and mechanism of identification based on predicate operations and specific predicates, which automatically extracts attributes
from the knowledge base, together with the quality assessment of the derived rules, made it possible to propose a generalized
approach for presenting facts and use effective rule search algorithms, which allows to increase the efficiency of reuse
knowledge in software systems.
Keywords: software engineering; knowledge bases; reuse of knowledge; algebra of finite predicates; facts; rules.

bibnioepaghiuni onucu / Bibliographic descriptions

Kapataes O. A., Ily6in I. FO. IIpobGmeMu NOBTOPHOrO BHKOPHCTaHHS 3HaHb Yy MpPOLECI HPOEKTYBAaHHS IPOTPAMHHX
cucreM. Cyyacnuili cman HAYKOBUX  OOCHIOXNCEeHb ma mexHonoziu 6 npomucrnogocmi. 2023. Ne2(24). C.62-71.
DOI: https://doi.org/10.30837/ITSS1.2023.24.062

Karataiev, O., Shubin, 1. (2023), "Reuse of information based on the interpretation of knowledge", Innovative Technologies and
Scientific Solutions for Industries, No. 2 (24), P. 62-71. DOLI: https://doi.org/10.30837/ITSS1.2023.24.062



https://ceur-ws.org/Vol-3121/paper10.pdf
mailto:%20tosanik@gmail.com;
https://doi.org/10.30837/ITSSI.2023.24.0
https://doi.org/10.30837/ITSSI.2023.24.0

ISSN 2522-9818 (print)

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2023. No. 2 (24)

YK 629.7.066:623.746.174 DOI: https://doi.org/10.30837/ITSS1.2023.24.072

O. KimMIEH, A. KPACHOPYIIbKUH, C. KOUVK

3ACTOCYBAHHS TEXHOJIOT'TA BE3JIPOTOBOI'O 3B’S3KY 1 TEXHIYHOI'O 30PY
JIJIA BIOCKOHAJIEHHS ABIAIIIMHUX OIEPAIIIN IMTOIIYKY TA PATYBAHHS

ITpeameToM IOCIIIKEHHS B CTATTI € MiXOIH 1I0J0 BIOCKOHAICHHS OOPTOBOT0 00JaIHAHHS HOLIYKOBO-PATYBAIBHOTO TIOBITPSIHOTO
cynaa (I1IC). Mera po60TH — PO3pOOJICHHS MPOIMO3HUILII 100 BIOCKOHAICHHS TEXHIYHHUX 3acO0IB MOIIYKY MOBITPSHHUX CYyICH,
IO 3a3HaIM aBapii, a caMe CHUCTEM BIIEOCIIOCTEpPEXKEHHS Ta mepenadi iHopmamii Ha myHKTH KepyBaHHS (IIK) momrykoso-
PATYBAJIBHOIO OIEpali€ro, Ha MiACcTaBi aHanizy [IpaBuil mouTykoBO-pATYBAIEHOTO 3a0€3€YeHHS MOJIBOTIB IepKaBHOT aBiamii Ykpainu
Ta 3aKOPJOHHOTO JOCBiLy IPOBEAEHHS IONIYKOBO-PATYBATBHHX poOiT. Sk momrykoBo-psTyBanbHe mositpsHe cynHo (IIPIIC)
MIPOTIOHYETHCS BUKOPUCTOBYBATH JIETKUH OaraTolinboBUil BepTomiT THiy Mi-2. Y po0OoTi BUPILIYIOThCS TakKi 3aBAAHHS: BUBUCHHSI
CyJacHHX IiXOMIB a0 3a0e3leueHHs] NPOBEICHHS aBiallifHUX IIONIyKOBO-PATYBAJbHUX pOOIT; aHai3 TEeXHIYHHX 3acobiB
3abe3nedyerHHs nomyky IIC, mo 3a3Hamm aBapii; po3poOIeHHS MPOMO3UIli Mmoao crmocoly mepenadi iHpopmanii 3 6opty [IPIIC
Ha Ha3eMHHUH IyHKT KepyBaHHSA; BHOIp BiANMOBIZHOTO HOCIS CHELiaJbHOTO OOJaJHAHHSA Ta OKPEMHX 3pas3KiB CHCTEMHU
BiZleoCTIOCTepeXKeHHsT W mepenadi maHuX. JIs po3B’si3aHHS YacTKOBHX 3aBJaHb 3aCTOCOBYETHCS METOJ IOPIBHAIBHOTO aHAIIZY.
3100yTOo Taki pe3yJbTaTH: BH3HAY€HO BUMOrH A0 mnomykoBux xapakrepuctuk IIPIIC, 3okxpema sx [IPIIC 3ampomonHoBaHO
BUKOPUCTOBYBATH JIETKHH 0araToIiIbOBHH BEpPTOJNIT; IOJAHO CXEMy OpraHizamil 3B’s3Ky 3 IYHKTOM KEpyBaHHS IOIIyKOBOIO
OIlepalli€l0 3 JONOMOTIOK BHKOPHUCTaHHS TEXHOJOTii 0e37poTOBOrO 3B’s3KY; c(hOpMYJIbOBAHO KOHKPETHI BHMOTH 10 OKPEMHX
KOMIIOHEHTIB OopToBoro crenobnanHanns [IPTIC. BucHOBKH. YTpPOBa/KEHHS TEXHOJOTIH OE3ApOTOBOTO 3B’SA3KYy pa3oM
i3 TEIUIOBI31MHOIO amapaTyporo IiJABUIIUTH MBHAKICTH Ta edexTuBHicTh momryky I1C, mo 3a3Hanm aBapii, 0cOOIMBO B HIYHHI Yac
Ta B yMOBaX 0OMeXeHOro 6aueHHs (TyMaH, 3aauMIIeHHs). KpiM 1boro, po3mHUpIOETHCS KOO 3aBAaHb JETKUX BEPTONbOTIB THITY Mi-2,
a TakoX 30UIBIIyeThCS KUIBKICTH K OOPTOBHX, Tak i HAa3eMHHUX OIEpaTopiB, MO 0e3NnocepeHbO 3aCTOCOBYIOTH TEIUIOBI3iHHY
amaparypy (IY-xkamepy) mis BH3HA4CHHS MicIl MamiHHS MOBITPSHOTO CyAHa. Y IbOMY pa3i He MOPYIIYEThCS 3arajibHa IITaTHA
KiJIBKIiCTb TIEPCOHAIY, 110 3aIIy4a€eThCs AL IPOBEICHHSI MOIIYKOBO-PSTYBAIBHHUX POOIT.

KuarwuoBi ciioBa: aBiamiiHW TMONIYK 1 PATYBaHHS; TEXHONOTIT 0E3IpOTOBOTO 3B’S3Ky; Iepelada JaHNX; KOMITIOHEHTH
o0agHaHH; TEXHIYHHUN 3ip; MOUTYKOBO-PATYBaJIbHE MOBITPSHE CYTHO.

IHocTanoBka npodaemu

[TomykoBo-psiTyBanbHE 3a0€3MEUCHHS € OJHUM
13 BHJIIB Y/TOCKOHAJICHHS MTOJILOTIB aBiallii. ¥ MUpHUil yac
TIONITYKOBO-PATYBAJIbHI 3aXOIM 3MIACHIOIOTHCS B €IWHIN
cUCTeMi MpPOBEJCHHS aBiallifHUX poOIT 3 MOUIyKY
W pATyBaHHS — IIe JepKaBHA CHCTEMa, y SAKil aBialliifHi
PATYBaJIbHUKU MpaIioloTh pasoM i3 ¢axisisivu JJCHC
Vkpaian [1]. AsBiamiifiHu#i mOmyk 1 psATyBaHHI —
KOMILUIEKC 3aXOjiB, CHpsMOBaHMW Ha BuUsBieHHs [IC,
0 3a3Haimd a0o 3a3HalOTh JHMXa, 1 HaJaHHI BYaCHOL
JIOTIOMOTH TIOTEPITIJIMM YHACiJOK aBialiiiHol moJii.

3rigro 3 IlpaBuiaamMu MONIYKOBO-PATYBaJIHHOTO
3a0e3neveHHs] IOJbOTIB JiepKaBHOI aBiamii Ykpainu,
OCHOBHHUM METOAOM IIONIYKy THX, XTO 3a3HaB JINXa,
€ BUKOpHUCTaHHs 00PTOBOI pasioTexHiuHOi anapatypu [1C
(ams  BepTONBOTIB 1€  ABTOMATHYHHN  Pa/liOKOMITIAC
APK-Y2 3 mnpuiimauem P-852, apromatmunumit YKX
pamiokommac APK-Y]I) 3a curaanamu aBapiiiHuX 60pTOBHX
3aco0iB  3B’s3ky (pamioctanifiss P-855YM, aBapiiini
pamiomaskun tHmy ELT — ARTEX C-406-1 HMI,
AK-450, EBC-406AFHM).

nependavyaTt BizyalbHe OOCTS)KEHHS WICHAMH EKIMaxy

Ilomyk Takox Moxe

MPIIC wmicrs aBapii. Sk TTPTIC M0oXyTh 3aCTOCOBYBATHUCS
mitaku 1 Bepromsotu [1]. OcraHHI HAWOINBII TOUUTEHO
BUKOPHCTOBYBATH JUIS BHSBICHHS IOBITPSHUX CYZEH,
SKi 3a3HaNM  aBapii, 30KpeMa B pa3i  TOIIyKY
HajJ JICOBUMHM MacHBaMH, MICIEBICTIO 13 OoJoTamH,
a TaKoXX y HIYHUI Yac Ta 3a yMOB OOMEXEHOTO OaueHHs
(3amumutenns, mpska). LlIBuake mnepecyBaHHsS TpaHCHOPTY
aBapiiHO-PATYBAIBPHUX CIYX0 TaKoX YCKIaTHIOIOTH
TOpH, CKeJISICTI maropOu Ta spu. Y TakuX CHUTyalisx
BukopuctanHa BepromsoTa Ak [IPIIC — wHaiikpare
piteHHs. BuHrnkae HeoOXiHICTh BH3HAUCHHS OCHOBHHUX
XapaKTepUCTHK, 32 SKUMH OI[HIOIOTh €(PEKTHBHICTh
MOLTYKOBO-PSTYBaJIBHUX TIOBITPSHUX CYJEH, OCOOJIHMBO
KOJIA HICTHCS PO JIETKi BEPTONBOTH THITY Mi-2.
OcCKiIbKM ~ Yac pearyBaHHS B  HaJ3BHYaHHHUX
CHUTYaIlisIX KPUTHYHO BaXXJIMBUH, IPHCKOPUTH BUSBICHHS
MiClS TaJiHHS TOBITPSIHOTO CyJHAa MOJJIMBO 3aBJSIKH
3aCTOCYBAHHIO CYYacHHX CHCTEM CIOCTEPENKEHHS, TaKUX
SIK ONTHKO-ENIEKTPOHHI, a TaKoX Ti, WI0 HPaIOIOTh
Jiana3oHi

y iH}ppadepBOHOMY €JIEKTPOMArHiTHOTO

cnekrpa. Kpim Toro, s cyuacHux [Y-xamep

HEOOXiTHMA HaTifHWN KaHan 3B’SA3Ky SK IS Iepenadi
JIaHUX 13 BEPTOJILOTA B KOMaHJHUN a00 KOOpIUHALIHHUIHA
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HeHTpH (ITyHKTH KepyBaHH:S) i HA3eMHHM DPITYBAIbHUM
MiZPO3/iaM y pasi moTpeou.

AHaJIi3 0CTaHHIX JOCATHEHD i myoaikanii

YIOoCKOHAJEHHS HasBHHUX TEXHOJIOTIM mepenadi
JAHUX Pa3oM i3 PO3pOOJICHHSIM 1 BIPOBAKEHHSIM HOBUX
OaraTo()yHKIIOHATFHUX OOYHCITIOBAFHIX KOMILICKCIB,
TEIeKOMYHIKAIliIHHUX MepexX, 3aco0iB aBTOMAaTH3alii,
IHTETPOBaHMX B AaBTOMAaTH30BaHy CHCTEMY BEIEHHS
aBiamiifHUX poOIT mix Yac MONIYKOBO-PATYBATBHIX
3aX0/iB, CYTTEBO BIUIMHE Ha 3MEHLICHHS dYacy
pearyBaHHS Ha aBapiiiHi moXii Ta IHIN HaI3BUYAWHI
curyauii 3 [1C, migBummuTh e(eKTHBHICTb MPOBEAECHHS
aBialiifHUX IOITYKOBO-PATYBAIBHUX pPOOIT B YKpaiHi
[2,3]. IIpore 3arampHa cHTyamis B 3a3HaueHii cdepi
i3 HamamTyBaHHAM iHopMmamiiHOT cucTteMu Ta i
aBTOHOMI3AIli€}0 HE MO)KE ITOBHOIO MipOIO0 BiATIOBiAAaTH
BUMOraM MIiXKHApPOIHOI opraHi3aiii IMBIIBLHOI aBiarlil
(ICAO) Tta mnotrpebam

CHCTEM aBTOMAaTHU30BaHOTO IMOLIYKY. ABTOpU poboTH [2]

3a0e3neueHHs  e()eKTUBHOCTI

3alPONIOHYBAJM  1EOJOTII0 BIPOBA/UKEHHS CYYaCHHX
TEJEKOMYHIKAIIIHHIX Mepek Ta 3aco0iB aBTOMAaTH3allii
B CHCTEMy TIIPOBEIEHHS aBiamifHUX  ITONIYKOBO-
PATYBaJIbHUX 3aXOMdiB y Mexax €auHOol aepKaBHOI
CHCTEMH IMBLIBHOTO 3aXHCTY.

Y mpami [4] OMUCYIOTBCS METOAU PO3PaxXyHKIB
J€BOCTI 3pa3KiB aBialliifHOT TEXHIKH, IO 3aJTy4a€ThCs
JUIE  TIPOBEJECHHS TMOIIYKOBO-PATYBAIGHHUX —OIEpalliid.
YV poborax [5, 6] oOrpyHTOBYIOTECS CHOCOOH MPOBEICHHS
MOBITPSHOTO TMONIYKY, 30Kpema Bi3yaibHHH. SIKicTbh
Ta e(eKTHBHICTh aBialifHOrO TMOWIYKYy 00’ €KTiB,
110 3a3HaJIM aBapii, a TAKOXK Yac BUSIBICHHS MMOTEPILINX
3HAQYHO 3aJIeKUTh BiJ OOPTOBMX TEXHIUYHHX 3aco0iB
IPIIC. 3

Ha IIc BUHHUKAE HEOOXITHICTH OIHIOBAHHS TIPWIIAIIB

CIIOCTEPEKECHHS Ta  PO3BLAKH OTTISIAY

CIIOCTEPEIKCHHS, a TaKOX MOXJIMBOCTEH OOpPTOBHX
3ac00iB 3B’A3Ky Ta TEJICKOMYHIKAaIlii MI010 Tepeaadi
JAHUX 13 TPHUCTPOIB 1 CHCTEM  CIIOCTEPEKCHHS
1o HazemHux I1K.

Y mpamsgx [7-9] mpoaHami3oBaHO pi3HOMAaHITHI
MiAXOMU MIOAO TOOYIOBH CHCTEM TEXHIYHOTO 30Dy,
apXiTeKTypy

3abe3nedeHHs Ui peasti3alii cucTeMH, OImucaHi 00’ €KT

pO3pO0ICHO  3arajbHy POTPaMHOTO
ABTOMATH3aLil Ta TUIIOBE 3aBJAHHS I CUCTEM TEXHIYHOIO
30py, PO3MIITHYTO TUTaHHS 30UIBIICHHS IPOITYCKHOI
3/IaATHOCTI CEHCOPHHX TEJIEKOMYHIKAIIIHHIX MEPEXK.
ABtopu pobit [10-15] po3risHYIM NPUHLIUIN
opraHizamii cTajoro apialiifHOrO ¥ CYIyTHHKOBOTO

3B’5I3KY, JIOCTIIIMIIN TEXHOJIOTiT OOMIHY ITaHMMH, arapaTHi

KOMIOHEHTH, TporpamMHe 3a0e3ledeHHs, BapiaHTH
TONOJIOTIT MOOYNO0BH crcTeM oOMiHY AanuMu. Y npari [11]
HABEJCHO TEPCIEKTUBU MOOYMOBH OE3qPOTOBHX MEpEek
nepenadi 1aHUX B iHTepecax 30poitHuX cuil YKpaiHH.
AHami3 JmiTepaTypHHX JDKEpel CBIIYUTH, IO
y CBITI 3HauHa yBara MPHIUIETECS PO3POOJICHHIO
Ta BIPOBAKCHHIO Pi3HOMAHITHUX CHCTEM TEXHIYHOTO
30py, O

3aCTOCOBYBAaTH HaifHI

nepefadi  JaHUX 3 SIKHX ~ HEOOXiTHO

CHCTEMH CTaJoOro 3B SI3KY:
Ho-mepuie, KOPOTKi XBWII, MO-APYre, CYMyTHUKOBHMA
3B’s30K. IlepeBaXHO 1€ CTOCYETBCS TEIIKONTEpiB
NOMILEHChKNX aBiallifiHuX (QopMyBaHb 1 MPUKOPAOHHOL
CIy)XOHM, JUIA SKUX pIATYBaJBbHI OIepamii € Jmme
YaCTHHOIO 3arajlbHOr0 KOMILUIEKCY 3aBJaHb, a came
CIIOCTEPEKEHD 32 MAaTIiCTPALIMHE, y30epeiOKsIM 1 JTICOBHMHU
MacHBaMHM JJIsl 3al00iraHHs HE3aKOHHOI Mirparii, o0iry
HapKOTHKIB Ta iHIMKX 37MounMHHUX i [16]. Ha Gopty
BITYM3HSIHHMX  BEPTOJBOTIB, IO  3aJyd4arOThCs  JIO
MIOITYKOBO-PATYBAIBHUX POOIT, TEXHIYHUMH 3ac00aMu,
3a JIOTMOMOTOIO SIKMX 3/IMCHIOETHCS TOIIYK MOTEPIIIHX,
BHKOPHUCTOBYIOTBCS TIEPEBAKHO PATiOTEXHIUHI MPHUIIAIH,
iHomi TemoBiziiHI. Jlng mepemawi mammx Ha 1K
pATYBaJbHOIO oOllepamieto abo B  KOOpAWHAIHHHUN
LEHTP 3acTOCOBYIOThCsl pajioctanuii YKX-mianazony.
Kpim Toro, 3 Hakasy MO Vkpaiam [1] summBae,
0 BepTOJIbOTH, 3aimydeHi sk [IPTIC, Hanexats 1o kiacy
CepelHiX TPAaHCHOPTHUX CyIeH. B iHMMX KpaiHax st
BUKOHAHHS MO/IOHNX 3aBJIaHb 4aCTO BUKOPHCTOBYIOTHCS
JeTKi remikonTepu. TakoX iCHYIOTH IMPOMO3HIIi IOJ0
3aJy4eHHs JJIsl TOLTYKOBO-pATYBaIbHUX orepaniid BITJIA
[17, 18]. 3rimo i3 mxepemom [18], 30impmmTH pagiyc
MOIIYKY MOXHA 3 JOMOMOror HoBoi cucteMu BIIJIA,
oo mpamoe 3a Mexkamu mpsamoi Buammocti (BVLOS)
3 BUKOPHCTaHHSIM MPOMDKHOTO
BILJIA"

MiX Ha3eMHOIO CTaHIIi€x0 Ta mourykoBum BILJTA.

"peTpaHCIANIHHOTO
uis  3a0e3redeHHsT Oe3nmepepBHOTO 3B SI3KY

[IporoHyeMO pPO3ITIISTHYTH MOXKJIMBICTH 3aTyYeHHS
JUIsl aBiallifHOTO TOWIYKY W pATYBaHHS BITUYU3HSIHUH
nmerkuid  OaraToQyHKIIOHANBHUN  remikonTep  Mi-2
(Mi-2MCB) i3 BIOCKOHaJIEHUM CHEL[iaJIbHUM 00J1a/THAaHHSIM.
Bimomo, mo mrs morpe6 JACHC VYkpainum cTBOpeHO
MOLTYKOBO-PSITYBaJbHY MOJIU(]IKALII0 [[LOI0 BEPTOJIHOTA
LUIIXOM  JOOCHAIICHHS  IacaXKUPCHKO-TPAHCIIOPTHOTO
Bapianta Mi-2MCB nomrykoBuM IpOKEKTOPOM 1 J1e01IKOFO.

OTxe, MeTa CTATTI — PO3POOHUTH TPOIIO3MIIIT MO0
BIIOCKOHAJICHHS  CKJIay IMOIIYKOBOrO  OOJiaJHAHHA
JIETKOro  0araTo(pyHKIIIOHAIEHOTO BEPTONBOTA  THILY
ITPTIC

JUIA  aBiallifHOTO TONIYKY W PATYBaHHS ITOTEPIIUIHX,

Mi-2, skuii Moxe OyTH 3alydeHWd sK

Ta PO3MITHYTH BUMOTH JI0 3ac00iB mepenayi iHpopmanii
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3 6opty [IPIIC Ha pi3Hi HAa3eMHI CETMEHTH KOMIDIEKCHOT
paryBanbHoi omepanii (Ha 1K Ta HazemHi psATyBanbHI
KOMaHIM). Y THTaHHI oprafizamii 3B’sI3Ky IiepeBara
HAlla€ThCsl caMe OE3[pPOTOBHM TEXHOJIOTISIM Iepeaadi
iHpopmarii 3 6opty IIPIIC.

BukJjiag ocHOBHOT0O MaTepiaiy

V r1abn.
SIKi BXKE€ BUKOPHUCTOBYIOTBCS TSl IPOBEICHHS TTOITYKOBO-

1 HaBelEeHO TIOKAa3HUKU TelIiKONTEPiB,

pATYBaJIbHUX POOIT, 30KpeMa IOAAHO XapaKTEPUCTUKU
3aMpoOIIOHOBAHOTO JIeTKOTo BepToinboTa Mi-2MCb.
Ha mixcraBi mOpiBHSJIBHUX XapaKTEPHCTHK MOXKHA

3poOUTH BHCHOBOK, 1m0 Bepromit Mi-2 sax IIPIIC

HE TIOCTYHAaeThCS TMOKA3HUKAMH IIIOAO aBialliifHOTO
cyneH,
10
TeJIKONTEpH, SIKi MalOTh MAIMBHI 0aKu OUTBIIOro 00’ €My,
Mi-2 3a pagiycom mii.
MOIIYKYy  Ta MPOAYKTHBHICTh

MOIIYKY  IHIIMM  THIAM  JIETKUX HaBITh

3aKOPIOHHAM  3pa3KaM.  3pO3yMiJIo, cepenHi

MIepeBePIIyIOTh Hlupuna
CMyTH TOIIYKOBA
PO3paxoBYBAJINCS VIS CEPEJHBO MEPEciueHoi MiCIeBOCTI
B paiioHi omepauii. Y pa3i momsOTy HajJ TipCHKOIO
Ta JICHCTOI [UISHKOI e(QEeKTHBHICTH MONTYKOBUX
3ax0/1iB MOXKe 3MeHInyBatucs B 1,5-2 pa3u. Po3paxyHku
Tabn. 1 maBemeHi msa BapiantiB IIPTIC i3 cTraHmapTHEM

IMOITYKOBUM O6J'Ia,l:[HaHH$IM.

Taoauusg 1.
IHomykoBo- | PexomennoBana PeKOMeHH.OBaHa BapianTn MalfchaﬂbH““ ’Haﬂbglc“ Ilupuna IHomykoBa
ATyBaJbHE BHCOTA [UBHAKICTE 3anpasJIeHHS pamlyc noaxoty au ey NMPOAYKTUBHICTH
p 10JIBOTY, 310 % 3amacom | APK-Y/I, |o6cTexenHst 2
Inc N0JIBOTY najJbHUM, KI' N, km“/rox
KM/TOJX NAJbHOI0, KM KM AL, kM
Mi-8MT 500 225 1420 215 15 22,5 5062,5
Mi-1411C 500 220 2946 410 15 22,5 4950
Ka-27T1C 500 220 2600 470 15 22,5 4950
2 KM —
mnoJe;
S oeas 300 220 685 245 T L 0.7-10°
€BpokonTep BIJICYTHIH | mepeciueHa
MICIIEBICTb;
0,5 kM — jic
Mi-2MCBb 300 200 1128 290 15 22,5 4500

3HayHi MOKJIMBOCTI IIOZI0 MOKpaIleHHs e(peKTUBHOCTI
aBiaIliifHOTO TMOIIYKYy 3a JOIOMOTOIO 3alpOIIOHOBAHOTO
JErKOro  BEepTOIbOTa

BIJIKpUBAIOTBCS 32  YMOBH

3aCTOCOBYBAaHHSl Cy4YacHHX CHCTEM CIIOCTEPEKEHHS,
a came [P-kamep. 3i cBOro OOKy BCTAHOBJICHHS 3a3HAYCHOTO
3pa3ka oOmagHaHHS TOTpedye opraHizamii HamIHHOTO
CTaJIOrO 3B’S3KY JUIs mepeaaui Bimeoindopmariii 3 60pTy
ITPTIC Ha I1K psTYBaJIbHOIO ONEpaLi€ro.

MiniMasibHa ~ cMyra TIPOIYCKaHHS  IOTOKOBOTO
Bimeo — 1 MO6it/c. ¥ pasi monsoTiB Hag €Bpororo, e
rapHe TIOKPHTTS MeEpexi Ta BelMKa KUIbKICTh
CYIYTHHKIB, MOXHA TOBOPUTH PO MOXKJIMBICTb Nepeaadi
MIOTOKOBOTO ~ BiJIE0O 3  HE3HAYHOIO  THMYacOBOIO
3aTPUMKOLO, ajie He real-time. Y BUKOPUCTaHHI BUCOKHX
4acTOT, KOPOTKMX XBWJIb (1€ KUTOOITH 3a CEKyHIY)
HEOOXITHO BPaxOBYBAaTH, IO CHUTHAA MOXKE 3HHUKATH
abo 3aracatéd Ha KOpOoTKHi 4yac. ToOTO iCHYIOTH MEBHI
00MEKEHHSI I0/10 IIepeaadi BiIeo 3 HOCIS.

Y 1mpoMmy pasi MOXIMBO POOMTH 3alHC  Bifeo
3a yMOBHU rnepeOyBaHHsi B "ciimid 30HI", a MOTiM, KOJIK
MOKPALIUTBCST 3B’S30K, IeperaBaTh HoOro IakeTaMu
Ha 3eMiI0. 3amucyBaTH BiJeo HEOOXITHO Ha OKpEeMHii

Hoci#l iHpopManii — "KOpPCTKUH IUCK", AKUH Mae OyTH

3aXMIIEHUM BiJ TEIUIOBUX, BIOpamiiHUX 1 yJapHHX
HaBaHTAXXCHP (32 aHANOTi€l0 3 HakonnayBaueM BP-4T-10
3 KOMIUIEKTY OOpTOBOTrO aBapilfHO-eKCIUTyaTaliiHOTO
peectparopa monboTHOI iHdopMmariii BYP-4-1-07-01).
Hosi nepenavi  Bijgeoindopmarii
3 OOpTy MOBITPSIHOTO CyAHA 3’SBISIOTHCS 13 TIOSBOIO

MOJKJIMBOCTI

TEXHOJIOTiH KoMmaHii SpaceX, a came mepexi Starlink [19].
IIle 09 Gepesus 2021 p. 3acHOBHHUK KoMMaHii SpaceX
lmon Mack o¢inifiHO MiATBEpANB NpPArHeHHS BHUTH
Ha aBiapuHOK. FCC (amepukaHchka ypsioBa (denepanbHa
KoMicis 31 3B’A3Ky) BXKe Hamana SpaceX 103Bin
Ha TPOBE/ICHHS BUNPOOYBaHb TPHUCTPOIB IS KOMEPIIHHUX
aBiaminid. Ilporo »x poxy BIIC CIHIA nposenn
Starlink B

KOMYHIKaIliif MDK BUHHIIyBadaM{ i Ha3eMHHMH CITY>KOaMH.

BUNPOOYBAHHS MOJKJIMBOCTI oprasizartii
AJie HaWO1TBIIN 3PYIICHHS BiAOYBArOThCS B MaJliil aBiarii
y 3B’SI3Ky 3 BIIHOCHO HH3BKOIO BapTICTIO KOMIUICKTY
obmagHanus Starlink (st cramioHapHO1 yeTaHOBKH — 499 $).

3apa3 Ha  JIETKOMOTOPHOMY  JITaKy  BaXKKO
KOPHUCTYBAaTUCSI CYIyTHUKOBUM Tele()OHOM. 3B 30K
i3 3emiier0 BinOyBaeThbcs depe3 3BHUAMHY paliio, K
i cro pokiB Tomy. Tepminan Starlink nae 3mory

nepeaaBaTu HE JIMIIEC TOJOC mjaoTa Ta TeJ'IeMCTpiIO,
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a ¥ Bileo BHCOKOI WIiTKOCTi B PEXHMi PeaJbHOTO dacy.
3a cinoBamu Billempe3ujCHTa 3 PO3BUTKY Starlink
Ta KOMEpIiifHMX mpojaxiB JlxoHatana Xoderepa,
KOHCTPYKIIist aBianiiHUX aHTeH HE CUJIBHO
BIIPI3HATAMETHCS BiJl CTAIliOHAPHHUX Ha3eMHUX. [HmkeHepn
JMIIe JOONpalIOTh IX 3 YpaxyBaHHAM IOJbOTHOI
0COOIMBOCTI.

Po3pobneHnassM,  BHPOOHHIITBOM  Ta

NpoJakaMH  aBlallifHUX TEpMiHATIB 3aliMaTUMEThCS
Takox SpaceX.

Ha puc. 1, 2 HaBeseHi cxeMH CHCTEMHU OpraHizarii
3B’SI3Ky JUIS TIepefadi JaHWX CHOCTEpPeXeHHs 3 0opTy
MOLIYKOBO-PATYBaIBHOTO

BEPTOJBOTY THUIy  Mi-2.

Y  mepmomy BapiaHTi (pmc. 1)  cmocTepexeHHS
32 TIOBEpXHEI0, HaJ SKOK BUKOHYETbCS  IOJIIT,
3a0e3medyeTscsi  3aBOsku  [P-xamepi, miIKITIOYeHid

JO TPOMHUCIIOBOTO CTUIBHMKOBOTO MapIIpyTH3aTopa
3a momomoroio iHTepdeiicy Ethernet. Mapmpytuzatop
BukopuctoBye 38’5130k 4G LTE nnst nepenadi 300pakeHb
i3 kamepm crnocrepexkerHss 1o 4G LTE mo IIK
PATYBAJIBHOIO OIepallieto abo KOOPAWHAIIHHOTO IEHTPY.
[lepenbadena MOXIHMBICTD TUCTAHIIIHO  YIPaBIATH
MapUIPyTH3aTOPOM 1 KaMmeporo i3 3emili 3a JO0MOMOTIO0

CUCTEMU HHCTaHHiﬁHOFO KEpyBaHHH.

Puc. 1. Cxema cuctemu opranizaii 38°s13ky [TPTIC i3 HazeMHIME aOoHeHTaMU (TIepIInii BapiaHT)

Jlo amapaTHUX KOMIIOHCHTIB CHCTEMH HaJIe)KaTh
TaKi BUMOTH:

— MapuipyTH3aTop Ma€ BIANOBIIAaTH  KaTeropii
LTE Cat 4 3i
mo 150 Moit/c, mi0 AOCTaTHBO MJIs Iepeaadi CeMu
motokiB 1080p30 CCTV;

— MIAKITIOYEHHS Ma€ OYTH BIOCKOHAJICHO 3aBISKA
¢dyHKIiE0
MiAKITIOYCHAS Ha JOCTYIHUI 3alacHuii KaHall 3B’S3KY,

HIBUIKICTIO mepemadi  iH(popmarrii

mBom  SIM-kapTkam i3 aBTOMAaTHUYHOIO

SKAH  3a0e3MeuuTh Uil KEPIBHUITBA  IIOIIYKOBO-
paryBanbHOI onepauii nepepauy ganux CCTV HaBiTh
y pasi, SKII0O OCHOBHHUI ONEpaTop CTae HEJOCTYIHUM
YHACJIZIOK PI3KUX 3MiH BUCOTH;

— IUCTaHILiHEe yrpaBiiHHs a0 CHCTeMa BiIAJICHOTO
KepyBaHHS Mae 3a0e3MevyBaTH aBTOMATHYHE OHOBJICHHS
MIKpOIIpOrpaM MapIIpyTH3aTopa Ta HaJiiiHe yIpaBIiHHI

HHM, a TAKOXK KaMEPOIO.

[MapanensHO mepenauy pe3yJsbTaTiB  HOBITPSHOTO
nouryky 3 Oopty IIPIIC MoxnuBO opraHizyBatu uepes
CYNYTHHK-pETpaHciaTop cucremu Starlink.

BinmoBimHO 10 cxemu mepeiadi AaHuX, 300pakeHOl
Ha pHUC. 2, BEPTONIT, WO 3aJiHUA y pPATYBaIbHIH
omepanii sk IIPIIC, e cBoepimanm moBiTpsauM 1K
mrs BIIJIA Ta npoHiB i3 JaTynMkamM JJs  TOIIYKY
Mmicup asapii IIC 1 morepminux. 3anpornoHoBaHa
cucreMa 3abe3neuyBaTHMe Oe3NepepBHI MOTOKH JaHUX
CIIOCTEPE)KEHHS Ta KEpyBaHHI MDK '"HOIIyKOBUMH"
BIIJIA Tta nHazemuum abo mositpsauMm [IK. ¥V pomi
OCTaHHBOTO TMepen0aYacThCsi 3aCTOCOBYBATH BEPTOJIIT.
Taka cxema JacTb 3MOTY KEpIBHHLTBY IOLIyKOBO-
psTYBaJbHOI oOmepalii OHOBIIOBATH CTPATEril MOILIYKY

Jly’Ke JIMHAMIYHO.
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Puc. 2. Cxema cucremu oprani3zamii 38’s3ky [IPIIC 3 iHmmmMu aboHeHTaMu (JpyTHid BapiaHT)

Kommnanis Boeing [20, 21] pos3movana BHITYCK
MOJICPHI30BAHOTO  BapiaHTa  yJapHOrO  BEPTOJHOTA
AH-64D Block III me 2011 p. Ils momudikariist 3qaTHa
KepyBaTu ITOJILOTAMH, nepeiaBaTu BIJICOITOTIK
1 CyNpoBiIHI MeTaJaHi B peajJbHOMY 4aci BiJi YOTHPHOX
tumiB  OesminotHux JIA  (Hunter, Raven, Reaper
ta Shadow B), 1110 TaKOX I ABUIIUIO OOHOBI MOMKIIUBOCTI
BEepPTONLOTA. Yci 3MiHM TepeabavaeTbcs — JAOAATH
Ha OCHOBI BHIIPOOyBaHuX TexHojorii: OSRVT MUMT-2
LOI-4 nae

nepernsgatd Bineo 3 kamepu BIIJIA, koHTposiroBaTH

i VUIT-2. PiBenp cymicHOCTI 3MOry
HOro KOpHCHE HaBaHTA)XEHHs, BIUIMBAaTH Ha TPAEKTOPIO
MOJBOTY B KOHKPETHHX cuTyauisx. llependauyBanuii
ocrarouyHui cryminb — piBeHs 5 (LOI-5), micms voro
Apache matume noBuui KoHTpoJb BIIJIA Ha Beix eramax
MOJIBOTY, 30KpeMa Mix 4Yac 37mb0Ty M mocaaku. Okpim
Boriem (FCR),
OHOBJICHHSI CTOCYIOTbCS TIpollecopa IUISi BHSBICHHS

MOKPAILICHOT0  pajapa yHpaBlliHHA

IiIeld, CHUCTEMH TAaKTHYHOTO YIPaBIIHHS Mepeaayucto
nmaanx (TCDL), narunka mereoponoriuanx ymos (IMC),
BIUIA. Tenikontep AH-64D
Apache Block 1II L 4 He € mepmM aMepHKaHCHKHM

MYHKTY  KEepyBaHHs
TeJIKONTePOM  apXiTeKTypH  BIJKPUTOI  CHCTEMH.
VYxe € IIC renixontepu CH-47F Cargo ta MH-47G
Special Operations Chinooks 13 3araJbHOI0 CHCTEMOIO
(CAAS),
13 cucreMoro Apache.

apxiTeKTypu mo Moxe 00’eaHyBaTHCs

Konrpons 1 Oe3mnocepeaHe KepyBaHHA 3 0OpTy

BEPTOJBbOTA  JPOHAMH, CIPOMOXKHICTH  OTPUMYBATH

iHpopMalil0 B pealbHOMY 4Yaci 3Ha4HO PO3IIMPIOIOTH
moxutuBocTi [TPTIC y 3a3HaueHnX HIDKYE HAIPsIMaXx.

—Joctyn no BIUJIA  pgacte 3mory GopToBUM
oreparopaM BepTONBOTA OauWTH OLUIBbIIE 30H y PanioHi
nouryKy. bopToBi omeparopy OTpPUMYIOTh OJHOYACHO
SK BiZe0o300pakeHHsT TOBEPXHi, HaJx SKOIO IpOJIiTae
MOBITPSIHE CYIHO, TaK 1 KAPTUHKY 3E€MHOI IOBEpXHi,
Ky 3Himae amaparypa BIIUJIA, mo Bimmanena Big IIC.
To06To #imeThest Mpo Tak 3BaHUH "MyabTH3IP".

—Ornsx  palfoHy TOmYyKy —3IiH{CHIOBaTUMETHCS
i pi3HUMH KyTamH 30py, SIK 3 OOpTYy BEpTONBOTA —
Bi3yalbHO a00 3a JIONOMOrOI0 BIIACHUX TEXHIYHHX
BITJIA. Sxmo

3a MICIICBICTIO YCKIIQJTHIOETHCSI OCOOIUBOCTME PEIBEPY

3aco0iB, Tak 1 3 CIOCTEPEKEHHS
abo 3abymoBu (puc. 2), TO 00’€KTH MOIIYKY MOXKYTh
Oytn mnpuxoBaHi Bix ommigy 3 remikonrepa. OjHak
BIUIA 1o (mapmpyTy),
0 /103BOJIsAE 0AUUTH 00 €KTH MOUIYKY 32 MEPENIKOo0I0,

CHPSMYBAaBIIN TpaexkTopii
OOpTOBHIT omepaTop HiOM "HEPEHOCUTH" CBOI JATYHKH

Ha IHIUH Oik, 3aJumarduch Ha Micii. IloTim,
OTpUMaBIIH JIOCTYI A0 BigeokaHaiy Bin xamep BITJIA,
ormeparop MOKe OauuTH IHINI JUISHKA MiCIEBOCTI,
IO OMNIANAIOTBCS 3 METOK BHSBJICHHS MOTEPIIUIHX.
HeoOxinHo 3a3HaunMTH, IO Il Tpolec BiaOYBAETHCS
B PSKUMI peasbHOTO Jacy.

—IIPIIC 3Moke NPUHHATH BiACOKAPTUHKY BiJ
BIUIA # BimnpaBuTH ii iHIIAM eleMeHTaM ImiatdopMu,
mo OepyTh ydyacTh y MOUIYKOBO-PATYBaJIbHIN oreparii
(10 KOOpAMHAIIIMHOTO LEHTPY 200 HAa3eMHOI PITYBaJIbHOT

KOMaH/IY 32 HasBHOCTI B OCTAHHBO1 BiITIOBITHOI artapartypH).
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BucHoBkH

Peaunizalliss  3anmpoNOHOBAaHUX pIllIEHh CIIOHYKA€e
0 po3nAny (YHKIOHATBHUX OOOB’S3KIB YYaCHHUKIB
aBiariifHoro MoOmIyKy ¥ pATyBaHHSA, OCOOJNMBO OOPTOBHX
omeparopiB. Jlo 3a3HaueHWX OOOB’S3KIB HEOOXITHO
Jonaté (pyHKIIT 010 KepyBaHHS JOJATKOBAMA TEXHITHIMH
3aco0amMu, 3a JOIOMOT'OIO SIKUX BiIOYBaTUMETHCS TOIIYK
Ta BusBIeHHA JIA, mo 3a3Hanmm aBapii, Ta 3aco0iB

nepenadi 1aHUX, TOOTO MPUCTPOIB Ta CUCTEM 3B SI3KY.

VYnockonanenHs OoptoBoro obOmamgHanHs [IPTIC

3alPOINIOHOBAHUMH ~ CHUCTEMaMH  TEXHIYHOTO  30py
pa3oM 3 oOprafizami€l0 HaAIfHOTO KaHANy Iepenadi
BiZieoiH(opMaIlil CKOPOTUTb Yac MOILIYKY IOBITPSIHOTO
CyIHa, IO 3a3Hajio aBapii, i moreprimmx. EdexkTuBHICTD
aBlallifHOTO TOWIYKY 3HAa4YHO MiJABHIIUTHCS 3aBISIKH
3aCTOCYBAaHHIO  PO3MJSIHYTHX ~ TEXHIYHUX  PIlliCHB,
0coOJIMBO B pa3i MpOBEJEHHs onepalii B HIYHHMHA Hac,
a TakoX 3a YMOB OOMEXEHOI BHIUMOCTI BHACHIJOK

3aJJUMIICHHS 200 TyMaHy.
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APPLICATION OF WIRELESS COMMUNICATION AND TECHNICAL VISION
TECHNOLOGIES TO IMPROVE AVIATION SEARCH AND RESCUE OPERATIONS

The subject of research in the article is approaches to improving the onboard equipment of a search and rescue aircraft (AC).
The purpose of the study is to develop proposals for improving the technical means of searching for aircraft that have suffered
an accident, namely video surveillance systems and information transmission to the control centers (CC) of the search and
rescue operation, based on the analysis of the Rules for Search and Rescue Support of Flights of the State Aviation of Ukraine
and foreign experience in search and rescue operations. It is proposed to use a light multipurpose helicopter of the Mi-2 type as
a search and rescue aircraft (SRAC). The work solves the following problems: studying modern approaches to ensuring
aviation search and rescue operations; analyzing technical means of ensuring the search for crashed aircraft; developing proposals
for a method of transmitting information from the airborne control center to the ground control center; selecting a suitable carrier
for special equipment and individual samples of video surveillance and data transmission systems. The method of comparative
analysis is used to solve partial problems. The following results have been obtained: the requirements for the search characteristics
of SRAC are determined, in particular, it is proposed to use a light multipurpose helicopter as SRAC; a scheme for organizing
communication with the search operation control center using wireless communication technologies is presented; specific
requirements for individual components of SRAC onboard special equipment are formulated. Conclusions. The introduction
of wireless communication technologies together with thermal imaging equipment will increase the speed and efficiency
of searching for crashed aircraft, especially at night and in conditions of limited visibility (fog, smoke). In addition, the range
of tasks of light helicopters such as the Mi-2 is expanding, and the number of both onboard and ground operators directly
using thermal imaging equipment (infrared camera) to determine the location of the crash is increasing. In this case,
the total number of personnel involved in search and rescue operations is not affected.

Keywords: aviation search and rescue; wireless communication technologies; data transmission; equipment components;
technical vision; search and rescue aircraft.
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€. KorHIEHKO, O. JISALEHKO, A. TOPBA

METO/I KEPYBAHHSI CACTEMOIO TEHEPAIIII EJEKTPOEHEPTII
3 BUKOPUCTAHHSM BE3IPOTOBUX TEXHOJIOI'TI

AKTyalbHiCTh. Y CydYacHHX yMOBaX IHTAaHHA CHEProe()eKTUBHOCTI Ta BHUKOPUCTAHHS aNbTEPHATUBHHUX JOKEPEN eHepril
€ aKTyaJbHUMH W Ba)XJIMBUMH. 30KpeMa COHSYHA €HEpPreTHKa € OIHI€I0 3 HaWOUIbII MEepPCIeKTUBHUX raily3ell y BHUPIIIEHHI LUX
npobneM. IS ONTHMAaJIBHOTO 3aCTOCYBAaHHS COHSIYHOI eHeprii MOTpiOHO KOHTPOJIOBaTH W KepyBaTH IPOLIECOM TIeHepallii.
HeoOxigHuii MeTon, sSKM OM KepyBaB CHCTEMOIO TI'eHepallil eleKTpoeHeprii 3 BUKOPHCTAHHSAM Oe3IpOTOBHX TEXHOJOTIH Ta MaB
THydYKi pexuMu pobotu. CTBOpeHHS MeTony e(eKTHBHOTO IOIIyKy TOYKM MAaKCHMAaJbHOI MOTY)KHOCTI Ta CHCTEMH TeHepamil
€JIEKTPOCHEPrii 3arajoM € OCHOBHHMM 3aBJaHHAM cTaTTi. MeTa po6OTH — IOCTIIUTH Ta PO3POOHTH METOZ KEPyBaHHS CHCTEMOIO
reHepalil eIeKTpoeHepril 3 BUKOPUCTaHHIM 0e31poToBHX TexHouorii. [IpeqMeTom mocitiizkeHHsI € METOJ] KEPYBaHHs Ta KOHTPOJIIO
CHCTeMH TeHepanii enekrpoeHeprii. O0’€KTOM € Ipolec KepyBaHHS Ta KOHTPOJIO CHCTEMH TeHepamii enekrpoeHeprii. Meroan
JOOCJIIUKeHHSI — 116 METOIM POOOTH COHSYHOI MaHeNi 3a YMOBH MaKCHManbHOI HOTyxHOCTi: PWM (Pulse Width Modulation)
ta MPPT (Maximum Power Point Tracking). Pe3yabTaTi po6oTH. Y CTATTi 3alIpOMOHOBAHO METOJ KEPYBAHHS CHCTEMOIO TeHeparlii
€JICKTPOCHEPTii 3 BUKOPUCTAHHSAM O€37pOTOBHX TeXHOJOTIH. [y reHeparii eaekTpoeHeprii 00paHO COHSYHY ITaHeNb i TeHepaTop.
Kontponp reHepanii Ta (yHKIIOHYBaHHS CHCTEMH 0a3yeThCs Ha poOOTI MIKPOKOHTpoJepa, II0 Iepelnac MOTOYHI JaHi Ta MOXKe
KOHTPOJIIOBATH CUCTEMY MOOIIBHOTO 3acTOCYHKY uepe3 Wi-Fi-Monysp. 3a3HaueHuid MeTol MOxe OyTH BUKOpUCTAaHHK y "PozymHOMY
OynuHKY" Ta iHIIMX CHCTEMaX, CHPSMOBAHHMX Ha CTaje CHEPrOXKHMBJICHHS CIIOXKHBaudiB. BucHOBOK. Po3pobnenuii MeTon kKepyBaHHs
CHCTEMOIO TeHepallii eJIEKTPOeHeprii IUIAHYEThCS 3aCTOCOBYBAaTH B IIOJAJIBIIOMY B CHCTEMax CTaJIOTO JKMBJIECHHS CITOXKHBAYiB.
Hapmani meron moke OyTH BOOCKOHANEHHWH YHACHINOK iHTErparmii 3 iHITUMH OE3IpOTOBHMH TEXHOJOTISIMH Ta IOAAaBAHHSA IHIIAX
00’€KTiB reHeparii elneKTpoeHeprii.

KoarouoBi ciioBa: cucrema reHeparii ejekTpoeHeprii; 6e3IpoTOBI TEXHOJOTIi; MIKPOKOHTpOJIEP; MOOUIBHUIA 3aCTOCYHOK;
iHBEpTOp; TOYKa MakcHuMaibHOi Hanpyru; MPPT; PWM.

Beryn

CyuyacHuii CBIT morpedye HOCTIHHOTO 3pOCTaHHS
TeHeparii eJeKTPOeHepTii, M0 3yMOBJICHO 30iTbIICHHIM
HaceJIeHHS Ta MOUIMPEHHSIM Pi3HOMaHITHUX €JIeKTPHYHUX
npuctpoiB. Jlo Toro X OmHUM i3 HaWBaXIIMBIMIHX
HanpsiMiB ~ PO3BUTKY CHEPreTHKH € BHKOPHUCTAHHS
BiTHOBIIIOBAaHUX [DKEpEN EHeprii, 30KpeMa COHSIIHOI.
CTabUILHOTO

Opnak Ui e(EeKTUBHOTO Ta

(DYHKITIOHYBaHHS CHCTEM TeHepallili eJIeKTpOeHeprii
Ha OCHOBI COHSYHHMX TIIaHeJed HeoOXIZHO pO3pOOHUTH
Ta CTabimbHI
[1-3]. V¥V

cTabibHY CHCTEMY TeHepalii eleKTpOoeHeprii, mo Mae

BHCOKOE(EKTHBHI METOON KepyBaHHSI

H  MOHITOpUHTY CTaTTi 3alpOIIOHOBAHO
Ha METi 3a0€3MCUYNTH CIOXKHUBaYa CTA0UTLHIUM JTOCTYIIOM
IO enexTpoeHeprii. [ BupimeHHs 3aBIaHHs po3po0IeHo
CHCTEMY 3 YOTHPMA JKEPEIaMu eJIeKTPOCHEPrii: COHsYHA
MaHeNb, FTeHEPATOP, EICKTPOMEPEkKa Ta AKyMYJISITOPH.

AHani3 HasBHUX pillleHb IMOKa3aB [4, 5], 1m0
UL pOOOTH COHSYHOI TTAHEN1 32 MAKCUMATBEHOT ITOTYKHOCTI
B IIEBHUX YMOBaX 3aCTOCOBYIOTHCS TaKi MiJXOJH:

1) PWM (Pulse Width Modulation) — mpuHIHII,
BIIMIOBITHO JO SKOro OepeThCsl Hampyra B TOYI
MaKCHUMAaJIbHOT rmaseni,

MOTY>KHOCTI TSI COHSAYHOI

1 chcTeMa MiITPUMY€E IO HANPYTY TPOTATOM POOOTH
renepaii. Hemoikom Takoro miaxoay € 3MiHa Hanpyru
B TOYIlI MaKCHMaJIbHOI IOTYXXHOCTi 3aJI)KHO BiJ] yMOB
OCBITJICHOCTI, TEMIIEPATYPH TOILO;

2) MPPT (Maximum Power Point Tracking) —
crocid OTpUMaHHS MaKCHMaJlbHO MOXIIMBOI IOTY>KHOCTI
Ha BHUXOAl (POTOMOIYNIB, MPHHIUN SKOTO IIOJSATAE
B TOCTIHHOMY CKaHyBaHHI IIOTY>KHOCTI B TOYIi OiJs
MaKCHUMaJIbHOT Henomikom

TOYKH MTOTY>KHOCTI.

€ KOJIMBAHHA HOTy)KHOCTi l'[iZ[ JaCc CKaHyBaHHA,

10 3MEHIITy€ TeHEePaIlito CyMapHOi MOTY>KHOCTI.

IocTaHoBKa MpodIeMH

PWM- Ta
TOMY IIOCTa€

MPPT-metonn
npobiema cranoro (yHKIIOHYBaHHS

MarlTh  HEIOJIKH,
CHUCTEMH Ta pO3POOJCHHS METOAY POOOTH COHSYHOT

MaHedni 3a MaKCHUMalbHOI TOTY)XHOCTi. HeoOximHo
obpaTd ¥ JOCHIOMTH METOA, II0 Mae€ MiHIMI3yBaTH
BHIIC3a3HAUCHI TPOOIIEMH 1 HEIOTIKN HAsIBHUX PIlICHb.

Just 3a0e3neyeHHs] KOHTPOJIO Ta MOHITOPUHLY
cuctemMu obpano mikpokontponep PIC Bepcii 16f18877,
[0 Ma€ IMepeBary cepeln IHIIMX, a caMe HAasBHICTh

BEIMKOi KINIBKOCTI —amapaTHUX MOXYJIB, 30KpeMa:

© €. Kopuienko, O. Jlsmienko, A. Top6a, 2023
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ADC MepPeTBOPIOBAY) LIS
BUMIpDIOBaHHSl HANpYrH, CTPyMy Ta TeMIlepaTypH,
CCP (Capture, Compare and Pulse Width Modulation) —
Uit (opMyBaHHS

(ananoro-mmdpoBuit

[IMPOTHO-IMITYJIBCHOT ~ MOMYJIALLI,
KOMIapaTop — IJIsl arnapaTHOrO 3aXHCTy MEepPEeBUILCHHS
ctpyMy ¥ Hanpyru. Kpim Toro, MeHIIa BapTiCTh
MOPIBHSHO 3 aHaloraMu Oyna oOmHUM i3 (aKTopiB
00paHHs MIKpOKOHTpoJepa [6].

MoOUTEHMI 3aCTOCYHOK Mae KOHTPOITFOBATH CHCTEMY.
MiAXOOU 110 inTepdeiicy,

Amnanizyoun noOyA0BH

apXiTeKTypd Ta OCHOBHHX TEXHOJIOTiH, 3’sICOBaHO,
IO TEXHOJIOTIYHUMH i CYYacHHMH MiAXOJAaMHU OYIyTbh
taki: Jetpack Compose nns mobynosn Ul-iHTepdeiicy,
MVVM-apxitektypa Ta Coroutines a1 peanizarii
6araTomoTOKOBOCTI B 3aCTOCYHKY.

Cucrema reHepalii I'PyHTYeTbCS Ha PO3pOOJICHHI
SJIEKTPUYHOI CXeMH, [I0 Ma€ Ha MeTi 3acTOCYBaTH
pi3HOTO THIly HepeTBOpIOBaui,

30KpeMa BCI THIH

iHBEpTOpiB, KOPEKTOpH KoedimieHTa  MOTY>KHOCTI,

3apsTHAHN MPUCTPIN Ta 1HIT CXEMOTEXHIUHI KOMITOHSHTH.

OcCHOBHA YacTHHA

Ha croronni icHye BenMKa KUTBKICTH TEXHOIOTiH
1 METOIiB KepyBaHHs CHCTEMaMH T'eHepallii eleKTpoeHepril

Puc. 1. Pexxumu pobotu cuctemu

HeHTpaJ'H:HI/IM 00’ €KTOM CUCTCMU € JJaHKa

MOCTIHHOTO CTpyMy, Hampyra B sikid jopiBHioe 400 B
(puc. 2).

CucremMa Mae YOTHPH JDKepesa eJIeKTPOeHeprii:
COHSIYHA MAHeJNb, U3eNIbHUIT a00 OEH3MHOBUI TeHepaTop,
SJIEKTPOMEperKa W aKyMyJIATOpP (IO MOXKE 3apsIDKATUCS 3
MEPIINX ABOX JKEPEN).

HAa OCHOBI COHSYHUX TMAHENeW Ta IHIUX HKepeln
reHepaiii enekTpoeneprii [7, 8]. OCHOBHUME BUMOT'aMHU
IO CHCTEM KepyBaHHS € TOYHICTh, IIBHIKICTh
pearyBaHHs, eHeproeeKTUBHICTh 1 HamiiHicTh [9, 10].
Arne mocrtae 3aBIaHHS — PO3POOUTH HLTICHY Ta e()eKTUBHY
CHCTEMY, IO Ma€ THYYKI pPEXHMH KepyBaHHS, SKi
3a0e3neyars cTa0iIbHE MOJAaHHSA €HEepProHOCIiB
J0 croxuBada. ToMy B JOCHIPKEHHI 3arporOHOBAHO
pexxumu podotu cucteMu (puc. 1). SKmIo cCoHIHI maHemi
B aKTHBHOMY CTaHi Ta BHUCTa4a€ IOTY>KHOCTI
Ha CHIOXWBaHHSA O0’€KTiB, TO HAAMIPHO BHpOOIECHA
€JIEKTPOCHEPTist e 0 aKyMyJsTOpiB /IO TOBHOTO
y  pasi

BHpOOJIeHA

3apsIDKEHHS, 3apSADKEHUX  aKyMYyJISITOPIB

HAJTUIIIKOBO eNeKTpOeHepris  iae 1o
eNIeKTpoMepeKi, 3a "3enernM Tapudom". SAxmio BupodiaeHoT
€JIEKTPOEHePTii Ha IMOTpPeOM CIIOKMBaya HE BUCTAYaE,
TO TMPAIIOIOTh aKyMYJISITOPH, y pasi BiACYTHOCTI 3apsny
Ha HUX — JIOJaTKOBE JKHBJICHHS HIe 3 eJIeKTpOMepexi,
JOJATKOBO 3apAKaloul aKyMyJSTOpH. Y pasi cuTyailii,
KOJIM HEMae Hampyrd B €JIEKTPOMEpEeXi, BMHUKAETHCS
JIU3eNbHUN a00 OEH3WHOBHI TeHEepaTop.

PoGora CTBOpEHOT

CUCTEMU IPYHTYETbCA

Ha KepyBaHHI TaKWX Ii YaCTHH: IIEPETBOPIOBAUIB,
KOPEKTOPIB KoeillieHTa HAIpyTH, 3apsiAHOTO MPUCTPOIO,

Wi-Fi-monyns tomro.

Takox ud  (QyHKUIIOHYBaHHS CHCTEMH OOpaHO
TaKi eJIeMEeHTH:

1) IeperBoproBau THITY
cTtpym", 1m0
akymyissaropa 3 12-48 B no 400 B.

"HOCTIHHUHA CTpyM —

MTOCTIHHMIA MEPETBOPIOE  HAMPYTY
2) BapsaHHii MPHUCTPIH, SKUH MOXKE 3apsKaTH

aKyMYJISITOp 3 JIaHKH IOCTIHHOTO CTpyMy. 3aJIe)KHO Bij
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TUIy aKyMYJSATOpa iCHYIOTH Pi3HI alNTOPUTMH 3apsy.
Tak, Hanpukian, Ui 3apsi/pPKaHHs JITIEBUX aKyMyJLITOPIB
HE BHUKOPUCTOBYeThCS "OydepHmit" pexwum, 00 BiH
MPU3BOJUTH JI0 3MEHIICHHsS LUKIIB 3apsiiy W po3psay.
ToMy AJS LBOTO THIY aKyMYJSTOPIB 3aCTOCOBYETHCS
MPUHIUIT TIOBHOTO BIJKJIFOUEHHs BiA 3apsay B pasi
MOBHOTO 3apsay. Jlpyra BiIMIHHICTH TONATaE B Pi3HHUII
cTpyMmiB 3apsay. Tak, HanpuKiIam, IS KUCIOTHUX THUIIB
aKyMyJSITOpiB BBaXkaeThess HOMiHAIBHEM 0,1 C (eMHOCTI
akymynaropis), a mis mitiesux — 0,5 ... 1 C. KuciotHi
aKyMyJATOpu (200 CBUHIICBO-KUCIIOTHI) MAlOTh HIDKTY
HIBUJIKICTB 3apsi/Ly, IOPIBHSHO 3 JIITIEBUMH aKyMYJIITOPAMH.

178 - 488
e MepsTRODORIY
AKyMynaTop /
o0

A SAPAIHHR NpUCTRIR

126 488

Nawea nocriiworo crpywry ( 4008 )

Puc. 2. Cxema 3’eIHaHHA aKyMyJIsITOpa
il TaHKK NOCTIHHOTO CTPYMY

Puc. 3. Cxema 3’efHaHHS MEpEeXi Ta JIAHKU TOCTIHHOTO CTPyMy

JucTaHIiifHNiT KOHTPOJh Ta MOHITOPHHT CHCTEMH
reHepaiii enekTpoeHeprii Moxe BUKOHYBaTHCS 3 IyJbTa
VOpaBIiHHA, ale el MmIOxXil He € ONTHMaIbHUM
1 Ma€e HeIOJKH.

1) YcranoBnenus. poToBi cucteMu moTpeOyrOTH
OLIBII CKIIAJTHOTO M TPYIOMICTKOTO MPOLIECY BCTAHOBJICHHS,
OCKLUJIbKM HEOOXIJTHO MpOKJIafaTdH Kadenal MK pPi3HUMH
KOMITOHEHTaMH cucteMu. Lle Moxke 30LIbIINTH BapTiCTh
1 4ac BCTAHOBJICHHSI.

2) OOMexeHHs B pO3MIIICHHI. Y JeSKHX BUIAIKAX
JIPOTOBI CHUCTEMU KOHTPOJIFO T2 MOHITOPHHTY OOMEXYIOTh
MOXKJIMBOCTI PO3MIIIIEHHS 00J1aJHAHHs Yepe3 HeOoOXiqHICTh
npokJiaiaHHs kabemniB. 1le MoXke BIUIMHYTH HA THYYKICTh
1 OITUMAJTBHICTH PO3MIIIIEHHS KOMIIOHEHTIB CHCTEMHU.

3) Kopekrop koedimieHTa TOTYXHOCTI (TIpUEIHAHHS

CTpyM
CxeMa TakoX Ma€ MICTHTH

JI0O  CJICKTPOMEpPEXKi) TMEepeBOAMTh 3MIHHUI
Ha mocTiamiA [11].
¢ynkuionan ABP (aBromaTudHOrO BBEIEHHS PE3EpBY),
CHTHAJl Ha SKUIl MOJAEThCA 3 MIKPOKOHTpOJEpa, y pasi
MaJiol 3aJIMIIIKOBOI EMHOCTI HA aKyMYJISITODI, 32 BIICYTHOCTI
HAIPyTd B €IEKTPOMEPEXi, HEAOCTATHBOI OCBITICHOCTI
Ta MaJIoi 3aJIMIITKOBOI EMHOCTI B aKyMYJIATOPI.

4) TleperBoproBau — iHBepTOp [12], M0 IEpEeBOAUTH
MOCTIHHUI CTPYM 3 JIaHKH ITOCTIHHOTO CTPYMY B 3MIHHUIA
IO CIIOKHABAYiB.

5) IleperBoptoBay i3 TOCTIHHOTO CTpPyMy JIO
3MiHHOTO. Po3TamoBaHmii MiX JAHKOIO MOCTIHHOTO
cTpymMy Ta wMepexeo. JKuBUTH Mepexy B pasi
HAUTUIIKOBOI BUPOOJICHOI eIeKTPOCHEPTi.

6) Kopektop koedinienta mnortyxknocti (PFC).
Ta JIAHKOIO
CTpyM
3 Mepexi 70 moctiitHoro ctpymy (400 B). Aramizyroun

Po3mimyeTbcss MK JTaHKOIO  Mepexi

nocTiiHoro crpymy. IlepeBomuTh 3MiHHUHA
moJiOHI KOpEeKTOpu, poOMMO BHCHOBOK, IO Hampyra

He 3aBxau Oyne 400 B, moxmusi komuBanHs 390400 B.

Came me HEOOXiJHO MaTH Ha YyBa3li B Mporeci
MIPOEKTYBaHHSA poOoyoi cxemu (puc. 3).
3) Hagiitaicte.  J[poToBi  cHCTEMH  CXWIBHI

JI0 TIEpEepUBaHHS 3B’S3Ky uepe3 MOLIKOKEHHS KaOelliB,
Koposito, "Bromy" wMmartepianmiB abo mMOraHWH KOHTAaKT
MDK KOMIIOHeHTaMHu. lle BrMBaTHMMe Ha HaIIMHICTD
1 CTaOUIBHICTh CUCTEMH.

4) Ecreruka. Binkpuri kabeni CTBOPIOIOTH MpodiaeMu
3 €CTEeTHKOI Ta Oe3NeKolw, OCOOJIMBO B IPHBATHHX
OynmuHKax ab0 KOMEPUifHMX TPUMIIICHHSX, JI¢ 30BHIITHII
BUTJISIL € BAKIIUBUM.

5) MacmraboBanicte. JlogaBanHs abo 3amiHa
KOMIIOHEHTIB y JIPOTOBUX CHCTEMax MOXe HOTpeOyBaTH
JIOATKOBUX 3yCcWiIb 1 BHUTpaT Ha Moaudikamio abo

MIPOKJIaIaHHs HOBHUX KabeniB. ToMy 0e31poToBi cucremMu
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KOHTPOJIF0O Ta MOHITOPHHIY 3a3BHYail MPONOHYIOTH
Kpalily MaciitaboBaHICTh 1 THYYKICTb.
6) Bapricte. 3anexHo Bif

00cATy  TPOEKTY

Ta KOMIIOHEHTIB CHUCTEMH, JPOTOBI TEXHOJOTii MOXYTh

MaTd BHWILYy BapTiCTh, NOB’s3aHy 3 Kabemsimu
Ta BCTAHOBJICHHSM.
3BaKalo4M HAa  HEJONIKH  JPOTOBHX  CHCTEM

KOHTPOJIIO Ta MOHITOPUHTY, O€3JpOTOBI TEXHOJIOTII,
Taki Ak Wi-Fi ta Bluetooth, craroTb pemani OUIBII
NpUBaOIMBUMH B KOHTEKCTI  KOHTPOJIO  CHUCTEMH
reHeparii emexktpoeneprii [13, 14]. Boru 3abe3neuyors
Ol THYYKe, HaJIHE Ta JerkoMacitaboBaHe pillleHHs
JUIL MOHITOPHHTY W KepyBaHHs CHCTEMaMH TeHeparil
€JIEKTPOCHEPril Ha OCHOBI COHSYHHUX MaHENel Ta IHIIUX
BiTHOBJIIOBAHHX JIKEPEIL.

Kpim Toro, Ge3npoToBi TexHOJOrii 3a0e3mneuyroTh
3pYYHICTh 1 IIBUAKICTh MepeAadi MaHuX Y peXuMi
peasbHOro 4Yacy, IO Ja€ 3MOTY OIlepaTopaM CHCTEMH
MHUTTEBO BIJICTE)KYBAaTH CTaH OOJaJHAHHSI, BUPINIyBaTH
npoOJIeMH Ta 3/1HCHIOBATH ONITUMAaJIbHE KEPYBaHHSI.

3acrocyBaHHA O€3IPOTOBMX TEXHOJOTIH TaKOX
BiJIKpHBAa€ HOBI MOXKJIMBOCTI JUIsS iHTErparii 3 IHIIUMH
"pO3yMHIMH" TIPUCTPOSMHU Ta CHCTEMaMH, 3aBISKHA YOMY
CTBODIOIOThCS  Oinbir  "po3ymHI" Ta aBTOMAaTH30BaHi
cucTeMH eHeprozabesnedeHHs. Hampuxian, MoxHaA
IHTErpyBaTH KOHTPOJIb I MOHITOPHHI' COHSIYHOI MaHedl i3
cucreMoro "Po3ymHMIA OyamHOK" ab0 BHKOPHUCTOBYBAaTH
MOOUTBHI  3aCTOCYHKH JUISi  BiJJIQJICHOTO KEepyBaHHS
Ta crocTepeskeHss [ 15].

Besnporosi TexHomnorii, Taki sk Wi-Fi ta Bluetooth,
MalOTh HI3KY TIepeBar MOpPIBHAHO 3 JPOTOBHMH TEXHOJIOTISIMA

B KOHTEKCTI KOHTPOJIFO CHCTEMH T'eHEpaIlil eIeKTPOSHEPrii.

1) THyukicts i MOOLTEHICTE. Be3npoToBi TexHOMOTIT
JAIOTh 3MOTY KOHTpOJIFOBaTH CHCTEMY 3 OYIb-SKOi
TOYKH 3 MOKPHUTTSIM CHUTHAJIOM. 3aBSIKH IL[OMY JIETKO
MOHITOPHUTH Ta KEpyBaTH CHCTEMOI0 Ha BiJacTaHi
0e3 moTpedr BCTAHOBIICHHS TOJATKOBUX KaOeIliB.

Wi-Fi). Wi-Fi

3abe3mnedye OUTbIMA pajgiyc mii mopiBHsAHO 3 Bluetooth

2) binpmmid pagiyc gii  (mis

1 IPOTOBMMHU 3’ €IHAHHSMH, 1110 JIa€ 3MOT'Y KOHTPOJIIOBATH
1 MOHITOPHUTH CHCTEMY Ha OiNBIIIN BifCTaHi.

3) 3pyunicts. be3apoToBi TexHOOTII 3a0e3MeUyOTh
OPOCTHH 1 3pYYHUH JOCTYN JO CHCTEMH KOHTPOIIO
Ta MOHITOPHHTY 3 JOIOMOTOI MOOITBHUX MPUCTPOIB,
30KpeMa CMapTQOHIB i IIIAHIIETIB.
besnmpoTosi

4) IllBuakicth Ta  €(EKTHBHICTS.

TEXHONOTii, Taki sk Wi-Fi, 3a0e3nedyloTh BHCOKY
LIBHJKICTH TepeAadl JaHUX, IO CHPUSE IIBUALIOMY
OHOBJICHHIO iH(OpMalii Ta pearyBaHHIO Ha 3MiHH
B CHCTEMI.

5) Bigmanenuit 3aBasKu

JOCTYIIL. iHTerparii

3 iHTepHETOM O€37pOTOBI TEXHOJOTil IalTh 3MOTy

KOpUCTyBadaM KOHTPOJIIOBaTH W MOHITOPUTH CHCTEMY

HaBiTh Ha  BiJCTaHi, 3a0e3medyroud  3py4HICTh
1 BYaCHICTP yTIpaBIiHHS.
6) 3HmkeHHs  BUTpaT Ha  IHQPACTPYKTYpY.

BincyTHicTh HEOOXiZHOCTI B TpPOKNIAaHHI KabOewmiB
3HW)KYE BUTpaTH Ha BCTAaHOBJICHHS Ta MiATPUMKY
CHCTEMH KOHTPOJIIO i MOHITOPHHTY.

OTxke, 3a TepeliyeHUMH BHIlE (QaKTopamu
KOMYHIKaIlii MK MIKPOKOHTPOJIEPOM 1 MOOUTEHUM
MIPUCTPOEM BUKOHYETHCS 3a Aonomororo Wi-Fi-momyns
(puc. 4). Jlns KoMyHIKamii 3aCTOCOBYETBCA MOIYJIb

ESP8266-ESP-128.

Puc. 4. Cxema 3’etHaHHS MIKPOKOHTpONIEpa i MOOGLIBHOTO 3aCTOCYHKY

KomyHikarliss  31iHCHIOETBCSL 4epe3 MporpaMmHy
mmHy UART, 1m0 € omHuM i3 crioco0iB nepepavi JaHUX.
s wmmHa mnepenae iHdoOpMAaIil0o B aCHHXPOHHOMY
peXUMi, IO O3HAYa€, IO BiH HE MOTPEOye OKPEMOro
CUTHaJly TAaKTOBOI 4acTOTH Ul CHHXpPOHi3auii mepeaadi
Ta mpuitomy iHpopmarii. i1 KOpeKTHOI epenavi TaHuX

MOTPiIOHO HAJIAINTYBATH MapaMeTPH MPOrPaMHOI ILIMHH.

3aranbpHe TOEIHAHHS eleMEeHTiB (puc. 5) poOuth

CHCTEMy THYYKOI, KOHTPOJbOBAHOK Ta BHpiLIye
[IOCTaBJICHE 3aBIaHHS.

I[TpoananizoBaHi MiAXOIH 3 OTPUMAHHS MAKCUMAIIBHOT
MOTYXKHOCTI TOKa3aJk, 0 KOXEH 13 METOMIB Ma€
HeJONiKW. BupimeHHs 3aBOaHHSA TOJSTae B MOEIHAHHI

JIBOX METOJIB JIg MiHIMi3aril HeLOMIKIB KOXKHOIO 3 HUX.




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2023. No. 2 (24)

MPPT - me KoHTpolep, MO CIIiAKYE 3a TOYKOIO
MaKCMMyMy IIOTYXXHOCTI B TEBHHX yMoBax. [lomryk

TOYKH MaKCHUMaJbHOI TOTYXKHOCTI Ha COHSYHINA Oartapei

Puc. 5. 3aranpHa cxema (yHKIIOHYBaHHS CHCTEMU

[omryx TOYKH MaKCHMAaJIBbHOI TOTYKHOCTI JJa€ 3MOTY:

1) ontumizyBatn  poOoTy  coHsyHOi  Oarapei
3a Pi3HUX HOTOAHHUX YMOB i BIIPOJIOBXK YCHOTO JHS;

2) 3abe3ne4ynTH HaWBHIILY EHEepPreTHYHy
MPOAYKTUBHICTH COHSYHOI OaTape;;

3) 3MCHIIUTH BTPATH CHEPrii BHACHTIJIOK KOJIMBaHb

YMOB OCBITJICHHS i TEMIIEPATYpH.

HEOOXiTHUA [UII  ONTHMAaNIbHOI poOOTH  COHSYHOI

eJIEKTPOCTAHIli Ta 3a0e3MeueHHS  MaKCHMAJIbHOTO

KoeirieaTa KOpUCHOT ii.

Hdmns Toro, mo0 3HAHTH TOYKY MAaKCHMAaIbHOI
MOTYXXHOCTI 33 BH3HAYEHHWX YMOB, OyJIO MPOBEICHO
JOCIHIKEHHS. MeTa eKCIEpUMEHTY JOCsTaacs 3aBIsIKH
3MiHI CHOPOTHMBY HaBaHTaxeHHA. Jlnsg mnporo Oyna
moOynoBaHa elekTpuyHa cxema (puc. 6), Imo maBama
3MOTy MIKPOKOHTpPOJIEpY 34YHMTYBaTH IIOTOYHI JaHi

HaNpyTy Ta CTPyMYy ¥ MHTT€EBO MOPAXYBAaTH MOTYKHICTb.

N AODS7 | +
+
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Puc. 6. Enexrpuuna cxema Jist MOIIYKY TOYKH MaKCHMaJIbHOT IIOTY>KHOCTI
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Ob6pana COHSTYHA MaHeb Mae KiJTbKa

XapaKTEPUCTHK, IO TIepeltideHi B Taou. 1.

Ta6muust 1. Texuiuni xapaxmepucmuku coHAYHOI naneui

TexHiyHi XapaKTepUCTUKH COHSIYHOI NaHei

HowminaneHa notyxHicts (W), Bt 10
Hampyra xonocroro xoxny (V), B 21,52
CtpyM KopoTKOro 3amukaHus (1), A 0,66
MaxkcuManbHa Hanpyra 3a ymosu W, B 17,5
MaxkcuManbHuii cTpyM 3a ymoBHu W, A 0,6
KKA, % 21

Puc. 7. I'padik 3a51e:KHOCTI MOTYKHOCTI BiJ CTpyMy

ExcniepuMeHT 10Ka3aB HaOUIBIIy TOTYXHICTB
y rtoumi 8,1 Br 3a ymoBu crtpymy 0,46 A, mo €
Ha Tpadiky TOYKOIO eKcTpeMyMmy. Touka eKCTpeMyMmy
TINBKK OfIHA. SIKIIO TOYKa OJIHA, TO AJITOPUTM IOIIYKY
MaKCHMaJIbHOT HIJISIXOM

MOTYXHOCTI  BiIOYBa€ThCS

HAWIPOCTIIIOrO MOPIBHSHHS JBOX CYCIZHIX BHMIPIOBaHb

(puc. 8).

301IBIICHHAS CTPYMY Bi HYJIS 10 CTPYMY KOPOTKOTO

3aMUKaHHS BiJIOyBa€eThCS 3aBASKH KEepYBaHHIO
3 MIKpOKOHTpOJIepa poOOTOI0 TOIBOBOTO TPaH3UCTOPA.
MIKpOKOHTpOJIEp PETyJIoe IINapyBaTICTh IMITYJIbCIB
Ha TPaH3HUCTOPi, YHACIINIOK YOro 3MEHILIYEThCS HaIpyra
3 HaNpyTH XOJOCTOrO XOAY JO HYJSA, Ta 30UIBIIYETHCS
CTpyM 3 HyJs IO CTPyMy KOPOTKOTO 3aMHKaHHS.
3a pe3ysibTaTaMu JOCHTIHKEHHS MOO0YI0BAHO 3aJIC)KHICTh

MIOTY>KHOCTI Bi cTpymy (pHc. 7).

O6pannst yacrotn LIIM  (mMpOTHO-IMITYJIECHOT
MOJIYJIALIT) BiOYBAJIOCS Ha MiJCTaBl TAKUX YMHHHUKIB:

1) dyacrora He € MeHmIo0 32 20 KI 11 (3ByKOBa 4acToTa);

2) 1o BHUINA YAacTOTa, TO OUIbIII AMHAMIYHI BTPATH
Ha IT0JIbOBOMY TPaH3HCTOPI;

3) mo BHIA YacTOTa, TO MEHINA IHIYKTHBHICThH
npocenst HeoOXiTHa.

Puc. 8. I'padixk 3a1eXHOCTI TOTYXKHOCTI Bijl 4acy B IPOLECI MOIIYKYy TOYKH MaKCHMAJIbHOI IIOTY>KHOCTI
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Ha migcraBi mux YWHHWKIB O0OpaHO dYacToTy T .
. 00YHCITIOETECS 32 QopMysior0 —xn, Ae 1 — mepion;
24 xI'u. Ilepioxg KonMBaHb € BEIUYMHOIO, 3BOPOTHOIO 100
0 YacTOTH KOJHWBaHb. ToMy Tepiox HOpiBHIOE n — IIIapyBaTiCTh y BIICOTKax. 3a UMM PO3paxyHKaMHU
1/24000 = 0,0000416 ¢ = 41,6 us. lllupuna imMmynbCy Oyma moOymoBaHa  TaONWIS  [IMPOTHO-IMITYJIBCHOT

MOJIYJIAII] B yMOBaX pi3HOI mmapyBaTocTi (puc. 9).

Puc. 9. Ta6mu ILIIM B ymMoBax pi3HOI IIIapyBaTocTi

Takox y wMexax poOOTH JOCTIUKEHO BIUIUB 10 MEHIIIA OCBITJICHICTh, TO MEHIIIA TOYKa MaKCHUMaJIbHOT
OCBITJICHHS Ha Hampyry W TOYKY MaKCUMAIIbHOI MOTYXHOCTI, a Hampyra KOJMBAEThCS B HE3HAYHOMY
MOTYXXHOCTI. 3a pe3yibTaTaMy BHMIPIOBAaHb 3’SICOBAHO: Jliara3oHi, MopiBHSAHO 3i crpymMoM (puc. 10).

Puc. 10. I'padik 3a1e:xKHOCTI HOTY>KHOCTI BiJ] HAIIPYTH
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3a pe3ynbpTaTaMu JOCIHiKEHb BU3HAYCHO!

1) dopma rpadika
Bil Hampyrd HE 3MiHHAa W Ma€ OAHWH EKCTPEMyM

3aJI©KHOCTI  MOTYXHOCTI
(yHKIIT Ha MPOMIKKY, TOOTO TOYKAa MAaKCHMAaJbHOI
MOTYXXHOCTI O/IHa;

2) Hampyra B TOYKax MaKCHMaJbHOI IMOTY>KHOCTI
3a PI3HUX YMOB KOJIMBA€THhCS B HE3HAUYHOMY Miana3oHi,
Ha BiJIMIHY Bifl CTpYMY;

3) coHs4HI MaloTh

Garapei XapaKTEePUCTHKH,

IO 3MIHIOIOThCS 3aI€)KHO BiJi YMOB OCBITJICHHS,

TeMIepaTypu i HaBaHTaXeHHs. Tomy, o0 3a0e3meunTi
HaiBUIly  €(EeKTHBHICTh  TMEPETBOPEHHS  COHIYHOL
eHeprii B eIeKTpUYHY, HEOOXiTHO BCTAHOBUTH PEKUM
B TOYIl MaKCUMaJbHOL

pobotn consuHOi Oatapei

MOTY>KHOCTi, BUKOPUCTOBYIOUM PWM-npuHiinn —ams
MOUIYKY MUSIHKH, JIe PO3MillleHa TOYKa MaKCHMaJbHOI

MOTY>KHOCTI (BH3HA4YaeThCsl BHpOOHWKOM), Ta MPPT-

NPUHOUI I  KOPUTYBaHHS ¥ YTOYHEHHS TOYKH
MaKCUMaJBbHOI  ITOTYXHOCTI. Ilicas  yrouHeHHA
MOJOXKEHHS  Ii€i  TOYKM 3HOBY  BHKOPHCTOBYEMO

PWM no 3MiHM BHXiZHOI TOTYXXHOCTi, TOOTO 3MiHU
YMOB pOOOTH COHSIYHOT MaHEei.

Cnucok Jgirepatypu

BucHoBkn

YHacHmiIoK TNPOBEJCHUX JOCIIIKEHb pPO3POOICHO
METOJ] KepyBaHHS CHCTEMOIO TeHepaIlii eJIeKTpOeHepril
3 BUKOPUCTAHHSM O€3IpOTOBHX TEXHOJIOTIH. Y CTarTi
MpoaHalli3oBaHo med meron. [[ms kepyBaHHS CHCTEMOIO
16£18877.
Jis  xoMyHiKamii MK TIpOLIECOPOM 1 3aCTOCYHKOM

Oynmo obpano  wmikpokoHTposnep  PIC

BUKOpHCTOBYBaBcsl Moxyitb ESP8266-ESP-12S. TToOynosa
ur -
Ha TexHouorii Jetpack Compose. 3a3HauyeHHU METOJ

iHTepdeiicy 3acTOCYHKY — IPYHTYEThCS
MOYX€ BUKOPHUCTOBYBATHCS B cucTeMi "Po3ymHMiA OyanHOK"
a00 B IHIIMX CHCTEMAaX CTaJIOT0 XMBJICHHS CIOXKHMBAYiB.

JlocaimkeHHs MOKa3aiu, M0 TOYKAa MaKCHMAaJIbHOL
MOTY)KHOCTI ~ 3QJIGKWUTH  Bi  OCBITJICHHS, Hampyra
KOJIMBAEThCS B HE3HAYHOMY [iala3oHi, Ha BiIMiHY
Bim ctpymy. o Toro x ¢opma rpadika 3ajeKHOCTI
HOTY KHOCTI BiJl HAIIPYTH HE 3MiHHA.

Merta

MaKCHMAaJIbHOT TIOTY)KHOCT] — Ha OCHOBI HasiBHUX pillIeHb

pO3po0ICHOT0 METOAY TOIIYKY TOYKH
3HAUTH TIPUHIMII, IO MIiHIMI3ye HEHONIKH KOXHOTO
3 HMX. Meroa MNOLIyKYy TOYKM MaKCHUMAalbHOI Halpyru
€ xombOinamiero meronis MPPT i PWM.
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MANAGEMENT METHOD OF ELECTRICITY GENERATION SYSTEM
USING WIRELESS TECHNOLOGIES

The subject of the study is the method of control and monitoring of the electricity generation system. The goal of the work
is to investigate and develop a method for controlling the electricity generation system using wireless technologies. Relevance.
The issues of energy efficiency and the use of alternative energy sources are relevant and important in modern conditions.
In particular, solar energy is one of the most perspective areas in solving these problems. It is necessary to have the ability
to monitor and control the generation process for optimal use of solar energy. The developed method should control the
power generation system using wireless technologies and have flexible modes of operation. The development of the method
of effective search for the point of maximum power and the power generation system in general is one of the most important tasks
of the work. The object of the study is the process of control and monitoring of the electricity generation system.
Research methods. Solar panel operation methods at maximum power: PWM (Pulse Width Modulation) and MPPT (Maximum
Power Point Tracking). Results. The management method for the electricity generation system using wireless technologies
is proposed in this work. A solar panel and a generator were chosen for electricity generation. The control of generation
and system operation is based on the work of a microcontroller, which, in turn, transmits current data and the ability to control
the system to a mobile application via a Wi-Fi module. This method can be used in a "Smart Home" system and other systems
aimed at sustainable energy supply for consumers. Conclusion. The developed management method of the electricity
generation system is planned to be used in systems of sustainable power supply for consumers. The method can be improved
by integrating with other wireless technologies and adding other objects of electricity generation in the future.

Keywords: electricity generation system; wireless technologies; microcontroller; mobile application; inverter;

maximum voltage points.
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€. JIETA, C. JISILIEHKO

METOIH TA AJITOPUTMHU OLHIHIOBAHHSA
HA®POBOI IHGPACTPYKTYPH 3AKJIAIB BUILIOI OCBITH

VY cydacHOMY CBiTi BUKOPUCTaHHSA HA(QPOBUX TEXHOJOTIH Y HaBYATLHOMY IPOIIEC] CTa€ BCe OUIBII aKTyaJbHUM SBUIIEM. Y 3B 53Ky
3 IUM OIL[HIOBaHHSI LU(POBOi IHGPACTPYKTypH 3aKiamiB BHULIOI OCBITH € HaA3BH4YaitHO BaxkiuBUM. [Isi HbOro HEOOXimHO
3aCTOCOBYBATH BiJIIOBIJHI METOJM i QJITOPUTMH, 110 JAalOTh 3MOTY BU3HAYATH AKICTh LU(poBol iHYpacTpyKkTypH Ta 11 epekTHBHICTH
Yy HaBYaHHI. 3 METOIO IiIBUILCHHS SIKOCTi OCBITH ¥ 3a0€3MeYeHHS] MAaKCHMAIBHOI JIOCTYITHOCTI IU(POBOT IHPPACTPYKTYPH BAKIHBO
NPOBOJUTH HaJle)KHE OLiHIOBaHHA. IIpeaMeToM MOCITIIKEHHS € METOOM Ta alrOpPUTMH OLiHIOBaHHS LU(POBOI iHOpacTpyKTypu
BumiB. MeTa po0OTH — aHali3 METOAIB OILIHIOBaHHA LU(POBOI iH(PPACTPyKTypu 3aKiagiB BHIIOi OCBITH Ta CTBOPEHHS
YHIBEpCaJbHOTO IMiAXOMYy A BHIIB Ha 0a3i MpoaHali30BaHUX MPHKIAIiB. Y CTaTTi BUPIIIYIOTHCS KOHKPETHI 3aBAAHHS: aHaI3
HAayKOBUX JDKEpeN IIOA0 METOMAIB i aNrOpUTMIB OI[IHIOBaHHS PIBHSI LIU(POBOI iHPPACTPYKTYpH; PO3IISA OCHOBHHX METOIB,
II0 BUKOPUCTOBYIOTHCS Ul CXOXXMX 3aBJaHb B YKpaiHI Ta CBiTi; BU3HAu€HHA HAasBHUX KPUTEPIiB 1 MOKA3HHUKIB OLIIHIOBAHHS;
po3pobiieHHsT YHi(pIKOBAaHUX KPUTEPIiB, 3 OMNIAAY Ha CHEMU(iKy KOXKHOTO 3aKJIaay BHIOI OCBITH; CTBOPECHHS METOIY OLIIHIOBAHHS
3a MEBHUMH KpPUTEPiIMH Ta BHOIp METOMIB JUIl BHUSBICHHS 3HAUYIIMX KPUTEPIiiB; PO3pPOOTEHHS AJITOPUTMY JUIS OLIHIOBAHHS
KpUTEpiiB Ta OTPHMAaHHS 3arajbHOI OLIHKH; aHaji3 3100yTHX pe3ynbrariB. I NOCATHEHHS METH ¥ BHUPIIICHHS MOCTAaBJICHUX
3aBJaHb 3aCTOCOBaHI Taki MeTOAM: HAyKOBHUH aHali3, aHaJi3 iepapXili Ta aHai3 EKCHEPTHUX OLIHOK. OCHOBHHMM Ppe3yJbTaTOM
JIOCITIKEHHS € PO3pOOJICHHS YHIBEPCAIbHOIO METO/y 1 aJirOPUTMY OLIHIOBaHHS [U(POBOI iHPPACTPYKTYpH 3aKJIaliB BUIIOT OCBITH,
IO JAafoTh 3MOry e(eKTHBHO Ta OUTbII OO0 €KTMBHO BHM3HA4YaTH pPIBEHb PO3BHTKY IH(poBOI iHPpacTpykTypu y BHIIax
i TIOpIBHIOBATH pi3HI HaBYallbHI 3aKaid. BHCHOBKM: 3aCTOCYBaHHS METOAY IOIOMOJKE ITOPIBHIOBATH 3aKiIaJd BHIIOI OCBITH
3 OmLILy Ha OCOONMBICTP KOXHOTO 3 HHX 1 [acTh 3MOry Oinbll 00’€KTHBHO OWIHUTH LHU(POBY iHPPACTPYKTYpy
HaBYaJbHUX 3aKJIaIiB.
Kurouosi ci1oBa: oninka; Merox; nndposa iHppacTpyKTypa; aHaii3; 00poOIICHHS; KPUTEPIH.

Beryn

Hudposa  Tpanchopmarllist  3akiIaaiB  BHIIOI
ocsitr (3BO) € akTyanapHOI0 TPOOIEMOIO, IO TOTPedye
CHUCTEMHOTO TMiAXOAy W HaJe)KHOI yBarm 3 OOKy
HAYKOBIIIB 1 MPpakTHKiB. OIHUM i3 KIIIOYOBHX CKJIQTHHUKIB
mudposoi Tpanchopmanii € uudposa iHpacTpyKTypa,
mo 3abe3nedye iH(pOpMaIiifHI MMOTOKH Ta E(QEKTHBHY
poboTy BChOro 3akimany. HesBakaiounm Ha Te, WIO
0araTo BHWIIB aKTHBHO pPO3BHUBAIOTH CBOKIO IH(POBY
iH(pacTpyKTypY,
MOHITOPHHTY Ta OIIHIOBaHHS piBHA ii

icHye  mpoOiema  e(eKTHBHOTO
PO3BUTKY.
Lls mpobnema cTae 0COOIMBO HArajJbHOI B YMOBAaX
CTPIMKOTO TIONIMPEHHA TEXHOJIOTiH Ta 3MIHH BHMOT
JIO OCBITH.

3pocTaHHS SKOCTI OCBITM ¥ BHCOKI OYiKyBaHHS
CTY/ICHTIB, BUKJIaJa4iB i JOCHIHUKIB [I0/I0 JOCTYITHOCTI
Ta edekTuBHOCTI NHUMPOBUX TEXHOJOTIH MPUMYCHIN
yHiBepcutetd Ta iHIIi 3BO 30cepenuTucst Ha PO3BUTKY
mudpoBoi iHpacTpykTypu. Bumorm mo Hei 3Ha4HO
3MiHMIa ¥ cutyauis 3 nanaemiero COVID-19. Bumyiienuii
mepexil Ha MUCTaHIlifiHe HAaBYaHHA Ta OHJIAaHH-popMar

BUSBUB HEJIOJIKA TEXHIYHOTO HU(POBOro CKJIAIHUKA

BHIINX IIKUI, IO MPU3BEIO JO HEBIIEBHEHOCTI B HOTO
e(eKTUBHOCTI Ta HEOOX1THOCTI OIIHIOBAHHSI.

3aKiTaan BUIIOL OCBITH B CyYaCHHUX YMOBAxX HE MOXYTh
icHyBaTH 0e3 BUKOPUCTAHHS IH(POBOI iHPPACTPYKTYpH.
Hudposi TexHONOTIT Nat0Th 3MOTY €(EKTHBHO BHKOHYBATH
aJIMiHICTPaTHBHI, HABYAIIbHI Ta JOCIITHUIIEKI 3aBIaHHS.
HenocraTtHiit piBeHp pO3BUTKY IH(POBOi iHPPACTPYKTYpH
MOXXE MPHU3BECTH JIO0 TMOTIPIICHHS SKOCTI OCBITH Ta
3HIDKCHHS ~ KOHKYPEHTOCIIPOMOXKHOCTI ~ HAaBYaJbHOTO
3aKJia 1y 3arajioM.

Ha crorogmi He icHye yHiBepcaldbHOI METOIUKH
abo anropuTMIB OLIHIOBaHHS MOHITOPHHTY IH(pOBOi
inppactpykrypun 3BO. Kpim TOro, HasBHI mimxomw
HE 3aBXKIu OCpyTh 10 YyBaru OCOOJIMBOCTI HaBYAIBHHX
3aKyagiB, ix morpedm # crnenn¢iky QyHKIIOHYBaHHS.
OTxe, MOCTa€e 3aBJaHHS PO3POOUTH METOIU ¥ allTOPUTMHU
JUTS OLiHIOBAaHHS ¥ BUBYCHHS II(PPOBOI iHPPaCTPYKTypH,
[0 BPaxOBYBaJI O 0COOIMBOCTI BUIIIIB.

PozBuTok mudpoBoi iHPPaCTPYKTypu € 3aBIAHHIM
JUIsL KepIBHMLTBA 3aK/IaiB BHUILOI OCBITH. Y LIbOMY
KOHTEKCTI CTaTTS TIPOMOHYyE KpHTEpii Ta MeTon
Il TOCHiJpKeHHsT 1M(poBOi 1HOPACTPYKTYpPH BUILIB,
1m0 eeKTUBHO OLIHIOBAaTUMYThH ii piBeHH 1 3a0e3medars

MOJABIINI PO3BUTOK.

© €. Jlera, C. JIsmenko, 2023
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AHaJni3 ocTaHHix 1ocaixkensb i myOaikan | [

Jnsi BHUBYEHHS METOIIB OIHIOBaHHS LU(PPOBOT
iHdpacTpykrypr y 3BO npoaHasi3oBaHO JEKUIbKA KEPEIL.
3okpema pobota "Digital Higher
Education and the Net-Generation of Students" [1]
3aJIMIIAETHCS JIOCI aKTyalbHOI y cdepi OLiHIOBaHHS

Infrastructures,

mudpoBoi iHPPACTPYKTypH B 3aKiIajax BHINOI OCBITH.

AsTopu MPOIIOHYIOTh KOMILJIEKCHY METOTUKY
OLIIHIOBaHHS, 1[0 IPYHTYETHCS Ha BUKOPHCTaHHI 0aratbox
KpuTepiiB, Takux sk HasBHICTh [T-iHpacTpykTypH,
piBeHs i1 3axumieHocTi, kBamidikoBani kaapu 3 IT, piBeHs
BUKOpHCTaHHS IM(POBHUX TeXHOJOTiH Tomo. Kpim Toro,
y IOCHIKECHHI 3a3HAYCHO, IO IS OI[IHIOBaHHS Oe3IeKn
udpoBoi iHpacTpyKTypH HEOOXiTHO BpaxoBYBaTH TaKi
aCTIeKTH, SK HasABHICTh 3aXOMiB 3aXHCTy Bix BipyciB
1 37aMyBaHb, BUKOHAHHS HOPMAaTHUBHO-IIPABOBUX BHMOT
1010
Ta SIKICTh KaHaJIB 3B’SI3Ky. ABTOPH HaroJIOUIyIOTb, IO

3aXUCTy MEPCOHAIBHUX JAHHWX, JOCTYIHICTh
KpuTepiii O0e3mekn € HeBiI €MHUM CKJIaTHHUKOM OI[IHKHU
mudppoBoi iHPpacTpykTypu. OMHAK MOXKHA 3ayBaXKHTH,
IO BiZCYTHICTh IHIMMX KPHUTEPiiB, 30KpeMa peami3arlis
LiJIeH, BIJIOBIIHICTH

[e1aroriyHux MiXKHAPOIHUM

CTaHmapTaM 1 pEeKOMEHIAlisM, MOXe MPHU3BECTH
JI0 He00’ €EKTHBHOCTI 3100yTHX PE3yJIbTATIB OLIHIOBaHHSI.
Y pobori mpoaHami30BaHO HACHIAKH BIPOBAKCHHS
PO3IIOIIEHOT CHUCTEMH JIOCTYIY JUIS CTYAEHTIB, sKa
MOJKe OyTH BHKOPHICTaHA TSI 3a0€3IeYeHHS OJaNIBIIOT0
PO3BUTKY IIU(PPOBHUX TEXHOJIOTIH B OCBITI.

Bapto sramatm me omHe AocCmiKeHHS "Process
approach to the evaluation of information systems
effectiveness”" [2], 'y

BUKOPUCTAHHS MPOIECHOTO MiAXOMY JO OIIHIOBAHHS

SIKOMY TIOJaHO  KOHIICIIIIIIO

edexTuBHOCTI iHQOpMamitHux cucreM. lle ™erox
30CepeKY€EThCs Ha 1H(QOpMAIiiHUX cHCTeMaX, II0
MIATPAMYIOTH OCHOBHY Oi3HEC-TisIbHICTE. BaknnBoro
BUBYCHHS

0COONHMBICTIO KOHHENIIi € pO3MIUpPEHHS

000x cmcteM — iHpOpPMALiHOI cHCTEMH ¥ CHCTEMH
BUPOOHHUIITBA, IO TOB’S3aHI MiX CO0OI 3aralbHUMH
MOJEISIMH TIpoIeciB. Y 3a3HA4€HOMY JOCIHIDKEHHI
HATOJIOIITY€EThCSI HA TOMY, III0 OLIHIOBaHHS ¢()eKTUBHOCTI
udpoBoi iHPpPACTPYKTypH Mae mependavyaTd He JIHIIe
TEXHIYHI MOKAa3HMKH, ajic i Oi3HEC-MOKa3HUKH, 30KpeMa
BapTiCTh PO3POOKH, eKCIDTyaTalii Ta MATPUMKH, a TaKOK
HEOOXIHICTh KPHUTEPil0 3a/I0BOJICHOCTI KOPUCTYBayiB.
Y crarti TOpYIIEHI TUTaHHS, TIIOB’sI3aHI 3 THM,
SK OLIHIOBaTH e(EeKTUBHICTh iH(POPMALIHUX CUCTEM
i3 pI3HHX acIIeKTiB, a caMe HaroJOIIYEThCS HA PO3TILIIL
CTaHJapTiB OIL[IHIOBAaHHS Ta BPaxyBaHHI KOHTEKCTYaJIbHUX

YUHHWKIB. 3a3HaueHo, 1o iHQopMamiiiHi cucTteMHu €

KITFOUYOBUM €JIEMEHTOM Y JisUIBHOCTI OaraThOX OpraHi3arii,
TOMY BaXJIMBO MaTH 3aco0M Ui OLIHIOBAaHHS iX
IOCHIDKEHH]  TaKOX

epeKTUBHOCTI. Y BKa3aHo,

MO0 JesKi MeTOAW OIIHIOBaHHA MOXYTb OyTH

OOMEXEHHMH Ta  HE  BIATBOPIOBAaTH  pEaJbHY

epexrtuBHicTh  iHQopMauiiiHnx  cucrem. HaeneHo

OPUKIAg  TOrO, K IOKAa3HHKHA  IPOJYKTHBHOCTI
HE BPaxoBYIOTh iHIII (akToOpH, 30KpeMa sKiCTb poOOTH
CHCTEMHU Ta 1 BIUIMB Ha IisUTBHICTH OpTaHi3alii 3arajiom,
Yyepe3 110 peaibHa e(eKTHBHICTh CUCTEMH BTPavaeThesl. Y
TTICYMKOBII YacTHHI aHaJTi30BaHOI CTATTi HATOJONIYETHCS
Ha HEOOXITHOCTI OUIbII KOMIUIEKCHOTO ITIXOAy [0
OILIHIOBAaHHS €(PEKTUBHOCTI MNP POBOT IHPPACTPYKTYPH.
Hocnimxkenns "Digital transformation initiatives
in higher education institutions: A multivocal literature
review” [3] 30cepemkye yBary Ha aHami3i MeETOIIB
OL[IHIOBaHHS HaBYAJIbHHX

€IIEKTPOHHIX mwiathopm

y 3akimajax BUIIOI OCBiTH. MeTow 1€l crarTi €
BHUABJIICHHA IiHiMiaTuBH 1mdpoBoi Tpanchopmarii, o
3IIHCHIOETBCS.  BHIIUMHU

HaB4YaJIbHUMH 3aKjiagaMu,

BH3HAYCHHS HOBUX TIIPOLECIB 1 TEXHONOTIH, IO

BUKOPHCTOBYIOTBCSL JUIA iX ympoBajpkeHHs. PoOora
NPUCBSYEHA OIIIAAY came IUIAaT(GopM Ul eJIEKTPOHHOTO
HaBUaHHs y BHUIIax. [IpoBeieHO aHaii3 i MOPIBHSHHS
PI3HHX JiTEpaTypHUX JKEpeN, Y SKAX OIMHCAHO, SIK caMe
BiI0OyBa€THCSl BIPOBAKEHHS B OCBITHII mporec upoBoi
iHQPACTPYKTYypH Ta pi3HHX IUIATPOPM 3 TOTIAY iX
€(eKTUBHOCTI, YaCTOTH BUKOPHCTAHHS Ta IHIINX KIIIOUYOBHX
XapakTepucTuk. IlepeBaroro mbOro JOCHIDKEHHS € Te,
IO aBTOPHM JOKJIAJHO IpOaHaTi3yBalld JITEpaTypy
11 3i0panu 3HA4YHy KUTBKICTh (aKTiB PO Pi3Hi m1aTHopMu
JUIsl eNIeKTpOHHOTO HaBuaHHA. Lle nmamo 3mory 3pobutn
JOCTOBiIpHI BUCHOBKH Ta HAJAaTH PeaibHi Pe3yIbTaTH.

Ille onniero mpanero aius anamizy obpano "Digital
transformation in higher education: a framework
for maturity assessment” [4]. CraTTa € aKTyaJIbHUM
g poBoi
iHppacTpyKTypu BHIIOI OCBiTH. Y poOOTI BHBYEHO

JNOCTIKCHHSAM y Taily3i  OIiHIOBaHHS
3piticTh mHQPOBOI TpaHCHOpMAILii Ta TOPYIIEHO MpodIeMU
BUIIOi OCBITH. BaXKTMBICTh IIHOTO JIOCTI/PKCHHS 3yMOBJICHA
nudposa
B CyYacHi EKOHOMII 3HaHb. Y CTaTTi 3allpOIIOHOBAHO

pommo, Ky  Bimirpae TpaHchopmartist
HOBY CTPYKTypy, OCHOBaHYy Ha CHCTEMi OIIiHIOBaHHS
mudpoBoi TpaHcopmauii  Deloitte 2019 3

Ta OCHOBHHM KapTOTpayBaHHSIM TIPOIECIB  BHIIOL

Mcera-

ocBitu Petkovic 2014. HaykoBa po0OoTa y3arajibHOE
pe3ynpTaTi 6aratboX MOCHITHUIBKAX 1HCTPYMEHTApIiiB,
30KpeMa OITUTYBAHHS, IHTEPB’I0, TEMATHUUHI IOCIIKCHHS
Ta TMpsIME CIOCTEPEeKEHHsS. Pe3yibraTv 3acBiguyloTh

3HAYHY PI3HULIIO MDK CHPUMHATTAM pECHOHACHTAMH
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piBHSA 3pinocti nudpoBoi TpaHcPopMallii Ta OCHOBHHUMHU
BUMOramu 10 edexkTuBHOCTI HUGPOBOI TpaHChOpMAIIii.
BHCHOBKHM TakoX MOBOIATH, IO BiJICYTHICTH LiJIICHOTO
OayeHHs, KOMIETEeHTHOCTI B IudpoBiii Tpanchopmarlii,
a TaKOX CTPYKTYypH Ta OOpOOJICHHS JaHUX € OCHOBHUMHU
npobiaemamu 1EdppoBoi TparchHopMarii.

Hacrymre nocmimkeHHs, mo 0yio mpoaHati3oBaHo, —
"Digital Transformation: A Digital Learning Case Study" [5].
iGSM  (i-Industry, G-Global,
S-Smart Education i Mega), i BOHa TOJISITa€ B TOMY, 11100

OCHOBHOIO ifee€r0 €
CTaTH 1HTEPHAIIOHANI30BAHOIO OCBITHBOIO CHCTEMOIO,
sika O BiJMOBifana MOTpedaM CYCIIUIBCTBA H IPYHTyBaIacs
Ha HaWCyYaCHIIIMX HABYAIBHUX TEXHOJOTisX. basyrouuch
Ha TMPaKTHL, JOCIIHKEHHS MPOBOAUTHCS ISl OLHIOBaHHS
1 poBoi
B aKaJeMIuHiil MisUIbHOCTI, Takii sk 1H(ppoBe HaBUAHHS

Ta  aHaNi3y  CTaTycy Tpanchopmarii
B OakamaBpaTi Ta mpodeciiHili mporpami, Mmicis YOro
PEKOMEHIYIOTBCSl PE30IIIONil A1t H(pPOBOro HaBYAHHS
B IHIIMX TporpaMax. Y cTarTi 00paHO KUIBKICHUI METO[,
HaroJjomyeTbcss Ha 30MpaHHI Ta OOpOOJICHHI JaHWX
udposoro HaBdanHsA 2018 p. 32 JOMOMOTOI0 TOCTYHHHUX
pecypciB. OTke, oniHIOBaHHS IU(POBOI iHPpaACTPyKTypH
Ha KOHKPETHOMY Kypci Jae 3MOTY BHSIBUTH IIPOOJIEMHU
Ta BUPILIMTH iX Ha paHHIX eramax, 0 MOXKE IMO3UTUBHO
BIUIMHYTH Ha TPOIEC HABYaHHSA Ta 3aJ0BOJICHHS
cTyzeHTiB. JlocmijpkeHHs mependadano aHalli3 HasBHHX
iHQPACTPYKTYPHHX pecypciB Ta iX BHKOPHCTAHHS,
BUSIBJICHHS TTPOOJIEM 1 MOXKJIMBOCTEH JUIS 1X MOJIMIIEHHS
W OIIHIOBAaHHS BIANOBITHO JO TOTPed YYACHHKIB
OCBITHBOTO Tporecy. Y poOOTi HaBEICHO KOHKPETHUI
TIPUKJIIAJ OLiHIOBaHHS U(POBOI iHPpPACTPYKTypH OTHOTO
YHIBEPCUTETY, L0 MOXXE OyTH KOPHCHMM JUIS I1HIIMX
3aKJIaiB.

BHIINX HaBYaJIbHUX OmnucaHo METOOUKY

IHQpacTpyKTypH, IIO
MO€E IOIIOMOITH 1HIIMM xociigaukam. CTaTrrs MICTHATH

Ta IHCTPYMEHTH OIIIHIOBAaHHS

KopucHy iH(QOpMaIlif0 Tpo Te, SK  OIIHIOBATH
UppoBy iHPPACTPYKTYpy Ta BOTHOYAC SKi AaCIEKTH
MOTPiOHO BPaxoOBYBAaTH.

Cromparouuch Ha pe3yjabTaTd ONHMCAHUX BHIIE
JIOCIIJPKEHb, MOYKHA 3pOOUTH BUCHOBOK, IO OLIIHIOBAHHS
mudposoi iHPpacTpykTypr 3BO wMmae rpyHTyBaTHCS
Ha KOMIUIEKCHOMY TIiJIXOXi, IO BpaxoBye TEXHIUHI,
(yHKIIOHANBFHI Ta COLIaNbHI ITOKa3HUKH, Oi3Hec-
MOKa3HUKH, TOTPEOU KOPUCTYBaYiB, IPOLIECH YIPABIiHHS
iHQpacTpykTypoto Ta Oe3meky. Takuil MiAXig AacTh
3MOTy CTBOPDHUTH IIOBHY KapTHHY Ipo e(QeKTUBHICTh
muppoBoi  IHPPACTPYKTYpH
1 3HAWTH PILICHHS IO/I0 11 PO3BUTKY.

HaBYAJIBHUX  3aKJaliB

BusnaueHHsi 1oci He BUpillIEeHNX YACTHH
3arajabHl] [ 001emu. Meta po6oTn

[Ipobnema ominroBanHS UPPOBOI iHOPACTPYKTYPH
3BO € nocuth ckiamHOO Ta OaratorpaHHoro. Hacammepen
OLIIHIOBAaHHS Tiepe0adae aHalli3 Pi3HOMAHITHUX CKJIAHUKIB,
a caMme: TeXHIYHOI, METOANYHOI, IIeJ]aroriYHoi, HayKOBO-
JIOoCimHOI, MaTepianpHO-TexHIuHOi 0a3zu Tomio. OnHiero
3 HaHOIIBII 3HAYYIIMX MPOOJIEM OIHIOBAaHHS LU(PPOBOI
1HPPACTPYKTYpH € BiACYTHICTH YHi(piKOBAaHOTO MigXOIy
JIO OIIHKA Ta CTaHIAPTIB, IO PETYJIOIOTh 1l SKICTE.
e yckmangHioe mporec MOpPiBHAHHS Pi3HUX HaBYAIBHIX
3aKJaiB 1 CTBOpEHHs €IWHOI 0a3u 3HaHB NPO SIKICTH
uudpoBoi  iHPpacTpyKTypH.
€ BIICYTHICTh KOMIDIEKCHOTO IiJXOAY IO OIiHFOBaHHS —

[amoro  mpoGiemoro
€IMHOTO KPHUTEPII0, IO BPaXxOBYBaTUME BCI CKJIaTHHKH
mudposoi iHdpacTpykrypn. Kpim mporo, 3BO matotsh
pi3HI MOTpeOM Ta 3aBAaHHs], TOMY HEOOXIIHO 3BaXKaTu
Ha crnenr@iky KOXKHOTO 3aKiaay Ta Horo morpedu mms
OLIIHIOBaHHS LU(pOoBOI iHpacTpyKTypu. BincyTHicTh
VHI(DIKOBAaHUX CTAaHOAPTIB 3arajoM YCKIAJHIOE IIPOIIeC
BpaxyBaHHs 0COOJIMBOCTEH KOKHOTO BHUIITY.

llle oIHMM NHTaHHAM € PO3BUTOK IENArOTri4HOI
KOMICTEHI[II BHUKIQJa4iB 1 MPAIiBHUKIB  BHIIHUX
HaBUAIBHUX 3aKJaliB y raimy3i IU(POBUX TEXHOJIOTIH.
be3 HanexxHOro piBHS 3HAaHb 1 HABMYOK YIPOBAJKECHHS
HOBITHIX TEXHOJIOTiH Mo>ke OyTH Hee()eKTHMBHUM 1 HaBITH
CIPUYMHUTH TOPYILIEHHS B po00Ti iH(pacTpyKTypH.

JlonarkoBoro mpobieMoro € HecTada (hiHaHCYBaHHS
Ha po3BHUTOK IMdpoBoi iHppacTpykTypu 3BO. Bararo
3aKJIaJiB HE MalOTh KOUITIB JUIi OHOBJICHHS allapaTHOTO
Ta MPOTrpaMHOro 3a0e3neveHHs, a TaKoX JJIsl MATPUMKI
HEeoOXiHOTO iHTEepHEeT-3’€1HaHHI. HeMOXIIMBO OMUHYTH
MUTaHHsI Oe3MeKu IMQPOBOI iHPPacTpyKTypH. SKIIO crcTeMu
HE 3aXMIIEeH] Bij BipyciB 1 aTak Ha CUCTEMY, TO LI€ MOXeE
MPU3BECTH JI0 BUTOKY KOH(ineHwiiHoi iHpopmanii
Ta HEraTHBHO BIUIMHYTH Ha PEMyTaLlilo 3aKiary.

HemocratHst KiTbKICTh HAYKOBHX CTAaTeH 1 JOCIIIKESHB
y mifi chepi MOXe CIPUYMHUTH OOMEKEHE PO3YMiHHS
TOrO, SIKi acnekTu 1H(PoBOi iHPPACTPYKTYpH HaHOLIbLI
BaXJIWBI JUId BHIIUMX HABUAJBHUX 3aKiafiB Ta SKI
3MIHM HEOOXIiZHI Il TOKpalleHHs e(eKTHUBHOCTI.
Ile MoXxe cTaTH MEperKomo0 A PO3pOOJICHHS TIEBUX
PEKOMEHAIIN MO0 BAOCKOHAICHHS 1H(GPACTPYKTYPH.
Kpim Toro, 30upaHHs BiJIOBITHHX TaHHX MOXE CTAaTH
BOXKUM 3aBIAHHAM, OCKUIBKM BOHH MOXYTh OyTH
po3cisiHI Ta BiICYTHI B cucTeMax oOuiky. IHdopmaris
LIO/I0 OKPeMHUX acHeKTiB LudpoBoi iHdpacTpyKkTypu

MoKe OyTH HEOTHOPiJHOIO a00 HE0CTaTHBOIO.
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3aramomM, AN YCHIIIHOTO OLIHIOBAaHHS LHU(PPOBOL
iHppacTpykTypu 3BO mnoTpiOHMI KOMIUIEKCHHH METO[,
IO TIPYHTYBAaTHUMETHCS HA HAYKOBUX JIOCHIKEHHAX

i 3HayHid KimbkocTi  iH(popmamii. Takuél — migxifg
MOXKE JIOTIOMOTTH BH3HAYHTH KJIIOYOBI IpoOIeMu
W HamaTH  pEKOMEHIAIii MO0  BIOCKOHAJICHHS

U poBoi IHGPACTPYKTYPH BUIINX HABYAIIFHIX 3aKJIAliB.

HeoOximHuM € po3B’si3aHHS  NUTAaHHS  CTBOPEHHS

VHI(pIKOBaHHX CTaHAAPTIB 1 KpPUTEPiiB OIIHIOBaHHS
udpoBoi iHpPaCTPyKTypH, IO BiAMOBigaIK O BUMOram
CY4acHOTO BHIIY. BamMBO pO3POOHTH METOAUKY
OLIIHIOBaHHS, SKa JaBana O 3MOry 30MpaTH, aHali3yBaTH
iHpopMmariro Tpo iHPpacTPyKTypy B peXKHMi OHIAWH,
a TaKoXX MOPIBHIOBATH PiBeHb HU(PPOBOT IHYPACTPYKTYpH
B PI3HHX 3aKJaJaX BHIIOI OCBITH, 3BaKAalOUM Ha iX
ocobOmuBocti. Taka MeTonuKa JONOMOXE 3a0€3MEUHUTH
OuTbII TOWHY i1 00’€KTHBHY OIIIHKY, a TaKOX 3PYyJHUI

IHCTpYMEHTapii AJIs aHaJIi3y JaHHX.

AHaJi3 HagsBHUX METOIiB

Mertoy, 110 BUKOPUCTOBYIOTBCS JIJIsl OLIIHIOBAHHS
UQPPOBOi  THPPACTPYKTYpH 3aKIAIiB BHIIOI OCBITH,
3a3BMYail 3aMO3M4YeHI Ta BBaXKAIOTHCS 3BHYHUMH JIJISI
OLIIHIOBaHHSI OyIb-SIKOT CHCTEMH 4YM iH(QPACTPYyKTYpH.
Haiibinpmm  mommpeHWMH UIA  OLIHIOBaHHSA  came
UQPPOBOI IHPPACTPYKTYPHU € TaKi METOJIU: aHKCTYBaHHS,
CIIOCTEPEKCHHS, aHAaJi3 JIOTiB, EKCIIEPTHE OIIHIOBAHHS
i SWOT-anani3 [6].

Merto/ aHKeTyBaHHsI JIOCHTh IIHPOKO 3aCTOCOBYETHCS
Juis ouiHioBaHHA IMQpoBoi iH(pacTpyKTypH 3aKiaiiB
Bumoi ocBith. lleit meroxm momnsrae B TOMy, IO
pecrnioHneHTaM (CTYACHTaM, BHKJIaJadaMm, pPOOITHUKAM
aZMiHICTpaIlii) TPONOHYEThCS 3allOBHUTH aHKETy 13
3alUTAaHHSMH, IIOB’SI3aHMMHM 3 SIKICTIO  IU(POBOT
iHQPACTPYKTYPH.
aHaiizyrotbes. IlepeBarn MeToqy aHKETYBaHHS MOJIATAIOTh

Pesympratm  0OpoOmsitOTECS  Ta

B TOMy, IO BiH J[JOCHTH TIPOCTHA Ta MIBHIKUH,
He moTpeOye 3HAYHOI KUTBKOCTI PECypciB Ta MOXKeE
Oyt mpoBenennit B OHmadH-popmari. Kpim ToTO,
3a JIOTIOMOTOI0 AaHKETYBaHHS MOXKHA JIICTAaTH JETaJbHY
iHpopMaIifo BiI PpI3HUX KaTeropid KOPHCTYBadiB,
10 J1aCTh 3MOTY BpaxyBaTH MOTPEeOH KOXKHOTO, a TaKoX
03HAOMUTHCS 3 aKTyaJIbHUMH TpoOnemamu. Hemomiku
oboro METoay IMojAraroTo y ToMy, HIO BiH HE 3aBXIU
MICTHTh TO4YHI (DAKTH, OCKUIBKH pE3YyJNbTaTH MOXYTh
OyTH  CIOTBOPEHI 4Yepe3  HEJOCTaTHIO  KUIBKICTh
PECTIOH/ICHTIB, HETpaBUIIbHE PO3YMIHHSA IUTaHb y aHKETi
Kpim  Toro,

a00 miApoOJICHHS  Pe3yJIbTaTiB. BaXKKO

KOHTPOJIIOBATH, HACKUIBKA  BINIMOBiNI  PECTIOHACHTIB

BIITBOPIOIOTh CIIPaBXHiM cTaH pedeld. JlocmimkeHHs,
nposeicHe y BapinaBcbkoMy yHiBepcUTeTi [7], € MpUKIIazoM
BUKOPUCTaHHS METOAY AHKETYBaHHS I OL[HIOBaHHS
SIKOCTI HaB4YaHHsI Ta UPpoBoi iHppacTpykTypu y 3BO.
HactynHuii MeTon, IO MOXHA 3aCTOCYBaTH IS
OLIIHIOBAaHHS HU(POBOI IHPPACTPYKTYPH 3aKNIaIiB BUIIOT
OCBITH, € METOI CHOoCTepekeHHs. BiH mepenbadae
Oesrocepe/iHiii MOHITOPHHT 3a pOOOTOI CTY/EHTIB
1 BUKIIQJa4iB 3 KOMIT I0TepaMH, iIHTEPHETOM, TH(POBUMHI
pecypcamMu Tomio. Jlns BUKOpHCTaHHS 3a3HAYEHOI'O
METOJy HEOOXigHO TMIiATOTYBaTH CHOCTEpIiradiB, sKi
BiZIBIlyBaTUMYTh HaBYaJbHI 3aKJIaii Ta 30MPAaTUMYTh
HeoOXimHy  iH(opMaIlio. OCHOBHMM  3aBJaHHSIM
criocrepira4i € 30ip iH(popMarlil Mpo piBeHb AOCTYITHOCTI
1 poBUX
Ta e(eKTHBHICTH 3acTocyBaHHA. [li 4ac BUKOpPHCTaHHS

TEXHOJIOTIH 1  pecypciB, 1IX  AKICTb
IIFOTO METOY MOYKHA JIiCTAaTH OUTBII JeTalbHy iH(OPMAIIi0
mpo piBeHp 1M¢poBoi iHdpacTpykrypu 3BO, BuUsBHTH
TPYAHOLII Ta MPOOJIEMH, 3 IKUMH CTHKAIOThCSA CTYAEHTH
W BUKJIAAa4i B TpOIECi BUKOPHUCTaHHSI HU(PPOBHX
pecypciB. Arne, He3Ba)kKalOUM Ha MEpeBard, 3a3HaueHHHA
METOJ MOTpedye 3HAUYHHUX 3YyCWIIb 1 4acy Ul 3AiHCHEHHS
cnoctepekeHb. Kpim Toro, moxmBa Cy0 €KTHBHICTH
OLIHIOBaHHS 3 OOKy criocTepirayis.

Ille omuH Meron, SIKUA MOXKHA 3aCTOCOBYBAaTH
JUIS BHU3HAYEHOI MeTH, — aHam3 JsoriB. lle wMmertof
JOCIIKCHHS, SIKAU TTOJIsATae B 30MpaHHi Ta aHawTi3i JOTiB

cUCTeMH U Ja€ 3MOry BU3HAUUTU XapaKTCPUCTHUKU

pobotn cucremum Ta 1i HeHmoiikM. Merox IOTiB
nyxe  eQEeKTMBHUU s OUIHIOBaHHS  Iu(poBOi
iHQPAaCTPYKTYpH,  OCKUIBKH  JOMOMAara€  BHSBUTH

npoOiemu, SKi HE 3aBXKIU IOMIYalOTh KOPHUCTYBadi.
OcHOBHa ifless METOAy MoJsrac B 30MpaHHI Ta aHai3i
Jor-(aiiiIiB, MO0 CTBOPIOIOTHCS CUCTEMOIO aBTOMATHYHO.
i datimm MicTaTh meTansHy iH(OpPMAIIIO PO CHCTEMY,
30KpeMa 4Yac poOOTH, Aii KOpHCTYBadiB, MOMMIIKH
i BimMOBH. AHamizyroun mi ¢aiim, MOXHAa BHSIBHTH
npoOiemMu i HEOJTIKM CHCTEMH, IO IMOTIM yCyBalOThCS
JUTA TIONIMIIeHHS ii poOOTH. AJje IS JOCIiDKEHHS
HEOOXI/IHO 3acTOCYBaTH 3HAYHMKA O00CAT JaHMX, IO
YCKJIagHIOE aHali3 pe3ynbTariB. OKpiM IBOTO, BaXKIIHBO
mam’siTaTd 1Mo WMOBIPHICTH BHUHHUKHEHHS MpoOJieM
i3 KoH(}imeHiHICcTIO iHPOPMAaIIii Ta 3aKOHOM PO 3aXUCT
Meron ~ aHamizy  JIOTiB

NEPCOHAJIBHUX JaHUX.

BUKOPHCTOBYETHCS B 0araThOX Tramy3sX: TeXHIYHA
MiATPUMKA MNPOTpaMHOro 3a0e3NeyYeHHs, MOHITOPHHI
cucteMm Oesneku, BebaHaiThKa Tomio [8]. JlocmimKkeHHs,
MIPOBEJICHI 3a JIOIOMOTOK0 METOJYy aHalidy JIOTiB,
JATOTh 3MOTY ITiIBUIIUATH e()eKTUBHICTh POOOTH CHCTEMHU.

B ouinroBanHi mudposoi iHdpactpykrypu B 3BO wneit
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METOJ MOXXe OyTH 3aCTOCOBAaHWH MJIs BUMIPIOBaHHS

NPOXYKTUBHOCTI Mepexi, iaeHTu¢ikamii #HMOBIpHHX

mpobimeM Ta iX YCYHEHHA, a TakKOX Ui aHallizy
BUKOPHCTaHHS pecypciB mepexi. s BrnpoBamkeHHs
METOJIy aHai3y JIOTiB MOYKHa 3aCTOCOBYBATH MPOTpaMHe
3a0e3MeveHHs], 110 aBTOMATHYHO 30HMpae Ta aHami3ye
nor-aiim, CTBOpCHI pizHUMHU TporpamMaMu
i cucremamu. lle nmae 3mory 3i0paTi 3HAuHY KUIBKICTh
JAHWX 1 TOCTIMUTH iX, 00 JicTaTH HiHHY iHpOpMAIIifo.

Hactynmumii Meronq — eKCHEepTHE OIHIOBaHHS —
BUKOPUCTOBYETBCSL UISi BH3HAYCHHS piBHSA UU(PPOBOI
IHpPaCTPYKTypH 3aKiaiB BUIIOI OCBITH 3a JOIOMOTOIO
eKCIIEPTHOI TPYIH, CTBOPeHOI 3 (axiBmiB y Tamy3i
iHpOpMAIIHUX TEXHOJIOTI Ta OCBITH. 3a3Ha4YeHUit
METOJ] TIOJIATa€ B TOMY, IO OepyTbcs JO yBaru pi3Hi
acriekTH LUQpoBoi IHPPACTPYKTYpH 32 KpPHUTEPiIMH,
II0 BAXJMBI AT KOHKPETHOTO HABYAIBLHOTO 3aKJamy.
ExcriepTé OLIHIOIOTH KOXKEH acleKkT 3a JOIOMOTIO0
IIKAJIA, 110 BU3HA4aeThes Ui koxkHoro 3BO. Ile moxke
oytu 5-, 10-, 100-6aipHa mikana abo Oyap-sfka iHIIA,
MpUAHATHA IS 3aKiamy BUIOi ocBiTH. I[loTiM OIiHKHM
EKCIepTiB 0O0pOOJISIOTHCS Ta y3arajJbHIOIOTHCS 3 METOIO
BHM3HAYCHHS 3arallbHOTO 0ajla JJIsl KOJKHOTO 3 KpUTEpiiB.
[TepeBara MeToJy €KCHEPTHOTO OIHIOBAHHS IOJISTAE
B TOMY, IO BiH JIa€ 3MOTY 3aJIy49UTH (axiBIiB i3 pi3HUX
rajgyseif, SKi MOXYTb MaTH HEOJIHAKOBI IOTJIAIH
Ha TpoOJIeMy OIIHIOBaHHS IMQPPOBOI 1HPPACTPYKTYpH.
KpiM Toro, Meron € JAOCHUTh C(ECKTHBHHAM 1 IIBHIKUM,
OcKimpkm He TmoTpebye Oarato dacy ¥ pecypci
Ui 30upanHs iHGopmamii. OnHAK 3aJICKHICTH BiJ
KBaJriikarii excrmepTiB MOKe BIUIMBAaTH Ha TOYHICTh
ominku. KpiMm Toro, Meron nemo oOMEKEHHUH, OCKITbKU
HE BpaxoOBy€ IWHAMIKA PO3BUTKY TEXHOJIOTIH Ta ix
BIUIMBY Ha piBeHb 11 PpoBoi iHPpacTpykTypH [9].

Meton SWOT-anamizy € IIUPOKO 3aCTOCOBAHUM
IHCTpYMEHTOM Ul CTPaTeriyHOro  IJIaHyBaHHS
1 OLIIHIOBAaHHS MOTEHIIIANY TIEBHOTO Oi3HECY, opraHi3ariii,

NPOEKTY YM iiei. Y KOHTEKCTI OIiHIOBaHHS LU(PPOBOI

iHQPAaCTPYKTYpH  3aKiafgiB  BHUIIOI OCBITH  MeETOJ
SWOT-ananizy na€e 3MOTy BHSBUTHU IIEPEBard i HEOMIKU
BUKOPDHUCTaHHA NU(QPOBUX  TEXHOJNOTiIH, a TaKoXK

MOXIJIMBOCTI W 3arpo3u, MOB’si3aHi 3 X yIPOBaHPKEHHSIM.
SWOT-anami3 MICTUTh UYOTHPH CKIQJHUKH: IepeBaru
(Strengths), (Weaknesses),
(Opportunities) Ta 3arpo3u (Threats). Jlns mpoBeAeHHS

HEJIOJIKU MOJJIUBOCTI
aHaJizy HeoOximHO c¢hopMyBaTH KOMaHIY EKCIEpTiB
31 3HAHHSAM TEXHOJIOTIM Ta OCBITH, a TaKOX ITONEPEIHBO
MiATOTYBaTH  CIIUCOK  KPUTEpiiB, 10  HEOOXiAHO
posrstayTH. [lig gac SWOT-aHanizy ekcepTHa KOMaH/Aa

CIOYATKYy aHaNl3ye IMepeBard W HeAoNiKu 1Hu(POBOT

iHppacTpykTypu. Ha mpoMmy eTami BOHM PO3TISJAIOTH
HasiBHI TEXHOJIOTI], iX (yHKLIOHANBHICTh, IOCTYIHICTbH
1 SKiCTh, a TaKOX pIBEHb KOMIIETEHII IepCOHAITY
Ta 1H(paCTPyKTypy, IO BHKOPUCTOBYETHCS LIS iX
miATpUMKH. Jlaji aHami3yIOTBCS MOXJIMBOCTI Ta 3arpo3u.
Ha npomy ertarni BU3Ha4al0ThCsl IMOBIPHICTh PO3LIMPEHHS
abo BaockoHaNeHHS NHU(GPOBOI IHPPACTPYKTYpH, HOBI
TEXHOJIOTil, IO MOXYTh OyTH 3acTocoBaHi s
MOKpAIleHHs] OCBITHBOTO IPOLECY, Ta 3arpo3u, 30KpeMa
HEIOCTaTHS  IiATOTOBKa
Meton SWOT-ananizy

€ MPOCTHM 1 3pO3YMUIAM JJIsi OLITBIIOCTI KOPHCTYBaYiB.

HEHaJIe)kHe  (DiHAHCYBaHHS,

IepcoHany Ta Kibeparaku.
Bir He morpelye cremianpHUX 3HaHb 1 MOXe OyTH

3aCTOCOBaHMH y Oyap-skiii ramys3i. OkpiM 1bOro,
3a3HAYCHWH METOJ MJa€ 3MOTY BH3HAYaTH HaMOLIBII
e(eKTUBHI IUISIXH PO3BUTKY OpraHizalii Ta MoKpalryBaTH
MIPOIECH IPUNHHATTSA PillIeHb, a TAKOXK BHUSBIISIE MOTEHITia
opraHizamii Ta MOXJIMBOCTI Uil HOro peanizarii.
HesBaxaroun Ha e(eKTHBHICTP METOXy, OIHIOBAHHS
repeBar i HeJOJMiKiB, MOXKJIMBOCTEH 1 3arpo3 Moxke OyTH
IOCUTh cy0’eKTHBHUM, ToMy SWOT-aHani3 He 3aBXKIU
Jae TOUHHM pesynpTar. Jlo TOro xk Lel METox Mae
PETYIISIPHO OHOBIIOBATHCS, MO0 BiATBOPIOBATH 3MiHH
B iHIyCTpii, puHKY ab0 cutyauii 3aramom [10].

Koxen 3 ommcaHux METOMIB Ma€ HEIOIIKHA
i mepearu. Ha >xayib, BUKOPHCTaHHS SKOTOCh OJHOTO
3 HHUX HE JacTh 3MOTH MJiCTaTH OO €KTHBHY OIIHKY
Ta BUSIBUTH BCl HEJIOJIKM | mepeBaru udpoBoi cucreMu
3BO. HaiikpammMm BapiaHTOM € 3aCTOCYBaHHS JEKIJIBKOX
MeTo/iB oaHoyacHo. lle mormomoske BUKOPHCTOBYBATH
nepeBard KOXKHOTO 3 HHX, 3a0IIaJAWTH Yac 1 PECypcH.
Hdns moamdikarii

3 METOI0 OIHIOBAaHHS

Ta CTBOPEHHS €AMHOTO METONY
uudpoBoi  iHGPACTPYKTYpH
HEeoOXi/IHO MaTH YHi(iKOBaHI KpUTepii, 1110 BpaXxOBYBaIH
0 0COOIMBOCTI KOYKHOTO BHIITY.

Martepianu Ta MeToau

Meroau ouiHioBaHHS HUGPOBOI 1HPPACTPYKTYpH
B 3aKJIa/laX BHIIOI OCBITH 3aCTOCOBYIOTBCS y CBITOBHX
SKOCTI ~ HaBYaHHS

IpaKTUKax JUIA MTOMIIIIEHHS

Ta  gocmimkeHs. 1llo60  BusHauumTH  yHiQiKOBaHI
KpuTepii Ui ouiHIOBaHHS HHU(GPOBOI iHPPACTPYKTYpH,
HEOoOXisHO 3’sCYBaTH, SIKIi camMe€ METOAW Ta KpuTepii
BUKOPHCTOBYIOTECS Y CBITOBHX 1 YKPAiHCHKHX ITPAKTHKAX.
OmHuM 13 TpHUKIANiB  3aCTOCYBaHHS METOIY
30MpaHHsl  BIATYKIB  YHIBEPCUTETCHKHX  CTYICHTIB
y Bemukiit bpuranii € National Student Survey (NSS) [11].
Il1 nporpama nae 3MOry YYacHHUKaM aHKETYBaHHSA

OLIIHIOBATH Pi3HI acleKTH BHIOi OCBITH, 30KpeMa SIKiCTb
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muppoBoi  iHGPACTPYKTYpH OnuryBaHHA

MPOBOANTBCS LIOPIYHO, 1 HOro Mera — 3i0paTé AyMKH

3aKiIamay.

CTY/IGHTIB PO  SIKICTh ~ HAaBYAHHS,  BUKJIAJaHHS
Ta 3a0e3Me4eHHs MoCIyr B yHiBepcuTeTax. [IpoBomuThes
3a  JIOTIOMOrOK0  OHJIAWH-aHKEeT, M0 3allOBHIOIOTH
CTY/IGHTH, SsKi 3aKiHYyIOThb BiANMOBIZHHH Kypc. NSS
MICTHTb IUTaHHS, 0 OXOILTIOIOTH TaKi KPUTEPii:

® KICTH BHKJIAJAHHST,

e Oprasi3aris Kypcis;

® pecypcH Ta MiATPUMKA HaBYAHHS,

e OIiHKa piBHA 3HaHb, IO HAa0YIH CTYAZECHTH
B TIpOlIeCi HaBYaHHS;

®  MOXIIHBOCTI JUIst PO3BUTKY HaBHYOK
1 MATOTOBKY JI0 MaiiOyTHROT Kap’epu;

e 3arajbHE BPaXCHHS BiJ Kypcy Ta YHIBEPCUTETY.

Lli xpurepii BH3HauUeHi Ha OCHOBi JOCIIJIKEHb
1 KOHCYJNbTalliii 31 CTyOeHTaMH, II€JaroTiYHUMHU
MpaliBHUKaMU Ta poOOTOAaBIsAMHU. 3i0paHi BIATYKH
JIOTIOMAraioTh ~ KEPIBHULTBY  BHSBISITH  MPOOJIEMHU
Ta 3MIHIOBAaTH CBOI MiIXO/IH 10 HaBYAHHS Ta JOCIIIKECHb.
National Student Survey 3meGiIBIIOTO 30CEPEIKYETHCS
Ha OLIHIOBAaHHI SKOCTI BHINOI OCBITM 3arajioM Ta
Ha 3a70BOJICHHI CTYJEHTIB HAaBYAIBHUM IIPOIIECOM.
NSS He Mae OKpeMHUX KpHUTEpiiB, MPHCBIYEHHX TiTBKU
mupoBill  1HPPACTPYKTYDI.
B QHKETI CTOCYIOTBCS TEXHOJOTIH 1

OmHak fAedaxkl TIATaHHSA
NHUCTAHIIIHOT
OCBITH, IO TOB’S3aHO 3 IM(POBOIO IHPPACTPYKTYPOIO
yHiBepcuteTy. Hampukian, cTyJeHTaM MOXYTh CTaBUTHCS
070 pecypcis,
SK CJCKTPOHHI Oi0NiOTeKH, TEXHIYHA MiATPUMKA Ta

3aIUTaHHA JOCTYITHOCTI TaKUX
3py4HICTh BUKOPHUCTAHHS €ICKTPOHHUX CHCTEM HaBYaHHSI.
HactymHuMm npuknanoMm € npoekt e-Merge [12],
3armouaTkoBanuii 2014 p. B €Bpomnericekomy Corosi
JUTS. BU3HAYCHHS MHU(POBOI 3PIIOCTI 3aKNIadiB BHIIOI
OCBITH Ta PO3POOJICHHSI CTpaTeTii 3 METOI0 MOKpAIICHHS
ix mudposoi iHdpacTpykrypu. [Ipo€ekT BHKOpPHCTOBYBaB
metogoynoriio COBIT 5 (Control Objectives  for
Information and related Technology), mo pnae 3Mory
OIIiHIOBATH iH(pOpMaIiHHO-TEXHOIOT19H1 TIPOIIECH
W pecypcu Ta ympaBiiATH HUMH. Jlns BHU3HAYEHHS
UQPOBOI 3pIIOCTI 3aKNIaiB BHIOI OCBITH 3aCTOCOBAHO

HU3KY KpPUTEPIIB.

e Jliogceki pecypch: OINHIOETBCS, HACKUIBKH
e(heKTUBHO 3BO MpaLkoe HaJ PO3BUTKOM
KOMIIETEHTHOCTEH CBOiX CHiBpOOITHHKIB Yy Tamy3i
iHpOpMAIIHHUX TEXHOJIOTIH.

e Jlpomecu: OIIIHIOETBCS, HACKUIBKH  SKICHO
HaBYAJIbHUM 3aKJIaJl yIOpaBise CBOIMU IpPOLECAMHU

B Taiy3i iHQOpMAIIHHUX TEXHOJOTIH.

e Jlami: omiHIOETBCSI, Hackimpku 1ob6pe 3BO
yInpaeisie CBOIMM JaHMMHU Ta 3ale3neuye ix Oesmeky
1 KOH(]iIECHIIHHICTD.

e TexHOOri: OLIHIOETHCS, HACKUIBKU €(hEeKTHBHO
BUII  BHKOPHCTOBYE TEXHOJOTII JUIi  JOCATHEHHS
CBOIX IIiJIei.

o [IpuwifHATTS pilIeHs Ta CTPATETii: OIIHIOETHCH,
HACKIJIbKM JOOpe 3aKiiajl BUINOI OCBITH 3aCTOCOBYE JlaHi
Ta iHpOpMaLil0 IS TPUHHATTS pIilIeHs Yy Talysi
iHpOpMaiHHUX TEXHOJOTIH Ta pO3pOOKH CTpaTerii
iX PO3BUTKY.

Koxken i3 3a3HayeHHMX KpUTEPiiB  JeTalbHO
ONKCYETHCSI Ta Ma€ BiANOBITHWNA Habip MiIKpPHUTEPIiB,
o0 JAarTh 3MOTY 3pPO3YMITH, SK CaMe OIiHIOIOTHCS
ui acmektd. OUiHIOBaHHS TIPOBOAWTHECS HAa OCHOBI
AHKETYBaHHsA CITIBPOOITHHUKIB 1 CTYIEHTIB, a TaKOX
JOKYMEHTAJIbHUX MaTepianiB. Pe3yiapraTé HamaroThCs
Y BUIJISAJIL JICTATBHOTO 3BITY, SKHHA MICTHTh PEKOMEHAAITIT
1070 TOMiMIIeHHs (poBoi iHPpacTpyKTypH.

Hudposa iHppacTpyKTypa 3aKiadiB BHUIIOI OCBITH
OLIHIOETBCS TaKOXK Yy MeXax pI3HUX pPEeHTHHIOBHX
cucreM, Hanpuknan, Times Higher Education (THE) [13]
ta OS World University Rankings [14]. Petituar Times
Higher

W IOCHi/KeHb YHIBEPCHUTETIB 3 YpaxyBaHHSAM pi3HHX

Education  BinITBOpIOE  SKICTh  HaBUAHHSI
kputepiiB. OnuH 13 HUX — OUQpoBa IHPPACTPYKTYpa,
110 OIIIHIOETHCS 3a JOMMOMOTOI0 TAKUX MTOKA3HUKIB:

® JIOCTYIHICTb IHTEPHETY Ta HIBUAKICTH 3B’SI3KY;

e HasABHICTB

IHTEpaKTUBHUX  IIATPOPM  JUIA

HaBYaHHS Ta CIIBIpAIll CTY/ICHTIB 1 BUKJIa[auiB;

UPPOBHIX
ITPUMKH HABYAIILHOT'O TIPOLIECY ¥ HAYKOBUX JIOCIIIXKEHb;

® BHKOPHCTAaHHS TEXHOJIOTIH  AyIs

® PO3BHUTOK IM(PPOBUX HABHYOK CEpPEl CTYICHTIB
1 BUKJIQ/1a4iB;

e iHTerpamis OU(PPOBUX IHCTPYMEHTIB y IIpOIeC
OLIIHIOBAHHS CTYICHTIB.

PetituaroBa cucrema THE  TakoX  BH3HAE,
o nudpoBa iHPPACTPYKTYpa € OCHOBOIO SIKOCTI OCBITH
B XXI ecr., 1

YHIBEPCUTETH, SIKi 320€3MeUyI0Th CTY/ICHTIB 1 BUKJIaaqiB

Iparo€ BHU3HAYUTH Ta BiI[BHa‘II/ITI/I

HEOOXiTHIMH LHU(QPOBUMH pecypcaMu Uil HABYAHHS
W HayKOBUX JIOCTIJDKEHb. Y PEUTHHIax 3BEPTAETHCS
yBara Ha JOCTYITHICTh Ta fAKICTh HHU(PPOBHUX PECYPCIB,
IHTEpHET-3’€JHaHHS,  KUIBKICTh  KOMIT'FOTEpiB, IO
MpHUINagae Ha OJHOTO CTYyAEHTa, Ta IHMI IapaMeTpH,
OB’ s13aHi 3 UPPOBOIO IHPPACTPYKTYPOIO.

OS World University Rankings BHUKOPHCTOBYE
JeKiIbKa KPHUTEpiiB MOA0 LU(pPOBOi iHPpaCcTPyKTypH.
"Hudposi (Digital

OmuH i3 HHX TexHoorii"
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Technologies), 1O OIIHIOE piBEeHb JOCTYIHOCTI

IHTEpHETY,  SKICTb ~ KOMIT'IOTEPHOI  TEXHIKM  Ta

MPOTPaAMHOTO 3a0€3MeUeHHS U CTYNIEHTIB 1 IepCOHAIY

Buiry. Kpwutepiii  "IHTepHer-pecypcm Ha  OJHOTO
crynenta" (International Faculty) TakoX BU3HAYae
JOCTYIHICTh ~OU(PPOBUX PECypCiB sl  CTYIEHTIB

1 TepcoHairy, 30KpeMa OiONiOTeKH Ta OHIIaHH-pECYpPCH.
Kpim Toro, OS World University Rankings TnpomoHye
kputepiit "[aHOBaMii" (/nnovation), Mo OLIHIOE 30ATHICTH
BHUIITY 10 IHHOBAIlIM Ta MOCIHIDKEHb y Taly3i [udpoBUX
TEXHOJIOTiH, a camMe pO3pOONCHHA HOBUX TEXHOJOTIH
1 3acToCyBaHHS UUGPOBUX pINICHb ISl MOKPAIICHHS
sxocti HaB4aHHA. Oninka QS World University Rankings
3aJIOKUTh BiJ] 0aratboxX (HakToOpiB, 30KpeMa HAYKOBHX
cepen
CHUTBHOTH W po0OO0TONaBILIB, IHTEpHAI[IOHAJI3aMii TOMIO.

JIOCATHEHb, pemyTallii  BHIIY aKageMIgyHOT
OpHak HasBHICTH cy4yacHOI mupoBoi iH(pacTpyKTypu
mupoBUX  pecypciB

€ BaXJIMBUM KPHUTEpPIEM [  OIHIOBAHHSA

Ta  BHCOKOSIKICHUX TaKOXK
BHIITIB
y mexax OS World University Rankings.

B  Vkpaini ¢ poBoi
iHppacTpyKTypH 3BO nna
BHU3HAYCHHS PiBHS OCTYIHOCTI, IKOCTI Ta e()eKTUBHOCTI
UPPOBUX
CTYICHTaM 1 BUKJIaIadaM.

METOOM  OLIHIOBAHHS

BUKOPHCTOBYIOTECSI B
TEXHOJIOTiI 1 TMOCIYyr, IO HAaJAKThHCI
VY 1upoMy nporieci 3aCTOCOBYIOTBCS Pi3HI METOIAMKH
Ta KpHUTEpii OI[IHIOBaHHA, IO AAIOTh 3MOTY 3’sCyBaTH
SKICTh po0oTH 1upoBoi iHOPACTPYKTYpH Ta 3pOOHTU
MPaBUIIbHI KPOKH MIOAO i1 MOAATBIIOTO PO3BUTKY.

OmvH 13 TakuX METONIB — ayauT [udpoBoi
iHppacTpykTypu. Bin mepenbdadae aHami3 JOCTYITHOCTI,
HaJiHOCTI Ta e()EeKTHBHOCTI BUKOPHCTaHHS HU(PPOBHUX
TEXHOJIOTIH Yy HaBYAIBHOMY 3aKiaji. AyAWUT IPOBOAATH
JUIs. BUSIBJIICHHS HEJIOJIKIB y pOOOTI CHCTEMH, a TaKOXK
I BHU3HAYEHHS MOJXKIMBOCTEH INOAO 11 MOJAIBIIOrO
BJIOCKOHaNICHHS. KoXeH 3akiaja iHIUBIAyalbHO OOUpae
KpHUTepii, 3a AKUMU HEOOX1THO IPOBECTH ayAHT.

B VYkpaiHi JOCHTh 4acTO MPOBOASTHCS ONMUTYBAHHS
cepen muppoBoi  iHGPACTPYKTYPH.
3a JIOMOMOIOI0 TaKOro METOJNy MOKHA JIi3HATUCS

KOPHCTYBaviB

PO 3a7I0BOJICHHS M HE3aJO0BOJCHHS JIOJIEH pPoOOTOO
3 HU(GPOBUMHU IHCTPYMEHTAaMH Ta BUSIBHTH IPOOJIEMH.
Hanpuknan, YkpalHChKWI KaTONUIBKUHA YHIBEPCHTET
2021 p. NpoBIB ONHMTYBaHHS CEpel CTYICHTIB MIONO
mrdpooi iHppacTpykTypu [15]. OkpiM TOTO, HalIOHATBHI
BUIII aKTMBHO 3aCTOCOBYIOTh METOJIMKH  aHaJli3y
e(eKTUBHOCTI BHKOPHCTAaHHA EJIEKTPOHHUX pPEeCcypciB
Ta iHpOPMAIIHHMX TEXHOJIOTil B OCBITHHOMY IPOILECI.
3okpema Oymo po3poOIeHO METOOW BUMIPIOBaHHS

e(eKTUBHOCTI  €JIEKTPOHHHMX  MiJIPYYHUKIB, CHCTEM

BIIKPUTOTO JOCTYIy [0 HaBYaJbHHX MaTepialis,
BIJICOJICKIIIA Ta IHIIUX pecypciB. 3ampoBaKCHHS ILUX
METONIB  Ja€ 3IIMCHIOBATH

3MOTY MOHITOPHHT,

OILIHIOBATH  SIKICTh ~ HABYaHHA Ta  IIiJBHIIYBaTH
e(EKTHBHICT, BUKOPHCTAHHS IHM(PPOBUX TEXHOJIOTIH B
OCBITHBOMY ITporieci [16].

Ha pieai 3BO wmeromu ominfoBanHA 1H(pOBOI
iHQpacTpyKTypH, IMOBIpHO, OyAyTh DPI3HUMH, 3aJIEKHO
Bil TOTped 1 MOXKIUBOCTEH KOXHOTO KOHKPETHOTO
3aknany. Jist oriHioBaHHA LU(POBOI iH(pacTpyKTypu
YacTO 3aCTOCOBYIOThCS METOIU aHKETYBaHHS CTYICHTIB
1 BUKIJI/JIa4iB, OMUTYBAaHHS 3 BUKOPHCTAHHSIM OHJIAaWH-
3aCTOCYHKIB Ta IHIIOTO

IHCTPYMEHTIB, TECTYBaHHSA

nporpaMHoro 3a0esmedeHHs. Jleski 3akigamud  BHUIIOT

OCBITM HaJalOTh [epeBary MeTOJaM  OIUTYBAaHHA
CTYZICHTIB 1 NEaroriyHMX MPAI[iBHUKIB IIOJI0 JOCTYIMHOCTI
1 e(eKTUBHOCTI BHUKOPUCTAHHSA LU(PPOBUX TEXHOJOTIH
y HaBYaJILHOMY TIporeci. [HII BHII 3aJIy4aroTh 30BHIIIHIX
ayouToOpiB, fAKi OIIHIOIOTH 1 AaHANI3yIOTh LUPPOBY
iHOPACTPYKTYpy 3aKiagy ¥ HaJZaloTh pPEeKOMEHMAIIIT
0210
[Ipore 3acTocyBaHHS METOMIB OIHIOBAaHHS LU(POBOI
iHppacTpyKTYpH B
TOMY € MOTEHIial JUIs pOOOTH B IIbOMY HAIPSIMI.

MOKpameHHss 1ii  sAkocTi Ta  e(eKTUBHOCTI.

VYkpaiHi TOKM HE TIOMHpPEHE,
Takoxx B YkpaiHi iCHYIOTH Jep)KaBHI HpPOTPaAMU,
CTpsIMOBaHI Ha PO3BUTOK LU(POBOI 1HPPACTPYKTYpH
B OCBiTHIH ramy3i. Hanpukian, 2017 p. ypsan Ykpainu
3arBepauB [Iporpamy posButky mudposoi ocsitu [17],
o mependavyae CTBOPEHHS Ta MIATPUMKY IHHOBAIliHHHX
LeHTpiB 1  yaboparopii,
pecypciB i
JI0 CyYacHMX TEXHOJIOTIH HaBYaHHS Ui BCIX YYaCHHKIB

PO3BUTOK Bi[[KpI/ITI/IX

iHpOpMaiHHIX 3a0e3redeHas  TOCTYIy
OCBITHBOTO TIPOIIECY.

Sk BHOHO 31 CBITOBUX 1 BITYM3HSHHX MPAKTHUK,
JUIA OMiHIOBaHHS HH(POBOI iHPACTPYKTYpH 3aKiaiiB
BUIIOI OCBITM HaiuacTille BHKOPUCTOBYIOTHCS METOIH
OImUTyBaHHS a00 aHKeTyBaHHS. He3Bakaroum Ha OYEBHAHI
HEJOJIKM I[UX METO/IB, 3aKJaJW BHIOI OCBITH [0Ci
HajaloTh iM nepeBary. Ha xanb, 3a pe3yiapTaTamu
OINHUTYBaHb HE MOXKHA 00’€KTUBHO OLIHUTH CTaH IU(PPOBOI
inppacTpykTypu. [Imns 1mporo HeoOXimHO BU3HAYUTH
yHi(ikoBaHI KpuTepil Ta pO3pOOMTH YHIBepCaJIbHUI
METOJ OIiHIOBaHHA MHU(POBOI iHQPACTPYKTYpH, KA OU
yBiOpaB mepeBaru pizHUX HAsBHUX METOJIIB.

PesynbTaTn gociaigxens T/ X 00ropopeHHs

VHidikoBaHi KpHUTepil I OIiHIOBaHHA IH(PPOBOI

iHpacTpyKTypu yxe
BUIMBUM €JIEMEHTOM B OIlIHIOBaHHI Ta TOPIBHAHHI

3aKJIa[iB  BHUINOI OCBITH €
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HaBYANBHHUX 3aKianiB. Ha cboromHi kputepii MOXYTh
OyTM HEOJHAaKOBUMHM B pI3HMX KpaiHax 1 3aKiajax,
0 YCKJIATHIOE TIOPIBHSHHS pPe3yJbTaTiB JOCIIIKEHb
Ta KOPUTYBaHHS iHQPACTPYKTYPH.

OnmuuM 13 HaWOUTBIIMX BHKJIMKIB Y PO3pOOJICHHI
yHi(piKOBaHMX KpHUTEpiiB € Te, 10 BHIII HaBYAIBHI
3aKJIQM  MOXYTh MAaTH Pi3HI TOTpeOM Ta BHUMOTH
mdpoBoi  iHGpPaCTPyKTYpH.
B VHIBepCHUTETaxX pI3HHX KpalH ICHYIOTh HEOIHAKOBI

o0 CBOE€I1 Hanpuknan,
BUMOTH JI0 PiBHSI TOCTYIHOCTI TEXHOJIOTIH 1 0 3aXUCTy
MEePCOHANTBHUX JaHHUX CTYICHTIB, a TAKOXK Pi3HI 3aKOHH,
II0 BUKOPHUCTOBYIOTHCS. TOMY Ba)KIIMBO DPO3POOIISATH
yHi(iKoBaHI KpuTepii, aki Oymu O JOCTaTHRO THYYKHMH,

mo0  BpaxoBYBaTH  OCOOJMBOCTI  PI3HHUX  BHIIMX
HaBYAJILHUX 3aKJIaiB.
Hapemrri, BaximBo Opati g0 yBarw, IIO

OWiHIOBaHHA TW(POBOI iHPpPACTpyKTypu Mae OyTH

MOCTIHHAM mponecoMm, MmoO AacTb 3MOry BYacCHO

BUSBISITH HEHONIKM Ta 3alpoBajKyBaTH HEOOXiTHI
3MiHH. Y IIbOMY KOHTEKCTi pO3poOJieHHs YHi(iKOBaHHX
KpUTEpiiB MOXe CTaTh

BaXJIMBUM  IHCTPYMEHTOM

JUIL  CTBOPEHHS e(QeKTHBHOI Ta  ()YHKUIOHAJIBHOI
UG poBoi iIHPPACTPYKTYPH BUIMIUX HABYABHIX 3aKIaIiB.
3Bakaloyd Ha  BHINE3a3HAYEHI  JOCIIIKEHHS,
OyJ0 BH3HAYCHO IT'SITh OCHOBHHUX KPUTEPIiB, IO MOXYTh
cTaTH yHiI()iKOBaHUMH JJIsI BCIX HABYAJIbHUX 3aKIafiB.
e THppacTpykTypa:

oOyagHaHHs,  HasABHICTHL

SIKICTB i JIOCTYIHICTh

BIJIMOBITHOI ~ MPOTrpaMHOI

Ta TEXHIYHOI MiATPHMKH.
e JlocTymHiCTh 1 3pydHICTH JUIl  CTYJCHTIB:

HasBHICTh OHJIAMH-PECYpCiB i TuiaThopMm UIs 3pYIHOT

pOOOTH 3 OCBITHBOIO THPOPMAITIETO.

TEXHOJIOTIN

o EdexkTuBHICTP  BHUKOPHUCTAHHS

y HaByanpHOMy mpoueci. lleli xkputepiii OILiHIOE,

HACKINBKH ~ €(DeKTHBHO  3aCTOCOBYIOTBCS  ITH(POBI
TEXHOJOTii B  HaBYaJIbHOMY  IIpolleci,  30KpeMa
BiJlcOKOH(epeHIIii, OHTalH-KyPCH TOIIO.

e EdQexkTuBHICTh  BHUKOPUCTaHHS  TEXHOJOTiH

B aJAMIHICTpaTHBHIA pOOOTI.
UPPOBUX
B aaMiHICTpaTUBHIN pOOOTi, HANpPUKIAA: EJIEKTPOHHUH

3a3HaueHUt KpUTEpil

OIIiHIOE BUKOPHUCTaHHSI TEXHOJIOTIH

3alKc, €JIEeKTPOHHA 3BITHICTh, CHUCTEMH YIPaBIJIiHHA
3HaHHSIMH, BiZICOKOH(]EpEHIIii TOIIO.

o DBesneka ta 3axucT naHux. et kputepiii OLiHIOE
HasBHICTb 1 €(EeKTHUBHICTh 3aXOfiB, IO 3aXUIIAIOTh
UppPOBI pecypcu U MepCoHaIbHY I1HQOPMAIIIO Bif
3TTIOBMHCHHKIB 1 XaKepiB.

MOJKHA

Jdns  ouiHIOBaHHS  IMX  KPHUTEpiiB

BUKOpHUCTOBYBaTH Inkamy Bimx 1 mo 10, me 1 i 10 —

HaWHIKYME 1 HaBummi Oanm  BigmosimHo. KoxeH
KpHUTEpi Ma€ MiJKpUTEpii, MO MalTh OyTH OLIHEHUMH
3a IIEBHUM METOJIOM.

IudpacTpykrypa BHIIMX HaBYaJbHUX 3aKIaliB
€ BOXITMBAM CKIIJHUKOM JJIsl YCIIIIHOIO BUKOPHCTAHHS
nu(pOBUX  TEXHOJOTIH B  OCBITHBOMY  IPOILECI.

o6 omiHUTH HAKICTb 1 MJOCTYHHICT OOJATHAHHS
Ta mporpamMHoi miarpuMkud 3BO, MOXHA 3aCTOCOBYBAaTH
TepesTiueHi HIKYe i IKPUTEepii.

e JSkicth OLIHIOBAHHS

o0aHaHHSA: CTaHy

Ta SKOCTI KOMITIOTEPHOTO OOJaJHAHHS, HasIBHICTH
CY4YacCHOTO MPOrPAaMHOI0 3a0e3MeYeHHs, 00CAT maM’siTi
Ta MBUIKICTH POOOTH.

e JlocTymHiCTh OONIaTHAHHS: OINIHIOBAaHHS KUTBKOCTI
KOMII'IOTEpiB, IO TpPHUIIaJa€ Ha KIUIBKICTh CTYHCHTIB,
Ta X JOCTYIHICTE.

TEXHIYHOI

e EdextuBHicTh MiITPUMKH:

OIlIHIOBAHHS HASBHOCTI TEXHIYHOI WIATPUMKH  JUIS
CTYHCHTIB 1 BHKJIANadiB, IIBHUAKICTh pearyBaHHSI Ha
3asIBKH PO JIOTIOMOTY.

e PiBeHp mnporpaMHOi MIATPUMKH: OIIHIOBAHHS
SIKOCTI Ta KUTBKOCTI MPOTpam, 10 HAJTAITHCS CTyICHTaM
UL poOOTH 3 00TaTHAHHSM.

OIL[IHIOBAHHS

e JSkicThb IHTEpHET-MIJKITIOYCHHS:

OIBUAKOCTI Ta JOCTYITHOCTI IHTEPHET-IiAKIIOYCHHS
JUTS CTY/ICHTIB 1 BUKJIQaYiB.

e DBesmeka oOisagHaHHA: OIHIOBAHHS HAasBHOCTIL
AaHTUBIPYCHMX TMporpaM 1 mporpam [uisi 3axXuUcTy
MIEPCOHAIBHUX JTaHUX.

Jnst 6inbil 00’€KTHBHOTO OIHIOBAHHS KPHUTEPIIO
"[adpacTpykrypa" HEOOXiTHO BUKOPUCTOBYBATH METOAH
aHKeTyBaHHs KOPHCTYBadiB 1 crioctepexenHs. CrnovaTky
JIOLUITAPHO  TIPOBECTH  AQHKETYBaHHA  KOPHCTYBadiB
uudpoBoi iHGPACTPYKTypH, L0 JAacTb 3MOry 3i0paru
OYMKH IOJO SIKOCTI Ta MJOCTYHHOCTI OONagHaHHS
i mporpamHoro 3abesneueHHs. Hanpukniaza, cTyneHTH
MOXYThb BINMOBICTM Ha 3amHUTaHHA NP0 HASIBHICTH
CYy4acHMX KOMIT'IOTEPHUX KJIAciB, 3py4HICTH pOOOTH
3 KOMIT FOTepaMy, e(peKTHBHICTh BiITOBITHOTO TPOTPAMHOTO
3a0e3MeueHHs] Ta TEXHIYHOI MiATPUMKU. Bukiamgagi
MOXYTh OLIHUTH SKICTh HEOOXiIHOTO oONagHAHHS
Ta M[porpaMHoro 3a0e3medyeHHs JUIs  HPOBEICHHS
HaBYaJBHOTO Ipolecy. HacTymHHM KpOKOM CTaHe OIJIsij
o0aHaHHS Ta MPOrpaMHOro 3adesmeucHHs. [ 1bOro
rpyna,

KOMIT FOTEpHI KJiacu i 1aboparopii BUILOTO HABYAJILHOTO

CTBOPIOETBECSA ~ KOHTPOJIbHA BiJIBIAYIOTBCS

3aKagy, OINAAeThcs OOJMagHAaHHS Ta IPOrpaMHe

3a0e3MeyeH s, 10 3aCTOCOBYETBCS B  OCBITHBOMY

mporeci. OOmmBa MeTOOM HE TOTPEOYIOTh BEIHKOI
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KUTBKOCTI pecypciB. BUKOpHUCTOBYIOUM mOBa METOIU
3aMICTh OJIHOTO, MOXXHa JicTaTH OUIbII 00’ €KTUBHY
OWiIHKy IbOr0 KpuTepito. CucremMa  OLIHIOBaHHS
CTBOPIOETHCS, HANPUKIAMA, 38 JOMOMOTOI OOYHCIICHHS
cepeHROrO  Oama s

KOXXHOTO  TIKPHUTEPIr0

3a 10-0ajpHOIO  INKAJOK, a TAaKOoX  3arajJibHOro
CepelIHbOTo 0ana, II0 J1ae 3aralibHy OLIHKY 338 KPUTEepieM
"ludpacrpykrypa”.

"JIOCTYIHICTB Ta SKICTB" UL CTYJCHTIB € BayKIIMBUM
KpUTEpIiEM IIOJ0 OLHIOBaHHs LU(POBOI 1HPPACTPYyKTYpH
HAaBYAJBGHOTO 3aKiaay. Bu3HaueHHS e(eKTUBHOCTI
3a UUM KpHUTEpIEM MOXKe OYTH IpOBEleHE ILIIXOM
BUKOPUCTaHHS  METOMIB  eKCIIEPTHOTO  OL[iHIOBaHHSI
B TOE€OHAHHI 3 aHKeTyBaHHsAM. HeoOXimHO 3anyduTH
eKCIIepTiB, fAKi O MOIIM OI[IHWTH HasSBHI IUQPOBI
pecypcd i HaBUAHHS, iX SKICTh 1 aKTyalbHICTE.
3a IOTIOMOTOI0 METOAY aHKETYBaHHS MOXKHA Ji3HATHCS
BiJl CTYHEHTIB iXHIO JyMKy INOJO HaBYaJIbHUX
MaTepialiB, IKUMH BOHH KOPUCTYIOTBCS.

JJis OIiHFOBAaHHS HASBHOCTI, SIKOCTI Ta JOCTYITHOCTI
mudppoBux pecypciB 'y 3BO HeE0OXiZHO BHOKPEMHTH
TaKi MiaKpUTepii:

® KUIBKICTB €NeKTPOHHHX 0a3 MJaHWX, IO JOCTYITHI
CTy/ICHTaM 1 BUKJIa/Iauyam;

® KUIBKICTP eNEeKTPOHHHX KHUT 1 IKYpHAIiB,
HasIBHICTP y 010J1ioTell 3aKiIaay BUIIOT OCBITH;

® SKIiCTH €IeKTPOHHUX KHUT 1 )KypHAIiB;

® IBUAKICTH JOCTYIY J0 HABYAIHHOI iH(OpMAIlii;

® aKTyallbHICTh KHUT, )KYPHAIiB, HAYKOBUX POOIT;

® DpIBEHb JIOCTYITHOCTI BeOcaiiTy 3akyiajy BHIIOT
OCBITH JJISl CTY/ICHTIB 1 BUKJIA/IaiB;

® 3PYYHICTh BUKOPHUCTaHHS BEOCAMUTIB;

e piBeHb JOCTYHNHOCTI IHTEPHET-TIiIKIIOYCHHS
B IIPUMILIEHHSIX 3aKJIa/ly BUIOI OCBITH;

®  KiTBKICTH KOMIT IOTEPiB, IOCTYITHHUX JUIS CTYACHTIB
1 BUKJIaJIa4iB y 3aKJIajli BUIIOT OCBITH;

® HasjBHICTH BeOpecypciB M IUCTaHIIIHOTO
HaBYaHHSI.

HasBHICTS OHIAIH-pecypciB, 30KpeMa eIeKTPOHHUX
0i0mioTex, HaBUAIBHMX IUIATGOPM Ta IHIIUX OHJIAWH-
IHCTPYMEHTIB, € BaXJIMBAM I[OKa3HHUKOM JOCTYITHOCTI
HaBYanbHOI iHpopMamii ans cryaeHtiB. Lli pecypcu
MaloTh OYTH MHOCS)KHI B TIOCTIHHOMY peXuMi, 100
3a0e3reuyBaTyd KOPUCTYBadiB HaBUAJIBHUMH MaTepiajlamu
B OyIp-sIKWil Yac. 3py4HICTh AJS CTYACHTIB OIIHIOETHCS
3a HasABHICTIO IHTYITMBHO 3po3yMinux iHTepdelciB
i ocBiTHIX mardopm. Hapuanbua iHpopMmalis Mae OyTH
JIETKOJIOCTYITHOIO Ta 3pPO3yMUIOI0 ISl KOPHUCTYBauiB,

HE3aJIe)KHO BiJ PIBHSI IXHBOI TEXHIYHOI ITiArOTOBKH.

IIBHAKICTh IOCTYIy A0 HaBYAIBHOI iH(OpMAIii TaKox
€ BaXJIMBHM [apaMeTpoM JJIsl OIIHIOBaHHS IIbOTO
KpuTepito. IHTepHEeT-3’€NHAHHA, HAsABHICTH CcepBepiB
Ta IHII TEXHIYHI MapaMeTpu MaroTh 3abe3nedyBaTH
IIBUAKUN JOCTYT O HAaBYAIBHOI iH(QopMaIrii.

OxpiM 3aJlydyeHHS €KCIIepTIB Ta AaHKETYBaHH,
MOJKHA aHAJ3yBaTH KUTBKICTh 3BEPHEHb IO TEXHIYHOI
OIATPUMKH IIOJ0 JOCTYIY A0 HaBYaJIbHOI iH(OpMAIIi.
Hampukian, sxmo 6arato CTYACHTIB  3BEPTAEThCA
3a JIONOMOrOI0 B JIOCTYMi J0 TeBHOI IuaTdopMu
abo pecypcy, TO MOXHa BBaXaTH, LI0 LEH pecypc
HE 3pYYHUI AJIs1 BUKOPHCTAHHSI.

3ara;ioM OIIHIOBaHHS JOCTYITHOCTI Ta SIKOCTI MOXeE
OyTH MPOBENIEHO 3a JOMIOMOT0I0 KOMILJIEKCHOTO MiIX0/y,
mo nepexdadae aHKETYBaHHS, CKCIICPTHUH  OIJIA
Ta OIHIOBaHHs]. TakoX BaXJIMBO BPaxOBYBaTH DPiBEHb
3a[I0OBOJICHHS CTYJCHTIB BiJl BUKOPUCTAHHS LIUX PECypCiB
1 matopm, 110 MOKHA JII3HATHUCS 31 3BOPOTHOTO 3B’SI3KY
3 KopucTyBadamu. HeobOximHo 3abe3meunT 3pydHuil Ta
e(eKTUBHHUI JOCTYII 10 HAaBYAIBHOI iHpOopMaii 1yist BCix
CTYZACHTIB, HE3aJISKHO BiJ] MiCIISl IXHBOTO TIepeOyBaHHS.

"EQexTuBHICTp BHKOPUCTAaHHS  TEXHOJIOTIH Yy
HaBYAJIBHOMY IIpoLeci” € OAHNM i3 KITFOUOBHX KPUTEPIiB,
U poBoi

OCBITH.

Jii(e] 3aCTOCOBYETHCA JJIs1 OHiHIOBaHHSI

iHppacTpykTYpH B
et kpurepiii  Bu3Hauae,

3aKJIagax BHUIIOT

HACKUJIbKK  e€(eKTHBHO
BUKOPHUCTOBYIOThCS IHM(POBI TEXHONOTii B Tporeci
HaBYaHHS Ta SK BOHU JOINOMAaraloTh 3a0€3MeUNUTH SKICHY
ocBiry. OriHOBaHHI €()eKTUBHOCTI  3aCTOCYBaHHSI
TEXHOJIOTiH y HaBYAJILHOMY IPOILECi MOXKE 3/1ifICHIOBATHCS
3a JOTTOMOTOI0 HIKYe3a3HAUeHUX ITiAKPUTEPIiB.

e Awmanis

BIJIBIIYBAHOCTI Ta  BUKOPHCTAHHS

OHJIAMH-KYpCiB:  OIIIHIOBaHHS KUIBKOCTI  CTYACHTIB,
SKI BIJIBIIyIOTH OHJIAHH-KYpCH, Ta iXHBOI aKTHBHOCTI
Ha [UX Kypcax.

e OuiHIOBaHHS  3aCTOCYBaHHS  IHTEPaKTUBHHX
TEXHOJIOTIH: BEOKBECTIB, OHJIAMH-TECTIB TOILIO.

e AHani3 BiICOKOH(EpEHIlH, 30KpeMa OLIHIOBaHHS
iX SIKOCTi, JOCTYITHOCTI Ta €(QEeKTHBHOCTI B peami3amii
HaBYAJIBHUX LTEH.

e 3a0BOJIEHHSA KOPHUCTYBadiB: OILIIHFOBAHHS
3aJI0BOJICHHS BiJl BUKOPHCTaHHS IU(POBUX TEXHOJIOTIH
Ta IHTePaKTUBHUX IHCTPYMEHTIB y HABYAIILHOMY TIPOIIECi.

e AHaii3 pe3yjbTaTiB HaBYAHHS: 1X OLIHIOBAHHSI
Ta TIOPIBHSHHSA 3 TOMIEPEAHIMU Pe3yIbTaTaMHU.
e(heKTUBHOCTI

I[J'Iﬂ BU3HAYCHHA BUKOPUCTAHHA

TEXHOJIOTI y  HaBYaJbHOMY MpOIECi  HEOOXITHO

3aMpoBaPKyBaTH KOMIUICKCHHU MiAXiA, 1[0 mepeadavae
MTOKA3HUKIB.

3aCTOCYBaHHS BCIX BHIIIC3a3HAYCHUX
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BaxxmBo noeaHaT METOM CIIOCTEPEKEHHS W aHKETYBaHHS
Ta TMpoaHaNi3yBaTH pe3yibTaTH. Taki MigKpUTEPii,

K  BIJIBIAYBaHICTb, BHKOPHUCTaHHS  IHTEPaKTHBHHUX
TEXHOJIOTIH, e(heKTHBHICTh BiJEOKOH(EPEHIIH, pe3yIbTaTh
HaBYaHHS Ta YCIIIIHICTh BHITYCKHHKIB, MalOTh OyTH
OLIIHEeHI 3a JIOMOMOIOI0 He3aleXHOi (OKyC-TpyIH, siKa
MEPEBIPUTh pealibHi JaHi IS KOXKHOTO 3 IiIKPHUTEPiiB
i 3MOXke 00’€KTHUBHO X OLHHMTH. Binryku kopucryBadiB
i piBeHb IXHBOTO 3aJOBOJICHHS JOIIJIBHO OIIIHUTH
Y BUIJISAAI ONIUTYBAaHHS.

"EdexTuBHICTH BHKOPHCTAHHS TEXHOJIOTIN
B aJIMIHICTpaTHBHINA poOOTI" € e OMHUM KPHUTEPiEM IS
omiHOBaHHA mU(poBoi iHppacTpykTypu. Leit moka3zHIK
nobpe

IUQPOBI TEXHOJNOTIT I 3a0e3MeveHHs Pi3HUX acHeKTiB

BU3HAUYa€,  HACKUIBKU BUKOPHCTOBYIOTBCS
aJMiHICTpaTHBHOI POOOTH, TakMX SIK OOJIK, KOHTpPOJIb,
TUTAHYBaHHS, MOHITOPHHT 1 3BiTHICTb.

Jnsi OniHIOBaHHS 3a3HAUYEHOTO KPHUTEPII0 MOXKHA
3aCTOCOBYBATH IIEpeTiueHi HIKYE i TKPUTEPii.

e PiBeHp aBTOMaTH3ALIl aIMIHICTPaTUBHHX MPOLIECIB:
BU3HAYCHHS HAsABHOCTI Ta CTyIeHsS aBTOMaTH3alii
aJIMiHICTPATUBHHX TPOIECIB, M0 3a0e3MeUyl0Th PoOOTY
3aKJay BHIIOI OCBITH.

e Pigenp kBaiidikamii HepcoHanty: OLIHIOBAHHS
HasBHOCTI Ta pIBHA 3HaHb 1 HABHYOK IIEPCOHAITY
B Tany3l BHKODHCTaHHS LU(PPOBHX  TEXHOJIOTIH
B a/IMiHICTpaTHBHi# poOOTi.

e KijbKicTh BHUTPaYeHOr0 4Yacy Ha BHKOHAHHS
aIMiHICTPaTUBHHX IPOLECIB.

e KinpKicTh NOMHIIOK, III0 BUHHKAIOTL ITiJ] Yac
aIMiHICTPAaTUBHOI JisITBHOCTI.

o PiBeHb 33/10BOJICHHS KITI€HTIB.

Jis BU3HAYCHHS KOHKPETHOI OIIIHKH 32 KOKHUM
MiIKpUTEpiEM HEOOXiTHO BHUKOPHCTaTH KOMIUIEKCHUH
MeTOJ OIiHoBaHHA. s 3°sicyBaHHS piBHA KBawidikarii
nepcoHally MoXke OyTH  3acTOocOBaHa  METOJUKA
TIPOBEICHHS TECTiB a00 aHKeTyBaHHA. [ omiHIOBaHHS
piBHS  aBTOMAaTH3allii aJMIHICTPATUBHHUX MPOIICCIB,

KUTBKOCTI ~ BHTPAadeHOTO  Yacy Ha  BUKOHAaHHSI

aJIMiHICTPATUBHOI  JISUTHOCTI, HASBHICTH TOMHIIOK
y 3miiCHEHHI aMiHICTPaTUBHIX IPOIECIB — Ay TUTOPCHKa
nepeBipka. J[is  BU3HAUCHHS PIBHA  33JOBOJICHHS
KIIIEHTIB HEOOXiTHO BHKOPHCTATH METOJ ONHTYBAaHHI.
BaxnuBo onuTaTé CTYAEHTIB 1 BHKJIAIadiB, SIKUM OyiH
HaJaHI TOCIAYTH agMiHIiCTpamii, 1 3aMmipsATH IXHIH
PiBEHB 3a/I0BOJICHHSI.

OmiHroBaHHA O€3MEeKH B TIPOIECi 3aCTOCYBaHHS
IUPPOBUX

IIPOBEJICHE Ha OCHOBI JeKiIbKoX (hakTopiB. Hacammepen

TEXHOJOTIH y HaByaHHI Moxe OyTH

BaXXJTMBO OI[IHMTH HAsIBHICTH 3aXOiB O€3IeKH, 10 Oyau

BIIPOBA/DKEHI B CHCTEMY, 30KpeMa WJIETbCS Mpo

AHTHBIpPYCHI 3aX0au, MU(PYBaHHS TaHIX, BAKOPHCTAHHSI
Kpim
HEOoOXiZIHO OI[IHNTH Oe3NeKy 3acTOCYBaHHS HU(PPOBHX

nBodakTopHOi  aBTEHTU(}IKAIil TOMIO. TOrO,
IHCTpYMEHTIB y HaB4aHHI. Hampukiaz, sSKIiCTh HapouiB
KOPHUCTYBadiB, SIKI BXOAATh Yy CHUCTEMY, & TaKOX YMOBH
30epiraHHs MapojiB MOXYTh BIUIMBATH Ha DiBEHb
Oesrmeku cucTeMH. Takok MOTPIOHO BpaxoBYBaTH
(dakTopH, MO BIUIMBAIOTh HA 3aXHCT KOH(DIIEHIIHHOT
iHpopMarii, 30KpeMa HasSBHICTP MEXaHI3MIB 3aXHCTy
BiJl HECAaHKIIITHOTO TOCTYTIY IO JaHUX.

Jlist o1liHIOBaHHS O€3MeKH MOXHA BUKOPUCTOBYBAaTH
CTaHIApTH Ta PEKOMEHMAIIil, pO3pO0JIeH] ISl iHTEPHETY.
Heo0OximHo 3actocoByBatu cranmapta ISO 27001 [18]
abo NIST Cybersecurity Framework [19], aki geranbHO
OITMCYIOTH IPOLIECH i BUMOTH JUIsl 3a0e3neueHHs Oe3nexu
B II(POBOMY CEPEAOBHIIII.

Aynut Oe3leKH TOoJsrae B MEPeBIpIli CHUCTEMHU
Oe3reKd Ha  BIAMOBIMHICT CTaHIApTaM, 30KpeMa
Yy BHSBJICHHI MOTEHLIHHUX BPa3JIMBOCTEH Ta MOMIIUBHX
3arpo3 Oesrerri. TecTyBaHHS Ha IPOHUKHEHHS A€ 3MOTY
OLIIHUTH WMOBIPHICTh 3JIaMy CHCTEMH ¥ 3a0e3mednTH
BimmoBimHWHA 3axuct. OIHIOBaHHA PH3HUKIB IOMOMArae
BU3HAYUTU MOXJIMBI 3arpo3W Ta 3axoiu Oe3reKw,
o0 HEOOXiHO BXXHUTH. TeCTyBaHHS Ha BIAMOBIIHICTH
Jla€ 3MOTY 3’sICYBaTH, HACKIIbKA CHUCTEMa BIAMOBIAAE
cranmaptam  Oesmekd. OKpIM  [BOTO,  Ba)KJIUBOIO
€ BIJMOBIZHA OCBITA 3 MHUTaHb KiOEPOE3MEKH Ta 3aXHCTY
iHpopMmamii cepen CTyAeHTIB 1 BukiaaadiB. MoxHa
MPOBOIUTH TPEHIHTH, CeMiHapH, BeOiHapW TOIMIO,
ne daxiBmi 3 xibepOesrnekn HaBUATHMYTh KOPHCTYBadiB
pO3Mi3HABATH 3aTPO3H Ta 3aXHUIIATH CBOI JaHi.

OminroBaHHsS Oe3mekn Mae OyTH  IPOBEICHE
3 ypaxyBaHHSIM NOTpeO Ta BUMOT 1O HEI B KOXXHOMY
KOHKPETHOMY BHIIQJIKy. BaxuBo, 1mo0 pe3ynbTaTH
OIIIHIOBAaHHS OyJIM MPO30pi Ta JOCTYIHI IS BIAMOBIIHUX
3alliKaBJICHUX CTOpiH. 3abe3neueHHs1 Oe3neku Mae OyTH
MOCTIHHUM IPOIIECOM, SIKUH repeadayae BIOCKOHATCHHS
iHppacTpyKTypH,

CHiBpOOITHHUKIB, K

cucTeM 1 a TaKoX IMiJBUIICHHS

KBasiQikarii BUKJIQJa4viB, TaK
i amMmiHicTpatnBHOrO TepcoHamy. HeoOxigHO, ™00
ayuT
Oe3nexy iHpOPMAIIHHUX CHCTEM, 1[0 BUKOPHCTOBYIOThCS

OILHIOBaHHS O€3MeKw Tependadano  TakKoXK

B HaBYAJIBbHOMY TIIpoleci. Ayaur — 1 nepeBipka

HasBHOCTI BIAIOBIAHUX 3aXWUCTIB BiJ 3JI0BMUCHHX
MporpaM 1 XakepChbKUX aTak, a TaKoX OOCTEXEHHs
nporeayp 30epiraHHs Ta OOpOOJCHHS KOH(IACHIIHHOT
iHpopmauii. Pe3ynbTaTH OIHIOBaHHS MalOTh OYyTH
MPO3OPUMH ¥ OCTYMHUMH JJs BCiX 3aliKaBICHHUX
CTOPIH, III0 MiIBUIINTH PIBEHb JOBIPH 0 HABYAIBHOTO
3a0€3MeYnTh

3akimagy # 0e3meKy BCIX YYacCHHUKIB

OCBITHBOTO TIPOIIECY.
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Kputepii omiHtoBaHHS HUQPPOBOi iHQpaACTPYKTypH
3BO € BaXIMBUM €IIEMEHTOM IS 3a0€3MeUeHHS SIKICHOT
OcBiTH B enoxy nudposizaunii. Kpurepii, onucani B mii
CTaTTi, MOXYTh CIyTYBaTH OCHOBOIO JUISi PO3POOIIEHHS
yHi(piKOBaHUX KPHUTEPIiB 3 METOIO OLIIHIOBAHHS LU(PPOBOT
iHpPaCTPYKTypH OCBITHIX 3akiaiiB. CTBOPEHHSI CUCTEMH
OLIIHIOBAaHHS, 110 BpPaxOBYE 3alPOIOHOBAaHI KpUTEpii,
noroMoxe kepiBHUUTBY 3BO  BusiBISATH TepeBaru
i Hemomikm 1M(poBoi iHGPACTPYKTYpH H BU3HAYATH
HaMpsIMU TIOJAJIBIIIOTO PO3BHUTKY.

Juis Toro, mo6 omiHUTH HQPOBY THPPACTPYKTYPY
BHUIIIOTO HaBYAJIBHOTO 3aKJary, HEOOXiTHO TOTPUMATHUCS
KOHKPETHHUX KPOKIB.

1. BusHaueHHsA HiIKpHUTEPIiB OLIIHIOBaHHSI.
iHppactpykrypu 3BO
MOXYTh BUKOPUCTOBYBATHCS TaKi MiAKPUTEPIi, K SKICTh

Jns  omiHtoBaHHSA —1H(POBOT

Ta JOCTYNHICTh OOJaIHAHHSA, HASIBHICTH BiIIOBITHOI

nporpaMHol  Ta TEXHIYHOI MATPUMKH, 3pY4HICTbH

JUISL CTYACHTIB, €()eKTUBHICTh BUKOPUCTAHHS TEXHOJIOTIN
y HaBYAJbHOMY TIIpoleci, NHU(POBUX  TEXHOJIOTIH
B aIMiHICTPaTHBHINA POOOTI.

2. Bu3HaueHHS BaroBUX KOE(II€HTIB IJIsI KOXKHOTO
MiAKPUTEPITO. Barogi

KoedilieHTH BKa3yIOTh

Ha 3HAYYLIiCTh YCIX CKJIAQJHUKIB y MeXax 3arajlbHOro
mudpoBoi  iHPpacTpyKTypH.
BaroBUx KOEQIili€HTIB  MOXYTb

KPHUTEPII0  OIIHIOBaHHS
Jlnst  BU3HAYECHHS
BUKOPHCTOBYBATHCS METOAM aHawmi3y iepapxiit (AHP)
abo aHanizy excrieptHux ouiHok (EEA).

3. BusHaueHHs OamiB IS KOXHOTO MiIAKPUTEPIIO.
bamyi BHCTaBIAIOTHCSA IUISXOM OI[IHIOBAHHS KOXXHOTO
migkpuTepito 3a mKkamoro Bix 0 mo 10 abo ixmoi
BimnoBiqHOI mkanu. OMNIHIOBaHHS MOXYTh IPOBOJUTH
BimnoBiganeHi TpaniBaukd 3BO, crymeHtH abo iHmIi
3aIliKaBJICHI CTOPOHHU.

4. OOGuucnenHs 3arajbpHOoro Oama. [lizcymkoBuii
cyma
i3 MAKPUTEPIiB, 3BaXKEHHX Ha IX BaroBl KoeQillieHTH.

0anm  BU3HAYAaeThCA K OamiB  3a  KOXEH
3aranbpHuil 0a’g BUPAXKAEThCS y BIACOTKAaX, SIKIIO HOTO
HOpMAJi3yBaTH J0 MAaKCHMAaJbHO MOJIIMBOTO Oaa,
ab0 3aCTOCOBYETHCS INKana OLIHIOBAHHS, IO BH3HAYAE
pi3Hi miama3oHu OaiiB.

5. Awmami3 pesynbTaTiB 1 BHCHOBKH. BiamosigHo
JI0 pe3yJbTaTiB OILIHIOBaHHs LU(POBOI iHPpaACTPyKTypH
MOXHa 3pOOMTH BUCHOBKHM IIpO ii piBEHb 1 BHUABUTH
OCHOBHI mpoOsemu. Hampuknan, sKIO pe3yabTaTH
OLIIHIOBaHHS MiAKpUTEpiB 1 Ta 2 € HU3BKUMH, L€ MOXKE
BKa3yBaTd Ha IMpoOJeMH 3 SKICTIO  0OJaJHaHHSI
Ta JOCTYIHICTIO JUIS CTYAEHTIB. SIKIIO ) HM3bKI Oamu
3a migkputepismu 3 Ta 4, 1€, IMOBIPHO, CBIIYHTH
TEXHOJIOTIH

npo HeC(beKTI/IBHe BUKOPUCTAHHSA

Y HaBYAIBHOMY TIPOLIECi Ta aAMIHICTpaTHBHIii poOOTi.

HaBegemo  amroputM  OIiHIOBaHHA  IH(POBOI
1HPPACTPYKTYpH 3a OITMCAHUMU KPUTEPIIMHU.

1. BusnauenHs BaroBoro koediuienra (W) s
KokHOTO Kputepito. Cyma Bcix BaroBux KoeQilli€eHTiB
Mae JIOpiBHIOBATH 1.

2. OuiHIOBaHHS KOXHOTO MiJKPUTEPII0 sl BCIX
kputepiiB. Lls ouiHka Mae OyTH TOAaHAa YHCIOBHM
3HayeHHsM Bim 1 mo 10, me 1 — e HaAWHWKYUI PiBEHb,
a 10 — HaiiBumuMii piBEeHb.

3. OOumcieHHS piBHSA JOCATHEHHS U KOXXHOTO
KpuTepito.  PiBeHb  NOCSATHEHHS  PO3PaxOBYETHCS
SIK TOOYTOK OIIIHKHM KOXHOTO MiIKPUTEPil0 Ha BaroBHA
KOeQIIlieHT MHOTO MigKPHUTEpi0. PiBeHh OOCATHEHHS
Mae Oyt mosanuit grciaom Big 1 mo 10.

4. OOuuCneHHS 3araJibHOrO piBHS JIOCSTHEHHS
st nudpoBoi iHQpacTpykTypu. BiH po3paxoByeThes
K CEpeHE apuU(QMETHYHE PIBHA JOCSITHEHHS IS
KO>KHOTO KPHUTEDIIO.

5. ®@opmyna anms po3paxyHKy piBHA JOCSTHEHHS

(S) s Ko’KHOTO KpHUTEPir0 MOKe OyTH 3amicaHa sIK
S=(BxW,)+(P,xW,)+ ..+(P,xW,),

ne P1—P, — OIHKK MiJKPUTEPIiB TSI KOKHOTO KPUTEPIFO;
W,—W, — BaroBi Koe(illieHTH 151 KOXKHOTO MiJKPUTEPIIO.

QopMyna s PO3PAXYHKY
nocsirHenHs (T) s mugpoBoi iHpacTpyKTypu Moxke
OyTH 3ammcana sk

T=(8+S,+..+8,) /n,

3aralbHOTO  PiBHSA

ne S-S, — piBHI JOCATHEHHS Ui KOXXHOTO KPHUTEPiIo;
1 — KUJIBKICTh KPUTEPIiB.

3BaXkarouM Ha I’ATh OCHOBHUX KPUTEPIiB, 0 Oysn
nepeliiueHi BHINE, MOXHA OTpPUMAard OuIbII  TOYHI
pe3yJbTaTh OLIHIOBaHHS IM(POBOi IHPPACTPYKTYpH
3aKJialy BUIOI OCBITH. 3a3Ha4yeHi KpUTepii Ta miaKpuTepil
CIIPUSIIOTH OUTBII 00’ €KTHBHOMY OLIIHIOBAHHIO BHIILY, aJKE
JUSL KO)KHOTO 3 HHMX BHUKOPHCTOBYETHCS KOMIUIEKCHUMN
miaxizg i AexiipbKa MEeTOMIB.

Ie#t Merom Ta anrOpUTM OILIHIOBaHHS A€ 3MOTY
CKOpHUCTAaTHCS IiepeBaraMi KOXKHOTO i3 3aCTOCOBaHMX
METoxy
TIOPIBHIOIOTECS JIEKUIbKA 3aKJIaJiB OCBITH, & PE3yJIbTaTH

MeroniB. Tomy B  Mexax  ONHCaHOTO
BHUSIBIATBECS OLIBII TOYHHUMH, ajKe OIL[IHKA 3aJIeKUTh
BiJl BENUKOI KUIBKOCTI KpUTEpIiB, WO MOXYTh OYyTH

OI[IHEH1, 3BaKAIOYU Ha X 0COOJIMBOCTI.

BucHoBKkM Ta nmepcneKTUBH
MOJAJBIIOr0 AO0CTITKeHH

OniHIOBaHHS
€  BOXIUBUM
Ta 3a0e3nedyeHHs] CTYJCHTIB 1 BHKJIAJA4yiB 3pyYHUM
Ta e(QEKTUBHUM OCBITHIM CEpeJOBHILIEM. |[HCTPYMEHTH

iHppactpykrypu 3BO
AKICHOTO  HaBYaHHS

g poBoi
€JIIEMEHTOM
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IUTS  OIIIHIOBaHHA LUQPPOBOi iHGPACTPYKTYPH MAKOTh
OyTu yHIQIKOBaHMMH JJIsi BCIX BHIIMX HaBYAJIbHUX
3aKJajiB, IO AaCTh 3MOTY CTBOPUTH PEaJbHUH PEUTHHT
BUIIIB 3a IHU(PPOBOI IHPPACTPYKTYPOIO Ta BHUPIIIATH
npo6iemu abiTypieHTiB i3 BuOopoM 3BO B MaitOyTHEOMY.

Kpurepii oriHIOBaHHS MalOTh OyTH 30pi€HTOBaHI
Ha TEXHIYHI MOJJIMBOCTI Ta 3pPY4YHICTh BHUKOPHUCTAHHS
IUPPOBUX {HCTPYMEHTIB, IO IOTIOMAraloTh CTYICHTaM,
BUKJIaZiadyaM Ta IHIIMM KOPHCTyBauyaM yHIBEPCHTETCHKOI
CHUCTEMHM OTPHMYBAaTH JOCTYIl 10 pPI3HOMaHITHOI
iHpopMarii, B3a€EMOIIATH Ta CIIBOPAIIOBATH OIUH
3 OIHHM, a TaKOXX 3aCTOCOBYBATH HU(POBI IHCTPyMEHTH
Juisl epeKTUBHOTO HABYAHHS Ta BUKJIaaHHSI.

Jns oniHrOBaHHS MUQPPOBOI iHPPACTPYKTYPH MOXKYTH
OyTH BHKOpHCTaHI pPI3HOMaHITHI MeTOAM H MigXOnH,
30KpeMa ay/IuT, aHKETYBaHH:I, aHaJli3 3aCTOCYBaHHS TOLIO.
Aue Haife(ekTHBHIIINM OyJie caMe METO/ KOMILIEKCHOTO
MiAXOMy, KOJNW Pi3HI KpUTepili OLIHIOIOTHCS PI3HUMHU
MeTromamMH. Y 1IbOMY pa3i HEoOXiZHO BpaxoBYBaTH
KOHKpETHI motpedu i xapakrepuctuku 3BO.

BaxnuBuM eTaroM € BU3HAYCHHS ITOKa3HHKIB,
3a AKMMH 3QIHCHIOBATHUMETHCS OIiHIOBaHHA. HaBemeHo
OLIBII YHIBEpCAIbHI KPUTEPIi, [0 MOXKHA 3aCTOCOBYBATH
JUTSL KOJKHOTO 13 3aKiTajiB BHUINOi OCBiTH. e macts 3mory
MOpIBHIOBATH BHINI OAWH 3 OAHMM. Jlo OCHOBHHX
MOKa3HUKIB HaJleXaTh 1HPPACTPYKTYpa, NOCTYIHICTh Ta
3PYYHICTB JUISl CTYJEHTIB, €()EKTUBHICTh BHKOPHUCTAHHS
TEXHOJOTIH Yy HaBYAIBHOMY MpOILECi, JOIUIBHICTh

Cnucok Jgirepatypu

3aCTOCYBaHHA TEXHOJIOTi B aAMiHICTPaTHBHIA poOOTI,
Oe3meka ¥ 3aXHMCT JaHUX. 33 UMM KPUTEPISIMH OI[iHKA
Moxke OyTH IIOBHOIO Ta BHYEpIHOIO. BiamosigHo 10
noOakaHb HAaBYAJIBHOTO 3aKJIaNy, OLIHIOBaHHS LU(PPOBOI
iHppacTpyKTypun MoOke OyTH TIpOBEICHE Ha pI3HUX
PIBHSIX, 30KpeMa BChOTO BHIILY 3arajioM, OKpeMHX KypciB
1 HaBITh OKPEMHX 3aHSTb.

PexomeHyeThCs OIiHIOBAaTH I(POBY iHPPACTPYKTYPY
3aKJiaJly BUILIOi OCBITH Ha PEryJspHii OCHOBI 3 METOO
BUSIBJICHHSI TIPOOJIEM 1 MOXKIIMBOCTEH JUISl BIOCKOHAJICHHSI.
KpiM Toro, BaxMBO 3a0e3nedyyBaTH aKTHBHY Yy4acTh
KOPHCTYBaYiB y TPOLECI OIIHIOBAHHA, IO JOIIOMOXKE
BPaxoOBYBaTH IXHI MOTpeOH Ta OYIKYBaHHSI.

Jdns  mokpameHHs #  po3BUTKY  1ubpoBoi
iHdpactpykrypr 3BO MoxHA peKOMEHIYBaTH 3IIHCHIOBATH
IHBECTHIIII B PO3BUTOK TEXHOJOTIH, IIiIBUIIYBATH
KBai(iKaIlito MepcoHary Ta 3aIydaTH eKCIEpTiB y ramysi
iHpopMamiiHuX TexHoJoriH. Kpim Toro, BaxIuBUMH
€ MIATPUMKA Ta CIIBIPAIlA 3 IHIIUMH 3aKjiaJaMd BHUIIOT
OCBITM Ta Taly3sMH 3 METOK OOMIHY JIOCBIIOM
Ta pO3pOOIICHHAS CIUTEHUX TPOEKTIB.

OTXe, HE3BAKAIOYM HA T€, IO TEMa OIIHIOBAHHS
nudpoBoi  iHGPACTPYKTYpH 3aKiajiB BHIIOT OCBITH
HE € TOIINPEHOI0 B YKpaiHi, pO3BUTOK Y LIbOMY Hamlpsmi
JacTb MIATPYHTA U1 CTBOPEHHS HAaBYAIBHHUX 3aKJaliB
HOBOTO 3pa3Ka, 3 MEBHUMH CTaHAApPTaMH SIKOCTi Ta
BHCOKUM PIBHEM YIPOBA/KCHHS LUPPOBUX TEXHOJIOTIH.
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METHODS AND ALGORITHMS FOR ASSESSING
THE DIGITAL INFRASTRUCTURE OF HIGHER EDUCATION INSTITUTIONS

In the modern world, the use of digital technologies in the educational process is becoming increasingly relevant. In this regard,
the assessment of the digital infrastructure of higher education institutions is extremely important. To do this, it is necessary to use
appropriate methods and algorithms to assess the quality of the digital infrastructure and the effectiveness of its use in the educational
process. In order to improve the quality of education and ensure maximum accessibility to digital infrastructure, it is important
to evaluate its effectiveness and quality. The subject of research in the article is the methods and algorithms for assessing the digital
infrastructure of higher education institutions. The aim of the work is to analyze the methods for assessing the digital infrastructure
of higher education institutions and creating a universal approach for higher education based on the analyzed examples. The following
tasks are solved in the article: analysis of scientific sources on methods and algorithms for assessing the level of digital infrastructure,
determining the main methods used for similar tasks in Ukraine and the world, determining existing assessment criteria and
indicators, developing unified criteria that take into account the specifics of each institution of higher education, developing a method
assessments according to these criteria and selection of methods for assessing certain criteria, development of an algorithm
for evaluating criteria and obtaining an overall assessment, analysis of the results obtained. To achieve the goals and solve the
tasks set were used following methods: methods of scientific analysis, methods of analysis of hierarchies and expert assessments.
The main conclusions of the article are the development of a universal method and algorithm for assessing the digital infrastructure
of higher education institutions, which will effectively and more objectively determine the level of development of digital
infrastructure in higher education institutions and compare different institutions. Conclusions: The application of the method will
help in comparing higher education institutions, taking into account the specifics of each of them, and will provide a more objective
assessment of the digital infrastructure in the institution.
Keywords: software engineering; knowledge bases; reuse of knowledge; algebra of finite predicates; facts; rules.
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RESEARCH ON METHODS OF DETERMINING CUSTOMER LOYALTY
AND ASSESSING THEIR LEVEL OF SATISFACTION

The subject of research in the article is methods of data collection and processing to assess the level of customer satisfaction and
loyalty to the company, as well as the possibility of evaluating the collected data. The purpose of the work is the analysis of methods
for determining customer loyalty and assessing their level of satisfaction, the development of a unified assessment algorithm based
on various types of data. The article deals with the following tasks: analysis of information acquisition methods — questionnaires and
reviews, evaluation methods definition and comparison questionnaires with closed answers, reviews and open answers’ text tonality
evaluation methods analysis using an artificial intelligence, development of an algorithm for determining a unified evaluation and
conducting an experiment. The following methods are used: theoretical research methods for determining existing data collection
methods, as well as methods for assessing the level of customer loyalty and satisfaction using CSI, CSAT indexes, NLP methods
for determining the text tonality, bringing the calculated values to one scale, determining the method of a unified assessment;
empirical research methods for conducting an experiment, determining and proving the feasibility of applying the method.
The following results were obtained: a method of assessing customer loyalty and their level of satisfaction based on the analysis
of various types of information with further results unification was proposed. Various types of date are responses to questionnaires
and user reviews. The questionnaires are analyzed using KPI, and reviews — using artificial intelligence methods. After normalizing
the results (bringing them to one scale), the additive convolution method is used to unify the overall result. A prototype of the
software system has been developed, which allows you to carry out a full cycle from collecting information to calculating both
KPI-metrics and a unified assessment. Conclusions: Experimentally, it was determined that the method of assessing customer loyalty
and their level of satisfaction based on the unification of a comprehensive assessment of various types of data is efficient and can be
used to optimize business processes by reducing time and efforts spent on analyzing the gathered data. The use of this method is fully

justified, since the measurement error is low, and the margin of error is acceptable.
Keywords: unified assessment; customer satisfaction level; customer loyalty; reviews; questionnaires.

Introduction

At a time of rapid development in the service sector,
customer focus is gaining importance [1, 2]. Satisfied
customers are considered the most important factor in any
business, as their satisfaction is one of the key elements
that contribute to business development and growth.

A secondary goal of a business is not only the
provision of services, but also the customer’s satisfaction
with both the quality of these services and the appropriate
level of service. These factors have a direct impact on the
likelihood of a customer’s repeat business, the popularity
of a particular product or service, and increase the
company’s competitiveness in the market [3, 4].

To track the satisfaction factor, many methods are
used, including surveys (both electronic and in-person),
receiving feedback in the form of reviews, and offering
discounts to attract customers to participate in surveys.
All of these methods are effective, but they require a lot
of time and the involvement of specialists. The process
of tracking the satisfaction factor involves collecting
information, processing and analyzing it, drawing
conclusions and making the necessary further decisions.
However, despite the high cost and considerable time
spent, companies continue to conduct such activities.

In addition to the high time costs of organizing
and conducting surveys, companies also need to have
the appropriate software resources to generate, receive
and process the results. The most common methods
include [5]:
expertise, tests, free-form feedback, and surveys. Usually,

questionnaires, interviews, sociometry,
such types of surveys as questionnaires and tests are
automated, so they require less effort to collect and
analyze data, while other types, such as feedback
and interviews, are usually partially automated in the
form of web forms or specialized applications.

Thus, customer focus for companies is increasingly
about product quality, and automating the collection,
processing, and analysis of results will significantly
simplify the company’s tasks, reduce the cost of such
activities, and increase the company’s analytical capacity.
That is why this topic is gaining relevance.

Analysis of recent problems and publications

A significant number of studies by both foreign
and domestic scholars have been devoted to the problem
of determining customer loyalty and assessing the level
of customer satisfaction. Among the Western classics,
we highlight the works of F. Kotler, D. Aaker, A. Eisen,
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A. Verbel, T. Jones, R. Cunningham, T. Levesque,
G.H.G. McDougall, D. McConnell, J. Newman, B. Rice,
F. Reicheld, M. Stone, S. Sutton, W. Tucker, G. Tellis,
J. Hofmeyer, D. Hoyer, P. Schwartz, M. Fishbein, etc.
[2-4, 6-8]. Applied aspects of consumer satisfaction
in Ukrainian realities are highlighted in the works
of 1. Holovachov, O. Litovkina,
I. Ponomarenko, V. Sinkovska, S. Smerichevska,
A. Fedorchenko, T. Chunikhin, etc. [9-12]. However,
it is important to emphasize that most of them are only

O. Naumova,

theoretical approaches to customer loyalty; the practical
component depends on the specific field of application
of the existing models, methods and algorithms.

Accordingly, modern approaches, models, methods
and algorithms require constant study and updating
due to rapid changes and development of market
relations, as well as adaptation to a specific industry.

Enterprise performance management involves the
use of various approaches to ensuring the collection,
analysis and use of information on its economic activities,
and Ukraine’s integration into the global economic space
requires the use of modern controlling methodologies
in management practice, including the latest systems and
concepts of performance management [13].

For a business to be successful, it is necessary to
support its operations, constantly monitor the company’s
performance and

improve them. To evaluate the

company’s performance and customer satisfaction,
analysts and marketers often use special metrics called
key performance indicators, or KPIs.

KPIs are measurable performance indicators that
reflect all the information about a particular area of
a company’s activities [14]. These are primarily customer
relations, company operations, conversions and sales,
employee productivity, the level of incentives, etc.
The main task of key performance indicators is to optimize
the company’s processes to increase its productivity.

A considerable number of works by foreign and
domestic scholars are devoted to the study of the problems
of measuring company performance indicators. Among
Western scholars, it is worth mentioning the works of
M. Bourne, S. Globerson, R. Kaplan, J. Mills, M. Meyer,
D. Norton, E. Neely, K. Plats, H. Rampersad [4, 6, 10, 13, 15].
Among Ukrainian researchers, these are primarily
I. Gordienko, O. Martynov, V. Samuliak, I. Seredyna,
V. Seredyna, R. Fedorovych, R. Feshchur, etc. [16—18].
It should be noted that solving the same task by different
authors can lead to significant variations in the choice of
the necessary KPIs, so sometimes it is important to use

several KPI assessments for their further comparison.

Because sometimes some KPIs complement each other
and answer different questions in the project evaluation
process. This should be taken into account when
determining the list of required project or company
performance indicators. In addition, the choice of KPIs
depends on the specific goal, strategic decision-making,
different types of activities, time, specific goals, the work of
individual departments, the team, the way of communicating
with customers, the amount of resources, etc.

In ISO 9001:2015, the word "performance" has
two definitions [19]:

— productivity — the degree of achievement of
the planned results, the ability of the company to be
result-oriented;

— effectiveness — the ratio between the results
achieved and the resources spent the company’s ability
to realize its goals and plans with a given quality level
expressed by certain requirements — time, costs, and
degree of goal achievement.

The use of KPIs allows an organization to assess
its performance and formulate a strategy based on
the data obtained.

There are the following types of KPIs:

— target

— process;

— project.

Target indicators include those that reflect the
degree of approach to the goal. Process indicators are
indicators of economic efficiency. Project indicators are
those that reflect the effectiveness of the project. Today,
there are a very large number of key performance indicators.

To be effective, a KPI system must have the
following characteristics

— correct orientation

— achievability;

— limited tasks;

— ease of perception;

— balance.

Choosing the right KPIs depends on understanding
what is important to the company, what processes need
to be monitored, and how. The importance directly
depends on the area of activity of the department that
measures performance. For example, key performance
indicators will be different for marketing, finance, and
development departments.

An important part of assessing the efficiency
and quality of services provided by a company is the
level of customer satisfaction. Companies usually receive
this information from end users. For this purpose,
sociological research methods are used.
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Sociological research is a system of consistent

methodological, methodological, organizational and

technical procedures aimed at obtaining accurate
objective information about the social phenomenon
or process under study [20].

The stages of empirical sociological research
include the following:

— preparatory: defining the goal, developing
a program, research work plan and tools;

— collecting primary sociological information:
conducting surveys, observations, experiments and/or
document analysis;

— processing of the collected information;

— analyzing the collected information, interpreting
the results, formulating conclusions and recommendations,
and preparing final documents.

To conduct a research, one method of collecting
information or a combination of them is used. The most
common methods include the following:

— surveys

— interviews

— sociometric survey;

— expert survey;

— document analysis;

— observation;

— experiment.

It is worth noting that none of the methods is
universal, and each of them has clear limits of cognitive
capabilities. Thus, an incorrectly selected method can
lead to a loss of quality of sociological information,
which in turn leads to a loss of value and relevance of the
conclusions from the collected information.

The study determined that a survey is the best
option for determining customer loyalty and assessing the
level of customer satisfaction in the system. Therefore,
let us consider this method in more detail.

A survey is a method of obtaining primary
sociological information based on a set of questions
offered to the respondent, and the answers to which form
the necessary research information [5]. Information is
collected with the help of special tools, namely
questionnaires, forms or forms. This method makes it
possible to collect sociological data from a large group
of people in a short time.

The most commonly used types of surveys are:

— questionnaires

— interview

— sociometric survey;

— expert surveys.

Questionnaire survey is the process of filling out
a paper or electronic questionnaire. The most common
variant is the distribution of printed questionnaires by
a sociologist and consultation on the available questions
to obtain more accurate results. Now this method is
rapidly becoming electronic.

A questionnaire is a replicated document that
contains a system of questions connected by a common
logic, formulated and linked to each other according
to established rules [5].

Since the questionnaire is filled out directly by the
respondent, it is necessary that it has a clear structure
and interrelated questions, clearly formulated and
understandable for a specific target audience.

The questionnaire consists of the following blocks:

— introductory part;

— contact questions;

— main questions;

— closing questions.

The introductory part contains the purpose of
the survey, the rules for completing it, and information
about the person or company conducting the survey.

The contact questions section contains socio-
demographic information about the respondent.

The main questions block contains questions that
help determine the purpose and objectives of the survey.

The questions are divided into open and closed.

Closed-ended questions allow you to express your
opinion on a proposed scale, by choosing one or more
of the following options.

Open-ended questions allow the survey participant
to express his or her opinion in an arbitrary form. In this
format, the information is more individualized. Provided
that the respondent is familiar with the problem area,
such information will be more complete and accurate.
If a person is poorly or not at all familiar with the
problem area, his or her answers become more
stereotypical and uninformative, which can distort the
results of the study.

Semi-closed questions are a combination of open
and closed questions that allow you to choose from a list
of possible options or offer your own if the required
option is not listed above.

Closing questions are those that are designed to
relieve the respondent’s psychological stress, to give the
respondent a sense that his or her participation in the
survey was necessary.

There are also substantive and functional questions.
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Content questions are used to determine the essence
of the problem under study, to obtain specific results
on the problem raised.
eliminate

Functional questions are used to

unnecessary information, to make sure that the
respondents’ answers are accurate, etc.

To get more reliable information, you need to give
people the opportunity to express their opinions openly.
But usually, the number of questions and the limited time
for answering affect the level of encouragement and
willingness of the client to participate in the survey.
Therefore, a more flexible option is to divide the
questionnaire into two parts:

— closed questions in the form of a questionnaire;

— open-ended questions in the form of feedback.

This combination will allow the user to answer
a short questionnaire with clearly formulated questions
and, if desired, leave feedback. Filling out the
questionnaire will save the respondent’s time, as they will
spend less effort expressing their opinion, and companies
will receive concise and clear answers.

Unlike classical questionnaires, processing feedback
is a more complex and time-consuming process.
Thanks to the development of the information technology
industry, in particular artificial intelligence, this process
can also be automated using methods of analyzing the
tone of the test. For this purpose, Natural Language
Processing (NLP) tools are most often used.

Natural language processing is a method of
computer analysis and synthesis of natural language
based on the methods of artificial intelligence and
mathematical linguistics. It involves the development of
methods and algorithms that interpret, generate, and
recognize human speech. There are the following
approaches to natural language processing [21-23]:

— controlled natural language processing — training
a model on a sample with labeled data;

— uncontrolled natural language processing — using
a statistical language model to predict a pattern;
language understanding (NLU) -
recognition and understanding of input information

— natural

in the form of text; detection of similar meanings
in different sentences;
— natural language (NLG) -

the generation of textual or spoken information based

generation

on specified keywords or topics.
Since understanding natural language requires
a significant amount of knowledge about the subject

area and interaction methods, this method is considered
an Al complete task.

An Al complete task is highly complex, as it requires
artificial intelligence to be able to solve a complex task
at the level of human intelligence. Such tasks include:

— natural language analysis;

— computer vision;

— systems for generating works of art (literary,
visual, musical, etc.);

— decision-making systems.

An Al complete task in the context of binary
classification has to process the input information and
determine which category it belongs to. For artificial
intelligence, this is a difficult task due to a combination
of wvarious factors that complicate the processing
of the results.

The use of natural language processing methods
simplifies the process of determining the tone of user
feedback
participation of analysts when processing survey results.

and does not require the mandatory
The use of computer technology to determine
customer loyalty and assess customer satisfaction
significantly increases the efficiency of collecting,
processing, and analyzing results.
Therefore, the purpose is to study methods for
comprehensively assessing the level of customer loyalty

and satisfaction.

Identification of previously unresolved parts
of the overall problem

During the market analysis, the following systems
were identified among the available solutions:

— Zonka;https://www.zonkafeedback.com/

— SurveyLegend;

—  Hively.

Advantages of these systems:

— ease of use;

— user-friendly interface.

Disadvantages of the systems:

— lack of ability to work with feedback or automate
its processing;

— simultaneous analysis by only one metric;

— high cost;

— lack of text analysis for mood.

It can be concluded that the above-mentioned
software systems do not fully meet the needs of
businesses in determining the level of customer loyalty
and satisfaction with the company’s work.
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The main problem of these systems is the lack
of assessment of the level of customer loyalty and
satisfaction, as well as the lack of the ability to automate
the analysis of the tone of feedback using artificial
intelligence and unify the assessment of the results
obtained. This is necessary to improve analytical
capabilities and unify different types of information based
on survey results and feedback.

The paper should investigate methods of assessing
respondent satisfaction based on the results of
questionnaires and feedback, as well as experimentally
prove the possibility of forming an overall assessment
of customer satisfaction based on the information and
feedback received.

To conduct the experiment, the following issues
need to be worked out:

a) analysis of methods of obtaining information:

1) methods of forming questionnaires;

2) determining  the  type of  questions
(questionnaires are a closed type of question, feedback
is an open type of question);

3) formulation of questions in accordance with
the peculiarities of information perception by a particular
target audience;

4) drawing up several types of questionnaires
according to the type of target audience;

b) analysis of questionnaires:

1) identification and comparison of evaluation
methods;

2) defining criteria and scales for evaluating
questionnaires;

3) normalization, reduction to one scale;

c) analysis of feedback:

1) selection of Al methods for determining the
tone of texts;

2) comparison of Al methods;

3) selection and justification of the method;

4) application of the selected method;

d) combining results, unification of evaluation:

1) normalization, reduction to one scale;

2) applying the convolution method to generate
statistical data;

3) development of methods for formulating
recommendations.

Once these issues have been worked out, it is
necessary to develop a prototype application that will
automate surveys, analyze questionnaires for the most
popular KPIs, and find out the tone of feedback to
determine and unify the assessment of customer
satisfaction and loyalty.

Materials and methods

Usually, analysts have to use different services
to determine the level of customer loyalty, which
complicates the overall process and cost of such
measures. This negatively affects the accuracy of the
results, increases data processing time, and requires
additional study of the results in order to summarize
them and use them further.

Customer satisfaction is defined as the level of
customer loyalty to the company, which is formed and
determined during the customer’s interaction with the
company’s staff, products and services. A sufficiently
high level of loyalty is explained by the proper quality of
goods and good service. Thus, this level affects whether
the customer will use the company’s services again.

To maintain the level of loyalty, it is necessary to
constantly improve the company’s already established
activities and consider new areas of work with clients and
ways to maintain constant communication and increase
background satisfaction. Another important task is to
track the quality of the company, team, and products.
An equally important component is tracking the trend
and level of customer satisfaction against the background
of these changes. It should also be remembered that
the Retention Rate will be different at different stages
of the project and the software will need to analyze
different metrics.

Common indicators are as follows [24-25]:

— CSAT (Customer Satisfaction Score) index;

— CSI (Customer Satisfaction Index) index;

— NPS (Net Promoter Score) index;

— CRR (Customer Retention Rate) index;

— North Star Metric.

The CSAT index is a metric that helps determine the
level of satisfaction with a customer’s experience of
interacting with a company based on customer surveys.

A scale from 1 to 5 is used to determine the
answers, which reflects the level of customer satisfaction
from "very dissatisfied" to "very satisfied" respectively.
Having collected all the answers, the CSAT index is
calculated using the formula:

y
CSAT =%x100%, 1)

a

where A4, — total number of ratings;
A; —number of "very satisfied" ratings;

A, —number of "satisfied" ratings.
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According to the CSAT metric, a sufficient level
of customer satisfaction is considered to be a value
of 76.5% or more.

The Customer Satisfaction Index (CSI) is a metric
used to measure the overall satisfaction of a person
with a product, service, or experience.

This metric can be used to find out how a customer
feels about a company, as well as to gain insight
into various aspects of a business and how a customer
feels about it. The following formula is used to calculate
the indicator:

csr =1 iai, )

i=0
where a — measured attribute;
n —number of attributes.

The Net Promoter Score (NPS) is a metric that
measures the level of customer loyalty to a company.
It is used on the basis of a questionnaire. Usually, the
scale is considered to be from 1 to 10, where:

— 0 to 6 — critics;

—7 to 8 — neutral consumers;

—9 to 10 — supporters.

CRR

_ number of customers at the end of the period — number of customers who came during the entire period

The variability of the value of this metric ranges
from —100 to 100, and the value is calculated using
the following formula:

NPS =C,-C,, 3)

where C, — percentage of supporters;

C, —percentage of critics.

It is important to remember the axiom that it is
cheaper for a business to sell to a regular customer than to
attract a new one. There is no need to talk in detail about
the benefits of the product, introduce the brand — after all,
a person is already familiar with the company’s range of
goods and services and delivery terms. He already has
a positive purchase experience and can make another one.
The Customer Retention Rate (CRR), or Retention Rate,
is a measure of how well a business retains customers.
To determine it, you need to choose the period of time
for which you want to calculate the CRR — month,
quarter, half a year, year. A good sample is 1 month,
because this is enough time to analyze the advertising
campaign and analyze customer behavior. However, it is
necessary to remember that everything depends on the
business sector. Mobile game manufacturers can track
CRR on a daily basis.

x100%.

number of customers at the beginning of the period

The customer retention rate shows how the
company works with the base. If you only look for
new customers, you can miss out on some of the profit
from repeat sales. Even minor changes in the retention
strategy will pay off. A 5% increase in the Retention Rate
can increase profits by 75-95%.

North Star Metric — is a leading metric that shows
the core value of a product for users. This metric helps
to take into account variable features and change the
focus from one metric to another in order not to miss
new opportunities and understand the reasons for the
deterioration of the user experience. It is this metric
that allows you to observe the experience of regular
customers and analyze the increase in their background
satisfaction, as well as better understand user preferences
and bring them closer to the aha moment

Different BI systems are used to calculate them.

Using the described metrics, the company
understands the end user better and is able to adjust its
actions to improve services, product quality, etc.

One of the challenges is to reduce the values to
a single scale, given that the metrics have different scales.

The CSAT and CSI indices are measured on a scale
from 1 to 5, and the NPS index is measured from 1 to 10.
We can equate it to a scale from 1 to 5, where 1-3 are
critics, 4 are neutral consumers, and 5 are supporters.
In order to use these indices simultaneously, it is
necessary to reduce them to a common form for further
use and increase the accuracy of the assessment.

Thus, all indicators will be calculated on the same
scale, which will provide a more accurate overall
assessment and increase analytical value. For the
effective work of analysts, KPI results should also be
additionally displayed in the original version, while
maintaining the original value scales.

In addition to questionnaires, feedback is a common
form of communication. Usually, it takes not only a lot of
time but also a lot of specialists to process them. Feedback
usually reflects the client’s general attitude towards the
company in the form of emotionally colored words.

The combination of feedback and questionnaires
more accurately assesses the user. With the help of
questionnaires, the respondent answers direct questions
about the company and evaluates it within the framework
of the questions asked. Unlike a questionnaire, feedback
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allows the user to express an opinion and draw attention
to relevant aspects outside the scope of the questions
and express their attitude to them. Unlike questionnaires,
this type of information is more analytically complex
and requires the use of artificial intelligence.

Determining the tone of a text is quite a difficult
task. There are a number of factors that make it difficult
to correctly determine this aspect or lead to an erroneous
result [26, 27].

These include

— subjectivity: tone can be variable and perceived
differently by different people, for example, the same
expression can be seen as positive by one person and
negative by another;

— context: the meaning and tone of a text can be
strongly influenced by its context;

— development and evolution of language: language
is constantly evolving and improving; the emergence
of new words and the use of foreign language
borrowings complicates the work of AI, which is
explained by the low probability of correct interpretation
of such vocabulary;

— ambiguity: the use of sarcasm, irony, etc.
complicates the possibility of accurate interpretation
of the result, as such texts usually have the opposite
meaning and can be misinterpreted by Al;

— cultural diversity: complications in the tone of
the text may be caused by cultural factors, namely the
use of regional dialects and idioms.

To solve the above problems, companies are
constantly updating the dictionaries used by Al and
improving the algorithm.

There are several artificial intelligence methods that
can be used to analyze text tone.

— Rule-based systems. They use a set of rules to
analyze text and determine tone. The rules are based
on keywords, phrases, or language patterns associated
with positive or negative content.

— Machine learning algorithms. The algorithms are
trained on a dataset that has pre-marked examples
(positive or negative feedback) to learn how to classify
new texts. Popular machine learning algorithms for
sentiment analysis include the naive Bayesian algorithm,
support vector machines (SVMs), and artificial neural
networks (ANNs).

— Deep learning. Deep learning methods can also
be used to analyze sentiment. Examples of such methods
are Convolutional Neural Networks (CNN) and Recurrent
Neural Networks (RNN).

— Natural language processing (NLP). Such methods
are used to extract characteristics from the text, such as
the presence of certain words or phrases, sentence
structure, or context.

— The choice of an Al method to solve the text tone
analysis task depends on various factors, such as the size
and complexity of the data, accuracy requirements,
available computing resources, etc. The most suitable
method is selected based on the results obtained.

Determine the scope of the methods to choose the
best one to use.

Rule-based
categorize text

systems can be used to quickly

into positive, negative, or neutral
categories. However, they are limited by the quality of
the rules and may not be as accurate as machine learning
or deep learning methods.

Machine learning algorithms are more accurate
than rule-based systems and can handle more complex
data patterns. However, they require a significant amount
of labeled training data to be effective, and they may
not be as efficient if the data is noisy or the features are
not clearly defined.

Deep learning methods are the most accurate
method of sentiment analysis and can handle very
complex data patterns. They can also be used to obtain
more detailed information about feelings, such as
emotions or relationships. However, these methods
require a significant amount of labeled training data
and a large amount of computing resources.

NLP methods can be used to extract characteristics
from text that are relevant to tone analysis, such as the
presence of specific words or phrases, sentence structure,
or the context in which the text appears.

Based on the comparison, it can be concluded that
NLP is the best method to use for the task of analyzing
the tone of feedback, as it provides more detailed
information about the context among all these methods.

The main tasks of NLP include [28]:

— data mining;

— speech synthesis;

— speech recognition;

— natural language generation;

— machine translation;

— question and answer systems;

— topic recognition/determination;

— information retrieval;

— data mining;

— linking;

— text simplification;

— dealing with lexical diversity;
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— recognizing abbreviations and titles;

— detecting individual linguistic units;

— morphological decomposition.

Let’s consider the feedback processing process more
thoroughly.

The processing stages include [29, 30]:

— sentence tokenization;

— extraction of stop words;

— word normalization;

— converting words into a numerical representation
for classification.

Tokenization is the process of breaking down text
fragments into more atomic units. Such units can be
sentences or words. During tokenization, Al also adds
punctuation marks, so there is a need for additional
processing of such values.

The next step is the extraction of "stop words".
At this stage, the information is cleared of emotionally
neutral and meaningless words during classification.
Punctuation marks are also removed. The result of this
stage is the selection of significant lexemes that
emphasize the emotional context, as well as a reduction
in the number of words for further processing.

At the normalization stage, all forms of words are
reduced to one type by lemmatization. This method uses
a special data structure that links all derived forms of
a word to its simplest form, called a lemma. Lemma
checking is applied for each token.

At the vectorization stage, tokens are converted
into a numerical array — various token characteristics.
The vectors are used to search for similarities between
words and their further classification.

Machine learning classifiers are used to generate
a summary that contains information about the objects
of the statement and their corresponding tonal vocabulary.

There are four main stages to analyze the emotional
coloring of a test:

— data loading;

— data pre-processing;

— classifier training;

— data classification.

These stages include:

— dividing the data into training and evaluation sets;

— selecting an architecture model;

— using data to train the model;

—using test data to evaluate the model’s
performance;

— using the trained model to generate new data
to make predictions, which in a particular case will be
a number between —1.0 and 1.0.

To train the model, it is advisable to use batch data
processing, which will reduce memory usage.

For the classifier to work correctly and to be more
accurate in determining the tone of the text, it is
necessary to train the model on prepared examples taken
from open sources.

To evaluate the progress of training, the following
values should be calculated:

— true positive results;

— false positives;

— true negatives;

— false negatives.

True positives include documents that were
correctly predicted by the model as positive.
False positives include documents that were

mistakenly predicted as positive, when in fact they
are negative.

True negatives are documents that were correctly
predicted by the model as negative.

False negatives include documents that were
mistakenly predicted as negative, when in fact they
are positive.

The model returns a score from 0 to 1, which
indicates the accuracy and completeness of the text
tone determination. The general performance indicators
of the model include the following [31]:

— accuracy — the ratio of true positive labels to true
and false positives;

— recall — the ratio of true positive responses
to all true positive responses;

— F-measure — a measure of text accuracy, defined
as the accuracy and completeness of the text. Precision is
the number of correctly identified positive outcomes
divided by the number of all positive outcomes, including
incorrectly identified ones. Completeness is the number
of correctly identified positive results divided by the
number of all samples that need to be identified as positive.

If the model is successfully trained, it is possible to
use it to work with real data. For the convenience of
using the results of the response analysis, we will reduce
the result scale of 0—1 to a scale of 1-5. The scale is
divided in increments of 0.2.

Feedback that has a score of less than 3 (equivalent
to an accuracy of less than 60-40%) is recommended
to be provided to employees to identify problematic
aspects and further processing.

Once the results of the two parts of the survey
(feedback and survey) are obtained, the score will
Since

be determined using additive convolution.

questionnaires have more information directly about the
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subject area and more specific answers, this method of
evaluation is more significant than feedback, so in total,
a coefficient value of 0.6 is proposed for certain
indicators, and the impact of CSAT, NPS, CSI will be

Feedback has
value of 0.4 because there is a possibility of irrelevant
feedback or an error in determining its tone.

considered equivalent. a coefficient

The calculation formula is as follows:

R_gen=CSAT x0.2+ NPSx0.2+CSIx0.2 + Fbx0.4. )

If only one part of the survey is available, the
corresponding value will be taken as the absolute value
of the customer satisfaction level. If another part of the
survey is received, the score will be recalculated taking
into account the results obtained.

To conduct the experiment, we structure the
sequence of steps for processing the results to determine
a unified assessment of customer satisfaction based
on different types of data:

—obtain user
feedback;

— measure the KPI values based on the obtained
questionnaire results (CSI, CSAT, NPS determination
by formulas (1-3));

— normalize the results of performance indicators

data from questionnaires and

to one measurement scale (see the description of
normalization of indicators);

— determine the tone of the feedback, get the
probability of the accuracy of the result (see the stages
of feedback processing);

— based on the probability, determine the score for
the feedback (see normalization of indicators);

— normalize the response score to bring it to the
same measurement scale as the questionnaire results;

— using additive convolution, determine the value of
the unified score (see formula (4));

— as a result, we return a unified assessment of
customer satisfaction based on different types of data.

Depending on the availability of results, the unified
assessment may contain one or another data component.
That is, if we have only the results of questionnaires,
we calculate a unified score, despite the results of the
feedback, and vice versa. If we have the results of both
the feedback and the questionnaire, the unified score
is calculated based on both of these components.
The flowchart of the algorithm is shown in Fig. 1.

To implement the algorithm and conduct the
experiment, a prototype system was created. For this
purpose, an N-layer architecture was used, using Nest.js
as the Rest API server, React to develop the web
interface, PostgreSOL as the database, and Python
to develop the NLP module [32, 33].

o
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Fig. 1. Flowchart of the algorithm

To determine a sufficient sample size to train
a model, you can use the following formula (sample
power calculation):
B t*pN (100— p)
" ANN+2pN(100-p)

®)

where ¢ is the confidence level, a statistical value whose
value for social research is 1.96 (assuming 95% accuracy
of the statistical conclusion). The confidence level is set
by the researcher in accordance with their requirements
for the reliability of the results obtained. The most
commonly used confidence levels are 0.95 or 0.99,

p — % of objects that are likely to have a trait

important for the study;
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N —the size of the general sample;
A is the margin of error in %, set arbitrarily in
the process of planning the study.
For our analysis, we chose p =80% because not

all of the customers provided candid feedback.

Let’s calculate the sample size to make sure how
much data is needed to train the model.

For our analysis, we chose p =80% because not

all customers provided honest feedback.
Calculate the sample size to see how much data
is needed to train the model.
B 1.962><80%><21436><(100—80)
" 5% x 21436 +1.96” x 80% x 21436 x (100 —80) .

(6)

After performing the calculations, we determined
that the dataset should have at least 20 thousand
responses and be pre-prepared specifically for training
and testing models. The grouping was performed with
a relatively equal interval. To train the model, we will use

a dataset with reviews taken from a popular online store.
This dataset was prepared to train a neural network for
natural language processing. It contains 21.436 reviews,
10.718 of which are labeled as positive and negative,
and 10.718 reviews without text tone markers to conduct
an experiment on the trained model.

During the study, 20 training iterations were
conducted.

The next step of the experiment is to conduct
a survey and obtain an evaluation for the questionnaire.
For this purpose, 24.165 questionnaires were analyzed.
It was determined that user responses can be divided
into 7 groups. The questionnaire contains 5 questions.
Most users left their feedback. Analyzing the feedback
with the help of AI, we will get their scores and
determine the average value for each group.

To make data analysis easier, let’s summarize
the answers to the questionnaires and feedback scores in
one table. Table 1 shows an example of the survey results.

Table 1. An example of a summary table with questionnaire responses and feedback assessment

Groups Question 1 Question 2 Question 3 Question 4 Question 5 Feedback
1 5 4 5 4 3 4
2 4 5 4 4 4 4
3 3 4 5 4 5 4
4 5 4 4 3 2 3
5 4 4 5 4 5 4
6 5 5 5 5 5 5
7 4 5 4 5 5 4

Using additive convolution, we determine a unified
score for each user.

Next, we calculate the average KPI value based
on the answers to the questionnaire for each group.
Since each group has a different number of users, we will
calculate the percentage of people in each group to
establish the correct final score.

To get a unified score for all users for the entire
period of time, it is necessary to calculate the average
of the previously defined unified scores for each user.

Research results and discussion

Based on the results of the experiment, we have the
following graphs of metrics:

— dynamics of changes in metrics indicators over
the past five years;

— dynamics of changes in the unified score over
the past five years;

— dynamics of changes in the average value of
the unified score over the past five years.

For the sake of ease of display, data for some graphs
were calculated on a quarterly basis.

Fig. 2 shows the dynamics of changes in metrics
over five years for all groups. For greater detail, the
metrics are defined for each quarter.

According to Fig. 2, we can conclude that such
fluctuations in the indicators are caused by changes
in the level of customer loyalty and satisfaction.
It can be assumed that the reason for the sharp increase
in the indicators is the
dissatisfaction problems and their solution.

Using the data presented in Fig. 2 and analyzing the
feedback, we determined the dynamics of the unified

identification of customer

assessment values for each quarter (see Fig. 3).

As can be seen from Fig. 3, the level of customer
satisfaction varies greatly from quarter to quarter.
Most of the time, there is an increase in the indicators,
which may indicate that the company has processed
the results of recent surveys and solved certain problems.

Next, we determined the dynamics of the average
values of the indicators, taking into account all previous
unified assessments, which are shown in Fig. 4. The data
are for the last five years.
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Fig. 2. Dynamics of changes in metrics over five years for all groups

Fig. 3. Dynamics of the unified total assesment for each quarter

Fig. 4. Dynamics of average values of unified assessment indicators for each quarter

As can be seen from Fig. 4, despite the sharp ups
and downs in the metrics, the overall score is growing
steadily. Given this, we can conclude that the level
of customer satisfaction is

loyalty and growing

every year. This may be due to the identification of

business problems by collecting information from
customers and solving these problems, i.e., regaining
customer trust and, at the same time, the level of
customer loyalty and satisfaction.
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The results of the study showed that the proposed
method of unifying the assessment to determine the level
of customer loyalty and satisfaction can be applied in
real systems. It allows not only to track popular KPIs
but also to analyze customer feedback, while spending
significantly less resources and time.

Conclusions and prospects for further development

In the course of the work, the subject area was
analyzed and the main methods of obtaining information
from end users about the quality of service and the
company’s work were identified. The methods of processing
and analyzing the data obtained, methods of determining
the results for forming an assessment are characterized.

The study analyzes popular key performance
indicators and natural language processing methods.
It is determined that the NPS, CSI and CSAT indicators
have the greatest analytical value, so it is proposed to use
them as the basic ones for use in the algorithm
for determining the level of customer satisfaction.
In analyzing the methods of natural language processing,
the use of Natural Language Processing to determine
the tone of the text is proposed.

The article proposes a universal method of unifying
the assessment to determine the level of customer
loyalty based on the
questionnaires and feedback. This method consists in
using the NPS, CSI, CSAT metrics and natural language
processing by means of artificial intelligence to reduce

satisfaction and results of

these values to one measurement scale for further

determining a unified assessment of customer
satisfaction. It is calculated using additive convolution
and is a general criterion for assessing satisfaction.

The study analyzed and verified the correctness
of the results of the developed method. Determining

the tone of the response may have an acceptable error
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JOCIIPKEHHA METOAIB BUSHAYEHHS JIOAJIBHOCTI KJIIEHTIB
TA OLIHIOBAHHS PIBHSI IXHbOI 3AJTOBOJIEHOCTI

IIpeameroM nocmimkeHHS € METOAM 30MpaHHS # 00poOneHHs iHdopMmamii AN BU3HAUYEHHS PIBHA 33JOBOJICHOCTI Ta JIOSIIBHOCTI
KJII€HTIB IIO/I0 KOMIIaHii, a TAKOXX MOXKJIMBICT OLIHIOBaHHS pe3ynbTaTiB. MeTa podOTH — aHaJi3 METOIB BU3HAUYEHHS JIOSUIBHOCTI
KITIIEHTIB Ta OI[HIOBaHHS PIBHS iXHBOI 3aJOBOJICHOCTi, a TAaKOXX PO3POOJIECHHS alrOpuTMy BH3HAYCHHS YHI(IKOBAHOI OI[iHKH
Ha IMiJICTaBi PI3HOTHITHUX JaHUX. Y CTATTi BUPIMIYIOTHCS TaKi 3aBJaHHsI: aHAI3 METOJIB OTpUMaHHs iH($OpMalii — ONUTYBaLHUKIB
1 BIATYKIiB; BH3HAYCHHS Ta MOPIBHAHHSA METOJIB OI[IHFOBAHHS OIMUTYBAJIBHHKIB 13 3aKPUTHMH BIiAMOBIISME; aHANli3 METOJIB
OILIIHIOBAaHHS TOHAJIBHOCTI TEKCTY BIATYKIB 1 BIAKPUTHX BiAMOBIAEH i3 3aCTOCYBaHHSIM METOMIB INTYYHOTO iHTEIEKTY; PO3POOICHHS
ITOPUTMY BH3HAa4YeHHs YHi(ikOBaHOI OLIHKH Ta NPOBEJCHHS JOCHIIKEHHS. Y PoOOTI BUKOPHCTAHO Taki METOAM: TEOPETHYHI —
IUTS BU3HAYEHHS HAasSBHUX METOJIB 30MpaHHS JaHUX, a TAaKOK METOJIB OL[IHIOBAHHS PIBHS JOSJIBHOCTI Ta 3a/JI0BOJIEHOCTI KITI€HTIB
i3 BukopuctanusaMm ingekciB CSI, CSAT; meroqu NLP a1 BHsBIEHHS TOHaJBHOCTI TEKCTY, 3BEICHHS PO3PAaXOBaHHX 3HAYCHBb
IO OJTHI€T IIKAJIW, BU3HAYCHHS METONy YHi(iKalii OmiHK{; eMIIpUYHI — JUTS IPOBEJCHHS €KCIIEPUMEHTY Ta JOBEICHHS TOLTBHOCTI
3aCTOCYBaHHS METOAY. 3100y Ti pe3yabTaTH. 3aIpOOHOBAHO METO/I OLIHIOBAHHS JIOSIIBHOCTI KITI€HTIB 1 PiBHA IXHBOT 3aJ0BOJICHOCTI
Ha OCHOBI aHaNi3y pPI3HOTHIHOI iHpopManii 3 momanbiiolo yHidikamiero pesynbraTiB. PisHOTHIIHOIO iH(OpMAaIi€lo € BigmOBiI
Ha ONHUTYBAJBHWKM N BIATYKH KOpUCTyBauiB. ONUTYBAIGHHKH IpoaHaNi3oBaHO 3a pomomoroio KPI, Biarykm — 3aBmsku
3aCTOCYBaHHIO METOMAIB IUTYYHOro iHTenekTy. Ilicimst Hopmanmizauii pe3ysbTaTiB (3BEACHHS A0 OIHI€l IIKalH), BUKOPHUCTAHO
METO/l aJUTHBHOIO 3TOpTaHHS Uil YHi(ikarii 3aragpHOTO pesysibTarTy. Po3po0JieHO MPOTOTHI MPOrPaMHOI CHCTEMH, IO Jia€e
3MOTy MPOBECTH MOBHHMH IMKI poOIT — Bix 30upaHHs iHopmanii no pospaxyHky sk KPI-merpuk, Tak i yHipikoBaHOI OLIHKH.
BucnoBkn. ExcriepiMeHTanb-HO BU3HAYEHO, [0 METO/ OL[IHIOBaHHS JIOSUIBHOCTI KITIEHTIB Ta PiBHS iXHBOT 33J0BOJIEHOCTI, OCHOBaHMUIT
Ha yHigikamii KOMITIEKCHOI OIIIHKK Pi3HOTHIHOI iH(opMarii, € eQeKTUBHIM Ta MOYKE 3aCTOCOBYBATHCS IJIsi ONTHMI3allil MpoIeciB
Oi3Hecy 3aBJSKM 3MEHIICHHIO BUTPAT Yacy ¥ 3yCHJIb Ha aHali3 3100yTHX pe3ysbTaTiB. BUKOpPHCTaHHS 3alpONIOHOBAHOTO METOIY
€ MIJIKOM BHITPAaBJaHe, OCKUTBKU BipOTiHICT OTPUMAaHHS XHOHOTO 3HAYCHHS HE BHCOKA, @ PIBEHB JIOIyCTUMOT IIOXUOKHU 32/I0BITEHHIMA.
KurouoBi ciioBa: yHidikoBaHa oliHKa; piBeHb 3aI0BOJICHOCTI KIIIEHTIB; JIOSIIBHICTh KII€HTIB; BiATYKH; ONUTYBAJIbHHUKH.
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0. MA3YPOBA, M. AHJIPYILEEHKO, M. IITUPOKOITETJIEBA

JOCJIIPKEHHA METO/IB
MPOT'PAMHOI PEAJIIBALIIL COSMOS DB API HA TVIAT®OPMI .NET

3HaYHa KUTBKICTh CyYacCHHX PO3pOOHHKIB BUKOPHCTOBYIOTH Iuiartdopmy .NET misi CTBOpPEHHs Iporpam, IO MPaLioiTh i3 6azamu
nauux. Cosmos DB crae Bce Oiunpll momyisipHuM BubopoM sk NoSQL-cxoBume s 6a3 paHux. Cosmos DB — THy4ka
i MacmTaboBaHa cHCTeMa, 1 TpaBWIBHHH BHOIp BigmoBigHoro AP/ B mporpaMHiii peamizarii Mo)ke 3HAa4HO BIUIMHYTH
Ha MPOAYKTUBHICTE camux mporpaM. Cosmos DB Hapnae pi3zHi API nis poboTr 3 yciMa tunamu 6a3 nanux. Koke i3 nux 4P moxe
OyTH BHKOPUCTAHHI 3a IOMOMOTOI0 PI3HMX METOIIB mporpamHoi peamizamii. IlpenMeTomM NOCHiIKEHHS € TPOrpaMHI peaiizamii
Ha miatdopmi .NET min pisai Cosmos DB API. Tlix 1ac obpannst Haii6inbur miaxoxoro Cosmos DB API na minatdopmi .NET
PO3poOHHMKaM MOXKE JOIOMOITH HE TilbKU JOKYMEHTAllis, ajie i pe3ybTaTh eKCIIepUMEeHTAIbHUX AOCITiKeHb AP, o 1acth 3Mory
MOKPAIIUTH SIKICTh KOJY I TPOMYKTHUBHICTH caMuUX cHcTeM. MeTa po6oTH — MiABUIMTH e€()eKTHBHICTH NPOTPAMHUX PO3POOOK
Ha mwiatdopmi .NET, 1m0 BUKOpucToByoTh Cosmos DB API, 1uisixoM CTBOPEHHS peKOMEH/aliil 010 0O0paHHs METOAIB MPOrpaMHoOl
peamizanii AP/ Ha OCHOBI pe3yJbTaTiB EKCIIEPUMEHTAIBHOTO JOCHIIKCHHs. 3aBAaHHS CTATTi: JOCIIAUTH Ta IOPIBHATH METOIH
nporpamHoi peanizauii Cosmos DB API niiasxoM BUBYEHHs IPOXYKTHBHOCTI PI3HUX THIIB 3aIMTIB Ha IUX NPOTPAMHHX DIMICHHSX;
MpoaHaNi3yBaTh 3100yTi pe3yJabTaTH Ta pO3pOOUTH PEKOMEHAMIT 3 BUKOPUCTaHHS MeToniB. MeToam: OaraTOKpUTEpialbHIA aHai3
Cosmos DB API, noriuHe MOJIETIOBaHHSA [aHUX, NOCTI[KEHHA. Pe3yabTaTH: po3poOJICHO NpOrpaMHi pillleHHS Ha OCHOBI
Bukopuctauus CosmosClient, Entity Framework Core nist Cosmos DB API for NoSQL ta na ocaoBi MongoClient nns Cosmos DB
API for MongoDB; mpoBeIeHO cepifo eKCIepHMEHTIB i BHMIpPIOBAaHb ITOKA3HUKIB NPOIYKTHBHOCTI Ui KOXXHOTO 3 IPOIPaMHHX
pillleHb; POaHaIi30BaHO 3400YTi pe3yJIbTaTH Ta 3alPOINOHOBAHO PEKOMEHAMIl 3 BUKOPUCTAHHS PO3TIIIHYTHX METOIIB MPOrPaMHOI
peamizaniii Cosmos DB API na mnardopmi .NET. BucHoBKkH. 3araqoM BHOIp MPOTrpaMHOTrO MiIXOAy 3aJ€XKUTh BiJ KOHKPETHOTO
3aBIaHHA, ajle MOCTiKeHHs mokazanu, mo Cosmos DB API for NoSQL i3 3actocyBanusimM CosmosClient — 11e Halikpaiuii BUOip
JUIS HE3HAYHHWX TIPOEKTIB, a 3 BHUKOpUCTAaHHIM Entity Framework Core Cosmos TiIXOIUTh JUIs MPOEKTIB 3 OUTBIIMMHU
oOcsiramu  iHpoOpMaIii Ta CKIAJHAMH 3alUTaMH. SIKIIO B TPOEKTI 3acTOCOBYEThCS MongoDB, TO BINNOBIIHE pilIEHHS
3 Bukopuctanasam MongoClient € kpamuMm BapiantoM, HixX Cosmos DB API for NoSQOL.
KurouoBi ciioBa: 6a3a nanux; Cosmos DB API; MongoDB; .NET; NoSQL.

Beryn MAXi BHUKOpPHCTOBYBAaTH pemauiiiai 6asu manux (BJ])

HuHi He € 100-BiACOTKOBOIO MMaHAlEC0. 3aMICTh HHX

CyyacHuil minxig 10 pPO3pOOJICHHS MPOrpaMHHUX 3aCTOCOBYIOTh ~ Hepemsuiiini  6asm  manux  NoSQL,

CHCTEM CHPSMOBAaHUHN Ha Te, MO0 CIPOCTUTH MPOTPamy,
3pOOUTH KOI MPOCTIIIUM 1 ICIICBIIMM [UIS MiATPUMKH
B Maii0yrHpomy. Came TOMy Hapasi IyXe MNOIYJISIpHi
XMapHi  PO3MOJIJIEHI  CUCTEMH, M0  CKJIaJaloThCs
3 0araThOX MAaJICHPKUX TWIPOTpaM, sKi BiIIOBINAIOTH
quie 3a oaHy ¢yHKmio. Taki MporpaMu Ha3HBarOTHCS
cepBicaMu, a apXiTEKTypa TAaKWX CHCTEM Ha3MBAa€THCS
MikpocepBicHO. Taka apxiTekTypa Jjerka B MiATpUMII
Ta po3pOOJICHHI, 32 KOJKEH CepPBiC HalfyacTillle BiIIIOBIAa€e
okpema koMmaHja. lle mocsAraeTbesi PO3NOALUICHHSIM

3aBlaHb, L[I0 Ma€ BHKOHYBaTM OKPEMHH  CepBic.
Came TOMy OUIBIIICTH HOBHUX CHUCTEM PO3POOISETHCS
caMe 3 TaKOK apXiTEeKTypOIo.

SIKII0 TOBOPHMO IPO HASBHI HMPOTPaMHI DIIICHHS,
a caMe OpO CHCTEMH 3 MOHOJITHOK apXiTeKTypolo,
¢byHKuit

1 CHOTOJIHI, YaCTHHA XX INEPENHCY€EThCS Ha PO3NOIUICHY

JacTHHa 3 HHX MOXKE BHUKOHYBATHU CBO1

apxitektypy. Tak camo i 3 6a3amu manux. Kinacuunwii

110 3700y/IM MOMYJIAPHICTh, OCKIJIBKH BOHHU 30€pirarTh
iHpOpMaMio B MPOCTHX 3p0O3yMUTHNX (opMax, SIKi JIeriie
3MIHIOBaTH 3a MOTPeOM, HDK THIH MOJCNCH MaHMX,
o 3acTocoBYIOThCS B pemsuiiinnx BJI. Kpim toro, 6a3u

naHux NoSQL 4Yacto [alTh 3MOry pO3pOOHHKaM

CTPYKTYpYy
TakoXk HepeNsIiiiHi CXOBHUINA MaHUX HAAAIOTh JIyKE

Oe3nocepelHEO  3MIHIOBATH iHpOopMaIii.
TIOTY>KHUH (PyHKIIOHAT MacIITaOyBaHHS Ta PO3MOJIJICHHS
mo perionax. Came TOMY aKTyaJbHHE IOCIIHKCHHS
Azure Cosmos DB, 10 € TONyJspHUM pilICHHIM
JUISL  yNPaBJiHHS PO3MOAIIGHUMH JaHUMH B XMapi.
Azure Cosmos DB 3abe3niedye ri100aibHy MacIiITaboBaHiCTb,
aBTOMAaTHYHE PEIUIIKYBaHHA Ta TE€OpPO3NOALT IaHHX,
a TakoXx miarpumye 6e3niu AP/, 3okpema API for NoSQL,
for MongoDB, for Apache Cassandra, for Table,
for Apache Gremlin, for PostgreSQL. lle pobuts Ti
0araTbOX MpOrpam, II0

3pydYHHM BHOOpOM  UIA

MOTPeOYIOTh MIBHJIKOTO JIOCTYIY 1O JaHHUX 13 Pi3HUX
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TOYOK CBITY Ta MIOTPUMKHA PIi3HUX THITB 3aIlHTiB.
BupinieHo A0ciniiuTH Ta MOPIBHATH peasizaliio pi3HHX
porpaMHUX iHTep(ENCiB i3 BUKOPHCTAHHAM IOITYIIAPHOT
miatdopmu .NET.

AHaJni3 npo0JieMH if HasIBHUX MeTO0B

[Hdopmariiini cucTemMu, MO MPAIFOIOTh Ha OCHOBI
0a3 maHMX, CTBOPIOIOTHCS Ta BUKOPUCTOBYIOTHCS Maiiike
B yCiX ramy3sx cy4dacHoro xutts [1, 2]. Pemsmiitai BJ]
MPOAOBXKYIOTh TPUMATH JIAEPChbKi TO3WII Mg dYac
pO3pOOJICHHST CHUCTeM, Ji¢ HeoOXilHa Yy3TO/KCHICTh
JAHUX Ha BUCOKOMY piBHi, a00, SK MPUHAHATO Ka3aTu
B CIUTBHOTI po3poOHMKiB, miarpumka ACID BnacTuBoCTeH
Tpan3akiii [3]. BogHouac yce Oinbille HOBUX CEKTOPIB
Oi3HECY MOTOMKYIOThCS Ha BIAKIAACHY Y3TOIKCHICTH
iHpopMmarii 3a yMOBM BHCOKOI MacimTabOBaHOCTI
BiIOBITHUX 3aCcTOCYHKiB. CaMe ISl CTBOPCHHS TaKHX
CHUCTEM pPO3POOHUKH aKTUBHO BHKOPUCTOBYIOTH 0a3u
NoSQL [4], mo

TOPH30HTAIBHY MacHITa0OBaHICTh CHCTEM 1, KpIM TOTO,

JaHUX 3a0e3MeYyI0OTh  BHCOKY
30epiraroTh iHpOpMaIito B mpocTux (popMax Ta NAIOTh

CTPYKTypH
BJl nokyMmMeHTIiB He MalTh

3MOTYy PpO3pOOHHKAM 3MIHIOBATU TaKoi
inpopmamii [5]. Tak,
YCTAQHOBJICHOT CTPYKTYpH [AaHUX MAJsl MOYaTKy, TOMY
HOBUII TN IOKyMEHTa MOXHa 30epiratu Tak camo JIeTKO,
SIK 1 TOH, 110 30epiraeThcst Hapasi [6].

Takox NoSQOL € TONyIsIpHOK OCHOBOK MM
CHCTEM YIpaBIiHHSA PO3MOJIUICHAMH JQHUMH B XMapi.
Taxi mnarpopmu, sik Azure Cosmos DB, Amazon
Dinamo DB Tomo TpaIfol0Th 31COUIBIIOT0 Ha OCHOBI
NoSQL B/1 Ta 3abe3nedyroTh r100aabHy MaclITabOBaHICTh,
aBTOMAaTUYHE pEIUTIKYBaHHS Ta TEOPO3MOJT JaHUX.
Ile pobOuth iX 3py4yHHM BHOOPOM [UIi CTBOPEHHS
iHpOpMaIiiHUX cUcTeM Yy 0araTboxX ranmyssx, IIo
MOTPeOyIOTh MIBHIKOTO JOCTYIY IO JaHWUX 13 PI3HMX
TOYOK CBITY.

EnexTpoHHa Kkomepuis — II€ JOCHTH TOIIMPEHA
NpUKITaJHa Tally3b JJIsi CTBOPEHHS CHCTEM, JO SKOI
HAJICKUTH 0e3Mid pizHux oneparii [7]. Le i ckmancekuit
o0JiK, TPHIOM TIOCTaBOK, CIIMCAHHS TOBapy, OOJIK
HOMCHKJIATypH, OHOBJICHHsS I[iH TOBapiB, BiJICTEKECHHS
KIUJIBKOCTI TOBapiB y Pi3HUX CKJIQJICBKUX MPHUMIIICHHSX,
NIPOBEJICHHS akWiid. BaxnmBoro € cucrema 30epekeHHS
JIAHUX KOPUCTYBadyiB, icTopii 3aMOBIieHb, M0O0aXKaHb
1 TpaH3aKIid 3 omiataMu 3aMoOBJIeHb. Azure Cosmos DB
HEpPiIKO BUKOPHCTOBYETHCS I PO3POOIEHHS IPOTPaMHIX
CHCTEM, TI0B’3aHHX 3 €JIEKTPOHHOIO KOMEPIIIEO.

Azure Cosmos DB 4acTO 3aCTOCOBYETBCA came
B Taly3l po3iapiOHOI TOpriBii it 30epiraHHs JaHUX

KaTajory Ta TMOMYKYy IONii y KOHBeepax o0OpOOKH
3aMOBJIEHb. TaKoX Ll CHCTEMa IIUPOKO 3aCTOCOBYETHCS
y BIIacHHX IUIaropMax eIeKTpoHHOI komepuii Microsoff,
Harpukian, y Windows Store 1 XBox Live. Azure Cosmos
DB miaTpuMye THYYKI CXeMH Ta i€papXidfHi JaHi, TOMY
€ epeKTHBHUM 3acoboM s 30epiraHHs iHpopMaii
KaTaJiory MpOAYyKTiB.

Oyuxiii, Hanani Azure Cosmos DB, niepenbadarots [8]:
MacmTaOyBaHHSA, BHCOKY JOCTYIHICTh, T'€OPEILTIKAIIIIo,
KiTbKa MICI[b JJIS 3alUCy, aBTOMAaTHYHE Ta IIPO30pe
KepyBaHHS CETMEHTaMH, IIPO30PY pPEIUTIKAIlo MiXK
ornepaniiHUMK i aHATITHIHUMHU CXOBHII[AMH.

Came Tomy Azure Cosmos DB 94acTO BUKOPHCTOBYETBCS
SK JDKEPEJNo MOl Al KepyBaHHS MOJISIMH apXiTEKTyp
3a pomomororo ¢yHKmii kaHamy 3MmiH. Llg  QyHKIiR
MOJaNbIINM  MiKpocepBicam

HaJae 3MOTY  HAQIIHHO

Ta TIOCTYIIOBO 3YUTYBaTH BCTaBKH Ta OHOBJICHHS
(manpuknazx, noxii 3aMoBieHHs), BHeceHi no b/l Azure
Cosmos. Kanam 3MiH MOXHa 3aCTOCOBYBAaTH JUIA
3a0e3nevyeHHs MMOCTIHOrO CXOBHWIA MOAIH, SIK Opokepa
MTOB1TOMJIEHB /IS TIOiH, 110 3MIHIOIOTh CTaH, i KepyBaTH
porecoM 00poOIIeHHs MK OaraTbMa MiKpocepBiCaMu.
Azure Cosmos DB mupomonye kineka APl 6a3u
NoSQL, MongoDB, PostgreSQOL

Gremlin i Table. 3aBmsxu API wmoxHa

JaHuX, 30KpeMa
Cassandra,
mpamoBatd 3 iH(OpPMali€r0, BHKOPUCTOBYIOUM MOJEIL
JOKYMEHTIB, KIIOY-3HaUeHHA, Tpadiku Ta ciMeicTBO
CTOBNUIB. 3a3HaueHi AP/ naroTh 3MOry Iporpamam
o0pobnstn  Azure Cosmos DB Tak, HIOM 1e pi3HI
TexHonorii  06a3 gaHux, Oe3 HakIagHUX BHUTpPAT
Ha KepyBaHHSI Ta IIIXOAM MO MaclTa0yBaHHI. Azure
Cosmos DB ponoMarae 3acTOCOBYBAaTH €KOCHUCTEMH,
IHCTpyMEHTH Ta HABWYKH, IO BXE Ma€ pO3POOHUK,
JUIs poOOTH 3 1H(POPMAIE Ta BUKOHAHHS 3allUTIB
3a JOTIOMOT 00 pizHOMaHITHUX API.

API Azure Cosmos DB nns NoSQL 30epirae
inpopmamiro y ¢opmari AokymeHTa. BiH mpormonHye
HaWKpamuii HaCKpi3HUH JOCBiN, OCKUIBKH PO3POOHHMK
Mae TOBHHH KOHTpPOIIb HaJ iHTepdeiicom, cepBicoM i
KIieHTchkuMu ~ Oi0miotekamu  SDK. Byne-sika  HOBa
¢byHKIig, mo posropraeThcst B Azure Cosmos DB,
crovyatky pnoctymHa B API nns oONIKOBHX 3amuCiB
NoSQL. 11i o0mikoBi 3amucH 3a0e3neuyloTh MiITPUMKY
JUISL 3aIIMTy €JIEMEHTIB 32 JIOINOMOTOI CHHTaKCHCY
MOBH CTpyKTypoBaHUX 3amutiB (SQL) Ta onHOTO
3 HaWBigomimmx ¢opmariB oOMmiHy nanumu (JSON),
SIKHA BHKOPHUCTOBYETHCS IS 30CpeKeHHS Ta Iepenadi
00’exTIB  MiX

CTPYKTYpOBaHHX  IH(pOpMAIIHHIX

PI3HUMH 3aCTOCYHKAMH.
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QaxiBIli PEKOMEHAYIOTh BHKOPHCTOBYBaTH API
for NoSQL Toni, xonn HEoOXiJHO TMEperTH 3 IHImuX 0a3
naHux, Takux sk Oracle, DynamoDB, HBase Tomo,
HOTPiOHO MO/JIEpHI30BaHi

1 SIKIIO 3aCTOCOBYBATH

TEXHOJIOTii Ui CTBOPEHHsA CBOiX mporpam. APl

it NoSQL migrpumye aHamiTHKy ¢ 3abesneuye

130JIAIIIF0  TIPOAYKTUBHOCTI MK OINEpamifHIMH Ta
aHAJITHYHUMHU HaBaHTa)KEHHSIMHU.

API Azure Cosmos DB nna MongoDB 30epirae
iHpOpMaIlif0 B CTPYKTYpi IOKYMEHTa 3 JOIOMOTOIO
topmary BSON. BiH cymicHH i3 APOTOBUM IIPOTOKOJIOM
MongoDB, oHaK HE 3aCTOCOBYE KOIHOT'O PITHOTO KO,
moB’si3aHoT0 3 MongoDB. Po3poOHUKN pEKOMEHIYIOTh
BUKOPHCTOBYBAaTH HasBHI mporpamu MongoDB 3 API
3MIHHBIIHA MM IKJTIOYEHHS

111 MongoDB, PpAIOK

Ta TepeMiCTHBIIM Oynb-fKi JaHi 3a JONOMOTOI0
BJIACHUX 1HCTpyMeHTiB MongoDB, 30kpeMa mongodump
i mongorestore, ab0 THCTPYMEHTY Mirparii 0a3u JaHUX
Azure. Tuctpymentu, a came obOomoHka MongoDB,
MongoDB Compass i Robo3T, MOXyTb BHKOHYBaTH
3aATH Ta TPAIIOBaTH 3 IH(POPMAIEI0 TaK caMo, SK
i 3 HatuBHOIWO MongoDB. BBaxaerscs, mo APl mns
MongoDB  —

3aCTOCOBYBaTH ekocucteMy MongoDB i

gyygoBuii  BuOip, SAKIMO  TOTPiOGHO
BiAIOBiAHI
HaBUYKH Oe€3 IIKOAW Ui BHKOPHUCTaHHA (PYHKITIH
Azure Cosmos DB.

Azure Cosmos DB nmns PostgreSOL — 1ie xepoBaHa
ciyxba g 3amycky PostgreSQL 'y Oynb-sikomy
MacmTabi 3 CYNEepHOTYXKHICTIO PO3MOAIICHUX TaOIUIh
i3 BimkputuMm komom Citus. Bin 30epirae indopmariiro
abo Ha OgHOMY BYy37i, abo B KoHQIrypamii 3 KiTbKOMa
By3naMu. Azure Cosmos DB mis PostgreSQL moOynoBaHo
Ha OCHOBI BiacHoro PostgreSOL, a He Ha ¢HOpKy
PostgreSQL, 1 nae 3mory oOpatu Oyab-fKy OCHOBHY
Bepcifo 0a3W [MaHWX, MO MiATPUMYETHCS CHUTBHOTOIO
PostgreSQOL. BBaxaeTncsi, 10 BiH i7I€ajbHO MiJIXOTUTh
JUI  3aIlyCKy OMHOBY3JIOBOi 0a3W naHWX i3 Oaratum
IHJICKCYBAHHSIM,

reornpoCToOpoBUMU MOXJIIUBOCTAMU

Ta migrpuMkoro JSONB. Slkmo B MaiOyTHbOMY
3HaI00UTHCST OLTBIIA MPOJYKTUBHICTh, PEKOMEHIYETHCS
JI0JIaBaTH BY3ITH JI0 KiacTepa 0e3 MPOCTO CHCTEMH.

API Azure Cosmos DB nns Cassandra 30epirae
IaHi B CXeMi, OpieHTOBaHI Ha cCTOBHOII. Apache
Cassandra TIpOTIOHY€ BHUCOKOPO3IOUICHHUIA, TOPU30HTAILHO
MacmTaboBaHUN MiAXix 0 30epiraHHs BETUKUX OOCATIB
iHpopMarllii, OJHOYACHO IPOIOHYIOYM THYYKHH MiJXix
II0 cXeMHu, opieHToBaHoi Ha ctoBmi. APl mns Cassandra
Cosmos DB
HAaOMIDKEHHS [0 po3moniuteHux 06a3 manux NoSQOL.

APl nnsa

B Azure BiamnoBigae wid ¢inocodii

Cassandra € IpOTOBUM IPOTOKOJIOM,

cyMicHUM 13 pimHUM Apache Cassandra. @axiBmi
panate posrisinyta APl mis Cassandra, SKII0 XO4yeTe
Ta TIOBHICTIO
Cosmos  DB.

PexomMeHtyeThCsl BHKOPHCTOBYBATH KIIIEHTCHKI IpaiiBepr

OTPHMATH TIepeBard BiA THYYKOCTI

KEpOBAaHOI'O xXapakrepy Azure
Apache Cassandra s mnigkmodeHHs 10 APl mus
Cassandra, o nae 3MOTy B3a€MOJIATH 3 iH(QOpPMAIIIEO
3a nonomoroto MoBH 3anuTiB Cassandra (CQOL) i Takux
IHCTpYMeHTIB, sk obononka CQL, KIT€HTChKI paiiBepn
Cassandra. API nnsa Cassandra Hapasi ninTpumye jiuiie
cueHapii OLTP. Po3poOHMKM TakoX pPEKOMEHAYIOTh
BUKOPHCTOBYBaTH YHiKaibHI GyHKIIT Azure Cosmos DB,
TaKi sIK KaHAJ 3MiH.

API Azure Cosmos DB nns Gremlin nae 3Mory
KOpHCTyBa4daM CTBOPIOBATH 3aIllTH Ha rpadiku Ta 30epirae
naHi sk pebpa Ta BepmmHH. PaxiBIi NIPONOHYIOTH
3acrocoByBatu API mns Gremlin st cuieHapiis:

— 3aJydYeHHS JUHAMIYHHX JaHUX;

— 3aIydYeHHs JaHUX 31 CKIAJHUMH 3B’ I3KaMH;

— 3aJy4eHHS [JaHWUX, HAATO CKIAJAHUX JUIA
MOJICJTIOBAHHS, 32 JOITOMOTOI0 peILiHIX 0a3 JaHUX;

— SKII0O BHM XO4YeTe BHKOPHUCTOBYBaTH HasBHY
exocucTeMy Ta HaBuuku Gremlin.

API nnist Gremlin NO€HY€E MOTYXKHICTh aITOPUTMIB
rpadigaoi Ga3m JaHWX i3 BHCOKOMAcIITaDOBAHOIO
KEepOBaHOK 1H(pacTpykTyporo. APl nns Gremlin Hapasi
OLTP i

Ha cTpyKTypi rpadoBux obuucnenb Apache TinkerPop.

MATPUMYE JIUIIE  CIeHapii TPYHTYETBCA
API nmnsa  Gremlin BUKOPHUCTOBYE Ty cCaMy MOBY
3armutiB Graph nns npudiomy Ta 3anuTy iH(poOpMAarii.
Bin 3actocoBye ctpaterito posminy Azure Cosmos DB
JUIsl BUKOHAHHS OTepalliil YnTaHHs / 3a1ucy 3 MexXaHi3My
6a3u nmanmx Graph. API nns Gremlin TakoX TpaIrioe
3 Apache Spark 1 GraphFrames s ClICHApIiB CKIaTHIX
aHATITHYHIX TpadiKiB.

API  Azure Cosmos DB for

iHpopmamiro y popmarti "kmod / 3HadeHHA". BBaxkaeThcs,

Table 306epirae

[0 SKIIO BHKOPHCTOBYBaTH cxoBuie Azure Table,
TO MOXHA CIOCTepiraTd TMeBHI OOMEXEHHS MI0J0

3aTPUMKH, MaclITa0yBaHHS, IPOIYCKHOI 3/1aTHOCTI,
TII00ATBHOTO PO3IOALTY, KEPyBaHHS iHAEKCaMH, HU3BKOI
API Azure Cosmos DB

for Table momae 1i OOMEXEHHS, TOMY PEKOMEHAYETHCS

MIPOJYKTUBHOCTI  3aIUTiB.
MIEPEHECTH CBOKO MPOTrpamy, SKIIO XOUETe CKOPUCTATUCS
nepeBaramu  Azure Cosmos DB. APl nna Ta0nuis
niarpumye jume cuenapii OLTP. Ilporpamu, HamucaHi
JUIA CXOBUINA TaONUIb Azure, MOXKHa TiepeHecTH Ha APJ
Uit Tabnmuip 13 3MiHAMH

HC3HAYHUMU Kooy Ta

CKOPHCTATHUCS IIEpEBaraMy MPEeMiyM-MOKIIMBOCTEH.
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Ha »xamb, pekoMeHmarii 3 MOKyMEHTaIlill TOrO YU
iHIoro AP/ He 3aBXIM TMOKPUBAIOTh BaXIIMBI IS
PO3pOOHUKIB THWTAaHHA, Bi SKHAX 3aJeXKaTuMe BHOIp
MpOrpaMHOro miaxomy. ToMy pe3ynbTaTH MOCIHIIKEHBb
IIO/I0 TIOPIBHSHHS TPOrpaMHNX iHTepdeiiciB 1 chopMoBaHi
pekoMeHzalii OyayTh KOPUCHI UII pPO3POOHUKIB.

Mertorw wiei pobotn € QopMmymoBaHHS OLTBII
e(heKTUBHUX PEKOMEHMAAIId 00 BHOOTY METOIIB
nporpamuoi peanizanii Cosmos DB APl Ha mmardopmi
.NET na 6a3i aHaji3y pe3y/ibTaTiB TOCIIIKCHb.

Jnst MOCSATHEHHs MOCTaBICHOI METH HEOOXiJHO
BUPILINTH TaKi 3aBJaHHS:

— Ha ocHOBI aHamizy HasBHuUX Cosmos DB API
Ta 0araTOKpUTEpiaIbHOrO NPUHHATTS pIlIEHHS 0o0paTh
HaMKpaIi 11 TOJANBIIOTO ToCTimKeHHs AP,

— TMpoaHali3yBaTH oOOpaHy MpeaMeTHY cdepy, a
came eNeKTPOHHY KOMEPIII0, i CIIPOEKTYBATH BiAMIOBIAHY
JIOTIYHY MOJIeNb 0a3u JaHuX;

— pO3pOOHTH TPOTPaMHI pIMIEHHS IS KOXKHOTO
3 nocnimkyBanux Cosmos DB API;

— HaNAIITyBaTU cepefoBuiie Azure nmus pobotu
3 Cosmos DB, IpoBecTH eKCIIepIMEHTH, 37100yTi pe3yabTaTh
MpoaHaji3yBaTu Ta cHOpMYITIOBATH PEKOMEHMAI] 11010
BUKOPHCTaHHS KOXHOTO 3 JIOCHIPKYBAaHHMX MiAXOJIIB
TIpOTpaMHO]I peaizaliii.

Martepianm it MmeToau

Ha ocnosi npoBeneHoro aHamnizy HasBHUX Cosmos
DB API chopmyinboBaHo OaraTokpuTepiajibHe 3aBIaHHS
NPUHAHATTS PillleHb i3 BUOOPY HAMKpAIIX TSl JOCTIIKEHHS
API. MHOXWHa anbTEpPHATUB JUIS 1BOTO 3aBJaHHS
CKJIafaeThes 3 Takux BapiantiB: API for NoSQL, API for
MongoDB, API for PostgreSOL, API for Apache
Cassandra, API for Apache Gremlin ma API for Table [9].

st oOGrpyHTOBaHOTO

BUOOpy  copmoBaHO

MHOXXHHY KpHTepiiB, IO /A€ 3MOTY 3 Pi3HHX IOTJISIB

omiHuTH Bapiantu APl Ta oOpatm  Haiikpamii

JUISL  JIOCHIJDKEHHST X 3acToCyBaHHA Ha Iuiardopmi
.NET, a came:
— CTyIIiHb .NET -

BaINBO, MO0 JOCIIHKyBaHUIA TpOTrpaMHUil iHTepdeiic

HiATPUMKH  TuiaTdopmu
MaB MiATPUMKY 1Ii€1 M1aThOpMHu;

— dacrota OHOBIGHHA APl — mell Kpurepii
NOKa3ye, HaCKUIbKM MBHIKO HOBI (¢yHkuii Cosmos DB
OyayTh OCTYIIHI Ha TOMY 4H iHIIOMY API;
¢byukmin  BJ]
HasBHICTh

— JIOCTYIIHICTb yepe3 KoOa —
($yHKIiOHATY

31 CTBOpPIOBaHHS 0a3M NaHUX Ta KOHTCHHEPIB i3 KOy

mell  KpuTepii  TMokasye
W TepeBipKkHW, a TaKOXX YM iCHye KOHTEHHep Ta iHIII
HaJIallTyBaHHS,;

— (opmar 30epiraHas JaHUX — 32 UM KpHUTEpieM
MOXKHa TOPIBHATH, y sKOMYy Qopmari 30epiracrscs
iHpOpMaIIis.

CdopMoBaHO MIKaTy OINIHKH KOXHOTO 3 OOpaHHUX
kputepiiB. Ilim dac mporo Oyio BiIKHHYTO KpuTepiit
niaTpumky mwiathopmu NET, 60 KOXKeH 13 pO3rIITHYTHX
API migrpumye 1ro TexHomorito. 11106 omiHuTH KOpHUCHICTH
JUIS  TOCTIDKCHHS BimmoBimHOro API, BUKOpUCTaHA
JiHIfHa aAWTUBHA 3TOPTKA 3 BaroBUMH KoedillieHTaMH.
HopmoBaHi 3Ha4yeHHS 3a KPHUTEpISIMH Ta pPE3yJbTaTH
00YHCIICHB 32 3rOPTKOBOIO MOJISIIIIO ITO/IaHO B Ta0I. 1.

ITin vac BH3HAYCHHS BaroBUX KOC(iIieHTIB
HaHOIIBII BIUIMBOBUM € KPHUTEPiH JOCTYITHOCTI (YHKIIH
BJ] uepe3 xox (xoedirient 0.6). Ile HalOITBIT BaXKITUBUN
rapaMerp, OCKITbKH BU3HAYAE, SIKY KUTBKICTh MOYITHBOCTEH
TOTO YM IHIIOTO MPOTpPaMHOro iHTepdeiicy MoxHa
peamizyBaTn came depe3 Koz Kpurepiit 9acToT OHOBIICHHS
APl wmae xoediuient 0.2. Po3poOHMKaM BaXKJIHMBO
BUKOPHUCTOBYBaTH HOBI (QyHKIii oOpanoi BJI, Tomy
repeBard Haj HIIMMU MatiMme APl y sikoMy HIBHIIIE
noctymHi HOBI QyHKIIi miatdopmu. Kpurepiit popmaty
30epiraHHst JaHUX € JO0CTaTHbO BAKIIMBHUM JUIsI PO3POOHHKIB,
TOMY HOMy TakoXx mpu3HadeHo koedimieHT 0.2.

Ta6mauust 1. Bxioni Hopmoeani dani ma pe3yibmamu po3paxyHky kopucrnocmi APl

JliniiiHa aguTHBHA 3rOPTKA 3 BArOBHMU KoedimicHTaMu
APLpInontons | ot sor | g | Pt e[ g

API for NoSQL 1 1 1 0.36901789
API for MongoDB 0.666 0.333 1 0.179174099
API for PostgreSQL 0.666 0.333 0.75 0.164888385
API for Apache Cassandra 0.666 0.333 0.5 0.15060267
API for Apache Gremlin 0.666 0.333 0.25 0.136316956
API for Table 0.333 0.666 1 0.246674773
Barosi koedinienTn 0.2 0.6 0.2
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Sk nokasaB OaraTtokpurepianbHui BUOip, API for
NoSQL mae HailBUIIMH TOKa3HMK KOPHCHOCTI, a came
0.36901789, Ta HaWOLIBIIE MiAXOMUTH JJISA MOAATBIIOTO
jgocmimkenHsa. Kpim Ttoro, 3a mum AP/ MoxeMo
peamizyBat pobotry 3 bBJI nmBOMa mporpaMHUME
Entity  Framework

ta CosmosClient. Hactynna API for Table € noomi

criocobamu: Core  Cosmos
0coOMuBUM iHTepdercoM, IO HAWOLIBIIEC MiIXOAUTh

HE /[N BHUPIIICHHSA 3aradbHUX 3aBHaHb 13 B/,
a, HaNpHKIA, Ui epeHocy apxitekrypu B Cosmos DB
3 Azure Table. Tomy NpUHHATO pilICHHS HE PO3TIIAIaTH
foro mim yac mociifpkeHHs. J[is TMOpiBHAHHS 0OpaHO
API  for MongoDB 3 HacTymHOIO
0.179174099. MongoDB - 1ue B,

BHUKOPUCTOBYETHCA JIA CTBOPEHHSA BHCOKOIOCTYITHUX

KOPHCHICTIO
II0 aKTUBHO
1 MacmTa0OBaHMX IHTEPHET-3aCTOCYHKIB.  3aBJSKH
THYYKOMY IIIIXOAY OO CTPYKTYPH BiH MOIYJIAPHUM cepel
KoMaHa po3poOHuKiB. APl for MongoDB — ne rapHa
anpTepHaTHBa AJs nopiBHAHHS 3 API for NoSQL.

VY nponeci nopiBHsiHHS Ta Bubopy Cosmos DB API
JUIsl TOCHiJpKeHHs1 0yno obpano API for NoSQL ta API
for MongoDB. Ha mnardopmi .NET [10] mporpamuo
peanizyBatu API for NoSOL moxHa JBOMa CHOCOOaMu:
BUKOpHcTOBYtoun Entity Framework Core Cosmos Ta
Cosmos Client cucremanii kimac. ToMy i IBi peamizamii
JIOCITIJPKYBaTHIIMCS i TOPIBHIOBATHIIMCS SIK OKPEMI.

IIpeamerHoro cdeporo s BUB4YEeHHA Oyna obOpana
€JICKTPOHHA KOMEpIIis (e-commerce), a caMe IHTCpHET-
MarazuH oxary. OCKUIbKI JOCTIDKEHHS Tmependadae
EKCIICPUMEHTH 13 3alliTaMyd Ta BUMIPIOBAHHS BiIIOBIITHUAX
MOKA3HUKIB iX NPOAYKTHUBHOCTI, He Oylo TOTpeOn
cTBOptoBaTH peanictuuHo monens B/l [11]. 3a ocHoBy
B3ATO CIPOLICHY KOHLENTyaJbHY MOIENb Ui chepu
ISUTBHOCTI IHTEPHET-Mara3uHy OJATY, IO MICTHTh TakKi
cyTHoCTi, sIK Product (toBap), Order (3aMOBJIEHHS),
Payment (nnatix) [12].

Y cytHocTi Product 306epiraeThes  iH(opmamis
PO BCi TOBAapH, KOXKEH Ma€ BJIACHY Ha3By, OIKC 1 Ha3By
BUPOOHMKA, a TaKOX YHIKaJIbHUHM igeHTH(]ikaTop —
id TtoBapy. Y cytHocti Order € iHdopmamis mpo
3aMOBJICHHS, KOXHE 3 SIKUX Ma€  YHIKaJbHHUI
inenTudikaTop id, maty 3aMOBIECHHS, CIIMCOK TOBapiB,
OJJAHUX /IO 3aMOBJICHHS, Ta 3arajbHy BapTICTh
Orderltem

BIJJOMOCTI TpO MO3HMIIT TOBapiB KOXKHOTO 3aMOBJICHHS

3aMOBJICHHS. Y  CyTHOCTI 30epiraloThcs

Ta MICTUTBCS, KpiM arpuOyTIB Ul MOJICIIOBaHHS
3B’s13Ky, KIUIBKICTh TOBapy B 3aMOBICHHI. Y CYTHOCTI
Payment € 1iHQOpMamis Tpo oOIJIaTy 3aMOBJICHHS.
s cyTHicTh Mae mone ajisi 30epiraHHs BapTOCTi

3aMOBJICHH Ta JaTH OILIaTH.

Ha ocnoBi moOymoBanoi ER-miarpamMu po3po0iieHo
noriuny monens b/ ms CYBJ] MongoDB (puc. 1).

Puc. 1. Jloriuna monens B/ nist MongoDB

Y MongoDB pnaHi 30epiraloThCsi B  KOJEKIISIX
(collections), ne € nokymentu (documents) — 00’€KTH y
¢opmari BSON, mo MicTATh KIodi Ta 3Ha4eHHS [4].
Kitroui BiAMOBINAIOTH MOJSM JOKYMCHTa, a 3HAUCHHS —
ix 3HaueHHAM. BSON (Binary JSON) — ne OiHapHHI
dopmat cepiamizanii JSON, 1o 3abe3neuye OLIBII

KOMITakTHe 30epiranHs iHdopmamii

e(eKTHBHIIlIE BUKOPUCTOBYBaTH pecypcu [13].

Ta Jda€ 3MOory

Jis MopentoBaHHSA JIOTIYHOI CTPYKTYPH IAaHUX
y MongoDB 3acTocoBaHO JOJAaTKOBI IOJIsA, HEOOXimHI
IUTSL TIpOTpaMHOl peaizariii pobotu 3 konekuissmu Cosmos
DB: PartitionKey Ta isDeleted. PartitionKey HeoOXinHuii
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Cosmos DB nmiug ontuMizarii 3amMTiB, a BJIACTUBICTH
isDeleted — nnst peanizanii M’sskoro ButyueHHs [14].

Juis  nocmipkeHHS TPOXYKTHBHOCTI — peaiizarii
o0paHO Taki BaxiuMBI s Oynp-skoi 0a3m JaHMX
napaMeTpH, SIK MBUAKICTh BUKOHaHHSI CRUD-onepanii,
II0 BUKOPHUCTOBYIOThCS  Haibwacrime. Omxke, A
JIOCITIHKEHHS OYII0 po3po0IeHO TaKi 3aIiTH 0 031 JaHUX:
— INSERT-3anuT Ha CTBOPEHHS HOBOTO 3aMOBJICHHS

«INSERT INTO Orders ("id", "isDeleted",
"orderDate", "orderPrice", "partitionKey", "orderltems",
"payment") VALUES ("b0842587-42¢7-4b5f-abl7-
c09calc9629f", "false", '"2023-04-27T20:16:34.4468614Z",
"100", "100", [{ "price": 50, "productld": "d489b6b9-
5157-408f-a249-fcfc33493¢c08",  "quantity": 1},
{ "price": 25, "productld": "f88a4167-b622-4b7c-9770-
a39d4aa2de85", "quantity": 2 }], { "paymentDate":
"2023-04-27T20:16:12.0488881Z", "price": 100 });»;

3allUTU TAKOT'O TUITY JAalOTh 3MOTY )IOCJ'Ii)II/ITI/I IHBI/IJ_'[KiCTI)

TUITY

CTBOPEHHS HOBUX 3aMOBJIICHb;

— SELECT-3anut Ne 1 Ha oTpuMaHHS 3aMOBJIEHHS
3a neBHUM PartitionKey tuiry «SELECT * FROM Orders
WHERE Orders.partitionKey = "100"» });»; 3anutu
TAaKOr0 THUIy JAaloTh 3MOTY JOCTIJUTH IIBHUAKICTH
TIOBEPHEHHS BCIX 3aMOBJICHb, III0 MAIOTh CIUIBHUNA KITIOY
posniny Cosmos DB;

— SELECT-3anur Ne 2 Ha OTpUMaHHs 3aMOBJICHHS
3a meBHUM id Ty «SELECT * FROM Orders WHERE
Orders.id = "b0842587-42¢7-4b5f-ab17-c09calc9629f"» });»;
3aIIUTH TaKOTO THITYy JAI0Th 3MOTY JOCIIANTH IIBUIKICTH
OTpHMaHHsI 3aMOBJIEHHS 32 id 0e3 ontumizauii PartitionKey;

— UPDATE-3anuT Ha OHOBJEHHS IIOJIB CyTHOCTI
samoBieHHs: «UPDATE Orders SET "orderDate" =
"2023-04-28T11:15:49.9163777Z2" WHERE Orders.id ==
"b0842587-42¢7-4b5f-ab17-c09calc96291";»; });»; 3amutu
TAKOTO THUIy JAalOTh 3MOTY JOCTIJUTH IIBHUAKICTH
OHOBJICHHS CyTHOCT] 3aMOBJICHHSI;

— DELETE-zanur Ha
3amoBieHHss 3 0Oa3u manux tuny «DELETE FROM
Orders WHERE Orders.id == "b0842587-42¢7-4b5f-

ab17-c09¢alc9629f";» });»; 3amuUTH TaKOro TUIY NAIOTh

BWIYYCHHS  CyTHOCTI

3MOTY JIOCTIIUTH IIBUIKICTD BIIydeHHs 3amucy 3 bJI;

— SOFT DELETE-3anut Ha Oe3neuHe BHIyYEHHS
3amoBiieHHs 3 6a3u manmx tHiry «UPDATE Orders SET
"isDeleted" = "true" WHERE Orders.id == "b0842587-
42e7-4b5f-ab17-c09¢calc9629f";» });»; 3amuTé TaKoOro
TUIy Jal0Th 3MOTY JOCHIAMTH IIBHIKICTH M’ SIKOTO
BrryueHHs 3ammcy B BJ] ta mopiBusaTu ii 3 DELETE-
3aIUTOM.

Ha ocHOBI aHamizy migXomiB 1O OILIHIOBaHHS
npoxykruBHocti BJ] 1 nporpamuux cucrem 3araiom [15]

00paHO Taki MOKA3HWKH I TOPIBHSIHHSA NEpeNideHnX
orepariin:

— IMIBUJKICTh BUKOHAHHS 3aITUTY B MUTICEKYHIAX;

— KUIBKICTh OaiiTiB, BUTPAYCHUX CEPBEPOM Ha TaKy
oTIepario;

— KiIBKICTh BUTpaueHux pecypciB RU Ha BUKOHaHHS
omepaii B /1.

Database throughput RU (Request Units) — ue
OJVMHULL BUMIpY TPOIYKTHBHOCTI, III0 BUKOPUCTOBYETHCS
B Azure Cosmos DB. KoxHa [is, 110 BHKOHYETHCS
B Cosmos DB, notpeOye neBHoi kinpkocTi RU [14].

Oxkpemo OyJI0 BHPIIIEHO TOCTIIUTH, YA MOKIHBO
32 YMOBH 3aCTOCYBaHHS TOTO Y IHIIOTO MPOTPaMHOTO
migxoay CTBOproBarM 0a3y naHux abo KOHTeWHep,
a TaKOX IEepeBipATH, 9n 0a3a JaHWX ab0 KOHTEHWHEp yxKe
cTBOpeHi. [loka3HMKOM U1 IIOTO TOPIBHSAHHS Oyne
npamnopens TRUE an FALSE: MOXJIHBO 9H Hi CTBOPHTH
3 Koty 6a3y naHux abo KOHTelHep.

TakoX JOCHIHKEHO CKIAIHICTh peawizamii mms
KOXKHOTO 3 TIAXOAIB CHOCOOOM aHalizy IHTaHHS:
HACKUTBKH 0araTo KOAy MOTPIOHO HamucaTth A HOro
pobotu. I[Toka3HUKOM 1151 IILOTO TIOPIBHSHHS € KiJIbKICTh
PAAKIB KOy U1l KOYKHOI 3 peai3amii.

s po3poOiicHHsT KOAy peaiizalfii MmporpaMHIX
iaTepdeticiB Cosmos DB BUKOPHCTOBYBCS MiIXiZ 00’ €KTHO
opieHTOBaHOro mMporpamyBanHs [15]. OTxke, A KOXHOT
konekmii yorigaoi Mmomem bJ[ Oymo cnpoekToBaHO
BIJIMOBITHI KJIacK ¥ OMKCAaHO iX MOBEMiHKY (puc. 2).
Komekuii Orders Ta Products MaioTh HH3KY CXOMXHX
BJIACTHBOCTEH, a caMe YHIKQUIbHHH KII0Y KOXKHOTO
3amucy (string Id) Ta OymeBe mone s BimOOpa)KeHHS,
yn BuiydeHuid 3amuc (bool IsDeleted). 11i BractuBocTi
Oyno BuHeceHO B 0a3oBWil abcrpakTHUil Kimac (class
EntityBase), mo nano 3Mory jgani peami3yBaTH Miaxina
(soft delete).
M’sike BWIIyYEHHS MOXKE MOKpPAIIUTH IPOJYKTUBHICTB,

O0esmeyHOro  (M’AKOTO)  BHITyYSHHS
a TaKO)X BiTHOBJIIOBATH BIIIyYeHY iH(POPMAIIITO.

Kitou posniny (string PartitionKey) HeoOXimHuit
s ontumizamii  3amutiB.  Cosmos DB pae 3Mmory
rpyIyBaTH Habilp eneMeHTiB abo JaHWX y KOJeKIii 3a
MMOIIOHOI0 BJIACTHBICTIO, BU3HAYCHOIO KIIIOYEM PO3ILTY.
Knroui po3ziily € OCHOBHUM €IEMEHTOM Jisi €(hDeKTUBHOTO
PO3MOALTY MaHUX Y Pi3HHUX JIOTIYHHX 1 (i3HIHHMX Habopax,
mo0 3amnuTH, SKi BUKOHYIOTBCS 0 BJI, 3aBepuryBanucs
SIKOMOTa IMBUANIE. BaxiamBo o0paTH KIIOY pPO3IITY
Ha eTari MPOEKTYBaHHS NPOrpaM, OCKUIBKM HE MOXKHA
3MIHATH KJIIOY PO3IUTY TICNs CTBOPEHHS KOHTEHHEpA.
3pobuBLIM  BiacTuBicTh PartitionKey abCTpakTHOO
B 0a30BOMYy Kiaci, MaeMo 3MOTY TI€PEBH3HAYUTH i

0-PI3HOMY B KJIaCax-CHaKOEMIISIX.
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Puc. 2. Jliarpama 6a30BuX KJaciB [uist 00paHol mpeaMeTHOI chepu

Jnst Toro, mo0 AOCTi/KEHHs Pi3HUX IPOrpaMHHUX
peanizamiii  OyJ0 JJIOCTOBIpHUM, PpO3pPOOJIEHO OCHOBHI
KJIacH, SKi BUKOHYIOTh MapaMeTpd  IiJKIFOUCHHS
Ta HajnamtyBaHHs B/, 0 MarOTh OJHAKOBY CTPYKTYpY,
a came knacu CosmosDbSettings, CosmosDbExtensions
ta CosmosDblnitializer (puc. 3).

3a monomororo knacy CosmosDbSettings peaizoBaHo
nporpamy,
K PSNOK MAKIIOYCHHS 10 BJ]

MOXITUBICTE  KOH(]IrypyBatu 3a]1aBaTh

Taki mapaMmeTpH,
(ConnectionString), nazsa bJl (DatabaseName), ciucox
koHteliHepiB  (ContainerNames) Ta OKpeMO Ha3BU
JUIE KOXKHOTO 3 HEOOXiTHMX KOHTEHHEpiB, y HAIIOMY
Orders
(OrdersContainerName, ProductsContainerName).

Knac

po3iMpeHHs s KoH}Iryparii CHCTeMHUX KIAaciB st

BUNAJAKy JUIi KOHTEHHEpiB ta Products

CosmosDbExtensions  MICTUTb  METOIU

pobotu 3 CosmosDb. Meron ConfigureCosmosClient()
bJI,

BUKOPHCTOBYIOUYH NapameTp 3 kiacy CosmosDbSettings,

3agae  KOH(DIrypamio Juiss MiAKIIOYEHHS 70
Ta HANAIITOBYE MapaMeTpu cepiamizaiiii 00’ eKTiB, micis
YOro pPEeecTpye Kiac, 0 Biamosimae 3a podoty 3 BJI,
y KOHTEHHepi iHBepCii 3aIeKHOCTEH.

Knac CosmosDblnitializer HeoOXigHHH 1 TOTO,
mo6 mepeBipuTH, 4u cTtBopeHa B/l Ta Bci HeoOXimHi
KOHTEHHEpH MiJ dYac IMIKIIOYEHHs 10  Azure,
Ta CTBOPHTH iX, SIKIIO HEOOXiTHO.

Jaui 1i K1acu BUKJIMKAIOTHCS B OCHOBHOMY Kiiaci

Program, cnodatky meron KoH(iryparii, motiMm MeTon

1HImiam3anii

BJI. PospobOnenmit xmac Program.cs
KOH(QIrypye Ta 3amyckae Be03acTOCYHOK. BiH € ofHaKOBUM
JUIE KOKHOT 3 TIPOrpaMHHUX peallizallii 3aBIsKH TOMY,
o OyJio 1HKAMCyJIbOBAaHO JIOTIKY MiAKIO4YeHHS 10 BJI
B ONMCAaHMX BHIIE MeTojax posmupeHHs. Lli meromu
JIUIIIE MAIOTh Pi3HY HA3BY JJIS KOYKHOTO 3 TIPOEKTIB:

— ConfigureCosmosClient() Ta
InitializeCosmosClient() nnst Cosmos Client;

—  ConfigureCosmosEf) ta InitializeCosmosEf)
st Entity Framework Core Cosmos [16];

—  ConfigureCosmosMongoDb() Ta
InitializeCosmosMongoDb() nns MongoDB.

st Toro, mo06 KokHa 3 Mporpam Majia OJHaKOBHH
intepdeiic, y mpoiieci MpoBeieHHsT EKCIIEPUMEHTIB OyI10
pO3po0IEeHO ABa KOHTPOJEpPH sl PoOOTH 3 KOKHOIO
konekmiero  OrdersController Tta ProductsController
(puc. 4). i xoutponepu € peanizaiiero RESTful API —
apxitektypHoro crtuito iHtepdeiicy 3acrocynky (API),
10 BUKOPUCTOBYe 3amutu HTTP pans [OCTymy [0
iHdopmartii ta i Bukopucranus. {0 iHpopmMariro MoxHa
3actocoByBatd Juisi tuniB npamux GET, PUT, POST
i DELETE, 1m0 CTOCYIOThCS YHTaHHS, OHOBIICHHS,
CTBOPEHHS Ta BWJIyYEHHS OIepaulid LoJ0 pecypciB.
KoxxeH i3 HHX Ma€ METOAW Jisi BUKOHAHHS OMHCAHHX
samutiB 10 BJ:  Create(), GetByPartitionKey(),

GetByld(), Update(), Delete(), SoftDelete().
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Puc. 3. OcHOBHI Ki1acH i poOOTH 3 623010 TaHUX

Puc. 4. Kinacu koHTposnepiB u1st poOOTH 3 KONEKI[isIMI
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Koxxna mporpaMHa peamizamisi TIIOBHHHA MaTH
HaJlAIITYyBaHHs Swagger — Ha0lp IHCTPYMEHTIB, 1O JIa€
3MOTY aBTOMAaTH4YHO onwmcyBatd APl Ha OCHOBI KOmy,
SKHA HaM 3HamOOUThCS Ui AochimkeHsb. 11[o6 Oymo
3pYYHO BHMIpPIOBATH MOKAa3HUKH TSI 3alUTIB, BHPILIEHO
BUKOpUCTOBYBatH Swagger OpenAPI, sxuil mojgae omuc
yCiX METOHIB KOHTpOJIepa Ta Mae€ 3pY4YHHH iHTepdeiic
JUIsl BBEJICHHS JIAaHUX, 1110 OyIyTh BiJIpaBIIeHi Ha CepBep.

PesyabTaTH gociigkeHn Ta ix 00roBopeHHs

Iix
3aIlUTIB 3aIUIaHOBAHUX THMIB 1 pO3paxoBYBAJIKCS CepeiHi

yac JOCHI[DKEHHS BHKOHYBalHCA  cepil

3HAYeHHs 3a OOpaHMMH [OKa3HUKaMH, a came:
IIBUJIKICTIO BHKOHAHHS 3aIlMTIB, KUTBKICTIO BHTPAYCHOT
MPOTPaMoI0 TaM SITi Ha BUKOHAHHS 3aIUTY Ta KUIBKICTIO
RU 3 60ky B/I.

PesynbTaTi BUMIpDIOBaHHS 3a TMOKa3HUKAMH JUIs

"INSERT-3anut" 3BefeHi B Ta0n. 2. baunmo, 1o 3amnuTu

HAa CTBOPCHHS 3aMOBJICHHS HAWOUTBII  e(QEeKTHBHO
Ta mBUAKO BUKOHANO MongoDB API. byno ButpaueHo
MenIre am’sti Ta RU. OTxe, Takwii 3alTUT KOIITyBaTUME
nemesmre. Ile mow’s3aHo 3 TwM, mo MongoClient
HE TOBEpTac BIANOBIOs Bil cepBepa, HA BIAMIHY Bif
CosmosClient ta EF Core Cosmos.

Pesynbrati  BuMiptoBanaa i "SELECT-3anmr
Ne 1" 3Bemeno B tadn. 3, mig "SELECT-3amut Ne 2" —
y Tabm. 4.

3 aHamizy BUKOHAHHS 3allMTIB Ha OTPHUMAaHHS
3aMoBIeHHS 3a PartitionKey Ta id MoxeMo crocTepiratu
ebekTuBHicTs  Entity  Framework Core  Cosmos,
o Kparie

Slkmio mopiBHIOBaTH KidbKicTh RU, MoOkeMO moOauuTH,

ONTUMI30BAaHUN JJI1 TaKUX OICparlii.

mo CosmosClient Ta EF Core Cosmos MaloTh IPHUOIH3HO
OJTHAKOBY BapTiCTh BUKOHaHHs 3anuty, a MongoClient,
HAaBIIaKH, [IPOTPAE 32 IIUM ITaPAMETPOM.

Pesynpratn BumiproBanus it "UPDATE-3amut”
3BemeHo B Tabu. 5, mst "SOFT DELETE-3amut" — y Tadun. 6.

Taﬁﬂmm 2. Pesy/zbmamu BUKOHAHHS 3ANUMIB HA CMEBOPEHHS 3AMOBNEeHHA

API / Iloka3zHUKH

HIBuaKicTL BUKOHAHHS
3anury (Mc)

KinbkicTe BUTpayenoi

nam’siti (Byte) BapricTte Bukonanns (RU)

Cosmos DB API for NoSQL (Cosmos Client) 48.55 27776 10.67
Cosmos DB API for NoSQL

(Entity Framework Core Cosmos) >4.22 >1999 10.67
Cosmos DB API for MongoDB(Mongo Client) 48 17232 9.05

Tabauus 3. Pesynvomamu 6UKOHAHHS 3aNUMI6 HA OMPUMANHA 3aMOo61eHb 3a noiem PartitionKey

API / Iloka3HuKH

HIBuakKicTh BUKOHAHHS
3anuTy (Mc)

KiabkicTh BUTpayeHoi

na’siti (Byte) BapricTs Bukonanns (RU)

Cosmos DB API for NoSQL (Cosmos Client) 110.33 86605 3.12
Cosmos DB API for NoSQL

(Entity Framework Core Cosmos) 2.77 8433 3.22
Cosmos DB API for MongoDB (Mongo Client) 64.55 35149 7.17

Ta6auus 4. Pe3ynvmamu 6UKOHAHHA 3aNUMi6 Ha OMPUMAHHS 3AMO6IIeHHSA 3a id

API / Iloka3zHUKH

HIBuaKiCTHL BHUKOHAHHS
3anury (Mc)

KinbkicTs BuTpayenoi

naw’siTi (Byte) Bapricts Bukonanns (RU)

Cosmos DB API for NoSQL (Cosmos Client) 86.44 54949 2.83
Cosmos DB API for NoSQL

(Entity Framework Core Cosmos) 3344 29012 2.83
Cosmos DB API for MongoDB (Mongo Client) 130.77 25977 3.11

Taﬁﬂﬂ].lﬂ 5. Pe3yﬂbmamu BUKOHAHMS 3ANUMIB HA OHOBIEHHS 3AMOBIEHHS

API / Iloka3zHUKH

HIBuaKiCTH BUKOHAHHSA
3anuTy (Mc)

KinbkicTs BuTpayenoi

naw’siTi (Byte) BapricTe Bukonanns (RU)

Cosmos DB API for NoSQL (Cosmos Client) 49.11 42915 10.67
Cosmos DB API for NoSQL

(Entity Framework Core Cosmos) 106.77 21033 10.67
Cosmos DB API for MongoDB (Mongo Client) 179.11 32885 11.29
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Tabmuust 6. Pe3yromamu 6uKkonanHs 3anumis Ha M ’ske 6ULy4eHHs 3aMOBNCHHS

API / Iloka3HUKH
3anuTy (Mc)

IBuakicts Bukonanusa | KiibkicTh BUTpaueHoi

naw’siti (Byte) Bapricte Bukonanns (RU)

Cosmos DB API for NoSQL (Cosmos Client) 47.88 58895 10.67
Cosmos DB API for NoSQL

(Entity Framework Core Cosmos) 104 28076 10.67
Cosmos DB API for MongoDB (Mongo Client) 108.77 28662 11.29

AHami3yloun pe3yJibTaTH 3alliTiB Ha OHOBIJICHHS
3aMOBJICHHSI Ta M’sKE BWIYYEHHS, CIOCTEpIiraemo,
mo CosmosClient wmaibke yIBIYI IIBHIANIE BHKOHYE
1[I0 omepanito, Ha BimMmiHy Big EF Core Cosmos Ta
MongoClient, ane BUTpaJae Ha Iie Maike yaBidi OinbIe
nam’siTi. M’ske BHIIy4YeHHS — II€ TOW caMHidl 3amuT
Ha OHOBJICHHS CYTHOCTI 31 3MIHOIO JIWIIE OJHOTO IIOJIS.
3 mormsay edekruBHOCTi B RU mepmri aBa migxomu
Ha piBHHX i3 nokaszHukoM y 10.67 RU mporu 11.29 RU
y MongoClient.

Pesympratn BumiproBanHs mis "DELETE-3amut"
nojgaHo B Tabnm. 7. AHami3 3amMTIB Ha BHIYYEHHS
3aMoBJIeHHS moka3zaB, mo EF Core Cosmos ta Mongo
Client BUKOHYIOTH ITFO OIICPAIlif0 MalXKe YIBIYi IIBUIIC,
aje BHUTpadalOTh Ha Il€ 3HAYHO OUThIEe I1aM’ATi.
MongoClient pobuts BwiyueHHs 3a 7.05 RU mportu
10.67 RU y CosmosClient Ta EF Core Cosmos.

OTxe, MO KOXEH i3 PO3MISHYTUX METOJIB Mae
CBOI TepeBarm W HENONIKH, 1 BHOIp 3alexaTHMe Bif
KOHKPETHUX 3aBjJaHb po3poOHuka. IIpore MoxHa
3aMpOTIOHYBATH JESKI peKOMEH/IAITI:

— SIKIIO TOBOPUMO MpO BapTicTh 3amuTiB 110 BJ]
abo HeoOXimHicTh onTuUMi3yBaTH BHTpatd Ha bBJl,
a BoAgHOYac € Oarato 3amMTiB  HAa  CTBOPEHHA
Ta BHJIIYYCHHS 3alMCiB, TO Kpamie oOpard peajizaliiio

Cosmos DB API for MongoDB uepe3 Mongo Client,
00 el nporpaMHUN MiOXiJi BHKOPUCTOBYE MEHIIY
KkiTbKicTh RU Ha BUKOHAHHS TaKHX 3aITUTIB;

— SKIIO  4YacTille 3aCTOCOBYIOThCS —oOIlleparlii
OHOBJICHHS Ta OTPHMAaHHS JaHWX, TO OJHAKOBO
€KOHOMHHMH, ajie KpaliuMu, nopiBHsHo 3 Mongo Client,
o6ynyte Cosmos DB API for NoSQL (Cosmos Client Ta
Entity Framework Core Cosmos);

— KO HEeoOXimHo Oararo Ta INBHUIOKO YHTATH
iHpopmauito 3 BJI, morpidHo BuKopuctoByBaTH CoOSMos
DB API for NoSQL 3 Entity Framework Core Cosmos,
0 MOJK€ BUBaHTAXyBaTH KOHTeKcT bJI B mam’saTh
Ta MBHIKO 0OPOOIIOBATH 3aIIUTH;

— SKIIO ICHYIOTb OOMEXEHHS [UIi HpOrpamMu
[0 TaMm’sTi, He PEKOMEHAYEThCS 3aCTOCOBYBaTu Entity
Framework Core Cosmos, 60 BiH morpedye Oararo
mmam’sTi At podoTu 3 KoHTeKkcToM B/1;

— SKIO0 HEOOXiJHAa ONTHMI3allis HaJIAIITyBaHHS
IIBUAKOCTI OTPUMaHHS MEBHOI TPy 00’ €KTiB, ITOTPIOHO
HaJNamTyBaT K04 po3niny Cosmos DB, 3a TOITOMOTOI0
SKOTO 3alUTH Ha OTPUMAaHHA TIEBHOTO  PO3ALIY
OIITHMI3YIOTBCS; HaWKpalle If0 ONTHMI3allil0 MOKHA
cunocrepiratn gnsa  Entity Framework Core Cosmos
st SELECT-3anuty 3a PartitionKey.

Taﬁ.]'ll/".[fl 7. Pe3yflbmamu BUKOHAHMS 3aNUmis Ha GUIYYECHHS 3AMOBJICHHS

API/ Mokasmmin HIBuaKicTHL BUKOHAHHSA KIJ]LKIC”:‘L BUTpateHoi Bapricts Bukonanms (RU)
3anuTy (Mc) nam’ati (Byte)
Cosmos DB API for NoSQL (Cosmos Client) 50.11 54949 10.67
Cosmos DB API for NoSQL
(Entity Framework Core Cosmos) 106 18560 10.67
Cosmos DB API for MongoDB (Mongo Client) 99.22 31520 7.05

[Ilomo mOKa3HWKAa KUTBKOCTI KOOy, HEOOXITHO

BucHoBKM il mepcneKTHBH NMOJAIBIIOT0 PO3BUTKY

BpPaxoOBYBaTH, IO JJs HEBEJIMKHX IPOEKTIB BHUOIp
SKOTOCh 13 MIAXOJIB He OyAe MaTH 3HAYHUX MepeBar
st KoxxHOro 3 API. Entity Framework Core Cosmos
norpedye HaliMenme Kkoxy i pobotm 3 B/,
are HanoiIbIe — Ay KoHdirypauii nigkiouents g0 b1
Came ToMy 11i IiepeBary OyAyTh HOMITHI JIMILE Y BETUKUX
HPOEKTAX 31 CKJIAJHOIO CTPYKTYPOBAHOIO JIOTIKOIO.

Y po6oTi 3 MOy MPOAYKTHBHOCTI TOCTIIKEHO
MeToau Tmporpamuoi peamizanii  Cosmos DB APl
Ha tuiatdopmi .NET nHa npuknani Cosmos DB API for
NoSQL ta Cosmos DB API for MongoDB. IlpoBeneHo
Cepito eKCIIEPIMEHTIB i3 BUMIPIOBAaHHIMH 32 MOKa3HUKaMHU
MIPOYKTUBHOCTI BUKOHAHHS 3anuTiB 70 B/I.
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3 ormigy Ha TOpOBENEHWH aHANi3  METOIIB
nporpamuoi peanizauii Cosmos DB API 3ampornoHoBaHO
MpOTrpaMHi OCHOBI
CosmosClient, Entity Framework Core nns Cosmos DB

API for NoSQL ta na ocHoBi MongoClient nns Cosmos

pimieHHs  Ha BUKOPHCTaHHS

DB API for MongoDB. JIns npoBeJeHHS eKCIIEPUMEHTIB
CIIPOEKTOBAHO JIOTiYHY Monenb b/l y cdepi enexkTpoHHOT
komepuii anst CYBJl MongoDB Ta Habip 3anuTiB
Ha BukoHaHHA CRUD-omepariiif, MpOAyKTUBHICTh SKHX
1 OyJ0 IOCTIIKEHO.

[lix 9ac eKkcrepuMEHTIB BHKOPHUCTAHO ITOKa3HUKU
IIO/I0 MIBMAKOCTI BHKOHAHHs 3alHTIB (MC), KUIBKOCTI
BUTPAadCHHOI TaM’ATi Ha BHWKOHaHHA 3amuty (byte),

JlocmmkeHHsT TI0Ka3ay1o, IO JKOJCH i3 3aCTOCOBaHMX
METO/IB IMPOrpaMHOi peajizauii HE MOXKHAa Ha3BaTH
OJIHO3HAYHO HailKpalum.

[Toka3HUK KiTBKOCTI KOAY, IO HAIMCAHO IIiJ| 4ac
peamizarii, MoXe OpaTWcs IO yBard JHIIE B MpOIEci
pO3pOOJICHHS  BEIMKHX  IPOEKTIB 31  CKJIATHOIO
CTPYKTYPOBAHOIO JIOTIiKOIO.

ITig gac obpauus Mertoxy peamizamii Cosmos DB
API BapTO 3BepTaTH yBary Ha Taki ()akTOpH, SIK BapTiCTh
3amutiB g0 bJl, yacrora 3acTOCYBaHHS THUX YU I1HIIMX
3aIUTIB Ta OOMEKEHHS I1aM’ SITi IPOTPaMH.

Ha ocHOBi pe3ynbTaTiB nocimipkeHHsT chopMOBaHO

peKoMeHamil MO0 BUKOPUCTAHHS PO3TIITHYTHUX METOIIB.

BapTocTi 3anuTiB y RU Ta KiTbKOCTI KOy, 110 HEOOX1THO Ili pekoMeHnmaiii MOXYTh OYTH 3aCTOCOBaHI s

po3pobieHHs
.NET i3 Bukopuctanusam Cosmos DB API.
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RESEARCH OF METHODS OF SOFTWARE IMPLEMENTATION
OF THE COSMOS DB API ON THE .NET PLATFORM

Large number of developers use the .NET platform to create applications that work with databases today. In turn, Cosmos DB
is becoming an increasingly popular choice as a NoSQL storage for such databases. Cosmos DB is a flexible and scalable system,
and the correct selection of the appropriate APl during software implementation can significantly affect the performance
of the programs themselves. Cosmos DB provides different APIs for working with different types of databases, such as SQL
databases, running MongoDB or Cassandra. In turn, each of these APIs can be used using various methods of software
implementation. The subject of research is software implementations on the .NET platform for various Cosmos DB APIs.
When choosing the most suitable Cosmos DB API on the .NET platform, developers can be helped not only by the documentation,
but also by the results of experimental studies of these APIs, which in turn will improve the quality of the code and the performance
of the systems themselves. The goal of the work is to increase the efficiency of software development on the .NET platform.
That use the Cosmos DB API, by developing a recommendation for the selection of software implementation methods for
these APIs based on the results of their experimental research. The task: to investigate and compare the methods
of software implementation of the Cosmos DB API through an experimental study of the performance of different types of queries
on these software solutions; analyze the obtained results and develop recommendations for the use of methods. Methods: multi-
criteria analysis of Cosmos DB API, logical data modeling, experimental research. Results: developed software solutions
based on the use of CosmosClient, Entity Framework Core for Cosmos DB API for NoSQL and based on MongoClient for
Cosmos DB API for MongoDB. A series of experiments and measurements of performance metrics for each of the software
solutions were conducted, the obtained results were analyzed, and recommendations were offered for using the considered
methods of software implementations of the Cosmos DB API on the .NET platform. Conclusion: In general, the choice of
software approach depends on the specific task, but experiments have shown that CosmosDB API for NoSQL using CosmosClient
is the best choice for small projects, and using the Entity Framework Core Cosmos is suitable for more complex projects
with larger volumes of data and complex queries. If MongoDB is used in the project, then the corresponding solution
using MongoClient is a better option than Cosmos DB API for NoSQL.
Keywords: DATABASE; COSMOS DB API; MONGODB; .NET; NOSQL.
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€. MEP3JIIKIH, €. BABEIIKO

AHAJII3 KIBEPBE3ITEKH
BEBOPIEHTOBAHUX IHAYCTPIAJIBHUX IoT-CUCTEM

Y cydacHOMy CBiTi THTaHHSA KiOepOe3NekH € OTHHM i3 HaWBaKIMBIMIAX, OCOONMBO B KOHTEKCTI IUHAMIYHOTO PO3BHTKY
BeOOPIEHTOBaHUX IHIyCTpianbHUX cucteM IHTepHeTy peueit (lo7). Ilpeamerom pociikeHHsi € 3a0esnedeHHS KibepOesmexu
BeOOpieHTOBaHUX iHAyCTpiadbHuX loT-cucteM. MeTa cTaTTi — aHali3 HasABHUX METOIIB aHami3y KiOepOe3neKH, BHUABICHHS
oOMexxeHb i (OpMyBaHHS BHMOI JO HOBOI KOHIENMIi OIIIHIOBaHHS], IO Hepenbadae NUISIXM YCYHEHHS BHSBICHHX OOMEKCHB.
3aBaaHHs, 010 PO3B’S3YIOTHCA: aHANI3 METOJIB, 3ac00iB 1 TEXHOJOTiH opraHizamii BeOOpiEHTOBaHUX 1HAyCTpianbHHUX [oT-crcTeM
1 muTaHb 3a0e3neueHHs iX kibepOes3meku. 3aCTOCOBaHI METOAM: aHANI3 JUKEped, CUCTEeMHHMH aHaii3. Pe3yjabTraTu AociaigimxeHHs.
AHamiz JoKepen IokaszaB, IIo TpobOiema 3a0e3mnedeHHs KiGepOesmeku iHAycTpiadbHUX [07-CHCTEM € aKTyalbHOIO 3aBJSKU
BUKOPUCTAHHIO B OAHIM cucTeMi HOBITHIX iH(opmamiiHux Texnonori (IT) 1 Tpamumiiianx omepamiiHux Texnoiuoriit (OT),
TakuX SK 1HAyCTpialbHI MPOTOKOMHM Tomo. KpiM Toro, mocrifiHe 3pocTaHHS KUIBKOCTI Ta PI3HOBHIIB aTak, CIPSIMOBAHUX caMe
Ha iHpycTpianbHi [oT-cucTeMH, € JONAaTKOBUMM pYILISIMH IOJANBIIOTO PO3BUTKY METOMIB OI[IHIOBaHHS Ta 3a0e3MeucHHs
kibepOesmekn. IIpomoHyeThcsi y3aralpHeHa KOHIIETINS ONIHIOBaHHS Ta 3abe3nedeHHS KiOepOe3mekn BeOOpiEHTOBaHUX
iHgycTpianpHuX [loT-cucTeM, sKa MICTUTH eTanu igeHTh(dikamii, aHami3y, MIBUINCHHS 3aXWIICHOCTi, BHABJICHHS Ta 3aXHUCTY.
BucnoBku. [lutanns 3abesnedeHHs kiOepOesmeku BeOOpi€HTOBaHHX iHAycTpianbHUX [oT-CHCTEM € HaI3BHYAHO aKTyaJbHUM,
a HasBHI METO/M aHaNi3y i 3aco0u 3a0e3redyeHHs He TOBHICTIO 33J0BOJIBHAIOTh BUMOTH 10 Takux cucteM. Came ToMy po3poOieHHs
Ta 3aCTOCYBAaHHS 3allpOIIOHOBAHOI KOHIEMII OIHIOBaHHS Ta 3a0e3ledeHHs KiOepOesneKW IacTb 3MOTY CYTTEBO BIUIMHYTH
Ha MiJBHUIICHHS KibepOe3mneku iHaycTpianbHuX [oT-crcTeM.

KurouoBi caoBa: xibepOesneka; [oT; Iumyctpis 4.0; BeGopieHTOBaHi cucTeMu; Oesleka Be03aCTOCYHKIB; BHSABICHHS

BpaSJ’[HBOCTeﬁ; BHSIBJICHHS BeOaTaK.

1. Betyn

[Mapagurma Intepuery peueit (loT) € KIIOYOBUM
KPOKOM Ha NIIIXYy 3aAyMy Ta CTBOPEHHS CY4acHHX
OO0’eHaHHs  IHTENEKTYaIbHUX

CHCTEM. MIPUCTPOIB

i cepBepiB, MiJKIIOYCHUX OO BEJIHUKOI KUTBKOCTI
By3JliB BHMIpPIOBAaHHS Ta KEPyBaHHS, HaJa€ MOTYXHY
iHQPACTPYKTYPY A po3pOOICHHS 3aCTOCYHKIB 1 CHCTEM,
0 MiIBUIIYIOTh IHTEICKT 1 MOMJIMBOCTI KOPHUCTYBAYiB.
Cdepamu 3actocyBanHs [oT € €NEKTpOHHa OXOpOHa
3I0pOB’sl, PO3YMHE BHUPOOHHIITBO Ta aBTOMATH3allis,
PO3yMHI MicTa i 6araTo iHIINX.

OcHoBHOIO  KoHIenuicro Jlol ¢  HaABHIKE
HacKpi3He 3’€IHaHHS MK yciMa NPHCTPOSMH, OCHOBaHE
Ha TakuX JOCSTHEHHSX y Mepexax, K TexHojoris 5G i
HOBa KoHIenuist 6G. [HTerparis 3 iHIIUMH TapagurMaMu
i TexHojorisimu, 30kpema Cloud Computing, Fog
Computing, DevOps, 1 pi3HOMaHITHUMH IPOTPaMHUMHU
CTpPYKTYpaMH, Hajana Hadip IHCTPYMEHTIB /Ul CTBOPEHHS
Oe3nperneeHTHO e(peKTUBHUX 3aCTOCYHKIB [1].

Ha cporomui Oumbmicte cucreM Jo7, a came
(IloT),  abo

BUKOPHCTOBYIOTh BeOB3aemoii, abo MpuHaiMHI MaroTh

inpycrpianeaux  loT IHTEHCHBHO

INEBHY 4JacCTUHY, sKa 3aCTOCOBY€ BC6HpOTOKOHI/I

Ta I1HCTpyMeHTH. He TijgbKM 3pydHICTh IMX CHUCTEM

1 mporpam, ajne i 3B’SI30K MK NPHUCTPOSIMH I'PYHTY€ETHCS

Ha  BeOTEXHOJOTisAX 1  BEONPOTOKONAX  3aBJSKH
cranmaptam W3C [2]. BeOB3aeMomii MOKIamarOThCS Ha
nporokonu HTTP [3] 1 HTTPS [4] i cxemy REST [5].
Kpim Ttoro, Oimpmiicte mmmatdopm JloT moOynoBaHO
Ha BeOiHTepdeiici, 1m0 Hi€ K  IEHTpalli30BaHa
iHpopMmaniiiHa nanens i yHidikoBaHuUil cepBep KepyBaHHA
JUISL 3B’S13KY 3 IPUCTPOSIMU CUCTEMH.

[Tpnunna, yomy Oesneka cucteM loT nepani Gibine
MOPYUIYETHCS, 3aJCKUTh BiA 1X mpupoau. BoHH MICTATH
3HAYHY KUIBKICTh PI3HOPIJHMX MPUCTPOIB, TaKUX SK
JaTYMK{, TPUBOAM, KOMITIOTEPHI BY3JIH Ta CEpBEpH.
Kpim TOrO, 0T CHIBHO B3a€MOIIOB’s3aHi (30KpeMa
MalTh JOCTyl 10 IHTEPHETY) 1 MOKIAZal0ThC
Ha TporpaMHi mardopmu, 3ae0UIbIIOro po3poldiieHi
SK  130JIbOBaHi  CHCTEeMH. BapTo BH3HATH, IO
BITPOBA/DKEHHS BEOTEXHOJIOTIH PO3MIMPHIO 30HY aTakh
JUTS KiOepP3JIOYHHIIIB.

CydacHi migxoad mo MiABHINCHHS Oe3meku B [oT
30CepeKEH] Ha IMIAMHOXHHI KOMIIOHCHTIB, IO MICTSATh
i CUCTEMH, 3/IeOIITBIIOTO OB’ I3aHMX 13 Kpunrorpadiero,
MEPEKHOI0 Tepeiadero, MapiupyTu3aiieto Tomo. [Turanus
0e3IeKy MporpaMHOro 3a0e3NeyeHHs] TaKoX JOCIIHKEHO
Ko1y,

OIlepaliifHOi CHCTEMH, CYZ0BOI €KCIIEPTH3H TOIIO.

3a  JIONIOMOTOK  METOJIB  aHaji3y 6e3mnexu

© €. Mepaiikin, €. bademko, 2023
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Llporo HenoCTaTHLO B KPUTHYHUX IIiJCHCTEMaXx
IoT / IloT, ocKiNbKN IOMHIIKA MOXKE MaTh KaTacTpodivHi
Hacniaku. OHaK iICHY€ CKIIaJHA PiBHOBAra:

— 3 OJHOTO OOKY, KPUTHYHO BakiuBi cucteMu [oT
MAaIOTh 3a0e3MeUyBaTH TapaHTii 0e3MeKH, 00 3MEHIIUTH
X Bpa3yUBICTS;

— 3 iHmWoro — cepepaM [oT Moxxe 3HATOOHUTHCS
IHTEHCHBHE BHUKOPHCTaHHSI BEOTEXHOJIOTiH, MPOrpaMHUX
iHQpacTpykTyp 1 0i0mioTex, mIO

Jar0Th 3MOTyY

pO3pOOHUKOBI  CTBOPUTH  (DYHKIIHHI ~ MOIJIMBOCTI,

sIK1 iHaKIe Oynu O HEMOMKITHUBI.

1.1. Momusauin

PizHoBHOOM l0T € mpomucnoBuii (iHIycTpiadbHUIN)
Iutepuer peueit (Industrial Internet of Things, 1loT).
IloT € CcyKymHICTIO MepeX 1 TIOB’S3aHOTO 3 HUMH
BUPOOHMYOTO O0OJNaJHaHHS, TOMOBHEHOTO IPOIPaMHUM
3abe3neueHssM (I13) 1 BOynoBanmMu natunkamu (puc. 1).

Puc. 1. [puknan ingycrpianeHoro [HTeprety peueit (/oT) i Texnomnoriit Ingycrpis 4.0

Cucremn, mpu3HaveHi Anms 30mpaHHs iH(pOpMAIii,
OoOMiHy IaHUMH, MOXYTh KEpyBaTHUCS aBTOMAaTHYHO,
0e3 yJacTi JIFOIIHN.

Ianycrpianeanii  [HTEpHET

pedelt  CTBOpeHH

K 3arajJibHa KOHIEMINS 3acTOoCyBaHHA [HTEpHETY
peueit (IoT) mo mnpomucnoBoro cekropa. KitouoBoro
TexHoyoriero KoHmenmii [amycTpis 4.0 BBakaeTbcs

InrepHer peueif, mo Oinblue 30cepekeHa Ha
e(eKTUBHOCTI MPOMHUCIIOBHX TIPOLIECIB.

IloT MicTUTh yCi acleKTH NMPOMHCIOBHX OIEparii
i cupsMoBaHE HE TUIBKH Ha EQEeKTHBHICTH IIPOIIECIB,
ajie i Ha ynpaBJiHHS aKTUBaMH, 00CIIyrOByBaHHS TOIIO.

BaxxnmuBuMu € Taki TeHAEHIIIT:

® cyuacHa KoHmenmis [Hmyctpis 4.0 moctymoBo
BUTICHSIE KJIACWYHI, 130JIbOBaHI Bix Mepexi I[HTepHeT
CHCTEMH YTPaBIIHHS BiZl OTHOTO BEH/I0Pa;

® iX 3aMiHIOWOTh iHAycrpianeHi loT-cuctemMu —

po3moAiNieHi  cHcTeMH, Yy  SKHX ~ OOMIHIOIOTHCS

iHpOpMalli€l0  pI3HOMaHITHI ~ NPUCTPOI,  AKTHBHO

BHKOPHCTOBYIOTHCS XMapHi Ta BEOTEXHOJIOTII;

® BiIKPHUTICTP CHUCTEM TaKOTO THIY pOOUTH iX
Ypa3IUBUMH JI0 Kibepartak;

® BIUIMB aTaKk MOXXE CIPHYMHUTH CYTTEBI (Qi3nuHi
Ta €KOHOMIYHI 30MTKH.

IanycTpianbanii [HTEpHET pedel 3HAYHOIO MipOIO
IPYHTYEThCSl Ha 3aCTOCYBaHHI BeOTexHoJjorid. Lle 3pyu4Ho,
OCKUIBKM ~JIa€ 3MOTY CIIOCTEpiraTH 3a CHCTEMOIO
B pealibHOMY 4Yaci, ONEpaTHBHO BIUIMBATH Ha Hel, aie

1 3pocTae MOTeHIIHHA 3arpo3a Kibeparak (puc. 2).

YpasnusocTi
YpasnusocTi lloT-

YpasnueocTi B
nNpoToKoNax

PU3NKUN
BE3IMEKKN

Be6- -+ NPUCTPOIB + B3aemogii —

KOMTMOHEHTIB (Benuka

KiNbKicTb)

cuctem Ta
NPUCTPOIB

Puc. 2. Pusuku 6e3nexu [loT

Hpuxknan arakm Ha IloT-cucremy: Xakepu
371aMany BOJIOOYMCHI criopyau y Dmopuni, orpumanu
JIOCTYIl 10 BHYTpimHBOI miatrdopmu [CS 1 3MiHWIHN
piBeHb XiMiKaTiB, 3pOOMBIIM BOJYy HEOE3MEUHOIO ISt
crioxkuBanHA [37]. Cranmocs 11e ToMy, IO A7 3JI0YHHITB
cTajla OCTYIIHa KOMII IOTEpHa CUCTeMa CIiBpOOITHHKA,
sSKa JaBala 3MOTY BigmaleHo YycyBaTH npobieMu

CHCTEMU BOJIOOYUCHUX CIIOPY/I.
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Y Takmit cmoci® xakepaM BHalocs 3MIHHTH

rigpoKkcuIy
1o 11100 yacTiH Ha MIJTBHOH.

KIJIBKICTh Hatpiro y Bomi Bim 100

Omxe, Oymp-sIKi KOMIaHIl MalOTh 3Ba)KATH Ha TaKi
3a1o01H1 3aX0IH:

® BUKOpHCTaHHS TexHoJorii VPN — 3a0e3nedeHHs
0e3MeYHOro TYHENO i OOJIKOBHX JAHUX, IO HAJAIOTHCS
CIIBpOOITHUKAM JIs AOCTYIy IO BHYTPIIIHIX PeCcypciB
1 3aXHCTY KPUTHYHHUX CHCTEM;

® [paBWIbHA PEECTpallisi Ta BUMKHEHHS: KOJIU
CHIBpPOOITHUKN TPHETHYIOTHCS O KOMIIAHIl, Ba)XJIMBO
MEePEKOHATHUCS], IO JOCTYIl HA/IAEThCS JIMIIE 3a IMOTPEeOH
Ta HeraifHO CKaCOBYETHCS, KOJIM MPAIiBHUKH 3ITUIIAIOTH ii;

® DO3AUICHHS AOCTYIy J0 MEpexi: TrapaHTyiire,
10 NPALiBHUKH MAIOTh JOCTYI JIMIIE O THUX CHCTEM,
AKi iM ToTpiOHi;

® pO3MIMIEHHS Pi3HUX CHUCTEM y Pi3HUX Mepexax,
JIOCTYH 10 SKUX MAlOTh JIMIIE Ti TPYNH CHIBPOOITHUKIB,
SKAM BOHH IIOTPiOHIi; IIe TapaHTye, IO B pa3i 3JI0MYy
MEHIIIEe CHCTEM MOXKe OyTH CKOMITPOMETOBAHO;

e HamaHHA pOOOYMX MPUCTPOIB: KOJIHM IOCTae
HEOOXiNHICTP MIBUAKOTO TIE€pPeXoay Ha JIUCTaHIIHHY
poboty (sax me Oymo 2020 p.), unMano CHiBpOoOITHHKIB
Bl aI€eHAI

OTPUMYIOTh JOCTyn  JI0

MpamiBHUKAM HAJalOThCSA CHEHiaNbHI HMPUCTPOi 3aMicTh

CUCTEM;

TOTO, 100 JTO3BOJISITH JIOCTYH A0 KOPHOPAaTHBHOI Mepexi
3 BacHuX ramketiB abdo I1K; e macts 3mory IT-Bimgainam
e(eKTHBHIIIE KOHTPOJIIOBATH 1H(PACTPyKTypy KOMIIaHii;

® peryisipHe HaBYaHHS CIIBPOOITHHKIB: HAaOYTTS
HaBMYOK pO3Mi3HaBaTh (IIIMHTOBI JIMNCTH TaK CaMo
BaXJIMBO, K 1 3apPOBAaIUTH 3aXWCHI CHUCTEMH; MIpOIO

Puc. 3. Knacuoikamuis mxepen

3. AHaJqi3 zKkepeJ 3a HanpsIMaMu

TOrO SK 3JIOBMHCHHKH 3HaXOIATh HOBI CIOCOOH
MIPOHMKHEHHS B MEpeXi, MiIroTOBKa CIiBPOOITHHUKIB

JIMIIC ITOCUIIUTDH 663H6Ky CHUCTCMH.

1.2. Mema it cmpykmypa po6omu

MeToro CTaTTi € aHalli3 CyYaCHHX METOIIB, 3aC00iB
i TEXHOJIOTIN oprasizamii BeOOPiEHTOBaHUX
iHnycTpianbHux loT-cucreM Ta BH3HAYEHHS NPOOIEM
o710 3a6e3nedeHHs Kibepoesneku [oT.

VY cekuii 2 HaBeeHO Kiackikalliio MpoaHai30BaHuX
JoKepel. Y cekuii 3 MoJaHO pe3ynbTaTh aHalizy MKepen
3a BU3HAUCHWMH HamnpsiMamu knacuikanii. ¥ cekuii 4
OIMMCaHO Cekmigs 5 wMicTuTh

3mM00yTi  pe3yIbTaTH.

BUCHOBKH Ta IOJAJIBIII €TalX JOCIIHKEHH.

2. Knacudikauis mxepen

3.1. Memoou ouinweannsa ma 3abe3neueHus

Kibepbesneku  6eOopicHmosaHux  iHOycmpianbHux

IToT-cucmem na piznux emanax HCUmMmee020 YUKILY
OcHoBHI

opraHizamii, Taki sk MikHapogHA

opranizanis cranmaprusanii (ISO) 27001, chopmysamu

IpoananizoBaHi mxkepena KiacH(pikoBaHO 3a TaKHMMHU
HAIMpsIMaMH:

e TMOPIBHAHHS ¥ aHAI3 OIIAY JIITepaTypH:
[19, 20,21, 22,23,24,25,26,27, 30, 33, 34];

®  OLIHIOBAaHHS Oe3rnexu IHCTPYMEHTIB
BeO3actocynkiB: [1, 2, 3, 4, 5, 7, 9, 16, 17, 34,
35, 38, 39, 40];

e METOOM W pImCHHA 3a0e3leUcHHS OC3MeKH
InTtepuery peueit: [6, 7, 8, 9, 10, 11, 12, 13, 14];

® CTPYKTypa CHCTEM iHIycTpiagpHOTO [HTEpHETY
peueii i rexunosorii Iuayctpis 4.0: [9, 15, 16].

Kpim Toro, mkepena Oyio po3IOALIEHO 32 THIOM
(puc. 3):

BUMOI'H moa0

napamerpiB Oe3nexu sl Be63acTocyHKiB [38].

BIIPOBA/IP’KCHHS Ta TOKpalICHHA

Juns  xommaHiii 1  pO3pOOHUKIB  pEryIsIpHO
nmyOJIiKy€eThCsl JleCATKa HANKpUTHYHIIIMX 3arpo3 [39],
mo0 MIBUIMTH MOIH(GOPMOBAHICTE MpO  Oe3meKy
Be03aCTOCYHKIB 1 3MEHINMTH 30UTKH, SKi 3aBAAIOThH

MOTeHLINHI BpaznuBocTi. OJHAK, BIANOBIIHO, iCHYIOTh
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peKoMeHAOBaHI  MmAOJOHM  MpOTpaMyBaHHS, IO
JIOTIOMAraroTh KOPHCTyBayaM BHIIPABJIATH HeOe3MneuHi
KoHiryparii Ta MiHimMi3yBaTu pusuku [40].

Hwxue HaBemeHO  HaOIp  pU3UKIB  Oe3MEKH
Ut BeOiHTepderciB.

o J[lopywenuii xoumpoab odocmyny. KOHTpomb
JIOCTYIY 3MYIIYE KOPUCTYBA4iB MiITH YITKO B MeXax
iM HamaHo JIO3BIJ.

JIUITHKA ~ TIPOTpaMH, J0  SIKOi

SIKmo 3acTocoBaHAa IOJNITHKA KOHTPOJIO  JOCTYILY
HE € YCHIIIHOI JuIsi KOPUCTyBaya, OTXKe, BiH/BOHA
MAaIOTh JTOCTYII A0 IIIHHUX PECYPCiB.

o Kpunmoepaghiuni 3601 IPU3BOAATH 10 PO3KPUTTS
KoH}imeHIiitHNX maHuX. 3 miel TpUYuHA MH(pyBaHHI
iHpopMarlii Mae BiAMOBITATH HAWHOBIIIUM CTaHAApTaM,
YHHKAO4u Toro, mob cucremu (Opaysep, 0a3a maHHX
TOIIIO)

¢yekmii  gus  mmbpyBaHHS —JIaHUX,

BHUKOPHCTOBYBaJIM 3acTapii  KpunrorpadiuHi
MapoyiB  TOIIO.
Takox HeoOXimHO Kiacu]ikyBaThH piBEeHb OE3MEKH BCIX
CHUCTEMHUX JaHUX, 00 BU3HAYWTH, SKi KpUnTorpadidi
ITOPUTMU BUKOPHCTOBYBAaTH Ta SIK CepPTU(IKYBaTH
mpuiiMad i MATBEPIUTH HOTO.

e [n’exyis nepenbadae HU3KY PU3MKIB, HAIPUKIAL,
in’exyiro  SQL.

In’exuiss BigOYyBA€ThCSA, KOJMM BBEJICHA KOPUCTYyBaueM

Midccatimosuti  cyeHapit  (XSS) ma

iHpopMaliss He TepeBipIEThCS HAICKHUM  UHHOM
i He (IABTPy€ETHCS, 1 BOHA CTa€ YaCTHHOIO BEOCTOPIHKH
a00 6a3u maHux. SKIIo 370BMUCHHN BXix Oe3mocepeHbo
BUKOPHCTOBYETBCS TIPOrPaMor0, BOpOXKa iH(OpMALLis
MoOJke OyTH BIPOBa/DKCHA B 3amFCH Iporpamu abo 0azy
JAaHUX, CHOPUYUHSAIOYM TPHBAILy IIKOLY  CHCTEMI.
Ile MOXHa YacCTKOBO BHIPABUTH, SKIIO BHOKPEMHTH
KOMaHIIM BiJ{ JAHWX 1 MEPEBIPUTH BXIAHY iH(OpPMAIIIO
3a JONOMOTOI0 BiANOBITHHX (UITBTPIB, Oe€3MEUHIMMX
3a API ta eneMeHTiB KepyBaHHs SQOL, 10 0OMEKYIOTH
HEaBTOPH30BaHI omeparlii Ta yHHKalOTh PO3TOJOIMICHHS
KOH(DIICHIIMHNX JaHUX, a TaKOX SIKIIO IeperyisaaTH
BUXIJIHUH KOJI.

o Henpasunvha rowHicypayiss 0Oe3nexu 4acTo
BHHUKA€, KOJIM BMHUKAOTHCS, BIMUKAFOTHCS, YCTAHOBITIOFOTECS
YH BUJAISIOTHCS (QYHKIIIT, 3aTMIIa€ThCs O0JIIKOBHH 3a1uc
1 TTapoJTb 32 3aMOBYYBaHHAM Oe3 3MiH, BUKOPHUCTOBYIOTHCS
3actapiii TaKOXK

KOMHJ’IeKTyBaJ’ILHi CJIICMCHTH, a

HE BMHUKAIOTHCS OCTaHHI (DYHKIIIi Oe3MeKH.

o [lomunku idenmuixayii ma asmenmugpikayii

3a3BHYail € pe3ynbTaToM atak Tpyboi cumm Ta/abo
Kkpunrorpadiyaux 3001B 3a JOINOMOrol00 CLEHapiiB, IO
MOCTIHHO  HAMAaraloThCS  aBTOMATHYHO  IEPEBIPUTH
KoMOiHalil iMeH KopHrcTyBadiB 1 napodiB. Taki nii Bizomi

SK aTaku TpyOOK CWiIol. Pu3Wku iCHYIOTH, KOJH

oOmikoBa 0a3a maHWMX Mae Cia0Ky aBTEHTH(iKaIio
(HampuKIaa, KOPHCTYBad aaMIHICTpaTopa 3 mapojieM
abc123) abo KoM 3T0BMUCHUKH KOPUCTYIOTHCS BUTOKOM
inenTudikaTopiB  cecii, 10

OoTpuMaTu KOHTPOJIb

Haa 3B’s3KOM. binmpmie  KpokiB UL TIEpeBipKU
(Hampukiaa, Koj, Oe3MeYHi 3alMTaHHS, BHUKOPHCTAHHS
IHIIUX TIPUCTPOIB, TAaKUX SK MOOUIBHWH TenedoH,
po3mi3HaBaHHS OOJMYYSl TOWIO) MOXYTh 3MEHIIHTH
PHU3HK aTak Tpy0oi0 CHJIOI0. [HIIMMHK 3aX0maMH 3aXHCTY
€ BUKOPUCTAHHS CKJIQJIHUX ITapoJIiB 1 BUJAJICHHS IPOCTUX
TECTOBUX OOJIKOBHX 3aITHCIB.

e JSlkmio mporpama 3aJeKHTh BiJ HEHAIIHHUX
0i0mioTex, MOAywTiB Ta/ab0 IHIIUX pecypciB, MOXKYTbH
BUHHUKHYTH 3001 NpOSPaAMHO20 3abe3neyenns
Ta yinicHOCMi OAHUX.

e 300i 6 oicypHani Oesnexu ma MOHIMOPUHRY
MaoTh OYyTH TOCTIfHUM 3aBIAaHHAM JJsI BHABICHHS
aKkTMBHUX arak. CTBOpEHHS XypHaJiB HEBIAJIHMX CIIPOO
BXOJy € OCHOBHOIO CTparteriero 3amoOiraHas HeOesIek.
OpHak 1BOTO MOXE OyTH HENOCTaTHBO 3 KUTBKOX
MpUYMH: JAedKi HeBaami

copoOu  BXOIy MOXYTh

He peectpyBatucsi. KpiM  TOoro,  morepemKeHHs
Ta TOMHJIKH MOXYTh HE JaBaTH YITKOIO YSBJICHHS
mpo cutyanito. Po3poOHMK Mae mepeKoHaTuCs, 1o
BCE KEepyBaHHS JAOCTYIOM i 3001 MOXyTh OyTH 3ammcaHi
3 JIOCTaTHBOIO  KUIBKICTIO  JIaHMX  KOPHCTyBaua,
3apeecTpoBaHi BioMocTi 3amm¢poBaHi B pasi iH €Ki,
1 BCTAaHOBJICHO MEXaHi3M 3BiTy PO NOMHUJIKH.

o [liopobienna sanumy 3 OOKy cepBepa BiTOyBaeThCS,
pecype

6e3 mepeBipkn URL-agpecw, HamaHOi KOPHUCTYBadeM.

KOJIM  TporpamMa  OTPUMY€  BiJjlaleHul

VYHacmioK 3J0BMHCHHK MOXXE HaJicIaTH CTBOPEHUI

3alIMT Ha HECHOMiBaHI IIOCWJIAHHSA, HAaBITH SKIIO

3aCTOCYHOK 3axWIIeHO OpaHamayepom abo VPN.

3acTocyHOK Mae 3amobirtm  1mboMy,  (PUIBTpyrOUM
Ta TEpeBIpsAOYM BCl JaHi, HaJICIaHi KOpPUCTyBaveM,
ycraHoBmoroun HM3Ky cxeM URL-ampec 1 yHukaroum
Ha/ICHJIaHHS] HeOOpOOJICHNX BiAMOBIEH KITIEHTY.

3rigro 31 cratmctukoro 19 %  ypasmuBocteit
CKaHOBaHMX Be03aCTOCYHKIB JJalOTh 3MOT'Y 3JI0BMHUCHUKY
KOHTPOJIIOBATH TIpOTpaMy ¥ ONepalliifHy cHucremy.
2019 p.

iHpopMmaniiHuX cuctemax [l] mokasas, mo maiixe 75 %

3BIT mpo Bpa?)J'II/IBOCTi B KOPIIOpAaTUBHUX

BEKTOPIB TPOHUKHEHHS B JIOKAIbHY Mepexy (LAN)

MalOTh  Ypa3NUBOCTI B  3aXHUCTi  Be03aCTOCYHKIB.
[MoniOHMM 4YMHOM Ja3iBKM B MpoLeci po3poOsIeHHs
CTBOPIOIOTH CEPHO3Hi 3arpo3u s BE0O3aCTOCYHKIB.

KpiM TOro, 3MiH y HajamTyBaHHIX KOHQIrypauii

JOCTaTHBO JUId ycyHeHHA iuiie 17 % BpasIuBOCTEH.
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Bimpmricte 3 HUX MaloOTh HU3BKHAN PIBEHb CKIIAJHOCTI.
3ayBaxumo, 1o 50% BUTOKIB CHPUYUHSIOTH PO3KPHUTTS
iH(opMarii 00JIIKOBOTO 3alHCy Ta MEPCOHATBHUX TAHUX,
a Ommspko 91%  BijckaHOBaHMX  Be03aCTOCYHKIB
30epiraroTh i 00POOIIIOTH 0COOHCTY iH(pOPMAIIiTO.

Bubip mnpaBuibHOT MeETOMOJNOTIi TECTyBaHHS Ha
NPOHUKHEHHS JJIsi KOHKPETHOTO THITY BPa3iIHBOCTI [43]
BiZlirpa€ BaXJIMBY pOJIb y CKaHyBaHHI Be03aCTOCYHKY
JUIS  BUSABJCHHSA  BpasnuBocTi. Haite  Oinmblme,
aBTOMATH3AIlisl TECTYBaHHs BE0O3aCTOCYHKIB KOPHCHA
VIS pen-tester, MO HE TUTBKU 3HHU3IIO OOCSAT POOOTH,
4ac, pecypcu Ta BapTiCTh, ale W 3MEHIIMJIO 3aJIeXKHICTh
TECTYBAIBHHUKIB BiJl 3HAHB JIOMUHA [44].

Kpim Toro, ckanep 30epir JIFOACHKI 3HaHHS TIPO pern-
testing, CTBOPHBIIN BUKOHYBaHI KOMIT IOTEpHI IPOTPaMHU.
OTxe, po3po0IeHHS aBTOMAaTH30BaHUX CKaHEpiB Oe3neKu
Be03aCTOCYHKIB 3pOOMIO pydHE TECTYBaHHS MOMYIIPHOIO
TEHJCHINIEID JOCTIKeHb. Y Wil cdepi po3poOHUKH
MIEPETBOPIOIOT METOAM pen-testing (penetration test /
TECT Ha TIPOHUKHEHHsS) Y BHKOHYBaHI IIpOTpaMH,

100 Kpaiie BUSBISTH BPa3IMBOCTI Be€03aCTOCYHKIB.

3.2. Oznao aimepamypu w000 OUIHIOBAHHA
6eh3acmocyHKie
OmiHrOBaHHA ~ 30CEpePKEHO  31e0impIIoTO  Ha
MOXIIMBOCTAX OOpaHuMX Be03acTOCYHKIB 1mog0 XSS
SOL,

YIPOBAKEHHI KO/Iy W HECTIPAaBHUX €JIEMEHTIB KepyBaHHS

(MikcaliTOBUX  cIeHapiiB), Ha 3acTOCyBaHHI
nmoctynioM. BusiBreHi BpasnuBocTi Oyino kiacuikoBaHO,
11100 oniHuTH 17 ypasznuBocTen.

Y  mpomy  ormsami  OOTOBOPIOIOTBCS  Pi3HI
iHCTpyMeHTH. HesBaxaiounm Ha Te, IO MOPIBHSHHS
Ta MIACYMKOBHH aHANi3 JiTEpaTypu NOAaHO B Tabm. 1,
Jesiki 3 [OUX JOCHI/DKEHb OOMEXYIOTHCS KUIbKOMaA
BUSBIICHUMH Bpa3IMBUMH MICISIMH, a IHII JIHIIe
MOPIBHIOIOTH 0OMEXEHI CKaHEepH.

Opnak y 1iboMy onuTyBaHHI 11 BmacHMX ckaHepiB
Be03aCTOCYHKIB 13  BIJKPUTHM  BHUXIJHAM  KOJOM
MOPIBHIOBAIUCS 3 MOXJIMBOCTSMU BHSBJICHHS JECATH
HalnonyJssipHimux ypasnuBocreid OWASP.

[HCTpyMeHTH OmIiHIOBaHHS Be03aCTOCYHKIB MOXKHA
3HAWUTH SIK 3 BIJIKPUTHM KOJIOM, TaK 1 3amaTCHTOBAHI.
3amaTeHTOBaHI

IHCTpYMEHTH 3a3BHYail IPOIOHYIOTh

0Oe3KOIITOBHI ~ MPOOHI  MakeTH /sl  KOPUCTYBadiB

1 TecrepiB Tmepa, OAHAK iX MOMXIMBOCTI Ta (yHKIIT
oOMexeHi. IcHye  Kilbka — acleKTiB, IOB’SI3aHHUX
13 BHOOPOM OZHOTO CKaHEepa HaJl iHIINM.

CkaHep Mae BUKOHYBaTH Taki (QyHKIIT:

® MATPUMYBaTH

NpPOTOKOJIM W alNrOpUTMHU

apreHTH(iKallii, 1110 BUKOPUCTOBYIOThCS BE03aCTOCYHKAMH;

® IiATPUMYBATH OCHOBHI THITA METO/IIB
JAOIIPaBJICHHA BXiI[HI/lX JaHUX i MaTu 3MOr'y BUABIIATH
Bpa3IMBOCTi ¥ BE03aCTOCYHKY 3 HH3BKHM PiBHEM XHOHO
TIO3UTHBHUX PE3YJIbTaTIB;

e repeOyBaTH B MeXaX TEXHIYHHX MOMKIHBOCTEH
oco0w, sika Oyie HIM KOPUCTYBATHUCS;

e OyTu CTaOUTBHUM 1 PETYISIPHO OHOBIIOBATHUCH
OCTaHHIMH MOXJIMBOCTSIMH O€3MeKHd, 1100 MOKpUTH
MTOTOYHI BUSBIICHI BPa3JIHUBOCTI;

e Oytu oOpaHmMM, 30epirarouu BOJHOYAC BapTICTh

1 JTilIeH3yBaHHS B MEXaX OIOIKETy.

Memoou, 3acobu i mexronozii opeawnizayii
sebopienmosanux indycmpianonux loT-cucmem
i npobnemu 3abe3neyenns ix Kibepbesnexu

[IpoanamizoBano 15 crareéi 3a 2019-2022 pp.
BusiBnieHo, 110 1 AOCTIIKYBAaHUX CHCTEM IIPONOHYIOTHCS
Taxi pilleHHs:

e Meroau 3a0e3mneueHHs O0e3nexu /o7 3a TOIOMOTO0
MamuHHOTO (Machine Learning) Ta rmmOOKOro HaBYaHHS
(Deep Learning) [10, 117;

e METOJl OLIHIOBaHHS KibepOe3nekn Be03acTOCYHKIB
Ha OCHOBI CHCTeM KepyBaHHA BMicToM [10, 417;

e Meron 3abe3nedyeHHs KibepOesnekn BebcucTeM
[UITXOM OOpaHHS 3aXOiB 3aXUCTy [42];

e MeToau 30MpaHHs Ta aHali3y JaHWX IPHUCTPOIB
1oT [42];

e MeToaH

o0y ToBU VPN-nartoriB MiXx

KIHIIEBUMH KOPHCTyBadaMH BipTyarbHOI Mepexi [42].

021510 Memooie MAUWUHHORO U 2TUDOKO20 HABYAHHS
ons 6esnexu Inmepuemy peueti

Piwenus:

e ML iDL natoTh 3MOTYy pO3pOOHTH pi3HI MOTYKHI
AQHATAYHI  METOOW, M0 BHUKOPHUCTOBYBATUMYTHCS
JUTS TIABMINCHHS Oe3neku (puc. 4);

e aHami3 TpadiKy Ha OCHOBI IOTOKY JOIIOMArae
BUSBIISITH 3JIOBMHCHY TIOBEIiHKY 0e3 HE00XiIHOCTI
MTOTJTHOJIEHOTO aHaJIi3y MAKeTiB;

e ixrerpauis ML i DL 3 Onok4yedHOM i
6e3neku loT.

Ilpobremu ma 6uKIUKU:

e TakMi mAXiA ~NWOTpedye  YMMaio  dYacy
JUIsl TIOTNIMOJICHOTO aHamidy, KpiM TOro, BiH IIOTaHO
MaciTabyeThes;

e el MeTon mnOTpedye HOCUTH Oarato dacy

Ha HaB4YaHHS ML.
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Taoauus 1. Ananiz nimepamyprux 0dxcepen i HANPAMI6 OOCAIOHCEHD

Jocainauk

Ouinennii ckanep

Ouineni Bpa31uBoCTi

OcHoOBHi 3100yTKH

OoMeKkeHHsT

Doupé et al.
(2010) [19]

Acunetix 174, AppScan Burp,
Grendel-Scan, Hailstorm,
Milescan, N-Stalker,
NTOSpider, Paros, W3af,
Webinspect

SQL Injection, Cross-
Site Scripting, Code,
Injection, Broken
Access Controls

TOYHICTb, 4ac
BHKOHAHHS Ta
TTOKAa3HHUKH 3arPO3U

00CST BUSBICHHS
BPa3IHUBOCTEH IyKe
00OMeKEeHHH

Bau et al.
(2010) [20]

Acunetix, Cenzic, McAfee
SECURE, Weblnspect, N-
Stalker, QualysGuard

Cross-Site Scripting,
SQL Injection, Cross-
Channel Scripting,
Session Management,
Cross-Site Request
Forgery

Scanner footprint,
BUSIBJICHHS
Bpa3JIUBOCTI,
TTOMHUJIKOBE
CIIPallbOBYBaHHS

CKaHepH MOXYTb
BUSBIIATH IIPOCTI aTaKu
i exuii XSS i1 SQOL,
aJie He 3MOTJIN BUSIBUTH
dhopmy iH’exmiit XSS i
SQOL npyroro nopsiaky

Parvez et al.
(2015) [21]

Acunetix, Rational AppScan,
ZAP

SQL Injection, Stored,
XSS

MIBUJIKICTh BUSBJICHHS
st SOLI ta XSS

MOPiBHIOIOTHCS JIUIIE
J1Ba KOMEpIiifHi CKaHep!

Suteva et al.
(2012) [22]

NetSparker, N-Stalker,
OWASP-ZAP, W3af, Iron
WASP, Vega

SQL Injection,
Command Injection,
File Inclusion, XSS

NetSparker mae
KpaIuii piBeHb
BHUSIBJICHHS, HIK 1HIII

Linux, MAC, Windows

El drissi et al.
(2017) [23]

BurpSuite, Acunetix,
Netsparker, AppSpider,
Arachni, Wapiti, SkipFish,
W3AF, IronWASP, ZAP and
Vega

SQL Injection, Local
and Remote File
Inclusion, XSS, Path
Traversal

ypaziuBocTi XSS 1
SOL maroTh BULIMH
PiBCHb BUSBIICHHS,
Arachni xpae
MPALOE

B IHCTpYMEHTaX

3 BIAKPUTHM KOJOM

Linux, MAC, Windows

Elahen,
Claire et al.
(2013) [24]

User Generated Content
(UGC) evaluation

Assessing and Ranking
UGC Assessment of
healthcare systems

XHOHO TO3UTHUBHUIT
piBeHB

Mohit et al. BurpSuite, Acunetix, Wapiti, Cross-Site scripting, TOYHICTE, 00MEKY€EThCS PUBHKAMHE
(2017) [25] SkipFish, Netsparker, W3AF, | SQL injection, Remote | BimkIMKaHHS Ta MOMHJIKOBOI TPUBOTH
AppSpider, Arachni, ZAP, code execution, File F-measure 1 TOYHICTIO
Vega inclusion
Gaurav et al. Penetration system for malware | OWASP’s €KOHOMIYHE pIillleHHsT | 0OMexXyeThes
(2018) [26] detection and web assessment Vulnerabilities JUTSL BEOOIIIHKH OKPEMHUMHU
using cloud services Be03aCTOCYHKaMH
Mehreen et al. OLIHIOBAHHS HA OCHOBI | I METH OLIIHIOBAHHS
(2018) [27] ONHTYBAJIbHUKA TEeXHIYHI JeTai He
3 O3UTUBHUMH HAAI0ThCS
pe3yJbTataMu
Ashikali et al. | W3af, Havij, Fimap, OWASP’S OCHOBHI METOIH HE MPOBEJICHO YKOTHOTO
(2018) [28] Metasploit, Acunetix, Vulnerabilities OLIIHIOBAaHHS HOPIBHSUIBHOTO aHAJI3y

3 BIIKPUTHM KOJIOM

Nexpose BPa3JIMBOCTI Ta
TCCTYBaHHSA Ha
MIPOHUKHEHHS
Rawaa Paros, Wapiti, Skipfish, Nikto, | SQL Injection, Cross- aHaJITHIHE 00rOBOPIOETHCA
(2016) [38] Wfuzz, NetSparker, HP Site Scripting TIOPiBHSHHS IIECTH oOMekeHa KUTBKICTh
Weblnspect IHCTPYMEHTIB ypasiauBocTeit

(2018) [31]

Vega, W3af

3a JIOTIOMOT 010
3rOpTKOBOI HEHPOHHOT
Mepexi TOYHO
ileHTUdiKye cKaHepH

Mark Commercial and Free/Open- nepeBard i HeOMKK | OKpeMi 3aco0u He
and Rudolph source Tools OKPEMHX IHCTPYMEHTIB | MOMyJISIPHI

(2006) [30]

Fang et al. AppScan, AWVS, Netspark, BHOKpEMJICHa (DyHKIiST | MOJETb He MOXKHA

JMHAMIYHO
MOKPAIyBaTH

Alsaleh,

(2017) [32]

Mansour et al.

Arachni, Wapiti, Skipfish

SQL, Cross-Site
Scripting

ckanep Arachni Moxe
niepesiputa 100 %
tectiB SOL

HEMae iCTOTHOI Pi3HHUIN
B MPOAYKTUBHOCTI MiXk
BUOpaHUMH CKaHEpaMH

Terry et al.
(2018) [33]

OpenVAS, Kismet, Aircrack,
SQLMAP, Wapiti

Cross-Site Scripting,
Buffer overflow

00MeKeHO JIHIIe
iH(popMariifHOI0
CHCTEMOIO OXOPOHU
31I0pPOB’sI
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o &

Cucremu Iateprery peueit (IoT)

13arpo3n
S

JHani cactem [oT
V peXHMI aTaK

JHani cuctem IoT y
3BHYAHHOMY PeKHMIL

Puc. 4. [Totenuiitna pons ML/DL y 6e3neui loT

Tozenubnene susuenHs ma 6usAGIeHHs 6PA3IUBOCTIEN e CcepBepHHH 610K MICTHUTh BeOcepaep,

i amax Ha 6e63acmMOCyHKU: CUCEMHULL 02150 Be03acTOCYHOK 1 cepBep 0a3u JaHMX; BiH BUKOPHCTOBYE
ApxitekTypa Be03acTocyHKiB (puc. 5): cepBepHi MOBH cleHapiiB, 30kpema .NET, PHP Tomo;

e BeOIporpamMu € OCHOBHHM MEPEXKHUM PIllIEHHAM KITIIEHTCHKUI OJIOK mpaifoe y BeOOpay3epi KopHucTyBaua

JUIsl HaJlaHHsI CTaHAApPTHUX BeOCITyXO0; 32 JIOIIOMOTOI0 30BHINIHIX MOB CIIGHapiiB, 30Kpema

® DpO3pOOJEHHA LHUX 3aCTOCYHKIB IPYHTYEThCA CSS/HTML, Javascript 1 nop.
Ha KJTI€HTCHKIN 1 CepBEpHil po3pooiii;

Kaient Cepsep

v

@ 1 - HTTRaamir @””““” I 2 - SQL-3anmT
.||n|nm| B

- 4 - HITPsanosias 3 - SQLraummosian
Cepaep i Ceppep

Bebbpaysep Be(2aCTOCYHKIR Ga3n qaHHX

Brytecpinens + Beopinena Pipem, EIS

Puc. 5. Ornsig BeGapxiTekTypu

BpasnuBocti BeO3acTocyHKiB (puc. 6): e minpoOka cepTudikaris;

e MixcaiiToBa migpoOka 3anutis (CSRF); e DDOS-araku;

e ynpoBajukeHHs SQOL 1 MiDKCaHTOBHMH cleHapii e cialKki mapoJii aIMiHICTPaTOpiB;
(XSS) six npuknanyu Bedarax; .

BHUKOPHCTAHHS HEHA[IIHUX PUCTPOTB.
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Bedy pasanpocri

HCI!pﬂHll.’ll-M:l HEPCBIPKA
BBECIACHHX JaH X

IH'enulm Ha IW'enulr

In‘exuin Tk [Nepexomesns
CTOPONI Sarnis i -
3anATy 5 cectl
KAlEnTa whnxin
NOSQL SQL LDAP OS RF1/L¥1 D1
Buaseas lifexita
. B fextn
XSS iH'eKnm
Email

I'exina koay

Henpasnibie KepyBadus

CCaHCOM

Henanexna
apropHzaig - apTeH niikamia

Jlorrmi

TMopymenns
Mixcaitropa : Pl Hemitcm
3 Kuxysexiar KOHTPOTIO HETOTIXH
muIpodKa nepeaapecamni
aocTymy IPOT AN

LDAP (Lightweight Directory Access Protocol) - TTorermesnit npotokoa JocTviny Jo gnpextopifl / Karatoris

OS (Operating Systems) - Onepamfisa crerema
RF1 (Remote File Inclusion) - Bizzancue BHKOHAMHR KOIV
LFI (Local File Inclusion) - JloxamHe BHKOHAHHE K01V, B MOHAX CCPREpa

DT (Directory Traversal attack) - Ataxa o6xoay Karaiory BHKOPHCTOBYE HOIOCTATHIO MCPEBIPEY Oexmexn

Puc. 6. Tunu BeOypasnusocreii [41]

Ozns10 amak, ypasiusocmell i 3aco0i6 3axucmy
6 Inoyempii 4.0 3 HosuMU BUKIUKAMU
y cpepi cysepenimemy Oanux
e 3i
MAKITIOYCHUX 10 MEpexX i3 minTpumkoro Iamayctpii 4.0,

30UIBIIEHHSM ~ KUIBKOCTI  IIPUCTPOIB,

MOBEPXHSI  aTaku OcranHi

[anycrpii
TEXHOJIOTII, SIK XMapHi OOYUCIICHHS, ITYYHUH 1HTEJEKT,

TaKOX  PO3LIHPIOETHCA.
BITPOBA/PKCHHS 4.0 mnepexbavaroTh TaKi
IIPUCTPOI ¢ps abo iot.

e V pas3i 3mamy 1 NpUCTPOi MOXYTh 3aBIaTH
CepHo3HOI INKOAW MaTepiaJbHUM OJjaram, HaIpHKIaj
MpOAyKTaM Ha BUPOOHWYIN JiHil, a00 HeMaTepialbHUM
OmaraM, TakuM $K BUTIK KOH(]imeHHiiHOI iH(OpMarii
YH TIPOMUCIIOBUX CEKPETIB.

e J[lomaHo 3arajdbHHIl CHUCTEMATHYHUM  OIJIS]
MOTOYHMX aTaK Ha KibepOe3rneKy, ypa3IrBOCTeil i 3ac00iB
3axuCTy B cieHapisx [Hmyctpii 4.015.0.

e Hageneno peranpHUIl aHAMi3 1 KIACH(iKaIliro

IIOJIO aTaK, YPa3INBOCTEH 1 3aXHUCTY OKPEMHX JOCTIKEHB.

4. Pe3yJabTaTH aHATi3y

e kpunTorpadiuHi 3001 TaKOX TPAIUISIOTHCS
31 3poctantsim [oT;

® TIPOTNOHYIOTHCS JIOKAJIbHI PIMICHHS, CIIPIMOBaHI
Ha YCYHEHHsI BHUSBICHHX Ypa3JIMBOCTEH Y KOHKPETHHX
KOMITOHEHTaX;

® BIiJCYTHI METOIOJIOTTYHUIA MiAXin 3a0e3rmeucHHs
kibepOe3nmekn BKa3aHMX CHCTEM Ha pI3HHX eTamax
KHUTTEBOTO IUKILY;

e po3poOieHi MeTomu W TIAXOOM IIBHIKOTO

BUSIBJIGHHS ~ Bpa3lMBOCTEH  O€3MEKH  IMpaliooTh
HEJOCTATHRO €(PEKTHBHO;

e ckaHepu Oe3neku Be03aCTOCYHKIB MalOTh pi3Hi
HEJONIKH W 9acTO TCHEPYIOTh HETPAaBHIIbHI PE3yIbTaTH

TECTyBaHH.

5. Konuenuist anamnizy Ta 3a0e3neyeHHs kidepoesnexku

Y npoananizosanux nybénikayisx yBary 30cepemKeHO
Ha Tmpobnemax KibepOesnekn JoT-cucteM —3arajiom
Ta iHAyCTpiagbHuX [oT-cucTeM 30Kpema:

e (esmeka MepeKHOro piBHA apxitekrypu loT
3aIMIIAETHCS TPUBAOIMBOIO [0 ATaK;

® ICHYIOTb PHU3HKH Oe3IeKH i BeOinTepdeiicis;

Ha puc. 7 300pakeHa 3amporoHOBaHA KOHIICIIIIiS
aHaNi3y ¥ 3a0e3neueHHs KibepOes3neKky.

Ha nepuiomy erani ("Inentudikaiis’) BigOyBaeTbes
BUSIBJIICHHS KOMITOHEHTIB 1 MPOTOKOJIB OOMIHY IaHMMH
MDK UMM KOMIOHeHTamu. lleli eram € Haa3BHYAHO
BaXXJIMBUM, QUK€ CYydYacHI IHIYCTpiaJibHI ~CHUCTEMH
3a3BHYail mepeadavaroTh HE EKCKIIO3WBHI PO3pPOOKH,
a THIIOBI KOMITIOHEHTH, 1110 BUKOPUCTOBYIOTHCS 1 B IHIIUX
cucremax (BeOcepBepH, IIJCUCTEMH JIOTYBAaHHS TOIIO).
VYpasnmuBocTi TaKMX  KOMITOHEHTIB

MOXYTb  OyTH

MPUBa0JIMBOIO METOFO VIS IHII[IATOPIB aTak.
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Inentudikaris

Inentudixkaris
KOMIIOHEHTIB BeO-
OpiEHTOBAHOT
iHIycTpianbHOT
CHCTEMH

Inenrudikaris
MIPOTOKOJIiB OOMIHY
MiXK KOMIIOHEHTaMH Ta
MOTOKIB JaHUX

AmHaui3

Amnaini3 ypa3mBocTel

CVE,NVD, ...

TUTIOBUX KOMIIOHCHTIB

AHani3 npoToKoIIiB
00OMiHy

Meropx aHanizy
Ypa3IuBOCTEH Ta X
npoiuTIOBaHHS

ITigBUIIIEHHS 3aXHUILEHOCTI

VY cyHeHHSs BUSIBICHUX
ypas3nuBoCTeH
KOMIIOHEHTIB 200

MonepHizauist 0OMiHy
JaHuMH abo 3aMiHa

. . MPOTOKOJIB
3aMiHa KOMIIOHEHTIB
% »| BusBIeHHS
MITRE ATT&CK BukopucTanHs cuctem
BukopucTtanns
BUSIBJICHHS aTak / .
aHTUBIPYCIiB
P BTOPTHEHb
—
.
IDS, Shodan, ...

~{0)

- —
e s

IPS

3axuct

BukopucTaHnHs cuctem
3ano0iraHHs atak /
BTOpPTHEHb

Minimisariist HaCIigKiB
YCIHILIHOT aTaku

Meron MiHiMi3amil
HaCTIIKIB KibepaTak

OHOBJICHHS IPOrPaMHOTO 3a0e3neueHHs (IPOIIUBKH)
KOMITOHEHTIB Ha PeryJsipHiit 0CHOBI

Puc. 7. Konnemnis aHamizy ta 3a0e3nedeHHs KibepOe3nekn BeOOpieHTOBaHMNX 1HAyCTpianbHUX [oT-cucTeM

Ha nacrynmHomy etami ("AHamni3") aHami3ylTbCs
BPA3NMBOCTI THIIOBUX KOMIIOHEHTIB i3 BHUKOPHCTaHHIM
takux 0a3, sk CVE (Common Vulnerabilities and
Exposures) [46], NVD  (National  Vulnerability
Database) [47] Tomo. Kpim Toro, HeoOXimHUM € aHaii3
MPOTOKOJIIB OOMIHY B YAaCTHHI 3aXHIICHOCTI JaHHUX
1 KpUTUYIHOCTI X KOMITPOMEHTAITi1.

Ha tperpromy erami ("IlizBuineHHst 3axuiieHocTi")
3MIHCHIOIOThCS 3aXOIU 3 YCYHCHHS Bpa3MBOCTEH,
BUSBICHUX Ha IIONCPEAHROMY eTami, abo 3aMiHa

KOMIIOHEHTIB y pa3i HEMOJIIMBOCTI TaKOTO YCYHEHHSI.
KpiM ToOro, BKMBAIOTBCS 3aXOOHW IIOJO MOJEpPHI3aIii
O0OMiHy JaHuMH (HAIpUKIIaJ, PO3HECEHHS MOHITOPUHTY
Ta KepyBaHHs) ab0 3aMiHa IIPOTOKOJIIB, SKIIO BOHHU
HE BIAMOBIIaI0TH BUMOTaM 3 KiOepOe3meKH.

Hactynnmii eran ("BusiBieHHs") BUKOHYeThCS MiX
Yyac eKcIulyaTauii cucteM 1 mnependadae po3rizHaBaHHs
HECaHKIIHHUX BTOPTHEHb y (YHKIIOHYBaHHS CHCTEMH.
3aCTOCOBYIOThCS CUCTEMH BUSBIICHHS aTak / BTOPTHEHb
(IDS, Intrusion Detection System) nns posmi3HaBaHHI
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aTak y aBTOMAaTHYHOMY pPEXHMI Ta BHKOPHUCTAHHSI
HasiBHUX 0a3 cueHapiiB tunoBux atak (MITRE ATT&CK
[48] Tomm0) AT BUSIBIICHHS B PYYHOMY PEXKHMI.

Ha ocrannpomy erami ("3axuct") nependadaerncs
BUKOPHCTAHHSI CHCTEM 3aIo0iraHHs aTakaM / BTOPTHEHHAM
(IPS, Intrusion prevention system), 3[iHCHEHHS aKTHBHOCTCH
JUTS  TIATPUMKH KOMITOHEHTIB Yy 3aXHIICHOMY CTaHi
(OHOBJIEHHST TPOLIMBOK TOIIO), @ TaKOX (OPMYyBaHHS
MeperTiKy KOHTP3aXOMdiB U1 MiHiMi3amii pu3UKiB y pasi
yCHINIHOT KibepaTakH.

Hus mintpumku eramy "AHamiz" MPONMOHYETHCS
pO3poOMTH  METoJ aHajily BpasiuMBOCTed Ta  ix
npo¢itroBaHHsA (KIacugikarii 3a BIUIMBOM Ha QYHKITIITHY
oesneky Tomio). Jlng miarpuMku  etamy  "3axuct”
MIPONIOHYETHCSI PO3POOUTH MeTOH MiHiMi3amii HacHiaKiB
KiOeparak (paH)KyBaHHS PH3HKIB, MiHIMIi3alis PH3HKIB

croco0oM yIpoBaHKEHHS KOHTP3aX0iB TOIIIO).

6. BucnoBkn

6.1 O6z2060penns pe3yromamie

Orinka Be03aCTOCYHKIB MICTUTh OaraTo i,

CIPSIMOBAaHMX Ha IIJBHINCHHS 3arajbHOi  Oe3meKH
W HazidHOCTI MpOTH pi3HUX KiGepaTtak. Po3poOHuKM i
TECTYBAJbHUKH BHKOPHUCTOBYIOTh UMMAJIO IHCTPYMEHTIB
JUIsl CKaHyBaHHSI 3aCTOCYHKIB BeOCepBepIB 1 TMHAMIYHOTO

BHUSIBICHHS BCIX MOXKIMBUX ypa3J'IHBOCTGI7L Bararo

Crucok Jirepatypu

1. Garcia-Valls M., Dubey A., Botti V.

Introducing

CKaHepiB BeOypa3MTUBOCTEH MOTPeOYIOTh yIOCKOHAICHHS
JUIs MiHIMi3aIii piBHS XHOHO TMO3UTHUBHOTO BHUSBJICHHS.
XuOHO MMO3UTHBHI BPa3IMUBOCTI 31€OLTBIIOTO 3’ SBISFOTHCS
3 BHCOKOIO YacCTOTOIO 3a JOIMOMOIOK aBTOMATH30BaHUX
IHCTPYMEHTIB, II0 MO IMPU3BECTU JO HENPABHIBHOTO
OLIIHIOBAHHS O€3IEKH LIJILOBUX BEOCHUCTEM.

YrupoBamKeHHS 3aXOomiB  O€3MEeKH, TakuxX SK
mudpyBaHHs, aBTeHTH(IKAIisg, KOHTPOJb JOCTYILY,
Oe3meka Mepexi W 3aCTOCYHKIB JUII  TIPUCTPOiB

InTepHnery pewyeil Ta IX BIIACTUBUX Yypa3JIUBOCTEH,
€ HE JOCTATHHO €(hEeKTHBHUM.

IcHye HU3ka METONIB, MIAXOMIB  BHUSIBJICHHS

Bpa3MBOCTed Yy BeOOpPIEHTOBAaHUX IHIYCTPiallbHUX
loT-cuctemax, 110 MOKPAIIYIOTh YCIO CHCTEMY 3arajom,

ase oTpeOyIOTh YAOCKOHAJICHHS.

3anpornoHoBaHa KOHIIEIIIis J1acThb 3MOTY
BIIPOBAINTH HEOOXimHI aKTUBHOCTI IO JKUTTEBOTO
OUKITYy  iHOycTpiambHHX  [o7-CHCTEM,  CIpPSIMOBAaHHX
HA T IBUIIEHHS KibepOe3mekn.

6.2 ITooanvuii emanu 00c1ioxceHHA

[omanpmuM  HampsMOM — pPoOOTH €  aHawi3

HOpMaTHBHOI 0a3zu y codepi Iarepuery peuedt, o7,
ix kibepOe3mekn 3 ypaxyBaHHSIM BEOCKIaJHHUKA IS
(dbopmyBaHHS TPO(diaI0 Ta TEpEeBipKH BUKOHAHHS BUMOT
JI0 CHCTEM TaKOI0 THILY, a TAaKOX IMOJaJIbIla JeTalli3aris
3aMpOIIOHOBAHO1 KOHIIETIIi] Ta METOIiB.
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CYBERSECURITY ANALYSIS
OF WEB-ORIENTED INDUSTRIAL IOT-SYSTEMS

In modern world cybersecurity ensuring is one of the most crucial issues, especially in the context of the dynamic development
of web-oriented industrial Internet of Things (IoT) systems. The subject of research of the paper is cybersecurity ensuring
of web-oriented industrial 0T systems. The purpose of the paper is to analyze existing methods of cybersecurity analysis,
identify limitations, and formulate requirements for a new assessment concept, which includes ways to eliminate identified
limitations. Tasks to be solved: analysis of existing methods, tools and technologies for the organization of web-oriented
industrial IoT systems and the problems of ensuring their cyber security. Applied methods: source analysis, system analysis.
Obtained results: The analysis of sources has shown that the problems of industrial IoT systems cybersecurity ensuring are
relevant due to the use in one system of both the latest information technologies (IT) and traditional operational technologies (OT),
such as industrial protocols, etc. In addition, the ever-increasing number and types of attacks aimed specifically at industrial IoT
systems are additional drivers for the further development of the cybersecurity assessing and ensuring methods. A generalized concept
of the cybersecurity assessing and ensuring process of web-oriented industrial IoT systems is proposed, which includes the stages
of identification, analysis, security enhancement, detection and protection. Conclusions: The issue of the cybersecurity ensuring
of the web-oriented industrial IoT systems is extremely relevant, and the existing analysis methods and ensuring means do not fully
satisfy the existing requirements for such systems. That is why the development and implementation of the proposed concept
of cybersecurity assessing and ensuring will allow to significantly influence the improvement of industrial IoT systems cybersecurity.

Keywords: cyber security; IoT; Industry 4.0; web-oriented systems; web-application security; detection of vulnerabilities;
detection of web attacks.
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I. HEB1o 0B, C. HOBOCEJIOB, K. CYXAUYOB

METO/I OJTHOYACHOI JIOKAJI3ZAIII TA KAPTOI'PA®YBAHHS
JIJISI HIOBYJIOBH 2,5D-KAPTU HABKOJIMIIIHBOI'O CEPEJIOBHIIIA
3ACOBAMMH ROS

Meton SLAM (omHOYacHOi Jokammi3amii Ta xapTorpadyBaHHS) Ha CHOTOIHI € aKTYaIbHOIO TEMOIO U JIOCTIDKEHb 1 PO3BHTKY
B Tanmy3i pOOOTOTEXHIKM Ta KOMII'IOTepPHOrO 30py. SLAM MHpPOKO 3aCTOCOBYEThCS B Pi3HUX cdepax, 30KpeMa aBTOHOMHOI
HaBiramil iHTEJEKTyaJbHUX pPOOOTIB. 3 JOMNOMOrOI0 IOTO0 METOIY PpO3B’SI3YIOTHCS NPOOIEMHM B PO3LIMPEHIH i BipTyaibHii
peansHocTi, BIIJIA Tta iHmmx cucreM. 3a ocraHHI poku SLAM 3m00yB 3Ha4yHI JOCATHEHHS 3aBISKH IIOCTYIIOBOMY DPO3BHTKY
HOro alropuTMiB, BUKOPHCTAaHHIO HOBITHIX IaTYMKIB, a TaKOXX MOKPALICHHIO OOYHUCIIOBAIFHOI MOTYXKHOCTI KOMIT FOTEPIB.
IIpenMeToM JOCHIGKEHHSI € CydacHi METOJM OJHOYACHOI JOKami3amii Ta KaprorpadgyBaHHS B pPEXKHMi pPeEalbHOrO dYacy.
Meta po0oTH — MOZETIOBAHHSA PO3POOJIEHOTO AITOPUTMY IS NMOOYZOBH KapT HAaBKOJHIIHBOTO CEPEIOBHINA Ta BH3HAUCHHS
MICIISI pO3TAllyBaHHS W Opi€HTAIl]l IHTEIEKTYalbHOTO poOoTa B MPOCTOPI B PEXKHUMI PEATBHOTO Yacy 3a IOMOMOTo makeTiB ROS.
3aBIaHHA CTATTi — JAEMOHCTpalis pPe3yNbTaTiB MOENHAHHSA MeTOHiB SLAM Ta po3poOieHHS HOBHUX MiOXOMIB [0 PO3B’S3aHHA
npobieM oIHOYacHOi JoKami3amii Ta kaprorpadyBanHs. [Iysl JOCATHEHHs IIOCTAaBJICHHX 3aBJaHb BHUKOPHUCTAHO KOMOiHaIlio
MeTOAiB Ja3epHOro ckaHyBaHHSA (2D LRF) Ta TIMOMHHOTO BinTBOpeHHS 300paxkeHb (RGB-D) mns oaHOYacHOI JoKasi3amil
Ta KaprorpadyBaHHA IHTEICKTYalbHOTO poOoTa Ta MOOYHOBH 2,5D-KapTH cepeloBHINA. 3100YyTi pe3yJIbTaTH € OOHAMIIHBUMH
Ta JEMOHCTPYIOTh MEPCHEKTUBHICTE poOOTH 00’emqHaHMX MeTomiB SLAM, 0 3acTOCOBYIOThCA pa3oM Ui 3a0e3ledeHHs
I OYHOrO BHKOHAHHS OJHOYACHOI JOKami3amii Ta KapTorpadyBaHHS IHTCICKTYaJbHHX POOOTIB y pEKHMI pPEaJbHOTO Yacy.
3anponoHOBaHUI METOJ| Ja€ 3MOTY BPaXOBYBaTHM BHCOTH IIEPEIIKOJ Yy TOOYJOBI KapTH HABKOJMIIHBOTO CEpeOBHINA,
BUTpAYAI0OYX MEHIII OOYHCIIOBAJIbHI MOTY)KHOCTI. Y BHCHOBKY TaKUi MiIXiJ PO3IIMPIOE TEXHOJOTII, HE 3aMiHIOIOYH HasBHI po0oUi
MPOMO3UMii, ¥ YMOXIUBIIOE BHUKOPUCTAHHSI CY4YacCHHX METOJIB Ui BCEOIYHOTO BHSBJICHHS Ta pO3Mi3HABAHHSI JOBKIJUIA
3a JIONOMOro  e(eKTUBHOrO JIOKaNli3alifHOro Ta KapTorpagiyHOro MigXOXy, Hagalo4d OUIBII  TOYHI  pe3yiabTaTh
3 BUKOPUCTAHHSIM MEHIIHUX PeCypciB.

Kuarwuosi cioBa: SLAM; ROS; 2D LRF; RGB-D; 2,5D-kapTa BUCOTH; METOJM OJJHOYACHOI JIOKaTi3alii Ta kapTorpadyBaHHs;

IHTENEeKTyaIbHUI pOoOOT; BU3HAYEHHS MIiCIs PO3TALTYBaHHS; MOAETIOBAHHS Ta CUMYJISLIS.

Beryn

P660TH € TIepeIOBOI0 TEXHOJIOTIEIO, 1[0 MAa€ 3HAYHUIMA

chepu
VHIBEpPCAJIbHUMU TPUCTPOSIMU JIJIsl BIITBOPEHHSI PYXOBUX

BIUIMB Ha  Pi3HI cycminbeTBa.  Bonu €
Ta IHTENEeKTYaJ bHUX (YHKIIH 1 MOXKYTh BUKOHYBAaTH BHIN

IUSUIBHOCTI, SIKi  JUI  JIEOMMHK — TPYIOMICTKI, —TSDKKI,
MOHOTOHHI, IIKIZIMBI U1 Ti 370pOB’Sl Ta KHUTTSL.

Hespaxkaroun Ha Te, mo OuLTBOIICTIO pOOOTIB AOCI
KepytoTh (axiBii i 1[I TEXHOJOTT MPAIIOIOTh 38 YiTKOO
MIPOTPaMoI0, 3’SIBIISIETHCSI BCE OLIBIIE IHTENEKTYaJIbHUX
NPUCTPOIB, IO MOXYTh BHMKOHYBaTH pi3HOMaHiTHI
CKJIafHI onepanii 06e3 yrpydyanHns moauau [1].

Oco0:1BO aKTyaJIbHUM € PO3pobIeHHS
IHTENIEKTYTbHNX POOOTIB 13 PO3BMHEHUMH MOXJIMBOCTSIMU
OJJHOYACHO JIOKaNi3yBaTh Ta Kaprorpadysaru
HaBKOJIMIIIHE CEPEJIOBUIE B PEXUMI pPEabHOTO dacy.
Ile nae 3mory 3aiHCHIOBaTH aBTOHOMHE (YHKIIIFOBaHHS
IHTEJIEeKTyalbHUX  MOOUIBHMX  poOOTiB,  30KpemMa
NepecyBaHHs B HE3HAWOMIN MICLEBOCTI, y HE3BHYHHX
yMOBax 1 3a HasBHOCTI MEBHOI MipW HEBU3HAYECHOCTI

JIaHKX, 110 HAIXOIATh Bij| JOBKIJUIS.

3 ommsagy Ha cka3aHe Ui 3a0e3neyeHHs

aBTOHOMHOTO (YHKIIifOBaHHS pOOOTIB, 30KpemMa iX
NepeCyBaHHs B HE3HAHOMHX MICLEBOCTAX Ta B CKJIAJHUX
YMOBax, HaJ3BMYaliHO Ba)KJIMBE 3HAYCHHS HAOyBalOTh
CHUCTEMH PO3MIIICHHS, 30KpeMa iX METOIH JIOKaji3arlii
Ta KapTorpadyyBaHHs.

HuHi GUIbIIICTS aBBTOHOMHHX POOOTIB BUKOPHCTOBYIOTh
CBOE  BIZOOpaXCHHS  HABKOJMIIHBOTO  CEPEJOBHIIA
y 2D- abo 3D-xapTax Ijisl TOTo, 100 TOYHO BU3HAYUTH
CBOE MiCIle pO3TallyBaHHs Ta 0€3MeYHO NepeMilyBaTUCS
y ¢dismuHoMy mpoctopi. OnHAaK OIHIEID 3 OCHOBHHX
mpobieM KaprorpadyBaHHS IHTEIEKTyaJbHUX pOOOTIB
[oJIsirae B TOMy, 10 2D-KapTa HE MICTUTh IOCTATHBOI
iHpopManii mpo mepemkoaM Ha Pi3HUX PIBHAX BHUCOT,
a 1t CTBOPEHHs 3D-KapT NOTPiOHI 3HAYHI OOYHCITFOBAJIbHI
MOTYXHOCTI, Oararo dYacy Ha OOpOOJICHHS JNaHHWX
1 3HAUHMH 00CAT aM’ATi.

VY miii poOOTI MPONOHYETHCS METOM JIOKaJi3arlii
IHTENIeKTyalbHOTO pPo0OTa 3a JIOTIOMOTOI0  CIHIBIIpari
(2D LRF) rta

MIMOMHHOTO BIATBOpEHHS 300pakens (RGB-D) mis

MeTOZ[iB JIa3€pHOTO CKaHyYBaHHs

nooyznosu 2,5D-kaptu [2].

© 1. Hesmonos, C. HoBocenos, K. Cyxauos, 2023
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Takwif miaxix € 0ocoOIMBO KOPUCHUM y CHUTYAIifX,

KOJIM  IHTENEKTyallbHUH  MOOUIbHMH  poboT  Mae
cnpuitMatd iHGOPMALiI0 TPO TEPEemIKOaN Ha Pi3HUX
piBHSX BHCOT. baraTo cydacHUX aBTOHOMHHX CHUCTEM
CTHUKAIOTBCA 3 TAKHMH CIICHAPISIMH, IO OOMEXYIOTh iX
MOXITUBOCTI JUIsSi PO3TOPTaHHS Ta 30UIBIIYIOTh BUTPATH,
OCKIIBKH CepeJOBHIIC Ma€ OYTH PETENILHO MirOTOBJICHO,
11100 BOHM MOTJIH (DYHKIIIIOBATH.

EdexTuBHICTE 3ampomoHOBaHOTO MeTomy Oyna
nepeBipeHa 3a J0NOMOTOI CHUMYJIAIIl B IPOrpaMHOMY
cepenosumti ROS (Robot Operating System). YHacIinok
I[OTO 3TE€HEpOBaHO 2,5D-kapTy BHCOT, 110 Oya
BUKOPHUCTaHA JUIsl aBTOHOMHOI HaBirauii Ta reHepyBaHHS

MapuIpyTy pyXy IHTEIEeKTyaJbHOro poboTa.

AHaJIi3 0CTaHHIX J0CaiIKeHb i myOJikanii

IaTenexkTyanpHuit  MOOUTBHHET ~ poOOT  MOXKe
BU3HAYATH CBOE MiClle PO3TAlLlyBaHHS 3a JOIOMOTOIO
anpiopHO HASBHOT KapTh TMPOCTOPYy abo MUIAXOM
aHaJi3y CBOiX crocTepexeHb [3]. B ineaspHOMy BHManKy
KapTy HaBKOJHUIIHBOTO cepeloBhIIa Oymo O moOpe
3aBaHTXHUTH B poOOTa 3aBYacCHO, ajie Ha MPAKTHII Lie
HE 3aBXKI1 MOXITUBO.

Tomy mocrae 3aBaaHHs HABYUTH POOOTA OJHOYACHO
OyIoyBaTH KapTy IOBKULIS Ta BH3HAYATH CBOE MICIE
po3TairyBaHHS B [bOMY TPOCTOpi, PpPO3pOOISIIOUN
MOXIIUBHH [UISX TPAEKTOPII epeMilieHHS.

Hanmpsiv, 1o onmcye Meroau — po3B’si3aHHS
BOTO 3aBIaHHS, HasuBaeTbcs SLAM (Simultaneous
Localization And Mapping). SLAM - 1e 3aBaaHHs
y cdepi poboToTexHikH, MmO NOTpedye Bim poborta
OJTHOYAaCHO BH3HAYaTH CBOE MICIE B CEpeIOBHIII
it OymyBaTd Mary mboro cepenoBuia [4].

OJHOYACHOL JIoKasizarii Ta
(SLAM) - 1e

CIOJIyYae [Ba B3a€EMHO 3alCKHUX TMPOLECH HaBirarfii

MeTtoan
KapTorpadyBaHHS KOHLIEMIIs, 5Ka
Ta MoOyJOBM KapT B €IWHMH WK obOumcienb. Lle mae
3MOTy IHTEJEKTyaJbHUM pOOOTaM OTPUMYBATH JaHi
NP0 HAaBKOJIMIIHE CEpEJIOBHUINE, CTBOPIOBAaTH Kapry,
BU3HAYaTH CBOE MICIIC PO3TaIlyBaHHS Ta OpPIEHTAIlIO
B TIPOCTOPI.

CyTHICTh MeTONy TMOJSira€ B TOMY, IO POOOT
BUKOPHCTOBY€E pi3HI JaTyuku (HANOpPHUKIAA, Kamepy,
JIA3ePHUN  JaJeKOMip, TIPOCKON Ta aKCeJIepOMETp)
Juis  30upaHHs iHpOpMamii TpO JMOBKULIL Ta CBOE
po3mimienns. Ilorim BiH 00poOise 1 maHi, 100

3pO3yMiTH, SK BiH TmepedyBa€e B TpOCTOpi Ta

SAK HABKOJIMIIHE CEPEAOBUIIEC BUTIIAIAC.

Bapro 3azHaumtn, mo SLAM — me He SKHHCH
KOHKPETHUI alrOpUTM, a HaOlp METO/IB 1 pi3HOMaHITHUX
3aco0iB, 10
191(0)1(0)
Ta TOOYIOBH KapTH MicreBocTi. Ha cporomui icHye

AOIIOMararoTb BUKOHYBAaTHU  3aBIaHHA

BU3HAYEHHS MICI[SI  pO3TallyBaHHSA poOoTa

3HAa4YHa KUIbKICTh METOAIB, M0 BHKOPHUCTOBYIOTb
SK amapaTHi, TaKk 1 MpPOTpaMHi MOXXIHBOCTI. Bubip
METORY BiJl KOHKpPETHOTO

3aJIC)KUTH 3aBJaHHs] Ta

XapaKTepUCTUK  3aCTOCOBYBAaHMX  JaTduKiB. OnHaK
3arajJbHOI0 METOIO IIUX METOJIB € 3a0e3NeueHHs] BUCOKOT
TOYHOCTI Ta IIBHIOKOCTI 0OpoOIeHHs iH(opmarii
3 NaTYMKiB, MO0 IaTH 3MOTY pOOOTY 30pIEHTYBAaTHCS
B HABKOJHIIHBOMY HPOCTOPI Ta pyxaTHCi B HbOMY
0e31redHo Ta eeKTUBHO.

OcHoBHa inmest Oumpmocti MeromiB SLAM Tta ix
anropuTMiB  mpocta. [lepeOyBaroun B IEBHOMY
MTOJIO’KEHH], POOOT IMOYMHAE BUSBIATH 00’ €KTH HABKOJIO.
3po0uBLIM NepIli 3aMipH BiJiCTaHEH, BiH iX 3amaM’sITOBY€E
Ta PyXaeThCs B HANPSIMKY iHmUX 00’ekTiB. Ilicmsa Toro,
SIK yC1 00’€KTH B IesIKOMY NPOCTOPI 3HaM/IEH] Ta BiICTaH1
IO HUX BHMIPSHI, POOOT TOBEPTAETHCS HA BUXITHY
mo3utriro. [IIBuaine 3a Bce, BiH MOTPANUTh B IHIIIE MICIIE,
a He B Te, y AKOMy mepeOyBaB crodatky. BinOyBaeTncs
1Ie yepe3 MOMMWIKH ofomeTpii. Jlani poboT nmounnae npyre
KOJIO BUMIPIOBaHb, y IKOMY IIOMHJIKA CKOPOYYETHCS.

HuHi HaWOIbII MOMYNSIPHUMU € METO/IM, OCHOBaHI
Ha posmmpeHomy QineTpi Kammanma (EKF) [5] Ta
Ha (QineTpi uwactuHOK (Metonm Monrte-Kapno) [6].
[octymoBo npyruii migxin BUTicCHsAE mepmiii. OCHOBHUM
HEONIKOM po3mupenoro ¢inerpa Kanmana e ioro
KBaJIpaTHYHa OOYUCIIOBAJbHA CKJIAIHICTH BiJ KITBKOCTI
00’exTiB Ha KapTi. PUIBTP YaCTHHOK Mae JiorapuMivHy
CKJIaTHICTD (3aJIXKHTH Bill KUTBKOCTI OCepeNKiB Ha KapTi
Ta KUTBKOCTI YaCTHHOK).

ITix wac po3B’si3anHs 3aBaanHsa SLAM NOCTAarOTH IBi
ocHOBHI mpoOiemu. [lepma — 11e mpoGiiema 301KHOCTI.
Bona Oe3mocepenHp0 MOB’s3aHA 3 TOYHICTIO OOYHCIICHB.
Bynp-siki  jgaT4Mkm  Ta CHCTEMH OJIOMETpil MaloTh
NeBHY MOJENb NMOMHJIKH. IIpoTe TOYHO BU3HAYUTH IIIO

MOICIb HaiJacrime HEMOXJIMBO, TOMY KOPUCTYHOTHCH

PI3HOMAaHITHUMH  CIPOIICHHSAMH, M0 CIPHYHHSIOTH
HETOYHOCTI B IO0Y/10BI KapTH.
Hpyra mpobnema — oOdYHCIIOBaNbHA CKIAIHICTH

anropuTMiB. YacTKoBO 110 mpoOjeMy BHpIlIEHO, W
Ha CBHOTOIHI ICHYIOTH QITOPUTMH, IO ACHMIITOTHIHO
pPO3B’sI3yIOTh II¢ 3aBJaHHA 3a JiorapuMiYHHMNA dYac.

CTPYKTypHA
110 HaBiTh 3a TAKUX OOUYMCIIEHb HE 3aBXKIU BIACTHCS

OnHak CKJIAIHICTh  JOBKULUIA  Taka,

BHpIITyBaTH 3aBAAHHS B IPUHHATHHUN Jac.
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JonatkoBow TMpoOIeMO € Te, IO 3aBJaHHS
SLAM waiiyactimie mocrae mepel IHTENEKTyalbHHUMHU
poboTamu, Ui SKUX ~ [HATAHHS  CIIO)KUBAHHS
CIIEKTPOCHEPril € HaWBaXIIUBIIIMM, OTKE, 3 METOH0
€Hepro30eperKeHHs

PO3pOOHUKHN  IHTEIEKTyaThbHHUX

pobOTIB  3MymieHI  OOMEXyBaTH  OOYHCIIOBAIBHI
MOTY>KHOCTi BUKOPHUCTOBYBAaHHX alapaTHUX MIaT(hopM.
3pemTolo, He3BaXKaloyu Ha Te, MO 04l pobdora
(fioro ceHcopu) OauaTh OO’€KTH B TEMpsBi, BIH
HE 3aBKId MOXKE BIOPATUCA 3 O0CATOM 1 SKICTIO

iH(opMarlii, Tka HaTXOIUTb.

MartemaTuyHa MojeJib npodjaemu SLAM

SLAM - me mpobiema OIiHIOBaHHA. Mu X04eMO
OMIHATH K 3MiHHYy X, IO MICTUTh TPAEKTOPIIO
abo mo3y pobora, Tak i 3MiHHYy M, mo Tmomae
OpieHTHPIB

MTOJIOYKCHHS Yy  CepeIOBHIII.

Zz{zl,...,zm} i

3 ormaay

Ha Ha0lp BUMIpIOBaHb MO/JIeJNTb

BUMipIOBaHHs 200 crioctepexkenns A(.), mo Bupakae z,
sk pyskmito X i1 M [5], maemo

z, =h(X,, M, ) +¢,, @)
ge X,, M, — minmboxunn X T1a M, a ¢ — myMm

BUIIaJJKOBOTO BUMIPIOBAHHS.
SLAM wmae TeHJEHLi0 pO3B’A3yBaTu MNpodiieMy

MaKCHMaJIbHOI ~ armoctepiopHoi  HMoBipHOCTI  (MAP)
TaKUM YHHOM, II0:
{X*,M*} = argmaxp(X,M|Z) =
{x.m}
2)

=argmax p(Z| X,M)p(X,M),
{x.m}

ne (Z|X,M) — ue WMOBIpHICTH BUMIpIOBaHHS Z
3a X1M,a p(X,M) — 1e anpiopHe 3HanHs X T1a M .

SIKIIO MPUIYCTHTH, IO CHOCTEPSKEHHS 2z, €
HE3aJIeXHUMH, TIpodiiema MAP BUTIIAIAE TaK:

{X* .M} =argmax [ [ p(z,1X.M) p(X.M) =

XM}
. 3)
=argmax [ [p(2,1X,.M, ) p(X,M).
1

XM} 2

Imogipuicue pinenns SLAM-dpeiiMmBopky

SAx Oyno 3a3HaueHo Buime, SLAM € peKypCHBHHM

NpoLIECOM  OIiHIOBaHHA.  Takuii  mpouec  4yacro

pPO3TISITAETEC B IMOBIPHICHOMY — BHIJIAI, KOJHA

MOTPIOHO BHMKOHYBAaTH KIACHYHUI KPOK NependadeHHs
Ta OHOBJICHHSI.

Posrisimaroun po6oTa, KU pyXaeThesi B HEBIIOMOMY
CepeIOBUIIl, BU3HAYAEMO [5]:

X, — BEKTOp CTaHy, L0 OIHCY€e poOOTa B MOMEHT
yacy k ;

Xy — OLIHEHHH BEKTOp CTaHy B MOMEHT 4acy & ,
Oepyun 10 yBaru 3HaHHS PO MOMIEPEIHIH CTaH;

u, — BEKTOp KepyBaHHs, 3aCTOCOBaHWI Ha k —1
JUI TIEpeMILIeHHs] TPaHCHOPTHOTO 3aco0y B CTaH X,
(sIxmo BiH OyB nepenbaueHuit);

m, — BEKTOP, L0 ONUCYE i-i OPiEHTHUP;

Z,; — CIIOCTEPEKEHH i-1 O3HAKH, 3pOOIIEHOI B 9ac X ;

X — Halip Micup po3TalryBaHHS TPAaHCIIOPTHUX
3aco0iB Big yacy 0 10 £ ;

U,, —Ha0ip kepyBaJbHUX BXOAIB Bix yacy 0 1o & ;

Z,, — Habip crocTepexxeHs Bif yacy 0 1o & ;

M — Habip opieHTHpIB a0 KapT;

M, , — OuiHIOBaHHJ KapTM B MOMEHT 4acy k

3 OIJIAY HA MOTIEPEIHIO KapTy B MOMEHT yacy k —1.
OCKUIbKM MU DPO3IJIAJaEMO HWMOBIpHICHY (opmy
SLAM, y KO)X€H MOMEHT 4acy k XO04eMO OOYMCIUTH

(YHKIIIFO PO3MOALTY HIMOBIpHOCTEH:

P(‘xk MNZo Uy ) “)
o6  mpomoBXuTH, TOTPIOHO  3acTOCyBaTu
PeKYpPCHUBHMH  METOA, SKHH ONepye  anpiopHUMH

JaHUMHU P(xk_l‘k_l,Mk_l‘k_1|ZOZk_l,U0:k_l), OHOBITIOBAHUMH

3a JIOOMOTOI0 U, 1 2, .

JIiis 1bOTO CIOYaTKy HEOOXIMHO BU3HAYUTH MOCIH
pyXy, Imo Tmependadae cTaH 3a BXIJIHAM CHTHAJIOM

kepyBaHHs P(x, | x, ,,u,) , TAKAM YHHOM:
P(xk\k—l > Mk\k—l ‘Zo:k—l > UO:k ) =

= IP(xk\k—l |xk—l\k—1’uk)x (%)
XP(xk—l\k—lﬁMk—l\k—l |ZO:k—19UO:k—l)dxk—l\k—l .
AHAJIOTIYHO TaKOXX MOTPIOHO BHU3HAYUTH MOJEINH
cnpuiiManHs  abo  cmocrepexenns  P(z,, | X, M),
sKa IMOB’s13y€e iH(POPMAII0 JaTYMKA 100 BUSBICHHS |
B Yac k 3 OI[IHKOO CTaHy, TAKAM YHHOM:
P(Zi,k|xk\k—l’Mk\k—l)
P(xk\k—I’Mk\k—l | Zosk1-Uos)

P(x"‘k M2y Uy ) = (6)

[ToyaTkoBo mpobieMy MakcuMmizamii arocrepiopHol

WMmoBipHocTi B amroputmi  SLAM BupimyBanu 3a

Jonomororo posmuperoro ¢insrpa Kanmana (EKF).

BiH 3MeHIIye HEBH3HAYCHICTh Ta HaJa€ OIMIHKY

Ha KOXXHOMY Kpomi airoput™my. BukopucroByroun
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EKF
Ta MOCTINOBHICT, KapTu. OpHAK BiH IyXKe 4YyTIMBUI

HMOBIpHICHY =~ MOZETb, rapanrye 30DKHICTH
JI0 TIOMMJIOK acorjiaiii JaHuX, a IOCTiHHE OHOBIICHHS
BCIX OpIEHTHpIB Ta iX MaTpuli KoBapiauii morpedye
3HAYHOro OOYMCIIOBANBHOrO 3ycwiuii. Ha pue. 1
300paxkeHo Oyok-cxemy mpotiecy EKF-SLAM. CydvacHi
TMIIXO¥ 10 BUPIMICHHS TpobieMu MAP BHKOPHCTOBYIOTH
onTHMI3aliitHi MeTou, 30kpema Bundle-Adjustment (BA)

[8], abo rmboKi HelpoHHI Mepexi [9].

Cran pobora
Cram gaprn
Aosanankf HOBRWX
OHoBnexHHA
° ‘ OJIHAK A0 manu

BunyveHus
03HaK

I

HeofipoGoeui
evcmopouenmues daw

Puc. 1. brok-gmiarpama nporiecy EKF-SLAM

Komm CKCTepOHeHTI/IBHi ,Z[aHi HaaXo4saTh y 4Yac t,

cTaH poboTa Ha [eil MOMEHT  BH3HAYa€ThCS
3a JormoMoroio piBHAHHA (5), a BHSBICHI O3HAKH
MOPIBHIOIOTHLCS 3 TUMH, 110 € Ha Marli. 30ird 103BOJSIOTh
OHOBJIFOBATH CTaH 1 KapTy 3 JOMOMOTOI piBHSAHHI (6).
SIKII0 BUSIBJICHHS HEMa€e Ha Marlli, BOHO IHIIIATi3yEThCS,
SKIIO 1I€ MOXIIMBO, 1 ToJaeThes 10 Hel. Lle BUKOHYeThCs
PEKYPCHUBHO.

Ha puc. 2 mnokazano mponec SLAM 1 300paxeHi
BCl 3MiHHI, 1110 BUKOPHCTOBYIOTBCSI B IIbOMY PO3ILTi.

Tpaexropis i3 cipuMu TPUKYTHHKaMH MOOYHOBaHA
Ha  OCHOBI OimumMu

OLIHOK, a TpaekTopis i3

TPUKYTHUKAMU € "MpaBauBoO0O", 00YZI0BaHOIO
Ha OCHOBI peaJlbHUX (DaKTIB.

Ha mpomy kpomi M o0uMCcImiIM  SK  KPOK
SLAM

OILlIHKa

nepen0avYeHHs, TaK 1 KPOK OHOBIICHHS, |1

Moke OyTH TOJaHWH K  iTepaTWBHA

JUTSL HACTYITHOTO PIBHSHHSL, 110 € KoMOiHarriero (5) i (6):
P(x M, |2y, Uy ) =

B P(z,(,l.|xk‘,(_1,MW{_1 )><,fP(xk‘k_1 |xk_l|k_l,uk) (7

Py oMy | 2oy U %

Puc. 2. Imoctpanis npouecy SLAM Ta no3Haku [4]

PiBusuus (7) Hamae peKypcHBHHUI OaeCiBCbKHI
Meton mis peamizamii SLAM. Po3p’s3aHHSA TpoOieMu
SLAM wmae o00poONATH BIiAMOBIMHI OOYUCICHHS IS
MoJieni pyxXy W Mozeni CHpuiHATTS, 00 edeKTHBHO
po3paxyBaTH pekypcuBHHN Meroa. CyuacHi MiAXOJH,
MeXaHi3aito

SIK mnpaBuiio, BUKOPUCTOBYIOTH

BUMIPIOBaHHS 1HEpLiaNbHOI BUMIPIOBAJIbHOI YCTAaHOBKH
pyxy
3aco0y (cranmuii MIBUAKICHUHA pyX,

SK KpPOK TepembadeHHS a00 TPUITYIICHHS
TPaHCIIOPTHOTO
cTamuii mpuckopeHnit pyx tomo). Ilomo momemi
CIIOCTEPEKEHHs, TO 3a YMOBU Bi3yanbHoro SLAM
BOHA YaCTO IPYHTYETHCS HA MOJEII 3BOPOTHOI TTHOWHU
a00 Ha KJIACHYHIA MEPCICKTUBHIN MOJeni Orsiay.
Ilono LiDAR-, RGB-D- abo RADAR-nigxonis,
TO MOJCIb CIIOCTEPEKECHHS 3HAYHO CIIPOIIYETHCH,

OCKIJIBKM ~ CIIOCTEpeXeHHs €  mpsamuMm  2D/3D-

BHUMIPIOBaHHAM 3 D-ipocTopy.
P2D=H(P3D,K,T), ®)

ne T = [R,t] — OPCTKE MEPETBOPEHHS, 110 3abe3neuye

6D-ody nmatumka, K — BHYTpIlIHI Mapamerpu

JaTduka, a H() — (YHKIIS NEepCHEeKTUBHOI MPOEKIII.
Sk BupHO, 10 (YHKIIO MOTPIOHO MEpeBEepHYTH, 100
Mozeni

BIANOBiZAaTH  KJIACH4HIN

(P3D=g(P2D,K.T)).

CIIOCTEPEKEHHS

OpHak Taka IHBEPCiS HE €

MIPOCTO0, TOMY KPOK OL[IHFOBAHHS YacTO BiAKIIAIAETHCS

M0  J0JaTKOBOro  cmocrepexxenns P2D. Tlortim

BUKOHY€EThCA Tpianrynsis P3D,, .
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Mertopn 1a3epHoro ckanyBaHHs (LIDAR-SLAM)

LiDAR wmoe BWSIBIISITH BIICTaHb 1O MEPEIIKO/I,
1 IIle € HalKpalmuM JIaTYMKOM JUisi 1MOOYJOBH CITKOBOI
KapTH, IO BimoOpaxkae CTPYKTypy ¥ Tepemkonn
Ha IUIOMIMHI pyXy pobOoTa. Y paHHIX IOCHTIKEHHIX
SLAM wdacto BukopuctoByBaM LiDAR SIK OCHOBHHHU
¢biteTp (EKF)

3aCTOCOBY€ETHCSI [UISI OIIHIOBAaHHS MOJOXEHHS po0oTa,

JaTuvk.  PosmupeHwuit Kanmana
ajie TPOMYKTHBHICTh He Oyna inmeanmbHOMO. [ meskux
CHIIBHO HENiHIHHUX CHCTEM Ied METOA CIPUIHHUTH
OBy KUIBKICTH MOMHJIOK BiJIPi3aHHS, YHACIHIJIOK 4OTO
MaTHAMEMO HETOYHE TO3HUIIIOBaHHS Ta KapTorpadyBaHHI.
Bynu 3anporoHoBaHi MiAXoAM, OCHOBaHI Ha (iIbTPi
YAaCTHHOK, OCKUIbKH e(eKTUBHO

BOHH YHUKAIOTh

HENiHIHHNX TmpoOiieM, aje 1€ TaKoXK IPU3BOAUTH

M0 TpoOjgeMu 31 30UIBIICHHSIM  OOYHCITIOBAILHOI
CKIIAMHOCTI Ta 31 3pPOCTaHHAM KUTBKOCTI YaCTHHOK.
2007 p. Grisetti

LiDAR-SLAM, wnaszBaumii Gmapping. Bin rpyHTyeThCS

3aIlpoIioHyBaB BayKJIMBHI METO

Ha Rao-Blackwellized-dinbtpi uactuHok (RBPF), sikuii

30UTBITye  TOYHICTD  TO3WINIOBAHHS Ta  3MCHIIYE

OOYHCITIOBANIBHY ~ CKJIAIHICTh  IIUIAXOM  OKPAIIEHHS
3alPOIIOHOBAHOTO PO3IMOJUTY Ta AaIaNTHBHOI TEXHIKH
nepeBuOipku [10].

Sk ampTepHaTMBa  WMOBIPHICHUM  MIIXOZaM,
OCTaHHIMHM POKaMH MOMYJISIPHI ONTHUMI3alLiiiHI METOH.
2010 p. Kurt Konolige 3anpornoHyBaB NpeICTaBHUIIbKUH
meton Karto-SLAM, 10 BHKOPHUCTOBYE pO3PiIKEHE
KOPUTYBaHHs TOJOXXEHHS, 100 BHPIMIMTH TpodIeMy
0e3M0CepeAHHOT0 MATPUYHOTO PO3B’A3aHHS B HEMIHIAHIH
Hector SLAM [10],

2011 p., ominroe 3acTocyBanus meroay [ 'aycca—HproToHa

OTITHMI3aIli]. 3aMpONOHOBAHUN
JUTS. BHPINICHHS TPOOIEMH CKaHyBaHHS BiJITOBITHOCTI.
Ileii meton He motpebye iHdopMarii Bimomerpa, aie
BuMarae BucokotouHoro LiDAR. 2016 p. Google
3amporoHyBajia MeToj Iif Ha3sow Cartographer,
3aCTOCYBABIIM JIa3epHE 3aMKHEHHS METI A0 IiaMar
Ta TiIo0anbHOi KapTH. 3aBISIKH

1ILOMY  METOAY

HaKOMHMYyBaHa MOXWOKa 3MEHIIY€EThCS [5].

Bizyanbna ogomerpis (Visual-SLAM)

BuxopucTaHHs Bi3yalbHUX CEHCOPIB UL MTOOYIOBU
KapTH CEepeioBHIIA € Ille OAHUM aKTyaJlbHUM HalpsIMOM
IUIs HaBiramii po6ortiB. Ha Bimminy Big LiDAR-SLAM,
Visual-SLAM € cknagHilIMM, OCKUIBKM 300pakeHHs
MICTHTh 3aHanTo Oarato iHpopMmamii, ame Mae
TPYJAHOLII y BUMiproBaHHI BijcraHi. OLIiHIOBaHHS PyXy

pobora cmocoOOM 3iCTaBIEHHS BHOKPEMJICHHX O3HAK

300pakeHHS 3a PI3HUMH I03aMH i1 MOOYIOBH KapTH
O3HaK € 3arajlbHUM MeToJIoM Juis Visual-SLAM.
Mono-SLAM, 3anporionoBarmit 2007 p., BBaKA€THCSA
NOXO/KeHHsIM  Oaratbox  Visual-SLAM. Posmmpenuii
¢imeTp Kammana (EKF) BEKOPHCTOBYETHCS SIK 3BOPOTHHIA

€IIEMEHT /IS BIICTEXKEHHS  pO3PIIKEHUX  O3HAaK
y TmepenHid dyactuHi. HeBHW3Ha4YeHICTP BHpaKeHA
¢GyHKIi€l0 — mUIBHOCTI  WMOBipHOCTI. 3 Mojeni

CIOCTEPEKEHHS Ta PEKYPCUBHHUX OOYUCIICHb OTPUMYIOTh
CepelHE Ta IOUCIEPCII0 aloCTEPIOPHOrO  PO3MOILTY
HMOBIpHOCTI.

Y pobGoti BukopuctoByeTbcs RBPF

s peamizauii  Visual-SLAM. 1le#i Meron yHHKHYB
mpoOieMr HETHIHHOCTI Ta Ma€ BHCOKY TOYHICTb,
ae moTrpedye 3Ha4HOI  KUIBKOCTI
i IBHIY €

PEIpEe3eHTaTHBHOI0  POOOTOI0 3

YaCTHHOK, IO
ckmamHicte. PTAM ¢

Visual-SLAM, sxa
e(eKTUBHHUNA

00YHCITIOBAEHY

3almporoHyBajia  OPOCTUH 1 MeTO
BUJAIUJICHHS KJIIOYOBUX KaJpiB, a TaKkoX HapajeibHy
CTPYKTYypy pealbHOr0 4acy [UIsi BIJNCTeXEHHA Ta
3BOPOTHOI HENIHIHHOI onTHMi3amii KapTorpadyBaHHS.
VYmepriie 3amporoOHOBaHO i7€I0 PO3AUICHHA IEpeTHbOl
Ta 3aJHFOI YaCTHHH, IO TPHU3BEIO JIO CTPYKTYPHOTO
MIPOEKTYBAaHH: 0araThox MeToIiB SLAM.

ORB-SLAM [10] BBaxaeTbCs BIXOK Bi3yallbHOI
SLAM. 3actocyBasmu QyHKii Oriented FAST 1 Rotated
BRIEF (ORB) ta mopaens "mimok ciiB" (BOW), uei
METOJ] MOXXE€ CTBOPHUTH B peaJbHOMY dYaci CTabiIbHY
KapTy
B 0araTboX CUTyalliX. BUsBIeHHS meTenb Ta iX 3aKpUTTS

0COOJIMBOCTEH  HABKOJIMIIHBOTO — CEpPEIOBHIIA
yepe3 BOW € BaroMuM BHECKOM L€l poOOTH, ajke
e(peKTHBHO 3amo0irae KyMyJIsATHBHIM ITOMIJII Ta MOXe
OyTH IBUJIKO BiJJHOBJICHE MICIIS BTPATH BiICTEKEHHS.
OcTaHHIM 9acoM, Ha BiIMiHY BiJl METOZIB Ha OCHOBI
0COOJIMBOCTEH, JOCTIDKYBAJIUCS JMPEKTUBHI METOIH
Bi3yanbHOI SLAM m1IIIXOM OIiHIOBaHHA pPyXy poOora
yepe3 3HAuUEHHs MikcesliB Oe3nocepenHbo. ['ycTHHHE
BHUPIBHIOBaHHS 300pakeHb Ha OCHOBI KOXXHOTO ITIKCEIs
300paKeHb,  3alpONIOHOBaHE B  JDKEpENi,  MOXKe
moOymyBatn rycty 3D-KapTy OTOYEHHSA. Y Tporeci
pobotu 3 pKeperoM Oyiio MOOYJOBAaHO HAMIBLYCTY
KapTy crocoOOM OIiHIOBaHHS 3HAYCHb TITHOMHM ITiKCETiB
i3 BEJMKHM Tpali€eHTOM Ha 300paxeHHi. FEngel TOIIO
3anporionyBanu  anroput™m  LSD-SLAM  (Large-Scale
Direct Monocular SLAM). Slnpo uporo aiaropurmy
MONIsITa€ B 3aCTOCYBaHHI 0OE3IIOCEPENHBOTO METOAY
JI0 HaIlIBIyCTOr0 MOHOKYJIsIpHOTO SLAM, 1m0 mano Oytu
morrepenaso. 2014 p. Forster Ta iHOI 3amporOHYBaIA
SVO (Semi-Direct Monocular Visual Odometry), 1mo
HA3WBAETHCA "PO3PIHKEHUM NPSIMHAM METOAOM", SKHN

MOEJHY€E KJIIOYOBI TOYKH OCOOJIMBOCTEH 3 NPSIMHUMH
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METOJAMH JUIS BiICTEKCHHSA NESKUX KIFOYOBUX TOUOK
(Hanpukiaa, KyTiB), a MOTIM OI[HIOE pyX KamepH Ta ii
TIOJIO’KEHHSI BIIOBITHO /10 iH(opMaIii HABKOJIO KITFOUOBUX
Touok. Ileli Meronm mpalfoe MBUAKO I OE3MIIOTHHX
4y,
O0OME)KEHHS Ta ONTHUMI3AIlI0 10 TAKUX 3aCTOCYBaHb.

TMTaTBPHUX — arapariB IOJABINM  CIeLlalbHi

Kamepa RGB-D wMoxe HamaBatd iH(opmamnio
SK PO KOJip, Tak 1 mpo mmOuHY B Hodi 30py. BoHa €
HaWOLTBII e)EKTHBHUM JaTYNKOM JUIs CTBOPEHHS IIOBHOI
3D-xaptu cuieHu. Y po0OoTi npornoHyeThes Meron Kinect
fusion, 10
orpuMani 3 Kinect, i1 BHUMIPIOBaHHS MiHIMAJIBHOT

BUKOPUCTOBYE  300paKEHHS TIJIMOWHH,
BIi[ICTaHI KOXHOTO IIiKCeNsd Ha KOXHOMY Kaapi Ta
00’emHye BCi 300pa)KCHHS TJIHOWHHU UL TII00aIbHOT
kaptu iHpopMmarii. KpiM Toro, KOHCTpYIOETECSA (PYHKITiS
MIOMMJIKH 32 JOIIOMOTOI0 (DOTOMETPUYHOI Ta T€OMETPHIHOT
iHpopmarii mikceniB 300paxeHHs. [lomoxeHHS Kamepu
OTPUMYETHCSl NUIIXOM MiHIMi3alil (yHKIIT MOMHIIKH.
[Ipobnema kapTorpadyBaHHS pO3TIAAAETHCA SK ITOTAHHS
rpada monoxeHHs. PoboTa € kpammm Oe3mocepenHiM
MetogoM RGB-D SLAM. lle#t MeTox MOeAHY€E TOMUIIKY
IHTEHCHBHOCTI Ta TIOMMJIKY TJIMOMHU IIKCEIIB K (QYHKIIIT
MOMIJIKH ¥ MiHIMi3ye (QYHKIIIO BHTpAT, MO0 OTPHMAaTH
OnTHMallbHE  TMOJIOkKEeHHs  Kamepu. Lleit  mporec
peaizoBy€eThCS 3a JOMOMOTOI0 g20. 3ampoIOHOBAaHO
METOJl BHJIYYEHHsI KJIFOUOBHX KaJIpiB HAa OCHOBI €HTPOMIl
Ta METOJ] BUSBJIICHHS 3aMKHEHOTO KOHTYpA, IO 3HAYHO

3MEHIIIy€e MOMUJIKY Mapuipyty [5].

00’exnanng indopmanii 3 1eKiILKOX ceHCOpIB

MEPHeHMKYIISPHA O 3eMIIi Ta BEPTUKAIBHO ILIOCKA.
Y poboti [13] iHTerpyrOThCs pi3HI IEPEIOBI METOIU
SLAM w®a ocHOBi 30py,
BUMIPIOBaHb 3a JOIOMOTOK pO3IIUpeHoro (igbTpa

Jmaszepa Ta iHEpUiadbHUX
Kammana ms BITJIA B nmpuMimienHi. Y gocmimkeHHi [14]

IIPE3EHTOBAHO METOH, JIoKai3ariii, OCHOBaHUU
HA CITIBIIPAIli MiXK MOBITPSHAMH i Ha3eMHUMH poOOTaMHU
B 3aKpUTOMYy NpuMimeHHi, ae ceHcop RGB-D Ta
2D-LiDAR mpukpimneni mo BIUIA mis cTBopeHHS
2,5D-kapTi BHCOT 1 #oro jokaiiii. MeTo/ OILiHIOBaHHS
Macmtaby Ta KOpekmii Apeidy crmocoboM MmoeqHaHHS
MOHOJIA3€PHOTO AajiekoMipa i kamepu aias MOHO-SLAM
ormucaHo B mpari [15]. ¥V poborti [16] 3ampomnoHOBaHO
BisyasibHy SLAM-cuctemy, IO TIOEAHYE 300pakeHHS,
OTpUMaHi 3 KaMepH, 1 po3pimkeHy IMMOMHHY iH(OpMAIIiIo,
orpuMany 3 3D-LiDAR, 3a JOIIOMOT0I0 NPSIMOTO METOAY.
VY nmochimxenHi [17] BukoHano ¢y3ito EKF Ha mo3wmmii,
30py,

1 3aIPOTIOHOBAHO TIOKPAIIIEHY CTPATETIIO IUIS BiJICTEKEHHS

obuucneni monyinem LiDAR Ta Moxmyiem
BizyanbHOI SLAM, Konu BTpadaeThesi 00°€KT. 3 KaMeporo
ta LiDAR KoHiryparii

JUIst poOoTiB, a By3is J1a3epHOl Ta Bi3yanbHOI iH(popMarlii

CTaroTh CTaHAApTHUMH

CTaHe HaraJbHOIO TEMOIO AOCHimKeHb i1 SLAM,
OCKIIBKM BOHa MOKe 3a0e3meuntd Olabll  CTIHKHN

pe3yIbTaT IS pealbHOTO 3aCTOCYBaHHS [5].

ITpo6.reMaTHKa 3aCTOCYBaHHS

BBeaeHHS OaHMX JOMOMDKHHX JAaTYUKIB MOXKE
MOKPAIINUTH CTikKicTh cucremMud SLAM. Ha cworomi
mns  LiDAR-SLAM i
BUKOPHCTOBYIOTHCSI  JOTIOMIXKHI

Visual-SLAM HaiiOuteI  4acTo
CEHCOpPH — EHKOJep
(IBO),
SIKi MOXKYTh HaJIaBaTH JOAATKOBY iH(opMaIlilo Mpo pyx

Ta iHEpIUialbHA BUMIPIOBallbHA  OIMHUILA

pobora. Cucremu SLAM 3 TakuMH JONOMDKXHUMH
CEHCOpaMH 3a3BHYAl MPAIIOIOTh Kpallle.

OcranniM yacoM Ha OCHOBI poOIT LiDAR-SLAM
ta Visual-SLAM pesiki BYeHI ToOdYanu JOCIHIIKYBaTH
iHTerpamii IMX JBOX OCHOBHHX ceHcopiB [11-15].
Y  mpami  [11]
OJIOMETP 3 METOI0 HAQJaHHA II0OYaTKOBHUX

ABTOPH  3aCTOCYBaJM  BI3yallbHHIA
3HaYEHb
JUIL  JIBOBUMIPHOTO JIa3€PHOTO METOJY ITEepaTHBHOTO
touok (/CP) Ha

Ta JOCSINIM XOPOIIUX pe3yJbTaTiB y peaJbHOMY 4aci

3aMUKaHHSA HeBenukomy  BITJTA

Ta TOYHOCTI. Y JociipkeHHI [12] 3ampormoHOBaHO
rpadoBy CTpyKTypy Ha oCHOBI SLAM 3 MOHOKYJISPHOIO

KaMepol Ta JIa3epoM 13 MpPHITYyLIEHHSM, IO CTiHa

3aranom, meronu LiDAR-SLAM OynyioTe KapTy

3alHATOCTI CITKM, $Ka TOTOBa JUIsl IUIaHYBaHHS
MapuipyTy Ta KepyBaHHS HaBiramiero. OmHak s
OyniBHMNTBA OUTPIIMX KapT TOTPiOHE BHSABICHHA
Ta KOPEKIis 3aMKHEHOrO IMKIY, IO HE € JIeTKUM
3aBIaHHSAM IS CiTKOBOi KapTH. OCKUIBKM OTpHMaHi
CIOCOOOM CKaHyBaHHS JlaHi € JIBOBUMIDHHUMHU XMapamu
TOYOK, II0 HE MAlOTh SBHUX O3HAK 1 JyX€ CXOXI MIX
co0010, BHSBJICHHS 3aMKHEHOTO IIMKIy Ha OCHOBI

pe3yibTaTiB  CKaHyBaHHS O€3lOCepeZlHBO 4acTto €
HeeekTHBHUM. | 1eit HeNONIK TaKOXK MOMIMPIOETHCS HA
IBUAKY (QYHKIIIO TEpeMIleHHs, KOIu poOOT Iparioe
i3 3aMaHO0 KapTol. Y HaBIramifHOMYy IIaKeTi, 10
Ha/IA€ThCSl  OTIEpPAIliifHOIO

cucremoro  ROS, pobor

moTpedye PYYHOTO BBEICHHS ITOYATKOBOI  MO3HMILT
Tepe]] aBTOMATHYHOKO HABITAII€I0 Ta PYXOM.

3 iHmoro 6oky, OutbuIicTh miaxomiB Visual-SLAM
CTBOPIOIOTh KapTH O3HaK, W0 J00pe MiaXoIsITh JUIs
Jokamizauii, ame He e(eKTHBHI il IUIAHYBaHHS
Mapuipyty. RGB-D abo 3D-LiDAR 3natHi noOyamyBatu
moBHY 3D-crieHy, aje Iie OOMEXEHO BHUKOPHUCTAHHSIM

Yyepe3 BHCOKY BapTicTh OOYHCICHHSA a00 PO3MIIICHHS.
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Jnsa  crnoxuBYMX PoOOOTIB  BapTicTh JaTYUKIB  Ta
00po0:IoBaNBEHOTO 00JIIHAHHS € YYTIMBOI. MasioMilHi
LiDAR

CTBOPEHHSI Ha/IIHOT CHCTEMH HaBiraiii HU3bKOi BapTOCTi

JATINKU cTaloth  nonyispaumu.  OpHak
HE € JIETKOI0 P0o00TOr. OCKUTBKM MAaJOMIIHI JaTYHKU
LiDAR wmaroTh 3HAa4YHO TiIpIIi XapaKTEPHCTHKH IOJ0
YaCTOTH, PO3MUIBHOI 3JAaTHOCTI Ta TOYHOCTI, HIiX
3BUYAHI JaTuukd. Y OaraThox Mparsix, Hampukian [18],
yKe 3alpOMOHOBaHI METOAM JUISl MOKPAIICHHS TOYHOCTI
3BE/ICHHS CKaHyBaHHS [T MATOMIIIHUX NaT4uKiB LiDAR,
mpoTe Ii¢ eQEeKTHBHO JHIIE Ui CYCIAHIX MO3HIIH.
AKyMyJIIOBaHHS TOXHOOK MOXKE IIBHIKO HApOCTaTH
Ta TMPU3BOAMTH 10 HEeBAA4i B OYIIBHUIITBI OLTBIINX KapT.
SLAM

1 TepeMilmeHHS 3 HHU3bKOIO BapTICTIO OOYMCIECHHS

3HaiiTn  edekTUBHE Ta HaJAIHHE pIlICHHS
Ta PO3MIIIEHHS BCE 1€ € BUKJIMKOM JUIsI KOMEpLiHHO

3aCTOCOBYBAHUX CEPBICHUX POOOTIB [5].

Merton cniBnpaui gatuukis 2D LRF ta RGB-D

Y craTTi NOpPOMOHYETbCS METON  JIOKaJi3arlil
IHTENEKTyalbHOTO pO0OTa 3a JOIOMOTOI CHIiBIpaIli
(2D LRF) Tta

(RGB-D)

)IaTLII/IKiB JIa3€pHOT0 CKaHyBaHHA

TIIHOWHHOTO  BIATBOPEHHS  300pa)KeHb
Juist o0y oBu 2,5D-manu kapTorpadyBaHHsL.
Y noOymoBi Oifpll CKJIQAHUX —peIpe3eHTarlii,
HiK 2D, gua 3a0e3leueHHs MPABHIBHOTO ITOJAHHS
HaBKOJIMIIHBOTO  CEPEJOBHIA,  BHUKOPHCTOBYIOTHCS
3D-penpesenrariii Ta 3D-ceHCOpH.
SLAM  2,5D-xaptorpadyyBaHHS

Ile METOJA, SKUW 3aCTOCOBYEThCA B cucteMax SLAM,

cepenoBhIa —

Jle  Kapra  Cepe;oBHMINIa  IOAaHa y  BUIIAIL
2,5D-xapTH BUCOTH.
2,5D-xapTa BUCOTH — Iie BUA KaprorpadigHoi

iHdopmarii, Mo MICTUTh BHUCOTHI JaHI IPO TEPUTOPIIO
3 JIesskMM piBHeM Jetamizaiii. BoHa € aBOBHMipHUM
300paXKeHHSIM, JIe KOKHUH MIKCeNb MICTHTh 1H(pOpMaIlito
PO BHCOTY TOYKH Haja IMOBEpXHeEl 3emui. Ha Bigminy
Bif 3D, kaptu 2,5D BIATBOPIOIOTH TiIbKM BEPTUKAIBHI
BHCOTHI J1aHi, a He MMoBHI 3D-Mozei.

Hopannsn 2,5D-kaprorpadyBaHus

e momaHHA TPYHTYETBCS Ha TBOBHMIpHIA CITII

kpagpatuux komipok (C,,i,j€N). Koxna Touka

B TPUBHUMIpHill XMapi TOYOK MEPETBOPIOETHCS B CHCTEMY
KOOpAWHAT poOOTa Ta MPOEKTYETHCS HA IUIOMMHY X7V,

HaKIagalunch Ha Komipky citku  C,. Jlokanbna

citTkoBa Mama Mae posmip N, xN po3ainbHa

rows columns >

3MaTHICTh S, Ha KOMIPKy Ta KOODAMHATH II€HTpa
Marnu ( P, =X, y;). IlepeTBOpeHHs MK TEKapTOBUMH
KOOpAWHATaMH ( X, ) ) Ta CITKOBUMH KOOpAMHATAMH (7, j )

3a1a€ThCA TAKUM YHUHOM:

x—x° _|_S‘7"” y_y” +s(7e”
T ! 2 N cols ! 2 N rows
(i,j) | ———L+—, o o

S 2 ool 2

®

cell

IlepeTBopeHHS KOOPAWHAT CITKHU (i, ) Y AEKapTOBi

KOOpIuHATH ( X,V ) 33/1a€THCS TaK:

» NL‘US o b NrOlVS o
(x,y) | Scan [l - 2[ j+xm’scell (] _Tj+y;n . (10)

KoxHa koMipka B CITIli MICTUTh JBa MOXIIHBI
3HAYCHHS: MTOPOKHE, SKIMO B Iiif KOMIpIIi HEMa€e TOUYKH,
abo 3 HaliMeHmUM 1 HaHOILIBIIMM  3HAYEHHSIMU
Z -KOOPJMHAT TOYOK, SKi HAJEXaTh IO IIi€i KOMIpKH.
BucoTHuii BOKCenb OTPHUMY€ThCS Ha OCHOBI 3HAY€Hb
BHCOTH KOMipOK (TIpUKIIax 300pakeHo Ha puc. 3).

A

| P——— |
30 point cloud 2.50D representation

Puc. 3. 2.5D-nonanns [19]

st oTpuMaHHS KOOpAMHAT JIOKAJIBHOI KapTu
B MIOOAIBHAX KOOPJIMHATAX 3aCTOCOBYETHCS JKOPCTKE
nepeTBopeHHs. s 1poro, mouarkoBa Ti00anbHa
2D-xapTa KOHBEpTYeTbCs y 2,5D-kapry, A€ KOXHil
KOMIpIll TNpH3HAYAETHCS MiHIMAJIbHA W MaKCHMalbHa
BHCcOTa. [[g Mama OHOBIIOETBCS BHCOTHHMHU BOKCENSIMU,
OTPUMAaHUMH 3 JIOKaJIbHOI KapTdH. byno po3pobieHo
AITOPHUTM TpacyBaHHs 3D-JiHil A BUCOTHUX BOKCETIB,
mo0 o0YMCINTH BUIBHMH TPOCTIp MDK JaT4YMKOM
1 KOKHMM BHCOTHHUM BOKceieM. KoopamHatn nardmka
#  KOXHOTO  BHCOTHOTO

BOKCCIIIO IMPOEKTYIOTHCA

Ha TwomuHy 2D-citkm kaptu. Komipkum Ha miHil
3 3D-pgatuuka OO0 BHCOTHOTO BOKCENIO OOYHMCIIOIOTHCS
3a TONOMOror0 anroputMy bpeserxema [20]. [ KOKHOTO
BMCOTHOI'O BOKCEJIO BifoMi MiHIMaJIbHI Ta MaKCHMAaJbHI
3HAYE€HHS BHCOTH, Ta BHM3HAYAIOTHCSA JIBl JIIHIHHI
MOJEl BiJ JaTyMKka, [0 HAJal0Th BUIBHHI BHCOTHMI

BOKCEJb JJIs1 KOXKHOI KOMipKH (pHc. 4).
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Puc. 4. TpacyBaHHs TiHii 11 OHOTO BUMIPIOBAHOTO BUCOTHOTO BOKCeNIo [19]

[epmmit paTunk 300pakeHHd mix HoMepoM 1,
BUTbHI BHCOTHI BOKCEII — I HOMEPOM 2, BUMIpSHUH
3,
mo 3’€AHYIOTh MaKCHMalbHE Ta MiHIMalbHE

BUCOTHMM  BOKCEJIb  IIO3HAYEHUA  HOMEPOM
a JIHii,
3Ha4YeHHs Z , — HOMepaMmHu 4 Ta 5 BIANOBIIHO.

Iloganns, mo reHepyeTrbcst 3 3D-XxMapu TOYOK,
Hala€  OHOBJIGHHS  KapTH, 33/IaHOl  3a3/aieriib,
3MiHIOIOYH MiHIMAJBHI Ta MAKCUMAaITbHI 3HAYCHHAS BUCOTH
KOXKHOI KOMIPKH 32 JOTIOMOTOI0 3ralaHoro ajiropuTMy.
VYci xoMmipku, inenTudikoBani aaropurMom bpesenxema,
SKI MICTATh JaHi, TEPEKPHBAIOTHCS 3 BIAMOBIIHUM
BIJIBHUM BHCOTHHM BOKcelieM. Posrisiiaioun MiHiManbHi

Ta MaKCHUMalbHI 3Ha4YEeHHS BHCOTH BHCOTHOTO BOKCEIIIO
(h

MAa€EMO TaKi CITOCTEPEKCHHS BIAMIOBITHO O TIEPETiUYCHUX

in> P ) T@ BUTBHOTO BHCOTHOTO Bokcemo ( /A, , fh, . ),
HIDKYE TTPaBHIL.

1. SIKIIo BUTPHMIA BUCOTHHI BOKCEIb ITEPEKPUBAETHCS
3HHA3y BHCOTHOTO BOKCEJII0, TO MiHIMajlbHE 3HAYCHHS

BHCOTH OHOBIIOEThCA 10 11,

J-8-H

(puc. 5, a).

e—m———
'
'
PRpp—. )
.

N

d)

b)

2. SIkuio BiNBHUI BUCOTHHIT BOKCEIb TIEPEKPHBAETHCS
3BEpXY BUCOTHOI'O BOKCENO, TO MAKCHMAaJIbHE 3HAYEHHS
(puc. 5, b).

3. SIkmo XooeH BUILHHH BHUCOTHHIH BOKCEIh HE

BHUCOTH OHOBJIIOETBCA 10 ﬂ’l

‘min
MIEPEKPUBAETHEC 3 BHCOTHHM BOKCEJIEM, TO 3MiH HeE
BimOyBaeThes (puc. 5, ¢).

4. Slkmo BUIGHUM BUCOTHHI BOKCEIHh IOBHICTIO
MepeKprUBa€ BHCOTHHUH BOKCedb, TO iH(opMAIisa
BHJIyYa€eThCs (puUc. 5, d).

5. SIKIIO BHCOTHHI BOKCENb 3 BIJIBHOK BHCOTOIO €
YaCTHHOI0 BUCOTHOTO BOKCEINIO, TO BHKOPHUCTOBYETHCS
inmexkc Kakkapa, Takox BimoMuil K "mepeTHH-
(IoU).

BIJHOIICHHS TUIONII IEPeTHHY O IUION 00’ €IHaHHS.

00’enHanas" OiiHKka  BH3HAYAETLCA  SIK
Skmio oriHka Oinbiia 3a 0,5, TO BHIy4YarOThCs MaHi,
B IHIIOMY pa3i )KOJHHX 3MiH He BiIOyBaeThes (pHc. 5, e).

BucorHuii Bokcenb 300paxeHo OLIMM, a BUCOTHHM

BOKCEJIb 3 BIILHOIO BUCOTOIO — CBiTJ'IO-CipI/IM KOJIbOpOM.

5 0-00

>

loU <05

Puc. 5. ImocTtpamist METOy IEpEeKpUTTS JUIst OHOBIEHHS 2, 5D-kapTh [19]

KapTrorpadgysanns ta nokanizauis y 2,5D

VY upomy miaxozai ¢ineTp Ha ocHOBI KLD ouiHioe
mo3y po0oTa, BUKOPHCTOBYIOUH pe3yNbTaTH OAOMETPi,

anpiopny 2D-kapty Ta 3D-XMapy TO4YOK, 1 TeHepye

oHOBIeHYy 2, 5D-xkapry. Maemo 3D-xmapy TOYOK,
o o0poOISeThCS I OTPHUMaHHS JIOKAJBHOTO ITOJaHHS

y Burmsini 2,5D. Crovarky 3amana anpiopHa 2D-kapra,
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sIKa TIEPETBOPIOEThCS Ha 2,5D-KapTy, SIK ONHCAaHO BHUIIE.

Sk moka3zaHO Ha pHuC. 6, OOYHCICHHS BarM YacTHHOK

Kapra 2,5D peryiaspHO OHOBIIOETBCA 3a JOIOMOTOIO IPYHTY€TbCS Ha ampiopHiii 2,5D-kapti, JOKaubHii
MO3MIii, OLiHeHOI (iNBTPOM, Ta JIOKAIBFHOTO TOIAHHS. Ta TI00aTBHIN KapTi.
I'mobaipHa ¥ JIOKaJbHA KAapTH TAKOXX OIHKCAaHI BHIIE.
TpueumipHa
OgomeTpls XMapa ToMOK
Hivianizauis | AnpiopHa }_M‘ Micuesa KapTa Noaauus
| MacTHMMOK | napra?.SD' ' rnoBanusa kapra ‘ 250
e T e M
+ Xo E | Micueea
. . SN = o xapra
NosTopHa et | A Xi “ | owoanenws |
BuGipKa | Inpomosyeaunn HOuomnun Ouixka noaun —-’ KapTH In—J
X:-I
JaTtpumka - :
DiNLTP YACTHUHOX Ha
ocHoml KLD
Puc. 6. liarpama ¢inpTpa yacTHHOK Ha 0CHOBI KLD
Ha niarpami ¢inerpa uwactuHoxk Ha ocHoBi KLD C BoOkcemiB i BCix OOpOONCHHX  BOKCEIIB),

Ta X, —

YaCTHUHOK;

X, — mnouarkoBui Habip dvacTuHOK; X, ,

MOTepeHii  Ta  MOTOYHUA  Haboph

* v} v .
X, , — mepectaBieHMi ToNepenHiil Hablp YaCTHHOK;
X, — dakrtnunuii nepenbavenuii Habip, X, — GakTHYHO
ouineHa mosa; M, — moyarkosa 2,5D-xapta; LocalMap
ta GlobalMap

OTpPHUMaHI 3 MOJYJIsl KapTorpadyBaHHS.
Kpok oHOBICHHs (inbTpa Ha

— JIOKalbHa Ta T1JIo0ajbHA KapT,

KLD

ONHCAaHWH B alNTOPUTMi eTamy OHOBJIEHHSA (puc. 7)

OCHOBI

i Mae Ha BXOJl YACTHHKY Bl JaHUX 13 JIOKaJIbHOI
Ta THoOampHOI KapTH. OOYHNCICHHS Barm YacTUHKU
2-7,
2,5D-kapTH TIPOMYCKAlOThCs  (irHOpYROUYH

BUKOHYETBCA B  pdAKax Ta z[esnci BOKcei

JIOKaJTLHOT

Puc. 7. Anroput™m eramy oHoBieHH [19]

mo0 3MeHmHTH Yac oOpoOneHus. KoxeHn oOpanuit

BOKCEIb  IIEPETBOPIOETHCS Yy  CBITOBY  CHCTEMY

KOOpAMHAT, 3aCTOCOBYIOYHM YOPCTKY TpaHchopMaIrio
(psmox 3) 1 TOTIM BHKOPHCTOBYEThCS B IPOLEAYpI

MOIITYKY HaAHOIMKIOTr0o CYCITHBOTO BOKCEITIO.
s npomenypa mrykae B TioOambHil  2,5D-xapTi
HaNOIMKYNI BOKCEJIb o 00paHoro BOKCEIIIO

(3 mokanpHOi 2,5D-kapTH) Ta TOBEPTAE KOOPAMHATH
BOKCeJI0, 1110 Mae HaitBuiuuii nepetuH (IoU) 3 oOpanum
BOKCEJEeM. Y psiKy 5 Bara OOYHMCIIOETHCS IILIIXOM
pi3HHILI MK 00paHHM BOKCEJIEM 1 BOKceneM (OTpHMaHuM
i3 Tmpoueaypu HaHOMMKYOro Cycina) B HOPMaJIbHUX

posmoxinax N, ta N, .
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Pe3yabraTu AocaiTKeHb

Jnst mpoBEACHHS MOJCNIOBAHHA OyJI0 MPUHHSATO
pilIeHHS  BHKOPHCTOBYBAaTH  OIEpaLliiiHy  CcUCTEMY
Uit poboTiB ROS, sika MPOIOHY€E Pi3HOMAHITHI CIIOCOOU
U pO3B’si3aHHs poOiteM SLAM [21].

ROS wmae 1Ba OCHOBHI CKIQJHHKH: OIlepaliiHa
cucTemMa ros, OlUCaHa BHIE, 1 Habip makeTiB ros-pkg,
IO MIATPUMYIOThCS KOPHCTYBAadaMH Ta OpTaHi30BaHi
B Habopuw, sKi Ha3WBAIOThCS cTekamu. Lli maketn
pealnizyroTh pi3Hi QYHKIIIT pOOOTOTEXHIKH, Taki K SLAM,
IUTaHYBAHHS, CIIPUUHATTS, MOJEIIIOBAHHS TOILO [22].

Hdns  Bi3yamizamii  iHTeNeKTyaJbHUX  pOOOTIB
1 HABKOJIMIIHBOTO CEPEIOBHINA OyJd BHKOPHCTaHI
naket Gazebo Ta Rviz, sKi € 4aCTMHOIO MakeTy Robot
Operating System. Gazebo pae 3MOTy MOIETIOBATH
(i3ndHI BIACTUBOCTI IHTENEKTYaJIbHOTO po0OTa, JOBKILIS,
MOKA3HUKHM PI3HUX JATYHUKIB TOIMIO. 3 MOIOMOTOI0 Rviz
MOXXHa CTBOPIOBATH BIPTyaJbHYy MOAENb poOOTa Ta
Bi3yalli3yBaTH KapTH, MapIIpyTH, iHPOPMAIiio JaTIHKIB.

Pi3HMIIO MK HUMH MOXHA IiJICYMyBaTH ITUTATOIO
3 kaury "Iporpamysanss po6otis 3 ROS" M. Keirmi —
omHoro 3 po3poOHuMKiB ROS: "Rviz 1eMOHCTpYE,
IO BiMOYBAEeThCSA Ha OYMKY poboTa, a Gazebo mokasye,
10 BiIOyBa€eThCs HAcTpaBi'".

Cuena tectoBoro npumimeHHs (puc. 8—9) crBopeHa
3a JIOTIOMOTOI0 iIHCTpyMeHTIB Gazebo (Gzweb) Ta makeTiB
AWS RoboMaker.

AWS RoboMaker — XMapHUl cepBic iMiTaliifHOTO
MOJICTIIOBaHHS, 10 HaJa€ PO3pOOHUKAM POOOTIB 3MOTY
3ammycKaTH, MacITadyBaTy i aBTOMAaTU3yBaTH IMiTaIlliHE
MoJeNIoBaHHs 0e3 HeoOXiqHOCTI KepyBaTH SKOIChH
iHdpactpykryporo. Gzweb — ue kiient WebGL nns Gazebo.

[InanyBaHHsI pyxy MOOiJIBHOIO po0OTa € CKIaJIHUM
3aBJaHHSIM, II0 Ma€ BpPaxXOBYBAaTH HE TUIBKU 00 €KTH,
BimoOpakeHi Ha KapTi, a W Ti, SAKi BIACYTHI Ha Hiil
mig bac moOymoBu. Hampukiag, SKIO HAa OOIIXY
3’ABISAETECS HOBUH 00’€KT, MOTPiOHO pO3Mi3HATH HOTO
Ta mepeOynyBat MapuipyT. J[ns BHUpIMIEHHS LBOTO

3apnaHHs ROS Hajgae Habip TakeTiB, M0 HA3UBAETHCS
HaBITalliHAM CTEKOM, SAKHHA OO0 €IHYE KOMIIOHCHTH
move_base ma amcl.
Hagiramiiinuit  crek  ROS —  IBOBUMIpHHIA.
Bin orpumye iHoOpMaIi0 NPO MO3MLII0 MOOUTBHOT
0a3u, omoMeTpil Ta TMOTOKIB JATYMKIB 1 BHUBOIUTH
KOMaHIu Oe3MevHol MIBUAKOCTI OIS MOOLUIbHOI 0a3u.
s moOymoBu — MapmpyTy
BHKOPHCTOBYE Hal0ip TMaKeTiB,

HaBITAIAHUI  CTEK
30KpeMa map_server

mia 2D-xapt, amcl gng mokamizamii  Ha  Mari,
MOBIJOMJICHHS JIaTYMKIB Ta OJIOMETpil, a TaKoxX
move_base s  0o0’€¢mHAaHHA  BCIX  ITOBiIOMIICHB

1 BUBEIEHHS KOMAaHAW IIBHMAKOCTI. HaBiraniHuil crex
30epirae iH(pOpPMAIlID MPO TEPEIIKOAA B CEPEIOBHII
y JABOX Kaprax BUTpaT. [Jo0ampHa KapTa BHUTPAT
BUKOPHCTOBYEThCS JUISl JIOBTOCTPOKOBOTO TILJIaHYBaHHS
BCBOIO  CEpe/IOBMINA, TOAI SK JIOKAIbHA  KapTa
BUTpAT 3aCTOCOBYETBHCS U HETPHBAJIOrO IUIAHYBAaHHS
1 YHUKHEHHSI IEPEIIKOL.

Ilig gac cuMyIIALii MOACTIOBAaHHS HABKOJIHMITHHOTO
cepenosumia (puc. 10, 11) orpumano it OpiBHAHO KapTy
2D-LIDAR (puc. 12) Ta 2,5D-xapty Bucor (puc. 13).

[Io0 ckmacTH MOYATKOBY KapTy IOBKILISL, OyIo
3alicaHo cepilo TOYOK nuisaxy. L[i mMapmpyTHi TOYKH
MaHEeBpYBaJIM MOOLTBHOIO MIAT(GOPMOIO 3 ii MOYaTKOBOTO
MOJIOKEHHST 32 MEXaMH MPOCTOPY, Y KUIbKOX KIMHATax
1 HaBKOJO HHX, 1 TMOBEpPTAIMCS Ha3aJ Yy BHUXIJHE
nojoxkeHHs. Lle mpuBeno A0 MOBTOPIOBAHOTO MHUIAXY
3 JOCTaTHIM TOKPHUTTSAM JaTIWKa 3 METOI0 IiITPUMKH
po3pobrnenHss kapté cepemoBumia. 11lo6 cTBOpHUTH
KapTy CITKH 3aiHITOCTi, sKa 3aCTOCOBYBATHMETHCS
JU1sl MaOyTHHOTO TUTAHYBAHHS LUIAXY, BHXIJ JaT4uKa
Kinect 0yB 3MiHeHuU#, 1m00 BiH BUTJIAAAB SIK BUXIiTHHMA
pe3yJbTar JazepHoro ckanyBaHHs. Jlatumnk Kinect Hajae
iHpopMaIifo Npo IMMOUHY B TPUBHMIpHIH XMapi TOYOK.
Onnak mist 2D-kaprorpadyBaHHs Bce, 110 HEOOXIIHO, —
ne cepiss 300pakeHb TJIMOMHM Ha OJHIA BHCOTI.
Ile 3MeHmIye BHUTpaTH Ha OOYKCICGHHS Ta 3HAYHO
CIIPOIIy€E HaBiraIlito B 0a30BUX CepeIOBHUIIAX.

Puc. 8. Criena TecToBOro NpUMilIeHHS (BUIIIAL CIIEPEIy)
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Puc. 9. Criena TecToBOr0 NpHMIIIEHHS (BUIJIST 3BEPXY)

Puc. 10. [Tponec cumysinii MmonentoBanus 2D-kapTorpadyBaHHs

D . 9

.- - ——— e P - ) - M s
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Puc. 11. [Ipouec cumyssiuii MmogemtoBanHs 2, 5D-kaprorpadyBaHHS
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Puc. 12. Otpumane 2D-npocTopoBe cepeoBHUILE

»t?

R e e

e
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Puc. 13. Orpumana 2,5D-kapTa BUCOT

Hasiramiiiamii crex 30epirae iHdopMarioo 1po Toni SK iHmI (ainu KoHQirypamii MaloTh NapameTpH,
MEPENIKOAN Yy CBITI y MBOX KapTrax BUTpar. [ mobaibHa BIACTUBI Juis Tro0anbHOI 200  JIOKaIbHOI KapTH
KapTa BUTPAT BUKOPHCTOBYETHCS IS JOBFOCTPOKOBOTO BuTpar. Lle cTBOprOE JOKanbHMil #i roOaNbHUN IUIaH,
IUIAaHYBaHHS BCHOTO CEpENOBHINA, TOMI SIK JIOKAIbHA 0 MOXKHa Bi3yamizyBaru. Kpim TOro, i JokaibHi,
KapTa BHTpaT — I HETPUBAJIOrO  IUIaHYBaHHS i rnoOanpHi KapTH BUTPAT MOXXHA YHAOYHHUTH, LI00
i yHukHeHHs mnepeuikon. Omuu aitn  koHpiryparii BiJJOOpa3UTH MEPEIIKOIU, BUSBICHI B HaBKOJIHIIHBOMY

MICTUTh IapaMeTpH, CHUIBHI Iyt 000X KapT BHTpAT, cepenosuuli (puc. 14).
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Puc. 14. Bizyarizaris kapT BapTOCTi IUTaHYBaHHS HIIIXY

Ha puc. 14 moxxHa 6auntu 3D-MOJIENb TPUMITIIEHHS
(;1iBopyd) Ta MpUKIAA pe3yiabTaTy aBTOHOMHOI HaBirarii
IHTEJIEKTyalbHOrO pPO0OTa 3 BHUKOPHCTaHHSIM paHille
3reHepoBaHoi 2,5 D-KapTH.

BucHoBkm ii MNEePCHEeKTUBU MOAAJIBLIIOI0 I[OCJ'[i}I)KeHHfl

YV  crarti MNoJAaHO  pPE3yJbTaTU  MOJACIIHOBAHHA

AITOPUTMY ~ METOAY  JIOKATi3amii  IHTEICKTYaIbHOTO

poboTa 3a JOIMOMOTrOI0 CHIBNpAlll JATYUKIB JIa3epHOTO
ckanyBanHsi (2D LRF) Tta TAMOMHHOTO BINTBOPEHHS

300paxens (RGB-D) nmns  moOymoBu  2,5D-kapti
JMOBKULIS 1HTCNEKTyalabHOro pobota. lle mamo 3mory
NPOBECTH  cuUMyJsilito  poborm  meromy  2,5D-

KapTorpa(yBaHHs Ta BHU3HAYUTH MICIIC PO3TAIILyBaHHSI
It opieHTaIif0 MOOLTEHOTO pPOOOTa B IIPOCTOPI B PEKHMMI
peabHOro Yacy 3a J0HIoMoror nakeTie ROS.

Hapasi 2D-ckanyBaHHS HE 3/1aTHE BUSIBHTH TIEBHI
Mepelkoau 4epe3 ix BUCOTY, ToAl sk 3D-ckaHyBaHH:
MICTHTP BEJIHKI OOCATH JaHWX, MO TOTPIOHO OOYMCIUTH
i kaprorpadysanHs. lle yckimanHIO€ BHUKOpPHCTaHHS
ANTOPUTMIB Y pekuMi peansHoro dacy. o0 BupimmTi
ui mpoOiieMH, y CTarTi 3ampornoHoBaHO 2,5D-meron
BiTOOpaXCHHS BUCOT.
2D/3D- ta  2,5D-
KapTorpadyBaHHS ¥ 3pOOJEHO KOHKPETHI BUCHOBKH.

IopiBHsHO METOIHN

Minxin 2,5D-xaprorpadyBaHHs Ta JOKAi3aIlil € MCHIITUM
TIPOCTOTI
2,5D-
KapTorpadyBaHHS Ta JIOKami3amii, MMOKa3yloTh, IO el

Oo0YHCITIOBAIFHUM ~ Oap’epoM  3aBISKH

Woro moxanHs. PesymbraTH, 3700yTI JUIA

MiJXiJ SKICHO BIATBOPIOE JIOBKULIA Ta  YCIHIIIHO
mokaimizye pobora Ha KapTi 2,5D. OuiHeHO mO3MMii
poboTa 3a YMOBH BHKOPHCTAHHS JIa3€pPHOTO CKaHyBaHHS
Ta 3D-XMapu TOYOK SK BXimHHX nMaHux. Kpim Toro,
pe3yJbTaTh € MOCTIJOBHUMHU B IIPOLECI PO3TISILY TECTIB
3 OHOBJICHHSM KapTH 2,5D Ta 6e3 OHOBJICHHSI.

3m00yTi  pe3ynbTraTH €  OOHAMIMIMBUMH i
JEMOHCTPYIOTh TOTEHINad poOOTH 00’€JHAHUX METOIIB
SLAM, 1m0 chiBOpaIoTh IS 3a0C¢3MCUCHHS TOYHOTO
BHKOHAHHS OJHOYACHOI JIOKaTi3amii Ta KapTorpadyBaHHSI
IHTEJEKTYyalbHIX POOOTIB y PeXHUMI peajbHOTO Yacy.

Takuit mAXig poO3MIMPIOE TEXHOJNOTI], HE 3aMiHIOI0YH
HasiBHI poOoyi Iporno3utii, 1 1a€ 3MOTy BUKOPHCTOBYBATH
CydJacHi METOIN TUTS BCceOIYHOTO BUSIBIICHHS
Ta PO3Mi3HAaBaHHS JOBKULIS 3 JONOMOTOI0 €(pEeKTUBHOTO
JoKasi3aiitHoTo ¥ KaprorpadidHOro MiIXody, Halaloun
OiBII TOYHI pE3YyJbTAaTH 3 BUKOPHCTaHHSIM MEHIINX
pecypciB.
BJJOCKOHQJIUTH 3alPOIIOHOBAHUM METOA Ul HaBirarii
y mporeci

BHUKOPHCTaHHS Ha IEepeciuHiil MiCIIeBOCTI 3 ypaxyBaHHIM

Y mnomanbmiuii  JOCTIIKCHHAX IUIAHYEMO
ABTOHOMHHMX IHTEJEKTyalbHUX pPOOOTIB

repernaiB BUCOT.
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METHOD OF SIMULTANEOUS LOCALIZATION AND MAPPING
FOR CONSTRUCTION OF 2.5D MAPS OF THE ENVIRONMENT USING ROS

SLAM (Simultaneous Localization and Mapping) is a relevant topic of research and development in the field of robotics
and computer vision. SLAM finds wide applications in various areas such as autonomous navigation of intelligent robots,
solving problems in augmented and virtual reality, UAVs, and other systems. In recent years, SLAM has made significant progress
due to the gradual development of its algorithms, the use of advanced sensors, and improvements in computational power
of computers. The subject of this study is modern methods of real-time simultaneous localization and mapping. The goal of the
research is to model the developed algorithm for constructing maps of the surrounding environment and determining the position
and orientation of the intelligent robot in space in real-time using ROS packages. The purpose of this article is to demonstrate
the results of combining SLAM methods and developing new approaches to solve simultaneous localization and mapping problems.
In order to achieve the set objectives, a collaboration of laser scanning (2D LRF) and depth image reconstruction (RGB-D) methods
was utilized for simultaneous localization and mapping of the intelligent robot and construction of a 2.5D environment map.
The obtained results are promising and demonstrate the potential of the integrated SLAM methods, which collaborate to ensure
accurate execution of simultaneous localization and mapping for intelligent robots in real-time mode. The proposed method allows
for considering obstacle heights in constructing the map of the surrounding environment while requiring less computational power.
In conclusion, this approach expands technologies without replacing existing working propositions and enables the use of modern
methods for comprehensive detection and recognition of the surrounding environment through an efficient localization and mapping
approach, providing more accurate results with fewer resources utilized.

Keywords: SLAM; ROS; 2D LRF; RGB-D; 2.5D height map; simultaneous localization and mapping methods; intelligent
robot; position estimation; modeling and simulation.
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COMPARISON OF DATASET OVERSAMPLING ALGORITHMS
AND THEIR APPLICABILITY TO THE CATEGORIZATION PROBLEM

The subject of research in the article is the problem of classification in machine learning in the presence of imbalanced classes
in datasets. The purpose of the work is to analyze existing solutions and algorithms for solving the problem of dataset imbalance
of different types and different industries and to conduct an experimental comparison of algorithms. The article solves the
following tasks: to analyze approaches to solving the problem — preprocessing methods, learning methods, hybrid methods
and algorithmic approaches; to define and describe the oversampling algorithms most often used to balance datasets; to select
classification algorithms that will serve as a tool for establishing the quality of balancing by checking the applicability of the
datasets obtained after oversampling; to determine metrics for assessing the quality of classification for comparison;
to conduct experiments according to the proposed methodology. For clarity, we considered datasets with varying degrees
of imbalance (the number of instances of the minority class was equal to 15, 30, 45, and 60% of the number of samples
of the majority class). The following methods are used: analytical and inductive methods for determining the necessary
set of experiments and building hypotheses regarding their results, experimental and graphic methods for obtaining a visual
comparative characteristic of the selected algorithms. The following results were obtained: with the help of quality metrics,
an experiment was conducted for all algorithms on two different datasets — the Titanic passenger dataset and the dataset for
detecting fraudulent transactions in bank accounts. The obtained results indicated the best applicability of SMOTE and
SVM SMOTE algorithms, the worst performance of Borderline SMOTE and k-means SMOTE, and at the same time described
the results of each algorithm and the potential of their usage. Conclusions: the application of the analytical and experimental
method provided a comprehensive comparative description of the existing balancing algorithms. The superiority of
oversampling algorithms over undersampling algorithms was proven. The selected algorithms were compared using
different classification algorithms. The results were presented using graphs and tables, as well as demonstrated in general using heat
maps. Conclusions that were made can be used when choosing the optimal balancing algorithm in the field of machine learning.
Keywords: categorization; machine learning; methods of balancing; data generation methods; dataset; unbalanced datasets.

Introduction

Unbalanced data classification is a problem in
which the proportional sizes of the classes in a dataset
differ significantly. In this case, at least one class has
only a few samples — the minority class — and the rest
falls into another class — the majority class (Fig. 1).

Fig. 1. An example of an unbalanced data problem [1]

This problem affects the performance of the
classifier, which can be seen from the fact that when
training on an unbalanced dataset, the algorithm begins
to adjust to the influence of a more numerous class,

which causes a shift in accuracy. This means that
machine learning decisions are made with different
efficiency on the majority and minority classes, and
the classifier distinguishes samples of certain classes
with greater accuracy, namely samples of the majority
classes, and the results of identifying samples with
low accuracy are in the minority classes. This is because
classifiers strive to achieve the best possible results
during training. Since "normal" observations are
predominant in number, ML algorithms focus on
learning the behavior of the "normal" class [2].
Consequently, the model can achieve greater accuracy
due to the fact that it pays more attention to studying
the properties and identifying the majority class rather
than a uniform distribution of powers. This is because,
for example, in very unbalanced datasets, the algorithm
will have good accuracy even if it always categorizes
any instances as members of the majority class [3].

One of the main obstacles in learning from
imbalanced data is that the minority class is usually the
class of interest, which is often the case in applications
such as medical diagnosis, face recognition, tampering,

error, or fraudulent transaction detection [5]. The most
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popular methods wused to eliminate or ignore

data imbalance are synthesizing new instances of the
minority class, oversampling the minority class,
undersampling the minority class, and a method of tuning
the cost function of learning algorithms to make

misclassification of minority class samples more

important than misclassification of majority class
samples [6]. This makes it possible to achieve a more

unbiased attitude of ML algorithms to classes.

Analysis of recent research and publications

The problem of unbalanced data distribution is quite
common in applied problems. There are three main
approaches to classification based on unbalanced data.

Also, approaches to solving imbalance problems in data
classification are sometimes divided into the following:
preprocessing methods, cost-sensitive learning methods,
hybrid methods, and algorithmic approaches.

The study will focus on methods of preprocessing
datasets. Below is a diagram illustrating the hierarchy
of approaches (Fig. 2).

Pre-processing approaches are those that are
performed on the training data. They are divided into
Sampling Methods and Feature Selection and Extraction.

Pre-processing methods are used to obtain more
balanced training data. Pre-processing approaches are
also called data-driven approaches and work by directly
acting on the data space in an attempt to reduce the
imbalance ratio between classes.

Imbalanced data solutions
Preprocessing Algorithmic Cost Ensemble
Techniques Approaches Sensitivity Learning
Over Under SVM and Clustering Feature One class Bagging Boosting
sampling sampling its variants w Selection leaming Based Based
s SMOTE[10] «IRUS[37]  oMTD-SVM  eClusteringby  »DsFs[s4) ®Oneclass o Cost sensitive i g"“' 4 * [sé\.‘loTEB““
» NBBag [32] [42] technique 1 1 ing [56 agging
o MSMOTE [33] oPSSSVM[44]  similarity- sy, i daa"c‘”o“-:t[[i g] o Under- * MSMOTEBoost
« MWMOTE [35] ¢ SOCP-SVM el ‘ 3 Bagging [65]  [33]
» SMOTE + PSO 7] hierarchical o Under Over-  * RUSBoost [68]
+C5[39) o NBSVM (48] s Bagging [64] * DataBoost-IM
eACOsvM  decompositio olVotes[66] (5]
(41] n, outlier
¢ EaSVM and detection
EaSVM-[45]  [49).
« FRBCSS, 2

tuple based

genetic

algorithms,

genetic fuzzy

systems. [50]

Fig. 2. Classification of approaches for unbalanced data [7]
Sampling Methods is a simple and popular approach Another  approach, Feature Selection and

for balancing the class distribution of training data.
The original data space is balanced by using one
of the methods
or generate

to eliminate redundant instances

somehow insufficient information in
the sample. The main idea of resampling data instances
is to obtain balanced classes. This process is repeated
until a balanced dataset is achieved. The resampling
approach is based on techniques that eliminate the
imbalanced set by adding or removing samples from the
dataset to reduce the biased behavior of the unbalanced

dataset, thus resizing the training dataset.

Extraction, is the selection of a subset of relevant
features or attributes from large data sets. It helps
to improve the performance of the classifier.

The sampling approach, in turn, is divided into t
hree more variants:

— undersampling of the majority class — creating
a subset of the original data by removing selected
samples from the class, i.e., selecting the dominant
data from the majority class and selecting a number
of examples of each category that is too large compared
to the others (Fig. 3);
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— oversampling of the minority class — creating a
superset of the original dataset, or forming new samples
from existing ones, or replicating existing ones, i.e.
replicating examples of the minority class and artificially

"reproducing" examples of all categories with a smaller

presence (Fig. 3);

— hybrid methods that combine the previous two
approaches for a more natural distribution of data.

Fig. 3. Undersampling and oversampling [8]

The simplest methods of preprocessing a dataset
are  Random Undersampling (RU) and Random
Oversampling (RO). The main disadvantage of random
oversampling is that it can discard potentially useful data
that is important for training. On the other hand, for
random oversampling, overfitting can occur, as this
process generates exact copies of existing instances.
To prevent this situation, other solutions have been
proposed. For example, in the SMOTE algorithm
(Synthetic
"artificial"
by interpolating several randomly selected adjacent
minority instances (nearest neighbors) to increase the

Minority ~ Oversampling  Technique),

minority class instances are generated

number of minority class instances in the training set.
Nearest neighbors are found by Euclidean distance.
The SMOTE algorithm generates the same amount of
synthetic data for each original minority instance without
considering the neighboring examples from the majority
classes. This can increase the frequency of overlap
between classes. Therefore, some variants of the method
have been proposed to reduce the noticeable limitations,
namely Borderline-SMOTE, SMOTE SVM, etc.

Overview of oversampling algorithms

One way to deal with the problem of unbalanced
data is to create new samples in underrepresented classes.
The most naive strategy is to create new samples by
randomly selecting and replacing the current available
samples [9]. In the RO algorithm, the selected samples
are simply copied randomly in order to increase the
importance of the minority class.

As a result, the majority class does not dominate the
others during the learning process. Thus, all classes are
represented by the decision function. In addition, Random
Oversampler allows to select data of mixed type.

The SMOTE algorithm synthesizes new minority
instances between existing (real) minority instances.
SMOTE draws lines between the instances of the
minority class and then represents the new, synthetic
minority instances somewhere on these lines [10].
If there are instances in the minority class that are distant
and appear in the majority class, this creates a problem
for SMOTE. The algorithm can start creating a linear
bridge with the majority class (Fig. 4).

Fig. 4. Disadvantage of the SMOTE algorithm [4]
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In this regard, SMOTE offers three additional
options for creating samples: Borderline-SMOTE,
SMOTE SVM, and SMOTE #k-means. These methods
focus on samples near the boundary of the optimal
decision function and will create samples in the direction
opposite to that of the nearest neighbor class.

Recent work on data imbalance has pointed
out some important issues related to performance
degradation, namely:

— the presence of small disjuncts; this means that
the minority class can be divided into many subclusters
with very few examples in each, surrounded by examples
of the majority class [11];

— overlap between classes; there are often examples
from different classes with very similar characteristics,
in particular if they are located in areas around the
boundaries of solutions between classes.

The problem mentioned in the previous paragraph
can be partially solved by the Borderline-SMOTE
algorithm. It divides samples into three groups (Fig. 5).

Fig. 5. Types of samples Borderline-SMOTE [11]

These groups are:

— safe samples — placed in relatively homogeneous
areas;

— noisy samples from one class present in safe
areas of another class;

— borderline samples are located in the area
surrounding the class boundaries, where either the
minority and majority classes overlap or the samples
are very close to a complex boundary shape.

The Borderline-SMOTE algorithm selects a point
that is bordered by another class (but not noise) and
performs the same actions as a regular SMOTE.

In SVM-SMOTE, the borderline is approximated
by support vectors after training the SVM classifier
on the training set. Synthetic data is created randomly

along the lines connecting each support vector of the
minority class with a number of its nearest neighbors.
The peculiarity of SMOTE SVM
Borderline-SMOTE is that it synthesizes more data away

compared to

from the area of overlapping classes. It focuses more
on the areas where the data is separated [12]. Below is
a comparison of the SMOTE algorithm types (Fig. 6).

Fig. 6. Distribution of samples after applying SMOTE algorithms

Even from the figure, it can be seen that
SVM-SMOTE reinforces samples on all minority class
boundaries, unlike Borderline-SMOTE, which reinforces
class boundaries only on the border with another class.

The k-means-SMOTE method uses a simple and
popular  k-means clustering algorithm combined
with SMOTE resampling to rebalance the data sets.
It manages, unlike conventional SMOTE, to avoid noise
generation by resampling instances only in safe areas.
Furthermore, its focus is on both inter-class imbalance
and intra-class imbalance, dealing with the problem
of small disjuncts by expanding small minority areas.
SMOTE can generate minority samples in majority areas
in the presence of noise. Most noiseless samples
are generated in already dense minority areas, which
contributes to the intra-class imbalance [13].

The /k-means algorithm works by
First,

observation to the closest of the k& cluster centroids.

iteratively
repeating two instructions. it assigns each
Secondly, it updates the position of the centroids so that
they are centered between the observations assigned
to them. The algorithm converges when no more
observations are assigned. It is guaranteed to converge to
a typical local optimum in a finite number of iterations.

ADASYN is similar to SMOTE and its derivative
algorithm, but it has an important difference. It shifts
the sampling space (i.e., the probability that any
particular point will be selected for copying) to points
that are not located in homogeneous neighborhoods.
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idea of ADASYN is to
an appropriate number of synthetic alternatives for each

The main create
observation belonging to the minority class. The concept
of "appropriate number" depends on how difficult it is
to study the
an observation from a minority class is "hard to learn"

original observation. In particular,

if there are many examples from the majority class
with features similar to that observation.

Conducting the experiment

Two datasets were chosen for the experiment:
"Credit Cards" [14] and "Titanic" [15].

They are different tasks with different types
of data, which made it possible to analyze the
of different
on different tasks. Some of them were immediately

performance oversampling algorithms
unbalanced, some were not. Therefore, to make the
experiment more clear, we decided to modify the
number of instances in the original training datasets.
For each dataset, four initial modifications were created
that had exactly the same imbalance, where the
number of samples in the minority class was equal
to 15, 30, 45, and 60% of the majority class. Based on the
tables,
diagrams were created to show the degree of accuracy

results obtained, comparative graphs, and

achieved by the algorithms after eliminating the
imbalance in different ways. For comparison purposes,
the models were also trained on the original datasets
to understand how much the chosen approaches improve
the training efficiency of ML algorithms.
For some datasets, features were normalized.
A scaling technique in which values are shifted and
scaled so that they ultimately range from 0 to 1 [16].
Below is the normalization formula:
X-X min

X= S (1)

max min
where X, and X, — the maximum and minimum

values of the function, respectively.

For many features represented by strings or lists
(e.g., class A, B, and C), normalization cannot be
applied, so we had to use the one-hot encoding algorithm.
This is a method of transforming data to prepare it
for the
With one-hot, each categorical value is converted into

algorithm and get a better prediction.
a new categorical column, and these columns are
assigned a binary value of 1 or 0 [17], [18].

The Credit Cards dataset was chosen because it

represents an important application problem: companies

want to recognize fraudulent credit card transactions
so that their customers are not charged for goods they
did not purchase. The dataset contains a set of two types
of transactions: normal and fraudulent.

This dataset contains transactions that occurred
over two days in September 2013 on European
where 492 frauds
284.807 transactions. The dataset is very unbalanced,

credit cards, occurred out of
with the minority class (fraud) accounting for 0.172%
of all transactions. It contains only numeric input
variables, which are the result of a PCA (principal
component analysis) transformation. Due to confidentiality
issues, the authors are unable to provide the original
features and additional information about the data.
The features are represented as VI, V2, ... V28 and
obtained by PCA.
The only features not transformed by PCA are "Time"

are the principal components
and "Quantity". The "Time" function contains the
seconds elapsed between each transaction and the
first transaction in the dataset. The "Quantity" function
can be wused for
"Class"

a response variable, and it takes the value of 1 in case

(the number of transactions)

cost-dependent learning. The function is
of fraud and 0 otherwise.

The "Titanic" dataset was chosen first as one
of the most famous datasets. It is a dataset of passengers
of a ship that was in the center of a catastrophic event.
The main task of the models is to predict whether
a passenger will survive based on data about their
tickets, financial status, and relatives.

The dataset contains the following features:

— survival is a class variable, 0 indicates that
the passenger did not survive, and 1 indicates that he
or she did;

— pclass— 1, 2, 3 — passenger’s ticket class;

— sex — sex of the passenger;

— age — passenger’s age;

— sibsp — siblings / spouses (number of brothers,
sisters and spouses on board);

— parch — parents / children (number of parents
and children on board);

— ticket — ticket
unnecessary information);

number (deleted field as

— fare — ticket price;

— cabin — cabin number;

— embarked — port of embarkation.

This dataset does not solve any applied problem,
but the categories of passengers are the most random,
so it was interesting to analyze this dataset.
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To check the quality of the datasets created
by oversampling, they were examined and tested
by training various ML algorithms. The study used
classification algorithms related to supervised machine
learning. The selected algorithms were given a training
set of features and a test set of training labels known
in advance. The models were trained on this data,
and during model validation, they received a test
dataset without labels.

The following classification models were used:

— logistic regression;

— decision tree;

— support vector machine;

— k-nearest neighbors;

— naive Bayesian classifier.

To analyze and compare the results obtained, it is
necessary to use certain metrics. The main metric for
data analysis is accuracy (Fig. 7).

true positive + true negative

Fig. 7. Schematic representation of metrics

Model
how many correct predictions are made out of those

accuracy, or Accuracy, determines
generated by the model. In other words, it can

be represented by the following formula:

Accuracy =

where true positive is the number of correctly

predicted items;

true negative 1is the number of correctly
unpredicted items;
false positive is the number of incorrectly
predicted items;
false negative is the number of incorrectly
unpredicted items.
The study involved training five machine learning
models on three datasets. Each set was presented in four

modifications (with 15, 30, 45, and 60% imbalance).

true positive + true negattive+ false positive+ false negative’

)

Each modification was subjected to oversampling,
namely six variants. The model was also trained
on the unbalanced datasets for further comparison with
the experimental datasets. A total of 280 experiments
were conducted, the results of which are documented
in the form of tables, graphs, and bar charts.

It was decided to present

(one modification of 15% of each dataset) and to include

only two tables

only these results in the report, as they most clearly
reflect the experiment. The first one shows the results
on the Credit Cards dataset.

Table 1. Model accuracy (Credit Cards dataset, 15% modification)

0‘;?22‘3:;“3 Basic Borderline K-Means SVM Homb
g — unbalanced ADASYN SMOTE SMOTE SMOTE SMOTE over-

Model training dataset sampler
algorithm
I s 0.995 0.995 0.995 0.995 0.995 0.995 0.995
Classifier
LEE g 0.975 0.990 0.985 0.980 0.990 0.985 0.985
Classifier
o7 Gl 0.915 1.000 1.000 0.975 0.975 1.000 0.975
Regression
W) B 0.990 0.980 0.980 0.995 0.995 0.990 0.990
Classifier
SVM Classifier 0.975 0.995 0.995 0.990 0.995 0.995 1.000
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As you can see from the table, the results are quite
different.
neighbor classifier, logistic regression, and support vector

Some algorithms, such as the #A-nearest

machine, improved their results, while the decision
tree showed exactly the same results on all algorithms,

Table 2. Model accuracy (Titanic dataset, 15% modification)

and the naive Bayesian classifier generally did a better
job on unbalanced data.

The following table shows the results of model
training on the "Titanic" dataset (Table 2).

ot Basic Random
algorithm Borderline KMeans SVM
Model training Dl IS SMOTE smote | SMOTE | svotE over-
A dataset sampler

algorithm
DESEALiE 0.849 0.698 0.864 0.849 1.000 0.849 0.834
Classifier
LS ie Fhlimiss 0.840 0.840 0.837 0.850 0.833 0.861 0.800
Classifier
LLzsiie 0.810 0.852 0.867 0.849 0.909 0.972 0.897
Regression
WO B 0.710 0.812 0.816 0.831 0.816 0.767 0.700
Classifier
SVM Classifier 0.849 0.879 0.906 0.993 1.000 1.000 0.997

Below are graphs showing the accuracy of the
classifiers on datasets with varying degrees of imbalance
that have been oversampled, as well as the original
dataset, which has not been corrected in any way. Figure 8

demonstrates how the decision tree works on data that
has been aligned in different ways. The graph shows
the benefits of using oversampling methods compared
to the baseline dataset on the "Credit Cards" dataset.

Fig. 8. Advantages of using decision tree algorithms on a 15% dataset

As can be seen from the figure, the Credit Cards
dataset shows neither advantages nor disadvantages
of using oversampling algorithms. Let’s show the same
graph for the logistic regression for the sake of
representativeness (Fig. 9).

We can see the stable advantages of using

each of the oversampling algorithms. The accuracy

of logistic regression for the 60% dataset is
shown in Fig. 10.

As can be seen in the graph, oversampling
algorithms are most effective when there is a strong
imbalance. After conducting all the experiments and
calculating the average benefit of using each algorithm,

we have the results shown in Fig. 11.
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Fig. 9. Advantages of using algorithms with logistic regression on the 15%th dataset

Fig. 10. Advantages of using logistic regression algorithms on 60% of the dataset

Fig. 11. Heat map of the benefits of using oversampling on the "Credit Cards" dataset
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After creating a heat map for the "Titanic" dataset,
we have the results shown in Fig. 12.

Fig. 12. Heat map of the benefits of using oversampling
on the "Titanic" dataset

The bar charts show the absolute increase in
accuracy of each model compared to the models trained
on the unbalanced datasets.

The decision tree demonstrated an increase only
for the "Titanic" dataset, but it was quite noticeable
(up to 16%). For all other datasets, there was no
difference compared to the original dataset, and for
the Salary dataset, ADASYN even worsened the result,
but by less than 1%.

The k-nearest-neighbors algorithm did not perform
as well, and for the "Titanic" dataset, oversampling
significantly worsened the results. However, as for
the Credit Cards dataset, all balancing algorithms
yielded an increase in accuracy of 1-2%. This is very
noticeable, given that the accuracy of the models
before the modification also had a performance of
90% accuracy or more.

Logistic regression yielded very satisfactory results
of 15%. It improved the accuracy of both datasets
after they were modified for balancing. SVM-SMOTE
improved the accuracy of the model on the Titanic dataset
by 16%. For the "Credit Cards" dataset, ADASYN,
SVM-SMOTE, and Borderline-SMOTE performed
well at all degrees of imbalance, and for the dataset with
only 15% minority class, the accuracy increased by 8%.

For the naive Bayesian classifier, only the "Titanic"
dataset showed much better results with an increase
of 4 to 12%. For the most part, the accuracy has not
changed. The only exception is the k-means-SMOTE

algorithm, which consistently improved the results
of the algorithm on the "Credit Cards" dataset. Although,
on the contrary, this algorithm was the only one
that began to deteriorate the classifier’s performance
on the "Titanic" dataset.

For the SVM classifier, Random Oversampling,
k-means-SMOTE, and regular SMOTE showed the
greatest stability on the "Titanic" dataset, sometimes
providing almost 30% increase in accuracy, which
allowed us to obtain a 100% accurate model. For "Credit
Cards", only ADASYN had such an accuracy, and
SVM-SMOTE, Borderline-SMOTE, and regular SMOTE
performed quite well, which helped to achieve
an accuracy of 99.5-100%.

Bar charts show the absolute increase in accuracy of
each model compared to models trained on unbalanced
datasets. Analyzing the research, I would like to note
that there were two different datasets — "Credit Cards"
and "Titanic" — that belonged to different types and
behaved differently during the training process.

The "Titanic"

models trained on unbalanced datasets typically yielded

dataset is less applicable, and
70-90% accuracy. Oversampling algorithms gave a huge
increase in accuracy (in some cases up to 100%).

The second dataset was the "Credit Cards" dataset,
which showed excellent results. Even with an unbalanced
dataset, its accuracy rates reached 90% and higher.
As for
differently, but in most cases they still improved

the balancing algorithms, they performed

the results by 1-2%, which is an excellent result given
such accuracy.

Conclusions

In the course of the study, the balancing of
unbalanced datasets was carried out using various
algorithms and applied to solving categorization
problems. The paper analyzes the problems of a given
domain and methods of balancing unbalanced datasets,
and considers and investigates six balancing algorithms:
Random Oversampling, SMOTE, Borderline-SMOTE,
k-means-SMOTE, SVM-SMOTE, and ADASYN.

All the experiments were conducted on two
"Credit Cards" and which

demonstrated  different results

datasets "Titanic",
performance. The
of the study are presented in the form of graphs, tables,
and bar charts representing the accuracy indicators.

The best results were obtained for the "Credit cards"
dataset. The data was well selected, the accuracy of the

models increased after using almost all algorithm
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variants, the completeness increased significantly,
but most importantly, the accuracy of the minority
class improved. This indicates that it was possible
to get rid of the problem without losing the accuracy
of the model as a whole.

For the "Titanic" dataset, where there is no clear

algorithms show a positive trend, and the best RO
accuracy is achieved by SMOTE and k-means-SMOTE
on the SVM classifier model.

The obtained results can be applied if it is necessary
to use an unbalanced dataset or for further research
in the field of machine learning.

dependency (unlike "Credit Cards"), many of the
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HHOPIBHAHHA AJII'OPUTMIB OBEPCEMIIVIIHI'Y HABOPIB TIAHUX
TA IX 3BACTOCOBHOCTI JJIsI TPOBJIEMUA KATET OPA3AIII

IIpeameTom jocimipkeHHs € mnuTaHHA Kiacudikanii B MalIMHHOMY HaBYaHHI 3a HAsBHOCTI He30alaHCOBAHOCTI KJIaciB
y Habopax naHux. MeTa po6oTH — aHaNi3 HasBHUX PIlIeHb 1 ATOPUTMIB PO3B’s3aHHA NpoliieMn He30alaHCOBAaHOCTI B Habopax
JAaHWX PI3HUX THUIMIB 1 PI3HUX ramy3eld Ta eKCIepUMEHTAIbHE MOPIBHSHHA aJTOPHTMIB. Y CTaTTi BHKOHYIOThCS TaKi 3aBIAaHHA:
aHami3 MiAXOMIB 10 BHPINICHHA MNPOOJEMH — METOAM TOMEPEIHHOr0 OOpPOOJICHHS, METOAM HaBYaHHS, TiOpUAHI METOAM
I QJTOPUTMIYHI IiIXOAN; BU3HAUEHHS Ta OINC aITOPUTMIB OBEPCEMILIIHTY, [0 HaifyacTille BUKOPHCTOBYIOTHCS AT OalaHCyBaHHS
HaOOpiB JaHMX; BHOIp anroputMmiB kiacudikauii, ski OyXyTb CIyryBaTH IiHCTPYMEHTOM YCTAHOBIICHHS SIKOCTi OallaHCyBaHHS,
NepeBipSI0YN 3aCTOCOBHICTh OTPUMAHHX ITICJISl OBEPCEMILTIHTY HAOOpPIB JaHUX; BU3HAYECHHS METPUK OLIHKH SIKOCTI Kiacudikarii 1yt
MOPIBHSIHHS; TPOBEICHHA EKCIIEPUMEHTIB 3a 3alPOIIOHOBAHOIO METOAMKOIO IJIsI BUOKPEMJICHHS ONTHMANBHHX 1 HEONTHMATbHHX
anroputMiB. JIIs1 HAOYHOCTI PO3IIISIAaIKCs Ha0OpH aHUX i3 PI3HUM CTYINIEHEM He30allaHCOBAaHOCTI (KUIBKICTh €K3eMIUIIPIB Kilacy
MeHIMIOoCTi fopiBHIoBana 15, 30, 45 Ta 60% Bix KUTBKOCTI 3pa3KiB KiIacy OUTBIIOCTI). BHKOPHCTOBYIOTECS Taki MeTOAM: aHATITHIHHN
Ta IHAYKTUBHHH — 3 METOI0 BH3HA4YeHHS HEOOXiZHOro HaOOpy EKCHepHMEHTIB i MOOyJOBH TimoTe3 MIOA0 iX pe3yibTaTiB;
eKCIIepUMEHTAIBHNIH Ta rpadiqHmi — UIT HA0YHOI MOPIBHSUIBHOI XapaKTEePHCTHKU OOPAHUX aJITOPUTMIB. 3100yTO Taki pe3yJbTaTH:
3a JIOTIOMOTOI0 METPHK SIKOCTI JOCIHIIKEHO BCI aJlTOPUTMH HA JBOX PI3HMX JaTaceTax — macaxupiB "TuraHiky" Ta 3 BUSBICHHA
HIaxpaiChKUX TpaH3akLiii y OaHKIBCHKMX paxyHKax; IOBEJEHO Haikpamly 3actocoBHicTh anroputMmiB SMOTE ta SVM SMOTE
i BUABNEHO Haifripmi noka3Huku y Borderline-SMOTE ta k-means-SMOTE; omucaHo pe3yibTaTH KOXHOTO 3 alITOPUTMIB
i moTeHIiad iX BHKOPHCTaHHA. BHCHOBKH. 3acTOCYBaHHS aHANITHYHOTO Ta EKCIICPHMEHTAIBHOIO METOJY HaJalo BHYEPIHY
MOPIBHAJIBHY XapaKTePHCTHKY alrOpUTMIB OamaHcyBaHHS. J[OBEIEHO IepeBary aJrOPHTMIB OBEPCEMIUTIHTY HAJ alrOpUTMaMu
aHzepceMIUTiHTy. BOHM mopiBHIOBaMMCS 3a JONOMOTOI0 DIi3HHX aNrOpuTMiB Kiacudikamii. PesymeTatm momaHo B rpadikax
1 TaOJNUIIAX, a TAKOXX MPOJIEMOHCTPOBAHO 3 JOMOMOTIO0 TeIIoBHX KapT. CHopMyIb0BaHO BUCHOBKH, IIO MOXKYTh OyTH BHKOPHCTaHI
y BHOOP1 ONTUMAJIBHOTO JITOPUTMY OallaHCyBaHHS y chepi MAITMHHOTO HaBYaHHS.

KiiouoBi cioBa: kateropusallis; MallMHHE HaBYaHHI, METOXM OallaHCYBaHHS;, METOAM TeHepauil JaHuX; HaOip HaHHX;
He30araHcOBaHI HAOOPH JaHUX.
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COMPARATIVE ANALYSIS OF NEURAL NETWORK MODELS
FOR THE PROBLEM OF SPEAKER RECOGNITION

The subject matter of the article are the neural network models designed or adapted for the problem of voice analysis in the
context of the speaker identification and verification tasks. The goal of this work is to perform a comparative analysis
of relevant neural network models in order to determine the model(s) that best meet the chosen formulated criteria, — model type,
programming language of model’s implementation, parallelizing potential, binary or multiclass, accuracy and computing
complexity. Some of these criteria were chosen because of universal importance, regardless of particular application, such as accuracy
and computational complexity. Others were chosen due to the architecture and challenges of the scientific communication
system mentioned in the work that performs tasks of the speaker identification and verification. The relevance of the paper lies
in the prevalence of audio as a communication medium, which results in a wide range of practical applications of audio
intelligence in various fields of human activity (business, law, military), as well as in the necessity of enabling
and encouraging efficient environment for inward-facing audio-based scientific communication among young scientists
in order for them to accelerate their research and to acquire scientific communication skills. To achieve the goal, the following tasks
were solved: criteria for models to be judged upon were formulated based on the needs and challenges of the proposed model;
the models, designed for the problems of speaker identification and verification, according to formulated criteria were reviewed
with the results compiled into a comprehensive table; optimal models were determined in accordance with the formulated criteria.
The following neural network based models have been reviewed: SincNet, VGGVox, Jasper, TitaNet, SpeakerNet, ECAPA_ TDNN.
Conclusions. For the future research and practical solution of the problem of speaker authentication it will be reasonable
to use a convolutional neural network implemented in the Python programming language, as it offers a wide variety of development
tools and libraries to utilize.

Keywords: comparative analysis; neural network; intellectual models; model; machine learning; speaker identification;
speaker recognition.

Introduction As mentioned above, audio information in particular

plays one of the most widespread and important

Despite the rapid spread of the Internet at the
beginning of the 21st century and the predominantly
textual nature of the information that circulated on it at
the beginning of its development, a significant part of the
information generated, transmitted, and consumed by
humanity remained audiovisual in nature. This is due not
only to the limitations of the Internet technology at the
time, but also to the biological characteristics of humans
as a species, since most of the information we received
from the environment is visual and sound information.

Over time, this trend has not only persisted, but also
deepened with the development of technologies for
generating, transmitting, and storing information. In turn,
information processing and analysis technologies have
developed and continue to develop still. The degree of
decision-making automation continues to grow with the
use of deep learning technologies and statistical models.

Recognition and processing of signals such as
image, video, audio, and text are highly relevant areas
of research that share the need to process large amounts
of data, often followed by the application of intelligent
analysis techniques [1-3].

roles as it is primarily used in communication and
information sharing in all spheres of life, including
scientific communication, more specifically inward-
facing communication [4-5]. Scientific conferences,
symposiums, forums etc. are held predominantly in the
format of audio reports or discussions, accompanied
by visual material, usually presentation. However, the
accompanying visual material is largely optional, and
members’ presentations are often designed to be
listened to with all the necessary information included
in the report.

The tasks associated with processing and analyzing
audio information include the following:

— voice cloning [6];

— speaker (voice) recognition [7];

— speaker emotion recognition [8].

— speech analytics (search for keywords in

a dialog, call assessment, smart assistant, speech
annotation, subtitling, speech recognition, transcription
of lectures and meetings, etc;)

— etc.

© V. Kholiev, O. Barkovska, 2023
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Reviewing the popular current tasks, two similar
tasks can be seen — speaker recognition and speech
recognition. The difference lies in the fact that during
speech recognition, the stage of transcription of speech
into text is important, while speaker recognition focuses
on analyzing the unique characteristics of speech due
to human anatomy. Both technologies first appeared
about 60 years ago but became available and effective
only with the development of machine learning and
the growth of computing power and cloud technologies.

With this information in mind, it becomes clear that
enabling and encouraging efficient environment for
inward-facing audio-based scientific communication among
young scientists is important for them to accelerate
research and acquiring scientific communication skills.

Analysis of last achievements and publications

For the matter of scientific communication, there
doesn’t exist a platform that combines the functionality
of paper sharing database as well as a communication
environment where two aspects are integrated into each
other. With the abundance of online communication
solutions, the task of audio communication has been
relegated to various external products (e.g. Zoom,
Google Meet etc.). This approach, however, is heavily
catered towards the experienced researchers who possess
the skills and know-how to navigate the vast network

1. Data accumulation
and processing mode

of diverse scientific communities and events that offer

an opportunity to communicate via publication,
presentation and discussion of their work and finding.
Meanwhile, young scientists without aforementioned
assets are rendered to work in the environment where
they are told that they must 'publish or perish', and
training in efficient communication often relies on
a baptism of fire [4].

Such an International System of Knowledge
Exchange of young scientists (ISKE) is proposed in [9].
As shown on figure 1, the system operates in several
modes (data collection and processing mode, access mode)
and consists of modules that perform different functions,
one of which is a subsystem of social rooms for young
scientists grouped by another module by scientific
interests and research areas with the possibility of holding
conferences. These conferences involve transcription
with speaker division and subsequent annotation.
This subsystem is also used to verify users when they
log in, i.e. as an additional layer of authentication.

System analyses members’ papers and qualification
works in order to group them by areas of research
and interests using methods for determining vectorized
text proximity. This enables organization of a community
of people with certain scientific interests that in
turn encourages their further communication with
their peers and potential integration into international

research projects.

Users voice training data

A ﬂ\
Paper
Quarries Users
[metaldata
profiles, groups,
Querry elc.
resuits

2. Data access mode

User verificator

models
Y
Automatic
Users Intellectual Voice
Authentication Analysis Models
via voice,

User identification
in conferences

Fig. 1. The system of knowledge exchange of young scientists

Both speaker verification and speaker identification
belong to a set of problems known as voice recognition.
There are different techniques that attempt to solve
this set of problems that can be broadly divided
(Fig. 2). The

into automatic and manual latter,

o
-,

Querries results

including for example stenography, — a process of
writing in an abbreviated symbolic writing method,
called shorthand, — were used before the widespread
of  information recent

technologies,  especially

automatic techniques, which can be divided into
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neural network based and non-neural network

based (for
and Random forest).

example, Support vector machines

The paper attempts to conduct a comparative
analysis of automatic neural network based techniques,
that manifest in various models.

Techniques

[

v

v

Automatic Manual
J | N
raph
Neural network Non-neural Shanagraphy
based network based
SincNet < VGGVox Support vecior
machines
Jasper TitaNet » Random forest
SpeakerNet ECAPA_TDNN

Fig. 2. Classification of voice recognition techniques

The aim of the work is to perform the comparative
analysis of neural network models in the context
of speaker identification and verification problem
according to selected criteria. To achieve this goal,
the following tasks are to be accomplished:

— to formulate criteria for models to be judged
upon;

— to review the models, designed for the problems
of speaker identification and verification, according
to formulated criteria;

— to determine corresponding model(s) in
accordance with the formulated criteria of the needed
to be solved task.

Therefore, the task of comparative analysis of neural
network models in the context of speaker identification
and verification problem is a relevant task, due to
importance of establishing an efficient and encouraging
environment for inwards-facing scientific communication
for young scientist.

Further adapting  the

aforementioned models to the task of speech separation

development includes

with the consideration of their corresponding results,
that will be achieved in the summary table (Table 1).

Materials and methods

Among the tasks that the system presented in [6]
needs to perform utilizing its modules, such as text

vectorization and clustering based on topic proximity,
automatic annotation of papers and held conferences,
data security, etc. this paper puts focuses on the tasks
of speaker recognition and identification. To solve these
tasks neural network based techniques should be
utilized, that best suit certain criteria. Such criteria are
necessary to work out so that they can correspond to
the SIMD execution model due to the system's features
and challenges related to ensuring the efficient operation
of its modules.

These requirements can be satisfied by meeting
the following criteria:

— model type (CNN, RNN, etc.) or architecture it’s
based on. The type of the model often informs us about
broad and general advantages, drawbacks as well as
typical applications of the model;

— programming language of model’s
implementation. Self-explanatory;

— parallelizing potential. Due to the proposed
models’ other tasks’ needs as well as general benefits of
parallel computation, this critetion goes hand in hand
with the previous one, beause of varying availability of
development tools acroos different programming languages;

— whether the model is binary or multiclass as it
will affect it’s use cases within the communication system;

— accuracy. Self-explamatory;

— computing complexity. Not only the system
consists of many modules each with their own task that
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require the computation capacity of the hardware that
the system will be deployed to which limits the, but
the tasks of speaker recognition are time sensitive,
which greatly limits

Below we analyze the neural network models
according to the proposed criteria.

Fig. 3. SincNet model architecture [10, p. 2]

SincNet

The SincNet model is a model derived from
network (CNN). It is based
on parametrized which
band-pass filters. In contrast to standard CNNs, t

Convolutional neural
sinc functions, implement
hat learn all elements of each filter, only low and high
cutoff frequencies are directly learned from data
with such method. This offers a way to derive
a customized filter bank specifically tuned for the
desired application [10]. The architecture of the model
is presented in figure 3.

VGGVox

The VGGVox model is a deep CNN based neural
speaker embedding system, trained to map voice
spectrograms to a compact Euclidean space where
distances directly correspond to a measure of speaker
similarity. Once such a space has been produced,
other tasks such as speaker verification, clustering

and diarization can be straightforwardly implemented

using standard techniques, with embeddings proposed
in the paper as features [11-12].

TitaNet

The TitaNet model is based on the ContextNet
architecture for extracting speaker representations [13].
It functions by employing 1D depth-wise separable
convolutions with Squeeze-and-Excitation (SE) layers
with global context followed by channel attention-based
statistics pooling layer to map variable-length utterances
to a fixed-length embedding (tvector). TitaNet is
a scalable architecture designed primarily for speaker
verification and diarization tasks. The structure of the
model is presented in figure 4.

Fig. 4. TitaNet model structure [13, p. 2]

ECAPA_TDNN

The ECAPA-TDNN model is
an encoder of time dilation layers that are based
Attention, Propagation,

comprised of

on Emphasized Channel
and Aggregation. It employs a channel and context
dependent attention mechanism, Multi-layer Feature
Aggregation (MFA), as well as Squeeze-Excitation (SE)
and residual blocks [15]. Block diagram of the
ECAPA-TDNN model is shown in figure 5.

Jasper
Jasper is an End-to-End Convolutional Neural
Acoustic Model. It consists of several jasper blocks
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with 1 pre and 3 post conv layers. A Jasper BxR model
has B blocks, each with R subblocks. Each sub-block
applies the following operations: a 1Dconv, batch norm,
ReLU, and dropout. All sub-blocks in a block have
the same number of output channels. Each block
input is connected directly into the last subblock via
a residual connection. The residual connection is

first projected through a 1x1 convolution to account

inpit l soxT

Conv1D + ReLU + BN (k=5, d=1)

l CxT

SE-Res2Block (k=3, d=2)

CxT
A

SE-Res2Block (k=3., d=3)

CxT
L]
SE-Res2Block (k=3, d=4)
lL l l Ix(Cx1)

ConvIDi+ ReLU (k*1, d=1)

{ 1sisxT

Attentive Stat Pooling + BN
{ 3072x1
FC + BN

l 192x 1

AAM-Softmax

onwtpul Sx1
\J

Fig. 5. Block diagram of the ECAPA-TDNN model
[15, p. 3561]

for different numbers of input and output channels,
then through a batch norm layer. The output of this batch
norm layer is added to the output of the batch norm
layer in the last sub-block. The result of this sum
is passed through the activation function and dropout
to produce the output of the current block [16].
The model architecture is shown in figure 6.

Fig. 6. Jasper model architecture [16, p. 72]

The results of the analysis are summarized in
Table 1.

Table 1. Results of comparative analysis against selected criteria

Model name Programming | Model Binary or | Parallelization Accuracy Computational
Language Type multiclass potential (Error rate) complexity
SincNet Python CNN Both Medium 0.32-0.96 Low
VGGVox Python ResNet | Multiclass Medium 3.93-7.35 Low
Jasper Python CNN Both High 2.98-3.46 Medium to High
TitaNet Python CNN Both High 0.68-2.97 Medium to High
SpeakerNet Python CNN Both Hight 1.22-2.29 Medium
ECAPA TDNN Python TDNN | Multiclass High 2.64-3.66 Medium
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Conclusion

In this paper, the relevance of the intelligent

audio signal analysis problem was demonstrated,

which manifests itself in tasks such as speech

recognition and speaker recognition due to the
widespread use of audio as a communication medium
and in a wide range of practical applications in various
fields of human activity.

The following criteria were proposed to evaluate
existing neural network models for solving these tasks:
the type of model or architecture on which it is based,
the programming language of the model implementation,
the parallelization potential, whether the model is binary
or multiclass, accuracy, and computational complexity.
These criteria were chosen due to the architecture and
challenges of the scientific communication system
mentioned in the work. It performs tasks of the speaker

identification and verification.
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MNOPIBHSIJIBHUI AHAJII3 HEMPOMEPEXXHUX MOJIEJIEN
JUISI PO3B’SI3AHHS 3ABJIAHB PO3III3HABAHHSI CIIIKEPA

IlIpeomemom Oocnioxyncenna € HEHPOMEPEKHI MOJENI, PO3poOIeHi ad0 amanToOBaHi AT PO3B’A3aHHS MPOOJIEMH aHANi3y TOJIOCY
B KOHTEKCTI 3aBJlaHb ineHTUdIKamil Ta Bepudikaiii crikepa. MeTo0 podOTH € IPOBEJCHHS MOPIBHILHOTO aHAJI3y BIAMOBITHUX
HEHpPOMEpPE)KHUX MOJETNel Ui BH3HAYCHHS OJHIi€l (a00 KiTBKOX), IO SKHAWKpalle BiAMOBINAE TaKUM OOpPaHUM KpPUTEPIsIM: THII
MO/Ielli, MOBa MporpaMyBaHHs peajli3alii MoJesi, TOTeHIliall po3napajeioBaHHs, Y1 € MOJIelb OiHapHa, YU MyJIbTHKIACOBA, TOUHICTh
Ta O0YHCIIOBaNbHA CKIATHICTH. Jleski 3 IUX KpHUTEpiiB 0OpaHi, OCKUIBKH € YHIBEpPCaTbHO BAXKIMBUMH, HE3AJIC)KHHUMH BiJ] TOTO
YW 1HIIOTO 3aBIAaHHS, HANPUKIA[ TOYHICTH 1 OOYMCIIOBANIbHA CKIAAHICTh. [HII KpuTepii oOpaHi y 3B’S3Ky 3 apXiTEKTyporo Ta
HEJI0TiKaMH CHCTEMH HayKOBOI KOMYHIKaIlii, 10 BUKOHY€ 3aBJaHHS ineHTHdikamii Ta mepeBipkyu crikepa. AKTyaJdbHICTh poOoOTH
HoJIsirae B MOIIMPEHHI ayaio K KOMYHIKaTHBHOTO 3aco0y, 30KpeMa HIeThcsi PO MPaKTHYHE 3aCTOCYBAHHS HOro IHTEIEKTyalbHOTO
aHaiizy B pi3HUX cdepax JIoAChKOI IisibHOCTI (Oi3Hec, mpaBo, BilichbkoBa crpaBa). KpiMm Toro, mocrae muTaHHS NpO HEOOXIiAHICTH
CTBOpEHHs e(heKTHBHOIO CEpeOBHINA BHYTPIlIHBOI HAYKOBOI KOMYHiKallii Ha OCHOBI ayJio cepes MOJIOANUX YYEHHX, IO AacTh IM
3MOTY HPUCKOPHUTH CBOi JOCTIKEHHS i HaOyTH HaBMUOK HAYKOBOTO CHUIKyBaHHS. J{JIsl JOCSTHEHHS METH B POOOTI PO3B’si3aHi Taki
3aBgaHHS: cQOpMyIBOBaHO KpHTepil Ul OLIHIOBAaHMX MOJENeH 3 OrIy Ha KOHKpEeTHI moTpeOu il 3aBHaHHS; 3a NEBHUMHU
KPHUTEPIAMHU JOCIiIKEHO MOJENi, po3poOiieHi A 3aBaaHb iqeHTudikamii Ta Bepudikamii crikepa. Pe3yabTaTu: po3risHyTO MOAETl
SincNet, VGGVox, Jasper, TitaNet, SpeakerNet, ECAPA TDNN; pe3ynbTaTH NOCHIIKECHHS HEHPOMEPEeKHUX MOJeel 3BEICHO
B 3arajJbHy TaOJWII0; BU3HAYCHO ONTHMATBbHI MOJENI BIAMOBIZHO 1O cHopMyiIbOBaHUX KpuTepiiB. BHCHOBKH: i MalOyTHIX
JIOCHI/DKEHb 1 MPaKTHYHOTO pO3B’si3aHHA mnpoOiieMH aBTeHTH(ikamii Crikepa JOLINBHO BHKOPHUCTOBYBAaTH 3TOPTKOBY
HEHpPOHHY MeEpexXy, pealli3oBaHy MOBOK TIporpamyBaHHs Python, OCKUIbKM BOHA MPOMOHYE IMUPOKHHA BHOIp iHCTPYMEHTIB
po3pobiieHHs Ta 610mioTeK.

KoarouoBi cjoBa: NOpiBHIBHMH aHaNi3; HEHpOHHAa MepeXka; IHTENeKTyaJbHI MOJeli; MOJelb, MAIIMHHE HaBYaHHS,
IICHTU(HKALIS CITIKepa; pO3ITi3HaBaHHS CITiKepa.
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A. BOHIAP, O. JIAIIKIH

METOJA U MOJEJII ®OPMYBAHHSA NOPT®EJIO TPOEKTIB
PO3BUTKY MICBKOI'O TPAHCIHOPTY HA BA3I KOHIEMNIII CMAPT MOPT-CITI

IIpeameToM po3risimy B CTaTTi € METOAW ¥ Mojeni (opMyBaHHsS MOPT(ENTIO MPOEKTIB PO3BUTKY TPAHCIOPTHOI iHPPACTPYKTYpH
MOPTOBOTO MicTa. MeTa po6oTH — TOCIIIKCHHS 0COOJIMBOCTEH MPOEKTIB PO3BUTKY TPAHCIIOPTHOI iHPPACTPYKTYPH MICTa 33 yUaCTIO
M03aBYJIMYHOTO TPAHCIIOPTY, 30KpeMa HOro MOPCHKOro CKJIajJHKKa, Ha OCHOBI cyuyacHoi koHuemnuii Cmapt ITopt-Ciri, sika BpaxoBye
rapMOHilHe IIiJIeBU3HAYEHHs HANPsAMIB PO3BUTKY MicTa i mopTy. Y poOoTi po3B’A3yIOTHCS TaKi 3aBJaHHA: aHAJI3 CTaHy Ta MpoodiIeM
TPaHCHOPTHOI iHPPACTPYKTYpH MOPTOBOTO MICTa; BU3HAYEHHS MHOXWHH IPOEKTIB Ha 6a3i konnenniit Cmapt Citi Ta Cmaprt Ioprt;
LiJIeBU3HAYCHHS Ta BIUIMB CTEHKXOJJEpiB Ha 1HILIIOBAaHHA MHPOEKTIB IO3aBYJIUYHHX BHIIB TPAHCIOPTY; MOJENIOBAHHS CKIaLy
noptdento mpoektie Cmapt Ilopr-Citi Ta iX pedTHHTrOBOi oOIiHKM. Ilif dYac IOCHIIPKECHHS 3aCTOCOBYIOTHCS TaKi METOMM:
MOPIBHSAJIBHAN aHaNi3, CHHTE3, TEOPisl MHOXHH, TEOpis YIPABIiHHS NMPOEKTaMH, PEUTHHTOBE OIIHIOBaHHS. 3100yTi pe3yJbTaTH.
Buznaueno, mo Cmapt CiTi € KOHIENLI€0, [0 CIPHA€E IHHOBAIIIHUM PILICHHSAM 3 YIPaBIiHHS BCiMa BUAAMH TPAaHCIIOPTY Ha PiBHI
okpemoro Micra. CHCTEMAaTH30BaHO IUJICBH3HAUCHHS, IO BifoOpaskae ydacThb OpraHiB Jep)KaBHOTO YIPABIIHHA Ta Cy0 €KTiB
KOMEPIIHHOI JisJbHOCTI MICTa B iHIIiIOBaHHI MPOEKTIB 3a HANPSIMOM PO3MIHPEHHs chepH BUKOPHCTAHHS IMMO3aBYJIMYHUX BHUIIB
TpaHcnopty. s MicT, y SKHX OCOONMBe 3Ha4YeHHS Mae poOOTa IOPTY, YMMANIO MPOEKTIB OcHOBaHO Ha koHuenuii Cmapt IlopT.
[NoemHaHHA UX ABOX KOHLENTyalnbHHUX 3acax HaOymo ¢opmu Cmapt [Topt-CiTi, 0 MICTUTH MIMPOKE KOJO iHIMIATHB TPOEKTIB
3 OTPUMAaHHS HOBHX HEPCIEKTUBHUX OPIEHTHPIB PO3BUTKY MICT i HOPTIiB. YCTaHOBJIEHO MPOLEXYpYy BiIOOpY MPOEKTIB 32 TaKUMHU
iHimiaTHBaMu 110 TopTdeno Ta MaTpuyHy (OpMY PEHTHHIOBOI OIIHKH IPOEKTIB 3 OOKy SK MiCTa, Tak i HMOpTy. BucHOBKH.
3ampomnoHOBaHUK MiAXiAg A0 BiAOOpPY HPOEKTIB, IO BUIUIMBAIOTH i3 CHCTEMHOIO LIJIEBU3HAUYEHHS B PO3B’SA3aHHI TPAHCIIOPTHHUX
npobineM MicTa ¥ (QyHKIiOHAIBHHX Taimy3edl mopry. Po3pobieHo ¢opmanizoBaHy Npomenypy BinOOpy NpoekTiB 1o mopTderto
3 mo3uniit Cmapt [lopr-Cirti, mo nae 3Mory, mo-mepiie, iAeHTH(]IKYBaTH MPOEKTH, SKi BIINOBITAIOTH CIJIBHAM IIUIAM MiCTa
i MopTy; MO-Apyre, BUKOHATH PEWTHHTOBE OILIHIOBAHHS IPOEKTIB BiIMOBIIHO JUIS MiCBKOTO Ta IIOPTOBOTO CKJIAJHUKA; MO-TPETE,
32 BCTAHOBJICHOIO MEXEI0 BU3HAYUTH HPOEKTH 3 HAHOUIBIINM IPiIOPUTETOM.
Ku11040Bi cj10Ba: mpoekT; MOpTdens; MiCbKUI TPaHCTIOPT; Mo3aByIudHUHA TpaHcmopT; Cmapt [Topt-Ciri.

Beryn

Ha croromni moHax MOJOBMHA HACEJIEHHSI 3eMIIL
BXKE NPOXKMBAE B MICBKUX ariiomepamisx, a 1o 2030 p.
el TOKa3HMK MOXXe 3pocTH 10 2/3  cBITOBOTO
HaceneHHA. MicTa HaOyBarOThb yce OUIBIIOrO 3HAYECHHS,
a PO3BUTOK TPAHCIIOPTHOI 1HMPACTPYKTYPH € OJHUM
i3  HallakTyaJpHIIMX  TNUTaHb  MICBKOTO  JKUTTS.
B Opecekiit obnacTi JIeBOBY YacTHHY MMacaXKMPCHKUX
NepeBe3eHb BUKOHYE MICHKUI I'POMaJICbKHI TPAaHCIIOPT,
a BCl IHINI BHIU TEpeBE3eHb, 30KpPEMa IPHUMICHKI,
MDKMICBKI Ta BHYTPILIIHBOOOJIACHI, € HE3HAYHUMH.

Jo mowaTky BOEHHOTO CTaHy B Hamiil KpaiHi
MPOBOAMIIOCH OHOBJICHHS TAPKIB TPOMAJICBKOTO TPaHCIIOPTY
B pi3HEX wMmictax. Omeca TakoX HE CTala BHUHSITKOM.
25 gmcromama 2020 p. ypsmom Oyno  yXBaJIeHO
BUKOpPHCTaHHS TO3WKM B po3mipi 200 MiH €Bpo
6anky (€Ib)

Ui (iHaHCYBaHHA MpoekTy "Michbkuil TpoMaiCchKui

Bil E€BPONCHCHKOr0 IHBECTHUIIIHOTO
tpancriopt Ykpainu I1". [To3uka mana Oyt BUTpayeHa

HAa OHOBJIEHHS TAapKiB TPOMAJACBKOTO TPAHCHOPTY

B YKpalHCbKMX MiCTax, HacamIiepel Ha 3aKyIIiBIIO
€JIIeKTPHUYHOTO TPOMAJICBKOTO TPAHCIOPTY (TpamBaiB,

TPOJICHOYCIB, €JIEKTPOOYCIiB, BaroHiB METPO), a TaKOK
Ha OyJAIBHUITBO ¥ OHOBJEHHS MEpeXi TpamMBaltHUX
1 TpoJeHOyCHUX JiHIA Ta 3aMiHy TSITOBHX ITiACTAHIIIH.
IIpoekr "Micbkuii rpoMaackkuit Tpancnopt Ykpainu 11"
PYXy,
3MEHIIYIOYH HOTO Ta CHPHSAIOYN NEePeXxo1y 3 NPHBATHOTO

MaB BIUIMBAaTH Ha 0E3MEKy JIOPOKHBOTO
TPAHCHOPTY HA TPOMAJICHKHIA.

Cepen BU3HaueHHX 18 MICT-yJacHHKIB IIHOTO
mpoekTy Oneca — €IMHE MICTO 3 MOXITUBICTIO 3aTy4YCHHS
MOPCBKOTO TPAHCHOPTY IO BiJMOBITHOTO TiIIMPOEKTY,
iHppactpykTypu Opnecbkoro

opTy OKpPEMOIO MTO3UIIIEI0 nepez[6aqa}oTL PO3BUTOK

a HalpssMu  pO3BUTKY

MacaXXUPChKOro KOMILUIEKCY. Ajie mpoekT 3a y4acTio €1b,
Ha JKallb, HE BPaxOBYE OCOOJIMBOCTEH TEPUTOPIATLHOTO
pO3TallyBaHHSI MICTa, HOro TPamuIliii 1 HAKOIMHUYECHOrO
JNECSITWITTAMH TOCBITy POOOTH B MOPCHKHX MIiCBHKHX
1 IPUMICHKHX CIIOTy9EHHSIX.

IHocTanoBka mpodaemu

Haniitne Tta pesymeTatuBHE (DYHKIIOHYBaHHS

MICBKOTO T'POMAJICBKOTO TpPAHCIOPTY € KIIOYOBUM

(axkTOpOM  COWIaJNbHO-TIONITHYHOI Ta  EKOHOMIYHOI

© A. bongap, O. Jlankin, 2023


https://doi.org/10.30837/ITSSI.2023.24.179

180

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2023. No. 2 (24)

crabinpHOCTI B MicTi. ToMy 3HauHOi yBarm mOTpedye

301IBIIEHHST METONIB, TEXHOJOTidH 1 IHCTPYMEHTIB
VOpaBJIiHHS, CIPSMOBAaHUX Ha pPO3POOIIEHHS HAYKOBO
010

TPAHCTIOPTHUX IMOCIYT HACCIICHHIO.

OOTpYHTOBaHHMX  pilllcHb HaJaHHSI  SKICHUX

Po3BuTOK TpaHCHOpPTHOI iH(PACTPYKTYpH PETIOHIB
i MicT BigOyBa€ThCSd B CHCTEMi COIIIOKYJIBTYPHOTO,
(hiHAHCOBO-€KOHOMIYHOTO, 1HHOBAIIIHOTO, MPAaBOBOTO,
aHANITHYHOTO, MeToauYHOro HampsiMi [1]. TpancmopTHi
IHPPACTPYKTYpHI TPOEKTH CTOCYIOTHCS BOJHOYAC YCiX
[[UX HAIPSIMIB, a came:

— COIIIOKYJIBTYPHOTO, OCKUIbKH 3a0e3MedyroTh
BiNOBITHICTE JEepKaBHUM COLIQTHPHUM HOPMAaTHBaM
y cepi TpaHCIIOPTHOTO OOCTYTOBYBAHHS Ta 3B’ S3KY;

— (iHAHCOBO-€KOHOMIYHOTO, a/K€ BIUIMBAIOTH
Ha OI0/PKETHE TUIAaHYBaHHS IS 3a0e3MeueHHs JIepKaBoro
COLIAIBHUX HEOOXIIHICTH

CTaH,Z[apTiB; BHUKIIMKAKOTh

NpsSMUX ~ JIep)KaBHUX  IHBECTHLIN Ha  peasizaliio
MPOEKTIB, CIIPSIMOBAHUX HAa MOZCPHI3aIlI0 TPAHCIIOPTHOT
IHPPACTPYKTYpPHU MiCT;

— iHHOBAIfHOTO, IO TIependaJdae 3ampOBaKEHHS
nporpam

TEPUTOPIH,

TTiIBUIICHHS KOHKYPEHTOCIIPOMO>KHOCTI

3a0e3nedeHHsl  [epXKaBHOI  MiATPUMKHU
IHHOBAI[ITHUX TPOIICCIB;

— TPaBOBOTO, IIO MICTHTh NHUTaHHSA MPaBOBOTO
pEryJIIOBaHHS, SIKi CTOCYIOThCS TIEBHOTO PETiOHY;

—  aHAJIITHYHOTO, OCKUIBKH nnerscs po
3a0e3neveH s MOBHOTH iH(opMallii Ta KOMYHIKaTHUBHUX
3B’SA3KiB MK Cy0’€KTaM¥ IPUHHATTS PIillIeHb 1 00’ €KTaMu

JIep>KaBHOT'O yIPaBJIiHHS;

— METOAWYHOTO, HEOOXiTHOTO [UIS OTPHMaHHSI
JIOCTOBIPHOi ~ IIJTaHOBOT Ta MPOTHO3HOI iH(popMaril
B TMPOEKTaX, IO IHIMIIOIOThCA, Ha ©0a3l HayKOBO-

0OTPYHTOBAHUX METOJIIB.

AHaJti3 npo6JemMu il HAIBHUX METOAIB

NPOEKTIB  MOPCBKOTO  ITACaXUPCHKOTO  TPAHCIIOPTY
B MICBKUX Ta HPUMICBKHUX CIIOJYYEHHSIX 1 OyIb-sKHX
BHJIB MiCBKOTO TI03aBYJIMYHOTO TPAHCIIOPTY B3arai.

MeTta cTaTTi — JOCHIAUTH OCOOIMBOCTI CTPYKTYpH

nopTdero TIPOEKTIB PO3BUTKY TPAHCIOPTHOT
iHQpacTpyKTypd MiCTa 3a Y4YacTIO I03aBYJIUYHOTO
TPaHCIOPTY, 30KpeMa HOro MOPCHKOTO CKIJIaJHHKA,

Ha ocHOBI cyvacHoi koHuenuii Cwmapt Ilopr Ciri,
sKa BPaxOBye TapMOHiliHE LiICBH3HAYCHHS HAIpsMIB
PO3BUTKY MicTa i TIOpTY.

Po3B’si3aHi 3aB1aHHA

Merononorisi  ynpaBliHHS —TPOEKTaMH 3 OTJISTY
Ha 0COOJHMBOCTI cpepH TPAHCIOPTY 3arajioM i OKpEeMHX
Horo  BuAiB  Ha0yna  aKkTUBHOTO  3aCTOCYBaHHS
Ta TOJANIBIIOrO PO3BUTKY B nocmimpkeHHsax C. Bymryesa,
C. Pynenka, T. Kosrys, I. Jlankinoi, M. ManakciaHo,
[2-8].

JI0 OCOOJHMBOCTE MICBKHX IaCaKHUPChKHX MEepEeBE3CHb

C. O=HumeHKO Ta IHOIMX YYEHHX VYBary
npuaiieHo B podorax 0. [dasiniva, I. Uymauenka [9—12]
Ta IHIIMX HAyKOBI[B, 30Kpema B mgmcepramii [13].
[MpeaMeTHY raigy3b MOPCBKOTO TPAaHCIIOPTY B IPOEKTAX
i moptdemnsx MpOeKTiB po3risHyTo B mparx [14—18].
Aute 3rajani poOOTH 11032 yBaroro 3aJIUIIAI0Th crienudiky

Axmyanvni npoodnemu
mpancnopmnoi inghpacmpykmypu micma

Po3BuTOK TpaHCHOPTHOI 1HOPACTPYKTYPH € OJHUM
i3 HallaKTyanpHIMIAX THUTaHb MICHKOTO CEpeIOBHIIA.
Bigomo, 110 TpaHCIIOpTHA Mepexa € OCHOBOIO, HaBKOJIO
skoi  BimOyBaeThcs  MicToOymyBaHHA. B ocTaHHI
JECATHITTSL TpaHCIOpPTHA iH(pacTpykTypa M. Opecu
po3BHBalacs i  BIUIMBOM 0aratb0X  YHHHHUKIB.
Heo0xinHO HacaMmiepe HaroJlOCUTH Ha TaKHMX: BiJJHOCHA
CTIKicTh KinmbKocTi HaceneHHS (1o 2001 p. — 1001 twuc.;
2011 p. — 1009,1 Tuc.; 2021 p. — 1015,8 tuc.; 2022 p. —
1010,5 tuc.) [19]; myke aKTMBHUKA PO3BUTOK Oy/IBHHIITBA
KHUTJIAa K B CaMOMY MiCTi, TaKk i B MepeaMICTi; TeMIH
3pOCTaHHsS KUTBKOCTI aBTOMOOITIB Ha JyNly HaceJIeHHS
micta (mo 10% wna pik). 3a indopmamicro [20],
BIJIIOBITHO JO 1HACKCY MAOpOXXKHBOTO pyXy TomTom,
micto Opmeca mociio 7-me Miciie B €Bpori Tta 18-Te
Yy CBIiTi, HOCTYNMBIINCH CEPEd YCiX YKpaiHCBKHX MiCT
mume KueBy (3-te micue B €Bponi Ta 12-Te y CBITI).
3a BigHOCHO cTabUIBHOI KimbKOcTi »xuTeniB Onecn
CIIOCTEpIraeTbCsi  aKTUBHE  30UIbIICHHS  TEpUTOPIi,
OCBO€HOI ISl JKMTJIA, 3POCTaHHS CEpeHIX BiICTaHEH
BiJl TEPUTOpIH  MacoBOro HOBOro  OyJIBHHITBA
JI0 CepeaMiCTs, KapJWHAJIbHE 30UIBIICHHS 3a0YyIOBaHIX
IIJIOL Yy B3K€ PO3BUHEHUX PaliOHaX LIEHTPAIBbHOI YaCTUHU
Mmicta. Pa3om i3 3MiHaMM B CTPYKTypi 3aiHATOCTI

HaceJIeHHs, sIKe MPOXXKMBAE B HOBOOYJOBax, HepesiueHi

OCOOJIMBOCTI ~ CHPHSIIOTH  JOJATKOBOMY  30UIBIICHHIO
MOOIJIBHOCTI HaCeIeHHSI.
Amnani3 o/1ecbKol TPaHCHOPTHOI  1H(PACTPYKTYpPH,

BUKOHaHMH y poborax [21, 22], maB 3mory

cucTeMaTu3yBatu ii mpobieMu 3a ciMOMa TpyIHamu,
cepenl  SKUX  HEOOXiAHO  3rajiaTh:  HEJOCTaTHIO
TPAHCIOPTHY KOMYHIKAIIif0 MK [IEHTPAIbHOIO YaCTHHOIO
MiCTa Ta MIKpOpaiiOHaMH; BIJICYTHICTh IIBUAKICHHX
Maricrpanei;

HCHAJIC)KHY pOBBI/IHeHiCTI) CIIOJTYYHUX
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€JIeMEHTIB 1HPPACTPYKTYpH MIiX IIEHTPaMH yTBOPEHHS
TPaHCIIOPTHUX MOTOKIB; 0OMEXKEHI MOKIIMBOCTI JJISl PYXY
Ta TApKyBaHHS aBTOMOOUTIB y LEHTpPANbHIN dYacTHHI
MiCTa; BIZICyTHICTh PO3BUTKY CHCTEMH M03aBYJIHYHOTO
TpaHcnopty Tomo. Ilomampmry yBary B JOCIIIKCHHI
MPUAIJIEHO CaMe OCTaHHBOMY 3 MEpPeNTiYeHUX CKIIQJHHKIB,
II0 He BTpadae CBOEI aKTyalbHOCTI i HHHI, Ta € OCHOBOIO
JUISl 1HILIFOBaHHS BiIMOBIIHNUX MPOEKTIB.

3 ommsigy Ha reorpadidHe po3TallyBaHHS MicCTa,
XXcr. Ta
MOXJIBOCT] I BIIPODKEHHS MOPCHKHX MPHOSPEKHNX

IIOCBII OCTaHHIX JECATWIITH BIJIKPHTI
NepeBE3CHb, JIOTIYHOIO MPOIO3MIIEI0 CEepell TMPOEKTIB

PO3BUTKY CUCTEMHU MMO3aBYJIMYHOTO TPAHCIIOPTY

€ BIJIHOBJEHHS TMOCIYI MOPCBHKOTO IPHOEPEIKHOTO
cnonydeHHs. CymyTHIM 10 30epeXeHHS Ta MOIIUPEHHS
MPOTYJISTHKOBOI KOMITOHEHTH CKJIQTHUKOM € BUKOPHCTaHHS
NacaKMPCHKUX CYNIeH MPUOepeKHOT 30HN IUIaBaHHS caMe
K TPAHCIOPTHHUX 3aco0iB JUISl MEPEeBE3eHb IacCaKUpIB.
Po3BHHEHICTH TPAHCIOPTHOI CHCTEMH, 3PYUHICTB 1 SKICTh
MICBKHX TPAHCHOPTHUX CIOJYYeHb JUIsi MEIIKaHIIB
1 Trocreit Mmicra BaKJIMBUH

BHU3HA4Yar0Th Harpsam

BiJIPO/IXKCHHS EKOHOMIKHM MiCTa i PETiOHY 3arajioM.

Ilpoekmu pozeumky mpancnopmnoi ingppacmpykmypu
Ha 6a3i konyenyin Cmapm Cimi ma Cmapm Ilopm

HabyBae momymsipHOCTI  cydacHa  KOHIICIIIIiS
Cwmaprt Citi (Smart City, Po3ymHe MicTO), sIKa CIIpHsIE
aKTUBHOMY 1HHOBAIiHOMY PO3BUTKY Ta iH(pOpMamidHii
MiATPUMIN KOKHOTO OKpeMoro Micra. Bimomo nexinmbka
IHTepIpeTalii i€l KOHIeii.

[ix noustrsm  Cmapm po3yMieTbesl  3arallbHUN
MiAXig y MEHEKMEHTI Ta B YIpPaBIiHHI IPOEKTaMHU
JIO TIOCTAHOBKH 1IiJIel Ta iX MJIaHyBaHHS, KW BU3HAYaE,
mo [t MawTe OytH Specific (cneunpidanMu, TOOTO
BiZMOBiaTH 3Micty 00’ekta), Measurable (BuUMipHUMN),
Achievable

i Time-bound (Buznauenumu B 4aci). Cmapm (Self-

(mocsoxkauME),  Relevant  (BiATOBIIHUMU)
monitoring, Analysis and Reporting Technology) -
L€ TEXHOJIOTiS aBTOMAaTUYHOrO KOHTPOJIO, aHali3y
Ta 3BITyBaHHS B Taiy3i iH(GOpPMAmiHHUX TEXHOJOTIH.
CMapT — KMITJIMBHH, pO3YMHHH, W10 HaroJoulye
Ha PO3BHUHYTOMY IHTEJICKTYaJIbHOMY CKIIAJHUKY 00’€KTa.
Ha mam mornsa, HUHI BigOyBaeThCsl MOEMHAHHS BCiX
TPHOX 3TaIaHUX HAMPSMIB MO0 3a3HAYCHOT KOHIICTIII]i.
Ines PosymHOro wmicra 3’sBWJIach HAIPUKIHIL
MHUHYJIOTO CTONITTS. Ha chOroHi criMcoK MicT, 0COOIHUBO
METaroJICiB, Jie 1 KOHLEILis € OCHOBOIO PO3pO0IIeHHS
BJIACHOI CHCTEMH YIPABITiHHS Ta MPIOPUTETHUX HAMPSIMIB

PO3BHUTKY, AaKTHBHO TMOIOBHIOEThCA. Jlo Takux wicT

Hanexatb CiHramyp, ['enbcinki, Hropux, Oxrang, Ocio —
mingepu peutunry IMD Business School y Bepecui 2020 p.
3a indpopmamnieto McKinsey, 1o 2025 p. BHECOK TaKHX
mict o cBitoBoro BBII mopiBHioBatimMe 60%. o 2020 p.
iggycTpiss Po3yMHHMX MicT cTama aKTUBHHUM pPUHKOM
3 400 mupn nmon. i oxorumoe 600 MicT y BCbOMY CBITI.
I3 zarampHOi KkimbkocTi 109 wMicT y 3ragaHomy
peiitunroBoMy crnmcky Kuie mocis 98 micue. B Ykpaini
Ha ¢QinancyBanHs mporpamu "ExexkrponHa crommis”
2022 p. Oyno nependadeHo MmoHaa 2 MIIH I'PH i3 MICBKOTO
OI0/DKETY, a 32 pe3yJIbTaTaMi PEHTHHIOBOTO OIiHIOBAHHS
010
iHpacTpykTypy B Mexax Kyiv Smart City Forum 2020

BTUICHHS 1HHOBAIlIHHUX pIMIEHb Yy MICBKY
HalOLIBII "pO3yMHUM" YKPATHCHKUM MICTOM i3 HAaCENICHHSIM
1o 100 Tuc. oci6 2020 p. Bu3HaHO MyKaueBo.

Cmapt Citi o00’ennHye pi3HI  (QyHKIIOHANbHI
ramys3i, Taki sk CwmapTt eHeprii (3 yciMa BHAAMH
eHeprozade3rneveH s, 30KpeMa albTepHATHBHI JPKEpena);
Cvapt TpanHcmopt (3 yciMa BHOAMH  MICBKOTO
Ta TPHUMICBKOTO, 3arajlbHOJOCTYITHOTO W 0COOHCTOrO
TPAHCIIOPTY, BIAMOBIZHUMH TPAHCIIOPTHUMH ITOTOKaMHU
1 TPaHCTIIOPTHOIO iH(pPacTPyKTyporo); CMapT Boja Ta ras;
CMmapt wmiceke cepemoBumie; CmapTt naiM (3 OymiBIsIMH
JKUTJIOBOTO, KOMEpLiHHOTO i IIPOMHUCIIOBOTO
Mpu3Ha4YeHHs). TexXHIYHEe Ta TEXHOJIOTiYHEe 3a0e3eYeHHS
MICTUTh MEpexXy JNaT4HKiB

CEHCOpIB, BiZICOKamep,

MOOITHPHHX  OE3APOTOBHX  MEpPEeK Ta  AITOPUTMHU
JUHAMIYHOTO aHalli3y BXIIHUX iH(pOpMaliiHUX MOTOKIB.
Otpumana iHpopMamis TpHU3HAYCHA M HaJaHHS
JIeTaJbHOTO Ta BCEOIYHOIO ONUCY MICBKOI'O CEpeIOBUIIA
3 METOI NPHHHATTA pIMIeHb OO0 BIOCKOHAJICHHS
Ta po3BUTKY. Y pobOoti [23] ckmax (yHKIIOHATBHUX
ramy3eit Cmapt CiTi TOTAETbCS B TAaKOMY BHIJIAMIIL:
TPaHCIIOPT 1 MOOUIBHICTD, MPUPOIHI PECYPCH Ta EHEpris,
OyIIBHHUILITBO ¥ apXiTEKTypa, SKICTh KUTTS, EKOHOMIUHUHA
ypan.

CKIagHUK € HEBiI’€MHOI0 Ta 3HAYYIIOD YacTHHOIO

PO3BUTOK, 3a3HauMMoO, W0 TPAHCIOPTHUH

¢ynkuionansHoi crpykrypu Cwmapr Citi B pi3HHX
11 moTaHHAX.

Y nopanbmioMy JOCHIJPKEHHI OyZeMo CrupaTHcs
Ha cTtpykTypy Cmaprt Citi y ckmafmi: eHepris, TpaHCIOPT,
BO/Ma, Ta3, MIChKE CEpEIOBHINE, IiM 13 J0JaBaHHAM
MATPUMKH (QYHKIIOHATBHAX 3B’SA3KIB 13 BIAagOI0 —
CKJIaAHUKOM "ypsia".

YrpaBuiHHA TpPaHCIIOPTOM 3IIHCHIOEThCS Ha 0asi
LIMPOKOTO BHMKOPHUCTaHHS 1H(MOPMALIHUX TEXHOJIOTIH,
IoT (IatepHery peueii), 30kpeMa B PEXUMi PeaTbHOTO
4acy, ONTHMI3aliiHIX aJrOPUTMIB 3MCHIICHHS BiJCTaHi
Ta dacy BaHTaXIiB,

MEepeMIlIeHHsT  MMacaXkupiB i

BUKOPHCTAaHHS TEXHIKO-EKCIUTyaTalliiHIX XapaKTepUCTHK
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TPAHCIIOPTHHX 3ac00iB TOHmIO. Yce 1€ BiJKPHUBAE IMUPOKI

MOXJIMBOCTI  JUI1  BU3HAQYEHHA  CUCTEMM  Lijei

y pO3B’sA3aHHI MPOOIEMHUX 3aBAaHb MO0 ITiIBUIICHHS
3IaTHOCTI aprepii,

IIPOITYCKHOI TPaHCIIOPTHUX

3MEHIIICHHS TPAHCIIOPTHOTO HAIPYXCHHS Ha OKPEMHX
iHppacTpyKTypH
ANBTEPHATHBHUX (30KpeMa 3 ypaxyBaHHAM (akropa

JIaHKaxX IUIIXOM  YIPOBaXKEHHS
CE30HHOCTI) MapIIpyTiB SK IS BK€ HasBHUX BHJIB
TPAHCIIOPTY, TaK i B KOMOiHAIii 3 HOBUMU BHIAMH.
I'eHepanpHOI0O MeETOIO CKJIagHHMKA 'TpaHCHopT"
HEOOXiIHO BBaKaTW HaWHOLIBII MOBHE 3a0e3rnedYeHHs
MOOUIPHOCTI MEUIKAHI[IB MICTa Ha OCHOBI PO3BHHEHHX
TPAHCMOPTHHX cHoiy4deHb. Cepen Iieil mepmoro piBHA,
CIPSAMOBAHMX Ha PO3B’SA3aHHSA BH3HAYCHHUX 1 3rajaHuX
yBary
M103aBYJINYHHM

BUIIIC HpO6J’I€M, 30CcepeanumMo noaajapnry

Ha  3alpOBa/UKCHHI  IEpPEeBE3CHb
TPaHCIIOPTOM, 30KpeMa HOro KOMOIHOBaHOTO BUKOPHCTaHHS
3 TpaJuLiHHAMH BHJaMH MICBKOTO  TPaHCIIOPTY.
3a3HaveH] LTI MEepIIoro piBHS, a TAKOX JIOKAIBHI LT
JIPYTOro piBHS MOKa3aHO Ha pHcC. 1.

Heo0xi1HO 3BepHYTH yBary Ha pojib CTEHKXOJIepiB
B IHII[IFOBaHHI MPOEKTIB, 10 BIAMOBIAAIOTH 3a3HAYCHUM
nisiM. besymMoBHO, Baroma yd4acTh y BIPOBaKEHHI
Ta MATPUMII TaKUX TPOEKTIB HAICKHUTH JEPKABHUM
OpraHaM YTIpaBIiHHS, a camMe MyHimumamiteTy. Takox
HEOOXiJHO HArOoJIOCHUTH, IO IHII[IaTHBA MOKE HTH Bij
cy0’€KTiB KOMEPIIHHOT TisSUTBHOCTI, OCOOIUBO 3BAXKAFOUN
Ha Te, 110 TIOJANbIIE ONEPyBaHHS CTBOPEHUMH
00’eKTaMH MOXX€ BHKOHYBATHUCh KOMIIAHISIMH, IIO BXKE
NpaIioTh HAa PUHKY a00 OyAyTb CTBOpPEHI B Mexkax
BiJIMIOBITHUX MPOEKTIB.

IniniitoBana B mopty ['amOypr 2012 p. HoBaTOpChKa
nopTty
3aCTOCOBYEThCA B PI3HHX IIOpTax CBITY,

KoHuenuiss  Po3ymHoro (Cmapr  Ilopr)
30KpemMa
Amntseprieni, bapcemoni, I'am0Oyp3i, Jloc-Anmxkeneci,
Momnpearni, [Tycani, Porrepaami, Cinramypi Tomo. Y cBiTi
icaye 33 mMeranomicu 3 HaceneHHsIM moHan 10 miH ocil,
3 SIKUX 25 — TMOPTOBI MICTa, MO OOCITYTOBYIOTh OIU3BKO
25% o0csiry CBITOBUX KOHTEWHEPHHX IEPEBE3CHB.
Opnak xoHuemnuist Po3yMHOro mopry He OOMEXYyeThCS
BUKOPHCTAHHSIM TUIBKM Yy BEJIIMKUX MicTax 1 IMopTax,
aJKe BOHa MOXKE YCIIILIHO 3aCTOCOBYBATHCh 1 B MOPTax,
MEHIIHX 33 MacIITabamH.

Cwmaprt IlopT BHpilIye THIIOBI 3aBIaHHS, OB’ s3aH1
3 YOpaBIiHHSAM TOPTOBUMH  OIEpallisiMHd, TaKHUMH
K KOHTPOJIb CyJ03aXOJliB, BHKOPHCTaHHS ITIOPTOBOTO
001 THAHHS, IEPECYBAHHS BAHTAXIB, 30KpeMa HEOC3MEUHHX,
TEPUTOPIEI0 TOPTY, iX CKIaAChKe 30epiraHHs TOIIO.
3arajabpbHOCBITOBI PO3MipiB

TEHJEHLIT  3pOCTaHHs

TPAHCIIOPTHHUX 1 KPYI3HUX CyNeH, OOCATIB TepeBalIKd

BaHTaXIB Ta OOCIYTOBYBaHHS NAacaXHPiB BIUIMBAIOTH

Ha BUHHUKHCHHA HOBUX 3aBJ1aHb, TEXHOJIOTIYHOIO

OCHOBOIO pO3B’si3aHHS skuX € loT. Amxke 3a3HaueHa
TEXHOJIOTIs CIIpHsie TOKPAIICHHIO CKIaIChKOI JIOTICTUKH,
YIpaBIiHHS aBTOMAaTH3aIlil

3aracamMu, npoueciB

HaBaHTAXECHHSI, BUBAHTa)KEHHS, BiJINPaBIICHHS
Ta TpaHCIIOPTyBaHHS [24].
Y pobori [25]

TIPOAHAITI30BaHMX JPKEpel HaBeEHO CKIIa (PyHKITIOHATEHIX

Ha OCHOBI 3HAYHOI KUIBLKOCTI

ramy3eit Cmapt Ilopty, a came: CmapT ympaBIiHHS
cynHamu, [HTeneKTyalbHI TpaHCHOPTHI MOTOKH, CMmapT
iHppacTpykTypa, CMapT KoHTelHepH, I[HTenekTyanbHa
iHpopmamiiHa cucTema. Y TONANBIIOMY JOCIiIKEHHI
CIMPAaEMOCh Ha I1eH Tmepenik 3 HOro JOMOBHEHHSM
ckragaukamu — Cmapt sorictuka, CwmapTt cucrema
0e3reKH Ta eKOJOT1YHUH MOHITOPHHT.

oenuanus Cmapt Citi Ta Cmapt Ilopty cnpusino
BuHuKHeHHIO KoHIenmii Cmapt [Topr-Citi. IIpuxiagom
3aCTOCYBaHHS TaKOi KOHIIETIIIi € 0araTo BEIMKHUX 1 MaJix
Cy4JacHUX TMOpTiB-MicT [26—28]. Peamnizamis Cmapt [Topr-
Citi B MyHIOWDAIPHUX OpraHax BIAAW Ta TOPTOBIii
aZMiHicTpallii IpyHTy€eThCsl Ha 30a/laHCOBAaHMX 1HTEpecax,
0 BpPaxOBYIOTh  pPE3YJIbTATH  aHAN3y  IPO30PHX
IHTETPOBAHMX JAHUX 13 JBOX BINMOBIMTHUX JDKEpENT —
Micta ¥ mopry. Y TIbOMYy pa3i TOpPTOBE MICTO

pO3MIISAAETBCS  SIK  IUTICHUE cy0’ekT, IO  CHpHse

TeHepamii CHOUTBHUX i, Hampukiag, y OopoTs0i
3 KIIMaTHYHUMH 3MiHaMu. OCHOBHI HANpsIMH TaKUX i
CIpSIMOBaHI Ha 3MCHIIICHHS BUKH/IB IIKiTHBUX PEYOBUH
B atMocdepy, 3aXHUCT NOBKLLIS, MiJBUINEHHS 370POBHX
YMOB 1 SIKOCTi XKHTTS JfoAei. J[o 0CTaHHROTO CKIIAIHHUKA
0e3mocepeIHbO HATICXKUTh 3a0€3MEUCHHS CTaI0i MOOLTLHOCTI
HACeJIeHHs, a MICBKi Ta TPaH3WTHI TPAHCHIOPTHI 3aco0un
B IIbOMY KOHTEKCTI BiAirpatoTh BaXJIUBY poiib. Hacmigku
3a0pyAHEHHS BiJ BHKHIIB IIKiIJIMBUX PEYOBHUH CTAIOTh
yce Outbll HeOE3MCUYHUMM JUJIs  JIFOJCH Ta  BCi€l
exocuctemu, Tomy CmapT Mickke cepenosmuile Ta CMapT
cucTeMa OE3MeKn Ta €KOJIOTIYHOTO MOHITOPUHTY MaroTh
OyTH Opi€HTOBaHMMH Ha TPOMAACHKHHA TPAHCIOPT
i TpaHcmopTHi 3acoOM OCOOHMCTOr0 KOPHCTYBaHHS,
a TaKOXX BaHTaKHI NEPEBE3CHHS PETYIAPHOTO XapakTepy.
Taka cutyariss € 0coONIMBO HEOE3MEYHOI B MiCTaX,
e TOpT pO3TAIIOBAHWK HEMOJaNiK Bif JKUTIOBHX
KBapTaliB, 1k y M. Ozeca.

Metoto Po3ymHOro Micra Ta MOpPTY € HE TIIBKH
uuppoBe 00’€qHAHHSA BCIX BXIAHHX I1H(QOPMAIIHHIX
€IIEMEHTIB 3 KOXXHOTO OOKy, ame ¥ OararoacrekTHa
CTPYKTypamu,
CEePEIOBHIIEM Ta MiCBKHM HACEJICHHSM.

CHIBIIpalll MDK  YpSIIOBUMH 6i3Hec-
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Puc. 1. LlineBu3Ha4ueHHS Ta iHII[IFOBAaHHS MPOEKTIB 32 YIACTIO TMTO3aBYJIMYHUX BUAIB TPAHCIIOPTY

Ha piBHI po3poOieHHs MaKpOMO/IE TPaHCIIOPTHOT
iHdpacTpyKkTypH MicTa B Oe3M0CepeIHROMY B3a€MO3B’SI3KY
3 PO3BUTKOM IIOPTOBOTO BHPOOHMITBA BUHUKAE TIEPETUH
MHOXXUH TPOEKTIB, IO HaJIEXaTh JO BIANOBITHUX
(dyaxmionansHux ramyzeir Cmapt Citi Ta Cmapt [opTy.
Ile BimOyBaeTbcs Uil ONTHMI3alil TPAHCHOPTHHX,
MACaKUPO- Ta BAHTAXKOIOTOKIB y MICBKOMY IIPOCTOPi
I 3a0e3redueHHsT 3arajdbHOl  MICBhKOiI  MOOIIBHOCTI,
a TakoX TOTped mopry. IlmaHyBaHHS Ta KOOpAHMHAILSA

PI3HHUX BHJIB TPAaHCIIOPTY HAa MICBKOMY PiBHI BPaxOBYIOTh

LEHTPH BaHTAXHHAX (IIOPT) Ta MACAKHUPCHKUX (palioHU

MiCTa, TIIOPT) TOTOKIB; BUKOPHCTaHHS TPaJULiHHNUX
BYNWYHHX (TpamBai, TposeiOycu, aBToOycH, MapIIpyTHi
Takci, AaBTOMOOLT) Ta aJbTCPHATHUBHHUX, 30KpeMa

TI03aBYJINYHAX, BHUIIB TPAHCTIOPTY (UIIBUAKICHWUI TpamBaii,
KaHaTHI JIOpOTH, BOJAHHUI MICHKUI TPaHCIIOPT, BEJIOCHIIE/H,
CKYTEpH TOIIIO); IPOEKTYBAHHS JOPOXKHBOI IH(YPACTPYKTYpH;
BUKOpHCTaHHS 1H(OpMauiiHUX 3acO0IB MOHITOPHHIY
tomo. Konmemnmiss Cmapt I[lopt-Citi MicTuTh YMMaio
MIPOEKTIB 100 HAaOYTTS HOBHX 3HaHb, PO3POOJICHHS
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TEXHOJIOTIH, CHUCTEM, BHPOOHHIITBA MIPOAYKTIB

Ta HaJaHHA nOCHyr. [HILIIOBaHHS TakKWX MPOEKTIB
CIIpPsIMOBaHE Ha 3a0€3NEeYCHHS EePCIeKTHBHUX HAIpPsMIB
PO3BUTKY MICT 1 TOPTIB, PalliOHAIBLHOTO YIIPaBIIHHS,
e(EeKTHBHOTO BUKOPUCTaHHS PECypCiB, MiJABUILCHHSI
IIHHOCTEH MICBKOTO CEPEIOBHUIIA Ta TOCATHEHHS BUCOKOT
pPEe3yIBTaTUBHOCTI B TIOPTOBIH BHPOOHHWYIN MisSUTBHOCTI.
Bu3HaueHHs CKIJIally MPOEKTIB Ta iX MPIOPUTETHICTh Mae
BIIOYBATHCh 3 YpaxXyBaHHSAM CKJIAIHHUKIB, L0 HAJEKAaTh

SIK JTO TIPOOJIeM MICTa, TaK 1 MOpTy.

Memoouka eusnauenna cknady nopmebento npoeckmie
Cmapm Ilopm-Cimi ma ix peitmunzo60i oyinku

Bu3HaunMO MHOXXHHY TIPOEKTIB (QYHKIIOHATHHOT
raiys3i "Tpancmopt" y ckmagi Cmapt Citi sk {ow’f,""’},

e BEpXHI 1HIEKC — BIAHOIICHHSI TMPOEKTY p

0 [iJICBH3HAYCHHS T'€HEpabHOI METH B PO3B’A3aHHI

M

TPaHCIIOPTHUX MPOOJIEeM Ha PiBHI MicTa, a HIDKHIA — W
M M - P
w" =LW — IHIEKC MeTH  TIPOEKTy i€l

(hyHKIIOHABFHOI Tay3i, IO BiATIOBiAa€ MEPIIOMY PiBHIO

LJIEBU3HAYEHHS 3a JIOT1YHOI0 MOCTIJOBHICTIO,
MOJTAaHOO Ha pHc. 1.

Cepen ¢ynkuionansHux ramyzeid Cmapt Ilopty
BHOKpeMUMO  [HTenekTyanbHi

TPAHCIOPTI  MTOTOKHU

ta Cwmapr iHppacTpykrypy. Ilo3HaunMO MHOXHHHU
HPOEKTIB KOXKHOTO CKJIAJHHKA {PM:’[ ”’"} Ta {P:f noingp }

BimnoBigHO. BepxHill iHmekc BU3HA4Yae BiAHOIICHHS 0
BEPXHBOI'O PIBHS IIJICBH3HAYCHHS 32 (DYHKI[IOHATBHOIO

raixy33io Ha piBHI OPTY, a HIDKHIK — W' (w" = I,W") -

IH/IEKC METH TIPOEKTY.

VY Takuii cmocid ¢GopMyeThca 3aralibHa MHOXKHHA
NPOEKTIB Il iX TIOAANBIIOTO BiOOpY 3 MO3WIIH
[Iponenypa Binbopy
JI0 TOpT(EITo Ta MOUIYKY PEeHTHHTY BiiOpaHUX MPOEKTIB

koHnemnii Cwmapt Ilopr-CiTi.

3MIACHIOETHCS 32 ITOCIIIOBHICTIO, 300pa’keHOI0 Ha pHC. 2,
Ta MICTUTh MPOIECH, 3MICT SKHX BHKJIAJCHO JaJli.

W,u — I,WM

"Tpancnopt”

— Bwusnauenus mijei Mmicra

B TpOEKTax (YHKUIOHANBHOI raimysi

y cknani Cmapr Ciri.
— MogenoBaHHs MHOXKHHH IIPOEKTiB Micta P" ™"
HKIoHaMpHINA ramy3i "Tpancmoptr”" Cwmapr Citi

3 BUBHAUYCHHUMU IliﬂﬂMPl

T

— MopemoBanns MHOXuHH ~ P"  npoexriB, ne

TIOPT € CTEUKXOJIIEPOM,
PM*M \P}H — {p : p e PM*J'I /\ p % P,W} (2)

OKPECIIOE KOJIO TIPOEKTIB, IO HAJaNll He PO3MTIIaTUMYTHCS,
OCKIJIbKM HE MAaloTh BIJHOIIEHHS [0 TPaHCIIOPTHUX

HOTOKIB 3a y4acTio Ilopry. To6To muoxuna P" micturs
JIMIIE MTPOEKTH 32 LUISMHU, [0 BU3HAYAIOTh OE3I10CEPETHE
iHiTifoBaHHSA 200 BIUTMB Ha iX peamizaiito [Topry.
HeoOximHo 3asHaumtu, mo s Cwmapr  Citi
pO3TJIIaEThess oaHa (DYHKIIOHAJNbHA Tally3b, a caMe
"Tpaucnopt”". Haromicte y cximaai Cwmapt [lopry,
SIK TIPaBUJIO, TOCIIKYIOTBCS JCKUTbKa (DYHKITIOHAIEHUX
raiyseil, ockineku cam Ilopt € 06’ekToM TpaHCTIOPTHOT
IHQpacTPyKTypH, O TOTO > CKJIAQJHOTO XapakTepy.
Otxe, BIUIMBATH Ha TPAHCIIOPTHI MOTOKU MICTAa MOXYTb
MPOEKTH 3 ICKINIBKOX (YHKIIOHATBHUX raimy3eir [TopTy.
Hagenemo mociioBHICT MPOLIECiB BiOOPY TAKMX MPOEKTIB.

— DBusHauenHs e w" (W" :1,W") MIPOEKTIB

¢ynkuioHansHux ramyseit Cmapt Ilopry. 3asnaueni

¢ysakmioHansHi  ramy3i  Cmapt Ilopry  yTBOPIOIOTH
JIeKUTbKa BiJIIOBITHIX MHOHH TPOEKTIB.

— Jlns xoxHOi 3 ITiIeH, IO PO3TIISAAIOTHCS Aajli
3a JBOMAa Tally3sSMH, TaKi MHOXHWHH TIOHaHI JIJIsA

[HTENeKTyaIbHUX TPAHCTIOPTHUX MOTOKIB —

prm { pi P (p)} 3)

i s CmapT iHppacTpyKTypu —
P ={p: P (p)). 4)
— MogenoBanEs ~ MHOXHMHM ~ NpOeKTiB  P"

3ajistHuX (QyHKUioHanbHUX raiyseit Cmapt Ilopty, mio
BIJIIOBIAIOTh BU3HAYEHUM IIIIAM

pr = (PP, )

C—n—c
P,
cnimeauM M Cmapt  Cirti

— MogentoBaHHsT MHOXHHH TIPOEKTIB
M0 BIAIMOBIIAIOTH

ta Cmaprt ITopty
P =P N P" ={p:peP‘” /\peP”}. (6)
3 posrisiny BUITydatoThes Taki mpoekti Cmapt Citi —
P =P \P ={p:peP Ape P ()
ta Cmaprt Ilopty —
P' =P \P"={p:peP" Apg P}, (8

\2 A\ \
a 3amMIIalThCs, Bigmosigno, P" ta P (P"c P,
A2

P"c P"). ¥V Takuii crioci6 (popMyeThecs NMEepBHHHUI
HaOip npoektiB y noprdeni Cmapt [Topt-Ciri. [Tonansia
pEMTHHrOBa OIliIHKA BCTAHOBJIIOETHCS IS MPOEKTIB

i3 MEHOXKUHH P7"°.
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Puc. 2. CtpykrypHa cxema etamiB GopMyBaHHS MMOPT(EITIO MPOEKTIB Ta IX PEHTHHTOBOT OL[IHKK

— Inmentndikanis mpoektie  Cwmapt Iloprt-CiTi

3 MHOXHHH P, mo Hanexats m0 npoektie Cmapt

v
Citi P" < P, 3a uwinsimu w" (w‘” = l,W'") .

— Imentudikanis npoektiB  Cmaptr Ilopr-Ciri

3 MuoxkuEd P, mo Hamexarts 10 mpoekTiB CMapT
\2

ITopry P" < P, 3a uinamu w" (w” = 1,W”) .

— TloGynosa MAaTpHIIi po3MipHOCTI
max(V'" V" ) x (W'” + W") PEeHTHHTOBOI OLiHKH (pHC. 3)
3a CTPYKTYPOIO:

— 3arajbHa KITBKICTH PSIKIB BH3HAYAETHCSA 5K
max(V"’;V") ;

— 3arajibHa KIJIbKICTh CTOBIIIIB BH3HAYAETLCA SIK
w*+w",
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. . M —“
— BW3HAueHHs piBHA mpioputery V' =12,...,V
\2

JUIst TIpoekTiB P"  michbkoro cknmagHuka B NiBiM 9acThHi
MAaTpHI BiTOYBa€EThCS 3a 3POCTAHHSAM II0 PSAAKAX;

— BH3HAYeHHs piBHs npiopurery W' =1,2,... . W"

Vv
IUIs TIPOEKTiB P TOpTOBOrO CKIaJHUKA B MpaBiil

YacTWHI Marpuili BiAOyBaeThCS 32  3MCHIICHHAM
0 psijIKax.

— Bwu3zHaveHHS PeUTHHTOBHX OIIHOK U MiCEKOTO

CKJIaJHUKA — R(Pv‘ff W‘,), JUIA TIOPTOBOTO CKJIAJHUKA —

R(P,.).

Puc. 3. YcranosnenHs piBHiB npiopureTHOCTI TpoekTiB CMapt [Mopt-CiTti

— DBwusHaueHHS BepXHBOI MEXi PIBHIB MPiOPUTETY

SIK 3aJaHUX 3HAYCHb R(f’v'}',' Wv‘,) Ta R(P_’,f W,,) BiAMOBiAHO

v

JUII MICBKOTO H TIOPTOBOTO CKIQJHWKA Ta 3arajbHOI
BepxHboi Mexi 1yt Cmapt [Mopr-Ciri:

min =R (Pr . pR(E, )} . ©)
— 710 mOPTdhEImo HATEKATH IPOEKTH, I AKHX
R(r:,. )< minl(rz, (7, (10)
ra
R(r,.) < minfR (P2 JR(22 )| ()

binbm npiopureTHuMH € Taki npoektn Cmapt
[opt-Citi, Ia SKUX YCTaHOBICHUH pIiBEHb PEHUTHHTY
BiAIOBiNaE

mopieatoe 1, 2,... 30iIbLICHHS pPIiBHA

3MEHIIICHHIO TIPiOPUTETHOCTI MIPOEKTY.

BucHoBxku
IIpoBenennit anamiz cratucTH4yHOi  iH(OpMaii
Ta MarepiagiB 13 MEPIOAMYHHMX JDKEPEeNI, a TaKOoXK

BuBueHHS ['eHepanmpHOro MmraHy M. Opecu Ta iHIIMX
HOPMATHBHUX JIOKYMEHTIB, JaB 3MOTY BHOKPEMHTH
HalOUIBII 3HAUyIl Cy4YacHi TPAaHCIIOPTHI MpoOIeMH
MicTa. 31 cBOro OOKy BOHH CIOHYKAIOTb JIO iHII[IFOBaHHS
NIPOEKTIB, CHPSIMOBAaHMX Ha iX BuUpIOIeHHS Ha 0a3i
CY4YaCHUX KOHIICTII[IH 1 METOOIOT M.

Konuenuiero, mo crnpuse iHHOBaLiHUM pillIEeHHAM
3 yHpaBIliHHS TPAHCIIOPTOM 3arajbHOTO Ta OCOOHMCTOTO
KOPUCTYBaHHsS BCIX BHJIB Ha pIiBHI OKpPEMOro Micra,
e Cwmapr CiTi. BukoHaHa B 1bOMY JOCIIKEHHI
CUCTEMaTH3alis IIiJIeBU3HAYCHHS BigoOpakae ydacTh
OpraHiB  JICp)KaBHOTO  yNpaBIiHHA Ta  CyO’€KTiB
KOMEPIIHHOI IisUTHOCTI MICTa B iHINMIFOBaHHI MPOEKTIB
cthepu
MO3aBYJIMYHHUX BHIIB TpaHcmopty. [us wmicT, y SKHX

3a HanmpsaMoOM  pO3HIMPEHHA BUKOPHUCTAaHHSA
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0COOIMBY pOJIb Bimirpae podoTa mopTy, 3HaYHA KiIBKICTh
NPOEKTIB IpyHTYeTbcsi Ha KoHuenuii Cwmapt Ilopr.
[ToenHaHHsA 1IMX IBOX KOHLENTYAIBHUX 3acan Halyio
dhopmu Cmapt ITopr-CiTi, sika MICTHTh YUMAJIO 1HILIATHB
10210
MEPCIIEKTUBHOTO PO3BUTKY MICT 1 MOPTIB, MiJABHUIICHHS

TIPOEKTIB CTBOPCHHS HOBHX CEpBICIB A
IIHHOCTEl MiCHKOTO CEpelOBHUINA Ta Pe3yJIbTaTHBHOCTI
MOPTOBOT BUPOOHUUOT JisITBHOCTI.

Y po0oTi 3ampoNOHOBAaHO MiAXiJ A0 BU3HAYCHHS
MPOEKTIB, M0 BUILIMBAIOTh 13 CHCTEMHOTO I[iJICBU3HAYCHHS
y pO3B’s13aHHI TPAHCIIOPTHHUX MPOOIIEM MicTa Ta IpodIeM
MeBHUX (DYHKIIOHANBHUX Tany3edl mopTy. Po3pobieHo

METOIWKY BinOOpy TPOEKTIB A0 TOPTHENTIO 3 TO3UIii

Cvapr [opr-Citi, mo gae 3Mory, IO-TIepIie,
IZICHTU(IKYBaTH MPOEKTH, SIKI BIAMOBINAIOTH CHUIBHUM
OUTSIM MicTa Ta MOPTY; MO-Apyre, BUKOHATH PEHTHHTOBE
OIIIHIOBAHHS IMPOEKTIB BIAMOBIAHO JJIT MICBKOTO I
MOPTOBOTO  CKJIQJIHUKA, IIO-TPETE, 3a BCTAHOBIICHOIO
MEKCI0 BU3HAYHUTH MPOEKTH 3 HAHOUIBIIINM PIOPUTETOM.
OynyTh

BapiaHTIB

ITomanemii  gOCHIUKEHHS TIPUCBSTYCHI

MOIIYKY HAHOLIBII  JOIITBHUX MIPOEKTIB

3-TIIOMIK AJIBTCPHATUB:  3alIPOBAUKCHHA  IIEPEBE3CHDL

TPAHCIIOPTY,
KOMOIHOBaHe

IICBHUMH BUIaAMU IMMO3aBYJIMYHOT'O

30KpeMa  MOPCHKHM  TIPHOEPEKHHUM;

BUKOPHUCTaHHS TpamUIiHAX BYJIMYHUX BUJIIB

TPAHCHIOPTY 3 MMO3aBYJIMYHUMHU BUJIAMU.

Cnucok Jgirepatypu

1. Xpankina B. B., Comoxa [I. B., bemsxoa O. B., I'eko B. JI. KoHuentn iHHOBamiHOTO PO3BUTKY MiAMPUEMHUIITBA:
MoHorpadis. Hamionaneauit yaiBepcutet "KuiBo-MormisiHepka akagemis”, Kuis. 2018. 263 c.

2. Bushuyev S., Bushuyeva N., Bushuiev D., Bushuieva V. Cognitive Readiness of Managing Infrastructure Projects Driving
by SMARTi fication. I[EEE European Technology and Engineering Management Summit, E-TEMS 2022. Conference Proceedings.
2022. P. 196-201. DOI: https://doi.org/10.1109/E-TEMS53558.2022.9944458

3. Bushuyev S., Onyshchenko S., Bushuyeva N., Bondar A. Modelling projects portfolio structure dynamics
of the organization development with a resistance of information entropy. IEEE 16th International Conference on Computer Sciences
and Information Technologies (CSIT). 2021. No. 2. P. 293-298. DOI: https://doi.org/10.1109/CSIT52700.2021.9648713

4. Biloshchytska S., Bondar A., Bushuyev S., Malaksiano N. Structure of the project-oriented organization energy entropy.
Scientific Journal of Astana IT University. 2020. No. 3 (3). P. 28-34. DOI: https://doi.org/10.37943/AI1TU.2020.33.24.003

5. Rudenko S., Kovtun T., Smokova T. Breaking risk the integration links between the participants of transport
and logistic infrastructure projects. CEUR Workshop Proceedings. 2021. Vol. 2851. P. 45-56. URL: https://ceur-ws.org/Vol-2851
(nara 3BepHenHs: 09.04.2023)

6. Lapkina I., Malaksiano M., Savchenko Y. Design and optimization of maritime transport infrastructure projects based
on simulation modeling. Proceedings of the Ist International Workshop IT Project Management (ITPM 2020). 2020. P. 36-45.
URL: http://www.scopus.com/inward/record.url?eid=2-s2.0-8508210906 1 &partnerID=MNSTOARS (nata 3Bepuenns: 09.04.2023)

7. Malaksiano M., Melnyk O. Effectiveness assessment of non-specialized vessel acquisition and operation
projects, considering their suitability for oversized cargo transportation. Transactions on Maritime Science. 2020. Vol. 9. No. 1.
P. 23-34. DOL: https://doi.org/10.7225/toms.v09.n01.002

8. Onyshchenko S., Bondar, A., Andrievska, V., Sudnyk, N., Lohinov, O. Constructing and exploring the model
to form the road map of enterprise development. Eastern-European Journal of Enterprise Technologies. 2019. Vol. 5. No. 3 (101).
P. 33—42. DOTI: https://doi.org/10.15587/1729-4061.2019.179185

9. Chumachenko I., Davidich N., Galkin A. Information support of simulation of vehicle flow distribution in urban
projects of sustainable development. Intelligent information systems for decision support in project and program management:
collective monograph. Riga, 2021. P. 25-41. DOI: https://doi.org/10.30837/978-9984-891-21-7

10. Davidich N., Galkin A., Iwan S., Kijewska K., Chumachenko I., Davidich Y. Monitoring of urban freight
flows distribution considering the human factor. Sustainable Cities and Society. 2021. Vol. 75(103168). P. 1-10.
DOI: https://doi.org/10.1016/j.s¢s.2021.103168

11. Davidich N., Galkin A., Sabadash V., Chumachenko I., Melenchuk T., Davidich Y. Projecting of urban transport
infrastructure considering the human factor. Scientific Letters of the University of Zilina. 2020. Vol. 22. Issue 1. P. 84-94. URL:
http://www.scopus.com/inward/record.url?eid=2-s2.0-85077917124&partnerID=MN8TOARS (nara 3Beprenns: 09.04.2023)

12. Davidich N., Chumachenko I., Davidich Y., Taisiia H., Artsybasheva N., Tatiana M. Advanced Traveller Information
Systems to Optimizing Freight Driver Route Selection. 13th International Conference on Developments in eSystems Engineering
(DeSE). 2020. P. 111-115. DOTI: https://doi.org/10.1109/DeSE51703.2020.9450763

13. Yewer A. M. Meroau Ta Mozeli ynpaBiliHHS HOPTQENIeM MPOEKTIB HAaHHI TPAHCIOPTHUX HOCIYT MicT : aBTOped. auc.
KaHA. TexH. Hayk: 05.13.22. Hayionanonuii mpancnopmuuii ynieepcumem. Kuis, 2018. 20 c.

14. Lapkina I., Prykhno Y., Lapkin O. Content optimization of the development of multiproject of a shipping
company. FEastern-European Journal of Enterprise Technologies. 2020. Vol. 2. No. 3 (104). P. 50-57. DOL
https://doi.org/10.15587/1729-4061.2020.199477



https://www.scopus.com/authid/detail.uri?authorId=6506632335
https://www.scopus.com/authid/detail.uri?authorId=57201367823
https://www.scopus.com/authid/detail.uri?authorId=57204956894
https://www.scopus.com/authid/detail.uri?authorId=57200319493
https://doi.org/10.1109/E-TEMS53558.2022.9944458
https://www.scopus.com/authid/detail.uri?authorId=6506632335
https://www.scopus.com/authid/detail.uri?authorId=56527420200
https://www.scopus.com/authid/detail.uri?authorId=57201367823
https://www.scopus.com/authid/detail.uri?authorId=57212622347
https://doi.org/10.1109/CSIT52700.2021.9648713
https://doi.org/10.37943/AITU.2020.33.24.003
https://www.scopus.com/authid/detail.uri?authorId=57222276906#disabled
https://ceur-ws.org/Vol-2851/
http://www.scopus.com/inward/record.url?eid=2-s2.0-85082109061&partnerID=MN8TOARS
https://doi.org/10.7225/toms.v09.n01.002
https://doi.org/10.15587/1729-4061.2019.179185
https://doi.org/10.30837/978-9984-891-21-7
https://doi.org/10.1016/j.scs.2021.103168
http://www.scopus.com/inward/record.url?eid=2-s2.0-85077917124&partnerID=MN8TOARS
https://doi.org/10.1109/DeSE51703.2020.9450763
https://doi.org/10.15587/1729-4061.2020.199477

188

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2023. No. 2 (24)

15. Rudenko S., Shakhov A., Lapkina I, Shumylo O., Malaksiano M., Horchynskyi 1. Multicriteria Approach
to Determining the Optimal Composition of Technical Means in the Design of Sea Grain Terminals. Transactions
on Maritime Science. Split, 2022. 11(1). P. 28-44. DOI: https://doi.org/10.7225/toms.v11.n01.003

16. IMaBmoea H. JI., Onmmenko C. I[I. KoHmemmis MOIETIOBaHHS ONTHMANTbHUX MapaMeTPiB IPOEKTOB MOPTQeEs
MIPOEKTHO-OPIEHTOBAHOI opraHizawii. Bicuux Hayionanrvnoco mexuiunozo yuisepcumemy "XII". Cepia: Mamemamuune
Mooentosanns 8 mexuiyi i mexrnonozisx. 2020. Ne 1 (1355). C. 75-79. DOI: https://doi.org/10.20998/2222-0631.2020.1.11

17. Pavlova N., Onyshchenko S., Obronova A., Chebanova T., Andriievska V. Creating the agile-model to manage
the activities of project-oriented transport companies. Eastern-European Journal of Enterprise Technologies. 2021. Vol. 1.
No. 3 (109). P. 51-59. DOI: https://doi.org/10.15587/1729-4061.2021.225529

18. Vereshchaka N. Optimization of infrastructure project product parameters. Innovative technologies and scientific
solutions for industries. 2020. No. 4 (14). P. 31-39. DOI: https://doi.org/10.30837/ITSS1.2020.14.031

19. YucenpHicTh HaceneHHS B Micti Oneca. MindiaMenia, URL: https://index.minfin.com.ua/ua/reference/people/town/odessa
(mata 3BepHeHHA: 09.04.2023)

20. Kyiv  ranks 12th  in  TomTom's 2019  Traffic  Index. VHIAH  Information  Agency. URL:
https://www.unian.info/kyiv/10852757-kyiv-ranks-12th-in-tomtom-s-2019-traffic-index.html (nara 3Beprenns: 09.04.2023)

21. Jlankin O. O. Ilpobnemu TpancmopTHOi iHPpacTpykTypu Omecw Ta MPOEKTH IS iX BHpimeHHsA. Bichux OHMY. 2019.
Bum. 3 (60). C. 109-123. DOI: https://doi.org/10.33082/2226-1893-2019-3-109-123

22. Lapkin O. Analysis of Odessa city’s transport infrastructure and prospective ways of main problems solving.
Science Engineering and Technology: Global Trends, Problems and Solutions. Conference proceeding. Prague, 2020. P. 150-154.

23. Beskovnik B., Bajec P. Strategies and approach for smart city-port ecosystems development supported by the internet
of things. Transport. 2021. No. 36 (5). P. 433-443. DOI: https://doi.org/10.3846/transport.2021.16194

24. Lacalle 1., Belsa A., Vafio R., Palau C. E. Framework and Methodology for Establishing Port-City Policies Based
on Real-Time Composite Indicators and IoT: A Practical Use-Case. Semsors. 2020. Vol. 20(15), 4131 p. DOL
https://doi.org/10.3390/s20154131

25. Bessid S., Zouari A., Frikha A., Benabdelhafid A. Smart Ports Design Features Analysis: A Systematic Literature Review.
13th  International modeling, optimization and simulation conference (MOSIM2020). AGADIR, Morocco. 2020,
URL: https://hal.science/hal-03177580 (nara 3Bepuenss: 13.04.2023)

26. Shcherbak D. The concept of a "Smart Port" in the context of innovative management of maritime complex.
Okonomuxa u gunancer (Vzbexucman). 2021. P. 125-127. URL: https://cyberleninka.ru/article/n/the-concept-of-a-smart-port-in-the-
context-of-innovative-management-of-maritime-complex (1ata 3Bepuenss: 13.04.2023)

27. Smart Port City—towards a digital integration of city and port infrastructure. Abo Akademi University. BeGcaiT.
URL: https://www.abo.fi/en/news/smart-port-city-towards-a-digital-integration-of-city-and-port-infrastructure/ (gara 3BepHEHHS:
09.04.2023)

28. Port Blair Municipal Smart City Proposal. Solution Exchange for Urban Transformation of India. URL:
https://smartnet.niua.org/content/8158c700-tbae-4a86-8c20-759a96ab1116 (mata 3seprenss: 13.04.2023)

References

1. Khrapkina, V., Sokokha, D., Beliakova, O., Gevko, V. (2018), Concepts of innovative development of the enterprise:
monograph, National University of "Kyiv-Mohyla Academy", Kyiv, 263 p.

2. Bushuyev, S., Bushuyeva, N., Bushuiev, D., Bushuieva, V. (2022), "Cognitive Readiness of Managing Infrastructure
Projects Driving by SMARTIfication", I[EEE European Technology and Engineering Management Summit, E-TEMS 2022,
Conference Proceedings, P. 196-201. DOI: https://doi.org/10.1109/E-TEMS53558.2022.9944458

3. Bushuyev, S., Onyshchenko, S., Bushuyeva, N., Bondar, A. (2021), "Modelling projects portfolio structure dynamics of the
organization development with a resistance of information entropy", IEEE 16th International Conference on Computer Sciences and
Information Technologies (CSIT), No. 2, P. 293-298. DOI: https://doi.org/10.1109/CSIT52700.2021.9648713

4. Biloshchytska, S., Bondar, A., Bushuyev, S., Malaksiano, N. (2020), "Structure of the project-oriented organization
energy entropy", Scientific Journal of Astana IT University, No. 3(3), P. 28-34. DOI: https://doi.org/10.37943/A1TU.2020.33.24.003

5. Rudenko, S., Kovtun, T., Smokova, T. (2021), "Breaking risk the integration links between the participants of transport and
logistic infrastructure projects", CEUR Workshop Proceedings, Vol. 2851, P. 45-56, available at: https://ceur-ws.org/Vol-2851/ (last
accessed 09.04.2023)

6. Lapkina, 1., Malaksiano, M., Savchenko, Y. (2020), "Design and optimization of maritime transport infrastructure projects
based on simulation modeling", Proceedings of the Ist International Workshop IT Project Management (ITPM 2020), P. 3645,
available at:  http://www.scopus.com/inward/record.url?eid=2-s2.0-85082109061&partnerID=MNSTOARS  (last  accessed
09.04.2023).



https://doi.org/10.7225/toms.v11.n01.003
https://doi.org/10.20998/2222-0631.2020.1.11
https://doi.org/10.15587/1729-4061.2021.225529
https://doi.org/10.30837/ITSSI.2020.14.031
https://index.minfin.com.ua/ua/reference/people/town/odessa/
https://www.unian.info/kyiv/10852757-kyiv-ranks-12th-in-tomtom-s-2019-traffic-index.html
https://doi.org/10.33082/2226-1893-2019-3-109-123
https://doi.org/10.3846/transport.2021.16194
https://doi.org/10.3390/s20154131
https://hal.science/hal-03177580
https://cyberleninka.ru/article/n/the-concept-of-a-smart-port-in-the-context-of-innovative-management-of-maritime-complex
https://cyberleninka.ru/article/n/the-concept-of-a-smart-port-in-the-context-of-innovative-management-of-maritime-complex
https://smartnet.niua.org/content/8158c700-fbae-4a86-8c20-759a96ab1116
https://www.scopus.com/authid/detail.uri?authorId=6506632335
https://www.scopus.com/authid/detail.uri?authorId=57201367823
https://www.scopus.com/authid/detail.uri?authorId=57204956894
https://www.scopus.com/authid/detail.uri?authorId=57200319493
https://doi.org/10.1109/E-TEMS53558.2022.9944458
https://www.scopus.com/authid/detail.uri?authorId=6506632335
https://www.scopus.com/authid/detail.uri?authorId=56527420200
https://www.scopus.com/authid/detail.uri?authorId=57201367823
https://www.scopus.com/authid/detail.uri?authorId=57212622347
https://doi.org/10.1109/CSIT52700.2021.9648713
https://doi.org/10.37943/AITU.2020.33.24.003
https://www.scopus.com/authid/detail.uri?authorId=57222276906#disabled
https://ceur-ws.org/Vol-2851/
http://www.scopus.com/inward/record.url?eid=2-s2.0-85082109061&partnerID=MN8TOARS

ISSN 2522-9818 (print)
Cyuachuii cman HAYKOBUX O0CNIOHCeHb ma mexHono2iu 8 npomuciosocmi. 2023. Ne 2 (24) ISSN 2524-2296 (online)

7. Malaksiano, M., Melnyk, O. (2020), "Effectiveness assessment of non-specialized vessel acquisition and operation projects,
considering their suitability for oversized cargo transportation", Transactions on Maritime Science, Vol. 9, No. 1, P. 23-34. DOI:
https://doi.org/10.7225/toms.v09.n01.002

8. Onyshchenko, S., Bondar, A., Andrievska, V., Sudnyk, N., Lohinov, O. (2019), "Constructing and exploring the model to
form the road map of enterprise development", Eastern-European Journal of Enterprise Technologies, Vol. 5, No. 3(101), P. 33-42.
DOI: https://doi.org/10.15587/1729-4061.2019.179185

9. Chumachenko, I., Davidich, N., Galkin, A. (2021), "Information support of simulation of vehicle flow distribution in
urban projects of sustainable development", Intelligent information systems for decision support in project and program management:
collective monograph, Riga, P. 25-41. DOLI: https://doi.org/10.30837/978-9984-891-21-7

10. Davidich, N., Galkin, A., Iwan, S., Kijewska, K., Chumachenko, 1., Davidich Y. (2021), "Monitoring of urban freight
flows distribution considering the human factor", Sustainable Cities and Society, Vol. 75(103168), P.1-10. DOI:
https://doi.org/10.1016/j.5¢s.2021.103168

11. Davidich, N., Galkin, A., Sabadash, V., Chumachenko, I., Melenchuk, T., Davidich Y. (2020), "Projecting of urban
transport infrastructure considering the human factor", Scientific Letters of the University of Zilina, Vol. 22, Issue 1, P. 84-94,
available at: http://www.scopus.com/inward/record.url?eid=2-s2.0-85077917124&partnerID=MNS8TOARS (last accessed
09.04.2023)

12. Davidich, N., Chumachenko, 1., Davidich, Y., Taisiia, H., Artsybasheva, N., Tatiana, M. (2020), "Advanced Traveller
Information Systems to Optimizing Freight Driver Route Selection", 13th International Conference on Developments in eSystems
Engineering (DeSE), P. 111-115, DOI: https://doi.org/10.1109/DeSE51703.2020.9450763

13. Chechet, A. M. (2018), Methods and models for managing the portfolio of projects for the provision of transport services
in citie [Metodi ta modeli upravlinnia portfelem proektiv nadannia transportnikh poslug mist]: Dissertation abstract: 05.13.22,
National Transport University, Kyiv, 20 p.

14. Lapkina, 1., Prykhno, Y., Lapkin, O. (2020), "Content optimization of the development of multiproject of a shipping
company", Eastern-European Journal of Enterprise Technologies, Vol. 2, No. 3 (104), P. 50-57. DOI: https://doi.org/10.15587/1729-
4061.2020.199477

15. Rudenko, S., Shakhov, A., Lapkina, I., Shumylo, O., Malaksiano, M., Horchynskyi, 1. (2022), "Multicriteria Approach to
Determining the Optimal Composition of Technical Means in the Design of Sea Grain Terminals", Transactions on Maritime Science,
Split. 11 (1), P. 28—44. DOI: https://doi.org/10.7225/toms.v11.n01.003

16. Pavlova, N., Onyshchenko, S. (2020), "The concept of modeling the optimal parameters of the projects portfolio
for a project-oriented organization", Bulletin of the National Technical University "KhPI", Series: Mathematical modeling
in engineering and technologies, No. 1 (1355), P. 75-79. DOL: https://doi.org/10.20998/2222-0631.2020.1.11

17. Pavlova, N., Onyshchenko, S., Obronova, A., Chebanova, T., Andriievska V. (2021), "Creating the agile-model
to manage the activities of project-oriented transport companies", Eastern-European Journal of Enterprise Technologies, Vol. 1.
No. 3 (109). P. 51-59. DOI: https://doi.org/10.15587/1729-4061.2021.225529

18. Vereshchaka, N. (2020), "Optimization of infrastructure project product parameters", Innovative technologies and scientific
solutions for industries, No. 4 (14), P. 31-39. DOI: https://doi.org/10.30837/ITSSI.2020.14.031

19. Number of inhabitants in Odesa, available at: https://index.minfin.com.ua/ua/reference/people/town/odessa
(last accessed 09.04.2023)

20. "Kyiv ranks 12th in TomTom's 2019 Traffic Index", UNIAN Information Agency, available at:
https://www.unian.info/kyiv/10852757-kyiv-ranks-12th-in-tomtom-s-2019-traffic-index.html (last accessed 09.04.2023)

21. Lapkin, O. (2019), "Transport infrastructure problems of Odessa and projects for their solution", Herald of ONMU,
No. 3 (60), P. 109-123. DOI: 10.33082/2226-1893-2019-3-109-123

22. Lapkin, O. (2020), "Analysis of Odessa city’s transport infrastructure and prospective ways of main problems solving",
Science Engineering and Technology: Global Trends, Problems and Solutions, Prague, P. 150—154.

23. Beskovnik, B., Bajec, P. (2021), "Strategies and approach for smart city—port ecosystems development supported
by the internet of things", Transport, No. 36 (5), P. 433—443. DOI: https://doi.org/10.3846/transport.2021.16194

24. Lacalle, 1., Belsa, A., Vaio, R., Palau, C.E. (2020), "Framework and Methodology for Establishing Port-City Policies
Based on Real-Time Composite Indicators and IoT: A Practical Use-Case", Sensors, Vol. 20(15), 4131. DOLIL:
https://doi.org/10.3390/520154131

25. Bessid, S., Zouari, A., Benabdelhafid, A. (2020), "Smart Ports Design Features Analysis: A Systematic Literature Review",
13th International modeling, optimization and simulation conference (MOSIM2020), AGADIR, Morocco, available at:
https://hal.science/hal-03177580 (last accessed 09.04.2023)

26. Shcherbak, D. (2021), "The concept of a "Smart Port" in the context of innovative management of maritime complex",
Economics and Finance (Uzbekistan), P. 125-127, available at: https://cyberleninka.ru/article/n/the-concept-of-a-smart-port-in-the-
context-of-innovative-management-of-maritime-complex (last accessed 09.04.2023)



https://doi.org/10.15587/1729-4061.2019.179185
https://doi.org/10.30837/978-9984-891-21-7
https://doi.org/10.1016/j.scs.2021.103168
http://www.scopus.com/inward/record.url?eid=2-s2.0-85077917124&partnerID=MN8TOARS
https://doi.org/10.1109/DeSE51703.2020.9450763
https://doi.org/10.15587/1729-4061.2020.199477
https://doi.org/10.15587/1729-4061.2020.199477
https://doi.org/10.7225/toms.v11.n01.003
https://www.scopus.com/authid/detail.uri?authorId=56527420200
https://doi.org/10.20998/2222-0631.2020.1.11
https://doi.org/10.15587/1729-4061.2021.225529
https://doi.org/10.30837/ITSSI.2020.14.031
https://index.minfin.com.ua/ua/reference/people/town/odessa/
https://www.unian.info/kyiv/10852757-kyiv-ranks-12th-in-tomtom-s-2019-traffic-index.html
https://doi.org/10.3846/transport.2021.16194
https://doi.org/10.3390/s20154131
https://hal.science/hal-03177580
https://cyberleninka.ru/article/n/the-concept-of-a-smart-port-in-the-context-of-innovative-management-of-maritime-complex
https://cyberleninka.ru/article/n/the-concept-of-a-smart-port-in-the-context-of-innovative-management-of-maritime-complex

190

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2023. No. 2 (24)

27. "Smart Port City—towards a digital integration of city and port infrastructure”, Abo Akademi University, available at :
https://www.abo.fi/en/news/smart-port-city-towards-a-digital-integration-of-city-and-port-infrastructure (last accessed 09.04.2023).

28. "Port Blair Municipal Smart City Proposal", Solution Exchange for Urban Transformation of India, available at:
https://smartnet.niua.org/content/8158c700-tbae-4a86-8c20-759a96ab1116 (last accessed 09.04.2023)

Received 16.05.2023
Bidomocmi npo asmopis / About the Authors

Bonpap Anna BiraniiBHa — JOKTOp TEXHIUHMX HayK, JoIeHT, ONecbKuil HaIliOHAIBHUH MOPCHKHI YHIBEpCUTET,
HapuanpHO-HayKkoBHi IHCTHUTYT Mopchkoro Oi3Hecy, Opeca, VYkpaina; e-mail: ocheretyankaalla@gmail.com; ORCID ID:
https://orcid.org/0000-0003-2228-2726

Jlankin Ouexcanap OgaexcanapoBuy — Onecbkuil HamioHAJIbHUIT MOPCHKHMI yHiBepcuTeT, HaBuaabHO-HAYKOBUM iHCTUTYT
MOpPCBKOTO Oi3Hecy, MaricTp 3 yNpaBliHHS NpoekTaMu, 3100yBau piBHa PhD, Opeca, Ykpaina; e-mail: alpha666@te.net.ua;
ORCID ID: https://orcid.org/0000-0001-7403-2601

Bondar Alla — Doctor of Sciences (Engineering), Associate Professor, Odessa National Maritime University, Educational
and Scientific Institute of Marine Business, Odesa, Ukraine.

Lapkin Oleksandr — Odessa National Maritime University, Educational and Scientific Institute of Marine Business, Master
of Project Management, Student of PhD course, Odesa, Ukraine.

METHODS AND MODELS FOR FORMATION
A PORTFOLIO OF URBAN TRANSPORT DEVELOPMENT PROJECTS BASED
ON THE SMART PORT CITY CONCEPT

Renovation of public transport fleets was carried out in different cities of the state before the outbreak of hostilities. In year 2020
"Urban public transport of Ukraine II" project was approved by the Government. Among eighteen cities-participants of this project,
Odessa was the only one that had a maritime transport usage option. However, the specifics of the territorial location and
the experience accumulated by the previous decades in the maritime coastal communications were not taken into account
by that project. This article aims to study the specific features of the city's transport infrastructure development projects
portfolio formation with the involvement of the off-street transport modes (including its maritime component), based on the
latest Smart Port City concept, which reflects the harmonious targeting of the city and port development main directions.
Results. Smart City is the concept, which encourages innovative solutions to the management of all transport types at a particular
city level. The carried-out goals systematization reflects the involvement of the city's public administration and commercial players
into the initiation of projects intended to enhance the use of off-street transport types. The ability to initiate a wide range of projects
is provided by Smart Port concept to cities where the port operation role is decisive. The combination of these two concepts
is presented in the form of Smart Port City, which contains the foundation for a significant number of project initiatives for new
products and services in the promising areas of city and port development, improving the quality of urban environment and the port
production operations efficiency results. Conclusions. The approach to determine projects structure, which is based on a system
of objectives to resolve the city transport problems and ensure the port development, has been proposed. The formalized procedure
of projects selection to the portfolio from the Smart Port City perspective has been developed, which allows: first, — to identify
projects that match the city and the port general goals; second, — to produce a rating system for the city and the port projects
respectively; third, — given the set threshold value, to identify the projects with the highest priority.
Keywords: project; portfolio; urban transport; off-street transport; Smart Port-City.
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S. BUSHUYEV, K. PILIUHINA, ELAMS CHETIN

TRANSFORMATION OF VALUES OF THE HIGH TECHNOLOGY PROJECTS
FROM A VUCA TO A BANI ENVIRONMENT MODEL

The article is dedicated to the study of impact of a BANI-world conditions to implementation of the high technology industrial
projects and in particular of the nuclear industry projects. The purpose of the article is to analyze tendencies of changes of
different factors related to the high technology nuclear project implementation against the changing conditions of the environment.
The object is the project management methodologies in the BANI environment. The subject is theoretical analysis of the values
differentiation in between the VUCA and BANI worlds, key aspects of BANI impacting implementation of the nuclear projects.
Tasks to be solved: to analyze the transformation from the VUCA model to the BANI model, to present values and their
differentiation as the basis for survival in the new world order, to develop a method for assessing project risks in the BANI
environment. Methods: practical empirical analysis of nuclear project risks in comparison with BANI-model forecasts, applied
research, project risk management methodology, probability theory. The following results were obtained: the differences between
the values of s VUCA and BANI are determined, an understanding of the general changes that have arisen due to the functionality
of the environment is provided, the project management methodology applicable in the BANI environment is analyzed, a qualitative
and quantitative risk analysis based on BANI projections is implemented on the example of a nuclear project in Ukraine, and the
grounds for determining the most influential BANI forecast are proposed. The main results of the research are identification and
analysis of values and their differentiation in the process of transformation from the VUCA to the BANI world, proposals for the
project management approach which could cover the needs of the nuclear project and the consequences of this transformation.
To estimate risks, it was proposed to use qualitative and quantitative methods of risk assessment. The case study of one of the nuclear
projects in Ukraine, and a mixed classic-Agile methodology for the management of the nuclear project was performed. Conclusions:

risk management of the nuclear projects has to be carried out based on the impact of the BANI-projections to identified risks.

Keywords: VUCA-world; BANI-world; high technology project; nuclear project; values; risk management.

Introduction

Nowadays high technology industries hold a leading
position amongst the factors forming the future of the
world. Over the demanding period of COVID-19 high
technologies were those pillars which prevented the
world economics from a complete crash. And they keep
poising this trend now at the time of one of the most
serious global challenges underway caused by the
military invasion of Russia into Ukraine.

In accordance with the analytics of the consulting
organization McKinsey&Company [l] clean energy
and net-zero technologies were amongst first 14 high
technology trends in 2022. And given the energy
resources crisis resulted from the Russian-Ukraine war
nuclear energy got a second wind as one of the
technologies being able to rescue the world with
its growing energy demand.

Deployment of innovative nuclear technologies
and their implementation within the European Energy
sector by 2050 is one of the main objectives of the
European Green Deal.

However, nuclear energy has also been undergoing
the processes related to today’s uncertain, anxious,
and unpredictable world. A number of projects under

implementation within the Horizon Europe Euratom
Research and Training Programme
difficulties
of the projects in a new reality. They feel a need to create

faced project
management related to implementation
a sound project management instrument which could
become a fundamental basis for stable and smooth
project realization in these circumstances.

Back in 2020, an American futurist Jamais Cascio
in his article "Facing the Age of Chaos" [2] advocated
an entirely new age the humanity entered in with
COVID-19. The volatile,

ambiguous model of world structure called VUCA

uncertain, complex and
was replaced by the brittle, anxious, non-linear and
incomprehensible model BANI. This inference obtained
even more evidence on 24™ February 2022 when the
world found itself with the giant bleeding wound on its
body due to Russian military aggression against Ukraine.

This makes special sense in the nuclear field where
nuclear safety is considered by most of the international
documents as a priority, and the fundamental safety
objective is to protect people and the environment
from harmful effects of ionizing radiation [3].

Nuclear safety is one of the important policies
related to the peaceful use of nuclear energy. It builds
asynergy with two other important policies aiming

© S. Bushuyev, K. Pilivhina, Elams Chetin, 2023
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to prevent the spread of nuclear weapons, facilitating

disarmament and physical protection of nuclear
facilities: nuclear security and safeguards.

These policies are ensured by the state nuclear
regulatory authorities and other policy making
state organisations, but their implementation is the
responsibility of all the stakeholders of the nuclear energy
field. This turns to the point that each nuclear related
project shall follow the requirements of the state
in the nuclear field to guarantee:

e Protection of people and the environment
from harmful effects of ionizing radiation [3]

e Prevention of unauthorized use of nuclear
materials [4]

e Non-proliferation of nuclear weapons and
disarmament [4].

After the Chornobyl Accident in 1986, Fukushima
Accident in 2011 a number of nuclear safety basics
and principles were revised, enforced and established
in the different international documents, conventions
and agreements undersigned by most of the countries
in the world having any relation to the peaceful use of
nuclear energy. By those, the serious gaps in the
legislation and regulations, which made the accidents
possible, had been addressed.

The transformation from the VUCA model to the
BANI framework involves shifting the focus from
volatility, uncertainty, complexity, and ambiguity (VUCA)
to a new set of factors: Bounded, Ambiguous,
Non-Linear, and Incomprehensible (BANI). The BANI
framework provides a different perspective on the
challenges and dynamics of the business environment.
Below is a description of the BANI framework
and its components:

Brittle (B) in BANI refers to boundedness,
indicating that there are limitations and constraints
within the business environment. These boundaries
can be physical, regulatory, or resource-related.
Recognizing and understanding these limitations is
essential for decision-making and resource allocation.

Anxious (A) in BANI stands for ambiguity,
highlighting the presence of multiple interpretations,
perspectives, and uncertainties within the business
landscape. Ambiguity implies that there may be different
and conflicting information or signals, making
it challenging to determine the right course of action.

Non-linear (N) in BANI represents non-linearity,
indicating that cause-and-effect relationships are not
always Non-linear

straightforward or predictable.

dynamics suggest that small changes or disruptions
can have disproportionate and unpredictable impacts
on the business ecosystem.

Incomprehensible  (I) in
incomprehensibility, emphasizing the

BANI  denotes
difficulty in
fully understanding and making sense of the complex
and rapidly changing  business  environment.
The incomprehensible nature of the landscape makes
it challenging to develop comprehensive models or
strategies that accurately capture the dynamics at play.

The BANI framework provides an alternative
perspective to the VUCA model by shifting the
focus to boundedness, ambiguity, non-linearity, and
incomprehensibility. This framework helps organizations
recognize and navigate the constraints, uncertainties, and
complexities of the contemporary business landscape.

Therefore, an entire change of the framework, inside
which today’s world has to function, is strongly required.
Although the need for immediate changes is considerably
high it still will take time.

Moreover, the realities of BANI-environment
also put the world nuclear community into a situation
where protection of people and environment from
ionizing radiation, non-proliferation of nuclear weapons
and physical protection of nuclear facilities are still
the highest priorities of their day-to-day work. And it
requires both from the responsible state authorities
and other nuclear field players invent of new approaches
to overcome the brittleness, anxiety, non-linearity and
incomprehensibility of BANI-environment. Whilst the
international nuclear community and state authorities
reach all necessary conclusions on the documentation
owed to be changed and introduce these changes,
the new approaches to the management in the nuclear
field should be worked out by the project managers in
the nuclear field.

Hence, the analysis of the prerequisites for creation
of these approaches has a proven topicality on the way of
getting an understanding of the appropriate managerial
model successful in the BANI-world we just entered
into [5]. Each of the words the BANI acronym consists

of could be a starting point of this analysis.

1. VUCA and BANI models

The VUCA model formed a picture of the world
in 2000s. Coming back to this time in the memory
we realize that the following nouns distinctly describe
the situation with the key skills workable that time:
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Volatility: speed of life increased considerably,
which enforced businesses, markets, governments,
workers to respond and change time of reaction, maintain
high level of concentration to follow all the possible
immediate changes and address them (concentration
and immediate reaction).

Uncertainty: it became impossible to predict
when and to which point things could change, what kind
of changes it would be, what instruments would be
needed to overcome these changes. Long-term strategies
have become irrelevant (readiness and ability to solve
big issues with short-term discrete strategies).

Complexity: globalization, disappearing cultural
differences in the developed countries and extension
of IT-technologies utilization in all areas of life made
the world interconnected, multi-angled, multi-tooled
and complicated which makes it almost impossible to
understand in full scope (ability to build clear structures).

Ambiguity: cause and effect don’t have a usual
sequence and logic anymore, everything which seemed
to be well-known and clear started to be not logical,
irrational (analytical skills, ability to make non-standard
decisions).

In regard to BANI acronym, it appeared to become
worlds reality at the time of COVID-19 Pandemics
in 2020 and shockingly continued its manifestation
in 2022 with the Russian-Ukrainian war. It has the
following characteristics and useful skills to override:

Brittle: systems, stable yesterday, today stop
working and crash, they are not stable anymore,
principles and standards don’t work, regulations don’t
regulate, all the past basics seem to have collapsed.
The world suddenly changes, but it’s unclear what are
the rules to follow now and which direction to take.
It becomes much wider than volatility (stress resistance,
creativity, sense of correct direction/solution).

Anxious: changes could be horrifying, sometimes
crash is such a big and unbelievable that consciousness
needs time to accept this being a reality. Although
recognized as reality, a new world is so unclear and
chaotic that continuously keeps anxiety awake. Unlimited
access to various resources of information enforces
anxiety as well (informational selectivity, analytical
skills, gut feeling).

Non-linear: there is the same situation with the
cause-and-effect rule as in VUCA - it still doesn’t work.
Nevertheless, in VUCA model it was not workable due
to 2D complexity of interconnections in all the areas,
whilst in BANI model it is not workable due to 3D chaos
everywhere (open mind, flexibility).

Incomprehensible: it is impossible to understand

what is going on and no way to get immediate solution
to everything, because there is no way to collect
all the pieces of puzzle and no way to capture everything
by the human mind (open-heart, trust) [6].

Chaos could be defined through the thermo-
and fluid dynamics terms where chaos is called entropy
or, if we speak about the flow, they use the term
"turbulency". The turbulency is a flow stable from the
beginning but losing its stability with increasing velocity.
The flow undergoes changes in different directions
and the initially stable flow layers start to mix up.

Research studies of the turbulency have been
widely utilizing the equations of English physicist
O. Reynolds, which however, don’t provide a universal
description of the turbulent flow and its behavior.

Moreover, Reynolds’ equations could be applied
only based on hypotheses and different speculations
to be followed by the experimental data since the
turbulent flow holds numerous uncertainties and could
not be simply described neither by one nor by the system
of equations. The turbulent flow is uncertain and
unpredictable, but even so it is still possible for human
beings to invent high technologies based on the data
they obtained during the experiments and case studies.

On the contrary to the existence of uncertainties
in turbulent flows humanity has succeeded with the
invention of the airplanes, spacecrafts, engines, energy
technologies which are working in turbulent conditions.
Entering the airplane, we recognize and accept that
uncertain and unpredictable environment becomes the
basis of our being for the next several hours. And we can
easily live with this. Every time before taking off we are
instructed by the crew on how to mitigate turbulency
consequences which might happen in the course of
the flight, and it helps a lot to build a tangible structure
in this uncertain environment. And it is a good example
of how the VUCA model works.

Today, we are in the same airplane, but we don’t
know which direction to fly. It is because today we
entered the BANI-world.

The VUCA model provides a solution on how
to survive in a volatile, uncertain, complex and
ambiguous world. The VUCA model has become
arespond to entire digitalization and globalization
of all the processes in the world which cut a ground
underneath humanity’s foot. The business world required
a sound instrument, industries required a sound
instrument, technologies required a sound instrument
as well as governments and households to adapt
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themselves to a new racing reality where nobody knew
the rules of the game anymore.

The transformation scheme from VUCA to BANI
presented of fig.1.

Fig. 1. Transformation from VUCA to BANI

Whilst challenges of BANI are brittleness, anxiety,
non-linearity and incomprehensibility. Which means
that everything we have might be destroyed in one second
by something which we are not able to predict or prevent.
Long-term strategies and planning are not valid anymore,
we have to learn how to live in a discrete reality and
how to build a discrete schedule for our day-to-day life
and business processes.

2. Values as a basis for survival
in a new world structure

Values are important factors for people’s lives and
are formed out of people’s principles and personal
beliefs. This is what helps to make decisions, establish
priorities, estimate risks and align actions within
members of the project teams. In project management,
the basis
an atmosphere inside the project and can influence

values often form of a culture and
an overall strategic direction of project implementation.
Values can create a positive impact in various aspects
of life as well as facilitate building strong relationships,
productive collaboration and leadership inside the
project. Values are an instrument of flexibility and easy
adaptation in complex and deadlock situations.

Identifying and maintaining the values improves
decision-making and goal-setting processes and causes
personal growth of each member of the team.

All these make evident that value-oriented project
management gives a serious chance to survive in
all unpredictability of today’s world.

Although both VUCE and BANI models seem
to have similar values and the same instruments and
approaches to be dealt with, as stated above, they belong
to two different worlds with a variety of values, which
might have the same name with completely different
content dictated by the specifics of environment.

For instance, the VUCA values include but are not
limited by the following: speed of decision making,
awareness, and managing

adaptability, owning

the information, clear procedures, maintaining
communication and visibility, team building.

These values look like the components of the classic
approach to project management, which aims to build
a clear project structure, with a strong team and reliable
spread of roles and responsibilities. This model envisages
risk analysis of the project and development of solutions
on their mitigation on a regular basis.

Success of the project implementation in the VUCA
world relays considerably on the awareness of the
various project stakeholders about the project activities
with its interim and final results. Making stakeholders
of high technology projects aware of the progress
and status of the project implementation is an action of
ultimate importance since they are the ears of the project
and its connection with the external environment.
The way the stakeholders react to one or another piece
of information, innovative approach or alternative
solution helps the project to be continuously in touch
with the changing world and quickly adapt to it.

In order to keep orientation in the airplane which
goes in unknown and unpredictable direction all senses of
the body, consciousness and unconsciousness have to be
ready to communicate with the surrounding environment.
Short-term planning, small teams, flexible deadlines as
well as other attributes of discrete project management
are needed in this case, which could be completely
covered by utilization of an Agile project management
approach [7, 8]. This approach has been widely used by
the IT industry for a long time and justified its
effectiveness and efficiency. Hence, could be successfully
implemented in the other high technology areas.

Taking into account the situations Ukraine and
world faced during COVID-19 Pandemic high
technologies are core fundamentals which can stabilize
the world whilst the Russian-Ukrainian war made
humanity to learn a lesson that at the same time
high-technology industries are the most sensitive parts
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of the world: power stations and high-voltage lines could
be destroyed by heavy shelling, nuclear power plant
could be captured by militaries, data banks could be
hacked, damaged and stolen, data management servers
could be malfunctioned. And when these stop the
whole cities stop. The words "safety", "safety culture",
"qualified engineering personnel”, "leadership" and
"trust" have become those values the BANI world
is not able to survive without.

The analysis of values and their differentiation
(Table 1) shows that the new BANI world is mostly
based on feelings and requires a person not only to be a
project manager, but also empathy, flexibility [9] and
case orientation through constant analysis and risk
mitigation of the BANI environment.

Table 1. Values of VUCA and BANI models

VUCA BANI model va.lues __
model values COVID-19 R“Ss‘a"v‘vg:‘ra‘"'a“
speed of decision | health Nuclear safety
making
adaptability day-to-day safety | Nuclear safety
culture culture
awareness qualified medical | Nuclear security
personnel:
hospital-based
and research
owning and empathy qualified engineering
managing the personnel
information
clear procedures feelings Flexible leadership
maintaining intuition trust
communication
and visibility
team building weapons

Simultaneously, nuclear safety basic principles
alongside the need to build a trustworthy project team
made of highly qualified engineers have become real
values for the nuclear projects in BANI-environment.

3. Risk management in BANI-environment

Risk management [10] in the high-technology

nuclear project requires continuous attention and
regular analysis by the project manager [11, 12].
Risk management was one of the main pillars of
the project management in nuclear in the period of
2000-2022 years covering a VUCA-time.

Starting from 2022 risk management has become
one of key instruments which allows project manager

of the nuclear project ensure nuclear and radiation safety,

radiation protection, prevention of unauthorized use of
sources of ionizing radiation in the BANI-world [13, 14].

BANI-model projections are considered against
the risks in one of the nuclear projects in Ukraine.
This project is being implemented under the EU funded
INSC (Instrument for nuclear Safety Cooperation)
which has
to uranium processing plant in Ukraine since 2014.

Programme, been providing support

Apparently, it is clear that the risks of successful
implementation of any project in the conditions of
on-going war in Ukraine could be considered as high.
However, the priority of nuclear safety is still one of the
fundamentals in nuclear field, hence the European
Commission keeps supporting nuclear safety actions
in Ukraine and in particular PChP site despite the
existing risks. It emphasizes one more time that risk
management is considered as one of the primary
instruments to ensure successful implementation
of the nuclear projects.

Risk assessment in nuclear projects can be performed
using qualitative and quantitative methods [15].

Table 2 and Fig. 2 consider risks of the works
oriented nuclear project, main site of which is located
close to the territory of intensive military actions
in Ukraine.

A qualitative analysis will help to prioritize risks.
This considers the estimates of the significance of risk
factors calculated based on the probability of the factor
and the degree of impact on the project. One way
to qualitatively risk assess is to use a probability
and impact matrix (Table 3). Based on this table,
we will obtain qualitative assessments of risk factors.
The integral score for each of the BANI projections
can be obtained as the maximum of each factor, using
the pessimistic principle (Table 4).

Thus, we have two subsets with the elements
equivalent to:

F1 = {Brittleness, Anxiety},

F2 = {Non-linearity, Incomprehensibility},
and ordered by decreasing risk level:

R(F2)>R(F1).

To quantify the risk, we apply a probabilistic
approach, considering risk factors as random independent
compatible events. Then the probability of occurrence
of at least one factor is calculated using the formula
for adding a set of independent events (for two factors

and for three):
P(A+B)=P(A4)+P(B)-P(4B).
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P(A+B+C)=P(A)+P(B)+P(C) — P(4B)~P(AC)-P(BC)+P(4BC),

where 4, B, C — the first, second or third factor.

Table 2. Risk assessment of the nuclear safety project through the projections of BANI environment™

Risks BANI-projections | Probability, % | Impact, %
1 Threat to project implementation | Brittleness
to the war: no further sense for Project could be stopped by the EC; 50 100
the EC to support physical works | Site could be heavily shelled 30 100
at the site under shelling. Results delivered by the project could be destroyed 20 100
2 Threat of destroying the site, Anxiety
equipment, constructed objects. | EU technologies could be captured 10 80
Shelling could cause a release of radioactive
> . 40 80
contamination of the environment
Workers are not protected. 30 100
3 Ukrainian side is not able to Non-linearity
contribute into a partnership Changing the course of the state budgeting due 90 100
with EU: project recipient to the martial law
has not been financed. UA experts could join military actions with high
iy 60 100
probability not to come back
4 Adoption of legislation Incomprehensibility
and regulations required for Changing priorities of the state authorities 90 70
project implementation is Project team has no reliable legal instruments to support 90 80
delayed or suspended. their site work under the project
* EU Project on Support of the clean-up of the former uranium processing plant in Ukraine
Fig. 2. Impact of the BANI-model projections to implementation of the EU project in Ukraine*
Table 3. Probability and impact matrix
Probability of risk Impact of the risk factor (percentage of project losses)
factor appearance Very low <20% | Low [20—40) % Average [40-60) % | High [60-80] % Very high >80%
[0-0,2] vl vl vl a a
(0,2-0,4] vl vl 1 a h
(0,4-0,6] vl 1 1 h h
(0,6-0,8] vl 1 a h ah
(0,8-1] vl a a ah ah
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Table 4. Qualitative assessments of factors and BANI projections

BANI projections and factors Risk level
Brittleness high
The project could be stopped by the EU; high
The site could be shelled high
Project results could be destroyed average
Anxiety high
EU technologies could be captured average
Shelling could lead to the release of radioactive contamination into the environment average
Workers are not protected. high
Non-linearity very high
Changes in the state budget course due to martial law very high
UA experts could join the fighting with a high probability of not returning very high
Incomprehensibility very high
Changing priorities of the state authorities very high
The project team does not have reliable legal tools to support the work of the website within the project very high

Given that the degree of risk according to

two indicators is calculated as their product
R=PxS,
where P —is the probability of the factor,
S is the impact of the factor (possible losses),

then the integral risk assessment according to the
corresponding BANI projections can be obtained by the
following formulas:

R(A, B)=S,P(4)+S,P(B)-max(S,,S,)P(4B);
R(4,B,C)=S8,P(A)+S,P(B)+S.P(C) -
~max(S,,S,)P(4B)) —max(S,,S.)P(AC)) -
~max (S,,S, ) P(BC)+max(S,,S,,S.)P(4BC)).

As a result, we obtained the following quantitative
risk estimates for the studied projections:

R(Brittleness) = 69

R(Anxiety) = 54

R(Non-linearity) = 99

R(Incomprehensibility) = 98

It can be stressed that even in such a conditions
BANTI’s brittleness and anxiety have no extensive impact
on it being, however, factors which may directly
intervene into the processes of the project. Whilst the
non-linear and incomprehensive processes on-going
in the political system of Ukraine and priorities made
by the state authorities still are important and can hamper
the project implementation.

This is a good sign of stability inside the system
which is able to keep it inside the BANI environment.
It demonstrates that there are some pillars in the
high-technology projects which could not be broken
even by direct intervention of physical accidents related
to the war. Nuclear safety, security of the nuclear

facilities are stable in the BANI-world and projects
aimed to enhance them will have been supported despite
the danger resulted from the war.

Conclusion

Entering BANI-environment has a considerable
impact on the implementation and methodology of
high technology nuclear projects.

Characteristics of values of the BANI model
have been functionally changed compared with the
VUCA model.

BANI-projections influence risk analysis and
management of nuclear projects, and it is reasonable
to study them in connection to a particular case.

The transformation of values of high technology
projects from a VUCA to a BANI environment model
reflects the evolving nature of the business landscape,
particularly in the context of high technology projects.
The VUCA model, which

uncertainty, complexity, and ambiguity, has been widely

emphasizes volatility,
used to describe the challenges and dynamics of the
business environment. However, as technology continues
to advance rapidly and disrupt traditional business
models, a shift towards the BANI framework offers
a more relevant and comprehensive perspective.

In the BANI shifts
towards boundedness, ambiguity, non-linearity, and

framework, the focus
incomprehensibility. High technology projects often
operate within certain boundaries and constraints, whether
they are regulatory, resource-related, or technological
limitations. Recognizing these boundaries is crucial
for effective decision-making and resource allocation.
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Ambiguity plays a significant role in high
technology projects, as they often involve multiple
interpretations, competing perspectives, and uncertainties.
The ability to navigate through ambiguous situations
and make informed decisions becomes paramount
in this environment.

Non-linearity  highlights  the

interconnected nature of high technology projects.

complex and

Small changes or disruptions in technology or market
conditions can have significant and unpredictable impacts
on the project outcomes. Understanding non-linear
dynamics helps project managers anticipate and respond
to unexpected challenges and opportunities.

Lastly, high technology projects often operate in
an incomprehensible environment, where the rapid pace
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30KpeMa aTOMHOI HpOMHCIOBOCTI. MeTa cTaTTi — aHalmi3 TEHACHNIi 3MiHM pi3HUX (aAKTOpIB, IOB’SA3aHUX i3 pealizali€ero
BHCOKOTEXHOJIOTIYHOTO SIAEPHOTO INPOEKTY, HA T MIHIMBUX YMOB MOBKUIIL. OO0’€KT AoCTigKeHHSI — METOMOJIOTIi yHpaBIIiHHSI
npoektamMu B cepenoBuilli BANI. IlpeaMeToM BHBYEHHS € TEOPETHYHHMH aHami3 AudepeHIiamnii MiHHOCTEH MiX cepeJOBUINAMH
VUCA Tta BANI, n104oBUMH acmekTamMu BANI, 1m0 BIUIMBAlOTh HA pEANi3allilo SAEPHUX NPOEKTIB. 3aBAaHHSA PoOOTH:
npoananizyBatu Tpancdopmariito 3 moaeni VUCA nwa BANI, nopatu miHHOCTI Ta iX audepeHmianilo sk 0OCHOBY BH)KUBAHHS B HOBIM
CBITOOYZIOBi, PO3pOOMTH METO/A OI[HIOBAHHS PH3HKIB TPOEKTy y BANI-cepenoBuiii. MeToanm TOCTIIKEHHS: NPAKTHYHHN
EMIIIpUYHUN aHaNi3 PU3UKIB SEPHOTO MPOEKTY, MOPIBHSHHS 3 MpOrHo3aMu BANI-Moneni, MpUKIagHe JOCIiHKEHHS, METOIO0JIOTIsN
YIPaBIIiHHS IPOEKTHUMH PU3HKaMH, Teopis iMoBipHOCTI. 3700yTi pe3yansTaTh. [logano pisauiro mix nousrramu VUCA ta BANI,
BU3HAYEHO 3arayibHi 3MiHH, II0 BHHHUKIHM 3aBISKHA (YHKI[IOHAIFHHM MOMJIMBOCTSM CEPEIOBHIIA, IPOAHAII30BAHO METOMOJIOTII0
YIpPaBITiHHS TPOEKTOM, IO 3aCTOCOBYETHCS B cepemoBuili BANI. 3nilicHEHO sSKiCHMH 1 KUIBKICHHH aHalli3 PU3MKIB HAa OCHOBI
nporHo3iB BANI Ha TpHKIanl sSAepHOrO MPOEKTy B YKpaiHi, 3alpOIIOHOBAHO IACTaBH A BU3HAYEHHS HAWHOLNBII BIUTMBOBOTO
nporao3y BANI. OCHOBHUMH pe3yNbTaTaMH JOCHIIKEHHS € ifeHTH(ikamis Ta aHami3 miHHOCTeH Ta iX amdepeHmiamis B mporeci
TpaHcdopmaii Big cepenosuiia VUCA no cepenosuina BANI, HagaHHs TPOIO3HILIHN MIOA0 YIIPABIiHHS, SIK€ MOTJIO O 3aJOBOJBHUTH
noTpedH SASPHOTO MPOEKTY Ta HACHIAKH 3a3Ha4eHoi TpaHcdopmamii. s OIiHIOBaHHS PU3MKIB 3aIPOIIOHOBAHO BUKOPHUCTOBYBATH
SIKICHI Ta KiJIBKICHI METOAM BH3HAYEHHS CTyNeHS pu3uKy. Ha mpukiazi omHOTO 3 SAEpHUX MPOEKTIB B YKpaiHi Oylo pO3TISHYTO
3MilllaHy KJIACUYHO-THY4YKY METOJIOJIOTII0 YNpPAaBIiHHA IPOEKTOM. BHCHOBKHM: yNpaBliHHS pH3MKaMU SIEPHUX TPOEKTIB
Mae 3IiiiCHIOBATHCS HA OCHOBI BIUTHBY BANI-TIpOTHO3IB Ha BUSBIICHI PU3UKH.

Kuruosi cioBa: VUCA-cBit; BANI-CBIT; BUCOKOTEXHOJIOTIUHIIA MPOEKT; SIMEPHHUNA TPOEKT; MIHHOCTI; YIPABIIHHS PU3UKAMHU.
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V. PITERSKA, V. SAMOILOVSKA, V. SHAKHOV, HIROSHI TANAKA

RISK-ORIENTED MANAGEMENT OF PORTS
IN THE IMPLEMENTATION OF CONCESSION PROJECTS

The subject matter of research in the article is the models and methods of risk management in the process of implementing
concession projects within the port activities. The goal of the work is to develop a risk management model for the implementation
of concession projects in the port to improve the efficiency of port activities and ensure the competitiveness of port services.
The following tasks are solved in the article: analysis of international and national experience in reforming the port industry,
consideration of the essence of the project-oriented approach in port management, determination of the relevance of the
implementation of public-private partnership projects on the example of concession projects in the port, analysis of risks arising
from the project management of ports within the concession, identification of concession project stakeholders, proposal of
a classification model for risk distribution among project stakeholders, prioritization of risks based on the probability of their
occurrence, identification and significance of negative consequences, development of a risk assessment model for port production
in concession projects. The following methods are used: project management methods, failure mode and effects analysis method,
risk management theory, quality management methods. The following results were obtained: based on analytical research of the
world and Ukrainian experience in the operation of transport hubs, it was proved that an effective mechanism for increasing
the competitiveness of ports is the implementation of reform principles based on project management methodology. It has been
established that the most common type of port activity improvement is the implementation of concession projects. It is noted that
in the process of managing a concession project, certain risks arise that require assessment. The stakeholders of the concession
project are identified and a classification model for the distribution of risks between them is proposed. A model of risk-based
port management in concession projects has been developed based on the failure mode and effects analysis method taking
into account the determination of the risk priority rank. Conclusions. To increase the competitiveness of ports, it is proposed
to develop and implement concession projects in port activities based on the project management methodology, the implementation
of which can increase the efficiency of port services. There are risks in the management of port activities within a concession project.
It is proposed to distribute them among stakeholders and determine the probabilities of occurrence, identifying risks, assessing
the significance of their impact on the quality of port services. Based on the proposed risk assessment model, taking into account
the determination of the priority rank, it is shown that the greatest risk is associated with the implementation of customs formalities
and the danger of the port water area.
Keywords: port; management; project; concession; risk; competitiveness; stakeholder.

addition, it is worth

Introduction In noting that the

implementation of concession projects is inevitably

The strategic aspect of the country’s economic
development and the main direction of the dynamic
functioning of the state’s transport system is the
implementation of effective port activities to service
foreign trade cargo flows.

To ensure the competitiveness of port services, it is
necessary to attract investments to modernize the port
infrastructure in order to reduce the time required
to handle cargo and vessels.

International experience proves the effectiveness
of public-private partnership mechanisms as one of the
main areas of improvement of port equipment through
the implementation of concession projects in seaports.

The development strategy for Ukrainian seaports
also includes attracting investment to prioritize the
implementation of concession projects in port operations.

associated with certain risks. This situation requires
the development of a risk management system that
will allow identifying certain bifurcation points of the
port development investment project, which will be
used to track project flexibility and timely effective
management decisions.

This area of state transport policy also requires
achange in the concepts of managing the system of
interaction between concession participants through
the use of structured methodological principles of project
risk-oriented management.

Analysis of recent research and publications

If we consider the essence of public-private
partnership, it is noted in [1] that it is a balanced system
of economic and legal relations between public and
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private partners based on the principles of equality,
benefit and risk sharing and created to implement
strategically important seaport development projects.

The concept of concession can be defined as
amodel for creating or modernizing certain facilities.
In the case of a seaport, concession projects perform
the function of purchasing new equipment, improving
port infrastructure and operational characteristics at the
expense of a private investor [2].

The vast majority of global ports operate on the
basis of a land concession. In this case, the port authority
plays the role of a landlord, which has land within the
port’s waters at its disposal. Private operators perform
stevedoring duties in the port on the lands and berths
obtained under a concession for up to 40 years with
the right to extend it [3].

The advantages of attracting private investment
in port development are a short preparation period and
savings of the state budget or state-owned enterprise
for the development of a feasibility study for the project.
In this case, the average estimated cost of such
development at the preliminary stage is approximately
$300 thousand,
tender support, it is $1 million [4].

and at the final stage, including
It is also worthwhile to focus on research, in
[5], related to the
network of
systems, which can be used to improve the efficiency

particular information and

communication critical  infrastructure
of processing information related to the establishment
of interaction between participants in port activities.

in the

implementation of concession projects are the possibility

The advantages of state participation
of attracting small financial organizations — non-bank
provide Within  the
framework of the project, government agencies develop

institutions  that microcredit.
and discuss with stakeholders the terms of reference for
the project preparation. The methodology for developing
a decision-making system in the project planning process
is proposed in the study [6]. In addition, attention
is drawn to scientific research on risk-based enterprise
[7-9] and the
project-oriented management of the modernization of

management developed models of
organizations to ensure their investment attractiveness
and competitiveness [10, 11]. The concepts of
competitiveness and efficient operation of enterprises
in the context of sustainable
considered in [12—14].

The method of managing

development are

scenarios for the
implementation of a complex infrastructure development
project, which can be used to introduce mechanisms

for reforming the port, is presented in [15]. A hybrid
method for managing project-oriented organizations
is proposed in [16]. Actual models for managing the
competencies of stakeholders in investment development
projects in the context of digital transformation are
presented in [17—19].

Given the analysis, it can be argued that the issues
of port concession project management have not been
sufficiently studied. Therefore, there is a need to develop
scientifically based risk management mechanisms for
the implementation of concession projects and a model
for risk allocation among stakeholders. This is necessary
to form a clear system of interaction between concession
project participants and to develop mechanisms to
prevent and eliminate risks that negatively affect the
port’s competitiveness.

The purpose of the article is to develop a model
of risk management in the process of implementing
concession projects in the port to improve the efficiency
of port operations and ensure the competitiveness
of port services.

Presentation of the main material

An analysis of international experience in port

management suggests that the implementation of
concession projects creates a system of interaction
between the state and business, while maintaining
state control over port activities and ensuring the port’s
competitiveness by attracting investment in port
infrastructure development.

The mechanisms of port management in the leading
countries of the world prove the need to attract capital
from private investors, which will allow to accelerate
cargo handling through the modernization or purchase
of advanced port mechanized equipment, allocation of
funds for the expansion of warehouse facilities or the
creation of new container terminals, depending on
the specifics of a particular port (Table 1) [20].

Let’s analyze the forms of port management shown
in Table 1. It should be noted that:

— Port Authority — provides for the organization
of port activities using funds earned by the port;

— State — provides for the financing of port
activities at the expense of the state budget;

— Public — funding is provided by regional
and municipal governments;

— Private — the costs of port operation are covered

by private entrepreneurs;
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— Concession — the costs of port operations
are borne by private companies that have signed

a concession

Table 1. Analysis of the international port infrastructure management system [20]

agreement and are

implementing

a concession project in the port.

Ne Country Port Port infrastructure Port water area infrastructure
1 Argentina Buenos Aires Port Authority + Private Port Authority + Private
2 Belgium Antwerpen Public + Private State
3 United Kingdom | Dover Port Authority + Concession Port Authority
4 | Venezuela Guanta Port Authority + Private Port Authority
5 Greece Piraeus Port Authority + Public+ Concession State
6 Denmark Copenhagen Port Authority + Private Port Authority
7 Ireland Dublin Port Authority + Concession Port Authority
8 Spain Barcelona Port Authority + Concession Port Authority
9 Italy Genoa Port Authority + Public + Concession State + Port Authority
10 | Cyprus Limassol Port Authority + Concession Port Authority
11 | China Hong Kong Private Port Authority
12 | Malta Valletta Port Authority + Concession State
13 | Mexico Tampico Port Authority + Private Port Authority
14 | Netherlands Rotterdam Port Authority + Private State
15 | Germany Hamburg Public + Private State
16 | Portugal Porto Port Authority + Concession Port Authority
17 | Finland Hanko Port Authority + Private Port Authority
18 | France Dunkirk Port Authority + Public + Concession State + Port Authority
19 | Sweden Stockholm Port Authority + Concession Port Authority

The analysis of the information presented in Table 1
confirms the existence of a developed port management
network due to the implementation of concession
projects. Out of the 19 ports listed, almost half of them
provide for the organization of port activities within
the framework of concession projects.

There are important elements and indicators of port
management that affect the competitiveness of cargo
and ship handling services [21] (Fig. 1), in particular,
within the framework of concession projects in ports.

Fig. 1. Components of a competitive port

With regard to the constituent elements of
a competitive port, it is worth noting that one of the

most important is the indicator of security both on the
territory of the port and in its waters. It is this indicator
that is of fundamental importance for the smooth
operation of the port, the reliability of service provision,
ensuring proper working conditions for the workforce,
as well as meeting the conditions for cargo storage
and ship handling. When looking at this indicator
in detail, special attention should be paid to the safe
operation of maritime infrastructure and the proper
performance of port service providers, whose efficiency
is crucial for the safe arrival, departure and handling of
ships in the port. With regard to loading and unloading
operations, it is important to qualify stevedores and
operators, who must be specialists in working with
modern port mechanization equipment. The processes
related to compliance with the rules for handling and
storing dangerous goods are also of paramount
importance in the port’s operation, including the
prevention of environmental pollution.

Thus, the following risks arise:

— improper performance of port service providers
(risk of delay in vessel or cargo handling);

— insufficient qualification of port personnel (risk
of damage to port equipment);

— non-compliance with the rules for the storage
and handling of dangerous goods (environmental risk
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of pollution of the port water area or territory and
surrounding areas);

— hazards of the port infrastructure (risk of injury
to port workers);

— hazards of the port area (risks of damage
to vessels, loss of cargo, accidents).

The competitiveness of the port is primarily ensured
by the efficiency of the services provided in the port [22].
The level of their provision must meet international
standards, fully satisfying the needs of customers.
An important factor is the procedure for setting prices
for certain port services and determining the productivity
indicator that will ensure adequate handling of the
existing cargo flow. In the case of a concession project
with a single port operator, it is advisable to discuss
and establish a certain set of parameters that will affect
pricing. In this case, the port should constantly review
this component, thus ensuring an effective balance
between quality and cost characteristics. In this situation,
we can identify:

— risk of customer dissatisfaction (risk of poor
quality port services);

— risk of uncompetitive prices for port services
(risk of inefficient pricing).

As for the speed of cargo and vehicle handling,
it also plays an important role in the system of providing
efficient port services. This indicator is influenced by the
timeliness of various types of state control, including
customs and border control. It also takes into account the
time required to complete various formalities related to
cargo certification and the preparation of the necessary
documents for both export cargo and import cargo
intended for free circulation in Ukraine. The speed
of these procedures most often depends on two parties —
the cargo owner (or his representatives, in particular,
an employee of a freight forwarding company, customs
broker) and the government authority that performs
formalities to control the movement of goods and
vehicles across the customs border of Ukraine. It is the
level of qualification of the freight forwarder and customs
broker that affects the timeframe for cargo clearance
and its subsequent passage across the border, in particular
to the port. Therefore, we can assert that there are risks
in this situation:

— incorrect execution of cargo documents;

— late payment of customs duties;

— unreasonable detailed customs control (detailed
inspection) of cargo.

If we continue this thesis and focus on the speed of
service, one of the main factors that affects this indicator

and can be identified is the availability of the Unified
Port Community Information System. It is this system,
in particular in the process of implementing a concession
project in a port, that can establish a stable connection
between all participants in the cargo delivery system —
the shipper, the consignee, state control authorities,
the administration of ports and transport hubs on other
modes of transport (rail, various intermediaries and
representatives of the client — freight forwarders, agents,
customs brokers, stevedores, talmans, warehouse and
terminal workers, carriers, surveyors, insurance companies,
The availability of the
aforementioned System will help to reduce the risks of:

and banking institutions.

— untimely delivery of goods;

— inconsistency of the participants in the cargo
handling process and vehicles (vessel, wagon, car).

Taking into account the concept of sustainable
development of society, in the process of implementing
concession projects in ports, it is necessary to adhere
to the established goals approved at the international
level for the activities of enterprises. First of all, it is
about ensuring the following principles:

— energy efficiency of port operation;

— decent work for port workers and economic
growth of the enterprise, region, and the state as a whole

— safe operation of port infrastructure facilities
through timely modernization, repair, and replacement
of port equipment, taking into account the best innovative
practices of the port industry;

— sustainable development of cities and
communities adjacent to the port by creating new
jobs and financing the development of infrastructure
projects of local communities;

— preservation of marine resources by preventing
pollution of the port area.

Failure to comply with these principles may result
in the following risks

insufficient energy efficiency of the port;

unsafe working conditions for port employees;

— unsafe operation of port equipment;

— lack of involvement of advanced technologies
and science-intensive solutions in the implementation
of port investment development projects;

— insufficient participation in development projects
of the communities and territories adjacent to the port;

— pollution of the port’s sea area.

Another element of effective management of a port
development project is to protect the interests of the labor
collective by introducing incentive programs for the best
employees, improving working conditions and paying
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decent remuneration for the work performed. In this case,
we can consider only one risk associated with the
presence of an irresponsible employer, which is improper
incentives for the labor collective.

Summarizing the above, we emphasize that in the
process of implementing a concession project in a port,
it is necessary to take into account the above risks
associated with the activities of both a private investor
and public authorities and other entities actively involved
in port investment development projects. And it is
precisely under the condition of the above factors, as well
as effective investment support for business structures,
that it is possible to ensure the competitiveness of port
services and increase the volume of cargo flows that
will pass through transport hubs.

Let’s focus on the organizational aspects of project
management of ports under concession, which are
approved in Ukraine. In order to become a participant
in the tender, which is a prerequisite for the
implementation of a concession project in a port,
a private business entity must file an official application
with the

Infrastructure Development of Ukraine regarding its

Ministry of Community, Territorial and
intention to develop a feasibility study for the project.
This document contains information on the terms of
the feasibility study and information on the organization
that will develop the document. The next step is to
conclude an agreement on non-disclosure of confidential
information, as well as to provide information about
the facility to the company that will develop the
feasibility study. This is followed by the process
of drafting the document and submitting it to the
Ministry of Community, Territorial and Infrastructure
Development of Ukraine.

Concession projects in Ukraine are implemented
under the "build-operate-transfer" scheme, which is
the most common in the world. The European experience
of port management proves the existence of other
forms of concession, the characteristics of which
are shown in Fig. 2 [23].

Ukraine is currently implementing concession
projects in the ports of Olvia and Kherson. According
to the concession agreements, QTerminals Olvia will
invest UAH 3.4 billion in the development of Olvia
port (UAH 80 million for
Mykolaiv infrastructure) and Risoil-Kherson invested
UAH 300 million in the development of the Kherson
port (UAH 18 million for the development of the

Kherson city infrastructure).

the development of

For Kherson, the plan was primarily to modernize
port equipment, mechanize warehouses, and increase
the capacity of areas for simultaneous storage of grain
cargo by installing additional silos.

However, martial law in Ukraine slowed down
all processes in the ports, which caused risks of
violating the main terms of the concession projects
prepared for implementation.

However, the current difficult situation in the
transportation sector does not stop international transport
companies from investing in the development of port
infrastructure. This trend will have a positive impact
on the economy of our country. In particular, the well-
known shipping company Moller-Maersk is interested
in implementing a container terminal concession project
in the port of Chornomorsk. This will create new jobs
in wartime, modernize the port infrastructure in line with
modern international standards, and ultimately increase
the port’s competitiveness by expanding cargo and
ship handling capabilities.

Let’s identify the risks associated with concession
projects in the ports under consideration in the current
situation of martial law.

First, there is the risk of a reduction in the level
of concession payments. According to the stolen
agreements, QTerminals Olvia is supposed to pay
UAH 80 million to the state budget of Ukraine annually,
and the investor Risoil-Kherson is supposed to pay
at least UAH 12 million, including indexation, and 7%
of net income as a concession payment.

Secondly, there is a risk of a decrease in cargo
transshipment volumes in ports. According to the terms
of the concession projects in the port of Olvia, the
investor must ensure a minimum annual cargo handling
volume of at least 2.55 million tons, and in the port
of Kherson, the volume of cargo handling must be at
least 1.36 tons by 2030.

Third, there is a risk of a reduction in infrastructure
investments that were planned to be directed to ensure the
development of nearby cities. In particular, QTerminals
Olvia was supposed to invest UAH 80 million in
Mykolaiv, and Risoil-Kherson was supposed to invest
UAH 18 million in Kherson.

Fourthly, there is a risk of disruption of construction
and modernization of port infrastructure, in particular,
the construction of a grain terminal and a universal
transshipment complex has been suspended for the port
of Olvia. The modernization of mechanized port
equipment and grain storage warehouses has been
frozen for the port of Kherson.
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Fig. 2. Forms of concession projects [23]

In addition, the implementation of concession
projects in the port also poses a risk of environmental
pollution in case of improper loading and unloading
operations and handling of ships and cargo, which
negatively affects the environment of the region.

Other significant risks that need to be prevented are
those related to the activities of the port’s labor force.
These risks include a decrease in the level of employment
at the port and a reduction in wages.

According to the concession project in the port
of Olvia, the investor undertook to guarantee the
employment of port employees and prevent their
dismissal for 6 years, and in the port of Kherson —
for 10 years. In this case, there is a financial risk for
the port workers associated with the payment of the
proper level of wages.

There may also be a legislative risk associated
with an imperfect regulatory system for the
implementation of concession projects.

Another risk is the time and financial costs of
the state. This risk arises due to the long period of
preparation of the concession project and the mandatory

involvement of an advisor, the cost of which is

approximately UAH 250 million. This risk also interacts
with the risk of engaging an incompetent advisor.

The risk of rejection of the private investor’s
proposals by the state authorities has a significant impact.
This may happen if the state transport policy or strategic
priorities for port development change.

If the state, in order to attract private investors
to implement concession projects in ports, provides
insufficient  information about port operations
or insufficiently uses marketing research resources,
there is a risk that stakeholders will not be interested
in implementing such projects.

If the financial plan of the project is not approved,
there may be a risk of inability to finance the project
or the risk of inefficient spending of funds.

During martial law in Ukraine, state budget funds
are being redistributed to military needs. At the same
time, expenditures, in particular for the development of
the port industry, are being reduced. In this situation,
there is a risk that there will be no available funds to
finance the feasibility study of a concession project in the
port. To prevent this risk, international stakeholders

are involved, including the Global Infrastructure Facility,
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the European Bank for Reconstruction and Development,
and the International Finance Corporation.

In order to assess port risks associated with the
implementation of concession projects, we propose to
use a risk assessment method based on FMEA analysis
with the determination of the severity of hazards and
analysis of the types and consequences of failures.

This method is used to prioritize the RPN risk,
as well as to further calculate the total risk for each stage
of port production and identify the most risky stage.

With the help of FMEA analysis in the process
of implementing a concession project, the port’s activities
can be divided into certain stages, assess the severity
of the risk consequences and the frequency of its
occurrence, identify the cause of the risk, distribute
the risk among the concession project stakeholders

(private investor, state, labor collective, third parties —
customers, representatives of the cargo owner) and
develop effective solutions to eliminate it.

Risk prioritization is carried out on an expert basis.
To establish the evaluation criteria for the significance
of consequences S, the occurrence of risk O, and the
detection of risk D, 12 experts (K = 7) were involved.
During the expert assessment, the indicators were
determined on a 10-point scale (see Table 2) and are
presented in Table 3.

The priority risk number RPN is determined based
the
significance of the risk consequences, the occurrence

on the product of three evaluation criteria:

of the risk, and the identification of the risk in the process

of implementing a concession project in the port.

Table 2. Scale for determining indicators for FMEA analysis

Rank Evaluation criterion significance Eva.luatlon criterion Evaluation criterion of risk identification, D
of consequences, S of risk occurrence, O
The potential risk may Risk is almost Impossibili The existence of the risk
10 cause a threat to the health | Very high | inevitable (more to ge toct ty is not verified and the risk
or life of port workers than once a day) cannot be identified
The probability
High The po ten'tlal risk leads 9f ! Sk. OCCUTTENCE | The risk Port service is selectively
to a violation of legal is similar to the |. .

9 . o . is unlikely to be | evaluated based on the
regulations or the safe probability of its detected accentable level of quali
operation of the port absence (1 time P quality

. in 34
The risk leads to High pA )
. Recurring risks | High probability | Port service is fully checked

8 a complete loss of quality . .

. (once a week) of non-detection | for risks
of port services
. . . There is . .
The risk leads to high Permanent risks - Port service is checked in the

7 . . a possibility of . s

customer dissatisfaction (once a month) detection process of its provision
Medium The risk leads to Frequent risks (1 | Very low Port services are assessed

6 a significant loss of quality time per 3—4 probability for compliance with
of port services months) of detection international standards
The risk leqd s to a partial Ragdom risks Low probability | Port processes are controlled

5 loss of quality of port . (1 time per ) .

. Medium of detection statistically
services half-year)
The risk does not affect . The port process is
. . Medium L
the quality of port Irregular risks S statistically evaluated and
4 h : probability of .
services, but leads (1 time per year) . controlled in the course
S . detection .
to customer dissatisfaction of port production
The risk does not affect
the quahty of port Infrequent risks High probability | Port process is statistically
3 services, but may be (once every .
. . of detection controlled
noticed by the concession 2-3 years)
Low project stakeholder
The risk has no significant
consequences and may Low P_oss1ble qccasmnal Almos.t complete Port services are checked
2 not be noticed by the risks (1 time detection .
. ) . - automatically
concession project in 4-5 years) probability
stakeholder
o . Unlikely I‘lSk.S 100% probability Port services are checked
1 No significant impact (less than 1 time ) automatically, no risk can be
: of detection .
in 5 years) missed
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Table 3. Classification model for risk assessment of port services in concession projects

Type of risk Stakeholder S [0) D RPN
1 | The risk of violation of the terms of vessel or cargo handling Private investor 7 7 2 98
5 Environmentgl risk (the risk of pollution of the water area, port territory Private investor 9 5 7 126
and surrounding areas)
3 | Risk of unsafe working conditions for port workers Private investor 10 3 2 60
4 | Risk of damage to vessels Private investor 6 4 5 120
5 | Risk of cargo loss Private investor 7 5 4 140
6 | Risk of customer dissatisfaction Private investor 5 5 7 175
7 | Risk of providing poor quality port services Private investor 8 4 3 96
8 | Risk of inefficient pricing Private investor 4 3 3 36
9 The ri.sk of inconsistency between participants in the cargo and vehicle Private investor 7 6 4 168
handling process
10 | Risk of insufficient energy efficiency of the port Private investor 3 5 3 45
11 | Risk of lack of innovative solutions Private investor 1 3 2 6
Risk of insufficient participation in development projects . .
12 of the communities End terliitories adj acentp to therp))oﬂt Private investor 2 2 2 8
13 | Risk of inadequate incentives for the labor collective Private investor 5 2 1 10
14 | Risk of danger to the port area State 9 3 7 189
15 | Risk of unreasonable detailed customs control of cargo State 4 9 10 360
16 | Risk of accidents Third parties 9 4 5 180
17 | Risk of incorrect execution of documents for cargo Third parties 3 7 4 84
18 | Risk of untimely payment of customs duties Third parties 4 7 7 196
19 | Risk of insufficient qualification of port personnel Labor collective 7 4 1 28
20 | Risk of damage to port equipment Labor collective 8 3 3 72
21 | Risk of unsafe operation of port equipment Labor collective 10 1 2 20

The distribution of risks of the concession project
stakeholders in the organization of cargo delivery through
the port is shown in Fig. 3. This figure shows that the
most severe consequences of risks are borne by a private
investor, who is one of the participants in the port
concession project.

as follows:

=

The weighting factor of the i-th risk is determined

2

The results of the calculations are presented in Table 4.

Table 4. The importance of port services risks in

concession projects

n RPN, Ai "
1 98 14 0,044
2 96 13,71 0,043
3 126 18 0,057
4 60 8,57 0,027
5 120 17,14 0,054
6 140 20 0,063
7 175 25 0,079
8 36 5.14 0,016
9 168 24 0,076
10 45 6,43 0,020
11 6 0,86 0,003
Fig. 3. Distribution of risks between stakeholders 12 8 1,14 0,004
. . 13 10 1,43 0,005
of the concession project
14 189 27 0,085
. . .. 15 360 51,43 0,162
. Thé a\‘/erage aflthmetlc score of the priority of 16 180 2571 0.081
the i-th risk is determined as follows: 7 < B 0.038
4 = RPN, =L, 0 18 196 28 0,088
'K 19 28 4 0,013
where RPN, — priority of the i-th risk (i=1,..., n); 20 72 10,29 0,032
21 20 2,86 0,009

K — is the number of experts.
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Most of the risks arising in the process of
implementing a concession project in a port cause critical
and significant consequences that negatively affect the
port’s operations and reduce its competitiveness.

In particular, the inability to perform loading and
unloading operations on time due to the late provision
of cargo or a vehicle leads to a delay in cargo delivery.
In other words, it is a case of inconsistency between
the participants in port production.

If there is
formalities, the cargo is also delayed. And it is the risk

a risk of unreasonable customs

of a detailed inspection of the cargo before it is unloaded
from the container that causes a delay in delivery
and possible negative consequences for the condition

Fig. 4. Significance of risks for concession project stakeholders

The most significant risk for a private investor is
the dissatisfaction of customers who receive port services
under the concession project. As for the state mechanisms
for regulating cargo flows across the customs border,
it is the detailed customs inspection that leads to vehicle
downtime and cargo delays and, as the analysis shows,
is the most significant risk that needs to be mitigated
in the first place. With regard to the activities of third
parties involved in the port’s operations, it is the risk of
accidents in the port’s waters caused by the carrier that
has a significant impact on the port’s competitiveness.
If we consider the risks of the labor collective, they
do not have a significant impact, unlike the risks associated
with other stakeholders. However, it is still worth noting
the risk of damage to port equipment that may arise due
to the lack of qualifications of port workers.

It should be emphasized that it is the consequences
of the private investor’s risks that prevail over the

of the cargo. This can lead to an unreasonable increase
in the cost of delivery from the sender to the recipient.
The risk of late payment of customs duties prevents
customs from releasing imported goods into free
circulation in Ukraine, which will also affect the
delivery time and, consequently, the client’s costs. After
the two customs risks related to detailed inspection
and payment of customs duties, the risk of danger to the
port area is the third highest priority and is currently
very significant given the introduction of martial law
in Ukraine.

Fig. 4 shows the significance of risks for each
stakeholder in the process of providing services in the

port during the implementation of the concession project.

severity of the consequences of the risks of public
authorities. It should be noted that the high priority
of the risk indicates its greatest negative impact on the
port’s competitiveness and the low probability that the
risk will be identified in time during the implementation
of the concession project.

Conclusions

The paper shows that the efficiency of foreign trade
operations significantly depends on the state of the cargo
delivery system. It is established that it is the port, as
a transport hub, that provides management of large cargo
flows. An important indicator that affects the efficiency
of port activities is the competitiveness of port services.

The analysis of the state’s strategic initiatives in the
transport sector, as well as the study of the functioning

of ports at the international and national levels,
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has proved the need to use the methodology of
project-oriented port management to ensure the
sustainable development of the enterprise. One of
the mechanisms of such management is the
implementation of concession projects.

The study has shown that in the process of
developing and implementing concession projects in
the port, numerous risks arise that require appropriate
decisions to mitigate the negative impact.

To assess risks in the implementation of concession
projects, it is proposed to use a risk-based management
approach based on FMEA analysis. The paper identifies
the stakeholders of the concession project, which
include a private investor, government agencies, third
parties related to the client (shipper or consignee),
and the labor collective.

The author proposes a classification model for
between all

a concession project in a port and determines the priority

distribution of risks participants of
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PU3UKO-OPIEHTOBAHE YIIPABJIHHSA TIOPTAMHU
B ITPOLIECI PEAJIIBAIIT ITPOEKTIB KOHIIECIT

IIpeameToM IoCTiKEHHS B CTaTTi € MOACTl ¥ METOMM YOPAaBIIHHS PH3MKAMHU IO Yac peaiisaiii KOHIECIHHUX MPOEKTIB
Yy Meax MOpTOBOi AisutbHOCTL. MeTa po60oTH — po3pOoOHTH MOJEINb YIPABIiHHSA PH3UKAaMH B IpoIeci peanialii IpoeKTiB KoHIecii
JUISL TABHIIEHHS e(eKTHBHOCTI MOPTOBOI IISTIBHOCTI Ta 3a0e3Me4eHHs KOHKYPEHTOCIHPOMOXKHOCTI HaJaHHS IIOPTOBHX MOCIYT.
VY craTTi BUpINIYIOTBCSA Taki 3aBAaHHS: aHAN3 MDKHApOIHOTO Ta HAIIOHATBHOTO JOCBiMYy pedopMyBaHHS TOPTOBOI raiysi;
pO3TIISL CYTHOCTI TPOEKTHO-OPIEHTOBAHOTO IMIAXOLY B YIPaBIiHHI IMOPTOM; BHU3HAUCHHS AaKTyaJbHOCTI peaji3amii MPOEKTIB
JIepXKaBHO-TIPUBATHOTO MTAPTHEPCTBA Ha TIPUKJIA/ NPOEKTIB KOHIIECIT B HOPTY; aHAJIi3 PU3MKIB, 10 BUHUKAIOTH Y TIPOLIECI IIPOEKTHOTO
VIpaBIiHHS MOPTaMH B MeKaX KOHIlecii; IAEHTU(]IKAIs CTEHKXOJAEPIiB KOHIECIHHOTO IMPOEKTY; CTBOPEHHs KiacubikamiitHoi
MOJIeNIi PO3MOJINTYy PU3UKIB MDK CTEHKXOJNAEpaMH HPOEKTY; BU3HAYEHHS NPIOPUTETHOCTI PU3HMKIB Ha OCHOBI OLIHHHUX KPHUTEPiiB
iX BUHHKHEHHs, BWSBJCHHS 3HAUYNIOCTI HETaTUBHMX HACHIAKIB; PO3POOJICHHS MOJENi OLIHIOBAaHHA pPH3HUKIB IOPTOBOTO
BUPOOHUIITBA B MeXaX peaizallii IpoeKTiB KoHIecii. BUKOPUCTOBYIOThCS Taki METOAM: YIPaBIiHHS IPOEKTAMH, aHANi3 MPUINH
i HacHiOKIB BIZAMOB, YIpaBIiHHS SKICTIO, TEOpis YHpaBIiHHSA pU3HKaMH. 3700yTo Taki pe3yJbraTH. Ha OCHOBI HpOBeneHHS
AQHATITHYHNX JOCIIDKEHb CBITOBOTO W yKpalHCBKOTO JMOCBiMYy ()YHKIIOHYBaHHS TPAHCIIOPTHHUX BY3JIB JIOBEICHO, IO €()EKTUBHUM
MEXaHI3MOM TiJBHIIEHHS KOHKYPEHTOCIIPOMOXXHOCTI IOPTIB € peaii3alliss NMPUHIMIIB pedopMyBaHHS Ha OCHOBI MeETOJONOTII
YIPaBITiHHS POEKTaMU. Y CTAHOBJICHO, 1[0 HAHOUIBII NOIIMPEHUM BHJOM IOKpAIEHHS MOPTOBOI JIsUIBHOCTI € peai3allisi MPOEKTIB
KoHIIecii. Bu3HaueHo, 1m0 B Tpolleci yNpaBIiHHSA KOHIIECIHHMM IMPOEKTOM BHHUKAIOTH IEBHI PH3HUKH, SKI MOTPEOYIOTH OI[IHKH.
InenTH(hikoBaHO CTEWKXOJNIEpH KOHIECIHHOTO TPOEKTY ¥ 3ampoIOHOBaHO KiacH(DiKaliiiHy MOIENb pO3MOAUTY PH3HKIB
MK HUMH. PO3p00sIeHO MO/IeNb PU3HKO-OPi€EHTOBAHOTO YIIPABIIHHS HOPTOM y MPOEKTAX KOHIIECI HA OCHOBI METO/y aHAJIi3y NPHYHH
i BIIMOB 3 ypaxyBaHHSM BH3HAUEHHS PaHTY IMPIOPUTETHOCTI PU3MKiB. BUCHOBKH. {7 MiIBUINEHHS KOHKYPEHTOCIPOMOKHOCTI
MOPTIB Ha OCHOBI METOAOJIOTIi YNPAaBIiHHSA MPOEKTAMH IPOMOHYETHCS PO3POOIATH Ta BIPOBA/KYBATH B TOPTOBY IiSUIBHICTBH
KOHIIECIHHI MPOEKTH, peaitizaiis SKUX 37aTHA MiIBUIIMTH e(QeKTHBHICTH MOPTOBUX IMOCIYT. B ympaBiiHHI MOPTOBOIO AisSUIBHICTIO
B MEXaxX KOHLECIHHOrO MPOEKTY 3 SBIISIOTHCS PHU3MKH, IO 3alPOIIOHOBAHO PO3MOAUIMTH MDK CTeHKXonzepamMH Ta 3’sCyBaTH
HMOBIpDHOCTI BUHUKHEHHS, BUSBJICHHS pPH3WKIB, OILIHUTH 3HAUYIIiCTh IX BIUIMBY Ha SKICTh HAJAHHSI IOPTOBHX IIOCIYT.
Ha ocHOBI 3amporoHOBaHOT MOAeNi OLIHIOBAHHS PH3HKIB y IpoLeci BH3HAYCHHS DAHTY IPIOPUTETHOCTI ITOKA3aHO, IO PH3HK,
MOB’SI3aHUHM 13 BHKOHAHHSM MHUTHHUX (OpMajbHOCTEH, 1 pH3MK HeOe3NeKH akBaTopii MopTy MaroTh HAWTsOKYI Ta HalicephosHimIi
HACITIIKH ISl CUCTEMH 00pOOIIeHHS BaHTAXIB Y MOPTY.

KuniouoBi c10Ba: opT; ynpaBmiHHS; IIPOEKT; KOHIECIS; PH3HK; KOHKYPEHTOCIIPOMOXKHICTD; CTEHKXOMIIep.
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S. RUSANOVA

AUTOMATED PROJECT MANAGEMENT SYSTEM
IN TRANSPORT LOGISTICS

Part 2. Planning and managing a logistics center project in Project Management

The article is a continuation of regular research on project management based on efficient transportation. The purpose of the work
is to improve the efficiency of management decision-making in the implementation of projects in transport logistics through
the use of automated planning and analysis systems. The object of study is the process of forming organizational support
for project management in transport logistics using automated planning and analysis systems for project efficiency. The subject
of the study is the practical tools for organizational support of project management in transport logistics using automated
systems for planning and analyzing project performance. Methods. In the course of the study, a systematic approach
was implemented, general scientific methods were used, including logical analysis, synthesis, induction, deduction, analogy,
and modeling. The theoretical and methodological basis of the study is the fundamental provisions of project management,
management efficiency theory, scientific works of domestic and foreign scientists on project management at the micro, meso,
and macro levels. Given the purpose of the work, several tasks were set and solved, in particular, the applied imperatives
of resource and budget planning were outlined on the example of a logistics center based on the Odesa seaport and
the project implementation was monitored in Microsoft Project. In terms of resource and budget planning, the expediency
of using the method and indicators of the volume utilized is proved. The actual progress of the project against the planned
indicators is analyzed. A new project was created using the Microsoft Project software and data entry method. In terms of
monitoring, conclusions were drawn on the course of events in the project implementation and the status of implementation
by individual types of work was clearly shown. All this made it possible to achieve concrete results. In terms of resource and
budget planning, it was determined to what extent there is a deviation from the planned project implementation timeframe.
In terms of monitoring, the need to optimize staffing, budget, and time parameters was identified. The essence of this
optimization boils down to the decision to attract additional labor resources with the corresponding cost of work per hour.
This made it possible to get rid of the conflict and obtain positive dynamics in the project implementation, as evidenced by the date
of its completion, which remained unchanged after the resources were equalized. The need to continue the study and focus
on project risk management is outlined.

Keywords: project; project planning; project implementation; project management; port logistics; transport logistics;
logistics center.

Introduction

Today, project activities are often carried out
in unstable, unpredictable conditions, when the external
environment is characterized by increased uncertainty,
and customer requirements are unclear and highly
dynamic. As a result, there is a growing need for flexible
project management. Ukraine’s post-war recovery will be
characterized by many positive and negative aspects.
The key challenge of this period will be financing
infrastructure  restoration projects, including port
infrastructure. Despite the fact that European countries
are committed to providing assistance, our country faces
acute problems of budget control, investment revenues,
project implementation time, etc. Thus, according to the
information portal Slovo i Dilo, three countries will take
over the patronage of the Luhansk region at once:
the Czech Republic, Sweden, and Finland. The United

States and Turkey will help rebuild Kharkiv, and

Greece will help rebuild Mariupol and Odesa. Denmark

has pledged to restore civilian infrastructure
in Mykolaiv [1]. However, the restoration of ports and
industrial infrastructure will be carried out according
to a completely different mechanism, which is being
developed by practitioners from many countries and
different industries. A key factor in successfully
attracting investment in this context is the transparency
of the use of funds. The success of this condition
is possible through the use of automated systems
for planning and analyzing project performance, which
proves the relevance and timeliness of the research

results submitted for review.

Analysis of current publications

The theoretical, methodological and applied basis
of the results obtained was the research of foreign
experts of different periods and scientific fields.

© S. Rusanova, 2023


https://doi.org/10.30837/ITSSI.2023.24.212

Cyuachuii cman HAYKOBUX O0CNIOHCeHb ma mexHono2iu 8 npomuciosocmi. 2023. Ne 2 (24)

213

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Thus, on the basis of the publications of V. Rach,
0. Medvedeva, Y. Zhuk [2], N. Bushuyeva [3],
T. Andreeva, T. Petrovska, T. Tytar [4],

V. Beskorovainyi, L. Kolesnyk, D. Yevstrat [5],
D. Lytvynenko, O. Maleeva [6, pp. 44-51] structured
the procedure for project planning and management.
The works of E. Boichenko and N. Vasylchuk [7, p. 25-32]
became the basis for the formation of initial monitoring
imperatives in general and the selection of monitoring
indicators in particular. Thanks to the research of
R. Bowen, J. Turner, A. Vasilevska [8-10], practical
calculations were made in the Microsoft Project software
package, as well as its various modifications [11, 16, 17].
The key ideas on the use of Project Management
in logistics were based on the research of 1. Koblyanska,
E. Mishenin, V. Medvid, Y. Maistrenko [12]. The idea
of risk assessment using Project Management is based
on the principles of analyzing digitalization works,
in particular by the following authors:

O. Polishchuk, T. Kulinich, N. Martynovych,
Y. Popova [13]. Despite the sufficiency and completeness
of the research, the period in which Ukraine is currently
experiencing has exceptional characteristics that
cannot be compared with those that were previously
experienced, either in terms of the country’s internal
development or foreign policy. Therefore, there is now
aneed to develop organizational support for project
management in transport logistics based on the use
of automated project

planning and performance

analysis systems for the purpose of its further massive
implementation in practice, both at the micro, meso,
and macro levels.

The purpose of the study is to increase the
efficiency of management decision-making in the process
of implementing projects in transport logistics through
the use of automated planning and analysis systems.

Materials and methods

The information base of the study was the
publications of domestic and foreign authors.

The research process implemented a systematic
approach and wused general scientific methods such
as logical analysis, synthesis, induction, deduction,
analogy, and modeling. Data processing was carried
out using the Microsoft Office suite of applications,
in particular, the Microsoft Excel spreadsheet, the
Microsoft Word text editor, and Microsoft Project.

Study results and discussion

It should be noted that this article is a continuation
of a study the results of which are reflected in
other publications, in particular in [14]. According
to the theory presented in [15, pp. 8-11], the basic
structure of a project consists of several stages (Fig. 1),
with four of the five stages being planning and one
being management.

Fig. 1. Project planning and management process. Source: compiled by the author based on [15]

Given the topic of the article, let’s take a closer look
at resource and budget planning on the example of
creating a logistics center on the basis of the Odesa
seaport. The project management of a logistics center
(hereinafter referred to as LC) involves monitoring the
implementation of the project in accordance with the
plan. This control is carried out on the basis of the events
obtained as a result of monitoring, which makes it
possible to predict possible changes and contributes to the

development of scientifically sound recommendations.
The latter become the basis for substantiating appropriate
management decisions in the early stages of problematic
processes or phenomena in order to prevent, overcome,
or neutralize their impact [7, p. 28]. Monitoring of the
implementation of the LC project should be carried
out after a certain period of time. Taking into account
the war in Ukraine, which is a key risk factor, we believe
that it is advisable to monitor it on a monthly basis.
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That is why we set this time interval in Microsoft Project.
This ultimately made it possible to establish that almost
all resources (time, human, financial) in the LC project
are overloaded. This creates the preconditions for
optimizing resources and tasks.

It is worth noting that the most common universal
tool for determining deviations in any project is
the completed scope method (hereinafter referred to
as CS) [3]. This method involves drawing up a full

description of the project and a detailed schedule of
its implementation at the initial stage, which was done
by the author of the article. The advantage of the
delivered scope method is that it provides accurate
and reliable information on the progress of the project
already at the 15% stage of implementation, i.e. at
Thus,
implementation of the LC project using the actual volume

the beginning [3]. the monitoring of the

method was based on the following indicators (Fig. 2).

Fig. 2. Indicators of the completed volume method. Source: compiled by the author based on [3]

The planned (budgeted) cost of the planned work, or
planned scope, is the sum of the planned budgeted costs
of the work to be performed under the project on a certain
date under consideration. It is calculated based on the
project plan. The actual cost of work performed, or actual
costs, is calculated as the sum of the actual costs of the
project as of the date under consideration, based on
accounting documents. The budgeted cost of work
actually performed, or the completed volume, is
calculated as the sum of the budgeted costs of all work
actually performed on the project as of the date under
review, based on actual project status reports.

The cost
formula CV=EV-AC and shows in monetary terms

deviation is calculated using the
how much more resources were spent on the work
already completed compared to what was planned [3].
In our case, we used the completed volume method
to analyze the actual status of the LC project. To conduct
monitoring using the completed volume method,

we analyzed the actual progress of the project
against the planned indicators and identified deviations
(Table 1; Figs. 2, 3).

As can be seen from the figure (Fig. 4), to submit
monitoring with tracking, you need to set the monitoring
date. In our project, it is 05.12.2023. Thanks to the
tracking, you can find out how much the project
deviates from the planned project implementation
time. Such a measure is necessary because the process
of implementing a LC project is influenced by many

factors, the dominant of which is the war and

its consequences, which cause risks and ultimately
advance or delay in the implementation period, shortage
or surplus of project resources, etc.

After monitoring the implementation of the LC
project by individual types of work, the results of which
are shown in Figs. 5 and 6, we establish the real state
of the LC project as of the monitoring date by comparing
the actual indicators for individual types of work with
the planned ones. Let’s consider the actual data
on the work of the project A (Fig. 5).

Considering the figure, it should be noted that
the blue line reflects the actual status of the work
according to the calendar — the start date is 05.11.2023,
the end date is 09.11.2023. In this case, the blue line does
not differ from the gray line in length, which indicates
that there is no deviation from both the planned
and actual dates. The work lasted five days as planned,
so it was completed on time. Similarly, we analyzed the
performance of works B, C...K (Fig. 6).

The analysis of the results obtained during the
execution of the works made it possible to establish that
the start and end dates for almost all works coincide,
which indicates that the tasks for the development
of resources were completed on time. The actual duration
of two days, 100%, indicates that the work was
completed on time. However, there is a deviation from
the planned results for work K. The results shown
in Figure 6 confirm that the work is only 20% complete.
According to the current data, these works started
on 11/12/2023 and should be completed on 11/29/2023.
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Since the monitoring date is 05.12.2023, it can be stated
that the works are being performed with a delay
of 11 days. Thus, timely tracking of resource deviations
allows timely and informed management decisions
to be made. In addition, the results of monitoring project

implementation deviations make it possible to forecast
information on such indicators as the time and cost
of the project. For this purpose, as already mentioned, we
used the method of the completed volume and calculated
the indicators (Table 2).

Table 1. Results of monitoring project implementation deviations”

Dev. . Dev. Dev. of Balance of
Task beginning, I, (TR, duration, Decyaiuc LERIETES @] labor costs, labor costs,

diys days days 2 expenses, 2 h h
Start 0 0 0 0,00 0,00 0 0
P3.0 0 3 3 3 840,00 148 720,00 32 1 153,6
P3.1 0 4 4 3 840,00 24 320,00 32 160
P3.1.1 0 4 4 3 840,00 0,00 32 0
A 0 3 3 2 400,00 0,00 24 0
B 3 3 0 0,00 0,00 0 0
C 3 4 1 1 440,00 0,00 8 0
P3.1.2 4 4 0 0,00 14 080,00 0 80
D 4 4 0 0,00 5 120,00 0 32
E 4 4 0 0,00 5 760,00 0 32
F 4 4 0 0,00 3200,00 0 16
P3.1.3 4 4 0 0,00 10 240,00 0 80
G 4 4 0 0,00 2 560,00 0 16
H 4 4 0 0,00 3 840,00 0 32
I 4 4 0 0,00 3 840,00 0 32
P3.2 3 3 0 0,00 39 840,00 0 265,6
P3.2.1 3 3 0 0,00 19 040,00 0 153,6
J 3 3 0 0,00 8 960,00 0 89,6
K 3 3 0 0,00 7 680,00 0y 48
L 3 3 0 0,00 2 400,00 0qg 16
P3.2.2 3 3 0 0,00 20 800,00 0 112
M 3 3 0 0,00 16 000,00 0 80
N 3 3 0 0,00 4 800,00 0 32
P3.3 4 3 -1 0,00 50 400,00 0 448
P3.3.1 4 3 -1 0,00 36 960,00 0 336
O 3 3 0 0,00 10 080,00 0 112
P 3 3 0 0,00 13 440,00 0 112
Q 3 3 0 0,00 6 720,00 0 56
R 4 4 0 0,00 6 720,00 0 56
P3.3.2 4 4 0 0,00 13 440,00 0 112
S 4 4 0 0,00 6 720,00 0 56
T 4 4 0 0,00 6 720,00 0 56
P3.4 3 3 0 0,00 34 160,00 0 280
P3.4.1 3 3 0 0,00 20 560,00 0 136
U 3 3 0 0,00 1 920,00 0 16
\Y 3 3 0 0,00 8 960,00 0 56
W 3 3 0 0,00 1 280,00 0 8
X 3 3 0 0,00 8 400,00 0 56
P3.4.2 3 3 0 0,00 11 520,00 0 128
Y 3 3 0 0,00 2 560,00 0 16
Z 3 3 0 0,00 8 960,00 0 112
P3.4.3 3 3 0 0,00 2 080,00 0 16
i 3 3 0 0,00 800,00 0 8
b 3 3 0 0,00 1 280,00 0 8
Finish 3 3 0 0,00 0,00 0 0

*The following table was created in the program package MS Excel
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Fig. 3. Monitoring with project tracking of the Microsofi Project LC creation

Fig. 4. Basic (initial) project plan for the creation of a Microsoft Project LC
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Fig. 5. Monitoring of the implementation of the project to create the LC for A work

Fig. 6. Monitoring of the implementation of the project to create a LC for K work
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Table 2. Results of the completed volume of the LC creation project

Indicator The essence of the indicator Actual indicator value
Planned (budgeted) cost of It is the amount of the planned budgeted cost of work 31 040 UAH
works (planned PV volume) to be performed under the project as of a certain date under

consideration. It is calculated based on the project plan.

Actual cost of work Calculated as the amount of actual project costs as of the 11 840 UAH
performed (actual AC costs) date under consideration based on accounting documents
Budgeted cost of actually Calculated as the amount of the budgeted value of all work | 31 040 UAH
performed works (utilized actually performed on the project as of the date under
volume EV) review, based on actual project status reports
Deviation from the cost (CV) | CV=EV-AC 19 200 UAH

compared to what was planned

Indicates in monetary terms of the extent to which more
resources were spent on the work already completed

The reason for savings — change in the
price of resources

Deviation from the schedule SV=EV-PV

(SV)

Indicates in monetary terms the extent to which the work
performed at planned prices is less than planned

0 UAH
due to advancement of the planned
calendar schedule in monetary terms

Cost performance index CPI CPI=EV/AC 2,621621622

CPI>1 indicates cost savings
Schedule performance SPI=EV/PV 1
index SPI SPI>1 indicates cost savings
Cost deviation index CDI CDI=CV/EV 0,618556701030

CDI<I indicates cost savings

Thus, the monitoring results proved the need
for optimization, the essence of which is to hire
an additional manager and an economist with the
corresponding cost of work per hour (180 UAH/hour
and 90 UAH/hour, respectively). This made it possible
to get rid of the conflict. Comparing the calendar
schedule before and after optimization, we observe
positive dynamics in the project implementation,
as evidenced by the date of its completion — 18.03.2024,
which after the
were equalized. Along with monitoring, the project

remained unchanged resources
implementation procedure for the creation of a logistics

center includes project risk management. Practice
shows that due to instability in politics, the economy,
the social sphere, cash shortages, inflationary surges,
social aggression, natural disasters, etc. the project
may not be completed. Therefore, achieving the
ultimate goal requires identifying and minimizing

risks, which is the prospect of future research.

Conclusion and further development prospects

The article discusses an

implementing a project to create a logistics center

applied task of

based on Microsoft Project. The results of the study
presented for consideration have led to a number
of conclusions. The main ones are as follows.

For the successful implementation of the post-war
reconstruction of the country, it is necessary to rely
on project management and its applied tools, which
include Microsoft Project. It is outlined that project
planning and management include, in particular,
monitoring and risk assessment. The implementation
of the project was

in Microsoft Project, which revealed the need for

logistics ~ center monitored
optimization, the essence of which is the additional
involvement of a manager and an economist with the
corresponding cost of work per hour (180 UAH/hour
and 90 UAH/hour, respectively). This made it possible
to get rid of the conflict. The calendar schedule before
and after the optimization was compared. A positive
trend in project implementation was established,
as evidenced by the completion date of 03/18/2024.
This date remained unchanged after the resources
were equalized. The proposed developments practically
prove the value of project management and create
the basis for identifying and minimizing risks, which
is the prospect of future research.

Recommendations

When planning investment projects, we suggest
that entrepreneurs, local and state authorities use
Microsoft Project and its modifications, in particular:

Project Expert, Spider Project, Worksection.
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ABTOMATHU30BAHA CUCTEMA YIIPAB/IIHHS IPOEKTAMHA
B TPAHCITIOPTHIH JIOT'ICTHIII

Yacruna 2. [lianyBaHHs il yIPaBJIiHHS NPOE€KTOM CTBOPEHHS JIOTICTUYHOIO HEHTPY
B Project Management

CratrTs € NPOJOBKEHHSIM PEery/SIPHUX JOCHTIIKEHb, HPHCBIYCHUX YIPABIIHHIO MPOEKTaMH Ha 0a3i e()eKTHBHOTO TPaHCIIOPTHOTO
3abe3neueHHs. MeTa po6oTH — MiIBUIIEHHS e(EKTUBHOCTI NPUHHATTS YNPaBIIHCHKHMX pIMIEHb IiJ 4Yac peaji3amil HPOEKTIB
Yy TPaHCHOPTHIHN JIOTICTUII 3 JOIOMOTOI0 BHKOPHCTAHHS aBTOMATH30BAHMX CHCTEM IUIaHyBaHHS H aHanizy. O0’€KTOM BHBYEHHS
€ mporec (OpMyBaHHS OpraHi3allifHOTO 3a0e3NedYeHHs] YIPaBIiHHS INPOEKTAaMU B TPAHCHOPTHIN JIOTICTHII 3 BHKOPHCTAHHAM
ABTOMAaTH30BaHHUX CHCTEM IUIAHYBaHHS il aHaii3y edekTuBHOCTI mpoekty. Ilpeamer pocaimKkeHHs] — NPaKTUYHHUN IHCTPYMEHTapiit
OprasizaliifHoro 3a0e3NeyeHHs] YHpaBIiHHS NPOEKTAMU B TPAHCIOPTHIM JIOTiCTHII 3 BUKOPUCTaHHSIM aBTOMAaTH30BAaHHX CHCTEM
IUJIaHyBaHHS ¥ aHani3y edekTuBHOCTI mpoekTy. MeToam. Y mporeci IOCHiIKEHHs peai30BaHO CHCTEMHHUH MiJXiA, BUKOPHCTAaHI
3araJbHOHayKOBI METOJH, 30KpeMa JIOTIYHHI aHalli3, CHHTe3, IHAYKIis, JeAyKIlis, aHaJIOTis, MOJEIIOBaHHs. TeopeTHKO-METOANIHOIO
OCHOBOIO BHBYEHHS CTanu (yHIAMEHTaIbHI MOJIOKEHHS 3 MPOEKTHOTO MEHEHKMEHTY, Teopii e()eKTUBHOCTI YHpaBIiHHSI, HAyKOBI
mparli BiTYM3HIHMX 1 3apyOKHUX YUSHHX IIOJ0 YNPABIIHHS MPOEKTAMH Ha MIKpO-, ME30- i MaKpOpiBHIX. 3 OISy Ha METy poOOTH
MOCTABIICHO Ta PO3B’s3aHO AEKibKa 3aBAaHb. OKpeciIeHO NMPHKIAAHI IMIEpaTHBU IUTaHYBaHHS PeCypciB 1 OOKETy Ha MPHKIAAi
JIOTICTUYHOTO LEHTPY Ha 0a3i 0JeChKOr0 MOPCHKOTO MOPTy i 3MIMCHEHO CIIOCTEPEXEHHS 3a peali3alieio MpoekTy B Microsoft
Project. Y yacTuHI TUIaHyBaHHS pecypciB i OIOMKeTy MOBENEHO NOIUIBHICTE BHKOPHUCTAHHS METOLY Ta IMOKAa3HHKIB OCBOEHOTO
obcary. IIpoanamizoBaHo (aKTWYHHH XiZ BHKOHAHHS NPOEKTY 32 IUIAHOBHMH IOKA3HHKAaMH. 3 BHUKOPUCTaHHSIM IIPOTPaMHOTO
npoaykry Microsoft Project, ciocoOOM yBEOEHHS IAHHX CTBOPEHO HOBHMH IPOEKT. Y UYACTHHI MOHITOPHHTY C(OpPMYIHOBAHO
BHCHOBKH TIpO nepe0ir moxiil y peamizalii MpoekTy Ta HAOYHO ITOKA3aHO CTaH peai3allil 3a OKpeMHMH BHIAMH poOiT. Yce 1e Jaio
3MOTry 3m00yTH KOHKPETHI pe3yJabTaTH. Y YacTHHI IUIAaHYyBaHHA pEeCypCiB i OIO/pKeTy BU3HAUEHO, HACKUIBKH BiJOyBaeThCs
BIAXWJIECHHS BiJ 3aIUIaHOBAaHMX CTPOKIB peanizaimii MPOeKTy. Y YacTHHI MOHITOPHHTY BCTaHOBJIEHO HEOOXIIHICTH B ONTHMi3arlii
KaJIpOBOTO, OKOJDKETHOTO W yacoBoro mapamerpiB. CyTHICTH Ili€i onTHMi3aii 3BOAUTHCS JO PIlIEHHS JOAATKOBOTO 3aly4eHHS
TPYAOBUX PECYPCIB 13 BiIIOBITHOK BapTiCTIO poOiT 3a roauny. lle mamo 3mory mo306aBUTHCS KOH(MIIKTY W JOCSATTH MO3UTHBHOL
JUHAMIKU B peaji3alil mpoekTy, Ipo M0 CBITYUTH JaTa HOTo 3aBepIIeHHs, SKa IiciIs1 BUPIBHIOBAHHS PECypCiB 3aUIIIIacs 0e3 3MiH.
OxpeciieHo HeoOXiTHICTh MPOJOBKEHHSI JOCIIDKEHHS Ta 30Cepe/DKEHHS YBark Ha YIPaBIiHHI PU3UKAMHU MTPOEKTY.

Ki11040Bi c/ioBa: NpOEKT; IIaHyBaHHS MPOEKTY; peasi3allisi MPOEKTY; YIPaBIiHH NPOEKTOM; TIOPTOBA JIOTICTUKA; TPAHCIIOPTHA
JIOTICTHKA; JIOTiICTUYHHN IIEHTP.
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A.KHOVRAT, D. TESLENKO, N. HULIEV, V. KYRIY

THEORETICAL AND EXPERIMENTAL STUDY
OF THE ECONOMIC BEHAVIOR IRRATIONAL COMPONENT
OF UKRAINIAN SOCIETY IN SPECIFIC MARKETS

The subject matter of the article is the theoretical-methodical and applied principles of behavioural economics
and their implementation in Ukrainian society. The goal of the work is to analyse the theory of irrationality in the economic
context to find out what its character is in modern Ukrainian conditions, as well as to confirm the main paradoxes inherent
in the individual’s decision-making behaviour. The following tasks were solved in the article: highlighting important aspects
of the theory of irrationality for experimental analysis; determination of the methodology of experiments based on internationally
recognized works; proposing a hypothesis regarding Ukrainian realities; conducting experiments according to the proposed
methodology to test the proposed hypotheses and systematize the obtained results. The following methods are used: analytical
and inductive methods for determining the set of behavioural experiments and building hypotheses regarding their results;
experimental method and method of mathematical processing to check the presence of selected behavioural deviations
in Ukraine. The following results were obtained: it was determined that in Ukrainian society there is a difference between
the degree of individualistic attitudes in different age groups; determined change in the perception of information
of different generations as a result of more significant digitization of the young population; a higher tendency of children
to risk for certain conditions is determined; the similarity of the obtained results of the experiments with the global ones
are established and the impact of technologies on the economic behaviour of individuals and the peculiarities caused by the
historical context and expanded access to information, in general, are determined. Conclusions: the use of analytical and
inductive methods in combination with an experimental approach confirmed the existence of some of the classic behavioural
patterns for modern Ukrainian society, in particular: the Allais paradox, the effect of bounded rationality, the effect of joining
the majority, the effect of ownership and asymmetric dominance. In addition, based on the obtained results, it was determined
that for Ukraine there is a significant difference between the nature of irrationality in different age groups, however,
the postulation of this statement beyond the selected target groups requires additional research, as well as consideration
of the context of other market entities.
Keywords: behaviour; irrationality; Ukrainian society; decision-making process.

Introduction increase the efficiency of their own activities. As for the

Ukrainian context, although this issue has been discussed

Decision-making is one of the key stages in any
economic process. These can be decisions, for example,
either by a consumer to buy a product, or by a company
to manufacture new products or change prices, or
to adopt a certain law or reform at the state level.
All processes directly predict the outcomes of choices,
so this issue has been repeatedly considered by leading
scholars in economic theory and has become the main
reason for revising its current norms. This is mainly
true of the neoclassical approach, which is based on the
idea that all people act rationally.

The concept of irrationality as a counterpoint to
this statement is increasingly considered in the works
of scientists, including Nobel Prize winners M. Allais,
D. Kahneman, A. Tversky and R. Thaler [1], as well as in
the studies of D. Ariely [2], G. Simon [3], D. Ellsberg [4].

It is important that the principles developed by
scientists are actively used in modern practice both in
individual companies and at the state level in order to

in scientific articles, it has not received either significant
theoretical dissemination or active practical implementation.
This determines the relevance of this study.

Analysis of recent studies and publications

One of the founders of the classical theory,
A. Smith, began to talk about the emotionality of human
choice, and, accordingly, irrationality, in the economic
context. In the middle of the eighteenth century,
he published his book The Theory of Moral Sentiments,
which was used as a basis for his more famous works,
The Wealth of Nations and Essays in Philosophical
Subjects. In the first work, A. Smith emphasized that
people are not trying to achieve material well-being,
but the reason for their desire for wealth is the desire
to be different and be recognized. At the same time,
considering the emotionality of the individual in this
context, A. Smith becomes a follower of the theory
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of the economic man, or homo economicus, which is
introduced into public opinion by J. Stuart Mill [5].

This amount of attention and research to refute the
concept of a rational person has given rise to a new
scientific field — behavioral economics. This area of
theoretical thought studies the influence of psychological
factors on people’s decisions in various economic situations.

This area has been the mainstream of economic
theory for many years. However, the criticism of this
theory and the growing number of paradoxes
(as emphasized by E. Cartwright in [1]) led to the
emergence of behavioral economics.

It is based on the prospect theory of D. Kahneman
and A. Tversky. The essence of their theory is that
an individual builds his or her own value curve and
calculates utility values, taking into account potential
outcomes and relevant probabilities.

Today, the prospect theory continues to be gradually
established as a fundamental theory of utility, as noted
by scientists D. Arnott and S. Gao (Monash University,
Australia) in their work on behavioral economics [6].

After the first article by D. Kahneman and
A. Tversky, economist R. Thaler studied this area
in more detail. The researcher went beyond the
individual and began to consider the economic behavior
of society as a single organism. The essence of
R. Thaler’s work [7] is that it is possible to adjust
public choice without limiting it, based on a person’s
reaction to certain events. This contributed to the
growing popularity of behavioral theory in general
and became the basis for numerous experiments.
In particular, the work of D. Ariely is devoted to
the factor of dishonesty in the activities of economic
entities [2]. R. Schiller focuses on the problem of the
impact of information on irrationality [8]. S. Basu and
S. Sugat (University of Cagliari) study the change
in irrational behavior under the influence of social
shifts [9].
the theory of prospects by D. Kahneman and A. Tversky

A. Sandmo studies modern approaches to

[10]. Some of these works will be discussed below

in the analysis of behavioral effects inherent in
modern conditions.

In the Ukrainian context, N. Pylypenko and
V. Belyaeva have considered the problems of irrational
behavior. The scientists identified the possibilities of
applying behavioral theory in the formation of economic
policy in Ukraine [11]. Another important domestic
achievement is the work of N. Tsyganova [12], which
is devoted to the financial market in the context

of irrational behavior of individuals.

Identification of previously unsolved parts
of the overall problem.
Purpose of the work, tasks

The aim of the study is to analyze the theory of
irrationality in the economic context to determine its
nature in modern Ukrainian conditions, as well as to
confirm the main paradoxes inherent in the behavior of
an individual in decision-making.

To achieve this goal, the experimental method will
be used, taking into account the studies already conducted
by well-known scientists. The method of mathematical
processing will be used to determine the presence of
behavioral deviations. Analytical and inductive methods
will be used to select experiments and build hypotheses
about their results.

The object of the study is the economic irrational
behavior of individuals. The subject is the theoretical,
methodological, and applied foundations of behavioral
economics and their implementation in the conditions
of Ukrainian society.

This leads to the following tasks:

— highlighting important aspects of the theory
of irrationality for experimental analysis;

— determination of the research methodology
based on internationally significant works;

— formulation of the hypothesis taking into account
Ukrainian realities;

— conducting experiments according to the proposed
methodology to test the hypotheses;

— systematization of the results obtained.

Materials and methods

Limited rationality

One of the first fundamental concepts to criticize
the neoclassical approach was G. Simon’s theory of
limited rationality [3]. The scientist himself sees the
reason for this as the presence of a large number of
alternatives to a choice when a person cannot make it
optimal, usually due to lack of time.

This concept is confirmed by an experiment
conducted in 2000 by two psychologists, S. Iyengar
and M. Lepper [13]. The scientists aimed to show that
in the presence of a large number of alternatives, a person
begins to get lost and eventually cannot make a choice.
As an example, customers were offered jam on
supermarket shelves. The study found that the stand with
24 types of jam attracted the attention of most people.
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Of the 242 customers who passed by the stand,
60% stopped. The second booth had only six types of
jam, and out of 260 visitors, 40% paid attention to it.
However, of those who stopped at the first stand,
only 3% made a purchase, and 30% made a purchase
at the stand with six types of jam.

To test the rationality, it is proposed to conduct
asimilar experiment, but without a real product.
The subject of choice is yogurt. The sample will include
teachers and students of grades 9, 10, and 11 of Kharkiv
Gymnasium No. 46 named after M. V. Lomonosov.

In the first version of the study, the participants
are given 10 possible alternatives to choose from, with
each one indicating the quality of the product and its
price. In order to make the experiment more realistic,
the exact value of quality is not disclosed. The main goal
is to show that if there are 10 yogurt options to choose
from, and you have to choose the best one in terms
of quality and price in a limited time (1 minute), a person
will not have time to analyze all the options and will
make a choice intuitively. By using this configuration,
we brought the experiment closer to the concept
of bounded rationality.

In the second version of the experiment, the number
of yogurt types was limited to three, so that in 1 minute
aperson could more likely analyze information about
the quality and price of the dairy product.

It is predicted that in the second version of the
study, the answers will be more rational than in the first.
Thus, G. Simon’s concept will be confirmed for modern
Ukrainian conditions.

Effect of ownership

P. Thaler in 1980 in his article "Toward a positive
choice" [14]
underestimation of opportunity cost and inertia that is

theory of consumer describes the
part of the consumer’s choice process. The point is that
aperson who owns a product value it higher than
items he or she does not own. This process is called
the "possession effect”. A few years later, D. Kahneman
in his work [15] offered the following example.

A man is a fan of a music band. He buys a ticket
to a concert for $200, provided that he could pay no more
than $500 for the same ticket. After receiving the ticket,
the man is offered to sell it for $3,000, but he refuses
to sell it. Thus, the minimum selling price is more
than $3,000, and the maximum buying price is $500.
This price discrepancy is a manifestation of the
possession effect.

In order to investigate the prevalence of this effect,
we can model the experiment conducted by J. Knetch
in 1989 [16].

In the first version, the researcher gave the students
cups of coffee as compensation for filling out a short
questionnaire. After a while, J. Knetch showed them
another gift — a bar of Swiss chocolate — and offered
to exchange it. However, 89% of the students kept
the coffee. In the second variant, the participants
were offered a choice between chocolate and coffee.
The percentage of respondents who chose coffee
was 56%. The third variant was the same as the first, but
first J. Knetch gave everyone chocolate, and then showed
them a cup of coffee. In contrast to the first option, the
number of students who chose coffee was 10%.

This experiment showed that underestimation can
occur even when the influence of income is excluded.
It is worth noting that the study was criticized for the
small sample of people belonging to the same age group
and for the types of goods. Opponents emphasized that
if other groups of goods were chosen, the results would
be different. However, the existence of this effect for
goods of the same category is not in doubt.

In contrast to the classical experiment configuration,
this study will be tested by replicating it among people
related to education: schoolchildren, students, and teachers.
The sample will include 9th, 10th, and 11th grade pupils
and teachers from Kharkiv Gymnasium No. 46 named
after M. V. Lomonosov, as well as teachers and students
from the Kharkiv National University of Radio Electronics.

It is expected that J. Knetch’s results will be
replicated by conducting an experiment with coffee
and chocolate for all age groups. However, in order to
confirm the opinion about the possible absence of the
possession effect, another configuration of the study
with several options is proposed.

It should be based on goods that are unequal in
nature, so that one of them is not desirable for
respondents in each variant, for example, postcards
and pens. Since the latter items are useful for everyone
involved in the education system, it is predicted that there
will be no possession effect for leaflets, which have no
significant practical use.

In the first variant, the study participants will be
provided with pens. After a while, they will be offered
other gifts — postcards. It is assumed that the majority
will keep the pen. In the second option, people will be
given the opportunity to choose between postcards
and pens. It is likely that the percentage of people
who will choose the latter alternative will be much higher
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than J. Knetch received in his experiment. The third
option, as in the original, repeats the first. However,
it is worthwhile to hypothesize here that the number
of participants who would choose a pen over a postcard
would still remain high.

Allais paradox

As noted above, one of the main assumptions on
which Kahneman and Tversky’s prospect theory is based
is the Allais paradox. This is a situation in which the
consumer does not want to achieve maximum utility,
as stated in neoclassical theory, but maximum reliability.

As a proof of this paradox, D. Kahneman
and A. Tversky cite the following experiment [15].
In the first variant, the subject is given $1,000 and
then offered one of two possible alternatives: with
probability one player will definitely receive $500
or with probability 1/2 the person will either receive
nothing or win another $1,000.

In the second variant, the alternatives are slightly
different from the initial situation — the player is
given $2000: with probability one player loses $500
or with probability 1/2 the person either loses nothing
or loses $1000.

In the former case, people almost always (84%)
choose not to take risks, while in the latter case, they
tend to take risks (69%). That is, the majority does not
like risk when it comes to winning and almost always
chooses to withdraw the amount, but in a situation of
possible loss, people are willing to take risks. It should be
understood that the essence lies not in the value of
the win itself, but in the changes associated with it.
As scientists explain, it is harder to lose than to gain.

However, it should be noted that this effect is not
always observed; if the amounts determined in the
experiment are insignificant for respondents, the
percentage of those willing to take risks is much higher.
The purpose of our work is to test this statement.

To do so, in addition to the configuration described
above (with a tenfold decrease in the amounts due to the
peculiarity of the sample), we will conduct another study.

This time, the options will be as follows. In the first
situation, the participant is given 100 UAH and
then offered one of two possible alternatives: with
probability one player definitely receives 50 UAH or
with probability 1/2 the person either receives nothing
or wins another 100 UAH.

In the second variant, the alternatives are slightly
different from the initial situation — the player is given
200 UAH: with probability one player loses 50 UAH or

with probability 1/2 the person either loses nothing
or loses 100 UAH.

All these amounts will be offered hypothetically,
so this may cause a slight decrease in the effect itself,
as respondents will not fully experience the possession
of the money.

The asymmetric dominance effect

In 2008, D. Ariely conducted an experiment [2] that
showed that a person’s choice often depends not on
an objective analysis of the actual situation, but on its
subjective perception. During the study, the researcher
offered students two situations with a subscription
to The Economist magazine.

In the first option, participants had to choose
between three alternatives: a subscription to the electronic
version of the magazine with access to the archive
for $59; a subscription to the print version for $125;
a subscription to the electronic and print versions
of The Economist with access to the archive for $125.

In the end, 16% of respondents chose the first
option; 0% chose the second; and 84% chose the third.

In another situation, a second alternative was added,
which resulted in different results, which, according
to the classical theory, should not have been different:
68% of students chose the first option; 32% chose the
option with electronic and printed versions.

D. Ariely explains this by the existence of the
effect
asymmetric dominance effect). Since in the first situation,
the individual saw that the third offer was more favorable

so-called attraction (another name is the

than the second, he or she chose it, although, as the
results of the second experiment show, the need for
the printed version was not significant.

There is no information on whether this experiment
was conducted in Ukraine. Therefore, this question
remains open. Especially if we consider that over time,
people’s attitudes toward electronic media, including
The Economist, have changed compared to print versions.
Therefore, it is worthwhile to assume about the likelihood
of possible results if D. Ariely’s study is repeated
in modern Ukrainian conditions.

It should be noted that the likelihood of differential
results for different age groups is quite high. This is due
to the fact that in our country, according to the
observations of the Internet Association of Ukraine, the
population aged 45 and older uses the Internet less.
However, the coverage among the younger generation is
quite high. It is likely that for the age group under 45,
the percentage of those who would choose the cheaper
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electronic version in both situations will be higher
than for those aged 45 and older.

Given the sample, the above hypothesis can be
tested. It should be emphasized that it applies to Ariely’s
experiment, not to the lure effect, which is likely to work
properly, but for a small group of respondents.

To confirm or deny the existence of this effect in
modern conditions, it is necessary to modify the choice
alternatives. For consideration, the research participants
are offered the situation of buying a laptop.

In the first variant, they must choose between
three alternatives: laptop A at a price of $1050 and
a 2.5-year warranty; laptop B at a price of $1,200 and
a 2-year warranty; and laptop C at a price of $825
and a 1.5-year warranty. It is expected that in this
case, gadget A, which has advantages over laptop B
in terms of warranty and price, will be chosen by
more people than laptop B.

In the second variant of the experiment, participants
are offered: laptop A at a price of $700 and a warranty
period of 2.5 years; laptop B at a price of $550 and
a warranty of 1.5 years. Similar to Ariely’s study, people
have to choose the second alternative.

Effect of joining the majority

J. Levav and D. Ariely [17] described a study of
the effect of joining the majority. During the experiment,
the researchers, acting as waiters, offered free beer to
visitors in a North Carolina bar. D. Ariely and J. Levav
identified two groups of people: the first had to order out
loud, and the second had to mark the menu anonymously.
Along with beer samples, the scientists gave visitors
a short questionnaire asking whether they liked the drink
they had chosen and whether they regretted choosing
a particular type of beer.

In the process of checking the questionnaires,
D. Ariely and J. Levav found that people who ordered out
loud were much less satisfied with their choice than those
who decided on a beer without the influence of others’
opinions. There was one exception: the participant who
publicly ordered the beer first was in the same conditions
as those who expressed their opinions anonymously,
as he was not limited by the choices made by others.

However, D. Ariely notes that in some cultures,
where the need for uniqueness is not a positive trait,
people, on the contrary, are subject to the effect of joining
the majority. A similar experiment in Hong Kong
confirmed this thesis.

Taking into account D. Ariely’s study, it was
decided to repeat it and find out which principle is used

by the majority of Ukrainians. It is assumed that the
younger generation will have a more individualistic
attitude in the context of the information society and
advanced globalization processes than people who
grew up in a socialist state formation, where, according
to a number of historical studies, the collective good
prevailed over the individual good.

It should be noted here that there is a possibility
of bias, as the respondents belong to the same sphere.
As for the structure of the sample, it varies: teachers
and schoolchildren of Kharkiv Gymnasium No. 46 named
after M.V. Lomonosov, teachers and students of the
Kharkiv National University of Radio Electronics.

To test the hypothesis, it was decided to develop
an experiment with candy. To do this, respondents should
be divided into groups of 5. Four participants will know
the essence of the experiment, and the statement will be
tested on the decision of the fifth respondent. A total
of four types of candy will be provided in order to
fully satisfy the taste preferences of the participants
and thus reduce the possible bias caused by someone
not liking other types of candy.

Research results and discussion

Limited rationality

Based on the methodology described above, each
configuration of the experiment was administered to
students and teachers. Table 1 shows the quantitative
distribution among the respondents.

Table 1. Quantitative distribution of respondents

Name of the group Extended list Limited list
Schoolchildren
(14-17 years old) 63 37
Teachers
(40-55 years old) 15 16

In the first experiment, the most optimal option is
the 9th option, which has the highest quality-to-price
ratio of 2.28. As predicted, respondents were mostly lost
among a large number of alternatives, so the most
optimal option was chosen by 19% of students and 26.7%
of teachers. The 5th option, close to the optimal one,
was chosen by 9.5% of students and 6.7% of teachers.
A slightly higher percentage of rational choices among
teachers can be explained by faster cognitive processes
related to the nature of the profession, as well as
a smaller sample. The results can be found in more
detail in the diagram (see Fig. 1).
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Figure 1. Distribution of answers for the extended list

In the second experiment, the most optimal yogurt
to choose was the 3rd option with a quality-to-price ratio
of 1.93. The prediction above was confirmed. With only
three alternatives to choose from, respondents approached
the question more rationally, being able to calculate the
quality-to-price ratio. The diagram (Fig. 2) shows that
the number of students who made the most optimal
choice is 68.4%, and teachers — 75%.

Figure 2. Distribution of answers for the limited list

Effect of ownership

Several experiments of each configuration were
conducted. In total, the three groups of respondents
(pupils, students, and teachers) were interviewed six times.

Table 2 shows the distribution of participants.
For better perception of the results, we will use
the following symbols for different variants:
SC-1 — coffee is offered first; SC-2 — respondents
are given a choice between chocolate and coffee;
SC-3 — chocolate is offered first; PC-1 — a pen is given
first; PC-2 —
PC-3 — a postcard is given first.

respondents are given a choice;

Given the results, the hypotheses put forward above
can be considered confirmed if we take into account the
rather small sample of teachers for each experiment

and some age characteristics of the participants.

Table 2. Quantitative distribution of respondents

Variant Pupils Students Teachers
SC-1 16 21 10
SC-2 17 23 11
SC-3 14 19 10
PC-1 15 25 10
PC-2 16 23 10
PC-3 16 22 11

The diagram below (Fig. 3) shows that although the
chocolate and coffee experiment reproduce the ownership
effect for students much better than the postcard and pen
experiment, there are much fewer respondents who
chose coffee in each of the variants than described in
Knetch’s work. We explain this by the fact that students
are less fond of coffee than chocolate, so, despite the
possible configuration, given the alternative of getting
sweets, coffee will be considered more desirable.

Figure 3. J. Knetch’s experiment with pupils

Further results revealed that the ownership effect for
the postcard and pen variant, as mentioned, does not work
properly. This is because the product groups are quite
different and, unlike the pen, the postcard is not
a necessity for the students. And since coffee is a good
similar to chocolate for students, the results in this
experiment (Fig. 4) better illustrate the possession effect.

Figure 4. J. Knetch’s experiment with students

Similarly to the situation with the schoolchildren
survey, the results in the second configuration of the
experiment for students showed that the ownership effect
does not always work.

Although the results of the study among teachers
repeat the situation with students, it is not worth insisting
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on their reliability due to the limited sample size.
Therefore, the claim that age does or does not affect the
existence of the ownership effect in this study is not proven.

Allais paradox
Based on the
experiments of each configuration were conducted.

chosen methodology, several

In total, three groups of respondents (pupils, students,
and teachers) were interviewed six times. Table 3 shows
the number of participants in each case.

Table 3. Quantitative distribution of respondents

Variant Pupils Students Teachers
With dollars 62 37 14
With hryvnias 64 39 15

As expected, during the second survey with dollars,
respondents mostly chose a risk-free position in both the
first and second versions. Although in the first, it was
even more significant. The diagram (Fig. 5) shows
the percentage of people who chose the first option
(the one without a risk element) in each of the options.
However, it is worth emphasizing a certain peculiarity:
schoolchildren have a greater propensity to take risks
than older people who belong to a certain profession.

Figure 5. Experiment with dollars

In the course of the study in a different
configuration, i.e. with hryvnias, the prediction was also
justified. People tend to take more risks when the amount
of money is small. In addition, the above statement about
a greater willingness to take risks on the part of

schoolchildren is also true in this situation.

Effect of asymmetric dominance

Based on the methodology described above,

a questionnaire was developed to interview the respondents.
During the experiment, 160 people aged 15 to 63

were interviewed. Table 4 shows the age distribution

of participants.

Table 4. Quantitative distribution of respondents

Group ) Experim_ent. E_xperiment

' with subscription | with laptops
(14—11;1;2211; old) 73 73
(17_32“3522 old) 47 47
(0.7 yearsold) 4 0

Based on the results of the first situation describing
a journal subscription, it can be noted that the hypothesis
put forward earlier about the differentiation of responses
for different age groups has been confirmed. Students
who were directly related to the IT sphere chose the
option with the electronic version even more often than
pupils did, while teachers (40 people were interviewed
in total) confirmed Ariely’s experiment in full.

The results of the second set of alternatives, for their
part, confirm the existence of the lure effect for all age
groups, although the amounts for teachers are much
larger than for students or pupils.

In the second experiment, as predicted, the effect
of asymmetric dominance is much more significant since
the problem of disproportionate use of the Internet is not
included in the formulation of the situation (meaning the
contrast between the print and online versions of the
journal). A slight deviation from the average results
is observed among teachers. In the absence of a laptop
(lure), the percentage of respondents who changed their
choice is high.

Effect of joining the majority
The distribution of
experiment can be found in Table 5.

respondents during the

Table 5. Quantitative distribution of respondents

Group . Experim.ent. E'xperiment

. with subscription with laptops
(14711;122:121;5 old) 10 >0
(173?32:5: old) > »
(40.57 yearsold) 6 30

As expected, most schoolchildren and students
chose a different option than all the participants
before them; while teachers, representatives of
the older generation, most often chose the same candy

as their predecessors.
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Conclusions and prospects for further development

The study examines the concept of individual
irrationality and its impact on the main market actors:
the consumer, the firm, and the state. This was done
by analyzing the existing theory, in particular, the
prerequisites for the emergence of the concept of homo
economicus, its criticism, and the fundamental provisions
of the behavioral framework.

In order to determine the nature of the described
effects and paradoxes in the modern Ukrainian context,
anumber of experiments conducted by J. Knetch,
D. Ariely, D. Kahneman, A. Tversky, R. Thaler, and
S. Iyengar were analyzed. In the process of analyzing
these studies, hypotheses are formulated regarding
possible features of the Ukrainian situation.

Among the most important assumptions are
the following:

— difference between the degree of individualistic
attitudes in different age groups;

— modified perception of information by different

generations due to the greater digitalization of young people;
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TEOPETUKO-EKCIIEPUMEHTAJIBHE JOCJIKEHHSA
IPPAIIIOHAJIBHOI'O CKJIAJTHUKA EKOHOMIYHOI MOBEJIHKHA
YKPATHCHKOI'O CYCHLIBCTBA HA CIEHU®IYHUX PUHKAX

IIpenmeToM mocaiaKeHHSI B CTATTI € TEOPETUKO-METOANYHI W MPHUKIIAIHI 3acaayl IMOBEAIHKOBOI €KOHOMIKH Ta X IMIUIEMEHTAmii JJIst
YKpaiHCBKOro cycrinbeTBa. MeTa podoTH — aHaji3 Teopii ippauioHaTbHOCTI B €KOHOMIYHOMY KOHTEKCTi Ui 3’sICYBaHHS TOTO, SKHi
BOHA Ma€ XapakTep y CyYacHHX YKpaiHCBKHX YMOBAaX, a TAKOX IiJTBEP/PKEHHS OCHOBHUX MApaJIOKCIB, BIACTHBUX MOBEMIHII iHIMBiNA
B IIPOLIECi MPUIHATTSA pillieHb. Y CTaTTi PO3B’A3YIOTHCS TaKi 3aBAAHHS: BUOKPEMIICHHS BXKJIMBUX aCHEKTIiB TEOpii ippamnioHaTIbHOCTI IS
eKCIIEpUMEHTAIFHOTO aHAIIi3y; BU3HAYEHHS METOJI0JIOTI] eKCIIEPUMEHTIB Ha OCHOBI MDXKHAPOHO BU3HAHMX IIpallb; BUCYBaHHS TiNOTE3N
OO0 YKpPAiHCHKUX peasliii; MPOBENCHHS EKCIEePUMEHTIB 3a 3alpONOHOBAHOK METOJMKOI0 [UIi TIEPEBIPKM BHCYHYTHX TilOTeE3
Ta CHCTEMaTH3yBaHHs 3100yTHX pe3yJbTaTiB. BUKOPHUCTOBYIOTHCS Taki METOIM: aHATITHYHHUHN Ta 1HAYKTHBHUI METOAM JUIsl BU3HAUCHHS
HEeoOXiTHOro HAOOpY IOBEHIHKOBUX EKCIEPUMEHTIB Ta TOOYJOBH TilOTE3 MIONO X PE3yNbTaTiB; EKCIEPHMEHT i MaTeMaTH4He
00poOIeHHs ISl TIePEeBIpKU HASBHOCTI 0OpaHMX OiXeBIOPHCTHYHHUX BiIXWICHb B YKpaiHi. 3700yTO Taki pe3yJbTaTH: BU3HAYEHO, IO
B YKpaiHCEKOMY CYCHUIBCTBI HasiBHA PO30DKHICTD MDK CTyNEHEM IHAMBIAYyaTiCTHYHUX HACTPOIB Yy PpI3HMX BIKOBUX TIpyIlax;
JIOBEICHO BHUIO3MIHEHE CIPUIHATTSA iH(OpMaIil pi3HUX MOKOJIHb YHACTIIOK CYTTEBIIOI HU(POBi3almii MOJOIOTO HACEIICHHS,
JETepPMIiHOBAHO BHIIY CXWIBHICTh IIKOJAPIB 10 PH3UKY 3a II€BHHX YMOB; YCTaHOBJIEHO CXOXICTb PE3YJbTaTiB JOCHI/DKEHb
i3 3araJbHOCBITOBUMH 3[00yTKaMH; BU3HAYCHO BIUTHB TEXHOJIOTIH HAa €KOHOMIYHY IOBEIIHKY IHIVBIIIB 1 BCTAHOBJIEHO OCOOJMBOCTI,
BUKJIMKAHI 1CTOPUYHMM KOHTEKCTOM 1 PO3MIMPEHHM JOCTYNoM A0 iHdopmamii 3aragoMm. BHCHOBKM. 3aCTOCYBaHHS aHAJIITUYHOTO
Ta IHZYKTHBHOTO METOAIB Yy MOEJHAHHI 3 EKCHEPUMEHTATFHUM IiJXOJOM MiATBEPAWIN ICHYBaHHS B Cy4acHOMY YKPaiHCHKOMY
CYCHUIBCTBI JESKUX KIACHYHUX IMOBEIIHKOBHX INAOJIOHIB, 30KpeMa: Mmapamokcy AJuie, epekTy OOMeKeHOI paliOHaIBHOCTI, epeKTy
NpUENHAHHA 0 OLMbIIOCTI, e)eKTy BOJOIIHHA Ta ACHMMETPHMYHOro NoMiHyBaHHS. KpiM mporo, 3 ormsmy Ha 3100yTi pe3yJsbTaTi
BH3HAYEHO, 10 /Ul YKpaiHU € CyTTEBA Pi3HUIL MDK XapaKTepoM ippallioHaTbHOCTI B PI3HUX BIKOBHX IpyIax, OJHAK BU3HAHHS IbOTO
TBEP/DKCHHS 332 Me)KaMH 00paHUX IIJIbOBUX IPYII MOTPEOYE T0ATKOBHUX JAOCHI/DKEHB 1 PO3IIISLY KOHTEKCTY IHIINX PUHKOBHUX CY0’€KTIB.
KorouoBi ci10Ba: moBeiHKa; ippamioHAIBHICTD; YKPATHChKE CYCIIIBCTBO; MPOIEC MPUIHATTS PillIeHb.
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