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Anoranis. CyyacHMH  eTam  PO3BHUTKY
CHEPTeTHKH XapaKTePU3YEThCS LIUPOKUM
BUKOPHUCTAHHIM AIbTEePHATUBHUX Ta

BiJIHOBJIFOBAHMX JKEPEN SHEPTii, BITPOreHepaTopu
coHsuHi maHenmi. Taki cucremu, $K TIpaBUIIO,
MaloTh HAACKIAIHy CTPYKTYpPY 1 MalOTh BHCOKY
MUTOMY BapTICTh eleKTpoeHeprii. HasBHICTD
MOHOBIIOBAaHMX  JDKEpPEN  eHeprii  J03BOJsiE
BUKOPHCTOBYBATH X SIK OKpeMi, ajie e()eKTUBHICTh
Ta HAAIWHICT IIOBHICTIO 3aJe€XXaTh BiJ JT000BHUX
puT™MiB Ta mopu poky. Lli ocobGmmBocTi icTOTHO

OOMEXYIOTh ~ BHUKODHCTaHHS  aJbTEPHATHBHUX
JDKepen  eHeprii  SK HaIiiHOTO aBTOHOMHOTO
JoKepena eHeprii. HasBHicTb HaJliiHOTO

PE3EepPBHOrO JpKepesia KUBJICHHS Ha Cy4acHOMY
MiIPUEMCTBI - 3amopyka 0e3nmedHol Ta SKiCHOT

poboTu.
KawuoBi ciaoBa: mxepeno eHeprii, JABUT'YH
BHYTPIITHHOTO 3TOPSTHHS, aBTOHOMHE

eNIeKTPONIOCTaYaHHs, MyJIbTUCEHCOPHA CHCTEMA.
BCTVYII

€11uHUM HaTIHHAM Ta E€KOHOMIYHO
e(EeKTHBHUM DIIEHHSIM JUIS PE3EPBHUX JIKEpe
JKUBJICHHS € eJIGKTPOCTaHIlil Ha 0a3l JBUTYHIB
BHyTpimHboro 3ropsiuHs (AB3). Bukopucranus
OBOTO THUIy OONQAHAHHA M BHPOOHMLTBA
CJIIEKTPOCHEpPrii  BIMCHKOBUMH Ta  CYJAHOBUMH
CJIEKTPOCTAHLISIMUA € CBiAYEHHSAM HOro HaNBHIIOI
HaAiHOCTI Ta Oe3MeKu cepell MOXKIMBUX BapiaHTiB
ABTOHOMHOT'O €JICKTPOIIOCTaYaHHsI.
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YacToTa BUKOPHCTaHHS PE3EPBHOTO JKepela
KHUBJICHHS 3aJISKUTh BiA HAAIHHOCTI OCHOBHOI
CHCTEMH EJIEKTPOIOCTaYaHHs 1 MOXKE KOJIMBAaTHUCS
BiJl OJIHOPA30BUX 3aIyCKiB Ha PIK JI0 IIOJACHHOTO
BHKOPHUCTaHHS. ['OTOBHICTH OONamHAaHHS 3HAYHO
3HWKYETBCS, SK Yy TMEPLIOMY BHUIAIKy YeEpes3
IHTCHCUBHHI PEXUM POOOTH, TaKk 1 y Apyromy
yepe3 CTapiHHSA MOJIMEPHUX €JIEMEHTIB CUCTEMHU
Ta TMOTiPIICHHS MMAJTHBHO -MACTHILHUX MaTepialiB,
HI0 TMPHU3BOJAWTH JIO BIIKIaAeHb Yy KaHaax
€JIEKTPOTIOCTaYaHHs, PO3MarHidyBaHHA pPOTOpa
tomo. Ili mnpomecu, ski BigOyBarOThCS B
aBTOHOMHHMX JDKepelax > KMBJICHHS Ha 0asi
JBUTYHIB BHYTPIIIHEOTO 3TOPSHHS, BUMAararoTh
MOCTITHOTO MOHITOPUHTY, MO0 MaTH MOXJIUBICTb
BHUKOPUCTOBYBaTH 1€ OOJIaAHAHHS SIK pE3epBHE
JDKepesio KUBJIICHHs. BupimeHnHsMm i€l npoOiiemu
€ po3poOKa CHUCTEeMH JiarHOCTHKH aBTOHOMHHX
JOKepeIT eHeprii Ha OCHOBI IBUTYHIB BHYTPIIITHHOTO
3TOPSIHHS.

Bupimyroun npobaemy BU3HAYCHHS
TEXHIYHOT0 CTaHy aBTOHOMHHUX JIKepes eHeprii Ha
0a3i  JABWUIYHIB  BHYTDPIIIHBOTO  3TOPSHHS,
JIOCITITHUKH 3aJIeKHO Bia cepu CBOET MisTIbHOCTI
3BEpTAlOTh yBary Ha MEXaHiYHy (JIBUTYH
BHYTPILIHBOTO 3rOpsiHHA) a00 eNeKTpOMEXaHi4Hy
yactuHy (reHepartop) o0’ekta [1-5]. Tlpu mpomy
BUKOPUCTOBYIOTHCS Pi3HI JIATYUKHU JJIsi KOHTPOIIO
CJIEKTPUYHHUX, MeXaHIYHHX i MacOBHUX
JOiarHOCTHYHHUX NapameTpiB. Posrisimaroum mwiie
4acTUHY 00’ €KTa, BUUIIOTHCS MOXKIIMBI YMOBH Ta
IiarHOCTHYHI MOKAa3HUKH, SKI MOXYTh BU3HAUHUTH
CTaH JIMILE OKPEMOIro KOMIOHEHTa. TakuM 4uHOM,
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JUIi  BU3HAYeHHs cTaHy o0O0’ekTa HEoOXiJHO
BIPOBAJUTH KOMIUIEKC TECTiB IS OKpeMHX 3a
3a3/jaJIeriib BU3HAYCHUX KOMIIOHEHTIB, 110 3HAYHO
30iMplIye dYac Ta  BapTiCTh  JTIarHOCTHKH.
CTBOpEHHSI CHCTEMH TEXHIYHOTO IiarHOCTYBaHHS
CTaHy aBTOHOMHOTO TEHEpaTopa eJIeKTPUYHOI
eHeprii Ha 6a3i JBUTryHA BHYTPILIHBOTO 3rOPaHHS 3
BUKOPUCTAHHSIM HOBHX THIIB JaT4WKiB, sKa
TO3BOJISIE 3 MiHIMQJIBHAMH BHTpaTaMH 1 BHCOKOIO
HaAIWHICTIO BHU3HAYMTH TEXHIYHMH CTaH 00’€KTa,
0 JIOCHIKYETBCS € aKTyaJbHOIO HayKOBOIO
npoGyiemoro. [IpHHITMIIOBO HOBUMHM [aTYMKAMH,
SKI 3 BHCOKOK HAIIHHICTIO 1 IIBUIKICTIO
BU3HAYAIOTh  JIarHOCTMYHI  O3HAKM  PI3HUX
CKIaJHUX OO0’€KTiB, Yy TOMY WYHCI, TaKHX SK
JMIOMWHA, € eNeKTPOHHI  aHaji3aTopu  rasiB
(eMIeKTpOHHUI  HiC) [6-9]. 3acTrocyBaHHs
CIIEKTPOHHUX aHANI3aTOpH Tra3iB JaBHO CTaJH
HOPMOIO JJISI TIPHUYOI TMTPOMHUCIOBOCTI, TOKEKHOT
cyxOW, TaMOXHi, TPABOOXOPOHHHUX OpPTraHiB.
Hlupoka cdepa 3acrocyBaHHS 3yMOBHJIA TOSIBY
LIJIOTO PSIY, SKi PO3MUISIOTHCS 3a MPUHIIAIIOM il
Ha eNeKTPOXiMivHi, KaTaliTH4Hi, (OTOIOHI3aMilHI,
iH(ppavepBoHi, HaTiBIPOBITHUKOBI,
yIBTPa3BYKOBI, roJorpadidHi.

Oco0nuBICTIO POOOTH €NEKTPHYHUX MAIINH €
HEJIOCKOHAIIICTh ~ TEPEeTBOPEHHS  eHeprii  3i
30UIBIIEHHSIM SHTPOMIT CHCTEMH, 1110
CYNPOBO/UKYETBCS 3  BHAUICHHSAM  TEIUIOTH.
BupineHHs TEmIOTH NPU3BOAMTH IO HarpiBaHHA
€JIEMEHTIB CUCTEMH, SIKi B CBOIO Yepry iHTEHCHBHO
BHIUISIIOTH Y aTMOc(epy MOJISKYIIH BEpXHIiX IIapiB

MOBEPXOHb. BH3HAYeHHsA  XiMIYHOTO  CKJIaxy
ra3oBOro  OTOYEHHS  OOJaJHAHHSA  JI03BOJISIE
JIOKaJTI3yBaTH Miciie Ae(eKTy.

META POBOTH

MeTow JIOCTiKEHHS € PO3POOJICHHST KOHIICTI-
1ii OyIOBM CHUCTEMH TEXHIYHOTO MiarHOCTYBaHHS
ABTOHOMHOT'O T€HEepaTopa eJIEKTPUIHOT eHepril Ha
0a3i JBUTyHA BHYTPIIIHEOTO 3rOpaHHs 3 BUKOPHUC-
TaHHSIM eJICKTPOHHUX aHali3aTOPiB rasis.

BUKIIAJL OCHOBHOI'O MATEPIAJTY

Jns  JocsSTHEHHsST ~ TIOCTaBIEHOI  METH
HEOOX1/THO BUPIIIMTH HACTYIHI 3a/1a4i:
- BU3HAYUTH MOXJHMBI CTaHH aBTOHOMHOTO
reHeparopa eJeKTpu4YHOi eHeprii Ha 0a3si
NBUryHa BHYTpitmHboro 3ropanHs (ATEE);
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- Ul KOXKHOTO CTaHy aBTOHOMHOTO TeHepaTopa
€JICKTPUYHOI €Heprii BU3HAYNTH XapaKTepHi
ra3oBi BUIIAPOBYBaHHS;

- migibpaTh KOMIUIEKT AATYMKIB SKi 3 BHCOKOIO
TOYHICTIO BH3HAYAThH KOHIICHTpAITit0
KOMITOHEHTIB y TOBITPI;

- pO3pOOHTH aNrOpuT™M pOOOTH  KOMIUIEKCY
oOmagHaHHS TEXHIYHOrO [iarHOCTYBaHHS Ha
OCHIBHI pOOOTH MPUHITUIIIB HEUPOHHOI CHCTEMHU
1 €JICKTPOHHUX Ta30BHUX JATUHKIB;

- TepeBipUTH  PO3POOJICHIM  MiarHOCTUYHUN
KOMIUIEKC €JIEKTPOHHUX aHaTi3aTOPIB T'a3iB sl
BU3HAYCHHS CTaHy AaBTOHOMHOTO TeHepaTopa
eNeKTpUYHOI  eHeprii Ha 0a3i  JABHUTYHa
BHYTPILIHHOTO 3TOPaHHSI.

Ha Puc. 1 300paskeHO cXxeMy iHTeNeKTyalIbHOI
MYJIbTUCCHCOPHOI CHUCTeMH Ui 1leHTHdIKaIli Ta
OLIHKA TEXHIYHOTO CTaHy eJEKTPOTEXHIYHOTO
o0nagHaHHS.

[HTENeKTyanbHA MYJIBTUCEHCOpHA CHCTEMA
JUIS 1IeHTHdIKaIil Ta OI[IHKA TEXHIYHOTO CTaHy
oV} JIarHOCTYBaHHS €HeproreHepyvoro
obnamaanus (Puc. 1) mictuts Hacoc 1, kopmyc 2,
JATYMKKA KOHIIEHTpAIlil MeTaHy 3, 4ajHoro rasy 4,
KHCHIO 5, XJIOpoBOHIO 6, anbaeriaiB 7, ¢peHomiB 8
Ta JIETKAX  BYIVIEBOAHIB 9,  aHAIOroBOTO
komyratopa 10, mimcumroBava curHamiB 11,
aHaJoro-uupoBoro NepeTBOpIoBaya 12,
MikpoEOM 13 Tta 3amam'aTOBYHOUOTO MPHUCTPOIO
14.

InTenekryanbHa MyJIBTHCEHCOPHA CHCTEMa
U ieHTHQIKaIii Ta OIiHKA TEXHIYHOTO CTaHy
npamoe TakuM 9uHOM. Hacoc 1 HarHiTae moBiTps
€HEeproreHepyoyoro oONaJHaHHA Y KOpHyC 2, B
SKOMY 3MOHTOBaHO JaTYMKH  KOHIIGHTpAIii
MeTaHy 3, YaJIHOTO ra3y 4, KHCHIO 5, XJIOPOBOIHIO
6, ampaerigiB 7, ¢peHOMIB 8 Ta JeTKUX BYTJIIEBOIHIB
9. CurHanun 3 JaT4YMKIB TOTPAIUISIOTH Ha
aHanoroBuii komyrarop 10. 3 aHamorosoro
KOMyTaTropa 10 CHUTHAI, 301IBIIYIOYHCH
migcwioBadyeM curHaimis 11, mortparuise 10
aHanoro-nu)poBoro neperBoproBada 12, i micius,
1o mikpo EOM 13. MikpoEOM 13, B 3anexHOCTI
Bl KOMOiHamii KOHIEHTpAIii rasiB, NpHiiMae
pIlIEHHS  BIMHOCHO  PO3TAIlyBaHHS  JeQeKTy
E€HEProreHepyrYoro O0JIaJHAHHS 1 3alKuCy€e JTaHHI
B 3amaM'aTOBYIOUYMH npUcTpiid 14.

[linBuiieHHs TOYHOCTI  JIOKamizamii  mpH
MOWIYKY Ie(eKTy HIISIXOM JOAATKOBOTO XiMIYHOTO
aHajlizy Tra3iB €HEeproreHepyrdvoro oO0JaJHAHHS
3a0e3medyeThes aHai3oM KOHIICHTpAITii
XJIOPOBOJIHIO, aIIBJIETi/NiB, (EHONIB Ta JETKUX
BYTJIEBO/IHIB.
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Puc. 1. CxeMa iHTeNEKTyalbHOI MYJIBTHCEHCOPHOI CHCTEMH s ieHTr(iKamii Ta OI[iHKK TEXHIYHOTO CTaHy

€JIEKTPOTEXHIYHOTO 00IaTHAHHS.

Fig. 1. Scheme of intelligent multi-sensor system for identification and assessment of technical condition of

electrical equipment.

Cucrema npairoe HaCTYITHUM YHHOM.

Ha Bxim 3 mayukiB NpuxoAuTh iH(MOpMAILis,
sKa TIepelacTbcs Ha OJOKH HEWpOHOI Mepexi
npsmoro mormmpens (HEIT). fxmo e 36ir, To ams
KOXHOI  rpynu  iHdopMmalidHMX  O3HaK  tn
OTPUMYEMO MaKpO CII01, IO MiCTUTh HEMPOHA CETh
3 wMakpocnosmu (HCM) B 3anmexHOCTI BiX
KimpKocTi 30iriB. Tak, sK pilleHHS NPUAMAETHCS
3aBJISIKM HAsBHOCTI iHQopMamii mpo audekTu B
kokHoMmy 3 HasBHUX N cnoiB HCM, toni BoHa
noBuHa mictutu N+1 cioii. Jle BuximHmii ciioit
MPU3HAYCHUH /IS KEPYBaHs PILICHIMH B KOKHOMY
HactynHoMy. CTpyKTypHa cxema HelpoHoi Mepexi
nmokasaHa Ha Puc. 2.

Koxna HMC HaJIAIITOBYETHCA 3a
QITOPUTMOM 3BOPOTHOTO TIONIMPEHHS TTOMHIIKH.
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CrioyaTky HalalITOBYIOThCS HEHPOHHI Mepexi
nepiioro ciost. [loTim Bxke Buximuuit cioi. Jlns
pobotm HM HeoOximHa 0a3a maHuX, y SKid
BH/IIJICHO TPU OJIOKH:
- 0asa gaHux;
- 0aza Mozeneil HeHPOHHUX MEPEX
- 0a3a HaBYAJILHUX BHOIPOK.

baza gpmannx MicTuTh iHQoOpMamilo  TPo
CTaHIApTH KOHICHTpALlil PEYOBUH B MOBITpPi, SKi
HEOOXiJHO aHali3yBaTh Ta  MNpPU3HAYEH JUIA
(dhopMyBaHHS HaBYAJIbHUX BUOIPOK.

baza moneneit HelipoHHUX Mepex GopMyeThCs
B TIpOLIECi HAIAIITYBaHHS HEHPOHHUX MEpex Yy
BianoBigHux mapax HMM.
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Puc. 2. CrpykTypHa cxema HEHPOHOI Mepeki 3 MaKpOCIOMH Uil IHTENEKTYaJlbHOI MYJIBTHCEHCOPHOI
CUCTeMH JIs ieHTr(iKaIii Ta OIIHKA TEXHIYHOTO CTaHy €IeKTPOTEXHIYHOTO 00JIaHAHHS.

Fig. 2. Block diagram of a neural network with macroslots for intelligent multi-sensor system for identifica-
tion and assessment of technical condition of electrical equipment.

BHUCHOBOKU

OcCoO0MBICTIO MPEACTABICHOT CUCTEMH JIiarHO-
CTyBaHHS CTaHy aBTOHOMHOT'O T'€Heparopa eJIeKT-
puuHOi eHeprii Ha 0a3i MBUTYHa BHYTPINTHHOTO
3rOpaHHs € MOXKJIUBICTh MPOBEJACHHS JiarHOCTUY-
HUX poOiT Oe3 BUBOAY 0OJaaHaHHS 3 poOOTH, IO
MiHIMI3y€ BTpaTH BiJ MPOCTOI0. TakoX BHUKOPHC-
TaHHsI IAHOT CUCTEMH JIO3BOJISIE BUSBUTH PO3BHTOK
nedeKTy Ha PaHHIX CTaisIX PO3BHTKY, IO Tepell-
KOJDKA€ 1 3HAYHO 3MEHIIY€E BAPTiCTh PEMOHTY €He-
PreTUYHOTO ONPH BUXO/II 3 CIIPABHOTO CTaHy.
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Intelligent multisensor system for
identification ta estimates of the technical
mill of electrical engineering

Stefan Zaichenko?, Natalia Jukova?,
Dmitro Yakovlev3, Vadym Shalenko?,
Boris Korniychuk®

123Kyiv Polytechnic Institute National
Technical University of Ukraine “Igor Sikorsky
Kyiv Polytechnic Institute”

4°Kyiv National University of
Construction and Architecture

Abstract. The problem of diagnosing power
generating equipment by analyzing gases released
into the atmosphere. The object of study is the pro-
cess of diagnosing power generating equipment
based on an internal combustion engine.

The purpose of the work is the research is to
develop the concept of the structure of the intellec-
tual multisensory system of technical diagnostics
of the autonomous electric generator on the basis
of the internal combustion engine with use of elec-
tronic gas analyzers.

To achieve this goal, the following tasks have
been solved. To determine the possible states of
the autonomous generator of electric energy on the
basis of the internal combustion engine. For each
state of the autonomous generator of electric ener-
gy to define characteristic gas evaporations.
Choose a set of sensors that will determine the
con-centration of components in the air with high
accuracy. To develop an algorithm for the opera-
tion of a set of technical diagnostic equipment for
the basic work of the principles of the neural sys-
tem and electronic gas sensors. To check the de-
veloped diagnostic complex of electronic gas ana-
lyzers for determination of a condition of the inde-
pendent generator of electric energy on the basis of
the internal combustion engine.

Improving the accuracy of localization in the
search for a defect by additional chemical analysis
of gases of power generating equipment is provid-
ed by the analysis of concentrations of hydrogen
chloride, aldehydes, phenols and light hydrocar-
bons.

A feature of the presented system for diagnos-
ing the state of an autonomous electric power gen-
erator based on an internal combustion engine is
the ability to perform diagnostic work without re-
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moving the equipment from work, which minimiz-
es downtime. Also, the use of this system allows
you to detect the development of a defect in the
early stages of development, which prevents and
significantly reduces the cost of repairing the ener-
gy source.

Keywords: energy source, internal combustion
engine, autonomous power supply, multi-sensor
system.
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