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K AHATIUTUYECKOMY OMNPEQENEHUIO EMKOCTEWN
CUMMETPUPYIOLLMX KOHOEHCATOPOB

Ipeonooicen cucmemuvii n0OX00 K NpobieMe AHATUMUYECKO20 PACYema GelUYUH eMKOCmel KOHOEHCAmopos,
KOMopble CUMMEMPUPYIOmM MOKU 6 MpexgpasHoll cucmeme dNeKMPOCHAONCEHUs. ¢ HeCUMMEMPUYHOU AKMUBHO-
UHOYKMUBHOU Hazpy3Koil. TIpoananuzuposana mouHOCMb AHATUMUYECKO20 Memood, paspabomana npocpamma Ha
MathCAD, nosgonsaowas Hallmu 6e1udUHbL NAPAMEmMpPO8 CUMMEMPUPYIOUUX ITIEMEHMO8 U MeCd UX NOOKTFOYEeHUL.

Knrwouevie cnosa: necummempuunwlil pexcum, peakmueHas MOWIHOCHb, CUMMEmMPUpyouiue KOHOEHCamopbl,
HOUCKO08AA ONMUMUIAUUA.

MocranoBka mpo6aembl. HecuMMmeTpuyHble PEXHMMBI 3JIEKTPONUTAHUS B Tpex(aszHbIX CHCTEMaxX BO3HHKAIOT
€CTECTBEHHBIM O00pa3oM B CBSA3M CO CTOXACTHYECKUM XapakTepoM ITOJKIIOYEHUH NOoTpeOuTened, B TOM YHCIE U
onHoda3HbIX. B OONBIIMHCTBE CllyyaeB Harpy3ka HOCHT HMHAYKTHBHBIN XapakTep, YTO NPHBOIUT K LUPKYJISIAN
peaxkTuBHOI MoIHOCTH. HepaBHOMEPHOCTD 3arpy3KH JIMHUN SJIEKTPOITUTAHNUSA W HAINYNE PEaKTHBHBIX COCTaBIIIOIINX
B JIMHEHHBIX TOKaX BBI3BIBACT JOTOJHHUTEIBHBIEC MTOTEPH 3JEKTPOIHEPTHH, a Mepekoc (a3 M HEPaBEHCTBO AMILTUTY
TUHEHHBIX HANpPSHKCHUH yXyOmaeT ycioBus paborel Harpy3ok [1, 2]. TloaTomMy cHUMMeTpHpOBaHHE TOKOB U
HaNpsDKEHUH B Tpex(asHbIX cUcTeMax 3JIEeKTPOCHA0KEHHUS NMPEACTaBIsAeT cOO0H BeCcbMa aKTyalbHYIO 3a7ady B IUIaHE
MIOBBIICHUS YHEPro3((GEKTUBHOCTU BO BCEX cdepax, Ilie NCIIONb3YeTcs HIIEKTpUIecKas SHepIrHsl.

IHocranoBka 3agaum ucciaenoBaHusi. llenplo HacToseld craTbu  SABISIETCSl AHAIM3 HU3BECTHBIX METOIOB
AQHAJMTHYECKOTO pacueTa €MKOCTeH CHMMETPUPYIOLIMX KOHIEHCATOPOB JUIsS OLIEHKHM UX TOYHOCTH W CPaBHEHUS C
MpeJIOKEHHBIM METOJIOM Ha OCHOBE MOMCKOBOW onTuMu3anuu [3].

Marepuansl ucciaenoBanusi. PaccmarpuBaercs ciydail Tpexda3sHoil TpeXIpOBOJHON CUCTEMBI 3JIEKTPOCHAOKEHUS

(puc. 1).
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PucyHOK 1 — Pacuemmnas cxema cucmemsi 3Jl€Kmp0CHa69iC€Huﬂ.'
ea, eb, ec - mpexqbawaﬂ cucmema UuCmovYHUKoe6 numaHusl HeoepaHuieHnou MOuHocmu, Ra = Rb = Rc — AKmueHvle

conpomuénenus nunuu snexmponepeoayu; L, = L, = L —undykmuenocmu nunuu snekmponepedauu; R, , R, R . —

L

o Ly — unoyxkmusnocmu naepysku; C,,, C, , C. — komnencupyiowue

KOHOEeHCamopbi.

AKmueHbvle conpomueienHus Hacpys3Ku, L

Ha®

BBI/I,Hy HECUMMETPpUU JIsI KOMIICHCUPYIOIIUX KOHACHCATOPOB CIIPABEAJIMBO HEPABECHCTBO:
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z,=R,+ joL,;z,=R, + joL,;z, =R _+ joL,

ZuazRHa+ja)LHa; ZubzRHb+ja)LHb; ZHL‘:RHCJ’_ja)LHC;
1 1 1

zZ = .—. zZ , = .—. Z = .

ab .]a)cab ’ be .]a)cbc ’ La Ja)cca

Brlpakast HanpspKeHWS Ha ITACCHUBHBIX 3JIeMEHTax 1o 3akoHy Owma, MOXHO 3amucaTh CIEIYIOUIYI0 CHCTEMY
TOTIOJIOTHYECKUAX ypaBHEHWH [4] ISl CHCTEMBI 0COOBIX KOHTYPOB:

e,—e, — z,i, +z,i,—z,i,=0,

e, —e,— z,h, + 20, ~ 2,14, =0,

c

e,.—e,+z,jg,—zi —z.,.,=0, (1)

c ca ca

eb - ea + Zala - Zblb + Zualua - Zubllzb = 0’

e.—e,+ zjg —zi +z, i, —z,.1,.=0.

JloTioTHIM TTONTyYeHHBIE YPaBHEHHUS CHCTEMON YPaBHEHUI [UII TOKOB OCOOBIX CEYEHUI:
lab - lca - le - ch - la = 0’

ibc - iab + iHb - ib = O’ (2)
0,
0

lca - lbc + ch - lc

lHa + le + ch =

[onnas cucrema ypaBHeHMH coctouT u3 cucteM (1) u (2), oOpasyrommx 9 ypaBHEHHMH ISl IEBSTH HEM3BECTHBIX

TOKOB: (asHbIX [, i, i.; HArpy30uHbIX I, , [, 1, .;

c?

o TOKOB KOMIIEHCHPYIOIIMX 3JIEMEHTOB I, %, , I, . Omn

YPaBHEHHs 3alMCaHbl JUIi MTHOBEHHBIX 3HAYE€HHH TOKOB, OJJHAKO OHM COXPAHSIOT CHIy IIPH 3allCH YPaBHEHUH Ui
KOMIIJIEKCHBIX TOKOB NP CHHYCOMJAJIBHOM PEXHUME MUTAHUS CUCTEMBbI. Bocmionp3yemcs MpuBEICHHBIMU YPaBHEHUSIMU
JUIsL aHal3a HECUMMETPUYHOTO pexuma cpeactBamu MathCAD Ha npuMepe cuctembl ¢ rapamerpamu, 3aJaHHbIMH B
[3]. Tlo mnpuBenenHoii cucreme ypaBHeHui (1) m (2) mpoBelneH aHAIN3 HECHMMETPUYHOTO pPEXHUMa C MOMOIIBIO
nakera MathCAD [5] ananoruuHo MeToJuKe, U3JI0KeHHOit B [3].

B pesynbrare pemieHHs IOMy4eHBl CIEAYIONIME 3HAYEHHs aMIUIMTY]l JIMHEHHBIX TOKOB, HEOOXOIMMBIE IS
AQHAJTUTUYECKOT0 PacyeTa CONPOTUBICHUN CUMMETPUPYIOIIUX HIEMEHTOB!

lia] =31.494  [ib] =30.995 lic| = 10.342

Ha’

Otu Tokm mpumepHo B (1,5-4) pasa mpeBOCXOAAT JWHEHHBIE TOKH TMPH TOYHOH KOMIICHCAIIMM PEaKTHBHOM
MOIIHOCTH, PEeIeHHe I ClIydast KOTOPOH NpHBEAEHO B [3], rie aMIUIUTY (bl KaXIO0T0 U3 JIMHEHHBIX TOKOB COCTABIISIOT
BEIMYUHY JIUIIG 7,754. ToyHas KoMIeHcanus NO3BOJISIET B (2-16) pa3 CHU3UTH OTEPH MEpeIadn dIEKTPOIHEPTHH.

OmnucaHHBI B [5] MeTOx ompeneneHHs NapaMeTpoB CHMMETPHUPYIOIINX 3JIEMEHTOB pEaln30BaH B IPOrpamme,
NPUBEICHHON Ha puc.2.

lab =1 Ibc =1 Ica =1 j =1
Given
lob = ]—'(Ibc + a-lca + az-lab)
3
Im (lab ) =0 Im(lbc) =0 Im(lca) =0 Re (lab ) > 0 Re (lbc ) > 0 Re (lca ) > 0

J,= Find (lab ,Ibc ,lca )

24.48
Jah - To lab = 2448 T= 6.858
2474% 1077
-9 lea — eb|

Mg - Ti o = 6858 o~ T, l0@&=2.474x10 23b. = o~ b~ 707
Cab := Cab = 4.499 x 10~ zbhe = —l eb — ec| Cbc = ——

|Zab | W AN o -] |ZbC | -
Chc =1.26x 10 4 zbe = —25256i zca =1x 107

Pucynox 2 — Pacuem napamempos CUMMempupyrouwux 1emeHmos
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3mech mpeBapUTEIHHO MO0 aMILTUTYAaM HECHMMETPUYHBIX TOKOB HAWJCH TOK OOpPATHOW MOCIIEIOBATEIHLHOCTH, a
3aTeM, corjacHo meroauke [5] — ammutyabl TOkoB Ly , Ipe , I , KOTOpble HOMKHBI MPOTEKAaTh B BETBAX
CUMMETPHUPYIOIINX JJIEMEHTOB IJIS MOJABJICHUS TOKa OOpaTHOM MOCIIENOBAaTENFHOCTH. DTO U JOJDKHO 00ECIednBaTh
CHMMETPHUPOBAaHNE TOKOB B JIMHUAX JIEKTPOIEpeaadd. 3aMEeTHUM, YTO B IIPUBEACHHOM pacyeT MPEIOKEHO YUCICHHOE
pelIeHne 3a/1a4n, MO3BOJIAIONIEEe OTOMTH OT HEOOXOAUMOCTH PAaCCMOTPEHHS TPEX BAPHAHTOB PACTIONOXKEHHUS BEKTOPA
TOKa KOMIICHCHPYEMOIl 0OpaTHOW IIOCIIeOBAaTEIFHOCTH, Kak 3To mnpemnaraercs B [5]. I[lomyuaemoe pemienwme,
MoJTlyJaeMoe ¢ TOMOIIBIO oreparopa “given-find”’, naeT BapuaHT CHMMETPUPOBAHHSA BYMsI KOHICHCATOPAMH, O YEM
CBUJIETEIIbCTBYET Mablil TOK I, B momyuerHoM pemennu. COnpoTHBICHNUS KOHACHCATOPOB HAWICHBI 10 3akoHy Owma,
MIOCTIE YETO € YYETOM YacTOThI MUTAOIINX UCTOYHUKOB HAHIEHBI UX EMKOCTH.

Ha puc.3 npuBeneHbl pe3ysibTaThl pacueTa PeKUMa B CHMMETPUPOBAHHON CHCTEME DJICKTPOCHA0KEHHS.

x = Find (ia ,ib ,ic ,iab ,ibc ,ica ,ina ,inb ,inc )
Jaw= X0 b= X1 o= X2 ia = 9405 - 6.722i ib = —9521 — 1.344i ic = 0117 + 8.067i

0
9.4046017-6.7222931i
-9.5212944-1.3444552i
0.1166927+8.0667483i
-11.4758633+20.694386i
6.700943-0.0789061i
-1.4442509-10-5+8.8041519i-10-6
20.8804506-27.4166704i
-27.6981007+19.428837i
6.8176501+7.9878334i

AMONOUNTY[ObI JTUHENHBLIX TOKOB:
lia | = 1156 lib | = 9616 lic | = 8.068

IN|jo|jla|~|lwW|IN|=|O

Pucynox 3 — Pacuem napamempog pexcuma CUMMEmpupo8anHoll CUCIEMbl JIeKMPOCHAOICEHUs

Kax BUAHO M3 NOJYYECHHOI'O PEIICHUA, TOKU B JIMHUAX CYIIECTBEHHO CHU3WJINCh, OHAKO IMOJTHOC CUMMETPUPOBAHUE
HE JIOCTUTHYTO. DTO OOBSICHAETCS , C OJHON CTOPOHBI, IPUHSATHIM JOIYIIEHHEM O TOM, YTO NPU CHMMETPHUPOBAHUHU
HaIpsHKeHUs Ha Harpy3ke BecbMa OJIM3KH K HOMUHAIILHBIM HanpspkeHusM [S5]. OnHako, 3To He BIOJIHE KOPPEKTHO, TaKk
KaK JaXe MPH MOJHOW KOMIICHCAIIMH PEaKTUBHOW MOMIHOCTH [3] Ha JUHHM OYAyT OCTaBaThCsS HEKOTOPBIC MOTEPU
HampspkeHusa. C  JIpyroil CTOpOHBI, B AQHAJIUTUYECKOW METOJMKE HE YUMUTHIBAETCS PEAKTUBHAs MOIIHOCTD,
00ycToBIeHHAS HHAYKTUBHBIM XapaKTepOM COTIPOTUBIICHHUS CaMUX JHHUI nepexad. [Ipu TouroM permenuu [3] 3agadn
KOH/ICHCAaTOPBI KOMICHCUPYIOT H 3TY PEaKTHBHYIO MOIITHOCTb.

BsiBoapl. [IpoBeneHHBIC HCCIIENOBAaHUS M PACUETHI MMOKA3bIBAIOT, YTO AHATUTHYECKUHA METOJ He O0ecIedrBacT
TOYHOTO CHMMETPHUPOBaHHUSI pexrMMa B Tpex(daszHoi cucreme. OTO OOBSCHIETCS HETOYHOCTSMH B OIpE/ICICHUN
HaIpsHKEHUH CHMMETPHPOBAHHOTO PEXMMa IIPH pacdeTax BEIHMYMH CHUMMETPHUPYIOIINX JIEMEHTOB, a TAaK)Ke HEYUIEeTOM
PEaKTUBHBIX IOTEPh B JIMHUAX JJIEKTpoliepenadyd. Pexxum TOUYHONW KOMIIEHCAIIMM PEAKTUBHOW MOIIHOCTH BO BCEH
CUCTEMC, HpOI/ISBeI[eHH]:Jﬁ Ha OCHOBE YHCJICHHBIX ONTUMHU3AUOHHBIX METOJ0B, IPUBOAUT K ONITUMAJILHOMY PCHICHUIO.
CrnenyeTr 3aMeTHTh, OJJHAKO, YTO AHAJUTHUECKUN pacyeT palMOHAIBHO HCIOJIb30BATh JJISl OMpPENEIeHUs HAa4aabHOTO
le/I6J'Il/I>KeHl/ISI YUCJICHHOTO pacye€Ta, 4YTO MOXKET COKpPATUTH 3aTpaTbl KOMIIBIOTECPHOI'O0 BPEMEHU JId AOCTUIKCHUA
ONTUMAJILHOTO PELICHHUS MTOJIHOTO CUMMETPUPOBAHUS U KOMIIEHCALUU PEAKTUBHON MOILHOCTH. .
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! XapkiBchka HaliOHAbHA aKaEMist MiCHKOTO FOCIIOAPCTRA
? VkpaiHChKa JepiKaBHA aKaeMisl 3aTi3HHYHOTO TPAHCIIOPTY

Jlo aHATiTHYHOT0 BH3HAYEHHSI €MHOCTEH CHMeTPYBAJIBLHUX KOHIEHCATOPIiB. Y CTaTTi 3alpOIIOHOBAHO CHCTEMHHH
MiAXix 10 TpoOieMH aHAITHYHOTO PO3paxyHKYy BEIMYMH €MHOCTEH KOHJEHCATOpiB, IO CHUMETPYIOTh CTPYMH B
TpudazHild TPUIPOBOIHIN CUCTEMI eIEKTPOTIOCTAYaHHS 3 HECUMETPUIHAM aKTHBHO-1HAYKTUBHUM HAaBAaHTAXKCHHSM.
Knrwowuosi cnosa: necumempuyunuii pexrcum, peaKmueHa NOMYHCHICINb, CUMEMPYEAIbHI KOHOEHCAMOPU, NOULYKO6a
onmumizayis.
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To Analytical Evaluation Of Symmetrizating Capacitors. System approach to the problem of analytical
evaluation of capacitors, which are symmetrizating currents in three-phase system of power supply with the
asymmetrical active-inductive load is offered in the article. Sources of electric energy are supposed absolutely
symmetrical and to have infinite power supply. The parameters of the asymmetrical mode were found with the package
of software MATHCAD. This package was chosen because of ability to execute operations with complex variables.
Graph method was appealed to form the system of mathematical equations of power-supply system for computer model.
This equations ware written in complex form for all main loops of oriented graph of power-supply system. To solve the
system of the equations was used method of searching optimization in MATHCAD with operator “given-find”. This
information allowed estimating the current of negative phase-sequence which must be balanced for achievement of the
symmetric mode. Amplitudes of currents of balance capacitors and values of their capacitances were calculated. In
method which is known to calculate parameters of simmetrizating elements they used geometrical calculations.
Calculating formulas are depended on location of the negative phase-sequence current vector. Proposed method allowed
to calculate this parameters without geometrical solving. For the purpose MATHCAD operator “given-find” was used
too. Then the parameters of the symmetrical mode were found with the package of software MATHCAD to test results
of symmetrization. The computer experience has shown that such method does not provide an exact symmetrization.
The linear currents are different yet because a number of factors were not taken into account here. In particular reactive
power of transmission line are not were disregarded. The method of searching optimization calculates exact result and
provides complete compensation of reactive power in all system and its work in the optimal condition with minimum of
loss. The transmission line currents are absolutely equal and minimal in this case.

Key words: asymmetrical mode, reactive power, compensating capacitors, searching optimization.
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