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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka HEKOHEKLHUX MoZeslel IITYYHUX HEHPOHHUX MEPEX, METOIiB ix 0OYy10BY Ta HAaBYaHHS

Ha3sBa po6oTH aHIJIilICbKOIO:

Development of non-connection models of artificial neural networks, methods for their construction and training

PedepaT ykpaiHCbKOIO:

Cy4acHul pOo3BUTOK IITYYHOTO iHTeeKTY (IIII) cTuKaeTbCs 3 TPbOMa KPUTUYHUMU O6ap'epamMu: €KCIIOHEHIIifiHe
3pOCTaHHS €HEPrOBUTPAT HA HaBUaHHS MOJeJield, TOTpeba y BeJIMYE3HUX PO3MIU€HUX JaTaceTax Ta pobaema
BiZICYyTHOCTI iHT€PIIPETOBAHOCTI PillleHb. AKTYyaJIbHICTb JAHOTO JOCIIIPKEHHS I10JISITA€ Y CTBOPEHHI 3CYBY Cy4aCHOI
napagurmu I, mo HabinKae NPUHLUIY POOOTH IITYYHUX HEMPOHHUX MepexX (IITHM) o 6iosoriynux Ta QisnyHmx
npouecis. Lle 103BoJIs€ CTBOPIOBATH AaBTOHOMHI CUCTEMH, 3[1aTHI HABYATHCS HA MAINX BUOIpKax JaHUX, IO €
KpUTUYHUM 17151 chep 000POHU, MEIULIMHU Ta POOOTOTEXHIKY B YMOBax 0OME>KeHUX pecypciB. YV mociimKkeHHi
BUpillyeThCs PyHIAMEHTa/IbHA [TpOo6JieMa CTBOPEHHS CAMOOPraHi30BaHUX iHTEJIEKTyaJlbHAX CUCTEM, 5Ki He
noTpebyI0Th CTATUCTUYHOIO HaBYaHHS. Lle 103BOJIs€ TOA0IaTh PO3PUB MK aOCTPAKTHUM MOHATTSIM iHpopMalii Ta
ii gpisnyHuM HOCieM, 3abe3nedyour HaBYaHHS CUCTEMU 3a IPUHIMIIOM MiHiMizanjii BiibHOI eHeprii, noni6bHo 1o
TOTO, SIK 1i€ BiOyBaeTbCsl B XXUBil Npupozi. MeToro JociiikeHb € po3podKa Ta eKCIIepMMEeHTaIbHA IlepeBipka
TEOPETHUYHOI 6a3H, 110 NOCTYJII0E€ EHEPreTUYHY Npupoy iHdopMallii Ta BU3Hauae ii poJib y mpouecax
caMoopratizatiii Ta eBoJioLii ckiIagHUX iHPpopmMaLiliHKUX cucTeM. Y po6oTi 6y/u BupillleHi HaCTyIHi 3a1adi: 0
Po3pob6seHo HOBY apxiTekTypy KoMnapTMeHTHOI aTpakTOpHOI HEPOHHOI Mepesku. 0 PeasnizoBaHO MeTO], HaBYaHHS
6€3 3BOPOTHOTO PO3MOBCIOIPKEHHS NOMUJIKU. O JlocsirHyTo Few-Shot Learning: ekcriepuMeHTaIbHO MiATBEPIKEHO
3[aTHICTb MOJI€Jli HABYATUCS Ha eKCTPEMAJIbHO MasuX BUGipKax (5-6 npukiazis Ha kiac). Ha 6asi ganux MNIST
IOCATHYTO TOYHOCTI ~82% IpU BUKOPUCTaHHI MiHIMaIbLHUX PECYPCIB, 110 HEAOCSKHO AJ14 Kiaacudyuux [ITHM 3a
TaKux yMOB. 0 BupimeHno 3anady npozopocrti 1. Knacudikanis 3gificHioeTbest yepes po3paxyHok meTpuku Graph
Edit Distance, 1110 103BOJISI€ YiTKO MTOSICHUTU, YOMY 00'€KT BiJHECEHO [0 NEBHOTO KJIacy, 6a3yI0UMCh HA CXOXOCTI

MOr0 reOMETPUYHOI CTPYKTYPU.

Pedepar aHIJIiHCBKOIO:

The modern development of artificial intelligence (Al) faces three critical barriers: the exponential growth of
energy consumption for model training, the need for massive labeled datasets, and the problem of lack of
interpretability of decisions. The relevance of this research lies in creating a shift in the current Al paradigm,
bringing the operating principles of artificial neural networks (ANNs) closer to biological and physical processes.
This enables the development of autonomous systems capable of learning from small datasets, which is critical for
defense, medicine, and robotics under conditions of limited resources. The study addresses the fundamental
problem of creating self-organizing intelligent systems that do not require statistical learning. This allows bridging
the gap between the abstract concept of information and its physical carrier, enabling system learning based on
the principle of free energy minimization, similar to processes observed in living nature. The objective of the
research is the development and experimental validation of a theoretical framework that postulates the energetic
nature of information and defines its role in the processes of self-organization and evolution of complex
information systems. The following tasks were accomplished in the work: - A new architecture of the
Compartmental Attractor Neural Network. - A learning method without backpropagation was implemented. - Few-
Shot Learning was achieved: the model’s ability to learn from extremely small samples (5-6 examples per class) was
experimentally confirmed. On the MNIST dataset, an accuracy of ~82% was reached using minimal resources,
which is unattainable for classical ANNs under such conditions. - The problem of Al transparency was addressed.
Classification is performed through the calculation of the Graph Edit Distance metric, which allows clearly
explaining why an object is assigned to a particular class based on the similarity of its geometric structure.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: HekoHeKUiliHI MOZEi Ta METOaY TOGYAOBY Ta HABYAHHS IITYYHUX HENPOHHUX

Mepex

Haszsa HTII aurJificbKo10: Non-connectional models and methods for constructing and training artificial

neural networks.

HTII, sixy nepen6a4asiocss CTBOPHTH: CTBOPEHO

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpHMaHi P€3yJbTaTH: MeToau, Teopii, rinoresu

l'any3s 3acTocyBaHHs: [ndopmariitHi TexHoOri; iHTeeKTyasbHi iHpopMariitHi Ta iHpopmaLiiiHO-aHam THYHI
TEXHOJIOTi; KOMIT'IOTEPHI HAYKHU.

PeecTpanifiHuil HOMep KapTKH TE€XHOJIOTii:

Omnuc HTII: KomnaprmenTHa aTpakropHa HeliponHa mepeska ComAN, sika y MopiBHsIHHI 3 KOHHeKUifiHuMu [ITHM
Mae 6inblly Hepo6ioJIOTiYHy OOIPYHTOBAHICTD, @ TAKOX BilIPi3HSE€TbCS MEHIIMM YaCOM HAaBYaHHS Ta He NOTpebye
BEJIMKOT'O HAaBYaJIbHOTO Jartacery. Lis Mepeska CK1afaeThes 3 6i0710TiYHO OO PYHTOBAHMX MOJIeJiell HEHPOHIB-
I€TEKTOPIB, 5IKi pO3TaIllOBYIOTbCS Y HEMPOHHUX KapTax, 10 CAaMOCTPYKTYPYIOThCS B [IpOLieCi HaBYaHH:. Mopeb
HelpOHa-JeTeKTOpa Bilpi3HseTbCS Bil BiIOMUX MoJesiell HEIPOHIB THM, 110 Npolec 06pobKky iHpopmariii
3MiMICHIOETHCS HE Y Tijli HEHPOHY, a y MOJeJli IeHAPUTHOrO AepeBa HelpoHy. Lleit nporec 06poOKy 3aCHOBYETHCS HA
3aCTOCYBaHHI pO3p00JIeHUX IIPaBUJ peLyKllii BEKTOPY BXiJHMX CUTHAJIIB Ta OOYJOBY KOHLENTYaJIbHOI CTPYKTYPU —
KOHLIENTY KJIacy po3nisHaBaHH4. O4iKyBaHi pe3ysbTaTy POOOTU: MaTEMATHUYHI MOJeJli HeIIpOHa-IeTeKTopa Ta
CTPYKTYPHO-AETEKTOPHOI HEPOHHOI MEPEXKI, AITOPUTMH iX HABYaHHS, Ta iX MPOrpaMHi MOJei AJ1s1 Knacu@ikaii
300pakeHb 6i6sioTek MNIST. BnpoBamskeHHs pe3yJibTaTiB poOOTH 37iIICHIOETbCS Ha OCHOBI 3aCTOCYBaHHS
IIpOrpaMHUX po3poboK. ['asy3p 3acTocyBaHHs: iHQOpMalliliHi TEXHOJIOT, iHTeneKkTyanbHi iHdpopmMaliiiHi Ta

iH(popMaLiiHO-aHAJITMYHI TEXHOJIOTI], KOMII'IOTEPHI HayKu. [IpiopUTeTHMIT HAYKOBUI HAMPsIM — IITYYHU iHTEJIEKT.

ConianbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopenns npuHuunoBo HOBOI mpoyKiii (Matepiasis,

TEXHOJIOTI! TOMIO) J1s1 3a0e3I1eYeHHsI eKCIIOPTHOTO NIOTEeHIialy Ta 3aMillleHHIO iIMIIOpTY
Bnyins HTII Ha moBKiJjs:
BrnpoBags>keHnHs HTII: He snposamxero
ITpakTuyHa peasnizanis HTTI
IToyaToK eramy: 01.2024
3akiHyeHHs eTamy: 01.2026
Crno>KkuBavi NPOAYKILii: [lepkaBHi Ta iHIIi OrpaHy Ta yCTaHOBU

IlepcrieKTHBHI PHUHKH: PesysibTaTi PO3POOKM MOXKYTb GYTH BUKOPHCTAHI Y BCIX rasy3sx rOCIOAAPCTBa Ha BCiX

BHYTPIIIHIX Ta MDKHAPOJHUX PHUHKAX, IO BUKOPUCTOBYIOTh iH(POPMaLIIHO-TEJIEKOMYHIKaLiliHi TEeXHOJIOTII.
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM

IloTpiOGHMI 0GCAT iIHBECTHILiH, THC. TPH.:

IIpaBa, 0 HaJaIOTHCS iHBECTOPY IIiCJIs 3aBepIIeHHs POOOTH:

HasaBHicTb Oi3Hec-1JIaHY:

TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
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