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1. Inceprarnis Ha 3000YTTSI HAYKOBOTO CTyNEHs AoKTopa pinocodii 3a cnenianpHicTio 123 - KoMm'toTepHa
imkeHepis. - IBanHo-dPpaHKiBCbKUII HAlLiOHAJIbHUI T€XHIYHUI YHiBepcuTeT HapTH i rady, IBano-Ppankisebk, 2026. Y
IycepTauiiiHiil po6oTi BupillleHa HayKOBO-TIPaKTHMYHA 33/1a4a, 1110 TI0B’I3aHa i3 p03pOOKOI0 HOBUX CTPYKTYPHUX
pilleHb KOMIIOHEHTIB HEMPOHHUX MePeX. BasK/IMBHUM aclieKTOM OTPMMAHUX PE3YJbTaTiB € IEPCIIEKTUBY peaisallii
IITYYHUX HEMPOHHMX MEPEX Ha IIATPopMax 3 0OMEKEHNMU O0YMCIIIOBAJIbBHUMU peCypcaMu. Y BCTYIII
OOI'PYHTOBAHO aKTYyaJIbHICTb 3a7ja4 JOCTIIKEHHS IepLENTPOHHUX CTPYKTYP SIK 6a30BUX KOMIIOHEHTIB HEIPDOHHUX
MepexX, 30KpeMa B YaCTUHI iX iMIJIeMeHTallil B JMCKPETHOMY 06a3KCi, 3 METOIO 3HIDKEHHS O0UMCIIOBAJIbHUX 3aTPaT,
c(pOpMyJIbOBAHO METY Ta IIOCTABJIEHO OCHOBHI 3aBJaHHS 0OPAaHOT0 HANPSIMKY JOCJIIIKEHHS; BU3BHAUYEHO 00'€KT Ta
IIpeIMeT OOCiIKEHHS; BKa3aHO HayKOBY HOBU3HY Ta MIPAaKTUYHE 3HAYEHHS] OTPMMAHUX PE3YJIbTaTiB, IOJAHO

BiZJOMOCTI PO KiZbKiCTh Iy6JIiKaliill aBTopa Ta CTyIiHb anpobaliii po6otu. Y nepomy posfiji mpoaHali3oBaHO



Cy4yacCHUII CTaH PO3BUTKY Ta BIIPOBAIKEHHS [1EPLENTPOHHNUX CTPYKTYP Y KOMITIOTEPHUX CUCTEMaX 3a SKUM
[TIOKa3aHO, O KJIACUYHI EPLENTPOHU Peali3yloThCs Yepe3 onepariii 3SropTKy 4 KOpeJlLlii, BHACILOK 4Or0 MaloTh
00ME>XeHY BUPA3HY 3[IaTHICTb i HE MOXKYTb PO3I1i3HABATU JIiHIHHO-HEPO3i/bHi 1a60HU. PO3IJISIHYTO CyYacHi
niaxony o nobynoBY aKTUBALIMHUX (PYHKLINA. BCTaHOBIIEHO, 10 iCHY€ YiTKMI 3B'SI30K MK KiJIbKiCTIO BXiTHUX
napamertpiB 6ysieBoi QyHKIii Ta MiHiMaTIbHO HEOOXIHOIO KiJIbKICTIO BAaroBUX KoedilieHTiB y IepLenTpoHHiN
CTPYKTYPi, 110 JO3BOJIS€ OLHIOBATH il KOMIIOHEHTHY CKJIQ[IHICTb Ta Peali3yBaTH ix TOYHY €MYJISLIIO 3
MiHIMaJIbBHUMU pecypcaMu. 3allpOIIOHOBAHO BJOCKOHAJIEHHS! peaslidaliii KJJaCUYHOTO NEPLENTPOHY MIPY SIKOMY
3aMiCTb 3BaXKEHOTO CyMYBaHHSI BUKOPUCTOBYETBCS OLliHKa iHPOpMaLiiiHOi eHTpoii, 0 LO3BOJISIE EMYJIIOBATU
[IOBHUM HaGip JoriYHuX QYHKIIN OOHUM NepLenTpoHoM. O3HayeHO NepPCHeKTUBY IT0JAJbIIOTO PO3BUTKY
IIepLENTPOHHUX CTPYKTYP, 30KPEMA 3 BUKOPUCTAHHSIM Pi3HUX iHOpMaLiiHUX Mip, 1110 € iHBapiaHTHI [10 iHBepcCii
GiHapHUX CUTHAJIB i MEHII YyTJIMBi 10 IYMIB. Y APYyromMy po3iji BIEpIIe 3allpOIIOHOBAHO peasizallilo JUCKPETHOTO
NEPLENTPOHY HA OCHOBI IMOBIPHICHUX OLIIHOK 3MIIIEHUX CUHANITUYHUX CUTHAJIIB, 110 [O3BOJISIE IEPEUTHU [0
IVICKpPEeTHOro 6a3ucy, a TaKoXX YHUKHYTH ollepaliiii MHOKEHHSI Ta CIIPOCTUTH arapaTHy peajizaito. Po3pobiena
CTPYKTYypa BU3Ha4ae piBEHb aKTUBALlii IEPLENITPOHY 3a KUIBKICTIO YHIKaJIbHMX CTaHIB 3MilllEHUX CUHAIITUYHUX
CUTHAJIiB, IO pealidye eHTPOMiNHY OL[iHKY 3a CIIPOIIEHO00 GOpMyo10 XapTJi 6€3 BUKOPUCTaHHS JIorapudmidHoi
dyHKuil. JocizpKeHo MOXINBOCTI eMyJisILii JToriyHuX QyHKIiN Ha OCHOBI 3aIIPOIIOHOBAHOIO NIEPLENITPOHY, 1110
MigTBEPIKYy€E 30ATHICTD 4O ONpPALIOBAHHS JIiHIHO-HEPO3IiJIBHUX MHOXKHH, a TAKOX YHIBEPCAJIbHICTD MIIX0LY IO
11o6yJOBY JIOTIYHMX KOMIIOHEHTIB y JUCKPETHOMY IPOCTOPIi. 3allpONIOHOBAHO METO[, 0OMEKEHHSI MHOKUHY PillleHb
1151 [UCKPETHOTO NEPLENTPOHA LIJIIXOM aHasli3y MaTPULLi KiJIbKOCTI YHIKaJbHUX CTaHIB 1151 2-0X 6iHapHUX BXOJiB
npu ¢ikcoBaHOMY [TOPO3i aKTUBALlii, 1110 3MeHIye IPOCTIp NOIYKy 0 35% Bif MoBHOrO. JJOCiIKEHO BIJIUB BUOOPY
dyHKUiI akTUBallii SIK onepalii TOpiBHIOBaHHA (>, <, =, #), 110 y [1I0€JJHAHHI 3 BiANIOBiTHNMU KoediljieHTaMu
3MillleHHS [O3BOJISIE€ aANTYBaTy NEPLENTPOH 10 Pi3HUX TUIIB JIOTIYHMX (PYHKLIN Ta iX TUIIOBUX KOMOIHALIN. ¥
TPeThOMY PO3ZiJi 37iliCHEHO PO3POOKY MOAEJi JUCKPETHOTO IIepLeNTPOHA Ha OCHOBI 6araTomapoBoi KJIaCUYHOi
HEMPOHHOI MepeXi, 0 N03BOJIsIE 3aCTOCYBATH TUIIOBI METOIY MAIIMHHOIO HABYAHHS HEMPOMEPEXK M4
BM3HAUYEHHS KOe(PillieHTiB 3MillleHHs [J1s1 3alIPOIIOHOBAHOI0 AUCKPETHOrO NEPLENTPOHA. BCTaHOBIEHO MOKJIMBICTh
BHUKOPHUCTaHHS IMCKPETHOTO NePLENTPOHA SIK M0JiPyHKIIOHATBHOIO JIOTIYHOTO €JIeMEHTY, 31aTHOTO
peasi3oByBaTU MIMPOKUI CIIEKTP JIOTIYHUX Ollepalliil, 30KpeMa 32 paxyHOK BUOOPY BifITIOBiIIHOI aKTUBALilIHO]
dyHKuii Ta KoedilieHTiB 3MileHHs. PO3p06JIeHO KaCKaJHO-YMOBHUI Ta YMOBHO-JIOTiYHUI aJITOPUTMU KOMIIOHEHTY
BU3HAYEHHS KUJIbKOCTI YHIKQJIbHUX CTaHIB i HA OCHOBI ITIOPIiBHSIJIBHOTO aHAJIi3y BCTAHOBJIEHO, L0 peaisalii Ha
OCHOBI JIOTIYHMX PYHKLii, 3aMiCTh KACKaJHUX YMOB, MAIOTh HIKYY YACOBY CKJIATHICTh, JO3BOJISIOTh [IOKPAIIUTU
eeKTUBHICTb CXEMHOI/TIpOrpaMHoi peanisalii Ta MacIITaboBaHiCTh Ha GisIbLIY KiJIbKiCTb BXOZIB. Y YETBEPTOMY
PO31iai po3po6eHO anapaTHy CTPYKTYPY JUCKPETHOTO MEPLENTPOHY Ha ABa GiHAPHI BXOAU, IO BKJIIOYA€ OKPEMI
1(PPOBiI KOMIIOHEHTH ONPALIOBAHHS BXiJHUX CUTHAJIIB, TIOPIBHSHHS IPOMDKHUX PE3YyJIbTATiB Ta arperyBaHHsL.
[TobymoBaHoO iHTErpoBaHM MOAYJIb JUCKPETHOTO NEPLENTPOHY, SIKUM peasisye Joriky kinacudikaii 3a
E€HTPOIIIHOI0 03HAKOIO, 110 3ab6e3Medye eMyJIsLilo 6a30BUX JIOTIYHUX QYHKIIiNA. PO3p0o6ieHO MOy IbHY anapaTHy
CTPYKTYPY, L0 MiATPUMYE IMIIJIEMEHTALiI0 KOHBEEpU3aLlii [J151 MiIBUIIEHHS TAKTOBOI YaCTOTU CUCTEMU. 3aBSKN
9iTKO BU3HAUYEHUM MeKaM MK 6JI0KaMy MOXJIMBE MaciiTabyBaHHS QyHKIiOHATY 6€3 3MiHU JIOTIYHUX 3B'SI3KiB, 110
3abe3nevye aJalTUBHICTb 115 CKIaHimmxX KoHirypaniit Ha I[TJIIC. Kito4oBi coBa: nepuenTpoH; 6iHapHi curHanuy,
iMOBipHiCHI OLIiHKWY; JIOTiuHi (QYHKILIi; IUCKPETHI CUTHAJIN; KOMII'IOTEPHI KOMIIOHEHTH; IPOIPAMOBaHi JIOTiuHi
interpanbHi cxemu (I1J1IC); HelipoHHI Mepexi; MalllMHHE HaBYaHHSL.

2. Dissertation for the degree of Doctor of Philosophy in Specialty 123 - Computer Engineering. - Ivano-Frankivsk
National Technical University of Oil and Gas, Ivano-Frankivsk, 2026. The dissertation addresses a scientific and
applied problem related to the development of new structural solutions for neural network components. An
important aspect of the obtained results is the prospect of implementing artificial neural networks on platforms
with limited computational resources. The introduction substantiates the relevance of studying perceptron
structures as fundamental components of neural networks, particularly in terms of their implementation in a
discrete basis to reduce computational costs. The research objective and main tasks are formulated; the object and
subject of the study are defined; the scientific novelty and practical significance of the results are outlined; and



information on the author’s publications and the degree of validation of the work is provided. The first chapter
analyzes the current state of development of perceptron structures in computer systems. It is shown that classical
perceptrons are implemented through convolution or correlation operations, which limits their expressive power
and prevents them from recognizing linearly inseparable patterns. Modern approaches to constructing activation
functions are reviewed. It is established that there exists a clear relationship between the number of input
parameters of a Boolean function and the minimum required number of weight coefficients in a perceptron
structure, enabling estimation of its component complexity and accurate emulation with minimal resources. An
improved implementation of the classical perceptron is proposed, where weighted summation is replaced by an
information entropy evaluation, enabling a single perceptron to emulate the full set of logical functions. Prospects
for further development of perceptron structures are outlined, in particular using information measures invariant
to binary signal inversion. The second chapter proposes, for the first time, an implementation of a discrete
perceptron based on probabilistic estimates of shifted synaptic signals, allowing transition to a discrete basis,
elimination of multiplication operations, and simplification of hardware implementation. The developed structure
determines the activation level of the perceptron by the number of unique states of shifted synaptic signals,
implementing an entropy-based evaluation using a simplified Hartley formula without log computation. The
capability of emulating logical functions using the proposed perceptron is investigated, confirming its ability to
process linearly inseparable sets and demonstrating the universality of the approach for constructing logical
components in a discrete domain. A method for constraining the solution space of the discrete perceptron is
proposed by analyzing the matrix of unique state counts for two binary inputs at a fixed activation threshold,
reducing the search space to 35% of the full set. The selecting the activation function as a comparison operator
(>,<,=,#) is studied; in combination with appropriate shift coefficients, this enables adaptation of the perceptron to
different types of logical functions and their typical combinations. The third chapter develops a model of the
discrete perceptron based on a multilayer classical neural network, allowing the application of standard neural
network machine learning methods to determine the shift coefficients of the proposed discrete perceptron. The
feasibility of using the discrete perceptron as a multifunctional logic element capable of implementing a wide
range of logical operations is demonstrated, particularly through the selection of appropriate activation functions
and shift coefficients. Cascade-conditional and conditional-logical algorithms for determining the number of
unique states are developed. Comparative analysis shows that implementations based on logical functions, exhibit
lower time complexity, improved efficiency in hardware /software implementation, and better scalability with
respect to the number of inputs. The fourth chapter presents the hardware structure of a discrete perceptron with
two binary inputs, including dedicated digital components for input signal processing, intermediate result
comparison, and aggregation. An integrated module of the discrete perceptron is constructed, implementing
classification logic based on an entropy feature, enabling the emulation of basic logical functions. A modular
hardware structure supporting pipelining is developed to increase system clock frequency. Clearly defined
boundaries between blocks enable functional scalability without modifying logical interconnections, ensuring
adaptability on FPGAs. Keywords: perceptron; binary signals; probabilistic estimates; logical functions; discrete
signals; computer components; field-programmable gate arrays (FPGAs); neural networks; machine learning.
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VIII. 3aKkJII04Hi BiZOMOCTi

Bnacwue IpizBume Im's [1o-6aTbKOBI Crpineupknit I0piit Mocunosu
rOJIOBH pagu

BaacHe IlpizBume Im'st II0-6aTbKOBI Crpineupkuit I0piit Mocumosu
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUM 32 MiATOTOBKY Slkosun Cepriii BacnnboBny
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA
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