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ctaHgapToB Poccuiickon ®egepaunm — FOCT P 1.0—2004 «CrangapTtusauma B Poccuickon ®epepadnn.
OCHOBHbIE NOMOXeHUsI»

CBeaeHUA o ctaHpapTe

1 NOArOTOBNEH MocyaapcTeeHHbIM 06pasoBaTenbHBIM yYpexaeHWeM BbicLuero npodeccroHarns-
Horo oB6pasoBaHMsA «MOCKOBCKUI 3HEePreTUYeckuin MHCTUTYT (TexHudeckuin yrnsepcuteT)y» (TOYBIMO «M3U
(TY)»)

2 BHECEH TexHuyecknum komuteTom no ctaHgapTusaumm TK 333 «Bpalwatowmecs anektpudeckme
MaLUWHbI»

3 YTBEPXIEH W BBENEH B NENCTBUE lMpukazom PegepanbHOro areHTCTBa Mo TEXHUYECKOMY
perynmpoBaHuto 1 meTtposoriun ot 9 aekabps 2009 r. Ne 640-ct

4 Hacrosiyuin cTangapT UAeHTUYEeH MexayHapoaHomy ctaHaapty M3K 60034-17:2006 «MalwnHbl
anekTpuyeckve Bpallarowmecs. Yactb 17. ACUHXPOHHbIE ABUraTeny ¢ KOPOTKO3aMKHYThLIM POTOPOM Npu
nuTaHun oT NnpeobpasosaTteneil. PykosoacTeo no npumeHeHuo» (IEC/TS 60034-17:2006 «Rotating electrical
machines — Part 17: Cage induction motors when fed from converters — Application guide») n npeacrasneH
Brepsble

Mpy NpUMeHeHUN HacTosILero cTaHgapTa pekoMeHayeTcs NCNoNb30BaTbh BMECTO CChINOYHBIX Mexay-
HapoAHbIX cTaHA4apTOB COOTBETCTBYOLIME UM HaLWOHaNbHble cTaHaapTel Poccuiickon ®egepaunm u Mexro-
CyAapCTBeHHbIE CTaHAapThl, CBEAEHNA O KOTOPLIX NpUBeAeHb! B CpaBoYHOM NpunoxeHun JA

5 BBEJEH BMNEPBbIE

UHbopMmayusi 06 UsMeHeHUsX K HacmosiemMy cmaHOapmy rnybriukyemcsi 8 exxe200H0 u30asaeMoM
UHGbopMayUOHHOM yKa3zamene «HauuoHanbHble cmaHdapmbl», @ MeKcm U3MeHeHUl U rornpasok — & exe-
MeCsIYHO u3dasaeMblx UHhOPMAaUUOHHBIX yKa3amensx «HayuoHaneHbie cmaHOapmel». B crniyyae nepe-
cMompa (3aMeHbl) unu ommeHsl Hacmosileao cmaHOapma coomeemcmeyioujee ysedomreHue bydem
onybruKoeaHo 8 exxeMecsiiHo usdasaeMoM UHhOpMayUOHHOM yKkasamerne «HayuoHanbHbie cmaHdapmbi».
Coomseemcmsyrowas UHhopMayus, ysedoMIIeHUE U MEKCMbI pasMeLaromes makxe 8 UHGhoOpMayUuoHHOU
cucmeme obujezo ronbL30eaHuUss — Ha oguyuansHom calime OedepasibHo20 aeeHmMCmea o MeXHUYeCKOMY
peaynuposaHuro u Memporsoauu 8 cemu IHmepHem
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HacTtoswuii ctaHAapT He MOXeT BbITb MOMHOCTBIO UMW YaCTUYHO BOCMPOU3BEAEH, TUPaXUpoBaH 1 pac-
npocTpaHeH B kKavyecTBe odumLmnanbHoro nsganus 6es paspelleHuss PegepansHOro areHTCTBa No TeXHUYecKko-
MY perynmpoBaHuio 1 MeTponorum
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HAUWOHANBbHBLIN CTAHOAPT POCCUUCKOMNW SEREPALUMU

MALUUHBbI ANEKTPUYECKUE BPALLAIOLINECA
YacTtb 17

PykoBOACTEBO MO NPUMEHEHUIO aCUHXPOHHBIX ABUraTesnei ¢ KOPOTKO3aMKHYTLIM POTOPOM
npu nuTaHuu oT npeo6pasoBaTtenen

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

Oara BBegeHna — 2011—01—01

1 O6nacTb NnpUMeHeHun

HacTtosilwumin ctaHOapT onpedensieT Kputepun Bolbopa KOMMOHEHTOB YacTOTHO-PEryNNPyeMoro anek-
TPONpPUBOAA 1 UX BUSIHWE HA paboTy ABUraTensa B cocTaBe 3TOro SreKTponpusoaa.

HacTosilumin cTaHaapT pacnpoCTpaHAeTCA Ha aCUHXPOHHBLIE TpexdasHble KOPOTKO3aMKHYThIe ABUraTe-
NN, BbINOMHeHHble B cooTBeTcTBUM ¢ MOK 60034-12, npu nx nutaHum oT npeobpasoBaTenei 4acToThl € Npo-
MeXyTOYHBIM 3BEHOM MOCTOAHHOIO TOKa, coepKalyMx MHBEPTOPbI ToKa UNu HanpsbkeHus 6e3 orpaHudeHui
Ha KONMUYECTBO, LPWHY U 4acTOTY MMNYNbCOB, a Takke BUA Ktoyel niBeptopa, 6yAb OHU TUPUCTOPHbIE UMK
TpaH3ncTopHble noboro Tuna.

CTaHOapT He pacnpocTpaHaeTca Ha MalluHbI, creuuansHo npegHasHavYeHHbIe AN NUTaHUA OT Npeo6-
pasoBarenei YacToTel. Ha 3T mawwmHel pacnpoctpaHsietca MOK 60034-25.

2 HopmaTuBHbIE CCbINKU

B HacTosILLeM cTaHgapTe NCMONb30BaHbl HOPMaTUBHBIE CChISIKA Ha crieaylolume MexayHapoaHble cTaH-
[apTbl:

M3K 60034-1:2004 MawwnHbl anekTpuyeckse Bpawawwmecsa. Yacte 1. HoMuHanbHble 3HaYeHUA
napameTpoB W  aKchnyaTauuoHHble  xapaktepuctukn  (IEC  60034-1:2004, Rotating electrical
machines — Part 1: Rating and performance)

MO3K 60034-12:2007 MawuHbl anekTpudeckne Bpalatowneca. Hactb 12. MNyckoBble xapakTepucTuku
O[HOCKOPOCTHBIX TpexdasHbIX ABUraterieil ¢ KopoTko3aMkHyTeiM poTopoM (IEC 60034-12:2007, Rotating
electrical machines — Part 12: Starting performance of single-speed three-phase cage induction motors)

M3K 60034-25:2007 MawuHbl anekTpudeckue spallatoumecs. Yactb 25. PyKoBOACTBO MO KOHCTPYK-
U 1 aKcnyaTaumoHHBIM XapakTepucTukam ABuratenen nepeMeHHoro toka, cneunansHo npegHasHadeH-
HbIM ANs anekTponuTaHus depes npeobpasosatens (IEC/TS 60034-25:2007, Rotating electrical
machines — Part 25: Guidance for the designh and performance of a.c. motors specifically designed for
converter supply)

MpumeyaHu e— pn NONb30BaHUN HACTOALMM CTaHAAPTOM LenecoobpasHo NpoBepuTb AeNCTBUE CCblNoY-
HbIX CTAHAAPTOB B MHOPMAaLMOHHON cucTeMe oBLLero nonb3oBaHns — Ha oduumansHoMm caite PegeparnbHoOro areHT-
CTBAa MO TEXHUYECKOMY PErynpoBaHunIo 1 METPONOTMK B CETU VIHTEPHET UMK MO EXEroaHo M3gasaeMoMy UHGOPMaLMOHHO-
My ykasaTtenio «HaumoHanbHble CTaHAApTb», KOTOPbLIA ONyBnNMKOBaH Mo COCTOSIHWMIO Ha 1 SIHBapA TEKYLero roga, v no
COOTBETCTBYIOLMM EXEMECAYHO M34aBaeMbIM MHPOPMAaLMOHHBLIM yKasaTensM, onyBnukoBaHHbIM B TekylweM rogy. Ecnn
CCbINOYHbIN CTAHAAPT 3aMeHeH (M3MEHEH), TO MNP NOMNb30BaHWUKM HACTOSALLMM CTAaHA4APTOM CledyeT PyKOBOACTBOBATLCA 3a-
MEHSIIOLLMM (U3MEHEHHbLIM) CTaHaapTOM. ECrnn cCblnoyHbIi CTaHAapT oTMeHeH 6ea 3aMeHb!, TO NonoXeHue, B KOTOPOM fa-
Ha CCbINKA Ha Hero, NPUMEHSIETCS B YacTy, He 3aTParMBaloLLen aTy CCbIMKY.

WU3paHne odmumnansHoe
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3 XapakTepucCTUKU aBUraTens

B nepvioa KOMMYyTaL1 TOK UHBEPTOpa NPOXOANUT Mo CTaTopHbIM 06MOTKaMm ABuraTens, noaToMy Ans npa-
BUMbHOTO BbIGOpa Lien KOMMyTaLmMn HeoBX0AMMO 3HaTh 3KBMBANEHTHYIO CXeMY acMHXPOHHOrO ABUraTens.

B cny4ae UHBepTOpa HanpsbkeHWUsl 3KBMBAIEHTHas CXeMa He CTOMb BakHa, O4HaKo CONpoTUBeHNs ABu-
raTens BbICOKOYACTOTHBIM COCTaBMAOWMM CUMBHO BIMAIOT Ha NOTEPU OT rapMOHUYECKUX COCTaBISAOLLMX.

YkasaHHble o6cToATENbCTBA TPeByT MNpaBuibHOro YHKUMOHUMPOBaHUA npeobBpasosaTtens. Ecnu
NpeAbABNSAOTCA NOBLIWEHHbIE TPe6OBaHMSA K BeNIMYMHe NoTepb UMM AOMOMHATENLHOTO (BLICOKOUYACTOTHOTO)
MomMeHTa npu paboTe UHBepTOpa, HeobxoaumMa UHopMaLus 06 3KBUBANEHTHOW CXeMe 3aMelleHUs ABuraTe-
NS ANA BCEro crnekTpa rapMoHUK Mpy NUTaHAU CTaTopHLIX 0BMOTOK.

Bauay pasHooBpasuns KOHCTPYKLMM NPOBOAHUKOB poTopa (MeaHble ¢ yriy6neHHbIM nasom, antoMuHe-
Bble C ABOWHOM KMETKOMN), @ Takke LMPOKOTro CreKTpa YacToT rapMOHUK He yaaeTca npedcTaBuTh YHUBep-
canbHylo cxemy saMelleHust asuratens. Kak npaeurno, AN pacdeTa rapMOHUYECKMX MOMEHTOB U MoTepb
HEeAoMyCTUMO UCTIONb30BATL NapaMeTpbl CXeMbl 3aMeLLeHIs B yCTaHOBUBLLEMCS pexiuMe paboTel AsuraTens
npu HOMWUHanbHOI YacToTe. MNMpoussoanTenb ABUraTens MoXeT NpedocTaBuTb HeoBxoauMble napameTphbl
CXeMbl 3aMeLLeHNs, TOMbKO ECii eMy N3BECTEH CTeKTparkbHbIA cocTaB HanpsXeHUs U/Unn Toka UHBepTopa.

4 YacTOTHbIW CNEeKTP HanpsXXeHUs1 U ToKa

Onsa y4eTta CHWKEHUA MOMEHTa U ero BbICOKOYACTOTHBIX COCTaBMSOLMNX He0BX0AUMO 3HaThb YacTOTHLIN
CNEKTP HanpsKeHUs1 B criyyae MHBepTOopa HanpsiKeHWUs U TOKa B Cryvae MHBepTopa Toka.

Ha pucyHke 1 nokasaHa TunuuHasa dopma Toka cdasbl ABUraTens, nutatowerocsa oT npeobpasoBaTtens ¢
NMHBEPTOPOM ToKa. MpUCYTCTBYIOT rapMoHUKKU ¢ Homepamn 5, 7, 11, 13, ... . OTHOCUTENbHLIN rAPMOHUYECKUA
COCTaB 3aBMCUT OT BPEMEHM KOMMYTaLMU y pasHbIX NpeobpasosaTeneit MOXeT OTNnYaTbCs.

Iphase b

60°  120°  180°  240°

" 300°

" 360° ot

PucyHok 1 — dopma (maeanusnpoBaHHas) a3Horo Toka iphase NP1 NMTaHUM COeANHEHHbIX B TPEYronbHUK 0O6MOTOK ABU-

rarensi OT UHBEPTOPA TOKa

Ha pucyHke 2 nokasaHa xapakTepHasi chopma NIMHEAHOro HanpskeHus u;; npu paboTe nHBepTOpa
HanpspkeHUa ¢ LWMPOTHO-UMNYNbcHOW Mmoaynsuunen (LM-uHisepTopa).

/7

| 2:10° 3(|)0° | 360°

1 I I
60° 120° 180° ot

PucyHok 2 — ®opma NUHENHOTo HaNPsHKeHUs U;; NPYU NUTaHUN OT MHBEPTOPa HaNPSHXKEHW C YacTOTON KOMMYTaUUK
f. = 30f,
s 1
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B vHBepTOpax HanpsbkeHUs1 UCMONb3yoTCA pasnuuHble cnocobbl MoAyNALMW, NO3TOMY HEBO3MOXHO
copmynupoBaTb 06l A5 BCeX CMocoboB OLEHKY BANSAHWA rapMOHUK. YToBbl OLeHUTL 3TO BRusiHue B
YacTHOM crlyyae, HeobXoAMMO MpoaHanusnpoBaTb BO3AEWUCTBME Ha ABUratesls BbIXOAHOTO HanpsbkeHusi
WHBEpTOpa, 3HasA ero KOHKPETHBIN rapMOHUYECKUA COCTaB.

CneKTp BBIXOAHOMO HamnpsiXeHUsl YacTo UCNOMb3yeMbIX MHBEPTOPOB C CUHXPOHHOW UMW aCUHXPOHHOW
rnocneaoBaTeNlbHOCTbIO LWMPOTHO-MOAYIMPOBaHHBLIX UMMNYNbCOB COAEPXKUT HYacTOThbl

f= ksfsik»]f—',
roeks=1,2,3,...nk;=1,2,4,5,7, ... — KpaTHOCTN HecyLwen f; n paboyeit 4acToThl f; COOTBETCTBEHHO. [laH-
Has dpopMyna AenCcTBUTENbHA Takke U ANA UHBEPTOPOB C LWMPOTHO-(asoBom (BEKTOpHOR) MoaynsaLnei.

B cnyvasix, korga nprMeHsoT npeobpasoBaTeny ¢ nepeMeHHON YacTOTON KOMMYTauNK1, CEeKTp YacTo-
Thl UX BbIXOAHOI0 HanpsbkeHusi npeactaBnset coboit LUIMPOKONONOCHbIN CryYaiHbIv WyM 63 NMKOB Ha Xapak-
TepHbIX YacToTax.

B npeobpasoBaTtensx ¢ WMPOTHO-UMIMYbCHON MOAYNALMEN HU3KOYACTOTHbIE rapMOHUYECKNe cocTaB-
naowme Manbl, a BbICOKOYACTOTHLIE FAPMOHUKKM, onpeaensemMble YacToTON KoMMmyTauun, aeMmndupytoTcs
WMHAYKTUBHOCTSIMW ABUraTensl.

B M3K 60034-1, nyHKT 7.2.1, rapMOHNYECKUA COCTaB NUTAIOLLEro HanpshKeHUs Ansi aCUHXPOHHbIX
KOPOTKO3aMKHYTLIX ABUratenen onpeaeneH eqUHCTBEHHOW YUCMOBOWN BENTUYMHON, Has3biBaeMoi koadduun-
eHTOM UCKaxXeHust cuHycougansHocTu HanpsbkeHuss (HVF — Harmonic Voltage Factor), ogHako aT1oT koadg-
pUUMEHT HEMPUMEHUM AN ABUraTeneit, nMTaemMblxX OT NpeobpasoBaTtenei 4acToThl.

5 MoTtepw, Bbi3biBaeMble rapMOHUKaMK

BhicLune rapMOHUKL HaNPsKeHUs U Toka B aCUHXPOHHOM KOPOTKO3aMKHYTOM ABuUratene, nuTaeMoM ot
VHBEpPTOpPa, BbI3bIBAKOT AOMOSNHUTENbHBIE MOTEPM B CTanu U 06MoTkax ctaTtopa U potopa.

Ons geurateneil, NUTaOLWNXCA OT MHBEPTOPOB HaMpPsHKEHWUs, AOMNOMHUTENbHLIMU NOTEPSIMA B CTanu
Henb3s npeHebperaTb. OHW 3aBUCAT OT aMMNUTYAbl FAPMOHUYECKUX COCTaBNAIOWMNX (hasHbIX HanpsXKEeHUA 1
MOYTW He 3aBUCAT OT YaCTOThI.

Tokv rapMoHUK, onpegensatolimMe noTepy B 0bMoTkax ABuUraterns, orpaHA4YMBaloTCA UHAYKTUBHOCTAMM
paccesiHNs 3TUX 0BMOTOK. XOTS TOKN STUX FaPMOHUK U HEBESNUKKN, MOTEPAMU OT HUX B 0BMOTKaX Takke Hemb3A
npeHebperaTb U3-3a BLITECHEHWS TOKa (NOBEPXHOCTHLIA ahdpekT, CkMH-achbeKT) Ha BEICOKUX YacToTax. IATo
06CTOATENBCTBO MPUMEHMMO KakK K KaTyLUEYHbIM, TaK U BCbINHBIM 06MOTKaM. POTOpbI C ABHO BbIPaXXEHHbIM
3hpeKTOM BbITECHEHNA OCOBEHHO YYBCTBUTESbHBI K 3TUM NOTEPAM.

MHOroUMCIIEHHBIMI UCTBITAHUSIMW YCTAHOBIIEHO, YTO 06LLee KONMYECTBO A0NOSHUTESNbHBIX NOTEePb, Bbi3bl-
BaeMbIX rapMOHUKaMW, He 3aBUCUT OT Harpy3ku. OHO NagaeT ¢ yBennYeHUEM YacTOTbl KOMMYTaLMK, Kak NokasaHo
Ha pucyHke 3, 4To 0BYCroBMEHO YMEHbLUEHUEM NoTepb B 06MOTKaX Ha BbICOKMX 4acTOTax KOMMYTaLUK.

PPy
0,4

0,3+

0,2 1

0,1

| | ] | | | | | | |
1 2 3 4 5 6 7 8 9 10 11 f,«y
1 — obwue notepu, BbI3bIBAEMbIE FAPMOHUKaMK; 2 — NoTepu B 06MoTkax; 3 — notepu B ctanu

PucyHok 3 — Mpumep 3aBMCUMOCTU NOTEPD P, Bbi3biBae@MbIX FAPMOHMKaMN OTHOCUTENBHO NoTepb Py Ha paboueli vac-
ToTe f;, OT YacTOTbl KOMMYTauuK f, B Criyyae NMTaHUs OT MHBEPTOPA HaNPsHKEeHNs
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B cnyyae nutaHus asuratenen oT UHBepTOpa TOKa AOMNOMHUTENbHbIE NOTEPU B CTanM HEBEMUKM,
NCKMoYeHNe COCTaBNSAOT Tak HasbiBaeMble KOMMYTaLWOHHbIe NoTepu. BbicTpoe nameHeHUe NOTOKOB pac-
CesiHWUA Ha MHTepBane KOMMYyTaLMM1 Bbi3biBAEeT BUXPEBbIe TOKW B 3ybLax ctaTtopa u poTopa. B cnyvae uHeep-
TOpa HanpsKeHus JaHHble NOTepu OTCYTCTBYHOT, MOCKOMbKY KOMMYTALMOHHbEIE TOKW He npoTekalT no
obmoTKkaM asuraTtens.

JononHuTensHble NOTepU B pOTOPHBIX 0BMOTKaX 0060 BaXKHO YUUTLIBATbL M3-3a GOMbLIOA aMNNUTyAbI
TOKOB rapMOHMUK Ha HU3KUX YacToTax.

[nsa pacyeTta AONOMHUTENBHBLIX MOTEPL HET NPOCTLIX METOAOB, @ TakKe OTCYTCTBYIOT 06LUMe PEKOMEH-
Aauunn no oueHke NX Benu4uHbl. X 3aBUCMOCTb OT pasnuyHbIX U3NYECKMX NapameTpoB BecbMa CrioXkHa.
OHu B BONLLUOKA CTENeHN 3aBUCAT OT TUNa npeobpasoBaTtens (C MHBEPTOPOM TOKa UMW HaMpPsKeHNs, ¢ pas-
NWYHON YaCTOTON KOMMYTaLMUN 1 HOPMO UMNYIILCOB) U ABUraTens (Tuna obmMoTKN, reoMeTpumn nasa u noTepb
B cTanu). Ka4yecTBo M3roTOBMNEHUS cepAeyHmKka — TakKe BaXKHbIn dakTop.

Onsa npyMepa Ha puUcyHKe 4 B Buae cToNBLOBLIX AuarpamMmm nokasaHbl pesynbTaThl pacyeTa CoCTaBnNso-
LWMX noTepsb B AsuraTerne (rabaput 315 MM, KOHCTPYKUMA N), MTUTaeMOM OT MHBEPTOPOB ABYX TUNOB C pa3nuy-
HOW POPMOA N COOTBETCTBEHHO rapMOHUYECKMM COCTaBOM MUTAOLLEro HanpsbkeHus, a Takke OT CeTu ¢
CUHycouaanbHbIM HanpsxxeHrem. [arHHblil NpUMep UNNICTPUPYET CyLlecTBEHHOe pasfinime CoCTaBMALWNX
noTepb MNPV UCMOMb30BaHWU CaMblX PacrnpocTpaHeHHbIX B HacTosilee Bpems MHBepTopoB. [puBedeHHbIe
AnarpaMmmel He MoryT BelTb pacrpocTpaHeHbl Ha Apyrie Tunkl Asurateneil u uHBepTopo.. [ins obneryexus
CpaBHEHWs HaMPSHKEHWA U TOKWU Npu paboTe MHBEPTOPOB B3sIThl TAKUMM Xe, Kak npun pabote B HOMUHANBLHOM
pexume.

B cooTBETCTBUM C pUCYHKOM 4 NoTepu, Bbi3biBaeMble rapMOHUKaMK1, MPU UCMONb30BaHUN MHBEPTOPOB
Toka 6onblUe, YeM NpU MUTaHNN OT MHBEPTOpPa HanpskeHua. PasHuua yMeHbLIaeTcsl NPy YacTUYHOMW Harpys-
Ke, NOCKOSbKY AaHHbIEe NOTepy MOCTOSIHHBI NPU MUTaHUWU OT UHBEPTOPOB HANPSPKEHUSA, OHAKO YBENUYUBAIOT-
CAl C POCTOM Harpysku npu UCnonb3oBaHM MHBEPTOPOB ToKa.

6 CHuXeHue MOMeHTa npu paboTte oT npeobpaszoBaTens

Mpn paboTe oT npeobpasoBaTens ABuratenb NPU HOMUHAMBLHOW CKOPOCTU UMEET MeHbLUMIA AoNYCTU-
MBI MOMEHT, YeM Npu paGoTe OT CeTU, U3-3a NOBLILLEHHOTO HAarpeBa OT NOTEPb, Bbi3biBaeMbIX rapMOHUKaMM.
BTtopas npuunHa ymeHbLUEHUS MOMEHTa — MafieHne HanpsbkeHusi npeobpasoBaTens. 3kcnnyatauus asura-
TeNsa NPpyM HOMUHANBHON HarpysKke B TaKOM clydyae CHUKaeT A40SNITOBEYHOCTb U30NALMN.

CnnoLwHas NMHUS Ha pUCcyHke 5 NpeAcTaBnsaeT CBA3b HAMPSKEHUS C YacToToN, o6ecneunBatoLLyto Npu-
MepHOoe NOCTOSHCTBO MOTOKA NMPU CMHYcouaansHOM nuTaHuu. MNpoussoavTens ABUraTens MoOXeT onpene-
NWUTb MNpeBbIlleHNe TemnepaTypbl NpU U3BECTHOM CMEKTParibHOM COCTaBe HanpshkeHus WHBepTopa. JTo
npeBbILLEeHNe 3aBUCUT OT 0COBEHHOCTEN KOHCTPYKLMK ABUraTens U CUCTEMBI OXNaxkaeHusa. [ins onpeaeneHus
KpaTHOCTM CHMXXEHUS MOMEeHTa BaXkeH 3anac Apuratens no Harpesy. C y4eToM HasBaHHbIX 06CTOATENLCTR
KpaTHOCTb AONYCTUMOrO MOMEHTA NexuT B npedenax ot 0,8 o 1,0.

Ha npakTuke 4acTo HOMUHasbHbIE AaHHble NpeobpasoBaTenst He YYUTLIBAIOT TO 0BCTOATENLCTBO, UTO
OCHOBHOW NOTOK ABUraTens npu nUTaHuM OT HEero oTNM4aeTcst OT NOToKa NpPU NUTAHUKU OT CUHYCOUAANLHOIO
HanpskeHusi. B pesynbTaTe MOMEHT OTKITOHAETCS Ha BEMUYUHY, onpeaensieMyto KOHKpe THLIMU NapameTpaMu
Asuratens u npeobpasosarens.

B avanasoHe perynupoBaHusi BHU3 OT CKOPOCTU, COOTBETCTBYHOLLE HOMUHANBHOR YacToTe, BbiNoMHe-
Hue 3akoHa U,/f; = const nossonseT noanepXmsaTh MOMEHT NULLL B Clly4ae NpeHebpexumMo Manoi senuyn-
Hbl COMPOTMBMEHWUSA CTaTopa MO CPaBHEHWUIO C OCTalNbHbIMU COMPOTUMBMEHUAMU B CXeMe 3aMelueHus. Ons
KOMMeHcaunn BAMSHUS CONPOTUBIIEHUS CTAaTOpa HA MOMEHT, KOTOpoe 0COBEHHO 3aMEeTHO Ha HU3KUX YacTo-
Tax, ynpasneHue npeobpasoBatenem CTPOMTCA NO XapaKTepucTuke, NoKa3aHHOM MyHKTUPOM Ha PUCYHKe 5.

Mpu yBENUYEHUN HacTOThI Bhille HOMUHaNLHON (fi/fy > 1,0) HanpaxeHue obbIMHO NoaaepPXBaeTCA Ha
ypOBHEe HOMWHanbHOro (ynpasneHune ¢ ocrnabnexHvem nons). B aToM cnyyae neperpysovHasa cnocobHoCcTb
AsuraTtens no MOMeHTY (KpaTHOCTb J4oNyCTUMOro MomeHTa T4/Ty) Mpu yBEMUYEHUM YacTOThl YMEHbLUIaeTCes,
Kak nokasaHo Ha pucyHke 6.
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£-6%
D-20%
C-25% C-25% C-25%
B- 26 % B- 26 % 6- 26 %
Nn-41 % 14-41 % 4-41 %
95,3% 94,2% 94,6% 6
MoTepu, Bbi3biBaeMble pa6oueii YacToToit MoTepu, Bbi3biBAEMble FapMOHUKAMM
£ — noTepu Ha TpeHue J — noTepu Ha KOMMyTaLuio
D — [4ONONHUTENbHbIE NOTEPU OT HArpysku | — AOMNONHUTENbHbIE NMOTEPU OT HAarpysku
C — noTepu B cTanu H — noTepwu B cTanu
B — noTepu B o6MOTKax potopa G — noTepu B 06MOTKax potopa
A — noTtepu B 06MOTKax ctatopa F — noTepn B o6MoTKax ctaTopa

1— cuHycougasibHoe HanpsixeHne; 2 — MHBEPTOP TOKa, 3 — MHBEPTOp HanpskeHus ¢ LUM; 4 — gnarpammbl HaNpsXXeHus;
5 — notepu; 6 — KA

PucyHok 4 — BnusiHMe MHBepTOpa Ha NoTepu B aCMHXPOHHOM KOPOTKO3aMKHYyTOM aBuratene (315 mm tuna N) npy HOMK-
Ha/IbHOM TOKEe M CKOPOCTH

Ha pucyHke 6 npefcTaB/ieHa TUMMYHAS XapakTepucTrka 3aBUCUMOCTU J0NYCTUMOTO MOMeEHTa OT Yac-
TOTbl NPW MUTAHWM OT MHBEPTOPA ToKa. Npy MCNOMb30BAaHUM UHBEPTOPA HAMNPSXXKEeHUst aHafornyHas xapakre-
pucTMKa MMeeT MOXOXuii BuA. [aHHble KpUBble MOTYT OblTb NpeAcTaB/ieHbl NPOU3BOAMTENEM ABUraTesis,
€CNIN eMy W3BECTHbl YacTOTHbI CMeKTp U 3aBMCUMOCTb HanpsikeHue — yactoTa npeobpasoBaTens. Moc-
KOJIbKY TUMbl U MapamMeTpbl CUCTEM BEHTUSLMMW y ABUTaTeneli 3Ha4MTENIbHO OTIMYaTCA (CAMOBEHTUNALUS
WM HE3aBUCHMMOE OXJIaX/[EHNE), He CYLWecTBYET YHMBEPCA/IbHOW KPUBOi, xapakTepusytLieii 3aBUCUMOCTb
[OMyCTMMOrO MOMeEHTa OT 4YacToTbl. B o6uwem cnyyae asuratenu, nutaemble OT npeob6pasoBaTenein ¢
WKWM-perynupoBaHueM HanpskeHusi (4actoTa KOMMyTaluu B AMana3oHe HEeCKObKUX Kuiorepu), TpebyioT
MEHbLUIET0 CHUXEHUS JONYCTVMOTO0 MOMEHTA, YeM NUTAaeMble OT Npeo6pasoBaTeneil c aMnIMTYAHbIM peryniu-
poBaHWEM HanpshKeHWs. YBeNUYeHe 4acToTbl KOMMYTaLUU NPUBOAUT KYBEIUYEHUIO A0NYCTUMOTO MOMEHTA.
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0 02 04 06 08 10 12 14 filfy PucyHok 6 — KpaTHoCTb ~ JOMYCTUMOrO  MOMEHTa

KOPOTKO3aMKHYTOrO acMHXpOHHOro asuratens tuna N
PucyHok 5 — 3aBucumocTe Hanpsikenns U, (c camoBeHTUNAUMEI) B 3aBUCMMOCTH OT 4acToTbl NpK
NUTaHUM OT MHBEPTOPA TOKa
OT YacToTHI f pTOp

7 Mynbcauum MOMeHTa

MocToAHHbIe Bpallalollme aCUHXPOHHLIE MOMEHTHI, Bbi3blBAEMbIE raPMOHUKAMMI, OKa3biBalOT HE3HAUM-
TenbHoe BNUAHWe Ha paboTy anekTponpueoga. OgHaKo 3TO HEe OTHOCUTCA K MYNbCUPYIOLLIMM COCTaBMSIOLLMM
MOMEHTa, Bbi3blBalOLMM BUBPALIMIO MeXaHUYeCKUX YacTen Npueoaa.

B anekTponpuBogax ¢ TpexdasHbIMU aCUHXPOHHBIMWU ABUraTeNAMU, NMTaeMbiMK OT UHBEPTOPOB TOKa,
BbIMOIHEHHBIX MO LUECTUMNYNbCHON CXeMe, NPaKTUYECKN 3HaYMMbIMU ABAAOTCA NyNbcalMu MOMeHTa € 4acTo-
TOW 6- 1 12-KpaTHO MO OTHOLWEHMWIO K pabouen f;. AMNNUTYyaa nynbcauunin Ha YactoTe 6 f; MOXeT aocTurath
15 % HoMUHALHOrO MOMeHTa, a Ha YacToTe 12f; — 5 %. Kpome Toro, aTu konebaHus moMeHTa obycriosne-
Hbl rapMOHMKaMU NynbcaLuil MOCTOAHHOIO ToKa B NPOMEXYTOMHOM 3BeHe npeobpasoBatens. 3T cocTaBns-
lollie MOMEeHTa UMELoT YacToThl, paBHble 6(f; — fy) u 12(f; — fy), rae f —yvactoTa cetu. [ing npmBoaos ¢
ManbelM gemndnpoBaHemM TPaHCMUCCUN PEKOMEHAYETCA NPOBOANTL TOUYHBIA pacyeT Pe3OHaHCHbIX YacToT
kone6aHnii MexaHU4eckon YacTu. nNa HEKOTOPLIX NPUMEHEHWI HeoBXoaANMO UcknoYaTh U3 paboyero gnana-
30Ha nNpeobpasoBaTens onpedeneHHyIo NoNocy HeAoNyCTUMBIX HYacToT konebaHuit.

B snekTponpusogax ¢ LUNM-uHBepTOpamn YactoTa OCHOBHLIX NyNbCauuii MOMeHTa onpeaenseTca
YacTOTOM KOMMYTaLUK, 2 aMNUMTYAa — LWUMPUHON UMMYNBbCOB. AMNAUTYAA 3TUX NYNbCaLUA MOXeT A0CTUraTb
15 % HOMWHaNLHOro MOMeHTa B MPUBOAAX C COBPEMEHHLIMU MHBEPTOPaMW, Y KOTOPLIX HacToTa KOMMYTaLuu
6onee yem B 10 pa3 npesbilaeT pabouyto YacToTy. Mpu GonblIMX YacToTax KOMMYTauun (nopaaka 21f;) n
COOTBETCTBYHOLLEM cnocobe MoayNALMM UMNYNLCOB (HanpuMmep, MOAYNALMA MO CUHYCOUAANbLHOMY 3a4aHuUI0
UM BEKTOPHaA MOAYNALMS) NynbcaLlun MOMeHTa ¢ YacToTamu 6f; 1 12f; He UMeIoT NPaKTUIECKOro 3HAYEHUA.
Kpome BbILEYNOMSAHYTLIX BO3HUKAIOT Mynbcauum MOMEHTa C ABOWHOW 4acTOTOW KOMMYTaLWM, KoTopble,
0[HaKo, He OKa3blBalT 3aMETHOro OTPULIATENBHOIO BNMAHWUA Ha NPUBOA, €CNN TONBbKO 3Ta YacToTa He coBMna-
AeT ¢ pe3oHaHCHOI YacToTol konebaHui MexaHu4YecKon YacTu.

8 OneKTpOMarHMTHbIEe UCTOYHUKMU LIYMaA

ONeKTPOMarHUTHLIN LWYM B aCUHXPOHHBLIX ABUraTesnisaxX BbisbiBaeTCcs paguarnbHbIMUA MepuoanyecKkumm
YCUNUAMU, BO3HUKAIOLLMMU B cTaTope. OTU Tak HasbiBaeMble MakCBENMoBbl CUIbl 06s13aHbI B3aNMOAENCTBUIO
MarHUTHbIX NOMeNn B 3a30pe. YCUNUA XapakTepuayoTcs aMnnantyaon, yactotoin u dopmoi. Mockonbky mx
amnnuTyga mana, OCHOBHOE BNINAHWE BbipaXaeTcA B BOSHUKHOBEHWUU LYMa Npu CoBnageHnun 4actoThbl yCu-
nnn ¢ cobCTBEHHON YacTOTON cepaeyHnKa ctaTopa.

Mpu cuHycovaanbHOM NUTaHWW 3NEKTPOMarHUTHBIA WyM oBycrnoBneH NpocTpaHCTBEHHBIMU FapMOHK-
KaMu nonew B 3asope. Mpu NpoekTMpoBaHUK ABUraTeNs cTapatoTcs n3bexaTb NosIBNEHUA pe3oHaHca BO BCeX
pexumax paboTbl MalMHbl. OHAKO BBMAY WMPOKOrO CMeKTpa NoneBbiX rapMOHUK Npyu 60nNbLIOM AnanasoHe
perynupoBaHusa CKOpOCTU ABUraTens He yaaeTca nsbexarb 3aMeTHOTO LWyMa Ha HEKOTOPLIX CKOPOCTAX Aaxe
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npu cuHycouaanbHOM NuTaHuu. MoaToMy YacTo NPaKTUKyeTCA yKkasaHne oCTaToOuHO Y3KOro 4acToTHOro Ana-
nasoHa, B KOTOPOM 3anpelaeTtca paboTtaTtb Bo n3bexaHne HegonycTumMo 6onbLIOro YpoBHSA 3ByKa.

Bce BbllLeHa3BaHHble 06CTOATENbCTBA CNpaBeANvBLl U B cllyyae NUTaHus ABUraTens oT uHeepTopa.
B a3TOM cnyyae ONONHUTENBHO rapMOHUKU NOMEeR OT HECUHYCOMAANbHOIo HanpsiXXeHUst tHBepTopa CyMMUpy-
IOTCSl C OCHOBHBLIMW MPOCTPAHCTBEHHBIMW FrApMOHUKaMK MOMsl, KOTOPbIe onpeaernsioTcs YUCNOM nap nosnio-
coB p. Mo3ToMy YCNOBHO YacCTOTHLIN XapakTep paguarnbHbIX YCUIUIA MOXHO CBA3aTb C (hakTOpPOM r, KOTOPLIN
npuHuMaeT 3HaveHue 0 Nn6o 2p. CobCTBEHHBbIE YacTOThI ANEKTPOMAarHATHLIX LYMOB ABUraTenen 3aBucaT oT
ux rabaputoB WU NOMOCHOCTU. [NA ABYX- U YeTbIPEXNOMIOCHBIX MalUMH Pe3oHaHCHbIE YacTOoTbl NPUMEPHO
MOryT GbITb OLiEHEHbI cneaytowmm obpasom:

BbicOTa ocK < 200 Mm fo,r=0>4500 Iy for=2>800T1y fo,r=4>4000 I'u;
BbICOTa ocK > 280 MM fo,r=0<3000 Iy for=2<500T1 fo,r=4<2500 I'L.

Mpy NUTaHUM acUHXPOHHOrO ABUraTens OoT MHBepTopa ToKka LyM 0oBycnoBneH rapMoHWKamu Toka,
aMnnMTyaa KoTopbiX, Kak NpaBunio, cBAsaHa ¢ UX NOPAAKOM, HO YacTOThl BO30YXAaeMbIX UMW CUI OTIIUYHDI OT
COBCTBEHHbBIX YacTOT aKTUBHBIX YacTelr ctaTopa. Takum obpa3oM, ypoBeHb LuyMa B 3TOM crlyyae aHanornyeH
TOMY, KOTOPbIA UMeeT MecTo Npu paboTe ABUraTens ¢ NOCTOSIHHBIM MNOTOKOM M TOKaMU, U NULLIb HE3HAYUTEMb-
HO 3aBUCUT OT ynpaBneHus npeobpasoBaTenem U KOHCTPYKUMK ABUraTens. Kak nokasbiBaeT npakTuka, ypo-
BeHb 3Byka nosblwaetca Ha 1—6 ABb no wkane A nNpu perynupoBaHUM CKOPOCTU 4O HOMMUHArbHOW Mo
CPaBHEHUIO C YPOBHEM NPU CUHYCOUAANBHOM NUTAHUM HOMUHASBHBIM HaNPSXKEHUEM U YacTOTOW. BepxHuii
npeden cCoOOTBETCTBYET ABUraTesiAM C UCXOAHO HU3KUM YPOBHEM LUyMa.

Mpy NUTaHUU aCUHXPOHHOTO ABUraTens oT MHBePTOpa HaNPSPKEHUs YaCcTOThbl FapMOHUK Nonsa 6nnsku K
HecyLLeln YacToTe UMK KpaTHLI ei. B 3aBUCMMOCTU OT 4acTOTbl KOMMYTaLUMUK U MPUHLIMMA YNpaBrieHUst UHBEp-
TOPOM XenaTenbHo, YTo6bl COBCTBEHHbBIE YacTOThl MarHUTONpoBoAa cTatopa npu r= 0 U r=2p 6binm 6nmMskn K
TaKOBbIM MPU NUTaHWK OT NHBEpTOpPa Toka. M3amMeHeHUe 4acToTbl KOMMYTaLMU U TUM MOAYSALIMU HAaNPsPKeHUA
3HaUYUTENbHO BMAIOT HA aMNUTYAY rapMOHKK MONA U COOTBETCTBEHHO HA pagunanbHble YCUINS U YPOBEHb
wyma. Kak npasumno, MHBEpTOpPb! C MOCTOSHHON HecyLieit 4YacTOTON Bbi3biBAOT BOMNbLUNIA 3N1EKTPOMAarHUTHLI
LUYM, YEM UHBEPTOPbI C YNpaBnAsieMbIM UK CryYaiiHbIM 3agaHUeM YyacToTbl KoMMyTauun. Takum o6pasom, B
3MeKTponpuBodax C UHBEPTOPaMM HarnpshiKeHWs YPOBEHb LUyMa MpU perynmpoBaHuM CKOPOCTU pacTeT B
6ornee LWMPOKOM AManasoHe, Yem Npy NUTaHnM aBuraTens oT MHBepTopa Toka. Kak nokasbiBaeT NpakTuka,
ypOBEeHb 3ByKa MO CPaBHEHWIO C CUMHYCOMAANbHBIM MUTAHWEM HOMWHANbHBIM HanpPsPKEHWEM M 4acTOTOW
Bo3pacTaeT B npeaenax oT 1 go 15 ab no wkane A.

9 CpokK cnyx6bl M3onsauum

Cuctema nsonsALnm 3NeKTPUYecKon MaluMHbl Npu ee NMTaHuK OT Npeobpa3oBaTens UCNbITLIBAET ropas-
Ao 6onbluee Yncno HeGnaronpUATHBIX hakTopoB, YEM NpW NMUTAHUM OT CUHYCOUAANbLHON ceTu.

Mpw NUTaHWM gBuratenen oT MHBEPTOPOB ToKa C KMEeANEeHHON» KOMMYyTaLMeNn, Kak 3T0 UMeeT MecTo B
TUPUCTOPHBIX MHBEPTOPAX, HA UHTEPBaNax KOMMYTaLMN BO3HUKAOT UMMYIbLChI MepeHanpsikeHUs, okasbiBato-
LMe BO3AeNCTBUE Ha OCHOBHYIO M MEXBUTKOBYIO U30msLmio. OgHaKo KOMMYTaUMOHHbIE MUK 0BBIMHO He Npu-
BOAAT K paspyLLUEHUo N30MALUN, MOCKOMbKY BPEMs UX HapacTaHus JOBOSbHO BEMNUKO, a YacToTa cneioBaHus
AocTaTovyHo Mana.

Mpwn NUTaHUKM ABuraTens oT MHBEPTOPOB HAMPSPKEHUS, YKOMMEKTOBaHHbIX, kak npasuno, IGBT-Tpan-
31MCTOPaMu, UMEOLLMMU BLICOKYIO YacTOTY KOMMYTaUMN, 3HAYUTENbHBIA TEMMN HapacTaHWUsA HanpsbKeHUs oka-
3biBaeT CyWeEeCTBEeHHOEe BMUSIHAE HA MEXBUTKOBYIO W30NSALMIO, OCOBEHHO B 30HE KpaWHWX BUTKOB.
HebnaronpustHoe Bo3aencTBre Ha U30MALMIO OBMOTKI 3aBUCUT OT BENMMYUHBLI UMMYNbCOB, TEMNA UX Hapac-
TaHuWs, YacToThbl CriedoBaHus, NapameTpPoB 1 ANnHbI kabens, coeguHAOLWEro UHBEPTOP € ABUraTenem, reo-
MeTpun 0BMOTKM U APYrX pakTopoB..

OBurateny co BCbiNHbIMWM 0BMOTKaMK, ¢ 3ManMpoBaHHbLIMU KPYIbIMU NPOBOAHUKAaMU 0ObIMHO Bbiaep-
XUBAIOT UMNYNbCHOE HanpsixkeHwe, AonycTMMasa aMniauTyaa KOToporo rnpeAcTaBfieHa Ha pucyHke 7, 6e3
3aMeTHOro CHWKEHWUSI cpoka cryXbbl U3onaLum.

BsanmoaecTsne NHBEPTOPA C BICOKOI YAacTOTON KOMMYTAaLWUN N COeQUHUTENBHOTO Kabens Bbi3biBaeT
UMMYNbChl NepeHanpsXeHus, onpeaensemble BIMAHUEM COeQUHUTENBHON NHUK. [BUraTen HOMUHaNbHLIM
HanpsbkeHnem go 500 B yaoBneTBOPUTENbHO NEPEHOCST UMMYIbChI, AOMYCTMMas Benu4nHa KOTopbIX npea-
cTaBnieHa Ha pucyHKe 7, 6e3 cokpalleHns cpoka cryx6Gbl. Ocoboe BHUMaHWe crieqyeT yaenuTb Npusoaam ¢
BLICTPLIM UBMEHEHUEM CKOPOCTHU, Tak KaK B 3TOM criyyae Ha Bbixoge npeobpasoBaTens MoxeT ObiTb cchopmu-
POBaHO HarnpsikeHWe A0 ABYKPATHOro No OTHOLLEHWIO K HOMUHAMBHOMY.
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PucyHok 7 — 3aBMCMMOCTb JOMYCTMMON aMNnUTYAbl MMNYNbCa HaNPSUKEHNS Ha 3aXumax ABUratens u;; oT BpeMeHu
HapacTaHus umnynbca f,

[na acuHXpoHHBIX ABUraTenei Ha HanpsbkeHue Boille 500 B, nuTaeMbIX OT MHBEPTOPOB C BLICOKOWN Yac-
TOTON KOMMYTaLun, TpebyeTcs cneunansHasa U3onALMA WUNU NpUMeHeHUe A0oNONMHUTENbHBIX (PUNLTPOB Ha

BbIXO/Je MHBepTopa.
PucyHok 8 unniocTtpupyeTt TEpMUHBI, KOTOPbIE MPUMEHSIIOTCS NPY aHanuse npouecca nuTaHus 06MoToK

MMMNYJbCHBIM HanpsXXeHnem.
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PucyHok 8 — OnpeaeneHue BpemMeHn HapacTaHus umnynbeca t,

Mepenaa HanpskeHuss Au — pasHuLa Mexay MrHOBEHHBIMWU 3HaYeHUAMWU HanpsikeHus Henocpen-
CTBEHHO A0 U Mocrie BO3HUKHOBEHNS MNynbca. MMnynbc 3akaH4uMBaeTcst B MOMEHT, Koraa HanpshkeHue goc-
TAraeT CBOEro Nepsoro MakcuMmyma. Bpems HapacTtaHua uMnynbsca . onpeaenseTcs kak UHTepsan mexay
MOMeHTaMu, koraa HanpsbkeHne coctasndeT 10 % 1 90 % nepenaga HanpsXeHUsa Au.

C nosuumin kommnnekca B3auMOAENCTBAA peKkoMeHAyeTCs TwaTenbHas KOHCTPYKTUMBHaA npopaboTtka
BCero KomMmmnnekra npmueoaa.
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10 Tokun Yyepes NoAWMNHUKN

Mpu paboTe ABUratens oT CeTU ¢ CUMHycoMaanbHbIM Hanps)KeHMeM KOMbLIeBOM NOTOK fipMa cTaTopa
HaBoAWT OceBYHo anekTpoaBvxkyLLyto cuny (34C) B koHTYpe, 0bpaszyeMoM Banom, NoawnnHukamMu, conaHuem
N KOPMNYCOM, KaKk nokasaHo Ha pucyHke 9. KonbLeBOoM NOTOK Bbl3BaH HEOAHOPOOHOCTAMMU sipMa (NacTOYKUH
XBOCT AJ151 KpenmneHus ipMa, BEHTUMSILMOHHbIE KaHarbl, MarHUTHas aHu3oTponus nrnacTtuH). OBblvHO oceBast
OC onpegensieTcst 4YacTOTOM NMUTaAHWS U TPOEKPATHON el YacTOTOW, BbI3BAHHOW HENMHENHOCTLIO Lenu
HamarHn4msaHusa. OnbIT NokasbiBaeT, YTo ecnu oceBas OJC He npesbilaeT 500 MB, TO He BO3HUKaeT HeoO-
XOANMOCTU B AOMONMHUTENbHBIX 3aLLMTHLIX YCTPOKCTBaxX. B NpoTMBHOM criydae yepes NoALUNHUKA NPOXOAAT
TOKM, KOTOpble B TEYEHME KOPOTKOrO BPEMEHN MOTYT UX paspylnTb. M3onsumsa nogwunnHuka, ocobeHHo Ha
3agHeM KoHLe Bana, obblYHO JocTaTouHa ANns Toro, YTobbl M3bexaTb NpoOXoXAeHUA TOKOB Yepes oba noa-
LUMMHMKA U MeXaHW4Yeckne Yactu NpMBoaa, coeguHsIoLLMe ero ¢ Harpyskoin. [laHHas nsonsuusa He ABnseTca
HeoOXoauMMOW ONs ABuraTtenieil, BbIMYWEHHBIX B COOTBETCTBUM C COBPEMEeHHbIMW TpeboBaHuaMU U
NATaOLWMXCS OT CUHYCOMAANBLHOMO HaNpPSKEHNSI.

PucyHok 9 — Konbuesor notok @, (), onpeaensiowmi oceByio 3C n napasnTHbIN TOK i

ring circ

Mpw nuTaHumM oT NpeocbpasoBaTtens ¢ MHBepTOpoM Toka oceBasa 3[C cnabo 3aBUCUT OT rapMOHUYECKO-
ro cocrasa nurawoLlero Toka. lMo3ToMy pekomeHayeTcsl TOT Xe, Kak U ANA CUHYCOMAanbHOro nuTaloLero
HanpsbKeHusi, BePXHWIA Npeden makcumarbsHoro HanpsbkeHusa 500 MB ansa onpegeneHua Heo6xoaMMocTu Npu-
MEHEeHUs crieLmansHbelX Mep.

CoBeplueHHO UHas Npupoda TOKOB Yepes NoAWUNHUKA XapakTepHa npu NnuTaHnun gsuratens ot npeob-
pasoBaTens ¢ NHBEPTOPOM HanpsikeHUs. Tak HaszbiBaeMble NOMEXU (BbICOKOYACTOTHBIE COCTaBASIIOLLME TOKA
N HanpsKeHWs) NuTaHust asuratens obycrnoBneHbl TOMOMOMMEN U anfropuTMOM ynNpasfeHNAa MHBepTopa 1
COCTOSIT U3 YaCTOTHBLIX KOMMOHEHT, 3aBUCSALLMX OT rapMOHUYECKOro COCTaBa BLIXOAHOIO HanNpsiKeHUst UHBEep-
Topa. Ix MakcuMansHas BennynHa Haxogutes B npegenax 50 % NoCTOAHHOMo HaNPAXXeHUA B 3BeHe NOCTOSIH-
Horo Toka npeobpasoBaTens YacToThbl UK B Npedenax 72 % NUHeNHOro HanpsXXeHWa Ha BXo4e MHBepTopa B
cny4yae npumeHeHus 6-cbasHoro HeynpasnseMoro BuinpsaMUTeNs. MNockonbky NoMexu Bo Bcex 0OMOoTKax CUH-
chaszHbl, NX MOXXHO paccMaTpuBaTh Kak HyneByto nocneaoBaTenbHOCTb B COCTaBe HanpsbkKeHUsl. DKBUBANEHT-
Has uenb AN nomex nokasaHa Ha pucyHke 10. Mpu nuTaHumM oT npeobpasoBatens B OTnMuYMe OT
CUHYycoMAanbHOro NUTaHNA OT ceTh BOMbLLYHO POSb Ha BBICOKUX YacTOTax UrpatoT eMKOCTHbIE COCTaBnsowme
COMPOTUBMEHUA. AMNNUTYAa NOMEX 3aBUCUT OT COMPOTUBIEHUA (B OCHOBHOM peakTUBHOMW COCTaBMSIIOLLEN)
Lenu, rno KoTopoi oHW NpoTekaloT. [laHHas Lenb 3aMblkaeTca B HYNeBon Touke uiBepTopa. B obliem cnyyae
napasnTHble TOKU MPOXCAAT Yepes MOAWMWMNHAKA ABUraTtefnia No TPeM KOHTypam, AeTanbHoe onucaHue
KOTOPbIX MPUBOAUTCA HUXKE.

Mapa3uTHBIA TOK, NPOXOASALNIA MO ONUCAHHOW BhIlLE Lienn, Bbi3BaHHbIA MHAYLMPOBAHHON KOMbLEBbLIM
MOTOKOM Bblcoko4yacToTHoN O C, 0OycnoBneH TOMbKO EMKOCTAMWU MEXAY BATKAMU U cepaedYHUKOM U He CBSI-
3aH ¢ HeoJHOPOOHOCTAMU fipMa cTaTopa. JaHHbIN TOK yTeuku NPUBOAUT K MOSIBIIEHUIO pa3HOCTU TOKOB Ha
obenx cTopoHax BATKOB KaTYLIKA N B KOHEYHOM cYeTe — K KOSbLLEeBOMY MOTOKY B COOTBETCTBUAM C 3aKOHOM
Amnepa.
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MakcumansHoe 3HadveHue oceBoit SC B 3aBUCMMOCTM OT YacTOThl KOMMYTauUK, hopMbl UMNYNLCOB U
CKOPOCTU ABUratena MoxeT npesbiwate 10 B U npobuBaTe cMa30uHYI0 MMEHKY NOALIUNHUKOB, Bbi3blBas UX
paspyweHue. Kak nokasblBaloT UCTIbITAHUS, TOK MOXET MUMETb MECTO Ha OCHOBHOW YacToTe NUTaHWsI U TpeTbUX
rapmoHukax gaxe npu amnnutyge ocesoit O1C meHee 500 mB. MoaTtoMy npu nuTaHuK oT NnpeobpasoBaTtens
6onee npeanoYTUTENbHBLI ABUraTeNM ¢ HA3KUM 3HaYeHnem oceBoin OMC.

Mpu HeobxoaumMocTu nsmepeHns ocesoi AAC npu nuTaHUM OT NpeobpasoBartena cneagyeT UCNOMb30-
BaTb cneuunansHoe U3mepuTenbHoe obopynoBaHUE U 3KpaHUPOBaHHbIE kabenu, YTobbl BbLICOKOYACTOTHLIE
NOMeXxu He Uckasunu pesynbTaTbl U3MepeHUi.

MmnynbCHble eMKOCTHbIE TOKU Yepes MOALIUMHUKK, IMaBHLIM 06pa3om Ha NPUBOAHOM KOHLIe Bana, pac-
TYyT, ecnu ocesaa SAC CTaHOBUTCA COM3MEPUMON C Pa3HOCTbIO MOTEHLMANOB HyNEBbIX TOYEK MHBEpPTOopa U
asuratens. 3ta KoHpUrypauus npeanodTuTenbHa B cryyae, korgaa Asuratens U NpUBOAUMbIA UM MEeXaHU3M
coenHeHbl NPoBOAAWEN TpaHCMUCCUER, a ABUraTenb HenpaBUilbHO 3a3emseH. AMNNUTYAbl TOKOB Gonee
10 A B ABUraTensax ¢ BLICOTOM Bana Bbilwe 315 MM BbIBOOUNN U3 CTPOSI NOALWMNNHUKUA B TeYEHUE HeCKOMbKNX
COTEeH YacoB.

EmKocTHOE HanpsxeHue, MHOrAa HasbiBaemoe NOALUMMHUKOBLIM, MOXeT OblTb N3MepeHo B paauarib-
HOM 3a3ope NoALMNHUKA, ecnyu cepAeYvyHnK U Kopnyc ABuratens npaBunbHo 3asemneHsl (pucyHok 10). Moa-
LWWNHUKOBOE HaMpsXXeHUe SABNSIeTCs 3epKaribHbIM 0TOBpaXKeHUeM HanpskeHUa NOMEXK, a ero OTHOLLEHMKe K
HanPsXXeHUIo MoOMeXU 3aBUCUT OT EMKOCTHLIX COMPOTUBIEHUIA MeXay 0GMOTKOW cTaTopa 1 poTOPOM, pOTOPOM
W KOPNycoMm, a Takke eMKOCTA caMoro noAwmnHuka. MamepeHust 3Toro HanpshkeHUs NokasbiBaloT, YTO ero
Makcumym o6biuHO gocturaet 10—30 B. B cniyyae, korga oHO AOCTUraeT HanpshkeHus npo6os, BO3HUKaoT
KpaTKoBpeMeHHble paspsiHble ToKW. YacToTa NOBTOPEHUS 3TUX TOKOB pacTeT ¢ POCTOM MOALMMNHUKOBOrO
HanpshKeHUA U YacToTbl KOMMyTaLMu. M3amepeHnsi nokasbiBaloT, YTO MaKCMMarbHOe 3HaYeHne TOKoB nNpobos
cocTaBnsieT Heckonbko amnep npu 50—100 nmnynscax 3a 20 Mc. PaspagHble TOKU He MOTyT BbITb UCKITIoYe-
Hbl TONbKO M3onAUnen noaWwunHUKoB. OHU NPUBOANAT K 06pa3oBaHUIO PaKOBUH Ha AOPOXKKAX MOALUMMHUKOB,
YTO MOXET BbITb MAEHTUDULMPOBAHO NO YCUNEHUIO LUYMa MOALUMMHUKOB.

B
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B — nogLwunHuk; Ci — eMKOCTb pOTOP-KOPNYyC; Ry — conpoTuBneHme o6MoTKH;
C — kabensb; iz — TOK Yepe3 NoALUUIMHKK; Usng — HanpsikeHne HemTpanu crarto-
Cgr — €MKOCTb CTaTop-poTop; iepm — TOK Npo6os; pa-3emnsi;
Cg — eMKOCTb NOALUMUMHUKA; Ly — MHAYKTMBHOCTB paccesiHus; Uprg — HanpsiXeHne nofLWmnmHuKa;
Cst — €MKOCTb CTaTop-Kopnyc; Rg — conpoTuBneHne noaLwmnnHmKa; Uem — HaNpPshKeHUe NoMexm

PrcyHok 10 — Cxema uenu napasuTHOro TOKa M NOALWMIMHUKOBOE HanpshkeHune

MpakTuKa aKkcnnyaTauMm NpaBunbHO 3a3eMNeHHbIX 3NeKTPONPUBOa0B ¢ NpeobpasoBaTensaMm 4acToThl
CBMAeTEeNbCTBYET O CrieAyHoLLeMm.

B asuratensx, Ha KOTopble pacrnpocTpaHsieTcsl AeCTBME HACcTOosILLero ctaHaapTa, ¢ BbiICOTOW Bana Ao
280 MM, KaK nokasbiBaeT ONbIT, NOALUMIHUKA peaKo BLIXOAST U3 CTPOA No BuHe npeobpasosaTtens. Tem He
MeHee MOXHO yTBepXAaTb, YTO AUMINEKTPUYECKUA U3HOC B 3HAYUMTENbHOW CTEeNeHW 3aBUCUT OT cnocoba
ynpaBneHUa 1 YacToTbl KOMMYyTauun uHBepTopa. NpumMeHeHne MHBEPTOPOB € YacTOTOW KOMMYTaLMKU Bbille
10 kI"'y, n HanpsbkeHnem 6onee 499 B TpeGyeT BHUMaHWS K M30ASLMM NOALIMMHUKA.
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Ons gsuratenen, Ha KOTOpble pacnpocTpaHsieTcs AEACTBUE HAcTosLWero ctangapTa, addekT moxeT
ObITb OCTUIHYT 3aMeHOM NOALUNMHUKA Ha N3CNTMPOBAHHbIA C aHANOrMYHBIMKU pasmepaMu. [Ana asuratenen ¢
BblcoTOM Bana 315 MM 1 BbilLe CONPOTUBMEHME U30NALNN AOKHO cocTaBnaTs 100 Om Ha 1 MITu,

HeobxoanmocTb nsonauumn o6omx noaWnnHUKOB Bo3HUKaeT pedko. Ecniv Bce Xe oHa Bo3HUKNA, HacTos-
TenbHO pekoMeHayeTCsA NPOBECTU 3KCMEPTU3Y BCEN CUCTEMBI 3MEKTPONPUBOAA, BKMOYAsA NIONALNIO MeXaHu-
YecKMX coeanHeHWA Bara MpUBOAHOrO ABuraTenst U CUCTEeMbl 3a3eMneHns (BO3MOXHO UCMonb3oBaHue
3a3eMIIsoLLeN WeTKn).

Ans gBuratenei, Ha KOTOpbIE pacnpoCTpaHseTCs AeUCTBME HACTOosILLEro cTaHaapTa, ¢ BeICOTON Bana
315 MM 1 BbIWe, AN KOTOPbIX HEBO3MOXHO MPUMEHEHUE U3O0NUPOBAHHBIX MOAWNMHUKOB, pekoMeHayeTcs
cnepywoulee:

- YMeHbLUEeHNe BbIXOAHOIo HanpsKeHNs MHBEPTOPA,;

- Mcnonb3oBaHue nHBepTopa ¢ hUNbTPOM, PACCHUTAHHBIM Ha CriaXKUBaHWe HanpsKeHUsa NOMEXN.

11 dnekTpnyeckne n MexaHM4yeckme coeguHEHUA, 3a3eMneHue

Ons ycTpaHeHUs OTPULIATENBHOTO BIUSIHAS HAMNPSDKEHUS] MOMEXW Ha NOALWWUNHUKKA HeoBX0auMo BCEMU
BOSMOXHBLIMU criocoBamMn UCKMIOYNTL NMpoTekaHWe napasuTHLIX TOKOB BHYTPU MaluHbl. Hanpumep, MOXHO
napasuTHbIe TOKM 3aMKHYTb Ha MHBEPTOP Yepes 3allMTHLIA aKpaH kaberns unu sasemneHve asuraTens.

0N BbINOMNHEHWs aToro TpeboBaHnsa (M 0AHOBPEMEHHO TpeBGoBaHUIA NO 3NEeKTPOMarHUTHON COBMECTU-
MOCTU) HeOBXO0AMMO MUCMONb30BaTh SKPaHNMPOBaHHLIE MHOTOXUILbHBIE KaBenu. kpaH AoMkKeH GbiTb BbINON-
HEH 13 Meau UMK arFoMUHUS, YTOBbI YMEHLLLINTL CONPOTUBIIEHNE, B YACTHOCTU, U HA BLICOKUX YacToTax, v o6a
€ro KoHUa AOKHbI NPUcoeanHATLCS K PE-NpoBoaHuKy. PekoMeHayioTcs kabenu, B KOTOPLIX 3a3eMMeHHbIe
NPOBOAHUKM PacnonoXeHbl CUMMETPUYHC hasHbIM. Ecnn sKkpaH UCMoNbayeTcs Kak 3aliuTHLIN NPOBOAHWK,
€ro NPOBOAVMOCTb [I0/MKHA UMeTb COOTBETCTBYIOLLEE 3HaYeHe.

Mpu MoHTaxe kabens OormkHa 6bITb obecrneyeHa CBAsb Mo BLICOKOW YacToTe obonovuek Asuratens u
npeoBpasosatens. MosToMy HeoBX0oaAMMO, YTOBLI KNeMMHast kopolOka aAsuraTens 6bina BLINONHeHa U3 NPOBOo-
Aslero Matepuana v 6bina NoTeHUMansHo ceasaHa ¢ ero kopnycom. ConpoTUBneHWe Mexay Koprnycom ABu-
raTens u akpaHoMm Kabens 1Unu sasemneHHbIMU MPOBOAHUKAMU [OKHO COCTaBNATL MeHee 1 OM Ha YacToTe
1 MU,

Bce oTKpbITEIe MeTannMyecke YacTu yCTaHOBKY AOMKHbI BbITh 3a3eMrieHbl B COOTBETCTBUM ¢ TpeboBa-
HUAMM anekTpobesonacHocTU. B criyyae nutaHus asuratens ot npeobpasoBaTternsl Bce CoeUHEHUs1 Taloke
AOIMKHBI MMETb Manoe COMPOTUBIIEHWE Ha BLICOKMX YacToTax. [ aTUX Lenei pekoMeHayoTcsl Inpokue
mMeqHble NneTeHble MPOBOAHUKM.

Takue e NPOBOAHUKA OOMKHbLI COEAMHATL KOPMYC ABUraTens ¢ KNeMMHON KOpo6Kon Ans BbipaBHUBa-
HWS1 UX NOTEHLMANOoB.

B 3@BMCMMOCTY OT YCMOBUIA 3a3E€MIEHMA NPUBOAMMOI ABUraTeNieM MalliviHbl B psifie crydaes npu BbICO-
Te Bana Gonee 315 MM Heobxoanma NoTeHUMaNbHas CBA3b MeXay ABUraTenem 1 MexaHuamom. TUMMYHBIM
MPUMEPOM MOTYT CIYXKUTb 3a3eMIISieMble HacoChl, COeAMHEHHbIE C ABUraTenieM MeTannmieckoin MydTo.

[JononHuTenbHbIe YyCTPOWCTBA, HaNpuMep TaxoMeTpbl, A0MKHbLI BbiTb U30MMPOBaHbLI OT ABUraTens Bo
nsbexaHue NapasUTHLIX TOKOB. KpaH CoeAMHUTENBLHOIO NPOoBOAA A0MKeH 6biTh 3a3emneH Ha npeobpasosa-
Tene, HO U3ONUPOBaH OT Kopnyca AaTtumka. [ng sHkodepa NpeanodTUTENLHO ABOWHOE 3KkpaHuposaHue. Kabe-
M1 OOMONMHUTENbHBIX YCTPONCTB AOMKHbI BbiTh NMPONOXEHbI OTAEMBHO OT CUMOBLIX Kabenei.

12 [lonyctnmasn 4yactoTa BpalleHus

Ecnn asuratens gomkeH paboTaTb Npu CKOPOCTSIX BbILLE HOMWHAMLHORW, MakcuManbHas gonyctumas
ckopocTb onpeaensietca M3K 60034-1, nyHKT 9.6. B 3aBUCMMOCTWN OT KOHCTPYKUMM ABuraTenst pabota Ha
NOBLILLUEHHbIX CKOPOCTSX A0MYCTUMA MO COrfacoBaHUIo ¢ NPon3BoauTenem.

Mpn ckopocTAX BbilLe HOMUHAIILHON YBENMYMBaloTCA WyM 1 Bubpauus. MoatoMy moxeT notpeboBaTtb-
Csl YTOYHEHMe OONYCTUMBIX MapamMeTpoB PEXMMOB paboThl AN5 CKOPOCTEN BhilLe HOMUHAMNBLHOMN.

PaboTta Ha ckopocTax, BnU3kUxX K MakCcumarnbHOR, B TeYeHMe NPOACIPKMTENbHOro nepnoaa BpeMeHu
MOXeT MPUBECTU K 3aMeTHOMY YMeHbLUEHUIO pecypca NoALWNNHUKOB. Bonee Toro, MoryT cokpaTuTbCs pecypc
YMNOTHUTENbHBIX COeIMHEHUI Bana, a Takke nepuos o6CnyXmnsaHus CUCTEMbI CMasKu.
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13 KoadhpuumeHT MmoLHOCTH

MNosbiweHue koaddULMeHTa MOLHOCTU Ha BXofe NpeobpasoBaTens 4acToTkl He credyeT npeanpuHu-
maTb 6e3 rapMoHUYECcKoro aHanuaa.

He pekomeHayeTcs npucoequHeHUe CUNOBbLIX KOHAEHCATOPOB K ABUraTenio AnNa KoppekLumnn koadduum-
€HTa MOLLHOCTH, NOCKOMNbKY OHWU MOTYT ABUTLCA NPUYUHOM BBIXOAA UHBEPTOPa U3 CTPOS, a C APYroii CTOPOHI,
06bIMHO KOMMNEHCUPYIOLLIME KOHAEHCATOPbI HE PACCYUTAHBI Ha Takue BbICOKME YacToThl, KOTOpLIE B AaHHOM
cnyvyae UMetoT MecTo.

MNoseblLeHne koaduumneHTa MOWHOCTA Ha BXoAe Npeobpa3soBaTensa YacToThl C MHBEPTOPOM HanpshKe-
HUSI BO3MOXHO NYTEM UCMONb30BaHUA UHBEPTOPA C aKTUBHBLIM 3a[HUM (POHTOM.

12
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Mpunoxenne A

(cnpaBo4Hoe)

CBefeHUs1 0 COOTBETCTBUU CChINOYHBLIX MeXAYHapoAHbIX CTaHAapToB
CCbINTOYHbIM HaLUOHaNnbHbIM cTaHaapTam Poccuinckon Pepepauunn
(v AeNcTBYOLWIUM B 3TOM KayecTBe MeXrocyAapcTBeHHbIM cTaHAapTam)

Tao6nwuua OA.1

O60o3Ha4YeHne CCbINOYHOro CreneHb 0O603HavYeHre 1 HaMMEHOBaHWE COOTBETCTBYHOLLENO HALMOHAMNBHOIO
MeXOyHapoaHoro ctaHaapra COOTBETCTBUSA craHaapTa
M3K 60034-1:2004 MOD FOCT P 52776—2007 (M3K 60034-1:2004) «MaLwwmHbl anekTpuyec-

Kne Bpalwatrumnecs. HomuHanbHble gaHHbIE K XapakTepncTtukn»

MO3K 60034-12:2007

*

MO3K 60034-25:2007

OTBETCTBUA CTaHOAAPTOB:

- MOD — mogudunumpoBaHHblie cTaHAapThbl.

* COOTBETCTBYIOLLMIA HALMOHANBHLIM CTaHAApT OTCyTCTBYeT. [0 ero yrBepgeHusi pekomeHayeTcs UCnonb3o-
BaTb NEPEBO/ Ha PYCCKUI A3bIK JAHHOTO MeXayHapoAHoro ctaHaapTa. lNepeeos AaHHOIO MeXAyHapoaHOro cTaHaapTa
HaxoguTcs B PegepanbHOM MHMOPMaUNOHHOM hOHAE TEXHUYECKMX PErNamMeHToB U CTaH4apTOB.

MpumedyaHune— B HacTosiwen Tabnuue UCMNONb30BaHO criegylollee ycrnoBHoe 0603HavYeHe CTeneHn co-
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YOK 621.313.3:006.354 OKC 29.160 E60

KnioueBble cnoBa: MallWHbI 3fiekTpudeckue Bpallatrolmecs, aCuHXpoHHbIe ABUraTenu ¢ KOPOTKO3aMKHYTbIM
POTOPOM, NUTaHNE OT npeoGpa3OBaTene|7|
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