YK 621.311.001.57

Tpancnopm

DOI 10.33042/2522-1809-2018-7-146-65-67

J.1O. 3yoenxo, O.B. loHeun, B.B. JlinbkoB

Xapriscokuu HayioHanvbHull yHigepcumem micbko2o cocnooapcemea imeri O.M. Bexemosa, Yxpaina

MO/IBIMHE MATPUYHE PET'YJIIOBAHHSI TA ®AKTOPHU3AIIIA 3 IIMBOKUMUA
HEHPOHHUMHU MEPEXAMM JJIs1 CHACTEM BU3HAUYEHHS TEILIOBOI'O CTAHY
EJIEKTPO/IBUI'YHA

YV 6aecamoghakmoprux cucmemax 3 SUKOPUCMAHHAM MEKCMOBOI ma epagpiunol iHgopmayii 6 mampuurill
Gakmopusayii 02 nonecutenHs npobremu po30inbHoi 00pobku Odanux. OcmauHiM Yacom 6 OesaKux pobomax
O00CTIONHCEHHST HEUPOHHUX Mepexc, Wob 2nubuie 3po3yMimu 3MiCm meKCmosux ma cpagiuHux enemenmie i docsemu
ehexmmocmi WsXOM CMEOPeHHs OLibl MOYHUX Modenell posnisnaeants eiemenmi. OOHAK, 3aIUMAcmvbCst 8I0Kpume
NUMAKHS NPO me, K eeKmuUBHO GUKOPUCIOBY8amu epapiuni OanHi 3 MEenI0si3opie npu MampuuHiu gaxmopusayii. Y
yiti pobomi Mu 3aNPONOHY8ANU NOOGILHO-PEYIAPUZ08AHY MAMPUYHY DAKMOpU3aYiio 3 2AUOOKUMU HEUPOHHUMU

mepesicamu (DRMF) onsa eupiwienns yiei npobnemu.

Knrouosi cnoea: enexmpompancnopm, pyxomuu ckiao, eiekmpoOUSyHU, Meniosull CmaH eneKmpoosucyd,

akmopuzayis mampuyb, 2IUOOKI HEUPOHHI MEPEC.

IMocTanoBka npoodieMu. AHAI3 OCTAHHIX
AOCIKeHb 1 myOJrikanii

Cucremn, sKi CHOpsAMOBaHI Ha  IOM'SIKIICHHS
HETaTUBHOTO BIUIMBY 1H(OpPMAIIHHOI IepeBaHTaKEHHS
LUIIXoM (inbTpanii Ta HaJaHHS KOPHCTyBayaM HanHOUIbII
NpUBaOJIMBUX Ta PENICBAaHTHHUX EIEMEHTIB (TaKHX SIK BiZCO
3 JIUCIUIEs TEIUIOBI30pa IPH BU3HAYCHHI TEIUIOBOTO CTAHY
€JICKTPO/IBUTYHA), | TakMM YHMHOM BHPIIIMIM HPOOIeMy
JUIsT  BeNUKHX jJaHux [1]. 3anpormoHoBaHO pi3Hi MeToau
MOOYIOBU CHCTEM PEKOMEHJIAIIH 3a OCTaHHI IeCATh POKIiB
3 pisHuEX cucteM [2], Hanmpukian, crinbHa ¢iabTparis [3]
ta metomamu Mepexi [4], [7]; [9]; [11], 6). Cepen Hux,
MarpudHa ~ (QakTopu3amisi ~Ha  OCHOBI  CHiBHpari
¢umsTpyBanas (CF) € DOMiHYIOYAM METOIOM 3aBISKH
HOro yCIIIHOMY 3acTOCYBaHHIO B cucreMax [5-6]. V
Tpamumitanx Metogax C® BHUKOPUCTOBYETHCS JIHIIIC
Marpuisl 3BOPOTHOTO  3B'I3KY, SIKA MICTUTh SIBHI
(HampukiTaz, ouiHKYM) ab0 HESBHI 3BOPOTHI 3B'SI3KH AT
HaBYaHHsS Ta IPOTHO3YBaHHS PECypCy eJIeKTPOJBUIYHA.
Sk mpaBmIIO, MaTPUIIS 3BOPOTHOTO 3B'SI3KY € PiKOIO, a I1e
O3Hayae, 10 OUIBLIICTh KOPUCTYBadiB CTHKAIOTHCS 3
KiTbKOMa — eJleMEHTaMH. Buxojsuun 3 1mporo OyB
npencrasinenuii B Proc. BigData Congress [10]. TIpore ne
NojlaHHs. OyJIO CYTTEBO DO3ILIMPEHE, BUKOPHCTOBYIOUH
HOBY MOjIeJIb TJIMOOKOI HEMPOHHOT Mepexi Ta JOoJarouu
HOBI EeKCIEPUMEHTAIbHI BKJIAJEHHS Y TOPIBHSHHI 3
myOnikariero KoH(pepeHIji.

Bararo JIOCTITHUKIB 3aMpoNoOHyBaIN
BUKOPHUCTOBYBATU 3MiCTOBHY iHdopmariiro UL
TIOM'SIKIIEHHST TIPOOJIEMH PO3/UIBHOI 37aTHOCTI JIaHHUX Y
[12-13]. 3okpema, pempeseHtatHBHI poboui  Tpari
MOJATAIOTh Y BHIIYYCHHI CEMAaHTWYHOI iH(opmaii

© 3ybenko [1.10., lonens O.B., Jlinpkos B.B.

TEKCTOBOT'O 3MICTY 3a JJOMOMOTOI0 TeMaTHYHOI MOJIeT Ta
Moyzieni TuboKoi HepoHHOT Mepesxi [14-15].

Mera crarri

BupimrenHss  3amadi  MONBIHHOTO — MAaTPHIHOTO
PperyimoBaHH: Ta (PaKTOpU3ALis 3 TITHOOKUMI HEHPOHHUMH
MepekaMH JUIsl CHCTEM BH3HAUYEHHS TEIUIOBOTO CTaHy
€JICKTPO/IBUT'YHA

BukJiiax ocHOBHOrO Marepiany

Y wmarpuuHiii QakTopm3amii, KOpHCTyBadi Ta
eJIEMEHTH OOW/IBa NpEJCTaBJCHI SK JIATCHTHI BEKTOPH B
3arajgbHOMY JIaTeHTHOMY K-BuMiproBaHOMy mpoctopi, R,
Jie KOPUCTYBa4 | TpPEACTaBIeHUI sIK JIATEHTHHUM BEKTOP
UERK i npeMer j mpencTaBnenuii K JaTEHTHHI BEKTOP V
JERX. TIporHos, uu e KopucTyBad i Oyne nomodartucs
OpeaMeTy | Ja€ThCs BHYTDINIHIM TBOPOM MK iX
JIATEHTHUMH  ysBeHHsamu, Iyj=u'ivj. Jlns Toro, o6
BHUKOPHCTOBYBaTH (PaKTOPHU3AIiI0 ma-triX Ui CHUIBHOI
¢binbTparii, TpuxoBaHi NPECTaBICHHsS KOPUCTYBadiB Ta
OpEIMETIB  TOTPiIOHO HAJal0Yl  OI[IHCHY
MAaTpPHUIFO. 3arabHUH MiIXiI MOJSTae B TOMY, 00 3BECTH
JI0 MiHIMyMy HOpMAaJIi30BaHy BTpaTy KBaJpaTiB IIOMHJIOK
o710 koedimieHTis kopuctysada= (U;)'iz;and item factorsV
= (W

BHUBYNTH,

mingy Xi;(ri; — uj vj)? + Ay || 2 +2, ] |Vj 112 @

1€ Ay 1 Ay € mapameTpamu peryssipusarii. > 0 skio
KOpUCTYBa4 | HOMiHanbHa mo3uis j, i I j= 0 iHakiie
MartpuuHa ¢akropuzaliss Moxke OyTH Yy3arajgbHeHa SK
IMOBIpHICHA MOJENb NIIIXOM PO3MIIIICHHS HYJIbOBOTO
CepelHbOr0 Cc(epUYHOro TaycoBOTO MOINEPEIHBOTO Ha
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JIATEHTHI (haKTOpH KOpUCTyBadiB i npeamertiB [1-5], skuii
MOKe OyTH Jaii ONHMCAaHWN SK HACTYIHHN TeHEpaTHBHUMA
nporiec, Jns KOXKHOTO KOPHCTyBa4a |, HAMAalOBaTH
BEKTOPHMii atenTHuil kopuctysad Ui~N(0, A ,'Ex);

JUit  KOXHOI TIO3WIl J, 300pasuTH  eJeMeHT
natentHoro Bextop Vi~N(0, A'Ex);

Hdis koxHOI Tapu KopucTyBada-enementa  (ij),
HaOpaTty HaHHi [l j~N(UTiVj, Cfijl);

Jie Ci j CITy’KUTh TIapaMeTpoM HajiirocTi ms rij (Hu
et al., 2008). Skwo Cij € 3abarato, fij BipHE PiBHSHHSL
Saranom, ¢ =a if ri 0 i ¢i = b ifri =0, a Ta b €
HanamTyBaHHs mapamerpis  Satis-fyingab> 0. Takum
YHUHOM, IMOBipHiCHa Matprana (akropmsamis (PMF)
MOJKE MaTH CIIpaBy 3 He3allepeyHuMmu peiitunramu. PMF
MOJKHA JICTKO PO3IIMPUTH, 100 BKIFOYUTH yHEpeKSHH
JUTSL PI3HAX KOPHCTYBAdYiB, €IEMEHTIB i KOHTEKCTIiB, II00
OTpUMATH OB HaJiiHI MOJEI JTaTeHTHUX (hakTopiB [6-
12].

TpamumiiiHi mepiogngHi HEWPOHHI Mepexi, Mo
BUHHUKAIOTh 13 TPOOJIEMH OBIOTPUBANIOI 3aJIG)KHOCTI B
MmozenmtoBanHi  nociigoBHocti. Gated RNN  (GRNN)
BBOJITH peKypeHTHI onuauti (Hanpuknax, LSTM i GRU),
o0 MONEIUTH KOXKHY OIHHHUIO, 100 3amam'aTaTd
HAsIBHICTh TIEBHOT (DYHKIIii B TOTOI BBEACHHS IS JOBrO1
cepii KpOKiB, a TaKO)X aBTOMATHYHO 3aKPHUTi KOHTEKCTHI
IULIXH, SKi OOXOISTH MEKiIbKa TUMYACOBHX KPOKIB IO
YHUKHYTH 3HHKaouux rpagiedtiB [13-15]. Tyr wmm
IpuiiMaeMo 3aMKHYTY peKypeHTHY oauHuLo (GRU).

@®opManbHO,  BpPaXOBYKOUM  MOCITIIOBHICTE S,
OHOBJICHHS TTOBTOPIOBAHOTO IpUXoBaHoro craHy B GRU-
RNN yzaranbHIOEThCS, K TOoKasaHo Hinkde [3-9]. s
Ko>kHOTO j-ro Tiapo3airy GRU akrusartii h{ six mar t e:

hl = (1-z)hi_, +z/h, (2
ne th € BOPOTaMH OHOBJIEHHS 1 004mcIIeHo 3a:
z] = S(W,s; + M;he_1) €)

e ¢yukmis & moke Oparm Sigmoid a6o tanh.

AkTHBalLis napameTpa h] 0GUUCIIOETHCS HUISXOM:

i .
hy = tanh(Ws, + M(d;°h¢_1))’ 4

ne € coboro Habip mepe3aBaHTaKyBaIBHUX BOPIT i
03Hayae eleMEeHTHHUI MoMHOKyBad. Bopota ckumanus df
OOYHCITIOETECS SIK:

d} = S(Wys, + Mgh,_,) (®)
3 orsimy Ha HaOip HaBYAJBHUX IIPOTPaM, MU X09EMO
BU3HAYMTH OLIHKY Maximum a posteriori (MAP) U, V, W
* TOMy MH MOXeMO BHKopHcToBYBatd U Ta V mia
MIPOTHO3YBAHHA  BiACYTHIX
BUKOPHCTOBYBAaTH MPOTHO3M JUISl HaJJaHHS PEKOMEH/Ialli.

3aimcie y R Ta

I BuBdeHHs mapamerpiB DRMF mm  po3pobisiemo
anroputM EM-ctimo, noaibuuit mo [15]. Makcumisartis
33JHBOTO PIBHA CKBIBAJICHTHA MAaKCHUMIi3allii TOBHOI
norapuMivuHOi BiporigHocTi QopMmyan 5, ToMy MH
MOYXEMO BHUBECTH IIITHOBY (DYHKIIIFO HACTYITHUM YHHOM,

C. .
LYWW == > Sy = g’
A
_%Z_(ui — )" (i — @)
L

A
- 71; j(Vj - 9]')T(Uj - 91')

Ay
__(Z Wlk + Z Wzk).
2 K K

Crouatky BHUIpaBisieMo 3HaueHHs O Ta ¢ (a came,
purnpasut mapamerpu Wi, Wo B meperBopenni dnn(Wi,
X),dnn(W-, Y)) Bupimwiru ta V. Jiist I Ui, Vj, MakcAMi3atis
BUKOHYETBCSI aHAJIOTTYHO MaTpuuHoMy (aktopuzanii (Hu
et al., 2008). B3srrs rpagienTa L 3 BiiHOMIEHHIO 110 Uj, Vj 1
BCTaHOBJICHHA MOro 1O HyJIs JOIOMara€ 3Haite Ui, V.
BupimreHHs BiATIOBITHUX PiBHSHD IPHUBEC IO OHOBICHHS
TIPaBUII HACTYITHUM YHHOM,

U = (VCVT + AE) T (VGR; + 2,9)

v; <« (UGUT + 2,E) " (UCiR; + 1,6)) (6)

ne Cj e miaroHansHa MaTpUIA 3 Cij SIK iarOHAIBHAN
eneMenT 3 Ri= (Iij)’j=1 g BukopucTanns i. [l npeaMeTis
j, Cj and R; aHanorivHo BH3HAYEHO. Ci j € MOKA3HUKOM
HamiHOCTI poOOTH i j. MH BHKOPHCTOBYEMO TaKy X
cTparerio, sk 3a3Ha4yeHo B [15] to set ¢ij: ¢ij=aifr; >0 Ta Ci
= b ifr;j=0. Komb6inauiss a ta b e pisnuero s 3aBnaHb
MIPOTHO3YBaHHs! HAIIHHOCTI Ta peKOMEHAAIlii IPOBIHUX.

Hna wmammx HaOopiB maHumxX (ikcamiss 3HaYeHb
BeKTOpHHX cliB y Moayiasix DNN Ttakox 3adesnedye
Kpalily TOYHiCTh nporHo3iB w.r.t DRMF.

BucnoBku
OcranHi JOCTIMKEHHS BHABHIIM, 10 TOYHICTH
pEeKOMeHfalii  3MEHIIYETbCS B JIOBFOCTPOKOBIH
MEpPCIICKTUBI,  SKII0O BCI  KOPHCTYBa4i  ITOBHICTIO

MOKJIA/IAFOTHCS HA PEKOMEHIAIIIT 11010 BUOOPY €JIEMEHTIB.
OckiTbKM TIelf TpoIec, SK MpaBWIO, POOHTH JIesKi
€JIEMEHTH CUCTEMH OUIBII HAIMHUMH.

Mu BHKOPHUCTOBYEMO JIMIIIE TIHOWHHY HEHPOHHY
MEpexXy JUIsl IPOTHO3YBaHHS PECYPCY PYXOMOIO CKIaLy,
sKa JIO3BOJISIE TIJBHUINMTH HAMIHHICTh EKCIUTyaTarlii
TPAHCTIOPTHOI TEXHIKH.
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DOUBLE MATRIX REGULATION AND FACTORIZATION WITH DEEP NEURAL NETWORKS FOR
ELECTRODIVIGUE HEATING SYSTEMS
D. Zubenko, O. Donets, V. Linkov
O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

In multifactorial systems using textual and graphical information in matrix factorization to facilitate the problem of
separate data processing. Recently, in some studies, the study of neural networks to understand the content of text and graphic
elements more deeply and to achieve efficacy by creating more accurate patterns of recognition of elements. However, the open
question remains about how to effectively use graphic data from the thermal imager in matrix factorization. In this paper, we
proposed a double-regularized matrix factorization with deep neural networks (DRMF) to solve this problem. DRMF applies a
multilayered neural network model by stacking a convolutional neural network and a secured repetitive neural network to create
independent distributed views of user content and objects. Then representations serve to regularize the generation of hidden
models for both users and for elements of matrix factorization. So the proposed new model of the neural network works better
than a model with a single convergent neural network. Systems that are aimed at mitigating the negative effects of information
overload by filtration and providing users with the most attractive and relevant elements (such as video from the display of the
thermal imager in determining the thermal state of the electric motor), thus solving the problem for large data. Different methods
of building recommendations for the last ten years from different systems, for example, joint filtration and network methods.
Among them, matrix factorization on the basis of co-filtration (CF) is the dominant method due to its successful application in
systems. In traditional SF methods, only a feedback matrix that contains explicit (eg, estimates) or implicit feedback for learning
and prediction of an electric motor resource is used. Typically, the feedback matrix is liquid, which means that most users are
faced with several elements. Proceeding from this, was presented in Proc. BigDataCongress. However, this presentation was
substantially expanded, using the new model of the deep neural network and adding new experimental contributions compared to
the publication of the conference. Many researchers have suggested using content to mitigate the problem of data resolution in.
In particular, representative work jobs consist of extracting semantic information from text content using a thematic model and
deep neural network model.

Keywords: electric transport, rolling stock, electric motors, thermal state of the electric motor, factorization of matrices,
deep neural networks.
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