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Pedepar:

1. KoBanbuyk JI.M. Mopesi Ta METO[IM IIBUJIKOI OOPOOKM JaHUX Ha OCHOBI 3aCTOCYBaHHS CUCTEMU 3aJIMLIKOBUX
kiacis. - KeaniikauifiHa HaykoBa Ipalis Ha IpaBax pykonucy. Jluceprauis Ha 3000y TTsI CTyIEHs JOKTOpa
¢inocopii 3a cnenianphicTio 122 - Komm'totepni Hayku (I'anysp 3Hanb 12 - IndopmauiiiHi TexHoOrii). -
XapkiBCbKMM HaljioHanbHMN yHiBepcuTeT iMeHi B. H. Kapasina MinictepcTBa ocBiTu i Hayku YKpainu, Xapkis, 2024.
Juceprauis NpucBsyeHa MiJBUIIEHHIO IBUAKOCTI 06po6Ky iHpopMaLii NporpaMHO-anapaTHUMU CUCTEMAMU i
KOMILJIEKCAMU 3 €JIEMEHTAMU IITYYHOI'O iHTEJIEKTY 38 PaXyHOK BUKOPUCTAaHHS MOZEJIEN Ta METOLIB IBUIKOI
00pOOKY JaHMX Ha OCHOBI 3aCTOCYBAaHHS CUCTEMU 3aJMIIKOBUX Kiacis (C3K). B nepuiomy pospini aHasizyioTbCst
npo6seMy NodyJ0BY IPOrPaMHO-aNapaTHUX CUCTEM i KOMIIJIEKCIB 3 eJIEeMEHTaMU LITYYHOTO iHTEJIEKTY.

HpOBeJ_IeHI/II/UI aHaJli3 MOKJINBOCTEN I[IPpOTpaMHO-allapaTHUX CUCTEM 1 KOMIIJIEKCIB 3 eJleMeHTaMU MTYy4YHOTO



iHTeJIeKTy CBiJUMTb IIPO Te, IO BOHU HE 3a[I0BOJIbHSIIOTH 301/IbIIEHNM BUMOTaM [I0 MIBUJIKOCTI 06po6kU iHpopmaliii,
110 OOYMOBJIIOE aKTyaIbHICTb JOCIIKEHHSI HOBUX MogeJieil i MeToniB. POpMYJIIOIOThCS 3a1a4i fJucepTauifiHoro
IOCIIiIPKEHHS: yIOCKOHAJIEHSI METOly IOLABAaHHS Ta BiHIMAHHS 3aJIMILIKIB Yncesl 1o moayio C3K; yIoCKOHaIeHHS
MeTOy TabJIM4YHOI peasisalii MHOKEHHS JIBOX 3aJIMLIKIB YMCeJl 32 PaXYHOK MOXKJIMBOCTI BUKOHAHHS OIepallii B
KOMILJIEKCHIl 06J1aCTi; yZOCKOHAJIEHHSI MaTeMAaTUYHOI MOJIeJli IPOLieCy MifTHeCEeHHS 3a/INLIKIB LiJIUX YUCE 10
IOBIJIBHOTO CTYII€H4 HaTypasbHOro B C3K; mpakTu4He NiATBEpI KEHHS IIPale3JaTHOCTI Ta BiporigHOCTI
pO3pobeHUX Mojiesiel i MeToiB. SIKi 6yayTh BUPIlIyBaTUCh B HACTYIIHUX PO3Aiiax AucepTaliiiHoi poboTu. Y
IpYyromy po3fisi JicTas oJaablIMy PO3BUTOK METO], AOJABAHHS i BifHIMaHHS 3a/IMILKIB Yuces 1o Mmonyio C3K,
SIKUI BpDaXOBY€ KOHCTPYKLI CyMaTOPiB 10 MOAYJIIO 3 BeJnunHoo Kopekuii AQR>0. Po3po6iena HDL-moznesnp
cymaropa no mozyso mi=17 Ha MoBi Verylog. Po3po6siena cymaropa 1o monysto mi=17 B cepenosuii Quartus II.
Po3rygHyTi NpuKIagy Ta pe3yabTaTu MOJEJII0BAaHHS peasidaliii MeTony MOIyJIbHOTO NOJNABAaHHS [JIs1 PiI3HUX 3HAY€Hb
xiiyi no moamyso mi C3K, nigTBepaXyIOTh IPAKTUYHY Peajli30BaHiCTh 3alIPOIIOHOBAHOTO MeToAy. Po3pobieHa
HDL-Mopesnb BUKOHAHHS onepallii BifHiMaHHS Ha cymaTopi 1o moayso mi=17 Ha MoBi Verylog Ta cTpyKTypHa
cxeMa B cepenoBuii Quartus II. Po3rygHyTi npuKkIany Ta pe3ysbTaTy MOJEJIOBAaHHS peaidalii onepaii
BigHiMaHHA (Xi - yi)mod mi no moznyso mi C3K 14 pi3HUX 3aJIMILKIB Xi i yi, NiATBEPIKYIOTb IPAKTUYHY
peasii3oBaHiCThb 3alIPOIIOHOBAHOTO METOLy. Y TPEThOMY PO3[iJii BIIOCKOHAJIEHO METOJ, TabJIMYHOI peasizaii
MHOKEHHS JIBOX 3aJIMLIKIB YMCEJI B CUCTEMI 3aJIMIIKOBUX KJIACIB 32 PaXyHOK MOJKJIMBOCTI BUKOHAHHS Ollepallii B
KOMILJIEKCHIl 00J1aCTi, HA OCHOBi BUKOPUCTAaHHSI IIE€pIIoi PyHIaMeHTalIbHOI Teopemu 'ayca npo isomopdizm Mix
MHOXXVHOIO AiMICHUX I KOMIIJIEKCHUX YKCEJI, 1O MiIBUIlye MBUIKOAII0 peaisalii oneparii MHOKEHHS B CUCTEMI
3aJIMIIKOBYX KJIACIB. BIOCKOHAZIEHO MaTeMaTUYHY MOJIEJIb IPOLECY MMiTHECEHHS LUK YMCeJl IO LOBIJILHOTO
CTEeIeHs HaTypasibHOro yucia B C3K 3a paxyHOK MOXKJIMBOCTI BUKOHAaHHS Ollepalii igHeCeHH LiInuX Y1Cel 10
CTereHsl, K y JOJAaTHOMY, TaK i B BiJl eMHOMY YMCJIOBUX [ialla30HaXx, 0 MifBUIIY€E WIBUAKOAII0 peasisanii oneparii
IiiHeCeHHs! LiyIUX YuceJi 10 CTeleHs B CUCTeMI 3aJIMIIKOBUX KJIaciB. Pe3ysibTaTu KOMITIOTEPHOTO MOZEJIIOBAHHS
cepenosuili Microsoft Visual Studio 2015 ninTBepaKyOTh NPaKTUYHY Peajli30BaHICTh 3alIPOIIOHOBAHOTO METOLY.
YeTBepTHUI1 pO3AiJa MPUCBAYEHO PO3POOIIi OnepaliiiHOro NprUCTPOIO MIPOrpaMHO-arapaTHUX CUCTEM i KOMILJIEKCIB 3
€JIEMEHTaMU IITYYHOTO iHTeJIEeKTY, 0 (GYHKLIOHYIOTh B CUCTEMI 3aJIMIIKOBUX KJIACIB Ta IPBEJIEHHIO aHali3y
MBUAKOMIl 06pOOKY JaHUX B MO3UIINHII CUCTEMi YMCJIEHHS Ta CUCTeMi 3aIMIIKOBUX KiaciB. Po3pobieHo
onepawuiiiHui IPUCTPil IpOrpaMHO-anapaTHUX CUCTEM i KOMILJIEKCIB 3 €1eMEHTaMU MITyYHOTO iHTeJIEKTY, 1110
(YHKIIIOHY€E B CUCTEMI 3aJIMIIKOBUX KJlaciB. [IpoBe1eHO pO3paxyHOK Ta NOPIBHSJIbHUI aHaI3 MBUIKOLiI 06poOKU
JAHUX IPOTPaMHO-aNlapaTHUX CUCTEM i KOMIIJIEKCIB 3 €JIeMEHTaMU MITy4YHOro iHTenekTy y C3K nyisg maTeMaTU4yHO]
MoJeJli ITYyYHOro HelipoHy. Po3paxyHKu Ta NOPiBHsIJIbHA OLiHKA IIBUIKOI], TpoBeneHi B AucepTaLiliHill po6oTi,
MI0Ka3asy, o 3i 30i/1bIIEHHSIM PO3PSIAHOCTI CITKM TPOrpamMHO-anapaTHUX CUCTEM i KOMILJIEKCIB 3 eJIeMeHTaMU
IITY4YHOTO iHTEJIEKTy €(EKTUBHICTb 3aCTOCYBAaHHS HEMO3ULiiHOI cucTemu yncyeHHs B C3K 3Ha4HO 3pocTae.
CyKyIHICTb OTPUMAHUX y AUCEPTAaLlil HOBUX HAyKOBUX PE3YyJIbTATIB, [IO3UTUBHA OLiHKA iXHbOI JOCTOBIPHOCTI,
HAyKOBOI Ta IPaKTUYHOI 3HAYYIIOCTi Jal0Th 3MOT'y BBa’KaTu c(POPMYJIbOBAHY HAyKOBY 3a/1auy IiBUILIEHHS
MIBUJIKOCTi 06pOoO6KM iHpopMaliii TporpaMHO-anapaTHUMU CUCTEMaMU i KOMIJIEKCAMU 3 €JIeMeHTaMU MTyYHOTO
iHTeJIeKTy 32 paxyHOK BUKOPUCTAHHS MOZesIel Ta METOiB IIBUAKOI 0OpOOKY JaHMX HA OCHOBI 3aCTOCYBaHHS

CHUCTEMU 3aJIMIIKOBUX K]IaCiB, - pOBB'SIBaHOIO, d IIOCTABJIEHY METY — NOCATHYTOIO.

2. Kovalchuk D.M. Models and methods for fast data processing based on the use of a residual class system. -
Qualification scholarly paper: a manuscript. The dissertation submitted for obtaining the Doctor of Philosophy
degree in Information Technology: Speciality 122 - Computer science. V. N Karazin Kharkiv National University,
Ministry of Education and Science of Ukraine, Kharkiv, 2024. The dissertation is devoted to increasing the speed of
information processing by software and hardware systems and complexes with elements of artificial intelligence
due to the use of models and methods of fast data processing based on the application of the residual class system
(RCS). The first chapter analyzes the problems of constructing hardware and software systems and complexes with
elements of artificial intelligence. The analysis of the capabilities of software and hardware systems and complexes
with elements of artificial intelligence indicates that they do not meet the increased requirements for information
processing speed, which makes it urgent to study new models and methods. The objectives of the dissertation



research are formulated: improvement of the method of adding and subtracting remainders of numbers modulo
RCS; improvement of the method of tabular implementation of multiplication of two remainders of numbers due to
the ability to perform the operation in the complex domain; improvement of the mathematical model of the
process of raising remainders of integers to an arbitrary degree of natural in RCS; practical confirmation of the
performance and likelihood of the developed models and methods. Which will be addressed in the following
sections of the dissertation. In the second chapter, the method of adding and subtracting the remainders of
numbers modulo RCS was further developed, taking into account the design of modulo adders with a correction
value AQR>0. An HDL model of a modulo mi=17 adder in Verilog has been developed. An adder of a modulo mi=17
has been developed in the Quartus II environment. The considered examples and simulation results of the
implementation of the modular addition method for various values of xi and yi modulo mi RCS confirm the
practical implementation of the proposed method. An HDL model for performing a subtraction operation on a
modulo adder mi=17 in the Verylog language and a block diagram in the Quartus II environment have been
developed. The considered examples and simulation results of the implementation of the subtraction operation (xi
- yi)mod mi for various residues xi and yi confirm the practical implementation of the proposed method. In the
third chapter, the method of tabular implementation of multiplication of two remainders of numbers in a RCS is
improved due to the possibility of performing the operation in the complex domain, based on the use of Gauss's
first fundamental theorem on isomorphism between the set of real and complex numbers, which increases the
speed of implementation of the multiplication operation in the RCS. The mathematical model of the process of
raising integers to an arbitrary power of a natural number in the RCS has been improved due to the possibility of
performing the operation of raising integers to a power in both positive and negative numerical ranges, which
increases the performance of the implementation of the operation of raising integers to a power in the RCS. The
results of computer modeling in the Microsoft Visual Studio 2015 environment confirm the practical
implementation of the proposed method. The fourth chapter is devoted to the development of an operating device
for software and hardware systems and complexes with elements of artificial intelligence that operate of the RCS
and analysis of the speed of data processing in the positional number system and the RCS. An operating device for
software and hardware systems and complexes with elements of artificial intelligence operating in a RCS has been
developed. A calculation and comparative analysis of the data processing speed of software and hardware systems
and complexes with elements of artificial intelligence in the RCS for the mathematical model of an artificial neuron
was carried out. Calculations and comparative evaluation of performance carried out in the dissertation work
showed that with an increase in the grid capacity of software and hardware systems and complexes with elements
of artificial intelligence, the efficiency of using a non-positional number system in RCS increases significantly. The
totality of new scientific results obtained in the dissertation, a positive assessment of their reliability, scientific and
practical significance allow us to consider the formulated scientific task of increasing the speed of information
processing by software and hardware systems and complexes with elements of artificial intelligence through the
use of models and methods of fast data processing based on the use of a RCS - solved, and the goal set - achieved.
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