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PECULIARITIES OF DEVELOPMENT OF THE ARTIFICIAL NEURAL
NETWORK OF THE HYBRID EXPERT SYSTEM

B mpennoxeHHO# crarhe ObLIM OIMUCAHBI OCHOBBI Pa3pabOTKH MCKYCCTBEHHOIH HEHPOHHOH CETH B KauecTBe
OJTHOM M3 COCTaBHBIX YacTed TMOPUAHOW SKCIIEPTHOM CHCTEMBI JJIsi TIPOTHBOABAPUIHOIO yIpaBliieHus. PaccMoTpeHo
(YHKIIMOHUPOBaHUE HEMPOHOB, X PEaKLUsl MPU Pa3IMYHBIX YCIOBUSX paboThl. Tawke MmpeacTaBieHa MHOIOCIONHAS
PEeKYppEHTHAsi MCKYCCTBEHHAsI HEHPOHHAs CeTh, C MCIOJIb30BAaHUEM METO/la 00paTHOrO PacIpOCTPAHEHUs] OUIMOKH, B
obmemM BHJe, M IMokazaHo e€ oOydeHwe. [lomMumMo 3TOro, onMcaHo NpHUMEHEHHe MOJOOHOW CeTH Ui aHanuu3a |
NPOrHO3MPOBAHMS COCTOSIHUS pabOTOCIIOCOOHOCTH CIIOKHOW TEXHUYECKOW CUCTEMBI.

KirioueBble ciI0Ba: MCKYCCTBEHHAs HEHpOHHAs CeTh, THOpWAHAs SKCIEpTHAs CHCTEMa, IPOTHBOABAPUIHOE
yIpaBJeHue, HeHpoH, 00y4YeHue, aHaIu3 U MPOrHO3UPOBAHUE, CIIOKHAS TEXHHUYECKask CUCTeMa

The proposed article described the basics of developing an artificial neural network as one of the components of
a hybrid expert system for antifault control. The functioning of neurons, their reaction under various operating
conditions are considered. A multilayer recurrent artificial neural network is also represented, using the method of back
propagation of the error, in general form, and its training is shown. In addition, the application of such a network for
analyzing and predicting the state of health of a complex technical system is described.

Keywords: artificial neural network, hybrid expert system, antifault control, neuron, training, analysis and

forecasting, complex technical system

BBenenue

Ha coBpemeHHbIX cymax 0€30TKa3zHYIO
paboTy cioxHbIX TexHudeckux cucrem (CTC)
Pa3IMYHBIX KOHCTPYKIHMHA TapaHTUPYIOT TUO-
punnbie 3kcneptHeie cuctembl (I'9C). Hanbo-
nee pacnpoctpadHensl ['DC, oqHUM U3 OCHOB-
HBIX KOMIIOHEHTOB KOTOPBIX SIBJISIFOTCS MCKYC-
crBerHbie Heiponusie cetr (MHC) [1-4]. UHC
MpeJCTaBIsieT CcOO0OM MaTeMaTHYeCKyl MoO-
Jiellb, KOTOpasi BOCIIPOU3BOAUT JEATENLHOCTh
HEPBHOI CUCTEMBI KUBBIX OPraHU3MOB.

Ortcroga crnemyet, uto paspabotka I'2C,
OJTHUIM M3 OCHOBHBIX KOMIIOHEHTOB KOTOPBIX
spisitorcs - MHC, it mpoTuBOaBapuifHOTO
ynpasienuss CTC  sBusercs — akTyalnbHOU
3aJ1adeil.

ITocTanoBka npodaemMbl

Pazpabotka u wuccnenoBanne WHC,
KoTopast Oynmer cocraBHOM wyacTteio [DC,
HEOOXOAMMOM  JuIi  IPOTHBOABapUHHOTO
ynpasienus CTC.
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AHa/IM3 OCHOBHBIX MCCJIEI0BAHHUI M
myOoJauKanuii

Haubonee nocroBepHble pe3yabTaThl
NHC nony4aroT, UCnojb3yd Takue CBOMCTBa
Kak oOydeHwue, a Takxke o0obOmenne. B ycio-
BUSAX HM3MEHSIOLIEHCS BHEIIHEW Cpelbl, MpH
IPOTUBOABAPUMHOM YIIPABJICHUH, CHOCOOHO-
ctb MHC x o0ydeHuro sBIs€TCS 3HAUYUMBIM
IpEeuMyIecTBOM. JIpyrumM mIpeuMyIiecTBOM
ucnonszoBanuss MHC oTtHOCuTENBHO (opma-
JU30BAaHHBIX OJKCIEPTHBIM MYTEM 3aBUCH-
MOCTEH MepeMEeHHBIX SBIIAETCS OoJiee TOUHAs
anmpoKcUMallMs MHEHus oJkcmepra  [5].
HecMmoTps Ha BbllIeyKa3aHHbIE TPEUMYILECT-
Ba, mn1 MHC xapakTepHbl W HEIOCTaTKH,
CIIOCOOHBIE BIHATH HA TOYHOCTH BBIYHCIIE-
HUl B pesynbrare pabotel ['DC, Hampumep,
HEOOXOUMOCTh TPUBIEKATh O0YyYArOIIYIO
BBIOODKY.

W3 npaHHOTO aHanm3a WCCeIOBaHUN U
nyonukanui ciemxyet, uro cozpanne MHC mis
I'SC mno-npexHeMy ocTa€rcs akTyalbHbIM B
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CUJIy HEpPELIEHHBIX HAa CErOAHSAIIHUN JCHb
3aa4, a TaKKe M3-32 HOBBIX METO/OB
UCCIIEJIOBAaHUII M HOBBIX B3IJISZ0B Ha pOJIb
pa3IMyHBIX  pe3yJIbTaTOB, BO3HUKIIUX B
nporecce  pa3paboTKu HCKYCCTBEHHOI'O
WHTEJIJIEKTA [6].

IMean uccaenoBanusi

Llenpro TaHHOTO MCCIENOBAHUS SBIISETCS
obecrieuenue npotuBoaBapuiiHoi padoter CTC.

N3i10:xeHHe 0CHOBHOTO MaTepuaJjia

[IpencraBnennas B nannoi cratbe MHC
COCTOHUT W3 HEHPOHOB, KaXIbIH M3 KOTOPBIX
UMEEeT OJIMH BXOJI U HECKOJBbKUX BBIXOJIOB.
PaGora 3TMX HEHpPOHOB  3aBUCUT  OT
HECKOJIbKUX (DaKTOpOB: 3HAUYEHUN BXOIHBIX
CUTHAJIOB, BECOB CHHAIICOB, BEPOSTHOCTU
cpabarbiBanusi HeiipoHa u T.1. CocTosiHHE
WM TIOTeHnWan Helipona P ompenmensercs
o dhopmye:

P=>axp 1)
=

rae N — KoJMYecTBO BXOJ0B HEMPOHA;

J; — BecoBolt KOAhHUITHEHT I -ro HEWpOHa;
Xj — BXOJHOH CHUTHAI I -ro HEWpOHa;

Pi - BepoATHOCTH cpabaTeIBaHMA | -TO

HEWpoHa.
BepositHocTs  cpabathiBanust | -ro

Heiipona P; Beuucisercs mo  Qopmysie
TEOPUH HAAEKHOCTH:

pi(t)=1-exp| - [ 4 (0) |, )

Irac ﬂfi (t) — MHTCHCHUBHOCTD cpa6a-
ThIBaHUs | -TO HeﬁpOHa, 3aBuciamias oOT
BpEMCHHU.

CymMa MOCTYMUBIIUX CUTHAIIOB, KOTO-
pas mepenaércs Ha HEUPOH, MpeoOpa3yeTcs B

BBIXOJHOW CHUTHaNl HEHpoHa f(P) npu
MTOMOIIY TIepeAaTOYHON (QYHKIINU:

y="1(P). 3)
Ilepenarounass QyHKIUS MOXXET OBITH
CTyneH4aTroi (HMOporoBoOW) JIMHEHHOU WM
HEJIMHENHOM.
B  kawectBe  HenuHelHOW  Oyzder
WCIOJIb30BaThCs CUTMOMAANbHAs (DYHKITHS,
KOTOpasi UMEET CIEYIOIIUN BUL:
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1
()= —— 4
1+e " )
rae a — KOA(PUIUEHT,
ONPENEIAIOMNAN  KPYTU3HY  HEJIMHEHMHOU

byukiuu. Ilpu o —>©  ¢yskmus  (4)
CTPEMUTCS K CTyNEeH4YaTol (TOpOoroBoit)

¢ynaxmun (5), a npu @ —0 k nuueitnoi
bysakuuu (6).

1 npu_P>1I,
y=<0_npu_P=1II, 5)
-1 npu_P<II
rae Il — HexoTopas TOCTOSHHAs
BCJIMYHHA.
y=aP . (6)

Takxke  curMoujaimbHas  (QYHKIUSA
yno6Ha Tem, uro auddepeHnmpyemMa Ha Beei
ocHu aocrmcc u WMEET  TMPOCTYIO
TIPOM3BOJIHYIO:

f'(x)=of (X)1-f(x). (7)

Hetiponnasi cetb o0y4aeTcsi METOJIOM,
KOTOPBIA BKJIIOYACT B c€0s METOJ 0OpaTHOTO
pacripocTpaHeHusi OmUOKA [7] W peKyp-
peHTHBI Meton. Meroa oOpaTHOTO pac-
npocTpaHeHus OoJiee MeAJeHHBIH, T.K. Tpe-
OyeT OOJIBIIIEro Yncia uTeparui, 0THaKO TPH
HEJOCTaTKe JaHHBIX JUISl PEKYpPPEHTHOTO
MeTo/1a yI00HEee UCIIO0Ib30BaTh €TO0.

HUHC mmm I'DC B o00meM Buue
MIPEACTaBIISIET COO0M MHOTOCIIOMHBIN TIepIier-
TPOH, UMEIOUINI HECKOJIBKO CKPBITHIX CIIOEB
U, TIOMUMO 3TOTO, CJIOH PEKYppPEHTHBIX Hel-

poHOB. Kakp1ii ciioii conepKuT B cede Ny

snemento, d=1..,M  a rakke pekyp-
peHTHBIN cnoii R . Dnementsl 0603HaYeHEI

EL?I d=1..,Ny. B BrixoaHom cioe cozep-
xKaTcsd 3Ha4yeHUus paboTOCIOCOOHOCTEH Hie-
MeHtoB CTC, wu3 3HayeHUH KOTOPBIX
BBIUKCIsAETCS paboTocnocobrocts CTC W .
Ha Bxozp! moctynatoT 3HaueHus (HakTopoB U
KpuTepueB padboTocriocoOHocTH (puc. 1).

IIpuMeHEH pEeKyppEHTHBIM METOJ Hau-
MEHBIINX KBAJPAaTOB C Y4ETOM BEpPOSITHOCTH
cpabaThIBaHMs OTIEJIBHO B3ATOrO HEHpOHA.
Mepa HOrpenHOCTH OIUCBHIBAETCS CIEAYIO-
UM BBIPQKEHUEM:

© C.H. KonoBanos, A.A. Eromuna



ISSN 1561-5359. llITyuyHuii inTesiekT, 2018, Ne 2

i
R -
Vem (W)

Bxoanoil cnod

X X2 X3

HCF{TE_'I[} BXONHLIX CHIMMHATOR

A

Brixoanoi cnoii

= CRPBITEIC CITON

Crnofi pekyppeHTHEIX HEHpOHOB

Puc. 1. Cxema MHOTrOCH0IHOM pekyppenTHoit MHC

rmue N — o0wee

HEUPOHOB;

KOJIMYECTBO

| — HOMep HeipoHa;
] — HOMep BXO/IHOTO CHTHAIA;

r - kodpurmeHT
3a0bIBaHUS;
M — kommuecTBO CIOEB;
d — HoMep cros;
£ — TOTPEIIHOCTh
my 2
MR | (M) X (t)x
™ (t)={s"M(t)- f
J J (m)( ) m) || (9
xQq; \n)p;
rne S — 3TaJIOHHBIN CHTHAJ CETH.

Jns mpumepa paccCMOTPUM  HUCHOJb-
3oBanue MMHC B I'DC gma CTC, cocrosmeit

u3 4 texHudeckux y3ioB. Ilepemennbie Wi,
Wy, W3, W4 — 310 paboTOCTIOCOOHOCTH TEX-

anueckux y3nos CTC, a W — o6mas paboro-
cnocoOHocTh CTC. JlaHHBIE TIepeMeHHbIE
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MMEIOT HEHPOCETEBYIO 3aBUCUMOCTh U TIPUHH -
maroT 3Hauenue or 0 mo 100. 3HaueHusa
pabotocriocobnocreli CTC 1o HEKOTOpPHIM
BPEMEHHBIM DpsiIaM V(tz), rae Z — mopsi-
KOBBII HOMEp BPEMEHHOTO psja, U aHau3
obmeir padotocnocooHocTn CTC mo HuM,
Mokasausl B Ta0II. 1.

Tab6muna 1. Padborocrnocoonoctu CTC

Bpe- JlanHbIe
MEHHOU
pam o w W, Wy | w, | W
v(t,)
(tl) 80 | 83 | 67 | 71 | 89,8757
(t2 81 | 95 | 64 | 72 | 91,6358
(t3) 90 | 87 | 74 | 88 | 91,7097

(t,) | 78 | 69 | 84 | 89 |92,2987

[Ipu momomu makera Matlab —
Network/Data Manager Obu1a cMoJeTUpOoBaHa

<

<

N

<

<
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HNHC Takoit CTC u ocymecTBiIEH MPOTHO3
NaHHBIX. Takke OBLIO Mpou3BeAeHO oOyde-
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HUE ceTu. Pe3ynpTaThl 0OyueHUs TpEICTaB-
JIEHBI Ha puc. 2.

Performance (plotperform) —

Training State (plottrainstate) =

oR X

Best Training Performance is NaM at epoch 6

Train
- Best

10°

Mean Squared Error (mse)

107 b L | L L L ]
0 1 2 3 4 ] 6

6 Epochs

Gradient = 0, at epoch &

gradient
=

10 L L L L L

Mu = 1e-006, at epoch 6

107 L L L L

Walidation Checks = 0, at epoch 6

6 Epochs

a)

6)

95 —

Training: R=0.82655

90+

85+

80+

751

Output~=1.1*Target+8.3

T0-

g5p

(eRe]

65 70 T4

80
Target

85 90 95

B)

Puc. 2. Jlannbie 00y4eHHs ceTu:
a) — MPOU3BOAUTEIIBHOCTD, 0) — COCTOSIHHE OOYUCHHSI, B) — pErpeccHs

ObLIa
CTC,

naHHbIe TiporHoza: Wy — 78, W, — 69, W3 —

Ilocne  3TOTO
paboTOoCIOCOOHOCTH

pacCuuTaHa
OoIypasACb Ha

64, W; — 89. B urore paboTocrnocoOHOCTH

CTC W cocrasuia 87,8616. ITpu 3tom cpen-
Hs OIIMOKa MPOTHO3UPOBAHUS JOCTATOYHO
Maja u cocrtasmia 1,125.

13380: 1001181

[Ipennoxxennass B JaHHOM  paboTe
mozaens MHC mo3Bonsier paborate ¢ 00Jb-
muM auanasoHoM naHHeix gaga [OC. He-
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CMOTps Ha Takylo crnenuduky paboThl, OHA
crocoOHa u3beratb cO0E€B M OLIMOOK BBHIY
CIIOCOOHOCTH K OOY4YEeHHIO, a TakKe MHOTO-
(YHKIMOHATBHOCTH  TPU  BBIYUCIICHUSX.
JlaHHbIe, TOJIy4eHHbIE MPU MOJAEITUPOBAHUHU
HEUPOHHOW CETHU, a HMEHHO pe3yJIbTaThl
oOyueHuss 3a 6 SMOX W CpedHsisl OmIMoOKa
nporuHo3a 1,125, TonpKO NOATBEPKIAAIOT BaX-
Hyto poas MHC B I'D9C pmna mporuso-
aBapuitHoro ynpasinenus CTC.
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RESUME

S.N. Konovalov, A.A. Yegoshyna

Peculiarities of development of the
artificial neural network used in the hybrid
expert system

This article describes the value and
basis for the development of research of
artificial neural networks as one of the major’s
compiling of hybrid expert systems used for
emergency management in complex technical
systems. An analysis of the main studies and
publications was carried out, which resulted
in the identification of the main features and
shortcomings of the neural network method, as
the basis for hybrid expert systems, in relation
to other popular methods for antifault control.
The functioning of neurons was considered.
A description of their structure, main charac-
terristics, as well as reaction under various
operating conditions, which affect the reliabi-
lity of data showing the performance charac-
terristics of a complex technical system is
presented. In particular, the state or potential
of the neuron, the probability of operation of
this particular neuron, the output signal of the
neuron were considered. The output signal of
a neuron is represented by a transfer function,
which, in turn, is of three types: stepwise
(threshold) linear or non-linear. With the
description of individual neurons, a transition
is made to the general structure of the
artificial neural network. A method is
presented, in which a multilayer recurrent
artificial neural network is used, with an
additional application of the back propagation
method of the error, in general, and its
training is shown. These methods are
mutually complementary. The artificial neural
network itself is a multilayer perceptron that
has several hidden layers and a layer of
recurrent neurons. In addition, it describes the
use of such a network for analyzing and
forecasting the state of operability for a single
complex technical system, which consists of
four technical nodes. As a result, data were
obtained in training the network, as well as
the forecast data itself, which had a high
degree of reliability, which confirms the
important role of artificial neural networks in
hybrid expert systems for antifault control of
complex technical systems.
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