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1. Inceprauiiina po60Ta IpUCBIYeHa JOCiIKEHHIO i BUPIlIEHHIO aKTyaJIbHOI HAyKOBO-TIPaKTUYHOI 33/1a4i aHali3y
IIPOLIECIB PO3POOKY Ta HAJIATOJPKEHHSI KOMITIOTEPHUX ITPOrpaMm, IJ1s1 MiBULIEHHS SIKOCTi HaBYaHHSI CTYIEHTIB
[IPOrpaMyBaHHIO. Y MepUIOMY PO37ijli BUKOHAHO OTJISLZ, Ta aHAJi3 HAsIBHUX MMiAX04iB L0 OTpUMaHHs iHdopMarii
IIOZI0 IIPOLIECiB PO3POOKY Ta HaJArOJ)KEHHs IIPOrPaMHOT0 3a6e3eyeHHs. Y IpyromMy po3sziji 3a JOIIOMOT0I0
iHCTPYMEHTIB KOHCTPYKTUBHO-TIPOAYKLITHOTO MOJie/Il0BaHHs (OpPMasi3oBaHO NPOLECU PO3POOKU Ta

HaJaro K€HHA IIpOrpaMHOTO 3abe3rneyeHHsd. Ha ocHOBI KOHCTPYKTUBHUX MO,ILGJ'ICI;'I CTBOPE€HO OOIIOBHEHHS O



cepenoBuiia po3pobku Visual Studio i peasnizarii MOKIMBOCTI BifiCITiIKOBYBaHHS POGOTH KOXKHOTO CTY[IEHTa IK
Ha J1abOpaTOPHUX 3aHSTTSIX, TaK i MMiJ yac caMOCTiHOI poOOTH, B IKOMY BCi A1ii 10 PO3po6Li Ta HAJIaroA>KEHHIO
(diKkCyOTbCS B XXypHasax nogiil. Bukopucrano metonu Process Mining niiis aHasizy i noobyosu Mogesei poleciB
PO3POOKU Ta HaJIarOJ>KEHHs IPOrpam. Y TpeTbOMY PO3LiJi IPUBEIEHI pe3yJIbTaTH €KCIIEPUMEHTAJIBHAX
nocJligkeHsb. [lepeBipeHo Ta NigTBEPAXKEHO MOKIIMBICTb 3aCTOCYBAHHS C(DOPMOBAHUX KOHCTPYKTUBHO-
IIPOAYKLUIMHUX Mofesiell Ta po3po0JIeHUX Ha iX OCHOBI iHCTPYMEHTaIbHUX 3aCO0iB 11715 BiICTEXXEHHS IIPOLIeCiB
PO3POOKU Ta HaJaro/I>KEHHs! IPOrPaMHOro 3abe3nedeHHs. BUKOHAHO eKCIIepUMEHT Y BUIJISIA] oiMIiany 3
HaJIarOPKEHHS, Iif] 4ac SIKOTo 3a JOIIOMOIOI0 PO3PO0JIEHMX IHCTPYMEHTIB BiICTEXXyBanuCs Ta PikCyBanncs mii
YYaCHUKIB B cepeioBULli pO3pOOKU. Y 4eTBEPTOMY PO3iJli IPOAEMOHCTPOBAHO iIHCTPYMEHTH [1JIs1 aBBTOMAaTUYHOT'O
MOHITOPUHTY Ta Bidyasisaljii mpoleciB po3po0Ky Ta HaJaroJpyKeHHs IPOrpaMHOro 3abe3neyeHHs. HaykoBa HOBU3HA
OTPUMAaHUX PE3YJIbTATIB II0JIIrae B TOMY 110 B pOOOTI BIleplie: - BUKOHAHO (popMalizallilo MPOLECiB pO3POOKH Ta
HaJIarOJpKEHHS IIPOrPaMHOTO 3a6e3MeyeHHs 3ac0b6aMy KOHCTPYKTUBHO-TIPOAYKLIHOTO MOJI€/II0BaHHS, 110 Ha
BiIMiHY BiJl iCHYIOUHUX JT03BOJISI€ PO3IJISIIATH Lii [IPOLIECHU SIK IOCIIiAOBHICTh €JIEMEHTAPHUX Jill 32 NPONYKLIMHUMU
npasuaMy, ¢popmasidysatu nmpouecy (GopMyBaHHS KypHaliB MIOJIil Ta BidyasisyBaTy Lii npouecy; - po3pobeHi
MoJieJli IpoLeciB po3po6Ky Ta HaJIAropKEeHHsI ITporpam 3acobamu Process Mining, 110 Ha BigMiHy Bif icHyounx
IAI0Th MOKJIMBICTh aBTOMATU3yBaTH aHaJI3 X IPOLIECiB; - po3pobJieHi iIHCTpyMeHTH 1J1s1 300pY AaHUX W00 Hif
Iporpamicra y rnpoueci po3po6ky Ta HajaroJyKeHHs [IPOrpaMHOro 3abe3leyeHHs 3 cepeioBuina po3pooku Visual
Studio. IucepTalisi € 4aCTMHOIO HAyKOBO-TOCIiIHOI po60TH «KOHCTPYKTUBHO-TIPOAYKLiMHE MOJIE€JIIOBAHHS B
3a7a4ax po3poOKU MTPOrpaMHoOro 3abesnedeHHs» (2021 p. N¢ nepxpeectpauii 0121U109167), sika BUKOHaHa Ha
kadenpi «KoMrroTepHux iHQOpMaLifHUX TEXHOJIOTiH» [JHINPOBCHKOr0 HalliOHAJIbHOTO YHIBEPCUTETY 3aJli3HUYHOTO

TPaHCIIOPTY iMeHi akageMika 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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