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Pedepar:

1. MeTo0 gucepTauiiHOi poO0TH € BUPIlIE€HHS HAyKOBO-TEXHIYHOI IPO6IeMH NiABUILIEHHS €(DEKTUBHOCTI [100y10BU
Ta BUKOPUCTaHHS HelipoMopdHux Komn'totepHux cucteM (HKC) B pedysnbraTi po3po6ku Mopeseit mobynosu ix
KOMITOHEHTIB Ta 3arajlbHoi apXiTeKTypH, a TaKOK METO/IiB iX HaBYaHHS Ha OCHOBi OpMali3oBaHOrO € TEKTOPHOTO
npuHuuiy. O6'exT pociuigxkenHs - npouec nodynosu HKC Ta ix KoMIOHeHTiB. MeToU AOCTiIKEHHSI:
(pyHIaMeHTaIbHI MTOJIOXKEHHS TEOPil: MATEMATUYHOI JIOTiKY, (POPMaIbHUX MOB Ta (GOPMATIbHUX CUCTEM, a TAKOX:
METOJI CHCTEMHOTO aHaJli3y Ta Teopii cucTeMm; MaTeMaTUYHUI anaparT Teopii IMoBipHOCTei, Teopii rpadis, Teopii
indopmauii, Teopii yrpasininHs, Teopii posnisHaBaHHS 00pasiB; METOAU MaTeMaTUYHOI CTaTUCTUKU. HaykoBa
HOBU3Ha JycepTalii. Bnepiie orpumano: 1) 6araTocerMeHTHi noporosi mogesi komnoneHTiB HKC, a came: 610Ky~
IeTeKTopa, 6JI0Ky-aHali3aTopa, 610Ky HOBU3HH, B SIKUX B PE3yJIbTaTi 3yCTPiYHOr0 HaBYaHHSA GOPMYIOTHCS

koHuenTy Coni, 10 BU3HAYAIOTh HEOOXIiNHI i JOCTaTHI yMOBU (HPOPMYyBaHHS iX peakiiiil, Ta ki JJ03BOJISIOTh



peaidyBaTu po3pobiieHy MOZeslb MEPEXKEBOI apXiTEKTYPH AeTEKTOPHOI HENPOMOP(HOI KOMIT'IOTEPHOI CUCTEMU
(OJHKC); 2) mogenps mepeskesoi apxiTekTypu HKC, 110 ckianaeTscs 3 IBOX mapiB HEHPOMOPPHUX KOMIIOHEHTIB
MepBUHHOIO Ta BTOPMHHOTO PiBHiB 00p0o06KY iH(opMallii, Ta sIKa 103BOJISIE CKOPOTUTU KilIbKiCTh HEOOXiTHUX
KOMIIOHEHTIB CUCTEMU IIPU BUPIllI€HH] MPaKTUYHUX 33]1a4 PO3Mi3HaBaHHS 300pPaK€Hb; 3) METOJ, 3yCTPiYHOTO
HaBYaHHS KOMIOHeHTiB HKC, 1m0 3acHOBYeTbCSI Ha KOPeKLii iX KOHLENTiB NP CUHXPOHHOMY 30y IKEHH
KOMITOHEHTIB pi3Hux nigcucrem HKC, Ta sikuii 1o3BoJisie ckopotyuTy Yyac HaBdyanHsg HKC nipu BupimeHHi
[IPaKTUYHMX 33734 PO3Ii3HaBaHHs 300pa’KeHb 10 OfHi€l €110XU Ta CKOPOTUTH PO3MIPHICTh HaBUaJIbHOI BUOIpKY; 4)
METO/I CaMOOpraHi3allii KapTu 6JI0KiB-1€TEKTOPiB BTOPMHHOTO PiBHS 06po6Ky iH(popMaliii mig ynpapaiHHAM 670Ky
HOBU3HU, SIKUU [103BOJISIE BUPIINTY IPOGsieMy cTabispHOCTI-1actTruyHoCTi nam'sti HKC Tta npobiemy ii
nepeHaByaHHs. BgockonasneHo: 1) MeToz, cermeHTallii CTPYKTypy 300pakeHHs], 1[0 PO3Mi3HAETHCS, SIKUI Ha BiIMiHY
BiJl BIIOMUX METOIiB [103BOJIS€ MTOOYAYBaTU CTPYKTYPY KOHLENTY 6JIOKY-AE€TEKTOPA iHBaPiaHTHY /10 Pi3HUX TUIIIB
IIEPETBOPEHD BXiIHOTO 300pakKeHHSI; 2) JIOTiKO-JIIHTBICTUYHY MOJeJIb 106YH0BU (pOpMasbHOI iHpopMaLiiiHOi
CHCTEMHY, 5IKa Ha BiAMiHY Bif] BiIOMUX MaT€MaTUYHNX MOJEJIE€ BUKOPUCTOBY€E IIPUHLIUII releTiBCbKOI HyMepallii
rinoTe3 penpe3eHTaTUBHOI MiICUCTEMH, IO MOXKYTb OyTH JOBEEHi 60 CIIPOCTOBAHI TiJIbKY 32 JOIIOMOTOI0 aKCiOM
[Ipe3eHTaTUBHOI MiICKCTEMY, Ta SIKA JOBOAUThL HeoOXigHicTh BuUkopucTtaHHs B HKC gk MiHiMyM opHiel
IIpe3eHTAaTUBHOI Ta OJlHiei penpe3eHTaTuBHOI nigcucremu. OTpuMany ofaabUnil po3BUTOK: 1) 3aranbHa
apxirekrypa HKC, saka Ha BinMiHy Bif, iCHyl0YMX apXiTE€KTYp, 110 MAIOTb OJHOPILHY CTPYKTYPY 3B'S3KiB MIXK
OJHOTUITHUMU KOMIIOHEHTAMU, CKJIaJA€ThCS 3 IEPLENTHUBHOI, IPE3€HTATUBHOI Ta PENIPE3€HTATUBHOI MiJICUCTEM,
110 MAIOTh CTPYKTYPHI 3B'I3KM Ta KOMIIOHEHTH Pi3HOTO THUITY, Ta sIKa O3BOJISIE peaslisyBaTy po3pobIleHi MeToan
3yCTPiYHOTO HaBYaHHs Ta camoopraHizauii komnoneHTiB HKC; 2) meTon HaByaHHs komrnoHeHTiB HKC, sikuii Ha
BiMiHY BiJl BilOMUX B3a€MOBUKJIIOYHUX [TapaUrM HaBYaHHS, 00'eJHYE BCi Lii MiIXOO1 Y B3A€MOIIOB'I3aHil
IpoLeAypi 3yCTPiYHOTO HaBYaHHS Ta CaMOOPraHizalii KapT 0JI0KiB-I4EeTEeKTOPiB BTOPUMHHOTIO PiBHSI 0OPOOKU
indopmauii. [IpakTyHe 3HaYE€HHSI OTPUMAHUX PE3yJIbTATIB 17151 rajy3i iHpopmMaLifHUX TeXHOJIOTiN, KOMII'IOTEPHUX
CHCTEM Ta KOMIIOHEHTIB II0JISITa€ Y HacTynHOoMYy: 1) po3pobsieno JJHKC aBTOMaTU30BaHOTO MOHITOPUHTY Ta aHali3y
30BHIIIHBOI €JIEKTPOMArHiTHOI 0GCTAaHOBKM Ha OCHOBI IETEKTOPHOI ITY4YHOI HENpoHHOi Mepexxi (IIIHM), sika
I03BOJISI€ MiIBUIIUTY TOYHICTb Pe3YJIbTATiB BUMipIOBaHb IAPAaMETPiB €JIeKTPOMArHiTHUX iMITyJIbCiB HA 5-7% Y
MOPiBHAHHI 3 iCHYIOUMMM aBTOMaTU30BaHUMHU CUCTEMaMU MOHITOPUHTY, CKOPOTUTH 4ac HaB4aHHS cuctemu Ha 40%
y [IOPiBHSIHHA 3 CUCTEMAaMHU, 1I0 BUPIIIYIOTh 3aBIaHHS PO3Ii3HAaBaHHS KOHTYPHUX 300pakeHb. Lle 103Bossie
MIPOBOJVWTY aHaJIi3 30BHILIHbO] €JIEKTPOMAarHiTHOI OOCTAaHOBKM B PEXUMI peasibHOTo 4acy; 2) po3pobseHo JHKC nis
pos3mi3HaBaHHA pyKonucHux uudp 6as3u nannx MNIST Ha ocHoBi JUITHM, sika 103BOJISIE Y ITOPiBHSHHI 3
II€CTUIIAPOBOIO 3arOPTKOBOIO LITYYHOIO HelipoHHOI0 Mepexelo (IITHM) Ha nopsijok 3MEHIIMTH KiJIbKiCTb
HelipoesniemeHTiB (HE) y npuxoBaHux mapax Npy HE3HaYHOMY 30iJIbII€HHI IOMUWJIKY po3Mi3HaBaHHs Ha 0,09%,

3MEHIINTH Yac HaByaHHA 3i 100 enox g0 1 ernoxu rnpy HE3HAYHOMY 3MEHIIEHHI IOMUJIKY PO3Ii3HABaHHA .

2. The purpose of the dissertation to solve the scientific and technical problem of increasing the efficiency of
building and using neuromorphic computer systems (NCS) as a result of developing models for constructing their
components and a general architecture, as well as methods for their training based on a formalized detection
principle. The object of the study is the process of constructing of the NCS and their components. Methods of
research: the fundamental positions of theories: mathematical logic, formal languages and formal systems, as well
as: methods of system analysis and system theory; mathematical apparatus of probability theory, graph theory,
theory of information, theory of management, theory of pattern recognition; methods of mathematical statistics.
The scientific novelty of the dissertation. The following scientific results were obtained for the first time: 1) multi-
segment threshold models of the components of the NCS, namely: the detector block, the block analyzer and the
block of novelty, in which, as a result of counter-training, concepts Coni are formed that determine the necessary
and sufficient conditions for the formation of their reactions, and which allow to implement the developed model
of network architecture of detector neuromorphic computer system (DNCS); 2) the model of the network
architecture of the NCS, consisting of two layers of neuromorphic components of the primary and secondary
levels of information processing, which allows to reduce the number of necessary components of the system in
solving practical problems of image recognition; 3) the counter-training method of the components of the NCS,



which is based on the correction of their concepts in the synchronous excitation of components of different
subsystems of the NCS, which allows to reduce the time of training NCS in solving practical problems of image
recognition to one epoch and reduce the dimension of the training sample of images; 4) the method of self-
organization of the map of detector blocks of the secondary level of information processing under the control of
the novelty block, which allows solving the problem of stability-plasticity of the memory of the NCS and the
problem of its overfitting. It was improved: 1) the method of segmentation of the recognizable image structure,
which, unlike the known methods, allows constructing the structure of concept of the detector block invariant to
different types of transformations of the input image; 2) the Logico-linguistic model of constructing a formal
information system. This model, unlike well-known mathematical models, uses the principle of Godelian
numbering of hypotheses of a representative subsystem. These hypotheses can be proved or refuted only with the
help of the axioms of the presentation subsystem. This model proves the necessity of using at least one
representative and one representative subsystem in the NCS. Have received the further development: 1) the
general architecture of the NCS. This architecture, unlike existing architectures, which have a homogeneous
structure of connections between similar components, consists of perceptual, presentative and representative
subsystems. These subsystems have structural connections and components of various types. The obtained
general architecture of the NCS allows implementing the developed methods of counter-training and self-
organization of the components of the NCS; 2) the method of training of the components of the NCS, which, unlike
the known mutually exclusive learning paradigms, unites all these approaches in the interrelated procedure of the
counter-training and the self-organization of cards of secondary-level detectors. The practical significance of the
results obtained for the field of information technology, computer systems and components is as follows: 1) it was
developed the DNCS for automated monitoring and analysis of the external electromagnetic environment, which is
based on the detector artificial neural network (DANIN). This neural network makes it possible to increase the
accuracy of the results of measurements of the electromagnetic impulse parameters by 5-7% in comparison with
existing automated monitoring systems, and also to reduce the training time of the system by 40% in comparison
with systems that solve problems of recognition of contour images. This allows us to analyze the external
electromagnetic environment in real time; 2) it was developed the DNCS for recognition of hand-written digits of
the MNIST database on the basis of DSNM. Compared with the six-layer convolutional artificial neural network
(CNN), this system allows: an order of magnitude decrease in the number of neural elements (NEs) in hidden layers
(with an insignificant increase in recognition error by 0.09%), reduce training time from 100 epochs to 1 epoch
with a slight decrease in the recognition error.
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