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AHoranisi. Y poOOoTi NMo#aHO pe3ynbTaTH IOCIIKEHHS 3aJIe)KHOCTI MOXMOKU IPOTHO3YBaHHs 3HAUCHHSA TEMIIEPaTypH
HEHPOHHMMH MepeXaMH Bij 1MoxuOku BuMiproBaHHS. ONMCAaHO aJrOPUTM CTBOPEHHS TECTOBHX IIOCIIJIOBHOCTEH Ta HABYAHHS
HEHpOHHUX Mepex. HaBelneHO pe3ynbTaTH MOCIHIDKEHHS 3aJIeXKHOCTI NMOXHMOKM IPOTHO3YBAaHHS 3HAUCHHS TEMIIEPATYPH Bif
MYJbTHIUIIKATUBHOI, HEJHIHHOI Ta BHUIIAJKOBOI CKJIAJOBHX IOXMOKH, a TaKOX OIMCAHO PEe3yJbTaTH JOCIIDKCHHS 3aJIeXKHOCTI
MOXHOKHU IIPOrHO3yBAHHS 3HAUCHHSI TEMIICPATYPH BiJl OJHOUACHOI'O BIUIMBY LIUX CKJIAJ0BHUX.

KurouoBi ciioBa: HelipoHHa Meperka, IPOrHO3yBaHHS 3HAUCHHS TEMIIEPaTypH, IIEPEeXiIHUi Ipoliec, TeMIeparypa.

Abstract. The current article describes the results of the study of the neurd networks temperature prediction error
dependence on measurement errors, which are random, nonlinear and multiplicative errors. It is noted applicability of the
architecture of neural network for temperature prediction. The formula of temperature step response for ideal sensor is given.

At the very beginning an algorithm for calculating and creating test sequences for neura network training is devel oped.
The studies described in this article are implemented in the computing environment. There are given formulas and figures of
measurement errors models. After considering the measurement error, which neural networks were trained and verified with the
training set.

The results of the study of the temperature prediction error dependence on the multiplicative measurement error and
nonlinear measurement error are presented. They allow conclude that raising the measurement errors with the prediction errors
increase. As the result, for the maximal measurement error (2.5 %) an absol ute temperature prediction error is achieved at the level
lower than 5:10° °C. The results of the similar studies of dependence on the random measurement error are presented. They
underline the mentioned errors increasing with the prediction error. For random measurement error (0.5 %) absol ute temperature
prediction error is of 0.5 °C and for 2.5 % random measurement error absolute temperature prediction error isof 1.5 °C.

It is described also the study of the temperature prediction error dependence on the aforesaid three types of measurement
errors.

The mgjor conclusion of the received results (the dependences of the temperature prediction error on the measurement
errors) consists in the next. The prediction temperature value dightly depends on multiplicative and nonlinear errors. In addition,
the main impact on neural network temperature prediction error is caused by the random error.

Key words: Neura Network, Temperature Prediction, Sep Response, Temperature.

Beryn BaHHS HEHPOHHOIO MEPEKEIO BUHUKAE JTOJATKOBA MOXHO-
Ka, CIPUYNHEHA MOXMOKOI BHMIPIOBAHHS MEPEXiIHOTO
Y poboTi pO3MISIHYTO pe3y/IbTaTH MOCITIPKEHHS,  IPOLECY.
IO CTOCYIOTHCS MPOTHO3YBAHHS 3HAYEHHS TEMIEPaTypH
3a Hep?XiI[HI/IM MPOIECOM i3 BUKOPUCTAHHSIM HEHPOHHOI [
Mepexi MPsAMOTro PO3MOBCIOMKEHHS (puc. 1). - E | | :
3aCTOCOBAaHO MOJENb TEMIEPATYPHOTO pepeximoro = EI Z|%’/
mporiecy JUIi  MepBUHHOTO  MEpPEeTBOPIOBAYa, IO —_—
omucyeThes BUpazoM [1, 2]:

Hidden

Output

Ho—00 I

Puc. 1. Apximexmypa netiponHoi mepexci npsamoeo

T (t) =Tp + (To : TP) (l' Che )’ (1) PO3NOBCIOONCEHHSL
ne t —yac; T — cTana yacy MepBHHHOTO MEpPETBOPIOBAYA;
T, — Temneparypa o0’ €kTa BUMiplOBaHHs; Tp — modar- Fig. 1. Feedforward neural network architecture
KOBE 3HAYEHHsS TEMIIEPATYpH IIEPBHHHOIO IIEPETBO-
proBaua; T — [IOTOYHE 3HAUCHHS TEMIIEPATYPH. Meta poboTu

JlaHi, Ha OCHOBI SIKMX 3[iHCHEHO MPOTHO3YBaHHS
TEMICpaTypd, BPAXOBYIOTh IIOXHOKY BHMIPIOBaHHS
(meniuHiiiHa, MYJIBTHILTIKATUBHA Ta BUITAIKOBA CKJIAJIOBI).
Omxe, M Yac OINpAIfOBAHHSA PE3YNIBTAaTiB IMPOTHO3Y-

Mera poOOTH — MOCIIIUTH 3aJICKHICTh MOXHOKU
MPOTHO3YBaHHSA TEMIIEPATYPU HEWPOHHUMH MEpPEKAMH
BiJl TOXUOKHM BUMipIOBAHHS.
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JocaigxeHHs 3a1eKHOCTI MOXMOKU MPOT-
HO3YBAHHS TeMIIlePaTypH HeHpPOHHUMH
pexamMu

Me-

Y crarti po3mISIHYTO HEHPOHHY MeEpexy 3
apXiTEKTYpPOIO MPSIMOT0 PO3MOBCIOKEHHS [3, 4], 1m0 Mae
nBa miapu [5]. Tlin gac mocrmimkeHsb 3MiHCHEHO MOJIENHO-
BaHHS TEMIIEPaTYpHOIO IEPEeXiHOro MPOIeCy 3a BUPa3oM
(1) mns 3HaYeHp TemmepaTypu 00 €KTa B [iama3oHi Bij
200 mo 220 °C 3 xkpokom AT, = 0,5 °C [5], ne 3HaueHHs
gacy t 3miHoBanock Bifg O 10 tym 3a yac BUMiproBaHHA
tym PO3paxoBaHO N 3HAUEHb TEMIIEPATYpPH MEPEXiIHOTO
mporiecy, TOOTO HEHWpOHHA Mepexa Majda N BXOJiB.
KoxxHOMY 3HaueHHIO TemIeparypu 00’ €KTa BUMipIOBaHHS
BI/INOBIIA€ IIEBHA TE€CTOBA MOCTITOBHICTE T77;.

Jlis mocii ke s BIUTUBY ITOXMOOK BUMIpIOBAaHHS
Ha TOXHMOKY TNPOTHO3YBAaHHS 3HAYEHHS TeMIlepaTypu
BHUKOPUCTaHO Mofmeni (puc. 2) MYIbTHUILTIKATHBHOI Ta
HemiHiiHOoi [6] CcKIamoBOi MOXMOOK, sKi MOTIM Oyiu
JofaHi 0 3HAYeHb 1J€aNbHOr0 TEMIEPaTypHOro
nepexignoro mpomecy (Bupas (1)). 3amaHo BigHOCHY
MOXUOKY, 32 HEI0 PO3PaxOBaHO MaKCHMaJIbHE 3HAYCHHS
a0CONIOTHOT IIOXMOKHM KOYKHOT 31 CKJIaJJOBUX, 8 KOHKpETHA
3aJeKHICTh NOXMOKM BiJl 3HAUeHHS TEMIlepaTypu
BUIIAJIKOBUM CIIOCOOOM TeHepyBajlacs Tak, IO MaKCH-
MaJibHEe 3Ha4Y€HHs KOHKPETHOI 3aJIeKHOCTI MiCTHJIOCH Y
nmiana3oHi Bix Amrax 10 Amin.

AOCOIIOTHY ~MYJIBTHIUTIKATUBHY TOXHOKY A
PO3paxoBaHoO 3a GOPMYIIOIO:

D,, =d,, * /100, 2
e Om — BITHOCHA MYJIBTHIUTIKATHBHA TOXWOKa, T —
MIOTOYHE 3HAYECHHS TEMIIEPATYyPH.

AOCOIIOTHY HeNiHilHY TOXUOKY A, po3paxoBaHO
3a (hopmyIoro:

D, =aT?+bT +c, 3)
ne a, b — koedimienty, mo 3amexarb BiJ BiJHOCHOL
HEJHIHHOT TOXUOKH O,

A
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AOCONIOTHY BHIIAIKOBY TOXUOKY Ayang pO3pa-
XOBaHO 32 ()OPMYIIOIO:
D, =T>2(rand - 0,5)d,,,, /100, (4)

nie rand — sumagxose unciio Big O 10 1; drang — BiIHOCHA
BHIIAJKOBa ITOXHUOKA.
3Ha4YeHHs TEMIIEPaTypH i3 ypaxyBaHHSAM BHIIA]-
KOBOI TMOXHOKHM BHUMIPIOBaHHSA JJIS KOXHOI CKJIaJOBOI
00YHCIIEHO 32 BUPA30M:
T,=T+D,, ®)
ne Ay HaOyBa€ 3HAYCHHS MYJIBTHIUTIKATUBHOI A, abo
HeJiHIHHOI A, 200 BUITagKOBOI A a0y CKIIAJ0BOI HOXHOKH

rand

BUMIpPIOBaHHS.

[TpoBeneHO TpH MOCHTIHKEHHS, il Yac KOXHOTO 3
HEHpOHHAa Mepeka HaByajacb Ha MAacHBi
OTPUMaHUX TECTOBHUX IOCIIJIOBHOCTEH i3 ypaxyBaHHIM

SIKUX

OIIHIET 31 CKJIaIOBUX TTOXHMOKH BUMipIOBAaHHSI.

Hajasi HaBueHy HEHPOHHY MEPEKY BUKOPHCTAHO
JUIS TIPOTHO3YBAaHHS 3HAYCHHS TEMIEpaTypH 3a mepe-
XIJIHUM TPOIIECOM Ta PO3PaXOBaHO aOCOIIOTHY ITOXHOKY
nporuosysanust AT 3a Gopmyroro:

DT =T,- T, (6

ne Tpr — MPOTHO30BaHEe 3HAYEHHs Temmeparypu; T, —
Temmeparypa 00’ €KTa BUMIpIOBAHHs IS i€l TecTOBOI
TIOCITiIOBHOCTI.

Ha puc. 3 nogaHo 3ayexHICTh MOXUOKH MTPOTHO-
3yBaHHS 3HAYEHHS TEMIIEPATYpH BiJl MYIbTUILTIKATHBHOL
CKJIaJI0BOT TTOXUOKH O, K HaOyBana 3HaueHHs Bix 0,25
% no 2 %.

I3 puc. 3 BumHO, 1O 31 30UTBIICHHAM 3HAYCHHS
CKJIZIOBOT  TOXMOKM  MOXMOKa
MIPOTHO3YBaHHS 3HAUEHHS! TEMIIEpaTypH 3pocCTae, mpoTe
HaBiTh 32 2 % MYIBTHIUIIKATUBHOI IOXHOKH ITOXHOKa
nporHo3yBaHHs He nepesuitye 1,4-10° °C.

Ha puc. 4 HaBemeHO 3aJICKHICTh IMOXHOKU
MIPOTHO3YBaHHS 3HAYEHHs TeMIlepaTypH BiJ| HeNliHiHHOT
CKJIaJIOBOT ITOXMOKH BUMipIOBaHHSI.

MYJIBTUILTIKATABHOL

An, T 4
Anmex
1k
1]
Al
2
'Anmax
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Puc. 2. Mooeni noxubox: a —mynemuniixamuena, 6 — HeniHiliHa

Fig. 2. Error models: a — multiplicative; b — nonlinear
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Fig. 3. Temperature prediction error dependence on multiplicative error
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Fig. 4. Temperature prediction error dependence on nonlinear error

I3 rpadika (puc. 4) BUAHO, IO 3i 3GiIBIICHHAM
3HAUEHHS HENHIMHOI CKJIQJO0BOI 3pOCTae 3HAYECHHS
MMOXWOKU TPOTHO3YyBaHH:A, mpoTe 3a 2,5 % HemiHiitHOT
MMOXUOKKW TOXHOKa TPOTHO3YBaHHS HE IIEPEBHUIIYE
5107 °C.

Ha puc. 5 HaBemeHO 3aJIeKHICTh IMOXHOKU
MIPOTHO3YBaHHS 3HAYCHHS TEMIICPATypH BiJ BUIIAJIKOBOI
CKJIaIoBOI MOXMOKKM BUMIiproBaHH:. HelipoHHa Mepexa
HaBYCHAa Ha 3HAYEHHSAX TMEPEeXiHOr0 MpOLECy, 1o
BpPaxoBylOTh ~ MOXWOKYy BHUMIpIOBaHHS, a  IOTIM
MepeBipeHa Ha MOCTIIOBHOCTAX, Ha SKHX He Oyna
HaBYCHA.

I3 puc. 5 BumHO, 10 31 30LTBIICHHSAM BHIIAKOBOI
MOXMOKM TMOXMOKAa IPOrHO3yBaHHS 3pocrae. Jlus
3HayeHHsa Bumnaakosoi mnoxubku 0,5 % abGcomrorHa
moxuOka mporuosyBanus temmeparypu 0,5 °C, a s 2,5
% ue nepeBurnrye 1,5 °C.

[IpoBemeHO TaKMK JOCTIIKCHHS 3aJIeKHOCTI
(puc. 6) TOXMOKM  MPOTHO3YBaHHS  3HAYEHHS
TEMIIEPATyPH OAHOYACHO BiJ BHIIAJKOBOI, HENIHIHHOI Ta
MYJIBTUILTIKATABHOI CKJTaJJOBUX IOXMOKH BUMIipIOBAHHS.

I3 puc. 6 BuaHoO, 1o npu 3uauenHi noxuoku 0,5 %
abcomoTHa MOXUOKa MporHo3yBanHs Temiepatypu 0,53
°C, a mns 2,5 % ne nepepumrye 1,6 °C.
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Puc. 5. 3anesxcnicms noxubxu npoeHo3yeans 3HaAYeHHs memMnepamypu
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Fig. 5. Temperature prediction error dependence on random error
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Fig. 6. Temperature prediction error dependence on total error
(random, nonlinear and multiplicative s multaneously)

OTpuMaHi pe3ynbTaTH MiATBEPIDKYIOTh Pe3yib-
TaTH TONEPEeIHIX JOCIiIKeHb. MYIBTHIUTIKATHBHA Ta
HeJliHifHA CKJIa/loBa HEICTOTHO BIUIMBAIOTH HA PE3yIIbTaT

IMPpOrHO3yBaHHA, a OCHOBHMM € BIIJIUB BI/IHaZ[KOBO.I.
CKJIaJIOBOI.
Bucnoeku

Y crarTi HaBeIEHO PE3YABTATH IOCIIIKCHHS
3aJIeKHOCTI TMOXHMOKHM TIPOTHO3YBaHHsS 3HAYEHHS TEM-
neparypu BiJ MYJIBTHIUTIKATHBHOI, HENiHIHHOI Ta
BHUIIJIKOBOT MIOXMOOK BUMIpPIOBAHHS.

JlocmipkeHHsT TIOKa3alik, 10 MYJIBTHILTIKATHBHA
Ta HeNiHIHHAa CKJIaJ0Ba Maibke HE BIUIMBAIOTH Ha
MOXUOKY TPOrHO3YBAaHHS TEMIIEPATYypH, IX 3HAYEHHs He
nepesumrye 5107 °C.

IcroTHO BIIMBaE Ha TOXHOKY NPOTHO3YBAaHHS
BUIIAJIKOBa  CKJIaJI0Ba
3HAUEHHS BHIIAJIKOBOI

MOXMOKKM  BHMIpIOBAaHHSI, 3a
noxuoku 0,5 % 3HayeHus
a0CONIOTHOI TOXMOKM TPOTHO3YBaHHS —TEeMIlEpaTypu
0,5°C, a s 2,5 % — ne nepesumye 1,6 °C.
JlocimipkeHHsT  3aJIeKHOCTI  TOXUOKH MPOrHO3Y-

BaHHA 3HAUYCHHA TEMIICpaTypu OHOYaCHO B1O



46 BumiprosanbHa mexHika ma mempornioeis. Tom 79, eun. 4, 2018 p.

BHITAKOBOI, HEIHIMHOI Ta MYJIBTHILTIKATUBHOI CKIIAI0-
BUX TIOXMOKM BUMIPIOBaHHS MiATBEpIWIN OTPUMaHi
pe3yibTaTh. MYJIBTUILTIKATHBHA Ta HENiHIMHA CKIaJIoBa
HECYTTE€BO BIUIMBAIOTH HAa PE3YIbTaT MPOTHO3YBaHHA, a
OCHOBHHIA BIUIMB CITPABJISE€ BUITAIKOBA CKIIaI0BA.
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