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J. 0. TAHHJIBYEHKO, A. E. IOTPHBAH

CUCTEMA JUHAMIYHOI'O MPOTHO3YBAHHS TEXHIYHOI'O CTAHY OBJIAJTHAHHS
OB’€JIHAHOI EJIEKTPOEHEPTETUYHOI CHACTEMH

B po0ori mpoaHaizoBaHO METOJ HEHpPO-HEYITKOTO MOJENIOBAHHS Ul MPOTHO3YBAHHS TEXHIYHOTO CTaHy CHUCTEMH. MoOzenb CHUCTEMH JMHAMIYHOTO
[IPOTHO3YBAHHS TEXHIYHOTO CTaHy OOJNaJHAHHA 00 €IHAHOI EJICKTPOCHEPIeTHYHOI CHCTEMM CKIIQJAEThCsl 3 IMITAUifiHMX MOJeNedl COHSYHOL
€JIEKTPOCTAHIlil, BITPOreHepaTopa Ta CHHXPOHHOTO TeHepaTopa, IO BHUKOHYE pOJIb TemIoBoi craHiii. Jl1s BHMKOHAHHA MOJIEIIOBAHHS
BUKOPHCTOBYBaJacsi CliellialibHa cucTeMa iHCTpyMeHTiB Fuzzy extension logic toolbox, mpu3HadeHa Ui OLUHKM SIKOCTI POOOTH CHHXPOHHOTO
reHeparopa. OTprMaHi OLIHKH TEXHIYHOrO CTaHy OOJNajHaHHS OOpPOGILSIIOTBCS 3a TOMOMOIOK AalTHBHOI CHCTEMH HEHpO-HEYiTKOTO BHBECHHS
(ANFIS), B pe3ynbTati 40ro HOpMy€eThCsI HPOTHO3 TEXHIYHOTO CTAaHy 00JIaIHAHHS Ha 3aJaHOMY 4acOBOMY iHTepBai. BctaHOBIEHO, 1110 HEUiTKI Mozesi
3HANIUM MIMPOKE MPAKTHYHE 3aCTOCYBAHHS IMiJ] 4ac MOOYI0BU HEUITKUX PEryJISATOPIB, CHCTEM PO3Ii3HABaHHs Ta 00POOKHU JaHUX TOIIO. MOAETIOBaHHS
peaJbHUX CHCTEM HEYITKHMH MOJEISIMU IPYHTYETBCS Ha TOMY, 110 Hewitki Mogeni tumy CyreHo i MamuaHi € yHIBEpCaIbHIMH allpOKCHMATOpaMH
¢yukuiii. [lobynoBaHa MoJenb CHCTEMH AWHAMIYHOTO HPOTHO3YBAHHS TEXHIYHOTO CTaHy OONaJHAHHSI MO)XKe OYTH BUKOPHCTaHA MPU MMPOEKTYBaHHI
00’€KTIB BiJJHOBJIFOBAHOI €HEPTeTHKH, a TAKOX IPH PO3pOOI Ta TECTyBaHHI aJITOPUTMIB CHCTEM YIPABIiHHS Ta MOHITOpPUHrY. CHCTeMa OLIHKH Ta
[IPOTHO3YBAHHS CTaHy OOJaJHAHHSA 3 BHKOPHUCTAHHSM arapary HEYiTKOI JIOTIKM Mo)ke OyTH BHKOPHUCTaHA U MIiATPHMKH HPHIHSTTS pilICHb
OIepaToOpoOM €JIEKTPUYHOI CTAHI{i MPH BHU3HAYCHHI HEOOXIAHOCTI PEMOHTY Ta MEPEeCTaHOBKU oOnaaHaHHsA. KIilOUoBOIO mepeBaror mpeactaBieHol
CHCTEMH € T 3JaTHICTh BPaXOBYBAaTU TMHAMIYHI 3MiHU CTaHy COHSYHOI €JIEKTPOCTAHIIIT 3aJIe)KHO BiJl TPAHCIILOBAaHUX YMOB €KCILTyaTallil, [0 J03BOJISIE
me OuTbIle HAONM3UTH OTPHUMaHI JaHI 1O pealbHHX. Takoxk, OCOONHUBICTIO pearizamii CHCTEMH AWHAMIYHOTO IPOTHO3YBAHH TEXHIYHOTO CTaHy
o0NaHaHHsA € BHKOPUCTAHHS MOJENI COHSYHOI €JIEeKTPOCTAHLIl, 1[0 Mae B CBOEMY CKJIagi Mojeni A HaONWKEeHHs iMiTauii 10 peasbHHX yMOB
eKCILTyarTallii 3 ypaXyBaHHSM ITHILY, HArpiB MOBEPXHI TOLIO.
Kuro4oBi ciioBa: MateMaTHyHa MOJIEIIb, IPOTHO3YBAHHS, EKCIUIyaTalliifHi YMOBH, alrOPHTMH, HEHPO-HeUiTKa MOAEb, IMiTaLis.
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SYSTEM FOR DYNAMIC PREDICTION OF THE TECHNICAL CONDITION OF THE EQUIPMENT
OF A COMBINED ELECTRIC POWER SYSTEM

This paper analyses the neuro-fuzzy modelling method for predicting the technical state of a system. The model of the system for dynamic forecasting
of the technical condition of the equipment of an integrated power system consists of: a simulation model of a solar power plant, a simulation model of
a wind turbine, and a simulation model of a synchronous generator acting as a thermal power plant. To perform the modelling, a special system of tools
Fuzzy extension logic toolbox was used to assess the quality of the synchronous generator. The obtained estimates of the technical condition of the
equipment are processed using an adaptive neuro-fuzzy inference system (ANFIS), which results in a forecast of the technical condition of the equipment
at a given time interval. It has been established that fuzzy models have found wide practical application in the construction of fuzzy controllers, data
recognition and processing systems, etc. Modelling of real systems with fuzzy models is based on the fact that fuzzy models of the Sugeno and Mamdani
types are universal function approximators. The constructed model of the system for dynamic forecasting of the technical condition of equipment can be
used in the design of renewable energy facilities, as well as in the development and testing of algorithms for control and monitoring systems. The system
for assessing and predicting the state of equipment using fuzzy logic can be used to support decision-making by the power plant operator when
determining the need for repair and relocation of equipment. The key advantage of the presented system is its ability to take into account dynamic
changes in the state of a solar power plant depending on the transmitted operating conditions, which makes it possible to bring the obtained data even
closer to the real ones. Also, a feature of the system for dynamic forecasting of the technical condition of equipment is the use of a simulation model of
a solar power plant, which has a model to bring the simulation closer to real operating conditions, taking into account dust, surface heating etc.
Keywords: mathematical model, prediction, operating conditions, algorithms, neuro-fuzzy model, simulation.

Beryn.  OGOB’S3KOBOKO  YMOBOIO — 3a0e3MeUeHHS
CTaOIBHOCTI POOOTH CHUCTEMH € TI TEXHIYHWH CTaH Ta
HasBHUA pecypc. OCHOBHHM CIIOCOOOM  MiITPUMKH

effector Canada Tomio. Y HayKOBHX MpAIIsx MPOMOHYOTHCS
pi3HI MeTOoAM Ta MAXOAW JO TMOOYAOBH CHUCTEM
MOHITOPHHTY (METOA PEKOHCTPYKTHBHOTO MOJICIIOBAHHS

BUCOKOI POJYKTHUBHOCTI Oy/Ib-KO1 TEXHIYHOI CUCTEMH €
CBO€YACHE BUSBIICHHS Ta 3aMiHa 3HOIICHHX 1 3acTapiinx
eneMeHTiB. Hapa3zi 3aralpbHONPHIHATOI MPAKTUKOIO €
MPOBEACHHS TUIAHOBOTO TEXHIYHOTO OOCITyTOBYBaHHS, ITiJT
gac SKOTO OIIHIOEThCS TMPAle3JaTHICTh EJEMEHTIB
CHUCTEMHU Ta NMPUHMAETBCS PIMICHHS MPO HEOOXiTHICTH iX
3aMiHK Ta peMoHTy. OiHaK 00JaHaHHS YaCTO BUXOJHTh 3
Jaxy 0 TOro, SK BiAOYIEThCS IUTAHOBE TEXHIYHE
00CIIyrOByBaHHsI, TOMY IHCTPYMEHT, SIKUH JI03BOJIUTH
MiZBUIUTA  TOYHICTh  IPOTHO3YBaHHSI IOTPeOUM B
o0cCIyroByBaHHi OOJIQJIHAHHS, KOPUCTYEThCS BHUCOKUM
MIONTUTOM Ha EHEPreTHYHOMY PUHKY B YChOMY CBITI.
Po3po0ku B 11bOMY HanpsIMKy BEAYTh TaKi HaAyKOBO-
BUpOOHHUYI KoMMaHii sk-oT Semiotic Labs, Dynapar, CMS
Condition monitoring Systems, Bruel & Kjar Vibro, Ifm

[1], meTon po3paxyHKy iHIEKCY cTaHy oOnamHaHHS [2],
METOIM CIEKTpalbHOro aHamizy [3]), a TakoX OIIHKA
Mpare3aaTHOCTI pizHHX THUIIIB oOJagHa”Hsg
(emexTponBuryHiB [4], TypOoreHepaTopa Ta CHIOBOTO
TpanchopmaTopa [5], cumoBoro TpaHcopmaropa [6],
KepoBaHoro Bumpsmwisda [7]). OgHak Ha ChHOTOIHIIIHIN
JIeHb ~ NHTAaHHS  CTBOPEHHS CHCTEM  MOHITOPHHIY
TEXHIYHOT'O CTaHy HE Ma€ OJHO3HAYHOTO BHPIIICHHS, IO
MOB’SI3aHO 3  BIAMIHHOCTAMHU OO0’€KTIB  JiarHOCTHKH,
HAasIBHICTIO TIEpeBar i HeIOJIKIB U1l PI3HUX THIIB CHCTEM
MOHITOpUHTY, a TakoX 3 IIOCTIHHMM HpPOIpecoM
KOMIT FOTEPHHUX TEXHOJIOTiH 1 3ac00iB 00pOOKH aHMX, SIKi
BUMAaralmoTh IEpersily 1 BIOCKOHAJICHHS 1CHYIOYHX
pilIeHs.
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Tomy, MeTor0 1aHOi poOOTH € TOOYI0Ba IMITAI[IHHOT
MoOJIe)Ti KOMOIHOBaHOI COHSYHO-BITPOBOT SIEKTPOCTAHIIIT 3
CHCTEMOI0 MOHITOPHUHIY Ta HPOTHO3YBaHHS TEXHIYHOTO
CTaHy OOJIaHAaHHS: BITPOBOI TypOiHHU, (POTOEIEKTPHIHUX
MepETBOPIOBAYiB, IHBEPTOpA HAMPYTH Ta MEPETBOPIOBAYA
gactoTd. Ilig TeXHIYHMM cTaHOM B JaHii poOOTI
PO3yMi€ThCs cTaH 00’ €KTa (BUIIEBKA3aHUX MPUCTPOIB), IO
XapaKTepPU3yeThCs  CYKYIHICTIO ~ BCTaHOBICHHX B
JIOKYMEHTAIIIi TapaMeTpiB, SKi OMHCYIOTh HOr0 3IaTHICTh
BUKOHYBaTH HeoOXigHi (QyHKumii B yMoBax, IO
PO3IIISIAIOTHCS.

Meta crarti. Po3pobka MeTomy Ha OCHOBI HEWpPO-
HEYiTKOTO MPOTHO3YBAHHS JUIS TiIBUIIICHHS €(DEKTUBHOCTI
poboTH 00s1aTHAHHS €HEPTOCUCTEMH.

Metoau [nocuimkeHnsi. Pamime aBTopam Bke
BIAJIOCS IOKPAIUTH TMPOTHO3YBAHHS MPOJYyKTUBHOCTI
consraHoi  enekrpocrannii (CEC), muisixoMm BpaxyBaHHS
OaraTpoxX (DaKTOpiB 3OBHIMIHROTO CepenoBHIIa (YMOB
ekcmyartariii) [8]. B peamisx cydacHOi eHeprocHcTeMH
HEOOXiTHO BpaxOBYBATH HE TUIBKM TPAAMIlIHI pKepena
eNIeKTpOeHeprii, aje W  aubTepHATHBHI. Moens,
nmpeacTaBicHa B [8], cTaga OCHOBOIO I PO3POOKH 1
BUcTynana B sikocTi iMitanii podorn CEC B cucremi. Lle

BUIPABIAHO,  SKIIO  NPUOYCTHTH, IO  iMiTaIis
BiIOYBAETHCS B MEXKaX OJJHOTO PETiOHY.
Tomy  wmogenmb, 300paxena Ha  puc. 1,

BHKOPHCTOBYETHCS B SIKOCTI JHHAMIYHO BCTAaHOBIIIOBAHOT
notyxaocti moxyist CEC.
B sk0CTi OCHOBHOTO METOIy JOCIIIKEHHS B paMKax

maHoi  pobotm  Oymo  BHKOpHUCTaHO  iMiTalliifHe
MonemoBanHs B cepemoBumi MATLAB Simulink 3
BUKOPHCTAHHSIM IHCTPYMEHTApil0 po3lIupeHHs Fuzzy

logic. Ha puc. 2 300pakeHO imiTamiiiHy Mojaeab B
cepenosunri MATLAB Simulink.

ImiTamiiina MOJEIb CUCTEMH JMHAMIYHOTO
MPOTHO3yBaHHS TEXHIYHOTO CTaHy o0nagHaHHs
00’€THAHOT  CIIEKTPOCHEPTETUYHOI CHUCTEMHU  BKIIOYAE

HACTYITHI €JIeMEHTH: IepeTBOPIOBaY COHSIYHOI EHeprii,
MepeTBOpIoBayY BiTPOBOi eHeprii, TpugasHe eNeKTpUIHE
HaBaHTAXCHHS aKTHUBHO-IHJYKTHBHOTO XapakTepy Ta
CHCTEMH MOHITOPHHTY TEXHIYHOTO CTaHy TIPHUCTPOIB.
Kanann meperBopeHHs eHeprii 00’ €IHAHI 3a TOTIOMOTOI0
[IMHU 3MiHHOTO CTPYMY.

[TepeTBoproBau COHSYHOI eHeprii CKIagaeTbes 3
(oTOENEeKTPUYHUX MOMYJIB Array, MNOTYXHICTh SKHX
IWHAMIYHO  3MIHIOETBCI B 4aci  3alleXHO  BIJ
3apeecTpOBAHUX YMOB eKCIUTyaTalii, o J03BOJIE
oTpuMaryu HaiiOunbIl 00’ exTHBHY oniHKy BBy CEC Ha
poboTy cucTeMu.

BirpoenepreTnuHuii epeTBOPIOBaY BKIIOYAE B cede
MPOCTHH BITPOTYypOiHHMH 070K — TypOiHy 3 HOMIHAJIBHOIO
eNeKTpHuYHO TOTyXHicTIO 10 KBA, CcHHXpOHHHI
TeHepaTop 3 TOCTIHHMMH MarHiTaMd 1 YacTOTHHH
MEPETBOPIOBAY 3 JIAHKOIO IIOCTIHHOTO CTPyMy, SIKHA
KOMIIEHCY€ KOJMBaHHSA YacTOTH BHXIJHOI HANpyru INpH
3MiHI mBHAKOCTI BiTpy. KopmeryBau wmoke 3amaBatu
HIBUJKICTB BITPY, 3MIHIOIOUM 3HAYEHHS CUTHAITY B IPOCTIl
migcuctemi Turbine. Ha »ainb, 111 MOjieab HE BpaxoBYeE
YMOBH €KCIUTyaTallil, ajie HaJ UM aKTHBHO IPaLIOOTh.

3aBIaHHSAM CHUCTEMH JIarHOCTUKH € (opMyBaHHs
OLIHKM TEXHIYHOTO CTaHy HPUCTPOIB, IO BXOIATH [0
CKJIaZy EJIEKTPOEHEPTeTHYHOro Komiuiekcy. Lls orinka
JIO3BOJISIE TIEPCOHATY KOMIUIEKCY MaTH iH(opMaIliro mpo
Tpane3IaTHICTh NPHUCTPOIB B OyIb-sKHH MOMEHT Yacy, a
TaKOXX NMPOTHO3YBaTH BUHUKHEHHS aBapiiHHUX CHUTYaIlii.
Petituar ¢dopmyerscsi Ha oOCHOBI iHGopmamii 1mpo
mapaMeTpH, SKi BIUIMBAIOTh Ha poOOTy MPUCTPOiB i
XapaKTepu3yloTh AKICTh iX poOotu. B nanmii wac Hemae
TEXHIYHOI MOXIIMBOCTI OTPHMATH B PEXKUMI pPEaTbHOTO
Yyacy BCIO JIarHOCTHYHY iH(pOpMAaIio, HEOOXiTHY JUIs
OJTHO3HAYHOT OL[IHKH TEXHIYHOTO CTaHy MPUCTPOIO, TAKy K
CTYMiHb CTapiHHA MarepiaiiB, IMOsiBa MIKPOCKOIIYHUX
nepopmamiii i gedekriB ememeHtiB. Kpim Toro, 3miHH
HaBaHTOKEHb 1 YMOB eKCIUTyaTalii dYacTto MaloTh
CTOXAaCTUYHUH XapakTep. Uepe3 Ii 0OCTaBHHHU OIliHKA i
NPOTHO3 TEXHIYHOIO CTaHy 3HiHCHIOETBCS B YMOBax
HEIOCKOHAJIOCTI 1 HeTIOBHOTH BUXiTHOI iH(popmarii. OqHax
HAaKONWYCHI 3HAHHA 1 JOCBiL OaraTbOX eKCIEpTiB 3
eKCIUTyaTalii Ta PeMOHTY OOJamHaHHSA JO3BOJSAIOTH iM
NpUiiMaTH MPaBUIIbHI YNPABIIHCHKI PIlIEHHS MPU OLIHII
TEXHIYHOTO CTaHy OOJIaJIHAHHS Ta MPEBEHTHUBHOI 3aMiHU
3acTapuioro O0JaJHAHHS HABITH HA OCHOBI HEMOBHHX 1
HEJIOCKOHAINX BUXIJTHUX JaHHX.

Hnst dhopmarizarii JOCBITY €KCIIEPTHOTO
CHIBTOBAPHCTBA 1 MOOYIOBH CHUCTEMH, IIO MHIiATPUMYE
oreparopa B MPUUHATTI pilieHb, €PEKTHBHAM METOIOM €
BUKOPHCTAHHS METOMIB HEYITKOi JOTiKW. Takuil mimxin
JTO3BOJISIE TTABHUIUTH THYYKICTh CHCTEMH OIIHIOBAHHS 32
paxyHOK BHKOPHCTaHHA Ha0OpiB TIpaBWI, a TaKOX
HENHIAHNX ~ (QYHKIIA  HAJeKHOCTI  €JIeMEeHTIB, sKi
JIO3BOJISIIOTH CHCTEMI T'eHEPYBATH MPAaBUILHUN pe3yJbTaT
y pasi 3alIyMJICHHX 1 HEMOBHUX BXigHHX maHux. [leperik
JIOTIYHUX MPaBHJI, 38 SKUMHU (POPMYETHCS OLlIHKA, TOBUHEH
OyTH ckianeHuil (axiBISIMU 3 eKCILTyartalii Ta peMOHTY
BIJIMIOBITHUX EJICKTPOTEXHIYHUX MPUCTPOiB. B pamkax
JlaHOT poOOTH BUKOPHCTOBYETHCS TECTOBHI HaOlp NpaBui,
SIKW TOBUHEH OYTH JI00TIpaibOBAHMH MPH BUKOPUCTAHHI 3
KOHKPETHUMH 3pa3KaMH 00JIaHaHHSI.

Jo meperniky AiarHOCTHYHUX MAapaMeTpiB, Ha MiICTaBi
AKUX (POPMYETBCS OIIHKA SKOCTiI pOOIT, BXOIITH YacTOTa
obepTaHHs Baly TeHeparopa, TeMIeparypa Mimi craropa
TeHepaTopa, cepegHe apu(MeTHYHe MiIoYnX 3Ha4YeHb
cTpyMiB (a3 craTopa, CepeaHe apUPMeTHyHe HIF0UYHUX
3HAYEHb JIIHIWHUX HANpyr CTaTopa, TeMIeparypa MeTaity
mimmmnaukiB. [eit nepenik He € BUUepnHUM 1 MOXe OyTH
JIOTTIOBHEHMI a00 3MIHCHUH BIAMOBIMHO 10 crenugiku
KOHKPETHOTO 00’€KTa JiarHOCTUKH. BuKopHcTOBYBaHi
BEJIMUYMHN  TPUBOAATBCA  JIO  BIJHOCHHUX  OJUHUIID
BIJIMOBIIHO IO HOMIHAJNBHHUX TAapaMeTPiB CHHXPOHHOTO
reHeparopa. [ BxigHoi 3MiHHOI «YacroTra oOepTaHHS
Bally» BHKODHCTOBYIOTbCS TpH 3HaueHHsA: «Hmuzbkay,
«HopmamsHay» 1 «Bucoka». Bxinna 3minHa «Temmeparypa
Migi» Mae nmBa 3HaueHHA: «HopmanpHuity i «Bucokuii».

Jst BXiHOT 3MIHHO1 «Cepenniit CTpyM»
BUKOPHUCTOBYIOTHCSA TpHU 3HAYEHHS: «Huzbkuim,
«HopmanpHuity 1 «Bucokwity. g BXimHOi 3MiHHOT

«CepenHe 3HA4YEHHS HANpPYTW» BUKOPHUCTOBYIOTHCS TpPHU
tepmu: «Husbke», «Hopmanbhe» i «Bucokey. BxigHa
3MiHHa «TeMneparypa HiIIIMITHUKIBY Ma€ TPH 3HAUCHHS:

Bicnux Hayionanvnoco mexwiunozo ynieepcumemy «XI1Iy. Cepis: Enepeemuxa

HaoliHicmb ma enepeoegpexmusnicms, Ne 1 (6) 2023

17



ISSN 2224-0349 (print)

«Hwuzpka», «HopmampHa» Ta «Bucoka». BuxigHoro
3MIHHOIO CHCTEMH HEYITKOTO BHBOALY € Synchronous
Generator Performance, s SKOi BUKOPHCTOBYIOTBCS TPH
tepmu:  «Low», «Normaly, «High» («Hu3pkwmiiy»,
«Hopmansanit» 1 «Bucokuit» BiAmoBinHo). SkicTs podoTn

o

OIIIHIOETHCS SIK BHCOKA, KOJH BCi JIIAarHOCTHYHI TapaMeTpu
3HAXOAATHCS B MEKaxX HOpPMH. SIKII0 OyIb-siKi mapamerpu
BIJIXWIIIIOTBCS BiJI HOPMH, SIKICTh pOOOTH OIHIOETHCS SIK
HOpMalbHa a00 HM3bKA BIIOBIAHO 10 3T€HEPOBAHOTO
TECTOBOTO CITUCKY 3 BOCHMU MPABUIT HACTYITHOT'O BUTJISIY:

]

|
J

b4l

=00

Pucynok 1 — IToBna imiTauiiina mogens CEC B ymoBax ekcrutyartariii
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Pucynox 2 — ImiTaniiina Mozesb KOMOIHOBaHOI CHCTEMH I'eHepallii elleKTpoeHeprii
1. If (Rotor freq@ is Normal) and 6. If (Rotor freq is Normal) and (Winding temperature

(Winding_temperature is Normal) and (Current is Normal)
and (Voltage is Normal) and (Bearing_temperature is
Normal) then (Operation quality is High).

2. If (Rotor freq is High) and (Winding_temperature
is Normal) and (Current is Normal) and (Voltage is
Normal) then (Operation_quality is Normal).

3. If (Rotor freq 3.f is Normal) and
(Winding_temperature is High) and (Current is Normal)
and (Voltage is Normal) then (Operation_guality is
Normal).

4. If (Rotor freq@ is Normal) and
(Winding_temperature is Normal) and (Current is High)
and (Voltage is Normal) then (Operation_quality is Low).

5. If (Rotor freq is Normal) and
(Winding_temperature is High) and (Current is High) and
(Voltage is Normal) then (Operation quality is Low).

is Normal) and (Current is High) and (Voltage is Low) then
(Operation_quality is Low).

7. If (Rotor freq is Normal) and (Voltage is Low) then
(Operation quality is Low).

8. If (Rotor freq is High) and (Winding temperature is
Normal) and (Current is Normal) and (Voltage is Normal)
and (Bearing temperature is High) then (Operation_quality
is Low).

OuiHka sikocTi poOOTH (POPMYETHCS 3a ILIKAIOK BiJ
HYyJS 10 CTa BiACOTKIB. CHCTEMH OLIHKU SIKOCTI poOOTH
(hoTOENEeKTPUYHUX TEePETBOPIOBAYIB, BITPOTEHEPATOPIB,
IHBEpPTOPIB Hanpyry, NIepeTBOPIOBaYiB  4YacTOTH
no0y/I0BaHi 32 TAKAM K€ TIPUHITAITOM i omrcaHi B [9-12].

3MiHa YMOB eKcIDTyaTamii Mae Oe3nocepeaHiil BILIHB
Ha TEXHIYHWH cTaH oOnamHaHHA. Jns BpaxyBaHHS
HE3BOPOTHOI 3MIHM TEXHIYHOTO CTaHY MPHUCTPOIO BHXIiTHA
3MiHHa CHCTEeMH HeuiTKoro BuBOAY («OIliHKa SKOCTI
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poOOTH») BiTHIMAETHCS Bifl OJUHHUIII, OTPHIMAaHE 3HAYCHHS
IHTETPYETbCSL 1 BIAHIMAETHCSA BiJ IOYaTKOBOI'O PiBHS
TEXHIYHOTO CTaHy INPHUCTPOIO, IO TNPUHMAEThCA SIK
piBasHHA. L 3amexHicTP MOxe OyTH MpeicTaBlcHA
BUPa30M:

1-k0Q(p)
TC(p) =1- — (1)
p
ne  TC(p)— owuiHKa TEXHIYHOTO CTAHY MPUCTPOIO;
OQ(p) — orminka sikocti pobotu, chopmoBaHa

CHCTEMOIO HEUiTKOTO BHBOLY;
T, — mocriifHa yacy iHTErpyBaHHS;
k — koeditieHT KOpUTyBaHHS; p - onepatop Jlaruaca.
Jst oTpMaHHS KOPEKTHUX Pe3y/IbTaTiB OL[IHIOBaHHS

MOCTiHA ~ Yacy  IHTerpyBaHHS  Ta  Koe(illeHT
HaJlAIITYBaHHS TOBWUHHI BHM3HAYaTHCSl E€KCIIEPTHO, 3
ypaxyBaHHIM EKCIIePUMEHTATBHUX JOCITIKEHb

KOHKpPETHOTO 00’€KTa JiarHOCTMKH. B pamkax maHoi
POOOTH BUKOPHUCTOBYIOTHCSI TECTOBI 3HAYCHHS.

Ha puc. 3 HaBenmeno Onok, mo ¢GopMye OLIHKY
TEXHIYHOTO CTaHy CHHXPOHHOT'O TeHepaTopa B CepeIOBHII
Matlab Simulink.

in M outl it outt (1)

Fuzzy input

Integrator

Pucynok 3 — biok ¢popMyBaHHS OIIHKHA TEXHIYHOTO CTaHy
CHHXPOHHOT'O T'eHeparopa

Jlns  po3poOKM  HPOTHO3Y  TEXHIYHOTO  CTaHy
oOnajHaHHA OTpPHMaHi OIIHKH OOpOONAIOTBCS — 3a
JIOTIOMOTOK0 ~ aJIAlITHBHOI ~ CHCTEMH  HEHPO-HEYiTKOTO

BUBOJY. B sKoCTI mpukiagy po3riITHEMO MPOEKTYBaHHS
CHCTEMH NPOTHO3YBAHHS TEXHIYHOTO CTaHy CHHXPOHHOTO
rerepatopa (puc. 4). CucreMu IpPOTHO3YBAaHHS CTaHy
BITpOTeHEpaTopa, HepeTBopIoBaya Y4acTOTH,
(hoTOENeKTPUYHHX NIEPETBOPIOBAYIB Ta iIHBEPTOPA HATIPYTH
MaroTh CXOXKUI IPUHIMI POOOTH.

C1 ) >

inlmm

z15

Pucynok 4 — biok mporHo3yBaHHs TEXHIYHOTO CTaHY
CHHXPOHHOTO T'eHepaTopa

s popMyBaHHS MPOrHO30BAHOTO TEXHIYHOTO CTAHY
Ha MOMeHT duacy t+60 cekyHn mnoOyaoBaHa cuCTEMa
BUKOPDHUCTOBYE  YOTHPH  BIZIOMi  3HAYCHHS  OI[IHKH
TEXHIYHOTO CTaHy B MOMEHTH dacy t, t-5, t-10, t-15

cekyHa. Cucrema mpoinuia 10 emox HaBuaHHS, B
pesynbrari 4oro MiHIManbHe 3HAa4YEeHHs
CepeHbOKBAIPATHYHOI ITOXHOKH NMPOTHO3YBaHHS CKJIAJIO
3,6 %. [na mepeBipkH Mpame3NaTHOCTI CHUCTEMH
BHUKOPHCTOBYBABCS TeCTOBUH rpadik 3 pi3HIM XapaKTepom
3MiHH OI[IHKU TEXHIYHOTO CTaHYy.

Ha puc. 5 mokazaHo HakIagaHHS TECTOBOTO rpadika
OIIHKH TEXHIYHOTO CTaHy, BHKOPHCTAHOTO B SKOCTI
eTaJoHHOro (MyHKTHpHA JiHis), Ta rpadika OLIHKH,
OTPUMAHOTr0 B pe3yNbTarTi reHepaiii MporHo3y (CyuiibHa
JIHIs).

1 TC.B.0.

0 1000 2000 3000 5Le
Pucynok 5 — Po6oTta cucteMu pOrHO3yBaHH: €TAIOHHUI
rpadik (MyHKTHPHA JTiHis), TPOTHO30BaHUH TEXHIYHUH CTaH

(cyuinbHa siHis)

SAx BumHO 3 rpadikiB, MpH 3aTaHUX MapaMeTpax
MPOTHO30BaHA  OIIHKA  TEXHIYHOTO  CTaHy  YacTo
BUSBIISIETHCS HIKYIOIO 32 (DaKTHUHY. 3MiHaA KITBKOCTI €TToX
HAaBYaHHS Ta KUIBKOCTI HABYAIBHMX JAHUX MOXKE
MiIBUIIMTH TOYHICTh TMPOTHO3Y, alle B paMKaxX JaHoi
poOOTH JOCATHYTa TOYHICTH € TNPUUHITHOI, TOMY
HelipoHHa Mepexa He nepeHaByanacs. OTxe, cucrema Mae
JocTaTHIO TouHicTh. OJHAaK BOHAa Bce Ie HE 3JarHa
BpaxoBYBaTH JMHaMI4HI 3MiHK B poOOTi BiTporeHeparopa
Ta CHHXPOHHOT'O TEHEpaTropa, TOMY JaHa MOJENb HE €
JIOCTOBIPHUM BiZTOOpaXEHHSIM pEaJIbHOI CHCTEMH, ale
BUCTYNA€  HAAIMHAM  IATPYHTSAM  JJIsL  CTBOPEHHA
JUHAMIYHOI aHAJIITUYHOI MOJEII.

BucHoBKH. Y CTaTTi HaBEICHO PE3yNIETaTH PO3POOKH
iMiTaliitHOT MOJIeTl FeHepyIYOro KOMILIEKCY Ha OCHOBI
BIZIHOBITIOBaHUX JDKEPEJ €HEprii 3 CHCTEMOIO MOHITOPUHTY
TEXHIYHOTO CTaHy oOnanaHaHHsi. BukoHaHo imitariiine
MojentoBaHHs pobotn B Simulink npu mortykHOCTI
eneKkTpuyHOoro HapanTaxxeHHs 10 kBA, cose 0,9 Ta wacrtori
Hanpyru HaBaHTaxeHHd 50 I'n, orpumaHo ocruiorpaMu
(azHOrO CTPYMY Ta IiHIHHOI HAmpyrd HaBaHTAXCHHS,
noOynoBaHo rpadikd A OLIHKK TEXHIYHOTO CTaHy
MPUCTPOIB €HEPrOKOMILIEKCY pu TIOpYIICHH]
HOpMAIIbHIX YMOB €KCIDTyaTamii y BHTIIAAI 301IbIICHHS
CTpyMy HaBaHTaxeHHA 10 170 % Bix HOMIHAJIBHOTO
3HaueHHA. [lo0ynoBaHO Tpadikd TPOTHO3IB TEXHIYHOTO
CTaHy HPUCTPOIB 3 TOPU3OHTOM POTHO3YBaHHS 60 CEKyH/I.
ITig wac poOOTH MOIENI MOXKHA BIATBOPIOBATH IPOIICCH,
SKi BiAOyBalOTbCS NPU 3MiHI TOTY>KHOCTI COHSIYHOTO
BUIIPOMIHIOBAaHHSI, NIBUJKOCTI BITPY, 3a8JaHHS aMIUTITYIH
Ta 4YacCTOTH BUXIJHOI HAmNpyrm NepeTBOPIOBAYiB,
napaMeTpiB eNIeKTPUYHOI0 HaBaHTaxkeHHs. [loOynoBaHa
imiTaniiiHa Monens MoXe OyTH BHKOpDHCTaHa IIpH
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IIPOEKTyBaHHI

00’€KTiB  BiJIHOBIIIOBAaHOI EHEPIeTHKH,

PO3po01Ii Ta TeCTyBaHHI aJITOPUTMIB CHCTEM KepyBaHHS, a

TaKOXX TPU  JTOCIIKCHHI

pi3HUX peXHuMiB podoTH

€JIEKTPOEHEPTETUIHOTO KOMILIEKCY.
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