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AHHOTanus. M35105keHbl pe3yiabTaThl OLEHKU BIMSHUS Kackaga TpaHC(OpPMATOpOB Ha
PEaKTUBHYI0 MOIIHOCTh B CETH INpPU CUMMETPUYHON Harpyske. llpencraBieH psia BaKHBIX
BBIBOJIOB. B  PAacCMOTPEHHOM CXE€M€ IIpM CHUMMETPUYHOM  HAarpy3ke IPOUCXOIUT
CaMOKOMIICHCAIIMsSI PEaKTUBHOW MOIIHOCTH; €CIHM TpaHCc(HOpMaTOpbl HACHTHUYHBI, TO IOTOK
PEAKTUBHOM MOIIHOCTH OT Harpy3Ku AEJINUTCSA MEX1y HUIMH Ha PaBHbIC YaCTHU; IOTOK PEAKTUBHON
MOIIHOCTH Ha BHEIIHEM Y4YacTKE B TPU pa3a MEHbIIE, YeM Ha BHYTPEHHEM. YKa3aHO, YTO B
peasbHOM CeTH M3-3a BBILIENEPEUUCICHHBIX OOCTOSTENbCTB MOTOK PEAKTHBHOM MOIHOCTH I10
Mepe YyIOaJIeHUs OT Harpy3Kd CYIIECTBEHHO YMEHBUIACTCS C  YBEJIWYEHUEM 4YHUCIA
TpaHC(OPMATOPHBIX MOACTAHIIUH.
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BBE/IEHUE
PeaxTnBHas MOIIHOCTh B CCTHU ABJIACTCA HEXKEIATCIbHBIM SABJICHUCM. Ee IUPKYIIAOUA 110
IPOBOJIaM BBI3BIBAET TEIIOBBIE MOTEpH, paBHble npubausutensHo 10 % ee BennuuHbl. s ee
CHMIXCHUA UCIIOJB3YIOT JOPOTOCTOAIMUE CTATUICCKUEC U TUHAMUYCCKNUE KOMIICHCATOPHI.
Ilenb paGoTBl — yCTAHOBIIEHHE SIBIEHUS COKPALIEHUS MMOTOKA PEaKTUBHOM MOIIHOCTH B
CEeTH ¢ TpaHchopMaTopamH.

PE3YJIbTATBI
CamokommneHcanusi peakKTHMBHOW MOIIHOCTM NPH CHMMeTPU4YHOl Harpy3ke. Ha
puc. 1 mpencrasieHa uaeadbHas cXxeMa IMOJKIIOUEHHs] BTOPUYHBIX 0OMOTOK TpaHchopmaTopa K
CUMMETPHUYHON WHAYKTHBHOW Harpy3ke. CONpOTHBIICHHS paccessHUs He TokaszaHbl [1—4].
AKTHBHBIE COCTABIISAIOIIME CONPOTUBIIEHUN HE pacCMaTpUBAlOTCs. PeakTHBHAs MOIIHOCTD B CETh
He nepenaercs (TUIMIOTETUYECKN).
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Puc. 1. CamokoMIieHcalusi peakKTUBHON MOIITHOCTH
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B wactu onocpenoBaHHOTO B3aMMOJCHCTBHS MArHMTHOTO TIOJNSI C HArpy3koil cxema
HEOTJIMYMMA OT KOMILJICKCa, B KOTOPOM BMECTO TpaHc(opMaTopa HCIOJIb30BaHA CHHXPOHHAS
SIBHOITOJIFOCHAsT MalinHa [5—6]; B 3TOM KOMILUIEKCE HCTOUYHHKOM BO30YXKICHHs KOJICOaHH TOKa
(MHIYKTUBHOTO) B JIO00H (ha3e siBisitoTcs apyrue (apyras) ¢assi (pasza) narpysku [7-9].

[TomoOHOE sIBJIEHHME CAMOKOMIICHCAIIMM PEAKTUBHOW MOIIHOCTH H3BECTHO W B
MexaHn4Yeckux cucremax [10-12].

MrHOBEHHBIEC TOKH la, g, Ic HAPSDKEHUS Ua, Ug, Uc U MOIITHOCTH (pEaKTUBHbBIC) (a, Os, (c
das:

ip = Ipsinot;
Ua = InoLcosmt;
Qa = 12, oLsinotcosot = 0,51°,owLsin2ot;
ig = IpsSin(ot — 27/3);
Ug = IqoLcos(wt — 27/3);
gg = 0,51%hoLsin(2wt — 41/3);
= lpsin(ot + 271/3);
Uc = InoLcos(wt + 27/3);
gc = 0,51°noLsinot + 47/3),
rae L — cymmapHass MHIYKTHBHOCTH (pa3bl TpaHcopmaropa (BKIIOUYAsi pacCestHUE) U HArpy3KH;
I — aMIIUTY/1a TOKA; ® — 9acToTa; t — BpeMsi.
Cymma momaocTel ¢pa3z Bu C
Oec =0 *tQc =
= 0,5°nhoLsinot — 41/3) + 0,51 hoLsin(2ot + 47/3) =
=2 0,5 hoLsin[(2ot — 41/3 + 20t + 47/3)/2] cos[(2wt — 41/3 — 20t — 4n/3)/2] =
= I*yoLsin2otcos(-4n/3) =
= 0,51’ noLsin2ot.
[Tonyyennas BemMyruHa TPOTUBOIIOJIOKHA MOIITHOCTH (pa3bl A:
gs * (c = —Qa.

OTO O3HAyaeT, 4TO NpPU OTOBOPEHHBIX YCIOBUSX (ha3bl HArpy3Kd COBEPLIAIOT MEXIY
coboii 00OMeH peakTuBHOW »dHeprued. ClenoBaTelbHO, MMEET MECTO CaMOHEUTPaTH3allHsI
PEaKTHBHOT'O XapaKTepa Harpy3KH.

3ameuanune o MomHocTAX (a3. MoXKeT MoKa3aThCs, YTO COOTHOMICHHE (g + (c = —(a
TPUBHAIBHO U OOYCIIOBIIEHO CUMMETpHUEH Tpexda3Hoil cxembl. V3 aHaTOTMYHBIX COOTHOIIEHUN
JUISE MTHOBEHHOW MOIIHOCTH Pa, P, Pc MPH UACATBHO aKMUGHOU HATPY3Ke BUIHO, YTO 3TO HE
Tak. JleCTBUTEIBHO:.

pa = I%nRcos?ot =
=0,51%,R (1 + cos2mt) =
= 0,51°%4R + 0,51°4R cos2ot;
Ps = 0,51%,R + 0,51°1R cos(2at — 47/3);
pc = 0,51%:R + 0,51%,R cos(Rwt + 47/3);

Pe + Pe = 0,51%,R + 0,51%R cos(2ot — 41/3) + 0,51%,R + 0,51%R cos(2ot + 41/3) =
= I2,R +0,51%,R [cos2mt cos(4m/3) + sin2mt sin (47/3)] +
+0,51%R [cos20t cos(4mn/3) — sin2mt sin (4n/3)] =
= I’nR — 0,51°nR-0,5c0s20t — 0,51°yR - 0,5c0s20t =
= 1%R — 0,51°,R cos2at;

Ps *+ Pc # —Pa.
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IToTokH peakTHMBHOW MOIIHOCTH B IOCJEeI0BATEJIbHOCTH TpaHcdopmarTopos. Ha
pucC. 2 oKa3aH psl TpaHC(HOPMATOPOB WIH ITYHTUPYIONIUX PEAKTOPOB C PEAKTUBHON HArpy3KOH.
Wneanuzanus 3Toi cXxeMbl MEHbIIIE, YeM MEPBON, OCKOJIbKY PEAKTHBHAS MOIIHOCTH BTOPOTO U
TPETHETO TPAHCPOPMATOPOB MEPEIACTCS B IEPBUUHYIO OOMOTKY.

ENPAS SN

Puc. 2. Psan tpanchopmartopoB: 1-4 — HOMepa yuacTKOB

Ecnu TpanchopmaTopbl UAEHTHYHBL, TO HOTOK PEAKTUBHOW MOIIHOCTH OT HArpy3ku
JIEIIUTCS MEKJy HUMHU HA PAaBHBIE YACTH, MOITOMY IOTOK PEAKTUBHON MOIIHOCTH HA BHEIIHEM
y4acTKe B TPU pa3a MEHbIIE, YEM Ha BHYTPEHHEM. B COOTBETCTBUM C 3TUM B pEaJIbHOM CETH C
pocToM uMciaa TpaHC(OPMATOPHBIX IOACTAHUMN TMOTOK PEAKTUBHOW MOIIHOCTH IO Mepe
YAAJIEHHs OT HArpy3KHU CYLIECTBEHHO YMEHBIIAETCH.

3HaueHusi OTOKOB PEAaKTHBHON MOIIHOCTH B Y4acTKaX CETH, OTHECEHHbIE K BEIMYMHE
[IOTOKA Yepe3 HArpy3Ky, IPEICTaBICHbl HUXKE:

VYyacTok ceTu 1-2 2-3 34
OTHOCUTENBHBIN MOTOK PEAKTUBHON MOIIHOCTH 1/3 2/3 1

Jlo cuX TOp CYMTANOCh, YTO PEAKTHUBHAas MOIIHOCTb HE IepeTekaeT MexIy ¢aszami,
MIOOTOMY €€ TIOTOK 0Oe3 usMeHeHusi UUPKYIHPYeT MEXKIy Harpy3kKod ¥ HCTOYHHUKOM
(reHepaTopoMm) (TIpU YCIIOBUH OTCYTCTBUS CPEACTB KOMIIEHCALNH).

CormacHo puc. 2 moTtok Ha ydactke 3—4 octajics 0e3 W3MEHEHUU IO CpPaBHEHUIO C
NPeXHUMHU BO33peHUsIMH. OJTHaKO yXe Ha yyacTKe 2—3 OH COCTaBiseT 2/3 OT ero 3Ha4eHus Jyis
Harpy3KH, a Ha ydactke 1-2 — 1/3.

Kaxnplii nocnenyrommii TpanchopMaTop Mo Mepe yJajaeHHUs OT Harpy3KH wuiyHmupyem
4acTh IOTOKAa PEAKTHBHOW MOIIMHOCTH, MOJTOMY B HCTOYHHKE (T€HEpaTope) peaKTHBHAS
MOIIHOCTh CYHIECTBEHHO MeEHbIe, 4eM B Harpy3ke. COOTBETCTBEHHO YMEHBIIAETCS
YCPEIHEHHBIN ITOTOK PEAKTUBHON MOIIHOCTH, IIUPKYJIUPYIOIIUI B CETH.

ITockoNbKYy CHM)KEHHE YCPEIHEHHOI'O MOTOKA PEaKTUBHOM MOIIHOCTH MPOUCXOIUT 0e3
NPUMEHEHHS CIIEIUATBHBIX CPEACTB KOMIIEHCAIMM, TO JTO SBICHHE MOXXHO CUUTATh
CaMOKOMIICHCAIlMe  peakTUBHOM  MOIIHOCTH. B KayecTBe  TEXHMYECKHX  CPEJICTB,
00eCTIeYnBarOIINX TAKOW PEaKTHBHBIN YHEPTOOOMEH, MOTYT BBICTYIATh )oice uUMeruuecs B CETH
TpaHchOpMaTOpbl U IIYHTUPYIOIIME PEaKTOphl. B 3TOM cMmbIcie aocTUraeMoe TakuM oOpa3zom
CHIDKEHHE TIOTOKA PEaKTHBHOH MOITHOCTH SIBIISICTCSI eCmeCcmeeHHbIM, T.e. HEe CIelHalbHO
OpPraHU30BaHHbBIM, KaK B CIIy4ae ¢ CHHXPOHHBIMU KOMIIEHCATOPAMH U KOH/IEHCATOPAMH.
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3AKVIIOYEHUE
OpI/IeHTI/Ip}/ﬂCb Ha N3JIOKCHHBIC BBIIIC coo6pa>1<eHI/151, MOXHO CI€JIaTh BbIBOA, YUTO UMCCT
MECTO SBJICHHC COKpall€HHA II0TOKa peaKTHBHOﬁ MOIIIHOCTHU B CETH C TpaHC(bOpMaTOpaMI/I.
HOJIyT-IeHHBIe AHAIIUTUYCCKUC BBIPAXKCHUA U CACITIAHHBIC BBIBOAbI HC HAKJIAAbIBAIOT OI‘paHI/I‘-ICHI/Iﬁ
Ha KJIACCbI HAIIPSXKCHUA CHIIOBBIX TpaHC(i)OpMaTOpOB W TUIIBI 3JICKTPOSHEPICTUYCCKUX CHUCTEM,
SJICKTPHUYICCKUX ceTeﬁ, B KOTOPBIX OHH Pa3MCIIAIOTCH.
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NETWORK INFLUENCE ON REACTIVE POWER

I.P. Popov
Kurgan State University (Kurgan)

Abstract. The results of the evaluation of the influence of the transformer cascade on the
reactive power in the network under symmetrical load are presented. A number of important
conclusions are presented: in the considered scheme, with a symmetrical load, reactive power
self-compensates; if the transformers are identical, then the reactive power flow from the load is
divided between them into equal parts; the reactive power flow in the external section is three
times less than in the internal one. It is indicated that in a real network, due to the above
circumstances, the reactive power flow decreases significantly with an increase in the number of
transformer substations as it moves away from the load.

Keywords: oscillator, energy, oscillations, reactive power, phase, cascade, transformer,
network, symmetrical load.
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