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MpeanoxeHa cxema fuzzy-perynvpoBaHus peakTMBHOM MOLLHOCTM U Hanps-
XKEHUS B JNEKTPUYECKOW CEeTU, B KOTOPOW B KAYeCTBE MCTOYHMKA PEaKTUBHOM
MOLLHOCTM MCMONb3YHTCS CTaTU4eCKNE TUPUCTOPHO-YNpPaBrsieMble KOMMNeHcaTo-
pbl. Jaetca onvcaHve ¢opManu3oBaHHOW Npoueaypbl HEYETKOro perynstopa
B BMOE HEYETKMX OTHOLUEHUN MEXAY KOHTPONMPYEeMbIMU (HanpsbkeHue) n ynpas-
ngemMbiMM napamMeTpaMmn ceTu (TOK W peakTMBHasi MOLLHOCTb KOHAeHcaTopa).
Ha ocHoBe pacyeTHbIX 3KCNMEPMMEHTOB Ha NPUMepe pearnbHOW 3NEKTPUYECKON ce-
TV Moka3aHa 3(pdeKTUBHOCTL anropnTMa, MPeanoXeHHOro Ansi perynsaropa He-
YEeTKOW IOTMKW, MCMOMb3yeMoro AN PeryMpoBaHuWs CTaTUYECKMMMU KOHOEHCa-
TOpamu.

KnioueBble cnoBa: pacrnpenenuTenbHbie 3MeKTpudeckne ceTu, perynmposa-
HMEe PEeaKTMBHOM MOLLHOCTU W HanpshkeHusl, cTaTuyeckue KoHaeHcaTopsl, fuzzy-
MoAenupoBaHue, PErynsTop HeYeTKOW JIOTMKK.

Mn. 8. Tabn. 2. bubnwnorp.: 14 HasB.

The paper proposes a scheme for fuzzy-regulation of reactive power and volt-
age in electrical power network where static thyristor-controlled compensators are
used as a source of reactive power. Description of formalized procedure pertaining
to fuzzy regulator in the form of fuzzy relations between controlled (voltage) and
controllable parameters of the network (current and reactive power of a condensa-
tor). An algorithm efficiency proposed for a fuzzy-logic regulator and used for regu-
lation of static condensators has been shown on the basis of calculative experi-
ments and an electric power network taken as an exemple.

Keywords: distributive electric power networks, regulation of reactive power
and voltage, static condensators, fuzzy-simulation, fuzzy-logic regulator.

Fig. 8. Tab. 2. Ref.: 14 titles.

Beenenne. Co3anvie yCIOBHIA ONTHMAIBHOTO (PYHKIIMOHUPOBAHUS pacipe-
JIEIUTENIbHBIX 3JEKTPUYECKUX CETEH B 3HAUMTENIBHON CTENEHU 3aBUCUT OT KOp-
PEKTHOTO BHIOOpa M HACTPOMKM CHUCTEM YHPABICHUSI HCTOUHUKAMH PEAKTUBHOMN
MOIITHOCTH UM PEryJMpPOBAHMS HAIPsDKEHUS B y3JaxX CETH. PerieHuro 3amad Bbl-
0opa cpeACTB PETyINPOBAaHUS HANPSKEHUS M PEAKTUBHOW MOIIHOCTH YAEIEHO
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JocTatouHo Oonbiioe BHUMaHue [1—4]. TpaauumoHHO perynupoBaHuE Hamps-
KEHUSI M PEAKTUBHON MOLIHOCTH B SJIEKTPUUYECKUX CETAX BBIMOJHSAETCS COOT-
BETCTBEHHO C MOMOIIBIO ycTpoiicTB nepekirouenus PIIH (perymmpoBanue mox
Harpy3koi) Tpanc(opMaTopoB M CEKIMH OaTapell KOHIEHCATOPOB HIIM pery-
JUPOBaHUEM peaKkTaHca MapajulebHO BKIIOYEHHOH K HUM HWHIYKTHBHOCTH.
Hcnonmuenne stux GpyHKIMI peann3yercs B BUe HHIYKTHBHO-€MKOCTHOM IIEIH,
yIpaBsieMOH TUPUCTOPOM, TaK Ha3bIBAEMBIM CTATHYECKUM TUPUCTOPHBIM KOM-
rreacaropoM (CTK) [5].

Ha mpaktuke nmpumensiercss CTK, cxema KOToporo MokeT OBITh THO0 B BHIC
napajie bHO BKJIIOYEHHBIX KOHIEHCATOPOB C MOCTOSIHHON BETMYMHOW €MKOCTH
U peakTopa, MHIYKTUBHOCTb KOTOPOH PeryJupyercsi TUPUCTOPOM (3TOT THUI
CTK wu3Bectren kak FCTSC [6]), 1100 B BHIE TOH K€ CXEMBI, HO C H3MEHSIO-
Lielicsl BEIMYMHON eMKOCTH KoHaeHcaropa [7]. Ilpu aTtom Tpebyemast BennuuHa
€MKOCTH yCTaHABJIUBACTCS 110 YHUCITY BKJIIOYEHHBIX CEKLHM, KOTOPOE TAK¥KE pe-
T'YIHAPYETCS TUPUCTOPOM.

TupucropHo-ynpasnsemble koHaeHcatopsl THna FCTSC HaxoadT mmupokoe
MPUMEHEHUE B PACHPEACIUTENbHBIX JIEKTPUUYECKUX CeTSIX IJIsl CTaOMIN3aluu
HanpsDKeHUsl B y3nax Harpysku [8, 9]. B nmomonneHue k OCHOBHOM (yHKUUNH,
CBSI3aHHOM C perynupoBaHueMm HamnpspkeHus, peakranc FCTSC-xonnpencaropa
MOJKET OBITh TaKK€ MCIOJB30BaH AJIs1 OcialieHus KojeOaTeabHbIX MPOLECCOB
B cucteme [10, 11].

CymecTByOIe METOIbl KOMICHCAIIMH PEAKTHBHOW MOIIHOCTH, BbIOOpa
BEJIMYMHBI U MECTa €€ Pa3MELICHUS B PEATbHBIX IEKTPUUYECKUX CETSIX OCHOBA-
HBl Ha PELICHUH 33a7ayll MUHUMM3ALUN HOTEph AKTUBHON MOIIHOCTH, BBI3BAH-
HBIX IIEpelayeil PeaKTUBHOM MOIIHOCTHU B TUX ceTsX. [Ipu 3ToM nmpumeHsiemble
CHCTEMBl aBTOMAaTHYECKOT'O PETYIMPOBAHMS PEAKTUBHOM MOIIHOCTH 00IagaroT
OONBIION 30HOW HEYYBCTBUTEIHHOCTH H3-3a NPEIBAPUTENBHON HACTPOMKH HX
Ha 3a/laHHOe (UKCHPOBAHHOEC 3HAYCHHE KOHTPOJMPYEMOro mapamMerpa. B pe-
3yJIbTaTe HEy4yeTa M3MEHYMBOCTU HArpy3KH yBEIMYHBAETCS MOTPEIIHOCTH MPH
BbIOOpE YHCIIa BKIIOYEHHBIX CEKIHH.

B cratpe mpennoxena cxema ynpasnenust CTK, ucnonbs3yemMbiM B KadecTse
perynsTopa HampsbkeHus. PerynupoBaHue OCYyIIECTBISIETCS IyTEM YIpaBiie-
HUSI TOKOM THPUCTOPOM B LIENH KaTYIIKH, BKIIOUYCHHOW MapajuieIbHO EMKOCTH.
AnroputMm ynpasienusi Tokom CTK peanuszoBan Ha 6aze fuzzy logic-anmapara.

BaxabIM BKJIaJI0M BBITIOHEHHOM aBTOpamMH pabOTHI SBIISIETCS MpearaeMas
CTpaTerus PeryJUpOBaHUS PEAKTUBHOW MOIIHOCTA W HAIPSDKCHHUS, 00eCIeuu-
Barollas riOKOCTh aBTOMAaTHYECKOTO PEryJIMPOBaHHs KOHIEHCATOPOB M TPaHC-
(¢hopMaTopoB nmyTeM yueTa AMHAMHUKH U3MEHEHUS HAIIPSKEHUS B CETH.

CTpykTypa peryasitopa He4eTKOW JOTMKH JJisl YNPaBJIeHUs PeaKkTHB-
Hoii MmomHocThi0 CTK. Cymuocts pabotst CTK cocTouT B reHepupOBaHUH
B DJIEKTPUYECKYIO CETh YIPABIIEMOr0 €MKOCTHOTO WJIM HWHAYKTHBHOIO TOKa
C TeM, 4TOOBI TMOAJEPKMBATh 3a/laHHyl0 BennuuHy HampspkeHus. Cxema CTK,
ucnonaenHoro B Buge FCTSC, mpencrasnena Ha puc. 1, a ero pabouast xapak-
TepHUCTHKa [6] — Ha puc. 2.

CoriracHo cxeme puc. 1, peryaupoBaHue HANpPSDKCHUS B y3JI€ BKIIOYCHUS
CTK B cxeMy 3JE€KTPUUIECKON CETH OCYIIECTBISETCS M3MEHEHHEM TOKa B BET-
BU MHAYKTUBHOCTH (peaktopa). [lonnepkaHue HampspkeHHS Ha YPOBHE HOMU-
HAJIbHOTO 3HAYCHUA ITPU €TI0 IMOHWXCHUN WJIN IMOBBIMNICHUU OCYHICCTBIIACTCA 3a
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CUET PEryJIMPOBAHUS UHIYKTUBHOTO COMPOTHUBIICHUS PEAKTOpPa COOTBETCTBEHHO
B CTOPOHY YMEHBIICHHUS (UTO COOTBETCTBYET MAKCHMAaIbHOMY 3HAYCHHIO IMPO-
BOJMMOCTH II€MH MHIYKTUBHOCTH Bpay) MM yBeTHUYCHHUS (MUHUMAIBHOE 3HAYE-
uue Bnin) (puc. 2).

!
BKITH |—>| BYT -
A

Puc. 1. Cxema CTK: BKITH — 6510k KOHTpOJIS Iepexo/ia TOKa epe3 Hyllb;
BYT — Gnok ynpasnenust Tupucropamu; BBAC — G110k BbIIENICHUS aMIDIUTYAB! CUTHAJIA;
@ — punbtp; P — perynsarop

V\Bmin

B -~
max - u &

EMKocTh MNHaykTuBHOCTD

Puc. 2. Pabouas xapakrepuctuka CTK

OddexrurHocTs GyHkuronupoBanus CTK 3aBHUCHT OT 4€TKOW HACTPOUKH
napamMeTpoB OJIOKOB CXEMBI, KOTOpasi, B CBOIO OYepe/lb, 3aBHCUT OT XapaKTepa
KOJICOAHUST HANPSDKEHUSI B KKIOM KOHKPETHOM Y3JI€ 3JIEKTPHUYECKOH CXEMBI.
OOBIYHO KOJIEOaHWE HAIIPSDKEHHS UMEET CIy4alHbIH XapakTep, YTO BIUSCT Ha
COTJIACOBaHKE TPoIIecca yNpaBleHHs BeInunHol Toka B ernu L—C.

ABTODBI TIpeJIararoT UCIOJIb30BaTh NPUHIIMII PErYJIATOPa HEUETKOW JIOTHKH,
B KOTOpOU perynupoBanue peakTuBHOro Toka CTK BbIMOMHSETCS ¢ BBICOKOM
YYBCTBHTEJILHOCTBIO C MPAKTUYECKUM YYETOM BCEX COCTABIISIFOIIUX KOJeOaHMi
HanpspkeHus. CTpyKTypHasi cXeMa CHUCTEMBI YIPAaBICHHsI PEAKTUBHON MOIIHO-
CTBIO B paclpeAeTUTeIbHON 3MEKTPHUECKO CeTH Ha OCHOBE HEYETKOH JIOTHKH
npuBeaeHa Ha puc. 3. JlanHas cxema paboTaeT CIEAYIOIIUM 00pa3oM: H3Me-
PSIOTCS BEJIMYMHBI peakTHBHOW MouiHocTH Q B Harpyske | um HampspkeHus ce-
™1 U, COOTBETCTBEHHO JaTYWKaMH PeakTWBHOW MormHocTH 2 (APM) u Hamps-
xenus 3 (JIH). 3atem Ha nepBblii BX0J cymMaropa 5 mocTynaer 3aganue Qye,
a Ha BTOPOM BXOJ — TEKYIEE 3HAUEHNE PeakTUBHON MolHocTH oT [IPM. OnHo-
BPEMEHHO Ha BX0J cymmaropa 4 nocrynaer 3agaHue Uy, a Ha BTOpOH BX0J —
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TeKylee 3HayeHue HanpspkeHust cetd oT JIH. IlomyueHnHbie OTKIOHEHHS 1O pe-
AKTHBHOM MOIIIHOCTH M HAIPSKEHUIO MOCTYNAIOT HA BXOJ HEUETKOrOo KOHTPOJI-
Jiepa, BBIIEIEHHOTO Ha PUC. 3 MyHKTUPOM.

NUC

Puc. 3. CtpykrypHas cxema CHCTeMbI fuzzy-ynpaBieHus peakKTHBHOH MOITHOCTBIO

Kontponnep Bxmouaer B cebs: Qaszsuduxarop 6, npeaHa3HaAueHHbIA A
TpaHc(OpPMaLUU YETKUX CUTHAIOB B HEYETKHUE MHOXECTBA; TAaOJHULy JUHIBU-
ctuueckux npasun (TJIII) 7, T. e. COBOKYNTHOCTh HEYETKUX MpPaBUJI, ONHCHIBAIO-
IIMX HEYETKHE OTHOIICHHUSI MEXIY BXOJHBIMH IIapaMeTpaMM KOHTpOJJIepa; Je-
¢az3udukaTop 8, rae mosyuyeHHOE HEUeTKOe 3HaYeHUe Iocie aedazzudukanuu
B BHJIE YETKOTO YMPABISIOIIEIO BO3/ICHCTBHSA IMOCTYMAET Ha BXOA OJOKa yrpas-
JICHHUS MOIIHOCTBIO OaTapen KOHAEeHCcaTopoB 9 u Ha 6J0ku komMyTaruu 10.

Kpurepuem xauecTBa CCTEMBI SIBISETCS

b(Q)=5 5-Q..

rae s(Q)— omuOKa (OTKIOHEHHs) [0 PeakTHBHOU MomHoctH; Q. — 3amanHOe

ycT
3HaYeHHE PEaKTUBHON MOITHOCTH.
Ommbka 1o peakTHBHON MOLIHOCTH S(Q) ompeessieTcs MO BBIPAXKEHUIO

£(Q)=Q,.. —¥(Q),

rac y(Q), QyCT — TCKYHICC 3HAYCHUC BBIXO,HHOﬁ HepGMCHHOﬁ H 3aJaromiero

BO3JICUCTBUS CUCTEMBI.
OTKIIOHEHHE MO HAIIPSDKEHUIO ONPEIEIIIEeTCs B MPOLEHTAX
Uu-u
V = U—mm -100,

nom

rae U, U, . — dakrudeckoe 3HaueHHE HATIPSHKEHUS 1 HOMUHAJIBHOE HAIIPsDKe-

HUE CETH.

AJaroputm ynpasJjeHusi Ha ocHoBe fuzzy logic. C nenpro KommneHcauu
PEaKTUBHOW MOIIHOCTH JUIS MOCTPOEHHS aNroputMa fuzzy-ympaBieHusi CTaTu-
yeckoil KoHneHcaTopHoi Oatapeeit (CKb) ObImM NPHHSTHI TPH JIHMHTBUCTH-
YecKHe IMEPEeMEHHBbIE: HaNpsDKeHHEe, PEaKTHBHAs MOILIHOCTh W YIIpaBIICHHE.
[lo ykxa3aHHBIM JIMHIBUCTHYECKHUM IEPEMEHHBIM AJIS MOCTPOEHHS AJITOPUTMA
fuzzy-ynpasienust 66T MCONB30BaH makeT mporpamm Fuzzy Logic Toolbox
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B cpeae MatlLab [12]. B paccMOTpeHHOV HEUYETKOW 3KCIEPTHOW CHUCTEME €CTh
JIBE BXOJHBIC JMHIBHUCTUYCCKUE TIEPEMEHHBIC — HAMPSIKCHHE W PEaKTHBHAS
MOIITHOCTh, M OJIHA BBIXOJHAS JIMHTBHCTHUYECKAs MEPEMCHHAs — YIPaBIICHHUE.
Jlis mpuHATHS JIOTUYECKUX PEIICHUH pacCMOTpPEHHAs HEYeTKas SKCIepPTHAS
CUCTeMa IIPUBEICHA Ha puC. 4.

IANAIAD
Lk
INVAVAY
EANAVEVY. V, Q
Q ‘
Mamzaanu A/
(YY) 54 npasuna Y
\

Puc. 4. CtpykrypHas cxema fuzzy-ynpaBieHus

[To BBHIIENPUHATHIM JIMHTBUCTUYECKUM TMEPEMEHHBIM MJISi CUCTEMBI, Tpe/I-
JIO’)KEHHOW Ha PHC. 2, TOJDKHBI OBITh COCTABICHBI 54 HEUETKHUX JIOTHYCCKUX Ipa-
Bwia. Tak, Jisl JTMHIBUCTHYECKOW NEPEMEHHON «PEaKTHUBHASI MOIUHOCTH» —
nessitb Tepm: NVB — oTpunarensHo odeHnp Oonbmiast; NB — orpunarenbHo
6onbmias; NM — otpunarensHo cpenusis; NS — oTpuniatensHo Manast; Z — HyJlb;
PS — monoxxurenpHo Manas; PM — monoxurtenbHo cpenasis; PB — momoxurens-
HO Oompimas; PVB — momokurensHO odeHb Oonbmias. JIJIs JTHHTBUCTHYICCKOM
MepeMEeHHON «HampsbkeHue» — mecTb TepM: CV. — aBapuiiHOoe OTKIOHEHHE;
NM — orpumarensHo cpenssist; NS — oTpunatenbHO Manas; Z — Hynb; PS — mo-
JOXUTENbHO Manas; PM — nonoxurensHo cpeansis. st TMHIBUCTUUECKOU Ie-
pEeMEHHOHN «ympaBieHue» — Tpu TepMbl: DC— OTKIIIOYUTH €MKOCTh; Z — HYIIb;
CC — BKJIIOYHTH EMKOCTb.

Oynkunn npuHaanexHocTr (OIT) ams kaxmoit U3 TpexX THMHTBUCTHUECKUX
MEPEMEHHBIX MOYKHO MPHUHSITH KaK SKCIMOHESHIMAIbHYIO (QyHKIuio (puc. 4) [13].
HedeTtkue noaMHOKeCTBa JJMHTBUCTUYECKOM TIEpEMEHHON OIMOKH 110 PeaKTHB-

Hoil MomHocTH E; onpenerens! o cienyromneMy JIMHIBUCTHYECKOMY SI3bIKY:

E,;=NVB (orpuuarensHo oueHb Goblirast) A(S, Hll(S(Q)));

E,,=NB  (orpumarensHo Gosbiiast) é(g, P (S(Q)))’
E;=NM = (orpumarensHo cpemmsis) 2(87 M3 (S(Q)))’
E,.=NS (oTpULaTenpHO Majtas) 2(87 Wiy (S(Q)))’
E S92 (HyJ1B) é(g' His (S(Q)))’ (1)
E16 =PS (ITOIOXKUTENBEHO Matas) é(ﬁ, g (S(Q)»
E;,=PM  (nonoxurensHo cpemsss) 2(81 Hq7 (S(Q)))1
Es=PV  (nonoxwurensHo Gosbiiast) é(& Hig (S(Q)))’
E,, =PVB (nonoxwurensHo oueHb GombLIast) é(& Hig (S(Q)))

Hederkne mnonMHOXeCTBa JMHIBUCTUYECKOM IEPEMEHHOM OTKIOHEHUS
Hanpsukenns E,; onpenenensl no cienyromemy s3biky:

E,,=CV  (aBapuiiHoe OTKIOHEHIE) AV, 1, (V));

33



E,,=NM  (orpunarensno cpemusis) é(V o, (V)):
E,;=NS (OTpHULATENIEHO MaJlast) é(V sV
E,,=Z2 (Hy1B) é(V , H24(V ))' )
E,. =PS (TIOJIOKUTETBHO MaJiasi) é(V : st(V )),
E,,=PM (TTONIOKUTETBHO CPETHSIS) é(V : uze(V )

Heuerkre moJMHOXKECTBA JIMHIBUCTUUECKON MEpPEMEHHOU E3v YIPABJISIIO-
LIETO BO3JCHCTBUS Ha Oaraped KOHACHCATOPOB OMpPEIENICHBI MO CIEAYIOLIEMY
SI3BIKY:

E;; =DC  (oTkmrounts eMKOCTB) A(Y , ],L31(Y )),

E;, =2 (HyI1B) A(Y : },t32(Y )), (3)

E;;=CC (Bkmrouuth €MKOCTB) A(Y , |.t33(Y ))

Ucnone3ys neyetkne muoxecrsa Ey, E,;, U, Bunos (1)=(3), MoxHO 3a-

MHCaTh HEYETKOE OTHOIICHUE 00Jiee KOMITAKTHO

m
R=E AEyAEyVE, AE,AE, v VEGAE, AE, = JR,. (4)
=1

OO0uIMe NpeeNbl H3MEHEHHS U HEYETKHE MOIMHOKECTBA COOTBETCTBYIONINX
otkionenuii Bxon08 (Q, V) u ynpasmsromiero Bozzueiicteust (Y) npunumarorcs

Ha OCHOBE JKCIIEPTHBIX 3HAHWH O MPOIECcCE YIPaBICHUS PEaKTUBHOW MOIIHO-
CTBIO HccIemyeMoro o0bekra. B kadectBe mpumepa B Tadn. 1 mpu popmuposa-

HUU HEYETKHUX MPaBWJI MPUHATHl 3HAUEHUS I Q—(i320 KBap), OTKJIOHEHHUS
Hanpspkenus 20 % u ynpapasiromero Bosaerictaus 80 kBap.
®IT HEYETKNX MHOXKECTB LL;; (S(Q)), Hyj (V ), Mg, (Y), OLIMOKH IO PEaKTHB-

HOM MOITHOCTH, HAIIPSPKEHUIO U YIIPABJIAOLIEMY BO3HGfICTBHm Ha 6aTapeI/I KOH-
ACHCATOPOB MMOCTPOCHEI ITO CICAYIOUIUM BBIPAXKCHUAM:

i (£(Q)) = exp(~aui[e(Q) &

), i=1,9;

Haj (V)=6Xp(—Q2j ‘V —V2;

). i=15 Q)

pay (Y)= exp(—q3y ‘Y ~Ys,

), y=13.

Hns nmoctpoenuss u ucnonb3zoBanus TJIII perymsTopa 3apaHee 3amaroTcs
3HAUCHHUS L1, Mj, U3y, TPH KOTOPBIX €(Q), V, Y mpuHAIIe)aT COOTBETCTBYIONIINM
MHOKECTBaM Eyj, FEjj, Es,. CormacHo mociefHeMy, HOCTOSHHBIE (i, O, s,
B (4) onpenenstoTcs U3 BHINOJIHEHHS 33JaHHBIX YCIOBUH:

1,(2(Q)20.5 mpn 5(Q)<E,
uzj(V)ZO,S mpu V eE,;;

Mg, (Y)=0,5 npu Y e E,,
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BeIpaxkeHus (5) §; (i :1,_9), Vs, j (j :5), ?3}'(’}/:1,_3), COOTBETCTBYIOIIETO

CPEIHUM 3HAYCHHUSM I-TO, J-TO, Y-TO MHOXECTB OIMHUOOK MO PEAKTHBHON MOIIHO-
CTH, OTKJIOHCHUIO HANPSHKCHUS M YIPABILIFOIIUX BO3JEHCTBUH, Y KOTOPHIX CTe-
MIeHb MPUHAJICKHOCTH paBHa 1,0.

OnpenenieHHbIC 3HAYCHUS MOCTOSHHBIX Kod(duuentor I npuseneHsr B
Tabm. 1:

Chi(i:]Tg); qzj(j 175)7 qsy(Y:L_?’);

ey (i=19); V,;(i=15); ¥ (v=13).

Tabnuya 1
llncneﬂm,le 3HAYCHUSA napaMeTpOB
i J, v
Hapavierp = 2 3 4 5 6 7 8 9
B 320 | —240 | -160 | -80 0 -80 160 240 320
Oy 0,0139 | 0,023 | 0,0139 | 0,023 | 0,0139 | 0,023 | 0,0139 | 0,023 | 0,0139
Vi, % —40 -1 -6 0 6 11
0y 0,025 | 0,347 | 0,231 | 0,231 | 0,231 | 0,347
Y3y, KBap -80 0 80
Qs 0,023 | 0,0139 | 0,023

Cornacuo BeipaxxeHusim (1)—(4) pazpaborana TJIII HeyeTKOro perynsTopa.
IIpyn ABYyX BXOJHBIX M OJHOM BBIXOAHOW IEPEMEHHBIX AITOPUTM YIIPaBICHUS
MpecTaBiIeH NPSMOYToJIbHOM MaTpuieH (Tada. 2).

Tabnuya 2
IpaBuia Jj1s1 HEYETKOT 0 PeryasiTopa

NVB NB NM NS Z PS PM PB PVB
CcVv
NM CcC (o cC CcC cC
NS cC cC cC CcC CcC
Z CcC DC DC
PS DC DC DC DC
PM DC DC DC DC

B cinydae perynupoBaHus peaKTUBHOM MOIIHOCTH Ha IIMHAX MOACTAHLIUU B
KadecTBE HEYETKOTO alropuTMa ObLT BBIOpaH anroputM MamaaHu. OTo o0Obsic-
HSIETCS HECKOJIbKUMU (pakTopamu [13]:

e TIPOCTOTA MPOTPAMMHPOBAHUS: anroput™ Mammanu Hanbolee MpocT U To-
HSATEH JIJIS IPOTPaMMHUPOBAHUS;

e IIPH TIPOTPAMMHPOBAHUN AITOPUTMA HE CTOJh Ba)KHA TOYHOCTH BBIBOJA,
CKOJIBKO «HATJISTHOCTHY U ITOHATHOCTHY» BCEX COCTABISIONINX aNropuTMa. Aj-
roput™ MamIaH! yJIOBIIETBOPSIET 3TOMY TPEOOBAHUIO.

JlaHHBIN aJITOPUTM SIBJIIETCS HauOoJiee 4acTO NPUMEHSIEMbIM Ha IPAKTHKE,
TaK KaKk OYeHb XOPOIIO ce0s 3apeKOMEHJIOBAJl B PsiJie 3ajad yIpaBJICHUS B pe-
KUME peajbHOro BpeMeHH. MaTeMaTHYeCKu OH MOXET OBITh OIHCaH CIeIyo-
el oCIea0BaTeILHOCTRIO Iaros [14].
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1. HeueTKoCTh: HAXOAATCS CTENICHU UCTUHHOCTH JTSl TIPEAMOCHIUTOK KaXKI0TO
MpaBmiIa:

A(%): A(%): Bi(Yo): By(Yo).

2. Hederkuii BBIBOJ: HaXOASATCS YPOBHH «OTCEUCHUS» IS MPEANOCHUIOK
Ka)KIIOTO M3 TIPaBUII (C UCIIOJIBE30BAHMEM OIIEpaITiK min):

oy = 'Al(XO)ABl(yO); o, :Az(xo)/\Bz(YO)a

r7ie 4epe3 « A» 0003HaUeHa oIepanus JOTHIeCKOT0 MHHHMyMa (min), 3aTeM
HAXOJATCS YCEUCHHBIC (DYHKIUH MPUHAICKHOCTH:

r_ .
Ci=(a, AC,(2));
4 p—
C; =(a, AC,(2))
3. Kommosuuus: ¢ HCHONb30BaHHMEM omnepanud max (00o3HayaeMo Kak
«V ») MIPOU3BOJIUTCA 00bEAMHEHHE HAHICHHBIX YCCUCHHBIX (DYHKINH, YTO MpH-

BOJUT K IMOJIYYECHHIO HCTOBOI'O HEUETKOr0 MOJAMHOMKECTBA JJIsl IEPEMEHHOI BbI-
xonga ¢ @II

e (2)=C(2)=C(Z2)vC(Z)=(oa AC(Z)) v (02 AC2(Z)).
4. Hakonen, npuBeieHHE K YETKOCTH (MU HaXOKIAEHUS Zg) MPOBOIUTCA,
HanpUMep, LEHTPOUIHBIM METOIOM (KaK LIEHTP THKECTH Ui KpuBoil Upls (Z ))

[Zp;(2)dz

zozjjiiyiﬂ

B pesynprare MammHHOrO MOAEIUPOBAaHMS MosydyeHa onTumanbHas TJIIL
HeueTkoro peryistopa CKB. Anroput™m npuHsTHS penieHus (He4eTKUH Jlorude-
CKHUIl BBIBOJ]) HEYETKOH CHCTEMBI, OCHOBAaHHBIH Ha anropurMe MamuaHu, Ipu-
BEJICH Ha pHUC. 5, a TPEXMEPHOE MPECTABICHUE MOTYUYEHHUs YIPaBIsIEMOTO BO3-
JeHCTBUS — Ha puC. 0.

Q=0 V=0

Puc. 5. IIpouenypa npuHATHS Puc. 6. lnarpamma hopMUpOBaHHS
perreHus YIIPaBIISIONINX BO3EHCTBUIHA
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[MpakTHyeckasi peanu3anus nMpenjiaraeMoro ajaropurma. /s mpencras-
neHust A¢PGEKTUBHOCTH HCIONB30BAaHUS MPEIOKEHHOTO BEIIIE aJNTOpUTMA
fuzzy-ynpasnenus CKb B pacnpeneuTeabHON 3eKTPHUSCKON CeTH Ha puc. 1 u
B Ta0n. 1 mia tummmaHo cetn 35/10/0,4 kB ¢ mpuMeHeHneM makeTa MmporpamMmm
MatLab ObUTH MPOBEICHBI CPAaBHHUTEIBHBIC pacdeThl. JIJIT MCXOTHBIX ITapaMeT-
POB nuana3oHa u3MeHeHus HanpspkeHus mmH 10/0,4 kB 6b1u1o npunsito £20 %,
aKTWBHAs M peakTuBHas Harpy3ku cooTBercTBeHHO 400 kBT 1 215 kBap, a uH-
TepBajJ U3MEHEHHs peakTHBHOW MomHocTH +320 kBap. s pacnpenenuTensHo-
ro tpancopmaropa tumna TM-630/10 comporuBiieHHe OBIIO OMPEIEICHO COOT-
BeTcTBeHHO R, = 2,12 OM u X, = 8,50 Om.

Ha ocHOBe BepOATHOCTHOTO MOJECTHPOBAHUS HW3MEHEHUS PEaKTUBHON
Harpy3Kkd Ha pHC. 7a MPEICTaBIEHB rpayKu CPaBHUTENBHOTO (yHKIIHOHUPO-
BaHUsI HEUETKOTO M TPaJUIMOHHOTO YNpAaBJICHWH, a Ha puc. 70 — 3aKoHOMEp-
HOCTb M3MCHCHHUS HAIIPSDKCHUS HA MOTPEOUTENBbCKUX MMHAX. Kak BUAHO U3 MO-
JENBHBIX PAacyeTOB, OTHOCHUTENBHO K TPATUIIOHHOMY YIPaBICHUIO AITOPUTM
fuzzy-ynpaBnenus, paboras Gonee 4eTko, odecreunBaeT NPOMUIL HAIPSHKCHUSI
B MOTPEOISIONMEN U MUTAIINX CETAX B JOIMYCTHMBIX IIpeIenax, a TaKkxKe, Bbl-
noiHss 3 dexturnoe ynpasinenue CKb, obecnieunBaeT nsmenenue koshduiu-
C€HTa MOLIHOCTHU B MPECACIaX HOPMBI.

1,0
Q, 0. e.
08 1 L
07 1
06 1 2
05
04 - ,\
03 N \ ) \ N
024\ y 3 A
01 1
0 : : : : :
1 5 9 13 17 21 25

Homep YCNOBHOIo pexuma

6

1 5 9 13 17 21 25
Howmep ycnosHoro pexumva

Puc. 7. lnarpamma paGoThl TpaIUIUOHHOTO U fuzzy-ynpaBieHus:
a — N3MEHECHUE PEaKTUBHOM Harpys3ku; 6 — N3MEHEeHHe HAaPsDKeHNUS; 1 — MCXOMHBIA PEKUM;
2 — TIpy HEYETKOM YIPaBICHUH; 3 — IIPH TPAJUIIIOHHOM YIIPaBICHUN

I'padykn m3MeHeHus Kod(dHIieHTa MOIIHOCTH MpUBEICHBI Ha pHC. 8a,
a (GYHKLIMM ee pacipeieNieHus], KOTOpbIe MOATBEPKAAIOT BhILICHIEPEUMCIICHHBIE 3a-
KJroyeHus, — Ha puc. 80. Tak, MO0 CpaBHEHMIO C TPAJULHOHHBIM YIIPABICHUEM,
B fuzzy-ynpaBnenuun 3naveHusi kod(HIlHEeHTa MOIIHOCTH C BEPOSTHOCTBIO P =
= 0,95 momyuarotcst B npefieniax HopMbl. Ha puc. 7a, 6 u puc. 8a Ha ropu3oHTaIIb-
HOW OCH OTJIOXKEHBI HOMEpA yCIOBHBIX PEXHMOB, COOTBETCTBYIOIIHX 337aBaeMbIM
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3HAUCHUSIM PEAKTUBHON MOIIHOCTH HArpy3KH, U3BICKAEMBIM M3 ITOCIICA0BATEIILHO-
CTH CITyYaifHOTO MOJICTMPOBAHMA €€ M3MEHEeHus B mHTepBaje +320 kBap.

a 9
11
Lol cosf o 3 1.0 1F(cosf)
B ~ _ /_/’\/ 0’8 |
0,9 4 \/\/
\/ 06 1
08 ™~
1
07 041 2
5 1 / 0 2 |
061 cosf
05 ‘ ‘ ‘ ‘ ‘ ‘ 0 ' ' '
1 5 9 13 17 21 25 0,7 0,8 0,9 1,0

Homep ycnosHoro pexvmMa

Puc. 8. 3axoHOMEpHOCTh U3MEHEHUsI KO3 DHUIIIEHTa MONITHOCTH: & — KPUBBIC U3MCHCHHS:
1 — HCXOQHBIN peXKHUM; 2 — IPU HEYESTKOM YIPABICHUH; 3 — PU TPAJULHOHHOM YIIPABICHHHY;
6 — GyHKUMK pacTipeeneHus: 1 — UCXOAHBIH PeXUM; 2 — IPU HEYETKOM YIIPaBICHHH

IIpu uccnenoBanuu pabOTHl HEYETKOTO KOHTpOIIepa, (YyHKLIMOHUPYIOIIETO
Ha OCHOBE ajroputMa MamjaHu (IpU PETyIUPOBAHUM PEAKTUBHOM MOIIHOCTH
B PACHpPEIENHUTENbHBIX CETSIX), KpPOME BBILICYKa3aHHBIX Ppe3yJbTaToB, OBLIO
YCTAHOBJICHO, YTO HEYETKUN alITrOPUTM MPOU3BOIUT MEHBIIEE KOIUYECTBO IIe-
PEKIIIOYeHUH MO0 CPaBHEHMIO C KIJIACCMYECKHUM M <«IIOJICTPAMBACTCA» C YUYETOM
TEKYILETo MOJIOKCHHS CTYNeHeH KOHAEHCATOpHBIX OaTtapeil. Cuctema, mocTpo-
€HHasl Ha OCHOBE IPEUIOKEHHOT'0 aJIlOPUTMA, [IO3BOJIAET OCYLECTBIATh YCTOM-
YMBOE YIPaBJICHNE KOMIIEHCATOPOM.

BbIB O 1 bl

1. C yyeToM BepOATHOCTHOTO M HEOIPEIEICHHOT0 XapakTepa MepBUYHON
nHpopManun pazpabotaH >PGEKTHBHBIN aITOPUTM YIPABICHUS HUCTOYHUKOM
PEaKTHBHOM MOILIHOCTH B PacHpeleIUTENIbHON 3IEKTPUUECKON CETH 3HEProcHU-
CTeMbl, OCHOBAaHHBII Ha IPUMEHEHHH amnapaTa HEYETKON JIOTUKH.

2. Ha ocHOBE MAalIMHHOTO MOJEJIMPOBAHUS BBINOJIHEHA pealn3alus Mpef-
JIOXKEHHOM cucTeMbl fuzzy-ynpaBiaeHus CTaTHYECKOW KOHICHCATOPHOU Oatapeeit
JUISE KOMIICHCALlMY pEaKTUBHONW MOIITHOCTH B y3nax ceTu. IlomyueHHble cpaBHU-
TEeNbHBIE PE3yJIbTaThl pacyeTa MOKa3alld NPEeUMYILECTBO pa3pabOTaHHOTO AJro-
pUTMa [0 CPABHEHHIO € CYIIECTBYIOLTIMH.

3. Cuctema, TIOCTpOEHHAsl HA OCHOBE MPEATIOKEHHOIO alrOpPUTMA, MO3BOJSET
OCYILIECTBIISTh YCTOMUMBOE YIPABJICHUE KOMIIEHCATOPOM M HOBbIMIAET 3deKTrB-
HOCTb PacIIpeAeNICHUs AIEKTPOIHEPTUY B CUCTEME pacIpe/Ie/IUTEIbHON CETH.
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