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ABTOHOMHASA MUKPOI'SC HA BASE ACUHXPOHHOI'O
I'EHEPATOPA C PID-PETI'YJIMPOBAHUEM

Maxamaorconoe Coouxscon FOnoawiooii yenu

cmapuiuii npenooasames

AHOUMCAHCKUTL 20CY0apPCMEEHHBLIL MEXHUYECKUTL UHCIUMY M
Pecnyonuxa Y3zoexkucman, 2. Anouxncan

Annomayus. B cmamoe paccmampueaemcs ABMOHOMHA
MUKPOUOPOINEKMPOCMAHYUs, HNOCMPOEHHAs HA 0a3ze KOPOMKO3AMKHYMO20
ACUHXPOHHO20 2eHepamopa ¢ CUCMEMOU aA8MOMAMUYecKo20 pe2yauposanus
Hanpsicenust  Ha  ocHose  PID-anecopumma.  Obocnosama — akmyanbHOCMb
NPUMEHEHUsl ACUHXPOHHBIX 2eHepamopos8 8 asmoHOMHbIX Muxkpol OC  0Ona
VOANEHHbIX U MPYOHOOOCMYNHBIX pailonos. lIpedcmasnenvt mamemamuyeckue
MOOenyu CMAamuyecKux pexcumos pabomvl 2eHepamopa, CMpPYKmypa CUcmembl
YnpasieHus U pe3yibmamvl MOOEIUPOBAHUsl, NOOmeEepcoauue nosviueHue
YCMOUYUBOCMU U KAYeCMBA 8bIXOOHO20 HANPSNCEHUS.

Knwueevie cnosa: mukpol IC, acuHXpoHHbIU ceHepamop, A8MOHOMHbBIUL DeHCUM,
PID-pezynuposanue, peakxmugHnas MOwHoOCmMb, YCMOUYUBOCIb HANPIAHCEHUSL.
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Abstract. The paper considers an autonomous micro hydropower plant based on a
squirrel-cage induction generator with an automatic voltage control system using
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a PID algorithm. The relevance of using induction generators in autonomous
micro hydropower systems for remote areas is substantiated. Mathematical models
of steady-state operating modes, the control structure, and simulation results
confirming improved voltage stability and power quality are presented.

Keywords: micro hydropower plant, induction generator, autonomous operation,
PID control, reactive power, voltage stability.

BBEJIEHUE

B ycrnoBusix neneHTpaiu3alud SHEProcHAOKEHUS U pOCcTa MOTPEOHOCTH B
HAJEXKHBIX MCTOUYHMKAX DJJICKTPOIHEPTUU [JIsl YAAIEHHBIX pPalloHOB o0coboe
3HaueHHe  NpuoOperaroT  aBTOHOMHbIe  MUKpol DC. Takue  ycTaHOBKH
XapaKTEePU3YIOTCS IKOJIOTHYECKON 0€30MacHOCThI0, HU3KUMU SKCIUTyaTallMOHHBIMU
3aTpaTaMu U BO3MOXHOCTBIO MCIIOJIb30BaHMSI MECTHBIX ruapopecypcoB. OgHoi u3
KJIFOUEBBIX 3a7a4 MPU MPOEKTUPOBAHUU aBTOHOMHBIX MUKpOI DC siBisieTcs: BHIOOD

THUIIA QJICKTPHUYCCKOTI'O ICHEPATOPA U CUCTCMBbI YIIPABJICHU.

ACHHXpPOHHBIE TE€HEPATOpPbl C KOPOTKO3AMKHYTHIM POTOPOM MPUBJIEKAIOT
BHUMaHUE WHCcieaoBaTenell Onarojgapss MpPOCTOTE KOHCTPYKIMU, BBICOKOM
HaJEXHOCTH M HHU3KOM crouMocTd. OAHAKO MX MPUMEHEHHUE B aBTOHOMHOM
peXHME CBSI3aHO C MpoOJieMaMH CaMOBO30YKIEHHUS, TMOJACpKaHUS YPOBHS
HaIpPsDKEHUST U KOMIIEHCAIIMU PEaKTUBHOM MOIIHOCTU. JJIs perieHus 3TUX 3aj1ad
11e71€CO00pa3HO MCTOIB30BAHNE aBTOMATHYECKUX CHUCTEM PETyJIMpOBaHUsA Ha 0asze

COBPEMEHHBIX AJITOPUTMOB YIIPABIICHUS.
METO/bI NCCJIEAOBAHUA

B pabore wucmonb30BaH ~ KOMIUICKCHBIM — MOJXOJ,  BKIIOYAONTUN
AHAIMTUYECKUE METOAbl, MATEMATUYECKOE MOJICIUPOBAHUE W  YHCJICHHBIC

DKCHEPUMEHTHI. ACHHXPOHHBIM TeHepaTop MHUKpol DC ommuceiBaeTcs CUCTEMOU
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ypaBHCHI/Iﬁ CTaTUYCCKOro pcxumma C y‘-IéTOM MAardfMTHOIO HACBIIMCHUA H

napaMcTpOB HAI'PY3KH.

Jlns  craOunu3aluy  BBIXOJHOTO HAMNpPsDKEHUS MPEAJIOKEHA CHCTEMa
YIIPaBJICHUsT PEAKTHUBHOMW MOIIHOCTBIO Ha OcHOBe PID-perynsaropa. Hactpoiika
kodpdummentos  PID-perymstopa  ocyumiecTBisiack — METOAOM  IIOMCKa
ONTUMAJIBHBIX MMapaMeTPOB, 00ECTICUNBAIONINX MUHUMAIILHOE TIEpeperyInpOBaHme

U YyCTOWYMBOCTH MPU U3MEHEHUU HATPy3KH M CKOPOCTH BpAIlICHUs TYPOUHBI.
PE3YJBTATBI UCCJIIEAJOBAHUA

PesynbraTel  MomenupoBaHMS ~— IOKaszanu, 4ro  npumeHeHue  PID-
pPEryJIMPOBAaHMS IMIO3BOJISIET CYIIECTBEHHO YJYUYIIWTh ITOKA3aTEIX KadyecTBa
ANEKTpOosHEeprun B aBTOHOMHOM MUKpol ' DC. KonebaHusi BBIXOJHOTO HaMpsiKEHUS
IPU CKaUKOOOpa3HbIX U3MEHEHUSAX HArpy3KH YMEHBLIAIOTCS, a BpeMs IEPEXOIHOTO

Imponecca COKpamacTCs.

[IpoBenén aHanu3 yCTOWYMBOCTUA CUCTEMBI B PA3IMYHBIX PEXKUMax pabOTHI.
YcTaHOBJIEHO, YTO TMpU ONTUMAIBHO MOA00paHHBIX Kod(dunmentax PID-
perysaTopa  AaCUHXPOHHBIA  TE€HEPATOP  COXPAHAET  yCTOMYMBBIA  PEKUAM
caMOBO30OYXKJIEHUSI U oOecrmeunBaeT JOMyCTUMbIe 3HaueHus KodduimeHTa

MOIIHOCTH.
3AKJIIOYEHHUE

B pesyaprare  mpoBeAEHHOTO — HCCleNOBaHUS ~ pa3paboTraHa U
MpoaHAIM3UPOBaHa CTPYKTypa aBTOHOMHOM MuUKpol' DC Ha 0a3e acHMHXPOHHOTO
reHeparopa ¢ PID-perymupoBanunem. Ilokazano, uyto wucnosb3zoBanue PID-
aJTOpUTMa TI03BOJISICT TOBBICUTH YCTOMYHUBOCTH PaOOTHI reHepaTropa U YIyYIIHUTh

Ka4CCTBO BbBIXOJHOI'O HAIMPAKCHHUA B aBTOHOMHOM PCIKHUME.
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[TommydenHbie pe3yabTaThl MOTYT OBITh UCTIOJIB30BAaHBI MPU MPOSKTUPOBAHUU
Y MOJIEpHHU3ALMN aBTOHOMHBIX MUKpOI'DC 115l CeNbCKUX U YJaJEHHBIX PallOHOB.
JlanpHeiilline  MCCIENOBaHUSA  L€JIecO00pa3HO  HANmpaBUTh HAa  BHEJIPEHHE

aZANTUBHBIX U UHTEIUICKTYAJIBbHBIX METOAO0B YIIPABJICHUS.
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