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Pedepar:

1. KoBanpuyk .M. Mopesni Ta MeTOM MBUIKOI OOPOOKM IaHUX Ha OCHOBI 3aCTOCYBaHHS CUCTEMU 3aJIMIIKOBUX
kiacis. - Kaniikaujiiina HaykoBa Mpalis Ha [ipaBax pykonucy. Jlucepralist Ha 3M00yTTsI CTyIEeHs JOKTopa
dinocodii 3a cnenianpHicTio 122 - Komn'totepHi Hayku (T'any3b 3Hanb 12 — [HpopmaliliHi TexHoJIoril). -
XapkiBCbKM HalliOHAJIbHUM yHiBepcuTeT imeHi B. H. Kapasina MinicTepcTa ocBitu i Hayku YKpainu, Xapkis, 2024.
Iuceprallis MpuUCBsSYeHa MiIBUIIEHHIO MBUAKOCTI 06p0o6KM iHdOopMallii MporpaMHO-anapaTHUMU CUCTEMaMU i
KOMIIJIEKCAMU 3 €JIeMEHTAMU HMITyYHOTO iHTeJIEKTY 32 PaXxyHOK BUKOPUCTAaHHSI MOZEJIEN Ta METOIiB LIBUAKO]
00pOOKHM JaHMX Ha OCHOBI 3aCTOCYBaHHSI CUCTEMU 3aJIMIIKOBUX Kiacis (C3K). B nepmomy po3iii aHami3yl0TbCst
po6emMu NMody0BY IIPOrpPaMHO-arapaTHUX CUCTEM i KOMIIJIEKCIB 3 eJIeMeHTaMU LITYYHOTO iHTEJIeKTY.
[IpoBeneHuit aHasi3 MOKJIMBOCTEN TPOrPAMHO-ANIapPAaTHUX CUCTEM i KOMIIJIEKCIB 3 €JIEMEHTAaMU LITY4HOTO
iHTeJIeKTy CBiUNTD IIPO Te, 10 BOHU HE 330BOJIbHSIOTH 301/IbIIEHUM BUMOTaM [0 MIBUAKOCTI 06po6KY iHpopMallii,
110 OOYMOBJIIOE aKTyaIbHICTh JOCHIIKEHHSI HOBUX MozeJieil i MeToiB. GOpMyJIIOI0ThCS 3a1a4i JucepTauiiiHoro

IOCJIiIKeHHSI: YIOCKOHAJIeHsl MeTOJy JOJaBaHHSI Ta BiiHIMaHHS 3ayMMIKiB yucest 1o moayiio C3K; ynockoHaeHHs



MEeTOy TabJIMYHOI peasisalii MHOKEHHS IBOX 3aJIMLIKIB YMCeJl 32 PaXYHOK MOKJIMBOCTI BUKOHAHHS OIepallii B
KOMILJIEKCHIl 06J1aCTi; yZOCKOHATIEHHSI MaTeMaTUYHOI MOJIeJli PoLieCy MifHeCEeHHS 3a/INLIKIB LiJIMX YUCEJ 10
IIOBIJIBHOTO CTYIIE€HY HaTypasbHOro B C3K; pakTu4He MiATBepIyKEHHS IIpale3JaTHOCTI Ta BiporigHOCTI
PO3pobJIeHUX MOJiesiel i MeToiB. SIKi 6yayTh BUPIlIyBaTUCh B HACTYIIHUX PO3[ilax AUcepTaliiiHoI poboTu. Y
IPyroMy PO3[iJi iCTaB NOMAbIINY PO3BUTOK METO], AOLABAHHS 1 BiIHIMaHHS 3aJIUILIKIB Yynces1 1o moayio C3K,
SIKUI BpPaXxOBy€ KOHCTPYKLii CyMaTOPiB 10 MOAYJIIO 3 BeanunHo Kopekuii AQR>0. Po3zpo6iena HDL-moznesnp
cymaropa no mozyso mi=17 Ha MoBi Verylog. Po3po6sieHa cymaropa 1o moayso mi=17 B cepenosui Quartus II.
Po3rygHyTi NpUKIagy Ta pe3yabTaTu MOJEJIIOBAaHHS peaiidalii MeTony MOIyJIbHOTO NONABAaHHS [JIs1 Pi3HMX 3HAY€Hb
xiiyi no momymo mi C3K, niaTBepaKyoTh NPakTUYHY peasi3oBaHiCTh 3alIpOIIOHOBAHOrO MeToy. Po3pobiieHa
HDL-Mopenb BUKOHAHHS onepallii BifHiMaHHS Ha cymaTopi 1o Mmoayso mi=17 Ha MoBi Verylog Ta cTpyKTypHa
cxeMa B cepenouii Quartus II. Po3ryigHyTi IpuKIany Ta pe3ysbTaTy MOJEIOBAHHS peaidalii onepari
BiZHiMaHH (xi - yi)mod mi no mogymo mi C3K 1151 pisHUX 3a/IMIIKIB Xi i yi, TiATBEPIKYIOTh MPAKTUYHY
peasi3oBaHiCTb 3alIpOIIOHOBAHOTO METOLY. Y TPEThOMY PO3/iJli BIIOCKOHa/JIEHO METOJ, TabJIMYHOI peasizariii
MHO>KEHHS JIBOX 3aJIMIIKIB YMCeJl B CUCTEMI 3aJIMIIKOBUX KJIACIB 32 PpaXyHOK MOXJIMBOCTI BUKOHAHHS onepalii B
KOMIIJIEKCHIl 06J1aCTi, HA OCHOBi BUKOPUCTAaHHSI NIepIIoi PyHIaMEeHTaNIbHOI Teopemu 'ayca npo isomopdizm Mix
MHOXUHOIO ifICHUX i KOMIIEKCHUX YMCeJI, O MiIBUILye MBUIKOII0 peaidalii oneparii MHOKEHHS B CUCTEMI
3aJIMUIKOBYX KJIACIB. BIOCKOHAZIEHO MaTeMaTUYHY MOJIEJIb IIPOLECY MITHECEHHS LiINX YMCeJl 0 LOBIJILHOTO
CTeleHs HaTypasibHOro yucia B C3K 3a paxyHOK MOXKJIMBOCTI BUKOHAaHHS OIepalii igHeCeHH LUiInuX Yucesl 10
CTereHs, K y JOJATHOMY, TaK i B BiJl eMHOMY YMCJIOBUX [lialla30HaX, IO MiTBUIIY€E WIBUAKOAII0 peasisalii oneparii
iIHECEHHS LiJIMX YMCE IO CTENEHs B CUCTEMI 3a/IMIIKOBUX KJACiB. Pe3ybTaTy KOMITIOTEPHOTO MOZEIOBAHHS
cepenosuii Microsoft Visual Studio 2015 ninTBepaXyOTh IPAaKTUYHY PEaji30BaHICTh 3a[IPOIIOHOBAHOTO METOLY.
YeTBepTUI PO3MiJ IPUCBSIYEHO PO3POOLIi ONepaLiiiHOro IPUCTPOIO TPOrPaMHO-aNlapaTHUX CUCTEM i KOMILJIEKCIB 3
eJIeMeHTaMU IITYYHOTO iHTeJIeKTY, 0 QYHKLiOHYIOTh B CUCTEMI 3aJIMIIKOBUX KJIACIB Ta [IPBEIEHHIO aHai3y
mBUAKOAIl 06pOOKY JaHUX B MO3UIINHII CUCTEMi YMCJIEHHS Ta CUCTeMi 3aJIMIIKOBUX KJaciB. Po3pobieHo
onepauiiiHui IPUCTPil IPOrpaMHO-anapaTHUX CUCTEM i KOMILJIEKCIB 3 €1eMEHTaMU MITyYHOTO iHTeJIEKTY, 110
(YHKIIOHY€E B CUCTEMI 3aJIMIIKOBUX KJlaciB. [IpoBe1leHO po3paxyHOK Ta NOPIBHSJIbHUI aHaJIi3 MBUIKOLii 06poOKU
IlaHMX [TPOTPaMHO-aNlapaTHUX CUCTEM i KOMILJIEKCIB 3 €JIEMEHTAaMU IITYYHOro iHTesnekty y C3K a1 MmaTeMaTu4HOi
MoJeJli ITYYHOTO HelpoHy. Po3paxyHKu Ta NOPiBHsJIbHA OLiHKA IIBUJKOII, IpOBeeHi B AUCcepTaLiliHill po6oTi,
MI0Ka3asy, o 3i 30i/IbIIEHHSIM PO3PSIAHOCTI CITKM TPOrpaMHO-anapaTHUX CUCTEM i KOMILJIEKCIB 3 eJIeMEeHTaMU
IITYYHOTO iHTEeJIeKTy e(PEeKTUBHICTb 3aCTOCYBAHHSI HETIO3ULiHOI cucTeMu yncyieHHs B C3K 3HayHO 3pocTae.
CyKyIHICTb OTPUMAHUX y AUCEPTAaLlil HOBUX HAyKOBUX PE3YyJIbTATIB, [IO3UTUBHA OLiHKA iXHbOI JOCTOBIPHOCTI,
HAyKOBOI Ta MPaKTUYHOI 3HAYYIIOCTi JAIOTh 3MOT'y BBa’KaTu C(POPMYJIbOBAHY HAyKOBY 3a/iauy MiBULEHHS
IIBUAKOCTi 0OpO6KY iHpopMallil MporpaMHO-aniapaTHMMU CUCTEMAMU i KOMILIEKCAMU 3 €JIEMEHTaMU LITYYHOTO
iHTEeJIeKTy 32 paxyHOK BUKOPUCTaHHS MoJiesiell Ta METOIiB IBUAKOI 0OpOOKU JaHMX Ha OCHOBI 3aCTOCYBaHHS

CHCTeMHU 3aJIMIIKOBUX KJIACIB, — PO3B'SI3aHOIO,  TIOCTABJIEHY METY — LOCSTHYTOIO.

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 Il 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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