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Pedepar:

1. Y nuceprauiiiHiil po60Ti BUpillyeThCs HAyKOBO-TIPMKJIAIHA ITPO6JIEMA 3HKEHHS O0UMCIIIOBAJIBHOI CKIIaAHOCTI
npouenyp peanizanii Mmetonis ineHTudikanii MaTeMaTUUHNUX MOJeIel i3 3a1aHOI0 TOYHICTIO CTATUYHUX CHUCTEM 3
HeJIiHIHHMMU XapaKTepUCTUKaMU B YMOBax iHTepBajibHOI HeBU3HaYeHOCTi. [Ipobiema BUpillyeThCs y CIIOCiO
PO3pOOKU Ta peanizallii KOMIIJIEKCHOTO HAyKOBOTO ITiIXOAy Ha OCHOBI I10€JJHAaHHS OHTOJIOTIYHOTO OIUCY
IpenMeTHOI 0671acTi ineHTUdiKalii [Ux MozeseN, MEeTOiB aHali3y iHTEPBAJIbHUX NAHUX Ta TiOPUAHUX METO/IB
r7106a71bpHOI i JJOKasbHOI onrTuMmisariii. Jly1s1 BUpilmeHHs MOCTaBIeHUX 3aB/IaHb B TUCEPTAliliHii po6oTi
3aCTOCOBYIOTbCSI METOM TEOpii cucTeM, Teopii ineHTuikanii, MaTeMaTUYHOrO MOZEJIIOBAHHS, IHTEPBaJIbHOI
MaTeMaTUKH, TeOPii IMOBIpHOCTEN, MaTEMaTUYHOI CTATUCTUKY, TEOPii ONTHMI3aLlii Ta pessaLifiHOi anredpu.
3anpornoHOBaHO Ta OOIPYHTOBAHO KOMILJIEKCHUH Mifxifn no inenTudikanii iHTepBaJbHUX MOJie/Iel CTaTUYHUX

CHCTEM 3 HEJIIHINHUMU XapaKTEePUCTUKAMHU, SIKUH I'PYHTYETbCS HA [TO€JHAHHI OHTOJIOTIYHOTO OIUCY IIPEIMETHOI



obsacTi TeopeTnyHUX 3acay ineHTudikanii quxX Mozaesnelt, MeTOiB aHali3y iHTepPBaJIbHUX JJAHUX Ta TiOpUIHUX
METO/iB r7106aJIbHOI i JIOKaNbHOI onTHMi3allii. Po3po6ieHo MeToq mapaMeTpruyHoi ineHTudikariii iHTepBaJbHUX
MoJeJsell CTaTUYHUX CUCTEM 3 HeJIiHIMHUMU XapaKTeprUCTUKaMU, IKUI I'PYHTYEThCS Ha PO3B’s13yBaHi
ONTUMI3alLiNHOI 3a7a4i 3 HEJIiHIMHOO L1iNbOBOI (YHKII€I0, SIKa MiHIMi3ye KBaApaTUYHE BiAXUIEHHS MIX
00YMCIEHMMHU 3HAaYEHHSIMU MOJI€JIbOBAHOI XapaKTEPUCTUKU CTAaTUYHOI CUCTEMU Ta 3HAYE€HHSIMU, BUODAHUMU Ha
YUCJIOBUX iHTepBajlax pe3yJIbTaTiB eKCIIEPUMEHTY, 1110 YMOKJIMBUJIO FaPaHTOBAHY KBAJPaTUUHY 300KHICTh METOLY
Ha OCHOBI 3aCTOCYBaHHs KBa3i-HbBIOTOHIBChKMX METOJiB ONTHMMI3allii, 30kpeMa anroputmy bpoiinena-dieruepa-
l'onbadap6a-1llaHHoO. YIOCKOHANIEHO CUCTEMY KPUTEPiiB 064K CIII0BaIbHOI IPOLIEAYPHY ONTUMI3allii B 3aayax
napameTpuyHoOi ineHTudikauii iHTepBaJbHUX MOJEIel CTATUYHUX CUCTEM 3 HeJIiHIMHUMU XapaKTePUCTUKAMU.
Po3po6seHo MeToA, CTPYKTYPHOI ineHTudiKallii iHTepBaJbHUX MOJ el CTaTUYHUX CUCTEM 3 HeJIiHINHUMU
XapaKTePUCTUKAMU, SIKUH [PYHTYETHCS HA aHaJi3i rpajlieHTa LisboBOoi PYHKIii Ta 4aCTKOBOI IOXiAHOI 10 TapaMeTpy
MOJIeJli pelyKOBaHOTO 41 JOJAHOTO CTPYKTYPHOTO €JIEMEHTA, 110 YMOKIMBUIIO HANIPSIMIIEHNU BUGIP CTPYKTYPHUX
€JIEMEHTIB i 3HW)KEHHSI KiJIbKOCTI iTepaliiil 06unciaoBaHux npouenyp. Pospobseno yHipikoBaHuit metoy,
ineHTHikauii inTepBaIbHUX MOZEJEN CTATUYHUX CUCTEM 3 HEJIIHIHUMU XapaKTePUCTUKAMU, SIKUH [PYHTYETbCS Ha
3HAHHS-OPiEHTOBAHOMY MiXO0Zi BUOOPY METOiB MApaMETPUYHOI Ta CTPYKTYPHOI ifleHTudiKaLil B 3aJIE5KHOCTI Bif
XapaKTepUCTHUK 3aiadi, 10 3a6e3MeYnsIo 3HKEHHSI Y4aCOoBOI CKJIaHOCTI peasnidalii metony inenTudikarii.
3anpornoHOBaHO Ta OOIPYHTOBAHO apXiTEKTYPy IPOrPaMHOTO 3a0€31eYeHHsI Ta KOMITIOTEPHE CepeLloBUIIe 1JIs1
MaTeMaTU4YHOIO MOJEJIOBAHHS CTATUYHUX CUCTEM 3 HEJIiHIMHYMU XapaKTePUCTUKAMU Ha OCHOBI aHali3y
iHTepBaJIbHUX JAHUX, K€ IMIUVIEMEHTYE MiJCUCTEMY IHTEPBAJILHOIO MOJIE/IIOBAHHS B CEPBICHO-OPIEHTOBAaHE
cepeposulle i3 BUKopuctaHHsaM miatdopmu Google Cloud Run, mozesni po3noaineHux oouuciaenb MapReduce,
IHT€eJIEKTYaslI30BaHOi KOHCYJIbTaTUBHO-ialrHOCTUYHOI IiICUCTEMU Ha OCHOBI LITYYHOTO IHTEJIEKTY Ta IIPOrPaAMHO-
iHTepnpeToBaHMX 3aC00iB Ha BCiX €Tarax MaTeMaTUYHOrO MOJEI0BaHHs. Po3po6eHo iHTepBaibHI Mogei
3asiexxHocTi pH cepenosuina y pepmeHTaTopi 6i0ra3oBoi yCTaHOBKY Bifi CKJIally 3aBaHTaKEeHOi y 6iopeakTop
CHPOBYMHH Ta TEXHOJIOTIYHUX IlapaMeTpiB Npolecy BUPOOHUILTBA 6iorady Ha OCHOBi 6araTOKOMIIOHEHTHOTO
cyOCTpary, 10 YMOSKJIMBUJIO BUSHAYEHHS ONYCTMMUX Bapialliil 3HayeHb pH cepenoBuia B 3aJ1€5KHOCTI Bif
CHiBBiHOLIEHHS CyXOi Ta PiKoi Pppakuii cMpOBUHM 117151 3a6€3I1€4€HHSI CTabiIbHOCTI IIpoLecy OpPOLiHHS Y
depmeHnTatopi. Habynu rnoganbuioro po3BUTKy iHTepBajlbHi MOJeJli TeHEPOBAaHOI eJIeKTPOeHeprii Majoo
ripOEeJIEKTPOCTAHLII€I0 B 3aJI€JKHOCTI Bif] XapaKTEPUCTUK ii TipOTEXHIYHUX criopyh,. OCHOBHI pe3ysbTaTu
nucepTauiiHoi po6otu BnpoBaakeHo y TOB «Teodinonbcbka eHepreTuyHa KOMIIaHis» IpyU BUPOOHULITBI 6iorady
17151 3ab6e3redeHHs CTabiIbHOCTI OpOAiHHS B 6iopeakTropax, y TepHOIiIbChKil MiChKill KOMYHabHIN jikapHi N2 rpu
iHTpaonepaniiHill ineHTUdikalii HepBiB ropTaHi pY NPOBEAEHHI onepalliil TUPeOoineKTOMill, y KOMyHaJIbHOMY
MiAIIPUEMCTBI TEIJIOBUX MePEX «TepHOIIIbMICbKTENTIOKOMYHEHEPro» TepHONILCHKOI MiCbKOI pagu AJ1st
IiATPYMKHU pillleHb MO0 IekapboHi3alii 06’eKTiB BUPOOHUIITBA TEIJIOBOi €Heprii (KOTeseHb), SIKi MPaIooTh Ha
razornofioHomy nasnusi, y T3OB «Tomnoabku» AJ1s1 OLiHIOBaHHS [IOTEHLIMHUX MOXJIMBOCTE! BUKOPUCTAHHS HasBHUX

ripopecypciB MajoIo TigpoeeKTPOCTAHLIEIO.

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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InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. 'pe6enHik Irop BanepiitoBud

2. Igor Grebennik

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

ImenTudikarop ORCID ID: 0000-0003-3716-9638

JoparkoBa iHdopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: XapKiBChKUii HAliOHAILHU YHIBEPCUTET PajliOENIEKTPOHIKY
Kopg 3a €IPIIOY: 02071197

Micue3Haxoa>KeHHs: npocnekt Hayku, 6y, 14, Xapkis, XapkiBcbkuii p-H., 61166, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:

1. KBeTHuit Poman HaymoBuy

2. Roman Kvyetnyy

KBasigikanis: 1. 1. n., npodecop, 01.05.02

InenTudikarop ORCID ID: 0000-0002-9192-9258

JopaTrkoBa inHpopmanist:

IToBHEe HafIMeHyBaHHSI IOpH,ZII/I‘-IHOi 0COOH: BiHHUIbKUIT HAI[IOHAJIBHUI TeXHIYHUIL yHiBEpCHUTET
Kog, 3a €IPIIOY: 02070693

Micuesnaxo,szeHHa: ByJI. XMeJIbHUIIpKE oce, 6yz. 95, BinHug, Binannskuii p-H., 21021, Yrkpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepCcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

PeuenseHTu

VIII. 3aKkJIr04Hi BiZoMOCTi

Biacue IpizBume Im's ITo-6aThKOBI Cauenko Anarosiit OnekciioBud
TOJIOBH paaH

Biacue IlpisBue Im's ITo-6aTbKOBI Cauenxko Anarosiit OnexciioBud
rOJIOBYIOYOrO Ha 3acigaHHi

BignoBizansHMiA 32 NiATOTOBKY Bira Cemaniok

00JIIKOBHX JJOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




