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NCCIEJOBAHUME METOJ0OB MOAEJIMPOBAHUSA JI5A ITIOBBIINNEHUA
KAUECTBA DJIEKTPUYECKOM SHEPTYUHU B CUCTEMAX
3JEKTPOCHABXEHUSA MIOTPEBUTEJIEN 3JIEKTPOSHEPTUA

ocnioyceni numanhna ni0GUWEHHA AKOCMI HANPY2U 8 MEPeIHCcax CRolicueayie enekmpoenepeii. Bukonano oocnioyncenns ennugy
207106H020 00NAOHAHHA ENeKMPUYHUX CMAHYIN ma RIOCMAaHyiil Ha AKICMb eleKmpoenepeii, o NOCmavacemuvcs, a maKotc
HOKAa3HUKi6 aKkocmi yici enekmpoenepeii Ha KIHUEG020 CROICUBAYA 34 OONOMO2010 eKCNEPMHOI cucmemu 6 naxkemi npozpam

Matlab (Fuzzy Logic Toolbox).

Hccneoosanwt 60NPOCHL NOBBIUWICHUA KaAUeCcmea HANPANICCHUA 6 CemaAx nompeéumeﬂeﬁ IIEKmMPOoIHep2uu.

Botnonneno

uccnedosanue GAUAHUA 21AGHO20 000PYOOBAHUA INEKMPUHECKUX CIMAHUUN U ROOCHMAHUUI HA KAYecmeo NOCHAGNAEMOll
9JIeKMPOIHEP2UL, a4 MAKHCce NOKA3amenell Kaiecmed 3IMOll INeKMPOIHePUU HA KOHEYHO20 nompedumens ¢ HOMOWbIO
IKcnepmuoii cucmemsl 6 nakeme npozpamm Matlab (Fuzzy Logic Toolbox).

BBEJIEHUE

B cucremax 31eKTpOCHaOXKEHUS OTPOMHYIO POJIb HI-
PAarOT 3JIEKTPUUECKUE TIOICTAHIINY, T.€. SJIEKTPOYCTAHOBKH,
MpeaHa3HaYeHHbIE I PeoOpa3oBaHusl U pacpeIeIeHus
AIIEKTPUYECKON PHEPruH, KOTOphle B YKpawWHe, KaK U B
JPYTUX 3alaJHBIX CTpaHax, Uil MPOM3BOACTBA M pacrpe-
JICTICHAST AJIEKTPUICCKONH SHEPTUH HCIONB3YIOT Tpexdasz-
Hbli mepemeHHblii TOk vactoroil 50 I'm. Kak wu3BectHO,
Ka4eCTBO JICKTPOIHEPTHU TP MPOU3BOJCTBE M TPAHCIIOP-
THPOBKE OT MECTa €€ MPOU3BOJICTBA K IMOTPEOUTEISIM Yac-
TUYHO PACXOIyeTCs, YACTUYIHO TEPSETCS, U MPU STOM BO3-
HUKaeT npobieMa JOIHKHOTO 00eCTIedeHUsT KauecTBa dHEP-
run y notpedutens. [Ipu pabore morpeduTeneit 3meKTpo-
SHEPIuu JOJDKHO 00eCTieuuBaThes ee TpedyemMoe KauecTBo,
MOKa3aTesIMA KOTOPOTO SIBJISIFOTCS OTKJIOHEHHE HaTpsKe-
HUsl, KoJieOaHWsI HANpsDKEHUs,, HeCHHYCOUIAIbHOCTh Ha-
MPsDKCHUSI, HECUMMETPHUS HANPSDKCHUS, OTKIOHEHHE Yac-
TOTBI, TIPOBAJT HATIPSDKCHUSI, UMITYJIbC HANPSDKCHUS, a TaK-
JKe BpeMeHHOe TepeHanpsbkeHrne. CHIDKEHIE JKe KadecTBa
AIIEKTPOIHEPTHHA MOXKET MPUBECTH K TAKUM ITOCICICTBUSIM
YBEIMYCHUE MMOTEPh aKTUBHON MOITHOCTH W 3JICKTPOIHEP-
THH, COKpAIICHHE CPOKA CITYKOBI JICKTPOOOOPYIOBAHUS 1
MIPEKIEBPEMEHHBIN BBIXOJ] €T0 U3 CTPOSsi, HApyIIEHHE HOP-
MaJBHOTO X072 TEXHOJIOTMYECKOTO Mpoliecca MPOU3BOICT-
Ba MOTpeOuTeNei, YTO MPUBOJUT K CHIXKCHHUIO KadecTBa
MIPOU3BOIMMON MPOAYKIIUHU M K YBEITMUSHHIO SHEPro3aTpar
Ha MPOU3BOCTBO U JIp.

C npyro#i CTOPOHBI, TEMITBI TEXHHYECKOTO TIEPEBOO-
pyXeHus B Hamrel ctpane ¢ 90-X TOA0B MPOILIOTO CTOJIe-
THS yIIaJi IPUMEPHO B JBa pasa, B pe3yibTaTe 4ero cei-
yac M3HOC ceTeil cocraBisieT okoio 48 %, B ToM uucie
MOJICTAHITMOHHOTO oOopynoBauus — 70 %, TWHUN SIeK-
tponepenaun (JISII) — 40 %. IIpuuem 3ameTHa TEeHICH-
[Us: 9eM HIDKE HamnpspDKeHHe ceTed, TeM B OoJblieit cre-
MIEHU OHU U3HOIIEHKI. DTa MpobiemMa 0COOEHHO ocTpa st
pacnpenenutenbHbix ceteil. [lo nJaHHBIM MUHHCTEpPCTBa
SHEPTeTHKU YKpauHbl B HACTOSIIEE BPEMs H3HOC pacmpe-
JISIIUTENIFHOTO KOMIUIEKCa TOCTUTaeT mpuMepHo 66 % [1,
4, 5]. TIockoJbKY CYIIECTBYIOIINE DIEKTPUUECKHE CETH
00eCTICYMBAOT KOMIUIEKCHOE IEHTPAIIM30BAHHOE DJICK-
TpocHaOKEHHE TOTPEOUTENEH BCEX BEIOMCTB, PacIoio-
JKCHHBIX B 30HE MX JCHCTBUS, TO CTaOMIBHBIN POCT DIICK-
TPOMOTPEOIICHUS U Y)KECTOUCHUS PEKUMOB HCIIOIB30Ba-
HUS 3JICKTPOIHEPTHH NMPUBOIUT K H3MEHEHHUIO PACUYCTHBIX

Harpy30K B Pa3IHYHBIX 3JEMEHTaX pPaclpeleTUTeIbHbBIX
JNIEKTPUUECKUX CeTei M TpaHC(HOPMATOPHBIX MOJCTaH-
nui. CreacTBUeM STOTO SIBISIOTCS HEU30EKHBIE Tepe-
IPY3KH U OCTPO BCTAET BOIPOC O HEOOXOTUMOCTH MOAEP-
HU3AIMM CYILECTBYIOIIMX JleKTpudeckux cered. Cra-
peroniee 00OpYNOBaHHE CYIIECTBYIONIMX ITOACTAHIMN
SIBIIIETCA MPUYNHOM 3HAYUTENBHBIX OTEPh IPU NEpeaade
anekTposHepruu (puc. 1). B mpunmume, ecian roBoputs o
BBICOKOBOJIBTHBIX JIOII, TO 3aech HalIM MOKa3aTeNU CO-
OTBETCTBYIOT IIOKa3zaTelsiIM pabOThl  MaruCTpalibHBIX
NEKTPUYECKUX CeTell B cTpaHax 3amagHoi EBpombl u
CIIIA: B 2005 roxy notepu coctaBuiu 2,9%.
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Puc. 1. Bo3pactHas ctpykrypa JIDII pa3nudHbIX KIaccoB
HaIpsDKCHHS

ABropamu [l], B KOTOpoOil mpexacTaBieHa pETpo-
CIIEKTUBHAs OLICHKA Pa3BUTHUSI MUPOBOM SHEPreTUKU B XX
BEKE M Pa3BUTUE JJIEKTPO- W TemnodHepretuku B XXI
BEKE, OTMEYAETCs, YTO COCTOSHHE YKPAHMHCKUX CETed U3
rofia B roji yXyallaeTcs, a 3TO MPUBOJUT K aBAPHIHBIM
CUTyallsiM Ha ypOBHE OTHEIBHBIX 00JAcTeH, 3HAUNTEIb-
HOTO pOCTa TEXHOJOTMYECKUX 3aTpaT MpH TPaHCIOPTH-
poBKe 3neKTpodHeprur. OTCYTCTBHE JOCTATOYHOTO (u-
HaHCHPOBAaHUS PEMOHTHBIX pabOT, MEpHI 10 MOJECpHHU3a-
IIUH U PEKOHCTPYKIUH IEKTPUUECKUX CEeTel U MOACTaH-
Il MOKET IPUBECTH K CUCTEMHOM aBapuu B OOIACTHBIX
SHEpPreTHUECKUX cUcTeMax. I'opa3no Xyxe ierno o0CTOHuT
C TIOTEpSAMH B PaCIpENeIUTENBHBIX CeTSIX, JOCTaBIIIO-
IIMX DJEKTPOIHEPTHI0 KOHEeYHOMY moTpebutenmio. Ilo
oneHke a"HanuTukoB UK "dunam", "...Hanbonee 3HAYU-
TENIbHBIE TOTEPH OAJICKTPOIHEPTHMHM TpH mepenade (B
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YACTBHBIX JOJSIX) BO3ZHHUKAIOT NPH TpaHchopMaIuu ee B
HU3KOE HANpsDKEHHE M Iepefadye 0 HH3KOBOJIBTHBIM
pacnpenenuTenbHbIM ceTsAM. TakuM o0pa3oM, yeM 0OJb-
IIe KOHEYHBIX MOJb30BaTeNel ¢ HU3KUMHU Harpy3KamH,
TeM OoJiee pa3BETBICHHON SIBJIAETCS CETh, TeM 00JIee BbI-
COKH M3JCPKKH Ha MOJAEp)KaHHE ee B pabodeM COCTOs-
HUM U TEM BHIINIC MOTEPU SICKTPOIHEPTHH TIPH TpPaHC-
¢dopmanmn HampspkeHus". Hopmoii moreps B "po3HHY-
HBIX" CEeTAX B pasHbIX cTpaHax cuuTaercs 6-10 % ot me-
penaBaeMoro oovema. B YkpawmHe 3Ta mudpa, mo oueH-
kam UK "®unam", cocraBusiet 20 % u Bbie [4-6].
AHanuz BrmusHUS paboOTHl 00OPYIOBAaHUS TOICTaH-
it (IIC) Ha KayecTBO TOCTaBIsAEMON MOTPEOHTEIAM
AMEKTPOIHEPTUHU TO0Ka3al, YTO OCHOBHBIMH NPHYWHAMH
aBapUIHBIX CUTYyaIlMid SIBISIOTCA ycTapeBlnee 000pyHo-
BaHUe, HEHa/IeXKHast paboTa camMoro oOOpYJIOBaHMS H3-32

TEXHUYECKUX OTKAa30B W HEKOPPEKTHOH paboThl 00Ciy-
KHUBAIOIIETO NIEPCOHATIA.

CpaBHeHHE PA3JIMYHBIX MAapaMeTpoB 000pYyIOBAaHUA
oToOpakaeT B Ka)XXIOM KOHKPETHOM cirydae 3(QeKTHB-
HOCTbH paGOTbI TMOJACTAaHIIMM B LEJIOM U KaXXI0I'0 KOHKPET-
HOTO ammapata B OTAEIBHOCTH. B Tabm. 1 mpuBeneHs!
CBOMCTBAa ANEKTPHYCCKON SHEPTHH, MMOKA3aTeNH, MX Xa-
pakTepu3yome, U Haumboliee BEPOSATHHIC MPHUIMHEL, a
TOYHEE, BUHOBHUKH YXYALICHHUS KadecTBa 3JICKTPOIHEP-
ran (K3) [3]. 3HaunTenpHas 3HEPrOEMKOCTh MPOHU3BOJ-
CTBa C 0CO0OI JKECTOKOCTHIO TUKTYET HEOOXOIMMOCTH
ONTUMU3AINH PEKIMOB 3JICKTpONOTpedIcHus. B ycio-
BUSX JeUIUTAa IYHEPreTHYECKUX PECYpCOB, IMHAMUKU
pocTa CTOMMOCTH 3JICKTPOIHEPTHH, aKTyallbHa IpodiiemMa
sHeprocOeperajoumMx TEXHOJIOTHH  TPaHCIIOPTHPOBKH,
MOTPEOICHUS 3JIEKTPOIHEPTHH.

Tabmuna 1

IMoxaszarenu KO u Hanbosee BeposATHbIE TPUIUHBI
YXYALICHHS HX Ka4eCTBa

CBoliCTBa AJIEKTPUUECKON
SHEprUH

IToxazaTens KO

Hawubonee BeposiTHBIC BHHOBHUKH
yxyaumenus K2

OTKIIOHEHHE HAPSDKEHUS

Ycra"HoBuBIIEeCsS OTKIOHECHHUE HaIpsKCHUA

DHeprocHabkaromas opraHu3arus

Konebanus HanpspkeHUS

Pa3max uzmeHnenus HalpsHKCHUS
Jlo3a ¢nmkepa

[ToTpeburens ¢ nepeMeHHOM
Harpy3kou

HGCI/IHYCOI/I,I[aJ'ILHOCTB
HalpsKCHUA

Koa¢ppunnent uckaxeHus CHHYCOUAAIbHOCTH
KPHBOW HarnpspkeHus koaddurmeHt n-oi rap-

[otpebuTens ¢ HEMMHEHHOM
Harpy3kou

HecummeTpus TpexgazHoit
CHCTEMBI HaIPsHKEHUH

Kos¢ppunnent HecuMMeTpun HanpsHKEHUH
10 00paTHOH IOCIIEe0BATEIbHOCTH

[MoTpeburens ¢ HECUMMETPUIHOM
Harpys3kou

OTKJIOHEHHE YaCTOTEI

OTKJIOHEHHE YaCTOTEI

DHeprocHabxaromas opraHu3anus

IIpoBan HanpsikeHUs

I[HI/ITGHBHOCTB IIpoBaJia HAMPSKCHUA

DHeprocHabxaromas opraHu3anus

Wmnynbsc HanpspKeHns

I/IMHyHbCHOG HAIIPSXKCHUC

DHeprocHabXaromas OpraHu3amnus

BpemenHoe nepeHanpspkeHne

Koaddumment BpemeHHOTO
NepeHAIPSHKCHUSL

DHeprocHa0Xaroas OpraHu3anus

Ha namr B3, OAHUM M3 METOJIOB YMEHBIICHUS H
NPEAYNPEXICHNS aBapUHHbBIX CUTyallMi Ha paboTaroIux
CTaHIMAX ¥ IOACTAHLMAX CaMbIX Pa3HBIX MOIIHOCTEH
SIBISIETCSL TIOCTPOCHHE SKCIEPTHBIX CHCTEM ISl aHajIn3a
nx pabotel. Takue cuCTEMBI, NTOCTPOCHHBIE Ha OCHOBE
HEYETKOH JIOTWKH, SIBISIOTCS PacdeTHHIM MHCTPYMEHTOM
U Ha CEeTOJHAIIHUMA JeHb Hanboyiee aKTyalbHBI B pelie-
HUHM MHOTHX KJIaCCOB BaXKHBIX 3a/1ad, B KOTOPBIX aHAIH-
3UpyeMble [aHHbIe, IIEId WU OrPAaHHUYCHHS SBILIOTCA
CIIMIIKOM CJIOKHBIMH FUIM TIJIOXO OIPEACIICHHBIMH IS
TOTO, YTOOBI TOMTYCTUTh TOYHBIA MaTeMaTHUECKUIl aHAIN3
n omnucanue. OOUH W3 NPHUKIATHBIX MaKETOB CHUCTEMBI
MATLAB maker newetrkoii normku FUZZY LOGIC
TOOLBOX [2], oTHOCAIMICS K TEOPUH PA3MBITBIX WU
HEYETKUX MHOXECTB, I03BOJSIET KOHCTPYHPOBATh Tak
Ha3bIBaGMbIE HEUCTKHE AKCIIEPTHHIC W/MIN YIPABILIONINE
cucreMbl. OCHOBHBIE BO3MOYKHOCTH IaKeTa: MOCTPOCHHE
CHCTEM HEYETKOTO BBIBOJIA (SKCIIEPTHBIX CHUCTEM, PeryJIs-
TOPOB, aNMpPOKCHMAaTOPOB 3aBHCHMOCTEH); IOCTPOCHHE
a/IalTUBHBIX HEYETKUX CUCTEM (IMOPHIHBIX HEHPOHHBIX
ceTeil); MHTePAKTHBHOE TMHAMUYIECKOE MOJICITUPOBAHNE B
Simulink. TTpu pa3paboTke Moneneii nccaenoBaHus MOKa-

3areneil KauecTBa IMOCTABIIIEMOM 3JIEKTPOIHEPTUU aBTO-
PBl UCXOAWIN W3 MIMPOKOTO CIEKTPa NPUMEHEHHS 3TOTO
IIaKeTa: OT YIPaBJICHUS MPOLIECCOM OTIPABICHUS U OCTa-
HOBKH IOE37I0B METPO, YIPaBICHUS I'PY30BBIMH JTH(TaMU
U JIOMEHHOH MeYbl0 10 MOJEIHPOBAHMS pabOTHl CTH-
PalbHBIX MAIIUH U ITBIIIECOCOB.

[Ipn TOM HedeTKne CHCTEMBI IO3BOJSIOT HMOBBICHTDH
KauecTBO INPOAYKIMH IIPU YMEHBIICHUH PECYpCco- U 3HEPro-
3aTpaT U 00ECTIeUMBAIOT 0oJiee BBICOKYIO YCTOWYMBOCTH K
BO3JCHCTBHIO MEUIAIOMNX (haKTOPOB IO CPABHEHHUIO C Tpa-
JULHAOHHBIMH CHCTEMaMH aBTOMaTHYECKOTO YIIPABICHHUSL.

[losToMy 111 MOIETMPOBAHUSA M HCCIEIOBAHUSA
MIPOIIECCOB BIUSHMA IN1aBHOro obopynosanus I1C Ha Ko-
HEYHOE KauecTBO 3JIeKTpodHepruu (Moxens Ne 1) u mapa-
METPOB KauecTBa 3JICKTPOIHEPTUH Ha MOTpeduTenei (Mo-
nenb Ne 2) ObLI HCIONB30BaH MMeHHO maker FUZZY
LOGIC TOOLBOX [2]. K ToMy k€ OY€Hb Ba)KHO, 4TO
MaTreMaTuueckuii maker Matlab mo3BosseT menarbh dKc-
MEPTHYIO CHCTEMY OYeHb T'MOKOH B 3aBUCUMOCTH OT BH/A
000pyIOBaHUS M MOKa3zaTeNell KayecTBa, a TOYHEe MaTe-
MaTH4eCKUX (pyHKIHUH, KOTOPBIE UX OMUCHIBAIOT.
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AHAJIN3 BJIMAHNA IT''TABHOI'O OBOPY JIOBAHI A
CTAHIIMI U TTOJICTAHLIMI HA KAYECTBO
DJIEKTPOSHEPI' MU (B CUCTEME MATLAB)

[TocTpoeHne SKCHEPTHON CHCTEMBI HAYMHACTCS C
aHaTM3a IOCTAaBJIICHHOM 3aJayd, B HAIIeM ClIydae pac-
CMOTpPEHO HCCIEI0OBAaHUE BIHSIHUA IVIABHOTO 000pyHOBa-
mus OPVY-150 kB (IIC 150/35/6 xB "Bormanosckas"
r. OpKkoHEKHI3e JHETPOIIETPOBCKOW 00JIACTH C MOII-
HOCTBIO TpaHcopmaropa 63000 kBA) Ha kadecTBO 3JeK-
TPOIHEPTUH.

Monens mpeacTaBiseT co00il COBOKYIHOCTh BXOJ-
HBIX U BBIXOJHBIX OJIOKOB C MapaMeTpaMHu, CBSI3aHHBIMH
MeXTy cOO0H ompesieIeHHBIM HaOOPOM TpaBUil, KOTOPHIE
OTIPENIeNAIOT 3aBHUCUMOCTH MEXKAY BXOAHBIMH M BBIXOJ-
HBIMHU TIE€PEMEHHBIMU (pHC. 2) C IByMs THIIAMHU alTOpUT-
MOB BBIBOJIA pe3ynbTaToB — Mamdani u Sugeno, KOTOpbIe
npemiaraet Ilaker Fuzzy Logic Toolbox. [[ns mnepsoii
MO/JIENIN HCTIONIB30BAJICS alropuT™ Sugeno [2].
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BXOAHBIMH MEPEMEHHBIMH JIJIsI MOJICIIA BBIOMPAIOT-
csi CpOKH CIIy>)KObI OcHOBHOTO oOopynoBanus IIC —
TpaHc(opMaTopoB, BHIKIIOYATENEH, pEaKTOPOB M BBOJIOB,
yKa3aHHbIE B IBYX KaTEropusx: KOPOTKUI U JOJITHH CPO-
KU CIyXOBl. BeIXoqHAs mepeMeHHast B JaHHOH MOJeNH -
3TO Ka4eCTBO 3JIEKTPOIHEPINH, yKa3aHHOE B TpeX KaTe-
rOpusX — HEAOIYCTUMAsI, CPEIHSAS U JOIyCTUMAs.

CremyomuM BaKHBIM IIarOM B CO3JaHHM MOJCIH
sBisieTcsl BbIOOp THra (yHKIMH npuHamiekHOCTH. [lo-
CKOJIBKY OIICHKa HaJeXKHOCTH JJIEKTPOTEXHHYECKHX CHC-
TEM BEJIETCSI B TAKHUX MOKa3aTelsiX, KaK BEPOSITHOCTH Oe3-
OTKa3HOU pabOThI, HHTEHCUBHOCTh OTKAa30B M TOMY IT0J100-
HOE, B JaHHOM Mojienin OblTa BEIOpaHa z-(pyHKINSA, TaK KaK
ee BUJI MAaKCHMAJIbHO MOX0X Ha (PYHKIMIO paclpeaeneHus
BeiiOyna, xotopasi, B CBOIO O4Yepellb, OTpa)kaeT 3aBUCH-
MOCTh BPEMEHH ¢ OT PYHKIMHU HamexHocTu P(¢) (puc. 3). A
B JITaHHOM MOJeNnM Kak pa3 u ObUla HMCCIeIOBaHA 3aBHCH-
MOCTb BIIHSIHHSI CPOKa CITy>KOBI 000pymoBaHuS (B roJax) Ha
KaueCTBO JIEKTPOIHEPTHH (B OTHOCUTEBHBIX €JMHHIIAX ).

BaxxHBIM 3TanoM NpH CO3MAHWU MOJENH SIBISETCS
oTIpeJieTIeHUE M HAIMCAHKUE TPABWII, CBS3BIBAIOIINX BXOJ-
HBIC W BBIXOAHBIC MapameTphl. [IpaBuna GasupyroTcs Ha
OTPOMHOM OIIBITE MPOEKTUPOBAHHS W CTATUCTHYECKUX
JTAaHHBIX JKCIUTyaTallidl Pa3IHYHOTO TJIIABHOTO 000PYIO-
BaHMsl CTAHLMI W MOJCTAHIMH M3 Pa3IMYHBIX UCTOYHH-
KoB. Ha 3TOM mocTpoeHue 3KCHepTHOH CHCTEMBI 3aKOH-
9YeHO. DTO TaK Ha3bIBaeMbI 3Tan 0OydeHHUs MOJENH, Ha

OCHOBE KOTOPOTO CHCTEMa B IIOCIICACTBUHU OyAeT AenaTh
OIIPEACIICHHBIC ITPOIrHO3bI U BbIJIaBATH KOHCUHBIN pe3yiib-
TaT. Ha 3TOM mocTpoeHHe HKCIEPTHOI CHCTEMBI 3aKOH-
yeHo. PesynbpTaToM mpepsiaraeMoil MOJENH  SIBISIOTCS
OKHO TIpocMoTpa mnpaBui (puc. 4) u rpaduyeckuii BUI
3aBHCHUMOCTH BBIXOJHOH NIEPEMEHHOW OT BXOJAHBIX (IIO-
BEPXHOCTH), IPEJCTABICHHBINH Ha PHUC. 5.
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0 z-(OyHKIIMH [IPUHALIECKHOCTH

o

transformer-lifetime = 15 circuit-breaker-ifeting = 24.2  reactor-lifetime = 15 hushing-lifetime = 24.7 eneray-guaity = 0.77
(I I | I N | |
a| VN \ N e 1
sl | [ N | \
+ | BV | N e N | \
5 | BV 2l 1 E==n L[ |
2| B \ o | |
(I N =L 1| | \
sl || | B e N | \
sl 1| \ N | |
Ll N [ e N | |
1} 30 1} 30 o 30 0 30

01 1.1
Input 715 24.23 15 24.69) Plotports — [107 ‘ Hove: MMMM‘
‘ Opened spstem 2madeld, 10 ules ‘ ‘ Help ‘ Close ‘ ‘

Puc. 4. OxHO npocMoOTpa npaBul, IPONUCAHHBIX AJISI MOJIEITH
aHayM3a BIMSHUS 000pynoBaHus mojcranimy Ha KO

energy-quality

circuit-breaker-lifetime

transformer-lifetime
Puc.5. 3aBucumocts yxynmenus KO (BeixonHas nepeMeHHast)

OT CPOKOB CITYOBI 000PYIOBaHMUS TTOACTAHINN (BXOJHBIC TIe-
pemenHbIe). MccnenoBaHsl BAUSHUS TpaHCPOPMATOPA U BBI-
kmodaTens nmoncranimu 150/35/6 kB "bormanosckas” . Opa-
JKOHUKHU3E J{HeTIponeTpoBCKOH 00T
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IIpoBepsasa cucreMy B JEMCTBUM, T.€. MEHSSI B OKHE
MIPAaBUI CPOK CITYXKOBI pa3IHIHOr0 000pyIOBaHUS KaX10-
ro OTJACNBHO WJIM BCEX BMECTE, MOXXHO YBUAETh, UTO,
JIEACTBUTENLHO, C YBEJIMYEHUEM CPOKa CIIy:KOBI 000py-
JIOBaHUS YMEHBIIACTCA W MOKa3aTeIN KauyecTBa INEKTPO-
sHepruu. lloaTBepkIeHHEM OTMEUYEHHOM 3aBUCHUMOCTH
BBIXOTHOW IIEPEMEHHOM OT BXOIHBIX MOXET CIIYXKHUTb BH]L
MTOBEPXHOCTH OTKJIHKA (pHC. 5).

Taxkum 00pazoMm, CIIPOEKTUPOBAHHAS MOJIEIIb MOXKET
OBITH MHOTOpPA30BOI0 KaK CaMOCTOSATENBHBIH HMCTOYHHUK
aHaJM3a KadecTBa 00OpYyJNOBaHMS WM BKIIOYEHA B KOM-
IUIEKC C IPYTUMH aJITOPUTMaMH.

AHAJIN3 BJIMSHUA TAPAMETPOB KAUYECTBA
SJIEKTPOSHEPT MU HA TIOTPEBUTEJIENA
ITapaMeTpbl mokazaresell KauecTBa 3JIEKTPO3HEPrUu

(IIKD) u ux BnusiHUE Ha TOTpeOUTENeH CBEICHBI B MOJIETIH
Ne 2, B KOTOpO#i B KauecTBE aJITOPUTMA BHIBOJIA HCIIONB30-
BaH amroputM Mamdani [2]. TlpencraBieHHas MozAeib
IpeJICTaBIsIeT CO00M COBOKYIMHOCTH YETHIPEX BXOITHBIX U
YEThIPEX BBIXOJHBIX OJIOKOB C MapaMeTpaMH, CBI3aHHBIMU
MEXIy coboit HabopoM mpaBui (puc. 6). Bxomupmu mepe-
MEHHBIMH SIBIISIOTCS] TAKHE MApaMETPhl Ka4eCTBa IIEKTPO-
SHEPruM Kak: HeCCUMETpHs, KOJeOaHUs, HECHHYCOUIaIIb-
HOCTh U OTKJIOHEHHE HAaIlPsHKCHUS, yKa3aHHBIE B JIBYX Ka-
TErOpUsIX — HOPMAJIBHO JIOIYCTHMBIC U TIpeebHbIEC 3Ha-
YeHHsl. BBIXOJHBIMH TEPEMEHHBIMH M HMX KaTeropusiMu
SIBISTFOTCSI: CPOK CIY’KOBI (CHIDKCHHBI M HOPMAaJIBHBII),
CyMMapHbIe HOTEepH (IOIYCTHMBIC W IOBBIIICHHBIC), KO-
POTKHE 3aMbIKaHHs (IOIYCTHMBIE M Y4YaIlleHHBIC) U (-
(EeKTUBHOCTD paboTHI (TIOHIKEHHAST 1 HOPMAITbHasT).

Jiel ¥ Ha Bclo cucteMy B 1enom. [loarBepxaeHneM oTMe-
YEHHOW 3aBUCUMOCTH BBIXOJIHOM MEPEMEHHON OT BXOJIHBIX
MOJKET CITYKHTh BUJI IOBEPXHOCTH OTKJIMKA (puc. 10).
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Puc. 7. BxogHas nepeMeHHast MoienH aHam3a Biausaaus [1IKD
Ha rmotpeoureneit

10, 1f [volage-fluciuation Is imiting] then (servicelie i lowered) (1)
1. If [voltage-deviation is lmiting] then [service e is lowered) [1]
12. If [voltage it op decreased) (1)
13, I {voltage: s ency is decreased) (1]
14, If fvoltage-unsymmetry is nomaly-acceptable) then (service-fife is nomsal) 1]
15, If fvoltage s normall [sevvice-tée is nomal] (1)
16. 1f [voltage-urh ity i J-acceptable] Hoss is acceptablelishort-circuits is 1
17. 1 [voltage-deviation is nosmaly-acceptable] then [service-lte is nomalieperating efficiency is noamal) (1]
1918 5 bie) arxd {wolt pitmd table) e " sbie] then
19, If [voltage-dewiation iz noimaly-acceptable) then | fficiency is nomal) (1]
20. If [voltage ty b is acceptable] (1)
21, 1f [vohtage- i ol liotalk 1
<
1t Then
i service lfe is
ot ] loveied
liniing
none nore:
ot I~ not I~ not I~ not I~ nat

Puc. 8. IlpaBuia npoekTHpyeMOil MOJIETTH aHaI13a BIUSHUS
ITKD Ha motpebuteneii
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Puc.6. Monens ananmsa Bausiaust [1IKD Ha motpebureneit

TunoM QyHKUMI TPUHAATIECIKHOCTH B TAHHOW MOJIe-
71 O6buTH pUHATH QyHKIMK [aycca, Tak Kak OHM MaKCH-
MalbHO TOYHO, Ha HAall B3TJIA, HepefaayT 3aBUCHMOCTH
BBIXO/IHBIX ITapaMETPOB OT BXOJHBIX (pHC. 7).

CrnenyromumM 3TalnoM aHAJIOTHYHO MEPBOM YacTU MO-
JIEM  ABJSIETCS MPONUCHIBAHUE MPABUII, CBA3BIBAIOLINX
BXOJTHBIE M BBIXOJHBIC TTapameTpsl (puc. §). Oto 3tam 00y-
YEeHUs] CO3JAaHHOM MOJENHU, Ha OCHOBE KOTOPOIO CHUCTEMA
CMOXET BBbIIABaTh KOHEUHbIM pe3ynbraT. Ha stoM mo-
CTpOEHHME SKCHEPTHOW CHUCTEMBI B IIEJIOM 3aKOHYEH. Pe-
3yJIBTaTOM Pa3pabOTaHHON MOJENH SBISIOTCS OKHO IIPO-
cMoTpa mpaBuia (puc. 9) u rpadgudeckuil BUI 3aBUCHMOCTH
BBIXOZHOW NIEpEeMEHHOH 0T BXOIHBIX (IIOBEPXHOCTH), IpeI-
ctaBieHHbIN Ha puc. 10. IIpoBepss cucteMy B AeHCTBUH,
MeHss B OKHe npaBuil 3HadueHus [1KD kaxmoro B oTaensb-
HOCTH U BCEX BMECTE, YBUIUM, KaK, NEHCTBUTEIBHO, KaXkK-
merit [IKD Bimser Ha KOHKpPETHBIA MapaMerp HoTpeOuTe-

Puc. 9. OxHO npocMOTpa NMpaBuil, IPOIMUCAHHBIX IS MOJEIH
aHaNM3a BIMSHHUS 000pyJ0BaHKs MoACTaHIMK Ha KO

total-loss

voltage-unsymmetry

# finput) valtage-unhan ~ | ' (input]. voltage-uns: totakloss -
¥ grids: 15 f grids 15 Ewvaliste |

Ref. Input:

[ IMah 7.5 et 5] ‘ ‘ Hep | Cose | |

Puc. 10. 3aBHCHMOCTH CyMMapHBIX TIOTEPH IEKTPOIHEPTUN
(BpIxomHas nepemennas) ot I1IKD HecunyconnansHOCTH
U HECUMMETPHH (BXOJHBIE IEPEMEHHBIC)
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Takum oOpas3oM, mpeiaraeMasi 3KCIepTHas CHCTe-
Ma TO3BOJISIET OLIEHUTh CTETCHb BIHSHUSA OJHOTO W3 IIO-
Kazaresielf KauecTBa JIEKTPOIHEPTHH OTIENBHO, a TaKXkKe
BCEro KOMIUIEKca IMOKa3aTelel B IleloM Ha oOopymoBa-
HHUE-TIOTPEOUTENh JJIEKTPO’HEPrum. KMes pe3yibTaThl
pacyeToB MpH pa3IMuHbIX BAPHAHTAX HCXOJAHBIX JAHHBIX,
MOXHO C/IeJIaTh BBIBOJ O TOM, KakKMM 00pa3oM TOT WIIH
uHoit IIK3D, B KOHEUHOM HTOre, OKa3bIBAET BIMSHHUE Ha
3¢ PEKTHBHOCTD PabOTHI 000PYIOBAHHUS B IICIOM.

[TepBast MozeNb MO3BONSET OLEHHUTH BIMSHHUE KaX-
JIOTO KOHKPETHOTO ammapar Ha KauecTBO ITOCTaBILSIEMON
JIEKTPOIHEPTHH B LIEJIOM, a BTOPAsi — BIMSHUE KaXJOTO
KOHKPETHOT'O TOKa3aTessd KayecTBa Ha MapaMeTphl caMmo-
ro obopynoBaHus. B 1eoM MOXHO HpeACTaBUTh CHUCTe-
My U3 Tpex OiokoB. IlepBrIif cocTouT M3 000PyAOBaHUA
pacnpenenuTeNbHOTO YCTPOHCTBA, Ha KOTOPOE MOCTYTaeT
ANEKTPOIHEPTUS OT TEHEPUPYIOIIEro ycTpoiicTBa. ITO
000pyIoBaHKe OIpeneIeHHBIM 00pa3oM BIHSIET Ha MOKa-
3aTeNM KadyecTBa 3JICKTPO’HEPIHH, KOTOpBIC SBISIOTCS
UCXOZHBIMH IPH pacueTax BO BTOPOM Ojoke. 3areM 3Ta
TpaHcOpMHUPOBaHHAS 3JIEKTPOIHEPTHS HEpenaeTcs Io-
TpeOUTENsIM — TpPEeTHH OJOK, OMpEeIeICHHBIM 00pa3zoM
yKe BIIMSAS Ha 000pyOBaHHE-TIOTPEOUTEIb HIEKTPOIHED-
run. Takum o0pa3oM, 3TOT KOMILJIEKC MOJeJIel OXBAaThI-
BaeT BECh MPOIECC Mepefadn 3IEKTPOIHEPTUH OT TeHe-
PHUPYIOLIETO YCTPOWCTBA K MOTPEOHTENI0 depe3 pacipe-
JIeNIUTEIbHbIE YCTPOUCTBA.

BBIBO/IbI

[IpennoxxeHHBI KOMIUIEKC MOJENEH MO3BOJISIET
aHATM3UPOBATh BIUSHUE (PU3MICCKOTO COCTOSHUS TJIaB-
HOTO 000PYAOBaHHSA IMOACTAHIINN, X PEKUMOB PaOOTHI H
HEpaBHOMEPHOCTH HArpy30K B Pa3UYHBIX PEKUMAX pa-
0OTBI, YTO TO3BOJISIET MPOTHO3UPOBATh M MHHHUMH3UPO-
BaTh MOCJICJCTBUS aBAPHHHBIX CHUTYallMid HAa MOJCTAHITH-
SIX, HAXOAALIUXCS B dKcmmyatanuu. K ToMy ke mpu 1ia-
HOBOM MOJEPHHU3AIMU TMPOMBIIUICHHBIX TMOJCTAHIIMNA W
OTIpE/IeICHHONH JIOPOTOBH3HE TIJIAaBHOTO O0O0OPYHOBaHHSA
Takasi KOMIUIEKCHAsE MOJIENTb MTO3BOJIUT MPHUHITH KOMIIPO-
MHCCHO€ peIlleHHe O TMEePBOOYEPEAHOCTH 3aMEHBI ycTa-
peBIero o6opyI0BaHUS.
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Investigation of simulation methods for electrical energy
quality improvement in power consumers supply systems.

Problems of electrical energy quality improvement in power
consumers supply systems are studied. Action of the main
equipment in power stations and substation on delivered power
quality, as well as influence of the power quality ratings on end
power consumers is analyzed with a MATLAB expert system
(Fuzzy Logic Toolbox).
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