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Niaummnii xeTtekyucu: PU3nKa-MaTeMaTuKAa WINMAEPUHUH T0KTOpPY, KP
YU AHBIH KOppecnioHAeHT-MY46cY, npodeccop Ilankos [1aBen CepreeBnu

710400 — «IIporpaMMabIK HHKEHEPHUS» aTUCTUTH 00I0HYA (PrI0cOPUA TOKTOPY
(PhD) okymMymITyyJyK JapaskacblH U3AEHHUIT AJ1Yy YUYH KA3bLITaH
«CTyneHTTeparH 63 aJIAbIHYA OMJIMM AJYyYCYH OHYKTYPYY Y4YH ATAHbIH
NMPOrpaMM/IBIK KA0AYYHY HIITEN YbITYYHYH YCYJIYTY» aTTyy AMCCEPTANMUSIIBbIK
U3HJIA00CYHYH

ABCTPAKTbBI

TyilyHayy ce3mep: o3 ajiaplHUYa OWIMM ajyy, ©3YH-63y JKOHIre Calyy,
[{uMMepMaHIbIH UKW, YCYIAYK, MPOTPaMMIBIK WHXEHEpUS, TalanTapibl
WHXCHEPUSIIOO, TaJIalTapAblH TPACCUPOBKAJIAHBIIIBI, «CYPOTTOO — Kaiipa Kypyy»
TanuIbIpMachl, ©3yH-63Y 0aaJOOHYH TAaKThITbl, OKYYy aHAJIUTUKACHI, BEO-TYTyM.

N3mi1160HYH 00bEKTHCH: KOTOPKY OKYY JKaiJa CTyAEHTTEPAHWH 63 aJIbIHYa
OUIIMM alyy IPOLIECCH JKaHa aHbl KOJII00UY CaHapUITHK OUIMM Oepyy ueipecy.

N3unneenyH mnpeaMeTH: CTYACHTTEPAUH 63 alJblHYa OWINM allyyCyH
OHYKTYPYYre OarpITTajraH aTablH TPOrpaMMBIK KaOAyyHY HINTEN YbITYYHYH
YCYIIIYTY «CYPOTTOO — Kaiipa Kypyy» TanuiblpMaiapblHbIH MUCAJIBIHAA.

M3uiageenyH Makcarbl: 63 aliJlblHYa OWIMM allyyHYH M€IaroruKajbIK-
WHXXCHEPAUK MOJECINHE HETU3ACITCH, CTYACHTTEPAUH ©3YH-03Y JKOHIe caiyy
KOHIOMYH OHYKTYPYYYY arailblH TPOrpamMMIBIK >Ka0AyyHY HINTEN YbITYyHYH
YCYJIIYTYH TY3YY KaHa aHbIH HATHIIDKATYYITYTYH 9KCIIEPUMEHT apKbuTyy 0aaoo.

N3uageenyH  bIKMajdapbl:  Tajgjo0, O KaINbLIOO, MOIENIA06  JKaHa
dbopmanmamteipyy; Tanantapasl uHxeHepusuioo (ISO/IEC/IEEE 29148, ISO/IEC
25010); nponeccrepau monenaee (BPMN, UML); nporpaMMbIK 101000p00 KaHa
TECTUPJIOO; TIEAArOTUKAIIBIK  OKCIIEPUMEHT, MaajbIMaTTapAbl  CTaTHCTHKAJIBIK
UIITETYY.

AJIBIHTaH HATBIKAJIAP KaHA AJAPAbIH KaHbLIBITbL. O3 ajljblHUYa OUIUM
ajyy NpoueccuHUH [[uMMepMaHIbIH ©3YH-03Y JKOHI© Callyy LMUKIMHE HErHu3JIeJINreH
MEIarOTUKAJIBIK-UHKEHEPIUK MOJIENIA TY3YJIYI, aHbIH KOHIENTYaJIAbIK, TPOLECCTHK,
MaTEMaTHUKAJIBIK JKaHa OHTOJIOTHUSIJIBIK JCHIIIJAEPAECTH dbopmanayy
crenuPUKAIUACHT  WINTEMI  YbIKTBL. ©O3yH-03y JKOHre calyy [HUKJIWHUH
dazamapelHIarkl  IMEJAarordkKanblK  MakcaTTapAbl  HpOrpaMMJIBIK  TallarTapra,
MPOrpaMMJIBIK ~ MOAYJAApra aHa OJIMeHYYYY KOpPCOTKYUTepre  bIpaarTyy
OalIaHBIIITHIPTaH QJITHl ATANTYy YCYAAYK KaHa TajlalTapiblH TPAacCUPOBKAJIAHYY



MaTpUIACHl UILITENUI YbIKThl. TEKCTTUK CYPOTTOMOHYH camlaTblH aHbIH HETU3WHJIE
Kaiipa TY3YJITeH YuiMesiep apKbpuTyy 0aaioo KaHa KaTaHbIH KEJHUI YbITYy OyJIarsiH
— CYPOTTOMOHY TY3YY IIPOILIECCHH K€ CYPOTTY Kaiipa Kypyy IPOLIECCUH — aHBIKTOO
aJTOPUTMJIEPH, OIIOHJION 3Jie OOJKOJIJTOOHYH KaHa ©3YH-03y 0aalloOHYH TaKThITbIH
MYHO3/1004y KOPCOTKYUTOP CYHYIITaNAbl. MIITenun yblkkaH yCYIyKTyH HETU3UH]IC
Django REST Framework, React >xana PostgreSQL TexHOJOTUsIapblH KOJIJJOHTOH
«J-TAIMASH» nporpamMmibik  xabmyycy Ty3yiaay. CuUCTEMaHBIH  HETU3TU
(GYHKITMOHANIBIK CIICHAPUAJIEPH KaHA KOJJOHYYUYJIApAbIH YKYKTAphIH TEKIIEPYY
MEXaHU3MIEPH TECTUPIOOCYHOH OTKOPYIIAY.

Kongonyy deiipecy 3sKaHa MPAKTHKAJBIK MAaHUCU. YCYIAyK HETU3
KOXnopno e3 annpiH4a OWIMM allyyHY KOJIJOOYY MPOTPAMM/IBIK >KaOmyyrap/isl
nonooopnoono, an sMu «J-TAIMASH» TyTymMy HHXXEHEPAMK TUCHUIUIMHAIApa
CTYAEHTTEPIMH ©3 AJIJIBIHYA UIIWH YIOIITYPYyYyAa KOJIJAOHYIYIIY MYMKYH. YCYIIYKTY
UML xana ER-mmarpammanapipl, 3JIEKTp CXEMaJapblH aHAa ajIrOpUTMAECPIU
CYPOTTO® KaHa Kaipa Kypyy TalllblpMaiapblHa KOJJIOHYY MYMKYHUYJIYTY KapaJar.

M3un1e6HYH  KBIMBIHTBIKTAPBIH  anpo0anMsAaIo0 KaHAa  KYPry3yy.
JK.banacarein areiaaarsl KYVYHyH Kommbrorepauk TexHOJOTHsUIAp KaHa jKacaiama
WHTEJUIEKT MHCTUTYTYHYH Oa3zachiaaa (2025-2026-%K.) UILKE alllbIpbUIraH.

A3BIPKBI M3WII06JI0PAYH KbIMBIHTBIKTAPBI. JK. bamacareiH arbiHAarsl
KYVYuyn XKOXnon xkulinHkM KecunTuk OwimnMm OepyyHyH "[Iporpammabik
UHXXeHepusa" mporpamMMachiHbiH (0a3zanbik goktopanTypa (PhD)/mpodunu Goronua)
KBIUBIHAAPBIHIA, AJ1 apajiblk WIMMHUM TpakTUKalblK KoHepeHUMsuiapja KaHa
cemuHapiapaa yryirat (2024-2025-xx).

JucceprauusaHbIH KbIABIHTBIKTAPbIH dacblIMasIapaa
YarbUIBIPBLIBIIBI. Byll HIITHUH HETU3TH TEOPUSIIBIK JKaHa MTPAKTHKAJIBIK K000JI0pY
CKOIIYC xana PUHL] cucteManapblHbIH WJIMMHAN KypHAJIIAPbIHAA )KapbIsIaHTraH 3
WJIMMHAN MakKajlaJlapa 4arbUlIbIPhUITaH.

JuccepranisiibiH CTPYKTYpAachl KaHa KeJaeMy. /uccepranus U3MII00HYH
WIMMHAA HETU3UH KaMThITaH KHUPHUII CO3[eH, TOpT OeJIYMIeH jKaHa aJlaplblH
ThITHAKTApbIHAH,  JKaJlbl  KOPYTYHAyAaH,  aJaOusATTapAblH  TU3MECHHEH,
TUpKeMenepeH Typar. XKanmnsl kesemy — 123 Oapak.



Bassmena Dub3art Kanoo10ToBHA

HayuHblil pyKOBOAUTEIb: JOKTOP (PU3MKO-MATEMATHYECKUX HAYK, YJICH-
KoppecnonaeHT HanmonaabHoi akagemun Hayk Keiproizckoi Pecny0inku,
npogeccop Iankos I1aen CepreeBuu.

ABCTPAKT

AUCCEPTALMOHHOIO MCCJIEA0BAHUS HA COMCKAHUE YYeHOH CTeleHU JAOKTOpa
¢puinocopun (PhD) no nanpasiaenunro 710400 — «IIporpaMmmHasi HHKEeHePHUsD» HA
Temy «MeTonoJi0rus pa3padoTku cneunPpuuecKoro NMporpaMMHOro odecnevyeHus
IJIS1 PA3BUTHUSI CAMOOOYYEHUS CTYIEHTOB.

KiroueBble cioBa: camocTosiTeabHOE OOy4eHHE, CaMOpPETyISLus, LUK
[TummepmaHa, IporpaMMHasi HHKEHEPUs], HHKEHEpUsl TpeOOBaHUMN, TPACCUPYEMOCTh
TpeOOBaHM, 3aaHHE «ONMHCAHME — BOCIPOMU3BEICHHE», TOYHOCTb CAMOOLICHKH,
ydyeOHas aHaJIMTUKA, BEO-CUCTEMA.

OO0beKT HMCCIe0BAHUA: NTPOLIECC CAMOCTOSTENBHOTO O0yYEHHUsI CTYJIEHTOB B
BbICILIEM Y4eOHOM 3aBEJICHMU U MOAJEpKUBarolas ero uugposas oOpa3oBaTesibHas
cpena.

IIpenmer wmccenoBaHUsi:  METONOJIOTUS  pa3pabdOTKU  CHELMAIBHOTO
IPOrPaMMHOIO OOECIEeUEHHs, HANpPaBICHHOIO Ha pPa3BUTHE CAMOCTOATEIBHOIO
00y4eHMsI CTyACHTOB, Ha IPUMEPE 3aJaHUI «ONMCAHUE — BOCIPOU3BEICHUEN.

Ienp ucciaenoBanusi: pazpaboTarb METOLOJOTHIO CO3JaHMS CHELMAIBHOTO
OpOrpaMMHOr0  00ecleyeHuss Ha OCHOBE I€IarOrMKO-MH)XEHEPHOW  MOJENH
CaMOCTOSITENIbHOTO 00yUYEHUSs!, HAIIPABJIEHHOTO Ha Pa3BUTHE CIIOCOOHOCTHU CTYACHTOB
K CAMOPETYJIALNH, U OLIEHUTH €€ 3(PPEKTUBHOCTH 3KCIIEPUMEHTAIbHBIM ITyTEM.

MeToabl  HCCIeNOBAHUSI: aHAIM3, O0000IIEHHE, MOACIUPOBAHUE U
dbopmanuzanms; wHXeHepuss TpeboBanmii Ha ocHoBe ctaHmapToB ISO/IEC/IEEE
29148 u ISO/IEC 25010; monenupoBaHue mporeccoB ¢ ucnoib3oBanueM BPMN u
UML; npoekTupoBaHME UM  TECTUPOBAHME  MPOrPAaMMHOIO  OOECIeueHHs;
MeAaroTHYeCcKuil  AKCIIEPUMEHT, aHKETUPOBAHHWE, WHTEPBBIO W CTAaTUCTHYCCKAs
00paboTKa JaHHBIX.

IMosyyeHHble pe3yabTaThl U Hay4YHasi HOBU3HA. Pa3paboraHa memaroruko-
WHXEHEPHAsi MOJIeIb TIpoliecca CaMOCTOSTENBLHOIO 00yUeHMs, OCHOBaHHAs! Ha LIUKJIE
camoperyisiiuu [lummepmana, u chopmupoBaHa ee popManbHas crienupuKaius Ha
YEThIPEX  YPOBHSIX:  KOHLENTYyaJlbHOM, IPOLECCHOM, MaTE€MaTUYECKOM U
OHTOJIOTMYECKOM.  Pa3paboTaHpl  IIECTHATANHAs  METOAOJIOTHS W MaTpulia
TPacCUPYEMOCTH  TpeOOBaHMM, OOeCleYnBaIOlMe IMOCIEI0BATENbHYIO  CBS3b



MEeJaroTHYecKuX Ieied Kakmod (asbl IMHUKIa CaMOPETYISIHA C TPOrPaMMHBIMU
TpeOOBaHMSIMU, MOAYISIMH H  HU3MEPSIEMBIMH  TOKa3aTrelsMu. [IpenmoskeHs
aIrOpUTMBbI  OICGHKM  Ka4ecTBA  TEKCTOBOTO  OIKUCAHUS IO  pe3yJibTaram
BOCTIPOM3BEJCHUS YEPTEXKEH U OmNpenesieHHs] MCTOYHUKA OIMMOKM — Ha JTame
COCTaBJICHHUS OMHCAHUS WIM €ro rpaduyeckoro BOCHPOM3BEACHHS. Takxke
MPEJIOKEHBI TMOKA3aTeNM JJIsl OLIEHKHM TOYHOCTH MPOTHO3UPOBAHUSA U CAMOOIICHKH.
Ha ocHoBe pa3zpaboraHHOM MeTomojioruu co3gaHa BeO-cuctema «J-TAIMASH» c
ucnons3zoBanreM Django REST Framework, React u PostgreSQL. IIposeneno
TECTUPOBAHUE OCHOBHBIX (DYHKITMOHAIBHBIX CIICHAPHUEB CHCTEMBI M MEXaHHU3MOB
MIPOBEPKH IPaB JOCTYIA MOJIb30BaTENEH.

ObsacT, NpUMeHEHHsI W TNPAKTHYeCKasi 3HAYUMOCThL. PaszpaboraHHas
METOMIOJIOTHSI MOXET MCIIOJIb30BaTbCsl IMPU  IMPOCKTUPOBAHUU  CHEIHUAIBHOTO
MpPOrPpaMMHOr0 00eCTeYeHUsT [JIsl TOAJCPKKH CaMOCTOATEIIBHOTO OOy4YeHHUsl B
BBICIIUX Yy4eOHBIX 3aBefcHUsX. BeO-cucrema «J-TAIMASH» npenHazHadeHa st
OpraHU3aIlid CaMOCTOSTEIHPHOM paOOThl CTYJEHTOB 110 MHKEHEPHBIM JUCITUTIIIMHAM.
PaccmarpuBaeTcst BO3MOXKHOCTh MPUMEHEHUS METOIOJIOTUH K 3a/IaHUSIM HA ONTMCAHUE
u BocnpousBeaeHne UML- n ER-auarpamm, 3JIeKTpUYECKUX CXEM U aJITOPUTMOB.

Anpobauus ucciaegosanus. Mccinenosanue npoBoamiiocs B 2025-2026 rogax
Ha Oaze MHCTUTyTa KOMIBIOTEPHBIX TEXHOJOTUA M HCKYCCTBEHHOTO WHTEJIEKTa
Kpiprei3ckoro HaluoHalibHOTO yHUBepcuteta wuMeHu JKycyma banacareina.
OCHOBHBIE MOJOKEHUS UCCIEI0OBaHUS 00CyX1amuch Ha 3acenannusax PhD-niporpammel
«IIporpammHuas UHKEHEPU», MEKTyHApPOIHBIX Hay4YHO-TIPAKTHYECKUX
KoH(pepeHIusaX u cemuHapax (2024-2025r1r).

Hy6ankanunm mno Teme auccepranuu. OCHOBHBIE TEOPETUYECKUE U
MPAKTUYECKUE TIOJIOKEHUSI HCCIIEIOBAaHUA OTPAXKEHbI B TPEX HAYYHBIX CTaThsX,
OIMyOJTMKOBAaHHBIX B ’KypHaJaX, MHIEKCUPYEMbIX B 0a3e nanubix Scopus u PUHII,.

Crpykrypa m o0bem auccepramum. Jluccepranus COCTOUT U3 BBEICHHS,
YEThIpEX TJIaB C BBIBOJIAMH IO KaXJOW TIyaBe, OOIIEro 3akIOYeHHs W CITHCKa
UCIIOIB30BaHHOW JuTeparypbl. OOmuiA o00beM auccepTanuu  cocrabiseT 123
CTpaHMUII.
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ABSTRACT

of the dissertation submitted for the degree of Doctor of Philosophy (PhD) in
specialty 710400 — Software Engineering, entitled “Methodology for Developing
Special-Purpose Software to Foster Students’ Self-Directed Learning.”

Keywords: self-directed learning, self-regulation, Zimmerman’s cycle,
software engineering, requirements engineering, requirements traceability, describe-
and-redraw task, self-assessment accuracy, learning analytics, web-based system.

Object of the research: the process of students’ self-directed learning in
higher education and the digital learning environment that supports it.

Subject of the research: a methodology for developing special-purpose
software aimed at fostering students’ self-directed learning, using describe-and-
redraw tasks as an example.

Aim of the research: to develop a methodology for creating special-purpose
software based on a pedagogical-engineering model of self-directed learning and
designed to foster students’ self-regulation, and to evaluate its effectiveness
experimentally.

Research methods: analysis, synthesis, modelling and formalisation;
requirements engineering based on ISO/IEC/IEEE 29148 and ISO/IEC 25010;
process modelling using BPMN and UML; software design and testing; pedagogical
experimentation, questionnaires, interviews and statistical data analysis.

Results and scientific novelty. A pedagogical-engineering model of self-
directed learning based on Zimmerman’s self-regulation cycle was developed and
formally specified at four levels: conceptual, process, mathematical and ontological.
A six-stage methodological framework and a requirements traceability matrix were
developed to establish systematic links between the pedagogical objectives of each
phase of the self-regulation cycle, software requirements, software modules and
measurable indicators. Algorithms were proposed for assessing the quality of textual
descriptions based on the drawings reproduced from them and for identifying the



source of errors, distinguishing between the description-generation stage and the
drawing-reproduction stage. Indicators for assessing prediction accuracy and self-
assessment accuracy were also proposed. Based on the methodology, the “«J-
TAIMASH»” web-based system was developed using Django REST Framework,
React and PostgreSQL. The system’s principal functional scenarios and user access-
control mechanisms were tested.

Field of application and practical significance. The proposed methodology
can be used to design special-purpose software supporting self-directed learning in
higher education. The “«J-TAIMASH»” web-based system is intended to support
students’ independent work in engineering disciplines. The potential application of
the methodology to tasks involving the description and reconstruction of UML and
ER diagrams, electrical circuits and algorithms is considered.

Research dissemination and appraisal. The research was conducted in 2025—
2026 at the Institute of Computer Technologies and Artificial Intelligence of Jusup
Balasagyn Kyrgyz National University. The main research propositions were
discussed at meetings of the Software Engineering PhD programme, international
scientific and practical conferences, and seminars.

Publications on the Dissertation Topic. The main theoretical and practical
findings of the research are presented in three scientific articles published in journals
indexed in the Scopus and Russian Science Citation Index (RSCI) databases.Structure
and length of the dissertation.

The dissertation consists of an introduction, four chapters with conclusions
for each chapter, a general conclusion and a list of references. The dissertation
comprises 123 pages.



