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Pedepar:

1. ¥ nuceprauiiiniii po60Ti BUPIIyeThCSI HAYKOBO-TIPHKJIaIHA ITPO6GIeMa 3HIKEHHS O0UMCIII0BaJIbHOI CKIaAHOCTI
npolenyp peanisauii Mmetonis ineHTudikanii MaTeMaTUUHUX MOJeIel i3 3a1aHOI0 TOYHICTIO CTATUYHUX CUCTEM 3
HeJIiHINHMMU XapaKTePUCTUKAMU B YMOBAax iHTE€pBaJIbHOI HEBU3HAY€HOCTI. [Ipobiiema BUpilIyeThCs y CIIOCIO
PO3pOO6KM Ta peatizallii KOMIIJIEKCHOTO HAYKOBOTO MiIX0y HAa OCHOBI [N0O€HAHHS OHTOJIOTIYHOTO ONUCY
npegMeTHOI obsacTi inenTudikauii 1ux Monesiel, MeToiB aHai3y iHTepBaJlbHUX JAaHUX Ta FiOPUIHUX METOMIB
r7106a71bHOI i ToKanpHOI onTuMizariii. Jly1s BUpimeHHs ocTaBeHux 3aB/laHb B TUCEPTAaLliliHiil po6oTi

3aCTOCOBYIOTbCSI METOAM TE€OPil cUCTEM, Teopii ieHTudikauii, MaTEMaTUYHOrO MOZEJIIOBAHHS, IHTEPBAJIbHOI



MaTeMaTHKY, Teopii IMOBIpHOCTE!, MaTEMaTUYHOI CTATUCTUKHU, TEOPii onTuMisarliii Ta pensniiiHoi anre6pu.
3anpornoHOBaHO Ta OOIPYHTOBAHO KOMILJIEKCHUH Mifxin no inenTudikauii iHTepBaJbHUX MOJie/Iell CTaTUYHUX
CHCTEM 3 HEJIIHIMHUMU XapaKTEPUCTUKAMHU, SIKUH I'PYHTYETbCS HA [TIO€JHAHHI OHTOJIOTIYHOTO OIUCY IIPEIMETHOL
0671aCTi TeOpeTUYHUX 3acaf ifeHTudikalii Hux Mopesei, MeTOiB aHali3y iIHTePBAJILHUX JAHUX Ta TiOpUIHUX
METO/iB I7106aJIbHOI i JI0Ka/IbHOI onTuMi3auii. Po3pobieHo metos napameTpuyHoi ifeHTuikalii iHTepBaJbHUX
Mogesiel CTAaTUYHUX CUCTEM 3 HeJIiHIHHUMU XapaKTepUCTHUKaMU, SIKUM IPYHTYETHCS HA PO3B'sI3yBaHi
ONTUMIi3aLifHOI 3a7a4i 3 HeJIiHIHOIO 11iNbOBOI0 QYHKIIi€I0, SIKa MiHIMi3ye KBaipaTUYHe BiAXUIEHHS MIX

004K CIEHMMY 3HaYE€HHSIMA MOJEJIbOBAHOI XapAKTEPUCTUKN CTATUYHOI CUCTEMU TA 3HAYEHHSIMY, BUODAaHUMU Ha
YUCJIOBUX iHTEpBaslax pe3yJIbTaTiB eKCIIEPUMEHTY, 110 YMOKJIMBUJIO TaPaHTOBAHY KBAJPaTUUHY 300KHICTh METOLY
Ha OCHOBI 3aCTOCYBaHHs KBa3i-HbBIOTOHIBCbKMX METOJiB ONTHMMI3allii, 30kpeMa anroputmy bpoiinena-dietuepa-
T'onpadapb6a-1llaHHO. YIOCKOHAJIEHO CUCTEMY KPUTEPIiiB 064K CIII0BaILHOIL IPOLeAypY ONTHMIi3aLii B 3aa4ax
napamMeTpUYHOi ifeHTHdiKalii iHnTepBaJbHUX MOJEJIEN CTATUYHUX CUCTEM 3 HEJIIHIMHUMU XapaKTePUCTUKAMMU.
Po3po6sieHo MeTon CTPYKTYPHOI ineHTudiKallii iHTepBaJbHUX MOJesiell CTaTUYHUX CUCTEM 3 HeJIiHINHUMU
XapaKTePUCTUKAMU, SIKUH [PYHTYETbCS HA aHai3i rpajiieHTa LisboBOoi PYHKIii Ta 4aCTKOBOI IOXiAHOI 10 IapaMeTpy
MO eJli pelyKOBaHOTO YU JOLAHOT0 CTPYKTYPHOTO €JIEMEHTA, 10 YMO>KJIMBUAJIO HANPSIMIIEHUH BUOIp CTPYKTYPHUX
€JIEMEHTIB i 3HIKEHHS KiJIbKOCTI iTepaniit 064ncaioBaHux nmpouenyp. PospobseHo yHipikoBaHu MeTor,
ineHTrikauii inTepBaIbHUX MOZEJEN CTATUYHUX CUCTEM 3 HEJIiIHIHHUMU XapaKTePUCTUKaMU, SIKUI IPYHTYETbCS Ha
3HAHHS-OPiEHTOBAaHOMY MiTXO0Zi BUOOPY METOiB MApaMETPUYHOI Ta CTPYKTYPHOI ifeHThdiKalil B 3aJ1€5KHOCTI Bif,
XapaKTepUCTHUK 3a1iadi, o 3a6e3MeYnsio 3HKEHHS! 4aCOBO1 CKJIAIHOCTI peadnidalii metony inenTudikarii.
3anpornoHOBaHO Ta OOIPYHTOBAHO apXiTEKTYpPy IPOrPaMHOTO 3a0e3eYeHHsI Ta KOMITIOTEpHE CepeloBuUlIe NJIs1
MaTeMaTU4YHOIO MOJEJIOBAHHS CTATUYHUX CUCTEM 3 HEJIiHIMHUMU XapakTePUCTUKaMU Ha OCHOBI aHai3y
iHTEepPBAJIbHUX JAHUX, SIKe IMIZIEMEHTYE MiICUCTEMY IHTEPBAJIbHOTO MOZEJIIOBAHHS B CEPBICHO-OPi€HTOBaHE
cepenoBulle i3 BUKopuctaHHsaM miatdopmu Google Cloud Run, mozesni po3noainenux obunciens MapReduce,
IHT€JIEKTYasli30BaHOi KOHCYJIbTaTUBHO-IiarHOCTUYHOI [MiICUCTEMU Ha OCHOBI IITYYHOTO IHTEJIEKTY Ta IIPOrPaMHO-
iHTEpIIpeToBaHMX 3aCO0IB HA BCiX €Tanax MaTeMaTUYHOTO MOJie/l0BaHHs. Po3pobieHo iHTepBaslbHi Mogei
3asnexxHocti pH cepenosuima y pepmeHTaTopi 6i0ra3oBoi yCTaHOBKY Bifi CKJIally 3aBaHTaKEHOi y 6iopeakTop
CHPOBYMHH Ta TEXHOJIOTTYHUX IIapaMeTpiB Npoliecy BUPOOHULITBA 6iorady Ha OCHOBi 6araTOKOMIIOHEHTHOT'O
cy6CTpary, 10 YMOSKJIMBUJIO BUSHAYEHHS JONYCTMMUX Bapialliil 3HayeHb pH cepenoBulia B 3aJ1€5KHOCTI Bif,
CHIBBiJHOLIEHHS CyXOi Ta pigKoi ppakuii cMpoBMHU 1J1s1 3a6€3MeYeHHs CTabiIbHOCTI IpoLecy 6POLiHHS Y
depmenTtaropi. Habynu rnoganpuoro po3BUTKy iHTEpBajibHI MOJIeJli TeHEPOBAHOI eJIEKTPOeHeprii Majo
ripOEJIEKTPOCTAHILII€I0 B 3aJI€JKHOCTI Bif] XapaKTEPUCTUK ii TipOTeXHIYHUX criopyl,. OCHOBHI pe3ysibTaTu
IycepTrauiiHoi po6oTty BpoBaaxkeHo y TOB «Teodinonbcbka eHepreTuyHa KOMIIaHiss» IpY BUPOOHULITBI 6iorasy
17151 3a6e3reyeHHs CTabinbHOCTI 6poIiHHS B 6iopeakTopax, y TepHOIiIbChKiN MiCbKill KOMYHabHIl JikapHi Ne2 npu
iHTpaonepaniiHill ineHTUdikalii HepBiB ropTaHi py NPOBeAEHH] onepaliil TUPEOoineKTOMill, y KOMyHaJIbHOMY
MiAIIPUEMCTBI TEIJIOBUX MEPEX «TepPHOIIIbMICbKTENTIOKOMYHEHEPro» TepHONIbCHKOI MiCbKOI pagu AJist
HiATPUMKHU pillleHb MO0 Iekap6boHisalii 06’eKTiB BUPOOHUIITBA TEIJIOBOI eHeprii (KOTeJIeHb), SIKi IPaLoI0Th Ha
razornofioHomy nasnusi, y T3OB «Tononpku» AJ1s1 OLiHIOBAaHHS [IOTEHLIHHUX MOXJIMBOCTE!N BUKOPUCTAHHS HAasBHUX

ripopecypciB MajoIo TigpoeeKTPOCTAHLIIEIO.

2. The dissertation solves the actual scientific and applied problem of reducing the computational complexity of
the procedures for implementing methods of identifying mathematical models with a given accuracy of static
systems with nonlinear characteristics under conditions of interval uncertainty. The problem is solved by
developing and implementing a complex scientific approach based on a combination of ontological description of
the subject area of identification of these models, interval data analysis methods and hybrid methods of global and
local optimization. To achieve these objectives, the dissertation utilizes methods from systems theory,
identification theory, mathematical modeling, interval mathematics, probability theory, mathematical statistics,
optimization theory, and relational algebra. A comprehensive approach is proposed and substantiated for
identifying interval models of static systems with nonlinear characteristics, which is based on combining an
ontological description of the model identification domain, interval data analysis methods, and hybrid global and



local optimization techniques. A method for parametric identification of interval models of static systems with
nonlinear characteristics is developed, based on solving an optimization problem with a nonlinear objective
function. This function minimizes the squared deviation between the computed values of the modeled static
system characteristic and the values selected within the numerical intervals of experimental results, enabling
guaranteed quadratic convergence of the method based on the application of quasi-Newton optimization
methods, specifically the Broyden- Fletcher-Goldfarb-Shanno (BFGS) algorithm. The study enhances the system of
computational procedure criteria in optimization tasks for the parametric identification of interval models of static
systems with nonlinear characteristics. A structural identification method for interval models of static systems
with nonlinear characteristics is developed, based on analyzing the gradient of the objective function and the
partial derivative with respect to the model parameter of the reduced or added structural element. This approach
enables targeted selection of structural elements and reduces the number of iterations in the computational
procedures. A unified method for identifying interval models of static systems with nonlinear characteristics is
developed, grounded in a knowledge-oriented approach to selecting parametric and structural identification
methods based on task characteristics, which reduces the time complexity of the identification method
implementation. The proposed software architecture and computational environment for the mathematical
modeling of static systems with nonlinear characteristics are based on interval data analysis. This includes an
interval modeling subsystem implemented in a service-oriented environment using the Google Cloud Run
platform, the MapReduce distributed computing model, an intelligent advisory-diagnostic subsystem based on
artificial intelligence, and programmatically interpretable tools at all stages of mathematical modeling. Interval
models are developed to determine the pH dependency of the environment in a biogas plant fermenter based on
the composition of the feedstock loaded into the bioreactor and technological parameters of the biogas
production process using a multi-component substrate. This allows for the determination of acceptable variations
in pH values depending on the dry and liquid fractions of the feedstock to maintain stability in the fermentation
process. Interval models for small hydroelectric power generation, based on the characteristics of
hydroengineering structures, were further advanced. The main results of the dissertation have been implemented
at "Theofipol Energy Company" LLC in biogas production to stabilize fermentation in the bioreactors during the
first stage; at Ternopil City Municipal Hospital No. 2 for intraoperative identification of laryngeal nerves during
thyroidectomy surgeries; at the utility company of heat networks "Ternopilmisktepokomunenerho” for supporting
decision-making regarding the decarbonization of gas-fueled heat generation facilities; and at "Topolky" LLC for
assessing the potential for small hydroelectric power generation using available water resources.
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dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. T'pebenHik Irop BanepitioBuy

2. Igor Grebennik

KBasigikanis: x. r. ., npodecop, 01.05.02

ImenTudikarop ORCHID ID: 0000-0003-3716-9638

JoparkoBa indpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKUii HAliOHAILHUI YHIBEPCUTET PajliOENIEKTPOHIKY
Kopg 3a €IPIIOY: 02071197

Micue3HaxoaKeHHS: npocnekT Hayku, 6ya. 14, XapkiB, XapkiBcbkuil p-H., 61166, Ykpaina

dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUIL

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. KBetHui1 Poman HaymoBuy

2. Roman Kvyetnyy

KBasigikanis: 1. 1. u., npodecop, 01.05.02

ImenTudikarop ORCHID ID: 0000-0002-9192-9258

JonaTkoBa iHdopmalist:

IIoBHe HaﬁMeHyBaHHﬂ IOpPI,uH‘{HOi OCOOM: BiHHMIbKUI HAI[IOHATbHUIA TeXHIYHUIA yHiBEpCHUTET
Kopg 3a €IPIIOY: 02070693

Micuesnaxo,zm(eﬂna: ByJI. XMeJIbHUIIpKE moce, 6yz. 95, Binnus, Binanupkuii p-., 21021, Yrkpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

Penensentu

VIII. 3aKkJII04Hi BimoMOCTi



Biacue IpizBuie Im's I1o-6aThKOBI CaveHko AHaTosi# OseKCciioBUY

TOJIOBH paju

Biacue IpizBume Im's I10-6aTbKOBI Cauenko Anatosiit OsekciioBud

TOJIOBYIOYOrO Ha 3acCimaHHi

BignosigasibHuUI 3a MiATOTOBKY Bita CemaHiok

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaTOJIiBHA

OisiILHOCTI




