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OCOBJUBOCTI 3ACTOCYBAHHS MOJIEJIEN OLITHKH
SIKOCTI HA ETAIIAX PO3POBKM TA BUKOPUCTAHHS
MPOTPAMHUX CUCTEM

HepxaBuuii yHiBepcuTeT iHPOpMaiiftHO-KOMYyHIKaIITHIX TexHomorii, Kuis

AHoTauis. B cTaTTi aHaNi3yHOTHCSI OCOOIMBOCTI 3aCTOCYBAHHS MOJIEINEH OI[IHKU SKOCTI Ha Pi3HUX eTanax po3poOKH Ta BUKOPHCTAHHS MPO-
TPaMHHX CHCTEM 3 METOI0 3a0e3MedeHHs IXHbOI BUCOKOI SIKOCTi. ['0JIOBHOIO METO0 JOCIIPKeHHSI € BU3HAUCHHSI HOBHX KOMOIHOBAaHHX IIiJI-
XOJIIB, LIOJ0 OLIHKK eEeKTUBHOCTI Ta BILUIMBY BUKOPHCTAHHS MOJEINEH SIKOCTI Ha PI3HUX eTanax XUTTEBOrO LUKITY IPOrPaMHUX MPOIYKTIB.
VY xoai po6OTH BUKOPHCTOBYETHCS CHCTEMHHUH MiAXiT [0 aHANi3y, IO BPaXOBY€E B3a€MOJII0 MOJeNel SKOCTI 3 PI3HUMHU eTalaMH IIPOEKTY-
BaHHS, PO3POOKH, TECTYBaHHS Ta €KCILTyaTallii porpaMHOro 3abe3nedeHHs. 30KpeMa, PO3IIIAEThCS POIb MOJEIeH SKOCTI Yy ITiIBHINEHHI
eeKTUBHOCTI MpOoLEeCiB PO3pOOKH Ta iX BIUIMB Ha OCTATOYHY SIKICTh MPOIAYKTIB. MeTOAOJIOTIsI BKIIIOYaE B ceOe aHali3 iCHYIOYHX MOAenen
SIKOCTI, 1X a/lanTamilo 10 KOHKPETHHX YMOB IIPOEKTY, a TAKOXK BUBYECHHS IPAKTUYHUX NPUKIIAJIB BIIPOBAKEHHS MOJENEH SIKOCT] B peabHUX
npoexTax. PeamizyeTscs aHal3 iCHYIOUMX Mogeneil IKoCTi, IX aJonTaliif 10 KOHKPETHHX YMOB IIPOTPaMHHX CHCTEMHHX IPOEKTIB Ta aHai3
BIIPOBA/DKCHHS B peallbHUX MpoekTax. Lle# miaxia 103BONUB HAM OTPUMATH KOHKPETHI Pe3yJIbTaTH Ta PO3KPUTH KIIFOUOBI ACHEKTH BIPOBA-
JDKEHHST MoJienel sikocTi. PosrismaeTsest B3aeMogist Mozenelt IKOCTi i3 3aralbHUMH CTPATETisIMH 3a0e3NedeHHs SKOCTI Ta IXHill BIUIMB Ha
ITiIBUIEHHS IPOXYKTHBHOCTI Ta HaAIIfHOCTI IPOrpaMHUX CUCTEM. B 3aranpHOHayKOBOMY acIieKTi JOCIIPKEHHS 3BOJUTHCS IO OLIHKH e(ek-
THBHOCTI [IOTO MiAXOLY Ta BU3HAYCHHI HOTO KIIOY0BUX ocobmuBocTeil. [lomanpuimii po3risig mokasas, [I0 BUKOPHCTAHHS HOBUX KOMOIHO-
BaHUX Mojelell SKOCTI Ha eramax HMPOSKTYBaHHS, PO3POOKH Ta TECTYBaHHS CHPHSE ITOKPAICHHIO PI3HUX acHeKTiB SKOCTI MPOrpaMHOIO
3a0e3neyeHHs. BoHU He JiIIe BU3HAYAIOTh KPUTEPIi SKOCTI, ajie i CHPHUAIOTH 3a0€3IIeUeHHIO BiITIOBIJHOCTI IIUM KPUTEPIsIM IIPOTATOM yChO-
TO JKHTTEBOTO LUKy MpoekTy. OTpUMaHi pe3y/ibTaTH MiATBEPUKYIOTh BAXKINBICTh BUKOPUCTAHHS KOMOIHOBAaHMX MOJEJIEH SKOCTI Ha BCiX
erarax po3poOKH IporpaMHuX cucteM. Lle cripusie He JHIIe NOKpaIIEeHHIO SKOCTI KiHI[EBOTO IPOAYKTY, alle i e(eKTHBHOCTI BCHOTO IIpOLEecy
po3poOku. Hamri pe3ysbTaT MOKYTh CIIyTyBaTH OCHOBOIO UL IIPAaKTHYHOTO BIIPOBA/UKEHHS MOJENEH SIKOCTI B IPOEKTH MPOrPaMHOro 3a-
Oe3reueHHsI Ta MOKPAIICHHS 3aralbHOrO PiBHS SKOCTI y Wil ray3i.

Kuarouosi caoBa: InrerpaniiiHa Mojens 3piJiocTi MOXIMBOCTEH, HPOIECH 3a0e3leUeHHs SKOCTI NPOrpaMHOro 3abe3NedeHHs, KBaIpaHTH
rHy4Koro TectyBaHHs, IlicTe Curm, 3arajibHe ynpaBJiHHS SKICTIO, IPOIEC IPOrPaMHOTo 3a0e3redeHHs, GppeiiMBOpK apXiTEeKTypH IPYIIH.

Abstract. The article examines the peculiarities of applying quality models at different stages of development and utilization of software
systems to ensure their high quality. The main aim of the research is to identify new combined approaches for evaluating the effectiveness
and impact of quality models usage at various stages of software product life cycles. The work employs a systematic approach to analysis,
considering the interaction of quality models with different stages of software design, development, testing, and operation. Specifically, the
role of quality models in enhancing the efficiency of development processes and their impact on the final product quality is discussed. The
methodology involves analyzing existing quality models, adapting them to specific project conditions, and studying practical examples of
quality model implementation in real projects. An analysis of existing quality models, their adaptation to specific conditions of software
system projects, and an analysis of implementation in real projects are carried out. This approach has enabled us to obtain specific results and
reveal key aspects of quality model implementation. The interaction of quality models with overall quality assurance strategies and their
impact on improving the productivity and reliability of software systems is considered. In a general scientific aspect, the research boils down
to evaluating the effectiveness of this approach and determining its key features. Further examination showed that the use of new combined
quality models in the stages of design, development, and testing contributes to the improvement of various aspects of software quality. They
not only define quality criteria but also ensure compliance with these criteria throughout the project life cycle. The obtained results confirm
the importance of using combined quality models at all stages of software development. This contributes not only to the improvement of the
final product quality but also to the efficiency of the entire development process. Our results can serve as a basis for the practical im-
plementation of quality models in software projects and improving the overall quality level in this field.
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Beryn

B cyuacHOoMy CBITi, le IpOrpaMHi CUCTEMH CTAIOTh HEBiJ'€MHOI0 YaCTHHOIO NMPAKTUYHO Oynb-iKoi cepu
JUSUTBHOCTI, 3a0€e3MeveHHs 1X SKOCTI Ma€ BUpIMIANbHE 3HAYCHHS. 3POCTaHHS BUMOT 10 HaJIIHHOCTI, €)eKTUBHOCTI
Ta 0e3MeKH NMPOrPaMHHX IPOAYKTIB BUMArae BiJl po3poOHHKIB IOCTIHHOTO BJIOCKOHAJICHHS METOIB TECTyBaHHS
Ta KOHTpOJIo sikocTi.Ilepen BupoBamKeHHSIM Oy/Ib-SKOI IPOrpaMHOi CUCTEMH HEOOXi/THO PEeTesIbHO IpOoaHai3y-
BaTH ii BUMOTH Ta BU3HAYUTH KpUTEPii SKOCTI, sIKi BimoOpakaloTh 04iKyBaHi BIaCTHBOCTI Ta MapameTpu. Mogeni
SKOCTI JONOMAraroTh HE JIMIIEe BU3HAYHUTH IIi KpUTepii, ajJe ¥ BCTAHOBUTH METOAM IX BUMIPIOBAHHS Ta OLIHKH.
3Bakarouy Ha BUINEHABE/ICHE JOCHTH aKTyaJbHOIO MPOOIEMOIO € PO3YMIHHS OCOOJIMBOCTEH Ta MepeBar BUKOPH-
CTaHHs MOJIeNieil SIKOCTI Ha Pi3HHUX eTanax po3poOKH Ta BUKOPUCTAHHS MPOrPaMHHUX CHCTEM,sKa MOIpaBy cTaja
KIIFOYOBOIO B 00J1acTi 3abe3medeHHs yCIinrHo1 peani3amii MPOeKTiB Ta 3a0BOJICHHS TOTPed KOopHuCTyBadiB. AHa-
JI3 IUX acIeKTiB JornoMarae e()eKTHBHO BIIPOBA/UKYBATH CTpATETii KOHTPOJIIO SKOCTI Ta 3a0e31euyBaTu BUCOKY
SKICTh IPOTPaMHUX HPOIYKTIB.
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AKTyaJlbHiCTh

AKTyaJbHICTh MPOOJIEMH 3a0€3MEeUeHHS SIKOCTI MIPOTPAMHUX CHCTEM Ha KOKHOMY €Talli iX JKUTTEBOTO ITH-
K1y BiOOpakaeThCsi B NOTPeOi MOCTIHHOTO MOUIYKY HOBUX €(DEKTHBHUX METOJIB OLIHKH Ta KOHTPOIIO SIKOCTI
NpOrpaMHUX MPOAYyKTiB. HaBiTh mpwm ycmimHii po3poOii JaHUX MPOIYKTIB, BAXKIMBO 3a0€3MEYUTH IX BHUCOKY
SKICTh TPOTSTOM YChOTO Tepiofy IX BUKOpPUCTaHHS. TakuMm 4MHOM, pO3yMiHHS 0COONIMBOCTEN Ta BHOIp ONTHMa-
JBHUX MOJZENEH SIKOCTI CTae KIOYOBUM IS e(heKTHBHOI pO3pOOKM Ta BUKOPHCTAHHS MPOTPAMHHUX CHUCTEM. 3a
OCTaHHI POKH NporpaMHe 3a0e3nedyeHHs] IPOHUKAe B yci cdepr KUTTH, mpobiema 3a0e3neYeHHs Horo sSKoCTi
CTa€ HaJ3BUYAIHO aKTyaJbHOIO0. Brcoka KOHKYpEeHIIis, IIBUKI TEMITH PO3BUTKY TEXHOJIOTIH Ta 3pOCTaHHS OYi-
KyBaHb KOPHCTYBadiB CTBOPIOIOTh BUKJIMKH ISl pO3POOHUKIB Y TUIaHI 3a0e3MeUeHHs HAIIHOCTI, POXYKTHBHO-
cTi Ta 6e31eKn IporpaMHUX MPOAYKTIB. [IpH bOMY, CKIIaHICT MPOTPAMHHAX CHCTEM Ta po3Mip iX KOJOBOI 6azn
YCKJIIHIOIOTH TPOIIEC TECTYBAHHS Ta BUSBICHHS MOMMIIOK, IO MOXKE MPU3BECTH A0 3HW)KSHHS SIKOCTI Ta HEJ0-
JiKiB y QyHKIIiOHANBHOCTI. TakuM YMHOM, HEOOXiIHICTh BAOCKOHAICHHS METOIIB OIIHKH, KOHTPOIIO Ta 3a0e3-
TIEYEHHsI SKOCTI MPOTPaMHOTO 3a0e3MeueHHs € aKTyalbHOIO MPOOJIEMOI0, sIKa MOTpedye MOMIYKY ePeKTHBHUX
pimIeHs.

Merta

MeTor0 TOCHI/PKEHHS € BU3HAYCHHS Ta pOo3po0Ka HOBUX KOMOIHOBaHMX MiJXOJIB, MOA0 OLIHKH e(eKTHB-
HOCTI Ta BIUIMBY BUKOPUCTaHHS MOJEJIEH SKOCTI Ha Pi3HUX eTanax XUTTEBOTO IUKITY IPOrPaMHUX MPOAYKTIB.

3agaui

1. [IpoanainizyBaTH BijioMi IPOOJIEMHU SIKi BUHUKAIOTh B MOJIEIISIX SIKOCTi, KOTP1 3aCTOCOBYIOTBCS JJIsl OLIHKH Ta
MIATPUMKH SKOCTI MPOrpaMHKX CHCTEM Ha PI3HUX eTanax iX po3poOKH Ta BUKOPHCTAHHSL.

2. BukoHaty ocTaHOBKY 3aBJaHHS PO3POOKH KOMOIHOBAHOI CHCTEMHOI MOJIENI OI[IHKH SKOCTI B Me)KaxX aganTa-
KTUBHOTO 3aCTOCYBaHHS MOJIENEH SIKOCTI i3 HUTIO MiABUIICHHS ¢(EKTHBHOCTI IPOIECIB PO3POOKH Ta iX BIUTUBY
Ha MEXaHI3M OIiHIOBaHHS SKOCTI IIPOTPaMHIX IPOIYKTiB.

3. Po3pobutn koMOiHOBaHUH METOH OI[IHKH €(EKTHBHOCTI Ta BIUIMBY BUKOPUCTAHHS MOJEINCH SKOCTI Ha Pi3HUX
eTarax >KUTTEBOTO LUKITY IPOTPAMHUX MPOIYKTIB.

Po3B’sa13aHHd 32124

1. Anaxi3 npo6iem. Y peaisx MIBHIKO3MIHIOBAHOTO iH(GOPMAIIHHOTO CepeloBHIa, PO3pOOKa po-
rpamuux cucreMm (IIC) cTae BiZOKpEMITIOIOUOIO JIIHIEI0 MK YCHIXOM Ta BHUKJIMKaMH y cdepi iHpopMamiitHux
texHouorii. [TocTiiiHi Ta AMHAMIYHI 3MIHM Y BUMOT'aX KOPHUCTYBaYiB, pOCTY4i 00CATH JaHUX Ta 3aroCTpeHa KOH-
KypEeHLisl BAMaratoTh Bijl pO3pOOHUKIB HE TUIbKU KPEaTHMBHOCTI Ta €KCIEPTHOCTI, ajie 1 BJOCKOHAJIEHHs cTpare-
Tiif ynpaBtiHHS SKICTIO IIPOrpaMHOro 3a0e3neyeHHs. B octaHHI pokH Bij3HAYA€ThCSl aKTHUBHUM PO3BUTOK ITiJXO-
IiB 710 po3poOKH, OPIEHTOBAHUX Ha JOCATHEHHs BUCOKOI IKOCTI MpoaykTy [1]. 3acTocyBaHHS Mojelne sIKOCTi Ha
PI3HMX eTamax >XHTTEBOTO IUKIY MPOTPaMHOI CHCTEMH BH3HA€ETHCS, SIK BaXKJIMBA CTPATEris IS MOKpALIeHHS
IpoIieciB po3poOKH Ta 3a0e3IeYeHHs] BUCOKOTO PiBHS (DYHKITIOHAIBHOCTI Ta HamiiftHOCTI[2]. Y bOMY KOHTEKCTI,
HAYKOBE JOCIIPKEHHS Ta aHAi3 OCTaHHIX BUPIMICHUX MPOOJIeM B ramy3i 3aCTOCYBaHHS MOJENEH SKOCTi CTAIOTh
HEBII'€MHOI0 YaCTHHOIO CTPATETIYHOTO TUIAHYBAHHS IS KOMITaHiH i po3pOOHUKIB MPOrpaMHOT0O 3a0e3IeYeHHS.
[IpoTe, 3aMUIIAIOTHCS BIAKPUTHMHA ITUTAHHSA HEBU3HAUEHOCTI B pO3pO0OIli HOBUX METOIUYHUAX TEXHOJIOTIH i3 OIli-
Hku skocti [1C [3] Ta nomryky onTUManbHUX PIillleHb y 3MIHIOIOYHXCS yMOBaX PUHKY, [0 TOTpedye rHOOKOro
HAyKOBOT'O aHalli3y poJiii Ta eheKTUBHOCTI 3aCTOCYBaHHS MOJENEH SKOCTI Ha KOXKHOMY eTari po3poOKH Iporpa-
MHHX CHCTEM, PO3IIISIAI0UHM SIK BUPILIEH] MPOOJIeMH, TaK i Ti aCleKTH, SKi 3aJMIIAI0THCS 1]l BEJIMKUM MUTaH-
HiM. Po3risiganHs nux muTaHb Ma€e Ha MeTi MOrJIHOJIeHe PO3YMiHHS Ta BU3HAYCHHS ONTUMAJIBHUX IIXOIB AJIs
JIOCSITHEHHSI BUCOKHX CTaHJAPTIB SIKOCTI Y po3po0lii mporpaMHoro 3abesnedeHHs. JlocmipkeHHs B o0nacTi 3a-
CTOCYBaHHS MOJEIIEH SKOCTi B po3po0IIi Ta BHKOPHUCTaHHI IPOTPAMHUX CUCTEM BiZOyBaeThCs MOCTIiHO, i baraTo
mpoOJIeM BKe MAIOTh BHPIIICHHS, aJle TAKOX iICHYIOTB Ti, IKi 3aJIMIIAIOTHCS BITKPUTAMHU.

Bupimeni npobaemu:

- Po3pobka crannapris sikocti: Bennkuit kpok OyB 3po0iieHni y HaNpsIMKY cTaHJapTH3allil Me-
TO/IB Ta METPHK OMIHKH SIKOCTI mporpamunx cuctem [1-15]. Hanpuknaza, ISO 25010 Bu3Hauae MOaemb SIKOCTI
IpOrpaMHOro 3abe3neueHHs BU3Hauae Hallp XapaKTepHCTHK Ta CLeHapii IX BAKOPUCTAHHS;

- ABToMaTu3auis tectyBaHHs [1, 4]: ABTOMaTH30BaHi 3aCO0HM TECTYBaHHS HO3BOJISIOTH e(ek-
TUBHIIIIE BUSBIIATH IIOMIJIKU Ta MPOOIEeMH SIKOCTI Ha paHHIX eTamax po3poOKu;

- MonentoBaHHs iporieciB po3poOku [3—5]: 3acrocyBaHHs Monene AJs ONMUCY Ta aHAI3y Mpo-
IECiB PO3POOKH CITPUSIE MMOKPAIIECHHIO SKOCTI BUPOOHUIITBA MPOTPAMHOTO 3a0e3MeueHHsI.

Heswupimeni, a0o akTyanbHI MpooiemMu:

- Or1iHKa KOPUCTYBAIBKOTO JTOCBiTy: Bu3sHaueHHsS 00'€KTHBHUX METPHUK IS OLIHKHA KOPHUCTYBa-
[BKOTO JIOCBIly 3aJIMIIAETHCS CKIaHOIO 3aa4€t0, OCKLIBLKHU BiH € CY0'€KTUBHUM MOHATTAM [4];

- Mogemni ans Ge3neku Ta 3aXuCcTy: 3abe3neueHHS e(EeKTUBHUX MOJEICH A BH3HAYEHHS Ta
OLIIHIOBAHHS OE3IEKH MPOrPAMHKMX CHCTEM 3aJIMIIAETHCS BiIKPHUTOIO pobiaemoro [7];
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- BpaxyBaHHs1 BUMOT /10 B3a€MOJIi1 Ta MaclITabOBaHOCTI: 3POCTAaHHS CKJIAJHOCTI CUCTEM Ta BU-
MOT JI0 iX B3aeMOZii MOXe CTBOPIOBAaTH BHKJIMKH HPH PO3pOOLI MOJIeNel SKOCTI, SKi TTOBHHHI BPaxoOBYBaTH 1ii
acriexTH [8];
- BpaxyBanHs 3MiHINBOCTI BUMOT: B Mekax TEXHOJOTIYHOTO MPOTpecy HHHI MOCTIHHO 3MiHIO-
FOTBCSI BUMOTH JI0 TIPOTPaMHHUX CHCTEM, SIKi MOXKYTh MIPHU3BOIHUTH 10 OTPEOH B amamnTarlii MOAeeH SKOCTI st
3a0e3nedeHHs 1X aKTyaabHOCTI Ta eexTuBHOCTI [9];
- BpaxyBanHs BIIUBY pi3HHX TexHOJorii: IIBHAKI 3MiHM TEXHOJOTiHi MOXYTh CTBOPIOBATH
TPY/HOLII Y BpaxyBaHHi IX BIUIUBY Ha SKICTh MporpamMHoro 3abesnedenns [10];
- MoHitopHHr y peanbHOMY 4aci: Po3poOka 3aco0iB MOHITOpHHTY, SKi HaJalOTh iHOPMALIO B
pearbHOMY Yaci Ta [O3BOJISIOTH MIBHIKO PearyBaTH Ha MPOOIEeMH, 3aITHIIAETHCS BAKITHBOO 3aaaueto [11].
3a3HaueHi Bumle (axoBi TEMaTHYHI CHPSIMOBAHOCTI BiOOpakalOTh Cy4acHi BHKJIMKH Ta TEHACHIII B
00J1acTi OLIHKY SKOCTI MPOrPaMHOT0 3a0e3Me4eHHs, i BOHU MOXYTh OyTH 00'€éKTOM aKTHBHOTO JOCIIPKEHHS Ta
PO3BUTKY.
B Tabn.1. HaBeneHO pe3yNBTATH MOPIBHAIBHOTO aHAi3y IIONO 3aCTOCYBAHHS MOIYJSIPHUX MOZETIEH
SKOCTI Ha Pi3HUX eTarax po3poOKH Ta BUKOPUCTAHHS IPOTPaAaMHHUX CHCTEM.
3 tabm.1. BUIHO, 10 KOXKHA MOJIENb SKOCTI Ma€ CBOI YHIKaJIbHI 0COOIHUBOCTI, SIKi MOXYTh OYTH KOPUCHIUMH
Ha PI3HHX eTamax po3poOKH Ta BUKOPUCTAHHS MPOTPaMHUX CHUCTEM. 30Kpema jaeski moxeni, Taki sk ISO/IEC
25010 ta IEEE 730, akiieHTYIOTh Ha OLIHII SKOCTI MPOAYKTY Ta MPOIECiB po3p0oOKH, 3a3HAYAI0YH KITFOYOBI KpH-
Tepii, IKi MOYKHA BUKOPUCTOBYBATH s 11boro0. [HImi, Hanpukiagx, CMMI ta SPICE, cripsiMoBaHi Ha i IBUIIICHHS
3piocTi mpoleciB po3pobku mporpaMHoro 3abesneuyenns. Jesxi mozeni, Taki sk Agile Testing Quadrants Ta
Lean Software Development, crienianizyrotscsi Ha BUKOpHCcTaHHiI B Agile-nporiecax ta MiHiMizanii BuTpar. 3Ba-
JKalO4YM Ha BHUILE HaBeJCHE BUOIP MOAEINI SIKOCTI MOBHHEH 3aJIe)KaTH BiJl KOHKPETHHUX MOTPeO Ta XapaKTepUCTUK
mpoeKTy. [HTerpartist MOJECH SIKOCTI 3 MpoliecaMu PO3POOKH MOKE JOMOMOTTH 3a0e3meunTH OibIin eeKTUBHY
Ta AKICHY pO3pOOKY IPOrpaMHOro 3a0e3nedeHHsl.
BiamosigHo aHamisy HaykoBux mpaib [1-15] 3acTtocyBaHHsS Momenell SKOCTi Ha PI3HHX eTamax po3poOKu
Ta BUKOPHCTAHHS MPOTPAMHHX CHCTEM MOXKE CTHKAaTHCA 3 pajoM mpobiem. 3okpema B mpani [1] mimHiMaeTses
npobJiema, 00 HEJOOUIHKH BHMOT IO SKOCTI, aHa Ipo0ieMa 3BOJMTHCS O TOTO, IO HE 3aBXKIU BIA€THCA
KOPEKTHO BH3HAUWTH Ta BPaxyBaTH BCi BUMOTHU IO SIKOCTiI NMPOTPaMHOI CHCTEMH Ha paHHIX eTamax po3poOKu.
AHarizyroun OUTh JeTalbHO JaHy MpoOJeMy MOXKHA 3pOOUTH BHCHOBOK, IIO IpoOieMa HETOOIIHKH BHMOT IO
SKOCTI IIPOTPaMHOi CHCTEMH TIOJISITAa€ B TOMY, 1[0 Ha PAaHHIX e€Tamax po3pOOKH HE 3aBXIU BJIAETHCS KOPEKTHO
BU3HAYUTH Ta BPaxyBaTH BCi acleKTH SIKOCTI, SKi MOXYTb BIUIMHYTH Ha MOAAJBIINK MPOIEC PO3POOKH Ta eKc-
uTyaTauii mporpaMHoro npoaykty. Lle Moxke mpu3BecTH N0 HeAOJIKIB Y (YHKI[IOHAIBHOCTI, HaIHHOCTI, edek-
THUBHOCTI Ta IHIIUX aCMeKTax SKOCTI MPOrpaMHOro 3a0e3neueHHs. 3 Hallol Mo3uiii AOUIJIbHO BiIMITUTH, IO JJIs
BUpIIIEHHs I1i€] po0JieMn Ba)KJIIMBO 3aCTOCOBYBATH aJICKBATHI METOJM Ta MOJEINI YNPaBIiHHS SKICTIO, SIKi J10-
3BOJISITH BHSIBJISITH, BU3HAYATH Ta BPaxOBYBAaTH BHMOTH JIO SIKOCTI Ha MOYATKOBUX eTamax po3poOku. Takox B
JIAHOMY aCIIeKTi JOCHUTh BAXKJIMBO BUKOPHUCTOBYBATH MPAKTUKU Ta METOJOJIOTII, 10 CIPHUSIOTH PAHHBOMY BHUSIB-
JICHHIO Ta BUPILICHHIO MPOOJIeM SKOCTI, Taki sik Agile-miaxomu, Continuous Integration ta Continuous Delivery,
TECTyBaHHS Ha PaHHIX eTarax po3poOKH TOWO. 3aranoM, YIpaBIiHHS SKICTIO HA PaHHIX eTarax po3poOKu € KpH-
THUYHO Ba)KJIIMBUM JUISl YCHIIIHOI ITOCTaBKH NPOTPaMHOro 3a0e3ledeHHs, i [le BUMarae yBaru 10 BCiX acIeKTiB
SIKOCTI BiJl CAMOTO ITOYATKY IPOIIECy PO3POOKH.
B mpamni [2] migHiMaeThest mpoOiiema, 11010 HeIOCTaTHLOTO OXOIUICHHS TECTYBaHHS B MeXKax 3aCTOCYBaH-
HSl MOJIeJIeH SIKOCTI Ha Pi3HMX eTamnax po3poOKH Ta BUKOPHCTAHHS NMPOTPAaMHUX CHCTEM: HE 3aBXKAM MOKHA 3a-
0e3reunTH IMOBHE TECTYBAaHHS BCIX acleKTiB IPOrpaMH, 110 MOKE NPU3BOIAMTH 10 YHHUKHEHHS ab0 HempaBMIIb-
HOTO BHSIBJICHHS AESKUX Je(EKTiB, 10 3arPOXKYE SIKOCTI Ta HAJIHHOCTI MPOrpaMHOro 3ade3nedeHHs. 3TiAHO 3
[2-4] nns BupimeHHs wiei mpoGJieMH Ba)XJIMBO BUKOPUCTOBYBATH KOMIUICKCHMH MiIXiA 0 TECTyBaHHs, KU
OXOIUTIOE Pi3HI aCMeKTH MPOTPaMHOTO 3a0e3MeYeHHs, Taki SK (yHKI[IOHAIBHICTh, HAlIHHICTh, €(EKTUBHICTb,
Ge3rneka Ta iHIII.
3riguo 3 [5] y BupilieHH] BHUIlle 3a3HAYEHOI MPOOIEMH Ba)KJIMBO BUKOPHCTOBYBATH aBTOMATH30BAaHE TeC-
TyBaHHS Ta IHCTPYMEHTH JJISI IiIBUIICHHS €(eKTUBHOCTI TECTyBaHHSA Ta 3a0e3nedeHHs OiIbII MHUPOKOTO OXOI-
JICHHSI KOJLY.
AHaTi3yI04u NOTJISIIU aBTOPiB Tpaiti [6] AOMIIBHO MOTOAMTUCS 1O B MiMHSTIH MpOOJieMi BUHHKAE HAralb-
Hast HeOOXIJHICTb, II0JI0 BPaxyBaHHS OCOOJIMBOCTEH KOHKPETHOTO IMPOEKTY Ta KOHTEKCTY BUKOPHCTaHHS IPO-
rpamMHOro 3a0e3neyeHHs Py IUIaHYBaHHI Ta BUKOHAHHI TECTyBaHHA, MO0 3a0€3MeYnTH HOro BUCOKY SIKICTh Ta
HaiIHICTb.
Astopu nipaui [9] akueHTYIOTh yBary Ha moTpe0i, 100 HaJaHHS HAJIE)KHOI YBark TECTYBaHHIO Ha PaHHIX
eTanax po3poOKH, [0 B CBOIO YEPry J03BOJIUTH BHSABIATH Ta BUIIPABIATH Ae()EKTH HA PAHHIX CTalisfX, KOJIH BO-
HU III¢ HE BUPIIIUIACS B CEPHO3HI MPOOIeMH.
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Tabmuus 1 — Pe3ynbraTtu nopiBHAJIBHOTO aHANI3Y MOA0 3aCTOCYBAHHS HOIYJIIPHUX MOJIENEH SKOCTI Ha pi3HUX

cramnax p03p06KI/I Ta BUKOPUCTAHHSA MMPOTrpaMHUX CUCTEM

HaiimenyBannst | Etam 3acrocy- 3acrocyBanns | InTerpanis 3
MojeJii AKOCTi BaHHA OcnoBHa meta | KimiouoBi kpurepii B Agile IIpouecamu
Pizni eramm Bixg | Ominka skocTi | OyHKIIOHATHHICTS,
KoHIemnmii 1m0 | mpoxykry  Ta | HamidiHicts, Edexk-
ISO/IEC 25010 | migTpuMku MIPOIIECiB THUBHICTb Tax MosxnuBa
3pimicte  mpo-
Po3pobka  Ta | meciB Ta ympas- | 3pisicTe TpoIeciB, He mpsmo € mporecn
CMMI TiATpUMKa JHHS ITpoxyKTHBHICTH CIPSIMOBAHO 3pirocTi
Etamm  po3po6- | Bumoru bi (4]
KA Ta TecTy- | mpomeciB  po- | Bumorn mo mpo-
IEEE 730 BaHH: 3po0Ku 11eciB po3poOKH Tax MosknuBa
OcobinBo  ak- | Knmacugikaris Llini  tectyBaHHA MoOXIHBICTD
Agile  Testing | TyanpHa B | TECTyBaHHA B | Ha KOXXHOMY KBa- iHTerpanii B
Quadrants Agile Agile paHTi Tak Agile nporiec
ITokpaienns BusiBnenns Ta Bumarae
Etan miarpum- | sIKOCTi Ta edek- | BUIPaBICHHS I10- oco0mBOCTEH
Six Sigma K1 TUBHOCTI MUWJIOK HessHO IPOIIECIB
Knientcbke  3amo-
BOJICHHS, 3any-
TQM (Total 3aranbHe YEHICTh  IEepPCOHA-
Quality YIpaBIiHHS ay, [Mocriiine
Management) Pi3Hi eTanm SIKICTIO MTOKpAIICHHS Tak Tak
SPICE (Software [MokpartieHHs
Process Im- MpoIeciB  po-
provement and 3po0kH  Tpo- | 3maTHICTH O TIPO-
Capability De- | Po3po6ka  Ta | rpaMHOr0  3a- | IIECiB, Edex-
termination) CKCIUTyaTallis Oe3mevYeHHs THUBHICTb MosxiuBe Taxk
TOGAF  (The VYnpaBninHs Ta | ApXiTeKTypHa
Open Group miATpUMKa sKicTh, B3aemonis
Acrchitecture KOPIOPAaTHBHOI | 3 OizHec-
Framework) Pi3Hi eranun apXiTEeKTYpH norpedamu YacTkoBO Tax
BusnaueHHs Ta
OIIiHKa po-
SPICE (ISO/IEC | Po3pobka  Ta | eciB po3pobku | [IporuecHa 3piiicTh
15504) eKCILTyaTaIis 113 Ta MPOYKTUBHICTH HesiBHO Tax
COBIT (Control
Objectives  for Kepysanns IT 3
Information and METOI0  JlocAr- | 3abe3nedyeHHs
Related  Tech- | Vopasuinus Ta | HeHHs Oi3Hec- | criiikocTi, 3abe3-
nologies) ontumizargs iT | mijei MCUCHHSI OC3MEeKU YacTKOBO Taxk
Minimizaris Benvka I[iHHICTB,
Lean Software | PospoOka  Ta | BuTpar Ta omn- | MiHiManbHe Map-
Development iATpUMKa TUMI3aIlis HOCIIOKUBAaHHSI Tak MosxnuBa
ITIL (Infor- 3a0e3neueHHs Ha-
mation Technol- 3abe3nedyeHns | JICKHOTO piBHS
ogy Infrastruc- | Yopasminss AKICHUX IT- | cepsicy, Edex-
ture Library) nociayramu 1T TOCIyT THBHICTbH MIPOIIECIB JacTKOBO Tax
Capability 3pimicte  Tpo-
Maturity Model | Po3pobka  Tta | meciB po3poOku | 3pimicTe HpOLECIB, He mpsimo € npouecn
(CMM) i ITPUMKa 113 [TpoTlyKTHBHICTb CIPSIMOBAHO 3pisocTi

B npauni [10] nopymryerbest mpo6iiema, 100 HECIPOMOXHOCTI MEPEN0AYUTH B MOJAENIIX AKOCTI YMOBH
eKkcIutyararii B sikux nepeOysarumyTs [1C: Mozeni SKOCTi MOKYTh HE BPaxOBYBaTH BCi MOXKJIMBI YMOBH peallb-
HOTO BUKOPUCTAHHS CHCTEMH, III0 TPU3BOIUTH J0 HEAOMIKIB y (DyHKIIOHAIEHOCTI a00 e(heKTHBHOCTI.

[Ipo naHy npobiemy Takox 3ragyetbes B npaui [11] B skili BKa3yeTbes, 0 BOHA MOXKE IPH3BECTH JI0 He-
JonikiB y ¢yHkuionansHocTi, abo edexruBHocTi I[1IC B ymoBax ii excruryaranii. B Mexxax BupimenHs i€l npo-
G1emu 3rimHO TOTIIAIB, siki HaBezeH] B [10—11] BaxIMBO 3aCTOCOBYBATH METOIOJIOTIT Ta MPAKTHKH, SKi CTIpHUs-
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I0Th aJianTanii NporpaMHOTro 3a0e3NeueHHs 1O PI3HUX YMOB eKcIuTyarauii: Hanpukian, Agile-minxonu nependa-
Yal0Th 1TepaTHUBHUH PO3BUTOK IPOrPaMHOT0 3a0e3MeUeHHs Ta 3MiHY BiJIIIOBIIHO J0 3MiH y BUMOT'aX KOPHUCTYBa-
4iB a00 ymMoBax ekciuryaTamii. Takok BayKIIMBO BUKOPHUCTOBYBATH TECTYBAaHHS 3 pealbHIMH yMOBaMH, abo Tec-
TYBaHHS Ha CIEHAPIsX, Ke BimoOpaXkae peaybHi CHTYaIlil BHKOPUCTaHHSA CUCTEMH. TaKoK JOLIIBHO 3BaXKaTH Ha
TEIIO BUPIIICHHS 3a3HaueHOi mpobiaeMu moTpedye HaJaroHKeHHs J0JaTKOBOI, KOMYHIKaIlil 3 KOPUCTYBa4aMHU Ta
CTEHKXOJIIepaMH MOKE TOTIOMOTTH 3pO3YMITH peasibHi OYiKyBaHHS Ta YMOBH €KCIUTyaTallii CHCTEMH, [0 JO3BO-
JUTH BpaxyBaTH iX y MOJIEIAX SKOCTI Ta B mporieci po3poOku. Takuil miaxix cupuse mokpameHHo (GyHKIioHa-
JBHOCTI Ta e(h)eKTHUBHOCTI ITPOTrPaMHOTo 3a0e3NeUeHHs B yMOBaxX HOro pealbHOr0 BUKOPHCTaHHSI.

B npaui [12] BiamivaroThes mpobiemu 3 MaciutaboBaHicTO: Jleski Mopeni SIKOCTI MOKYTh OyTH HEpH-
JaTHUMU JUIsl MacIuTaOyBaHHS, OCOOJIMBO MPU POCTI PO3MIpPY Ta CKIIaJHOCTI IporpamHoi cuctemu. J{ns Bupi-
HIEHHA 1€l npoOyieMH HEoOXiJHO pO3pOOJATH Ta BUKOPHCTOBYBATH MOZENI SKOCTI, SKi MOXYTh €(EeKTHBHO
MpAaIoBaTH Ha Pi3HUX PIBHAX MaciiTaly, BiJl HEBEJIMKHUX MPOEKTIB IO BEJIMKUX PO3NOALIEHNX cucTeM. Lle Moxke
BKJIIOYATH B cede po3poOKy abo ajanramnito MoaeieH, ki 3a0e31euyloTh THYUKICTh Ta MOXKIIUBICTh PO3IIUPEHHS,
100 BOHM MOTJIH aalTyBaTHCA 10 3pOCTAI0YHX MOTPEO CHCTEMH.

Asropu npaip [12—13] HaroJaomyoTh, M0 JOCUTH BAXKIIHBO BPAXOBYBATH MACIITA00BaHICTh B MPOLIECi PO-
3pOOKH Ta BIPOBAaKEHHS Mozenei skocTi. Lle o3Hayvae, mo Mozeni MoBHHHI OyTH JIETKO BIPOBAKYBAaTUCS Ta
MacmTaOyBaTUCS Pa30M 3 POCTOM CHCTEMH 0e3 BEIMKUX 3yCHIIb 31 3MiHaMH a00 MomudikamisamMu. 3araaom, s
YCIIITHOTO BUPIMICHHS MPOOIEMH MacIITa0OBaHOCTI MOJIENIEH SKOCTI BaKIIMBO MPHUILUIATH yBary ixX apXiTeKTypi
Ta THYYKOCTI, 00 BOHM MOTJIH €(pEKTHBHO (PYHKI[IOHYBATH B YMOBAaxX 3pOCTaHHsS PO3Mipy Ta CKIATHOCTI Mpo-
TpaMHO{ CHCTEMH.

B npari [14] migkpecaroeTsess mpoOieMaTHKa, MO0 «HECTa0lIbHOCTI BUMOT SIKOCTI»: BUMoOru 10 skocTi
MOXYTb 3MIHIOBATHCS MPOTATOM JKHTTEBOTO IIMKJIY MPOEKTY, 1 MOJIENi MOXKYTh CTAaTH 3acTapijluMU abo Henpu-
JIATHUMHU JUIS HOBUX YMOB. J{i1st BupileHHs i€l mpoGiemMu BaXKJIMBO BUKOPHCTOBYBATH THYYKI METOJOJIOTIT pO3-
POOKHU MPOrpaMHOro 3a0e3MeUeHHs, SKi JO3BOJISIOTh JISTKO BHOCHUTH 3MiHH y BUMOTH Ta MOJEJI SKOCTI MPOTS-
TOM JKHTTEBOrO LUKy npoekty. Hanpuknan, Agile-nigxonu nepeabayaroTs iTepaTUBHUNA PO3BUTOK Ta MOCTilHE
BJIOCKOHAJICHHS, 1[0 TO3BOJISIE aJaNTyBaTh BUMOTH Ta MOJEII SKOCTI J0 3MiH y BUMOrax 0i3Hecy abo ymoBax
PHHKY.

3riaHo 3 [15] B Mexkax migHsTOl BUIlle POOIeMH BUHUKAE HEOOXIIHICTh B 3a0€3MeUeHHI MiATPUMAHHS T10-
CTIIfHOTO MOHITOPHHTY Ta OHOBJICHHS MOJEJCH SKOCTi, 00 BOHM BiJNOBIiJaIM aKTyaJIbHAM BHUMOTaM Ta YMO-
BaM. Lle Moxe BKIIFOUaTH B ceOe peryIsipHy MEpeBipKy Ta OIIHKY MOJEJEH SIKOCTI, a TAK0X BHECEHHS HEOOXia-
HUX 3MIH Ta KOPHTYBaHb. 3arajioM, IJIsl YCIITHOTO BHUPIIICHHS MPOOJIEMH «HECTa0IIEHOCTI BEMOT SKOCTI»
Ba)XXJTUBO MAaTH THYYKICTh Y PO3pOOIIi Ta yIpaBiiHHI BUMOTaMH, a TAKOK MOCTIITHO OHOBIIIOBATH Ta MiATPUMYBa-
TH aKTyaJbHI MOJIEJ SKOCTI.

B npaui [5] migkpecitoeTsest mpobieMaTrKa BiICYTHOCTI OHO3HAYHUX METPHK SKOCTi: Bu3HaueHHS sIKOC-
Ti MOXe OyTH CYO'€KTMBHUM, 1 BIICYTHICTh YITKMX METPHK MOXE YCKJIAJHUTHU OL[HKY SIKOCTI IIPOrpaMHOi chc-
TEMU.TIOPIBHSAHHS SIKOCTI MK PI3HUMH cHCTeMaMH, ab0 BepcCisMH OJHIE€I cHCTEeMU. ABTOpH BHIE3a3HAUYEHOT
npalli HaroJoIIyTh Ha TOMY, IO JJIsl BUPILIeHHs Liel mpoOieMH BayJIMBO PO3POOIISITH Ta 3aCTOCOBYBATH CTaH-
JIApTU30BaHI METPHUKH SIKOCTI, Ki OyJi O 00'€eKTMBHUMH Ta BifoOpaxkaiu O peasbHi XapaKTEpPUCTUKU MPOrpaM-
HOro 3a0e3mneyeHHs. Taki METPUKHA MOXYTh BKITIOYATH B ce0¢ IMOKa3HUKHU IMPOJYKTUBHOCTI, €(EeKTUBHOCTI, Ha-
niiiHocTi, Oesmekw, iHTepdeiicy KopucTyBada TOIIO. 3 JI@HOTO TPHBOJNY BaXKJIMBO BPAaxOBYBAaTH KOHTEKCT
BUKOPHCTAHHS ITPOTPaMHOTO 3a0e311eUeHHs IIPH BU3HAUCHHI METPUK SIKOCTI.

3rigHo 3 [7] oaHi # Ti % METPUKH MOXKYTh MaTH Pi3HE 3HAYCHHS JJIsI PI3HUX THUIIB MPOTPAMHHX MTPOIYKTIB
abo 1 pi3HMX ranmy3ed 3acrocyBaHHs. Hampukman, mis BeO-I0AaTKIB MOXYTh OyTH BaXKIMBUMH METPHKH
MIBUKO/II, Yacy 3aBaHTAXKECHHS CTOPIHOK, YaCTOTH BiZIMOB, a JJIsl IPOrPaMHOTr0 3a0e3nedeHHs B 00J1acTi KpUTH-
YHHX 3aCTOCYBaHb — METPHKH Ha/liIHHOCTI Ta Oe3neku. 3arajom, po3poOKa i BUKOPHCTaHHS 00'€KTUBHUX Ta CTa-
H/IApPTH30BaHUX METPHUK SIKOCTI € BAXKIIMBOIO CKJIQJIOBOIO YIPABIIHHS SKICTIO MPOrPaMHOr0 3a0e3neyeHHsl i J10-
3BOJIsIE 00'EKTHBHO OI[IHIOBATH Ta MOPiBHIOBATH PiBEHB SKOCTi PI3HUX CHCTEM.

B npami [14] migkpecioeTsest mpobieMaTuKa HEI0CTaTHOCTI MOHITOPHHTY Y pealibHOMY Yaci: BiacyTHiCTh
3ac00iB MOHITOPUHTY Ta aHANI3y B peaJIbHOMY 4Yaci MO>Ke IIPU3BECTH J0 3aTPUMOK B BUSBJICHHI Ta BUIPaBJICHHI
mpo6ieM, 10 MOKe MOTIPIIUTH SKICTh Ta HAAIHHICTh MPOrpaMHOTO HMPORyKTy. [y BupimeHHs miei mpolieMu
Ba)XJIMBO BUKOPHUCTOBYBATH 3aCO0OM MOHITOPHHTY Ta aHAJI3y, AKi JO3BOJISIOTH BUSBIISTH MIPOOIEMHU B peaTbHOMY
yaci abo HaBiTh HependavaTH X BUHUKHEHHS Ha OCHOBI aHalizy AaHuX. Hampukian, cucteMu MOHITOPHUHTY
MPOJYKTUBHOCTI, HABAHTA)KEHHS Ta BiIMOB MOXXYTh JIOIIOMOI'TH BHSBIISITH MpoOIeMH B poOOTI CHCTEMH Ta pea-
TyBaTH HA HUX HeraiHo. Tako)x BaXJIMBO BUKOPHCTOBYBATH aBTOMAaTH30BaHI 3aCO0M TECTYBAaHHS Ta KOHTPOJIO
SKOCTI, 5IKi JO3BOJISIIOTH TIPOBOJIMTH TECTYBAHHS Ta aHaJi3 pe3ysbTaTiB B peasibHOMY 4aci. Lle no3Boisie omepa-
THUBHO BUSIBJISITH IPOOJIEMH Ta BHOCHTH HEOOX1/IHI KOPEKTHBH Il HAa paHHIX eTarnax po3poOku abo B eTari exc-
uTyarartii. 3arajJoM, MOHITOPHHT y peaJbHOMY 4Yaci € KIF0YOBOIO CKJIAJOBOIO YIPABIIHHSA SKICTIO IPOTPaMHOTO
3a0e3meueH s, OCKUIBKY O3BOJISIE€ IBUIKO pearyBaTH Ha BUSABIEHI MPoOieMH Ta 3a0e3nedye miITpUMKy BHCO-
KOi SIKOCTi Ta HaAITHOCTI IPOTPaMHOTO MPOIYKTY.
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B npaui [15] oco6auBoi yBaru 3aciayroByrOTh MpobiieMu 3 GE3MeK00: MOJETi SKOCTI MOXYTh HE BPaxo-
BYBaTH acIeKTH Oe3IeKH, 110 MOXE MPU3BOJIUTHU JI0 BPa3JIMBOCTEH Ta 3a0e3NeuyBaTH HEJIOCTATHIO 3aXHUCT Bij
atak. Jlg BupimeHHS 1i€i mpoOIeMH BayKIMBO BKIIOUATH ACMIEKTH Oe3MeKH B MOJIENi IKOCTI Ta MPOIIECH yIIpaB-
niHHA sKicTio. e Moke BKIIIOYATH ayAWuT OE3MEKH, TECTYBaHHS Ha BPas3IHBOCTI, epeBipKy Oe3lekr Ha paHHIX
eTamax po3poOKH, a TaKOXK BIIPOBA/KCHHS 3aCO0IB 3aXMCTY B IIporpamMHe 3a0e3medeHHs. TakoXK BaXIIMBO Bpa-
XOBYBaTH KOHKPETHI MOTEHIIIHHI 3aTp03H Ta BPa3IMBOCTI IJIsI IIPOrpaMHOTo 3a0e3nedeHHs y BiMOBiIHIH ramy3i
a00 KOHTEKCTi BUKOpPHCTaHHA. Lle T03BOMUTH PO3pOOHMKAM Ta YIIPABIIHIIIM SKOCTi €(DEKTUBHO OIiHIOBATH PH-
3WKH Ta BXMBATH BiNMOBiMHI 3axoxu 3abe3redeHHs Oesrekd. 3arajioM, Oesleka MpOrpaMHOro 3a0e3MeUeHHS
MOBUHHA OyTH Ba)XJIMBOIO CKJIAJJOBOIO OyIb-sIKOT MOJIEINI SIKOCTI, 1 BOHa IOBUHHA OyTH BpaxoBaHa Ha BCIX eTarax
PO3pOOKH Ta BUKOPUCTAHHS POTPAMHOTO POJIYKTY.

Asrtopu mpani [13] 3BepratoTe yBary Ha mpoGieMy HETOCTATHOCTI BpaXyBaHHS KOPHCTYBAIbKOTO [0-
cBiny: B mesknx BUmaakax MoJelli MOKYTh HEIOOILIHIOBATH BajKJIMBICTh KOPUCTYBAILIBKOTO JOCBIiY, IO MOXKE
BIUIMBATH Ha NPUHHATTS MPOTPAaMHOI CUCTEMH KOpUCTyBadaMu. /st BUpiIIeHHS 11i€] Tpo0IeMy BaXKIIMBO BKIIIO-
YaTH acleKTH KOPUCTYBAIbKOTO JOCBIY B MOJIEJI SIKOCTI Ta MPOLECH yNpaBiiHHS sKicTo. Lle Moxxe BKirouarn
OIIIHKY 3pyYHOCTI BUKOPHCTAHHS, IIBUIKOCTI peakiii iHTepdeicy, BiAMOBIAHICTh QYHKIIIOHAIBHOCTI TOTpedam
KOPHCTYBAaiB Ta iHIII aCIEKTH, IO BIUTMBAIOTH HA 33J0BOJICHICTH Ta NMPHHHATTS MPOrPaMHOTO MPOIyKTy. Ta-
KO’K Ba)XXJIBO 3Ty4aTH KOPHCTYBadiB JI0 MPOIECY PO3POOKH Ta TECTYBaHHS NMPOTPAMHOTO 3a0e3NeueHHs, 00
OTpHMATH 3BOPOTHHH 3B'A30K IOJ0 IXHIX MTOTPeO Ta BUMOT A0 KOPUCTYBALBKOTrO A0CBiny. Lle 1o3BonuTh po3po-
OHMKaM HaJaroJuUTH MPOTPAMHHUI MPOAYKT TaK, MO0 BiH Kpalle BiANOBiIaB OYIKyBaHHAIM Ta MOTpedaM KOpHc-
TyBadiB. 3arajoM, BpaxXyBaHHS KOPUCTYBAI[bKOTO JOCBILy Y MOAEIIX SIKOCTI Ta MPOLECcax YHPaBIiHHA SKICTIO €
KJIFOYOBUM JUIs 3a0€3MeUeHHs] YCIILIIHOTO NPUHHATTS Ta BUKOPUCTAHHS MPOrPaMHOro 3a0e3neYeHHs] KOpUCTyBa-
qaMH.

Asropu niparii [12] okpiM Buille 3a3HaYCHUX MPOOJIEM TAKOK aKIEHTYIOTh HAYKOBY yBary Ha mpoosiemi
HECIPOMO’KHOCTI BPaxOBYBAaTH KOHTEKCT: MOZENI SIKOCTI MOXKYTh HE 3aBXIU BPaxOBYBaTH KOHTEKCT BHKOPH-
CTaHHS MPOTPAMHOI CHCTEMH, IO MPU3BOAMTEL 10 BTPATH peaii3My B OIiHII ii skocTi. lle o3Havae, mo aeski
MOJIET SIKOCTI MOKYTh HE JJOCTaTHBO, a00 B3araii HE BPaxOBYBaTH OCOONMBOCTI CEpeZOBHIIA, B SKOMY Iporpa-
MHa cucTeMa OyZie BUKOPHCTOBYBATHCS, III0 MOXKE MPU3BOJHUTH 10 BTPATH pealli3My B omiHIi 11 sikocTi. [s Bu-
pimreHHs miel mpo0IeMn BaKIIMBO PO3POOIIATH MOJIEINI SIKOCTI, sKi Oyiu O mpu3HadeHi st KOHKPETHUX KOHTEKC-
TiB BUKOPHCTaHHS IPOTrpaMHOro 3abe3nedeHHs. Lle Moke BKIIIoUaTH B ceOe afanTamiio iCHYIOUMX Moneneil 1o
cnenu(igHUX yMOB ab0 po3poOKy HOBHX MOJETCH, sSKi BPaXxOBYIOTh OCOOJIMBOCTI KOHKPETHOTO JAOMEHY abo
iggyctpii. Kpim Toro, BaxxnnBo 30MpaTH Ta aHANI3yBaTH JaHI PO peabHe BUKOPUCTAHHS MPOTPaAMHOTO 3a0e3-
MeYeHHs], 1100 3p03yMiTH HOr0 XapaKTepPUCTHKU Ta BUMOTH B KOHKPETHOMY KOHTEeKCTi. Lle 103BosuTh po3po0-
HHMKaM Ta YNPAaBJIHIM SIKICTIO 3p0OUTH OUIBII 00'€KTHBHY OL[IHKY SIKOCTi IPOIPaMHOT0 MPOJYKTY 1 NPUIHATH
BIAMOBIHI 3aX0M JUIsl HOTO TOJIMIIEHHS. 3arajioM, BpaxyBaHHsI KOHTEKCTY BUKOPUCTAHHS € BOKJIMBUM acIeK-
TOM TIPH PO3pOOILI Ta OLIHII SKOCTI MPOrpaMHOro 3abe3neueHHs, 1 s npodiaeMa norpedye yBaru, sik y HayKOBUX
JIOCJTIJDKEHHSIX, TaK 1 B IPAKTUYHIN poOOTi 3 MPOrpaMHUMH CHCTEMaMH.

3rifiHo 3 pe3yabpTaTi aHami3zy npaip [1-15] omiHka sKOCTi MPOrpaMHUX CUCTEM MOXKE BKJIIOUYATH B cebe pi-
3HI aCIIEKTH, 1 ICHY€ KiJIbKa MI>KHAPOJHUX CTAHIAPTIB, SIKI MOKYTh OYTH BUKOPHCTAHI JUIs 1IbOTO. 3a3BUUAif, 11i
CTaH/IapTH BU3HAYAIOTh 3arajibHi MPUHIWIN OLIHKY SKOCTI Ta HAJAI0Th PAMKH ISl BIIPOBA/UKEHHS METO/IIB OIli-
HKH. JlaHWH METOZ OLIHKH SKOCTI MOXKe OyTH BKIIFOUCHHH y PsIJl CTAaHIAPTIB, TAKHUX SIK:

— ISO/IEC 9126: Software Engineering —Product Quality: Ileii crangapT BuzHauae MOJAENb SKOCTI MPO-
TPaMHOTO 3a0€3MeUeHHs Ta HaJla€ METPHKH JUI BUMIPIOBaHHS SIKOCTI B aCMEKTaX, TAKUX SIK (QYHKI[IOHAIBHICTB,
e(eKTHBHICTh, HATIHHICTG 1 T. 1.,

— ISO/IEC 25010: Systems and software engineering — Systems and software Quality Requirements and
Evaluation (SQuaRE) — System and software quality models: Ileii cranmapt € oHosieHor Bepciero ISO/IEC
9126 Ta Hazjae OiBII CydacHy MOJIEIb SIKOCTI IPOTPaMHOTO 3a0€3eUeHHs, BKJIIOYAI041 acleKTH, Taki sSIK CyMic-
HICTh Ta Oe3MeKa;

— IEEE Std 730: Software Quality Assurance Processes: CtannapT BU3Haua€ MpouecH 3a0e3rneueHHs KO-
CTi MporpamMHOTO 3a0e3MedeHHs i MOKe BKIIIOYATH CTPATETil TeCTyBaHH, TakKi K IOHIT-TeCTYBaHHS.

— IEEE Std 829: IEEE Standard for Software Test Documentation: Ile#i cranmapT Bu3Ha4Yae BUMOTH 0
JIOKYMEHTAIlil TeCTyBaHHS, II0 MOXe OyTH BUKOPHUCTAHO JUIS OLIHKH SIKOCTI TECTYyBaHHS, BKIIOYAIOYH IOHIT-
TECTyBaHHS;

— ISO/IEC 33001: Process Assessment — Concepts and Vocabulary: Ctangapt Hajgae KOHIEMINT Ta Tep-
MiHH, MTOB'SI3aHi 3 OIL[IHKOIO MPOIECIB PO3POOKH MPOrpaMHOTo 3a0e3MeUYeHHs, SIKi BKIIOYal0Th y ce0e TeCTyBaHHS
Ta METOJH OI[IHKH SIKOCTI;

— ISO/IEC 29119: Software and systems engineering — Software testing: Lle na6ip crangapris, sKuil Bu-
3Ha4Ya€ BUMOTH JI0 TIPOIIECIB Ta yNPABIIiHHI TECTYBAaHHIM IIPOTPaAMHOTO 3a0e3MMeYeHHS.

B 3aranpHOMY CrieKTpi HaBeJCHI BHIEC CTAaHAAPTH BU3HAYAIOTH (DYHIAMEHTAIbHI IPUHIIUITA OLIHKH SKOCTI
Ta HAJIAIOTh PaMKH JUUIsI BIPOBAHKCHHS METOMIB OLIHKU. [HTErpaisi iMx METOAIB OLIHKU y Pi3Hi CTaHAAPTH J0-
3BOJISIE OLJIBII TOBHO 1 CHCTEMHO OL[IHIOBATH SIKICTh IIPOrpaMHOTO 3a0e3IeYeHHs Ha BCIX eTarax Horo )HUTTEBOTO
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ukiy. KomOiHOBaHa MOzEb 103BOJISIE BpaXyBaTH cleln(iKy KOKHOTO KOHKPETHOTO IPOEKTY LUITXOM ajarl-
Tauii Bar KO>KHOI METPUKHU B 3QJISKHOCTI BiJ HOro morped Ta XapakTepHCTHK. MaTeMaTHYHO 1€ BUPAKAETHCS
yepe3 MOKIIMBICT 3MiHM Bar JJIsI KOKHOT METPUKH y (opMyIti oriHKH. Bigmosiguo [12] xoxHa MeTpHKa SIKOCTI
BKa3ye Ha MEBHUI acIeKT IMPOrpaMHOTO MPOAYKTY, LIO JOIIOMAarae BUSIBUTH HENOJNIKU Ta mpodimemu. Marema-
TUYHO IIe BUPAXKAETHCA Yepe3 aHaji3 MOKAa3HUKIB METPHUK Ta iX MOPIBHSHHS 3 NMPUHHATHUMH CTaHAapTaMu abo
MOPIrOBUMH 3HAYCHHSIMH.

2. [locTaHOBKA 3aBJaHHS. 3aBIaHHS IOJIATAE B PO3POOI KOMOIHOBAHOI CHCTEMHOI MOJIENi OLIHKA SKOCTI
MPOTPaMHOTO TPOIYKTY, sika 0a3yeTbcsi Ha iHTerpauii pisHMX Mopenell sikocti, Takux sk CMMI, IEEE 730,
Agile Testing Quadrants, Six Sigma, TQM, SPICE ta TOGAF, 3 MeTor0 3a0e31eUeHHs] KOMIUIEKCHOTO Ta TMOB-
HOTO OIIHIOBaHHS SIKOCTI MPOXYKTy. MoJenb nependadae BUKOPUCTAHHS PSIY METPHUK, TaKHX, K 4acTOTa BHU-
HUKHEHHS MMOMMWJIOK, 4Yac BIATYKY, BUKOPHUCTAaHHs IaM'siTi, NPOITyCKHA 3AaTHICTh, 3pyYHICTh BUKOPUCTAHHS Ta
Oesreka, SIKi OI[IHIOIOTHCS Ha PI3HUX eTamax po3poOKH Ta eKCILTyaTallil MporpaMHOro MpoayKTy. Y3arajibHeHa
iZies IOCTaHOBKY JaHOTO 3aBJaHHA rependadae CTBOPEHHS MOJIE, sika Oy/ie BpaXxoByBaTH 0COOIMBOCTI KOXKHOT
3 BUKOPUCTAHUX MOJEJICH Ta METPHUK, 3a0e3Meuyoun 00'€eKTHBHE OLIHIOBAHHS SKOCTI MIPOTPaMHOTO TPOIYKTY 3
ypaxyBaHHSIM BAMOT KOPHCTyBada Ta BiIIOBIIHOCTI CTaHIapTaM SKOCTi. Buire 3a3HadeHa mocTaHOBKA 3aBIaHHS
BH3HAYae 1moTpedy B po3poOii KOMOIHOBaHOI CHCTEMHOI MOJENi OIIHKH SKOCTI MPOTPAMHOTO MPOAYKTY, SKa
0a3yeThcs Ha iHTETpamii pisHOMaHITHAX MOJIENIEH Ta METPHK SIKOCTI 3 pI3HUX HAyKOBUX 00JacTeil.

@®opmyBaHs BUPILICHHS AaHOTO 3aBJaHHA € JOCHTH BaXKJIMBUM 3 PSAAY HAYKOBUX Ta MPAKTUYHUX HMPUYNH,
a came:

— MynbTUAMCIMIUTIHAPDHUIN MIAXiA: y3arajbHeHa NoTpeda B y3arajbHEHI MiAX0Ay, KUl Oyae 6azyeTbes
Ha IHTerpauii pi3HUX MOJIeJNieil Ta METPHK, BPaXOBY€E PI3HOMAHITHICTh ACTEKTIB SKOCTI MPOrPaMHOTO MPOIYKTY,
TaKuX K (YHKIIOHAIBHICTD, TPOAYKTHBHICT, 3py4YHICTh BUKOPHCTaHH: Ta Oe3neka. Lle 103BoJsie po3risaaTu
SKICTh 3 PI3HUX TOUOK 30py Ta 3a0e3reuye OiIbLI MOBHE OLIHIOBAHHS;

— BuxopucraHHs nepeoBUX NMpakTUK: [HTerpanis Takux Bizomux mozeneit sk CMMI, Six Sigma, TQM
ta TOGAF 103BOJII€ BUKOPUCTOBYBATH NEPEAOBI METOANKH Ta MPAKTHKH YIIPABIIHHS SKICTIO T PO3POOKH ITpO-
rpaMHOTO 3a0e3nedyeHHs. Ha mpatutii 1ie 3a0e3medye BUCOKUI PiBEHb SKOCTI B pO3poO01Ii MPOTpaMHUX MPOAYKTIiB
Ta IX BIAMOBIITHOCTI YUCIICHUX CTaHIAPTIB SIKOCTI;

— KommekcHnit miaxia 10 BUMIpIOBaHHS SKOCTI: MOTpeda B3aCTOCYBaHHI METPHUK, TAaKUX, IK 9aCTOTa BU-
HUKHEHHS IOMHJIOK, Yac BiATYKY, BUKOPHCTAHHS ITaM'ATi, TPOITYCKHA 3/1aTHICTH TOIIO, BPAXOBYIOTh Pi3HI acTek-
TH SIKOCTI, TaKi K HaIIHHICTh, IPOIYKTHBHICTh Ta €(PEKTHBHICTH BUKOPHCTAHHS PECYPCIB;

— BianoBigHICTh HAYKOBUM cTaHAapTaMm: Po3poOka KoMOiHOBaHOT CHCTEMHOT MOJIENi IPYHTY€EThCS Ha Ha-
YKOBHUX JIOCIHI/PKEHHSX Ta TEOPIsSX Yy rajy3i yIpaBiiHHS SKICTIO Ta iHQOPMALIITHUX TEXHOJIOTIH, 1o 3a0e3neuye
BIIMIOBIZIHICTF BUMOT'aM HaYKOBOI 00JIACTI Ta MiIBHUIIYE JOBIPY J0 Pe3ybTaTiB OI[IHIOBAHHS.

OOrpyHTYBaHHS JAOIILHOCTI pO3POOJICHHS KOMOIHOBaHOT MOIEII 3BOAMTRLCS JI0 1i IepeBar, a came:

— Kommnekcuuit miaxin no sikocti: [loeaHaHHs pi3HUX METOJMK Ta CTaHAAPTIB JO3BOJISE OXOIMHUTH Pi3Hi
ACIIEKTH SIKOCTI IPOrPaMHOr0 HPOJYKTY, BKIIIOYAIOYH MPOLECH PO3POOKH, TECTyBaHHS, YNPABIiHHS SKICTIO Ta
apXITeKTYpHI BUMOTH;

— BukopucTaHHs HalKpamuX MPaKTHK: BKIFOUEHHS TaKWX IMHPOKO BH3HAHWUX METOIWK, ssk CMMI, Six
Sigma, Agile Testing Quadrants Tomo, 103BOJIsIE BAKOPHCTOBYBATH HAMKpAIIi MPAKTHKH BiIMOBITHO A0 KOHKpE-
THHX NOTPE0 Ta XapaKTEePUCTHUK ITPOEKTY;

— T'HyukicTh Ta aJanTHBHICTH: MOJENs MOXKE aJanTyBaTHCS 10 PI3HUX THITIB MPOEKTIB Ta CIIEIU(ITHUX
NnoTped KOMaH 1 po3poOHKKIB. Baru KOXKHOTO 3 METO/IMK MOXKYTh 3MIHIOBATHCS B 3aJI)KHOCTI BiJl KOHTEKCTY;

— Tocriitne momimenus: Bukopucranus meroauk Total Quality Management (TQM), Six Sigma Tta
SPICE 103BoJIsI€ MOCTIHHO BIOCKOHAIIOBATH MIPOLIECH PO3POOKH Ta YIPABIiHHS SKICTIO, IO CIPHSE MiIBUILEH-
HIO SIKOCTI IIPOIPaMHOr0 MPOAYKTY;

— OO0'eKTUBHICTD OIIHKY: BXiIIOUeHHS pi3HNX METPUK Ta CTaHAAPTIB AO3BOJISIE 3a0e3MednTH OUIhIT 00'e€K-
THUBHY OILIHKY SIKOCTi MPOTPaMHOT0 MPOAYKTY Ta IPOIECiB HOro po3poOKH.

Otxe IoCTaHOBKA 3aBJaHHS BH3HAYa€ 1MOTPeOY, 1110JJ0 CTBOPEHHS! BUCOKOE()EKTHBHOI Ta HAYKOBO OOrpyH-
TOBAHOI MOJIEJ OIIHKM SIKOCTI NPOTPaMHOTO MPOIYKTY, sIka BPaXOBYE Pi3HOMaHITHICTH BUMOT Ta CTaHJIapTiB
SIKOCTI.

3. Po3podka meroxy. B mexax po3poOku komOiHamiitHOT Mojeni Oyna 3ajisHa KOMOIHAIis HACTYITHUX
mozeneii: CMMI (Capability Maturity Model Integration), IEEE 730 (Software Quality Assurance Processes),
Agile Testing Quadrants, Agile Testing Quadrants, Six Sigma, TQM (Total Quality Management), SPICE
(Software Process Improvement and Capability Determination) ta TOGAF (The Open Group Architecture
Framework).

B 3ampononoBaHiii KOMOiHOBaHiil Mozemi epeadayaeThCs 3aCTOCYBAaHHS HACTYITHUX METPHK:

— YacroTa BuHukHeHHS nmoMuiok (Error Rate): I{to MeTpuKy MO)kHa 3aCTOCYBaTH Ha OyAb-IKOMY eTari
PO3pOOKH Ta BUKOPUCTAHHS POTPAMHOTO HPOJYKTY, ajle OCOOJIMBO BaXIIUBO BUMIPATH ii MMiJ] yac TECTYBaHHS Ta
EKCILTyaTallil JUisl BUSBJICHHSI HEIOMIKIB Ta BIOCKOHAIEHHS SKOCTi [5];
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— Yac Biaryky (Response Time): L{to MeTpuky Mo>kHa BUMIpSTH Ha €Tarax TECTyBaHHs Ta BUKOPUCTAaHHS
JUTS OLIIHKK MPOJYKTHBHOCTI Ta MIBUAKO/IIT MPOTPaMHOro IpoaykKty [7];

— Bukopucranns nam'sti (Memory Usage): BumiproBaHHs BAKOPHCTAHHS ITaM'sTi 3a3BHYai IPOBOIUTHCS
i 9ac TeCTyBaHHSA Ta BHKOPUCTAHHS IPOTPAMHOTO NMPOAYKTY A BU3HAUCHHS €(EKTHBHOCTI BUKOPHUCTAHHS
pecypcis [4];

— IIpomyckna 3patHicTs (Throughput): Lis MeTpuka 3a3BH4aii OLIHIOETHCA IIiJ Yac TECTYBaHHS IPOTPaM-
HOTO TIPOAYKTY JUIS BU3HAYCHHS HOTO MPOTYyKTHBHOCTI Ta MIBUAKOIII i1 HaBaHTaxeHHsM [9];

— 3pyunicts Bukopuctanus (Usability): OmiHka 3py4HOCTI BUKOPHUCTaHHS 3a3BHYail MPOBOJNUTHCS HA €Ta-
i U3aiiHy Ta TecTyBaHHs JUIs 3a0e3MedYeHHs 3pyYHOro Ta IHTYITHMBHO 3p03yMiJIoro iHTepdeiicy KopuctyBada
[10];

— besnexka (Security): Ouinka 6e3nekn Moxe OyTH Ba)XKJIMBOIO Ha Oy/b-sIKOMY eTarli po3poOKH, ajie 0co0-
JIMBO Ha eTanax aHallizy BUMOT, PO3POOKH Ta TECTYBAHHS JUIS 3a0€3MEeUeHHs 3aXKCTy BiJl 3JIOBMUCHHX aTakK Ta
BpaznuBocreit [13].

[IpencraBuMo MOBHY KOMOIHOBaHY MOJIENb OIMIHKH SIKOCTI IPOTPAMHOTO TIPOAYKTY 3 BUKOPHUCTAHHSIM BKa-
3aHUX METOJMK Ta CTaHAAapTiB. IS Kpamoro po3yMiHHS MPEICTaBUMO MOAENb y BUTIIALI MOIYIIIB JUI KOKHOTO
eTary po3poOKH Ta eKCIUTyaTallil MporpaMHOTro MPOIYKTY:

¢ Eranu po3pobku:

» BuMoru Ta apxitekrypa:

= CMMI: BukopucranHs nporteciB 3a0e3nedeHHs skocTi (QA) s BU3HAYCHHS BUMOT Ta apXiTEKTYpH.

* TOGAF: BukopucTtanHs apXiTeKTypHOTO MiX01y I po3poOku apxitektypu I13.

» IlpoekryBaHHs Ta po3poOKa:

» Six Sigma: BuxkopucraHas MeToiB /ist MiHiMi3anii 7e)eKTiB Ta BAOCKOHAJIEHHS MPOLIECiB PO3POOKH.

» SPICE: BuxopucraHHs npoleciB 3a0e3neueHHs sIKocTi aist po3pooku I13.

— TecrtyBanns Ta QA:

= Agile Testing Quadrants: Bukopucrannsi pi3HHX BHAIB TECTYBaHHS JJsl 3a0€3MeUeHHs] BUCOKOI SIKOCTI
I13.

= [EEE 730: BusHaueHHs nporieciB TecTyBaHHs Ta QA.

% Ertanu excruryaranii:

» BupoBapkeHHS Ta MiATPUMKA!

* TQM: BnpoBamkeHHS CTpaTerid ympaBiiHHS SKICTIO JUIS HiATPUMKH Ta IOJIMIIEHHS MPOTPaMHOTO
NPOJYKTY TIiJI Yac eKCITyaTalii.

= SPICE: BukopucraHHs METO/IB OLIIHKH SIKOCTI I/l 4ac eKCIUTyaTallii JUls NOCTIHHOTO MOMIMIIEHHS POo-
IPaMHOTO MPOAYKTY.

o [luxiu oriHrOBaHHA sKOCTI [13:

» Ilig yac po3poOKu:

» Bukopucrauus Agile Testing Quadrants st TeCTYBaHHS Ha KOXHOMY €TaIli po3po0KH.

= [IpoBeneHHs ayauTiB 3 BuUKopuctaHHIM CMMI 11 BU3HAUCHHS PiBHS 3piJIOCTI MPOLECIB.

» Ilix yac excrutyartart:

» Buxopuctanas TQM U1 TOCTIHHOTO BIOCKOHAJICHHS IIPOTPaMHOTO MPOAYKTY i 9ac HOTo eKCILTya-
Taii.

* BnpoBapKeHHS MOHITOPHHTY Ta aHANI3y JaHHWX 3 BUKOPUCTAHHAM Six Sigma /I BUSBICHHS Ta BUIIpa-
BJICHHS TIPOOIIEM.

MaTeMaTHYHO 3aCTOCYBaHHS BKa3aHHUX METPHUK B KOMOIHOBaHIA MOJeii MOXe OyTH OOTpyHTOBaHE uepes
TXHIO CIIPOMOXHICTh 3a0€3Me4YNUTH 00'€KTHBHICTh, KOMILJIEKCHICTh OLIIHKH, BpaxyBaHHs crieliM(iku MPOEKTy Ta
BUSIBJICHHSI HEJIOJIKIB Ta MpoOJIeM IPOrpaMHOro NpoayKTy. MaremMaaTHYHO IiIXO/H JI0 OLIIHKU SKOCTI HaBJIEHO
B (dopmymax (1- 11.):

MCMMI
Qovmi = Zj:1 (WCMMIJ- *Qcumm | ), @
ne: Qcywi — e ominka sikocti [1C 3a monmemro CMMI; Wy , —Bara migkpurepito | aas mogeni CMMI;

Q _— ominka miakpurepito j it momeni CMMI; M — migkpurepii mojgeni CMMI.
CMMI | pHTEP CMMI pUTEDP

M IEEE730
Qieee7s0 = Z =1 (WIEEE730 . % Qigee7o, ), )

ne: Qeee7so— Ue ouinka sikocti I1C 3a crangaprom ouinku sikocti IEEE730; Wigeg730, — Bara MiAKpUTE-
pito j s Mozeni 3a craHgaptom orwinku sikocti IEEE730; Q,EEE730j — OLiHKA IIKPHUTEPi0 | st Mozeri 3a

crangaproM ouinku sikocti IEEE730; M \ggp759 — minkpurepii Mozeni 3a crangapToM oninku sikocti IEEE730.
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M AgileTesting ( )
QAgiIeTesting = Zj:l WAgiIeTes’[ingj ><QAgiIeTes’[ingj ) (3)

ne: Q AgileTesting — L€ omuinka sikocti I1C 3a Agile Testing Quadrants; W agileTesting; — Bara MAKPUTEPIIO | LIS
Mmogeni 3rigao 3 Agile Testing Quadrants; Q AgileTesting, — OLIIHKA MiAKPUTEPit0 | Ais MoJeni omiHKH sikocTi [1C

srigno 3 Agile Testing Quadrants; M pgieresting — MiAKpuTEpii Moaeni srinno 3 Agile Testing Quadrants.
MSixSigma
QSixSigma = Zj:l (Wsixsigmenj X QSixSigmaj )a (4)
ne: Qsiysigma— e ouinka sxocti I1C 3a meTononoriero Six Sigma; Wsixsigma, — Bara miAKpUTEpiio  j mis

mozedi ominku sikocti I1C 3riguo 3 3acagamu Six Sigma; QSixsigmaj — OILliHKA MIAKPUTEPII0 | UL MOJET OLIHKH

socti I1C srinno 3 metoponorieto Six Sigma; M giysigma — HiAKpuTEpii Moaemni 3rixno 3 Six Sigma.
M1om
Qrom = Zj:l (WTQMj XQTQM]- )’ 5)
ne: Qrom— ue ouinka sxocti [1C 3a Total Quality Management; Wrqm, — Bara MiAKPUTEPIIO | U1 MOJEII

ominku stkocti T1IC 3rigno 3 3acamamu Total Quality Management; QTQMJ_ — OIHKA MIAKPUTEPIIO | Ui MOJeIi
ominku sixocti IIC srimmo 3 Total Quality Management; MTQM— migkputepii Mmomeni 3rigHo 3 Total Quality
Management.

Qeice =ZMSPICE (WSPICEj *Qepice, ), (6)

=1
ne: Qgpice — ne ominka skocti TIC 3rigno 3acan SPICE (Software Process Improvement and Capability
Determination); WSP,CEJ_ — Bara miakpurtepito | ais mojeni ouinku sikocti [IC 3rigHo 3 3acamamu SPICE;

QSNCEJ_ — OIliHKA MigKpuTepito | it Moxeni ominku AxocTi I1C srigno 3 SPICE; Mgp g — minkpuTepii Mmozemi

srigHo 3 SPICE.
M
Qrocar = z j:TOGAF (WTOGAFJ- X QTOGAFJ- ) (7)

1
ne: Qrogar — e ouinka skocti I1C 3rigHo 3acan TOGAF (The Open Group Architecture Framework);

WroGaF, — Bara nigkpurepito j muist moneni oninku sikocti [1C 3rigno 3 3acagamu TOGAF; QTOGA,:J_ — OLHKa

ninkpurepito  j s mozeni ouinku skocti [IC 3rimHo 3 TOGAF; Mqggar — Hizkpurepii Moneni 3rigHo 3

TOGAF.
3aranpHa OLIHKA SIKOCTI pO3pobieHoT KoMOiHOBaHOI Mozeli omiHKH AKOocTi [IC Oyne cymMoro OIiHOK KOX-
HO1 MOJIelTi, TOMHOYKEHOT Ha 11 Bary Ta po3paxoByBaTUMETHCS 3TiIHO (8):

Q =Weym % Qovmi + Wigee730 X Qieee73o + WagileTesting X QagiteTesting T Wsixsigma * Qsixsigma ®)

+Wrom X Qrom +Wspice % Qspice + Wrocar X Qrocar ’
KombinoBana ominka sxocti EQ,,,si PO3paxoByeTbcs MIIIXOM BPaxyBaHHS OIIHKH €(EKCTUBHOCTI Ta
BILUIUBY JUIS KOJKHOTO eTary po3poOku ta BukopuctanHs [1C y BianosigHocri 110 (9):
EQuomsi = We X Ej +w; x 1y, ©))
ne: EQ,,,si— 1le KOMOiHOBaHA OIiHKA AKOCTI i3 BpaXyBaHHAM OLIHKM €(eKCTMBHOCTI Ta BIUIUBY JUIS KO-

KHOTO eTarry po3poOku Ta Bukopuctanasa [1C; W, Ta W; — Baru e(eKTHBHOCTI Ta BIUIMBY BiJIOBiTHO, SKi BH-
3HAYAIOTHCS EKCIEPTHO a00 HA OCHOBI aHANI3y JaHUX SKi HAIXOMATH i3 CIEIiabHUX MMPOTPAMHHX 3aCTOCYHKIB
i3 ouinroBanHs sikocTi [1C.; Mggap — minkpurepii moneni 3rigao 3 TOGAF.

B manomy pasi 1o crienianbHUX MPOTPaMHUX 3aCTOCYHKIB 13 oriHroBaHHA sikocTi [1C BigHOCHMO:!

— Project Management Software (PM): TIporpamu uist yrpasiiiHHS TIPpOeKTaMu, Taki sik Microsoft Project,
Jira, Asana, Trello Tommo, MOXXyTh 30MpaTH JaHi MPO BUKOHAHHS 3aBIaHb Ta KajdeHAapHui rpadik. 1i maxi mo-
XKYTh OyTH BUKOPHCTaHI [ aHATI3y BIUIMBY Pi3HUX METOIWK Ha MPOAYKTHBHICTH Ta PE3yIbTaTUBHICTH MPOEK-
A

— Software Testing Tools: IncTpyMeHTH U1 TECTYBaHHS MPOrpaMHOro 3abe3neyeHHs, Taki sk Selenium,
JUnit, TestRail Tomio, 3a3Buuaii HagalOTh AeTaIbHI JaHi PO PE3yJIbTATH TECTYBaHHs, BKIOUAIOUN KIJTbKICTh Ta
tun nedekris. Lli 1aHi MOXyTh OyTH BUKOpPHCTaHI JUIS OLIHKU BIUIMBY METOJIMK TECTYBAaHHS HA SIKICTh MPOAYK-

Ty,
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— Version Control Systems (VCS): Cuctemu KOHTpoOITO Bepciid, Taki sik Git, SVN, Mercurial Tormo, 36e-
piratoth icTopito 3MiH koay. Lli 1aHi MOXXYTh OyTH BHKOPHUCTaHI /I aHali3y e()eKTUBHOCTI pO3pOOKH Ta BHSIB-
JICHHS 3B'A3Ky MK BUKOPHUCTAHHSAM PI3HUX METOIHK Ta SKICTIO KOZY;

— Quality Management Software (QMS): Tlporpamu s ympaBiiHHsA sikicTio, Taki sk Qualityze,
MasterControl, Sparta Systems TOI0, MOXXyTh HaJaBaTH iHCTPYMEHTH U 300py Ta aHANi3y AAaHUX IPO SKICTH
Ta BIPOBAKEHHS PI3HUX METOIMK Ta CTAHAAPTIB YIIPABIiHHSA SKICTIO;

— Business Intelligence Tools (Bl): Iucrpymentn 6i3Hec-anamituku, Taki sk Tableau, Power BI, Google
Data Studio Tommo, MoXyTh OyTH BUKOPUCTaHI IJIs aHAJI3Y NAaHUX 3 PI3HUX JPKEpesl Ta CTBOPEHHS 3BiTiB Ta Bi3y-
aizalii pe3yJbTaTiB aHaizy.

Jlnst BpaxyBaHHS iHTErpauii 3 NpouecoM po3poOKH, Bidyanizallii pe3ynbTariB Ta CTpaTerii yrpasiIiHHs AKi-
CTIO Y Hamliii KOMOiHOBaHIi Mo/ieli OLIHKN €()eKTUBHOCTI Ta BIUIMBY BUKOPHCTaHHS MOJIEJIel SKOCT1 3acToCye-
MO HACTYIHI HiJIX0[IH:

1. Monudikyemo Hamry KoMOiHOBaHY OIliHKY EQ JIOJIAF0YN 9JICH, 10 BimoOpakae HasBHiCTH API

KoMO.i.

sSIKa 3aCTOCOBYBAaTHMETHCS [l aBTOMATH30BaHOT OLIHKH SIKOCTI Ha pi3HuX etamax po3pobku I1C (10):

1 N
EQKOMG.i. = ﬁ Zizl(wadanmosahtix Mi )X pj x APII ’ (10)

ne: APIl; — mapamerp, sikuii BizoOpaxae HasBHICTE API s inTerpanii mogeni sxocti API; i 3 mpouecom

po3pobku; M; — ouiHka SKOCTI, OTPHMaHa 3a JOMOMOIO0 MOZEN i ; Pj— piBEHb 3aCTOCOBHOCTI MOJEII IO IPO-

eKTY |5 Wopummosani — @AAITOBAHI Barn KOxHOT Mojeni (Mofeni, siki OyJin BKIIOYEHI B KOMOIHOBaHY MO/IEINB),

AKi MOXXYTb 3MIHIOBAaTHCS B 3aJIGXHOCTI BiJl KOHTEKCTY IPOeKTy; N — KUIBKICTh IIPOEKTIB.

BiamnoBinHo B Mexax iHTerpaiiii 3 mporecom po3podku Gpopymyna (10) 1o3Bosnsie ypaxyBaTu THYUKICTS, pi-
3HOMAaHITHICTh METOJIIB OI[IHKH Ta 3aCTOCOBHICTH JO Pi3HHX HPOCKTIB y KOMOIHOBaHIM MOJEINi OWIHKHA SKOCTI
HPOrPaMHOTO MPOIYKTY.

2. Momudikyemo Hamry KoMOiHOBaHy omiHKy EQ

om6i. TOMAI0OUN TapaMeTp, SIKUH BifoOpaskae piBeHb Bi-

3yasizailii pe3yJabTaTiB OMiHKU AKOCTI Ayt Mozeni (10):

1 N
EQK(méi. :Wzi:l(waéanmosanix Ivli)>< pj ><-I—Bis.ij ’ (ll)

Je: TBB_ij — mapamerp, KA BimoOpakae piBeHb Bi3yallizallii pe3yibTaTiB OI[IHKH SKOCTI U MOJEIT.
3. Bxirouemo B xomOiHOBaHy ouiHky EQ,,.s:; BpaxyBaHHS 3aCTOCYBaHHS CTpaTerii yNpaBliHHA SKICTIO

Ha OCHOBI 3acaJl BKIIOUEHHS Koe(illieHTy cTpaTerii yrmpaBiiHHS SIKICTO (TCmp-ij ) ISl IPOCKTY Ta KoedilieHTa

Bi3yaumizamii pe3yabTaTiB (Bi3) /Ui i-1 METPUKH Ha MPOEKTI MOXYTh OyTH chOopMOBaHi 3 ypaxyBaHHAM PIi3HUX
(axropis (12):
1 N
EQKo,wﬁ.i. :Wzizl(wa()anmosanix Ivli ><Qij )X pj x APII XTBis.ij ><TCmp.iJ- ' (12)
ne: TCmp.ij — KoedilieHT cTpaTeril ynpaBiHHS SKICTIO.

KoedimieHT crpaterii ynpaBiiiHHS sSKICTIO MOke OyTH chopMOBaHHUII Ha OCHOBI OCOOJIMBOCTEH Ta BUMOT
KOHKpeTHOTo mpoekTy [11]. Hampukma, SIKIO IPOEKT BUMArae BEIHKOI yBar JI0 SIKOCTI Ta HEIePepBHOTO MO-
HITOpHUHTY, Koe(dilieHT Moxe OyTu BuiuM. Lle Moxke OyTH YMCIIOBE 3HAUEHHs, L0 BiOOpaKae piBEHb BaXKIIU-
BOCTI YIPABIIHHS SKICTIO [T MPOeKTy. 3rimHo [14] mpu omiHkyM pU3HKiB KOedilmieHT Bidyami3allii pe3ynsTatis
JUISl KOHKPETHOI METPUKHU MOXe OyTH chopMOBaHMI HA OCHOBI OIIHKK PHU3HKIB. 3rigHo [4,6] sKII0 1eBHA MeT-
pHKa Biirpae KpUTHYHY POJIb Y TIPOEKTI Ta Ma€ BEJIMKHUH BIUIMB Ha HOTO ycHilHICTh, KoedilieHT Bizyarizamii
Moxke OyTH BuIMM. 3rigHo [11] 3amydeHHs eKcrepTiB y rany3i KepyBaHHs SKIiCTIO Ta Bidyanmizallii pe3yJbTaTiB
MOXe€ JIONIOMOITH c(hopMyBaTH ajieKkBaTHI KoedilieHTH. EkcriepTr MOXyTb BpaxoBYBaTH Pi3Hi acleKTH MPOEKTY
Ta METPHK SKOCTi JJIsi BH3HAYCHHS ONTUMAlbHHUX 3HA4YCHb IUX KoedimieHTiB. OTxe, KOeQillieHT crparerii
YIPAaBIHHS SKICTIO Ta Koe(illieHT Bizyanizawii pe3ynbTarTiB GOpMYIOThCS Ha OCHOBI aHaNI3y i3 3aCTOCYBaHHSIM
METPHK SIKOCTi. 3aCTOCYBaHHS BKa3aHMX METPHK SIKOCTI B KOMOiIHOBaHIA Mojeli Moxe OyTH oOrpyHTOBaHE Ma-
TEMaTUYHO 3 TOYKH 30PY JOCATHEHHS O0'€KTHBHOI Ta KOMIUIEKCHOI OI[IHKM SKOCTI MPOTPAMHOTO MPOIYKTY.
KombinyBaHHS Pi3HHX METPUK SKOCTI J03BOJISE 3a0€3MeUnTH 00'€KTUBHICTH OIIHKH, OCKUIBKHA KOXKHA METpHKa
BUMIPIOE KOHKPETHHUH aCMEKT SKOCTi. MaTeMaTHuHO 11e BUPAXKAETHCS Yepe3 PO3pPaxyHOK CepeIHbOro 3HAUCHHS
a00 BaroBaHOro CEpPeHbOTO 3HAUYEHHS METPHK JJIsi OTPUMAaHHs 3arajbHOrO MOKa3HHKA SKOCTI. BUKOpHUCTaHHS
PI3HUX METPHK JIO03BOJISE OLIHHUTH SKICTh NMPOrPaMHOTo MPOJYKTY 3 Pi3HHX TOYOK 30Dy, 110 3a0e3nedyye KoM-
TUIEKCHICTH OI[IHKU. MaTeMaTHUYHO [Ie BUPAXKAETHCS Yepe3 BKIIOUCHHS PI3HUX METPUK y GopMyITy Uit KOMOiHO-
BaHOI OIIIHKH SKOCTi. 3araiom, mojaioHa KoMOiHOBaHA MOJIENb JTOTIOMAarae 3a0e3MeYnTH BHCOKY SIKICTh Hporpa-
MHOTO MPOJYKTY, ONTHMI3yBaTH MPOLIECH PO3POOKH Ta YNpaBIiHHS SKICTIO, @ TAKOXX 3a0€3MeYNTH BiIIOBIAHICTD
CTaH/IapTaM Ta BUMOTaM KJII€HTIB.
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BucHoBkH

1. KoxHa MozieNb SIKOCTi Ma€ CBOI YHIKaIbHI 0COOIMBOCTI, SIKi MOKYTh OYTH KOPHCHIMH Ha Pi3HUX eTarax
PO3pOOKH Ta BUKOPHCTaHHS IIPOTPAaMHIX CHCTEM. BiamoBinHo BHOIp MOMENi SKOCTI IIOBUHEH 3aJIeKaTH BiJl KOH-
KPETHHX MOTPeO Ta XapaKTePUCTHK MPOEKTY. [HTerpamis Moaeneil SKoCTi 3 mporecaMu po3poOKH MOKE JIOTIO-
MoOrTH 320e3MednTH OUThI e()eKTUBHY Ta SAKICHY pO3pOOKy mporpaMHOro 3abe3redeHHs. X04 JOCHTIIHKEHHS B
o0acTi 3aCTOCYBaHHS MOJEINeH STKOCTI B po3poOIli Ta BUKOPUCTAHHI IPOTPaMHUX CHCTEM BiIOYBAETHCS MOCTIMH-
HO, 1 6arato npo0JeM BXXe MalOTh BUPIIIEHHS, IIPOTE TAKOX ICHYIOTH Ti, SIKI 3aJIMIIAI0THCS BIAKPUTUMH.

2. MareMaTH4YHO 3aCTOCYBaHHS METPHK SKOCTI B KOMOIHOBaHii MoJieNli MOKe OyTH OOTpyHTOBaHE 4yepes
TXHIO CIIPOMOXHICTH 3a0€3Me4YNTH 00'€KTUBHICTh, KOMILJIEKCHICTh OLIHKH, BpaXxyBaHHs CIEUU(IKU MPOEKTY Ta
BUSIBJICHHS HEIOJIIKIB Ta IPOOJIEeM IPOrPaMHOTO TIPOAYKTY.

3. 3ampornoHoBaHa KOMOIHOBaHa MO/JIEIb JO3BOJISIE BUKOPHCTOBYBATH HAaMKpalli MPAaKTHKH Ta METOIUKH 3
KOKHOT 3 BKa3zaHMX oOJyacteil ais 3abe3nedeHHs] BUCOKOI SIKOCTI MPOTPAaMHOTO MPOAYKTY Ha KOXKHOMY eTari
HOTr0 JKUTTEBOTO LIUKITY.
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