O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMeP: 0523U100042

Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpauii: 16-03-2023

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. MenbHUK AHApPiNt MuKosanioBuy

2. Melnyk Andriy Mykolayovych

KBasigikamis: 05.13.06

InenTudikarop ORCHID ID: He sactocosyerbcs

Bup, pucepranii: nokrop Hayk

IIIudp HayKoBOi creniaIbHOCTI: 01.05.02

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: MaremaTnyHe MOJIEMIOBAHHS T 06YMCIIIOBATIbHI METOM
Tanysp / rajysi 3HaHb: He 3acTOCOByeThCS

OcBiTHBO-HayKOBa IMporpama 3i creniaJbHOCTI: He 3acTocoByeThCH
Jara 3axHcCTy: 14-03-2023

CrneniaJbHICTh 3a OCBITOIO: EKoHOMIYHA KiGepHETHKA

Micue po6oTH 3300yBaya: 3axinHOyKpaiHChKMIl HALLIOHAJIBHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 33680120

Micue3HaxoaKeHHS: ByJ1. JIbBicbKa, 6y, 11, M. TepHOMiNb, T€PHOMIILCLKMIA P-H., TepHOMiNbCchKa 061., 46009,
Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HayKu YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: He 3aCTOCOBYETHCS



I11. BizomMocTi mIpo aucepraiiiro

Iudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CIeliaJi30BaHOi BYE€HOI pazu): [ 58.082.02
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: 3axinHOYKPaiHChKUIA HALIOHAJIBHMIA YHIBEPCUTET

Kopg 3a €IPIIOY: 33680120

Micue3HaxoaKeHHS: ByJ1. JIbBicbKa, 6y, 11, M. TepHOMiNb, T€PHOMINILCHKUIA P-H., TepHOMibChKa 061., 46009,
Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: 3axinHOYKpaiHChKMIl HALIOHAJILHMIA YHIBEPCUTET

Kopg 3a €IPIIOY: 33680120

Micue3HaxoaKeHHS: ByJL JIbBiBCEKA, OyH. 11, M. Tepnomnisne, TepHominbcbkuil p-H., TepHoninbcbka 0671., 46009,
Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpainu

InenTudgikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

V. BimoMocTi npo gucepraniio
MoBga gucepraiiii:
Koau TemaTHyHHUX PyOpHK: 28.17.19, 81.14.10.07

Tema gucepranii:
1. 3HaHHA-0OpieHTOBaHI MPOrpaMHi CUCTEMU [iJI51 iIHTEPBAJIbHOTO aHAJIi3y Ta MOE/IOBAHHS CKIIAIHUX 00’ €KTIB

2. Knowledge-driven software systems for interval analysis and modeling of complex objects

Pedepar:

1. Y puceprauiiiHiii po60Ti po3B’s13aHO aKTya/lbHY HayKOBO-IIPUKJIAIHY IPOOJIEMY 3HMKEHHSI OOUNCIIIOBAJIBHO]
CKJIaIHOCTi CTPYKTYPHOI Ta lapaMeTpUYHOi ifeHTrdikaljii inTepBasbHUX MOZeseN CKIAIHNUX 00 €KTIB 3
OJJHOYaCHUM 3a6€e3Ie4eHHSIM rapaHTOBAHOI TOYHOCTI IUX MOJEJIEN B MeXaX, HEOOXiIHUX JJIs1 pO3B'sI3yBaHHS 337134
IIPUAHATTS pillleHb Ta TOCIIiIPKeHHS BIaCTUBOCTEN [UX 00’eKTiB. 3MifiCHEHO aHali3 METOiB Ta 3aC06iB 1106yIOBU
MoJeJsiell XapaKTepPUCTUK CKIATHUX 00'€KTIB B yMOBaxX HEBM3HAUEHOCTI. [Ipu 1IbOMY, IIPOBENIEHO MOPiBHSIIBHUI
aHaJIi3 HeJOJIiKiB Ta [epeBar METOMIB JE€IYKTUBHOIO Ta iHIYKTUBHOIO MigX0iB. BuiisieHo BUNagKy, B SIKUX, 715

no6yOBY MOJiesiel XapaKTepUCTUK CKIIAAHUX 00'€KTiB, OOIPYHTOBAaHO BUKOPUCTAHHS iHAYKTUBHOTO MiAXOY Ta



METOZAIB aHai3y iHTepBaJIbHUX JaHUX. PO3IJIAHYTO IOCTAaHOBKU 3a7a4 CTPYKTYPHOI Ta IapaMeTPUYHOI
inenTudikanii iHnTepBaIbHUX AUCKPETHUX MOJeJell CKIaHUX 00'€KTIB Y BUIJIALI pPi3HULIEBUX PiBHSHD Ta IIPOBELIEHO
aHaJli3 BiloMMX METO/iB iX po3B’s3aHHs. OGI'PYHTOBAHO 17151 3HWDKEHHST 004K CIIIOBA/IBHOIL CKIIQAHOCTI iX peasisanii
BUKOPUCTAHHS 3HAaHHS-OPi€HTOBAHOTO MiJIX0AY SIK [0 ONUCY MPeAMETHOI 06J1aCTi JOCiIKYBaHOTO 06'€KTa, TaK i 10
06s1acTi N06Y0BU JAHOTO KJIaCy MaTeMAaTUYHUX MOZeJIell. 3alIpOIIOHOBAHO Ta OOIPYHTOBAHO KOHLIETILIII0
inenTudikarii iHTepBaJbHUX IUCKPETHUX MOJIesIel CKIaiHUX 00 EKTIB, sIKa Nepeidavyae MoeqHaHHS METOIiB
aHasli3y iHTepBaJIbHUX JaHUX, 3HAaHHS-OPi€HTOBAHOTO IiXOAY 5K [10 ONKCY NPEeAMETHOI 06J1aCTi JOCITiI)KyBaHOTO
06’eKTa Tak i 06J1aCTi MOOY0BU AAHOTO KJIACy MaTEMAaTUYHUX MOJieJiel] i3 BUKOPUCTAHHSM OHTOJIOT, 0 Y
CYKYIIHOCTi CTBOPHUJIO MOXJIUBICTb PO3POOKU HOBUX, 6i/1bll € PEKTUBHUX 3 06UKCIIIOBAIBHOI TOYKU 30PY METO/IB
CTPYKTYPHOI Ta napaMeTpruyHoi ineHTudikalii iHTepBasbHUX NUCKPETHUX MOZEJEN CKIaJHUX 00 €KTIB.
3anponoHOBaHO Ta OOIPYHTOBAHO HOBUY TiOPUIHNI METOJ, CTPYKTYPHOI Ta MapaMeTPUYHOI ifeHTudikarii
iHTepBaJIbHUX AUCKPETHUX MOJIeJIeN CKJIAIHUX OO €KTIB, SIKMI HA BiIMiHY BiJl iCHyIOUMX I'DYHTY€ETbCS Ha IIO€JHAH]
METOJiB iHTepBaJIbHOTO aHaJli3y, OBEJiHKOBUX Moesiel 6I)KOIMHOI KOJIOHIH Ta 3HaHHS-OPi€HTOBAHOI'O MiAX0LY
710 OTKCY MIPEIMETHOI 06J1aCTi 06'€KTIB HA OCHOBI OHTOJIOTI], [0 y CYKYITHOCTi 3a6€31€4Y1I0 3HMKEHHS

064K CIIOBAIBHOI CKIIATHOCTI CTPYKTYPHOI ineHTudikauii. IIpyu po3po61ii KOMITIOTEPHOTO CEpeOBHUILA A1
iHTepBaJIbHOTO MOJIEJ/II0OBAHHSI 3a[IPOIIOHOBAHO Ta OOI'PYHTOBaHO MeToJ, Bepudikaliii mozesnei Ha OCHOBI
IoeHaHHS MeTony QibTPyBaHHS JAaHUX Ta METPUKY OLIIHKU aKTyasbHOCTI iHpopMallii, 1[0 y CYKyIHOCTI
3abe3nedye IOBHOTY MOZEJI Ta 3HUKY€e 0O0YUCIIOBAIbHY CKJIAAHICTb Ha ii inenTu@ikaunito. Po3pobseHo iHTepBabHY
IVCKPETHY MOZEJb Y BUIJIAA] PI3HULIEBOTO PiBHSAHHS, IO ONMCYE AMHAMIKY peakiiiii KOpUCTyBayiB Ha
MOBiJOMJIEHHS] B TEMaTUYHUX IPyIax COLiaJIbHUX MEPEXK, B SIKiM HA BiIMiHY BiJl iCHyIOUMX, BpaxOBaHO peaKIii
KOpHMCTYyBauiB Ha iH(popMalliiiHi NOBiIOMJIEHHS, 1110 [1aJI0 3MOT'y OOYIyBaTH iX CTI¥KUII IOPTPET Ta ONTUMAJIbHUMN
PO3KJa7, My0JliKallili crieliani3oBaHoi TPyNy [719 MaKCUMi3allii KiIbKOCTi peakiiil Ha MOBiJOMJIEHHS. Y IOCKOHAJIEHO
METOJ] CTPYKTYpHOI ineHTudikanii inTepBanbHUX AUCKPETHUX MOJeJell CKIafHUX 00 €KTIB, IKUN Ha BiIMiHY Bif,
iCHyI0YMX, MiCTUTb O6YKCIIIOBAJIbHI TPOLIEAYPH alalITUBHOIO HAJIAIITYBAaHHS BUOGOPY CTPYKTYPHUX €JIEMEHTIB Y
CIIOCi0 BCTAHOBJIEHHS [IJ151 KOKHOTO €JIEMEHTa MHOKVMHHY MMOBIPHOCTI 1I0ro BUOOPY i 3MiHM LIbOTO PO3NOIiTy Ha
pi3HuX ¢azax NoBeAiHKOBOI Mojieli 6/1KOJIMHOI KOJIOHII, 1110 Y CYKYIHOCTI 3HIDKY€ OOUNCIIIOBAJIbHY CKIIQHICTh
peanizauii metony. Habynu nonanpiioro po3BUTKY KOMITIOTEPHI cepeloBulla 171l iHTepBajbHOTO MOZEJIIOBAaHHS Ta
aHasi3y, B SIKMX, Ha BiIMiHY Bif icHYl0UMX, peasi3oBaHa BiIKpUTa apXiTeKTypa IPOrpaMHOro 3a0e3NeYeHHs, o Yy
CYKYIIHOCTi 3a6e3mnedye 3HUKeHHS YaCOBOi CKJIaIHOCTI IPOoLelyp SIK PO3POOKY, TaK i 3aCTOCYBaHHS iHTEPBaJIbHUX
MaTeMaTU4YHUX Mojiesiell. Habysu nonaspmoro po3BUTKY PENo3nTOPii iIHTepBalbHUX IUCKPETHUX MOZesen
3a0pyJHEHHs aTMocdepy aBTOTPAHCIIOPTOM Ta iHTePBaJIbHUX MOJieJlell Bisyasisaliii 3BOpOTHOTO FOPTAaHHOIO HEPBY
iz yac omnepauii Ha IMUTONOAIOHIN 3a7103i, 5IKi, HA BiMiHY BiJl iCHYI0UMX, BMIIIyIOTh OHTOJIOTIYHUI OIKUC SIK
IIpeIMETHOI 06J1aCTi iX 3aCTOCYBaHHS, TaK i yMOB pO3POOKM LIUX MOJEJIEH, 0 Y CYKYITHOCTI CIIPOIIye NpoLenypu
11o0yJ0BY 3a3HAUYE€HOTO KJlacy MaTeMaTUYHUX MOJieJiel 171 KOPUCTYBaviB. Po3po6yieHO IporpaMHMil KOMILJIEKC [1J1s
MOJI€JIIOBaHHS Ha OCHOBI iHT€pPBaJIbHOTO aHaJli3y Ta OHTOJIONIYHOrO MiIXOMy, 30KpeMa BUKOPUCTAHO 00'€KTHO-
OPiEHTOBAaHUM MifXif N0 NPOrpaMyBaHHS, 3 BAKOPUCTaHHSIM Te€XHOJIOrI1 Spring Framework Ha MOBi IporpaMyBaHHs
Java, a Takox inTepnperaropa Python. B saxocTi Python inTepnperaropa 6ysno o6pano Jython, sikuit noBHicTIO
HanucaHui Ha Java i jobpe migxoauTs AJ1s peanisaliii crenianizoBaHux arieTiB. [IpoBefieHO psf OOCTiIKeHb, SIKi
IO3BOJINJIM MiITBEPIUTH €(PEKTUBHICTb 3alIPONIOHOBAHUX Y POOOTI METOIIB Ta 3ac06iB. KiltouoBi cioBa:
MaTeMaTU4YHE MOJEJIIOBaHHS, 3HaHHA-OPI€HTOBAHI CUCTEMU, YIIPABJIiHHA 3HAHHSAMU, OHTOJIOTIS, PEMIO3UTOPIN
Mogesel, CTpyKTypHa ineHTudikanis, noseiHkoBa Moiesb 6JKOJINHOI KOJIOHII, iHTepBaibHa cucTeMa HeJliHiHHUX
anrebpuUYHUX PiBHSHDb, CUCTEMA MiSTPUMKU IPUNHSTTS pillleHb, IPOrpaMHe 3a0e3l1e4YeHHs], iIHCTPYMEHTAaJIbHi

3aCco0U.

2. The dissertation solves the actual scientific and applied problem of reducing the computational complexity of
structural and parametric identification of interval models of complex objects while simultaneously ensuring the
guaranteed accuracy of these models within the limits necessary for solving decision-making problems and
researching the properties of these objects. An analysis of methods and means of constructing models of the
characteristics of complex objects under conditions of uncertainty was carried out. There are cases in which the



use of the inductive approach and interval data analysis methods are justified for the construction of models of the
characteristics of complex objects. The problems of structural and parametric identification of interval discrete
models of complex objects in the form of difference equations are considered. An analysis of these methods was
carried out and the use of a knowledge-oriented approach to both the description of the subject area of the
researched object and the area of construction of this class of mathematical models was justified in order to
reduce the computational complexity of their implementation. The concept of identification of interval discrete
models of complex objects is proposed and substantiated, which involves a combination of interval data analysis
methods, a knowledge-oriented approach to both the description of the subject area of the object under study and
the area of construction of a given class of mathematical models using an ontology, which collectively created the
possibility of developing new, more computationally efficient methods of structural and parametric identification
of interval discrete models of objects. A new hybrid method of structural and parametric identification of interval
discrete models of complex objects is proposed and substantiated, which, unlike the existing ones, is based on
combined methods of interval analysis, behavioral models of bee colonies, and a knowledge-oriented approach to
the description of the subject area of objects based on an ontology, which in the aggregate provided a reduction in
the computational complexity of structural identification. When developing a computer environment for interval
modeling, a model verification method based on a combination of a data filtering method and a metric for
evaluating the relevance of information is proposed and substantiated, which collectively ensures the
completeness of the model and reduces the computational complexity of its identification. An interval discrete
model was developed in the form of a difference equation that describes the dynamics of user reactions to
messages in thematic groups of social networks, which, unlike the existing ones, takes into account the reactions
of users to informational messages, which made it possible to build a stable portrait of them and an optimal
schedule of publications of a specialized group for maximizing the number of responses to messages. The method
of structural identification of interval discrete models of complex objects has been improved, which, unlike the
existing ones, contains computational procedures for adaptive adjustment of the selection of structural elements
in a way of establishing for each element of a set of structural elements the probability of selecting any element
and based on the change of this distribution at different phases behavioral model of a bee colony, which
collectively reduces the computational complexity of implementing the method. Computer environments for
interval modeling and analysis have gained further development, in which, unlike the existing ones, an open
software architecture is implemented, which collectively ensures a reduction in the time complexity of the
procedures for both the development and application of interval mathematical models. The repository of interval
discrete models of air pollution by motor vehicles and interval models of the visualization of the recurrent
laryngeal nerve during thyroid surgery underwent further development, which, unlike the existing ones, contains
an ontological description of both the subject area of their application and the conditions for the development of
these models, which overall simplifies procedures for developing the specified class of mathematical models for
users. A software complex was developed for modeling based on interval analysis and an ontological approach, in
particular, an object-oriented approach to programming was used, using the Spring Framework technology in the
Java programming language, as well as the Python interpreter. Jython was chosen as the Python interpreter, which
is completely written in Java and well suited for implementing specialized applets. A number of studies were
carried out, which allowed to confirm the effectiveness of the methods and tools proposed in the work. Keywords:
mathematical modeling, knowledge-oriented systems, ontology, interval system, decision support system.
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