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3azanbHa nocmaHoeKa npobremu.

B pmammii 4yac opmHI€0 3 HAMBaXXIMBIIINX
npobieM, 3 SKOK CTHKAIOThCA CyYacHI IHTEpHET-
MarasWHHU € BIICYTHICTh BOYZOBaHMX MEXaHi3MiB, SKi
JIO3BOJISIIOTH KJIacU(iKyBaTH 300pa)KeHHs TOBApiB, SIKi
oTpuMaHi BiJ crnoxuBauya. lle mnpuzBomUTH 10
3HWKECHHS pUOYTKY IHTEpHET-Mara3zuHy i
HE3aJ0BOJICHOCTI  croxkuBauya. ToMy  po3poOka
croco0iB  kiacudikanii  300pakeHb  TOBapiB €
aKTyaJIbHOIO.

lNocmaHoeka 3ae80aHHs OOCIiOXKeHHSI.

Metoto  pobotm €  po3poOka  METOxIy
IHTENeKTyari3amii B3aeMoIii MiXK iIHTEepHET-Mara3nHOM
1 TOCTaYalbHUKOM TOBapiB. JIJs IMOCATHEHHS METH
Oynu mocTaBIIeH] 1 BUPIlIeHI HACTYITHI 3aBIaHHS:

- pocmiautd (GaKTOPH, IO XapaKTePU3YIOTh
KOHKPETHOT'O MOCTaYalIbHUKA,

- JOCHIIUTH TOPSIIOK B3aEMOJIl iHTEpHET-
MarasuHy 3 MOCTavyaIbHAKAMU,

- BU3HAYUTH CIocio, 110 II03BOJISIE
IHTENeKTyaTi3yBaTH IHTEPAaKTUBHY B3aEMOMII0 MiX
IHTepHET-Mara3uHOM 1 IOCTaYaIbHUKAM;

- BH3HAUUTH crocid aHamizy iHdopmauii,
OTPUMAHO{ BiJ] MOTCHIIHHAUX ITOCTAYabHUKIB;

- BU3HAYNTHU crocio OLIHIOBAHHS
MOCTaYaTbHUKIB 32 Pe3yJIbTaTaMH POOOTH 3 HUMH;

- BUKOHATH YHCEIbHI JOCITIHKEHHS.

Pe3ynbmamu po3po6ku ma AoclidxeHb.

Ha crorommimHii JeHb B SKOCTI iHCTpyMEHTY
JUTsT Kiacudikaii BioMo 0e3Tid miIxo/iB, cepe sIKuX
MO>kHa BAIUMTH [1]:

- METPHYHI METOJIH;

- 0aileCciBCHKI METOMIM,

- TICEeBJO-/IBOBUMIpHI NPUXOBaHI MapKiBCBKi
Mo,
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- IITY9HI HEUPOHHI MEpexKi.

B pobGori [l] HaBegeHO  MOpPIBHSIBHY
XapaKTEePUCTHKY MepepaxoBaHMX CIOCOOIB.

OCKITbKM BUKOPHUCTaHHS HEHPOHHHX MEpEX
Ui kinacudikarii 300pakeHb 1ae BiI4yTHY IepeBary,
siKa TIOJSATae B TOMY, IIO: B3a€EMO3B'SI3KHM MiX
(akTopamMu OCIHIKYIOThCS Ha FOTOBUX MOJIENSIX; HE
NOTPIOHI  HiSKI  NPUOYIIEHHS MIONO  PO3HOALTY
¢axropis; ampiopHa iHpopmalis Mpo (HaKTOpH MOXKe
OyTH BIJICYTHS; BHXIOHI JaHi MOXYTb CHJIBHO
KopeimoBaTty, OyTH HENOBHMMH a00 3alllyMIICHHMU;
MOXIIMBHH aHali3 CHCTEM 3 BHCOKHM CTYyIEHEM
HENHIAHOCTI; IBHAKAa po3poOKa MOJeli; BHCOKa
aIalTUBHICTh; MOXIIMBHH aHAJi3 CHCTEM 3 BEIIHMKOIO
KUTBKICTIO YHHHUKIB; HE BIMAaraeThCs IOBHUH Tiepedip
BCIX MOXJIMBUX MOAENEH; MOXIIMBHIA aHANI3 CHCTEM 3
HEOJHOPITHUMHU  (akTopamMu, - B CTarTi Oyxe
BUKOPHCTOBYBaTHCS HelpoMepexeBHi crocio
Kiacudikarii.

Jnst  kmacugikarii  300pakeHb  TpagUIiHO
3aCTOCOBYIOThCSI JUHAMIUHI (3 YacOBOIO 3aTPUMKOIO)
IITy4HI HEHpOHHI Mepexi [2-9]. B skocTi Takux Mepex
HalvacTile BUKOPHCTOBYIOTBCS:

- Helipomepexa Jxopaona (JNN) [10, 11], sixa
€ IMHaMIYHOIO PEKYPEHTHOIO JBOIIAPOBOIO MEPEXKeEIO 1
noOysnoBaHa Ha 0a3i OaraTomapoBOro IeEpcenTpoHa
(MLP);

- Heiipomepexa Emvana (ENN) abo mpocra
pexkypentHa wMepexka (SRN) [12, 13], sdaxa €
JIMHAMIYHOIO PEKYPEHTHOIO JIBOILIAPOBOI0 MEPEKeEro 1
nobynoBana Ha 6a3i MLP;

- pPeKypeHTHHH OaraTOmapoBHH MEPCENTPOH
(RMLP) [14], skuit € OUHAMIYHOIO PEKYPEHTHOIO
OararonrapoBolo Mepexkero 1 moOynoBaHWi Ha 0asi
MLP;
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- Mozenb Heliniinoi aBToperpecii (TDNN) [15,
16], sxa €  [OUHAMIYHOIO  HEPEKypEHTHOIO
OaraTomapoBor0 Mepexkero 1 modymosana Ha 6a3i MLP;

- Tmboka mepexa nosipu (DBN) [17], sxa €
JIMHAMIYHOIO PEKYPEHTHOIO 0araToIrapoBO0 MEPEKEIO
i moOynoBaHa Ha 0a3i CUTMOINANTBHOT MEpEKi JOBipU
(SBN).

B TalJI. 1 HaBeIEeHI
XapaKTCPUCTHKH JUHAMIYHUX MEPEK.

TIOPIBHSUIBHI

Tabmums 1 - Pe3ynpraté eKCepUMEHTANBHUX
JOCIIKEHb HEHPOHHHUX MEPEX

Mepexa ENN
RLMP JNN (SRN) TDNN DBN
Kpurtepiit
ImoBipHicTh
po3MizHaBaHHs 0.8 0.7 ] 075 | 0.85 | 0.85
300paxeHb
KimpkicTh ~ HEWpOHIB  BXIOHOTO  IIapy

BIINIOBiZla€ KITBKOCTI O3HAK 300pa)KCHHS, KUIBKICTBH
HEHpOHIB BHXIZHOTO INApy BIANOBIZa€ KiTBKOCTI
KjaciB ToBapiB. JIOCHIKEHHS TPOBOMMINCS IUIS
300pa)KeHb TOBaPIB.

[MonepenHbo 300pakeHHsT TOBApy MPOXOIUIIO
MOCJIIZIOBHICTh MEpeTBOpeHb (OiHapu3allis, BUIIICHHS
KOHTYPIB, TIOBOPOT i MacIITaOyBaHHs, BUTST O3HAK).

OCKIUIBKM KOJHA 3 HAaBEJCHUX HEHpOMEepex
HE Ja€ BHCOKY TOYHICTh Kiacu(ikamii, TOo Oyna
3aIpOIIOHOBAaHA ABTOPCHbKAa KBajJpaTHa HEWpPOHHA
Mepexa 3 3aTpuMKoro 3a yacoM (QTDNN).

Crpykrypa QTDNN B pa3i IBOX NPHXOBaHUX
mrapiB mpencTaBieHa Ha puc.l. BXigauil map sBise
co00I0 KBaJpaTHy MAaTpPHUII0 O3HaK 300pakKEeHHS.
[IprxoBaHi mapu NpPEACTAaBISIOTH TAKOX KBaJIpaTHI
Mmarpuii. BuxigHuii map MicTHTh HEHpOHH, SKi
BIJIMIOBIZIAOTh KjacaM 300pakeHb. OONacTh 3B'SI3KY
(migMaTpUIs MaTPHI HIapy) MONEPEHBOTO 1Iapy, sSKa
BiZIOOpa)a€eTbcsi B HEMPOH MOTOYHOIO APy, TAKOXK €
KBajpaTHOto. [Ipu mepexoni 70 CyCiIHbOTO HeHpoHa
0051acTh 3B'I3Ky 3MIIy€ThCsI HA oAuHUINO. [IprxoBaHi
IIapy 3a PaxyHOK 3TOPTKU 3MEHINYIOTh YyTJIUBICTH 1O
3CYBY €JIEMEHTH 300paKEeHHSL.

ObnacTb
3B A3KY

9| Obnacts
29| 3B’s3K
20

Bxianmit |
map TIpuxoBaHmit
map Buxinamnii

map

TIpuxoBaHHit
map

Pucynok 1 - Kagparna Helipomepeka i3 3aTpUMKOI0
3a yacom (QTDNN)

Mogens QTDNN mnpencraBieHa HUKYE
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m+M 1+M
(k) f(k)(b(k) n Z Z W(lr('n)l lek 1)), 1)
i=m j=I

remelN® 1e1N®, kellL,
N N

i=1 j=1
et NLED @)
ne N () 5 N (K) 9pcIo  HelpoHiB B K-my
[PUXOBaHOMY IIapi, N( ) = =N (k1) -M,

HOpOFOBi 3HAUYCHHA JIs HeﬁpOHa B

(k)

bmI
nosuuii (M, 1) na k -My miapi,

W(k)l — Bara 3B'I3Ky Big HeEHpoHA B MO3MILII

Im
(i, J) Ha K—1-my mapi go HelipoHa B mo3uLii

(m,I) na K -my mapi,
yr(nkl) — BHXiJ HEHpoHA B MO3UIIil (m, |) Ha k-my

mapi,
£ (k) - (byHKIIS akTHBallist HeHpoHiB k-ro mapy,
(M + 1) X (M + l) — YKCJIO HeHPOHIB B 00JacTi

3B'SI3KY,
L — kinbkicTh npuxoBaHuX Imapis.

B sgxocTi BXiZHMX [JaHUX I HaBYAHHS
QTDNN Oynmu BHKOpUCTaHa 300pakeHHS TOBApiB
iHTepHeT-MarasuHy. Kpurepiem BHOOPY CTPYKTypH
MoJei Mepexi Oymno MiHIMaJIbHA
CepeIHbOKBaApaTHIHA IIOMMJIKA knmacuikarii.
BoueBuap; 31 30UIBIICHHSM KUTBKOCTI IMPHXOBaHUX
MapiB  3HAYCHHs TOMMIKHA 3MeHIyetbes. s
knacuikamii TOBapy, 3amMTaHOTO KOPUCTYBaueM 1
MPEICTaBICHOTO MaTpulielo o3Hak 128x128, mocuthb
BUKOPHCTOBYBaTH 16 NpPHUXOBaHMX WIAPIB, OCKIIBKU
NPy TOAAJBUIOMY 30UIbIIEHHI KiJIBKOCTI MOJIYJIB B
NPUXOBAHOMY IIapi 3MiHa 3HAYEHHS  I[TOMMJIKU
HEe3HaYHe.

3rigao [18, 19], gucmo HeWpoHIB B 00JACTi
3B'A3Ky 3a3BM4ail OepyTh piBHUM 5x5, T00TO, mI00
3ano0irTH eeKTy 3aracaHHs Ipaji€HTa, XapaKTepHUH
JuIsl TIIMOMHHMX HeWpomepex, sK (yHKuii akruBamii
JUIl TIPUXOBAaHMX IIapiB BHKOPHUCTOBYETHCS (YHKIIis

BUIPSIMIIEHOL JHIAHOT OJIMHULII (ReLU)
f (5) = max{o, s}, sKa Mae MOX1THY
1, s>0,
f'(s) =
0, s<0
Sk ¢yskmii akTeBamii AN BHXIZHOTO mIapy
BUKOPHUCTOBYBANACs JIOTiCTHYHA ¢byHKIISA
1 .
f(s) = - , sIKa Mae HOX1HY
1+e

f'(s) = F(s)A-f(s))-
B po6Goti ans naByanHs Momemi QTDNN

KpUTEpi  aJeKBAaTHOCTI MOJeENi, SKUH
BHOIp  TakMx  3HA4YeHb  IapaMeTpiB

oOpanmit
03HaYae
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3] (LD | sxi mocraBasoTs MiHIMYM
W = {leml’ lel } A Y

CepeHbOKBAIPATHYHOT MOMMIKK (PI3HUII BUXOLY 32
MOJIEIITIO 1 6a)KaHOTO BUXOIY):

g 2 o @3
F==Y(y,-d
(yp p) _)n\)\;n

Hapuanus wmogeni QTDNN  mignopsinkoBaHe
kpurepieM (3), I 4YOro B CTaTTi HPOIOHYETHCS
MaKeTHa BEPCis IrOPUTMY 3BOPOTHOTO IOIIUPEHHS
(BP).

Hapuanua IIHC (aaroputmM 3BOPOTHOrO

NOLUMPEHHA)

1. Homep irepamii mapuamns [1 = 1,
iHiIiami3aIis 3a JOMMOMOTOI0 PiIBHOMIPHOTO PO3IIOALTY
Ha intepsani (0,1) a6o [-0.5, 0.5] moporis brgnkl)(n)’

s Wi (n), Wi (n),

L+1
( +)(n) Ta um ijil

ieL,N&D jerNED mer, N® 1ery N

e N® N K
npuxoBanomy mapi, L
IIapiB.

YHUCIIO HEeHWpoHiB B k-M
— KUIBKICTh IPUXOBaHUX

2. 3maeTecs HaBUYaJILHA MHOKHHA
(L+1)

{(x,.d,) 1%, €RVNY d oV 7y

He 1, P , 1€ Xu — -4 HaBYajbHA BXi/IHa MaTpHII,

HABYAJbHUI  BUXIIHHUN

d, -

u
N©  N©O

mapi, N (L) _ kinpkicts HEeWpOHIB BUXIJHOTO LIapy,
- IOTY)XHICTh HABYaJIbHOT MHOKHHH.

3. OGuHMCIEHHs BUXiTHOTO cUrHany K -ro mapy
(TIpstMmiA Xi1)

BEKTOP,

— KUIBKICTh HEWPOHIB Y BXiTHOMY

(O)(n) X,  uelP,
“>m)—f“kém(m»

meL,N® 1eLN®, 1P kelL,

m+M I+M
k k k
ﬁ$mb”m+zzm$mmﬂm
i=m j
yaP ) = EDsEP M) reiN®tD,
welP.
N(L N
&Wwwmw+§§Mme%)
=l j

ne brgnkl) (n) - MOPOTOBI 3HA4YECHHS Uil HEWpoHa B
nosuuii (m,|) Ha k-My mapi B MomeHT wacy I,

|(Jl;n)l (n) —Barass 'sI3Ky BiJl HEHpOHA B MO3MUIIIT (I J)

na K —1-my mapi o Heiipona B nosuuii (m,1) na K
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-My mapi B MOMEHT dHacy n, (k) (n) — BUXIA

Heiipona B mosuuii (m,|) Ha k-My mrapi B MOMEHT

gacy I, £ ¢yHKuis aktuBauii HeWpoHIB K-ro
wapy, (M +1)x (M +1) — 9HCIO HeiipoHiB B 061acTi

3B’SI3KY.
4. O6uncnenns eneprii mommaku [ITHC mo Bciit
HaBYaIbHIA MHOKHHI

N(L+1)
E(n)——z > ey
p =1 j=1
) _ L+ _Aqd .
Cuj (n)_yulj (n) duj'
5. HanamryBanus CHHAIITUYHUX Bar

(3BOpOTHHWII Xig) HAa OCHOBI Y3arajJbHEHOTO JejbTa
npaBuiia

OE(n) (k)

o0l m) P pl Gun (1
@IT

,me1,N("),|e1,N("),

kell,
_OE(n) i (K=1) froy o (K) iy’
=—2 Yuij (MY (N)
an(JIr(r?I( ) PH:1 8 Hr
icLNCD jerN®D, mel, N® 1e, NG,
kell,
OE(n) L),y e, NED,
W_*ngm”(”)
oby) p=l
oE(n) L L41) /oy
D P *Zyﬁlj)(n)gﬁf)(n)
Ijll p=l

ielL,N® jerND, 1e,NED,

0% () = '““Nég”m»w“ﬂkm—dm)

(L) m ()= /0 (S(L)I () Z Wr(nLIIil)(n)g;(Llilﬂ) (n)

min{N k),m} mln{N(k),I}
gl = D m) Y > L Mg )
I | g
" i=max{l,m-M} j=max{LI-M} m| I
9 j Y S
v ke2 L.

6. ITepeBipka yMOBH 3aBEpIICHHS
Axmo E(n) < €, TO 3aBEpPIIMTHCS, IHAKIIE

n=n+1, mepexix mo 2.

BukopuCcTaHHS TAaKETHOTO PEKUMY HAaBUYAHHS
it QTDNN na Bineokapti GeForce 920M no3Bommio
3pOOUTH TMPHUCKOPEHHS NPSMOTO XOJy MNPHOIHA3HO B

L .
P[Z(N © N(k))+ N(L”)J pasiB, a 3BOPOTHOTO XOIy

k=1
pUOIU3HO B

P [Z(N(k D NKD N K )XN(k))+N(L)XN(L)XN(LH)]
log, P

pa3iB, TpH [BOMY Ui 3BOPOTHOTO XOAy IIpH
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JIOlaBaHHI 10 BChOMY HaBYaJdbHOMY  Oe3midi 3MIHIOETBCS, 1 3ampOINIOHOBAaHA Mepexa Jae
BUKOPHUCTOBYBAJIACS PEIYKIIis. pe3yIbTaTH krmacuikamii 3 MiHIMaTBEHIM
BIIXWJIEHHSIM.

BucHoeku 3. Buxopucranus 3apONOHOBAHOIO
1. Jlns BupimieHHS NpoOJIEMH IIiJIBUICHHS MAKETHOTO PEKMMY HaBYaHHS JIO3BOJIMIIO 3POOUTH

IMOBIpPHOCTI po3Ii3HaBaHHS HaJliCJIaHNuX NIPUCKOPEHHST ~ NPSIMOTO  XOXy  INpPHOIU3HO B

CIOXXKMBaueM 300pa’keHb TOBapiB OYJM JOCIHiIKEHI L © © (L) pasiB, a 3BOPOTHOTO

icHyroui meromu kiacudikarii. JlaHi mociimKeHHS P Z(N xN )+N

[MOKa3ajM, [0 HAa CHOTOJHIIIHIA JeHbL HAWOIIBII k=1

e(QeKTHBHUM € BHKOPHCTAHHS IUTYYHHX HEHPOHHHX Xony ) npubIu3HO B

MepeK. . _ o P [Z(N(k1)><N(k1)><N(k)xN(k))+N(L)xN(L)xN(L+l)j
2. Jlng mWigBMINEHHA SKOCTI Kiacugikarii log, P\ 3

Oyna 3aMpPOTIOHOBAHA  ABTOPCHKA He'IfI'pOMepemg pasib.

QTDNN i Bu3HaueHa CTpyKTypa 1ii Mozmemi. 4. 3anpornoxosanuii miaxin MOsKe

[IpoBeneHi eKCHEpHMMEHTH IOKA3almd, IO AJA
Marpuii oO3HaK 300paxenHs 128x128 mnpu 16
MIPUXOBaHUX rapax 3HA4YEHHS
CepeHbOKBAIPATUYHOT ~ NMOMMJIKM  ICTOTHO  HE

BHKOPHUCTOBYBATHCS B PI3HUX IHTEICKTyaIbHUX
cucreMax Kiacudikarii.
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B.A. MIATPYUIEB, O.!. TATPYIHIEBA
JloHenkuil HallMOHAIBHBINA TEXHUYECKUH YHUBEPCUTET, T. IIokpoBck, YkpanHa
METOJ KJIACCH®UKAIIMA W3OBPAXKEHUM TOBAPOB HA OCHOBE KBAJIPATHOH
HEUPOCETH C 3A/IEP)KKOM 1O BPEMEHU

B cratee paccMOTpeHBI W IpOaHAIM3HPOBAHBI (DAKTOPHI, XapaKTEpU3YIOIHE KOHKPETHOTO ITOCTABIINKA
TOBApOB M IMOPAIAOK B3aUMOJEHCTBUS MHTEPHET-Mara3WHa C MOCTAaBIIMKaMH. BBIT peann3oBaH MyJIbTHATreHTHBIN
METOJ, B3aUMOICHCTBHUS HHTEPHET-MarasMHa C MOCTaBIIMKOM TPOIYKIHH, B KOTOPOM HHTEPHET-MarasuH H
MOCTABIIMKM TIPEACTABISIINCH B BHUIE AareHTOB. B OCHOBe MeToAa JEXHT MOIU(DHUIMPOBAHHBIA MPOTOKOJI
B3aumozeiicteust FIPA-ContractNet, koTopblii oOeclieunBaeT WHTEPAKTHBHOE IPOBENCHUS KOHKypCa MEXIy
areHtamu. Taioke OBUIM OIpeAeneHbl Ccnocod aHanm3a HWHGOPMALMM, IOIYYEHHOM OT MOTEHIMAIbHBIX
MOCTABIIMKOB U CIIOCOO OIIEHKH MMOCTABIIUKOB 10 Pe3yJIbTaTaM pabOThl ¢ HUMH.

Knwuesvie cnoga: mynvmuazenmuoe e3aumooleiicmeue, uxHmepHem-mwazazun, npomokon FIPA-
ContractNet, nocmagujux moeapog, (hopmuposanus 3axaza.
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Donetsk National Technical University, Pokrovsk, Ukraine

CLASSIFICATION METHOD OF PRODUCT IMAGES BASED ON SQUARE NEURAL NETWORK
WITH A DELAY ON TIME

Currently, one of the most important problems encountered by modern online stores is the lack of built-in
mechanisms that allow to classify images of products received from the consumer. This leads to a decrease in the
profit of the online store and dissatisfaction of the consumer. Therefore, the development of methods for
classification of product images is relevant.

The purpose of the work is to develop a method of classification of product images. To achieve the goal, the
following tasks were set and solved: to analyze the existing methods of classification of images; choose artificial
neural network classification; determine the structure of the artificial neural network model; choose a criterion for
evaluating the efficiency of the neural network model of classification; to teach models of artificial neural network;
carry out numerical studies.

Since the use of artificial neural networks in the classification of images gives a tangible advantage, which is
that: the relationships between factors are studied on the finished models; no assumptions are needed about the
distribution of factors; a priori information about the factors may be absent; the source data can strongly correlate,
be incomplete or noisy; possible analysis of systems with a high degree of non-linearity; rapid development of the
model; high adaptability; possible analysis of systems with a large number of factors; not requiring a complete
overview of all possible models; possible analysis of systems with heterogeneous factors, the article used a neural
network method of classification. Since the RLMP, JNN, ENN (SRN), TDNN, and DBN neural networks have
been studied in the article, they do not provide high accuracy of classification, the author proposed square time
neuron network with time delay (QTDNN), which has the following structure. The input layer is a square matrix of
the image being categorized. Hidden layers are also square matrices. The source layer contains neurons that
correspond to the classes of images. The area of communication (sub-matrix of the matrix layer) of the previous
layer, which is displayed in the current neuron, is also square. In the transition to the neighboring neuron, the area
of communication is shifted to one. On the basis of the proposed structure a neural network model was developed.
In order to prevent the gradient attenuation effect, which is typical for deep neural networks, the activation function
for hidden layers uses the function of a straight-line linear unit (ReLU). As the activation function for the output
layer, the logistic function was used.

The experiments conducted showed that for the 128x128 image matrix with 16 hidden layers, the value of
the mean square error does not change significantly, and the QTDNN gives the results of the classification with a
minimum deviation. As a learning algorithm, a batch version of the error-reverse error algorithm (BP) was
proposed. This allowed to provide high speed and accuracy of classification. The proposed approach can be used in
various intelligent classification systems.

Keywords: multi-agent interaction, online store, FIPA-ContractNet protocol, supplier of goods, order
formation.
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