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anekTpuyeckme Bpawatowmeca. Hacte 17. ACUMHXPOHHbIE ABUraTenM ¢ KOPOTKO3aMKHYTLIM POTOPOM NPW
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[Tpy NpUMeHeHUn HacToALWEero ctaHgapTa pekoMmeHayeTca UCMONb30BaTh BMECTO CChITOYHBIX MeXay-
HapoAHLIX CTaHOAapPTOB COOTBETCTBYOLWME UM HaUMoHanbHble cTaHaapTel Poccuinckon deagepaui U MeXro-
cydapCTBeHHble cTaHOapThl, CBeAeHUSA O KOTOPLIX NpUBeAeHbl B cnpaBoYHOM npunoxeHun A

5 BBEAEH BI'NEPBbIE

VIHgbopmauusa 0b UsMeHeHUsIX K HacmosuweMy cmaHoapmy nyonukyemcsi 8 eXXe2o00H0 U30asaeMoM
UHpOpMalUOHHOM yKa3amerne «HayuoHalnbHbIe cmaHoapmbi», @ mekcm U3aMeHeHUU U rornpasok — 8 exXxe-
MeCSIYHO u30asaeMbix UHMOPMaUUOHHbIX yKalzamensx «HauuoHanbHbie cmaHOapmei». B cniydyae nepe-
cMompa (3amMeHbl) Unu OmmMeHbl Hacmosuweao cmaHoapma coomeemcmsyrujee yeeodoMiieHue byoem
orybriuKo8aHO 8 eXeMeCAYHO U30asaeMoM UHPOPpMaUUOHHOM yKazamerne «HauuoHanbHbie cmaHoapmbly.
Coomeemcmeyrouiast UHGhbopMalus, yeeOoMIIeHUE U MeKCcmbl pa3Meliaromcs makxe 8 UHGhbopMalyUoOHHOU
cucmeme obLie20 roIb3o8aHusa — Ha oghuyuansHoOM caume QPeodeparnibHo20 azeHmemea rno MexHU4YeCKoMy
peayrnuposaHuro U MmempoJsioauu 8 cemu VIHmepHem
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MY PeryrimpoBaHuo 1 MeTpPoioru
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HAUUWOHANBbHBIN CTAHOAPT POCCUUCKOMWN PEOEPALNMN

MALUUHBI 3JIEKTPUYECKUE BPALLAIOLLUNECH

YacTtb 17

PykoBoACTBO No NPUMEHEHUIO aCUHXPOHHbBLIX ABUratenen ¢ KOpoTKo3aMKHYTLIM POTOPOM
npu NUTaHUM oT npeodpasoBaTenen

Rotating electrical machines. Part 17. Application guide for cage induction motors when fed from converters

Ilata BBeaeHna — 2011—01—01

1 Obnactb NpMeHeHUA

HacTtodawmni ctaHaapT onpeaensaeT KpUutepun Bolbopa KOMNOHEHTOB YaCTOTHO-PETYIUPYEMOro 3EK-
Tponpusoaa 1 UX BNUAHWUE Ha paboTy ABUraTens B COCTaBe 3TOr0 3NeKTponpueoaa.

HacToawmmn ctTaHgapT pacnpocTpaHAeTCa Ha aCUHXPOHHBbIe TpexdaszHble KOPOTKO3aMKHYThIe ABUraTe-
nn, BeinonHeHHble B cooTBeTCTBUM ¢ MOK 60034-12, npn nx nutaHum ot npeodpasoBaTenen 4acToThl C Mpo-
MEXYTOYHBIM 3BEHOM MOCTOAHHOMO ToKa, coaepXallxX UHBEPTOPLI TOKA UMK HaNpsXXeHunst 6e3 orpaHnyeHuni
Ha KONMWYECTBO, LUMPUHY N YaCTOTY UMMNYNbCOB, a TakXKe BMA KNoven MHBepTopa, Oyab OHU TUPUCTOPHLIE UMK
TPaH3UCTOPHbIE NBOro TUna.

CTaHaapT He pacnpocTpaHaeTca Ha MallnHbl, cneunansHo npeaHasHaveHHble AN NUTaHUA OT Npeob-
pasoBaTtenen YactoThbl. Ha 3T MmawunHbl pacnpocTtpaHdeTcad MOK 60034-25.

2 HopMaTuBHbIE CCbINKN

B HacToswWweM cTaHaapTe UCMONMb30BaHbl HOPMATUBHEIE CChINMKM Ha cneayiowne MmexXxgyHapoaHble CTaH-
0apThbl:

MOK 60034-1:2004 MawuHbl anekTpudeckne Bpawarwwuneca. Hactbe 1. HoOMUHanbHbBIE 3HAYeHUA
napameTpoB W  aKcnnyatauuoHHble  xapaktepuctukn (IEC  60034-1:2004, Rotating electrical
machines — Part 1: Rating and performance)

MOK 60034-12:2007 MawuHbl anekTpudeckne Bpawarowmecd. Hacte 12. [lyckoBble XapaKTepUCTUKA
OAHOCKOPOCTHLIX TpexdasHbIX gBuratenen ¢ KopoTkosamMKHyTeIM poTopoM (IEC 60034-12:2007, Rotating
electrical machines — Part 12: Starting performance of single-speed three-phase cage induction motors)

MOK 60034-25:2007 MawwuHbl anekTpudeckne Bpawjaroumecs. Hacte 25. PYKOBOACTBO MO KOHCTPYK-
LN U SKcnyaTauMoHHBIM XapaKTepucTUKamMm aBuraTternien nepeMeHHoro Toka, cneuuansHo npegHasHaveH-
HBIM ONA  anekTponutaHust Jvepes npeobpasoBatens (IEC/TS 60034-25:2007, Rotating electrical
machines — Part 25: Guidance for the design and performance of a.c. motors specifically designed for
converter supply)

[TpumeyvyaHwue—Illpn NoNb30BaHUN HACTOSLWMM CTAaHOAAPTOM LenecoobpasHo NpoBEPUTb AEUCTBUE CCbINOM-
HbIX CTAHAAPTOB B MHDPOPMALMOHHON CUCTEME OOLLEro nonb3oBaHns — Ha opuumanbHomM cante PegepanbHOro areHT-
CTBa Mo TEXHNYECKOMY PEryrnmpoBaHUIO U METPOIOIMU B CETU VIHTEPHET UMK MO €XErogHo n3gaBaemMomy MHPOPMaLMOHHO-
MYy yKasaTtenio «HaunmoHanbHble cTaHaapTbl», KOTOPbIW ONYBNMKOBaH NO COCTOSHUIO HA 1 AAHBApsi TEKYLWEro roga, u no
COOTBETCTBYIOLLUM EXEMECHYHO n3gaBaemMmbiM MHOOPMaLUUOHHBIM yKa3aTtensam, onybnnkoBaHHbIM B TEKyLWEM roay. Ecnu
CCbITOYHbIN CTAHAAPT 3aMEHEH (M3MEHEH ), TO MNPU NOSIb30BAHMN HACTOSIWLMM CTaHAAPTOM CreayeT PyKOBOACTBOBATLCS 3a-
MEHSIOWMM (M3MEHEHHLIM) CTaHAAPTOM. ECnn cCbIiNOYHbIM CTAaHAAPT OTMEHEH 6e3 3aMeHbI, TO NONOXEHUE, B KOTOPOM Aa-
Ha CCbINIKa Ha HEro, NPUMEHSAETCA B YaCTW, HE 3aTparnBatoLLEN 3TY CCbINKY.

U3paHune odbmumnanbHoe
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3 XapakTepucTukKun gBuraTtens

B nepnog koMmmyTaL UM TOK UHBEPTOPa NPOXOAMT No CTaTOPHLIM 0OMOTKaM ABUraTens, nod3Tomy Ansi npa-
BUNbHOro BbIGOpa LUenm KOMMyTaL U1 He0DXOAUMO 3HATb SKBMBANEHTHYHO CXEMY aCUHXPOHHOIO ABUraTens.

B cnydae nHBepTopa HanpshkeHUa 3KBUBaNeHTHas cxema He CTOMb BaXkHa, 04HaKO COMNMpPOTUBNIEHUA OBU-
raTens BbICOKOYACTOTHBLIM COCTaBNSAOLUM CUNBHO BIUSAIOT Ha NOTEPU OT rapMOHUYECKUX COCTaBNAOLLNX.

YKaszaHHble 0OCTOATENbCTBA TPeOYT npaBUnbHOrO yHKLUUMOHUPOBaAHUA nNpeobpasoBatensd. Ecnu
NPeAbABNATCA NOBLIWEHHBIE TPeOOBaAHMSA K BEMUYUHE NOTEPL UMW AONONHUTENBHOMO (BbICOKOYAaCTOTHOMO)
MOMEHTa npu paboTte nHBepTopa, Heobxoamma nHdpopmauns ob sKBUBaANEHTHOW CXeMe 3aMeLLleHNUs ABUraTe-
N8 ANg BCero cnekrpa rapMoHUK npu nuTaHum cTaTopHbIX 0OMOTOK.

Beuray pasHoobpasnsa KOHCTPYKLUK NPOBOAHUKOB poTopa (MeaHble ¢ yrnybneHHbIM Nasom, antoMUHmne-
Bble C ABOMHOW KIMEeTKOW), a TakKe LUMPOKOro crnekTpa 4YacTtoT rapMoHUK He yagaeTcs npeactaBUTb YHUBEP-
calnbHyl0 cXeMy 3amMmelleHus asuratensa. Kak npaBuno, gnga pacdeta rapMoHUYECKMX MOMEHTOB U NMoTepb
HeJoNnyCTUMO UCMOMNb30BaTh NapaMeTpbl CXeMbl 3aMeLLEeHUA B YCTAHOBUBLLEMCS peXXnme paboThl ABUraTens
npn HOMUHaNbHOW YacToTe. [Npon3BoanTenb ABUraTena MoXeT npeaocTaBUTb HeobXxoauMble napamMeTphl
CXEMbl 3aMeLlEeHNs], TOMNMbKO eClih eMy U3BECTEH CneKkTparbHbIN COCTaB HanpshXXeHnsa U/mnm Toka MHBepTOopa.

4 HacTOTHbLIU CNEKTP HaNpPsAXeHNsa U TokKa

[na ydeTta CHMXKEHNS MOMEHTA U ero BbICOKOUACTOTHLIX COCTaBNSALWNX HEODX0AMMO 3HATb YaCTOTHLIN
CNeKTp HanpsiKeHUs1 B cnydvae MHBepTopa HanpsXXeHUda UM Toka B criydae UHBepTopa TokKa.

Ha pucyHke 1 nokasaHa TunuyHaa gpopma Toka dpaskl ABUratens, nuTaroLwerocs ot npeobpasoBaTtend ¢
MHBEPTOPOM ToKa. [NpUCYTCTBYIOT rapMOHUKK € HOMepaMn 3, 7, 11, 13, ... . OTHOCUTENBbHLIA rAPMOHNYECKUN
COCTaB 3aBUCUT OT BPpEMEHU KOMMYyTaLWKM Y pa3HbIX NpeobpasoBaTenen MoXeT OTNnYaThCs.

i',1:741‘1389

60° 120° 180° 240° 300° 360° of

PucyHok 1 — Qopma (mageannsmpoBaHHas) a3Horo Toka Lhhase NPV MUTAHNM COEANHEHHbBIX B TPEYron bHUK OOMOTOK OBU-

ratensl ot MHBepTopa ToKa

Ha pucyHke 2 nokasaHa xapakrtepHada dpopmMa NMMHENHOro HanpsaxXeHua u;; npu pabote MHBepTOopa
HanpaXeHna ¢ WUPOTHO-UMNyNbCcHOM Mmoaynauuen (LUMM-nHBepTopa).

Uy
) . 18(“ “ “I‘““I‘ ‘ H ‘ mt

PucyHok 2 — Popma NMMHEeNHOTO HanpsiXeHus U, ; Npyu NUTaHnn OT MHBEPTOPa HanpsiXXeHnsl C YacTOTON KOMMYTaLun
fo = 30f1,
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B nHBepTopax HanpskeHUsa UCMONb3yTCA pasfndHbie cnocobbl MoaynsaumMmn, No3TOMY HEBO3MOXKHO
cdhopmMmynmpoBaTb 0bLYyO ANA BcexX cnocoboB OLEHKY BANAHUA rapMoHUK. YToObl OLLeHUTb 3TO BIMSAAHME B
4yacTHOM crydyae, Heobxognumo npoaHann3npoBaTb BO3JEWNCTBME Ha ABWUratenb BbIXOAHOMC HanpshkeHust
MHBEpPTOPA, 3HasA ero KOHKPETHbIAN rapMOHUYECKNIA COCTaB.

CneKkTp BbIXOAHOIo HanpskeHns 4acTo MCMNOofb3yeMbIX MHBEPTOPOB C CUHXPOHHOW MM aCUHXPOHHOMN
nocneaoBaTeNbHOCTBIO LUMPOTHO-MOAYTMPOBAHHBIX UMMYIbCOB COAEPXNT YacTOThl

f= kaSik'lf'I’

raek.=1,2,3,..nk;=1,2,4,5,7, ... — KpaTHOCTU HecyLen f, u paboyen YacToThl f1 COOTBETCTBEHHO. [laH-
Has opMyna AeUCTBUTeNbHA Takke U AN MHBEPTOPOB C LUMPOTHO-(pa30BoOU (BEKTOPHOM) MoaYyNAaALUEN.

B cny4yasax, korga npuMeHstoT npeodbpasoBarten ¢ NnepeMeHHoON YacTOTON KOMMYTaLUMKN, CNEeKTP YacTo-
Thl X BbIXOAHOMO HANpsXKeHUs npeacrtasnsdeT coboun LUAPOKONONOCHbLIM CRNyYanHbIn LLIYM OE3 NMMKOB HA Xapak-
TEPHbIX YacToTax.

B npeobpasoBartensax ¢ lWWMPOTHO-UMMNYNbCHON MOAYNALMEN HU3KOYACTOTHbIE TAapMOHNYECKNE COCTAaB-
nsawwmMe Manbl, a BbICOKOUYACTOTHbIE TapMOHUKK, onpedendemMble 4acTOTOM KOMMYyTaUMK1, AeMNpUpyroTca
MHOYKTUBHOCTAMUW ABUraTenNs.

B MOK 60034-1, nyHKT 7.2.1, rapMOHUYECKMN COCTaB MUTAaICLLEro HanpsXeHus And acMHXPOHHBIX
KOPOTKO3aMKHYTLIX ABUratenen onpegeneH egMHCTBEHHOW YANCIOBOW BENMUYNHON, HasbiBaeMou Ko punLn-
eHTOM UCKaXkeHUA cuHycouganbHocTU HanpsxeHna (HVF — Harmonic Voltage Factor), ogHako 3T0T Koa(-
bnumneHT HenpumeHum Ans apuratenen, nuTaemMbixX oT npeodpasoBaTenen 4acToThl.

5 [loTepu, Bbi3biBaeMble rapMOHUKaAMN

BeicLLMe rapMOHUKK HANpsi)KeHUAa 1 ToKa B aCUHXPOHHOM KOPOTKO3aMKHYTOM ABUraTterne, NMTaemMoMm OT
MHBEPTOPAa, BbI3bIBAKOT ACMNONHUTENbHLIE MOTEPU B CTann 1 0OMOTKax ctaTtopa 1 potopa.

[na asuraTtenen, nATarwWKMUXCA OT MHBEPTOPOB HanpskeHUd, AONONMHUTENbHBIMU NMOTEPAMM B CTalu
Henb3si npeHebperatb. OHU 3aBUCAT OT aMNUTYAbl FTAPMOHNYECKMX COCTaBNAOLWNX asHbIX HANPSKEHUNA U
MNOYTU He 3aBUCAT OT YaCTOTHI.

TOKM rapMoHUK, onpeaenstoLlme notepmn B 0OMoTKax aAsuratenst, orpaHU4YMBaroTCsl UHAYKTUBHOCTAMM
paccesaHns 3TUX 0OMOTOK. XOTS TOKU 3TUX TAPMOHUK U HEBEUKN, NOTEPSIMU OT HUX B OBMOTKaX TaKKe Helb34
npeHebperaTb U3-3a BbITECHEHUA TOKA (MOBEPXHOCTHBLIA 3 deKT, CKUH-3EKT) Ha BbICOKMX YacToTax. ATO
ODCTOATENLCTBO NMPUMEHUMO KaK K KaTyLUEYHBbIM, TakK U BChINHLIM 0OMOTKaM. POTOPLI C SIBHO BblpaXXeHHbIM
3P PeKTOM BbITECHEHNS OCODEHHO YYBCTBUTENbHbLI K 3TUM NOTEPSAM.

MHOrO4YMCNEHHBIMU UCMBITAHUAMU YCTAHOBMEHO, YTO ObLIee KONUYECTBO ACNOMNHUTENbHBIX NOTEPL, BbI3bI-
BaeMbIX rapMOHUKaMU, He 3aBUCUT OT Harpysku. OHO nagaeT ¢ yBenniyeHUemM 4YacToThbl KOMMYyTaLMK, Kak NoKasaHo
Ha PUCYHKe 3, UTO ODYCMOBMEHO YMEHbLLUEHWEM NOTEPL B 0OMOTKAX HA BbICOKUX YACTOTaX KOMMYTAaLIMHA.

P/ Py
0.4
0.3
0.2
2 3
0.1 .
0

1 2 3 4 5 6 7 8 9 10 1 f,«u

1T — obuine notepu, BbldbiBaeMble rapMOHUKAMU, 2 — NOTEpU B OOMOTKAX; 3 — NOTEPU B CTaANU

PUcyHok 3 — lNpumep 3aBUCMMOCTU NOTEPDb Py, BbI3bIBAEMbIX TAPMOHUKaAMM OTHOCUTENbHO NOTEPL P, Ha paboyen vac-
TOTE f;, OT YacTOTbl KOMMYyTaLUWK f_ B Cny4ae NMTaHUs OT MHBEPTOPA HamnpsiXXKeHust
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B cnyyae nutaHus aBuratenen OT UHBepTOopa ToKa AOMONMHUTENbHbIE NMOTEPU B CTallM HEBETIUNKMN,
NCKMIOYEHWE COCTaBMNAT Tak HasbiBaeMble KOMMYTaLMOHHbIE NOTEPU. BbICTpoe n3MeHeHUe NOTOKOB pac-
CEeSIHNS Ha MHTepBalie KoOMMYyTaL, U1 Bbi3bIBAET BUXPEBLIE TOKN B 3ybLax ctaTopa n poTtopa. B criydae nHeep-
TOpa HanpsPKeHUs AaHHble NOoTEePU OTCYTCTBYIOT, MOCKONbKY KOMMYTALWMOHHbIE TOKWM He MpoTeKakwT no
obMoTKam aABuUraTens.

[ononHuTenbHbIe NOTEPU B POTOPHBIX 0OMOTKax 0cob0 BaXKHO y4YNTbIBaTb M3-3a BOMbLUOK aMNUTYAb
TOKOB rapMOHWK Ha HU3KKUX YacToTax.

[na pacyeTa AONONMHUTENBHBIX NOTEPL HET MPOCTLIX METOAOB, a TaKXKe OTCYTCTBYHOT ODLLME PEKOMEH-
aaunn no oueHke Ux BennunHel. IX 3aBUCUMOCTb OT pasMUHbIX PU3NYECKUX NapaMeTPOB BeCbMa CIoXHa.
OHK B BONbLUOW CTENEHU 3aBUCAT OT TUNa npecbpazoBatens (C MHBEPTOPOM TOKa UMK HaNpsXeHus1, ¢ pas-
NMUYHON YaCTOTOU KOMMYTaLUN 1 OPMON MMNYNBCOB) U ABUraTens (Tuna oOMOTKU, FTeOMETPUM Nasa U NoTepb
B cTanun). Ka4yecTBO U3roTOBNEHUA cepaevHnKa — TakKe Ba)KHbIUA paKkTop.

[1na npumepa Ha pucyHke 4 B BMae cToNbLOBLIX AnarpamMm nokasaHbl pe3ynbTaThl pacyeTa CoCTaBMA0-
W MX noTepb B ABuratene (rabaput 315 Mmm, koHCTpyKUua N), nTnTaeMoM OT MHBEPTOPOB ABYX TUNOB C pasfny-
HOW bOPMOM N COOTBETCTBEHHO rApPMOHUYECKMM COCTaBOM MUTAOLLIEro HanpshKeHUs, a Takke OT CeTu ¢
cUHycouganbHbIM HanpsXxeHnem. [laHHbIN NpUMep UNICTPUPYET CYLLIECTBEHHOE pasnnine CoCTaBALLMX
MoTeEpPb MNPU UCMONb30BAHUK CaMblX pacrnpocTpaHeHHbIX B HacTosLllee BpeMa MHBepTopoB. [NpuBeaeHHble
anarpaMmmbl He MOryT BbITb pacnpocTpaHeHbl Ha Apyrne Tynbl ABUratenen n MHBepTopoB. [na obneryeHus
CpaBHEHUS HANPSXKEHUSA 1 TOKM Npu paboTe NHBEPTOPOB B3ATHI TaKUMU XKe, Kak Npu paboTe B HOMUHANbHOM
pexunme.

B cooTBETCTBUM C PUCYHKOM 4 NoTepU, BbidbiBaeMble rapMoHUKaMn, NPU NCMOSTb30BaHUN UHBEPTOPOB
TOoKa bonblue, 4em Nnpu NMTaHnuM oT MHBepTOopa HanpsXxeHua. PasHuua ymeHbluaeTcs NPy YacTUYHOW Harpys-
Ke, MOCKOJIbKY JaHHble NOTepPN NOCTOAHHbI MPU NUTaHUM OT MHBEPTOPOB HaNPsXXeHUs, 0JHaKo YBETMYNBALOT-
CS C POCTOM Harpysku rnpu Ncnonb3oBaHUM MHBEPTOPOB TOKA.

6 CHunXeHue MOMeHTa nNpu padboTe OT npeobpasoBaTens

[Mpn paboTte oT npeobpasoBatensa AgsuUratesib NP HOMUHANBHOMN CKOPOCTU UMEEeT MEeHbLUNIA A0MYyCTU-
MbIA MOMEHT, YeM Nnpu paboTe OT ceTu, U3-3a NMOBLILLUEHHOro Harpesa oT NOTEePb, Bbli3bIBAEMbIX FrapPMOHUKaAMMU.
BTopasa npninHa ymeHbLUEHNS MOMEHTa — MageHne HanpsXxeHus npecbpasoBaTtens. Skcnnyaraunsa asura-
Tens NPy HOMWUHAaNbHON Harpy3ke B TaKOM crnydae CHUXKaeT JONTTOBEYHOCTb U30NALINA.

CnnolHasi MMHUA Ha PUCYHKEe 5 NpeacTaBnsieT CBSA3b HANPSXKEHUS C YacTOTON, obecnevnBatoLLyo Nnpu-
MepHoOe MOCTOAHCTBO MOTOKa NMPU cUHycouaansHOM nutaHun. [NpounssoguTens ABUraTena MoXeT onpege-
NUTb MpeBLIlleHne TemnepaTtypbl NPU M3BECTHOM CMNeKkTpalbHOM COCTaBe HanpshkeHUa UHBepTopa. ITO
peBbLILLEHNE 3aBUCUT OT 0CODEHHOCTEN KOHCTPYKLIUKW ABUraTENs U CUCTEMbBI OXNaXaeHus. [nga onpeaeneHus
KPATHOCTU CHWXKEHUSA MOMEHTa Ba)KeH 3anac asuratend no Harpery. C y4eTOM Ha3BaHHbLIX OOCTOATENLCTR
KpaTHOCTb AOMNMYCTMMOro MoMeHTa nexut B npegenax ot 0,8 ao 1,0.

Ha npakTuke 4YacTo HOMUHAanNbHbIE AaHHbIE Npeocbpa3oBaTens He YYMThLIBAOT TO ODCTOSATENLCTBO, YTO
OCHOBHOMW NOTOK ABUraTernsi Npu NUTaHnM OT HEro OTNMYaEeTCsl OT NOTOKAa NMPU NUTaHUU OT CUHYCONAANBHOTO
HanpskeHust. B pesynbTaTte MOMEHT OTKIOHSIETCS HA BENUYUHY, onpeaensaemMyto KOHKPETHBIMU napamMmeTpamMmm
asuratens 1 npeobpasoBaTens.

B ananasoHe perynmpoBaHmsa BHU3 OT CKOPOCTU, COOTBETCTBYIOLLEN HOMUHAaNbLHOW YacToTe, BbINOJSTHE-
Hue 3akoHa U,/f; = const no3sondeT nogaepXuBaTb MOMEHT NULLL B CnyYae NpeHebpexxumo Manoun Benmyu-
Hbl COMNPOTUBIEHUA cTaTopa NO CpaBHEHWUIO C oCTallbHbIMUA CONPOTUBNEHUAMKU B cXeMe 3amMelleHus. [Ond
KOMMeHcauun BIUSIHUA CONPOTUBIMEHUS cTaTOopPa HAa MOMEHT, KOTOpOoe OCODEeHHO 3aMEeTHO Ha HU3KNX YacTo-
Tax, ynpasneHue npeodbpasoBaTenieM CTPOUTCS NO XapaKTepucTuke, NnokasaHHOM NMyHKTUPOM Ha PUCYHKe 5.

[1pn yBennyeHUn YacToThl Bbille HoMUHanbHoU (f4/fy, > 1,0) HanpsxeHne obbIYHO NoaAepKUBaeTCA Ha
YPOBHE HOMWHaNbHOrO (ynpaeneHue ¢ ocnadbneHnem nonsi). B aTom cnydae neperpysodHas CnocobHOCTL

ABUraTens no MOMeHTY (KpaTHOCTb AONMYCTUMOro MomMeHTa T4/ Ty) NpU yBenuyeHnn 4acToThbl YMeHbLUaeTcs,
KaK rnokasaHo Ha pUcyHke 0.
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[-0,5%

G-45%

F-2,5%
D-2,0%

D-2,0%

B - 26 %
1 2
/\/ I || - e #
100 % 125 % 115% S
95,3 % 94,2 % 94,6 % 6
[ToTepu, BbidbiBaeMble paboyen HacToTou [ToTepu, Bbi3biBAEMbIE TAPMOHUKAMMU

E — noTtepn Ha TpeHune J — notepun Ha KOMMyTaUUIo
D — OononHUTEnNbHbIE NOTEPU OT HArpPy3Ku I — pononHuTenbHbIE NOTEPU OT HArPy3KK
C — noTepu B cTanm H — noTtepwn B cTanu
B — notepu B 0OMOTKax poTtopa G — notepu B 0OMOTKax potopa
A — notepm B 0bmMOTKax ctatopa F — notepun B obmoTKax ctatopa

T — cuHyconaganbHoOE HanpskeHne, 2 — UHBEPTOP ToKa, 3 — UHBepTOop HanpsxeHusa ¢ WM, 4 — guarpammel HanpsXxeHus,
5 — notepu; 6 — Kl

PUCYHOK 4 — BrninsiHne nHBeptopa Ha NoTeEPU B aCUHXPOHHOM KOPOTKO3aMKHYTOM aABurartene (315 mm tmna N) npn HOMU-
HaNbHOM TOKE U CKOPOCTWU

Ha pucyHke 6 npeacraBneHa TUNMYHaa XapakTepuctuka 3asBUCUMOCTU AONYCTUMOrO MOMEHTa OT Yvac-
TOTbI NPU NUTAHUU OT UHBEepPTOpa ToKa. [lpn ncnonb3oBaHM UHBEPTOPA HaNPAXKXeHUA aHanormiHaa xapakre-
PUCTUKA UMeeT MNOXOXUA BuA. JaHHble KpUBbIe MOryT ObITb NpeacTaBfieHbl NMPoOU3BoaUTEeNeM aBuratens,
ecnii eMy U3BeCTHbl YacTOTHbIA CNEKTp U 3aBUCUMOCTb HanpsaXeHue — 4vacTtoTa npecdbpasoBaTtend. [loc-
KOMNbKY TUMbI N NapaMeTpbl CUCTEM BEHTUNALMN Yy ABUTraTenen sHauuTenbHo oTin4arTCca (CaMOBEHTUNALNSA
MU He3aBUCUMOE OXNNaXkaeHue), He CyLLeCTBYeT YHUBepCcaribHOM KPUBOW, XapaKTepusyowen 3saBUCUMOCTb
O0NYCTUMOrO MOMeEHTa OT 4acToThl. B obuwlem cnydae asuratenu, nutaemble OT npeobpasoBaTenien ¢
LLIMM-perynnpoBaHMeM HanpsbkeHust (dactota KoOMMyTaunun B AnanasoHe HeCKOMbKUX KunorepLl), TpedyioT
MEeHbLLEro CHMXKeHUs1 4oNyCTUMOro MOMeHTa, YeM NuTaeMeble OT npecbpasoBaresien ¢ aMnianTyaHbIM perynm-
POBaHUEM HaNPAXEHUA. YBeNMYeHNe YacTOoTbl KOMMYTaL UM NPUBOANT K YBENMUYEHUIO A0NMYCTUMOIo MOMEHTA.

5



FOCT P MA3K/TC 60034-17—2009

T4/ T\

]
A

L
AL
LA

A
4

Z/m R A

0 02 04 06 08 1.4 i/ PucyHok 6 — KpaTtHOCTL  A4OMyCTUMOro  MOMEHTA

KOPOTKO3aMKHYTOIro aCUHXpoOHHOro gsurartens tmna N

PUCYHOK 5 — 3aBUCKUMOCTb Hanpsixerus U, (C caMOBEHTUNSLNEN) B 3aBUCUMOCTU OT HaCTOThI NPV
OT YacToThl f, NMMTAHUN OT MHBEPTOPA TOKA

7 llynbcaunm MomMmeHTa

[MocToAHHbIE BpallaloLLe aCUHXPOHHbIE MOMEHTHI, Bbl3blBaEeMble rapMOHUKaMMW, OKa3bliBaOT HE3HAYMN-
TenbHOe BNUsAHME Ha paboTy anekTponpueoga. OaHako 370 He OTHOCUTCSA K MYNbCUPYHOLLIMM COCTaBNSAOLLUM
MOMEHTA, BbI3bIBaOLWMM BUOpaLUNIO MEXaHNYECKNX YacTen Nnpuesoaa.

B sanekTponpuBogax ¢ TpexdasHbiIMW aCUHXPOHHBIMW ABUraTeNsiMU, NMTaeMbiM OT MHBEPTOPOB TOKA,
BbINOMHEHHBLIX MO LWeCTUNYNbCHOW CXeMe, NpakTUYeCcKn 3Ha4YUMbIMU SABAAKOTCA NMynbcaL MOMeEHTa € YacTo-
TOU 6- N 12-kpaTHOW NO OTHOLWEHUIo K paboden f,. AMNnNUTyaAa nynbcaunin Ha YactoTe 6 f; MOXeT AocTurath
15 % HOMUHanNbLHOro MomMeHTa, a Ha Jyactote 12f; — 5 %. Kpome Toro, 3t KonebaHna MmomMmeHTa obycnoBne-
Hbl FAPMOHUKaMKU NynbcaLi NOCTOAHHOIO TOKa B NPOMEXYTOUHOM 3BeHe NpeobpasoBaTtend. 3TN COCTaBNSA-
oLlMe MOMeHTa UMetoT YacToThl, paBHble 6(f, — fy) n 12(f, — f,), roe f, — 4acTota cetTn. [ina NpnuBOAOB C
ManbiM gemMngpupoBaHMeM TPaHCMUCCUM pekoMeHayeTcs NPoBOANUTbL TOYHBIA pacyeT pe30HaHCHbIX YacToT
KonebaHnn mexaHn4yeckon Yactu. nst HeKOTOpLIX NPUMEeHEeHU HeobXoaNMO UCKTHoYaTL U3 pabodero gnana-
30Ha npeobpasoBarens onpeaeneHHyo nonocy HeaonyCcTUMbIX HacTOT KonebaHun.,

B anektponpusogax ¢ WHM-uHBepTopamm Yyactota OCHOBHBLIX Nynbcauuid MOMeHTa onpeaendeTcs
4acTOTOU KOMMyTaLUMK, a aMnnnTyga — LWUPUHOU UMNYNLCOB. AMNNUTYyAa 3TUX NyNbcaLUi MOXeT AoCTUrathb
15 % HOMUHaNBHOrO MOMeEHTa B NPUBOAAX C COBPEMEHHbLIMU UHBEPTOPAMU, Y KOTOPLIX YacTOoTa KOMMYTaL UK
bonee 4yem B 10 pas npeBbilaeT paboyyto yacTtoTy. pu bonblKx YacToTax KoMMmyTauum (nopagka 21f,) u
COOTBETCTBYHOLLEM cnocobe MoaynsaLnMmn UMNYNbCOoB (Hanpumep, MoaynsiLms no CUHycouaanbHOMY 3adaHunto
TN BEKTOpHaA Moaynauua) nynscaumm MoMmeHTa ¢ Yyactotamu 614 n 121, He MeroT NpakTU4ecKoro saHa4yeHus.
KpoMe BbiLLeyNnoOMSAHYThIX BO3HUKAKOT NynbcauMnM MOMeHTa ¢ ABOWMHOWM 4acTOTOWM KOMMYyTaLWUWU, KOTOpPLIE,
OJHaKo, He oKas3bIBalT 3aMETHOIro oTpULlaTenbHOro BNUAHUSA Ha NPUBOA, eCln TOMbKO 3Ta YacToTa He COBMa-
0eT ¢ pe30HaHCHOW YacToTou KonebaHnn mexaHU4eCckom 4yacTu.

8 ONeKTpoMarHUTHbIe UCTOYHUKM LUYMa

DNEKTPOMarHUTHbIN WYM B aCUMHXPOHHLIX ABUraTendax Bbi3blBaeTcd paauanbHbIMKU Nepuoandyecknmu
YCUNMNAMU, BO3HUKAOLWMMUN B cTaTope. OTU Tak Ha3biBaeMble MaKCBENNOBLI CUNbl 0bSA3aHblI B3aUMOASUCTBULC
MarHUTHBLIX NOMNen B 3a3ope. YCUnusa xapaktepusyoTca aMnniuTyaon, 4actoton n popmMmoit. [1ocKonbKy KX
aMmnnnTyaa Mmana, OCHOBHOE BIUSIHUE Bbipa)kaeTcsl B BO3SHUKHOBEHUU LUYMa NPY COBNageHUM 4acToThl YCU-
N ¢ cobCTBEHHON YacTOTOW cepaeYHuKa ctaTopa.

[Tpn cnHycongansHOM NUTaAHUN SNEKTPOMAarHMTHLIKM LWYM O0OYyCnoBNEeH NPOCTPaHCTBEHHBIMU FrapMOHU-
Kamu nonen B 3asope. INpun npoekTnpoBaHnn ABUraTens ctaparTcd n3dexaTb NoSIBNEeHUS pe3oHaHca BO BCeX
peXXnmax paboThl MallnHbl. OgHako BBUAY LUMPOKOro cnekTpa rnoneBbiX rapMoHMK Npn DONbLLIOM AManasoHe
perynupoBaHUs CKOPOCTU ABUraTend He yaaeTcd n3beKaTb 3aMETHOMO LyMa Ha HEKOTOPbIX CKOPOCTAX Aaxe
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npy cUHycouganbHOM MUTaHUN. [TO3TOMY YacTo NPaKTUKYETCS yKasdaHWe AOCTaTOYHO Y3KOro YacTOTHOro Ana-
nasoHa, B KOTOPOM 3arnpeuwiaeTcsi pabotatb BO nsbexaHue Hegonyctumo 60nbLIOro YpOBHS 3BYKa.

Bce BblileHa3BaHHbIe 0DCTOATENLCTBA CnpaBeasinBeLl U B cnydYae NUTaHUa ABuraTtenst oT MHBepTopa.
B 3ToM cnyvae AononHUTENbLHO rapMOHUKA NONEn OT HECUHYCOUAANbLHOro HaNpPsiKeHUs1 UHBEPToOpa CYMMUPY-
IOTCS1 C OCHOBHBIMW NPOCTPAHCTBEHHBIMA rAapMOHUKaMK MO, KOTOpble onpeaensawTca YNCIIOM Nap Monto-
cOB p. [103TOMY YCNOBHO YacTOTHbIN XapaKTep paguanbHbIX YCUITUA MOXHO CBA3aTb ¢ PakTOPOM r, KOTOPbIN
npuHMMaeT 3HadeHne 0 nnbo 2p. CobCTBEHHbIE YaCTOThI 3MEKTPOMArHUTHBLIX LUYMOB ABUraTenein 3aBUCAT OT
MX rabaputoB M NOMNOCHOCTU. [N ABYX- N YeTbIPEXNOMNOCHBIX MallWUH Pe30HaHCHbIe YacTOThl MPUMEPHO
MOTYT ObITb OLLEHEHLI cneayroLwmnm odbpasoMm:

BblcoTa ocn < 200 MM fo.r=0> 4900 'y for=2>800TL for=4>4000 I'y;
BblcoTa ocn > 280 MM fo.r=0 <3000 I'y for=2<900Tu for=4<2500 L.

[Tpn NUTaHUN acCUHXPOHHOro ABUratensd OoT MHBEpTopa ToKa LyM OOYCMOBMEH rapMoHMKaMU TOKa,
aMnNNnMTyaa KOToOPbIX, Kak NpaBuno, CBsizaHa ¢ UX NOPSAKOM, HO YacToThl BO3DYXAaeMbIX UMW CAM OTAUYHBI OT
CODCTBEHHBIX YAaCTOT aKTUBHbLIX YacTen cTaTtopa. Takmm obpasom, YpPOBEHbL LLIyMa B 3TOM Cllyvyae aHanormyeH
TOMY, KOTOPbIN UMeeT MECTO Npu paboTe ABMraTens ¢ NOCTOSIHHbLIM MOTOKOM U TOKaMK, 1 NALLb HE3HAYUTEMb-
HO 3aBUCUT OT ynpaBneHuns npeobpaszoBaTenemM N KOHCTPYKUUK ABUratens. Kak nokasblBaeT npakTtuka, ypo-
BeHb 3ByKa NoBbiWaeTcd Ha 1—6 gb no wkane A npu perynupoBaHUU CKOPOCTU OO0 HOMUHANbHOWU Mo
CPpaBHEHUIO C YPOBHEM MPU CUHYycoUadanbHOM NMUTaHUN HOMUHaNbHLIM HanpaXeHemM U YactoTon. BepxHui
npeaen COOTBETCTBYET ABUraTensMm ¢ UCXOAHO HU3KUM YPOBHEM LUyMA.

[Tpn NNTaHUKU aCUHXPOHHOMO ABUraTenst OT MHBEPTOPA HANPSXXeHUA YacToThl FTapMOHUK NoNsa 61M3KM K
HecyLlen YyacToTe Unmn KpaTHbl en. B 3aBUCUMOCTU OT YaCTOThl KOMMYTaUUX U NpUHLMNEa ynpaBneHUs NHBep-
TOPOM XKenaTesibHO, YTODObI COOCTBEHHbIE YAaCcTOThl MarHuTonposoda ctatopa npu r=0 n r=2p dbInn 61M3KN K
TaKOBbIM NPU NMUTaHUKX OT UHBEPTOpPA ToKa. MIaMeHeHne 4acToThl KOMMYyTaLUWUX U TUN MoaynauMm HanpsaXxeHUs
3HAYUTENBHO BIUAIOT HA aMNIATyAy rapMOHUK NONS U COOTBETCTBEHHO Ha paauanbHble YCUIMUA U YPOBEHb
lyma. Kak npasumno, MHBEpPTOpPbl C MOCTOSIHHOW HecyLlen YacTOTON BbI3bIBAOT OOMbLUNIA SNEKTPOMarHUTHLIN
LLIYM, YEM UHBEPTOPLI C yNpaBngaemMbiM UK cnyvanHbiM 3agaHUEM 4YacToThl KOMMyTauun. Takum obpasom, B
3NeKTponpueogax ¢ UHBEPTOpaMU HanpsXXeHUa ypoBeHb LUyMa Npu perynmpoBaHUM CKOPOCTU pacTeT B
bonee WMPOKOM AnanasoHe, YemM npu nuTaHuM ABuUraTtenst oT MHBepTopa ToKa. Kak nokasbiBaeT NpakTuka,
YPOBEeHb 3BYyKa MO CpaBHEHU C cCUMHycouganbHbIM NMUTaHMEM HOMWUHaNbHBLIM HanNpsXXeHUemM U 4acTOTOW
Bo3pacTaeT B npegenax ot 1 go 15 aob no wkane A.

9 CpoK cnyx6bl nsonauumu

Cucrtema Us3onaummn anekTpruvecKkom MmallnHbl Mpu ee NMTaHnmM oT NpeocbpasoBaTens UCNbITbIBAET ropas-
0o bonbliee YUCno HebnaronpUATHbIX PakTOPOB, YeM NPY NUTAaHUKU OT CUHYCOUOaNbLHOW CEeTH.

[1py NnUuTaHKUK gBUraTenen oT MHBEPTOPOB TOKa C «MeaNeHHOU» KOMMYyTaLuen, Kak 3T0 UMeeT MecTo B
TUPUCTOPHLIX UHBEPTOPAaX, Ha MHTepBanax KoOMMyTaL 1 BOSHUKAIOT UMNYbChI NepeHanpshkeHNs, OKasblBalo-
LLie BO3OENCTBUE HA OCHOBHYHO N MEXBUTKOBYHO N30MALMI0. OaHaKo KOMMYTaUMOHHBIE NMUKN O0DbIYHO HE MpuU-
BOOAT K paspyLUeHUIo U30NALMN, MOCKONbKY BpemMsa UX HapacTaHUsa A0BOMbHO BEMMKO, a YacToTa cneaoBaHud
OOCTaTOYMHO Mana.

[1pn NnuTaHun gsuratena OoT MHBEPTOPOB HanpaXXeHUs, YyKOMMNNeKToBaHHbIX, Kak npaBuno, |GBT-Tpak-
3NCTOpaMn, UMeLLUMK BbICOKYHO YaCcTOTYy KOMMYTaL WKW, 3HAYUTENbHbIM TEMN HapacTaHUs HanpsXeHUsa oka-
3blBaeT CYLIECTBEHHOE BJIUAHWE Ha MEXBUTKOBYIO W30NALNUIO, OCODEHHO B 30HE KpaWHWMX BUTKOB.
HebnaronpnatHoe BO3AeNCTBUE HA U30NALMIC OOMOTKU 3aBUCUT OT BENMUYUHBI UMMYNBCOB, TEMMAa UX Hapac-
TaHWUA, YaCcTOTbl CNeaoBaHus, NnapamMmeTpoB U ANMMHbI Kabenga, coeanHALLEro MHBEPTOP C ABUratenem, reo-
MeTPUM OBOMOTKU U Apyrnx pakTopos.

[Buratenn co BCbIMHbIMU OOMOTKaMK, C SManNMPOBaHHLIMW KPYrMbIMKA NMPOBOAHUKAMW ODbIMHO BbIAEP-
XXUBAOT UMMNYNbCHOE HanpsiXeHue, AonycTuMmast aMnninutyga KoToporo npeactaBneHa Ha pucyHke 7, bes
3aMeTHOro CHMXEHUA cpoKa Cny>XObl U30NALUN.

B3anmogenctesme nHBepTopa ¢ BbICOKOWU YacTOTOM KOMMYTaLU MM U COeAUHUTENbHOTO Kabens BbI3bIBAET
MMNYNbChl NepeHanpaXeHUda, onpegenaemMble BlIMAHUEM COeNHUTENbHOWU NUHUW. [IBUraTen HOMUMHanbHbIM
HanpsxeHnem go 500 B yaoBneTBOpPUTENBHO NepeHOoCAT UMNYNbLCLI, A0NYCTUMas BeNMYMHA KOTOPLIX npea-
CTaBneHa Ha pUCYHKe 7, be3 cokpallueHUa cpoka cnyxobl. Ocoboe BHUMaHUE cneayeT yaenuTb NpuBodam C
ObICTPbIM U3MEHEHNEM CKOPOCTU, TakK Kak B 3TOM Cliyvyae Ha Bbixode npeobpasoBaTtenid MOXeET ObITb CROpMU-
POBaHO HanpsaXXeHne 4o ABYKPATHOMO Nno OTHOLWEHUIO K HOMUHAaNbLHOMY .
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PUcyHOK 7 — 3aBMCUMOCTb AONMYCTUMOW aMNIUTyAbl UMMyINbca HaNPsHPKEHUST Ha 3aXumax aBuraTtens u;; 0T BPEMEHW
HapacTaHus uMmnynbca i,

[1na acnHXpOHHbLIX ABUraTernen Ha HanpskeHune Boille 500 B, nnTaembix 0T MHBEPTOPOB C BbICOKOW Yac-
TOTOW KOMMyTaLun, TpebyeTca cneymanbHaa n3onaumsa u/unu npUMMeHeHue AonoNHNTENbHbIX PUNbTPOB Ha
BbIXOJ€e MHBepTOopA.

PucyHok 8 nnntoctpupyeT TEPMUHBI, KOTOpPbIE MPUMEHAIOTCS NPUY aHanMse npovuecca NnTaHnsa oOMOTOK
MMMYbCHBIM HanpsXXeHNeM.

u

90 %

0 1

{

u(ty) - u(ty)

Au =

°ncyHok 8 — OnpeaeneHne BpeMeHn HapactaHust umnynbca

[lepenag HanpsbKeHus AU — pasHuLLa MexXay MrHOBEHHbIMU 3HaYeHUSAMWU HanpsiKeHUs Henocpea-
CTBEHHO A0 U Nocne BO3HUKHOBEHUS UMNyNbca. IMNynbC 3akaH4YMBaeTCsl B MOMEHT, Koraa HanpsXXeHune aoc-
TUraeT cBOEro nepsoro Makcumyma. Bpemsa HapacTtaHua umnynbca f. onpeaensaeTca Kak MHTepBan mexay
MOMeHTaMu, koraa HanpsxeHue coctasnsgeT 10 % v 90 % nepenaga HanpsXeHUsa Au.

C no3vumn KoMnnekca B3auMoOeUCTBMNA PEKOMEHAYeTCsl TwaTenbHas KOHCTPYKTUBHAS NpopaboTka
BCEro KoMnnekra npueoaa.
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10 Toku Yyepe3 NOALLUMMHUKA

[Tpn paboTe aBUratens oT CeTU ¢ CUHycouaanbHbIM HaNPsKeHUEM KONbLEBOW NOTOK ApMa cTaTopa
HaBOAWT OCEBYIO anekTpoaBuywyto cuny (OAC) B KOHTYpe, 0bpazyeMom Banom, NoALunnHUKamm, donaHuem
N KOPMYCOM, KaK rnokasaHo Ha pucyHKe 9. KonbLUeBOW NOTOK BbI3BaH HEOAHOPOAHOCTAMU ApMa (NacTOYKUH
XBOCT ANA KpenneHuns apmMa, BEHTUNALUOHHBIE KaHarnbl, MarHUTHas aHu3oTponud nnactuH). ObbIMHO oceBas
S0C onpepensieTca 4acToTOM NUTAHUA U TPOEKpaTHOUM el 4YacTOTOW, BbI3BAHHOW HENMMHEWHOCTLIO Lenu
HaMarHndymsaHus. OnbIT NokasbiBaeT, YTo ecn oceBad SC He npeBbiwaeT 500 MB, TO He Bo3HUKaeT Heob-
XOAUMOCTU B ACNONHUTENbHBLIX 3aLlLUTHBIX YCTPOUCTBaX. B NpOoTUBHOM cny4dae 4Yepes NogLlUUnHUKA NpoxXoaaT
TOKW, KOTOPbIE B TeYEHNE KOPOTKOrO BPEMEHU MOTYT UX paspylnTs. M3onauns nogawmnHuka, ocobeHHO Ha
3aHeM KOHLe Bana, obblMHO AgocTaTo4vHa Ans Toro, YTodbbl n3bexaTb NPoxXoXaeHns TOKOB Yepes oba noa-
LUUMHMKA U MexXaHU4YecKue YacTu Npueoda, coeanHdaLme ero ¢ Harpyskon. [laHHaga nsonauusa He siBNdeTcd
HeobxoaMmMon Ana Asuratenen, BbINYLWEHHbIX B COOTBETCTBMM C COBPEMEHHBLIMU TpeboBaHUAMU W
MATAOLWMXCA OT CUHYCOMAANbHOro HanpsaXXeHus.

I_._ = o
o

Leire

é”\_o\Q

(f), onpeaensowmnn oceryto 3AC v napasnTHLIN TOK |,

PUCYHOK 9 — KonbueBon NoTokd .

Flﬂg circ

[Mpn nuTaHun o1 NpeobpasoBaTens ¢ MHBEPTOPOM Toka oceBast SLC cnabo 3aBUCUT OT rapMOHNUYECKO-
o cocTaBa nutarwlero Toka. lNostTomMy pekoMeHayeTca TOT Xe, Kak U Ans CUHycoMaanbHOro nuTaroLero
HanpPsPKeHUs1, BepXHU npeaen makcumansHoro HanpsikeHnsa 500 mB ans onpegeneHnst HeobXxoanMMoCcTM NP K-
MEeHeHUs cneunanbHbIX Mep.

CoBepLUeHHO UHad Npupoaa TOKOB Yepes NoALUNHUKA XapaKTepHa npu nmtaHnm gsuratensd oT npeob-
pasoBaTena ¢ MHBePTOPOM HanpsaXeHUs. Tak HasblBaeMble NoMeXn (BbICOKOYaCTOTHbIE COCTaBNAOLWNe ToKa
N HanNpsbXeHusl) nuTaHua asuratensd obOyCnoBMeEHblI TOMNOMOrMEN U alropuTMOM yrnpaBneHnst MHBepTopa U
COCTOAT U3 YAaCTOTHbIX KOMMOHEHT, 3aBUCALLMX OT rapMOHNYECKOro cocTaBa BbIXOAHOMO HanpaXXeHUa UHBEP-
Topa. X MakcumanbHaa BenudnHa Haxogutcd B npeaenax 50 % NocTOAHHOTO HanpsaXXeHUs B 3BeHe NOCTOSH-
HOrO ToKa NpeobpasoBaTensd YacTtoThl UK B npeaenax 72 % NUHeNnHOro HanpsiXkeHnsa Ha BXoae MHBepTopa B
criydyae npumMeHeHus 6-pasHoro HeynpasnseMoro BoinpsiMnuTens. NocKonbKy NnoMexum Bo BCexX 0bMOTKaX CUH-
(pasHbl, X MOXXHO paccMaTpuMBaTh Kak HyNeBYHo NocneaoBaTeNlbHOCTh B COCTaBe HaNpsXKeHUs. OKBUBaAEHT-
Haa uUenb Ang nomex nokaszaHa Ha pucyHke 10. lpyu nutaHnKM oT npeocbpaszoBaTtensd B OTINYME OT
CUHYCONOANBHOIO NMMTaHUA OT CETW DOMbLUYHO POSb HA BBICOKMX YaCTOTax UrpatnT eMKOCTHbIE COCTaBNALNE
COMNPOTUBNEHUN. AMNNUTYyAa NOMeX 3aBUCUT OT COMPOTUBIIEHMSA (B OCHOBHOM peakTUBHOW COCTaBNAOLLEN)
Lilenun, No KoTopoW OHK NpoTekatoT. [laHHast Luenb 3aMblKaeTcsl B HYNEBOU TOYKE MHBepTopa. B obuem cnyyae
napasnuTHble TOKU MpoxXoasT 4epes noAWUMNHUKKA ABUraTensa no TpeM KOHTypam, geTtanbHoe onucaHue
KOTOPBLIX NPUBOANUTCHA HUXE.

[Tapas3nTHBIN TOK, NPOXOAALLMA MO ONUCAHHOW Bhille Lenun, Bbi3BaHHbIM MHAYLUPOBAHHOW KOMbLEBLIM
MNOTOKOM BblicokoYacToTHON 3OC, obyCcnoBnNeH TONbKO EMKOCTAMU MeXay BUTKAMN N cepaeYHUKOM U He CBSI-
3aH C HeoaHOPOoAHOCTAMU ApMa cTtaTopa. daHHbIA TOK YTeYKU NPUBCAUT K NOABNEHUIO Pa3HOCTU TOKOB Ha
0beunx CTopoHax BUTKOB KaTYLUKA U B KOHEYHOM CYHETE — K KOMbLEBOMY MOTOKY B COOTBETCTBUU C 3aKOHOM
AMnepa.
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MakcumanbHoe 3HavdeHue oceson O4C B 3aBUCMMOCTU OT YaCcTOThl KOMMYTaLUUKU, POPMblI UMNYECOB K
CKOpPOCTM ABuratens moxet npesbiwaTtse 10 B 1 npobuBath CMa304HY0 NNEHKY NOALWMMHUKOB, BbI3biBas UX
paspylleHue. Kak nokasblBaOT UCMLITAHUA, TOK MOXKET UMeTb MeCTO Ha OCHOBHOW YacToTe NMUTAaHUA U TPETbUX
rapMoHukax gaxe npu amnnutyae oceson 30C meHee 500 mB. INosTomMy npu nUTaHuM oT NpeobpasoBaTerns
bonee npeagnovTUTENbHbI ABUraTenn ¢ HU3KUM 3HaveHnem oceson 3C.

[Tpn HeobXxoaMMOCTU namepeHua oceson SLC npu nuTaHMn oT npeocbpaszoBaTenst cneayeTt UCMOoMb30-
BaTb cneunanbHoe UaMeputenbHoe obopyaoBaHMe U 3KpaHUPOBaHHbIE Kabenu, YTobbl BLICOKOYACTOTHLIE
NnoMexXu He NcKasunm pesynbtaTbl U3MepPeHUN.

MMNynbCHbIE eMKOCTHBIE TOKW Yepes NoALnUnHUKA, rnaBHbIM 0bpa3omM Ha NpMBOAHOM KOHLLe Bana, pac-
TYT, ecnn oceBad IC cTaHOBUTCA COM3IMEPUMON C PA3HOCTLIO NOTEHLMANOB HYNEeBLIX TOUEK MHBepTopa U
aBuraTensa. Jta KoHUrypauua npeanodTuTenbHa B criydae, Korga gsuratenb U NpMBoAUMBIA UM MeXaHU3M
coeMHEeHbI NpoBoAsileN TpaHCMUCCUEN, a ABUraTenb HeNpaBUIlbHO 3a3eMNeH. AMNNNTYAbLl TOKOB bonee
10 A B ABUraTendax ¢ BbICOTOM Bana Bhille 315 MM BbIBOAUIU U3 CTPOA NOALNNHUKA B TEYEHNE HECKOMbKUX
COTEH YacoB.

EMKOCTHOE HanpsibkeHue, MHoraa HasblBaemoe NoALUNHUKOBBIM, MOXET ObITb U3MEPEeHO B paauarnb-
HOM 3a3ope NnogWnnHUKa, ecnu cepageyHnk 1 Kopnyc agsuratens npaBuUnbHO 3aszemMneHsl (pucyHok 10). I'oa-
LLUMNHUAKOBOE HaNpshXXeHue ABMNAeTCH 3epKanbHbIM OTODpaXXeHNeM HanpsiKeHUs NoOMEXU, a ero OTHoOLWEHUE K
HaNPSPKEHUIO MOMEXN 3aBUCUT OT EMKOCTHBIX COMPOTUBMNEHNN MeXay 0OOMOTKOW cTaTopa 1 pOTOPOM, POTOPOM
N KOPNYCOM, a TakKe eMKOCTU caMoro noglunHuka. NasmepeHua aTtoro HanpsXXeHUsa nokasbiBaloT, UTO ero
Makcnumym obbivHO gocTturaeT 10—30 B. B cnyyae, korga oHO AoCTUraeT HanpsikeHus npobos, BO3HUKAKOT
KpaTKOBpeMeHHble paspdagHble TokU. HacToTa NOBTOPEHUA 3TUX TOKOB pacTeT ¢ POCTOM MOALUUNMHUKOBOTO
HaNPsKeHUs1 N YacToTbl KOMMyTaUnU. IamepeHnst nokasbiBaloT, YTO MakcuMarnsHoe 3HaueHne TOKOB Npobos
cocTaBnsaeT Heckonbko amnep npu 50—100 nmnynscax 3a 20 mc. PaspsigHble TOKKU He MOTYT DObITb MCKNHOYe-
Hbl TONBKO MU3onsaumnen noawnnHUKoB. OHU NPUBOANAT K 0Opa3oBaHUIO PaKOBUH Ha AOPOXKKaX NoALUMNHUKOB,
YTO MOXET ObITb UAEHTUDULNPOBAHO NO YCUMEHWUIO LWYMa MOALLUNMHUKOB.
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B — noawunHuK; Ci — €MKOCTb POTOP-KOpNyc; Ro — conpoTtuBreHne obmMoTKu;
C — kabenb; iz — TOK vyepe3 NoALWUNHUK; Usng — HaNPsi>KEHWe HenTpanu craTo-
Csr — €MKOCTb CTATOP-poTOop; icpm — TOK nMpobos; pa-3eMns;
CB — eMKOCTb NnoawunriH1Ka, Lo — MHAYKTUBHOCTb pacCedaHWns,; Uprg — Halps>xXeHne rnogunrHnka,
Csf — €MKOCTb CTaTOpP-KOPNyc, RB — conpoTuBneHne nogwnnHuKa, Uem — HallpPHXXeHUE NOMEXN

PucyHok 10 — Cxema uenu napasmTtHOro Toka n rnogwnnHUKOBOE HarpsiKeHune

[MpakTuKa akcnyaTaumm NpaBniibHO 3a3eMINeHHbIX 31eKTPONPMBOAOB ¢ NpecbpasoBaTensaMm 4YacToThl
CBUAETENbCTBYET O CNeayoLeM.

B ABuratensax, Ha KoTopble pacnpocTpaHseTcsa AeUCTBME HACTOALLEro ctaHgaprta, ¢ BBICOTOW Bana Ao
280 MM, Kak nokasbiBaeT OnbIT, NOALUUMHUKA peaKko BbIXOOST U3 CTPOS NO BUHE npeobpasoBaTend. Tem He
MEHEE MOXHO YyTBepXaaTb, YTO ANINEKTPUYECKMA U3HOC B 3HAUYUTENBLHOW CTENeHW 3aBUCUT OT cnocoba
yrpaBleHUs U YacToTbl KOMMyTaLUuUnU MHBepTopa. [puMeHeHne MHBEPTOPOB C YacTOTON KOMMYTAaLWUKX BbilLe
10 k'Y, 1 HanpsikeHnem donee 499 B TpebyeT BHUMAHUA K U30NALUX NOALLMMHMKA.
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[1nsa gBuratenen, Ha KOTopble pacrnpocTpaHAeTCd AeNCTBMe HAcTosALWero ctaHgapTa, sodekT MoXeT
ObITb AOCTUrHYT 3aMeHOW NoaLlunnHNKA Ha N30NUPOBaHHbLIN C aHanorM4yHbiMKU pasmepamun. Ans agpuratenen ¢
BbICOTOM Bana 315 MM U Bbllle conpoTuUBNeHne nsonauum aomkHo coctaBnatse 100 Om Ha 1 MITL.

HeobxoanMmocTb N3051LUKM 0060UX NoAWUNHUKOB BO3HUKaET peako. Ecnu Bce e oHa BO3HMKIA, HACTOSA-
TeNbHO pekoMeHOyeTCcs NPOBECTU 3KCNepTU3y BCEUN CUCTEMBI 3TIEKTPONPUBOAA, BKIoYada U30NALMI0 MeXaHU-
Yyeckux coeauHeHUU Bana NpPpUBOAHOIO ABuratend U CUCTEMBLI 3a3eMieHUa (BO3IMOXHO WCMNONb3OBaHUE
3aseMnqaroLen WeTKn).

[1na aBUratenen, Ha KoTopble pacnpocTpaHsaeTcs AeUCTBUE HACTOALWEro ctaHgapTa, ¢ BbICOTOW Bana
315 MM 1 Bbllle, ANA KOTOPbIX HEBO3MOXHO NpUMEHeHUe U30NUPOBaHHbLIX NOALIUMHUKOB, pekoMeHAayeTCH
cnegyroulee:

- YMeHblUeHWe BbIXOAHOMo HanpskeHUa MHBepTOopa;

- MCNOJ1Ib30BaHME UMHBepTOopa ¢ PUNLTPOM, pacCHUTaHHbIM Ha CriaXXMBaHMe HanpsXXeHUs NoMeXMu.

11 OnekTpuyeckne U MexaHu4yeckme coeguHeHUA, 3aseMrneHue

[ns ycTpaHeHUAa oTpUuLaTenbHOro BAUAHUS HanNpsbKeHUs1 noMexn Ha nogwnnHUKM Heobxoammo BceMu
BO3MOXHbIMU CcnocobamMn UCKNIOUNUTL NPOTeKaHWe napasuTHbIX TOKOB BHYTPU MalUUHLI. Hanpumep, MOXHO
napasuTHble TOKN 3aMKHYTb Ha MHBEPTOP Yepes 3aLlUNTHLIN 3KpaH Kabens UM saseMneHne aesuratens.

[N BeinonHeHNa aToro TpedboBaHMsA (M OAHOBPEMEHHO TpeboBaHUN NO 31eKTPOMarHMTHOM COBMECTH-
MOCTMW) HeobXoanMO UCTMONb30BaTh 3KPaAHUPOBaHHbIE MHOTOXWUIbHBbIE Kabenn. JKpaH A0MmKeH OblTb BbIMOI-
HEeH U3 Mean NN antoMUHUSA, YTODbI YMEHbLUWUTL CONPOTUBNEHUE, B YaCTHOCTU, U Ha BbICOKMX YacToTax, M 0ba
ero KoHua AomMKHbl NpucoegnHATbea K PE-npoBoaHunKy. PekomeHAayoTCAa Kabenun, B KOTOPbIX 3a3eMNeHHbIe
MPOBOAHMKN pacrnofioXeHbl CUMMETPUYHO pasHbIM. ECnn aKkpaH Mcnonb3yeTca Kak 3alMTHbIM NPOBOAHMUK,
ero nNpoBOAUMOCTb A0JKHA UMeTb COOTBETCTBYHOLLEee 3Ha4YeHMe.

[Ton MoHTa)e Kabensa gorkHa ObliTb obecnevyeHa CBA3b MO BLICOKOWM YacToTe 0bonoyek asurartens u
npeobpaszoBatens. [MoaToMy HeobxoaMMO, YTOOLI KNneMMHas Kopobka ABuraTtensi Obina BbINofHeHa U3 NpoBO-
asiero martepuana v oblna NoTeHUMansHO cBsizaHa ¢ ero kopnycom. CONpoTUBNEHME MeXay KOpnyCcoM ABU-
raTens n aKkpaHoM Kabena unun saseMneHHbIMU MNPOBOAHUKaAMM OACIMKHO cocTaBnATe MeHee 1 OM Ha YacToTe
1 MI'u.

Bce oTKpbITEIE MeTanIn4yeckne YacTu yCTaHOBKN AOMKHbI ObITh 3a3eMIeHbl B COOTBETCTBUM C TpeboBa-
HUAMU anekTpobeszonacHOCTU. B cnydae nuTaHms gsuratens oT npeobpasoBaTenia BCe COeQUHEHUA Takxke
OOJDKHBI UMeTb Malioe CONPOTUBIIEHME Ha BbICOKMX YacToTax. Ana aTux ueneun pekoMeHayrTCa LWNPOoKUe
MedHble nreTeHble NPOBOAHUKN.

TaKkue Xe NPOBOAHUKU OOSHKHBI COeANHATL KOPNyC ABUraTens ¢ KNneMMHOMN KOpobKoW ANs BblpaBHUBa-
HAA UX NOTEHLUaNoBs.

B 3aBUCUMOCTW OT YCNOBUN 3a3eMIIEHNA NMPUBOAUMON ABUraTenemM MallunHbl B paae criydaes Npu BbiCO-
Te Bana bonee 315 MM Heobxogmnma NMoTeHUManbHaa CBA3b MeXay ABuratenem n mexaHMsmom. TUNUYHbIM
MPUMEPOM MOTYT CITYXXUTb 3a3eM/iIdeMble HacoChl, CoOegUHEHHbIE ¢ ABUraTennieMm Mmetannm4eckon MyqpTon.

[ononHuTenbHbIe YCTPOUCTBA, HAaNpUMep TaxoMeTpbl, A0IMKHbI ObITb U30NUPOBaHLI OT ABUraTens BO
n3dexaHne napasnUTHbIX TOKOB. OKpaH CoeaUHUTENLHOrC NpoBoAa A0MKeH DObITh 3a3eMneH Ha nNpeobpas3oBa-
Tene, HO N30NUPOBAaH OT Kopnyca agaTtyunka. [Ansa sHkoaepa npeanovTUTeNbLHO ABOUHOE 3KpaHUpoBaHue. Kabe-
N AONONHUTENbHBIX YCTPOWUCTB AO0/MKHbI ObITh NPONOXEHbl OTAENBHO OT CUMOBLIX Kabeneu.

12 JonycTumasa yacTtoTa BpaweHus

Ecnn gBuratens AoMmKeH paboTaTbh NMpW CKOPOCTSX BbllLe HOMWUHANBHOW, MakcuMarnbHasa gonyctumas
ckopocTb onpeaensetcss MOK 60034-1, nyHKT 9.6. B 3aBUCUMOCTU OT KOHCTPYKLUWK ABUratens pabdborta Ha
NOBbILEHHBIX CKOPOCTAX AONYCTUMA NO cornacoBaHUio ¢ NPOU3BOAUTENEM.

[1pn CKOPOCTAX BhiLLE HOMUHAaNLHOW YBENMUYMBAOTCA WLYM U BUDpauusa. [NMoaToMy MOXeET noTpeboBaTh-
CH YTOUHEHWE AOMNYCTUMBIX NapaMeTpoB PEXMMOB paboThl ANA CKOPOCTEN BbllLe HOMUHANBHON.

PaboTa Ha CKoOpOCTAaAX, BIM3KUX K MakCUMalbHOW, B TedeHne Npoac/PKUTEeNbHOro nepuoga BpeMeHu
MOXET NPUBECTU K 3aMeTHOMY YMeHbLUeHUIo pecypca noaLllnnHUKoB. bornee Toro, MOryT CoKpaTUTbLCS pecypc
YNOTHUTENBHBIX COeAMHEHNIN Bana, a Takke nepuog odcnyXmBaHMa CUCTEMbI CMa3KM.
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13 KoadhdhpmumeHT MOLHOCTI

[1oBbILLEHNE KOS DN

IMeHTa MOLLHOCTW Ha Bxode npeobpas3oBaTtens 4acToThl He crneayeT npeanpuHn-

MaTb Be3 rapMoHUYecKoro aHanusa.

He pekoMmeHayeTcHa NnpnucoeguHeEHNUE CUNOBLIX KOHAEHCATOPOB K ABUraTento Ans Koppekunn koadpuuu-
eHTa MOLLHOCTU, MOCKONbKY OHU MOTYT SIBUTLCS MPUYMHOW BbIXOda MHBEPTOPA N3 CTPOS, a C APYron CTOPOHHI,
0O bIUHO KOMNEHCUPYIOLLME KOHOEHCAaTOPbl HE paccynTaHbl Ha Takne BbICOKME 4acTOThl, KOTOpbIE B JaHHOM

criydae MMerT MecTo.

[MoBblLLeHMe KoaddpuLmeHTa MOLWHOCTU Ha BXxode npeobpasoBartens 4acToThl C MHBEPTOPOM Hanpsxe-
HUSA BO3MOYXHO NYTEM UCMOSIb30BaHUA MHBEPTOpPa C akTUBHLIM 3a4HUM (DPOHTOM.
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Mpnnoxenvne OA
(cnpaBo4HOe€)

CBeAeHNA 0 COOTBETCTBUU CCLITOYHbIX MeXAYHapoAHbIX CTaHAapTOB
CCbINMOYHbIM HauUuoOHanbHbIM cTaHaapTaM Poccunckon ®epgepaunum
(M AEUCTBYOLLIMM B 3TOM KavecTBe MeXrocygapcTBeHHbIM CTaHAapTam)

Tadbnwuwua OA.1

Kne Bpawarwmecss. HommHanbHble OaHHbIE U XapaKTEPUCTUKN»

OB03HaAYEHUE CChINOYHOro CTeneHb Obo3HavYeHne n HaMMeHOBaHNe COOTBETCTBYIOLLEro HAUMOHANbHOIO
MEXOYHAPOOHOro ctaHaapTa COOTBETCTBUSA crtaHgapTa
M3K 60034-1:2004 MOD [OCT P 52776—2007 (M3K 60034-1:2004) « MawmnHbl 3neKkTpudec-

MOK 60034-12:2007

*

MOK 60034-25:2007

OTBETCTBUH CTaHOAPTOB.

- MOD — mogmnduunpoBaHHble CTaHOAPTHI.

* COOTBETCTBYIOWMN HAUMOHANbHLIM CTaHAapT OTCYTCTBYET. [0 ero yrBep>XaeHnsa pekoMmeHayeTcs NCnonb3o-
BaTb NEPEBOA HA PYCCKUN A3bIK 4aHHOIo MeXayHapoaHoro ctaHgapTa. [epesog 4aHHOro MeXxXgyHapoaHoro craHgapra
HaxoanTcsa B @PegepanbHOM MHPOPMALUMOHHOM hoHAE TEXHUYECKUX PEINMaMEHTOB U CTAHOAPTOB.

[TpwnmedyaHune—B HacToswen Tabnuue ncnonb3oBaHoO crneayowee yenopHoe obo3HauveHne CTENEHN Co-

13



FOCT P MA3K/TC 60034-17—2009

YOK 621.313.3:006.354 OKC 29.160 EGO

KntoveBble cnoBa: MallUHbI 3NeKTpU4eckne Bpallatolnecsi, aCUHXPOHHbIE ABUraTeNn C KOPOTKO3AMKHYThIM
DOTOPOM, NUTaHUe OT NpecbpasoBaTtenein
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