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3axuct Bigbymersest 23 mororo 2017 p. o 9% roauni Ha 3acimanHi ex3ameHariitHOL
komicii Ne33 y TepHomibcbKOMY HaIiOHATHPHOMY TEXHIYHOMY YHIBEpPCHTETI iMeH1 IBaHa
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Nel, aya. 101



3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaJIbHICTh TeMH podoTH. [lonsrae y 10ociii>KeHHI KOTHITUBHUX BJIACTUBOCTEHN
MITYYHUX HEHpPOHHUX Mepex. J[lo3Boisie AeTalibHO BUBYUTH PIZHOBUIM IITYYHHUX
HEHPOHHHUX MEpEX, METOJM X HaBYaHHS Ta OTpPUMaHHs pe3yibTaTiB. Lle, B cBoO uepry,
JaCTh 3MOTY I1110paTy HaMKpaI Mepexi 1Jisl BAKOHAHHS KOHKPETHO ITOCTaBJICHOI 3a/1a4i.

Meta po6otTu: J[ocaiauT KOTHITUBHI BJIACTUBOCTI IITYYHUX HEHPOHHUX MEPEK —
npoBecTy HaBuaHHS pizHOBUAIB rmnbokux [IIHM Ta Ha OCHOBI OTpMMaHUX pe3yJbTaTiB
3poOWTH BUCHOBKH I1I0JI0 ONITUMAaNIbHOTO 3actocyBanHs LITHM nains mocraBnenoi 3amadi.

006’ekT, MeTOIM Ta JKepesa HocaigxeHHss. OCHOBHUM 00 €KTOM JOCIIIKEHHS €
HITY4H1 HEWPOHHI MEPEK1 Ta MpoIiec iX HaB4aHHA. MeToI0M JTOCIIIKEHHS € MaTeMaTHYHE
MOJIETIOBaHHs. 3aCO0U JIJIs IbOTO CIYT'Y€ KOMIT I0TepHA TEXHiKa, Ta CTATUCTUYHI JIaH.

HaykoBa HOBH3HA OTPUMAaHUX pe3yJabTaTIB!

1. BUKOHAHO aHali3 ICHYIOUUX IITYYHHX HEHUPOHHUX MEpEeX JJIsl MOPIBHSHHA
e(eKTUBHOCTI pOOOTH KOXKHO1, 3 METOIO BUOOPY KpAIllUX CIEMEHTIB;

2. MPOAHANI30BaHO METOJM HAaBUYaHHS TaKUX MEPEeX [UJI 3HAXOJKEHHS
ONTUMAJIBHOTO CTIOCO0Y HABYAHHS;

3. po3po0JeHO HEBEIHMKE IporpamMHe PIMICHHS, 10 JO3BOJIUTh YHAOUHUTH
IpOILIeC HaBUAHHS 1 BUPIIICHHS 3a/1a4;

4, MIPOBEJICHO JOCIIDKEHHsSI 3 PI3HOMaHITHUMHM HabopaMu BXIJIHMX JaHUX Ta
crioco0aMy HaBYaHHS, 3HAWICHHS TOMUJIKH 11 KOHKPETHUX 3aBJIaHb;

5. 3p00JICHO BUCHOBKHM III0JI0 ONTHUMAJbHOIO BUKOPUCTAHHS TOi YW 1HIIO1

ITYYHOI HEMPOHHOT MEepEeK1 JUIsl BUPILLICHHS IOCTABJIEHOTO 3aB/IaHHS,

IIpakTHyHe 3HAYEHHHA OTPUMAHMX Pe3yJIbTATIB.

Po3pobsieHe pimeHHsT 103BOJUTh BTUIMTH B CcOO1 Kpalli YacTHMHHU MOMNEpPEIHIX
pillieHb, CTBOPUTH Kpallle PIMIEHHS Jis BUPIMICHHS KOHKPETHO IMOCTaBJIEHWX 3a/ad 3a
JIOTIOMOTOI0 IITYYHHUX HEUPOHHUX MEpPEexk

Anpobanisa. Oxpemi pe3ynbTaTd poOOTH JOMOBIIAIMCH HA MIKHAPOJIHIM HAYKOBO-
npakTu4Hii koHPepeHnii «CydacHl HayKoBl iHHOBarii», M. Kuis, 15 — 16 mrotoro 2017
POKY.

Crpykrypa podotu. PoGota ckmamaeTbcsi 3 PO3paxyHKOBO-TOSCHIOBAIBHOT
3anmucku Ta rpadiuHoi yacTuHU. Po3paxyHKOBO-NOSICHIOBAJIbHA 3alMCKa CKIIAIAEThCA 3
BCTYNy, 5 4YacTUH, BHCHOBKIB, IMEpENIKy IMOCWJIaHb Ta JoAarkiB. OO0csar poboTu:
po3paxyHKOBO-TIOsicHIOBaJIbHA 3anucka — 101 apk. popmaty A4.

OCHOBHHM 3MICT POBOTH

Y BeTymi poOBEACHO OTJISiJ] CYy4acHOTO CTaHy HEUPOHHUX MEpEeX Ta MOCTABIICHO
3aBJaHHSA 100 JOCTIHKEHHS KOTHITUBHUX BiractuBocteil [ITHM.

Y poszaiii anaji3y nmpeAMeTHOI 00J1acTi Ta OrJIsily HAsIBHUX pillleHb JUIUIOMHOT
poboTH OYyJI0 PO3TISHYTO MPEIMETHY 00JlacTh — HAasBHI IITYYHI HEUPOHHI MEpexi, iX

ICTOpit0, 3aBaHHS, L0 HUMHU BHUpIMYIOThcs. [IpoaHanizoBaHo crmocoOu HaBYaHHS
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MTYYHUX HEUPOHHUX MEPEK, METOJIU TONIYKY MIOMUJIKA Ta OCHOBHI 3aBJIaHHS, 110 TIEPE]T
HUMU CTaBIISATHCS.

Y npyroMmy pos3jiiii OKa3aHO JOCIIKCHHS KOTHITUBHUX BJIACTUBOCTEH TIIMOOKUX
MTYYHUX HEUPOHHUX MEPEkK, PO3pOOJCHO MPOrpaMHE PIIICHHS, 10 JO03BOJIUTH HAsSBHO
POJIEMOHCTPYBATU MPOIIEC HABUYAHHS 1 BHUPILIEHHS 3a]lay, MPOBEIACHO TOCIHIJKEHHS 3
PI3HOMaHITHUMHM HaO0OpaMu BX1IHUX JaHUX Ta CIIOCOOAMU HaBYAHHS.

B pozagiiii «OOrpyHTYBaHHS €KOHOMIYHOI e(eKTHMBHOCTI» pPO3IJISIHYTO JBa
M1JXO0U 10 PO3POOKU JAHOTO MPOJYKTY, @ caMe 00’ €KTHO-OPIEHTOBAHUM 1 MPOLICTYPHHUIA.
[IpoanamnizoBaHo yci BUTpaTH 1 MpuUOyTKH, MOTPiOHI CKIIAAOB1 Uisi poOOTH, CYIMPOBIJ 1
MOJIEPHI3AI[II0 MPOTPAMHOTO MPOJIYKTY Ta YTOUYHEHO aHalli3 €KOHOMIYHOI €(EKTUBHOCTI
BKJIQJICHUX 1HBECTHIIIH, OOUYMCIICHO PI3HMINI0 MK JIBOMa MiAXOJaMH IIMOJ0 BUTpaT Ha
BUPOOHUIITBO 1 MOJIEPHI3AIIIIO.

B wacruni «Oxopona mpani Ta Oe3mexka B HAA3BHYANHUX CHTYyalisixX»
PO3MIISIHYTH HOPMHU OXOpoHHU mpaili kopuctyBauiB [IK, ommcano ocHoBHi (akTopu siki
BIUIMBAIOTh Ha (YHKUIOHANbHUI cTaH KopuctyBada IIK, epronomiuni BUMOTH 10
po060OUYOro MICISI KOPUCTYBava MEPCOHATBHUM KOMIT FOTEPOM, BUMOTH 3315 3a0€3MeUeHHS
enekTpobesneku kopuctyBaua [1K.

B pozaiii «ExoJiorisny onvcaHo CTaTUCTUYHE TPYIyBaHHSA Y €KOJIOTI Ta METOJ
JTUCTIEPCIITHOTO aHalli3y Y €KOJIOTii.

Y 3arajgbHMX BHCHOBKAX HIOA0 AUIUIOMHOI PO0OTHM ONUCAaHO CHOCOOM Ta
pe3ynbTaTH AOCTIIKEHHSI KOTHITUBHUX BJIACTUBOCTEW TINIMOOKHUX IITYYHUX HEUPOHHUX
MEpEXK.

BUCHOBKHA

Onucano mpenMeTHy oOJacTh — HasBHI IITy4HI HEHPOHHI MEpexi, X crmocoou
HABYaHHS MITYYHWUX, METOJW TOIIYKY TOMIJIKM Ta OCHOBHI 3aBJaHHS, IO TEpe]l HUMHU
CTaBJIATHCS.

[IpoBeneHO AOCHIIKEHHS KOTHITUBHUX BJIACTUBOCTEH TIMOOKHUX IITYyYHUX
HEUPOHHUX MEPEeXK, pO3pOOJICHO TMPOTrpaMHE pIIICHHS, IO JO03BOJUTH HASBHO
IPOJIEMOHCTPYBATU TPOIEC HABYAHHS 1 BUPIMICHHS 3a7ad4, JOCIIIKECHHS BUKOHAHO 3
PI3HOMaHITHIMH HaOOpaMH BX1THHX JaHUX Ta CITIOCOOAMM HaBYaHHS.

BukoHaHo o0OTpyHTYBaHHS TPOBEACHHX JOCIIDKCHb Ta pPO3pPaXxOBaHO OCHOBHI
€KOHOMIYHI MOKAa3HUKU. SIK1 BUSABWINUCS OLIBII €KOHOMIYHO BUTIIHUMH UIL 00’ €KTHO-
OPIEHTOBAHOTO MIJIXOAY, HIXK JIJISl IPOIIEAYPHOTO, IO € OYIKYBAHUM.



BpaxoBani BuMoru a0 oxopoHu mpami st kopuctyBauiB 1K, ans 3abesnedenHs
KoM(pOpTHUX yMOB mparii. BpaxoBaHo ¢akropu 1o BIUMBaIOTh Ha omeparopa [1K mpu
po6oTi. OnrcaHno eproHoMiyHi BUMOTH JI0O poOOYOTo MiClisi KOPUCTYBaya MEepCOHAIbHUM
KOMII FOTEpOM, BUMOTH 3217151 3a0€3MeUCHHS eJeKTpoOe3neku kopuctyBayda [1K.

OxapakTepu30BaHO CTATUCTHYHE TPYMyBaHHS y €KOJIOTIi Ta METOJ AMCIIEPCIHHOTO
aHaJi3y y €KOJIOrii.

CIIUCOK OIIYBJIKOBAHUX ABTOPOM IIPALlIb 3A TEMOIO POBOTHU
1.  Irtyuni HelipoHH1 Mepexi: 30ipHUK Te3 MikHapOAHOT HAYKOBO-TIPAKTHUYHOI
koHbepeHnii «CydacHi HaykoBi iHHOBawii», M. Kuis, 15 — 16 motoro 2017 poky.

AHOTALIA

JumiomHa po6ota «JlochmimKeHHs] KOTHITUBHMX BJIACTUBOCTEH TIIMOOKHMX IITYYHHX
HEHpOHHUX Mepex» Xewmis Awuapis bormanoBuya, TepHOMIIBCHKUI HAI[lOHAIBHUMA
TEeXHIYHUI yHiBepcuTeT iMeH1 IBana I[lymios, dakympTeT KoMl IOTepHO-1HDOpMAIIHHUX
CHUCTEM 1 MporpamMHOi iHxkeHepii, Kadempa mnporpamuoi imxkenepii, rpyma CIIm—61
Tepuomnins, 2017 C. 101, puc. — 10, Tabn. — 5, cmaiais. — 12, nomar. — 2, 6i6miorp. — 17.

311iCHEHO AOCHIKEHHS! KOTHITUBHUX BJIACTUBOCTEN TJIMOOKUX IUTYYHHUX HEHPOHHUX
MepexX. BukopucraHo MeToAM MaTEeMaTHYHOTO MOCIIOBAHHS [UIsl  BiIOOpaKeHHs
CTPYKTYpH HEUPOHHOI MEpEeXi, MOKa3aHO Mpollec HaBuYaHHS. Po3poOieHo MiHIMaIbHY
IPOrpaMHy peani3auito JJIsl YHAOUHEHHS JaHOTO MPOLECY.

Karouosi ciosa: HEMPOHHA MEPEXA, HITYUYHUU HEWPOH, HABYAHHS,
BEKTOP, AKTUBAILIITHA ®YHKIII, ITPOILIAPOK, BATY HEMPOHIB.

ANNOTATION

Thesis "Investigation of cognitive properties of deep artificial neural networks" Khemii
Andrii Bohdanovych, Ternopil Ivan Pul'uj National Technical University, Department of
Computer Information Systems and Software Engineering, Software Engineering
Department, a group of MS-61, Ternopil, 2017 C. 101 features . - 10 Table. - 4 slides. - 14
add. - 2, Ref. - 13.

Completed the investigation of deep cognitive properties of artificial neural networks.
Used methods of mathematical modeling to reflect the structure of the neural network,
shown the learning process. Developed minimum software implementation to illustrate
this process.

Keywords: NEURAL NETWORK, ARTIFICIAL NEURON, TRAINING, VECTOR,
ACTIVATION FUNCTION, LAYER, WEIGHT OF NEURONS.



