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MODEL OF VOLTAGE REGULATOR OF ELECTRICAL DISTRIBUTION
NETWORK

Pospobreno imimayitiny mooens pezyiamopa Hanpyeu 3 GUKOPUCMAHHAM MUPUCMOPHO-KOMYMOBAHUX 6amapeil cma-
muunux Konoencamopie y npozpamuomy cepedosuwyi MatLab Smulink. Moodeaw doszsonsie docrioumu eniue mupucmopHo-
KOMYMOBAHUX bamapeti CmamuyHux KOHOEHCAMOPIG HA Pe2yIO8AHHs HANPY2U 8 eAeKMPUYHIT MEPeXCi ma 3anobiemu GUHUK-
HEHHIO NepexioHux npoyecie nio 4ac nepemukants Konoencamopis. Lle nosumugno eniune Ha mepmin CysHcou KOHOEHCamo-
i, a makoic nioguwums AKICMs eleKmpoeHepeii 6 yiiomy.

Knwuogi cnosa: pezyniosanns nanpyau, imimayitine mooenoéanns, bCK, enexkmpuuna mepesica, nepexioni npoyecu.

Paspabomana umumayuonnas mooenv pezyiamopa HAnpA#CeHuss ¢ UCHONIbI0BAHUEM MUPUCTNOPHO-KOMMYMUPYEMbIX
bamapeti cmamuyeckux KoHOeHcamopos 6 npozpammnoil cpede MatLab Smulink. Mooeaw nossonsiem ucciedosamo enusinue
MUPUCHOPHO-KOMMYMUPYEMbIX Oamapei Cmamu4ecKux KOHOEHCamopo8 Ha Pe2yIupO8aHUe HAnPsdiCeHus: 8 SNeKmMpUiecKol
cemu u npedomepamums B03HUKHOBEHUE NEPEXOOHBIX NPOYECCO8 NPU NePEKTIOUeHUY KOHOEHCAMOPOo8. MO NONOHCUMENLHO
noeuusem Ha CPOK CIyHcObl KOHOEHCaAmopo8, d MAKHce NOBLICUM KAYECMBO NeKMPOIHEPSUU 6 YETOM.

Knroueswie cnoea: pezynuposanue Hanpaxjcenus, umumayuonnoe mooenuposanue, BCK, sanekmpuueckasn cems, nepexo-
OHble Npoyeccyl.

A simulation model of the voltage regulator using thyristor-switched capacitor banks in the software environment
MatLab Smulink. The model allows to study the effect of thyristor-switched capacitor banks to control the voltage in the
power grid and prevent the occurrence of transients when switching capacitors. This has a positive impact on the life of
capacitors, aswell asimprove the quality of electricity in general.

Key words: voltage regulation, simulation, battery static capacitors, electric network, the processes of transition.

IlocTanoBka npo6JeMu. Bennunaa Hanpyru B pi3HUX TOYKaX €HEPrOCHCTEMH 3MiHIO-
€THCS 3aJIS)KHO BiJl HABAHTAXKEHHS 1 cxeMHu Mepexi. HopmanpHO AOmycTUMI Ta TpaHUYHO J0-
MyCTUMI 3HAYEHHS HANpPYTd MOBUHHI 3HAXOMUTHCS B Mexax 5 %1 +10 % BiamoBimHO Bif
HOMIHAJILHOT HAINPyTy €JIeKTpUUHOI Mepexi. OOMeKeHHs 3a HalOUIBIIO poOOUYOI0 HAMpy-
TOI0 eJIEeKTPOOOIaIHAHHS MOSICHIOIOTHCSA HAAIWHICTIO poOOTH 130JiALlii. 301IBIICHHST HAPYTH
MIPU3BOJIUTH 10 CKOPOUYCHHSI TEPMIHY i1 00JIaTHAHHS, 3MEHIIIEHHS HAPYTH, 1, y CBOIO Uepry,
3HWXKYE MPOJYKTHBHICTh 1 €KOHOMIUHICTh (DYHKLIOHYBaHHS CIIO’KMBAYiB €JICKTPUYHOI €HEp-
rii, MPOMyCKHY 3JaTHICTh JIIHINA eJIEKTpornepeaadl Ta MOXKe MPU3BECTH 0 TIOPYIICHHS CTIHKO-
CT1 pOOOTH CUHXPOHHUX 1 aCHHXPOHHUX €JICKTPOJIBUTYHIB.

Bizomo, 1110 Hampyra Ha CTOPOHI CIIOYKHBava BU3HAYAETHCS 3a hopmysioro [1]:

U=U, ~(P-R+QX)/U,, (1)

ne Uy, —Hanpyra 1neHrpa xusieHss, P, u Q, — akTUBHa Ta peakTHBHA MOTY>KHOCTI HaBaHTa-
KEHHS CTOXuBava, R, m X, — eKBIBaJICHTHUI aKTHUBHUH 1 IHIYKTUBHUHN OMOPU MiXK IIEHTPOM
JKUBJICHHSI Ta CITO’KMBadeM. I3 HaBeneHo1 (GopMysIM BHIHO, IO MOXKHA BIUTMBATH Ha HAIIPYTy
CTHOXHBaya, 3MIHIOIOUM PEAKTUBHY HOTYXKHICTh Q,. 3 Ii€0 METOI0 BUKOPUCTOBYIOTH INpH-
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crpoi FACTS (Flexible Alternating Current Transmissioyst@ms —ruyuki cucremu nepea-
4i 3MIHHOTO CTPYMY), HalpHKIaja, ctaTiuyHuid cuaxpoHHuid kommercatop (CTATKOM) a6o
crarnyanii Tupucropuuii kommnencatop (CTK) [2]. Ane Taki 3acobu mOTpeOyIOTh 3HAYHUX
KaIliTaJOBKJIa/IeHb, TOMY JI PETYTIOBAHHS HAMpPYTH JOLIIPHUM € BUKOPHUCTaHHs OaTapei
crarnyaux kouzgencatopis (bCK).

BCK 3acTocoByIOThCA 1151 TeHEpallii peakTUBHOI MOTYXHOCTI Y By3JaX €JeKTPUYHOI Me-
pexi. Boun OyBaroTh KepoBaHi Ta HekepoBaHi. Y HekepoBaHuX BCK KUIbKICTh KOHIEHCATO-
piB HE3MiHHA, a BEJIMYMHA PEAKTHUBHOI MOTYKHOCTI 3aJI€KUTh JIMIIE BiJ KBajpaTa Hapyru. Y
KepOBaHUX OaTapesix KOHJECHCATOPIB 3aJIEKHO Bl PSKUMY aBTOMATHYHO a00 BPYYHY 3MiHIO-
€TbCA KUTBKICTh KOHIeHcaTopiB. [Ipu nubomy 3miHIoeThes C-emuicTh BCK 1 moTyxHicTh, 110
TE€HEPYETHCA B eNeKTpuuHy Mepexy. BBimkaerHs: BCK cynpoBOKy€eThCSl KHIKaMH CTPYMY, a
BUMKHEHHS — NE€peHanpyramu, 10 HEraTUBHO MO3HAYAETHCSA HA TEpMiHI CIy)OU KOHAEHCa-
TOpiB 1 KomyTamiitHoi anmaparypu. Tomy BCK, o6nanHany BUMHKa4amMu, HE PEKOMEHIYETHCS
BMUKAaTH-BUMHUKATH Oinbie 2-4 pa3iB 3a 100y. st oOMexeHHs CTpHOKIB CTpyMy KOHICHCA-
TOpH TIEpe]l BMUKAHHSIM 00O0B’ I3KOBO MOBHHHI OYTH PO3PSIKEHI 3a JOTIOMOTOI0 PO3PSIIHUX
pesuctopis [1; 3].

st mocnimpkenns BBy BCK, 1m0 ¢yHKIIoHYE y cKitaai eneKTpUudHOT MEPEKi, Ha SKICTh
HaNpyrd EHEProCUCTeMH, €(PEKTHBHUM 3aCO0OM 3aJMIIAETHCS IMITALlifHE MOJETIOBaHHS
dbparMeHTa eJIeKTPUIHOI Mepexi 3 TUpUCTOpHO-KOMyToBaHMMHU BCK 3 MeToro minBHIICHHS
e(EeKTUBHOCTI pETyIIOBaHHS HANIPYTH y BY3JaX €NEKTPUYHOT MEPEXKi.

AHaJi3 ocTaHHiX AocjimkeHb i myOJikauniii. MonemoBaHHsT Ta JOCHIDKEHHS pOOOTH
BCK y cknani enekTpuyHOT Mepexi MPOBOJUTHCS B Pi3HHUX acrekrax. Tak, y [4] po3pobieHo
Mozenb enekTpuyHoi cuctemu 3 BCK, migxmodeHux mo ginstHka mepexi 6 kB. 1o momens
OyJi0 BHKOPHCTAHO Uil JOCIHI/DKEHHS MEpeXiTHUX IMPOLECIB, 0 BUHUKAIOTH MPHU MEpEeMU-
KaHH1 KOHJEHCATOPIB.

VY [5] po3pobneno moaens BCK, migkirouennx mo ainsHku mepexi 20 kB y mporpami
Electromagnetic Transient Program (EMTW)uaseneniii pobori gocmimkeno BB BCK Ha
po0OTY eNeKTpUYHOI MepesKi MpHU MepeMUKaHHI KOHACHCATOPIB, a JAJIsl BUPIIIEHHS NPOOJIeMHU
BUHUKHEHHS TIEPEXiTHUX IPOIECIB 3aMpPOIIOHOBAHO BHKOPUCTAHHS PE3UCTOPIB Ta KOTYIIOK
IHIYKTUBHOCTI 3 KOHACHCATOPaMHU.

BujisienHsi He BUpilIeHUX paHillle YACTHH 3arajbHoOI Mpo0JjeMu. AKTyaJTbHUM 3ajulia-
€ThCS TIMTAHHS BiTIPAIFOBAHHS Ha MOJIENI Ta CTBOpeHHS TakuX perynstopiB ans BCK, siki 3aro-
0iraroTh BUHUKHEHHIO TIEPEX1THUX TPOIIECIB MPH MEPEMUKAaHHI KOHJICHCATOPIB Ta JTO3BOJISIOThH
nociiguty BB BCK Ha eeKTUBHICTD perysroBaHHs HAIIPYTH B €JIEKTPUYHIN MEpexi.

Merta crarTi. ['0710BHOIO METOIO 1€l pOOOTH € PO3POOICHHS IMITAIIITHOT MOJIEII peryJis-
TOpa Hampyru 3 tupucropHo-komyroBaHux BCK B enextpuuHiil Mepexi, sika 6 m03BoinIa
JOCJIIIUTH BILJIMB MOMEHTY KOMYyTallii 6aTapei KOHJIEHCATOPiB HA SKICTh HANPYTH B €JIEKTPHU-
YHIM Mepexi 1 3armo0irTd BUHUKHEHHIO MEePEXiTHUX MPOLIECiB IPH KOMYTAIlil KOHJEHCATOPIB.

Bukiiag ocHoBHOro marepiaay. Mojenb CUCTEMH PEryJlOBaHHS HAMPYTH 32 JOMOMOIO
BCK 0Oyna peanizoBana B nporpamHomMy cepenosuii MatLab Simulink [6].3a ocHoBy mis
CTBOPEHHS MOJieNi OyJIO B3ATO TECTOBY OJHOJIIHINHY cXeMy dparMeHTa eJIeKTPUIHOT Mepexi
3 tupuctopHo-komyroanumu BCK (puc. 1), sika ckiagaeTbcst 3 aBTOTpaHCHOpPMATOpa
ATJILITH-125000/330,10 oomoTku cepeanboi Hanpyrd (CH) sikoro depes JiHIIO TOBKUHOO
25 xm (tun AC-120) ninkiaroueno cunouii Tpancdopmarop TJIH-10000/110./Jo cucremu
aBTOTpaHchOpMaTOp MPHETHAHO Yepe3 MOBITPSIHY JIHIIO AOBXHHOW 45 kM (THIT IPOBOIY
AC-240). Ha croponi mmxuoi Hanpyru (HH) aBroTpanchopmaropa yepe3 NOBITpsHY JTiHIiIO
noBxuHO0 15kM (Tun mpoBoay AC-95) miakmoueHo HaBantaxkenus 1,4MBA, a 1o ctopoHu
HH tpancdopmaropa — 7,8 MBA. Ilig yac MoJentoBaHHSI HaBAaHTAXXCHHS Y JOCIHIDKyBaHiH
cxemi 0yJ10 HE3MIHHHM.

210



BICHUK YEPHIT'IBCBKOI'O IEPXKABHOI'O TEXHOJIOTTYHOTI'O VHIBEPCUTETY Ne 2 (65), 2013

VISNYK OF CHERNIHIV STATE TECHNOLOGICAL UNIVERSITY

330 kB ATJILITH-125000/330
| AC2-240 | AC95
@ T ! ' 15
330 kB 10 kB
1.4 MBA
THAH-10000/110
| AC-120 | @ | |
5 I 1
110 kB 10 kB
b __ i 7.8 MBA
I Cucmema :'1.'“'"“'I‘""",""J“"",'"'I'""",""l"“'"-
| kepysanns | | #/ﬁz #/ﬁz #/#Z 2§/
i:-::-: '_'_'HE = '_'_j':'_' - '_';_'_l'_:'_'_ - _J,__ _____ a

Puc. 1. Oononinitina cxema gppaemenma enexmpuunoi mepesici 3 mupucmopno-komymogarnumu bCK

Monens ¢pparMenTa eIeKTpUIHOT Mepeski 3 TupucTopHo-komyroanumu bCK y ceperno-
suini MatLab Simulinkmokaszano Ha puc. 2.
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Puc. 2. Mooenv ¢ppacmenma enexmpuunoi mepedxci 3 mupucmopro-komymoganumu bCK

[Tincucrema «Sec»sBisie co00r0 O6aTrapero CTaTUYHUX KOHIEHCATOPIB. Y PO3TOPHYTOMY
BUTJISIII CTPYKTYpa i€l MACUCTEMH TIpeACTaBiIeHa Ha puc. 3. KepyBaHHS MiCHCTEMOIO 3111~
CHIOETBCS TIEPEMHUKAHHSIM CUIIOBHX THPHCTOPHUX KitouiB [3]. Y koxHil (a3i cekiii BCTaHOB-
JeHi amrepmerpu (mo3HaueHHs Ha cxemi — Current meterya BoasT™merpu (MO3HAYCHHS Ha
cxemi — Voltmeter),Bin skux iHpopMaIis Mpo 3HAYEHHs CTPYMY Ta HallpyTru B KOXKHIiH (a3i
nepeaaeThes B migcuctemMy KouTpoiio «Th _Control»Ile mae 3Mory KOHTPOJIFOBATH BEJIHYH-
HY CTpyMy B KOXHIil ¢a3i migcucreMu «SEeC»Ta 3[1MCHIOBATH MEPEMHUKAHHS TUPHUCTOPHHUX
KJIFOYIB TIPH MEPEX0/1i HAIIPYTH Yepe3 HyJIbOBE 3HAUYCHHSI.

Ha puc. 4 npeacraBineHo cTpykTypy migcuctemu «Regulator»gka ¢popmye curnaim BBim-
KHEHHS a00 BUMKHEHHS HIJACUCTEM «SEC».
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Puc. 4. [Tiocucmema «Regulator»

MonentoBaHHsI TPOBOIIIIOCS B PEKUMI MAaKCUMaJTbHUX HABAHTAXEHb, TOMY YCTaBKa pe-
rynsaropa ctanoBuia 1,05 Ujonm. Pesynbpratn MogenoBaHHs perymsiTopa Hampyru 3 THPUCTO-
pHOo-KomyToBaHuMH BCK B enexTpuyHiii Mepexxi HaBeleHI Ha puc. 5-8, ae moka3zaHo 3MiHY
Hanpyru Ha mmHax Bl i B2 (puc. 2), 3miny aktuBHOi P, Ta peaktrBHOI Q MOTYy)XHOCTEH Ha
mmmHi B3 (puc. 2),a takox ctpymu B komyTtoBanux cekitisx BCK a1 BUmaakiB mociioBHOTO
Bmukands BCK y moBinbHI MOMeHTH dacy (puc. 5, 6)Ta mijg yac mepeMUKaHHS CEKINi MmpH
IPOXOJKEHHI HAIIPYTH Yepe3 HylIboBe 3HaueHHs (puc. 7, 8).
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Puc. 6. Tpugpasui cmpymu 6 cexyisx BCK npu komymayii 6 006in1bHi MoMeHmU yacy
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Puc. 7. 3mina nanpyeu na wunax B1 ma B2 i nomyosxcnocmi Ha wiuni B3 npu nocnioosHomy e MuKanHi
BCK i npoxodaicenni Hanpyeu uepes HyIbo8e 3HAYEHHs
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Puc. 8. Tpugpasui cmpymu 6 cexyisx BCK npu komymayii 6 MOMEHMU 4aCY RPOXOOICEHHS HANPYSU
yepes HYyl1boee 3HAYEHHS

AHani3ylo4u pe3ynbTaTH, MOXHA MOOAuUTH, IO NPU BIAXWICHHI Hampyrd Ha muHi B2
(puc. 2) 3a Mexi 30HH HEUYTIMBOCTI CIPAI[bOBYE PETYIATOP, MOCITITOBHO BMHKAIOUM CEKIIii
BCK mst nocsiraennst ycrasku peryisropa 1,05 Uiom (puc. 5, 7).IlepeMukanHst THpUCTOP-
HUX KJIIOUIB NP NEPEXOAl Hapyru 4epe3 HyJbOBE 3HAUEHHS HE BUKIIMKAE MEPEX1THUX Ipo-
1IeCiB B €JICKTPHYHIM MEpEKi, a caMme MepeHanpyr ta CTpuoOkiB ctpymy (puc. 7, 8).
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BucnoBku. 3actocyBaHHsI po3po0IEHOI MOJIET PETyIsaTOpa A03BOJISIE TOCTIANTH Xapak-
TEp 3MIHM HANPYTH Y BY3Ji €NEKTPUYHOI MEPEeXki Ta CTPYMIB Yy CEKIisX OaTapell KoHaeHcaTo-
piB, a TaKOX 3arajbHUM BIUTUB TUpUCTOpHO-KOMyTOoBaHMX BCK Ha perymtoBaHHS Hanpyru B
CJIEKTPUUHIN Mepexi.

Po3pobiiena Monens perynasTopa HE BUKIWKAE MEPEXIAHUX IMPOIECIB MPH TMEPEeMHUKaHHI
KOHJICHCATOPIB, 110 MO3UTUBHO BIUIMHE HAa TEPMiH CIYKOM KOHIEHCATOPIB, a TAKOX IiJBH-
IIUTH SKICTh CJIEKTPOCHEPTII B IIIJIOMY.

PesynbTaTn MOIeNIOBaHHS MOXYTh OyTH BHKOPHUCTaHI MPH PO3pOOJICHHI MPOMHUCIOBUX
perynsTopiB TupucTopHO-KomyToBaHuX BCK.
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