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ABSTRACT

Shapovalov, V. B. Ontological Model of a Virtual SWIECenter.- Qualifying
scientific work on the rights of the manuscript.

Dissertation for the qualification level of PhD candidate in Specialty -122
Computer Science Institute of Telecommunications and Global Information Space
of the National AcademyfoSciences of Ukraine, Kyiv, 2023. This dissertation
research is dedicated to solving the relevant scientific and technical problem of
consolidating educational STEM resources to ensure a transdisciplinary approach.

The object is the process of ontologicaepresentation of STEMriented
content.

The subject - ontological methods of representation of informatienal
educational resources in the STEM format.

The purpose of the dissertation is to implement processes of collecting and
processing informatiomicomputer systems that facilitate studéimgeraction with
STEM content on the basis of ontological modeling. These processes should ensu
the consolidation of information resources and their representation in a
transdisciplinary manner to facilitateteraction between students and teachers in
the educational process.

The first chapter discusses the important role of informatization in the
educational process, particularly in the use of digital laboratories and virtual
educational centers. Thesiables students to participate in various research projects.
It is emphasized that educational programs are rapidly transforming, requiring
constant updating of digital educational content.

It points out the necessity of including cognitive servicesha @éducational
process, which will assist in processing large volumes of information. It is
determined that special attention is paid to the adaptability of learning, which
includes an individual approach to each student. For this, the application ohmoder

approaches capable of cognitive data processing and ensuring transdisciplinarity |
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necessary. The importance of the ontological approach for structuring knowledge
ensuring adaptability, and transdisciplinarity of learning is indicated.

The diversity of virtual laboratories and their advantages are described,
particularly in terms of safety, time and resource efficiency, as well as the
possibilities of remote learning, which potentially could solve the aforementioned
problems. Criteria for their evaluati are determined. An analysis of various
existing ontological systems confirms the need to develop systems that suppor
information processes and manage the educational process through the consolidatis
of information resources. An ontological model ohsolidated interaction with the
STEM environment is defined and justified.

In the second chapter, models for the ontological representation of content ir
education, particularly in the context of STEM disciplines and resource
consolidation, are described.

The focus is on the concept of ontological representation of content in the forma
of consolidated diverse narratives, which facilitate analysis, processing, and use i
educational processes. The worldview is defined as a set of perceptions an
knowledgeabout the world and worlduilding, including the cognitive and creative
capabilities of humans. The importance of structured interpretation of information
obtained from authorized sources for forming a worldview is emphasized.

Ontology in education isansidered as the formalization of descriptions of
knowledge domains using conceptual schemas, which includes a hierarchica
structure of concepts. The importance of ensuring a semantically coherent collectiol
of documents and narratives that facilitate dihganization and implementation of
the educational process and transdisciplinary education for the integrated use
knowledge from different fields to explore the world is determined. Models of
ontological engineering mechanisms for structuring and septag educational
content are presented. Such models include representation of ontology, narratives,

predicate of a certain kind, taxonomy, and their variety, representation in a recursive
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form, definition of models associated with sequences of syndidigite length,
and Bem trees as an effective way of representing educational content.

In the third chapter, the developed architecture of a transdisciplinary platform
for a virtual STEM center with componeaéfined educational services is described.
The description of the architecture included the following tasks:

Describe the model of interaction of the virtual STEM center and the taxonomic
module.

Describe the user model.

Describe the model of system interaction.

Describe the representation of theeraction of software entities.

Develop a diagram of classes and relations of S8 EM center.

Develop the architecture of theSTEM center.

The development of a software system that collects and processes data for tt
purpose ofconsolidating information resources is justified. The development of a
comprehensive software system for the transdisciplinary STEM center is
highlighted. The system includes modules for consolidating ontological knowledge
bases and network resources, trgamethodological developments, and generating
recommendations.

A functionatlcomponent model of the system is presented, including an
information model and components for interaction with other systems and resources
The integration of the software systavith popular content management systems
such as Wordpress, and innovative information systems, is described. A detailet
description of various system services is provided, including services for ensuring
security, stable operation, information modelingntology generation, and
interactive viewing. The use of KIT "Polyhedron" modules for creating and
managing transdisciplinary educational materials and resources is considered. /
detailed description of the system architecture is presented, includinglesesuch
as administrators, authors (teachers), editors, and users, and their interactions with
the system.
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In the fourth and fifth chapters, the results of the development of the ontological
model of the virtual STEM center and its use are highldjhTde creation of a
unified STEM environment for the integration of various educational resources is
considered. Details regarding the functioning of the unified STEM environment are
provided, including the use of electronic manuals, libraries, rep@stovirtual
laboratories, and other resources. The application of the conmpésrated
technological tool "Polyhedron” for structuring and managing educational materials
is described. Information is provided on the use of ontological approaches and tool:
for creating and administering educational programs and resources. The integratio
of the system with existing educational resources, such as school websites an
portals, is considered. Methods for creating and editing educational materials
through an irgrnet platform, including the use of a STEM content template, are
described.

Keywords: computer systems, information technology, transdisciplinarity,
ontological approaches, netweckntric environment, resource integration, Kkit
“polyhedron”, educationaprograms, interoperability virtual laboratories data

exchangeregisters system design
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STEMdzOtc Ols d & O d3d . ) cdC ZOHBER &Y BlIzlsd
odMmdztso dzs 9 Odzdz", f SBERZHBO Odatséts L Ctsdayg f k
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L BH &z CtdyjYkOPOn], s LW LdGmzdtE Yt
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5o jHYAj.dzdg" jtoj ofs o BO (2. 10) L OoaxH(
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o
model::Property model:NodeAlternative model::Criterion
- String name -id: long; - id: long;
- Value value - name: string; - name: string;
- rankValue: Map=string.double= - minValue: double;
+ Property(String name, Value) - maxValue: double:
+ getName(String s):void + NodeAlternative(long, str | - weight: double;
" o g, string, name) - " i
01 +setName(String s)void + getName(String s)void: InterpretationFunc:string;
+ setName(String s).void;
+ Property(String name, Value)
+ getName(String s):void K>
"interface” “interface” 0.* +getName(String s):void
model-Node [terator ArrayAcces 0.1
- id: long; ]7 .
-name: string: § : 0.1 0.1 0.*
- pnods.:Arra}iL_|st<_|nt> ' model::DecisionTask service:: MCDMAIgoritm
- cnods:AmrayList=int= ! <.
- nodelDs Map=string,int=; - setings Map=string,object=
0.* + Node(long id, String name) P use
7 gelame(Sinng s void 1 + DecisionTask() <{ + MCDMAIgoritm(const Decition Task& dt);
: _etpamde( .._;"”g SLV;L' o e + loadFormXML(String xmi):void + setSettinings(Map=string, object= settings):void
. getcnods[,.ﬂrra} L!St<!nt=: o + get Alternative(ind id); + setDesitionTask(const DecisionTask& dt)void;
getCnods()-ArayList<int>; i + gelCreteria();Map=int Criterion= | (| > calculate():Map<id double>
1 _ > =
model::Ontograph H service:: Propertylnterpretator
0.1 grep [ ! perty P service:: AlgoritmMAVT
- - inodelds Map=string,int= ' - setings Setting - - -
i - setings Map=string,object=
use '
+ Ontograph(); i + PropertyInterpretator(Ontograph& ograph . . —
] .
+ loadGraphFromXML(String xml):-void [/use + setgraph(Ontograph& ograph); * AlgoritmMAVT(const Decition Task dt);
+ getMode(int id); + definecreteria(): Map=int creteria= + setSettinings(Map=string object= settings):void | <
’ ’ + setDesitionTask(const DecisionTask& dt).void;
+ calculate():Map=id,double=
use [’
service:: TaxononicAnalyzer ~ createlmodif service:: MCDMWorker
- ArrayList<int> blacknodes; A1 setings Map<string,object> service:: AlgoritmMIP
- ArrayList=int= whitenodes; - params Params; epti . .
- 1ankResult Map=string, Map=int,double=> sefings Map<string.object-
+ TaxononicAnalyzer(Ontograph& ograph); AlgoritmMIP( t Decition Tasks dt)
+ setgraph(Ontograph& ograph); ) - + AlgoritmhIF{const Decition 1as : )
+ setblacknodes(ArrayList<int= bnodes) M I\-1CDM‘_.".f_orker[Eamcc_ontroll_e& BC). . L + setSettinings(Map<string, object= settings):void
: . + setSeftinings(Map-=string, object= setfings) void + setDesitionTask(const DecisionTask& dt)void;
+analyze(String mode="default’) + setDesitionTask( + DecisionTasks dt)void: - s \C Jvoid;
setDesitionTask(const DecisionTas ):void; + calculate():Map<id,double=
= + calculate() Map<id, double=
1
service:: AlgoritmWsM
service:: OntologyAnalyser ke controller:: STEN-wieHTp - setings Map=string,object=
® -/
+ AlgoritmWSM(const Decition Tasks dt);

~—<> - setings Map=string,object=

+ OntologyAnalyser(Ontograph& o Settings
+ init{Map=string, object-params);
+ createDTModel{)DecitionTask;
+ updateCreteria();

+ updateAlternative();

- request: Map=string, object=
- wordpress: wordpress
- PolyhedronAP| service

+ intit().void

+ loadTask():void

+ saveTask()void

+ setCriteria()void
+ saveCriteria()-void

+ setSettinings(Map<string, object= settings):void

+ displayPHPi{string mode):string

+ setDesitionTask({const DecisionTask& dt)void;
+ calculate():Map=id,double=
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STEM - na6bopartopia MAHJ1a6

HaBuyaHHA Yepes3 gocnigXeHHn!

BipTyanbHun STEM-ueHTp Manoi akagemii Hayk YkpaiHu

STEM-nabopatopis MAHJ1a6 — LeHTp peanbHuX i BIpTyaNbHUX HAaBUaNbHUX AOCAIAXKEHD, CNPAMOBaHUIA Ha NIATPUMKY Ta
possutok STEM-ocBiTv B YKpaiHi.

Lo nponoHye STEM-na6opatopia MAHJ1a6? STEM-nabopatopis MAH/1ab nponoHye ANCTaHLIAHY i ouHy daxosy
METOANUHY | TEXHONOTIUHY AONOMOry B OpraHizauii STEM-HaBuaHHs yUHiBCbKOT Mool YkpaiHu.

fAki npegmeTHi obnacti oxonmtoe STEM-na6opartopia MAH/1a6? STEM-nabopatopia MAH/1ab cneuianisyersca Ha
3AIMCHEHHI JOCNIDKEHDb Y Tanysi NPUPOAHMUMX Avucumniin: disuka, ximis, Gionoris, reorpadis, acTpoHomis, ekonoris,
MiHepanoris.
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fonosna - GiHeT HaAXOMKEHHA MAH/1a6 po6otu

Metogukn  KoHtaktu

HaykoBi iHCTpyMeHTH

 dWM2. [ dessdzsc * ydz© ' dzfgls & Hatggiztizls  * dz@ wes O )

[ i bsHdydzO yoOMmlsddzO (tedL dzOyyj dzO© H dzwW
B IssHduydzed iz STEM] | B @ o tsMmoe ' Is' |, ts i) dz
Milse tstej dzdzv dzO o Y O dzf €izts & § ) 3O dhegetc i3 O flztzO 5 W 1B t5
sfe ' Isdz’ &3 Ip Qdzf#3dite'j HARds.0 ©® d&zP dzO0 20 ¥ ts tc B3O
Yyomls d dzd .



HomeHknatypa XiMivHmMX
‘?' pe4oBMH B YKpaiHi

MNpobnemaTtuka XiMiuHOT HOMEHKNATYPU — Lie
AyXKe aKTyaneHe NUTaHHg, Wo noTpebye
cucTemaTusaLil Ta robanbHoro nigxoay.
OcHoBHY npobnemy An8 ykpaTHCLKIX YUeHWX
CTAHOBWUTb Nepexi, BiAl paAsHCbKMX NAXOAIB
A0 HOBOT YKpaTHCbKOT XiMiuHoT
HomeHknaTypu. Okpim Tore, AcuinbHO

MeToANUYHUIM KabiHeT

Lo Take STEM-
npogecia?

STEM-npodecis — Bua TpyAoBOT AisabHoCT
NHOAVHU, AKUIA FPYHTYETBCA HA3 BUKOPUCTaHHI
STEM-nizxoay ik KOMMAEKCY BIAMOBIAHKMX
axosKx KomneTeHwii, HabyTux nig uac
HaBUAIbHOTO MPOLECY 3 BUKOPUCTAHHSIM
KOMIM HKOTEPHO OpPIEHTOBaHWX MeToAiB, 3acobiB
Ta IHCTPYMEHTIB AOCAIXEHHS.
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3d3HA4YATH, LLLO HOMEHKNATYPaE Yy cBiTi AOCUTb
BiApi3HAETBCA.

i d#3. 10cC0d &z0 Y sted® dj IstsH d Y dat

SOl Oms®d Hddy' iCYF HddOd ydes MY &t die
GO jtc' Od' o, Gfked CcoOddi dO MO’ . s
o zOMmdz" d3jIstsHd HBsMdz' HY j dedzeilf * dztsfgls af isdg." o
" steB0 SOOdscl ROLSEg#f ©woB' s dzOo j HJ ¢

AocnigHnubki poboTn

BlOnons

Br3HayeHHA IHTEHCUBHOCTI POTOCUHTESY 3a KIIbKICTIO HaKonMYeHo!
i PEYOBUHM (METOA NTMCTKOBWX MONOBUHOK)

Cyxo

Pestome:;

IHTEHCUBHICT PISHOMAHITHUX NPOLIECIB y POCAMHI pi3Ha B PisHy Nopy A0GM, 3aB4SKM UOMY BOHA MOdXKe
MPUCTOCYBATMCA A0 YMOB iCHYBaHHS. JlochigxeHHs 40BOBMX 3MiH Y POCIMHHOMY OPraHisMi € aKTyansHuM,
OCKINbKW AAE MOXUIMBICTb MPUCTOCYBATK NPOLECH AOTAAAY 38 POCAMHO A0 iT AoBosux notpeb. Tak, 3a
3MIHOK Mack GOTOCUHTESYHOUOT UACTUHW IMCTKOBOT MNACTUHKY BU3HAUaIOTL 36INbILIEHHA B Hill cyxol
PEUOBMHM 33 OAWMHWLIKD Uacy B pisHUMiA uac A06W. MeTa poBoTH: ONaHYBaTW METOAMKY BUSHAUEHHA
{HTEHCMBHOCTI HOTOCHHTE3Y 33 KiNBKICTIO HAKOMWUUEHO! PEUOBWHM, BCTAHOBUTU A0BO0BI 3MiHW iHTEHCHBHOCTI
doTocuHTesy. CknaaHicTs poboTi: cepeaHs. OpieHTOBHWIA uac BMKOHaHHA: 40 T AobM. JoCTynHICTE
BMKCPWCTOBYBaHWX MaTepianis: Ha piBHi Haykosoro obnagHaHHs. PiseHb Besnekm: GesneuHo, ane nia

dl A&

HarnsAoMm KepisHuKa. Pisetb Besneku: GesneuHo, ane nia HarnALOM KepiBHWKa.

BrvsHayeHHA BMICTY BOAM B NMCTKaX PISHUX APYCIB OAHIET POCANHK
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MeToanku

QISVKA

i JocnigxeHHs NPOHWKHOT BAGCTUBOCTI PiAVH

3aeAanHa poboTu:

1. O3HalomuTICA 3 TEOpeTWUHOI YacTuHo poboTu.

2. OTpumaTI rpadiuny 3anexHICTb 06’ eMHOT BUTPaTK BOAM BiJ pisHUL TUCKIB HaZ i nia dinbTpom.
3. OTpumaTu rpadiuHy 3anexHicTs 06'eMHOT BUTPaTH BoAW Big Naowi dinbTpa.

4. OTpUmaTK rpadiuxy 3anexHicTb 06'eMHOT BUTPATK BOAM Bij TOBLUMHK GiNbTPa.

5. Po3paxyBaTH 3HaUeHHA koedilicHTa dinbTpauii.

i OsHaloMneHHA 3 eeMeHTaMK CNeKTPasbHOro aHanisy
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Biktop Lanosanos, BiTaemo sac y STEM-uenTpi.
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