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3anponoHoBaHO TiOPUAHY y3arajJbHeHY aAUMTHBHA Helipo-¢a33i cucremy, mo 00’ €AHye
nepeBaru Heiipo-¢a33i cucremu Banra—MeHaens i y3araibHeHUX aAUTHBHUX MoJesieil XacTi—
Tiomipani. I{s cucreMa XapakTepu3yeThbesi MPOCTOTOI0 O00YMCIAIOBAIIBLHOI peasnisaiii, BHUCO-
KMMH aNPOKCHUMYBAJbHUMH BJIACTUBOCTSAMM, IIBHAKOIIEI0 Mpolecy HABYAHHSA | MPU3HaYeHa
AJISl PO3B’ A3aHHSA HIMPOKOro KJacy 3aay IMHAMIYHOIO iHTe1eKTYAJIBHOI0 aHAJII3Y JaHUX, 110
NOB ' f13aHi 3 MPOrHO3YBAHHAM HECTALIOHAPHMX CTOXACTHYHHUX i XAOTHYHHX CHUTHAJIB, W10
3a0pyAHeHi 3aBajaMul Ta HAAXOAATD 10 CUCTEMH MOCTITOBHO B PeKUMi pealbHOI0 yacy.

KuarouoBi cjoBa: ridpuana ysarajbHeHa aauTHBHA Heiipo-¢a33i cucrema, Heo-¢a33i
HeHPOoH, AITOPUTM HABYAHHS, IPOrHO3YBaHHA, HecTAlIOHAPHI HeJiHiliHI YacoBi paam.

Nowadays the computational intelligence methods and systems are widespread for solving of
different Data Mining tasks, intelligent control, prediction, identification, pattern recognition ets
[14] under conditions of uncertainty, nonlinearity, stochasticity, chaotic states, different kinds of
disturbances and noises due to their universal approximation properties and learning possibility
based on datathat describe the operation of investigated signal, processor plant.

Now the most known and popular approaches are connected with the artificial neural
networks such as multilayer perceptrons that are learned using backpropagation learning
algorithm. Nevertheless, the training set must be defined a priori, and the training process is
implemented using many epochs of the synaptic weights training. In this case, we cannot use
such systems for solving tasks in on-line mode, when the data are fed to the inputs in a
sequential order inreal time.

Implementing of on-line learning process is possible for neural networks, whose output
signal depends linear ly from tuned synaptic weights, for example, Radial Basis Function Networks
(RBFN) [1, 4] and Normalized Radial Basis Function Networks (NRBFN) [5, 6], however their
using is often complicated by, so called, the curse of dimensionality. In addition, problem hereis
not connected with computational complexity, but the problem is obtaining of data sets from the
real plant that can betoo small for estimating of large synaptic weights number.

Neuro-fuzzy systems that combine the learning ability of neural networks and
transparency and interpretability of the soft computing results, have a range of advantages
ahead of the conventional neural network. Here, first of all, it should be noticed TSK-system
[7-9] and ANFIS[10, 11], whose output signal also depends linearly from the synaptic weights
and has less number of synaptic weights than RBFN or NRBFN. The more complex hybrid
systems of computational intelligence are well-known and have increasing approximation
properties, for example, the hybrid fuzzy wavelet neural networks [12, 13], whose learning
algorithms complexity limits their using in on-line mode.

The hybrid generalized additive neuro-fuzzy system that connects advantages of the
neuro-fuzzy system by Wang-Mendel and the generalized additive models by Hastie-
Tibshirani, is proposed. Such system is characterized by the simplicity of computational
implementation, improving approximation properties, high-speed of learning process and is
intended to solve wide range tasks of dynamic data mining, which are connected with the
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prediction of nonstationary noised stochastic and chaotic processes in on-line mode (i.e. the
observations ar e fed to the system sequentially in real time).

Key words: hybrid generalized additive neuro-fuzzy systems, neo-fuzzy neuron, learning
algorithm, prediction, nonstationary nonlinear time series.

Beryn

ChOroiHi METOIIM Ta CUCTEMH OOYHCITIOBAILHOTO 1HTEIEKTY HAOYJIM MOMMPEHHS A BUPIMICHHS
TaKWX PI3HOMAHITHUX 3aBJaHb, sk Data Mining, iHTeleKTyaJlbHEe KEpyBaHHS, MPOrHO3YBAHHS, 1CHTH-
¢ikaris, posmizHaBaHHSA 00pa3iB Toio [1—4] 3a yMOB HEBHM3HAYCHOCTI, HEIIHIMHOCTI, CTOXaCTHYHOCTI,
Xa0THYHOCTI, PI3HOTO POy 3aBaj Ta MEPEIIKO/I 3aB/IsSKA CBOIM YHIBEpCalbHIUM alpOKCUMYBAIBHUM BIIac-
THUBOCTSIM Ta MOXKJIMBOCT1 HABYaHHS Ha OCHOBI JIAHUX, IO XapaKTepH3YIOTh (QYHKIIIOHYBAHHS JIOCIIIKY-
BAHOTO sABUIIA 200 00 €KTa.

HaiiBimoMilmuMu Ta MOMyNIsIpHUMH TYT € IITY4YHI HEHPOHHI MEPEXi THITY 0araTomapoBoro mepcemnt-
pOHa, SIKMH HABYAETHCS HA OCHOBI 3BOPOTHOTO MOIIMPEHHS MOXWOOK. [Ipy 1mboMy HaBuYalbHY BHOIPKY
3a]al0Th 3a3JlaJierifib, a caMm MPOIleC HaBUAHHs peai3yeTbcsi HAa OCHOBI 0araThbOX €rnox HaallTyBaHHS
CHHAITHYHUX Bar, 0 POOUTH MOTO peaii3allifo HEMOXIIMBOIO B PeKHMi on-line, KoM Ha BXiJl CUCTEMH
JaH1 HAJIXOMIATh IIOCTIIOBHO B PEaibHOMY Yaci.

PeanizoByBaT on-line mpoiiec HaBYaHHS MOXXHA B HEHPOHHHX Mepekax, YMd BUXIIHUN CHrHA
JMHIKHO 3aJIGKHUTH BiJl HAJTAINTOBYBAHMX CHHANTHYHMX Bar. Hampukian, panianbHO-0a3McHI HEHpPOHHI
Mepexi (RBFN) [1, 4], nopmaiizoBaHi pamianbHO-0a3ucHI HeliponHi Mepexi (NRBF) [5, 6], onHak ix
BHUKOPHUCTaHHS B 0araTboX BUIAJKaX YCKIAJHIOETHCS TaK 3BaHUM MPOKIITTSAM po3MipHOCTi. | pid TyT He B
OOYUCITIOBANBHUX TPYAHOIIAX, 4 B TOMY, III0 JJAHUX, OTPIMAaHUX 3 PEaTbHOT0 00’ €KTa, MOXKE OyTH 3aHA/ITO
MaJIO Ul OL{IHIOBAHHS BEJIMKOI KUJIBKOCTI CHHAIITUYHUX Bar.

Heiipo-da33i cucremu, 10 MOETHYIOTh 3JATHICTh JO HABYAHHS HEWPOMEPEXK 1 MPO30PICTh Ta
IHTEPIPETOBHICTh PE3yJbTATIB M’SKAX OOYMCIIEHb, MAalOTh HH3KY IepeBar Iepea TpaaulidiHUMH
HEHpOHHNUMH MepexxaMu. Tyr Hacammepen ciig 3a3nHauntd TSK-cueremy [7-9] ta ANFIS [10, 11],
BHXIJHMH CHUTHAJ SIKOi TaKOX JIIHIHHO 3aJIOKHUTh BiJl CHHAITHYHHUX Bar, KUTBKICTh SKMX MEHINA, HDK y
RBFN a6o NRBFN. Bigomi # ckmamHimn riOpuaHi CHCTEMH OOYHMCIIIOBAJILHOTO IHTENIEKTY, IO MaloTh
MOJIMIIEHI alpOKCUMYBallbHI BIACTUBOCTI — Taki, siK riOpuani (aszi-BeiiBner-HeiiponHi Mepexi [12, 13],
CKJIAJIHICTh HABYAHHS SKMX OOMEXKYE iX BHKOPUCTAHHS B On-line pesxxumi.

ApxiTekTypa Helipo-¢a33i cucremu Banra—Mennenas
Hnst 00poOku iH(OpMaIii, 0 HAJAXOAUTh B pealbHOMY 4aci, IOCTATHbO e()EeKTHBHOIO TOKa3aia
cebe TSK-cucrema HyJIbOBOIO MOPSAAKY, TAKOXK BioMa sk Helipo-(a33i cucrema Banra—Mennens [14, 15].
L5 cucrema xapaKkTepU3yeThCSI BITHOCHO HEBEIMKOIO KUTBKICTIO HANAIITOBHHUX Bar, JJIsl yTOUHEHHS SIKHX
MOXYTh OYTH BUKOPUCTaHI IIBUAKOMIIOYI ONTHMI3aliliHi MpOIEeNypH APYroro IMOPSAKY THITY
PEKYPEHTHOT0 METOy HaliMEHIIINX KBa/IPaTiB.
ApxitekTypa Heilpo-}a33i cucremun Banra—Menuens ckiafa€Tbes 3 T°ATH MOCTIOBHO 3’ €THAHUX

mapiB. Ha BXigHuWii map mMogaeTbest (l’le) — BUMIpDHUH BEKTOp BXiJHHX CHUTHAQNIB Y BHUTISII

. T T
y(k):(y(k—l),...,y(k—l),...,x(k—n)) :(x] k), . s x, (k). x, (k)) , MO TOTpeOyTh 00pOOKH, e
k=1,2,K,N,K - morounuii auckperHuii uac. Ilepmmii npuxoBaHWi Mmap MicTHTh 7A  (QyHKIIH
HanexHocTi ,(x,(k)), [ =1,2,K,h ta 3abe3neuye dazzidikaliiro BXiTHUX 3MiHHUX. JIpyruil npuxopaHuit
map peasizye arperyBaHHs piBHIiB HaJIEKHOCTI, 10 Oy/IM 0OYMCIIEH] Y IIepIIoMy Iapi, i MictuTh /4 G710KiB
MHOXeHHs. Tperiii mpuxoBaHuUil map — e map CHHANTHYHUX Bar, IO IMiUIAraloTh YTOYHEHHIO B MpoIeci
HaBUYaHHS HeWpo-¢a33i cucremMu. YeTBepTHil IMap yTBOPEHUH JBOMAa CyMaTOpaMu i OOYHMCIIIOE CyMH
BUXIJTHUX CHUTHANIB JIPYroro i Tperporo mapis. [, HapemTi, y m’aToMy (BHXIIHOMY) mIapi MPOBOIUTHCS
HOpMAaJTi3allist, B pe3y/IbTaTi IKOi OOUMCITIOETHCS BUXITHHN CUTHAT-TIPOTHO3 (k) .
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OTxke, SKIIO Ha BXiJl CUCTEMH IMOJIaHO BEKTOPHUN curHan x(k), €MEMEHTH MepIioro mapy oouuc-
JI0IOTh PIBHI HANEKHOCTI 0 < g, (x,(k)) <1, HOpu LbOMY SK (yHKILII HaNEKHOCTI BMKOPUCTOBYIOTH

J3BOHYBATi KOHCTPYKIII 3 HE CTPOro JOKaJbHHM PpEIENTOPHUM TIOJNEM, IO JO3BOJNSE YHUKHYTH
BUHUKHEHHS “HipoK” y (az3ipikoBaHOMY MPOCTOpPi 32 PO3CISTHOTO PO3OUTTS MPOCTOPY BXIAHWUX 3MIHHUX
[6]. Haituacrimme sk (GyHKIiT HAIEKHOCTI MEPIIOro Mapy BUKOPHCTOBYIOTH (yHKIii [aycca y ¢popmi

o (xi (k) —C; )2
b 5

1 (x; (k) = exp (1)

2
Ui

ne c,, o, — TapaMeTpy IEHTPY Ta IUMPUHM BiANOBiAHO — abo oOpaHi emmipuyHO, abo Taki, II0

1
HaJIAIITOBYIOThCS IMiJ] YaC HaBYAaHHS 3a JONOMOTrOI0 MPOLEAYPH 3BOPOTHOrO IIOIIMPEHHS IOMUJIOK.
3ayBa)KMMO TaKOX, IO MONEPEIHE KOAYBAaHHS BXIIHUX 3MIHHHUX Ha OOMEXKEHHH IHTEpBall, HAIIPHKIIA]I,
0<x,(k)<1,y psai BUNAJKIB J03BOJISI€ CIPOCTUTU OOUYMCIIEHHS, OCKIILKM NapaMeTp IHUPUHU o, MOXKE

OyTH OJIHAKOBHM JUIS BCIX KOMIIOHEHT BXITHOI'O BEKTOPA.
Ha Buxomax Apyroro mpuxoBaHOrO MIapy 3’ SBJISIOTHCS arperoBaHi 3HAYCHHS y BUTJISII

%, (k) =TT i (x,(k)) » 2)
i=1
pH IBOMY JIs PyHKIIT faycca 3 OTHAKOBUMHU 3HAYCHHSIMH MapaMeTPiB IIUPHUHHA o MOXKHA 3aIHCATH
2
n (x,(k)—c,)* ||x(k)—cl ||
k)y=| |exp| ————=——|=exp| ————— 3

(TyT ¢, = (¢,,,.K,¢,,Kc,)" , TOOTO €leMEHTH IepIIoro Ta JPYroro HPHXOBAaHUX INapiB (aKTHYHO

00pOOJISI0TH BXIHUIN CHTHAN MOIIOHO pajaiaibHO-0a3ucHuM Heiiponam B RBFN ta NRBFN.
Buxomamu TpeThOro NpuxoBaHOTo APy € 3HAYCHHS

w, (k — 1)f[ 1, (x,(k)) = w,(k — )%, (k) » 4)

(TyT w,(k —1) € h cHHaITHYHUMH Baramu, PO3paxoBaHMMH Ha ocHOBI k—I momepenHix crocrepexeHs),

YETBEPTOro:

27: w, (k — l)ﬁ w (x,(k)) = 27: w,(k—=1)% (k) 5)

ST G = S %, 6) ©)

=1 i=1

1, HapeITi, Ha BUXOJi CUCTEMH (IT’SITOTO Iapy) 3’ ABISIETHCS. CUTHAN-TIPOTHO3

S k= D] [0 S wi(k — D% (k)

k)=

P J IETE) S (k)
: B L [T r (k)
:Zwl(k_l)#zzwl(k—l)h’:ln—: (7)

I=1 Z%I(k) =1 ZHMIi(xi(k))

=1 i=l

> w, k=g, (x(k) = W' (k — Dp(x(k)),

R | (T 9) | CXCTC TR R R A D

=1 i=l

PR (R)) = (9, (<)), K, (xRN, K, (x(R))
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HeckmamHo mMOMITHTH, IO IS CHUCTEMa peaji3ye HeliHidHE BiIOOpakKeHHs BXIIHUX CHUTHAJIB Yy
BUXIJTHI TO1I0HO HOpMaJi30BaHill pajianbHO-0a3UCHINH HEHPOHHINA MepeXi, MPOTEe MICTUTh ICTOTHO MEHIITY
KUTBKICTh CHHAIITHYHKX Bar mopiBHsHO 3 NRBFN.

l'iopuana nporuo3yBajibHa Helipo-(a33i cucrema
CKopoueHHsI KUTBKOCTI HaJNAIITOBHUX Bar B Helpo-¢as3i cucremi Banra—Menaenss TOpiBHSHO 3
HOPMAJTI30BaHOK PajiajibHO-0a3MCHOI0 HEHPOHHOIO MEPEXKEI0 JOCATAETHCA 3aBISKH PO3CITHOMY

PO3OUTTIO MPOCTOPY BXOMIB, NPH LILOMY OJHAK B 00JACTAX, BiUTaJeHUX BiJ LIEHTPIB ¢, 0araTOBUMipHUX
(GyHKIIIH HaJIeKHOCTI
2
() —c)’| (k) —c)|
[Tow| -0 |l 0L
20 20

®)

3a0e3nedyBaHa SKICTh alPOKCHMAIlil MOYKe OYTH HEJOCTaTHBOIO.
3BHUAIHO, MOKPAIIUTH SKICTh AMPOKCHMAIll MOXXHA, BHUKOPHCTOBYIOUH pEIIiTYaCTE PO3OUTTS
BXIJIHOTO TIPOCTOPY, OJHAK TPH I[LOMY PI3KO 3pOCTaE KUTBKICTh IMapameTpiB, IO MOTPEOYIOTh HAJAIITY-
BaHHS, TOOTO BTPAYaIOThCs TiepeBaru Helpo-(as3i cucTeM nepen TpaaulliiHIMA HEHPOHHUMH MEpeKaMH.
[NokpamuT anpoKCUMyBaJIbHI BJIACTHBOCTI Heipo-(a33i cucTreMu MOXKHA, BBOISYM B TpPETiH

NPUXOBAHUH Iap CMHANTUYHUX Bar w,, [=1,2,K,h Ttak 3BaHi HeniHiliHi cuHamcH, sAKi € 6a30BMMH

6nokamu Heo-(a3z3i HelipoHa [16—18]. Ha puc. 1 HaBeneHOo apXiTeKTypy 3aIIPOINIOHOBAHOI MPOTHO3yBaIBLHOT
ribpuHoi Helipo-(has3i cucremu.
Ilepmri nBa mpuxXoBaHI MIapW MOBHICTIO aHAJOTYHI IapaMm cucTeMH Banra—Mengens Ta

00poOstoTh iH(opMalito moaibHo Heliponam RBFN, mo nosnadeni sk R ,R,,K,R,, a Ha iX BHXoIax

h

3’ ABIIAIOTHCS 3HAYEHHSI

% (k) = T (v, (K - 9)

1 CUIHAJIM HaJIXOJATh HAa BXOAHW HENHIMHUX cuHAICIB NS,, NS, ,K,NS. SKi pa3oM 3 CyMaTOpOM
1» 20 > h yM

YEeTBEPTOro I1apy YTBOPIOIOTh apXiTeKTypy Heo-(a33i HelipoHa. Heo-pa33i netipon (NFN) e HeniHiiHOO
CHCTEMOIO, 1[0 HABYAETHCS, 3 MHOXKMHOIO BXOJIB 1 OJIHMM BHXOJIOM, IO Peali3ye BiOOpaskeHHs

COEDPFACINE (10)

=1
ne (k) :(%, (h), K, % (k),K, %, (k))T , f(%(k)) — cxansapunii Buxin NFN. Koxxen HeniHiiiHuii cunamnc NS,
MiCTUTh & (QYHKIIH HaJeKHOCTI %ﬂ (9@) , 1=1,2,K,g, 1 Taky caMy KUIBKICTh HaJIAIITOBHUX

CHHANTHYHUX Bar Wj.

OTxe, IEPETBOPEHHS, 110 PEaTi3yeThCs KOKHUM HETIHIMHUM CHHAIICOM, MOYKHA 3allMCaTH Y BUIJISI
g
SR =D w, (k—Db, (% (k). (11)
j=1
a Heo-(ba33i HEMPOH 3arajoM peanizye HeliHiiHe BimoOpakeHHs

S k) = ZZ w, (k=D (% (), (12)

=1 j=l

TOOTO € 1O CYTI y3araJlbHCHOK aJIUTHBHOIO MOJCIUIIO [6, 19], 1m0 XapakTepU3yeThCsl 0OYUCITIOBAILHOIO
IIPOCTOTOIO 1 BHCOKHNMH allpOKCUMYIOUYMMHU BJIACTUBOCTSAMMU.
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> (5(0) g G E) 3
| :w:)=13;:»“(:9(1@){> £G0)
(G0 TT ¢ Lﬂm(k»j
»(k) o (3, () Ao Gy,
| L {1 N B S W e B R
path i [ RS )= Gk
y(k=1), ® fcz(k)=]E;uz,»(x,»(k»{> 7 ) ;fl(x'( )
e ) > TT 8> (5 () @@7
k=2 L 7 3
5O g o, (5, () ; aG®) 1
y(k—n) L : S :
T R o A NS,
) g IO :
f.(k)=]gu.»(x,-(k))F |
Sy (5, (K) 8>l (&,(K) 1
s 1D/ L’L iy 15,6

o 5, (0)

S

n

)3 | I

=1 i=1

Puc. 1. Iibpuona yzaeanvuena aoumusha neupo-gassi cucmema (HGANFS)
OJ151 NPOSHO3Y8AHHSL HECTNAYIOHAPHUX HACOBUX PAOLG

Jpyruii cymaTtop 4eTBEepTOro NMPUXOBAHOTO Imapy NoaiObHo cucteMi Banra—MeHpaens oOuwmcioe
3HAYEHHS

ST Trs 0 =3 %6 (13)
a Ha BI/IXOZIi CUCTEMU 3arajiom 3’5[BJ'I51€TBC$I CUTI'HaAJ1I
S5 w k=, ) S w, (k— D, [f[ 1, (x,-(k))]
) == S -
Z%/ (k) ZH:U’/:' ('xi (k))
b & b (k) o
=ZZ%(/«—DM=Zij,(k—1)<%,-,(%(k)): (14)
=1 j=1 Z%/(k) =1 j=I
= w (k —1)B(%(k)),
e %jl(%(k)) = %j[(’%l(k))[z%l(k)] = %jl [ﬁﬂﬁ(xi(k))][Zﬁ:“ﬁ(xi(k))] s
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w(k —1) = (wy, (k — 1), wy, (k = DK, (k — 1), w, (k= DK w, (k= 1),K,w,, (k= D)
B(%(k)) = (%1 (k). by, ((K)), K, &, (%(k)), K, B, (%(k)))

HecknagHo moMiTHTH, 110 PO3TIIsTHYTa cucTeMa € TidpuaoM Helipo-¢dassi cucremu Banra—Mengens i
y3arajgbHeHOi amuTuBHOI Mozeni Xacti—TiOmripani, peamisye Heditke BuBeneHHs Taxari—CyreHo,
3aXHIleHa BiJ PoOJIeM, 1110 OB’ sI3aHi 3 PO3CISHUM PO30OMTTAM, 11 BXIAHHH CHUTHAJ JIHIHHO 3aJIOKUTh Bif

T

CHHAITHYHKX Bar, KUTBKICTh SKUX Yy £ pa3iB Oinblia, HiXK y cucteMi Banra—Menpens, i 30iraeTscs nmpu

1IbOMY 3 KiIBKICTIO HAJNAIITOBHUX Bar Heo-(pa33i HelipoHa 3 /I BXxomaMu.

Takox MOXHA 3ayBaKMTH, IO AK (YHKIIi HAJEKHOCTI HENIHIHHMX CHHAICIB NS, MOXYyTb OyTH
BHUKOPHUCTaHI Ti X raycciaHu, 110 1 B IepIIOMy IPUXOBaHOMY IIapi, a00 TpaaulliiHi TPUKYTHI KOHCTPYKIIii.
[NokpammuT SIKICTh TPOTHO3YBaHHS MOXKHA, BHKOPUCTOBYIOUHM SIK (YHKIIT HAJISKHOCTI QYyHKIIT
€maneuyHikoBa, abo CIIIaiHu.

HaBuyanns riOpuaHoi Nporao3yBajibHOI y3araibHeHOl aJUTHBHOI Helipo-¢a33i cucreMu
HapuanHs riOpuHOT MPOrHO3YyBaLHOI y3araJbHEHOI aJUuTHBHOI HeHpo-(a33i cucreMu 3BOIUTHCS
O CYTi JI0 HAJNAIITYBAaHHS CHHAIITHYHUX Bar Heo-(a33i HelpoHa, 0 YTBOPIOE BUXITHHMA AP CUCTEMH.
Jnst HaBuaHHS Heo-(a33i HelipoHa oro aBTopH [ 18] BUKOPUCTOBYBAIH TPaJiEHTHY MPOLEAYPY, IO

MiHIMI3y€ KpUTepiii HaBYaHHS
2

Y =SS w, (kD , (%K) (15)

=1 j=1

1

E(k) = %(y(k) ()Y = %ez (0=

TaKy, 110 Ma€ BUTJISI

w,, (k) = w,, (k—1) +ne(k)b, (8()) = w, (k —1) +n(p(k) — k)b, ($(k)) =
y(k)— Zi w, (k —1)%,, (%(k))

=1 j=1

(16)

= Wi (k=D +n %,‘1 (%(k)),

ne y(k) — 30BHINIHIA HAaBYANBHUU cUrHAM; e(k) — moxwOKka HaBYaHHS; 7] — MOCTIHHHN mapamerp KpoKy
HaBYaHHSI.

JJis IPUCKOPEHHSI TIPOLIECY HABYAHHS MOYKHA TaKOK BUKOPHUCTATH IIBHIKOMIIOUUIN €KCIIOHEHITIHHO-
3Ba)KEHHI PEKYpEHTHHUI METO/l HAaliMEHIINX KBajpaTiB y Gopmi

Pk —De(k)B(%(k))
a + &' (%(k) P(k — D(H(k))

w(k) = w(k —1)+

; (17)
Py = L pra 1y PO DBCEDE ()P 1)
a o+ (%(k)) Pk —1)da(%(k))
(tyr 0<a <1 — mapamerp 3a0yBaHHA), SIKHH, OJHAK, MOXKe OYTH YMCENBbHO HECTIHKUM 3a BEIUKOI

KUIBKOCT1 HAJIAIIITOBYBaHUX [TapaMeTpiB.

VY npoMy BHNanky e)eKTUBHHUM € BUKOPHCTaHHS alrOPUTMY HaBUYaHHS, IO Ma€ SK CIiAKYBaIbHI
(s oOpoOKM HecTalliOHapHHX CHUTHANIB), Tak 1 (UIbTpyBajbHiI (Ui 0OpoOKM 30ypeHHX 3aBallaMH
curHaiiB) BractuBocTi [19, 21]

w(k) = wik — 1)+ 7" (k)e(k) (%K),
r(k)=ar(k—1)+ B[, 0< <1,

CTIMKOro 3a Oyab-KMX 3Ha4eHb napaMerpa 3a0yBaHHs «, 10 30iraeTbes =0 3 onTUMaIbHMM 3a

(18)

IIBHKOI€I0 anropuT™MoM HapyaHHA Kaumaxa—Vimpoy-Todda [22] i mpu =1 — 3 amropurmom
croxactiuHoi anpokcumaii ['ynsina—Pememka—Keiineca [23].

BucHoeku

3anponoHoBaHO TiOpUIHY y3arajdbHEHY aJMTHUBHA Heipo-Qas3si cucremy, Mo 00’€IHYE IMepeBaru
Heipo-da33i cucremn Banra—Menzens i y3araibHeHWX aauTUBHHX Moxened Xacti—TiOmripani. Wz
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CHCTEMa XapaKTEePU3YEThCS MPOCTOTOK OOYMCIIIOBATIBLHOI peatizailii, BHCOKHMH arpOKCHMYBILHUMH
BIIACTUBOCTSIMH, IIBUIKOJIIEIO MTPOIEeCY HABYAaHHS 1 PU3HAYEHA ISl PO3B’s3aHHS IHPOKOro Kilacy 3aaad
JMHAMIYHOTO IHTENEKTYalbHOTO aHalli3y JaHWX, MOB’s3aHMX 3 on-line 00poOKoro HecTalioHApHUX
CTOXAaCTUYHMX 1 XaOTHYHUX CHTHAJIB, IO 3a0pyaHEHI 3aBajlaMd Ta HAIXOAATh B CHCTEMY IOCIIJOBHO B
pexuMi peanbHOrO 4acy. Po3B’si3aHHS HU3KM 3a]jad MPOTHO3YBAHHS MOJICILHUX Ta peajbHHX HECTallio-
HApHUX YaCOBUX PSJIIB MiATBEPANIO ¢hEeKTUBHICTh BBEICHOI TiOpUAHOT HEHpo-(pa33i CHCTEMH.
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