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BBegeHune

dneKkTpUYeckme Harpysku noTpebnstoT 13 CeTU akTUBHYH 3/1eKTPO3HEPruo ANS BbINOMHEHUS onpejeneH-
HOWM paboTbl (KOMMbIOTEPbI, MPUHTEPLI, ANArHOCTNYeCcKoe 060pyAOBaHMe 1 T. 4.) UK 418 NpeobpasoBaHus
371eKTPNYEeCcKO 3Heprun B Apyrme BuAbl 3Heprum (ocBeTUTe/IbHbIE AWM HarpeBaTesbHble Npubopbl 1 T. M.)
NM6o B MexaHM4yeckoe ABWXKeHWe (3neKTpogasuratenn 1 T. n.). Ans Toro 4tobbl NOTPebAsATb aKTUBHYIO 3Hep-
FUH0, MHOTUM Harpy3kaM HeobxoAMO 0BMeHMBATLCA C CeTbIO eLle N peakTUBHOW 3Heprueit. bonbLINHCTBO
Harpysok 1IMetoT, KaK MpaBu/Io, MHAYKTUBHbIA xapakTep. Takon obmeH, JaXe ecnn OH He COMpOoBOXJaeTcs
HeMe//1eHHbIM NpeobpasoBaHVeM 3HePrin B NHble GOPMbI, yBeINYMBaAET O6LLMIA NOTOK SHEPrn B CeTH, OT
reHepaTtopoB K NOTPebuTensiM. TOT HexenaTe lbHbI MPOLLecC OrpaHNYNBALOT NyTem KoppekLmn Kosdouum-
€HTa MOLLHOCTW 3/1eKTPOYCTaHOBOK MOCPeACTBOM KOHZEHCATOPHbIX 6baTapeil. SNeKTpoyCcTaHoBKa noay4vaeTt
HeobXoAMMYI0 419 NepeAaydn MOoNe3HOWN 3NeKTPUYECKON SHEPrn peakTUBHYH IHEPrinto He 13 ceTu, a OT Cob-
CTBEHHOWN 6aTapewn, UTo yay4LlaeT ee TeXHNYeCcKne 11 SKOHOMUYECKNe XapaKTePUCTUKN.

Ewe oAHa akTyanbHasi npobnema CBsfi3aHa C LUMPOKUM MpUMEHeHWeM noTpebuTeneli NoCTOSHHOro TOKa,
TakKMX KaK 3/1eKTPOHHbIE YCTPOMCTBA UM NEKTPOABMUraTeN. TN NOTPEObUTENN CO34a0T B CETU FapMOHUKN
TOKa, KOTOpble MCKaXatoT GOPMY HanpsXKeHUs 1 TOKa Ha ApYrux Harpyskax. Ans 60pb6bl C rapMOHMKaMu Npu-
MeHsIH0TCSt GUNBTPbI, MACCUBHBIE UM aKTUBHbIE, KOTOPbIE YNyYLLAKT Ka4ecTBO 3N1eKTPO3HEPrnn B CETU U1, MPU
YCIOBUM NPaBU/IbHO BbIBPaHHbLIX MapamMeTpoB, BHOCAT CBOW BKNaZ B KOPPeKLMo Ko3dduumeHTa MOLLHOCT.

Lenb gaHHOM CTaTbW - MPOaHanM3npoBaTh YKa3aHHble MpobaemMbl, He BAaBasiCb B TexHU4Yeckue getanun. Ans
Hayana Mbl OnpejennmM, 4To Takoe KoppeKkLmsa Ko3$ppuLmeHTa MOLLHOCTH, a 3aTeM 06CYANM TEXHNKO IKOHO-
MUYeckne npenmyLLiecTsa, GOpMbl 1 CNOCOBbLI TaKoN KOPPeKLMK, a Takxe BbI6op annapaTtos AN KOMMyTaLum
KOHZAEHCaTOpPHbIX baTapeit n GUAbTPaALIN FAPMOHUK.

MNMocne Takoro BBeAEHUS Mbl paccMOTpuM obopyzaoBaHue DEKraft, npumeHsemoe ans koppekummn kosdodu-
umeHTa MolHocTU. K TakoMy 060py0BaHMIO0 OTHOCATCS He TOJIbKO KOHAEHCATOpbl, HO 1 YCTPOCTBaA AN UX
KOMMyTaLMK 1 3amnTel. Kpome Toro, B pyKoBOACTBe MO Bbl6Opy 060pYyAOBaHNSA KOMMEHCALMN peakTUBHOWN
MOLLHOCTW ByAeT paccka3zaMHO O HEKOTOPLIX PeLleHUsAX A1 MacCUBHOWM U akTUBHOM GUAbTPaLM rapMOHUK
TOKa, FreHepupyeMbIX HeJIMHENHbIMI Harpy3Kamu.

Y AaHHOro pyKoBOACTBa MO BbI6OpPY 060pyA0BaHMSA KOMMEHCALUMN PeakTUBHOM MOLLHOCTM eCTb LWeCTb Mpu-
JIOXXEHWIA, KOTopble MO3BOST:

+ BbICTPO NOA06pPaTb aBTOMATUYECKME BbIKNHOYATENN N KOHTAKTOPbI 419 KOMMYTaLMW 1 3aLLUnThI
KOHAEeHCcaTopHbIX baTapen TpebyeMoi MOLHOCTY;

* BbIACHWNTb, KaK MeHArLUeeCd HanpaXeHne NnTaHnAa CKa3blBaeTCd Ha reHepaunnm peaKTMBHOM MOLUHOCTWA, A
Kakne Mepbl cnejgyet npuHATb, YTOobbI npeaoTBpaTUTbL Nepejadvy peaKTMBHOVI MOLLUHOCTW B CE€Tb,

+ paccMoTpeTb KoppekLumnto KoadpduLmeHTa MOLHOCTA 1 GUABTPALIMIO FAPMOHUK B YCI0BUSX
YCTaHOBUBLLENCA HECUHYCOMAANBHOCTY, @ TakXe CBS3b MeXAy KaHOHMYeCKOM Koppekuumel koaddunumeHTa
MOLLIHOCTU U CHUXXEHVEeM YPOBHSA rapMOHUK B CeTY;

© MONYyYNTb MpeACTaB/ieHVe O XapakTePUCTLKAX HAMPSKEHNS 1 TOKa MNPV BKAOYEHUN 1 pa3psije
KOHAEeHcaTopHbIX baTapei;

*© paccMoTpeTb Koppekumto KoadpdurLmeHTa MOLLHOCTL NPY NCNONb30BaHUN GOTOranbBaHNYeCKnX
YCTaHOBOK;

* YTOUYHWUTb BAUSHME FaPMOHKK Ha BENMYMHY TOKa B Hy/IeBOM paboyeM NMpoBogHMKe Tpex$asHoM CUCTEM.
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1 O6wume cBeaeHVA O KoppeKkuuu
Ko3¢pPnumeHTa MOLLLHOCTU

B uensax nepemMeHHOro Toka I'IOTpe6}'IF|eMbII7I TOK MOXXHO MpPeaCTaBUTb KakK CyMMY ABYX COCTaBNAKOLWNX!

* aKTUBHasi COCTaBAAIOLLASA, /p, cOBMagaeT no gase c HanpsXkKeHeM NUTaHUSA, OHa HEMOCPeACTBEHHO
CBSi3aHa C BbIXOAHOM MOLLHOCTbIO (T. €. C TOW YacTblo S3HEpPrun, KoTopast NpeobpasyeTcs B MHble BUAbI -
MeXaHN4YecKyto, CBeTOBYHO, TEMIOBYH U.T.4):

* PeakTUBHasi coCTaBisAoLWas, o, CABMHYTA OTHOCUTE/IbHO HampsixkeHWst Ha 90°, oHa xapakTepunsyeT
WHTEHCVBHOCTb OBMEHa 3HEPTni Mexay MCTOUHMKOM U HarpysKon, 06yC/10B/IeHOr0 KoJiebaHnem
MarHUTHBIX N 3/1eKTPUYECKMX NOoNen.

Be3 Takmx KonebaHnn HeBO3MOXeH, HanprMep, NePeHOC MOLLHOCTY MeXay CepAEYHNKOM 1 0BMOTKOI TpaHC-
dopmaTopa nnm Yyepes Bo3AyLUHbIN 3a30p 31eKTpoABuraTens.Kak npaBuio, Harpysky UMerT akTUBHO-UHAYK-
TVBHbIA XapakTep, MOJIHbI/ TOK / OTCTaeT B HUX OT aKTUBHOW cocCTaBAastoLeit /p. N03TOMy B 31eKTPUYecKmnx
yCTaHOBKax TpebyeTcs reHepMpoBaTh 1 NepegaBaTb MOMMMO aKTUBHOM MOLLHOCTU P HEKOTOPOe KOIMYeCTBO
peakTVUBHOM MOLWHOCTY Q. 3Ta MOLLHOCTb HeobxoAMMa A5t Npeobpa3oBaHUsS 31EKTPOSHEPrnM, HO OHa He
noTpebnseTcs HarpysKkow, a NepesaeTcs OT CeTU K NpueMHUKamu n obpaTtHo. COBOKYMHAas MOLLHOCTb, reHe-
pypoBaHHas 1 nepeAaHHas CUCTeMOM, Ha3biBaeTCs MNOAHOM MOLLHOCTbLIO S.

KoadpdnumeHT MOLLHOCTN COS@ - 3TO OTHOLLEHME aKTUBHOI COCTaBAAIOLLEl ToKa /p K MOHOMY TOKY /; npej-
cTaBnseT coboin yron casmra dpas mexay HanpskeHmem 1 Tokom. ns onpegeneHHoro ¢asHoro HanpskeHns
V OH paBeH:

Ig
cosp =— =
1

oY la~]

v

B Tabnuue 1 npeacTtaBneHbl TUANYHbIE 3HAUEHNS KO3DPULIMEHTa MOLLHOCTY A1 HEKOTOPbIX BUAOB 3/1€KTPO-
060pyf0BaHMS.

Tabnuua 1
cos
TpaHcdopmaTopsl (6e3 Harpy3ka) 0,1+0,15
ABuvratenn 0,7+0,85
O6opyaoBaHue ans Jyrosasi cBapka 0,35+0,6
06paboTkM METaNN0B  nyrosasi cBapka C KOMMeEHcALyIel peakTUBHOM MOLLHOCTY 0,7+0,8
KOHTaKTHasa caBpka 0,4+0,6
3/1eKTPoAYyroBas neyb 0,75+0,9
JIFOMUHeCLLeHTHbIe C KOMMNeHcauunen peakTMBHOM MOLLHOCTU 0,1+0,15
Nlamnel 6€3 KOMMeHCcaLWV PEaKTUBHON MOLLIHOCTK 0,4+0,6
Bbinpamutenn 0,6+0,95
MprBOAbI MOCTOAHHOIO TOKa 0,4+0,75
MpuBOAbI NepeMeHHOro Toka 0,95+0,97
AKTUBHas Harpyska 1

Déekraft




YnyyweHnem kod3pduLUmMeHTa MOLLHOCTU Ha3biBAT Mepbl, NpearnpuHUMaemble ANS MOBbILLIEHUS KO3¢-
bVLMEeHTa MOLLHOCTL OnpeAeneHHON YacTh 3N1eKTPOYyCTaHOBKW. [ 3TOro B OnpezeneHHON Touke ceTu
reHepupyeTcs Takasi peakTMBHAas MOLLHOCTb, KOTOpPasi yMeHblUaeT TOK, a, CneAoBaTeNbHO, Y MOLLHOCTb,
BO3BpaLLaemMble B UICTOYHMK NMUTaHKSA. 3TO NO3BONSET UCMONb30BaTb IMHUN 31eKTPONUTaHUSA, reHepaTopbl U
TpaHCcPopMaToOpbl, pacCUMTaHHbIe HA MEeHbLLYK MOJHYH MOLLHOCTb. MogpobHee byaeT pacckasaHo 06 3TOM
B C/leZlytoLLielt rnase.

NcKNoUNTENBHO C TEXHUYECKOM TOUKYM 3peHus 3/1eKTPOoyCTaHOBKa C NPaBuAbHO NOA0OPaHHbLIMY NapameTpa-
MW MOXET XOPOLLO paboTaTb U MPU HU3KOM KO3PPULIMEHTE MOLLHOCTW, MO3TOMY He CyLLieCTByeT CTaHAAPTOB,
NpeAnnCbIBarOLLMX 371eKTPOYCTaHOBKAM orpejeneHHbli Ko3pduumeHT molHocTK. OAHAaKo MoBbleHne
Ko3ddULMEeHTa MOLLHOCTY JaeT psAj TEXHUYECKMX N SKOHOMUYECKNX NpenmMyLecTs. PakTnyeckn, skcnayarta-
LS 3/1eKTPOYCTaHOBKM C HU3KMM COS® O3HA4YaeT NOBbILLEHHbIe PacXobl AN SHepProcHabxatroLen KoMnaHuy,
KOTOpas, ecTeCTBEHHO, CTPEMUTCS BBECTU Tapudbl, AeNatoLLme 3KCrIyaTaumio Taknx 3/1eKTPoyCTaHOBOK HeBbI-
roAHbIMU. 3aKOHOZaTeNbHble Mepbl, 4eACTBYHOLLME B 6ONbLUNHCTBE CTPaH, CO34atoT Takyto cnuctemy Tapudos,
NpY KOTOPOW 3a BbICOKOE MOTpebneHne peakTUBHOM MOLLHOCTU (MOPOroBbIA cose paseH 0,9) npuxoamtcs
nNaTUTb WTpadbl. Pasmep WITPadoB 3aBUCUT OT YPOBHSA HaMpPsXeHUs (BbICOKOE, CpejHee, H13Koe) N KO3d-
durymeHTa MoLHOCTW. [oTpebuTenn aneKTPo3HEePrun AOSXKHbI peLlaTh, YTO UM BbirogHee: NaaTuTb WTpadbl
AN BAOXNTb CPeACTBa B KOppPeKLMo Ko3dduLmMeHTa MOLLHOCTH.
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2 TexHun4UecKue npevmyLlecTBa
KoppeKunuu KoapPpuumeHTa MOLLHOCTU

Kak yxxe oTMeuanock, yCTaHOBMB B OMNpeseneHHOM TOUKE CETU HYXXHYH PeaKTUBHYH HarpysKy, MOXHO CKOp-
pekTMpoBaTb KO3IPPUUMEHT MOLLHOCTY, T. €. YMEeHbLIUTb MOTPebaseMblii TOK U MOHY noTpebnsemyto
MOLLHOCTb 6€3 CHUXEHUSI MOLLHOCTM Harpysku. 3To JaeT MHOXeCTBO MpenMyLLecTB, B YacTHOCTW, MO3BO-
naeT apdekTnBHeE IKCMIyaTMPOBaTh d1eKTprYecke MallviHbl (reHepaTopbl 1 TpaHCPOPMaTOPbI) U ANHUN
nepejayn 1 pacnpeseneHns 31eKTposHeprun. Ana CUHYConAanbHOro HanpsikeHUs peakTMBHAs MOLLHOCTb,
HeobxoanMan Ans Koppekumm KoaddrLMeHTa MOLLHOCTM OT COS@Q; AO COSP,, PACCUUTLIBAETCA NOoC/eAytoLel
dopmyne (Kak ansa TpexdasHom, Tak U Anst 04HOdA3HOM CUCTEMDbI);

Qc=Q1—Qx =P-(tgp, — tgez)

PQS,

rae:
+ P - aKTMBHasi MOLHOCTb

© Q7 1 ¢ - peakTMBHasaA MOLLHOCTb M Yron cABura ¢as 4o Koppekumm KospuumeHTa MOLLHOCTH

© Q, N @, - peakTNBHas MOLLHOCTb 1 Yron caBura ¢as nocie Koppekumm KoappuLmeHTa MOLHOCT
« Q.- peakTMBHast MOLLHOCTb, HEO6XOANMAsA AN KOPPEeKLMM KO3PPULMEeHTa MOLLHOCTU.

Mpumep
MpeanonoxuMm, Mbl XOTUM noBblicuTb € 0,8 o 0,93 Ko3ddPMUMEHT MOLLHOCTM TpexdasHOM YCTaHOBKM
Uion = 400 B, noTpebnsiemas MOLHOCTb KOTOPOW, B cpegHeM, coctaBnseT 300 kBT.
MoTpebnseMblli TOK paBeH:
P 300-103

= = =540 A
V3 U, " cos@; /3-400-0.8

Iy

CornacHo npvBeAeHHO Bbllle GopMysie HaM NOTpebyeTcs NOAKNOUNTL PEAKTUBHYH Harpy3Ky MOLLHOCTbIO:
Q. =P - (tgyp, —tge,) = 300-(0.75 - 0.39) = 108 kBAp




3a cyeT KoppeKkumn KoaddrLUMeHTa MOLLHOCTX NoTpebasemMbli TOK CHU3MCS € 540 A
P 300- 103

I, = = =
Y VB Uy, - cosp; V3 -400-0.93

540 465 - 465 -100
100% x% 540

465 A

= 0.15 T.e. npnbAM3NTENBHO Ha 15%

MTak, OCHOBHbIMU npenmyLliectBaMun Koppekymnm K03C|)¢I/IL|,I/IGHTa MOLHOCTN ABIAKOTCA

- 6onee 3pPeKTNBHOE NCMONb30BaHNE 3NEKTPUYECKNX FeHepaTopoB
- 6onee 3¢ deKTUBHOE NCMONb30BaAHME INEKTPUHECKUX IUHWIA
* CHWXeHMe noTepb

* CHVXKEHMe NajeHNA HanpaxXeHnd

2.1 NosbiweHVe 3dPeKTUBHOCTU UCMOJ/Ib30BaHUA
3NeKTpUYecKmnx MaLlvH

HoMVHanbHble XapakTePUCTUKA reHePaTOPOB 1 TPAaHCHOPMATOPOB OMNPEAENSIOTCS UX MOHOM MOLLHOCTLHIO
S. MNpw 0AMHAKOBOV akTUBHOM MOLLHOCTM P MONHAst MOLLHOCTb TEM MeHbLLe, YeM MeHbLUe peakT/BHas MOLL-
HOCTb Q. Takum 06pa3omM, NMOBLICUB COSY; INEKTPOYCTAHOBKM, MOXHO BblpabaTbiBaTb Ty e aKTUBHYH MOLL-
HOCTb C MOMOLLbIO FTEHEPATOPOB, PACCUUTAHHbLIX Ha MEHbLLYH MO/HYH MOLLHOCTb. HanpumMep, B Tabnunue 2.1
noKasaHo, Kak 3aBUCUT MOLLHOCTb TpexdasHbIx TpaHcpopmaTopos CH/HH oT cosg; Harpy3ku

Tabnuua 2.1

MoLyHOCTb MowHocTb TpaHcdopmaTopa [KBT]

R

[KBA] 0,7 0,8 1
63 32 38 44 50 57 63
100 50 60 70 80 90 100
125 63 75 88 100 113 125
160 80 96 112 128 144 160
200 100 120 140 160 180 200
250 125 150 175 200 225 250
315 158 189 221 252 284 315
400 200 240 280 320 360 400
630 315 378 441 504 567 630
800 400 480 560 640 720 800
1000 500 600 700 800 900 1000
1250 625 750 875 1000 1125 1250
1600 800 960 1120 1280 1440 1600
2000 1000 1200 1400 1600 1800 2000
2500 1250 1500 1750 2000 2250 2500
3150 1575 1890 2205 2520 2835 3150

3 Tabnnubl BUAHO, YTO ANA MUTAHUS Harpy3ku, nmetoLein obLuLyto MoLlHocTb 170 kBT 1 cosg = 0.7 TpebyeTca
TpaHchopMaToOp C HOMUHANBHOW MOLLHOCTBI 250 KBA. ECcin e Harpyska noTpebnsier Ty e MOLLHOCTb C
kKoadPpuumeHToM cosp = 0.9, a He 0,7, TO AOCTAaTOYHO NCMNONb30BaTh TPaHCGOpPMaTOp MOLLHOCTLIO 200 KBA. To

Xe CaMOoe OTHOCUTCA K reHepaTopam.




2.2 lMoBblweHne 3¢heKTUBHOCTMN NCMNOIb30BaHUSA
3NEeKTPUYECKUNX INHUN

KOppeKLI,VIFl KOBCI)(I)I/ILI,VIEHTa MOLLHOCTW/ MO3BOJIAET MCMNO/Ib30BaThb MPOBOAa MEHbLLUErO CeYeHNA. Kak yxe 66110
OTMEYEHO, yBe/inveHne KOB(I)q)I/ILJ,I/IeHTa MOLLUHOCTM NPK COXPaHEHNIN TOW Xe BleOAHOI7I MOLLUHOCT/ O3HA4aeT
CHUXEHMe TOKa. DTO CHVKEeHMEe MOXeT AaTb BO3MOXHOCTb NMPMMEHNTb NMPOBOAHVKN MEHbLLUErTo CeYeHN4.

MoscHMM 3TO Ha npuMepe. MycTb MoLHOCTL Harpyskn Pn = 170 kBT, cosg = 0.7, a HanpsxeHwe U,,,,, = 400 B.
Toraa noTpebasemblii Tok /p 7 paBeH
Piow 170- 103

= = =350.54
V3 Uyoy - cos@  \/3-400-0.7

lo7

Eciv nuTaHne MoAaeTtcst Mo OAHOXW/bHBLIM MeAHbIM KabensiM C 3TUAEHMPOMNUAEHOBOM N30MsLMer, Npo-
NOXEHHbIM B nepdoprpoBaHHOM NI0TKE, TO MPU CTaHAAPTHLIX YCNOBUSX Kabenb AOMXKEH MMEeTb cevyeHue
120 MM2 (cM. Tabnuuy 2.2).

B cnyuae nHanBmayanbHom Koppekunmy KoagduueHTa MOLLHOCTY A0 3HaveHus cosg = 0.9, Tok byAeT paBeH:
Pion 170-103

V3 U,y - cos@  \/3-400-0.9

Iy,

Mpv TakoM Toke Kabeslb MOXET MeTb ceyeHne 70 Mm2
Tabnnua 2.2

AnnTenbHO nponyckaemblii ToK lg OAHOXXMNBHBIX MeAHbIX Kabeneid,
NposIoXKeHHbIX Ha Nep$popUpPoOBaHHOM NIOTKe

MowHocTb

TpaHcpopmaTopa
[KBA]

25 141 114
35 176 143
50 216 174
70 279 225
95 342 275
120 400 321
150 464 372
185 533 427
240 634 507
300 736 587
400 868 689
500 998 789
630 1150 905




2.3 CHMXXeHwue noTepb

MoTepy MOLLHOCTW B 3N1E€KTPUYECKOM MPOBOAHMKE MPOMOPLIMOHabHbI COMPOTUBAEHNIO MPOBOAHMKA U KBa-
ApaTy npoTekaroLLiero Toka. MNockonbKy Npy 04MHAKOBOW NepejaBaeMoi aKTUBHOM MOLLIHOCTU TOK TEM HUXE,
yeM BbILLEe COSP, yBenmyeHne KoapPpuueHTa MOLLHOCTN 03HaYaeT CHUKEHME NoTepb B MPOBOAHMKE MexXay
NCTOYHMKOM MUTAHUS 1 TOYKO KOMMEeHCaLMm peakTUBHOM MOLLHOCTU. B TpexdasHom cncteme notepu Boipa-
XarTcsa cnegytoLleri Gopmynoin:

(P2+Q)
p=3'R'12 T
S P? + Q2 P? 4+ Q?
ﬁ'Un ﬁ'Un Un

rae:

« | - TOK, MpOTeKalLWMin Yepes NPOBOAHMK

* R - conpoTmBneHne NpoBOAHMKA

+ S - MonHasg MOLHOCTb, NoTpebnsemMas Harpy3kou

+ P - aKTMBHasi MOLLHOCTb, MOTpebasemas HarpysKkom

+ Q - peakTMBHasi MOLLHOCTb, NOTpebnsiemMas HarpysKom

° Un' HOMWHa/IbHOE HanpsaXeHme nnTaHnA

CHWeHVe noTepb Ap nocne KoppekLmmn Ko3dduLmeHTa MOLLHOCTY BblpaxaeTcs Gopmynol

cosQq
o= i- ()
P=h [ cosQ,

* p7 - NoTepu A0 KOppeKLmmn Ko3ddULMeHTa MOLLHOCTY;

rae:

* €CoSPq - KOIGPULIMEHT MOLLHOCTU A0 KOppeKLmm KOG ULMEHTa MOLLHOCTY;
* €COS(P5 - KOIGPULIMEHT MOLLHOCTI MOC/Ie KOPPEKLMN KOIbPULIMEHTA MOLLHOCTY;

3 dopmynbl [2.4] cnepyeT, UTO eCnun, HanpuMep, yBeNnunTb KoadduumeHT mowHocTy ¢ 0,7 o 0,9, cokpalle-
HVe noTepb COCTaBWUT 0kKoNo 39,5 %. B Tabnnue 2.3 NokasaHoO, HaCKO/IbKO COKPALLAKOTCA NoTepu nNpu ysean-
YeHUN KO3PPULIMEeHTa MOLLHOCTM OT Ha4YanbHOro 3HaYeHUs CoSPq A0 KOHeyvHoro - 0,9 nan 0,95.

L0405 08 L 07 L 08 00 L 095
oT cosp 80,2 69,1 55,6 39,5 20,9

Ap%
OT Ccos(p2 82,3 72,3 60,1 45,7 29,1 10,2 —

YBenvueHve Ko3pPULIMEHTA MOLLHOCTU MPUBOAUT K CHUXKEHWIO MOTEPb BO BCEW Liemnn OT MCTOYHMKA NMUTAHUSA
[0 TOYKM KOPPEeKLMN Ko3GdULMEHTA MOLLHOCTY.

(P+Q@>» R _, R P? R  P?
Ui (cospy)?

plzR _ - S —_— . p2=
R P? R  P? cosQ,
Ap=p1—p2=77" -7 =p1-[1—( )]

Ui UE Ui (cospy)?’
U2 cosp, U2 cose, cosQ,
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2.4 CHMXXeHne nageHus Hanps>keHus

MazeHve IMHENHOMO HaMpPsXXeHNs B TPeXPpasHO CETU MOXHO MPEeACTaBUTb CeAyoLMM 06pa3oMm:
P
AU =31+ (Rcosg + Xcosp) = T (R + Xtgop)
n

loe:

« R X - COOTBETCTBEHHO akTUBHOE VI pPeakTUBHOEe COMNPOoTUBAEHUE NNHUN;
« P - nepesaBaeMas akTMBHAasA MOLLHOCTb;

« [ -TOK;

. Un - HOMVHa/NIbHOE HanpsaxeHne

Mpwn oanHaKkoBOW NepesaBaeMol aKTVBHOV MOLLHOCTY MaZeHue HanpsXXeHUs TeM MeHblue, YeM bonblue
Ko3pPuLMeHT MoLHOCTU. Kak BUAHO Ha C/iefyoLLmX AnarpaMmmMax, YeM MeHblLLUe, T. e. Yron casura das mexay
HaMpPs>KEHNEM 1 TOKOM (MPW TOWM Xe akTUBHOW COCTaBASIOLLEN TOKA Harpy3ki U COOTBETCTBEHHO TOW Xe
aKTMBHOW MOLLHOCTW), TeM MeHbLlLe nageHne ¢pasHoro HanpskeHnsa AU npyyem nageHne HanpsXXeHms JoCTu-
raeT MUHVMYMa, KOra peakTVBHas MOLLHOCTb He NOTpebnisieTcs (TOK CUHda3eH HanpsixeHuto)!

Im 4
AV

Vs

Puc. 2.1. BEKTOpHaﬂ AnarpaMma nageHna HanpsaxeHmsd B NTNMHUN
6e3 KoMneHcaunn peaKTI/IBHOI7I MOLLHOCTN

ImA

Xy

V Re
RI,

Puc. 2.2. BekTopHasa gnarpaMmMa najeHust HanpsokeHns B IMHUK NpY NOJHON KoppeKLmn
KO3PPULIMEHTA MOLLHOCTK, T .€. A1 YNCTO aKTUBHOW Harpy3sku

T B NHKSAX CBEpPXBLICOKOro HanpskeHWs (330-750 kB), KOTopble MPOEKTUPYIOTCA Tak, UTo6bl NepejaBaemMasl MOLLHOCTb PaBHANAch
aKTUBHOW MOLLHOCTY, M3MEHeHMe HanpsxKeHWs CBeJeHO K MUHUMYMY (K HYtO, eC/IN CUMTaTb, YTO B IMHUN HET NoTeps), a NoTpebns-
emasi peakT/BHas MOLLIHOCTb, BO3HMKAIOLLIAA 13-3a MPOXOXAEHUSA TOKa Yepes nocief0BaTeNnbHy0 MHAYKTUBHOCTb, B TOYHOCTM paBHa
peakTUBHOM MOLLHOCTY, FreHepupyemoi EMKOCTI.
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3 OCHOBHbIe YCTPOMCTBA KOMMEHcaunn
peakTUBHON MOLLHOCTW

K OCHOBHbIM YCTPOMCTBAM KOMMEHCALM PeaKTUBHOM MOLLIHOCT/ OTHOCATCS:
* CMHXPOHHbIE reHepaTopbl,

© CUHXPOHHbIe KoMneHcaTopsbl (CK),

* CTaTM4eckre KoMneHcaTopbl peakTMBHOM MoLLHoCTK (CTK)

+ KOHAEeHCaTopHble baTapen

3.1 CMHXpPOHHbIe reHepaTopbl

CUHXPOHHbIe reHepaTopbl BblpabaThbiBaOT OCHOBHYH YacTb 31eKTPO3IHEePrum, KoTopas NocTynaeT K notpe-
6uTensamM yepes cMCTeMbl NepeAayn 1 pacnpegeneHus. He BjaBasicb B TeXHUYecKMe NogpPO6HOCTY, OTMETUM,
UTO, BO3JENCTBYA Ha BO3BYX/JEHMEe reHepaTopoB, MOXHO W3MEHSITb reHepupyemMoe HarmpsikeHue 1 Takum
06pasoM perynmpoBaTb Nepeaady peakTMBHON MOLLHOCTU B CeTb, YTO MO3BOJIAET yy4yllaTb Npoduan Hanps-
XEHUM CUCTEMbI 1 CHXKAaTb MoTepu B INHUAX Nepeay

3.2 CMHXpPOHHbIe KOMMEeHcaTopbl

CVHXPOHHble KOMMEeHCaTopbl — 3TO CMHXPOHHbIE ABUraTenu, KoTopble paboTatoT 6e3 Harpysku, Bpallasch
CUHXPOHHO C HamnpsiXXeHWeM B CETU, 1 BbIMNOHSAIOT e4NHCTBEHHYH GYHKLMIO: MOTPEBNSOT N3BLITOYHYO peak-
TVIBHYH MOLLHOCTb (B pexunme HeZoBO36YXAEHVS) AV TeHEPUPYIOT HeAOCTaLYH (B pexnmMe nepeBo3by-

XAeHWs).
E

Xs

E \

Puc. 3.1. CUHXPOHHbI KOMMEHCATOP B peXnme HeJoBO30YXAeHNS

Xs V

Puc. 3.2. CUHXPOHHbI KOMMNEHCATOP B peXVMe nepeBo3byXaeHus

E: 24C, reHepupyemas B 06MOTKax cratopa
V: pasHoe HanpsxXeHune, NPUIoXeHHOe K KOHTakTaM reHepaTopa
I: Tok cTaTtopa

Xs: peakTVIBHOE COMPOTMBEHME CTaTopa

2Tn yCTpOVICTBa NOAKNMKOYAKTCA B onpefesieHHbIX Y3/1aX CI/ICTEMOO6pa3y}OLLI,I/IX N nNnTarowmx ceTeln.
Vicnonb3oBaHue CMHXPOHHBLIX KOMMEHCAaTOPOB B pacnpeieinTeibHbIX CETAX SKOHOMUNYECKN Heu,enecoo6pa3-
HO 13-3a@ BbICOKO Ha4a/ibHOM CTOUMOCTU U 3aTpaT Ha TeXxHn4veckoe O6C}'Iy)KI/IBaHVIe.
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3.3 CtaTuyeckme KOMreHcaTopbl peakTUBHOW MOLLHOCTH

ycnexu cnnoBOoi 31eKTPOHUKN Aany BO3MOXHOCTb NeperiT OT CUHXPOHHbBIX KOMMEHCATOPOB K CTaTUYeCKM
cMcTemMaM KOMMeHcaumMm peakTMBHOM MOLLHOCTH, Takmm Kak TSC (KoHAeHcaTopHaa 6atapes ¢ TUPUCTOPHOM
KommyTaumen) n TCR (peakTop € TUPUCTOPHBIM yripaBaeHneM). 9TO IN1eKTPOHHbIe BapuaHTbl 31eKTPOMeXaHu-
YeCKMX KOMIMEHCATOPOB, B KOTOPLIX, OA4HAKO, 419 KOMMYTaLM KOHAeHCaTOPOB MNPUIMEHATCH HE KOHTaKTOopPbI,
a napbl TMPUCTOPOB, BK/IFOUEHHbIe BCTPEYHO-MapaniensLHo.

ey g

Puc. 3.3. MpuHumnuansHaa cxema TCR Puc. 3.4. MpuHumnuansbHasa cxema TSC

TSC - no3Bo/ISeT CTyNeH4aTo PeryimpoBaTb PeakTUBHYH MOLLHOCTbL, KOTOPYHO OTAAIOT B CETb KOHZAEHCaTOpbI,
a TSR - nnaBHO perynnpoBaTb PeakTVMBHYHK MOLLHOCTb, KOTOPYIO MOTPe6asatoT MHAYKTUBHOCTY. CoefnHMB
TSC n TSR, MOXHO MAaBHO PerynMpoBaTb reHepupyemMyto 1 noTpebnseMyto peakTUBHYH MOLLHOCTb. Takue
YCTPOWNCTBA NPVIMEHAIOTCH, B MEPBYI0 0Yepe/ib, B CETHAX BbICOKOTO 1 CBEPXBbLICOKOrO Hanpsi>XXeHus.

3.4 KoHaeHcaTopHble baTapeu

KoHgeHcaTop npeacTaBnsgeT cO60M NacCUBHBIN ABYXMOOCHUK, COCTOSLLIMIA U3 ABYX NPOBOAALLMX MOBEPXHO-
CTel, Ha3bIBaeMbIX 3N1EKTPOAAMM, N30ANPOBAHHLIX APYr OT APYra AVN3NEKTPUKOM.

3NeKTpuyeckoe none

3NeKTpoq ——o ®———— 3J1eKTpoq

DN3INEKTPUK

Takasi cMcTeMa NpPOMNUTLIBAETCA KOHAEHCATOPHBIM MaC/IOM AJ1st 3aLUMThl OT BAark U ra3oBbIX My3bIpbKOB, KOTO-
pble MOTyT CTaTb MPUYMHOW NPOBGOS.

MNocneaHee MoKoneHNe KOHAEHCAaTOPOB He COAEPXUT MPOMUTOYHOM XUAKOCTL U MPOXOANT CreumnanbHyro
06paboTKy, KOTOpasa yny4yllaeT X 3nekTpuyeckme cBolcTBa. Cyxme KOHAEHCATOPbl He CO3A4atoT OMacHOCTH
3arpssHeHNst OKpyXKatoLLel cpesbl 13-3a YTEYKN MPONUTOYHOM XUAKOCTH.
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B 3aBucumocTu ot reoMeTpnm MeTaninyeCcknx aNeKTpoAoB KOHAEHCATOPbI AeNATCA Ha!
° NoCKneE,;
* UnnnHapunyeckue;

- chepunyeckme.

OCHOBHbIMU napamMeTpamMi KOHAeHCaTopa ABNAKTCA:

* HOMUHanbHasi éMKocTb C,, BeIMYMHA, paccyMTbiBaeMasi Mo HOMUHaNbHBIM 3HaYEHUAM MOLLIHOCTH,
HanpsKeHWst N 4acToTbl KOHAEeHCaTopa;

* HOMUWHaNbHasi MOLHOCTb Q,, PeakTVMBHAasi MOLLHOCTb, Ha KOTOPYH pacCcymTaH KOHAeHcaTop;

© HOMUWHaNbHOe HanpsxeHne U, AecTBytOLLee 3HaYeHe NepeMeHHOro HanpsXXeHus, Ha KoTopoe
paccynTaH KOHAeHcaTop;

* HOMMHaNbHas 4acToTa f, 4acTOTa, Ha KOTOPYHO paccHMTaH KOHAeHcaTop.

Koraa K anekTpoAam KoHAeHcaTopa NpuKkaajbiBaeTcs nepemMeHHoe HanpsixkeHune, KOHAEHCATOP LKANYecKM

3apsiKaeTcs 1 paspsixkaeTcs. B npoLecce 3apsiZikv KOHAEHCATOpP 3anacaeT peakTUBHYH SHePruto, a B npoLecce

pa3pAakn OTAaeT €e B Uernb, K KOTOpOI7I OH MmoAknto4veH. Konnyecrso 3TOWN SHEPIrnn BblpaxaeTca cnelyroLnm
COOTHOLUEHWNEM!

1 2
Ec=5CU

rae:
C - éMKOCTb
U - Hanps>eHWe, NpUIoXKeHHOe K BbIBO4AaM KOHAEeHcaTopa

MocKkonbKy KOHZEHCATOpbl CMOCO6HbI 3amacaTb W OTAABaTb SHEPTUH, OHW CYXaT OCHOBHbLIM 3/1eMEHTOM
KOHZEHCATOPHbIX YCTAaHOBOK KOMMEHCALUMM PeakTVBHON MOLLHOCTA (4715 HAMNpPs>KeHNIA BCex YPOBHEN) 1 CTa-
TUYECKMX YCTPOCTB perynImpoBaHus peakTMBHOM MoLHocT!,

B uacTtHOCTW, A4N1S KOMMeHCauuy pPeakTUBHOM MOLLHOCTU B HW3KOBOJIbTHbIX YCTAHOBKaX MPUMEHSAHOTCS
OAHOdAa3Hble KOHAEHCATOPbLlI C MEeTaNNM3VMPOBAHHOW MOAMMPONUIEHOBOW MNEHKOW, B TOM 4uMC/ie CaMo-
BOCCTaHaBAMBaoLLMecs. B TakmMx KOHAeHcaTopax AN3NeKTPUK CNocobeH BOCCTaHaBAMBaTLCA Nocsie npobos:
noBpexAeHHas YacTb MJeHKM UCnapseTcs B pe3ynbTaTe TEMNJ0BOro BO3AENCTBUSA pa3pssa, Tak uTo Ananiek-
TpUUeckme CBOMCTBA C/105 COXPAHSAIOTCS.

Mnockwne UnnmnHapuueckmne Coepunueckue
KOHAEeHcaTopbl KOHZAEeHcaTopbl KOHAEHcaTopbl

T dakTn4eckn, KOHAEHCATOPbl MOTPEBASOT MUHMa bHYIO aKTVIBHYH MOLLHOCTb B CUJTy HEHY/IEBOW MPOBOAUMOCTY ANSNEKTPUYECKOTO
CNOS N TUCTEPE3NCHBIX MoTepsb.
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4 Bupabl Koppekuun KkodppuumneHTa
MOLLLHOCTW

B npeapblayLLx rnaBax Mbl 06Cy>KAaNnu TeXHUYECKe 1 SKOHOMUYECKe NpenmMyLLecTBa Koppekumnm koddou-
LMeHTa MOLLHOCTW. Tenepb BaXXHO MOHSATb, B KaKMX TOUKAX CETU HY>XXHO MOAKNOYAaTb KOHAEHCATOPbI, YTO6bI
Hanny4LwnMm 06pa3oM MCNONb30BaTb yKasaHHble NpenmyLlecTBa. He cylecTByeT 06LLMX NpaBuAa, MPUMeHN-
MbIX KO BCEM TUMaM 3/71eKTPOYCTaHOBOK. TeopeTnyeckm, KOHAEHCATOPbl MOXHO MOAK/IOYATL B 060N TOUKe,
eC/IN 3TO Lie1ecoobpasHoO C NPaKTUYECKOV 1 SKOHOMUYECKOI TOUKW 3peHus. Mo MecTy NOAKIIOYEHNS KOHAEH-
CaTOPOB MOXHO BbIAENUTb C/IefytoLLe OCHOBHbIE BUAbI KOPPeKLMU KOIPPULMEHTA MOLLIHOCTI:

© UHAVBUAYaNbHasa Koppekumsa KkoadduumeHTa MOLWHOCTY;
 rpynnoBas KoppeKkums Ko3ppunLmeHTa MOLLHOCTY;

+ LEeHTpann3oBaHHasa Koppekums KoadpdbuumeHTa MoLHOCTY;
© KOMBMHMpOBaHHas Koppekuus KoadpdurLmeHTa MOLLHOCTY;

* aBTOMaTun4eckaa Koppekuns KOSCI)CI)I/ILJ,VIEHTa MOLLUHOCTW/

4.1 UHgnBumayanbHasa Koppekunsa KkoappuumeHTa
MOLLHOCTW

NHaVBUAYyansHas KOppekLms JOCTUIaeTcs NoAKI0YeHEeM TOUHO pacCUMTaHHOW KOHAEHCAaTOpPHON 6aTapen K
BbIBOZAM Harpy3ku, peakTUBHYH MOLLHOCTb KOTOPOI HY>XHO KOMMeHCMpPoBaTb. MOHTax He TpebyeT 601bLUMX
Pacxo/oB, KOHAEHCATOPbI M Harpyska KOMMYTUPYHOTCS OAHOBPEMEHHO M HUX MOXHO MCMOJb30BaTh 0bLyme
YCTPOWCTBA 3aLLMThl OT NeperpysKu.

3TOT BUA Koppekumn KosbduumeHTa MOLHOCTU peKoMeHAyeTCs NPUMeHSTb A1 060pyA0BaHUS COCPesOTO-
UEHHOrO Ha onpejeneHHON TeppPUTOPUN, XapaKTepU3YHLLErocs MOCTOAHHOM MOLLHOCTBIO, HanprMep, Tako-
ro, Kak 3NeKTpoaBuraTeny 1 NtoMUHecLeHTHble namnbl. Ha pucyHke 4.1 npeacTaBieHbl pacnpocTpaHeHHble
CXeMbl KOMMEHCaLMN peakTUBHOM MOLLUHOCTU ANSA 31eKTpoABuratenel. B cayyae npsamMoro noAkIoveHns
(CxeMbI Tn 2) BO3HUKaeET Ciejyrollad OnacHOCTb: Noc/sie OTKAKYEHNA NTaHNA ABUTaTelb NPOAO0IXKAET Bpa-
LLATbCS (3@ CHET OCTaTOYHOW KMHETMYECKOV IHEePrn) 1 caMOBO3bYyXAaeTcsi TOKOM OT KOHAEeHCaTOpHO b6aTa-
peun, NpeBpaLLascb B aCHXPOHHLIN reHepaTtop. MNpu 3TOM Ha CTOPOHe Harpy3ky COXpaHAeTCs HanpsXeHune
I'IVITaI-OLLI,GI7I cetTn. 310 O3Ha4aeT, YTO HanpsXXeHne Ha 3aXnMax KOMMYTauMOHHbIX annapaTtoB U yCTpOI‘/'ICTB
3alNTbl MOXET YBeNNYUTLCA (40 ABYX pa3) OTHOCUTENbHO HOMWHANIBLHOIO 3HadyeHns. Ha cxeme 3, koMneH-
cpyroLLan 6aTapeﬂ NOAKIKYaeTCA TONbKO rnocdnie nycka ABuratend U OTK/IKo4YaeTcd paHblle, YeM NinTaHne
3NeKTpoABUraTens. TOT CNoCcob NoAKNOUeHUsT obecneynBaeT BbICOKUA KOIGOULMEHT MOLLHOCTM Ha CTOPO-
He MUTaHNSA Harpysku, HO TpebyeT AONONHUTENbHbIX 3aTpPaT.

o

* | |

“ @on

T Mpynna KOMNeHCMPYEMBIX Harpy30K

Puc. 4.1.
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Cxema 1 Cxema 2 Cxema 3

Myckatens Myckatensb l

55 N

MyckaTens

WS e |2 55

4.2 Bngbl Koppekumn Ko3dpuLmeHTa MOLLHOCTH
pynnoBas Koppekumsa KoabpuumeHTa MOLLHOCTU

JaHHbI BUJ KOPpPeKuUn npejHasHadeH A5 NoBbIWeHUA KO3$PULMeHTa MOLLHOCTW FPynMbl Harpy3ok C
6M3KNMIN GYHKLMOHANBHBIMY XapakTepucTMkaMmn nyTeM MoAkAYeHUs obLieil 6aTtapen KOHAEeHCaTopPOB.
Takoe peLleHne - KOMAPOMMCC MeXAy IKOHOMUYHOCTBIO U 3G eKTUBHOCTBIO, MOCKO/BbKY MpenMyLLLecTBa OT
KOPPEKTMPOBKM KO3PPULIMEHTA MOLLHOCTM MPOSIBAAIOTCA TONBKO CO CTOPOHbI UCTOYHMKA NUTaHWS, T. €. Bbille
TOYKM MOAKNOYEHMSA baTapen KOHAEHCATOPOB.

4.3 LeHTpannsoBaHHasa Koppekums KospobumumeHTa
MOLLHOCTW

Bbibop onTMManbHOro Tmna Koppekumm koadgduumeHTa MOLHOCT B 60NbLLOK Mepe 3aBUCUT OT CYTOYHOIO
npoduns Harpysku. B yctaHoBKax ¢ 601bLUNM YNCAOM Harpy3okK, KOTopble paboTatoT He O4HOBPEMEHHO UK
BK/IHOYAIOTCS TOIbKO Ha HECKO/IbKO YacoB B AeHb, MpYMeHeHVe MHANBUAYaNbHOM KOMMNeHCaL M peakTUBHOM
MOLLIHOCTY 3KOHOMMYECKM HEBbIFOAHO, TakK Kak 3HaunTe/IbHas YacTb YCTaHOBEHHbIX KOHAEHCAaTOpOB byaeT
nogonry 6esseiicTBoBaTbh. B Takmx cnyvasix MCMONb3YHOT e4MHYH0 CUCTeMY KOMMeHcaumy, Kotopas NoAK/to-
4aeTca B TOUKe NPUCOeAMHEHNS INeKTPOYCTaHOBKM K CeTU 1 No3BonseT 060MTUCh CyLLeCTBEHHO MeHbLLVM

YNC/I0OM KOHAEHCATOPOB.
C;L

4
NnHum nutadua HH

Puc. 4.2
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Ana LeHTpann30BaHHOM KOMMEHCAUMN PeakTMBHOM MOLLHOCTU O6bIYHO MCMONb3YIT aBTOMaTuyeckme
YCTPOMNCTBa (CM. pasfgen «ABTOMaTMyeckas Koppekums KosdpPuLMeHTa MOLLHOCT»), KOTOPble COCTOSAT W3
HeCKONbKNX KOHAEHCATOPHbIX baTapel, ABAAOLWMXCS OTAENbHBIMU CTYNeHAMN KOMMNEeHCaumm, 1 yCTaHaBN -
BarOTCA HEMocpeACTBEHHO B [NTaBHOM pacrnpeAennTesibHOM LwmTe. NoCTOAHHO NOAKII0YEHHbIe KOHAEeHCaTop-
Hble 6aTapen NPYMeHNMbI TONbKO B TexX Cy4asX, Korja KoMrneHcnmpyemas peakTBHas MOLLHOCTb OCTaeTcs
MOCTOAHHOM Ha NPOTSXEeHUN Bcero AHA. LleHTpannsoBaHHas Koppekums No3BoaseT onTUMM3MPOBaTh pac-
XO4bl Ha KOHJEHcaTOpHble 6aTapeu, HO pacnpesennTeNbHy CeTb MPUXOANTCA MPOeKTUPOBaTb C y4YeTOM
MaKCUMaNbHOW peakTUBHOW MOLLHOCTW, MOTPebaseMOoli Harpy3kamu.

4.4 KombuHnpoBaHHas Koppekuusa KkoappuumeHTa
MOLLHOCTU

JlaHHOe peLueHue npejcTaBaseT cob0i KOMMPOMUNCC MeXAY NHANBUAYANbHON U LLeHTPaAn30BaHHON Koppek-
umein koadduumeHTa MOLLHOCTY 1 UCMOb3yeT NpenmyLLecTBa 060MX BapMaHToB. [19 MOLLHOro snekTpuye-
CKOro 060opyfoBaHVsA NPUMEHSIETCS VHAMBUAYaNbHAA KOPPeKLUMs, a A1 OCTaJbHOrO - LIeHTPasn30BaHHas.
KoMbuHMpoBaHHaa Koppekuma Ko3ppuumeHTa MOLLHOCTU MpeanoYTuTeslbHa B 31eKTPOYyCTaHOBKaX, rae
TO/MIbKO MOLLHOEe 060pyAoBaHVe paboTaeT B MPOAO/IKUTENIbHOM pexuMe.

4.5 ABTOMaTM4yeckas Koppekuusa koapouumeHTa
MOLLHOCTWU

B 601bLUMHCTBE 31€KTPOYCTaHOBOK MOTpebieHne peakTVBHOW MOLLHOCTY He ABASIETCS MOCTOSAHHbIM M13-3a
TOro, HanpuMep, YTO B PaboUMX LMKIaX MOCNef0BaTENbHO NCMONb3YHTCA MALUMHbBI C Pa3HbIMUW 31eKTpuYe-
CKUMW XapaKTepucTMkaMu. B Takmx 3n1eKTpoycTaHOBKaX NMPUMEHSAIOTCSH CUCTeMbl aBTOMATUYeCcKol Koppek-
LMK, KOTOpble M3MepST Tekyllee noTpebneHne peakTUBHOM MOLLHOCTM U BK/IKOYAKOT COOTBETCTBYHOLLME
KOHAeHCaToOpHble baTapewn, NoAAepX1Bas TEM CaMblM MOCTOAHHbLIA KO3PPULMEHT MOLLHOCTIN YCTaHOBKMN.

ABTOMaTM4YeCckMe CUCTeMbl KOMMeHcaunn peaKTVIBHOI7| MOLLHOCTW BK/IKOYaOT B Cebs:
* AATUVIKN TOKa 1 HaNpAXeHn4d,;

* VIHTeNNeKTyaNbHOe YCTPOMCTBO, KOTOPOE CpaBHMBAET U3MeEPEHHbIN KO3QOULNEHT MOLLHOCTY C 3a4aHHbIM
1 COOTBETCTBYHOLLMM 06pa3oM yrnpaBaseT KOMMyTaLen KOHAEeHCAaTOPHbIX baTapeii. Takoe yCTpolicTBO
Ha3blBalOT perynaTopomM koadduLmeHTa MOLLHOCTY;

* SNEKTPOLUNT C yCTpOI‘/'ICTBaMI/I KOMMYTaunnm n 3allThbl;
* KOHAEHCaTOpPHbIe 6aTape|/|.
PerynﬂTop nogaepXxmBaet K03¢¢I/IL|,I/IGHT MOLLHOCTN KakK MO>XHO B6anxe K 3ajaHHOMY 3Ha4eHWHo, CTyneH4aTo

N3MEeHSIA NoAKAoHaeMyro EMKOCTb. TOYHOCTb perynpoBaHusA TeM Bbllle, YeM 6onbLue CTyneHel perynmpo-
BaHUSA 1N YeM MeHbLLe Lwar Mexay HUMU.

Déekraft
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5 PacueT Ko3dpPrLUMEeHTa MOLLLHOCTU

[lna nogbopa KOMMNeHCMpYHoLLLe KOHAEHCATOPHOW baTapen HeEOBXOAMMO paccumTaTb KO3OPULIMEHT MOLLHO-
CTW 3N1eKTPOYCTaHOBKM B COOTBETCTBUW C MpoduiemM ee Harpysku, YTobbl n3bexaTb U36bITOUHOro NoTpebe-
HWS peakTVUBHOWM 3Heprumn 1 WTpadoB CO CTOPOHbLI SHEProcHabXKatoLLLel opraHmn3aLmm.

Ana VHAVBWAYaNbHOW WMAW TPYMnMnoBoOi Koppekumn Ko3pPULMEHTa MOLLHOCTM HYXHO OnpeaenvTb Cosg
OTAeNbHOW Harpy3Ky UK rpynbl HAarpy3oK, YTO MOXHO CAenaTb ABYMsi COCOBaMM:

* HemnocpeAcTBEHHO, MO NMOKa3aHUAM 13MepuTens Ko3beuLmeHTa MOLLHOCTY;

* KOCBEHHO, MO MOKa3aHWsiM N3MepuTesieil akTUBHOM N PeakTUBHON MOLLHOCTU.

N3mepuTenb Ko3bPULMEHTa MOLLHOCTA MOKa3bIBAeT COSY HArpysku COracHO MOTPebaseMOi SHepruu.
I3MepeHns Hy>XHO BbINMONHUTL B pa3Hble MOMeHTbl paboyero Lukia, YTobbl NoNy4nTb cpefHee 3HaveHue
KO3 dULIMEHTa MOLLHOCTU. ECIM M3BECTHO, Kakyr akTUBHYHO 1N peakTUBHYH MOLLIHOCTU NOTpe6isieT Harpy3ka

VAW TPYMMa Harpy3oK Ha NPOTSXKEHUW paboyero LukAa, To CPesHU KOIPPULMEHT MOLLHOCTM PaCCUUTbIBA-
eTcsi cnesyLmM obpasom.

Eor — EQi>

cosp = cos | tg™?! (E =
P Pi

rae:
Epf 1 Epj ~ 3HaUeHNst aKTUBHOM 11 PeaKTVBHOW 3HEPry, 3MepeHHbIe B Hauase paboqero LnKna;
Epf 1 Eqf - 3HaUYeHNS aKTUBHOW 1 PEAaKTUBHOM SHEpruK, N3MepeHHble B kKoHLe pabodero Lukna.

YT06bI BbIMOHUTL LEHTPAIM30BaHHY KOPPEKLMo KO3GULMEHTA MOLLIHOCTY, HYXXHO ONpeaennTb cpesHe-
MecsYHble KO3OOULNEHTLI MOLLHOCTY WA N3YUNTb CYeTa SHEProcHabXatoLLelr KOMMaHuu.

Dékraft
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6 PacueTt Tpebyemoun peakKTUBHOM
MOLLHOCTM

Onpegenns GakTNHeCKniA (CoS@4) N TpebyeMbl (CoSP,) KO3GOULMEHTbI MOLLHOCTM 3/1eKTPOYCTaHOBKM, MOXHO
paccumTaTb peakTUBHYH MOLLHOCTb KOHAEHCAaTOPHOM 6aTapen, HeEO6XOAMMYIO AN15 KOppeKUnn KoapduLmeH-
Ta MOLLHOCTW.

Ecnn

+ P - ycTaHOB/IEHHas aKTUBHAsi MOLLHOCTb,
* (7 - yron casura ¢as 2o KoppekLmn Ko3dduLMeHTa MOLLHOCTY,

© (p, - yron casura das, KOTopbI TpebyeTca NONYyUNTb B pesysibTaTe KoppekLuumm, TO Tpebyemas MOLLHOCTb
KOHZEeHcaTopHoW baTapen Q. paBHa:

Q. = (tgp, —tgey)-P=K-P

Mocne onpejeneHVs Ha4albHOroO Cos® Tpebyemyto MOLLHOCTb KOHAEHCAaTOPHOW 6aTapen (B kBap Ha KBT
YCTaHOBMIEHHOM MOLLHOCTI) MOXHO OMpejeNnTb C MOMOLLb Tabauupl 7.1. B TpexdasHol cmucTeme KOH-
JAeHcaTopHas baTapesi COCTOUT M3 Tpex KOHAEHCAaTOPOB OAMHAKOBOW EMKOCTW, KOTOPble MOXHO COeAUHUTb
TPEeYrofibHVKOM VAWK 3Be301. Bbibnpas cxeMy COeANHEHNS HYXHO YUYNTbIBaTb, YTO MPWU COeAUHEHUN Tpey-
FONIbHUKOM Ha KaXAbl KOHAEHCaTop NOAAeTCs NMHeNHOoe HanpsXXeHre, HO EMKOCTb KOHAeHcaTopa CoCTaBAs-
eT ToNbKO 1/3 OT TOl, KoTopas TpebyeTcs B Clyvae COeANHEHNS 3Be340M (MpY TOM Xe YPOBHe reHepupyemMoni
PeaKkTUBHOM MOLLHOCTW).
2

U,
Qo = Qs> Gy =3-C => 3+ () =w- Gy UF= G =30,
NG
B HN3KOBOIbTHbIX yCTaHOBKaX, rae |'|p06}'|eMb| n3onAaunm He NMerT 60ﬂbL|J0rO 3Ha4veHun4d, I'Ipe,ql'lol-lTl/lTeanee
COEANHATb KOHAEHCATOPbLI TPEYroJIbHMKOM, TaK KaK 3TO NMO3BOIAET 060NTUNCH MEeHbLUEeN EMKOCTLIO B Ka)KAOVI
dase.

Tabnuua 6.1
KoadpPpuumeHT K (kBap/KBT)

HauvanbHbin

cosp | 0.80 | 0.85 ] 0.90 | 0.91  0.92 | 0.93 | 0.94 | 0.95 | 0.96 | 0.97 | 0.98 | 0.99 | 1 _
0.60 0.583 0.714 0.849 0.878 0.907 0.938 0.970 1.005 1.042 1.083 1.130 1.191 1.333
0.61 0.549 0.679 0.815 0.843 0.873 0904 0.936 0.970 1.007 1.048 1.096 1.157 1.299
0.62 0.515 0.646 0.781 0.810 0.839 0.870 0.903 0.937 0.974 1.015 1.062 1.123 1.265
0.63 0.483 0.613 0.748 0.777 0.807 0.837 0.870 0.904 0.941 0.982 1.030 1.090 1.233
0.64 0.451 0.581  0.716 0.745 0.775 0.805 0.838 0.872 0.909 0.950 0.998 1.058 1.201
0.65 0.419 0.549 0.685 0.714 0.743 0.774 0.806 0.840 0.877 0919 0.966 1.027 1.169
0.66 0.388 0.519 0.654 0.683 0.712 0.743 0.775 0.810 0.847 0.888 0.935 0.996 1.138
0.67 0.358 0.488 0.624 0.652 0.682 0.713 0.745 0.779 0.816 0.857 0.905 0.966 1.108
0.68 0.328 0.459 0.594 0.623 0.652 0.683 0.715 0.750 0.787 0.828 0.875 0.936 1.078
0.69 0.299 0.429 0.565 0.593 0.623 0.654 0.686 0.720 0.757 0.798 0.846 0.907 1.049
0.70 0.270 0.400 0.536  0.565 0.594 0.625 0.657 0.692 0.729 0.770 0.817 0.878 1.020
0.71 0.242 0.372 0.508 0.536 0.566 0.597 0.629 0.663 0.700 0.741 0.789 0.849 0.992
0.72 0.214 ' 0.344  0.480 0.508 0.538 0.569 0.601 0.635 0.672 0.713 0.761 0.821 0.964
0.73 0.186 0.316 0.452 0.481 0.510 0.541 0.573 0.608 0.645 0.686 0.733 0.794 0.936
0.74 0.159 0.289 0.425 0.453 0.483 0.514 0.546 0.580 0.617  0.658 0.706 0.766 0.909
0.75 0.132 0.262 0.398 0.426 0.456 0.487 0.519 0.553 0.590 0.631 0.679 0.739 0.882
0.76 0.105  0.235  0.371  0.400 0.429 0.460 0.492 0.526 0.563 0.605 0.652 0.713 0.855
0.77 0.079 0.209 0.344 0.373 0.403 0.433 0.466 0.500 0.537 0.578 0.626 0.686 0.829
0.78 0.052 0.183 0.318 0.347 0.376 0.407 0.439 0.474 0.511 0.552 0.599 0.660 0.802
0.79 0.026 0.156 0.292 0.320 0.350 0.381 0.413 0.447 0.484 0.525 0.573 0.634 0.776
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HauanbHbli KoHeuHbI cosp

cosyp . . . . . . . . . . . .

0.80 0.130 0.266 0.294 0.324 0.355 0.387 0.421 0458 0.499 0.547 0.608 0.750
0.81 0.104 0.240 0.268 0.298 0.329 0.361 0.395 0.432 0473 0.521 0.581 0.724
0.82 0.078 0.214 0.242 0.272 0.303 0.335 0.369 0.406 0.447 0.495 0.556 0.698
0.83 0.052 0.188 0.216 0.246 0.277 0.309 0.343 0.380 0.421 0.469 0.530 0.672
0.84 0.026 0.162 0.190 0.220 0.251  0.283 0.317 0.354 0.395 0.443 0.503 0.646
0.85 0.135 0.164 0.194 0.225 0.257 0.291 0.328 0.369 0.417 0.477 0.620
0.86 0.109  0.138 0.167 0.198  0.230 0.265 0.302 0.343 0.390 0.451 0.593
0.87 0.082 0.111 0.141 0.172 0.204 0.238 0.275 0.316 0.364 0.424 0.567
0.88 0.055  0.084 0.114 0.145 0.177 0.211 0.248 0.289 0.337 0.397 0.540
0.89 0.028 0.057 0.086 0.117 0.149 0.184 0.221 0.262 0.309 0.370 0.512
0.90 0.029 0.058 0.089 0.121 0.156 0.193 0.234 0.281 0.342 0.484

Mpumep

MoTpebnsieMast akTUBHAsA MOLLHOCTbL 31eKTpoycTaHoBKY - 300 kBT, HanpsikeHue 400 B, cosp = 0,75, TpebyeTca
yBennuunTb KoaddunumeHT mowHocTy 4o 0,90. B Tabnnue 6.1 Ha nepeceyeHnn CTPOKN «HavanbHbI cosp = 0,75
N CTONB6LA «KOHEUHbIN cosg = 0,9 HaxoanM 3HadeHue KoadduumeHTa K - 0,398

CnepoBaTtenbHO, HaM MOHAA0BUTCSA KOHAeHCaTopHasa 6aTapes ¢ MOLLHOCTbIO Q. PaBHOIA:
Q.=K-P=0,398-300=119,4 kBAp

6.1 Koppekuusa koadpoduumeHTa MOLLHOCTU TpexdpasHbIX
aneKTpoaBurateneun

KoadpdurLmeHT MOLLHOCTM aCMHXPOHHbLIX 3/1EKTPOABUraTenen HeBO3MOXHO CKOPPEKTMPOBaTb C H6OMbLLUON
TOYHOCTbHO, MOCKOIbKY OH CYLLLIeCTBEHHO 3aBWCUT OT pexumMa Harpysku. PaccMoTpuM, Hanpumep, LLeCT1no-
JIOCHBIN 3neKTpoABuraTesb MoWHOCTLH 11 KBT. 3 npuBeseHHOM Hdke Tabnnubl U AnarpaMmMbl BUAHO, UTO
NPV HOPMaJlbHbIX YCI0BUSX OH paboTaeT ¢ KO3PpPULIMEHTOM MOLLHOCTY cosp = 0.77 Torja kak HOMUHANbHBbIN
KnA4 n, = 0.86.

Tabnuua 7.2

HoMuHanbHas MOLLHOCTb Yuncno nosrocoB

1.1 1.5 0.85 0.79 0.75 0.75
1.5 2 0.85 0.79 0.75 0.75
2.2 3 0.85 0.79 0.75 0.75
3 4 0.86 0.80 0.75 0.75
4 5.5 0.86 0.82 0.76 0.76
5.5 7.5 0.87 0.85 0.76 0.76
7.5 10 0.88 0.85 0.76 0.76
11 15 0.88 0.85 0.77 0.80
1.5 20 0.88 0.85 0.80 0.80
18.5 25 0.88 0.85 0.82 0.81
22 30 0.88 0.85 0.83 0.82
30 40 0.88 0.86 0.84 0.83
45 60 0.89 0.87 0.86 0.84
55 75 0.89 0.88 0.87 0.85
75 100 0.89 0.88 0.88 0.86
90 125 0.89 0.88 0.88 0.86
cospn
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KNA kak ¢yHKLMA MOLLHOCTU
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HoMuHanbHasi MOLWHOCTb ABUraTens

Ecnn 31OT ABUratenb paboTaeT ¢ Harpy3koin 40 % OT HOMWUHAaNABHOM, TO ero Ko3dduumeHT MolHocTn 1 KMJ,
COrN1acHO NpMBeAEHHOI HIXe AarpaMme COCTaBAT:

cosp = cosg, - 0.67 = 0.52
n=n,09=0.77

CnespoBaTenbHO, NOTpebneHHas 13 CeTN akTMBHAsA MOLLHOCTb P, paBHa:

_ Pn _ 04°P, _04°11 _
P, = Xz, =5.68 kBT

Harpyska gsuratens P, % oT HOMUHaNbHOM
MOLLHOCTH

20 30 40 50 60 70 80 90 100
1

— ~

—_ L]
0.95 - & - 1 N\
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0.85 // /
0.80 / /

0.75 / /

.6. + /
0.60 /

0.55

MoHvxarowmin KoadduneHT
~
AN

/ ——— [ANs HOMWHAIBHOrO COSE
—— — panA HomuHansHoro KMa

0.50

Mo NpuBeAEHHO BbilLe HOMOTPaMMe OMpeAesieM, YTo NpU KOPPeKLUU KO3IPPMLIMEHTA MOLLIHOCTA A0 3Ha-
YyeHus cosg = 0.9 koadpduumeHT K paBeH 1.15, cnegoBaTenbHO, Tpebyemas peakTBHas MOLLHOCTb Q. paBHa:

Q.=K-P=1.15-5.68 = 6.53 KBAp

ObLuee npaBnio Koppekunn Kos$pdurLmMeHTa MOLLHOCTY C yY4eTOM pexmnmMa Harpysku COCTOUT B TOM, YTO AN14
ABUraTens MOLHOCTbIO P, KOMMNEHCMPYIOLLIAsA peakTBHas MOLLHOCTE Q. fO/KHaA obecneyrBaTtb KO3pPuULM-
eHT MOLLHOCTU He HXKe 3af,aHHOro, HO He npesbiwaTb 90% OT peakTUBHOW MOLLHOCTU Qp, NoTpebnsgemMori
ABuUraTenem npum HOMWHANIBLHOM HarnpsxeHun U, B XON0CTOM pexuvme. [ToM1MMO Mnpoyero, KomreHcauus
PeaKkTMBHOWM MOLLHOCTX MO3BOAAeT n3bexaTb nepeHanpsXeHUs Npy oTKAYeHWW gBuratens. MNpogomkas
BpaLLaTbCs, ABUraTe/lb MOXET eiCTBOBaTb Kak CaMOBO36YXAAOLLMIACA reHepaTop 1 BblpabaTbliBaTb Hanps-
XeHue 3HaunTenbHO Bblilwe ceTeBoro [M3K 60831-1]. YunTbiBas, UYTo noTpebasemblii 6e3 Harpysku ToK [y
ABNAETCA YNCTO PeakTUBHbIM (sing = 1), TpebyeTcs KOMNEHCMPYOLLAsA peakTUBHAA MOLLHOCTb:

‘/§'Un'10

Qc=09-Qo = 0.9 —

kKBAp

Tok /g 06bIYHO yKa3aH B AOKYMeHTauun ABuraTens.

Déekraft
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6.2 Koppekuus KkoaddumumeHTa MOLLHOCTU TpexdasHbIX
TpaHcpopmaTopoB

Koppekumnsa koadpduLumeHTa MOLLIHOCTU TPAHCGOPMATOPOB MMEET MepBOCTEeNeHHOEe 3HaUeHVe, MOCKO/IbKY OHI
OYeHb YacTo 3KCMyaTUPYHTCA B JINTENLHOM pexumMe. B YacTHOCTY, Ha yCTaHOBKaXx, rAe MMeeTcst MHOXEeCTBO
Pa3NNYHbIX TPaHCGOPMATOPHbIX MOACTAHLMIA, peKOMeHAYeTCH Tak KOMMeHCPOBaTh PeakTUBHYHO MOLLHOCTb
TpaHcPopMaTopoB, UTObObI rapaHTUPOBaTh CpeAHuin Ko3ddrumeHT mowHocTn 0,9 Ha CTopoHe cpeaHero
HanpskeHns. BoobLue roBops, KOMNeHCpyoLWwas MOLWHOCTb Q. AN TpaHchopmaTopa ¢ HOMUHANbLHOM Mo-
HOWM MOLLHOCTbBIO S, He JO/KHA MpeBbIaTbh MOLHOCTb, NOTPebfgeMyto B pexXrMe MUHUManbHOM Harpysku.
Mcnonb3ys NacnopTHble XapakTepUCTUKY TpaHCchopMaTopa — TOK XO0CTOro XoAa /p %, HanpsxeHmne KopoT-
KOro 3amblkaHus Uy %, noTepun B cTanwv cepAeydHiika Pp, 1 noTepn B 06MoTKax Pg, (KBT), MOXHO paccumntathb
Tpebyemyto KOMMEHCUPYHOLLYIO MOLLHOCTb:

1,% 2 U % 2 1,% U, %
Qc = J(foo ST) _PIZ€+KL2'\/<100 ST) — R~ (100 ST)+KL2'(100 'Sr) KBAp

rae K, - 370 K03pPUUMEHT Harpysku, PaBHbIA OTHOLLEHMO MOLLHOCTN B pexvMe MUHVMMAaNbHOW Harpysku K
HOMWHAIbHOW MOLLIHOCTU TpaHCchopmaTopa.

Mpumep 1
Mpegnonoxmnm, TpebyeTcs CKOPPeKTMpoBaTb KO3IGPULMEHT MOLLHOCTM MAacAfgHOro pacrnpejennTenbHOro

TpaHchopMaTopa MOLLHOCTLI 630 KBA, KOTOpPLIV MUTaeT Harpy3ky, paBHy 60% OT HOMWHANBHOIO 3Ha4e-
HUKA. MacnopTHble XapakTepucTnkn TpaHcdopmaTopa:

lo% = 1.8 %

U% = 4%
Pey = 8.9 kBT
Pfe=1.2 kBT

CnegoBaTenibHO, K TpaHchopmaTopy TpebyeTcst MOAKIUNTL KOHAEHCATOPHY 6aTaper MOLLHOCTbIO

(10% 5>2 P2 4 K2 (U"A’ 5)2 Pz = (1'8% 630)2 1.22 4 0.62 <% 630) 8.9 = 19.8 kBA
Qe = {100 °r fe TKL 100 " = J\100 ' ' 100 CT oA

AN NO yrnpoLLéHon opmyne:

(1"% S>+K2 (U"% 5)—(1'8% 630>+0 (4/ 630)—204 BA
Qe =\100 %) + X "\ To0 "5r) = (100 © 100 - cUAKBAD

B Tabnvue 6.4 ykasaHbl MOLLHOCTU KOHZAEHCATOPHbIX 6aTapeli Q_c KBAp, KOTOpble peKOMeHAyeTCst MOAK/IHO-
YaTb K BTOPUYHbLIM 06MOTKaM TpaHcopmaTopoB SystémeTrihal Mpy pa3nnyHbIX NPOrHO3UPYEMbIX YPOBHSIX
Harpy3ku. KomneHcrpytoLLas peakTMBHash MOLLHOCTb CBsi3aHa C KO3 ULMEHTOM Harpysku KBaZpaTUYHOM
3aBUCUMOCTbHO.
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Tabnuua 6.4

TpaHcdopmaTop Q. [kBap]

PacnpegenutenbHbii TpaHchopmaTop ¢ inToin nsonsiumein CH-HH

100 6 2.3 0.50 1.70 2.2 2.6 3.7 5.5 8

160 6 2 0.65 2.40 3.1 3.7 5.5 8.4 12
200 6 1.9 0.85 2.90 3.7 4.4 6.6 10 15
250 6 1.8 0.95 3.30 4.4 5.3 8.1 13 19
315 6 1.7 1.05 4.20 5.3 6.4 98 16 24
400 6 1.5 1.20 4.80 5.9 7.3 12 19 29
500 6 1.4 1.45 5.80 6.8 8.7 14 23 36
630 6 1.3 1.60 7.00 8 10 17 29 45
800 6 1.1 1.94 8.20 8.6 12 20 35 56
1000 6 1 2.25 9.80 9.7 13 25 43 69
1250 6 0.9 3.30 13.00 11 15 29 52 85
1600 6 0.9 4.00 14.50 14 20 38 67 109
2000 6 0.8 4.60 15.50 15 23 45 82 134
2500 6 0.7 5.20 17.50 17 26 54 101 166
3150 8 0.6 6.00 19.00 18 34 81 159 269
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7 FapMoHUMYecKue cKa>keHus
B 3/1IeKTpoceTaX

7.1 TapMOHUKWN

B coBpeMeHHO NPOMBILLNEHHOCTU U B ObITY LUMPOKO PacipOCTPaHeHbl 31eKTPOHHbIe YCTPOCTBA, KOTopble
B CMY NMPUHLMNA CBOEl paboTbl MOTPE6ASOT HECUHYCOMAANbHbIN TOK (T. €. ABNAIOTCS HEIMHENHON Harpys-
KoW). Takol TOK NMPUBOAMUT K HECMHYCOUAAIbHOMY MaAeHVI0 HanpsXXeHs B MUTaKOLLeln ceTu, 1 B pesynbTraTte
Ha Apyrve Harpyskm Takxe nojaeTcs UcKaXXeHHoe HanpskeHue. TapMOHMKM — 3TO UCKaXeHWs, HaknajblBa-
oLLMecs Ha CTaHZAPTHYH CUHycomnaanbHyo dopMy KonebaHui; noboi HeCUHYCOUAANbHbIA CUTHAN MOXHO
Pa3NoXNTb Ha CMHYCOMAANbHbIE KOMMOHEHThI (FAPMOHMKY).

CornacHo Teopeme Pypbe Nobas neproamnyeckas KycCouHo-HernpepbiBHas orpaHnuYeHHas GyHKLUS C nepuo-
AoM T1 MoxeT 6bITb NpeAcTaBieHa 6eCKOHEYHBIM TPUTOHOMETPUYECKMM PAZOM, COCTOSALLMM U3 CyMMbI CUHY-
COVA C YacToTaMu, KPaTHbIMM YacToTe 3TOW GYHKLUN.

FapMOHMKa, YacToTa KOTOPON COOTBETCTBYET Nepuoly NCXOAHOrO KoebaHWs, Ha3blBaeTCA OCHOBHOM, a rap-
MOHMKa, YacToTa KOTOPOW B N pa3 BbllLle OCHOBHOW, Ha3bIBaeTCA N-O FaPMOHUKOWA.

CornacHo Teopeme Pypbe, CHycOUAanbHOe KoiebaHme He COAEPXUT APYrUX FapMOHUK, KPOMe OCHOBHOM.
Cﬂe,ﬂ,OBaTeﬂbHO, Hann4ymne rapMmoHunK B 3J'IeKTpVIl-IeCKOI7I CncTeMe yKasblBaeT Ha NCKaXeHne (I)OprI Hanpsaxe-
HWS UM TOKa M 03HaYaeT, UTO TekyLlee COCTOsIHUE CUCTEMbl pacnpeeneHns 31eKTPOIHEPTU MOXET Hapy-
LWNTb paboTy obopyLoBaHMUs.

eV e
MY

[l OcHosHas rapmoHuka (50 ) MaTtas rapmonrka (250 My)

[ TpeTbst rapmoHuka (150 u) [ PesyneTupytowias thopma

100%

WckaxxeHns, BHOCKMMbIE OTAENbHbIMW rapMoHnKamm

KoathdhumuymeHT uckaxkernns (THD) = 25,5%

THD%= 100,/ ¥ (%) - 100 (ﬁ) i ( L ) 25.5%

100 100

11%

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

T Mepuoanyeckoli KyCO4YHO-HEMNPEePLIBHOV OrpaHMYeHHoN GyHKUMEl Ha3blBaeTCs GYHKLUMS, NPUHMMAOLLAS OAMHAKOBbIE 3HAYEHWS C
nepuiogoM T (f(x+T) = f (x)) U MMeroLLLasa KOHEYHOEe YMC/I0 TOYeK paspbiBa MEPBOro poja U ToUek yCTPaHMOro paspblBa (To eCTb, MMe-
HOLLLAA BEPXHUI W HVXKHWUIA npejens).

Déekraft
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OCHOBHbIMV anmnapaTamu, reHePUPYHLLMMU FAPMOHUKN, ABAAOTCS:
* MepcoHasbHble KOMMbHOTEPLI

 MIOMWHECLEHTHbIe U razopaspsijHble amnibl,

* CTaTU4Yeckue NpeobpaszoBaTeny,

* CcuCTeMbl 6ecnepeboiHOro NUTaHKS,

* MPUBOAbI C PeryanpyemMoit 4actoTol BpaLLeH s,

 CBapOYHble annaparbl,

* Ayroeble N MHAYKLUMNOHHbIE neYn.

Kak npaBunno, nckaxeHne GopMbl HaNPsXXeHWsA BbI3BaHO HaMYMeM B annapaTte HeJIMHEeNHOro NN N3MeHsio-
LLLerocsi BO BPEMeHU COMpPOTMBAEHMSAZ NGO MOCTOBOTO BbINMPSAMUTENS, NMONYNPOBOAHNKOBBLIE MPUB0OPBI KOTO-
pOro NPOBOAAT TOK TO/IbKO Ha MPOTSXEHWM YacTu NepuoAa, T. e. CO34at0T NpepbiBatoLLMecs KpMBble TOKa,
KOTOpble cofepXaT HeCKONbKO FrapMOHUK.

7.2 TpeboBaHMA CTaH4APTOB

TexHWYecKre CTaHAaPTbl YCTaHaBAVBAKOT onpejeneHHble TpeboBaHNS MO OrPAHNYEHNIO BAVSHUS FapMOHUK
Ha KoHAeHcaTopbl. CTaHZapT MK 61642 «CeTu mepemMeH HOro ToKa NMPOMbILLIEHHbIE, HAXOASLLMECS NMOJ BO3-
Ael- cTBMEeM rapMoHUK. MprMeHeHne GUAbTPOB U LLUYHTUPYH LUMX KOHAEHCATOPOB». (CTaHAAPTbI rapMOHU-
3MPOBaHHble AaHHOMY B PO He BBOAMANCE) onpesensieT NpobaemMbl U JaeT pekoMeHZaunn No NpuMeHeHn o
KOHAEHCaTOPOB 1 GUILTPOB raPMOHKMK B CETAX MepeMeHHOro ToKa, r4e NPUCYTCTBYHOT rapMOHUKIN Hanpsixe-
HWUA 1 TOKa. B YacTHOCTW, 3TOT CTaHAAPT ONUCbIBaeT Npob6eMy Nnocaes0BaTeIbHOrO 1 NapaniensHoro peso-
HaHCca 1 UANKCTPUPYET ee NpumepamMu.

7.3 [lencTtBme rapMoHUK
7.3.1 Tleperpysku

Hanuuune rapMoHVK B 31EKTPOCETU MOXET HapyLLUTb paboTy 060pyA0BaHUs, HanNprMep, Co34aTb neperpysky
B HyNeBOM paboyeM NPOBOAHUKE, YBENNUYNTL NOTepy TpaHchopMaTopa UAN U3MEHUTb MOMEHT BpaLLeHns
371eKTpoABUraTens. B 4acTHOCTW, FAPMOHUKN OYeHb HEGNAroNpPUSATHO CKAa3blBatOTCS Ha paboTe KOHAEHcATo-
POB KOMMeHcauun pe- akTUBHOM MOLLIHOCTH.

Kak 13BeCTHO, EMKOCTHOE COMpOTMBAEHME 06pPaTHO MPOMOPLUMOHANBHO YacToTe, C/lefoBaTeNlbHO, COMpo-
TUB/IEHNE FAPMOHVKAM HaMpsiKeHWs CHUXAETCS C yBENMYEHNEM MOpPsiAKa FrapMOHMK. 3TO 3HAYMT, YTO Npwu
noAade HeCMHYCOMAANBHOIO HaMPSXKEH WS TOK BO3PACTaeT HAaCTObKO, YTO MOXKET NMOBPeANTL KOHAEHCATOPbI

1 1
X, = = X, =w-L=2n-f" L
T w-C 2m-f-C L f
EmkocmHoe conpomussneHue I/IHameueHoe conpomusseHue

MpeAnonoXnM, YTO KOHAEHCaTopbl baTapen coefnHeHbl TPeyroibHUKOM, TOrAa NNHEHbIA TOK, COOTBETCT-
BYHOLLMI N-Oi rapMOHMKe paBeH

L, =V3-n-w-C-Uy

rae:

* |, - TOK, COOTBETCTBYIOLLN N-OA rapMOHUKE;
© N - NOPAAKOBbIA HOMEP rapMOHUKN;

* W - 4acToTa OCHOBHOW rapMOHWKY;

+ C - EMKOCTb;

« Uy - NMHeliHoe HanpsiXeHne, COOTBETCTBYHOLLIEE N-Oi rapMOHMKe.
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MoNHbLIN NNHENHBINA TOK, NoTpebnseMbli KOHAEHCAaTOPHON baTapeeil, COCTaBUT

L.=V3-w-C- U12+Z(n-UN)2
n=2

OTO COOTHOLLEHWe HarisaAHO MoKasbiBaeT, UTO Ha/MuMe FapMOHMVK HanpskeHWUs yBenuymBaeT notpebns-
emMblll TOK. o 3Tol npunymnHe ctaHzapTbl MK 60831-1 1 M3K 60931-1 (TOCT IEC 60931-1) npeAnuCbiBatOT
paccynNTbiBaTb KOHAEHCATOPbI HA HEMPEepPbIBHYK paboTy Npu cuae ToKa, MPeBOCXOAsLLE HOMUHANbHbIN TOK
[JAHHOI KOHAEeHCaToOpHOM 6aTapeu

7.3.2 Pe30HaHC

Elle BaxHee TO, UTO B CJlydae BbICOKOIO YPOBHS JIMHENHbIX NCKaXeHWI CO3JaeTcs OMacHOCTb pe3oHaHCa
MeXJy CUCTEMON KoppeKkuun KoddpuuMeHTa MOLLHOCTU (3KBMBANIEHTHON EMKOCTbHO KOHZAEHCaTopoB) U
3KBMBANIEHTHOW WHAYKTMBHOCTbIO. Pe30HaHC BO3HMKaeT, Korjga VHAYKTUMBHOE 1 EMKOCTHOe ComnpoTuBIe-
HWA PaBHBbI. Ecnm NHAYKTNBHOCTb U EMKOCTb coeanHeHbl nocnegoBaTe/iIbHO, rOBOPAT O nociefoBaTe/IbHOM
pe3oHaHce, ec/iv NapannesbHo - 0 napannenbHoM. MNocnesoBaTeNbHbIV 1 NapanneNbHbIli Pe30HaHChl MOTyT
NpUCYTCTBOBaTb B OAHOM CeTW. Pe30HaHC MPOUCXOAUT NPW OnpejeneHHOW YacToTe, KOTopas Ha3blBaeTcs
PEe30HaHCHOW YacToThl f.

1
X, =Xc— fr =
2m-\L-C
Mpu nocnefoBaTe/IbHOM PE30HAHCe MOJIHOe COMPOTUBEHNE TEOPETUYUECKM CTPEMUTCS K HYTHO.
X, - X¢

Ziot =~
T, —Xe)

Ecnn Ha nocnefoBaTeNbHbIA PE30HAHCHbLIN KOHTYP MOAaeTcd NepemMeHHOoe HanpshXeHne ¢ 4acToTol, 6a13Koi
K Pe30HaHCHOM, MOBbILLEHVe MOTPe6ASeMOro Toka MOXET Bbi3BaTb MOMEXMW, CBEPXTOKM 1 MOBPEXAEHUS KOM-
MOHeHTOB ceTn./l HaobopOoT, ecin Yepes napannenbHbll PE30HAHCHbIY KOHTYP MPOXOASAT rapMOHMKN TOKa
HeIMHeHOM Harpy3ku, pe3oHaHCHas rapMoOHKMKa MOXET Bbi3BaTb NepeHanpsxeHue.

U |CeTb |

Xu
T
Ru
TpaHcdhopmartop Xt
T
, A
_| [KoHpgeHcaTopHas Xe
1| b6artapes T

Puc. 7.2. Npumep nocnegoBaTeibHOro Pe30HaHCHOro KOHTypa

Ha cnepytolein srarpaMmmMe npescTaB/eHbl KpYBble, COOTBETCTBYHOLLME EMKOCTHOMY COMPOTUBAEHUIO (YMEHb-
LaeTcs € NopsAKOM FapMOHUKK), UHAYKTVBHOMY COMPOTUBAEHWUIO (BO3pacTaeT C MOPSAKOM FapMOHUKK) Y
MOSIHOMY PeakTUBHOMY COMPOTUBAEHWIO CETU; MOJSIHOE pPeakTVMBHOE COMPOTUBIEHVE MOC/ef0BaTe/IbHOro
KOHTypa CTaHOBUTCS MUHWMAa/bHBLIM MPY PE30HAHCHONM YacToTe (B AaHHOM MpumMepe - Mpu YacToTe BTpoe
BblLLE OCHOBHO).
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)\

N X
£/ XtDt
o~

MonHoe conpoTneneHue
L—"

1 2 3 4 5 6 7 8 9 10 11 12

NopsiAOK rapMOHMKI

Puc.7.3

Pe30HaHCHYH 4acToTy f, MOXHO paccymTaThb Mo cneaytoleii dopmyne:

rae:

* f7 - OCHOBHas 4acToTa;

* Xc1 - EMKOCTHOE COMnpoTUB/EHME KOHAEHCAaTopa Ha OCHOBHOW YacToTe;

* X1 - VHAYKTVBHOE COMPOTUB/EHNE CeT (Ha OCHOBHOW YacToTe) Ha CTOPOHE MCTOYHMKA MUTAHNS.

Ecnn FapMOHUMKN OTCYTCTBYHOT NI pe€30HaHCHaA 4acTtoTa CyWeCcTBeHHO OT/INYaeTCA OT OCHOBHOW 4acTOoThI
SHEProcncTeMsl, TO B IMHNAX HET CBEPXTOKOB.

Mpy HaANYMM TaPMOHWKIN, HaCcToTa KOTOPO B/1M3Ka K pe30HaHCHOM, TOK Bo3pacTaeT. bosee nogpo6HbIi aHa-
N3 MOXHO HalTW B cTaHZapTe M3K 61642, rae npyBOAATCA MHOMOUYMCAEHHbIE MPUMePbI MOCAeZ0BaTeIbHbIX
Pe30HAHCHbIX KOHTYPOB, U3 KOTOPbIX BUAHO, YTO MPW YacToTe, 6/IM3KONM K Pe30HaHCHOM YacToTe KOHTYpa,
CPaBHUTENBHO HU3KOE Hanps>XXeHMe Ha MUTArLLMX LUHAX MOXET BbI3BaTb BbICOKOE 3HaYeHVe Toka. Bo nsbe-
XaHue pe3oHaHca 1, COOTBETCTBEHHO, COKPALLLEHMSA CPOKa CNYXObl KOHAEHCATOPa, Pe30HaHCHasa YacToTa ceTn
JOJIXXKHA KaK MOXHO CW/IbHEe OTNIMYaTbCs OT YacToT NPUCYTCTBYHOLLMX rapMoHmK. Camoe pacnpocTpaHeHHoe
peLleHVe, NpeacTaBneHHoe B cTaHAapTe MIK 61642, coCTOUT B TOM, UTOObI COeAMHUTL NOCAeA0BaTe/IbHO C
KOHAEHCAaTOPOM WMHAYKTUBHOE COMPOTUBAEHWNE (QHTUPE3OHAHCHBIM peakTop); ero 3HadeHne nojéupaeTcs
TaK, YTOBbl pe30HaHCHas YacToTa okasasiack HUXKEe YacTOTbl CAMOW HU3KOW 13 MPUCYTCTBYIOLLMX B CETU rap-
MOHWK HanpsxXeHns.

Mpumep

Mpeanonoxuvm, 4To B Noc/ieoBaTe/lbHOM Pe30HAaHCHOM KOHTYpe, NpeACTaB/IeHHOM Ha pUC. 7.2, HU3LWasa rap-
MOHWMKA C CyLLLeCTBEHHOM aMNAnNTY0lM - nATas. B Takom cnyyae:

X X,
X_C1<f5_) £<E=5_>XL1>4%XC1
L1

fi: Xis  fi

rae:
* Xc7 - EMKOCTHOE COMpPOTVB/EHVE KOHAEHCATOPa Ha OCHOBHOM YacToTe;

. XL1 - VHAYKTBHOE CONpPOoTUBAEHNE CETU (Ha OCHOBHOW 4acToTe) Ha CTOPOHE NCTOYHUKA MNTaHNA.

Ecnn HU3LWas rapMoHMKa C CyLLLEeCTBEHHOW aMMANTYAOM - TPeTbs, TO:

[Mocne noaxkatOYeHMs Takoro PeaKkTopa nc4ye3arT yioBnA N4 pe30HaHCa (ﬂpl/l cyLecTByroLnx B C€TU rapMo-
HUKaX Hanpsa>XXeHna n TOKa) MOCKOJIbKY U CETb, N LIEMNb PE€aKTOP-KOHAEHCATOP NMEKT I/IHAyKTI/IBHbII‘/JI Xapaktep.
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7.4 ®NbTPbLI FAPMOHUK

[ns orpaHnyeHns BO3AENCTBMSA rapMOHVK B CETU KOHAEHCAaTOPHble baTapen MOXHO BKIKOYaTb MNociejoBa-
Te/IbHO C peakTopoM. Takas KOMBUHALMA KOHAEHCATOp-peakTop 1 aBaseTcs puabLTPOM rapmMoHmK. Kak yxe
66110 MoKasaHo, A1A 60pbbbl C pe30HaHCaMV HeOH6XOANMO BKIOUATb peakTop Moc/iefoBaTeNbHO C KOH-
AEeHCaToOpPOM. AHaNOMNYHbIe PacCy>XXAeHUst MPUBOAST K MbIC/IM MOAKIFOUNTL K CETU KOMBUHAaLMIO peakTopa r
KOHAEeHcaTopa C Takol pe30HaHCHOI 4acToTOoM, KOTopast MO3BOUT YCTPaHUTb B CETU rapMOHUKY Toka. Ecim
Lenb, COCTOALLIAA N3 peakTopa 1 KoHAeHcaTopa byjeT MeTb OYeHb HN3Koe peakTVBHOe CONMpPOTMB/EHME Ha
yacToTe onpeAeneHHON rapMOHYKK, 3TO MO3BOJIUT MOAABUTE JaHHYH rapMOHMKY, He OKa3blBas BANSHUSA Ha
BCHO CeTb.

L [Cems

-

[eHepaTop Dunbtp
rapMoHUK

MosTomy Takol GUNbLTP, Ha3biBaeMblil NACCMBHBLIM GUABTPOM, COCTOUT U3 MNOCNeA0BaTENbHO COeANHEHHbIX
KOHZeHcaTopa 1 peakTopa, MoA06paHHbIX TakMM 06pa3oM, YTO pe30HaHCHas YacToTa CoBMnagaeT C 4YacToToM
YCTPaHsieMol rapMoHUKKW. MaccnBHble GUALTPBLI MNOABMPAOTCA AN KaXA0ro KOHKPETHOro ciayyasi B COOT-
BETCTBUWN C FAPMOHWUKOM, KOTOpyto TpebyeTcs oTPunbTpoBaTb. OHM SKOHOMUYHbI, UX JIEFKO MOHTUPOBAaTb U
BBOAWTb B 3KCMyaTauuto. MpUMEHSOTCA Takxke akTUBHble GUAbTPbI, KOTOPbI MOTYT aBTOMATMYeCKN yCTpa-
HATb MMeoLLMecs B CeTU FapMOHMKIN TOKa B LUMPOKOM AManasoHe 4acToT. MIcnonb3yst TEXHONOMUN CUNOBOM
3N1EKTPOHMKM, OHWN CO3Aat0T FapMOHUKI, KOTOPbIE B3aMMOYHUYTOXAOTCSA C MPUCYTCTBYIOLLMMU B CETU.

o

Tok Harpy3aku

+

W e

Tok akTMBHOro tvnbTpa I

v = s

WeTounmk
FapMOHUK TmbpugHsIi hunsTp

CuHyconaansHbiii TOK B IMHUA NUTaHNA

MpenMyLLLEeCTBO aKTUBHOIO GUIbTPa COCTOUT B TOM, UTO OH OZHOBPEMEHHO GUABTPYET MHOXECTBO FaPMOHNK
N He TpebyeT pacxoAo0B Ha MPoeKTUpPOBaHMe.
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8 KommyTauua v 3alimTa
KOHAEHCAaTOpPHbIX 6aTapen

8.1 dnekTpuyeckue ABIEHNSA NPU KOMMYyTaLnn

BkntoueHne KOHAEHCATOPHOM 6aTapen Bbi3biBaeT NepexoAHbli MpoLuecc, 0bycoBNeHHbIV 3apsaoM 6aTtapen.
Ha BbICOKMX YacTOTax BO3HMKAET CBEPXTOK (B MepBble MIHOBEHWS PaBHbI TOKY KOPOTKOMO 3aMblKaHWs), aMmnimn-
TyZa KOTOpOro ABnsetcs GyHKLUMer OT NapameTpoB CeTU Ha CTOPOHE UCTOYHMKA 1 XapaKTepUCTUK 6aTapen.

Kpome Toro, KoMMyTaLms Bbi3blBaeT MepeHanpsXeHne, pacnpocTpaHstoLLeecs No ceTn. XapakTep 3TOro nepe-
HanpsKeHNst 3aBUCUT OT PeakTMBHOW MOLLHOCT/ KOHAEHCATOPHOM 6aTapeun 1 OT TOro, K Kakor Touke ceTu
6aTapes noakntoyeHa. Ocob0ro BHUMaHUA 3aCNyXMBaLOT ABe CUTyaLnn:

- baTapes NOAKMOYEHA Ha CTOPOHe Harpy3ky TpaHcdhopmaTopa C MOAHOM MOLLHOCTLIO S, U HaMpsXkeHneM
KOPOTKOro 3aMblkaHWs Uqqg (CUMTaEM, UTO MUTaAHME NOCTynaeT OT ceTh 6eCKOHEeYHO H6O/bLLON MOLLHOCTY).
B 3TOM ciyyae BO3HMKaET NepeHanpseHne, KOTOpoe MOXHO paccumTaTb Mo ciegytoLler popmyne:

AU R-P+X-Q Uy Q.
Uy Uz ~ 100 S,

- baTapes NoAk/I0YeHa K CeTu B TOUKe, r4e MOLLHOCTb KOPOTKOrO 3aMblKaHUA paBHa Sq.. B aTom cyyae

nepeHanps>keHVe MOXHO paccymMTaTb no popmyne
AU Q,
UN SCC

CBepXxTOKW, BO3HMKAOLLE B MOMEHT BK/IHOUEHNS, CyLLLeCTBEHHO 3aBUCAT OT MHAYKTMBHOCTW CETU Ha CTOPOHE

NCTOYHMKA N OT YMcna NMOAKIOYEHHbIX KOHAEHCATOPHbIX baTapeli. B ciyyae oTgenbHOM 6atapen nuk Toka

BK/IHOUEHUS CyLLLeCTBEHHO 3aBUCUT OT TOKA KOPOTKOrO 3aMbIKaHWSi CETU Ha CTOPOHE UCTOYHKKA NUTaHuS, I,

KOTOpbI onpeAenseTcs TUNOBbIM 3HaYeHNEM NHAYKTUBHOCTU CeTu Ly cornacHo opmyne:

V3-w- I.c

CraHpapTbl M3K 62271-100 n M3K 60831-1 cozepxat ¢opMynbl A8 pacyeTa NMMKOBOro MyCcKOBOro TOKa.
B faHHOM cnyuyae:

Lo

2+ See
Qe

= Uy |2 Uy |2 S
TUNT 3L L TN 3T, e

MOCKONbKY MHAYKTUBHOCTb KOHAEHCATOPHOM 6aTapen MHOIO HUXe VHAYKTUBHOCTL CeTU Ha CTOPOHE UCTOY-
HUKa NUTaHNSA, LKLy

Kak npaBunio, MMKOBbIV TOK B YCTAaHOBKE He MPEBOCXOANT MaKCMMyMa, NpeyCcMOTPEeHHOro A8 KOHAeHcaTop-
Hbix 6aTapei (100-kpaTHOe npeBblLLeHNe HOMUHANBLHOMO TokKa 6aTapeu); e/ NMUKOBLIV TOK OKa3blBaeTcs
BblLLIe 3TOF0 MakCMMyMa UM ero TpebyeTcs OrpaHnNYnTb, YUTOObI FrapaHTUPOBaTh HaA/leXallyto paboTy KOM-
MYTaLUMOHHBIX annapaTos, K 6aTapee Hy>XHO NocneAoBaTebHO MOAKNOUNTE OrPaHUYMBAIOLLNIA APOCCEeNb.
B Tom cnyyae, ecnv KoHAeHcaTopHas batapes BK/OYaeTCs BMeCTe C Harpyskoi, peakTUBHYI MOLLHOCTb
KOTOpOV OHa KOMMeHCHpyeT, HanprMep, BMecTe C ABuraTteseM, Takas npobaemMa He BO3HMKAET, MOCKOJbKY
TOK KOHAeHcaTopa KOMMeHCMpyeTcs MHAYKTMBHOW COCTaBAstoLel Toka, noTpebnsemoro Asuratene. Ecam
KOHAEeHcaTopHasa baTapest BK/toUaeTcs, Korga gpyras 6atapes nam Heckosbko batapei yxe 3annTaHbl, MoHa-
[OBSTCA OrpaHMYMBaloLLIMe peaKTopbl, BK/FOUEHHbIe MOC/1eA0BaTe/IbHO C KaX0M 13 HMX, MOCKO/bKY NMepeToK
3HEprnmn 13 yxe 3a/leiCTBOBaHHbIX b6aTapeli BO BHOBb BK/HOYaeMyto MPUBOANUT K 3HaUMTENbHOMY 6pocKy
TOKa. B yKa3aHHbIX BbllLe CTaHAAPTax MPUBOAATCS Takme GOpPMY/bl pacyeTa NMKOBbIX TOKOB A5 3TUX C/ly4aes:

2 C-C 1
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Ecml;=LuC;=C 10

C

lp=UN' 6_L

* NoAKnr4YeHne nNnpun Hannyvnm n BKJAAKKYEHHbIX 6aTaep|7|

L 1
Ecwmil;=L=..=LlnC=C=..=(C,T0

) n 2 C

b=Uvii1 3T

OrpaHuymBatoLLMe peakTopbl OBbIYHO HE VMEKT MarHUTHOro cepAedHuka. Kak npaBuio, MpUMeHSHTCS
nHAYKTMBHOCTK 50, 100 nam 150 MKIH.

8.2 KommyTauusa v 3amTa

YCTaHOBKW 419 KOppeKummn Kos$pdurLMeHTa MOLLHOCTY BK/IOYAKOT B Ceb5 cieflytoLLme OCHOBHbIE KOMMOHEHTbI:
* 3alMTHOE YCTPOMCTBO,

* KOMMYTaUWOHHbIA annapaT (KOHTakTop),

© OAWH VN HECKONbKO COOTBETCTBYHLLMM 06pa3oM CoeAnHEHHbIX KOHAEHCAaTOPOB,

© pesncTopsbl AN1A pas3paaKky KoH4eHcaTopa.

ABTOMaTM4eckre yCTaHOBKM JOMONHUTENIbHO OCHALLeHbl PeryiaTopoM, KOTOpbIA ynpaBaseT KOMMyTaumen
KOHAEHCaTopOB.

8.2.1 Bbi6op 3aLMNTHOro yCTpOMCcTBa

YCTPOICTBO 3aLLMTbl KOHAEHCATOPHOV 6aTapen AOXKHO YAOBNETBOPSATL CNeAYHLLNM TPe6oBaHNUAM:

* BblAep>XM1BaTb NepexoAHble TOKM NpY BKIUYEHUNOTKIOYEHNN KOHAEHCATOPHbIX 6aTapeli. B yacTHocTh,
TEPMOMArHUTHbIE 1 3N1EeKTPOHHbIE pacLennTen He A0MKHbI CpabaTbiBaTb OT MyCKOBOro TOKa.

* BblAepX1BaTb NepuoamnYeckre Nnn NocTosHHbIe CBEPXTOKM, BbI3BaHHbIE FAaPMOHMKaMU HaNpsKeHUs 1
AOMNYCTUMBIMU OTKNOHEHUAMW OT HOMUHANbHOM EMKOCTU KOHAEHCAaTOPOB.

* KOOPAMHMPOBATLCSA C NOOLIMU BHELLHVIMY KOMMYTaLMOHHBIMY annapaTamm (KOHTakTopamum)

Kpome TOro, Bk/toUaroLLas 1 OTK/IHYarLWas CNocobHOCTb aBTOMATNYECKOro BbIK/IloUaTeNs AOXKHA COOTBET-
CTBOBaTb NapaMeTpam KOPOTKOro 3aMblKaHUSA 3/1eKTpoyCcTaHoBKU. CornacHo ctaHgaptam M3K 60831-1 n M3K
60931-1 (TOCT IEC 60931-1):

*+ KOHZAEeHcaTopbl AO/DKHbI OblTb paccunTaHbl Ha AOITOBPEMEHHYO PaboTy Npu AelicTeytoLlem Toke, Ha 30 %
npeBbILLaroLLLEeM HOMUHANbHbLIN TOK /., (M3-32 BO3MOXHOIO Ha/IMYMS FTaPMOHWK HamnpsXXeHWs B ceTn);

- Ana 6aTapeit MoLHoCTbIO A0 100 kBap ycTaHoBAeH gonyck émkocTn +10 %, a A9 6aTapeit MOLLHOCTbHO
csbiwe 100 kBAp - gonyck 5 % (nonpaska 1 K yKkazaHHbIM CTaHAapTam).
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TakvM 0bpa3oM, KOHAEeHCcaTopHasa baTapest MOXeT MOoTPebATL CNeAyoLLN MakCUMabHbIA TOK

Qc
<100kBA - 1] =13-1.1-—=143"-1
Qc cmax 3 Uy cn
Qc
=>100kBA - I =13-1.05-——=1.365"1
Qc cmax 73 Uy cn

rae:
* Q. - peakTMHBasi MOLL3HOCTb
+ Uy - HOMVHa/IbHOE INHENHOE HanpsikeHe

* lep — HOMWHANBHbIN TOK

WNTaK, 4Tobbl rapaHTMpPOBaTh HaA/IEXALLYHO 3aLLMTy KOHAEHCAaTOPHOW 6aTapen OT neperpysku:
© HOMUWHaNbHbIV TOK aBTOMaTUYeCKOro BblKNOUaTeNsd JO/MKEH NMpeBblllaTh YKa3aHHOe Bbille 3HaueHne
+ yCTaBKa 3alMTbl OT Meperpys3ku Jo/IXXHa 6bITb paBHa yKazaHHOMY Bbllle 3Ha4YeHUo
MoakntoueHne KOHAEHCATOPHONM baTapen co3jaeT YCNoBUS, aHaNIOMMUYHbIE COCTOAHMIO KOPOTKOrO 3aMblka-
HUA: Ha KopoTkoe BpeMs (1...3 MC) Ha BblCOKUMX YacToTax (1...15 kl'L) BO3HMKAIOT NepexosHble TOKN C BbICOKUM
MUKOBbIM 3HaueHmem (25...200 x /).
CncTemMa 3aLlmTbl KOHAEHCATOPHOW baTapen AO/MKHA YA0BNETBOPSATL CeAyoLnM TPeboBaHNAM:
© aBTOMAaTWYeCKMin BbIKtOUaTe b JOKEH MMEeTb COOTBETCTBYOLLYHO BKIHOUAIOLLIYHO CrOCO6
* HacTpolika 6bICTPOAENCTBYIOLLEro YCTPONCTBA 3aLLMThl OT KOPOTKOIO 3aMbIKaHWS A0/IKHA NCKAOYaTb
NOXHble cpabaTbiBaHWA
Ans cobnofeHns BTOPOro yc/ioBus:
© TepPMOMarHUTHble pacuennTeny 06bIYHO HAaCTPanBAaKOT Ha TOK /3 He Huke 10 X /¢y,
I, 210" I max

* B 3/IEKTPOHHbIX pacLenuTensix oTKAo4atT GYHKLMI0 3aLThl OT KOPOTKOro 3amMblkaHus (/; = OFF)

8.2.2 Bbi60p KOMMYTaLMOHHOIO annaparta (KOHTaKTopa)

KoHgeHcaTopbl M KOHAEHCATOpPHble 6aTapen 06bIYHO KOMMYTUPYHTCH KOHTAaKTOpaMu, KOTopble AOMXKHbI
oTBeYaTb C1eAyloLnM TpeboBaHUAM:

* Bbl4epXnBaTb TOK PaBHbIN TOKY /¢ may KOHAEHCATOPHOM b6aTapen

° BblAEPXMBATb bes3 noBpeXaeHnA I'IyCKOBOI\/’I TOK KOHAEHCATOPOB.

KpOMe TOro, KOHTaKTOpP A40J/IKEH ObITb 3almieH OT KOPOTKOro 3aMblKaHMA COOTBETCTBYHOLLM yCTpOI7ICTBOM.

8.2.3 Bbi60p KOHAEHcaTopa

KoHaeHcaTop BblpabaTbiBaeT peakTVBHY MOLLHOCTb, HEOBXOAMMYIO AN yBeNnYeHus KoadduLmeHTa MoLL-
HOCTWK 0 TpebyeMoro ypoBHsi. Ha macnopTHol Tabanyke KOHAeHcaTopa NPUBOAATCSA CleAytoLne XxapakTepu-
CTUK

+ Uy - HOMUHaNbHOEe NNHENHOoe HanpsixXeHne
* f- HOMMHanbHas YacToTa
*+ Q.- peakTMBHasi MOLLHOCTb
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Hy>XHO OTMETUTb, UTO PeaKTUBHAs MOLLHOCTb NPy pabouem HanpsiKeHM OTIMYAETCst OT HOMUHAIbHOWN MOLL-
HOCTW, YKa3aHHOW Ha MacrnopTHOW Tab/iMuKe 1N OTHOCALLENCA K HOMUHAIBHOMY HampsiXXeHWUo; cneytoLas
dopmyna nosBonseT paccumTaTh 3GPeKTUBHYIO MOLLHOCTL KOHAEHCATOpa UM KOHAeHCaTOpHOM baTapeun:

Ug\2
qupplied =0Q.- <U_n>

rae:
+ Q¢ - peakT1BHas MOLLHOCTb NPV HOMUHANBHOM HanpsxeHun Uy

* Qsupplied — 3PPEKTNBHAS MOLLHOCTL Npyt paboyem HanpsixeHnn U,

Hanpumep, koHAeHcaTop ¢ HoMMHanoM 100 kBAp, 500 B npu HanpsixxeHun 400 B byaeT reHepupoBaTth peak-
TUBHYHO MOLLHOCTL 64 KBAp.

Mo MacnopTHbIM AadHHbIM KOHAEHCATOPA MOXHO pacCynNTaTb €ro XapakTtepucTtmnku.

OpHodasHas uenb

Qc
HoMWHanNbHbIN TOK Icn =1

Vo
PeakTnBHOe conpoTnBieHne X, =——

[
w-C

. 1 Qc
EmMKOCTb

C: =
w-C 2nf V?

TpexdasHas uenb

B TpexdasHbIX Liensix KOHAeHCAaTOPbl COBAMNHSIIOTCS 3BE30M NN TPEYroNbHMKOM; HUXe NpUBoaaTcs Gopmy-
Nbl pacyeTa MOLLHOCTU U HOMUHANBHOTO TOKA A9 06eMX CXEM COBAMHEHM.

U, lC

U
Uy VG\/—[/ Im=w-c-\/—’% I =1, Qc=vV3Ip Uy=w-C-UZ
g\ S
U, Zzlgc

In=V3-w-C-Uy I.=w-C-Uy Q. =V3:lp,-Uy=3-w:C-U?

8.2.4 Pa3psaaKka KOHAEeHCaTopoB

KOHAeHcaTOpr HeO6XOAI/IMO MOHTUNPOBATb Tak, UTOb6LI 0HECNEUNTL KX pa3pAaKy npuv OTKAKYEHNIN, NHaYe Ha
BbIBOJaXx 6yA€T COXPaHATbCA OrnacHoOe ANA XU3HW HanpsaXeHne.

CornacHo ctaHgapty M3K 60252-2 (TOCT P M3K 60252 -2) ycTaHOBKM Koppekumn Ko3dduumeHTa MOLHOCTA
ABuUraTenein MoryT 3KCnayaTMpoBaTbCa 6e3 paspsfHbIX YCTPOMCTB, OCOBEHHO eCn KOHAEHCAaTopbl MOCTOo-
AHHO MOAK/ItOYEHbl K 06MOTKaM ABuUratens, Tak Kak 0OMOTKM BbIMOJHAKT PO/b Pa3psijHOro conpoTmene-
HUSA. Pa3psgHoe YyCTPOMCTBO JO/IKHO B TeveHre 1 MUHYTbl C MOMEHTa OTK/IIOYEHUA KOHAEeHCAaTopa CHU3UTL
Hanps>XeHKe Ha ero BbIBOAAX OT HOMWHAJIbHOTO 0 3HaueHns He Bbiwe 50 B. VIHorga paspsagHble ycTporicTea
YCTaHaBNVBAOTCA He 13 coobpaxeHunri 6e30MacHOCTH, a AN 3alnTbl KOHAEHCaTopa OT MepeHanpsXeHuns:
OHO MOXET BO3HWKHYTb, €C/IN OTK/IIOYEHHbIM 1 BCe eLle 3apsXXeHHbIVi KOHAEHCAToP NOAKI0YAeTC K APYroMy
KOHAEeHCaTopy NPOTMBOMOOXHON NOAAPHOCTU.
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CraHgapT M3K 60364-5-55 (TOCT P 50571.29) nyHKT 559.8, npeanucbiBaeT OCHaLaTb paspagHbIMU COMPOo-
TVBNEHNAMM KOMMEHCUpYoLLe KOHAEeHCaTopbl C MOAHOM éMkocTbto 6onee 0,5 mk® (npw 400 B 310 cooT-
BeTCTBYeT 75/ 25 kBap Npw coefHEeHN 3Be3401 / TpeyronbHUKOM).Pe3ncTopbl A0/IXKHbI 6bICTPO PaspsanTb
KOHZAEHCATop, Kak TO/IbKO OH ByAeT oTcoefHeH OT ceTu. PekoMeHAyeTcs OCHaLaTh Pa3psgHbIMUY COMPOTUB-
JIEHUAMN BCe KOHAEHCAaTOPbl MOLLHOCTLIO Bbilwe 0,5 KBAp, HE3aBNCKMO OT HaMpPXKeHWA NUTaHnS.

CornacHo craHgapTty M3K 60831-1, nyHKT 22, BCe KOHAEHCATOPbl UAN KOHAEeHCATopHble 6atapen AO0KHbI
0CHAaLLATLCS YCTPOMCTBAMMU, CMOCOBHBLIMU 33 3 MUHYTbI Pa3pSAAMTb Kax bl Np1bop OT Ha4aabHOro NMKOBOro
3HauYeHVsl, KOTopoe B V2 pa3 NPeBOCXOANT HOMUHANbHOE HanpsikeHne Uy, A0 HanpsixeHVs He Bbile 75 B. B
HEeKOTOpPbIX CTPaHaxX AENCTBYIOT 6o/ee XecTkre TpeboBaHNSA B OTHOLLUEHVN BPEMEHW 1 OCTAaTOYHOrO Hanps-
KEeHUs.

Pa3pﬂp,Hoe conpoTtmBneHune ansa OAHO¢a3HOFO 7 MHOFO¢a3HOFO KOHAEHCAaTOpa ornpejendercd COOTHOLUe-
HeMm:
t

HM.(@)

r

R <

roe:

* R - pa3psagHoe conpoTueneHne

- t - Bpems paspsiga o1 V2 - Uy go U,

+ Uy - HOMWHaNbHOe HanpsXeHue

+ U, - [ONycTMoe ocTaToyHoe HanpsxeHue

+ k - K03bdULMEHT, KOTOPLIV 3aBUCUT OT CNOCOHa COEAMHEHNS Pe3MCTOPOB C KOHAEeHCaTopaMu

+ C - EMKOCTb KOHZIeHCaTOpPHO baTapen

UTo6bI BEIMONHUTE TPeboBaHMA cTaHAapTa M3K 60831-1, B BbienpuBeAeHHY0 GOpMyny HYXXHO MOACTaBUTb
3HaveHnat=180cun U, =75 B.
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