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Mpeaucnosue

Llenu, OCHOBHbIE MPUHUMNBI U OCHOBHOM NOPSAOK NPOBEAEHUS PaboT MO MEXroCyaapCTBEHHON CTaH-
Aaptusauum yctadosneHsl B FOCT 1.0—2015 «MexxrocygapcteeHHasa cuctema craHgaptusaumum. OCHOBHbIE
nonoxeHusa» n FOCT 1.2—2015 «MexrocygapcreBeHHas cuctema ctaHgaprusauun. CtangapTbl Mexrocyaap-
CTBEHHbIE, MPaBuUma n pekoMeHZauum No MEXToCy1apCTBEHHONW cTaHaapTusauun. MNpasuna pa3paboTku, npu-
HATUA, 0OHOBNEHUS U OTMEHbI»

CBeoeHuA o cTaHgapre

1 MOAMOTOBIJIEH PeaepanbHbiM rocyaapCTBEHHbIM OI0AKETHBIM 00pa3oBaTenNbHbIM YYPEXIEHUEM BbIC-
wero obpasoBaHus «HauuoHanbHLIN KccneaoBaTenbekuii yHusepeuter «M3» (®rBOY BO «HUY «M3W»)
n degepanbHbIM rOCYAAaPCTBEHHBIM YHUTAPHLIM NPeanpuaTueM «Bcepoccuinckuii Hay4dHo-uccneaoBarTenbCckuin
WHCTUTYT cTaHaapTu3auumn u ceprudmkaummn B mawmHoctpoeHnn» (BHUMHMALL) Ha ocHOBe COBCTBEHHOrO
nepeBoAa Ha PYCCKUIA A3bIK aHMOSA3bIYHOW BEPCUM JOKYMEHTA, YKa3aHHOro B MyHKTE 5

2 BHECEH deaepanbHbiM areHTCTBOM MO TEXHUYECKOMY PErynupoBaHUIO 1 METPONOrMmn

3 MPUHAT MexrocyaapCTBEHHbIM COBETOM MO CTaHAapTU3aLMKn, METPONOrMK U ceptudmkauumn (Npo-
ToKON OT 25 ceHTabpsa 2017 r. Ne 103-IM)

3a NpuHATUE NPOroNocoBasnu:

KpaTKoe HanMeHoBaHWe CTpaHbl KOJJ, CTpaHbl COKpaLL[eHHOE HauMeHoBaHWe HaluWOHanNbHOro opraHa
no MK (MCO 3166) 004—97 no MK (MCO 3166) 004—97 no ctaHaapTUsauun

ApMeHusa AM MuHakoHOMMKKM Pecny6nukn ApmeHus

Benapycb BY [occTangapt Pecnybnukv Benapycb

KasaxcraH Kz [occTtangapt Pecnybnnkn KasaxctaH

Kuprusus KG KblprelactaHgapt

Poccus RU PocctaHgapT

Y3bekuctaH uz YacTaHgapt

YkpauHa UA MWH3KOHOMpPa3BUTUA YKpauHbl

4 Mpukaszom deaepanbHOro areHTCTBa MO TEXHUYECKOMY PErynMpoBaHUIO U METPONOorMu ot 9 HoAbps
2018 r. Ne 957-cT mexxrocygapctBeHHbin ctangapt NOCT IEC/TS 60034-25—2017 BBeaeH B 4€NCTBUE B Ka-
YecTBe HaAUMOHAanNbLHOro craHgapra Poccuinickon ®egepauum ¢ 1 nona 2019 .

5 HactoAawmin ctaHaapT MAEHTUYEH MexayHapoaHoMy AoKyMeHTy |IEC/TS 60034-25:2014 «MawuHbl
anekTpuyeckne spawjaromecs. Yacte 25. SnekTpudeckme MalunHbl NEPEMEHHOro ToKa, UCNosfb3yemble B
cucTeMax curoBoro npusoga. Pykosoactso no npumeHeHuntoy («Rotating electrical machines — Part 25: AC
electrical machines used in power drive systems — Application guidey, IDT).

MexxayHapoaHbii cTaHgapT paspabotaH TexHM4eckumMm KOMUTETOM No cTaHgapTtu3auum TC 2 «Bpawato-
Lmeca MalumHbly MexayHapoaHOW anekTpoTexHuyeckon kommuccum (IEC).

Mpu NpyuMEHeHnn HacToALero cTaHaapTa PeKOMeHAYETCA UCMOMNb30BaTb BMECTO CCbINMOYHbIX MEXay-
HapOAHbIX CTAHAAPTOB COOTBETCTBYIOLLME UM MEXTOCYAAPCTBEHHLIE CTAHAAPTbI, CBEAEHUS O KOTOPLIX NpU-
BEAEHbl B AONOMHUTENbHOM NpunoxeHun OA

6 BBEJEH BINEPBbIE
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UHbopmayus 06 usMeHeHUsX K Hacmosuiemy cmaH0apmy nybrnukyemcs e exea00HOM UHOopmMayu-
OHHOM yKasamere «HayuoHanbHbie cmaHdapmbi», @ MeKcm U3MEHeHUl U Mornpasok — 8 eXemMeCIYHOM
UHGhOpMaUUOHHOM yKaszamene «HauyuoHanbHbie cmaHdapmbi». B criydae nepecmompa (3ameHbi) unu om-
MeHb! Hacmosuweeo cmaHdapma coomeemcemeyrouwjee yeedomneHue 6ydem ornybrnukosaHo 8 exxemeCcs4HOM
UHhOpMaYyUOHHOM yKka3zamersie «HayuoHanbHblie craH0apmbl». Coomeemcemsyrowas uHgopmayus, yeedom-
JIeHUe U MeKcmMbl pa3mewjaromces makxe 8 UHgopMauyuoHHOU cucmeme obujeao Mnosib308aHuss — Ha ou-
yuanbHom calime ®eldepasibHO20 a2eHmemea o MexHU4YEeCKOMy peaynuposaHuro U Memponoauu e cemu
UHmepHem (www.gost.ru)

© CraHpaptuHdopm, opopmneHue, 2018

B Poccunckon ®egepauumn HaCTOAWMIA CTaHAAPT HE MOXET ObITb MOMHOCTLIO MK
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M E X T T OGCVY.AAPGCTUBETHHUB H C TAHAAPT

MALUWUHBI ANNEKTPNYECKWME BPALLAIKOLWMECA
Yactb 25

OnekTpuyeckue MalMHbI NePeMeHHOro ToKa, UCNosib3yeMblie B CUCTEMAX CMFIOBOTO NPUBOAA.
PyKOBOACTBO MO NPUMEHEHUI0

Rotating electrical machines.
Part 25. AC electrical machines used in power drive systems. Application guide

Hara BBegeHunsa — 2019—06—01

BBeneHue

XapakTepucTUkn U NePEMEHHbIE 3MEKTPUYECKOW MalUmMHbl Npu ee paboTe oT npeobpasoBarena onpe-
[JensTcA CMCTEMON 3NeKTponpuBoja B LENIOM, BKIOYasi CUCTEMY NUTaHWUs, CUNOBOW npeobpasoBarer,
kabenbHble COEAUHEHUS, SNEKTPUYECKYIO MaLUMHY, TPAHCMUCCUIO U CUCTEMY ynpaBreHus. Kaxabli u3 atux
KOMMOHEHTOB MOXET NPUCYTCTBOBATb B Pa3NUYHOM TEXHUYECKOM UCMONHEHUW. [0STOMY Kaxkaasi BEnuunHa,
coaepallasncs B HaCTOSALLEM CTaHAapTe, pacCMaTpUBaETCsl OTAENbHO.

Beuay Hanuumsa CnoxxHbIX B3aMMOCBA3EH BHYTPU CUCTEMbI U Pa3HO0Opasnsa pexxumoB paboTel onpeae-
NeHne BCEX BAXKHbLIX ANS NPOEKTUPOBAHUSA AMEKTPONPUBOAA YNCTEHHBIX 3HAYEHUI NapamMeTPOB U UX OrpaHu-
YEHUN B pamMKax HacCTOSALLEro CTaHAapTa He NPefCTaBNSeTCA BO3MOXHbIM.

Bonee Toro, Ha NpakTMKe 3NeKTPONPUBOZ YacTO KOMMIEKTYETCA SNIeMEHTaMm OT pa3HbiX MPOU3BoAUTE-
nen. MoaToMy Lienblo AaHHOro cTaHzapTa sABnsAeTc 0ObACHUTbL, HACKONBKO BO3MOXHO, BIIMSIHUE KOMMIEKTY-
IOLLMX Ha AMU3aliH 3NeKTPUYECKON MaLLUHbI U e XapaKTePUCTUKM.

HacToswmii ctaHgapT pacrnpoCTpaHsAeTcsl Kak Ha MalLMHbI, CreunanbHO ClpoeKTUpOBaHHbIE ANs NUTa-
Hus1 OT Npeobpa3oBaTtens, Tak U Ha MaluMHbI, NUTaemble OT NpeobpasoBartens, Bxoasime B cepy npumeHe-
Husa crangapra IEC 60034-12 n npegHa3HayeHHble A paboTbl OT CETU.

1 Obnactb NpuMeHeHus

Hacrosiwuit ctaHaapT coaepkuT xapakTepUCTUKU 3NEeKTPUYECKUX MALLMH NepeMEeHHOro Toka, npeaHa-
3HAYEHHBIX ANS NUTaHUA OT NpeobpasoBaTenei.

OnpegeneHbl TpeboBaHMA K NPOEKTUPOBAHUIO ANEKTPUYECKUX MALLKH, CeUMansHO NpefHasHaYeHHbIX
ana pabotbl oT npeobpasoBarenei. CTaHAapT TakKXe onpeaenser napamMeTpbl MHTepdenca u B3aumoaen-
CTBUA MEXAY 3NEKTPUYECKOW MaLUMHON 1 npeobpa3oBaTenem, BKMOYasa PyYKOBOACTBO MO MOHTAXY U Hanagke
CUCTEMbI CMITOBOro npueoaa, HoO HE COAEepPXUT TpGGOBaHVIH K HanpsH>KkeHuto Ha qaasax nuTaHna asurarens,
KoTopble onucatbl B IEC 61800-8.

O6wwme TpeboBaHWsi COOTBETCTBYIOLUMX YacTen cTtaHaapToB cepumn IEC 60034 Takxe NpUMEHSIOTCS K
ANEKTPU4YECKMM MalluHam, paccMartpnBaeMbiM B HAaCTOALLEM CTaHAapTe.

On§a anekTpuyeckux MaluvH, paboTalLmx B NOTEHLUMAaNbHO B3PIBOONACHLIX CPeAaXx, AONONMHUTENbHbIE
TpeboBaHua onucaHsl B cepun ctaHgaptos IEC 60079 unu cepun IEC 61241.

TpeGoBaHus 6e30NacHOCTU He SABMSAIOTCA OCHOBHOW TEMOW HACTOALLEro CTaHAapTa, OAHAKO HEKOTOPbIE
U3 ero pekoMeHgaumin MoryT 6biTb BaxHb! A 6€30MacHOCTU U MOTYT ObITb PACCMOTPEHLI N0 Mepe Heobxo-
ANMOCTHN.

Ecnu npoussogutens npeobpasoBarens 4aeT KOHKPETHbIE PEKOMEHAAUUN MO YCTAHOBKE, TO OHU [,05DK-
Hbl UMETb NMPUOPUTET HaJ peKoMeHJauuaMn HactoAaLero craHaapra.

M3paHue ocpuymanbHoe
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2 HopmaTtuBHbI€ CCbISIKN

B HacTosLeM cTaHgapTe MCcnonb3oBaHbl HOPMATMBHbLIE CCbINIKU HA crieayowmMe AoKYMeHTbl. Ana aatu-
POBaHHbIX CCbISIOK UCMOSb3YIOTCHA TONBbKO YNOMUHAEMblE u3aaHus. [nsa HeaaTupoBaHHbIX CCbINOK NPUMEHSIIOT
nocrneaHee U3gaHue CCbINMOYHOro AOKYMEHTa (BKMOYas BCE MU3MEHEHUS K HEMY).

IEC 60034-1:2010 Rotating electrical machines — Part 1: Rating and performance (MaLmHbl anekTpude-
ckue Bpawjatomecs. Yactb 1. HomnHanbHbIe 3Ha4YeHMa NnapaMeTPoB U AKCNNyaTaLMOHHbIE XapaKTEPUCTUKN)

IEC 60034-2-1 Rotating electrical machines — Part 2-1: Standards methods for determining losses
and efficiency from tests (excluding machines for traction vehicles) [MaLumHbl anekTpuyeckue BpawjaroLmnecs.
YacTtb 2-1. CTaHaapTHbIE METOAbI ONpeaeneHns NoTepb U KoaduuneHTa None3Horo AencTeus BpaLarLmx-
CS ANEKTPUYECKUX MALLUMH (38 UCKITIOYEHUEM MALLMH ANSA NOABMXHOIO cocrasa)]

IEC 60034-2-2 Rotating electrical machines — Part 2-2: Specific methods for determining losses of large
machines from tests — Supplement to IEC 60034-2-1 (MaLwumHbl anekTpuyeckme Bpailarowpmecs. Yacrb 2-2.
CneuuanbHble MeTOAbl ONpeaeneHuns NoTepb 60MbLUMX MaLUMH No ucnblTaHusam. flononHeHue k IEC 60034-2-1)

IEC/TS 60034-2-3 Rotating electrical machines — Part 2-3: Specific tests methods for determining losses
and efficiency of converter-fed AC induction motors (MalunHbl anekTpuyeckue Bpawjatowmecs. Yactb 2-3.
CneyuanbHble METOALI ONpeaeneHus noTepb u KO3 ULMEHTa NONE3HOro AENCTBUSA aCMHXPOHHBIX ABUraTe-
nev nepemMeHHOro Toka ¢ NMTaHWeM OT npeobpasoBaTens)

IEC 60034-6 Rotating electrical machines — Part 6: Methods of cooling (IC code) [MaLuuHbI anekTpuye-
ckue Bpawjatomecs. Hacte 6. Metoabl oxnaxaeHus (kog 1C)]

IEC 60034-9:2003 Rotating electrical machines — Part 9: Noise limits (MawwuHbl anekTpuyeckue spawya-
rowpmecs. Yactb 9. MNMpeaenbHble YPOBHU LLyMa)

IEC 60034-12 Rotating electrical machines — Part 12: Starting performance of single-speed three-phase
cage induction motors (MawwuHbl anekTpuyeckne spawarowmecs. Yactb 12. lNyckoBble xapakTePUCTUKN O4HO-
CKOPOCTHbIX TpexdasHbIxX ABUraTenein ¢ KOpoTKO3aMKHYTbIM POTOPOM)

IEC 60034-14:2007 Rotating electrical machines — Part 14. Mechanical vibration of certain machines
with shaft heights 56 mm and higher — Measurement, evaluation and limits of vibration severity (MawwuHbI
anekTpuyeckne Bpawatowpmecs. Yactb 14. MexaHumveckasi Bubpauusi HEKOTOPbIX BUAOB MALUUH C BbICOTaMM
Bana 56 mm u 6onee. MlamepeHus, oueHka u npeaens! Bubpawumn)

IEC/TS 60034-18-41:2014 Rotating electrical machines — Part 18-41: Partial discharge free electrical
insulation systems (Type ) used in rotating electrical machines fed from voltage converters — Qualification
and quality control tests [MaLumHbl anekTpuyeckue spawjaromecs. Yactb18-41. CucteMbl aneKTponsonayum,
cBOOOAHBbIE OT YaCTMYHOro paspsaaa (Tun l), uCnonb3yemble BO BPALLAKLLMXCA 9MEKTPUYECKMX MaluMHax ¢
nuTaHwem oT npeobpasoBarenelt UCTOYHUKA HanpskeHUs. KsanmdukauMoHHbIE UCTILITAHUSA U MPOBEPKA Cu-
CTEMbl KOHTPONSA KayecTBa]

IEC/TS 60034-18-42 Rotating electrical machines — Part 18-42: Qualification and acceptance tests for
partial discharge resistant electrical insulation systems (type Il) used in rotating electrical machines fed from
voltage converters (MalwwuHbl anekTpuyeckue spawlarowmeca. Yacrte18-42. KsanuukaunmoHHble U npuemMoy-
Hble UCMNbITAHUA AN CUCTEM SNEKTPOU3ONALMM, CTOMKMX K YacTUYHOMY pa3spady, Tuna Il, ncnons3yemMbix Bo
BPALLAIOLLMXCS ANEKTPUYECKNX MALLMHAX C NMMTaHWEM OT npeobpasoBareneil UCTOYHUKA HanpPSHKEHUST)

IEC 60050 (all parts) International Electrotechnical Vocabulary (available at http://www.electropedia.org)
[MexxgyHapoaHbIv 9neKTpoTEXHUYECKUIN cnoBapb (A0CTYMHLIN B hitp://www.electropedia.org)]

IEC/TR 61000-5-1 Electromagnetic compatibility (EMC) — Part 5: Installation and mitigation guidelines —
Section 1: General considerations — Basic EMC publication [OnekTtpomariutHaa coBmectumoctb (OMC).
YacTtb 5. PykoBoasiLuue ykaszaHus no yCTaHOBKE YCTPOMCTB 3alyuTbl M nogaeneHuio nomex. Pasgen 1. Obuyme
coobpaxkeHus. OCHOBHasA nyonukaums no neKTPOMarHMTHON COBMECTUMOCTHU]

IEC/TR 61000-5-2 Electromagnetic compatibility (EMC) — Part 5: Installation and mitigation guidelines —
Section 2: Earthing and cabling [OnekTpomardutHaa coemectumocTb (BMC). YacTb 5. PykoBoasLlume ykasa-
HWUA MO YCTAHOBKE YCTPOMCTB 3alUuThl M NOAaBneHuto nomex. Pasaen 2. 3asemneHue u npoknagka kabens]

IEC 61800-2:1998 Adjustable speed electrical power drive systems — Part 2: General requirements —
Rating specifications for low voltage adjustable frequency a. c. power drive systems (Cuctembl CUIOBbIX 9NEKT-
POMPUBOZIOB C PEryNnUpyemMon CKOpoCTbio. YacTb 2. Obwme TpeboBaHns. HOMUHANbHbLIE TEXHUYECKUE Xapak-
TEPUCTUKU HU3KOBOSIBTHBIX CUCTEM CUSTOBbLIX SNEKTPONPUBOAOB NMEPEMEHHOIO TOKA C PETYNMPYEMOI YacTOTOW)

IEC 61800-3 Adjustable speed electrical power drive systems — Part 3: EMC requirements and specific
test methods (Cucrembl CMNoOBbIX SMEKTPONPUBOAOB C pPerynmpyemMoin ckopocTblo. Yactb 3. TpeGoBaHua K
ANEKTPOMArHMTHOW COBMECTMMOCTU U CneunanbHble METOAbI UCMbITAHMIA)

2
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IEC 61800-5-1 Adjustable speed electrical power drive systems — Part 5-1: Safety requirements —
Electrical, thermal and energy (CuctemMbl CUNOBbIX 3NIEKTPONPUBOAOB C PEryNMpPYyeMon CKOpOCTbIo. HYacTb 5-1.
TpeboBaHusa K 3NeKTPUYECKON, TEPMUYECKON 1 SHepreTuyeckon 6e3onacHoCTH)

IEC/TS 61800-8:2010 Adjustable speed electrical power drive systems — Part 8: Specification of voltage
on the power interface (BnekTponpuBoabl C perynmpyemMon ckopocTblo. YacTb 8. Cneuundmkaumsa HanpspkeHus
Ha CUIOBOM COMPSHKEeHUW)

IEC/TS62578:2009 Power electronics systems and equipment— Operation conditions and characteristics
of active infeed converter application (Cuctembl n o6opynoBaHue aAnsi CUNOBON INEKTPOHUKU. YCIOBUS IKC-
nnyaTaumu u XxapakTepuctTuku npeobpasosaTens ¢ SnNeKTPONMTaHUeMm)

3 TepMuHbI U onpepeneHus

B HacToqweM ctaHaapTe NPUMEHEHbI Crneayowme TepMUHbI C COOTBETCTBYIOLUIMMKU ONpeaeneHusiMu.

3.1 koadpbunumneHT HanpsxkeHUA B nogwunnHuke, BVR (bearing voltage ratio): OTHoweHne Hanpsxe-
HUA €MKOCTHOW CBA3M B NOALUMMHUKE K CUHAA3HOMY HaNPSHXKEHUIO.

3.2 coeguHeHue (bonding): OnekTpuyeckoe coeMHEHNE METANNMYECKUX YacTeN YCTaHOBKN Mexay Co-
6ot 1 ¢ 3eMnen (9KBMNOTEHUMANbHOE COeAUHEHUE U 3a3eMITEHNE).

MpumedaHue — [ns Lenei HacTosLLero cTaHfapTa 3To onpefeneHne codetaet anemenTsl IEC 60050-195-01-10
(ekBUNOTEHUManbHoe coefnHenune) u IEC 60050-195-01-16 (pyHKLMOHaNbHOE SKBUMOTEHLMANbLHOE COSANHEHNE).

3.3 cuHdasHoe HanpsikeHue (Tok) [common model voltage (current)]: CpegHee apudmeTnyeckoe
hasHbIX HaNPsXKEHUI (TOKOB) OTHOCUTENbHO 3EMIN.

3.4 npeo6pasoBartenb (converter): YCTPOWCTBO AN 9NEKTPOHHOrO npeobpa3oBaHUsi SHEPrUU C U3-
MEHEeHUEM OAHOI unu bonee ee 3MeKTPUMUYECKUX XapakTepucTuk. CoaepXuT oaHO unu bonee aneKTPOHHbIX
KOMMYTaUMUOHHBIX YCTPOWCTB M MPUCOEAVUHEHHBIX KOMMOHEHTOB, TaKMX Kak TpaHcdhopmaropsbl, UNbLIpbI,
BCMOMOrarTenbHble CPeacTBa KOMMYTAUMM, YNPaBeHUs!, 3alyMTbl U NpU HEOOXOAMMOCTU BCNOMOraTernbHOe
obopyaoBaHue ans CO6CTBEHHbIX HYXA,.

[IEC 61800-2, 2.2.1, usMeHeHHblIn (NpUM. 1 K AOMOSTHEHWUIO)]

Mpumedanue — 3710 onpegeneHue B3ATo u3 |[EC 61800-2 n B AaHHOM CTaHfjapTe OXBaTbiBaeT TEPMUHbI
«KOMMNeKTHbIN Npeobpa3soBatent» (CDM) n «Ga3oBblit MOAYNb Npeobpasosatens» (BDM), kak 3T0 UCNONb3YeTCA B cepum
cTaHgapTos IEC 61800.

3.5 anekTpuyeckasa MawMHa ¢ NUTaHueM oT npeo6pasoBarena (converter-fed electrical machine):
JnekTpuyeckas MalLMHa, NUTAIOLANACA OT npeobpa3soBaTens 4acToTbl.

3.6 aneKkTpuyeckas MawiMHa ¢ Heperynupyemon ckopoctblo (fixed-speed electrical machine): Onek-
Tpuyeckasa MalumHa ¢ 3asBMEeHHOW HOMUHANLHON MOLHOCTBLIO NPU NUTAHUU OT ceTn Yactoton 50 unm 60 'y,

NMpumevaHue — OnekTpUyeckas MaLUHa C HEPETYNUPYEMON CKOPOCTBIO MOXET NUTATLCH OT NpeobpasoBare-
NS N UMETL PETYIIMPYEMYIO CKOPOCT.

3.7 anekTpOMarHMTHaA COBMeCTUMOCTb (electromagnetic compatibility), EMC: Cnoco6HocTb 060py-
AOBaHWA UNKU CUCTEMbI (PYHKLIMOHUPOBATL YAOBNETBOPUTENLHO B OKPYXKAIOLLIEW €€ NEeKTPOMAarHUTHON cpeae
6e3 npuBHECEHUS1 HEOMYCTUMBbIX 3NEKTPOMArHMTHbIX NOMEX Kyaa-nnubo B STOM OKPY>KEHUMU.

[IEC 60050-161:1990, 161-01-07]

3.8 ocnabnenue nonsa (field weakening): Pexum pabotel gurartens, npu KOTOPOM €ro MarHUTHbIN No-
TOK MEHbLUE, YeM NOTOK B HOMUHANbHOM pexxume paboThbl.

3.9 Bpema HapacTanms (rise time): BpemeHHow nutepsan mexay 10 n 90 % HanpsbkeHUa oT Hyns Ao
MakcuMyma (CM. pUCYHOK 12).

3.10 anexkTponpuBog (power drive system), PDS: Cucrema, cocrosiLias u3 curnoBoro o6opyaosaHus
(npeo6pasoBatenb, ABuUratenb NEPEMEHHOr0 Toka U Apyroe o60pyaoBaHue, HaNpUMep cucTema NUTaHus U
Ap.) v annapatypbl ynpaBneHua nogadyen KoMaHga, HanpsHKeHeM, 4YacToToN, TOKOM, a TaKke YCTPOWCTB 3a-
LUMTI, MOHUTOPUHIA, KOMMYHUKALIMKU, TECTUPOBAHKUA, ANArHOCTUKU, MHTEpdelica u T. 4.

3.11 samutHOoe 3a3emneHue (protective earthing), PE: To4ka unm To4kM 3a3€MINEHUs B CUCTEME UMK B
yCTaHOBKe, Unu B 060pyaoBaHMM B LENAX SNeKTpU4ecKkon 6e30nacHOCTHU.

[IEC 60050-195:1998, 195-01-11, U3aMEHEHHbIIA]

3.12 nponyck yacTtoTrHoro okHa (skip band): HeGonbwoii guanaszoH pabounx 4acror, rae yCTaHOBUB-
wasca pabora cucTeMbl CUIIOBOTO NEKTPONPUBOAA 3anpeLLeHa.
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3.13 conpoTuBneHue NOBEPXHOCTHOW nepegaum (surface transfer impedance): [lons HanpsikeHus
MHAYLMPOBAHHOIO TOKOM LIEHTPanbHOro NPOBOAHUKA KOAKCUANbHON NUHUM HA €AUHULYY €ro ANWHBI Ha BHeLL-
HEW NOBEPXHOCTU KOAKCUAIIbHOM JIMHUN.

[IEC 60050-161:1990, 161-04-15]

3.14 cucteMHbIN uHTErparop (system integrator): Jluyo wnu opraHusauma, OTBETCTBEHHbIE 32 BbIGOP
KOMMOHEHTOB 3NEKTPONPUBOAA, COOTBETCTBYIOLLUE €0 HA3HAYEHUIO.

3.15 HoMnHanbHOe HanpsbkeHue (rated voltage) Uy : HanpsxxeHne, 06bABNEHHOE NPOM3BOAUTENEM U YKa-
3aHHOE Ha 3aBOACKOW Tabnnuke, Npu KOTOPOM 3MEKTPUYECckan MalMHA paboTaeT Ha YCTAHOBIIEHHOW YacToTe.

3.16 ckavyok HanpsxkeHus (jump voltage): U3meHeHne HanpsXeHUA Ha KneMmax areKTpUuYecKkon MaLum-
Hbl, BO3HUKAIOLLIEE NPW MOSIBFIEHMM K2XKA0r0 MMNynbca oT npeobpasoBarens.

4 XapaKTepucTUKU anexKTponpusoaa

4.1 O6wue nonoxeHus

XoTs aTanbl onpegeneHns cneumduueckux xapakTepucTuk Asuratens u npeobpasoBarens OAHOTUIHbI
Ans no6oro NpUMeHeHUs!, OKOHYaTEeNbHbIW UX BLIOOP B 3HAUUTENbBHON CTENEHW 3aBUCUT OT BuAa MexaHu3Ma.
B AAaHHOM pasaene onucaHbl 3Tu 3Tarnbl U pPACCMOTPEHO BIIMAHUE HArpy3ku pasnu4yHoro Ttuna.

4.2 Nudopmauuna o cucrteme

Jlyuwmm cnocobom obecneunTsb Tpebyemyio paboTy BCel CUCTEMBI SIBMNAETCA YUeT BCel uHdopMaLum o
Harpyske anekTponpueoAa, ABurartene, npeobpasoBarene u cucteme anekTpocHabxeHusi. B obliem cnyyae
3Ta MHOPMAaLMA AOMMKHA BKITIOYATD:

- Tpe6oBaHNA K MOLLHOCTM UMM K BPALLAIOLLIEMY MOMEHTY Ha Pa3fnu4HbIX CKOPOCTSX;

- XXenaemblii AMana3oH CKOPOCTEl BpaLLeHUst Harpy3ku U ABUraTens;

- TpeGoBaHusA K TEMNam yCKOPEHUA U 3aMeanieHus Npu ynpasneHun nNpoLeccom;

- UCXOAHble TpebGoBaHusl, BKMOYas YacToTy NyCKOB U NapameTpbl HAarpy3ku (MPUBEAEHHYIO K ABUraTernio
MHEPLMOHHOCTb, MOMEHT Harpy3ku BO BpeMs Nycka);

- pabo4ylo LMKIorpamMmmy MexaHusma [HenpepbiBHbIW NPOLUECC UMM KOMBUMHALUUA NyCKOB, OCTAHOBOK U
nameHeHun ckopoctu (cMm. IEC 60034-1, nogpasaen 3.1)];

- obuiee onucaHue obbekTa, BKNIOYAsS OKPYXAIOLWYIO cpeay, B KOoTopoi 6yayT pabotatb KOMMNOHEHTHI
3MEKTPONpUBOAA;

- OnuUcaHue AOMOSTHUTESNbHLIX (PYHKLIMOHAMNBbHBIX BO3MOXHOCTEH, KOTOPbIMM MOTYT He obnaaaTtb asura-
Tenb U npeobpasosarenk (Hanpumep: KOHTPOMNb TeMMepaTypbl ABUraTerns, BO3MOXHOCTb LUYHTUPOBATL Npe-
obpasoBarens B cry4ae HE06X0AMMOCTH, cneyuansHbIe CXEMbl YNpaBeHWUs LUKIOrpaMMon paboTel unu cur-
Hanamu 3agaHus CKOPOCTU ANsi ynpaBeHUs 3NeKTPONpUBOAOM);

- onMcaHue JoNnyCTUMOM MOLUHOCTW UCTOMHMKA SNEKTPONUTaHUA M SMEKTPONPOBOAKM. Ha okoH4aTenb-
HY10 KOH(UTypaLMIO MOTYT BNUATb TPeBOBaHKS K BbIOPAHHON CUCTEME.

4.3 O6nactb (popMUpOBaAHUA MEXaHNUYECKUX XapaKTePUCTUK

4.3.1 O6wWwume NonoXeHns

TunuyHbIE rpaHuLibl 30H, B KOTOPLIX BO3MOXHO (POPMUPOBAHME MEXAHUYECKUX XapaKTEPUCTUK ABUraTe-
nen, nutaemMbix oT npeobpazosareneil, CyLLECTBEHHO BRUsAOLWME DakTOPbl U NOCNEACTBUA UX BIIUSIHUA Npes-
CTaBneHbl Ha pucyHkax 1, 2 u 3. B 3aBUCUMOCTW OT TPeBOBaHMIT K SNEKTPONPUBOLY BO3MOXHO NPUMEHEHUE
pasnuyHbIX ABUraTenen ana agantauum K KOHKPETHbIM YCIOBUSAM.

MpumevyaHue — Ha pucyHkax 1—3 He nokasaHbl BOZMOXHbIE Pe3OHaHCHbIE 30HbI (cM. 4.3.8).

4.3.2 flonycTumasa obnactb XapakTepUCTUK KCKOPOCTb — MOMEHT»

Ha pucyHke 1 nokasaHa o6nactb hOpMMPOBaHMSA BO3MOXHbBIX MEXAHUYECKNX XapaKTEPUCTUK ANA ABUratenei,
nuTaemMbix oT npeobpasosarens. MakCMmanbHO BO3MOXHbIV BpaLLaoLLMiA MOMEHT 40 HOMUHATBHOW YacTOoThl Orpa-
HWYEH HOMUHAMBLHBLIM MOMEHTOM ABUraTeNs 1 TOKOM npeobpasosarenst. Boille 061acTh HOMUHATBHBIX HacToT fiy 1
COOTBETCTBYIOLLEIA 4ACTOThI BPALLIEHWUA Ny ABUraTEnNb CocoGeH patoTaTh C NOCTOAHHOM MOLLHOCTBIO MU BpaLlako-
LLeM MOMEHTE, 06paTHO NPONOPLMOHANLHOM YacToTe BpaLLEeHUs. [nA aCUHXPOHHLIX ABUratenei Npu JOCTUXEHUN
MWHUMArbHOMO 3HAYEHUs1 KPUTUYECKOTO BpaLLaoLLEro MOMeHTa (MPOonopuMoHansHOro 1/n) MOLWHOCTE AomHa ObiTb
YMEHbLLIEHA 00paTHO NPONOPLMOHANLHO YaCcTOTE BPaLUEHUA N, STO OrpaHM4MBaET LOMYCTUMbIN BpaLLaloLWmMii MO-
MEHT 3Ha4YeHnem, 06paTHO NPONOPLMOHASbHBIM KBAAPATY YacCTOThbl BpaLLeHUs (PacLUMPEHHbIV AMana3oH).
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---  ANUTeNbHbIA pexum Tc— 30Ha NOCTOSAHHOrO MOMeHTa  Cx— He3aBUCKUMOEe OxNaxaeHue
---KpaTKOBpEeMEHHbI pexum Pc— 30Ha nocTosiHHOI MolHOCcTM  Cs— camooxnaxaeHue
-------------- Pexum nycka Ex— paclmpeHHsblii ananasoH

PucyHok 1 — JonycTumasi 061acTb (DOPMUPOBAHNA MEXAHUYECKUX XapakTepucTuk

[N CMHXPOHHBIX ABUTaTesnell pacliMpPeHHbIii AnanasoH He NpuMeHsieTcs. MakcuManbHO gonycTuMas ya-
CTOTa BpalleHUs ITax orpaHnyeHa He TOJIbKO MOHWXEHWEM Bpallalolwero MOMeHTa, 06yc/oBfeHHOro ocnabe-
HVEeM MOJIS NpW YacToTe BpalleHus Bbie N0, HO TaKXe M MeXaHUYecKoil NpoYHOCTbio, 6anaHcMpoBKoli poTopa,
CKOPOCTHBIMU BO3MOXHOCTAMM NOALIMMHUKOBON CUCTEMbI U APYTUMU MEXaHW4Yeckumu napameTpamu.

B ABUraTensix ¢ eCTeCTBEHHbIM OX/IaXAEHMEM MPU HU3KMX YacToTax BpalleHus Bo usbexaHue neperpe-
Ba Bpallalowmnii MOMeHT JO/MKEH GbiTb YMEHbLUEH.

B HEKOTOpbIX MPUMEHEHUSIX BO3MOXHO KpaTKOBPEMEHHOE MOBbIWEHWe Bpalalol,ero MOMeHTa npu
nycke.

Ha pucyHke 2 npuBefeHbl COOTBETCTBYHOLWME 06/1aCTU 4ONYCTUMbIX 3HAYEHWNA BbIXOLHOTO ToKa Npeo6-
pasosatens (/).

PUCYHOK 2 — [loNyCTUMblii BbIXO4HON TOK npeo6pasoBaTens

4.3.3 HOMWHaNbHblIE AaHHbIe 3/TIEKTPUYECKO MalUMWHbI

HoMWHanbHaa Toyka MallVHbl, CNPOEKTMPOBAHHON ANA NMUTaHWA OT nNpeobpa3oBaTensi, COOTBETCTBYET
HOMWHA/IbHBIM 3HAYEHUSAM CKOPOCTW BpaLLEHWS, HaNpPsXeHUs, Toka, MOMEHTa ¥ MOLHOCTU. OBbIYHO B ITOIA
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TOYKE MalLMHA Pa3sBUBAET MAKCUMASbHbI MOMEHT U MOLLHOCTL (4TO MOKAa3aHO Ha PUCYHKE 1) NPU CKOPOCTH
ny = ng. MakcumanbHas paboyan CKOpOCTb MOXET GbIThb BbILLIE HOMUHAMNbBHOM, U B 3aBMCUMOCTU OT XapakTe-
PUCTUK KHaNpsHKeHUe — JacTtoTa» (CM. 4.3.7) MakcumanbHoe HanpsbkeHUe MOXET NPeBbILLaTb HOMUHANbLHOE.
4.3.4 ®akTopbl, BNUAKWME Ha 06nacTb HopMUpPOBaHMA MeXaHNYEeCKUX XapaKTepucTuK
CyuiecTBeHHble (PakTopbl, KOTOPbLIE ONPEeAEnsoT rpaHuLbl 0bnacTu HOPMUPOBAHNS MEXAHUYECKUX Xa-
pakTepucTuK (CKOPOCTb — MOMEHT), NpeAcTaBneHbl B Tabnuue 1.

Tabnuya 1— CyuwecTBeHHble hakTopbl, BAUAIOLWNE HA MEXaHUYECKYIO XapaKTepucTuKy

Yenosue [Nsurarens MNpeo6pasoBaTenb
TporaHue MakcumansHbIi NOTOK MakcumarnbHbIiA Tok
MoCTOAHHBIN NOTOK OxnaxaeHue (noTepu 2R) MakcumanbHbIiA Tok
Ocnabnexue nons MakcumaneHas ckopocTb (MexaHuyeckas NPOYHOCTb U BLIHOCIIMBOCTL); | MakcuMansHoe
(YMEHbLUEHHBIA NOTOK) [ MakcuMarnbHbIi MOMEHT (KpUTUHECKUA MOMEHT) HanpsxeHune
AuHamuyeckas OKBMBaNEHTHbIE NapameTpbl Lienu (onpeaereHHble MogenupoBaHuem) Xapakrepuctuka
XapakrepucTtuka ynpasneHus

4.3.5 Be3onacHasa pa6oyaa CKOPOCTb, Neperpy3oyHas CnocCOOGHOCTb MO CKOPOCTU

Ecnu anekTpuyeckas MalwmHa NepeMeHHOro Toka npeaHasHadyeHa AnsA NnpumeHeHus ¢ npeobpasosare-
nem, TO Npou3BoAUTENDb A0MKEH 06 3TOM 00bABUTL U yKa3aTb Ha 3aBOACKOW Tabnuuke. BesonacHble paboune
CKOPOCTU BpaLLEHUs HU3KOBONLTHLIX AaCUHXPOHHBIX ABUrarerneiil onpeaerneHsl B pasaene 9.6 |IEC 60034-1:2010.

MpeBbIlEHWE CKOPOCTM MALUMH NEPEeMEHHOr0 TOKa BO3MOXHO, Kak onpeaeneHo B pasgene 9.7
IEC 60034-1:2010, HO UCMbITAHWE HA NPEBbILLIEHUE CKOPOCTU OBLIMHO HE CHUTAIOT HE0BX0AUMbBIM. PONb MCNbI-
TaHWsA, €Crn OHO 3a4aH0 U CornacoBaHo, COCTOUT B TOM, UTOObI NPOBEPUTL paboTOCNOCOBHOCTL KOHCTPYKLIMK
poTopa noa AelCTBUEM LEHTPOBEXHBIX CuIl. XOTS AN HEperynupyemoro ABuratens NpakTU4ecku HeBO3MOXK-
HO AOCTUYb paboyeli CKOPOCTU BbILIE Er0 CUHXPOHHOM, SMeKTPUYEeCcKkue reHepaTopbl MOryT GbiTb pa3orHaHbl
[0 CKOPOCTU BbILLE NX CUHXPOHHOW CKOPOCTU TYPOUHOI, HAaNPUMEP NPU BHE3AMNHOM OTKIIOMEHUW HArpy3Ku.

AnAa anekTpuyeckux agsuratenen, nuTaemMblx oT npeobpasoBaTens, pa3roH A0 CKOPOCTU BbILLE MaKCU-
ManbHOW, ONpPeaeneHHoN CUCTEMON ynpaBneHns npeobpasoBartenemM, HEeBO3MOXeH. [ CBEPXMOLLHbIX CUH-
XPOHHbIX ABUraTenen 3a4acTtyio LenecoobpasHo B oOLEM Cryvyae OrpaHMYuTb NPOBEPOYHOE MpPEBLILLEHNE
CKOPOCTU Ha ypoBHe 1,05 oT MmakcumanbHOi paboyein CkopocTU. HUKAKoro TexHMYeCKU onpaBaaHHOro apry-
MEHTa MPOTMB TAKOrO OrpaHUYEHUSI HE UMEETCS.

HeobxoauMO NPUHATL BO BHUMAaHWE, YTO Ans obecnevyeHns BpalleHUss Ha BbICOKOW CKOPOCTU MOXET
notpebosarbca To4Has GanaHcuposka potopa. Kpome Toro, AnutenbHas pabota Ha BbICOKOW CKOPOCTU MO-
XKET CTaTb NMPUYNHOW CHWKEHUS CPOKA CNyXObl NOALUMMHUKOB. [nsi BbICOKOCKOPOCTHBIX MPUIIOXEHUI 0coboe
BHUMaHMeE Takke JOIMKHO ObiTb 0OpALLEHO Ha CPOK CyXBbl CMa304HbIX MaTepuanoB M Ha NePUOANYHOCTb UX
3aMeHbl UNN NOMOMHEHUS.

4.3.6 Oxnaxpaarouwme yctpomcTsea

Kak nokasaHo Ha puCyHKe 1, TUM OXNaXKAEHWSA BIMSAET Ha YPOBEHb MakcumaribHO AONYCTMMOrO Bpallato-
LLIEro MOMEHTa SNEKTPONPUBOAA. [N AMEKTPUYECKMX MALUMH C HOMUHAMaMU MOLLIHOCTE B AuanasoHe MmerasarTt
YacTo NPUMEHSIIOT OXNaXKaAloLLMe YCTPOMNCTBA, COCTOSILLME W3 MEPBUYHOTO KOHTYpa OXnaxaeHusi (06bI4HO ¢ BO3-
AYyXOM B Ka4eCTBE NEePBUYHOrO XrajareHta) U BTOPUYHOIO KOHTYpa oxnaaeHusa (C BO3AYXOM WU BOAON B Kaye-
CTBE BTOPUYHOTO XnaaareHTa). Morepu nepeaatotca Tenfno06MEHHUKOM OT NEPBUYHOIO KO BTOPUHHOMY KOHTYPY.

- Korga nepBuYHbIi M BTOPUYHbLIN XNajgareHTbl NEPEeMEeLLaloTcst OTAENbHbIMW YCTPOICTBaMKU U MX NOTOK
He 3aBMCUT OT CKOpPOCTU poTopa maluuHbl (Hanpumep, |IC656 cornacHo IEC 60034-6), To pykoBOACTBYIOTCSA
KPWBOW Ha PUCYHKE 1 AN HE3ABMCUMMOTO OXIaXKAEHuUs.

- Korga BTOpUYHbLIN XnagareHT nepeMeLlaeTcsa oTaerbHbIM YCTPOMCTBOM, a MePBUYHbIN XnagareHT npu-
BOAMTCA B [BWXEHWE YCTPOMWCTBOM, CBA3AHHbLIM C Banom (Hanpumep, IC81W unu 1C616), To npumeHseTcs
KpuBas Ha pUCyHKe 1 Ans camooxnaxiaeHust.

- Korga v nepBuYHbIN, ¥ BTOPUYHBIN XIagareHTbl NPUBOASATCS B ABUXEHUE YCTPONCTBOM, CBA3aHHLIM C
Banom, TO BbIXOAHON BpaLLaloLLMil MOMEHT HE AOMKEH NpeBbIaTh kpusyto T/ = nzlng, a pekomeHayemas
MUHWManbHasA paboyas CKopoCTb AOMKHA ObITb 2 70 % HOMUHAMBLHOWM CKOPOCTHU.

4.3.7 XapaKTepucTuKN HanpsixkeHMe — yacToTa

CBsi3b Mexay BbIXOAHbIM HanpsxeHueM npeobpasosarens (U) n 4aCTOTON MOXET HOCUTb Pas3nuUyHbIi
XapakTep, kak Noka3aHo Ha pUcyHke 3.
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PrcyHok 3 — XapakTepucThKki «BbIXOLHOE HanpsbkeHue npeobpasoBartesisi — yacToTa»

Ha pucyHke 3 0603HauYeHbl XapakTepucTUkM A8 PEXUMOB:

A — HanpsxeHue yBennuMBaeTCs C 4aCTOTOW, U MakcumasibHOe BbIXOAHOE HarnpshkeHwe npeobpasoBa-
Tensa Umax gocturaeTtcsa B ob6nactn yactoTel nepexoga fQ(Hayana CHMXEHMA MOTOKa);

B — HanpshkeHue yBenMuMBaeTCs C 4acTOTOW, UM 3HAYEHWEe MaKCMMalbHOTO BbIXOAHOTO HanpshKeHus
npeo6pasosartens Umax gocturaetcs Bobiwe fO npu yactote f01. 3T0 obecneymBaeT paclUMPEHHbI Anana3oH
CKOPOCTU NPV MOCTOSIHHOM MOTOKE (MOCTOSIHHbIA BpalLalWmnii MOMEHT), HO AOMYCTUMbIA Bpaljalowmini Mo-
MEHT B 3TOM AMana3oHe CKOPOCTW MeHblle, 4em B criyyae A;

C — HanpsxeHve yBenuumsaeTcs ¢ yacToToi go fO, a 3aTem ero poct 3ameansieTcs, MakCumanbHOe Bbl-
X04HOe HanpsxeHue npeobpasoBaTens Umax gocturaeTcs npu /Tax. T0 UCKOYaeT Ype3MepHOe CHUXEHMne
BpaLlaroLero MOMeHTa B 30He NMOCTOSIHHOIO MOTOKa,;

D — noBbllWeHNE HaNpPSXeHUA MPUMEHSAETCHA MPU OYEeHb HU3KUX YacToTax Ans YAydleHWs MyCKOBOM
XapakTepucTuku 1 npefoTBpaLleHna HexenarenbHOro yBemyeHnsa Toka.

Bo Bcex aTux cryyasx 3aBUCUMOCTb «HaNpshkeHne — 4yacToTa» MOXeT OblTb JIMHEWHOW WAn HenuHen-
HOI, corniacHo TpeboBaHNAM XapakTEPUCTUKN «BpallaloLMii MOMEHT Harpyskm — CKOPOCTb».

4.3.8 Pe30HaHCHbIe 30Hbl

O6nacTb, B KOTOPO NPOUCXOAMUT perynvpoBaHue CKOPOCTW ABuratens, nuraemoro ot npeobpasoBaTe-
NS, MOXET BK/l0YaTb CKOPOCTU, NMPU KOTOPbIX MOXET BO3HUKHYTb PE30HAaHC B 3/IEMEHTax ctatopa Asurartens,
B CUCTEME «Ban ABUraTens — Harpyska» uavm B NpUBOAMMOM B [BUXXEHWE 060pyA0BaHUN.

B 3aBMCMMOCTM OT Tvna npeobpasoBaTenisi MOXeT 6biTb obecrneyeHa BO3MOXHOCTb MPOMYCTUTbL pPe3o-
HaHCHble YacToTbl (BBEAEHME YaCTOTHOrO OkHa). O4HaKo faxe Korga pe3oHaHCHble 4acToTbl NPOoNyLEeHbl, Me-
XaHu3M 6yaeT NpoxoAuTb Yepes 3Ty 30HY 4YacToT (CKOpOCTel) npu ycnoBunu, 4To Asuratento 6yaeT 3afaH nyck
Ha N6yl CKOPOCTb BbIlLE AAHHOW. YMEHbLUEHNEe BPEMEHMN YCKOPEHNS MOXET CNOCO6CTBOBATbL MUHUMU3ALUN
BPEMEHUN NPOXOXAEHUSA PE30HAHCHbIX 4acToT.

4.3.9 Pabouunii ymkn

4.3.9.1 O6wme nonoxeHns

MexaHU3Mbl C LUKNNYECKUMWN Harpy3kaMu XxapakTepusylTcsa NpucyTCTBUEM NEPUOAUYECKNX N3MEHEHUN
ckopocTeit unu Harpysok (cm. IEC 60034-1). DTOT TN MexaHU3MOB NpeabsiBnseT ocobble TpeboBaHMA K 4BU-
ratento n npeobpasosBaTento.

- PaccesiHve Tenna gsurarenem 3aBWCUT OT CKOPOCTU BpaLLeHUSA U cnocoba oxnaxaeHus.

- ViHorpa oT aBuratens MoxeT noTpeboBaTbCcs Bpallalowmii MOMEHT, NpeBbIaloLWwnii cTaTUYeckuiAi MOMEeHT
MOMHOM Harpy3ku. PaboTa ABuraTens ¢ neperpy3koil MoXeT noTpeboBaTbecsa 4151 pa3roHa, NPeofosIeHUst NMKOB Ha-
rpy3ku, a Takke npu MHTEHCMBHOM TOPMOXeHuW. PaboTta asuratens CTOKOM Bbllle HOMWHAIbHOTO BbI3blBAET €70
neperpes. 3T0 MoxeT notpeboBaTb 60/iee BbLICOKOIO Kiacca M30MsAuun ABUraTens UM yTOYHeHue pacuyera LyK-
NlorpamMmbl C y4eTOM HarpeBa v OX/1aXAeHusa 415 AaHHoro npumeHeHns (cm. IEC 60034-1, pexum pabotbl S10).

- Ana ymeHbLIEeHNs CKOPOCTY ABUratens MoryT notpeboBaTbCcst TOPMOXEHNE NOCTOSAHHLIM TOKOM, AMHAMU-
yeckoe WM pekynepaTMBHOE TOPMOXeHue. HesaBMcMMO OT TOro, NPOM3BOAWT M ABUraTeNb Bpaljalwmii Mo-
MEHT, YTO6bl MPUBECTU B AeCTBME MEXaHU3M, OTAAeT M IHEPruio OT Harpysku yYepes gsuraTenb B npeobpaso-
BaTeslb UM co3faeT TOPMO3HOW MOMEHT A1 3amMmeA/IeHUss NOCPeACTBOM NMUTaHNS 06MOTOK MOCTOSIHHBIM TOKOM,
HarpeB ABuratens nNpuban3nTenbHO MPOMNOpLMOHaNeH KBajpaTy Toka B 06MOTKax. TOT HarpeB AO/IKEH OblTb
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BKIIOYEH B aHanu3 uukna pabotbl. Kpome Toro, KpaTkOBPEMEHHBIN BPALLAIOLMIA MOMEHT, NPUIIOXKEHHDIN K Bany
NP1 TOPMO>KEHWUU, AOSMHKEH KOHTPOMNMPOBATLCS HA YPOBHE, HE NMPUBOJALLEM K MEXAHNHECKUM MOBPEXAEHUAM.

MpumevyaHne — |EC 61800-6 npenocTaBnaeT MHpoOpMaLMIO O peXUMe Harpysku U onpegeneHun Toka Ans
BCEro areKTponpuBoaa.

4.3.9.2 bonblLune yaapHble Harpy3ku

BonbLume yaapHbie Harpy3ku — ocobblii criyyaii paboTbl, KOTOPLIN UMEET MECTO B NPUMEHEHUSAX C NPepbl-
BUCTbIM BpaLLaoLLMM MOMEHTOM (Hanpumep, IEC 60034-1, pexxkum paboTbl S6). B aTux cnyvasx Harpyska npuna-
raeTcsi UNM CHUMAETCA C ABUraTernsi o4eHb ObICTPO. BpallaoLwmin MOMEHT Harpy3ku MOXET ObITh Kak NONOXUTESb-
HbIM (NPOTUB HaNPaBNeHWs BpaLLeHWA ABUrarTens), Tak u oTpuuarenbHbIM (B HaNpaBneHUW BpaLeHua ABuratensi).

YaapHas Harpy3ka npuBOAUT K ObICTPOMY YBEMMYEHMIO UM YMEHbLUEHUIO Tpebyemoro Toka (0T npeob-
pasosarens). Ecnu BpaLuaioLLmii MOMEHT OTpULATENEH, TO ABUraTefNlb MOXET reHepupoBaTh 3HEPruto, nepe-
Aasas ee B npeobpasoBarens. [epexoaHble TOKM CO34al0T NepeHanpskeHna B 00MoTKax ctatopa. Bennunna

3TUX NEPexXOAHbLIX TOKOB ABMAETCA (DYHKLIMER MOLIHOCTU npeobpasosartens u Asuratens.

4.4 TpeboBaHus K ABUraTento

MpuMevyaHne — OITOT NOANYHKT OTHOCUTCA IMAaBHbLIM 06Pa3oM K aCUHXPOHHBIM ABUraTeNAM, HO HEKOTOpbLIE U3
TpeGoBaHuWiA MOryT Takke GblTb BaXKHBIMU A1s1 APYrUX TUIMOB ABUraterei.

Tabnuua 2 cogepXuT pekoMmeHaauuu no BeI0Opy ABUratenen AnA OCHOBHbLIX PABOYUX PEXMMOB.

Tabnuya 2 — PekomeHgauum no BuIbopy ABuratens

Tunosble Tpe6oBaHNA PA3NINYHLIX
TeXHONOorn4eckmnx npoueccos

PekomeHaaLmu no eeiGopy Asuratens

MpoponxutensHaa paboTa Ha
HWU3KOW CKOPOCTH

MpuHyauTensHOE oxnaxaeHue.
Mpy ANUTEeNBHOR aKcnnyaTauunu NMOALUMNHUKOB Ha CKOPOCTH Huxe 10 % oT Homu-
HanbHOW X NPOU3BOAUTENb AOMKEH NOATBEPAUTL TaKyo BOZMOXHOCTb

LLinpokuin ckopoCTHOI fuanasoH

Heobxoammo HesaBMCMMOE OT CKOpPOCTHU oxXnaxaeHune
(HeSaBVICI/IMaH BEHTUNALMA UNKU BoAAHOE oxna»gneHme)

OBpaTHasi CBSA3b N0 CKOPOCTH

Mepbl npefoCcTOPOXHOCTU ANA MeXaHW4YeCKON CBA3N.
Hatyuk CKOPOCTW NO BO3SMOXXHOCTU AOSMKEH ObiTb SNEKTPUYECKN N30NTNPOBaH

MpogomxuTensHaa paboTa Ha
BbICOKOW ckopocTu (ocnabne-
HWe noToka)

PasnuyHble acnekTel MEXaHW4eCKOW YacTu.
BLICOKWIA KPUTUYECKUIA MOMEHT (T. €. Marnoe peakTUBHOE COMPOTUBIIEHUE PaccesHus).
MocTosiHHoe UA npw f < fo (cM. pucyHok 3)

MuTaHne oT npeobpasoBatens
ana noeblwerus KM asuratens

Ocobas KOHCTPYKLMS poTopa (CTEPXKHMW poTopa C HU3KUM KO3(dULIMEHTOM BbITEC-
HeHusA Toka, cM. 5.2).
MoxeT HeBnaronpusaTHO NOBNUATE HA CMOCOBHOCTL Mycka OT CETH

[yckW OT CeT Unu LUYHTUPOBa-
HWe Ha ceTb

KoHCTpyKUMS poTopa AomkHa GbiTe COOTBETCTBYOWEN. CrneaoBaTenbHO, pelleHne
MOXET U He BbITb ONTUMU3NMPOBAHO B CTOPOHY YMEHbLLUEHUS MOTEPb U YBENUYEHNN
KMNO — Heo6xogMMO KOMNPOMUCCHOE peLleHne

Belcokuid nyckoBoii MOMEHT

Ecnu Bo3MOXHO, Ha 4acToTax Onu3kMx K Hynto HeoOXOoAMMO YBENMUYWUTH MOTOK
Ha 10—40 % (B 3aBUCUMMOCTM OT paszMepa gBuratens)

Mpocafka HanpskeHWs Ha npe-
obpasoBartene

Bbibop HOMWHaNBHOTO HaNPsHKEHWUS! ABUraTens ¢ y4eToM KOMMeHcaluu npocagku
HanpsXeHWs Ha npeobpasoBaTtene

MHoroaBuratesieHble  CUCTEMBI
C nogaepxaHuem cKopocTu

Cxoxune mexaHu4eckne xapakTepucTUKK aBuratenei

[Ons Gonee TOHKON HACTPONkU Npeobpa3oBaTensi B HEKOTOPbIX MPUMEHEHUSAX Y NPOU3BOAUTENSA MOXHO
3atpeboBaTb SNeKTpMYeckue napaMeTpbl SKBUBANEHTHON CXEMbl 3aMeLLeHus asuratens (cM. Tabnuuy 3).

Tabnuya 3 — MNapameTpbl gBUratens

MNapameTpbl

BekTopHoe
ynpasneHue unu
npsamoe ynpasneHue
MOMEHTOM W MOTOKOM

OnucaHne/pasbACHEHNe CkansipHoe yrpasrneHue

MakcumanbHble 3Ha4eHna

MakcumansHas cCKopocTb

— Ha Ha

MakcumaneHas Temnepatypa
obMoTOK ABUraTens

— Ha Ha
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BekTopHoe
ynpasneHwe unu

NPOTUBNEHUIA, TaK KaK ONpeAensatoT UX camu.

MapameTpbl OnuncaHune/pasbacHeHue CkanspHoe ynpasneHue npAMoe ynpaBreHye
MOMEHTOM U MOTOKOM
AkycTU4eckue napamMmeTpsl
YacToThbl, KOTOpble  [OMmKeH [a, ecnv NpucyTCTBYIOT MHTEpBarbl Hecyllei
oboiiTn npeobpasosarens, 4To- — 4acToThl
Obl n3bexaTb pe3oHaHca
MexaHu4yeckne napameTphbl
MOMEeHT nHepummn MpumMeHeHuns, rge Heobxo- HdononHuTtensHo LononHutensHo
VMO BbICOKOE yCKOpeHUWe
TpebyeMblt MOMEHT TpeHuABeH- | [na npoMbILLneHHbIX Npume- JononHuTensHo HononnutensHo
TUNATOpa OXNaxAeHus B BWAE | HEHWW, rae TpebyeTca TouHoe
nofiHoma m = kyn + k2n2 onpegereHne BbIXO4HON Me-
XaHWYECKOA MOLLHOCTH
OnekTpuyeckne napameTpbl T-06pa3HON CXeMbl 3aMeLLEeHUs] aCUHXPOHHOIo ABUraTens
ConpoTuenexue cratopa (R;) Mpwn paboyeit TemnepaType JononHuTtensHo, Ha
ans /R-koMneHcauun
ConpoTusreHuwe potopa (R;) Mpu paboueii Temnepatype | [ONONHUTENBHO ANA TOYHOMO Ha
(cMm. npumevaHue 1) CKanspHoro ynpasneHus
PeaktuBHoe  conpoTuenenue | Npu HOMUHaNLHOW YacToTe LononHuTenbHo ANsA TOMHOro Ha
cratopa (X,) CKanApHOro ynpaeneHus
PeaktuBHoe conpoTmBrneHue po- | B HoMuHaneHoW pabodeii Tou- | [ononHUTensHO ANst TOYHOro Ha
Topa ( X&r) (cM. mpuMesiaHue 1) | Ke, OTNU4aETCA OT K.3. poTopa CKanApHOro ynpasneHus
MHaykTuBHOe conpoTuenexune | MNpu OCHOBHON YacToTe U Ho- | JJONONHMTENLHO ANs TOYHOrO Ha
Lienu HamarHu4meanus (X, ) MWHanbHoW paboyeli Touke CKanapHoro ynpasneHus
MpoBoguMocTb Lenu HamarHu- | MNpyu OCHOBHOM YacToTe U HO- | JIONONHUTENbHO ANA TOYHOrO Ha
yuBaHua (G,) MWHarnbHoW paboyeil Touke CKansApHOro ynpasneHua
PeakTtusHoe conpoTtuenenune | MNpu ocnabneHnun notoka Ha, ana TovHoOro ckanspHoro Ha
Lienn HamarHn4neaHms B doyHk- ynpaeneHus
LMK HanpsxeHus
Obxog kpuTUYeckux ckopocTeil | CkopocTb,  3anpelyeHHas ha Ha
B paboyem ananasoHe ANA ycTaHOBUBLUErocs pe-
KUMa (4acToTHOE OKHO)
MoBepXHOCTHBLIA adhdpekT poTopa | AnA To4HOro onpefeneHus JononHuTensHo HononnutensHo
rapMOHWYECKUX noTepb U
TemnepaTypHbIX Neperpy3ok
IMoBepXHOCTHLIN adbdpekT cratopa | B MPUMEHEHUSIX C GLICTPbIM LdononHutensHo HononHutensHo
TOKOBBIM OTKITMKOM U NpeLy-
3UOHHLIM YMpaBneHnem
MpumevyaHue 1 — JnekTpudeckue napameTpbl potopa (R;) ] (Xc',,) ABNAOTCA NPUBEAEHHBIMU K LIEMU
cTaTopa.
MpumevyaHune 2 — HekoTopble TUMLI Npeobpa3oBarereil He TPeOYIOT 3aaHUA aKTUBHLIX U PEAKTUBHBIX CO-

YkasaHus OTHOCATCA TaKKe K KPUTMYECKUM CKOPOCTSIM BPALLEHUS, NPU KOTOPbIX HEBO3MOXHa paboTa B

nPOAOIHKUTENbHOM peEXXume.

Ona Gonee TOYHOrO TEMNepPaTypHOro aHanu3a unu B NpUMEHEHUsX, rae HeobxoaAMMOo TOYHOe ynpas-
neHue BbICOKMM MOMEHTOM Ha HU3KMX CKOPOCTSX, Ans pa3paboTymka MOXET OblTb O4eHb NonesHon UHaop-
Mauusa 0 TeNNOEMKOCTU U CONPOTUBNEHUU KOMMOHEHTOB ABUraTens. 3TU napamMeTpbl MOTYT 3aBUCETb KaK OT
4acToThbl BpaLLEeHusl, Tak U OT 4aCTOTbl KOMMYTaLMMK.
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5 MoTepu 1 ux BNusiHMe (a5 aCUHXPOHHbIX ABUraTesieid, NNTaeMblxX
OT MHBEPTOPOB HaMNpPsHKeHMs)

5.1 O6wme nosoxeHus

Mpn nogknwoyeHun aABuraTens K BbIXO4y WMHBEPTOpa HanpshkKeHus AN NPOeKTUPOBaHWSA KOMMYyTauu-
OHHbIX Lieneil cTaHgapTHas cxema 3aMelleHus He npeAcTaBnseT CyLWeCTBEHHOro 3HayeHusl, 3aTo 60/bLuoe
B/IMSIHWE Ha MOTEpU OKa3biBalT COMPOTUB/IEHUS ABUraTens Ha yacToTax rapmoHuK. VIHBepTop HanpsXeHus
OKa3blBaeT CYLLeCTBEHHOE B/IMSHUE Ha MUTAeMylo MM 3N1eKTPUYECKYI0 MallvHy. BbIXogHOE HanpsixeHve mme-
eT CMHycouAasbHbI XapakTep, Npu KOTOPOM Kaxkfas NonysBoSiHa npefcTasnseT coboi nocnefoBaTeNlbHOCTb
NPAMOYTO/IbHbIX UMNY/IbCOB HANPSHXKEHNSA € KPYTbIM (DPOHTOM M MOYTU NOCTOSHHON aMnIMTyAoN (ABYXypOBHe-
Bble VHBEPTOPbI CHKAKT amMnAnTyay U3MEHEHWI HanpsHKeHUs] BHYTPEHHErO 3BeHa NMOCTOSIHHOIO TOKa).

Mpn nNuTaHuuM aBurarens HeCMHycoufanbHbIM Hanps>KeHMem Kpome OObIYHbIX NMOTEPb U3-3a OCHOBHbIX
rapMOHUK HanpsXXeHns 1 Toka Co34atoTcs AOMNOHMTE IbHbIE NoTepU. BennunHa aTux fOoNoNHUTENbHBIX NOTEPb
3aBUCUT OT CKOPOCTU, HaNpsHXeHUs 1 Toka, (DOPMbl BbIXOAHOrO HanpshkeHWs npeobpasoBatensl, a Takke KOH-
CTPYKUMM 1 pa3MepoB asuratens. [ns AByXypOBHEBbIX NpeobpasosaTesiein Npu OTCYTCTBUM Pas/IMYHOrO poaa
unNbTPOB 3TU NoTepyn MoryT coctaBuTb OT 10 o 30 % OT OCHOBHbIX NOTEPL W, TakuM obpasom, oT 1 g0 2 %
OT HOMUHa/IbHOM MOLLHOCTM ABWUraTens, O4HaKo WX BeMYMHa yMeHbLUaeTCs C yBeNMYEeHWEM MOLLHOCTU ca-
Moro agurarensi. Ans TpexypoBHEBbIX NpeobpasoBarteneii 4ONONHUTE IbHbIE NOTEPU MeHbLUe: 06bI4HO OT 0,2
80 1% OT HOMWHasIbHOM MOLLHOCTW.

Mpn nuTaHWn OT npeobpasoBaTesnis Be/iMyMHa W Xapaktep AOMNONHUTESbHbLIX NOTEPb 3aBUCAT OT KOH-
CTpYKUMKM ABuraTens, Tuna u napameTpos npeobpasoBartens, a Takke OT UCMOJb3yeMblX (UILTPOB.

O6waa cymma A0Mno/IHUTENbHBIX NOTEPb, BbI3BAHHbLIX rAPMOHMKAMU, YMEHbLUIAETCHA C yBE/IMYEHNEM Ya-
CTOTbl NepektoyeHnsa (CM. PUCYHOK 4). ITOT adppekT BbIi3BaH HEBGONbLIVMMK [OMNOJIHUTENIbHBIMU NOTEPAMU
06MOTKM NPU BbICOKMX YaCTOTax NepekioyeHuns.

P

1— cymmapHble NoTepy OT rapMOHUK; 2 — rapMOHUYECKUe NoTepy B 06MOTKaX;
3 — rapmoHuyeckue noTepu B CTasm

PrcyHok 4 — Tpumep 3aBUCMMOCTU NOTEPb B 3/1EKTPUYHECKOV MaLLUMHE, Bbi3BaHHbIX rapMoHukamu Ph
oTHOCUTEeNbHO noTepb Pfl, Ha paboueil yacToTe £ 1 yacToTe KOMMyTauuu fs B cayyae nutaHus
OT IBYXypPOBHEBOI0 MHBEPTOpPa HanpseHus
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5.2 ICTOUYHMKMN JONONHUTENbHbLIX MOTEPL NPU NUTAHUW OT MHBEPTOpa M CNocobbl
UX ycTpaHeHus

M3-3a nynbcaumii Ha BbIxo4e nNpeo6pasoBaTens MOMHOE CONPOTUB/EHWE ABUraTens 3aBUCUT OT YacTo-
Tbl. [oTepy B 3TOM CONPOTMBAEHUU OGYC/OB/IEHbI B OCHOBHOM HanMyMeMm MOBEPXHOCTHOro adhcpekra B mpo-
BOZHMKax (TNaBHbIM 06pa3oM, B CTEPXHAX pOTOpa, B HEKOTOPbIX CMy4asx B NPOBOAHMKAX cTaTopa), a Takke
BMXPEBbLIMU TOKAMM B 30HaX MOTOKa paccesHus (0CO6EHHO B IMCTax MarHATONPOBOAA).

[ononHntesnbHble NMOTEpU U3-3a MPUMEHEHUS NpeobpasoBaTenss MOryT 6biTb MUHUMU3MPOBAaHbI pa3fny-
HbIMU KOHCTPYKTUBHBIMWU MepamMu:

- MpYMEeHeHneM poTopa C MeHbWUM KO3 hUNEHTOM NMOBEPXHOCTHOrO ahdhekTa,;

- NPYMeHeHNeM 06MOTKM CTaTtopa C MeHbLUMM KO3 (PULMEHTOM NOBEPXHOCTHOrO 3hheKTa;

- NPMMEHeHneM poTopa C OTKPbITbIMK Nasamu;

- NpefoTBpaLleHNEM KOPOTKMX 3aMblKaHWUii MeXAay McTamMmu poTopa;

- YMEHbLUEHNEM TONLLUMUHBI IMCTOB cTatopa 1 potopa A/18 YMeHbLUEHNSA NoTepb OT BUXPEBbIX TOKOB;

- YMeHbLUeHMEeM MNOoTepPb OT BMXPEBbIX TOKOB MOCPEACTBOM Apocceneil nav uibTpos.

5.3 YMeHbleHe noTepb B ABUraTene ¢ NnomMoL,bio npeo6pa303aTenﬂ

5.3.1 YMeHbllIeHMe OCHOBHbIX NOTEpPb

PuUcyHOK 5 nnnocTpupyeT BENNYMHY NOTEPL B ABUraTene MowHocTbio 37 kBT, 50 U, KOTOpbIii nuTaeTcs
OT UCTOYHMKA CMHYCOMAANBHOIO HaMPSXXEHMSA 1 OT MHBEPTOpa HaMpPsXXEeHUS € 4acToTOl KOMMyTauum umnysb-
coB 5,5 k'L, B pexume X0/10CTOro Xo4a U nNpu HOMUHANBbHON Harpy3ke. MOXHO BUAETb, YTO AONONHUTESNbHbIE
noTepu nNpu NUTaHWM OT UCTOYHMKA C LUMPOTHO-UMNYILCHOM MoAynsAuneli masabl N0 CPaBHEHWMIO C OCHOBHbIMU
noTepsiMu.

0 20 40 60 80 100 120
f, 'y

A — nonHas Harpyska, LUMM-nutanne; B — nonHaa Harpyska, cMHycouaasibHoe nuTaHue;
C — 6e3 Harpysku, WWM-nutanue; D — 6e3 Harpysku, CUHycouganbHoe nuTaHue

PucyHok 5 — 3aBUCMMOCTb M3MepeHHbIX NoTepb PL OT yactoTsl f, Harpy3kn v Tuna nutaHus

[NaBHbIM MPEVMYLLECTBOM NUTaHWA ABUraTesisi oT npeobpasoBaTens SIBASETCS BO3MOXHOCTb perynu-
POBKM MOTOKA B 3aBUCUMOCTM OT Harpy3ku (Hanpumep, yMeHblUeHWe NMOToKa NpU HEMOJIHOW Harpyske), 6naro-
[lapsi YeMY CHUXKAKTCA OCHOBHbIE MOTEPU, KOTOPbIE 3HAYUTENLHO BbILIE AONOMHUTENbHbIX. Takas «onTumusa-
UMA MOTOKAa» YacTo WUCMOJIb3YEeTCs B HACOCHbIX U BEHTUASILMOHHLIX YCTAHOBKAX, A/151 KOTOPbIX HEOGX0ANMBIiA
MOMEHT MNponopLuoHaneH KeagpaTy CKOPOCTW. MpU HU3KMX CKOPOCTSX BpallalouiMii MOMEHT 3HaAUYUTENbHO
MeHblle, NO3TOMY OH MOXET ObiTb CO34aH Npu Gosee cnabom NOTOKE U, CNefoBaTesfibHO, C 6onee HU3KUMU
notepsiMu B ABuraTene.

TOT e NPUHLWMN UCMOMb3YETCs MPU «HENPEPbIBHOM YNPaBAEHUN KOIPHULNEHTOM MOLLHOCTU» B MpU-
MEHEeHUsIX, Te MOMEHT WU CKOPOCTb Harpy3kn M3MeHsitoTcs. MOToK ABUraTens perynvpyercs Takum o6pa-
30M, 4YTOBbI TEKYLMIA KO MULMEHT MOLHOCTY OCTaBa/IC ONTUMAsTbHbIM.

OCHOBHble MOTEPV MOTYT 6bITb Takke YMeHblleHbl M3MEHEHVWEM NapameTpOB MPOMEXYTOUYHOrO 3BEHa
MOCTOSIHHOTO TOKA.
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5.3.2 YMeHblUeHVe JO0NONHUTENbHbIX NOTEPbL NPU NUTAHUKU OT UHBEpPTOpa

[ononHutencHble NnoTepu, 06ycnoBieHHble NPUMEHEHMEM Npeobpa3oBaTesnsi, MOryT 6biTb CHUXEHbI Mo-
CpPeLCTBOM YMEHbLUEHNS rapMOHUYECKMX COCTaB/IAILINX BbIXOAHOIO HanpshkeHuss npeobpasoBarens:

- onTMMU3auuein nocnesoBaTelbHOCTA UMY bLCOB;

- YBE/IMYEHMEM YACTOTbl KOMMYTauuuW, MpU KOTOPOM, Kak MpaBw/o, AOMNOMHWUTENbHbIE MOTEPU 3HAYU-
Te/IbHO CHWXAOTCS NPY YBESIMYEHUWM YacTOTbl My/bcauunM Ha Heckosbko KM (CM. pucyHok 6). OaHako ¢ po-
CTOM 4acTOThbl My/nbCcauuy yBENNYMBAKOTCS MOTEPM Ha KOMMyTauMio B npeobpasoBartene (CM. pucyHok A.1), B
nTore cyMmMa noTepb MYHUMasibHa Npy YacToTe B Heckosbko K. [na npeobpasoBaTeneil ¢ peneiHbiM ynpas-
NleHnemM wan cnyyariHol 4acTOTOW LUMPOTHO-MMMNY/NLCHOM MOAYNSAUUM NPUMEHSEeTCS ycpefHeHHas vactoTa
KOMMYyTauuu, KoTopasi MOXeT 3aBMCETb OT HaMpPSHKEHUS U TOKa,;

- MPUMEHEHNEM MHOrOypOBHEBOro npeobpasoBarersi.

PucyHok 6 — 3aBMCUMOCTb A0NOAHUTENbHbLIX NOoTepb APL OT yactoTbl kKommyTauun f
npu OCHOBHOW 4YacToTe 50 Iy (ABMraTtenb TOT Xe, YTO Ha puUcyHke 5)

5.4 cnonb3oBaHne (UNLTPOB AN CHUXEHWUA AONONHUTE NbHbLIX NOTepb B ABUraTesne
npu NUTaHuUU oT npeo6pasoBaTens

®UNbLTPLI HA BbLIXOZE MPeo6pasoBaTens UCMOMb3YHTCA AN YMEHbLUEHWUs aMnauTyabl W NPOWU3BOAHON
HanpsKeHnsi, KOMMYTUPYEMOTO C BbICOKOI 4acCTOTOW, NPy 3TOM OHM HE BAWSIOT CYLLECTBEHHO HA HU3KoYa-
CTOTHOE pe3ynbTUPYIOLLEe HanpshkeHve, nojaBaemMoe Ha asuratenb. O6LWMIA 3hdhekT 3aBUCUT OT XapakTepa
Harpysku 1 napameTpoB AuUratens v unbTpa. MageHne HanpsxeHns Ha uabTPe YMEHbLIAeT NoABOANMOe
K ABMraTento HanpskeHne, UYTo AO0/HKHO ObiTb MPUHATO BO BHUMaHWE BO M36exaHue YBefMUeHUst OCHOBHbIX
TOKOBbIX NOTEPL B ABUratene. Kpome Toro, B (ouibTPe BO3HMKAKOT NOTEPU, HO OHW BYAYT HUXKE, YUEM COKpallie-
HUe LOMOSHATENbHBIX NOTEPb M3-3a MUTaHUA OT Npeo6pasoBaTesis, U TakuM 06pa3oM NosHbIi KMNJ anekTpo-
npuBoAa yBEMUMBaeTCs.

Kpome cokpalleHus [oMoMHATENbHbLIX NoTEPb B ABUraTene Npu NUTaHuuM OT npeo6pasosatens, Takue
OUNbTPbLI COAENCTBYIOT YMEHbLUEHWIO NEepeHanpsXeHuit Ha 06MOoTKax ABUraTensi, YMEHbLUEHWIO My/bcaluii
MOMEHTA U Y/YULIEeHUI0 3N1EeKTPOMAarHUTHOM coBmecTumocT EMC (cMm. 9.2). OfiHako AMHaMUKa 31eKTponpu-
BOAA YXYALWTCS, MOTYT 6bITb U ApYre OrpaHUYeHnst 13-3a NafeHnst HanpskeHns Ha uabTpe.

5.5 BnuaHvne temnepatypbl Ha pecypc

OCHOBHble 1 JOMONHUTENbHbIE NOTepu, 06YCNOBMEHHbIE Harpy3koi Asuratens u Hopmoi BbIXOAHOTO
HanpshkeHus1 npeobpasoBaTens, npeobpasyloTcs B Tensio B 06MoTkax gsuratens. MpuuvHoi Harpesa fBura-
Tens MOXeT 6bITb YXY[LIEHNE OX/TaXAEHNA B CBA3N C M3MEHEHVEM CKOPOCTHOIO pexuma.

ECTb Heckonbko cnoco6oB NpeoTBpaTuTb 3TOT aeKT:

- UCNOMNb30BaHNE CUCTEMbI HE3ABMCUMOrO OXNaXaeHus, Takoi kak ICOA6 nan IC1A7 (cm. M3K 60034-6)
ONS ABUratens ¢ BO3A4YLIHbIM OX/TaXAeHUEM,;

- cnonb3oBaHWe n3onsauMm 6osee BbICOKOro knacca Harpesa (cm. IEC 60034-1);

- NOSIHas KOMMeHcauus TemnepaTypbl oKpyxatoluei cpefbl (cMm. IEC 60034-1);

- yBe/iMyeHve rabapuTos Asurarens;

- onTumMu3aLma @opMbl BbIXOAHOIO HanpsxeHns npeobpasoBartens.
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n puMedyaHue — T[loBbILEHHbIE TEMNEPATYPbI MOMYT 3aTPOHYTh HE TOMbKO U3OMALUIO 06MOTOK ABUraTens, Ho
TakKe U CTeneHb CMa3Ku NoaLLUNNHUKOB U, criejoBaTtenibHO, UX pecypcC.

BrniusiHne nepemeHHol Harpy3kym U CKOPOCTU Ha TeMneparypy 06MOTOK ABUraTens xapakrepusyercs pe-
XUMOM paboTel, 4To onucaHo B IEC 60034-1. Camble nogxoasiume pexxMmMbl paboTbl ANs ABUratenen, nu-
Taemblx OT npeoBpasoatens, — S1 u S10. Pexxum S1 npegycmarpuBaer MakCUMaribHYK paspeLleHHYIo
TeMneparypy, Toraa kak S10 (pabota ¢ nepeMeHHON Harpy3kom u CKOPOCTbIO) AONYCKAeT KPaTKOBPEMEHHbIE
TeMnepartypHble Neperpysku, KOTopble NPEBbLILIAIOT TeMMNepaTypHbIi Npeaen Ans 3Toro TENnoBOro Knacca.
TemnepatypHble npeaenbl ykasaHol B IEC 60034-1:2010, dhopmyna AnA BblYMCIEHUA TENMOBOro pecypca
npuBeAEHa B NPUMOXEHUU A HACTOALLErO cTaHaapTa.

5.6 OnpegeneHune ko3 puULMeHTa NoNe3HOro AeCTBUA ABUraTens

PekoMeHayeMble MeToAbl AnA onpeaeneHna koadyduumeHta nonesHoro gevcreua (KMNQ) asuratena
AaHbl B IEC 60034-2-1 n IEC 60034-2-2. HoBbIN METOA OnNpeaeneHns rapMOHUYECKUX NOTEPb B aCUHXPOHHBIX
ABuratensx, nMTaeMblX OT UHBEPTOPOB HanpsxkeHus, npeacrasneH B IEC 60034-2-3.

Mpu HeobxoaumocTn Gonee TOYHOrO onpeaeneHus obwmx noTepb (Bknovas ao6aBoqHbIE NOTEPU OT
rapMOHWK) OHU AOMMKHbI ONPEAEensATbLCH C Y4ETOM UCMOMb3yeMOoro npeobpasoearens.

6 Lym, BUOpauusa u KpyTurnbHble KonebaHus

6.1 lym

6.1.1 OO Me NoNoXeHus

Mpu pabote npeobpasosarens NOABNAIOTCA TpW ¢akTopa, HENOCPEACTBEHHO ONPEAENSAIOLNE YPOBEHD
wyMma:

- U3MEHEHNEe CKOPOCTU BPALLUEHMS OT ONM3KON K HYMIO A0 MPEBbILLAIOLIEH HOMWUHANbLHYIO; Henocpea-
CTBEHHOE BMUSIHME OKa3bIBAOT NOALLUMMHUKM, X CMA3Ka, BEHTUNAUMS, a Takke apyrue akTopbl, CBA3AHHbIE
C U3MEHEeHUeM TeMMNEepPaTypsl;

- YacToTa U rapMOHUYECKMIA COCTAB HamNMPSHXKEHUA NUTAHUA ABUraTens, OKa3blBAIOLUME 3HAYUTENBHOE
BMWSAAHWE HA MarHUTHbIE LLUYMbl B CEpAEYHUKE CTaTopa U, B MEHbLLEW CTENEHU, Ha WYM B NOALUMNHUKAX;

- TOPCUOHHOE U paauansHoe BO3OyXxaeHne B cepAeqHUKE CTaTtopa u3-3a B3auMOAENCTBUA MarHUTHbIX
nonew pasnuyHon 4acToTbl B BO3AYLUHOM 3a30pe ABUratens.

6.1.2 BnusAHne CKOPOCTU Ha YPOBEHb WyMa

6.1.2.1 MNMoAWMNHUKN CKONBbXEeHUs

YpoBeHb Lyma, NpouM3BOAUMOro NOALUMMHUKAMU CKOMBXKEHUS, CYLLUECTBEHHO HE U3MEHSETCA.

6.1.2.2 MoaWwWmnnHUKN Ka4eHus

YacToTa LWyMOB, NPOU3BOANMbIX MOALUMMHUKAMU KAYEHUS, HEMOCPEACTBEHHO 3aBUCUT OT CKOPOCTH Bpa-
weHus. Ecnu nogwmnHmkm paboTatoT TUXO H8 OCHOBHOM CKOPOCTU, TO MarnoBEpPOSiTHO, YTO YPOBEHb LUyMa
3HaYUTENbHO U3MEHUTCA NPU MEHbLLEH CKOPOCTU. OAHAKO KOrga CKOPOCTb PACTET Bbille OCHOBHOM, BO3MOX-
HO 3Ha4YWUTENbHOE yBENUYEHUE YPOBHSA LLyMa NoA AeiCTBUEM rapMOHUK OCHOBHbIX YacTOT U3-3a CKOSMbXKEHUS
KaTALWUXCH arnemMeHToB. MNposBneHue 3Toro adpdekra pe3ko YCUNUMBAETCs C yBenuyeHmem akrtopa CKOpoCcTH
6onee yem Ha 180 000 (auameTp NOALUMMHMKA B MM, YMHOXEHHbI Ha 4acToTy BpaLleHust B 06/MuH). OnbIT no-
Ka3bIBaET, YTO NOBLILLEHMWIO YPOBHS LLIyMa MOXHO NPOTUBOCTOATh, YIYYLLUB MPOLIECC CMa3KK MCMNOMNb30BaHUEM
MacnsiHOW BaHHbI UK CMa3biBaHUEM napamu macna.

Mpu paboTe Asuratens Ha NpeaensHO BbICOKMX CKOPOCTAX B AOMYCTUMOM AManasoHe Temneparypa B
noaLuMnHMKax 6yAeT Bbllle, YeM Ha HU3KUX CKOPOCTSIX. [109TOMY BaXHO y6eaUTLCSA B TOM, YTO B KOHCTPYKLIMK
3anoXeHbl aAeKBaTHLIN HOMUHAMBLHbIA 3a30P U/UNKU AEMMIMUPYIOLLUIA MOHTaX.

Mpu HU3KNX CKOPOCTSAX BMNOMHE NPUroAHA KOHCUCTEHTHAA CMa3ka NofLUMMHUKOB.

6.1.2.3 BEHTUNALUNOHHDIWA LLUYM

YpoBeHb LyMa OT yCTaHOBMNEHHOro Ha Bany BEHTUNATOPA NPMOMMXEHHO COOTBETCTBYET XapaKkTepu-
CTUKE, NOKa3aHHOW Ha pucyHKe 7 (AN NMMHENHOW CKOPOCTU Ha nepudepumn BeHTUNsATOpa Ao 50 m/c). Ypo-
BEHb LLYMA CHUXXaEeTCa NnpUuMepHo A0 15 oB npu CHWXEeHUN CKOpoCTU Ha 50 % U yBENMYNBAETCS NPUMEPHO
A0 10 AB npu TakoM xe yBEenU4YEeHU CKOPOCTU. ECnn aneKkTponpuBoa HEPEBEPCUBHBII, TO 3PeKTUBHOE
CoKpalyeHue wyMa MoxeT BbiTb JOCTUrHYTO Bnarogapsi UCMOSb30BaHUIO BEHTUMATOPA C HECUMMETPUY-
HbIMWU NONAacTAMMU.

13



FOCT IEC/TS 60034-25—2017

PUCYHOK 7 — 3aBUCUMMOCTb U3MEHEHUs LyMa BeHTUNsaTopa AS OT OTHOCUTe/bHOI
cKOpoCTM R BpalleHus BEHTUNATOpa

6.1.3 Lym OT MarHUTHOro noToka

MarHWTHbIA LyM CYLLECTBEHHO 3aBWCUT OT PacTArMBaloLnX YCUAUA, BO3HUKAKOLWMX B paaManibHOM Ha-
npaBfieHNn pacToyku ctatopa. 3TU Cunbl, Ha3biBaemble cunamm Makcsenna, Bo30OyXaalTcs OT B3aumomei-
CTBMS MarHWTHbIX NOMei B BO3AYLIHOM 3a3ope. [aHHble YCWIus XapakTepusylTcs amnavTygon, 4acToToWn
1 chopMoii. Mpn mManbix aMNAnTygax pacTarmBallime ycunmsa nNpuBOAST K YCUNEHMIO 3BYKa /Wb B c/yyae
coBnageHns Ux 4acTtoTbl 1 hOPMbl C YACTOTON COBCTBEHHbIX KONebaHnin KOHCTPYKUMUM cTaTtopa.

B cnyyae cuHycouanbHOrO NWTAHUS MArHUTHBLIA LWYM BbI3BaH MPOCTPAHCTBEHHLIMU FaPMOHUKaMU
nons B BO3AYLIHOM 3a3ope. Llenb npod)eccuoHanbHOro NpoeKTMPOBAaHWSA 3M1EKTPUYECKO MaluMHbl — WU3-
6exarb pes3oHaHca Npu HOMWHA/IbHOM pexume ee paboTbl. OfHako BBUAY 60/bLIOT0 pasHoobpasnsa npo-
CTPaAHCTBEHHbIX TAPMOHUK MO CAbIWVMbIA MarHUTHbIA LWYM Heus6exeH npu onpefeneHHbIX CKOPOCTSX,
Korga anekTpuyeckas mMallvHa pabotaeT npy NOCTOSAHHOM MOTOKE B LUMPOKOM Auana3oHe HacTpolku CKOpo-
CTU, Aaxe Korga HanpshkeHvue nuTaHus SBAsSieTCA CUHycouganbHbIM. Bo nsbexaHue CAUWKOM WUHTEHCUBHOM
LLYMOBOW amMuccum atheKTUBHLIM HACTO ABASETCA 06X0f4 HEOOMbLINX PE30HAHCHbIX 30H. 3TO 03HaYaeT, YTo
MPUYMHON MarHWTHOTO LWyma fBNseTcs He crneunduka npeobpasoBartenis, a NepemMeHHas yactoTa CUMHYCO-
NAANbHOTO MUTaHUS.

Korga asuratenieM Hy>HO ynpas/isTb B LUMPOKOM CKOPOCTHOM AManasoHe, pe3oHaHC HeusbexeH u3-3a
nepeMeHHol YacToTbl NUTaHWsA. ATOT adhDEKT CBA3AH He CO CBOMCTBaMM NpeobpasoBaTesnsi, a C nepemMeHHoM
4acToTOi CHHYCOMAANbHOTO HaNPSHXKEHUA NUTaHUS.

[na psvraTeneil, nuTaemblX OT NpeobpasoBaTesis, HYXHO TakkKe YUUTbiBaTb B/USHUE MEPEMEHHbIX B
NpoCTpaHCTBE MoJieil ABuUraTens, Bbi3BaHHbIX rapMOHMKaMy TOKOB cTaTopa W potopa. B cBs3u ¢ 3TM BaxHO
MOHSATb, YTO NPV NPOEKTUPOBAaHMM 31EKTPONPUBOLA CO3[aHMEe ONTUMasbHBIX MO YPOBHIO LUyMa pPeLleHnin He-
BO3MOXHO 6€3 corniacoBaHHOW paboTbl KOHCTPYKTOPOB ABurateneil 1 pa3paboTynkoB npeobpasoBartenei.

OnbIT NoKa3bIBaET, YTO NPU YacToTe KOMMYyTaLuM UMMY/bCOB MeHbLUe YyeM 3 KL, 4acToTbl rapMoHuYye-
CKUX COCTaBAAOWMX MOTYT BbITb 6/IM3KN K €CTECTBEHHbIM YacTOTaM KoebaHuil KOHCTPYKTUBHbIX 3/1EMEHTOB
cpefHuX 1 60NblLMX ABUraTeneil, npegHasHauyeHHbIX 415 paboTbl B LULMPOKOM Avana3oHe cKopocTeil. B Takux
cny4yanx npaxkTU4eckm HeusBexHbl PeXxmMbl pe30HaHCa B HEKOTOPbIX 30HaxX CKOPOCTHOro AuanasoHa (CM. pu-
CYHOK A.2). Pe3oHaHCHble 4acToTbl ANnst pexnmoB r=0 nr = 2p (CM. pucyHok 8, pexumsl 1= 0; 2 n 4) H1Xe,
yeMm 2,5 KU ANS ABYX- M YETbIPEXMNO/OCHBIX ABUratesneli ¢ BbICOTOW Bana 6onee 315 mMM. MNogyvyepkHEM, UYTO
TEHAEHLMA yBENMYEHNA YacToTbl NpeobpasoBatens Ao 4 wam 5 kl'y v Bbiwe nprBefeT K BO3MOXHOCTU MOSiB-
NleHVs pe3oHaHca U B CYLLLeCTBEHHO MEHbLUUX ABUraTensx.

Mpn nuTaHun pgBuratens oT npeo6pasoBaTenis C LIMPOTHO-UMMYNLCHOW MoAgynsuuelr npupaiieHvie
LyMa, Mo CPpaBHEHWIO C YPOBHEM LUyMa B TOM Xe ABuratesie npy nuTaHnuy oT CUHYCOMAas/IbHOrO UCTOYHUKA,
ABNAETCA OTHOCUTENbHO HebosbwmnM (Heckonbko AB/A) gna yacToTbl kKOMMyTauun Bblwe 3 Ky, Mpu 6onee
HU3KMX YyacToTax KOMMyTauum yBesimyeHue LyMa MOXeT ObiTb cyulecTBeHHbIM (80 15 ab/A). B HeKoTopbIX
COBpPEMEHHbIX Npeobpa3oBaTensx ¢ LUMPOTHO-UMMY/bCHOV MOAY sALUMel ye He NCNonb3yTcs (PUKCMPOBaH-
Hble YacTOTbl KOMMYTaLUuu, NO3ITOMY OHW SABNAOTCA UCTOYHWUKOM LUMPOKOTrO CrneKTpa AO0MO/IHUTENIbHbIX YacToT.
TakvuMm 06pas3oMm, POCT YPOBHA TUMUYHBLIX U UHAWBUAYANbHbIX LYMOB ABUTaTens MOXeT OblTb 3HAYUTEIbHO
orpaHuyeH.
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PrucyHok 8 — Pexumbl BUbGpauum cepgeyHuka cratopa

MoxeT BO3HUKHYTb HEO6XOAMMOCTb CO3[aHUA «4aCTOTHOro OKHa» B paboyem guanasoHe CKOPOCTW BO
n3bexaHne pesoHaHca Ha onpefle/leHHbIX YyactoTax.

OueHka yBenuueHus wyma npu paboTte gsuratens oT npeobpasosaTtena npusegeHa B IEC 60034-9:2007
(paspen 7).

6.1.4 OnpepgeneHne ypoBHSA LyMa W ero npegernsl

6.1.4.1 MeToAbl n3mepeHus

YpoBHU WymMa [O/KHbI onpeaensATbcs B cooTBeTcTBuM ¢ IEC 60034-9 (cm. 6.1.4.2).

6.1.4.2 YcnoBusi npoBefeHnNss N3MepPEHU

[Buratenb AO/KEH 6biTb XECTKO 3aKpernjieH Ha MOBEPXHOCTW, COOTBETCTBYHOLWEN 3KcnayaTalnoHHOM.
N3mepeHns [0/mKHbl 6bITb NpoBeAeHbl MPU NUTAHUW ABUTaTeNs OT npeo6pasoBaTensi, aHaNOrMYHOIO UCMOSb-
3yeMoMy Ha MpakTuKe.

B KkauyecTBe anbTepHaTMBbl WU NPEeANOYTUTENbHO AN1A MalWH GONbLIOA MOLLHOCTM W3MEPEHUS MOXHO
BbINO/IHUTL M 6€3 Harpy3kn Npy NOCTOSAHHOW CKOPOCTU, UCMOSb3YS UCTOYHWUK CUHYCOUAAbHOIO HanpsxeHus.

6.1.4.3 MNpefenbHble YPOBHU LLyMa

MpepenbHble YpoBHY 3BYKOBOro LWyma onpegeneHsl B IEC 60034-9:2007, B Tabnuue pasgena 7 KoTopo-
ro NPVBEAEHbI 3HAYEHNSA OXMAAEMbIX NPUPALLEHUIA YPOBHS LUyMa ABUratesneil, nutaemblx OT npeo6pasosarte-
nein pasnnyHoro Tvna.

6.2 Bubpaumnsa (6e3 yyeta KpyTUIbHbIX KONebaHnin)

6.2.1 O6wue nonoxeHuns

YpoBeHb Buvbpaumun, Npou3BOAMMON ABuUraTenem, NUTalLmMMca OT npeobpasosartens, 3aBUCUT OT crie-
OyoLmnX hakTopoBs:

- KOHCTPYKLMN 3N1EKTPOMArHUTHON cUCTeMbl ABUraTens;

- ocobeHHoCTe Kopnyca ABuraTens;

- KpenseHus Asurarens K OCHOBaHWIO;

- XeCTKOCTW Basna;

- XECTKOCTW CLEeNIEHNs Mexay BasioM ABuUratens u paboynum opraHom;

- hopMbI BbIXOAHOTO HamnpshxeHUs npeobpasosaTesns.

Ecnn npeo6pasosatenb UMEET NpUeMsieMble BbIXOAHbIE XapakTepUCTUKM, a Takxke Mnpy Hag/exallem
COCTOSIHUM MEeXaHW4YeCcKon yacTu ABUraTens v ero Kpenexa, ypoBeHb BMOpauuii, co3faBaemblx 3TUM ABUra-
TefieM, OCTaeTCs TakMM Xe, Kak U Npu ero nuTaHuM OT CMHYCOMAANbHOTO UCTOYHMKA. Takum obpasom, ans
ABurateneit, nuTaemblx OT npeo6pasoBaTesnieil C LUMPOTHO-UMMYILCHOW MOAyNnsumen, HeT HeobxoaAMMoCTU
ycTaHaB/MBaTb YPOBHW BUGpaunM, OT/IMYHbIE OT TeX, YTO YCTAHOB/EHbI A5 ABUrateneli, NuTaemMbiX OT CUHY-
conpasnbHbIX UCTOYHMKOB, a Takxe npusefeHHbix B IEC 60034-14.

B IEC 60034-14 npuBefeHbl OMbITHble Npegensl Bubpauun ons gsurateneid, cBO6G0OAHO YCTaHOB/IEH-
HbIX W XXECTKO 3aKpenneHHbIX. [MonyyYeHHble OMbITHbIM MyTEM rpadivikyu OTpaxalrT ypoBeHb BuGpauuu, npo-
M3BEJEHHBIA HU C YEM He COefMHEHHbIM ABUratenem npu onpefesieHHbIX YC/I0BUAX ero Kpenexa, a Takke
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oTpaxkaloLLmii ero kKa4ecTso B LiernoM. Kora asuratens ABAAETCA 4acCTblo peanbHOW YCTAHOBKM, COEAUHEHHOMN
¢ pabounm opraHom, ypoBeHb BUGpaLmm 6yaeTt MHbIM.

Ana aBuratens, COEAMHEHHOTO ¢ pabo4nm opraHoM, €CTb PUCK NONaAaHUs B 30HbI MEXaHUYECKOTO pe3o-
HaHca npu paboTe B LULMPOKOM CKOPOCTHOM Auana3oHe. [Ana pelueHns 31oi npobnemMbl MOXHO 3anporpammu-
poBaTb KOHTPOMNEP TakK, YTOObI YACTOTbI MEXAHUYECKOTO pe30HaHCa Obinu «nponyLueHbl» (cM. 4.3.8).

MockonbKy MHOXKECTBO (DAKTOPOB, BAUAIOLMX HA YPOBEHb BUGpALIMK, 3aBUCUT OT YCTAHOBKM B LIESIOM,
TO peLueHne 310N NPoOneMbl HEBO3MOXHO TONbKO Ha 3Tane Bbibopa cOBCTBEHHO ABUraTensl.

6.2.2 OnpeageneHue ypoBHsi BUGpauuu u ero npeaensl

6.2.2.1 Metog namepenus

YpoBHM BUOpaLmMKn AOIMKHLI onpeaenaTbes B cootTBeTcTBUM ¢ IEC 60034-14 (cMm. 6.2.2.2).

6.2.2.2 YcnoBusl NpoOBEAEHUA N3MEPEHUN

JKenartenbHO XECTKOE 3aKkpernsieHue ABUraTtens Ha MOBEPXHOCTW, COOTBETCTBYIOLLEN IKCNNyaTauuoH-
HOW. N3MepeHns AOMmKHbI ObiTb NPOBEAEHbI NPU NUTAHUW ABUraTensa oT npeobpa3oBaTtens, aHanorn4Horo
peanbHO UCMOSb3yeMOMY.

Mpu cornaweHmn mMexay M3rotoButenem U notpebutenem U3mepeHnst MOXXHO BbINONHUTL 6e3 Harpy3ku
nNpu NOCTOSAHHON CKOPOCTH, UCMOMb3Yys Npeobpa3sosaTtenb UM CUHYCOMAAnbHBIA UCTOUHMK.

MpumeyaHue 1 — CneaoBaHue 3TON peKOMEHAALMN MOXET 3HAYUTENBHO YBENUYUTL BPEMA UCTILITAHUIA, YTO
cooteeTcTByeT |IEC 60034-14.

MpuMmevyaHune 2 — [InA M3MepeHuii Ha MecTe cnepyeT obpaTuTbea k pekomeHgaumnam ISO 10816-3.

6.2.2.3 MNpeaenbHble YpoBHM BMOpauui
Mpu npoBeaeHuM ONbITa B YCNOBUAX, ONpeaeneHHblxX B 6.2.2.2, xenartenbHo, 4Tobbl Bubpauus, usme-
peHHas B KOpNyce NOALLMIMHUKA, HE NpeBbilana ypoBHa A, npuseaeHHoro B Tabnuue 1 IEC 60034-14:2007.

6.3 KpyTunbHbie kone6anna MOMeHTa

MOCTOSHHBI BO BPEMEHU MOMEHT, OOYCNOBAEHHbIN FAPMOHMKAMK, OKa3biBAae€T HE3HaYMTENbHOe BIU-
fiHMe Ha paboTty asurarens. B otnmune ot Hero npu nuTaHum ABuratens ot npeobpa3osaTens Ha Bany BO3-
MOXHO MOsiBNEeHUe KonebaHuii MOMEHTa, YPOBEHb M YacTOTa KOTOPbIX MOTYT Bbi3BaTb BUOpaUui0 MOMEHTa B
MexXaHW4eCcKkn CBA3aHHOW cucteMe B LEnom. Takaa cuctema AoimkHa ObiTb TLATENLHO NpOBEpeHa AnA npe-
JOTBpAaLLEHUA paspyLIAOLLMX MEXaHUYECKUX PE30HAHCOB.

Mpu ncnonb30BaHUM MHBEPTOPOB C LUMPOTHO-UMMYNbLCHON MOAYNSAUMEN 4acToTa OCHOBHbIX konebaHui
MOMEHTA ONpeaendaeTca YacToTon KOMMyTauuu, a aMnNAuTyaa — WMPUHOW UMNYNLCOB. Tak, aMNAnTyAb! KO-
neGaHuin MOMEHTa MOTYT NpeBbIWaTh 15 % HOMMHANBLHOrO BpALLAIOLWLEro MOMEHTA NPU YCNOBUK, YTO YacToTa
KoMmmMmyTauuu npesbilwiaeT B 10 pa3 obbluHyl0 YacToTy nepexoaa. Mpu 6onee BLICOKUX YacTOTaX KOMMYTaLUK
(nopagka 21-kpaTHoii f;) 4acToTebl koneGaHuin MoMeHTa 6f; u 12f; npn npaBuNLHOM hopMHUpPOBaAHUM NMNYIIb-
COB (HanpumMep, Npu CUHYCOMAANbHOW UM NPOCTPAHCTBEHHO-)A30BOW MOAYNALMM) NPAKTUYECKU HEe3aMeT-
Hbl. MOMUMO 3TOro BO30yXaaTca konebaHua MOMEHTa ABOMHON YacTOTbl KOMMYTaunMu. OaHaKO OHU He Bbli-
3bIBAIOT 3HAYMMOTO BIMAHMA 4O TEX NOP, MOKa MX YaCTOThbl Janekn OT KPUTUHECKUX 4acTOT MEeXaHM4eCKon
yactu npusoaa.

ACUMMETPUSA BbIXOAHOIO HanpshkeHusi npeobpasoBaTens npeaonpeaensier nNosiBFIEHWe NOCTOSAH-
HOW COCTaBMAIOLLEN TOKA M TOKOB 0OpaTHOM MOCneaoBaTenbHOCTU, CNeACTBUEM YEro ABNSAETCA nossne-
Hue 1-i Unn 2-it rapMOHMKK B KONeBGaHMsAX MOMEHTA, YTO JOMKHO ObiTb MCKNIOYEHO. JOMKHO ObiTb NPUHATO
BO BHUMAaHWE TO, YTO MOCTOAHHbIN TOK OFPaHUYEH TOMbKO aKTUBHbLIM CONPOTUBIEHNEM, @ TOKU OTpuULaTEnb-
HOW NOCNEeA0BATENBHOCTU — MOJHLIM CONPOTUBMEHNMEM KOPOTKOrO 3aMblKaHMA, NOATOMY Marble Hanpsxe-
HUA aCUMMETPUM NMPUBOAST K JOCTAaTOMHO BbICOKMM aCUMMETPUYHbIM TOKaM U, Kak cneacTteue, K konebaHu-
M MOMeHTa. 3Tu KkonebaHms ocobeHHO onacHbl NpU NonagaHuu B YacTOTy pe3oHaHca Bana. KonebaHus
MOMEHTa MOTYT NMPUMBOAUTbL K NOBPEXAEHUAM U3-3a 3a30POB B PEAYKTOPe, CLENNeHnn U Npovymx coegmHe-
HUAX Bana, ecnu nepejaioLime MOMEHT SNEMEHTbl MEXaHWMYEeCKOW YacTn B COCTOSIHUM Pa3beauHMTLCA U
COBEpPLUMTL «0BpaTHbIN yaapy.

7 MepeHanpsixXeHUs Ha U3onNauMn aBuUrarTens

7.1 O6wue nonoxeHus

Mpu nuTaHum ot npeoGpasoBaTens cucTeMa M3oNAUUM ABUTaTeNs HaxXOAWUTCH MoA AeicTBuem Gonee
BbICOKOTO HaMpsHKEHUS!, YEM NPU NMUTAHUU OT UCTOYHUKA CUHYCOUAANBHOTO NEePEMEHHOrO Toka.
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7.2 TpnW4YnHbI NepeHanpsXeHni

dopmMa HanpshKeHust Ha Bbixode NpeobpasoBaTesniss C MHBEPTOPOM HanpshKeHus npeacTasnseT co6oi
NPSAMOYTO/ibHblIE MMMNYNbCbl MOCTOSAHHOW amnaUTyAbl C NEPEMEHHON LUMPVHOW W YacToTol. AMNAUTYAa Bbl-
XO[HOTO HarnpsXeHuss npeobpasoBatensd He MNpeBbllaeT HanpsXeHWs Ha 3BEHe MOCTOSAHHOro Toka npeoo6-
pa3oBaTens [aABnseTcA 6a30BOI eAVHMLEN NPY OLEHKe MepeHanpsHXXeHuii B OTHOCUTE bHbIX eguHuuax (o. e.)]
1 onpeaensieTcsl BE/IMYMHOW BbINPAMIEHHOTO HanpsbkeHusi cet. OfHako cnepyeT NMpUHUMaTb BO BHUMaHue
HasI0XeHve nepexoHbIxX npoueccoB AnddepeHUnanbHOro 1 CUHAA3HOro PeXxuMoB MO BCE CXeMe 3/1eKTpo-
npuBoAa, BK/Yaa cUCTEMY NUTaHus, npeobpasoBartenb, 3azemneHve, kabenu, UabTPbl, YTO AO/DKHO GbiTb
TwaTeNnbHO NpoaHasIM3MpoBaHO M y4TeHo B cooTBeTcTBMM ¢ IEC/TS 61800-8.

Bpemsi HapacTaHUsi HanpsHXeHWs Ha BbIXO4e B COBPEMEHHbIX HM3KOBOJIbTHLIX MpeobpasoBaTensix mMo-
XeT cocTaBnsAtb 50—400 HC. 3T OTPe3kn BpeMeHu caenaHbl KOPOTKMMU, HACKOSIbKO 3TO BO3MOXHO, YTOObI
MUHMMU3NPOBATbL KOMMYTaLMOHHbIE NOTEPV B NONYNPOBOAHMKaxX. Takue npeobpasosarenn MOryT co3faBaTb
nepeHanpsxeHns Ha o6MOTKax ABurarensi, Cnoco6Hble CyLLeCTBEHHO YMEHbLLUUTL Pecypc CUCTEMbI U30NS-
LMK, ecin X BeMYMHAa NpeBblllaeT AONYCTUMbIA ANA CUCTEMbl YPOBEHb MepeHanpshkeHus. Ha pucyHke 9
rnokasaHa COBOKYMHOCTb MUKOB HaMNpsKeHWUs Ha K1eMMax ABuraTtesns, NUTaemMoro oT UHBEpPTOpa HanpshkeHus
C LUIMPOTHO-MMNYNbLCHON MOAY ALMEN, KOTOPble U3MePEHbI NPU Pa3NNYHbIX SKCNIyaTauMOHHbIX pexumax. Kak
BMAHO, 3aBUCMMOCTb MEXAY KONMYEeCTBOM MWKOB, WX BEMIMYMHOW WM BpeMEHeM pocTa MMnynbca A0BOJSIbHO
cnoxHa. OfHaKo pUCK NOBpeXAeHUs n3onaumm (U3-3a YacTU4YHOro paspsga, cM. 7.3 u 7.6) B OCHOBHOM 06yc-
NIOBJIEH NUKaMW C BbICOKMM HanpsikeHneM 1 KOPOTKMM BPEMEHEeM ero HapacTaHus, KOTopble pPacrnosioXeHbl B
npaBoii YacTu NpeLCTaBNEHHON HKe Anarpammbl, YTO 0COBEHHO HarfsAHO Npy 0630pe CO CTOPOHBI LWKasbl tr

A — amnnnTyga nepeHanpsbkenus (0. e.); fr— Bpemsa HapacTaHus umnynbca (He);
N — KO/IMYECTBO NEPEHaNPSKEHUI B CeKyHAY

PucyHok 9 — [marpamma nepeHanpsXeHuin Ha KnemMmax gsuratens npu nutaHumn
oT WIM-npeobpasoBartens

B 3aBMCYMOCTU OT BPEMEHW HapacTaHWs HanpshkKeHUs UMNybCOB Ha BbiXxoAe npeobpasoBartens, 4VHbI
kabens 1 NoMHOro CONPOTUB/EHUS ABUraTeNns amnauTyfbl NepeHanpshkeHust Ha knemMMax AsuraTens MoryTt
[oCTUraTb [ABYKPaTHbIX 3HAYEHWUli OTHOCUTENIbHO JIMHEWHOro U (ha3HOro HanpshkeHuid. AT nepeHanpsixe-
HMA CO3[al0T OTPakeHHble BOSHbI B kabene Mexay knemmamy npeobpasosaTens u gsuratens B COOTBET-
CTBAM C UX COMPOTUBMEHUAMU. AMNINTYAA MepeHanpshkeHuid 3aBncuT OT DOPMbl BbIXOAHOIO HanpshkeHus
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npeobpasoBartens, ANVHbI Kabens mexay npeobpasoBaTenieM u asuratenieM, a Takke OT COMpOTUB/IEHWUNA
asvratens. [laHHoe siBNeHne KONMYeCTBEHHO OMUCLIBAETCH C MCNOJSIb30BaHWEM annaparta Teopuid AJ/IMHHbIX
JIVHWIA 1 pacnpocTpPaHeHNs BOSH C y4eTOM rapMOHMYECKOro coCcTaBa BbIXOAHOrO HanpshkeHus. MNpu ymeHbLue-
HUN ANUTENBbHOCTU PPOHTA UMMY/LCOB BbIXOAHOMO HanpshKeHUs npeobpasoBaTesis YBeMUMBAOTCA YacToThl
rapMOHUK, NPUCYTCTBYIOLLUX B KPMBOWN HanpshKeHus.

TUNUYHbIE UMMYLChI HANPSXXEHUS, N3MEPEHHbIE Ha BbiXoAe NpeobpasoBaTens W Ha Kiemmax gsurate-
na, npuBefeHbl Ha pucyHke 10, a Ha pucyHke 11 npefcTasneHbl nepegHne POHTbI UMMY/IbCOB 3TUX Hanps-
XEHUI B yBE/IMYEHHOM MacluTabe BpemeHW. 15 obecneyeHns BCECTOPOHHEro aHanusa cm. IEC TS 61800-8.

C — chasHoe HanpsixeHne npeobpasoBaTens;; M — asHoe HanpshkeHne apuratens

PucyHok 10 — TunuyHble MMNyNbCbl HANPSXeHUst B O4HOIN (hase npeobpasoBaTens
1 Ha knemmax gsuratens (2 mc/genexuve)

IAYAY;

1 MWKC

C — dphasHoe HanpspkeHne npeobpasosartensi; M — ha3Hoe HanpshkeHue asuratens

PucyHok 11 — lMepefHue PpoHTbI MMMNYNLCOB HANPSXXeHUs C MasibiM BPpEMEHEM
HapacTaHusa (cMm. pucyHok 10, 1 mkc/geneHue)

3KCI'IepI/IMeHTbI CBUAETENNbCTBYIOT O TOM, YTO NpU yBEJSIMYEHUN ONTNHbI Kabens nMnynbCHOE NepeHanpsxeHne
006bI4YHO yBe/MyMBaeTCsa 4O MakCumyma, a 3aTteMm ymMmeHbluaeTcs. Mpy 3TOM BpeMsa HapacTaHus MMMYIbCOB Harnpsixe-
HUA Ha KnemMmax asuratens ysenvunsaeTca. MNku nepeHanpskeHns yMeHbLUATCA, Korga npeo6paaoBaTenM yCTa-
HOBNEHbI 6/IM3KO OT NOAK/MTHOYEHHbIX ,u,eraTeneVl n annHa Kabens mMexay npeo6pa3OBaTeneM n apurarenem Maia.

7.3 MepeHanpsxeHne B 06MOTKax

Meperpy3ka v3onsauum 06MOTOK ABuratens obycrioB/ieHa MUKOBbIMW 3HAYEHUAMY Y BPEMEHeM Hapac-
TaHUSI UMMY/IbCOB HaMPSHXKEHUA Ha KNemmax Asuratens (CM. pUcyHok 12), a Takke 4acTOTOW MMMY/IbCOB, Bbl-
pabaTbiBaeMbIX UHBEPTOPOM.

OpavH BUA neperpyskn 06ycnoB/iEH YPOBHEM HanpsKeHWs, NPUIOXEHHOTO K OCHOBHOI n3onauuu (Mexay
hasamu nnm mexay hasoli 1 3emneit) katywek 06MoTku. [pyroi TMn orpaHu4eH BHYTPEHHEN MeXBWUTKOBOW
n3onsumein n 06ycnoBneH BpeMeHeM HapacTaHus MMNyAbcoB. VIMNynbCbl € KOPOTKMM (DPOHTOM NPUBOAAT K
HanpsHXeHno, HepaBHOMEPHO pacnpegensieMmomy no 06bemMy KaTyLlek, Npu ero BbICOKOM YpOBHE B npegenax
HECKOJ/IbKMX MEPBbIX BUTKOB ha3HOW OOMOTKM.
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PucyHok 12 — OnpepeneHve BpeMeHW HapacTaHusi UMMynbca HanpsKeHus
Ha Knemmax fBuratens

Ha pucyHke 7 IEC 60034-18-41:2014, koTopbI/i BOCNPON3BOAMUTCA 3[e€Cb Kak pUCYHOK 13, nokasaHo pac-
npefesnieHne Hauxygwero c/yvyas Harnps)XeHUs Ha BO3MOXHO CMEXHbIX MepBOM ¥ NocsiefHeM BUTKax 0OMOTKU

C NPOM3BOJIbHOW HAMOTKOI B 3aBUCUMOCTW OT BPEMEHU HapacTaHus.
Ecnmn HeT 6osiee TOUHOI MHpopMaLmK, TO 3TO MOXHO paccMaTpuBaTh Kak OXuAaemblli Hauxyawuin cny-

yait HanpsaXxeHuna, Harpyxawuwero MexBnTkoByt 1M3014UU0 SHEKTpMHECKOVI MallWHbI.
Yem Kopouye BpemA HapacTaHusa MMnysnbca, Tem 6onbluee HanpsXeHne npunoXxeHo K nepBomMy BUTKY

KaTyLUKN.

(-1t p3p—3emns

n/b/haza__3emnsi — HanpshkeHMe Ha NepBUYHOM BUTKE (B MPOLEHTaX OT HaMpshKeHUs Mexay dasoit n 3emneid);
tr— BpeMmsi HapacTaHus UMnybca

PucyHok 13 — HanpsikeHue Ha nepBUYHOM BUTKE Kak (DYHKLUMUS BPEMEHU HapacTaHusi MMNybca
19



FOCT IEC/TS 60034-25—2017

Hanuune Ha knemmax gsuratensa MUMMNynbLCOB C KOPOTKMM NepeaHUM (DPOHTOM SIBAISIETCH NPUYUHON Bbl-
COKOr0 MEXXBUTKOBOTO HanpsXXEHUs Ha NEPBUYHbIX BUTKaX KaXaon ba3Hoin 0OMOTKM, UTO MOXKET NPUBOAUTH K
nNpoBosiM MEXBUTKOBOMN U30NALUKU. Takue ABNEeHNs YacTo NPOUCXOAAT U3-32 HEAAEKBATHBLIX ANANEKTPUIECKNX
CBOWCTB 9ManupoBaHHbIX MPOBOAOB.

7.4 OrpaHUveHUA U OTBETCTBEHHOCTb

7.4.1 SneKkTpuyeckue MaluHbl HanpsxxeHunem go 1000 B

Cuctema u30nALMM 3NEKTPUYECKMX MalLMH HanpsbkeHunem o 1000 B, cneuuanbHO npegHasHaveH-
HbIX aAns paboTtel OT npeobpasoBarenei, MoXeT ObiTb KBANU(ULUMPOBAHA B COOTBETCTBUM CO CTaHAAPTOM
IEC 60034-18-41 (6e3 yacTu4HbIX paspsiaos Tuna |) unu crangaprom IEC 60034-18-42 (c 4aCcTUYHbLIMU pas-
pagamu tuna ll), YTo yKasbiBaeTca B AOKYMEHTALMKU U HA 3aBOACKON Tabnuuke anekTpuyeckon MawmHbl. OT-
BETCTBEHHOCTb 38 YKasaHWe CBOMCTB U30NALUN 3MEKTPUYECKON MaLUMHbI NEXUT HA €€ NPOU3BOAUTENE.

Ons npumeHeHUs1 B SreKkTponpueogax oOLIero nonb30BaHUs PEKOMEHAYEMbIM SIBMISIETCA Kacc U30-
nauumn nNo MMNynsCHOMY HanpsbkeHuto C/B no tabnuue 4, B3aton u3 tabnuubl C.1 IEC 60034-18-41:2014.
MpousBoauTeEnb AOMKEH rapaHTUPOBATL COOTBETCTBUE AMNEKTPUHECKON MALLMHbI 3HAYEHUSAM, NPUBEAEHHBLIM B
Tabnuue 4 (IEC 60034-18-41:2014, npunoxeHue C).

Bonee BbICOKME U HU3KWE 3HAYEHUSA, KaK 1 pa3nuyHblie KoMOGuHauum knaccos P-P, P-G, T-T ans cneuu-
anbHbIX NpUMeHeHui, npeacrasneHsl B IEC 60034-18-41:2014, npunoxeHue C, Anda TOro Yro6bl 3KOHOMUYHO
U HaAEeXHO coveTaTb TPeboBaHUA CUCTEMBI CO CBOMCTBAMU U3OMSILIMM.

Yto0Obl HE AOMYCTUTL 3aMETHOIO YMEHbLUEHUA CPOKa CNy>xObl M30NALMUK ABUTaTENs, peanbHoe nepeHa-
npsbkeHue, obycnoBneHHoe paboToi npeobpasoBartensl, A0MKHO ObiTb HUXKE KNAcca U30MNSLMKU N0 UMNYNbC-
Homy HanpspkeHuto (KUH) naonsumm Tuna | no IEC 60034-18-41 unun usonsuyumn tuna Il no IEC 60034-18-42
(cnepyowee nspganue IEC 60034-18-42 6yaet Tarke cogepxatb KUAH).

HeobxoauMo MMETL B BUAY, YTO B 3aBUCHMOCTM OT CTPYKTYPbl SMEKTPONPUMBOAA MOTYT NMOSIBUTLCH CyLue-
CTBEHHO Oonee BbICOKUE HanpsKeHMA. Bo3amoxkHbIE nepeHanpskeHus MoryT ObiTb oueHeHbl no IEC/TS 61800-8
C yYETOM CTPYKTYpPbl U pexuma paboTbl npeobpasosarens, Tuna U AnuHbl kabenen, Buaa 3azemMneHust U T. n.
CyLleCTBEHHbIE AN OLIEHKU U30NALMKU NapameTpbl — NEPEXOAHbIE 3HAYEHUS pa3Maxa HaNpsHKEHUs, BpeMs
HapacTaHus, 4acToTa crieoBaHusa UMNYnbCOB U T. M.

CUCTEeMHBIN UHTErpaTop HECET OTBETCTBEHHOCTL 3a NPaBUNLHYIO OLIEHKY YPOBHEN NEePEeHanPXKEeHNA Ha
Knemmax auratens (B npunoxeHun C gaH npuMep pacyeTa STUX nepeHanpsaXxeHun).

B cnyyae ecnu pearbHble Unu OXkmaaemble YPOBHU NPEBLILIAIOT NpeAenbHble 3HAa4YeHUA ANA COOTBET-
CTBYIOLLIEro Kfnacca u3onauuu, npuBedeHHble B Tabnuue 4, AomkHa ObiTb U3MEHEHA CTPYKTypa anekTponpu-
BOZa unu BeIOpaH Apyron knacc usonauun geuratensi. Ha CMCTEMHOM MHTErpaTope NeXuT OTBETCTBEHHOCTb
Kak Ha npoBeaeHMn Noao0OHLIX U3BMEHEHWI, TaK U Ha COrMacoBaHuM cneuuanbHbiX TpeGoBaHnin mexay npo-
M3BOAUTENAMW MaLUMHbI U npeobpasoBaTens. MeToabl CHUXXEHNS U3ONALMOHHBIX NEpPerpy3ok NpueeaeHbl B
pasgene 7.5.

Tabnu ua 4 — Pabouee HanpaxeHue Ha KnemMmax agsuratens, OoTHeCeHHOe K HOMUHaNbHOMY UN, NpPU KOTOPOM MaLLUWHa
MOXET HageXHo pa60TaT|= 6e3 cneynanbeHbelX cornaweHun MeXay CUCTeEMHbIM UHTErpaTopom U nponssogntTenamun

Krace NaonsLum no MMMyNbCHOMY HonycTuMblil pasmax paboyero HanpsXeHna 0THOCUTENBbHO HOMUHANBHOrO UN

HanpsaxXeHuto

®asza — ¢pasa C ®daza — semna B

IVIC C/B 59 3,1

(KommeHTapumu cum. IEC 60034-18-41:2014, npunoxexue C.)
MpumedaHne 1— MNpousBogUTENb MaLUHB! AOMKEH ObiTb YBEPEH, YTO OHA COOTBETCTBYET A@HHBIM YPOBHSAM.

MpumedaHue 2 — MpeaMETOM COMALIEHNA MEXAY MPOUIBOAUTENEM WU CUCTEMHLIM WHTErPaTOPOM MOXET
6biTb cneluansHan cGopka anekTponpusoaa.

7.4.2 dneKTpnyeckne MalinHbl Ha HanpsXxeHue cebiwe 1000 B

Ccucrema usonauumn sNeKTpUYecknx MalwmH HanpsbkeHuem ceoiwe 1000 B, cneunanbHO npegHasHaveH-
HbIX AnA paboTbl OT npeobpasoBarenei, MOXeT ObiTb KBanuduUMpOBaHA B COOTBETCTBUM CO CTaHAAPTOM
IEC 60034-18-42 (c 4acTuyHbiMK paspagammn Tuna ll), yto ykasbiBaeTca B OKYMEHTaAUUU U Ha 3aBOACKON Ta-
6nuuke anekTpu4eckon MawmnHbl. OTBETCTBEHHOCTb 3a yKazaHMe CBOWCTB M30NSILUK SNEKTPUHECKON MAaLLMHbI
NexmT Ha ee npousBoauTene.
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UT0o6bl He AOMYCTUTbL 3aMETHOro YMeHbLUEHUA cpoka Cnyx6bl N30onAunM gsuratens, peasbHoe nepeHa-
npsbkeHne, 06ycnoB/ieHHOe paboToit npeobpasosBartesnisi, AO/MKHO ObiTb HKE NPeAenoB, 3asBMNEHHbIX NPOU3-
BOAUTENEM MaLUWHbI.

7.5 MeToAbl YMEHbLUEHNA NepeHanpsXxeHns

B gaHHOli cuTyauun cywecTByeT psf BO3MOXHbIX CNOCOO0B CHM3UTb BO3MOXHbIE CKaYKM HaNPsHXKEHWs.
OHK o6CyxaatTca Npu pacCMOTPEHUN BCEro KOMIMIeKca CUCTEMbl 3/1eKTponpuBoga. BoMbLIMHCTBO BAUAIO-
wmx pakTopoB MOXeT 6bITb paccumtaHo B cooTeBeTcTBuM IEC/TS 61800-8. B npunoxenun C npeactaBnieH
npocToii Npumep pacyeTa.

7.6 OrpaHnuyeHue nepeHanpskeHns U3onsuum

BepxHYM ypoOBHEM, NpY KOTOPOM MepeHanpsikeHnst CTAHOBATCS OMacHbIMU, SIBASETCA YPOBEHb Hanpsxe-
HUS, NPUBOAALLETO K BO3HWKHOBEHUIO YacTU4HbIX pa3pagos (PDIV), win ypoBeHb Hayasia KOPOHHOro paspsija B
Bosayxe (CIV). UacTuuHble pa3psagbl Bbi3blBAOT paspyLlleHne CUCTEMbl U30MALMN BCIEACTBUE XMMUYECKON 1 Me-
XaHu4yeckoli apo3un. CTeneHb paspyLUueHns 3aBUCUT OT IHEPTUN Y YACTOTbl BOZHUKHOBEHMS YaCTUYHbIX pa3psifoB.

Ha ypoBHM HanpsiKeHWUi, BO3HUMKHOBEHMSA YacTUUHbLIX PaspsgoB U HaYana KOPOHHOrO paspsja B ABura-
Tene BAVAIOT:

- TUN 0BMOTKMU;

- MaTtepuasn, NpUMeHEeHHbI ana nsonsauun das;

- TUN 1aKOBOTO MOKPbITUS;

- AmameTp 06MOTOYHOro MpoBoda (4em 6osblie AnaMeTp, TeM Bbile HanpshKeHWe BO3HWKHOBEHUS 4ya-
CTUYHbIX pa3psaoBs);

- TUN N30NALMN 06MOTOK;

- TONIWMHA aManun (Yem Tosille amasb, TEM Bbllle HanpsiXeHne BO3HWKHOBEHUS YaCTUYHbIX paspsanos);

- paboyas Temnepatypa (4em OHa Bbille, TEM HMXE HanpsKeHne BO3HUMKHOBEHMWS YaCTUYHbIX pa3psios,
06bI4HO — Ha 30 % npw nosbiweHUn oT 25 go 155 °C);

- COCTOsIHME OKpyXatwLlell cpefbl (cocTaB M AaBneHne cpegpl);

- COCTOSIHME M30N5AuMKn (3arpsasHeHne, yB/IaxXHeHne N T. 4.).

Ha pucyHke 14 nokasaH OTAe/bHbIA NMNYNbC paspsja, KOTopbll ABUACA pe3ynbTaToM MMMybca Hanps-
XEHMA Ha odHol hase gBuratesns, NMTaemMoro ot npeobpasoBaTens.

NMpumeuyaHne — Paspsag NpoucXoauT Ha nepegHeM (OPOHTE MMNy/bCa HanpskeHns npeo6pasoBaTens, Korga
nepeHanpshkeHne Ha U30NALUKM [OCTUraeT YpoBHSA Npo6osi

S — UMNY/bC HANPSHKEHUs Ha Kemmax apuratenst; D — uMnynbe paspsga

PucyHok 14 — Vimnynbc paspsga Ha knemmax asuratens (100 Hc/geneHwe)
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8 dnekTpuyeckue TOKU Yepes NOAWMUMHUKN

8.1 UcTOYHUKMN TOKOB Yepe3 NOAWMUNHUKN B ABUraTenax, NUTaemMbliX OT npeobpasoBartenen

8.1.1 O0wue nonoXeHms

Toku 4Yepe3 NOAWMNHUKA MOTYT ObITb BbI3BaHbl pasnUYHbIMKU Npu4MHaMu. Bo Bcex criyuasx Tok yepes
noALMNHMKM ByaeT npoTekaTb TOAa, KOrAa HanpsbkeHWe, NPUNOXKEHHOE K NOALUMNHMKAM, AOCTATOYHO, YTOObI
npoduTb U3onALMIO CMa3ku. CyLLEeCTBYIOT HECKONMBKO UCTOHHUKOB 3TOTO HaMNpsHKEHUS.

lMpuMmeyvaHue — Psap BcrnoMorarenbHbIX YCTPOWCTB, TakUX Kak 9HKOAepbl, TaxoreHepaTopbl, cornacHo 9.1.4.4
MOryT 6bITb MOBPEXAEHEI STUMMW TOKaMMU.

8.1.2 MaruuTHas acuMmMmeTpun

AcuMMeTpusi MarHUTONpOBOAA ABMraTens CO3faeT YCnoBUA ANSA NOABNEHUS HU3KOYACTOTHLIX TOKOB
yepe3 noawmMnHukK. B Gonbluei creneHu 310 SBNEHUE PacnpOCTPaHEHO B ABUraTtensix MOLHOCTbIO CBbl-
we 400 kBr. ACMMMETPUA MarHMTONPOBO/AA BbI3bIBAET NOSBIEHNE KPYFrOBOrO NEPEMEHHOro NoToka (konbLe-
BOI MOTOK) B ipMe Asurarens. 310 00ycnaBnuMBaeT NOSBNEHWE NEPEMEHHOT0 HanpsXKEHUs B NPOBOAALLEM
KOHTYpe, BKMIOYaloLeM Ban ABWUrarensi, noALMnHUKU, OOKOBbIE WMTbI U BHELWHWI KOXYyX auratens. Ecnu
YypPOBEHb UHAYLIMPOBAHHOTO HaNPsDiKeHU OyAeT 4OCTaTOuHbIM ANA TOro, YToObl NPOOUTL M3oNALMIo, 0ByCnoB-
FIEHHYI0 CMa3KOW, TO TOK OyAEeT Teub Yepes KOHTYP, BKIIOYalOWMii 06a noaLwmMnHuKa.

8.1.3 HakonneHue 3nekTpoCcTaTUYeCKOro 3apsaaa

OneKTPUYECKOE HAMPSPKEHWE HA NOALLMMHMKAX MOXET ObiTb BbI3BAHO HAKONMEHWEM 3neKTpocTaTude-
CKOTO 3apsiia Ha Bary, 00yCrnoBnEeHHOro NPUBOAUMON B ABUXKEHUE HArpy3Kow, Hanpumep Takom, Kak BEHTUNS-
TOP MOHM3ALMOHHOIO hunbTpa.

8.1.4 BbICOKOYACTOTHbIE HANPSHKEeHUs

BblCcOKOYACTOTHOE HanpsbkeHne CUH(A3HOW MOMEexXM Ha 3axumax ABuratens Bbi3biBaeT CUH(A3HbIE
TOKM, YaCTb KOTOPbIX MOXET Te€Ub Yepe3 NOALUUMHUKK ABUraTens unu NpUBoAMMOro B ABUXeHWe o6opyao-
BaHUSA.

Toku cuHMa3HbIX MOMEX MOTYT TaKXke CO34aBaTb HaANPSHXKEHWE Ha NOALUMNHUKAX B pesynbrate pabothbl
npeobpasosartens. 3Tu achdekTbl ABNAIOTCA CNeACTBUEM UCMONb30BAHUSA NONYNPOBOAHMKOBLIX KNiOYeEN ¢ Obl-
CTPOI KOMMYyTaLUEl U MOTyT Bbl3BaTb NPOGNeMbl B NOALLUMMHUKAX U3-3a pa3nu4HbiX 3¢hheKTOB B ABUraTensix
BCex rabaputoB. 3T acpdekTbl onncaHbl Nogpo6HO B 8.2.

8.2 O6pa3oBaHMe BbICOKOYACTOTHbLIX TOKOB Yepe3 NoAWUNHUKN

8.2.1 O6LwWwMe nonoxeHus

CamMbIMK rnaBHbIMK (hakTopamu, onpeaensawmumMn Hanbonee BaXKHbIN MEXAHU3M SABMEHUS, ABNAIOTCA
pasmep asuratens U cnocob 3asemsieHuss Kopryca u Bana asuratens. OneKkTpoycTaHOBKa, npeanonarato-
waa noaxoasimi Tun kabens u Hagnexawlee coeauHeHne ¢ 3a3eMnALLMMU NPOBOAHUKAMU U 060MoYKamu,
UTPaeT TaKyo e BaXKHYIO POsb, Kak U HOMUHANbLHOE BXOAHOE HanpshkeHue npeobpasosarens u/unm KpyTusHa
HapacTaHWs BbIXOAHOMO HaMPSYKEHUA UHBEpPTOpa. VICTOYHMKOM TOKOB Yepe3 NOALUUMHUKW ABMSETCA Hanps-
YKEHWE, NPUNOXeHHOE K noglmnHmkamM. CyLeCcTBYIOT TPM TUNA BbICOKOYACTOTHBLIX TOKOB Yepe3 NOALUMMHUKN:
KOMMEHCALMOHHbIN TOK, TOK 3a3€MIeHNsA Bana u TOK EMKOCTHOro paspsiaa.

[lBa TMna TOKOB Yepe3 MOALLMMHUKMA, BbICOKOYACTOTHLIA KOMMNEHCALMOHHLIA (/) W TOK 3a3eMneHus
Bana (/g) nokasaHbl CXeMaTU4HO Ha pUCYHKe 15. Ha HMX CyLIECTBEHHO BRUAIOT CMOCO0bLI 3a3eMINEHNs 1 Co-
NPOTUBIEHNE 3a3EMIIEHUS.

8.2.2 YpaBHUTEsNbHbIA TOK

B 6onbLumMx ABUratensix BbICOKOYACTOTHOE HanpsKeHUe UHAYLMPYETCS B 3aMKHYTOM KOHTYPe, ONUCaH-
HOM B 8.1.2, MarHUTHbIM MOTOKOM BbICOKOW YaCTOThl, LMPKYMPYIOLMM NO SIPMY ¢Tatopa. OTOT NOTOK BbI3BaH
€MKOCTHBIMU TOKaMu, NPOTEKAOLWMMI OT 0BMOTKM K nracTuHam craropa. MHAyuupoBaHHOE HanpshkeHue Ha
Bany MOXeT BO3AEHCTBOBATh HA NOALLMNHUKU. ECnKu OHO AOCTATOYHO BLICOKO ANIA TOrO, YTO6bI NPOBUTL U30-
NAUMIO CNOS CMas3sku NOALLUMIMHUKOB, TO BO3HWUKAET ypaBHUTESbHBINA TOK ANA ypaBHOBELLMBAHUS NOTOKA B CTa-
TOpe, OXBaTbIBaKOLLEM Bar, NOALUMMHUKWA U CTAHWHY cTaTopa.

OTU BbICOKOYACTOTHbIE TOKM MOTYT HaKMaAblBaTbCA HA HU3KOYACTOTHbIE, 0OpasyloLuMecs, kKak onucaHo
B 8.1.2.

8.2.3 Tok 3asemneHus Bana

ToK yTeYKM B CTaHWHY cTaTtopa AOMmKeH Te4b 00parTHO K npeobpasoBaTento, ABMALWEMYCS UCTOYHUKOM
Toka. Jiobon nyTb Hasaa obnagaeT cCoONPOTUBMEHUEM, CREeA0BAaTENbHO, HAaNPSXEeHWe Ha CTaHWHE ABUraTens yse-
NM4YMBAETCA NO CPABHEHWIO C UCXOAHBLIM YpoBHEM. Ecnun Ban ABuratens 3a3emsieH Yepes Be4OMbI MEXaHU3M,
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D — npeo6pasoBaTens; M — asuratens; C— MmydTa, coeauHsiowas Basbl; L— npuBoAvMMas B fBUXKEHVE Harpyska

Ucm HF n/em HF — ToK cuHdasHoi n Us HF — HanpsxeHue N Ic HF — ypaBHUTENbHBI
HanpspkeHve nomexm Ha Basty TOK
CuHhasHoil N /pE HF — o6partHbIii Tok n UF HF — HanpsixeHune n /3 AF — TOK Yyepe3 Ban
nomexu Ha kopnyce

PurcyHok 15 — B0O3MOXHble TOKW, NpoTekawLlme yepes noALmnnHUKN

yBe/IMYeHne Hanps>KeHWs Ha Kopnyce Asuratens obHapyxusaeTcs Ha nofwunHukax. Ecnn nosbllieHne Hanps-
XKEHUS1 [OCTAaTOYHO BbICOKO A5 MPEOAONEHUS M30NUPYHOLWEed CNOCOBHOCTM MNMIEHKN CMasky NOALIWMMHWKOB, TO
4yacTb TOKA MOXET Teub Yepes 3TOT NOALUMNHKK, Basl 1 BEAOMbIi MexaHn3M 06paTHO K npeobpasoBaTento.

8.2.4 ToOK eMKOCTHOrO paspsaja

PacnpegeneHve BHYTPEHHEro HanpshHKeHUs Ha HanpshXeHue CuHGAas3HOV NoMexu 4vepes BHYTPEHHue
€MKOCTU ABuratens MoxeT 06yC/i0BUTb JOCTATOYHO BbICOKOE HanpsXeHwe /15 CO34aHuNs BbICOKOYACTOTHbIX
MMNY/IbCOB TOKa B NOALWWUNHUKAX (HasblBaeMbIX TOKAMW 3/1EKTPOCTATUYECKOro paspsfa npu mexaHu4eckoi
06paboTKe). ITO MOXET CNY4YUTbCS, eCcM Ban He 3a3eMsieH yepe3 BeAOMbli MeXaHU3M, B TO BPEMS Kak Kop-
nyc ABuUraTens cBs3aH C 3eMseil Ana obecnevyeHns 6e30MacHOCTU.

8.3 Llenb cuHa3HoW nomexu

8.3.1 O6Lwwure nonoxeHuns

Lienb cvHa3HO nomexu — 3TO 3aMKHYTbI KOHTYP A5 LUPKY/IMPYIOLLEro TOKa, TEKYLLEro B npeaenax
BCElW CUCTEMBI, BKOYasa ABuraTesib U ero NOoAWUNHUKN, Harpy3ky 1 npeo6pasoBaTtesib.

TunuyHblli TpexdasHblii CUHYCOMAANbHBIA WCTOYHUK 3/1IEKTPOMUTAHNS YPAaBHOBELUEH W CUMMETPUYEH
npy HOpMasibHbIX YCNOBUSIX. TakuM 06pa3oM, HanpshkeHne HeliTpanu paBHO Hy/to. OAHaKo Aesio 06CTOUT He
Tak npu TpexdasHoM UCTOYHMKE 3N1eKTponuTaHnus clUIM-koMmyTalmei, B KOTOPOM NOCTOSIHHOE HanpsixeHue
npeobpasyeTcs B TpexdasHbie HanpsbkeHus. [laxe nNpv TOM, YTO OCHOBHblE FAPMOHWKM BbIXOAHbLIX Hanpshke-
HUIA ABNSAOTCH CUMMETPUYHLIMK W cOaNaHCUPOBaHHbLIMW, HEBO3MOXHO CAENATb CYMMY TPEX BbIXOAHbIX Ha-
NPSHKEHUIA B KaXAbIA MOMEHT BPEMEHU PaBHOl HYMO TONLKO C ABYMSI BO3MOXHbBIMU AOCTYNHBIMW YPOBHAMMU
BbIXOAHOIO HanpshkeHusi. Monyvatolieecss HanpsbkeHue B HeliTpasibHOl TOUYKe He paBHO HyM. ITO Hanpsi-
XeHNe — WCTOYHUK CUH(a3HoW nomexu. OHO M3MepsieTCcsl B HENTpasibHOW Touke 3BE34bl 06MOTOK ABUraTens
(MK B NCKYCCTBEHHOW HelTpanbHOI Touke 3Be3fbl NpU coeAnHEeHUM 0GMOTOK ABUraTens, OT/IMYHbIX OT 3BE3-
[bl) Npu No6oli Harpyske. HanpsbkeHue nponopuyvoHasibHO HaMpPSHKEHWI0 Ha LUMHE MOCTOSIHHOTO TOKA, U ero
OCHOBHas yacToTa paBHa yacToTe KOMMyTauuu npeobpasoBarens.

B nto6oii MOMEHT BpeMEHH, Koraa OfMH U3 TpeX BbIX040B npeobpas3oBartenis USMEHSET NOTeHUMan, Tok,
NPONOPLUMNOHANbHbLIA 3TOMY U3MEHEHUIO HAMNPSXXEeHWs!, BbIHYXAEH TeUYb Ha 3eMJ/1I0 Yepe3 eMKOCTHble CBSA3M C
3emMsieil Bcex KOMMOHEHTOB BbIXOAHOM Lenu. TOK TeYET K UCTOYHMKY Yepes3 3a3eM/IAoWwuniAi NPOBOAHNK Y eMKO-
CTV npeo6pasoBaTernisi.
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8.3.2 TpoTekaHue Toka cUH(a3HON Nomexu

MyTb TOKa yTeuku OT Kopnyca ABuUraTens K Kopnycy npeobpasoBaTtesns BKAYaeT KOpnyc ABuratens, 3a-
LWUTHYO 060/104KY Kabens unm 3asemnsLWmx NpoBOAHUKOB W, BO3MOXHO, NMPOBOASALLIME YACTU KOHCTPYKLMUMK
coopyxeHusi. Bce aTn anemeHTbl cogepxaTt UHAYKTUBHOCTb. [poTekaHue Toka cuHasHol noMexu yepes Ta-
KY0 MHAYKTUBHOCTb BbI30BET CHUXEHME HaNPAXEHNA, KOTOpoe NogHMMAaET NoTeHUNan Kkopnyca asuratens ot-
HOCUTE/IbHO Kopnyca npeobpasosarensd. 370 HANPSXeEHME Kopnyca ABuratesns ABASETCA YacTbio HanpsXeHus
cuHdasHoil nomexn npeobpasosatens. Tok cuHdasHo nomexn GyfeT MckaTb MyTb C HAVMMEHbLUM COMNpPo-
TuBneHneM. Ecnu B AaHHON uenu 6yAeT NpUCyTCTBOBATb BbICOKOE CONPOTUB/IEHWNE, HAaNpUMep B COeAMHEHUN
3eM/IM C KOpNycoM ABuraTens, TO HanpskeHwe Ha Kopnyce agsuratens o6ycnoBUT OTBETB/IEHME 4ACTW TOKa
CUH(a3Holi NoMexn B faHHOM HanpaB/ieHUN. B peanbHbIX yCTaHOBKax CyLLeCcTBYOT MHOrOYMUC/IEHHblE napan-
nenbHble BETBU. BOMBLWIMWHCTBO M3 HUX MMEET He3HauuTeNbHOe BO3JeliCTBME Ha BE/IMUYUHY TOKa CMHMA3HOM
nomMexu Wan TOKOB NOALWMUMHUKOB, HO MOXET ObITb CYLLECTBEHHLIM B COOTBETCTBUN C TpeboBaHuamu 3MC.

OpfHako ecnv BenMYnHa UHAYKTUBHOCTU 3N1E€MEHTOB KOHCTPYKUMWU W Lenn AOCTaTOYHO BbICOKA, MOXeT
BO3HWKHYTb NageHue HanpskeHus 6onee 100 B mexay kopnycom gsuratesis U Kopnycom npeobpasoBaTtens.
Ecnn B Takom cnyyae Ban gBuratesis CBsA3aH yepes3 meTajlsiMyeckoe coefjMHeHne ¢ Kopnycom peaykropa uam
ApYyrUMY BeAOMbIMU MeXaHu3MaMu, KOTOpble [NyX0 3a3eMsieHbl U UMEeIT TOT Xe MoTeHuuan, 4to 1 Kopnyc
npeo6pasoBaTenis, TO, BO3MOXHO, 4YacTb TOKa CMH(DA3HOW NOoMexu noTedeT yepe3 NOALIMMNHUKW ABuUratens,
Ba/n U BeAOMbIl/i MexaHW3M B npeobpasoBaTesb.

Ecnv Ban mexaHu3ma He MMeeT NPSIMOro KOHTaKTa € 3eM/ield, TO TOK MOXeT MpoTeyb Yepes Kopnyc peaykropa
NN NOALWMNMHUKA MexaHn3Ma. ITU NOALIMUMHUKA MOTYT 6bITb MOBPEXAEHbI Npexae, Yem NOAWMUNHUKK ABUraTens.

8.4 TlMapasnTHble eMKOCTK

8.4.1 O6wwMe NonoXeHus

MapasuTHble eMKOCTY B ABUraTesne (CM. PUCYHOK 16) oueHb Masibl v NPeAcTaBA0T BbICOKOE CONPOTUBNEHNE
LNS HU3KUX YacToT, B6/IOKMPYSt TakuM 06pa3oM HU3KOUYACTOTHbIE TOKU. OHAKO UMMNYbChI C KPYTbIM (PPOHTOM, Bbl-
pa6aTbIBaEMble COBpeMEHHbIMA I'Ip606pa3OBaT6fIHMI/I, cogepXxart CTO/ib BbICOKME YaCTOTbl, UTO AaXe Ma/leHbKue
€MKOCTV B ABuratesie o6ecneunBaloT Lenb ¢ MasibiM CONPOTUBEHNEM A1 MPOTEKAIOLLETO TOKA.

B

D — npeobpasoBarenb; Sh — Ban; R — potop, St— ctatop; W — 06MoTka; Crs— eMKoCTb poTop-cTaTop; CTo — eMKOCTb 06MOTKM
potopa; Cwst— eMKOCTb 06MOTKM cTatopa; B — noAalwmnHvK; b — wapukyn unm ponuky; | — BHYTPEHHEE KOsbLO;
O — BHellHee KOMbLO; L— nsieHka cmasku

PucyHok 16 — EmKocTu gBurarens
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8.4.2 nNaBHasa cocTaBndwUW,aa eMKOCTH

Hanb6onbluas AoNsS eMKOCTW B ABuraTene obpasyercs Mexay o6MOTKaMu cTaTopa v KOpnycom asuraTe-
na. 3Ta eMKOCTb pacnpejenieHa BAO/b OKPYXHOCTM U NO A/IMHE cTaTopa. BbicokoyacToTHas cocTaBnasiowas
TOKa, BXOAALWEro B KaTyLKy cTaTtopa, 60/blue, YeM BbIXOAALAA U3 HEE M3-3a TOKOB YTEUKMU.

OTOT pe3yNbTUPYHLLNIA 0CEBOI TOK CO34aeT BbICOKOYACTOTHbLIN KOJIbLEBO MarHUTHbIA MOTOK, LUPKYIMN-
pyloLwWwunii B nnacTMHax crtatopa, Bbi3biBas 0CEBOe HanpshkeHue B KOHType, onucaHHoe B 8.1.2. Ecnn Hanpsxe-
H/We Ha Banly CTaHOBMUTCA [OCTATOYHO 6OMbLIMM, LUPKYIUPYIOLLNIA BbICOKOYACTOTHbLIA TOK MOXET Teub yYepes
Ban M 06a NOALWMUMNHUKA, & B HEKOTOPbIX CAyvyasx — yepes Bajl U NOALWMMNHUKA MexaHu3ma Harpysku. 3T1oT
LMPKYyNMpYOLWnii TOK 06bIYHO ABNSETCS NPUYMHON MOBPEXAEHUSA NOAWMMHUKOB NPU TUNMUYHBIX MUKOBbIX BE/M-
ynHax ot 3 o 20 A, B 3aBUCMMOCTU OT pasmepa ABUratesisi, CKOPOCTM HapacTaHWs HanpsHXKeHUst Ha Knemmax
ABuraTens v ypoBHS HanpshkeHus 3BeHa MOCTOSHHOrO ToKa.

8.4.3 MNpoune emKocCTH

EmMKoCTb Mexay 06MOTKOI cTatopa U naacTMHamMy cepaeyHuKa ABASETCA BaXKHbIM 3/1EMEHTOM Lenwu
cuHdasHoin nomexun. EcTb U Apyrme emMKocTu, Takne Kak eMKOCTb MeXAy BbiCTynamMun o6MOTOK cTatopa M po-
TOPOM WM Ta, 4YTO cyliecTByeT B BO3AYLUHOM 3a30pe ABUraTens Mexay Xene3oM ctatopa U NOBEpPXHOCTbIO
poTopa. MogwunHukn camy no cebe Takxe 061agalT €MKOCThIO.

BbiCTpble N3MEHEHUS HaMpsXeHUss cMH(a3Ho NnoMexu oT NpeobpasoBaTenss MOryT NPUBECTU He TOJIbKO
K TOKaM B €MKOCTW B[0/Ib OKPY>XXHOCTW U A/IMHbI ABUraTeNsl, HO TakKe U K TokaM Mexay obmoTkamu ctartopa u
pOTOPOM C MOALWMMNHUKAMMU.

Tekywmnii B NOAWMNNHNKAX TOK MOXET GbICTPO M3MEHUTLCSA B 3@aBUCHMOCTU OT COCTOSSHWUS MOZALUUMHMKOB.
Hanpumep, npucyTcTBME €MKOCTV B MOAWMNHUKAX NOATBEPXAAET, YTO MOKA LWAapVKN MOALWUNHUKOB MOKPbITHI
CMa3KoW, TOK OHM He NpoBOAAT

OTa eMKOCTb MOXeT 6biTb 3aKOpOUYeHa, ec/m HanpsHKeHne Ha MOoALWMMNHMKaX NpeBbilaeT 3HaYeHne no-
pora npo6os WAM ecnu naeHka CMaskym MOAWUNHUKOB McYesna U NPOMCXOAUT KOHTakT 060Mx Kofnew noAwmn-
HUKOB. MpU OYeHb HW3KON CKOPOCTU MOAWMWMHWUKN MOTYT TakkKe MMeTb MeTa/l/INYeCKUii KOHTaKT M3-3a OTCyT-
CTBUSI U30NINPYIOLLEN MIEHKN CMa3Ku.

8.5 MocnepcTBusa 60bWNX TOKOB B NOAWNNHUKAX

Ha pucyHkax 17 v 18 nokasaHbl TUMUYHbIE NOBPEXAEHUS NOALWUMNHUKOB U3-3a TOKOB CUH(A3HbIX NOMEX
W 3M1eKTpUYecKoro paspsja.

PucyHok 17 — To4yeyHas KOppo3nsa NOAWMUMNHUKOB M3-3a 3/1IEKTPUYECKOro paspsga
(anameTp KOPPO3MOHHOW S3BMHBI 30 MKM BMNAOTb A0 50 MKM)
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PucyHok 18— TosiBneHne 60po3a0K 13-3a Upe3MEpHOro Toka B NOAWMNHUKAX

8.6 [pepoTBpalieHne NMOBPEXAEHUH OT BbICOKOYACTOTHONO TOKa B NOALWMMHUKAX

8.6.1 OCHOBHble cnoco6bI

CyLwecTBYIOT TPU OCHOBHbIX cnocoba, NCnosb3yeMbix 4719 NpefoTBpaLeHNs BbICOKOYACTOTHbLIX TOKOB B
MOALIMMHMKAX, KOTOPble MOTYT NPUMEHATLCA pasfesibHO UAv B KOM6GUHALMAX:

- cneyunanbHasa npoknajka kabens un cuctema 3asemseHus;

- InKkBnagaunsa ToKoB B nogLlnnHUKax;

-AeMnunpoBaHne BbICOKOHACTOTHOI CUMH(a3HOI nomexu.

Bce OHM UMET Lenbio YMEHbWNTbL HaNpsXXeHne Ha cmaske NOALWUNHUKOB [0 BE/UYMHbI, HE Bbl3blBalo-
Wwell BbICOKOYACTOTHbIE MMMY/bCbl TOKA B MOALIMMHUKAX WU CHUXAKLWER BeNUYUHY nynbcaunii 4o YPOBHS,
He oka3sblBalL,ero BO3A4eicTBMA Ha CPoOK CAyXObl NOALWMNHWMKOB. NS Pas/MyHbIX TUMOB BbICOKOYACTOTHBIX
TOKOB B MOALWMMHMKAX AO/DKHbI 6bITb MPUHATHI pPa3fIMYHbIE Mepbl.

OCHOBOIi BCEX PeELUeHUil MO BbICOKOYACTOTHbIM TOKaM ABASETCA Hajsexalwas cuctema 3asem/eHus.
MpaBuna akcnayatauuy 3asemneHus cTaHgapTHOro o60pyfoBaHWs rnaBHbiM o06pasom paspaboTaHbl A1
obecneyeHms [OCTATOYHO HWU3KOTO CONPOTUBAEHWUS COEAMHEHWUs, ONS 3awuTbl Awgeii n obopyfosBaHus oT
npo6oes u3onAuMM B nuTarweil cetn. [na orpaHUYeHUsS BbICOKOYACTOTHbIX TOKOB CUH(Aa3HbIX Nomex B
3M1eKTpONpuBOAE C perynmpyemoit CKopocTblo ahekTuBHOE 3a3emMseHne obecneumsaeTcs npu cobaaeHnm
NMPUHLUMNOB, ONMCaHHbIX B pasgene 9.

8.6.2 ipyrne npoduaaktunyeckme Mepsbl

- MpumeHeHne N30/IMPOBaHHbIX NOALIMUMHUKOB.

MpumeuyaHue — Ha npakTuke 4Na NOAWMMNHWKOB UCMNONb3YETCS M30ASLUA PA3TUYHON TONLWMUHBLI N pa3MelLleH-
Hasi B pas/IMYHbIX MecTax (Hanmpumep, MeXAy BasioM U BHYTPEHHUM KOMbLOM MNOALWWMHWKA, MEXAY BHELUIHUM KOJbLOM
noALWnnHUKa 1 Kopnycom). O6LWEeNPUHATLIMU ABAAIOTCA aHTUDPUKLUMOHHbIE NOALUNHUKA C KEPAMUYECKUM MOKPbITUEM Ha
BHELIHEN NOBEPXHOCTN (Tak Ha3biBaeMble MOALWMNHUKA C aHTU(MPUKLUOHHBLIM NOKPbITUEM). TPUTroAHbI TAKXE NOALWMUMHUKN
C KEPAMUYECKUMU 3NIEMEHTAMW BPALLEHUS.

- MpuMeHeHne hnabTpa, KOTOPbIA YMEeHbLIAET HaNpshXeHne cuHdasHoin nomexu u/mnn du/dt.

- MprvMeHeHne HeMmpoBOAAWMX COeAUHEHWI AN HArpy3ku UM Apyrux ycTpomncTB, KOTOPble MOTyT 6biTh
NoBpeXAEeHbl TOKaMN Yyepe3 MOoALUNMHUKNA.

- MpuMeHeHNe LWeTOoUYHbIX KOHTaKTOB MeXAy BasioM M KOpnycoM ABurartens.

- MpumeHeHne, ecnv BO3MOXHO, ABuUratens n npeobpasoBaTens C NOHWKEHHbIM HanpsXXeHnem.

- 3anyck npeo6pa3oBaTtenisi Ha Haubonee HWU3KOI YacToTe KOMMYyTaLuu, KoTopas yAoBneTBopseT Tpebo-
BaHMAM MO WYMy M TeMnepaType.

- NcknoyeHune aBOIHbLIX (PPOHTOB (MapansienbHOl KoOMMyTaLum)

B Tabnuue 5 npuBegeHo conoctassieHne aPPEKTUBHOCTU HEKOTOPbLIX U3 3TUX NPOPUNAKTUYECKNX Mep.
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Tabnuya 5 — JddekTMBHOCTL Mep NogaBneHns TOKOB B NOALLMMHUKAX
Tun TokoB
D,OI'IOJ'IHVITEJ'IbeIe
Mepa noAasneHmns KOHTyprIe 3asemMneHus Bana EmMKocTHoro paspaga 3aMeYvyaHnAa
(cm. 8.1.2,8.2.2) (cm. 8.2.3) (cm. 8.2.4)

1) W3onupoBaHHbIA nog- | SddeKkTuBHO He adbpekTuBHO. | He adbcpekTUBHO. M3ondaums ceobogHoro KoH-
WMNHUK  Ha cBobogHoM Bawymulaer ToMb- | 3awMilaeT ToNbKO | La Bana Bo m3bexaHue no-
KOHLie Bana unu npuMeHe- KO O4WH MOALUWM- | O4WH NOALUMMHUK TpebHOCTU B U30MMpoOBaH-
HWEe KepaMW4ecKux Bpa- HUK HOM COeZJMHEHNN
LLAIOLLMXCA 3MEMEHTOB

2) WasonvposaHHble nof- | SdpdpekTuBHo. O peKTuBHO S pekTuBHo. Haunbonee addekTnBHO
LUMMHUKA Ha oBoux KoHuax | OfuH  U3onupoBaH- MoxeT notpeboBaTy- | ANA KOPNycoB ManbixX pas-
Barna Win NpMMeHeHWe Ke- | Hblid MOALIMMHMK Ao- € AOMONMHUTENEHLIR | MepoB. MeHee npakTU4HO
paMUYecKUxX BpaLlaloLLmMxX- | CTaTodeH Ans aToro LLETOMHBIA KOHTaKT Ana  KkopnycoB GonbLUMX
Csl AMEMEHTOB TUNa ToKa pasmepoB

3) WMsonauma c obeux | SbdekTnsHo OdpekTuBHO ShpekTBHO HanGonee addekTMBHO
CTOPOH WUNKU MpUMeHeHue Ana  KopnycoB 6onbLunx
KepaMmyeckux BpaLllato- pasmepoB. [ToMoraeT npe-
LLMXCSI AMIEMEHTOB + Jororn- LOTBpaTUTb BO3MOXHOE
HUTENbHOE  U3ONMpYHoLLEee nospexgeHue BedoOMOW
COEQJMHEHNE U 3a3eMIleHne Harpy3ku Heobxoagumo 06-
Basia Yepes LTk cnyxuBaHue

4) OaUH LYETOYHBIA KOH- | He adhdhekTUBHO. S heKTuBHO. S dekTuBHO. Heobxogumo obcnyxu-
TakT. Msonauma nogwwn- | 3awmieH  Tonbko | He sawuwaer nog- | HeoBxoaumo Huskoe | BaHue

HWUKOB OTCYTCTBYET OfWH NOALUMMAHUK LLUMMHUKA Ha Npu- | CONPOTUBIEHNE LLe-

BOAHOM Bay TOYHOIO KOHTaKTa

5) [IBa LLeToYHbIX KOHTaKTa | SdhdeKkTuBHO. BhpeKTuBHO. B hekTuBHO. Heobxogumo obcnyxu-
Ha csobogHoM UM npuBo- | HeoBxoaumo  HUM3- | He sawmwaet noa- | HeoBxoguMo HUaKkoe | BaHmne

AHOM KoHU@ax Bana. og- | Koe COmpoTUBMEHUE | LUMMHUKA Ha MpW- | COMPOTUBINEHME Lie-

LLUMMHWUKA HE M30MNMPOBaHbl | LLIETOYHOTO KOHTaKTa | BOAHOM Bany TOYHOIO KOHTaKTa

6) Huakoe conpoTuene- [ HegocTaTtouHo HegocTaTouHo S ekTuBHo. HeT anuTenbHoro onbiTa
HWe cMasku u/unu yrne- Odpekt 3aBUCUT | paboThl. SddhekTMBHOCTL

poaucToe ynnoTHeHWe B

OT COCTOAHUA MaTe-

CMa3Kn CHUXaetca

dhasHbIX nomex

YMEHbLLIAET BbICOKO-
YacToTHOe Hanpsibke-
HWe, Takke MoHMXa-
€T HU3KOYacCTOTHble
TOKU

MOALLMMHMKaX pwanos

7) PoTop B aKkpaHupoBaH- | He adhdpekTuBHO He acppextnBHO | BecbMa acbchektuBHO | Mpobrnemsl B reHepupye-

Hol kamepe (krneTke da- MbIX npeobpasoBaTeniem

pages) ypaBHUTENbHbIX TOKax, YTo
XapakTepHo Ans GonbLumx
nBurartenen

8) PuniTp HanpsbkeHus cH- | b ekTUBHO. S dpekTnBHO S pekTUBHO Haubonbllee cokpalye-

HWe HanpsaXeHUs cuHdas-
HOW MOMEXHU, ecnn punstp
CMOHTUPpOBaH Ha BbIXoae
npeobpasoBaTens

9) UsonupoeaHHoe coeau-
HEHne

He acbdekTnBHO

Becbma adpdpek-
TUBHO

He adhdpekTnBHO

Takxe npepoTBpaljaeT
BO3MOXHOE NnoBpexaeHue
NpuBOAMMON B ABWXEHNE
Harpysku

10) Kopnyc ans npwuso-
AHOro coefiuHeHus

He adpdpekTuBHO

ShdekTnBHO

He adppekTuBHO

Takke npeaoTBpallaeT
BO3MOXHO€E noBpexaeHne
npuBoAMMOIA B [BWKeHUe
Harpysku
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8.6.3 fipyrue dakTopbl U 0COGEHHOCTU, BNUAIOWME HA TOKM NOAWMNNHUKOB

- Bonbwon dmsnyeckuin pasmep unu BbICOKas BbIXOAHAA MOLLWHOCTb MEeXaHu3Ma BeAEeT K YBENMUYEHUIO
MHAYLUMPOBAHHOIO HA Basny HaNPsHKeHUsI.

- ®usnyeckoe coCTosiHMe ABUraTens Takke BMMSET HA MHAYLMPOBAHHOE HA Bany HanpsbkeHue: KopoT-
kas dhopma ¢ 60nNbLWKM AUAMETPOM OOLIMHO NyyLlEe, YEM ATNIMHHAA U TOHKAA KOHCTPYKUMS ABUraTens.

- BonbLoe Yucno NonocoB BEAET K YMEHbLLUEHUIO UHAYLIMPOBAHHOIO HA Bany HanpshXeHus.

- BonbLoe Yyucno nasos ctatopa BEAET K YBENUUYEHMIO HANPSHXKEHUA HA Bany.

- BbICOKWUI KPUTUYECKUIA MOMEHT O3HAYaeT Manoe peakTMBHOE CoNpoTMBREHNE U 60NbLUIOE HaNpsXXeHue
Ha sany.

- KopoTtkuii kabenb aBuratensa yBenuuuBaeT MHAYLUPOBAHHOE HanpsiXXeHue Ha Bany.

- Manas pa6oy4as ckopoCTb U BbICOKas TeMneparypa noAwWMNHUKOB, KaK U BbICOKAs Harpy3ska nogwumn-
HWKOB, YBEMUYMBAIOT ONACHOCTb TOKA B NOALLMMHUKAX M3-3a O0onee TOHKOW CMa3blBalOLLEN NNEHKN.

- PonukoBble noawmnHuku 6osiee ya3BUMMbI, YeM MOALLUMMHUKN CKONbXEHUS, HO UMEIOT Gonee BbICOKYIO
M3HOCOCTOWKOCTb, YEM LLAPUKONOALLIMIHMKM, U3-3a Bonee BbICOKUX 3a30pOB U EMKOCTH.

- BbicokoyacToTHas uenb Nnpeobpa3oBarenst MOXET 3HAUMTENBHO YBENUYUTL HANPSHKEHUA B NOALLMNHU-
Kax B 3aBMCUMOCTHU OT cnocoba 3a3eMreHus.

- [lBuratenu ¢ KOHTAKTHLIMK KOMbLIAMM, NMMTaeMble OT npeobpasoBarteneli C UHBEPTOPaMK HanpsHXXeHUs
B Lenu potopa, TpebyloT 0co60ro BHUMAaHMUS, NOTOMY YTO KOIhHULUMEHT HAaNPsKeHUA B noawmnHuke BVR
HamHoro Bbile (BVR = 1), yeM B ABUratensax ¢ NUTaHWEM Mo CTaTopy.

8.7 lononHuTenbHble COOOPaXEeHNA ansa ABUraresrien, NUTaeMbiX OT BbICOKOBOSILTHbIX
npeo6pasoBaTeneil — UCTOYHMKOB HaNPsHKEeHUA

8.7.1 O6wue nonoxeHusa

Bce yTBep)KaeHUst 0 TOKax B MOALLUMMNHMKAX, CAENAHHbIE BbILLE OTHOCUTENBHO HU3KOBOSMLTHLIX ABUraTe-
nen, nutaemblx OT npeobpasosareneii ¢ UHBEPTOPaMKU HaNpsHKEHUN, 4eNCTBUTENbHLI B LENOM U ANa ABuUra-
Tenei u npeobpasoBaTeneit BbICOKOro HanpsiXeHusl, 04HAKO UMEIOTCA HECKONbKO NOKa3aHHbIX HUKE OTNUYUIA.

- BbICOKOBONBTHBIE ABUraTeny 0ObIMHO MUMEIOT BONbLLYIO MOLLHOCTL (OT COTEH KMNoBarT) U obnagator ao-
BONMbHO 6OMbLUMMM pasMepamMu Koprnyca, No3TOMY, Kak NPaBUIO, OHWU UMEIOT OAUH U30NMPOBaHHBLIN NOALLUMMHUK.

- Bonee Toncras u3onAuMA nasa ymMeHbLUAET eMKOCTb Mexay OOMOTKOM M CepaedYHUKOM, YMeHbLuast
TaKKe TOK CMHA3HOW NOMEXW ABUraTesns U TOK Yepes NoALLUMMHUK.

- C Apyroi CTOPOHbI, CKa4YKN HanNpsKeHUs CUHpa3HOM NOMEXM HaMHOro Gonblue B npeobpasoBartensx
BbICOKOrO HanpsKeHWsa 1, HECMOTPA Ha BOMbLUEE YUCO YPOBHEN, YBENMUYMBAIOT ONACHOCTb KOMMEHCALMOH-
HOro ToKa.

- M13-3a BbICOKOIO HaNPsXEHWA B 3BEHE MOCTOAHHOMO TOKA aMNiUTYAA HanpseHnst CMHGa3HOM NOMEXH Bbl-
COKa, U NOSTOMY OMACHOCTb EMKOCTHOTO pa3spsga TOKa MOALUMMHUMKOB 3Ha4YUTENbHA (k0athhuLmMeHT HanpshkeHus B
NOALLMMHMKAX BbICOKOBOMBTHbIX ABUraTeNei HaxoamTcs Ha TOM Xe YPOBHE, YTO U B HU3KOBOJLTHLIX ABUTaTENsix).

8.7.2 3awuMTa NnOAWMUNHUKOB B KOPOTKO3AMKHYTbIX AaCUHXPOHHbIX U CUHXPOHHbIX 6eCKOnmneKrop-
HbIX ABUraTensix ¢ NOCTOAHHbIMU MarHUTamMmmn

BbiCOkOe Hanps)KeHue B Lienu NPOMEXyTOYHOro 3BeHa npeobpasosarensa u ousnyeckuii pasmep aBura-
Tens o6ycnosnuBatoT 0cobble TpeboBaHUA K 3aLumTe NnoALMNHUKOB. Cneayet CNONb30BaTh U30SIMPOBAHHYIO
KOHCTPYKUMIO ANA 060MX NOALUMMHUKOB MW NPUMEHATL OAWH U3ONMPOBAHHBLIN NOALMNHMK (HA CBODOAHOM
KOHLIe Bana) u LETKy, 3a3eMnsaioLylo Ban C NPUBOAHOI CTOPOHLI, UnK 3¢pdeKTUBHLIN UNLTP CUH(A3HON No-
Mexu Ha Bbixoge npeobpasosarens (cm. Tabnuuy 5).

8.7.3 3awuTa NOAWMUNHUKOB ABUraTeNniei ¢ KOHTAKTHbIMU KOSIbLIAMM U CUHXPOHHbLIX ABUraTenem
C HEe3aBUCUMbIM BO30OYXAEHUEM

MockonbKy ABUraTenb y)xe UMEET KOHTAKTHbIE KOMbLA M LLETKM, 3amuTa NOALUMMHUKOB MOXET JOCTU-
ratbCsl JONOSIHUTENbHBIMU LLETKaMK, 3a3eMNAIOWMMK Ban Ha 060ux koHuax. B kavecTBe ansTepHaTuBbl MO-
XeT ObITb BbIGpPAH APYron NPUMEHUMBIN MeToa U3 Tabnuupl 5.

8.8 3awuTa OT TOKA Yepe3 NOAWMNNHUKUA ANA ABUraTefniel, NUTaWKNXCA OT BbICOKOBOJILTHbIX
npeoGpasoBarTenei ¢ UHBepPTOpaMmn ToKa

MpakTu4eckuii ONbIT U UCNBLITAHUA NOKa3anu, YTo npeobpasoBarent CO CBOMCTBAMM MCTOYHMKA TOKA
OKa3sblBaeT HEGONbLUIOE BNUSIHUE HA HAaNPSDKEHUE Ha Bany U HET HEOBX0AUMOCTM B CneLmarnbHbIX Mepax ans
3aLMTLI NOALLUMMHUKOB.

3aszeMnAOLWME LWETKU HA Bany PEKOMEHAYIOTCS TONbKO ANS ABUraTesneil ¢ KOHTaKTHbIMMW KOMNbLAMMU, NU-
TaemblX OT NnpeobpasoBateneli ¢ UHBEPTOPaAMM TOKA B LieNU poTopa.
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9 MoHTax

9.1 3a3emMneHue, MOHTaX U KabernbHaa pasBogka

9.1.1 O6wMe nonoxeHus

MpuBoaumMbie aanee cBeaeHMs ABNSIIOTCS TONbKO OOLMM PYKOBOACTBOM MO MCMOSIb30BAHMIO NPOBOAHU-
KOB Ansi 3aLUTHOTO 3a3EMNEHUA U NOACOEANHEHUA ABUTATENS, a TAKKE MO HAAEXHOCTU U dNEKTPOMArHMTHOM
COBMECTUMOCTU 9NEMEHTOB YCTAHOBKM. [Py CO34aHUM KOHKPETHLIX YCTAHOBOK HeobxoauMo obecneunBarb
CcoOnoaeHne MECTHBIX NMPaBUIT 3a3€MIIEHUS U COMMAaCOBaHUE C CUCTEMHbLIM MHTErparopom. [OrmkHbl Takke
cobnioaaTbCA MHCTPYKUUMM MOcTaBLmMKa npeobpasoBarenst OTHOCUTENBHO 3NEKTPOMAarHUTHOW COBMECTUMO-
ctu. [ins nonyyeHus AONONMHUTENbLHOW MH(popMaLMm 06 aNeKTPOMarHMTHOM COBMECTUMOCTU M 6e30nacHOCTH
cucTem cunoBoro anekrponpusoga cmotpure MAK 61800-3 n MOK 61800-5-1. [ins BCECTOPOHHErO pyKoBOA-
CTBa Mo 00LMM METOAAM 3NEKTPOMArHUTHON COBMECTMMOCTU YCTaHOBOK cmoTpuTe Taike M3K 61000-5-1 u
M3K 61000-5-2.

9.1.2 3azemneHue

9.1.2.1 3agaum 3aszeMmneHus

3apavyamu 3aszemneHus ABnsOTc 6e30nMacHOCTbL U HagexHasa pabora 6e3 nomex. TpaguuMoHHOE
3aszeMneHne 060CHOBAHO ANEKTPUMYECKon 6e3onacHOCTLIO. OHO MOMOraeT rapaHTupoBaTb 6€30MacHOCTb
nepcoHana, a taikke m3bexarb noBpexxaeHus o0opyaoBaHMA U3-3a KOPOTKUX 3amblkaHui. [Ans paboTbl
06e3 noMex cuctemMam CuIOBOrO 3NEKTponpuBoaa HeobxoamMbl bonee AENCTBEHHbIE METOAbI, rapaHTU-
pyowme 3PdEKTUBHOCTL 3a3EMINEHUS NPU BbICOKUX YacTOTax. OTO MOXET noTpe6oBaTb UCMONb30BaHUSA
9KBMMNOTEHUMANbHbLIX 3a3eMNSAIOLLMX MOBEPXHOCTEN HA ITaxax 3aaHus, obonoykax obopyaoBaHusa u ne-
YaTHbIX nNnarax.

Kpome Toro, npaBunbHOE 3a3eMreHue 3HaYUTENBLHO MOHWKAET HANPSDKEHUS Ha Bany u Kopnyce ABura-
TEnsi, YMEHLLIAA BbLICOKOYACTOTHLIE TOKM B MOALLUMMHUKAX U NPEeAOTBPALLAs NpexaeBpeMeHHbIn 0TKa3s noa-
LUMMHWUKOB, a TaKke CHWXasi BO3MOXXHOCTb NOBPEXAEHUS BCOMOraTresisHoro obopyaosanus (cM. pasaen 8).
KoHturypauusi 3asemMneHnst MOXeT TaKKe MOBMUSATb HA YPOBHU NEPErpy3ku Mo HANPSHXXEHUIO U30NALMKN MEXaY
ha3oii u 3emnen (cm. 7.4).

9.1.2.2 3asemnsiowme kabenm

3aszemnsaowme kabenu, o6ecneunsatowme 6€30NacCHOCTb, UMEIOT pasmepbl, 3aBUCALLME OT KOHKPETHOW
cuTyauuu, B COOTBETCTBMM C PErMOHanbHbIMU Npasunamu. COOTBETCTBYIOLLMI BLIOOD XapakTepucTuk kabens
U NpaBun €ro NPOKNaaku TakxKe NoMOraeT yMeHbLUMTb YPOBEHb INEKTPUYECKUX HAMPSKEHUIA, NPUNOXKEHHDbIX K
pa3nuyHbLIM ANEMEHTaM IMEKTPONPUBOAA, U NOITOMY YBENUYMBAET €ro HaaeXHOCTb. Kpome Toro, Tun kabens
JOIMKEH COOTBETCTBOBATL TPEOOBAHUAM 3NEKTPOMArHUTHON COBMECTUMOCTM.

9.1.3 NoacoeanHeHune asurartenen

MoacoeanHeHUe AOMKHO ObiTb OCYLLECTBNEHO Takum 06pa3om, UTobbl He TONIbKO COOTBETCTBOBATL Tpe-
foBaHusiM 6e30NacHOCTU, HO U YNyyLaTb XapakTepPUCTUKN SNEKTPOMArHUTHOW COBMECTMMOCTU YCTAHOBKM.
Ons coeguHUTENbHBIX LUMH NOAXOAALLMMU NPOBOAHMKAMU ABAAIOTCA CMIOLUHbIE U NepdOpPUpPOBaHHLIE METAN-
nm4yeckme Nonochl K Kpyrnble kabenu. [na BbICOKOYACTOTHLIX CUCTEM NPEANOYTUTESNbHLI METANNUYECKUe no-
nockl unu nneteHbie kabenu. TMNMYHOE COOTHOLUEHNE Pa3MEpPOB «ANUHA/LLIMPUHAY» ANS 3TUX NOMOC JOIDKHO
ObITb MEHbLLE NATH.

Ona asurarenen ot 100 kBT u Bbile YCNOBUA BHELUHEr0 3a3eMIeHUs1 MPUBOAHbLIX MEXaHU3MOB MOTYT
noTpeboBaTb COEAMHEHUA MeXAy KOpNyCoM ABUraTtensa u BeAOMbIM MeXaHM3MOM. TUMUYHLIMU MPUMEHEHU-
AMU ABMAOTCA HACOCHI (3a3EMIMNEHHbIE YEPE3 BOAY) M PedyKTOPbl C LEHTPanu3oBaHHON CMa3KoN (3a3eMneH-
Hble Yepe3 macnonposod). Liensmu atoro coeamHeHUs ABNAITCA ypaBHUBAHME NOTEHLMANOB U YNy4lLEHue
3azemnenns. OHO JOIMKHO UMETb HU3KYIO MHAYKTUBHOCTb, TakMM 00pasoMm, AOIDKHA NMPUMEHSTLCA LENbHO-
MEeTannuyeckas WM nreTeHas nonoca MUHMMAaNbHOW ANUHLL. B HekoTOpbIX cnydasx MOXeT TpeboBatbes
[AOMOMHUTENbHOE COeAUHEHNE KOMMOHEHTOB ABUraTens, HanpuMep Mexay Kopnycom ABUratens u KneMMHOMN
KOpOOBKON (CM. pUCYHOK 19).

Tam, rae Ang agsuratens u BeAOMOW Harpys3kum ucnosnb3yerca obwasa cuctema cmMasku, JOMKHO ObiTb
nNpesoTBpaLLEHO COEeAMHEHUE Yepe3 Koprnyca M30NUPOBAHHLIX NOALUMMHMKOB, HANpPUMEpP TakuMu cpea-
CTBaMU, Kak U30NMpoBaHHble MydThl, Wanbbl ANA 3aXKUMOB U KpenexkHbix BONTOB, a TakXe U30NUPOoBaH-
Hble cekuuum TpyOonpoBOAOB, CAEMNAHHbLIE U3 KepaMUKU UM MAacCnOCTOWKOrO TBEPAOrO NOSUBUHUAXIIO-
puaa.
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Tb — kneMmHas Kopobka; P E— coefyHeHne C KOpMycoMm fBuratensi; S — coefvHuTeNbHas LnHa
PucyHok 19 — CoefuHuTenbHas WuHa OT KNEeMMHOI KOpo6ku aBuraTens K kopnycy ABuratens

9.14 Cunosble kabenu gsuratena ana npeob6pasoBaTtesieil YacToTbl C BbICOKOM 4acTOTON KOM-
MyTaumm

9.1.4.1 PekoMeHayeMble TUMNbl kabenei

[nsa ypoBHeli MmowHocTu cBbiwe 30 KBT B LeNsX YMEHbLUEHNS! BbICOKOUYACTOTHbLIX TOKOB B MOZLLMMHUKAX
n yxyglweHns 9MC pekoMeHAYITCA OLHOXW/IbHbIE Kabesinm C CUMMETPUYHLIM PacnosIoXeHNEM CUIOBbIX U
3a3eMNALWMX NPOBOAHUKOB.

OKpaHMpOBaHHbIE MHOTOXW/bHblE Kabenu npegnoytTuTesnibHee AN 60/1ee HU3KUX MOLLHOCTEN u yao6-
cTBa MOHTaxa. Ans gsurareneli mowHocTbio Ao 30 kBT 1 ceveHuii kabens o 10 MM2 NPpUMEHNMbI U HECUM-
MEeTPUYHbIe Kabenu, HO Npu 3TOM YCMOXHSAETCA MOHTaX. B 3TOM AmanasoHe MOLLHOCTEW pacnpocTpaHeHo
3KpaHupoBaHue 13 osbIu.

[na BbINONHEHUS (hYHKUMI 3aLLMTHOIO NPOBOAHMKA NPOBOAMMOCTb 3KpaHa [0/HKHA COCTaBASATb HE Me-
Hee 50 % npoBoAMMOCTW (pa3HOro NPoBOAHMKA. MpU BbICOKUX YacToTax NPOBOAMMOCTbL 3KpaHa [O0SHKHA COo-
CTaBNATb NO KpaiiHeii mepe 10 % npoBOAMMOCTM MPOBOAHMKA (hasbl. ITMM TpeboBaHWAM COOTBETCTBYHOT
MeAHble UM antoMUHUEBbIE 3KpaHbl. V3-3a MeHblueil NPpOBOAMMOCTM CTaUIbHON 3KpaH AO/KeH ObiTb 60/b-
LUero MonMepeyvHoro CeyvyeHus, a cnMpasb 3KpaHa A0/HKHA MMeTb Masiblii yron HaknoHa. anbBaHu3auusa yBse-
NinymMBaeT BbICOKOYACTOTHYIO MPOBOAMMOCTL. ECNM CONpOTMBEHNE 3KpaHa BbICOKO, TO MPOAO/bHOE najeHue
HanpsXeHusl, Bbl3BaHHOE BbICOKOYACTOTHLIMM 06pPaTHLIMU TOKaMu, MOXET MOBbICUTb MOTEeHUMan kKopnyca
LBuraTenss OTHOCUMTENIbHO poTopa (3a3eM/IEHHOr0), Bbi3blBasi HeXenaresibHble TOKM B NoAWUnHUkax (cMm. pas-
aen 8). 9hdekTMBHOCTL 06ecneyveHnst 3NEeKTPOMAarHUTHOW COBMECTUMOCTM 3KPAHOM MOXET OblTb OLEHeHa
BbIYWC/IEHNEM €r0 NMOBEPXHOCTHOIO NepesaToyHoro COnpoTUB/IEHNS, KOTOPOE AO/DKHO ObITb HU3KMM Aaxe npu
BbICOKMX YacToTax.

KabenbHble aKpaHbl AO/MKHbI OblTb 3a3eMeHbl Ha 060Mx koHUax. Mpu nonHom kpyrosom (360°) nogco-
eJMHEeHNN 3KpaHa WCNO/b3YKTCA BCE €0 BbICOKOYACTOTHblE BO3MOXHOCTW, YTO CMOCOGCTBYET AOCTUXEHUIO
3/1IeKTPOMarHMTHOM coemecTumocTu (cm. 9.1.4.3).

HekoTopble Npumepbl NPUMEHSAEMbIX 3KpaHUPOBaHHbIX kabenei:

- kabesib C KOHLUEHTPMYECKAM MeLHbIM WM a/lOMUHUEBbLIM 3aLUTHBIM 3KPaHOM (CM. pUCYHOK 20, A);
chasHble MPoBOAA PacnosiokKeHbl HA PaBHOM PACCTOSHWW APYr OT Apyra M OT 3KpaHa, KOTOpbIi Takke MCMnosb-
3yeTCs Kak 3alWTHbI NMPOBOAHNK;
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- TPEXXKW/bHbIA Kabenb C TPEMS CUMMETPUYHBLIMU MPOBOAHWKAMU AN151 3ALLUTHOTO 3a3eM/IEHUS] U KOH-
LEeHTpMYEeCKoro akpaHa/6poHn (cm. pucyHok 20, B); akpaH 3aToro kabens Mcnosb3yeTcs TOMbKO AN obecnedye-
HUS1 9/1eKTPOMarHMTHON COBMECTUMOCTU U (DU3NYECKOW 3aluThbl.

NMpumeyaHue — B cuctemax He6GOMbLWOKW MOLLHOCTU AOCTATOYEH €AMHCTBEHHbI NPOBOAHUK ANS 3aLUTHOTO
3asemneHus;

- TPEXXKUNbHLIA Kabenb C BUTOW GpOHEeli/akpaHOM — CTaslbHOW WM M3 OLMHKOBAHHOIO enesa, C He-
60/blWLUNM LIaroM BUTka (M. pucyHok 20, C); ecnv nonepevHoe cedeHne akpaHa HefoCTaTO4YHO A1 UCMOob-
30BaHMA B Ka4ecTBe 3alUTHOrO MPOBOAHUKA, TO HEOOXOAUM OTAENbHbIN 3a3eMAAIOLLMIA NPOBOAHNIK.

SCU — KOHLEHTPUYECKUA MefHbIN (MK afloMUHUEBLIN) akpaH; AFe — cTanbHast 6poHs; Txfr — TpaHcdopmartop;
Cv — npeo6pasoBaTesnib; PES — OTAeNbHbI 3a3eM/ISIOLLMIA NPOBO4

PucyHok 20 — lMpumepbl 3KpaHUpPOBaHHbIX kabeneii ans gsuratenei n coefUHEHHbIX C HUM YCTPOICTB

Bo Bcex c/iyyasix YacTv kabensl, KoTopble A0/KHbI 6biTh MOAK/MIOUEHbI K KOHTakTaM npeobpasoBatens
UacToTbl M K KOPOGKE BbIBOAOB ABUraTessi U NO3TOMY OYMLLEHBLI OT 3KPaHa, JO/MKHbI 6biTb NpeaesbHO KopoT-
KUMK.

Kak npasuo, akpaHMpoBaHHbIe OTpe3kn kabens anvHol Ao 100 M MOryT MUCMo/b30BaThCA 6€3 A0MN0NHU-
TeNbHbIX Mep. Ans 60nee ANVHHbLIX Kabenei MoryT Tpe6oBaTbCa creynanbHble Mepbl, HanpuMep Takue Kak
YCTAHOBKA BbIXOAHbIX (OMALTPOB. MpU HaMuMm unbTpa BbileNpUBEAEHHbIE PEKOMEHAALMUN NPUMEHUMbI K
ka6eno, coeauHsIoLLEMY BbIXOL NpeobpasoBatens U unbTp. Ecim dmabTp obecneunBaeT 31eKTPOMarHnuT-
HYl0 COBMECTUMOCTb, TO Kabefib OT (hunIbTpa A0 ABUraTesNsl He HYXAETCs B 9KPAHUPOBAHUM WM CUMMETPU-
poBaHUM, HO AN1A ABUraTenst MOXeT NoTpe6oBaTbCsA AOMNO/HUTENLHOE 3a3eM/EHNE.

OJHOXWUNbHbIEe HeaKpaHWPOBaHHbIE Kabenn MOryT 6biTb NPUMeHeHbl AN ABurateneii 60/bwol MOLLY-
HOCTW, eC/IM OHU YCTaHOBMIEeHbl G/IM3KO APYr K APYry Ha MeTa/i/IMyeckoM kabenbHOM nepexofe, KoTopbiii
noficoeAvHeH K cucTeMe 3a3emsieHusi, No KpaiHeil mepe Ha 060MX KOHUax ka6ens. MarHuTHble nons ot
3TUX kabenei MoryT UHAYUMPOBaTb TOKM B COCEAHE MeTasl/IoOKOHCTPYKLUMMW, NMPUBOAS K HArpeBaHuto v yee-
JIMYEHNI0 NOTepb.
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9.1.4.2 MapannenbHas cMMMeTpuyHasa npokiagka kabens

Korga npoknagbiBaetca kabenb o1 npeobpasoBatens K asuratesnio 60bWON MOLWHOCTH, U3-3a 60/1bLINX
TOKOB MOTYT 6bITb UCMNOJ/Ib30BaHbl HECKO/IBKO NPOBOASALNX 3/IEMEHTOB, BK/IOYEHHbIX napannienbHo. CoOTBET-
CTBYylOLLAA 3TOMY C/lyyalo npoknajka kabensa Ans npocToil (CMMMETPUYHO) YCTaHOBKU AO/MKHA ObITb caena-

Ha corfiacHo pUcyHky 21.

PucyHok 21 — Cxema napasieslbHoro CUMMETPUYHOTo KabenbLHoro coeAnHeHns npeo6pasoBaTens
1 aBuratens 60/bWOoR MOLWHOCTM

9.1.4.3 KoHueBas 3agenka kabens

Mpy MOHTaXe KabenbHOro coeAuHEHNs LO0/HKHO 6bITb 06ecneyeHo NoAK/II0YEHNE BbICOKOYACTOTHOIO 3Kpa-
Ha Kak K npeobpasoBaresio, Tak 1 kK gsuratesno. PacnpegenutensHan kopob6ka gsuratens fos/HkHa ObITb caena-
Ha M3 3N1eKTPONPOBOAALLEro maTepuana (anloMUHUA, Xene3a U T. A4.), KOTOPbIA 3/IEKTPUYECKN COELMHEH C KOp-
nycom. CoefnHeHNA 3KpaHa A0/DKHbl 6bITh caenaHbl ¢ 360-rpagyCcHO KOHLEBON 3afesnkoli, obecneunsatoLLein
HM3KOe COMPOTMB/IEHME B LUMPOKOM YACTOTHOM AuanasoHe OT MOCTOSHHOro Toka Ao 70 MIy. 310 adhdeKkTUBHO
yMeHbLUaeT HanpsXXeHa Ha Bany 1 Kopnyce u ynydllaeT XapakTepucTUKN 3N1eKTPOMAarHMTHON COBMECTUMOCTN.

Mpumepbl XopoLwero BbINOMIHEHUA HAKOHEYHUKOB A5 npeobpasoBaTensa v gBuratesia HEBbICOKOW MOLLL-
HOCTU MOKa3aHbl Ha pUCYHKax 22 n 23 COOTBETCTBEHHO.

SC — nutarowwii kabenb; MC — kabenb gsuratens; UL — He skpaHMpoBaHHas 4yacTb
(No BO3MOXHOCTM KOPOTKas); S — 3kpaH kabens; P — rnbk1il NpoBOAHMUK (N0 BO3MOXHOCTU KOPOTKUIA);
U — naHenb canbHukoB; G — 3MC-canbHuk kabensi; C — kabenu (BHelWHsA 060/104Ka);
F — cnnowHas kneTka dapajges

PucyHok 22 — CoepuHeHus npeobpasoBatensa ¢ 360-rpafyCHbIMWU BbICOKOYACTOTHLIMMU
KabenbHbIMWU YNIOTHEHMAMU W KNeTkoin ®apages
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[ — coefuHuTenbHas kopobka (npoBogsAwas); S — akpaH kabens; P — rnbkuii NpoBOAHUK
(Mo BO3MOXHOCTW KOpOTKuiA); M — kopnyc asuratens; G s— npoBoAsLyve Npoknaaku;
G — OMC-canbHuK KabenbHsa; F — cnnowHas knetka ®apages

PucyHok 23 — KoHueBas 3ajenka B gBuratene ¢ 360-rpaflyCHbIM COeMUHEHNEM

MopcoeAnHeHUA 3KpaHa K CoOefMHUTENbHO Kopobke ABuraTens AO/DKHbl 6biTb BbINOSIHEHLI UAN C Ka-
6enbHbIM AMC-canbHMKOM, Kak NoKa3aHo Ha pucyHKke 24 (a), UAn ¢ KNeMMOW 3KpaHa, Kak noka3aHo Ha PUCYH-
ke 24 (b). Mopo6Hble coegnHeHNsa TPebyTca 1 ¢ kKopnycom npeobpasoBaTtens.

Tb

Mt
Et

Sc

a— nojcoeauHeHne ¢ canbHUKOM; b — noacoeanHeHne c knemmoii; Th — coeanHUTeNbHas Kopobka ABuratens;
Mt— knemmsbl geuratens; Et— 3asemnsouwas knemma; S — akpaH kabens; Sc — knemma aKpaHa;
G — 3MC-KkabenbHbIl canbHuk, Gl — KabenbHbIn canbHuUK 6e3 AMC; C — kabenb

PucyHok 24 — TMopkntoyeHne kabenbHOro akpaHa

9.1.4.4 TlopcoefuHeHve kabens u 3a3em/ieHne BCMoMoraTe/lbHbIX YCTPOWCTB

BcnomoraTesnbHble YCTPOCTBA, TakMe Kak TaxoMeTpbl, AO/IKHblI 6biTb 3/1E€KTPUYECKU W30/MPOBaHbI OT
fABuratens, 4To6bl NpeAoTBpaTUTL 06pa3oBaHMe Yepes HUX YTeuku TOoKa, NPUBOASALLE K HeBEpHbIM nokasa-
HUSIM UK NOBPEXAEHUAM. BO3MOXHbBIM peLueHnem ABNSeTCS 3N1eKTPUYECKU U301MPOBaAHHOE NPUCOEANHEHNE
3Hkodepa. [N TaxoMeTpa C NosibiM POTOPOM M30/5LUSE MOXeT GblTb OCYLLeCcTB/eHa NOCPeACTBOM LIapoBOro
COoefiHeHNs WAW cneunanbHOro pblyara.

JkpaH kabens TaxomeTpa AO/MKeH 6biTb M30/IMPOBAH OT €ro kopnyca. [lpyroii koHel, 3akpaHa 3a3emseH

y npeo6pasoBarens.
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TaxoMeTpbl € NOSIbIM BanOM U SMEKTPUYECKO U30NALMENR MEXAY NONbLIM BANOM U KOPNYCOM TaxoMeTpa
NO3BOAOT NPUCOEANHUTE 9KpaH Kabens k kopnycy TaxoMeTpa.

Mcnonb3osaHue kabens ¢ ABOWHLIM 9KPAHOM MPEANOYTMTENLHO ANS UMNYNBLCHOIO 3HKoaepa. YUToObl
MWHUMW3UPOBATh NPOBNEeMbl BbICOKOYACTOTHBLIX MOMEX, 3KpaH A0KEH ObiTb 3a3eMIEH Ha CTOPOHE 3HKoaepa
yepes KOHAeHcaTop.

Kabenb ¢ 04HUM 9KPAHOM MOXET UCMOSb30BaTLCS C aHANOrOBbIM TAXOMETPOM.

YUToObl NPeaoTBPaTUTEL HEXENATENbHYIO CBA3b, KABENbHasi Tpacca BCMOMOraTenbHbIX YCTPONCTB J0Ik-
Ha ObITb OTAENEHAa OT TPACChl NPOKAAKM CUIOBbLIX Kabenei.

9.1.4.5 Npoknaaka kabenein Ans BCTPOEHHbIX AaTYMKOB

B obwem cnyyae pekomeHaauuu AnNs aHanoroBbiX TAXOMETPOB, NpuBeAeHHble B 9.1.4.4, NPUMEHNMbI
1 K BCTPOEHHbIM AaTynkamM, Hanpumep Tepmonapam. OfHaKO NOCKOMbKY NPOKnaaka NPpoBOAOB K BCTPOEHHbIM
Aarynkam oOblMHO BEAETCS B HENOCPEACTBEHHON GNM30CTU OT CMNOBOW NPOBOAKW ABUraTesnsi, ero u3ons-
UM JOrkHA ObITb 4OCTaTOMHON ANA 6onee BbICOKUX HanpshXeHUI, C KOTOPbLIMKU 3TU NPOBOAA NEPECEKAIOTCA.
B aTux cnyyasix ucnonb3oBaHue 9KpaHUPOBAHHOTO kabens He Bcerga BO3MOXKHO.

9.2 PeakTopbl U hunbrpbl

9.2.1 OGwure NonoxeHnA

B HeKoTopbIX yCTaHOBKaX AN YMEHbLUEHUA KPYTU3HBI UMNYILCOB HANPSHXKEHUS UHBEPTOPA UINK yryJLLie-
HWA XapakTepPUCTUK 3MEKTPOMArHUTHOW COBMECTUMOCTU MOXET ObiTh NONE3HLIM UCMNONb30BAHUE PEAKTOPOB
UNN BbIXOAHBIX punsTpoB. OAHAKO NageHUe HaNPSAXEHNA Ha 3TMX KOMMOHEHTaX MOXET NOBIUATbL HA PEXUM
paboTbl aBuratens.

9.2.2 BbIxoAHble peakTopbl

370 cneunanbHO pa3paboTaHHbIEe PeaKTOPbl, CNOCOOHBIE U3MEHATL (POPMY LUIMPOTHO-MOAYNMPOBAHHBIX
UMMYNbCOB UHBEPTOPA U NPUMEHSAEMbIX A YMEHbLUEHUA KPYTU3HbI (PPOHTA UMNYNLCOB U MUKOBOTO Hampsi-
XKeHnsa Ha 0B6MoTKax Agsurarens. OgHako NpuU HeNpaBUNbLHOM BbIGOPE peakTopbl MOTYT YBENUYUTb aMMNUTYAY
MUKOB HanpseHus. Ocobyio akKypaTHOCTb cneayeT NPUMEHATb NPU UCMONb30BAHMU PEaKTOpoB C heppu-
TOBbIMM CepaevHuKamu. B cnyvae, nokasaHHOM Ha pucyHke 25 (a), npucoeauHeHne peakTopa yBENMUYMBa-
€T BpPeMsA HapacTaHua uMnynbca NPUONU3NTENLHO A0 5 MKC U YMEHLLUAET NUKOBOE HanpshkeHue Ao 792 B.
OO6bI4HO BbIXOAHbIE PEaKTOPbl PacnonaraioTcs B KOHCTPYKUuu Wwkada npeobpasosarens. OHM MOryT UCNOSb-
30BaTbCA TAKKE AN KOMIMEHCALMN EMKOCTHBIX TOKOB B KPYNHbIX 9NEKTpONpuBoAax npu anuHe kabensa mexay
asuraTtenem u npeobpasoBarenem ANMHON HECKONbKO COTEH METPOB.

9.2.3 dunbTp OrpaHNyYeHus NponsBogHON HanpspkeHus (du/di-punisTp)

B 3aToM BapuaHTe Ang orpaHuM4eHus Temna HapactaHua Hanpsxxenuna (du/dt) ncnonb3yeTca KOHCTPYK-
Lusi, COCTOALLAA M3 KOHAEHCaTopoB, KaTyLlleK UHAYKTUBHOCTM M ANOAOB MM PE3NCTOpPOB. Takon punerp
cnocoBeH pagnkanbHO YMEHbLUMTL MUKOBOE HANPSHKEHUE U YBENUYNUTL BPEMS HapacTaHusA. B npumepe, no-
KaszaHHOM Ha pucyHke 25 (b), nukoBoe HanpshkeHue ymeHblueHo A0 684 B ¢ du/dt = 40 B/mkc. MpumeHeHune
duneTPOB CONPoBOXAAETCA yBENnMueHnem notepb oT 0,5 10 1,0 % M BO3MOXXHbLIM CHUXEHWEM NpeaenbHbIX
3HayYeHU’ MOMEHTAa Ha Bany.

9.2.4 CUHYCHbIN PUNLTP

CneuunarnbHble HU3KOYACTOTHbIE (PUILTPbLI NO3BONSAET yAansATb BbICOKOYACTOTHLIE COCTaBnalowme T10-
KOB 1 obecneunBaTb CUHycomaanbHylo (hOpMy HanpsbkeHUs NnuTaHusa asurarens. Ha pucyHke 25 (¢) nokasa-
Hbl 1,5 nepuoaa BbIXOAHOTO MEXKMA3HOTO (MMHEWHOIO) HanPsDKEHUsS NpeobpasosaTens ¢ Takum punsTpom.

CyLLECTBYIOT crieflytoLue ABa OCHOBHbIX TUNA CUHYCOUAANbHbLIX PUNLTPOB:

1) ¢ punbTpaumein kak Mexay kaxaoun dason u 3emnei, Tak u Mexxay gasamu;

2) TONbKO € MexdasHoN punsTpaumen.

HepocTaTku aTux punbTpoB — BbICOKAs CTOUMOCTb U pS OrpaHUYEHUi N0 NPUMEHEHUIO (MPU Hanuuuu
CUHYCHOrO (punbtpa):

- HanpsbKeHWe Ha ABuraTerne He MOXEeT MpeBbICUTb 90 % HanpsXKeHUs NUTaLWENn CeT (CHUKAKTCA HO-
MUHanbHbIE XapakTepucTuku npeobpasosarens);

- CUHYCHbIE (PUNLTPLI HE MPUMEHUMbI ANS ANEKTPONPUBOAOB C BbICOKUMU TPeOOBaHUAMU K AUHAMUYE-
CKUM XapakTepucTunkam.

9.2.5 TepMuHanNbHbIA MOAYNb ABUraTens

TepmuHanbHbId MOAYMNb NPUCOEANHAETCA K BbiBOAaM ABuratens. Ero 3agaya — cornacoBaHue conpo-
TUBNEHUs auratens u kabens, 4yToObl NPeaoTBPaTUTL CKAYOK HANpsDKeHUs HA asuratene. B npumepe, no-
KazaHHOM Ha pucyHke 25 (d), nukoBoe HanpskeHue coctaBnsaer Tonbko 800 B ¢ BpeMeHeM HapacTaHus no-
psaaka 2 mkc. Kak npaBuno, Hanu4ue sTux uUnsTpos ysenuuusaeT notepu ot 0,5 Ao 1,0 %.
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a— BbIXOAHOI peakTop (3 %); b — BbixogHol hunbTp du/df; ¢ — cuHycHbIl dunbTp; d — yCTPOICTBO NOACOEAVHEHNS ABUraTeNs

PucyHok 25 — BapuaHTbl nponnakTuyecknx Mep

9.3 Koppekuymsa koagpumumeHTa MOLWHOCTH

KoppeKkunsi KoadhhrLmeHTa MOLLHOCTU He MOXET BbiTb NPeAnpuHsATa 6e3 rapMOHUYECKOTO aHam3a.

Mcnonb3oBaHue CUMOBbLIX KOHAEHCATOPOB A/11 CHWKEHUSI KO3 (UUMEHTA MOLLYHOCTY Ha BbIXOAE 3/EK-
TPOHHOrO npeo6pa3oBaTensi, NUTAlOLWEro ACUHXPOHHbIV ABUraTeslb, He PEeKOMeHAYeTCsi; COOTBEeTCTByloLWMe
KOHZEHCATOPbl HE paccUuUTaHbl HA BbICOKWE YACTOTbI, M BO3MOXEH COOV ynpaBieHus.

Koppekumsi koadhchuumeHTa MOLHOCTU Ha BXoAe NpeoGpasoBaTenis HamnpshkeHust MOXET 6biTb obecrne-
yeHa NyTeM WCMO/b30BaHWSI B €r0 COCTABE akTUBHOIO BbINPSMUTENS.

9.4 MexaTpoHHble Moaynu (ABUraTesnin, KOHCTPYKTUBHO 0GbeAVHEHHbIE C Npeo6pa3oBaTesiem)

Korga npeo6pasoBatesib CMOHTUPOBAH BHYTPU koprnyca AsuraTens (B KEMMHON KOPOGKe WK B OTLENb-
HOM OTCEKE), OH SIBNISIETCA HEOTHLEM/IEMOI UYacTblo 06LLeli KOHCTPYKUMK ABUraTens, B KOTOpOli npeo6pasoBa-
Tesb W ABuUratesib UCMosb3yloT 06LY0 CUCTEMY OXNlaxaeHusi. Takoe YCTPOWCTBO Ha3blBaeTCs MeXaTpPOHHbLIM
Mofynem.

MpevMyLLLecTBa 3TOI KOHCTPYKUMUM AN1S1 NO/b30BaTeNs:

- MpoCTOTa MOHTaXa W BBOAA B AKCMayaTauumio 61arogaps OTCYTCTBUIO cheuuanbHbIX kabenei, gonon-
HUTENbHbIX COBAVHEHWIA NN 3a3eM/IeHUs;
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- COOTBETCTBUE TPEeDOBaAHUAM ONEKTPOMArHMTHOW COBMECTMMOCTU (kneTtka dapages), CHUXEHUe pu-
CKOB MPOTEKaHMA TOKOB B NOALLMMHMKAX;

- OTCYTCTBUE ANMHHbIX Kabenew unm anekTponpoBoAOB Mexay npeobpasoBaTenemM U ABUraTenem, T. e.
HU3KNI YPOBEHb MUKOB HANPSXXEHUA M HArpy3kn Ha U30NALMIO;

- 6naro,qap;| KOMMAaKTHOCTN 3KOHOMUTCA NPOCTPAHCTBO U BPEMA MOHTaXA,

- Hanu4ne eanHCTBEHHOro nocrasLymMka onpegendaer equHyt0 OTBETCTBEHHOCTD.

HepocTaTtky Takon KOHCTPYKLUMU:

- CTeneHb arpeCCUBHOCTU OKPYXKaloLLEn cpeabl MOXKET OblTb OMEHb BLICOKOW ANA 3NEKTPOHUKK npeobpa-
30Barens, 0TCloAa BbICOKas CTeneHb TpebOoBaHWI K KOPMYCY 1 yAApPHOW U TEPMUYECKON CTOMKOCTU MOHTaXKHbIX
nnaTt u KOMNOHEHTOB NpeobpasoBartens;

- pasHbIf CPOK CNY>KObl OCHOBHbIX COCTABNAOLMNX UHTETPUPOBAHHON KOHCTPYKUuK (15—20 neT ansa aBu-
ratenei, 5—10 net ana npeobpasosarenei).

10 Cneuundmka CUHXPOHHbIX ABUraTenen ¢ NOCTOAHHbLIMU MarHuTamm
npu NUTaHUM OT NpeobpasoBarenen ¢ UHBEPTOPaMU HaNpPsXKEeHUs!

10.1 XapaKrepucTUKU CUCTEMBI

MpuMeHeHne CUHXPOHHOTO ABUraTensa ¢ NOCTOSHHbBIMU MarHWTaMu B 3aneKTponpueoaax ¢ npeobpaso-
BaTensMu Ha 6ase MHBEPTOPOB HaMPSHKEHWUSI MO CPABHEHUIO C ACUHXPOHHLIMU BUTaTesisiMu UMeET psaj npe-
UMYLLIECTB:

- MEHbLLIEEe HOMUHANbHOE 3Ha4YeHe MOLLHOCTU NpeobpasoBaTensi, NOCKOIbKY KOA(MMULIMEHT MOLLHOCTU
CUHXPOHHOTO ABUraTenst MOXeT NPMONMXKaTbCa K eAUHULIE;

- 6onbwun KM cucrems;

- MEHbLUMI pasmep ABUraTens no CPaBHEHMUIO C aCUHXPOHHbLIM BUraTenem TOro XXe HOMUHana;

- MUHUMArbHbIE NOTEPU B POTOPE U, CNIe0BATENbHO, MEHBLUEE BIIMAHME POTOPA HA HArpeB ABUraTens;

- YNPOLLEHHBIE CNOCOBLI OXNaXxaeHus apuratena 6narogaps MMHUMAarbHbIM NOTEPSM B POTOPE.

C Apyroi CTOPOHbI, NOCKOMLKY MOre NMOCTOSHHbIX MarHUTOB MOXET ObiTb YMEHbLUEHO TONbKO noa Aen-
CTBMEM TOKa cTaTopa, npu paborte gsuratens B 06nacru ocnabneHHOro NoToka MOXeT BO3HUKHYTb Heobxoau-
MOCTb B CHWKEHUW HOMUHAMbLHOTO 3HAYEHUS BbIXOAHON MOLLHOCTH.

10.2 MoTepu U ux BNUAHUE

WMudopmauusi, npuBeaeHHas B pasaene 5, octaercs B cune.

MoCKOMbKY Takue ABurateny 06bIMHO HEe UMEIOT AeMNAEPHOH 0GMOTKM, rAPMOHUYECKIUE TOKM 0BycnaBnu-
BalOT 00pasoBaHue BUXPEBbLIX TOKOB B MOCTOSIHHBIX MarHUTax W/MIM MacCUBHbIX YacTsix potopa. HarpeeaHue
MarHuTOB U3-3a YBENMUYEHHbIX MOTEPL CTATOPA U BUXPEBLIX TOKOB B MArHUTaX MOXET BbI3BaTb pasMarHuiuBaHue.

10.3 LUym, BUGpauma u KpyTUsibHbIe KorebaHusa

Pa3sgen 6 ocraerca B cune.

10.4 SnekTpuyeckoe BO3aeMCTBME HA U3ONALMIO ABUraTens

Pasgen 7 octaerca B cune.

Mpu paboTe asuratensi B reHEpPaTopHOM pexxume cneagyet ydeautbea, Yto NnpoTuBo-3[C He npeBbILIAET
AOMyCTMMOE ANA YCTAHOBKW 3HAYEHME. 3TO MOXET ObiTb YaCTbIO AETarlbHOro aHanu3a 00CTOATENbCTB BO3-
HUKHOBEHUS HEMCMNPABHOCTEN 060PYAOBAHMSA, HAMPUMED MOTEPU YNpaBeHUs nNpu rmyboKoM perynmpoBaHum
nonsa Unn KOPOoTKMUxX 3aMblKaHNAX 0OMOTOK.

10.5 Tokn B noawMnHUKax
Pasagen 8 ocraercs B cune.

M pumMedaHne — LOMOSNHUTENbHbIA NOALUMMHUK MOXET ObITb YCTaHOBJ1€H B AaTuuKe 06paTHOl7I CBA3N.

10.6 Cneumnduka NnOCTOAHHLIX MAarHUTOB

PasmarimunBaHue noCTOSAHHbLIX MarHMTOB B npouecce paGOTbI ABurarenst MoXeT ObiTb BbI3BAHO ypes-
Bbl4aNHO BbICOKUM 3HAYEHUEM pasMarHm4mnBaroLLMx NMUKOB TOKaA. Puck pasmMarHMinBaHuA TakKke 06ycn03neH
AO0NONHNTENbHLIM HarpeBaHNEM MarHUTOB, KOTOPOE MOXKET MOBINUATL NMpU 0onee HU3KMX 3Ha4YEHNAX ToKa.
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11 Cneundurka aCMHXPOHHbIX ABUraTefnieri ¢ KOPOTKO3aMKHYTbIM POTOPOM
npy NUTAHUK OT BbICOKOBOJILTHbLIX Npeobpas3oBaTesieli ¢ MHBepTopaMin
HanNpPsHKeHUs

11.1 O6wme NONOXeHUN

ViHhopmauma 0 HU3KOBOMbTHbLIX ABUratensx, nuraembix OT npeobpasoBarteneli — WCTOYHWKOB Hanps-
XEHusl, AelcTBUTeNbHA W ANA ABurateneii n npeobpasoBarteneii cpegHero U BbICOKOro HanpsbkeHus. OgHako
MMEeITCS HEeKOTOpble pasnuuus.

11.2 XapaKkTepuCTUKN CUCTEMbI

VIHBEpPTOPbI CPefHero HanpskeHWs ABMATCA TPEX- WM MHOrOypOBHEBbIMU WHBepTopamu. Creposa-
TeNbHO, OHM MMeIT 6onee 0AHOro NoNyNpPOBOLHUKOBOIO CU/IOBOrO K/KYa B KaXKAOW U3 BETBEN MOCTa MHBEp-
TOpa, COeAMHEHHbIX NocnefoBaTesibHO (CM. PUCYHOK 26).

[ns TpexypoBHEBOrO MHBEPTOPA, Hanpumep, MexaydasHoe HanpshkeHne MOXeT NpUHMMAaTb NATb pas/iny-
HbIX 3HaYeHuin (- Ud, - 1/2 Ud, 0, 1/2 Ud, Ud) BmecTo Tpex 3Hauenuii (- Ud, 0, Ud), BO3MOXHbIX 4151 ABYXYPOBHe-
BOro MHBepTopa. C 0fHOI CTOPOHbI, 3TO MO3BOMSET MOMYUNTH MYULLY0 (hOPMY KPMBOW BbIXOAHOTO HAaMpPsHKEHWS,
yMeHbLUass rapMoHMYeckne TokU (NpmbnmautesibHo Ha 50 % npu Kaxk4oM YBeSIMYEeHWUU YPOBHS Ha pUCYHke 27).
C gpyroii CTOPOHBI, YacToTa ny/nbcauuii MHBEPTOPA CPEAHErO HAMNPSHKEHWST HYDKE TOM, YTO B HU3KOBOJIbTHbIX MHBEP-
Topax, YacToTa HanpsHKeHUli rapMOHVK NOHWXKAETCS Y CTPEMUTCS YBEIMUUTD TOKWA FapMOHWIK.

PucyHok 26 — Cxema TUNWYHOTO TPEXYPOBHEBOTO MHBEPTOPA HampshKeHus
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PucyHok 27 — padhuky BbIXOAHOTO HaMPSHKEHUSI U TOKA TUMMYHOTO TPEXYPOBHEBOTO MHBEPTOPA HaNpsXeHUs

11.3 MoTepn n ux BosgencTene

11.3.1 JononHuTeNbHbIE NOTEPU B 0GMOTKE cTaTopa

Kaxgbli TMn npeobpasoBatens co3gaeTt onpefesieHHblil CNeKTp rapMOHUYECKMX TOKOB WM FrapMOHM-
YeCcKuUX HanpsXXeHuin, 06ycnoBnnBaloLLnX rapMoHMYeckme TOKM B 3/1eKTPUYECKOA malunHe. [JononHUTe NbHbIe
noTepn B CTaTOpHO O06MOTKe BCNeACcTBME 3TUX FAPMOHMYECKMX TOKOB CYLLECTBEHHO 3aBUCAT OT r1yOuHbl
yKknagku BWTKOB CTATOPHOW OBGMOTKM M UX pacnpefeneHns no nnaowajgn nonepeyHoro ceyeHns nasos. Co-
npoTUBAEHNE O6MOTKM MO NepemMeHHOMY TOKY 3HaUUTeNIbHO BO3pacTaeT C YacTOTOW TOKa W BbICOTOW BUTKOB.
Tawm, rae ypoBeHb rapMOHUYECKMX TOKOB HU30K, 419 MaluvH, NMTaeMbix OT npeobpasosBaTeneli — NCTOYHWNKOB
HanpshxeHns, obblIYHO HET Heo6XOAMMOCTM B CMeLuasbHON KOHCTPYKUWW BUTKOB WM B CMELLEHWM BUTKOB
0bmMOTKM cTaropa.

Kak oTMeyeHo B 11.2, TpexypOBHEBble WM MHOrOypoOBHEBbIE NpeobpasoBaTenin UMetoT nydllyto (bonee
6NN3KYI0 K CUHYcOMAanbHON) (hopMy KpMBOW BbIXOLHOMO HAaMpPsKEHUS, YMEHbLUast TOKM BbICLUMX FapMOHMK.
BbICOKOBONbTHbIE Mpeobpa3oBaTen 06bIYHO MMENT 60nee HU3KYK YacToTy KOMMyTauuii, KoTopas yMeHb-
LaeT AOMNOMHUTE NbHbIE NOTEpU B Xenese, HO BeAeT K YBeNNYEHNI0 rapMOHUYEeCKX TOKOB. M3-3a 60/1bLIOro
yucna hakTopoBs, BAUAKOLMX HA [ONOIHUTENbHbIE NOTepu B ABuratesne, o606LeHne 3aTpyAHUTENBHO.

11.3.2 I3mepeHne f0oNOo/THUTENbHbIX NOTEPb

[na 3neKkTponpusoAoB C HOMUHANIbHLIMA MOLLHOCTAMMW B AManasoHe mMeraBaTT UCMbITaHWEe KOMIMIEKT-
HOW CUCTeMbl CUI0BOTO 3/1EKTPONPUBOAA Ha CTeHAe WU3rOTOBUTENS YacTo ABMASAETCHA HEIKOHOMWUYHbLIM, Tak Kak
TpebyeT 3HaUNTENIbHOrO BPEMEHUN U APYTUX U3aepxek. Tem He MeHee [0MOHUTESIbHbIE NMOTEPU AOJIXKHbI ObiTh
yuTeHbl npu pacyeTe pesynbTupytowero KM cucrtemsl anekTponpueofa u npu TENI0BOM pacyeTe 3/1eKTpu-
YeCKO MalUuHbl.

B 06bluHOW MpakTuke AN NpaBu/bHON paspaboTKu CUCTEM 3MEKTPOonpusoda [OCTATOYHO onupaTbes
Ha pacyeTHble 3HayYyeHunA, Npu BbIYUCNEHNUN KOTOPbIX HeO6XO,CI,VIMO yyuTbiBaTh rnaBHble Baudawuine qi)aKTopr,
Takue Kak BbITECHEHWNE TOKa B CTATOPHOW M POTOPHON 06MOTKax.

B cooTBeTCTBUM C cornawieHnem Mexay n3rotoeutenem un I'IOTpe6l/ITeI'IEM NcnblTaHNA MOTYT BbINOJIHATL-
ca cornacHo IEC 60034-2.

11.4 Wym, Bnbpaumsa v KpyTUbHble kosiebaHus

Kak pa3bsacHeHo B 11.3.2, AnA cCUCTEM 3/IEKTPONpPMUBOAA C HOMUHA/IbHLIMU MOLLHOCTAMU B AnanasoHe
mMeraBaTTa HE9KOHOMUYHO BbIMOMHATH U3MEPEHUS HAa UCMbITATE/TbLHOM yYacTKe C MalLMHOW, NMTaemoli oT npe-
obpasosartens. MNpn HEO6XOAMMOCTN U3MepeHue Lyma 1 Bubpauum KOMMAEKTHbIX CUCTEM 3NeKTponpusoaa
[OJIXHO 6bITb BbINOSIHEHO BO BpeMs BBOAA B aKcnsyatauuio Ha mecte. OfHaKo Npu 3TOM MOXeT 6bITb Cyle-
CTBEHHbIM BNSIHNE NPUBOAMMOrO B ABMXEHWe 060py0BaHNS.

ANnsa anekTpuyecknx MawmnH ¢ HOMUHaIbHbIMWU MOLLHOCTAMW B Anana3oHe meraeaTT U MakCUMasibHbl-
MK pabounmu yactoTamu BpateHus 6onee 2500 06/MUH 3a4aCTy0 HEBO3MOXHO BbIMO/THUTbL AUHAMUYECKNA
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pacuyeT poTopa C MepBOii NapasuTHOW KPUTUYECKOlM CKOPOCTbIo, MPEeBbILAWeil MakcManbHy pabouyio
ckopocTb. [Mo3aTomy, 0CO6EHHO B AMana3oHe perynnpoBaHWsi CKOpOCTW LUMpuHOl 6onee 50 % HOMUHanNb-
HOl CKOPOCTM, HEBO3MOXHO MOAAEPXMUBATbL 3TOT AMana3oH CBOGOAHLIM OT NapasuTHbIX KPUTUUECKUX CKO-
pocTeil.

Korga npu Bbixoge Ha pabounili pexmm MM OCTaHOBKE 3/1EKTPONpUBOAA CYLLECTBYIOT MPOMEXYTOUHbIE
KpUTU4YeCcKne CKOpoCTM 1 MOTyT BO3HUKaTb HeaonyCcTtuMmble KonebaHus Bana asuratensd, pekomeHayeTca npo-
nyckaTb COOTBETCTBYILLME PEe30HAHCHbIE YacToTbl U3 paboyero guanasoHa npeobpasoBaTens («4acTOTHOe
OKHO»), B cnyuasx, korga aT0 060CHOBaHHO, crieflyeT yCTaHaB/MBATb «YACTOTHblE OKHa» Ha CTaAuu MpPOek-
TMpOBaHusA. VX WrprHa — HECKO/IbKO COTEH 06/MUH U3-3a OrpaHNYEHHOW TOYHOCTW BbIUYMC/IEHWUSI MPOMEXY-
TOYHbIX KPUTMYECKMX CKOpOCTel 1 AeMndupoBaHnsa BCero Banonposoga. LUMprHa «4acTOTHOTO OKHa» MOXET
ObITb 3HAUMTENIbHO MEHbLLUEN, ecnn ee onpeaensTb BO BPeMsi BBOAA B 3KCMyaTauuio HA OCHOBAaHUW 3HaHUSI
peanbHbIX KPUTUYECKMX CKOPOCTEN; 3Ta npoueaypa Ao/mkHa 6biTb NPeanoYTUTE IbHON.

11.5 2nekTpuyeckue Harpysku Ha U3onsauuio asuratens

11.5.1 O6wmre NoNoXeHUs

Kputnueckum napameTpoM, KOTOPbI ONpeAensieT 3/1eKTPMYECKYI0 Harpysky B Hayasle BK/IOUEHUs, ABMS-
€TCA MaKCUMasIbHbIA TEMN U3MeHeHWs1 HanpsbkeHus (du/dt) Ha 06MOTKe. B HU3KOBOJIbTHBIX CUCTEMAX MpUKNagbl-
Baemoe K 06MOTKe cTaTtopa HanpshxkeHne obbl4HO cocTaBnseT oT 400 go 690 B, u du/dt MOxeT 6bITb MOMHOCTbLIO
onpefeneHo BpEMEHEM HapacTaHus UMMybca. [18 BbICOKOBO/bTHLIX CUCTEM CyLLecTByeT 60/bLMiA Ananas3oH
NCNO/Ib3yEeMbIX HaMpPsHXeHWA, NO3TOMY HEOBX0AMMO paccMmaTtpuBaTtb (pakTMyeckoe 3HadeHue du/dt.

MpumeyaHne — TunuyHole 3HayeHns du/dt coctaBnsoT oT 3 4o 4 kB/MKC.

PucyHok 28 — TunuyHas BennyMHa ckaykoB HanpshkeHus AU (B npoueHTax oT hasHoro
HanpsxeHus) kak MyHkynsa du/dt

11.5.2 MNepeHanpsxeHue Ha KieMmMmax agsurartesns

B gononHeHve Kk dhaktopam, ynomsHyTbIM B 7.1 1 7.3, nepeHanpshkeHune, nossAsioLleecs Ha Knemmax
ABuratens, NUTaeMoro OT BbICOKOBOJ/IbTHOTO npeobpasoBaTens, 3aBUCUT Takxke OT uMcia cTyneHeli npeobpa-
30BaTens. 3HavyeHne ypoBHe VMMNY/bCOB HaNPSHXKEHUS AO/MKHbI ObITb OnpeAeneHbl CUCTEMHbIM MHTErparo-
pom B cooTBeTCcTBUM C IEC/TS61800-8. Pe3ynbTarthl 4O/MKHbLI ObITh COrNacoBaHbl C NPOU3BOANTENEM 3/1EKTPU-
YecKON MalLWHbl, YTOObl MPaBWILHO BbIGPaTb CUCTEMY U30MALMN.

11.5.3 NMepeHanpsxeHne Ha o6MOTKax ctatopa nNpu npuMeHeHUn npeobpasosaTtens

11.5.3.1 O6wme NonoxeHus

MuTaemble OT nNpeobpa3oBaTena kaTylwku 06MOTKM cTaTtopa, npefHasHayeHHble 418 CUHYCOMAabHbIX
HOMMWHasbHbIX HanpsbkeHuii 2,3 kB 1 Bbilwe, noaBeprawTcs BO3AENCTBUSM CKAUKOB HaMpshKeHWs ¢ MasibiM
BPEMEHeM HapacTaHus, CyLWeCTBEHHbIMWU aMnavTygamMu M BbICOKMMM YacToTamu. Mpu 3TOM OHW MOTYT MC-
NbITbIBaTb NEepeHanpsHXKeHNs B Pas/IMYHbIX YacTAX KOHCTPYKUMW. STW YacTu ykasaHbl nosvumammn 1,2 u 3 Ha
pucyHke 29.

Bo3geiicTBua aTux nepeHanpsxeHnin Ha 06MOTKy cTaTopa M Ha cucTemy M301aumMn 06MOTKM paccMoTpe-
Ho B 11.5.3.2 1 11.5.3.5. BaxHO, 4TOObI NPOEKTUPOBLLVK ABUraTens 3Haa 06 0cob6eHHOCTAX PopMbl Hanps-
XEHUA Ha BbIxoAe npeobpasoBaTens M Ha knemmax gsuratens, 4tobbl 060CHOBAHHO Y4YeCTb BCe ero 0Cob6eH-
HOCTW BO BPEMS MPOEKTUPOBaHMSA OBMOTKM cTatopa.
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1— mexdasHas 13onauns; 2 — nsonauma asbl OTHOCUTENILHO 3eM/N; 3 — MEXBUTKOBas U30NALMS;

a— pasHas N3onAuMA/M30NALMA KOHLA 0BMOTKY; b— M30M1sLMS HA 3eM/II0; C— BUTKOBAsH WU30/IALMS;

d — cnoii, caepxvBatoLLMii Na3oBoe NepeHanpskeHne; e — C0i, KOHTPONMPYIOLLMI NepeHanpshkeHne
Ha KOHLE 06MOTKY (BblpaBHMBAHME NEepPEHANPSHKEHNIA)

PucyHok 29 — CpefcTBa U30M5LMUN 1 BbIpABHUBAHWUS HANPsKeHU B 06MOTKax
CPeAHEro v BbICOKOTO HaMpsiKeHUi

11.5.3.2 MNepeHanpskeHne Mexay CMeXHbIMU NMPOBOAHMKAMW BbIBOAOB KaTyLLek

Ecnv ectb BO3ayLUHbIE 3830pbl PAAOM C BUTKAMU U30AALMU UM MEXAY HUMW, TO MOTYT UMETbL MECTO
NOBPEXAEHUS OT YaCTUYHOTO paspsija B ciyyae, ecm UCNonb3yeTcs He oTBevaoLas TpeboBaHUAM MeXBUT-
koBasi u3onsaums. Takue NOBPEXAEHWSI MPOUCXOAAT U3-3a NPOAOKUTENBHOIO BO3AENCTBUSI BbICOKOBO/bTHBIX
CKayKoB CO BPEMEHEM HapacTaHWsi MUKOB HaMpsbKeHW oT 50 He A0 2 MKC. CKauky HanpshXeHWs C MasibiM Bpe-
MEeHeM HapacTaHus NPUBOAAT K HEOAHOPOAHOMY PacrnpefesieHnio HanpsHKeHNs Ha CeTEBbIX KOHLAX KaTyLlek
1 3HAUNTENIbHOMY MOBBILLEHNI0 MEXBUTKOBbIX MEPEHAaNPSHKEHWIA.

BONbLWMHCTBO M3rOTOBUTENEN ABUraTeneil, yunTbiBas 370 ABIEHNE, UCMOMNb3YHT NOAXOAALLYH0 CEKLNOH-
HYI0 WM MEXBWTKOBYHO U30/1LMIO, XOPOLLYO NPONWUTKY noj AasneHnem win B sakyyme (VPI), nnv nsonupytot
KaTyLUKV ropsyeli rycToil CMOJIOi nof AaBneHneM Npy U3roTOBAEHUM CTaTOPHbIX 06MOTOK Ha HOMUHan 2,3 kB
1 Bbllwe. 3TN Mepbl 3AEKTUBHBI AN1S YMEHbLUEHNS BEPOATHOCTU OTKA30B MO BO3AeNCTBMEM (DU3NYECKMX
ABMIEHWI, BbI3BaHHbIX MPOAO/HKUTENBHBIMU BbICOKOYACTOTHBIMM CKaYkaMn U BO3AYLUHBIMU MyCTOTaMU BOKPYT
NPOBOJAHNKOB OOMOTKM.

11.5.3.3 MNepeHanpsxeHne Mexay NpoBOAHUKaMU 1 3eMnel

MepeHanpsxeHns Mexay NPOBOAHMKaMUN U 3eM/1eil onpeaensoTcs KOHurypaumen 3asemneHns anekT-
ponpusoga. Heobxoanmbl Mepbl AN UCKIIOHYEHUS YPE3MEPHOr0 AN3IEKTPUYECKOro Harpesa U3osumum BbICO-
KOYaCTOTHbIMW €MKOCTHLIMW TOKaMu, KOTOPbI/i MOXET Bbl3BaTb NpeBbllleHVe TeMnepaTypbl CTATOPHON 06MOT-
KN 1 YCKOPUTbL MPOLLECC TeMMNePaTypHOro cTapeHus.

3TOT e AONOSHUTENbHbIV HAarpeB MOXET yXyALWWTb CBOMCTBA NOMYNPOBOASLLEr0 C/0S, 3aLUMLLALLEero
OT nepeHanpshxeHus. ViHorga npouecc paspyLleHus 3TOoro C/ios, obrieryaemblii nepeHanpshkeHnem, yckopseT-
CSl reHepauyeli 030Ha Npy akTMBHOM YacTUYHOM paspsfe.

11.5.3.4 MNepeHanpsxeHUss Mexay CMeXHbIMWU BbiBoAamy 0OMOTOK pasnnyHbIxX das

MexasHblil YaCTUYHbLIA pa3pss MOXeT NPOUCXOAWUTb, €CN TPAAMEHT HaMnpsHKeHUs Mexay afeMeH-
Tamy 06MOTOK pasHbiX a3 npesbiwaeT 3 KB/MM. 3Ta cuTyaums BecbMa BeposiTHA B NUTaeMbIX OT npe-
obpaszoBarensi ABUraTensix U3-3a BbICOKUX MOBTOPSIOLLMXCS 3HAYEHUI NEPeXOLHOro HanpshKeHUsi, KoTopoe
BO3HMKaeT B Kaxaoi chase. [lna gpurateneil, nutaembix OT npeobpasoBaTeneii, TpebyeTcs COOTBETCTBY-
folee pacrnosioXeHue KOHLOB OOMOTOK NIM60 YMEHbLUEHNE HAanpPshKeHUS MeXAy NOBEPXHOCTAMM KaTyluek
pas3nnyHbIX goas.

11.5.3.5 KoHueBble c/ion nonynpoBOAHUKOBOIO MaTepuana, BbipaBHUBAKOLLME MepeHanpsxeHns

BbICOKOBO/IbTHbIE ABUraTeIM C PAMOYHbIMU KaTyLlKaMu MOTyT UMETb C/0 mMaTepuana, 06bl4HO ume-
IOWNA HeNnHeliHoe yaenbHOe CONPOTUB/IEHNE, KOTOPbIA YaCTUYHO MOKPbIBAET Ha KaXAOM KOHLE KaTyLUKu
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CNOW, CAePXUBAIOLLMIA Na30Bble NepeHanpsiXXeHns (CM. pUCyHoK 29). Cnoii 3Toro nonynpoBOAHUKOBOrO, Bbl-
paBHMBAIOLLEro NOTEHUMan Matepuana yMeHbLUAET BbICOKOBOMBLTHLIE MEPEeHanpsXeHsa Ha NOBEPXHOCTH
pasgena Mexay Croem, CAepXKMBalOLLUM Na3oBble NepeHanps>xeHus, u NoBOBbIMKU YacTsAIMU 0OMOTOK. OnbIT
aKcnnyarayumu nokasar, YTo CTaHAAPTHbIE M30NUPYIOLUME MaTepuansl AOBOMbHO ObICTPO TEPAIOT CNOCO6-
HOCTb NPOTMBOCTOSATE UMMYNbCaM NEPEHANPSKEHUSA NOJ BO3AENCTBUEM BbICOKMX YACTOT, BbI3bIBAIOLLUX CY-
LLIECTBEHHbI HarpeB Kak NpOBOASALLMX, TaK U BbIPABHUBAIOLLMX MaTepuanoB. [aHHbil apdekT obocTpsaerca
TEM, YTO BbICOKME YaCTOTbl CHUXAIOT CMOCOOHOCTb KPEMHMIA-YIMEPOAHbIX MAaTEPUAnoB BbipaBHUBATbL Ha-
npshXeHue BAOMb NOBEPXHOCTU BUTKOB, KOTOPLIE UMEIOT CKIMOHHOCTb KOHLEHTPUPOBATL HArpeB B KOPOTKOWM
30He y kOHUa 0B6MOTOK. [Ans peweHns 3Toin npobneMbl NPOU3BOANTENAM U UCTIbITATENSAM criefyeTt obpaTuTe
BHMMaHWE Ha Knaccuukaumio n kKsanmdpukayMoHHbIe UCMLITAHNA N30NUPYIOLLE CUCTEMBbI B COOTBETCTBUN
c |IEC 60034-18-42.

11.6 Toku yepes noaWMNNHUKN

[eicTByIOT NONOXeHuUs pasgena 8.

12 Cneuunchuka CMHXPOHHBLIX ABUraTenen Npu NUTaHuM OT NpeodpasoBarenen
C UHBepTOpaMu HanpsiXXeHUs

12.1 XapakTepuUCTUKNU CUCTEMDbI

Cucrema aneKkTponpuBoga, CoOCTosLas u3 npeotpasoarens — UCTOYHUKA HANPSHXKEHUSI U CUHXPOHHOTO
asuratensa BMeCTO aCMHXPOHHOIo, MMeET cneayiowme npemmyllecrsea:

- NMOHMXEHHAasi NOMHasi MOLHOCTL nNpeobpasoBarens, Tak kak k03PULUMEHT MOLLHOCTU CUHXPOHHOTO
Asurartens npakTu4eckn paBeH eanHuLe;

- Gonbwmii KMNA asuratens u npeobpasosarens;

- 6onee BbICOKMIA BpaLLalOLWMii MOMEHT B 30He ocnabneHus nons.

Bce nonoxexus 11.2 ocTaloTcs B cune.

12.2 MoTtepu n ux BosgencTene

Pasgen 11.3 ocraertcs B cune.

Crnieayet AOMNONMHUTENBHO YNOMSIHYTb, YTO NOTEPU B AeMNAEPHON KINETKE pa3nuyaloTcs Nno CTePXHSAM.
12.3 Lym, BUOpauunsa n KpyTusibHble KonedaHma

Pasgen 11.4 ocraercs B cune.

12.4 neKkTpnyeckue nepeHanpskeHUs B U3onNsALMKN ABUraTens

Pasgen 11.5 ocraercs B cune.

12.5 Toku yepes3 NoAWMNNHUKN

Pasgen 11.6 ocraetcs B cune.

13 Cneundmka aCUHXPOHHbIX ABUraTesie ¢ KOPOTKO3aMKHYTbIM POTOPOM
npu NUTaHUM ot NpeobpasoBarenen ¢ MHBEPTOpaMu ToKa

13.1 XapakTepuUCTUKU CUCTEMBI

OcobeHHoCTM npeobpasosarens crneaytowme (CM. pucyHok 30):

- ynpaenseMbli, BEAOMbIi CETbIO BbINPAMUTENb, NOAKMIOYEHHBIA K NUTAIOLLEN CETH;

- DOMbLLOI peakTop B 3BEHE NOCTOSHHOIO TOKA ANA CrRaXXuBaHMs TOKa;

- ynpaBnseMblii aBBTOHOMHbIN UHBEPTOP TOKA, NOAKIMIOYEHHbIW K ABUraTENHo.

Toku asuratensa TpaneuneBngHomn popmbl (Tpaneuyusa 120°) cogepxkar rapMOHUKU C HOMepaMu N = —5;
+ 7;—11; + 13. 3HaKn «nNnOC/MUHYCY YKa3blBalOT, BpaLLAeTCa N MarHUTHOE none, BO3byXAEeHHOe TOKaMu
9TUX rAapMOHUK, B TOM K€ HanNpaBNEHUW, YTO U MONE OCHOBHOIO TOKA. AMMMUTYAbI FAPMOHMK NPONOPLUO-
HanbHbl 1/n. ®asHoe HanpsXeHWe ABUraTens COAEePXUT KOPOTKME UMMYNbCbl HA BCEX MHTEPBANax KOMMY-
Tauum Toka.
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PricyHok 31 — ®opMbl TOKa 1 HanpskeHKs B NpeobpasoBaTtesie ¢ MHBEPTOPOM TOKa

O6MOTKa cTaTopa sIBNSIeTCA YacTbl KOMMYTALMOHHOW uenwn. Mo3aTomy ABuratenb AO/MKEH GbiTb CNPOEK-
TUPOBAH C MHAYKTUBHOCTSIMU, UMEOLMMU Masioe paccesiHue. M3roToButenb npeobpasoBatens fOSXEH o6e-
cneuntb Hagnexawuii BbIGop KOMMYTUPYIOLMX KOHAEHCATOPOB.

13.2 ToTepun 1 nx BO3geNcTBME

Jaxe ecnm asHoe HanpsikeHue sBASeTCa MoYTW CUHYCOMAAsbHbIM, PE3KMe CKauku TOKOB BO Bpems
KOMMYyTalLMK, Bbl3BaHHblE 6bLICTPLIMU M3MEHEHUAMU MOTOKAa pacCesiHus Nasa, Bbi3biBAKT AOMNO/HUTENbHbIE
noTepu B CTaNn (Tak Ha3blBaeMble KOMMYTALMOHHbIE MOTEPU), 0OCOGEHHO B 3ybLax cTaTopa.

[pyroii 3HauMmoli cocTaBnsoLLel JONONHUTENbHLIX NOTEPb, BbI3BaHHbIX TAPMOHUKAMU, SBNSIOTCS BUX-
peBble NOTepu B KOPMyCe, Bbl3BaHHbIE TOKaMW BbICLUMX FAPMOHMK C 4acTOTOW, 6/1M3Koi K A (N - 1). MoaTomy
[ONOSHUTE bHbIE NOTepu B ABuratesie, NUTAEMOM OT npeobpas3oBaTtenii C MHBEPTOPOM TOKa, MNPV MOJIHONA
Harpyske o6blYHO Bbllle, YeM AOMNO/IHUTE bHbIE MOTEPW TaKOro Xe ABuratens, nuTaemoro oT MHBepTopa Ha-
npsxeHns ¢ LUVM. KonoHkn Ha pucyHke 32 B KauecTBe MpuMepa nokasblBaloT pacnpefefneHve notepb B
KOHKPETHOI 3anekTpuueckoii mMawuvHe (Tunopasmep 315M, ucnonHenue N), MTaeMoli OT pasHbIX Npeobpaso-
BaTefieii ¢ pasNUUHbLIM COYETAHMEM FaPMOHUKMA CUHYCOMAANTBLHOTO UCTOUHMKA. [aHHblli NnpuMep W CcTpupy-
€T 3HaUMMOCTb Pa3finunsl NoTepb B Hanbosee pacnpocTpaHeHHbIX B HACTOsiLLee BpeMsi npeobpasoBaTensix.
370 cpaBHeHME He MOXEeT PacnpoCTPaHsATLCA Ha UHble TUMbI ABUraTenei u npeobpasosareneii (C pasMuHbIM
MPUHLMNOM MOAYNSILUM W HECYLWMMU YacToTamu). UTo6bl 06/1ErUNTb CPaBHEHNWE HA PUCYHKE 32, OCHOBHblE
rapMOHUKIU HaNPsHKEHU U TOKOB B peXnMe NuTaHusi oT npeo6pasoBaTesieil NPUHATLI TaKUMM Xe, Kak Npu Ho-
MUHANIbHOM peXxume.
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B COOTBETCTBUU C PUCYHKOM 32 Mpu NMTaHUKU OT nMpeobpasoBaTesis C UHBEPTOPOM TOKa rapMoOHUYeckne
noTepu Bbille, Yem Npu NUTaHWK OT MHBEPTOpa HanpsXxeHus. PasHuua yMeHbllaeTcs Npy HENOJHOW Harpyske,
MOCKO/IbKY FapMOHMYEeCcKMe MoTepu MOCTOSHHbI MPW NUTAHUM OT UHBEPTOPOB HAMPSXXEHWUS U yBEMYUBAIOTCS

NPW CHUXEHWW HArpys3ku Npu MHBEpTOpax Toka.

D- 2%

MoTepn, Bbi3bIBAEMbIE paboyeli YacToTow
E — notepu Ha TpeHue
D — [0noSHWTENbHbIE MOTEPW MOA, Harpy3koi
C — noTepu B cTanu
B — noTepu B 06MOTKax potopa

A — notepu B obmMOTKax ctatopa

I- 1% I- 0,5%
H- 1%
F- 3%

D- 2%

lMoTepy, Bbi3bIBAEMbIE raPMOHMKaMU
J — noTtepy Ha KOMMyTaLuio
| — gononHWTENbHbIE NMOTEPW MOA, Harpy3KoW
H— notepu B cTanu
G — notepun B 06MOTKax potopa

F— noTtepn B 06mMOTKax ctaTopa

1— cuHyconpaibHOe HarpshkeHue; 2 — MHBEPTOP TOKa; 3 — WHBEPTOP HarnpsbkeHus ¢ LM,
4 — nyarpammbl HanpsbkeHyst; 5 — notepy; 6 — K,

PucyHok 32 — BnunsiHue nHeBepTopa Ha noTepy B aCUHXPOHHOM KOPOTKO3aMKHYTOM aguraresne
(315 MM ucnonHeHns N) npyM HOMWHAILHOM TOKE Y CKOPOCTU
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Y1BepxaeHue, npuseaeHHoe B 11.3.1, 0 BAMAHUU BLICOTbI BUTKOB OGMOTKM CTaTOpa HA AOMNOMHU-
TenbHbIE NOTEPU B HEW U3-3a TOKOB rApMOHUK UMeeT 0coboe 3HaYeHue Ans MaluH, NUTaembliX OT npe-
obpasoBartenen ¢ MHBEPTOPaMM TOKa. YTO KacaeTcs BMTKOB MALWMWH C HOMUHANbHLIMKU MOLLHOCTAMU B
AvanasoHe mMerasarTa, pa3paboTaHHbIX 4N CUHYCOMAANbHOTO NUTAIOLWEro HanpsXXeHus, BbICOTa BUTKA B
HECKONbKO MUNNMMETPOB BECbMa 00bIYHA. YTOOBI YMEHBLUUTL AONOSHUTENBHBIE NOTEPU, PEKOMEHAYETCSI
NPOEKTUPOBATb MALLMHbI, MMTAEMble OT NpeobpasoBaTenei C MHBEPTOPAMM TOKA, C MEHbLLUMMU BUTKAMM
M OrPaHNYUTb YUCIO NapannenbHO COeAUHEHHbIX BUTKOB, Pa3MeLLeHHbIX OAWH Ha4 APYrMM B Nasy, TpeMms.
Kak BapuaHT, moxeT notpeboBaTbCa NnepemMeLleHne BUTKOB UNK B Npeaenax 0aHON KaTyLuKu, Unn Mexay
CMEXHbIMM KaTyLLUKaAMM.

Paspgen 11.3.2 nencTBUTENEH U ANS 3TUX MALLIWH.

13.3 lym, BUGpaLma u KpyTunbHbie KoriebaHus

JononHUTENbHbIE YACTOTbl MArHUTHBIX LUYMOB Bbi3BaHbl B3aUMOAENCTBUEM OCHOBHbIX FAPMOHUK (YMCHO
nap nomnocoB P) U OCHOBHON 4acToTbl. KonebaHus cun, KOTopbie oNpeaensaioT NosiBNEHUe LWyMOB OT MarHuT-
HbIX NOTOKOB, UMEIOT MOAbI r= 0 unu r=2p nyacrotel = (n£1) f; (n=1, 2, 3...) COOTBETCTBEHHO. FAPMOHNKK
C HoMepa n > 13 uMeIoT Manylo amnnuTyay, 1 UMM MOXKHO npeHebpeyb. MNo3ToMy YacTOoTbl AONONTHUTENBHBIX
TOHOB COCTaBnAIOT MeHee 1 k'L, YTO Aaneko OT 4YacTOT pPe30HaHCa CTaTopa, KOTOPble HAMHOTO Bbille. YBe-
NUYEHKE LLIYMa Npu NUTaHUMKM OT Npeobpa3soBaTensi N0 CPaBHEHUIO C pabOTON TOTO Xe ABUraTens OT CUHYCOM-
ZlanbHOro UCTOYMHUKA NUTaHUA (Npu TeX ke BenuuuHax U, f; n Harpyske) ABNAeTCA OTHOCMTENLHO MarnbiM (B
AunanasoHe ot 1 go 5 ab).

HauGonee cyLuecTBEHHbIM HEraTUBHBLIM BO3AEMCTBUEM Npeobpa3oBarenen ¢ UHBepTopaMu ToKa Ha pa-
60Ty aCMHXPOHHbIX KOPOTKO3aMKHYTbIX IBUTaTenen ABMAETCA CO3aHUe NyNbCUPYIOLLUX BPALLAIOLLUX MOMEH-
TOB C OTHOCUTENLHO BLICOKUMM amMnnuTyaaMmu. B LueCcTUnynbCHON CxeMe NMPaKTUYECKU BaXKHLIMU SBMSAIOTCSA
konebarenbHbIE COCTABNAIOLLME MOMEHTA C YaCTOTaMM LLECTU- U 12-KpaTHbIMU OCHOBHOM (f;), x amnnutyaa
cocrasnset nopsiaka 15 % (rapmoHuka 4actothbl 6f;) u 5 % (rapmoHuka 4actotbl 12f;) HOMUHANLHOTO MOMEH-
Ta. Kpome Toro, konebarenbHas coctaBnsioas MOMeHTa BO3pacTaeT OT NynbCauuii TOKa B NPOMEXXYTOUHOM
3BEHE NOCTOAHHOrO TOKA; 3TU COCTABMAIOLIME MOMEHTA UMEIOT YacToThl 6(F; — fp) n12(f; — fp), rae f,— OCHOB-
Has yacToTa nuTaHuaA. MNynbcauum ToKa B NPOMEXYTOMHOM 3BEHE (iyax — iminVlg.c. COCTABNAIOT 00LIMHO OKO-
no 10 %, nosToMy aMnnuTyaa konebaHnin MOMEHTa COCTaBNSIET HECKONbKO NMPOLEHTOB OT Er0 HOMUHAMBHOTIO
3HaYeHus.

M3-3a aTux nyneCupyowmnx BpaLlaolwmx MOMEHTOB PEKOMEHAYETCA NPOBOAUTL TLLATENbHLIN aHanu3
MEexXaHMKM BCEro BpallaroLlerocs arperarta. Ecnu ogHa us KputMyeckux CKOpPOCTeN BpalleHust COBMNaaaeT ¢
4YacTOTOM NYNbCUMPYIOLLErO BpaLLAIOLLEro MOMEHTA B Mpeaenax yCTAHOBIIEHHONO AMana3oHa CKOpOCTEH, TO
HenpepbiBHAsA paboTa Ha 3TOW CKOPOCTU HEAOMYCTMMA, Tak Kak MOXET Bbi3BaTb pe30HaHC. OCOBEHHO onaceH
BapMaHT UCMNOSb30BaHNA COYNEHEHUsI C ManbiM KO3hpuumMeHTOM aemndupoBanus (ynpyrue COusieHeHus).
B Takux cnyyaax xxenarenbHo ()OpMUPOBaAHUE YACTOTHOIO OKHA.

13.4 dneKkTpuyeckne nepeHanpsKeHua B U3onsauum aBuratens

Kak yctraHoBneHo B 13.1, ha3HOE HanpsXXeHue ABUratensa COAEPXKUT KOPOTKME UMMYIbChI, Bbl3BaHHbIE
KOMMYyTauUusaMmn TOKa. 3T KOPOTKUE MMNYSIbChbl CO3AAI0T NepeHanpshkeHnsa B U3onsaumm oomoTok. OaHako no-
CKOJbKY B MHBEPTOPAaxX 0OLIYHO NCMONB3YIOTCA TUPUCTOPLI, BEMUYMHLI MUKOB U BPEMS UX HApACTaHUS ABNSAIOT-
€Sl HE CTOJIb KPUTUYHBIMU, U HET HEOOXOAUMOCTU B YCOBEPLLEHCTBOBAHUM CUCTEMbI U30NALMM.

13.5 Toku yepe3s noAWUNHUKA

MenbiTaHUaMU 1 ONbITOM 3KCMnyaTauuu Aoka3aHo, YTo nuTaHue asuratens ot npeo6pasoBaTenﬂ C UH-
BEPTOPOM TOKA OKa3bIBAET HEOONbLUIOE BNMAHNE HA HANPS>XKEHNE Ha Bany, Uu HET HEeoOX0AMMOCTH B Cneunarb-
HbIX Mepax no 3ante noALLUMNHNKOB.

13.6 Cneunduka wecTuasHbIXx KOPOTKO3AMKHYTbIX ACUHXPOHHbIX ABUraTenemn

TepMuH «wecTudasHaa 0OMOTKa» 4acTO 3aMEHSETCA CNOBOCOYETaHUEM «ABE UAEHTUYHbIE Tpexdas-
Hble 0OMOTKM, CMELLEHHbIE OTHOCUTENBHO APYr APYyra Ha NPOCTPaHCTBEHHbIN yron 30°/py. [lBe 0OMOTKM NuTa-
I0TCA ABYMA MAEHTUYHbIMKU NpeobpasoBaTensaMn ¢ MHBEPTOPaMK TOKa, Kak onucaHo B 13.1, HO umeloT ¢aso-
Bbl CABUT TOKOB Ha OCHOBHbIX BbIX04aX, paBHbIn 30°,

MpenmyLLecTBO AAHHOIO peLUeHns B TOM, YTO NonsA B 06nacTi BO34YyLLHOMO 3a30pa, KOTopble BO3byxae-
Hbl FTAPMOHUYECKMMMW TOKaMKU G HOMepamu 0OMOTOK n = — 5 n n = 7, UcknioYaioT apyr apyra. Kak cneacrseue,
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He CyLLecTByeT HUKaKMX MoTepb B pPOTOPE, MOPOXAEHHbIX 3TUMW FapMOHMKaMW, U HUKaKMX MYNbCUPYHOLLMX
BpaLlaloLLNX MOMEHTOB, LLIECTMKPATHbIX OCHOBHOI YacToTe. HYacToThl NyNbCUPYIOLLMX BpaLlarowux MOMEHTOB
onpegensTca BbipaxeHnem 12/c (k = 1; 2...).

YpaBHeHVe 4acToT NyNbCHPYLLMX BpallatoLMX MOMEHTOB, OCHOBAHHbIX Ha Ny/bCcaLlnaX NOCTOSAHHOTO
TOKa, OCTaeTcsl HeM3MeHHbIM (cM. 13.3).

Bce ytBepxaeHus 13.1 n 13.5 oTHOCUTENLHO APYrUX CBOWCTB NpeobpasoBartesieli co CBOWCTBaAMU UC-
TOYHMKa TOKa OCTalTCA B cune.

14 Cneumdmka CUHXPOHHbIX ABUraTesniei Npu nNUTaHUM OT UHBEPTOPOB TOKa

14.1 OCOGEHHOCTU CUCTEMBI

CUWHXPOHHbIE ABUraTENN CO CTATUUYECKUM WM GECLLETOUHbIM BO36YXAEHMEM MOTYT Takke MUTaTbCs OT
npeo6pasoBareseii ¢ UHBepTOpaMu Toka, KOMMYTUPYEMbIX Harpy3koii. Ana aBuratens aToT TUN NUTaHUs — TO
Xe camoe, YTo U ABYX3BEHHbI Npeo6pasoBaTtesib YacTOTbl — UCTOYHUK TOKA (CM. pUCYHOK 33). 151 yMeHblue-
HUS MYNbCUPYIOLLMX BPaLLAlOWMUX MOMEHTOB, BbI3BaHHLIX TAPMOHWYECKUMU NOMSIMK, Heobxoauma Aemndu-
pyrowas o6moTka. Ecim Ucrnonb3yeTcs KOHCTPYKUMS C IBHO BbIP@XEHHbIMM NOocaMu, TO MHAYLMPOBAHHbIE
BUXPEBble TOKM 06/1a4aloT TEM Xe CaMbIM AeCTBMEM, UTO 1 Aemndupytowas 06mMoTKa.

3BeHO nNpeobpasoBatesisi, NOAKIYEHHOE K CETU, SBNSIETCA BEAOMbIM CETbIO.

L LL

HanpsbkeHne asuratens

PucyHok 33 — Cxema v (hopMbl HANpPsHKeHUA U ToKa ANA CUHXPOHHOrO ABuraTtens,
nutaemoro oT npeobpasosBaTenss — WUCTOYHMKA TOKa

ViHBepTOp, MOAKIHOYEHHBIN K ABUraTento, KOMMyTUpyeTcs Harpyskoi. CMHXpOHHas maluvHa paboTaet ¢
nepeBo3byxaeHnem Ans fo06aBkM peakTUBHOMW MOLLHOCTM, KOTOpas HeobxoAuMma A1 KoMMyTauuu UHBEPTO-
pa. B aTOM criyyae peakTMBHas MOLLHOCTb NOABOAWTCS He OT nMpeobpasoBartens, Kak B c/lydae aCUHXPOHHOMO
ABuratens, rge akTvBHas M peakTvBHas MOLLHOCTU NOABOAATCA OT npeobpasosartens. MoaTomy npeobpaso-
BaTe/lb CUHXPOHHOrO ABUraTens MOXeT MMeTb MeHbLuMe pa3Mepbl M CTOMMOCTb. Kpome Toro, KoMmyTaums
CTO/b )€ NPOCTa, KaK Uy MHBEPTOpa Ha CTOPOHE MUTatLLeid ceTu.

Apyras oTnnunTensHass 0CO6EHHOCTb — BO3MOXHOCTb CUHXPOHHOM MalluvHbl NPOU3BOAUTL pPeaKTUB-
HYI0 MOLLHOCTb TO/IbKO NpY BpawieHun. Mo3aToMy nyck HEBO3MOXEH 6e3 AOMNOMHUTENbHbIX Mep, Takux Kak
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reHepauus UMMynbCOB B 3BEHE MOCTOAHHOrO Toka. B pesynsrare peakTUBHas MOLUHOCTb, KOTOpas Heob-
X0AMMa ANS OCYLWECTBNEHMSA KOMMYyTaUWUW, AOMKHA NOABOAUTLCH MPU OYE€Hb HU3KOW CKOPOCTU, BKIKOYas
OCTaHOBKY.

YCTponcTBa ¢ WeCTbio pasamm, nokasaHHble Ha pucyHke 32, MOryT ObiTb PACCMOTPEHLI KakK ABa LLECTU-
NynNbCHLIX Npeobpa3oBaTensa — MCTOYHMKA TOKA, KaXIbIA MUTAeT OAHY M3 ABYX TpexdasHbix 0OMOTOK ABM-
ratens. B kauectBe ansrepHaTUBbl MOXET ObiTb YCTAHOBMNEHO 12-MynNbCHOE YCTPOWCTBO C UCMOMb30BaHUEM
TPEexoOMOTOYHOrO TpaHchopmaTopa Mexay ABYMS LUECTUMYNbCHbIMKU MpeobpazoBatensMmu n TpexdasHbiM
ABuraTenem.

OTO YCTPOCTBO YCTPaHAET B TpaHCcdopmatope 4acTtotel — 5fy, + 7f;, — 17f;, + 19f;..., ymeHbLIan
[OMOMHUTENbHLIE NOTEPU B 0OMOTKE ctatopa. Kpome Toro, nosABNsieTCs BO3MOXHOCTb CUHXPOHU3MPOBATh
ABUraTens HeNOCPeACTBEHHO C CETLIO, eCnn He TpebyeTcsa perynupoBaHne CKOPOCTU B PA3NUYHbIX pEXUMax
paboThl.

Osurarenu ¢ BOCEMbIO unu 6onee NoniocamMmm — 310 00bIMHO MALUKHbI C ABHO BbIPAXXEHHbIMW NOMOCaMMU,
C LUIMXTOBAHHbLIMU MOMOCAMM UMK MOMOCHbIMK BalmMakamu. JemndupyioLlas knetka BCTPOEHa B NOMIOCHLIN
bawwmak. ing apurarenen ¢ YeTbiPbMS UMW LLECTLIO MONMI0CAMU OObIYHBIM SBMAETCH LUMXTOBAHHBIA LUMHAPK-
YECKMI POTOP UMM POTOP C LUMXTOBAHHBIMU UIU SIBHO BblPaX€HHbIMU NOMCaMMU.

Y asuratenen ¢ ABymMa nontocammn BCerga ectb LUMINHAPUYECKUI POTOP C LUMXTOBAHHON UK CO CNOLL-
HOI aKTUBHON YacTbio. LinnuHgpuyeckne potopbl CHabeHbl AeMncmpyoLLen KNeTkon. B cnnowwHbIxX poTopax
C SIBHO BbIPa@XXEHHbIMW NOMCcCaMu AeMnUPYIOLLIME TOKM MPOTEKAIOT MO TBEPAOW NMOBEPXHOCTM MOMKOCHOIO
Balumaka.

[NpenmyLlecTBo MegHO N AeMndUpPYIOLLEN KNETKU LMNMHAPUYECKUX POTOPOB — MEHbLUNE A0MOSTHUTESNb-
HblEe NOTEPU B KNETKE U HECKOMNMbKO MEHbLUME NyNbCUPYIOLLUE BpaLLAOLLMEe MOMEHTHI, YeM B ABUraTensx co
CMMOLUHBIMU SIBHO BbIpa)KeHHbIMK nontocamu. OaHako cyxaeHue o nonHom K o6enx KOHCTPYKUMIn HEBO3-
MOXHO, TaK KaK Ans ABUratenei ¢ SBHO BbIPAXEHHbIMW MONIOCAMU XapakTepHbl 6onee BbICOKME NOTEPU CO-
NpoTUBNEHUSI BO3AYXA, YeM ANs ABUraTenen ¢ UMIMHAPUYECKUM POTOPOM.

14.2 NoTepu u ux BO3OenuCcTBUA

YrepxkaeHua 13.2 n 13.6 ocrarorca B Cure.

JononHuTtenbHble NOTEPU U3-3a8 FApMOHUYECKUX TOKOB TPeOyIOT Haanexallen KOHCTpykuum aemndu-
pytoLuert 06MOTKM, 0COBEHHO B criydae Tpexda3Horo ABuratens, MMTaemoro LecTunynbCHbIM npeobpasosa-
TenemM. 3Tu AONOMHUTENbHbLIE MOTEPU MOTYT OTPULATENBHO BIMATL HA TeMNepaTypy 0OMOTKU BO3DYXAEHUS.

Kak otmeueHo B 14.1, npumeHeHue 12-nynbCHOro npeobpasoBarens NpuBOAUT K COKPaLLIEHWNIO AOMNONHK-
TenbHbLIX NOTEPb B 0OMOTKE cTaTopa.

14.3 LUym, BUOpauus u KpyTusbHble Koreb6aHusa

Paspgenbl 13.3 n 13.6 ocTatoTrcs B cune.

14.4 dneKkTpuyeckue nepeHanpsaKeHUA B U30NsALIMKU ABUraTens

Paspgen 13.4 ocraetca B cune.

14.5 TOkn Yyepe3 NOAWMNMHUKN

HencTyloT nonoxeHus pasgena 13.5.

15 Cneuunduka paboTbl aCUHXPOHHbIX ABUraTenen Nnpyu NUTaHun
oT npeobpa3soBarenen ¢ LUMM-uHBepTopamu Toka

15.1 XapakTepucTuKn cuctembl (CM. PUCYHOK 34)

CyLLECTBEHHOE CHWDKEHUE HanpshKeHU N TOKOB FapMOHMK, BbI3BaHHbIX Npeobpa3oBarenem ¢ UHBEp-
TOPOM TOKa, MOXET ObITb AOCTUTHYTO LUMPOTHO-UMNYNbCHOW MOAYNAUMEN BBIXOAHOTO TOKA MHBEPTOPA B CO-
YeTaHun C NpUMeHeHueM (OUNLTPYIOLLMX KOHAEHCATOPOB Ha BbIXOAE npeobpasosartend. B Takon cucreme
OpMbl TOKA W HanpshkeHus asuratensa 6nm3ku Kk cuHyconganbHbiM (CM. pUCyHOK 35). OgHako ocTarowmecs
rapmMoHuKM TpebyeTCcs yunTbiBaTh.
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/c — TOK Ha BbIxoge uHBepTOopa

PucyHok 35 — ®opmMbl HanpshkKeHWin 1 TOKOB cucTembl ¢ LUVIM-nHBEPTOPOM TOKa

15.2 lNoTepn 1 UX BANAHNE

MN3-3a OTHOCUTENBLHO HWU3KOTO COAEPXAHUA BbICOKAX TAPMOHUK B HANPSHXKEHUM W TOKE AOMNOSMHUTESb-
Hble MoTepu B CTaNX MeHblle, YeM B MallMHax, NUTAaeMblX OT npeo6pasoBaTeneil ¢C UHBEPTOpamMu Ha-
npsXeHusi. He crneayeT 0XWAATb CYUW ECTBEHHbIX KOMMYTAUWOHHbIX NOTePb. JOMNONHUTENbHbIE MOTEpPU B
06MOTKe cTaTopa COMOCTaBMMbl C MOTEpPAMM B MallMHax, NUTAeMbiXx OT Npeo6GpasoBaTesieii ¢ UHBEPTO-
paMy HanpsXeHus, NO3TOMY Nepemell,eHne BUTKOB 06blYHO He TpebyeTca (B OTAMUME OT YTBEpPXAeHuii
B 13.2).

MpnmeyvyaHne — XoTa HanpsXeHUa rapmMoHukK LUNM-MHBEpPTOPOB TOKa HWXe, Yyem Takosble y LLINM-nHBepTOpOB
HanpsXXeHus, 1X YacToTbl TaKKe HWke. M03TOMy HEBO3MOXHO AaTtb obLiee cyxeHne 06 OTHOCUTE/IbHbIX aMnanTygax To-
KOB rapMOHVK.

YTBepxaeHua 11.3.2 octalTca B cune.

15.3 Wym, Bnubpaumsa n KpyTunbHble KonebaHus

YTBepxaeHua 11.4 ocTtawTcAa B cune.
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15.4 dneKkTpuyeckue nepeHanpsKeHuA B U30naLMKN ABUraTens

YTBepxaeHus 13.4 ocraiorcsl B cune.

15.5 Toku yepe3 NOAWUMHUKN

YrBepxaeHua 13.5 ocraiorcs B cune.

16 ACUHXpPOHHbIe ABUratenu ¢ pasHbIM POTOPOM MPU NMUTAHUUN poTopa
OT Nnpeobpa3oBarenen ¢ UHBEPTOPaMU HanpPsHKeHUs

16.1 XapakrepucTUKn CUCTEMbI

MalumHbl ¢ KOHTAKTHBIMM KOMbLIAMWM U MUTAHMEM poTopa OT npeobpasoBarenei ¢ UHBEPTOpPaMU Ha-
NPsPKEHUS1 OOLIMHO UCNONB3YIOTCA KaK reHepaTopbl BETPOBbLIX TYPOUH MOLLHOCTLIO Bhile 1000 kBT, HO MoryT
TaKkKe UCMOoNbL30BaTLCA U kKak Aurarenu. MNpeobpasoBatenu 0OLIMHO OCHALLAIOTCA aKTUBHbLIM BXOAHbLIM Ka-
ckafoM Ans Koppekuun koadduumeHta mowHoctu (cMm. IEC/TS 62578). O6MmoTKa cTatopa noaknioyaercs
HEeNOCPeACTBEHHO K 3MEeKTPUYECKON CETU.

CKkopoCTb anekTponpuBoAa onpeaensercs ypasHenuem n = (f; + f,)/p, rae f; — vacrora cetw, f, — va-
CTOTa Ha BbIxoAe npeobpa3soBartens. 3TO 03HAYAET, YTO KaK B IBUraTeNbHOM, TaK U B TEHEPATOPHOM peXxumax
BO3MOXHA paboTa Ha CKOPOCTAX HUXE W Bbillie CUHXPOHHOM CKOpOCTH f,/p.

MmaBHOe NpeumyLLecTBO 3TOW CUCTEMbl COCTOUT B TOM, YTO npeobpasoBartenb He AOMKEH ObiTb pac-
CYWTAH Ha MOMHYI0 HOMWUHANbHYIO MOLLHOCTb ACUHXPOHHOW 3NMEeKTPUYECKON MALLMHLI, @ NULWb HA HEBONbLUYIO
YyacTb, KOTOpasi 3aBUCUT OT MAaKCUMarbHOTO CKOMbXXEHUSI M TPeOOBaHWI NO peakTUBHOW MOLLHOCTU B cryyae
KoppeKuun KoapduumeHTa MoLHOCTU. KpoMe TOro, MOXXHO MCMONb30BaTb HU3KOE HAaNpsXXeHne ABYXyPOBHe-
BOrO nNpeobpasoBarens AN Lienu potopa Aaxe nNpu ToM, 4To 00MOTKa cTaTtopa — AN BbICOKOTO HANPSHKEHUSA.

16.2 MoTepu n nx BO3aencTBHNE

Tak kak 0OMOTKa cTaropa MOAKIIOMAETCH HEMOCPEACTBEHHO K ANEKTPUYECKON CETU, COAEPKAaHUE rapMOHUK B
TOKE CTaTtopa OYEHb HU3KOE, U AOMONHUTENbHLIE NOTEPU HE3HAYMTESbHBI. [na 0OMOTKM poTopa NpUMEHsIoTCs 06-
e yTeepkaeHusi pasaena 5. Oco6oe BHUMaHWE AOMKHO ObIThb yAENeHo TOKy cMmelleHust B 06moTke potopa. Ana
ACUHXPOHHBIX MaLUMH € hasHbIM POTOPOM C HOMUHANamu B AvanasoHe MBT 06moTKy potopa 06bMHO M3roTaBnu-
BaIOT B BUAE TBEepaAbIX MEAHbIX LUMH. TaK KaK 4yacToTa TOKa B pOTOpe 3MNEKTPUIECKUX MALLMH C ABONHBIM NMUTAHUEM
MOXeT npesbiwars 10 My, noTepu B 0GMOTKE pOTOpa MOFYT ObiTb 3HAYUTENBHO YBENMUYEHBI MYTEM BLITECHEHUS TOKA,
YTO yBENUYUBAET IPAEKTUBHOE OMUYECKOE CONPOTUBIIEHUE €10 0OMOTKN. STOT 3eKT HEOBXOAUMO YUUTBLIBATD W
KOMMeHCMpOoBaTb NOTEPM U3-3a rapMOHUK TOKa B 0OMOTKe poTopa, Bbi3BaHHbIE paboTon npeobpasosarens.

16.3 LLUym, BUOpauma n KpyTurnbHble konebanus
YTBepxaeHus 11.4 ocraloTtca B cune.

16.4 dnekTpuueckue nepeHanpsaKeHusa B U30MNALUKN ABUraTens

Tak kak cratopHasa 0OMOTKa NOAKIIOYEHA HENOCPEACTBEHHO K CETU, TO HaNpshKeHUe U30MSLUMKN He OT-
nuyaeTcs OT 0OLIMHOTO AN 3NEKTPUYECKUX MALLMH G (PUKCMPOBAHHOW CKOPOCTbLIO BpalueHus. [ns o6MoTku
poTopa yTeepxaeHus 11.5 ocraiorca B cune.

16.5 Tokun yepes noaWMNHUKN

M3-3a HenocpeaCTBEHHON €MKOCTHOM CBA3M YPOBEHb 9MEKTPUYECKOTO HAanpshKeHWUS Ha MOALIMNHUKAX
HaMHOro BblLLle ANS MaluMH, NOAKIYEHHbIX K Npeo6pa3oBarento No uenu potopa, Yem B BapuaHTe Noj-
KrnoveHusi npeobpasosarens Kk craropy. [103ToMy noaWMNHMKM NMOABEPraloTCsl ONacHOCTU. PekoMeHAayioT-
cA 3aseMnALas LWeTka u n3onaums o6oux NOALMNHUKOB AN obecnevyeHns CoONpPOTUBNEHMUS: NO KpalHei
mepe 100 Om npu 1 MI'y. YT0ObI 3aLMTUTE NPUBOAMMOE B ABWXKEHUE 000pYAOBaAHUE U €r0 BCIOMOraTesbHble
YCTpPOICTBa, COeAMHEHNE AOIMKHO ObITb 3NEKTPUYECKU U30NMPOBAHHBIM.

17 Opyrmne cuctemMbl «npeoSpasoBatenb — ABUrartesiby

17.1 MutaHue gBUraTenei oT LUKIIOKOHBEPTOPOB

LinknokoHBepTop (HENOCPEACTBEHHBIN Npeobpa3oBaTenb YacToTbl) HE UMEET NPOMEXXYTOUHON LIENK No-
CTOSIHHOro Toka. OH COCTOMT U3 TPEX OTAENbHbLIX NpeobpasoBarteneit Ans kaxaon us Tpex das asurarens
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(cM. pucyHok 36). 9Tu oTAaenbHble npeobpa3oBaTtenn ynpaBnAlTCa HE3aBUCUMO C LieNblo BbIpaboTKN CUHYCO-
MAAaNbHOTO BbIXOAHOrO TOKA NPUMEHEHWEM HenocpeacTBEHHOro nofkntuveHns dasbl gBUratens K ogHOW u3
has ceTu Ha onpepfesieHHbIli NPOMEXYTOK BpeMeHu. BboixogHasa yactoTa MeHee 50 % oOT yactoTbl ceTu. Ans
CUHXPOHHbIX ABUTraTenieil BO3IMOXEH eAUHUYHbLIA KO3 (PULNEHT MOLWHOCTH.

S T

XOTA TOK perynupyoT Tak, 4To6bl OH 6bln NOYTW CUHYyCcOMAANbHbIM, paboTa LWKIOKOHBepTOpa npeano-
naraeTt NpUNOXeEHWE K ABUTATENI0 HaNpPsXXeHUs UMNYNbCHOW hopmMbl (CM. pucyHok 37). BcneacTBue 3Toro He-
payuoHanbHO NUTaTb ABUraTtesb C ABYMSA TaHT€HUMANbHO CMELEHHbIMU CUCTEMaMN 0O6MOTOK HaMpsHXXeHnAMH,
cMelleHHbIMK No dhase OT ABYX npeob6bpasosaTteneil. Ecnv ucnonb3ywTtca Asa npeobpasosaTtens, T0 WX Bbl-
XOAHble HanpsXXeHWs A0/KHbI coBMagartb No ase ncucTteMbl 06MOTOK ABUTATENSA HE JOMKHbI ObITb CMELLeHbI
nMo OKpPYXHOCTM cTaTtopa. Kak anbTepHaTusa, npeobpas3oBaTenn MOryT 6biTb COe[MHEHbl MOCAeA0BaTENbHO,
4yTo6bl cchopmmpoBaTh 12-MynbCHbI NpeobpasoBaTessb.

Tak kak npeobpasoBaTenn 06bIYHO OCHalLEeHbl TUpUCTOPaMu, TO yCUIEHHAsA cucTema u3onsauum gsura-
Tens o6bl4HO He TpebyeTcs.

YacToTbl rapMOHUK HaNpsXeHUa 1 Toka onpefensioTca npasBuiom

f~ (1 + ®9-]) » + 922p~ocHoBHas’

roe Zp — Ny/nbCHOCTb Npeo6pasoBartensa (6 unn 12);
¢ ,42=0; +1; + 2. — pe3ynbTupylolne 4acTtoTbl Koneb6aHuili Bpawawuero mMomeHta f= 6gl71 +
+ <72p"ocHoBHas- AMNANTYda konebaHuii BpawawLl,ero MOMeHTa 40BOJ/IbHO HU3Ka,
HO yBenn4yMBaeTCcs C POCTOM BbIXOAHOW YacToTbl Nnpeobpa3oBaTensi. XoTs rapMmo-
HUYyeckme KOMMNOHEHTbl AN 2 = 0 06bI4HO He ynomMuHaKTCA B uTepartype, OHU
ABNAIOTCA pe3yNbTaTtoM 6eCTOKOBbIX Nay3 Mexay NON0XUTENbHOW 1 oTpuuatenb-
HOW monyBonHaMW.
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Pexum nHeepTopa

PucyHok 37 — ®opMbl HANpshKeHWs ¥ Toka LWKIOKOHBEpTopa

17.2 ACMHXPOHHbIE ABUTaTENN C Da3HbIM POTOPOM NPV NUTaHUM poTopa OT npeobpasoBaTesnei
C HBEPTOPOM TOKa B Lenu potopa

OTn ycTpoiicTBa M3BECTHbI Kak MOACUHXPOHHbIE (UM CYyNMepCUHXPOHHbIE) Npeobpa3oBaTesibHble Kacka-
bl (super-synchronous converter cascade, SSCC). CTaTop aCUMHXPOHHON MalUuHbl € da3HbIM POTOPOM He-
NnocpeACTBEHHO COEAMHEH C CeTblo. KOHTaKTHble KOosbua MOAK/IIYEHbl K MHBEPTOPY TOKa Takum 06pas3om,
4YTO MOXHO NepefaBaTtb 3NIEKTPUYECKYIO MOLLHOCTb POTOPHON Lenn sP5 (s — cKonbXeHue; Pil— MOLLHOCTb,
notpebnsemas OT ceTu, MUHYC NOTepWU B CTaTope) U3 Lenu poTopa Hasag B CETb.

MpenmMyLecTBO TakMx CUCTEM OTHOCUTE/IbHO CUCTEM C KOPOTKO3aMKHYTbIMW aCUHXPOHHbIMW ABurate-
NAMK € NUTaHWeM OT npeobpasoBaTtesnis 3ak/yaeTcs B TOM, YTO HOMUHaNbHAs MOLLHOCTb npeobpasosartens
B MOACHHXPOHHOM npeobpasoBaTeslbHOM Kackafe, SBASAETCA TONbKO 4YacTbio, MPOMOPLMOHANIBHOA Smax, OT
MOLLHOCTM MpeobpasoBatens, TpebyLleroca 415 NMTaHUs ctaTopa KOPOTKO3aMKHYTOrO0 aCMHXPOHHOIO ABM-
ratens, npu NPeanosioXeHUn, YTo CKOPOCTb perynupyetcs B Avanas3oHe ot (1 - smax)n0go no.

Tak Kak xapakTep TOKOB poTopa OHOTUMNEH CTOKaMM ctaTopa aCMHXPOHHbIX KOPOTKO3aMKHYTbIX ABura-
Tenei, nuTaembIx OT NpeobpasoBartenieil ¢ MHBepPTOpaMu TOKa, TO NPUMEHVMbI MofoxeHns 13.1.

Tok poTopa COAepXWUT rapMoOHUKM ¢ Homepamu n =+ 1, - 5; + 7; - 11; + 13..., BbI3bIBaOLWWME OOMNOSHU-
TefbHble NnoTepn B 06MOTKe poTopa. B cnyyae o06bl4HOV 06MOTKM CTEPXHEBOrO TMNa B 0a3HOM POTOPE acuH-
XPOHHbIX ABUrateneii aTv A0NOIHUTENbHbIE NOTEPU 3HAYUTENBHO BO3PACTYT U3-3a BbITECHEHUS TOKa. Tak Kak
npeobpasoBaren 06bIYHO OCHALLEHbl TUPUCTOPaMW, YCUIEHHAsa cucTeMa M301ALMM 06bIYHO He TpebyeTcs.

TOKM rapMOHUMK NPUBOAAT K KOle6aHWAM MOMEHTa Ha Basly ¢ yactoTamu 6sfA n KpaTHbIM UM, Tpebys npu
NPOeKTUPOBaHNWN BHYMaHUS B OTHOLUEHUW KPYTW/IbHbLIX PE30HAHCOB Bpallalolmxcsa YacTei.

[na npepoTBpalleHnss HeraTuBHbIX BO3AEACTBUIN TOKOB Yepes3 MOALUMMHUKA PEeKOMEeHAYeTCs NPUMEHATb
3a3eMNAOLWYI0 LLETKY.

18 Ocobble 3amevaHna ANsa cTaH4ApPTHbIX aCUHXPOHHbBIX MaLUnH
C IMKCUPOBAHHOW CKOPOCTbLIO MNPV NUTaHUK OT NpeobpasoBartenis
C HBEPTOpaMy HanpsKeHns

18.1 CHmXeHWe HOMUHA/IbHbIX 3HAUYEHWI KPYTSLLero MOMeHTa BO BpeMsi paGoThl
npeo6pasoBatesis

Korga anekTpuyeckas mMallvHa nutaeTcs oT npeo6pasoBatesisi, TO Npu HOMUHa/IbHOW YacToTe A0CTyn-
HbIA KPYTSALLMIA MOMEHT, KakK NpaBu/o, MeHbLUe, YeM HOMWHaJIbHbIA KPYTALWMIA MOMEHT NpU CUHYcOUAanbHOM
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HanpsbkKeHWn Un3-3a yBENIMYEHUS pocTa TemnepaTtypbl (rapMOHM4Yeckux notepb). Elle oaHoi npuumHOi ansi
CHWKEHMA MOXeT OblTb MafeHne HanpshkeHus npeobpasosartenis. loggepxaHue HOMWHANBHOTO 3HAYeHUst
KPYTSALLEr0 MOMEHTa MOXET NPUBECTU K CHIDKEHUIO CPOKa CyX6bl N301aumn.

CnnowHasa NMHUS Ha pUcyHke 38 OTHOCUTCS K NPOM3BOAMMOMY npeobpasoBaTesieMm NPYMEPHO Tako-
My >X€ OCHOBHOMY MOTOKY 3M1EKTPUYECKO MalluHbI, Kak WU nNpy CMHycougansHOM nutaHun. MpoussoguTens
3/1EKTPNYECKON MaLLUHbI MOXET onpeAennTb MOBbILEHWe TeMnepaTtypbl 418 paboyeli TOUKW, ecn U3BeCTeH
CNeKkTp rapmMoHuK npeobpasosaTens. MNoBbileHne TeMnepaTypbl 3aBUCUT OT MHAUBUAYAbHbLIX 0COBEHHOCTEN
KOHCTPYKLMX MallvHbl U TUna oxnaxgexuus (Hanpumep, IC 01 v IC 0141). MNpu onpegeneHumn KoagguuneH-
Ta CHWKEHMS HOMUHA/IbHbIX BEIMYMH BAaXHOE 3HAYeHVe MMeeT TEeMNsI0BOi 3anac KOHKPETHOW 3/1eKTpUYecKol
MallWHbl. MpUHMMas BO BHYMaHWE BCe 3TW BAWUAHUSA, KOI(PMULMEHT CHUXEHVS NMPU HOMUHABHONW 4yacToTe
06bIYHO HaxoauTcs B AvanasoHe ot 0,8 go 1,0.

PucyHok 38 — OcHoBHOe HanpshxeHue L/1B 3aBMCMMOCTW OT pabouyelt yacTtoTbl *

YacTo Ha nNpakTUKe HOMWHas/IbHbIE NapameTpbl NpeobpasoBartens He npeanonaratT, YTO HOMUHAbHbIN
NOTOK ABUraTenst Npu HOMUHa/ILHOWN YacToTe Takol Xe, Kak 1 Npy CUMHYCOMAaNbHOM HanpsbkeHun. CneacTeu-
€M 3TOro sIBNSEeTCs AOMN0O/HUTENIbHOE OTK/IOHEHWE KPYTSILLLEr0o MOMEHTA, 3HAaUYEeHNe KOTOPOro 3aBUCUT OT MHAN-
BUAYa/IbHbIX NapaMeTpoB.

B npefenaxgmanasoHa HacTPOMKM CKOPOCTM HUXKE CUHXPOHHOM CKOPOCTU Ha HOMUHA/IbHOW YacToTe afek-
TPUYECKON MaLLUWHbI NPYMEHEHNe MNOCTOSHHOIO OTHOLLUEHNSA NPUBOAUT K NOCTOSAHHOMY 3HAYEHUI0 KpUTUYe-
CKOro MOMEHTa TO/IbKO B TOM C/lyyae, ec/im COnpoTMBEHNEe 0OMOTKU cTaTtopa NPeHebpexmnMo mMano no cpasHe-
HUIO C PeakTUBHLIMU CONPOTUBMEHUSMUN 3/IEKTPUYECKOMA MalUMHbI. [ TOro 4tobbl CKOMMNEHCMpoBaTb adhdhekT
B/IMSIHNA CONPOTMB/IEHUSI CTATOPa 3MIEKTPUYECKOI MaLLMHbI, CMCTEMA yrpaB/ieHusi Npeobpas3oBaTeniss CKOHUry-
pvpoBaHa TaK, YTo6bl UMETb XapaKTEPUCTUKY B COOTBETCTBUWN C MYHKTUPHON NUHME Ha pUcyHKe 38. Ha HU3KMX
CKOPOCTAX reHepupytoTcst 60/1ee BbICOKME KPYTSLLME MOMEHTbI, YEM MPU OTCYTCTBUM TAKOW KOMMEHCALMN.

Bbille paboyeit TOUKK, A0 KOTOPOI OTHOLIEHME HaNPSHKEHWUSI K YacToTe paBHO 1, BbIXOAHOE HanpsixeHue
npeobpasoBartens nNpu yBe/MYeHNN 4acToTbl, Kak NokasaHO Ha pucyHke 38, 0ObIMHO OCTaeTCs MOCTOSHHbLIM
(avanasoH ocnabneHus nonsi). B atom cnyyae B npegenax 4actoT paboyero guanasoHa MNoToK W, COOTBET-
CTBEHHO, MaKCUMasIbHbIA KPYTALLMIA MOMEHT CHUXKAKOTCSA B COOTBETCTBUU C XapakTepUCTMKOM, NoKasaHHOl Ha
pucyHke 39, Bbiwe A/ = 1,0.

Ha pucyHke 39 nokasaH npumep KpuBOM YMEHbLUEHNS MOLHOCTM A/ 06bIYHON 3/1EKTPUYECKOn Ma-
WKWHbI. Takas KpuBasi MOXeT OblTb NpefocTaBeHa U3rOTOBUTENIEM 3NEKTPUYECKON MaluMHbI, ECNIN CNEKTP
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rapMOHUK U XapakTepUCTUKN «HanpshkeHne — yacToTa npeobpasoBaTtens» U3BeCTHbl. UTO KacaeTcs pas-
NNYHbIX TMNOB oxnaxaeHusa (IC 01 wam IC 411) 1 MeToL0B BEHTUASALMM (eCTeCTBEHHOW UMPKYNsauumM ox-
NaxaeHua unm HesaBWCMMOE OXNaxjeHue), NpefoCTaBUTb YHUBEPCA/IbHYIO KPUBYIO He npeacTaBiseTcs
BO3MOXHbIM. CHMWKEHNE HOMUHAabHbIX NapaMeTpoB, Kak NpaBu/o, ocnabnserca npy yBesiMYeHun 4acto-
Tbl KOMMYyTaLUW.

PucyHok 39 — TNpumep KoadhpuumeHTa CHMKEHNA MOMEHTA aCMHXPOHHOIO ABurartens
ncnonHenunsa N, IC 0141 (camooxnaxfgeHne) B hyHKLMN 4acTOThI

18.2 MNoTepu 1 nx Bo3aelicTBre

B pasgene 7.2.1 IEC 60034-1:2010 gonycTumoe cofepXaHue rapMOHUK NUTAOLLEr0 aCMHXPOHHBIA KO-
POTKO3aMKHYTbIA ABUraTeslb HanNpsHKeHWst BblpaXXeHO eAMHCTBEHHOW UWCMEHHOW BEUYMHONM, Ha3biBAEMOW
KO3(h(PULMEHTOM HENUHENHbIX uckaxeHuit (kumam HVF). OgHako 3TOT napamMeTp He MPUMEHUM ANS cyyas
nuTaHusa oT npeobpasosaTess.

18.3 Wywm, Bnbpaums n KpyTusbHble KonebaHns

YTBEPXAEHUA MyHKTa 6 ocTaloTcs B cune.

18.4 SnekTpuyeckue nepeHanpsXKeHus B U3onsauum gsurartens

MexaHn3m oTpuuaTenbHOro BO3AelCTBUS npeobpasoBartens Ha M30MsAuMi0 ABUratens onucaH B pasge-
ne 7. SneKkTpuyeckne MalluHbl CO BCbIMHOM OOGMOTKONM, BbIMOHEHHOW 3Ma/IMpOBaHHbIM MPOBOAOM KPYr/ioro
CeyeHus], BbiAepPXMBaET UMNYbCbl HANPSHKEHWS Ha KieMMax B COOTBETCTBMM C KPUBOI A Ha pucyHke 40 6e3
3aMETHOr0 COKpaLLeHNsi CpoKa C/yX0bl.

CoyeTaHne BbICOKOYACTOTHOIO MHBEPTOPA C Kabenem MOXET Bbi3BaTb MUKW HamNps>KeHUsl, Bbl3BaHHblE
3hheKTOM ANNHHON NMHUK. [NA MalvH C HOMUHa/IbHBIM HanpshxeHnem o 500 B nepeMeHHOro Toka BK/IH0-
UYNTENbHO U30MALMOHHAA CUCTEMA BbIAEPXKMUT MUKW HanpskeHusa no kpueoi A Ha pucyHke 40 6e3 cokpalieHus
cpoka cnyx6bl. BHMMaHue cnegyet yaenuTb 371eKTPONpuMBoOAaM € peryampyemMoli CKopoCTbio, B KOTOPbIX BO3-
MOXHO ObICTpOE ee U3MeHeHue, NpuBoAsLLee K ABYKPaTHOMY MO OTHOLUEHWUIO K HOMWHa/IbHOMY HamnpshKeHUo
Ha BbIxo4e npeobpasoBartens.

[ns anekTpnyeckux MawvH HanpsbkeHnem cebilwe 500 B, nuTaembIX OT MHBEPTOPA, MOryT NoHaLobUThb-
CAl yCOBepLUeHCTBOBaHHasA M30/ALUMOHHAsA cucteMa nvnu punbTpbl Ha BbIxoAe npeobpasosartens, npegHa-
3HayeHHble A1 OrpaHNyYeHns BpEMEHU HapacTaHus W/Wan NMUKOBOTO 3HAYEHUSI HaNPSHKEHNS.

52



FOCT IEC/TS 60034-25—2017

A — cTaHapTHble MalUHbI; B — MaluvHbl CO CTapoii CUCTEMOI 13onsaumm

PucyHok 40 — lpepenbHble KpuBble AONYCTUMbIX OTHOCUTE/IbHBIX UMMY/IbCHbIX
HanpseHnit (NMMKoBOEe 3HAYeHMe INHENHOro HanpsXeHusa, BKAOYas oTpaxeHue
n gemndupoBaHne, MO OTHOWEHWI K HOMUHANbHOMY) Ha KleMmMax MalluHbl B OYHKUNN
BPEMEHW HapacTaHua CKOpocTu

Oxunpgaemoe MMNy/IbCHOE HanpspkeHe Ha KieMMax ABuratens MoXeT ObiTb OnpefesieHo, Kak onucaHo
B IEC/TS 61800-8, rge ULL akBuBaneHTHO UPP.

HaiigeHHOE NOBTOpPSOLLEECS UMMY/IbCHOE HAamnpshKEHWE AO/HKHO ObiTb MEHbLUE WM306pPaKEHHOro Kpu-
BO/i A Ha pucyHke 40. [leiiCTBUTE/IbHOE 3HAYeHWEe WMMY/IbCHOTO HamnpshKeHUs OnpepensieTcs Tonosorunei
3/1eKTponpmBoa (BXOA4HOM CO CTOPOHbI NUTaHMS U BbIXOAHOW CeKuusiMvm npeobpasosaTenis, uibTpaMu, Ka-
GeNAMN N CUCTEMOI 3a3eM/IEHUS). YCTOWUYMBOCTb CTapbIX M30MASLMOHHBIX CUCTEM K UMMY/IbCaM HanpshKeHus
npeacTaBneHa KpuBoih B Ha pucyHke 40. [4ns yTOYHEHMS [ONYCTUMbIX YPOBHEW MMNYNbCHOrO HanpshxeHus
pekomeHAyeTCcs 06paTUTbLCA K MPOU3BOAUTENHD MaLLMHbI.

B HEKOTOpPbIX 3/1eKTPONPUBOAAX UMNYNbCHOE HamnpsikeHne «asa — 3eM/i» MOXET NPEeBOCXOAUTb Nn-
HeliHoe HanpskeHue, No3TOMY OHO TakkKe He MOXET MpeBblllaTbh NpefesibHble KpuBble Ha pucyHke 40.

18.5 Tokn yepes3 NOALUNHUKN

MexaHn3M BO3HMKHOBEHUS TOKOB Yepes3 MOALIMMHUKM onucaH B pasgesne 8.

OnbIT 3kcnyaTaunm CTaHAAPTHBIX 3/1EKTPUYECKUX MalMH C MPaBU/IbHO BbIOPAHHON CUCTEMOW 3a3eMm-
NIeHns No3BOJIAET KOHCTATMPOBATL CriedytoLlee.

- OneKkTpuyeckne MalluuHbl, Haxopswmecs B cpepe NPYMEHEHUss HacCTosLero ctaHfapta u umeroLive
BbICOTY Basia A0 280 MM BKIOUYUTENBHO, PEAKO WCMbITbIBAIOT OTKa3 NOALIMMHMKOB M3-3a npeobpasosatens.
BmecTe ¢ Tem Harpyska Ha M3015UMI0 NOALIWNHUKOB BapbupyeTcs B LUMPOKMX npeaenax B 3aBUCUMOCTU OT
npuHUMNa ynpasfieHnss 1 0CO6EHHO — 4acToThbl KOMMYTauun npeobpasosatensd. pu yacToTax KoMMyTaumm
cBbiwe 10 KM U BbIXOAHOM HanpsbkeHuu npeobpasoBatens 6onee 400 B v3onsauma noAWMMHWKOB JO/MKHA
NpoBepATLCA.

- B anekTpuyeckmx MalumMHax, HaxogsLWWXca B cpepe NPUMEHEHUS HACTOSILLEro ctaHaapTa, U3onauus
MOALLUMMHVKOB KaUYeHNs MOXET OCYLLEeCTBUTbCS MyTeM 3aMeHbl MOALWMMHMKA Ha W30/MPOBAaHHbIA TOMO Xe Tu-
nopasmepa. [ina maiviH, UMelowmnx BbicoTy Basia 315 MM 1 Bbille, PEKOMEHAYETCA M30/5UMsA ConpoTuee-
HMeMm Mo KpaviHein mepe 100 Om npu 1 MIy. Heo6xoAMMOCTb M30nMpoBaTh 06a NOALLMMHUKA 3M1EKTPUYECKOi
MallMHbl BO3HUKaET peaxo. B Takux cnydvasx BecbMa enatesibHa KOMMIeKCHas nposepka 3/iekTponpusoja
3KCMepToM, BK/IOYasA NPUBOAHYIO MaLUMHY (M30M1AUMS COeAMHEHUS) U CUCTEMY 3a3eM/eHus (BO3MOXHO WC-
Mosib30BaHne 3a3eMALLINX LWETOK).
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- [ns anekTpu4eckux MaLuMH, HaXoASALUMXCA B cpepe NPUMEHEHNS HACTOALLETO CTaHAapTa U UMEIOLLMX
BbICOTY Bana 315 MM 1 BbiLle, B KOTOPLIX HE paCCMaTPUBAETCA UMW HEBO3MOXHA U30NALMUA NOALUMMHUKOB, pe-
KOMeHAyeTcsl yMeHbLunTh du/df Ha BbIxoae npeobpa3oBaTens Unm Ucnornb3oBaTh Npeobpasosarens ¢ punsr-
POM, pacCYMTaHHbIM HA YMEHbLUEHME COCTABIAIOLLEN HYNEBON NOCNeA0BaTeNlbHOCTU (Pa3HOro HaMpsXKeHus.

18.6 MakcumanbHas 6e3onacHas paboyas yacToTa BpalleHus

Ecnu npeanonaraetca pabora anekTpuyeckoi MalluMHbl MPU CKOPOCTSIX BbILLE HOMUHAMNbHON, MaKCu-
manbHas 6esonacHas pabovasi CKOPOCTb AOMKHA ObiTb B3siTA U3 3aBOACKOM Tabnuuku. ECnm uHoe He ycra-
HOBMEHO, NpeaenbLHoe 3HayeHne ckopocTu Gepetcs u3 pasgena 9.6 IEC 60034-1:2010. B 3aBucumocTtu ot
KOHCTPYKLMM MaLUMHBI MOXET ObITb pa3peLueHa 6onee BbICOKas CKOPOCTb, HO 9TO AOMKHO ObITh NOATBEPXKAE-
HO NPOU3BOAUTENEM.

PaboTta Ha CKOPOCTAX Bbllle HOMUHAMbLHOW CONPOBOXAAETCH YCUIIEHMEM YPOBHEN LWyma U BMOpaLuu.
MoxxeT Tarke norpebosaTbCa AONONHUTENbHAs BGanaHcupoBka Anst obecneyeHns npuemnemMoli pabortbl Ha
MOBbILLEHHbIX CKOPOCTSX.

Paborta Ha ckopocTax, Brnu3knx K MakcuManbsHO 6e3onacHbIM B TEHEHUE ANUTENbBHOTO UHTEpBAarna Bpe-
MEHU, MOXXET NMPUBECTU K 3aMETHOMY COKPALLEHMIO cpoka cnyxObl noaLwMnHUMKOB. Kpome Toro, AomkHbl ObiTh
NepecMOTPEHbI UHTEPBAIb! 3aMeHbl YNNOTHUTENEN U CMa3ku.

19 Cneuundmka CUHXPOHHLIX UHAYKTOPHbIX ABUrarenen npyu NnUTaHun
OT npeobpa3oBarenen ¢ UHBEPTOPaMU HaNpPsHKeHUn
19.1 XapakTepuUCcTUKU CUCTEMbI

OneKkTponpnBog, COCTOALUMI U3 nNpeobpasosaTens ¢ UHBEPTOPOM HaNPsPKEHUSI U CUHXPOHHOTO UHAYK-
TOPHOrO ABUrartens, N0 CPaBHEHUIO C aCUHXPOHHBIM, YNPaBAEMbIM OT MHBEPTOPA HaNpsXKeHUsi, UMEET cne-
ayloLme npemmMyLLecTBa.

- MoTepu B anekTpoasurartene mMoryT ObiTh HWxe. na pacyeta KMNL cuctembl AOIDKHbI ObITh YYTEHbI NO-
Tepu B npeobpa3soBarene.

- MeHbLUKii pazMep SMeKTPUYECKONn MALLMHBI MO CPABHEHUIO C ACUHXPOHHOMN 3NEKTPUYECKON MaLLMHOM
TOrO >X& HOMUHana.

- OTcytcTBMe noTepe B 06MOTKe poTopa onpezensieT 6onee HU3Kyl0 TemnepaTtypy NOALUMNHWUKOB MO
CPaBHEHUIO C aCUHXPOHHON SNEKTPUYECKOW MaLUMHON.

- Bonee npocras cucTeMa OXnaXKaeHUs 3NEKTPUHECKON MalUUHblI BCAEACTBUE MUHUMASbHbIX NOTEPb B
poTope.

19.2 MNoTepu n ux Bo3gencTene

YTBEpxaeHUA NyHKTa 5 ocTaloTcs B cure.

19.3 Wym, BUOpauus U KpyTuribHbIe Kone6aHuA

YTBEPHAEHUA NYHKTA 6 OCTAIOTCA B CUe.

19.4 dnekTpuyeckue nepeHanpsaKeHUa B U3ONALMU ABUraTens
YTBEpXAEHUA NyHKTa 7 OCTAlOTCA B CUre.

19.5 Tokun Yyepe3 NOAWMNMHUKA

YTBEpxaeHua nyHkTa 8 octatcs B cure.

19.6 OTOoenbHble acneKTbl CUHXPOHHbIX UHAYKTOPHbLIX ABUrarenen

- KoahdhnLMeHT MOLLHOCTU, KaK NpaBuIo, He CTOMb BbICOK, KaK Y aCUHXPOHHbIX SNEKTPUYECKMX MaLUWH.
- Pabora B obnactu ocnabneHus nons TpebyeT cneuuanbHbIX Mep Ans obecneyeHuss Heo6GXoaMMOro
KPYTSILLEro MOMeHTa.
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MpunoxeHue A
(cnpaBouHoe)

XapakrepucTuku npeobpasosaresns

A.1 Cuctembl perynmpoBaHus

A.1.1 O6LKne nonoxeHus

A.1.1.1 OcHOBHble 3ame4aHunA

CyLLecTBYIOT pasfnuyHble CMCTEMbl YaCTOTHOMO PErynupoBaHus; ckanspHas, BekTopHas (besgaryukosas unu ¢ o6-
paTHOI CBA3LI0), NPAMOE yrpaBneHne NOTOKOM U NPSMOe yrpaBrieHne MOMEHTOM U T. . Y KaXgoro Tuna ecTb pasnuyHbie
0COBEeHHOCTH, KoTopble onucarbl B A.1.1.2—A.1.1.4.

A.1.1.2 CkangapHoe ynpasneHue

CkansipHoe perynmpoBaHue — 3T0 CTaHAapTHas CTPYKTypa yrnpasneHus ¢ xapakTepucTtukoii U/f npeobpasosartens.
B Takom npeobpasoBaTtene BLIXOAHEIM HaMpsKeHWeM yrnpaBnsaloT B COOTBETCTBUM C BbIXOAHONR YacToTOi. Ha pucyHke 3
NoKa3aHo, KaK 3TO NPOUCXoAUT.

MpwW BLIXOAHOM HaMpPsXXeHWU, NPOMoPLMUOHANIEHOM YacToTe, ABuratens paboTaeT ¢ NpUBNU3NTENEHO NOCTOAHHBIM
NMOTOKOM AaXxe bes O6paTHOI7I CBA3UM MO CKOPOCTHU.

Onsa yny4yiwenuns nycka n paboThbl Ha HA3KUX CKOPOCTSX 0OBIYHO MCMOSB3YIOTCH YBEMUYEHNE HaNPSXKEHUS (K BbIXOA-
HOMY HanpspkeHuto npeobpasoBaTens obaBnseTcA pUKCUpoBaHHOe HanpsbkeHne), obbiyHasa IR-komneHcayusa (KOMNEeH-
cauus nafgeHus HanpsbkeHus Ha 0BMoTKax cTaTtopa) v AMHaMUYecKas KOMNEHCaLUa HanpsKeHus.

(DOpCI/IPOBKa No HanpsXXeHWro Oornee 3¢¢eKTVIBHa Ha HU3KUX CKOPOCTAX NPU HU3KOM HanpsXXeHWN NuTaHuA gBura-
TEnNs, HO BaXHO Y4UTbIBaTb, YTO OHA He AOMKHa NPMBOAWTb K HackILeHUIo gBuraTens.

Bornee coBepLUeHHanA |R-KOMI‘IEHcaLU/IH npeanonaraet, YTO yBeJIMYeHNe HanpsXXeHUA NponopLUUoHarbHO Harpyske
aApuratens. CyLLleCTByeT MHOXeCTBO CKallApHbBIX CUCTEM YyrpaBneHua co CBOUMU ocobbiMun anroputMamu and KoMmneHca-
LMW NageHust HanpspKeHWsA Ha COMpOTMBIIEHUM OOMOTOK CTaTopa M ero UHAYKTUBHOCTU. B pesynsrare nyckoBble Xapakre-
PUCTUKM ABUraTeNA 3HaYUTENbHO YIyHLaKTCA, yny4qlWaeTca U pexnm pa6OTbI Ha MaliblX CKOPOCTAX 6naro,qapﬂ ucnonb-
30BaHWIO JOMOMHUTENBHOMO HanpsPKEHWUs ABUraTens u obpaTHOi cBsA3n No Toky. MogobHble cUCTEMBI yNpaBrneHust MoryT
obecneynBaTh Ka4ecTBO MOMEHTA, onuskoe K BEKTOPHOMY YyrpaBneHuto, AaXe Ha HU3KNX HacToTax.

CkansipHasd cuctema B OCHOBHOM MPUMEHSETCS B PELLEHUSIX, Fae ObICTpas peakuns N0 MOMEHTY WU MO CKOPOCTU
He HYXHa, a TaKxXe LUMPOKO NPUMEHAETCA B MHOMOABUraTENbHBIX CUCTEMaX, MUTaeMblX OT O4HOro nNpeobpasoBaTerns.

A.1.1.3 BekTopHoe ynpasneHue

MpeobpasoBaTerb C CMCTEMOI BEKTOPHOMO YNpaBneHus, Nno CyLLecTBy, BbIAENSAET U3 TOKa ABUraTeNs ABa ero KoMno-
HeHTa, YNpaBnsas NoTOKOM HaMarHW41BaHus W BpallyatouM MOMEHTOM pasensHo. 3To gocTuraeTca Gnarogapa npuMeHe-
HUIO MaTeMaTU4YeCKo MOAENW ABWraTens Kak Npyu Ucnosib3oBaHUW AaT4nka oGpaTHOiA CBsI3W MO CKOPOCTU, Tak 1 6e3 Hero.

B cooTBeTCTBUM € pasnUYHbIMU TPEBOBaHUAMM K XapaKTepucTUKaM CUCTEMBI MOTYT NMPUMEHATLCA MaTeMaTUYeckne
MOAENN ABUraTens ¢ pasfuyHbIM YPOBHEM MpubnuxeHus. MNMpuMeHeHUe AaTynka obpaTHOW CBA3WM MO CKOPOCTU MOXET
YNyYLUUTL CBOICTBa SMeKTponpusoaa.

BekTopHoe ynpaBneHne obbIMHO NpUMeHsieTCs, Koraa TpebyeTcsa ObicTpas peakuusi CUCTEMbI Ha BO3eCTBUE MO
CKOPOCTW UMM MOMEHTY.

A.1.1.4 Mpamoe ynpasneHwe NOTOKOM 1 MOMEHTOM ABUraTens

Cucrema nNpsAMOro ynpasreHWss MOMEHTOM W MOTOKOM JBWraTens MCronb3yeT pefeiHblii NpuHUMUN yrpaeneHus
(ckonb3simii pexxum paboTel penertHoro perynsaTopa), perynvpys noTok v Bpallatoluii MOMEHT ABUraTens C pMMeHeH!-
eM MaTeMaTM4ecKoi Mogenu ABuraTens Kak ¢ AaT4MkoM o6paTHOI CBS3N Mo CKOpPOCTH, Tak u 6e3 Hero.

B aToOii cucTeMe HET HUKaKoro MogynsaTopa, KOMMYTaLMsA Kax4oro CUNoBoro Kikoda npeobpasoBarens peanusyerca
otgensHo. MpuMeHeHne faTynka o6paTHON CBSA3W MO CKOPOCTU MOXET YNYYLLMTL CBOWCTBA aneKTponpusoaa.

MpsMoe ynpaerneHne MOMEHTOM OBLIMHO NMpUMeHSeTCes, korga TpebyeTca ObICTpbIA OTKMMK CUCTEMbI Ha BO3feW-
CTBUE MO CKOPOCTU UITM MOMEHTY.

A.1.2 Tunbl npeobpaszoBareneit

Bce Tpu Tna perynupoBaHWs MOTYT MCMONb30BaTbCA AN peLUeHuid, Tpebytolmx noaaepxaHus MOMEHTa, Kak W
NS NpUMEeHeHWI, e MOMEHT YBENUYMBAETCA CO CKOPOCTLIO (HanpUMep, B LieHTPOBeXHbIX Hacocax v BeHTUNsTopax).
OpfHako AnsA rapaHTuM onTumanbHoro Boibopa npeobpasoBatens W HafexHoro (hYHKLUOHMPOBAHUSI CUCTEMbI AOMMKHbI
ObITb Y4TEHbI BCE TEXHOMOMMYECKUE acneKThl KOHKPETHOrO peLleHus.

CTOUT OTMETUTB CrieaytoLLe OCHOBHble 0BCTOSTENBCTRA:

- UCMOMNb30BaHWe CKanspHON CUCTEMbI PEryrnMpoBaHUs NO3BOMNSAET YNPaBAaTb HECKONbKMMU ABUraTENSMHU (C pasHbl-
MW napameTpamu) c NOMOLLbIO O4HOro NpeobpasoBaTens;

- CUCTEMbl CKanspHOro perynupoBaHns MOXeT BbiTb HE4OCTaTOMHO W3-3a cneunanbHbX TpeboBaHuid, Hanpumep
npw paboTe nog Harpy3Koi Ha HU3KKUX ckopocTAX (MeHee 10 % HOMUHaNBHOW CKOPOCTH), XOTsi paboTa Ha HU3KUX CKOpO-
CTSX MOXET ObITb ynyylleHa NpUMeHeHNeM SUHaMUYEeCKOn KOMMeHcaUmmn NageHnst HanpsXKeHus,

- Kak 1 B BEKTOPHON 6e34aTYnKoBOI CTPYKTYpPE PeryrnupoBaHus, B CKansipHOi CTPYKTYpe MOXHO NoajepXusaTs no-
CTOSIHHBIA MOMEHT, MPUMEHSI AMHAMUYECKYIO KOMMNEHCaLMIo HanpsiXKeHNS;
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- caMoe CyLLIECTBEHHOE pasnuune Mexay ckarnspHbIM, BEKTOPHLIM perynupoBaHMeM U NpAMbIM yrpaBrieHUuemM mMo-
MEHTOM 3aKrioHaeTcs B AUHAMUKE,;

- BEKTOpHasi cUCTeMa UKW cucTema NpsIMoro ynpaeneHUs NMOTOKOM U MOMEHTOM MOXET noTpeboBarbesl, ecnu He-
obxogumo:

- perynupoBaHune Ha BnnU3knX K Hyso CKOpPOCTAX;

- NPEeLU3NOHHOE ynpaBneHne MOMEHTOM;

- 06ecne4nTb NMKOBOE 3HAaYEeHUEe MOMEHTA Ha HU3KOW CKOPOCTH;

- NPU UCNOML30BaHUN BEKTOPHOI CTPYKTYPbl UMW CTPYKTYPbl NPSMOro YNpaBneHNs MOMEHTOM U NOTOKOM MOXHO
yNpaBnATb HECKONbKUMMN ABUraTensiMU OT ofjHoro npeobpasoBartensi, HO NpU YCNOBUM COBNAAEHNUN WX XapaKTepucTUK;

- XapaKTePUCTNKN BEKTOPHON CTPYKTYpbI ypaBneHus U CTPYKTYpbl NPAMOro ynpaBneHns MOMEHTOM NOYTH OA M-
HaKoBbl, Tak kKak B 06eux ucnonb3oBaHa Matemarnyeckas Mofernb ABuratens (¢ gaT4MKaMu NOTOKA U CKOPOCTU UNK
6e3 Hux).

Bonee nogpo6Ho cm. |IEC 61800-2.

A.2 ®opmupoBaHUue BLIXOAHOTO HanpsikeHUs npeobpaszoBaTtens (AnA npeobpasoBaTtenei HanpsKeHUA)

A.2.1 lLnpoTtHo-uMnynbcHasa moaynauus (LUIMM)

LLIMM oxBaTbiBa€eT Takne cxemMbl GOPMUMPOBaHMIS BLIXOAHOIO HANPSXKeHUs, B KOTOPLIX KOMaHA bl KOMMYTaLun Npeo6-
pasoBaTens o6pa3yloTca KOHTponnepoM, paboTatoLM Ha HecyLlen YacToTe (MOAYNATOPOM).

MoaynsaTop ynpasnseT uMnyribcamu Takum o6pas3oM, YTO BLIXOAHOE HaNpsKeHNe NOBTOPSAET 3a4aHHYIO BENUYNHY.

MpumedaHue — [Noa BbIXOAHLIM HaNpsXEHUEM NOHUMAIOTCA CPeAHee 3HAaYEHNe 3a BPeMSI, COOTBETCTBYIOLLee
4YacToTe KOMMYyTauuu, U MIHOBEHHOE 3HaYyeHWe OTHOCUTENLHO Mepuofa OCHOBHOWM rapMOHUKM BLIXOAHOMO HaNPsKeHUs
npeo6pasoBarens.

Hecywaa YacToTa MOXET 6bITb CUHXPOHWU3WPOBaHa C YacTOTOW NUTaHWUA UK BLIXOAHON YacToTol. OHa MOXET Bbli-
6upaTbca Ucxoaa W3 MUHUMYMa MOTepb, Nynbcauuii ToKa, LymMa, OHa MOXET ObiTb NepeMeHHON («Kadarowasca» unu
«cnyvaiHas» LLUMM) ans pacnpefeneHunsi cnekrpa rapMOHUK B LUMPOKOM AWanasoHe.

Ana onTummusaumn popMel TOKa UMK e€ro CnekTpa, Hanpumep ANA yMeHbLIEeHUA NUKOB TOoKa UK NUKBUAALUN He-
KOTOPbIX rapMOHMK, MOFyT MPUMEHSATLCA cneLuarnbHble CPeAcTBa ynpaBneHus.

A.2.2 PeneitHoe ynpaBneHUe (CKONb3SLWMA PeXUM)

CKonb3ALWMA pexnM OXBaTbIBaET Takne cxembl (POPMMPOBAHUA BIXOAHOTO HaNpsKeHUs, B KOTOPbLIX KOMaHAbl KOM-
MyTauuu npeobpasoBaTensd o6pa3ytoTcsd HECUHXPOHU3MPOBaAHHBIM KOHTPONNEPOM, BbipabaTbiBaloWMM KOMaHALI KOMMY-
Tauuu NuLlb B Teé MOMEHTbI, KOrda BO3HUKAeT pasHuLa Mexay pearnbHbIM 3HaYeHUeM perynupyemoi nepeMeHHOW U cur-
HanoMm ee 3agaHus.

Takoi TMN KOMMYTaLMU MOXET UCNONb3oBaTLCA AMA perynmpoBaHns HanpshkeHWUsl, Toka, NoToka, MOMEHTa B 3a-
BUCMMOCTMU OT CUCTEMbI YrpaBneHus.

A.2.3 BnusiHne yactoTbl KOMMyTaLUU

BrlcokoyacToTHas KOMMYyTaLusA NpeobpasoBaTens BNUSET Ha BCE SMIEMEHTLI SM1EKTPOMNPUBOLA: BhI3LIBAET NOTEPU B
MallMHe u npeobpasoBaTerie, akyCTUHECKMiA LUyM U NynbcaumMn MOMeHTa. 3aTpyAHUTENbHO OLEHUTb TOMHO 3TO BIUSIHUE,
ofiHaKo B o6LLleM Buae OHO npeacTaBneHo Ha pucyHkax A.1, A.2 n A.3. [JaHHble pUCYHKM He NpeAHasHayYeHbl AN CpaBHU-
TerbHbIX BbIYUCTEHWNA.

Mpumevyanune 1 — Ha pucyHke A.1 BepTuKanbHas Wkana Ansa gBuratens v npeobpasoBaTens UMEKT pasHble
MacLuTabsl.
MpumMmevyaHne 2 — [na cxem MOAyNALMW, HE UMEIOLLMX HECYLLYIO YacTOTy, BbIpaXeHWe «4acToTa KoMMmyTa-

LMW» O3HA4YaeT cpefHee YMCIIo NepeKioUartoLLx UMMYIbCOB B CEKYHAY.

A.2.4 MHoroypoBHeBble npeobpasoBarenu

B cxemax AByXypoBHeBbIX NpeobpasoBaTernieil, ONUCaHHbLIX Bhllle, BEIXOAHOE HampsikeHue popMUpyeTcs nyTem
NnepeKIlo4eHNs HarpyaKku ¢ NonoX1TENbHON Ha OTpULaTENbHYIO LUMHY 3BeHa NOCTOSIHHOMO ToKa.

MHoroypoBHeBble NpeobpasoBaTeny npeanaratT NPOMEXYTOUHbIe YPOBHWM MOTEHUMana, a NnoToMYy YacTOTHbINA
CMEeKTP rapMOHUK UMEET 3HaYUTENIbHO MeHbLUMe aMNIUTYLbl U CMeLLEH B 061acTb BbICOKWX YacToT.

MpumevyaHue — [ocKonbKy MHOrOypOBHEBEIE MHBEPTOPLI TPEOYIOT 3HA4YUTENBHO BOMbLUIEro Ynucna nonynpo-
BOAHWKOBBIX KIOYel, OHU XapaKTepHbl A4S BbICOKOBONBTHEIX NpuMeHeHuid (cM. IEC 61800-4).

A.2.5 NapannenbHasa pa6ora npeoBpa3oBarenei

Ecnn npeobpasosaTens uMeeT gBa M Gonee MHBEPTOPHLIX MOCTa, paboTaloWmnx napannesibHo, TO K HAM MOXHO
NPUCOEANHUTL CTOSBKO Xe NapanienbHbIX BeTBel TpexdasHoro fBuUratens, COEAUHNB UX MONapHo.

Ecnu rapMoHukn HanpsixeHwst npeoBpasoBaTens WUMEeoT 3aMETHYHO MO CPABHEHUIO C OCHOBHOW BEMUYUHY, peKo-
MEH/YETCA He cMelljaTb BbIXOAHbLIE HanpshKeHWa MOCTOB No chase oTHoCUTENBHO APYr ApYra, Kak U He CMeLLaTk CUCTEMBI
06MOTOK, YTOOLI N36exaTb GONbLUMX rAPMOHMK TOKa.

B npeobpa3oBaTensix ¢ peneiHblM ynpaBneHueM 06MoTKkM reoMeTpuyecku cMellatoTes Ha 30°/p, a NpUNoXeHHoe K
HUM HanpskeHne — Ha 30 rpagycoB no dase.
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ﬂ,OI'IOJ'IHMTeJ'I bHbl€ NOTEepn

A — NoTEpM B 3reKTPUYECKOl MallnHe; B — noTepu B npeoBpasoBaTene

PucyHok A.1 — BnusiHWe 4acToTbl KOMMYTaLUKW Ha NOTepu B iBUraTene u npeobpasosatene

s A
>
3
=
3
I
a
| =y
()
=
Y
I
c
o
c
[¢]
I

1
0 25
f,xry
PucyHok A.2 — BnusiHue 4acToTel KOMMYTaLMK Ha akyCTUYECKUIA LLYM
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PucyHok A.3 — BriMsHWe 4acToTsl KOMMyTaLMK Ha MynbcaLyuy KpyTALWEro MoMeHTa
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MpunoxeHue B
(cnpaBouHoOe)

BblXO4Hble XapakTepucTukn ABYXYPOBHEBOro npeo6pasoBaTens C MHBEPTOPOM HaNpsXeHus

dopma BbIXOAHOIO HanpsxeHus npeobpasoBaTesnis, a NOTOMY W CMEKTP BbIXOAHOrO HanpshKeHWs, pas/MyHbl B 3a-
BMCUMOCTM OT npuHLmMna paboTbl npeobpasoBaTens. TunnuHas oopMa BbIXOAHOTO HaMpsXKeHWs npefcTasBneHa Ha PUCyH-
ke B.1. MNpumMepbl CNEKTPOB rapMOHVK Ha BbIXOAEe WHBEPTOPOB, paboTatoLmx ¢ NOCTOAHHOM YacToToin komMmyTauumn LLUAM
0Kof0 2,5 KU, aTaKke UCMNOMb3YILWNUX peneHyo KoMMyTaLlmio npyu NPSMOM ynpasneHnuM MOMEHTOM (CpefHee 3HauveHue
yacToTbl Okosi0 2,2 KIL), NokasaHbl Ha pucyHke B.2.

PucyHok B.1 — ®opma NMHEeRHOro HanpskeHus ull MHBepTopa HanpshkeHust ¢ YactoToit kommyTaumu fs= 30 L|

Mpeo6pasoBatenn ¢ MoAynsiuueidl Ha Hecyllein 4acToTe Mo CUHXPOHHOMY U aCUHXPOHHOMY MPUHLMMNY BO MHOMMX
NpUMEHEHUAX BblpabaTbiBaloT YacTOThl

f:lcsfsiv r

rpe ks- 1,2, 3... ukn- 1,2, 4,5, 7... — koahbpnuneHTbl YacToTbl KOMMyTauun fs n paboyei yactoTbl I, COOTBETCTBEHHO.
[aHHasa dopmyna npumeHmMa Takxe Ans npeobpasoBaTenei ¢ NPOCTPaHCTBEHHO-(hA30BO MoAyNsaune.
Mpeo6pa3oBatenu 6e3 MOAyNsALUUM Ha Hecylleli YacToTe, rae HeT NpefBapuUTeslbHO 3aflaHHOl 4acToTbl KOMMYyTa-
LnK, TakxKe UCMOMb3YHTCA Ha NpakTuke. [N HUX YaCTOTHbIA CNEKTP BbIXOAHOTO HaMpshKeHWUs XapakTepuayeTcsi LUIMPOKO-
NOSIOCHLIM C/lyYaiiHbIM LWYMOM 6€e3 MMKOB Ha onpefesieHHbIX YacToTax.

PUCyHOK B.2 — TunuuHble 4acTOTHbIE CNEKTPbl BbIXOAHOIO HanpshkeHusi npeob6pasosartens
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PucyHku B.3 n03BONSIOT CPaBHWUTb TUMUYHbIE BbIXOAHbIE CMEKTPblI MHBEPTOPOB CO C/ly4yaliHON 4acTOTON KOMMyTa-
un LM (cpefHee 3HaveHne npubnnsutensHo 2,2 kM) 1 MHBEPTOPOB, MCMOMb3YIOWMX PeneliHyo KOMMyTaLuto.
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a— CnyuaiiHas WM b — PeneiiHoe ynpaBneHune

PucyHOK B.3 — TUNMYHble 4acTOTHbIE CMEKTPbI BbIXOAHOMO HaNpshkeHWs Nnpeo6pasoBaTtesns

Ha pucyHkax B.4 nokasaHbl TUNWYHbIE CNEKTPbI 471 a— npeobpasoBartens ¢ MoAynsauveli no ABym asam Ha 4 kI,
cpefHsaa yactota npubnusmtensHo 2,7 Ky, b — npeobpasoBatens ¢ peneiHoli Mogynsauuein n NpsmbiM ynpasneHuem
MOMEHTOM Ha cpefiHeit yactoTte 2,7 K,
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a — [ByxdasHaa mogynauma 4 ku; b— PeneliHoe ynpasneHue, npsamoe
2,7 xI'y B cpegHeM ynpasfieHne MOMeHTOM, 2,7 kI B cpefHeM

PucyHok B.4 — TunuuHble CNEKTPbl BbIXOAHOTO HaNpsixeHUsi Npeo6pasoBaTenei

B ykasaHHbIX Bbllle Cy4yasix yacToTa BbIXOAHOTO HanpshkeHWst npeobpasoBaTtenss COCTaBsieT NPUGIN3UTE b-
HO 40 TU, a XapakTepuUCTUKMA Harpy3ku Apuratesnieii HewameHHbl. YacTOTHble CMEKTPbl Mpu peneiHoli KoMMmyTauum uin
cnyuaiiHoii yactote komMmyTaumu LUMM Hike no amnauTtyae, Yem npu nocTOSIHHOM YacToTe KommyTaumu UMM wnu npu
MoZynAuMK No ABYM hasam, HO pacnpegeneHbl 60/ee WUPOKO Mo YaCTOTHOMY AManasoHy.
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PucyHok B.5 — TunuyHble ocuuiniorpammMbl TOKa MalLUHbI

PucyHkv B.5 MokasblBaloT HOpMa/M3oBaHHble OCLM/IOrpaMMbl TOKOB ABuUraTeneil gns AByx npeo6pasosateneit,
CMEeKTPbl KOTOPbIX NPUBEAEHBI HA PUCYHKe B.2, B 3TOM C/lyyae BbIXOAHAs yacToTa cocTaBnsieT npubnusutesnibHo 10 I,

lc f,c
a — [ByxdpasHas mogynaums 4 kru; b — PeneiiHoe ynpaBnexue, npsmoe
2,7 KI'y B cpefHeM ynpassieHne MOMeHTOoM,2,7 KL, B cpegHeM

PucyHok B.6 — TunuyHble ocuuinorpammMbl TOKa MallUHbI

PucyHkn B.6 nokasbiBaiOT OcCUuMAOrpaMMbl TOKOB ABurateneil ans AByx npeobpasoBatenieil, CnekTpbl KOTOPbIX
npvBeLeHbl Ha pucyHke B.3, B 3TOM C/lyyae BbIXOAHasA yactoTa coctasnseT npnbnmsutensHo 10 Iy,

PucyHkn B.1—B.6 npvBegeHbl TONbKO A8 uanocTpaumn. OHWM He AO/KHbI UCNOMb30BaTbCA Kak XapaKTepuCTUKM
TMNOB npeobpasoBaTeneil. Bce MeToabl NOAyYEHNst BbIXOAHOTO HANPSHKEHUSI MOTYT ObITb ONTUMMU3UPOBAaHLI CreLmabHbl-
MW cnocob6amn ons addEKTUBHOIO MCNOb30BaHNA NPEVMYLLECTB Y HEJOCTATKOB pasHbiX npeobpasoBartenieil B KOHKpeT-
HOM MPYMEHEHUN.
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Mpunoxexne C
(cnpaBo4Hoe)

HanpsxeHus, Bo3HMKaOWMe Mexay npeo6pasoBaTesieM U 31eKTpuueckoii MalluHoIi

Ha npakTuke HanpsbkeHue Ha kfeMMmax 3/1eKTPUUEcKoi MallvHbl, MUTaloLeiics oT npeobpasoBaTtessi, 0CO6EeHHO ¢
MHBEPTOPOM HAMPsPKEHWs, OT/IMYAETCA OT MAeasibHOM KapTuUHbI UMMYNLCOB, MPEACTaBNEHHOW Ha pucyHke B.1, u3-3a Bbl-
COKOYACTOTHbIX MEPEXOAHbIX MPOLEeccoB. TUNMYHLIA NPUMep Takoro OT/INYMA MpeacTaBneH Ha pucyHke C.1. Ha gaHHble
MpoLecchl 3HAUYUTENBHOE BNMSHUE OKa3blBAKT A/IMHA M TUN Kabens, COefuHsloLero Asuratesis ¢ npeo6pasoBatesieM,
3/1eMeHTbl CUCTEMbI 3a3eM/IEHUsl, BPEMSI HAPaCcTaHUsi MMY/IbCOB HAaMPsHKEHUs], BbIXOAHbIE (PUALTPbLI U T. M.

Vppt

PucyHok C.1 — Mpumep TUMWYHBIX KPUBbLIX IMHEMHOTO HaNpshXeHWs OBYXYPOBHEBOIO
MHBEPTOPA B 3aBUCMMOCTU OT BPEMEHW Ha Kiemmax asuratens (HanpshxeHve
«paza — hpaza», B34T 13 IEC/TS 61800-8)

3T0 He faeT BO3MOXHOCTU [aTb YHUBEPCA/IbHYIO OLEHKY MaKCYMaslbHbIM 3HAYEHUSAM WMMY/IbCOB HamnpshKeHus.
BmecTo aTOro npefnaraetcsa onpefennTb NepeHanpsxeHne Ana Kaxaoro KOHKPEeTHOro NpMMEHEHMS Ha OCHOBE CTaHdapTa
1ECAD 61800-8, KoTOpbIi NpefocTaBAseT HEOBX04MMYI0 MHDOPMaLMIO.

MpumeyaHne — CraHgapt IEC/TS 61800-8 ncnonb3yeT WHble CUMBOJIbI, HEXenn cepus cTaHOapToB
IEC 60034. B uacTHoCTW, ANnsi 0603HaYeHuss HanpshxeHus V ncnonb3yetca U, NnHeliHoe HanpsikeHue Vpp o603Hava-
eTca Kak L] .

[nsa Toro 4To6bl HANTU MakCMMasbHble 3HAYEHUS IMHERHbIX 1 hasHbIX HaNPsSXXEeHUId Ha KnemMMax ABurarens u apy-
rme HeobXxoAuMble 4151 MPaBWUIBLHOIO BbIGOPA M30MALMM BEIMUMHBI, HYXHa crefylowan nHopmaums.

- Mo nuTatoweli ceTn: ee HOMUHa/IbHOE HanpsXeHne n cuctema nutanus (TN, TT, IT).

- BxogHoe 3BeHO npeobpasoBaTens (BbINPAMUTENb): O4HOMA3HbIA, TpexdasHblii, akTUBHbIA Tpexd)asHblii, BKIoUas
3BEHO MOCTOSIHHOIO TOKa CO Cr/1aXunBatoLMM peakTopoM (Mpu Hanmuum).

- BbixogHoe 3BeHO (MHBEPTOP): ABYX-, TPEX- UM MHOrOYpPOBHEBLIN UHBEPTOP (C KOHAEHCATOPOM).

- OUNbTPbI (MPX HA/IMUKUKM): BbICOKOYACTOTHBIN CUHMpa3HbIl, duJdt, BbIXOAHON Apoccenib AN CUHYCOUAANbHBIN.

- Kabenu: gnvHa n napameTpbl (EMKOCTb U MHAYKTUBHOCTb) Ha €4UHULY A/IUHbI.

CraHgapt IEC/TS 61800-8 nokasbiBaeT BANAHME 3TUX AAHHBIX HA MakCYMaslbHOE HanpshkeHue B hopme Tabnul, ¢
COOTBETCTBYIOLWMMI KOathdpuLmeHTamu. ASIFOPUTM BbIUYUCIIEHWIA Aasniee NPOWIICTPMPOBaH ABYMSA MpyYMepamMu, nokasbl-
BalOLLVMN 3HAYNTE/NIbHOE B/IMSIHNE CTPYKTYPbl U COCTaBa 3/1EKTPONPUBOAA HA HampsXxeHue.

Mpumep 1

DnekTpuyeckas MallnHa MoLHOCTbI0 3 KBT ¢ 400-BONBLTOBLIM MUTAHMEM OT ABYXYPOBHEBOrO NpeobpasoBatensi C
AVNOOHBIM BbINPAMUTENEM Yepe3 ABYXMETPOBLIA Kabenb 6e3 dunbTpa.

61



FOCT IEC/TS 60034-25—2017

Cucmema numarus

TN — ceTb ¢ myxo03a3eMreHHON HeNTparblo HOMMHaNbHLIM HanpsbkeHuem 400 B
KoadbdpuumeHT yeunenus s gndpdpeperuuansHom pexume (pasgen 5.4, Tabnuua 1)
V/Vy = 1.1, Briiovas 10 % gonycka Ha NiHeHoe HanpshkeHue.
KoadbdpuLumeHT ycuneHua B CuHdasHoM pexume (pasfen 5.5, Tabnuua 2)
Kep = 0.

BxodHoe 38eHO0 npeobpazoeamensi

TpexdpasHblit AUoAHBIA BeINpAMUTENb 6e3 peakTopa W AUHAMUYECKOTO TOPMOXEHUS
KoadbduumeHT ycunenus B gnddepeHyunansHom pexxume (pasgen 6.8, Tabnuua 6)

kpq =1,35.
KoadbdpuumeHT ycuneHnsa B cuHdasHoM pexume (pasgen 6.9, Tabnuvua 7)
kC1 = 0.

BbixogHoe 3BeHO npeobpa3oBarens
HeyxypoeHeesiii uHeepmop
KoadbduumeHT ycunenus B anddepeHuyunansHoM pexxume (pasgen 7.9, Tabnuuya 18)

kD2 = 1.
KoadbduumeHT ycuneHus B cuHdasHoM pexume (pasgen 7.10, Tabnuua 19)
Koy =2 172

C2

HvuHamuueckne napametpsl (pasgen 7.11, Tabnuuya 20)
t, =50 ... 200 He, fi/fy =5 ... 300.
Qunbmp
duUnBTp oTCyTCTBYET
KoadhduuueHT ycunenus B andpdepeHynansHoM pexume (pasgen 8.4, Tabnuua 21)

kns = 1.

D3
KoadpdpuumeHT ycunenus B cuHdasHoM pexume (pasgen 8.5, Tabnuua 22)
kez = 1.

HuHamuyeckne napametpsl (pasgens! 8.4 n 8.5, Tabnuupl 21 1 22)
ts=1t,=50 ... 200 He.

Kabenb u anekmpuyeckas MmauwuHa

HoMuHanbHas MOLHOCTL MalumHel Ao 3,7 KBT, kabenb AnnHON 2 MeTpa ¢ yaenbHON NHAYKTUBHOCTLIO 650 HIH/M 1

eMkocTbio 130 nd/m

CkopocTb pacnpocTpaHeHus (pasaen 9.1, dopmyna 27)
v — 1/sqrt(650 Mi/m x 130 n®/m) = 109 m/MKe
KpuTnueckas gnuHa kabens (pasgen 9.1, coopmyna 28)
lyp = 0,5 % 109 M/mMKe % (50 ... 200) HC =2,725m ... 10,9 M
AnNvHa kabens He npeBbILLIaeT KpUTUYECKYIo
KoadbdpuuueHT oTpaxeHus (pasgen 9.2, Tabnuuya 23)
r=0,9
KoadbduuueHT yeunenus guddepeHuymansHoro pexuma (pasgen 9.3, Tabnuua 24)
Kpa=(2+0,95/2725+1)=1,7
KoatbduLuneHT yeuneHuns cuHgasHoro pexxuma (pasgen 9.3, Tabnuua 24)
Koq=1(2-0,95/2725+ 1) =17
OnHamundeckne napameTpel (pasgen 9.3, Tabnuuya 24)
tg=(50 ... 200) HC - (2 - 0,95/2,725 + 1) = (85 ... 340) HC
[MnKkoBoe HanpskeHne «asa — 3eMnsaA» Ha KeMmax gBuratens
Veg g, = 1,1-400B/1,732-(1,35-1-1-17)+1,1-400B- (0+0+0,5)- 1-1,7=583B+374B=209B ... 957 B
AMNUTYfAa NMKOBOro HanpskeHus «dasa — asa» Ha knemmax gsuratens
Vpp=1,1-400B (1,35-1-1-1,7)=1010B.

Tpumep 2

OnekTpuyeckas MallMHa MOLYHOCTBIO 3 KBT ¢ 690-BONLTOBEIM NUTaHWeM Yepes 50-MeTpoBbli kabenb oT AByX-
YPOBHeBoro npeotpasoBaTens ¢ AUOZHBLIM BbINPSMUATENEM, HECUMMETPUYHBIM PEaKTOPOM B 3BEHe MOCTOAHHOrO Toka 6e3
uneTpa, ¢ AUHaMUYECKUM TOPMOXEHUEM.

Cucmema numaHus

IT — ceTb ¢ HOMWHanNbHBLIM HanpsxeHuem 690 B

KoadhdmumneHT yeunenus B AnddepeHunansHoM pexume (pasgen 5.4, Tabnuua 1)
V/Vy = 1,1, BRtovas 10 % gonycka Ha fiMHeHoe HamnpshkeHue.
KoadhdhumLmneHT yeuneHnsa B cuHdasHoM pexume (pasgen 5.5, Tabnuua 2)

BxodHoe 3eeHo npeobpasoeamernsi

TpexdasHbll AMOAHBIA BLINPAMUTENb C HECUMMETPUYHBLIM PEaKTOPOM B 3BEHe MOCTOSHHOro TOKa, C PE3UCTOPOM U
npepbliBatenem ans UHAMUYECKOro TOPMOXEHUS
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KoadpduuueHT ycuneHnus B gucdepeHunansHom pexnume (pasaen 6.8, Tabnuua 6)

knq, =1,6.

D1~ h
KoadpduuueHT ycuneHusi B cuHgasHoM pexume (pasgen 6.9, Tabnuua 7)
kcq =+ 0,675.

BbixoaHoe 38eHO nNpeobpasoBarena
[HeyxypoeHeebiii uHeaepmop
KoaddbuuueHT yeuneHnus B gucddepeHynansHoM pexume (pasgen 7.9, Tabnuua 18)
koo = 1.
Kggcpcpnquem ycuneHus B cuHdasHoMm pexume (pasgen 7.10, Tabnuuya 19)
kep =112,
INuHamuyeckne napametpsl (pasgen 7.11, Tabnuuya 20)
t>=50 ... 200 He, f/fy =5 ... 300.
dunsmp
DuneTp oTCYTCTBYET
KoadpduuueHT yeuneHus B guddepeHynansHom pexume (pasgen 8.4, Tabnuua 21)

knz = 1.

D3
KoadpduuueHT ycuneHusi B cuHdasHoM pexume (pasgen 8.5, Tabnuua 22)
k03 = 1.

IuHamuyeckne napamertpsl (pasgensl 8.4 n 8.5, Tabnuua 21 n 22)
t3=1t,="50 ... 200 He.
Kabenb u anekmpuyeckas MawuHa
HomuHanbHaa MOLWHOCTL MaLuMHbl Ao 3,7 KBT, kabenb AnuHoi 50 METPOB € yAeNbHOW UHAYKTUBHOCTLIO 650 HIH/M
n emkocTbio 130 nd/m
CkopocTb pacnpocTpaHeHus (pasgen 9.1, hopmyna 27)
v — 1/sqrt(650 HIH/M x 130 nd/M) = 109 M/mKke
Kputudeckas anuna kabens (pasaen 9.1, ¢popmyna 28)
le =0,5x 109 m/mke % (60 ... 200) HC=2,725Mm ... 10,9 M
ANnHa kabens npeBbILAET KPUTUYECKYIO
KoadpduuueHt otpaxenus (pasgen 9.2, Tabnuua 23)
=095
KoadpdmuueHT yeunennsa guddeperymansHoro pexuma (pasgen 9.3, Tabnuua 24)
Kkpg=1+0,95=1095
KoadbcpuuueHT yecunenuns cuHgasHoro pexuma (pasgen 9.3, Tabnuua 24)
Koq=1+0,95=1,95
OuHamunuyeckne napameTpel (pasgen 9.3, Tabnuua 24)
t4=(50 ... 200) HC - (1 +0,95) = (97,5 ... 390) HC
MukoBOe HanpsixeHue «asa — 3eMNA» Ha Kremmax gBurarensi
VoG e = 1,1 690B/1,732-(16-1-1-195)+1,1-690B: (0,577 + 0,675+ 0,5) - 1 - 1,95 = (1367 B -
—885B)... (1367 B+ 2593 B)=482B ... 3960 B
AMNNMTYAa NMKOBOro HanpskeHus «dasa — asa» Ha kKneMmax gsurarensi
Vep=1,1-690B-(16-1-1-1,05)=2368 B.
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Mpunoxenue OA
(cnpaBouHoe)

CBeQieHUs O COOTBETCTBUM CChINTIOYHLIX MeXAYHAPOAHbIX CTaHOAAPTOB
MEXrocyaapCTBeHHbIM CTaHAAPTaM

Tabnuya OA.1

OB603HaYeHNe CCbINOYHOro CTeneHb O6o3HaYeHne U HaMMeHOBaHWe COOTBETCTBYIOLL|Ero
MeXayHapoaHoro ctaHgapTta COOTBeTCTBUA MeXrocydapCTBeHHOro ctTaHgapTa

IEC 60034-1:2010 IDT FOCT IEC 60034-1—2014 «MawwmHbl aneKkTpuyeckne BpallatoLu-
ecd. YacTb 1. HOMUHanbHbIE 3Ha4eHNS NapameTpoB M SKcnnyaTa-
LiMOHHBIE XapaKTepuCcTUKN»

IEC 60034-2-1 IDT FOCT IEC 60034-2-1—2017 «MalumnHbl arekTpuyeckue Bpallato-
Wwmreca. YacTb 2-1. CTaHaapTHbIe MeToALlI onpeAeneHns NoTepb K
KO3 pULMeHTa NosIE3HOro AENCTBUA NO UCTILITAHNAM (3@ UCKIIoYe-
HWeM MaLLWH ANS NOABUXHOMO CocTasa)»

IEC 60034-2-2 — *

IEC/TS 60034-2-3 IDT FOCT IEC/TS 60034-2-3—2015 «MaLumHbl anekTpudeckue spatla-
towmeca. Yactb 2-3. CneynanbHble METOALI ONPeAeneHns noTepb
n KoadppUyMeHTa NONe3HOro AENCTBUS aCUHXPOHHLIX ABUratenei
nepeMeHHOro Toka ¢ NUTaHWeM oT npeobpasoBaTens»

IEC 60034-6 — *

IEC 60034-9:2003 — *

IEC 60034-12 — *

IEC 60034-14:2007 — *

IEC/TS 60034-1841:2014 IDT FOCT IEC/TS 60034-18-41—2014 «MawwmHbl 3neKTpu4eckne Bpa-
warowpmecs. Yactb 18-41. KsanudukaunoHHble U TUNOBbIe UCMbI-
TaHWSA AN CUCTEM 3NEeKTpousonAuuu Tuna |, ncnonb3yemelx BO
BpaLlaloLLMXCA ANEKTPUYECKUX MaLLMHAX ¢ NUTaHWeM OT npeobpa-
3oBaTenen UCTOMHUKA HANPSKEHNA»

IEC/TS 60034-1842 IDT FOCT IEC/TS 60034-18-42—2014 «MawwmHbl 3neKkTpudeckne Bpa-

warowpmeca. Yactb 18-42. KsanudukaunoHHble U NPUEMOYHbIE
UCNBITAHUA AN CUCTEM SNEKTPOUIONALMK, CTOWKUX K HacTUYHOMY
pa3psagy, Tuna ll, ncnonb3yemMblx Bo BpaLLaloLUXCS SI1EKTPUHECKNX
MaluMHax ¢ NUTaHWeM OT npeobpasoBaTeneit UCTOUHMKA Hanpshxe-
HUS»

IEC 60050 (all parts)

IEC TR 61000-5-1

IEC TR 61000-5-2

IEC 61800-2:1998

IEC 61800-3
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OkoHvaHue mabnuubi [jA.1
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O6o3HaYeHne CCbINTOYHOro CTeneHb O60o3HaYeHNne N HaMMeHOBaHUe COOTBETCTBYIOLLEro
MeXJyHapoAHoro craHgapTa COOTBETCTBUA MEXrocyAapCTBEHHOrO cTaHaapTa
IEC 61800-5-1 —_ *
IEC/TS 61800-8:2010 IDT IEC/TS 61800-8:2018 «OrneKkTpuyeckme NpUBOAHbLIE CUCTEMEI C pe-

rynupyemoii ckopocTbklo. Yactb 8. Cneuyudukaumns HanpsikeHUa Ha
CUNOBOM COMPSKEHUN»

IEC/TS 62578:2009

OTBETCTBUA CTaHOapTOB!

* COOTBETCTBYHOLUMIA MEXIOCYAapCTBEHHbIA CTaHgapT oTcyTcTBYeT. [lo ero NpUHATUS pEKOMEHAYETCS MCNONb30-
BaTk NepeBOd Ha PYCCKWiA S3bIK AaHHOMO MeXAYHapOoLHOro cTaHAapTa.

MpunMmevyaHne — B HacTosiel TabnyvLe UCNONL30BaHO crieaytollee ycroBHoe 0603HaueHue cTeneHn co-

- IDT — naeHTUYHbIE CTaHAapTHI.
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