08 by [
B | [
BiE
] 1 ] 1 |
b I . VHSS
k7 | [fg Ri 10
| [ i
RiE Fig -
4 .
L_J L il ]I_-'
1 - it —
-|w|s O & F locti <+
x| ;o e LRI+ LS YA M P ¥
- AP (o L, [AHO .
. Lopoma Lpema [ o 7 i3
N o : ; ) L.l . i [ 20T
22 Voo —

Puc. 1. Harerparop

TEHEPATOP

FTEHEPATOP

YCTpoicTBO NpeHa3HauYeHo ans OTMOTKM NOKa3aHWin MHAYKLMOHHbIX 31EKTPOCYETYNKOB 6e3
N3MEHEHMS NX CXeM BK/OUEHMS. MPUMEHUTENIbHO K 3/IEKTPOHHBLIM 1 3/1EKTPOHHO-MEXaHN4YeCKUM
CYETUMKAM, B KOHCTPYKLIMIO KOTOPbIX 3a/10)KeHa HeCnoco6HOCTL K 06paTHOMY 0TCUETY NoKasaHwuil,
YCTPOIACTBO NO3BONSAET NOSIHOCTL0 OCTAHOBUTL YUET 10 MOLUHOCTM NOTPEBNEeHNst B HECKObKO KBT. Mpy
yKa3aHHbIX Ha CXeMax 3/leMeHTax yCTPOMCTBO pacCuMTaHo Ha HOMUHaIbHOE HanpskeHne ceT 220 B 1
MOLUHOCTb OTMOTKM 2 KBT. [pUMeHeHne Apyrux 3/leMEHTOB N03BO/ISIET COOTBETCTBEHHO YBENMNUNTD
MOLLHOCTb.

YcTpoiicTBO, COGpaHHOE NO NpeAnaraemoi cxeme, NPOCTO BCTABMSETCA B PO3ETKY U CUETUMK
HauMHaeT cuMTaTb B 06paTHYIO CTOPOHY. BCsi 31eKTPONPOBOAKA OCTAeTCS HETPOHYTON. 3a3eMeHne He

HY)HO.
TeopeTuyeckne ocHOBbI PaboTa ycTpoiicTBa OCHOBAHA Ha TOM, YTO [JaTUMKM TOKA 31EKTPOCUETUMKOB,



B TOM UMCNE N 3NEKTPOHHbIX, COAEPXAT BXOAHON MHAYKLMOHHbIN Npeobpa3oBatesib, UMEKLWMA HA3KYIO
YYBCTBUTE/IbHOCTb K TOKaM BbICOKON YaCTOTbl. QTOT (PaKT NO3BONSIET BHECTU 3HAUMTENIbHYIO OTPU LaTe
Nb HYO MOrPELUHOCTb B YHET, €CNN NOTPEbNeHne OCYLLECTBATL UMMYbCaMU BbICOKOI YacToThbl. pyras
0COBEHHOCTb — CYETUMK ABMIAETCA pefie HanpasfieHUsa MOLWHOCTH, T.e eC/IN C MOMOLLbH0 Kakoro-nuéo
UCTOYHMKa (Hanpumep Au3enb-reHepartop a) nuTaTb caMmy 3/1eKTPUYECKYI0 CeTb, TO CHETUMK BpaLlaeTcs
B 0O6paTHYt0 CTOPOHY.

MNepeuncneHHble drakTopbl NO3BOAKT CO34aTh MMUTATOP reHepatopa. OCHOBHLIM 3/1EMEHTOM
TaKoro yCTponcTBa ABMAETCA KOHAEHCATOP COOTBETCTBYIOLLE eMKOCTU. KOHAeHcaTop B TeueHune
4yeTBEPTV NEpPUoLa CETEBOTO HANPSHXXEHNA 3apaxatoT 0T CETM MMNY/bCaMM BbICOKO 4acToTbl. Mpw
onpefeneHHOM 3HayYeHUK YacToTbl (3aBUCUT OT XapakTepPUCTUK BXOLHOIO Npeobpa3soBaTensi CHeTUnKa),
CYETUMK YUMTbIBAET TOIbKO YeTBEPTb OT (PaKTUUYECKM NOTPEBNEHHOR aHeprnn. Bo BTOpyto YeTBEPTb
nepuoga KoHAeHcaTop paspsxatT 06paTHO B CeTb HaNPAMYI0, 6€3 BbICOKOYACTOTHON KOMMYTaLUN.
CyeTumK yunTbIBAET BCIO SHEPIUIO, NMUTAIOLLYIO CeThb. PaKkTUYECKM 3Heprus 3apsasa v paspaga
KOHZeHcaTopa 041MHaKoBa, HO NOJIHOCTLIO YUMTbIBAETCA TO/IbKO BTOpas, co3fasas MuTaumio
reHeparopa, nuTatLLero ceTb. CUeTyMK NPy 3TOM cuUMTaeT B 06paTHYI0 CTOPOHY CO CKOPOCTLHO,
MPONOpPLMOHA/IbHON Pa3HOCTU B € ANHULY BPEMEHUN SHEPTUM pa3paLa v YUTEHHOW 3Heprun 3apaja.
SNEKTPOHHbIN CHETUMK ByOeT NOHOCTLI0 OCTAHOB/EH U MO3BOINT 6e3Y4eTHO NOTPEONATL IHEPTUIO, HE
60/1ee 3HaYeHnsA aHeprumn paspsga. Ecnim MowHoCTb NOTpeduTena okaxeTcs 60/1bLUeR, TO CHETUMK
OyfeT BbluMTaTb M3 HEE MOLUHOCTb YCTPOICTBA.

daKTYeCKM YCTPONCTBO NPMBOANT K LMPKYNSALMN peakTUBHON MOLUHOCTY B ABYX HANpaB/ieHnsix yepes
CYETUMK, B OAHOM 13 KOTOPbIX OCYLLECTBNSIETCA NOJHbLIN YHET, a B APYTOM — YaCTUYHBIN.

MprHWTManbHas cxema ycTponcTaa

YCTPOICTBO COCTOUT U3 YeTbipeX MOAYNEN, MPUHLUMNUANbHbIE CXeMbl KOTOPbIX NPYBEAEHbI HAa puUC.
1-4.

NHTerpatop (puc. 1) npegHasHaveH 41 Bbl4ENEHUA U3 CETEBOIO HaNpPsHXXeHWa CUrHasos,
CUHXPOHM3UPYIOLWLMX paboTy ApyrMX MoAyneit. ITO NPAMOYIo/ibHble UMMY/bCbl YPOBHA TT/1 Ha BbIXo4ax
CincCa2.

®poHT curHana C1 coBnagaeT C Ha4yaioM NOJIOXMTENbHO NOMNYBO/IHbI CETEBOIO HANPSXKEeHUs, a
cnaj — C Hayasiom oTpuuaTtesibHOM NoyBOSHbLI. ®POHT curHana C2 coBnajaeT ¢ HavaioM
MONOXWUTENIbHON NOYBO/HBI MHTErpaia CeTeBOr0 HaNPSHXXEHUS, a crnag - C Ha4asloM oTpuLaTeIbHOM
MonyBOJIHbI. Takum o6pasoM, curHanbl C1 n C2 npefcTaBnatoT co60i NPSAMOYro/ibHble UMMY/bChI,
CUHXPOHU3NPOBaHHbIE CETbI0 U CMELLEHHbIE N0 (ja3e OTHOCUTE/IbHO APYr Apyra Ha yron x/2.

CurHan, cooTBETCTBYIOLLWMI HANPSHXKEHNIO CETU, CHUMAaEeTCs ¢ pe3nctuBHoro genntens E.1.1, E.1.3,
orpaHuumBaeTcs 4o YpoBHS 5 B ¢ nomoupto pesuctopa E/N.5 n ctabunutpoHa D1.2, 3atem yepes y3en
rasibBaHNYeCcKom pa3Ba3kn Ha onTpoHe OC 1.1 nogaeTcs Ha Apyrme Moaynu. AHanormyHo
thopmupyeTcs curHas, COoTBETCTBYIOLLMI MHTErPasTy HanpsXeHns ceTu. MNpouecc MHTerpupoBaHus
obecneunBaeTcs npoueccamm 3apsaga n paspaga koHgerncatopa C1.1.

Cuctema ynpasneHus (puc.2) CnyxuT 4na oopmMmpoBaHus CUTHaN0B YripaBieHNss MOLLHbIMU
K/Il04eBLIMY TPAH3MCTOpPamm pekyneparopa (pvc.3). AMropuT™ ynpasnieHUs CUHXPOHU3MPOBaH
curHanamu C1 n C2, nonyyaembiMy € MHTErpaTopa. ns obecneyeHns MMNynbCHOIO npotecca
NpoTEKaHNA 3HepronoTpebeHns YCTPOCTBOM CYXUT 3aJatoLLUmil reHepaTop Ha NI0rMyecKmx
anemeHTax DD2.3.4 1 DD2.3.5. OH doopMupyeT MMNYynbCbl YacToTol 2 KI'y, amnantyaoi 5 b. YactoTta
CUrHasia Ha BbIXo/e reHeparopa v CKBaXXHOCTb UMMNY/IbLCOB ONpefensoTca napameTpamm
BpemMssagaoumx uenen C2.1-R2.1 n C2.2-E.2.2. 3T napaMeTpbl MOIyT NoA6MpaTbCA NPU HacTpoiike
Ans obecrneyeHnss HanboNbLEe NOrPELIHOCTY y4eTa 3/IEKTPO3HEPIUKM, NOTPEe6IAEMOIA YCTPOMNCTBOM.

Nornyeckuii 6nok cucteMbl Ha 0CHOBe aHanmn3a curHanos C1l n C2 doopmupyet curdanst Ul — U4,
KaXX bl 13 KOTOPbIX yIpaBnseT COOTBETCTBYIOLMM NIeHOM pekynepaTopa. b He06XxoAMMble MOMEHTbI
BPEMEHV Nornyecknin 6710k MoaynMpyeT COOTBETCTBYIOLLYI BbIXOAHOW CUrHa CUTHA/IOM 3a4atoLLero
reHeparopa, obecneuriBas BbICOKOYACTOTHOE 3HEPronoTpebneHue.

Pekynepartop (puc.3) npeactaBnsieT coboil ABa 0MHAKOBbIX KaHana, KaX ablii 3 KOTOPbIX
obecneunBaeT NOAKYEHNE K 3N1EKTPUYECKOIA CEeTU OTAENIbHOM0 HaKONUTEIbHOTO KoOHAeHcaTopa C3.1
nnn C3.2. KaHan ynpasneHusa koHgeHcaTtopom C3.1 coCTOUT U3 MOLLUHbIX TpaH3ucTopos 13.2, T3.6,
BbINpsAMUTENbHbIX AnoaoB D3.1, D3.3, yennutenbHbIX Kackafos Ha TpaH3ucTopax T3.1, T3.3 1 y3noB
raslbBaHNYeCKOM pa3BA3KM OT anekTpoceT Ha onTpoHax OC3.1, OC3.3. KaHan ynpaBneHus



KoHAeHcaTtopom C3.2 NOCTPOEH aHanorMyHo. 3a cyeT anropmtMa paboTbl CUCTEMBI YrIpaB/eHns
obecneunBaeTcst paboTa KoHaeHcaTopa C3.1 Ha N0MI0XUTENIbHOV NOJYBOJIHE CETEBOIO HaNpPSXXEeHUS,
a C3.2 — Ha oTpuuaTensHoM.

Bnok nutaHusa (puc.4) NOCTPOEH MO KNaccuyeckon cxeme. HeobxoAMMOCTb MPUMEHEHNS TPEX
KaHa/10B NUTaHMsA NPOAUKTOBaHa 0COOEHHOCTLIO CBSA3M KackaoB pekynepartopa C 3/1eKTpMYeCcKoii
ceTbto. [py 3TOM 06LYIM NPOBOAOM MOXHO /LWL YC/TIOBHO CUUTATh OTpULLATE bHbINA NOMOC 5-
BOJIbTOBOTO BbIX04a. OH He Jo/MKeH 3a3eM/IATLCA UM UMETb CBA3b C NPOoBOAaMM CeTU. [NTaBHbIM
TpeboBaHMEM K 6/10KY NUTaHWUA SIBNSETCA BO3MOXHOCTb 0becneunts Tok A0 3 AHa Bbixogax 16 b. 310
HeobXxo4nMo AN BBOAA MOLLHbIX K/THOYEBbLIX TPAH3MCTOPOB B PEXMM HACbILEHNSA B OTKPLITOM
COCTOSHUW. B NPOTUBHOM criyyae Ha Hux ByaeT paccemBaTbcsi 60/bLlUas MOWHOCTb, U OHW BbIAAYT U3
CTpOS.

[eTtann n KOHCTPYKLMA

MUKpOCXeMbl MOTYT NPUMEHATLCA Ntobble: 155, 133, 156 n apyrnx cepuii. He pekomeHayetcs
NMPUMeHeHne mmkpocxem Ha ocHoBe MOIT -CTPYKTYp, Tak Kak OHW 60/1ee NoABepXeHbl BNAHUIO
HaBOOK OT pab0Tbl MOLLUHbIX K/IOUEBbIX KACKa0B.

KntoueBble TpaH3MCTOPbI pekynepaTopa 06a3aTte/ibHO YCTaHaBIMBAKTCA Ha paguatopax. Jiydle ans
KaX[0ro TpaH3ncTopa 1cnosib30BaTh OTAEMbHbIN pagmatop naowaabio He meHee 100 cv”. U3
Co06paxeHunii 6e3onacHOCTV He criefyeT UCnoJib30BaTh MeTa/l/IMYeCcKnii KOpMyc yCTPOMCTBa B
KayecTse paguaropa 411 TpaH31UCTOpPOB.

N5 BCeX BbICOKOBOJIbTHbIX KOHAEHCATOPOB HA CXeMe 0603HAYEHO X HOMUHA/IbHOE HanpsXXeHue.
KoHgeHcaTopbl Ha 60/1ee HU3Koe HanpsXXeHne NpuMeHsTs Henb3sA. KongeHcatop C1.1 MOXeT 6bITb
TO/IbKO HENO/IAPHLIM. B 3TOM y3/71e NpUMEHEHME 3NEKTPOIMTUYECKOTO KOHEHcaTopa He AonycKaeTcs.
Cxema pekynepaTtopa cneymasnbHO cocTaB/neHa 4na ucnosb3osaHus B kayectse C3.1 1 C3.2 gelueBbIx
3NEKTPOIMTUYECKUX KOHAEHCATOPOB, HO HaAEXHEee 1 [ONTOBEYHEE BCE-TAKW MPUMEHEHNe
HEeNnoNsAPHbIX KOHAEHCATOPOB.

Pesnuctopsbl: E1.1 — EJ/1.4 TunaM/1T-2; E3.17 - E3.22 Np0BO/104HbIE MOLLHOCTLIO He meHee 10 BT,
ocTasibHble pe3uctopbl TMNaM/1T-0.25.

TpaHcdopmatop Trl — 10601 ManoMOLLHbIA C ABYMSA pa3fe/ibHbIMU BTOPUYHbIMU 0O6MOTKaMM Ha 12
B v ogHoii Ha 5 B. FnaBHOe TpeboBaHue -06ecneynTb Npu HOMUHANLHOM HanpsxeHun 12 b Tok
KaXX 10 BTOPUYHOI 06MOTKM HE MeHee 3 A.

Bee Moaynu ycTpoicTBa crieflyeT CMOHTUPOBATL Ha OTAe/bHbIX NnaTtax A1a obneryeHus
nocneaytoLleli HaCTPOMKKU. YCTPOIMCTBO B LLEIOM cObMpatoT B KakoM-nnbo kopnyce. OueHb yao6HO
(0co6eHHO B LienIAX KOHCNMpauumn) ncnosib3oBaTth A1 3TOr0 KOpnyc 0T 6bITOBOrO cTabuinsartopa
HanpsXeHus, KoTopble B HeAa/leKOM MPOLLIOM LUMPOKO UCMO/b30BASIUCL A/1A NUTAHUA N1aMNOBbIX
TeNeBn30pOB.

MpuHanapkecxeMbICO6GMIOAAINTEOCTOPOXHOCTL! MOMHUTE,

UYTOHE BCSIHU3KOBOJ1bTHaAYaC TbCXeMbIVMEEeTra/ibBaHMUECKY 0 pa3BA3KMOTaIeKTpuyeckoiicetm!
HepekomeHAayeTcsiBKauecTBepaguaTopaifaTpaH3MCTOPOBUCTIONb30BaTbMETa/INYEeCKUIAKOpNYyC
ycTpoiicTea. MpumeHeHMennaBKuXnpeoxpaHuTeneili—ooa3arte1bHoO!
HakonutenbHbleKOHAEHCATOPbIPAGOTAOTBNPE A€ NIbHOMPEXUME,

No3ToMyne peABK/oueHUe My CTPOC TBAMXHY)XHOpa3Me C TUTbBNPOUHOMME Tasl/iIndecKoMKopnyce.

H13K0BOIbTHLIN B/10K NUTAHUA NMPOBEPSAIOT OTAE/IbHO OT Apyrux Moayneit. OH fo/mkeH obecneunsatb
TOK He MmeHee 3 AHa Bbixofax 16 b, a Takxe 5 b Ana nutaHua cuctembl ynpasieHus.

3ateM HanaxusatoT reHepaTop, OTK/II0YMB CUOBYKO HYaCTb CXeMbI OT 3/IeKTpoCceTU. FeHepaTtop
[0/KeH hopMUpoBaTh UMMYbCbl aMNANTYR0M 5 B 1 yacToToi 0Kono 2 KI'y. CKBaXXHOCTb UMMY/bCOB
npnénusnTenbHo 1/1. Mpn HeobxoAMMOCTU ANs 3TOro NoAo6upatoT KoHgeHcaTopsl C2.1, C2.2 unu
pesucTopbl E2.1, E2.2. lornyeckuii 610k ccTeMbl YpasneHns npy ycoBAM NPasn/ibHOTO MOHTaXa
Hanafku He TpebyeT. XXenaTelbHO TO/ILKO YoeATLCS C MOMOLLBI0 ocuunorpada, urto Ha Bbixogax Ul
—U4 ecTb curHasbl NPSAMOYTro/ibHON hOPMbl.

NHTerpatop npoBepsoT ABYNy4eBLIM ocumanorpadom. s aToro o6uwmii nposog ocuunnorpacda
COeZIMHAOT C HyNeBbIM NpPoBoAoM anekTpoceTn (N), NpoBOA NEPBOro KaHaa NoACOe ANHSIOT K TOUKe
coefmHeHua pesuctopoB E1.1 n E1.3, a npoBoj BTOPOro kaHasia — K Touke coeanHeHna E1.2 n E1.4.
Ha akpaHe go/mxHbl ObITb BUAHBI ABE CUHYycouAbl YactoToi 50 'y n amnnantygol okono 150 b kaxaas,
CMeLleHHble Mexay co601 N0 OCK BpeMEHU Ha yron X/2. lanee npoBepsaroT Ha/inyme CUTHas1I0B Ha



BbIxogax C1 n C2. insa atoro o6wmin nposog ocumnnorpada coegnmHatoT ¢ Toukoi GND ycTpoiicTsa.
CurHanbl gO/MKHbI UMETb MPaBu/IbHYI0 MPAMOYTO/IbHYI0 PopMY, YacToTy Takxe 50 I'u, aMnanMTyay OKosio
5 B 1 Takxe JO/DKHbI ObITb CMELLEHbI MeX Ay COO60I Ha Yron X/2 No ocu BpemeHu. Ecnn gpazocmelleHne
CUrHasI0B OT/INYaeTCA OT X/2, TO ero KoOppeKkTMpYIoT nogbupas koHgeHcarop C1.1.

HacTpoiika k/1lo4eBbIX 3/1IEMEHTOB pekynepaTopa 3ak/o4aeTcs B ycTaHOBKe ToKka 6a3bl TPaH31CTOpoB
T3.2,T3.4,T3.6, T3.8 Ha ypoBHE He MeHee 1.5 -2 A 3T0 HE06X0AMMO AN HACBILLEHMSA 3TUX
TPaH3MCTOPOB B OTKPLITOM COCTOAHMU. [N HACTPOVKN peKOMEHAYETCA OTK/IIOUMTL pekynepartop oT
cuctembl ynpaeneHuns (Bbixofbl U1-U4), n npu HACTPOiiKe KaxJoro Kackaza nofasartb HanpsxeHue +5
b Ha cooTBeTCTBYIOLLMIA BXOZ, pekynepatopa Ul-U4 HenocpeCTBEHHO ¢ 6/10ka nuTaHus. Tok 6a3bl
yCTaHaB/IMBAKT NO0YePeHO A/1A KaX 40ro kackaja, nogbupas conpoTuseHne pesnctopos E.3.19 -
R3.22 coOTBETCTBEHHO. [1191 3TOr0 MOXET noTpeboBaTbcA ewle nogoop E.3.4, E.3.8, E.3.12, E.3.16 ana
COOTBETCTBYIOLLETO Kackaja. [1ocne OTK/IIUYEeHNA HanpPsAXeHra Ha BXOAe TOK 6a3bl K/H0UeBOTo
TpaH3uncTopa LO/HKEH YMEHbLLATLCSA NOYTU 40 HYNS (HECKONBbKO MKA).. Takas HacTpoilka obecneunsaeT
Hanbonee 6naronpUATHbIA TEMIOBOW PEXUM PaboTbl MOLLHbIX K/HOYEBbLIX TPAH3UCTOPOB.

Mocne HacTpOoKK Bcex MoAy/ei BOCCTaHaB/IMBAKOT BCE COEJUHEHNSA B CXeMe 1 NPOBepSAIOT paboThl
cxeMbl B cbope. NepBoe BK/IOYUEHNE PEKOMEHAYETCA BbINO/IHUTL C YMEHbLUEHHbIMU 3HAYEHUAMU
eMKOCTN KoHaeHcaTopoB C3.1, C3.2 npnbnusntesibHo Ao 1 Mk®. KoHaeHcaTopsb! ydLle UCnosib30BaTh
HenonapHble. [locne BKYEHUs YCTPOMCTBa AaliTe eMy nopaboTaTtb HECKO/IbKO MUHYT, 06palias
0CO60EBHUMAHVE Ha TeMNepaTypPHbIA PEXUM K/HOUEBbLIX TPAH3UCTOPOB. Ecn BCe B nopsigke —
MOXeTe ycTaHaB/IMBaTb 3/1EKTPOIMTUYECKNE KOHAEHCATOPbI. YBE/IMUMBaTb EMKOCTbL KOHAEHCATOPOB
[0 HOMUHANBLHOTO 3HAYEeHNA PEKOMEHAYETCS B HECKO/IbKO 3TanoB, KaXapblil pa3 npoBepss
TemnepaTypHbIii peXxunm.

MOLIHOCTb OTMOTKM HENOCPEACTBEHHO 3aBUCUT OT eMKOCTU KoHAeHcaTopoB C3.1 n C3.2. Ana
yBEIMYEHNUA MOLLHOCTU HYXHbI KOHAEHCATOPbI 60/1bLLIei eMKOCTU. [pefenibHOe 3HaYeHne eMKOCTH
onpegensieTcs Be/IMYMHON MMNYNbCHOTO Toka 3apaga. O ero Be/IMYMHe MOXHO CyauTb, MOAK/IYasn
ocuunnorpac napannenbHo pesucropam E.3.17 n E.3.18. ina tpaH3nucTtopoB KT848A 0H He Ao/KeH
npesbiwaTb 20 A Ecnu TpebyeTcs elle 60/1bLwIas MOLWHOCTb OTMOTKU, NPUAETCA KCNOb30BaTh bonee
MOLLHbIE TpaH31CTOopbI, a Takxke gnoabl D3.1-D3.4.

He pekomeHAyeTcs UCNosb30BaTh CAUWKOM 60/bLUYI0 MOWHOCTL OTMOTKMW. Kak npaswio, 1-2 kBT
BMNOJIHE [OCTATOYHO. ECcnv ycTpoiicTBO paboTaeT COBMECTHO C APYrMU NOTPeOUTENAMU, CHETUMK NPK
3TOM BblUMTAET U3 UX MOLLHOCT MOLLHOCTb YCTPOICTBA, HO 3/1eKTPONPOBOAKa OyaeT 3arpyxeHa
PeaKTUBHOW MOLLHOCTbH. DTO HYKHO YUUTbIBATH, YTOObLI HE BbIBECTU U3 CTPOS 3/1EKTPONPOBOAKY.
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