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1. Inceprariiina po60oTa Ha 3000y TTsI HAYKOBOTO CTYIEHS JOKTOpa TEXHIYHUX HAyK 3a crenianpHicTio 05.13.23 -
Cucremu Ta 3aco6U LITyYHOTO iHTeseKkTy. — HanjionansHuil yHiBepcuTeT “JIbBiBCbKa NoJliTeXHIKa” MiHicTepcTBa
OCBiTH i HayKu YKpaiHy, JIbBiB, 2025. V nucepTauiliHiil po60Ti BUpilIeHO BaXXJIUBY TEOPETUYHY ITPOOGIIEMY PO3BUTKY
OCHOB Teopii CUHTe3y HelpOoIoAibHNX aHCaMbJIeBUX CTPYKTYP 3 HeiTepaTUBHUM MAIIMHHAM HaBYaHHSM [IJIs1
MigBUIIIEHHS] TOYHOCTI PO3B’SI3aHHS 337124 perpecii Ta kinacudikaii Ha Bubipkax 6ioMeqUIHUX TaHUX MAJIUX OOCHTIB.
[IpoBeneHO aHasi3 METOAIB iHTEJIEKTyaJIbHOIO ONPALIIOBAaHHS CTPYKTYPOBAHUX 6iOMEIUYHUX JAHMX MAJIOTO 00CATY
Ta OOI'PYHTOBAHO JNOLiNBbHICTh CHHTE3Y HEMPONOAIOHNX aHCAMOJIEBUX CTPYKTYP Ha OCHOBI HEITEPAaTUBHOTO
MAaIIMHHOTO HaBYaHH4. PO3BUHYTO MiAXifA 10 BUKOPUCTAHHS KYCKOBO-JIiHIHOI allpOKCHMMAllii B 3a1a4ax aHamizy
6araTOBUMipHUX IIOBEPXOHb BiITYKY LIJIIXOM i30MOP(HOro NoAaHHs KOXKHOI 03HAKA MHOXUHOIO JIOKAJIbHUX
KOMIIOHEHT. le f1ano 3Mory 3iiiCHUTH HeJiHiiHEe pO3LMPEHHS BXiJHOTO IPOCTOPY i 3HU3UTHU IIOXMOKY
arpokcumallii JIiHifIHO0 HeiTepaTuBHOIO CTPYKTYpolo Mogesns ITocninoBuux ['eomerpuynux [lepersopens (MIII'TI)

Ha 580% 3a nokazHukoMm RMSE. YnockoHaneHo meTon popMyBaHHS KOMOIHOBaHOI IIOBEPXHi BifTyKy i3



3aCTOCYBAHHSM KJIAaCTEPHOTO aHasli3y 3 MiHIMaIbHUM 3POCTAHHSM BUMIPHOCTI IPOCTOPY O3HAK, L0 3a06€3MeYnIo
30€pesKeHHS y3arajbHIOIY0i 3IaTHOCTI Ta MiABUILIEHHS TOYHOCTI Moesieil. Po3po6seHo MeTo MigBUILEHHS
BMMIipPHOCTI [IPOCTOPY He3aJIe’KHUX 03HaK BUOGIPKU LJISIXOM BUKOPUCTAHHS BUXiJHUX CUTHAJIIB APy
IiZICYMOBYBaHHSI IMOBiIpHiICHOI HEIPOHHOI MepeXi, IKUI NiBULIUB TOYHICTb Kiacudikauii Ha 430% i 90% 3a Fl1-
MipoIo BiinoBigHO 10 6a3oBux [IIHM. Po3po6eHo HOBY METOZ0JIOTIIO ayrMEHTallii EKCTPEMaJIbHO KOPOTKUX
BUGIpOK 6iOMeINYHNX JaHUX Ha OCHOBI JeKapTOBOTO KBaJIpaTa MHOKUHY BXiTHUX KOMIIOHEHT BEKTOPIB, 110
IO3BOJIMJIO 3aCTOCOBYBATH Pi3HOTHUIIHI HeJliHiHI Mogeri, 3okpema, MIII'TI 3 PEB@-po3mrpeHHsM BXOAIB 1J1s1
peasizauii nmpouenypu HaBYaHHS. 3aBASIKY [IbOMY 3a6e3I1e4eHO MiIBULIeHHS TOYHOCTI pO3B'sI3aHHS 33724 perpecii
(3rmxenHss RMSE 1o 590%). Po3po6eHo MeTony CUHTe3y aHCaMOJIiB HeiTepaTUBHUX JIiHIMHUX | HeTiHIMHUX
HeMponoAi6bHUX CTPYKTYP 3 BUKOPMCTAaHHSM KyCKOBO-JIiHINHOI anpokcumaliii, PBO-posmupeHHs BXoziB,
CAMETPUYHUX BUNAIKOBUX 3MillleHb 3 OAAJIBIIMM arperyBaHHsIM BUXIITHAX CUTHAJIB yCiX 4I€HiB aHCaMOJII0 MeTa-
MOJEJIJIIO, IO JI03BOJIMJIO MiTBUIIUTY TOUHICTh PEe3yJIbTaTiB PO3B'SI3aHHIM 3a7a4 perpecii Ta knacudikarii.
Po3po6s1€HO METO, YaCTKOBOT'O YCYHEHHSI CUCTEMATUYHOI IOXMOKY LIJISXOM BUKOPUCTAHHS aHCaMOJII0 3 IBOX
IITHM ysaranpHeHOi perpecii, 1o 3a6e3neuns 3MeHIIeHHs: RMSE Ha 4-80%. YnockoHaneHO MeTo[, II106a1bHO-
JIOKAJIbHOI allpoKcuMalii, IKui mifgBUIUB TOYHICTb Ha 130%. Po3po6iieHo npsiMUIA Ta 3BOPOTHUI METOAU
KOMITeHcalil TI0X1OKM MOoieJli perpecii Ha OCHOBI 3aCTOCYBaHHS PalliOHaNbHUX JPO6iB, 10 3a6€3MeYnIIN 3HUKEHHS
MSE nHa 9-110%. Yci Buiie3azHayeHi METOIU peasi3oBaHO B aBTOPCHKUX MTPOrPaMHUX 3aC00aX, SIKi 3aXUIeHO
CBiZIOLITBaMU IIPO PEECTPALLil0 aBTOPCHKOrO IIpaBa. [IpoBeleHO eKCIIEPUMEHTANIbHY OLiHKY iX €(DEeKTUBHOCTI Ha
MOJIeJIbHUX i peasibHUX 6i0MeIUYHUX AaHUX. JJOCTOBIPHICTh OTPMMAHUX PE3YJbTAaTIB MiATBEPIKY€ETbCS
pe3yJbTaTaMu OPIBHSHHS 3 iICHYI0OUMMU METOIaMM MAIIMHHOIO HaBYaHHS Ta LIJIIXOM anpooballii B HU31i
IIPUKJIAJHYX 33734 6ioMaTepiaslo3HaBCTBA, PEBMATOJIOTI], TpPaBMaTOJIOTii, CTOMATOJIOTI] Ta TPAHCIJIaHTOJIOT I,
BripoBayiskeHHS 37i1ICHIOBAIOCS Y CHIBIIpalli 3 MEJUYHUMU YCTAaHOBAMU, HAYKOBMMM 3aKJIa/IaMU Ta B MEXKax
MDKHApOJIHUX IPAHTOBUX MPOEKTIB, 110 MiITBEPIKEHO BiAIIOBIIHUMU aKTaMU BIIPOBA/I)KEHHS Ta BUKOPUCTAHHS.
KiouoBi cyioBa: 6ioMenyHi aHi Maaux oOCsriB, LITyYHUI iHTeJIEeKT, aHcambJieBe HaBUaHHs, IITy4HA HEMPOHHA
MepexXa, HeiTepaTMBHE HaBYaHHS, ayTMEHTallisd JaHUX, HeJliHifiHe pO3LMPEHHS IPOCTOPY BXiHUX JAHUX, KACKAIHi

METO[IY, KOMIIEHCcallis TOXMOOK MoZeJi perpecii, ri06aabHO-JI0KaJIbHA alIPOKCUMALlisl, pallioHaJIbHi pobu.

2. Dissertation for the degree of Doctor of Technical Sciences in specialty 05.13.23 - Systems and Means of
Artificial Intelligence. — Lviv Polytechnic National University of the Ministry of Education and Science of Ukraine,
Lviv, 2025. This dissertation addresses a significant theoretical problem of advancing the foundations of
synthesizing neural-like ensemble structures based on non-iterative machine learning algorithm to improve the
accuracy of solving regression and classification tasks on small-volume biomedical datasets. An analysis of existing
methods for the intelligent processing of structured small-scale biomedical data is conducted, and the need for
constructing neural-like ensemble structures using non-iterative machine learning algorithm is substantiated. A
novel approach is proposed for utilizing piecewise-linear approximation in the analysis of multidimensional
response surfaces by means of isomorphic representation of each input feature as a set of local components. This
allowed for nonlinear expansion of the input space and reduction of approximation error by 58% in RMSE using a
linear non-iterative SGTM neural-like structure. A method for forming a combined response surface based on
cluster analysis is improved, where the original feature space is extended solely by the cluster center’s target
value. This minimized the increase in dimensionality while improving generalization and prediction accuracy. A
method is developed for expanding the space of independent features in the dataset through the use of output
signals from the summation layer of a Probabilistic Neural Network, which led to a 43% and 9% increase in
classification accuracy (according to Fl-score) compared to baseline artificial neural networks. A new methodology
is developed for augmenting extremely small biomedical datasets using Cartesian squaring of the input vector
components, which enabled the application of various nonlinear machine learning models, particularly SGTM
neural-like structures with RBF-based input expansion. This approach improved regression accuracy (RMSE
reduced to 59%). Methods for synthesizing ensembles of non-iterative linear and nonlinear neural-like models
were proposed using piecewise-linear approximation, RBF-based input expansion, and symmetric random shifts,
followed by aggregation of their outputs via a meta-model. A method for partial correction of systematic error in



General Regression Neural Networks is developed using an ensemble of two such networks, achieving a 4-8%
RMSE reduction. The method of global-local approximation was enhanced, yielding a 13% increase in accuracy.
Additionally, direct and inverse error compensation methods for regression models were proposed based on
rational function transformations, resulting in 9-11% reduction in MSE. All of the above-mentioned methods have
been implemented in proprietary software tools protected by certificates of copyright registration. Their
effectiveness has been experimentally validated using both synthetic and real biomedical data. The reliability of the
obtained results is supported by comparative evaluation against existing machine learning methods and by
successful approbation in a number of applied tasks in biomaterials science, rheumatology, traumatology,
dentistry, and transplantology. The implementation was carried out in collaboration with medical institutions,
academic organizations, and within the framework of international grant projects, which is confirmed by relevant
implementation and utilization acts. Keywords: small biomedical data, artificial intelligence, ensemble learning,
artificial neural network, non-iterative learning, data augmentation, nonlinear feature space expansion, cascade
methods, regression error compensation, global-local approximation, rational functions.
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