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Mpeaucnosune

Llenn v npvHumnbl cTaHgapTm3auun B Poccuiickoin ®efepanun ycTaHoBneHbl defepanbHbiM 3aKOHOM
0T 27 pekabps 2002 r. N> 184-93 «O TEXHUYECKOM PErynvpoBaHum», a npasuia NnpuMeHeHUs HaunoHaIbHbIX
cTtaHgapToB Poccuiickoin ®egepauun — FOCT P 1.0—2004 «CTtaHgapTusauus B Poccuiickoli ®egepauun.
OCHOBHbIE NMOOXEHNA»

CBejeHusi o ctaHgapTte

1 NOArOTOBJIEH lNocygapcTBeHHbIM 06pa3oBaTe/lbHbIM yUYpexaeHnem BbiCLLero npogeccmoHasb-
Horo o6pasoBaHns «MOCKOBCKWIA 3HEPreTUYeCcKnin MHCTUTYT (TexHuYeckuii yansepcuteT)» (TOYBIMO «M3N
(TY)»)

2 BHECEH TexHunyeckum komuTeToM no ctaHgaptmdaumm TK 333 «Bpauiatrowmecsa anekrpuyeckue
MalLUVHbI»

3 YTBEPXJEH U BBEJEH B JENCTBVE [puka3om deaepasbHOr0 areHTcTBa Mo TeXHUYECKoMy
perynupoBaHuio 1 MeTponorum ot 9 gekabps 2009 r. No 640-cT

4 HacTosiwniA cTaHAapT WAEHTUYEH MexXAyHapofHomy cTtaHgapTy MOK 60034-17:2006 «MalunHbl
aneKTpuyeckme Bpauiawolmnecs. Yactbe 17. ACUHXPOHHbIE ABuUratesii ¢ KOPOTKO3aMKHYTbIM POTOPOM Mpu
nuTaHuy oT npeobpasoBartesnieil. PykoBoacTBO No npumeHeHnto» (IEC/TS 60034-17:2006 «Rotating electrical
machines — Part 17: Cage induction motors when fed from converters — Application guide») n npegcraBneH
BnepBble

Mpv NnpMeHeHUN HacTosLLEero ctaHgapTa pekoMeHAyeTCcss UCNO0Mb30BaTb BMECTO CCbIIOYHbIX MeXay-
HapOoAHbIX CTaHAAPTOB COOTBETCTBYIOLME M HaUUOHaNbHbIe cTaHgapTbl Poccuiickoli egepanmn n Mexro-
CyfapCcTBeHHble CTaHAapThbl, CBEAEHNA O KOTOPLIX NPUBEAEHbI B CNPAaBOYHOM NpunoxeHun JA

5 BBEJEH BIEPBbIE

MHopmauus 06 M3MEHEHMSAX K HACTOSILLEMY CTaHAapTy Ny6avkyeTCsl B eXerofHo n3jaBaemMoMm
MH(POPMAaLMOHHOM yKasaTene «HaunoHabHble CTaH4apTbi». @ TEKCT U3MeHeHUii 1 nonpaBok — 6 exe-
MECSIUHO U3[aBaeMblX MH(OPMALVOHHBIX yKaszaTensx «HaunoHanbHble cTaHaapThi». B cnydas nepe-
cMOTpa (3aMeHbl) WM OTMeHbl HAcTOsLWEero cTaHaapTa COOTBETCTBYyOWEe yBegomieHe 6GyaeT
ony6/11MKOBaHO B eXeMeCsiYHO 13aBaeMoM UHOPMALMOHHOM yKazaTene «HauuoHanbHble CTaH4apTbi».
CooTBeTCTBYyLas MHhopMaLms, yBEJOMIEHVE U TEKCTbl pasMeLLalnTCsl Takxe B MH(POPMaLMOHHO
cucTemMe 06LLero nofb30BaHus — Ha oomunanbHOM caliTe defepasbHOro areH TCTBa No TeXHUYECKoMy
perynmpoBaHvio U METPONOrUN B ceTH IHTepHeT

© CtaHpapTuHgopMm, 2011

HacTosuii cTaHgapT He MOXeT GbITb NO/IHOCTLIO UM YACTUYHO BOCMPOU3BEAEH, TUPAXKMPOBAH 1 pac-
MPOCTPaHEH B kKayecTBe ohuLmanbHOro usganus 6es paspellenus degepanbHOro areHTCTBa No TEXHUYECKO-
MY perysimpoBaHuio 1 MeTposoriu
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HALUWOHA/NbHbBIN CTAHOAPT POCCUMNCKOMN OPELEPALMUMN

MALLUNHbI SNEKTPUYECKUE BPALLAKOWNECA
YacTtb 17

PyKOBOZCTBO MO NPYMEHEHUIO aCUHXPOHHbIX ABUraTesieil C KOPOTKO3aMKHYTbIM POTOPOM
npv NUTaHuM oT nNpeobpasoBarteneli

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

Nata Beegenns — 2011—01—01

1 O6nacTb NpMMeHeHus

HacTosawwuidi ctaHaapT onpegensieT KpuTepun BbiI6opa KOMMNOHEHTOB YaCTOTHO-PEryIMPyeMoro anek-
Tponpueoda un Ux BAusiHWe Ha paboTy ABuratesisi B COCTaBe 3TOro 3/1eKTponpueoa.

HacTtoswuin ctaHgapT pacnpocTpaHAeTCs Ha aCUHXPOHHbIe TpexdasHble KOPOTKO3aMKHYTble ABurate-
NN, BbINO/IHEHHbIE B COOTBETCTBUMU ¢ MK 60034-12. npu ux nutaHum oT npeobpasoBartenieil 4acToTbl C NPo-
MEXYTOUYHbIM 3BEHOM MOCTOSIHHOTO TOKa, COAepXalinxX UHBEPTOPbI TOKa UM HanpshxeHus 6e3 orpaHnyYeHui
Ha KO/IMYeCTBO, WMPUHY 1 YacTOTY MMMNY/NbCOB, a Takxe Bug Kn4yeil uHeepTopa, 6yab OHWN TUPUCTOPHbIE UK
TpaH3uCcTopHbIe /1l6oro Tuna.

CTaHpapT He pacnpocTpaHaeTCcs Ha MalluHbl, CreunanbHo NpefHa3HayYeHHble 4715 NUTaHns oT Npeoo6-
pasoBarterneii 4acToThbl. Ha 3TM MawwwmHbl pacnpocTpaHseTcs MOK 60034-25.

2 HopmaTuBHbIE CCbIKN

B HacToswem cTaHfapTe UCMO/1b30BaHbl HOPMAaTUBHbIE CCbISIKM Ha CriefyoLmne MexayHapoHble CTaH-
fapTbl:

M3K 60034-1:2004 MalunHbl 3nekTpuyeckune Bpallawowmecsa. Yactb 1. HOMUHanbHble 3HaveHus
napameTpoB U  3KCMJyaTauuoHHble  xapaktepuctukm (IEC  60034-1.2004. Rotating electrical
machines — Part 1: Rating and performance)

M3K 60034-12:2007 MaluunHbl 3NneKTpuyeckne spatlarowmecs. YacTtb 12. NyckoBble XapaKTepucTukm
O[HOCKOPOCTHbIX TpexdasHbIX ABUratesneil ¢ KOpoTKo3amkHyTbiM poTtopom (IEC 60034-12:2007. Rotating
electrical machines — Part 12: Starting performance of single-speed three-phase cage induction motors)

M3K 60034-25:2007 MaluuHbl anekTpuyeckue spaljatomecs. Hactb 25. PyKoBOACTBO NO KOHCTPYK-
LMW 1 aKcnnyaTauuoHHbIM XapakTepuctukam asuratenieli nepemMeHHoro Toka, cneynasnbHo npefHasHaveH-
HbIM 4718  3NeKkTponuTaHua 4epe3 npeobpasosatens (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)

MpunmeyaHne — MNpy NONb30BAHNM HACTOAWMUM CTaHAAPTOM Liesecoo6pasHo NpPoBepuUTh [eliCTBME CChINIOY-
HbIX CTaHAapPTOB B MH(OPMAaLMOHHOI cucteme o6LLero Nonb3oBaHNs — Ha oduumanbHOM caiiTe ®efepanbHOro areHT-
CTBa N0 TEXHNYECKOMY PeryimpoBaHunio 1 MeTpoornn B ceT VIHTEPHET WK NO eXeroHo n3faBaeMoMy NH(POPMaLNOHHO-
My ykasaTesnio «HauuoHasbHble CTaHAapTbli», KOTOPbIA ONy61MKOBAH NO COCTOSIHUIO Ha 1 AHBapsA Tekyuiero roga, U no
COOTBETCTBYOLWMUM €XEMECAYHO n3gaBaeMblM UHDOPMALMOHHBIM yKka3aTensiM, ony6inkoBaHHbIM B Tekyliem rogy. Ecnm
CCbIZIOYHBI CTaHAAPT 3aMeHeH (M3MEeHeH), TO NPU NONb30BaHNN HACTOSL MM CTaHAapPTOM C/ieyeT pyKOBO/CTBOBATLCSA 3a-
MeHAWNM (M3MEeHEHHbIM) CTaHAapTOM. ECn cCbiNOYHbI cTaHAapT OTMeHeH 6e3 3aMeHbl, TO MOJIOXKEHNe, a KOTOPOM Aa-
Ha cCblfika Ha Hero, MPpUMeHseTCs B YacCTu, He 3aTparuBatoLlleil 3Ty CCbISIKY.

N3paHne opuymnanbHoe
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3 XapaktepucTuku gsurartend

B nepu1oj KOMMyTaLum TOK MHBEPTOPA NPOXOANT MO CTATOPHbLIM 0GMOTKaM ABUraTessi, No3ToMy A5 npa-
BUIBLHOIO BbIGOPA Lieny KOMMyTaluy He06X0AMMO 3HaTb IKBUBASIEHTHYHO CXEMY aCUHXPOHHOTO ABUraTens.

B cnyyae uHBepTOpa HanpshkeHUsi 3KBUBASIEHTHAs CXEMaA HE CTO/b BaXHA, OAHAKO COMPOTUBIEHWUS [BU-
raTens BbICOKOUYACTOTHbIM COCTaBASIOLMM CU/ILHO BAMSIIOT HA NOTEPU OT rapMOHUYECKUX COCTAB/SIOLLMX.

YKa3zaHHble 06CTOSITENbCTBA TPeGYT NpaBWbHOTO (DYHKLMOHMPOBaHUS npeobpasoBatens. Eciu
NpeAbsABASIOTCA NOBbILEHHbIe TPeGOoBaHNSA K BE/IMUYMHE NOTePb UM JOMNO/IHUTENIHOTO (BbICOKOYACTOTHOTO)
MOMeHTa npu paboTe MHBEPTOPA, He06X0AMMa UHDOPMaLUsA 06 3KBUBANIEHTHOI CXEMe 3aMeLLeHus ABurate-
N5 ANA BCETO CMeKTpa rapMOHUMK NPy NUTaHUM CTATOPHbIX 06MOTOK.

BBuay pasHoo6pasus KOHCTPYKLMM NPOBOAHUKOB poTopa (MeaHble ¢ yriay6aeHHbIM Na3oM, altoMUHK1e-
Bble C ABOIHOI KNeTKo), a Takke LWWPOKOro CrekTpa 4yacToT FapMOHUK He yaaeTcs NpefcTaBUTb YHUBEP-
ca/ibHyl0 CXeMy 3amelleHust auratens. Kak npasuio, A8 pacyeta rapMOHWYECKMX MOMEHTOB U NOTEPb
HeonycTMMO UCNO/b30BaTh NapaMeTpbl CXeMbl 3aMeLLEeHUsi B yCTaHOBUBLLIEMCS pexumMe paboThl ABuraTens
npyv HOMUHAJILHON YacToTe. MpousBoaUTENb ABUrATENIA MOXET NpPefoCcTaBuTb HEOGX0AMMbIE NapaMeTpbl
CXeMbl 3aMEeLLEeHNs, TOSIbKO eC/iM eMy U3BECTEH CMeKTpasibHbI COCTaB HANPSHXKEHWs W/MK TOKa UHBEPTOpA.

4 YacTOTHbIA CNEKTP HaMpPsPKEHWS Y TOKa

[na yyeTta CHMXEHNS MOMEHTa M ero BbICOKOYACTOTHbIX COCTaBAAOLWMNX HEO6XOANMO 3HATb YACTOTHBbIN
CNEKTP HanNpsHXeHUsl B C/lyvyae MHBEPTOpa HanpsXeHUsa Uamn Toka B c/lyyae uHBepTopa Toka.

Ha pvicyHke 1 nokasaHa TunuuHasa chopma Toka hasbl gBuratens, nutatLLerocs ot npeobpasosartens ¢
MHBEPTOPOM TOKa. MPUCYTCTBYIOT rapMOHUK/ C HOMepammn 5. 7.11, 13....... OTHOCUTENbHbI rapMOHUYECKni
COCTaB 3aBWCUT OT BPEMEHU KOMMYyTaLMN Yy pa3Hbix NpeobpasoBaTeneil MoxXeT oTanyaTbCs.

PucyHok 1— dopma (Mgeann3mpoBaHHas) asHoro Toka* 4 npu NUTaHUN COeAUHEHHbIX B TPEYTroNIbHUK O6MOTOK ABY -
raTens oT MHBEpPTOpa Toka

Ha pucyHke 2 nokasaHa xapakTepHas dopma SIMHEHOro HanpshkeHus v npu paboTe mHBEpTOpa
HanpshXeHNa ¢ WWPOTHO-UMMYbCHOW mogynauvein (LUMM-nHBepTopa).

R

PUcyHOK 2 — ®opma NMHERHOro HanpseHns ull npyn nuTaHWM OT MHBEPTOpa HaANPSKEHWS C YAcTOTOW KOMMYyTaLuu

',m307,
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B vHBEpTOpax HanpshKeHUs UCMOMb3YKTCA pPas/inyHble CNocoGbl MOAYNALMM, NO3TOMY HEBO3MOXHO
chopmynmpoBaTh 06LLYI A/1s1 BCEX CNOCOB0B OLEHKY BAUSIHAS FaPMOHUK. YTOGbI OLEHUTb 3TO BAUSIHWE B
YyacTHOM c/lydae, Heo6x04MMO MpoaHanu3npoBaTh BO3AEWCTBME Ha ABUraTeslb BbIXOAHOTO HamnpsXeHus
MHBEPTOPA, 3Hasi er0 KOHKPETHbIW rapMOHUYeckuii cocTas.

CneKTp BbIXOAHOTO HaMpsKeHUs 4acTo UCNO/b3YEMbIX UHBEPTOPOB C CUHXPOHHOW WM aCUHXPOHHOI
nocnefoBaTesIbHOCTbIO LWNPOTHO-MOAYIMPOBAHHbIX UMMY/IbCOB COAEPXMUT YacToTbl

f=ksfs Lk,fv

tRek;.*].!, 3,...nc,=1.2.4.5.7.... — kpaTHocTu Hecyuleli fsu paboueii HacToTbl 7, COOTBETCTBEHHO. [laH-
Has hopmMyna AeincTBuTeibHa Takke U 4715 MHBEPTOPOB C LUMPOTHO-(ha30B0oM (BEKTOPHOI) MOaynsauueit.

B cnyuasix, korga npMmeHsT npeobpasoBaTenu ¢ nepeMeHHoi YacToTON KOMMyTaLuun, CNeKTP YacTo-
Tbl UX BBIXOAHOTO HanNpshXeHna npegcraBnseT co60i WNPOKONOOCHBIA CyYaiHblii LWym 6e3 NMKOB Ha Xxapak-
TEePHbIX YacToTax.

B npeo6pa3soBartensx ¢ WNPOTHO-MMMNYbCHOV MOAYNsALMeAd HA3KOYACTOTHbIE rAPMOHUYEeCKMe cocTaB-
NAWMe Masbl, a BbICOKOYACTOTHbIE TAPMOHUWKW, OnpejenisemMble YacTOTON KOMMyTauuun, gemMndupyroTcs
WUHAYKTUBHOCTAMMW ABUraTens.

B M3K 60034-1, nyHKT 7.2.1. rapMOHWYECKWI COCTaB MUTAIOLLEro HanpsHXXeHUs AN aCUHXPOHHbIX
KOPOTKO3aMKHYTbIX ABUraTenei onpeaeneH eAnHCTBEHHON YACMOBOI BENIMUNHOI, Ha3biBaeMoli koaguum-
EHTOM UCKaXXeHWs cuHycompanbHocTu HanpshkeHus (HVF — Harmonic Voltage Factor), ogHako aToT Koag-
ULMEHT HeNnpMMeHUM ANS ABuUraTesiei, nuTaembix OT NnpeobpasosaTesieil YacToThl.

5 TloTepwu, BbI3biBaeMble rapMmoHUKamu

BbICLUME TAPMOHWKM HaMPSHXEHNSA N TOKA B @CMHXPOHHOM KOPOTKO3aMKHYTOM ABuratesne, nMTaeMom oT
MHBEPTOPA, BbI3bIBAOT AOMNO/IHUTE bHbIE NOTEPU B CTaIM U 06MOTKax cTatopa v poTopa.

Lns pBuraTenei, NUTalLWMXCA OT UHBEPTOPOB HaMNPSHKEHWS, AOMNOHUTENbHLIMW NOTEPSMU B CTann
Henb3s npeHebperaTb. OHW 3aBUCAT OT amMMIMTYAbl FTAPMOHUYECKUX COCTaBNALWMX Da3HbIX HANPSHXKEHUA 1
noYTW He 3aBUCAT OT YacTOTbl.

Tokn rapmMoHUK, onpegensiole notepy B 06MOTKax ABUraTens, orpaHNYNBalOTCA UHAYKTUBHOCTAMU
paccesiHUs 3TUX 06MOTOK. XOTS TOKU 3TUX FaPMOHVK U HEBEJINKW, NOTEPSAMMN OT HAX B 06MOTKaX Takxe Henb3s
npeHebperaTb M3-3a BbITECHEHWS TOKa (MOBEPXHOCTHbIV 3pheKT, CKUH-3h(DEKT) Ha BbICOKMX YacToTax. ITo
06CTOATENILCTBO NPUMEHMMO Kak K KaTyLle4HbIM, TaK U BCbIMHbIM 06MOTKam. POTOpPbI C ABHO BblPaXXEHHbIM
3(hheKTOM BbITECHEHUSA OCOGEHHO YYBCTBUTE/bHbI K 3TUM NOTEPSAM.

MHOroYnCneHHbIMN NCMbITAHNAMMW YCTAHOB/IEHO, YTO 06LLEE KOIMYECTBO AOMNOMHUTEBHbIX MOTEPb, BbI3bl-
BaeMbIX raPMOHUKaMU, He 3aBUCUT OT Harpy3ku. OHO NafaeT C yBeIMYeHNeM 4acToTbl KOMMYTaLMK, Kak NokasaHo
Ha pUCyHKe 3, YTO 06YC/IOB/IEHO YMEHbLUEHNEM NOTEPL B 0OMOTKaX Ha BbICOKUX YAaCTOTax KOMMyTaLuK.

1— obuwue notepwn, Bbi3biBaeMble rapMOHUKAMU; 2 — NOTepu B 06MOTKax; 3 — noTepu B cTanu

PucyHok 3 — Tpumep 3aBUCUMOCTM NOTEPb Pb, BbI3bIBAEMbIX FTAPMOHNKAMMW OTHOCUTENILHO NOTEPb PN Ha pa6ouyel yac-
ToTe fy OT 4acTOTbl KOMMYyTayum fs B criydae NUTaHUA OT MHBEPTOPA HaNpPSKEHUs
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B cnyuyae nutaHua geurateneil oT uHeBepTopa ToKa AOMNOJIHUTESNIbHbIE NOTEpPU B CTa/l HEBEUKM,
UCKIOYEHMEe COCTaBAOT Tak Ha3blBaeMble KOMMYTaLMOHHbIe noTepu. BbicTpoe n3MeHeHne NOTOKOB pac-
CesAHNs Ha HTepBasie KOMMYTaL MK Bbl3bIBAET BUXPEBbIE TOKM B 3y6Lax ctatopa u potopa. B cnyyae nisep-
TOpa HanpshKeHus AaHHble MoTepu OTCYTCTBYHOT, MOCKO/IbKY KOMMYTaLMOHHblE TOKM He npoTekawT no
obmoTkam ABuratens.

JlononHutenbHble NoTePU B POTOPHbIX 06MOTKax 0C060 BaXHO YyUNTbIBATb U3-3a 6OMbLLONA amnanTyabl
TOKOB rapMOHMK Ha HU3KUX YacToTax.

[na pacyeTa [ONO/HUTENbHbIX NOTEPb HET MPOCTLIX METOAOB, & Takke OTCYTCTBYIOT 06LIMe pekoMeH-
Jauunn no oueHKe VX BesIMUuHbl. VIX 3aBUCMMOCTb OT pas3inyHbIX (DU3NYECKNX NnapamMeTpoB BeECbMa C/OXHA.
OHM B 60/bLLON CTENEHN 3aBUCAT OT TUNa npeobpasoBartens (C UHBEPTOPOM TOKa WM HaNpshKeHus, C pas-
NINYHOM YaCTOTOW KOMMYTaLMKU U hOPMOIA UMMYIbCOB) ¥ ABUraTens (Tna o6MoTKM, reoMeTpumn nasa 1 noTepb
B cTanun). KauecTBO M3roTOBMEHNA cepAeyHuKa — Takxe BaxkHbli hakTop.

[Lina npumepa Ha pucyHke 4 B BUAe CTONOL0BbIX AvarpaMmM nokasaHbl pe3yibTaTbl pacyeta CoCTaB/A0-
WX notepb B gBuratene (rabaput 315 mm, koHCTpyKumA W)- n(uTaemMoM OT MHBEPTOPOB ABYX TUMNOB C pas/iny-
HOW (hopMmMOWi 1 COOTBETCTBEHHO FapMOHWYECKUM COCTaBOM MUTAKLWEro HanpsKeHus, a Takke OT ceTu ¢
CUHycOMAaNbHbIM HanpsKeHneM. [laHHbli npyMep WAACTPUpPYeT CYLEeCTBEHHOE pas/inyme CoCTaBNAoLLMX
noTepb NPV UCNOMb30BaHUN CaMbIX PacnpoOCTPaHEHHbIX B HaCTOsLiee BpPeMs WHBEPTOPOB. [MpuBeaeHHble
AvarpaMMbl He MOTYT GblTb pacnpocTpaHeHbl Ha Apyrue Tunbl ABuUrateneil 1 MHBepTopoB. [na obneryeHus
CpaBHEHWA HaNPSXXEHUS 1 TOKM Npu paboTe MHBEPTOPOB B3SITbl TAKUMM Xe, Kak Npy paboTe B HOMUHA/IbHOM
pexvime.

B cOOTBETCTBMM C PUCYHKOM 4 NOoTepu, Bbi3biBaEMble rapMOHMKaMU, MpU NCMOb30BaHUN MHBEPTOPOB
Toka 6onblue, YeM NPy NUTaHUW OT MHBEPTOPAa HaNpsXeHWs. PasHuua ymeHbLIaeTCcs NPy YaCTUYHOW Harpys-
Ke. NOCKOJIbKY AlaHHble NOTEPU MOCTOAHHbLI NPU NMTaHUM OT MHBEPTOPOB HANPSXKEHNSA, OfHAKO yBENYnBatoT-
€A C POCTOM Harpysku npu UCnosib30BaHN NHBEPTOPOB TOKA.

6 CHwKeHne MOMeHTa npu padoTe OT NpeobpasoBartenis

Mpn paboTe oT npeobpa3oBaTens gsuraTesnb NpyM HOMWHANBHOW CKOPOCTU MMeeT MeHbLUWI [0MNyCTu-
MbIiA MOMEHT, 4em npu pa60Te OT CeTu, n3-3a NoBbILLEHHOIo Harpesa OT NOTePb, Bbl3bIBAEMbIX TaPMOHUKaAMW.
BTopas npuunHa ymeHblUIEeHN MOMeHTa — najeHne HanpshkeHusa npeobpasosaTtens. Jkcnnyarauums gsura-
Tensa npy HOMUHaNbHOI Harpyske B TakOM Crlydae CHWXaeT A0/ITOBEYHOCTb U30MALUN.

CnnowHas NMMHUS Ha pUCYHKe 5 npeacTaBnseT CBA3b HANPSXXEHUs C YacTOTOoW, o6ecneymBaroLLyto npu-
MepHOe NOCTOAHCTBO NOTOKA MPW CUMHYCcOMAanbHOM nutaHuu. MNMpoussoauTens ABuratens MoxeT onpege-
NNTb MpeBblleHNe TemnepaTtypbl NPV W3BECTHOM CMeKTpaslbHOM COCTaBe HanpshkeHus uHBepTopa. 3T0
npeBblLIEHNe 3aBNCUT OT 0COOEHHOCTEN KOHCTPYKLUN ABUraTens u cucteMbl oxnaxaeHus. 4ns onpegenenns
KPaTHOCTU CHMXeHNA MOMEHTa BaXXeH 3anac ABuratesid no Harpeay. C y4eTOM Ha3BaHHbIX 06CcTOATENLCTB
KpaTHOCTb AONYCTMMOro MOMeHTa nexuT B npegenax ot 0,8 go 1,0.

Ha npakTuke 4yacTo HOMUHasIbHbIE faHHble Npeobpa3oBaTens He yYnTbiBalOT TO 06CTOATENLCTBO, YTO
OCHOBHOW MOTOK ABUraTens Npy NUTaHWM OT HEro OT/In4yaeTcs OT NOTOKa NP NUTaHUK OT CUHYCOWAANTIbLHOTO
HanpshkeHus. B pesynbTarte MOMEHT OTK/IOHAETCA Ha BEIMYMHY, ONpefenseMyto KOHKPeTHbIMU napameTpamm
Asuratens un npeobpasosaTens.

B Avana3oHe perysiMpoBaHus BHA3 OT CKOPOCTU, COOTBETCTBYIOLLEV HOMWHA/IbHONM YacToTe, BbINOJHe-
Hue 3akoHa I/,//, = const no3BonseT nogaepxmsaTb MOMEHT IMLWb B C/lyvae npeHebpexnmo Manoi Bennyu-
Hbl CONPOTUB/IEHNA CTaTopa Mo CpaBHEHUKD C OCTa/iIbHbIMW COMNPOTUB/IEHUAMN B CXemMe 3aMelleHna. ﬂ,ﬂﬂ
KOMNeHcauun BAUAHUA COMNPOTUBEHNA cTaTopa Ha MOMEHT, KOTOpOe OCOO6EHHO 3aMeTHO Ha HU3KMX 4acTo-
Tax. ynpaBfeHue npeobpasoBaresieM CTPOUTCA MO XapakTepUCTHKe, NMOKasaHHON NyHKTMPOM Ha pucyHke 5.

Mpu yBeNMYeHUn YacTtoTbl Bbille HoOMUHasbHO (f,/fN > 1,0) HanpskeHne 06bIYHO NOAAEPXKMBAETCA HA
YypOBHE HOMMWHaNbHOTO (ynpasneHue ¢ ocnabneHnem nons). B aTom cnyvae neperpysoyHas Cnoco6HOCTb
asuratensd N0 MOMeEHTY (KpaTHOCTb A0oNyCTUMOIro MOMeHTa T,/TN) npu ysennyeHnn 4acTtoTbl YyMEHbLUIAETCA,
Kak nokas3aHo Ha pUCyHke 6.
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7-10% /-1.0% /-0.5%

o 100 Y - 1O% G-45%

£ 0% 4 "E -3.0% c-69% 4.9 -25%

4 0-2.0% 4.0-20% '40-2,0%
C -25% C -25% C-25%
8-26% B - 26 % 8-26%
4-41 % 4-41 % 4-41 %

1 2 3

"

100% 125%
953 % 94.2 %
MoTepw, Bbi3biBaeMble paboyeii yacToToi MoTepw, Bbi3biIBAaEMbIE FAPMOF
E — noTepu Ha TpeHue J — notepu Ha KOMMyTaLuio
O — [0ONONMHNUTE IbHbIE NOTEPW OT Harpyskn |/ — pononHWTeNbHbIe NOTEPM OT Harpy3ku
C — noTepun a ctanu H — noTepwu B cTanu
8 — noTepu B o6MOTKax poTtopa G — noTepu B o6MOTKax potopa
4 — noTtepu B o6MOTKax cratopa F — noTepu B o6MOTKax ctatopa

1— cuHyconpanbHoe HanpsbkeHuWe; 2 — WHBEPTOP TOKa; 3 — WHBEPTOpP HanpsxeHus c WWNM; 4 — gnarpamMmbl HanpskeHus;
5 — notepu; 6 — KMNpg

PucyHok 4 — BnusHue nHBepTOpa Ha NOTEpPM @ aCUHXPOHHOM KOPOTKO3aMKHYTOM gBuratene (315 mm tuna M)npu Homu-
HafbHOM TOKEe M CKOpOCTH

Ha pucyHke 6 npeAcTaBfieHa TUNWYHAS XapakTePUCTMKA 3aBUCMMOCTU AOMNYCTUMOrO MOMEHTa OT Yac-
TOTbI NPU MUTAHWUKM OT MHBEPTOPA TOKA. MpU MCNONL30BAHUM MHBEPTOPA HANPSHKEHUS aHa/IoTMYHas XapakTe-
pucTUKa MMeeT MoXOoXuii BUA. JaHHble KpuBble MOTYT 6biTb NMPeACcTaBfeHbl NPOM3BOAMTENEM ABUTaTens,
€C/IN eMy M3BECTHbl YacTOTHbI/ CMeKTP ¥ 3aBUCMMOCTb HanpshkeHue — yactoTa npeobpasosatens. Noc-
KOMIbKY TWMbI U NapameTpbl CUCTEM BEHTUNSALWU Y ABUTATEeNei 3HaUUTeIbHO OT/IMYalTCA (CaMOBOHTUNSALNS
WK HE3aBUCHMOE OX/IXKAEHNE), He CYLLecTBYeT YHUBEPCAIbHOW KPUBOIA, XapakTepusytoLeii 3aBUCMMOCTb
[ONyCTUMOr0O MOMEHTa OT uyacToTbl. B obuiem cfyyae gsuratenu, nutaemble oT npeo6pasosaTesieil ¢
LWNM-perynnpoBaHueM HanpskeHusi (YacToTa KOMMyTauuu B Auvana3oHe HecKosbKuX Kuiorepl), TpebyoT
MEHbLLETO CHWXEHWSI A0NYCTUMOr0 MOMEHTa, YEM MUTAEMbIE OT NpeoGpasoBaTesieli C aMnaAMTYAHbIM perynu-
pOBaHVWEM HaMNpPsHKeHUs. YBEeIMYeHe YacToTbl KOMMYTaL MM NPUBOAMUT K yBE/IMUYEHUIO ONYCTUMOIO MOMEHTA.

5
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PucyHok 6 — KpaTHOCTb  AOMYyCTUMOTO MOMeEHTa
KOPOTKO3aMKHYTOro aCMHXpPOHHOro gBuratensa tuna N
F’I/ICyHOK 5 — 3aBUCUMOCTb HanpsxeHus UY (C CaMOBeHTI/II'IﬂLI'VIeVI) B 3aBUCUMOCTM OT HacCTOThbl npun

OT yacToThl 7, nnTaHnn OT MHBEpPTOpPa ToKa

7 lMynbcaymn MOMeHTa

[MocTosiHHbIE BpaLlaloLwme aCMHXPOHHbIE MOMEHTbI, Bbi3blBa€Mble rapMOHNKaMM, OKa3blBalOT HE3HAauK-
TeslbHOe BNUsiHME Ha paboTy anekTponpreoga. Of4HaKo 3TO HE OTHOCUTCS K NY/IbCUPYIOLLMM COCTaB/IAIOLLUM
MOMEHTa, BbI3blBAKOLLMM BUOpaLMI0 MEXAHMYECKMX YacTel npusoaa.

B anekTponpusBogax ¢ TpexdasHbIMU aCHXPOHHLIMU ABUraTENAMU, NMTAEMbIMWU OT MHBEPTOPOB TOKA,
BbINOJ/IHEHHBIX MO LECTUNY/IbCHON CXeMe, NPaKTUYECKN 3HAUYMMbIMU SIBASIOTCS My/ibCaln MOMEHTa € 4acTo-
Toli 6- 1 12-KpaTHOI MO OTHOLLEHMIO K paboyeli 7,, AMNANTyaa nynbcauunii Ha YactoTe 6 7, MOXeT gocTuratb
15 % HOMMHa/ILHOTO MOMEHTa, a Ha YactoTe 127, — 5 %. Kpome TOro, 3Tn kone6aHus MoOMeHTa obycnose-
Hbl rapMOHUKaMK Nysibcaunii NOCTOSIHHOrO TOKa B MPOMEXYTOYHOM 3BEHE NpeobpasoBartenis. AT cocTasBs-
IolMe MOMeHTa MMelT YacToTbl, paBHble 6(7, - D) n 12(7, - D), rae O — yacToTa ceTn. 18 NnpuBoOAOB C
ManbiM gemMngrpoBaHMeM TPaHCMUCCUN PEKOMEHAYETCH NPOBOAUTL TOUHbIA pacyeT Pe30HAaHCHbIX YacToT
Kone6aHuii MexaHu4yeckoii yactu. 1N HEKOTOPbIX NPUMEHEHNIT HEOBXOAMMO MCKUaTb U3 paboyero Anana-
30Ha NpeobpaszoBaTtens onpefesieHHy0 NoJsiocy HefoNyCTUMbIX HacTOT KosiebaHuii.

B anektponpuBogax c LU/M-uHBepTopamm yactoTa OCHOBHbIX Ny/sbcauuii MOMeHTa onpegenseTcs
4acToTOI KOMMYyTaLUK, & amMnaIMTyAa — LWMPUHON UMMYIbCOB. AMNANTYAA 3TUX Ny/ibcauuii MOXeT AoCTUraTb
15 % HOMUWHabHOrO MOMEHTA B NPKBOAAX C COBPEMEHHLIMU MHBEPTOPaMU, Y KOTOPbIX YacToTa KOMMYyTaLuum
6onee yem B 10 pas npeBbilaeT pabouyto yacToTy. MNpu 6onbWNX YacToTax KOMMyTauun (nopsgka 217,) u
COOTBETCTBYIOLLEM cCrnocobe MOAYNALMN UMNYILCOB (HanpumMep, MOAYALKA NO CUHYCOUAANnbHOMY 3afaHuto
UV BEKTOpHAas MOAYNALMS) Ny/bcauny MOMeHTa ¢ YactoTamu 67, 1 127, He UMET NPaKTUYECKOro 3HaUYEeHUS.
Kpome BbILLEYNOMSAHYTbIX BO3HMKAIOT MyfbCcalvum MOMeHTa C ABOWHOI 4acTOTOW KOMMyTauuu, KoTopble,
0/lHaKo, He OKa3blBalT 3aMETHOr0 OTPULLATE/IbHOTO BMAHWA Ha NPUBOA, €CNN TOMIbKO 3Ta YacToTa He coBna-
[eT C pe30HaHCHOW 4acToToi KonebaHuin MexaHNn4ecko YacTu.

8 OnekTpoMarHUTHbIE UCTOYHUKN LIyMa

DNEKTPOMArHUTHBbI LWYM B @CUHXPOHHBIX ABUTATENAX BbI3bIBAETCA pafuanibHbIMKU NEPUOANYECKUMU
YCUNSMU, BO3HUKAOWMMUN B CTATOpe. TN Tak Ha3biBaeMble MaKCBE//T0Bbl CU/bl 0653aHbl B3aMMOAERCTBUIO
MarHuTHbIX MOfiei B 3a30pe. YCUINA xapakTepusyloTcs aMmnauTyfoi, yacToTo n hopMoid. MocKonbKy WX
amMnauTyAa mana, OCHOBHOE B/IMSIHUE BblpaXaeTcsl B BO3HWKHOBEHWM LUyMa Npy COBMafeHWn 4acToTbl yCu-
NniA ¢ COBCTBEHHOW YacTOTON cepaeyHmka craTopa.

Mpy cMHyconpanbHOM MUTAHWUU 3/1EKTPOMArHUTHBIN LWyM 06YCNOBAEH NPOCTPAHCTBEHHLIMU TapMOHU-
kamu noneii B 3a3ope. Mpy NPOEKTUPOBaHUK ABUTATENSA CTaparTCA n3bexaTb NOSIBIEHUS pe30HaHca BO BCEX
pexvnmax paboTbl MalmnHbl. OfHAKo BBUAY LUIMPOKOrO CNeKTPa MoJeBbIX rAPMOHMK NPy 60/bLLIOM Auana3oHe
perynupoBaHusa CKOPOCTU ABuratens He yaaeTcs u3bexarb 3aMeTHOrO LyMa Ha HEKOTOPbIX CKOPOCTAX Aaxe
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npw cYHyconAanbHOM NUTaHun. M03TOMy YaCTO NPaKTUKYEeTCs yKasaHue A0CTaTOYHO Y3KOro YacTOTHOrO Ana-
nasoHa. B KOTOPOM 3anpeliaeTcs pa6oTaTb BO U36exaHue HeJonycTUMo 60/1bLIOT0 YPOBHS 3BYKa.

Bce BblleHa3BaHHble 06CTOATENLCTBA CNpaBeA/IMBLI U B C/lyyae NUTaHWs ABUraTesnis OT MHBEPTOPA.
B 3TOM C/lyyae f0N0/IHUTEIbHO rapMOHUKM NOMei 0T HECUHYCOMAANBHOTO HANPSHKEHNSI HBEPTOPA CyMMUPY-
I0TCA C OCHOBHbIMU NMPOCTPAHCTBEHHbLIMU FaPMOHUKaMK MNOJIs, KOTOpble OnpeAensioTcs YAC/IOM nap noso-
coB p. M03TOMY YC/TIOBHO YACTOTHbI XapakTep paananbHbIX YCUINA MOXHO CBS3aTh C (hakTOpOM T. KOTOPbIii
npuHUMaeT 3HadeHne 0 60 2p. CO6CTBEHHbIe YacTOThl 31EKTPOMATHUTHBIX LUYMOB ABUraTeneil 3aBucsT ot
UX ra6apuToB U MOMOCHOCTU. [Nsi ABYX- U YEeTbIPEXMOMIOCHBIX MalUUH Pe30HaHCHbIE YacTOTbl NPUMEPHO
MOTYT GbITb OLEHEHb! C/ieAyouM 06pa3oMm:

BblicoTa ocu < 200 MM fQja0 > 4500 Iy, fol, 2>800 Iy, fO/B 4> 4000 I'y;
BbiCcOTa ocK > 280 MM fQjA0 <3000 Ny fOor, 2<500 'y f0j.,, 4 <2500 Iu.

Mpu nNuTaHMM acMHXPOHHOrO ABWUraTens OT WMHBEpPTOpa Toka LWymM O06YCMOB/EH rapmMoHMKamu Toka,
aMmnanTyga KoTopblx, Kak npaBuno, cBa3aHa c UX NopsAKOM, HO YaCTOTbl BO36YXAAaeMbIX UMW CUN OT/IUYHbI OT
COBCTBEHHbIX YACTOT aKTMBHbIX YacTei ctatopa. TakvuMm 06pa3om, ypoBeHb LUyMa B 3TOM C/lyYyae aHasiormyeH
TOMY, KOTOpPbI/i UMeeT MecTo npu paboTe ABUraTens ¢ NOCTOSIHHbIM NOTOKOM U TOKaMU, U INLLb He3HauYnTe b-
HO 3aBWUCUT OT ynpaB/ieHUss NpeobpasoBarTesieM 1 KOHCTPyKUun aBuratens. Kak nokasbiBaeT MpakTuka, ypo-
BEHb 3ByKa MOBblWaeTcsl Ha 1—6 AB no wkane A npu perynnpoBaHWM CKOPOCTWM [0 HOMWHAasIbHOW no
CpaBHEHMWIO C YPOBHEM NpY CUHYCOUAANIBHOM MUTAHUWN HOMUHA/IbHLIM HanpshKeHWeM U 4acToToi. BepxHuii
npejen COOTBETCTBYET ABUraTtenmM ¢ UCXOL4HO HU3KMM YPOBHEM LUYyMa.

Mpu NUTaHUM aCMHXPOHHOrO ABUraTens OT MHBEPTOPA HaMPsSHXXEHWA YacTOTbl FapMOHUK NONSA 61N3KN K
Hecylleli YacToTe UKW KpaTHbI eid. B 3aBMCMMOCTM OT 4acTOTbl KOMMYTaL MU U NPUHLMNA YNpaB/ieHUs NHBep-
TOPOM XefaTefibHO, YUTOOGbl COGCTBEHHbIE HACTOTbl MArHUTONPOBOAA cTatopa NpU T =0 1 r= 2p6bIan 6U3KM K
TakoBbIM NpY NUTaHUKN OT MHBEPTOpa ToKa. VI3MeHeHMe YacTOoTbl KOMMYTaUU 1 TUM MOAYNSALUN HANPSHXeHUs
3HAUYNTENIBHO BAUAIOT HA aMNIUTYAy rapMOHMK MO U COOTBETCTBEHHO Ha pajvasibHble YCUINA U ypoBEHb
wyma. Kak npaBuio, MHBEPTOPbI C MOCTOAHHOW HeCyLLeil YacTOTON Bbi3biBaOT 6OMbLUNI 3/1€KTPOMArHUTHbII
LWYM. YEM UHBEPTOPLI C yNpaB/isieMbIM WU CAyYaliHbiM 3afjaHNeM 4acToTbl KOMMyTauuu. Takum o6pasom, B
3/1eKTPONPUBOAAX C MHBEPTOPAMWU HanpsXKeHUs ypoBeHb Liyma Mpu peryimpoBaHuy CKOPOCTU pacTeT B
60nee LUMPOKOM AmanasoHe, YeM Npu NUTaHUKU ABuratens oT MHBepTopa Toka. Kak nokasblBaeT npakTuka,
YPOBEHb 3ByKa MO CPaBHEHUIO C CUHYCOWAAs/bHbIM MUTAHWEM HOMWHA/IbHbIM HanpsHKeHNneM W 4acToTOoM
Bo3pacTaeT B npegenax ot 1 4o 15 ab no wkane A.

9 CpokK cnyx6bl U3onauum

CucTema M30MALUN 3/IEKTPUYECKOI MALLMHBI NPK ee NUTaHUK 0T Npeo6pasoBaTesis UCMbITbIBAET ropas-
£10 60sbLiee YNCO HeGAaronpUATHLIX (haKTOPOB, YeM NPU MUTAHUM OT CUHYCOUAASIbHONI ceTy.

Mpu NuTaHun gsuraTenieil 0T MHBEPTOPOB TOKa C «Mef/1eHHOM» KOMMYyTaumeil, kak 3To MMeeT MecTo B
TUPUCTOPHBIX MHBEPTOPAX, HA UHTEPBA/IaX KOMMYTAaLMM BO3HWNKAKOT UMY bChbl NEepeHanpsiXeHns, okasbiBato-
Lye BO3AENCTBINE HA OCHOBHYIO U MEXBUTKOBYIO N30MsALMI0. OfHAKO KOMMYTaLMOHHbIE MUKW 06bIYHO He npu-
BOAAT K paspyLUeHNt0 U30MALMK, MOCKOSIbKY BPEMSI MX HApacTaHUsi JOBOIbHO BE/IMKO, @ YacToTa C/lieoBaHns
[lOCTAaTOYHO Mana.

Mpu NUTaHWK gBUraTens oT UHBEPTOPOB HAMPSHKEHUS, YKOMMIEKTOBAHHBIX, Kak npaBusio. IGBT-TpaH-
31UCTOpamMy, UMEOLMMI BbICOKYH0 YacTOTy KOMMYTaLMW, 3HAUNTE/IbHbI TeMN HapacTaHUs HanpsHKeHWs oka-
3blBaeT CYLECTBEHHOE B/IMSIHUE HA MEXBWUTKOBYID MW30/sLMI0, OCOGEHHO B 30He KpaliHUX BUTKOB.
He6naronpusiTHoe BO3feliCTBME Ha N30MALMI0 0GMOTKM 3aBUCUT OT BE/IMYMHBI UMMY/LCOB, TEMMA WX Hapac-
TaHus, 4acToTbl C/Ie40BaHUs, NapameTPOB U ASIMHbI KaGesisl, COeUHSIOLLETO UHBEPTOP C ABUraTesieM, reo-
MeTpun 06MOTKU U APYTUX (hakTopOoB.

[JBuraTeny co BCbIMHbIMW 0GMOTKAMU, C 3MafMPOBAaHHLIMW KPYT/bIMI MPOBOAHUKAMU 06bLIYHO Bblfep-
XMBAIOT MMMY/IbCHOE HAMpshKeHue, Aonyctumas amnauTyga KoTOporo npejicTaB/fieHa Ha pUcyHke 7, 6e3
3aMEeTHOr0 CHUXEHUS CPOKa CNYXObl U30NSALMN.

B3auMogelicTBMe MHBEPTOPA C BbICOKOI YacTOTON KOMMYTALMU U COEMHUTENLHOTO KaGens Bbi3biBaeT
VMY bCbI NePEHANPSHKEeHUs!, onpegesisiemMble BIUSIHUEM COEAUHUTENbHOW IMHUN. [iBUraTeNIn HOMVHAbHBIM
HanpshxeHnem fo 500 B yf0BNETBOPUTENBLHO NEPEHOCAT UMNY/bChI, AONYCTVMAsi BE/IMUYMHA KOTOPbLIX Npesa-
CTaB/ieHa Ha pUcyHke 7. 6e3 coKpalleHusi cpoka cnyx6bl. Ocoboe BHUMaHWe cnefyeT yaenuTb NpuBofam c
ObICTPbIM U3MEHEHMEM CKOPOCTK, Tak Kak B 3TOM C/ly4ae Ha BbIXOAe npeobpasoBaTesisi MOXeT 6biTb ChopMu-
pOBaHO HanpskeHue L0 ABYKPATHOTO MO OTHOLUEHUIO K HOMUHA/ILHOMY.
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PUCYyHOK 7 — 3aBMCUMMOCTb AOMNYCTUMON amMnanTyAbl UMNyAbCca HANPsHKEHUS Ha 3aXumax geuratens uli oT BpemeHu
HapacTaHus umnynbca tf

151 aCMHXPOHHbIX AABUraTesieil Ha HanpsbkeHue Bbllwe 500 B. nuTaeMbix OT MHBEPTOPOB C BbICOKOIA Yac-
TOTOW KOMMyTaumu, TpebyeTca cneunanbHaa U30aauns U/nam npuMeHeHne AONOSTHUTENbHBIX UABTPOB Ha
BbIXOZE MHBEPTOpA.

PUCYHOK 8 MNMCTpUpyeT TePMUHbI, KOTOPbIe NPUMEHSIIOTCS NPU aHanM3e npouecca NUTaHus 06MOTOK
MMMY/bCHBIM HanpshKeHUeM.

Mepenag HanpskeHUs Av— pasHuLa MeXAy MrHOBEHHbIMW 3HAYEeHUSAMMU HanpsKeHua Henocpep-
CTBEHHO 0 W NOC/Ie BO3HNUKHOBEHUNS UMMy bca. VMIMNybC 3akaHUMBAETCSA B MOMEHT, KOrja Hanps)XeHue foc-
TUraeT CBOEro NepBoro Makcumyma. Bpemsa HapacTaHus umnysnbca tr onpefesniieTcsa Kak UHTepBas Mexay
MOMeHTamu, Koraa HanpsxxeHue coctasnseT 10 % 1 90 % nepenafa HanpsXeHUs nu.

C I'IOSVILI,VIVI KOMM/1eKca B3aI/IMO,EI,eVICTBVIVI pekoMmeHayeTCA TuwaTtesibHad KOHCTPYKTUBHaA npopa60TKa
BCEro KomMnsiekta npusoga.
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10 Toku 4Yepe3 NoAWUMHUKA

Mpu paboTe fBuratens oT CETW C CMHYycOMAaNbHbIM HanpshkeHnem KofbLeBOM NOTOK sipMa cTatopa
HaBOAWT OCEBYI0 an1eKTpoaBuXyLyto cuny (34C) B KOHType, 06pasyemMoM BasioM, NOALMNHMKaMK, hiaHuem
1 KOpNycoM, Kak nokasaHo Ha pucyHke 9. KonbLeBol NOTOK Bbi3BaH HEOAHOPOLHOCTAMU SpMa (NacTOUKWH
XBOCT A1 KpENNEHUs ApMa, BEHTUIALMOHHbIE KaHasbl, MarHUTHaa aHn3oTponusa naacTuH). O6bIYHO oceBas
3AC onpegpensieTcs 4acToTOl MUTaHWSA W TPOEKPATHOI el 4yacTOTOlM, BbI3BAHHOW HE/IMHENHOCTbIO Lenu
HamarHuymBaHusl. OnbIT NoKasbiBaeT, 4To ecnm ocesasd JC He npesbiwaeT 500 MB, TO He BO3HUKAET HEO6-
XOAMMOCTHW B AONOSTHUTENbHbIX 3aLUTHbIX YCTPOCTBaX. B NpOTYBHOM cnyyae yepes MOoALMUMHUKA MPOXOAAT
TOKM, KOTOpble B TEeYEeHWEe KOPOTKOro BPEMEHW MOTyT WX paspywnTb. M3018uMst NoALWWNHUKA, 0COGEHHO Ha
3a/lHEM KOHLie Basna, 06bIYHO AOoCTaToyHa AN8 TOro, 4Tobbl n3bexarb NPOXOoXAEHUs TOKOB yepe3 oba noa-
LUMMHUKA N MeXaHW4Yeckue 4acTu NpMBoAa, COeAUHALWME ero ¢ Harpyskoi. laHHasa n3onaumsa He aBnseTcs
Heo6XoAMMOWN ANA ABuraTesnei, BbiNyWEHHbIX B COOTBETCTBUM C COBPEMEHHbIMU TpPEeOGOBAHUSIMU 1
NUTAOLWMXCA OT CUHYCOMAANBHOMO HaNpshXeHus.

Mpv nuTaHun oT NnpeobpasosaTens ¢ MHBePTOPOM Toka ocesas 3[C cnabo 3aBUCUT OT rapMOHUYECKO-
ro cocrtaBa nuTatoLlero Toka. MNosToMy pekoMeHAyeTCs TOT Xe. Kak U ANA CUHYCOMAasibHOro nutaroLero
HanpshkeHus, BEPXHUIA npefen MakcvManbHoro HanpskeHus 500 MB ansa onpegeneHmsa Heo6xo4MMoCTH npu-
MEeHeHus cneumasnbHbIX Mep.

CoBepLUeHHO nHasa npupoaa TOKOB Yepes NOALUNHUKA XapakTepHa npu nuTaHum gsuratens ot npeo6-
pasoBaresif C UHBEPTOPOM HanpskeHus. Tak Ha3blBaeMble NoMexu (BbICOKOHACTOTHbIE COCTaBNALLME ToKa
N HanpsKeHus) NUTaHus asuratens obycrioBfeHbl TOMOMOTMeNn 1 anropuTMoM ynpaB/ieHUs MHBepTopa U
COCTOAT U3 YACTOTHbIX KOMIMOHEHT, 3aBUCALLMX OT rapMOHUYECKOro COCTaBa BbIXOHOMO HanpsKeHus NHBep-
Topa. MIx MakcumasibHas BesimymMHa Haxoautcsa B npegesnax 50 % noCTOAHHOIO HanpPsXXeHUs B 3BEHE NOCTOSH-
HOro Toka npeo6pasoBaTenst YacToTbl K B Npefenax 72 % NMHeRHOro HanpsXXeHns Ha BXoge MHBepTopa B
cnyyae npuMeHeHuns 6-pasaHoro HeynpassAeMoro BbinpsAMuTens. MNMockonbKy NOMexn Bo BCeX 06MOTKax CUH-
hasHbl, UX MOXHO paccMaTpuBaTh Kak HyNeBY0 NOC/1eA0BaTEIbHOCTb B COCTaBE HAMPSXXeHUsA. SKBUBASIEHT-
Has uenb A7 Nomex nokasaHa Ha pucyHke 10. lMpu nuTaHunm OT npeo6pasosaTensa B OT/IWYWE OT
CUHYCOMAA/IbHOIO MMTAHUA OT CETU 6O/IbLLYI0 POJIb HA BbICOKMX YAaCcTOTax UrpalT eMKOCTHbIe COCTaBAsoLLme
CONpPOTMBAEHUIA. AMNNTYAA NOMEX 3aBUCUT OT CONPOTUBNEHUS (B OCHOBHOM PEaKTWBHOW COCTaBNAIOLLEN)
Lenu, No KOTOpPoW OHM NpoTekaloT. [laHHas Lenb 3aMblkaeTcs B Hy/1eBOI TOUke nHBepTopa. B obwem cnyyae
napasuTHble TOKM MNPOXOAAT yepe3 MNOALUMHUKN ABUratens no TPpem KOHTypam, feTasibHOe onucaHue
KOTOPbIX MPUBOAMUTCS HUXKE.

MapasnTHbIA TOK, NPOXOAALLMIA NO ONWCAHHON Bbile Lienu, Bbi3BaHHbIN UHAYLMPOBAHHON KOMbLEBbIM
NOTOKOM BblCOKOYAcTOTHOW O/1C, 06yc/oBAEH TONILKO EMKOCTAMU MeXAY BUTKaMU 1 CEPAEeUYHNKOM U He CBS-
3aH C HEOAHOPOAHOCTAMU sipMa cTaTopa. [aHHblli TOK yTeuks NPUBOAMT K NOSIBMIEHUIO PA3HOCTM TOKOB Ha
06enx CTOpOHax BUTKOB KaTYLUKN M B KOHEYHOM cyeTe — K KOJ/IbLleBOMY NMOTOKY B COOTBETCTBMU C 3aKOHOM
Amnepa.
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MakcmanbHoe 3HaveHve oceBoilt 31C B 3aBUCMMOCTY OT YACTOTbI KOMMYTaL MK, (OPMbl UMMY1LCOB U
CKOpPOCTU ABuratens MoxeT npesbiwaTe 10 B 1 npobuBatb CMa3ouHy0 NAEHKY NOALMUMHUKOB, Bbi3blBas UX
paspylieHne. Kak nokasbiBaloT UCMbITAHWSA, TOK MOXET UMETb MECTO HAa OCHOBHOI YacToTe NUTaHWA U TPeTbUX
rapMoHukax gaxe npu amnautyge ocesoin 3C meHee 500 MB. MoaTomy npu nuTaHum oT npeobpasosaTens
60/1ee npeAnoYTUTENbHBI ABUTaTENN C HA3KMM 3HavyeHnem ocesoli SC.

Mpu HeobxoaMMOCTN n3MepeHus ocesoil 3[C npu nuTaHUM OT NpeobpasosaTens cnefyet UCNO/b30-
BaTb creuuanbHoe UsMepuTenbHoe 060pyaoBaHne U 3KpaHUpOBaHHble kabenun, 4Tobbl BbICOKOYACTOTHbIE
NMOMexXu He UCKasuau pesynbTaTbl U3MEPEHWIA.

MMnynbCHble eMKOCTHbIE TOKM Yepes NOALMMHUKM, FNaBHbIM 06pa3om Ha NPYBOAHOM KOHLIe Bana, pac-
TyT. ecnu oceBas 3C cTaHOBMTCA COM3MEPMMOI C pa3HOCTbIO MOTEHLMAN0B HY/NEBLIX TOUYEK MHBEPTOPA U
asuratens. 9ta koHdMrypaumsa npeanoyTuTenbHa B cyyae, Korgaa Asuratesnb v NPUBOAVMBIA UM MEXaHV3M
coefiMHeHbl NPOBOAALLE TpaHCMUCCHEN, a ABUrate/lb HeNnpaBuIbHO 3a3emsieH. AMNANTYAbl TOKOB 6onee
10 A B ABuraTensx ¢ BbICOTON Bana Bbiwe 315 MM BbIBOAWIN U3 CTPOS NOALIMMHUKN B TEYEHNE HECKO/TbKNX
COTEH Yacos.

EMKOCTHOE HanpshkeHue, MHOrAa HasblBaemMoe MOZLMMHUKOBbIM, MOXET ObiTb U3MEPEHO B paguasib-
HOM 3a30pe MOALLUMMHUKA, eCNN CEPAEYHMK N KOPMYC ABUraTensa npaBu/ibHO 3a3emseHsl (pucyHok 10). Mog-
LLUMNHUKOBOE HanpsXeHune ABAseTCs 3epKasibHbIM OTOOpaXeHWeM HanpshKeHUss NOMeXu, a ero oTHOLLIEHNE K
HanpsHKeHUo MOMeXM 3aBUCUT OT EMKOCTHbIX CONPOTUBNEHMNI Mex Ay 06MOTKOI cTaTopa 1 pOTOPOM, POTOPOM
M KOPMNyCcOM, a TakxXe eMKOCTW CaMOro MoALWunnHuKa. VI3MepeHusa 3Toro HanpsikeHus nokasbliBaloT, YTO ero
Makcumym 06bl4HO focTuraeTt 10—30 B. B cniyuae, korga OHO foCTuraeT HanpshkeHus npobosi, BO3HMKAIOT
KpaTkoBpeMeHHble paspsfHble TOKW. YacToTa NOBTOPEHUSA 3TUX TOKOB pacTeT C POCTOM MOALUUMHUKOBOIO
HanpsHXeHUs 1 4acToTbl KOMMYyTaUUK. 3MepeHns nokasbiBatoT, YTO MakCcumasibHoe 3HayeHne TOKoB Npo6os
cocTaBnsieT Heckonbko amnep npu 50— 100 nmnynbcax 3a 20 mc. Pa3pagHble TOKU He MOTyT 6bITb UCKOYe-
Hbl TONIbKO M30N5LMeR NOALINNHMKOB. OHM NPUMBOAAT K 06pasoBaHni0 pakoBUH Ha JOPOXKaX MOALIMMHUKOB,
4YTO MOXET 6bITb MAEHTUPULMPOBAHO MO YCUIEHMNIO LYMA MOALLINMHUKOB.

B — MOAWWNHUK; — €MKOCTb pOTOop-Kopnyc, RO— conpoTtuBneHne o6MOTKU:

C — kabenb. ie — ToK Yepes3 NOALWMNNHUK: n,n, — HanpsaxeHune HeVITpaﬂVI cTaTto-
C, — eMKOCTb CTaTop-poTop; '‘tow — TOK npo6os; pa-3emsns;

Cn — eMKOCTb NOALWNNHUKE; Lc — MHAYKTUBHOCTb paccesHus. Mb.lL — HanpsXeHne nogwunnHuka;

C, — eMKOCTb CTaTtop-kopnyc; Re — conpoTuBneHne NOAWMUMHUKA; Uan — HanpsxeHne nomexu

PucyHok 10 — Cxema uenu napasuTHOro ToKa W NOALWMUNHUKOBOE HanpshXeHune

MpakTyKa akcnayaTaummn npaBubHO 3a3eMJ/IEHHbIX 3N1EKTPONPMBOAOB C Npeobpa3oBarTeiiMu 4acToTbl
CBUAETENIbCTBYET O CNneayoLem.

B aBuratensix, Ha KOTopble pacnpocTpaHAaeTcs AeiCcTBME HACTOSILLEro cTaHAapTa, C BbICOTOM Bana o
280 MM. KaK nokasblBaeT OMnbIT, NOALWMUMHUKA PEKO BbIXOAAT U3 CTPOSA NO BUHEe npeobpasosartens. Tem He
MeHee MOXHO YTBepXAaTb, YTO AWS/IEKTPUYECKU M3HOC B 3HAUMTENbHONM CTeneHn 3aBucuT OT crnocoba
yrnpas/ieHns 1 YacTOTbl KOMMYyTauuy nHBepTopa. NMpumeHeHne NHBEPTOPOB C 4acTOTOM KOMMyTaLuuMmn Bbille
10 Ky, M HanpsbkeHnem 6onee 499 B TpebyeT BHUMAHMA K U30NSALUN MOALLNMHUKA.

o
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Ona gsurateneii, Ha KOTopble pacnpocTpaHaeTca feicTBMe HacTosAWwero ctaHaapTa, adhekT MoxXeT
ObITb JOCTUTHYT 3aMEHOI NOALWNMHMKA HA N30/IMPOBAHHbIV C aHaIOTMYHBIMK pa3Mepamu. [na aBuraTenei ¢
BbICOTOl Bana 315 MM U Bbille CONPOTUB/IEHME N30IALUN [OMKHO cocTaBnATs 100 OM Ha 1 MIu.

HeobxoanMocTb 13015411 060X NOALLNMTHUKOB BO3HUKAET peako. Ecnv Bce e oHa BO3HWKNA, HacTos-
TeNbHO PeKoMeHAyeTcsA NPOBECTH 3KCNepTU3y BCeli CUCTeMbI 3/1EKTPONPUBOAA, BKIHOYAA U30NALMI0 MEXAHU-
Yeckux coeguvHeHuit Bana NPUMBOAHOTO ABUraTenss W cUCTeMbl 3a3eMsieHVs (BO3MOXHO MCMNOb30BaHue
3a3eMNALLeNn LWeTKn).

[ns aBuratenei, Ha KOTOpble pacnpocTpaHsAeTcsa AeliCTBME HACTOALWEro cTaHgapTa, ¢ BbICOTON Bana
315 MM ¥ BbiWe, ANA KOTOPbIX HEBO3MOXHO NPUMEHEHME U30/IMPOBaHHbLIX NOALNMHUKOB, PeKOMeHAyeTCs
cnepgyloulee:

- YMeHblLUEeHNe BbIXOAHOr0 HanpshkeHns MHBepTopa;

- MCNO/Sb30BaHNe NHBepTOpa C hnNbTPOM, pacCUMTaHHbIM Ha CrAaXUBaHNe HanpsKeHns NomMexu.

11 SneKkTpuyeckne n mexaHmyeckne coeguiHeHus1, 3asemsieHne

[nsa ycTpaHeHnsa oTpULAaTeIbHOTO BAIMAHUA HaNpPsHKeHWss NOMEXU Ha NOALWMUNHUKA HEOBX0ANMO BCEMMU
BO3MOXHbIMW CMOCOGAMU UCKHOUYNTL MPOTEKaHWe Napa3uTHbIX TOKOB BHYTPW MalluHbl. Hanpumep, MOXHO
napasuTHble TOKU 3aMKHYTb Ha UHBEPTOP Yepes 3aluTHbIA 3KpaH kabens wav 3asemseHve gpuratens.

[nsa BbinoNHeHMA aToro TpeboBaHmsa (M O4HOBPEMEHHO TPe6OBaHU NO 3N1EKTPOMArHUTHOW COBMECTU-
MOCTW) HEO6XOAMMO UCMOMb30BaTh IKPAHNUPOBAHHbIE MHOTOXW/IbHblE Kabenn. JkpaH A0/IKEH ObiTb BbINOA-
HEH 13 Mean WiN aSIloMUHUS, YTOObl YMEHbLLUTL CONPOTUB/IEHUE, B YACTHOCTM, M HA BbICOKMX YacToTax, 1 06a
ero KoHua [0/MKHbI NpucoeanHATbeA kK PE-npoBogHUKy. PekomeHaytoTcs kabenun, B KOTOPbIX 3a3eMJ/IEHHbIE
NPOBOAHMKM PacnosioeHbl CUMMETPUYHO pa3HbIM. ECam 3KkpaH MCNOb3yeTCsl Kak 3aliMTHBIA MPOBOAHNK,
ero NpoBOAUMOCTb A0/HKHA MMEeTb COOTBETCTBYIOLLEE 3HAYEHME.

Mpu MoHTaxe kabens Ao/mkHa ObiITb 06ecneyeHa CBSA3b MO BbICOKON 4YacToTe 060/104eK ABUraTENA U
npeob6pasoBaresns. No3aTomy He06Xx04UMO, YTO6bI KTeMMHas KOpobka ABuUraTens 6bi1a BbIMO/THEHA U3 MPOBO-
Asuiero matepvana u 6bl1a NoTeHuManbHO cBsi3aHa € ero koprnycom. ConpoTuBAeHe Mexay Kopnycom ABu-
ratens n akpaHoMm kabens unun 3asemsieHHbIMWU MPOBOAHNKAMW AOMKHO COCTaBAATb MeHee 1 OM Ha yacToTe
1 Mru,.

Bce oTKpbITbie MeTanInyecke YacTu yCTaHOBKM A0/MKHbI ObITb 3a3€M/1EHbI B COOTBETCTBUN C TpeboBa-
HUAMKU 31eKTpob6e3onacHocTu. B cnyyae nutaHus gsuratens ot npeobpasoBaTesia BCe COEQUHEHUS Takke
[OJ/KHBI MMETb Masioe CONpOTMB/IEHWE Ha BbICOKMX YacToTax. [Ans 3Tux Leneil pekoMeHAyrTCcs LMpokie
MefHble NieTeHble MPOBOAHNKU.

Takue xe NPOBOAHUKM AO/MKHbI COEANHATL KOPMNYyC ABUraTens ¢ KIEMMHO KOPOOKOW A1 BbipaBHUBA-
HUS UX NOTEHLMANOoB.

B 3aBUCUMOCTM OT YC/I0BUIA 3a3eM/IEHUSI NPUBOAUMOI ABUTaTeIEM MalUVHbI B psifie C/ly4aeB npu BbICO-
Te Bana 6onee 315 MM Heo6xoAMMa NOTEHLUMaNbHAA CBA3b MEXAY ABUraTtesieM U MexaHn3MoM. TUNUYHbIM
NPVYIMEPOM MOTYT CNYXWUTb 3a3eM/IieMble HacoCbl, COEANHEHHbIE C ABUraTeneM MeTanInyeckoin MydToi.

[lononHuTenbHble YCTPOCTBA, HaNMpUMeEpP TaxOMETPbI, A0/IXHbI 6blTb M30/IMPOBaHbLI OT ABUraTeNs BO
n3bexaHne napasmTHbIX TOKOB. JKpaH COeAMHUTENILHOIO NPOBO/A AO/HKEH ObITh 3a3eMJ/IeH Ha Npeobpa3oBa-
Tesne. HO N30/IMPOBaH OT Kopnyca gaTuvka. [lna aHkogepa npeAnovTuTeNnbHO ABOHOe 3KkpaHupoBaHve. Kabe-
NN [,ONOSTHUTE/TbHBIX YCTPONCTB A0/MKHbI ObITb MPOIOXKEHbI OTAE/IBLHO OT CUNOBLIX Kabenei.

12 JlonycTMMasa 4yacTtoTa BpalleHus

Ecnun gBuraTtens AomkeH pabotarb Npu CKOPOCTSAX Bblle HOMUHANbLHOM, MakcumanbHasa gonyctuMas
ckopocTb onpegensetca M3K 60034-1. nyHKT 9.6. B 3aBUCMMOCTM OT KOHCTPYKUMM ABuratens paborta Ha
MOBbILLIEHHbIX CKOPOCTAX AOMYCTMMA MO COr/lacoBaHWIo C NPOU3BOAUTENEM.

Mpy cKOPOCTAX Bbille HOMUHANBLHOW YBEMYMBAKOTCA LYM 1 BUGpaLus. NoaTomy MoxXeT noTpeboBaThb-
CSl YTOYHEHMe A0NYyCTUMbIX NapamMeTpOoB PEXMMOB paboTbl A5 CKOPOCTEN Bbille HOMUHALHOM.

PaboTa Ha ckopocTAX, 6/IM3KUX K MakCMMasibHOW, B TeuyeHue NpPOAO/IKUTENIbHOTO nepuoja BpemeHu
MOXeT NPUBECTU K 3aMETHOMY YMEHbLUEHUWIO pecypca NoALWNNHNKOB. Bonee Toro, MoryT cokpaTuTbCsa pecypc
YNNOTHUTENbHbIX COeAUHEeHWIi Bana, a Takke nepnos 06CnyXXMBaHUA cUCTEMbI CMa3Ku.

"
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13 Koa(pdpmuymeHT MOLLHOCTH

MoBblweHne ko3 urLMeHTa MOLHOCTN Ha BXOoAe npeobpa3oBaTenis 4acToTbl He ciedyeT npeanpuHun-
maTtb 6e3 rapMOHMNYECKOro aHanunsa.

He pekomeHayeTcst NpucoeAvHEHNE CUNOBbIX KOHAEHCATOPOB K ABUraTento ANa Koppekuun koadduum-
€HTa MOLLHOCTM, NOCKO/IbKY OHM MOTYT ABUTbLCSA NPUYMHON BbIXOA4a UHBEPTOPA M3 CTPOS, a C 4pYroli CTOPOHbI,
06bIYHO KOMMEHCUPYIOLLNE KOHEHCATOPbl HEe pacCUnTaHbl Ha Takue BbICOKME YacTOTbl, KOTOPblE B [@HHOM
c/lyyae MMeT MecTo.

MoBbllWeHne KoauLmeHTa MOLLHOCTM Ha BXoJe Npeobpa3oBartens YacToTbl C UHBEPTOPOM Hanpsxe-
HUSA BO3MOXHO NyTem WCNO/Mb30BaHUsA MHBEPTOPA C aKTUBHbIM 3a4HUM (DPOHTOM.

12
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MpunoxeHne OA
(cnpaBouHoe)

CBefleHVs1 0 COOTBETCTBUMU CChIZTIOYHbIX MEXAYHAaPO4HbIX CTaHA4ApPTOB

CCbI/TIOYHbIM HaLMOHaNbHbLIM cTaHAapTaMm Poccuiickoii Pepepaunn
(1 felicTByOW MM B 3TOM KauyecTBO MeXToCy4apCTBEHHbIM cTaHAapTaMm)

Ta6bnuuya [OA1

O603HayeHne CCbINIOYHOro

CreneHb O603HaueHe U HaMMeHOBaHIEe COOTBETCTBYIOLLETO HaLMOHaIbHOTO
MeX/yHapoJHOro craHgapTa COOTBETCTBUSA cTaHgapTa
M3K 60034-1:2004 MOD

FOCT P 52776—2007 (M3K 60034-1:2004) «MallunHbl 31eKTpuyec-
ke Bpaljanoumecs. HOMUHanbHble flaHHble U XapakTepucTukn»
M3K 60034-12:2007

M3K 60034-25:2007

* COOTBETCTBYWOLMIA HALMOHANbHBIA CTaHfapT OTCYTCTBYeT. [l0 €ro yTBepXAEeHUs PeKOMEeHAYeTCs UCMO/b30-
BaTb NEPEBO/ Ha PYCCKNI A3bIK AHHOTO MeXAYyHapoAHOro cTaHaapTa. MepeBoj AaHHOT0 MeXAyHapoAHOro ctaHaapTa
HaxoauTcs a defepanbHOM UHGPOPMALUMOHHOM (POHAE TEXHUUYECKUX PeriaMeHToB U cTaHAapToB.

MpumeuaHue — BHacToswWweil Tabanye UCNONb30BAHO C/EeAyiOLWEe YC/I0BHOE 0603HAYEHNE CTEMNEHM CO-
OTBETCTBMSA CTaH4apTOB:

- MOD — moauduumpoBaHHble cTaH4apThl.
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YAK 621.313.3:006.354 OKC 29.160 E60

KnioueBble CoBa: MallHbl 3/1eKTPUYECKME BPaLLLAIOLINECS, ACUHXPOHHbLIE ABUraTeNN C KOPOTKO3AMKHYTHIM
pOTOpPOM, NUTaHKe oT Nnpeobpasosaresei
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