O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0821U102667
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 26-11-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JKesaro OusiekcaHpp OJsieKCaHIPOBUY

2. Zhevaho Oleksandr O.

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi cHIeniaIbHOCTI: 122

Ha3zBa HayKoBoi creniaJbHOCTI: KommiotepHi HayKu

T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axHcTy: 19-11-2021

CneniaibHICTB 32 OCBITOXO: [HXXEHEDis IPOrPaMHOro 3a6e3MeyeHHs

Micue po60oTH 34,00yBayYa: YkpaiHChKUii Jep>KaBHUIl yHIBEPCUTET HAYKH | TEXHOJIOTA

Kop 3a €IPIIOY: 44165850

Micue3HaxoO KeHHS: sy JlazapsHa, 2, M. JIHinpo, [IHinposckkuii p-H., [IHinponeTposcbka 061, 49010,

Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi Cleliaai3oBaHOi BY€HOI pagu). 1d 08.820.009
IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKMIL ePKABHUII YHIBEPCUTET HAyKH | TEXHOJIOT

Kopg 3a €IPIIOY: 44165850

Micue3Haxoa>KeHHSI: By JlasapsHa, 2, M. JIHinpo, [HiNpoBchkuil p-H., JIHinponeTpoBcbka 0671, 49010,
Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMEeHYBaHHSI OPHUAHUYHOI OCOOH: [IHINPOBCHKMII HALIOHAILHMUIA YHIBEPCUTET 3ai3HUYHOTO

TPaHCIIOPTY iMeHi akazeMika B. JlazapsHa
Kopg 3a €IPIIOY: 01116130

Micue3Haxoa>KeHHSI: By JlasapsHa, 6y, 2, M. [Hinpo, JIHinpoBcbkuii p-H., JlHinponeTpoBcbka 0671., 49010,
Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemaTHYHHUX PyOpPHK: 50.41.25, 50.05

Tema gucepranii:
1. MopesoBaHHS i aHasIi3 IPOLIECiB PO3POOKM Ta HAJIarOJpKEHHS KOMITIOTEPHUX ITpOrpam

2. Modeling and analysis of the process of developing and debugging computer programs

Pedepar:

1. InceprauiiiHa po60Ta NpUCBSIYEHA JOCTIIKEHHIO i BUPIlIEHHIO aKTyaJIbHOI HAyKOBO-TIPAKTUYHOI 3a/1a4i aHai3y
IIpOLIeCiB pO3POOKY Ta HaJIaroJpKeHHsI KOMITIOTEPHUX ITPOrpaMm, IJ1sl MiBUILIeHHS SIKOCTi HaBYaHHS CTYIEHTIiB
IIpOrpamMyBaHHIO. Y NepUIOMY PO31ijli BUKOHAHO OIJISiZ, TA aHaJsli3 HasIBHUX MiXOMiB 4O OTpUMaHHS iHpopMallii
OO MPOLECIB PO3POOKY Ta HAJIATOIPKEHHS TPOTPAMHOT0 3a0€3Me4YeHHs. Y IPyroMy po3fiji 3a JOIOMOTO0
iHCTPYMEHTIB KOHCTPYKTUBHO-TIPOAYKLiIHOrO MOZEI0BAHHS (POPMAsi30BAaHO NPOLECH PO3POOKHU Ta
HaJIaroJ)KeHHs IPOrpamMHoOro 3abesnedyeHHs. Ha OCHOBi KOHCTPYKTMBHUX MOZEJIEN CTBOPEHO JOTIOBHEHHS 10
cepeposuila po3po6ku Visual Studio s peasnizalii MOXKIMBOCTI Bif,CJIiIKOBYBaHHSI POOOTY KOXKHOTO CTYJIEHTA SIK
Ha 1a60PaTOPHUX 3aHATTSIX, TAK i Mifl Yac caMOCTiHOI po60TH, B SIKOMY BCi Zii 10 po3po61ii Ta HalaroKEHHIO

dikcyOThCS B XXypHasax nogiit. Bukopucrano metonu Process Mining niis aHasizy i nobymosu mozeseit mpoueciB



PO3POOKM Ta HAJIATOIKEHHS TPorpam. Y TpeTbOMY pO37iJli IpUBeIeHi pe3yIbTaTi €KCIIEPUMEHTATbHUX
nmocinxkeHs. [lepeBipeHo Ta MiATBEPIKEHO MOXJINBICTb 3aCTOCYBAaHHS CPOPMOBAHNX KOHCTPYKTHBHO-
IPOAYKUiMHUX Mofiesiell Ta po3po6JIeHUX Ha iX OCHOBI iHCTPyMEHTaIbHUX 3aCO0iB 117151 BiICTEXXEHHS [IPOLIECiB
PO3pOOKU Ta HaJIarOJKEHHS IPOrPaMHOro 3a6e3ne4eHHs. BUKOHAHO eKCIIEepUMEHT Y BUIJISIAL oiMIiany 3
HaJIaroJpKeHHs, MiJl yac sIKOro 3a JOIIOMOrOI0 PO3p00JI€HMX IHCTPYMEHTIB BifiICTeXyBanucs Ta pikcyBanucs aii
YYaCHUKIB B cepeioBUlli pO3pOOKU. Y 4EeTBEPTOMY PO3/iJli IPOAEMOHCTPOBAHO iIHCTPYMEHTHU [1JI1 aBBTOMATUYHOT'O
MOHITOPUHTY Ta Bidyasisaljii mpoleciB po3po0KH Ta HaJaroJpKEHHs IPOrpaMHOro 3abe3neyeHHs. HaykoBa HOBU3HA
OTPUMAaHUX PE3YJIbTATIB IIOJISITa€ B TOMY 110 B pOOOTI BIleplie: - BUKOHaHO (popmartizaliiio mporeciB po3pooKku Ta
HaJIarOJPKEHHS IIPOrPaMHOTO 3a6e3MeyeHHs 3ac0baMy KOHCTPYKTUBHO-TIPOAYKLIHOTO MOJIe/II0BaHHS, 1110 Ha
BiIMiHY BiJl iCHYIOUUX [I03BOJISIE€ PO3IVISIATH Lii [IPOLLECHU SK IIOCIiLOBHICTh €JIEMEHTAPHUX Lill 32 NPOLYKLIMHUMU
npasusiaMy, ¢popmasidysatu npouecy (pOpMyBaHHS XKypHaJIiB MOl Ta BidyasisyBaTy Lii npouecu; - po3pobeHi
MoJieJli IpoLeciB po3po6Ky Ta HaJIAropKEeHHs [Iporpam 3acobamu Process Mining, 1m0 Ha BigMiHy Bif icHy0unx
IAI0Th MOKJIMBICTh aBTOMATU3yBaTH aHaJIi3 IIUX IPOLIECiB; - po3po0JieHi iIHCTPyMEeHTH J1s1 300pY AaHUX W00 ik
Iporpamicra y rnpoueci po3po6ky Ta HajaroJyKeHHs IPOrpaMHOro 3abe3leyeHHs 3 cepeloBuIa po3pobku Visual
Studio. lnucepTalisi € 4aCTMHOIO HAyKOBO-IOCIiIHOI po60TH «KOHCTPYKTUBHO-TIPOAYKLiMHE MOJIE€/IIOBAHHS B
33/1ayax po3poOKY ITporpamMHoro 3adesneueHHs» (2021 p. N2 nepxpeectpauii 0121U109167), sxa BUKOHaHa Ha
kadenpi «KoMIr'roTepHux iHQOpMaLifHUX TEXHOJIOTiN» [JHINPOBCHKOr0 HalliOHAJIbHOTO YHIBEPCUTETY 3aJ1i3HUYHOTO

TPaHCIIOPTY iMeHi akazeMika B. JlazapsHa.

2. The dissertation is devoted to research and solving the urgent scientific and practical task of analyzing the
processes of developing and debugging computer programs, in order to improve the quality of students'
programming education. The first chapter reviews and analyzes existing approaches to obtaining information
about software development and debugging processes. development environment. The second chapter formalizes
the processes of software development and debugging by using constructive-synthesizing modeling tools. Based
on constructive models, extension to the Visual Studio development environment were created to implement the
ability to track each student's work both in labs and during independent work, where all development and
debugging activities are recorded in event logs. Process Mining methods are used to analyze and build process
models for software development and debugging. The third chapter presents the results of experimental research.
The possibility of using the generated structural models and the tools developed on their basis for tracking the
software development and customization processes is tested and confirmed. An experiment in the form of a
debugging olympiad was conducted in which participants' actions in the development environment were tracked
and recorded using the developed tools. The fourth chapter demonstrates tools for automatic monitoring and
visualization of software writing and debugging processes. The scientific novelty of the results is that for the first
time in the work: - formalization of software development and debugging processes by means of constructive-
synthesizing modeling, which, unlike the existing ones, allows to consider these processes as a sequence of
elementary actions according to production rules, to formalize the processes of event logs formation and visualize
these processes; - developed models of processes of development and debugging of programs by means of
Process Mining that unlike existing give the chance to automate the analysis of these processes; - developed tools
for collecting data on the actions of the programmer in the process of developing and debugging software from
the Visual Studio development environment. The dissertation is part of the research work «Modeling in software
development tasks» (2021 year, registration number 0121U109167), which performed at the «Department of
Computer Information Technologies», Dnipro National University of Railway Transport named after Academician
V. Lazaryan.
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