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BI3YAJII3ALIA PE3YJIBTATIB EKCIIEPTHOTI'O OIIHIOBAHHA AKOCTI
ITPOT'PAMHOTO 3ABE3IIEYEHHA 3 BUKOPUCTAHHAM IIOJIAPHUX AIATPAM

Po3pobieno MeToauky Bizyamizamii iHpopMariii, SKy MOJKHa OTPHMATH BHACIITOK 00pOOJICHHS eKCIEPTHHUX OLIHOK SIKOCTi MPOT-
pamHoro 3abe3nedenns (I13) 3a pisHEME KpHUTEPIsIMU HOTO OLIHIOBAHHS 3 BUKOPUCTAHHIM IOJIIPHUX AiarpaM. BeranoBieno, mo mif
Bi3yai3aIli€io pe3yabTaTiB eKCIIePTHOrO oniHIOBaHH sikocTi I13 po3yMitoTs nomanus iHdopmarii y rpadidHoMy BUTTISIIL U MAKCH-
MAJIBHOI 3pyYHOCTI 11 PO3yMIHHS Ta MIBUAKOTO CIPUHAHATTS, a TaKOX HaJaHHS OCSHKHOI Ta 3po3yMinoi gopmu Oynb-sKOMY 00'€KTy,
cy0'eKTy, Tpollecy TOIIO. 3alpOIOHOBAHO KpUTEpii oiHoBaHHS KOocTi [13 Ta XHI BaroBi Koe(illieHTH IS KOXKHOTO 3 E€KCIIEPTiB,
sIKi 3a0€3MedyIoTh JOCTOBIPHE MOAAHHS HASBHOTO CTaHy Iporiecy po3pobienss [13, mpaBuibHe po3yMiHHSA CyTi IpobeM, 1o Mo-
XKYTh BUHUKHYTHU Ha Oyab-sIKOMY eTalli pealiamii IporpaMHOTO IPOEKTY, 1 TOUHI XapaKTePUCTHKH 1X ckinagoBux. Po3pobieHo anro-
PHUTM pO3paxyHKY IIOL] CEKTOPHHUX 0araTOKYyTHHKIB y IOJISIPHIA CHCTEMI KOOPAMHAT, 3a JOMOMOTOIO SIKOTO MOKHA OOYHCIIUTH 1 OITi-
HUTH BigHOCHY sKicTh 13 3a BiANOBITHUME KpHUTepisMH. Bi3HaueHO KOMIUIEKCHI MiICYMKOBI OKa3HUKH AKocTi [13 mist koxHOTO 3
EKCIIePTIB 1 KOMIUICKCHH y3araJbHEHH ITOKa3HHUK HOro SIKOCTI UIS YCiX eKcrepTiB. Po3pobiieHo anroput™ po3paxyHKy IUIOMII HeTI-
PaBMIIEHOTO 0araTOKyTHHKA y MOJIIPHIM CHCTeMi KOOpAMHAT, SIKMH Ja€ 3MOTY BH3HAUUTH Ty JacTHHY sikocTi [13 3a Bcima kpuTepi-
SIMH, IKy Ma€MO Ha JaHHf MOMEHT 3a OLIHKaMH OJIHOTO 3 EKCIIePTIB, a TaKOX Ty JacTKy skocTi I13, sxy me moTpiOHO IOCsATTH UIs
100 % ii moBHOTH. 3p0o0JICHO BiIIOBIHI BUCHOBKH Ta HaJJaHO PEKOMEH/AMI{ I0/J0 BUKOPHCTAHHS PO3pOOIIEHOI METOAMKH Bizyaii3a-

il inpopmarii.

Kniouogi cnosa: inopManiiHi TEXHOJIOTIT; TPOrpaMHUM MPOEKT; Bizyamizamis iHpOopMarii; eKCIepTHI OLIHKH; SKICTh MpOrpam-
HOTO 3a0e3MeueHHs; KpUTepii OI[IHIOBAHHS SIKOCTI; ITOKa3HUKH SIKOCTI MPOrpaMHOTO 3a0e3MedeHHs; MOJsIpHa CHCTEeMa KOOpIMHAT,

MIOJIAPHI iarpaMu.

Beryn. Skicts nporpamuoro 3abesneuenss (I13) e oc-
HOBHOIO XapaKTEPUCTUKOIO B Pi3HUX c(hepax BUKOPUCTAHHS
iHpopmaniitaux texHousorii (Pleskach, Zatonatska, 2011),
sIKa BKa3ye Ha CTYIiHb HOTO BiAMOBIMHOCTI BCTAHOBIICHUM
Bumoram (ISO 9001, 2008; Pomorova, & Hovorushchenko,
2013). 3a3Bu4aii, Taki BUMOTH TPAKTYIOTh I10-Pi3HOMY, 11O
MIOPOKYE JIEKITbKa HE3AJICKHUX BH3HAYECHb IIbOTO TEPMi-
Ha. 3xelinbiioro, mia skictio 113 po3ymiroTs Habip BiacTu-
BOCTEH MPOrpamMHOTO NPOIYKTY, IO XapaKTEepU3yIOTh HOTro
3/IaTHICTH 3a/I0BOJILHUTH BCTAaHOBJIEHI abo mependauyBaHi
MOTpeOr 3aMOBHHKA, SIKi BiH BHCIIOBHB Y BHUIJIS/I KOPHUCTY-
BanbKuxX BUMOT 110 [13 Ha moYaTKOBUX eramax Horo po3pod-
nerss (Pomorova, & Hovorushchenko, 2013a, 2013b).

Cranmapt ISO/IEC 9126 pernmamentye 30BHIIIHI i
BHYTPILIHI XapakTepucTHKH sikocTi [13. SIkmio 30BHImHI Xa-
PaKTEPUCTHKU BiJOOPAKAIOTh BUMOTH 10 (QYHKIIOHYBaHHS
13, To BHYTpIIIHI XapaKTEPUCTUKA BHUKOPUCTOBYIOTH JIJIS
CKJIaJIaHHs TUIAaHY MOCATHEHHS HEOOXiTHMX 30BHIIIHIX Xa-
pakrepuctuk #oro sikocti (ISO/IEC TR 9126-2, 9126-3,
2003). Sx 30BHIIIHI, TaK 1 BHYTPIIIHI XapaKTEePUCTHUKH
SIKOCTI BiZIOOpakaloTb BJIAcTUBOCTI camoro I3, a Takox
TIOTJISiIM 3aMOBHHKA 1 po3poOHMKa Ha Hboro. OnHak, Oe3-
rocepenHporo kopucryBada I13 B OCHOBHOMY MLiKaBHTh

IHpopmauis npo asTopis:

ekcintyaraniifna roro skicte (ISO/IEC 9126, 1991), TobTo
CYKYIHHUH e(eKT BiJ DOCSATHEHHS XapaKTEepUCTHK MpOrpa-
MU, 1[0 BUMIPIOETHCS MIBUIKICTIO Ta JOCTOBIPHICTIO OTPH-
MaHOTO pe3yJabTaty, a He ii BiactusicTio. Lle moHsaTTs 3Ha4-
HO mmpmie, HDK OyZp-sfika OKpema xapakrepuctuka I13,
HaINpHKIIaA, 3py4HICTh HOro BUKOPHCTAHHS YW HaIiHHICTH
pobotu (ISO/IEC TR 9126-4, 2004).

3a3Buyaid, mij| ouiHOBaHHIM siKocTi I13 po3ymiroTs nii,
10 BU3HAYAIOTh, SIK came [13 BiAmoBimae cBoeMy mpu3Ha-
yenHto (Kuliamin, Petrenko, 2008). Skicts I13 omiHiooTh 3
BukopuctanusaM Mmozeni sxocti (ISO/IEC 9126-1, 2001).
Take ormiHrfoBaHHA HaOyBae OCOOJIMBOTO 3HAYCHHS i3 PO3-
BUTKOM 1 BIOCKOHAJICHHSIM TEXHOJOTiIH OOpOOJICHHS eK-
cneptaux gaHux (Morhun, 2011). Yce ne npusseno mo
moTpeOu po3poOJICHHS METOMIB i 3ac00iB KOMILICKCHOTO
OLIiHIOBaHHS PI3HOMaHITHUX XapaKTepUCTHUK sKocTi 113, siki
0 BpaxOBYIOThH JIesKi HEBU3HAYCHOCTI BXIMHOI iH(OpMaIii,
Tak i cy0'ekTUBHICTH OIiHOK ekcrepTiB (Botsula & Morhun,
2008; Voronin, Ziatdinov & Kulinskii, 2011).

3araioM, eKCIIepTHI TEXHOJIOTIi — HEBiJ'€MHa CKIIaJoBa
NpoLeCy TNPHUHHATTSA YHpaBliHCHKHX pimens (DeMarco
Tom, 2002) six mpu po3podnenHi I13, npu ynpamiHHI 3Mi-
HaMM BUMOT JI0 HBOTO Ta PHU3MKaMH HOro peaiisamii, Tak i
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mig ygac ynpasimiHHS Horo sikictio (Botsula & Morhun,
2014; Paulk & Curtis, 2001). TIpuifHATTS pimieHb Tpode-
CIfHUMHM eKcIlepTaMy TIPYHTYETHCS Ha JOCTOBIPHOMY IIO-
JlaHHI HasBHOI CHTYyallii, NpPaBWILHOMY pPO3YMiHHI CYTi
poOJIEMH 1 TOYHOCTI XapaKTepUCTHK ii ckiagoBux. Kox-
HUHA eKcnepT, sIKMii Oepe y4acTb B NPOLECI OIiHIOBAHHS
sixocTi I13 1 BiJt TyMKH SIKOTO 3aJI€KHTh OCTATOYHE PIllICHHS
KEpiBHHMKA MPOEKTA, IIOBUHEH BOJIOAITH HEOOXiAHUMH 3HaH-
HSIMM B CBOill NIpeMETHIN 001acTi, Mae MaTu NMEeBHUN OC-
BiJ i HaBUKH POOOTH. 3a TX BiZICYTHOCTI Ha/laHi eKCIIePTaMU
OLIHKA MOJYTh IIPU3BECTH O HEBHUIIPABHUX ITOMMIIOK 1
3HAYHHUX BTPAT — MaTepiaJIbHUX 1 YaCOBHX.

3HIWKEHHS PU3UKY NMPUHAHATTS NOMUIKOBHX pillleHb Ke-
PIBHHKOM IIPOEKTa MOKHA JIOCSTHYTH 32 YMOBH BHKOpHC-
TaHHA iHpOpMaLiHNX TeXHOJIOTil 00pOOIIEHHS AaHWX, Bi-
3yajizanii OTPUMAaHHUX PE3yNbTaTiB y BUTJIAAL, 3pyYHOMY
JUISL IIBUJIKOTO CHPUHHATTA Ta e()eKTHBHOTO aHAIi3y, a Ta-
KOXX HPOTHO3YBaHHS MOJAJBININX MOMiH, B T.4. i HEraTHB-
HMX HacHiIKIB Big HUX. HasBHI Ha CHOTrOAHI MOXKJIMBOCTI
aBTOMaru3anii oOpoOJIEHHS IaHUX JAIOTh 3MOry Oi3Hec-
aHaTITHKaM (hopMaTi3yBaTH SIKICHI Ta KUIBKICHI OIHKHU BiJ
eKCIIEpTiB 1 KOMIUIEKCHO OIIHUTH DPi3HOMaHITHI Xapakre-
puctuku sikocri I13.

Bimomo (Bederson & Shneiderman, 2003; Card, Mac-
kinlay & Shneiderman, 1999; Spence, 2007), mo TepMiH
"Bi3yamizamiss" TOXOIWTH BiJ JAaTWHCBKOro Visualis —
CHPUHAHSATTS Bi3yalbHO, YHAOUHEHHS, CTBOPEHHSI YMOB JIJIS
BI3YaJIbHOTO CIIOCTEPEKEHHS. TpamuisitoThes pi3HI TIIyma-
YeHHs [[bOro TepMiHy. Hanpukian, Bisyamizarmis — 1e ne-
TaJbHE BIATBOPEHHS BAIIOro Oa>kaHHS B ysBi. 3arajom, Gi-
3yanizayia — 1e nporec modymoBu rpadigyHoro odpasy na-
HHUX, 00 JIONIOMara€ MiJ 4Yac 3arajbHOTO aHaji3y IaHHX
BOayaTy ixHi aHOMaJIil, CTPYKTYpH, 3B"13k1 To1o (Kerren et
al., 2008). Y xomm'toTepHiit rpadiri Bizyamizami€eo (peHIe-
piHrOM) Ha3WBAaIOTH IIPOLEC OTPUMAHHS 300paKEHHS 3a
fioro komMm'roTepHoro Mozaeto (Mazza, 2009).

[Mix Bizyamizawiero pe3yavmamie excnepmuozo OYiHio-
sanus sxocmi 113 pozymiTmMeMo mopaHHs iH(opMauii y
rpadigHOMY BUIIIAL JUTI MAaKCHMAJIBHOI 3pYYHOCTI 11 po3y-
MIHHSI Ta NIBUAKOTO CIPUHHATTS, @ TAKOXX HaJaHHS OCSK-
HOI Ta 3po3yMinoi (Gopmu Oynb-sKoMy 00'ekTy, CyO'ekTy,
mporecy Tomo. [Ipore, cepex 3HAYHOI KITBKOCTI TEOPETH-
KiB 1 PAKTHKIB y rayry3i iHpOopMaIliifHIX TEXHOJIOT1i 00Yy-
Tye AyMKa, IIO Take PO3yMiHHs Bizyamisamii iHdopmarii
cripusie MiHIMAaJIBHIN PO3yMOBIH 1 Mi3HABaJIBHINA AaKTHBHOCTI
Oi3Hec-aHAJIITHKA, a Bi3yaJIbHI IHCTpYMEHTAJIbHI 3aCO0U BU-
KOHYIOTB JIUIsl HHOI'O TUIBKH UTIoCTpaTuBHY (yHKmito (Spen-
ce, 2007; Ware, 2000). CripoOyemMo JIeIIo CpoCTyBaTH Ta-
Ki, K Ha HAIl TOTJIAN, XWOHI TYMKH i JTOBECTH HEAOHSKY
KOpHCTH Bizyaiizauii inpopmamii B ramysi pozpobienns [13
Ta OLIIHIOBAHHS MO0 SIKOCTI.

AHali3 ocTaHHiX AocJilkeHb Ta myOaikauniii. Ex-
CIEpPTHI METOM OI[IHFOBAHHSA SKOCTI MPOAYKIIi J00pe cebde
MOKa3aIM B pi3HUX BUpoOHMYnX cdepax (Botsula & Mor-
hun, 2008; Pleskach, Zatonatska, 2011), a Tomy Gararto Te-
OPETHUKIB 1 NPAKTUKIB y Tay3i iHGOPMAIIfHIX TEXHOJIOTIH
CcrpoOyBaJI MIEPEHECTH 1Iei JOCBiA Ha Mpouec po3podIIeH-
us I3 Ta ynpasninas foro sxictio (Botsula & Morhun,
2014; Pomorova & Hovorushchenko, 2013a). 3aramom, 3ac-
TOCYBaHHSI €KCHEPTHUX TEXHOJIOTIH Ja€e 3Mory Oi3Hec-aHa-
JITHKaM BU3HAYUTH SIK SIKICTh MaiOyTHBOTO Ta BXeE PO3-
pobaenoro I13, Tak i ckiaaHicTh peasnizamnii MPOrpaMHOro
mpoekty (DeMarco Tom, 2002). Takox Taki TEXHOJOTIi 3a-
0e311euyioTh JI0OCTOBIpHE OL[IHIOBAHHSA OOCSTY, TPHUBAJIOCTI

Ta BapTOCTI BUKOHYBAHUX pOOIT, OOIPYHTYBaHHS OCOOJIH-
BOCTEH BUKOHAHHS 3aBJIaHb IPOEKTY I 3yCWIIIIs, BUTpadeHi
KEpiBHUKOM TPOEKTa JUIS MiATOTOBKH, IPUHAHATTS Ta peati-
3amii Toro 4M iHmoro pimenHs. OxHaK, eKCHEPTHI OLIHKH
Ha pI3HMX eramax peasi3amii MporpamMHOrO MPOEKTa MO-
XKYTb CIyTyBaTH TIIBKM OCHOBOIO Ul BHU3HAYECHHS IIOTIE-
penHiMU TOKa3HUKIB sikocTi [13 um ckimamgHOCTI peamizamii
MIPOEKTA, a TOMY MaroTh peKOMeHIaniiHnii xapakrep. Tiib-
KM OLIHIOBAaHHS EKCIIEPTaMH TOTOBOTO IIPOrPaMHOTO IIPO-
JIYKTY B peaJIbHUX YMOBax Horo Oes3rnocepeHboi eKcIuryaTa-
il MOXe JIaT! JOCTOBIPHY Ta OCTaTOYHY OLIHKY skocTi I13.

Oco0nMBOCTI  3aCTOCYBaHHS MOAEJIEH OIIHIOBAHHS
sikocTi [13 3a BU3HAYEHUMH METOAMKAMH PO3TIISIHYTO B PO-
6otax (Botsula & Morhun, 2008; ISO/IEC 9126-1, 2001;
Nazemi, 2014). [Ilomo 3acTocyBaHHS METO/IB i 3aC00iB €K-
CHEPTHOTO OLiHIOBaHHA sikocTi [13, To 1 mpobiiema mmpo-
ko BucBiTIeHa B mocmimkenHi (Pleskach, Zatonatska,
2011). V pi3HHX HAyKOBHX MpaLsX IPOLEC EKCIIEPTHOTO
ouintoBaHHs skocti 13 ommcaHo 3 ypaxyBaHHSIM cdepu
KOMITETEHTHOCTI €KCHepTiB i 3a ymoBH (ikcamii Baromoc-
TEH KOXKHOTO 3 HHMX 3a BCTAHOBJICHUMH Kputepismu (Mor-
hun, 2011). Boxnouac, y po6oti (Botsula & Morhun, 2011)
3arpoIIOHOBAHO METOJ| OLIHIOBAHHS SKOCTI BeO-MaTepialiB
Ha 0a3i OLIHOK JBOX I'PyIl PECHOHJEHTIB — "KopHucTyBadi"
Ta "excriepTH". ABTOpPH 11i€i poOOTH BBaXKaIOTh, 110 1IeH Me-
TOJ| HA/Ia€ MOXIJIUBICTB SKICHOTO Ta KUIBKICHOTO KOMILIEK-
CHOTO TTO/IaHHS MHOXXWHH 3HAa4eHb 32 JOIOMOTrOIO Jiarpa-
MU-0araToKyTHHKA, T00yJOBAHOTO Y MOJISIPHIH cuctemi Ko-
opanHat. TakoXX HUMH pO3pOOJICHO BiJIIOBIAHUI IpOrpam-
HUHA 3aci0 A aHamizy OTPUMAHHMX OL[IHOK 1 pO3paxyHKY
KOMIUIEKCHOTO ITOKa3HMKA SIKOCTI BeO-MaTepiais.

[Ipote, mpoueaypa omiHroBaHHSA AKOCTI I13 Ta HasBHI
METOIM 1 3aco0M 3abe3IedyeHHs Ili€l SKOCTI, SK BJacHe i
mporec po3pobnenHs camoro [13 3anumaroTbest He3abe3me-
YeHUMH (YHIAMEHTAJIBHOIO TEOPi€I0 Ta €PEKTHBHOIO Me-
TOJI0JIOTI€I0. Y Ci JOCII/DKEHHS y Tary3i OI[IHIOBAHHS SIKOCTI
13, ocobnmBO Ha paHHIX eramax HOro >KUTTEBOTO LIUKIY,
MaloTh XaOTHYHHH, HECHCTEMaTH30BaHWI xapakTep. Bon-
HO4Yac, sIK JoBeaeHo y poborax (Pomorova & Hovorush-
chenko, 2013a, 2013b), came B KiHIIi eTamy NPOEKTYBaHHS
apxitektypu 13 MoXHa 1 BapTO BHSIBISTH Ta yCyBaTu IO
55 % Bcix HemoJiKiB Mail0yTHHOTO POrPAMHOTO MPOAYK-
Ty. besymoBHO, € 6arato QpyHAaMEHTATFHUX JOCIIIKCHD 3
imkenepii [13 (pobotu boema, [letikcTpu, Meiiepa), aie
BiJICYTHS 3aBEpIICHA, IIPOTECTOBAHA Ta alpOOOBaHA TEOPIs
Ta METOJIOJIOTisl pO3pOOJICHHS CKIIAIHOTO 1, BOJHOYAC, SIKiC-
Horo 13, a Takok MeTo/u 1 3acO0M OLIIHIOBAHHSI Ta MPOTHO-
3yBaHHS KO0 SIKOCTI Ha PAaHHIX eTarax >KUTTEBOTO LIUKIY.
Tomy rainy3p OLIHIOBaHHS SKOCTI HPOrpPaMHHUX MPOMYKTIB
morpeOye HaradpbHUX 3MIiH UIS 3amo0iraHHS Herepeaoade-
HUX BTpPAT i HEMIPHUEMHHX 1HIWACHTIB, BUKJIMKAHUX TOMUII-
kamu poboru I13.

He nperennyroun Ha KapIUHAIBHI 3pYIICHHS B €KCIIEp-
THHUX TEXHOJIOTISIX, CIIPOOYEMO BHECTH 1 CBOIO JICTITY B €K-
CHepTHI MeToaM OuiHIoBaHHs sikocTi I13, ocobimBo y ra-
my3b Bisyamizamii excrieptHoi iHdopmamii. Tomy, sk Ha
CBOTOJIHI, BHJA€ThCA HaM aKTyaJbHUM JOCIIPKCHHS, SIKE
CTOCYETBCSI pO3POOJICHHS a/leKBATHOI METOIMKH Bi3yalbHO-
rO TOJIaHHS OIIIHOK €KCHEpTIB y BUTJIAAI IOJISIPHUX Jiar-
pam, oOTpyHTYBaHHs KpuTepiiB oriHioBaHHs skocti I13 Ta
TXHBOT BaXKJIMBOCTI ISl KOKHOTO 3 €KCIIEPTiB, a TAKOX YHa-
OYHEHHSI KOMIUIEKCHUX MOKa3HHKIB skocTi [13 1y1st KoxkHO-
TO 3 EKCIEPTIB 30KpeMa i I yCiX eKCHEePTIB 3arajioMm.

06'exm docnidicenHs — eKCTIEPTHE OLiHIOBaHHS stkocTi [13.
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IIpeomem docriodcenns — METOIM Ta 3aCO0M Bizyaurizawii
iH}opmarii, oTpuMaHOl BHACTIZOK OOPOOJICHHS EKCIEPTHUX
OLIHOK siKocTi [13 3a pi3sHNMHM KpHUTEPiSIMH, Y BUITISIL, 3pyd-
HOMY JUTS IIBUAKOTO CIIPUMHATTS Ta e(peKTHBHOTO aHaIi3y.

MeTta 1ocJTiKeHHSsI TI0JISTae B pO3pOOIICHHI METOIUKH
Bizyasizanii iH(popMmallii, oTpuMaHOI BHACTIIOK 00poOIIeH-
HS €KCIIEPTHUX OLIHOK siKocTi 113 3a pi3HUMU KpUTEPIIMH 3
BHUKOPHCTaHHSM IOJSIPHUX JliarpaMm.

Jlia peamizanii 3a3HayeHOi MeTH ITOTPIOHO BHKOHATH
TaKi OCHOBHI 3aBIaHHS:

1) oOrpyHTYBaTH TOAAHHS OIL[IHOK E€KCIIEPTIB Yy BHIJISAL MO-
JSIPHHX Jiarpam, siKi JaayTh 3MOTY JIAKOHIYHO HaBeCTH B
300pakKeHHI Te, M0 B TEKCTOBOMY EKBIBAJIEHTI 3aiiMe Jie-
KilbKa ab3aris;

2) 3amponoHyBaTH KpHTepii omiHioBaHHA skocTi I13 Ta ixwHi
BaroBi Koe(illieHTH Al KO)KHOTO 3 EKCIIEpPTiB, sIKi 3a0e3-
nevaTh JOCTOBIPHE [TOJAHHS HASBHOI CUTYyaLii, IpaBUIIbHE
pPO3yMIHHA CyTi TPOOIEeMH 1 TOYHI XapaKTEPHCTUKH il
CKJIaJI0BUX;

3) BU3HAYCHHSI KOMIUIEKCHHUX ITiJICYMKOBHX MOKa3HHKIB SIKOC-
i 13 JUI KOXHOTO 3 eKCHEepTIiB 30KpeMa 1 JUIS y3arajbHe-
HOTO eKCIepTa 3arajioM, siKi JaIyTh 3MOTy Oi3HeC-aHaiTH-
KaM OOYMCIIHMTH 1 OI[IHUTH BiTHOCHY SIKICTH pO3pOOJIIOBA-
Horo I13;

4) 3poOHUTH BINIOBiAHI BUCHOBKM Ta HAgaTH pPEKOMEHIALil
IIOJI0 BUKOPHCTAHHS PO3POOIICHOI METOMVMKHU Bizyaui3arii
iH(popMmaii.

Ilonanus oniHOK exkcnepriB y BUIVIAAI NMOJISAPHOL Ai-
arpamu. Pesynbratn OGarathox mocmimpkeHb (Bederson, &
Shneiderman, 2003; Card, Mackinlay, & Shneiderman,
1999; Heer, Card, & Landay, 2005) moka3yioTh, o mpo-
JIyKTUBHICTH Tpamni Oi3Hec-aHaITHKA, SIKUH BUKOPHCTOBYE
BisyanpHy iH(opmanito, Ha 17% Buma. bararo HaykoBIiB
(Spence, 2007; Ware, 2000) BBaXKaroTh, 10 3aBASKH YHA0U-
HEHHIO iH(OopMaIlii JIFOIIIHA MOXKE 3araM'aTaTH Taki ii gera-
JIi, sIKi B TEKCTI HE NPUBEpHYJIN O yBary HaBiTh YBa)KHOTO
YyHuTaya, SIKHH BAYMYETHCS B IIPOYMTAHE Ta aHAi3ye HOTO.
Sxmo x iHdopmanis (Hanpukiaj, OizHec-BuMoru ao I13)
HaJXoAuTh Bix 3amoBHHKa I3 no aHaiTMka He MPOCTO y
BUTJIII HaOOpYy TEKCTy, a 3 BIQNOBIIHUMHU PHUCYHKaMH,
CXE€MaMH{ Ta IHIIMMH Bi3yalbHUMHU eeKTaMH, TO TaKy iH-
¢dopmariito, Oe3cyMHIBHO, aHAIITHK cHpUiiMae Habarato
LIBMIIIE Ta 3HAYHO JIETIIE 1, IK HACIOK, AEIO OlNIbIIIe.

3a ocTaHHI pokH y o0jacTi HomaHHs BizyasbHOI iH(Op-
Mamii BiOyHCsl KoJocallbHI 3MiHM — 3pic 11 o0csr, Kiib-
KICTh 1 SIKICTh K IO3UTHUBHOI, TaK 1 HE 30BCIM. 3'SBHIUCS

TaKOX HOBI BUIM Bi3yasibHOI iH(popMarii Ta gopmu ii mo-
MaHHA. 3 OTJIAAy Ha IfF0 CHUTYaIilo, M 8i3yanizayiero iH-
@opmayii (anrn. Information Visualisation) po3ymitoTs iH-
TEpaKTHBHE BUBYEHHS Bi3yaJIbHOTO MOAAHHS aOCTPaKTHHX
JTAHWX JIJIS TIOCUJICHHS JIFOJIChKoTo mi3HaHHsA (Mazza, 2009).
AOcCTpakTHI JaHi MOXKYTh MICTUTH SIK YHCIIOBY, TEKCTOBY,
Tax i rpagiuny inpopmauito. BogHouac, sizyarizayia oanux
(arrn. Data Visualisation) — 1ie rpacdivna npeseHTamnis iH-
(hopmartii, 3aBISKH K MOXKHA JIAKOHIYHO TIOJaTH B 300pa-
KEHHI Te, 0 B TEKCTOBOMY EKBIBAJICHTI 3aiiMe JEKiJIbKa
ab3amiB. Y 1bOMY JOCIIDKEHHI CIIPOOyeMO po3poduTH Me-
TOJMKY Bizyasi3amii pe3y/bTaTiB eKCIEpPTHOTO OLiHIOBAHHS
sixocTi [13 3a pi3HUMHU KpHUTEPisIMH, 1€ BPaxXyeMO HE TUIBKU
pi3HY BaXIJIUBICTH KOXKHOTO 3 KPHTEpiiB, ayie¢ i BaromicTb
CaMHX EKCIEpTiB, IO JACTh 3MOI'y KOMIUIEKCHO OL[IHHTH
sxictb [13.

Jta peamizanii MOXXJIMBOCTI Bi3dyawizamii pe3ysibTaTiB
OITUTYBaHb EKCIIEPTIB 32 ACTKUMH KPUTEPIiSIMH OI[iHIOBAHHS
skocti I13 (Botsula & Morhun, 2011) ta orpumanHs #oro
KOMIUIEKCHOTO TIOKa3HUKA CIPOOYEMO BUKOPUCTATH NOAD-
Hi Oiaepamu. 3a3BU4al, MiJ nOIAPHOIO diazpamoro po3yMi-
10Th Tpadiunnii croci6 BimoOpaxkeHHs! aOCTPaKTHUX JTaHHUX
Yy BUIJISIII JBOBUMIPHOI AiarpamMu 3 TpboMa abo OibIIoro
KiJIBKICTIO 3MiHHUX (BekTopiB). Lli 3MiHHI BimoOpaxaroTh
Ha OCfX, IIO MaloTh CHUNIBHUHA IOYaToOK. BimHocHe moio-
JKEHHSI Ta KyT HaXWIy Ocel, 3a3BU4aid, y MOJSApHIii aiarpami
HE BKa3yloTh, IO, SIK Ha HAII IOV, € XHOHOIO NPAKTH-
Koro. Y pi3Hii HaykoBiii miteparypi (Kerren et al., 2008;
Mazza, 2009; Spence, 2007) MO>kHa HATPaIUTH Ha TaKi Ha3-
BH TOJISIPHOI JiarpaMu: geO-oiacpama, odiazpama nasyka,
Kapma 30psAHo2o0 Heba, 30pana diazpama, epagik-nagymuna,
HeNnpaguibHull 0azamoxKymHuK 1 nearcmkosa diazpama.

Kpurepii oninroBanHs sikocti 13 momamo y BUTISAIL
BEKTOPIB (3MIHHHX) HOJSPHOI CUCTEMH KOOpIMHAT, SIKi 3a-
rajloM YTBOPIOIOTH IOJISIpHY aiarpamy (puc. l,a). Koxauii
TaKUH BEKTOP Ma€ Taki MOKA3HUKH SIK JOBXHHY 1 KYyT HaXH-
JIy J10 IIOTIEPEAHBOT0 BeKTopa. BBakaTnMeMo, 110 JOBXKHUHA
BEKTOpPa BiJIIOBia€ KiJbKICHOMY MOKa3HHUKY sikocTi [13 3a
BIJNOBiAHUM KpuTepieM. SIK BHHATOK, MakCHMajlbHa JIOB-
XHHa OyJb-KOT0 3 BeKTopiB Mae Bixnosinatu 100 % sikoc-
1i [13 32 BigmoBiAHUM KpuTepieM. 3a3BUYal, peajbHA JIOB-
KHMHa KOXXHOTO 3 BEKTOPIiB CTAHOBHUTH TUIBKH NMEBHY YacTH-
HY BiJ] HOr0 MaKCHMAIIGHOI JOBKHHU, IO BiAIIOBiNae pe-
anpHIN skocTi [13 3a BiIMOBIAHUM KpHUTEpiEM.

Puc. 1. [Tonannst xpurepiiB onintoBaHHs skocti [13 y nonsipHiil cucremi koopauHaT
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ABtopu y po6oti (Botsula & Morhun, 2011) ctBepmxKy-
I0Th, IO KYT 3 MK BEKTOpaMM XapaKTEpU3ye BEITHUHHY
BIUIMBY BiJIOBIJHOTO KPUTEPIiIO HA PE3YJIbTAT OL[IHIOBAHHS
sxocti [13. SIkmmo Bei kputepii MaloTh OIHAKOBHH BIUIMB HA
skicTb 113, TO BEKTOpH BiANOBIAHUX KPUTEPIiB OyIyTh PiB-
HOMIPHO PO3IOJIJICHI Y CEKTOpax IOISIPHOI CUCTEMH KOOp-
nuHAT. Hanpukiaz, ams mecty KpuTepiiB el KyT Mix yci-
Ma BEKTOpaMH cTaHoBUTHUME 3 = 21/6. Y BHMajKy HEOaHa-
KOBOTO BIUIMBY KpHUTepiiB Ha sKicTh 13, To KyTH MiX Big-
MIOBITHIMH BEKTOPaMH MOKHA BH3HAUYUTH 32 (OPMYIIO0

N
Bz{ﬁ/.zZ;rw/. Zw[,jzl,N}, (1
i=1
ne: W= {w,,j=1,N} — BaroBuil KoeDilieHT j-rO KPUTEPiIO

OIIIHIOBAaHHSA AKOCTI [13, KUl BiMOBiAa€ IEBHOMY €KCIIEp-
Ty; N — KUIBKICTh KpHUTEpiiB OlliHIOBaHHA siKocTi [13.

SIKIIo BiJKIIACTH BEKTOPU-KpHUTEDIi (P, ..., Pg) Y MOIAP-
Hifl cCHCTeMi KOOpIWHAT i 3'€HATH OTPUMAaHi TOYKHU iXHiX
BEpUIMH, TO MAaTUMEMO HENpPaBWIBHUHA OaraTOKyTHHK
1,2,...,6 (puc. 1,a), mioma sikoro (Sg) KUIBKICHO Xapakre-
pusyBatuMe skicth [13 3a BciMa KpUTEpiSIMH OIHOYACHO.
ITromi okpemux 0araToOKyTHHUKIB (i, ..., S¢ - SIKI Ha3BEMO
CeKTOPHHUMH 0araTOKyTHHKaMH), OOMEXEHI IOJSIPHUMHU
CEKTOpaMH (Cy, ..., C) 3 KyToM o = (B; + B;-1)/2 Mixk BekTO-
pamu, OyayTh KUIBKICHO XapakTepusyBaru sKicTb 113 3a
BiJIMOB1THIMHY KPUTEPISIMHA HOTO OITiHIOBAHHS.

@dopma HeNnpaBWIBHOTO 0AraTOKYTHHKA A€ SIKICHY Xa-
pakrepuctuky I13 3a ycima KpuTepisMu ofHOYacHO, a (op-
Ma CeKTOpHOro OarartokyTHuka (Hampukiman, 0,6',1,1',
0,1',2,2" i T.11.) — 32 BIAMOBiqHAM KpHUTEpieM. SKIIO MOmiTH-
TH IIONLY HENPaBHIBHOTO 0araTokyTHHUKA (Sg) Ha IUTOLTY
Kpyra (S), B AKOMY 3BiH HaXOJUThCS, TO OTPUMAEMO Yac-
TKy sikocTti [13, siky MaeMo Ha JaHWil MOMEHT 3a OIliHKaMH
neBHoro excrepra. HeszanosHeHa mioma kpyra (AS, = Sy -
Ssx) — Ta yactuHa skocti [13, Ky mie moTpiOHO TOCITTH IS
100 % ii moBHOTH. SIKIIO MOAISIMTH IIOLLY CEKTOPHOTO Oa-
raTOKyTHHKA (§;) Ha IJIOLLY CeKTopa (c;), B AKOMY BiH 3Ha-
XOAUTHCS, TO OTPUMAEMO YacTuHy skocti 113 3a j-uMm kpu-
TepieM, Ky MaeMO Ha JJAaHU MOMEHT 32 OL[IHKaMH IIEBHOTO
excrnepra. HesanoBHeHa mioma cextopa kpyra (Ac; = s;_c;)
— Ta yacTka skocTi [13, siKy 1me noTpiOHO JOCSTTH 32 BifIo-
BiJTHUM KpuTepieM. 3BEpHEMO yBary, Io pajaiyc kpyra (r)
Mmae Biamosigatu 100 % sxocti I13 3a ycima kpurepismu
HOro OIiHIOBAHHSI.

HaBenenmii Bu1e miIxiJ 10 BU3HAYCHHS KOMIUIEKCHOTO
nokasnuka sikocti I13 ta i (1xocTi) mojanbpIIoro anamizy €
MIPaBOMIPHUM 32 IIEBHUX YMOB: 1) KpuUTEpiiB-BEKTOPIB IOT-
piObHO He MeHIIe TPbOX; 2) 00JacTh MOJISIPHOTO CEKTOpa 3
OIYHMMH HOTO NMPOMEHSIMH, SKI 3HAXOAATHCS MiJ KyTOM O,
MOTPiOHO MOJUINTH HABITLI BEKTOPOM-KpHUTEpieM; 3) moyar-
KOBHMH BEKTOP-KPHUTEPili Ma€ 3HAXOAUTHCS Ha JOAATHINA Oci
OpAMHAT JIEKapTOBOI CHCTEMU KOOpAWHAT.

Anzopumm po3paxynky niaow| ceKmoprux 6Oazamo-
Kymuuxie. 151 3HaX0WKeHHS wion] (Sy, ..., Sg) CEKTOPHUX
0araToKyTHHUKIB (IUB. pHC. 1,a4) BUKOPHCTAEMO TaKHUH ajro-
pHUTM po3paxyHKy. Hacammnepen HaBezneMo BiIIOBIAHY PO3-
paxyHKOBY cxeMmy (puc. 1,0), Ha sKiii HEBITOMHMH € KOOp-
quHaTH ToukH 1' (mo3naunmo ii uepes 7) i Touxu 6'. Touka
T yTBOPIOETHCSI BHACIIOK MEpeTHHY Binpiska [2, 1] 3 6iu-
HuM nipomeneM [0, 1') monspHoro cextopa (auB. puc. 1,a).
Tyt Bigpizok [2, 1] € cTOPOHOIO HETIPaBHIIBHOTO OaraToKyT-
muka 1,2,...,6, TOOYZOBAaHOTO y JIEKAPTOBIH CHCTEMi KOOp-
nuHAT, a npoMinb [0, 1') 3HAXOMUTHCS I KyTOM ol/2 I0

npomenst [0, 6') y monspHii cuctemi koopauHat. BomHo-
Yac, TOYKa 6' yTBOPIOETHCS BHACIHIJIOK NEPETHHY Biapi3Ka
[1,6] 3 Giurum mpomenem [0, 6') mOmsApHOTO CEKTOpA.
Hmxde po3riisiHeMo aIropuT™ po3paxyHKY KOOPAWHAT TOY-
ku 7, 1o3ask KOOPAWHATH TOYKH 6' MOTPiOHO po3paxyBaTH
AHAJIOTIYHO.

Orxe, 3 puc. 1,6 BumHO, 0 BiApi3ok [2, 1] MoxHa 3a-
JIaTH KOOPAWHATAMH JIBOX TOYOK — BEPIINHAMHU BEKTOPIB Py
i p;, a came — 2(x1,1) 1 1(x2,2). Jnst 3HaXOMKEHHS aHaTi-
TUYHOTO BUPA3y HBOI0 BiJIpi3Ka BUKOPUCTAEMO JIIHIMHY iH-
Tepronsauito. [i aHaniTMuHuii BUpa3 onmmeMo anreGpaiy-
HHUM JBOYJIEHOM f{x) = ax + b, siKuii 3a1aMO IBOMA KiHIISIMHU
Bigpizka [2, 1]. I'eomerpnuHo 11e 03HaYae 3amiHy rpadika
¢GyHKLIT f{x) MpAMOI0, 10 IPOXOAUTD Yepe3 TOUKH 2(xy,);) 1
1(x2,),). PiBHSHHS 11i€] IpsAIMOT Ma€ TakWil BUTIIS

Y=n _ , 2)

Vo=
3BIIKH UTA X €[X,, X;| oTpUMaeMo ghopmyny ninitinoi inmep-
noaayii

X—x

Xy =X

yEn A (-, €)
275
3a JIOMIOMOTrOI0 SIKOi 3MOXKEMO 3HAWTH 3HAYCHHs aOCIuCH
TOukH 7.

JL1s1 3HaXOKEeHHS 3HaYEeHHS aOCIucH TOYkH 7, siKa 3Ha-
xoxuTbest Ha pomedi [0, 1') y mossipHii cucteMi Koopau-
Hat i1 x€[0, 7], BAKOPHUCTAEMO TaKy GOpMyIIy:

y=y,+(x—x,)-sine, /2, 4
JIe Xo 1 Yo — pO3paxyHKOBI KOOpJHMHATH LEHTPa MOJISIPHOL
CHCTEMH KOOpJWHAT; ¥ — Pajiyc Kpyra, y SKHH BIHCaHO
HenpaBmIbHUNA O6aratokyrHuk 1,2,...,6 (puc. 1,a).
[Mpupisusasmm Bupasu (3) i (4) Mix cob0r0, MaTHMEMO:
Y

g~(x—xl)=y0+(x—x0)~sinal/2. (5)
Xy~ X

Mt

[InaxoM HECKJIAAHUX MaTeMaTHYHHX IEPETBOPEHb OTpPH-
MaeMo (hopMyITy

Lo h + Ax, _XOSinal/z,ne

A-sina, /2

3a JIOIIOMOTOI0 SIKOi 3MOXKEMO OOYMCIIMTH 3HAaYE€HHS OpJu-
HaTy TOukH Ty JeKapToBiil cucteMi KoOpAWHAT 1Sl y €[,
r]. Tenep 3HaueHHs abcrycH TOUKU 7 MOXKHA OOYUCIIUTH 32
omHiero 3 popmyi (3) au (4).

BukopucroByroun aHajoOriyHi MipKyBaHHS, MOMKHA
3HAWTH 3HAYCHHS KOOPJMHATH TOYKH 6', siKa € Jpyroro HeBi-
JTOMOIO BEPITUHOIO CEKTOPHOTO OararokyrHuka 0,1',1,6'.

Jls 3HaXOMKEeHHS IO (S;) CEKTOpHOTrO OaraTokyT-
nuka 0,1',1,6' (nuB. puc. 1,6) 3a KOopaHHATAMU HOTO BEp-

IIIMH MO>KHA BUKOPHCTATH TaKy GpopMyiy
4

1
M :EZ

i=l1
Jie X; Ta y; — KOOPANHATH BEPIINH CEKTOPHOIO 0araTokyr-
HUKa.
BingnosiaHo miomnty cekropa kpyra (c), y SIKUiA BXOANUTD
cextopHuid OaratokytHuk 0,1',1,6', yepe3 kyr (o) Mix
Horo paziycamu () MOKHa BU3HAYUTH 32 (GOPMYIIO0

A:yz_yl , (6)

Xy =X

y[~x[+1—x[-y[+l‘, (7)

o =nrta /2. ®)
VY3araneHEMO HaBezeHi Buiie Bupasu (3), (4) i (6) mns
3HaXO0/DKEHHS KoopauHat ycix touok (1', 2', ..., 6') Herpa-

BiIbHOTO OaratokyrHuka 1,2,...,6 (muB. puc. 1,a). Ockinb-
KM y TOJSIPHIM cucTeMi KOOpAMHAT BiUTIK TOYOK BEIYTh
MIPOTH PYyXy TOXMHHUKOBOI CTPUIKH, TO MaTHMEMO TaKy
CHCTEMY MaTeMaTHYHUX BUPa3iB:
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A/.:iyj_yjH,j:l,iN;
X=X
-y +Ax. . —x,sine; /2 —
}":yo y/+1 j '/+1 0 Jj ,j:LN; (9)
A4, —sine,; /2
T
yj= yj+1+Aj’(x/ _‘xj+1)5 leij

Yo +(x/T. —x,)-sina, /2,

OTxe, po3po0JIEHO aIrOpUTM PO3PaxyHKY IUIONI CEK-
TOPHUX 0araToOKyTHHKIB, 32 JONOMOTOI0 SKHX MOXHa 00-
YHCIIUTH 1 OMIHUTH SKicTh [13 32 BiITOBIAHUMY KPUTEPIIMU.
Takosx 11l IO 1AI0Th 3MOT'Y BU3HAYUTH Ty YaCTHHY SKOC-
1i I3 32 meBHUM KpUTEpieM, SIKY MAaEMO Ha JaHUH MOMEHT
3a OLIHKAMHU OJHOTO 3 EKCIIEPTiB, & TAKOXK TY YaCTKy SKOCTI
I13, sixy me norpiduo gocsartu it 100 % ii moBHOTH.

Kpurepii oninroBanns sxocri II3 Ta ixni Barosi ko-
edinieHTH, fAIKi HAIAOThCA KOXKHOMY 3 ekcnepriB. Sk
OyI10 3a3HaUEHO BHIIE, JOBXXUHHA BEKTOPIB Y MOJISIPHIH cuc-
TeMi KOOpAWHAT MAIOTh BiIIOBIAATH IPONOPLIHHO 3HAYCH-
HSM BIJITOBITHUX KpPUTEPiiB OIiHIOBaHHS sKocTi I13, sxi
MOXXHA BU3HAYUTH Yepe3 OLIIHKH pecHOHOeHMIE 1 POIIi KOXK-
Horo 3 Hux (Botsula & Morhun, 2008; Mazza, 2009). 3a3-
Bryai, pecrionaeHTn I13 € ygyacHHKaMu mporecy OmiHIO-
BaHHS HOTO SKOCTI, SIKI MOXKYTh BUCTYIIATH B JIBOX POJISX —
SIK BiJITIOBiTHOTO eKcnepmad, Tak i 0e3MocepeTHhoro Kopuc-
myeaua. BiIMIHHICTD pojell y ToMy, 110 omiHka sikocti I13,
SIKY Hajla€ TIEBHUI excnepm, TOBUHHA MaTH OUIBIITY BaXKIIH-
BiCTh B 3a3HaYECHOMY IIPOIIECi, HIX OIL[IHKA, Ky HaJa€ KO-
pucmysau, mo3asiK ixXHs kBamidikaris € pizHoro. /s yHuk-

HEHHS MOJAJIBIIOI IUTYTAaHMHN YCIX PECHOHJEHTIB OyaeMo
Ha3uBatu excnepmamu. Ko)KHOMy eKCepTy Hajamo IIeBHI
BaroBi Koe(ili€HTH I KOXKHOTO 3 KPUTEPIlB OI[IHFOBaHHS
skocTi 13, 3HaueHHs KX BKAa3yBaTUMYTh HA IXHIO 00i3Ha-
HICTb y NeBHIiH npeaMeTHiit obmacTi (Yakovyna et al., 2010).

3a3Buyaii, 3i0paHi B IHTEPaKTHBHOMY PEXHMIi OLIHKH
sixocTi I13 Bijg KOXHOTO 3 eKkcnepTiB 30epiratots y 6a3i aa-
HUX, TOCTYII 10 SIKOI 3A1HCHIOIOTH Yepe3 BiANOBIJHUI Npor-
pamHwmii 3aci6. OTpUMaHHS OLIHOK BiJ| €KCIIEPTIB Ma€ IPo-
XOAWTH Y BUIIIAIl IXHBOTO ONHUTYBAHHS 3 BUKOPHCTaHHSIM
pamKOBaHOI IIKaJIM 33 KOXHHUM 3 KputepiiB (Voronin, Ziat-
dinov & Kulinskii, 2011). Koxen 3 excriepTiB Mae BUCTaBH-
TH BIAMOBIHI OLIHKA, KOXHY 3 SKHAX MOTIM MaEMO Bpaxy-
BaTH 4Yepe3 BiAMOBiMHI Barosi xoedirientu (tadm. 1). 3po-
3yMiJIO, KOKEH 3 KpUTEpiiB Oyze 1Mo pi3HOMY BIUIMBATH Ha
KOMIDIEKCHUH TTOKa3HUK sSKOCTI 13, sKuid 3rojoM MaeMo
BH3HAYUTH JUI KOXKHOTO 3 eKkcrepTiB. OKpiM IbOT0, 3aJIeK-
HO BiJ KBami(ikaii ekcriepTa KOXKHUH 3 HAX TaKOXK MaTuMe
pi3Hi 3HaUEHHS KOe(il[iEHTIB BarOMOCTI.

BBeneMo MHOXXHMHY BaroBux KoeQillieHTIB IS KpUTEpi-
iB omiHtoBaHHS sKocTi 13, sIKi HAMAIOTBCA KOXKHOMY 3 €K-
CHEepTIB, a came:

W =, = tw, =010k =1K}.i=10),  (10)

JIe: W, ; — BaroBUi KOeilieHT i-r0 KPUTEPIIO OLIHIOBAHHS
sxocti 13, sixuit HagaeTses k-my excriepry; 0(1)10 — miana-
30H 3Ha4€Hb ONiHOK ekcrepTiB Bix 0 1o 10 3 kpokom 1; K —
KIJIBKICTB €KCIepTiB; M — KiJIbKICTh KPUTEPIIB OLIHIOBAHHS
sxocri I13.

Tao6u. 1. Kpurepii oninoBanus sikocTi 13, ixui Baroi koeginieHTH Ta oliHKH excneprinB

Excnepru:
Ne Kpurepii oninroBanHs ramysi 3pYYHOCTI y3aranbHeHi Cepenne
3/m axocTi I13 sacrocysamms | ukopuctamms | > "POTPAMYBAHIEL Lo rypaui SHAYCHLT Ba-
- — - - roBHX Koedir.
Barosi koedilieHTH / OIiHKY €KCIIePTiB, Oasn
1 |TouHicTh ynpaBiIiHHS Ta 00UYHCICHb 8/10 5/9 9/10 7/8,05 7,25
2 |Cryninp crangapTHoCTi iHTepdeHciB 5/9 9/8 6/8 5/17,50 6,25
3 OyHKIIOHATBHA TOBHOTA MOXKIIH-

Bocreii I13 10/9 6/7 9/9 6/6,10 7,75

4 |CrilikicTb 10 TOMHIJIOK KOPHUCTyBada 6/6 5/5 10/8 7/17,70 7,00

5 |MoXIHBICTh pO3IIUpeHHs QYHKIIH 5/7 5/5 10/8 4/6,05 6,00

6 |3pyuHicTh BUKOHAHHS 3aBIaHb 9/9 9/7 7/8 10/7,85 8,75

7 |Ipoctora B o6cinyrosyBansi I13 9/10 7/9 6/10 10/7,35 8,00

8 |BiamoBigHICTH YHHHUM CTaHAAPTAM 6/6 5/8 10/7 5/5,55 6,50

9 IMepenocHicTh MiX IIpOrpaMHO-ama-

paTHOTO 3a0e3MeUYeHHSIM 8/9 6/7 9/6 6/7,85 7,25

10 |3py4HicTh HAaBYAHHS KOPUCTYBaUiB 7/6 8/5 6/9 10/4,30 7,75

3arayipHa/cepeHs KUTBKIiCTh OalliB 73 /8,10 65 /7,00 82 /8,30 70/ 6,83 7,25

VY Tabn. 1 cepenHe 3HaYCHHS BaroBUX KOe(DiIli€HTIB IS
i-TO KpHUTEpilo OIiHIOBaHHA sAKOCTi [13 MOXHa BH3HAYHTH
3a TaKkoro (HPOPMYIIO0

. 1 & —
We=qwi=—> w, ,i=LM;.
% :

k=1

(11)

JI1 KO)KHOTO OKpEeMOro eKcIepTa, 1o Oepe ydJacTs B
mporenypi omiHtoBaHHI sikocti [13, B 0a3i naHux mae 306epi-
raTucs CYKYITHICTh BHCTAaBJICHUX HHMM OLIHOK (IMB. TaOII.
1). Takox y miii 6a3i JaHUX MaroTh 30epiraTucs O3HaKU po-
neit excrieptiB (Botsula & Morhun, 2008; Paulk & Curtis,
2001) 1 xoedimieHTn ixHpoi BaromocTi (Tabdi. 2). 3HadyeHHs
Koe(iIliEHTIB BAroMOCTI MOXKYTh OYTH BHpaXeHi sIK y abco-
JMIOTHUX OMUHUIIX, TaK 1 y BimHOCHHX. Lli 3HAYeHHS MOT-
piOHO BHUKOpHCTATH AJIsI BPETYJIIOBaHHS y3arajbHEHUX II0-
Ka3HUKIB skocTi [13, ki cToCyBaTUMyThCS OKPEMO CTaTHY-
HUX (npodecifHuX) i AMHAMIYHUX (MOTEHLIHHNX KOPHUCTY-
BauiB) ekcnepTiB. [loyaTkoBi 3HAUEHHS KOE]Iili€HTIB Baro-
MOCTI eKCIIepTiB, 3a3BHYaid, OEpyTh eMIIpUYHO, BUXOISIUN

i3 IXHBOI Ba)KJIMBOCTI Ha IOYATKOBOMY €Tarli po3poOJIeHHS
I13. Hacnpasni »k 11i 3Ha4eHHs MOTPiOHO BU3HAYATH Yepes3
BimmoBimHi Tecth 3a 100-0adpHOIO IIKANOIO, PE3YIbTaTH
SIKAX 1 BU3HAYAIOTh peasibHI 3HaYeHHS KOe(illieHTiB Baro-
MOCTI €KCHEepTiB.

Taou. 2. Poni excnepriB i koedinieHTH iXHb0i Baromocti

. . KoedimienTn BaroMocTi:

Pomni excniepriB - - -

a0COIOTHI BiJJHOCHI
Excnepm Taiys3i 3aCTOCYBaHHS 7 0,70
Excnepm 3pyqHOCTI BUKOPHUCTAHHS 8 0,80
Excnepm 3 IporpaMyBaHHs 9 0,90
Excnepm — ycepeJHEHI KOPHCTyBadi 5 0,50
3arajbHa KiJIbKiCTh OaTiB 29 2,90

BBeneMo MHOXXHHY KOEQIIi€EHTIB BaroMocTi, sIKi IpHc-
BOIOIOTHCSI KO)KHOMY 3 €KCIIEpTiB IIiJ] Yac OIliHFOBaHHS
sixocti [13, a came:

0={q, =[000,10)1}.k =LK, (12)
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e g, — Koe(iIlieHT BaroMocTi k-ro ekcrmepTa i 49ac OIli-
HIOBaHHS siKoCTi [13.

OTKe, 3arpoIIOHOBaHO KpHUTEpii omiHIOBaHHS sikocTi [13
Ta iXHI BaroBi KOSQIIIEHTH IUTS KOXKHOTO 3 EKCIIEPTiB, SKi
3a0e3medaTh TOCTOBIpHE ITOJaHHS HASBHOTO CTaHY IIPOIECY
pozpobnenns 113, npaBuiibHe pO3yMiHHS CyTi POOJIEM, IO
MOXYTb BUHUKHYTH Ha Oy[b-KOMY €Talli peaiizawii mpor-
PaMHOTO MPOEKTY, i TOUHI XapaKTEPUCTUKH IX CKIATOBUX.

Bu3HayeHHs] KOMIUIEKCHMX NOKAa3HUKIB sikocti I13.
Jl1st BU3HAUYCHHST KOMIDICKCHUX MMOKa3HUKIB sKocTi [13 BU-
KOPHUCTAEMO CYKYITHICTH OIIHOK, SIKi HaJaayTh BiIMOBiIHI
excnepmu — Y9aCHUKH TIPOIECY OI[iHIOBAHHS HOro SIKOCTI
(tabm. 1). TlocTae 3aBgaHHs BU3HAYCHHS KOMIUICKCHUX TTiJI-
CYMKOBHX TIOKa3HHUKIB sIKOCTI [13 TSt KOXKHOTO 3 €KCIEepTiB
30KpeMa i KOMIUIEKCHOTO y3arajJbHEHOT'O MTOKa3HUKA SKOCTI
13 nns ycix exkcneptis 3aranom (Botsula, & Morhun, 2014;
Morhun, 2011).

Beenmemo MHOXHHY OITIHOK sKOCTi I13, siki MOXke BHC-
TaBJATH OYIb-SIKUA EKCHEpPT 32 TICBHUM KPUTEPIEM HOTO
OIIIHIOBAHHS, a CaM¢

U={u, =[1DI0Li=1,M}, (13)
Iie u; — omiHka skocti [13, Ky Hamae eKcIepT 3a i-UM KpH-
TepieM HOro OIliHFOBaHHS.

Korkna okpema ominka sikocti 113 3a BigmoBigHuM KpH-
TepieM, Ky HaJae OyIb-sIKUH SKCIepT, HATCKUTh i MHO-
HKHHI:

X ={X, ={x, eu b =1LK}i=1.M}, (14)

Iie X; ; — omiHka skocTi I13 3a i-uM kpuTepiem Horo omiHro-
BaHHSI, Ky Hamae k-uil ekcrmepr y Oyab-SKHid MOMEHT
sKuTTeBoro uukiy I13.

JI71s1 KOXKHOTO eKCIlepTa BBEIEMO TaKe MOHATTS K KOM-
niexcHull excnepmuutl noxaszxuk sikocti [13 3a BimmoBiqHUM
KpUTEpieM HOTO OIiHIOBAHHSA, KW MOXKHA OOYUCIUTH 32
TaKOI (POPMYIIOF0:

G:{G[:{g[,k:x[,k’wf,k’qksk:ﬁ}sizm}s (15)

Iie g; — KOMIUIEKCHUM SKCIIePTHUHN MOKa3HUK skocTi 113 3a
i-IM KpUTEpieM HOTrO OLIHIOBAHHS, SKUH CTOCYETHCS k-TO
ekcriepra. [ y3aranbHEHOTO eKcHepTa Tak 3BaHHHA KOM-
niekcHull excnepmuutl noxazxuk sikocti [13 3a BimmoBiqHUM
KPHUTEPieEM HOTO OIIHIOBAHHS 00YHCINMO 32 TaKkoo (HopMy-
JIOI0

~ . K K -
G:{G[:{guﬂl:Zx[,/’wf,j’qj ij,iZI,M}, (16)
= =

e gix+1 — KOMIDICKCHUAN €KCIIEPTHUH MOKa3HUK sKocTi [13
3a {-UM KpUTEpieEM HOTO OIiHIOBAHHS, SKUH CTOCYEThCS y3a-
ranpHeHoro (K+1)-ro ekcnepTa.

Sxmio BpaxyBatu, o omiHKy skocti [13 (x; ) ekcriepTu
] 9ac ONMUTYBAaHHS BUCTaBISAIOTH 3a 10-0anbHOIO IIKa-
JIOI0, BaroBUM Koe(illieHT KPUTEPir0 OLIHIOBAHHS W, ; BH3-
HAYAIOTh TaKOXK 3a 10-0anbHOI0 IIKATI0K, a KOe(illieHT Ba-
TOMOCTI eKcriepTa g — 0e3po3MipHa BenmuuHa Bix 0 1o 1,
TO KOMIUICKCHUHA EKCIEepTHHUH IMMOoKa3HUK skocti 113 (g; )
MatumMe 3HaueHH: Big 0 mo 100.

Jlis OOUNCIICHHSI KOMNIEKCHO20 NIOCYMKOB020 NOKA3-
Huxa skocTi II3 a7t KOXKHOTO 3 EKCNEPTiB BUKOPHUCTAEMO

TaKy popmyay
- M M -
D:{dk:qk’zx[,k’wf,k zwf,ksk:LK}a 17)
i=l1 i=1

a KOMIIEKCHUU y3azanbHerull nokasHux sikocti I13 st yeix
EKCIIEpPTiB 3arajioM 00YHCINMO 32 TaKOI0 (OPMYJIIO0

K K
dy:;dk ;fh : (18)

B Tabn. 3 HaBeneHO pe3yabTaTH PO3PAXYHKY KOMIUICK-
CHHX TNOKa3HMKIB fkocTi [13 Ta ixHi ycepenHeHi 3HaYeHHS 3
BpaxyBaHHSIM BaroBux Koe(]ili€eHTIB KpHTepiiB HOro ori-
HIOBaHHS, @ TAaKO)K BarOMOCTI KOXKHOTO 3 €KCIIEpPTIB 30Kpe-
Ma 1 yCiX eKCIIepTiB 3arajioM.

Taou. 3. Pe3yJibTaTi po3paxyHKy KOMILIEKCHUX MoKa3HUKIB sikocTi I13 Ta ixXHi ycepeaHeHi 3HaueHHSsI

Ne K o . IToka3HHUKH eKCIIEPTIB! VYcepenHeHi 3HAYCHHS:

putepii oniHOBaHHA sKocTi 113 - —— - -

3/m rajxysi |r03abiiiti | mporpamyBaHHs | KOpUCTyBadi | TOKa3HUKa | OIIHOK
1 [TouHicTp ympaBiiHHS Ta 00YHCIICHB 80 45 90 56,35 69,37 9,57
2 |Cryninb craHgapTHOCTI iHTepdeiciB 45 72 48 37,50 52,09 8,33
3 |PyHKIiOHATEHA TOBHOTA MOXIIHBOCTEH [13 90 42 81 36,60 64,76 8,36
4 |CriiikicTh 10 IOMIIOK KOPUCTYBada 36 25 80 53,90 49,71 7,10
5 |MoxuBicTh po3IIMpeHHs QYHKIIH 35 25 80 24,20 44,34 7,39
6 |3py4HiCTh BUKOHAHHS 3aBJaHb 81 63 56 78,50 67,84 7,75
7 |IIpoctora B obciyroByBanHi I13 90 63 60 73,50 70,40 8,80
8 |BianoBigHICTh YHHHUM CTaHAAPTAM 36 40 70 27,75 46,23 7,11
9 Eee}?;:;cmcm MIX IIpOrpaMHO-anapaTHoro 3abesrme- 7 4 54 47.10 53.84 7.43
10 |3py4HicTh HaBYAHHS KOPUCTYBaUiB 42 40 54 43,00 45,34 5,85

YcepenHeHi OLIHKH €KCIEPTIiB 8,32 7,03 8,21 6,83 7,78 7,77
OIiHKY €KCIIEPTIiB 3 BPaXyBaHHAM IXHBOI BATOMOCTI 5,82 5,62 7,39 3,42 7,60 7,67

Anzopumm po3paxyHKy niaowyi HenpasuibHo20 Oaza-
moKymnuka. KoMIiekcHi ekcriepTHi HoKa3HUKH sikocTi [13
MI0JIaMO Y BHUIJISAJl BEKTOPIB HOJISPHOI CUCTEMH KOOPIMHAT,
SIKI MalOTh YTBOPHUTH TIOJISIPHI Jiarpamu st KO)KHOTO €K-
criepTa 30KpeMa i y3arajJbHEHOro eKkcrepTa 3arajioM. Kox-
HUHA TaKWii BEKTOP XapaKTEPHU3YETHCS BIAMOBITHO JOBXKH-
HOIO 1 KyTOM JI0 TIOIIepeIHbOro BeKkTopa. Sk Oyio 3a3Haue-
HO BWIILE, JIOBXXHHA BEKTOpa Yy OyIb-SKOMY BHIIQJKYy Ma€
BiJIOBiaTH KiJIbKICHOMY 3HAYEHHIO KOMIUIEKCHOTO TIOKa3-
HUKa skocTi 113 32 BiITOBIAHUM KpUTEPIEM.

3BepHEMO yBary Ha Te, IO IUIOIIA HENpaBHIBHOTO Oa-
raTOKYTHHKa KUIBKICHO Xapakrepu3ye sikicTb [13 3a Bcima
KPHUTEPLIMH OJJHOYACHO, a HOro opMa J1a€ SKICHY Xapakre-
puctuky I13. JI7st 3HaX0PKEHHSI KOOPAWHAT BEPILIMH HEIpa-

BWJIBHOTO OaratokyrHuka 1,2,...,6 (quB. puc. 1,a) Bukopuc-
TAEMO TaKU{ aJITOPUTM PO3PaxyHKY.

VY BHUNaJKy HEOJHAKOBOTO BIUIMBY KPHUTEpiiB Ha SKIiCTH
I3 (muB. popmyny (1)) Kyt MK BiANOBIIHUMH BEKTOpa-
MU 3 BpaxyBaHHAM (10) MOXXHa BU3HAYHMTH 33 Takoro (op-
MYJIOI0

M I R
Bkz{ﬂ[’kzbz"w[vk ijvk,i:I,M},k:I,K, (19)
Jj=1

a I CepeIHbOTO 3HAYCHHS OIHOK sKkocti I13 (TobTo, £ =
K=+1) 3 BpaxyBanusm (11) st hopmyna MaTume BATIISN

~ M N
Bk:{,ﬁhk:bpwf ij,i:l,M},k:K+l. (20)
j=1
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OckisbKn 06J1aCTh HOJISIPHOTO CEKTOpa 3 KyToM B, Mae
OyTu TOJiJIeHa HaBIiJI BEKTOPaMH-KpUTEpisaMHU (IuB. (op-
Myiy (1)), To mepumii BEKTOp-KpUTEPiH Mae 3HAXOIUTUCS
Ha OCi OpAMHAT y JIEKapToBii cucteMi koopauHat. Tomy
movyarok BiUTIKy KyTa P, (VkeK+1), axuit Binnosigae 1-
MYy TOJISIPHOMY CEKTOpY, IOYHEMO 31 3HAYCHHS KyTa O ; =
—B1.4/2 (VkeK+1), a BCi iHII KyTH OOYHCIAMO 33 TaKOIO
(hopmymoro

Ak = {au =P/ 2o, =a,  +f,.i= 2,M},k eK+1.(21)

3 BpaxyBaHHsM (15), 3HaYeHHs aOCIMCH BEpUINHU BEK-
TOpa-KpHUTEPilo y IEKapTOBil CHCTEMI KOOPIMHAT KOXKHOTO
BEKTOPa-KPUTEPiI0 MOXKHA BU3HAUYNTH 32 TaKOIO (OPMYJIIO0

A, ={a[vk =8 ~sin(a[vk),i=1,7M},keK+l, (22)
a 3Ha4YeHHsI HOro OpJMHATH — 32 (POPMYIIO0
B, ={b[’k =g, ~c0s(a[’k),i=1,7M},keK+l, (23)

Ie: a;, by — BIAMOBIAHO 3HAYCHHA a0CUUCH 1 OpAWHATU
BEPIIUHM i-TO BEKTOPA-KPUTEPII0 y ACKAPTOBIii CHCTEMI KO-
OpIMHAT, KU CTOCYEThCs k-r0 ekcrepta. s Toro, mod
MIEPEKOHATUCS y TPABWIBHOCTI BUKOHAHHS pPO3PaXyHKIB,
MOTPiOHO BUKOHATH TaKY MEPEBIPKY

C, :{Cf,k =a, +bfk,i=1,7M},keK+l .

SAxmo g, =c;, (Vi,k), To po3paXyHKH BUKOHAHO IIPABUIIb-

24)

HO. B iHmomy Bumajgky moTpiOHO NEpeBipUTH IIPaBUIIb-
HICTh BUKOHAHHSI ITOTIEPE/IHIX PO3PaXYHKIB.

Maroun JIOBKMHM 3Ha4€Hb BEKTOPiB-KPHUTEPiiB, OTpH-
MaHi 3a gopmynoro (15) uum (16), a TakoX KOOpAWHATH iX-
HIiX BepHIMH, OTpuMaHi 3a ¢opmyrnamu (22) i (23), MmoxxHa
oOyAyBaTH MOJISIPHI JiarpaMu [yist Oyab-sIKOTO 3 eKCIEePTiB
30KpeMa, B T.4. i 171 y3aranbHeHoro (K+1)-ro ekcnepTa 3a-
ranom (puc. 2). Sk Oyno 3a3HadyeHo Buiie, ¢popMa Herpa-
BIJIBHOTO 0ararokyTHHKa, 1MOOYJOBAaHOTO 3a BEpIIMHAMH
BEKTOPIB-KPHUTEPIIB, I OyIb-SKOTO €KcIepTa /A€ SIKICHY
xapaxrepuctuky [13 3a BHOpaHUMM KpHUTEpiIMH HOTO OLi-
HIOBaHHS. BogHouac, orpuMmana ruromna OaraToKyTHUKa Oy-
Jle KUTbKICHO XapakrepusyBardl sikicte [13 omHOuacHO 3a
BCiMa KPHUTEPISIMH.

Jlis 3HaXO/KEHHS IUIONI HENpaBWJIBLHOTO OaraTokyt-
HHUKa 32 KOOpJMHATaMH HOro BepIINH MOKHA BUKOPHUCTATH
TaKy GpopMyIy

1 M

S :EZ

i=1

Qb —bya,, ke K+1. (25)

Jlis BcTaHOBNIEHHS YacTKM HasiBHOI sikocti I13, sy
MAa€EMO Ha JTaHWI MOMEHT 3a OLiHKaMH MEBHOT'O EKCIepTa,
MOTPiOHO MOAUIMTH IUIONTY HETPABHIBHOTO 0AraTOKyTHHKA
Ha IUIOILY KPYTa, B SKOMY 3HAXOIUTHCS IIel 0araTOKyTHUK,
a came

=iz,keK+l,
zr

Jie: z; — 9acTKa HasiBHOI sKocTi [13, siIKy BCTaHOBJIEHO 3a Ja-
HUMH k-TO €KCHepTa; r — pajiyc kpyra. Sk Oyio 3a3HaueHO
BHINC, KOMIUICKCHHN mMoKa3HWK sikocti [13 (g;,) Marume
MakcumainbHe 3HadeHHs 100, ToOTo paniyc Kpyra CTaHOBH-
tume 100 on. HesamoBHeHa x miom@a Kpyra — Ta 4acTka
sixocri [13, Ky me norpibHo gocsraytu 1 100 % ii moBHO-
TH.

3 HaBeJEHOTO BUIIE MaTepiaty BUIHO, IO Y IIbOMY J0C-
JJUKEHHI pO3po0JIeHO METOUKY Bi3yauizarlii pe3yiabTaTiB
eKCIIEpTHOTO OLiHIOBaHHA siKocTi [13, sika mosnsirae y Tomy,
0 PEe3yJIbTATOM OLIHIOBAaHHS € MHOXXHMHA HETPaBMIIBHHX

Zx (26)

0araToKyTHHUKIB, TOOYIOBaHUX Yy HOJSIPHIH CHCTEMi KOOp-
JIMHAT 3a OMIHKAMHM OKPEMHX EKCIEPTIB 3 BpaxyBaHHSIM
BaXXJIMBOCTI KOXXHOTO 3 KPUTEPiiB OLIHIOBAHHS 1 Baromoc-
Tei camux ekcrieptiB. Takuii MexaHi3M Bizyaizanii iH(op-
Maili HaJae MOXKIUBICTH Ol3HEc-aHAIITHKAM SKICHO Ta
KIJIBKICHO TTOIaTH MHOKHHU 3HAYE€Hb KOMIUIEKCHUX TOKa3-
HUKIB sikocTi 113, ki MO)KHA OTpUMATH 32 pe3ylIbTaTaMu
OyIb-KHX ONMHUTYBaHb PI3HUX E€KCIIEPTIB Ha NEBHOMY €TaIl
XuTTEBOTO MKy [13. 3anporionoBaHa METoIMKa € IIpUIaT-
HOIO ISl TIOA@HHS MHOXXMHM PE3YNIbTaTiB ONUTYBaHb EK-
CHEpPTIB 3 TOAIJIOM Ha HEOOMEXEHY KiJIbKICTh poJiel ydac-
HUKIB OLIHIOBaHHS sikocTi [I3 3 BpaxyBaHHSIM BaroMocTi
KOXKHOTO 3 HUX.

OT1xe, po3pobJICHO METOMUKY PO3paxyHKy KOMIUIEK-
CHHX MiJICYMKOBUX ITOKa3HUKIB sKocTi 113 mist KokHOTO 3
eKCIIepTiB 30KpeMa i KOMIUIEKCHUI y3arajbHEHWH IOKa3-
HUK HOr0 SIKOCTI IS YCiX €KCIIEpTIB 3arajioMm, SKi JaayTh
3Mory Oi3Hec-aHaJITUKaM OOYHCIINTH 1 OLIIHUTH SKICTh PO3-
pobimoBanoro I13 nHa Oynb-sikomy erari HOro >KUTTEBOTO
UK SIK CTATHYHO, TaK 1 B TUHAMIIII.

Takoxx po3po0IIEHO aNropuT™M PO3pPaxyHKY IUIONI Hem-
paBWIBHOTO OaraToKyTHHKa, MOOYIOBAHOTO Y IIOJISIPHIN
cHCTeMi KOOpJMHAT 32 Pe3yJIbTaTaMH EKCIIEPTHOTO OILiHIO-
BaHHA skocTi [13. 3HaHHA TUTOIII 0araTOKyTHHUKA A€ MOXK-
JIMBICTH aHAJIITHKAM KUIBKICHO OLIHMTH KicTh I13 3a BciMa
KpuTepisimu, a (opMa O0araTOKyTHHKa /A€ SKICHY Xapakre-
puctuky [13. Llg nionia gae 3MOry BU3HAUUTH TY YacTUHY
sixocti [13 3a BciMa KpHUTEpisIMHA OTHOYACHO, SIKY MAEMO Ha
JITaHWI MOMEHT 3a OLIHKAaMH OJHOTO 3 €KCIEpTiB, a TAKOXK
Ty 9acTKy sikocti 113, sixy mie morpibHo pocsrtu st 100 %
1l IOBHOTH.

BucnoBku. Po3pobnero meronuky Bi3yamizamii iH(oOp-
Matlii, SKy OTpUMYIOTh BHACJiIOK OOpPOOJICHHS eKCIIepTHHX
ouiHok sikocti [13 3a pizHUMHU KpHUTEpisiIMH HOTO OLIiHIOBAH-
HS 3 BUKOPHCTaHHIM HOJISIPHUX JiarpaM. 3a pe3yibTaTaMu
JIOCITI/PKEHHSI MO>KHA 3pOONTH TaKi OCHOBHI BUCHOBKH.

1. OGrpyHTOBaHO MMOJAHHS OLIHOK €KCIIEPTIB y BHTIISAIL
TIOJISIPHUX Jiarpam, sIKi JaloTh 3MOT'Y JIAKOHIYHO HAaBECTU B
300pakeHHI Te, MO B TEKCTOBOMY €KBIBAJICHTI 3aliMe Jie-
Kimpka ab3ariB. Po3poOieHO anroputM po3paxyHKY ILTOIN
CEKTOpHHUX 0araTOKyTHHKIB Yy TOJIIPHIN cHUCTEMi KOOpAu-
HaT, 3a JIOIIOMOT'0I0 SIKUX MOYXHA OOYMCIIUTH 1 OL[iHUTH Bi-
HocHY sikicTh [13 3a BiAmoBimHMMHU KpuTepisMu ioro ori-
HIOBaHHSI.

2. 3anporoHoBaHO KpHTepii ouiHoBaHHS skocti I13 Ta
iXHi Barosi Koe(ilieHTH Ul KOXXHOTO 3 €KCIEPTiB, SIKi 3a-
0e311euyoTh IOCTOBIPHE MMOJaHHS HASBHOTO CTaHY MPOILECY
pozpodnenns 113, npaBuiibHe pO3yMiHHS CyTi PoOJIEM, IO
MOXYTb BUHUKHYTH Ha Oy[b-KOMY €Talli peaiizawii mpor-
PaMHOTO TIPOEKTY, 1 TOUHI XapaKTEPUCTUKH IX CKIIaJOBHUX.

3. BusHaueHO KOMIUIEKCHI ITiICYMKOBI TOKa3HUKH
sikocTi [13 U1 KOXKHOTO 3 eKCHepTiB 30KpeMa i KOMILIEK-
CHMH y3araJbHEHHH MOKAa3HUK HOro SIKOCTI A YCiX eK-
crepTiB 3arajoM. Po3pobiieHo anropuT™M po3paxyHKY ILIO-
Il HEMPaBWILHOTO OAraTOKYTHUKA y MOJISIPHINA CHCTEMI KO-
OpJIMHAT, SKa Ja€ 3MOT'Y BU3HAYUTH Ty YacThHY skocTi 13
3a BCIMa KPUTEPISIMH, 1[0 MAEMO Ha JaHUH MOMEHT 3a OIiH-
KaMH OIHOTO 3 €KCIIepTiB, a TaKOX Ty 4YacTKy sikocTi 113,
Ky 1ie noTpiono gocartu ast 100 % i noBHOTH.

4. 3pobieHo BiAIOBIHI BUCHOBKU Ta HaJaHO PEKOMEH-
Jamii mo/10 BUKOPUCTAaHHS PO3pOo0IIeHOT METOIMKH Bi3yai-
3amii indopmarii.
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Hayuonanvuwviii ynusepcumem "Jlveosckas nonumexnuka”, 2. JIv6os, Yrpauna

BU3YA/IM3ANUA PE3YJIbTATOB 3KCIIEPTHOT'O OUEHHMBAHUA KAYECTBA ITIPOTPAMMHOTI'O
OBECIIEYEHHUA C UCITOJIb3OBAHUEM IMOJIAPHBIX IUATPAMM

Pazpaborana MeTOROTIOTHS BU3yalnn3aluy HHGOPMAIUN, KOTOPYIO MOXKHO ITOJy9HTh B pe3ylbTare 00padOTKM IKCIEPTHBIX OLle-
HOK KadecTBa nporpaMmuoro odecnedenus (I10) mo pa3nuyHbIM KPUTEPHUSIM C UCIOIB30BAHIEM HOJISIPHBIX JUAarpaMM. Y CTaHOBIIE-
HO, 4YTO TOJ BU3YyaJM3alleil pe3ylbTaToB IKCIIEPTHOrO OIeHWBaHMs kadecTBa [10 moHMMaroT mpeacTaBieHne HH(GOpPMAIMU B Tpa-
(udecKkoM BHIE ST MAaKCUMAJIBHOTO YI0OCTBa €€ IIOHMMAaHMS M OBICTPOro BOCIIPUSTHS, a TAKXKE IPEJOCTaBICHNE 0003PHMOH U T10-
HATHOH (opMbI 1I000My 00BEKTY, CyOBeKTy, mporecca. [Ipemtoxens! kpurepun oneHkH kadectBa 110 1 ux BecoBsle Kod(humueH-
THI IS KQXKIOTO U3 9KCIIEPTOB, 00SCIICUNBAIOIINE JOCTOBEPHOE IPEICTaBICHIE CYIIECTBYIOIIETO TOJIOKEHHS TIpoIiecca pa3paboTKU
[10, npaBmiIbHOE MOHUMAHKE CYTH NPOOJIeM, BO3HUKAIOIIUX Ha JII0OOM 3Tale peann3aliyl IPOrpaMMHOTO MIPOEKTa, U TOYHBIE Xa-
PaKTEpUCTHKH UX COCTaBIIONMX. Pa3paboTaH anropuTM pacdera INIOMAAel CEKTOPHBIX MHOTOYTOJHHHUKOB B IOJNSPHOH cHCTEME
KOOpAMHAT, C MOMOIIBI0 KOTOPOT'O MOXXHO BEIYHCIUTE U OIEHUTH OTHOCHTENbHOE kadecTBO I10 ¢ mprMeHeHHeM COOTBETCTBYIONINX
kpurepueB. OnperneneHsl KOMIDIEKCHBIE HTOTOBBIC IToKa3aTeny kadecTsa [10 i kakgoro U3 9KCIepToB ¥ KOMIUIEKCHBIH 00001IeH-
HBIF TTOKa3aTeNb ero KadecTBa IS BCEX IKCIepToB. Pa3paboTaH anroputM pacdera IUIOMIAAM HENPAaBHIBHOTO MHOTOYTOJNIBHHKA B
MIOJIIPHOHM CUCTEME KOOPAWHAT, O3BOJISIONIMN ONPENENIUTh Ty YacTh KadecTBa IPOrPaMMHOTO IPOAYKTA MO BCEM KPUTEPHSIM, UMe-
IOIIYIOCS HA TaHHBII MOMEHT IO OIIEHKaM OJHOTO M3 SKCIIEPTOB, a TAKXKE Ty YacTh kadectBa I10, KoTopoe emie Hy>KHO JOCTHIb IS
100% ero momHOTHI. CAeNNaHbl COOTBETCTBYIOIINE BEIBOBI M IaHBI PEKOMEHIAINH 10 UCHOJIF30BAHHIO pa3pabOTaHHOW METOHOJIOTHI
BH3yaJIN3aliy HH(HOPMALIUHL.

Kniouesvie cnosa: nHGOPMAIMOHHBIC TEXHOJIOTHH; NIPOrPaMMHBIH IPOEKT; BU3yalu3alus HH(OpPMaIy; SKCIEePTHEIE OLECHKY,
Ka4ecTBO MIPOTrPaMMHOT0O 00ECIIeUeHNs; KPUTEPHUH OIICHKH KauyecTBa; MOKa3aTelll KauecTBa; MOJSpHasl CHCTEMa KOOPAUHAT; TOJISp-
HBIE THarpaMMBI.

Yu. L. Hrytsiuk, A. Yu. Buchkovska
Lviv Polytechnic National University, Lviv, Ukraine

VISUALIZATION OF THE RESULTS OF EXPERT EVALUATION OF SOFTWARE
QUALITY USING POLAR DIAGRAMS

The method of information visualization, which can be obtained as a result of processing of expert evaluations of software qua-
lity according to various criteria of its evaluation using polar diagrams, is developed.The authors have defined that visualization of
the results of the expert evaluation of the software quality is the representation of the information in graphical form for the maximum
convenience of its understanding and rapid perception, as well as providing comprehensible and understandable form to any object,
subject, process, etc. In the course of research the criteria for evaluating software quality and their weighting factors for each expert
are prposed, which provide a reliable representation of the current state of the software development process, correct understanding
of the nature of the problems that may arise at any stage of the implementation of the program project, and the exact characteristics of
their components. We have also developed the method of calculation of complex final indicators of software quality for each of the
experts in particular and an integrated generalized index of its quality for all experts in general, which will enable business analysts to
calculate and evaluate the quality of the developed software at any stage of its life cycle, both statically and in dynamics. Furthermo-
re, an algorithm for calculating the area of sector polygons in a polar coordinate system is elaborated, that allows calculating and esti-
mating the relative quality of software according to the relevant criteria. Integrated comprehensive indicators of software quality for
each expert and a comprehensive generalized index of its quality for all experts are determined. The algorithm for calculating the
area of an irregular polygon in a polar coordinate system is developed, which enables determining the part of software quality accor-
ding to all the criteria available for particular time according to one of the experts, as well as that portion of software quality, which is
still to be achieved for 100 % of its completeness. Thus, appropriate conclusions were made and recommendations on the use of the
developed information visualization methodology were given.

Keywords: information technologies; software project; information visualization; expert assessments; software quality; criteria
for quality evaluation; software quality indicators; polar coordinate system; polar diagrams.

HaykoBuii BicHuK HNTY YKpainu, 2017, 1. 27, Ne 10  Scientific Bulletin of UNFU, 2017, vol. 27, no 10 145



