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BBepeHune

DNeKTpUYEeCKre Harpy3Ky NOTPeONSAOT N3 CETU aKTUBHYHO
3NIEKTPOSHEPI IO AN BbINOMHEHUS ONpefeneHHon pabo-
Tbl (KOMMbIOTEPDI, NPUHTEPDI, AMarHOCTUYecKoe obopy-
OOBaHve 1 T. A.) i gns npeobpas3oBaHns dnekTpuye-
CKOW 9Heprumn B Aapyrve Buapl dHEPrun (OCBETUTENbHbIE
WAN HarpesaTtenbHble NPUOOPbI 1 T. M.) NIM6O B MEXaHu-
Yyeckoe OBWKeHWe (anekTpogsuratenu u T. n.). Ona toro
4YTOObI NOTPEONSATL aKTUBHYIO SHEPTUKO, MHOMMM Harpys-
KaMm Heo6XxoaMMO 06MEHNBATLCH C CETHIO ELLE U PeaKTUB-
HOW 3Heprumen. BonbLIMHCTBO Harpy30K NMEKOT, Kak npa-
BWUJIO, UHOYKTMBHbINA XapakTep. Takon 06MeH, faxe ecnm
OH HEe COMPOBOXAAETCA HEMEANEHHbIM NpeobpasoBaHu-
€M 3Hepruy B NHble (hOPMbl, YBENMYMBAET OOLLMIA NOTOK
3Heprum B CETU, OT reHepaTopoB K NOoTpebuTensam. SToT
HeXxenaTenbHbI MPOLECC OrpaHNYMBatoT NyTEM KOPPEK-
unm ko duLmeHTa MOLWHOCTY 3IEKTPOYCTAHOBOK MO-
CpeacTBOM KOHAEHCATOPHbIX 6aTapen. DNeKTpoyCTaHOB-
Ka nony4aeT HeobxoayMyto Ans nepefayy None3Howm anek-
TPUYECKOW IHEPTUM PEaKTUBHYIO SHEPIUIO HE U3 CeTu, a
OT cobCTBEHHOI BaTapen, YTO yNyyLLAeT ee TEXHNYECKNE
N 9KOHOMUYECKIME XapaKTEPUCTVKN.

Ele ogHa akTyanbHasa npobnema cBsf3aHa C LUMPOKMM
NpYMEHeHneM NoTpebuTenen NOCTOAHHOIO TOKa, TaKnx
Kak 9NeKTPOHHbIE YCTPONCTBA UM 3NeKTpoaBuraTesnm.
STV NOTPebuTeNn CoO38a0T B CETY FAPMOHUKM TOKA, KO-
TOPbIE UCKaXKatoT HOPMY HaNPSXKEHNSA 1 TOKA Ha ApYyrnx
Harpyskax. [ns 60pb0bl C rapMOHUKaMU MPUMEHSAIOTCS
UNLTPbLI, NAaCCUBHbIE UMM aKTUBHbIE, KOTOPbIE YNy4-
LLAIOT Ka4YeCTBO ANEKTPOIHEPrM B CETU U, MPU YCo-
B/ NPaBuUSIbHO BbIOPaHHbIX MapamMeTpoB, BHOCAT CBO
BKN1ag, B KOPPEKLMIO KOahdpurLmeHTa MOLLHOCTHN.

Llenb gaHHOW cTaTbu — NpoaHanM3npoBaTb yKasdaH-
Hble NPO6MeMbl, He BOABasiCb B TEXHUYECKME Oe-
Tanu. [na Havana Mbl ONpeaenM, YTo Takoe
KoppeKkunsa KoadpuymeHTa MOLLHO-

CTW, a 3atemM 06CyauM TEXHUKO-
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Koppekums koaddurumeHTa MOLLHOCTH u puasTPaLys
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9KOHOMMYECKMEe npeumyLLecTsa, (hopMbl U CNOCO6LI
TaKoW KOppeKLMK, a Takxxe BbI6Op annapaTtos 4151 KOM-
MyTaLmMn KOHOEHCATOPHbIX 6aTapeit 1 unsTpauum rap-
MOHWUK.

MNMocne Takoro BBEAEHMSA Mbl paccMOTpuUM obopyposa-
Hue ABB, npumeHsiemoe onsi Koppekuun KoadduumeHTa
MoLyHocTU. K TakoMy 060py0BaHn0 OTHOCATCS HE TOSb-
KO KOHAEHCaTopbl, HO 1 YCTPOWCTBA AN X KOMMYTaumn
1 3awmnTbl. Kpome Toro, Mbl pacCKa)kem 0 HEKOTOPbIX pe-
LEeHNsX A5 MacCUBHON N akTUBHOWN unsTpauun rap-
MOHVK TOKa, FeHEepUPYEMbIX HENIMHENHLIMI Harpy3Kamu.

Y 0aHHOWM cTaTbyu eCTb LIECTb MPUIIOXEHNI, KOTOPbIE MO-

3BONAT:

® ObICTPO NOfo6paTh aBTOMATUYECKNE BbIK/OYATENM U
KOHTaKTOPb! A8 KOMMYyTauuy 1 3alinTbl KOHOEHca-
TOPHbIX 6aTapein TpebyeMolr MOLLHOCTY;

® BbISICHUTb, KaK MEHSIoLEeecs Hanps»keHne nutaHus
CKasblBaeTCH Ha reHepauum peakTMBHON MOLLHOCTH,
N Kakrne Mepbl cnegyeT NpuHATbL, YTOObl NpenoTepa-
TUTb Nepefa4vy PeakTVBHON MOLLHOCTU B CETb;

® PACCMOTPETb KOPPEKLMIO KOS dULIMEHTA MOLLHOCTI
1 punsTPaumio rapMOHUK B YCITOBUSIX YCTaHOBUBLUEN -
CSl HECVHYCOMOANIbHOCTY, a TakXKe CBA3b MexXay Ka-
HOHMYECKOM KoppeKunen koahpnumneHTa MoLHOCTH
N CHUKEHNEM YPOBHS FAPMOHVK B CETU;

® MONyYnUTb NPefCcTaBeHne O XapakTeprucTNKax Hanps-
JKEHMS 1N TOKa Npu BKJIOYEHUW 1 paspsige KoHgeHca-
TOPHbIX 6aTapeit;

® PACCMOTPETb KOPPEKLMIO KO3 DULIMEHTA MOLLHOCTHN
NPV NCMoJIb30BaHNM hOToraibBaHNYECKMX YCTaHOBOK;

® YTOYHUTL BJIVSIHNE rAPMOHVK Ha BENNYMHY TOKa B HY-
JIEBOM pabo4em NpoBOJHUKE Tpexdas3Hon CUCTEMBI.

| Jﬂ\%%
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FAPMOHUK B 3N1IEKTPOYCTaHOBKaxX



1 O6wume cBegeHus o Koppekuum KoacddunumneHTa

MOLLHOCTH

B uensx nepemeHHOro Toka noTpebnsemMblil TOK MOXXHO

npeacTaBuUTb Kak CyMMY OBYX COCTaB/SOLLNX:

* aKTuBHas cocTasnsoLas, |, coBnapaet no dase ¢ Ha-
NPsSP>KEHWEM NMUTaHKs, OHa HEMOCPEACTBEHHO CBsA3a-
Ha C BbIXOQHOW MOLLHOCTBIO (T. €. C TOWN YacCTblo aHEP-
rmu, Kotopas npeobpasyeTcs B MHbIE BUObI — MEXAHW-
YeCKyto, CBETOBYIO, TEMJIOBYO U T .4.):

® peakTuBHas cocTaenstowas, |, caoBuHyTa OTHOCU-
TeNbHO Hanps>keHus Ha 90°, oHa XxapakTepusyeT UH-
TEHCUBHOCTb OOMEHa SHEPIUNIA MEXAY NCTOHHUKOM U
Harpy3kom, 06ycnoBneHoro konebaHnem MarHUTHbIX 1
anekTpu4eckux nonen. 6es Taknx konebaHunin HeBO3-
MOXXEH, HanpumMep, NepeHoC MOLLHOCTY MeXay cep-
OEYHNKOM 1 0OMOTKO TpaHcdopmMaTopa nam Yepes
BO3MYLUHbIN 3a30p aneKkTpogsurarTens.

Kak npaBuno, Harpy3ku UMetoT akTUBHO-UHOYKTNBHbIN
XapakTtep, NOSHbIN TOK | OTCTaeT B HUX OT aKTUBHOW CO-
CTaBnsitoLen ..

[MoaToMy B aNeKTpU4ECKrX yCTaHOBKax TpebyeTcs reHe-
pupoBaTh 1 nepegasaTsb NOMUMO aKTUBHOW MOLLHOCTY P
HEKOTOPOe KOIMYECTBO peakTUBHON MoLHocTn Q. OTa
MOLLIHOCTb Heobxoauma ans npeobpasoBaHns ANeKTPo-
3Heprun, HO OHa He NOTPebNseTCa Harpy3Kon, a nepe-
OaeTcs OT CeTV K npueMHukamu n oépaTtHo. CoBOKyn-
Hasi MOLLHOCTb, reHepupoBaHHas 1 nepefaHHas cucTe-
MO, Ha3bIBAETCS NOSIHON MOLLHOCTBLIO S.
Koah®mUUMEHT MOLLIHOCTY COS( — 3TO OTHOLLEHNE aKTNB-
HOV cocTaBstoLei Toka |, K nofiHomy Toky |; ¢ npea-
cTaBnsieT cobon yron casura as Mexagy HanpspkeHnem
1 ToKoM. [Ins onpegeneHHoro asHoro Hanps>keHus V
OH paBeH:

B Tabnuue 1.1 npencrasneHbl TUMUYHbIE 3HAYEHWST KO-
achurumeHTa MOLHOCTA AN HEKOTOPbIX BMAOB 3eK-
TpoobopynoBaHus.

Tabnmya 1.1
[oe110)
Koacdhduument
Harpyska MOLLHOCTH
TpaHcdopmaTopbl (63 Harpy3ku) 0.1+0.15
Osuratenn 0.7+0.85
O6opynoBaHue ons 06paboTkn MeTasnnos:
- pyrosasi cBapka 0.35+0.6
- fiyroBasi CBapKa ¢ KoMneHcaumen 0.7+0.8
PEaKTUBHOW MOLLHOCTY
- KOHTaKTHas cBapka 0.4+0.6
- NeKTPoayrosas neyb 0.75+0.9
JlloMVHeCLeHTHbIE Namrbl
- C KOMMeHcaumen peakTVBHON MOLLHOCTN 0.9
- 6e3 KOMNeHcaLUyn PeakTUBHON MOLLHOCTHY 0.4+0.6
BbinpamuTtenu 0.6+0.95
MpuBOAbI NOCTOSIHHOIO TOKa 0.4+0.75
MpuBoabI NEpeMeHHOro Toka 0.95+0.97
AKTUBHas Harpyska 1

YnyyweHnem KoapduumeHTa MOLWHOCTU Ha3biBaKOT
Mepbl, IPeaAnpUHUMaeMble st NOBbILEeHMsS Koadduum-
€HTa MOLLHOCTU ONpeaeneHHo YaCcTuh 31EKTPOYCTaHOB-
Kn. [1na 9TOro B oNpeneneHHon TO4Ke CETU FreHEPUPYET-
Csl Takas peakTUBHasi MOLLHOCTb, KOTOpasi YMeHbLUAEeT
TOK, @, CNefoBaTenbHO, 1 MOLLHOCTb, BO3BpaLlaemble B
WCTOYHMK NUTaHUsA. OTO NO3BOSISIET NCMOMb30BaTh JIMHNN
3NEKTPONUTaHNS, reHepaTopbl U TpaHcopMaTopkl, pac-
CY/TaHHbIE HA MEHbLLYIO MOJIHYIO MOLLHOCTL. [ogpo6-
Hee Mbl 06CYaVM 3TO B CNEAYIOLLEN rnaBe.

C 4MCTO TEXHNYECKOW TOHKM 3PEHMS BNIEKTPOYCTAHOBKA C
npaswIbHO NOA06PaHHBIMY NapamMeTPamMm MOXET XOPO-
o paboTaTtb 1 Npu HN3KOM KO3 DMLMEHTE MOLLIHOCTN,
NMO3TOMY He CyLLEECTBYET CTaHOAPTOB, MPEANNCHIBAIOLLINX
9NEeKTPOYCTAaHOBKaM onpefeneHHbii KO3 duuneHT
MoLHocTh. OgHaKo noBbIeHNE KO3 hULMEHTA MOLL-
HOCTW [aeT psif TEXHNYECKMX 11 BKOHOMUYECKUX NMPenMy-
wecTs. PakTNYeCKn, aKcnayaTaLms aNeKTpoyCTaHOBKM
C HU3KMM COS@ O3Ha4aeT MOBbILLEHHbIE pacxodbl Ans
3HeprocHab>aroLen KoMnaHum, KoTopas, ECTECTBEHHO,
CTPEMUTCSA BBECTU Tapudbl, genatome aKcnayataumio
Takux 3NeKTPOYCTAaHOBOK HEBbIFOAHbIMU. 3aKoHOAa-
TeNbHbIE MEPbI, AENCTBYOWME B 6OMbLUMHCTBE CTPaH,
CO3[al0T TaKyo CUCTEMY TapudoB, NPy KOTOPOI 3a Bbl-
COKOe NoTpebneHne peakTBHON MOLLHOCTY (MOPOroBbIi
cos@ paseH 0,9) npuxoguTca NnatuTb Wrpadbl. Pasmep
wTpadoB 3aBUCUT OT YPOBHS HanpsiKeHus (BbICOKOE,
cpepnHee, HU3Koe) 1 KoadduumeHTa mowHocTu. Mo-
TpebuTenn aNeKTPO3HEPrUN AOMKHbI pellaTb, YTO UM
BbIrOAHEE: NNaTuTb WTpadbl WK BAOXUTbL CPeacTsa B
KOPPEKLMIO KO3h(prLUMEHTA MOLLHOCTN.

Koppekuus koadduumeHTa MOLWHOCTY 1 hrAbTpaums rapMOHIK B 31EKTPOyCTaHOBKax |5
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2 TexHn4ecKune npenmyllecTBa Koppekuum
Ko3(pduLumeHTa MOLWHOCTHN

Kak y>ke 0TMe4anocb, yCTaHOBUB B ONPefeNeHHON To4-
K& CETN HY>XHYI PEeaKTUBHYI Harpy3Ky, MOXXHO CKOp-
PeKTMPOoBaTb KOIPULNEHT MOLLHOCTU, T. €. YMEHBLUNTD
noTpebnseMbIii TOK U NOMHYO NOTPE6AAEMYIO MOLLHOCTb
6€e3 CHMKEHUSA MOLLHOCTUN Harpy3ku. OTO AaeT MHOXe-
CTBO NPEVMYLLIECTB, B YACTHOCTW, NO3BOSAET 3PPEKTMB-
Hee 3KCMJyaTMpoBaTh ANEKTPNHECKNE MaLLMHbI (reHepa-
TOPbI 1 TPaHCcOpMaTOPbI) U IMHUM NepefaYn 1 pacnpe-
OeneHns aN1eKTPo3Heprmu.

[Ons cuHyconaanbHOro HaNPs>XXeHNsi peakTUBHaA MOLL-
HOCTb, HeoOXoauMas Ans Koppekumm KoadduumeHTa
MOLLHOCTU OT COSQ, A0 COS®,, PACCYMTLIBAETCA MO
cnepytowen opmyne (Kak gns TpexdasHon, Tak 1 ans
opHoa3HoM CUCTEMBI):

Q,=Q,-Q,=P-(tgp,-tgo) [2.1]

PQS,

roe:

e P — aKTMBHas MOLLHOCTb;

* Q, 1 @, — peakT!BHasa MOLLHOCTb 1 yron casura
a3 0o Koppekumn KoapuumeHTa MOLHOCTH;

* Q, 1 ¢, — peakT!BHasa MOLLHOCTb 1 yron casura
das nocne Koppekunn ko duumeHTa
MOLLLHOCTW;

* Q, - peaKTuBHasi MOLHOCTb, Heobxoavmas Ans
KoppeKLnn KoahhuumeHTa MOLLHOCTN.

Mpumep

MpeononoXxmm, Mbl xoTm nosbicuts ¢ 0,8 oo 0,93 koad-
rLreHT MOLHOCTU TpexdasHoi ycTaHoekM (U =400 B),
notpebnsiemast MOLLHOCTb KOTOPOMW, B CPEOHEM, COCTaB-
nsiet 300 kBT. MNoTpebnsemMbii TOK paBeH:

- P 300 - 10°
= -
V3.U -cosp, V3-400-0.8

| =540 A

CornacHo nNprBeAeHHON Bbile hopMyrne Ham NoTpeby-
€TCA NOAKNKOHYUTb PeaKTUBHYH Harpy3ky MOLLUHOCTbLIO:

Q, =P - (tgo, - tge,) = 300 - (0.75 - 0.39) = 108 ksap

3a cyeT KoppeKkumn koaddurumeHTa MOLHOCTY NOTpe-
onsiembln TOK cHU3ncs ¢ 540 A go:

P 300 - 10°

1, = -
V3-U, -cosp, /3-400-0.93

2

=465 A

(T. e. npubanautesnsHo Ha 15 % )

WTaK, OCHOBHbIMY NPEeNMYLLIECTBAMU KOPPEKLIMI KO-
uULUmMeHTa MOLLIHOCTY SIBAISIKOTCS:

e 6onee ah(heKTBHOE NCMONb30BaHNE SNEKTPUYE-
CKINX rEHepaTopoB,

e Gonee ah(heKTBHOE NCMONb30BaHNE NEKTPUYE-
CKUX NIVHNNA,

® CHWM>XeHne nortepb,
® CHIV>XeHune nageHnsa Harnps>KeHus.

Koppekuusa koadhuumeHTa MOLLHOCTA 1 DUNbTpauns rapMOHUK B 9N1IEKTPOYCTaHOBKAX



2 .1 MNoBbiwerne adhpeKkTUBHOCTN
NCMNOMNb30BaHNS INEKTPUHECKNX MALLUH

2.2 MosblweHe 3P heKTNBHOCTHU
NCMOSIb30BaHNS 3NEKTPUHECKIMX INHNIA

HomuHanbHbIe XapakTepUCTUKN reHepaTopOB 1 TPaHC-
hopmMaTopoB ONPEefEeNAtoTCS UX NMOSHOW MOLLHOCTLIO S.
[Npn ognHaKkoBoW aKTUBHOM MOLLHOCTK P nonHas MoLu-
HOCTb TEM MEHbLLIE, YHEM MEHbLLIE PEAKTUBHAS MOLLIHOCTb
Q. Taknm 06pa3om, NOBbLICKB COSP NEKTPOYCTAHOBKN,
MO>XHO BblpabaTbiBaTb Ty >Xe aKTUBHYK MOLLHOCTb C
NMOMOLLBIO FrEHEPATOPOB, PACCYNUTAHHbLIX HA MEHbLLYIO
MOSIHYK MOLLHOCTb.

Hanpumep, B Tabnuue 2.1 nokasaHo, Kak 3aBUCUT MOLLL-
HOCTb TpexdasHbix TpaHchopmaTopos CH/HH oT cose
Harpysku.

Tabnvya 2.1
MoLHocTb TpaHcgopmaTopa
MoLHocTb [kBT]
TpaHC([i(éFX\faTopa cose
0.5 0.6 0.7 0.8 0.9 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

M3 Tabnuubl BUOHO, YTO AN NUTAHUS Harpy3Ku, UMeto-
e obuyto mowHocTb 170 KBT n cose = 0,7, TpebyeT-
csa TpaHchopmaTop ¢ HOMUHANIBHOM MOLWHOCTBIO 250
KBA. Ecnn ke Harpyska notpebnsier Ty e MOLLHOCTb
c KoapuumeHTom cose = 0,9, a He 0,7, TO BOCTATOYHO
NCnonb3oBaTb TpaHcgopmaTop MolHoCcTLo 200 KBA.

To e camoe OTHOCUTCS K reHeparopam.

KoppeKLyist KoaghhuLieHTa MOLLHOCTY MO3BONSIET UCTOSb-
30BaTb NPOBOAA MEHbLLErO ceveHust. Kak y>ke 6bino oTMe-
YeHo, yBenuyeHne KoathdrLMeHTa MOLLHOCTY Mpu coxpa-
HEHNN TOW K& BbIXOAHON MOLLHOCTY O3HAYaET CHIDKEHNE
TOKa. ITO CHIKEHNE MOXKET AaTb BO3MOXKHOCTb Mprime-
HUTb MNPOBOOHNKN MEHBLLIErO CEYEHNS.

MosicHnm aTo Ha npuMepe. [yCTb MOLLHOCTb HarpysKkm
P =170 kBT, cose = 0,7, a HanpsixxeHve U_ =400 B. Torga
noTpebnsieMbIn Tok |, paBeH:

P 170-10°
n = =350.5A

V3-U_ - coso, V340007

Ecnun nuTaHne nogaeTcsi N0 OQHOXWUIIbHLIM MEAHbIM Ka-
6ensm ¢ 3TUIEHNPONNIEHOBOM N30NALMEN, MPOJIOXKEH-
HbIM B NepoprpoBaHHOM JIOTKE, TO NpY CTaHA4aPTHbIX
YyCnoBusiX Kabesb JO/MKEH UMETb cedeHne 120 mm? (CMm.
Tabnuuy 2.2).

B cnyyae nHguBrayanbHOU KoppekLummn koadduumeHTa
MOLLHOCTY A0 3HaveHus cose = 0,9, Tok OyaeT paBeH:

|0.7

P 170 - 10°

n

loo = = =2726 A
V3. U, - cose, V3-400-0.9

[Mpn TakoM TOKe Kabesnb MOXXET UMETb ceveHre 70 Mm2.

Tabnumya 2.2. [JnTes1bHO rpornycKaembiii TOK |, OfHOXNITbHBIX MEeAHbIX Ka-
6es1ell, POIOXKEHHbIX Ha NepgopPUPOBaHHOM JIOTKe

o
Cu
cna/an nBXx
S [mm?] 1, [A]l
25 141 114
85 176 143
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 1151 905

Koppekuust kKoadduupmeHTa MOLHOCTM 1 hunbTpaums rapMOHIK B 3N1EKTPOYCTaHOBKaX | 7
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2.3 CHWXeHve noTepb

24 CHWxXeHne nageHnsa Hanps>xeHns

MoTepn MOLWHOCTM B 3NEKTPUYECKOM MPOBOLHUKE
NPONOPLUMOHaNbHbl CONPOTUBAEHUIO MPOBOAHMKA
N KBagpaTty npoTeKkawuero Toka. [1ockonbky npwu
OLVHAKOBOW nepefaBaeMoil akTUBHOW MOLLHOCTU TOK
TEM HI>XKE, YEM BbILLIE COS®, YBENNYEHNE KO3 dULMEHTa
MOLLHOCTM O3HA4aeT CHUKEHNE NMOTePb B NPOBOOHVKE
MEeXAY UCTOYHMKOM MUTAHUSA U TOYKOW KOMMEHcauun
PEaKTUBHOW MOLLHOCTH.

B TpexdasHom cucteme notepu BobipaXKatoTCs cneyto-
Len popmynoi:

p=3-R-F=R- P2+ @ 22
2
MOCKOJIbKY U”
S P2+ P2+ Q)
I = = — 3. P= ———
v3.u,  V3.u, U,

roe:
® | — TOK, NpoTeKarLmii Yepes NPOBOAHNIK;

¢ R - conpoTnBneHrne NpoBOOHKE,;

e S — NosHasa MOLLHOCTb, NoTpebnsiemas Harpy3Kou;

e P - aKkTuBHasi MOLLHOCTb, NOTpebnsemMast Harpy3kon;
¢ Q - peakTMBHas MOLLHOCTb, NOTPebnsemas Harpy3koi;
* U - HOMUHASIbHOE Hanps>KeHne NUTaHus.

CHmxeHne noTepb Ap nocne KoppekLmm KoahduumeHTa
MOLLIHOCTU Bblpa>kaeTcst popMynoin':

cosQ,
1- ( cosg, )
roe:
® p, - NoTepy A0 KOPPEKLMn KO3(HULIMEHTE MOLLHOCTY;
® COS(, — KO3 MULMEHT MOLLHOCTU 4O KOPPEKLMM
Koa(hhULmMeHTa MOLLHOCTY;

® COS(, — KO3A(PULMEHT MOLLHOCTU MOC1e KOPPEKLNM
KO3 rLMEHTa MOLLHOCTMW.

[2.4]

Ap=p,-

M3 popmynbl [2.4] cnegyer, 4To ecnu, HanpruMep, yBenu-
4nTb KO3 purymeHT mowHocTu ¢ 0,7 po 0,9, cokpalleHne
notepb cocTaBuT okono 39,5 %. B Tabnuue 2.3 nokasa-
HO, HACKOJIbKO COKpaLLaTCs NoTeEPU Npu yBENNYEHNN
KoahpuUmneHTa MOLLHOCTM OT HavaslbHOro 3HA4YeHUs
cos, A0 KoHe4Horo - 0,9 vim 0,95.

Tabnmya 2.3 cosp
1
04 | 05 | 06 | 0.7 | 0.8 | 0.9 | 095
o, 0T COS, to 0.9 80.2 | 69.1 | 55.6 | 39.5 | 20.9 - -
° ot cosp,t00.95 | 823|723 | 60.1 | 45.7 | 29.1 | 10.2 -

YBenumyeHne koathduLyieHTa MOLLHOCTW NPUBOQNT K CHU-
XKEHWIO MOTEPb BO BCEI LI OT MCTOYHMKA NUTaHUsA [0
TOYKM KOPPEKLUMN KO3ULIMEHTA MOLLHOCTHU.

1 (P2+Q2)
U2

n

R P2 p? cos
Ap=p;- Po=r5 "5 =py|1- o
U: cosy, U cosy, COS®,,

p? R P

2 - =
cosg)’ 2 U

R R
p1=R- :?. =?.
R

MapgeHne NMHENHOro HanpPs>XXeHUs B TpexdasHom cetn
MO>XHO NMpPeacTaBnTb CReayoLmM o6pa3om:

P
AU=+3-1. (R cosg + X sing) = — - (R+ X tgp) [2.5]
Un
roe:
® R 1 X — COOTBETCTBEHHO aKTUBHOE U PeaKTUBHOE
COMNPOTUBIIEHNE JTINHNN;
* P — nepemaBaemas akTBHasi MOLLHOCTb;
e | —TOK;
* U - HOMUHasIbHOE Hanps>XeHue.
Mpn oguHakoBoW nepenaBaemMort akTUBHOW MOLLHO-
CTU nageHne Hanps>keHnst TeM MeHblue, Yem 6osblue
KO3(hpMUMEHT MoLHOCTUZ. Kak BUOHO Ha crnegytoLmx
anarpammax, 4em MeHbLle ¢, T. €. yron cgsura as
MeXay Hanps>KeHWeM 1 TOKOM (MpW TOWM >Xe aKTUBHOW
COCTaBSAIOLLEN TOKA HArpy3Kym U COOTBETCTBEHHO TOM
>KEe aKTVMBHOW MOLLHOCTM), TEM MeHblUe nageHve gas-
HOro HanpsXeHust AV, Nnpuyem nageHne Hanps>KeHus
OOCTUraeT MUHUMYMa, KOr4a peakTBHasi MOLLHOCTb He
noTpebnseTcs (TOK CUHMA3EH HaNPSHKEHMIO).

PucyHok 2.1. BekTopHas guarpamma rnageHusi HanpsikeHus B InHuM 6e3
KOMMeHcaLmm peakTUBHOM MOLLHOCTU

Im#4

B V] Sy
1Y RI

PucyHok 2.2. BeKTopHas guarpamma nageHvs HanpspKeHusl B JIMHUA npu
10/IHOVI KOPPEKLMN KOS ULMEHTa MOLYHOCTY, T .€. AJ151 YNCTO aKTUBHOM
Harpysku

2 B JMHUSIX CBEPXBLICOKOrO HaMpsiXKeHusi, KOTOPbIe MPOEKTUPYIOTCS TaK, 4TOBkI nepeaa-

MOLYHOCTb PaBHSIaCh aKTUBHOM MOLLIHOCTY, N3MEHEHWE HarPSXKEHWS] CBEAEHO
K MUHUMYMY (K HYJIt0, €C/IN CHUTATb, YTO B JIMHUA HET 10TEPk), a MoTpebrisiemasi peak-
TUBHAs1 MOLLIHOCTb, BOBHUKaIOLLAs U3-3a MPOXOX/EHNSI TOKa Yepe3 MoC/ef0BaTe IbHY0
WHAYKTUBHOCTB, B TOYHOCTY paBHa PeaKTUBHOM MOLLHOCTY, reHepupyemoi EMKOCTSMA.

3 [NageHue HarpsiKeH1s — 3T0, M0 OrPeAEEeHIIO, Pa3HOCTL MOAYJIEN HaNpPsKeHWi B Havane
Y B KOHUE /H1M (KaK BUAHO 13 BEKTOPHbIX Auarpamm). [pu pacyete AV no gpopmyne
[2.5] nononHuTenbHbIA YneH npubnnsutensHo paseH 1/200 OT 3HaYeHUs] HarpPsiKeHws,
Tak 470 UM MOXKHO npeHebpeYb.

Koppekuusa koadhuumeHTa MOLLHOCTA 1 DUNbTpauns rapMOHUK B 9N1IEKTPOYCTaHOBKAX



3 DKOHOMUYECKNE NpenmMmyLLeCcTBa Koppekuun
KoaddpuumeHTa MOLLHOCTH

OnekTpocHabxawLmne opraHu3aunm yctaHasaMsatoT
Takne cuUCTeEMbl Tapud OB Ha SNEKTPOIHEPIUIO, KOTOPbIE
npegycMaTpuBaroT Wwrpadbl 3a NoTpebneHne sHeprum co
cpenHeMecs4HbIM KO3 rUMEHTOM MoLLHOCTY Hke 0,9.
YCcnoBus KOHTPaKTOB MEHSKOTCA OT CTPaHbl K CTpaHe n
MOryT 3aBUCETb OT TuNa NOTPEOUTENS, MOITOMY Crefyto-
LMe BbIKNTaOKN UMEIOT UCKIIOHNTENBHO MIIFOCTPATUBHbIN
XapakTep 1 AEMOHCTPUPYIOT MPUHLMAMAIbHYIO BO3MOX-
HOCTb 9KOHOMWM 32 CHET KOMMEHCaLMN PeaKTUBHON MOLL-
HocTu. BoobLe roeopsi, ctaTbi JoroBopa Ha NMocTaBKy
3NEKTPO3HEPrn TPebyIoT NnaTthl 3a NOTPEOIEHHYIO peak-
TUBHYIO 3HEPrUt0, eCnn KO3MMULNEHT MOLLHOCTI NIEXNT
B ananasoHe ot 0,7 go 0,9, ecnn xe oH Bbiwe 0,9, nnata
3a PEeakTVBHYIO SHEPruo He B3umaeTcs. Ecnm cose < 0,7
3NEKTPOCHAbXaKoLas opraHn3aumns MOXeT NnoTpeboBaTb
OT NOTPEOUTENS BbIMNOSHUTE KOMMEHCALMIO PeaKTUBHOM
MOLWHOCTU. HY>XHO OTMETUTb, YTO CpegHEeMECSAYHbIN
KO3 DUUMEHT MOLLHOCTY He Huxe 0,9 o3HavaeT, 4To no-
Tpebnsieman peakTuBHasi aHeprus He npesbiwaeT 50 %
AKTVBHOW 3Heprun. Heobxoammo OTMETUTb, YTO B AAHHOW
rnaBe paccMaTprBalOTCs SKOHOMUYECKINE NPENMYLLECTBA
C Y4eTOM TapuHOI NONUTUKM SHEProkomnaHuin psga Es-
POMENCKNX CTPaH 1 He MOTryT ObITb MPUMEHEHbI B YCNOBUAX
Poccuninckoi 9aKoHOMYKMN.

tge = 9 <0.5 —» cos¢ >0.89 3.1]
P
To ecTb, ecnn noTpebneHne peakTUBHOW 3HEPrun He
npesbiwaet 50 % akTuBHOW aHeprun, wrpadbl He Ha-
naratotcs. ExxerogHble pacxofbl Ha onnaTy peakTuB-
HOWN SHEpPrnn, KOTopble NPUXOQUTCA HECTN, ECNIN KO3M-
purumeHT MoLwHocT Huxke 0,9, BbipaxkaroTcsa crnegyto-
e hopmMynoin:
Cpu=(,-05" Ep) -C [3.2]

roe:
* C_, — ropoBsasi CTOMMOCTb PEaKTUBHOW aHeprum B €;
e E,-rogosoe notpebneHrie peakTMBHON SHEPrv B KBapY,
E, — ronosoe notpe6ieHrie akTUBHOM dHeprum B KBTY;
E, - 0.5 X E, — KONN4eCTBO PEakTUBHO 3HEprum, Ko-
TOpyto TpebyeTcsa onnaTuThb;
® C — LieHa peaKTVBHOW aHepruu, €/kBapy.
Ecnun notpebuTens xo4eT n3bexxats Wwrpados 3a notpe-
6neHve peakTUBHON 3HEPI N N KOPPEKTMPYET KOadhdu-
UMeHT MoLHocTy Ao 0,9, CTOMMOCTbL aKcnyaTaumm KOH-
LeHcaTopHoW 6aTapen COCTaBUT:

Co.=Cy - C, 3.3

roe:

* C,, — exerofHas CTOMMOCTb KOPPEKLnM KOIhhu-
umeHTa mowHocTn oo 0,9, €;

* Q_ — MOLIHOCTb KOHAEHCaTopHOI Gartapen, Heo6-
XOOUMOW Ans koppekunm cose fo 0,9, Kkeap;

® C_—YAe/NbHas CTOMMOCTb YCTaHOBKM KOHAEeHCaTop-
HoOW 6aTapeu (U3 pacyeTa Ha OOVH rof, SKCnyarta-
uun) €/kBap.

OKOHOMUSA COCTaBUT:

Ceq-Coo= (E,-05-E)-c-Q,-c, B4

Hy>XHO 3aMEeTUTb, YTO «CTOMMOCTb YCTaHOBKI KOHAEHCa-
TOpHOI 6aTapeun» crieqyeT NpaBuibHO pacnpenenvTb Nno
rofam cpoka ciy>x6bl aN1eKTPOYyCTaHOBKM, UCMOSIb30BaB
afeKBaTHble 9KOHOMUYECKUE KO3 MDULMEHTbI; Ha NpaK-
TUKE KOMMeHcaLUmsl peakTVBHON MOLLIHOCTY MO3BOJIAET

OKYMUTb PaCcXofpl HAa KOHAEHCATOPHYO 6aTapeto 3a nep-
Bble HECKOJIbKO JIeT. PasymeeTcsi, TOUHbI aHanm3 Ka-
NUTaNOBNOXEHWIA NMPeanonaraeT UCNoNb30BaHNe KOH-
KPETHbIX 3KOHOMUYECKMX NapameTpoB, YTO HE BXOOWUT
B 3324 JaHHOM CTaTbl O TEXHUHECKOM MPUMEHEHNN.

Mpumep
KomMnaHuns notTpebnseT akTVBHYIO N PEAKTUBHYHO MOLLL-
HOCTb corflacHo Tabnuue 3.1:

Tabnmya 3.1
Mecsiy AKTMBHas 3Heprusi, | PeakTuBHas aHeprus, | CpeAHeMecsYHbIN
[kBTu4] [kBapuy] KO3(h. MOLLHOCTMN
AHBapb 7221 6119 0.76
PeBpanb 8664 5802 0.83
MapTt 5306 3858 0.81
Anpenb 8312 6375 0.79
Maii 5000 3948 0.78
WioHb 9896 8966 0.74
Wionb 10800 10001 0.73
Asryct 9170 8910 0.72
CeHTa6pb 5339 4558 0.76
OKTA6pb 7560 6119 0.78
Hosi6pb 9700 8870 0.74
[exkabpb 6778 5879 0.76
WToro 93746 79405 -

Ecnn npuHATbL LEHy peakTUBHOW 3HEPrun pasHOMN
0,0421 €/kBap4, obLMe 3aTpaThbl 3a rOf, COCTaBAT:

Ceo=(E,-0.5-E)-c=(79405-0.5-93746)-0.0421 =1370€
B Ttabnuue 3.2 npeacrtaBneHa peakTuBHASA MOLLHOCTb,

Heobxogmmas anst NoBbileHMsT KO3 duumeHTa MoLL-
HocTu go 0,9.

Tabnmya 3.2
Mecsu, m:::ﬂ Mgg:ﬂ::-ﬁ SEE M{o\:::;a:P Q_=P-(tan(-0.484")
[KBry] | KO3 Mow- | paborel | Ty g |
AHBapb 7221 0.76 160 451 16.4
Pespanb 8664 0.83 160 54.2 10.0
MapTt 5306 0.81 160 33.2 8.1
Anpenb 8312 0.79 160 52.0 14.7
Mai 5000 0.78 160 31.3 9.5
VioHb 9896 0.74 160 61.9 26.1
Wionb 10800 0.73 160 67.5 29.8
ABryct 9170 0.72 160 57.3 27.9
CeHTs6pb | 5339 0.76 160 33.4 12.3
OKTS6pb 7560 0.78 160 47.3 15.4
Hosi6pb 9700 0.74 160 60.6 26.1
Oexabpb 6778 0.76 160 42.4 16.2

10,484 — TaHreHc, COOTBETCTBYIOLLMIA COS(, paBHOMyY 0.9

Ecnn gna koppekunn KoadpduumeHTa MOLWHOCTH
NCNonb3yeTca aBTOMaTnyeckas KoHaeHcaTopHas
6arapes ¢ Q_ = 30 KBap, a yaenbHasi rofosasi CTOMMOCTb
ycTaHOBKM Gatapey ¢, = 25 €/KBap, TO nosiHas roposas
cTouMocTb cocTasuT 750 €. Bes yyeta okynaemocTu u
(hVMHAHCOBbIX N3OEPXKEK NOTPEOUTENb SIKOHOMUT:

Ceq- Co. = 1370 -750 =620 €

Koppekumsi kKoadhduuyeHTa MOLHOCTY 1 UnbTPpaLms rapMOHUK B 31eKTpoycTaHoBKax |9
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4 OcHOBHbIe YCTpOWCTBa KOMMeHcauum

peakKTUBHON MOLLHOCTN

K OCHOBHbIM yCTpOICTBaM KOMMEHCaLMN PeaKTUBHOW

MOLLIHOCTW OTHOCATCS:

® CUHXPOHHbIE FrEHEPaTOoPS,

® CUHXPOHHbIE komneHcaTopsbl (CK),

® CTaTM4ecKue KOMMNeHcaTopbl PEAKTUBHON MOLLHO-
ctun (CTK)

® KOHOEeHCaTOpHble 6aTape|/|.

4 1 CWHXPOHHbIE reHepaTopbl

CVHXPOHHbIE reHepaTopbl BblpabaTbiBalOT OCHOBHYHO
YaCTb 3NEKTPOIHEPrUM, KOTopasi MOCTynaeT K NoTpe6u-
TensM Yepes cucTeMbl Mepenaydn 1 pacnpeneneHus. He
BaBasiCb B TEXHUYECKUE NOAPOBHOCTM, OTMETUM, YTO,
BO3AENCTBYS Ha BO36Y XAeHVe reHepaTopoB, MOXKHO 13-
MEHATb reHeprpyeMoe Hamnpsi>kxeHne 1 TakuM o6pasom
perynmpoBarth nepeaaYvy peakTUBHON MOLLHOCTU B CETb,
YTO NO3BONSET yNyHLLATL NPODUN HAMPSXKEHUIA CUCTe-
Mbl I CHUXKATb MOTEpU B SIMHKAX Nepenaydu.

4 2 CuHXpOHHbIE KOMMEHCATOPbI

CI/IHXpOHHbIe KOMMeHcaTopbl — 3TO CUHXPOHHbIE
noBuratenun, Kotopble paboTatoT 6e3 Harpysku,
BpallasiCb CUHXPOHHO C HamMps)XeHWeM B CeTU, ”
BbIMOJIHAIOT €AUHCTBEHHYO (YHKLMIO: NOTPebnstoT
N36bITOYHYIO PEaKTUBHYI MOLLHOCTb (B pexume
He[oBO30Y>)XAEHWS) UM FTEHEPUPYIOT HELOCTAOLLYO (B
pexunme NepeBo3byKaeHUs).

PucyHok 4.1. CUHXPOHHbIN KOMIIEHCATOP B PEXVIMe HEA0BO30YXAEHNS

E
Xs

iy

PucyHok 4.2. CUHXPOHHbII KOMIIEHCATOP B PEXUME NMepeBo30yXaeHNs

Xs Vv
E
E \'%

E : 9[C, reHepupyemas B 06MOTKax ctatopa

V : basHoe Hanpsi>keHre, NPUNOXeHHOEe K KOHTaKTaMm reHepaTtopa
| : TOK cTaTtopa

X, : peaKTBHOE COMpOTUBIEHe cTaTopa

V

OTu ycTporcTBa NOJKIIOYaOTCS B ONpeaeNieHHbIX y3nax
CrCTEMOOOPA3YIOLLMX 1 NUTALOLLMX CeTel. Vicnonb3oBa-
HVE CUHXPOHHBIX KOMMEHCATOPOB B pacnpenenvTesb-
HbIX CETSIX 3KOHOMUWYECKI HeLlenecoobpasHo 13-3a Bbl-
COKOIl HaYanbHOM CTOMMOCTY 1 3aTpaT Ha TEXHNYECKOoe
obcnyxxmBaHue.

43 CraTtuyeckne KOMMNeHcaTopbl peaKTVIBHor/I
MOLLIHOCTN

Ycnexn cunoBon 3NeKTPOHUKN Jann BO3SMOXHOCTb ne-
penTn OT CUHXPOHHbIX KOMMNEHCATOPOB K CTaTUYeCKUM
cuctemam KOMMeHcaL M peakTMBHON MOLLHOCTH, TaKUM
kak TSC (koHgeHcaTopHasi batapesi C TUPUCTOPHOM KOM-
myTtaymeri) n TCR (peakTop ¢ TMPUCTOPHBLIM yripaB/ieHN-
emM). DTO NEKTPOHHbIE BapUaHTbl ANIEKTPOMEXAHNYECKNX
KOMIMEHCAaToOPOB, B KOTOPbIX, OAHAKO, A1 KOMMyTauum
KOHOEHCATOPOB MPUMEHSIOTCSA HE KOHTaKTOpPbI, a napbl
TUPUCTOPOB, BKIIIOYEHHbIE BCTPEYHO-NapaniesnbHO.

PucyHok 4.3.

MpuHuunuanbHas cxema TCR MpuHuunuansHas cxema TSC

Q

TSC No3BONSET CTYNEHYATO PErYNMPOBaThL PEAKTUBHYIO
MOLLHOCTb, KOTOPYO OTHAKT B CETb KOHAEHCATOpPhI, a

TCR - nnaBHO perynmpoBaTb PeakTUBHYH MOLLHOCTb,
KOTOPYIO NOTPEGSIOT MHAYKTUBHOCTW.

CoeamnHne TSC n TCR, MOXXHO NnaBHO perynnpoBaTh re-
Hepupyemyto 1 NoTpebnsieMyto peakTUBHYH MOLLHOCTb.

Takune ycTpoicTBa NPUMEHSIIOTCS, B MEPBYIO 04epenb, B
CETSIX BbICOKOIO 1 CBEPXBbICOKOIO HamnpsiXKeHMsl.

Koppekuusa koadhuumeHTa MOLLHOCTA 1 DUNbTpauns rapMOHUK B 9N1IEKTPOYCTaHOBKAX



4.4 KoHpaeHcaTopHble 6aTapen

KoHnpeHcaTop npepnctaBnsieT coboi NacCUBHbIA OBYX-
MOJIKOCHUK, COCTOSALMNIA N3 OBYX MPOBOAALLMX NOBEPX-
HOCTGI7I, Ha3blBaeMblX 31IeKTpoAamMn, N301MpoBaHHbIX
Opyr OT gpyra QUaneKTPUKOM.

PucyHok 4.4.
3/1eKTpUYecKoe rnosne

anekTpog ——=o & oreKTpoa

AN3ANEeKTPUK

Takas cucTema NponuTLIBAaeTCS KOHAEHCATOPHbIM Mac-
NIOM NS 3aWyThbl OT Barv 1 ra3oBbIX KapMaHoB, KOTO-
pble MOryT CTaTb MNPUYMHON NPOGOS.

MocnegHee MoOKoMeHNe KOHOEHCATOPOB He COOepPXnT
NPOMUTOYHON XUAKOCTU 1 NMPOXOAUT crieumanbHyo 06-
paboTKy, KOTopasi y/y4LlaeT UX aNeKTpUYeckue CBoli-
ctBa. Cyxue KOHAEeHCATOpbl He CO3[AarT ONacHOCTU 3a-
FPSIBHEHNST OKPYXKatoLLel cpefbl 13-3a yTe4kn nponu-
TOYHOW XXUOKOCTW.

B 3aBncumocTn ot reoMeTpumn MeTajiyin4eCKnx aJIeKTpo-
O0OB KOHOEHCAaTOopPbl AeNnATCA Ha!

® nnockue,
* LWNNHOPUYECKUE,
e cdpepuryeckue.

PucyHok 4.5.

Mnockue KOHOQEHCaTOPbI

KoppeKkumsi KoadhduuyeHTa MOLHOCTY U (hubTpaLms rapMOHUK B aneKTpoycTaHoBkax |11

UnnuHppuyeckne
KOHAEeHCaTopbl

OCHOBHbIMM NapaMeTpamn KOHOeHcaTopa ABNATCA:

* HOMUHasbHasi MKOCTb C @ BENMYMHA, paccunTbiBae-
Masi Mo HOMUHANbHbLIM 3HA4YEeHNSIM MOLLIHOCTH, Hanpsi-
YKEHWUS N 4aCcTOTbl KOHAEHCATOPa,;

* HOMUHa/IbHas MOLLHOCTb Q. PEaKTUBHAs MOLLHOCTb,
Ha KOTOPYIO paccymTaH KOHOEeHcaTop;

* HOMUWHaIbHOe Harpsixerue U : peicTeytolliee 3Haqe-
HVE NepeMeHHOro HarpsKeHUs!, Ha KOTOPOe paccyu-
TaH KoHaeHcaTop;

* HOMUHasbHas YacToTa f : 4acToTa, Ha KoTopyto pac-
cuuUTaH KoHOeHcaTop.

Korga K anekTpogam KoHaeHcaTopa npukiagsiBaeTcst

nepeMeHHOe HanpsiXeHne, KOHOEHCATOP LMKINYECKM

3apsKaeTcs 1 paspsikaetcs. B npoLecce 3apsakn KoH-

[leHcaTop 3anacaeT peakTUBHYIO SHepriio, a B NpoLecce

paspAOKY OTOAET €€ B LieMb, K KOTOPOI OH MOAKJ/IHOYEH.

KonnyecTtBO 3TON 3HEPrM BbIPaXAETCA CRenyoLmnum
COOTHOLLEHVEM:

E = L .C-U2
2
roe:
e C — EMKOCTb,
e U - HanpshkeHne, NPUIoXKEHHOE K BbIBOLAM
KoHZeHcaTopa.
MockonbKy KOHOEHCATOPbl CMOCO6HBI 3anacaTb 1 oTha-
BaTb 3HEPrunto, OHN cny>XaT OCHOBHbIM 3JIEMEHTOM KOH-
[eHCcaToOpPHbIX YCTAHOBOK KOMMEHCaLUMn peakTUBHON MOLL-
HOCTM (ONs HanpPsHKEHWUI BCEX YPOBHEN) N CTaTUYeCKMX
YCTPOWNCTB perynmpoBaHunsi peakTMBHOM MOLLHOCTK' .
B yacTHOCTN, ANst KOMNeHcauun peakTMBHOM MOLLHOCTM B
HNU3KOBOJILTHLIX YCTaHOBKax NPUMEHAKTCA O,qHOCbaSHbIe
KOHOEeHCaTOPbl C METaNIM3NPOBAHHON NOMNPONMIEHO-
BOV NJIEHKOW, B TOM YCIie CaMOBOCCTaHaBnmBaroLLmecs. B
TaKMX KOHOeHcaTopax ananekTpuk cnocobeH BoccTaHaB-
NMBaTbCS Nocse NPOo60os: MOBPEXAEHHAS YaCTb NIEHKN UC-
napsieTcs B pesynsraTe TEN0BOro BO3AENCTBUS paspsiaa,
Tak YTO AVSNEKTPUYECKNE CBONCTBA CNOSI COXPaHSIFOTCS.

! (DHKTI/I"IGCKM, KOHZeHcaTopb! ﬂOTpeGﬂFI.‘OT MUHUMaJIbHYO aKTUBHYK MOLLYHOCTb B CUJTy
HEHyI'IeBOﬁ MpoBOANMOCTU AN3JIEKTPUYECKOro C/105 U TNCTepPe3nNCHbIX NoTephb.

Cdepuyeckune KoHgeHcaTopbl
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5 Bupbl kKoppekuun KoahpuvumneHTa MOWHOCTHN

B npepploywnx rnaeax Mbl 06Cy>xgann TeEXHUYECKUe
N 3KOHOMUYECKME MPENMYLLECTBA KOPPEKUUN KO-
drumeHTa MoWHOCTN. Tenepb BaXKHO MOHATb, B KaKnx
TOYKax CEeTU HY>XKHO NogKn4vaTb KOHOeHCaTopbl, 4TOObI
Hamny4wrM o6pasoM NCMoNb30BaTh YKa3aHHble Npeun-
MyLLiecTBa.

He cywiecTByeT 0bWwmx npasus, NPUMEHNMbIX KO BCEM
TNaMm 31EKTPOYCTAHOBOK. TeOpeTnYecKmn, KOHAEH ca-
TOPbI MOXXHO MOAKIO4ATL B IFOOOIM TOUKE, €CAN 3TO Le-
necoobpasHo C NPaKTUYECKOWN N SKOHOMUYECKOW TOYKM
3PEeHNA. Mo MECTY NOAKNKYEHNA KOHOEHCAaTOPOB MOX-
HO BbIOENNTb cneayoLe OCHOBHbIE BUAbI KOPPEKL U
Koa(hpuumeHTa MOLLHOCTHN:

* MHAVBMAYaNbHasA KOppeKums KoaddrLmeHTa MOLLHOCTY;
® rpynnosas Koppekuus KoahduLmeHTa MOLLHOCTY;

® lieHTpanM30BaHHas KOppeKLmMs KoahhuLmeHTa MOLLHOCTY;
® KOMOMHMPOBaHHas KOPPEKLmMa Ko huLmeHTa MOLLHOCTY;
® aBTOMAaTMYECKas KOPPEKLMSA KO PrLmeHTa MOLLHOCTK.

5.1 VHanBrayansHas Koppekuus
KoadprymeHTa MOLLHOCTH

NHamBuayanbHas KOppeKuys A4OCTUraeTcs Noakoye-
HVMEM TOYHO PacCYMTaHHOW KOHOgHCaTOPHOW GaTapeu
K BblBOAAM Harpysku, peakTBHYI MOLLHOCTb KOTOPOIA
HY>KHO KOMMEHCpOoBaTb.

MoHTa) He TpebyeT 60MbLUMX PAaCcXOA0B, KOHOEHCATO-
pbl U Harpy3ka KOMMYTUPYIOTCS OOHOBPEMEHHO 1 Ot

HUX MOXXHO MCMonb3oBaTb 06LLME YCTpOWCTBa 3aLiu-
Tbl OT NMEeperpysKu.

OTOT BUA, KOPPEKLMN KOI(hDULMEHTA MOLLLHOCTN PEKO-
MEeHOyeTCs NPUMeEHATb N5 060pyaoBaHNSA COCPenoTo-
YEHHOro Ha OnpefeneHHoON TEPPUTOPUMN, XapaKTepmnsy-
OLLErocsi MOCTOSAHHOW MOLLHOCTbIO, Harnpumep, Tako-
ro, Kak aneKTpogsurateny 1 MIOMUHECLLEHTHbIE NaMnbl.

Ha pucyHke 5.1 npeacTaeneHbl pacnpoCTPaHEHHbIE Cxe-
Mbl KOMMEHCALUN PEaKTUBHON MOLLHOCTY /151 91EKTPO-
oBurartenen.

B cnyyae npsamoro nogkiodeHns (Cxembl 1 1 2) BO3HUKa-
€T clenyroLasi onacHOCTb: MOCSE OTKIIOYEHNS MUTaHNS
[Buratesnb NPOLOMKAET BpaLlaTbCs (3a CHET OCTATOYHOM
KWHETUYECKOIN SHEePrumn) 1 camMoBo36y>KAaeTcs TOKOM OT
KOHOEeHcaTopHon 6atapen, NpeBpaLLasiCb B aCUHXPOH-
HbI reHepaTop. Npun 3TOM Ha CTOPOHE Harpy3Km coxpa-
HSIETCA HaNpPs>XEHWE NUTALOLLIEN CETU. DTO O3HAYAET, YTO
HanpsKeHne Ha 3aXKMMax KOMMYTaLMOHHbIX annapaTos
N YCTPOWCTB 3aLLMTbl MOXET YBENNYUTLCS (0O ABYX pa3)
OTHOCUTESIbHO HOMUHANBHOIO 3HAYEHUS.

Ha cxeme 3, komneHcupytoLasa 6aTape;| noakKn4aeTcs
TONbKO NMocne nycka apurartensd 1 OTKJIIo4aeTCd paHblue,
YeM nnuTaHune anekTponsuraTens.

OT0T cnocob nogkntoveHnss 06ecnevnBaeT BbICOKNIA KO-
a(hPULMEHT MOLLHOCTY HA CTOPOHE NUTAHNS Harpy3Ku,
HO TpebyeT [OMONHNTENBbHbBIX 3aTpar.

PucyHok 5.1.
Cxema 1 Cxema 2 Cxema 3
[ | | [ | |
Myckatenb Myckatens l
Myckatens
IENER=E]
M C M C C
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5.2 Ipynnosas koppexLus
KoahpmumeHTa MOLLHOCTH

[aHHbIN B, KOPPEKUMM NpeaHasHa4veH aJisi NoBbIeHNSs
KO3 hMLMEHTa MOLLHOCTI MPYMMbl HArPY30K C 6JIM3KU-
MU (hYHKLMOHASIbHBIMU XapakTepucTKamy nyTem nog-
KNloYeHns o6LLel 6aTapen KOHOAEHCATOPOB.

Takoe peLleHre — KOMNPOMUCC MeXZy 3KOHOMUYHO-
CTblo 1 3h(HEKTNBHOCTLIO, MOCKOJBbKY MpenmyLLecTsa
OT KOPPEKTVPOBKN KO3IPDULMEHTA MOLLHOCTY NPOSiB-
NSHOTCS TONIbKO CO CTOPOHbI UCTOYHUKA MUTaHUS, T. €.
BblLLIE TOYKIM NOAKYeHNs 6aTapen KoHOeHCaTopoB.

o

PucyHok 5.2.

* I I

4 oo

T pynna KoMMeHCUpyeMbIX Harpy3oK

5.3 UentpannzosarHas koppekLms
KoathmymeHTa MOLHOCTH

Bbi6op onTMMansHOro Tuna Koppekumn KoadduumeH-
Ta MOLLHOCTW B GOMbLLON Mepe 3aBUCUT OT CYTOYHOrO
NPoguAa Harpy3Ku.

B yctaHoBKax ¢ 60MbLUMM YMCIOM Harpy3oK, KOTopble
paboTaloT He OOHOBPEMEHHO U BKIIKOHAKOTCA TOSIbKO
Ha HECKOJIbKO 4aCOB B [ieHb, NPUMEHEHNE UHANBMOYa b-
HOI KOMMEeHcaLuy peakTUBHON MOLLHOCTN 3KOHOMMUYe-
CKW HEBBIFOAHO, TaK KakK 3Ha4ynTeslbHas 4acTb YCTaHOB-
JIEHHbIX KOHOEeHcaTopoB BydeT nogonry 6e3nencTso-
BaTb. B Takmx cnyyasx nCnonb3yloT eguHy CUCTeMY
KOMMeHcaummn, KotTopas Nogkto4aeTcs B TOYKE NprUco-
edVIHEHUS ANEKTPOYCTaHOBKM K CETU 1 MO3BOSISIET 060I-
TUCb CYLLEECTBEHHO MEHbLUVMM YMCOM KOHLOEHCATOPOB.

PucyHok 5.3.

) |

v C

NuHun nutarns HH

-

[nsa ueHTpann3oBaHHOM KOMMNEHCALIMN PEAKTUBHOWN MOLLL-
HOCTV 0BbI4YHO NCMONBb3YOT aBTOMaTUYECKME YCTPOCTBA
(cM. HKe paspen «ABTOMaTUYeCKasi KOpPeKLns Koad-
rLmMeHTa MOLLHOCTI»), KOTOPblE COCTOSAT U3 HECKOSIb-
KMX KOHOEHCATOPHbIX 6aTapen, ABNALNXCS OTAENbHbI-
MU CTYMEHAMY KOMMEHCALWK, N YCTaHaBNMBaKOTCA HEMo-
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CPEACTBEHHO B [M1aBHOM pacnpegenutenisHom wyre. Mo-
CTOSIHHO MOAKITIOYEHHbIE KOHAEHCATOPHbIE 6aTapeu npu-
MEHMMbI TONTbKO B TeX Cly4asix, Koraa KoMmneHcupyemMas
peakTUBHas MOLLHOCTb OCTaeTCs MOCTOSIHHON Ha Npo-
TSKEHUN BCero aHs. LieHTpanmsoBaHHas KoppeKLms no-
3BOJISIET ONTUMUN3NPOBATbL PACXObl HA KOHAEHCATOPHbIE
6aTapen, Ho pacnpemenmTenbHYO CETb MPUXOAUTCS NPO-
EKTUPOBaTb C YHETOM MaKCVMabHOW PEAKTUBHON MOLL -
HOCTU, NOTPEGNSAEMOIt Harpy3Kamu.

5.4 KomM6uHupoBaHHas Koppekuuns
KO9(hrLmeHTa MOLLHOCTH

[aHHoe pelueHne npepncTaBnseT cobo KoMNpommuce
MeXny MHAMBUAYaNbHOW N LEHTPaNM30BaHHON KOPPEK-
uuen KoaprumeHTa MOLLHOCTU U UICNOMb3YET NPENMY-
wecTtsa 060Mx BapmaHToB. [1115 MOLLHOMO SN1EKTPUYECKO-
ro O60py,£l,OBaHI/IFI NPUMEHAETCA nHanBmnayasibHaa Kop-
pekuus, a Ans OCTanbHOMo — LEHTPaIM30BaHHas.
Kom6uHnpoBaHHas koppekLmus KoaddurumeHTa MOLLHO-
CTW NPennoYTUTENbHA B 31EKTPOYCTAHOBKAX, rae Tosb-
KO MOLLHOe 06opyaoBaHue paboTaeT B MPOAO/IKNTENb-
HOM peXxume.

5.5 Astomartuueckas KoppeKkuus
KO3 prLmeHTa MOLLHOCTH

B 60nbLUNHCTBE 31EKTPOYCTAHOBOK NOTPEBNEHNe peak-
TVBHOI MOLLHOCTM He SIBNSIETCS MOCTOSAHHBLIM U3-3a TOr o,
Hanpumep, 4TO B pabo4mx LyKiax nocneqoBaTesnbHO 1UC-
NOJIb3YTCHA MaLLVHbI C Pa3HbIMU 3NEKTPUHECKMMU Xa-
pakTepuUCTUKaMu.

B Taknx anekTpoyCTaHOBKax MPUMEHSIOTCS CUCTEMBbI
aBTOMAaTUYECKON KOPPEKLU, KOTOPbIE U3MEPSIIOT TEKY-
Lee notpebneHne peakTUBHOM MOLLHOCTY U BKIIOYAKOT
COOTBETCTBYHOLUME KOHAEHCATOPHbIE 6aTapen, nogaep-
>K1Basi TEM caMbiM MOCTOSIHHbBIN KO3 DULMEHT MOLLHO-
CTW YCTaHOBKMU.

ABTOMAaTNYECKME CUCTEMbBI KOMMEHcaLnn peakTmnB-
HOI MOLLHOCTM BKJItOYatoT B cebs:
® [JaT4HMKN TOKa N Hanps>XeHus;

® VHTENNEKTyanbHOE YCTPONCTBO, KOTOPOE CPaBHIBaET
N3MEPEHHbIN KO3 DULMEHT MOLLHOCTN C 3a4aHHbIM 1
COOTBETCTBYIOLLMM 06pa3oM ynpasnsieT KOMMyTauu-
el KOHAeHcaTopHbIX 6aTapeit. Takoe yCTPONCTBO Ha-
3bIBAKOT PENYAATOPOM KO (PMLMEHTA MOLLHOCTN;

® 3/IEKTPOLLMT C YCTPONCTBaAMM KOMMYTaLUN 1 3aLLUTbI;
® KOHAeHcaTopHble 6aTapen.

Perynsatop nogaep>xnsaeTt KOadmULMEHT MOLLHOCTY Kak
MO>XXHO 65v>Ke K 3a4aHHOMY 3Ha4YeHUI0, CTYNeH4YaTo 13-
MeHSS NogKoHYaemMyto EMKOCTb. TOYHOCTb perynmposa-
HWS TEM BblilLe, YeM GosbLUe CTyNeHen perynmpoBaHus
N YEM MEHbLLE Luar MeXay HUMMU.
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6 PacyeTt ko3 dpumumeHTa MOLHOCTH

Ons nog6opa KOMMNEHCUPYOLWEN KOHAEHCATOPHON
6aTapen HeobxoauMo paccunTatb KO3pPUUNEHT
MOLLHOCTW 3JIEKTPOYCTAHOBKM B COOTBETCTBUM C
npocunem ee Harpy3ku, YTo6bl N36exaTb N3OLITOYHOIO
noTpebneHnss peakTUBHOIW 3Heprum n wrpados co
CTOPOHbI 9HEProcHabKaroLLen opraHm3auum.

Ona vHanemnayanbHOW unm rpynnoBOn KOPPEKUun Ko-
adduymeHTa MOLHOCTM HY>XHO OonpeaennTb CoS¢p OT-
OEnbHOW Harpysku unm rpynnbl Harpy3oK, YTO MOXXHO
coenatb OByms cnocobamu:

® HENnoCpPeACTBEHHO, MO NOKa3aHUAM U3MepuUTeNns Ko-
ahduymeHTa MOLLHOCTY;

® KOCBEHHO, MO NoKasaHusM N3MepPUTENEn akTUBHONM 1
PEeaKTUBHOWM MOLLHOCTM.

Mameputenb KoaduumeHTa MOLLHOCTY NoKasbiBaeT
COS( Harpysku corflacHo noTpebnsiemMoin aHepruu.
ViamepeHnss Hy>KHO BbINOSIHUTL B pPa3Hble MOMEHTHI
paboyero uukna, YTobbl NONYYNTb CpeaHee 3HadeHune
KoahpuumeHTa MOLLHOCTH.

Ecnn n3BecTHO, Kakyto akTUBHYIO U PEaKTVBHYHO MOLLL-

HOCTU NOTPebnseT Harpyska unm rpynna Harpy3ok Ha
NPOTS>KEHUN Paboyero umnkna, To CpeaHuin Koahpuum-
€HT MOLLIHOCTM pacCy/TbIBAETCA CNeayoLyM o6pasom:

E.-E,
COSQ = COS (tg-1 (M) )
-E

Pf Pi

roe:

° EF,i " EQi — 3HAYEHMS aKTUBHOW 1 PEaKTVBHOW 3HEPIUM,
N3MepeHHble B Havane paboyero Uukna;

*E.1n EQf— 3HAY4YEHMSA aKTUBHOW N PEAKTUBHOW SHEPT N,
N3MEPEHHbIE B KOHLIE paboyero umkna.

Y700kl BbINOMHUTDL LLEHTPANN30BaHHYIO KOPPEKLUIO
KoapuyneHTa MOWHOCTU, HY)XKHO ONpenennTb
cpegHeMecadHble KOO PULUNEHTbI MOLLHOCTN UK
N3y4nTb CHETa SHEProcHabXKatoLLEel KOMMaHNK.
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7 Pac4yeT Tpebyemon peakTuBHOM MOLLHOCTH

OnpepnenviB hakTn4eckunii (cose,) n Tpebyembiii (COS@,)
KO3(PDULMEHTBI MOLLHOCTUN SNEKTPOYCTAHOBKIM, MOXKHO
paccuuTatb PeakTVBHYIO MOLLHOCTb KOHOEHCaTOPHON
6arapeu, He0BXOoUMYIO AJ151 KOPPEKLMM Ko duLeHTa
MOLLHOCTMW.

Ecnn

o P— YyCTaHOBJIEHHaA akKTnBHaA MOLLUHOCTb,

® ¢, — yron cagura ¢as go Koppekumn Koadpuum-
€HTa MOLLHOCTM,

* ¢, - yron capura as, KoTopbli TpebyeTcs nosy-
YUTb B pesyfTare Koppekuummn, To Tpebyemas
MOLLHOCTb KOHfeHcaTopHom 6aTtapen Q_ pasHa:

MMocne onpegeneHns Ha4anbLHOro COSe TPEOYEMYHO MOLLL-
HOCTb KOHOEeHcaTopHon 6atapen (B kBap Ha KBT ycTa-
HOBJIEHHOW MOLLHOCTW) MOXHO OMNPERENnTb C MOMOLLLIO
Tabnuupl 7.1. B TpexdasHoli cucteme KoHOeHcaTopHas
farTapest COCTOMT U3 TPEX KOHOEHCATOPOB OAMHAKOBOW
EMKOCTM, KOTOPblE MOXXHO COEOUHUTb TPEYroSIbHUKOM
unu 38e3noin. Beibrpas cxemy coeguHEHNs HY>KHO y4u-
TbIBaTb, 4TO NPW COEQVHEHNN TPEYrONbHUKOM Ha KaXKapIn
KOHOEeHcaTop nojaeTcs NMHeNHoe HanpshXeHue, HO
EMKOCTb KOHEeHcaTopa COCTaBnsieT ToNbko 1/3 oT ToM,
KOTOpas TpebyeTcs B Cliyvae CoequHeHNs 3Be3a0n (npu
TOM >Xe YPOBHE reHeprpyeMoli PeakTUBHOW MOLLHOCTM)'.

Q,=Q,—C,=3-C, [7.2]
B HM3KOBOMBTHLIX yCTaHOBKaX, rae Npobnembl M30NsLMn
He MMetoT 60MbLLIOrO 3HAYeHNs, NPeanoYTUTENBLHEE CO-
€OVHATb KOHOEHCATOPbl TPEYrONIbHUKOM, TaK Kak 3TO Mo-
3BONSIET 0O0NTUCH MEHbLLIEN EMKOCTbLIO B KaxkAow dase.

n

2
Qc - (tgo, - tgp) - P=K - P - Qcy=3-w<Cy~(%)=(»-Cy-Uf=QCA=3-(»~CA~U§—>CY=3~CA
Tabnmya 7.1
KoaddumumeHT K (kBap/kBT)
KoHeuHbI cose
HavanbHbii

coso 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 0.904 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 0974 | 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 0.919 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
0.80 0.130 0.266 0.294 0.324 0.355 0.387 0.421 0.458 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 0.473 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
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Mpumep

MoTpebnsiemas akTMBHasi MOLLHOCTb 3J1EKTPOYCTaHOBKM
— 300 kBT, Hanpsi>xkeHne 400 B, cose = 0,75, TpebyeTcs
yBENN4UTb KO3 urumeHT mowHocTr oo 0,90. B tabnuue
7.1 Ha nepece4YeHnn CTPOKKN «Ha4anbHbI cose» 0,75 n
ctonbua «KoHe4YHbI cose» 0,9 HaxoguM 3HayveHue Ko-
adpduymneHTa K — 0,398.

CnepoBartenbHO, HaM MOHAA06UTCS KOHAEHcaTopHas
6aTtapest C MOLHOCTbIO Q_, paBHOI:

Q,=K-P=0.398 - 300 = 119.4 kBap

KoahdrumeHT K MOXXHO Takxke onpegennTb rno cnegy-
toLLIe HOMOrPaMME?.

PucyHok 7.1. Homorpamma A5 pacHeta KOMIeHCUPYOLER MOLLHOCTY

COSs Q4
— 0.40
- K
| 2.3/
2.2—]
— 0.45 2.1—]
- 20 ospa
— 1.8—: 1.00 —
— 1.7—
— 0.50 1.6—] 0.99 ]
1.5—] |
: 1.4— —
L 1.3—] ]
l — 055 1.2— 0.95 —
— 1.1— N
— 1.0—] n
— 0.9— 0.90 —
— 0.60 0.8— .
— 0.7— .
— 0.6—] 0.85 —
— 0.65 05— ]
— 0.4— 0.80 —
— 0.3—] 1
— 0.70 0.2—] i
— 0.1—] 0.75 —
— 0o — n
— 0.75 ]
— 0.70 —
— Q=K-P
— 0.80
— 085

2 Kak BUAHO 13 pucyHKa, KoagguumeHT K onpenensieTcs ro To4ke, B KOTOPOU rpsimasi,

COEAMHSIOLLAsT Ha4aslbHbIV Y KOHEYHBIV COS(, epPeceKaeT CPEAHIOK LLKaITy. YMHOXMB 3TOT

KO3(PUUMNEHT Ha aKTUBHYIO MOLYHOCTL Harpy3ku P, Haxogum Tpebyemyto peakTUBHYHO
MOLYHOCTb Q.

71 Koppekums koadduumeHTa MoLLHOCTH
TpexdasHbIX anekTpoasuraTenen

KoadhdhrumeHT MOLHOCTN aCUHXPOHHBIX 3N1EeKTPOoOBM-
ratenein HEBO3MOXXHO CKOPPEKTUPOBaTb C 60/bLION
TOYHOCTbIO, MOCKOMNbKY OH CYLLECTBEHHO 3aBUCUT OT
pexuma Harpysku. PaccmoTpum, Hanpumep, LwecTu-
MOJIIOCHBIN 3eKTpoasuratenb MowHocTeio 11 KBT. V3
NPYBELAEHHOWN HKe Tabnuubl U guarpamMmmbl BUQHO, YTO
npy HOpPMaJsibHbIX YCAOBUAX OH paboTaeT ¢ koahduum-
€HTOM MoLLHOCTM cose, = 0,77, Toraa kak HOMUHaIbHbIN
Kngn, = 0,86.

Tabnmya 7.2
HomuHanbHas Yucno nonocos
MOLUHOCTb
KBT n.c. 2 4 6 8
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
cos(p,

KNA kak cdyHKuma mowHocTn
0 -

85 |/ =1

0.80 2

KA n
\

0.75 v

0.70
1 2.5 5 10 25 50

HomuHanbHas MowWHOCTbL ABUraTens
2 nontoca

4-6 NONOCOB ——  ——

8 nontocos

Ecnn atoT gBuratenb pabotaet ¢ Harpy3kon 40 % ot
HOMMHaIIbHON, TO ero KoaduumeHT moLuHocTn 1 K
COrflacHO NPVBEAEHHON HXKe AnarpamMmme COCTaBAT:

cosg= coso, - 0.67 = 0.52
n=n,-09=0.77
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Harpyska gsuratens P, % oT HOMUHanbHOW
MOLLHOCTU

20 30 40 50 60 70 80 90 100

;
- P
0.95 r~ 1 N\

0.90

0.85 / /

0.80 /

0.75

N

.6 / /
0.60 /

0.55

0.50 /

——— Q151 HOMVHAJILHOTO COS®
— — o5 HommHanbHoro K

MoHwvxarowmin koadduuneHT
~

CnepoBaTenbHO, NOTpebsieHHaa U3 CeTU aKTUBHas
MOLLHOCTb P, paBHa:

P 4.P 411
P: n = O n = O

n n 0.77

=5.68 kBT

Mo npvBeOeHHO BbiLe HOMOrpaMMe onpeaensiem, YTo
npwv KoppeKkumn KoahuumeHTa MOLLHOCTI [0 3HAYEHs
cose= 0,9 koacppunumeHT K paseH 1,15, cnegosaTensHo,
Tpebyemas peakTMBHasi MOLHOCTb Q_ paBHa:

Q,=K-P=1.15-5.68 = 6.53 kBap

O6uiee npaBuno Koppekunn KoaduumneHTa MOoLHOCTHY
C YYETOM pexuma Harpyskum COCTOUT B TOM, 4TO ANS
ABUrateNia MOLHOCTbIO P KOMMeHcupytoLlas peakTeHas
MowHoCTb Q_ gomkHa obecneynsaTb KOIMHOULMEHT
MOLLIHOCTMW He HUXXe 3aaHHOro, HO He npesbiwats 90% oT
PEaKTMBHOII MOLLHOCTU Q , NoTpebGnsiemMoit apurartesieM npu
HOMUHaSIBHOM HampskeHnn U, B XoniocTom pexume. Mommnvo
NpoYero, KOMMeHcaunst PeakTUBHOWM MOLLHOCTY NO3BONSET
n3bexarb nepeHanps>KeHNs Npu OTK/YEHUN OBUraTens.
Mpoposmxas BpawatbCs, OBUrate/l MOXET AENCTBOBATb
Kak camoBo30y)xaaloWwminca reHepatop 1 BoipabartbiBaTb
HanpsiXKeHne 3Ha4nTeNbHO Bbiwe ceteBoro [MOK 60831-1].
YyubiBasi, 4To noTpebnsiemblii 6e3 Harpy3km Tok |, siensieTcs
YUCTO PEaKTUBHbIM (Sing = 1), TPeByeTCA KOMNEHCHPYIOLLAS
peakTUBHasi MOLLHOCTb:

3.U -
Q.=0.9- Qo =0.9- & [kBap]
1000

Tok |, 06bI4HO yKasaH B AOKYMeHTaLun asuratens.

B Tabnuue 7.3 npuBeaeHbl 3Ha4YEHNST PpeaKTUBHOI MOLLL-
HOCTU, HEOOXOOMMON ONS KOPPEKLMM COS® HEKOTOPbIX
TunoB asuratenen Abb B 3aBUCMMOCTN OT X HOMUHANb-
HOW MOLLHOCTM 1 Yncia NnontocoB.

Tabnmya 7.3. KomneHcupyroLyasi peakTuBHasi MOLYHOCTb A5 Aurateneit Abb

P Q. [lo KoppeKuum Mocne Koppekuun
[«kBT] [kBap] cosQ, I, [A] cosg, I, [A]
400 B, 50 I, 2 nontoca, 3000 MuH"

7.5 25 0.89 13.9 0.98 12.7
11 25 0.88 20 0.95 18.6
15 5 0.9 26.5 0.98 24.2
18.5 5 0.91 32 0.98 29.7
22 5 0.89 38.5 0.96 35.8
30 10 0.88 53 0.97 47.9
37 10 0.89 64 0.97 58.8
45 125 0.88 79 0.96 72.2
55 15 0.89 95 0.97 87.3
75 15 0.88 131 0.94 122.2
90 15 0.9 152 0.95 143.9
110 20 0.86 194 0.92 181.0
132 30 0.88 228 0.95 210.9
160 30 0.89 269 0.95 252.2
200 30 0.9 334 0.95 317.5
250 40 0.92 410 0.96 391.0
315 50 0.92 510 0.96 486.3
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U1 HKEHEPO-KOHCTPYKTOPa
1

P Q. [lo koppeKuumn Mocne kKoppekuun
[«BT] [kBap] cosQ, I, [A] cosg, I, [A]
7.5 2.5 0.86 14.2 0.96 12.7
11 5 0.81 215 0.96 18.2
15 5 0.84 28.5 0.95 25.3
18.5 75 0.84 35 0.96 30.5
22 10 0.83 41 0.97 35.1
30 15 0.83 56 0.98 47.5
37 15 0.84 68 0.97 59.1
45 20 0.83 83 0.97 711
55 20 0.86 98 0.97 86.9
75 20 0.86 135 0.95 122.8
90 20 0.87 158 0.94 145.9
110 30 0.87 192 0.96 174.8
132 40 0.87 232 0.96 209.6
160 40 0.86 282 0.94 257.4
200 50 0.86 351 0.94 320.2
250 50 0.87 430 0.94 399.4
315 60 0.87 545 0.93 507.9
7.5 5 0.79 15.4 0.98 12.4
11 5 0.78 23 0.93 19.3
15 75 0.78 31 0.94 25.7
18.5 75 0.81 36 0.94 30.9
22 10 0.81 43 0.96 36.5
30 10 0.83 56 0.94 49.4
37 12.5 0.83 69 0.94 60.8
45 15 0.84 82 0.95 72.6
55 20 0.84 101 0.96 88.7
75 25 0.82 141 0.93 123.9
90 30 0.84 163 0.95 144.2
110 35 0.83 202 0.94 178.8
132 45 0.83 240 0.95 210.8
160 50 0.85 280 0.95 249.6
200 60 0.85 355 0.95 318.0
250 70 0.84 450 0.94 404.2
315 75 0.84 565 0.92 514.4
75 5 0.7 18.1 0.91 13.9
11 75 0.76 235 0.97 18.4
15 7.5 0.82 29 0.97 24.5
18.5 7.5 0.79 37 0.93 315
22 10 0.77 45 0.92 37.5
30 12.5 0.79 59 0.93 50.0
37 15 0.78 74 0.92 62.8
45 20 0.78 90 0.93 75.4
55 20 0.81 104 0.93 90.2
75 30 0.82 140 0.95 120.6
90 30 0.82 167 0.93 146.6
110 35 0.83 202 0.94 178.8
132 50 0.8 250 0.93 214.6
Mpumep

[na TpexdasHoro acHXPOHHOIO 4-MoMKCHOrO ABMraTenst MOLLHO-
cteto 110 kBT (400 B, 50 Ty) pexkomeHayeTcs NCnonb30BaTh KOM-
MEHCUPYIOLLYIO PeakTVBHYIO MOLLHOCTb 30 KBap.
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7.2 KoppeKkums KoaduumeHTa MOLHOCTH
TpexdasHbIx TpaHCHOPMaToOpPOB

Koppekumsa koadduupmeHTa MoLWHOCTY TpaHchopMaTo-
POB MMEET NepBOCTENEHHOE 3HaYEeHNe, NOCKONbKY OHU
OYeHb YaCTO SKCMNyaTUPYHOTCA B AANTENBHOM peXMME.
B yacTHOCTW, Ha yCcTaHOBKaX, rAe MMEETCH MHOXXECTBO
pasnnyHbIX TpaHCchOPMaTOPHbIX MOACTaHUUNA, PEKO-
MEHAYETCA TaK KOMMEeHCUpOoBaTb PeakTUBHYH MOLLL-
HOCTb TPaHc(OopMaTopPOoB, YTOObI rapaHTUPOBaTb CPen-
HUA KO3 prLMEHT MmowHocTM 0,9 Ha CTOpOHe cpepHe-
ro HanpPsH>KeHNs.

Boo6uye rosopsi, KOMMeHcupytoLas MoWHoCTL Q_ Ans
TpaHchopmMaTopa ¢ HOMUHANBHOW NOAHOW MOLLHOCTbLIO
S, He 0MKHa NPEBbILLAaTL MOLHOCTb, NOTPebnsemyto B
PEeXXUME MUHNMASTbHOW Harpy3Ku.

Vicnonb3ys nacnopTHbIE XapakTepucTUKM TpaHchopma-
TOpa — TOK X0NocToro xoaa l,%, Hanps»keHne KopoTKo-
ro 3amblkaHusi U, %, NoTepn B CTann ceppeyHvka P u
notepu B o6moTkax P_ (KBT), MoXHO paccunTath Tpe-
OyemMyo KOMMEHCMPYHOLLYIO MOLLHOCTb:

2 2
|0% 2 2 Uk% 2
22.5)-PS+K S |-P = -
100 ) . 100 )
[0) [0)
o [L% g )k (YP s ) keap]
100 100

rae K| — 3To KO3 MULMEHT Harpy3Ku, PaBHbIii OTHOLLE-
HUIO MOLLIHOCTY B PEXXNME MUHUMaSbHOW HAarpy3Kuy K HO-
MVHasbHON MOLLHOCTY TpaHchopmaTopa.
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Mpumep

MpepnonoXxum, TpebyeTcsi CKOPPEKTMPOBaTb KO3M-
(VLMEHT MOLLHOCTW MacCfsIHOrO pacnpenennuTesisHOro
TpaHcdhopmaTopa MOLLHOCTLI0 630 KBA, KoTopbI NuTa-
€T Harpy3ky, paBHyto 60% OT HOMUHAJIBHOIO 3HAYEHMS.

[MacnopTHbIe XapakTepPUCTUKN TpaHchopmaTopa:
1,% =1.8%

u% =4%

P, =89«kBt

P.=12kBt

CnepoBaTenbHO, K TpaHcdopmaTtopy Tpebyetcs noa-
KJTHOYNTb KOHAEHCATOPHYH0 6aTapero MOLLHOCTbIO:

2 2
| % 2 2 U % 2
Q=4/(22.8)-P + K’ O g)-pl=
(100 ) h (100 )
) 2 o 2
—>\/ 1.8% 630)- 1.2% 0.6%4 /[ 222 630)-89=198
100 100

a no ynpoLLeHHoN hopmyne:

0, 0, 0,
a<(%% g}, k2 (w%.g :(1.8@630
100 100 100

-

[0)
e 06 (2% 630 = 204 KBap
100



U1 HKEHEPO-KOHCTPYKTOPa
1

B Tabnuue 7.4 ykasaHbl MOLLHOCTY KOHAEHCATOPHbIX 6a-
Tapei Q_ (KBap), KOTOPbIE PEKOMEHYETCS NoAKoYaTh
K BTOPWMYHbIM 06MOTKam TpaHcdopmartopos ABB npu

pPasnn4YHbIX MPOrHO3UPYEMbIX YPOBHSX Harpy3ku. Kom-
neHcupytoLLLasi peakTUBHasi MOLLHOCTbL CBA3aHa C Koad-
PULIMEHTOM Harpysku KBagpaTu4HON 3aBMCUMOCTLIO.

20

Tabnvya 7.4. KomneHcupyroLyasi peakTuBHasi MOLYHOCTb 47151 TpaHcgopmaTopoB AbBB

TpaHcdhopmaTop Q_ [kBap]
S, u, % iy %o P P. KoadhcmumeHT Harpysku K
[BA] %] [%] [kBT] [kBT] o | o025 | o5 | o7 | 1
PacnpepenutenbHblii MacnsiHbiii TpaHcgopmaTop CH-HH
50 4 2.9 0.25 1.35 1.4 1.5 1.8 2.3 2.9
100 4 2.5 0.35 2.30 2.5 2.7 3.3 4.3 5.7
160 4 2.3 0.48 3.20 3.6 4 5 6.8 9.2
200 4 2.2 0.55 3.80 4.4 4.8 6.1 8.3 11
250 4 2.1 0.61 4.50 5.2 5.8 7.4 10 14
315 4 2 0.72 5.40 6.3 7 9.1 13 18
400 4 1.9 0.85 6.50 7.6 8.5 11 16 22
500 4 1.9 1.00 7.40 9.4 11 14 20 28
630 4 1.8 1.20 8.90 11 13 17 25 35
800 6 1.7 1.45 10.60 14 16 25 40 60
1000 6 1.6 1.75 13.00 16 20 31 49 74
1250 6 1.6 2.10 16.00 20 24 38 61 93
1600 6 1.5 2.80 18.00 24 30 47 77 118
2000 6 1.2 3.20 21.50 24 31 53 90 142
2500 6 1.1 3.70 24.00 27 37 64 111 175
3150 7 1.1 4.00 33.00 34 48 89 157 252
4000 7 1.4 4.80 38.00 56 73 125 212 333
PacnpepenutencHbiii TpaHcdopmaTtop ¢ nutoin nsonsumein 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 3.7 585 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 53 8.1 13 19
315 6 1.7 1.05 4.20 5.3 6.4 9.9 16 24
400 6 15 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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Mpumep

[ns pacnpenennTensHOro MacnsiHOro TpaHcopmaropa
ABB mowHocTho 630 KBA ¢ KOahhmUmMeHTOM Harpy3kun
0,5 noTpebyeTcs KOMNeHCHpPYoLLLAasa MOLLHOCTb 17 KBap.
Mpwn HacTpoiKe perynsatopa Coso Ansi CTOPOHbI HU3KOro
Hanps>KEHNs HY>KHO ByAeT y4eCTb 3Ty MOLHOCTb B A0-
NOJTHEHWE K TOW, KOTOpasi HeobxoammMa g1t KOMneHcaumm
PEaKTMBHON MOLLIHOCTW Harpy3ku.

CoOTBETCTBEHHO, YTOObI MONY4UTb KOIPPULNEHT MOLLL-
HocTn 0,9 onsA CTOPOHbI CPEAHEro HaNpPsXXeHNs, pery-
NATOP HY>XHO OyAeT yCTaHOBUTb Ha 3HaYeHne, NpPeBbl-
watoree 0,9. CornacHo NpeanonoXeHuo TpaHchopma-
TOp paboTaeT ¢ koahduumeHToM Harpyskmn 50%, 3Ha-
YWT, NOMIHasA MOLLHOCTb, NOTpebnsiemasi 3 CETU, paBHa:

S=0.5-8 =0.5-630=315kBA

Ecnn, Hanpumep, Harpy3ka pabotaeT ¢ KoadduumeH-
TOM moLHocTmh 0,8, To noTpebnsemasn asuratenem ak-
TVBHasa MOLLHOCTL P cocTasuT:

P=S-cosp=315-0.8 =252 kBT
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Onsa Koppekuun atoro KoapduumeHTa MoLWHOCTU OO
3HayeHus 0,9 TpebyeTcsa peakTBHasA MOLLHOCTb:

Q,=P - (tg (cos(0.8)) - tg (cos(0.9))) = :|
~— 252 - (0.75 - 0.48 ) = 68 kBap
C y4yeTOoM Heob6xoammol Koppekunn KoaddurumneHta

MOLLIHOCTV TpaHcthopmaTopa 06Las KoMIeHCHpYyoLLas
MOLLIHOCTb [O/KHA COCTaBUTb:

Q,=Q +Q,=68+17 = 85 kBap

COOTBETCTBEHHO, PEryNATOP KO3 dULmMEHTa MOLLHOCTM
HY>XHO HacCTPOUTb Ha:

cos¢' = cos (tg_1 (tg (cos_1(0.8)) e

)=
5 )) _ cos (tgp [o75- 0.34)) 0925

052

- COS (tg’1 (tg (36.87)



U1 HKEHEPO-KOHCTPYKTOPa
1
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8 NpMoHUNYecKne NCKaXKeHUus1 B JIEKTPOCETHAX

8.1 FapMoHuKK

B coBpemeHHOl NPOMbILLNEHHOCTU 1 B ObITy LUMPOKO
pacnpocTpaHeHbl 9IEKTPOHHbIE YCTPOWCTBA, KOTOPbIE
B CUNYy NpUHUMNa cBoein paboTbl NOTPEOASAIT HECUHY-
conpganbHbli TOK (T. €. ABASIOTCA HENMHENHON Harpy3-
Koli). Takoli TOK NPMBOOUT K HECUHYCOMAaNbHOMY nage-
HUIO HanNpPs>XeHNsi B NUTAatOLLLE CETU, U B pe3ynbTaTe Ha
Opyrve Harpy3kun TakxXe NOJAETCH NCKaXKEHHOE Hanps-
>KeHune. MapMOHNKIN — 3TO NCKaXKEHWSs!, HaKnagplBatoLLm-
€Cs Ha CTaHOApPTHY CUHYycomaanbHyo hopMy Koneba-
HWIA; NOOOIN HECHHYCOMAANBHbBIA CUMHAN MOXKHO Passo-
XXUTb Ha CUHYCOUAANbHbIE KOMMOHEHTbI (rapMOHUKN).

CornacHo Teopeme ®Pypbe ntobasa nepuogmnyeckas
KYCOYHO-HEeNpepbIBHAasA OrpaHnyeHHast QyHKLUS ¢ nepu-
opnoM T' MoXeT BbITb NpeacTaBieHa 6ECKOHEYHbIM TpU-
FOHOMETPUYECKNM PSAOM, COCTOSLLUM N3 CyMMbI CUHY-
counpg c YactoTaMu, KpaTHbIMU 4acToTe 3TON DYHKLNN.

PucyHok 8.1.

lapMoOHMKa, YacToTa KOTOPOW COOTBETCTBYET nepuony
ncxogHoro konebaHus, Ha3bIBAeTCs OCHOBHOW, a rap-
MOHMKa, 4acToTa KOTOPOW B N pa3 BbiLLE OCHOBHOW, Ha-
3bIBa€TCS N-OU rapMOHUKOM.

CornacHo Teopeme dypbe, CUHyconaanbHoe KonebaHve
He coOep>XXUT OpYrmx rapMOHUK, KPOMe OCHOBHoI. Cne-
[oBaTeNlbHO, HaNM4Yne rapMoHUK B 31IEKTPUYECKON CU-
CTEME yKa3sbIBaeT Ha NCKaXKeHne HOopMbl HaNpsXKeHUs
WM TOKA 1 03HAYaET, YTO TEKYLLEe COCTOSIHUE CUCTEMBI
pacnpeneneHunsi aNeKTPO3HEPT N MOXET HApPYLLUUTL pa-
60Ty 060pYyLOBaHUS.

! [Neproamn4ecKoi Kyco4HO-HernpepbIBHOI OrpaHNYeHHON (DyHKLMe Ha3biBaeTcs (hyHK-
Lus, NPUHUMAroLLasi OfgMHaKoBble 3HaqeHus ¢ nepuogom T (f(x+T ) = f (x)) n umeroyas
KOHE4HOE 41CJI0 TOYEK paspbiBa MepPBOro Po/a v TOHYEK YCTPaHUMOro pasphiBa (T ecTb,
vMeroLyasi BEPXHWA U HYDKHWI NPeaess).

TpeTbsi rapmoHmka (150 My)

100%

23%
11%

VeV

[l OcHoBHas rapmoHmka (50 )

MsaTas rapmoHuka (250 u)

[ Pesynstupytoast popma

VIcka>keHusi, BHOCUMble OTAENbHbIMU rapMoHunKamm

KoadhduumeHT nckaxerus (THD) = 25,5%

- 2 2 2
TH0%= 100/ 5 (-] =100 /( 22} + (L) -2s5%
h=2

100 100

1

50 100 150200250 300350 400 450 500 550 600 650 700 750 800 850 900 950 1000
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OcCHOBHbIMK annaparamu, reHepPUpPYOLUMI FrapMOHU-
KK, ABNAIOTCS:

- NepcoHasbHble KOMMboTEpPH!,

- NIIOMVHECLIEHTHbIE 1 ra3opaspsfHble namnbl,

- cTaTu4eckue npeobpasosatenu,

- cMcTembl 6ecnepebonHOro NUTaHKs,

- NPUBOAbI C PErynMpyemMoit 4acToToW BpaLleHus,

- CBapOYHble annaparbl,

- OyroBble N MHOYKUMOHHbIE neYu.

Kak npaBuno, nckaxxeHue opMbl Hanps>kKeHns Bbl3Ba-
HO HanM4yMem B annapare HENMHENHOrO NN N3MEHSI0-
LLlerocst BO BPEMEHW COMPOTMBEHNS? NGO MOCTOBOMO
BbINPSAMUTENS, NOAYNPOBOAHNKOBbIE NPUGOPbLI KOTOPO-
ro NPOBOAAT TOK TONBKO Ha NPOTSXKEHNW YacTuh Nepuo-
0a, T. e. CO3[atoT NPepPbIBAOLLIMECS KPVBbIE TOKA, KOTO-
pble cogep>XaT HECKONbKO rapMOHUK.

Kak 6yger nokasaHo B criefytoLmx pasgenax, Hanuyme

rapMOHVK B 9MIEKTPOCETU MOXET NPUBECTU K NOBPEX-
OEHVIO KOHAEeHcaTopHOW 6aTapew.

8.2 Tpe6osanus craHpapTos

TexHMYecKne cTaHgapTbl yCTaHaBNMBAOT OnpenesnieH-
Hble TPeOOBaHVS MO OrPAHUYEHWIO BIIVSIHUS FTAPMOHUK Ha
koHaeHcatopbl. CtangapT MOK 61642 “CeTtu nepemen-
HOro TOKa rpOMbILLIEHHbIE, HaX0ASLLMECS No4 BO34el-
CTBUEM rapMOHUK. [pymeHeHne hubTPOB U LLYHTUPYIO-
LLmx KOHAeHcaTopoB” (CTaHAapTbl rAPMOHU3POBaHHbIE
naHHomy B P® He BBOAMANCE) onpegensieT npobnemsl
N 0aeT peKoMeHaaLMm No NPYMEHEHNIO KOHOEHCATOPOB
1 OUNLTPOB FAPMOHUK B CETAX NEPEMEHHOrO TOKa, rae
NPUCYTCTBYIOT FAPMOHMKIW Hanps>KeHns 1 Toka. B yacTt-
HOCTW, TOT CTaHAAPT OMNMCbIBaeT NpobnemMy nocneno-
BaTeNIbHOro 1 NapasnnesnbHOro pe3oHaHca 1 UnncTpu-
pyeT ee npuMepamMu.

8.3 [eiictere rapmMoHuk

8.3.1 Tleperpyskn

Hannyve rapMoHWK B 3M1EKTPOCETU MOXKET HapyLUUTb
paboTy o60pynoBaHUs, HanpUMep, CO3AaTh neperpys-
Ky B HyneBoM pabo4yem NPOBOAHVKE, YBENNYNTL NoTe-
py TpaHcdopmaTopa U U3MEHUTb MOMEHT BpaLLeHNs
aneKTpoasuraTess.

B yacTHOCTW, rapMOHUKK O4YeHb HeGNaronpuUATHO cKa-
3bIBaOTCS Ha paboTe KOHOEHCATOPOB KOMMeHcaLumn pe-
AKTWBHOI MOLLIHOCTMW.

Kak n3BecTHO, EMKOCTHOE COMPOTUBEHNE 0BPaTHO NPOo-
NnopLMOHanbHO YacToTe, CleqoBaTesibHO, CONpoTUBIe-
HUE rapMOHMKaM Hanps»KEHUS CHUXKAETCs C yBenuye-
HUEM nopsaKa rapMOHVK. DTO 3HAYNT, YTO NP nogade
HECMHYCONOAaNbHOMO Hanps»KeHNst TOK BO3PacTaeT Ha-
CTOJIbKO, YTO MOXET NOBPEANTL KOHOEHCATOPbI.

PucyHok 8.2

1 1
o-C 2. n-f-C

X =

C

Xi= oL =2-x-f-L

EMKOCTHOE conpoTueneHne | MHOYKTUBHOE conpoTusneHne

MpepnonoXmm, YTo KOHAEHcaTopbl 6aTapen coepmnHe-
Hbl TPEYrOSIbHNKOM, TOrAa JINHENHbIN TOK, COOTBETCTBY-
FOLLMIA N-Oi FaPMOHIVIKE PaBeH:

|n=\/§'”'“)'C'Un [8.1]
roe:
| - TOK, COOTBETCTBYIOLLMIA N-OI FAPMOHUKE;
N - NOPSAKOBbLIN HOMEP FAPMOHVKN;
® - YacToTa OCHOBHOW raPMOHUKNY;
C - EéMKOCTb;
U, - MHeiiHOe HanpshXeHre, COOTBETCTBYIOLLEe N-Oi
rapMOHUKE.

e o o o o

MonHbIA NNHENHBINA TOK, NOTPE6NSAEMbI KOHOEHCATOP-
HoW 6aTapeeil, CoCTaBUTS:

n=2

OTO COOTHOLLEHME HarNIAOHO NOKAa3bIBAET, YTO HaNn4ne
rapMOHVK Hamnps>XeHns yBenn4mBaeT noTpebnsemblii
ToK. [No aTon npudmHe ctaHaapTbl MOK 60831-1 1 MOK
60931-1 (FTOCT IEC 60931-1) npemnucebiBatoT paccym-
TbiBaTb KOHAEHCATOPb! Ha HEMpPepbIBHYIO paboTy npu
cune ToKa, NPEBOCXOASALLEN HOMUHANBHbIN TOK OaHHOW
KoHZeHcaTopHol 6atapen (nogpobHee 06 3TOM B che-
OytoLLel rnase).

2 YameHsitoLmecst BO BDEMEHU Harpy3Ku, HanpumMep, yCTPOoCTBa YacTOTHOIO 1 ¢ha3oBo-
ro perysmpoBaHus, CO3[aloT He TONLKO rapMOHUYECKNE KoNebaHus, 4YacToTa KOTOPbIX
KparHa OCHOBHOWM, HO U MHTEPIrapPMOHUKY.
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3 Anrebpavdeckasi cymma npuMeHuMa v sl JeViCTBYIOLMX 3Ha4YeHUI, MOCKOJIbKY BCe
rapMOHVKY TOKa HaXoASTCs B (ha3e C OCHOBHOW rapMOHUNKO.
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8.3.2 Pe3oHaHC

ELLe BaxkHee TO, 4TO B CllyHae BbICOKOIO YPOBHSI IMHEN-
HbIX CKa>KEHNIN CO30AETCS OMAacHOCTb Pe30HaHCca MeX-
Oy CUCTEMON KOpPeKLMN KO3 dULIMEHTA MOLLIHOCTHU (3K-
BMBaNIEHTHON EMKOCTbIO KOHAEHCATOPOB) 1 3KBNBAJIEHT-
HOW MHOYKTUBHOCTbLIO. Pe30HaHC BO3HUKAET, Korga vH-
OYKTUBHOE N EMKOCTHOE COMPOTUBMEHNS paBHbl. Ecan
NHOYKTUBHOCTb M EMKOCTb COeAMHEHbI NocneqfosaTesb-
HO, FOBOPSAT O NOCNe[0BaTENBHOM PE30HaHCe, ecnv na-
pannesnbHo — 0 NapasnienbHoM. [ocnenosartenbHbIii 1 na-
pannenbHbIi PE30HaHCh MOMYT MPUCYTCTBOBATL B OAHON
ceTn. Pe3oHaHC nponcxoguT npu onpeaeneHHon va-
CTOTe, KOTOpas Ha3blBaeTCA Pe30HaHCHO YacToTol f

8.3]

anI nocnegoBaresibHOM pe3oHaHCce NoJiHoe ConpoTuB-
NIeHne TeopeTn4eCKn CTPEeMNTCA K HYJ'IIOSZ

Z =i - - 8.4
Ztot_J(XL Xc)_o 5
AHasIor4Ho, Npu NapansienbHOM PE30HAHCE NMOJHOEe Co-
npoTmnBneHne CTpeMnTCca K 6EeCKOHEYHOCTH:

X - X,

ztot (X 'X)
! c

L

8.5]

Ecnun Ha nocnepoBatesibHbI PE30HAHCHbIN KOHTYP Mo-
[AaeTcs NepeMeHHOe Harnpsi>XeHne ¢ YacToTon, 6/M3Kon
K pe30HAHCHOM, NoBbILleHWe NOTPeBISIEMOrO ToKa Mo-
JKET BbI3BaTb MOMEXW, CBEPXTOKN 1 NMOBPEXOAEHNA KOM-
NMOHEHTOB CeTn.

M HaobopoT, ecnn Yepes napannefbHbll PE3OHAHCHbIN
KOHTYP NPOXOAST rapMOHVKIM TOKa HENMHENHOI Harpy3-
KU1, pe30HaHCHas rapMOHMKa MOXKET Bbl3BaTb nepeHa-
nps>KeHne.

1 2
—» o,-L-C=1
o, .C < J
: 1 qf:%
" L.c "2.n./LC

s DaKT4ecku, rnosHoe COnpOoTUBJIEHNE PE3KO CHUXXaeTCs 1 OnpenesiseTcs TO/IbKO ak-
TUBHbIM COMPOTUBIEHUEM COe[UHUTE/IbHbIX Kabeneii.

PucyHok 8.3. lNpumep nocnenoBatesibHOro pe3oHaHCHOro KOHTypa

CeTb
Ru
TpaHchopmaTop Xt
Ry
_| |KoHpeHcaTopHas Xe
T |6aTapest

Ha cnepgytolen guarpamme npencrasfieHbl Kpusble, Co-
OTBETCTBYIOLUME EMKOCTHOMY COMPOTUBIEHNIO (YMEHb-
LLaeTCs C NOPSAAKOM rapMOHWKN), NHAYKTUBHOMY COMpPO-
TUBMEHNIO (BO3pACTaEeT C NOPSAKOM FrapMOHVKM) U NOos-
HOMY peakTVBHOMY COMPOTUBIEHUIO CETW; MOJSIHOE pe-
aKTVIBHOE COMPOTUBIIEHVE MOCNEA0BaTENIbHOMO KOHTYpa
CTaHOBUTCS MUHUMaSbHbIM NPY PE30HAHCHON YacToTe (B
OaHHOM NprMepe — Npu 4acToTe BTPOE BbILLE OCHOBHOW).

PucyHok 8.4.

2 —
I

2\

2\ X

\N\L 7

g\ Xo

2 < Xo

-
N
w
~

5 6 7 8 9 10 11 12

NOPSAOK FrApPMOHUKN

PesoHaHCHyto 4acToTy f MOXHO paccyuTarb Mo cnegy-
rowen opmyrne:

8.6]

roe:

e f, — OCHOBHas 4acTOoTa;

® X, — EMKOCTHOE COMpOTUB/IEHNE KOHAeHcaTopa Ha
OCHOBHOW 4acTOTe;

® X, — VHOYKTVBHOE COMPOTVBIEHNE CETU (Ha OCHOBHOWM
4acToTe) Ha CTOPOHE UCTOYHMKA NUTaHWS.

Koppekuusa koadhuumeHTa MOLLHOCTA 1 DUNbTpauns rapMOHUK B 9N1IEKTPOYCTaHOBKAX



Ecnn rapMOHNKKN OTCYTCTBYHOT U PE€30HaHCHaA YacTtoTa
CyLeCTBeHHO OoTnn4aeTca oT OCHOBHOW 4acTOTbI SHEpP-
FOCUCTEMBbI, TO B JINHNAX HET CBEPXTOKOB.

Mpy HaNM4YUM FrAPMOHVIKIK, YacToTa KOTOpPOW 65n3Ka K pe-
30HaHCHOW, TOK Bo3pacTaeT. bonee nogpo6bHbIi aHann3
MO>XHO HanTu B cTaHgapTe MOK 61642, roe npmBogdaT-
CS MHOTOYUCTIEHHbIE NMPUMEPbI NOCNeoBaTeNbHbIX pe-
30HaHCHbIX KOHTYPOB, U3 KOTOPbIX BUOHO, Y4TO NMpu 4a-
CTOTe, 6NN3KON K PE30HAHCHOW YacToTe KOHTYpa, CpaBs-
HUTENBbHO HN3KOE HaNpPsKeHVe Ha MUTaKLWLMX LUNHAX MO-
>KET BbI3BaTb BbICOKOE 3HAYEHNE TOKa.

Bo usbexxaHvie pe3oHaHca 1, COOTBETCTBEHHO, COKpa-
LLIeHMs1 cpoka CIy>KObl KOHAEHcaTopa, pe3oHaHcHas Ya-
CTOTa CETU [0/MKHa Kak MOXHO CUJbHEe OTNnYaTbCs OT
YacTOT NPUCYTCTBYIOLLMX raPMOHMUK.

Camoe pacnpocTpaHeHHOe peLleHne, NpeacTaBleHHoe
B cTaHgapTe MOK 61642, cocTtouT B TOM, 4TOGbI Coegu-
HUTb NOCNe[oOBaTelbHO C KOHAEHCAaTOPOM MHAYKTUBHOE
COMPOTUBNEHNE (AHTUPESOHAHCHbIN PEaKTOP); ero 3Ha-
YeHne nogbupaeTcs Tak, YTobbl pe3oHaHCHas YacTtoTa
oKasanacb Hvke 4acToTbl CaMOl HU3KOW 3 MPUCYTCTBY-
IOLLMX B CETU FAPMOHNK HaNPsi>KEHNUS.

Mpumep

Mpepnonoxmm, 4To B NocnegoBaTeslsHOM PE30HaHCHOM
KOHTYpe, NpencTaBneHHoOM Ha puc. 8.3, Hu3was rap-
MOHMKa C CYLLEeCTBEHHOW amnnutygon — natas. B Ta-
KOM cny4yae:

/X /X, f
foo =2 <t [T < 2 =5—sX >4% X, BT
XL1 XL1 f1

roe:

® X — EMKOCTHOE COMPOTVBIEHNE KOHAEHCATOpa
NPV OCHOBHOW YacTOTE;

* X, — VIHQYKTMBHOE COMPOTUB/EHNE CETU Npu
OCHOBHOW 4YacToTe.

Ecnn Hu3wasa rapmMoHuka C CyLeCTBEHHOW amnanTy-
0O — TpeTbs, TO:

X, > 11.1%X,, 871

Mocne NoAK/oHEeHNs TaKOro peakTopa NcyesatoT yCro-
BUS 4J151 pe30HaHca (NMpu CyLLECTBYIOLLMX B CETU FrapMO-
HUKax HanpshKeHWs1 1 TOKa) MOCKONbKY U CETb, U LieMnb
peaKTop-KOHAEHCaTOP UMEOT UHAYKTVBHbIN XapakTep.
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8.4 dunsTpbI rapMoHnK

[ns orpaHny4eHnst BO3OeNCTBUSI TApMOHUK B CETU KOH-
JeHcaTopHble GaTapen MOXKHO BKJIOYaTb Mocienosa-
TeNbHO C peakTopoM. Takasi KOMOVHaLMSA KOHAeHCaTop-
peakTop 1 SBASETCS OUNETPOM rapMOHUK.

Kak y>xe 6b1n10 nokasaHo, ans 6opbbbl C pe3oHaHca-
MU HEOOXOAUMO BKJIIOHaTb PeakTop nocrefoBaTesibHO
C KOHEHCATOPOM. AHaNIOMMYHbIE PACCY>XXAEHNS NPUBO-
OAT K MbIC/IN MOAK/OUYUTE K CETU KOMOMHAUMIO peak-
Topa 1 KoHOeHcaTopa C Tako Pe30HAHCHOW 4YacToToM,
KOTOpas MO3BOJSINT YCTPaHNTb B CETY FAPMOHIKY TOKaA.

Ecnn uenb, cocTosAwasa ns peakTopa n KoHgeHcaTtopa
6y,qu MMETb O4YeHb HN3KOe peaKTMBHOE conpoTuee-
H/e Ha 4YacToTe onpe,qeneHHoM raAPMOHUKHN, 3TO NO3BO-
NUT NOAaBUTb AaHHYKO rapMOHUKY, HE OKa3blBasA BIUA-
HWNA Ha BCHO CETb.

PucyHok 8.5.

U [Cets

<4-------

5%

eHepatop
rapMOHNK

H

dunbTp

MosTomy Takon unsTp, Has3blBaEMbIA 11aCCUBHBLIM HuTb-
TPOM, COCTOUT U3 NOCNeoBaTesibHO COEANHEHHBIX KOH-
JeHcaTopa 1 peakTopa, No[obpaHHbIX TakuM 06pasom,
YTO Pe30HaHCHas YacToTa COBMNagaeT C 4acToOTOM yCTpa-
HAEMOW rapMOHUKM.

MaccuBHble hUNBTPbI NOgOMPAOTCS AN1s1 KAXKAO0rO KOH-
KPETHOrO cfly4as B COOTBETCTBMN C rAPMOHMKOW, KOTO-
pyto Tpebyetca oTunstpoBaTtb. OHYM 3KOHOMUYHbI, NX
JIerko MOHTUPOBAaTb 1 BBOAUTL B 3KCMyaTaumio.
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MprMEHSAIOTCA TakXKe akTUBHbIE UILTPbI, KOTOPbl MO-  [penMyLLIECTBO aKTUBHOMO (DULTPA COCTOUT B TOM, YTO
ryT aBTOMaTUHECKMN YCTPaHATb NMEIOLLMECS B CETU rap-  OH OOHOBPEMEHHO (USIETPYET MHOXECTBO FaPMOHUK 1
MOHVIK/ TOKa B LUMPOKOM Ayiana3oHe 4acToT. Icnonb-  He TpebyeT pacxoaos Ha MPOEKTUPOBaHME.

3yl TEXHONOMN CUNIOBOI 3NIEKTPOHMUKN, OHW CO34atoT
rapMOHVIKM, KOTOPbIE B3aUMOYHUHTOXAKTCH C MPUCYT-
CTBYIOLMMM B CETW.

PucyHok 8.7.
PucyHok 8.6.
U [Cets
Tok Harpysku lorm
Tok akTvBHOro hunbTpa McToYHNK

rapMOHUK MbpuaHbIn hunsTp

N/
Y

CuHycounganbHbI TOK B JINHUN NUTaHUS
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9 KommyTauus n 3awlimTa KOHAEeHCaTOPHbIX 6aTapen

91 3ﬂeKTpI/I‘-IeCKI/Ie ABMIEHNA NPy KOMMYyTaunn

BkntoyeHne koHgeHcaTopHo 6aTapen BbI3bIBaET Nepe-
XOOHbIN npoLecc, 06yCnoBAEHHbIN 3apsaom bGatapewn.
Ha BbICOKMX YacToTax BO3HMKAET CBEPXTOK (B NepBble
MIHOBEHUSI PaBHbIi TOKY KOPOTKOMO 3aMblKaHusl), am-
NANTyOa KOTOPOro ABNSETCA PyHKLUMEN OT NapamMeTpoB
CETM Ha CTOPOHE NCTOYHMKA U XapaKTepUCTUK 6aTapen.
Kpome Toro, KoMmmyTauusi Bbi3bIBAET NepPeHanpsi>keHune,
pacnpoCTpaHstoLLEeECs NO CETU. XapaKTep 3Toro nepe-
HaNpPsHKEHUs 3aBUCUT OT PEaKTUBHOWM MOLLHOCTU KOH-
OeHcaTopHON 6atapen 1 OT TOro, K Kakol TOYKe CeTu
6aTtapes nogkntoveHa. Ocoboro BHUMaHUSA 3acny>Xu-
BalOT [BE CUTyaLN:

e Sarapes NoOK/IoYeHa Ha CTOPOHE Harpy3km TpaHchop-
Maropa C MOJIHOW MOLLHOCTBIO S, 11 HaMpsiKeHVem Ko-
POTKOro 3amblKaHUsA Ucc% (cunTaem, 4TO NUTaHUeE no-
CTYyNaeT OT CETU BECKOHEYHO 6OSbLLION MOLLHOCTY). B
3TOM CJly4ae BO3HMKAET MepeHanpsikeHne, KoTopoe
MOXXHO paccymTaTb No cnepytowel hopmyne’:

AU U.% Q.

i) [9.1]

U, 100 S,

* GaTapesi NOAKIIOYEHA K CETU B TOYKE, IAe MOLLHOCTb
KOPOTKOro 3amblkaHus pasHa S_. B atom cnydae
nepeHanpsi>keHne MoXXHO paccynTaTtb no opmyne?:

AU Q
—= [9.2]
Un SCC

CBEPXTOKM, BO3HNKAIOLLIME B MOMEHT BKJTHOYEHWS, CyLLIe-
CTBEHHO 3aBUCAT OT MHAYKTMBHOCTW CETU HA CTOPOHE
NCTOYHIMKA 1 OT Yrca NOAKIYEHHbIX KOHOEHCATOPHbIX

" VIaMeHeHme HanpsKeHNsi ONPEAEeNsIeTCs BbIPaXKeHNeM:
AU R-P+X-Q

2
U, U,
ConpoTtuseHne 06MOTOK TpaHchopmMaTopa MPeHeGPEXXUMO MasIo 10 CPABHEHUIO C
PeaKTUBHbIM COMPOTUB/IEHNEM YyTEYKU, OTKyda.

X cc = ZCC
Kpome TOoro, mockosbKy:
ZCC ZCC
U, % =Z, %= . 100= =100
z U,
S

n

N3MEHEeHNe Harpsi>kKeHsi MOXXHO BbiPa3nTb Kak:

AU X -Q Z-Q U%
= cc ~ cc - cc
U u? u? 100

n n

U % Q
cC

Q
U 100 s
n n

2
U
n
S
n
oTKyAa, 3ameHnB Q peaKTUBHOW MOLLHOCTbIO KOHAEHCATOPHO 6aTtapen rpu BKIYe-
Him, Q_, MOXXHO BbIBECTY BbipaxeHue [9.1] A5 nepeHanps)KeHus), BbI3BaHHOro 3apsa-
Kovi 6aTapen.

2 COOTHOLLIEHUE [ENCTBUTENLHO MPU YCIOBUM, YTO CETh HA CTOPOHE UCTOYHUKA MATAHNS
SBASIETCS MPENMYLUECTBEHHO NHAYKTUBHOM. [TOCKO/LKY
2

U

n

S =
cc X
13 3TOro cnegyert.
2
AU X-Q Un Q Q

u u® s

n n cc

BN
(2]
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6aTapei. B cnyyvae otgenbHol 6aTtapen NK TokKa BKO-
YeHNs CYLLECTBEHHO 3aBMCUT OT TOKa KOPOTKOrO 3aMbl-
KaHVsi CETW Ha CTOPOHE UCTOYHVKA NuTaHus, |, KoTo-
pbli ONPenenseTcs TUNOBbIM 3HAYEHNEM VHOYKTUBHO-
cTn cetu L, cornacHo copmyiie:

U,
[9.3]

V3-0- e

CtaHgapTtbl MOK 62271-100 1 M3K 60831-1 cogep-
XaT hopMynbl As pacyeTa NMKOBOroO MyCKOBOIO TOKa.
B paHHOM cnyyae:

ip=Un' g c zUn. g.£:|cn, 2'Scc 9.4]
3 Lo+L 3L, Q,

MOCKOJbKY NHOYKTUBHOCTb KOHAEHCATOPHO 6aTapen MHO-
rO HWXE WHOYKTVBHOCTU CETU Ha CTOPOHE UCTOYHMKA M-
TaHus, L<<L,.

Kak npaBuno, NUKOBLI TOK B YCTAHOBKE HE MPEBOCXOQUT
MakcymMyma, NpeayCMOTPEHHOr0 st KOHAEHCATOPHbIX 6a-
Tapel (100-kpaTHOE NPEBbILLEHVE HOMUHANBHOIO TOKa 6a-
Tapewu); eCnv NMKOBBbIV TOK OKa3blBAETCH BbILLE 3TOrO Makcu-
MyMa U ero TPEBYETCS OrpaHNYUTb, YTOObI FapPaHTUPOBaTbL
Hagnexatlyo paboTy KOMMYTaLMOHHBIX annapaTos, K 6aTa-
pee Hy>XHO MocnefoBaTesbHO NMOAK/YNTL OrpaHN4nBato-
Lmin apoccens®. Ecnu koHpgeHcaTopHasi 6aTtapest BKto4aeT-
s, Korga gpyras 6atapes unm HeCKONbKo 6aTapen yxxe 3a-
nuTaHbl, NOHAZOBATCA OrpaHNYMBatOLLME PeakTopPbl, BKIIO-
YeHHbIE NOCNef0BaTENBHO C KXW 3 HUX, MOCKOSIbKY Mne-
PETOK SHEPrUN U3 YXKe 3a[eNCTBOBaHHbIX 6aTape BO BHOBb
BKJIIOYAEMYIO NMPUBOAUT K 3HaYMTENbHOMY 6pOCKy Toka. B
yKasaHHbIX BbllLe CTaHAapTax NPUBOASATCS Takme hopmysbl
pacyeTa NKOBbIX TOKOB ANst 9TVX CNy4aes:

® MOAK/OYEHME NPY HANMYW OGHON BKIOYEHHON HaTapew:

ip=Un-\/2-C1'C' ! 9.5]

L,=

3 Ci+C L+1L
EcrmL;=LnC,=C To0:

C
i =u - [9.6]
P "V6-L
® NogKK4YeHne npn Hann4dmm N BKNKO4YEHHbIX 6a'rape|7|:
’ 1

T 1 7]

—_— + [ — + s + —_—

L, L, L,
EcrmLi=L,=...=LnC;=GC,=...=C, =710
n 2 C o4

OrpaHuymBatoLme peakTopbl 06bIYHO HE UMEIOT MarHnT-
HOro cepgeyHuka. Kak npasunio, NpUMEHSIIOTCS NHOYK-
TuBHocTn 50, 100 nnn 150 mMkIH.

3 C fApyrovi CTOPOHbI, eC/v KOHAEHcaTopHasi 6aTapesi BK/I0YaeTCsl BMECTE C Harpy3Kou,
PEeakTUBHYH MOLUHOCTb KOTOpOl;I OHa KOMMeHCupyeT, Harnpumep, BMeCTe C gBuratesiem,
Takas npo6/75Ma He BO3HMKaeT, MOCKOJIbKY TOK KOHZeHcaropa KOMMNeHCUPyeTcs NHAYK-
TUBHOW COCTaBﬂﬂ.‘OLUeI/VI TOKa, norpeﬁnﬂemoro Asuvraresiem.
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9.2 KommyTaums v 3awmra

YCTaHOBKM st KOppeKunn KoadduumeHTa MOLLHOCTH
BK/IOYAKOT B 64 cneayoLme OCHOBHbIE KOMMOHEHTHI:
® 3aLUTHOE YCTPOWNCTBO,

® KOMMYTaLVOHHbI annapart (KOHTaKTop),

® OfVIH VN HECKOJIbKO COOTBETCTBYHOLLIMM 06pa3om Co-
eOVHEeHHbIX KOHOEHCaTopPOoB,

® pEe3nCTOPbI AJis PaspsaKM KOHOeHcaTopa.

ABTOMaTUYECKME YCTAHOBKW AOMOMHUTENbHO OCHaLLe-
Hbl PErynsiTOPOM, KOTOPLIA yNpaBnsieT KOMMyTaLmer
KOHA,EHCAaTOPOB.

9.2.1 BbIbop 3aWMTHOrO YCTPONCTBA

YCTPONCTBO 3alLMTbl KOHAEHCATOPHON Gatapen LOMHKHO

YAOBMETBOPATL CReyoLLMM TpeboBaHNAM:

1. BbIAEPXXMNBATb NEPEXOAHbIE TOKN MPU BKIKOYEHUN-
OTKJIIOYEHUN KOHZAEHCATOPHbIX 6aTtapei. B yacTHO-
CTW, TEPMOMArHUTHbIE 1 SNEKTPOHHbIE pacLenuTenu
He JOSKHbI cpabaTbiBaTb OT MYCKOBOMO TOKA.

2. BblAepXXusaTb nNepuognyeckne nam noCTOoSHHbIE
CBEPXTOKMU, BbI3BaHHbIE rAPMOHMKaMN HanpsXXeHus
1 0OMNYCTUMbIMU OTKJIOHEHVSIMI OT HOMUHASBHON EM-
KOCTW KOHAEHCATOpPOB.

3. KOOPAMHNPOBATLCS C IOObIMY BHELLUHUMU KOMMYTa-
LUMOHHBIMM annapaTtamu (KOHTakTopamu).

Kpome Toro, BkAtoYawLas 1 oTKaYarLwas crnocob-

HOCTb aBTOMaTW4YeCKOro BbIKKOHATENSA OO/MKHA COOT-

BETCTBOBATb NapameTpamM KOPOTKOMO 3aMblKaHUS deK-

TPOYCTaHOBKM.

CornacHo craHgaptam M3K 60831-1 n1 M3K 60931-1

(FOCT IEC 60931-1):

® KOHOEeHCcaTopbl AOMKHbI OblTb paccyMTaHbl Ha A4ONro-
BPEMeHHYI0 paboTy npu AencTeytoLlemM Toke, Ha 30 %
NpesbiaoWeM HOMVHaBbHBIN TOK | (13-32 BO3MOX-
HOMO HaNMYNSi FAPMOHIVK HaMPSHKEHNS B CETW);

e nnsi 6atapent mowHocThto 4o 100 kKBap ycTaHOBMEH
ponyck émkoctn +10 %, a gns 6atapeli MOLLHOCTbIO
cebiwe 100 kBap — gonyck 5 % (nonpaska 1 K ykasaH-
HbIM CTaHZapTam).

Takum obpasom, KoHOeHcaTopHast 6aTapest MOXET Mo-
TPebnATbL CreayoLWnin MakcuMasbHbIA ToK |

ax”

Q.
Q.= 100 kBap —» lgmax=1.3-1.1 - =143 -1,
\/g‘ Un
[9.9]
Q.
Q.> 100 kBap —» lgmax= 1.3 - 1.05 - =1.365 "I,
\/5' Un

roe:

* Q_ - peakTMBHast MOLLHOCTb;

* U — HOMUHaNbHOE NNHEeHOe HaNPsKEHNE;
® | - HOMVHanNbHbIA TOK.

NTaK, 4To6bl rapaHTpPOoBaTh HaANEXaLLYHO 3aLUTy KOH-

LeHcaTopHol 6atapen oT neperpysKku:

® HOMVHaJIbHbI TOK aBTOMATUYECKOro BbIK/OYaTeNs
[OSKEH NPeBbILLaTh YKasaHHOE Bhille 3Ha4eHue,

® yCTaBKa 3alluTbl OT Neperpy3kn oo/HKHa ObITb paBHa
YKa3aHHOMY BbliLle 3Ha4eHUI0.

MogknoyeHne KOHOeHCATOPHOM 6aTtapen CoO3[aeT yCio-
BUS1, aHANTOMMYHbIE COCTOSIHMIO KOPOTKOIO 3aMblKaHUst: Ha
KopoTkoe Bpems (1...3 Mc) Ha Bbicokux YacToTtax (1...15
KI') BO3HUKAIOT NepexoHble TOKM C BbICOKUM MMKOBbIM
3Ha4eHviem (25...200 x I ).

Cucrtema 3awmThbl KOHOEHCATOPHON GaTapen OomKHa

YOOBETBOPSATb CNEAYIOLLMM TPEOOBAHNAM:

® aBTOMaTMYECKUI BbIK/OYaTENb OO/MKEH UMETb COOT-
BETCTBYIOLLYIO BK/OHAIOLLYIO CMOCOBHOCTb,

® HACTPOWKa ObICTPOLENCTBYIOLLErO YCTPOWCTBA 3aLLm-
Tbl OT KOPOTKOrO 3aMbIKaHUsi [OMKHA UCKJITHOHaTh JIOXK-
Hble cpabaTbiBaHWS.

[ns cobniofgeHnst BTOPOro ycnoBusi:
® TepMOMarHuTHble pacuennTenn obbl4HO HacTpansa-
IOT Ha TOK I3 He Huke 10 x |

cmax’

[9.10]

® B 3/IEKTPOHHbIX PaCLENUTENAX OTKIOHAIOT PYHKLMIO
3alLUMTLI OT KOPOTKOro 3ambikaHus (I, = OFF).

9.2.2 Bblbop KOMMYyTaLMOHHOIO annapara
(koHTakTOpA)

KoHpeHcaTopbl U KOHAEHCATOpPHble 6aTapen 0ObIYHO
KOMMYTUMPYKOTCSH KOHTaKTopamu, KOTopble OOSKHbI OT-
BeyaTtb cregyrowum TpeboBaHusM:

® BbiAEP>KMBaTb TOK PaBHbIi TOKY |
6atapen,

cmax KOHIEHCATOPHOW
® BblOepXXnBaTb 6€3 NOBPEXAEHNS NMYCKOBON TOK KOH-
[EeHcaTopoB.

Kpome TOro, KOHTaKTOp OO0/MKeH ObITb 3aLLNLLEH OT KO-
POTKOro 3amMmblKaHNA COOTBETCTBYHOLLINM yCTpOI7ICTBOM.
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9.2.3 Bbibop kKoHpgeHcaTopa

KoHpeHcaTop BbipabaTbiBaET PEAKTUBHYHO MOLLHOCTb, He-
obxogumyto Ans yBennyeHust KoapguumeHTa MoLLHOCTHY
0o Tpebyemoro ypoBHs. Ha nacnopTHon Tabnnyke KoH-
JeHcaTopa NpuBOLATCA crefytoLme XxapakTePUCTUKIA:

* HOMUHanbHoe HanpsbkeHne U ;
® HOMVHasbHas YacToTa f;
* peakTuBHas MOLIHOCTbL Q_, KBap.

Hy>XHO OTMETUTb, YTO PeaKTUBHAsA MOLLHOCTb Npu pabo-
HYeM Hanps>XeHnm otnn4aeTca oT HOMMHAaJIbHOW MOLLIHO-
CTW, YKa3aHHOW Ha NacnopTHON TabnYKe N OTHOCSLLEN-
CH K HOMVHANTbHOMY HanpsXeHWto; cnegytoLlas opmyna
No3BONsET paccunTaTb 3PPEKTUBHYIO MOLLHOCTb KOH-
JeHcaTtopa 1n KoOHAeHcaTopHol 6aTapen:

2
Ue
qupplied = Qc ' ( [0.11]
U,
roe:

¢ Q - peakKTnBHasi MOWHOCTb NPV HOMWHaNbHOM

Hanpsxenun U ;
°Q adpeKTnBHas MOLWHOCTb Npu pabovem

supplied
HanpsbxeHumn U,

Hanpumep, koHgeHcaTop ¢ HommHanom 100 keap, 500
B npu HanpskeHun 400 B 6yneT reHeprpoBaTth peak-
TVBHYIO MOLLHOCTb 64 KBap.

Tabmmya 9.2

Mo nacrnopTHbIM AaHHbIM KOHOEeHCaTopa MO>XHO pacc4un-
TaTb €ro XxapakTepucTunkn:

OpHodha3Has uenb

Tabnuya 9.1
Q.
Icn =
Va
1
Xo= ——
w-C
1 B
C: = Q
o X, 2-m-f-V,?

TpexcdasHas uenb

B TpexdasHbix Lensax KoOHAEeHcaTopbl COEQUHSTCS
3BE30W NN TPEYIONIbHUKOM; HUXKE NMPUBOAATCSt hopMy-
Jibl pacyeTa MOLHOCTUN 1 HOMUHANBHOMO ToKa aJ1st 06e-
NX CXEM COEOMHEHNS.
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U1 HKEHEPO-KOHCTPYKTOPa
1

9.2.4 Paspsigka koHOeHcaTopoB

KoHpeHcaTopbl HEOBGXOAMMO MOHTUPOBATb Tak, YTOObI
obecneunTb X paspsgky Npu OTKIKYEHUN, nHaYve Ha
BblBOgAx BydeT COXpaHATbCS OnacHoe AN1A XXU3HU Ha-
Nps>KeHune.

CornacHo ctaHgapty MOK 60252-2 (TFOCT P MOK 60252
-2) YCTaHOBKMN KOPPEKLUN KoapduumeHTa MOLLHOCTH
OBuratenein MoryT aKcnlyatmpoBaTtbcsi 6e3 paspsgHbIX
YCTPOWCTB, OCOGEHHO €CNN KOHOEHCATOPbl MOCTOSAHHO
NOOKJ/IIOYEHbI K 0OMOTKaM ABuraTensi, Tak Kak 06MOTKM
BbINOJIHAIOT POJib Pa3PALHOro CONpoTMBAeHNs. Pa3psaa-
HO€E YCTPOWCTBO A0/MKHO B Te4eHne 1 MUHYTbl C MOMEHTA
OTKJIIOHYEHNSA KOHOEHCaTopa CHU3UTb HanpsikeHne Ha
€ro BblIBOAax OT HOMWHAMIbHOIO 0 3HAYeHWs He Bbille
50 B. VIHorpa paspsagHble yCTPONCTBa yCTaHaBNMBaOT-
CS He 13 coobparkeHnin 6e30nacHOCTU, a Ans 3alnTbl
KOHAeHcaTopa OT MNepeHanpsi>KeHns: OHO MOXXET BO3-
HUKHYTb, €CNIN OTKJIIOYEHHBIN N BCE eLLe 3apsiKEHHbIN
KOHAEHCATOP MOOKIYAETCH K OPYroMy KOHAEHCATopy
NPOTMBOMOMOXXHON NONAPHOCTN.

Cranpgapt M3OK 60364-5-55 (TOCT P 50571.29) nyHKT
559.8, npegnuceiBaeT ocHawaTb paspsagHbIMU COnpo-
TUBMEHNSIMI KOMMEHCHPYIOLLME KOHAEHCATOPbI C NONHOMN
émkocTbto 6onee 0,5 Mk® (npu 400 B 310 COOTBETCTBYET
75/ 25 KBap npu coeauHeHnn 38e300V / TPEeYroNbHNKOM).
Pe3ncTopbl AOMmKHbI GbICTPO PaspsanTb KOHOEHCATop,

KaK TOJIbKO OH 6y,u,eT OTCOeOVHEH OT ceTu. PekomeH-
[YEeTCA OCHallaTb paspdanHbiIMy CONMPOTUBIIEHNAMN BCE
KOHAeHCaTopPbl MOLLIHOCTbLIO BblilLe 0,5 KBap, He3aBNCMO
OT Hanps>KeHna nnTaHns.

CornacHo ctaHgapty MOK 60831-1, nyHKT 22, BCe KOH-
AeHcaTopbl UM KOHOeHCaTOpHble batapeu [OIKHbI
ocHaLaTbCsl yCTpoKcTBaMy, CrioCOBHbIMU 3a 3 MUHYTbI
pPaspsaNTL KaXabl npubop OT Ha4yasibHOro MMKOBOIo
3Ha4YeHusl, KOTOPOE B /2 pa3 NPeBOCXOANT HOMUHA/ILHOE
HanpsixerHye U , 0O HanpsixeHus He Bbiwe 75 B. B He-
KOTOPbIX CTpaHax AeNCcTBYIOT 6osiee XeCcTKue Tpebosa-
HWS1 B OTHOLLEHWW BPEMEHU 1 OCTaTOHYHOIO HaNPSKEHNS.

PaspsaHoe conpoTvBeHne Ans 0AHOMAas3HOro Ui MHO-
roasHoOro KoHaeHcaTopa onpenensieTcs CoOTHOLe-
HMneMm:

t
R< [9.12]

k-c.ln(&u'ru”)

roe:
e R - paspsgHoe conpoTueneHune, [Om];

* t - Bpems paspaga ot 2 U_po U, [c];
¢ U, - HOMnHasbHOe HanpshxeHve, [B];
e U - gonycTtumoe ocTatouHoe HanpskeHve?, [B];

e k — KO3(hPULUMEHT, KOTOPBI 3aBUCUT OT crnocoba coe-
OVNHEHNSt PE3NCTOPOB C KOHAEHcaTopamu, cM. Tabn. 9.3;

e C - éMKOCTb KOHOEgHCcaTopHow 6atapen, [P].

Y106bI BbINONHUTL TPe6OBaHWsA cTaHgapTa MOK 60831-1,
B BblLLENPUBEAEHHYIO (HOPMYIY HYXKHO NOACTaBUTL 3HAYe-
HUAt=180cu U =75B.

4 B MOMEHT rofayu rnutTaHnsi OCTaTOYHOE HanpsKeHne He JO/MKHO npesbiats 10 % or
HOMWHAasIbHOIro.
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U1 HKEHEPO-KOHCTPYKTOPa
1

32

10 AnnapaTtypa Abb

101 ABTOMaTNYECKME BbIKOYaTENN

ABB npepnaraet cnegyowme cepu aBToMaTUyYecKnx
BbIK/tO4aTENEN B IMTOM KOPMYCe 1 BO3OYLLHbIX aBTOMa-
TUYECKUX BbIK/tOHaTeNel, npeaHasHavYeHHble OJ1s1 3aLLm-
Tbl N OTK/IIOYEHUSI KOHOEHCATOPHbIX GaTapeii.

10.1.1 ABTOMaTMYeCKNE BbIKNOYATENN B IMTOM
Kopnyce

TpexdasHble aBTOMaATUYECKNE BbIK/IOYATENN CEPUN

Tmax oTBe4aloT TpeboBaHnsam ctaHgapTa IEC 60947-2

(FOCT P 50030.2), ocHaLuatoTcs TEPMOMArHUTHBIMU U

3NEKTPOHHBIMM pacLenUTENsAMN, PacCHUTaHbl Ha TOKU OT

1,6 A po 1600 A n obnagatoT OTKOYaOLLMMK CNOCco6-

HocTsamM OT 8 KA 0o 200 KA npu Hanpsi>xeHun 400 B.

LocTynHbl cnegyowme Tunopasmepbl aBTOMaTUHECKNX

BbIK/lOHaTENEN:

e apTOMaTuyeckne BbikntodaTenn Tmax XT1 n XT3
OCHalLLeHHble TEPMOMarHUTHLIMU PacLennTensmMmn 3a-
wtbl TNa TMD ¢ perynmpyemon TensioBor yCTaBKom
(I,=0,7...1x1 ) n priKCMPOBaAHHO MArHNTHO YCTaBKOM
(I, =10x1 ) pacuenutenei;

® aBTOMaTM4yeckue Bblkroyarenu Tmax XT2 n XT4 ocHa-
LLieHHble TEPMOMarHUTHbIMW PaCLENUTENAMN 3aLLNTbI
Tina TMD (ans | <32 A) ¢ perynmpyemoii Tenosoii
ycTaekoii (I, = 0.7...1x1 )  hMKCMpPOBaHHO 3/1EeKTPO-
MarHuTHOW yctaskoi 3awmtsl (I,=10% ), Tepmomar-

HUTHbIMK pacuenuTensMu Tuna TMA ¢ perynnpyemoi
Tennosow yctaskon (1,=0,7...1* ) n perynupyemoi
3/IeKTPOMarHuTHow ycrtaekoin (1,=5...10%1 ) nan ¢
3NEKTPOHHbIMU pacuenuTensmu Ekip, B Tom yncne gns
3alWTbl HEUTPann yBenu4eHHoro pasmepa - 160%;

aBToMaTuyeckme Bbikno4datenn Tmax T4, T5, T6
OCHalleHHble TepMOMarHUTHbIMU pacuenuTens-
M Tuna TMA c perynnpyemon TennoBOW ycTas-
Koii (I, =0,7..1x1 ) » 3NEKTPOMArHUTHON YCTaBKOM
(I, =5...10xl ) pacuenutenein;

aBToMaTuyeckue BbiknodaTtenu Tmax T4, T5, T6
OCHALLEHHbIE 3NEKTPOHHBIMY pacuenuTensamMmn Tuna
PR221DS, PR222DS/P, PR222DS/PD n PR223DS;

aBTOMaTM4ecKune Bbikao4aTenn Tmax T7 ocHalleH-
Hble 9NEKTPOHHbIMK pacuenutensmu Tuna PR231/P,
PR232/P, PR331/P n PR332/P.

XapaKkTtepucTuku aBTomaTuHeckux Bbikntodatenen Tmax XT n Tmax, npegHasHa4eHHbIX OJ1s1 3aLUThl

KOHAEeHcaTOopHbIX 6aTapei

XT1 XT2 XT3
HoMMHanbHbIN ANTENbHBI TOK, lu [A] 160 160 250
HomuHanbHoe paboyee HanpsikeHue, Ue [B] 690 690 690
HomuyHanbHoe nmnynbcHoe BblaepXneaemoe HanpskeHve Uimp [kB] 8 8 8
HomunHaneHoe HanpspkeHne n3onauum Ui [B] 800 1000 800
VicnbiTatenbHoe Hanps>KeHne Npy NPOMBILLNEHHO YacToTe, 1 MUH. [B] 3000 3000 3000
HomunHanbHas npefgensHas oTkoYaroLas cnocobHocTb Icu B C N S H N S H L \% N S
220-230 B, 50-60 I'y [KA] 25 40 65 85 100 | 65 85 100 | 150 | 200 | 50 85
380-400-415 B, 50-60 Iy [KA] 18 25 36 50 70 36 50 70 120 | 150 | 36 50
440 B, 50-60 Iy [KA] 15 25 36 50 65 36 50 65 100 | 150 | 25 40
500 B, 50-60 Iy [«A] 8 18 30 36 50 30 36 50 60 70 20 30
690 B, 50-60 Iy [«A] 3 4 6 8 10 10 12 15 18 20 5 6
Kateropust npumerenns (MOK 60947-2) A A
MpUrogHOCTb K pasbeamnHeHNo n n n
Pacuenutenb: TepMOMarHUTHbI
T perynupyembii, M pUKCMPOBaHHbIN TMD n n (oo 32A) n
T perynupyembiii, M perynmpyembiti (5...10 x In) TMA - n -
ANEKTPOHHbIN
Ekip - n -
PR221DS - - -
PR222DS - - -
PR223DS - - -
PR231/P - - -
PR232/P - - -
PR331/P - - -
PR332/P - - -
B3anmMo3zameHsieMocTb - n -
VicnonHexvne F-P F-P-W F-P

(1) low = 5 KA - (2) lcw = 7,6 KA (630 A) — 10 KA (800 A) - (3) Tonbko Anst T7 800/1000/1250 A - (4) low = 20 KA (tunbl S, H, L) — 15 kA (tun V)
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HomMmunHanbHble TOKWM aBTOMaTU4YE€CKUX BbIKJlO4aTenen ¢ ABYMS TMNaMn TepMOMarHUTHbIX pacu,enMTeneﬁ

XT1 160

XT2 160

XT3 250

XT4 250

T4 320

T5 400-630

T6 630-800

In [A]

TMD

TMD TMA

TMD

TMD TMA

TMD

TMA

TMA

TMA

1,6

2

2,5

3,2

4

5)

6,3

8

10

12,5

16

20

25

32

SIS |35 |5|3|35]|5

S35 |3

40

50

63

80

100

125

160

SIS |(5|3|>3|3|5|(3|3]|3

S|(SI3|3|3|35(|5

200

250

S|>|3|o|3|3)|3

S>3 |3|3|3|3|3]|3

S|(3|3|3|3|3

320

400

500

630

800

TepmomarHuTHbIN pacuenutens TMD - ¢ perynmpyemor TennoBo YCTaBKOM Y HEPErynmpyeMoii 3NeKTPoMarHUTHON yCTaBKo pacuenuTens.
TepmomarHuTHbIN pacuenutens TMA — ¢ perynnpyembiMn TEMIOBON Y MAarHUTHOW yCTaBKamy pacuenuTens.

XT4 T4 T5 T6 T7
160/250 320 400/630 630/800/1000 800/1000/1250/1600
690 690 690 690 690
8 8 8 8 8
1000 1000 1000 1000 1000
3000 3500 3500 3500 3500
N S H L V N S H L V N S H L \ N S H L S H L Ve
65 85 | 100 | 150 | 200 70 85 | 100 | 200 | 200 | 70 85 100 | 200 | 200 | 70 85 | 100 | 200 | 85 100 | 200 | 200
36 50 70 120 | 150 36 50 70 | 120 | 200 | 36 50 70 | 120 | 200 | 36 50 70 100 | 50 70 | 120 | 150
36 50 65 100 | 150 30 40 65 100 | 180 | 30 40 65 | 100 | 180 | 30 45 50 80 50 65 | 100 | 130
30 36 50 60 70 25 30 50 85 | 150 | 25 30 50 85 150 | 25 35 50 65 50 50 85 100
10 12 15 20 |25(90)| 20 25 40 70 80 20 25 40 70 80 20 22 25 30 30 42 50 60
A A B (400A)" - A (630A) B (630A-800A)? - A (1000A) B“
n n n n n
n (oo 32A) n (o 50A) - - -
n n (0o 250A) n (go 500A) n (0o 800A) -
n - - - -
- n n n -
- n n n -
- n n n -
- - - - n
- - - - n
- - - - n
- - - - n
n n n n n
F-P-W F-P-W F-P-W F-W F-W
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U1 HKEHEPO-KOHCTPYKTOPa
1

10.1.2 Bo3gyLHble aBTOMaTU4ECKIE BbIK/IHoYaTeNN

Bo3pywHble aBTOMaTMyeckne BbiKO4aTenu cepumn
Emax 2 E1.2...E6.2 oTBevatoT TpeboBaHNAM CcTaHAapTa
IEC 60947-2 (TOCT P 50030.2), paccuutaHbl Ha TOKM OT
250 A gpo 6300 A, obnagatoT OTKOHaoLLMMK Cnocob-
HocTsiMK OT 42 KA o 200 KA npu HanpskeHun 400 B n
OCHALLAIOTCH 3NEKTPOHHbIMKU pacuenuTensmu Ekip Dip,

Ekip Touch, Ekip Hi-Touch.

XapaKTepucTuKn BO3AyLUHbIX aBTOMaTU4eCKNX BbiKJtovaTenen Emax 2, npegHasHayeHHbIX 4SS 3aluThl

KOHAEHCcaTOpHbIX 6aTapeit

E1.2 E2.2 E4.2 E6.2

HomuHansHoe pabodee Hanpskerne Ue [B] 690 690 690 690
HomuHasnbHOe MMNYNbCHOE BbifEf 0e Hanpsbkenne Uimp  [kB] 12 12 12 12
HomuHansHoe HanpsykeHune nsonauum Ui [B] 1000 1000 1000 1000
HomuHanbHbI fAnTeNbHbIA TOK, [u B C N L B N S H N S H V H v X

[A] | 630 | 630 | 250 | 630 | 1600 | 800 | 250 | 800 | 3200 | 3200 | 3200 | 2000 | 4000 | 4000 | 4000

[A] | 800 | 800 | 630 | 800 | 2000 [ 1000 | 800 | 1000 | 4000 | 4000 | 4000 | 2500 | 5000 | 5000 | 5000

[A] | 1000 | 1000 | 800 | 1000 1250 | 1000 | 1250 3200 | 6300 | 6300 | 6300

[A] | 1250 | 1250 | 1000 | 1250 1600 | 1250 | 1600 4000

[A] | 1600 | 1600 | 1250 2000 | 1600 | 2000

[A] 1600 2500 | 2000 | 2500

[A] 2500
HomuHanbHas npegenbHas oTkKoYaroLas cnocobHOCTb lcu
400-415 B, 50-60 Iy [KA] | 42 50 66 | 150 | 42 66 85 | 100 | 66 85 | 100 | 150 | 100 | 150 | 200
440 B, 50-60 Iy [KA] | 42 50 66 | 130 | 42 66 85 | 100 | 66 85 | 100 | 150 | 100 [ 150 | 200
500 -525 B, 50-60 Iy [kA] | 42 42 50 | 100 | 42 66 66 85 66 66 85 | 100 | 100 | 130 | 130
690 B, 50-60 Iy [KA] | 42 42 50 60 42 66 66 85 66 66 85 | 100 | 100 | 100 | 120
HomunHanbHbIit KpaTkoBpeMeHHO BbiiepuBaeMbli Tok (1c) lew  [kA] | 42 42 50 15 42 66 66 85 66 66 85 100 | 100 | 100 | 120
Kateropusi npumeHeHus (MAK 60947-2) B B B A B B B B B B B B B B B
MpUrogHOCTb K pasbeanHEHNI0 n n n n
Vcnonxexne F-W F-W F-W F-W

HomuHanbHble TOKN aBTOMaTU4ECKNX BbiKJlovaTenen ¢ pPas3INyHbIM TUNAMWN INNIEKTPOHHbIX pacu,enmenelﬁ

In [A] 10 25) 63 100 160 250 320 400 630 800 1000 1250 1600
. XT2 n n n n
Ekip XT4 n n n
T4 n
PR221DS T5 n n n
T6 n n n
PR222DS/P T4 n
PR222DS/PD T5 n n n
PR223DS T6 n n
PR231/P
PR232/P
PR331/P LY n n n n n n
PR332/P
In [A] 250 630 800 1000 1250 1600 2000 2500 3200 4000 5000 6300
E1.2 n n n n n n
Ekip Dip
Ekip Touch E2.2 n n n n n n
Ekip Hi-Touch | E4:2 0 i i
E6.2 n n n
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10.2 KoHTaKTOopb!

ABbB npepgnaraeT Tpy TUNa KOHTaKTOPOB, PACCHUTaHHbIX
Ha pasfnn4YHble NMKOBbIE TOKN BKIKOHYEHNS U MOLLHOCTU
KOHOEHCATOPHbIX 6aTapen:

® UA..RA - 3-rositoCHble KOHTaKTOPbI C HEOrPaHN4eHHbIM
NMKOBbLIM TOKOM;

e UA — 3-1o/1t0CHbIe KOHTaKTOPb! C MUKOBbIM TOKOM He
6onee 100-KpaTHOro HOMUHANBHOIO TOKA;

e AF - CcTaHgapTHble 3-nosnocHeie KOHTaKTOPbI ONA BKIO-
YeHUs1 OTAENBHON KOH,D,eHcaTOpHOVI 6aTape|/| C NNKOBbIM
TOKOM He 6onee 30-KpaTHOFO HOMUMHANbHOro TOKa.

10.2.1 KoHTakTtopbl UA..RA

KoHTakTopbl UA..RA npumMeHsIloTCs B yCTaHOBKax, rae
NMKOBbIE TOKM 3Ha4YNTENLHO NpesocxoadaTt 100-kpaTHoe
3Ha4eHre HoMUHanbHoOro Toka. OHM OCHaLLEHbl TOKOO-
rpaHnyMBaOLWLMMN PE3NCTOPaMM, MOITOMY UX MOXKHO
NPUMEHSATb 6e3 [OMONMHUTENBHBLIX PEaKTOPOB. KoHOEeH-
caTopbl A0MKHbI OblTb Pasps>KeHbl Nepen NOBTOPHbIM
BKJIIOYEHMEM (MaKCManbHOEe OCTaTOMHOE HanNpsiXXeHne
Ha BbIBogax meHee 50 B). DnekTpunyeckas n3HococTom-
KOCTb KOHTakTopoB cocTtasnset 250 000 umknos gns
U, <440 B »n 100 000 yuknos ana 500 B < U_< 690 B.
Ha dpoHTansHom Yactn UA..RA pacnonoxxeH cneumvanb-
HbI1 610K C AOMOSHUTENBHBIMU KOHTaKTaMM Onepexkato-
LLiero BKIIIOYEHNS 1 TPEMST TOKOOrPaHNYMBaoLWMN pe-
31cTopammn. STW PE3NCTOPbI CHUXXAKOT NepBbIli 6pOCOoK
TOKa B MOMEHT BKJIHOYEHUSI KOHOEHCATOpHOW 6atapewn.
[MKOoBBIN TOK NPU 3aMblKaHWM MaBHbIX KOHTAKTOB CHU-
XKaeTcs 3a CHET TOro, YTO KOHAEHCAaTOPb! Y>Ke 4acTny-
HO 3apsaAgnInCh.

Korga Ha KaTyLlKy KOHTakTopa NogaeTcs nutaHue, 3a-
MbIKatOTCS SOMNOSIHUTESIbHbIE KOHTaKTbl ONepPeXXatoLLero
BKJItOYEHUST PA, 1 KOHOEHCATOp COEAVHSIETCS C CETbIO
Yyepes pPe3ncTopbl (CM. CXeMy BHU3Y).

PucyHok 10.1.

R
A1 PP PA
i SR
A2 R
C —

Nocne 3amblkaHus rnaBHbIX KOHTakToB PP mononHutens-
Hble KOHTaKTbl aBTOMaTU4YECKN Pa3MbIKatoTCS, U OTKJIHO-
YaroT Pe3nCTopbl (CM. CreayoLlyio guarpamMmy).

Hanpsixenue

Ha katyLke Uc i
[Lon.
KOHTaKTbI PA I I
nas. I I
KOHTaKTbl PP
Monxoe Bpemsi
BKJ/IIOYEHNS

KoHTtakTopbl UA..RA ans kommyTauumn koHgeHcatopoB (UA16RA...UAT110RA)

I'Ion,Kmoqume TOKOOrpaHM4ymBaroLLMX PEe3NCTOPOB 3alUMLLIaeT KOHTAKTOP U KOHOEHCATOP OT BbICOKOIro 3apsgHOro Toka.

1
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10.2.2 KoHTakTopbl UA

KoHTakTtopbl UA npuMeHSaIOTCA AN KOMMyTauuu
KOHAEHCAaTOPHbIX 6aTapeli, MMKOBbLIA TOK KOTOPbIX HE
npesocxoguT 100-KpaTHOro HOMMHaNBHOro Toka. KoH-
OeHcaTopbl TPEBYeTCA paspsKaTtb, MPU 3TOM YCOBUN
M3HOCOCTOMKOCTb KOHTaKTopoB cocTasnseT go 100 000
umknos s U, < 690 B.

10.2.3 KoHTakTopbl AF

KoHTakTopbl AF npuMeHsoTCA Ans KOMMYTauum KOH-
OEeHCaTOpPHbIX 6aTapeln, NyCKOBOW TOK KOTOPbIX HUKE
30-kKpaTHOro HoOMUHanbHOro Toka. KoHpgeHcaTopbl
TpebyeTcsa paspskaTb Nepeq NOBTOPHbLIM BKIIIOYEHNEM,
npu 3TOM YCNOBUN U3HOCOCTONKOCTb KOHTaKTOPOB CO-
ctasnsiet go 100 000 umknos.

KoHTakTopbl UA gns kommyTtaumm koHpgeHcatopoB (UA16...UA110)

JonycTuMbI MakcMasbHbIli MMKOBBIN TOK | He 6onee 100-kpaTHOro HOMUHANBHOMO TOKa KOHAeHcaTopa.

CrtaHpgapTHble KOHTakTopbl AF (AF09...AF2650)

J[onycTuMbIn MakCMMasnbHbI MMKOBbLIN TOK | Hke 30-KpaTHOro HOMUHAMBLHOMO TOKa KOHAeHcaTopa

KOppeKLl,I/IFl KOSCb(bI/ILLI/IeHTa MOLLIHOCTUN U CbI/IJ'IpraLLVIﬂ raApPMOHMK B SNEKTPOYCTaHOBKax



1 03 ABTOMaTM4ecKune yCTaHOBKUN
KOMMeHcaunn peaKTI/IBHOI7I MOLLHOCTN

ABDB npepnaraet cnepyoLme asTomaTnyeckue yCTaHoB-

K/ KOMMNEHcaunn peakTBHON MOLLHOCTM:

e cepusi APC, cTaTnyecKmne KOMMneHcaTopbl C KOHTaKTopamm
L5 KOMMYyTaLmMn KOHGeHcaTopHbIX 6aTapeii. [laHHble ycTa-
HOBKV MOTYT OCHaLLATbCS aHTUPE30HaHCHBIMM peakTopamm
N npeanbHO NMOAXOOAT NS KOPPEKUMN KoadduumeHTa
MOLLHOCTI MELIEHHO MEHSOLLMXCS MEPEMEHHBIX HArpy30K.
OHU cNOCO6HbI reHeprpPOBaTb PEAKTUBHYHO MOLLHOCTb OT
25 o 800 kBap € perynmpoBaHeM yCTaBku OT Onepexa-
towero cose = 0,7 po otctawowero cose = 0,7 n umerot
HOMUHanbHoe HanpsbxkeHne oo 690 B.

e cepuss Dynacomp, cTaTnyeckume KomneHcaTopsbl, 060py-
[OBaHHble EMKOCTHbBIMU 1 MHOYKTUBHBIMY KOMMOHEHTa-
MW, KOTOPbIE MOAKJIFOHAKTCS K CETU C MOMOLLIbH 6ECKOH-
TaKTHbIX BbIKJIloYaTesnien. YctaHoskn Dynacomp obecne-
YMBAOT aAEKBaTHYHO KOMMEHCaLMIO PEaKTUBHON MOLLIHO-
CTU B CETHAX C PE3KOMEPEMEHHOIN Harpy3Koii, COCO6HbI
reHepupoBaTb PeakTUBHYKO MOLLHOCTb o 400 kBap u
UMEIOT HOMVHaNbHOE HanpshkeHne o 690 B.

Bbicokoe 6bICTpoOenicTBe BCTPEYHO-NapanienbHHbIX
TUPUCTOPOB NO3BONSET N36exaTb 60NbLUNX TOKOB Mpu
nepexogHbix npoueccax. [pu aTom ynpasneHne ocy-
LLLECTBNSETCA TaK, YTO YCTAHOBKA HE reHEPUPYET HeXe-
naTenbHbIX rapMOHUK. TpaguUMOHHbIE KOHAEeHcaTop-
Hble 6aTapen ob6opynoBaHbl pa3psigHbIMK pesncTopa-

APCO3

BeHtunnsTopsl

- ‘ KoHTakTOopb!
1 MpenoxpaxuTtenu
CoepyHnTENbHbIE LWKHBI
’ Perynatop RVC
KoHpgeHcaTopb!
CLMD/CLMDO03
8
|
|
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MU, KOTOPblE OrPaHMYMBalOT OCTATOYHOE Hanpsi>KeHUe
NP OTKJTFOYEHNN.

Takoe cpabaTbiBaHne TPEOYET HECKOMBKIX CEKYHA, T. €. KOM-
neHcauys peakTUBHO MOLLIHOCTY MOXKET 3anasfpblBaTb, 0CO-
6EHHO B YCTaHOBKaX C 4aCcTO MEHSAOLLMMCS NoTpebneHnem
peakTuBHO MoLLHOCTU. KomneHcaTopbl Dynacomp, 6naro-
Japsi NPYIMEHEHUIO TUPUCTOPOB, ropasfo ObiCTpee pearmpy-
tOT Ha NOTPEBHOCTMN CETU B PEAKTUBHOW MOLLHOCTU. TK pas-
JINYNS UNAKOCTPUPYIOTCA ABYMS CRedyowmMm rpadmkamu.

—— Tpebyemas MOLLHOCTb
—— MoLHOCTb NoaKtoHeHHo 6aTapen

PeakTtuBHas
MOLLUHOCTb

Bpewms

—— Tpebyemas MOLLHOCTb
——— MouwHocTb ycTaHoBky Dynacomp

PeakTtuBHas
MOLLHOCTb

Bpems

Dynacomp coCTOUT U3 KOHOEHCATOPOB, PEaKTOpPOB,
KommyTaTtopoB «Dynaswitch» 1 anekTpoHHON cucTeMbI
yrnpasneHns (CM. PUCYHOK). ST KOMMOHEHTbI yCTaHOB-
NeHbl B WKady BMecTe Co BCroMoraTesibHbIMU annapa-
Tamu. MNMepepn oTrpy3Ko 3aKas4vmKy KOMMIEKTHas CUCTe-
Ma NPOXOAMUT 3aBOACKUE UCMbITAHWS.

Dynacomp

Perynatop
RVT-D

KommyTaTopbl
«Dynaswitch»

PeakTtopbl

KoHpeHca-
TOpbI
(Trna CLMD)
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LLinpokuin gnanasoH ceTeBbIX HaNpPsXXeHu, rmbkoe pe-
rynupoBaHue MOLLHOCTUN, MOAY/IbHAs KOHCTPYKLMS, Ha-
JIMYre aHTUPE30HaHCHbIX PEakTOPOB N Apyrne 0CobeH-
HocTu genatoT «Dynacomp» ngeanbHbIM peLLeHneM ans
BCEX YCTaHOBOK, rae TpebyeTcs 6bicTpo 1 6e3 6poCcKoB
TOKa MEHATb PEaKTUBHYH MOLLHOCTb.

KongeHcatopbl CLMD cocTosT 3 60s1bLLOro Ymcna pysioH-
HbIX 3/IEMEHTOB, BbIMOSIHEHHbIX U3 METANIM3NPOBAHHO MO-
MAponNunIeHoBon nneHkn. OHM OcHaLLEeHbl COBCTBEHHbLIMM
pas3psaHbIMK Pe3MCTOpPaMu, KOTOPbIE MEHEE HYEM 38 MUHY-
Ty CHUKAKOT ocTaTto4Hoe HanpsixeHne 0o 50 B.

[aHHble KoHAeHcaTopbl 06NafaoT PSOOM NPEVMYLLECTB.
OTcyTCTBME MPOMUTOYHON XXMAKOCTM UCKIIKOHaeT onac-
HOCTb MPOTEYKM U 3arpsa3HEHNs OKpy>KaloLlen cpegpl.
MeTannnsmpoBaHHas NoOAMNPONUIIEHOBas MNyeHKa obe-
CMEYMBaET BbICOKYK CTONMKOCTb K MEpPEeHanpsi>XeHno 1
NMKOBOMY TOKY, COCOBHOCTb K CAMOBOCCTAHOB/EHWIO,
HN3KMEe NOTEPU 1 BbICOKYIO CTabUNbHOCTL EMKOCTMW.

+ [MpoYHbIA KOpNyC

BbipaBHuBarenb
TemnepaTtypsbl

KoHpeHcaTopHbin
ANEMEHT:

- CyXOI AN3NeKTPUK

- CaMOBOCCTaHOBNEHNE
- 04eHb HU3KKE NoTepu

Bepmukynut

Ons yny4lleHns anekTpuyYecKnx xapakTepucTuk ane-
MEHTbI KOHAeHcaTopa 3aKsIto4eHbl B repMeTUYHbIN nna-
CTUKOBbI KOPMYC 1 BAKyyMUPOBaHbl. Kaxxaplin anemMeHT
CHabXXeH CMCTEMOW 3aLLmTbl, KOTOpas rapaHTUpyeT 6e3-
onacHoe nsbupartenbHoe OTKI/IoYeHMe OT Lenn rnocne
BbIPaboTKM pecypca.

W HakoHew, 3TN aNeMeHTbI 3aKto4EHbI B KOPNYC U3 Nn-
CTOBOW CTasnu, 3arnofIHEHHbI UHEPTHBIM OFHECTONKNM
MaTepuanom, 1N NogKMo4YeHbl TakuM CrnocoboM, KOTO-
pbii o6ecneynBaeT reHepupoBaHme TPebyemMol MOLL-
HOCTU (0gHOMa3HOM nnu TpexdasHow) 6e3 OTKNOHEHNI
Mo HaNPs>KEHUO NN YacToTeE.

[MpoBono4Hoe coeanHeHne

Kpaesoe meTannmyeckoe
HanbleHne

dJmpmeHHaﬂ MeTannnm3npoBaH-

Hasi NoNMNPONUIEHOBAs NieH-
Ka (C yHuKanbHbIM npodunem)

BTopuyHas o6moTka
13 donbru

[1BYOCHO-OpUEHTNPOBAHHbI NO-
NNNPONUIEHOBbIN AVANEKTPUK

TepmooTBepXAaeMbIn
repmeTuk

lMnacTukoBbIn KOpnyc

lMnaBkas BcTaBka

Koppekuusa koadhuumeHTa MOLLHOCTA 1 DUNbTpauns rapMOHUK B 9N1IEKTPOYCTaHOBKAX



104 ®unbTpbl PQF

®dunitpel PQF (Power Quality Filters) nponssogctsa ABB
BbIMOJSIHAOT TPONHYIO (DYHKLMIO — (PUABTPYHOT rapMOHN-
K1, KOMMEHCMPYIOT PEeaKTUBHYH MOLLHOCTb U CUMMe-
TPUPYIOT HaNPsKEHNSI.

@OunsTpbl PQF HevwyBCTBUTENBbHBI K 3HAYNTENbHBLIM U3-
MEHEHNSM MOSIHOMO COMPOTUBAEHUS CETU, X N3MEPU-
TeflbHble YCTPOWNCTBA B peaslbHOM BPEMEHW KOHTPOIN-
PYIOT JINHENHBIN TOK 1 NOAAKT CUrHasbl Ha LUQPOBYIO
cucTemy ynpasneHusi, Kotopas BelpabaTteiBaeT LLIVIM-
curHanel, ynpasnstowume cunosbiMu IGBT-mogynsamu.
MocTosiHHasa cocTasnsoLwasn Toka aTux Mogynen nopa-
BNISIETCA KOHAEHcaTopamu, 1 B CETb MOCTYNaloT rapMo-
HVKW TOKa, MPOTUBOMOSIOXKHbIE TEM, KOTOPbIE TpebyeT-
cs oTUNLTPOBATb.

PQF dunnbTpbl MOryT OCHallaTbCsA CpeacTBaMu CBs-
31, COOTBETCTBYIOLLMMU KOMMYHUKaALMOHHON CEeTH 3a-
Kas4yuka, OT OUCKPETHbIX BXOAOB-BbIXOAOB A0 TEPMU-
Hanos Modbus.

MpuHUMN pgencTensa GUABTPOB NPEACTaBfeH Ha OBYX
cnegyoLwmx WncTpaumsx.

PucyHok 10.2.

DYHKLMA CUMMETPUPOBAHNSA HANPSXKEHUI BblpaBHNBA-
€T TOK BO BCEX Tpex (hasax, yMeHbLUas TOK B HySIEBOM
paboyeM NPOBOAHUKE.

Pexxum komneHcaumm peakTMBHOM MOLLHOCTY MO3BOSIS-
€T nogaep>xmeath TpebyeMoe 3HadeHne KoaddurumeHTa
MOLLHOCTY AN151 UHOYKTUBHbIX U EMKOCTHbIX Harpy3oK.
3amKHyTas cuctema ynpasneHns o6ecnevnBaeT TOHHYO
N HageXHyto paboTy annaparta 6e3 NPUMEHEHNS BHELL-
HUX N3MEPUTESIbHbIX YCTPOWCTB.

OcHoBHble TexHNYecKue npenmyLiectsa PQF chnnstTpos:
® ofHOBpeMeHHas unsTpaums Ao 20 rapMOHUK;

® hunbTpaumnsa rapMoHnK go 50-ro NopsaKa;

® KO3(hPMLMEHT NoaaBneHUs rapMoHUK Bbile 97 %;

® BbICOKasi TO4HOCTb, 06ecrneyeHHas 3aMKHYTO cUCTe-
MOI1 ynpaBfeHuss;

® aBTOMaTun4veckKaa agantauma K "SMeHeHUsAM MNosiHoOro
CconpoTuMBIIEHNSA CEeTH;

* (hunbTpaumst 6e3 reHepUPOBaHNS PEaKTVBHON MOLL-
HOCTW;

® reHepupOBaHNE PEAKTUBHOW MOLLHOCTU 1 KOPPEKTU-
poBKa KO3 drLMEHTa MOLLHOCTY;

® paBHOMEpPHOE pacnpeneneHne Harpysku no dasam.

TOﬂbKOOCHOBHaﬂFapMOHMKa

NnHns o

nnTaHns

CT
& 4]

) Harpyska

PucyHok 10.3.

CuHyconpanbHbI TOK
B JIMHUW NMUTaHUS

Tok Harpy3ku

Tonbko
rapMOHVKMN

Tok akTBHOro chunbTpa

MopsiaKoBbI HOMEpP rapMOHUKN
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PQF cdbunbTpbl genstcs Ha crnegytoLime rpynnbi: Tunu4Hble pe3ynbraTtbl NpumeHeHna PQFI
® ®unbTpsl PQFI - akTuBHbIe (hubTPbI A/ MOLLHBIX FapMOHIKI Toka 6e3 PQFI
MPOMBbILLEHHbIX HarpPy30K. AKTUBHbIE (PUNLTPLI ANs 35
TPEXMPOBOAHBIX N YETbIPEXMPOBOAHbIX TPeXdasHbIX 20
ceTel, BbiMoNHAWME QUNbTPaUn rapMOHUK 1
KOMMEHCcaUut peakTUBHON MOLLHOCTU, BKIOYas 5 25
CUMMeTpuUpoBaHne Hanps>xeHun. Ha pucyHke §
npegctasneH PQFI n nepevncneHbl ero OCHOBHble 5
TEXHNYECKME OCOBEHHOCTMN. g
®
OTn unsTpbl 06NaJaT CREQYHOLMMU TEXHUYECKUMUN
XapakTepucTukamm:
- HomuHanbHbIN TOK: s N M -
H10 H15 H20
208 B<U<480B 480 B <U <690 B [MopsaKOBbIN HOMEP FAPMOHUKN
300 A 180 A” "apmoHuku Toka ¢ PQFI
450 A 320 A* 35
30
* Ecnn HanpskeHne cuctembl Bbilwe 600 B, To npu onpegeneHHbix pexiu- < 25
Max Harpysku 1 npu Temnepartype okpyxxatowiein cpegpl Bbiwe 30 °C Tok 3
annapartos PQF| MOXeT aBTOMaTU4eCKN CHMKATbCA OTHOCUTENBHO HOMU- é 20
HaJIbHOro 3Ha4YeHus. 5
° 15
- OunbTpyemble rapMoHuKn: 20 rapMOHUK OT 2-ro go  °
50-ro nopsgka. =10
- PeakTmBHas MOLWHOCTL: yCcTaBka OT ornepexxaroLero 5
cose = 0,6 go oTcTarowero cosoe = 0,6. 0 ——— _ _

THD' HO5' | 'H10' | H15 | H20
MOPSAKOBBIV HOMEP FaPMOHIIKIA

CunoBoii aNEKTPOHHbIN
npeo6pa3oBaTesnb

® L1IIM-npeo6pasosaTtesnb C CyXVMM MIEHOYHbI-
MW KOHAieHcaTopamm 41t unsTpaLmmn Ha cTo-
POHe NOCTOAHHOrO ToKa Npeobpasosatens

® TexHonorus IGBT

PQF-Cuctema ynpaBneHus
® YHuBepcasbHblii
nonb30BaTeNbCKUiA NHTEPDEC

LincbpoBoit curHanbHbIin

npoueccop

® MporpamMmmmpyemble XxapakTepucTuKu
unsTpa

® Be3yKopU3HeHHast HacTpoika
Ha BCe BblGpaHHbIe rapMOHVIKI

® 3awuTa OT Neperpysku

® [porpamMmupyemMasi KoppekLms
KO3thpULMEHTa MOLLIHOCTU

® CUMMETPUPOBAHVE HANPSKEHNIA

® [porpaMmMupyemMble NPUOPUTETLI
3apay

MpuHyauTenbHoe Bo3ayLWwHOe
oxnaxpaeHue

ABTOMaTM4eCKMU BhlKIoyaTens |
1 BCcriomorartesbHas
annapartypa

40 | Koppekuus KoahduLmeHTa MOLHOCTMN 1 (DUABTPALMS rAPMOHVK B 9NEKTPOYCTaHOBKax




® OunbTpbl PQFM — akTuBHbIE (onbTPbI 47151 MPOMBbILLI-
JIEHHBIX Harpy30K MeHbLLEeN MOLYHOCTY. AKTUBHbIE
PUNLTPbI ANA TPEXNPOBOAHBIX U HYETLIPEXMPOBOAHbLIX
TpexdasHbIX CETEN, BbIMOHAOLLME DUNBTPALMIO rap-
MOHWK 1 KOMIMEHCALMIO PEaKTUBHON MOLLHOCTW, BK/THO-

~ =
Hasa CMMMeTpPUpOoBaHE Hanps>XeHnn. %
o
I
o
(e}
=
3TN hunsTpbl 06NaJaT CReqyrWUMN TEXHUHYECKMN \g
XapakTepucTukamu: °
- HomuHanbHbIN TOK:
208 B<U<480B 480 B <U <690 B
70 A 100 A*
100 A -
130 A -
150 A -
=
o
@
* Ecnn HanpsixkeHne cuctemsbl Bbie 600 B, To npy onpepeneHHbIX pexin- 2
Max Harpysku v npu Temnepartype okpyxxatoLueii cpegbl Bbiwe 30 °C Tok 8
annapaTtoB PQFM MOXeT aBTOMaTNHECKUN CHUXKATbCSi OTHOCUTESNIbHO HO- 5
MUHanbHOro 3Ha4eHus. X

- dunetpyemble rapMoHuKn: 20 rapMOHMK OT 2-r0 o
50-ro nopsgka.

- PeakTyBHasi MOLLHOCTb: yCTaBKa OT OrMepexXatoLLero
cosy = 0,6 fo oTcTatowero cose = 0,6.

KoHTakTOopb!
W npefoxpaHuTenu

PQF-Cuctema ynpaBneHus

® YHnBepcanbHbI NOb30BaTENLCKUIA
nHTepdelic

LincdpoBoii curHanbHbiin

npoueccop

® [IporpamMMupyemble XapakTepUcTKN
unsTpa

® Be3yKopu3HeHHast HacTpoika
Ha BCe BblspaHHble rapMOHUKN

® 3awuTa oT neperpysku

® [porpamMmupyemMasi KoppekLuus
KO3(phnLMEHTA MOLLHOCTN

* CYMMETPYPOBaHNE HanpsKeHNi

® [IporpamMmmMupyemble NPUopuTeETbI
3apay

CunoBoii 1EKTPOHHbIN

npeo6pasoBaTenb

o LLINIM-npeo6pasoBatesb C CyXUMU MNEHO4HbI-
MWV KOHAeHcaTopamu Ans punsTpaumumn Ha cTo-
POHe MOCTOSIHHOTO TOKa NpeobpasosaTens

® TexHonorusa IGBT

MpuHyauTenbHoe

TunuyHbie pe3ynbTaTtbhl NnpuMeHeHns PQFM

"apmoHukn Toka 6e3 PQFM

100
80
60
40+
20—
T 11 ) O I P T
13 5 7 9 11 13 156 17 19 21 23 25 27 29 31
MopsiaKoBbIi HOMEP FaPMOHUKI
"apmoHuky Toka ¢ PQFM
100~
80
607
40
20
Oa
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

MopsaKoBbI HOMEP FrapPMOHVKIN

BO3AyLIHOEe oxXnaxxaeHue

BBop ka6ensi cBepxy Unu CHU3Yy
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® OunbTpbl PQFS — AKTUBHbIE (hnLTPbI A7151 TPEXMPO-
BOAHBIX U YETbIPEXMPOBOAHBIX CETEN KOMMEPYECKUX,
KWIbIX Y MaTOMOLLYHBIX MPOMBILLIIEHHbIX OOBEKTOB.
AKTUBHbIE (DUABTPbI A5 YETbIPEXMPOBOAHBLIX TPEX-
hasHbIX CeTel, BbIMONHALWME DUBTPALMNIO rapMO-
HWUK, KOMIMEHCcaLuio PpeakTVBHON MOLLHOCTH 1 CUMMe-
TpypoBaHue asHbIX N JIMHENHbIX HaNPSXKEHUN.

D11 punbTpbl 06NagaloT CRenyoWwmMMn TEXHNYECKMM
XapakKTepUCTUKaMM:
- HomuHanbHbIN TOK:

208B<U<240B 380B<U<415B
30A 30A
45 A 45 A
60 A 60 A
70A 70 A
80 A 80 A
90 A 90 A
100 A 100 A
120 A 120 A

- duneTpyemMble rapMOHUKN:
- 3-npoBogHas ceTb: 20 rapMoHuK OT 2-ro go 50-ro
nopsoKa;
- 4-npoBopgHasda ceTb: 15 rapmoHuk ot 2-ro go 50-ro
nopsioka.
- PeakTmBHas MOLHOCTL: yCTaBka OT OMnepexkatoLlero
coso = 0,6 go otcratowero coso = 0,6.

TunuyHbie pe3ynbTaTtbhl NnpuMeHeHns PQFS

% OT OCHOBHOW

% OT OCHOBHOW

apmoHuWku Toka 6e3 PQFS

100
1 =34A
807 lo=17A
ls=19A
607 IN=44A
40—
20
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
[MopsiaKoBbIN HOMEP rapMOHUKN
apmoHuku Toka ¢ PQFS
100
Iy =20A
80 lo=20A
ll3=20A
60 IN=4A
40

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
MopsaKoBbI HOMEP rapMOHMKU

KomMmnakTHoOe yCTPOMCTBO HAaCTEHHOIO
KpenneHusa ans 3- n 4-nNpoBOAHbIX ceTen

PQF-Cuctema ynpaBneHus
* YHMBepcabHblii NoNb30BaTENLCKUIN MHTepdEenc

LincbpoBoii curHanbHbI Nnpoueccop
* [IporpamMmMupyemble XxapakTepucTnkn punstpa

* Be3yKopusHeHHast HacTpolKa Ha BCe
BblﬁpaHHble rapMOHUKN

® 3awuTa oT neperpyskn

¢ [porpamMmmupyemasi Koppekuusi KoadduumeHTa
MOLLHOCTH

* CYMMETprpOBaHne HamnpsKeHuit

* MporpamMmu1pyemble NPUOpUTETLI 3aaa4

CunoBOIi aNEKTPOHHBI Npeo6Gpasosarenb

o LLINM-npeobpasosaTenb C KOHAEHcaTopamm
NOCTOAHHOIO TOKa

* TexHonorus IGBT

Beop kabensi CHU3y
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MpunoxeHune A

Tabnuupl nogbopa aBTOMaTUYECKIIX BbIKITKOHaTENEN
1 KOHTaKTOPOB

B cnegytowmx Tabnuuax npegcraBieHa KoopaunHaums
MeXay KOHTaKTopamy 1 aBTOMaTu4yeCKUMU BbiKoYaTe-
namu Tmax XT n Tmax, npegnaraeMbix KomnaHven ABb
48 KOMMyTauuym 1 3awnTbl KOHOEHCATOPHbIX 6aTapei
MoLLHOCTBo 0 400 KBap. YCTpoicTBa paccymTaHbl Ha TOK
KOPOTKOro 3ambikanus 50 KA npu HanpsxxeHnsx go 500 B

1 10 KA npu HanpsxeHusx fo 690 B n ob6ecnevnsaroT Ko-
opauHauuto Tuna 2. HoMmHasnbHble TOKY aBTOMaTU4ECKOro
BbIK/OYATENS N KOHTaKTOpa BblBUPatOTCsi B COOTBETCTBUN
C MaKcuMasnbHbIM NOTPEBNSAEMbIM TOKOM KOHAEHCATOPHOM
6atapew (I ) cornacHo Tpe6osaHuaM cTaHpapta MOK
60831-1". [1ns yMeHbLUEHNS MYCKOBOrO TOKa HEOOXOLMMO
YCTaHOBWTb OrpaHUY/BatOLLIMIA PEAKTOP.

! HaromHum, 4TO KoopAuHaLus Tuna 2 oryCcKaeT CBapuBaHNe KOHTaKTOB Py yC0BMM,
YTO KOHTaKTbl MOXXHO ByAeT NIErko pasfennTs (Harpumep, 0TBePTKOM) 6e3 nx geghopmariym

Ta6nuuya A.1
ABTOMaTNYECKMI BbIK/OYATESNb U KOHTAKTOP C KOOPAUHAUMEN Tuna 2 Ans KoMmyTauumn KoHAeHcaTopHbix 6aTtapen 400 B, 50 kA
Q, [kBap] 1. [A] max [A] MCCB Tmax 1, [A] KoHTakTop
10 14 21 XT2S160 TMD 25* 25 AF30
15 22 31 XT2S160 TMA 40* 40 AF52
20 29 44 XT2S160 TMA 50° 50 AF52
30 43 62 XT2S160 TMA 80" 80 AF65
40 58 83 XT2S160 TMA 100" 100 AF65
50 72 103 XT2S160 TMA 125* 125 AF96
60 87 124 XT2S160 TMA 160* 160 AF96
70 101 144 XT25160 TMA 160" 160 AF116
80 115 165 XT3S250 TMD 200* 200 AF146
90 130 186 XT3S250 TMD 200* 200 AF146
110 159 217 XT3S250 TMD 250" 250 AF190
130 188 256 T4S320 PR221LS/I In=320 320 AF205
150 217 296 T4S320 PR221LS/I In=320 320 AF265
180 260 855 T5S400 PR221LS/I In=400 400 AF400
200 289 394 T5S400 PR221LS/I In=400 400 AF400
250 361 493 T6S630 PR221LS/I In=630 630 AF580
280 404 552 T6S630 PR221LS/I In=630 630 AF580
300 433 591 T6S630 PR221LS/I In=630 630 AF750
350 505 690 T6S800 PR221LS/I In=800 800 AF750
400 577 788 T6S800 PR221LS/I In=800 800 AF750
500 722 985 T7S1000 PR232LSI In=1000 1000 AF1650
Ta6bnuua A.2
ABTOMaTNHECKWI BbIK/OYaTESNb U KOHTAKTOP C KOOPAUHALMEN Tuna 2 s KoOMMyTaummn KoHAeHcaTopHbix 6aTapen 440 B, 50 kA
Q_ [kBap] 1. [A] 1. [A] MCCB Tmax 1 [A] KoHTakTop
10 13 19 XT25160 TMD 25* 25 AF52
15 20 28 XT25160 TMD 32" 32 AF52
20 26 38 XT2S160 TMA 40* 40 AF52
30 39 56 XT2S5160 TMA 63* 63 AF52
40 52 {75] XT25160 TMA 100" 100 AF96
50 66 94 XT25160 TMA 125* 125 AF96
60 79 113 XT2S160 TMA 125* 125 AF96
70 92 131 XT2S160 TMA 160" 160 AF116
80 105 150 XT2S160 TMA 160" 160 AF146
90 118 169 XT4S250 EkipLS/I In=250 250 AF146
110 144 197 XT4S250 EkipLS/I In=250 250 AF190
130 171 233 XT4S250 EkipLS/I In=250 250 AF205
150 197 269 T4H320 PR221LS/I In=320 320 AF265
180 236 322 T5H400 PR221LS/I In=400 400 AF305
200 262 358 T5H400 PR221LS/I In=400 400 AF400
250 328 448 T6H630 PR221LS/I In=630 630 AF460
280 367 502 T6H630 PR221LS/I In=630 630 AF580
300 394 537 T6H630 PR221LS/I In=630 630 AF580
350 459 627 T6H800 PR221LS/I In=800 800 AF750
400 525 716 T6H800 PR221LS/I In=800 800 AF750
500 656 896 T7S1000 PR232LSI In=1000 1000 AF1650

* TakxKe MoryT 6bITb UCMONBb30BaHbl ANEKTPOHHbIE pacuenutenn Ekip COOTBETCTBYHOLLEro HomuHana
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Ta6bnuua A.3
ABTOMaTNHECKINI BbIK/OYaTESNb U KOHTAKTOP C KOOPAUHALIMEN Tuna 2 Afis KOMMyTauumn KoHAeHcaTopHbix 6aTtapen 500 B, 50 kA
Q_ [kBap] 1, [A]l max [A] MCCB Tmax 1, [A]l KoHTakTop

10 12 17 XT2H160 TMD 20* 20 AF52
15 17 25 XT2H160 TMD 32 32 AF52
20 23 33 XT2H160 TMA 40* 40 AF52
30 35 50 XT2H160 TMA 63" 63 AF65
40 46 66 XT2H160 TMA 80" 80 AF80
50 58 83 XT2H160 TMA 100" 100 AF96
60 69 99 XT2H160 TMA 125* 125 AF96
70 81 116 XT2H160 TMA 125" 125 AF96
80 92 132 XT2H160 TMA 160" 160 AF116
90 104 149 XT2H160 TMA 160" 160 AF146
110 127 173 XT4H250 EkipLS/I In=250 250 AF146
130 150 205 XT4H250 EkipLS/l In=250 250 AF190
150 173 236 XT4H250 EkipLS/I In=250 250 AF205
180 208 284 T4H320 PR221LS/I In=320 320 AF265
200 231 315 T5H400 PR221LS/I In=400 400 AF305
250 289 394 T5H400 PR221LS/I In=400 400 AF400
280 323 441 T6H630 PR221LS/I In=630 630 AF460
300 346 473 T6H630 PR221LS/I In=630 630 AF460
350 404 552 T6H630 PR221LS/I In=630 630 AF580
400 462 630 T6H800 PR221LS/I In=800 800 AF750
500 577 788 T6H800 PR221LS/I In=800 800 AF1350
600 693 946 T7H1000 PR232LSI In=1000 1000 AF1650

Ta6nuua A.4

ABTOMAaTUYECKUIA BbIKMKOYATESNb Y KOHTAKTOP C KOOPAMHALMEN Tuna 2 ons KommyTauum KoHaeHcaTopHbix 6atapen 690 B, 10 kA

Q_ [kBap] I, [A] max [A] MCCB Tmax 1, [A]l KoHTakTop

10 8 12 XT2N160 TMD 16* 16 AF52
15 13 18 XT2N160 TMD 20* 20 AF52
20 17 24 XT2N160 TMD 25" 25 AF52
30 25 36 XT2N160 TMA 40* 40 AF52
40 33 48 XT2N160 TMA 50° 50 AF65
50 42 60 XT2N160 TMA 63" 63 AF65
60 50 72 XT2N160 TMA 80" 80 AF80
70 59 84 XT2N160 TMA 100" 100 AF96
80 67 96 XT2N160 TMA 100* 100 AF96
90 75 108 XT2N160 TMA 125" 125 AF116
110 92 126 XT2N160 TMA 160" 160 AF146
130 109 148 XT2N160 TMA 160" 160 AF190
150 126 171 XT4N250 EkipLS/I In=250 250 AF205
180 151 206 XT4N250 EkipLS/l In=250 250 AF265
200 167 228 XT4N250 EkipLS/I In=250 250 AF265
250 209 286 T4N320 PR221LS/I In=320 320 AF400
280 234 320 T5N400 PR221LS/I In=400 400 AF400
300 251 343 T5N400 PR221LS/I In=400 400 AF400
350 293 400 T6N630 PR221LS/I In=630 630 AF460
400 335 457 T6N630 PR221LS/I In=630 630 AF580
500 418 571 T6N630 PR221LS/I In=630 630 AF750
600 502 685 T6N800 PR221LS/I In=800 800 AF1350
700 586 800 T7S1000 PR232LSI In=1000 1000 AF1650
800 669 914 T7S1000 PR232LSI In=1000 1000 AF1650

* TakKe MoryT 6bITb MCNONB30BaHbl ANEKTPOHHbIE pacuenuTeny Ekip cooTBeTcTBytOLLErO HOMUHANa
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B cnepytowein Tabnuue npepcrtaBneHbl BO3AYLHbIE
aBTOMaTM4YeCKMe BbiKJloHaTeNn s KOMMyTauum n
3aWwmThl KOHAEHCATOPOB. VIcnonb3yemble 0603Ha4EHNS:
® N_ .. MéexaHn4ieckas U3HOCOCTONKOCTb;

YacToTa KoMMmyTauuii 6e3 Harpysku, [uukn/yac]

mech

* N, KOMMyTaLMOHHas N3HOCOCTONKOCTb NPy Hanpsi-
xeHun 440 B;
o f, YacToTa KOMMyTauWiA Nof Harpy3kow, [Lmks/ yac)

B gaHHOM cnyyae B cBA3K C 60/1bLLION MOLLHOCTBI KOH-
OeHcaTopHOoN 6aTapen KOMMyTauusi TOCPEACTBOM KOH-
TakTopa He NPenyCcMaTpUBaETCs; HANPOTUB, AN KOMMY-

Tauun npegronaraeTcsi UCNosb30BaTh BO3OYLUHbIN aB-
TOMaTUYECKUIA BbIKIIOHATENb, MOCKOJIbKY YMCIIO LIMKII0B
KOMMyTaLuii ByaeT orpaHnyeHo.

Kpome Toro, TO4HOE 3HaYeHne OXUOAemMoro Toka Ko-
POTKOro 3aMblKaHus He yCcTaHaBNNBAETCS, MO3TOMY OT-
K/tOYatoLLyt0 CMOCOBHOCTb aBTOMATMYECKOro BbIKJIHO-
yaTesisi Hy)KHO BblOVpaTb B COOTBETCTBUN C HOMUHASb-
HOW MOLLHOCTLIO 6aTapen.

B aTOM cnyydae Takxke MOXXET NOHagobuTbCs yCTaHOB-
Ka TOKOOrpaHn4nBaroLLMX PeEaKTOPOB 4151 yMEHbLUEHNS
NMyCKOBOro ToKa.

Ta6nuua A.5
ICBn Icn QC [KBap] mech fmech Nel fel
FERDIIRIEC gy A 400 B 4408 500 B 690 B [Lmkn/uac) [LmKn/uac]

BblKno4YaTesnb
E1.2 B-C-N-L 630 421 201 320 364 502 20000 60 8000 30
E1.2 B-C-N-L 800 533 360 406 461 637 20000 60 8000 30
E1.2 B-C-N-L 1000 666 461 507 576 795 20000 60 8000 30
E1.2 B-C-N-L 1250 834 578 636 722 997 20000 60 8000" 30
E1.2 B-C-N 1600 1067 739 813 924 1275 20000 60 8000 30
E22B 1600 1067 739 813 924 1275 25000 60 12000 30
E22B 2000 1334 024 1017 1155 1594 25000 60 10000 30
E2.2 N-S-H 800 533 369 406 461 637 25000 60 15000 30
E2.2 N-S-H 1000 666 461 507 576 795 25000 60 15000 30
E2.2 N-S-H 1250 834 578 636 722 997 25000 60 15000 30
E2.2 N-S-H 1600 1067 739 813 924 1275 25000 60 12000 30
E2.2 N-S-H 2000 1334 024 1017 1155 1594 25000 60 10000 30
E2.2 N-S-H 2500 1667 1155 1270 1444 1992 20000 60 8000 30
E42V 2000 1334 924 1017 1155 1504 20000 60 10000 20
E42V 2500 1667 1155 1270 1444 1992 20000 60 8000 20
E42N-S-HV | 3200 2134 1478 1626 1848 2550 20000 60 7000 20

* Ona E1.2 1250L Nel = 3000
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NMpunoxxexHve B

PeakTnBHas MOLLHOCTb npn NSMEHEHNAX
Hanps»KeHn

PeakTuBHas MOLHOCTb TpexdasHon baTtapen KOHOEH-
CaTopoB, COEOQNHEHHbIX TPEYroNbHUKOM WK 3BE340M,
paBHa:

U/
X

Q,=3. (B.1]

c

Ecnun Hanpsi>keHne hrkcrnpoBaHo, TO 415 UBMEHEHUS re-
HepVPYeMOI PeakTVBHOM MOLLHOCTI HY>KHO U3MEHUTb EM-
KOCTHOE COMpOTVBIIEHNE X , T. €. EMKOCTb YCTaHOB/IEHHbIX
KoHpeHcaTopoB. VI HaobopoT, ecnnm EMKOCTb KOHAEHCca-
TOpHOI 6aTapen hukcnpoBaHa, peakTnBHash MOLLHOCTb
N3MEHSETCA NPOMNOPLMOHANbHO KBaapaTy HanpshKeHus.
®aKTN4ecKm, ecnv N3BeCTHa PeakTMBHasA MOLLHOCTL Q
npu HanpsbkeHun U, TO peakTBHas MOLLHOCTb MpU Ha-
npsbxeHun U , paccunTeiBaeTcs Nno opmyne’:

2
QCZ = Qc1 : ( 3n2)

[B.2]

OT1a hopmyna gencTeuTeNbHA HE3ABMCUMO OT cnocoba
COeAnHEHNS KoHaeHcaTopoB. YTo6bl nogaep>XmnBaTb
MOCTOSIHHYIO TEHEPUPYEMYIO PEAKTUBHYH MOLLHOCTb
NPV USMEHEHNN HAMPSKEHNS, HY>KHO N3MEHSATb EMKOCTb
KOHOEHCaTOPOB COrNacHO cnegyoLLemMy COOTHOLLEHMIO:

2
G ()
n2
OonycTum, nuTatoLLee HanpsbKeHe MEHSIETCA B Npegenax
+10 % OT HOMWHaNBHOIO U COSY HEOOXOAMMO NOAAEPXKN-
BaTb pasHbIM 0,9 Aaxke NpU MUHUMANbHOM HampPsS>KEHUN.
B aTtom cnyyae EMKOCTb KoHAeHcaTopHou 6aTtapen (npu
TON )K€ PeakTUBHOM MOLLYHOCTU Harpysku) SOSKHA COo-
cTaBuTb 124 % OT TOlA, YTO TPEBYyeTCs NPV HOMUHANIBHOM
Hanps>xeHuun. 13 npegpigyLuein hopmynbl Cnegyer, YTo:

B.3]

[B.4]
Un1

: 1
CQ= CW.(OQAU)_»CZ= 01(081)—> Cz=1.24-C1
. - .

Kpome Toro, Hy>KHO y6egnTbCs, Y4TO reHepupyemas pe-
aKTVBHast MOLLIHOCTL? HE MPEBLICUT TON, KOTOpas NoTpe-
6nseTca Harpy3Kom, ecnv Npu Takor EMKOCTY HanpsiKe-
Hue yBennyutcs Ha 10 % OTHOCUTENBHO HOMUHASTBHOTO.

1
u? U?

Q =3 n Q ,=3 n2

.. i X c i X c

EmkocTHoe cornpoTusieHne UKCUPOBaHO, M MPupPaBHNBasi ero 3Ha4YeHus,

HavifeHHble N3 06ouX MPUBEAEHHBIX ypaBHEHWUI, nosy4aem [B.2].

Ons atoro npumem, 41o npu Hanps>xeHn 90 % OT Ho-
MUHaSIbHOIO KO3 PULMEHT MoLHOCTK paseH 0,9, 1 Bbl-
pasumM NoTpednsiemMyto Harpy3Kom akTUBHYIO MOLLHOCTb
P (koTopasi ocTaeTcst HEU3MEHHOM) Kak (PyHKLMIO peak-
TVBHOW MOLLHOCTY Harpy3ku Q 1 KOMNeHCcupyoLLen pe-
aKTUBHOW MoLLHOCTH Q 3

Q_QC,QO% _ Q_Qc

0.49 0.49
Ecnu HanpsikeHne nosbiweHo Ha 10 % OTHOCUTENBHO

HOMWHaNbLHOro, a EMKOCTb — Ha 24 %, TO Npu coegnHe-
HUW TPEYrONbHNKOM PeaKTUBHAasS MOLLIHOCTb OyOeT paBHa:

[B.5]

Q-Q =P.tgp—>P=

c_90%

2 _

Q, 0 =3-®-124-C-(11-Vy= -
4——| [B.6]
1241123 0-C,V*=15-Q,

YT106bI HE OTAaBaTb B CETb PeakKTUBHYH MOLLIHOCTb, HY>XX-
HO BbIMNOJIHUTb cneaytoliee ycnosue:

Q'Q c_110% >O [B.7]

c_110%

=P.tgp—>tgo =

3ameHss P BbipaxxeHuem [B.5] n BBoas [B.6], nonyyaem:

0.49.(Q-15.Q,)
Q-Q,

nOCKOJ'Ibe 3HaMeHaTeJib NMONIOXKUTESIEH B CUNTY paHee
BbIMNOJIHEHHbIX ycnosmﬂ, COOTHOLLEeHne 6yp,eT NoNoXXn-
TeJIbHbIM, eClN NONOXUTENEH YNCUTENb, TO eCTb:

‘tg(pY = >0 [B.8]

049.(Q-15.Q)>0—>Q_<066-Q [B9
Vitak, cHavana paccuutbiBaeM 3HadeHue Q_, KoTopoe
obecneunt Koppekumo KoahduumeHTa MOLLHOCTY NMpu
HOMMHaSIbHOM HaMpPs>XeHUN; 3aTeM HaAXoOUM COOTBET-
CTBYIOLLYIO0 EMKOCTb C, 1 yMHOXXaeMm Ha 1,24, 4Tobbl no-
JY4NTb TaKyH >KE€ KOMMEHCALMIO PEAKTUBHOW MOLLHOCTY
npu NpeaenbHO JOMYCTUMOM MOHVKEHNN HAMPSOKEHWS;
HaKOHeL, C NOMOLLBIO HepaBeHcTBa [B.9] ybexgaemcs,
YTO B Clyyae NoBbILLEHNs HanpshkeHns Ha 10 % oTHo-
CUTENBHO HOMMHABHOIO PeakTBHAs MOLLHOCTb He By-
[OET OTAaBaTbCA B CETb.
Ecnun komneHcauusi peakTMBHON MOLLHOCTM NPON3BOANT-
cs1, Kak 06bI4HO, anst 100 %, a He gnst 90 % HOMUHAaNb-
HOro HaNPS>XeHs!, TO BbipaXkeHue [B.6] npuHumaeT Bug;
Q =3-0-C,(1.1-Vy=121-Q,

c_110% [B.10]

aycnosue [B.9], Npn KOTOPOM peakT1BHasi MOLLHOCTb He
GyneT oTaaBaTbCsl B CETb, COOTBETCTBEHHO:

049-(Q-121-Q)>0—>Q,<083-Q [B11]

2cosp = 0.9 —» tgp = 0.49
:Q =3-®+124-C,-(09-V)=Q,

c_90%
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NMpunoxeHue C

dunbTpaums 1 Koppekumns KoappuumeHTa
MOLLIHOCTW B YCNOBUSAX OJINTESNIBHOIO
NCKaXXeHNs1 CUHYyCconaanbHOCTU (hOpPMbI
TOKa 1 Hanps»XeHus

C.1 BBegeHune

B coBpeMeHHbIX 3NeKTPOYCTaHOBKax 4acTo NPUCYTCTBY-
0T HESIMHENHbIE HAarpy3Ky, KOTOPbIE FEHEPUPYIOT rapMO-
HUKN TOKa, NO3TOMY KOPPEKLUMIO KO3hduumeHTa MoLL-
HOCTW HEOBXOAMMO BbINONHATE B YCIOBUAX NCKaXKEHUS
CUHycovgansHoOCTV (hopMbl KpMBLIX. ECnn 3arpsisHeHne
rapMOHUKaMn JOCTUraeT HENPUEMIEMOIO YPOBHS 1 oA
nXx nogaeneHus npuxoanutcs yctaHasnmeatb L-C dunb-
Tpbl, UMEET CMbICS1 NCMOMNB30BaTb 3TN (PUNLTPbI 4S5 KOp-
pekumn KoadhuumeHTa MOLLHOCTN Ha OCHOBHOW YacTo-
Te: NPaBUSIbHO paccyMTaHHble (MUNBTPbI CMNOCOOHbI re-
HeprpoBaTb BCHO TPEOYEMYIO PEaKTUBHYIO MOLLHOCTb
N YyCTPaHUTb HEOBXOAMMOCTb YCTAHOBKM CreLmasibHbIX
KOHAeHcaTopHbIx 6aTapeli. Huke Mbl paccMoTpum Ta-
Kne paboune yCcnoBus N XxapakTEPUCTUKN COOTBETCTBY-
IoLWMX PUABETPOB, HO NMPEXAE HY>KHO HaNnOMHUTb HEKO-
Topble OPMYIibl U ONPERENeHNs, KOTopble NOHaZ06AT-
CH 4Ns 9TOro aHanmsa.

C.2 KonnyecTBeHHbI aHanu3 panTenbHON Hecu-
HycoupaanbHOCTN hopMbl HaNpsHXeHUs!
Meprognyeckas KyCO4YHO-HeENPepPbIBHAsA OrpaHnyeHHas
BeNM4YnHa MOXET ObITb NpeobpasoBaHa B psg Pypbe no
cnepyrowen hopmyne:

f(x) = a?” + Z(an- €os nx+ b, sin nx)

[CA]

n=1

rOoe nepBblil YeH NpaBoi YacTy paBeHCTBa NPeacTaB-
nsieT cobon cpegHee 3HaveHne yHKuMn 3a neprog T,
TO ecThb:

:
a, _1 J f(x) - dx [C.2]
0

2T

a Koa(uLMeHTbl a 1 b 3TOro psiga 3afaHbl Bblpaxke-
HUAMU:

o o7 [C.3]
a,=— | f(x)-cosnx-dx b =— ] f(x)-sin nx-dx
. T{ (x) . T[ (x)

MpeobpasoBaHne yHKUUN BpemeHn B psg dypbe
MO>XHO BbINOJIHNTb Tak, 4TOObI OH cogep>xan ToNnbKo
KOCVHYCb!:

f(t) =224+ Y A, cos(kot-9,) [C.4]

2 k=1
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Tenepb OT O6LLMX BENMYMH Nepeiaem K pacCMOTPEHIO
3NEKTPUYECKNX BEJIMYUH, TaKUX KaK HanpsKeHue
N TOK, B CETSIX MepemMeHHoro Toka (rae ux cpegHee

a y
3Ha4veHne 6ygeT HynesbiM, —° — ). B ycTaHoBMBLLENCS
2

HECUHYCOMAaNbHON CUCTEME 3TU BENNYUHbI MOXHO
NPencTaBnTb Kak P rapMOHUK C 4acToTaMu, KpaTHbIMU
OCHOBHOW, CorflacHo cnepytowlenn opmyne’:

[C.9]

V=42V, -cos(kat-0,) =221 cos(kot-B-,)
k=1 k=1

roe AencTaytoLme 3HaveHns hasHbIX BEANYUH MO onpe-
OeNeHnto NPeacTaBnsioT cO60M KOpeHb KBaapaTHbIA 13
CYMMbI KBaApaTOB AENCTBYOLLNX 3HAYEHNI OTAENbHbIX

rapMOHUK:
V=4 V2 =4[ 1}
k=1 k=1

YTo6bl OXapakTepn3oBaTb COOAEPXAHME rapMOHUK
B KPWBOWN TOKa UMW Hanpsi>XeHUsi, NCnosnb3yloT
Takon nokasaTteflb, Kak KO3(MPMUUNEHT NCKaKEHNUS
cuHycongansHocTtu (THD):

[C.6]

5

2
2l
=2

THD, = . THD ToOKa [C.7]
1
2V
THD, = % THD HanpsikeHust [C.8]
1

Ecan THD, < 10% n THD, < 5 %, [onsi rapMOHUK cymnTa-
€TCS HU3KOW 1 Mepbl ANs X NOAaBNeHNs He TpebytoTcs,
B MPOTMBHOM CJly4ae Heo6XoanMO YyCTaHOBUTb OOUH NN
HECKOJIbKO (hUIETPOB A1 rAPMOHUK C BbICOKMM aMnin-
TyOHbIM 3HA4YEHUEM, YTOObI CHU3UTb KO3 DULMNEHT UC-
KaXKeHWUn [0 NPUEMIIEMOrO YPOBHSI.

' Yron ¢, — 310 CMeLLeHme K-if rapMOHIIKY TOKa OTHOCUTE/IbHO K-1i rapMOHVKI HAMPSKEHS,
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C.3 MowWHOCTb B YCTAaHOBUBLUENCA HECUHYCOM-
AanbHOW cucteme

ﬂ,ﬂﬂ YCTaHOBUMBLUNXCA yCJ'IOBVII7I HecuHycongasibHOCTU
TOKa 1 Hanpsh>keHus TpebyeTcsa BBeCcTU 6onee obLune
onpegeneHns MowHocTel. [1os1Has MOLHOCTb S, OT KO-
TOPOI 3aBUCUT TEMJIOBAs HArpy3Ka 3NIEKTPUHECKINX KOM-
MOHEHTOB B TpexdasHoi cucteme, ONpenenseTcs cne-
gyrowmum o6pasom:

S=3-V-1=3,2V2- Y1} 9]
k=1 k=1

Ecnn B uenn npucyTCTBYIOT APYrue rapMOHMKN TOKa U

Harnps>keHus, KpoMe OCHOBHOW, TO OrpefeneHns ak-

TUBHOM MoLyHoCTy P v peakTnsHow moLyHocTy Q npu-

HUMatoT BUa>:

[C.10]
P=3-2V,- I, cosg, Q=3-YV,-I,-sing,

k=1 k=1

MonHas MOLLHOCTL OCHOBHOW rapMOHUNKN A Bblpa>kaeTcA
4epes 3T MOLLHOCTHN OOBbIYHbIM o6pa30M:

A=4/P+Q°

MonHas MOLLHOCTb OT/IMYAETCA OT MOJSIHON MOLLHOCTU
OCHOBHOW rapMOHWKN, OMPEAENseMON BblpaXxeHNeM
[C.9]; nonHy0 MOLLHOCTb MOXXHO NPEACTaBnTb B BUAE:

[C.11]

S’= P?+ Q°+ D? [C.12]
rae vneH D (MOLHOCTb MCKaXKeHUI) yHUTbIBAET NCKaXKe-
HUSE OPMbI HANPSKEHNST U TOKa®.

Cymma KBapgpaToB peakTVBHOM MOLYHOCTM Q 1 MoL-
HOCTN uckaxxeHuin D gaeT KBagpat HEaKTUBHON MOLLL-
HocTu N:

N’= Q’+ D’ [C.13]

KOTOpas HasBaHa “HeaKTVBHOW”, MOCKOJbKY BblpaXkaeT-
CS1 Pa3HOCTbLIO MeXAy KBagpaTamMmu MOMHOW MOLLHOCTN S
1 aKTUBHOW MOLLHOCTM P:

N2= SZ_P2 [C.14]

2 CornacHo roAxoay, KoTopbiii Gbin npesnoxeH byasHy, akTuBHasi n peakTuBHasi
MOLYHOCTY, MOTPE6/sieMble Harpy3Koi B NPUCYTCTBUN rapPMOHUYECKUX NCKaXKEHWI,
MpeACTaBsoT COBO¥ CyMMbl MOLUHOCTEN OTAEbHBIX FaPMOHVK, MPUYEM MEPEMHOXXatOTCS
TOJIbKO 3HAYEHUST HAMPSIKEHWSI N TOKa rapMOHNK OFHOIO MopsigKa.

3 [MonHasi (S) v nonHasi OCHOBHOW rapPMOHUKK (A) MOLLHOCTY HE COBIMaA[aloT, MOCKO/bKY
10 OrpeAeneHuto MoJIHasi MOLLHOCTb BK/IIO4AET B Ce0S MPOU3BEAEHNS HAMPSIXKEHNS 1
TOKa PasHbIX rapMOHYK.

[ns nosicHeHns gaHHOM KoHuenummn obpaTtuMcs K rpa-
hryeckoMy NPeacTaBAEHNIO 3TUX BENNYNH HA PUCYHKE
C.1. 370 TpexmMepHbIin BapUaHT TPEYrofbHNKA MOLLHOCTMN
01151 CMHycoupaanbHon cuctembl. Bektopsl P, Q n D obpa-
3ytloT pebpa napannenenunena, BEKTop S — gnaroHasb
napannenenunea, BeKTop A — anaroHasb rpaHu, KoTo-
pon npuHagnexxat pebpa P n Q, sektop N — gnaroHans
rpaHu, KoTopon npuHagnexart pebpa Q n D.

PucyHok C.1

'p A,

\4

N

B HecuHycounpganbHOW CUCTEME TOK U HanpsiKeHune
B NIMHUN NUTaHUSA Harpysku, KoTopas paboTaeTt C
aKTMBHOI MOLLHOCTLIO P, onuckisatotcs hopmynoi [C.6];
cnepoBaTenbHO, NOSHbIN KO3MMULNEHT MOLLHOCTU COS(
Nno onpegeneHnto paBeH:

P
cosp = —— [C.15]
S
Korga mget pedb 0 KOppekumn KoadduumneHTa MoLy-
HOCTU, CKaxkeM, Ao 3HadeHus 0,9, nogpasymeBaeTcs
VMEHHO 3TOT MOMHbIA KOSMPDULNEHT MOLLHOCTU, Takas
KOPPEKLMNA NO3BOAAET Npu TON XKe noTpebnsemon
aKTUBHOW MOLLHOCTW CHU3UTb MOJIHY0 MOLLHOCTb (1,
crnepoBaTefibHO, TOK, NpoTekawowmin B cet). MNonHbein
KO3 PULMEHT MOLLHOCTW NMpeacTaBnsieT coboin pac-
LUIMpeHne NOHATUSA KO3 MULMEHTA MOLLHOCTIN COSQ Ha
CUCTEMbI C UCKaXXEHNEM CUHYCOUOANBHOCTU (POPMBbI
KPVBbIX B YCT2HOBUBLLUEMCS PEXMME; COSp B TaKmMX
CUCTEMAxX pPaBeH:
P
cos@p=—— [C.16]
A

Ecnn KpuBble HaNps>XeHUs N ToKa He MCKaxkeHbl, 0b6a
BbllLeNpMBEAEHHbIX KOaddurumneHTa coBnagatT, HO
NPV HaAMYUN raPMOHKK OHW HE paBHbl N CBSI3aHbl CO-
OTHOLLEHUEM:

COS( = COSQ - COSY [C.17]

rae KoathMULIMEHT UCKAXKEHWIN COSy YYNTbIBAET MOLL-
HOCTb UCKaXXeHMs1 1 MO ONpenenieHnto paBeH:

cosy = A [C.18]
S

Koppekuusa koadhuumeHTa MOLLHOCTA 1 DUNbTpauns rapMOHUK B 9N1IEKTPOYCTaHOBKAX



C.4 NMpumeHeHne L-C cbnnbTpoB B Ka4eCcTBE KOH-
AeHcaTopoB

Ha cnepytouiem rpacdurke npencrasneHa 3aBnCMMOCTb
EMKOCTHOro un NHOYKTUBHOIO COI'IpOTVIBJ'IGHVII?I rnaccums-
Horo nocneposaTenbHoro L-C dunsrpa oT 4acToTbl.

X —X
_XC

f

Kak B1aHO 13 rpaduka, Ha YacToTax HKe Pe30HaHCHOMN

1 i
—————=—— EMKOCTHOE COMpPOTNBIIEHNE
2-m-4/L-C
60sblUe UHOYKTUBHOIO, CNefoBaTenbHO, reHepupyemMast
peakT/BHas MOLLHOCTb 6osblue NoTpebnsieMol, To ecTb:

yactotbl* f, =

2 1 2

Q=Q -Q,=o-L-I w~CI<O
MaccuBHbIN UnLTP NOAABASET FAPMOHNKY, KOTOpasi Co-
BMafaeT C ero pe30HaHCHOW YaCTOTOW, 3HAYNT, OH KOp-
pPeKTMPYET KOIMMPULUMEHT MOLLHOCTN Ha Bonee HN3KKX
yacToTax, U 3ToT aPPEKT cnegyeT yunTbiBaTb MPU Bbl-
06ope KOoHOEeHcaTopHbIX 6aTapelt n caMmux UIbLTPOB.
MHbIMK cnoBamn, KOMMNOHeHTbI L-C prnsTpoB MOXXHO
BblOpaTb Tak, YTO CyMMapHas peakTUBHAs MOLLHOCTb,
reHeprpyemasi Ha OCHOBHOW 4acToTe BCEMU YCTAHOB-
NeHHbIMN uneTpamu, 6ygeT COOTBETCTBOBATb peak-
TUBHOW MOLLIHOCTU, HEO6XOAMMOW AN TOro, YTO6bI NosI-
HbI KO3 purLUMeHT casura a3 Ha CTOPOHE UCTOYHMKA
ctan paseH 0,9.

[C.19]

B nonoce 4acToT BbllLe PEe30HAHCHON NHAYKTUBHOE CO-
NpoTMBAEHVE BbllLe EMKOCTHOrO, HO aMnANTYyAa rapmMo-
HUK TOKa, Kak NpaBunJio, CHUXKAETCHA C POCTOM 4acTOThl,
cnepoBarenbHO, PeakTBHas MOLLHOCTb, NOTpebnsemas
hrNLTPOM Ha YacToTax Bbille PE30OHAHCHOW, YMEHbLLIA-
eTCsl C yBENMYEHNEM NOopsaKa rapMOHUKK, KPpoMe TOro,
Ha BbICOKMX YacToTax KOMMeHcaunoHHas 6atapes Be-

4 Pe30oHaHCHasi 4acToTa — 370, 110 ONPeAesIeHNI0, YacToTa, Mpy KOTOPOI UHAYKTUBHOE 1
EMKOCTHOE CONpPOTUB/IEHNS] COBMAaAaloT (CM. rnasy 8). Takum ob6pa3om:

1

2.-n-f-C 2-m-4/L-C
Ecnvn uHByKTMBHOCTbL U EMKOCTb COEAMHEHb! MOCAE[0BaTe IbHO, UMMEAaHC CTPEMUTCS K
HYJII0, B pe3y/ibTaTe rapMOHUKM TOKa, 4acToTa KOTOPbIX COBMaZaeT C Pe30HaHCHOM, Bbi-
3bIBAOT KOPOTKOE 3aMbIKaHNE. AHAN0rNYHO, ECIN UHAYKTUBHOCTb U EMKOCTL COEAUHE-
Hbl M1apasnnesnbHo, UMMEAaHC CTPEMUTCS K GECKOHEYHOCTH, B PE3yIbTaTe MEX/y To4YKa-
MY MOBKIIOYEHNST (PUIIETPA BOBHUKAET MEPEHANPSIKEHNE.

X =X —»27-fL= —>4.7%f2.L.C=1—pf =
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OeT cebsi N0 OTHOLLEHWMIO K CETU KakK NHOYKTUBHOCTb, 4TO
YCTpaHAEeT BO3MOXXHOCTb napasnnesisHoro pesoHaHca ¢
ceTeBon NHOYKTUBHOCTbIO.

Mpumep npumeHeHns

Mpegnonoxxum, TpexdasHblii NOSIHOCTLIO YyNpPaBnseMbIn
OBYXMNOSyNepuoaHbIA CTaTUYECKNIA BbINPAMUTENb NUTA-
etcsa ot cetn 50 U, 1 9Ta ceTb MMEEeT AOCTATOYHO Bbl-
COKYIO MOLLHOCTb KOPOTKOIO 3aMbIKaHusi, YTO6bl npe-
HEOpPEYb VMCKaXKEHNEM HamnpshKEHWs!, BbISBaHHbIM rap-
MOHMKaMu ToKa OT BbINpaMUTENs®.

PucyHok C.2

L1 —>_.|“ !

L2 > A
L3 P>

Tok B Kaxxgon ase ANHUN NUTaHUS UMEET MPSMO-
yroneHy Gopmy (Mpu ycnoBuu, 4TO Harpyska Ha
CTOPOHE MOCTOSAHHOTO TOoKa obnapgaeT 60NbLION
WHOYKTUBHOCTbIO), U OCHOBHAas rapMoHuUKa Toka
paBHa 4acToTe CUMHYCOMAANIbHOro Hamnps>XeHus.
MpeobpasoBaHne Pypbe oNs Takoro Toka gaet
TONbKO rapMoHuKM® nopsgka k = 6n =1 (n = 0,1,2..)),
TeopeTnmyeckas amnamTyga KOTOpPbIX 06paTHO
nponopLmoHanbHa NOpPsAKY rapMOHUKK K7, TO ecTb:
=t
k
rae |, —amnmTyaa OCHOBHOW rapMOHUKM (B AaHHOM Mpui-
mMepe — 50 ). MNMocKonbKy, cornacHo MCXoOHOMY LOrMy-
LLEHNIO, KpMBasi HaNPs>KeHNS He MEET UCKaXKEHWN, ee
npeobpasoBaHne B psg AAET TOIbKO OCHOBHYHO rapMo-
HUKY, ClegoBaTeslbHO, aKTUBHAs 1 PpeaKTVBHasi MOLLHO-

[C.20]

5 OT0 03Hayaer, YTO KaK roKas3aHO Ha CXeme, BCE BEeHTW/IN SIBJISIIOTCS] TMpUCTOpamu,
KOTOPbIMY MOXHO YNpaBJisiTb, U3MEHSIS1 Yo/l yrpaBieHusl (3a4epXKi BKIIIOYEHUS]) o, 3TO
03BO/ISIET MEHSITb 3HA4EHNE BbINPSIMIIEHHOIO HanpsikeHusi V, u MoLyHoOCTU P cornacHo
crieayroLemMy COOTHOLLIEHMIO!

V=V, - cosa P =P, - cosa

rae V, n P, — COOTBETCTBEHHO CPEAHee BbiNPSIMIEHHOe HarpsXKeHNe N MOLYHOCTL Ha
CTOPOHE MOCTOSIHHOro ToKa 6e3 yrna yrnpasneHusi TupucTopos (o = 0).

Ha cTopoHe rnepemeHHOro Toka 3afepkka BK/OYEHIST TUPUCTOPOB 0. BbI3bIBAET CABUI
has ¢ Mex gy HanpsKeHNeM 1 TOKOM, YTO MPUBOANT K MOTPEBIEHNIO PeaKTUBHO MOLL-
HocTu Q. B 4aCcTHOCTY, Ae/iCTBUTENIbHO COOTHOLLIEHNE 0L = (.

6 970 3aBUCUT OT TUMa MOCTOBOIO BbIMPSMUTENS (OGHOa3HbIV, TPEXasHbIi, LIeCTy-
hasHblii 1 T.4.) 1 TUNA yripasaeHns (Heynp /4, Mos1yynp. i un rubpug-
Hblii, MOJIHOCTBIO YrpaBSeMbI).

7 a’aKTM"leCKM, HeHyieBoe BPpeMsi BK/IIHYeHVs 1 HeHyﬂeBOﬁ yron ynpasieHvs yMeHbLLa-
T amnanTygy rapMOHUK M0 CpaBHeHUIo ¢ TeOpeTM'-leCKOl;i.
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CTn, NoTpebnsaemMble BbinpsMuTenem (6e3 yyeTa noTepsb),
paccuuTbiBatoTcs no opmyne [C.10] n paBHbI®:

[C.21]

P=3YV,-l,cosg=3"V,l,-cosg,=P, =V,; |- coso=P,
k=1
[C.22]

Q=3 V,-1,-sing,=3-V,-1,-sing,= 3-V,-1,-sina.= Q,
k=1
roe:

Vdo — Hanps>keHne Ha CTOpOHe NMOCTOAHHOIO TOKa,

|d — TOK Ha CTOPOHE NMNOCTOAHHOIO TOKAa,

MonHas MOLLHOCTL OCHOBHOM rapMOHNKK, COOTBETCTBYHOLLAA
3TUM MOLLHOCTAM, paBHa:

A=VP +QI=A, [C.23]

MockosnbKy nosHas MOLHOCTL paBHa:

[C.24]

MOLLHOCTb UCKaXKEHWIA, o6ycnoaneHHa;| HecnHycomnganb-
HOCTbIO TOKa, COCTaBUT:

D=4/S% A?

Mpepnonaras, 4To HOMUHaNBHAs MOLLHOCTbL MOCTOBOIO
BbIMPAMUTENS HA CTOPOHE MOCTOSIHHOIO TOKa paBHa
140 kBT, 4TO Hanps>XeHne Ha CTOPOHE UCTOYHMUKA M-
TaHUs — HOMUHaSIbHOE N CYHYCOoMZasnbHOe, YTO Bpems
BKJIIOYEHUSA TUPUCTOPOB PaBHO HyJSIIO, a Yron ynpasne-
HMS o UMEET Takoe 3HadeHue, 4To cosp = cosa = 0,8,
nony4aem cnegytoLLme 3Ha4eHns MOLLHOCTIN Ha CTOPOHE
nepemMeHHOro Toka:

[C.25]

P=P,=P,cosa =140-0.8 =112kBT

OTKyAa Haxognm TOK I'IepBOVI rapMOHUKWN:

P 112.10°

I = =
" 43-U,-cosp +/3-400-0.8

=202 A

N, COOTBETCTBEHHO, PeaKTUBHYO MOLLHOCTb 1 MOJIHYO
MOLLHOCTb OCHOBHOI FapMOHI/IKVIQZ

Q=+/3-U, - |,-singp=+/3-400- 202 - 0.6 = 84 kBap
A=+/P*+Q* =140 kBa

8 nOCKOﬂbe B KpMBOVl Haripsi>KeHusi OTCYTCTBYIOT BbICLUVE rapMOHUKW, BCe C/iaraemble,
KpOMe nepBoro, pasHb! Hy/to. Kpome Toro, nockosbKy yron casvra ¢as ¢ v yrosn ynpas-
JIEHUSI 0. (B MOMEHT BKJIKOYEHUS TUPUCTOPOB) COBIMaAatoT, O4eBUAHO, YTO roTpebnsiemast
peakTBHasi MOLLHOCTb BbIMPSMUTE IS BO3pAacTaeT C yBeMYeHeM yrna yrpasieHusl.
9cosp =0.8 —» ¢ =36.9° —» sing =0.6

Mpeobpasysi HeCMHyconaanbHbIl TOK Ha CTOPOHE nepe-
MEHHOro HanpshkeHus B psig Pypbe cornacHo opmy-
ne [C.20], nonyyaem cnegyroye amnanTygpl rapMOHMK
(paccmaTpurBaoTCs FrapMOHUKK [0 25 nopsigka):

Tabnvya C.1

k I [A] 1L/, %
1 202 100
5 40 20
7 29 14
11 18 9
13 15 8
17 12 6
19 11 5
23 9 4
25 8 4

CnepoBatenbHO, B OTCYTCTBME (DUSIBTPOB rapPMOHUK B
CETM Ha CTOPOHE UCTOYHUKA NTaHUs ByaeT NpoTekaTb
TOK C OOLMM OENCTBYIOLLMM 3HAYEHNEM, paBHbIM KOp-
HIO KBagpaTHOMY U3 CyMMbl KBaApaToB AeNCTBYHOLLMX
3HaYeHUN rapMOHUK TOKa, MPUBEAEHHbIX B Npenblay-
Len Tabnuue:

M nojiHas MOWHOCTb COCTaBUT.

S=+/3-U, -1 =+4/3-400-210=146 kBa

a KO3 MPULUNEHT NCKAKEHUSA MO TOKY:

THD=k:|—5=29%

1

CooTBeTCTBEHHO, KO3 PUUNEHT MOLLHOCTN OC-
. A .
HOBHOWN rapMOHUKM cosw=§=0.96 N NONHbIA KO-

3P PMUNEHT MOLHOCTN HA CTOPOHE MCTOYHUKA
nuTaHus cosd = cosep ® cosy = 0,8 ¢ 0,96 = 0,77.
MonHbI KOS PULMEHT MOLLHOCTM TPEBYETCH CKOPPEK-
TMPOBAaTb [0 3Ha4YeHNs cose'= 0,9, ans Yero cnegyet pac-

Koppekuusa koadhuumeHTa MOLLHOCTA 1 DUNbTpauns rapMOHUK B 9N1IEKTPOYCTaHOBKAX



cuUnTaTh 1 NOAKIIUUTL NapannensHo L-C dnnstpbl onsa 5,
7,11 1 13 rapMOHUK, Kak MoKasaHo Ha CneayoLLen Cxeme.

PucyHok C.3 I
d

ll | _:’—W
-~ R —_
> >
~
lia I ly ls

Icm ICH IC7 ICS
CnepoBaTtenbHO, KOHEYHOE 3HA4YeHne cose' AOSKHO
npesblwatb 0.9. MNpeanonoxum, 3To 3HadveHe GyneT

paBHATbCA 0,91, B TaKOM crydae KOMMneHcupytoLwas
peakTBHas MOLLHOCTb paBHa:

Q=P-(tgp-tgg')=112- (tg(cos '(0.8)- tg (cos '(0.91)))= 33 keap
OTKy[ia HaxoayM PeaKTUBHYO MOLLHOCTb NOC/e KOPPEK-
unn KoahduumeHTa MmoHocTn Q'

Q'=Q-Q,=84-33=51 kBap
MopbepeM NMHAYKTUBHOCTY st (OUSILTPOB FrapMOHIK 1
paccuyuTaeMm EMKOCTM, KOTOPbIE BbI3bIBAOT NOCe[oBa-
TENbHbI PE30HAHC:
Co=
(2nf)”- L,

Tabmmya C.2
k f [Mul L, [mIH] C, [Mk®]
5) 250 1 406
7 350 2 103
11 550 1 84
13 650 1 6

PeakTnBHasa MOLHOCTbL Ha YacToTe nutaHusa 50 My pac-
cuutbiBaeTcs ana L-C cdwunsTtpa 5-i (k nprmepy) rapmo-
HVIKW cnegyoLwyM o6pasom:

U,
|1,5= 1
3.(2150 Ly~
*F(” : 27550-05)
Q=3 (- -2150.L) 12
15~ 27150-C. 5] s

AHanornyHo paccymTbiBaeM BKaL OCTasibHbIX FAPMOHUK.
CyMMa KOMMEHCUPYIOLWMNX PeakTUBHbIX MOLLHOCTEN
npu 50 My o4eHb 6M3Ka K 3agaHHON (Npy 3HAYEHNAX
VNHOYKTUBHOCTEN 1 EMKOCTEN, MprBeaeHHbIX B Tabnuue C.2);
y4nTbIBas, YTO NOMHAA MOLLHOCTb OCHOBHOW FrapMOHUKN A'
(Mpw TOM >xe NOTPEeHNSEMOI aKTUBHO MOLLHOCTM P) paBHa:

A'=vVP’+ Q'?=123 kBa

p.e|7|CTBy|ou.|,ee 3Ha4eHne I'IepBOI7I rapMOHUKKN TOKa CTa-
HOBUTCA PaBHbIM:

Lo A _12310°
T V3.U,  v3-400

=177A
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YTO NPUBAN3NTENBHO Ha 12 % HUXKE UCXOQHOro 3HaYe-
HVA |, NPU 3TOM HEOTAUNETPOBAHHbIE FAPMOHUKY UMe-
0T criedytoLye napameTpbi:

Table C.3
k I, [A] 1L/V, %
17 10 6
19 9 5
23 8 4
25 7 4

Kak BUOHO 13 cpaBHEHMS OENCTBYIOLNX 3HAYEHWI B Ta-
6nvuax C.1 n C.3, Koppekums KoadhurumeHTa MOLLHO-
cTn Ha 4acTtoTe 50 4 npuBena K yMeHbLUEHWIO AeNCTBY-
tOLLIEro ToKa NepBo FAPMOHUKK, YTO CHU3WJIO YPOBEHb
I il
HeOoTUNETPOBAHHbLIX FAPMOHUK (MOCKOSBKY | '=Lk).
OT0 NprBOOUT K ele 60NbLUEMY CHUXKEHMIO MOJSIHOMO
TOKa B CETU HA CTOPOHE UCTO4YHMKA NuTaHus, I' =178 A
(Ha 16 % HwKe HavanbHOro Toka l), a NosHas MOLHOCTb
S' NpuHNMAaET 3HaY4YeHME:

S'=v3-U,-I'=+/3-400-178 =124 kBa

KoahprumeHT MOLLIHOCT OCHOBHOW rapMOHMKU NOBbI-
waetcs ot 0,96 po:
A" 123

cosy'=—=—=0.99
v S' 124

N NOMHbIN KO3 PULNEHT MOLLHOCTN TENEPb PaBeH:

cos¢'=cos@'-cosy'=0.91-0.99 = 0.906

Takm 06pasoM, NOCTaBNEHHAs Liefb JOCTUMHYTA, B NMPO-
TUBHOM cflydae cnepoBasnio 6bl yBenmyuntb Tpebyemoe
3HayeHve Cosg 1 NOBTOPUTL BCIO npoLenypy. Koaddu-
LMEHT NCKaxKeHUs Toka cHuannes oo Ku' = 9,9 % (Hnxe
ycTaHoBneHHoro yposHs 10 %).

M3 aToro npumepa MOXHO caenaTb cnepytoLlee 0606-
LaroLee 3akntodeHue. NaccrBHble unsTpbl C NpaBnib-
HO BblOGpaHHbIMU MHOYKTUBHOCTAMY M EMKOCTAIMI peLla-
tOT, MOMUMO (HUNLTPALIMN FAPMOHUK, eLLe ABE 3a[a4u:

® KOPPEKTUPYIOT KO DULNEHT MOLLHOCTI Ha 4YacToTe
50 Iy (NOCKOMbKY Ha OCHOBHOW YacToTe (hunsTp Npea-
cTaBnsieT cobo EMKOCTHOE COMPOTUBIEHNE, TaK YTO
reHeprpyemasi peakTuBHasi MOLLHOCTb Bbllle NoTpe-
6nsiemon);

CHWXatOT OeCTBYIOLME 3HAYEHNSA TOKOB HEOT(PWb-
TPOBaHHbIX rAPMOHMK (MOCKOJIbKY B pesynsraTe Kop-
pekunn Ko duruneHTa MOLWHOCTN CHU3WUACA Aen-
CTBYIOLLMIA TOK HA OCHOBHOW 4acToTe), 3TO eLe 605b-
LLe OrpaHn4MBaET NOJIHbIA TOK B CETU U KO3 DULMEHT
NCKaXKEHMS, YTO O3HAYaET MEHbLUEE UCKAXKEHME KPW-
BOW TOKa.
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NMpunoxeHue D

HaI'IpFI)KeHI/IFI M TOKN NP BKJIKOYHEHUN N
paspdane KoHaeHCcaTopoB

D.1 BknrovyeHne KOHAEeHCcaTOPHbIX 6aTapeit

[ns nokasaHHOWM Ha crepylowein cxeme ogHoMasHoM
9KBUBANEHTHOW LIenn, COCTOSILLIEN N3 KoHaeHcaTopa u
peaucTopa:

PucyHok D.1
roe:
v=+v2-V, - sin(wt+y) [D.1]
OENCTBYET crepytoLlee COOTHOLEHNE:
1
[D.2]

R-L+6»jﬁwt=v53vm~sm(wt+w)

CunTas HanpspkeHue Ha KoHaeHcartope V Hen3BecTHO
BENMNYNHON 1 yunTbiBas, Ytoi=ic=C e dvc/dt, rnonyyaem:

R-C. dv,
dt

+V, =\/§-an - sin (ot +y) [D.3]

PeLueHuve aTtoro nuHenHoro guddepeHumnansHoro ypas-
HEeHUs NepBOro Nopsiika NpPeacTaBfsieT coObOoN cymmy
OBYX COCTaBSAOLLMX: YCTaHOBUBLLENCS COCTaBNSIOLLEN
v,' (HacTHOe peLleHVe) 1 nepexoaHol (cBo6oaHON) co-
CTaBNAOLLEN, KOTOpas NpeAcTaBnsieT cobon 3aTyxato-
LLItO SKCMOHEHTY Vv "' (06Lee peLueHune), TO ecTb:

V=V, +V, [D-4]

OoTKyAa:
N o P9
RC-CEav, V2V, -sin(ot+y)  R-C-TE+y, =0

nOCKOJ'Ibe B yCTaHOBMBLLUEMCA COCTOAHUN TOK B Lenu
paBeH':

i'=v2-1-sin(ot+y +¢)

[D.6]

13 nepsoro ypasHeHus [D.5] HaxoayM HanpsixeHue Ha
KoHOeHcaTope B YCTaHOBVBLLIEMCS COCTOSHUM:

1 [t v2-l
v,'=—- | idt=- -cos(ot +y + [D.7]
c L 5. coslot+y+g)
Ona HanpspkeHus v ' nonyvaem?:
t
Vcn=vcn.e_? [D.8]

CuyuTas, 4To B Ha4anbHOM cocTosHuM, npu t = 0, Hanps-
>KEHVe Ha KOHEeHCaTope HyfeBoe:

Veo = Vc0'+VCOH= - : COS(\II-‘- (P) +Vc”= 0 (D-9]
o-C
Haxoaum:
V"= v -cos(y +¢) [D.10]
o-C
CnepoBaTesbHo:
t
A =f2—'cl~ cos(y +9)-e " - cos(ot +y +o) | [P-11]
0) .

Pelwas ypaBHEHNE OJ14 TOKa, TakK>XXe nojiydaemM Cymmy
yCTaHOBI/IBLIJeVICﬂ n nepexo,u,H0|7| COCTaBNALWNX:

=i+ [D.12]
YCcTaHOBMBLLAACS COCTaBNSAOLLANA OnpeaenseTcs ypas-
HeHuem [D.6], a NnepexodHyl0 COCTaBMSIOLLYIO MOXHO
HanTn guddepeHumpoBannem [D.8] no BpemeHu:

[D.13]
: dv," A V2 SN

"=C- c =C.——.cos e |- -

I dt o-C (v +e) ( R'C)

V2:1 -t
-> 5 RC cos(y +¢)-e
oTkyga: [D.14]
i=v2-l- -#-cos(xp +@)-e " +sin(wt +y +¢)
w-R-C

OpHononsapHas cocTaBnaoLas CTaHOBUTCS PaBHOM
HyJIt0, Korga:

cos(y+ @) =0—»y =90°- ¢

TO €CTb, KOTfa yrofl BKJIKOYEHUS OTHOCUTENIbHO HyNs
HanpsHKeHUs ABNSIETCA [ONOMHUTENBHBLIM K Yy casura das
MeXZy HanpsKEHWEM 1 TOKOM B YCTaHOBMBLUEMCS pPeXuMe.
B 3TOM cryyae He BO3HVKaET MMKOB TOKa M KOMMYTaLIOHHOMO
nepeHanpsi>xeHns. C gpyrov CTOPOHbI, eCu:

cos(y+¢@)=1—>y=-0
BO3HMKaET MaKcuMMmasbHas OOHOMONSPHAs COCTaBs-

was ¢ MakcmasibHbIM MNKOBbIM TOKOM 1 CaMbIM 60nb-
LM nepeHanps>XxeHnem.

2 OTCIO,aa c/iegyer, 4TO 1, MOCTOSIHHasi BpeMeHU paCCManMBaeMOIZ CUCTeMbl, paBHa RC
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Mpumep

Mpepnonoxxum, TpebyeTcs BKAOUUTL TpexdasHyto 6a-
Tapet CoeqUHEHHbIX 3BE30M KOHOEHCATOPOB MOLLHO-
cTbto 50 kBap, koTtopasa nutaetcs no 10 M TPeX>Kuib-
Homy MBX kabento oT cetn Hanpsi>xeHmem 400 B, 50 I,
MMeloLLIEN BECKOHEYHO BOSbLLYI0 MOLLHOCTb. EMKOCTb
B KaXXOon ase paBHa:

0. g0 ()

,D,e|7|CTByrou.|,ee 3Ha4YeHne HOMMHaJIbHOro TokKa, noTpe-
6nsemoro B YCTaHOBUMBLLEMCA pPeXXnMe:

| . Q. _510°
" V3-U, +/3-400

[Mpy TakoOM HOMUHaTBEHOM TOKE MPYMEHSETCSA MPONOXXEHHBIIA
B NIoTKe 16 MM? Kabesb C NMosHbIM conpoTyBieHnem 15 MOMm
B Kaxgon dase. CnegosaresfisHO, NOCTOSAHHAsA BPEMEHN T
ona RC uenm coctasut 15 MKc, a yron casura has mexany
TOKOM U Hanpsi>KeHNeM:

L): tg’«%) 8973
©-R-C 31415107107/ (o ooe v aoumi

Q, 50-10°

= = = Mq)
w-UZ ~ 314-400°

=72 A

@ =t9'1(

MoacTtaensas B ypaBHeHue [D.13] 3HayeHns conpoTums-
NEeHUst, EMKOCTU 1 TOKa (MOrpeLLHOCTLIO OT 3ameHbl | Ha
In MOXXHO NpeHebpeyb), Noy4aem, YTO MaKCUMasIbHbIN
NyCKOBOW TOK (Npegnonaras, 4To y = -¢) COCTaBUT OKOJI0
22 KA, 4t0o B 300 pa3 npeBOCXOAUT HOMUHANbHbIA TOK
6aTapen (cM. cnegyowmin rpaduk). Ha npaktnke atoT
MMKOBbI TOK ByOeT OrpaHN4MBaTbCs NMMNeaHCcoM M-
TatoLen cetn. OgHaKO eCnm TOK OKa3blBAETCS CIULLKOM
60bLUNM 0151 YCTaHOB/IEHHOIO 31EKTPO060PYA0BAHMS,
noTpebyeTcsa CNosib30BaTb OrpaHNYMBalOLLE PeaKTo-
pbl (cM. rnasy 9).

MakcumanbHbIA NMKOBbIN 3apsanHbIK TOK KOHOEeHCAaTOpHOU 6aTape|/| 752>+ /2 - 230 e R-10-3 —»R<

2 — iy

[kA]

— 0 T ; T ; T i T
-0.005 0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.‘04

[mc]
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D.2 Paspsinpka KoHAeHcaTopoB

PaccMoTpuM 3apsiKeHHYH0 KOHAEHCATOPHYHO HaTapeto ¢ Ha-
YasibHbIM Hanps>keHnem Vco, KOTOpas noaktoyeHa K paspsa-
HOMY CONMPOTUBNIEHNIO R, KaK NMoKa3aHo Ha Cﬂep,erLIJ,eVI cxeme:

PucyHok D.2

bes MPUNIOXKEHHOI0 BHELIHEro Hanps>XeHus beHKU,VI}O
Hanps>XeHna Ha KoHOgeHcaTope MOXXHO 3anncaThb B Bue:

dv,
R-C-—=+v, =0 [D.15]
dt
PelleHve aToro ypaBHeHUs gaeT:
t
v,=V,-er [D.16]
TO eCTb, B XyALUEM cllyyae, Hanps>KeHne PaBHo:
t
v,=v/2-V, -e- [D.17]
o dv,
3Has, yto i=i,=C ot onpepensiem Tok:
vV Jt
iz Voo o7 [D.18]
R

MNopctasve B [D.17] 3HaveHua t =180 c n v, = 75 B, Kak
TpebyeT ctaHgoapT MOK 60831-1, 1 pelunB 310 ypaBHe-
Hue oTHocuTenbHO R, onpegensiem MakcrumanbHoe pas-
psigHoe conpoTueneHne no dopmyne [9.12] ns rmasbi 9.

Mpumep

Mpegnonoxnm, TpebyeTcs paccynTaTb paspsgHble Co-
NPOTUBAEHNS AN KOHOEHCATopHOW 6atapeun, o KOTo-
pon wna peyvb B npegpigyliem npumepe. Bocnone3so-
BaBWNCb hopmynoin [D.17] n nogctaBns COOTBETCTBY-
toLLMe 3Ha4YeHus, nostyvaem (npu koadduuneHTte k = 1):

180
10°- |n(‘/§' 230)

3-60
=123 kOm

75

Ecnu BbiGpaTb pe3ncTop ¢ TakUM COMPOTUBIIEHNEM U YYECTD,
YTO 3a 3 MUHYTbI PE3NCTOP NPe0bpasyeT B TEMO ANEKTPUYE-
CKYI0 3HEPI1It0, 3anaCeHHYI0 B KaXKOOM KOHAEHcaTope, Mak-
cvmasbHas paccemBaeMasi MOLWHOCTbL COCTaBUT:

2
vz (v2-230)
P=—%=2___©~ =086BT

R 123-10

Takmm 06pa3oM, HECMOTPS Ha TO, YTO COMPOTUBIIEHNE
MMeEeT Nopsifok coteH KOM, MakcumarbHasi paccensa-
eMasi MOLLHOCTb He npeBbiwaeT 1 BT, NOCKOMbKY Mak-
CUManbHbIl TOK paspsifa CoCTaBNSET OKOJO:
CnepoBaTtenbHO, Harpes OyAeT HE3HAYNTENEH, N MOXHO

_V,, /2230
R 123-10°
NcnoJsib3oBaTb COeEANHUTENIbHbIE Kabenu Manoro ceveHusl.

=2.6 MA
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NMpunoxeHue E

KoppeKkuusa KoadurumeHTa MOLLHOCTH
Ha YCTaHOBKaxX C (POTO3NEKTPUYECKUM
reHepaTtopom

doTO3NEKTPUYECKNE CTaHLMM (CONHeYHble GaTapewn)
06bIYHO ABASIKOTCS MCTOYHNUKOM TOJbKO aKTUBHOW MOLLHO-
CTW, OOHAKO NMPUEMHUKIN SNEKTPOIHEPT N NOTPEBNSAIOT N3
CETU He TOMbKO aKTUBHYHO, HO U PeaKTUBHYIO MOLLHOCTb.
Ecnvn dhoToanekTpryeckas CTaHums NOSKIHaETCH K yke
CYLLECTBYIOLLIEN 3IEKTPOYCTaHOBKE, NOTPEOIIEHNE peak-
TUBHOW MOLLHOCTU OCTaeTCs MPEXHUM, a noTpebneHune
AKTUBHOWN MOLLHOCTW COKpAaLLaeTCs Ha BEINYMHY MOLL-
HOCTU (POTOINEKTPUHECKOrO reHepaTopa, Kak NokasaHo
Ha cnepytoLLell cxeme:

PucyHok E. 1
Py Pn: Qy
H_ﬁ—_
Q P=Pg,+Py
s —p— Q=Q, +Qy
P,Q

YT106bI HE NOABEPraTbCs WTpadam, ANeKTPoyCcTaHOBKA
B LieSIOM (MPUEMHMKN TOKa 1 hoToranbBaHN4EeCKNIA re-
HepaTop) AOJ/HKHA UMETb CpeaHnini KOAMMOULNEHT MOLLL-
HocTu 0,9, oTKyga cnemyer:

cos@, 20.9—»tge, < 0.5—>% <05
N

[E.1]

YunTbiBasi gaHHble, NpriBeOeHHble Ha cxeme, npeablay-
LLyto hOpMYSTy MOXKHO NepenucaTb CrneayroLLym o6pa3om:

Q-Q 45

= [E.2]
P- PPV

oTKyga:
[E.3]

PPV P
Q.2Q-05-(P- Py) _P~(tg(p1 - 0.5.(1- P)) =]

i P'(tg(P1 - tg(Pz)

roe:

P
t =0.5-(1- &
g0, ( P )

Ecnn hoToanekTpuyeckas ctaHuus OTCyTCTBYET (va =0):
tge, =0.5 ( —g) =05 —» cosg,=0.9 [E.5]

NoO3TOMY PEerynsaTop KoadduumeHtTa MOLWHOCTM yCcTa-
HaBnMBaEeTCsl, Kak 0Obl4HO, Ha 0,9.

Mpy Hanu4YM HOTOINEKTPUHECKOWN CTaHLMN YCTaHOB-
Ka reHepupyeT aKTUBHYK MOLLHOCTb, U PEryisTop Ko-
ahrumeHTa MOLWHOCTN CriedyeT yCTaHOBWTb Ha 3Ha-
YeHue Bbiwe 0,9. Hanpumep, ecnn reHepupyemasi MoLL-
HOCTb COCTaB/ISIET NOSIOBMHY MOLLIHOCTU, NOTpebnsiemoi
Harpy3kamu (PPV =0,5-P), TO:

05-P

tgp, =0.5- (1 - ) =025—» cosp,=0.97 [E6]
B npepensHom cnyyae, Korga hoTO3NeKTprYeckas cCTaH-
LS NOCTaBNSET BCIO aKTUBHYIO MOLLHOCTb, TPEOyeMyto
Harpyskamu (P, =P), perynatop koahduuyeHTa MoLu-
HOCTV CnepyeT yCTaHOBUTb Ha 3HaYeHe:

[E.7]

tgo, =0.5-(1— E ):0—» cos@,=1

N KOHAeHcaTopHas 6aTapest 6yaeT Npou3BOANUTL BCHO
PEeaKTVBHYIO MOLLHOCTb, NOTPEGNSEMYIO HArpy3Kamul.

Koppekuusa koadhuumeHTa MOLLHOCTA 1 DUNbTpauns rapMOHUK B 9N1IEKTPOYCTaHOBKAX



MpunoxeHne F

[apMOHVKN B YETbIPEXNPOBOAHOM
TpexdasHom cucteme

F.1 BBepgeHune

ONEeKTPOYCTaHOBKMW, MUTAKOLLMECS OT YEThIPEXNPOBOL-
HoW TpexdasHom CeTn, MOryT CO34aBaTb B HyJIEBOM pa-
604eM NPOBOAHMKE TOK, NMPEBOCXOAALLNIA MO OENCTBY-
fOLLEMY 3HAYEHNIO (Da3HbIE TOKM.

MoaTomy HyneBon pabo4mnii NPOBOAHUK AO/MKEH NMETb
bonbluee ce4veHne, YeM asHble, a YCTaBKM ToKa Ons
(hasHbIX 1 HENTPaNbHOIO MOJIKOCOB YETbIPEXMOSIOCHBIX
aBTOMATMYECKUNX BbIKTHOYATENENX AOMMKHbI pas3inyaTbCs.

MpumeHeHne hUnETPOB rAPMOHIIK 1 CPEACTB KOPPEKLI
KO3(ppurLMEHTa MOLLHOCTW YMEHBbLLAET TOK B HYNEBOM
paboyem NPOBOAHUKE. PaccMOTpUM, Kak BIUSAKOT HENN-
HelHble Harpy3kKn Ha COOTHOLLIEHME TOKOB B HY/IEBOM U
(hasdHbIX NPOBOOHMKAX.

F.2 CummeTpuyHasa TpexdasHas cuctema nuta-
HUS U TPU paBHble, HO HeNIMHEHble ogHOoda3HbIe
Harpy3Ku

PucyHok F.1
E
—» I 1
—o0—
—» E I »
q ~ =
» Es |L3
< ~ -
< . . °
|
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Bygoem y4ntbiBaTh, MOMUMO OCHOBHOW, TONbKO 3-10
rapMoOHUKY TOKa M BOCMOJIb3yEMCS 3HA4YeHUeEM,
yCTaHOB/EHHbIM B cTaHgapTe MOK 60947-2 (TOCT P
50030.2-99), npunoxeHue F, BapnaHT b):

l,=0.6 -,

B Takom cnyyae geincraytollee 3HaveHne hasHoro Toka
3aBUCUT OT 1-11 FAPMOHVKMN CNegyroLyimM 06pasoMm:

[F1]
=l =l =1, =12 412 =\12- (14069 =1.47-1,

B HyneBom paboyeM NpoBOOHVKE MPOTEKAET TOK, PaB-
Hblli anrebpanyeckor cymme AENCTBYIOLLMX 3HAYEHWUI
3-1X rapMOHUK (pasHbIX TOKOB:

ly=31,=38-06-1,=1.8-1, [F2]

OTctopa, BblpasnB TOK B HYNIEBOM MPOBOLOHVKE Yepes
hasHbI TOK, HaXoaNM:

|
ly=181,=18 1 =154.1_ =160%I, I3

Ecnn e npuHATb, 4YTO 3-9 rapMOHMKa COOTBETCTBYET
3Ha4YeHuo, yCTaHOBNEHHOMY B cTaHpgapTe MOK 60947-2,
npunoxexue F, BapnaHT a):

e 1,=088-1,

TO npefpiayLie COOTHOLWEHNA NPUHUMatOT BUA;
[F4]

=l =l =1, =12 +12 =4/17- (1+0.889) =1.331,

l=31,=3-0881,=264-1, [F5]

Iy =2.64-1,=2.64- I
1.33

=1.98-1 =200%I,  [F6l
Kak BUOHO 13 3TOro Npumepa, TOK B HyJIEBOM MPOBOAHN-
Ke MOXXET 60osiee HYeM BOBOE NpeBbiLLaTh hasHbIli TOK, YTO
TpebyeT COOTBETCTBYIOLLEN KOPPEKLMI CEHEHUs MPOBO-
LOHVKa U ycTaBku pacuenuTens. COOTHOLEHVE MEXOY
TOKamu B HyNeBOM U (ha3HOM MPOBOAHUKAX BO3pacTeT
eLe 6osbLUe, ecnv B CUCTEME NPUCYTCTBYIOT rapMOHM-
KW, KpaTHble TpeTbel. MNpeanono)xeHve, YTo B CUCTEME
OTCYTCTBYIOT FApPMOHUKM, HE KpaTHble TPETbEN, Hanpo-
TUB, 3aBbILLIAET COOTHOLLEHIE TOKOB B HYNeBOM 1 (has-
HbIX MPOBOAHMKAX: B UX MPUCYTCTBUM COOTHOLLEHWE BY-
[EeT MeHblLe, TaK Kak B CUMMETPUYHOIN cucTeme Takue
rapMOHUKIM He MPOTEKatOT Yepea HyNeBol MPOBOAHVIK.
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F.3 CummeTpuyHasa TpexcasHas cuctema nura-
HUS U ABe paBHble, HO HeJIMHENHbIe ogHOo(a3Hbie
HarpyskKu

PucyHok F.2
E
—» ILq
—o—>
— B I o
q ~ >
—» E,  1,=0
q ~ P>
1 °- Py

CHavana 6ygem yunTbiBaTb, MOMYMO OCHOBHOMW, TOMBKO
3-10 rapMoHuKy. B oTnnyme ot npegbigyLlero npumepa,
Tenepb TOK B HYNIEBOM NMPOBOAHUKE paBeH KBagpaTHO-
MYy KOPHIO U3 CYMMbl KBagpaTa OCHOBHOU rapMOHUKA 1
KBagpaTa CyMMbl ABYX 3-X raPMOHUK, TO eCTb:

Iy =4/ 12 +(215)°

B paHHOM cny4ae OCHOBHasi FrapMOHIMKa TOKa B HYJIEBOM
NPOBOLHUKE NPeAcTaBNsieT COO0M BEKTOPHYIO CyMMY
OCHOBHbIX FapPMOHMK (ha3HbIX TOKOB; MOCKOSbKY Nocnen-
HMe paBHbI MO MOAYSIKO U COBMHYTbLI MO hase Ha 120°, npwu
CYMMUPOBAHNM NOJTyYaeM OENCTBYHOLLLEE 3HAYEHNE, KaK
N 0711 OCHOBHOWM rapMOHMKKN ha3HOoro Toka.

[F7]

MpuHumas runotesy, Yto |, = 0,88 - |, (KOTOPYIO MOXHO
NPOBEPUTb Ha 0OAHOMA3HbIX BbINPSAMUTENSAX), MONyHaeMm:

[Fé)
Iy =12 +(2-0.88 1)2=1,-y/1+ (2- 0.88)% = 2.02- I,
[Fol
=1, =1, =12 +12 =412 (1+0.88%) =1.33.1,
2,02
N =@'IL =152|L [':-101

Ecnun 5-9 1 7-9 rapMOHVKIK Tak>Ke NPUCYTCTBYHOT, TO Npu
3HaYEeHUSAX, YCTAHOB/EHHbIX cTaHgapToM MOK 60947-2,
npunoxexue f:

e 1,=055-1,

e 1,=0.07-1,

COOTHOLLEeHNEe MexXxay ToKkamMn B HeﬁTpaﬂbHOM n d)aSHOM
NPOBOAHMKAX NpUHMaeT BULO:

Iy =141+ (2-0.88) + 0552+ 0.072 =211,  [F11]

[F12]
Iy =l =1, =1,4/1+0.88%+0.55°+ 0.07% =144 |,

2.1
l =1 =146-1
NTq44 0t -

[F13]

N3 cpasHeHusa dopmyn [F13] n [F10] BngHO, 4TO 1 B
OaHHOM Ccllydae Hann4yme rapMoHuK, HE KpaTHbIX 3-1,
CHM)KaeT COOTHOLLEHNE TOKOB B HENTpanbHOM 1 das-
HOM MPOBOAHMKAX.

Koppekuusa koadhuumeHTa MOLLHOCTA 1 DUNbTpauns rapMOHUK B 9N1IEKTPOYCTaHOBKAX



moccapumn

p,e|7|CTByrou.|,ee 3Ha4YeHne NoHOro Toka

| | cocTaBnstowasa Toka, CMHa3Hasa C HanpPs>KEHNEM

| | cocTaBnstoLLasn Toka, cMeLleHHas Ha 90° OTHOCUTESIbHO Hamnps>KeHUs

|, | DencTsytoLLEe 3HAYEHVE NEPBO rAPMOHNKN TOKa

OencTByIoLLee 3Ha4YeHne K- rapMOHUKY ToKa

[eNCTBYIOLLEe 3HaYeHNe JIMHENHOrO HanpPsXeHUs

[eicTBytoLLee 3HaYEHE NOJSIHOMO (ha3HOrO HaMPsSXKEHUS

<|l<|c

,D,el?ICTBy}OLLI,ee 3Ha4YeHne NepBoON rAPMOHUKN HaNPSXKEHNS

<

x

OencTByoLLee 3HadYeHne K- rapMOHMKIN Hanps>KeHNs

aKTVBHas MOLLHOCTb, NOTpebnsieMas Harpy3kom

O |1

peakTUBHas MOLLHOCTb, NMoTpebsiemasi Harpy3Koii

CyMMapHas peakTnBHasa MOLWHOCTb OO0 KOppeKunn KoahurLmeHTa MOLLHOCTH

O | O

N

CyMMapHas peakTMBHasi MOLLHOCTb MOCIe KOPPEKLMN KO3 hrLEHTA MOLLHOCTM

MoJIHas MOLLIHOCTb OCHOBHOW FrapMOHUKHK, NOTpebsemas Harpy3Kom

MOLLUHOCTb NCKaXXEeHUI

HeaKTnBHaA MOLLHOCTb

»w | Z2 |0 | >

nonHas MOLWHOCTb

NOJIHas MOLLHOCTb A0 KOPPEKLMN KO MDULIMEHTE MOLLIHOCTA

MoMHAasA MOLLUHOCTb MOCNEe KOPPEKLMM KO(hDULNEHTA MOLLHOCTM

O|lo|»

o

peakTuBHas MOLLHOCTb KOHAEHCATOPHOWN GaTapen

| | HOMVHaNBHBIN TOK KOHAEHCaTopa

| MaKcuMasnbHbIn FIOTpeGJ'IﬂeMbIIZ TOK KOHAeHcaTopa

COS® | KO DULMEHT MOLLHOCTU

COSVY | KO3(P(PULMEHT MOLLHOCTN NO OCHOBHOW rapMOHUKE

C0S¢ | MonHbI KOAPPULIMEHT MOLLHOCTM

COSOQ, | KO3 MOULMEHT MOLLHOCTUN [0 KOMMEHCALMN PEAKTVBHON MOLLHOCTM

Coso, KOS DULMEHT MOLLHOCTY NOC/E KOMMNEHCALMN PEAKTUBHOM MOLLHOCT

THD | KO3 (PULNEHT UCKaXKEHUSA

f | pe3oHaHcHasa yacToTa

P, aKTMBHas MOLLHOCTb, NogasaemMas hoTO3IEKTPUHECKM FrEHEPATOPOM

aKTBHasA MOLLHOCTb, Bblpa6aTbIBaeMaF| CEeTblO

peakTneHas MOLLHOCTb, Bblpa6aTbIBaeMaﬂ CeTblo
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CraTbM O TEXHMYECKOM NMPUMEHEHUM

CeneKTMBHOCTb aBTOMaTU4YeCKUX
Bbiknto4yaTtenen ABbB B ceTsix HU3Koro
HanpsHKeHus

QT2

Bbi60p aneKTpoo60opyaoBaHUs

npu NPOEeKTUPOBaHUMU TpaHchopMaTOpPHbIX
noAcTaHUMWA B CETAX CpeaHero/HU3Koro
HanpsHKeHUs!

QT3

CucTeMmbl pacnpegeneHus aNeKTPo3Hepruum,
3awmTa Npu KOCBEHHOM NPUKOCHOBEHUU
M 3aluTa OT 3aMblKaHUs Ha 3eMJIi0

QT4

MeTogu4yeckue pekomeHpauum no BbI6opy

M pa3meLleHU0 aBTOMaTU4eCKux
BbIKJIlOMaTesNien B pacnpenenuresibHbIX CeTax
0,4 KB 1 HN3KOBOJIbTHbIX KOMIMJIEKTHbIX
yCcTponcTBax

QTS

ABTOMaTU4YecKue Bbiknovatenu Abb
ANs NpUMeHeHU Ha NOCTOSHHOM TOKe

QTé6

Hu3KOBOMNbTHbIE KOMMJIEKTHbIE YCTPOUCTBA
C 3aLLMTOWN OT INIEKTPUHECKON ByrM

Q17

Tpexcpa3Hble aCMHXPOHHbIE ABUraTesn.
O6wume cBegeHUs U KoopauHauus annapatos ABb

QT8

Koppekuusa koachcpuumeHTa MOLLHOCTH
1 counbTpaumua rapMoOHUK B 3NIEKTPOYCTaHOBKax

QT9

lMpumeHeHe aBTOMaTUYECKNX BbIKIloYaTenemn
ABB B LMhpoBLIX cMCTEMaX aBTOMaTU3aLN.

QT10

MeToauyeckue peKkomeHaaLMM rno BbIGOPY arne-
MEHTOB KpernJjieHUs U CTabnnn3auum KOHTaKTo-
HOro HaXaTusi B Ppa360pPHbIX ANIEKTPUYECKUX KOH-
TaKTHbIX coeguHeHusx (POKC) HU3KOBONBbTHbIX
KoMnneKTHbIX ycTpoucts (HKY).






Hawwm KkoopauHaThl

117997, Mockaa,

yn. O6py4eBa, 30/1, cTp. 2
Ten.: +7 (495) 777 2220
dakc: +7 (495) 777 2221

194044, CankT-lNeTepbypr,
yn. lfenscunrdopcckas, 2A
Ten.: +7 (812) 332 9900
dakc: +7 (812) 332 9901

400005, Bonrorpag,

np. JleHnHa, 86

Ten.: +7 (8442) 24 3700
dakc: +7 (8442) 24 3700

394006, BopoHex,

yn. Ceobopgpl, 73

Ten.: +7 (4732) 39 3160
dakc: +7 (4732) 39 3170

620026, EkaTepuHbypr,

yn. QHrenbca, 36, od. 1201
Ten.: +7 (343) 351 1135
dakc: +7 (343) 351 1145

664033, NpkyTck,

yn. JlepmoHTOBa, 257
Ten.: +7 (3952) 56 2200
dakc: +7 (3952) 56 2202

420061, KasaHb,

yn. H. Epwosa, 1a

Ten.: +7 (843) 570 66 73
®dakc: +7 (843) 570 66 74

350049, KpacHogap,

yn. KpacHeix MNapTtusax, 218
Ten.: +7 (861) 221 1673
dakc: +7 (861) 221 1610

660135, KpacHosipck,

¥Yn. BanetHas, 5, ctp. 1, og. 4-05

Ten.: +7 (3912) 298 121
dake: +7 (3912) 298 122

603140, HnwxHuin Hosropog,

yn. Makcuma lopbkoro, a.262, o.24

Ten.: +7 (831) 461 9102
dakc: + 7 (831) 461 9164

630073, HoBocubupck,
np. Kapna Mapkca, 47/2
Ten.: +7 (383) 227-82-00
dakc: +7 (383) 227-82-00

614077, Nepmb,

yn. Apkagus langapa, 86
Ten.: +7 (3422) 111 191
dake: +7 (3422) 111 192

344065, PocTtoB-Ha-[oHy,

yn. 50-netusa Poctcenbmawa, 1/52

Ten.: +7 (863) 203 7177
dakc: +7 (863) 203 7177

443013, Camapa,

MockoBckoe wocce, 4 A, cTp.2

Ten.: +7 (846) 205 0311
dakc: +7 (846) 205 0313

450071, Yoa,

yn. PasaHckas, 10

Ten.: +7 (347) 232 3484
dakc: +7 (347) 232 3484

680030, XabapoBck,

yn. NocTelwesa, g. 22a
Ten.: +7 (4212) 26 0374
dakc: +7 (4212) 26 0375

693000, KO>kHOo-CaxanuHck,
yn. Kypunbckas, 38

Ten.: +7 (4242) 49 7155
dakc: +7 (4242) 49 7155
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