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AHOTAIISA

Maxkcumos A. €. IudopmaniiiHa TEXHOJOrisE s PO3B’A3aHHA 3aJa4
0araToKpuTepiaJibHOTO NPUIHATTA pillleHb B YMOBAaX PU3MKY, HEBU3HAYEHOCTi Ta
HeuiTkoi iHopmanii — KBamidikariiina HaykoBa nparisi Ha MpaBax PyKOIHCY.

Juceprariiss Ha 3700yTTS HAyKOBOTO CTYIEeHS JokTopa ¢urocodii 3a
cnemianpHicTio 122 Komm’totepHi Hayku (12 Indopmariiini TexHomorii). Yepkacbkuii
JIep’KaBHUN TEXHOJIOT1YHUN yHIBEpCUTET, MIHICTEPCTBO OCBITM 1 HayKH YKpaiHH,
Yepkacu, 2025.

VY nucepTamiiHoMy JOOCHIKEHHI BHUpIIIEHa akKTyajdbHa HAyKOBO-IIPHUKJIAJAHA
3aJ1aya, 110 MOJISATa€e B yI0CKOHAJIEH] ICHYIOUYHX Ta po3po0iii HOBUX MOJIEJIei, METOIB Ta
1H(popMaIiiHuX 3ac001B, SIK1 103BOJISATH IMIJIBUILIUTH €(PEKTUBHICTh MPUUHSTTS PILIECHb B
yMOBax 0araTOKpHUTEpIaJbHOCTI, pU3UKY, HEBU3HAYEHOCT] Ta HEUITKOI 1HQOopMallii.

st popmanizarii 3aBAaHb TOCHIKEHHS IPOBEICHO aHalli3 MPeIMETHO1 001acTi
HAyKOBOTO JOCJIDKCHHS, W0 TiepeAdadyae BUBUCHHS ICHYIOYMX MIAXOMIB JO
0araToKpuTEP1AIbHOTO MPUNHATTSA PillICHb, BUSBIICHHS iX MepeBar Ta 0OMeKeHb, aHajl3
CY4YacCHOI'O CTaHy MPOOJIEMATUKK MPUNHHATTS pIllIEHb B YMOBAX PU3HUKY, HEBU3HAUEHOCTI
Ta HeuiTKoi 1H(opmMalii. Po3rigsHyTO TEOpeTHYHl BIAOMOCTI OO0 1H(OpPMALIAHUX
TEXHOJIOT1M MIATPUMKHN NMPUUHATTS pillleHb Ta iX mpu3HaueHHsA. HaBegeHo mocTaHOBKY
3a/layl NPUUHATTA pIIEHb Ta 3a4adl O0araTOKPUTEPIATbHOTO MPUUHATTA pILIEHb.
Po3rnissHyTO OCHOBHI €Tanmu MPUUHSTTSA PIilIeHb, HAJIAaHO 3arajibHy CXeMy MPHHHATTS
piteds. PosrmsHyTo pi3HI Buau iHGopMamiiiHuX cuctem, 1o gomnomaraioTs OIIP
npuiiMaTé OOTpyHTOBaHI Ta €(QEeKTHBHI pINIEHHS, 30KpeMa: CHUCTEMH HIATPUMKHU
npuitHATTS pimens (DSS); cuctemu miaTpuMku rpynoBoro npuitHATTs pimens (GDSS);
IHTEJIEKTyalbHI ~ CHCTeMH  MATpUMKH TpuitHaTTs pimenb (IDSS); cucremu
aBTOMATU30BAHOTO MPUUHATTA pimieHb (ADMS); iHdopmalliiiHi cucTeMu ynpaBiliHHS
(MIS); excnieptri cucremu (ES).

Hanano knacudikaiito cucteM NIATPUMKHA NPUHHATTSA PIlIEHb 32 PI3HUMU
O3HaKaMH, 30KpeMa: 3a CTyNeHEeM aBTOMAaTu3allii; 3a pIBHEM yMpaBIiHHS; 3a

TEXHOJIOTIYHOIO OCHOBOIO; 32 METOJJaMU 0OpOOKH iH(popMallii; Ha piBHI KOPUCTyBaya; Ha



TEXHIYHOMY PiBHI, Ha KOHIENTYyaJbHOMY pIiBHI, 3a HASBHICTIO 1HTEJIEKTYaJbHOIO
KOMITOHEHTA.

Hageneno knacuuny ctpykrypy CIIIIP ta ctpykTypy Beb-opientoBanoi CIIIIP 3
il MOMXJIMBUMHU KOMIIOHEHTAaMH, BHJUICHO HEAOJIKM LMX CTPYKTYp. 3ampOoroHOBAHO
CydacHy CTPYKTypy BeO-OpI€HTOBAHOI CHCTEMH IIATPUMKHA TIPUAHSITTS PIIICHb,
HABEJCHO OMHC Ii KOMIIOHEHTIB Ta OCOOMMBOCTI X B3aeMOJii ansi 3a0e3rneyeHHs
IHTEPAKTUBHOI MIATPUMKHU Mpolecy NpUUHATTS pimeHb. CydacHa CTpyKTypa BeO-
OpIEHTOBAHOI CHUCTEMHM MIATPUMKH MPUHHATTS pillleHb 3a0e3nedye MaciiTa0yBaHHS,
B1JIMOBOCTIHKICTh, €)EKTHUBHE BUKOPUCTAHHS PECYPCIB Ta THYUYKICTh CUCTEMH.

Po3rnsHyTo 3arajibHy CcXeMy Ta MOJENI CTBOPEHHS BEO-OpPIEHTOBAHMUX
1H(GOpMaLIHHUX TEXHOJIOT1M NIATPUMKH NPUAHATTS pillieHb. BU3Hau€HO eTanu CTBOPEHHS
ta BrpoBapkeHHs CIIIIP. IlpoBeneHo ormsa AeSKUX ICHYIOUMX BEO-OpIEHTOBAHHUX
peCcypciB MIATPUMKHU NPUUHSTTS pillleHb, 3/[1IHCHEHO aHai3 X mepeBar Ta HeOJIKIB.

HaBeneHo TeopeTWyHl BIAOMOCTI IIOAO 1H()OPMAUIWHUX CUTyalld NPUAHATTA
pillieHb, 30KpeMa IPOaHaNi30BaHO Ta CHUCTEMAaTHU30BaHO 1H(OpPMAIliiHI CcHUTYyallli
MPUIHATTS PIIEHb B YMOBax pU3UKY, HEBU3HAUEHOCTI Ta HEUITKOI 1HPOpMalIii.

[TokazaHo, 110 3a7a4i TPUUHATTS pillleHb B 1HOOPMAIIWHUX CUTYAIlIsX PU3UKY,
HEBM3HAYEHOCTI Ta HEYITKOI 1H(dopmalii 3 (GopManbHOI TOYKM 30py € YaCTHHHUMH
BUIIAJIKaMU 3arajbHOI 3a/1a4l 0araTOKpUTEpiaibHOTO MPUNUHATTA PILICHb.

Po3pobneno konnentyansny Mojenb R-U-F MmoxnuBux iHpopMaIiiHux cUTYyaIii
NPUIHATTS pilIEHb, KA B110Opakae B3a€MO3B’ 430K MI>K OCHOBHUMHM THIaMU CKJIATHUX
1H(OopMaIIiHUX CUTYyaIll{, [0 BUHUKAIOTH M1 Yac 0araTOKpUTEPlaibHOTO TMPUHUHATTS
piteHs: 1HGOPMAIIIHOI CUTYAIlI€l0 MPUUHATTS pimieHb B yMoBax pusuky (Risk, R),
1H(OPMAIIHOIO CHUTYalll€l0 NPUUHATTS PIIEHh B YMOBAaX MOBHOI HEBHU3HAYEHOCTI
(Uncertainty, U) Ta iHpopmaIiiiHoI0 CUTYaIlI€I0 MPUAHATTA PIIEHh B YMOBaX HEYITKOI
iHpopmaii (Fuzzy, F). BuznaueHo kir0o4oBi OCOOJIMBOCTI L€l MOJEN cepel SAKUX:
YHIBEPCAIbHICTh, THYYKICTb, IHTETPATUBHICTb.

Po3pobieno Mmomens mpouecy MOpUMHATTA pillleHb B YMOBaxX pPH3UKY,
HEBU3HAUCHOCTI Ta HEYITKOi 1H(opmalli, o BIAMNOBIAAE  3alpONOHOBAHIN

koHnentyanpHiii R-U-F-mMoxem wmoxnuBux 1HGOpMAIMHUX CUTYaIlld TPUHHATTS
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pillieHb 1 mependadae MOXKJIMBICTH BUOOPY KIJTBKOX METOIB NMPUUHATTS PIlIEHb SK
TPaaUIIMHUX, TaK 1 MOAM(DIKOBAaHMX, KOMOIHOBAaHHMX Ta TIOPUIHMX METOJIB IS
PO3B’sI3aHHS MOCTABJICHOI 33/1a4i 3 MOJAJIBIINM arperyBaHHIM OJepKaHUX Pe3yJIbTaTiB.

VY nockoHalieHO MOIeIIb YIIpaBJiHHs pu3nkamMu npoekTy (Project Risk Management
Model) 3a paxyHOK BBEJICHHS 0JaTKOBUX KOMIIOHEHT cepell IKUX: BXiJHa 1H(hopMaIllis
PO HasiBHI PU3HMKH MPOEKTY, PIBHI PU3UKIB, KPUTEPIi OIIHIOBAHHS PU3HKIB, €KCIEPTHI
OLIIHKK JJIi KOXKHOTO PHU3UKY 3a 3aJaHUMHM KpPUTEPIsIMU; TMpoleAypa BU3HAYEHHS
HAJIE)KHOCTI PU3HKIB MPOEKTY 10 TMEBHOTO DIBHSA PHU3UKIB, MPOLEAYPY BHU3HAUCHHS
NPIOPUTETIB PU3UKIB MPOEKTY 3a JIOMOMOIOK0 METOAY aHallidy lepapxiil; BHXIiTHA
1H(DOopMaIlis Tpo HAJIEKHICTh PU3UKIB MPOEKTY S0 BIAMOBITHUX PIBHIB PU3UKIB; BEKTOP
NPIOPUTETIB PU3UKIB MPOEKTY 1 BEKTOP iX PAHTIB; PEECTP PU3HKIB 3 MEPEITIKOM 3aXO0/1B
10J10 3ar00IraHHs Ta YCYHEHHSI pU3HUKIB MPOEKTY.

Bu3zHaueHO  OCHOBHI  XapaKTEpPUCTHKU  TPAJULIAHHUX,  MOJU(PIKOBAHUX,
KOMOIHOBaHUX Ta TIOpUIHUX METOJIB HNPUUHSATTS PIllIEHb, HABEJCHO iX NMEpeBaru Ta
HEJOTIKH.

[IpoanaiizoBaHO MOIYJSPHI METOAM PO3B’S3aHHA 3a7adl OAraTOKpUTEPIaIbHOIO
npuitHaTTss  pimenb (MCDM). [lpoBegeHo TOpPIBHSHHS —JIBOX  MIAXOMIB  JIO
OaraToKpuTepiaIbHOTO MPUNHSTTS PillIeHb: 0AraTolUILOBOTO NPUUHATTS pimieHs (Multi-
Objective Decision Making, MODM) 1 GararokpurepiaabHOr0 aHamily ajibTEPHATHUB
(Multi-Attribute Decision Making, MADM). HaBeneHo omnuc momyJsipHUX METOJIB
MADM Tta 3po6iieHo iX po3noAii MOA0 MOXIMBOCTI 3aCTOCYBaHHS B 1H(QOpPMaLIMHUX
CUTYaIlisiX B YMOBaxX BHU3HAYEHOCTI, HEBU3HAYEHOCTI, PU3UKY Ta HEUITKOI iH(dOpMaIlii.
[IpoBeneHO MOPIBHSUIbHUM aHATI3 XapaKTEPUCTHK ICSIKUX MOMyJIsipHUX MeTo1iB MADM,
3okpema: AHP, ANP, TOPSIS, MOORA, MeTo/1iB IPUAHSATTS pillIeHb B yMOBaX PU3UKY,
METO/I1B IPUUHSTTS PillleHb B yMOBaX MOBHOI HEBU3HAYEHOCTI.

Opepxanu TOJNATBIIOTO PO3BUTKY JI€AKI METOAM TNPUHUHATTA pIIEHb AJiA
pO3B’sA3aHHs 3aja4y 0araTOKpUTEpialbHOTO MPUNHATTSA PIIIEHb B yMOBaX pPHU3HUKY,
HEBU3HAYCHOCTI Ta HEUITKOI iH(popMarIii.

Po3pobsieHo MeTon BH3HAYEHHS PIBHIB PU3HMKIB Ta iX MPIOPUTETIB, SIKUUA €

KOMOIHAaII€f0 MOM(IKOBAHOTO METOJy MATPHUIll PU3HMKIB 1 METOAY aHali3y lepapxiil.



3anponoHOBaHUl KOMOIHOBAHMM METOJ HAJAa€ MOXJIMBICTH 3 BHUCOKOI TOYHICTIO
OIIHIOBATH PU3HMKHU 3a OUIBII ITUPOKOIO IMIKAJIOK 1 OLIBIIOK KIIBKICTIO KPUTEPIiB, HIXK
TpaauIIAHUN MeToI MaTpulll pu3ukiB. [loeqnanHs Moan]iKOBAaHOTO METOAY MaTpHUIl
PHU3HKIB, J¢ BX1JHI J1aHi (OPMYIOTbCS HA OCHOBI €KCIIEPTHHUX OINIHOK (CyO’€KTHUBHO), 3
METOJIOM aHali3y i€papxii, e 3alOBHEHHS MaTpHIlb MapHUX MOPIBHAHb AJIbTEPHATHB
(pU3HKIB) 32 KpUTEPISIMH 1 BUSHAUCHHS TPIOPUTETIB PU3HUKIB 31HCHIOETHCSI aBTOMATUYHO
Ha OCHOBI MaTeéMaTHYHUX pO3paxyHKIB (00’€KTHBHO), HaJa€ KOpPUCTyBadam OLIBII
HMIMPOKI MOKJIMBOCTI AJIsI aHANI3y PU3UKIB MMPOEKTIB Y MOPIBHAHHI 3 IHITUMHU METOJAMH.

Po3pobiieno koMOiHOBaHUI METO JiJIsl Kiacudikallii 3aja4 TailM-MEHEKMEHTY,
10 MO€EAHYE B cO01 METOJ| aHami3y iepapxii Ta meton marpuill Eizenxayepa. [lokazano,
o0  3aJady  TalM-MEHEDKMEHTy  MOXXHa  KiacuikyBaTH K 3a7ady
0araTOKpUTEP1aIbHOTO MPUNUHATTS PIlI€Hb. 3a JOIOMOTO0 I[OTO METOAY KOPUCTYBauy
HAJAEThCS MOJKJIMBICTh OIIIHIOBAaTH 3a7adl SK aJIbTEPHATUBH 3a KPHUTEPISIMH, SKI
BIIMOBIAAIOTh KJjacudikamii 3agad y wmatpuil Elizenxayepa. Y pe3yibTaTi 4oro
OTPUMYETHCSI pO3OUTTS BXITHUX 3a/1a4 Ha YOTUPH Kiacu maTpuill Efizenxayepa, a Takox
BU3HAYAIOTHCA MPIOPUTETH IS 33]1a4 KOXKHOTO KJIacy B YMCJIOBOMY €KBIBAJICHTI.

Po3pobneno momudikoBanuii meton Fuzzy TOPSIS mns Bubopy edexkTuBHOI
albTEpPHATUBU B 3a/1adl OaraTOKpUTEPIaJbHOTO MPUUHATTA PILIEHb 332 PaxyHOK
Moaudikalii mpoueaypu OOYMCIEHHS KOE(IUIEHTY OJM3BKOCTI /O HEUYITKOro
MO3UTUBHOTO imeanbHOro po3B’sizky (FPIS) Ta HewiTkoro HEraTMBHOTO 1/1€aJIbHOTO
po3B’s3Ky (FNIS) nuisixoM 3actocyBaHHs pi3HUX METPUK, 30KpeMa €BKJI1JOBOI METPUKH,
MaHTeTTCHChKOI METpHUKH, MeTpuk YeOumioBa, MiHkoBcbkOorO 1 I'eMMiHra, a Takox
BUKOPUCTAaHHS PE3YyJbTaTIB TPYMOBOi €KCHEPTU3U. 3arporoHOBAaHUN MOIU(DIKOBAHUIN
METOJI HaJa€ MOXMJIMBICTh BHU3HAUUTH SIKI METPUKH JIal0Th CXO0XIi, ab0 BiAMIHHI
pe3ynbTaTH. 3a UM MiAXO0JA0M MOYKHA MPOAHAI3YBATH UM € BIIXWJICHHS 3HAYYIINMU,
a00 BOHU 3HAXOMATHCSA B MEXaxX JIOMycTUMOi moxuOku. Ls mpouemypa m103Bosisi€ OiIbII
TOYHO OILIIHIOBATH BIJICTaH1 MK HEUITKUMHM 17€aIbHUM Ta aHTU1ICATBHUM DPIIICHHSIMH,
BPaxOBYIOUH OI[IHKU TPYNH €KCIIEPTIB.

[IpakTryHe 3HaYEHHS OICP’KAHUX PE3YJIBTATIB MOJIATa€E B TOMY, 110:
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1. Po3po6sieHO METOAUKY 3aCTOCYBaHHSA JIEKUIBKOX METO/IB IPUUHSTTS PIlIEHb B
Meax OJIHI€T 3a/1a4i 3 arperyBaHHsIM pe3yiIbTaTiB 3a PI3HUMHU IM1X0JaMH J10 BU3HAYEHHS
BaroBHX Koe(Qili€HTIB METO/IIB, 30KpeMa: 3a JOMOMOIOI0 €KCHEPTHOTO OLIHIOBAHHS; 3
BUKOPUCTAHHAM TPOLEAYpH TMApHUX TOPIBHSHHS METOAY aHaji3y iepapxiid; 3
BUKOPHUCTAHHSAM CEPEIHHOTO T€OMETPUUHOTO JJIsl BUTIAAKY PIBHOT BaKJIMBOCTI METO/IIB;

2. Po3po0neHo MeTOAMKY AJisi TMOPIBHSHHS Pe3yJbTaTiB 3aCTOCYBaHHS METO/IIB
npuiiHaTTs pimeHs TOPSIS, FTOPSIS Ta ix moaudikariiii, ogepaHux 3a JOMOMOTOIO
PI3HUX METPUK JJIs OIL[IHIOBAaHHSA KOEPIIIEHTY OIM3BKOCTI A0 HEYITKOTO MO3UTHBHOTO
1neanbHOro po3B’sa3ky (FPIS) Ta HediTkoro HeratuBHOrO i/1eaabHOTO po3B’s3ky (FNIS);

3. CtBopeno moxydi BeO-opientoBanoi CIIIIP, mo peanizytoTs po3pobiieHi Mojeni
Ta METOJU OAraTOKpUTEPIaIbHOTO NPUUHATTS PIIIEHb B YMOBaX PU3HUKY, HEBU3HAYEHOCTI
Ta HE4ITKOi 1H(opMallii, a TaKOXK 3a0e3MeUyI0Th IHTEPAKTUBHY POOOTY KOpHCTyBaya 1
JI03BOJISIIOTh €()EKTUBHO 3aCTOCOBYBAaTH pPO3pOOJEHY 1H(POpMAIIiHY TEXHOJOT0 Ha
MPAKTHIII.

Pesynbrarom qoCiiKEHHs € MOJIeTi, METOIM Ta BeO-OpieHTOBaHa iH(popMalliitHa
TEXHOJIOTIA JJIsl PO3B’Si3aHHS 3a7ad OaraToOKpUTEPiaibHOTO MPUUHATTS PIIICHb, IO
3a0€e3MeuyI0Th KOMIUIEKCHY OIIHKY albTEPHATUB 1 MIJBUIYIOTh €(EKTUBHICTH MPOIECY
IPUIHATTS PIlIEHb B YMOBaxX pU3UKY, HEBU3HAUYEHOCTI Ta HEUITKO1 1H(OopMaIlii.

BropoBamkeHHs: po3po0JIeHMX MOJENIe, METOAIB 1 MPOrpaMHOro 3a0e3nedyeHHs
CIPHUSIIO TIABUIICHHIO PE3YJbTaTHBHOCTI POOOTH KOMIIAHIM, IO JO3BOJUIO 3HU3UTH
BUTpaTU 4acy Ta (PIHAHCOBUX PECYpPCIB Ha PO3POOKY MPOEKTIB 3a PaxyHOK OLIbII
00’ €KTUBHOT'0, OOTPYHTOBAHOTO 1 ONIEPATUBHOTO MIPUUHSTTS PIllICHb.

[IpakTuHe  3HAa4YeHHS  OAEpPKAHMX  PE3yJdbTAaTIB  MIATBEPIKYETbCA  IX
BIIPOBA/DKCHHSIM Yy TPOLIEC MPUUHATTA pIlIeHb pI3HUX KOMMAaHIA, a TaKoxX
BUKOPUCTAHHSAM MatrepiaiiB JAUCEPTAIlIHHOTO JOCTIPKEHHS B OCBITHHOMY TIPOIIECI
YepkacbKOro Jep:KaBHOTO TEXHOJIOTYHOIO YHIBEPCUTETY MpPH MIATOTOBII MaWOyTHIX
(daxiBIliB y rayty3i iHOOpMAIIITHUX TEXHOJIOT1H.

KurouoBi ciaoBa: iHdopmariiftHi TexHosorii, iHpopmaliiiiHa cuctema, cucTema
NIATPUMKA ~ TPUUHATTSA ~ pillIeHb, MPUHUHATTA  pillIeHb, MaTE€MaTH4HI  MOZEII,

OaraTtokpuTepiadbHI METOAM TPUUHSTTS pIillIeHb, aHali3 aJbTepHATHB, PH3UK,
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YOPABIIIHHS PU3UKAMHU, YIIPaBIiHHS MpoekTamu, [T-nmpoexTH, HEBU3HAYEHICTh, HEYITKA

iH(opMalis, HEUITKI MHOKHUHHU, €KCTICPTHE OLIIHIOBAHHS.

ABSTRACT

Maksymov A. Information technology for solving multi-criteria decision-making
problems under conditions of risk, uncertainty and fuzzy information. — Qualification
scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 122 Computer
Science (12 Information Technology). Cherkasy State Technological University,
Ministry of Education and Science of Ukraine, Cherkasy, 2025.

The dissertation research solves a relevant scientific and applied problem, which
consists in improving existing and developing new models, methods and information
tools that will increase the efficiency of decision-making in conditions of multi-criteria,
risk, uncertainty and fuzzy information.

To formalize the research tasks, an analysis of the subject area of scientific research
was conducted, which involves studying existing approaches to multi-criteria decision-
making, identifying their advantages and limitations, and analyzing the current state of
the problem of decision-making under conditions of risk, uncertainty, and fuzzy
information. Theoretical information on information technologies for decision-making
support and their purpose was considered. The formulation of the decision-making
problem and the problem of multi-criteria decision-making were presented. The main
stages of decision-making were considered, and a general decision-making scheme was
provided. Various types of information systems that help DM make informed and
effective decisions were considered, in particular: decision support systems (DSS); group
decision-making support systems (GDSS); intelligent decision-making support systems
(IDSS); automated decision-making systems (ADMS); management information systems
(MIS); expert systems (ES).

A classification of decision support systems is provided according to various

criteria, in particular: by the degree of automation; by the level of management; by the



technological basis; by the methods of information processing; at the user level; at the
technical level; at the conceptual level; by the presence of an intellectual component.

The classical DSS structure and the structure of a web-based DSS with its possible
components are presented, the disadvantages of these structures are highlighted. The
modern structure of a web-based decision support system is proposed, its components are
described and the features of their interaction are given to ensure interactive support of
the decision-making process. The modern structure of a web-based decision support
system provides scalability, fault tolerance, efficient use of resources and flexibility of
the system.

The general scheme and models of creating web-based information technologies
for decision support are considered. The stages of creating and implementing DSS are
determined. A review of some existing web-based decision support resources is
conducted, and their advantages and disadvantages are analyzed.

Theoretical information on information situations of decision-making is presented,
in particular, information situations of decision-making under conditions of risk,
uncertainty, and fuzzy information are analyzed and systematized.

It is shown that decision-making problems in information situations of risk,
uncertainty, and fuzzy information are, from a formal point of view, special cases of the
general problem of multi-criteria decision-making.

A conceptual model R-U-F of possible information situations for decision-making
has been developed, which reflects the relationship between the main types of complex
information situations that arise during multi-criteria decision-making: information
situation for decision-making under risk (Risk, R), information situation for decision-
making under complete uncertainty (Uncertainty, U), and information situation for
decision-making under fuzzy information (Fuzzy, F). Key features of this model have
been identified, including: universality, flexibility, and integrativity.

A model of the decision-making process under conditions of risk, uncertainty, and
fuzzy information has been developed, which corresponds to the proposed conceptual R-
U-F model of possible information situations for decision-making and provides for the

possibility of choosing several decision-making methods, both traditional and modified,
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combined and hybrid methods, to solve the problem with subsequent aggregation of the
results obtained.

The Project Risk Management Model (PRRM) has been improved by introducing
additional components, including: input information on existing project risks, risk levels,
risk assessment criteria, expert assessments for each risk according to specified criteria;
a procedure for determining whether project risks belong to a certain risk level, a
procedure for determining project risk priorities using the Analytic Hierarchy Process;
input information on whether project risks belong to the corresponding risk levels; a
vector of project risk priorities and a vector of their ranks; a risk register with a list of
measures to prevent and eliminate project risks.

The main characteristics of traditional, modified, combined and hybrid decision-
making methods are identified, and their advantages and disadvantages are presented.

Popular methods for solving the problem of Multi-Criteria Decision Making
(MCDM) are analyzed. Two approaches to multi-criteria decision-making are compared:
Multi-Objective Decision Making (MODM) and Multi-Attribute Decision Making
(MADM). Popular MADM methods are described and their distribution is made
according to the possibility of application in information situations under conditions of
certainty, uncertainty, risk and fuzzy information. A comparative analysis of the
characteristics of some popular MADM methods is carried out, in particular: AHP, ANP,
TOPSIS, MOORA; decision-making methods under risk; decision-making methods
under conditions of complete uncertainty.

Some decision-making methods have been further developed to solve multi-criteria
decision-making problems under conditions of risk, uncertainty, and fuzzy information.

A method for determining risk levels and their priorities has been developed, which
1s a combination of the modified risk matrix method and the Analytic Hierarchy Process.
The proposed combined method provides an opportunity to assess risks with high
accuracy on a wider scale and a larger number of criteria than the traditional risk matrix
method. The combination of the modified risk matrix method, where input data is formed
on the basis of expert assessments (subjectively), with the Analytic Hierarchy Process,

where the filling of matrices of pairwise comparisons of alternatives (risks) by criteria



10

and the determination of risk priorities is carried out automatically on the basis of
mathematical calculations (objectively), provides users with wider opportunities for
analyzing project risks compared to other methods.

A combined method for classifying time management tasks has been developed,
which combines the Analytic Hierarchy Process and the Eisenhower matrix method. It is
shown that the time management task can be classified as a multi-criteria decision-making
task. With the help of this method, the user is given the opportunity to evaluate tasks as
alternatives according to criteria that correspond to the classification of tasks in the
Eisenhower matrix. As a result, the input tasks are divided into four classes of the
Eisenhower matrix, and the priorities for tasks of each class are determined in numerical
equivalent.

A modified Fuzzy TOPSIS method has been developed to select an effective
alternative in the problem of multi-criteria decision-making under fuzzy information
conditions using various metrics, in particular: Euclidean metric, Manhattan metric,
Chebyshev, Minkowski and Hamming metrics, as well as using the results of group
expertise. The proposed modified method makes it possible to determine which metrics
give similar or different results. This approach allows us to analyze whether the deviations
are significant or within the acceptable error range. This procedure allows us to more
accurately estimate the distances between the fuzzy ideal and anti-ideal solutions, taking
into account the estimates of a group of experts.

The practical significance of the results obtained is that:

1. A methodology has been developed for applying multiple decision-making
methods within a single task, with aggregation of the results based on different
approaches to determining the weighting coefficients of the methods, including: expert
evaluation; the pairwise comparison procedure of the Analytic Hierarchy Process; and
the geometric mean for the case of equal importance of the methods;

2. A methodology has been developed to compare the results of applying the
decision-making methods TOPSIS, FTOPSIS and their modifications, obtained using
different metrics for evaluating the closeness coefficient to a fuzzy positive ideal solution

(FPIS) and a fuzzy negative ideal solution (FNIS);
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3. Web-based DSS modules have been created that implement the developed
models and methods of multi-criteria decision-making under conditions of risk,
uncertainty, and fuzzy information, as well as provide interactive user work and allow for
the effective application of the developed information technology in practice.

The result of the research is models, methods, and web-based information
technology for solving multi-criteria decision-making problems, which provide a
comprehensive assessment of alternatives and increase the efficiency of the decision-
making process under conditions of risk, uncertainty, and fuzzy information.

The implementation of the developed models, methods, and software contributed
to increasing the efficiency of companies, which allowed reducing the cost of time and
financial resources for project development due to more objective, well-founded, and
operational decision-making.

The practical significance of the results obtained is confirmed by their
implementation in the decision-making process of various companies, as well as the use
of dissertation research materials in the educational process of Cherkasy State
Technological University in the training of future specialists in the field of information
technologies.

Keywords: information technology, information system, decision support system,
decision making, mathematical models, multi-criteria decision-making methods, analysis
of alternatives, risk, risk management, project management, IT projects, uncertainty,

fuzzy information, fuzzy sets, expert assessment.
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Negative Ideal Solution;

Fuzzy Positive Ideal Solution;

Fuzzy Negative Ideal Solution;

JHTBICTUYHI TEPMH;

1HJIEKC OJTHOPIAHOCTI / consistency index;

BIIHOILICHHS OJTHOPITHOCTI / consistency ratio.
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BCTYII

AKTyaJIbHICTh TEMHU.

Y cydacHHMX yMOBax CTPIMKOTO pPO3BUTKY LHUQPPOBUX TEXHOJOTIA Ta
iHQOpMAIITHUX CHCTEM, MPUUHATTSA €()EKTUBHUX YIPaABIIHCHKUX PIIICHb CTa€ Jeaall
CKJIaAHIIMM 3aBAaHHAM. OCOOIMBO 11€ CTOCY€EThCSA CUTYAIlil, OB’ sI3aHUX 3 HAsIBHICTIO
MHOXUHHU CYNEPEWINBUX KpPUTEpIiB, BUCOKUM pIBHEM pPHU3HKY, HEBU3HAYEHOCTI Ta
HEYITKOCTI iHQOopMaIlii. Y TaKuX yMOBax TPaAUIiHI METOAU MPUHHATTS PIILIEHb 4aCTO
BUSIBIISIIOTHCS HEJOCTaTHRO THYYKMMH a00 Hee()EeKTHUBHHMH, IIO CTBOPIOE MOTPEOy y
HOBUX  IMIJXOJax Ta  IHCTPYMEHTaX, 3JaTHUX  3a0€3MeUuTd  MIATPUMKY
0araToOKpUTEPIAIbHOIO aHAJI3Y 3 YPAXyBaHHSAM CKIIATHUX KPUTEPIiB.

CyuacHi HanpsIMU PO3BUTKY TE€OPil MPUHHATTS pILIE€Hb, 30KpEMa METOIU HEUITKO1
JIOTIKH, Teopii WMOBIPHOCTEH, BIJKPUBAIOTH HOBI MOXIIMBOCTI I PO3POOKHU
e(ekTUBHUX 1H()OPMAIIITHUX TEXHOJIOTIH, 110 374aTHI BPaXOBYBaTH K KUJIbKICHI, TaK 1
AKICHI XapaKTEpUCTUKU JaHUX. [HTerpamis Takux MAXOMIB Y €IUHY 1H(POpMALIiHY
TEXHOJIOT1IO JI03BOJII€ 3HAYHO MiJABUIIMTH AKICTh PIlIEHb, IO MPUHAMAIOTHCS B YMOBAX
PU3UKY, HEBU3HAYEHOCTI Ta HEUITKO1 iH(OopMaIIii.

Oco0nnBoi  akTyalbHOCTI HaOyBae po3poOka 1H(POPMAIIHHUX TEXHOJIOT1H
NPUMHSTTA pILLEHb JUIS Tally3€i, 16 TOMUIIKA Y PUAHSATTI PIILIEHb MOXKYTh MaTH CEPUO3HI
€KOHOMIYHI, COIllaibHI a00 €KOJIOTI4YHI HACTiAKK. BpaxoBytouu 1€, TemMa IucepTaiiiHol
po0oTH, siKa CripsiMOBaHa Ha po3poOKy 1HPOPMAIIIMHOI TEXHOJIOTII JIJIsl pO3B’sI3aHHA 3a/1a4
0araTOKpUTEpiaJIbHOTO MPUIHATTS PIllIEHb B yMOBaX PU3HKY, HEBU3HAYEHOCT] Ta HEYITKOT
1H(popMmallii, € aKTyaJIbHOIO SIK 3 HAYKOBOI, TaK 1 3 MPAKTUYHOI TOUKH 30DY.

Ha choroani piBeHb KOHKYPEHTOCIPOMOKHOCTI KOMIMAaHIi 3HAYHOIO MIpPOIO
3aJIeKUTh BiJ il 3M@THOCTI OMEPATHBHO Ta OOIPYHTOBAHO MPUHAMATH YMPaBIIHCHKI
piteHHs. Y 3B’S3Ky 3 IIUM 3pOCTa€ MoTpeda y BOPOBAKEHHI CHCTEM MIATPUMKHU
npuitHaTTa pimens (CIIIP) y aisanpHicTh mianpueMcTB. BUKOpUCTaHHS TaKUX CUCTEM €
aKTyaJIbHUM 3aBJaHHSIM, OCKUIBKHM CIpPHSIE aBTOMAaTH3allli Ta ONTHMI3alii JisUTbHOCTI
N1IIPUEMCTBA, MOJIETTY€E aHalll3 MOKJIIMBUX BapilaHTIB il 1 3a0e3reuye 00rpyHTOBaHUMN

BUOIp HAMKpaIMX PilIeHb 3a 3aJaHUMU KPUTEPISIMH.
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AKTyalpHICTb TEMHU JOCHIDKCHHS 3yMOBJIEHA TMOTPEOOK  e€(PEeKTHUBHOIO
PO3B’sA3aHHs 33/1ay OAraTOKPUTEPIAIBHOTO IPUNHSATTS PIIICHb, 1110 BUHUKAIOTh y PI3HUX
chepax MiSUTBHOCTI JIOMAUHUA. Y 3B’S3KY 3 IIUM BaKIWBOIO TPOOJIEMOIO € CTBOPCHHS
iHQopMaIITHUX TEXHOJOTIM, SKi O HaJaBajdud MOXJIMBICTH KOPHCTyBady OOHMpaTH 1
3aCTOCOBYBATH HaWOUIbII €PEKTUBHI METOAHN OaraTOKpUTEPIaIbHOTO MPUHHATTS PIllIeHb
B YMOBAaX pU3HKY, HEBU3HAYEHOCT] Ta HEYITKOI iHpOpMaIlii.

AKTyanbHICTb 3aJ1a4 0araTOKpUTEp1aIbHOTO MPUNUHATTA PIIICHb MOJISATAE B TOMY,
10 B pealbHUX YMOBaX YTNpaBJIiHH, TUIaHyBaHHS Ta aHaNi3y JOBOAUTHCA BPaXOBYBATU
MHOXHHY CyNEpEeUIMBUX KPUTEPIIB, K1 BIUIMBAIOTh HAa BUOIp Halikpamioro pimeHHs. [e
0COOJIMBO BAXKIIMBO Y BHUIIAJIKaX, KOJIM HEOOX1THO 3HAXOJUTU KOMIIPOMIC MK PI3HUMHU
MOKa3HUKaMH €(DEKTUBHOCTI, TAKUMU SIK BUTPATHU, SKICTh, PUBHKH Ta CTIMKICTH CUCTEMHU.

3amava ynpasniHHa pusuKamu 3aIWIIAETHCS aAKTyalbHOIO 3aBXKIU, OCKIIbKU
PU3HUKHM TPUCYTHI B KOXXKHOMY MpO€KTI. Tomy mnojainbiie AOCHKEHHS 1 po3poOka
e(pEeKTUBHUX METO/IB YIpPaBIIHHSA pPHU3MKaAMU TIPOEKTIB Ta CTBOPEHHA CYy4YacHUX
TEXHOJIOT1H X peastizallii € akTyaJIbHOIO HAYKOBOIO 1 MPAKTHUYHOIO MPOOIEMOIO.

VYrpaBiaiHHS pU3MKaMU € BAKIMBUM acCIEKTOM YCIIIIHOI peani3alii IPO€eKTIB Y
chepi iHOOpMALIMHUX TEXHOJIOTIH, OCKIIbKH IT-TIPOEKTH CXMIIbHI O BUCOKOTO PIBHS
HEBHU3HAYEHOCTI Ta CKJIAAHOCTI. HemocTtaTHiil piBeHb yHpaBiiHHSA PHU3IUKAMH MOXKE
MIPU3BECTH JI0 CYTTEBUX BTPAT, HEPEBUILIEHHS OI0JIKETY, 3aTPUMOK y TEPMIHAX peai3allii
MPOEKTIB Ta 3HUKEHHS SAKOCTI KIHIIEBOTO MPOIYKTY. Y 3B’SI3KY 3 IUM BHHUKAE MOTpeda
y 3aCTOCYBaHH1 HaJAIMHUX CTaHAAPTIB, sIK1 O 3a0e3neuniny eeKTUBHE BUSBICHHS, aHAMI3
1 MOHITOPUHT PU3HUKIB MPOTATOM YCHOTO KUTTEBOTO MUKITY [ T-TipoekTy.

VY cyyacHuX yMOBax ri100aJIbHOT €KOHOMIYHOT HECTAOUTbHOCTI MEPCIIEKTUBHU Oy Ib-
SIKOTO TIANPUEMIIS 200 TAMPUEMCTBA 3aJIeKATh Bl BUPIIIIEHHS JBOX T'OJIOBHUX MUTAHb:
K 3amoOIrTH TOTEHIIMHUM 3arpo3aM Ta SK €(QEKTHBHO YIPABISTH HETaTUBHUMHU
HACHIIKAMUA HEBU3HAYEHOCTI. B KOHTEKCTI aHaii3dy puU3HKIB, HEBU3HAYEHICTh
PO3TIAAAETCS K TIEPBUHHUN (PAKTOp, y TOW Yac SIK PU3UK € BTOPHHHHUM (PaKTOPOM.
IcHye mpsiMuii 3B°S130K MK pIBHEM HEBHU3HAUEHOCTI Ta PIBHEM PH3UKY: 31 3pOCTAHHIM
HEBU3HAYEHOCTI 3pocTae i pusuk. [IpoTe oOuaBa 111 pakTopu BiIirparoTh KIHOYOBY POJIb

y TiANPUEMHULIBKIN AisibHOCTI. OCHOBHA BIAMIHHICTH MK IIUMH SIBUIIIAMU TIOJIATAE Y



22

MO>KJIMBOCTI iX BUMIPIOBaHHS Ta OLIIHKU: HEBU3HAYEHICTh BUMIPIOBATH HEMOKIIMBO a00
BKpail CKJIaJHO, B TOM Yac K pU3UK MOXKHA OLIIHUTHU. BiIbIT BAXKJIMBOIO BIIMIHHICTIO MIXK
IIMMU IBOMA SIBUIIIAMH € MOKJIMBICTh BIUTUBY: PU3UKOM, Ha BiIMiHY BiJl HCBU3HAUYEHOCTI,
sKa HE € 00’ €EKTUBHUM SIBUIIIEM, MOKHA, 1 MTOTPIOHO yIIPaBJISATH.

VYrpaBiaiHHS pU3WKaMHU BKIIOYAa€ B ce0€ MPOTHO3YBaHHS MEPCIIEKTUB PO3BUTKY
TUSITEHOCTI TANPUEMCTBA, aHATI3 MOXKJIMBUX BIIXUJICHB BiJl 3aIUIAHOBAHUX PE3YJIHTATIB
1 KepyBaHHS IIUMH BIIXWUJICHHSIMH 32 JIONIOMOTOIO BJIOCKOHAJICHHSI O13HEC-TIPOIIECIiB Ta
MiHiMi3alii HeraTUBHUX HacHiakiB. Ciij 3ayBa)KUTH, M0 OCKUIBKHM HEBU3HAYCHICTH €
HEOJIMIHHOI0 YAaCTHHOIO PEabHOCTI, MOBHE YHHUKHEHHS PU3UKY HeMoxiuBe. OTke,
PUBHK 3aBXKIU TMPUCYTHIN, 1 TPUUHATTS pillleHb MOBUHHO 0a3yBaTHCs Ha CTpaterii
YOPABIIHHS PU3UKAMH.

CyyacHi TeMITd pO3BUTKY TEXHOJOT1H, MOCTIMHI 3MIHU B IPUPOJIHUX Ta IITYYHHUX
€KOCUCTEMaX, 3POCTaHHsS KOHKYPEHI[li Ha PUHKY IOCIYI BHMAararTh BIJ KOMIIaHIi
MIJCUICHHS iX aJanTHBHOCTI JO HOBHX YMOB Ta 37aTHOCTI OIEPATUBHO pearyBaTH Ha
3MIHHM, 30KpeMa NpH idewmuixayii Ta Kiacugikayii pu3uxie, MO BUHUKAIOTH B
YOPABIIHHI NPOEKTaMHU. Y I[bOMY KOHTEKCTI aJalTUBHICTb KOMIIAHII 3aJI€KUTh BiJ
npodecioHanisMy MEHEIKEpIB, SIKI BIAMOBIAAIOTh 3a YMPABIIHHS pPU3UKAMH Ta
PO3pOOJISIFOTH CTpATETIi 1010 3MEHIIIEHHS 1X BIUIMBY Ha MIPOEKTH.

VY cyyacHoMy Oi3HeC1 KIIOYOBY pOJIb BIJIrparoTh i1H(OpMAIIiitHI TEXHOJOrI,
OCKIJIbKM JIONIOMAararoTh MEHE/DKEpaM pI3HUX PIBHIB aBTOMATH3yBaTH IMPOIIECH
NPUIHATTS pllIEHb, 30KpeMa ¥ B YNPaBIIIHHI PU3UKAMU, [UIAXOM 30UpaHHs, aHAII3Y Ta
IHTepHpeTallii JaHuX TPO peami3alliio MPOEKTIB y PI3HUX yMoBax. BukopucranHs
1H(}OpMAIIHHUX TEXHOJOT1H J103BOJIsi€ €(DEKTUBHO 17IeHTU(DIKYBATH MOTSHIIIITHI PU3UKH,
MPOTHO3YBATH iX HACHIIKM Ta NpUHAMATH HAJEXKHI 3aX0AW JJI 3aroO0iraHHsS YU
3MCHIIICHHS] HETaTUBHUX HACHIJAKIB IMX pusuKiB. KpiM TOro, BUKOPUCTaHHS
iH(popMaliiiHux cucteM 3a0e3nedye e(QEeKTUBHUM OOMIH J@aHUMHU MK PI3HUMU
NiApO3A1JIaMd KOMIaHii, M0 CHpUsie MBUAKIN KOMYHIKAIlli Ta CiBOpALll B yIPaBIiHHI
pusukamMu. 3pocTarodya CKIATHICTh Ol3HEC-CepeoBHUINa TOPOKYE HEOOXITHICTh
MOCTIHOTO yJIOCKOHAJIEHHS METOAIB yrmpaBiiHHsA pusukaMu. Lleil npouec nepenbayae

PO3pOOKY HOBHX CTpaTEriil, BAKOPUCTAHHS TIEPEIOBUX TEXHOJIOT1H Il aHATI3Y JJAHUX Ta
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BJIOCKOHAJICHHS CITIBIIpalll MK PI3HUMHM MIAPO3/1JIaMi KoMMaHii. BaXIuBUM acriekToM
TaKOX € MOCTIHE BIOCKOHAJICHHS MPOILIECIB pearyBaHHs Ha BUSBJICHI PU3UKU HUIIXOM

VY cydacHuX yMOBax JUHAMIYHMX MOJIEPHI3allIMHUX MEPETBOPEHB 301IBIIYETHCS
notpeda y MiJBUIICHHI aIalTUBHOCTI OpraHi3ailii, MBUIKOCTI pearyBaHHS Ha 3MiHHU B
3a0a4ax maum-meHeolHcMeHmy, o HeoOX1THO BUPIIIHMTH, Ta 1X BIAMOBIIHIN Ki1acudikarrii
32 TIEBHUMHU KpUTepisiMU. B naHoMy BHIaJKy aJalTUBHICTh € BaXXIMBUM UYHWHHUKOM
KOHKYPEHTOCIIPOMOXHOCTI JIFOAMHHU, sIKa TUIaHye rpadik cBoe€l AisuibHOCTI. BaxkiuBy poib
pU 1IbOMY BIAIrparoTh 1HGOpPMAIIiiHI TEXHOJOTI], MPYU BUKOPUCTAHHI SIKUX 3’ SIBJISIETHCS
MO>KJTUBICTh aBTOMATHU3YBaTH BIJIOBIIHI IPOIIECH MPUHHSATTS PIIIICHb PU PO3B’I3yBaHHI
3aJa4 TalM-MEHEIKMEHTY $SIK 3a/1a4 0araTOKpUTEPIAIbHOTO MPUHHSATTS PIIIEHb.

[lutaHHAM 6OacamokpumepiaibHO20 NPUtiHAMMS piuleHb TIPUCBSIYECHI HAYKOBI
npaill 3apyoikuHux gociinHukiB: Zavadskas E. K., Turskis Z., Mardani A., Jusoh A.,
Kahraman C., Oztaysi B., Xu Z., Da Q., Gomes M.I., Martins N.C., Munier N. Taxox
BUBYCHHIO IIUX MMHUTAaHb MPHUCBAYEH] HAYKOBI Mpalll TaKUX BITYU3HSIHUX HAYKOBIIB, SIK
Cutauxk B. ®., Bomommu O.®., Mamenko C.O., bigrok II.I., T'oxmnii O.II.,
Kopmesarok JI. O., Cautiok B. €., I'natienko I'. M., Kirens B. P., V¢ C. A., Kopsmikina
JI. C., lemunenko M. A.

JlocmiKeHHS 3 TIMTaHb VHPAGIiHHSA NPOEKmamy TIPSICTABIICHI B TpaIiX TaKUX
BITYM3HSIHUX HAayKOBIIB, ik bymryes C. JI., bymyesa H. C., Jlanyenko O. b., Tecnsa FO. M.,
Mopo3oB B. B., 3auko O. b., [Ipokonenko T. O., beapiii JI. C., Konecnikosa K. B.

YTpoIoBXK OCTaHHIX NECATWIITh 3a0aya YNpasiiHHi pusukamu puBEpTae yBary
MPAKTUKIB 1 HAYKOBIIB y cdepl ymnpaBiiHHS NMpoekTaMu. [TutanHsM po3poOsieHHS Ta
BIIPOBAPKEHHSI METOJIIB 1 TEXHOJOTIA yNPABIIHHSI PU3UKAMH B MPAKTUKY ISIIBHOCTI
oprasizamiii 1 TANPUEMCTB MPUCBSAYEHI Tpalll TAKUX BITUM3HSIHUX Ta 3apyODKHUX
nociigaukiB sk 'eenp B. M., Illapanos O. JI., Bitmincekuit B. B., Tecns 0. M.,
Hanuenko O. b., benpiit . C., bymyes C. /., Uymauenko I. B., Kononenxo I. B.,
Hpyxunin €. A., Tecnenko I1. O., Konecnikosa K. B., Tpury6a A. M., 3auko O. b., Peter
Bernstein, Nassim Nicholas Taleb, Gerd Gigerenzer, Robert S. Kaplan, Douglas W.
Hubbard, Irving H. LaValle ta Peter C. Fishburn, Paul Slovic.
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[TutanHsIM ynpaeninusa pusuxamu TAKOXK TMPUCBSYEHI Mpail Takux (axiBIiB K
Matsuda T., Karahan V., Aydogmus E., Canpolat E., Ruan X., Yin Z., Duan Y., Zhao J.,
Chen J., Bai G., Wen-Kai K. H., Show-Hui S. H., Wen-Jui T. ¥ po6oti Duijm D.J.
MPE/ICTABICHO KOMIUIEKCHUM OIJISII METOJy MaTpHUllb PU3MKIB, IO Y3TOKYETHCSA 3
BHCHOBKaMU TmoniepeaHix pociimkenb Cox A. L., Jr., Flage R., Raed W.

[TutanHsIM pO3pOOJEHHS Ta BIPOBAKCHHS Memooie mailM-MeHeoHCMeHmy B
MPAKTUKY JISJIBHOCTI OpraHizaliii 1 miampueMCTB MPUCBAYCHI Tparli Takux ¢GaxiBIliB, K
C. Kogi, K. bimod, P. Kiitocaki, A. I'act, [1. Ipyxep, JI. 3aiiBepr, /1. Koymi, K. Memnnep,
T. Hitepc, ®. Teitnop, M. Kunobnayx. Takoxk MOXHA BHILIMTH IMyGmikarii ocTaHHIX
POKIB, sIKI MPUCBSTYEHI TpoOIeMaM OOy J0BH CUCTEMHOTO TaUM-MEHEIPKMEHTY BiJl TAKUX
aBTopiB sk K. 'onedpoit, I'. Kemnbemnn, P. Jleiisic, C. ['oymi.

YKpaiHCbKUMU HAyKOBLSAMH MPOOJIEMU TaWM-MEHEIKMEHTY TaKOXX aKTHUBHO
ToCIKy0ThCa. 30kpema, Kenmaroxos O. B. 1 frenbebka K. FO. qocnianim ekoHOMIYHMM
3MICT Yacy 1 poJib 4acoBOro (pakTtopa y po3BUTKY €KOHOMIYHOI cucTemMu. €BTytieHko . 1.
ta Jleper’suko B. M. pgocnmiauiy OCHOBHI MPUYMHU BTpaT 4yacy 1 HaJalH MPOMO3MINT
1010 1IBULLIEHHS €(EeKTUBHOCTI 3aCTOCYBAHHS TallM-MEHEDKMEHTY.
[lerpymenko M. M.1  bonmap T. B. 3ampomnoHyBaqu  aBTOPCHKMMA  MAXiJ /IO
BIIPOBA/PKCHHS ~ KOPIIOPATUBHOT ~ CHUCTEMH  YIPaBIiHHA YacOBUMH PECypCaMH.
Xapyk K. b., CxkpunbkoBcekuii P. M., KpykeBuu H.M. pocnigunu npodiaeMu
CTAHOBJICHHSI TIOHSTTS «TalM-MEHEIXKMEHT» 1 3alpoNoHYBaJIM 1HCTPyMEHTapii
JIIarHOCTUKU TallM-MEHEKMEHTY Ha 3acajiax Oi3HeC-1HIUKATOPiB «E(EKTUBHICTH» Ta
«mpoayKTuBHICTh». [lucapeBchka I'. 1. oOrpyHTyBama Meronu 1HBEHTapu3allii yacy.
IztommieBa H. B. ta Hemoxmiit B. B. posrisiHynu eranu moOyaoBH CHCTEMU TalM-
MEHE/KMEHTY Ha MIiJNPUEMCTBI, a TaK0X OOIPYHTYBaJIM HEOOXIAHICTh 3A1MCHEHHS
MOHITOPUHTY pobouoro yacy. Makapenko C. M., Omiiitnuk H. M. 1 Jlymuk K. 1. nHaganu
peKOMEHIaIIii 010 BIOCKOHAJICHHS YIIPaBIiHHS YaCOBUMH PECypCaMH Ta BU3HAYCHHS
ONTUMAJILHOTO HABAHTAXKCHHS JIJIsI MIPAIliBHUKIB.

[loennanas Meroxy anamizy iepapxii (MAI) Tta wmarpumi Eitzenxayepa
JTOCIIKyBaocs y mpaipix 3apyoixkaux BueHux: Ngandam Mfondoum A.H., Tchindjang

M., Mfondoum V., Makouet 1., ne posrisgaerbcsi GopMyBaHHS JOTOMIKHUX MaTPHIlh
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(sub-quadrants) mayis ocHoBHO1 MaTpuill Efizenxayepa 3a qonomororo MAI. HaykosisiMu
Ap D., Sani A., M.Ak Y., Hindardjo A., Adrial A., Yuliza M., Khristiana Y., Husain T.,
Pasaman 1., Barat P., Ekonomi I., Surakarta A. 3anpomonoBano interpamito MAI Ta SAW
(anrn. Simple Additive Weighting) y cucteMi miaATPpUMKHA TPUMHSTTS PillIeHb HA OCHOBI
matpulli Eii3enxayepa 3 ypaxyBaHHSAM 1HAMBIIyaJbHUX KPUTEPIiB OLIIHIOBAHHS 3a/ad.
Takox Bapto Bim3HauuTu mociuimkeHHs Rafke H.D., Lestari Y.D., y sskoMy moemHaHo
niaxig BOCR 13 MAI ta matpunero Eitzenxayepa.

OcTaHHIM YacoM JOCHTIIHUKAMH IIUPOKO BUKOPHUCTOBYETHCS amapaT HEYiTKOi
JIOTIKH Ji71st TOOY0BH MOJIENEH Ta METOIB 0OaraTOKpUTEPIaIbHOTO MPUNHSATTS PIIICHb.

3HaYHUI BHECOK Y PO3BUTOK HEUimMKUX Memooie MPUUHATTS pilieHb 3poouiu Dubois
D., Prade H., Zadeh L.A., Chen C.T., Carlsson C., Herrera F., Mardani A. OctanHiM yacom
3’SIBUJICSI HOB1 JIOCHIJKCHHSI 3 yAOCKOHaJleHHs HewiTkux MCDM-meroniB, 30kpeMa
Makki N., Han F. BapTto BiI3HauMTH YKpaiHCHKMX HAyKOBIIB, IOCIIDKEHHSA SKUX
COpsSMOBaHI Ha 3aCTOCYBAaHHS HEYITKOI JIOTIKM, cepel skux 3aiueHko tO. I1.,
3rypoBcekuit M. 3., CauTtiok B. €., I'natienko I'. M., Martsiituyk A. B., ®enopos €. €.

VY HayKoBi{ CHUIBHOTI aKTUBHO BEIYThCA JOCTIHKEHHS MO0 Moaudikaii
metoxy FTOPSIS. ¥V po6oti Kustiyahningsih Y., Rahmanita E., Khusnul Khotimah B.,
Purnama J. po3riasiHyTo 3aCTOCYBaHHS Pi3HUX (POPM MpEACTaBICHHS HEUITKUX OLIHOK Y
MOEIHAHHI 3 €BKJI110BOI0 MeTpukoro. IlopiBHsbHUE aHani3 meroniB Fuzzy AHP Ta
FTOPSIS nposeneno y nocmimxenHi Rane N., Choudhary S., ne Takox 3acTocoBaHO
KJIACUYHY €BKJIIJIOBY MeTpuky. Y po6oTi Yin H., Li X., Gao Y. Oyyio 3anmponoHOBaHO
MoaudiKaIliio €BKIIII0BOT BIJICTaH1 — BIIHOCHY €BKJI1JIOBY B1ICTaHb — JJISI KOPEKTHIIIIOTO
MOPIBHSHHS HEYITKUX aJbTEPHATHUB.

[Ipaktuune 3acrocyBanHs FTOPSIS 13 BUKOpPHCTaHHSM €BKJIJOBOi METPUKH
npoaemMoncTpoBano y pobori Han F., Alkhawaji R., Shafieezadeh M. ¥V nocnimxenni
Talukdar P., Dutta P. nopiBHIOIOTBCS IIICTh PI3HUX METPHUK B paMKkax kiacuunoro TOPSIS.
VY cBoto uepry, Shyur H.-J., Shih H.-S. nocniaunu BruuB BUOOpY METPUKU Ha pe3yiIbTaTU
pamxyBanHs anbTepHaTtuB. Arman H., Hadi-Vencheh A., Kiani Mavi R., Khodadadipour
M., Jamshidi A. akileHTYIOTh yBary Ha OOMEXEHHSX €BKJIIJ0BOI METPUKH JJIsl HEUITKUX

YHCEJ 1 MIKPECTIOIOTh 11 KOHIIETITyaJIbHY HEBIAMOBITHICTh MMPU POOOTI 3 TAKUMH JTAHUMH.
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Orxe, Meroau OaraTOKpPUTEPIATILHOTO aHali3y JO03BOJSIOTH HE  JIMILE
dbopmamizyBaTu Tporiec BUOOPY albTepHATUB, ajie W 3a0e3MedyrTh OOIPYHTOBAHICTH
pillieHb, MIABUIIYIOYH IXHIO €(PEKTUBHICTH 1 00’ €KTUBHICTh. 3aCTOCYBaHHS Cy4aCHUX
METOJIB Ta 1H(OPMAIIHUX TEXHOJOTIM y OaraTOKpUTEepiaIbHOMY HPUNHATI PillleHb
CIpHsie aBTOMATH3aIlli MPOIECY YXBAJICHHS PIllICHb, MO0 € KIYOBUM YHHHHKOM Y
CKJIaJHUX 1 MUHAMIYHMX CHUCTEMaX B YMOBax PHU3MKY, HEBH3HAYEHOCTI Ta HEYITKOI
1H(opMmarii.

3B’5130K po00TH 3 HAYKOBUMH NPOrpaMaMu, IJIaHAMM, TEMaMHU.

PoGota BuKOHaHa y BIAMOBIAHOCTI /0 TEMATHKH HAYKOBHX IUIaHIB Kadeapu
KOMIT FOTEpHUX HAyK Ta CUCTEMHOT0 aHaji3y YepKkachbKoro Jep>kaBHOTO TEXHOJIOTTYHOTO
YHIBEPCUTETY B paMKaX HayKOBO-IOCHIIHOT poOoTu «Beb-opieHToBaH1 iHGOpMaIliiiHi
TEXHOJIOT1i MIATPUMKHU TPUNHATTSA pilIEHh B YMOBAaX HEBU3HAYEHOCTI, PU3UKY Ta
Heu1TKo1 1H(opMalii Jis MiANPUEMCTB MaJIOTO 1 CEpeHBOr0 O13HECY Ta 3aKjIajiB BUIIOI
ocBiT» (Ne nepskaBHOi peectparii: 0124U000900, 2024 — 2027 p.p.), Ae aBTOp OYyB
BUKOHABIIEM OKPEMUX PO3/ILIIB.

Mera i 3aBIaHHS JOCJIiIKEHHS.

Memoro oucepmayitinoi po6omu € MABUILEHHS €(EKTUBHOCTI IPUUHSITTS PillIeHb
3a paxyHOK PO3pOOKHU BeO-Opi€HTOBAaHOI 1H(OPMAIINHOT TEXHOJIOTIT AJisi PO3B’SI3aHHS
3a1a4 0araTOKpUTEPIAIbHOTO MPUMHATTS PIIIEHbh B YMOBAaX PU3MKY, HEBU3HAYEHOCTI Ta
HEYITKO1 1H(OpMAaIlii SIK BIJOMUMH, TaK 1 BIOCKOHAJICHUMH Ta KOMOIHOBAaHUMH METOaMHU.

JIns JOCSTHEHHS TMOCTABJICHOI METH HEOOXIJHO BHUPIIIUTU TaKl 3A80aHHS
JUCEPTAIIITHOTO JTOCI1I>KEHHS :

1. TlpoanamizyBaTu mNpeAMETHY O0OJACTh HAYKOBOTO JIOCHIJKEHHS, Cy4YaCHUU

CTaH PO3BUTKY 1H(POPMALIMHUX TEXHOJOTIH MIATPUMKU NPUUHSTTS PILICHB,
ICHYIOUYl MOJIEJl Ta METOIU OaraTOKPUTEPIAIbHOTO MPUHHATTS PIIMICHb, iX
nepeBaru Ta OOMEXKEHHs, CHUCTeMaTu3yBaTtu iHopMmarlliiiHi  curyauii
NPUAHATTS pIillleHb Yy CKIAQTHUX yMOBaX, 30KpeMa B YMOBaX pH3UKY,
HEBU3HAYCHOCTI Ta HEUITKOI 1H(hOpMAIIii;

2. Po3poOuTH KOHIENTyadbHY MOJENb, sIKa BioOpa)kae B3a€EMO3B’SI30K MixX

OCHOBHMMH THUITAMH CKJIAIHUX 1H(OPMAIIHHUX CUTYyAIlI{, III0 BUHUKAIOTh MPHU
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OaratokpuTepiaTbHOMY MPUUHSTTI PillIeHb, 1 HA 11 OCHOBI PO3POOUTH MOJIETh
npoliecy MPUUHATTS pIlIEHb B YMOBAaX PU3HMKY, HEBU3HAUYEHOCTI Ta HEYITKOI
1H(pOopMaIlii;

3. Po3pobutu xomOiHOBaHI Ta MOAMGIKOBAHI METOAM ISl PO3B’SI3aHHs 3a/ad
0araToKpUTEpiaIbHOTO MPUIHSATTS PIIIEHh B yMOBAaX PU3HKY, HEBU3HAYEHOCTI
Ta HediTkoi 1H(Qopmamii, fKi € PO3BUTKOM  BIJIOMHX  METOJIB
OaraToKpuTepiaIbHOTO aHaJlI3y aJIbTEPHATHB;

4. Po3pobutu BebO-OpieHTOBaHY 1H(QOPMAIIIHY TEXHOJOTIIO ISl PO3B’sSI3aHHS
3a/1a4 0araToKpUTepiaIbHOTO MPUUHSTTS PIllIeHb, 110 PEATi3ye€ K BiJIOMI, TaK
1 po3poOJieHl MOJIeTl Ta METOJIM NPUMHSTTS pillleHb, a TaKoX 3a0e3mnedye
IHTEPAKTUBHY pOOOTY KOpPUCTyBaya 1 J03BOJSE €PEKTUBHO 3aCTOCOBYBATH
po3po0bieHy iHQopMalliiiHy TEXHOJIOT1I0 Ha MPAKTHIII;

5. 3piiicHUTH  anpoOamil0 Ta  BOPOBA/DKEHHS  pe3yJbTaTiB  HAyKOBOTO
JOCIIIJIKEHHS, TEPEBIPUTU MpalE3laTHICTh PO3POOJIEHOI 1H(POPMALIIHOI
TEXHOJIOT1i Ha peaJbHUX 1 JAEMOHCTpAIlIMHUX 3aja4axX MPUUHATTS PillleHb,
nepeBaxHo 31 cepu ynpaninHa [T-nmpoexktamu, npoaHanizyBaTd OTpUMaH1
pe3ysnbTaTd  3aCTOCYBaHHS  3allpONIOHOBAHMX  MOJENEW, METOHIB Ta
iH(popMaIiiHuX  3aco0IB  MPUUHATTA  pIillIeHb B  YMOBaxX pPH3UKY,
HEBM3HAYEHOCTI Ta HEYITKO1 1H(OopMaIli.

06 ’ekmom 0ocniodcenHs € TPOIeC OaraTOKpUTEPIaTbHOTO MPUUHSTTS PIllIEHb B

YMOBaX pU3HKY, HEBU3HAYEHOCTI Ta HEYITKOI 1H(pOopMaIlii.

IIpeomemom Oocnioxcennss € Mojeni, METoau Ta iH(pOpMaIiiHl 3aco0u s
pO3B’si3aHHS 3a7a4 OaraToOKpUTEPiabHOTO MPUHHATTS pIllIEHb B YMOBaX pPH3UKY,
HEBM3HAYEHOCTI Ta HEYITKO1 1H(hOopMaIlii.

Metoau pocaimkeHHsi. MeTojoyoriyHa OCHOBa JOCIHIDKEHHS IpeAcTaBieHa
HACTYITHUMHU METOJaMHU: METOJU CHUCTEMHOTO aHami3y Uil opmamizallii mpeaMeTHOl
o0iacTi Ta TOCTAaHOBKHM 3aJad; METOAM PHU3UK-MEHEIKMEHTY AJIs BpaxyBaHHS yMOB
PU3UKY TMPU MPUAHATTI PIIIEHB; METOJU TaM-MEHEHKMEHTY Y KOHTEKCTI €()eKTUBHOTO
IJIaHyBaHHS Ta pealli3allii eTramiB po3poOKH MTPOrpaMHOro 3a0e3MeyYeHHs; METOJU

MaTEMaTUYHOTO MOJICTIOBaHHS ISl MOOYMOBU KOHIIETITYajdbHOI MOJIETl TPUHHATTS



28

pillIeHb; METOAM €KCIIEPTHOTO OIL[IHIOBAHHS JIJI1 BpaXyBaHHS OI[IHOK (paxiBIiB y MpolIeci
NPUUAHATTS PIlIeHb; METOAM PO3POOKH IPOTPAMHOTO 3a0e3MedeHHs sl peajizarii
1HpOpMaIIHOT TEXHOJIOT1T IPUHHATTS PIlLICHb.

HaykoBa HOBHM3Ha oJiep:KaHUX pe3yJIbTATIB.

Bnepuwe:

— po3pobiieHO KoHIenTyadbHy Mojenb R-U-F MoximuBux iHQOpMaliifHUX cUTyarlii
NPUMHATTS PillIEHb, SKa BiJoOpa)kae B3a€MO3B’SI30K MIXK OCHOBHUMH THUITAMU
CKJIQAHMX 1H(POPMAIIHHUX CUTYAITiH, 1110 BUHUKAIOTB IT1]T Yac OaraTroKpuTepiaibHOTO
NPUMHATTS PIIIEHb, 30KpeMa: 1H()OPMALINHOK CUTYaLll€l0 MPUIHATTA pIIIEHb B
ymoBax pusuky (Risk, R), inpopmartiitHoro cutyarii€ro npuifHATTS pillIeHb B yMOBaxX
noBHOiI HeBu3HaueHocTi (Uncertainty, U) Ta iHpOpMaLIiHOIO CUTYyAaLI€r0 TPUUHATTS
pieHb B ymoBax HeuiTkoi iHdopmaitii (Fuzzy, F);

— pO3po0JIEHO MOJAENTh TPOIEeCy MNPUUHATTS pIlIEeHb B yMOBax pPHU3HKY,
HEBU3HAYEHOCTI Ta HEYITKOI 1H(opMmalli, 0 BIANOBIJA€ 3aMpPONOHOBAHIN
koHuenrtyanbHiil R-U-F-mMonemn moxnuBux iHQopManiiHuX CUTyamiil OpuiHATTS
pileHs 1 nepeadadae BUOIp KIJTbKOX METOIB IPUMHSATTS PIllIEHb SIK TPAAUIIHHUX,
Tak 1 MOJM(]IKOBaHUX, KOMOIHOBAaHMX Ta TIOPUIHUX METOJIB JJisi PO3B’sA3aHHS
MOCTABJICHOI 3a/1a4l 3 MOJAJIBIIIUM arperyBaHHAM OJIEP’KaHUX PE3yJIbTaTIB.
Ooepoicanu nooanbuuil po3eUmMoK:

— METOJl MaTPHIll PU3UKIB JIJIi BU3HAYCHHS PIBHIB PU3UKIB Ta iX MPIOPUTETIB, 1110
JI03BOJISIE TOYHIIIE OIIHIOBATH PU3MKK 3a OUIBIIOI KUIBKICTIO KPHUTEpIiB 3a
paxyHOK BIAMOBIAHOT Monudikallii, MOEIHYIOYN Cy0 €KTUBHI €KCTIEPTHI OI[IHKHU 3
00’ €KTUBHUMH MAaTEMaTUYHUMH PO3paXyHKaMHU 3a METOOM aHaJi3y iepapxiii;

— wMeton Matpuli Eizenxayepa s kinacudikarii 3ajad TaiM-MEHEIKMEHTY, 110
BUKOPUCTOBYE JUIsl BU3HAYEHHS TPIOPUTETIB 3aad METOJ| aHali3y iepapxii, B
pe3yJIbTaTi 4OTO HAAAKTHCS PEKOMEHAAITIT 11010 MOCI1JOBHOCTI BUKOHAHHS 3a]1a4
y BIZMOBIHOCTI JIO X Ba)KJIMBOCTI Ta MPIOPUTETY;

— wmeron Fuzzy TOPSIS nns BuGopy edexkTUBHOT anbTepHATUBH B 3ajadi
OaraToKpuTepiaJbHOTO MPUUHATTS pIIIEHb 332 paxyHOK Moaudikalli nmpoueaypu

oOuMCIieHHs KOEQII€HTy ONMM3BKOCTI 10 HEYITKOTO TMO3UTHUBHOTO 17€aTbHOTO
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po3B’s3ky (FPIS) ta HewiTkoro HeraruBHOrO ifeanbHOro po3B’sizky (FNIS)

IUIIXOM 3aCTOCYBaHHS PI3HUX METPHUK, 30KpeMa €BKIIJIOBOI METPHKH,

MaHTeTTEHCHKOI METPUKH, MeTpUK YeOumoBa, MinkoBchkoro 1 [emminra, a Takox

BUKOPHUCTAHHS Pe3yJIbTaTiB IPYNOBOi €KCIEPTU3H.

Yoockonaneno:

— MOJCNb YIpaBmiHHSI pusukamu B mpoektax (Project Risk Management Model,
PRMM) 3a paxyHOK BBEIEHHSI IOJATKOBUX KOMIIOHEHT, Cepel SKHX: BXIJHA
iHdOopMallis, IO MICTUTh BIAOMOCTI MPO HAsIBHI PU3HKH IIPOEKTY, PIBHI PHU3HUKIB,
KpUTEPI1 OL[IHIOBAaHHSI PU3HKIB, EKCIIEPTHI OLIHKH JUIsl KOXKHOTO PU3UKY 32 331aHUMU
KpUTEPISIMH;, BUX1HA 1H(OpPMAIIis, 10 MICTHTh BIJOMOCTI MPO BIJAIMOBIAHI PiBHI
PHU3UKIB IPOEKTY, BEKTOP MPIOPUTETIB PU3HKIB MPOEKTY 1 BEKTOP iX PaHTIB, PEECTP
PHU3HUKIB 3 TIEPETIKOM 3aXO/IIB I[0]I0 3a00IraHHs Ta YCYHEHHS PU3UKIB TIPOEKTY.
IIpakTH4YHe 3HAYEHHS OIEPKAHUX Pe3yJIbTATIB.

1. Po3p0o0iieHO METOIMKY 3aCTOCYBaHHS JEKIJILKOX METO/IIB MPUUHSTTS PillIEHb B
Mexax OJIHI€T 3a/1a4i 3 arperyBaHHsIM pe3yiIbTaTiB 3a PI3HUMHU IM1IX0JaMH 10 BU3HAYEHHS
BaroBux Koe(QILI€HTIB METO/AIB, 30KpEMa: 3a JIONOMOTOK E€KCIEPTHOIO OLIHIOBAHHS; 3
BUKOPUCTAHHSAM MPOUEAYpU TMApHUX TMOPIBHAHHSI METOAY aHali3y lepapxid; 3
BUKOPHUCTAHHSAM CEPEIHbOTO T€OMETPUYHOIO JJIs BUIMAJKY PIBHOT BaXKJIMBOCT1 METO/IIB.

2. Po3pobieHo MeToAMKY AJisi MOPIBHSHHSA PEe3YJIbTaTiB 3aCTOCYBAaHHS METOJIB
npuitHaTTs pimeHb TOPSIS, FTOPSIS Ta ix monudikaiiii, onepx’aHux 3a JTIOIOMOTOIO
PI3HUX METPHUK JUIsl OI[IHIOBaHHS KOE(IIEHTY OJIM3BKOCTI JI0 HEYITKOTO MO3UTHBHOTO
imeansHOTO po3B’si3Ky (FPIS) Ta HewiTkoro HeraTuBHOTO 11€asibHOTO po3B’s3Ky (FNIS);

3. CtBopeno Moy Beb-opienToBanoi CIIIIP, mo peanizyoTs po3pobieHi Moaent
Ta METOJU OaraTOKpUTEpiaaIbHOrO MPUIHATTS PILIEHb B YMOBaX PU3HKY, HEBU3HAYEHOCTI
Ta HEUITKOi 1H(pOopMaIlii, a TaKoX 3a0e3MeUy0Th IHTEPAKTUBHY POOOTY KOpHCTyBada i
J03BOJISIIOTh €(PEKTUBHO 3aCTOCOBYBATH PO3p00OJieHy 1H(OpMaIliiHy TEXHOJOTII0 Ha
MPaKTHIII.

[IpakTruHe 3HaYEHHS PE3yIbTATIB POOOTH MiATBEPIKYETHCS BIPOBADKEHHSM 1X B
NPaKTUKY yrnpaBiiHHA iHGopmatiitHumu puszukamu B TOB «Tpiymd IT», m. Uepkacu

(axT BukOpHucTaHHs pe3yibratiB Big 17.03.2025); TOB «PBK"®JIAMI», m. Yepkacu
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(axT BUKopucTanHs pe3ynbtaTiB Big 07.05.2025), a Takok B ocBiTHROMY Tiporieci YATY
IIPHU MIATOTOBIII HaBYAIBHUX MaTepialiB 3 AUCHUILIIH «CUCTEMH 1 METOAM TPUHHSATTS
pillieHb B YNPaBJIiHHI CTapTanaMu Ta MPOEKTaMU B Trajiy3i 1HGOpMaLIHHUX TEXHOIOT1iD)
I 3100yBaviB OCBITHROTO CTYIEHS MaricTp 3a crnemniaibHicTio 122 Komm’rorepHi
HayKH, OCBITHSI TIporpaMa «YTOpaBliHHA CTapTalmamMu 1 TPOEKTAaMH B Tamlys3i
1HGOpMaIIHHUX TEXHOJIOT1», 3 UCIUILTIHU BUTbHOTO BUOOPY «HeuiTki Mozeni i MeTonu
MPUHAHATTS PillICHbY» JUIS 37100yBayiB OCBITHBOT'O CTYIIEHS MaricTp BCIX CHelliaJbHOCTEH
1 BCIX OCBITHIX mporpaMm ramy3i 3HaHb 12 Iundopmaniiini TexHonorii Ha kadeapi
KOMII'FOTEPHUX HAyK Ta CHUCTEMHOIO aHaji3y (aKT BUKOPHCTaHHS pe3yJbTaTiB BijJ
08.05.2025) (Hdonatok A).

Pesynbratu poOOTH MOXYTh OyTH BUKOPHCTaH1 B JISJIBHOCTI Oprasi3auii Oyab-
K01 (POPMHU BIACHOCTI Ta OyAb-SIKOTO HANpsiMy O13HECY B Mpoliecax MPUNUHATTS PIllICHb.

Oco0uctuii BHecok 3100yBaya. Yci HayKoBl pe3yibTaTH, IO BHUHOCSTBHCS Ha
3aXUCT, OieprKaH1 3700yBayeM CaMOCTIHHO. Y MyOIlKalisx, BAKOHAHUX Y CIIBaBTOPCTBI,
ocobucTto 3/100yBauy Hanexath: [1] — po3poOiieHHI HOBOrO KOMOIHOBAHOTO METOJIY
pO3B’sI3aHHS 3a/1a4ul TakM-MEHEKMEHTY, 1110 MOEJHYE B cO01 METOJ| aHaI3y lepapxii Ta
Meron wmatpuil FEif3enxayepa, a TakoX CTBOPEHHI BIIIOBIJTHOTO MOIYJs BeO-
OpPIEHTOBAHOI CHUCTEMU MIATPUMKHU MPUUHATTA pillleHb; [2] — po3poOJieHHs Mojenl
ynpaBiiHHS pusznkamMu npoekty (Project Risk Management Model), HoBoro merony
BU3HAYCHHS PIBHIB PU3HKIB Ta IX MPIOPUTETIB, KUK € KOMOIHAIIEI0 MOAM(DIKOBAHOTO
METOAY MaTpHUIll PU3MKIB 1 METOy aHaTI3y 1€papXiii, a TAKOK CTBOPEHHI BIJIMOBITHOTO
MOJYJIsl BEO-OpIEHTOBAHOI CUCTEMHU MIATPUMKHU NMPUUHATTA PillieHb; [4] — po3poOieHHs
moaudikoBanoro merony Fuzzy TOPSIS nns BuGopy edexTuBHOI ambTepHATUBH B
3alayl  OaraToKpuTepialbHOTO NPUUHSTTS pIlIEHb HA OCHOBI pPI3HUX METPHUK 1
BUKOPUCTAHHS PE3YJIbTATIB TPYMOBOI EKCHEPTH3W; PO3POOJICHHI METOIUKH IS
NOPIBHSIHHS PE3YJIbTaTIiB 3aCTOCYBAaHHS PI3HUX METOMIB, OJEpPKAaHUMHU 33 PI3HUMHU
METpUKaMU I OOYMCIICHHSI KoedilieHTy OJU3bKOCTI, [6] — mpoBeAeHHS OIsaay 1
aHaI3y NEAKUX ICHYIOUMX CHUCTEM JJIsi €KCIIEPTHOTO OIHIOBAHHS; [7] — MpOBEACHHS
aHai3y BeO-pecypciB, 10 HAIaI0Th MOKIIMBICTh PO3B’I3yBATH 3374l IPUUHSATTS PillIeHb

B oHuaifH-pexkumi; [10] — moOynoBa mojeni ynpaBiiHHs prusukamu mpoekty (Project Risk
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Management Model) Ta po3po0611i MeTo Ty /17151 aHAJTI3y PU3UKIB IPOEKTY, SIKUH € KOMOIHAITIEO
MO1M(DIKOBAHOTO METOY MATPHIIl PU3MKIB Ta METO/IY aHANI3Y i€papXiif; po3poOieHH] BeO-
OpIEHTOBAHOTO MOMYJSl CHUCTEMHM TMIATPUMKH TPUHHATTS pillleHb, M0 3a0e3mnedye
aBTOMATH3AIlII0 TPOIIECY PO3MOJUTY PHU3HUKIB 3a KPUTEPISIMH BaXKIMBOCTI, BHU3HAYCHHS
NPIOPUTETIB PU3KKIB 1 iX paHKyBaHHS, Bi3yali3allilo Pe3yJIbTaTiB aHai3y PU3HUKIB, a TAKOXK
TeHepallito PeECTPY PU3HUKIB 3 PEKOMEH/IAIIISIMU IIO/I0 iX 3ar00iraHHs Ta YCYHECHHSI.

Anpobauisi pe3yjbTaTiB aucepranii. Pe3yiabTaTi AOCHIKEHb aUCEpPTaLIHOT
poOOTH MOTOBITAMCS Ta OOTOBOPIOBAJIMCS HAa TAaKMX HAIlIOHAIBHUX Ta MIKHAPOIHUX
koH(pepenuisx: VI MixHapoaHa HayKoBO-TpakTH4HA KoHbepeHIs «lHbopmarriitHi
TEXHOJIOT1i B OCBITI, Haymi 1 TexHi» (ITOHT-2022), (Yepkacu, 23-25 uepus 2022 p.),
VII MixxHapo/1Ha HAyKOBO-IIpaKTUYHA KOH(epeHiis «HpopMaliiifHi TEXHOJIOT1i B OCBITI,
Haymi 1 texHiu» (ITOHT-2024), (Yepkacu, 23-24 tpaus 2024 p.), Il Mixunapoana
HAayKOBO-NPAaKTU4YHA KOH(epeHliss «[HHOBalli Ta MNEePCHEeKTUBHI LUISXH PO3BUTKY
1H(popmariiiHux TexHosorii» (06 rpya. 2023 p., m. YUepkacn), IX MixxHapoaHa HayKOBO-
mpakTUYHa KOH(pepeHIlis 3 mpobdieM BUIOT OCBITH 1 Hayku «IH(]popmariiiiHi TeXHOJIOTI B
ocBiTi, Hayui 1 BupoOHuuTBI (ITOHB-2023) (25-26 TpaBHs 2023 poky, M. Jlyibk),
Bceykpaincbka HayKOBO-TIpakTHYHA KOH(MEPEHIlis 3 MIXHAPOJHOK YYACTIO «AKTyasbHI
3a71a4l MeIM4YHO1, 610J10T14HOT (P13uKH Ta iHPopMmaTukm» (27 kBiTHS 2022 poky, BiHHMILIA).

IMyOaikaii.

3a pesyJbTaTaMy JOCHIKEHHS OIyoOsikoBaHo 10 HayKOBUX Tpailb: 2 HAyKOBI
CTaTTl y 1HO3EMHUX BUIAHHSX, 10 1HAEKCYIOThCSA y Scopus; 2 HayKOBI CTaTTl y (paxoBUx
BUJIAaHHAX YKpaiHu; 6 Te3 JomoBiacii Ha HaykoBuX KoHbepeHmisx (JomaTok b).

Crpykrypa auceprariii.

Hucepraiiisi BKJIIOYA€E BCTYM, 5 pO3AUTIB, BUCHOBKM Ta 7 noaarkiB. OOcsr
nucepTarnii — 254 CTOpiHKH, 3 HHUX OCHOBHOTO TEeKCTy — 144 cropinku. Jucepraris
MICTUTh 73 pHUCYHKH, 16 TaOmuIp B OCHOBHOMY TEKCTI Ta MOCUJiaHHA Ha 239

BUKOPHUCTAHUX IKCPCII.
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PO31LT 1
AHAJII3 IPEAMETHOI OBJACTI TA TIOCTAHOBKA 3AJIAYI

1.1 3agaya Ta OCHOBHI eTany NPUHHATTS pPillleHb

Ilin nputinammsam piwents Po3yMi€TbCS OCOOJMBUN BUJ JIFOJCHKOI JISUIBHOCTI,
CIpsAMOBaHUM Ha BUOIp HaWKpamioro BapiaHTa Jii cepea OararboX IHIIWX BapiaHTIB.
Bapianti 1iii Ha3uBaroThCs anbmepHamusamu. Bubip HaWKkpaiioi anbTepHaTHBH
3IIMCHIOETHCS 32 IEBHUMHM KpuTepismu [1].

VY poborTi [2] 3a3HaueHO, 0 3adaya npuunamms piuens (311P) — e Taka 3agaya,
sKa MOke OyTH cpopMyJIbOBaHA B TEPMIHAX «IILI», «3aCO0M», «PE3YIIHTATH.

Y poborti [3] 3a3HaueH0, 110 3a0ayeio NPutiHamms piuieHsb Ha3uBaroTh napy (4, C),
ne A — MHOXWHA JONMyCTUMHUX albTepHAaTUB, C — MHOXHMHA KPUTEPIiB OIIHIOBAHHS.
Po3p’si3kom 3amaui (A4,C) € nigmMHOXMHA Ao € A, ska (HOpMyeTbCs Ha OCHOBI
3aCTOCYBaHHS OOpaHMX KPUTEPIiB. SIKII0 MHOKHMHA KPUTEPIiB BKJIIOYAE PI3HOIUIAHOBI
Ta/ab0 CynepewinBl BUMOTH, TaKy 3aJauy Ha3UBaIOTh 3adauero 6a2amokpumepiaibHo2o
nputinamms piwens (3BIIP) [3].

VY HamoMy JAOCHIIKEHH1 3ajady OaraTOKpUTEpIaJIbHOTO MPUNHATTSA PpIllIEHb
OyZeMo MPEICTABIISATH K KOPTEXK:

(G,A,C,R), (1.1)
ne G = {Gq, Gy, ..., G} — MHOXMHA LiNEH IPUAHATTS PillICHD;

A={A,A,, .., A} — MHOXIHA TOMYCTUMHUX aTbTEPHATHB;

C ={(Cy,C,, ..., Cp} — MHOXKHHA KPUTEPIiB OIIHIOBAHHS aJIbTCPHATHUB;

R — ouikyBaHM1 pO3B’SI30K 3a/1a4l TPUIHATTS PIlICHb.

BaxxnuBuUM pe3yabTaTOM JOCHTIIKEHb, TPOBECHUX Yy paMKaX HOPMATUBHOI Teopii
NPUIHATTS pIllieHb, € POo3poOKa MAaTEeMAaTHYHUX MOJIEJEH, SKi JO3BOJISIIOTH 3HAWUTH
PO3B’S30K 3a7a4l OaraTOKpUTEPiaIbHOT IPUHHSITTS PIllICHb.

Hopmamuena meopis npuiinamms piwenb — 11€ CHCTEMa METOJIB, SKi

3a0€3MeuyI0Th MATPUMKY TIPUIHHSATTS pillieHsb [3].
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Mamemamuuna modenv 3IIP siBisge co000 GpopMaNbHUN OMUC €IEMEHTIB, sIKi il
CKJIaJarTh [3].

Oxchopacbkuii CIOBHUK BU3HAYAE MPULHAMMSA pilieHb SIK «IIPOLEC YXBAJICHHSA
PIIIEHHS 11010 YOT0Ch BAYKJIMBOI'0, OCOOJIMBO B TPYIII JIt0/Iei abo B opranizamii» [4, 5].

Ha pucynky 1.1 HaBeneHO 3araibHy cXeMy MPUHHSTTS pIllIeHb, SKa BimoOpaxae
MOCIIIOBHI €Tany MpoIlecy IPUUHATTS PillieHb BiJ] BHHUKHEHHS CUTYAIll 10 OTPUMAaHHS
pe3ynbTary [6].

Decision Making (IIpHHHATTS pineHHs)

(ITapameTpn)

i Outcome L Situation = Problem %
| (PesynbTar) (Curyarris) g (ITpobmema) i
| Action v %
| (lis) Capture relevant | |
| e information i
i (36upanns !
! Decision i}?;é‘pf:o&) i
| (Pimrenns) pMan i
| 7 Y !
; v s
| Impacts Analyse i
| (Hacmiakm) (AHami3) |
! T Options P | !

Pucynoxk 1.1 — 3aranbHa cxema OpUHHATTSA pillieHb [pO3p00JIEHO Ha OCHOBI [4]]

Ha BiamiHy BiJ cXeMH TPHUHHSATTS pillleHb, MpeacTaBieHoi B poboti [4], Ha
pucynky 1.1 3B’s30k Mik eranmom «Pesynprar»y Ta «CuTyalis» He € 000B’SI3KOBHUM
(BUIIJIEHO MYyHKTUPHOIO JIIHIEI0), OCKUIBKKM HE BCl 3a/laul NPUUHSATTSA PIllIEHh MArOTh
MUKIIYHUN Xapaktep. [IukimigHICTh, B TaHOMY BHUIMAJKY, € OCOOJUBICTIO BUKOPUCTAHHS
MOZIeJII Ha MPaKTHIl, fKa BUXOAUTh 3a MEXi 0a30BOi CTpyKTypH. [leski pimeHHs
MPUIMAIOTHCST Pa30BO, HANPUKJIIAJ, CTpaTeriuyHl abo KpUTH4YHI pimeHHs (OyIBHHUIITBO
00’€KTa, 3aITyCK MPOYKTY ), MICIS SKUX MPOIIEC HE TTOBTOPIOETHCS, a 3aBEPITY€EThCS. AJie
SKIIO € MOoTpeda B IUKIIIYHOCTI, TOAl CTABUThCA 3B’S30K MK eTarnamu «PesyiabTam) Ta
«Curtyartis». 3arajibHa CXEeMU TPUUHSATTS PIMIeHb MMOKa3y€e JIOTIYHY MOCIIOBHICTh
KpPOKIB BiJI CUTYyaIlii 70 pe3yJbTary [4].

VY po6oti Bonommua O.®., Mamenka C.O. [7] npeacTaBieHO 3arajibHy CXEMY

OPUIHATTS PIIICHb, SIKA CKIIAAEThCSA 3 IT'SATH €TamiB: 1) BU3HAUYCHHS MeTH (Iiil) Ta
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3aco0IB 11 JOCSATHEHHs;, 2) moOyJI0Ba BapiaHTIB JOCATHEHHS MeTH (MHOXUHU
anpTepHaTuB); 3) QopMyBaHHS MHOXHWHU HacHIAKIB (OIIHKA ajbTepHATHUB); 4)
BU3HAYCHHS  MPUHIWIYY TIOPIBHSHHS  aJbTepHATUB  (BU3HAYCHHS  MPHUHIUITY
ontuMalibHOCT1) 5) CTpYKTYypyBaHHS MHOXHUHHU ajbTEpHATHB (PO3OUTTS Ha KiacH
(kmacTepuzartisl); ynopsiAKyBaHHS, BUOIp Kpamoi (Kpamux)).

Ha BinMiHy Bif 1i€i cxemu, Ha pHC. 1.2 HaBEACHO CXeMy NPUNHATTS PillieHb, Y AKIii
3MiHEeHO mopsaok etamiB 3 1 4. Taka moaudikaliis 3yMOBJIeHa THM, 10 y Oararbox
CUTYAIlISIX IPUUHATTS PIIICHb HACTIIKU (POPMYIOTBCA MICIIs TOTO, SIK BA3HAYEHO KpUTEPii
OIIHIOBAHHS AJIbTEPHATUB, OCKUJIBKU caMe Il KpUTepli BIUTMBAIOTh Ha iX OI[IHIOBAHHS.

v

4. @opMyBaHHI MHOKUHH HACTIIKIB
(OIIHIOBaHHS AIBTEPHATHB)

1. TTocTanoBKa OpoGIEMH.
Buznauennst Metu (11i11)

A 4

2. TTo6ymoBa BapiaHTIB TOCATHEHHS METH L4
(MHOXXHHH allbTepHATHB)

5. CTpyKTypyBaHHS MHOXHHH aJIbT€PHATHB!

h 4 - YOOPSIKYBaHHS,
3. BusnaueHHsI KpUTepiiB MOPIBHIHHSA - po30HUTTS Ha KITacH (KJIacTepH3allis);
albTepHATHB (BH3HAYEHHS KPUTEpPIIo - BHOIp Kpamioi (KpaIinx) albTepHaTHBH

OITHMAJIBHOCTI )

Pucynox 1.2 — 3aranbpHa cxema NpUHHATTS pillieHb [po3po0aeHo Ha OCHOBI [7]]

Mix 4 Ta 5 etaniom BiIOyBa€eThcsl BUOIp 1H(POPMALIAHOT TEXHOJIOT1I, 1110 BKJIIOYAE
B ce0e MoJIeni, METOIU Ta 3acO0U JIJIsl PO3B’A3aHHSI 3a]a4l IPUNUHSTTS PIIICHb.

OTxe, OCKITBKM 3ajjaya TPUUHATTS PIIIeHb MMOCTaBJICHA Ta HABEJICHO OCHOBHI
eTany Mpoliecy MNPUUHATTSA plllleHb, BUHHUKAe MOTpeda y peamizauii [UX eTamiB 3a
JIOTIOMOTOI0 3aC001B MIATPUMKU NMPUHHATTA pimneHb. Lle, y cBoro depry, nepeadadae
3alTy4eHHsI BIAMOBIIHUX 1H(QOPMAIIHHUX TEXHOJIOTIH.

@dopMyBaHHA TMOHATIMHOIO amapary JOCHIUKEHHS BHUMara€e 4YiTKOro Ta
CTPYKTYpOBaHOTO TMIiAXOAY IO BHM3HAUEHHS KJIIOYOBHUX TIOHAThH: iHpopmayiina
MexXHON02is1 NIOMPUMKU NPUUHAMMS PiULeHb, CUCmemMa NIOMPUMKU NPUUHAIMMS PIUUEHD.
VY 11boMy KOHTEKCTI 1H(pOpMaIiiHI TEXHOJIOTIi MATPUMKN NpuiHATTS piteds (ITIIIP)
JOTUTHHO PO3TIISAATH SIK CHHTETUYHE TOHATTS, 0 TIOETHYE y cOO1 03HAKH 3arajibHOTO
NOHATTS 1H(OPMAIIHHUX TEXHOJIOTIN Ta cneuu(piyHe NMPU3HAYECHHS! CUCTEM MiATPUMKH

npuitHaTTs pimens (CIITIP).
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Inghopmayiiini mexnonoeii (IT) — e pecypcu, HEOOX1IH1 1T OTPUMaHHs, 0OpoOKH,
30epiranHs Ta mnomupeHHs iHGopmaiii [8]. IHpopmaliiiHa TEXHOJOTISI CTOCYETHCS
IHCTPYMEHTIB Ta 3ac001B, 5IKi BUKOPUCTOBYIOThCS JIJIs1 00p0oOKH, 30epiranHs, nepeaayi Ta
yIpaBJiiHHs 1HGOpMaIlI€0, 10 BKIIOYAE B ceOe: armapaTHe 3a0e3MeUeHHs; porpaMHe
3a0e3MeUeHHs; MEPEKEB1 TEXHOJIOT11; TenexkomyHikaii [9, 10].

Inghopmayivina cucmema (1C) — 11e OLIBIT ITUPOKE MOHATTS, SIKE OXOTUTIOE HE JINTIE
TEXHOJIOT1i, a ¥ JIoJel, IMpolecH Ta JaHi, SKi B3aEMOJIIOTH JIs 300py, 0OpoOKH,
30epiraHHs Ta PO3MOBCIOKEHHS 1H(pOpMAIlii 3 METOI0 MIATPUMKH Oi3HEc-omepariiii Ta
OpuHATTS pitneHb. [HmmMu cinoBamu, IC — 1e minicHa CTpyKTypa, siKa J03BOJISE
oprasizaiii epeKTUBHO ynpaBisiT iHpopMmartieto [9, 10].

Takum ynHOM, IT € yactunoto IC. bes IT nemoximBa cyuacHa IC, ane IC Bkitouae
B ceOe HabaraTo OuIbIe, HXK MPOCTO TEXHOJIOT].

VY niTeparypl HalyacTille 3ycTpidyaeTbcsa HAcTynHe Bu3HaueHHs noHsATTs CIIIIP
[11-18]:

— Cucmema niompumxu npuunamms piwens (CIIIIP) (anrn. Decision Support
System, DSS) — ne iHTepakTMBHAa KOMII IOTEPU30BAHA CHUCTEMa, IpHU3HAYEHA ISl
JIOTIOMOTH KEpIBHUKAM Ta IHIIMM KOPUCTyBauyaMm y HMPHUHHATTI pillleHb, OCOOJUBO JJIs
HECTPYKTYPOBaHUX a00 HAMIBCTPYKTYPOBAHUX MPOOIIEM.

Y Mexax JaHOTO OCHIHKEHHS MH JTOTPUMYEMOCS TAaKOTO BU3HAUCHHS TOHSTTS
CIIIIP [14, 15]:

— Cucmemu niompumxu nputinamms piwens (anri. Decision Support System,
DSS) — iHTepakTUBHI KOMIT I0OT€PHI aBTOMATH30BaH1 CUCTEMH (ITPOrpamMHi KOMIUIEKCH),
10 TPU3HAYEHI IS JOTIOMOTH Ta MIATPUMKH PI3HUX BUJIIB JISUTBHOCTI JIFOJWHU TIPU
OPUMHATTI  pillleHb  CTOCOBHO  PO3B’SI3aHHS ~ CIA0OCTPYKTypoBaHUX  abo
HECTPYKTYPOBAHUX MPOOJIEM.

Inghopmayivini mexnonoeii niompumxu npuiinamms piwens (ITIIIIP) — 1e
CYKYMNHICTh TEXHIYHMX 3ac00iB, MPOrpaMHOro 3abe3nedyeHHs, MOJENei, METOJIB Ta
NIIXO/1B, 5Kl 3a0€3MeUyI0Th (PYHKI[IOHYBaHHSI CUCTEMHU MIATPUMKHU MPUUHSTTS PlICHb

[19, 20].
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O1xe, iHGOpMaIliiHA TEXHOJIOT1S MATPUMKU NPUUHATTS PIIICHb € HEB1J €MHOIO,
ajie He €JMHOI0 YACTUHOIO CUCTEMH MIATPUMKHU TPUUHATTS pimieHb. Ockinbku CIITTP
SBIISIE COOOI0 CHCTEMY B LIIOMY, sIKa BUKOPUCTOBYE 1H(GOpMAIIIHI TEXHOJIOTI{ AK CBiif
byHIaMEHT JJIs1 TOCSATHEHHS IUIeH MATPUMKHA MPUMHATTS PillIeHb.

Baxxnusum acniektom € te, mo [TIIIP moxyTh peanizoByBaTucs K y BHUIJISIII
KOMIUIEKCHUX CHCTEM, TaK 1y BUTJIAII OKPEMHUX MPOTPAMHUX MPOAYKTIB a00 MOJIYIIIB,
[0 PO3B’SI3YIOTh OJIHY KOHKPETHY 3adady. HapiTh sikmio iHQopmariiiina TeXHOJIOTis
CKJIQIa€ThCS JIMIIE 3 OJHOTO MOJYJsA, BOHAa BCE OJHO peaji3ye THUIIOBI MPOIECH:
30upaHHs1, 00poOKH, aHATI3y, NpeACTaBIeHHs 1HGOpMAaIlil, HEOOXITHUX JIJIST TPUUHSTTS
pILIEHHS.

Ile o3Hauae, M0 CTPYKTYypHA LUIICHICTh Ta (yHKIIOHATHLHA noBHOTa ITIIIIP He
3aJiexaTh BiJl MacITady peanizallii, a BU3HAYAIOThCA CaMe HAsIBHICTIO KITFOYOBHUX €TalliB
1H(OpMAIIITHOTO MPOLIECY Ta CIPSMOBAHICTIO HA MIATPUMKY MPUUHATTA pimieHb. OTxe,
OyIb-SIKU TPOTpaMHUN TPOAYKT, IO 3a0e3leuye po3B’sA3aHHS OKpeMoi 3ajadl
OPUIHATTS pillieHb, MOXHA po3riianatu sk okpemuid Bumnagok ITIIIP, mo peanizye
oOMeKeHy, ajie TOBHOLIHHY 1HPOpPMaLIifHy TEXHOJOTIIO.

[ToenHanHs 3aradbHOTO MOHATTA 1HMOPMAIIMHUX TEXHOJOTINA 31 CHerUpIYHUM
npuzHayeHHsM CIIIIP y 3anpononoBaHomy BusHaueHH1 ITIIIIP € oGrpyHTOBaHUM 3
TaKUX MPUYHH:

— 3a0e3neueHHs HuTicHocTi po3yminHs ITTIIP sk TexHonoriyHoi matopmu Ta
GyHKII1IOHATBEHOT CUCTEMU;

— J0o3BoJisie BimoOpaszutu cTpyktypy 1 npusHaueHHs [TIIIIP wepe3 mnpusmy
1H(}OopMaIIiHOT AISUTBHOCTI, HE3aJICKHO BiJ PIBHS CKJIAAHOCTI a00 MaciiTady peami3ariii;

— JJa€ MOXXIIMBICTb aJanTyBaTUCS 10 KOHKPETHUX MpEeIMETHUX objacteil Ta
3aB/IaHb, 30€pIrarouu iX YHIKaJIbHICTh HA KOHIENTYaJIbHOMY PIBHI.

[e#t mimxig y3ro/pKYeThCA 3 ICHYIOUMMH HAayKOBMMH KoHmemiisimu [1-3, 7] Ta
cnpusie ¢opmyBaHHIO KomruiekcHoro Oadennsi ITITIIP sk ki1r0o49oBOTO 1HCTPYMEHTY
OPUIHATTS PIlIEHb B YMOBaX Pi3HUX 1H(GOPMAIITHUX CUTYaIl1H.

VY mpoueci npuiiHATTA pimenb kopuctyBaui CIIIIP MoxyTh BUKOHYBaTH pi3Hi

poui. Ocoboro, mo npuiimae pimeHss (OIIP), € monuna, sika pakTUUHO 3A1MCHIOE BUOID



37

HaWKpamoro BapiaHTa Jid Ha OCHOBI 1H(oOpMAaIli, 0 HaJaeThCcs 1H(POPMAIIIHOIO
texHosoriero. Okpim OIIP, y mporieci mpuiHATTS pillieHb MOXKYTh OpaTH y4acTh 1HIII
YYaCHHUKH: BJIACHUK TIPOOIEMH, EKCTIEPTH, AHATITUKH, aKTHUBHI TPYTIH, @ TAKOK OTOYCHHS
OIIP — cniBpoOITHUKM Oprasizaiiii, BiJi iIMEH1 sIKOT pUitMaeThes pimeHHs [ 1].

CIIIP e moauHO-MalIMHHOIO CHCTEMOIO, 10 3abe3nedye 0ocodi, sika MmpuiiMae
pIIIEHHS, MOXJIMBICTh BHKOPHUCTOBYBAaTH JaHi, 3HaHHSA, 00 €KTHBHI Ta CyO’ €KTHBHI
MOJeIl I aHali3y, OIlIHIOBaHHS  allbTepHATHMB 1 BHOOpY  pIlIEHb ¥y
CIaOKOCTPYKTypoBaHux cutyarisx. Takum gwnom, CIIIIP wamatoTe iH(OpMAaIiifHO-
aHAMITUYHY MIATPUMKY BCIM yYacCHUKaM TMIPOIECYy MPUUHATTS pIllleHb, 1HTETPYIOUH

00poOKy HaHUX, MOJICIIFOBAHHS ¥ Bi3yalli3alliro pe3yiabTatiB [1].

1.2 Kunacudikauis cucreM nNiATPUMMKH NPUAHATTS pillieHb

Bapro 3aznauutu, mo okpim CIITIP icHytoTh 1HII 1H(OpMAIlHI CUCTEMH, IO
nonomaratotb OIIP npuiimaT 001pyHTOBaH1 Ta epeKTUBHI pitieHHs [ 14, 15, 21-28]:

— cucmemu niOMpumMKU 2pynoso2o nputnamms piuwens (anria. Group Decision
Support System, GDSS) — ne CIIIIP opieHTOBaH1 Ha KOJICKTUBHE MPUUHATTS
piieHs [24];

— [HmeneKmyanvHi cucmemu niompumku nputinamms piwens (anri. Intelligent
Decision Support System, IDSS) — 1e cucremu, mo noeanyiots CIIIP 3
METOJAMH IITYYHOTO I1HTENEKTy (HampukiajJ, PEKOMEHIalliHI CUCTEMU —
MPOTPAMHO-aJITOPUTMIYHI KOMIUJIEKCH, IO 3JIMCHIOIOTH MIATPUMKY IPOIECY
OPUIHATTS pIIIEHb IIJISIXOM aBTOMAaTHM30BAHOI T'€Hepallii 1HIWBIIyani30BaHUX
pPEKOMEHJIaIlli KOPUCTYBAa4yeBl HAa OCHOBI aHAJI3y JaHUX MPO TOIMEPEIHIO
MOBEIHKY, BIOI00AHHS, XapaKTEPUCTUKU 00’ €KTa a0 KOPUCTyBaya, a TaKOXK
3aKOHOMIPHOCTEH Y BEJIMKUX MacuBax iHpopmMaii [26, 27]);

— cucmemu asmomamuzosarnoco npuiinamms piwenv (Automated Decision-
Making Systems, ADMS) — 11e cucteMu, 1110 TOBHICTIO aBTOMATU3YIOTh MPOIIEC

NPUIHATTS pillieHb 0€3 y4acTi JIIoauHu [28];
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— iHgpopmayitini cucmemu ynpaeninna (anri. Management Information Systems,
MIS) — 3a6e3neuytoTs 30upaHHs, 0OpOOKY Ta MpeACTaBICHHS 1H(pOpMAaIii IS
HiATPUMKH OTIEPATUBHOTO Ta TAKTUYHOTO ynpasiiHHs [21, 23];

— excnepmni cucmemu (anri. Expert System, ES) — e iHdopmaiiitHi cuctemu,
K1 MOJENIOIOTh €KCHEPTU3y B YITKO BU3HAYEHIM ramxysi 3 METO iMiTarii
MPOLECIB MPUUHATTS PillIeHb eKcrepToM [25].

VY wmexax mucepraniiinoi podotu posrisHyto CIIIP, sk omun 13 HaWOLIbII
MOIIMPEHUX Ta EPEKTUBHUX IHCTPYMEHTIB, IO 3aCTOCOBYIOTHCS MAJSl IMiABUIICHHSA
OOTPYHTOBAHOCTI YIIPaBI1HCHKUX PIIIEHh B YMOBaX pU3UKY, HEBU3HAYEHOCTI T4 HEUITKO1
iHpopmarii. Posrmsaemo ocHoBHI miaxomu g0 kinacudikamnii CIIIIP 3a pizauMu
XapaKTePUCTHKAMH.

3a cmynenem aemomamuszayii po3pi3astors Taki Tunu CIIIIP [29, 30]:

— PYYHI CUCTEMH — 1€ CHCTEMH, 110 HA/IAI0Th KOPUCTYBavdy 1HCTPYMEHTH, 11100 BiH

CaMOCTIMHO MIT BUKOHATH OJIBIIICTD 1M,

— HamiBaBTOMATHU30BaHI CHUCTEMH — 1€ CHUCTEMHM, IO JAIOTh  KOPUCTyBad
MO>KJIMBICTh B3a€MOJISITH 13 CUCTEMOIO, IKa IPOIOHY€E BAPIAHTH PIllICHb;

— aBTOMATH30BaHI CHCTEMH — II€ CUCTEMH, 1[0 CAMOCTIMHO MPUHMAIOTh PIIICHHS

a00 3HAYHO 3HWXKYIOTh Y4aCTh JIFOJIUHU.

3a pienem ynpaeninua BuainsatoTh Taki Tunu CIIIP [31]:

— omepartiiinoro piBas — CIIIIP npusnaueHi mjisi MIATPUMKH PYTUHHUX, YacToO

MOBTOPIOBAHUX PILIECHB;

— taktuyHOTro piBHS — CIITIP mpusHaueHi /st MiATPUMKH CEPEIHBOCTPOKOBOTO
TJIaHYBaHHS Ta ONTHUMI3aIlli pECypCiB;

— ctpareriydoro piBHa — CIIIP npusHadeni st aHami3y JOBrOCTPOKOBUX
HACJI/IKIB, TPOTHO3YBaHHS, CIIEHAPHOTO TJIAHYBAHHS.

3a mexwnonociunorw ocnosoro icuye taka kiacudikamis CIIIP [27, 31, 32]:

— nokanbHi CIIIP (local-based DSS), 110 BCTaHOBIIOIOTHCS 1 MPAIIOIOTH Y MEXKaX
JIOKAIBHOT MEepeXi opraHizaiiii;

— xmapHi CIIIIP (cloud-based DSS), siki po3MilleHi Ha XMapHUX pecypcax i

JIOCTYIIHI Yepe3 IHTEPHET;
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— MOO1JIBHI CUCTEMH — I1€ CUCTEMHM aJIallTOBaH1 10 BUKOPUCTAHHS HAa MOOLIBHUX
MPUCTPOSX;

— Beb-opienToBani CIIIIP — e mporpaMHi cucTeMu, 0 BUKOPUCTOBYIOTH BEO-
iHTepdeiicu s 3a1HCHeHHST 00pOOKH TaHUX 1 MIATPUMKHA MPUAHATTS PillleHb
yepe3 Opaysep, 3a0e31medyr0un JOCTyTHICTh, THYYKICTh Ta IHTETPAIII0 3 THITUMHA
OHJIAaH-PECYPCAMMU.

3a memodamu 006podxu inghopmayii, BUunA0Th Taki Tunu CIIIIP [32]:

— anamituuni CIIIIP, mo TIpyHTYIOTbCS Ha MaTeMaTHYHOMY MOJIENIIOBaHHI,
METO/IaxX OMTHUMI3allli Ta METOAaX MPUIHATTS PIllICHb;

— CIIIIP 6a3oBaHi Ha 3HAHHAX, 10 BHUKOPUCTOBYIOTH JIOT14HI MOJENI
NpEe/ICTaBICHHS 3HaHb, TPABUJIA JOTTYHOTO BUBEIACHHS,

— CIIIIP, mo BUKOPHUCTOBYIOTh MAIIMHHE HAaBYaHHS U1l (POpMyBaHHS MOJENeH
IPUIHATTS PIIEHb HA OCHOBI BEJIUKUX JAHUX;

— CIIIIP, 10 BUKOPUCTOBYIOTh MYJbTHAT€HTHI CHUCTEMH HA OCHOBI B3a€MOIi
METO/IIB Ta MiJXO/iB PO3B’A3yBaHHS MOCTABICHUX 3a7a4 NPUHUHATTS PILIIEHB K
aBTOHOMHUX arcHTIB;

Ha pisni kopucmyesaua suninsarots Taxi Bunu CIIIP [14, 24]:

— axtuBHa CIIIIP, mo npononye KopucTyBauy, iK€ pillIEHHS Kpalie oopaTy;

— mnacuBHa CIIIP, mo nonmomarae y mponeci yxBajJ€HHs pILIECHHS, ajie He

MPOTIOHY€E KOPUCTYBAUY, SIKE PIIICHHS MPUITHSTH;

— kooniepatuBHa CIIIIP, mo no3Bonsie OIIP 3miHIOBaTH, MOMOBHIOBATH a00
MOKpAIlyBaTH PIIICHHS, IPOIIOHOBAHI CHCTEMOIO B CIIIBIpaIll 3 IHIIUMH
YYaCHUKAMU TPOIIECY MPUIHSATTS PIllICHb.

Ha mexniunomy pieni pospizusitote Taki CIIIIP [33, 34]: CIIIP piBuHs
MIIPUEMCTBA, 10 BUKOPHCTOBYE BEJHMKI CXOBHINA JaHUX 1 OOCIYroBye Oaratbox
MEHEKEPIB MINPUEMCTBA; TNepcoHanbHa HactuibHa CIIIIP: mana cucrema, 110
0OCIIyTOBY€ JIUIIIE OHOTO KOPUCTYBaya.

Ha xonyenmyanvnomy pisui Biapizusatoth Taki tunu CIITIP [24, 34]:
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CIIIIP, xepomana mnosigomsieHHssMH (Communication-Driven DSS), mio
HIATPUMYE TPYITy KOPUCTYBauiB, SIKI MPALIOIOTh HAJl BUKOHAHHSAM 3arajibHO1
3a]1a4i;

CIIIIP, xepoana manumu (Data-Driven DSS, Data-oriented DSS), mo B
OCHOBHOMY OPIEHTY€ETbCSA Ha AOCTYI 1 MaHIMyJIALIl 3 TaHUMU JUISI TIPUAHATTS
pIIICHb;

CIIIIP, xepoBana pokymentamu (Document-Driven DSS), sika 3aiiicHioe
MOIIYK 1 MaHIIMyJIIOBaHHS HECTPYKTYPOBaHOIO 1HPOPMAIII€T0, 3a/ITaHOT B PI3HUX
dbopmarax, i IPUIHATTS PIllICHb;

CIIIIP, xepoBana 3HanHaMmu (Knowledge-Driven DSS), mo 3a0e3neuye
PO3B’sI3aHHS 3a/1a4 MPUUHSTTS PIICHb y BUIIISIAL (DaKTiB, IPaBUIL, IPOLEAYD;
CIIIIP, xepoBana moxaensamu (Model-Driven DSS), mo 3a6e3neuye noctyn 1
MaHIMYJIAIIl 3 MaTEMAaTUYHUMHU MOJEISIMU (CTAaTUCTUYHUMHU, (PIHAHCOBHUMHU,
ONTUMI3AIIHUMU, IMITALIIATHUMM ) JIJIs1 IPUAHSTTS PIIICHB;
inTep-opranizamiiai CIIIP (Inter-Organizational DSS), mo 3a6e3neuytoTsh
NIATPUMKY HOPUMHATTS PIIIEHb MIDK KUIBKOMa OpraHi3alisiMu, CHPHUSIOYN
KOOpAWHAIlIT Ta B3a€EMO/I1Ti MK HUMU;

inTpa-opranizaniini CIIIP (Intra-Organizational DSS), mo ¢GyHKIIOHYIOTh Y
MeXax OJIHIET opraHizauii, MATPUMYIOUH YIIPABIIHCHKI PIllIEHHS] BCEPEAMHI 11
CTPYKTYPHHX ITiIPO3/I1JIIB,;

cnemianizoBadi CIIIIP (Function-Specific DSS), mo po3pobneni s
MIATPUMKHN PIllIeHb Y KOHKPETHIN Taiy3i abo Juisi BUPIIIEHHS CHErupIYHuX
3aBJ/IaHb;

CIIITP 3aranepHoro mpusHaueHHs (General Purpose DSS) — CIIIIP, mo
CTBOpEH1 JJIi HIMPOKOTO KOJIa 3aBJIaHb 1 MOXYTh aJalTyBaTHCS 10 PI3HUX
IIPEIMETHUX Taly3eu;

CIITIIP na 6a31 BeO-texHomyorii (Web-Based DSS), moctym no sikux
3I1ACHIOEThCS Yepe3 [HTepHeT, mo 3a0e3neuye oOpoOKy JaHUX 1 MPUIHSTTS

pIIlIeHb 3a JOTIOMOT0I0 BeO-1HTEpdeiicy.
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3a uassuicmio inmenexkmyanvnozo komnonenma B CIIIIP pospizusiors [14]:
CHUCTEMH, SIK1 HE mependavaroTh Oyab-SIKHUX CIOCOOIB HAKOMUYEHHS 1 0OpOOKH MOTaHO
dbopmali3oBaHUX JAHWX; CUCTEMH, 110 MAIOTh 0a3W 3HAHb, MEXAHI3MH BHUBEICHHS Ta
MOSICHEHHSI OTPUMAHUX PIIICHb.

Po3MaiTTs cucteM miATPUMKH MPUMHATTA PillIeHb BiOOpaXkae MUPOKUIA Aiarma3oH
pizHux ¢opmM, po3mipis Ta TumiB CIIIIP. B po6ori [ 1] 3a3HaueHo0, 1110 IpakTUYHO BC1 BUIU
X KOMIT FOTEPHUX CUCTEM XapaKTePU3YIOThCS YITKOIO CTPYKTYpOIO, SIKa MICTUTh TPU
rojoBHi kommnoHeHtu (puc. 1.3): miacucremy iHTepdeiicy KopHCTyBaya; MiJCHCTEMY

KepyBaHHA 043010 JaHUX; MIJACUCTEMY KepyBaHHS 023010 MOJIEIEH.

baza moxenen

baza nanux

—— ——

CKB/ «—> CKBM «—> Buxin

InTepdetic
KOpHCTYyBaya

Pucynok 1.3 — Ctpykrypa CIIIIP Ha ocHOBI poboTH [p0o3p0o6sieHO Ha OCHOBI [1]]

VY crpykrypi CIIIP (puc. 1.3), HaBeneHiit y poboTi [1], mpeacTaBieHo ii OCHOBHI
KOMIIOHEHTH, aJie Y L1 CTPYKTYpi BIACYTHIHN CIieliali30BaHUI MOAYJIb JJIsl PO3B’ A3aHHS
3a/1ayl IPUUHSTTS pilieHb. be3 boro Moy cucTeMa OOMEKYEThCS JIUIE HaTaHUMHU
JaHUMU Ta 0a30BUMU MEXaH13MaMU BUBEJICHHS, III0 MOYKE 3HAYHO 3HU3UTU €PEKTUBHICTh
NPUIHATTS PillIeHb, OCOOJIMBO Y CKJIaJHUX a00 HEBU3HAUYECHUX CUTYALIIsIX.

Tomy, nmominsHO y ctpyktypi CIIIIP, mpencraBnenii Ha puc. 1.3, momaru
KOMIOHEHT «Moaynb po3B’si3aHHS 3a7ad NPUUHATTS pilieHb». Takuh miaxin
y3romkyeThest 3 koumeniieto CIIP, y sakiii BaxIMBUM € HE JUIIE MPEACTaBICHHS
pe3ynbTaTiB OOYUCIICHB, a i HOpPMYBaHHS PEIEBAaHTHUX, MATEMAaTHYHO OOTPYHTOBAHHUX 1
MPAKTUYHO OPIEHTOBAHUX PEKOMEHAAIIN 1010 MPUUHATTS pillieHb. TakoX Takuh miaxia
BiIOOpaXkae 3poCTarodi BUMOTH [0 IHTEJEKTyami3amii i1HQOpMaliiHUX CHUCTEM Ta
COpSIMOBaHUN Ha MiABUIICHHS €(EKTHBHOCTI MPOIECY NPUUHATTA pilieHb. Moayiib
HaJlaHHS pEKOMEHMAIlil 3a0e3nedye IHTEpHpeTalilo pe3yabTaTiB MOJCTIOBAHHS 3

YPpaxyBaHHAM KOHTCKCTY 3az[aqi, O6M€)K€HB, HassBHUX JaHHUX Ta BCTAHOBJICHHUX
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MIPIOPUTETIB, a TAKOK MOKE peaTizoByBaTH ()YHKI[IOHAIBHICTh IalITUBHOIO aHAII3y Ha
OCHOBI ICTOPUYHUX JAaHUX Ta peanizoBaHux metojiB B mexxax CIIIIP. OTxe, 3a3HaueHa
Monau(ikallis cnopuse MIABUIICHHIO MNPUKIAAHOI HiHHOCTI cTpykTypu CIIIP Tta ii
3aTHOCTI MIATPUMYBATH CKJIaIH1 YIPABIIHCHKI PIITICHHS.

3 po3ButkoM Mmepexi [nrepret CIIIIP HaOyBatoTh Be6-0pi€HTOBAHOTO XapakTepy.

B po6ori [1] mpencrasiena crpykrypa Be6-opientoBanoi CIIIIP (puc. 1.4).

. TTommTa
3oseHimne
cepedoauiye Hosuint
P ! Tuckyecii

T — :
- Cepeodosuye :
i NPUTIHAMMA PitileHb OITP CKII i
! I
! I
! I
i |
| v

! Iarepdeiic i
i KOpHCTYBa4ya i
| v v i
: |
! I
! I
! I
! |

Kopnoparusna| | [ndopmarriitna 3acobu

baza moneneit

B BJI MOJIETFOBAHHS

Pucynok 1.4 — Ctpykrypa Be6-opienToBanoi CIIIIP [po3pobaeHo Ha ocHOBI [1]]
[Ipu oMy 00K A7t PO3B’I3aHHS 3374 MPUMHATTA PIIEHb BUAUISETHCS OKPEMO

B 0J10K «Mo/Ie/IbHI KOMITOHSHTHY, 110 HAaBEJICHO Ha PUCYHKY 1.5.

KepyBaHHs MojenssMu
OnruMizaliigai Moaenl
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L]

L]

. Komnornenmu inmeppeiicy
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Pucynox 1.5 — Komnonentu mincucremu CIIIIP [po3po6iieno Ha ocHOBI [1]]
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Crpykrypu CIIIIP, HaBeneni Ha pucyHkax 1.3-1.5, € HeJOCTaTHLO THYYKUMH, HE
BIJINOBIJIAI0OTh CYYaCHUM YSIBJICHHSIM PO CTPYKTYPY Ta apXITEKTYPy TaKUX CUCTEM, TOMY
MOCTa€ 3a/ladya OHOBJICHHS LI€i CTPYKTYpPH 3 YpaxyBaHHSIM CYYacHHUX MIIXOMAIB [0

apxiTekTypu BeO-opieHToBanux CIIITP.

1.3 Be0-opieHTOBaHI cHCTEeMH MiATPUMKH NPUIAHATTS pillleHb

Cyuacni CIIIIP, mo BUKOPUCTOBYIOTH BEO-TEXHOJOTIT I 3a0e3MeueHHs
IHTEpaKTUBHOI MATPUMKUA TPOLECY MNPUUHATTSA pillIeHb, MalOTh OaraTopiBHEBY
apxitektypy (anri. Multitier architecture) [35, 36] Ta MICTATH Taki pPiBHI.

1. PiBens 30BHIIHBOTO cepenoBuina (External Environment Tier) mpencrasise
co0010 JpKeperia 30BHINIHBO1 1H(OpMaIlii, Taki SK HOBUHH, MOIITA, TUCKYCIi, IKI MOXYTh
BIUIMBATH Ha IMpOLEC NPUUHATTA pimieHb. Lleld piBeHb MIJKPECIIOE BaXIHUBICTh
BpaxyBaHHS KOHTEKCTY Ta 30BHIIIHIX (aKTOPIB.

2. PiBensb cepenoBuia npudHATTS pimieHs (Decision-Making Environment Tier) —
1€ IIEHTpaIbHUMN piBEHb, 1110 00’ €qHye ocHOBHI KomnoHeHTH CIIIIP. Bin Bkitouae B cede
HactynHi enxemedT: OIIP (ocoly, mo npuiimae pimenns); CKII (cuctemy xepyBaHHS
noBigomyieHHAMH); 1HTepdeiic kopuctyBaua; CKBJl (Cuctema kepyBaHHs Oa3amu
nanux); CKbM (Cucrema kepyBaHHs 0azamu Mojieieil);

3. PiBens ganux ta mojeneit (Data and Model Tier), 1m0 MiCTUTh CXOBUIIA TAHUX
Ta IHCTPYMEHTH JIJIsl aHAITI3y, 1 CKIaJAa€ThCs 3 HACTYMMHUX KOMIIOHEHTIB: KOPIOpaTUBHA
BJl, sika MICTUTh CTPYKTypOBaHi JaHi, 10 BigoOpa)xaroTh IiSJILHICTH OpraHizailii;
iH(popmariiiina b/] Moxke MICTUTH MEHIII CTPYKTYpPOBaHI J1aHi, HEOOX1IH1 JUIsl IPUAHSTTS
pimeHs; 0aza Mojenel 30epirae pi3HOMaHITHI aHANITUYHI Ta MPOTHOCTUYHI MOJENI;
3acO0M MOJICTIOBAHHS MICTSATh 1HCTPYMEHTH Ui TOOymoBH, Monaudikamii Ta
BUKOPUCTAHHS MOJICJIEH.

ApXITeKTypa CydacHUX BeO-Opi€HTOBaHUX 1H(GOPMAIIMHUX CHUCTEM, 30KpeMa
cucTeM marpuMku npuHSTTS pimens (CIIIP), 3a3Buyail nependayae po3noiia Ha B
KJIFOUOBI YaCTUHU: PpoHTeH ] Ta OekeH . Takuii moAin 3yMOBIeHUNA (PYHKIIOHATIBHUMH,

JIOTIYHMMHU Ta TEXHOJIOTTYHUMHU OCOOJIMBOCTSMU KOMIIOHEHTIB cucTeMu [37].
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®poumeno (anria. frontend, KIi€HTChbKAa YacTHMHA) — II€ YaCTHMHA CHUCTEMH, IO
3a0e3neuye B3aeMOJIII0 KOpUCTYBada 3 (PyHKIIIOHAJIOM 4epe3 BeO-iHTepdetic [38].

bekeno (anrmn. backend, cepBepHa "yacTuHa) — i€ MPOTPaMHO-ariapaTHa YacTUHA
CHUCTEMH, 110 BIAMOBiJa€e 32 0OpOOKY 3amuTIB, BUKOHAHHS O13HEC-JIOT1KH, YIpPaBIiHHS
JAHUMU Ta 3a0e3MeueHHs 3B’ 3Ky 3 0a3aMu JaHUX Ta IHITUMU cepBicamu [39].

Yitke po3mexyBaHHS (POHTEHIYy Ta OEKEHIY JO03BOJIAE JAOCITTA MOMYJIHHOCTI,
MacIITaboBaHOCTI, HE3aJICKHOCTI B PO3poOIll Ta CYHpOBOJII OKPEMHX KOMIIOHEHTIB, a
TAaKOX CHPOIIy€E I1HTETpaIlilo 30BHIIIHIX CEPBICIB 1 peamizalilo MIKpOCEpBICHOI
apxitektypu [37]. BiamoBimHo, Ha pucyHky 1.6 TpOJEMOHCTPOBAHO PO3pPOOJICHY
apXITEKTYpy Cy4acHOi BEO-OpI€EHTOBAHOI CUCTEMHU MIATPUMKH MPUHHATTS PIIIEHB, IO

BTUIIOE€ MOAYJIbHUI, OaraTopiBHEBUIA, MaCIITAOOBAHUI Ta THYYKHUI MIAXII.

SoeHiutHe Kopucrysau
cepedogiiye (OIIP)

Cepedoguiije
HPUITHATINA PIUIEHD
DdpoHTEHT
) 4
Tarepdeiic
KOpPHCTYBa4a
Bekenj A

)

Monyns inTerpanii Monaynn 6e3niekn , Mogynn
30BHINTHIX CEPBICIB Ta ayIUTY OpKecTpari
v

Y

MIKPOCEpPBiCiB

h

Mogyne 06pobxu Moayns po3p’g2aHHA 33021

JaHHX HpPHHHATTA PIIIeHb
CKBJ CKGM

[Bam Mo,uejeﬁ}

Pucynok 1.6 — CydacHa cTpyKTypa BeO-OpIEHTOBAHOI CUCTEMU MiATPUMKHU MPUAHSITTS

Mogyns i

pileHs [po3po0eHO aBTOPOM |
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Hapenena crpykrypa (puc. 1.6) crpoekTtoBaHa st 0OpoOKM 3HAYHUX OOCSTIB
JAHUX, IHTerpalii pi3HOPIAHUX 1HGOPMAIIMHUX JDKEepesl Ta HaJlaHHS KOpPUCTyBauyaM
e(eKTUBHUX 1HCTPYMEHTIB JUIs aHAJI3y ¥ MPUIHATTS OOTPYHTOBAHUX PIIICHb.

KopuctyBau (OIIP) B3aemomie 3 cucremoro depe3 Onok «DpoHTEHI», SKUN
Bmoyae «Iatepdeiic kopuctyBaday (Ul) nmns  iHiIitoBaHHS 3amuTIB, BBEIACHHS
iHbopMarllii Ta meperyiAny pesynbrariB. «lHTepdeiic KopucTyBaua», SIK MpPaBHIIO,
peanizyeThcsi Ha 6a3i cyuacHux BeO-texnosorit (HTML, CSS, JavaScript ta frontend-
dpeitmBopkiB, Hampukian, React, Angular abo Vue.js), 1 BiamoBigae 3a Bi3yajbHE
MPEACTABICHHS JaHUX Y BUTIJSJAI IHTEPAKTUBHUX JamOopiiB, rpadikiB Ta 3BITIB,
00poOKy KOMaHJ| KOpUCTyBaua Ta nepeaaBaHHs 3anuTiB 10 «LLmo3y API».

LleHTpanbHOIO TOYKOK BXOJY IS BCIX 3amuTiB BiJ «lHTepdeiicy kopuctyBada»
ciyrye «lmo3 API» (Application Programming Interface Gateway), mo Moxe
BukopuctoByBatu mpotokoian REST abo GraphQL. Lleli KOMIOHEHT MapuIpyTH3ye€
3alHUTH 10 BIANOBIAHUX BHYTPIIIHIX CEPBICIB, 30KPEMA BIH B3AEMO/IIE 3:

— «Monynem Oe3nekd Ta ayAuTy» JId 3aCTOCYBAHHS MOJITUK Oe€3NeKu

(manmpukian, OAuth2, JWT, Audit Logs);

— «Mopaynem 1HTerpaiii 30BHINIHIX CEPBICIB» s OOMIHY JaHUMH 13
«30BHILIHIM CEPEIOBUIIIEM;

—  «Monaynem opkecTpariii» s yIpaBIiHHSI MIKPOCEPBICHOIO apXITEKTYPOIO.

«IIlnmro3 API» Takox MoOKe BUKOHYBAaTH arperyBaHHs JaHUX, OallaHCyBaHHS
HABAHTAXKCHHSA Ta KEIIyBaHHS.

«Mopaynb opkecTpallii» BIAMOBIAa€ 3a YNPaBIiHHA JKUTTEBUM  IIUKIIOM,
MacmTabyBaHHs Ta po3ropTaHHs «Moayss MiKpocepBiciBy. «Moayiib MIKPOCEpPBICIBY»
MICTUTH KJIFOUOBY O13HEC-JIOTIKY CUCTEMH 1 BKIIIOYAE:

—  «Monynb 00poOKY JaHUX», SIKAW € KITFOYOBHUM JIJIsl TATOTOBKU 1H(OpMaItii 10
anamizy, i Bukonye nponecu ETL (Extract, Transform, Load — Bunydenss,
TpaHcopMariisi, 3aBaHTAKCHHS), 3IIMCHIOE OYHINEHHS, BaJifgaIlifo Ta
CTPYKTypH3allio aaHux rmepen ix 3aBaHTaxkeHHsM Yy «CKBJl» (cuctemy

KepyBaHHs 0a3amu JaHUX), sika B3aeMojie 3 «bazamu nanux»;
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— «Moaynb po3B’si3aHHA 3a/4ay MPUNHATTS pillieHbY», 1H(OpMaIis mpo SIKUi
HaBeJIeHA HUXKYE.

Hani, o0pobaeni «MojyieM 00poOKH TaHUX», 3aBAHTAKYIOTHCS Ta 30€pIraroThCs
y «bazax nmanux» 3a momomororo «CKB». «ba3u gaHux» CIyrylOTh LEHTPaIbHUM
PETO3UTOPIEM 1 MOXKYTh MOEJHYBATH Pi3HI TEXHOJOTII 30epiraHHs JaHUX — peJsIiiiHi
6a3u manux (SQL) mis ctpykrypoBanoi iHpopMmartiii, NoSQL 6a3u maHux 11 THyYKHX
cxeM Ta mat@opmu Big Data ny1s 06poOku BeTUKHX 00CTIB pi3HOPITHUX HaHuX. Llei
KOMIIOHEHT 3abe3reuye HajiliHe 30epiraHHs oO0poOJeHHX Ta HEOOpOOJICHMX [aHMX,
HA/IAI091 J0 HUX JOCTYT 1HIITUM KOMIIOHEHTaM.

Y cyuyacHHUX MiAX0Jax JO CTBOPEHHS 1HQOpPMAIIMHUX CHCTEM JOIIIBHO
BUKOPUCTOBYBAaTH JEKIJIbKAa THUIIB 0a3 JaHUX B 3aJ€KHOCTI Bl OCOOIUBOCTEN
iHdopmarii ns 30epexeHHs. Takuil MiaAXi BIIOMUN SIK MOJITJIOTHA MEPCUCTEHTHICTh
(polyglot persistence) — 11e KOHIIEIIIIIS, 11O Mepedayae 3aCTOCYBaHHS PI3HUX TEXHOJIOT1H
30epiraHHs JaHUX JUIsl BAKOPUCTAaHH 1H(OpMaIlii pi3HOTO TUITY B M€XaX OJIHIE€I CUCTEMU
[40, 41]. Hanpuxnan, pensuiiini CKB/I (Taki sk PostgreSQL, MySQL) edbektuBHi ais
CTPYKTYpOBaHMX TaOMWYHMX MJAaHUX 3 UYITKOIO CXEeMOI, Yy TOM dYac sK
nokymenToopienToBanl b/l (manpuxnaa, MongoDB) a6o rpadosi b/l (Hanpuxnan,
Neo4j) kpaiie miaxonsaTh s 30epiraHHsi CIaOOCTPYKTYPOBAaHUX JaHUX, SKI BaKKO
B1JIOOpA3UTH y TpaJULiiHII TabnuuHiid popmi. BUKOprCTaHHS pi3HUX TUIIB 0a3 JaHUX
JTO3BOJISIE TIIBUIITUTH MPOAYKTUBHICTh, MaCIITAOOBAHICTh Ta aJIAITUBHICTh CUCTEMH J10
3MIH Y CTPYKTYp1 Ta THII1 JaHUX.

Kommnonent cucremu «ba3su mojenei BUKOPUCTOBYETbCS JUisl 30epiraHHs
MoJieNiel TIPUIHSATTS PillleHb, HANPUKJIIAJ, HABUCHUX MOJENEH IUIIXOM 3aCTOCYBaHHS
AITOPUTMIB MalIMHHOTO HaB4aHHA. Jloctynm no «ba3u moneneit» Ta ympaBiiHHS HUMU
3nicHIOEThCS 3a aonomoroo «CKbBM»y (cuctemu kepyBanHs Oazamu mogeneit). Llei
T1TX1/T BOKIJIMBUM JJIS1 YIIPABIIIHHS )KUTTEBUM IIUKJIOM MOJIENICH Ta X BIATBOPIOBAHOCTI.

SAnpom CIITIP € komnoneHT « Moy b po3B’A3aHHs 3a7a4 NPUUHATTS PIILIEHbY, 1110
€ yacTuHOI0 «Moyns MiKpocepBiciBy. BiH mepeTBopioe MiAroTOBICHI 1aHI HA 3HAHHS
IUIIXOM 3aCTOCYBaHHS pO3pOOJIEHUMX METOAIB NPUUHATTS pimeHsb. Lleid Mmomynb

BUKOPHUCTOBYE AaH1, 00podieH1 «MomayneM o6pobku ganux» (siki 30epiratotbes B «bazax



47

naHux»), Ta Mozaent 3 «basu moxened» s BUKOHAHHS aHANITUYHUX 3aBJIaHb.
PesynbTaTu anamizy nepegaroThbcs kopuctyBadeni uepes «lllmo3 API» Ta «IHTepdeiic
KOPHUCTYyBavay.

Jist B3aeMopii 13 «30BHIIIHIM CEPEIOBUIIIEM» CHUCTEMa BUKOPHUCTOBYE «Moyiib
iHTerparii 30BHIMHIX cepBiciBy. Lleit kommoneHT, migkmoueHuid no «lllmo3y API»,
7I03BOJIsIE OTpUMYBaTu AaHi 3 30BHImHIX API, pearyBatu nHa moxii yepe3 Webhooks, a
TaKOXK MOKE HaJICUJIaTH CTHIOBIIICHHS (HAMPUKIIAJI, EIEKTPOHHOIO MOIITOIO).

Sk 3a3navanocs, «Momaynb opkecTpauii» kepye «MoayneMm MIKpocepBicCiBy,
BUKOPUCTOBYIOUM Taki TexHojorii, sik Kubernetes ta Docker. Ile 3a0e3neuye
pOo3ropTaHHs, MaciTabyBaHHs, BIIMOBOCTINKICTh, €(DEKTUBHE BUKOPUCTAHHS PECYpPCIB
Ta THYYKICTb CHCTeMH. [[Js mpocCTIMX BapiaHTIB KOHTPOJb NPale3qaTHOCTI MOXE
3MIICHIOBATHCS HaJAIITYBaHHIMU BeO-cepBepa (Apache, Nginx).

BaxnuBuM KOMIOHEHTOM apxiTektypu BeO-opieHToBaHoi CIIIIP € «Moayinb
Oe3MeKu Ta ayauTy», skl migkaouenuii 1o «l1nrozy APIy». et koMnoHEHT BiAIOBIIA€
3a aBTeHTH}IKAIII0 KOPUCTYBaviB (Hampukiana, yepe3d OAuth2), aBropuzariito J0CTyIry
0 JaHuX Ta (YHKUIA HAa OCHOBI poiell um atpuOyTiB (3 BukopucTanHsM JWT),
mudpyBaHHS JAaHMX T 4Yac Tepeaadi Ta 30epiraHHs, a TaKoXK BEJICHHS JeTalbHHUX
KYpHAJIIB ayUTy BCIX 3HAUYIIMX MNOJIA y cucteMi. «Moaynp Oe3neku Ta ayguTy»
3a0e3reuye KOHTPOJIb JIOCTYIY ISl 3alUTIB, 10 mpoxonasTh depe3 «lllmo3 API», ta
B3a€EMOJII€ 3 IHIIUMU CEpBICAMHU JJIsl 3aMuCy iXHIX J1d, 3a0e3Medyrodd IITICHICTS,
KOH(1JIEHIIMHICTb Ta MiJI3BITHICTh CUCTEMH.

Taka KOMIUJIEKCHA CTPYKTypa JA03BOJISIE CTBOPUTU TIOTYKHY, THYUKY Ta O€3MEUHy
CIIIIP, roTOBY 10 Cy4aCHUX BUKJIUKIB OOPOOKM TaHUX Ta MATPUMKH IPUUHSTTS PIIICHb.

Bukopucranus BeO-TEXHOJIOTIM SIK OCHOBHOI IUIATGOpMH ISl JIOCTYIy Ta
B3aemoii 3 CIIIP 3a6e3neuye [15-18]:

— YHIBEpPCAIBHHUM JTOCTYIT: KOPUCTYBaudi MOKYTh OTPHUMYBATH JIOCTYII IO CHCTEMH

3 Oyb-SIKOTO TIPUCTPOIO, 1110 Ma€ BeO-Opay3ep Ta MiAKIIOUEHHS 10 MEPEexKi;
— 3pyuHuil iHTepdeiic: BebO-iHTepdelicu € IHTYITUBHO 3pO3YMUIMMH Ta

3a0e3MeuyroTh Bi3yali3alilo JaHUX Ta pe3yJIbTaTiB;
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— JIETKICTh PO3rOpPTaHHS Ta OHOBJICHHS: LEHTPANTi30BaHE pO3rOpTaHHA Ta
OHOBJICHHS BeO-104aTKIB CITPOIIY€ aMIHICTPYBaHHS CUCTEMHU;

— MOXJIMBICTB 1HTErpalii: Beb-cepBicu Ta APl no3Bosstots interpysatu CIIIIP 3
THITMMU KOPIIOPATUBHUMU CUCTEMaMHM Ta 30BHIIIHIMH JIPKEPEIAMHU JIAHUX.

Beb6-opienmosani cucmemu niompumxu nputinamms piuleHb MOXYTh OyTH
3aCHOBAaHMMH Ha 3HAHHIX, KOMYHIKaIlisIX, MOJIETSAX, JOKYMEHTaxX, a0 OyTu riOpuIHIMH.
[42-44]. IHTepaKTUBHUIN MiAXiA 0 MIATPUMKH HPUHHSATTS PIlIEeHb € BHU3HAYAJIbHUM 1
IPYHTY€ETbCS Ha TMOJIOXKEHHI, 3T1HO 3 SIKUM Ha KOXHOMY eTami 1poro npouecy CIIITP
noBuHHa HagaBath OIIP peneBaHTHy, JOCTaTHIO Ta HAJNEKHO CTPYKTypOBaHY
iHdopmarrito [3].

Y  [OoCHIKEHHI TNpPOaHali30BaHO MPUKIAIM JIeSIKUX BeO-pecypciB, SKi
3a0e3MeuyoTh MATPUMKY MPOIIECIB MPUUHSTTS pillieHb, 30kpeMa: Decision Lens [45],
Business Performance Management [46], Online Output [47], 123ahp [48], Expert
Choice [49], Super Decisions [50], SpiceLogic [51]. Pe3ynapTaTu mpoBeAEHOTO aHaI3y
HaBeZeHO B AoAaTtky B «Orusig BeO-pecypciB Al HPURHATTS PILLEHBY.

Ha ocHOBI IpoBeI€HOT0 aHal3y 3a3HAY€HUX BEO-pecypcCiB MIATPUMKHU PUNHATTA
piteHs OyJI0 BUAUIEHO X HaWOIIBII MOMUPEH] HETOTIKU:

1. OOMexeHunii 6e3KOITOBHUI (PYHKIIOHA — OLTBUIICTh CUCTEM Y O€3KOIITOBHHUX
BEpCIIX MalOTh 3Ha4HI OOMEKEHHs, 30KpeMa II0J0 KiIbKOCTI YYacCHHUKIB TPyHOBOi
EKCIIePTU3H, 00CSTY JaHUX YU JIOCTYIY J0 JESIKUX IHCTPYMEHTIB;

2. InTyiTUBHO He3po3yMutMii abo 3actapuinid iHTepdeilc — neski miaaThopmu
noTpeOyIOTh BiJl KOPUCTYBAuiB CIEIIaJbHUX 3HAHb JJIS BBEJCHHS NaHUX (HAIPUKIA],
BBEJICHHS YMCENl BpPY4YHY 3amicTh BuOOpy 31 mkamu Caati), IO YCKIAIHIOE iX
BUKOPHUCTAHHS HEJAOCBITYCHUMH KOPUCTYBadaMH;

3. BincytHicth 260 oOMeXeH1 MOXIJIMBOCTI Bi3yali3allii pe3ysibTaTiB — HE BCi
cucTeMH 3a0e3MeuyroTh HAaOUHE TIOJaHHS JaHUX Ta Pe3ysbTaTiB pO3B’s3KYy 3aAadi, 10
YCKJIQJTHIOE 1X THTEPIpETAaIlilo Ta MPEICTABICHHS 3alliKaBJIEHUM CTOPOHAM;

4. HepocraTHs THYYKICTh y HAQJAIITYBAaHHAX MOJEJEH — OKpeMi pIIIeHHsS He
JO3BOJISIIOTH OyAyBaTH CKIIAJIHI OaraTOpiBHEBI iepapxii abo Mepexi, M0 0OMExXye ix

3aCTOCYBaHHS MPHU PO3B’sI3aHHS KOMIUIEKCHUX 3aBJaHb MPUIHATTS PIlICHb.
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5. BigcyTHicth a00 cnaOkuii 3aXWCT JaHUX — 1HOJ1 BUKOPHUCTOBYIOTHCS
HE3aXHUIIEHl TPOTOKOJM TMepeAaBaHHsA JaHUX abo He mnepeadayeHa MPUBATHICTh
TPYIIOBUX €KCIIEPTH3.

6. Bucoka BapTicTh po31IMpeHUX (PYHKIN — y TUIATHUX BEpCisX IiHA MOXe OyTH
3HAYHOIO, 10 POOUTH TaKl CHCTEMH HEAOCTYNHHUMH JJIsl HEBEIMKUX OpTaHi3aliil 4u
1HIMBITyaTbHUX KOPUCTYBAYiB.

7. BigbLIICTh CHUCTEM MIATPUMYIOTH JIMIIE OJWH METOJ MPUUHATTSA PIllIeHb,
30kpema Metona aHamizy iepapxii (MAI). OkpiM TOro, BOHU HE MIATPUMYIOTH PEKUM
PO3B’sA3aHHs 33]]a4l MPUHUHATTA PIIICHb KUTbKOMa METOJIaMU OJTHOYACHO 3 arperyBaHHsIM
OJIep>KaHUX PE3YJIbTATIB.

3aranom, BuOip CIIIIP 3anexutp Bia 1€l il BUKOPUCTAHHSA, pO3MIpY KOMIaHIi,
Oro/KeTy Ta moTped y (yHKIIOHAIBHOCTI. JIJIsI OCBITHIX IUIEH 1 HEBEIMKHX 3aBIaHb
JIOLIIIBHO BUKOPUCTOBYBATH OE€3KOIITOBHI IUIATQOPMHU, TOAI SIK AJIsi KOPIOPATUBHUX
pinieHs ado CKJIaJHUX 0araTOpIBHEBUX 3aBJaHb BapTO OOMpATH KOMEPLIMHI PIIIEHHS 3
PO3UIUPEHUM (PYHKI[IOHATIOM.

3aranbHa cxema ctBopeHHs CIIIIP mosxe 3anexatu Bia: okpemoi OIIP 1/abo rpynu
npusHadeHux OIIP; iHauBigyalbHUX PUC OCOOMCTOCTI KOPUCTYBada;, CTHJIIO HOTO
KEpIBHUIITBA; 33]1a4 NPUUHSTTS pIILIEHb; ClIeHU(IKU KOHKPETHOI TPOOIeMHU.

IIpu ctBopenni CIIIIP HeoOXigHuUM eTanmoMm € 1HImiamis Ii€i po3poOKH, IO
nepeadavyae anpiopHe BHU3HAYECHHS JETadbHUX TEXHIYHUX crenudikamii, o
YCKIIQAHIOETHCA BUCOKUM PIBHEM HEBU3HAUYEHOCTI OO0 KIHIIEBUX MOTPeO KOPUCTyBaya.
Sk Hacmigok, mporec po3poOKku HaOyBae ITEPAaTHMBHOTO XapakTepy, IO Iepeadadae
Oe3nepepBHY afanTali GyHKIIIOHATPHUX MOKIUBOCTEH CUCTEMHU JI0 €BOJTIOIIIOHYOUHNX
BUMOT KOpHucTyBaya. Kiiro4oBOI0 OCOOIMBICTIO TAHOTO MiJAXOAY € aKTUBHE 3aJTy4YEHHS
OIIP y mpormec mpoektyBanHs Ta tectyBanHs CIIIIP. Taka iHTepakThBHa criBIparls
3a0e3nedye eMIIpUYHE BUSBICHHS MPUXOBAHUX MOTPeO Ta creuudiuHuX KOTHITUBHUX
ocoomuBocteir OIIP, crpusitoun MOCTYNOBOMY YTOYHEHHIO TEXHIYHOTO 3aBJIAHHS.
ITeparii po3poOKu TpUBAIOTH IO JOCSATHEHHS KOHCEHCYCy MK po3poOHukom Ta OITP
010 TOBHOI BiANMOBIAHOCTI po3podsienoi CIIIIP 3asBneHuM ¢yHKIIIOHATBHUM

KpUTEPISM.
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s ctBopenHst CIIIIP MoxxyTh OyTH BUKOPUCTaHI Pi3HI MOJIEI dKUTTEBOTO IIUKITY
nporpamHoro 3abesneuenHs (I13), B 3ayie’kHOCTI Bil MOTpeO MPOEKTY, BUMOT JI0
THYYKOCTI, MacIITabOBaHOCTI Ta TepMiHiB peanizanii [52]. Hanpuknan, kackaona mooens
(anrn. Waterfall) [53]; imepayitina mooens (anri. Iterative and incremental development)
[54]; cnipanvna moodens (anrn. Spiral model) [55]; enyuka memooonozcia (anrn. Agile)
[56, 57]; mooenv V-obpasnoco yuxny (anra. V-model) [58]; memooonocias RAD (anrm.
Rapid Application Development) [59].

VYci Bume3azHadeHi Mojzeli MOXyTh OyTH afanToBaHi B 3aJ€XKHOCTI BiJ
KOHKPETHHUX MOTPEO MPOEKTY. SKIIO BAXIIUBUI CTPOTUI KOHTPOJIb HAJl IPOIIECOM 1 HITKE
IUIaHYBaHHS, MOXHA BUOpAaTH KackaJaHy Mojenb abo V-oOpaszHuil 1uki. SKmo x
NOTPIOHO HIBMUIKO BIPOBAHKYBATH 3MiHM, TO OUIbLI miaxoadamuMu OyayTe Agile abo
iTepariiina mojaenb. Cxemy ctBopeHHsi CIIIIP mpeacraBieHo y BIAMOBITHOCTI J10

KaCcKaJIHOI MOJIEJI KUTTEBOTO UKy porpaMHoro 3adesneuenHs (puc. 1.7).

Bu3sHadyeHHs 3aBIaHb Ta IUIER l

| Posropranrs Ta BpoBa/KeHHES

Bu3sHaueHHS HEOOXITHHX JaHHX

¥

36ip Ta aHAII3 TAaHHX

Pesynbprati
TeCTYBaHH
| TO3HTHBHI

BripoBapKeHHA TOCTIHHOTO
OHOBIEHHSA Ta MM ITPHMKH

Hapannsa BXigHHX ZaHIX
v

ITinTpuMka Ta 06CIIyroByBaHHSsI

A

Pozpobka moneneit CITIIP

BrposamxenHsa moaenei CIITIP

Bci mocrasiieHi 3aBIaHHs Ta U JOCATHYTI
Pesyneratn o m A yT

TeCTyBaHHS

HeraTHBHi

[ v

3abe3mMedeHHs TeCTYBAHH 3aBepuIeHHs IIPOIleCy CTBOPEHHSA
¢ Ta BrpoBakenas CIITTP

Pozpobxa iaTEpdeiicy
KOPHCTYBada

TecTyBaHHS Ta OIliHKa
pe3yabpTaTIB TeCTyBaHHS CHCTEMH

Pucynok 1.7 — 3aransna cxema ctBopeHHst CIIIIP [Ha ocHOBI poOiT [22, 53]]

KpiM Toro, kackagHa MOZENb T03BOJISIE IETATHHO JOKYMEHTYBaTH KOXKEH eTall,
3a0e3Meuyloun HaJIe)KHY MEepEeBIPKY Ta TECTYBaHHS CHCTEMH, L0 € KPUTUYHUM JUIS
BHUCOKOI TOYHOCTI 1 HAAIHHOCTI TEXHOJIOT1T IPUUHSTTS PIlLICHb.

Bubip 1miei mozeni Takox CIpHUs€ YITKOMY IMPOTHO3YBAHHIO TEPMiHIB BUKOHAHHS,

10 BXKJTMBO JIJISL TOCSITHEHHSI Oa)KaHUX pe3yJIbTaTiB B YMOBaX OOMEKEHOTO Jacy.
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1.4 IlocTanoBKa 3a1a4i JOCJTIKEeHHSA

3a pe3ynpTaTamMH MPOBEACHOTO OTJISAy Ta aHami3y ICHYIOUHMX CHCTEM Ta
1H(QOpMAIITHUX TEXHOJIOTIA MPUUHSATTS PIIICHb, a TAKOXK 3 ypaxXyBaHHSM aKTyaJbHUX
BHUKJIMKIB, ITOB’SI3aHUX 13 CKJIQJHICTIO, JWHAMIUHICTIO Ta BHCOKHMMH BHMOTaMHU IO
¢(DEeKTUBHOCTI TPUUHATTSA pillleHb B yMOBaX 0araTOKpUTEpIaIbHOCTI, PHU3HUKY,
HEBU3HAYCHOCTI Ta HEYITKOI 1Hpopmarlii, Oyia chopMynboBaHa 3aja4a JUCEPTAIIHHOTO
JOCT1IKEHHSI.

[Tpy mpuHHATTI pillieHb YacTo BUOIP €(EeKTUBHUX ajJbTEPHATHUB 3A1MCHIOETHCS 3a
HasIBHOCTI 0araTb0X KPpUTEPIiB, IKUM BOHH MAIOTh 3a/I0BOJIBHSATH, IIPU LILOMY 111 KpUTEPIl
4acTo Cylnepedarbh OJHE OJHOMY, OKPIM TOTO YMOBHM 30BHIIIHBOTO CEpEIOBHIIA
BIJIHOCSITHCS JIO CUTYAIil KOJIU € PU3HKH, HEBU3HAUEHICTh Ta HEUITKICTh BX1THUX JaHUX.
VY Takux yMoBax TpajMIiiHI MIIXOIM 0 aHali3y Ta BUOOPY albTEpHATUB HE 3aBXKIU
3a0e3Meuy0Th HalleXKHY TOYHICTh, THYUYKICTh 1 aJIalTUBHICTh Y CKJIAJHUX CUTYAIliSX, 110
noTpedye yAOCKOHAJICHHS ICHYIOUMX 1 CTBOPEHHS HOBHX MOJENEH, METOMIB Ta
1H(hOpMAaIITHUX TEXHOJIOT1M NPUUHATTS PILICHb.

[le 06yMOBITI0€ BUPIIIIEHHS BAKIIUBOI Ta aKTYaIbHOI HAYKOBO-NPUKIAOHOI 3a0aUi,
[0 TOJISITa€ B YJOCKOHAJICHI ICHYIOYMX Ta pO3poO0Ill HOBUX MOJEJeH, METOJIB Ta
1H(}opMaIIiHUX 3ac001B, K1 JO3BOJIATH MIABUIIUTH €PEKTUBHICTh MPUNUHATTS PIIlICHb B
yMOBaxX 0araTOKpUTEp1adbHOCTI, PU3UKY, HEBU3HAUYEHOCTI Ta HEUITKOI iHpopMaIii.

Memoro oucepmayitinoi po6omu € MiABUIIEHHS €(EKTUBHOCTI NPUUHSTTS PILLIEHb
3a paxyHOK pO3pOOKH BeO-OpiEHTOBaHO1 1H(OpMAIITHOT TEXHOJOTIT IS PO3B’SA3aHHS
3a/1a4 0araTOKpUTEPIaIbHOrO NPUUHSTTS PIllIEeHb B YMOBaX PU3UKY, HEBU3HAYEHOCTI Ta
HEYITKOI 1H(opMallii IK BIIOMHMH, TaK 1 BIOCKOHAJIEHUMH Ta KOMOTHOBAaHUMH METO/IaMHU.

06 ’ekmom 00cniodHceH s € TIPOIeC OaraTOKPUTEPIATBHOTO MPUUHSTTS PIllICHb B
yMOBaX pU3HKY, HEBU3HAYEHOCTI Ta HEUITKOI 1HPopMallii.

IIpeomemom Oocnioxcennss € Mojeni, METOau Ta iH(OpMAIiiHI 3acodu s
pO3B’sA3aHHs 3aja4y OaraTOKpUTEpialbHOTO MPUHHATTA PIIIEHb B yMOBaxX pPH3HUKY,
HEBU3HAUYCHOCTI Ta HEUITKO1 1H(popMartii.

JIns  JOCATHEHHS II0CTAaBJICHOI METH HEOOXiTHO BHUPIMIMTH TaKl 3A80AHHS

JMCEePTaLIHOTO AOCIIIKEHHS:
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1. IlpoananizyBaTu npeaMeTHy 00J1aCTh HAYKOBOTO JOCIIKEHHS, CYy4YaCHUI CTaH
PO3BUTKY 1H(QOPMAIITHUX TEXHOJOT1M MIATPUMKH MPUUHATTS PIlICHb, ICHYI0UY1 MOJIET1
Ta METOAM OaraTOKpUTEepiaJbHOTO MPUUHATTA pillleHb, IX MEpeBaru Ta OOMEKEHHS,
CHUCTEeMAaTH3yBaTH 1H(OpPMAIlHI CUTyallli NPUUHATTS PIIICeHh y CKJIAJHUX YMOBaX,
30KpeMa B yMOBaX PU3UKY, HEBU3HAYCHOCTI Ta HEUITKOI 1H(OopMallii;

2. Po3poOuTtn KOHIENTYallbHY MOJENb, SKa BigoOpa)xkae B3a€MO3B’S30K MK
OCHOBHMMH THUINIAMHU CKJIQJHUX 1HQOpMALIMHUX CHUTyallld, [0 BUHUKAIOTH MpU
OaraTokpuTepialbHOMY MPUUHATTI PillieHb, 1 HA 11 OCHOBI PO3POOUTH MOJEIH MPOIIECY
MPUIHATTS PIIIEHb B YMOBaxX pU3UKY, HEBU3HAUEHOCTI Ta HEUITKOI 1HpopMaIlii;

3. Po3pobutn koMOiHOBaHI Ta MOAM(IKOBAHI METOIU JUIsl PO3B’sI3aHHA 3a7ad
0araToOKpuTEpiaIbHOTO NPUUHATTSA pIIEHh B YMOBaX pPHU3HMKY, HEBHU3HAYEHOCTI Ta
HEYITKO1 1H(hOopMaIlii, sIKI € PO3BUTKOM BIJJOMUX METO/IIB OaraTOKpuTepiaibHOrO aHaJI3y
aIbTePHATHUB;

4. Po3poOutu BeO-OpieHTOBaHY 1H(GOPMALIIHY TEXHOJ]OTI0 AJi1 PO3B’SI3aHHA
3a/lady  0araTOKpUTEPIaJbHOTO TNPUUHATTA PIllIEHb, IO peaidye sK BiOMI, TakK 1
pO3pO0JIeH]I MOJIEN Ta METOJIM MPUIHATTS PIlIEHb, a TAKOXK 3a0e3Meuye 1HTEPAKTUBHY
poOOTy KOpHCTyBaya 1 J03BOJISIE €PEKTUBHO 3aCTOCOBYBATH PO3pO0ICHY 1HPOpMAILIIHHY
TEXHOJIOT1I0 Ha MPaKTHII;

5. 3aiiicHUTH arpoOalio Ta BOPOBAKEHHS pe3yJIbTaTiB HAYKOBOTO JOCIIIKEHHS,
MEePEBIPUTH Tpale3IaTHICTh PO3pOOJICHOI 1H(MOPMAIIIHHOT TEXHOJIOT1i Ha pealbHUX 1
JEMOHCTPALIMHUX 3aJayax MPUUHATTA pillleHb, NEepeBaXxHO 31 cepu ynpasmiHHS [T-
IPOEKTAMH, MpPOaHaNi3yBaTH OTPUMAaH1 pe3yJbTaTH 3acCTOCYBaHHS 3alpPONOHOBAaHUX
MojieNield, METOIIB Ta 1H(QOPMaIIMHUX 3aCO01B MPHUUHATTS PIllIEHb B YMOBAaX PHU3HKY,
HEBM3HAYEHOCTI Ta HEYITKO1 1H(OpMaIli.

3 ypaxyBaHHSM METH 1 3aBJaHb CTPYKTypa JMJOCTIDKCHHS Oa3yeThCs Ha
BUKOPUCTAaHHI METOAIB 0araroKpuTepialbHOrO aHaji3y, MaTeMaTU4YHOI CTATHCTHKH,
Teopii UMOBIPHOCTEN 1 TEOPIi HEUITKUX MHOXHUH, IHTETPOBAHUX y CHUCTEMY MIITPUMKHU
MPUIHATTS PIIIEHh HA OCHOBI BE0-Op1€EHTOBAHUX 1H(HOPMAITIITHIX TEXHOJIOT1M.

CTpyKTypa HayKOBOI'O JOCIIKEHHS MTPEICTAaBICHa Ha PUCYHKY 1.8.
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TH®OPMAIIHA TEXHOJIOT I /11 PO3B’I3AHHA 3ATAY BATATOKPUTEPIAJILHOT O
MPAITHATTS PINIEHD B YMOBAX PI3HKY, HEBU3HAYEHOCTI TA HEYITKOI IHBOPMAIIIL

) 4
Mertoro qucepranifiHoi po6oTH € IiIBHITeHHA e(peKTHEHOCTI IPHIHATTS PIIeHE 3a PAXyHOK PO3poOKH Bed-
OpileHTOBaHOT 1H()OPMALI HHOI TEXHOIOTT I PO3B’A3aHHS 38/1a4 0araTOKPHTEPIATbHOIO MPHHHATTS PIIIEHD B YMOBAX
PH3HKY, HEBI3HAYEHOCT] Ta HETITKOI 1HGOpPMAIT] K BITOMIMH, TAK 1 BJOCKOHATTEHHMH Ta KOMOIHOBAHHMHE MET O/TAMH

/’\>

H[’JEHMETOM JOCTiTKeHHS € MO,I[eJi, METOIH Ta

O06’€KTOM J0CTITZKeHHSA € IIPOTIec . el p R
_ . = . irchopmariitai 3acobu s po3B’I3aHHEA 337184
GaraTOKpHTeplaTbHOrO IPHEAHATTS PIIIEHE B YMOBAaX _ ) N )
. L. Oarar OKpHTep1aTLHOTO MPHIHATTA pillleHb B YMOBaX
PH2HKY, HEBH3HATEHOCT] Ta HediTKOl iHpopMarti . SR
PH3HKY, HEBH3HAUSHOCT1 T4 HeuiTKol 1H(popMaIii

— e

3agaua qocJdiIKeHHS [TOJLTAE B YIOCKOHAICHI ICHYIOUIX Ta PO3p0o0Iil HOBIUX MOJIeTeil, METOIIB Ta
1HpopMAaIiTHIX 3ac001B, K1 TO3BOIATH MIIBUIMITH e(eKTHBHICTh IPHITHATTA PIIMIEHh B YMOBaX
0araToKpuTepiaTbHOCTI, PH3NKY, HEBH3HAUEHOCT1 Ta HEUITKOI 1HPOpMAITl

e

3apaanns 2. Pozpobure | 3apganua 3. PozpodutH || 3aBganusa 4. Po3poOuTH BeG-0picHTORaHY
3amramns 1 KOHIENTYAIbHY MOJIelk, KOMOIHOBaHI Ta 1H(pOpMaNiitHy TeXHOIOTIIO A PO3B’ A3aHHA
Ananis ’ sIKa BLIOOpakae MO (IKOBaHI MeTOH 3aj1a4 OararOKpUTEPIaJbHOIO MPUHHATTS
e,I[M:BTHO'I' B32€MO3B’ 430K MK IUISL PO3B°SI3aHH 33184 PlIIeHs, 0 peani3ye sK BLIOMI, TaK 1
P s : OCHOBHHMH THIIaMH OaraToKpHTepiaIbHOIO Ppo3podiIeH]i MojIell Ta MeTOIH NIPHIHATTA
obnacri . - .. . . ~ .
navroporo || CITATHIX iH(popMam HHIX IPHIHATTA piIIeHE B PlIIeHb, a TAKOXK 3a0e3IIeuye IHTePAKTHBHY
,I[OCiLI[H(eHHH CHTYAaIl, IO BHHUKAKTE YMOBAaX PH3HKY, POOOTY KOPHCTYBAYA 1 JO3BOIAE e)eKTHBHO
’ IIPH OaraTOKPHTEPIATBHOMY HEBH3HAYEHOCTI T4 38CTOCOBYBATH PO3po0dieHy 1H(popmariitny
MIPHHHATTI PITIIEHE HeuiTkol 1Hdopmartii TEXHOITOTIIO Ha TIPAKTHITI
MeToau nocaigxeHHs
Metoxu
Metomau .. Metonn Metoan ,_l
Metonu pH3HK- Mertomu TatiM- pozpodkH
CHCTeMHOT'0 MaTeMaTHIHOI'O €KCIIepPTHOTO
. MeHEeTKMEHTY MEHETKMEHTY . TIPOTPAMHOT O
aHaNIzy MOJIeTHBAHHA OIIHIOBAHHA -
zabesmeueHHT

HayKOBa HOBH3Ha

v

3apgaHHs 5. Anpo0artis Ta BIPOBAIKeHHA pe3yIbTaTiB HayKOBOIO JOCIIKeHHS

4

Pe3yasTaT HayKOBOTO JoCTiTKeHHA. Moeli, MeToi Ta Bed-opieHTOBaHa 1H(opMarliffHa TeXHOIOT1 111
PO3B’s13aHHA 33124 0AraTOKPHTEPIATRHOIO IPHIHATTA PLIIEHE, IO 3a0€311eTy0Th KOMIUIEKCHY OLIHKY albTEPHATHS 1
ITTBHITYFOTE e(DeKTHBHICTE MPOTIECY TPHHAHATTS PIlleHs B YMOBAX PH3IHKY, HEBH3HAUEHOCTI Ta HeulTKol indopmarti

Pucynok 1.8 — CTpykTypa HayKOBOT'O IOCTIHKEHHS [pO3p00JIEHO aBTOPOM |
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Peanizaniis moctaBiaeHux 3ajiau nepeadadae 3aCTOCYBaHHS KOMIUIEKCY Memoodis
00CiOJHCeH s, a CAME:

1. Meromu cuctemHoro aHamizy mis Qopmamizamii mpeaMeTHoi o6iacTi Ta
MOCTAaHOBKH 3a]1ay;

2. MeToau pu3MK-MEHEIHKMEHTY ISl BpaXyBaHHS YMOB PU3HKY MPHU MPUHHATTI
pIIICHb;

3. Meronu TaliM-MEHEIKMEHTY y KOHTEKCTI €(EKTHBHOTO IUIAHYBaHHA Ta
peasizaliii eTariB po3poOKH MPOrPaMHOTO 3a0€3NCUCHHS;

4. MeTtoau MaTeMaTUYHOTO MOJENIOBaHHS JJs MOOyJOBU KOHLENTYalbHOI
MOJIeJI1 IPUNHSATTS PillICHb;

5. MeTtonu €KCHepTHOro OIIHIOBAHHS ISl BpaxyBaHHsS OILIHOK (paxiBLIB Yy
MpolLeci MPUNUHATTSA PIllICHb;

6. Metoau po3poOKH MPOrpaMHOTo 3a0€3MEeUeHHS 1J1 peaizallii iHpopMaIiiHoi
TEXHOJIOT1i MPUNUHATTSA PILIEHb.

BukoHaHHs 3a3Ha4€HUX 3aBAaHb JTO3BOJIUThH JOCATTH METHU JOCIIPKEHHS IIISIXOM
CTBOPEHHSI MOJeJIel, METOIB Ta Be0O-OpIEHTOBAHOI I1HMOPMALIMHOI TEXHOJOTIT IS
pO3B’si3aHHS 3a7a4 OaraTOKpUTEPIaJbHOTO MPUUHSATTS PIlIeHb, 10 3a0e3MeuyoTh
KOMIIJIEKCHY OLIIHKY aJbT€PHATUB 1 MIJBUILYIOTh €()EKTUBHICTh MPOLECY NPUUHATTS

pillleHb B yMOBaX PU3MKY, HEBU3HAYEHOCTI Ta HEWITKOT 1H(pOopMarlii.

1.5 BucHoBkH 10 po3ainy 1

VY Mexax mepIioro po3aury pO3TISHYTO TEOPETHYHI BIJOMOCTI IIOJI0 CHUCTEM
NIATPUMKNA TPUKAHATTS pIllIeHb, 1HGOPMALINHUX TEXHOJOTIA MIATPUMKH TPUUHATTS
pilieHb Ta ix npu3HayeHHs. HaBeneHo MocTaHOBKY 3a/iayul MPUIHATTS pillIeHb Ta 3a/1a4l
0araToKpuUTEPiAIbBHOTO TMPUNHATTSA pIllleHb. PO3IVISHYTO OCHOBHI €Tamu TPUAHSATTS
pllIEHb, HAJIAHO 3arajibHy CXeMy NPUUHSTTS PILLIEHb.

Posrnsnyto pi3Hi Buam iHGopMamiitHUX cuctem, o pomomararTs OIIP
npuiimMaTu OOTpyHTOBaHI Ta €QEeKTHBHI pINIEHHS, 30KpeMa: CHUCTEMH HIATPUMKHU
npuitHATTSA pitens (DSS); cuctemu niaTpuMku rpynoBoro npuHATTS pimeHb (GDSS);

IHTEJIEKTyaJIbHI ~ CHUCTeMH MIATpUMKH TpuitHATTS  pimenb (IDSS); cucremu
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aBTOMATH30BaHOTO0 MPUUHATTA pimieHb (ADMS); iHdopMaliifHi CUCTeMH YNpaBIiHHS
(MIS); excniepti cucremu (ES).

Hagano xnacudikarito CHUCTEM MIATPUMKH NPUHHATTS pIIICHb 32 PI3HUMHU
O3HAaKaMH, 30Kpema: 3a CTyleHEeM aBTOMAaTHu3allii; 3a pIBHEM YIPaBIiHHS;, 3a
TEXHOJIOTIYHOIO OCHOBOIO; 32 METOJaMU 0OpoOKH iH(popMaIlii; Ha piBHI KOPUCTyBaya; Ha
TEXHIYHOMY pIiBHI; Ha KOHIIENITYaJlbHOMY pIBHI; 3a HAsBHICTIO I1HTEIEKTYyaJbHOTO
KOMITOHEHTA.

Takox y Mexax po3auty HaBeneHo kiacuuny ctpyktypy CIIIIP ta ctpykTypy BeO-
opiertoBanoi CIIIIP 3 11 MOXIMBUMH KOMIIOHEHTAMHU, BUA1JICHO HEJIOMIKU [IUX CTPYKTYP.
3anponoHOBaHO Cy4YacHY CTPYKTYPY BE0O-OpI€EHTOBAHOI CUCTEMU MIATPUMKH TPUHUHATTS
pillieHb, HABEJIEHO OMMUC 1i KOMIIOHEHTIB Ta OCOOJIMBOCTI iX B3a€MOJII1 /sl 3a0€3MeUeHHs
IHTEPaKTUBHOI MIATPUMKH TIpollecy NpUUHATTS pimeHb. CydacHa CTpyKTypa BeO-
OpPIEHTOBAHOI CUCTEMHU MIATPUMKU MPUUHATTA pilleHb 3a0e3nedye MaclmTaOyBaHHS,
BIJIMOBOCTIMKICTh, €)EKTHUBHE BUKOPUCTAHHS PECYPCIB Ta THYUYKICTh CHCTEMH.

PosrnsinyTo 3arampHy CXeMy Ta MOJeNl  CTBOPEHHA BeO-OpI€HTOBaHUX
1H(OpMAIIHHUX TEXHOJOTIH MIATPUMKU NPUUHATTS pilieHb. Bu3HaueHo eranu
ctBopennst Ta BrpoBampkeHHs CIIIIP. IlpoBegeHo ormsn neskux ICHYHOYHMX BeO-
OpIEHTOBAHUX PECYPCIB MIATPUMKHU NPUUHATTSA PilIEHb, 3A1MCHEHO aHaji3 iX mepesar Ta
HEJIOJTIKIB.

BukoHaHO mocTaHOBKY 3aj1a4i TOCIIKEHHS Ta pO3POOJICHO CTPYKTYPY HAyKOBOTO
JOCITIKEHHS, 1[0 BKJIIOYA€E B ceOe METy JOCIIKEHHs, 00’ €KT TOCTIHKEHHS, MPeaIMeT
JTOCITIDKCHHSI, HAyKOBY 3ajady, 3aBAaHHSA JOCIHIDKCHHS, KOMIUIEKC METO/IIB
JOCITIJIKEHHSI, OUIKYBaHUH pe3yJIbTaT JOCIHKSHHS.
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PO3/LI 2
THO®OPMALINHI CUTYAIII IPUMHATTS PIIEHb B YMOBAX PU3UKY,
HEBU3HAUYEHOCTI TA HEYITKOI IH®OOPMA LTI

2.1 Indopmaniiini cutyauii NPUAHATTS pilIeHb

PosrisiHeMo 3aranbHy CHUTyaIll0 OPUUHSTTS pilleHb, KOJU SKICTh PIIICHHS
3aJIeKUTh BiJl 30BHIMIHIX (hakTopiB, Ha siki OIIP (abo opran yrpaBiiHHs) HE BIUIMBAE.

Bbyaemo Takox BBaXkaTH, IO Ii TapaMeTpH i 30ypeHHs HE3MIHHI B 4aci, TOOTO
Mozenb € cratuuHoro. Y po6oti Yc C.A., Kopsmkinoi JI.C. [1] mpoBeneHo aHami3
O0COOJMBOCTEM Takoi MOJIEINi, BU3HAYEHO 1i CTPYKTYpy Ta KJIIOUOBI €Talu Mpolecy
NPUIHATTS PIlIEHb, 0 BPAXOBYIOThH BIIUB HEBU3HAYEHUX (DAKTOPIB.

Cumyayiero nputinamms piuieHs Ha3UBAIOTh TPIMKY MHOXUH [1]:

S={D, 6,F}, (2.1)
(S
D = {P1, P2) ) P} - (2.2)
MHO>KMHa MOKJIMBUX PIlIEHb (aIbTEPHATUB) OPraHy YIpaBJIiHHSI;
6 = {61, 92""'9771}_ (2.3)
MHOXMHa MOKJIMBUX CTaHIB cepeaoBuina E;
F=ij}j=tm j=tm — 24

OIIIHHUI (YHKITIOHA.
Y posropHyTiii ¢gopmi cuTyalis NOpuUAHATTS pimedns S Buay (2.1)-(2.4)

XapaKTepU3y€eThCS MATPULICIO:

61 92 . 6] . gm
01 | fi1 | fiz fl]' e | fim
Oz | f21 | foz | - f2]’ v | fom

(2.5)

i | fn | fiz fi}' v | fim

On | fr1 | frz fnj v | fam
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3 omiHHUM (QyHKIIOHaTOM F Buay (2.4) TicHO TOB’s3aHI Taki MOHATTA SIK
eghexmusHicmo, KopuchHicms, eémpamu, pusux Ta 1H. Ilpu oMy BuOIp Ti€l 4K 1HIIOI
dbopmu (yHKITIOHANA 3aJCKUTh BiJA KOHKPETHOI 3amadl yHpaBiaiHHSA. 3a3BUYai
BUKOPHUCTOBYIOTH JIBl Or0 (hOpMH: Ty, IO BU3HAYAE KOPUCHICTH, 00 Ty, 1110 BU3HAYAE
BTpaTH.

SIkmo ouinHuK GyHKIIOHAN F Bu3Ha4yae e(heKTUBHICTh, KOPUCHICTh, MPUOYTOK 1
T.l., TOOTO OpraH ympaBJiHHS, NPUIMalOYu PIIICHHS, BUXOIUTh 3 HEOOXIIHOCTI
JOCSITHEHHSI HOTO MaKCUMYyMY, TO TOBOPSATH, 110 BiH Ma€ dodamuuil inepedicum [1]. Y
[bOMY BUMNAJIKYy OIIHHUNA (PYHKITIOHAJ TO3HAYAIOTh Yy Takui crocio [1]:

F=F* ={fi}i-1m, j=tm- (2.6)

Konu opran ynpaBiiiHHS BUXOJUTH 13 OTPEOU AOCATHEHHS MIHIMYyMY OLIIHHOT'O
dbyHkioHana (ToOTO BiH BioOpaskae BTpaTH, PU3HK), TO II€ O3HAYa€, IO BIH Mae
810 emHuul iHepedicum. Y 1IbOMY BHINAJKY OLIHHMMA (DyHKIIOHAT MO3HAYalOTh Y TAKUU
crioci6 [1]:

F=F"={fj}i=tn j=tm- (2.7)

Buxoasum 13 3a3HaueHHX MPUIYIICHb, MPOIEC NMPUUHATTSA PINICHb B YMOBAX
HesUusHayeHocmi MOXe OyTH ONMCaHUHN TaKOr cxemoro [1]:

1. ®opmyBaHHS MHOKUHU MOKJIMBHUX PIIICHD (QTTEPHATUB) OpTraHy yIpaBIiHHS:

o = {<P1, P2, '"r(pn}:
OJIHE 3 SIKMX HEOOXIJHO BHOpATH B 3aJIe)KHOCTI BiJl CTaHy cepeloBHia E 3 MHOXKUHU
CTaHIB:

0 ={04 0,,..,0,};

2. Bu3zHaueHHs Ta 3a1aHHSI OCHOBHHX IMOKa3HUKIB €)EKTUBHOCTI i KOPUCHOCTI, SIK1
BXOJISITH JI0 PO3PaXyYHKY OLIHHOTO (hyHKIIIOHAJA:

F = {fij}i-=tm j=tm,

ne Bemwdunu fi; = f(@;,0;), i =1,n, j =1,m, XapakrepusyroTh «BUIpai» ado

«mporpanny OopraHy YIpaBlIiHHA Tpu BUOOpI HUM pileHHS ¢@;, [ = 1,n, sKIo

cepenosuie E Oyzae nepedyBatu (abo nepedyBae) B ctani 0;, j = 1, m;
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3. Bu3HaueHHss opraHoM yIpaBiiHHS 1H(GOPMAIIHHOI CHUTYyallli, sKa OIHUCYE
CTpAaTeriio MOBEAIHKU cepeoBuiia E, 110 OMUCYEThCSI MHOKMHOIO B3a€EMOBUKITIOUHUX
cTaHiB 0, 1 Moxe TiepeOyBaTH B OJHOMY 3 HUX, OJTHAK Ha MOMEHT MIPUNHATTS PIlICHHS
OopraHy yIIpaBJIiHHS Hegi0oMO, Yy SIKOMY caMe CTaHl BOHO IepeOyBae (abo Oyne
nepedyBatn);

4. Bubip kputepito (METOy ) MPUUHSATTS PIIICHb 13 MHOKUHHA KPUTEPIiB (METOIB),
K1 XapaKTepU3yIOTh BU3HAUYCHY OPTaHOM YIIpaBIIiHHS 1H(QOpMaIIiiiHy CUTYyaIlio;

5. [IpuifHATTA pilIeHHs 32 0OpaHUM KpUTepieM (METOIOM).

Ingpopmayitinoro cumyayiero npuiinamms piuiens HA3UBAIOTh CTYIIHb Tpajarii
HEBU3HAUYCHOCT1 y BUOOP1 cepeioBuIlieM E CBOIX CTaHIB 13 3aJ]JaHOT MHOKUHU @ B MOMEHT
NPUIHATTS PILLICHHS] OPraHOM yHpaBiiHHS [1].

Ha ocnoBi pobGotu [1] moOymoBaHO TaOJuWIIO, IO CHUCTEMATH3yE OCHOBHI
1H(pOopMaIliiiHI CUTYyallil, SIKI BAHUKAIOTh I11]1 Yac NPUUHATTS pimeHsb (Tadm. 2.1).

Tabmuusg 2.1 — [HpopMariitHi cutyallii IpURHATTSA pillieHb [po3po0sieHo Ha ocHOBI [1]]

HasBa cutyanii Omnuc curyarii
[, | [lpuitHaTTH pillieHb B yMOBax 3aaHo po3MOIi anpioOpHUX WMOBIPHOCTEH Ha
pU3UKY eJIeMEHTaxX MHOXKMHU cTaHiB O cepenoBumia E

I, | IlpuiiHATTS pillleHb 3 HEBLAOMUMHU | 3a/1aHO PO3MO/ILI HIMOBIPHOCTEH, ajle mapaMeTpu

napameTpaMu KMOBIpHOCTEM HEB1JI0M1

I3 | IIpuiHATTS pilieHsb 3 JiHITHUMHI 3a1aHo JIiHIHHI BIIHOIIEHHS MOPSAAKIB MK
BIJIHOIIECHHSIMU TIOPSIAKIB HA €JIEMEHTaMH alpiopHOTO PO3MOJILUTY CTaHIB
KOMIIOHEHTax pO3MOJILIY cepenopuia E

I, | IlpuiiHATTS pillIeHb B YMOBaxX Posmnoain iiMoBipHOCTEH HA MHOXKUHI CTaHIB 6
HEBU3HAYEHOCTI cepenoBuia E HEBIOMUI

Is | IlpuiiHATTS pillIeHb B YMOBaX HasiBHICTh aHTaroHiCTUYHUX 1HTEpECIB cepeaoBuia £
KOHQIIKTY B IIPOLIEC] TPUNHHATTS pilICHHS

I | IlpuiinaTTs pimieHs Mk ymoBaMu | [IpoMi>KHUIN BUIIQIOK MIXK CUTYaLI€EI0 PU3HKY Ta

PHU3UKY Ta YMOBAaMHU KOH(DIIKTY KOH(QIIIKTY

I; | IlpuiiHATTS pillIeHb B YMOBaxX IcHyBaHHS HE4iITKOT MHOXKMHHU CTaHIB cepefoBuiia E

HeuiTkoi 1H(opmarii
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Anani3 mpkepen [1-6] mae MOXKIMBICTH ONMHMCATH OCOOJUBOCTI 1HGOpPMAIIHHUX
CUTyaIlll PUAHATTS pilieHs [ - 1.

Pazom 3 TuMm, y aucepTamiiHOMy JOCHIIKEHHI 3a1adl TPUAHSTTS PillleHb
aHaJI3yIOThCA B i1H(MoOpMamiiiHux cutyamisx I;, I, ta [,. Bubip came 1mux TphoxX
1HbOpMaIIHHUX CUTYaIliil 00YMOBJICHHIA MPArHEHHSIM OXOMHUTH Pi3HI PiBHI JOCTYMHOCTI
Ta TOYHOCTI iH(opMaIrii, mo 3abe3nedye KOMIUIGKCHUHN MIIXia 0 aHaji3y MpoIeciB
MPUIHATTS PIllIEHb Y MEXaX JAHOTO JTOCTIIKEHHS.

Tomy cniouaTky po3risiHeMo iHbopMaliiHi cutyauii 14, I, Ta I, 1110 00yMOBIEHO
iX BIAMOBIAHICTIO TIOCTABJICHUM Y AUCEPTAIlli 3aBIaHHSIM.

[ndbopmaniitna cutyartis I; (npuiinamms piuiens 8 ymogax pusuxy) € 6a30BOI0 IS
0aratbOX 3a/lau yHpaBiIiHHSA, EKOHOMIKUA Ta TEXHIYHUX CHCTEM, OCKIJIbKH mependayae
HAsIBHICTH JIOCTOBIPHOI anpiopHoi iHpopMallii mpo WMOBIPHOCTI BUHUKHEHHS] MOYKIUBUX
ctaHiB @ cepenouma E. Taka cuTyalis BUHUKAE y BUINAJKaX, KOJU ICHYIOTb
CTaTUCTHYHI J1aHi a00 0OTpyHTOBAaH1 €KCIEPTHI OLIIHKHU I[0JI0 YaCTOTH HACTAHHS PI13HUX
noai. [IpuiiHATTS pillleHb B YMOBAaX PU3MKY JI03BOJISIE BPAXOBYBAaTH MMOBIPHICHUI
XapakTep HACHIJIKIB aJIbTEPHATUBHUX PIIICHb, 110 A€ 3MOTY 3aCTOCOBYBATH METOIMN
0araToOKpUTEPIAIbBHOTO TPHUUHATTS pillleHb, METOAU OIIHIOBaHHS €(QEKTUBHOCTI
BapIaHTIB, a TaKOX IHCTPYMEHTH Teopii onTuMizaiii. JloCHiPKeHHs] TakKoi cuTyarlii
CIpsiMOBaHE Ha BHUOIp aJbTepHATHUBH, sKa 3a0e3reuye HaWKpauui pesyibTaT 3
ypaxyBaHHSAM B1JIOMUX PU3UKIB, MiHIMI3YIOUH OTEHIIIITHI BTpaTh Ta/ab0 MaKCUMI3yI0UU
OUIKYBaHHUI NpUOYTOK 3a HAIBHUX OOMEKEHb.

3ayBaXUMO, [0 CUTYAIlll0 MPUUAHATTA PIlllEHb B YMOBaxX PHU3UKY, MO aHAJOTIi 3
(2.1)-(2.5), popMasibHO MOKHA MPEICTABUTH TaK:

S={d, 6,P,F}, (2.8)
ne ® = {pq, Py, ..., P} — MHOKWHA MOXJIMBHX PIillleHb (AJHTCPHATUB) OpPTaHy
YOpPaBIIHHS;
0 ={6,,0,, ...,0,,} — MHO)XWHA MOXJIMBHX CTaHIB cepeaoBuia E;

P = {P1; b2, '"rpn} - (29)

WMOBIPHOCTI BUHUKHEHHS MOKJIUBUX CTaHIB @ cepenoBuia E, mpu ibomy

p; =p(0;) -
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HMOBIPHICTh HACTaHHS CTaHy 9]- cepenoBumia E, j = 1,n, sKi 33J0BOJILHSIOTH
YMOBY:
p;€[0;1], ¥lipj=1 (2.10)
F ={fij}i=Tm, j=Tm — OUIHHU} QYyHKIIOHAIL.
Y  posropHyTii Qopmi cuTyamis TOpUHHATTA pimeHs S Buay  (2.8)
XapaKTEPHU3y€EThCS MaTPHUIICIO:

Pl o |D2| | Pj]| | Pm
01 | fi1 | fiz flj o | fim
Q2 | f21 | foz | - ij v | fom

2.11)

@i | fa | fia | | Jii | | fim

On | fo1 | fuz | fnj v | fam

[ndopmaniitna cutyauist I, (nputinamms piuieHb 8 YyM0O8AX HEBUSHAYEHOCMI) €

XapaKTEPHOIO JJIs TUX BUIIAJKIB, KOJM anpiOpHi HMOBIPHOCTI BUHUKHEHHS MOXKJIUBUX
ctaHiB @ cepenopuiia C HeB1AOMI a00 iX HEMOXJIMBO OI[IHUTH Yepe3 OOMEKEHICTh abo
BiJICYyTHICTH 1H(popMartii. s cutyamis BigoOpaxkae peanmii 0araTb0X yMHpaBIIIHCHKUX,
€KOHOMIYHHX 1 COIIAJIbHUX 3aJ1ay, Jie PIlICHHs MOTPiOHO MpUMATH 32 YMOB HEMOBHOI
1H(popmarrii. JlocniaKeHHs Takoi CUTYyallil 103BOJIS€ PO3POOIISTH MIAXO0IM, OPIEHTOBAHI
Ha MIHIMI3aIll}0 PU3HKIB Ta MOMJIMBUX BTPAT MPH BIJICYTHOCTI CTATUCTUYHUX JaHUX.

@opManbHO CUTYyalls NMPUUHATTS PIIIEHb B yMOBaX HEBU3HAYEHOCTI MOXe OyTH
npejcTaBiieHa ciBBiAHOMEeHHIM (2.1)-(2.7).

[adopmariitna cutyartist I, (nputinamms piuieHb 8 yM0O8ax Heyimkoi iHghopmayii)
BIJINOBIJIA€ CyYaCHUM BUKIIMKaM, TMOB’SI3aHUM 3 BUKOPHUCTAHHSAM SIKICHOT 200 HEMOBHOI
1H(opMarIii, o He MiAAAETHC TOUHIN KUTBKICHIHM OmiHIN. Y 6aratbox cdepax AisIbHOCTI
JlaH1 ONUCYIOThCS Cy0’€KTUBHUMU OLIHKAMU €KCIIEPTIB, JIHTBICTHYHUMH TepMaMH abo

HEUITKUMU TIOHATTSIMU. BHUKOpUCTaHHS MoJeNleld HEeUITKOi JIOTIKM  JIO3BOJISE



66

dbopmanizyBaTH Ta BpaxyBaTH TakKy I1H(pOpMaIlil0, MiABUILYIOUM aJalTHUBHICTh Ta
e(hEeKTUBHICTb NMPUUHATUX PIIICHD.

Curtyartiro NpUHHATTA pillleHb B yMOBaxX HEUITKOI iH(opmaiii opMaIbHO TaKOXK
MOXHa TPEJICTaBUTH cIiBBiAHOMEHHIMU (2.1)-(2.7), ne B ouiHHOMY dyHKIIoHam F

Buny (2.4) semmumnu fi; = f(@;,0;) € newimxumu oyinkamu, IO XapaKTEPU3YIOTh

«BHUTpAIDy a00 «IIpoTrpall» OpraHy yhpaBliHHS Npu BUOOPI HUM pilieHHS @;, [ = 1,n,
AKIO cepenopulie Oyne nepebysaTu (abo nepedysac) B cTani 6, j = 1, m, npeacTapieHi
B OJIHIM 3 BigoMuX (OpPM HEYITKMX BEJIUYWH, 30KpEeMa y BHIJIAAI TPUKYTHUX, YU
TparneuieBUIHUX HEYITKUX YUCell, a00 JIIHTBICTUYHUX OI[IHOK:

fi = wj=u(pu6),.i=1n j=1m (2.12)

KopoTtko npoananizyemo oco0auMBOCTI iHpOpMaALIHUX cutTyaliu I, I3, Is Ta Ig.

[ndopmaniitna curtyauist I, (nputinamms piwieHb 3 He8IOOMUMU NApamempamu
umosgipHocmetl) Tiependadae HasBHICTb CTATUCTUYHUX JaHUX ab0 MOXKIMBICTh
OLIIHIOBAHHSI IMOBIPHOCTEW 4Yepe3 MpOLEeAypH CTATUCTUYHOI 11eHTU]iKamii. Y paMkax
JTAHOTO JOCJIDKCHHS aKIEHT pPOOMThCSA Ha BHUIIaJKaX, KOJW Taka iHQopmaris ado
BIJICYTHsI, 800 Ma€ HEUITKUH, JTIHIBICTUUHUM XapaKTep.

[ndopmaniitna curyauiss I; (npuunamms piwienv 3 JIHIUHUMU BIOHOULEHHAMU
NOpsOKI8 HA KOMNOHEHMAx po3nodiny) OpIEHTOBAHA Ha 3ajadyi, J¢ ICHYIOTh YiTKi
NOPIBHSAHHSA a00 paH)KyBaHHS M1 MOXJIMBUMHU CTaHAMH, aj€ BIJICYTHI YHUCIOBI OLIHKU
HMOBIPHOCTEH.

[adopmariitna cutyanis Is (OpUMHSTTS pilIeHb B yMOBaX KOHQJIIKTY) OMHCYE
CUTyaIlll0 aHTArOHICTUYHOI B3a€EMOJi1, XapaKTepHy MJisi irop 3 HYJbOBOIO CYMOIO Ta
KOH(DJIIKTHUX CTpaTETIYHUX B3a€EMOJIIN.

[ndopmaniitna cutyauis Iy (npuiinamms piwenb MidC yMO8aMU PU3UKy ma
YyMo8aMU KOH@IIKmMY) pO3rIsiiac MPOMDKHUN BHUMAIOK, KOJU CEPEIOBHUIIE YACTKOBO
pearye Ha Jaii ocoOu, 1o TmpuitMae pimeHHs. Takui Miaxig akTyalbHHA y 3aJadax
CTPATETiYHOTO TUTAHYBAaHHS 3 AKTHBHUM CEPEIOBHINEM, IMPOTE BUXOIUTH 3a MEXI
JIOCITIJIPKEHHSI, OPIEHTOBAHOTO HA IMACUBHE CEPEOBUIIE 3 HEUITKUMU Y1 HEBU3HAUYCHUMU

JaHNUMHU.
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Y po6oTi He pO3TIANalThCS MO 1 METOAW TMPUUHSATTS pIlIeHb B
iHopMariitHux cutyaiisix I,, Iz, Is Ta Iy, OCKUIBKM BOHM BUXOJSTh 32 MEXI1 3aB/IaHb,
MOCTABJICHUX y TUCEPTAIIHHOMY JTOCIIIKECHHI.

Otxe, BUOIp 1HPOPMAIIHHUX CUTYyaIlld MPUAHSITTS PIIICHb B YMOBaxX PU3UKY [,
HEBU3HAa4YEHOCTI [, Ta HewiTkoi iHdopmamii I; 0OyMOBIEHUI MpParHEHHAM IOCTIAUTU
MPUHAHATTS PIIICHb 34 PI3HUX PIBHIB JIOCTYITHOCTI Ta 4ITKOCTI iH(pOpMaliii 6e3 aKkIeHTy

Ha MPOTHUII0 UM CTPATEridyHy B3aEMO/IIIO 13 CEPEIOBUIIICM.

2.2 3arajibHa OCTAHOBKA 3aa4i 0araToOKpUTEPiaibLHOTO NPUIAHATTSA PilieHb

B YMOBAaX PH3HMKY, HEBU3HAYEHOCTI Ta HEUITKOI iH(opmamii

AKTyanpHICTh 3a7a4 OaraTOKpUTEpIabHOTO NMpUUHATTA pimeHb (Multi-Criteria
Decision Making, MCDM) nonsirae B TOMy, IO B PEaJbHUX yMOBaxX YIpaBJIiHHS,
IUIaHYBaHHS Ta aHalli3y 4YacTo JOBOJMUTHCS BPAXOBYBATH MHOXHHY CYHEPEUITUBUX
KpUTEPIiB, SIKI BIUIMBAIOTh Ha BHOIp Hailkpamioro pimeHHs. Lle 0oco0aMBO BaKJIMBO B
yMOBaX HEBH3HAYEHOCTI, KOJU HEOOXIJHO 3HAXOJAUTH KOMIIPOMIC MIXK pI3SHUMH
MOKa3HUKaMU €(DEKTUBHOCTI, TAKUMU SIK BUTPATHU, SKICTh, PUBUKHU Ta CTIMKICTh CUCTEMHU.
Metoau G6aratokpuTepiaibHOTO aHaji3y JO3BOJIAIOTH HE JuIle (GopMaiizyBaTu MpoIiiec
BUOOpY, aje ¥ 3a0e3neuyroTh OOIPYHTOBAHICTH PINICHb, MIABUIIYIOUH iXHIO
€(EeKTUBHICTh 1 00’ €KTUBHICTb. 3aCTOCYBaHHS Cy4aCHUX METOJIB Ta 1H(GOpMaIlitHUX
TEXHOJIOT1H y OararokpuTepialbHOMY MPUIHSATI PIIEHb CIPUSE aBTOMATH3AIIT TTPOLIECY
YXBAJICHHS PIIIIEHb, IO € KJIIOYOBUM YMHHUKOM y CKJIQJIHUX 1 JMHAMIYHUX CHCTEMax.

[IutaHHAM OaraToOKpUTEPiaIbHOIO MPUUHSTTS PillIEHb TPUCBSYEH1 HAYKOBI Mpalil
BITUM3HSIHUX HAyKOBIIB Takux, sk CutHuk B. @. [2], Bonomma O. ®., Mamenko C. O.
[3], bimgrok I1. 1., KopmieButok JI. O. [4, 5], T'oxwuit O. I1. [5], Cuutiok B. €., I'natienko
I'. M. [6], Kireas B. P. [7], Yc C. A., Kopsmkina JI. C. [1], Jemunenxo M. A [8].

3amaua 6araTOKpUTEPIAIbHOTO TMPUUHATTS PIllIeHb TOJIATAE B OIIHIN Ta BHOOpI
HalKpaIoi albTepHATUBH 3 MHOKHHHA MOXKJTUBUX BapiaHTIB

A=1{A,A,, .., Ay}, (2.13)

BPaxOBYIOUHM MHOXXUHY KPHUTEPIiB
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C ={C;,Cy, ...,Cyl, (2.14)
110 XapaKTepPHU3YIOTh I1i albTepPHATHUBH.
Jlesiki kputepii MOXKYTh OYyTH KpUTEPisIMH BUTOAU (UMM OibIlIe 3HAYECHHS, TUM
Kpallle), TO3HAYMMO MHOXKHHY IIUX KPUTEPIiB K
Conax = {C1,C5, ..., Cp}, (2.15)
ne P — ximbKicTh KpuTepiiB Buroau (Makcumizariiii) (0 < P < M), a iHmm kputepii
€ KpUTepisIMH BTpaT (UMM MEHIIE 3HAYEHHS, TUM Kpalle), NO3HAYMMO MHOXXUHY ITMX
KPUTEPIIB SIK
Cmin = {Cp+1, Cp+2, -, Cu}s (2.16)

IpU IIbOMY KUIBKICTh KPUTEPIiB BTpaT (MiHIMI3aIl1) HopiBHIOE M — P.

OxkpiM TOro, Ko>xeH Kputepiit C; Mae cBoro 6azy wj, j = 1, M, nipu upomy
w; € [0;1], ?/I:le = 1. (2.17)
EdextuBricts KoxkHOi amprepHatiBi A; (i = 1,N) OLIHIOETBCS BiTHOCHO
KO)KHOTO KPUTEPIIO G (= 1,_M) 3a JOMOMOTOI 3HAYECHHS BIAMOBIIHOI (YHKIT
KOPHUCHOCTI fj(Ai, W}, X; j), ne x;j € X; — OliHKa 3HAYECHHSA KPUTEPitO C; 110 BiTHOLIEHHIO
no anpTepHathBU A; (I = 1,N) 3 ypaxyBaHHSM Baru w; (j = 1,_M); Xj — nomyctuma
MHOKMHA 3HA9€Hb OL[IHOK KOKHOI aJIbTEPHATUBHU A; U KOXKHOTO KPUTEPIIO Cj B IIEBHUX

OJIMHULAX BuMiproBaHHs. Toni popmansHo 3anauy MCDM MoxHa 3anucatu Tak:

max f; (Ai,wj,xij), j=1P,

Aied o (2.18)
mlnf)' (Ain»xij)»] =P+ 1,M

A€EA

Po3B’s3kom 3amaui (2.18) € anpTepHatuBa A* € A, ska 3aJJ0BOJIbHSIE YMOBY:
arg max f; (A;, w;,x;;),  j=1P,
A = Aed - (2.19)
arg min f; (Ai,wj,xij),j =P+ 1 M.
A;EA

AnprepHatuBy A* Buay (2.19) MoxHA BBaXKaTH 17€aIbHUM PIIIEHHAM 3a/1adi

(2.18), sike Ha MPaKTHULIl MOYXHA 3HAUTH JIUILIE HAOIMKEHO.
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[Tokaxxemo, 1110 3a/1a4l NPUUHAITTS PillieHb B IHPOpMAIIHHUX cuTyauisx 1y, I,, I; 3
dbopMalibHOI  TOYKM 30py € UYAaCTMHHMMHM  BHUIAQJKaMH  3arajbHOi  3ajadi
0araToKpUTEpiaIbHOTO MPUNUHATTS PILICHb.

1. Bynemo BBaxkaTu, IO MHOXHHI anbTepHaTuB A Buay (2.13) Biamosigae
MHOKMHA MOXIJIUBUX pillieHb (aJibTepHATUB) oprany ympasminHsg @ Buny (2.2), mpu
upbomy N = n.

2. JIna indopmariiiiHoi cutyanii OpUHHATTS pillleHb B yMOBaX pU3HKY ([;), 110
OMHCYEThCS criBBiAHOMEHHAMH (2.5), (2.6), MHOXuHY KputepiiB C (2.14) MoxHa
IHTEPIPETYBATU SIK MHOXHUHY MOXJIMBUX CIIEHAPIiB, 800 MHOXHUHY BapiaHTIB MOKIIUBUX
cta”iB @ (2.3) cepenoBuia E, 1m0 3anexarb Bl 30BHIIIHIX YMOB, TOOTO (pOopMaIbHO
MO>KHA BBaXkatH, mo C = @1 M = m.

OCKIJIbKM KOKEH BapiaHT 30BHINIHIX yMOB 6; Ma€ HMOBIPHICTb BHHMKHEHHS
PU3MKY pj, WO 3aJ0BOJbHAE (2.10), TO B MO3HAYEHHAX 3arajbHOI MOCTAHOBKU 3aj1advi

(2.13)-(2.19) 3 ypaxyBanusm (2.17) Oynemo BBakatu, 110

w; =pj,j=1M. (2.20)
3. s iudopmariiiinoi cuTyaiii TpUHHATTS PIIEHh B yMOBaX HEBU3HAYEHOCTI
(1), mo onucyeThes cniBBigHOMEHHSIMHE (2.1)-(2.7), Takok (popmManbHO MOKHA BBAXKATH,
moC =61 M =m.
Jns  inpopmaniiinoi cutyanii I, MoXHa BBaKaTH, 1O Bark w; B (2.17)
3aJOBOJILHSIIOTH YMOBY:
w;=1/M,j =1,M, (2.21)
TOOTO BCI KpuTepii C; MaroTh OJHAKOBY Bary, BIANOBIIHO BCi CTAHU CEPEIOBMIIA
6; € piBHO HMOBIpHUMH (j = 1,M).
4. Axmo st inpopmariiaux curyaiu Iy, I, ta I, ominauit pynkiionan F Bumy
(2.4) Bu3Hauae ePeKTUBHICTh, KOPUCHICTh, MPUOYTOK 1 T.1., TOOTO OpraH yHpaBiHHS,
IpUIAMAIOUU PillleHHs, BUXOAUTh 3 HEOOXiIHOCTI JOCATHEHHS Horo Mmakcumymy F = F*
(2.6), TO MOXHA BBaXXaTH, 1110 MHOkHHA KputTepiiB C (2.14) 3anaui MCDM cniBnazaae 3

MHOXHUHOIO C,p, 4, BULY (2.15), npu nbomy

filAuwyxi;) = fi,i=1N,j=1M. (2.22)
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Konu opran ynpaBiiHHS BUXOJUTH 13 TOTPEOU TOCATHEHHS MIHIMYMY OI[IHHOTO
dbyukiionana F Buay (2.4), To0TO BiH BijoOpaxkae BTpaTH, pusukK, 10 F = F~ (2.7) 1
MOKHa BBaXaTu, 10 MHOXHHa KputepiiB C (2.14) 3amaui MCDM cniBnagae 3

MHOXUHOIO C,, iy, BUAY (2.16), pu LibOMY

fi(Auw,xi;) = f7,i=1N,j=1M. (2.23)

BpaxoByroun ckazaHe, MOXHa BBaXaTH, II0 MAaTeMaTHYHI MOJEJl 3ajad
NPUUAHATTS pillieHb B 1HQopMariinux cutyarisax I; (2.8)-(2.11), I, (2.1)-(2.7), I; (2.8)-
(2.11), (2.12) 3 TouHnicTIO 10 Mo3Ha4YeHb BUAY (2.20)-(2.23) € YaCTUHHUMHU BHITaIKAMHU

3anauyi MCDM Buay (2.13)-(2.19).

2.3. KonuenryajibHa MojAelb NPUHAHATTA PpilleHb B YMOBaX PH3HKY,

HEBU3HAYEHOCTI Ta HEYiTKOI iHopmamii

Po3risHeMO KOHLENTyalbHY MOJIEb, $Ka BIJOOpa)kae B3aEMO3B’SI30K MIX
1H(dopMaIIiHUMU cuTyatismu I, I, Ta I;, 10 MOKYTh BUHUKHYTH M1 Yac TPUUHATTS
pillieHb, TOOTO B3a€MO3B’A30K M1k 1H(GOPMAIIITHOIO CUTYall€l0 MPUUHATTS PIlICHb B
ymoBax pusuky (Risk, R), iHpopMaliitHOIO cuTyalli€l0 NMPUHAHATTA PIIIEHb B YMOBAX
noBHO1 HeBu3HaueHocTi (Uncertainty, U) Ta iHGOpMAIIITHOIO CUTYAIIE€I0 TPUHHATTS
pieHs B yMoBax HewiTkoi iHdopmartii (Fuzzy, F).

3anponoHoBany Mojenb «R-U-F» MOXIUBHUX cuTyalii OpUUHATTS pIlIEHb Y
BIJIMOBIIHUX 1HGOpMAIIHUX cuTyarisx I, I,, I;, mpeacTaBUMo y BUTJISI AiarpamMu
Benna (puc. 2.1), mo 103BOJSi€E HAOYHO MPEACTABUTH MOXJIMBI CUTYallll TPUUHSATTS
pillieHb, 10 3HAYHO MOJIETIIYE 1IeHTU(DIKALII0 XapaKTepy 3a4adl NPUAHSTTS PILIeHb Ta
OOTpYHTYBaHHsI BUOOPY BIAMOBITHUX METO/IB i pO3B’sI3aHHS.

Mopens «R-U-F» MOXIMBUX cHUTyallld OPUAHATTS  pillleHb  JO3BOJISIE
Kiacu(ikyBaTy BiJOMI Ta CTBOPIOBATH HOBI METOJM 0OAraTOKPUTEPIAIbHOTO IPUIHHATTS
pIllIeHb BIJMOBIIHO JI0 TUITY CUTYAIIii.

Takox HaBeleHAa MOJENb MOXKE CIYIyBaTH OCHOBOIO JJII pO3pOOKH aJanTHUBHOT

1H(DOopMaIIiHOT TEXHOJIOT1, IO HAJJa€ MOXKJIUBICTh 00MpaT a00 KOMOIHYBAaTH METOIH B
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3JIEKHOCTI Bijl HasSBHOCTI B 3ajJlaul MPUUHATTS PillleHb, MO0 po3B’s3yeThes, R, U, F-

4

Pucynok 2.1 — Mogenb «R-U-F» MoxnuBUX cuTyauiii TpUHHATTS pillIeHb

(bakTopiB.

[po3p06IIeHO aBTOPOM |

Haenemo onuc kommnonentiB moneni R-U-F, sxi nepetuHaroThes:

— pusux i Hesusnauenicmov (R-U): Oyab-SKuil pU3UK € MPOSBOM HEBHU3HAYECHOCTI,
aJle HEe 3aBXKIWM HEBW3HAYCHICTh BeAc 10 pHU3WKy. Hampukimam, dacTkoBa
HAsSIBHICTh CTAaTUCTUYHUX J@HWUX TMPU BIJCYTHOCTI TOBHOI BIIEBHEHOCTI B
napamerpax. I[lepetun R-U mnokasye, 1m0 pU3UK € KIUIBKICHUM acIeKTOM
HEBM3HAYCHOCTI 1 BI/IMOB1/Ia€ CUTYaIlil 4aCTKOBOI HEBU3HAYEHOCTI;

— pusuk i Heuimka ingpopmayin (R-F): HeuiTka iHbOpMaIliss Moxe 301TbITyBaTH
PHU3HK, OCKUIBKHM YCKJIaJHIOE TOYHY OLIHKY MMOBIPHOCTEW Ta HACIIAKIB TOJIIN.
Hampuknaz, pimeHHs 3 UMOBIPHICHUMU OI[IHKaMH, aji¢ HEYITKUMU KPUTEPISIMH
YU pe3yJIbTaTaMu;

— HesusHaueHicms I Heuimka ingopmayis (U-F): HeuiTka iHQOpMaIlig migBUIILy€e

piBeHb HEBU3HAYEHOCTI, OCKUIBKH YCKJIAJHIOE TIPUUHATTS pIllIeHb. Y TaHOMY
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BUIAJIKY 1€ O3HA4a€ IMOBHY BIJICYTHICTh BH3HAYEHOCTI B yMOBaX HEYITKOI
1H(opMaIii;

— pu3uk, HesusHaueHicmo i Heyimka ingopmayia (R-U-F): HallOLbII CKIaIHUIMI
BUIAJ0K, KOJU MPUCYTHI BCl TpU 1H(OpMAaILiifHI CUTYyallil TPUAHATTS PIlICHb.
CrisibHa 30Ha TPphOX 1H(POPMALIMHUX CUTYAII CBIAYUTH MPO T€, 10 HASIBHICTD
HeuiTKol 1H(opMallii BOJHOYAC IMi/IBUIIY€E PIBEHb HEBU3HAYEHOCTI Ta PU3UKY.

Ilepetunn  kommoHeHTiB  Mozaeni R-U-F  BimoOpakaroTh 3B’S3KM MK
1H(QOpMAIITHUMHU CUTYAIISIMU IPUUHSTTS PIIICHb B YMOBaX PU3HUKY, HEBU3HAYEHOCTI Ta
HEYITKO1 1H(opMaIii.

OCKUIbKM PHU3MK €IWMHUK 13 KOMIOHEHTIB Mojent R-U-F, sgxuili migmaersces
KUJIBKICHOMY BUMIPIOBAHHIO Ta OLIIHIOBAHHIO, ITOCTAE 3aBAaHHS aHAJII3y HasBHHUX 3aC001B
yOpaBIiHHS pu3ukaMmu. Pe3ynbratu Takoro aHasizy HaBeJIeHO B MiAMYHKTI 3.2.

PosrnsisuemMo monens mpoliecy MNPUMHSATTS — pIlIeHb B yMOBaX PHU3HKY,
HEBU3HAUCHOCTI Ta HEWITKOi 1HQoOpmaIlli, 10 BIANOBIA€ 3aNMpPONOHOBaHIN
KoHLenTyanbHii Mojeni R-U-F MoximBux cutyariii npuitHATTS pimieHs (puc. 2.2).

KirouoBuMH 0COOJIMBOCTSIMU MOJIET TPOLIECY MPUUHSATTS PIllIEHh B YMOBax
PHU3HKY, HEBU3HAYEHOCTI Ta HEYITKOI 1H(opMali €:

1. YHiBepcallbHICTh — MOJIEJIb BPAXOBY€ Pi3HOMaHITHI KOMO1HAIIIT iHPOpMALIIITHIX
cutyauii (R, U, F Tta ix komOiHallii), 10 J03BOJSE€ OXOMUTH IIUPOKUMU CHEKTP
MPaKTUYHUX 33/1a4;

2. 'Hy4YKICTh — HasIBHICTh JCKIIBKOX KaTErOpiil METOAIB 3a0e3Ieuy€e MOKIUBICTD
aganTalii 10 cnenudpiyHuX YMOB 3aj1aui;

3. IHTerpaTuBHICTH — MPU BUKOPUCTAHHI KIJIBKOX METO/IB PE3yJIbTAT arperyerbes,
10 MiABUILY€E HAAIMHICTh OCTATOYHOTO PIIICHHS.

[{s Momens MOBHICTIO BiIOOpaXkae JOTIKy MOOya0BH 1H(MOPMAIIitHOT TEXHOOTI]
JUIsi 0araTOKpUTEPIaJbHOTO MPUUHATTS PIMICHh y CKJIAJHUX YMOBaX 1 Moxe OyTu
BUKOpHUCTaHa K OCHOBA JIJIsl peaili3allli CUCTEM MiIATPUMKH NMPUUHATTS PILIEHb Y PI3HUX

rajxys3sx.
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ITocranorka 3amagi
Garar OKpHTepiaTBEHOrO MPHIHATTA PillleHb

Amnarni3 3a71adl Ta BH3HAUSHHI
1H(pOpMAITIHOI CHTYaIli

R-U R-F U-F R-U-F

A

A

= Knacudikamis zagaqi

v
IIobynoera

MOIem 3a1aul

h 4

Bubip meromis

N

Tpamumiitai Momudikosani KombiHOBaHI T'i6pumHi

O6pano
IeKIIbKa

METOJIIB
A 4

BusHaueHHd Bar MeTOIIB

v b 4
Po3p’sa3anus 3agadl Po3p’3annsa 3amadi

0OpaHHM MeTOJIOM 0OpaHHMH MeT0JaMH

\ 4
ArperyBaHHI pe3yIbTAaTIB,
OIepPKAHUX PI3HHMH METOJAMH

h 4

BuBeneHma pe3yibTaTiB Ta HATAHHI PeKOMeHIar i

Pucynok 2.2 — Mojenb nporecy NpuiHATTS PillieHh B yMOBaxX PU3UKY, HEBU3HAYEHOCTI

Ta He4ITKOi 1H(popMmalii [po3po0aeHO aBTOPOM]
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PosrnsHemMo OCHOBHI eTamu peaizailii Mojeli MpoIecy MPUUHATTSA pillleHb B
YyMOBaX pPHU3UKy, HEBHU3HAYCHOCTI Ta HEUiTKOi iHQopMarlii, 1m0 BiJANOBIiAAE
3alporoHOBaHIi KoHIenTyanbHii Mozeni R-U-F moxnuBux iHQopmamiiftHux cutyarii
NPUIHATTS PillICHb.

Eman 1. Ilocmanoska 3a0aui 6azamokpumepiaibho2o npuinamms piuens. 1len
eTan BU3HAYa€ KOHTEKCT 1 YMOBH, B SKHX MPUUMAEThCS OaraTOKpuTepiaabHe PIiIICHHS.
[IpaBunbHO copMynbOBaHa 3a7adya € 3aMopykor €(EeKTHUBHOCTI HACTYIHHUX
AHAIITUYHUX 1 OOYHCIIOBAIbHUX Tporeayp. OCHOBHI Kpoku (HOpMyITIOBaHHS 3aaadyi
HaABEJICHO JaJi.

Kpox 1.1. Buznauennuss memu nputinamms piwenns. HailnepliuMm 3aBIaHHSM €
YiTKE BU3HAUYCHHS OCHOBHOI MeTU (200 KOMILIEKCY IIiiei), JOCSATHEHHS $IKO1 (SIKUX)
HEOOX1THE B paMKax MPoOJEeMHOI cuTyallii, TOOTO MeTa MOXke OyTH SIK OJTHOIIHOBOIO,
Tak 1 0araTonuILOBOIO.

Kpox 1.2. Buznauenus mnoxcunu arvmeprnamug. Ha 1IbOMy KpOLll OMHUCY€ETHCS
CYKYMHICTh MOKJIMBUX aJIbTE€PHATUBHUX PIIICHb, K1 PO3TISAAIOTHCS Y MPOIEC] BUOOPY.
AnpTEepHaTUBU MOXXYTh OyTH JTUCKPETHUMHU (HANPHUKJIAA, KOHKPETHI BaplaHTH PILLIEHB)
a00 OesnepepBHUMU (KOJIH PIIIICHHS HAJIEKUTh IEBHOMY J1alla30Hy 3HAYCHB ).

Kpox 1.3. Busznauenus oomedxncenv i donycmumoi oonacmi nputinamms piuiens. Ha
IbOMY Kpolli (OpPMYJIIOIOThCS 0OMEXKEHHS, 1110 BIAMOBIIA0Th YMOBI 3a1a4i. [{e MoxyTh
OyTu:

— YKOPCTKI 0OMeKeHHs (HarmpuKiaa, O KeTHI OOMEXKEHHS, TEXHIYHI BUMOTH);

— HEUITKI OOMEXEHHs (HampuKiIal, MPUUHSATHI MEXI PU3HKY, IO OMUCYIOTHCA

yepe3 HeUiTKI MHOKHUHH).

Ha mpomy Kkporli BaXJIWBUM € BU3HAYEHHS JOMYyCTHMOI OOJIACTI, SIKa OKPECIIOE
MPOCTIP MOKJIMBUX PIIICHb.

Kpok 1.4. Busnauennss mHoxcunu Kpumepiis. baratokputepiaibHa 3aaaua
nepeadayae HasiBHICTh KIJIBKOX KPUTEPIiB, 32 SKUMU OLIHIOIOTHCA albTepHaTUBU. [Ipu
bOMY, LI KpUTEP1i MOXKYTh OyTH:

— KUIBKICHHMH a00 SIKICHUMHU;

— PIBHO BKJIMBUMH, 200 MAIOTh TIEpPEeBary 1Mo BiJHOIIEHHIO OJIUH 10 OJTHOTO;
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— CyMICHUMH (TOOTO TaKMMHU, 1110 J03BOJISIOTH OPIBHIOBATH P13HI albTEPHATUBU
Ha OCHOBI OJHI€T KK a00 y CHiJIbHOMY KOHTEKCTI).

Eman 2. Ananiz 3adaui ma eusznauenHs ingopmayiunoi cumyayii nputiHammsi
piwens. el eram 00’emHye NBa BaXKJIMBUX 3aBIaHHS: TVIMOOKWN aHAi3 3a7adi Ta
BU3HAUCHHs 1HQOpMAaIiiiHOT cuUTyalli NPUUHATTSA pilieHb. METow IhOro eTamy €
JeTalbHEe JOCTIIKEHHS BUX1THUX JIaHUX, BUMOT 1 YMOB 3aja4i JiJIsl TOr0, 00 CTBOPUTH
MOBHE YSBJEHHS Mpo mpobiieMy Ta ii KOHTEKCT. Lle m03Bosisie 3akiacTé OCHOBY ISt
HACTYITHHUX €TaIliB 1 3a0€3MeUnTH ii pesIeBaHTHICTD 1 BIAMOBIIHICTh PEAJIbBHUM YMOBAM.

3asoanns 2.1. Ananiz 3adaui. 1le 3aBna”Hs cCIpsIMOBaHE Ha BCEOIUHE JOCIIIIKEHHS
3a/1ayi, 10 PO3B’SI3YETHCS, 3 METOIO ii YITKOrO PO3YMIHHSI Ta BHU3HAYEHHS KIFOUOBUX
napaMeTpiB 1 mepedavyae BUKOHAHHS KUIBKOX KPOKIB:

Kpox 2.1.1. Ananiz yineii i 3a60ansb. Ha 11bOMy KpoIll BU3HAYA€THCS Tally3b a0
chepa, y Mexkax SKOi BHHHMKJIA 3ajada, OKPECIIOEThCS KOHKpPETHa mpodiiema, sika
noTpedye BUPILIEHHS, aHAJI3YIOThCS OCHOBHI 111711 3a]1a4i, sIKl Oy1yTh BU3HAYATH HAIIPSIM
OPUIHATTS pIlIEHb, HANPUKIAJ: MIABUIIECHHS €()EKTUBHOCTI, MiHIMI3allisl BUTpAT,
3MEHIIIEHHS PU3HUKIB TOIIIO.

Kpox 2.1.2. Bussnenus 3ayixagneHux cmopin. BCTaHOBIIOIOTHCSA Cy0’€KTH, SKUX
CTOCYEThCS 3a/1aya (KepiBHUIITBO KOMITaHii, IepKaBHI OpPraHu, TPOMaJChKICTh TOIIO) 1
YHi IHTEPECH MOXKYTh BIUIMBATH HA KPUTEPIi Ta BUOIp PillICHb.

Kpox 2.1.3. Oyinka cknaonocmi ma cmpykmypu 3a0avi. AHaTI3yEThCS XapakTep
albTepHATUB (AMCKpETHI abo Oe3mepepBHi), KUIBKICTh KpUTEpIiB, HASBHICTb
0araTopiBHEBOI CTPYKTYPH 3aBJIaHHSA, MOXKJIMB1 KOHQIIKTA MK KPUTEPISIMHU.

Kpox 2.1.4. Busuauenns o6Omedicenb. BHOKPEMIIOIOTHCS OOMEXEHHS, 1110
BIUTMBAIOTH HA 3a/a4y.

3aeoanusa 2.2. Busznauemns inghopmayitinoi cumyayii npuunamms piwens. 1le
3aBJaHHS MOJSTaE y BU3HAUCHHI XapakTepy HasBHOI iH(OpMaIli moa0 ansTepHaTHB,
KpUTEpPIiB Ta CEpEJOBUINA MNPUUHSATTS pIlICHHA. Y LbOMY 3aBAaHHI BiJI0YBA€THCS
imeHTUdIKaIiss TUMy Ta BuAy 1HGOpMAIiHOT cuUTyalii NPUAHATTS  PIIICHb.
BpaxoBytoThcs gk okpemi Buau nux curyauii (R, U, F), tak 1 ix komOinamii (R-U, R-F,

U-F, R-U-F). Anani3 inpopMmauiiHoi cuTyarii IpuiHATTS pillIeHb JO3BOJISIE:
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— YHUKHYTH TIOMUJIKOBOTO 3aCTOCYyBaHHS METOJIB, IO HE BIAMOBIIAIOTH

pealbHUM yMOBaM 3ajaui;

— 3a0e3MeuyuTH aJeKBaTHICTh MOJICI 3aa4l peasIbHIN CUTYyaIlli,

— pearyBaTH Ha 3MiHM B 1H(OpPMaIIfHOMY CEpPEAOBHUII Yepe3 MOXKIHUBICTh

MOBTOPHOTO aHaMI3y.

BupiiieHHs 1bOro 3aBJaHHS JI03BOJISIE YITKO CTPYKTYpPYyBaTH OCHOBHI CKJIAJIOBI
3aja4i, BpaxXyBaTH HasBHI OOMEXEHHS Ta YMOBH PHU3UKY, HEBU3HAYEHOCTI M HEUITKOI
iHopMmalrii, 10 BIUIMBAIOTh Ha yXBajeHHs pimeHHsA. [le 3aBgaHHa Mae Ha MeTi
BHU3HAYECHHS HAsBHOI 1HPOpMAIIii MO0 CUTYAIlii, 10 J03BOJsE (POPMYBATH HA 1i OCHOBI
OOTpyHTOBaHy CTpaTerio IJjs mojaidblux MiM. BusHaueHHs cuTyanii 3a3BUyai
nepea0ayae BUSBICHHS Ta OIIHKY OCHOBHUX YMHHMKIB, IO BIUIMBAIOTh HA YXBAJCHHS
pILIEHHS, a TAKOX CTYIEHS BIIEBHEHOCTI a00 PU3UKY, MOB’SI3aHOTO 3 KOKHUM 3 HUX.
[Ticns anamizy 3m1icHIOETBCS dikcallis BU3HaUYeHO1 1HGOpMAaIIiiftHOT cUTYyarlii, 1o HaJaae
MO>KJIMBICTh BUKOHYBATH Mo1ajbIi Aii. e 3aBnanus nepegdoavyae BAKOHAHHS HACTYITHUX
KPOKIB.

Kpoxk 2.2.1. Oyinka oocmynnoi ingpopmayii. Ha iboMy KpoOIll BaKJIMBO OI[IHUTH,
K1 caMe J1aHl HasiBHI 17151 aHasi3y. Lle MoxyTh OyTH CTaTUCTHYHI 1aH1, eKCIIEPTHI OL[IHKH,
nonepenHiid n0cBil abo (akTuyHi crnocTepekeHHs. SKio 1HpopMalis HermoBHa abdo
HEYITKa, CJIiJ BKa3aTH, B YOMY caMme IoJIsrae ii HeBH3HAYCHICTh a00 HeuiTKicTb. Lle
JIOTIOMOXE B TOAATBIIOMY MPUIHATTI OOIPYHTOBAHMX PIlIEHb 1 BpaxXyBaHHI PU3HUKIB.

Kpox 2.2.2. Knacughixayis muny exionoi ingopmayii. Ha 1poMy Kporii
BU3HAYAIOTHCA TUIHU 1H(OpMaITii, 3 SKUMU TIPAIFOBATUME MOJIEIb:

— 4iTKa iHpOpMaIlis — KOJIK BCI TapaMeTPH CUTYaIlli B1JIOM1 TOYHO;

— HeuiTKa 1HGOpMaIld — KOJIM € HESICHICTh a00 HEUITKICTh y BHU3HAYEHHI

napameTpiB, 110 BUMArae 3aCTOCYBaHHS HEUITKOI JIOT1KH;

— 1HdopMaIlis 3 eIeMEHTaMH HEBU3HAYCHOCTI — KOJIM MAEThCS TPO BiACYTHICTH

JIOCTAaTHBOI KITBKOCTI JaHUX a00 MpO HEBU3HAYEHICTh IOJI0 MOMIMBUX

HACJIIKIB KOHKPETHUX aJbTEPHATHB,;
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— 1H(opMaIlis 3 eJeMeHTaMH PU3UKY — KOJIM BiJIOMa MMOBIPHICTh PI3HUX CTaHIB
30BHIIIHIX YMOB, JI0 SIKHX MO>KHA 3aCTOCYBaTH CTATUCTHUYHMUIA 200 1HIIUNA BUJ
aHaJi3y JJig OLIIHKU MMOBIPHOCTEH.

Kpox 2.2.3. I[0oemmugbixayis xpumuunux napamempis i ¢axkmopis. Ilicis
BU3HAUCHHs TUNY iH(opMaIlli BaXJIWBO BU3HAYMTH KIIOYOBI (haKTOpH, SIKI MOXKYTh
BIUIMBATH Ha MPOLIEC MPUHHATTS pilieHb. Lle MoxXyTh OyTH sIK BHYTpIILIHI, TaK 1 30BHIIIHI
daxktopu. KoxkeH 13 (akTtopiB HEOOXIHO aHaI3yBaTH IMOJO0 iX BIUIMBY Ha BHUOIp
IIbTEPHATUBHUX PIIICHb.

Kpox 2.2.4. Busnauenns pieus enegnenocmi 6 Oanux. BaXJIMBUM KpPOKOM €
BU3HAYCHHS CTYNEHS HAJIMHOCTI JAHUX, IO JI03BOJISIE€ BIAPIZHATH BAXKIIMBI Ta MEHIIE
3Hauylll acnekTtu curyanli. [le ocoOIMBO Ba)KIMBO NMpPU BUKOPUCTAHHI HEUITKOI abo
HEMOBHO1 1H(hOopMaIIii.

Kpoxk 2.2.5. Cmeopennsa konmexcmy 0711 ¢hopmynioeants 3adauyi. 3aBepuiaibHIM
KPOKOM LbOIO 3aBJaHHS € CTBOPEHHS IHQOPMALIMHOIO KOHTEKCTY HJisi HACTYIHUX
KpokiB. lle o3Hayae 4iTke po3ymiHHS 1HQOPMAIIHHOI CUTYyallli NPUHUHATTS pIlIEHb 3
yciMa ii mapaMeTpaMu Ta YUHHUKAMHU, 110 JIO3BOJISIE TOYHO C(POpMyITIOBaTH NpodIeMy Ta
BU3HAYMTH, K1 caMe J1i OynyTh HalOU1b1 epexkTuBHUMH. KOHTEKCT BKIIOUa€E B ce0e K
1H(opMaIiHUN, TaK 1 CUTyaIllliHUN aCTEeKTH, 0 CTBOPIOIOTH OCHOBY JIJISl YXBAJICHHS
pillIEHb.

Eman 3. Knacughikayis 3adaui. B pe3ynbTaTi BUKOHAHHS TOIEPEAHIX €TarmiB
(bIKCy€eTbCSl HAJICKHICTh 3a/adi JI0 IEBHOTO THUITY Ta BUIY 1H(MOPMAIIHUX CHUTYyaIlii
OPUIHATTS PILLICHb.

Eman 4. Ilobyoosa mooeni 3adaui. Ha iboMy KpOIll CTBOPIOETHCS MOJICb 3aj1a4l
Buny (2.18), mns sixoi anmpTepHaTuBy A* Buay (2.19) MoXHA BBaKaTH ileajdbHUM
PIIICHHSIM.

Eman 5. Bubip memoois. Ha iboMy eTari 3M1iCHIOETHCSI BUOIP OJTHOTO 200 KITBKOX
METO/IIB, sIKI HAHOUIBII aJeKBAaTHO BiOOpaXKaloTh crielM(iKy 3ajayi, BpaXOBYIOTb TUII
iH(dopmarlii, yMOBM pHU3UKYy Ta HEBU3HAYCHOCTI, & TaKOX BHUMOTH JIO TOYHOCTI,
HAJIHHOCTI Ta IUBUAKOCTI OJIepKaHHA pe3yibTaTiB. Jljisi  po3B’si3aHHS  3a7ad

0araToOKpuTEpiaIbHOTO  MPUUHATTA  pIIIEHb  3aCTOCOBYIOTBCA ~ METOIHU,  SIKi
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KJIacu(IKyOTbCS 3a TakuMu Tpynamu (Tadm. 2.2) [11-13]: TpamumiitHi MeTonu;
Mo (IKOBaH1 METOIM; KOMOIHOBaH1 METOAM; T1OpUJIHI METOJIH.

Eman 6. Ananiz xinekocmi obpanux memoois. SIkmo oOpaHO OJUH METOM IS
PO3B’sI3aHHS 3a/1a4i, TOJl BUKOHYEThCS KpOK 6.1. Ski1o o6paHo O1JIbIII€ OJJHOTO METO/TY,
TO BUKOHYETBCSI KPOK 6.2.

Kpox 6.1. Skmo o6paHo oauH METOJ JIJIsl PO3B’sI3aHHS TIOCTABIICHOI 3a7a4i, TO y
TaKOMY BHITQJIKy KOPHUCTYBau 3a JIOMOMOTOK 1HGOPMAIIMHUX TEXHOJOT1M MOCIIOBHO
3[IIACHIOE pO3B’sI3aHHA 3a]1a4i 32 00paHUM METOJIOM 1 3/IIHCHIOETHCS MepexiJl 10 eTay 7.

Kpox 6.2. Sdxmo oOpaHo Oinbllle OJHOTO METOMY, TO 3T1HCHIOETHCS BUKOHAHHS
HACTYTHUX IMiJIKPOKIB.

Iliokpok 6.2.1. Buznauenns eac memoodis. BU3Hau€HHs Bar METOMIB JIO3BOJISE
KUIBKICHO OIIIHUTH 1XHIO BIJIHOCHY 3HAUYIIICTh Ta y3TOJUTH iXHI BHECOK y 3arajibHe
pimeHHs. /{esxi MeToIM BU3HAYEHHS Bar HaBeJIeHO B popmynax (2.27)-(2.32).

Iliokpox 6.2.2. Po3zg’sizannsa 3adaui obpanumu memooamu. KopuctyBau 3a
JIOTIOMOTO10 1H(OPMAaIIMHUX TEXHOJOT1M MOCIIIOBHO 31MCHIOE PO3B’s3aHH 3a7a4l 3a
KOXXHUM 13 00paHux MeToiB. Ha npomy nigkpori iHpopmMaliiiHa TEXHOJIOTis] TOBUHHA
3aBaHTaXyBaTH BX1JHY 1H(pOpMAIIiiO ISl KOXKHOT 3a7a4i Ta, Ipu moTpedi, anantyBatu ii
JI0 BAMOT KOHKPETHHX KJIACiB METOiB. 30Kpema, JIJIs1 METOIiB, IO MPAIFOIOTh B YMOBaX
HEeYITKO1 1H(hopmarlii, HeoOX1AHO BUKOHATH (pazudikailito JaHUX, TOOTO MEPEBECTH YITKI
3HAUCHHA Y HEYITKUN (hopMaT Ha OCHOBI anapaTy HEUITKUX MHOKHUH. Y BHITaJIKaX, KOJU
BX1JIHa 1H(pOpMallis BXKEe 3a7aHa B HEYITKOMY BUTJISIIL, aJie 3aCTOCOBYIOTHCS METOJIU, K1
HE MalOTh IHTErPOBAHOTO amnapary HEYITKUX MHOXKHH, HEOOXITHO 3HINMCHUTH
nedaszudikalliro JaHuX, TOOTO EPEBECTH HEUITKI OI[IHKM Y YITKI 3HAYEHHS.

Iliokpox 6.2.3. Aepecysanus pe3yibmamis, o0epicanux pisHumu memooamu. Ha
IIbOMY KpOIIl 3/IIACHIOETHCS 1HTETpaIlisl Pe3yJbTaTiB, OJEPKAHUX PISHUMHU METOIaMHU
MIPUHHSATTS PIllICHb, B €IMHE Y3TO/KCHE PIIICHHS, [0 BPaXOBYE BILTUB KOKHOTO METOTY
BIJIMOBITHO JI0 BHW3HAYEHUX Bar. Pe3yiabTaTH KOXXHOTO METOAY MOXYTh OyTH
MIPEJICTABIICHI y PI3HUX MaciTabax (peWTHUHTH, 3HAYeHHs (DYHKI[iT KOPUCHOCTI, HEUITKI
OIiHKKM TOMmIO). J[ms 3abe3meueHHs KOPEKTHOTO arperyBaHHS 3JIMCHIOETBCSA 1X

MPUBEACHHS 0 CHUTHbHOI yHI(IKOBaHOI MIKaMW (HAMPUKIA, HOpMAaji3aiis B MexXax
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[0;1]). TlotiMm pe3ynabTaTH KOKHOTO METOJY MHOXXAThCS Ha BIJMOBIJIHUI BaroBUM
KoedillieHT, Mo BioOpaxkae MOro 3HAYYIIICTh Y 3arajibHii MOJIel IPUHHATTS PIllICHb.
Le no3Bossie 3a0e3neunT 6amaHCc MK METOJIaMH 3 PI3HOIO BIUIMBOBICTIO HA IPUMHATTS
pIILICHHS.

Eman 7. Busedenns pezyniomamie ma naodauus pexomenoayii. CucTeMa TeHepye
pexkoMeHaIii moao BHOOPY HaMKpamoi aJbTepHATHBH HA OCHOBI PE3yJbTaTiB
0o0YHCIIeHb, BUKOHAHUX Ha MOMepeHIX eranax. GopMyBaHHs peKOMeHIaIlii 0a3yeThes
Ha pe3ysibTaTax 3aCTOCYBaHHS METO/IB MPUIHATTS PillleHb, 00paHUX KOPUCTyBadeM, SKi
MOXXYTb OyTH MpEJCTaBICHI Y BUTJIAI BEKTOPY MPIOPUTETIB, paHriB, Touio. HaganHs
pPEKOMEHJIaIlli 3aBepIIye LUK MPUAHSTTS PIIMICHHS, MEepeBoJsIun (opmaiti3oBaHi
PO3paxXyHKH Yy PAKTUIHI KPOKH.

JIist Kpamoro po3yMiHHS BUKOPHCTAHHS METOJIB MPUUHATTS PIIICHb BaXJIMBO
PO3PI3HATHU iXHI BUJIU 3AJIEKHO B1J] CIOCOOY 3aCTOCYBaHHS, MOAU(IKALIT UM IMOETHAHHS.
3o0kpeMa, BapTO BUAUIMTH Taki MOHATTS, K TpaAulliliHi, MoaudikoBaHi, KOMOIHOBaHI Ta
riopuani meronu. Ha ocHoBi anamizy mxepen [11-22] HaBememMoO OCHOBHI O3HAKH
KOYXHOT'O 3 HUX Y KOHTEKCT1 PUNUHATTA PIIIEHb.

Tpaouyitini memoou nputinamms piulenb — 1€ KIACUYHI METOAW TPHUHHSATTS
pileHsb, 0 0a3ylThCs HA CTPOrMX MATEMATHYHUX MOJEIAX, JIOTIYHUX MpaBuiiax adbo
IHTYITUBHUX CTpATErisiX Ta YaCTO BUKOPHCTOBYIOTHCS Y KOHKPETHHX 1H(OpPMAIIHHUX
CUTYaIlisIX PUUHATTA pillieHb. J0 HUX Hale)KaTh METOAM €KCHEPTHHUX OIIHOK, JepeBa
pillleHb, METOJIM OaraTOKpUTEPIaIbHOrO MPUUHATTS pilieHb. i MeTonu 3anuIlarThCs
OCHOBOIO JIJII BUPINICHHS CTaHAAPTHUX 3alad TPUUHATTS pIlleHb, OJIHAK iX
e(eKTUBHICTh 3HIKYETHCS y CKJIQIHUX 1 AMHAMIYHUX CEPEIOBHIINAX.

Moougirosani memoou nputinammsi piieHs — 11€ BAOCKOHaAJEH1 a00 alanToBaHi
Bepcli TpagWIiiHUX METOJIB TPUUHSATTS PINICHb, IO BPaXOBYIOTh HOBI yMOBH,
0COOJIMBOCTI TpPEeAMETHOI o001acTi abo BpaxoBYIOTh [JOJATKOBI MapaMeTpu IS
M1JBUILIEHHS TOYHOCTI 1 €()eKTUBHOCTI MPUUHSTTS PILICHb.

Kombinosani memoou nputinamms piwiens — 1€ METOIH, IO IOCTiTOBHO abo
napasenbHO MOEIHYIOTh KUTbKa PI3HUX METO/IIB JJIsl OTPUMAaHHS KOMIUJIEKCHUX PIIIEHb 31

30epeKEHHSIM aBTOHOMHOCT1 KOKHOTO 3 METO/IIB.
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liopuoni memoou nputinamms piuieHb — 1€ METOAM, 10 Ha PI3HUX KpOKax

MOEAHYIOTh PI3HI METOJU JUIsl OUIBII THYYKOTO 1 aJanTHUBHOIO MPOIECY MPUUHATTS

pIIICHb.

Ha ocHOBI HaBCACHUX BHU3HAYCHbL Ta IIPOBCIACHOIO aHaJIiSY 1'[06y,Z[OBaHO

NOPIBHAJIbHY TaOMUINI0 KJIAaciB TpaAULIWHUX, MOAM(DIKOBAHMX, KOMOIHOBaHHX Ta

TiOpUAHUX METOIB IPUUHATTS pilieHb (Tadu. 2.2).

Ta6muis 2.2 — AHaITI3 XapaKTEPUCTUK TPATUIIHHUX, MOAU(DIKOBAHUX, KOMOIHOBaHUX Ta

TiOpUAHUX METOJIB MPUMHATTSA PillIeHb [pO3pO0IEHO aBTOPOM |

Tpaauuiiini MopudikoBani Komo0inoBani I'iopuani
Kpurepiii MeTOoIH METOIH METOIH METOIH
NOPiBHAHHSA NPUIHATTA NPUHHATTA NPUIAHATTA NPUIAHATTA
pilieHb pilieHb pilieHb pilieHb
. Iloennanns
AnanToBati abo O . .
. KUIbKOX MeToniB | Ha pi3HuX kpokax
OcHoBHa . BJIOCKOHAJICH1
. Kitacnuni Mmeronun . JUIS ITOETHAHHS
0c00JIMBiCTH Bepcii TpaAuLiHHUX . .
. KOMILJIEKCHOTO PI3HUX METO/IB
METO/IB )
1IX0AY
I'nyukicTh Ob6mesxeHa Cepenns Bucoxka Jlyxe Bucoka
3amadi B
. | 3amaudi 3 HOBUMU Cknanni 0arato- | IMHAMIYHUX
Cdepa CranpaptusoBaHi . .
. yMOBaMH abo KpHUTEpiabHi yMOBax
3aCTOCYBaHHA | 3a/a4l h .
00OMEKEHHIMU 3ajaul NPUAHATTS
pilIeHb
KoMirekcHicTb AJTanTUBHICTH 10
Binemr TouHi1 MiIX0Ty 0 pI3HUX
Mepeparn ITpocTora, pe3yJIbTaTy, 3a7aui NpURHATTA | iHQopMaIiitHUX
P 3pO3yMLIICTh BpaxyBaHH: pIIIEHDb B PI3HUX | CUTyaliH
cneuniku 3amadi | iHpOpMaLIHHUX | IPUHAHATTA
CUTYaLIsX pilIeHb
. Bucoka
ITigBuIieHa .
He 3aBxam . CKJIQJIHICTb,
. Mosxe 0yTu CKJIQJIHICTb,
. e(eKTUBHI B . notpeda y
Hepnouiku CKJIQHIIINM Y notpeba B
CKJIQJIHUX o . 3HAYHHUX
. peaizariii Y3rOJKEHOCT]
CHUTYallisIX . 00YHCITIOBAJIBHUX
METOIB
pecypcax
[IpoBeneHnii  MOPIBHSUIBHUK — aHai3  JO3BOJIAE  y3arajJbHUTH  KJIHOYOBI

XapaKTepUCTUKUA PI3HUX KJACiB METOMIB MPUUHATTS pIIIEHh Ta BUSBUTH OCHOBHI

BIJIMIHHOCTI M1 MIJIXOJIaMH, 110 B HUX peani3yloTbcs. Takox 1ieil aHai3 1eMOHCTPYE,

[0 METOJIU MPUUHSTTS PIIICHh MAIOTh PI3HUN CTYIIHb CKJIATHOCTI, aJalTUBHOCTI Ta

3aCTOCOBHOCTI 3aJI€)KHO BiJl KOHKPETHHUX 3aB/IaHb 1 YMOB.
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OT1xe, BUOIp KOHKPETHOTO METONY MPUUHATTS pIillIeHh Ma€ TIPYHTYBAaTHCS Ha
aHaJi31 XapakTepy 3ajadi, JOCTYIMHHUX pecypcax 1 BUMOrax J0 TOYHOCTI Ta IIBHIKOCTI
OPUMHATTA pilieHb. TeHIEHIis PO3BUTKY Cy4YaCHUX METOJIB CBIAYUTH MPO 3POCTAIOUY
MONYJISIPHICT, MOJU(IKOBAaHUX, KOMOIHOBAHUX 1 TIOPWIHUX M1IXOJIB, 10 MOETHYIOThH

TpaIuIiiHy OCHOBY 3 HOBITHIMH T€XHOJIOT1SIMU JJIs1 JOCATHEHHSI KPAIUX PE3yIbTaTiB.

2.4 Metoau po3B’si3aHHs 3a1a4i 0araTOKpUTEpPiaJIbHOr0 NPUITHATTA PilieHb

bararokputepianbie npuitHaTTs pimieHb (MCDM) noainsieThcsi Ha JBI OCHOBHI
Kareropii [23, 24]:

1. MODM (Multi-Objective Decision Making, 6araTouijiboBe NpUMHSTTS PIIlICHb)
€ TIIX0I0M JI0 PO3B’SI3aHHS 3324 ONTHUMI3allli, PU SKOMY BUOIp pillIeHHS 3/{1ACHIOETHCS
3 MHOXHHU MOXKJIMBHX aJbTEPHATHB IUIIXOM TOIIYKY KOMITPOMICY MK JeKiIbKOMa
HITHOBUMHU (PYHKIIAMH. [lelt mixig mupoKo 3aCTOCOBYETHCS B 3ajadyax JIHIMHOTO Ta
HEJIIHIMHOTO MporpamMyBaHHS, 30KpeMa [UJIsl ONTUMIi3alil BHUPOOHMYMX MPOLECIB,
pO3MOITYy pecypCiB Ta  yIPaBIiHHA  CKJIQJHUMU  CHCTEMaMM B  yMOBax
0araToKpuTEPiabHOCTI.

2. MADM (Multi-Attribute Decision Making, OaratokputepiaibHUi aHami3
aIbTEPHATHB) — OPIEHTOBAHWUN Ha BUOIpP HaAWKpanioi ajabTEPHATUBH 3 JUCKPETHOTO
HaOOpy pillleHb Ha OCHOBI KUIbKOX aTpuOyTiB (KpuTepiiB). Lle kopucHo nns 3amay, Ae
HEOOX1JTHO OLIHUTHU Ta PAHKYBATH OOMEXEHY KUIbKICTh BApIaHTIB.

Orxe, MODM, 3a3Buuaii, 3aCTOCOBYEThCS B ONTHMI3AIlIMHUX 3aJadax, a
MADM — nns omiHkd Ta BUOOpY eQeKkTHUBHUX anbTepHaTHB. OOHIBA MIIXOAU €
BaXIMBUMU CKJIagoBUMU MCDM 1 BHUKOPHUCTOBYIOTHCS 3aJIeKHO BiJ KOHKPETHOI
mpoOJIeMu Ta HasIBHUX BXIHUX AaHUX [25, 26].

VY nocnikeHH1 mpoaHali3oBaHO HAayKoBi myOJikariii, e onucaHo metoau MCDM
Ta iX 3aCTOCYBaHHS, 3 METOIO OI[IHKU TMOIIMPEHOCTI Ta 3HauymocTi Meroaie MCDM y
PI3HUX NpeaIMeTHUX chepax, a TAKOXK JJIs 1IeHTU(iKallli HAllO1JIbII MOMYJISIPHUX METO1B
cepel IMX METOAIB. AHaji3 JOCTIKEHb MPOBEJACHO Ha OCHOBI JaHWUX HAYKOBOI 0a3u
«ScienceDirect» [27] 3a nepiox 2014-2024 poxiB 13 BUKOPUCTAHHSIM PI3HUX KIFOUOBUX

CJTIB.
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[Tomryk y HaykoBiii 6a3i «ScienceDirect» BusiBub 15881 myOsikaliito 3a KIIFOUOBOIO
dpazoro «Multi-criteria decision-making» Ta 12172 mnyOmikamii 3a abpeBiaTyporo
«MCDM», sdKa  TakoX  BHKOPUCTOBYEThCS  JUIA  TO3HAYEHHS  METOJIIB
OaraToKpuTEp1AIbHOTO MPUIHATTS pillieHb (cTaHoM Ha 11 G6epesnst 2025 poky).

BiacoTkoBmii po3mo i TOCHTiKEHb, 1m0 cTocyioThes MODM 1 MADM, HaBeneHo
Ha pucyHky 2.3. Ili nmani orpumani mUIsixoM momyky B 0a3i “ScienceDirect” 3a
kiouoBuMu  cioBamu «MODM» +  «Multi-objective  decision-making» (2510
nyomikarii), KMADM» + «Multi-attribute decision-making» (8483 my6:mikariii) cranoM

Ha 11 Gepesns 2025 poky.

MODM + Multi-
objective decision
making (29.59 %)

MADM + Multi-
attribute decision-
making (70.41 %)

Pucynox 2.3 — BigcoTok crareid, 1110 BIIHOCATHCS 10 AOCTiKeHb MeToiiB MODM Tta
MADM [po3po06i1eHo aBTOPOM |
KinbkicHy QuHaMIKy HayKOBUX NyOJikaimiil 3a KitouyoBUMHU ciioBamu «Multi-
criteria decision-making» nmpencTaBieHO Ha pUCYHKY 2.4, 0 JO3BOJISE€ IPOaHANI3yBaTU

TEHJICHII11 3pOCTaHHsI KIJILKOCT1 JOCIIIXKEHb Y 1[1i ragy3i NpoTsAroM oOpaHOro Mepiofy.
3500
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Pucynok 2.4 — KinbkicTb crareit 3a 3anutom «Multi-criteria decision-makingy 3 2014

1o 2024 pik [po3po6iieH0 aBTOPOM |
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PucyHok 2.4 4iTKO I€MOHCTPY€E 3pOCTaHHS KUIBKOCTI CTaTel y OCTaHHI1 POKH, 110
niATBEpKye nonysipHicTh MeToiB MCDM y cyuacHux nocnikennsx. Kaplinski, O.
et al. (2019) [28] mimkpecitoe BaxmuBicTh MeToiB MCDM Ta iXHe cTpiMKe 301/TbIIIEHHS.

Cnipn 3a3HaunTH, 1o Metoqu MCDM BHKOPHUCTOBYIOTHCS B Pi3HUX ramy3sx. Ha
PHUCYHKY 2.5 Ha OCHOBI JJaHUX HAyKOBOi 0a3u «ScienceDirecty [27] 300paxeHo aiarpamy
3 KITBKICTIO My OJikalii mpo 3actocyBannsa MeTo1iB MCDM 3a npeaMeTHUMU Tay3sMH.

[Ipu IbOMY JI€SIKi CTATTI MOXKYTbh HAJIEXKATH J0 KJIBKOX MPEIMETHUX Taly3el 0HOYaCHO.

Engineering IS 5422

Energy I 4056
Environmental Science IImmmm——— 3399

Computer Science IIIIEENEE———————— 2717

Decision Sciences IS 2031

Social Sciences |IIEEE————— |744

Business, Management and Accounting N 1119
I 984

I 962

Mathematics
Materials Science

Earth and Planetary Sciences | 821

0 1000 2000 3000 4000 5000 6000
Pucynok 2.5 — KisibKicTh cTaTeit 32 MpeIMETHUMU TaTy3sMU B 1ociaikeHHsx MCDM
[po3p00JIeHO aBTOPOM |

PesynpraTn anamizy mnokasywoTh, o wmerogu MCDM 3acTocoByrOThCS Yy
IIUPOKOMY CHEKTp1 raigy3ei, TakKuxX K 1HXEHepis, €HepreTuka, HayKu Mpo JOBKIJUI,
KOMIT FOTE€pPH1 HAyKH TOILO.

[TopiBusiaug migxoaiB MODM 1 MADM naBeneHo B Tabunuiii 2.3
Ta6mus 2.3 — [HopiBasHHS miaxoaiB MODM 1 MADM [po3po6ieHo Ha ocHOBI [29]]

KpuTepii nopiBHsIHHA MODM MADM

Busnaueni kpurepii [Mimi ATpubyTtun

BusHauenHsa metu SIBHE Hesasne

Busnauenns atpuOyTiB HesBne SIBHE

Busnauenns oOMexxeHb SIBHe Hessne

BusHaueHHs anbTepHAaTUB Hesasne SIBHE

KinbkicTh anbTepHaTUB HeckinueHHa, CKiHUE€HHA CkiH4eHHa

KonTpos 3 6oky OITP 3HaYHUI Ob6mexeHuit

[Tapanurma MmozaentoBaHHs OpieHTOBaHa Ha IPOIIEC OpieHTOBaHa Ha pe3yJbTaT

OPUMHATTS pillIeHb

Po3B’s13yBani 3anaui [TpoexTyBanHs (TutanyBanHs) /| OuiHioBaHHS / BUOIp
eKCIUTyaTaIls
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OCK1UIbKM Y AUCEpTaIiiHIM poOOTI TOCTIIHKYIOThCS MeToIU 3 kaTeropii MADM,
TOMY HaBEJIEMO OIMKUC HANHOIIBII MOMYJISIPHUX 3a KUIBKICTIO MyOJIiKaIiii METOIIB 3 IIi€i
Kareropii (Tabnwuis 2.4).

Tabnuusg 2.4 — Onuc nomynsipHux MetoAiB MADM [po3po6iieno Ha ocHOBi [30-41]]

Meton K-ctp | Onuc merony
crarei

Analytic Hierarchy Process (AHP) | 22962 | BukopuctoBye iepapXxiuHy CTPYKTYpy Ta 3aCTOCOBYE
TapHi TOPIBHSIHHA 111 BU3HAUYEHHS NPIOPUTETIB
anpTepHatus [30].

Technique for Order of Preference 8730 | Merton, mo 6a3yeTbcs Ha BUOOpPi albTepHATHBH, SIKa

by Similarity to Ideal Solution 3HAXOJUTHCS HAWOIMKUe 70 1/1eabHOTO PIIICHHS Ta

(TOPSIS) Haiiani BiJ aHTHiAeadbHOTO pimenns [31].

Case-Based Reasoning (CBR) 4780 | Iligxig 1o mpUAHATTS pillleHb, 0 IPYHTYEThCS Ha
BUKOPHCTaHHI MOMEPEIHIX BUMAIKIB 1 aHAJIOTIH JUIs
pO3B’si3aHHS HOBUX 3ajay [32].

Grey analysis: Grey Relational 4762 | Mertox aHaiizy B yMOBaxX HEBU3HAYEHOCTI, 1110

Analysis/Grey Relational Model Itk iH(opmairo Ha 6ity (MTOBHICTIO BiIOMY),

(GRA/GRM) 4OpHY (ITOBHICTIO HEBIIOMY) Ta Cipy (4aCTKOBO
B1JIOMY) JIJIsl OI[iIHIOBaHHS aibTepHATHUB [33].

Analytic Network Process (ANP) 4213 | Moaudixkamist AHP, sike mo3Bosie BpaxoByBaTH
B3a€EMO3aJICKHOCTI M)XK KPUTEPISIMHU Ta
b TEPHATHBAMH 32 JIOIIOMOTOI0 MEPEKEBOTO
nigxony [34].

FUZZY AHP 4081 | Moaudikamiss AHP, mo BUKOPHCTOBYE HEUITKY
JIOTIKY Ul BpaxXyBaHHS HEUYITKOCTI Ta
HEBH3HAYEHOCTI B OIIHIOBAHHI aJIbTepHATUB [35].

ELimination Et Choix Traduisant la | 4014 | Metonx Ta fioro moaudikaiiii mOpiBHUIBHOTO

REalité (ELimination Et Choice aHaji3y, 1110 BUKOPUCTOBY€E OPOrOBI 3HAYEHHS JUIs

Translating REality) (ELECTRE) B1JICIFOBaHHSI CJIa0IINX aJbTEPHATHUB 1 JONIOMArae
BHU3HAYMTHU HaMKpaiui pimeHHs [36].

Preference Ranking Organization 3858 | Meron Ta iforo Moauikarii paHKyBaHHS

Method for Enrichment of aJIbTEpPHATHB Ha OCHOBI MAPHUX MOPIBHSAHB Ta

Evaluations (PROMETHEE) BHU3HAUEHHS NIepeBar ajsi 6araToKpuTepialbHOTO
OpUUAHATTS pieHs [37].

Vlse Kriterijumska Optimizacija 1 3833 | Meroa KOMIIPOMICHOTO paHKyBaHHS, 1110 BU3HaYae

Kompromisno Resenje (VIKOR) aNbTepHATHBY 3 HAWMEHIIINM BiIXWJICHHSAM BiJl
17IeaJIbHOTO PO3B 3Ky, BPaXOBYIOUH OaslaHC MK
Kputepisimu [38].

FUZZY TOPSIS 3559 | Moaudixkarnis TOPSIS, 1mo BUKOPUCTOBY€E HEUITKY
JIOTIKY Ul BpaxXyBaHHS HEUYITKOCTI Ta
HEBH3HAYEHOCTI B OIIHIOBAHHI aJIbTepHAaTuB [39].

Decision making trial and 2911 | Meron aHamni3zy CKJIQIHUX B3a€EMO3B’SI3KIB MIXkK

evaluation laboratory (DEMATEL) KpUTEPISIMH Ta albTepHATUBAMH, L0 TO3BOJISE
BUSIBUTH NIPUYUHHO-HACTIIKOBI 3B’ 513k [40].

Preference Ranking Global 2226 | Meropn, o 6a3yeTbes Ha rI00anbHIM YaCTOTHOCTI

Frequencies in Multicriterion nepeBar AJi BU3HAUEHHS HallKpallux ajJbTEpHAaTUB

Analysis (PRAGMA) [41].
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Y tabmuii 2.5 HaBeAEHO pe3yiabTaT JOCHIKCHHS, METOI0 SKOro OyIo
CIIBCTaBJEHHS TMoNyasipHux wmetoaiB MADM 3a iHdopMamiiiHuMu cUTyalisiMu
OPUMHATTSA PIlICHh B yYMOBAaX BHU3HAYEHOCTI, HEBM3HAYEHOCTI, PU3UKY Ta HEUITKOi
iH(opMmarii.

Tabmung 2.5 — Cucremaruzaiis nomyisipHux MeroniB MADM 3a indopMmamiinumu
CUTYaIlISIMU MPUNAHATTS PIIICHh B yMOBAaX BU3HAYCHOCTI, HEBU3HAUYEHOCTI, PU3UKY Ta

Heul1TKoi iHpopMallii [po3po0JIeHO aBTOPOM |

Bua indopmaniiinoi curyaunii npuiiHATTA Metoan

pilieHb

[ndopmaniiina curyaris npuiinsatts pimeds B | AHP, ANP, TOPSIS, ELECTRE,

YMOBaxX BU3HAYEHOCTI PROMETHEE, VIKOR, DEMATEL, PRAGMA

[adopmariitna cutyanis npuitaarts pimmens B | CBR, GRA/GRM
yMOBaxX HEBU3HAYEHOCTI

[adopmartiiini cutyanii IpURHATTA pillieHb B GRA/GRM
YMOBaX PHU3HUKY

[ndopmarniiina curyaris npuidHaTTs pimens B | Fuzzy AHP, Fuzzy TOPSIS

yMOBax HeuiTkoi iH}popmarii

Ha ocHOBI npoBeieHOT0 aHasi3y MOXkHa 3p0OUTH BUCHOBOK, 1110 KJIACUYHI METO/IU
MADM MoxyTh OyTH aganToBaHi [Uisi poOOTH B yMOBaX HEBU3HAYEHOCTI Ta HEUITKOI
iHopMmarii, 1 e 4acTo JOCITAEThCS IUISXOM IHTETpallii KOHIEMIIM HEeUITKOI JIOTIKH,
HMOBIpHICHOTO miaxoay Toio. bineuricte metoaiB MADM e yHiBepcalbHUMU, TOOTO
MOXYTh OyTH aJanTOBaHi A0 PI3HUX TUMIB 1HGOPMALIMHUX CHUTYyallld, BKIOYAOYU
MPUIHATTS PIlIEHb B YMOBaxX pU3UKY, HEBU3HAUEHOCTI 1 HEUITKO1 1HpOopMaIii.

[TopiBHsIEMO neski nomyssipHi metoan MADM (tabi. 2.6), 3okpema: A; — AHP;
A, — ANP; A; — TOPSIS; A, — MOORA; A5 — MeTOIM NPUAHATTA pillleHbh B YMOBax
PHU3HKY, 10 AKUX BXOASTh METOJM, 3aCHOBaH1 Ha: KpuTepii baiieca; kputepii MiHIMyMy
qucnepcii OMIHHOTO (yHKIIOHANa; KOMOIHOBAaHOMY KpUTEpii Ta I1HIIMX MOAI0HUX
KpuTepisx (auB., Hanpukian, [1, 6]); Ag — METOIU TPUIHATTS PIllICHh B YMOBAX MOBHOT
HEBU3HAUCHOCTI, Kl BKJIIOYAIOTh B ce0e MeTOau, 3acHOBaHI Ha: kpurtepii Jlammaca,
kputepii Banpaa, kpurtepii CeBimka, xkputepii ['ypBima, Ta iHmMX KpuTepisx (AuB.,

Hanpukian, [1, 6]).



IIpy 1©BOMY HPOINOHYETHCA KEPYBATUCh TAaKUMH

omiHOBaHHA MeTo1iB MADM 3rigno 3 tadnurero 2.2:

— K, — Tin BXigHUX JTaHUX,

— K, — HasBHICTbH HEUITKOI Mo (iKaIlii;

— K3 — HasIBHICTB €KCIIEPTHOTO OIIHIOBAHHS;

— K, — npiopuTeTHi raiy3i 3aCTOCYyBaHHS,
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kputepismu  K; (j = 1,15)

— K5 — cxnagHicTh anroputMy (Bumiproerbes Bin 1 1o 10);

— K¢ — uytnuBicts A0 ouinok (Bucoka / Cepenns / Huzbka);

— K, — macmraboBanicts (Bucoka / Cepennst / Huzbka);

— Kg— inTepnperoBanicTh pe3yabsTaTiB (Bucoka / Cepenns / Huzpka);

— Ky— Bumoru 1o OIIP (Bucoki / Cepenni / Hu3zbki);

— K;o—ruyukicts y mogensix (Bucoka / Cepenns / Huspka)s;;

— K1 — anropuT™ nepeBipKu y3roJKEHOCTI;

— K, — nonynsipHicts y miteparypi (Bucoka / Cepennst / Huzbka);

— K3 — pe3ynbTar 3aCTOCYBaHHS,

— K4 — 3aleXHICTb BiJ Bar KpUTEPIiB;

— K;5— miaTpuMKa rpynoBoro NpuiHATTS PIlICHb.

Tabmuus 2.6 — [lopiBHANBHUN aHaNI3 XapaKTEPUCTUK JESIKUX MOMYJSIPHUX METOMIIB

MADM [po3po061eHO aBTOPOM |

Aq A, As A, As Ag
K; | Marpuus Marpuns KinpkicHi KinbkicHi VmoBip- Burpaui /
MapHUX apHUX naHi, Baru JaH1 HOCTI, nporpari,
MOPIBHSHb MOPIBHSHb MaTpHIs creHapii
BUTpAIliB /
nporpariis
K, | Tak Tak Tak Tak O6mexeno | Tak
K5 | Tak Tak € € Tak Tak
MOJKJIMBICTh | MOXJIUBICTh
K, | Menemnx- KommnekcHi Imxenepis, [Tpomucno- | Exkonomika, | Ctpareriune
MEHT, CHCTEMH eHepreThukKa | BIiCTb, ¢binancu IUTaHYBaHHS,
CTpaTeriuxe JIOTICTHKA MIPOTHO3Y-
TUTaHYBaHHS BaHHS
Ks |7 9 5 5 6 6
K¢ | Bucoka Bucoka Cepenns Huspka Bucoka Cepenns
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[Iponosxenus Tadbmuiri 2.6
K, | Cepenns Bucoka Bucoxka Bucoxka Cepenns Cepenns
Kg | Bucoka Cepenns Bucoka Bucoka Cepenns Cepenns
Ky | Cepenni Bucoki Hu3bki Husbki Cepenni Bucoki
K;, | Bucoka Bucoka Cepenns Cepenns Husbka Bucoxka
K;; | Tak (CR) YacTkoBO Hi Hi Hi Hi
K;, | Bucoka Cepenns Bucoka Cepenns Cepenns Cepenns
K, | HopmoBanwmii | Bektopu Bar, | Bincrans no | KommiekcH | OdikyBani | AnbTepHa-
BEKTOP rio0anbHi imeany, a OI[IHKa, 3HAYCHHS THBA 3
IpPIOPUTETIB, | IPIOPUTETH (3 | PAHXKYBAaHHS | paH)KyBaH- | BUTpalIiB/ | MakCUMallb-
pam)KyBaHHSl | ypaxyBaHHSIM | albTepHATHB | HA mporpamriB | HUIM min/max,
3BOPOTHUX pOo3MoIiI
3B’SI3KiB) pe3yNbTaTiB
K;, | Bucoka Bucoka Cepenns Cepenns Huzpka Huspka
K;s | Tak Tak Tak Tak Tax Tax

VY pe3ynbTatri po3B’si3aHHS 3a7a4l 0araTOKPUTEPIaAIbHOTO MPUMHSATTS pIllleHb, SK
npaBuio, (GOpMy€eTbCS HOPMOBAHUM BEKTOP NMPIOPUTETIB (200 OLIHOK aJbTEPHATHB), L0
3a0e31euye MOKIIUBICTD 1X O€3M0CEPETHBOT0 MOPIBHSHHS MK COOOI0.

[Tonpu BIAMIHHOCTI B aNTOPUTMIYHINA peamizaiii, (opmax mnpeacTaBICHHS
pe3ynbTaTiB Ta BUMOTrax J0 BXIIHHUX JAHUX, PO3IJISHYTI METOIMU 0araTOKpUTEPIaTIbHOTO
npuitHaTTs pimeds (MADM) cripsMoBaHi Ha po3B’si3aHHS OJJHAKOBOTO KJacy 3aaad —
BUOOPY, paH)KyBaHHA a00 OLIHIOBAHHS aJIbTEPHATHUB 33 CYKYITHICTIO KPUTEPIiB. 3aBIIIKU
IIbOMY MO>KHa TMOPIBHIOBATH Mik COOOI0 pe3yibTaTH, OJEpKaHl PISHUMHU METO/IaMH, B
MeXax OJHI€l 3ajayl MPUUHATTS PIMIEHh 3 METOI0 BU3HAUYCHHS e()EeKTUBHOT
aIbTePHATHBH CepeJl ATbTEPHATHB Ha OCHOBI 1X arperoBaHoi OI[iHOK.

JIJist moCATHEHHS 111€1 METH MOYKHA 3aCTOCYBATH MIJX11 arperyBaHHs pe3yJbTarTiB,

OJICpYKaHUX PI3HUMHU METOJIaMHU, 110 OTIMCAHUN B HIDKYE.

2.5 Meroauka 3acTOCYBAHHHl JAE€KUIBKOX MeETOMIB 0araToKpuUTepiaJbHOIO

NPUITHATTS pillleHb B MeKaX O/IHi€l 3a/1a4i 3 arperyBaHHAM pPe3yJIbTATIB

ITix gac BHOO METOAIB PO3B’SI3aHHS 3aJa4l NOPUHAHATTS pPIIIEHb, BaXKJIUBO
2

BpPaxoByBaTH OCOOJMBOCTI TIOCTAHOBKM 3aJadyl Ta BXIJHUX [JIaHUX, [JI0 SIKAX

3aCTOCOBYIOTHCS BIJIMOBIIHI METOIU. 30KpEMa, TPATUIIIAHI METOIU IPUIHSATTS PIllleHb B
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yMOBaX HEBHM3HAUCHOCTI Ta PHU3UKY, 30KpeMa BIJIHECEH1 10 METOMIB, IO yBIMIILIU 0
MHOXHUH METOJiB As 1 Ag) SBHO HE 3aCTOCOBYIOTHCS JO PO3B’SI3aHHS 331ad, y SIKUX
MHO’KHMHA KPUTEP1iB OJHOYACHO MICTHUTD K KPUTEPIi, 10 MiJISraloTh MaKCUMI3allii, Tak
1 Ti, MO0 MOIITaloTh MiHiMizalii. Ile 3yMoBiIeHO TuM, MmO Il METOAM I dYac
PO3B’sI3yBaHHs OMEPYIOTh JIHILE OAHUM 13 IBOX THIMIB BXiTHOI iHGOpMAIlli — MATPHUIICIO
BUTpaIIiB a00 MaTpuIiero mporpairiB. Pazom 3 Tum, okpemi metogu MADM MoxxyTh OyTH
aJlariToOBaHi 0 PO3B’sI3aHHS 3a/ay, sAKi, SK MPaBWIO, PO3B’SI3YIOTHCS TPaAULIHHAMU
METO/IaMH B YMOBAX PH3UKY Y1 HEBU3HAUYEHOCTI.

J1J1st HAOYHOTO BiTIOOpaXKEHHS BIIMIHHOCTEH MI3K pe3yJIbTaTaMU IIPH 3aCTOCYBaHHI1
pPI3HMX METOMIB, MOXKHAa pO3paxyBaTh MATPHUII0 BIAXWJIEHb MIX pe3yJibTaTaMu,
OJIep>KaHNUMH Pi3HUMHU METOaMH, HAITPUKJIIA]] 32 TAKOI0 METOIUKOIO.

Hexaii € nabip meroumis My, My, ...,M,. Koxen meron M, nae CBili BEKTOp

. . _ q - q .
NPIOPUTETIB anbTepHatuB V, = (V;');=1y, A€ V; — NPIOPUTET (Bara) aabTEPHATHBH A;
(i =1,N), orpumannii metomom M, (q = 1,n), N — KUIbKICTH aJbT€PHATHB, N —

KUIBKICTh METO/IIB.

L{i BeKTOpU NPIOPUTETIB ATBTEPHATUB MOXHA MPEICTABUTH y BUIJIAIlI MATpPHII

MPIOPUTETIB:
vi Vi vy
v; V3 vy
V = R (2.24)
Vi v v
vy VR .. UN

BissMeMo 1Ba Metomu My i My, BekTopu npioputeris ansrepatus VX i VY axi

oJIeprKaHi 3a IIMMHA METOJIaMH BiJIITOBITHO:

X Y
%1 Uy
v vy
x | Y
Ui Vi
X Y
UnN Un

[1100 mopiBHATH pe3yIbTATH 3aCTOCYBAHHS IBOX METOIIB My Ta My, pO3paxoBy€ThCS

BekTop Bigxunens DX Mixk Bexropamu npiopuretis anbrepuatus VX i VY
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i — 1|
px¥ = 1vi —vzl | g g (2.25)
vy — vl
a00, y BEKTOPHOMY BUTJISII:
DXY = VX — VY|, (2.26)

e abcoliloTHE 3HAaueHHA OepeTbcs TmoesieMeHTHO. [loOynoBaHuii  BEKTOp
Bigxuiens DX no3ponse Bu3HAYMTH, AKI METOAM NAIOTh CXOKI PE3YIbTATH.

OpmHakoBi pe3ysIbTaTH, OTPUMAaHI 3a JIOMOMOTOI0 PI3HUX METOJIB Y MEXKax OJHI€l
3a/1a4yl IPUIHATTS PillIeHb, MOXYTh CBITYUTH MPO KOPEKTHICTH iX 3acTOCyBaHHS. Takox
e MOXE CBIAUYATH TPO KOMIIETEHTHICTh €KCIepTa, HANpPUKIAJ KOJM 3a]ada
pO3B’A3y€ThCSI METOAaMHU 3 pI3HUX 1H(OpMaliiHUX cHUTyaliid. 30KkpeMa, B yMOBax
HEYITKO1 1H(opMallii ekcrnepTy HeoOxigHO 3aiiMcHUTH (a3udikalio BXITHUX JaHUX,
TOOTO MEPETBOPEHHS YITKUX 3HAUYEHb y HEYITKI MHOKHUHHU. SIKIIO pe3ynbTaTH Micis
TaKoOTro MEepEeTBOPEHHS, OTPMMaHI 3 BUKOPUCTAHHAM HEUITKHUX METO/IIB, Y3TO/KYIOThCS 3
pe3ynbpTaTaMu, OTPUMAaHUMH 3a UITKUMHA METOAaMH, TO II€ MOXeE CIyryBaTH
MIATBEPPKCHHSIM  MPABWJIBHOCTI BUKOHAHOTO TIEPETBOPEHHA Ta OOIPYHTOBAHOCTI
eKCcrepTHOro maxoAay. Kpim Toro, 1e 03BOJIIE OIUHWUTH CTYIIHb OJHM3BKOCTI
pe3ynbTaTiB, OTPUMAHUX PI3HUMH METOAAMHU IPU PO3B’sI3aHH1 OJIHI€T 3a]1a41, 110, Y CBOIO
qepry, Aa€ MACTaBH JJIs KIacTepHu3allii METOA1B BIAMOBIIHO A0 IXHBOI MPUIATHOCTI JIJIs
MIEBHOTO KJIacy 3aad.

Jlist arperyBaHHsT BEKTOPIB MPIOPUTETIB AIbTEPHATUB, OJECPKAHUX KIIBKOMA
METOJaMH TPUUHATTSA PIIeHb, y MIJACYMKOBHM BEKTOp NPIOPUTETIB albTEPHATUB
HEOOX1THO 3aJaTH MPOLETYPY BU3HAUCHHSI BAaroBUX KOEQIIIEHTIB, K1 BIIOOpaKaIOTh
BOKJIMBICTh KOXKHOTO METOAY. Y JOCIIKEHH] PO3TJISHYTO /1Bl MPOIEAYPH BU3HAUCHHS
BaroBUX KoeQiIi€HTIB (Bar) METO/IIB:

— BU3HAUCHHS BAaroBUX KOE(IIIEHTIB METOMIB 3a JOMOMOTOI EKCIEPTHOTO

OIIIHIOBAHHS;
— BU3HAUEHHS BaroBUX KOEQILIEHTIB METOJIB 3 BUKOPUCTAHHSIM MpOLEIypU
NapHUX MOPIBHSHHSI METOY aHAJI3Y 1€papXii.

PosrisiHeMo K0XKeH 13 3alpONOHOBAHUX MIAXOAIB OUTBIII JETATHHO.
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JI71s1 BUCTaBJICHHS BaroBUX Koe(ili€HTIB METO[IB MOKHA KEPYBATUCh KPUTEPISIMU
K; ominroBanns Metoais MADM srigno 3 Tabauuero 2.6 (j = 1,15).

1. Busuauenns e6acosux koe@iyienmié mMemooié 3a 00NOMO20I0 eKCNepmHO20
oyinoeanHa. Y JTaHOMY TiIX0/Ii BaroBi KOe(iIi€HTH METOIIB 3aIaI0THCS OE3MTOCEPETHBO
excrepToM abo TPYMHoOw EKCIEPTiB, BUXOIAYM 3 iXHBOI JAYMKH IIOAO HAIIHHOCTI,
3HAYyII0CTi 00 PENEeBAaHTHOCTI KOKHOTO METOy B KOHTEKCTI 3a/1a4l MPUUHSTTSA PILICHb,
110 PO3B’SI3YETHCS.

[To3HaumMo sexmop sazosux xoegiyicnmie memooié IPUUHATTS PIIIICHD K

W = (Wy)g=Tm> (2.27)

Jie Wy — BaroBuu KoedirieHT g-ro metoay, g = 1,n,n — KUIBKICTh METO/IIB, IPU

IIbOMY:
n

we €[0;1].g=1n, X _ wy=1. (2.28)

Cepen nepesaz 1pOTO MIAXOAY: MPOCTOTA 3aCTOCYBAHHS; THYUKICTh Y BpaXyBaHHI
cnenu(iKu JOCTIIKEHHS; MOKIIMBICTh ONIEPATUBHOI KOPEKIIii Bar.

Cepen meodonikié UBOTO MIIXOAY: BUCOKMH pIBEHb CyO’€KTHBHOCTI; MOTpeda y
BHUCOKOI KOMIIETEHTHOCTI €KCIIEepPTa; CKJIAJIHICTh OOTPYHTYBAaHHSI BUOOpPY y HAyKOBOMY
KOHTEKCTI 0€3 10JJaTKOBUX MPOLIeAYp Bajigallii.

Le# migxia IOIIBHO 3aCTOCOBYBATH y BUMAAKAX, KOJIM €KCHEPT J0Ope po3yMie

CUJIbHI Ta CJIa0Ki CTOPOHU KOXKHOT'O METOJTY, @ TAKOK KOHTEKCT 3a/1aui.

3aysaowcenns 2.1. SIxmo Bei metoqu M, (q = 1, 1) BBaXaTH PIBHO BayKITMBHMH, TO
iX BaroBi KoeQiliEHTH Wq JIOP1BHIOIOTh:

wg=1/n,q=1,n. (2.29)

2. Busnauenus eacosux koeghiyienmie memooié 3 SUKOPUCMAHHAM Npoyedypu
NapHOo20 NOPIGHAHHA Memooy ananizy iepapxiu (AHP). AHP nponoHnye cucreMaTuaHui
X1 JJIS BU3HAUCHHS Bar IUISIXOM IMOMApHOTO TMOPIBHSAHHS METOAIB MK COOOM0 3a
KPUTEPIEM BAXKIIUBOCTI.

[TapHi MOPIBHSAHHS MTPOBOJATHCS B TEPMiHAX JIOMIHYBaHHS OJTHOTO €JIEMEHTa HaJl
iHmMM. OTprMaHi CyIKEeHHsI OLIIHIOIThCS 3a mkaiow Caari [30]. ns marpuii napHUx

MOPIBHSHB €KCTepT BUHOCUTH N(n - 1)/2 cymkeHs, e n — NOPSIOK MATPHIIl MTOTTAPHUX



91

MOPIBHSIHB. Y 3araJlbHOMY BHIAJKy, sikimio Ej, E,,...,E, — MHOXWHa 3 N OLIHOK, TO

OJICPIKYETHCSI MATPHIIS MAPHUX MOPIBHAHB po3MipHOCTI 1 X 1 Buay [30]:

1 a, ... aqu
1 ...
A = |20 (2.30)
Ap1 Apy ... 1

Jie a;j — OLIHKa BaKIMBOCTI MeTOMY M; BiTHOCHO MeToy M, Ipu boMY:

1) sxkmo a;; = a, 10 aj; = 1/a, a # 0, 1e a — oninku 3a mkanor Caari,

2) sxio eneMeHTH E; 1 E; MalOTh OJIHAKOBY BIJIHOCHY BKIMBICTh, TO 4;j = Qj; =
1 30kpema a; = 1, TOOTO MaTpHIsl NONAPHUX MOPIBHSAHDb A € KBaJpPaTHOI JOJATHOIO
00€pHEHO-CUMETPUYHOIO MATPHUIICIO.

ToOTO MaTpuuss Ayyp € HOAATHOIO OOEPHEHO-CUMETPUYHOK KBaJPAaTHOIO
MaTpPHILEIO.

PanxyBaHHS €JI€MEHTIB, 1[0 aHATI3YIOTHCS 3 BUKOPUCTAHHIM MaTPUIll MOMAapHUX
MOPIBHSHB, 3/I1MCHIOETHCS HA MIJICTaBl aHaII3y TOJOBHOT'O BJIACHOTO BEKTOPY MaTPHIIl
TOTIAPHUX MOPIBHIHB W4y p, 1110 BIAIOBIa€ MAKCUMATILHOMY BJIACHOMY 3HAUEHHIO A,y 4y
Matpuili Ayyp. lonoBHMI BracHuii BekTop W,yup 3a0e3mnedye ymopsaKyBaHHS
MPIOPUTETIB €IEMEHTIB, IO MOPIBHIOIOTHCS, @ BJIACHE 3HAYEHHS € MIPOIO Y3200H4CEHOCHI
(ooHopionocmi) cylxeHb ekcrnepta. ['omoBHuN BiacHWl BEKTOp Wjyp AomaTHOI
00€pHEHO-CUMETPHUYHOI KBaJIpaTHOT MaTpulll Ayyp 3aI0BOJIBHSE PIBHICTS:

AWynp = AnaxWanp, (2.31)

1€ Aypax — MAaKCUMaJIbHE BIIACHE 3HAUYCHHS MAaTPUIll Aypp,
T . . .
WAHP = (WAHPl, WAHPZ' veny WAHPn) — I'OJIOBHHH BJIACHHUH BCKTOP MATpPHIIL AAHP'
Sk1110 ToJI0BHUM BiIaCHUN BEKTOP W,y p HOpMOBaAHUIA, TOOTO
. — n —
Wanp, € [0;1],q = 1,n,X4=1 Wanpg = 1,

TO BIH € BEKTOPOM MPIOPUTETIB JIsi MATpUIlll Ayyp. K110 BaacHuid BekTop Wyyp

HEHOPMOBAHM, TO MPOBOAUTHCS Oro HopMaiizallis. st Iboro HeoOXi1HO 3HAUTH CYyMY

BCiX ¥OTO €JIeMEHTIB 1 yTBOPUTH HOBHIA BEeKTOp W)y p, €IIEMEHTH SKOTO € BiIHOIICHHIM

€JIeMEHTIB BeKTOpy W,y p Ha 3HAWJIEHY CYMY:
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WAHPq

Winp = We)gaim: A€ Wy = ¢=Tn. (232)

Xg=1Wanpy
[Ticnss mporo BeKTOp BaroBux KoedirieHTIB MeTomiB w Buay (2.27)-(2.28)
MOKJIATAEMO PIBHUM
w’ = Wyp.
Bektop BaroBux koediuieHTiB w! Moxke OyTH HAaOIMKEHO OOYHMCIICHHIA
CTIPOIIEHUM CIIOCOOOM.
JIis KOXXHOTO psAKa MaTpulll MapHUX MOpiBHIHB (2.30) 3HAXOAUMO CEpeHE

reOMETPUYHE 11 €JIEMEHTIB:

1

gi = (Tj=ya;)™ i = 1,n. (2.33)
[Ticnst bOro 00YUCITIOEMO CYMY BCIX CEPEIHIX TEOMETPUUHUX:
G =YL g (2.34)
Ta HOPMAaJTI3yeEMO KOXKHE T€OMETPUYHE cepeqiHe g; BUAY (2.33), moAIMBIIN HOTO
Ha cymy G:
wy = ‘% (2.35)

Jie Wq — BaroBui xoediuient merony My, ¢ = 1, n.
Ilepesacu bOTO MITXOMY:
— 3a0e3neyeHHss OUIbIIOI O0’€KTUBHOCTI MOPIBHSAHO 3 MPOCTHUM E€KCIIEPTHUM
OIIHIOBAHHSIM;
— MIATPUMYE JIOTIKYy 0araTOKpUTEP1aIbHOTO aHaJi3Y;
— MIATPUMYE TEPEeBIPKY Y3TOJKEHOCTI CYyIKE€Hb €KCIepTa 3a JOMNOMOTOI0
B1IHOIIICHHS OJTHOP1THOCTI:
CR = CI/RI (2.36)
ne: CI = (g — 1) / (n— 1) — iHAEKC OTHOPITHOCTI (Y3TOMKEHOCTI) MaTpHIll
MapHUX MOPIBHAHB, N — KUIBKICTh €JIEMEHTIB, 10 MOPIBHIOIOTHCS MK CO0010; A0y —
MaKCHUMAaJIbHE BJIACHE 3HAUYCHHSI MaTpHIll MapHuX nopiBHsAHb BUay (2.30); RI — cepenHe
3HaUCHHA (MaTeMaTW4yHEe CIOJIBaHHS) I1HACKCY OJHOPITHOCTI BHUIMATKOBUM YHWHOM

CKJIQJICHOT MaTpHIIi MOMAPHUX MOPIBHSAHB 3a MIKaJIOK0 Bia 1 10 9 00epHEHO-CUMETPUYHOI
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MaTpulll 3 BIAMOBIAHUMU OOCPHEHMMM BEIMYMHAMHU €JIEMEHTIB, 110 0a3yeThCs Ha
eKCIIepUMEHTANIbHUX AaHuXx [30].

3nauenHss CR (2.36), BBaxkaeThCcsl TOMyCTUMUM, SIKIIIO BOHO He mepesuirye 0.1.
Tomy, skmo CR < 0.1, To Marpuus napHuX MNOpiBHAHb Ayyp (2.30) BBaxkaeThcs
y3roJKEHOI0. [HaKIe MaTpHIlsl MapHUX TOPIBHSIHB A,yp BBAKAETHCS HEY3TOKEHOIO 1
EKCTEPTY MOTPIOHO MOBTOPUTH MPOILIECYPY MOPIBHIHHSA [34].

Heoonixu iporo mijaxoay: BUMarae OUIbIe 4acy ¥ yBaru ekcriepra, ocoOJMBO MPU
BEJIMKIN KUIBKOCTI METO/I1B i KpUTEPIiB OLIIHIOBaHHS; MOKE BUHUKATH MpoOieMa MoraHoi
Y3rOHKEHOCTI CYJ/KEHb; MOTpeOye CKIATHIMNUX OOpaxyHKIB, 30KpeMa MaTeMaTHYHOI
00poOKU MaTpuIll MOPIBHSAHb Ta 3HAXOXKCHHS BIIACHUX BEKTOPIB.

[eit miaxia € JOUUIBHUM, SIKIIIO BaXKJIMBO 3a0€3MEUYNTH CUCTEMHICTh Y BUSHAYEHHI
Bar, a TAKOK y BUMAJKaX, KOJIU PIIICHHS TPUIMAIOThCS KOJIET1aJIbHO B IPYIIl €KCTIEPTIB.

[Ticnst Bu3HAYEHHSI BAaroBUX KOE(QIIIEHTIB Wy METO/I1B Mq (q = 1,_n), 10
3aJI0BOJIBHSIIOTh YMOBY, 32 OJIHUM 3 PO3IJISTHYTHX MIIXOJIB, a2pe2o8aHull 8eKmop
npiopumemis anomepnamug A; (i = 1,N)

Sa = (SapSayr - Say ) (2.37)

3 ypaxyBaHHSM MAaTpHIll BEKTOPIB MpioputTeTiB anbTepHaTuB V (2.24), onepxaHux
PI3HUMHU METO/IIB IPUNHSTTS PlllIeHb, 00UUCITIOETHCS 332 HACTYITHOIO (POPMYJIOIO:

Sa = Vixn * Wrxi, (2.38)

IIPU LBOMY

n .
Sa; = Dgey Vi "Wqsi=1N, (2.39)

Jc

viq — npiopuret anbrepHaTuBu 4; (i = 1, N), onepxanuit metonom Mg,(q = 1,n),

N — KinbKiCTh anbTepHATHUB, N — KilbKicTh MeTomis; w! = (wi,wZ,...,wl) — BekTop

BaroBux Koedimientis metonis My,(q = 1,n), S,, — arperoBane 3HaY€HHs MPIOPUTETY

anerepHatuBu 4; (I = 1, N).
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Sxkmo Bei metomu M, (q = 1,7m) BBaXKaTH PiBHO BAXKIMBHMH, TO arperoBaHUi
BekTop mpioputeTiB anbrepHatuB A; (i = 1,N) Sy = (54,55, ..., Sy) MOXHa 3HANTH i3

34CTOCYBAHHAM CCPCAHBOIO rCOMCTPHUYIHOIO, TOOTO Y OIbOMY BHUITIAAKY:

¥
so=(.,v) " i=1n, (2.40)

Jc

viq — IplopuTeT anbTepHaTuBh 4; (i = 1,_N), ozepxKanui merogom Mg,(q = 1,n),
N — KUIBKICTh aIbTEPHATUB, N — KUJIbKICTh METO/IIB.

Bnaci 1ok mpoBeIeHHS arperyBaHHs pe3yJbTaTiB, OTPUMaH1 KOOPAUHATH BEKTOPY
PIOPUTETIB S4 MOKYTh HaOyBaTH MajMX 3HAYEHbB, IO YCKIIATHIOE iX IHTEPIPETAIIIIO Ta
MOPIBHSHHSA. Y 3B’SI3KY 3 IIUM JOIIBHO 3A1MCHUTH NPOLEAYpPY HOpMali3allii BEKTOPY Sy,
aHajoriuny npoueaypi (2.34)-(2.35), 3 MmeToro NpUBEACHHS iX 0 €AMHOTO MaciiTady Ta
3a0€3MeUYeHHs] KOPEKTHOCTI MOAANIBIIIOTO aHATI3Y.

Cepen mnepesaz 1bOrO MiAXOAY: 3MEHIIEHHS Cy0’€KTHMBHOCTI MpU BUOOp1 Bar
METO/11B; MPOCTOTA OOUUCIIEHB; 30€PEKEHHS MYJIBTUILTIKATUBHOTO €(DEKTY, 1110 BaXKIIMBO,
SKIIO OI[IHKUA CUIIBHO BIJPI3HSAIOTHCS.

Cepen HeOonikie 1BOTO TMIAXOMY: JOIMYCKAEThCA OJIHAKOBA 3HAUYYIIICTh YCIX
METOMIB, M0 MOXe OyTH HepeamiCTUYHO B JESKUX TMPUKIATHUX 3a7adax; He
BpPaxOBY€ThCA crienr(ika Yu HaAIMHICTh OKPEMHUX METO/IB B KOHKPETHIM 3a1aui.

Takuii mAXIT PEKOMEHJOBAHO 3aCTOCOBYBATH, SAKIIO HEMae OOIPYHTOBAHMX
MIJICTaB BUJIISATH OKpPEeMl METOJM 3a PIBHEM BaXKIMBOCTI, abo g 3a0e3nmedeHHs
HEUTpaJIbHOI 00’ €JHAHOT OLIIHKH.

Bubip miaxomy mo 3amaHHS BaroBUX KOE(QIII€EHTIB 3aJICKUTh BIJ METH
JOCITIJKEHHS, KOHTEKCTY 3ajJadi Ta HasBHUX CKCIIEPTiB. Y BHIAJKY, SKIIO BaKJIWBO
BpaxyBaTU JYMKY €KCIIepTa 3 MIHIMAJIBbHOI CKJIAJHICTIO, JOIILHO BUKOPUCTOBYBATH
EKCIIePTHE OIIHIOBAHHS BaroBUX KOe(iIieHTIB. SIKII0 TOTpiOHA CTPYKTypOBaHA CUCTEMA
3 OLIHKOI Y3TOJPKEHOCTI, BapTO OOpaTH MiAXiJ BU3HAYEHHS BaroBUX KOEQIIIEHTIB
METO/IIB 3 BUKOPUCTAHHSM TPOIEAYPH MAPHUX MOPIBHSIHHSI METOIYy aHami3y lepapxiil.

SIKIIO K CTAaBUTHCS 3aBIaHHA MAaKCHUMAIBHOI HEUTpaiabHOCTI 0e3 Ccy0’€KTHBHOTO
Tp y
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BTpYYaHHs, KpallldM € MiAXiJ 3 PIBHOK BaXKJIUBICTIO BCIX METOIB 13 3aCTOCYBaHHSIM

CCPCAHBOIO ITCOMCTPHUIHOTO.

2.6 BucHoBKH 10 po3ainy 2

Y napyromy po3aiii HaBEIEHO TEOPETHUYHI BIIOMOCTI MMIOAO0 i1HGOPMAIIHHIX
CUTyallll TPUUHATTS pilleHb, 30KpeMa MpPOaHATI30BaHO Ta CHUCTEMAaTU30BaHO
iHopMalliitHl cuTyallii NPUUHATTSA PIIIEHh B YMOBaX pPHU3HMKY, HEBU3HAYEHOCTI Ta
HeuiTkoi 1H(popmalii. BukoHaHO 3araibHy MOCTAHOBKY 3a/ayi OaraTOKpUTEpiaJbHOTO
MPUIHATTS PIllIEHb B YMOBaxX pU3UKY, HEBU3HAUEHOCTI Ta HEUITKOI 1H(popMaIii.

[lokazaHo, 110 3a7a4l OPUUHATTS pilieHb B 1HGOPMALINHUX CUTYyallsIX PU3UKY,
HEBHU3HAYEHOCTI Ta HEYITKOI 1H(dopmalii 3 (GopManbHOI TOYKM 30py € YaCTHHHUMH
BUIIAJKaMU 3arajibHoOi 3a7a4l 6araToOKpUTepiaJibHOTO NPUNHHATTS PILICHb.

Po3pobiieno konnentyanbHy Moaenb R-U-F MoxnuBux iHopMaiifHUX CUTYaIli
OPUMHATTS pllIEHb, sIKA B110Opa)xkae B3a€MO3B’ 130K MK OCHOBHUMM THIIAMU CKJIATHUX
1H(pOpMaIIHHUX CUTYyaIlll, [0 BUHUKAIOTh IiJ 4ac 0araTOKpUTEPIAIbHOIO MPUUHATTS
pilieHb: 1HPOPMALIMHOI CUTYAIIE0 TPUUHATTS pinieHb B ymoBax pusuky (Risk, R),
1H(OpMAIIHHOIO CUTYAIlI€EI0 TPUUHSITTS pIlIEHh B yYMOBaX MOBHOI HEBU3HAYEHOCTI
(Uncertainty, U) Ta iHpopManiiiHOIO CUTYalll€l0 NPUNUHATTA PIllIEHb B YMOBaX HEYITKOI
iHdopmarii (Fuzzy, F). Buznaueno xiro4oBi O0COOMMBOCTI ITET MOJENl Cepel SIKUX:
YHIBEPCAIBHICTh, THYYKICTh, IHTETPATUBHICTb.

Po3pobsieHo Monens mpouecy NOpPUAHSATTS —pIIIEHb B yMOBaxX pHU3HKY,
HEBM3HAYEHOCTI Ta HewiTKoi iHdopmaillii, 110 BIANOBIAAE  3aMpONOHOBaHIM
KoHuenrtyanbHiii R-U-F-mMozem MoxnuBuX 1HPOPMALIMHUX CUTyalld OPUAHATTS
pilieHb 1 mependayae MOMIIMBICTE BUOOPY KIIBKOX METOJIB MPUUHSTTS PILIEHb SK
TPaguIIMHNX, TaK 1 MOAM(DIKOBAaHMX, KOMOIHOBAaHHMX Ta TIOPHIHMX METOJIB IS
PO3B’s3aHHs TOCTABJICHOI 3a/1a4l 3 MOJANbIIUM arperyBaHHIM OJEP>KaHUX PE3yJIbTATIB.

VY po3poOneHiii Mojeni BU3HAYEHO i1 eTamu, 3aBlaHHs, Ta Kpoku. [IpoBemeHO
aHaJi3 XapaKTEPUCTUK KIACIB TPaIUIIMHUX, MOJU(PIKOBAHUX, KOMOIHOBaHUX Ta

riOpUIHUX METOIB IPUNHATTS PIlIeHb, HABEICHO iX MepeBaru Ta HeAOMIKH.
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[IpoananizoBaHo MOMYJISIPHI METOJX PO3B’sI3aHHS 3a7a4l OaraTOKpUTEPiaabHOIO
npuitHaTTs  pimenb (MCDM). IlpoBeneHo MOpIBHAHHS —JIBOX — MIAXOAIB  JI0
0araToKpuUTEPIATBHOTO MPUHHSITTS PIiIlIeHb: 0araTOILOBOTO MPUUHATTS pimeHs (Multi-
Objective Decision Making, MODM) 1 GaratokpurepiaJbHOTO aHajidy ajJbTEepHATHB
(Multi-Attribute Decision Making, MADM). HaBeneHo omuc momyisipHUX METOJIIB
MADM Tta 3po6ieHo ix po3nojais MO0 MOKIMBOCTI 3aCTOCYBaHHS B 1H(pOpMAIITHIX
CUTyaIllIX B YMOBaX BHU3HAYEHOCTI, HEBU3HAYEHOCTI, PU3UKY Ta HEUITKOi 1H(OpMaIlii.
[TpoBeneHo MOPiBHAIBHUI aHAT3 XaPAKTEPUCTUK JACSIKUX MOMyIIpHUX MeToaiB MADM,
3okpema: AHP; ANP; TOPSIS; MOORA; MeToiB IpUHHATTS PIllIEHb B yMOBaX pU3UKY;
METO/IIB IPUMHATTSA PIlIEHb B yMOBaX MOBHOI HEBU3HAYEHOCTI.

Po3po06ieHo METOANKY 3aCTOCYBaHHS JEKUIBKOX METOAIB MPUUHSTTS pPIlIEHb B
MexKax OJIHI€T 3a/1a4i 3 arperyBaHHsAM pe3yiabTaTiB 3a PI3HUMHU M1X0JaMH 10 BU3HAUCHHS
BaroBux Koe(QILI€HTIB METOMAIB, 30KpEeMa: 3a JOMOMOIOK €KCHEPTHOIO OLIHIOBAHHS; 3
BUKOPUCTAHHAM MPOLEAYpH TMApPHUX TOPIBHSHHSA METOAY aHaji3y l1epapxiid; 3
BUKOPHUCTAHHSAM CEPEAHBOI0 T€OMETPUYHOTO I BUMAIKY PIBHOT BaXKIIMBOCTI METO/IIB.
HaBeneHo OCHOBHI eTtanu peani3auii i€l METOJUKH, MaTEMaTU4YHE OOTPYHTYBaHHS Ta
MIPOAHAJI30BaHO ii IepeBaru Ta HeIOMIKH.

Pe3ynbTaTi 4OCHIIKEHB APYToro po3aity ony0siikoBaHi B poOoTi [42].
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PO3/11 3
3AJIAYA, MOJEJI I METOJM YIIPABJIHHS PU3UKAMHA

3.1 3agauya ynpaBJ/iiHHS pU3MKAMHU B POLEeCAX NPUIAHATTS pillleHb

B koHTekcTi aHaidy pU3WKIB, HEBU3HAYCHICTh PO3IVISAAETHCA SK TEPBUHHUM
¢dakTop, y TOM yac sIK pu3UK € BTOPUHHUM (haKTOpoM. IcHye npsiMuii 3B’ 30K MIXK pIBHEM
HEBU3HAYEHOCTI Ta PIBHEM PU3HKY: 31 3pOCTAHHSIM HEBH3HAUYEHOCTI 3pOCTa€ W PUBHK.
[IpoTe oOuaBa 111 (haKTOPH BIAITPAIOTh KIFOYOBY POJIb Y MIANPUEMHUIIBKIN IISUTBHOCTI.
3T1IHO 3 TYMKOIO JOCHIAHUKIB [ 1], OCHOBHA BIIMIHHICTh Mk ITUMU SBUIIAMU TOJISTAE Y
MOXJIMBOCTI X BUMIPIOBAHHS Ta OLIIHKHA: HEBU3HAYCHICTh BUMIPIOBATH HEMOXKIIMBO a00
BKpai CKJIaJHO, B TOM Yac K pU3UK MOKHA OLIHUTH. BiIbII BAXKJIMBOIO BIIMIHHICTIO MIXK
MMM JIBOMA SIBUIIIAMU € MOKJIMBICTh BIUIUBY: PU3UKOM, Ha BiAMIHY BiJ HEBU3HAUYEHOCTI,
sKa He € 00’ €EKTUBHHUM SIBHIIIEM, MOKHA, 1 TOTPIOHO yIPABJIATH.

VYrpaBaiHHS pU3WKaMHU BKIIOYAa€ B ceO€ MPOTHO3YBAHHS MEPCIICKTUB PO3BUTKY
JISITBHOCTI MIPUEMCTBA, aHATI3 MOKJIMBUX BIIXUJICHB BiJ 3aIJIAHOBAaHUX PE3YJIbTATIB
1 KepyBaHHs IIUMH BIIXUJICHHSIMH 3a JIOIMOMOTOI0 BJIOCKOHAJICHHS O13HEC-TPOIIECIB Ta
MiHIMI3a1li HeraTUBHUX HachiakiB. Ciij] 3ayBaKUTH, 10 OCKIJILKM HEBU3HAYEHICTh €
HEOJMIHHOIO YaCTHHOIO PEaJIbHOCTI, TIOBHE YHUKHEHHS pPH3UKYy HemoxummBe. OTke,
PU3MK 3aBXKIW MPUCYTHIN, 1 NPUUHATTS pillleHb MOBUHHO 0a3yBaTHUCS Ha CTpaterii
YOPABIIHHS PU3UKAMH.

3aoaua ynpasninna puzuxamu — 1€ 3aJa4a MPUHHATTS PIlICHb, CIIPSIMOBaHA Ha
BUOIp cTpaTerii 3 MHOXKMHHU JOMYCTUMHX, sKa 3a0e3leyye MiHIMI3alll0 HEraTUBHUX
HACJIIKIB PU3HKIB Ta MAKCHUMI3AII0 BUTOJ 32 BU3HAYCHUMU KpuTepisiMu. DopMaabHO
3a/1aya TMoJisira€ y BU3HAYEHH1 HAWKPAIIOTO PIIICHHS 3 ypaxyBaHHSM KUTbKICHOI OIIIHKA
PHU3HKY Ta 0OMEXEHb CUCTEMH [2].

BiamoBinHO M0 HaBENEHOTO BH3HAYEHHS 3a/adl YNPaBIIHHSA PU3HMKAMHU MO>KHA
3pOOMTH BHCHOBOK, IO IO 3a7ady JOIIBHO  PO3TISAaTH K 3a7ady
0araToKpuTEPIAIbHOTO MPUNHATTS PIlICHb.

Y Oynp-aKifi AiSIBHOCTI, MO CYNPOBOJKYETHCS HEBU3HAYCHICTIO, PU3UK €

HEB1JI’€EMHOIO CKJIaJIOBOIO TIpollecy MNPUUHATTS pimeHb. Came TOMy YIOpaBIiHHS
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pU3UKaMU BHUCTyNae (QyHIaAMEHTAJbHMM €TarloM Y MiAXOJl JO0  BUPIIICHHS
OaratokpuTepiaibHux 3anad. HesamexHo Bim Toro, Hackiibku edektuBHo OIIP
MIHIMI3Y€ PU3UKH, TIOBHICTIO YCYHYTH 1X HE BJAETHCS — BOHU 3aBXKJIU 30€pIraroThCs K
NIEBHUM HEB1’ €EMHUI €JIEMEHT CEPeIOBUIIA TPUIHATTS PIllICHb.

[IpoTe KIIF0YOBMM MOMEHTOM € T€, 1110 TOTIEPEAHE YIPABIIHHS PU3UKAMHU J103BOJISIE
3HU3HUTHU IXHIN PIBEHB 0 MPUHHATHUX MEXK, III0 CYTTEBO MOJIETIIYE MOJANbIIE MTPUHHITTS
pimeHb. Il jorika oOyMOBIIIOE TMOCHITOBHICTB: MEPII HIK 3aCTOCOBYBAaTH METOJH
0araToKpUTEpiaIbHOTO MPUUHATTS pIlIeHb, HEOOXITHO MPOBECTH aHai3 PU3HUKIB 1
3MIMCHUTH 3aXOAH 100 1X 3HMKEeHHS. Lle 103BoJIsie 3MEHITUTH X HEraTUBHUMN BILIUB Ta
3a0e3nedye OUIBII CTIHKI pe3yIbTaTH Y MOAAIbIINA POOOTI.

Haii61y1p111 MOMMUPEHO0 1 JOCTIKEHOO 3aa4€t0 YIIPABIIHHS PU3HKAMHU € 3a/1aua
YIPaBIiHHS pU3UKaMU NPOEKTIB. ToMy OLIbIll AETATBHO PO3TIISHEMO L0 3a/1ady.

[ToHATTS pU3HKY MPOEKTY Ma€ pi3HI BU3HAUEHHS, 30KpeMa B ctanaapti ISO 31000:
2018 [3] 3a3Hau€HO, 1110 «PU3HK — 1€ BILUTUB HEBU3HAYCHOCTI Ha IOCATHEHHS Luiei». [Ipu
[bOMY BBa)KalOTh, 1110 BIUIMB — II€ BIAXWJICHHS BiJI OYIKYBaHOTO — TMO3UTHUBHE YU
HEraTHBHE, a LJII MOXKYTh MAaTH Pi3HI ACTIEKTH 1 MOXYTh 3aCTOCOBYBATUCS Ha PI3HUX
piBHSX (TakuX sIK CTPATETIYHUH, 3aralbHOOPTaHi3aIlliiHUN, MTPOEKTHUM, TPOTYKTOBUH 1
npouecHuid) [3]. Pu3uk 4yacto xapakTepu3yeThbCsl BIUIMBOM Ha MOTEHLIWHI MOl Ta
HacHiAKM abo iX moenHaHHs. TakoXX PHU3UMK BUPAXKAETHCS B TEpMIHAX KOMOIHAIIT
HACJIAKIB MOAIl (BKJIIOYAIOUM 3MIHM B OOCTaBMHAX) 1 MOB’SA3aHOI 3 MM WMOBIPHOCTI
HacTaHHs noaii. HeBu3HaueHICTh — 1€ CTaH, HaBITh YAaCTKOBUM, nediuuty iHdopmarlii,
MOB’SI3aHOI 3 TTOJII€EI0, 11 HACTIIKOM a00 WMOBIPHICTIO, PO3YMIHHSM 200 3HAHHSM PO HEl
[3]. OgauM 3 MOMYJSIPHUX 1THCTPYMEHTIB YMPABIIHHS PU3UKAMU Y TPOEKTAX € METO]
matpuii pusukiB (anri. Consequence/Likelihood Matrix, Risk Matrix) [4], skwuii
nepeadavyae CTBOPEHHS TAONMIN, JI€ 3a3HAYAIOTHCS HAWMBAXKIMBIIII T'PAaHWYHI 3HAYCHHS
HMOBIPDHOCTE BUHUKHEHHSI PU3HMKIB Ta FPAHWYHI 3HAYEHHS iX BIUIMBY HA MPOEKT. Y
METO/Il MaTPHUIll PU3HKIB OI[IHIOETHCS PIBEHb PU3UKY HA MEPETHHI PAAKIB (MMOBIPHOCTI
BUHUKHEHHS PU3HKIB y TIPOEKTI) Ta CTOBMIIB (BIUIMB PU3UKIB HA TIpoeKT). Lle mpocTuid,
asnie e(peKTUBHUI MEXaHi3M, SIKHW Jlonomarae 30UIbIIUTA BUAUMICTh PU3UKIB 1 CIPHUSIE

YOPABITIHHIO TPUUHATTSAM pillieHb. Pa3om 3 1M, BiH Ma€ MEBHI HEAOIKH, CEPEN SIKUX
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OCHOBHHUM € TMpo0OsieMa HEKOPEKTHOI Kiacudikailili pHU3UKIB TPOEKTY, IO MOXKE
HEraTUBHO BIUIMHYTH Ha TMPUWHATTA PIIIEHHS WIOJ0 3aXO0JIB iX YCYHEHHS Ta
3armobiranHs. ToMmy mopanbile AOCHIKEHHS 1 po3poOKka ePEeKTUBHUX METOIIB
YIpaBJiHHS PU3MKaAaMU MPOEKTIB Ta CTBOPEHHS CyYaCHUX TEXHOJIOTIH iX peamizalii €
aKTyaJIbHOI0 HAYKOBOIO 1 MPAKTUYHOIO MPOOIEMOIO.

JlocmiKeHHS 3 TIUTaHb VHPAGIiHHA NPOEKmMamy TIPSICTABIICHI B TpAIIX TaKUX
BITYM3HSHUX HayKoOBINB, sk bymyes C. JI. [5], bymyeBa H. C. [6], Januenko O. b. [7],
Tecna FO. M. [8], Mopo3oB B.B. [9], 3auko O.b. [10], IIpokomenko T.O. [11],
benpiit /1. C. [12], Konecnikosa K. B. [13].

[TutanHsM poO3pOOJIEHHST Ta BIPOBAPKEHHS METOMIB 1 TEXHOJOTIM YIpaBIiHHS
pU3UKaMU B IMPAKTHKY AISUTBHOCTI OpraHizamiil 1 MANPUEMCTB MPUCBSYEHI Mpall TaKUX
BITUYM3HSHUX Ta 3apyObKHHX mocmiaHukiB sk ['eenp B. M. [14], Iapanos O. 1. [15],
Bitnincekuii B. B. [16], Hanuenko O. b. [17], beapiit 1. C. [18], Uymauenko 1. B. [19],
Kononenko I. B. [20], Konecnikosa K. B. [21], Tpury6a A. M. [22], 3auxo O. b. [23], Peter
Bernstein [24], Nassim Nicholas Taleb [25], Gerd Gigerenzer [26], Robert S. Kaplan [27],
Douglas W. Hubbard [28], Irving H. LaValle Ta Peter C. Fishburn [29, 30], Paul Slovic [31].

Takox MOkHa BUAUTUTH IMyOJTiKallii OCTaHHIX POKIB, SKi MPUCBSUEHI TTpodIemMam
MoOyI0BH CUCTEMHOTO yripaBiiHHs pusnkamu [32], [33]. ¥V poOoTi [34] 3aniponoHOBaHO
MIJX1 10 CTBOPEHHS MaTPULlb PU3UKY, SIKUW IHTETPY€E CTaBJICHHS JO PU3UKY HA OCHOBI
Teopii kopucHOCTI. B po6oTi [35] 3amponoHoBaHO CTPYKTYpy aHai3y MATPHUIll PU3UKY
JUISL OLIIHKKA PU3HMKY Ta BCTAHOBJIEHHS MPIOPUTETIB HA OCHOBI MOTEHI[IHHOTO BILIUBY
pusuky (PRI). B po6oTi [36] 3anmpornoHoBaHO BUKOPHCTOBYBATH KOMOIHOBAaHWUN HEITKHUMA
TIIX17] 32 METOJIOM aHaJli3y 1EpapXxi.

B cratTi [18] npeacTaBiaeHuii KOMITJIEKCHUHN OTJISI, SIKUM M1ATBEPKY€E BUCHOBKHU
paHiIe mpoBeIeHUX JOCTIIHKEeHbB [4] 10710 0OOMeXeHb y BUKOPUCTAHHI METOIY MaTPHIll
pU3UKIB. Y naHiil poOOTI BiJ3HAYAETHCS 3HAUYIICTh MPOBEJAEHHS KUIBKICHOI OIIIHKH
PHU3HKIB, KOJM 3allIKaBJIE€HI CTOPOHM MOXYTb Y3TOJKYBaTH OI[IHIOBAaHHS PHU3HKIB.
Po3riisiHyTO BaXKJIMBICTh YCYHEHHSI METOAOJOTIYHOT HEBU3HAYEHOCT] 1 ABO3HAYHOCTEH,
[0 MOXYTh BHHHMKATH IIPH BUKOPHCTAHHI METOJy MaTpHUIlb PU3HKIB. Takoxk, aBTOpH

CTaTT1 3a3HAYAIOTh, IO KOJIIP KOMIPOK MaTPHI[l PU3UKIB CYTTEBO BILTMBAE HA CIPUUHSTTS
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pU3MKY, aje BIOPOBA/[UKCHHS TICBHUX TPUHIUIIB, TaKuX sAK JorapudmivHe
MaciTadyBaHHS Ta OO0 €KTHUBHI SKICHI OIIIHKM, IMIAKPIIJIEHI KIJBKICHUMH JaHUMU,
MOKYTh MOKpAIIUTH €()EeKTUBHICTh METOAY MaTpHIll PU3UKIB. JJ0AaTKOBO, PO3TIISIHYTO
npoOjieMH, IO TOB’S3aHI 3 arperyBaHHSAM PU3UKIB, KAaTErOpH3aIli€l0 HACIHIJKIB Ta

MO>KJIMBICTIO CTBOPEHHS CTaHIaPTU30BAHUX KOPIIOPATUBHUX MATPHUIlh PU3HKIB.

3.2 AHaJii3 3ac00iB ynpaBJIiHHS pU3MKAMU

3a maHUMU JOCIIDKEHBb, MpoBeAcHUX Demepalli€lo €BPOIMEUChKUX acoIaIii 3
PU3MK-MEHEDKMEHTY, 3apyOlXkHa MpakTHUKa CBIAYUTH MPO Te, IO 3HA4YHAa YacTUHA
KOMITaHI aKTUBHO BOPOBAKY€E CUCTEMH YNPABIIIHHS PU3UKAMHU. 3T1AHO 3 MPOBEACHUM
ONMUTYBAHHSM, 79% ONUTaHUX MIANPHUEMCTB 311 CHIOIOTH YIIPABIIIHHS PU3UKAMHU, & 3 HUX
44% BuAUIAIOTH YIPaABIIHHSI pPU3UKAMU K OKpEMYy MIJCUCTEMY MEHEIKMEHTY
nignpuemctsa [ 1]. Lli gaHi BKa3yroTh Ha TEHEHIIO A0 MOLIMPEHHS IHCTPYMEHTIB PU3HK-
MEHEIP)KMEHTY Ta Ha YCB1IOMJIEHHS BaXJIMBOCTI CHCTEMAaTUYHOT'O MiIXOy O KOHTPOJIIO
Ta MiHIMI3a1lli pu3uKiB y O013Hecl [1]. BopoBaakeHHsI cuCTeMH YIpaBJIiHHS pU3MKaMU Ha
HIAIPUEMCTBI TIEPEyCIM IPYHTYETHCS HA JOTPUMAHHI HAallIOHAJIBHUX Ta MI)KHAPOJIHUX
CTaHJapTIB. Y BUMAJKY MOXJIMBOIO BUHUKHEHHS HETaTUBHUX CLEHApIiB, 1[I CTAHAAPTU
BHU3HAYAIOTh AJITCOPUTMHU 1M JUIsl SMEHILIEHHSI iX BIUIMBY Ha JisSIbHICTh mianpueMcTBa. Ha
pucyHKy 3.1 300pakeH0 aiarpamy B3a€MO3B’sI3Ky MK CTaHJapTaMH, METOJIOJIOTISIMU Ta
METOJIaMU ISl yIpaBiiHHA pu3ukamu. [Ipu oMy 3acTOCOBaHO JIOTTYHE CIIBCTABJICHHS,
OCKUIbKM CTaHJApTH — L€ IIMPIII paMKd a0 MpaBuiia, sIKI MOXYTb MICTUTH pI3HI

METO/I0JIOT11, @ METOJI0JIOT1i BKJIFOYAIOTh KOHKPETHI METOM JIJIsl BUPIIIICHHS 3a/1a4.
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Pucynok 3.1 — Jliarpama B3a€MO03B’ 513Ky MI>K CTaHJapTaMH, METOJOJIOT1SIMU Ta

METOJaMH JIJIsl yIPABIIIHHS PU3UKAMU [PO3POOJIEHO aBTOPOM |
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Cmanoapm — 1€ JAOKYMEHT, IO BCTAHOBIIOE BHUMOTH, HACTaHOBU abo
XapaKTEePUCTUKH, K1 IOBUHHI OyTH TOTpUMaHI y MIEBHIM cdepi uu ranysi. BiH Bu3Hauae,
o noTpiOHO 3pobutH, MO0 BIANOBIAATH TEBHOMY pPIBHIO fKOCTi, Oe3meku abo
edextuBHOCTI [38]. [Ipuknaau cTaHaapTiB HaBeAeHO B TaOmIl 3.1.

Tabmurs 3.1 — MixkHapoAH1 CTaHAApPTH YIIPABIIHHS Ta KEPIBHULITBA B TalTy31 YIIPaBIiHHSA

pu3ukamu, iHQOpMaIliitHoi 0e3MeKu Ta MPOEKTHOTO MEHEIKMEHTY [Ha OCHOBI pooiT [3,

38-41]]
Ne | Cranpapr OCHOBHI XapaKTEPUCTUKU CTAHJAPTY Po3pobuuk
1. | Crannmapt BuzHauaroTh 3arajibHi MPUHIUINA T4 HACTAHOBH IS MEK (IEC)
ISO 31000 ta | edeKTUBHOTO YIIpaBIIiHHS PU3UKAMH B Oy Ib-SIKii
ISO 31010 oprasizariii, HaJ[ar04u 3aco0u JyIs 1iIeHTH IKAIIiT,
OLIIHKH, 00OpOOKH Ta MOHITOPUHTY pu3nKiB. CTaHmapT
JIA€ OTJISII OCHOBHUX METO/IIB OLIHKK PHU3HUKIB [3, 38].
2. | Crannmapt BcraHoB0o€ BUMOTH 10 CHUCTEM YIPaBIiHHS MEK (IEC)
ISO 27001 iHpOpMaLiiHOO0 0E3MEKO0I0, 30KpeMa, YIPaBIiHHS
PHU3UKaMH, KOHTPOJIb JIOCTYIy, HEIEPEPBHICTh
JiSUTBHOCTI Ta MOCTIHHY OLIIHKY Ta BAOCKOHAJIeHHS [39].
3. | Cranpapr Cranpapt A ynpasiiHHs O€31EKO00 Ta HanionanbHuit
NIST 800-53 | kon¢ineHuiiHicTIO iHGOpMaIliitHUX cucTeM Yepe3 Halip | IHCTHTYT
KOHTPOJIBHUX 3aXO[iB 1 yrpaBiiHHs puzukamu [40]. CTaHJapTiB i
texHozorii CIOA
(NIST)
4. | Crangapr Crangaptu3zoBaHuil Hablp Kpalux MpakTUK 1 IPOLECIB (Project
PMBOK JUIsL YIIPaBIIiHHS MPOEKTAMH, 1110 OXOIUTIOE iHIIiaLlio, Management
IJIaHYBaHHS, BUKOHAHHS, MOHITOPHUHT 1 3aBEpIICHHS Institute, PMI)
MIPOEKTIB, 3 aKIIEHTOM Ha yIpaBIiHHS PECypcamH,
pU3MKAMHM Ta JOCATHEHHsI MPOEKTHHUX wLiyiel [41].

Hapasi icaye mnonan 23000 cra"maptiB, po3poOsieHuX MIiKHApOIHOIO
Oprasizaii€ro 31 CTaHAapTH3AIll1, 1[0 OXOIUTIOIOTh ITUPOKUH CIIEKTP TEM — B1Jl TEXHOJIOT1H
JI0 YHOpaBJIiHHA SKICTIO, OXOpOHHU 3A0poB’s Ta Oesneku. ISO mocTiitHO 3aiiMaeThCs
PO3pOOKOI0 HOBHUX CTaHJAPTIB Ta OHOBJICHHSM HAasIBHUX, 1100 BIJMOBIIATH CYyYaCHUM
TEXHOJIOTTYHUM 3MiHaM 1 BUMOTaM PUHKY.

Cmanoapm 0ns ynpaeninHa pusukamu — 1€ HOpMaTUBHUNA OIIHHUN JOKYMEHT,
10 3aTBEPKYIOThes opranizamisimMu, Takumu sk [SO, ANSI, IEC, NIST oo, sxuii
BCTAHOBJIIOE 3arajbHl TPUHIUIN, pPAaMKH, TPOLECH Ta PEKOMEHAAIll 00

1AeHTH(IKaIll1, OLIHKH, MOHITOPUHTY, KOHTPOJIIO Ta MiHIMI3allii pu3ukKiB [3, 38-41].
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Memooonoeia ynpaeninusa pusuxamu — 1€ CUCTEMATHU30BaHMM MiAXiJd, SKUH
BKJIIOYa€ HaOIp MPUHIMIIB, METOMIB 1 MPOIECIB, MPU3HAYCHUX IS YIPABIIHHS
pHU3MKaMHu B oprasizaiii abo mpoekTi [38-41].

Memoou ynpaeninua puzuxamu — 1€ KOHKPETHI 1HCTPYMEHTH Ta IMiJAXOIH, SKi
3aCTOCOBYIOThCS JAJisl 1eHTU(IKAI], aHami3y, OLIHKH, MiHIMI3alii a0 MOHITOPUHTY
pusukiB [38-41].

Ockunbku ISO 31000 3a3Buyail BUKOpUCTOBYeThCs B kombOiHarii 3 ISO 27001,
TOMY OKPEMO JIJIs TTOPIBHSHHS JaHUHW CTaHAAPT HE PO3TISAAETHCS.

[Tepearu cranaaptis ISO 31000, NIST 800-53 ta PMBOK MoxHa BimoOpazutu

3a JIONOMOTOI0 JiarpaMu, peICTaBlIeHOT Ha pUCYHKY 3.2.

ISO 31000

[IMupoke
3aCTOCYBaHHS

I'Hy4KicTh

[Tokpamene
YIIPaBJIIHHS
pecypcamu

CTpyKTypOBaHHH
X1

Ilokpamene
yIpaBIiHHS

ITigTpuMka
. PU3HKaMH
IpolieciB . e
) iHpopMaIIiitHoi
MOHITOPHUHTY Ta
Oe3rekn

KOHTPOJIIO

PMBOK

NIST 800-53

Pucynok 3.2 — IlepeBaru crangapti ISO 31000, NIST 800-53 ra PMBOK
[po3p0obIIeHO aBTOPOM |
Henomnixu ctangaptis [ISO 31000, NIST 800-53 Ta PMBOK MoxHa BimoOpazutu

3a JIOTIOMOTO10 JiarpaMu, MpeacTaBiIeHOl HAa PUCYHKY 3.3.
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ISO 31000

BigcyTHicTh cnierudiaHmx
iHcTpyKniit ams IT

CKIagHicTh
BHMIPIOBaHHS
e(eKTUBHOCTI

Bumora 1nTerparii 3
IHITIMH CTaHIapTaMH

Heo0OxinHicTh yacTux
OHOBJICHB

OOMexeHa rHYYKICTE
TEeSKNX acTeKTax

CriragHicTs
BIIPOBAKEHHS

3ocepe/KeHHS Ha
(dexepanbHuX n0Tpedax B
iHpopMartiiiHiii Oesmerni

KynsTypHi 00MexKeHHS

periouis TpymomicTke

JOKYMCHTYBaHHS

NIST 800-53

Pucynok 3.3 — Hegomniku cranaaptis ISO 31000, NIST 800-53 ta PMBOK
[po3p06IIeHO aBTOPOM |

B pesynbrari aHanmizy 0yJio BCTAHOBJICHO, IO Uil yHpaBiiHHA puszukamu B IT-
npoekTax HaiOube maxoauts cranaapt [SO 31000. Januii ctangapT B koMOiHAaIIi 31
crtangapToM ISO 31010 € HaltO1IBIT aTaITUBHUM, OCKUIBKH Ha TTOYAaTKOBHX €Tarax Horo
BIIPOBA/PKEHHSI BIH JIETUIE 1HTETPYeThCA B ICHYIOYl cuctemu. Lleil ctangapt moxe
CJIyTYBaTH OCHOBOIO JIJII TOJAJBIIIOTO BIPOBADKEHHS 1HIIMX CTAaHIApPTIB, SKI OYIyTh
JIOTIOBHIOBATH OJIMH OJTHOTO 3aBJSIKA HAsIBHOCTI pi3HOTalTy3eBUX HOpM y pamkax [SO.

B naykoBomy nocnijkeHHi ans ynpaiiHHs pusukamu B CIIIIP «Decisioner
obpano ISO 31000, ockinbku [T-koMnaHii MOXKYTb CIIBIPALIOBATH 3 PI3HUMHU TaTy3sIMH.
Hanpuxknana, po3pobka mporpam Moxe OyTH TOB’si3aHa 3 arpOCEKTOPOM, 3 (PiIHAHCOBUMU
yCTaHOBaMH, OCBITHIMH YCTaHOBaMHM, TOIIO. TOMYy BapTO BpaxOBYBaTH OCOOJIMBOCTI

KOHKPETHOI Tally31, I SIKOT CTBOPIOETHCS MPOrpaMHe 3a0€3MeYeHHS.
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Ockinbku Bukopuctanus ISO 31010 3aGe3nedye BiAMOBIAHICTE MIKHAPOIHUM
BUMOTaM Ta IMiIBUIILY€ PO30PICTh 1 €PEKTUBHICTh YIIPABIIHCHKUX MPOIECIB, ISl aHATI3Y
PHU3UKIB JIOIJIBHO OOMpaTH METOAM, IO BU3HauyeHl muM ctanaaptoM. Cranmapt ISO
31010 oxorutro€e AesiKi METOJIM OIIIHKK PU3HKY, SIKI OTTMCAHO 3a HACTYIMHOIO CXeMoro: 1)
3arajJpbHUN OTJISAM; 2) 3acTOCyBaHHS; 3) BXifgHI maHi; 4) mporec; 5) BuxigHi maHi; 6)
nepeBarn Ta obmexxennsa. B JICTY 31010:2013 [42] cepen MeToAiB YNpaBIiHHS
pU3UKaMU BUJIJICHI 0araTOKpUTepiaibHI METOAM NPUUHATTSA pimeHsb (JogaTox IN).

OckiTbKM IUIAaHYBaHHS Ta peaiizaiis NpPOEKTy BiAOYBa€TbCs B yMOBax
HEBHU3HAYEHOCTI, 1€ TOPOKYE 3MIHY BHYTPIIIHBOIO Ta 30BHIIIHBOIO CEpeloBUIIA. Y
(dbopmati IPOEKTY HEBU3HAYEHICTh — 1I€ BIACYTHICTh JOCTOBIPHOI Ta IMOBHOI 1H(pOpMAaIIii
I0JI0 YMOB peaji3ailii MpoeKTy. By p-skuil MPOEKT MICTUTH B COO1 BUKOHAHHS SIKOi-
HeOy/lb HOBOT JISUTbHOCTI B HOBUX YMOBAaX, 3 BUKOPHUCTAHHSM HOBHX PECYpCIB 1 IS
CTBOPEHHS HOBOT'O PE3yJbTaTy. BIIbIIICTh CKIQAHUX MPOEKTIB YC€ OB HEBU3HAYEHI
BIKE 3 MIEPIIMNX CTal1id CBO€ET po3poOKku. HoBH3HA a00 1HHOBALIIMHICTh TPOEKTY MPUBOIUTH
JI0 TIOSIBU PHU3HMKIB Yy IIUPOKOMY PO3YMiHHI. PHU3MKKM MOXKHAa BHU3HAYUTH SIK
HEBU3HAYCHOCTI, MIOB’s13aH1 3 BUHUKHEHHSIM Y XO/l1 IPOEKTY CUTYalllid, HACIIIKOM SIKUX €
BILJIB Ha TPUBAIICTh, BATPATH Ta AKICTh NPOEKTY [41].

[lin ympaBiaiHHSAM pU3MKaMU PO3YMIIOTh MPOLIEC pearyBaHHsA Ha MOJAIl Ta 3MIHU
PU3UKIB y TpoIecl BUKOHAHHS MpoekTy. OCHOBHA CTpAaTErisl yIPaBIIHHS PUSUKAMU — 11€
ix MiHIMI3aIlis. YTIpaBIiHHA PU3UKAMU MTOEIHYE Y cOO1 TUIaHYBaHHS PU3UKIB, peasizailiio
NI MO pearyBaHHIO, KOHTPOJb, pOOOTYy 3 HOBUMH pHU3MKaMH, ab0 pU3MKaAMH, IO
anumunucs [41].

[InanyBaHHS yNpaBlliHHS PU3UKAMHU — MPOIIEC B SIKOMY POOUTHCS BUOIp TIXOTY
710 TUIAaHYBaHHS 1 yNpaBIiHHS PU3WKAMU U1 KOHKPETHOTO MpoekTy. JlaHwii mporiec
CKJIQJAETHCS 3 TAKUX PIIICHB: PILICHHS 110 0OMEXEHHSIX pearyBaHHs Ha PU3UKH, PIILICHHS
M0 OpraHizaIli 1 KaapoBoMy 3a0€3MeUeHHI0 TPOIEYp YIPABIIHHSI PU3HUKAMHU TIPOEKTY,
BUOOPY JUKEpEIT JaHUX 1 4aCOBUX 1HTEPBAIIB IS 1ICHTU(IKAIIIT pU3UKIB, 1X (DIHAHCOBOMY
3abe3rneueHHo [41].

Ha pucynky 3.4 300paxkeHO cxeMmy Mpollecy ynpaBiiHHs puzukamu. g cxema €
HUKIIYHUM TPOLIECOM: IMICIST MOHITOPUHTY Ta KOHTPOJIO MOXJIMBE MOBEPHEHHS [0

MONEPEIHIX €TaMiB y pa3i BUSBIECHHS HOBUX PU3HUKIB a00 3MIHU YMOB IIPOEKTY.
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IInanyBanus
YIIpaBJIiHHSA
pH3HKaMH

A 4

Inenrudixaris

PH3HKIB |
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PH3HKIB |
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aHaJi3 PH3HKIB |

IInanyBanHs
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'

Mouiropuar ta
KOHTPOJIb

Pucynox 3.4 — Cxema nporiecy yrpaBiiiHHS pu3uKkamu [po3po0iieHo Ha ocHOBI [41]]

VY pocmipKeHHI TPOaHali30BaHO MPUKIAAM JESKUX MPOrpaMHHUX 3aco0iB
yIpaBiiiHHs pusnkamu, 3okpemMa: Onspring [43], Checkbox [44], Qualityze Suite [45],
Wrike [46], AuditBoard [47]. Pe3ynpTatu mpoBeeHOT0 aHali3y HaBeACHO B A0JaTKy I
«Orasg METOIIB 1 MPOTPAMHUX 3aC001B YIIPABIIHHS PU3HKAMI.

PosrasiHyTi mporpamMHi 3aco0M yIpaBiIiHHS PU3MKAMH MAlOTh IIUPOKUNA HAOIp
(GyHKILIM, II0 OXOIUIIOIOTH OCHOBHI ACHEKTH YINPABIIHHA PU3MKaMH, 30KpemMa ayauT
PHU3HUKIB, OLIIHIOBAHHS PU3UKIB, CKJIaJIaHHA 3BITHOCTI, HAIAILITYBAaHHS pOOOUYMX MPOIIECIB,
YOPABIIHHS 1HIUACHTaAMH, IHTETPAIli0 3 IHITUMHU CUCTEMAMHU, MOHITOPUHT Y PEAIbHOMY
yaci, CTBOPEHHs 1HPOPMaLIMHUX MaHEeJeH Ta MATPUMKY MOJITHK OE3MEKH.

binbiicTh mpoaHaaizoBaHUX MPOTpaMHUX 3aC001B peasizyloTh KIACUYHUN METOJ
MaTpHIl PU3UKIB, IKUH Mepeidadae OIiHKY pU3MKY IUISIXOM CITIBCTaBICHHS HMOBIPHOCTI
HACTaHHS PU3MKY Ta PIBHS HOro BIUIMBY. Y MpoIeci aHami3y LbOro METoAy OyIio
BUSIBJICHO HU3KY HEJIOJIKIB:

1. Knacuunuii MeTo MaTpulll pU3MKIB Mepeadaydae Julle ABa KpuTepii, 3a SKuMu
OIIHIOETHCS X BAXKJIUBICTH 1 BIUIMB Ha MPOEKT;

2. Pusuku, sKi MarmTh OJHAKOBI KUIBKICHI 3HA4YEHHS BEJIUYMHU R, MOXYTh
HaJIeXaTH JI0 PI3HUX PIBHIB PU3MKIB, 110, 3 MATEMATHYHOI TOUKH 30pPY, € HEKOPEKTHUM;

3. Knacuunuii MeTon MaTpuill PU3UKIB BUKOPUCTOBYE, SIK MPABUIIO, TPH PiBHI
PUBHKIB «HU3BKHID», «CEpelHIN» 1 «BUCOKHI». Aje s Oulbll 00’ €KTUBHOTO
OLIIHIOBAHHSI PIBHIB PU3UKY 1HO/I1 TOIIJIbHO BUKOPUCTOBYBATH IHIIY IIIKAJTy OLIIHIOBAHHS,

HANpPUKIAJ JOCUTh MONYJSpHY I SITHOANIbHY LIKATY: «JIyX€ HU3BKUNY, «HU3BKUNY,
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«CEpEeNIHIIY, «BUCOKUI», «IykKe BUCOKUI». To/l piBHOIIIHHO «3adapOyBaTu» 00J1acTh
MaTpHIll PU3HUKIB MPU PI3HUX KPOKaX PO30OUTTS CTOPiH KBajipaTa 00JIacTi PUBHUKIB IOCUTh
CKJIQJHO, a 1HO/I1 MPOCTO HEMOXKJIMBO;

4. Ilpu BU3HAUCHHI JI0 SIKOTO PiBHS HAJECKaTh PU3UKH, OCOOIHMBO KOJH iX Oarato,
4acTO TPAIULIIOTBCS CHUTYaIlll, 10 ICHYIOTh PU3HMKH, IO MAaIOTh OJHAKOBUU pIBEHD,
HAIPUKIIA] «BUCOKUW», 1 KEPIBHUKY MPOEKTY BAKKO BU3HAYHMTH SKOMY 3 HUX HAaJIaTH

nepeBary Jyisi epuioueproBoro yCyHeHHs.

3.3 IlocranoBKa 32/1a4i BUSHAYCHHSI PIBHIB PU3HKIB

[Ipu cTBOpeHH]1 iHPOPMAIIHHOT TEXHOJIOT1I 3 YIIPaBIiHHS PU3UKAMU MPOEKTIB OYJII0
npoananizoBado ctanaapt «IEC/ISO 31010 KepyBanusa puzukom. MeToan 3arajibHOTO
OIiHIOBaHHS pu3HKy». CTaHmapT HaJICKUTh 0 TPYNH CTaHAAPTIB 3 PHU3HK-
MEHEDKMEHTY, 10 sKoi BXoaaTh Taki ctaHaaptu: ISO 31000: 2018 Risk management —
Guidelines [3]; IEC 31010:2019 Risk management — Risk assessment techniques [38].

VY cranpapti [38] BUALIEHO Pi3HI KaTeropli METOAIB ISl 3aCTOCYBaHHS B Taiy3l
YOPaBIIHHS PU3MKaMH Ta BKa3aHO MEPENTiK HaWO1IbII MOMYIIPHUX METO/IIB, IO 10 HUX
Hanexarb. Cepell HUX BUAUIUMO TaKi:

— Memoou subopy midc eapianmamu (Techniques for selecting between options):
Amnaniz 3uckiB 1 Butpar (Cost/benefit analysis, CBA); JlepeBo yxBaneHHs
pimmenb  (Decision tree analysis); Teopis 1irop (Game theory);
bararokpurepianbhaumii ananiz (Multi-criteria analysis, MCA), 3okpema AHP;

— Memoou 3anucy ma 36imnocmi (Techniques for recording and reporting):
Peectpu pusukiB (Risk registers); Marpuus HacmikiB / WMOBIPHOCTI a0o
Mmatpuils pusukiB / TerwoBa kapra (Consequence/Likelihood Matrix a6o Risk
Matrix / Heat Map); Anani3 S-kpuBux (S-curves).

Y nocnikeHH1 pealli3oBaHO MOAM(DIKOBAHWN METOJ MAaTPUIll PHU3MUKIB IS

OIIIHIOBAHHSI PU3HKIB TPOEKTY 3a KIJTbKOMAa KPUTEPISIMU Y KOMO1HAITIT 3 METOI0M aHaI3y
iepapxiit (MAI) anst BU3HA4YeHHS MPIOPUTETIB PU3UKIB 3 METOI0 3amo0IiraHHsd Ta

YCYHEHHsI, B MIEpIIy Yepry, THX 3 HUX, 10 MaIOTh HAUBUIIIN PIOPUTET.
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O6panus MAI y noenHanH1 3 METOJOM MaTPHIlNl PU3HMKIB Y paMKax YIpPaBJIIHHS
pusnkamu, 3rigHo 31 ctaggaproM ISO 31010, oOymoBieHe KinbkoMa ¢akTopamu, [Ki
BKJIIOYAIOTh HAYKOBY OOTPYHTOBAHICTh, €(PEKTHUBHICTH 1 IIMPOTY 3aCTOCYBaHHS IIHX
METO/IIB:

1. Hanesxcna nayxosa obrpynmosanicmos. MAI € BIIOMUM METOAOM TPUHHSATTS
pillieHb, SIKUi 0a3yeTbcsa HA MATEMAaTHUYHUX MPUHLHUIIAX Ta TEOPISAX MPUUHATTS PILICHb.
Bin ngo3Boisie crucTeMaTU3yBaTy Ta OLIHIOBATH ajJbTEPHATHBH 3a KUIbKOMa KPUTEPISIMHU,
BPaxOBYIOUM iX B3a€EMO3B’S30K Ta MPIOpUTETHICTH. Lleid mMeTom Hamae MOXKIHBICTH
HAyKOBO OOIPYHTOBAHO BHU3HAYATU MMPIOPUTETHICTh PU3HUKIB Ta MPUUMATU OOTPYHTOBaHI1
PIIICHHS 11010 YIIPABIIIHHSI HUMH.

2. Eghexmuenicms memodis. Buxopuctanus metony MAI y noeiHanH1 3 METO0M
MaTpHIll PU3UKIB J03BOJIsIE €PEKTUBHO OI[IHIOBATH PU3UKH. METoj] MaTpHIll pU3UKIB
J0TnoMarae 11eHTU(IKyBaTH Ta KIACH(PIKYBATH PU3UKH 3 TOUKHU 30py iX UMOBIPHOCTI Ta
BIUIMBY, B TOM 4yac ik MAI nonomarae BUBHAUUTH iXHIO BarOMiCTh Ta IPIOPUTETHICTD Y
KOHTEKCTI 1€papXi4HOi CTPYKTYPH KPUTEPIiB.

3. Vuisepcanvnicmo ma 3acmocosnicms. O0unsa Mmeroau, MAI ta MeTon maTpuili
PU3UKIB, MOXKYTh OyTH 3aCTOCOBaH1 y IIMPOKOMY CHEKTp1 Taiy3ei Ta cep ympaBiaiHHS.
BoHu MOXyTh OyTH BUKOpPHUCTaHI SIK y npomucioBocTi Ta IT-iHaycTpii, Tak 1 B 1HIIHMX
rajy3sx, /e BaXJIMBO €()EKTUBHO YIPABIATH PU3UKAMH. Y HIBEPCAJIbHICTh IIUX METO/IB
JT03BOJISIE BAKOPUCTOBYBATH iX JIJISl pI3HUX THUIIIB OpraHi3alliii Ta MPOEKTIB, 1110 pOOUTH iX
pUBAOIMBUMU JJI BIPOBAKEHHS y paMkax cranaaptis [ISO 31010.

4. Cucmemnuti nioxio. O6uaBa METOAW JO3BOJIAIOTH PO3TJSAATH PUSHKU Y
KOHTEKCT1 CHCTEMHOTO MiIXO/1Y, 110 BaXKIIUBO JIJIsl IOBHOT'O Ta KOMILJIEKCHOT'O PO3YMIHHS
MOTEHIIMHUX 3arpo3 Ta MOKJIUBOCTEH iX YyCYHEeHHs. MeTo aHamizy iepapXiil J103BOJIsIE
PO3TIIAIaTH PU3UKH HA PI3HUX PIBHSAX CHCTEMH Ta iX B3aEMO3B 30K, B TOM Yac SIK METO]I
MaTpUIll PU3MKIB JONOMAara€e y BHU3HAYEHHI KOHKPETHHUX IapaMeTpiB PU3UKY IS
KO>KHOT'O BUSIBJICHOTO CIICHAPII0 PO3BUTKY IMOIIH.

5. Bpaxyeanusa bacamokpumepianorocmi. MAI 1o3Bosisie BpaxoByBaTu HE TUTHKU
OJIMH KPUTEpId NPUUHATTS pIlIeHb, a KUIbKAa KPUTEPIiB, IO € XApaKTEPHOIO PUCOIO

CYy4aCHOTO YIPaBIIHHS PU3MKAMU. YCIIIIHE YIPAaBIIHHS PU3UKAMU YacTO BHUMAarae
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OIIIHKM He JinIIe (piHAaHCOBUX ACMEKTIB, a i COIliabHUX, €KOJOTTUHHUX, TEXHIYHUX TOIIIO.
Bukopucranns metony MAI 103BoJIsi€ cICTEMaTU3yBaTH 11 KPUTEP1i Ta BU3HAYUTHU IXHIO
BOKJIUBICTD ISl IPUUHSTTSI OOTPYHTOBAHUX PIIICHb.

6. Mooxchugicms aunanisy ma ynpasniHua pusuxamu y peanvHomy uaci. OOunpa
METOJM JTO3BOJISIIOTH MPOBOAWTH aHAN3 Ta OIIHKY PU3HKIB y peanmbHOMYy daci. lle
0COOJIMBO BAXKJIMBO B JUHAMIYHOMY CEPEIOBUII, A€ PU3UKH MOXXYTh 3MIHIOBATUCS
mBUAKO0. Bukopucrtanus MAI y moegHaHHI 3 METOJOM MaTpUIll PU3HKIB JI03BOJISE
MIBUKO aJanTyBaTUCSA JO 3MIH y BHYTPIIIHBOMY Ta 30BHIIIHBOMY CEpeIOBHIII
oprasizaiiii Ta e()eKTUBHO pearyBaTy Ha HOBI 3arpo3H.

7. Moowcnugicms  nopisnsanua — anemepnamuse  (pusukxig). MAI  no3Boise
MOPIBHIOBATH aJIbTEPHATHBHI CTPATErli YIPaBIiHHSA PU3UKAMU Ta BU3HAYATH €(PEKTUBHI
NUISIXM 11010 1X peaizanii. I{le 0co0amMBo KOpHUCHO B yIpaBIiHHI PU3MKaAMH, JI€ ICHY€
KUIbKa MOKJIMBUX NUIAXIB MiHIMI3alll 4 YIpaBiIlHHSA pU3MKaMu. MeTon aHami3y
lepapxiii Jornomarae 3p00UTH 00’ €EKTUBHHI BUOIp cepell IMX albTEPHATHB, BPAXOBYIOUU
iXHI IepeBaru Ta HEeJIOJIKH.

8. Iliosuwenns oosipu cmeiikxonoepie. BUKOpUCTaHHS CUCTEMHOI'O Ta HAyKOBO
OOTPYHTOBAHOTO MIAXOAY N0 YIpaBIiHHS pusukamu, skuM € MAI y moenHanHi 3
METOJIOM MAaTpHIll PU3HUKIB, COPUSE MIIBUIICHHIO TOBIPU CTEUKXOJIEPIB 10 MPOLECY
ynpaBiiHHS pusukamu. Lle moxe OyTh BakIuMBUM (aKTOpoM JUIsl Oprasizauiid, sKi
3aJyieXaTh BiJ] MATPUMKH Ta JIOBIPU CBOIX KIIIE€HTIB, MAPTHEPIB Ta 1HIIUX 3aI[IKaBICHUX
CTOpIH.

Pazom 3 TuM, MeTOA MaTpHIll PU3HKIB y KJIACHYHOMY BapiaHTI Ma€ MEBHI CYTTEBI
OOMEKEHHS 1 HeJIOJIIKU. Po3riisiHeMO Jiesiki 3 HUX.

1. V TpanuuiitHoMy METO/1 MaTpUIll PU3UKIB IPUHHATO BU3HAYATH OL[IHKY PU3UKY
(R) six 10OyTOK UMOBIpHOCTI BUHUKHEHHS pu3uKy (LI) Ha BIIUB pu3uKy Ha poekT (CO):

R = LI-CO, (3.1)
ne LI € (0;1],COe (0; 1]. Toxi, 100yTKy 3Ha4€Hb HMOBIPHOCTI BUHUKHEHHS PU3HKY Ta
BILJTUB BIAMOBIAHOTO pU3MKy R BiamoBigae Touka 3 koopaunatu (LI; CO), 1o HAJIEKUTh

OJIHIM 3 KJIITUHOK THUIIOBOi MaTpHIli pu3ukiB (puc. 3.5 a).
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3araibHUM MiAXIJA TOJATae y TOMY, 1100 OLIHUTH WMOBIPHICTh Ta HACIHIJIKH
KOKHOTO PHU3UKY, a TOTIM IMPU3HAYUTH iM TMEBHUM KiacupiKalmiiHUN piBEHb, IO
BIJIMIOBIIa€ O/IHIH 3 KIIITUHOK MaTpwili. Yum Buie ominka pusuky (R), THM BULIUI PiBEHb
puzuky. Ilpu BHOOPI pPHU3HMKIB JJIs YIPaBIIHHSA, KEPIBHUKY IIPOEKTY IMEPEBAKHO
PEKOMEHTy€ThCS 3aCTOCOBYBATH CTPATETi10, AKa Niepe0davae HalaHHs epeBaru pu3uKam
3 HAaWBHUIIOIO OI[IHKOIO, PO3TAIlIOBAaHUM Yy BEPXHIN MpaBiil YaCTUHI MAaTPUIll PU3HKIB (Y
4epBOHUX KiiTHHKaX). Lledt miaxim Oa3zyeTbcs Ha MPUMNYIICHHI, [0 PU3UK 3 BHUIIOIO
OITIHKOIO € OLTBII 3HAYYIITUM 1 BUMArae HeraifHOTo ynpaBiiHHA. Takuil miaXia J03BOJISIE
KEpIBHUIITBY CIPSIMOBYBATH PECYpPCH Ta 3yCHIUIA Ha YIPABIIHHS HAHBaXIUBIIIUMU Ta
HAaWOUIBII CYTTEBUMU pPHU3BMKAMHU JUIsl 3a0€3MEeUeHHS CTaOLIBHOCTI Ta YCIHIIIHOCTI
TISUTBHOCTI.

Hexait € pusuk 3 imoBipHicTio LI = 0.05 1 BmmuBom CO = 0.80, sikuii moTparuisie
JI0 PU3HMKIB CEPEIHBOTO piBeHb (3kOBTHM kBanpar) 3 R = 0.04. Ane TakoXX MOXe
icuyBatu pus3uk 3 LI = 0.2 ta CO = 0.2, sixuii kmacuikyeTbest IK pU3UK HU3BKOTO PIBHS
(3eneHuil KBaapar), NpoTe MOro 3HAUYEHHA PU3UKY Takoxk JHopiBHIOE R = 0.04. Pusuk 3
LI = 0.63Ta CO = 0.643,ysxkoro R = 0.405, mae cepenniii piBeHb (>KOBTHH KBaApaT)
ane pusuk 3 LI = 0.9 ta CO = 0.45 mae BUCOKHUI PIBEHDb (YEPBOHUI KBAJPAT) IPU TOMY

X camomy 3HaueHHi pu3uky R = 0.405 (puc. 3.5 0).

1 1.0
0.9
R = 0.040
r-® 0.8
I
: R = 0.315
|
0.667 : R = 0.405 0.7 ?
bedemmm oo ') " ;
ﬂg g 06 :
g | , ] R = 0.05
g [ | R=040% 2 *°T % R=[0.315
@ 1 1 w = ——keqe—f—-
N N == S = _——————— - e - =
g : : A 8 04
() : |
0.333 i . i 0.3 i
] 1
I
R = 0.040 i 0.2
; | R =/0.05
i | 0.1 ¢
: - : :
I 1 I I
| i : : 0.0
0+ L : . 00 0.1 02 03 04 05 06 07 08 09 10
0 0.333 Likelihood 0.667 1 Likelihood
a) 0)

Pucynox 3.5 — Ilpukiiag MaTpuilb pU3UKIB 17151 TPHOX Ta I1’STH PIBHIB PU3HUKIB

[po3p0obIIeHO aBTOPOM |
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OTxXe, pU3UKH, SIKI MalOTh OJHAKOBI KIJbKICHI 3HAYEHHS BEJIWYMHU R, MOXYTh
HaJIeXaTH JI0 PI3HUX PIBHIB PU3MKIB, 1110, 3 MATEMATUYHOI TOUKH 30PY, € HEKOPEKTHUM.

2. Knacuuynuii MeToa MaTpuil pu3uKiB nepeadavae JUIIe 1Ba KpUTEPii, 3a TKUMU
OIIIHIOETHCS 1X BAXJIMBICTH 1 BIUIMB Ha MPOEKT. PazoM 3 TuM, TIpu peaitizaliii peaJbHUX
MIPOEKTIB MOXXYTh BUHUKHYTH CHUTYyaIlli, KOJM PHU3UKU TPOEKTY XapaKTCPU3YIOTHCS
OUTBIIOI0 KUIBKICTIO SIK KUIBKICHUX, TaK 1 SKICHUX O3HAK [UIA MPUUHATTS OLIbII
00’€KTUBHHMX PpIIIEHb MO0 1X 3amo0iraHHilo 1 YCyHeHHI0. Toai reomeTrpuyHa
IHTepIpeTalis pe3yabTaTiB aHali3y PU3HUKIB y BHUIJISAI MaTpHIl MPH TPHOX 1 Oiiblie
KpuTepisnx yckiaauserbes. [llo poOuTe Tpanumiiauii miaxij Hee(eKTUBHUM.

3. Knacuunuii MeTon MaTpuill PU3UKIB BUKOPUCTOBYE, SIK MPABUIIO, TPU PiBHI
PUBUKIB «HU3BKUW», «CEpEeOHIN» 1 «BUCOKMIDY. Ajne st Oulbll 00’ €KTUBHOTO
OIIIHIOBAHHSI PIBHIB PU3UKY 1HO/I1 IOIIJIbHO BUKOPUCTOBYBATH 1HIITY IIIKAJTy OIIHIOBAHHSI,
HAIMPUKJIAJ] JOCUTh TOMYJISIPHY ITATHOANBHY INKANY: «IyXK€ HU3BKUN», «HU3BKHIY,
«CepeHIN», «BUCOKUIY, «yKe BUCOKUW». Toi piBHOLIHHO «3adapOyBaTtu» 00JacTh
MaTpHIll PU3HKIB MIPH PI3HUX KPOKAX PO3OUTTS CTOPIH KBaJpaTa 00JacTi pU3HKIB JJOCUTh
CKJIaJIHO, a 1HOJII MPOCTO HEMOKJIMBO. TOMy pHU3HMKH, SKI MalOTh OJIHAKOBE 3HAYCHHS
BEJIMUYMHH R MOXXYTh ITOTPANIUTH A0 PI3HUX «objactel pu3uky» (puc. 3.5). I1po 1o Oymno
3a3HAYCHO y MEPIIii mpodiaemi.

4. ITpu BU3HAUEHHI 10 SIKOTO PIBHS HaJleXaTh pU3MKH, 0COOJIMBO KOJIM iX Oararto,
4acTO TPAIUISIOTHCSA CHUTYyaIlll, 10 ICHYIOTh PHU3UKH, 10 MarOTh OJIHAKOBUI PIBEHB,
HAIPUKJIA] «BUCOKHW», 1 KEPIBHUKY MPOEKTY BAXKKO BU3HAYHMTH SKOMY 3 HUX HaJIaTH
nepeBary JUisi MepIIoYeproBOr0 YCYHEHHs. ToMmy BHMHHMKae MpobOiieMa paH)XyBaHHS
PU3UKIB y MEXax K OJHOTO PiBHS PU3HKY, TaK 1 BChOTO MPOEKTY, ajieé METOJI MaTPHII
PHU3HUKIB TaKOi MOKJIMBOCT1 HE Tiepeadayac.

BpaxoByroun pe3ynbTaté TPOBEICHOTO aHAJi3y MepeBar 1 HEAOJIKIB METOIY
MaTpHIll PU3UKIB, Oyja MOCTaBJE€HA 3ajayda 3ampolOHYBaTH MOJM(PIKOBAHUIA METO
aHaI3y PU3HKIB TMPOEKTIB, SIKWA OW HE MaB 3a3HAYCHUX BUIIE HEMOMIKIB, a TaKOX

po3po0uTH 1HGOPMAITIITHY TEXHOJIOTIIO, 0 PEATI30BYE 1IeH METOI.
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3.4 MopeJb ynpasJliHHA PU3HKAMH B IPOEKTAX

CrBopeHHs 1H(OpPMAIIMHOI TEXHOJOTIl yIpaBIIHHA PHU3UKAMH B MPOEKTAX
niependadac: mooy0By MOIEI yIIpaBIiHHA pru3ukamu poekTy (Project Risk Management
Model (PRMM)), po3poOKy MeTOoay BH3HAUCHHS PIBHIB PHU3UKIB IIPOEKTYy Ta iX
PIOPHUTETIB, TOOYIOBY aITOPUTMY, IO PealTi3ye e METOI, CTBOPEHHSI BeO-pecypcy, 0
3a0e3neuye aBTOMATH3AIlil0 TMpolecy kKiacudikalli pPU3MKIB y PpPeXuUMi OHIANH 1
BU3HAYCHHS MPIOPUTETIB PU3HKIB Ta X PaHTIB.

B nmocmimkenH1 3amponoHOBaHa MOJICINb YIIPaBIiHHS pu3nKaMu poekTy (Project
Risk Management Model (PRMM)), 110 Ma€ Takuii BUTIISA:

PRMM = (A,C,K,R,F,M,WR, RPE), (3.2)
ne:

— A={A,,A,, .., A,} — MHOXXUHA PU3UKIB [IPOEKTY;,

- C ={(Cy,C,, ..., C;} — MHOXWHA PIBHIB PU3HKY;

- K ={K;,K,, ..., K;;;} — MHOXXWHa KPHUTEPiiB OIIHIOBAHHS PU3HKIB;

— R ={R4,R,, ..., R;;} — MHOXXWHA 3HaYCHb PU3UKIB ITPOEKTY, III0 OOPAXOBYIOTHCS
y BIJIMOBIIHOCTI J0 HasgBHUX KPUTEPIiB 1 €KCHEPTHUX OI[IHOK ISl KOXKHOTO PU3UKY,
3aaHuX y Tadnui 3.2, 3a ¢popmyioro (3.3):

Ri=kiy - kin- .- ki, (3.3)

nek;;e(0;1,i =1,n,j=1,m.
Tabmuusg 3.2 — Marpuns 3 €KCIepTHUMHU OLIIHKAMU PHU3UKIB MPOEKTY 3a 3aJaHUMU

KpUTEPISIMU [pO3p00OJIEHO aBTOPOM |

Puzuknu K; K, | Ky R CA
A, k1 ko || kum R, CA,

3ayBaxMMO, 110 NP HEOOXIAHOCTI KpuTepism K; 3 MHOXKHMHU K MOXHa 3amatu

Bary v; € (0; 1], sxa Bu3Ha4a€ BaXIMBICTH BIAMOBIAHOTO KPUTEPiIO K; 1t yIIpaBiiHHs
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pusMKaMu IpoekTy (j = 1,7m). 3a 3aMOBYEHHAM BCi KPUTEPIi € piIBHOBAXKIMBUMH, TOOTO
v; =1 s BCIX | = 1, m.

Hexait F — ¢yHKIlIOHATbHA 3aJIGKHICTh, SIKa BH3HAYa€ BIAMOBIAHICTD MIXK
eleMeHTaMHu A; MHOXMHM PHM3UKIB NPOEKTY A 1 enementamu C; 3 MHOXHMHM PiBHIB

pu3uKiB C, 110 33J1a€ThCSI CIT1BBITHOIIICHHSIMM:

F
A= C, (3.4)
Cy, aAxmo R; € (0;7],
F(A;) = CA; ={Cj, axmoR; € (rj_y;73], j=2,s — 1, (3.5)

C,, ko R; € (re_q; 1],
ne CA; — piBens pusuky 4;,i = 1,1; 7; — BEPXHE IPAHMYHE 3HAYEHHS JUIA KOXKHOT'O PiBHS
pusuky C; (j=1,5—1), sKke BHU3HAYAETLCA €KCIEPTaMM, abO OOYUCIIOIOTHCS
aBTOMATUYHO TakK, 100 PO3MOJILI KUIBKOCTI 3HAYE€Hb BULY
k=ky ky-..- kp, (3.6)
ne k; € (0;1],1 = 1, m, 6yB piBHUM 1714 BCiX iHTepBaiB:
0; ], (ry;15], ey (r]-_l;rj],...,(rs_l; 1]. (3.7)
3ayBaXUMO, 1110 BEJIMYNHU r,J = 1,s — 1, 110 3a10BOJIBHSIOTH 1[I0 YMOBY, MOKHA
3HAUTH EKCIEPUMEHTAIbHUM IUIIXOM 13 3aJ]aHOI0 TOYHICTIO. [l 11bOTO, HANpUKIAJ,
MOKHA OpraHizyBaTn mepebip Bcix 3Hauenb k Bumy (3.6), xomm Bci k; (I =1,m)
npo6iraroTs npomixok (0; 1] i3 3agannm kpokom 0 < d < 1, 1 3HAWTH BETUYHHU:
— SM — xinbKicTh 3reHepoBaHux HaOOPiB BUny (ki; ky; ...; k) vy m-BuMipHOMy
OJIMHUYHOMY KYOI;
— S, — KinbKiCcTh 3HaUeHb k Buy (3.6), 110 3a10BOJBHSIOTE yMOBY 0 < k < 17,

— §; — KUIBKICTb 3Ha4YeHb k BUIy (3.6), MO 3a0BOJIBHAKOTE YMOBY 1j_1 < k <

7, j=2,5s—1,
— S5 — KIIBKICTh 3Ha4Y€Hb Kk BUY (3.6), 110 3aI0BOJIBHSIIOTE YMOBY Tx_1 < k < 1,
TIPH [IbOMY IapaMeTpu 75, j = 1,5 — 1, mabuparoTses Tak, o0 BUKOHYBaIach yMOBA:
S1 =8 =..~§ ~..~8 ~[5]

13 3aaHor0 TouHicTIO 0 < h < 1, HanpuKIaa, KOJIu

[[Sol — S| <1/h,j=T1,s,
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e So =SM/s, [So] — ne mina gactuHa S,. OCKIIBKK MPU MaIMX 3HAUYCHHSX d
BeIMYUHU S, S1, S5, ..., Sg € JOCUTh BETUKUMHU YHCIAMH, TO JJIsI 3pYYHOCTI I1i BETUIHHA
JOUIIBHO IIepeBeCTH y BincoTku: PS; = (§5;/5) - 100%, j = 0, s . Toxi pesynbraram mi€i

npoucaypu MOXHA JaTU T'COMCTPUIHY iHTCpHpCTaHiIO, HaIIpHUKJIAJd TaK, AK IIOKA3aHO Ha

puc. 3.6.
%
PS, PS, PS, Ps, PS;
0 2 2. b ¥ Feg Lo

Pucynox 3.6 — Bizyamizaiiisi piBHOMIPHOTO PO3MOJILTY KIJTBKOCTI 3HaUeHb k Buay (3.6) B
MHOXHHI 1HTepBatiB BUAY (3.7) [po3po0iaeHO aBTOpOM |
JI7sl KOKHOTO 3HAueHHs pHU3UKy R;, i = 1,n, JOWiNBHO OOYMCIHTH BiTHOCHY
BiJICTaHb JI0 HAUOJIMKYOT HHIKHBOT MEXKI 17, j = 1,5 — 1, BUKOPUCTOBYI0UM HOPMY.TyY:

DLB; = ——1_ . 1%

Tji+17Tj  Si
Buxopucrtanss mi€i npouenypu J03BOJISIE OTPUMATH YSBJIEHHS PO PO3MOAILI
pu3ukiB A;, I = 1,n, Ta iX BiAHOCHY MO3HIIIIO B MEKaX KOXKHOTO 3 piBHIB pu3uky Cy, k =

1, s (puc. 3.7). Ilpu npomy koopauHaty Touku A; nopisuioots (R;; DLB;),i = 1,n.

25

20

S %

15
Ay
(0.09,9.73) 4 A

(0.175‘.125) (0.637,7.1)

As
A; (0.495,2.028)
(0.45,0.427) @
[

10

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Pucynox 3.7 — Ilpukian po3noaiiay pU3MKIB Ta iX BIAHOCHA MO3HUIIIS B MEXKaX KOKHOTO

3 piBHIB pu3uky Cj,, k = 1,5 [po3po6iieHo aBTOpoM]
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Busnaunmo pemty ckinanoBux mozeni (3.2).

M = {M;,M,, ..., M,} — MHOXHHA METO/IB IIPUMHATTS PILIEHb JUIS YIPABIiHHSA
pU3uKaMu NpoekTy. Y pochimkenui M = {M;, M, M3}, ne:

— M, — oawH 3 BIIOMHX METOJIB E€KCIIEPTHOTO OIlIHIOBAHHS, HAMPHUKIAI, Yy
BianoBigHOCTI A0 ISO 31010 BuminsatoTh Kareropito MetoniB «Techniques for eliciting
views from stakeholders and experts» [38], 10 fKOi BXOIATHh Taki METOAHM €KCIIEPTHOTO
OIIHIOBAHHS: MO3KOBUM MITYypM (aHri. Brainstorming), meton Jlenbdi (anra. Delphi
technique), HOMiHanbHa rpymoBa TexHika (anria. Nominal group technique),
CTPYKTYypOBaH1 a00 HamiBCTPYKTYpOBaH1 iHTepB 10 (aHra. Structured or semi-structured
interviews), onutyBaHHg (aHr1. Surveys) [38];

— M, — MoaudikoBaHHI METOJ MAaTPHUIIl PU3HKIB;

— M5 — meTon aHami3y iepapxiil.

WR = (W,RR), ne W =W, W,,..,W,) — BeKkTop MNpiOPUTETIB PHU3HKIB
npoexty A;, i = 1,n, mo oxepkyeThes 3a qonomoroo MAI RR = (RRy,RR,, ..., RR,)
— BEKTOP BIJMOBIHUX PAHTIB PU3UKIB IPOEKTY.

RPE = (RP,RE) — MHOXWHA 3aXOJiB MO0 3arMo0iraHHs Ta YCYHCHHS PHU3HKIB
IPOEKTY, J€:

— RP (risk prevention) — MHOXXHWHA 3aXOJiB II0/I0 3a1100iraHb PU3HKIB;

— RE (risk elimination) — MHOXXHHA 3aXO0/I1B II0JI0 YCYHEHHS PU3UKIB.

Jist  mpuknany, po3rJsSHEMO YAaCTMHHMA BapianT wmojeni (2.2), mo €
y3arajibHEHHSIM MOJIEI, IKa BUKOPUCTOBYETHCS Y KIIACHYHOMY METO/I MaTPUIll PU3UKIB
(muB., Hanpukian, [4]):

PRMM;, = (A,C,K,R,F,M), (3.8)
ne

- A={A,A,, ..., A,,} — MHOXXHHA PU3UKIB ITPOEKTY;

- C ={C,C,,C3} — MHOXWHA piBHIB pH3WKiB, C; — HU3BKHH piBeHb;, C, —
CepeHiii piBeHb; C3 — BUCOKHI PIBEHB;

— K = {K;, K,} — MHO)XWHa KpHUTepii OIlIHIOBaHHS PU3HKIiB, e K; — IMOBIPHICTH

BUHUKHEHHSI PU3UKY Ha MPOEKTI, K, — BIJIUB PU3UKY Ha MIPOEKT;
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— R ={R4,R,, ..., R;;} — MHOXMHA 3HaYeHb PU3UKIB IIPOEKTY, III0 OOPAXOBYIOTHCS
y BUIMOBITHOCTI O HasBHUX KPUTEPIiB 1 €KCIEPTHUX OLIHOK JUIS KOXKHOTO PH3HUKY,
3aaHux y Taonuii 3.3, 3a popmyioro (3.9):
Ry =k - kyy, (3.9)

nek;je(0;1],i =1,n,j € {1,2};
— M — kacUYHUN METOJ| MaTPHIll PU3HKIB [4].
Tabmuus 3.3 — Marpuiig 3 eKCIEPTHHUMH OIlIHKaMU PHU3UKIB MPOEKTY 3a KPUTEPIsIMU

K, K, [po3pobieHo aBTopom ]|

Puznku npoexty K K, R CA
Ay ki1 ks Ry CA,
A k24 k3, R, CA,
An knl knz Rn CAn

B mopemni (3.8) F — dyHKIIiOHaIBHA 3aJI€KHICT, IKa BU3HAYA€E BIJTMIOBIIHICTh MIXK
€JIEMEHTaMU A; MHOXHHM PU3HKIB IPOEKTY A 1 eneMenTamu Cj 3 MHOKHMHH PiBHIB C, 110

3a4a€ThCS CITIBBIIHOIICHHIMU:

F
ASC, (3.10)

C;, axkumo R; € (0; 1],
F(A;)) = CA; =<C,, akmo R; € (r;;7,], i = 1,n, (3.11)
Cs, AKO R; € (1ry; 1],

J€ T; — BEPXHE I'PaHHYHE 3HAYEHHS IS KOKHOro piBHA pusuky Cj, j € {1,2}, sxe
BU3HAYAETHCS eKcnepTaMu, abo OOYHMCIIOITHCS aBTOMATHYHO Tak, MO0 PO3MOALT
KUIBKOCT1 3HAYCHb BUY
k =k ky, (3.12)
ne k; € (0;1],j € {1,2}, OyB piBHUM JJIs KOKHOTO iHTEpBAIy:
(HANGHARGHRIR (3.13)
Y 1poMy BHIIQJKy BEIUYMHH T;, T, MOXKHA 3HAlTH a00 EKCIEpUMEHTATbHUM

HUIIXOM 13 3aJaHOI0 TOYHICTIO, a00 aHaJiTUYHO, BPaxOBYIOUH T'€OMETPUUYHY
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1HTepIpeTanio 3anexHocTi Buay (3.12) konmm 1y, 1, nAeski (ikcoBaH1 3HAYEHHS
(puc. 3.8).
3adikcyeMo 71y, T, SK 3HAYCHHS, IO 3aJ0BOJBHAIOTH YMOBY: 0 <13 < 1, < 1.
Toni 3 (3.14) onepkuUMo PiIBHAHHS IBOX KPUBUX
2

k, = ;—1,1(2 = (3.14)

ki € (0;1],j € {1,2}, mo e rinkamu rinep6on (puc. 3.8).

o 0.4 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Pucynox 3.8 — Po30uTTs MaTpuili pu3HKiB Ha TpU 00J1aCTi PIBHIB PU3UKIB 3 MEKaMU
71, 1> [pO3p006sIEHO aBTOPOM]
3Haitnemo ot Sy, S5, S3 BIATOBIAHUX 00JaCTEH PIBHIB PU3UKY, 11O YTBOPHITHCS
rpadikamu ¢pynkiii (3.14) y nsoBumipaomy kBaaparti (0; 1] X (0; 1] 3 mromero S = 1:

1
Sl =511 +SlZ =T1 . 1+f1"11;;_11dk1 == T]_ +T11nk1 Tl -

=rn+nrn(nl—Inr)=r,—nrlnr =r(l—-Innr),
1

SB = (1—1"2) . 1_fri£_21dk1 =(1—T‘2)—T21nk1 T, =1 _Tz(]. +lnT2),

S, =1-1-58; —8§5.

Jlani 3HaiieMo 3HaYeHHSI MapaMeTpPiB 77, Iy, 10 3aJ10BOJILHSIIOTh YMOBH:
S=85+5,+85;,

$5:=8,=5=1/3, S;=rn(1—Inn),

S3=1-rn(1+Inn),

S =8-85-8=1-5;, 855,

5.>0,5>0S5>0.
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3BIJICH MAEMO CHUCTEMY JIBOX JIOTApU(PMIUYHUX PIBHSIHB BITHOCHO JBOX HEBIJIOMHX

r, 1o

rn(l—Innr) =

)

W =

1
1-r,(1+Inn) = 3’

HaOJIMKEHUM pO3B’sI3KOM sikoi € 17 = 0.1014, r, = 0.3040.

[Tpu s = 3 y Tabaui 3.4 306paxkeHo Tpu 001aCTi, IO BIAMOBIAIOTH TPHOM PIBHIM
pU3HUKY: HH3bKOMY (a), cepennbomy (b), BUCOKOMY (C) MpHU 3HAWICHUX TPaAaHUUYHUX
3HaueHHsx 1y = 0.101, , = 0.304.

Takox y Tabmuui 3.4 HaBeIEHO BEPXHI IPaHWYHI 3HAYEHHs MAPaMETPIB 1j,j =
1,s—1 npu s € {3,5,9} (T06TO KOJIU BUKOPHCTOBYEThCS BiMOBiAHO 3, 5 1 9 piBHIB
PHU3HKIB), 3HANICHUX €KCIIEPUMEHTAIBHO, 1 pO3OUTTS IJIOMII S Ha BIAMOBIAHY KUIBKICTD
obnacreit S;,j = 1,'s 3 IpuOIU3HO PIBHUMY IUIOLAMH.

Tabmuus 3.4 — Pos36urrs mwiomni S posmipy (0; 1] X (0; 1] Ha obaacti piBHIB PH3UKY 3

npuOIM3HO piBHUMH TLIomamMu 1ipu s € {3,5,9} [po3pobieHo aBTopom]

S OO6nacTi piBHIB PU3HKIB ITapamerpu 7; ITnom §;
3 : r, = 0.101 S1=33.3442 %
09 r, = 0.304 S, =33.3234 %
0.8 S3 =33.3324 %
0.7
0.6
0.5
0.4
0.3
0.2
0.1
CO 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
5 ' r, = 0.05 S, = 20.0049 %
0.9 r, = 0.13225 S, = 20.0035 %
0.8 r3 = 0.25225 S3=19.9912 %
0.7 r, = 0.438 S, =19.9948 %
0.6 Ss = 20.0057 %
0.5
0.4
0.3
0.2
0.1
cC] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1
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[TponosskenHs Tabauti 3.4

9 1 r; = 0.02333 S;=11.1361%
0.9 r, = 0.05767 S, =11.1185 %
r3 = 0.10133 S3;=11.1144 %
1, = 0.15533 S, =11.1286 %
0.7 re = 0.22167 S =11.1057 %
re = 0.30467 Se =11.1175%

0.8

0.6

r, = 0.41267 |S, =11.1189 %
0.5 g = 0.56733 | S3 =11.103 %
0.4 Se=11.0574 %
0.3
0.2
0.1

0
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1

3.5 Ilpoueaypa napHux NOpPiBHSAHb PU3HMKIB

Sx Oyno 3a3HadyeHo, y KOMOIHOBAHOMY METOJ1 YIPABIIHHS PU3UKAMU 3 METOIO
BU3HAYECHHS MPIOPUTETIB PU3UKIB IPOEKTY BUKOPUCTOBYETHCSI METO/] aHANI3Y 1€epapXiil.

OnHuM 3 HaOUIBII BIAMOBIAAIBHUX 1 TOCUTh HEMPOCTUX JUIsl €KCIIEPTIB €TariB
OO METOJY € MPOLEAYypa MapHUX MOPIBHSAHD AJILTEPHATUB 32 3aJJaHUMHU KPUTEPISIMH,
IIpU LIbOMY JJIs IOPIBHSHHI BUKOPUCTOBYEThCS BitoMa 9-0OanpHa mikana Caarti [48].

VY it mpouenypi GopmMyeThCsi MaTpUIIsl TAPHUX MOPIBHIHB:

AC = (a;), i,j =1,n, (3.15)
SKa Ma€ Takl BIACTUBOCTI:
— BOHA digzoHanbHa, T06T0 a; = 1,i = 1,1 ;

— BOHA 0OepHeHO-cuUMempuiHa, TOOTO eIeMEHTH, CAUMETPUYH] BITHOCHO TOJIOBHOI

JiaroHani, mos’s3ani sanexuicrio: a;; = 1/aj;, i,j = 1,n.
3a MeromoMm aHamzy iepapxiii [48] s maTpuill MapHUX TMOPIBHSHBb A
00paxoBY€EThCS BEIUYMHA Y3TOHKEHOCTI OIIHOK €KCrepTa Ha OCHOBI moka3Huka CR —
BIJTHOIICHHST OJTHOPIAHOCTI (Y3TOPKEHOCTI) MaTPHIll TAPHUX MOPIBHIHD A, SIKUW BKa3ye
Ha T€, HACKIJIbKU Y3TO/IXKEHI CYPKEHHSI eKCrepTa npo 00’ €KTH NOPIBHIHHS:
CR = CI/RI, (3.16)

Ie:



122

Cl = (Apgx —n)/(n—1) — iHOeKC omHOPiAHOCTI (Y3rOHKEHOCTI) MAaTpHII
MapHUX MOPIBHSAHB, N — KUIBKICTh €JIEMEHTIB, 110 TOPIBHIOIOTHCS M1 COOO0I0;

Amax — MaKCUMaJbHE BIaCHE 3HAUYECHHS MATpPHUIIl TAPHUX MOPIBHSHB A;

RI — cepenHe 3HadyeHHs (MaTeMaTHYHE CIIOJIBaHHS) I1HAEKCY OJHOPITHOCTI
BUITAJIKOBUM YHHOM CKJIQJICHOI OOCPHEHO-CUMETPUYHOI MATPHUIll 3 BIAMOBITHUMHU
0OCpHEHHMHU BEJIMYMHAMHU E€JIEMEHTIB 3a IIKajiorw Big 1 g0 9, mo Oa3yerbcs Ha
EKCIIEpUMEHTAJIbHUX JaHuX. BilMOBIIHI 3HAaYEHHS MapaMeTpa RI st TaKuX KBaJAPaTHUX
MATpUIb N X N, 1€ N = 1; 50 moxHa 3HaWTH, Hanpukiaa y [49].

3nauenns CR, 3HaiieHe 3a ¢opmysoro (2.18), BBaKa€ThCA NOMYCTUMHUM, SKIIO
BoHO He nepesuiiye 0.1. Tomy, axmo CR < 0.1, To MmaTpuils napHux nopiBHsHb A (3.15)
BBXKAETHCS y3TOJDKEHOIO. [HAKIIE MAaTpuUIld TapHUX TOPIBHSIHR A BBaKa€ThCA

HEY3rOJKEHOIO 1 €KCIEePTy MOTPIOHO MOBTOPUTH MPOLEAYPY MOPIBHIHHS. 3ayBaXKUMO,

O KOi¥ Marpuusa A mpansumuena, T00TO Q;j = Ay, L,j,k =1,m, 10 ymoBa
y3romkeHocTi AyMok ekcrepta CR < 0.1 000B’s13k0B0O BUKOHYETHCS [50].

Posrnsaemo npouenypy, ska Oyae BUKOPUCTAHA MPU pealtizallli METoly aHaji3y
lepapxiii Mpu MapHOMY TOPIBHSHHS PHU3HMKIB 32 33JaHUMHU KPUTEpIAMH, IS
aBTOMAaTH3allli I[bOTO MPOIIECY.

[nes peanizarii mi€i mporeAypy MOJATAE Y TOMY, 00 BUKOPUCTATH MPOBEICHY
BOXJIMBY 1 KPOIITKY POOOTY EKCIEpTIB Mpu 3amoBHEHHI Tabmuil 1 i moOynoBu
MaTpUlb TMAPHUX TMOPIBHSAHb 33JaHUX PHU3UKIB 32 PI3HUMH KpPUTEPISIMHU, IO iX
XapakTepu3yroTh. [Ipu 11bOMy MarOTh BUKOHYBATHCA BCl BJIACTUBOCTI MNpHUTaMaHHI
Matpuii A.

Jis neskoro Kputepiro K; MHOXHHY €KCIEPTHUX OLHOK Ui pusHKiB A; (I =
1,7), MO MOPiBHIOIOTHCS, MO3HAYUMO MK; = {klj,kzj, ...,knj}, kij #0,i= 1,n (nus.
tabn. 1). Jlg copollleHHs MOKJIaJeMO MK; = {mk,, mk,, ..., mk,}, ne mk; = kl-j *
0,i = 1,n npu pikcoBaHOMY j.

Tomi wmarpuus mapHux mnopiBHsaHb CK; ansrepHatuB A; 3a kpurepiem K;

YTBOPIOEThCS Ha 0a3i OiHOK MK; 1 Mae Takuii BUTIIAL
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Kpurepii K; Ay A, A,
Ay a1 a12 A1n
ACK; = A, ayy | | - an (3.17)
Ay Ay Ay A,
ne
1
m, 0< dij <1, | o
;=1 [d] dy € [1,9], {=LmJj=1n (3.18)
9,d;; > 9,

mk; . . . .
a BenmuuHa d;; = ., BU3HAYac B CKUTbKH Pa3iB OIIHKA mk; Oubuie (saxmo d;; >
J

1), un menme (sxwo d;; < 1) ouinku mk;, 9u Bonu pisHi (d;; = 1).

Bennunna d;; na€ MOXJIMBICTH OLIHWTH IIEpPEBAry i-Oi albTEPHATHBH, IO Mac
€KCIIEPTHY OLIHKY MK;, HaJl j-OI0 AIbTEPHATHBONO, 10 MA€E EKCIIEPTHY OLIHKY Mk;, uu
HaBIIAKU: [I€peBary j-ol aAIbTEPHATUBU HAJl [-OK0 aJbTEPHATUBOIO.

Toni owiHku ajs MApHOTrO MOPIBHAHHA @;j, IO BH3HAYAKOTLCA 33 (HOPMYIIOKO
(3.18), € Takumu, mo matpuus (3.17) 3a70BOJIbHSIE BIACTUBOCTSM MATpPHIIl MAapHUX

nopiBHsHE (3.15).

3.6 Kom0OinoBaHuii MeTO pO3B’I3aHHA 3a/1a4i BU3BHAYEHHS PiBHIB PU3HKIB Ta

IX mpiopuTeTiB

BXiqHUMU TaHUMH METOY, IO peastizy€e METO/l BU3HAUYECHHSI PiBHIB Ta IPIOPUTETIB
PU3UKIB, y BIAMOBIAHOCTI A0 Mozeni (3.2) €:

— Ha3Ba 3aj1a4i, IS SIKOTO Oy/ie 3/IIHCHIOBATHUCS TTPOIIEC YIIPABIIHHSI PU3UKAMH, a
TaKOXX TIeBHa 1HQoOpMaIlis Mpo OCOOJMBOCTI LBOTO MPOEKTY Ta 0CO0y, siKa MpUUMae
pIIIICHHS;

— A = {A,,A,, ..., A,;} — MHOKXWHA PHU3HKIB, siIKa (DOPMYETHCSA KOPUCTYBAUYEM Y
pexuMi Jiajory miJi KOHKpPETHY 3ajaady, ab0o OOMpaeThCs 3 ICHYHOYMX IIA0JIOHIB 3

MOTIEPETHIX 3a7a4 YIPaBIIHHS PU3UKaMU, HAMPUKIaa: A; — €KOHOMIYHI pu3uku, A, —
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PUHKOBI pU3UKH, A3 — pu3HK 3MiHM BUMOT 10 I T-nipoekty, A, — pU3UK HEBIAMOBITHOCTI
pOrpamMHOro 3a0e3reyeHHs BUMOraM 3aMOBHHKA, A — pU3HK Ki0epOe3IeKky;

— C ={C,,C,, ...,Cs} — MHOXMHA PIBHIB PU3HKY, Ka MOXHa OyTH copmoBaHa
KOPHUCTYBa4eM y peXuMI aiayiory, abo oOpaHa 3 HasIBHUX IIKAJI OI[IHIOBAHHS PU3HKY TTPU
s=3, 5 abo 9 (3a 3aMOBYEHHSM TPOIOHYETHCSI TPU PIBHI PU3HKIB: «HU3BKUN,
«CepemHin», «BUCOKHI);

- K = {K;,K, ..., K} — MHOXXUHa KpUTEPIiB OILIHIOBAaHHS PU3MKIB, sIKa MOXKHA
Oyt copMOBaHa KOPHUCTYBaueM Yy PEXHMI Jiayiory, abo oOpaHi 3a 3aMOBUYCHHSM JIBa
KJIACUYHUX KpUTepii: K; — «P - IMOBIPHICTh MOSIBU PU3UKY Y MPOEKTI», Ky — «/ - BIUIUB
PHU3HKY Ha MPOEKT.

OCHOBHI eTamnu alropuTMy peanizallii KOMOIHOBAaHOTO METO/y BU3HAYCHHS PIBHIB

Ta MPIOPUTETIB PU3HKIB MPOEKTY MOJAHO HA pUC. 3.9.

ExcriepTHe OIIHIOBaHHS PH3HKIB J
IIPOEKTY 3a KpI/ITepi}IMH 3 MHOKIHH K HapHe HOpiBHﬂHHﬂ AIIPTEPHATHB (A ,‘) 3a
3agaEnMH KpHTepismu (Kj) 3a MAI
OOuncneHHs 3Ha4YeHb PU3HKIB (R) IPOEKTY J/
OO6umncienns BigHomeHHs oaopiaHocTi CR | CR<0.1
\L CR>0.1| wmarpHIs HapHHX HOPIBHIHb AITEPHATHB

BusradeHHs BepXHBOT Mesxi
KOKHOTO PiBHA PH3HKY (7})

BusnadenHs piBHA KOkHOTO pusuky (CA;) Po3paxynok arperosanoro
J, BEKTOpY IpiopHTeTiB W

Ilapre mopiBnsaaHA KpHuTepiis (K)) 3a ix

BaK/IMBICTIO 1 BIDTHBOM Ha IIpOeKT 3a MAI . : X ; :
J/ PH3HKIB, IPIOPHUTETIB Ta PAHTIB PH3UKIB

DopMyBaHHS MiJICYyMKOBOI TaOJIHIII PiBHIB

OO0uHCIeHHS BJTHOIIEHHS OJJHOPIHOCTI | CR<0.1
CR>0.1| (CR) MaTpHIli IapHHX IOPIBHAHbL KPHTEpIiB DopMyBaHHs PEECTPY PH3UKIB IPOEKTY

Pucynok 3.9 — CxemMa anroputmy peanizailii KoOMOIHOBAaHOTO METO/Iy BU3HAUYEHHSI
PIBHIB pU3UKY TIPOEKTY Ta MPIOPUTETIB IUX PU3HKIB [pPO3pOOIECHO aBTOPOM |
PosrnsiHeMo paetanbHilIe 3a3HayeHl Ha puc. 3.9 eTanu ajaroputMmy peamizaii

KOMOIHOBaHOTO METOTY.
Eman 1. Excnepmue oyinio8anHs pusuKie npoekmy 3a Kpumepisamu 3 Muodcunu K.
KopucrtyBau BHOCHUTH €KCHEPTHI OI[IHKM PHU3MKIB 3a KPUTEPIAMH 3 MHOXHMHU K 110

tabmuui Bugy 3.2. Ilpu 1mpoMy, SIKIIO 3ady4yaeTbcsl Ipyla €KCHEPTIB 3 YIpPaBIIIHHA

IPOEKTAMH, TO OLIHKH K;; € (0;1],i =1,n,j = 1,m, € arperoBaHMMH OI[IHKAMH, IO

MOXXYTb OyTH OTpHMaHi 3a JOTIOMOTOI0 METO/IIB €KCTIEPTHOTO OI[IHIOBaHHSI.
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Eman 2. Obuucnenns 3nauwenv pusuxie (R) npoexmy. 3HaueHHsT pu3uKiB R;
00paxoBYyIOThCS Yy BIIMOBIAHOCTI O HAsBHUX KPUTEPIiB 1 €KCIIEPTHHX OLIHOK IS
KOkHOTO pu3uKy A; (i = 1,1) 3a popmymnoro (3.3) 32 JaHUMH, Ofiep)KaHKMU Ha eTami 1.

Eman 3. Buznauenns 6epxnboi Mexici KOJ#CHO20 piss pusuky (T;). BepxHi rpaHnyHi
3HAYEHHS 1} U1 KOXKHOTO piBHA pusuKy C; (j = 1,5), a60 BU3HAYAETHLCA KOPUCTYBAYEM
(excriepToM), a00 0OUYMCITIOIOTHCS ABTOMATUYHO 3a MPOIIEAYPOI0, OMMCAHOIO BUIIIE.

Eman 4. Busnauenns pisnsa kooxcnozo puszuxy (CA;). Y BIANOBIAHOCTI 110
CIIBBIHOIIIEHHS BUY (3.4) BUBHAYAETHCS HAICIKHICTh PU3UKIB A;, [ = 1,n, 10 MEBHOTO
piBHs pusuky C;, j = 1, s, TOOTO BU3HAYAIOThCS 3HAYEHHs mapameTpiB CA;, i = 1,n, ki
3aHOCATHCS 710 Tabiuill BUIY 1, a ojiepkaHl pe3yabTaTH Bi3yali3yloTbcs a00 y BUTJISII
MaTpHL PU3HKIB pu M = 2 (1uB. puc. 3.8), a0 y BUIJISA1 FiCTOrpaMu Ipu m > 2 (IuB.
puc. 3.7).

Eman 5. Ilapne nopisnanns kpumepiie (Kj) 3a ix eagxcnueicmrio i 6niueom Ha
npoekm 3a MAIL SIkmo KopucTyBad (€KCIEpT) BBakae, IO Kputepii K; He €
PIBHOB&KIIMBUMH, TOJII BIH 3/11CHIOE TIApHE NOPIBHAHHS KpUTepiiB K; 3a mkanoro Caari
[48], 3amoBHIOIOYM BiANOBIAHY MaTpuio CK, sika Mae 33J0BOJBHATH yMOBaM MaTpULl
(3.15):

CK = (eij)izl,_m,jzl,_m-

3a 3aMOBUYYBAHHSAM BBAKAETHCH, 10 BCI KpUTepii K; € piBHOBaXXIMBUMH, TOOTO
MaTpHIl TapHUX MOPiBHSAHb CK € OIMHUYHOIO.

[Ticns nporo matpuug CK mepeBipseThCS Ha Y3TOMKEHICTh HUISIXOM PO3PaXyHKY
napametpa CR 3a dopmymnoro (3.16). Axmo CR < 0.1, To marpunst CK BBakaeThcs
y3rojiKeHoro. Jlam 00YUCITIOETHCS BEKTOP:

WK = (Wk;) j—T;m — HOPMOBaHHW BEKTOP NPIOPUTETIB KpUTEPIiB K;, j = 1,m3a
iX BQXJIMBICTIO 1 BILIMBOM Ha MPOEKT.

[Ticnst iboro BiOyBa€eThCs Mepexij 10 eray 6.

[nakme (mpu CR > 0.1) marpuns CK BBaXaeThCs HEY3TOKEHOIO 1 €KCIEPTY

NOTP1IOHO MOBTOPUTH MPOUEAYPY MOPIBHAHHS (IOBTOPUTH €TaIl 5).
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Eman 6. [lapne nopisnanna anemepnamus (A;) sa sadanumu kpumepismu (K;) 3a
MAIL Y pe3ynbTaTi aBTOMaTH30BaHOI MPOIEAYPH MMapHUX TOPIBHSAHB alIbTepHATHUB (A4;)
3a 3aganuMu Kputepismu (K;) 3a crieinnomennsamu (3.17), (3.18) Oyne onepxaHo Taxi
00’ €KTH:

— CAK; — maTpuid napHuX MOPIBHSAHbL aJbTEPHATHB 3 MHOXKHHU A 32 KpUTEpieM

Kj,j =1,m;

- w0 = (Wl-(] ))i=1,_n — HOPMOBaHUN BEKTOp NPIOPUTETIB aibTepHATUB A; (I =

1,n) 3a kpuTepiem Ki,j=1m.

Eman 7. Po3spaxynox acpecosanoco eexmopy npiopumemise W. 3miiiCHIOEThCS
OOYHCIICHHS BEKTOPY MpioputeTiB W, 110 BIAMOBIAA€ TOJIOBHOMY KPUTEPIIO MOPIBHIHHS
IbTEPHATHUB — BU3HAYEHHS MIPIOPUTETIB PU3UKIB IIOJI0 X BIUIMBY Ha MPOEKT BIIJIOMY 3
METOI0 BH3HAYEHHS TMOCTIJOBHOCTI iX 3amoOiraHHs Ta YCYHEHHS. Po3paxyHok
MIPOBOAUTRCSA 3a hopmyJioro [48]:

w=[wOwd, wml. wK.

Eman 8. ©@opmysanns niocymrkosoi mabauyi pisHie pusuxie, npiopumemie ma
paHeie pu3ukie. 3a pe3yibTaTaMu 3aCTOCYBaHHS METOAY (POPMYEThCS MIJCYMKOBa
TaOJHIIS, 110 MICTUTH PIBHI PU3HKIB MPOEKTY, BU3HAYEHUX 32 y3araJIbHEHHUM METOJIOM
MaTpUI PU3UKIB, IPIOPUTETIB Ta PAHTIB UX PU3HUKIB, BABHAYEHUX 3a JonoMoror MAI
(Tabnuis 3.5).

Tabmuns 3.5 — I[lincymkoBa TabauIs BUSHAYECHHS PIBHIB PU3UKIB, PIOPUTETIB Ta PAHTIB

PHU3HKIB IPOEKTY [pO3p0OJIEHO aBTOPOM |

Hasga 3Ha4YeHHs PiBenn Bexrop npiopureris Panru

pusukiB (A) | pusukiB (R) | pusukiB (CA) | pusukis 3a MAI (W) | pusukiB (RR)

Panr RR anprepHatuB (pusukiB) (A;) BU3HAYAETHCS 3a IONIOMOTOIO COPTYBaHHS
BEKTOpPY MPIOPUTETIB aTbTEPHATHB }/ 3a CIaIaHHSIM 3 MTOAANIBIINM ITPHUCBOEHHIM PaHTIB.
[Tpu bOMy pU3HK, 3HAYEHHSI TIPIOPUTETY AKOTO y BekTopi W HaitOinbmie, mae panr 1 1

T.1.
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Eman 9. @opmysanns peecmpy puszuxie npoeckmy. Ha 11boMy eTari BUBOJIUTHCS
peecTp pU3MKIB JUIsl MPOEKTIB y BianmoBigHocTi 10 ISO 9001 [51], ISO 27001 [39] 1
3araJlbHUX MPaBWJI Ta IPUHLIUIIB yIpaBiaiHHs mpoektamu [41], [52]. Lle#t peectp MicTUTh
MHOKHHY 3ax0aiB RPE = (RP, RE) o0 3armo0iranHs Ta yCyHEHHSI PHU3UKIB IIPOEKTY Y
BUTJISIAL TaOmwmi 3.6.

Tabmuns 3.6 — Tabmuia peecTpy pU3UKiB [po3poOIEHO aBTOPOM |

Hasga 3aco0u 3amobiraHHs 3aco0u ycyHeHHs

PU3HKIB pusukiB (RP) pusukiB (RE)

CxeMy mpoliecy 3alOBHEHHS PEECTPY PH3UKIB IPOJEMOHCTPOBAHO Ha
pucyHky 3.10. 3acoOu 3amoOiraHHs Ta yCyHEHHs TUNOBUX pu3ukiB B [T-mpoexrax

HajgaHo B loaatky /I.

B/l pu3ukiB

Puzuk 11

3anayga 1 Puzuk 12 | | Peectp pm3ukis |

Puzuk 1n

Pusuk 21

3ajaya 2 Puspuk 22 | | Peectp pru3ukiB 2

Puzuk 2»

Puzux m1

3amaua m Przuk m2 | Peectp pu3ukis n

PuzuK mn

Pucynok 3.10 — Cxema mpoiiecy 3al0BHEHHS PEECTPY PU3HUKIB [pO3pOOIECHO aBTOPOM |
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Ax BumHO 3 pucyHky 3.10, mis 3aga4 IPOEKTY MPOBOAMTHCS 1ACHTU(DIKALISL
PU3HKIB, 110 MOTEHIIIHHO MOXKYTh BIUTMHYTH Ha SKICTh pe3y/bTaTiB, CTPOKH BUKOHAHHS
abo pecypcu. BusiBneHi pu3MKM CTPYKTYpPYIOTbCS Yy BIANOBITHI PpEECTpH, SIKI
BKIIIOUAIOTBCSA JI0 €IMHOI 0a3u JaHmX pu3uKiB. Lle 103BOJIsI€ CHCTEMHO YMpaBIsTH
pU3MKaMU Ha BCIX €Tamax MPOEKTY, CBOEYACHO 3aCTOCOBYBATH 3aXOJH pearyBaHHs Ta

MBUIIUTH 3araibHy HAIIWHICTD peati3allii MpOEKTHUX 3a/1ad.

3.7 BucHOBKH 10 po3aiay 3

¥ Mexax TpeTboro po3/uTy HaBeI€HO OCTAaHOBKY 3aJlayl YIIpaBIiHHS pU3UKAMHU B
3arajJbHOMY BHJII Ta JUIS 3a7a4l BU3HAYEHHS PIBHIB PU3HKIB Ta iX MPIOPUTETIB.

[IpoBeneHo anamiz 3aco0iB  yIpaBIiHHSA pHU3HKAMH, 30KpeMa CTaHAapTiB,
METO/I0JIOTIM 1 METOJIIB Ta PO3POOJICHO BIANOBIIHY JlarpaMy B3a€MO3B’SI3KY MIXK HUMU.
HageneHno cxemy mpoiiecy ynpaBiiHHs pusukamu. [I[poBeeHO MOpiBHAHHS MPOTPaMHUX
3acO0IB i1 YMOpAaBIiHHA pPU3MKAMH, 3/1MCHEHO aHadi3 iX MepeBar Ta HEIOJIIKIB.
[Ipo/IeMOHCTPOBAHO CXEMY MPOIIECY YIPABIIHHSI PUIUKAMH.

[IpoanainizoBaHO mepeBaru Ta HEJOMIKK CTAaHAAPTIB JJIs YIIpaBIiHHS pusukamu [SO
31000, NIST 800-53 ta PMBOK. B pe3ynbrari aHaiizy Oyja0 BCTaHOBJICHO, IO JJIs
yIOpaBIiHHA pU3UKaMH Haioueiie miaxonuts cranaapt ISO 31000. Jdanwii ctanmapt B
koMOiHarri 31 cranaaptoM [SO 31010 € HallOUTBII aJaNTUBHUM, OCKIJIBKH Ha TOYaTKOBUX
eranax Moro BIPOBAKEHHsI BIH JIETIIE IHTErPYeThCs B iCHYIoUl cuctemu. Llel cranmapt
MO>KE CITYTYBaTH OCHOBOIO JIJIsI TTO/IJIBIIIOTO BITPOBAKEHHS HIIUX CTaHIAPTIB, K1 OYIyTh
JIOTIOBHIOBATH OJIMH OJTHOTO 3aBJSIKM HASIBHOCTI pi3HOTaiTy3eBuX HOpM y pamkax [SO.

VY Mexax 3adaui 6uU3HAUeHHs PIBHI6 pU3UKIE ma ix npiopumemis MPOBEICHO aHali3
ICHYIOUHX TIIXO/IB 00 YIPABIIHHS PU3UKaMH, 30KpeMa IPOaHaIi30BaHO BiAMOBIIHI
CTaHAApTH, METOHOJIOTI Ta MeToau. OJHUM 3 MOMYJSIPHUX METOJIB YINPaBIIHHS
pU3UKaMU TIPOEKTIB, MO IMHUPOKO BUKOPHCTOBYETHCA HA MPAKTHIN, € METOJ MaTPHIl
pusukiB. Pazom 3 TuM, nopsia 3 HOro nepeBaraMu TakKUMH, SIK HAYKOBa OOTPYHTOBAHICTh
1 e(eKkTUBHICTh, IIMPOTA 1 TPOCTOTa  3aCTOCYBaHHS, MOXJIMBICTH Bi3yamizailii
pe3ynbTaTiB, ICHYIOTh TEBHI NpoOiemMu 1 OOMEXKEHHS MpU KWOTO BUKOPUCTAHHI, SKi

MPOaHaJI30BaHi B I[bOMY PO3/LIL. Y TaKMX yMOBaX MOCTae MpodiiemMa po3poOKH METOY,
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KWW OV HEe MaB 3a3HaYE€HUX 0OMEXEHb METOJIy MaTPHIll PU3UKIB 1 HAaJlaBaB MOXKJIUBICTh
MEHEJDKEPY MPOEKTIB JIOCUTh TOYHO KIacH(PIKyBaTH PU3UKH 3a PI3HUMHU PIBHAMU 1
CTYTICHSIMHU BaXJIMBOCTI, IPH IIOMY HE OOMEXKYIOUHCH JIUIIIE TBOMA KPUTEPISIMU BILTUBY
Ha MPOEKT («AMOBIPHICTH BAHUKHEHHSI PU3UKY» 1 «BIUTMB PU3UKY Ha IPOEKT») Ta TPhOMA
PIBHSIMU PU3HKY («HU3BKUI», «CEPETHIIN, «BUCOKHI» ).

VY nmocnmipkeHH1 s BUpIMIEHHS I1i€l mpoOiemMu po3poOjieHa 3arporoHOBaHA
iH(opMalliiiHa TEeXHOJIOTIS sIKa CKIAAAEThCS 3: MOJIE YIPaBIiHHS pU3UKAMU MPOEKTY
(Project Risk Management Model); Meromy BH3HAueHHS pIBHIB PHU3HMKIB Ta iX
MIPIOPHUTETIB, IKUKM € KOMOIHAII€I0 MOM(PIKOBAHOTO METOJIy MATPHIIl PU3UKIB 1 METOIY
aHai3y iepapxii Ta BeO-pecypcy, 110 3ade3neuye aBToMaTh3aIlio mpolecy Kiacudikaii
PU3HKIB Ta BU3HAUYECHHS MPIOPUTETIB PU3UKIB y PEKUMI OHJIANH.

J171st KoOMOIHOBAHOT'O METO/IY PO3B’sI3aHHA 3a/1a4ul BU3HAUYCHHS PiBHIB PU3HKIB Ta 1X
npiopuTeTiB NMOOYAOBaHO MOJENb YINpaBiiHHA pusukamu Mnpoekty (Project Risk
Management Model), sixa MiCTUTB:

— BXIIHY 1H(OpMaNio Mpo HAsBHI PU3UKH NPOEKTY, PIBHI PHU3UKIB, KPUTEPIi
OLIIHIOBAHHSI PU3UKIB, EKCIIEPTHI OLIHKH JUIsl KOKHOTO PU3HKY 3a 3aIaHUMH KPUTEPISIMU;

— MpONEAYpy BU3HAYEHHS HAJEKHOCTI PHU3UKIB TPOEKTY 10 TIEBHOTO PIBHS
PU3HUKIB, POIEAYPY BU3HAUYCHHS MIPIOPUTETIB PU3UKIB MPOEKTY 32 JOTIOMOTOI0 METOIY
aHai3y lepapxiii;

— BUXIJHI mMapamMeTpu: iHGOpMAIlsl NP0 HAJNEKHICTh PUBHKIB TMPOEKTY [0
BIJINOBITHUX PIBHIB PU3HKIB; BEKTOP MPIOPUTETIB PU3UKIB MIPOEKTY 1 BEKTOP iX PAHTIB;
PEECTP PUBUKIB 3 MEPETIKOM 3aXO0/I1B 100 3aM00IraHHs Ta YCYHEHHS PU3UKIB MPOEKTY.

VY nocmimxenHt Ha 0a31 PRMM 3anponoHoBaHO 1 OOIPYHTOBAHO METOJ JIS
aHai3y PHU3UKIB TMPOEKTY, SAKUH € KOMOIHAII€I0 MOAU(PIKOBAHOTO METOJY MaTpHIll
PHU3UKIB, 10 HAJA€ MOXJIMBICTh 3 BUCOKOK TOYHICTIO BU3HAYUTH PIBEHb PU3UKH 32
OUTBIII TMIMPOKOIO IIKAJIOK 1 OIIBIIOI KIIBKICTIO KPHUTEPIiB, HDK TPATUIIHHUN METO
MaTpHIll PU3UKIB, Ta METONY aHaTI3y l€papxiii, 3a JTOMOMOTOI0 SKOTO BU3HAYAIOTHCS
NPIOPUTETH PU3UKIB Ta IX PAHTH.

Jlo mepeBar 3anmponoHOBaHOi 1HPOPMAIIIIfHOT TEXHOJIOT1M MOYKHA BIIHECTU T€, 110

NO€IHaHHS MOIU(IKOBAHOTO METOy MaTpPHIIl PU3UKIB, A€ BXIHI JaH1 POPMYyIOThCA Ha
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OCHOBI €KCIIEPTHUX OLIIHOK (Cy0’€KTUBHO), 3 METOJIOM aHaJII3y 1€papxii, Je 3allOBHEHHS
MaTpullb MMApHUX TOPIBHSIHL aJlbTEPHATUB (PU3HMKIB) 3a KPUTEPIAMH 1 BU3HAUYCHHS
OPIOPUTETIB  PU3MKIB  3AIHCHIOETHCS aBTOMAaTHYHO HA OCHOBI MaTeMaTHYHUX
po3paxyHKiB (00’€KTHBHO), HaJa€ KOPHCTyBadaM OLIbII IIMPOKI MOMKIHUBOCTI IS
aHaJli3y PU3UKIB MIPOEKTIB Y MOPIBHSAHHI 3 IHITUMH METO/IaMHU.

Pesynbratu qociimkeHsb TPEeThOro po3Airy omyOmikoBaHi B podoTax [53]-[56].
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PO3/JILT 4
3AJIAUIL, MOJEJI I METOJIU BATATOKPUTEPIAJIBHOI'O IPUMHSATTS
PIIIIEHb B YMOBAX PU3HUKY, HEBU3SHAYEHOCTI TA HEYITKOI
TH®OPMAIII

4.1 3agaya npuAHATTA pillleHb B YMOBAaX PU3UKY i MeTOAH ii po3B’si3aHHA

[IpuitHATTA pilleHh B yMOBaxX PHU3UKY € OJHIEI0 3 KIIOYOBUX 3a/lad y Teopii
MPUUAHATTS PillICHb, €KOHOMIIl, MEHEDKMEHTI, (hiHaHCaX Ta 1HIHUX chepax isITbHOCTI
moauHu. OcoONMBICTh TaKoi 3ajayl MoJjisirae B TOMY, 110 oco0a abo opraHizaiis, sKa
npuiimMae pimeHHs (CyO0’€KT TNPUUHATTA PINIEHb), CTUKAETbCI 3 MHOXHHOIO
aNbTEPHATUBHUX BapiaHTIB Jii, KOXKEH 3 SIKUX ITOB’sI3aHHUH 13 BUITaIKOBUMH HACIIIIKAMHU.
OCHOBHa XapakTEPUCTHKA YMOB pHU3UKY — II€ HasABHICTh OO €KTHUBHO Bi1JOMHX
WMOBIPHOCTEM HACTAHHS TUX YM 1HIIUX pe3yJbTatiB [1].

OCHOBHOIO BIJIMIHHICTIO 3aJlayl OPUUHATTS pIlIEHb B YMOBaxX pPHU3UKY Bij
aHAJIOT1YHOI 3a/Ja4li B YMOBaX HEBHU3HAYEHOCTI € HAsBHICTh BI1JIOMOi WMOBIPHICHOI
XapaKTEepPUCTUKHU CTaHIB cepenoBuina [2].

PosrasineMo aesiki KpuTepii NpUUHSTTS pillleHb y cutyauii I;, ToOTo y cuTyarii
MPUIHSTTS PIlIEHb B YMOBaX PU3HKY.

Kpumepiu batieca. 1leit xputTepiii TakoXX BIIOMHI SIK KpUTEPIM CEpEeIHBHOTO
3HAQYCHHS, TPYHTYEThCS HA MPUHIUIIT MAaKCHUMI3allii MaTeMaTUYHOTO CIIOJIBaHHS
3aJ1aHOTO OIIHHOTO (pyHKITIOHANA [3]. BiAMoBiIHO A0 IOTO KPUTEPIO, ONTUMATHHUM

pileHHsAM (200 MHOKMHOK ONTHUMAJbHUX PILIEHb) @y € @ BBAKAETHCA TE PIIICHHS,

ke 3a0e3medye HaWOUIbIIe (a00 HaWMEHIE) MOXKIMBE 3HAYCHHS MAaTeMAaTHUYHOTO
CIIO/IIBaHHS 3a3HAYEHOT0 (PYHKITIOHAA.

Kpurepiit Baiteca € ogauM 3 HalOUIBII MOMUPEHUX MIAXOAIB B iH(OpMaIliiHINi
cutyamii  [;. Moro 3aCTOCYBaHHS € OCOOJHMBO JOUUIBHUM Yy CHUTYyallisiX, IO
XapaKTepU3yrThCcsl 0araTopa3oBor0 MOBTOPIOBAHICTIO, OCKIIBKM B TaKUX BHUIIAJIKaX
JOCSITAETHCSI  MaKCUMI3aIlisl CEepeIHhOTO 3HAYEHHS KOPUCHOCTI (abo MiHIMI3amis

CEPEAHBOTO PUBHKY).
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Kpumepiti  minimymy Oucnepcii oyinnozco ¢ynxyionana. Jucnepcis omnucye
pO3CitOBaHHS BUNAJIKOBHX 3HAYEHb OIIHHOTO (PYHKIIIOHANA JIJIS PIIICHHS (0} BIJTHOCHO
ioro cepemnporo 3HaueHHS BT (@, p). CyTHicTs KpuTepiro Minimizamii mucmepcii
OLIHHOTO (DYHKIIOHATY TOJSrae B TOMY, 00 3HAWTH PILICHHA Py, (200 MHOXKUHH
pimens ®). OCHOBHUM HETOMIKOM IILOTO KPUTEPIIO € T€, 0 AUCTIEPCis HA PillleHH] ¢ Kk, €
® MOKe BUSABMTUCSA MEHILIOK HDK Ha pilieHHi @y, € @, B TOH yac xoau B +(<pk1,p) <
B +(<pk2, p). Imakme kaxyuu, KpUTepiii MiHIMyMy aucrepcii 3 OJHOrO OOKy €
JIOTIOMI>KHUM, a 3 1HIIOTO — HOr0 MPHUUHATTS NMOTpedye JOBU3HAYCHHS 1 HEBEIIMKOI 3MIHU
BUIMIALY aucnepcii o [3].

Kombinosanuii kpumepiti. SIBnsie coboro iHTerpaiiro kpurepiiB baiteca Ta
MIHIMyMYy Jucrepcii, mo BigoOpaxae mparHeHHs OIIP opHoyacHO jpocArta
ONTUMAJILHOTO CEPEIHbOI0 3HAYCHHS OI[IHHOTO (PYyHKIIIOHAIa (3rigHO 3 KPUTEpieEM
baifeca) Ta miHiMi3yBaTH Horo nucrepcito. [is peanizaiiii [b0T0 KpUTEPiO MOTPIOHO
obpartu BenuunHy A Taky, mo 0 < A < 1 Ta BUKOHATH OOpaxyHKH. 3ayBaXXUMO, 1110 TIPU
[[bOMY 3HAUY€HHS Koe(dilieHTa A BCTAaHOBIIOIOTH 3 OTJISIAY HA T€, SIKOMY CaMe KPUTEPIro
(batieca un MiHiMyMy nucriepcii) moTpiOHO HagaTH OimbIny mepeBary. Skmo A = 0, To
kputepit k(@y,p), 30iraetecs 3 kpurepieM baiieca, a komu A =1 — 13 KpurepieM
MIHIMyMy aucnepcii [3].

Kpumepiu maxcumizayii  iimogipnocmi  po3nooiny oyiHHO20 @DYHKYIOHAA.
dikcyeMO BEIUYMHY (@, KA 3a70BOJIbHSAE TaKy YMOBY: @ < a < o, NPUUOMY: Qp =

. . + _ + .
mjm min fi a2 = m?x max fik- Mg xoxHoro pimenHs @ € @ BU3HAYAIOTH

AMOBIPHICTB P (. f]; = () TOTO, IO 3HAYEHHS OI[IHHOTO (PYHKITIOHANA Oyl HE MEHIINM
3a BEJIMYMHY &, KOJIM CEpEIoBUIIE nepedyBae y cTaHi 6; it oOpaHo piteHHs @y [3].
CeHc kpuTepit0o MakcuMizaili WMOBIPHOCTI PO3MOALTY OILIHHOTO (DyHKIIOHAA
MOJIATAE Yy BU3HAYEHHI pllIeHHS @) € @ (ab0 MHOXKUHH pimeHs P), s AKOTO 1st
AMOBIPHICTH Oy/Ie MaKCUMAJIbHOIO.
[Ipu BUKOpHUCTaHHI IIHOTO KPUTEPIIO OPTaH yMPaBIIiHHS BUXOAUTH 13 HEOOX1THOCTI

NPUIHATTS KOHKPETHOTO PiBHS BEJIMYMHU .
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Mooanvhuti kpumepiti. 1nes UbOro KpUTEPilO TMoOJrae B TOMY, IIO OpraH
MPUMAHSATTS PIIICHHS BUXOIUTH 13 HAHO1IBII IMOBIPHOTO CTaHy CEpPEIOBHIIIA.

[TepeBaroro MoIaILHOTO KPUTEPIIO € HOTo mpocToTa. [lo-mepire, 1ocTaTHRO JTUIIe
BUSIBUTH HaWOLIbIII IMOBIPHI CTaHH CEPEOBUIINA, 1 IO TOTO K HeMae HEOOX1THOCTI HaBITh
3HATW YMCJIOBI 3HAUEHHS IMX IMOBIPHOCTEH; MO-IpYyTre, PO3PaxyHOK 3HAYEHb OI[IHHOTO
¢yHKIIiOHama MOKHA BUKOHYBATH JIMIIE 751 HAHOUIBII IMOBIPHUX CTaHIB, 10 3HAYHO
MIJBUIIYE IIBUIKICT, NPUUHATTA pimeHb. Cepen HEAOJIKIB KPUTEPIIO CJIiJI Ha3BaTH
MO>KJIUBICTB TOTO, 110 PIIIEHHS, ONITUMAJIbHE 32 MOJTAJILHUM KPUTEPIEM, HE 3aBXKIU Oyie
MaTH HaibOinbIne OaiiecoBe 3HaUeHHS [3].

Kpumepiti  minimanonoi  ewmponii  mamemamuuno20 CHOOIBAHHA OYIHHO20
¢ynxyionana. CyTh 3a3HAYCHOTO KPUTEPIi MOJIATAE B TOMY, IO CEPENl YCIX MOKIUBUX
OIIIHOK OOMpaeThcs Ta, fAKa MIHIMI3YE EHTPOIMII0 PO3MOJAUTY HWMOBIPHOCTEH,
30CEpPE/IKEHOr0 HABKOJIO MAaTEMAaTHUYHOTO CIOJIBaHHS OIHHOTO ¢yHKIloHana. [le
J03BOJISIE OTPUMATH HAWOUIbII BIOPSAIKOBaHY a00 BU3HAYEHY OLIHKY, 3 MIHIMaJIbHOIO
HEBHU3HAYCHICTIO IO/I0 Pe3yibTaTy. [HIIMMU clioBaMH, KpUTEpid CIPSIMOBaHUN Ha Te,
1100 oOpaHa o1liHKa OyJia He JIUIIE TOYHOI0, aJie ¥ CTaOIBbHOIO 3 HAWMEHIIIUM CTYTICHEM

BHIIAJIKOBOCTI [3].

4.2 3ajaya NPUUHATTA PpilleHb B YMOBAaX HEBHM3HA4YeHOCTI i meroam ii

PO3B’sI3aHHA

OcoOnmuBICTh 3a/1aul MPUUHSTTS PIIICHh B yMOBaX HEBU3HAYEHOCTI TOJISATAE B
TOMY, IIO CyO’€KT TMPUHHATTS PIMIEHb Ma€ CIOpaBy 3 MHOXHHOIO allbTEPHATHBHUX
BapiaHTIB AiH, HACTIIKK SKHX 3QJICKATh Bl CTaHIB CEPEIOBUINA, TPOTE MMOBIPHOCTI IUX
cTaHiB a00 TMOBHICTIO HEBiOMi, a00 HE MOXYTh OyTH HaIIMHO OIHEHI. Y MpoIieci
OPUIHATTS pIlIeHb BaXXJIUBY POJb BIJITPAlOTh TaK 3BaHI MacUMBHI YMOBU — (hakTopu
30BHINIHBOTO CEPEJIOBUINA, SIKI HE MAJAI0ThCS OE3MOCEPEIHhOMY BIUTUBY 3 OOKY
cyO’€KTa MPUUHSTTS PillIeHb, aJe MOXKYTh CyTTEBO BIUIMBATH HA PE3yJIbTaTH peatizallii
oOpanux anpTepHaTHB. [lacUBHI yYMOBHM € HEBIJ €MHOI YaCTHHOIO CEpeIOBHUIIA
(GyHKIIOHYBaHHS CHCTEMH, 1 B 0araThbOX BHIIaJKaX BOHU XapaKTEPU3YIOThCA

HEeBH3HAYEHICTIO [4, 5].
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Haiibinpmr 4yacto y curyamii TpUHAHATTS PIlIEHh B YMOBaX HEBH3HAYEHOCTI
BUKOPHUCTOBYIOTh Taki KpuTepii: kputepiit Jlammaca, kputepidi Bambaa, kpurtepii
Cesimxa ta kputepiii ['ypsina [3].

Bubip kpurtepito NpUHAHATTS pIlIEHHS B yMOBax IOBHOI HEBU3HAYEHOCTI €
HANCKJIaJHIIIUM 1 HAWBIANOBIAANBHIIIMM €TaroM MpoIecy po3B’sizaHHs 3aaadyi. [lpu
IbOMY HE ICHY€ Oyab-KHX 3arajJibHUX Mopaj 4 pekomeHaaniii. Bubip kputepiro OITP
MTOBUHHA ITPOBOIMTH 13 BpaxXyBaHHAM cHelu(Piku 3a/1a4i, 110 PO3B’SI3YETHCS, 1 BIATOBITHO
JI0 CBOIX IIlJIeH, a TakoXk 0a3yeThCsl HA MUHYJIOMY JIOCBiJl Ta BIAcHi# 1HTYilli. 30kpema,
SKIIO HAaBITh MIHIMQJIBHUM PU3HMK € HENPUIYCTUMHUM, TO HEOOXIJHO 3aCTOCOBYBATH
kputepiit Banppa. SIkmo & HaBmaku TEBHMM pu3uK Moxe matu wmicne 1 OIIP
OpIEHTYETHCS Ha OLUTBIINI BUTpalll — 00MparoTh KpuTepiit CeBixa.

Kpumepiti Jlannaca cnupaeTrbcs Ha HPUHYUN HEOOCMAMHLO20 NIOIPYHMAL,
BHXOI4M 3 SKOro BCl CTaHu cepepnouma S; (j = 1,..,m) € piBHOWMOBIPHUMM.
BinnoBinHo, KOKHOMY CTaHy S BIINOBia€ HMOBIPHICTB P

Kpumepiti Banvoa (minimaxcuui abo MakcuminHuil Kpumepii) — 1€ KpuTepii
rapaHTOBAaHOIO pe3ysibTaTy. BiH 0a3yeThCs Ha MPUHLUINI HAHOLIBIIOT 00EPEKHOCTI,
OCKUTbKM ~ BUOMPAIOTh HAWKpallly 13 HAWripmmx aibTepHaTuB A;. SKimo eremeHTH
TJTATDKHOT MATPUII €;; XapakTepu3yIoTh BUrpail (KopucHicts) OIIP, To 1 BU3HaYEHHS
ONTUMAJIbHOI aJIbTEPHATUBU BUKOPUCTOBYETHCA MAKCUMIHHUU KPUMEDILL.

Skmo eneMeHTH TMIIATDKHOT MaTpulll XapakTepusyioTh BTpatu OIIP, To mus
BU3HAYEHHS ONTUMAJIBHOT aJIbTEPHATUBU BUKOPUCTOBYETHCA MIHIMAKCHUL KpUMepiu.

Kpumepin Cesidoca (kpumepiti MmiHiManibHo20 pu3uky) TIOM SKIIYE HaIMIpHY
«IECUMICTUYHICTHY KpHUTEpilo Banbaa nuisixoM 3amMiHU IJIATIXHOT MaTpHIll (BUTpAIiB
abo BTpaT) MaTpuiler0 pu3uKiB. Hesalie)kHO BiJ TOro, 4 IUlaTiXkHA MaTpulsl A €
BUTpamieM abo BTpaTaMH, MaTpullsd pU3uKiB R, Bu3Hauyae BenmuuuHy BTpat OIIP.
BianoBingHo, 10 Hel MOKHA 3aCTOCOBYBATHU JIUIIIE MIHIMAKCHUN KPUTEPIi.

Kpurepiit CeBimka pekOMEHAy€e€ B YMOBAaX MOBHOI HEBM3HAYEHOCTI OOMpaTU TY
aNbTepHATUBY A;, I SKOi BEeNWYMHA PU3MKY HaOyBa€ HAWMEHIIIOTO 3HA4YEHHS Y

HaWHECTIPUATIAMBILIN cUTYyallli (KOJU pU3UK MaKCUMalbHUI). 3aCTOCYBAHHS KPUTEPIIO
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CeBika J03BOJISIE YHUKHYTH BEJTMKOTO PU3UKY B MPOIleci BUOOPY aabTEpPHATUBHU, TOOTO
MIHIMI3yBaTH MOXJIMBI BTPaTH.

Kpumepiu  I'ypsiya (kpumepii  necumizmy-onmumizmy  abo  Kpumepiu
V3A2albHEH020 MAKCUMIHY) OXOIUIIOE PI3HI MIAXOAW A0 MPUUHATTSA PIIMIEHb — BIJ
HAWOUIBII ONTHUMICTUYHOTO O HAWOIIBII MECHUMICTHYHOTO (KOHCEPBATUBHOTO).
ba3yeTbcst Ha TakuX ABOX MPUITYIICHHSIX: «30BHINTHE CEPEAOBHINE» (CIIPUPOIA») MOKE
3HAXOAMTUCH y Halripmomy crai 3 imoBipHicTio (1 — ) 1 y Halikpamomy craHi i3
HMOBIPHICTIO &, e @ — KOSDIMIEHT TOBIPH (HOKAZHUK ONMUMIZMY).

SAxmo a =0, xpurepit ['ypBila cTae KOHCEPBATHMBHUM, OCKIJIbKH MOTO
3aCTOCYBaHHS € PIBHOCUJIBHUM 3aCTOCYBaHHIO KpuTepito Banbaa.

SAxmo «a = 1, kpurepiit ['ypBila crae 3aHaATO ONTUMICTUYHUM, OCKIJIBKH MOTO
3aCTOCYBaHHS € PIBHOCHJIBHUM 3aCTOCYBAHHIO Kpumepito onmumizmy (MaKCUMaKCy).

Kpurepiii ['ypBinia BcTaHOBII0O€ O0anaHC MK BUIIQAKaMU KPailHbOTO MECUMI3MY 1
KpaiiHLOTrO ONTUMI3MY IIISIXOM HaaaHHs iM BianosigHoi Bark (1 —a) taa, 16 0 < a < 1.
3Ha4YeHHS @ MOKE BU3HAYATHCh y 3aJI€KHOCTI Bl cxuiabHOCTI OIIP 1o nmecumizmy abo

OIITUMI3MY. SIKIIO BIACYTHS SICKpaBO BUPAXEHA IPUXUIBHICTh, TO BBaXkaroTh & = 0,5.
y )

4.3 3agaua TaliM-MEHEIKMEHTY fK 3aJa4ya 0araToKpUTepiajaibHOrO

NPUIHATTS pilleHb B YMOBaX HEBU3HAYCHOCTI I MeTOAM ii pO3B’A3aHHA

KepyBannst yacom abo TaitM-MeHEKMEHT (B1Jl aHTJI. time management) — Hayka
PO CYKYIHICTb METOAIB Ta TEXHOJOTIA opraHizamii 4acy Ta €(EeKTUBHOCTI HOro
BUKOPUCTAHHS JIJI1 BAKOHAHHS MTOTOYHUX 3aBJIaHb, POEKTIB Ta KaJeHAAPHUX MO [6].
Ha BuHaxig TepmiHy «TaliM-MEHEKMEHT» TpeTeHaye kommadis Time Management
International. Ii 3acHoBHuk, Kmayc Memnep Bunaiimos Time Manager — ckjiajgHO
BJIAIITOBAHUM OJIOKHOT-IIOJICHHUK, SKHM MOXXHA BBaXXAaTH MPadaTbKOM CY4YacHOTO
opraHaiizepa [7].

OnHuM 3 MOMYJIIPHUX MIAXOIIB 10 PO3B’SI3yBaHHS 3a7ay TaM-MEHEKMEHTY €
Mmatpulls Eifzenxayepa — e METOM, SKH BUKOPHCTOBYE MPUHIIMITH BAKIMBOCTI Ta

TEPMIHOBOCT1 JUIsl OpraHizaiii HpiOpUTETIB Ta poOOYOTro HaBaHTaXeHHS [8]. Aue
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Kputepii kinacudikalii 3a71a4 y JaHOMY BUIIAJKY € JIOCUTh a0CTpaKTHUMHU, TOMY HaOyBae
aKTyaJbHOCTI 3aCTOCYBaHHSA JOJIATKOBOI'O MAaTEeMaTUYHOTO amapaty 3 METO/IIB
NPUMHATTS PillIeHb AJIs BU3HAUEHHS MPIOPUTETIB 3a/1a4 Y MEKax KOKHOTO Kiacy.

JI71s1 MPOEKTIB 3 BUCOKOIO HEBU3HAYCHICTIO (HANPUKIIAA, CTapTalu, TOCTITHUIIbKI
MPOEKTH) KOHTPOJIb PU3HKIB 1 4acy MOke OyTH KpUTHUHUM. Yac — 1ie OJMH 13 TPHOX
KITFOUOBUX €JIEMEHTIB «IOTPIHHOTO OOMEXEHHS» MPOEKTy (dac, OroKeT, o0csr).
KonTpons dvacy 3abesnedye BHUKOHAHHS 3aBJaHb y IMOTPIOHI TEPMIiHM, 3aroOirarouu
3aTpUMKaM 1 «edeKkTy IOMiHO» (KOJIM OJHa 3aTpUMKa BIUIMBA€ HA BECHh IPOEKT).
3HadeHHs Yacy B MPOEKTI Moxke cTaHOBUTH A0 30-40% 3aranbHOro ycmixy, 0COOIMBO B
MIPOEKTAX 13 JKOPCTKUMHU AeATaiiHamMu [8].

VY cydyacHMX yMOBax JAMHAMIYHMX MOJEpPHI3alIMHUX MEPETBOPEHD 301IbIIYETHCS
noTpeba y MiBUIIEHH] aJalTUBHOCTI OpraHi3allii, IIBUIKOCTI pearyBaHHs Ha 3MiHU MPU
IUIaHyBaHHI CIIMCKY 3a]1a4, 1110 HEOOX1AHO BUPILIIUTH, Ta iX BIAMOBIAHIN Kiiacudikamii 3a
NEBHUMH KpHUTEpisiMH. B 1aHOMY BHMAnKy agalTHUBHICTh € BaKJIMBUM YHHHHKOM
KOHKYPEHTOCTIPOMOKHOCTI JIFOJIMHU, fAKa IIaHye rpadik CBOET JisIbHOCTI. Baximuy
poJib MpU ILOMY BIAIrparoTh 1H(OPMAIIHI TEXHOJIOTI], NP BUKOPUCTAHHI SIKHUX
3’ ABJISIETHCSI MOYKJIMBICTh aBTOMATHU3yBaTH BIIMOBIIHI TIPOLIECH MPUMHSTTS PIIICHb TTPU
PO3B’sI3yBaHHI 3a/1au TaiM-MEHEKMEHTY.

[TpoGiema ympaBiiHHS YaCOM € aKTyaldbHOIO MOBCsAKYAC. [IuTaHHAM po3pOOIeHHS
Ta BIIPOBA/KCHHSI METOIB 1 TEXHOJIOTIH TallM-MEHEIKMEHTY B MPAKTUKY MiSUTBHOCTI
oprasizaiii 1 TiANpUEMCTB NpUCBsYeHi npaii Takux ¢axiBuis sk C. Kosi, K. bimod, P.
Kittocaxi, A. I'act, I1. pykep, JI. 3aiiBepT, [. Koym, K. Mennep, T. ITitepc, ®. Tetimnop,
1. KroGnayx [9].

Takox MOXHa BUAUTMTH IMyOIiKallii OCTAaHHIX POKIB, Kl MPUCBSIYEHI TpodiemMam
noOyI0BM CUCTEMHOTO TaliM-MEHEKMEHTY BiJ Takux aBTopiB sk K. ['omedpoit [10], T.
Kemn6emn [11], P. Heiisic [12], C. T'oymi [13].

YKpaiHCbKUMU HAyKOBLUSAMH MPOOJEMU TalWM-MEHEIKMEHTY TaKOXX aKTHUBHO
nocmiKyroThcs. 30kpema, KenmioxoB O.B. 1 fAremschka K. HO. [14] mocmiawnu
€KOHOMIYHHI 3MICT Yacy 1 poJib 4acoBOro (hakTopa y pO3BUTKY €KOHOMIYHOI CHCTEMH.

€prymenko ['.I. Ta [leper’ssuko B.M. [15] gocnigmim OCHOBHI MPUYUHU BTpAT Hacy 1
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HaJaayd TMPOMO3HUINI IMOJ0 MiABUIIEHHA €(QEeKTUBHOCTI 3aCTOCYBaHHS  TalM-
MeHekMeHTy. [lerpymenko M. M. 1 bougap T. B. [16] 3anmponoHyBaiu aBTOPCHKUIMA
HiAX1T A0 BIPOBAKEHHS KOPIOPATUBHOI CHUCTEMM ympaBiiHHsA yacoM. Xapyk K. b.,
CkpunbkoBcbkuit P. M., Kpykesuu H. M. [17] mochiawiu mnpoGieMu CTaHOBJICHHS
MOHSTTA «TallM-MEHEPKMEHT» 1 3allpONOHYBAIM 1HCTPYMEHTApii JIarHOCTHKHU TailM-
MEHE/KMEHTY Ha 3acajiax Oi3Hec-1HIWKATOPIB «e()EKTUBHICTH» Ta IPOIYKTUBHICTHY.
[Tucaperceka I'. 1. [18] oO6rpyHTyBana Metoau iHBeHTapu3ailii yacy. H. B. I3tomiieBa ta
Henoxniit B.B. [19] po3rasuynu eranu moOyAOBH CHCTEMHU TaM-MEHEIKMEHTY Ha
MIPUEMCTBI, @ TAKOK OOTPYHTYBAJIU HEOOX1IHICTh 3/IIHCHEHHS MOHITOPUHTY pOO0OUYOTO
yacy. Makapeako C.M., Omitnuk H. M. 1 Jlymuk K.I.y po6oti [20] nHamanu
pEeKOMEH Al 111010 BAOCKOHAJIEHHS YIIPABIIIHHSA 9acOM Ta BU3HAYCHHS ONTUMAaJIbLHOTO
HaBaHTAXXEHHS JIJIs TTPalliBHUKIB.

Ha nymky CriBena KoBi, TaliM-MEHEI)KMEHT Y BY3bKOMY CEHCI — 1€ OpraHi3amis
0COOMCTOr0 Yacy KOKHOI JIIOJMHU. BiH akTyanbHUH y TUX BUNIQJKAX, KOJIHU Y IPALlIBHUKIB
IcHye cBOOOJIa BHOOpPY, BUSIBIIETHCS TBOpYA IHIIIATHBA, 110, B CBOIO YEPry CIIPHUSIE
NIJBUIIEHHIO  MNPOAYKTUBHOCTI 1 3HM)KEHHIO PIBHA  CTPECy, BHUKIHUKAHOTO
Herepe0auYeHUMH CUTYaIlisIMH Ta mocImixoM [21].

B TaiiM-MeHeKMEHTI BUIUISAIOTh HACTYIHI TIpoliecH [22]: aHalli3; MOJICIFOBaHHS
CTpaTeriii 3 BpaxyBaHHSM MPOBEICHOT0 aHalli3y; MOCTAaHOBKAa METH ab0 BU3HAYCHHS
KJIFOUOBOTO HAIPSIMy PO3BUTKY; BH3HAYeHHS Ta GopmyioBaHHs MeTu (1ijiei);
MJIaHYBaHHS Ta PO3CTAHOBKA MPIOPUTETIB; PO3pOOKA TJIaHy JOCSTHEHHS MOCTaBJICHUX
el 1 BUJUICHHS TPIOPUTETHUX 3aBllaHb JJIsi BUKOHAHHS, peajizailisi; KOHTPOJb
JIOCSITHEHHSI METH, TT1JIBEJICHHS IMiJICYMKIB 32 Pe3yJIbTaTaMH.

ba3oBa i7esi ynpaBiliHHS 4acoM TOJIATAE B YCBIJOMIIEHHI MOTO LIHHOCTI, TOMY
nepeadayae TOTPUMAHHS TaKUX NPUHIUMIB K [23]: TutaHyBaHHS 4acy; O0opoTh0a 3
MOKMpadyaMy 4Yacy; pO3CTaHOBKa MpiOpHTETiB; mpaBwio llapero; Bia ckiagHOTO 10
MPOCTOr0; HE poOUTH Oaratro crpas OJHOYACHO; IJIAHYBAaHHS poOOYOTO JHS 3 0011y Ta
BIJIMOYHMHKY; JOTPUMAHHS YUCTOTU Ha POOOYIOMY MICITl; PO30OUTTSI CKJIQHUX 3aBJIaHb HA

IPOCTI; PO3BUTOK OCOOMCTOT BMOTUBOBAHOCTI.



143

["oBOpsiuM Mpo MOCTAHOBKY 111, 000B’A3KOBO Tpeda rnam’aTaTu mpo Te, 0 MeTa
noBuHHa Bianosinatu kpurepito SMART [24]: Specific — Oyt KOHKpETHOIO;
Measurable — BumiproBanoto; Attainable — gocsokaor0; Relevant — morinpHOMO; Time-
bound — o6MekeHOI0 B Haci.

Cepen momyJIspHUX METOMIB BHPIMIEHHS 3a7adl TalM-MEHEKMEHTY MO>KHA
BUOKPEMHUTH HACTyIHi: MeToa «Pomodoro» [25], merox «matpuns Eitizenxayepa» [26],
MeToJ «3HaiaeHult gacy [27], meron «bpuakux xad» [27], meton «Dopmyna 10-3-2-1-

0» [28].

4.3.1 IToctanoBKa 3a1a4i TaiM-MeHEKMEHTY

Hexaii 3a1aui TaliM-MEeHEKMEHTY MIPEICTaBICHO MHOXKUHOIO aJbTepHAaTUB A={a;,
as, ..., ap}. 1 3aga4i moTpiOHO po3noaumuTu Ha m kinaciB Cy, C,,..., C, 3a JOIOMOTOIO
MHOXUHU kputepliB K={ki, k», ..., ky}. 3rigH0 3 MeTog0M «MaTpuils Eizenxayepa», K —
MHOKHMHA CTYIEHIB BaXJIMBOCTI 3aj1au [3, 26], KUIbKICTh SKUX Yy KJIACUYHOMY METOJi
nopiBHIOE m = 4, ipu ibomy #n >= 4. BianoBigHo, oco0a, sika npuiimae pimerHs (OI1P),
BUKOPHUCTOBYE JIJIs1 OLIIHIOBAHHS 3a/1ad Taki KpUTepii: k; — BaKIUBI-TEPMIHOBI 3a/1a4i
(3a7aui, MO0 BUMAararOTh HETalHOIO BUPIIIEHHS), k» — BaXJIMBI-HETEPMIHOBI 3ajayl
(3a7a4i, BUKOHAHHS SKUX TpeOa MPU3HAYUTU HA MI3HIMIMA CTPOK), k3 — HEBaXKIIUBI-
TEpMIHOBI 3a/1a4l (3a7adi, sIKI BapTO AEJEryBaTH 1HIINM), k4 — HEBAXKIIMBI-HETEPMIHOBI
3a/a4i (3aAa4i, sIKi MOTPIOHO BIIKJIACTH a00 B3araji BUJAJIUTH).

SIKI10 KUTIBKICTB 3a/1a4 B MHOXKUH1 4 OuibIiie 4, TO 171 BU3HAYCHHS TPIOPUTETHOCTI
LUX 33724 JOIIbHO 3aCTOCOBYBATH METOJ aHaII3y 1€papXiid [29], npu 1iboMy 3a3HayeH1
KpUTEpii MalOTh OJHAKOBY Bary B OIlIHIOBaHHI 3aj1a4.

s po3B’si3yBaHHS 1€l 3a7jadyl MOXKYTh 3aly4yaTHCh €KCHEPTH 3 YIpPaBIIIHHSA
MPOEKTaMHU, SIKI 3A1MCHIOIOTH MOPIBHSHHS 1 OLIIHIOBAHHS aJIbTEPHATHUB Y BiANOBIIHOCTI

JI0 KpUTEpiiB, BUKOpHCTOBYIOuH mikany Caarti [29].
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4.3.2 KomOiHOBaHMii MeTO/ PO3B’SI3aHHA 3a71a4i TAMM-MEHEIKMEHTY

Posrnsaemo meton po3B’s3yBaHHS 3ajadl  Kiacudikaiii s 3aaad  TaiM-
MEHEKMEHTY, 10 BUKopucToBye MAI 3a 3amannmu kputepisimu merony Eiizenxayepa
JUTsl BU3HAYEHHS MPIOPUTETIB 33724 KOXKHOTO KJIacy.

[loemnanus MeToqy aHamizy lepapxiii Ta maTpull Eifzenxayepa 3ycTpidaeTbcs B
HAYKOBHX Mpalix 3 TOUYKH 30py BHUILJICHHS JOMOMIKHHX MaTpullb (sub-quadrants) st
ocHoBHO1 MaTpuIll Eitzenxayepa 3a qonmomororo MAI 3 nogansimmmu oopaxyHkam [30].
[Ipu mociimkeHHI MpoaHaTi30BaHO HAYKOBY mpaifio 3 moeaHaHHs MAI ta SAW mns
BUKOPUCTAHHSA B CHCTEMI MIATPUMKHU MPUHHATTS PIllIeHb, siIKa 0a3y€ThCsS HA MaTPHIl
Eitzenxayepa g BUpilIEHHS NpoOJieMH HAKOMWYEHHS 3aBllaHb, € MPH IIbOMY
BUKOPHUCTOBYIOThCS BJIAacHI KpUTepii OLiHIOBaHHA 3a1a4 [31]. Takox nmpoBeAeHO aHai3
po6otu 3 BukopuctanusimM BOCR no MAI ta matpuni Eitzenxayepa [32].

B nucepramiiiHoMy OCHIIKE€HHI 3allpONOHOBAHO CIIPOIIECHHM, aje HE MEHII
e(eKTUBHUN MiAX1J 0€3 BUAUICHHS JONOMDIKHMX MAaTpHUIb Ta CyO-KpUTEPIiB lepapxii.
HartomicTe, 3ampornoHoBaHO MeTona Kiacuikaiili BXIAHMX 3ajad HAa YOTHPU KJIACH
Mmatpuili Eizenxayepa.

VY Bumanky, KOJMW 3ajayy MNPUUHSATTS PIillIEeHb MOXHA TMOJATH 3a JOMOMOTOIO
1EpApXIYHOi KOMMO3MIi Ta 3aCTOCYBAaTH PEUTHMHTYBAHHS AJbTEPHATUBHUX PIIICHD,
JOIIJILHO BUKOPUCTOBYBATH Memood awnanizy iepapxiu (MAI) — wmarematuaHuit
IHCTPYMEHT CUCTEMHOTO IM1IX01y /IO BUPIIIECHHS CKJIQJHUX MPOOJIeM TPUHHSTTS PIIlICHb.
VY #oro ocHOBI OPsI/I 3 MATEMaTUKOIO 3aKJIaJIeH1 1 ICUXoJoriuHi actiektu. MAI no3Bosisie
3pO3yMIJIUM 1 palioHAIBHUM YUHOM CTPYKTYPYBaTH CKJIAQJHY MpOOJIeMy TPUUHSATTS
pillieHb y BUTJISIII i€papXii, MOPIBHATH 1 BUKOHATH KIJIBKICHY OIIIHKY aJlbTePHATHBHHX
BapiaHTIB pimeHHs [29].

OT1xe, METO aHAJI3Y 1€papXii € CHCTEMAaTU30BAHOKD MATEMATHYHOIO TIPOIIETYPOIO
JUIsL 1€pApXIYHOTO TOJIAHHS €JEMEHTIB, SIKI BHU3HAYalOTh CYTHICTh MEBHOI MpoOjIeMHU
OpUIHATTSA pimeHs [29]. MeToa nonsrae y neKoMNo3ulii npoOjaeMu Ha OiIbII NPOCTI
CKJIaJI0B1 YaCTUHU Ta MOJANIBIITN 0OpOOIIi MOCTIIOBHOCTI CyIXKEHb CY0’ €KTY MPUMHATTS

pimens (CIIP), mio nogaroThes y BUTIISAII TONAPHUX MOPIBHSHb.
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3aoaua knacugikayii — 11e popmaiizoBaHa 3aj1a4a, sKa MiCTUTh MHOKHUHY 00’ €KTIB
(cutyarriit) 1 siki MOTPIOHO PO3MOIIUTH MMEBHUM YMHOM Ha KJIACH, 1110, B KJIACHYHOMY
BUITAJIKY, MK 00010 HE TiepeTrHaroThes [33].

Ockinbku  kputepii k; (i =1,2,3,4) € piBHO3HAYHMMH (MaTpHISl TApPHHUX
MOPIBHSHB € OAMHUYHOIO), TO iX MOpiBHAHHS 32 MAI Mixk 00010 HE MPOBOAUTHCS. ToMy
CTHIOYATKy MPOBOJUTHCS TMOPIBHIHHS albTEPHATHB 3 MHOXHHHM A 3a Kputepiem k; —
«BAXXJIMBI-TEPMIHOBI 3aJiadui» Ta iX aHaJi3 Ha BKIIOYEHHS J0 Kiacy 3amad C; 3a Takolo
IPOLEAYPOIO.

Hexait Q — Bemuumua Baru 3 iHTepBaity (0; 1), 1m0 BHU3HA4Yae BKIIOYCHHS
aNbTEPHATUBH @ 10 BiIOBIIHOTO K1acy 3ana4 C; 3a kpurepiem k; (i = 1,2, 3,4), To6To0,
SKIIO Y BEKTOP1 MPIOPUTETIB:

w® = w1z,

onepxaHomy 3a MAI nipu nopiBHAHHI anbTepHATUB [29], BIANOBIAHA BEIMYKUHA wj(l)> 0,

: i
TO aJbTEPHATHBA @; MOTPAILIAE 0 Kiacy 3axa4 C; 3 npiopuTeToM w®

1 BUITY4a€ThCs 3

MOJIAJIBIIIOTO aHAJI3Y 3a IHIIMMH KPUTEPISIMH; Y IPOTUIICKHOMY BUIIAJKY allbTEpPHATHBA
d; 3QIMIIAETHCA Y MHOKHMHI aJbTEPHATHB (3a/1a4) AJIs MOAAIBIIOrO MOPIBHAHHS 3a
HACTynmHUM kputepieM k;,q (i = 1,2,3). 3a 3aMoBuyBaHHsM, napameTp ( TOpPIBHIOE
0.25, ockinpku Maemo 4 piBHO3HaYHUX KpuTepii (@ = 1/4 = 0.25), asie 3HaYeHHS IILOTO
napamMeTpy MOKHa 3MIHUTH Ha TpoMmiKKy [0.25; 1), mo0 migHATH HUXHIA TOpIT
BKJIFOUEHHS allbTEPHATHUB JI0 MEBHOrO Kiacy 3anad C; (BIAMOBIIHOIO KBajgpaTa MaTpHUIl
Eitzenxayepa) (i = 1,2,3,4).

3a gomoMororw oOpaxOBaHMX Bar BHOKPEMIIIOIOTHCSA MNPIOPUTETHI 3aaadl s
BUKOHAHHS B KOXHOMY KBajpari Matpuili Eizenxayepa, 1o, B CBOIO Hepry, Jae
PO3yMIHHS BXKJIMBOCTI KOYKHOI 3a/1a4l y MEKax BIJMOBITHOTO Kiacy.

@opManbHO 3a JIONOMOIOI OMNMCAHOI MpPOUEAYypU BiAOYBA€EThCA PO3OUTTS

MHOKHHU anbrepHatnB A = {a,, a,, ..., a,} Ha KJ1acu 3a1a4 BUY:
_ [, @O @] ; _
G = {a1 Ay, Qg U= 1,..,4,

TaK, 110
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A= U?=1Ci9
CNC =0, i%jij=1,.4

Ac ajgl) € AJW(ajgl)) = Ql] = 1' NT ?-=1 Si=n, L= 1’ ""4’

W(a]@) —3HAQYEHHA MPIOPUTETY albTEPHATUBU a? y BekTopi mpiopurerin W®

J
MaTpUlll apHUX TOPIBHSAHB aTbTEPHATHB 3a Kputepiem k;, i = 1, ... 4.

Bumieonucana nporemypa 103BoJIsI€ 3 OLIBIITO TOYHICTIO KiIacu(dIKyBaTH 3aj1adl
no matpuill Eiizenxayepa, a TakoxX yHOPSAKYBAaTH iX 3a MPIOPUTETAMU, IO MOJETIIUTh
po6oty OIIP npu po3noaini 3aaa4 TakM-MEHEIKMEHTY.

Po3rnsiHeMo neranpHINIE OCHOBHI €Tald 3alpONOHOBAHOIO KOMOIHOBAHOIO
METO/Y PO3B’sI3yBaHHS 3aJa4l TalM-MEHEKMEHTY.

Eman 0. 3amatu Q = 0.25, C; = @,i = 1,4. JlaHe 3HauYeHHS MOXKHA 3MIHUTH Ha
npoMikKy [0.25; 1), 100 miAHATH HUXKHIM [OPIT BKIIOYEHHS AJIbTEPHATUB J0 NIEBHOTO
KJiacy 3azaau C;.

Eman 1. 3n1icCHUTH NOPIBHSAHHS aJbTEPHATHB (3a7a4) 3 MHOKUHHU A 3a KpuTepieM
k1 — «BOXITMBI-TEPMIHOBI 33]1a41» 32 METOJIOM aHAJII3y 1€papxiii Ta MPOBECTH iX aHAJI3 Ha
BKJIFOUEHHS /10 KJacy 3aaa4 C; 3a TaKOK NPOLEAYPOIO.

Kpox 1. 3amoBHUTH KBaJpaTHy MAaTPUII0 NapHUX MOPiBHAHb E B TepmiHax
JIOMIHYBaHHSI OJIHI€1 ajdbTEpHATHBHU (3a7a4i) HaJ I1HMKUMH 3a mKkanoro Caarti, TOOTO
JIOMIHYBaHHSI BUPAXaIOThCS B IIUIMX YUCAX 3a JI€B ITHOATBLHOIO IIKAJIO a0 y YKciiax
oOepHEHUX 10 HUX. 3allOBHEHHS KBAJpPAaTHOI MATPHIll TMOMApHUX TMOPIBHSAHb E
3MIICHIOETHCS 32 TAKUM HPAGUTOM.

SIkiio anpTepHaTHBA @; JOMiHY€ HAJl AILTEPHATUBOKO @, 1€ i # j, TO KOMIpKa
MaTpHIIi, 10 BIAMOBIAAE PSIAKY @; 1 CTOBIUUKY @ 3aIMOBHIOETHCS IIJTAM YUCJIOM @; j>a
KOMIpKa, 1110 BiJOBia€ PSIKY @; 1 CTOBIYUKY @;, 3aIIOBHIOETHCS OOEPHEHUM JI0 HHOTO
unciom 1/a;;.

SIKI0 5K HAaBMAKK aIbTEPHATHBA A; IOMIHY€E HaJl aIbTEPHATHBOIO d;, TO IILJIE YUCIIO
@j; CTaBUTBCA B KOMIPKY, LIO BIINOBIiZA€ pAAKy d; 1 CTOBMUMKY a;, a apid 1/aj;

IPOCTABIIAETLCS B KOMIPKY, IO BIAMOBIA€ PAAKY @; 1 CTOBIYMKY ;.
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SIKIo anbTepHaTMBHM @; 1 @; PIBHOLIHHI, TO B CUMETPMYHHMX KOMIpKax MaTpHIIi
CTaBIATHCA 1.

Jns otpuManHsi MaTpuii nonapHux mopiBHsHb OIIP abo exkcmepT BHHOCHTH
n(n —1)/2 ouiHok (TyT N — NOPSAIOK MATPHIII TOIAPHUX ITOPIBHSIHB ).

[Tpu ubomy, Oyne oaepkaHa marpuus M:

1 Az 7 Qn
T e
1/aln 1/aZn 1

[Ticns mporo moTpibHO nokiactu My, = M.

Kpox 2. PanxyBaHHS allbTepHATHUB (3a]1a4) 3a MPIOPUTETOM, 1110 aHATI3YIOTHCS 3
BUKOPUCTAHHSAM MAaTpHUIll TIOMAPHUX TOPIBHSIHB, 3/IMCHIOETHCS Ha IMIJICTaBl aHaII3y
TOJIOBHUX BJIACHUX BEKTOPIB MATPHIII MONAPHUX MOPIBHSAHB. ['0JIOBHUIN BIACHUN BEKTOP
3a0e3neduye yrnopsAKyBaHHS aTbTePHATHB 32 MPIOPUTETAMH, a BIaCHE 3HAYCHHS € MIPOI0
V32000iceHocmi (00HOpioHocmi) CyJkeHb ekcriepTa. OOUHCICHHS TOJIOBHOTO BIIACHOTO

BekTopy W nomatHOi KkBajmpaTHOi MaTpuil E Ha OCHOBI pO3B’SI3aHHS MaTPUYHOTO

PIBHSIHHSL:
MW = ZinaxW,
Wi
w> . . : : :
ne W = — TOJIOBHMIA BJIACHUH BEKTOP MaTpuili M, 1m0 BiAMOBIAAE A,y g, —
WTL

MaKCUMaJbHOMY BJIACHOMY 3HaueHHIO Marpulli M cepen ii BIIaCHUX 3HA4Y€Hb, TOOTO
gucen A, 1Mo € KOPSHIMHU XapaKTepuCTUIHOTo piBHAHHA BUny: det(M — EA) = 0, ne E
— OJIMHUYHA MaTPULISL.

Sxuro BnacHuit BekTop W HOpMOBaHwMii (CyMa Horo eJ1eMeHTIB T0piBHIOE 1), TO BiH
€ BEKTOPOM MPIOpUTETIB JIJIst MaTpuiii M.

Sxmo BacHuii BekTop W HEHOpMOBaHUM, TO TOTPIOHO WOTO TpOHOPMYBATH. J1j1sI
I[bOr0 HEOOXIJHO 3HAWTH CyMy BCIiX MOTO €JIE€MEHTIB i YTBOPUTH HOBHUM BekTop W',
€JIEMEHTH SIKOTO € BIIHOILIICHHSIM eJIeMEHTIB BekTopy W Ha 3HalijieHy cymy:
wi

r_ ! L r_
W' = (Wl-)i=1’n, ae W; = s
=1 l
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Hexaii 3a onucaHoio npoueayporo MapHUX MOPIBHSAHD 32 KpUTEPieEM kq 3HAWEHO
HOPMOBAHUM BEKTOP MPIOPUTETIB aIbTEPHATUB (3a7a9):

wo = (Wi(l))i=1,_n-

Kpok 3. 3a metomoM aHamizy iepapxiii [js MaTpulll MapHUX MOPIBHSIHL M
00paxoBYETHCS 3HAUCHHSI Y3TO/KEHOCTI OIIHKM €KCIepTa Ha OCHOBI mokazHuka BO —
B1IHOIIICHHS OJTHOP1THOCTI (Y3r0JIPKEHOCT1) MaTpHIll MApHUX MOPiBHAHb M, AKUii BKa3ye
Ha T€, HACKUJIbKU y3TOJDKEHI CyIXKEHHS eKCIepTa mpo 00’ €KTH MOPIBHSIHHS:

CR = CI/RI,

ne:

— Cl = (Apgx— n) / (n- 1) — iHOEeKC omHOPiAHOCTI (Y3TOHKEHOCTI) MaTpHIIi
MapHUX MOPIBHAHb, N — KUIBKICTh €JIEMEHTIB, 10 MOPIBHIOIOTHCS MK CO0010; A0y —
MaKCUMaJIbHE BIIACHE 3HAYEHHS MaTPHIIl TAPHUX MOPIBHIHBL M ;

— RI — cepenHe 3HayeHHs (MaTEeMaTUYHE CIOJIBAHHS) IHJAEKCY OJHOPIAHOCTI
BUIAJKOBUM YMHOM CKJIQJICHOI MATPUIll NOMApHUX MOPIBHSAHB 3a MIKajloro Bix 1 10 9
00€pHEHO-CUMETPUYHOI MATPHUIIl 3 BIAMOBIHUMU OOEPHEHUMHU BEJIMYMHAMU €JIEMEHTIB,
110 0a3y€eThCsl HA EKCTIEPUMEHTAIBHUX TaHuX (Tab. 2.6).

3naueHHs1 CR BBaKaeTbCAd JOMYCTUMUM, SIKIIO BOHO He nepepuinye 0.1. Tomy,
akmo CR < 0.1, To maTpuus napHUX NOPIBHSAHb M BBaXKA€TbCS Y3TOJKEHOIO, 1
BIJIOYBAETHCS Tepexia Ha Kpok 4. [Hakiie MaTtpulld mapHUX MOPIBHSIHL M BBaXa€eThCs
HEY3r0JKEHOIO 1 eKCIepTy NOTPIOHO MOBEPHYTHCS 10 KPOKY | i MOBTOPUTH MTPOLIEYPY

MOPIBHSTHHS.

Kpox 4. lns xoxHO1 anpTepHATUBM a;, [ = 1,n, aHami3ylOThCs 3HAYEHHS il

: 1 : : 1
PIOpUTETY Wi( ) STkiwo Binnosinsa semunna w > Q, TO anbTepHATUBA A; IOTPAILISE

l
no kiacy 3amady C,; 3 IPIOPUTETOM w®
y 1 p1op i

, T00T0 C; = C; U{a;}i Bumydaerbcs 3
HOAJIBIIOr0 aHamizy 3a iHmmMu kputepisimu: A = A\{q;}. Y nporunexnoMy BUTaIKy
abTEPHATHBA @; 3AJHINAETHCS Y MHOXKHUHI albTepHATHB (3a7a4) A I MOJAIBIIOTO
MOPIBHSIHHS 32 HACTYITHUM KpUTEpPIEM k.

VY pesynbrari mi€i nporeaypu Oyae oaepkaHo Taki 00’ €KTH:

— M, — y3rokeHa MaTpHUIls TAPHUX TOPIBHIHB AIbTEPHATUB 3 MHOKUHU A;
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- Ww® = w®y, - 1 BeK i 1 ( )
= (w; ) i=Tn — HOPMOBAHHIi BEKTOP NIPIOPUTETIB aNbTEPHATHB (3a]a4) 3a
KpUTEPIeEM K ;

- C = {agl), agl), . ag)} — KJIac 3aj1a4, 110 BIAMOBIAAI0Th KPUTEPIIO K4, TOOTO

IUIA SIKAX Wl-(l) >Q,i=1,sq;
— A; = A\(C; — MHOXXWHA aJIbTEPHATHUB (3a7a4), 110 He YBIMIILIHN 110 Ki1acy 3aaa4 C; .
Eman 2. TIpoBecTy MOPIBHAHHS aJIbTEPHATUB 3 MHOXXWUHU A; 3a KpUTEpIeM k, —
«BAXJIMBI-HETEPMIHOBI 3a/Jadi» Ta iX aHaji3 Ha BKJIIOYEHHS 10 Kiacy 3amad C, 3a
IpOLEAYPOI0, aHAJOTIYHOIO, IO omucaHa Ha etami 1. B pesympraTi mporo OyayTh
oJIepKaHl Takl 00’ €KTH:
— M, — y3rojipkeHa MaTpullsl TapHUX MOPIBHSIHB AIbTEPHATUB 3 MHOKUHUA A =
A\Cy;
- Ww® = (Wi(Z))i=Tnl — HOPMOBAHUI BEKTOp MPIOPUTETIB aJbTEPHATHUB (3a7a4)
3a KpuTepieM k,, 1€ N, — KUIbKICTh aJbTEPHATHUB (3a7a4), 10 3aTUIIIINCS B

MHOXHUHI A ;

-C, = {agz)’ agz)’ . ag)} — KJIac 3a/1a4, 10 BiAMOBIMAIOTh KPUTEPitO Ko, TOOTO

JUTSL SIKUX Wi(2)> 0,i= 1,8,;
— A, = A;\C, — MHOXXWHA aJIbTepHATUB (3a/1a4), 1110 HE YBIWIIUIH IO KJIacy 3a7ad
C;1G,.

Eman 3. IlpoBecTu MOpiBHAHHA aJlbTEpHATHB 3 MHOXKXUHU A, 3a Kputepiem kz —
«HEBAXJIMBI-TEPMIHOBI 3aJadi» Ta iX aHaji3 Ha BKJIIOYEHHS 10 Kiacy 3amad C; 3a
MPOLIETypOI0, aHAJIOTIYHOKO TOM, 10 OnucaHa Ha ertami 1. B pe3ynbrari poro OyayThb
OJIepKaHi TaKl 00’ €KTH:

— M), — y3ropkeHa MaTpPHIIS TAPHUX TOPIBHIHB AIbTEPHATHB 3 MHOKUHU A, ;

- we = (Wi(3))l-=rn2 — HOPMOBAHUI BEKTOP MPIOPUTETIB aabTEPHATHUB (3a7a4)

3a KpuTepieM ks, 1€ N, — KUIbKICTh adbTEPHATHB (3a7a4), 110 3aJUIIHINCS B

MHOXWHI A;
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- C3 = {af), a§3), . ag’)} — KJIaC 3aj1a4, 110 BIJATOBIIAIOTh KpUTEPIitO k3, TOOTO

JUIS IKUX Wl-(3)>Q, [ =1,s3;
— A; = A,\(C3 — MHOXXHMHA albTEepHATHUB (3a7a4), 1110 HE YBIMIIUIN JI0 KJIacy 3aj1a4
C;,C,1Cs.

Eman 4. Slkmio B MHOXUHI Az 3alvmiuiach JMIIE OJHA 3ajlada, TO BOHA
aBTOMATUYHO MOTpAIIs€ B KATETOPiro 3a/1a4 k, — HEBaXKIIMBI-HETEPMIHOBI 337a4i, TOOTO
110 Ki1acy 3an1a4 C,. SIKI0 y MHOKHHI A3 3JIMIIMIIOCH OUTBIIE OJHIET 3a71a41, TO MOTPIOHO
MPOBECTH TMOPIBHAHHS AJIbTEPHATUB 3 MHOKWUHU Az 3a KpuTepieM k, — «HEBaXKJIUBI-
HETEpPMIHOBI 3a1a4i» 3a Kpokamu 1, 2 1 3 Ta iX BCl BKJIIOUMTH 10 Kiacy 3anad C,. B
pe3yibTaTi IIboro OyAYyTh OiepKaH1 Taki 00’ €KTH:

— SIKIO KUIBKICTB 3a71a4 Yy MHOXKHHI A5 OUbIle ofiHI€T: M), — y3roIKeHa MaTpUIIs

MApHUX TOPIiBHAHL ANBTEPHATHB 3 MHOXKHMHE Az, W& = (Wi(4))i=?n3 —
HOPMOBAHMI BEKTOP MPIOPUTETIB aTbTEPHATHUB (33]1a4) 32 KPUTEPIEM k,, 1€ N3

— KUIBKICTh aJIbTEpHATUB (3a/1a4), 110 3aIUIIUIUCSA B MHOKUHI A3

- Cy = {af}), ag4), . agz‘)} — KJ1ac 3aj1a4, 1o BiATOBITAIOTH KPUTEPIIO K.

PesynpTaToM HaBeneHOi mpolueaypu Oyae po30OUTTS MHOXHUHU abTEpPHATUB
(3amau) A Ha kiacu anpTepHatuB (3amay) Cy, C,, C3, C4, 110 BIJMOBINAIOTH 3a3HAYCHUM

Kputepism ki, ka, k3, ka, Tpu IbOMY TSI KOJKHOI 331241 a]@ 3 KOJKHOTO KJ1acy OyJie Bijome

3HA4YEHHS NPIOPUTETY Wj(i) = Q.

JlaHuii anropuT™M MOKHa BITHECTH JI0 3ajadil kiacudikaiii — e gpopmanizoBaHa
3a/1aya, siIka MICTUTh MHOXHHY 00’ €KTiB (CUTYyalli) 1 sIKI MOTP1IOHO pO3MOIUIUTH IEBHUM
YUHOM Ha KJIACH, 110, B KJIACUYHOMY BHIMAJKy, MK c000I0 He mepeTuHaroThes [31].
[IporpamnHa peaiizaiiisi IIbOTO METOIY Yy MeEXaxX CTBOPEHHS CHUCTEMH MIATPUMKH

MPUIHATTS PIIICHb OMKMCaHa B O3/ 5.



151

4.4 3anaya i MeTOAM NMPUIHATTS pillieHb B YMOBaX He4iTKoI iHdopMamii

4.4.1 ITocTanoBKa 3aa4i NPUWHATTS pillleHb B YMOBaX He4iTKOI iHpopmamii

Heuimxka ingopmayia — e indopmailis, sika He € OJTHO3HAYHO BH3HAYEHOIO 200
Mae po3MHUTI Mexi. Taka iHhopMallis XapaKTepU3yeThCsl HEBU3HAUCHICTIO 1 HEUITKICTIO B
OIMIHII TIapaMeTpiB, IO YCKIAAHIOE TPAAUINNHI MIAXOAU A0 MPUUHATTSA PIllIeHb, IO
0a3yl0ThCsl HA TOYHUX YHMCIIOBUX 3HAUeHHsX [34-37].

Hexait X — yHiBepcasibHa MHOKMHA aJlbTEPHATUB, TOOTO CYKYITHICTh BapiaHTIB,
cepen sikux OIIP 3aiiicHioe BuOip. Heuimkoro memoro B MHOXUHI X OyJeMO Ha3UBaTu
nesKy il HewiTKy miaMHOXHHY. [lo3Hauumo 1r0 migMHOXHMHY G. HediTka Merta
onucyeTbes (pyHKII€0 HaNeKHOCTI Ug: X — [0;1]. Uum BUIIMK CTYMiHb HAJNEKHOCTI
QTBTEPHATHBY X JI0 HEYITKOT MHOKUHH METHU [d;, TOOTO YMM OibIe 3HAYeHHS [ (X),
TAM BUIIUN OyJe CTyMHiHb JOCATHEHHS III€] METH, SIKIIO BUOpATH aJbTEpPHATUBY X 3a
po3B’si30k. HeuwiTki oOMexeHHs, a0 MHOXXHHY JIOMYCTHMHX aJIbTEPHATUB, TaKOXK
ONMKCYIOTh HEYITKUMHU MiAMHOXWHAMU MHOXUHU X. [lozHauumo ix sik Cy, Cy, ..., Cp,.
Bbynemo BBaxaTu, 1110 HaM B1IoM1 (QYHKLIIT HAIEAKHOCTI LIMX HEYITKUX MHOKHUH [38].

Po3B’si3aTu 3ajmauy oO3HAYa€ AOCSITHYTHM METH W 3aJl0BOJBHUTU OOMEKEHHS,
MPUYOMY B TaKid MOCTAHOBIN CJIiJ] TOBOPUTH HE MPOCTO MPO JOCATHEHHS METH, a TIPo ii
peamizalilo Ti€l0 YW 1HOIOK Mipor. HeoOXigHO TakoX BpaxoByBaTH W CTYMHIHb
BUKOHAHHS OOMEKEHb.

OcHoBaUM y nigxoni bemmana—3ane [34, 35] no po3B’s3yBaHHS M€l 3a/1a4i € Te,
0 METy NPUUHATTSA PILIEHb 1 MHOXXHHY QJIbTEPHATUB PO3TISAAIOTH SIK PIBHOBAXKHI
HEYITKI MiJIMHOXUHU JESKOl YyHIBEpCaJIbHOI MHOXHWHU anbTepHatuB. lle mo3Bomsie
MoJaTH PO3B’ 30K 3a7a4l y BITHOCHO MPOCTOMY BUTJISIAL. 30KpeMa, Yy miaxo i bennmana—
3a/ie BUMOTH BPaxOBYIOTHCSI OMMUCAHUM HIUYKYE CITOCOOOM.

Hexaii, Hampukian, aeska ajdbTepHAaTHBAa X 3a0€3Medye JOCATHEHHS METH
(iHaKmIe — BIAMOBiZaE MeTi) 31 cTymeHeM [;(X) 1 3aA0BONbHIE OOMExeHHs (abo €
JOTMYCTUMOI0) 31 cTymeHeM Uo(Xx). 3a Takux yMOB Heuimkum pose’sizkom D 3amadqi

JOCATHCHHA HEYITKOI METH HA3UBAETHCS MCPETUH HEYITKHUX MHOKHMH METH U O6MC)K€HB,
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100T0 D = G N C. OTX)e, po3B’SA30K 3ajaul HEYITKO BU3HAYEHOI METHU TaKOXK SBIISE
cO000 JIeKY HEYITKYy IIJIMHOKMHY YHIBEpPCAJIbHOI MHOXHUHH ajnpTepHatuB X. Ko
NEepeTHH MHOXMH BU3HAYaTH 3a MpaBWiIOM mepeTuHy [38], To ¢yHKIIS HaJIeKHOCTI
PO3B’SI3KYy Up Oyae MaTu Takuit BUrisiy [38]:

pp (x) = min {pig (x), pic (%) }-

Po3B’s30k 3amaui MOXHa 1HTEPIIPETYBaTH AK MEBHY 1HCTpyKuito. [Ipu Takomy
IPEJICTaBICHH] 3AJIMIIAE€THCS HEBU3HAUEHICTh, AKY K aJbTEPHATUBY OOpaTH, 1HIIMMHU
CIIOBaMHU TOTPIOHO 3HATH IO HEBU3HAYEHICTh. [[s 1BOTO ICHYIOTH Pi3HI CHOCOOM.
HaiiGinpmr po3moBCIOKEHUM 3 HHX, 3amporoHoBanui JI. 3ame, momnsirae y BUOOpI
aIbTEPHATHBH X, 1[0 Ma€ MaKCUMaJbHY CTYIIHb HAJIEKHOCTI Y HEYITKOMY PO3B’S3KY,

TOOTO aJIbTEPHATHURY 1110 BU3HAYAETHCSI YMOBOIO:
pp (x *) = maxup (x) = max min{ug (x), uc(x)}.
xeX xXEX
Taki anbTepHATUBU HA3UBAIOTHCS MAKCUMIZVIOUUMU.
3a HasBHOCTI B 3aja4l KIJIbKOX HEUITKUX Luien Gq, G, ..., G, 1 KUTBKOX HEUYITKUX

oomexxkenb Cy,C,, ..., Cp,, HEUITKUHA po3B’s30Kk D ommcyeTbes Takow (QYHKINEO

HaJICKHOCTI:
up (x) = minfug, (x),..., ug, (%), pe,(x), ..., uc, (X)}.
[Tpu 1IbOMy MakCHUMIi3yOUa aJbTEepPHATHBA X BU3HAYAETHCS YMOBOIO:
Hp (x *) = maxpp (x).

Sxmo pi3Hi 1Tl 1 0OMEXKEHHS PO3PI3HAIOTHCS 3a CTYNEHEM BaKJIMBOCTI 1 33J1aH1
BIMOBITHI KoedirieHTH BimHocHOI BaxxumBocti 1imer A; € (0; 1] (i =1,2,...,n) 1
0OMEXEHb Vj € (0; 1] G = 1,2, ...,m), 10 up(x) 3ama€THCA BUPA3OM:

pp(x) = min{/h.ucl (x), .. o Anlle, (%), Villc, (x);---;Vchm (x)},
abo
tp () = min {ugt (o). ug (), (@), g ().
[Tpu 11bOMy MaKCUMI3YyIOUH aTbTEPHATHBA X~ BU3HAYAETHCS YMOBOIO:

pp(x *) = Maxpp ().
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3pyyHuM Ta e(PEKTUBHUM 1HCTPYMEHTOM JJIsl BiTOOpaKEHHsI €KCTIEPTHUX OI[IHOK,
0COOJIMBO y BUTIAJIKaX, KOJIM TOYHA KUIbKICHA 1H(QOpMaIlis HeToCTyITHa a00 HEBU3HAYCHA,
€ JIHTBICTUYHI OIIIHKK. BOHU 103BOJIAIOTH €KCIiepTaM BUCIIOBIIOBATH CBOI CY/KEHHS B
3py4HIN U1 COPUUAHATTS hopMi, sika 9acTo 0a3yeThCsl Ha IPUPOJIHIN MOBI.

Uenpr C.T. y pobotax [39] ta [40] posmmpuB meron TOPSIS 3a paxyHok
NOpOLEAYPH, IO BHKOPUCTOBYE JIHTBICTUYHI OIIHKM Yy BUIISAAI TPUKYTHUX Ta
TpaneuieBuaHux HediTkux uncen (HY). Po3risHemo nesiki aCeKTH bOro miaxoy.

VY 3aranpHOMY BUTJISIAI TapaMeTpudHa (hopMa TPUKYTHOTO HEUITKOTO YHCIIA SIBIISIE
coboro Tpiiiky (a,b,c), ne a— niBuii, b — cepenHiii, ¢ — MpaBUl MapameTpu IHOTO
HEYITKOTO Yucia, a mapaMmeTpuyHa (opma TpamnerieBUIHOTO HEYITKOTO Yucia SBJISE
coboro uetBipky (a, b, ¢, d), ne a — niBuiA, b — niBUi cepeaHiii, ¢ — npaBuil cepeauii, d —
paBuil mapamMeTpu bOTo HewiTKoro yucina [34, 35].

[Ipuknagu JIHTBICTUYHUX OILIIHOK Ta iX MPEACTABICHHS y BUIJISAAl TPUKYTHHUX 1
TpanelieBUIHUX HEUITKUX YnCces HaBeJeHo B Tab. 4.1, a rpadiyHe mpecTaBIeHHS X
4ucell HaBeJIeHO Ha puc. 4.1.

Tabnuus 4.1 — [puknaay JTHTBICTUYHUX OIIHOK JUISl HEYITKUX YUCEN [pOo3po0JIeHO Ha

ocHOBI [34, 35, 39, 40]]

JIIHTBICTUYHI TEPMHU HeuiTki TpuKyTHI yncia HeuiTki TpanenieBuH1
yucia

Hyxe uusbkuii (VL) (1, 1, 3) (1, 1,2,3)

Huzbkuii (L) (1,3,5) (2,3,4,9)

Cepenniit (M) (3,5,7) 4,5,6,7)

Bucoxkuii (H) (5,7,9) (6,7,8,9)

Hyxe Bucokuit (VH) (7,9,9) (8,9, 10, 10)

JIIHTBICTHYHI OIIIHKH SBJISIOTH COOOIO JIIHTBICTUYHI TEPMH, SKUM BiJIIOBIIAIOThH

MIEBHI HEUITKI 4YMClia, sIK MPaBUJIO Y TPUKYTHIM, a00 TpamerieBUIHIA MapaMeTpUIHii

dbopmi.
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0.8 0.8

0.6 0.6

0.4 0.4

Membership degree
Membership degree

(a) (0)
Pucynok 4.1 — Ilpukiaay HeUITKMX TPUKYTHUX YKCe (a) Ta TpamnelieBUIHuX urcel (0)
[po3pobiieno Ha ocHOBI [34, 35, 39, 40]]

JJist IpUMHSTTS PillIeHb B yMOBaX HEUITKOCTI BUKOPUCTOBYIOThCS, 30KpeMa: Teopis
HEYITKUX MHOXHUH [34]; HeuiTKi HelpoHHI Mepexi [41, 42]; HeuiTki OalleCiBCbKI Mepexki
[43]; HewiTKi MeToAM Kiactepusalii Ta kiacudikaiii [44]; 3acTocyBaHHS HEUITKUX
MHOHH JIJ1s1 0araToKpuTEpiaIbHUX METO/I1B IPUUHSTTS piieHsb [45].

Bapro Big3HAUMTH YKpaiHCHKUX HAyKOBIIIB, JOCIIKEHHS SIKUX CHpPSIMOBaHI Ha
3aCTOCYBaHHs HEUITKOI JIOTIKH, cepen skux 3aituenko 0. I1. [46], 3ryporcekuii M. 3. [47],

Cautiok B. €. [48], 'narienko I'. M. [49], Matgiituyk A. B. [50], ®emopos €. € [51].

4.4.2 MoaugikoBanuiit merox Fuzzy TOPSIS poss’sisyBanns 3apaui

0araToKpuTepiaJIbHOT0 NPUITHATTS pillleHb

OnnuM 3 HaAWOLIBII BIIOMMX METOJIB HAOJMKEHOTO PO3B’S3KY 3ajadi
0araToKpuTEpiaIbHOIO MPUUHATTA pilleHb BUAy (2.18) € meTon ymopsakyBaHHS 3a
noaiOHicTIO 70 imeanbHoro po3B’s3ky (Technique for Order of Preference by Similarity
to Ideal Solution, TOPSIS), po3po6sennit U.JI. XBanrom 1 K. FOnom [52] 3 noganbmmmu
po3pookamu K. IOnoMm [53] Ta Y.JI. XBanrom, O. Jlaem 1 T. Jlro [54]. Lleit meTon
0a3yeThCs Ha KOHIIEMIIIT, 1[0 0OpaHuii BapiaHT albTepHATUBY MMOBUHEH MaTH HaWMEHIITY
BIJICTaHb JI0 MO3UTHUBHOTO 1/1€adbHOTO po3B’si3Ky (PIS) (po3B’s30kK, siIkMil MakcUMIZye
KpUTEpil BUTOAM 1 MIHIMI3Y€E KPUTEPIii BUTpAT) Ta HAWOIBITY BiJCTaHb O HETAaTUBHOTO
imeanbHOTO po3B’ 3Ky (NIS) (po3B’s30K, sIKUM MIHIMI3Y€E KPUTEPil BUTOAU 1 MAaKCUMI3Y€

Kputepii Butpar) [53].
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ITpu nocranosi 3agaui MCDM oco6w, siki npuiitmarots pimenHas (OI1P), a Takox
KOHCYJIbTAHTH Ta EKCIEpPTH, SIKI iM JONOMararoTh HpH ii BHUpIIMIEHHI, aHAII3yI4H
CUTYyaIlo Ta (GOpPMYHOUH PEKOMEHMAIlT JJIT MPUHHATTS pillleHb, 3a3BUYAi, OTIEPYIOThH
IPUPOIHOIO MOBOIO, B SIKIi CJIOBa MOXYTh MaTH HEOAHO3HAYHE 200 HEUITKO BU3HAYCHE
3HayeHHs. ToMy BUHHKae moTpeda 3acTOCOBYBATH amapaT HEUYITKUX MHOXHH, KOJIU
CHoYaTKy MoTpiOHO (ha3udikyBaTH BXiIHY 1H()OpMAaIIit0, HATPUKIA] Y BUTJISI HEYITKIX
YuCeN, Ta ONMUCAaTU CYO’€KTHUBHI CY/DKEHHS MPO O0’€KT JIOCHIJKEHHS, HANpUKIAT Y
BUTJISIAI JTIHTBICTUYHUX 3MIHHUX, a TIOTIM Ha OCHOBI TPAaBWJI HEYITKOTO JIOTIYHOTO
BUBE/ICHHs Jea3udikyBaTu oJiepkaHl pe3yiabTaTd y (hopmy, 3po3yMily ocobi, ska
npuitmae pimends. Ha npaktumi nus Qasudikamii BXIAHUX JaHUX, SK TPABUIIO,
BUKOpPUCTOBYI0Th HeuiTK1 uncna (HY), 3okpema tpukytHi HY ta TpanenieBuani HY [55].

Bapro 3a3HaunTtu, 1110 KOHIIEMIIis JIIHTBICTUYHOT 3MIHHO1, 3anponoHoBana JI. 3ane
[56], mo3BoJisie 31MCHIOBATH OOYHMCIEHHS 31 CJIOBAaMM 3aMICTh YHCEN, 1 caMe TOMY
JIHTBICTUYHI TEPMIHHM, BHM3HAYEHI 3a JIONOMOTOK HEYITKUX MHOXHWH, AKTUBHO
BUKOPHUCTOBYIOTHCA B 3a][a4axX MPUUHATTS PIIICHb JJI MOJICIIOBAaHHS MPOIIECIB B YMOBAX
HeBHM3HAYeHOI 1H(popmarllii. Y 1miil ramysi MoxHa BuauTd MoHorpadiro Yens C.T. [57]
Ta OTJISJIOBI CTATTI, MPUCBSYCHI HEUITKUX METOJIaM 0araTOKpUTEPIaTbHOTO MPUUHATTS
pimens (MCDM) [58-61].

VY HayKoOBiil CHIIBHOTI aKTUBHO BEAYTHCS AOCHIDKEHHS Ta po3poOKa HOBHUX
moaudikamiii meroxy FTOPSIS. 3okpema, y pob6oti Kustiyahningsih et al. [62]
3I1IMCHEHO aHaJli3 3aCTOCYBAHHS P13HUX TUITIB HEUITKO1 Jioriku y meToai FTOPSIS, ognak
BUKJIIOYHO 3 BHKOPHUCTAHHSM €BKJIIJIOBOI METPHWKH [IJI1 BU3HAUCHHS BIJICTaHI MIXK
17IeaJbHUM Ta aHTHU1JeaTbHUM PIIICHHSM.

VY nocmimkenni Rane et al. [63] npoBeeHO MOPIBHIBHUN aHali3 €(EeKTUBHOCTI
metoaiB Fuzzy AHP ta FTOPSIS, ne Takox BAKOPUCTaHO KIIACHYHY €BKJIIIOBY METPUKY.
Pesynbrati mokazanu, 1o oO0uaABa METOAUM € e(OEKTUBHUMM IHCTPYMEHTaMH IS
OaraToKpuTEpiaIbHOTO MIPUUHATTS pilIeHb B yMOBax HeBU3HaueHocTi, npote FTOPSIS
MIPOJIEMOHCTPYBAB IO BUIIYy YYTIUBICTH O 3MiH Y BaroBUX KoeQili€HTax KPUTEPIiB

nopiBHsHO 3 Fuzzy AHP.
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Y pob6oti Yin et al. [64] 3acTOCOBaHO KJIaCHYHY €BKJIIJOBY METPHUKY IS
BUMIPIOBaHHS BIJCTaHI MK aJdbTepHATHBAMH B KOHTEKCTI OaraTOKpUTEpiaJbHOIO
ananmizy 3a merogoM TOPSIS. ABTopu 3BepHYJM yBary Ha OOMEXEHHS KJIACHYHOI
EBKJIIZIOBOT BIJICTAHI, sSKa MOXXE HE 3aBXJIM KOPEKTHO BIJIOOpaKaTH PI3HULIIO MIXK
HEYITKUMH 200 HECTPYKTYPOBAHUMH JIAHUMH, 110 YACTO BUHUKAE B IPAKTUIHHX 3aa49aX.
Y 3B’3Ky 3 MM HUMH OYJIO 3aIPOMOHOBAHO MOAM(DIKAIlI0 €BKIIIOBOI BiJICTaHi, IO
OoTpuUMaJia Ha3By BIAHOCHOI €BKJIIIOBOI BiJCTaHI.

VY poboti Han et al. [65] Oymo mpoaeMOHCTPOBAaHO TPAKTUYHE 3aCTOCYBaHHS
merony FTOPSIS 13 BukopucTaHHAM €BKJIIJOBOI  BIJACTaHI JUIsl  BUPIIICHHS
OaraToKpuTepiaIbHUX 3aJlay NPUUHATTS pimieHb. Lle gocnipkeHHs: mpoJeMOHCTPYBajo
npaktuyHe BukopuctanHs FTOPSIS, 30kpemMa B KOHTEKCTI BUKOPUCTaHHS CTaHJAPTHUX
METPHK B pEAIbHUX 3a/1auax MPUUHATTS PIlICHb.

VY nocmimxenni Talukdar ef al. [66] Oyno poO3riasHYTO WIICTh PI3HUX METPHUK
BiICTaHI y paMmkax kiacuyHoro weroxy TOPSIS, mo g03Bonauiao mnpoBecTH
MOPIBHSUILHUM aHaJ3 Ha OCHOBI MpuKIaiB. [Ipore, 3a3HaueHe AOCTIIHKEHHS MOTpedye
pO3ILIMPEHHS Y Hanpsami ¢opmaizallii 3arajbHOi MOJIEJl 3aCTOCYBAHHS PI3HUX METPUK
s metony FTOPSIS.

V¥ cBow uyepry, B gociimkeHHi Shyur ef al. [67] nmpoaHanizoBaHO BIUIMB BHOOPY
METPUKUA Ha pe3yJbTaTH paHXyBaHHS albTepHATUB y KiacuuyHomy Mmeroai TOPSIS.
ABTOpPH aKIIEHTYIOTh YBary Ha BaKJIMBOCTI KOPEKTHOTO BUOOPY METPUKH, OCKIIBKU Pi3H1
METPUKA MOXYTh 3HAYHO 3MIHIOBaTH pe3yJbTaTH pPAH)KYBaHHs, BIUIMBAIOYH Ha
MPUIHATTS PIllIeHb Y OaraToKpUTepiaibHUX 3aa4ax.

VY nocmimxeHHi Arman et al. [68] aklleHTOBaHO yBary Ha HEIMPaBUILHOMY
3aCTOCYBaHHI €BKJI1I0BOI METPUKHU ISl BUMIPIOBAHHS Pi13HULII MK HEUITKUMH YHCITIaMHU.
JIOCHiTHUKY TIKPECTIOITh, 1110, X0Ya €BKIIIJI0BA METPUKA BHKOPUCTOBYETHCS JIJIS
BUMIPIOBaHHS BIJICTaHI MK TOYKaMHU B 0araTOBUMIPHUX MPOCTOpax, ii 3aCTOCYBaHHS 110
HEYITKAX YUCEJI € KOHIICITYaJbHO HENPaBUJILHUM. ABTOPH MIMILINA 10 BUCHOBKY IO
BUKOPUCTAHHS €BKJIIJJOBOI METPUKH B KOHTEKCTI HEUITKMX YHUCEN MOXKE MPHU3BECTH JI0

HETOYHUX PE3yJIbTaTiB, OCKUIBKU TaKa METPHKa He B1JI0Opakae iX CYTHICHY PI3HULIIO.
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VY3aranpHIOIOUHM pe3yibTaTH aHali3y HAyKOBUX JIKEpEN, MOKHA CTBEp/KYyBaTH,
0 TepeBakHA OUIBIIICTh ICHYIOUMX JOCHIIKEHb OpiEHTOBAaHA HAa BUKOPHUCTAHHS
cTaHaapTHOI eBKIiAoBOi MeTpuku B Meroai TOPSIS Tta fioro mewiTkiii mommdikarii
FTOPSIS. Biarak, ogHuM 13 3aBJaHb JAHOTO JOCHIIKCHHS € aHaji3 BIUIUBY BHOODPY
MeTpuKkHy Ha pe3ynbratu merogy FTOPSIS.

BaxxnmuBUM acreKTOM BHKOPHUCTAHHSI METOIB OaraTOKpUTEPialbHOTO MPUHHATTS
plllIeHb HA OCHOBI amapara HEUITKMX MHOXHUH € 3aJly4YeHHS €KCIEPTIB J0 OI[IHIOBaHHS
QIBTEPHATHB 3a PI3HUMH KpuTepismu. lle mpu3BoauTh 10 TOTO, MO OJEpKaHl HEUITKI
OIIIHKH, OCOOJIMBO MPU OAHOOCIOHIN eKCIepTH3i, MalOTh Cy0’ €KTUBHUN XapakTep. Y wii
cuTyamii JJIs  TIABHMINEHHS TOYHOCTI  OIIHIOBAaHHS  aJbTEpPHATHUB  JIOIIJIBLHO
BUKOPUCTOBYBAaTH E€KCIIEPTU3Y 13 3aIyUYEHHSIM KUIBKOX €KCHEpTIB. Y CBOKO 4Uepry, 1e
MPU3BOJUTH 10 HEOOXIJHOCTI 3aCTOCOBYBAaTH METOJM arperyBaHHS JYMOK E€KCIIEPTIB.
Tomy BuHHKae moTpeba y po3poOii 1HPOpMAIIHHUX TEXHOJOTIM, M0 3a0e3MeUyr0Th
MPOBENCHHS  TPYNOBOI  €KCIEPTH3WM 3  BUKOPUCTAHHSM  HEYITKUX  METOJIB
0araToOKpUTEPIAIbBHOTO TPUUHATTS pINIEHh Ta Peali3yloTh MNPOUEAYpPY arperyBaHHS
OI[IHOK €KCIIEPTIB.

OTxe, BUHHKAE aKTyallbHa Tpo0sema, sKa Mmojsrae y po3po0ii MoaudikoBaHOTO
merony FTOPSIS 3 BukOpuCTaHHAM BIANOBIAHMX aJalNTOBAHUX METPHUK, a TaKOXK
CTBOPEHHI 1HPOPMALIIITHOI TEXHOJIOTII, IO iX peali3ye, 1 BpaXxOBYe pe3yJIbTaTh IPyNnoBOi
EKCIIePTHU3H JIJIs1 OUIBII TOYHO1 Ta €()eKTHUBHOI OIIHKHU i BUOOPY Kpaloi albTepHATUBH 3
0araTb0X MOXJIMBUX 32 KIJTbKOMa KPUTEPISIMA KOPUCHOCTI.

Amnani3 nokasye, mo FTOPSIS € 6inbi1 eekTuBHUM MeTO10M nopiBHAHO 3 FAHP
B PsiJIl CUTYaIlii yepe3 KiJIbKa KIF0OUYOBUX ACTICKTIB:

1. FTOPSIS 3pyunuii [ NOpakTUYHOTO 3aCTOCYBAHHS, OCKUIBKM — BIH
30CEPEKCHUI Ha 3HAXOJKEHH1 HAWOIIBII 1€aIbHOTO PIMICHHS, K€ MaKCUMAaJbHO
HaOJIMKAETHCA 10 17€albHOTO (HAKpaIoro) BapiaHTy Ta MaKCUMAaJIbHO BIIIAISIETHCS
BiJl Haifripuioro Bapianrty. Ile poOUTh METO JErKUM JiJisi PO3yMIHHS Ta 3aCTOCYBaHHS,
0COOJIMBO KOJIM MOTPIOHO MPOCTO 1 MIBHAKO OI[IHUTH QJIbTEPHATUBH 3a JEKUIbKOMa

kputepisimu. FAHP, B cBoro uepry, yacro Bumarae Ouibllie eTamiB OOYHUCIEHb Ta
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IMOIIOTO aHami3y, 30KpeMa iepapxii KpUTEpiiB 1 MIIKPUTEPIiB, 10 MOXKe OyTH OUIbII
CKJIaJIHUM Y BUMAJKY BEJIUKOI KJIBKOCTI KpUTEPIiB.

2. FTOPSIS no6pe mpalitoe 3 BEMMKUMU KUTHKOCTSIMU alTbTEPHATHUB 1 KpUTepiiB. Lle
JTIO3BOJISE MIBUAKO 3IMCHUTH OIIHKY B paMKaxX Beaukux HabopiB manux. FTOPSIS ne
notpedye MoOyJ0BH CKIAAHOI l€epapXii KpUTEpiiB, IIO CHOPOIILYE MPOLEC MPUUHATTS
pilieHHs, 0COOIMBO y BUIAJKaX, KOJIH CKJIaJHI B3a€MO3B A3KH MK KPUTEpIIMU HE €
oueBuHUMHU. FAHP Moke cTaTu ckilaqHUM MpHU BEIUKUX KUIBKOCTSIX KPUTEPIiB Ta/abo
aJIbTePHATUB, OCKUIbKU MOTpeOye MoOyAOBU 1€papXiyHOi CTPYKTYpH 1 TOPIBHSHHS
KOXXHOI Mapy KPUTEPIiB 3a TOJIOBHUM KPUTEPIEM, a TAKOX MOPIBHSIHHS KOXHOI Mapu
IbTEPHATHB 32 KOKHUM KpPUTEPIEM, IO MBUIKO 301bIIy€e 00car po3paxyHkiB. FAHP
BHMArae peTeyibHOi MOOYJOBU CTPYKTYpPH 1€papXii 00’ €KTYy OCHIIKEHHS Ta BAXKIUBUX
MOPIBHSHB MK KOXKHHM PIBHEM 1€papXii, [0 MOXke OyTH CKJIQJHUM 1 3aiMaTH OLIbIIe
yacy.

3aranom, FTOPSIS € epekTuBHUM y TMX BUIAAKAX, KOJIH MNOTPIOHO MIBHJKO Ta
e(eKTUBHO OIIHUTU aJTbTEPHATUBY 32 BEIUKOIO KIJIBKICTIO KPUTEPIiB.

Binbmricte cyyacHMX MiAXOJIB A0 OLIHKKA BiacTtanet y wmeromax TOPSIS 1
FTOPSIS [61-68], sik mpaBmio, CIUPatOThCs HAa €BKIIIIOBY MeTpUKY. OJIHAK, Y KOHTEKCT1
CKJIaJIHUX Ta 0araTOBUMIPHUX JaHUX 11 METPUKA HE 3aBXJU aJI€KBaTHO BijoOpaxkae
peasnbHI BIIMIHHOCTI MiX ajdbTepHaTuBamu. lle miakpecatoe HEOOXIHICTh TOCIIIKEHHS
Ta BIPOBAKEHHS AIbTEPHATUBHUX METPHUK, TAKUX K MAHTE€TTEHChKAa METPUKA, METPUKU
YeOuiona, MiHkoBcbKkoro, ['eminara. O1HaK 3aCTOCYBaHHS AJIbTEPHATUBHUX METPUK Y
KOHTEKCTI HEUITKMX MHOXXHH MOTpedye MOAaTKOBOI amanTailii. BiabIIicTh KIaCHYHHUX
METpHUK OyJIH po3po0IieHi il poOOTH 3 TOUHUMH YUCIIOBUMH JJAHUMH 1 HE BPaXOBYIOTh
0COOJIMBOCTI MPEACTABICHHS HEUITKUX JAHUX, HANPUKIA, Y BUIJISAI TPUKYTHUX 200
TpamnerieBUaHUX HeUiTkux uucen. lle yckmamHioe Oe3mocepenne BUKOPUCTAHHS
CTaHIApPTHUX (PopMys i1 OOUUCIICHHS BiJICTaHEW MK OI[IHKaMu aJbTepHATUB. Biarak
HEOOX1THO PO3POOUTH HOBI METPUKH a00 MOAM(IKYBAaTH ICHYIOUl METPUKU TakK, 1100
BOHU MOTJIM KOPEKTHO OOpOOJIATH HEUITKI AaHi, 3a0e3Meuyoyd TOYHICTh 1 HaAIMHICTh

OL[IHIOBAaHHA.
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OTtxe, BUHUKAE aKTyajbHa MpobiieMa, sKa MoJisirae y po3po0iii Moau(iKoBaHOTO
merony FTOPSIS 3 BukopucTaHHAM BIAMOBIAHMX aJanNTOBAaHUX METPHUK, a TaKOXK
CTBOpEeHH1 1H(pOpMaIifHOI TEXHOJOrIi, MO 1X peani3ye, a TAaKOK BPAaXOBYE pe3yibTaTu
IPYIIOBOi €KCIIEPTU3M I OUIbII TOYHOI Ta €(EKTUBHOI OIIIHKK ¥ BHUOOpPY Kpaloi
QIBTEPHATHBH 3 0araThbOX MOKJIMBUX 3a KIUTbKOMAa KpuTepisiMu KopucHocTi. Came
BUPIIICHHIO 11i€1 TPOoOJIeMH 1 MpUCBAYEHA JITaHA CTATTA.

VY SKOCTI MPaKTUYHOTO 3aCTOCYBaHHS pOo3p00JieHO1 1H(OPMAIITHOT TEXHOJIOTIT Y
JOCITIJKEHHI PO3B’SI3YEThCSA 3a/lada BHOOPY HAWKPAIIOTO 3 TMOMYJSPHUX CTaHIAPTIB
ynpaBiiHHS pusukamu B [T-ipoekTax B po3aini 4.

Jlyist o6urcneHHs BiZICTaH1 Bl KOXKHOT aJbTEPHATUBHU JI0 HEUITKOTO MO3UTUBHOIO
imeansHOTO po3B’s3Ky (FPIS) Ta HewiTkoro HeraTuBHOTO 11easibHOTO po3B’ 3Ky (FNIS) y
FTOPSIS Yens C.T. [39] 3anpornoHyBaB METO/ BEPIIMH JJi1 OOYMCIICHHS B1ICTaHI M1k
JIBOMa HEYITKUMH YUCJIAMH, CYTh SKOTO MOJISTAE Y HACTYITHOMY.

Hexaii ¥ = (a4, a,, ...,a,), ¥ = (by, by, ..., b,) — HewiTKi 4yucIa, 3amaHi CBOIMHU
napamerpamu, e n = 3 mia TpukyTHUX HY 1 n = 4 nna tpanemieBuauux HY. Tomi
y3arajibHeHa ajanToBaHa (GopMysia OOYMCIEHHS €BKJI1JOBO1 BIJICTaHI MK TPUKYTHUMHU

Ta TpanemieBugaumMu HU Mae Buris:

ds @9 = [ BT G~ b, (4.1)

PosrinsitHeMo  0coOMMBOCTI  OOYMCIEHHS BIACTaHEM MK TPUKYTHUMH Ta
TpanerieBugauMu HY 3a nesikuMu nonynsspHUMUA METPUKAMH.

Maneemmencobka mempuka — e METpPUKa, 3T1IHO 3 KOO BIJICTaHb MIX JBOMa
TOUKaMu X = (X1, X5, ., Xp) 1 ¥ = (¥4, Y2, .., Ypn) IOPIBHIOE CyMi MOMAYJIB Pi3HHUIIb iX

KoopauHat [69-71]:

dyn (6, y) = Xiz1 | % — il (4.2)

Hexaii ¥ = (a4, a,, ...,a,), ¥ = (by, by, ..., b,) — HewiTKi 4mCIa, 3aJaHi CBOIMH
napameTtpamu, e n = 3 ana TpukyTHUX HY 1 n = 4 nns tpaneuieumanx HY. Tomi
y3arajibHeHa ajantoBaHa gopmyna (4.2) qis TpukyTHUX Ta TpanerieBuanux HU mae

BUTJIAL:
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dyn (%, 9) = Xiz1la; — by, (4.3)

ne n = 3 qist tpukytHux HY; n = 4 nns tpanenieBuaaux HY.
Mempuka Yebuwiosa — 1e METpHKa, SKa BH3HA4Ya€ BIJICTaHb MDK JBOMa M-
BUMIPDHUMHU YHCJIOBUMH BEKTOpaMH X = (X1,X3, ..., Xp) 1 V = (¥, V2, -, Yn) 9K
MaKCHUMyM MOJYJIB pI3HUII iX KommoHeHT [69]. Metpuka YeOumoa dYacTo

MO3HAYAETHCS Yepes [y, :
loo(x,y) = max|x; — y;l. (4.4)
i=1n

Toni y3araneHeHa amanToBaHa ¢opmyna (4.4) nias HY X = (aq,ay, ..., a,), ¥ =

(by, by, ..., by,) Mae BUrIISA:

doo (X, ) = max |a; — by, (4.5)

1<isn
ne n = 3 ans tpukytHux HY; n = 4 nns tpanenieBuaanx HY.
Mempuxa Minkoscbkoeo — napameTpiyHa METPUKA, Ky MOXKHA PO3TJISIATH SIK
y3araJibHeHHS CBKJIJJOBOI METPUKM Ta MAHTETTCHICBKOI METpPUKH. BincraHb
MIiHKOBCHKOTO TIOPSIIKY P MK JIBOMA TOUKAMH X = (X1, X2, ..., Xp) 1Y = (V1, V2, o) Yn)

BU3HAYAETHCS 32 (POpMyII0IO:

L y) = (SRl — yilP)P. 4.6)

Metpuka MiHKOBCBKOTO € y3arajibHEHHSM €BKJIIJOBOI METPUKU MpPU MapaMmeTpl
p = 2, Komu K p = 1, TO 0AEp)KYEMO MaHTETTEHChbKY METPUKY [69]. K110 ) p npsmye
JI0 TUTIOC HECKIHYEHHOCTI, TO BifCTaHb 3a MIHKOBCHKMM HAOJIMIKYETHCS JIO BIJCTaHI

YeOumona:
lim (X7qlx; — y:|P)Y? = max |x; — y;. (4.7)
p—+00 i=1n
AHaNOriyHO, KOJIM P MPSIMYE 10 MIHYC HECKIHYEHHOCTI1, TO OTPUMYEMO:
lim (X7 qlx; — y;1P)Y? = min |x; — y;. (4.8)
p—o>—0o0 i=1,n

V3aranpHena amanroBana ¢Gopmyna (4.6) mist HU X = (a4, a,,...,a,), ¥ =

(by, by, ..., by,) Mae BUTTIAL:
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1
~ ~y _ (1von )
du(% ) = (=Xl = bilP ), (4.9)
ne n = 3 mus TpukytHnx HY; n = 4 s tpanenieBugaux HY.

Mempuka I'emminea — 11€ METpHKa, SKa OOpPaxoOBY€ KUIBKICTh IMO3WIIIH, B SKUX
BIJIMTOBITHI CHMBOJIU JBOX CJIIB OJTHAKOBOI JIOBXKWHU Pi3Hi [72]. Bigcrans ['eMMidra Mixk
JIBOMA TOYKAMH X = (X1, Xy, ..., Xp) 1Y = (¥1, V2, -, V) BU3HAYAETHCS 32 (HOPMYJIOIO:
1, X; F y]

. 4.10
0, x;=y; (4.10)

dn(®9) = T b =y, ae x— 1 = |

V3aranpHena agantoBana (opmyna (4.10) mis HU X = (aq,ay,...,a,), ¥ =

(by, by, ..., by,) Mae BUTTIAL:

Ay %) = Bl = bil e las =il = {7 @700 @
) l l

npu bomy n = 3 ans TpukyTHux HY; n = 4 qns rpaneuieBuannx HY.

PosrisiHeMo OCHOBHI KpOKM MeTony, sikuii € moaudikaiieto merogy FTOPSIS
[39], [40], [73] nnst BUMaaKy TpymMoBOi €KCHEPTU3U 1 BUKOPUCTOBYE PI3HI METPUKU
oOuHCIIeHHs BiJIcTaH1 B KOxkHOT anbTepHaTBH 10 FPIS Ta FNIS 3 MeToro Bu3HaueHHS
HaWKpaIloi aJIbTEPHATHUBHU.

[Ipunyctumo, mo € rpyna ¢axiBUiB 3 NPUWHATTS PIlI€Hb, SIKA CKJIAJAETHCS 3
Kekcnepris.

Kpox 1. Ilpuznauenns neuimxux oyiHOK KpumepisiM ma anomepHamusam.

Kosxen k-tuit excnepr rpymu (k = 1,K) BU3HAuae JiHIBICTMUHY OLIHKY Baru
k —

KoxkHoro kpurepito €; (j =1,M), sAKifl BiANOBIIA€ TPUKYTHE HEYITKE YHUCIO Wi

( Wit ]2, 3) Jami k-tuii ekcriepT rpynu BU3HAYA€ JIHTBICTUYHY OLIHKY Ul KOXKHOI

anprepHaTuBu A; (i = 1, N) no BigHOMmeHHIO 10 Kputepito C; (j = 1, M), sxiii Bixnosinae

TPUKYTHE HEYITKE YHCIIO fk = (al D ], i ])

SIKo0 JIHTBICTHYHUM OIlIHKaM K-ro eKkcmepTa TPpymnH BIAMOBIJAIOTH HEUITKI

ki =k
i %,

( ]1' ]2’ ]3’ 4) xl] (ai],blj,c”,dk . (412)

TparneuieBUIH1 Yuciaa w; TO BOHHM BIJMOBIJIHO MAalOTh TAKUU BUTJIS:

J



162

Kpoxk 2. Obuucnenns acpecosanux neuimkux éae OJisi Kpumepiie ma azpe208anux
HeuimKux oyiHoK 05l AlbMepHAmue.

ArperoBaHa HEYiTKa OLIHKA Baru y TPMKYTHIH dopmi W; = (le,wjz,wj3) TUTSL
KpUTEPIIO C; OOYUCIIOETHCS 32 HOPMYTIaMU:

wir = min {wh}, Wi, = =Tk _owf o wys = maxfwith j=T M. (4.13)

AHAJIOrIYHO, arperoBaHa TPUKYTHAa HEYITKA OI[HKA X;; = (aij,bij,cij) TUISt

anbTepHaTUBH A; MO0 KpUTEPito Cj 00UMCIIOETHCS 3a POpMyIaMu:

a;j = kInirIl( al]} b;j = Z’,‘f 1 ” , Cij = g%{cl’j} i=1LN,j=1M. (4.14)

i ¢opMynu M0O3BOJISAIOTH OTPUMATU CIUIBHY HEUITKY OIIHKY, SIKa BpPaxoOBY€

MiHIMaJIbHI, CEpeHI Ta MaKCHMaJIbHI 3HAYEHHs BiJl HEYITKMX OIIIHOK YCIX €KCIEepTiB

TPYIIH.

Hexait W ( Wi, ]2, ]3, 4) TpamnerieBuaHa HEYiTKa OIliIHKA Bard, SKYy
BM3HAYMB K-THH eKcrepT rpynu it kputepito C; (j = 1, M). Toni arperoBany HEYiTKy

Bary w; = (le,wjz,wj3,wj4) s kputepiro € MOXKHA OOYMCIIMTH 3a TaKUMH

dbopmynamu:
. k 1 vk k
Wi = miniwst,wi, = =Y r_. W;
/i1 =L_K{ ]1}' j2 = % k=1 Wj2,
_1yvk k _ _
Wiz =~ Dk=1 Wjs , Wjg = ,?}?X{ wii)i =1, M. (4.15)
Hexaii x (al ],bl’j,cl ],dk — TparmemieBUAHA HEUiTKa OIliHKa K-T0 eKcrepTa

TPYIH 3 NPUMHATTA pimieHs A1 anbrepHatuBu A; (i = 1,N) mono kpurepito C; (j =
1,M). Toni arperoBai HEYITKI OLIHKM JUIS TPANCLi€BMAHMX HEYITKUX YMCEN X;; =

(al- i»bij, cijy d; j) BU3HAYAIOTHCSA 32 POPMYIIAMH:

aij = kmin al]} bij = ZK lbl]’
Cij = Zk 1cfj,du = lgn?)l(({d Ji=1 =1,M. (4.16)

Kpox 3. Obuucnenns nopmanizosamnoi neuimkoi mampuyi piuieis.
HopwmasnizoBana HeulTka MaTpHIls pILIEHb MO3HAYAETHCA SIK R = [fi j], B SIKIM 1S

TpukyTHuX HY:



163

g _ (%) by cij) . _ .
rij = (rijbrijz'rij?,) = (_+'_+'_+ ,i=1,N,j=1P, (4.17)
IR B
ne ¢; = max{c;;} — 1uia kpuTepito BUrou,
i=1,N
i
o= (11T )—ﬁﬁﬁ —IN i=PF1M 418
Tl] - rl]llrLJZJrl]?, =\ b a ,L=1,N, ] = , M, ( ) )
9] 3] ]
ne a; = min{a;;} — 1A KpUTEPilo BUTpAT.
i=1,N

VY HOpMai3oBaHiil HeUiTKid MaTpuIll R = [fi j] 15 TpanenieBuaaux HY maemo:

5 _ (%) by cy di) . _ _
T'ij—(Tijl,rijz,rijg,rij4)—(d—_!_,d—_!_,d—_!_,E ,l—l,N,]—l,P, (419)
] ] ] ]

1e dj+ = max{d;;} — U1 KpUTEPIIO BUTO/IH,
1=1,N

i

N a; a; a; a;\ . .
7ij = (ju Tija Tija Tija) = ( =, =, —]>:l =LN,j=P+1M, (4.20)

_’ ) )
dij Cij bij aij

ne a; = min {a;j} — nna xputepiro BUTpATr.

Kpoxk 4. Obuucnenns 36asxcenoi HOpManiz08aHoI HeYiMKOI Mampuyi piuiets.

OO0unCITIOEThCS 3BaYKEHA HOPMaJII30BaHa HEUITKa MaTpHULIsl plIEHb
V=;)i=1LN,j=1M, (4.21)
PU [ILOMY ISl TPUKYTHUX HEYITKUX OIIHOK
Uiy = (Vi1 Vij2 vijz) = (1 Wi Tijz * Wiz, Tijz - Wjs), (4.22)
a JUIS TpaIemieBUIHUX HEUITKUX OLIIHOK
Uiy = (Vij1, Vijo Vijar Vija) = (Tij1 " Wjn Tijz " Wjao Tija * Wyas Tija * Wya ). (4.23)
Kpox 5. Obuucnenusn newimxkoeco nozumuenozo ioeanrvHozo poss’szky (FPLIS) ma

HeYimKo20 He2camuHo2o ideanibHo2o po3e ’a3ky (FNIS).

3nauenus FPIS ta FNIS oGuucnootbes 3a popmynamu:

V* =@, 03, x), Be ¥ = _mfl%{vijm} j=1,M, (4.24)
i=1,

V™ = (01,05, 0), Ae D} = m}_%{vijl} ,j=1,M, (4.25)
i=1,

ne m = 3 aist pukytHux HY; m = 4 nns tpaneumieBuaaux HY.

Kpox 6. Obuucnenns eiocmaneti 8io kooxcnoi aromeprnamueu 0o FPIS i FNIS.
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Bincranp Bin anbrepHatuBu A; go FPIS dl-+ 1 1o FNIS d; oOuucnoerscs 3a
dbopmynamu:
d:- = Z;VI:l dmetrics (ﬁij: 17j-l-)' (4.26)
di = 2;”:1 Ametrics (ﬁij' ﬁj_) L= L—N; (4.27)
ne dmetrics(ﬁij,ﬁ;r) 1 dmetrics(ﬁij,ﬁj_) 3a BUOOPOM KOPHCTyBaua BH3HAYAETHCS
TaK:

— 7151 €BKJI1ZI0BOT METPUKH, 3 ypaxyBaHHaM (4.1):

n
~ ~ ~ ~ 1
n
~ ~— ~ ~— 1 _
dmetrics(vijJ Vj ) = dE(viijj = ;zk_l(vijk - vjk)z' (4.29)

— JIJI1 MAHTE€TTEHCHKOI METPUKH, 3 YpaxyBaHHsM (4.3):
+ + " +
dmetrics(viji Vj ) = dMH(vijrvj ) = zk_l |17ijk - ij|, (4.30)

Ametrics(Tij, 17]'_) = duy (i), 17]'_) = 2;1 |Vijk — Vikl, (4.31)

— i MeTpuku YeoOuinosa, 3 ypaxyBaHHsM (4.5):
Ametrics(Tij, 17j+) = doo(ﬁij»ﬁf) = El%lvijk — Vﬁcl» (4.32)
Ametrics(Dijy ) = doo (0, 777) = El%lvijk — Vi, (4.33)

— 711 METpUKH MIHKOBCBKOTO, 3 ypaxyBaHHAM (4.9):

1
n 1
- - L 1 P
merrics (7, 57) = (2, 57) = (50 =il )\ @34
1
N e - 1\ —p)\?
dmetrics(vij» Uj ) = dM(Uij,vj = ; o1 |vijk - vjkl ’ (435)

npup = 3,
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— nnst Mmetpuku ['emminra, 3 ypaxyBanusam (4.11):
n
dmetrics(ﬁij; ﬁj+) = dH(ﬁij; ﬁj-l-) = zk_l |vijk - vj-ll-clx (4.36)

n
dmetrics(ﬁij' 17]-_) = dH(ﬁl]lﬁ]_) = zk_l |vijk - Uﬁcl, (437)

Jc

1, v # v},
+ ijk jk
Vijke — Vji| = N (4.38)
J J O, vijk = Uj ’
1, v + v
_ jk jk
Wijie = Vil =7, Vi = vy (4.39)

n = 3 — qs TpukytHux HY 1 n = 4 — qnsa tpanenieBuanux HY.
Kpox 7. Obuucnenus xoegiyienmis oausvkocmi oo FPIS i FNIS ons koowcnoi
aAnbmMepHamueu 3a pisHUMU MeMpUKAMU.
Koepimient Ommspkocti CC; Ay KOXKHOI aJbTepHATHBH A; 10 HEYITKOTO
HETaTUBHOTO 171€aTbHOTO PIllIEHHS O0YUCITIOETHCS 3a TaKoto (POpMyIIoI0:
d:

cC; =—_,i=1,N. (4.40)

dy+df ’

Koedimiear 6mmsbkocti CC;' a1 KOXKHOI anbTepHaTMBU A; 10 HEYITKOro

MTO3UTHBHOTO 1JI€aJIbHOTO PIMICHHS 00UHCIIOETHCS 32 TAaKOK (POPMYJIIOIO:

cct ai

L7 di+af’

i=1,N. (4.41)

Kpox 8. Panorcysanus anoemepuamus 3a piznumu mempuxamu. Ha 1isoMy Kpoiii 3a
KOXKHOIO OOpaHOI0 METPHUKOIO BH3HAUA€ThCS HaWKpamia aibrepHatuBa A* sK
anbTEpHATUBA, sIKa 3HAXOAUThcs sK Hail gam Big FNIS, T0o0TO 3 MakcumanbHUM

koedirienToM 6sn3bkocTi CC; 1 BU3HAYAETHCA TaK:

A* = Ay, (4.42)
ne
[* = arg max {CC; }, (4.43)
i=1,N

a0o A* oOupaeThcs SK ajabTepHATHBA, sKa HalOmmkda 1o FPIS, Tt006TO 3

HaMeHIMM KoedirienToM 61u3bKkocTi CC i+ 1 BU3HAYAETHCS TaK:
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A" = Ay, (4.44)
e
i* =arg min {CC}. (4.45)
i=1,N

Otxe, unm Ounble 3HaueHHs CC; , TUM OnMK4e anpTepHaTUBa A; 10 HEUITKOIO
IIO3MTHBHOTO i/1eaIbHOro po3B’ 13Ky V' * Ta naii Bij HEYITKOro HEraTUBHOIO iI€aIbHOIO

po3B’si3ky V™, ab0 uuM MeHIe 3HaueHHs CC;'

', TUM Onmxde anpTepHaTuBa A; 10

HEYITKOTO IMO3UTUBHOIO iZeabHOro po3B’sa3Ky V' Ta mani Bix HEYiTKOro HEraTHBHOIO
171ealIbHOTO PO3B’s3Ky V™. AnbTepHaTUBU A; BIOPSAKOBYIOTHCS 3a CIIaIaHHSIM 3HAYCHb
CC;, abo 3a 3pocTaHHsAM 3HadeHb CC;" , MO0 JO3BONSE BU3HAYUTH PAHT KOKHOI
ansrepHaTuBd R; (i = 1,N) mis obpaHux MeTpHK. IIpu 1bOMY JesKi albTepHATHBH
MO>KYTh MaTH OJIHAKOBI PaHIH, 30KpeMa i paHr 1.

Kpox 9. Busedenns pezynromamieg. Ilicisi oOYUCIEHHS paHTIB ajlbTEpHATHUB 3a
oOpaHUMHU METPUKAMHU pEe3yJbTaTH MOJAIOThCA y TaONU4HIA (opMi, CTPYKTypa SKOi

HaBenena B tabmuui 4.2, ne Rj; — panr ansrepHatuBu A; (i = 1,N) 3a METpUKOIO
dmem-csj (j = 1,m), m — KUIbKICTh OOpaHUX METPUK.

Tabnuus 4.2 — BuBenenns pesynbrariB MoaudikoBanoro metory FTOPSIS [po3po6ieno

aBTOPOM |
Merpuku | AabTepHatuBu | df d; CC; Panr
aJbTEPHATHB
Ay dfy di CCy Ri;
do . 4z df, di CCp, R1;
metrics,
Ay din din CCiy Rin
Ay d3, da1 CCy R21
do . A, d3, d, CCy R32
metrics,
Ay d3n dan CCon Ran
Ay dm1 m1 CCm Rm1
dmetricsm AZ d;LZ 1_nz CCrﬂz Rmz
Ay dmn mN CCnn Rmn
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Ha pucynky 4.2 npoJeMOHCTPOBAHO CXEMY QJITOPUTMY MOJU(DIKOBAHOTO METOMY

FTOPSIS.

[Tpu3sHavYeHHs HETITKHX OIIHOK ¢
KPHTEPisM Ta albTepHaTHBAM OO0YNCIeHHS HEYITKOTO IIO3UTHBHOTO 1/I€aILHOTO
EKCIIePTHOIO IPYIIOI0 po3B’s3ky (FPIS) Ta HewiTKOTO HETAaTHBHOTO
11eatbHOTO po3B’s3Ky (FNIS)
v
OO0urceHHs arperoBaHNX HEYITKIX A 4
Bar UL KPHTEPIiB Ta arperoBaHix OO0uHciIeHHS BlACTaHEH B1J KOXKHOI
HEYITKHX OI[IHOK JUUIS albTEPHATHB anprepratusy 10 FPIS 1 FNIS 3a
PI3HHMH MeTpHKaMH

\ 4
OOumnciieHHS v _

. e - e T
HOPMATI30BAHOT HEMITKO OobuncneHHs KoedimieHTIB OIM3BKOCTI 10

MaTpHITi PiTiers FPIS 1 FNIS. JUISL KOJKHOI alTbTepHAaTHBH 3a
PI3HHMH MeTPUKaMHU

A 4

OOGuHCIIeHHS 3BaXKeHO1 A 4
HOpMaUTi30BaHO! HETiTKO PamKyBaHHS albTepHATHB Ta TIPHHHITTS
MaTpuui pileHp PIIICHHS 32 PI3HUMH MeTPHKaMHI

Pucynok 4.2 — Cxema anroputmy moaudikoanoro merogy FTOPSIS [po3pobiieno Ha
ocHoBI1 [39, 40]]

JJ1ist TOpIBHSHHS pe3ybTaTIB BUKOPUCTAHHS PI3HUX METOIB OaraToKpuUTepiasb-
HOTO IPUUHATTS pillieHb 0yJI0 00paHo aekiibka Mmoaudikauiii merogy TOPSIS:

1) FT3HY — FTOPSIS i3 3actocyBanusim TpukytHux HY (nuB. puc. 4.1 a);

2) FT4HY — FTOPSIS i3 3acrocyBanHsam TpaneuieBugaux HY (nus. puc. 4.1 0);

3) TFW3HY — TOPSIS 3 HEUITKUMU TPUKYTHUMU YUCJIAMH JJI1 BU3HAYEHHS Bar

KpUTEPIiB;
4) TFW4HY — TOPSIS 3 HeUiTKUMHU TpaneiieBUAHUMU YMCIIaMU 1)1 BU3HAYEHHS
Bar KpuTepiis.

Y wmerogax TFW3HY, TFW4HY pana Ttoro, moO CHOPOCTUTH EKCHEPTHE
OLIIHIOBaHHs Bar KPUTEPIiB wj, j = 1, M, sxi B cyMi HOBUHHI JOPiBHIOBATH OJMHHIL, B
kinacuuHomy Metonai TOPSIS Oynu BuKOpUCTaHi JIHTBICTUYHI OIIHKMA Bar KOXHOTO
KPUTEPIIO Cj, sKUM BIMOBIIAIOTh HEYITKI YHCIIA Wj = (le,sz, ...,an), j= 1,M, ne
n = 3 g tpukytHux HY 1 n = 4 mna tpanemieBuaaux HY. [Ipomec nedazmdikarrii

HEYITKUX YKCell BII0OYBaBCA 3a TAKUM IPABUIIOM:
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1. 3naxoooicenns 6ae Kpumepiie Ak cepeOHb020 3HAUEHHS NAPAMempie HeUimKux
oyinok. I KOXKHOTO W; = (le,sz, ...,an) OOUYHCITIOETBCS CepeHE apuPMETHUHE

fioro mapamerpis:

w, = YR i T, (4.46)

n

ne n = 3 mist pukytHuX HY 1 n = 4 nng tpanemieBuaanx HY.
2. Obuucnenns cymu cepeomix 3Hauens wj:
M
ws = z w;. (4.47)
j=1
3. Hopmanizayisn cepeonix 3snauenv 6ae. KoXHE CepelHE 3HAYEHHSA W,
MEPETBOPIOETHCS HA YACTKY BiJ 3arajibHOi CyMHU WS, II00 yC1 HOpMaIi30BaHI OIIHKH B
pe3yJbTaTi 3HaxXoAWINCh Yy Aiama3oHi [0,1] 1 ixHs cyMa qopiBHIOBana 1:
wn; = % j=1,M. (4.48)
J1J1st HAOYHOTO BiTIOOpaKEHHS BIIMIHHOCTEH MI3K pe3yJIbTaTaMU IIPH 3aCTOCYBaHHI1
PI3HHX METPUK Ta METOJIIB, 3alPOMIOHOBAHO METOAMKY JUIsl TIOPIBHSHHS PE3yJbTaTiB
3actocyBaHHsA MeToAiB npuiHATTS pimienb TOPSIS, FTOPSIS Tta ix Moaudikarii,
OJIEpKaHMX 3a JIOTMIOMOT'OF0 PI3HUX METPHUK JJIS OLIHIOBAaHHS KOe]illieHTy OJIM3bKOCTI 10
HEYITKOTO TMO3UTHUBHOrO 11eanbHoro po3B’si3ky (FPIS) Ta HewiTKOro HeraTmBHOTO
1meanpHOr0 po3B’ 3Ky (FNIS).
Hexaii € Hab1p meToaiB M;, M,, ..., M,,, KoeH 13 IKUX Aa€ KoeiieHTu 0Ju3bKOCTI

KOXHOI asibTepHaTuBU A; (I = 1, N) 3a pi3HUMH METPUKAMH Y BUTJISA1 MATPHIIL:

ccl, ccl, .. ccl
EMa — ccl  ccl .. ccl, , (4.49)
CCl, CCl, .. CCyu.
ne ¢ = 1,n — HoMep merony My, C Cg. — 3HA4YCHHS KOe(DIIieHTIB OJM3BbKOCTI IS

anpTepHaTuB A; (I = 1, N), mo orpumMani 3a MeTonoM M, 3a METPHKOIO 3 HOMEPOM j (j =

1,m), npu uboMy 3a koeilieHTH OJIM3bKOCTI MOXKHA 00paTH Ak koedimientu CC;” BuAy

(4.40), Tax i CC; Bumy (4.41).
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Toni marpuus D*Y Bimxunens Mmix pesynbratamu aBox MetoniB X i Y (X =

1L,n—1,Y =2,n,X #Y) 06uncIIOeThCS 32 (POPMYIIOLO:

|CCH — CCil  |CCs — CChl . [CCH, — CClpl
DXY = ICC3y — CCH1l 1CC5 — CCpl o |CC3n — CCopl . (4.50)
|CC1$/(1 - CCII\;ll |CC1$/(2 - CC11\72| |CCI<I(m - Ccll\;ml

ne CC i)](- 1CC i’;- — 3Ha4YCHHS KOe(IIIEHTIB OJIM3BbKOCTI Y BIMOBIAHUX MeTojax X 1Y,

N — KUIBKICTB aIbTEPHATHUB, 71 — KITbKICTh METOJIIB, M — KUTbKICTh METPHUK B KO)KHOMY 13
3aCTOCOBAHUX METO/IIB.

Matpuns Bimxunenss DXY) sukopucToByeThes 114 BUABIEHHS po36iXKHOCTEH Y
3HAUEHHAX KOEQILI€HTIB OJIM3bKOCTI, OTPUMAHUX 3a PI3HUMHU MeTpukamu. Omnucany
METO/JMKY TOpPIBHSHHS KOE(IUIEHTIB OJU3BKOCTI 3a PI3HUMU METPUKAMH MOKHA
y3arajJbHUTH 1 Ha 1HII1 MeTogu MADM, ne 1e nependaydeHo.

ExcriepMeHT 1110710 OPIBHSIHHS PE3yJIbTATIB, OJEPKaHUX 3a JOIOMOTOK0 PI3HUX

moaudikaiiit metoxy TOPSIS, 3a po3po01eHOI0 METOIUKOIO HAaBEACHO B PO3ALII 5.
4.5 BucHOBKH 10 po3aiay 4

VY Mexax 4eTBEepPTOro PO3JAUTy PO3TISHYTO 1H(MOPMAIlHY CUTYaII0 MPUHHSATTA
pilieHb B yMOBax pu3uKy. HaBeneHo 3amaduy NpUIHATTS pIlIEHb B YMOBaxX pPHU3UKY 1
METOJIM 11 PO3B’sI3aHHA.

Takox AeTaJbHO PO3MNISIHYTO 1H()OpPMALIHY CUTYyalll0 NPUWHSTTS PILIEHb B
yMOBax HEBHW3HaueHOCTi. HaBemeHo 3amady TPUAHATTS pilleHb B YMOBax
HEBU3HAYCHOCTI 1 METoaM i1 po3B’s3aHHA. TakKoX HaBEACHO CIHIBBIIHOIICHHS MIX
PI3HUMH THIIAaMH HEBU3HAYCHOCTI.

B Mexxax 3amaui TaitM-MeHEHKMEHTY 5K 33/1a4l 0araTOKPUTEPIaTbHOTO MPUUHSITTS
pIllIeHb 3aMpONOHOBAHO KOMOIHOBAHUI METO]I PO3B’I3aHHS 3a/1a4l TaM-MEHEKMEHTY,
110 MO€EIHY€E B cO01 METO aHamizy iepapxii Ta Meroa matpuili Eiizenxayepa. Otpumani
EKCIIEPUMEHTAIbHI ~ pPe3yJbTaTH  MIATBEPUKYIOTh  JOIUIBHICTh  BHKOPHUCTAHHS
po3pobIIeHOro maXoAy 10 Kiacudikallii 3a1ad TakM-MEHEHKMEHTY, 1110 BUKOPHUCTOBYE

MOE€HaHHS ~MeToAy Marpuili FEifseHxayepa Ta METOAQy aHamizy lepapxiil.
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3anponoHOBaHUI Ta JOCIHIKEHUH METOJ JOILIIBHO 3aCTOCOBYBATH Y BHIIAJIKY, KOJIH
HEO0OX1/TH1 YMCJIOB1 0OpPaXyHKHU B SIKOCTI MiATBEPKEHHS pe3yIbTaTy aHai3y 3ajad, abo
KOJM TOTPIOHO mMpoaHaTI3yBaTH BIIHOCHO PIBHO3HAYHI MIX Cco000I0 3amadi, MpHU
OIIIHIOBAHHI SIKUX MOTPIOHO MaTEMaTUYHO OOTPYHTYBATH MOCIIIOBHICTh iX BUKOHAHHS.

3a [0MOMOror IHOTO KOMOIHOBAHOTO METOAY KOPHCTYyBady HAJAa€ThCs
MOJKJIMBICTh OIIHIOBATH 3ajladi SK aJIbTEPHATHBH 3a KPUTEPIIMHU, SIKI BIAMOBIIAIOTH
kiacudikaiii 3aga4 y matpuiil Eiizenxayepa. Y pe3yabTari 4oro OTpUMYy€EThCS PO30OUTTS
BXIJIHMX 3aJa4 Ha 4YOTHUpU Kiacu MaTpulll EizeHxayepa, a TakoX BH3HAYAIOTHCS
MPIOPUTETH JJI 3a/1a4 KOKHOTO KJIaCy B UMCIIOBOMY €KBIBaJIeHTI. SIK peKOMEeHalist JIJIst
NPUHAHATTS pIlICHHS Oyje ofep)KaHO IMOCIOBHICTh BUKOHAHHS 3a7a4 y BiIOBITHOCTI
710 TX BayKJIMBOCTI Ta MPIOPUTETY.

Jlo mepeBar 3ampolOHOBAHOTO METOJYy MOXHA BIJHECTH MOXKJIUBICTD
aBTOMATU3yBaTH MPOLEC PO3MOJLTY 3ajlad 3a KPUTEPISIMU BAXKIMUBOCTI, a TaKOXK
OTPUMAaHHS YUCJIOBHX BaroBUX 3HAYCHB MPIOPUTETIB BUKOHAHHS MOCTABIICHUX 3a]1a4.

Jlo HemoIKiB METOAY MOKHA BIIHECTH OJATKOBUN Yac, KU BUTPAYAETHCSA
KOpPHCTYyBaueM Ha MapHe NopiBHsAHHA 3a1a4 3a MAI. Aze, 3a nonoMororo iHhpopMaIiiHux
TEXHOJIOT1M JaHUM MPOIEC YACTKOBO aBTOMATU3YETHCS, 110 3HAYHO HOTO MPUIIBUIIIYE
Ta POOUTH AOLLIBHUM.

Takok B MeXax pO3JUTy JAETAIBHO PO3MISHYTO 1HGOPMAIIHHY CUTYyalli0
MPUIHATTS pillIeHb B yMOBaxX HewiTKO1 iHpopMartii. HaBegeHo 3amady npuitHSITTS PIlICHb
B YMOBaX HEUITKOI 1HQopMallii 1 METOAM i1 pO3B’sI3aHHS.

B mexax 3amaui OaraTOKpUTEplaJbHOTO MPUNHATTS PIillleHb 32 MOJU(DIKOBAHUM
meronoM FUZZY TOPSIS mpoBeaeHo aHami3 HAWNOMyJSPHINIMX  METOIIB
0araToOKpuTEPIAIbHOTO NPUUHSATTS pilleHb, 30KpeMa Takux MmeToiB, sik TOPSIS,
FTOPSIS, FAHP. Oco6nuBy yBary NpuauieHO aHali3y pi3HUX MOIMYJISIPHUX METPUK IS
BU3HAUYCHHS BiJICTAaHEN MK HEUITKUM MO3UTUBHUM Ta HEUITKUM HETaTUBHUM 17€aTbHUM
pimennsiMu 'y metoni  FTOPSIS. 3a pesynpraTamMu 1bOro aHajizy 3anpONOHOBAHO
moaudikoBanuit meton Fuzzy TOPSIS nns Bubopy epekTuBHOI allbTepHATUBU B 337141
0araToKpuTEpiaIbHOIO MPUUHATTA PillIeHh B yMOBaX HEYITKOi 1H(opMallii Ha OCHOBI

pPI3HMX METPUK 1 BUKOPHUCTaHHS pE3yJbTATIB TPYHoBOi ekcrepTusu. Ha mpukiami
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peanbHOi 3amayl mpo BUOIp CTaHAAPTY YOpaBiiHHSA pusukamMd B [T-mpoexTax
MIPOJIEMOHCTPOBAHO, SIK BAKOPUCTAHHSI PI3HUX METPHK BIUTMBAE HA TOYHICTD 1 HAIIMHICTD
BUOOpPY €(EeKTUBHOTO PIIICHHs. 3alIPOIIOHOBAHO METOAUKY JJIsl IOPIBHSHHS PE3yJIbTaTiB
3aCTOCYBaHHS PI3HMX METOMAIB MPUUHATTSA pimieHb, 30kpema metoniB FTOPSIS i3
3aCTOCYBaHHSM TPUKYTHUX Ta TpamemieBuaHNX HeuiTkux ynces, TOPSIS 3 TpukyTHUMEU
Ta TparelieBUIHUMH HEYITKUMH YUCIIaMU JIJTI BUSHAYCHHS Bar KPUTEPiiB, OJIepKaHMX 32
JIOTIOMOTOI0 PI3HMX METPHUK I 00UYMCIIEHHsS KOoe]illieHTy OJMM3bKOCTI A0 HEYITKOIO
no3uTUBHOrO iaeansHOro po3B’s3ky (FPIS) Ta HewiTkoro HeraTwMBHOIO 11€ajJbHOTO
po3B’s3ky (FNIS).

Y 1upoMy po3/iil OTPUMAHO TaKl CKJIAJOBI HAYKOBOI HOBHM3HU JTUCEPTAIlIITHOTO
OCIIIIKEHHS

— 3ampornoHoBaHO MoaudikoBanuii Mmeto FTOPSIS 3 BUKOpucTaHHSM pe3yIbTaTiB
IpyNoBOi EKCIEPTU3H Ta AT TAIll€0 TOMYIIPHUX METPUK ISl 00UMCIIEHHS KOe(IlIEHTY
OJIN3BKOCTI J10 HEYITKOT'O MO3UTUBHOIO Ta HEYITKOTO HEraTUBHOTO 1/1€aJIbHUX PO3B’A3KIB
JUISL TPUKYTHUX Ta TPaMeie€BUIHUX HEYITKUX YHUCEN, 30KpeMa, €BKIIOBOI METPHKH,
MaHIE€TTEHChKOI METpUKH, MeTpuk YeOumoBa, MiHkoBcbkOoro 1 I'emMmiHra, mo
3abe3reuye 30€peKeHHSI BJIIACTUBOCTEH METPHK 1 J03BOJISi€ OUIbII TOYHO OI[IHIOBATH
BIJICTaH1 MDDK HEUITKUMH 1JICAJIbHUM Ta aHTH1JICAJIbHUM PIIIICHHSIMH,

— 3aMPOINOHOBAHO MIAX1J JJI BHU3HAYCHHS Bar KPUTEPIiB y KIACUYHOMY METOJI1
TOPSIS 4epe3 BUKOPUCTAHHSI JIHTBICTUYHHUX OIIHOK, IO JO3BOJISE OUIBII THYYKO
BpaxOBYBaTH HEBU3HAYCHICTh Ta Cy0 €KTUBHICTh EKCIIEPTHUX OIIHOK 1 € BAXKJIMBUM JIJIsI
peanbHUX CLEHAPIiB IPUHUHATTS PIIIECHb;

— 3aIPONOHOBAHO METOIMKY JJIsi TIOPIBHSHHS PE3YJIbTATIB 3aCTOCYBAaHHS PI3ZHUX
meTo1B, 30kpema FTOPSIS 13 3acTocyBaHHSIM TPUKYTHHUX Ta Tpaneli€eBUIHUX HEUITKUX
gucen, TOPSIS 3 TpukyTHUMU Ta TpanerieBUIHUMI HEYITKUMH YHCIIaMH, OJIeP>KaHUMHU
3a pI3HUMHU METPUKAMHU, [0 HAJA€ MOXKIIUBICTh TPOAHAIII3yBaTH MACIITA0H BIIXUJICHD Ta
OIIIHUTH SKICTh POOOTH €KCIIEPTIB.

Pe3ynbTaTi A0CHIIKEHh YETBEPTOTO PO3ALTY OMy0JIiKOBaH1 B podoTax [74]-[77].
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PO3/1LI 5
MPOEKTYBAHHS I PO3POBKA BEB-OPICHTOBAHOI CUCTEMMU
MIITPUMKH IPUAHATTS PILIEHD TA ii 3ACTOCYBAHHS

5.1 KonuenrtyaJjibHe npoeKkTyBaHHs Be0-opieHTOBaHoi CIIITP

Konyenmyanwvue (inghonoziune) npoekmyesanus nepeadoayae nody0By CeMaHTUYHOT
MOJIETI TIPeAMETHOT 00J1acTi, 10 sABJIsIE COO0I0 1HGOPMAITIHHY MOIETh HAWBUIIOTO PIBHS
abctpakuii. 3a3HaueHa MOJENb (POPMYETHCS HE3AIEKHO BiJl KOHKPETHOI CHUCTEMU
kepyBanHs 0azamu nanux (CKB/]) Ta o6panoi moaeni qanux [1].

TepMmiHM «CeMaHTHYHA MOJENb», «KOHIENTyallbHa MOJENbY» Ta «1H(OJIOT14YHA
MOJICNIb» PO3MIISIAI0THCS SIK CMHOHIMIYHI. KpiM TOro, y JaHOMY KOHTEKCTI MOXYTb
PIBHOMPABHO 3aCTOCOBYBATHUCS MOHATTS «MOJIENb 0a3u NaHUX» Ta «MOJEINb MPEAMETHOT
o0nacTi» (HanmpuKIaa, «KOHIENTyalbHa MOJIeTh 0a31 TaHUX» 1 KKOHIIETITyalbHa MOJIENb
NPEAMETHOI 00JIacT1»), OCKUIBKM Taka MOJEJIb BOJAHOYAC € BIAOOPaKEHHSIM peajibHOT
3a/1adi Ta MPOEKTOBaHOI 0a3u JaHux AJis i onwucy [1].

CtpykTypa Ta 3MICT KOHICNTYaJdbHOI MOJEal 0a3u JaHUX BHU3HAYAIOTHCS
BUOpaHuM ¢opmanbHuM anapatoM. Ha pucyHky 5.1 mogaHo KOHILENTyajJbHY MOJENb

GyHKIIIOHYBaHHS CUCTEMH MiATpUMKH NpuiHATTA pitneHs (CIIIP).
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CIIIIP «Decisioner» [2] ckmagaerbcss 3 JOBOX YacTWH: 1HGOpPMAaIliitHO-
peectpamiitHoi wactuau Ta CIIIIP 3 peanizaiiero MeTOAIB JJIsi NPUUHATTS pIllIEHb
«Decisioner». Ilicis BnpoBamkeras no CIIIIP moxxna Oyme moTpamuTd 3 OCHOBHOTO
JIOMEHY CalTy KOMIIaHli, OCKUIbKM B3a€EMO3B’SI30K Ha CalTI BCTAaHOBIIOETHCS Ha
M1JITOMEHHOMY PiBHI.

CIIIIP «Decisioner» Ma€ JIBOKOMIIOHEHTHY CTPYKTypy, SKa BKIIIOYa€
iH(popMarniliHo-peecTpaniiiny yactuny ta CIIIIP 3 peanizaimiero MeTONIB MPUHHATTS
pimenb «Decisioner». Ilicas BmpoBamxenus CIIIIP goctymHa 3 OCHOBHOTO JOMEHY
BeOCalTy KoMIaHii 3aBJISIKM BCTAHOBJICHHIO B3a€EMO3B 3Ky Ha MiAJIOMEHHOMY PIBHI.

KonuenrtyansHy Mozenp opraHizailii MiJJTOMEHHUX B3a€MO3B’SI3KIB  MpHU

BrpoBaixkeHH1 CIITIP nogano Ha pucyHky 5.2.

iH(popMaItiiina . .
(1) pMall iH}popMmaIiiHO- .
CTOpiHKa KOMITaHI{ o cHcTeMa MiITPUMKH
—> peectpariiiina —> N .
BIPOBA/KEHHS qactina CTIIIP TIPpHHHATTA pillleHb
CIIITP

Pucynok 5.2 — KonuenryanabHa MOJIETb OpraHi3aliii mi0MEHHUX B3a€EMO3B’SI3KiB
CIIIIP «Decisioner» [po3po0JIeHO aBTOPOM |
Ha HactynHOMYy eTtari HEOOX1THO BU3HAYUTH CTPYKTYpPY 1H(POPMALIIIHOI CUCTEMH
ab0 BEOCTOpPIHKM KOMMAaHii 3 METOK BHM3HAUEHHS HAMKpamoro Micusg pO3MIIICHHS
nocwianns Ha CIITIP «Decisioner». CTpykTypy 1HPOpMaIiIifHO-pEECTPALIIHOT YACTUHU

CIIITP HaBeaeHoO Ha pUCYHKY 5.3.
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Pucynok 5.3 — Ctpykrypa iHdopmariiiino-peectpaiiitnoi yactunu CIIIP [po3pobiieno
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CTpyKTypy MiICHCTEMH TIATPUMKHU MPUUHATTS PillIeHb JJ1sl KOMIIaHIi HABEJIEHO Ha

pUCYHKY 5.4.

FonosHa }
3apeecTpyBaTUCh Y A 4
(HeasTOpM3OBaHWUK MPUAHATTA pilleHb B

KOpHCTyBay) YMOBax NoBHOI
HeBM3HaYeHOCTi

h 4 Y A 4

MeTopa aHanisy

cniesigHOWeEHb
(MOORA)

MeTog aHanisy MeToa aHaniTUYHKX
iepapxiid (AHP) mepex (ANP)

MPHUIAHATTA pilleHb B
YMOBaxX pU3URY

MepeitTk B ocobucTuid KabiHet
(aBTOPM30BAHUIA KOPUCTYBaY) Teopia Teopis ‘

Teopia Teopia Teopia ‘

IHCTpYKUiA IHCTpYKUiA IHcTpyKUiA LWabnoHu IHCTpyKUiA IHCTpYKUiA
KOPWCTYBaua KOpUCTYBaYa KOpUCTyBa4a ‘ (aBTOPH30BaHWIA KOPHUCTYBAY) KOPUCTYBaya KOPWCTYBaua ‘
\ 4 Y
MeToa nopaaKky nepesarn 3a nogibHicTio Ao HeuiTkuit meTog, nopagKy nepesaru 3a nogibHictio
iaeanbHoro piweHHa (TOPSIS) A0 iAeanbHoro piweHHA (Fuzzy TOPSIS)

Teopia Teopia

IHCTpYKUiA IHCTpyKUiA
KOpUCTYBaYa KOpUCTYBa4a

Pucynox 5.4 — CtpykTypa niICUCTEMH MIATPUMKH NPUUHSTTS PIlIEHb [pO3p0o0IIeHO
aBTOPOM |

Y Mexax AMcepTaliiHOro JOCHIJDKEHHsS Oyso oOpaHO KacKaJHy MOJEIb
YKUTTEBOTO IIUKITy TPOrpaMHOro 3abe3neueHHs, ocKuibku BuMoru o CIIIIP 6ynu giTko
BHU3HAYEHI Ha TOYaTKOBOMY €Tarll, a iX 3MIHHU MPOTITOM pO3pOOKH MaioMMOBIpHI. Takuit
MiaX17 3a0e3rnedye MOCHTiIOBHE BHKOHAHHS €TalliB PO3pPOOKH, IO J03BOJISE JIOCATTH
BHCOKOI Iepe10avyBaHOCTI NPOLECY Ta €(PEKTUBHOTO YIPABIIIHHS POEKTOM.

TakuM 4YWHOM, TIPOBEACHO KOHIICNITyaJlbHE IPOEKTYBaHHS 1, SK pe3yJbTar,

noOyI0BaHO KOHIIETITYaJIbHY MOJIEh POOOTH CUCTEMU MIATPUMKHU MPUIHATTS PIlICHb.

5.2 Jloriune npoexkryBanus Bed-opienrosanoi CIIIIP

[lepeTBOpeHHsI KOHIENTYyalbHOI MOJAENI Ha JIOTIYHY MOJENb, SK HPaBUIIO,
3MIACHIOETBCS  BIAMOBIAHO 70 (opmamizoBaHux mpaBwi. Ha eram J0rigyHOTO
MPOEKTYBAHHS BPAaXOBYIOThCA OCOOJIMBOCTI OOpaHOi MOJENl JTaHUX, OAHAK crerudika
KOHKpETHO1 cuctemu kepyBaHHs 6azamu nanunx (CKB/l) Mmoxe 3anmuiaTucs mosa yBaroro.
3 oryisAy Ha Te, 0 CUCTeMa mepeadadae pi3Hi posii KOPUCTYyBadiB, 0yJI0 po3po0JICHO
JeKiabKa JIoTiyHuX Mojenel. Ha pucyHky 5.5 mnomaHo JOriyHy MOJenb i
aJMIHICTpaTopa, SKUM, SK BUIHO 3 MOJEINI, Ma€ HAWOUTBIIUN OOCSAT MpaB JOCTYIY.

Jloriyny mMojenb i KopucTyBaya HaBEJAEHO Ha PUCYHKY 5.6.
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Pucynok 5.6 — Jloriuna moaens Bukopuctanas CIIIP nis kopucryBada [po3po0iieHo
aBTOPOM |

[IpoexkTyBaHHS CHCTEMHU KOHTPOJIO JIOCTYITy MOUYMHAETHCS 3 €Taly peecTparii
KOpHUCTyBauda. B pe3ynbpTaTi yCHilHo1 peecTpailii KOpUcTyBayaM HaJal0ThCs NIEBHI TIpaBa
JOCTYyNy J0 1H(pOpMAIlIMHUX PECYpPCIB CHCTEMH, a TaKOXX MOXJIMUBICTh OTPUMATH
pe3ynbTaTH poOOTH 3a 3aIaHUMH KPUTEPISIMU JIJIs1 3/1IHCHEHHS] BUOODY.

[Iporec KOHTPOJIIO JOCTYIy B CHCTEMI OyJie MPOUTIOCTPOBAHO 3a JOIOMOIOIO
UML-niarpamMu TOBEIIHKH, 30KpeMa JiarpaMu CTaHIB, sfiKa € PI3HOBUIOM JIOT14HOI
Mojienl 1 BifoOpakae actekTH (PyHKLIOHYBaHHS CKJIQAHOI cucTteMu. OCHOBHOIO METOIO
1I€1 AlarpaMu € OMKUC MOCTIAOBHOCTEN CTaHIB 1 IEPEXOAIB, 1110 PA30M XapaKTEPU3yIOTh
MOBENIHKY €JeMEeHTa MOJEJ HPOTAroM ioro >kutteBoro nukiy. [looynosany UML-

JiarpaMy CTaHIB CHUCTEMHM KOHTPOJIO JOCTYIy MPEACTaBI€HO Ha pUCYHKY 5.7. Jlo
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OCHOBHHUX CTaHIB I[I€i CUCTEMM BIJIHOCSTBCS: TEpeBipKa MpaB JIOCTYIy, OYIKYBaHHS,

HaJaHHS JOCTYIy Ta 3a00pOHa JOCTYITY.

POSIMAHYTH HACTY THWA 3
SAMMT Bif KOPHMCTYEAYA S _ DULIGHHA MPHAHATO
i EREEIDKE Npag A0CTymy . HanaHHA gocTyn
[sanuT Haaiiw oe] _ _ [pezyneTat NoUTHBHMH e st I
ertry fileHTMIKYB aTH 3aNKT KOPUETYBaYA entry IMOBILOMATH KOPUCTYEEYE
t0 /NepeeipUTH NOEHOR KEHHA KOPUCTYBAYA il EHHA NPUAHAT O 0 fA03E QNKUTH SOCTYN KOPHCTYE a4y
4 [pexynkTaT HeTaTMEHMI) ; .
pIIEHAA B2 NPAAHATO [ exit /NepernaHyTH HAHOBO NPaEa Ta PONi KOPMCTYEAYE
[HEAOCTATHED BaHM]
QU ikyBAHHA
entry /NOBIAOMMT W KOPUCTYBAYA - - .
d0 IHaAICNATY 3aNKT aAMIHICT PaTopy ANA paemagy ElANDEAE 3AMHICTRATORE DOITNAHYTA
exit /oTpumaTu BiBNoBiAL B aqMiHicTparopa [PesyneTaT No3uTHE HUi]
o
BiANOB AL aAMHICTRATORa Po3rNAHyYTa 3abopoHa gocTyny ]
[pesyNeTaT HEeraTue HUA]

0 f2aB0pOHUTH B0CTYN KOPUCTYBAYY
exit /NepernAHyTH HAHOBO NPaBa Ta Poni KOPMCTYEaY
L

ertry NOBILOMATH KOPUCTYEEYE
a

Pucynok 5.7 — UML-giarpama cTaHiB CUCTEMU KOHTPOJIIO IOCTYIYy [pO3p00JIeHO
aBTOPOM |
[lin yac MojentOBaHHSI MOBEAIHKH MPOEKTOBAHOI ab0 MOCTIIKYBaHOI CHUCTEMU
BUHUKAE MOTpeda He JHIIe Y BiOOpaKeHH1 MPOIeCy 3MiHM ii CTaHiB, a ¥ y Aeranizarii
0COOJIMBOCTEN aNTrOPUTMIYHOI Ta JIOTIYHOI peani3aulii omneparii, Mo BUKOHYIOTHCS
CUCTEMOIO. 3 LII€I0 METOK CTBOPIOIOTHCS AlarpaMu AisibHOCTI. [liarpamy AisIbHOCTI

CUCTEMH KE€PYBaHHS IOCTYIIOM HAaBEIEHO HA PUCYHKY 5.8.

KopucTyeay Pone Mpaga gocTyny OBMEKEHHA NPae A0CTYY
ABTOpM3aLIA @;H(ﬂmsmm npae AocTy w)

<I‘Iepeaipxa npae gqocmyny cucremmo)

B3 NE|A0MIEHHA Mo [Mpag HeAoeT aTHE o \L [neae AocTatHe0l | " Nepesipra obmeskens
3ab0poHy AocTymy N
<
é’

] [crpawoe ank ofmexerHs]
[oBMeskeHs Hemae] _’__———,—/’—_

BWAz4 2 NOBIAOMNEHHA
npo 4038iN 4oCTy My

Pucynox 5.8 — UML-ngiarpama nismmeHOCTI KepyBaHHs goctynom y CIITIP [po3pobieno
aBTOPOM |
Jiarpama aisibHOCTI CIIPOEKTOBAHA 3 MOMIISIAY [HXkKeHepa cucteMu, sikui 1e-pakro

pO3po0IIsie cUCTeMY KOHTPOJIO Ta KepyBaHHS MpaBaMU JOCTYIy, CTBOPIOE HEOOXimaH1
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OOMEKEHHSI Ta 1€papXiyHy CTPYKTypy poiei mais Hei. OTke, OCHOBHUMHU acCHEKTaMH
JUSTIBHOCTI € Ti, IO TOB’SI3aHI 3 KOPHUCTYBaueM, pOJISIMH, MpaBaMd JOCTyIy Ta

OOMEKEHHSIMH TIPaB JAOCTYIIY.

5.3 3aco6m po3poOku Bed-opieaToBanoi CIIIIP

BaxxnuBoro CckiamoBor0 mpu  po3podii Oynb-akoi 1H(GOpPMAIIHHOT CHCTEMH,
30KpeMa CUCTEMH MIATPUMKHU MPUHHSATTS pillieHb, € BUOIp MOBU MTpOrpaMyBaHHS. SIK yxe
3a3Hayanocs, CUCTeMa MIATPUMKH MPUUHATTA pillleHb BKIIOYA€ TPU OCHOBHI
KOMIOHEHTH: 0a3y JaHux, 0a3y Moeleil 1 mporpaMHy MiJCUCTEMY, SIKa OXOILTIOE
cucreMy kepyBaHHs Oa3zoro ngaHux (CKBJl), cucremy kepyBaHHS 0a3010 Mojenen
(CKBM) i cuctemy yrpasiiHHs iHTepdericoM kopucTtyBaua [3]. BianosigHo, HE0OX1THO
BU3HAYUTH TEXHOJIOTIi, 3a JOMOMOIOI AKUX OyayTh peaji3oBaHi L1 KOMIOHEHTU. Ha
PUCYHKY 5.9 mpencraBieHO JIOTOTMIIM MOB IPOTrpaMyBaHHS Ta TEXHOJOTIH, IO

BUKOPHUCTaHI y BIANOBIAHUX MOIYJISIX POEKTY.

7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777

Cepedoguiye po3pobiu

Tadopmartiiizo- CucreMa HIATPHMKH IPHAHATTS PLIICHb
peecTpartiitHa

I, I E E . ™,

& /X Gl plotly |
i AMCHARTS i
| jauery |

Pucynox 5.9 — Jlorotunu MoB mporpaMyBaHHS Ta TEXHOJIOT1M BIPOBAKEHHS B MMPOEKTI
[po3p006JIeHO aBTOPOM |
Jlami HaBeEHO KOPOTKMM OMHUC MOB TPOTPaMyBaHHS Ta TEXHOJOTIN
BIIPOBAKCHHS Y BIAMOBITHOCTI JI0 JIOTOTUITIB HA PUCYHKY 5.9.
VY mexax po3pooku CIIIIP, PHP [4] 3acTocoByeThes uist pOpMyBaHHS 3aIIUTIB 10

0a3um mannx MySQL, a Takox 1is oprasizauii po3mnoauly AOCTYNy KOPHUCTYBayiB
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BIIMOBIHO 110 iXHIX pojel. Takoxk 3acTtocoBaHo JavaScript [5] 6e€3 BUKOpHUCTaHHS
bperimBopkiB. Jlyis BizyanbHOTO OQopMIleHHs 1HTepdeiicy BHKOPHCTaHI CTaHAApTHI
3acoou HTML [6] Ta CSS [7].

[HdopmariitHo-peecTpalliiiHa YaCTHHA CHUCTEMH IMATPUMKH TPUUHATTS PIllleHb
«Decisioner» cTBopeHa 3a nornomororo CMS WordPress [8].

Ha ocHOBI oTpuMaHMX JaHUX MOJXKHa 3pOOWTH BHCHOBOK, IO Ha CHOTOJHI
BrieBHeHUM Jijiepom cepen CMS e WordPress. Takox pazom 3 CMS WordPress
BUKOPHWCTaHI JOJATKOBI IIJIATiHH, CEPEN SKMX MOKHA BUAUIUTH HacTynHi. [Inarin XYZ
PHP Code npu3HaueHuii mjisi CTBOPEHHS CHIINETIB, IO 3aCTOCOBYIOThCS IS
BaplaTUBHOTO BijloOpaxkeHHs cTOpiHOK [9]. Ilmarinu All-in-One WP Migration [10] 1
Duplicator [11] BUKOPUCTOBYIOThCS IJIsi CTBOPEHHSI PE3EPBHUX KOIMINA CalTy. 3aBISKU
BJIAaCHUM cKpurtam 1 miarinaMm Registration Magic [12] Ta ProfileGrid [13] y cucremi
HaJamToBaHO (YHKI[IOHAT BIJIKIIAJIEHOI peecTpalli 3 aBTOMAaTUYHUM HAJICHJIAHHSIM
CIOBIIICHb Ha €JIEKTPOHHI aJpecH aMIHICTpaTOpa Ta KOPUCTyBaya.

st obopmiteHHs MaTeMaTUIHUX (GOPMYJT Yy MPOEKTI BAKOPUCTAHO MOBY PO3MITKU
LaTeX [14]. YacTuHy cHCTEMHM MIATPUMKH NPUUHATTA PIlI€Hb, y SKIA peayi3oBaH1
METO/M MPUNHATTS pillieHb, 0OopMIIEHO 3a JoroMoror Bootstrap [15].

JUist 1HTepaKTHUBHOI B3a€MOJIlI KOPHUCTyBaua 3 METOJAaMU NPUUHSATTS pIlIEHb
3actocoBaHo Oi0mioreky jQuery [16]. [ns Bizyanmizauii rpadikiB BHKOPUCTAHO
610mortexy amCharts [17] ta Plotly [18].

Jlnst HanucanHs Kooy npoekty Bukopuctano Visual Studio Code (VS Code) [19].
Takox Oynu Bukopuctani ruiarinud aisg VS Code: Prettier [20] — 1ie iHCTpyMEHT ISt
aBTOMATUYHOTO (POpMaTyBaHHS KOY, IO IOTPUMY€ThCA 3aJaHUX CTHIIICTUYHUX TIPABUIT,
PHP Tools [21] — iHCTpyMeHT, KU pO3MIKPIOE MOKJIHUBOCTI cepenouiina VS Code st
nporpamyBaHHs Ha MoBi PHP. [{ns posmimennst CIIITP Ha XOCTHHTY BUKOPHUCTOBYBABCS
FTP-xnient FileZilla [22]. B sixocTi cepBepa 6a3 nanux Bukopuctano MySQL [23]. Jlns
JIOKaJIbHO1 PO3p0OKH BUKOPHUCTAHO JIOKaJIbHE cepBepHE cepenoBuiiie MAMP [24].

CIIIIP «Decicioner» Haga€ MOXIUBICTh KOPHUCTyBauaM B OHJIAWH pEXUMI
pUiiMaTH pIIEHHS 010 BUOOPY HAWKpaloi aJbTEPHATUBY 32 BKA3aHUMU KPUTEPISIMHU.

Poszpobnena CIIIIP cknagaerbess 3 iH(MOpMAIiiHO-peeCTpaIliiHOl  YacCTHHU  Ta
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nigcucremu IITP. Ctpyktypy 6a3u nanux CIITIP «Decisioner» HaBeaeHo B Jlogatky E.
[HCTpyKIiIO KOpUCTyBadya Ta cnucok peanizoBaHux metoniB B CIIIIP «Decisioner»

HaBeJeHo B Jlomatky K.

5.4 MonyJai Be0-opienToBanoi CIIIIP usi po3B’si3aHHA  JeAKUX 3a1a4

0araToKpuUTepiaibLHOI0 NPUHHATTS pPillleHb

5.4.1 Moayab s po3B’si3aHHS 3a/1avi BU3HAYEHHS PiBHIB PU3HKIB Ta iIX

NnpiopuTeTiB KOMOIHOBAHMM METOIOM

s mpuknany posriasinemo 3actocyBaHHs CIIIIP «Decisioner» aiis po3B’si3aHHs
3a/1ayl BU3HAYCHHS PiBHIB pu3uKiB [T-mpoekTy, MpiOpUTETIB Ta PaHTIB IUX PU3UKIB y
BUMAJKY, KOJIM BX1JHI JaH1 BiAMOBIIa0Th Mozemi (3.8), ne:

- A={A, A, A3, Ay, As} — mHOXMHA pusukiB IT-ipoekty, A; — €KOHOMIYHI
pU3UKH, A, — pUHKOBI pU3UKH, A3z — pu3HK 3MiHU BUMOT 110 I T-nipoekty, A, — 3arpo3u B
Kibepoesrieni, As — pU3UKH 1010 SKOCTI TPOrPaMHOTO 3a0€3MEUEHHS;

- C ={C,, C,, C5,C,, Cs} — MHOXKMHA PiBHIB pU3UKiB: (] — Ty’Ke HU3bKUIA PIBCHB;
C, — HU3bKUM piBeHb; (3 — cepenHiid piBeHb; C, — BUCOKH piBeHb; (5 — Ay’Ke BUCOKUI
piBEHb;

— K = {K,, K,} — MHOXWHA KpUTEPiiB OIIHIOBaHHS PU3HUKIB, 1¢ K; — IMOBIpHICTh
BUHUKHEHHs1 pu3uKy Ha IT-npoekrti, K, — BiuB pusuky Ha IT-mpoekT, npu HbOMY
kputepii K;, K, MOXyTh OyTH HEpiBHO3HAYHUMHU, TOMY iX MOpiBHAHHS 32 MAI mix
co0010 MPOBOJIUTHCA 3a IONOMOTOK MATPUILIl NAPHUX TOPIBHSHB;

- KM = (ki j) — MaTpHIls OIIHOK PHU3UKIB 3a Kputepisimu K, K,, 110

i=1,5,j€{1,2}
3a1a€Thea y BUIIAl Tabauui 3.3, ne k;; € (0; 1], npu nbomMy MHOXHHA 3HAY€Hb PU3HKIB
IT-npoexkry R = {R;,R,, ...,Rs} 0OpaxoByIOTbCS y BIAMOBIZHOCTI 10 HAasBHUX
KpUTEepiiB 3a popmyJioro (3.9).

Po3po6nenuii BeO-pecypc Hazae MOKIIMBICTh KOPUCTYBavy, sIK €KCIEPTY, OLIIHUTH
HMOBIPHICTh BUHUKHEHHS PU3MKIB Ta BIUTUB pu3HKIB Ha [ T-npoekT 3a mikanoro Big 0 10

1. KopucryBau mMoxke oAaBaTH HOBI PU3UKH, 3MIHIOBATH B)KE€ ICHYIOUl PU3HMKH, a00
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BUJIAJIATH 1X. AHAJIOTTYHO MOYKHA JI0JIaBaTH HOBI KPUTEPIi 1100 OI[IHIOBAHHS PU3HKIB,
3MIHIOBATH BXKE ICHYIOU1 KpUTEPii, a00 BUAAISTH iX.
Ha puc. 5.10 306pakeHO CTOpIHKY BeO-pecypcy MpH 3aJaHUX pU3HKaAX Ta BX1IHUX

JTAHUX 3 OLIIHKaMHM MMOBIPHOCTI BUHUKHEHHS PU3HKIB Ta BIUIUBY pU3HKIB Ha [ T-TIpoeKT.

[Risk Title | Add

Risk titles Likelihood Consequence Action

=
=
-

|

A1 | Economic risks

o

70

<

|

A2 | Market risks

o
=
o
=

|
|

A3 Risk of changing requirements

o

60

o

5 o o
A4 Cybersecunty threats 075 085
I o o—y
A5 | Software guality issues 0.90 0.55

Pucynok 5.10 — [Ipuknazg pusukiB IT-npoekty [po3po0iieHO aBTOPOM |
Ha puc. 5.11 300paxkeHO BIKHO JUIsl BBEJCHHS KPHUTEPIiB Ta iX TMOPIBHIHHS 3a

BaXJIUBICTIO 17151 [ T-Tipo€eKTy.

Criterias
Criteria Title Add | Select Criterias Count:
K1  Likelihood
K2  Conseguence

Determine the level of preference of likelihcod or consequence:
Likelihood —

2 - A compromise between equal (1) and weak (3) importance of likelihood over
risks

Pucynok 5.11 — BBegeHHs1 KpuTepiiB Ta iX MOPIBHAHHS 32 BaXJIMUBICTIO Juisl [ T-ipoekTy
B CIIIIP «Decisioner» [po3po0ieHO aBTOPOM]

Ha nacTtynHOMy Kpolii KOPUCTYBad MOXe 00paTh MHOXXHHY PiBHIB pu3UKiB C 3a
JIOTIOMOTO10 11a0JIOHIB 17151 3, 5 Ta 9 piBHIB pu3uKy, a00 MoaudikyBaTH iX mia BIaCHUIN
MIPOEKT, 30KpeMa 3MIHUTH, BUIATTUTH 200 JJ0/1aTh BIIACHI PiBHI pu3uKy (puc. 5.12). o6
BHECTH OOpaHi PiBHI PU3HMKY JJIsl MOJAJBIINX OOpaxyHKiB HEOOXIJIHO HAaTUCHYTH Ha

kHONKy «Add Datay.
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Risk levels
Risk Level Add Select Risk Level Count:
C1 Very low level of risk m m
c2 Low level of risk m m
C3  Medium level of risk [ up | pown |
c4 High level of risk [ up | Down |
C5  Very high level of risk [ up | Down |

Add Data

Pucynok 5.12 — [Ipuxnaa BUkopucTaHHs 1mabIoHy Ha 5 piBHIB pu3uKiB IT-ipoekTy
[po3p06IIeHO aBTOPOM |
Ha wnactymHOMy Kpolli KOpUCTyBaud a0O0 TOTOKYEThCS 3 pe3ysibTaTaMu

aBTOMaTHYHOIO 0OpaxyHKy BEPXHIX MEK PHU3HMKY Tj IJIs KOKHOTO piBHs pusuky C; (j =

1,5) (puc. 5.13), abo BH3HAYae iX CaMOCTii{HO, IPH IIHOMY BeO-PECYpPC aBTOMATHUYHO
00paxoBy€ BIJICOTOK IUIOILi JUI KOKHOI 001acTi pusukie S; (j = 1,5) 1o BigHOMIEHHIO
no ot S = 1 kBaapaty (0; 1] X (0; 1] (oGmacti MaTpuIli pU3UKIB).

[Ticns HatrckanHS Ha KHOMKY «Process Datay Ha oOnacTi MaTpulll pU3UKiB Oyjie
306pakeHO HASBHI PU3MKH SIK ToukH A; 3 kKoopauHatamu (k;1,k;;) (i = 1,5) i komsopowm,

10 BIJMIOBIJIa€ KOJbOPY PIBHS PU3UKY (puc. 5.13).
1

0.9
ri: | 0,05000000000000004

re: | 0,1322500000000001
r3: |0,2522499999999999
r4: |0_.43799999999997946

0.8

0.7

0.6
- S1: 20.00486875 %

S2: 20.0035375 %

$3: 19.9911625 %
S4:19.99478125 %

S5: 20.005650000000003 %

0.4

Consequence

0.3

0.2

0.1

Process Data

0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Likelihood
Pucynok 5.13 — Pe3ynbrar BukoHanHs kinacugikamii pusukiB [T-npoexTy 3a piBHAMU
[po3p0obiIeHO aBTOPOM |
Jlam BeO-pecypc aBTOMAaTHYHO BUKOHA€ OOpaxyHKH 3rimHO 3 MAI 1 BUBOIUTH

npoMixkH1 pe3ynbTatu (puc. 5.14 ta 5.15) y Burisal Tabiuilh MapHOTO MOPIBHSIHHS
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PHU3HKIB 32 BIAMOBITHUMH KpuTepisiMu («IMOBIpHICTEY, « BIiiBY»), BEKTOpP MPIOPUTETIB

ansrepHaTuB WD, W@ ta pauru pusuxis RRW, RR® 3a Bignoigaum kputepiem.

A1

A2

A3

Ad

AS5

Risk titles

Economic
risks

Market risks
Risk of
changing
requirements

Cybersecurity
threats

Software
quality issues

Lmax

512470

Pairwise comparisons by the criterion "Likelihood"

A1

1.0000

0.1250

1.0000

1.0000

2.0000

Cl
0.03117

A2

8.0000

1.0000

8.0000

8.0000

8.0000

A3

1.0000

0.1250

1.0000

2.0000

3.0000

CR

A4

1.0000

0.1250

0.5000

1.0000

2.0000

0.02759

A5

0.5000

0.1250

0.3333

0.5000

1.0000

A1
A2
A3
A4
A5

Risk
priorities

0.20067
0.02881
0.16109
0.23051

0.37891

Risk
ranks

3

5
4
2

Pucynok 5.14 — Pe3ynbTaT napHOro nopiBHAHHS pU3MKIB 3a KpuTepieM « IMOBIpHICTBY,

BEKTOpP MPIOPUTETIB Ta X PAHTH 3a IUM KPUTEPIEM [pO3p00OIECHO aBTOPOM |

A1l

A3

A4

A5

Pairwise comparisons by the criterion "Consequence"

Risk titles

Economic
risks

Market risks
Risk of
changing
requirements

Cybersecurity
threats

Software
quality issues

Lmax

5.118%4

Pucynox 5.15 — Pe3ynbrat mapHOro mopiBHSHHS PU3HKIB 3a KpuTepiem « Brumsy,

A1

1.0000

6.0000

7.0000

7.0000

5.0000

Cl
0.02974

A2

0.1667

1.0000

2.0000

3.0000

1.0000

A3

0.1429

0.5000

1.0000

1.0000

0.3333

CR

Ad

0.1429

0.3333

1.0000

1.0000

0.2500

0.02631

A5

0.2000

1.0000

3.0000

4.0000

1.0000

A1

A3
Ad
A5

Risk
priorities

0.03519
0.15130
0.31951
0.36702
0.12700

12.7%

Risk

ran
5
3

I

ks

BEKTOP MPIOPUTETIB Ta IX PAHTHU 3a [IUM KPUTEPIEM [pO3pOOICHO aBTOPOM |

[TincymKkoBi

pe3yJbTaT OOYMCIICHb TMOJAIOThCA Yy BUIJISIL

TaOINII],

e

BIJIOOpaKa€eThCs HACTYMHA 1H(OpMAIlia: Ha3BUW PUBHKIB, 3HAUYCHHS PHU3UKIB, PIBEHb

PHU3HKIB 32 X 3HAYEHHSIMHU, BEKTOp MPIOPUTETIB PU3UKIB 1I0A0 iX BIUMBY Ha [T-mpoekt

B LIUIOMY, PaHTd PHU3HMKIB, K1 JOMOMOXYTh KOPHUCTYBauy BHU3HAUUTHU MOCIIJOBHICTbH

3axX0JiB MO0 X 3amobiranHs Ta ycyHeHHs (puc. 5.16).
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Risk levels and risk priorities

Risk titles Risk values Risk levels Risk priorities Risk ranks
A5
A4
A3
Al
A2

A1  Economic risks 0.17500 medium level of risk 0.14551 4

A2  Market risks 0.09000  low level of risk 0.06964 5 PRk

A3  Risk of changing requirements 0.45000 very high level of risk 0.21390 3

. 69
6%
A4  Cybersecurity threats 0.63750 very high level of risk 0.27601 2 14.6% y

A5  Software quality issues 0.49500 very high level of risk 0.29494 1

Pucynok 5.16 — [1incyMKoBi1 pe3yJIbTaTH 3 PIBHSIMHU PU3UKIB, 3HAYCHHSIMH IIPIOPUTETIB
Ta panriB pusukiB [ T-npoexTy [po3pobieHo aBTopom]|

VY nmpuknadl peani3oBaHO BHUMAJAO0K KOJM BUKOPUCTOBYETHCS KOMIIPOMICHE
pimeHHsT MK ofHakoBor (1) Ta cmaOkoro (3) mepeBaror0 WMOBIPHOCTI BUHUKHEHHS
PU3UKIB HaJ BILUTMBOM pu3uKiB Ha [T-npoekT (2) (muB. puc. 5.11), Tomy 10 obsacti xyxe
BHUCOKHX PU3HKIB Y BIATOBIAHOCTI JI0 MPIOPUTETIB MOTPAILISIOTh pPU3UKU A — PU3UKH 3
AKICTIO MPOTpaMHOTO 3abe3nedeHHs, A, — 3arpo3u B KibepoOesneni, A; — pU3UK 3MIHU
BUMOT 10 [T-nipo€eKTy; 10 0671aCTI cepeiHIX pU3UKiB A; — EKOHOMIYHI PU3HKH; 10 00JIACT1
HU3BKUX PU3HUKIB A, — pUHKOBI PU3HKH (IUB. puc. 5.16).

3 ypaxyBaHHSM BXIIHUX JaHUX TPHUKIAAY 1 OJEpKaHUX pe3yJIbTaTIB,
MIPOTIOHYETHCS TaKa MOCIIIOBHICTh OpPTaHi3allli 3aX0iB 1010 3a100IraHHs Ta YCyHEHHS
icayrounx pusukis: As (w® =0.29494), A, w® =0.27601), A; (W™ =0.2139), A4,
w® =0.14551), A, (WP =0.06964), npu 1HOMY IOLIIPHO CKOPHUCTATUCS
oniep>xaHuM peectpom pusnkiB IT-ipoekrty (puc. 4.40, 4.41).

3reHepoBaHUi PEECTP PUBHUKIB SIBISIE COOOI0 CTPYKTYpOBaHY TabJIULIIO, B AKIN 1J1s
KOXKHOTO pu3uKy [T-mpoexkTy BH3HAYEHO BIAMOBIAHUN TMEpeNiK 3aXOAIB  II0AO
3armo0iraHHsl Ta YCyHEHHS LUX PHU3UKIB. Takuil MIAXiJ MO3BOJISE CUCTEMATH3yBaTH
PHU3HKM Ta TIOB’513aH1 3 HUMU YIPaBIIHCHKI 11, 110 CIPUSE MiABUILIEHHIO €(EKTUBHOCTI
YOpPaBIiHHSA TNPOEKTHUMHU pHU3MKaMu. PeecTp peani3oBaHO TakUM YHHOM, MIO
3a0e3MeuyeThCsl MOXJIUBICTh HOro ekcnopty y (opmar Excel 3a momomororo
1HTepakTUBHOI KHONKK «Export to Excel». Lle cTBoproe 3pyuHi yMOBH [Jisi TOAATBIIOL
poOOTH 3 JaHUMHU, TX aHAJI3y Ta MPEACTABIECHHS y 3BUYHUX (popMaTax 3BITHOCTI.

Ha pucynky 5.17 npencraBiieHO pe3yabTyrounil peecTp pu3ukiB [ T-npoekTy, skuii
€ PO3IIMPEHOIO TAOTUIICIO 3 IETaTLHUM BIIOOPAKEHHIM KIIFOUOBUX ITApaMETPiB PU3HKIB,

a TaKOXX 3aXOJIIB iX 3ar00IraHHs Ta yCyHEHHS.
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KoxeH pu3uK y peecTpi XapakTepHu3y€eThCsl HU3KOK TTOKa3HUKIB, 110 JO3BOJISIOThH
3MIMCHUTH KIJIbKICHY Ta SIKICHY OLIIHKY PIBHSI pU3UKY. 3alIPOIIOHOBAHUM PEECTP PU3UKIB
JI03BOJISIE CUCTEMHO BiAOOPA3UTH PU3HUKY Ta BIAMOBIAHI IPEBEHTUBHI 3aX0/TH, IO CIIPHSIE

M1JIBUIIICHHIO €(DEKTUBHOCTI YIIPaBJIiHHS PU3UKAMH Ha BCIX eTamnax )KUTTeBoro nukiy IT-

IIPOEKTY.

Result (risk register)

- Mean
e Risk Riskvalue Riskvalue  AHP Mean - N = B 2
Risk title value o DIt weights weights ::.:Eﬁhts Risk prevention Risk elimination
:gag;t:t”r‘e’;‘:g;%’é’r“g of the econonmic situation _ replanning of the budgel and reorganization of debt obligations
- active working capital management strategy - S“:F" ‘°’f5tg additional f°”[(°e of funding
i sl
- analysis of market trends and technological innovations -
. - medium " medium level | ; - diversification of business operaticns
Econemic risks 017500 | 0.09472 level ofrisk | 014551 0.16026 of risk _?Dr;lensl;i‘:gaenr:;gl _ review of contract ferms
- - attracting additional funding
:;‘umesft‘régfflI:'E gﬁg‘z;yg‘;?c"a ;:\:"E.ngfgz organization - creation of additienal reserves for further uncertainty
mﬁ{?e o Dugmess{:mmw’? o st - opfimizing the use of resources. including human, financial and material resources
;mc‘aﬁm P Y I _implementation of a straiegy o restore ins frust of cusiomers, pariners and investors
- replanning of the budget
- constant menitoring of the market - selection of new customers/clients
- budget reservation - finding and developing new producis or services that can reduce dependence on
- price fixation on a contractual basis specific markeis or seclors
- altemative base of customers/clients - implementation of multi-directional marketing and advertising strategies to atfract
- diversification of the portfolio of products or services different audience segments and reduce risks associated with customer concentration in
Jows level of Jow level of | - analysis and forecasfing of market irends for fimely response to | certain sectors or regions
Markst risks 0.08000 | 0.04871 ° 006984 | 007982 v changes - implementation of a product or service portiolio diversification program
- thorough analysis of the competitive environment and reaction to - active work to increase customer loyalty and expand business relations with existing
competitors” actions customers
- improvement of marketing strategies and processes - development of a glebal expansion strategy to enter new markets and reduce exposure
- establishing partnerships with key customers and clients to regional or sectoral risks
- continuous improvement of market risk management siralegies | - engagement of consultans with experience in market risk management
and methods - activation of backup plans of the company
- establishing control and monitoring systems to avoid similar risks in the future
- analysis of requirements and risks
- clear d_eﬁnmon of requirements  replanning of project stages
) i’?'ﬁ? Iflcegl‘ :Ir;"c“lrt‘a?felupmenl methodologies - updating of documentation
. . B - camying out open communicafion with clients, customers and other interested parties
2:&2;2‘?‘;‘3‘"9 045000 024357 | [ "ﬁ}sk 021300 | 033195 E‘SQK"‘ level of | - ;es?:l‘fﬁ’si':'f‘fe';f.,':?ee;;ﬁf;";r"’éara‘:"°n°°“r?"’“g”g“g"c'r'|°a’r‘“sm totimely | 'e93rding the approval of changes i requirements and further actions of he company
- ! ms 1 - ensuring constant monforing of the situalion and processes in order fo respond in a
'_diﬁ::;gi;gfecﬂ:!?nls‘:%ﬁg;ﬁ?r:ggzmg ::J:;:ﬁg;:;.fi‘:ﬁrj;ﬁ fimely manner to any further changes and improve the company’s management system
; ; - implement fiexibility in production and business processes to quickly respond to similar
services, making the necessary changes fo meel new requirements changes in the future
- regular risk assessments fo ideniify potential vulnerabilifies and
threats to IT systems and data - isolating and removing the threat
- employee fraining and awareness - data restoration from backups
- strong authentication mechanisms - vulnerability review and security enhancement
_ reqular software updales and paich managsment _incident analysis
- firewealls and infrusion detection/prevention systems - staff awareness enhancement
Cybersecurity - " wery high - wery high - data encrypfion - continuous menitoring and follovi-up
063750 | 0.34306 level of risk 0.27601 045676 level of risk - access control - mitigation measures
- regular data backups - computer forensic analysis
- security monitoring and incident response - prevention of repeated incidents
- vendor security assessment - real-time incident response planning and fraining
- secure configuration management - applicafion of artificial intelligence and machine leaming technologies
- continuous training and improvement of security, creation of cyber = - cooperation with third-party cyber security experts, CERT organizations
Security Operatiens Centers (S0C)
- define clear requirements - identify the root cause
- follow best code practices - defermine the priority of issues
- conduct code review sessions - implement fes
- implementation and support of automated testing - regression testing
. . - continuous integration/continuous deployment (CI/CD) - automated testing
i:‘:}:‘j’e quality o4ss00 026793 | [T "ﬁ}sk 0.20404 | 039407 E‘SQK"‘ level of |~ Jiatic eode analysis - coe reviews

Exgortto Excel

- parformance festing
- security testing

- documentation and knowledge sharing
- education and training of personne!

- feedback loop

- continuous menitoring of the application
- monitoring of user reviews

- responding to error messages

- documentation and knowledge sharing
- continuous improvement

Pucynok 5.17 — Pe3ynbTaT 3alIOBHEHHSI PEECTPY PU3UKIB [pO3pOOJIEHO aBTOPOM |

Oco6muBicTh BukopuctanHs MAI B gaHOMy NpUKIIAl MOJSITaE B TOMY, IO B
OCHOBY aHaIi3y PHU3MKIB 3aKJIQJICHO HE3HAyHa IiepeBara WMOBIPHOCTI BUHHKHECHHS
PHU3HKIB HaJl BIUIMBOM pu3HKiB Ha I T-poekT. JlaHy mporenypy 3poOUTH CTaHIapTHUMU
3aco0aMu METOJy MAaTpHIll PHU3HKIB JOCHTh CKJIATHO, IO JOBOJUTH JOIUIHHICTH
BUKOPHCTAHHS 3alPOIIOHOBAHOTO KOMOIHOBAHOTO METOMY JJIS YIIPaBJIiHHSA PU3UKAMHU
MIPOEKTIB.

[Ipuxnan 3amoBHEHHs 3acO0iB 3amoOiraHHd Ta yCyHEeHHsA Ui pusukiB B IT-
MPOEKTAxX, HaBeAeHO B A01aTky /| «3acobu 3amo0iraHHs Ta YCYHEHHsI TUIIOBUX PU3UKIB

B [T-mpoekTaxy.
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5.4.2 Moayab ajs1 po3B’sI3aHHA 3a/7a4l TaiM-MeHeI)KMEHTY KOMOIHOBAHUM

METO/0M

BximHi mani 10 KOMOIHOBAaHOTO METOAY PpO3B’SI3yBaHHS 3ajadl  TailM-
MEHEDKMEHTY, IO pO3B’A3yeTbcsi 3a gomnomororo MAIL: Mema — KOpoTkuil omuc
3aBJIaHHs, SIKUH CTaHOBUTH MEPIINN piBeHb i€papXii; Kpumepii — KinbKicHa abo0 sKiCHa
XapaKTEPHUCTHKA, SIKA € ICTOTHOIO JUTs CYPKSHHSI PO 00’ €KT (AIbTEpHATUBY). Y BUIIAIKY
3acTocyBaHHsa Martpuill Eifzenxayepa KUIbKICTh KpUTEpIiB Mae JopiBHIOBaTH 4
BIAMOBIIHO 7O Ha3B KBajapaHTiB. Kputepii ckmanaioTh Ipyruil piBeHb lepapxii;
Anvmeprnamuéu — 00’ €KTH, CEpell SIKUX HEOOX1THO 3pOOUTH BUOIp, B HAILIOMY BHIAJIKY
1€ BX1JIH1 3a/1a4l JUIsl TUIaHyBaHHsI. AJIbTEpPHATUBU CKJIQJIal0Th TPETIH piBeHb lepapxii. Y
CIIIP «Decisioner» mokHa 3anaBaTu Bia 2 10 15 anmbrepHatuB. [IpuymHOIO Takoro
OOMEKEHHS € Te, 1110 TAOJIUIIS CEPE/IHIX 3HAYeHb 1HJEKCY OAHOPIAHOCTI B MAI MICTUTH
3HAYEHHA TUIbKM A0 Matpuul 15 po3mipHocTi [25, 26]. Po3risiHemo npukian, ae 3a
nonomoroto BeO-inTepdeiicy CIIIIP «Decisioner» (puc. 5.18) BBOAsATBCS HEOOXIJIHI
3a/a4dl  TallM-MEHEPKMEHTY B SIKOCTI allbTepHATUB, MpPU I[bOMY KpUTEpli BBEICHI
aBTOMATHYHO Yy BIJTOBIIHOCTI 10 MeToAy maTtpuill Eiizenxayepa [27].

KombGiHauia meTtoay aHani3y iepapxin Ta matpuui EnseHxayepa

Ons BUPILIEHHA 3ANAYI HEOBXIAHO BBECTW HACTYNHI BXIAHI OAHI:

META:

PoznoginnTi 3annaHoeadi 3agadi 3a CTyNeHAMW BaxXKNMBOCTI 3@ MeToaoMm MaTpuui EAsenxayepa

# KpuTepil # AneTepHaTUBKU
1 Banvei-TepmiHoei 3anadi 1 NonvcaTi moayns ANA NporpaMu
2 Baknuei-HeTepMiHOBI 3aaaui 2 MNpoBECTH TECTYBAHHA HOBOTO MOLYIR
3 Hepanvei-TepmiHoBi 3anadi 3 QHOBMTN BEPCIO NpOrpanMK Ha CanTi
4 Hepanuei-HeTepmiHoBi 3agaui 4 CTeOPUTK CBIil Bnor

5 MoainuTuCs CTaTTAMM B uaT

6 BianosicTv Ha eneKkTPOHHI ANCTH

7 BincopTyeati NoWTOBUIA cnam

8 MNepernAHyTH BIAEOKYPC 3 AU3aAHY

Pucynok 5.18 — Bxiani gani jist 3agaqi TaiM-meHepxmenty B CITIP «Decisioner

[po3p0obIIeHO aBTOpPOM |
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Ha xkoxHOMYy eTami IMONapHUX TMOPIBHSHB 3a METOJOM aHajizy iepapxii
aBTOMAaTUYHO 00PaxOBY€EThCS 3HAUCHHS Y3TO/KEHOCTI OIIHOK eKcrepTa. BiamoBigHo 10
HOr0 OyJI0 CTBOPEHO MOJIE JJIsl CHOBIIEHHS KOPUCTYBaya MpO 3HAYCHHS BiJHOIICHHS
onnopianocrti (BO).

VY BUMNaAKy AOMYCTUMOI Y3TOJKEHOCTI OLIHOK B I[bOMY MOJi Oyne BUBEICHO
noBiToMJIeHHS: «MaTpullsi MOpiBHSAHB y3rojkeHa, ockiuibku BO <= (.1. Ominku He
noTpeOyIOTh yTOUHEHH (puc. 5.19).

Dim Lmax 10 BO

3.0000 3.0536 0.0268 0.0462

~ Tlpasino TpaH3ATHBKOCTI Ke nopywero, ocinsiu BO <= 0.1. Ok 3ulk e notpebyiots.
Pucynok 5.19 — [Ipuknaz coBillieHHS! KOPUCTYBaya PO TFapHY y3rOKEHICTh OI[IHOK
[po3p00JIeHO aBTOPOM |
VY npotunexHoMy BHUIAAKY KOPHCTyBad OTPUMAE HACTYNHE IOB1IOMIICHHS:
«Marpuus nopiBHSIHb IOTaHO y3rojkeHa, ocKibkr BO > 0.1. [ToTpiOHO 3MIHUTH OLIHKH
nopiBHAHH» (puc. 5.20).

Dim Lmax 10 BO

3.0000 3.3674 0.1837 0.3168

~ TipaBuno TparanTueHocTi nopyweno, ockineiu BO > 0.1. Byab nacka, auikiTy sawi oy,
Pucynox 5.20 — [Ipukiaj COBIIEHHS] KOPUCTYBaya PO MOTaHy y3TOKEHICTh OIIIHOK
[po3p00JIeHO aBTOPOM |

OckiIbKM KpUTEpii y MOCTaBIEHIM 3a7a4l M) COOOI0 € PIBHO3HAYHMMH, TO iX
MOPIBHSIHHS HE MPOBOAMUTHCS. TOMy Ha HACTyMHOMY KpPOI[l MPOBOJMUTHCS MOPIBHIHHS
aIbTePHATHB 3a KpUTEpieM k; — BAXXITUBI-TEpMIHOBI 3a11a4i (puc. 4.46).

[Tpukinan mopiBHSHHS BXIIHMUX 3a/a4 3a BIAMOBIIHICTIO J0 Kjacy k; «Baximsi-
TEPMIHOBI 3aJ1aui» MPOJIEMOHCTPOBAHO HA PUCYHKY 5.21.

3a pe3yibTaTaMy TOPIBHAHHS 3ajady MiX co0Oow 3a kputepieM «Baxausi-

TEepMiHOBI 3amadi» (puc. 5.21), TakumMH 3a7a4aMu BUSIBUIINCH «JlomrcaTt MOIyb TSt
: . 1
nporpamu» Ta «[IpoBecTH TECTyBaHHS HOBOTO MOJIYJIS», OCKUIBKH IX Barm w (a} )) >

(0=0.25. BianoBigHO, 111 3a/1a4l B HACTYTHUX MOPIBHAHHIX HE OYIyTh 3aTy4eHI.



#

Nonucatu
MOAYME ANA
NporpaMu

MposecTa
TECTYEaHHA
HOBOTO
Mogyna

OHOBMTH
EepCiky
NpoTpaMu Ha
cauTi

CTEOpPHTH
cEii Gnor

MoginuTHee
CTATTAMM B
Yari

BignosicTu
Ha
ENEKTPOHHI
TACTH

BigcopTtyBatk

NOWTOSHA
cnam

MepernAxyT¢
EIQeCKypC 3
AnzadHy

Dim

30000

Oondcatd
MOAy s
ana
NporpaMn

1

MposecTd
TeECTYBaHHA
HOBOro
MOgyNA

2

Lmax

8.6018

CHOBHMTH
EepCiy
NporpaMm
Ha canTi

4

CTEOPHTH
cein Gnor

&

o]

0.0859

MoginuTHck
CTATTAMM B
yari

[X]

]

BignosicTi
Ha
ENEKTPOHHI
TIHCTH

7

BO

00610

Mpaeuno TPEHIHTUBHECTI HE NopyLLeHD, ockinbkw BO <= 0.1, Ouitkm smik He noTpeSyioTs.

BigcopTysati
NCWTOSHA
cnam

9

w

w

MepernaqyTu
Bioeoxypc 3
OMsaHHY

]

#

Oonucartm
MOgyNe gna
NporpaMu

MposecTw
TECTYEaHHA
HOBOTC MOAYNA

OHOEWTH BEPCItD
NporpaMe Ha
canTi

CTEOPMTH CEiR
onor

Noginumuck
CTaTTAMM B 4aTi

BignosicTa Ha
ENEKTPOHHI
TIHCTH

Bigcopryeati
NOWTOSHA Criam

MepernaHyT
Biggokypc 3
OU3aHHY
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Bara

0.3566

02774

01335

0.0564
0.0498

0.0735

0.0157

0.0293

Pucynox 5.21 — [lopiBHSIHHS anbTepHATHUB 3a KpUTEPieEM k| [pO3p0O0IIEHO aBTOPOM |

3a 10MOMOrol OOpaxOoBaHMX Bar BHOKPEMIIIOIOTHCA MPIOPUTETHI 3aaadl s

BUKOHAHHS B KOXXHOMY KBajpati El3zenxayepa, 110, B CBOIO 4Yepry, Ja€ pO3yMiHHS

Ba)KJIMBOCTI 3a/1a4.

B nmanomy Bumanky 3agada «Jlomucatu MOIynb IS IpOrpamMu» Mae OUIbIIUN

npioputer (w (agl)) = (.3566) y BuxkoHaHHI Haj 3agaueto «lIpoBecT TecTyBaHHSA

HOBOT'O MOYJIs» (W (agl)) = 0.2774), Tomy ii BAKOHaHHS — IEPIIOYEPIOBE.

Ha nactymHOMy KpoOIli TPOBOJUTHLCS TIOPIBHIHHS aJIbTEPHATHUB, SIKI 3aJTUIIIIINACH,

3a KpUTEpIeEM k, — BaXKJIMBI-HETEPMIHOBI 3a7a4i (puc. 5.22).



OHoOBUTH
Bepcito
nporpamu
# Ha canTi
OHOBUTH 1
Bepcito
NporpamM Ha
cauTi
CTeopuTH 1/3
cBiA Bnor
MoginuTucs 113
CTaTTAMM B
uaTi
Bignogictu 1/6
Ha
enekTPoHHI
NIUCTH
BincopTyeatu 178
NOWTOBWA
cnam
Mepernany Ty 17
Bifeokypc 3
AuzanHy

Dim

5.0000

CTBOpHUTH
cEii Bnor

3

Lmax

@
5]
[+

MoginuTuce Ha
CTaTTAMM B enekTpoHHi
yari NUCTK
3 5]
5 3]
1 172
2 1
1 172
172 172
10
0.1030

BignoeicTh

MepernanyTh
BigeoKypc 3
Au3anHy

Biocoptyeatn
NOWTOBHH
cnam
2 T
3 5
1 2
2 2
1 3
173 1
BO
0.0831

MNpaEuno TpaHsWTUEHOCTI HE NopyweHo, ockinsky BO <= 0.1, Ouixkm amid He noTpebyoTe.

#

OHoBUTKH Bepcito
nporpaMu Ha
canTi

CTeOpMTH CBIl
Bnor

MoginuTucs
CTaTTAMM B 4aTi

BianoeicTu Ha
eneKTPOHHI
NUCTH

BincoptyeaTth
MOWTOBWA cnam

MepernAHyTH
Bigeokypc
AuzadHy

Bara

0.4484

0.2706

0.0748

0.0740

0.0429
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Pucynox 5.22 — [lopiBHSIHHS allbTEpHATUB 32 KPUTEPIEM k, [pO3POOIEHO aBTOPOM

3a pe3yibTaTaMy TOPIBHAHHS 3ajady MiX co00w 3a kputepieM «Baxiusi-

HETEPMIHOBI 3a/1aui», TAKMMH 33/1a4aMH 13 BIJOBITHUMH BaraMu BUSBIUINCH « OHOBUTH

: . 2
BEpCIlI0 TMporpamMu Ha cauTi» (w (ag)

0.4464) Tta «CtBOpUTH CBIM OyOT»

(w (agz)) =(.2706). Ha HacTymHOMY KpOIll MPOBOAUTHCS MOPIBHSIHHS aJIbTEPHATHUB, SIK1

3AITUIITUINCH, 38 KPUTEPIEM k3 — HEBXKIIMBI-TEPMIHOBI 3a/1a4i (puc. 5.23).

#

MoginuTHuce
CTaTTAMM B 4aTi

BignosicTtk Ha
€neKTPOHHI NUCTH

BigcoptyBatun
MNOWTOBMA cnam

MepernaHyTH

BigeoKypc 3
av3anHy

4.0000

1

Moainutuce
CTaTTAMM B yaTi

Lmax

41187

BignosicTi Ha

eneKTPOHHI
nucTrn

3

0.0396

5

13

BiacoptyBatn
NowWTOBWIA cnam

MepernAHyTH
Bioeokypc 3

AOwv3anHy

7

BO

0.0440

MpaBwnno TPaH3MTUBHOCTI He NopyLueHo, ocKinbkn BO <= 0.1. OUiHKK 3MiH He NoTpedyoTh.

#

Moginutuce
CTATTAMM B HaTi

BignoeicTy Ha
ENeKTPOoHHI
nucTrn

BincoptyBatu
NOWTOBUIA cnam

MepernaHyTn
BigeoKypc 3
OM3anHy

Bara

0.5638

0.2634

0.1178

Pucynok 5.23 — IlopiBHSIHHSI aJIbTEPHATUB 32 KPUTEPIEM k3 [pO3pOOIECHO aBTOPOM|
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3a pesynpTaTaMd TOPIBHAHHS 3a7a4 MDK co0o0r0 3a kputepieM «HeBaxxiusi-

TEPMIHOBI 3aJ1a4i», TAKUMHU 3a/1a4aMU 13 BIIMOBIAHUMHU BaraMu BUSBIUIMCH «[loaimuTHCH

. 3 . . .
CTaTTsIMU B 4YaTi» (W (ai )) =0.5638) Ta «BiANOBICTH HA EJNEKTPOHHI JIUCTU»

(W (a§3)) =0.2634).

BinmoBigHO, B CIKCKY 3a[a4 3aIMINAIOTHCA 1€ JBI 3a7adi. Y BHUIAIKy KOJHU Ha
NEBHOMY KpOLl 3aJMIIAETHCS TIABKU OJHA 3a/ladya — BOHA aBTOMATUYHO MOTPAILISE B
HACTYIIHY KaTeropiio 3anad ks — HEBaXJMBI-HETEPMIHOBI 3a1adi. Y BHUMAAKY, KOJIH
3QJIMIIAEThCS OUTBINE OJHIET 3adadi, — MOXKHA HE IPOBOJAUTH TOPIBHSHHS 3aja4y 3a
KpUTEPIEM k4 1 3aJIMIIUTH MATPUIIO 3a[IOBHEHOIO OJUHUIIMU. AOO MOXKHA MPOBECTU
MOPIBHSAHHS LIMX 3a7a4 1J11 BA3HAYEHHS 1X IPIOPUTETY B MTOCI1T0BHOCTI BAKOHAHHS (pUC.

5.24).

BigcopTyBaTtH NOWTOBMA MepernAHyTH BiAOKYpPC 3 # Bara
# cnam AWU3anHy

BigcoptysaTn 0.2000
BigcopTyBaTi nowToBMIA cnam 1 1/4 NOWTOBMIA cnam

MepernsHyTH Bigeokype 3 4 1 MepernsHyT! 0.8000
An3anHy BigeoKypc 3
Ou3anHy

Dim Lmax 10 BO
2.0000 2.0000 0.0000
MpaBnno TPaHIUTMBHOCTI He NOpPYLUEHO, Ockinskn BO <= 0.1. OUiHKN 3MiH He NOTPEBYHOTS.
Pucynok 5.24 — TlopiBHSIHHSI aJIbTEPHATUB 32 KPUTEPIEM k4 [pO3pOOIECHO aBTOPOM]
3a gomoMororw oOpaxOBaHMX Bar BHOKPEMIIIOIOTHCSA MPIOPUTETHI 3aaadl s
BUKOHAHHS B KBajipaTi Eitzenxayepa «HeBaxxnBi-HETEPMIHOBI», 1110, B CBOIO YEPTy, /1€

PO3yMIHHSI BOXIIMBOCTI 3a1a4. B manoMmy Bumanky 3amada «llepernsiHyTa BiI€OKypC 3

MU3aifHy» Mae€ OUTbIuK mpioputer (W (a§4)) =(0.8) y BHUKOHaHHI HaJ 3aJa4er0

: . 4
«BincopTyBaTu nomroBuii ciam» (W (ag )) =(.2), ToMy 1l BUKOHaHHS — IEPIIIOYEPTOBE.

3a momomororo cTBopeHoro BeO-pecypcy kopuctyBau (OIIP, ekcniept) BBOIUTH y
3aMpONOHOBAHMM 11A0JIOH TIEpesliK HEOOX1THUX 33/1a4 B SIKOCT1 allbTEPHATUB, IPU LILOMY
KpuTepii 3 MHOKMHU K BKe BBEJCHI 10 MIa0JIOHY Y BIJIMOBIAHOCTI 10 METOAY MaTpHII

Eitzenxayepa. Jlami, miciis MOETamHOTO 3allOBHEHHS MAaTPHIlh MOPIBHSHD aJIbTEPHATHB
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JUTSL BiITIOBITHUX KPUTEPIiB, KOPUCTYBAU OACPKUTH 3aloBHEeHY MaTpuiio Eiizenxayepa
13 3a3HAYCHHSIM MPIOPUTETY 3aj]1a4 y KO>KHOMY Kiaci (puc. 5.25).

Baxnuei-tepmiHoBi Baxnuei-HeTepMmiHOBI
3apava Bara 3apnava Bara
Hdonucatv moayne ANA nporpamu 0.3566 OHOBWUTK BEPCIKD NporpamMu Ha CalTi 0.4464

[poBecTn TeCTYBaHHA HOBOMO MOAYNA 02774 CTBOPWUTK CBIA Bnor 0.2706

Heeaxnusi-repMmiHOBiI HeBamnusi-HeTepMmiHOBI
3apava Bara 3apava Bara
MoninuTUce CTaTTAMK B YaTi 05638 MNMepernAaxyTu BIASOKYPC 3 AU3aRHY 0.8000

BiANOBICTK Ha eNeKTPOHHI MUCTKH 02634 BincopTyeaTu NOLWTOBKWA cnam 0.2000

Pucynok 5.25 — 3anoBHena matpuiis Eiizenxayepa 3a gonomorotro CIIIP «Decisioner
[po3p00JIeHO aBTOPOM |

VY pesynbpTaTi AOCHIIKEHHS OYyJIO 3ampONOHOBAHO KOMOIHOBAaHMN METON IS
Kkiacuikauli 3a1a4 TaliM-MEHEIKMEHTY, 1110 MOEAHYE B cO01 METO/ aHalli3y lepapXxii Ta
MeTtoj MaTpuili Eifzenxayepa, a Takox CTBOPEHO MOAYJIb /1Jisi BEO-Opi€HTOBAHOI CUCTEMHU
MNIATPUMKA TPUUHSATTS PIlIeHb, IO 3a0e3leuye B PEKMMI OHJIAWH aBTOMAaTH3aIllo
npouecy Kiacudikamii BXIOHUX 3anad g0 Marpuil Elzenxayepa 3a CTyneHSIMHU
BYKJIMBOCTI Ta MPIOPUTETHOCTI BUKOHAHHS.

OTpumaHi  eKCIIepUMEHTAIbHI  pe3yJbTaTH  MIATBEPKYIOTH  JOLLUIBHICTD
BUKOPHUCTaHHS pO3pOOJIEHOTO MiIX0Ay 10 Kiacuikalli 3aa4 TailM-MEeHEKMEHTY, 1110
BUKOPHCTOBYE MOEAHAHHS MeToIy MaTpuill Eif3enxayepa Ta METOly aHalli3y i€papXii.

3anponoHOBaHUN Ta JOCHIIKEHUN METOJ JOIIBHO 3aCTOCOBYBAaTH y BHUMAAKY,
KOJIM HEO0OX1/TH1 YMCJIOB1 OOpaxyHKH B sIKOCTI IIATBEP/IPKEHHSI Pe3yIbTaTy aHali3y 3ajad,
ab0 KoJIM MOTPIOHO MpoaHaNI3yBaTH BIAHOCHO PIBHO3HAYHI M1 CO0O0I0 3amadi, TpH

OLIIHIOBAHHI SIKUX MOTPIOHO MaTeMaTH4YHO OOIPYHTYBATH MOCIIOBHICTh iX BUKOHAHHS.

5.4.3 Moayas st po3B’sI3aHHA 3aJa4i 0araTOKPUTEPiaJibHOT0 NMPUIHATTS

pimienb MoaundikoBanum meroaom Fuzzy TOPSIS

[IpakTuuHe 3acToCyBaHHS pO3po0OJieHOT 1H(pOpMaliiiHOI  TEeXHOJIOTil  Ta

moaudikoBanoro wmerony Fuzzy TOPSIS mpomemoncTpoBane Ha 3amadi BUOOpY
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CTaHIAPTY JJIs yIpaBliHHS pu3ukaMu B [T-ipoexTax Ha OCHOBI iX aHami3y, HABEEHOTO
B aBTOpchbKid crarti [28]. Hexait OIIP HeoOxigHO BM3HAUUTU HAWOLIbII e€EeKTUBHUN
CTaHAApPT YINPaBIiHHSA pHU3UKaMH, 0 Oyae BUKOpucTOoByBaTH IT-komMmaHisf, 3 Takux
anbrepHatuB: A; — BukopuctanHs ISO 31000 (International Organization for
Standardization); 4, — Bukopuctanus NIST 800-53 (National Institute of Standards and
Technology); As — Bukopuctanas PMBOK (Project Management Body of Knowledge).

IIpy 11bOMYy NPONOHYETbCSA KEPYBATUCh TAaKUMU KpPHUTEPiAMU C; OLIHIOBAHHA

ed)eKTHBHOCTI BHOOPY CTAHIAPTY yIpaBiiHHsA prusukamu (j = 1,8):

— (] — KUIBKICTB KpaiH, 10 3aCTOCOBYIOTh CTaHJAPT (BUMIPIOETHCS Y KUIBKOCTI 1
Ky MOTPIOHO MAaKCUMI3yBaTH);

— C, — BIJTUB Ha KUIbKICTh 1HIUJCHTIB/TIOPYIIEHb (BUMIPIOETHCSA Y BIJICOTKAX 1
KWW TOTPIOHO MaKCUMI3yBaTH);

— (3 — BIUTUB Ha MPOAYKTUBHICTh (BUMIPIOETHCS Y BIJACOTKAX 1 KUK MOTPIOHO
MaKCHUMI3yBaTH);

— (C,— BIUIMB Ha PiBEHb 33JJ0BOJICHOCTI CIIBPOOITHUKIB (BUMIPIOETHCA Y BIJICOTKAX
1 KM MOTPIOHO MaKCUMI3yBaTH);

— Cs — BmMB Ha (hIHAHCOBI TIOKA3HUKU (BUMIPIOETHCA y BIJICOTKAX 1 SIKUN
NOTPIOHO MaKCHUMI3yBaTH).

— Cg — BUTpAaTH HA BIPOBAIKCHHS (BUMIPIOETBCS y THC.$ 1 sKi MOTPIOHO
MIHIMI3yBaTH);

— (C;— 4ac BOPOBAKEHHS (BUMIPIOETHCA Y MICAIIAX 1 K1 TOTPiOHO MIHIMI3YBaTH);

— (g — KUIBKICTh TOJIMH JIJII HABYAHHS MEPCOHANY (BUMIPIOETHCS y TOJMHAX 1 SIK1
NOTPiIOHO MIHIMI3YBATH).

Ha ocHOBI mpoBefeHOro aHajildy CTaHJIapTiB YyOpaBIiHHS pPU3UKaMH OyJ0

BM3HAYEHO JIHIBICTUYHI OUiHKM Bar kputepiie C; (j = 1,8), a Takox mjisd KOXKHOI

anvrepHaTuBu A; (i = 1,3) 3a KokHUM KpuTepiem Cj Oys10 BU3HAYEHO K YiTKI 3HAYEHHS

Ta IHTEPBAJIM KOPUCHOCTI, TaK 1 iX JIHTBICTUYHI OIIIHKH, 1110 HaBeIEH1 y Tabmuii S.1.
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Tabmuig 5.1 — OuiHKKA pi3HUX CTaHJAPTIB yHpaBiiHHS pusukamu s [T-mpoekty 3a

BU3HAYCHUMH KPUTEPISIMU [p0O3p00JIEHO aBTOPOM |

" Gy Cy C3 Cy Cs Ce Cr Ce
(kpainn) (%) (%) (%) (%) (tuc.$) | (micsmi) | (roauHm)
Bara Cepen- | Bucokuit BHC? i BHC? i Hyse . Hyxe . | Bucoxuii Cep Nl
Kpute- | (M) (H) KU KU BHUCOKUU | BUCOKUU (H) HIl
piro (H) (H) (VH) (VH) M)
min/max max max max max max min min min
100+ 10-30 10-20 75-85 10-15 5-20 3-6 20-40
A Hyxe Cepen- Buco- Buco- Cepen- | Cepen- Cepe- Cepen-
1 BHUCOKHUH HIA KU KA HINA HINA ITHII HIA
(VH) M) (H) (H) M) M) M) M)
50+ | 20-40 ;iﬁ 70-80 )210'3(2 5;{)-;5;) 6-12 | 40-80
A, Bucoxkwuit | Bucokuit BHC};KHﬁ Bucoxkwuit BHC}(’)KHIZ BHC}(’)KHIZ Bucokwuii | Bucokuit
ay | (YO @ TR Y| @ |
;{0(});; 30-50 2210_;2 80-90 15-20 20-100 6-12 40-60
As BHC}(])KHﬁ Bucoxkui BHC};KHﬁ Bucokuii | Bucoknii | Bucoknii | Bucokuii | Bucokuit
e S O ORI RO e

JIist BU3HAYEHHS HAMKpamioi ajdbTepHATUBH Ccepell CTaHJAPTIB YIPaBIiHHSA
pusukaMu [T-ipo€eKTIB 3a BU3HAYCHUMH KPUTEPISIMU CITOYATKY TPOBEIEMO PO3PAXyHKH
3a monudikoBanuM MetogoM FTOPSIS 3a pgomomoroto BiamoBigHoro moxyis CIIIIP
«Decisionery. Ha nepmomy Kpoili BiIOyBa€ThCS 3aIIOBHEHHS METH ITOCTABJICHOT 3a/1a4i,
aNbTEPHATHUB 1 KPUTEPIiB, 4K 1€ OyJI0 B)KE HABEJIEHO Ha PUCYHKY 5.18.

Ha HactynmHOMy Kpolli MOTpIOHO OOpaTH METPUKM Ta TUIl HEUITKUX YHUCEN IS

pO3paxyHKy HalpUKIaJ TaK, SIK 1€ HABEJICHO Ha PUCYHKY 5.26.
06epiTe MEeTPUKK ONA PO3PaXyHKY:

[®] Esknigoea MeTpuka
[®] MaHxeTeHcbka MeTpUKa
®| MeTpuka XemMMiHra
®| MeTtpuka Yebuwesa

®| MeTpuka MiHKOBCBKOrO Npu p =
3

OGepiTb TN HEYITKUX YMCEenN:

TpUKYTHI HeYiTKi Yucna

®) TpaneuiesuaHi HEYiTKI Yyucna

Pozpaxyeatn

Pucynox 5.26 — OOpaHHsI METPHK Ta THITY HEYITKUX YHCEII JJIS PO3PaXyHKY

[po3p00JIeHO aBTOPOM |
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Ha nactynHoMy Kpoiii ekcrepTy NoTpiOHO 3alOBHUTH ITOYATKOBY MaTPHIIl OI[IHOK
B (hopMati HeUITKUX ymcen. [ 1poro KopuctyBad Moxe o0patu ofuH 3 BOYJOBaHUX
maboHiB mHrBicTHUHUX TepMiB (JIT), 30kpema s 3 ta 5 JIT 3 mepetuHom Ta 6e3
nepeTnHy. TakoX KOPUCTYyBad MOXKE 3aJaTd BPYYHY JIHTBICTHYHI TepMH abo
MoaudikyBatun Bke icHyroui mrabnonm. [lpukiman 3amaHHsS S5 JTIHTBICTUYHUX TEPMIB
TpamneuieBUIHUX HEUITKUX YUCEN HaBEJIEHO HAa PUCYHKY 5.27 3 BIAMOBIIHUM IpadiyHUM

MPEJICTABJICHHAM Ha PUCYHKY 5.28.

OBepiTs KiNLKICTE NIHMBICTHYHWUX TepMie abo 3adaiTe iX Bpy4YHY

D NIHFBICTUYHMX TEpMIB

NiHrBicTMYHKWIA TEPMIH HeuiTki TpaneuieengHi yucna air
[lye HU3bKAR (VL) (1,1,2,3)
Huabkmit (L) (2,3,4,9)
Cepeaiit (M) (4.5,6,7)
Bucokuii (H) 6,7,89)
Hyxe sucoknin (VH) (8,9,10,10)

Pucynox 5.27 — [nTepakTuBHE 3a/1aHHS JIIHTBICTUYHUX TEPMIB [pO3pOOJIEHO aBTOPOM |

' —— Nywe HU3bKKA (VL)
Huzbrmia (L)

0.8 CepegHii (M)
Bucokwmia (H)

—— Oywe BUCOKKA (VH)

0.6

0.4

Membership degree

0.2

(=]

X
Pucynox 5.28 — Pe3ynbrat rpadiqHOro npeAacTaBieHHs S TIHTBICTUYHUX TEPMIB
TpaneuieBugaux HY [po3po6iieHo aBTOpoM |
JIIHrBICTHYHI TepMH 3aJlaHO Ha OCHOBI JaHmx Tabmwmmi 5.1 (puc. 5.29). Ilicns

niaTBepakeHHs BxigHux aanux CIIIP aBromatndHo oOpaxye HOpMasi30BaHy HEUITKY



202

MaTpHITIO pillleHs R = [f‘i j] Buny (4.17)-(4.18) nnsa tpuxkytanux HY, a6o Buny (4.19)-
(4.20) o tpaneuieuaaux HY (puc. 5.30), 3BaxkeHy HOpMaIi30BaHy HEUITKY MaTPUIIIO
pimens V = [#;;] sumy (4.21)-(4.23) (puc. 5.31).

PesynbTar po3paxyHky Halkpamioi anbrepHaTHBH A* 3 BilOOpaKeHHSIM BiJICTaHEH
Bix KOxkHOI anbrepHatuBu A; 1o FPIS (d]) Bumy (4.26) ta FNIS (d;) Buny (4.27) s
o0OpaHuUX METPUK, a TakoxX KoegiuieHTiB Onm3bkocti CC; Bugy (4.40) (i = 1,3),

HaBEJICHO HAa PUCYHKY 5.32.

Bnnue Ha Bnnue Ha Kinekicte

KinbKicTe piBeHB Bnnue Ha roguvH Ans

Kinekicte iHunpeHTis/ Bnnwue Ha 3apgoBoneHocTi cpiHanacosi ButpaTu Ha Yac HaB4YaHHA

# KpaiH nopyuweHs NpoayKTUEHICTs  cniBpobiTHKMKIB NoKasHUKK BNpoBafXeHHA BnpoBagXeHHA nepcoHany
min/max min

1ISO M
31000
NIST SP
800-53
PMBOK

PucyHnok 5.29 — 3anoBHEHHS MOYaTKOBOI MAaTPHLIl OL[IHOK B (bopMaTi JHTBICTUYHUX

TepMiB [pO3pOOIECHO aBTOPOM |

# c1 c2 Cc3 Cc4 C5 Ccé c7 cs
min/max max max max max max min min min
1SO 31000 0.8000 0.4444 0.6000 0.6667 0.4000 0.5714 0.5714 0.5714

0.9000 0.5556 0.7000 0.7778 0.5000 0.6667 0.6667 0.6667

1.0000 0.6667 0.8000 0.8889 0.6000 0.8000 0.8000 0.8000

1.0000 0.7778 0.9000 1.0000 0.7000 1.0000 1.0000 1.0000

NIST SP 800-53 0.6000 0.6667 0.8000 0.6667 0.8000 0.4000 0.4444 0.4444
0.7000 0.7778 0.9000 0.7778 0.9000 0.4000 0.5000 0.5000

0.8000 0.8889 1.0000 0.8889 1.0000 0.4444 0.5714 0.5714

0.9000 1.0000 1.0000 1.0000 1.0000 0.5000 0.6667 0.6667

PMBOK 0.8000 0.6667 0.8000 0.6667 0.6000 0.4444 0.4444 0.4444
0.9000 0.7778 0.9000 0.7778 0.7000 0.5000 0.5000 0.5000

1.0000 0.8889 1.0000 0.8889 0.8000 0.5714 0.5714 0.5714

1.0000 1.0000 1.0000 1.0000 0.9000 0.6667 0.6667 0.6667

Pucynok 5.30 — HopmanizoBaHa HeuiTKka MaTpuLs pillieHb A TpaneuieBuaanx HY

[po3p00JIeHO aBTOPOM |



A1

A2

A3

c1
(max)

3.2000
4.5000
6.0000
7.0000

2.4000
3.5000
4.8000
6.3000

3.2000
4.5000
6.0000
7.0000

3.2000
4.5000
6.0000
7.0000

2.4000
3.5000
4.8000
6.3000

c2
(max)

2.6667
3.8889
5.3333
7.0000

4.0000
5.4444
7.1111

9.0000

4.0000
5.4444
7111

9.0000

4.0000
5.4444
7111

9.0000

2.6667
3.8889
5.3333
7.0000

c3
(max)

3.6000
4.9000
6.4000
8.1000

4.8000
6.3000
8.0000
9.0000

4.8000
6.3000
8.0000
9.0000

4.8000
6.3000
8.0000
9.0000

3.6000
4.9000
6.4000
8.1000

c4
(max)

4.0000
5.4444
711
9.0000

4.0000
5.4444
7.1
9.0000

4.0000
5.4444
7111
9.0000

4.0000
5.4444
7111
9.0000

4.0000
5.4444
7111
9.0000

C5
(max)

3.2000
4.5000
6.0000
7.0000

6.4000
8.1000
10.0000
10.0000

4.8000
6.3000
8.0000
9.0000

6.4000
8.1000
10.0000
10.0000

3.2000
4.5000
6.0000
7.0000

cé
(min)

45714
6.0000
8.0000
10.0000

3.2000
3.6000
44444
5.0000

3.5556
4.5000
5.7143
6.6667

45714
6.0000
8.0000
10.0000

3.2000
3.6000
4.4444
5.0000

c7
(min)

3.4286
4.6667
6.4000
9.0000

2.6667
3.5000
45714
6.0000

2.6667
3.5000
45714
6.0000

3.4286
4.6667
6.4000
9.0000

2.6667
3.5000
45714
6.0000

cs8
(min)

2.2857
3.3333
4.8000
7.0000

1.7778
2.5000
3.4286
4.6667

1.7778
2.5000
3.4286
4.6667

2.2857
3.3333
4.8000
7.0000

1.7778
2.5000
3.4286
4.6667

Pucynoxk 5.31 — 3BakeHa HOpMaJli30BaHa HEUITKA MATPULIS PIIIEHB JJIs

PospaxyHok

EBknigosa
MeTpuKa

MaHreTTeHcbKa

MeTpUKa

MeTpuka lemmiHra

MeTtpuka
Yebuwosa

MeTtpuka

MiHKoBCbKOrO

TpaneuieBugaux HY [po3po0iieHo aBTOpoM |

A1
A2
A3

A1
A2
A3

A1l
A2
A3

A1
A2
A3

A1
A2
A3

di+

7.4563
8.8192
8.2978

8.5222
9.2767
8.7794

12.0000
16.0000
16.0000

2.5333
3.8444
3.5556

7.1764
9.0394
8.4769

8.8192
7.4563
8.0161

9.2767
8.5222
9.0196

16.0000
12.0000
20.0000

3.8444
2.5333
2.8222

9.0394
7.1764
7.7997

cey

0.5419
0.4581
0.4914

0.5212
0.4788
0.5067

0.5714
0.4286
0.5556

0.6028
0.3972
0.4425

0.5574
0.4426
0.4792

Haitkpawa
aneTepHaTUBa A"

BianoBigk: Haikpawa anstepHaTMBa BignoBigae BapiaHTy 3 peUTuHrom "1"
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Pucynox 5.32 — Pe3ynbrar po3paxyHKy HallKparioi arbTepHATHBY JJI TPANeIli€BUTHUX

HY [po3pobiieHo aBTOpoM]
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Buxonsuu 3 pe3ynbrartis, ojepxkanux 3a metojgoM FTOPSIS mist pisHUX MeTpHK,
KpaluM BapiaHTOM CTaHIapTy yopaBiiHHS pusukamu 11 [T-mpoekTtiB 3 uwucna
3anmponioHoBannx anbTepHaTHB € [SO 31000 (amprepHaTtBa A;) 3a BCciMa OOpaHUMU
METPHUKaAMHU.

HaBenemo pe3ynbTaTH eKCIEpUMEHTY IIOA0 PO3B’si3aHHS IMOCTABJICHOI 3ajadl 3a
nornomororo pizHux moaudikamid merogy FTOPSIS 1 kmacuunoro metoxy TOPSIS 3
JIHTBICTUMHUMU OIlIHKAMHU Bar KPUTEPIiB:

1) FT3HY — FTOPSIS i3 3actocyBanusam tpukytHux HU (quB. puc. 4.1 a);

2) FT4HY — FTOPSIS i3 3acrocyBanusam tpanemieBugaux HY (nus. puc. 4.1 0);

3) TFW3HY — TOPSIS 3 HEe4ITKMMU TPUKYTHUMHU YUCITIAMHU JIJI1 BU3HAYCHHS Bar

KpUTEPIiB;
4) TFW4HY — TOPSIS 3 HEeUiTKUMH Tpaneli€BUIHUMHI YACIIaMHU JJII BU3HAYCHHS
Bar KpuTepiis.

Y wmerogax TFW3HY, TFW4HY pana Ttoro, moO CHOPOCTUTH EKCIEPTHE

OLIIHIOBaHHA Bar KpUTEPIiB wj, j = 1, M, sxi B cyMi IOBHHHI JOPiBHIOBATH OJMHHIL, B

kiacuyHomy Meroai TOPSIS Oynu BHKOpHCTaHI JIHIBICTUYHI OLIHKM Bar KOXHOTO

KPUTEPIIO C;, skum BIIMOBITAIOTh HEYITKI YKCIIA W = (le,wjz, ...,an), j=1,M, ne
n = 3 qs TpukytHux HY 1 n = 4 nna tpaneuieBuanux HY.

Ha puc. 5.33 300pakeHO TaOMMINO 3 BXIIHUMH JaHUMH 3a1adi IS METOIY
TOPSIS 3 NIHrBICTHYHUMH OI[IHKAMM Bar KpUTEPIiB, SKUM BIJNOBIAAIOTh Tpaneli€BUIH]

HY (nuB. Tabmn. 4.1).

Bnnue Ha Bnnue Ha KinbkicTe

KinbKicTb piBeHb Bnnue Ha rogvH ans

Kinbkicte iHynaeHTIB/ Bnnue Ha 3a[0BOJIEHOCTI t¢iHanacoBi BuTtpatu Ha Yac HaBYaHHA

# KpaiH nopyweHL NPOAYKTUBHICTE cnispobiTHUKIB NOKasHUKKN BnpoBaAXeHHA BnpoBaAXeHHA nepcoHany

min/max max max max max max min min min

Pucynox 5.33 — Bxingni gani 3agagi ais merogy TOPSIS 3 qiHTBICTHYHUME OLIHKAMU
Bar KpUTEpiiB [po3po0IeHO aBTOPOM |
Ha puc. 5.34 300pakeHo TaOJIUIIO 3 BX1THUMH JaHUMU 3a1a4di 115 metory TOPSIS

3 HOpMaJIi30BaHUMHU OI[IHKAMHM Bar KputepiiB 3a popmyrnamu (4.46)-(4.48) nsi n = 4.



Bnnue Ha
KinbKicTe
KinekicTb iHuMaeHTiB/

# KpaiH nopyuweHb
min/max max max
Bara 0.09243¢€ 0.1260504:
ISO 100 20
31000
NIST SP 50 30
800-53
PMBOK 100 40

Bnnue Ha
NpPOAYKTUBHICTb

max

0.12605042016¢

15

20

25

Bnnue Ha
piBeHb
3afoBoneHocTi
cniBpobiTHUKIB
max

0.1260504201¢

80

75

85

Bnnus Ha
ciHaHacoBi
NOKas3HUKN

max

0.1554621¢

12.5

25

175

Butpatu Ha
BNpoBagXeHHA

min

0.1554621848

125

100

60

Yac
BnpoBagXeHHA

min

0.1260504201¢

45

Kinekicte

roavH ans

HaBYaHHA

nepcoHany
min

0.0924369

30

60

50
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Pucynok 5.34 — Bxiani gani 3agadi ajs meroay TOPSIS 3 HopManizoBaHUMH OIlIHKaMHU

Bar KpUTepiiB [po3po0OIeHO aBTOPOM |

JIJ1st HAOUHOTO B1IOOpaXKEHHS BIAMIHHOCTEHN MIXK pe3yJIbTaTaMH IIPH 3aCTOCYBaHHI

PI3HUX METPHUK Ta METO/IIB, OYJI0O pO3paXOBAHO MATPHINIO BIAXUICHb M1k pe3yJIbTaTaMu,

OJICp’KaHUMH PI3HUMH METOJIaMH 3a METOAUKOIO omnucaHow B dhopmynax (4.49)-(4.50).

Hexait M, — FT3HY, M, — FT4HY, M, — TFW3HU ta M, — TFW4HU. ITicis

MIPOBEJCHHS €KCIIEPUMEHTY 3 PO3TIIIHYTHMH METOJaMU 3 PI3HUMHU MeTpukamu j (j =

1,_5) st ansrepHatuB A; (i = 1,3), 6ymu orpumani Matpumi E? (¢ = 1,4) Buny (4.49),

nodaHi Ha puc. 5.35.

FT3HY

FT4HY

TFW3HY

TFW4HY

Al
A2
A3

Euclidean
0,5764
0,4236
0,4524

Euclidean
0,5419
0,4581
0,4914

Euclidean
0,6087
0,3282
0,5103

Euclidean
0,6119
0,3280
0,5083

Manhattan
0,5387
0,4613
0,4787

Manhattan
0,5212
0,4788
0,5067

Manhattan
0,6055
0,2690
0,5656

Manhattan
0,6082
0,2689
0,5639

Hamming
0,5789
0,4211
0,5217

Hamming
0,5714
0,4286
0,5556

Hamming
0,5556
0,3000
0,6364

Hamming
0,5556
0,3000
0,6364

Chebyshev
0,6261
0,3739
0,4062

Chebyshev
0,6028
0,3972
0,4425

Chebyshev
0,6631
0,3369
0,4571

Chebyshev
0,6631
0,3369
0,4571

Minkowski
0,5970
0,4030
0,4354

Minkowski
0,5574
0,4426
0,4792

Minkowski
0,6250
0,3363
0,4936

Minkowski
0,6282
0,3361
0,4914

Pucynok 5.35 — Pesynsratu MetoaiB y Buriani marpuni EM9 suny (4.49) [po3pobiaeHo

aBTOPOM |

Marpuui Bigxunens DX¥ Buny (4.50) Mix pesynbpTaTamu 1BoX MeTomiB X 1Y (X =

1,3,Y = 2,4,X # Y) noxano Ha puc. 5.36.
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1,2

D Euclidean Manhattan Hamming Chebyshev Minkowski
[FT3HY - Al 0,0345 0,0175 0,0075 0,0234 0,0396
FT4HY] A2 0,0345 0,0175 0,0075 0,0234 0,0396
A3 0,0389 0,0280 0,0338 0,0363 0,0438
p**  Euclidean Manhattan Hamming Chebyshev Minkowski
[FT3HY - Al 0,0324 0,0667 0,0234 0,0370 0,0280
TFW3HY| A2 0,0955 0,1922 0,1211 0,0370 0,0667
A3 0,0579 0,0868 0,1146 0,0509 0,0582
p**  Euclidean Manhattan Hamming Chebyshev Minkowski
[FT3HY - Al 0,0355 0,0694 0,0234 0,0370 0,0312
TFW4HY] A2 0,0957 0,1923 0,1211 0,0370 0,0669
A3 0,0559 0,0851 0,1146 0,0509 0,0559
Dp*  Euclidean Manhattan Hamming Chebyshev Minkowski
[FT4HY - Al 0,0669 0,0843 0,0159 0,0603 0,0676
TFW3HY| A2 0,1300 0,2098 0,1286 0,0603 0,1063
A3 0,0190 0,0588 0,0808 0,0146 0,0144
p?**  Euclidean Manhattan Hamming Chebyshev  Minkowski
[FT4HY - Al 0,0700 0,0870 0,0159 0,0603 0,0707
TFW4HY| A2 0,1302 0,2099 0,1286 0,0603 0,1064
A3 0,0170 0,0571 0,0808 0,0146 0,0122
p**  Euclidean Manhattan Hamming Chebyshev  Minkowski
[TFW3HY- A1 | 0,003134289| 0,002700502 0 0 0,00311769
TFW4HY| A2z 0,000179553  9,22555E-05 0 0 0,000158067
A3 | 0,002005483 0,001686576 0 0 0,002290157

Pucynok 5.36 — Matpuus sigxunens DX puny (4.50) Mix pe3ynbTaTaMu MeTO/IiB
[po3p06IIeHO aBTOPOM |

Sk 3p03yMiJI0 3 pUCYHKY 5.36, BIIXUJIEHHS PO3MOJALISAIOTHCS HEPIBHOMIPHO, IO
O3HAYae, 110 P13HI METPUKH PearyroTh MO-PI3HOMY Ha Ti cami BXiJHI JaHi.

HalimeHiie BIOXHJIEHHS MIX Koe(ilieHTaMu OJM3bKOCTI OTPUMAHO B MaTpHLI
Bigxmwiens D3*, o ¢BigquuTe Mpo BiACYTHICT 3HAYHOT Pi3HULI y BUOOPI TUITYy HEYITKHMX
yucen (TpukyTHi abo TpaneuieBuaHi HY) nis BusHadueHHs Bar kputepiiB. HaliOinbine
Bigxuienns y D3* cranouts 0.0027 y MaHTeTTEHCHKIN METPHIIL.

Takox HE3HAauH1 BIAXUJIECHHS MK KOe(ilIeHTaMU OJM3bKOCTI CIOCTEPITaloThCs B
matpuni Bigxunenb D2, Omxke, MoxHA 3p0OMTH BUCHOBOK, 110 HEMAE CYTTEBOI Pi3HMII
MK BukopucTtaHHIM FTOPSIS i3 3acTocyBaHHSIM TpUKYTHHMX Ta TpanenieBugaux HY.
Haii6inbme Bigxunenns y D2 nopisaroe 0.0438 y meTpuii MiHKOBCBKOTO.

[TopiBHSHO 3HAYHI BIAXWUJIEHHS MK KoedilieHTaMu OJU3BKOCTI OTPHUMAHO B
matpuiax Bigxunens D3 DV% D23 ta D?%* 3okpema, Haii6inbIi BigXuiIeHHS
CIIOCTEPITalOThCs MPHU 3aCTOCYBAHHI MAHTETTEHCHKOI MeTpuku (y cepenaboMy 0.2) miis

BUIII€3a3HAYCHUX MaTpHIlb BiAXuiIeHb. Lle moB’s3aHO 3 0COOJMBICTIO OOUUCIICHHS IT1€]
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MeTpuku. HaliGiab11 cTablIbHOKO METPUKOIO B pe3yJIbTaTi MPOBEACHUX €KCIIEPUMEHTIB
OyJo Bu3HaueHO MeTpuKy Yebuiona (puc. 5.36).

3anponoHOBaHUM MIAXiA JUIs TOPIBHSHHS Pe3yJbTaTiB 3acTOCYBaHHS Pi3HUX
METO/IB HAJIa€ MOKJIMBICTh BU3HAYMTH SKI METOJM JAIOTh CXO0Xi, a00 Pi3KO BIIMIHHI
pe3yapTaTH. 3a UM IMiIXO0J0M MOJKHA TMPOAHAII3yBaTH UM € MacHTabW BIIXWUJICHB
3HAYYIIMMH, A00 BOHH 3HAXOSTHCS B MEXaX JOIMYCTUMOT MOXHOKHU. TakoxX Ier miaxif
JUTSl IOPIBHSIHHS PE3yJIbTATIB 3aCTOCYBAHHSI PI3HUX METO(IB HAJJa€ MOKJIUBICTD OI[IHUTH
AKICTh POOOTH EKCHepTiB, a camMe — HACKUIbKA TOYHO EKCIepTaMu IpOBeeHa
dasudikailis peaqTbHUX BXIIHUX JaHUX J0 3a7a4l IPUHHATTA PillICHb.

Sxio moTpiOHO 00paTH yHIBEpCAIbHY METPUKY, TOJI1 AOLLIBHO BUKOPUCTOBYBATH
METPUKH 3 MiHIMAJTbHUMH BIIXWICHHSMHU (HAMPHUKIaA, METPUKY MIiHKOBCHKOTO abo
Yebuiosa). SIKII0 3k BaXJIMBO BpaXOBYBATU OKPEMI MaKCHUMaJbHI BiIMIHHOCTI Mixk FPIS
ta FNIS, To MaHTeTeHChKa METPHUKA MOYKE OyTH KPAIIoro.

Metoau, MmO MaTh MiHIMaNIbHI BIIXWJICHHS MIDK pe3yJbTaTaMH, MOXYTb
BUKOPUCTOBYBAaTUCh QJIBTEPHATUBHO, a METOAM, IO MAalOTh 3HAYHI BIAXUJICHHS MIXK
pesynbTatamu, MoTpedyIoTh JAOAATKOBOTO aHAJI3y 3 METOIO BUSBIICHHS Ta MOSCHEHHS
MPUYUH OTPUMAHUX PO301KHOCTEH.

JUisi MOpIBHAHHS pe3yjbTaTiB BHOOpPY HAWKpamioi albTepHATHUBU PO3TISHYTO

MaTpPUIIO TOPIBHSHHS PaHTiB anbTepHaTUB (puc. 5.37).

FT 3-HY Euclidean Manhattan Hamming Chebyshev Minkowski
Al
A2
A3 2 2 2 2 2

FT 4-HY Euclidean Manhattan Hamming Chebyshev Minkowski
Al

A2
A3 2 2 2 2 2
TFW 3-HY Euclidean Manhattan Hamming Chebyshev Minkowski
Al
A2
A3
TFW 4-HY Euclidean Manhattan Hamming Chebyshev Minkowski

Al
A2
A3

Pucynok 5.37 — Marpuiist HOpIBHSIHHS PaHT1B aIbTEPHATUB [pO3pOOJIEHO aBTOPOM|
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3a pesynbTaTamu 3acrocyBanHs meroais FT3HY, FT4HY, TFW3HY, TFW4HU 3
pi3HUMHU MeTpukamu (puc. 5.37) Oy0 BCTaHOBJICHO, IO KPaIllUM BaplaHTOM CTaHIAPTY
yHOpaBiHHSA puzukamu A [T-poeKTiB, 3 YKClia 3apONOHOBAaHUX albTepHaThB, € [SO

31000 (ampTepHaTuBa A, ).

5.4.4 MoayJas AJsi po3B’si3aHHA 3a/1a4i 0araTOKpUTEPiaibHOI0 NPUHHATTS

pillleHb JeKiTbKOMAa METOAAMM 3 arperyBaHHsIM pe3yJbTaTiB

[Ipunyctumo, mo kepiBHUK [T-kommanii, sk oco6a mo npuiimae pimenss (OIIP),
raHye posnodatu HoBuM [ T-npoekt. BiAMoB1HO 10 1IHOTO BiH MOBUHEH 3pOOUTH BUOIP
3 KUIBKOX BapiaHTIB 3aMOBJICHb BIJ] 3aMOBHHKIB, $IKI MPEJACTABICHO MHOXHHOIO
anerepHatuB A = {a,, a,, ..., @, }, KEPYIOUUCh TIPU I[LOMY MHOXHWHOIO KpHTEpiiB K =
{ki, ko, ..., k), O @00 MIHIMI3YIOTBCS, @00 MaKCHUMI3YIOThCS B 3aJI€KHOCTI BiJ iX
3MicTy. Bin 3amanux kputepiiB 3anexuTh yerix peamsaiii [T-nmpoexty [29].

KepiBHUK MOX€ BUKOPHCTOBYBATH JUIsl MOLIYKY (PPUIAHC MPOEKTY BIJIMOBIIHI
caiitu, Hanpukinan, Upwork [30] — mnga poOOTM Ha 1HO3EMHOMY pPHHKY IIpaili,
Freelancehunt [31] — my1st po6oTu Ha Ppinanc puHKy npaii Ykpainu. s npuknany, npu
dbopMyBaHHI KpPUTEPIiB BUKOPUCTAHI TUIIOBI JaHI I0JI0 3aMOBJICHHS 3 (hpiiiaHc-O1pxKi
Freelancehunt.

[Tpu ubomy OITP Mosxe kepyBaTHUCs, HAIPUKIIAT], TAKUMH KPUTEPISIMU OIIHIOBAHHS
IPUBAOJIMBOCTI TIPOEKTY, SIK: K, — BapTiCTh BUKOHAHHS (HEOOX1THO MaKCUMi3yBaTH), k, —
TEpMiHM BUKOHAHHS (BUMIPIOETHCS B JHSIX; HEOOXITHO MIHIMI3yBaTh), k3 — KUIBKICTD
MO3UTHUBHHUX BIATYKIB MPO 3aMOBHHKa (HEOOXiAHO MaKCHMi3yBaTH), K, — KUIBKICTh
HEraTHUBHUX BIJITYKiB MPO 3aMOBHUKA (HEOOX1THO MIHIMI3YBaTH), ks — 3arajibHa OIlIHKa
npodias 3aMOBHUKA (PEUTHHT 3aMOBHHKA; HEOOXIJIHO MaKCHMI3yBaTH), kg — IOCBIA
po0OOTH 3aMOBHUKA Ha TIaTGOpMi (BUMIPIOETHCS B POKaX; HEOOXITHO MAKCUMI3YBaTH),
k-, — KoediIieHT YCHINIHOTO 3aBEPIICHHS MPOEKTIB 3aMOBHUKOM (PO3pPaXxOBYETHCS 3a
CHIBBIJIHOLIEHHSM 3aKPUTI MPOEKTH/BIIKPUTI MPOEKTH; BUMIPIOETHCA 3a IIKaIok0 Bia 0

10 1; HeoOX1AHO MaKCUMI3yBaTh), kg — CKJIaIHICTh 3aBIaHHS (BUMIPIOETHCS y BITHOCHIN
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mkam Big 1 g0 9; HEeoOXimHO MiHIMI3YyBaTH), kg — OOI3HAHICTH KOMaHIW MO0
TEXHOJIOT1H (BUMIPIOETHCS Y BIAHOCHIHM 1ikaii Bif 1 10 9; HE0OX1THO MaKCUMI3yBaTH).

[HIns1XxoM eKCIepTHOTO OIUHIOBAHHSA KpUTEpii BU3HAUEHI AK PIBHO3HAUHI MIXK
cobor. KinbkicHI OLIHKMA 3a/1al0ThCs (DAKTUYHO HAa OCHOBI XapaKTEPUCTHUK aHKETH
MPOEKTY 3a Kputepismu kq, ky, ks, ky, ks, kg, k-. SIKiCHI OIIHKMA 3a1afOThCS TUIIXOM
eKCIIEPTHOTO OLIIHIOBaHHS 3a KPUTEPisAMU Kg 1 Kkq.

HeoOxigHo 3pobutu BHOIp 3 TPbOX BapiaHTIB 3aMOBJICHb BiJ MOTCHIIIHHHUX
3aMOBHUKIB: A1, 4,, A;.

IIpoexm 1 (A;). Po3poOka MenuuHo1 1H(GOPMAIIIITHOT CUCTEMH.

Crex Texnosoriii: Angular 9, Angular Material, Node.js, MongoDB.

IIpoexm 2 (A,). CTBOpEHHS IHTEpHET-Mara3uHy.

Crex Texnouoriii: MERN (MongoDB, Express.js, React.js, Node.js), AWS.

Ilpoexm 3 (A3). JoomnpailtoBaHHs IPOEKTY B chepi Typusmy.

Crex Texnosnoriit: Python, Django, Wagtail.

Tabnuusg 5.2 — Pe3yabTaT 3all0BHEHHS [TOYATKOBOI MAaTPULIl [pPO3POOIEHO aBTOPOM |

= Kpurepii
S|k 3 ks ka ks ke s ks ko
& | (max) | (min) | (max) | (min) | (max) | (max) | (max) | (min) | (max)
% THC. ITH1 K-CTb | K-CTb | K-CThb | POKH 0-1 1-9 1-9
E TPH
A4 50 70 8 1 1532 5 0.49 8 8
A, 25 30 5 3 523 3 0.75 6 7
As 5 7 4 0 128 1 0.9 4 6

B Ttabmum 5.2 3amadi BXigHI OaHl B SIKMX OJHOYACHO IIOCTaBJIEHA 3ajadyil
MaKcHUMi3allii Ta MiHIMI3allli TEBHUX KPUTEpiiB. MeTonu NpuMHATTS pilleHb B YMOBax
HEBU3HAYCHOCTI Ta PU3UKY HE MIJAXOAWTH JUIS PO3B’sI3aHHA JAHOI 3a7adi, OCKUIBKH
nepeadavyaroTh BUKOPUCTAHHS BX1JTHOI MATPUIIl JIMIIIE OJHOTO 3 JIBOX THUITIB — MaTPHIIi
BUTpalliB abo MaTpull mporpaiB. BianoBigHO, po3B’sKeMO 3aJaHy 3ajady 3a
nonomoror metonieB AHP, MOORA, TOPSIS, FTOPSIS. Ilpu nusomy, AHP no3Bomsie
BpPaxOBYBaTH €KCIEPTHI OLIHKKM Mpu Mo0ynoBi ilepapxiii kpurepiiB, MOORA -

eeKTUBHO HOpPMali3ye JaHi Ta JJO3BOJIIE TPAIIOBATH 3 BEJIHMKOK KUIBKICTIO
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anpTepHaTuB, Toal sk TOPSIS 3abesneuye IHTYITMBHO 3pO3yMIJIy IHTEPIPETAIlito
pe3yIbTaTIB NUISIXOM MOPIBHSHHSA 3 1I€AJIbHUMHU pillieHHsIMU. JI0JTaTKOBO, 3aCTOCYBaHHS
FUZZY TOPSIS no3Bonsie posmmputu MoxkiauBocTi kinacugyHoro TOPSIS 3a paxyHok
HEYITKUX OIIHOK, IO € BXJWBHUM y BHUIIAJKaX, KOJIM JaHI HOCATh Cy0’€KTHMBHUM abo0
SKICHHM XapaKTep, a TOUHI YMCIOB]1 3HAYEHHS CKJIQJHO BUSHAYUTH.

B cBoto uepry, Bukopuctanus meto1iB AHP ta ANP nnst mopiBHSHHS pe3yibTaTiB
B MEXXaX OJHI€T 3a/1a4l € METOJI0JIOTIYHO HEAOIUIBHUM Yepe3 PI3HUINI0 B CTPYKTYPHUX
NPUITYIICHHAX 000X MeTOoAiB. Y kiacuuHid 3amgaui AHP BmnuB metn Ha kputepii, a
KpUTEPIiB — Ha AJIbTEPHATUBHU BINOBIAA€E I€pAPXIUHIM CTPYKTYp1 6€3 3BOPOTHUX 3B’ SI3KIB.
VY 1bOMy BHIMAAKy B3a€MOJIIi MK €JIEMEHTaMU BiJJOYBArOTHCS JIUIIE 3BEpXy BHU3 (BI]
METH [0 ajbTEepHATHUB), W10 MOBHICTIO BiamoBigae wmetony AHP. Biamosigno,
3actocyBanHd ANP y Takiii cTpykTypi HE JacTh CYTT€BO BIJIMIHHOTO pE3yJIbTaTy,
OCKUIIBKH MEPEXKEBI 3B’sI3KH, iK1 BpaxoBye ANP, ¢pakTHU4HO BiJICYyTHI — CTPYKTypa 1 6€3
TOTrO lepapxivHa. [{e npu3Bee 10 aHAIOTIYHUX PE3yJIbTaTIB, OCKUIBKU MaTpHULs BILUIMBIB
y ANP HaOyne cTpykTypu, OJU3bKO1 10 1€papX14HOi, 110 Mmianaaae mija moaenb AHP.

3 1Hmoro OoOKy, copo0a BpaxyBaTH [OJATKOBI BIUIMBH (HampHKIa,
B3a€EMO3ATICKHOCTI MK KPUTEPIsIMU YW  aJbTEpPHATHBAMHU) JUIsI TTOBHOI[IHHOTO
3actocyBaHHsa ANP npusBeze 10 3MiHM BUX1IHOI CTPYKTYpH 3a7a4i. BKIIFOUEHHS Takux
BIUIMBIB O3Hayae MoJu(ikaiito Mojesi, IO 3MIHIOE 3MICT 3ajayl MOPIBHSHO 3
MOYaTKOBOIO 1€pApXIvyHOI0 TTOCTAHOBKOO. SIK Hacminok, pe3ynbratu, orpumani AHP Ta
ANP, 6yyTh chopMOBaHi Ha OCHOBI pi3HUX Mojesel. Lle poOUTh 1X HEKOPEKTHUMU J1JIsI
MPSIMOTO TIOPIBHSIHHS, OCKUIBKK B1I0Opa)XaroTh Pi3HI CTPYKTYPHI MPUMYIIEHHS Yepe3
B3a€MO3B’I3KH MK €JIEMEHTAMHA MOJEII.

BonHouac, KOXkeH 3 METOAIB MOXE€ OyTH JOLUIBHO BUKOPHUCTAHUM OKPEMO Y
KOMOIHaIlii 3 1HIIUMHA METOAaMHU MPUUHSATTS pimeHsb (Hanpukian, TOPSIS, MOORA
TOII0), KOJIM METOI0 € MepEBIPKA CTAOUTLHOCTI PillieHb 400 MPOBEAEHHS MOPIBHSIBHOTO
aHaJi3y 3a PI3HUMHU MIAX0JaMH. Y TaKuX BHUIAJKaxX 3acTocyBaHHA MeTojiB AHP a6o
ANP € nopeyHuM, OCKUTbKM BOHU BHKOPHUCTOBYIOTHCS HE3JICKHO, a HE VIS MPSMOTO

MOPIBHSIHHS MIDK COOOI0 B ME)KaX OJHI€T 1 Ti€T K MOJIEI.
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Takum umHOM, omHouacHe 3actocyBaHHS AHP Ta ANP nna mopiBHsSHHS
pe3yJIbTaTiB OJHIET 3a7adl € METOAOJIOTIYHO HEOOIPYHTOBAHHUM, IMPOTE iX OKpeMe
BUKOPUCTAHHA 3  IHIIUMH  MeToJgaMH €  €(EeKTUBHUM  IHCTPYMEHTOM
OaraToKpuTEPiaIbHOTO aHaJI3Yy.

B CIIITP «Decisioner € MOXJIMBICTh OJTHOYACHOTO PO3B’A3KY OJHI€T 3a1a4i (pHC.
5.38) 3a momomororo MeTony aHamizy iepapxiit (AHP); merony aHami3y CIiBBiHOIICH
(MOORA); wmeTony TOpsAAKY IepeBard 3a TMOJIOHICTIO /O 1€ajJbHOr0 PpIllleHHS
(TOPSIS); HEWiITKOTO METOY TOPSIIKY MTepEBaru 3a MOAIOHICTIO 0 1CaTbHOTO PIIICHHS
(FTOPSIS); Mmetoy npuiHATTSA pillieHs B yMoBax 1moBHOI HeBu3HadeHocTi ([IPYIIH) ta

MeTOy aHATITHYHUX Mepex (ANP).
ObepiTb MeTOOW ONA PO3PaxyHKY:

[m] MeTon aHanisy iepapxin (AHP)

[m] MeTopn ananisy crieeigHolweHs (MOORA)

[m] MeTon nopAaky nepegary 3a NogiGHICTIO 00 ineankHoro piweHHA (TOPSIS)

[m] HeuiTkwid MeTon Nnopaaky nepeeard 3a nofibHicTo 40 ineansHoro piledHa (Fuzzy TOPSIS)
[] NpUAHATTA pilleHb B yMOBAX NOBHOT HeBWaHaueHocTi (MPYIH)

[] NpuiAHATTA piweHb B ymoBax puaunky (MPYP)

[] MeTon aHaniTuuHUX Mepex (ANP)

O6epiTb TUN 3aaHHA BaroBUX KoedilieHTIB AN\ arperawii pesyneraTtie o6paHux meTofis:

() BuctaBneHHA BaroBux Koedil|ieHTIB BPYUHY
(@) MNapHe NopiBHAHHA 2a METOLOM aHarizy iepapxii

() Bes Baroeux koediliEHTIB i3 3aCTOCYBAHHAM CepeaHLOr0 reoMeTPUYHOID

Pucynox 5.38 — Bubip MeToniB A1 pO3paxyHKy Ta THUITY 3aJlaHHSI BarOBUX
KOoe(DIIIEHTIB JIs arperyBaHHs PE3yJIbTaTiB 0OpaHUX METOIB [PO3pOOJIEHO aBTOPOM |

Takoxk € MOXKJIUBICTh OOpATH THUII 33JaHHS BArOBUX KOE(DILIIEHTIB IS arperyBaHHs
pe3yabpTaTiB 00paHUX METOIB, Cepell SIKUX: BUCTaBJIEHHS KOE(DIIIEHTIB Bpy4YHY (pHC.
5.39); mapHe TOpIBHSHHS 3a METOJOM aHaiizy iepapxii (puc. 5.40); Ge3 BaroBux
KOe(DILIEHTIB 13 3aCTOCYBAHHSIM CEPEIHHOI0 T€OMETPUUYHOTO.

MeTon npudHATTS pillleHb B yMOBaX PU3HMKY HE OyJI0 BKJIIOYEHO A0 CIHCKY
METO/11B, III0 BUKOPUCTOBYIOTHCS ISl OJTHOYACHOTO PO3B’sI3aHHs OJIHI€T 3a1a4i (puc. 1),
OCKUJIbKH TI1JT 4aC EKCIEPUMEHTAJIbHUX JOCIIIKEHb OYyJI0 BHSBICHO HECTAOUIbHICTh

OTpUMaHUX pe3yJbTaTiB. BogHouac 1ieit MeTon Moke OyTH 3aCTOCOBAHUN OKPEMO 3a
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noTpedu, IO MIATBEP/KYE MOIIIBHICTE MOJIYJIBHOTO MIAXOMY, PEeaai30BaHOTO Yy
pO3po0IIeHIN cuCcTeMl MIATPUMKH MPUUHATTS PIIICHb.
Ha pucynky 5.39 npomeMOHCTpOBaHO pe3yibTaT 3aJaHHS BaroBUX KOE(IIi€HTIB

JUTSL arperyBaHHs pe3yJIbTaTiB 00OpaHUX METO/IIB BPYUHY.

MeTog Bara
MeTop aHanisy iepapxiit (AHP) 0.4

MeTopn aHanisy cnieeigHoweHs (MOORA) 0.15

MeTon nopsaky nepeBaru 3a noaiGHicTio Ao iaeanbHoro piweHHA (TOPSIS) 0.15
HewiTkuin MeToA NopAAKY NepeBaru 3a NoAibHicTIo Ao iaeankHoro piweHHs (FTOPSIS) 0.3

Pucynok 5.39 — Pe3ynbrar 3a1aHHs BaroBux Koe(Iili€eHTIB IJIs arperyBaHHs
pe3yJIbTaTiB 00paHUX METO/IIB BPYUHY [pO3pOOJIEHO aBTOPOM |
Ha pucynky 5.40 npoaeMOHCTpOBaHO pe3yJsbTaT 3aJaHHs BaroBUX KOe(illi€HTIB
JUJIsl arperyBaHHs pe3yJibTaTiB OOpaHUX METO/IIB 3a JOIMOMOIOI0 MapHUX MOPIBHSHB 3a
METOJIOM aHalli3y ie€papxiil. s moaansbmioro po3B’si3Ky Ta pe3yJsbTaTiB BUKOPUCTAHO

1[el BapiaHT arperyBaHHs Pe3yJIbTaTiB OOpaHUX METO/IIB.

# AHP MOORA TOPSIS FTOPSIS # Bara
AHP 1 3 3 2 AHP 0.4393
MOORA 113 1 1/2 113 MOORA 0.1036
TOPSIS 113 2 1 113 TOPSIS 0.1464
FTOPSIS 112 3 3 1 FTOPSIS 0.3107
Dim Lmax 10 BO
4.0000 41213 0.0404 0.0449

MaTpuLs MOpIBHSIHB Y3ro[pKeHa, ocKiNbku BO <= 0.1. OLHKM He NOTPeByIoTh YTOYHEHHS.

Pucynox 5.40 — Pe3ynbrar 3a1aHHs BaroBux KOe(iieHTIB JIs arperyBaHHs
pe3yabpTaTiB 00paHUX METO/IIB 3a JI0MOMOTrOI0 MAPHUX MOPIBHSAHB 32 METOJIOM aHaIII3y
iepapxiit [po3po0ieHO aBTOPOM |

[Ticnst 3amaHHsT BaroBuX KOEQIIIEHTIB KOPUCTYBA4 y IHTEPAKTUBHOMY PEXUMI
MOCJIIJOBHO BUKOHYE €TaIlu pOo3B’sI3aHHS 3a/1a4i BIMOBIIHO 10 OOpaHUX METO/IB.
Po3B’s130Kk 331241 3a tonomororo Mmetoxy AHP 3a yMoBU piBHO3HAYHOCTI KpUTEPIiB

HABEJICHO HAa PUCYHKY 5.41.
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1S chart by amCharts

# AneTepHaTUBH Bara
1 Al 0.405
2 A2 0.226 A3: 36.84% y AL: 40.54%

3 A3 0.368 \ /
i

A2: 22.62%

Pucynok 5.41 — Po3B’s130k 3a1a4i 3a qonomororo metoay AHP [po3po6iaeHo aBTopoMm]

3rifHO 3 BEKTOPOM NIPIOPHUTETIB, HaBEJECHUM Ha pUCYHKY 4.86, HaWBuUIILY
MPIOPUTETHICTh Ma€e NMpoekT A; — «Po3pobka mMennuHoi iH(OpMaIiitHOT cucTeMmn», 13
3HaueHHAM npiopurery 0.405, mo cBAYMTE Tpo HOro mnepeBary Haja I1HIIMMHU

AJIbTCPHATHUBAMMU.

Ha puc. 5.42 naBeneno po3B’s30k 3a1a4i 3a gonomororo metoxy MOORA.

Bektop cymu PaHr
# K1 K2 K3 K4 KS K6 K7 K8 K9 BigXuneHe ansTepHaTUB

min/max max min max min max max max min max
0.000 0.824 0.000 0.316 0000 0.000 0.323 0.371 0.000

A1 1.834 1
0.445 0.301 0.293 0949 0621 0.338 0.118 0.186 0.082

A2 3.333 3
0.802 0.000 0.390 0.000 0865 0676 0.000 0.000 0.164

A3 2.897 2

Bignosigb: Hankpalla anstepHaTuBa BignoBigae BapiaHTy 3 peuTuHrom "1"
Pucynok 5.42 — Po3B’s130k 3aiaui 3a gonomoroto metory MOORA [po3po6iieHo
aBTOPOM |

3riHO 3 BEKTOPOM CYMH BIJXWJIEHb, HABEJICHUM Ha PUCYHKY 5.42, HallHWXK4e
3HaueHHd Mae npoekT Al — «Po3pobka meanuHoi iHpopmaliiiHOI cucTeMW», 13
3HaueHHAM 1.834, 110 CBIiAYUTH MPO MOTO MepeBary HaJl IHITUMHU aIbTePHATHBAMH.

Ha puc. 5.43 HaBeneHo po3B’s130K 3a/1a4i 3a gjornomororo metoay TOPSIS 3a ymoBu
PIBHOI BKJIMBOCTI KPUTEPIIB 32 €BKIIIJOBOI0 METPHUKOIO ISl PO3PaXyHKy KoedillieHTa

OJIN3BKOCTI.
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K1 K2 K3 K4 K5 K6 K7 K8 K9 PaHr
# (max) (min) (max) (min) (max) (max) (max) (min) (max) d+ d- CCi ansTepHaTuB
A1 0.0990 0.1017 0.0867  0.0351 0.1048 0.0939 0.0429 0.0825 0.0728 0.1122  0.1731 0.6066 1
A2 0.0495 0.0436 0.0542 0.1054 0.0358 0.0563 0.0656 0.0619 0.0637 0.1503 0.0907 0.3764 3
A3 00099 0.0102 0.0434 0.0000 0.0088 0.0188 0.0787 0.0413 0.0546  0.1582  0.1499  0.4866 2

V+ 0.0990 0.0102 0.0867 0.0000 0.1048 0.0939 0.0787 0.0413 0.0728

V- 0.0099 0.1017 0.0434 0.1054 0.0088 0.0188 0.0429 0.0825 0.0546

Bignoeiak: Hankpalya anstrepHaTuBa BignoBigae BapiaHTy 3 peMTuHrom "1"
Pucynox 5.43 — Po3B’s130k 3amaui 3a fonomoroto metony TOPSIS [po3po6ieno
aBTOPOM |

Ha ocHoBi pesynbTariB, orpuManux 3a metojioM TOPSIS (puc. 5.43), Halikpaiioro
albTEPHATUBOIO CEpEJl PO3TISIHYTUX BaplaHTIB € MpoekT A; — «Po3pobka MenuuHoi
1H(opMaIIiHOT cUCTEeMU», KU Mae€ HaWBHINE 3HAUYCHHA KoedilieHTa OJU3BKOCTI 10
11eaabpHOT0 po3B’ 3Ky — 0.6066.

Po3B’ 130k 3aaa4i 3a ronomororo metoay FTOPSIS 3 TpanenieBuiHUMU HEUITKUMUA

YHCJIAMH 32 €BKJIIJIOBOI0 METPUKOIO VISl pO3PAXyHKY KoedilleHTa OJIM3bKOCTI HABEJICHO

Ha PUCYHKY 5.44.
Haikpawa
PospaxyHok # di* dy CCy anbTepHaTtBa A"
EBknigosa A1 11.7547 13.5023 0.5346 1
MeTpuka A2 15.3206 9.9329 0.3933 3
A3 12.3580 12.8284 0.5093 2

Pucynok 5.44 — Pe3ynbTaT po3paxyHKy HalKpaiol albTEPHATUBH 33 JOIIOMOT OO
metony FTOPSIS [po3po6aeHo aBropom]

Ha ocHoBi pesynbraTiB, orpumanux 3a merogom FTOPSIS (puc. 5.44),
HaMKpalow ajJbTEPHATUBOIO CEpell PO3MISIHYTUX BaplaHTIB € NMpoekT A; — «Po3podka
MEIWYHOI 1H(GOPMAIIHHOI CHUCTEMW», SKUH Ma€ HaWBHINE 3HAYCHHS KoedilieHTa
OJIM3BKOCTI JI0 1/1ealIbHOT0 po3B’ 3Ky — 0.5346.

Jlnis arperyBaHHsl pe3yJIbTaTiB METOAIB OyJIO 3aCTOCOBAHO BaroBi KOoe(ilLlI€HTH,
OTpUMaHi 3a JIOMIOMOTOI0 MApHUX MOPIBHSIHB 32 METOJIOM aHaji3y iepapxiii. PesynbpraT

arperyBaHHs pe3yJIbTaTiB METO/IIB HABEIEHO Ha puc. 5.45.
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JS chart by amCharts

# AncTepHaTMBM Bara
; A1 0.39673
A3: 35.74%
Al: 39.74%
” A2 0.24537 \ /
3 A3 0.35746 A2: 24520

Pucynok 5.45 — Pe3ynbrat arperyBanHs ASKIIbKOX METO/IB [pO3pO0IEHO aBTOPOM]

Ha ocHoBi arperyBanns pe3ynbrariB metoqiiB AHP, MOORA, TOPSIS, FTOPSIS
(puc. 5.44), Halikpaniow aJbTEPHATUBOIO CEPEll PO3TIIIHYTUX BApPIAHTIB € MPOEKT A; —
«Po3pobka mMennuHoi iH(pOpMaLIHOT CUCTEeMH», SIKUM Mae HaWBUIE 3HAYCHHS
KoedirienTa OJU3bKOCTI JI0 17eanbHOro po3B’sa3ky — 0.39673.

JIJ1st HAOUHOTO B1IOOpaXKEHHS BIAMIHHOCTEHN MI>K pe3yJIbTaTaAMH IIPH 3aCTOCYBaHHI
PI3HMX METO/IB, OYyJI0 PpPO3paxOBaHO MATPUIIO BIIXWICHb MIXK pe3yJibTaTaMu,
OJIep>KaHUMU PI3HUMHU METOIaMH 32 METOJIMKOIO OMHUCAHOI0 B popMyiax (2.25)-(2.26).

Hexait maemo M; — AHP, M, — MOORA, M5 — TOPSIS, M, — FTOPSIS. Ilicus
IIPOBE/ICHHS SKCIICPUMEHTY 3 POSLITHYTUMHI METONaMH s anbTepHatus A; (i = 1,3),
Oynu otpumani Bektopu VI (q = ﬁ) Buny (2.24). Ockuibku B Metoqai MOORA
HAWKpaI[O BBAXKAETHCS AIbTEPHATHBA 3 HAWMEHIIUM 3HAYEHHSM BEKTOPOM CYMU

BIJIXWJIEHb, TO HEOOXIJTHO BIICOPTYBATH HOPMaIi30BaH1 3HaYEHHS HACTYITHUM YUHOM, SIK

11€ MMPOJIEMOHCTPOBAHO Ha puc. 5.46.

A1 A2 A3
AHP 0.405 0.226 0.368
MOORA 0.413 0.227 0.359
TOPSIS 0.413 0.256 0.331
FTOPSIS 0.372 0.274 0.354

Pucynok 5.46 — HopmainizoBani pe3ynbratu Merogy AHP, MOORA TOPSIS
[po3p0obiIeHO aBTOPOM |
Bekrop Bigxunens D*¥ pumy (2.25) mixk pe3ynsraTtamu 18ox MetomiB X iY (X =

1,3,Y = 2,4,X # Y) nonano Ha pucyHky 5.47.



A1

A2

A3

mean

| AHP - MOORA | 0.008318452 0.001430556 0.008749008 0.006166005

| AHP - TOPSIS | 0.007765378 0.030124115 0.036889494 0.024926329

| AHP - FTOPSIS | 0.033045127 0.047664425 0.013619298 0.03144295
| MOORA - TOPSIS | 0.000553074 0.02869356 0.028140486 0.01912904
| MOORA - FTOPSIS | 0.041363579 0.046233869 0.00487029 0.030822579
| TOPSIS - FTOPSIS | 0.040810505 0.017540309 0.023270196 0.027207003

Pucynok 5.47 — Matpuns Bigxuwienb D mix pesyabratamu metoniiB AHP, MOORA,
TOPSIS, FTOPSIS [po3po6sieHO aBTOpOM]|

Sx BUIHO 3 pUCYHKY 5.47, BIAXWJIEHHS PE3yJbTATIB 3aCTOCYBaHHS METO/IIB
SBJIAIOTHCS HE3HauYHMMH. HaliOinble 3HauYeHHsSI BIAXWJICHHS BEKTOpaMHU MPIOPUTETIB
CIIOCTEpIraeThes pH nopiBHAHHI pe3ynsTaTiB AHP Ta FTOPSIS, 1o B cepennbomy Jiist
TpboX anbrepHatuB ckiagae 0.03144. HalimeHe 3Ha4eHHs BIAXWICHHS MI)K BEKTOpaMu
NpIOPUTETIB MOKHA MOOAuuTH TIpu mopiBHsAHHI pe3ynbrariB AHP tTa MOORA, mo B
CepeIHbOMY IS TphOX asibTepHATHUB ckiagae 0.00617.

JIisi TOpIBHAHHS pe3yJbTaTiB BHOOPY HaAWKpaiioi albTepHATHBU PO3TIISHYTO

MaTpPHUITIO TTOPIBHSHHS PaHTiB aibTepHATUB (pucC. 5.48).

AHP MOORA TOPSIS FTOPSIS
A1 1 1 1 1
A2 3 3 3 3
A3 2 2 2 2

Pucynok 5.48 — MaTpuiisi HOPIBHSIHHS PAaHTIB allbTEPHATUB [pO3p00JIEHO aBTOPOM |
3a pesynpraTamu 3actocyBanHs MeroaiB AHP, MOORA, TOPSIS, FTOPSIS
MO>KHA 3pOOUTH BUCHOBOK, 1110 JIJIS1 331241 BUOOPY MPOEKTY HAHKPAIIIOI0 aJTbTEPHATHBOIO
€ MpoekT A; — «Po3pobka MeanuHoi 1HGHOPMAIIHHOT CUCTEMIY.
PeanizoBana B Moaysi MeTOUKA U1 PO3B’SI3aHHS 3a/1a4l OaraTOKpUTEPiaIbHOTO

NPUUHATTS PIlIEHb JEKIIbKOMa METOJaMHU 3 arperyBaHHSIM pe3yJbTaTiB JI03BOJISE
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BU3HAUYWTH, Kl 3 HUX JAIOTh CXO0XK1 a00 CYTTEBO pi3HI pe3yibraru. Llei miaxia Takox
JTIO3BOJISIE OLIIHUTH, Y € BIIXUJICHHS 3HAUYIITUMHU, a00 5K BOHHU BiIIOBIIAIOTH IOy CTUMIM
noxuO1ti. KpiMm Toro, BiH Jae 3MOTry OIIIHUTH SKICTh POOOTH EKCIEpTiB, 30Kpema,
HACKIJTbKYA TOYHO BOHM BUKOHAJIM €KCIIEPTHY OIIIHKY BXiJTHUX JaHUX 3a mKanoto Caariy
KOHTEKCTI 3a/Ja4l MPUNAHATTS pIlIeHb Ta BUKOHAIM (a3zudikallio BXIAHUX JaHUX IS

3actocyBanHs B metozi FTOPSIS.

5.5 BucHoOBKH 10 po3aiay 5

B pesynabTaTi mnpoBenEeHOTO JOCHIIKEHHS B JIaHOMY pO3IUIL  3pOOJIEHO
KOHLIETITyaJIbHE Ta JIOTIYHE MPOEKTYBAaHHSA BEO-OPIEHTOBAHOI CUCTEMHU MIATPUMKHU
NPUIHATTS PILIEHb JJIsl BIPOBAIKEHHS B IISUIbHICTh KOMIIAHIM.
[Ticas mpoBeeHHS KOHUENTYaIbHOIO POEKTYBAHHS O0YI0BAaHO KOHILIETITyaJIbHY
Mozenb (yHKUioHyBaHHS BeO-opieHToBaHOi CIIIIP «Decisioner». Takox HaBeneHO
abCTpakTHY CTPYKTypy miagomeHiB s BropoBamkeHHsa CIIIP, mo cknamaerses 3
1H(OpMaIITHO-PEECTPALIIITHOT YACTUHU Ta MJICUCTEMH MIATPUMKHU NPUAHSTTS PILIEHb.
B pe3ynbTaTi nNpoeKkTyBaHHS MOOYJOBAaHO JIOTIYHY MOJENIb BUKOPHUCTAHHS BEO-
opientoBanoi CIIIIP nmns ammi"icTparopa Ta KopucTyBada. TakoxX CIPOEKTOBAHO
CUCTEMY KOHTPOJIIO JOCTymy 3a gonoMmororo UML-nmiarpam.
Y Mexax 1MpOoro po3Ailly BHU3HAYEHO IHCTPYMEHTH I CTBOPEHHS BeO-
opientoBanoi CIIITP. HaBeneHo OCHOBHI XapaKTepUCTUKHU OOpaHMUX 3aCO0IB PO3POOKH,
OOIPYHTOBAHO 1XHiil BUOIp Ta JOLIbHICT BUKOPUCTAHHS JJI peani3alii MpoeKTY.
VY nanomy po3aim po3pooieHo Moyl Be6-opientoBanoi CIITIP ns po3B’s3anHs
NESAKUX 3a/1ay 0araToOKpUTEPiaaIbHOTO MPUNUHSTTS PillIeHb, 30KpeMa:
—  MOJYJIb U PO3B’sI3aHHS 3a/1a4l BU3HAYCHHSI PIBHIB PU3HKIB Ta X IPIOPUTETIB
B YIPABIIHHI MIPOEKTAMU KOMOIHOBAaHUM METOIOM;

— MOIyNb Uil PO3B’sA3aHHS 3a3Jaul TalM-MEHEIKMEHTY KOMOIHOBaHHMM
METOJIOM;

—  MOZYJb Ui PO3B’s3aHHS 3ajadi 0araTOKPUTEPIAIbHOIO MPUUHSATTS pillleHb

moaudikoBanum metogoMm Fuzzy TOPSIS;
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— MOIyJb JJIA PO3B’s3aHHS 33Jaul 0araTOKpUTEPIaTbHOTO MPUHHSATTS PIIICHb
JEKIJIbKOMa METOJIJaMU 3 arperyBaHHsAM pe3yibTaTiB.

Mosynb 175 po3B’si3aHHS 3a]a4l BU3HAYCHHSI PIBHIB PU3UKIB Ta iX MPIOPUTETIB B
YOPaBIIHHI MPOEKTaMHU KOMOIHOBAaHUM METOJIOM 3a0e3neuye B OHJIANH-PEKUMI
BBEJICHHS BXIJIHMX JaHUX MPO MPOEKT Ta HOro PHU3HKH, aBTOMATH3aIII0 MPOLECY
kinacudikanii pU3MKIB, BU3HAYCHHS MPIOPUTETIB Ta PaHTIB PHU3UKIB, Bi3yali3alliio
OJIep>KaHUX PE3yJIbTATiB, a TAKOXK HaJaHHS PEKOMEHJAIllil KOpUCTyBady IIOJI0 3aXO/IiB
JUIsl 3amoOiraHHs Ta YCYHEHHS PHU3HKIB 3 HaWOUIbImIMMM mpioputeramu. OTpumaHi
EKCIIEpUMEHTAJIbHI ~ pe3yJbTaTH  MIATBEPXKYIOTh  JOLUUIBHICTh  3aCTOCYBAaHHS
KOMOIHOBAHOTO METOJY PO3B’SI3aHHS 3a7adl BU3HAYCHHS PIBHIB PHU3HMKIB Ta 1X
npioputeTiB. ExcriepuMeHTanbH1 pe3yabTaTH, OIepakKaHi 3a JOIIOMOIOK0 CTBOPEHOTO BEO-
pecypcy, MATBEPIKYIOTh JTOIIIBHICTh MOEIHAHHS MOAU(IKOBAHOTO METOJY MATPHII
pusukiB Ta MAI aiig po3B’si3yBaHHS 3a71a4 YIIPaBJIiHHS PU3UKAMH Y TTPOEKTAX.

Monynb nis po3B’si3aHHS 3a/ladl TaM-MEHEPKMEHTY KOMOIHOBAaHUM METOJI0OM
3abe3reuye B peKUMI OHJIAMH aBTOMATH3aIIlI0 Mpoliecy Kiacudikallii BXITHUX 3a71a4 J0
Matpull Ei3zenxayepa 3a CTyNmeHSMHU BaXJIMBOCTI Ta MPIOPUTETHOCTI BUKOHAHHSI.
OTprMaH1 eKCIIepUMEHTaIbHI PEe3yJIbTaTH MiATBEPKYIOTh JOUIIBHICTh BUKOPUCTAHHS
pO3pO0IEHOr0 KOMOIHOBAHOTO METOMY N0 Kiacuikallii 3aa4 TaiiM-MeHEPKMEHTY, 10
BUKOPHUCTOBYE MOEIHAHHS MeTOAy MaTpuill EiizeHxayepa Ta METOly aHai3y 1€papXiid.

Moaynes juisi  po3B’si3aHHS 3a7a4l 0araTOKPUTEPIAIbHOTO TMPUUHATTS PillleHb
moaudikoBanuMm metogoM Fuzzy TOPSIS Hamae MOXIMBICTH aBTOMATU3yBaTH MPOIEC
OLIIHKK Ta BHUOOpPY €(EeKTUBHOI albTEPHATHUBH, BPAXOBYHOUM crHemu(iky poOoTH 3
HeYITKUMHU ynciaamMu. OyHKIIIOHATBHICTh MOYJIsl OyJia MPOIEMOHCTPOBAHA HA MIPUKJIIAI1
MPAKTUYHOTO 3aBIaHHS 11010 BUOOPY CTaHAAPTY yrnpaBiiHHS pusukamu B [T-mpoekTax.
IaTerpamis  1uporo wmomyns B CIIIIP 3abesmeuye 3pydHICTH BUKOPUCTAHHS
moaudikoBanoro meroay FTOPSIS i migBuiiieHHs TOYHOCTI pO3paxyHKIiB Ta THYUYKICTh
NPUIHATTS PillIeHb HA OCHOBI BpaXyBaHHSI OLIHOK IPYIOBOI €KCIIEPTU3H.

Monaynes juisi po3B’si3aHHS 3a7a4i 0araTOKPUTEPIAIBHOTO MPUUHSTTS PIllICHb
JIEKiITbKOMa METOJIaMH 3 arperyBaHHsAM pe3yJIbTaTiB HAJa€ MOXKIMBICTh BUHAYUTH, SIKi

3 HUX JalOTh CXO0XI1 a00 CYTTE€BO pi3HI pe3ysabTaTv. Takui MiAX1J TaKOX J103BOJISIE
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OILIIHUTH, UM € BIAXWJICHHS 3HAYyIIMMH, a00 5K BOHU BIIMIOB1IAIOTh JOIMYCTUMIHN MOXHUOIII.
Kpim Toro, BiH Jja€ 3MOT'y OLIIHUTH SKICTh POOOTH €KCIIEPTIB, 30KpeMa, HACKUIBKA TOYHO
BOHHU BUKOHAJI €KCIIEPTHY OIIHKY BX1THUX JaHUX.

VY ocobuctomy KaOiHETI KOpPUCTyBauya CHUCTEMH € MOXJIMBICTH 30€peKeHHS
MPOTOKOIY PO3B’SI3aHHS 3a4ad  BIAMOBIAHUMHU METOJaMU TPUHHSITTS PIIIeHb, iX
MIEPETJISA]] Ta MOXKJIUBICTD BHIAJICHHS.

[aTepdeiic kopuctyBaya po3poOJIeHO 3 ypaxXyBaHHSM MPUHIIMIIB 3PYyYHOCTI Ta
KOM(OPTHOCTI B3aEMO/II1 13 CHCTEMOIO.

Pozpobnena CIIIP «Decisioner» BnpoBakeHa B aisuibHICTE TOB «Tpiymd 1T,
TOB «PBK"®JIAMI» Ta B ocBiTHIH mporec B YepkacbkoMy JEp>KaBHOMY
TEXHOJIOTTYHOMY YHIBEPCUTETI Ha Kadeapi KOMIT FOTEPHUX HAYK T4 CUCTEMHOT'O aHAJI3Y.
JloBiIKM TIpO BOPOBAKEHHS HagaHo B Jlomatky A.

Crpyktypy 6a3u nanux HaBenaeHo B [lomatky E. [lns peanizoBaHux MeToAdiB
IPUIHATTS PillIeHb CTBOPEHO 1HCTPYKUII0 KopucTyBaya (ogaTok 7K), B AKiii: HaBeIeHO
nepenik peanizoBanux B CIIIIP meTomiB mpuMHATTS pillieHb, HABEICHO OIUC CEKIIIH
rojioBHO1 BeO-ctopinku CIIIIP; mnpoaeMOHCTpOBaHO peani3alilo peecTpamii Ta
aBropu3zariii B CIIIIP.

Pe3ynbpTaTi q0CHiIKEHB I’ ITOTO PO3ALTY OMyOIiKoBaH1 B podoTax [28, 32-37].
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BUCHOBKHA

VY nucepTartiiiHiii poOOTI BUPIMIEHO aKTyalbHY HAyKOBO-TIPUKJIAJHY 3aj7ady, IO
MoJIsira€ B yAOCKOHAJCHHI ICHYIOYHX Ta po3poOill HOBUX MOJENICH, METOdIB Ta
1HpOopMaIIiHUX 3aC001B, K1 TO3BOJIATH MiABULIUTH €(PEKTUBHICTh MPUUHATTS PillIEHb B
yMOBax 0araToKpUTepiaibHOCTI, PU3UKY, HEBU3HAUYEHOCTI Ta HEUITKOI 1H(opmaii.

3a pe3yabpTaTaMu HAyKOBOTO JOCIIKEHHS OyJiM 3p00JieH] HACTYITHI BUCHOBKHU:

1. [IpoanamnizoBaHO MpeIMeTHY 00JaCTh HAYKOBOTO JIOCIIXKEHHSI, Cy4acCHUH CTaH
PO3BUTKY 1H(POPMAIIHHUX TEXHOJOTIH MIATPUMKHU MPUUHATTS PIIICHb, ICHYIOUl MOJET1
Ta METOJIM OaraTOKpUTEpialbHOIO MPUMHSATTA pILIeHb, BUABICHO iXHI NEpeBaru Ta
OOMEKEHHS, CUCTEMATU30BAHO 1H(OPMAIIIiTHI CUTYyallli IPUUHATTS PIILIEHb y CKIIAJHUX
yMOBaXx, 30KpeMa B YMOBaX PU3UKY, HEBU3HAYEHOCTI Ta HEUITKOI 1H(GOpMAIIii.

2. Po3po0JsieHO HOBI Ta yJAOCKOHAJIEHO ICHYHOYI MOjEINl 0araToOKpUTEplaabHOIO
NPUIHATTS pILIEHb B yMOBaX PU3UKY, HEBU3HAYEHOCTI Ta HEUITKOI 1H(opMmallii, 30Kkpema:

— KoHUenrtyanbHy Mozeib R-U-F MOXIMBHUX CUTyaliil NpUWHSTTS pILIEHb,
sKa B1JOOpakae B3a€EMO3B 30K MK OCHOBHUMHU THUIAMHU CKJIAAHUX 1H()OpMAIIHHUX
CUTyalliil, 10 BHUHUKAIOTh MiJ 4Yac OaraTOKpUTEpIaJbHOTO TMPUUHATTA PIlIECHb:
1H(oOpMaIIHHOIO CHUTyaIll€l0 TPUUHATTS pimieHb B ymoBax pusuky (Risk, R),
1H(OPMAIITHOIO CHUTYaLl€l0 MNPUWHATTS pIIEHh B YMOBAaX MOBHOI HEBU3HAYEHOCTI
(Uncertainty, U) Ta iHpopmaIiiiHoI0 CUTyali€r0 NPUAHATTA PIIEHh B YMOBaX HEYITKOI
iHdopmarii (Fuzzy, F);

— MoJieNb Npollecy NPUNHHATTS PIlIEHb B YMOBaX PU3MKY, HEBHU3HAYEHOCTI Ta
HeYiTKO1 1H(opMarlii, o BIAMOBIAAE 3aMPONOHOBaHIN KoHentyaitbHiH R-U-F-monemni
MO>KJIMBUX 1H(GOPMALIMHUX CUTYaIlld MPUUAHATTS PIillIeHb 1 Tiependadac BUOIP KITBKOX
METO/I1B NPUUHSTTS PIIEHb K TPAAULINHUX, TaK 1 MOAU(PIKOBAHUX, KOMOIHOBaHUX Ta
riOpuIHUX METOIB I PO3B’sA3aHHS TOCTABIICHOI 33/1a4l 3 TIOJIAJIBIIINM arperyBaHHIM
OJIep>KaHUX PE3YJIbTATIB;

— MOJeINb yrpaBiiHHs pusnkaMu npoekty (Project Risk Management Model)
YIOCKOHAJIEHO 33 PaxyHOK BBEACHHS JOJATKOBUX KOMIIOHEHT cepell SKHUX: BXI1JHA

1H(pOopMaIlis PO HAsABHI PU3UKU MPOEKTY, PIBHI PU3UKIB, KPUTEPIl OLIIHIOBAHHS PU3HUKIB,
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EKCIePTHI OLIHKK [JIi KOXKHOTO PHU3UKY 3a 3aJaHUMHU KpUTEpIAMH; Mpoleaypa
BU3HAYCHHS HAJICKHOCTI PHU3UKIB MPOEKTY MO TMEBHOIO PIBHS PHU3HMKIB, MPOLEIYPY
BU3HAUEHHS TPIOPUTETIB PU3UKIB MPOEKTY 3a JOMOMOIOI0 METOJAY aHalli3y lepapXxiif;
BHX1JIHA 1H(OpMaIlisl IPO HAJICKHICTh PU3UKIB MPOEKTY J10 BIAMOBIAHUX PIBHIB PU3HUKIB;
BEKTOP MPIOPUTETIB PU3UKIB MPOEKTY 1 BEKTOP IX PAHTIB; PEECTP PU3UKIB 3 MEPEITIKOM
3ax0/I1B II0JI0 3aM00IraHHs Ta YCYHEHHS PU3UKIB IPOEKTY.

3. Po3pobiieHo koMOiHOBaHI Ta MOJAM(DIKOBaHI METOAW NMPUUHATTS PIIIEHb JJIs
pO3B’sI3aHHS 3a/ay 0araTOKPUTEPIaTbHOTO MPUNHATTS pIIIEHb B YMOBaxX pHU3HKY,
HEBM3HAYCHOCTI Ta HEYITKOI 1H(hOpMaIlii, 30Kkpema:

— METOJ BU3HAYEHHSI PIBHIB PU3UKIB Ta iX MPIOPUTETIB, KU € KOMOIHALIIEO
MOAM(PIKOBAHOIO METOAY MAaTpHULl PHU3UKIB 1 METOAY aHai3y lepapxid, L0 Hajaae
MO>KJIMBICTh 3 BHCOKOIO TOYHICTIO OI[IHIOBATH PU3HMKHU 32 OLIBII HIMPOKOIO IIKAJIOK 1
OUIBIIIOI0 KUIBKICTIO KPUTEPIiB, HIXK TPAJAULIIMHUIN METOJ] MaTPHUIIl PU3HKIB;

— KOMOIHOBaHMI MeToA IS Kiacudikaiii 3agad TalM-MEHEIKMEHTY, IO
noeaHye B co01 MeTo MaTpulll Eifzenxayepa 1 MeTo1 aHali3y i€epapxii JJisi BU3HAYEHHS
MIPIOPHUTETIB 3a/1a4, B PE3YyJIbTaTl YOTO HAJAIOTHCS PEKOMEH IAIIi1 1010 TTOCIIIOBHOCTI 1X
BUKOHAHHSI Y BIATIOBITHOCTI JIO BaXJIMBOCTI Ta MPIOPUTETY;

— wMoaudikoBanuii merony Fuzzy TOPSIS gns Bubopy edekTuBHOT
aNbTEPHATHUBH B 3a/1a4l 0AraTOKPUTEPIAIbHOTO MPUUHATTS PIllIEHb B yMOBAaX HEYITKOI
1H(pOopMaIlii 13 3aCTOCYBAHHIM PI3HUX METPUK 1 BUKOPUCTAHHSM PE3YJbTaTIB IPyNOBOi
eKCIIEePTU3H.

4. Po3pobneHo BeO-opieHTOBaHY iHGOpPMAIliiiHy TEXHOJOTII0 JJii PO3B’sI3aHHS
3alay 0araTOKpUTEpIaJbHOTO MPUNUHATTA PIllleHb, IO peajidye sK BiIOMI, TaK 1
pO3pO0ICH] MOJIEIl Ta METOM MPUUHSTTS PIIIIEHb B yMOBaX PU3MKY, HEBU3HAYCHOCTI Ta
HeuiTkoi 1HdopmMallii, a Takox 3abe3leuye IHTEPaKTUBHY poOOOTYy KOpHUCTyBada 1
703BOJIsIE  €(DEKTUBHO 3aCTOCOBYBATH PO3pOOJIeHYy 1HGOpPMAIIIitHY TEXHOJOTII0 Ha
MIPaKTHIIL.

5. AnpoOoBaHO Ta BIIPOBAIKEHO PpE3yJbTaTH HAYKOBOTO  JTOCHIIKCHHS,
MEPEBIPEHO TpaIe3aTHICTh PO3pO0IIeHOT 1HHOPMAIIHOT TEXHOJIOTI Ha pEeaIbHHUX 1

JEMOHCTPALIMHUX 3aJayax MPUUHATTS pillieHb, epeBaxHo 31 cepu ynpasmiHHS [T-
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npoektamu. [lpoaHanizoBaHO OTpHMMaHI pPe3yJNbTaTH 3aCTOCYBaHHS 3alPOINIOHOBAHUX
MoJiesiel, MeToAIB Ta 1H(QOopMaIlIiHUX 3aCO0IB MPHUHHATTS PIIIEHh B YMOBaX PU3HUKY,
HEBU3HAYCHOCTI Ta HEYITKO1 iH(OpMAaITii.

[IpakTUuHe 3HaYEHHS OJICPKAHUX PE3YJIbTATIB MOJISITA€ B TOMY, II0:

— po3po0JIeHO METOAUKY 3aCTOCYBaHHS JIEKUIBKOX METO/IB IPUUHSTTS PIlICHb B
MeKax OJIHI€T 3a71a9i 3 arperyBaHHsAM Pe3yIbTaTiB 3a PI3HUMHU M1IX0JaMH 10 BU3HAYCHHS
BaroBUX KOE(IIIEHTIB METOMAIB, 30KpeMa: 3a JIOTIOMOT00 €KCIIEPTHOIO OIIHIOBAHHS, 3
BUKOPUCTAHHSAM MPOLEAYpU TMApHUX TMOPIBHSIHHSI METOAY aHalizy lepapxid; 3
BUKOPHUCTAHHSAM CEPEIHHOTO T€OMETPUIHOTO ISl BUTIAAKY PIBHOT BAXKJIMBOCTI METO/IIB;

— pO3pO0JIEHO METOJUKY JIJIsi TIOPIBHSHHS PE3yJIbTAaTiB 3aCTOCYBAHHS METOIB
npuitHaTTs pimenb TOPSIS, FTOPSIS Ta ix monudikaiiii, onepx’aHux 3a JI0IOMOTOIO
PI3HUX METPUK JUIsl OL[IHIOBaHHS KOEQIIIEHTY OJIM3BKOCTI 10 HEYITKOIO MO3UTHUBHOTO
ineanbHOro po3B’sa3ky (FPIS) Ta HediTkoro HeratuBHOrO 1/1€aabHOTO po3B’s3ky (FNIS);

— cTBOpeHo Moyl BeG-opienToBanoi CIIIIP, mo peanizytors po3pobieHi Mojeni
Ta METOJU OaraTOKpUTEPIaIbHOTO IPUIHATTS PIILIEHh B YMOBAX PU3HKY, HEBUBHAUEHOCTI]
Ta HEYITKOi 1HpopMallii, a TaKOX 3a0e3MeuyoTh IHTEPAKTUBHY POOOTY KOpHCTyBaya 1
JO3BOJISIIOTh €(PEKTUBHO 3aCTOCOBYBATH PO3p00OJIeHY 1H(OpMaLIiHY TEXHOJOrI0 Ha
MPaKTHIII.

[IpakTuuHe 3HA4YEHHS OTPUMAHUX PE3YJbTATIB JUCEPTALINHOTO TOCIHIKEHHS
NIATBEPKEHO  BIPOBAKEHHSM  pO3po0seHoi  iHPOpMALIMHOI  TEXHOJOTi IS
pO3B’si3aHHS 3a7a4 OaraTOKpUTEPIaIbHOTO MPUNHATTA PIINIEHb B yMOBaX pPH3HUKY,
HEBM3HAYCHOCTI Ta HEUITKOi 1H(opMaIlii y pi3HUX KOMIIaHISIX Ta B OCBITHINA MpPOIIEC
YepkachbKOro JAep>KaBHOTO TEXHOJIOTTYHOI'O YHIBEPCUTETY.

Peanizariss Ta BIpOBaPKEHHS PO3POOJICHUX MOJEIEH, METOMIB 1 MPOrPaMHOTO
3a0€3MEUEHHs] CHOPUANIO MIJABUIICHHIO PE3yJIbTATUBHOCTI POOOTH KOMMAHIM, 1110
JT03BOJIMJIO 3HU3UTH BUTPATH Yacy Ta (DiHAHCOBHX PECYPCIB HAa PO3POOKY MPOEKTIB HA 5-
10% 3a paxyHOK OL1bIIT1 00’ €KTUBHOTO, OOTPYHTOBAHOTO 1 OTIEPATUBHOTO MPUIHSATTS PILIICHb.

HaykoBo-npakTuuHi pe3ynibTatd, 1o Oy OTpMMaHi B AMCEpTaliiHiil poOoTi,
MOXXYTh OyTH BUKOPHCTaHI1 B JISTILHOCTI OpraHizariii Oyab-sSkoi ¢opMH BIACHOCTI Ta

OyIb-sIKOrO HarpsiMy Oi13HECY B Ipolecax NPUUHATTS PILIEHb.
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[Tomanbiri nepcrneKTUBY HAYKOBOTO JOCTIKEHHS JOLIBHO CIIPSIMYBaTH Ha:

— aJanTalliio 3ampornoHOBAaHOI MOJEII MpOoIeCy MPUUHATTS pIlIeHbh B yMOBax
pPHU3UKY, HEBHU3HAUYCHOCTI Ta HEYITKOi 1H(opMmarii 10 AWHAMIYHUX yMOB MPUHHSATTS
pillleHb, 30KpeMa B peaIbHOMY 4aci Ta 3 ypaxyBaHHSIM 3MiH Y IPIOPUTETaX KPUTEPIiB;

— IHTETpalil0 B CUCTEMY MIATPUMKH MNPUHHATTS PIIIEHb IHIIMX MOMYJISIPHUX
metoniB MADM, 3okpema: ELECTRE, PROMETHEE, VIKOR, CBR, GRA/GRM, a
TaK0X METO/IB, 1[0 ITPYHTYIOTHCS Ha 1HIIUX MiIX0JaX 0 PO3B’sI3aHHS 3a/1a4 MPUHHATTS

pillIeHb, 30KpeMa 3aCHOBAHMX Ha HEUITKIN JIOTIIll Ta MAITMHHOMY HaBYaHHI.
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JTOJNATOK A

AKTH BIIPOBA/I’)KEHHSI Pe3yJibTaTiB po00TH

TOBAPUCTBO 3 OBMEXEHOIO BIAITOBIOAJIBHICTIO
"TPIYM® IT"
10pwuna ajpeca: M. Yepkacy, sy.1. [Jobposo.ibcbkoro, |
www.tg.ck.ua, erexTponna nowrra: office@tg.ck.ua
Testechon: /0472/ 56-76-85

AKT
BHKOPHCTAHHS Pe3yJIbTATIB AHCEPTALiHOI po6oTH
MaxcumoBa AntoHa €BrenifioBuua
«IndopmaniiiHa TEXHOJOTIS ANA PO3B’A3AHHS 32424 DAraTOKPUTEPIAJILHOT0 NPUIHATTS pillleHb B
YMOBAX PH3HKY, HeBU3HAYEHOCTI TA HeUiTKOI iH(opmanii»

Jauuit akT miaTBepmkye, 1o pospobmena MakcumoBuM A €. indopmaliiiHa TeXHONOrIA UL
pO3B’si3aHHsA 3a/a4 0AraTOKPUTEPIANbHOrO NPHHHATTS pillleHb B yMOBAaX PH3MKY, HEBU3HAYEHOCTI Ta
HewiTKo! iHpopMarlii 3acTOCOBYBalaCh KOMITaHi €10 B nipouecax ynpasninusa IT-npoexramu nporsarom 2023-
2024 pp. MocnmipkeHHs COpsMOBaHE HAa CTBOPEHHS Ta peaiisauiro iHpopmauiiHoi TexHomorii mis
MITPHMKH TIPHAHATTS PIIeHb, KA qornomMarae kepiBHukam IT-kommaHi# npuiiMaTti eeKTHBHI pilIeHHST
B YMOBAX CKJIaTHUX Oi3HEC-CIIEHAPI(B, MO CYIPOBOIKYOTECS PUSHKAMH, HEBH3HAYEHICTIO Ta 0OMEXKEHO
KiJIbKICTIO TOYHMX JAAHKX.

V Mexax OHCepPTALifHOro MOCHIIKEHHsS 3 METOK IOKpaueHHs Oi3Hec-mipoueciB yrpasminus IT-
IPOEKTaMH pO3pobieHo cucremy miarpuMku npuiinstrs pimens (CIIITP) «Decisioner» must TOB « Tpiymd
IT», B siKy iHTerpoBaHO: KOMOIHOBaHMIT METOZ PO3B’I3yBaHH 3a1a4 TalM-MEHEKMEHTY, KU 0a3yeThbesa
Ha 3acTOCYBaHHI MaTpuui Efsenxayepa, koMOiHOBaHMM METOX PO3B’A3aHHS 3aJadl BUSHAYEHHS DiBHIB
PU3HKIB Ta iX PIOPHUTETIB, sIKKi 6a3y€eTHCS Ha 32CTOCYBAaHHI MATPHLIl PU3HKIB Ta METOLY aHali3y iepapXii,
monudixosanuii meron FUZZY TOPSIS juis po3s’s3yBaHHs 3ana4i 6araTOKpHTEPIaqbHOTO MPHHHATTS
piliIeHb.

BHKOPHCTaHHs 3alpONOHOBAHOI AMCEpPTaHTOM iH(GOPMAUiHOI TEXHOJOrIi, 1o pospobneHa Ha
OCHOBI HOBHMX HAyKOBMX MOZeNeil Ta METOAIB, CIPHSIO IiJBHINEHHIO pesynsraTuBHOCTI poboru TOB
«Tpiymd IT», 10 HO3BOIMIO 3HU3UTH BUTPATH Yacy Ta (GiHAHCOBMX pecypcip Ha po3podky IT-npoekTis
Ha 5-10 % 3a paxyHOK 6isbln 06 EKTHBHOTO i ONIEPATUBHOTO IIPUEAHSITTS PillEHb.

PesynbraTi auceprauiiinoi podotm MakcumoBa A.C. IOLINBHO 3aCTOCOBYBAaTH B IIPOLECax

yrpastiHas [T-npoexTamy.

Hupextop TOB «Tpiymd IT» O.M. ITanuemHuii
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AKT
BHKOPHCTAHHS pe3y/ibTaTiB AHcepTauiiiHoi podoTH
MakcumoBa AHToHa €BreniiioBuya
«Indopmaniiina TexHoIOris 1151 PO3B’A3AHHS 33124 6AraTOKPUTEPIAILHOTO NPHIHATTS pillleHb B
YMOBax pu3uKYy, HEBU3HA4EHOCTI Ta HeviTkol iHpopMmauii»

Hannit akt 3acBiguye, wo pospobnena MakcumoBuM A.€. iHpopmalliifiHa TeXHOJOrA MiATPUMKH
NIpUIHATTS pIMICHb JUIs BUPIlIEHHA YNpPaBNiHCHKUX 3aBJaHb B YMOBAax PM3WKY, HEBM3HAYEHOCTI Ta
HEMOBHOT iHpopmauii Gya BpoBakeHa Ta BUKOPUCTOBYETBCS Y BUPOGHUYO-YNPaBITiHCBKHUX TpoLIecax
MiANPHEMCTBA, IO CTIELiaNi3y€eThCs HAa BUTOTOBIEHHI PEKIaMHOT MPOy KLU,

Y Mexax auMcepTauifiHOro AOCTIIKEHHA 3 METOK YAOCKOHalIeHHS Gi3Hec-TpoLeciB yNnpaBaiHHS
HiSJIBHICTIO THANPUEMCTBA BIPOBAXKEHO CHCTEMY MIATPUMKH MPUIAHATT pimens (CIITIP) «Decisioner»
wis TOB «PBK"®JIAMI», mo cknaly skoi iHTerpoBaHo: KOMGiHOBaHMI MeTOA pO3B’S3yBaHHs 3aaady
TaiiM-MEHE/UKMEHTY, sKWii 0a3yeThes Ha 3acTocyBaHHi MaTpuui Eiizenxayepa; komOiHOBaHWH MeTOn
pO3B’A3aHHs 3aJa4i BU3HAYEHHS PIiBHIB PU3MKIB Ta iX MpiopuTeTiB, sKMil GasyeThcs Ha 3aCTOCYBaHHI
Marpulli pU3MKiB Ta METOAY aHanisy iepapxiii; moaudikosaunii meron FUZZY TOPSIS ans
po3B’sA3yBaHHA 3a/1aui 6araTOKpUTEPIanbHOTO NMPUHHATTS PillleHb.

Brniposamkenns indpopMauiitHoT TeXHOIOTT, po3pobieHOT Ha OCHOBI HOBMX MaTeMaTHYHUX MoJielei
| METOIB y MeKax AMCEPTAUifHOTO JOCHIUKEHHS, TO3MTHBHO BILTHHYIIO HA MiABWIIEHHS eheKTHBHOCTI
miseHocTi TOB  «PBK"®JIAMI». Bukopucrantus uiei indopMmaniiiHol TeXHOOTIT 3abe3neumso
CKOpOYEHHS BUTPAT 4acy Ta () iHaHCOBUX pecypciB Ha BUKOHAHHS BUPOOHUUO-YIIPaBIiHCLKUX 3aBAaHb Ha
5-8 % 3a paxyHOK MiiBHLIEHHS OBTPYHTOBAHOCTI, IIBMAKOCTI Ta afalTHBHOCTI MPOUECY NMPUHHATTS
YIPaBIiHCBKUX PillIeHb.

Otpyvmani pesynbTaTh MiATBEPUKYIOTh MNMPAKTHYHY UIHHICTH | JOUINBHICTH BAPOBALKEHHS

pO3pOOIEHNX TIXOMIB Ul MOKPAIeHHs YIPaBIiHHS MiANPHEMCTBOM.

["eHepanbHUI AHpeKTOp

TOB «PBK"®JIAMI» Onekcanap YXAHb

07.05.2025
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AKT
BHKOPHCTAHHSA Pe3yJbTATIB AHCepTALiliHOT poGoTH
MaxkcumoBa AnToHa €BreniiioBuy
«lnpopmauiiina Texnosorisi 215 po3p’si3aHusI 32124 6araTOKpUTEPiaALHOrO NPUIHATTS pilleHs B
YMOBAX PH3HKY, HEBH3HAYEHOCTI Ta HewiTkol iHdopmanii» B ocBiTHLOMY npoueci

Kowmicis y cknani:

2ono06u — 3aBillyBaua Kadenpy KOMITIOTEPHHX HAyK Ta CHCTEMHOro auaiizy YepKachKoro
JIepXKaBHOTO TEXHOJIONYHOIO YHIBEPCUTETY JOKTOpA MEJaroriyHuX HayK, Kanauaara Qizuko-MaTeMaTHYHUX
Hayk, npo¢ecopa Tpuyca 10.B.;

uleHie Komicii — JOKTOpa TEXHIYHUX HayK, npodecopa, npodecopa kadenpu KOMI’ IOTEPHUX HAYK Ta

cucremHoro awanisy Jlanyenko O.B., kaHaupara TexHiyHMX Hayk, JoueHTa, mnpodecopa kadempu
KOMIT'FOTEPHUX HayK Ta cMcTeMHoro aHanizy ITiaroproro M.B.
CKJaja LEil akT mpo Te, WO pe3ylbTaTH AucepTalifiHOro mocnimkeHHs MakcumoBa A.€., a TaKoX
pesynbTaTH, 10 OTpI—'IMaHi HUM B paMKax HayKOBo-,uocniJlHoi' pobotu Kacbeﬂpu «Be6-0pi€HTOBaHi
iH(opmauiiini TexHomorii miaTPUMKH MPHAHATTS pillleHb B yMOBaX HEBM3HAUYEHOCTI, PH3HKY Ta HeYiTKOi
indopmanii 11s MiANpHEMCTB Manoro i cepeanboro 6GisHecy Ta 3akmanis Buioi ocith» (Ne mepxaBHO
peectpauii: 0124U000900, 2024 — 2027 p.p.), Oynu BHKOpHUCTAHI B Mpoleci MiATOTOBKH HaBYAIBHHX
MaTepiaxip Juid nexuiﬁﬂnx 3aHATh Ta JabopaTopHux poOirT 3 aucuumininu «Teopis npuiHATTA pimeHE»
niAroToBkyu 3106yRadiB OCBITHEOrO cTynens Oakanasp 3a crenianshicTio 122 Komm’roTepHi HaykH, OcBiTHS
nporpama «Kommn’ioTepHi HayKum Ta NpHKIaJHe [pOrpamyBaHHs», 3 AMCUMIUIHM «CHcTeMH i MeToam
NPUHHATTA pilleHb B YNpaBNiHHI cTapTamamy Ta INPOEKTAMH B ranysi iH(oOpMauifiHMX TeXHONOTii» s
3100yBayiB OCBITHBOrO CTymeHs MaricTp 3a creujanbHicTio 122 Komm’roTepHi Hayku, OCBiTHS NporpaMa
«YnpaBliHHA cTapTanaMd i MPOEKTaMH B raimy3i iHGOpMALifiHMX TEXHONOriH», 3 AWCLMIUIIHA BiJIbHOTO
Bubopy «HeuiTki Moaeni i MeToam NpUHHATTA pimens» Ans 3106yBadiB OCBITHBOIO CTYNEHs MaricTp BeixX
crenianbHoOCTeH i Bcix OCBiTHIX nporpam ramysi sHame 12 Indopmauiiini Texnonorii Uepkackkoro
Jep>KaBHOTO TEXHOJIOTIYHOI0 YHIBEPCUTETY.

Pospobnena MakcumoBum A.€. y Mexax AucepTauiifHOro AoCiiIKeHHs BeO-OpieHTOBAaHA CHCTEMA
NiATPUMKH NPUHHATTS pimens «Decisioner» BUKOPUCTOBYEThCS SIK MPK NPOBEAEHHI J1a60paTopHUX PodiT i3
3a3HAaYEHHX JUCLMIUIIH A peanizallii MeToiB 6araroKpUTepianbHOro NPUAHATTS PilleHb B YMOBAX PU3HKY,
HEBU3HAYEHOCTI Ta HeuiTkoi iHdopMaLlil, Tak i MpH MpOBeAEHHI HAYKOBO-AOCHIAHOT poGOTH CTYAEHTIB Ta
acrnipaHTiB Kadeapu.

3acTocyBaHHs HayKOBO-NIPAKTHYHHUX PE3yJIbTaTiB AUCEPTALiifHOrO JochimkeHHs MakcuMoBa AHTOHA
€preuilioBuy crnpuse MiABULIEHHIO PiBHSA 3aCBOEHHS HABYAIBHOTO MaTepiaiy AMCLMILIIH 3100yBayaMu 3a
paxyHOK norju0/eHoro BHBYEHHs Cy4YacHMX METOIB NpPUHHATTA pillleHb, a TaKo HalyTTIO HHMH
MPAKTUYHUX HABUUOK POOOTHU 3 CyuyaCHUM NPOrpaMHUM 3a0e3redyeHHs.

I'onosa komicii
3apigyBau kadenpu KHCA
J.MeJ.H., K.(.-M.H., mpodecop

Ynenn Komicii:

npodecop xapeapu KHCA, o~

.T.H., podecop C:ﬁ;-._,j Onena JIAHYEHKO
npogecop kabenpu KHCA, N — .
K.T.H., JOLIEHT e Mukona ITIJII'OPHUHA
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NOJATOK b

Cnucok ony0/1ikOBaHUX MPalb 32 TEMOIK IMCePTALii:

— cmammi y IHO3eMHUX GUOAHHAX, 6 AKUX ONYOINIKOBAHI OCHOBHI HAYKOBI
pe3yavmamu oucepmauyii:

1. Anton Maksymov, Yurii Tryus. Combined Method of Solving Time
Management Tasks and Its Implementation in the Decision Support System. Information
Technology for Education, Science, and Technics Proceedings of ITEST 2022. Lecture
Notes on Data Engineering and Communications Technologies. Vol. 178. Springer.
2023. pp. 131-146. (0,87 n. a.). ISSN 2367-4512 ISSN 2367-4520 (electronic). DOI:
https://doi.org/10.1007/978-3-031-35467-0_9. Scopus, Web of Science.

Ocobucmuii 6HecoKk asmopa nojseac )y po3poOJeHHI HO8020 KOMOIHOBAHO20
Memooy po38 SA3aHHs 3a0adi MAUM-MEHEONCMEHMY, WO NOEOHYE 8 CODI Memoo aHAi3Y
iepapxii ma memoo mampuyi Euzenxayepa, a makoxc cmeoperHi 8i0n08iOH020 MOOYJIS
8e0-0picHMOBAHOI cucmemu NiOMPUMKU NPUUHAMMS piuieHb ma cmanosums 0,65 Opyk.
apx.

2. Maksymov, A., Tryus, Y. (2024). Information Technology for Determining Risk
Levels and Their Priorities in Project Management. In: Faure, E., et al. Information
Technology for Education, Science, and Technics. ITEST 2024. Lecture Notes on Data
Engineering and Communications Technologies, vol 222. Springer, Cham. 2024. pp. 89-
107. (1,24 n. a.). ISSN 2367-4512 ISSN 2367-4520 (electronic). DOI:
https://doi.org/10.1007/978-3-031-71804-5 7. Scopus, Web of Science.

Ocobucmuii 8HecoK asmopa noaseae y po3pooieHHi MoOei YNPAasIiHHIA PUSUKAMU
npoexkmy (Project Risk Management Model), noso2o memooy susnauenHs pieHié pu3uKie
ma ix npiopumemis, AKull € KOMOIHAYIEIO MOOUPDIKOBAH020 MemMOOY MAMpuyi pU3UKi6 i
MemoOy aHanizy i€papxiti, a MaxKoic CmeopeHHi 8iON0BIOHO020 MOOYIsl 8e0-0OPIEHMOBAHOL
cucmemu niOMPUMKU RPULHAMMS piuteHb ma cmanosums 0,93 opyk. apk.

— cmammiy HAYKOBUX axoseux 6uOAHHAX YKpainu, 8 AKUX onyo.,1iko6ani 0CHOBHI

HayKoei pe3yibmamu oucepmauii:

3. MakcumoB, A. (2025). Anani3 cTaHAapTiB YHpaBIiHHA pU3MKaMU Ta ix

BuKopucTanHs B IT-ipoekrax. Ynpaeninusa pozsumkom ckraonux cucmem, (61), C. 66—


https://doi.org/10.1007/978-3-031-35467-0_9
https://doi.org/10.1007/978-3-031-71804-5_7
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75. KuiB: KHYBA. (1,1 a. a.). ISSN 2219-5300. DOI: https://doi.org/10.32347/2412-
9933.2025.61.66-75. ®axose suoanns kamezopii b.

4. Maksymov, A., & Tryus, Yu. (2025). Information technology for solving the
multi-criteria decision-making problem using the modified Fuzzy TOPSIS method.
Bulletin of Cherkasy State Technological University, 30(1), pp. 91-106. (1,27 n. a.). ISSN
2306-4412 ISSN 2708-6070 (electronic). DOI: https://doi.org/10.62660/bestu/1.2025.91.

Daxose suoanmsn kamezopii b.

Ocobucmuil 8Hecox agmopa Noaseae y po3poonenHi MoOOUPIKOBaAH020 Memooy
Fuzzy  TOPSIS ona  eubopy  epexmusnoi  anbmepHamuéu 6  3a0aui
bacamokpumepianbHO20 NPULHAMMS PiuleHb HA OCHOBI PI3HUX MEeMPUK [ BUKOPUCTNAHHSL
pe3ybmamis 2pynosoi excnepmusuy, po3pooieHHi MemoOuKyu NOPIGHAHHS pe3yIbmamis,
00EPIAHCAHUX PIZHUMU MEMOOAMU 3A PISHUMU MEMPUKAMU OJisl 0OYUCIeHH KoediyicHmy
OU3LKOCMI 00 HEeYimKo20 NO3UMUBHO20 [0edlbHo20 po3e’a3ky (FPIS) ma neuimkozo
He2amueHo2o ideanvno2o po3s a3ky (FNIS) ma cmanosums 0,95 opyk. apk.

— HayKoei npaui, wyo 3aceiouyioms anpooayiro mamepiaiie oucepmauii:

5. MakcumoB A. €. Web-opienToBanuii pecypc mis kinacudikaiii 3agad 10
matpuill Eiizenxayepa 3a meToom anamizy iepapxiid. Tezu donosioei VI Misxcnapoonoi
HAayKoB8o-npakmuunoi Koughepenyii «Inpopmayitini mexnonocii 6 oceimi, Hayyi i
mexuiyi» (ITOHT-2022), (Uepkacu, 23-25 uepBHs 2022 p.) [EnexkrpoHHuil pecypc|.
Yepkacu : YATY, 2022. C. 41-44. (0,21 1. a.). DOI:
https://doi.org/10.5281/zenodo.15540361.

6. €pimoB B. B., Okcamutna JI. II., MakcumoB A. €., Tpuyc FO. B. Be0-

OpPIEHTOBAHUN pecypc ISl MPOBEJACHHS TPYMOBOI EKCHEPTU3U METOJaMU MPUUHSTTS
piieHb. Tezu oOonosideu VI Mixcnapoonoi Haykoeo-npakmuyHoi KoHghepenyii
«Ingpopmayiiini mexunonoeii 6 oceimi, nayyi i mexuiyin (ITOHT-2022), (Yepkacu, 23-25
yepBHs 2022 p.) [Enexkrponnuii pecypc]. Uepkacu : YATY, 2022. C. 37-40. (0,23 n. a.).
DOI: https://doi.org/10.5281/zenodo.15540361.

Ocobucmuili 8HecOK a8mMopa Noisede y Npo8eo0eHoM) 02101 | aHaizi O0esKux
icHyrOUUX 8eb-pecypcis 0151 nputiHaAmms piienb ma cmanosums 0,02 Opyk. apk.

7. 10piit Tpuyc, AntoH MakcumoB, Biktop €dimo. 3amaui, metonu Ta


https://doi.org/10.32347/2412-9933.2025.61.66-75
https://doi.org/10.32347/2412-9933.2025.61.66-75
https://doi.org/10.62660/bcstu/1.2025.91
https://doi.org/10.5281/zenodo.15540361
https://doi.org/10.5281/zenodo.15540361
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iH(oOpMaIIiitHl TeXHOJIOT1T MPUUHATTS PIICHb Y METUYHOMY MEHEKMEHTI. AKMyanvHi
3a0ayi meouunoi, Oionociunoi Gizuku ma ingopmamuxu. Matepianu AomoBiAeH Ta
BUCTYIIIB BCEYKPATHCHKOT HAYKOBO-IIPAKTHYHOT KOH(EPEHIIii 3 Mi>KHapOJHOIO y4acTio 27
kBiTHS 2022 poky. Binnuug: Enensseiic. C. 60-65. (0,53 a. a.). ISBN 978-617-7237-95-
1 (enextponne Bumanusi) URL: https://dspace.vnmu.edu.ua/bitstream/handle/123456789/

5660/Matepianu%20kondepeniti AxTyanbH1%203ana41%20mMennunoi%2C%20061010r
19H01%20db13ukn%201a%201Hbopmaruku_27.04.2022.pdf?sequence=1&isAllowed=y.

Ocobucmuti 8Hecok agmopa NoJs2a€e y Npo8edeHoMy aHanizi eeb-pecypcis, ujo
HAo0aoms MONCIUBICINb PO38 °A3Y8amMu 3a0a4i NPULIHAMMS PiUleHb 8 OHIIAUH-PeXCUMI ma
cmanosums 0,05 opyk. apk.

8. MakcumoB A.€. KomOiHOBaHMI METO yIIpaBIiHHS pU3UKAMHU [TPOEKTY Ta HOTO
peaizallisi B CUCTeMI MIATPUMKHU MPUHHATTS piteHb. 7e3u donosioeti IX MisxcnapooHoi
HAYKOBO-NpaAKmu4Hoi KoHgepeHnyii 3 npobaem euwoi oceimu i Hayku «Ingopmayivni
mexnonoeii 6 oceimi, nayyi i eupoonuymei (ITOHB-2023) (25-26 tpaBus 2023 poky).
Jlynek: Bimmin imiypky ta mpomorttii JIHTY, 2023. C. 246-250. (0,16 n. a.). URL:
https://itonv.Intu.edu.ua/files/2023/zbirnyk _itonv-2023.pdf.

9. MakcumoB A.€. [npopmariitHa TexHoOT1s 3acTocyBaHHs meToxy TOPSIS s
3a/1a4 nouryky npoektiB s [T-komnanii. 36ipnux me3z donosioeu Il Misxcnap. nayk.-
npakxmuy. Koughep. «IHHOBaYil ma nepcnekmMuHi WIAXU PO3GUMK) [HGOpMayiUHUX
mexnonoeitiy (06 rpya. 2023 p., M. Uepkacu) [Enexrponnuit pecypc] / ynopsa. : T. O.
[Ipokonenko, f. B. Tapacenko ; M-Bo ocBiTH 1 Hayku YKpaiHnu, Uepkac. 1epxk. TEXHOJL.
yH-T. Yepxkacm : YIATY, 2023. C. 73-75. (0,11 g a.). URL:
https://drive.google.com/file/d/1f0cc_ HaFDH4G3AI NfwqfTjaMjyWBvkc/view.

10. MakcumoB A.€., Tpuyc FO.B. [HpopmaltiiiHa TeXHOJIOTisI BU3HAYEHHS PIBHIB
PHU3UKIB Ta iX MPIOPUTETIB B yIPaBIIHHI poeKkTaMu. Te3u donogioeti VII MisxcnapooHoi
HAayKoB8o-npakmu4noi Koughepenyii «lngpopmayitini mexnonoeii 6 oceimi, Hayyi i
mexuiyi» (ITOHT-2024), (Mepkacu, 23-24 tpaBusa 2024 p.) [EnextponHuii pecypc|.
Yepkacu : YaATY, 2024. C. 111-114. (0,28 1. a.). DOI:
https://doi.org/10.5281/zenodo.14766662.

Ocobucmuii 6Hecok asmopa noJseac y nodvyooei Mooeni YnpagniHHi pusuKamu


https://dspace.vnmu.edu.ua/bitstream/handle/123456789/5660/Матеріали%20конференції_Актуальні%20задачі%20медичної%2C%20біологічної%20фізики%20та%20інформатики_27.04.2022.pdf?sequence=1&isAllowed=y
https://dspace.vnmu.edu.ua/bitstream/handle/123456789/5660/Матеріали%20конференції_Актуальні%20задачі%20медичної%2C%20біологічної%20фізики%20та%20інформатики_27.04.2022.pdf?sequence=1&isAllowed=y
https://dspace.vnmu.edu.ua/bitstream/handle/123456789/5660/Матеріали%20конференції_Актуальні%20задачі%20медичної%2C%20біологічної%20фізики%20та%20інформатики_27.04.2022.pdf?sequence=1&isAllowed=y
https://itonv.lntu.edu.ua/files/2023/zbirnyk_itonv-2023.pdf
https://drive.google.com/file/d/1f0cc_HaFDH4G3AI_NfwqfTjaMjyWBvkc/view
https://doi.org/10.5281/zenodo.14766662
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npoexkmy (Project Risk Management Model) ma po3pobyi memooy 0 ananizy pusuxie
NPOEKMY, AKUU € KOMOIHAYIEID MOOUDIKOBAH020 MeMOOY MaAMPUYi pUsuUKie ma mMemooy
amanizy iepapxii; po3poOjeHHI 6e0-OpPIEHMOBAH020 MOOYIs CUCMeMU NIOMPUMKU
NpUUHAMMA piliensb, wo 3abe3nedye asmomamuzayio npoyecy po3nooily pusuxie 3a
Kpumepisamu 8adiCIu80Cmi, GU3HAYEHHA NpIOpUmMemie pu3uKié ma IX paHdICy8aHHs,
813yani3ayilo pe3ynbmamis aHali3)y PUSUKIE, d MAKOIMC 2eHepayiro peccmpy pusukie 3

pexkomeHoayiamu wooo ix 3anobieanns ma ycynenHs ma cmanosums 0,21 opyk. apk.



235

JOIJATOK B
Orsin BeO-pecypciB AJ1s1 NPUUHATTS pillleHb

1. Beb-pecypc «Decision Lensy. lla cuctema npusHaueHa JUist MiATPUMKH MPOLIECY NMPUHHATTS
pIlIEeHb JUIsl OTPUMaHHS ONTUMAaJIbHUX Pe3yJIbTaTiB B yMOBaxX 00OMEXEHOCT1 pecypciB. Cucrema noyania
po3pobisaTuce y 2005 poi 3acHoBHuKamu Decision Lens, [I>xonoMm i [lenom Caari, 3a 6e3mocepeaHboi
ninrpumku Tomaca Caari, mo peami3ye Horo meron aHamizy iepapxiii (MAI) (Analytic Hierarchy
Process, AHP). I'ooBHOIO 0COONMBICTIO CHUCTEMH € OpraHizaiis OHJAalH XOCTy JUIS MPOBEACHHS
BIpTyaJIbHUX 3yCTpiueid eKCHEPTIB JUIsl IPUUHATTS CHIJIBHUX PIICHh POTATOM CIEIIaJbHO BUIJICHUX
ceciii. [aTepakTUBHUIA cripoleHnid iHTEepderic Haae MOKIUBICTh IPOBOJUTH TOJIOCYBAaHHS €KCIIEPTIB
IIUISIXOM BBEJICHHSI pe3YJIbTaTiB Y po00ody 00J1acTh.

Cuctema Mae Taki QyHKIIOHATIBHI MOKIUBOCTI: MIATPHUMY€E CTBOPEHHS OJJHOYACHUX CLIEHAPIiB;
HAJa€ MOXKJIMBICTh BCTAHOBIIIOBAaTH TIPIOPUTETH HA KOXKHOMY pIBHI 1€papXii NIISXOM IOMapHUX
NOPIBHSHB; IEPEBIPATH BILTUB Ta 3MiHU MPIOPUTETIB METOAOM aHAJI3y YYTIMBOCTI; HaJa€ MOXJIMBICTh
3aCTOCOBYBaTH Oi3Hec-TpaBuUia Jig pO3MOALTY OIJDKETy; Mae pO3BHHEHI 3aco0H Bizyamizallii
pe3yNbTaTiB POOOTH.

Jlanuii koMepidHUN TPOAYKT Mae BOYAOBaHUN MEPCOHANbHHUNA TMOMIYHHMK MJII KOXKHOTO
akkayHry (Client Decision Manager) Ta HaBYaJIbHY AMCTAHIIIHY TPOrpamy JJIsl YHIBEPCUTETIB.

ITepeBaru «Decision Lens»: peanizoBano MAI; miaTpuMKa rpynoBoi eKCIIEpTU3H Yepe3 OHJIaiH
cecii; Hao4Ha Bi3yai3allis pe3yIbTaTiB 3 IHTEPIIPETAIIEI0 TPUHHATTS PIIICHHS; MOXKIIMBICTh CTBOPEHHS
KUTBKOX CILIEHapiiB; AOBiJIKA Ui KOPUCTyBaya.

Henomniku «Decision Lens»: KoMepIiifHUN MIaTHUI TPOIYKT; MOXKe OyTH TOPOTHM JJIsl MaJTUX
oprasizarliii; CKJIaHICTh HaBYaHHS POOOTI 3 CHCTEMOIO.

2. Beb-pecypc «Business Performance Managementy. 1le Ge3komToBHMIA BeO-pecypc Ha 0asi
METOJy aHali3y iepapxii, sIK IHCTPYMEHT ISl IIpoLiecy NPUHHATTS piteHb. MAI BUKOPUCTOBYEThCS SIK
JUIS 1HIUBIAyallbHOT, TaK 1 TPyHoBOi eKcrepTH3u. MokHa 30epiratu iepapxii mocraBieHol 3ajgadi Ta
BUKOPHCTOBYBaTH iX, 1100 OLIHWUTU Bary KpUTEpiiB 1 MiAKPUTEPiiB, MOXKHA OLIHUTH JO CEMHU
aIbTEpHATUBHUX pillieHb. Pe3ynbTaTH mapHOro MopiBHIHHS pO3TAaIIOBaH1 B MaTPUIIL.

J1i1s1 TOTO, 11100 CKOPUCTATHCh PECYPCOM, TOTPIOHO 3apEeeCTPyBATUCH Ta ABTOPU3YBaTHCh. Pecypc
MICTUTh MaTepiay PO OCHOBHI MOHSTTS, METOJU Ta IHCTPYMEHTH JIJIsl IPUNHHATTS PIlLIEHb.

Beb6-pecypc po3pobnenuit Ha 6a31 CMS WordPress, ckpuntu nHanucani Ha PHP. V Be6-pecypci
€ MOKJIMBICTb TIEPEBECTH I'POILT PO3POOHUKY ISl HOTO MIATPUMKH, cepBic omnaTh — PayPal. Ockinbku
po3pobka Oyna mpoBeneHa Ha WordPress, To B cucteMi BukopuctoByethest CKBJ] MySQL.

[TepeBaru «Business Performance Managementy: peanizoBano MAI; 6€3KOITOBHUN TOCTYII,
IHTYiTUBHO 3p03yMuInil iHTEpdeEiic; mATPUMKA IPYTOBOi €KCIEPTU3H.

Henoniku «Business Performance Management»: oOMeXeHa KIIbKICTh aJIbTEpHATUB N0 7,
000B’s3K0Ba peecTpallist; 0a30BUil PyHKI[IOHAN 6€3 10JTaTKOBUX IHCTPYMEHTIB aHAIi3Yy.

3. Beb-pecypc «Online Outputy. 1le KOMEpUIMHUN TPOIYKT Uil NPUNUHATTSA PIllICHb, SIKE
peanizye MAI y onmaiin pexumi. [lemoBepcis € JOCTymHOIO O€3KOIITOBHO 3 OOMEXKEHHUM
¢dyskionanom. i po3mupeHHs (QyHKIIOHATY, a caMe JOCTYIy 1O TPYNOBOI €KCIIEPTH3U OHJIAMH,
NOTpiOHO OMJIATUTH BIAMOBIAHUIN TapuU(PHUIN TIaH.

Beb-pecypc BuMarae BHECEHHS NaHMX Yepe3 MaTPHII0 MOPIBHSAHb HampsMy, TOOTO HeMmae
rpagiyHoro iHTepdeiicy BHECeHHS JaHUX y cucTeMy. [IpuHIUN BHECEHHS JaHUX HE JIy’Ke 3pYYHHUI Ta
IHTYITUBHO He3po3yminmii. Hampukian, BHeCeHHS OOEpHEHOi OIIHKM y MAaTPHUII0 3pOOJICHO dYepes
npoOoBi yKcna, TOOTO MO0 MOKa3aTh L0 ajdbTepHAaTUBA «Al» 3HAUHO HpOTpae aabTepHATHUBI «A2»
noTpiOHO BPYUHY BBECTH JIPOOOBE YHCIIO, HApHUKIad, «0.2», Mo He TyXKe 3pYUHO.

VYci npoekTH, 110 CTBOPEHI KOPUCTYBaUeM 30epiratoThbes Ta iX MOKHA pelaryBaTH HaBITh IMICHIS
NPOBE/ICHHST O0paxyHKIB, ajie 1€ CTOCYEThCS JEMOBEpPCii, Jie TpynoBa eKCIepTH3a MPOBOIAUTHCS Ha
OJTHOMY NIPHUCTPOI oaiiH.

Beb6-pecypc posmoxaiienmii Ha ABI 4yacTWHH. llepmia yacTWHAa BHKOHYE pPOJIb BI3HTIBKH
1aThopMH, 1€ 3HAXOIATHCS MMOCUIIAHHS Ha HOTO IPYTy YacTUHY, JIe TPOBOAUTHCS POOOTA 3 IPOEKTAMHU
Ta 00paxyHKH MaTPHULb TOPIBHAHB KPUTEPIiB Ta asibTepHaTHB. TyT € KopoTkuii omnc MAI ta iHCTpyKLis
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3 BUKOPUCTAHHS pecypcy, A€ ONUCAHO SIK BHOCUTHU JIaH1 y MaTPUIIO MOPIBHAHB, a TAKOXK PO poOOTYy
Horo B misiomy.

[Tepma wactuHa BeOG-pecypcy po3pobdiieHa 3a qonmomororo CMS WordPress, BUKOPUCTOBY€ETBCS
CKBJ MySQL. Jiznatuce mpo 3acodbu po3poOku Apyroi ((HyHKIIOHAIBEHOT) YaCTUHH HEMOKIIMBO,
OCKUIBKHU IIEH JOMEH € 3aKpUTUM JJIS IOCTYILy aIMiHICTPaTOPOM.

[lepeBaru «Online Output»: peanizoBano MAI;, HasBHICTH OE3KOIITOBHOI JIEMOBEPCIi;
MOJKJIUBICTh 30€peKEHHS Ta pelaryBaHHS MPOEKTIB; BBEICHHs JaHMX uyepe3 rpadiuauil iHTepdeiic y
BUTJISIII MATPHIIL.

Henoniku «Online Qutput»: oOMexeHuld (yHKI[IOHAT B JEeMOBEPCii; HE3py4yHE BBEICHHS
IpoOOBHUX 3HAYEHB; BIACYTHICTH TpadiuHoro iHTepdeiicy 1 BBEICHHS JaHHX.

4. Beb-pecypc «123ahp. lle 6e3K0MITOBHUI BEO-10AATOK JIs IPUHHATTS pilieHb Ha 06a31i MAI 3
MOYJIMBICTIO TPYIOBOI €KcrepTu3n. Beb-pecypc He € KOMIUICKCHHM Ta CKJIaJHUM, TOMY IO
po3polOiieHuil usi GE3KOIITOBHOIO BUKOPUCTaHHA. BiH He € ajanTHUBHHUM, ajleé TUM HE MEHII BiH €
3pO3yMIJIMM Ta HE BUMArae BiJi KOPUCTYBada 3HaHHA HisiKoi Teopii. Takox Ha calTi € KOPOTKUIl onuc
MAI Ta iHcTpyKItis 1o poOoTi 3 cepBicoM. IHTepdeiic OyB po3pobiaeHuil crierianbHO sl 3BUYANHOTO
KOPUCTYBaya, IKUW X04e MPUHHATH PIlIEHHS 32 JIOTIOMOTO0 OHJIAlH cepBicy. B 1iif cucremi MoxImBe
IPOBE/IEHHS I'PyNoBoi ekcrnepTusu. JocTyn 10 eKcnepTU3M HaJaeTbCs yepe3 eJIeKTPOHHY momry. €
MOYJIMBICTh 3pOOUTH TPYMOBY €KCHEPTH3y MPUBATHOO, TOOTO PE3yIbTAaTH EKCIEPTU3U MOXKYTh OyTH
HEePeriassHyTUMH TUIBKM THM, XTO CTBOPUB eKclepTu3y. Tako)k cepBic HaJlae MOKJIMBICTh 30epertu
BUKOHAHI PO3paxyHKH B 0COOUCTHIA KaOiHeT.

Po6ora 3 BebO-pecypcoM peanizoBaHa uepe3 KEpyBaHHS MPOEKTaMH, iX LI, Kputepii Ta
aIbTepHATHBHU. BBeIEHHS TaHUX Y MaTPUIIIO MIOPIBHAHB BEAETHCS uepe3 rpadiunmii inTepdeiic, askuii €
IHTYITUBHO 3pO3yMUINM Ta HE BUMarae py4yHoro BBEJICHHS JaHUX 10 MaTpulli. Takox 1ie 3MeHIIyeE yac,
110 BUTPAYAETHCS HA TMOPIBHAHHS BapiaHTIB.

[lepeBaru «I23ahp»: peanizoBano MAI; 0e3KOIITOBHUN MAOCTYI; MIATPUMKA TPYMOBOI
€KCIePTH3H 13 3aIpPOIIECHHSIM Yepe3 email; iIHTyITHBHO 3p0o3yMinuii iHTepdeiic.

Henoniku «/23ahp»: BiACYTHS TepeBipka TPAH3UTUBHOCTI; OOMEXEHHUH (yHKIIOHA IS
CKJIaTHUX PO3PaxyHKiB; HEMA€ MOXJIMBOCTI pelaryBaHHs JJAHUX ITiCIsI OTPUMAHHS PE3yJbTaTy.

5. Beb-pecypc «Expert Choice» Takox 0a3zyerbcs Ha MeToli MAIL Cucrema Hajlae MOXKITUBICTD
OynyBatu OaraTOpiBHEB1 l€papXii, IPOBOAMTHU IOMApHI TMOPIBHSAHHS aJbTEPHATUB 1 KpUTEPIiB 3a
JIOTIOMOror0 Tabiuipk 1 rpagiuno. CucremMa po3paxoBye 1HAEKCH Y3TOJUKEHOCTI €KCIEpTiB 1 Hajae
MOJKJIMBICTh BIJpa3y CKOpPEryBaTH BHUCHOBKHU €KCIIEPTIB 1 mepepaxyBaTH pe3yibTaTH. Cuctema mae
MOYJIMBICTB Ipa)ivyHO BIATBOPIOBATH pE3yJIbTaTH aHaANI3y, BAKOHYBATH IMIIOPT/€KCIIOPT JaHUX. Takox
€ MOXJINBICTh OTPUMAaTH OOMEXEHY JIECKTOIIHY CUCTEMY B paMKax CITIBIIpAlli 3 YHIBEpCUTETaMH.

IlepeBaru «Expert Choice»: peanizoBano MAI; rpadiune Ta TaOnuyHe BBEAEHHS JaHUX;
HiATPAMKA TPYIOBOI €KCIEPTU3U; MOKJIMBICTD pelaryBaHHsS JaHUX ITCIS OTPUMAHHS pe3yJbTary;
IMIOPT/€KCTIOPT IaHUX.

Henoniku «Expert Choice»: KOMEpUIMHUNA IUIATHUH OPOAYKT; JIMITH Il KOPUCTYBauyiB;
MOYKJIMBE TIEpEeBaHTAXXEHHS ITPU BEJIMKIM KUTbKOCTI JAHUX.

6. BeO-pecypc «Super Decisionsy. s cuctema st IpuMHSTTS pimieHb noctadaerbes st OC
Windows Ta Mac 1 Ma€ sik py4He BBEJICHHS IaHUX, TaK 1 3aBaHTAKCHHS 13 30BHIIIHIX JUKepen. Aue, TaHa
cucTeMa He nepefdayae BUKOPUCTAHHS €KCIIEPTHUX OLIHOK. HaToMicTh, B Hilf HasBHUN MOTY>KHUN
METOJ/ aHaJlizy Mepex, Akuil OyB 3anpornoHoBanuii Tomacom Caari. Cucrema 103BOJISIE MIPALIOBATH 3
paHillie CTBOPEHUMHU 1 IEMOHCTPALIHHUMHU MOJIEJISIMHU, a TAKOXK I1a0JI0OHAMHU.

IlepeBaru «Super Decisions»: TIATpUMKAa 3aBaHTXEHHA JaHUX 3 30BHIIIHIX JDKEpPE,;
peanizoBano MAI ta Meron ananituuHux mepex (ANP); poOoTa 3 maGioHaMu Ta AEMOHCTpaLiHHUMU
MO/JIEIISIMU.

Henonixku «Super Decisions»: BIACYTHS MIATPUMKA IPYNOBOI €KCHEPTU3H; OLIbIIE MiIXOJUTh
JUISL CKJIaTHUX MOJieNiell, a He JJIs IIBUKOTO MPUUHATTS pillieHb.

7. Beb-pecypc «SpicelLogicy. Kommnanisa SpiceLogic Inc. 3 2007 poky cremianizyeTbcs Ha
PO3po0IIl TEXHIYHO MEPEAOBUX, IHTYITUBHO 3p0O3YMUINX MPOrpaMHUX NMpoaykTiB. Komnanist po3poOise
pIIEHHS JUIsl MIATPUMKH IIUPOKOTrO KOJIa CHOKMBAdYiB, TAKMX K MEHE/DKEPU MPOEKTIB, 0cOOH, SKi
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npuiiMaroTh pimeHHs, imkeHepu, [T-¢axiBmi Ta crygentu. [Ipoayktu kommanii SpiceLogic Inc.
peai3yroTh HaOUIbII MOMYJIIPHI METOAU MPUIHATTS pillleHb, 30KpeMa: IepeBa pillleHb; METO]] aHAITi3Y
iepapxiii; nanimroru MapkoBa; Mmepexi baiieca. B cucteMi HassBHAa MOXKIIMBICTh MOJICITFOBAHHS METOJIOM
Mounre-Kapno. KoxHy niarpaMmy MokHa MEpETIsSHYTH SK TaOIHII0 JaHuX ado excriopryBatu B Excel.
Pesynbrar BUKOHaHOTO aHAITi3y MOXKHA 30epertH sk 3BiT y popmati PDF a6o Excel.

Cepen 10AaTKOBUX MOXKIMBOCTEH BeO-pecypcy MOXHA BHIUIMTH: HAJAIITyBAaHHS MOJeNei,
HaJIAIITYBaHHS CIIEHApIiB, IHTEPAKTHBHA Bi3yalli3allis pe3yJbTaTiB Ta 30€peKeHHs MOJICICH y BUTIISAIL
3BiTiB a00 niarpam. [HTepdeiic € 3pyuHuM, 10 JO3BOJISE MIBUIKO OMAHYBATH HAsIBHI IHCTPYMEHTH IS
NIATPUMKA TPUAHATTS pimeHb. BeO-pecypc SpicelLogic Ta HOro KOMIIOHEHTH MOXYTh OyTH
BUKOPHUCTAaHI SIK B OCBITHBOMY IIPOIIEC], TaK 1 Y MPAKTUYHIN AismbHOCTI. [IporpaMuuii mpoayKT miiaTHui
Ta MPOIIOHYE MPUI0ATH JIICH31I0 33 PI3HUMH Tapu(HHUMHU TJIAHAMH.

[lepeBaru «SpiceLogic»: peanizoBano MAI; minrpuMka pi3HUX METOJIB HPUHHSATTS pillleHb
(mepesa pilieHb; METO aHAJI3Y i€EpapXii; JaHIory MapkoBa; Mepexi baiieca); IHTYiITUBHO 3p03yMiIHi
iHTepdeiic; MAXOIUTh Ui PI3HUX KOPUCTYBaUiB: MEHEKEPiB, IHKEHEPiB, CTYICHTIB.

Henomniku «SpiceLogicy»: Moxxe OyTH CKIAQIHUM JJI1 HEIOCBITYCHUX KOPUCTYBaYiB; BIJICYTHICTh
THYYKOCTI B HaJAIITYBaHHAX IS CIEUU(IYHUX TOTPeEO.
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JTOJATOK I'

Orasix MeToaiB i MPOrpaMHMX 32C00IB YIIPABJIIHHA PU3UKAMH

I'.1 Orasx MeToaiB ynpaB/iiHHS pUSHKAMHU

B myHKTI HaBeIeHO METO/U SIKI PEKOMEH/I0BaHO BUKOPUCTOBYBATH JJIsl YIPABIIHHSA PU3UKAMU
3a cragaaptom [SO 31010.

1. Mo3zkoBuii mtypm (aHri. Brainstorming) — ZOMTOMDKHUNA METOJT pU3HK-MEHEKMEHTY, KU
3a0e3neuye 30MpaHHs BEMKOI KUTBKOCTI 116 Ta OLIHOK BiJi KOMIETEHTHUX 0Ci0 mo10 imeHTHdiKarii
MOTCHIIIHHUX BHIIB BIAMOB Ta TIOB'I3aHMX 3 HUMH YHWHHHKIB, KPUTEPil NPUUHATTS PIIICHb.
CdopmoBanuii mepemik ieil Ta OLIHOK Yy MOAANBIIOMY PaHXKYEThCS TpyHoro ekcrepTiB. Llel meron
nepeadavae 3aCTOCYBaHHS CIEIAIbHUX TPUHOMIB aKTHBI3allli y4aCHUKIB OOTOBOPEHHS.

2. CrpykrypoBaHne a0o HamiBCTPyKTypoBaHe OnuTyBaHHs (aHri. Structured or semi-structured
interviews) — JOMOMDKHUM METOJT PU3HK-MEHEDKMEHTY, SIKUW 3a0e3reuye 30upanHs iHGopmarii Bif
KOMIIETEHTHHUX 0Ci0 M0A0 ieHTH(iKalii MOTCHUIHHNX PU3UKIB 32 JOMOMOTOI0 apKyIlliB HAaBEIEHUX
3alUTaHb. 3aCTOCOBYETHCS Y BUMAJIKY, KOJIM 310paTH €KCHEPTIB sl «MO3KOBOT aTaKuy HEMOXKIIUBO 200
HeZopeuHo. € 3aco00M 100 OTPUMAaHHS BXIAHHUX JAHHUX JJIS MOJAJBIIOTO 3arajlbHOTO OI[IHIOBAHHS
PHU3HKIB.

3. Meton enwdi (arrn. Delphi method), a6o MeTox ekCIIepTHHX OILIHOK — TOTIOMIXXHUN METO/
PU3UK-MEHEIKMEHTY, SKUH 3a0e3nedye MiArOTOBKY KOHCEHCYCHOi OLIHKM TPYIM €KCIEepTiB, sKi
CHPUATHUMYTh 1I€HTU(IKYBaHHIO JDKEpelia pU3UKY Ta BILIMBY, KUTbKICHOMY OLIIHIOBAaHHIO HMOBIpHOCTEH
i HaCMiJKiB, OI[IHIOBaHHS pu3MKiB. [lepenbaydae iHAMBIAyanbHY HE3alIeKHY pOOOTY EKCIIEPTIB.

4. Tlepenikn KoHTpodbHMX 3anuTadHb (anri. Checklist) — meron momyky, MmO J03BOJISE
11eHTU(IKYBAaTH PHU3UKH, YMOXJIMBIIOIOYM CKJIAaJaHHS IEpesliky TUIMBUX HEBU3HAYEHOCTEH s
MOJAJIBIIOTO TX PO3TIISAY.

Hactynni meroau 6inbin dhopmanizoBaHi 1uist iieHTU]IKaI] pU3UKIB Ta HEOE3MEKH, iX HA3BU
TOBOPATH caMi 3a cee.

5. Ionepenniii anani3 Hebe3neunnx ynHHUKIB (PHA) (anrn. Preliminary hazard analysis, PHA)
— METOJ MOIIYKYy, MpU3HAUeHUN AJs 11eHTU(iKanii HeOe3eYHUX YMHHUKIB Ta CUTYyallil/moaii, 1o
MOXYTb 3aBJIaTH IIKOAY KOHKPETHUM BUAAM AisUIHOCTI, TEXHIYHOMY 3aC00Y UM CUCTEMI.

6. HocnimkxenHss HeOe3neuHux 4uHHMKIB 1 mpauesnatHocti (HAZOP) (anrn. Hazard and
operability study, HAZOP) — meron ¢yHKUiIHHOrO aHaii3yBaHHs, SKUH Ja€ 3MOTY 11€HTH(IKYBaTH
PHU3UKH, 11100 BU3HAYUTH MOXJIMBI BIAXWJIEHHS Bl Nepen0dadyBaHOi/0YiKyBaHOI AISUIBHOCTI, BUSIBUTH
KPUTHUYHICTD BiJIXHIIIB.

7. AHanizyBaHHS HEOE3MEYHUX YNHHUKIB 1 KpUTUYH1 TOukH KOHTpoo (HACCP) (anrn. Hazard
analysis and critical control points, HACCP) — wmeron ¢yHKUIHHOTO aHalli3yBaHHs, SKUHA €
CUCTEMATUYHUM, MPOAKTUBHUM 1 NPEHTUBHUM JyId 3a0e3MeueHHsl SKOCTI MPOAYKIii, HaaliHOCTI Ta
0e3MeyHOoCTi MpOoIeciB 3a JIOMOMOIOI0 BHMIPIOBAaHHS 1 MOHITOPUHTY IepeOyBaHHS BH3HAYEHHUX
XapaKTEPUCTHK Y BCTAHOBIICHIX MeEKax.

8. 3arajbpHe OLIHIOBaHHS e€KoJoTiyHoro pusuky (anri. Toxicity assessment) — MeTon
aHaJII3yBaHHS CLIEHApilo, SIKUM J03BOJSE 1EHTHU(IKYBaTH Ta aHali3yBaTH HeOE3Ne4YHl UYWHHUKH,
MOYJIMBI CIIOCOOM BIUTMBY LIbOTO YMHHUKA Ha IUIbOBUI O00'€KT 3a/1J11 BCTAHOBJIEHHS HMOBIPHOCTI
BUHUKHEHHS KOHKPETHOI IIKOTH.

9. Crpykrypoanuii Mmetof «1Llo sxmo» (SWIFT) (anrn. Structured What If Technique, SWIFT)
— JIOMIOMDKHHUN METOJl PU3HMK-MEHEI)KMEHTY, L0 CTUMYJIOE TeMaThuyHl poOodi Tpynu eKCHEepTiB
1IeHTU(IKYBATH PU3HKH.

10. Amnani3 cuenapiiB (aHri. Scenario analysis) — MeTO, IO HAJIEKHUTH J0 TPYITH aHATI3yBaHHS
CIIeHapito, IKUi 3a0e3Meuye BU3HAUCHHS YSIBJICHHIM a00 eKCTPAIoJIALi€l0 Ha OCHOBI pU3HUKIB, 30KpemMa
— (aKTUYHMX, 32 IPUITYIIEHHSM, 1110 KO)KHUH 13 CLIeHapiiB MOXHA peani3yBaTH.

11. Amnani3 BIuMBY Ha JisIbHICTH (aHrI. Business impact analysis, BIA) — meton, sikuii nae
3MOT'y aHaNi3yBaTH KPUTUYHICTH 1 CTPOKHU BITHOBJIEHHS KIJIFOUOBHX O13HEC-TIPOLIECIB, K1 MOCTpaXKIaln
BHACIIJIOK JecTalumizalii, MOB'SI3aHMX 3 IUMHU TpoIecaMy pecypciB (TEpCOHal, YCTaTKyBaHHS,
iH(popMarliifHi TeXHOJIOr11), 3a0e3Meuyoun JOCATHEHHS 1IiJIel opraHi3ariii.
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12. Amnani3 nepmonpuunH (aHra. Root cause analysis) — MeTos aHami3yBaHHS CIIEHAPIIO, STKUMA
3a0e3medye aHaji3 OKpeMOoi BTpaTH, 110 CTajacs 3 METOI0 PO3YMiHHS 3yMOBJIIOBaHUX YUHHUKIB Ta TOTO,
SK CUCTEMY YU MPOLEC MOXKHA BAOCKOHAIMTH, 1100 Y NOJANbIIOMY YHUKHYTH aHAJIOTIYHUX BTpaT.

13. Amnami3 BuziB i HacmiakiB BigmoB (anri. Failure mode and effects analysis, FMEA) — meTon
GYHKIIMHOTO aHaNI3yBaHHS, SKUM Ja€ 3MOTY iIeHTU(]IKyBaTH XapakTep BIiJIMOB 1 YMHHHUKH 1X
BUHUKHCHHS, iXHI BIUIUBH. 3aCTOCOBYIOTHCS IO aHATI3yBaHHs: 1) mpoekTy (Mpoaykilii); 2) cuctemu, 3)
BUPOOHMYOTO UM CKJIAIaJILHOTO IPOLeCy, 4) MOCIYT, 5) mporpaMHuX 3aco0iB. Moske OyTH JOTTOBHEHHI
aHaATI3yBaHHS KPUTHYHOCTI 13 BA3HAYCHHSM BaKIIUBOCTI KOKHOTO BH]Y BiTMOB 32 IOTIOMOT OO SIKICHUX,
HAIMBKUIBKICHUX YU KIJIbKICHUX IT1XO0IiB.

14. Amnamni3 nepesa BinmoB (anri. Fault tree analysis) — MeTon aHamnizyBaHHS CIIEHAPII0, 32 SIKUM
CIOYATKy 3a3HauyaroTh HeOakaHy KIHIEBY MOJiI0, a MOTIM BHU3HAYAIOTh YCi CIIOCOOM 3a SIKHMHU BOHA
Mmoxe BigOytucs. Enementu BinoOpaxkaroTs rpadiuno y popmi 1epeBonoaiOHoT cXeMH A1 MOJAIbIIOr0
aHayizy crnoco0iB MocaabIeHHs/yCYHEeHHS MMOTEHITIMHUX HEeOE3IeK.

15. Amnami3 nepeBa noniit (anri. Event tree analysis) — MeTon aHanmizyBaHHS CLEHApilO, SIKUH
3a0e3nevye nepeBeACHHS HMOBIPHOCTEH Pi3HUX MEPIIONOINA Y MOXKJIUBI PE3yIbTaTH.

16. Amnami3 npuuuH i HacmiakiB (anrit. Cause and consequence analysis) — METO aHaTIi3yBaHHS
CIIeHapilo, LI0 MOEIHY€E aHaJi3yBaHHS JEpeBa BIIMOB 1 JiepeBa MOJIH, sIKe J1a€ 3MOTYy BpaxOBYBaTH
3aTPUMKH Y Yaci.

17. Anamiz npuunmHO-HachiakoBux 3B's3kiB (anri. Cause-and-effect analysis) — Merton
aHaJi3yBaHHs CIICHApilo, KUK 3a0e3redye rpymyBaHHS 3yMOBIIOBAaHHUX UYMHHHKIB PU3UKY y pi3HI
kareropii. Pesynbrar BimoOpaxkaerscsi rpadiuyHo y (opmi 1epeBonoAiOHOT CTPYKTYypU YH JiarpaMu
IcikaBm.

18. Amnaniz piBniB 3axucty (LOPA) (amrnm. Layer protection analysis, LOPA) — wmerton
3araJibHOTO OLIHIOBaHHS 3ac00iB KOHTPOJIIOBAHHS, iX Pe3yJIbTaTUBHOCTI (iHIIA Ha3Ba — METO/ Oap’epiB)

19. [epeBo pimens (anri. Decision tree) — METOI, 110 3aCTOCOBYIOTh y KEpyBaHHI MPOEKTHUMHU
PHU3HKAMH YH 32 IHITUX 00CTaBUH JIIsi BUOOPY HAHKPAIIOro crioco0y Jii 3a HassBHICTIO HEBH3HAYECHOCTI
y ¢opmi 1epeBONOAIOHOI AlarpamH.

20. 3arasibHe OLIIHIOBaHHS HaAlWHOCTI moauHU (aHri1. Human reliability analysis, HRA) —
JIOTIOMIP)KHUM METOJT pU3HMK-MEHEDKMEHTY, AKUI 3a0e3Meuye OLIHKU BIUIMBY IMOMHJIOK MEPCOHAY Ha
€BICTH CUCTEMH.

21. AHami3 3a CXeMOI «KpaBaTKa-MeTenuk» (aHria. Bow tie analysis) — mpocTtuii meron
3arajbHOrO OIIIHIOBAHHS 3aCO01B KOHTPOJIIOBAHHS, KM HaJa€ 3MOTy ONKCAaTH Ta IpoaHalli3yBaTu
BapiaHTH PO3BUTKY PU3UKY 3 OYATKY (BU3HAYCHHS HeOe3MeUHNX YMHHUKIB) /10 HACIIAKIB, TOETHYIOUN
y rpadiuHiif popmi 1epeBo BiIMOB (aHali3 IPUYMH MOJIH) 1 JepeBa Moil (aHami3yBaHHS HACHIJIKIB).

22. TexuiuyHe 0OCTyroByBaHHsS, 30pi€HTOBaHE Ha 3abe3medeHHs Oe3BIAMOBHOCTI (aHTII.
Reliability centered maintenance) — wMeTon (YHKUIHHOTO aHaNi3yBaHHS, SKUH Ja€ 3MOTy
11eHTU(IKyBaTH MOJITUKHY, sIKi TpeOa 3ampoBajUTH A KepyBaHHS BiIMOBaMH, 100 e()eKTHBHO Ta
Pe3yNbTaTUBHO J10CSATAaTH HEOOX1IHOTO PiBHS O€3MEKU, TOTOBHOCTI Ta EKOHOMIYHOCTI (PYHKIIIOHYBaHHS
BCIX TUIIB YCTaTKyBaHHS.

23. Amnamiz mnapasutHux cxeM (aHra. Sneak circuit analysis) — wmeTon (yHKIIHHOTO
aHaJli3yBaHHs, SKUW Jae 3MOry iIeHTU(IKyBaTH Mapa3uTHI (IMPUXOBaHi) CTAaHW TEXHIYHOTO 3aco0y,
NPOTPAMHOTO 3aco0y YHM 1X TMOETHAHHS, SKi MalOTh BHITAIKOBHH XapakTep; CTaHIB, IO MOXYTh
CIPUYMHUTH BUHUKHEHHS He0a)kaHOI MOI1 UM MepelkoKaTi BUHUKHEHHIO O0a)kaHoi MOIi1 Ta He MOKe
OyTU CpUYMHEHHUH B1IMOBOIO SIKOTOCh CKJIaJIHUKA.

24. MapkoBcbkuii ananmiz (anrin. Markov analysis) — CTaTUCTHUHUN METON, IO 3a3BUYAM
BUKOPHUCTOBYETHCS ISl aHAJI3yBaHHS PEMOHTONPHUAATHOCTI CKJIAJHUX CHUCTEM, SIKI MOXKYTh OyTH Y
6araTboXx cTaHax, 30KpeMa —y CTaHl CIPOBHOCTI (1HO/II HA3UBAIOTh aHATI3YBAHHSAM IIPOCTOPY CTAHIB»).

25. ImitaniiiHe MonentoBaHHs 3a MetofgoM Monrte-Kapno (anri. Monte Carlo simulation) —
CTaTUCTHUYHUM METOJ, 10 BUKOPUCTOBYIOTH Uil BUSIBJICHHS CYKYIHHMX 3MIH B CHUCTE€MI CYKYITHOCTI
BXIJIHMX JlaHUX, SKI MalOTh BU3HAYEHWH pO3MOAUI Ta MOB'3aHI 3 Pe3yibTaTOM BHU3HAUEHHUMU
B332€MO3B'SI3KaMU.
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26. baitecoBa cratuctuka 1 Mepexi baiteca (anrn. Bayesian statistics and Bayes nets) —
CTATHCTUYHUI METOJI, IO Nependadae BUKOPUCTAHHS TaHUX allpiOpHOTO PO3MOALTY TSl OI[IHIOBAHHS
HMOBIPHOCTI pe3yJIbTary.

27. Kpusi FN (anra. FN curve) — cnoci6 rpadiuyHoro 300pakeHHs HWMOBIpPHOCTI MOIH, sIKi
CHPUYHHSIOTH piBeHb mkoau Juist nomysrsiii. Kpusi FN nokasyrote Hakonuaeny vactoty (F), 3 skoro N
4y O1NIbIIE TPECTaBHUKIB MOMYJIALIT 3a3HaBATUMYTh BILIHBY.

28. Ilokasnuku pusuky (anri. Risk index) — kiibKicHa OIiHKA Mipyd PH3UKY, OTPUMAHOIO 3
BUKOPUCTAHHSM OaJIbHUX OI[IHOK HAa OCHOBI MOPSIKOBHX INKAJI, SIKi JAIOTh 3MOTY MPUBECTH HU3KH
YHHHUKIB, 10 BIUTMBAIOTh HA PIBEHb PU3HKY, JI0 €JIMHOI YMCIOBOI 0aJIbHOT OI[IHKH IIHOTO PiBHSI.

29. Marpuns «Hachinok/iimoBipHicTE» (anrn. Consequence/probability matrix) — 3aci0
MOETHAHHS SKICHUX Ta KIJIbKICHUX OIIHOK HACIIJIKIB Ta KMOBIPHOCTEH ISl BUSHAYCHHSI PIBHIB PU3HKY
YM IX paHKyBaHHS.

30. AmnanizyBanns Butpar i Burig (CBA) (anri. Cost/benefit analysis) — MeTon OiHIOBaHHS
PH3UKY, 3a SIKUM 3arajbHi O4iKyBaHi BUTPATH MOPIBHIOIOTHCS 3 3arajIbHUMU O4iKyBaHUMH BHT'OJIAMH 3
METOI0 BHOOPY HAaWKpaIoro / HakpeHTabIbHIIIOrO BapiaHTy.

31. Bararokpurepianpamii ananiz pimens (MCDA) (anrn. Multi-criteria decision analysis,
MCDA) — meToJ, 1110 BUKOPUCTOBYE HU3KY KPUTEPIiB JIJIs OL[IHIOBAHHSA 3araJIbHO1 IIIHHOCTI CYKYITHOCTI
BapiaHTiB ((OopMyBaHHS MaTpPHUIli BapiaHTIB 1 KPUTEPIiB, pAH)KOBAHUX 1 arperoBaHMX JJIsi OTPUMAaHHS
OaybHOT OITIHKHM BapiaHTIB).

I'.2 Orasiag nporpaMHuX 3ac00iB YNPABJIIHHS PU3HKAMHU

[IpoBeeHO TOPIBHAUIBHUM aHAi3 TOM-5 ICHYIOYMX MPOTpaMHHUX 3ac00iB ISl yNpaBIIiHHS
PHU3UKaMHU, pe3yibTaT yoro MpoAeMOHCTpoBaHO B Tabimuui 1. 1.

1. Onspring [58] — komIUIeKCHa IiaTdopMa JJisi YNPaABIIHHS PU3HKAMH, IO HiATPUMYE
HAJIAIITYBaHHS POOOUYUX IMPOILIECIB, aBTOMATHU3AIIII0 3BITHOCTI Ta MOHITOPUHT KOHTPOIO. Mae THydKi
MOYJIMBOCTI IHTETpalii 3 IHIIMMHU CHCTEMaMHU.

2. Checkbox [59] — iHCTpyMeHT aBTOMaTH3allii pPU3UK-MEHEIKMEHTY, OpIEHTOBAaHUN Ha
CTBOpPEHHSI TUHAMIYHUX YEK-JIUCTIB 1 MAOJOHIB Ui OLIHKU PU3MKIB; JO3BOJISE HMIBUAKO aJanTyBaTU
npoliecu mija cneundiky oprasizarii.

3. Qualityze Suite [60] — cucTema ynpaBiaiHHS SKICTIO 3 PO3IIMPEHUMH (DYHKIISIMHU JJI aHATI3Y
Ta KOHTPOJIO pH3MKiB, iHTerpoBaHa 3 Salesforce; 3a0e3meuye mNOBHMH LHUKI YNpaBIIiHHS
HEBIJIMOBITHOCTSIMHU Ta JISIMU JIJIs1 KOPUTYBAHHS MPOIIECIB.

4. Wrike [61] — OGararodyHKLiOHaTIbHA M1aT(HOpMa IS YIIPABIIHHS MPOEKTAMH 3 MOXKIIUBICTIO
BIJICTe)KEHHSI PU3MKIB Ha PIBHI 3a/ay Ta IPOEKTIB, OpPiEHTOBaHAa Ha Kosiabopauii Ta yHpaBiiHHSA
KOMaHJaMH.

5. AuditBoard [62] — cnenianii3oBaHa cucteMa JJis ayAUTY, KOHTPOJIIO Ta YIIPaBJIIHHS pU3HKaMH,
10 BKJIIOYA€E MOAYJI JUIS BiJNOBIJHOCTI HOPMAaTHUBHMM BHMMOTaM, YIPAaBIIHHSA IHIUJIEHTaAMU Ta
BIJICTE)KEHHS PU3UKIB Y PEXKUMI peajbHOro yacy.

Tabmuus I'.1 — IlopiBHSHHA mporpamMHOro 3a0e3nedyeHHs Ui YHpaBlIiHHA pU3UKaMHU [po3poOieHo
aBTOPOM |

PDyHKIiOHAT Onspring | Checkbox | Qualityze Suite | Wrike | AuditBoard
Risk Scoring + + - + +
Audit Management + A + + +
Risk Reporting + i - + +
Predictive Analytics + - - - -
Exceptions Management + + - - -
Mobile Access + + + + +
Business Process Control + + - A +
Legal Risk Management + + - = +
Alerts/Notifications + + + + +
Operational Risk Management + + - + +
Compliance Management + + + + +




241

[Tponosxenns Tadmuii I'. 1
Corrective and Preventive
Actions (CAPA)
Internal Controls Management
Dashboard
Risk Assessment
IT Risk Management
Reputational Risk Management
Response Management
Incident Management
Data Visualization
Version Control
Approval Process Control
Audit Trail
Policy Management
Configurable Workflow
Security Auditing
Risk Analysis
Training Management
Forms Management
Dashboard Creation
Reporting/Analytics
Customizable Templates
Customizable Reports
Vendor Management
Task Management
API
Third-Party Integrations
Real Time Reporting
Assessment Management
Workflow Management
Document Management
Document Storage
Reminders
Risk Alerts
Activity Tracking
Real-Time Monitoring
Al ISO 31010 methods
implementation

47/ + 45 40 32 39 41
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BigmoBimHo g0 Ttabmumi ['.1, Ha JaHWii MOMEHT HaMKpamuMm BHOOpPOM € MpOrpaMHe
3abe3neyeHHs «Onspringy, ske Habpano 45 3 47 BIAMITOK IIPO HAsBHICTb 3a3HaYEHUX (PYHKIIIH B CBOEMY
nporpaMHoMy cepenoBuili. OqHAK >KOJHA 3 CHUCTEM HE peaii3ye BCl METOAM OLIHIOBAHHS PU3HUKIB,
pexomenioBaHi crangaptom ISO 31010, mo cBiAYUTE PO 0OOMEXKEHY METOOIOTIYHY THYUKICTb.
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3aco0u 3ano0iranHs Ta yCyHeHHs1 TUIIOBHUX pu3uKiB B IT-npoexkrax

Tabmuus J1.1 — 3acobu 3amoliranHs Ta yCYHEHHS €KOHOMIYHOTo pu3uKy B IT-mpoekTax

Ne 3axoau 1mo0/10 3anoliraHHs pU3UKIB 3axoaM 0JI0 YCYHEHHsI PU3HKIB
1. [MocTiliHMi MOHITOPHHT €KOHOMIYHOT KOH 10HKTYpH | [lepemnnanyBaHHs OFOKETY Ta peoprasizaliist 00proBux
3000B’13aHb
2. Bro/pkeTHE pe3epByBaHHs [omyk 101aTKOBOTO JpKepena (iHaHCyBaHHS
3. AXTHBHA cTpaTeris ynpasiiHHsI 000pOTHUMH AHai3 MPUYHH PU3HKY
KOIITAMHU
4. AHai3 KPEAUTHOTO PUBHKY PedopmyBanHs cTparerii 6i3HeCY
5. AHai3 pUHKOBUX TPEH/IB i TEXHOJIOTTYHUX JuBepcudikamist TiTOBHX onepartiit
iHHOBaLi i
6. Crpareriude maaHyBaHHS ITepernsg yMOB KOHTPAKTiB
7. YmpaBiliHHS BUTpaTaMH 3aydeHHs1 JOOaTKOBOro (hiHaHCYBaHHS
8. [TinBummeHHs: piHAHCOBOI IPaMOTHOCTI IIEPCOHAITY CTBOpPEHHS TOATKOBUX PE3EPBIB I MOJATBIIO]
HEBH3HAYEHOCTI
9. [MigTprMKa THYYKOCTI Ta afanTHBHOCTI B opraHizamnii | OnTumizallis BAKOPHCTaHHS PECYpPCiB, BKIIOYAIOUN
JIIOJICHKI, (DiHAHCOBI Ta MaTepiaJibHI pecypcu
10. | AxTHBHa y4acTh y Oi3HEeC-CHIIBHOTI Ta BripoBamkeHHs cTpaTerii BiTHOBICHHS TOBIpH KITi€HTIB,
IHAYCTpiaJIbHUX acoIliamisax MapTHEPIB Ta iIHBECTOPIB

Tabmuusg /1.2 — 3acobu 3amo0iraHHs Ta yCYHEHHsI pUHKOBOTO pu3HKy B IT-mpoekTax

YOPaBIiHHS PUHKOBHMH PH3UKAMHU

Ne 3axoau 010 3am00iraHHs PU3UKIB 3ax0/11 010 YCYHEHHS PU3HKIB
1. ITocTifiHMIA MOHITOPUHT PHHKY [TeperuianyBaHHS OIOJDKETY
2. BromkeTHe pe3epByBaHHS ITinGip HOBMX 3aMOBHHUKIB/KIIIEHTIB
3. dikcamis [[iHA HA TOTOBipHIi OCHOBI [Momryk Ta po3poOka HOBHX MPOIYKTIB a00 MOCIYT, SKi
MOJKYTh 3MEHIIIUTH 3aJI€XKHICTh BiJi KOHKPETHUX PHHKIB
abo cexTopiB
4. AnbTepHaTHBHA 0a3a 3aMOBHHKIB/KITI€HTIB BripoBapkeHHsI CTpaTeriil pisHOCIPIMOBAHOTO
MapKEeTHHTY Ta PeKJIaMU JUisl 3aIydeHHs Pi3HUX
CErMEHTIB ayJIMTOPIi Ta 3MEHIIEHHS PU3HKIB,
NOB’SI3aHUX 3 KOHIIEHTPALIEIO KIIEHTIB y MEBHUX
CEKTOPAax UM perioHax
5. Jusepcudikaris moptdeis npoayKTiB abo mociayr BrpoBapkenHs nporpamu nquBepcudikaiii noprgens
OpOAYKTIB ab0 mociayr
6. AHaJi3 1 IPOTHO3YBaHHsI TCHACHIIH PUHKY IS AkTHBHa po0OTa 3 MiIBUIICHHIM JIOSIBHOCTI KIIEHTIB
BYACHOTO pearyBaHHs Ha 3MIHU Ta PO3IMIMPEHHSM JIIOBUX BITHOCHH 3 ICHYIOUUMH
KIIIEHTaMHU
7. PetenbHMit aHAi3 KOHKYPEHTHOTO CEpEOBHIIA Ta Po3pobka crparerii rio6anbHOT eKkcraHcii st BUXOLy
peaxiiist Ha J1ii KOHKYPEHTIB HA HOBi pUHKY Ta 3MEHIICHHS BIUTMBY PETiOHANBHUX YU
CEKTOpaJIbHUX PHU3HKIB
8. BrnockonaneHHs cTpaTerii Ta nporeciB MapkeTHHry | 3aidy4eHHs KOHCYJIBTAaHTIB 3 JOCBIZIOM YIIPaBJIiHHA
PUHKOBHMH PH3HKAMHU
9. BcraHOBICHHS TAPTHEPCHKUX BiTHOCHH 3 AKTHBAIlS pe3epBHUX IUTaHIB AisITHOCTI KOMIaHI{
KJIFOYOBHMH 3aMOBHHMKAMHU Ta KJIIEHTAMHU
10. | IocriliHe BNOCKOHAJICHHS CTpATeTiil Ta METO/IB BcTaHOBNIEHHS CHCTEM KOHTPOJIIO Ta MOHITOPHHTY, 11100

YHUKHYTH NOAIOHNX PH3HKIB Y Mail0yTHROMY

Tabmuns J1.3 — 3acobu 3amobiranHs Ta yCyHEHHS pU3UKY 3MiHU BuMor B IT-mpoektax

3axoam 11010 3an00iraHHs PU3UKIB

3axo/i1 010 YCYHEHHS pU3HKIB

YiTke BU3HAYEHHS BUMOT

AHaJti3 BUMOT 1 pU3UKiB

CrparerigHe IIaHyBaHHS

[leperuraHyBaHHS €TaIliB IPOEKTY

BukopucTaHHS THYYKHX METOJOJIOTIH PO3pOOKH

OHOBJIEHHS TOKYMEHTaii

Eal el I el 74

Perynsapumuii 380pOTHHUIL 3B’ 30K Ta CITIIKYBaHHS
3aIiKaBJICHUX CTOPiH

3miCHEHHS BIAKPUTOI KOMYHIKAII1 3 KJIi€EHTaMH,
3aMOBHHUKAMM Ta 1HIIMMH 3aIliKaBJICHUMH CTOPOHAMHU
1100 MOTOMKEHHS 3MIH BUMOT Ta MOJANIBIINAX i
KOMIIaHi1
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MOCITYT KOMIIaHii, BHCCEHHS HEOOX1THUX 3MIH JUIsI
BIAIIOBIHOCTI HOBUM BHMOTaM

5. BcranoBHTH e)eKTHBHI MEXaHI3MU KOHTPOJIIO Ta 3abe3neuyeHHs NOCTIHHOTO MOHITOPHUHTY CHTyalil Ta
MOHITOPUHTY, 00 BYaCHO BHSIBJIATH Ta BUIPABIISITH | MPOLECIB, 1100 CBOEYACHO pearyBaTy Ha Oy ib-sKi
Oyb-sIKi HEB1JIIIOBIAHOCTI HOBUM BUMOTaM TMOJIaJIbII1 3MIHH Ta yIOCKOHAIIOBATH CHCTEMY

YIPaBJIiHHS KOMIIaHI€I0
6. JlocmianT MOXKIIMBOCTI afanTanii mpoayKTiB abo 3arpoBaJuTH rHYYKICTh Y BUPOOHUITBI Ta Oi3HEC-

nporecax, o0 MBUIKO pearyBaTH Ha MOAi0HI 3MiHH B
MaiiOyTHOMY

Tabmuus 1.4 — 3acobu 3amobiranHs Ta yCyHEHHS PU3HKY SKOCTI IpOrpaMHOro 3abesneueHns B IT-

IMPOEKTAX
Ne 3axoau 11010 3amo0iraHHs PU3UKIB 3axo/1 MOJI0 YCYHEHHS PU3HKIB
1. Bu3HaunTH 49iTKi BUMOTH BusnauuTtu nepuionpuyuHy
2. JoTpuMyBaTHCh HAHKPAITIX IPAKTHK BusHaunTH IPiOPUTETHICT TUTAHB
IPOrpaMyBaHHS
3. [IpoBeneHHs ceciif OTIAaY KOOy BnpoBaautu BUnpaBieHHs
4. BripoBamkeHHS Ta miATPUMKA aBTOMAaTH30BAHOTO Perpeciitae TectyBaHHS
TECTYBAaHHSA
5. BesnepepBHa inTerpanis/oe3nepepBHe po3ropTaHHs ABTOMaTH30BaHE TECTYBaHHS
(C1/CD)
6. CraTtuuHuii aHaANTI3 KOy Ormsin Koy
7. TecTyBaHHS IPOAYKTHBHOCTI [ocTiliHMi MOHITOPHHT I0JATKY
8. TecryBaHHs Oe3neku MOHITOPHHT BiIT'yKiB KOPUCTYBaYiB
9. JIoOKyMeHTyBaHHs Ta OOMiH 3HaHHIMU PearyBaHHs Ha NOBIJIOMJICHHSI IIPO MOMUJIKU
10. | HaBuaHHs Ta TpEeHYBaHHsI IEPCOHATY JIoKyMeHTYBaHHs Ta 00MiH 3HAHHAMHU
11. | 3BOpOTHIii 3B’ 530K INocrifiHe BIOCKOHAICHHSI

Tabmuus /1.5 — 3acobu 3amo0iranHs Ta yCyHeHHs pu3HKy Kibepoesneku B IT-mpoexTax

CTBOPEHHS CUTYAI[IHUX LEHTPIB KibepOesneku
(SOC)

Ne 3axoau 1oJ0 3anobiraHHs pU3UKIB 3axoaM 10JI0 YCYHEHHsI PU3HKIB
1. PerynspHi OliHKY PU3HKIB 1JIs1 BUSBICHHS [3051411iT Ta yCYHEHHS 3arpo3u
MOTEHLIHNX Bpa3iuBocTei 1 3arpo3 mist [T-cucrem i
JIAHUX
2. HaBuanHs Ta migBHIIEHHs 00i13HAHOCTI NPALiBHUKIB | BiJHOBIICHHS IJaHHUX 3 PE3EPBHUX KOMiii
3. Haniitai MexaHi3Mu ayTeHTU]iKawii [lepeBipka Bpa3JIMBOCTEH 1 MiIBUILIEHHS O€3MEKH.
4. PerynsipHi OHOBJICHHS IPOTPAMHOT0 3a0€3MEeYCHHS AHati3 MPUYHH IHIHICHTY
Ta YIPaBJIiHHS BUIIPABICHHIMHU
5. Bukopucranns Opanamayepis Ta cucreM BusiBieHHs: | [linBuiieHHs 0013HaHOCTI epcoHATY
/ 3an00iraHHs] BTOPTHEHHSIM
6. udpyBaHHs gaHUX BesniepepBHU MOHITOPHHT 1 MOJIAJIBIIE CIIOCTEPEIKESHHS
7. YnpaBiiHHSA JOCTYIOM 3axou oM’ SIKIIEHHS BILTUBY
8. PerynspHe pe3epBHE KOIIOBaHHS TAHUX Komn'rorepHuid KpUMiHATICTHYHIN aHAJI3
9. MoHiTopuHT Oe3IeKH Ta pearyBaHHs Ha iHIUACHTH 3amobiraHHs TOBTOPHHUM iHITHICHTAM
10. | Ominka 6e3nexu mocravaidpHuKa [13 [lmaHyBaHHS Ta TPEHYBAaHHS pearyBaHHS Ha iHIUACHTH B
pearsHOMY Yaci
11. | BesneuHe kepyBaHHs KOH(DIryparieo 3acToCyBaHHS TEXHOJIOTIH ITYYHOTO 1HTEIEKTY Ta
MAIIMHHOTO HAaBYaHHS
12. | Be3nepepBHe HaBYaHHS Ta BJOCKOHaNEHHs Oe3nexy, | CriBnpars 3i CTOpOHHIMH KiOepOe3neKoBUMH

excnepramu, CERT-opranizamnismu




Ho alternatives

B |

lgid:int(11)
alternativeName : varchar(255)

# experiment_id : int(11)

Ho ner b criterions

|
@ id :int(11)

criterionName : varchar(255)

# experiment_id : int(11)

Y utility_matrix
-
>

« experiment_id : int(11)
4

u alternative_i_id : int(11)
T w criterion_j_id : int(11)

# value : float

Mo a i methods
mt o AR
a id - int{d) i

methodName : varchar(150)
abbreviation : varchar(150)
filter_ref : varchar(100)

image : varchar(255)

JTOJATOK E

Crpykrypa 6a3u nanux CIIIIP «Decisioner»

Ho I users

v id : int(10)
login : varchar(255)
password : varchar(255)

email : varchar(255)

H © " experiments

. P . result ahp

= experiment_id : int(11)
criterion_name : varchar(255)
alternative_name : varchar(255)

« weight_value : float

-

Taid:int1)

experimentName : varchar(255)
I
/| % method_id : inte4)

« user_id : int(10)

Ho risk_matrix

1 experiment_id : int(11)
criterion_name : varchar(255)
risk_title : varchar(255)

# weight_value : float
risk_prevention : varchar(255)

risk_elimination : varchar(255)

-! o eisenhower_matrix

EQ result_ftopsis

go 11 result_topsis

q
w experiment_id : int(11)
criterion_name : varchar(255)
alternative_name : varchar(255)

« weight_value : float

‘

« experiment_id : int(11)
criterion_name : varchar(255)
alternative_name : varchar(255)

n weight_value : float

metric_title : varchar(255)
w d_plus : float
w d_minus : float

& cc_minus : float

) = experiment_id : int(11)
criterion_name : varchar(255)
alternative_name : varchar(255)

« weight_value : float
metric_title : varchar(255)

» d_plus : float

w d_minus : float

# cc_minus : float

Pucynok E.1 — Crpykrypa 6a3u nanux ans CIITIP

Tabmuns E.1 — [epenik Tabuuib Ta iX npu3HauYeHHs B 0a3i JaHUX
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Ho ner o result_anp
- 000000
<
# experiment_id : int(11)
criterion_name : varchar(255)

alternative_name : varchar(255)

# weight_value : float

! (-} € result_uncertainty

<
# experiment_id : int(11)
criterion_name : varchar(255)
alternative_name : varchar(255)

# weight_value : float

M. result_moora

1 experiment id : int(11)
criterion_name : varchar(255)
alternative_name : varchar(255)

u weight_value : float

Iy | o result_risk

1 # experiment_id : int(11)
criterion_name : varchar(255)
alternative_name : varchar(255)

» weight_value : float

Haszea mabnuyi Ilpuznauenns

alternatives Mictute B co0i 30epekeHi albTepHATHBH 3 PEai30BaHUX METOJIB B
CUCTEMI MiATPUMKHU MPUHHATTS pillICHb

criterions 30epirae B co01 KpuTepii 3 peani3oBaHUX METO/IB B CUCTEMI MIATPUMKHI
OPUKHATTS pillleHb

experiments Mictuth B cobi 30epexeHy Ha3By eKCIIEpUMEHTY Ta Horo jaHi

methods MicTuTh B c001 Ha3BU METO/IB, iK1 gocTynHi B CIITTP

result ahp 30epirae pe3yibTaTH PO3PAXyHKIB 32 METOIOM aHaNli3y iepapxii

result_uncertainty

30epirae pe3ysbTaTd po3paxyHKIB MPUHHATTS PillIEHb B yMOBax MOBHOL
HEBU3HAUYEHOCTI

result risk

30epirae pe3yabTaTH pO3PaxyHKIB IPUUHATTS PillIEHb B YMOBaX PU3UKY

result moora

30epirae pe3yabTaTH PO3PaxyHKIB 32 METOJIOM aHali3y CiBBiIHOUICHb

result anp

30epirae pe3yabTaTH PO3PAXYHKIB 32 METOI0M aHATITUYHUX MEPEXK

result topsis

30epirae pe3yibTaTH PO3PAXyHKIB 3a METOJOM IOPSIKY IepeBaru 3a
NOIOHICTIO JI0 1/1eaJIbHOTO PillICHHSI

result ftopsis

30epirae pe3yabTaTH PO3PAXyHKIB 32 HEUYITKUM METOIOM TMOPSIAKY
nepeBary 3a NoJiOHICTIO JI0 1/1eaJIbHOTO PillICHHS

risk_matrix

30epirae pe3yJabTaTd PO3PaxXyHKIB 32 KOMOIHOBAaHUM METOJIOM MaTpPHII
PHU3HKIB

eisenhower matrix

30epirae  pe3ynabTaTH PO3PaxyHKIB 3a
Enzenxayepa

KOMOIHOBaHMM  MaTpuIIl

Uusers

MicTuTh B co01 J1aHi PO 3apeECTPOBAHUX KOPUCTYBAYIB CUCTEMHU

utility matrix

Jana Ttabmuis 30epirae 3Ha4YeHHsS BXIAHUX MAaTpHIb peasi3oBaHUX
METO/IIB B CUCTEMI MIATPUMKU IPUHHSATTS pillIeHb
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Incrpykuis kopucryBaua Bed-opieHToBanoi CIIIIP «Decisioner»

Ho BmpoBamkenoi CIIIP «Decisioner» MOXHa TMEpPEUTH 3a JOMOMOTOI0 IYHKTY MEHIO
«IIporpamHe 3a0e3nedyeHHs» Ha TOJIOBHOMY CalTi Kadeapu KOMII'IOTEPHMX HAyK Ta CHUCTEMHOTO
anamizy (KHCA) YTV — https://knsa.chdtu.edu.ua (puc. XK.1).

HOBUHU MNMPO KA®E[IPY BCTYMNHUKY CTYOEHTY HAYK(

ICTOPIA KA®EOPW Kadenpy KoMN'IOTEpHMX Hi
KoM c KAE[IPM Yepkacbkoro gepxasHoro
Kadbepy KOMN' IOTEePHUX TEXH

MABULLIEHHA X
KBAMI®IKALLT 3aeigyeay Kadegpu Komm'k

3ABE3INEYEHHA IHOOPMAL|IHE
3ABEIINEYEHHA

ancumnniHn
HABYAJIbHO-METOOWYHE

BUMYCKHUKA KAGELPU SABESMEHEHHA

MATEPIATNTbHO-TEXHIYHE

30OBHILLHI 3B’A3KN 3ABE3MEYEHHSA

MPKHAPO[HI 3B’A3KN MPOIrPAMHE
TA CACTEMHOI'O AHANI3Y 3ABE3IINEYEHHA
Pucynox XK.1 — Ilepexin mo CIIIP «Decisioner» 3 caiity kapeapu KHCA
I'onoBHa cropiHka iH(popMaliifHO-peecTpaliiHOl YaCTUHU CHCTEMHU HIATPUMKHU NPUUHATTS
pimens «Decisioner» 3HaxoIuThCs 3a mocriaanusaM: https://dss.knsa.chdtu.edu.ua (puc. X.2).

Oecisioner m MeToan NPURHATTA pilleHb v LWa6énoHu ~ Mpo cepeic

.

MeTop aHanisy iepapxin <
MeTog, aHan i THYHUX Mepe <

Cepsic MeTop, aHanisy cniBBigHOLIEHb

C M CTeM a n inTp Teopisa MeTop Nnopagky nepesarv 3a

noaibHicTio Oo ineaneHoro

IHCTpyKLia KopUucTyBaua

piweHb “Decisic

pilleHHs

HeuiTkuin MeTon Nopanky
nepesaru 3a NogiGHIcTIoO Ao
CIMP "Decisioner" Hanae MOX/IMBICTb KOPUCTYBaUYaM B OHMaNH PEXUMI NPUAMATH [EETICET ISR T Ae]
BUGOPY ONTUMaNbHOI anNkTEPHaTUBM 3a BKa3aHWMW KpUTepiaMK. Po3paxyHKW NpoB!

[OMOMOrolo edeKTUBHUX METOAIB MPUIAHATTA PiLLeHb,.. MpuitHATTA pilleHt B ymoBax

MOBHOI HEBU3HaYEHOCTI

MPpWAHATTA pilLeHb B yMOBaxX

PU3NKY

[LisHaTuchb Ginblue

Pucynox XK.2 — 'onoBHa cropiHka iHpopManiiiHo-peecTpauiitnoi yactunau CIITTP

Cexyis top-header. Cexuisi MICTUTh ITIOCHJIaHHS Ha peecTpanito Ta Bxix (puc. XK.2).

Cexuyis header. Jlana cekiis Bkitouae B ce0Oe sjorotun CIITP «Decisioner», SKuii € MOCHIaHHAM
Ha goMamHio cropinky CIITIP. Takox B 11iif ceklii € MeHro caitTy. [lynkTn MeHro «MeToau MpUuiHSITTS
pimenby» Ta «[1labmoHm» MaroTh Bumnagaroyi cnucku (puc. XK.2).

Cexyis main-slider. Jlana cekiiisi BKIro4Yae B cede craiaep, B IKOMY 3aBaHTaXKEHI TPU CTOPIHKH
3 KOPOTKOIO iH(OpMaIli€l0 PO CUCTEMY Ta peaii3oBaHi MeTOau B Hii. IIpu HaTHCHEHHI Ha KHOIKY
«Jli3HaTuch OibIe» BiIOYyBAETHCS MIEPEXiT HAa TIOBHY Bepcito iHpopMaliitHoi cropinku (puc. XK.2).

Cexyia «Hawi cepsicuy. Jlana cekuis BKIItoyae B cede iHGOopMaIlito Ipo MEeTOH, SKUMU MOXKHA
ckopuctatuck B CIIIIP «Decisioner». B ommci cepBicy Ha TJIMTIII HAaBEIEHO KOPOTKY TEOPETUUHY
iH(popMarito npo neBHu MetoA. IIpu HaTHCHEHHI HA Ha3BY METOAY Ha IUIMTII a00 Ha HOro iKOHKY,
KOPHUCTYBa4d MOXE MOYaTH PO3B’sI3yBaTH 33/ady 32 OOpaHWM METOJOM 332 YMOBHU HOTO TONEPETHBOTO
peecTparii Ta aBTopH3ailii Ha caiTi (puc. XK.3).
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MeTop aHanizy iepapxivi (AHP)

MaTEMATHUUHMIA IHCTPYMEHT
CMCTEMHOrO Nigxoay A0 CKNaaHMX
npobnem NpURHATTR pilWeHb,

cTeopeHui Tomacom Caari

MPUIAHATTS pilleHb B yMOBaXx
NOBHOI HEBMU3HAYEHOCTI

MeTton, cTeopeHui CTioapTtom Mo,
AKMIA € JYIKE SPYUHIMM HE TiNbKK A4
MEHEIKMEHTY, ane i ana

MNOBCAKOAEHHOMND HKWTTH

LAl

HeuiTknia meTog nopagky
nepesBaru 3a nogibHicTio go
ifeanbHoro piweHHsa (Fuzzy

TOPSIS)

MeToa, Wo NoEaHYE KnacudHmi TOPSIS
3 TEOPIED HEYITKMX MHOYXWH, O3BONSIE
BPax0BYBAaTHM HEYITKICTL |

CYB'EKTUBHICTL EKCNEPTHMX OUIHOK

.,

MeTopg aHanitnuHux mepex (ANP)

MeTon, cTBopeHuid Tomacom CaarTi, 8
AKOMY MepereBi Moaeni € 3Ha4Ho
TOMHILWKMM NOASHHSAM PeanbHm1X
HHTTEBMX NPOGNem ocobnmeo B
EKOHOMIYHIN, NONITMYHIK | colianbHii
chepax, A& 3a8AaHHA Ma3HTb BUCOKUA

NopaAOOK CKNaAHOCTI

MPUAHATTA pilleHb B yMOBaXx
PU3UKY

CNpKAE BiOHaXOMKEHHIO PILLEHHA B
Y¥MOBax, KON anbrepHaTBn MaoTb paa,
MOMIMBUWX PE3YNLTATIB, BiporiaHicTs
AKKMX BiOMa, Ha OCHOBI 3a0aHnx
KpuTepiie: Baneca, MiHiMy My Oucnepcii
ouiHHoro dyHkUioHana, kombGiHoBaHoro

KpMUTepio

i

KomGiHoBaHUi4 MeToq,
PO3B’A3aHHA 3agadi TanuM-
MEeHeLKMEHTY

MeTog, Wo NOEAHYE MeToa, MaTpmLi
EMzeHxayepa 3 MeToaoM aHaniay

iepapxin
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g

MeTopg aHani3y cniBBigHOLWEHb
(MOORA)

MeTogn onsa po3B'A3aHHA HEYITKKX 3agad
GaratokpuTepRianbHOro CUiHKBaHHA,

cTsopeHni bpayepcom Ta 3agasaricom

3
]

MeTog nopsagKy nepeegary za
nodibHicTO Ao igeansHOro
piweHHa (TOPSIS)

MeTon, po3pobneHnii XBaHrom i KOHoM,
BaszyeTLCA Ha NPUHLKMNI BMBoPY
ANBTEPHATHBM, WO € HAKMBNIKYOoI A0
iaeanbHOro pilleHHs Ta HalAanbLWOK

Bif HAMIMPLIOro pilueHHA

A

Kom6iHoBaHuin MeToq
BU3HAYEHHA PIBHIB PU3MKIB Ta iX
npiopuTeTiB

MeTog, Wo NoeaHye METOA MaTpKMLLI

PM3KKIB 3 METOOOM aHanisy iepapxin

Pucynok K.3 — Burmsin cexuii «Harui cepicu»
Cexyia «Ilpo cepsicy. Jlana cexuis Bkirouae B cebe kopoTky iHdopmarito npo CIIIIP
«Decisioner» (puc. X.4). [Ipu HatucHeHHI Ha KHOmMKY «/li3HaTuch OinbIIe» KOpUCTyBaya Oyne

nepeaapecoBaHo Ha cTopiHKy https://dss.knsa.chdtu.edu.ua/about.

Mpo cepeic

CrMNP "Decisioner” Hafae MOXHUIMBICTD KOPUCTYBaYaM B
GHMNaMH PeXunMi MpUAMaTK pillesHa Wono srnGopy
OMNTUMaNbHOT aNkTepPHaTMBM 33 BKa3aHUMK KprTepiami.
Po3paxyHKW NPOBOAATLECA 38 OMOMOICK eDeKTMBHMX
METOLIB MPUIAHATTA PilleHb, Cepen SKUX.

*  MeTOO aHanisy icpapxii

*  METO aHaniTMUHMX Mepex

* MeToa aHanisy CnisBigHoWEHb

* MPUAHATTA pilleHb B YMOBaX MOBHOI HEBM3HaYEHHOCTI
* MPUAHATTA PilUEHb B YMOBaX DHU3IUKY ..

OizHaTuck Ginblie

Pucynok XK.4 — Burnsn cekii «IIpo cepicy
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Cexyis «footer». Jlana cexinisi BKIo4dae B cebe 3 BIDKETH Ta Haamuc Komipaty (puc. K.5).
[Mepmmii Bimxer: «Mama caiiTy», SKUM 3aiiMae JiBy CEKILil0 «miaBaimy» caiity. Jpyruii Ta Tperiit
BIJDKETH 3HAXOATHCS B MPaBi YaCTUHI «IIiABATY» calTy: « ApxiB 3anmuciB» Ta «Ilonryk mo canty».

MAMNA CAWTY APXIB 3ANMKCIB

MeToau NpURHATTA pilleHb
MeTon aHanisy iepapxin

MeToa aHaniTUUHKX MepeXk MOLUYK MO CAATY:

MeTon aHani3y cnisBigHOLIEHb
(=}
MNMPpUAHATTA pilleHb B YMOBax NOBHOI HEBM3HaYeHOoCTI

MprAHATTA pilleHb B YMOBax PU3UKY

MeToa nopaaky NnepesarK 3a noaiGHicTio Ao ineansHoro

pileHHA

Heu4iTkmin MeToa NopRaKy Nepesarwy 3a nogibHictio Ao

ineanbHOro pilleHHa
Kom6iHoBaHWI MeTon po3B'A3aHHA 3a0adui TaMM-MeHeMKMeHTyY

Kom6iHOBaHWI MeTon BU3SHaYeHHA PIBHIB PU3MKIB Ta Ix

npiopuTeTiB

Mpo cepeic

Bnor

© YepKacbKKil AepraBHUK TEXHONOMUHKA yHiBepcuTeT. All rights reserved. Theme Buziness by Creativ Themes

Pucynok XK.5 — Burnsan cekuii «footer»

B indopmariitno-peectpaniiniii wactuni CIIIIP «Decisioner» Mo)kHa OTpHMATH JOCTYH JI0
TEOPETUYHUX BIJIOMOCTEH Ta 10 1HCTPYKLIi KOpHUCTyBaua 3 pealli3oBaHUX B Hill METOJIB MPUWHATTS
pimens. /lana yactuHa Hanrcana 3a gonomorotro CMS WordPress.

Peanizayia peecmpayii ma asmopuzayii. J1ns noyarky po6otu 3 CIIITP «Decisioner» HeoOxigHO
yBiATH abo0 3apeecTpyBaTHCh B cucTeMi. Peecrtpamisi mepembavae yXBaJICHHS Balloro akayHTY
aaMiHicTpaTopoM. Y pa3i Horo cxBalieHHs BaM OyJe HaJiCIaHO TOBIJIOMJICHHS 3 BKa3iBKaMHu J0
NOJaJbIINX A1H JUIsl OTpUMaHHs MOBHOLIHHOTO AocTymy a0 CIIIIP. ®opma peectpariii 3HaX0AUTHCS 32
nocuitanHaM: https://dss.knsa.chdtu.edu.ua/registration-dss, i Burisix HaBeneHo Ha pucyHky JK.6. /lana
dbopma MICTUTH B c001 9 000B’s13k0BUX 10 3amoBHEeHHS moiiB: Email, Jlorin, IlpizBume, Im’s, Tlo
6atpkoBi, YcraHoBa, [locana, Ilapons, IloBTopiTs nmapons. @opma MicTuTh B co0i 1 HEOOOB’sI3KOBE
nosie: Tenedon. Takox B popmi peectparrii HeoOxiaHO npoiit reCAPTCHA.

Beenito sawi pani

fl e poior

Pucynok XK.6 — ®opma peecrpauii B CIIIIP «Decisioner»
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[Tlicns nHatucHeHHss Ha KHoOmMKy «Hamicmath» 3a yMOBM YCIIIIHOTO 3allOBHEHHS BCIX
000B’s13k0BUX 10NiB Ta npoxomkeHHs recCAPTCHA kopuctyBau oTpuMae MiATBEPIKEHHS BIATPABKU
dbopmu peectpariii agminictpatopy (puc. XK.7).

Bali oani HagicnaHo agMiHicTpaTopy CalTy Ha po3rnam. IHpopMaLUia Npo MOMIMBICTE OOCTYNY A0 CMCTEMKM NIOTDWUMKK NPHMAHATTA pilleHb
"Decisioner” byne HagicnaHa Ha BkasaHwui e-mail.

AKL10 BW HE OTpUMany BinNosins BAPpoAoEXK Ao6U, NepesipTe Ha BKazaHii nolwTi cnam abo HanWWwiTe Ha NOLWTY aAMIHICTPaTOPY 38 afpecoo
i T
Pucynox XK.7 — IlinTBeppkeHHs BiApaBKu GOpMHU peecTparlii agmMiHicTparopy

SIKmo KOpHCTyBad HeE 3alOBHMB OOOB’S3KOBE 10 3alMOBHEHHsS Moje abo He MpOMIIOB
reCAPTCHA, cucrtema He BiIIIPaBUTh 3aIIUT HA PEECTPAIIIIO aIMIHICTPATOPY CUCTEMH.

[ndpopmarris i3 3anmoBHeHOT (GOPMH HAAXOAWUTHh AIMIHICTPATOPY Ha TOIITY, A€ BiH MOXE
HiATBEPAUTH a00 BIXWIMTH 3alMT HA PEECTPALil0 HA OCHOBI BBEJCHHMX KOPHCTYyBaueM JAHUX IS
peectpaiii B CIITIP «Decisioner» (puc. XK.8). [Hdopmartis Hagxo1uTh Ha TOMITY Mai)ke MUTTEBO Ta HE
NOTpaIUIsie y craM, OCKUIbKHM JUId nepeaadi e-mail mosinomiieHs BUkopuctoByetrbess SMTP-mipoTokon
(aara. Simple Mail Transfer Protocol — IIpoctuii I[Iporokon Ilepecrnanns [omtn).

* KOMY: A -
Hoewi kopuctyeau Mukona BugatHui (studman) zapeecTpyeaeca e rpyny DSS T1a ouikye nigTeepaseHHA peecTpauii.
Ernail &) m
Norix studman

Mpisenwe  BuAATHWI

IM'A Mukona

Mo BaTbkoei OpidoEMY

YctaHoea  HOTY

Mocapa npodecop

TenedoH +380000000000

Axwo npodhine kopucTyeada eignoeigae BMmMoram NiaTEEPOiTE peECcTRAaUiK.

Pucynok XK.8 — CrioBimieHHs aIMiHICTpaTopa Mpo HOBY 3asiBKY HA PEECTPAILIiI0
[Ipu watucuenni Ha mnocwianHs «llinTBepaiTh peecTparioy» aaMiHicTpaTopa Oye

NepeHarpaBieHo B aaMmiHicTpatuBHuii kabiner B CMS WordPress ans pemaryBaHHS, BUAaleHHS
(BiaxwmiieHHs) a00 yXBaJI€HHs 3asIBKU Ha PEECTPaLlilo, K 11€ IPOJEMOHCTPOBAaHO Ha pUCYHKY K.9.

OAH
Email o m
Norid studman
Mpizenwe BUOaTHWA
Im'A Mukona
Mo 6aTokoBi Hopidoeuy
YcTaHoea unTy
Mocana npodecop
TenedoH +380000000000

Pucynoxk K.9 — BinoOpaxenns 3asBku B CMS WordPress B po3aiii aqMiHICTpyBaHHS

B 3anexxHOCTi Bi pillIeHHS aJMiHICTpaTopa KOpUCTyBady IMpuiiae e-mail CHOBIIIeHHsS Ha
BKa3aHy €JICKTPOHHY IOIITY MPH PEeeCTpariii.

®opMma aBTOpH3aIlii 3HaXOAUTHCS 3a IIOCUJIAHHAM (puc. K.10 a):
https://decisioner.knsa.chdtu.edu.ua/login.php, mpu BBeneHI HEMPaBUWIBHUX JaHUX KOPUCTyBada Oyje
1po 11e TpoiH(GOPMOBAHO, SIK IIe TPOAEMOHCTPOBAaHO Ha pucyHKY XK.10 O.

ABTOpPH30BaHUN KOPUCTYBAaU MOXe MEPEUTH 10 HEOOX1IHOTrO MAabIoHy JUIsl PO3B’SI3KY 3a/1ad B
IT-ramysi 3a JOMOMOro0 MyHKTY MeHIo «lllabGmoHn» Ha TONOBHIM CTOPiHII MiJICUCTEMHU MiATPUMKHU
npuiiHaTTa pimeHb (puc. X.11). ['onoBHa cropiHKa MiACKCTEMHU MIATPUMKHU NPUNHATTS pIIICHb
3HAXOAUTHCSA 3a mocuinanHHsaM: https://decisioner.knsa.chdtu.edu.ua.
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Oecisioner Oecisioner

) Norin
NoriH
Mapone

[Napons
Momunka: HenpaeunNbHWA Norid abo
naponb

a) 6)
Pucynok XK.10 — 3niBa — ¢hopma aBTOpH3aLlii; cClipaBa — CIOBIIIEHHS KOPUCTYyBaya PO HEKOPEKTHO
BBeJIeHi fani mpu aBropu3aii B CIITIP «Decisioner»

‘ Pecisluner MepelTH B OCOGMCTHH KaGiHeT m Buimn (1) &

3apa4a KagpoBoro
3abezneyeHHs

O6epiTb OANH 3 HACTYMHUX METO[| suae rononorssrora

nporpamHore sabesnevyeHHs

3apgaya NowyKy NPoEKTIE

MeToz aHaniTUYHUX Mepex MeTop aHanisy iepapXi#  3apava insecTysanHs B IT-

cTapranu
[ [ bt Cu

Tl o Cmm Level 1: Overall Objective GOAL 3apaua iHBeCTYBaHHS B aKLjii

Wi \ 3apa4a pecTpyKTypu3auii IT-

“ W Wi [ |
: E \ KOMnaHii
2 :
& RS e /

3apa4a peiuHIpUHry GisHec-
P Level 2: Criteria q -
Wy [ Wi IT-

Pucynox .11 — I'oioBHa cTOpiHKA MiJCUCTEMH MiATPUMKU IPUHHSTTS PillICHb

Cexyisn header. Jlana cexuisg Bkiatouae B ceoe toroturt CIIIIP «Decisionery, IKuii € IOCHIIAHHSIM
Ha H10r0 JOMAIIHIO CTOPiHKY. B 3a7eKHOCTI BiJl poiTi KOPUCTYBaya 15 CEKIis Ma€ BA MOKIIUBI BUTJISIH:
JUISl HEaBTOPU30BaHUX Ta aBTOPH30BAHUX KOPUCTYBAYiB.

Cexyis tiles. Jlana cekIlisi BKIIO9Ya€e B ce0e MUIMTKH 13 aCOMIATUBHUM 300paKCHHSIM Ta HA3BOIO
noctynuux MetoAis B CIITIP «Decisioner» (puc. X.11).

B CIIIIP «Decisioner» HalamToBaHO BapiaTUBHE BiIOOpakKeHHS KOHTEHTY B 3aJICKHOCTI Bif
CTaTycy KOpUCTyBaya. SIKIIO KOPUCTyBad HEABTOPH30BAaHUHU (TICTh), BIH HE 3MOXKE IPOJOBXKUTH
BUKOHAHHS METOJ/IB B CHUCTEMi Jajli 2 KpOKy, AK e 300paxkeHo Ha pucyHKy JK.12. BimmosimHo, B
aBTOPM30BAHOT0 KOPUCTYBAaYa TAKOr0 OOMEXKEHHS HEMAE.

Kpok 2

3anoBHITb MaTPULUK NapHUX NOPIBHAHL KPUTEPIIB BIQHOCHO METH:

# K1 K2 # Bara
K1 1 3 K1 0.7500
K2 1/3 1 K2 0.2500
Dim Lmax 10 BO
2.0000 2.0000 0.0000

MpaBuno TPaH3UTUBHOCTI He NOPYLUEHO, ocKinbku BO <= 0.1. OuiHKK 3MiH He NoTpedyTsL

e

| [INA NpofioB:KEHHA PO3PAXYHKIB BaM HEOOXIHO 3apeecTpyBaTMCh b0 YBIWTH B akayHT |

Pucynok XK.12 — O6MexeHHS 17151 He3apeeCTPOBAHOTO KOPUCTyBaya
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KopucryBau Moxke 30epertd po3paxyHKH y BIaCHOMY KaOIHETI 3a JIOMOMOTOI0 KHOIKH
«306eperti Ta meperTH B 0cOOMCTHH KabiHeT», sika OyJe AOCTyIHa B KiHII PO3pPaxyHKIB KOXKHOTO
metony (puc. XK.13). PesynbraT 30epekeHHs1 po3B’si3aHUX 3a7a4 B 0cOOMCTOMY KabiHEeTI KOpUCTyBaya
HaBeJleHO Ha pucyHky XK.14.

36epertu i NneperTH B 0COBMCTUH KabiHer

Pucynok XK.13 — Knomnka aiis 36epexeHHs pe3yinbTaTiB 00paxyHKiB

Gecisiol’IEF MepedTH B CCOBUCTHA KaBiHeT m Buwirmn (1) 2

CnucokK po3B'A3aHuX 3agay

LWa6noH ans euGopy onTUManbHol Bubip onTumanksHoi Mean4Hol
Meau4Hol iHhopMaLiliHOT cucTemn iHchopmaLifHOT cucTemMn
MeToa: MeTon axanizy ispapxii MeTon: MeTog aHaniay iepapxin
BigkpuTh BiakpuTi

Pucynox K.14 — Burnsg cnucky po3B’si3aHuX 3aJad B 0COOMCTOMY KaOiHETI KOpUCTyBaya
[Tpu nepermnsiai 30epekeHoi 3a1aui KOPUCTYBad MOKE OJ[pasy MEePerTH 10 PO3B’SA3KYy HACTYIHOT
3aJa4i 32 BU3HAYEHUM METO/IOM 3a J0IIOMOroro KHONKH «Po3B’s13aty iH11y 3agauy» (puc. XK.15). Takox
KOPHCTYBa4 MOXKE€ BUJIAIUTU 30€peKeHy 3a/ady, SKII0 HaTUCHE Ha KHONKY «Bumamutu» (puc. XK.15),
B L[bOMY BUIAJKY 3 SBUTbCSI MOJajibHE BIKHO «Bu BIeBHeHi, 110 XoueTe BHJIAIUTH DPO3B’sA3aHY
3amady?y», sKe HaBeAeHO Ha pucyHKY JK.15. SIkmo kopucTyBady HEOOXiTHO MOBEPHYTHCH JIO CIHCKY
yCIX po3B’s13aHUX 33734 BIH MOJKe 1€ 3p00OUTH HaTUCHYBIIM KHONIKY «Hazan» (puc. XK.15).

3apava : Bubip onTuMankeHoi Mmegu4Hoi iHpopmauiiHoT cucTemu (02.12.2020 — 18:51)

MeTopn : MeToq aHaniTMMHUX Mepex

# Kputepil # AneTepHaTUBM

1 Bik 1 Pestome 1

2 Nocein poboTtn e IT 2 Peatome 2

3 Oceita 3 Pesiome 3

4 Toacwwi naswia T X

5 YuacTs B T-npoekTax By ENeBHeH, WO XOUeTe BUAANHTI
pO3B'A3aHY 3aa4y?

[ 3apobiTHa nnaTtHA

15 chart by amCharts

# AnksTepHaTHBM Bara o
1 Peaiome 1 0.209 Pesiome 1: 20.90%

2 Peatowe 2 0163 .

3 Posiome 3 0528 Pesione 3 52.80% Peztome 2: 16.30%

Bianosiab: OnTumanbHo € anbrepHaTuea A3 (0.628286771915582)

Hasan | | PosB'R3aTu iHWY 3apavy | Bupanutun

Pucynok XK.15 — 30epexenuii po3B’ 130K 3371a4i B 0COOMCTOMY KaOiHETI KOPUCTyBada

Po3pob6iena CIITIP «Decisioner» MicTUTh B co0i MeTO 1, HaBeneHi B Tabmuii XK. 1.



Taomuws JK.1 — Peamizosani meronu B CIITIP «Decisioner»
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IMOBHOI HEBU3HAYEHOCTI

hdtu.edu.ua/experiment.
php?id=2

tu.edu.ua/decision-
uncertainty-help

Ha3zBa metony Cepsic TeopeTnuni Incrpykuis
BioMocCTi KOPHCTYBa4a

Meron aHamizy iepapxii https://decisioner.knsa.c | https://dss.knsa.chd | https://dss.knsa.chd

(AHP) hdtu.edu.ua/experiment. | tu.edu.ua/ahp-help | tu.edu.ua/ahp-
php?id=1 tutorial

Mertox ananituanux Mepex | https://decisioner.knsa.c | https://dss.knsa.chd | https://dss.knsa.chd

(ANP) hdtu.edu.ua/experiment. | tu.edu.ua/anp-help | tu.edu.ua/anp-
php?id=5 tutorial

Meron anaiizy https://decisioner.knsa.c | https://dss.knsa.chd | https://dss.knsa.chd

cruiBBinHomeHs (MOORA) hdtu.edu.ua/experiment. | tu.edu.ua/moora- tu.edu.ua/moora-
php?id=3 help tutorial

[TpuiinsaTTs pimens B ymoBax | https://decisioner.knsa.c | https://dss.knsa.chd | https://dss.knsa.chd

tu.edu.ua/decision-
uncertainty-tutorial

HOXIOHICTIO 0 14€aIbHOr0

hdtu.edu.ua/experiment.

tu.edu.ua/topsis-

[Ipwuitaarts pimens B ymoBax | https://decisioner.knsa.c | https://dss.knsa.chd | https://dss.knsa.chd

PU3UKY hdtu.edu.ua/experiment. | tu.edu.ua/risk-help | tu.edu.ua/risk-
php?id=4 tutorial

Mertox nopsiaky nepeBaru 3a | https://decisioner.knsa.c | https://dss.knsa.chd | https://dss.knsa.chd

tu.edu.ua/topsis-

Ta iX MPIOPUTETIB

.html

matrix-help

pimeHHs php?id=6 help tutorial

(TOPSIS)

Heuitkuit Mmetoq nopsaxy https://decisioner.knsa.c | https://dss.knsa.chd | https://dss.knsa.chd
repeBar 3a moJ1i0HICTIO 10 hdtu.edu.ua/experiment. | tu.edu.ua/ftopsis- tu.edu.ua/ftopsis-
igeansHoro pitmenss (Fuzzy | php?id=7 help tutorial

TOPSIS)

KomObinoBanwmit MmeTo1 https://decisioner.knsa.c | https://dss.knsa.chd | https://dss.knsa.chd
PO3B’s3aHHs 3a/1a4l TalM- hdtu.edu.ua/eisenhower | tu.edu.ua/eisenhow | tu.edu.ua/eisenhow
MEHEKMEHTY matrix.php er-help er-tutorial
KomOinoBanwmii meTos https://decisioner.knsa.c | https://dss.knsa.chd | https://dss.knsa.chd
BHU3HAYE€HHS PiBHIB PU3UKIB hdtu.edu.ua/risk_matrix | tu.edu.ua/risk- tu.edu.ua/risk-

matrix-tutorial

Taomurs 2K.2 — PeamizoBani madmnonu B CIIIIP «Decisioner»

HaszBa ma6s0ny

ITocTranoBka 3amaugi

Po3B’si3yBanHs 3a1a4i

3ajaua KapoBOTO 3a0€3MEUCHHS

https://dss.knsa.chdtu.edu.ua
/cv-anp-formulation

https://decisioner.knsa.chdtu.edu
.ua/cv_anp template.php

3amaya TEXHOJIOTIYHOTO Ta
MIPOrPaMHOTO 3a0€3MeYECHHS

https://dss.knsa.chdtu.edu.ua
/tech-moora-formulation

https://decisioner.knsa.chdtu.edu
.ua/tech_moora template.php

3aaya MOIIyKy MPOEKTIB

https://dss.knsa.chdtu.edu.ua
/project-anp-formulation

https://decisioner.knsa.chdtu.edu
.ua/project_anp template.php

3anaua iHBecTyBaHHA B IT-
cTapTanu

https://dss.knsa.chdtu.edu.ua
/startup-risk-formulation

https://decisioner.knsa.chdtu.edu
.ua/startup risk template.php

3anava iHBECTyBaHHS B aKIlii

https://dss.knsa.chdtu.edu.ua
/stock-risk-formulation

https://decisioner.knsa.chdtu.edu
.ua/stock risk template.php

3anaua pectpykTypusaii IT-
KOMIIaHii

https://dss.knsa.chdtu.edu.ua
/restr-risk-formulation

https://decisioner.knsa.chdtu.edu
.ua/restr _risk template.php

3anaua peiHKUHIPUHTY Oi3Hec-
niporieciB IT-kommnanii

https://dss.knsa.chdtu.edu.ua
/reeng-moora-formulation

https://decisioner.knsa.chdtu.edu
.ua/reeng_moora_template.php

Bubip meanunoi iHpopmaniiHoi
CHCTEMHU

https://dss.knsa.chdtu.edu.ua
/mis-ahp-formulation

https://decisioner.knsa.chdtu.edu
.ua/mis_ahp template.php
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[Tponosxxenns tadmuii JK.2
[[Ta6n0H 3acTocyBanHs aAekinbkox | https://dss.knsa.chdtu.edu.ua | https://decisioner.knsa.chdtu.edu
METOAIB 0araToKpUTepiaIbHOTO /multi-madm-formulation .ua/multi_madm.php

MPUUAHATTS PIilIEHb B MEXax
ofHiel 3a1a4i 3 arperyBaHHsAM
pe3yJIbTaTIB

PosrisHemMo Ha mpuKiIaai 3acTOCYBaHHS METOMAIB OaraTOKpUTEPiaIbHOTO MPUNHATTS pIlICHBb
(MADM) nnst po3B’s3aHHA 337a4i NPUHHATTS pillieHb B yMOBaX PU3MKY Ta HEBHU3HAYCHOCTI B MEXax
onHiei 3ana4i. [Ipumyctumo, mo cucteMuuii apxitekrop IT-komrianii, sik oco0a, o NpuiMae pileHHs
(OITP), mnnanye pos3nouatu HOBHH IT-mipoexTt, sKuii nependadae pO3rOpTaHHS MPOTPAMHOTO
3a0€3MeUYeHHsT y XMapHOMY CEpeloBHUINl. Y 3B’S3Ky 3 IIMUM, HEOOXIHO 3MIMCHUTH BHUOIp
HaONTHMaIbHIMOI XMapHOi IUIATGOPMH, BUXOISYM 3 TEXHIYHHMX, (PIHAHCOBUX Ta OpraHizalliiHHX
XapaKTePUCTHK.

Posrmsg mpoBoauThest cepen MHOXHHM anbrepHatuB: A = {A1,A,, A3, Ay}, ne: A7 — AWS
(Amazon Web Services); A, — Microsoft Azure; Az — Google Cloud Platform; A, — DigitalOcean.

OniHroBaHHS 3IHCHIOETBCS 32 MHOKUHOIO KpuTepiiB: K = {kq, k,, ..., koo}, K1 BKIIOUAIOTH SIK
KUJTBKICHI, TaK 1 sIKiCHI moka3HUKHU. YacTuHa 3 HUX MOTpedye MakcuMizaii, iHIIa — MiHiMi3amii, o
BU3HAUYAETHCS 3MICTOM KOXKHOTO KpUTEPito. B TaHOMY eKcriepiMeHT1 pO3IIIIHYTi KpUTEPii, sIKl TOTPIOHO
MaKCHMi3yBaTH, 00 BU3HAYUTH KOPEKTHICTh METOIIB.

[Tpu upomy OITP Mosxe kepyBaTHUCs, HAIPUKIIA]], TAKUMHU KPUTEPISIMU OIIHIOBAHHS SIK1 IOTPiOHO
makcumizyBatu: ki — IlpomyktuBnicte (CPU, RAM, 10); k> — Hapniitnicte (SLA uptime, %
OCTYIHOCT1); k3 — MacimraboBaHicTh (aBTOMAaTUYHE pearyBaHHs Ha HaBaHTaXeHHs); k4 — ['eorpadiune
HNOKPUTTS (JaTa-IeHTPH B PI3HUX perioHax); ks — KipKicTh focTynmHEX cepBiciB / pyHKIH; k¢ — Besmneka
(nasBHICTH cepTu(ikaTiB, cTtanaapTiB); k7 — [Ipocrora inTerpamii yepe3 API; ks — UI/UX maneni
ynpaBiiHHS; k9o — [HydkicTs y Tapudax, nineH3yBanHi; ko — [Ipocrora mirpamii (y Bunaaky notpedn);
kq1 — SIKicTh TEXHIYHOT M ATPUMKH.

Ta6muist JK.3 — Pe3ynpTaT 3a110BHEHHS MAaTPUIll KUIbKICHUMH Ta SKICHUMH BX1JTHUMH JJAHUMH

AnbpTepHaTUBU Kpurepii
ky k, ks | ky ks ke ks kg ko k1o k11
Al 6200 | 99.99 | 10 | 32 | 200 | 10 9 8 7 8 9
A2 5800 | 9995 | 9 60 | 150 9 8 7 7 8 9
A3 6000 | 9995 | 9 37 130 9 9 9 8 9 8
A4 4500 | 9990 | 6 14 25 7 7 8 9 6 6

Jst excriepumenty Oyino oO6pano mMeroq MOORA OCKUIBKM BIH B CBOEMY KIIACHYHOMY
NpeJCTaBIeHHI He MoTpeOye 3aJjaHHA BaroBUX KoeilieHTiB, mo Habmwkye el meroq MCDA no
MOYaTKOBUX BXIJHUX JAaHUX J0 METOJIB IPUUHSTTS pillleHb B yMOBaX PU3HMKY Ta HEBU3HAYEHOCTI.

Jlani HaBeZieHO O3B’ 30K 3aAaui 3a gornomoror merony MOORA Ha pucysky XK.16.

BekTop cymu Panr
# K1 K2 K3 K4 K5 Ké K7 K8 K9 K10 K11 BiAXUNeHb ansrepHaTUB
min/max max max max max max max max max max max max
0.000 0.000 0.000 0.356 0.000 0.000 0.000 0.062 0.128 0.064 0.000
A1 0.610 1
0.035 0.000 0.058 0.000 0.177 0.057 0.060 0.125 0.128 0.064 0.000
A2 0.704 2
0.018 0.000 0.058 0.292 0.247 0.057 0.000 0.000 0.064 0.000 0.062
A3 0.798 3
0.150 0.000 0.232 0.585 0619 0.170 0.121 0.062 0.000 0.192 0.185
Ad 2.316 4

Pucynoxk K.16 — Po3B’s130Kk 3amaui 3a monomororo metony MOORA
3a metogoM MOORA Halikpanioro alnbTepHAaTUBOIO € A;.
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Po3B’s130K 3a/1a4i 32 TOMIOMOTOI0 METO/IY MIPUIHSTTS PIillICHh B yMOBaX PH3HMKY 32 YMOBH PiBHOT
HMOBIPHOCTI HaBeIeHO Ha pUCYHKY JK.17.

HazBa kputepito o1 @2 ®»3 o4 OnTUManbHe pilleHHs
Baneca 599.363 560.632 575.268 426.173 @1 (599.363)
MiximyMy ancnepcii 3139997.139 2747197.328 2944411.246 1660299.717 @4 (1660299.717)

Moaucpikauis 1 3143478.595 2747608.321 2945629.907 1673338.190 @4 (1673338.190)

Moaudpikauis 2 3139997.139 2748697.412 2944991.794 1690294.493 @4 (1690294.493)
KombiHoBaHumit (A*=0.099) 14193.096 12427.659 7967.430 0.000 @1 (14193.096)
Komb6iHoBaHUiA (A**=0.103) -11.444 0.000 -5328.274 -7476.972 @2 (0.000)
Kom6iHoBaHun (A=-0.001) 364116.377 318578.196 335501.902 184192.291 @1 (364116.377)
Kom6iHoBaHuMI (A=0.203) -349934.726 -306150.536 -332862.747 -191669.263 @4 (-191669.263)
Kom6iHoBaHKM (A=0.101) 7090.826 6213.830 1319.578 -3738.486 @1 (7090.826)

Pucynok XK.17 — Pe3ynbTat 00UHCIICHHS 32 PI3HUMH KPUTEPISIMU B YMOBaX PHU3UKY
3a METO/IOM MPUUHATTS PIllIEHb B YMOBaX PU3HKY HAHKPAIIOIO ATbTCPHATHBOIO € A .
Po3B’s130Kk 3amavi 3a JONMOMOTOK METOMY MPHHHATTS pIlICHh B YMOBAaX HEBH3HAYCHOCTI
HaBesleHO Ha pucyHky XK.18.

# PospaxyHok OnTuManeHa ansTepHaTUBa
1 3a kpuTepiem lannaca A1
2 3a kpuTepiem Banega A3
3 3a KpuTepiem MNypsiua A1
4 3a kputepieMm Cesimxa A1l

Pucynok K.18 — Pe3ynpTaT po3paxyHKiB 32 yMOB ITOBHOI HEBU3HAUYEHOCTI
3a METOJIOM PUIHSATTS PIIEHh B YMOBAaX HEBU3HAYEHOCTI HAMKPAIIIOIO aIbTEPHATUBOIO € A7 .
Sk moka3aB eKCIIepUMEHT, AJI KUTbKICHUX Ta SKICHUX BX1JHUX 3HA4YEHb B OY/b-IKOMY BHUIAJIKY
JUISL TIPUAHATTA PIIICHb B YMOBAxX PU3UKY PE3YJIbTATH YaCTKOBO CITIBMANAIOTh 3 IHIIUMU METOJIAMH.
Metoau MOORA Ta npuitHATTSI pillieHh B yMOBaX HEBU3HAYEHOCTI CHIiBIAAAIOTh.

ITpoBeeMo ekcrieprMEeHT 3alOBHIOIYH [TOYAaTKOBY MATPUILIIO TUIBKH SKICHUMH JTAHUMH.
Tabmuns JXK.4 — Pe3ynbpTar 3an0BHEHHS] IOYAaTKOBOI MAaTPUII TUIbKU SKICHUMH JaHUMHU

Kpurepii
AnpTepHaTUBU ks ke o | ke ks ko | kut
Al 10 10 9 8 7 8 9
A2 9 9 8 7 7 8 9
A3 9 9 9 9 8 9 8
A4 6 7 7 8 9 6 6

Po3B’s130k 3amadi 3a nonomororo Mmerony MOORA naBeneno Ha pucyHky K.19.



254

# K1 K2 K3 K4 K5 K6 K7 BekTop cyMu BigxuneHb PaHr ansrepHaTMB

min/max max max max max max max max

0.000 0.000 0.000 0.062 0.128 0.064 0.000

A1 0.254 2
0.058 0.057 0.060 0.125 0.128 0.064 0.000

A2 0.492 3
0.058 0.057 0.000 0.000 0.064 0.000 0.062

A3 0.241 1
0232 0.170 0.121 0.062 0.000 0.192 0.185

A4 0.962 4

Pucynoxk K.19 — Po3B’s30k 3amaui 3a ronomororo metony MOORA
3a metogoMm MOORA Halikpanoro alnbTepHAaTUBOIO € A3.
Po3B’5130K 3a/1a4i 32 TOMIOMOT0I0 METO/Y MPUHHSTTS PillIeHb B yMOBaX PU3HMKY 32 YMOBH PiBHOI
HMOBIpHOCTI HaBeJIeHO Ha pucyHKy JK.20.

Hazea kputepito @1 @2 @3 P4 OnTumarnbHe pilleHHs
Baneca 8.714 8.143 8.714 7.000 @3 (8.714)
MiHimymy ancnepcii 1.061 0.694 0.204 1.143 @3 (0.204)
Mogndpikauia 1 1.388 0.694 0.531 2.449 @3 (0.531)
Mogudpikauia 2 1.061 1.020 0.204 4.082 @3 (0.204)
KombiHoBaHwMi (A*=0.977) 0.694 0.833 1.531 0.000 @3 (1.531)
KombiHoBaHmiA (A**=0.997) -0.855 -0.514 0.000 -1.008 @3 (0.000)
KomGiHoBaHu# (A=0.877) 8.394 7.533 9.146 5.014 @3 (9.146)
KombGiHoBaHu# (A=1.097) -8.555 -7.214 -7.614 -6.023 @4 (-6.023)
KomBiHoBaHwui (A=0.987) -0.081 0.159 0.766 -0.504 @3 (0.766)

Pucynok JK.20 — Pe3ynbraTi 06uncIeHHS 3a pI3SHUMH KPUTEPISIMU B YMOBaX PU3UKY
3a METOZI0M NPUIHATTS pillleHb B yMOBaX HEBU3HAUEHOCTI HAKPAILlOI0 aJbTEPHATUBOIO € A3.
Po3B’A30K 3amaul 3a JOMOMOrOK METOAY MNPHUHHATTS pilleHb B YMOBaX HEBHU3HAUEHOCTI
HaBeCHO Ha pucyHky K.21.

# PospaxyHok OnTUMmanbHa ansTepHaTUBa
1 3a kputepiem Jlannaca A1l
2 3a Kputepiem Banbaa A3
3 3a kpuTepiem lNypsiua A1l
4 3a KpuTepiem Cesigxa A3

Pucynok XK.21 — Pe3ynpTaT po3paxyHKiB 3a yMOB [TOBHOI HEBU3HAUYEHOCTI
3a METOZI0M NPUIHATTS pillIeHb B yMOBaX HEBU3HAUEHOCTI HAKPAIOI0 aJbTEPHATUBOIO € A3.
Sk moka3zaB NpoBEeICHUN eKCIIEPUMEHT, pe3ysbTaT 3a MeTo1oM MOORA, npuiiHATTS pillieHb B
yMOBaxX pHU3MKY Ta HEBU3HAYEHOCTI cHiBNaaawTh. lLle o3nHavae mo Metogu MADM MoxHa
BUKOPHUCTOBYBATH JIJIsl pO3B’I3YBaHHSA 3a/1a4 MPUIHATTS pillIeHb B yMOBaX PU3UKY Ta HEBU3HAYEHOCTI.



