MEXTOCYAPCTBEHHbIV COBET NO CTAHAOAPTU3ALIMW, METPONIOMUW M CEPTUGUKALIMK
(Mrc)
INTERSTATE COUNCIL FOR STANDARDIZATION, METROLOGY AND CERTIFICATION
(IsC)

roCT

ME)KI'O%)-’I-L)\I;\-II;(;:?I-EHHI:IM IZE)1CéTS 60034-24—

MALUWHbI ANEKTPUYECKUE BPALLAIOLWLUECAH

YacTtb 24

OnnanHoBOe OGHapyXXeHue n AuarHocTuka
noTeHUMarnbHbIX OTKa30B aKTUBHbLIX AeTaneun
BpaLLaloLWMUXCs MEKTPOMALLUMH U AeTanen
C NOAWMWNHUKOBLIM TOKOM

PyKOBOACTBO no npuMeéHeHur

(IEC/TS 60034-24:2009, IDT)

WapaHune odmumansbHoe

Mockaa
CraHpapTuHdopMm
2016


http://www.kruzhevo-len.ru/vyazanye-skaterti.html

FOCT IEC/TS 60034-24—2015

MNpeancnosue

Llenm, ocHoBHbIE NPUHLMNLI 1 OCHOBHOW NOPSAAOK NpoBeAeHUA paboT No MeXrocyaapCTBEHHOW CTaH-
Aaptusauum yctaHosneHsl FTOCT 1.0—92 «MexrocyaapcTBeHHas cuctema ctaHgapTusauun. OcHOBHble
nonoxexus» n NOCT 1.2—2009 «MexrocyaapcTeeHHasi cucteMa cTaHgapTusaumn. CtaHaapTel MEXrocy-
JapcTBeHHbIe, NpaBuna u pekoMeHaaUun No MeXrocyfapcTBEeHHON cTaHaapTusauuu. Mpasuna paspaboTku,
NPUHSATUSA, NPUMEHeHUs1, OGHOBMEHUS U OTMEHbI»

CBeaeHus o ctaHgapTe

1 NMOArOTOBIEH ®eaepanbHbiM rocyaapcTBeHHbIM 61oaXeTHBEIM 06pasoBaTeNbHbIM yupexaeHUem
BbicLlero npodeccuoHanbHoro obpasosaHua «HauMoHanbHBIN UccneaoBaTenbekuil yHuBepeuteT « MOU»
(®re0y BMNO «HUY «M3U») n ®PeaepansHbIM rocyaapcTBEHHBIM YHUTaPHBIM NpeanpustTueM «Bcepoccuid-
CKUI HaydHo-uccnegoBaTenbCkUA WHCTUTYT cTaHAapTuzauMu n cepTudukaumMu B MAalLUMHOCTPOEHUA»
(BHUMHMALL) Ha ocHoBe COGCTBEHHOrO MepeBofa Ha PYCCKUN A3bIK aHIMOA3LIYHOW Bepcuu cTaHaapTa,
yKasaHHOro B nyHKTe 5

2 BHECEH TexHuuveckum komuteTom no ctaHgaptusauuu TK 333 «Bpaliatowmecs anekrpudeckume
MaLUNHbI»

3 NPUHAT MexrocygapcTBeHHbIM COBETOM MO CTaH4apTU3auuKn, METPONorMM U cepTudumkauun
(npoTokon oT 29 ceHTaOpPs 2015 r. Ne 80-1)

3a npuHsTUe NporonocoBanu:

KpaTKOG HauMeHoBaHWe CTpaHbl KO,E[ CTpPaHbI COKpaLLI,eHHoe HaumeHoBaHWe HauuoHarnbLHOro opraHa

no MK (MCO 3166) 004—97 no MK (MCO 3166) 004—97 no cTaHpapTUsauum

ApmeHus AM MwuH3akoHoMukn Pecny6nukn Apmennst

Benapycb BY locctanpapt Pecny6nuku benapych

KasaxcTaH KZ loccranpgapt Pecny6nukn KazaxctaH

Kupruswms KG Kbipreisctangapr

Mongoga MD MongoBa-CtangapT

Pocecus RU Poccrangapr

TagxukmcTaH TJ TamKukcTanaapT

4 Mpuvkasom PefepanbHOro areHTCTBa NO TEXHUYECKOMY PErynupoBaHUio U MeTpororun ot 26 masn
2016 r. Ne 423-cT mexrocyaapcteeHHbln ctaHgapTt FTOCT IEC/TS 60034-24—2015 BBeeH B fieicTBME B
KayecTBe HauMoHanbHoro ctaHaapta Poccuiickon depgepauvm ¢ 1 mapta 2017 .

5 Hactoswwuin cTaHaapT naeHTudeH mexayHapogHoMy AokyMmeHTy IEC/TS 60034-24:2009 «MalumHbl
anekTpuyeckne Bpallatolimecs. Yactb 24. OHnanHoBoe obHapyXeHue 1 AnarHocTuka noTeHuUanbHbIX oTKa-
30B aKTUBHBIX AeTanei BpaLlaoLLmXcs 3N1eKTpOMaLUnH U AeTaneun ¢ NOALWUMHUKOBLIM TOKOM. PyKoBoaCTBO o
npumeHeHuto» («Rotating electrical machines — Part 24: Online detection and diagnosis of potential failures at
the active parts of rotating electrical machines and of bearing currents — Application guide», IDT).

MexayHapoaHblil cTaHaapT paspaboTaH TeXHUYEeCKUM KOMUTETOM No cTaHAapTusauumn TC 2 «Bpauwato-
Wwmecs MalnHbl» MexayHapogHon anekTpoTexHudeckon komuceum (IEC)

6 BBEJEH BMEPBbIE
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UHpopmayust 06 usmeHeHUsIX K HacmosiuweMy cmaHdapmy nybruKkyemcs 8 exe200HOM UHOpMaUUOH-
HOM ykazamerne «HayuoHanbHbie cmaHdapmbiy, @ meKem usMeHeHUl U r1ornpasoK — 8 eXXeMeCcsYHOM UHGop-
MayuoHHOM yKkasamene «HauyuoHanbHele cmaHOapmei». B criyyae nepecmMompa (3aMeHbi) Unu OMMEHb!
Hacmosiweao cmaHOapma coomeemcmeyiouiee ysedomiieHue bydem ornyb/IUKOBAHO 8 €XeMeCsYHOM
UHgopMayuoHHoM yKkazamene «HauyuoHanbHble cmaHOapmbi». Coomeememesyiowasi UHhopMayus, yse-
OoMIieHUE U meKcmbl pa3mMeLyaromes makxe 8 UHGhopMayUOHHoU cucmemMe obuieao ronb308aHus — Ha oghu-

yuansHoMm calime ®edepasibHO20 ageHMCMea 10 MEXHUYECKOMY peaynuposaHuro U Memposoauu 8 cemu
UnmepHem

© CrangapTtuHdopm, 2016

B Poccuiickon ®eaepaummn HaCTOAWMIA cTaHAAPT He MOXET BbITb NOMHOCTLIO UM YaCTUYHO BOCNPOU3Be-
[eH, TUpaXXNpoBaH U pacnpocTpaHeH B kKayecTBe oduuManbHOro usgaHua 6es paspelueHus degepansHoro
areHTCTBa No TEXHUYECKOMY PErynupoBaHunio U MeTPOrorum
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BBegeHune

Mporpecc B MeTogax NPOEKTMPOBaHUSA U TEXHOMNOTN NPOU3BOACTBA 3MEKTPUYECKUX MaLLWH BbipaXaeTcs
B YBENMYEHUN UX HAAEXHOCTM, OAHAKO NOMHOCTbI0 U3BexaTb 0TKa3oB He yaaeTca. Mockonbky TpeGoBaHus
K HaAeXXHOCTM MOCTOSIHHO PacTyT, BaXKHO onpeAennTb AedeKTbl Ha paHHel cTaauum, onpeaeniTb UCTOUHUK
1 CEePbe3HOCTb HEUCNPABHOCTY C LIeSbIo OLIeHKN PUCKa pasBUTUA npouecca.

Uenecoo6pa3sHo, 4Tobbl MHOpMaLWA, NonyYeHHass MeToaamu, U3NOXKEHHBIMU B HACTOSALLEM PYKo-
BOACTBe, nossonuna avddgepeHUMpoBaTh HEeUCNPaBHOCTU U, Takum obpasom, ee aHanus Mor 6bl cTath
MCXOAHBIMM J@HHBIMM AN NOMHOTG MOHUTOPUHIA CUCTEMBI.

Lenbio HacTosILlero pykoBOACTBa ABMAETCA NPeaoCTaBUTb BO3MOXHblE CPeACTBa ANA AOCTUXKEHUS
HaMeu4eHHbIX Lenei 1 0GbACHUTL UX NpeuMyLiecTsa U HegocTaTku. O6CyxaalTca MUHUMansHbIe TpeboBa-
HUS, KOTOPLIM JOMKHbI YAOBNETBOPATH Pa3fUYHbIe AAaTYNKU, NPUHUMAA BO BHAMAHWE PasfUYHbIe NPOeKTHbIe
TpeboBaHWA, ocTaloWmecs 3a paMKaMmn HaCTOSALIEro cTaHaapTa.

HacToslee pykoBOACTBO MMEET OTHOLLEHUE K ANarHOCTUKE HEUCNPABHOCTEN B aKTUBHBIX YaCTsAX MHO-
rochasHbiX BpallaloLLMXCA MallnH (Bcex TUMOB HeucnpaBHOCTen B o6MoTKax cratopa U potopa, AedeKToB
BennYbMX KNeToK, IKCLEHTPUCUTETA) U TOKOB Yepes MOALLIMMHUKA.
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M E XTOCYA.APC CTUBETHHUBbB # C TAHAAPT

MALLUUHDbI ANEKTPUYECKUE BPALLAIOLLUUECA
YacTtb 24

OHnanHoBOE 06Hapy)xe|-w|e U QUArHOCTUKa NOTeHUManbHbIX OTKa30B aKTUBHLIX AeTaneun
BpawalWuxcA INIeKTPoOMaLWnH U AeTanen ¢ NoAWUNHUKOBbLIM TOKOM
PykoBoACTBO MO NPUMEHEHUIO

Rotating electrical machines. Part 24. Online detection and diagnosis of potential failures at the active parts
of rotating electrical machines and of bearing currents. Application guide

NaTta BBeaenna — 2017—03—01

1 O6nacTb NnpUMeHeHunA

HacToqawumin ctaHaapT npegHasHaveH anst obHapyXXeHust U ANarHoCTUKUN HEMCNPaBHOCTEN B aKTUBHbIX
4acTsAX MHOroasHbIX BpallarLLmMXcs MaLlH (ACUHXPOHHBIX U CUHXPOHHBIX) U TOKOB B NOALLMMHUKAX BO BpEMS!
paboTbl MalwnHbI. HencnpaeHocTY BKItoYatoT B cebsi:

- noBpexaeHns B 06mMoTKax;

- MexdpasHble KOpOoTKME 3aMblKaHWs;

- AByxcasHble 1 oaHodasHble KOPOTKME 3aMblKaHWA Ha 3eMlo B ABUraTensax ¢ 3aseMieHHON HenT-
panbHOM TOUKON;

- CTaTUYECKUIA U ANHAMNYECKNA SKCLEHTPUCUTET;

- AedeKTbl CTepXKHen U CoeanHUTENbHbIX Konew, 6ennybein kneTkn;

- NOALUNMHUKOBbIE TOKU.

OnarHoctnka moxeT ObiTb OCyLlecTBMieHa TakMMW CpeacTBamu, Kak U3MepUTErNbHbIe KaTyLKU Wiv
YaCTUYHO — aHaNM3oM HarnpsXKeHU 1 TOKOB Ha 3aXXMMax ABuratens.

HacToswwii ctaHgapT He BkouaeT o6Hapy)XeHne cneayrownx HeucnpaBHOCTEe:

- BUBpauus (paccMmoTpeHa B cTaHaapTax ISO, Hanpumep ISO 10816 1 ISO 7919);

- YacTUYHbIN pa3psg (paccMoTpeHa B cTaHgapTe IEC 60034-27);

- oAHobasHbIe KOPOTKME 3aMblkaHUS B ABUraTensax 6e3 sazemneHns HeliTpanbHOM TOUKA 3B8e3bl;

- HEeUCnpaBHOCTN CepAeYHUKa.

B cTaHgapT He BKMOYEHbl Takke cneuvanbHble MeToAbl ANarHOCTUKN MaLUWH crielnduyeckoro npume-
HeHus (Hanpumep, TypGoreHepaTopoB).

2 HopmaTuBHbIe CCbINKKU

B HacTosieM cTaHgapTe HeT HOPMaTUBHBIX CChINOK.

3 TepMuHbI 1 onpeaeneHns

B HacTosLLeM CTaHaapTe NCMonb3yoTCs CNeayoLMe TePMUHBI 1 onpeaeneHns K HUM.

3.1 koadcbuumenT pacnpepenenus (distribution factor): KoadduuneHT, oTHocawmMiica k pacnpeae-

NeHHbIM 06MOTKaM U XapakTepusytowmin ymeHblueHne 3AC ns-3a cneuundukn pacrnpeaeneHnst BUTKOB 06Mo-
TOK, pacronoXeHHbIX B OTAEbHbIX Nasax;

W3paHne opnumnanbHoe
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3.2 koadpbuumneHT u3MeHeHuUn wara o6moTku (chording (pitch) factor): KoadduumneHt, otHocawmir-
€A K pacnpefeneHHbIM 06MOTKaM U XapaKTepusylowmii ymeHblueHe 34C BUTKa U3-3a YKOPOUEHWUA Lara
obmoTOK;

3.3 koadpdumumneHT cekuuin (branch factor): KoaddpuumeHt, oTHoCAWMACA K pacnpeaenieHHbIM
obmoTKaM 1 xapakTepusyowmin ymeHblweHue S1C u3-3a ee pasnuuusa B nocnegoBaTterbHbIX BETBAX.

4 OCHOBbI AUAarHOCTUKN

PaboTta gsurartens ocHosaHa Ha 06pa3oBaHUK MarHUTHOrO NONSA B 3a30pe, KOTOpoe MPOoHU3bIBaeT NNo-
Wwaae NonepeyHoro ceveHnsa NNacTuH ctaTopa n potopa. YacTb NoToka, NpoxoAasiuas Yepes 4acTu MallnHb
BHe cepaeyHUKa, ABNSieTCA NapasuTHon. MoaToMy AOCTYNHLIE CUrHanbl, NPUroaHbIe ANa onpeaeneHns NoTeH-
uManbHbIX HeucnpasHoOCcTeln, 06ycnoBneHbl MarHUTHBIM MOTOKOM B 3a30pe, KOTOPLIA aHaNU3UPyeTCs ¢ Lenbio
OT/IMYKA TeX COCTaBMAWMX, KOoTopble 06YCnoBneHbl HOpMarbHON paboTo MallMHBl OT NPOUCXOAALLUX
B pe3ynbTaTte cneunduyeckux HeMCNPaBHOCTEN U OTCYTCTBYIOT B UCTIPABHOM MaLUUHe.

Mockonbky 06MOTKK, co3aatowne MarHUTHLIA NOTOK, pacnpeaeneHbl Mo OKPYXXHOCTU 3a3opa CUMMET-
PWUYHO, @ BEKTOPHas CyMMa CO34aloLLMX ero TOKOB paBHa HyIo, NOTOK B 3a30pe npeacTasnseT coboi nepuo-
Andeckylo yHKUMIo, KoTopasi MoxeT ObiTb NpeAcTaBreHa kak CymMa rapMOHWUYECKUX COCTaBAALLUX,
XapakTepuayeMblX CrieayrowyMmn napameTpamu:

- amnnuTyaon;

- YLCIOM Map Nosocos;

- YrMOBOW CKOPOCTbIO;

- ba3oBbIM yriom;

- TUMOM BOJIHBI (BpallaloLwenca Unu HenoABWXKHOM).

B Tabnuue 1 nokasaH coctae nons B 3a3ope TpexdasHoro aCUHXPOHHOTO ABUraTensl ¢ LenbiM YACNOoM
naso. Ha nosntoc u dasy. Tabnuua moxeT ObITb pacnpocTpaHeHa U Ha ABUraTeny ¢ ApoGHBIM YACTIOM Ma30B Ha
nontoc 1 asy. MNoaobHble TabnuLbl MOryT BTk paspaboTaHel U AnA ABUraTenei ¢ KOHTaKTHBIMU KOMbLaMu,
a TakKe CUHXPOHHbIe ABuUraTenu.



Tabnuuya 1 — OCHOBHble COCTABMALWME NONA B 3a30pe TpexhasHbIX KOPOTKOIAMKHYTHIX aCMHXPOHHbLIX ABUraTeneil ¢ uernbiM YUCrioM na3os oGMOTKM crtatopa B
UCNpPaBHOM COCTOSIHUM W MPU HEUCMPaBHOCTSX

ACTOYHUK neKkaxxeHns nons Mons B cTaTtope Mons B potope MNyukr
O6moTkn (nasoeble | Twun: BpaLljatouweecs Tuvn: Bpawjaoweecs 1
rapMOHVIKVI) YacroTa: f1 . gZQr _

YUncno nap nontocoB: vq = p(1 + 6g,) Hactora: fiyt+ p (1-s)
=0 41- 10-
91 =021, 42, ... g, =0; +1; +2; ...
. (nazoBble rapMoHVKK: v, = p + ¢, Q,) o
Mons nenpasHoit Yucno nap nomwcos: v, = vy + g,Q,
MallKHbI HacbllweHue Tun: BpalLaoLweecs Tun: BpaljaloLeecst 2
YacroTta: 3f
! Yacrora: f{3+ 9:Q (1-5)
Yncno nap nontocos: vy, = 3p p
& =0;£1;,£2; ...
Uncno nap nontocos: v, = 3p + g,Q,
OTkasbl: Twn: cymma nonen oGpaTHOW NnocregoBaTenbHOCTH Tvn: HanoxeHne 06paTHO BpaLLAIOLLMXCS NONen 3
MexBuUTKOBbIE, pasnuuHor aMmnnuTygpl C pasnuyHbIMM aMNANTygamm
MexdasHble Yacrora: f,
@ ’ ! YacToTa: f, t1+%(1—s)
OByXchasHble Yncno nap nontocos: v4 = 1; 2; 3; ... p
g,=+1,12; ...
+ — nons NpsIMoOM NocneaoBaTernbHOCTH
Mons  mawmHbl — — nons obpaTHOI NocneaoBaTenbHOCTH
npy Hanumn He- Yucno nap nomcoe: v, = v, + g,Q,
MCMNpPaBHOCTEN
OkeLeHTpUcHTET Tun: 2 BpaWwaoLWmUXes nornsi Tun: 2 Bpalalowmxes nons 4
K K Q
Yactota: f; {1J_r —(1-s) YacToTa: fdl+| £ —+ 924 (1-s)
P p p
K =0 — cTatu4eckuin SKCLEHTPUCKUTET; Yncno nap nomiocoB: v, = v, + g,Q,
K =1 — avHamMn4eckuii 3KCLEHTPUCUTET. g, =0; £1; £2;
3 — 1y =&y vun
Yncno nap nontocos: vq = p + 1
AcnMmmeTpus poTo- — Tun:  cymma nonew ob6paTHON nocnegoeartens- 5
AononHuTens- pa HOCTW OAVIHAKOBOM aMnuTyapl
Hble Nons v,
B aBapUiHbIX YacTora: fiits +-=2(1-8)
YCNOBUSX P
Yucno nap nontwcos: v, = 1; 2; 3; ...
O6o3HaveHus:

f; — OCHOBHas 4acToTa;

P — YMCIO Map noniocoB, NacrnopTHOE;
V — YMCIIO Nap rnoniocoB PakTUHECKoe;
Q, — 4NCrno Nas3oBs cTaTopa;

Q, — uMCno CTepKHel poTopa;

§ — CKOIMbXeHue.

S10Z2—¥2-¥€009 SL/O31 1001
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5 Buabl aHanusa anekTpUYECKUX NepeMeHHbIX

5.1 O6wue cBeaeHun

MeToqd onpedeneHust HeucrnpaBHOCTE AOMKEH MO3BOMNATL OBHapyXMBaTh UX Ha paHHEen craguu.
MoaToMy onTUMarbHbIM AN AOCTUKEHUS yKasaHHbIX Lienel ssnseTca obHapyXeHue CyLecTBEeHHbIX U3Me-
HEHWIA CUrHamNoB MPM NOABIEHUN HaBoNbLUMX AeEeKTOB.

O6paboTka curHanos TpeGyeT COOTBETCTBYHOLLEro 3MeKTPOHHOro 06opyAoBaHMsA. X0Ta paspeluatolas
CMoco6HOCTL COBpEMeHHOro 060opyAoBaHUSA BeMuKa, B HAacTosAWeM cTaHdapTe MpevMyLLecTBO oTAaeTcs
curHanam, KoTopble He TpeByHT BbICOKON TOYHOCTM U3MepuTenbHOro o6opyaoBaHus.

5.2 AHanu3s Toka " HanpsikeHUs cTaTopa

AHanmna TOKOB UM HANPSPKEHWI Ha KNemmax cTaTopa No3BoMAsoT 06HaPYXNTL cneaytoLee:

pasnunyHble 4YacToThl,

CoCTaBIisloLLMe NMPAMOR, 06paTHOM U HYNeBON NocneaoBaTenbHOCTH,

pasnuyHble aMnUTyAbl COCTaBMSAOLWMNX.

BoobLe, n3MeHeHWe MHOYKUMM B 30He BO3YLUHOrO 3asopa MHAYLMPYET HanpsbKeHWs B CTaTOPHOMN
0OMOTKE COOTBETCTBYIOLUMXHACTOT, YTO, B CBOK 04epedb, onpeaenseT Hann4mne TOKOB Tex ke YyacToT. MpnBos-
HUKHOBEHWU HENCNPaBHOCTEN Ha OCHOBHOW TOK MUTaHWNA HakNaablBaOTCA AOMOMNHUTENbHbIE COCTaBnsAoLWMeE,
napameTpbl KOTOPbIX B 3aBUCUMOCTU OT ornpedeneHHbIX HEUCTIPaBHOCTEN AeTarbHO PacCMOTPeHbl B Tabnuvue 1
Ansa crny4vas TpexdasHblX aCUHXPOHHBIX KOPOTKO3aMKHYTbIX ABUraTenen.

Tabnuua 1 cocTaBneHa Ans 0QHOW OCHOBHOW YacTOTHl NUTaKOLWEro HanpsbkeHns. OaHako ee AaHHbIe
MOryT BbITb pacnpocTpaHeHbl U A5 APYrUX rapMOHUYECKUX KOMMOHEHT (C pasfuiHbIM1 3HaYEHUSAMM NapaMeT-
POB HanpshKeHNe—YacToTa) B CNeKTpe NMTaHus ABUraTens, YTo XxapakTepHo 4ns 3NeKTpornpueoaa no cucteme
npeobpaszoBartenb HacToTbl — ABUraTerb.

B tabnvue 1 npeacTasneHsbl cocTaBnsolwme nonsa B Bo34yLIHOM 3a3ope MawuHbl. COOTBETCTBYOLWAA
cocTasnsowas nigyunpyet 30C B obmoTKke cTatopa B 3aBUCUMOCTW OT 06MOTOYHOro koadduumeHTta ¢
y4yeToMm yucna nap nontocos. OBMOTOUHBIN k03hdULMEHT CBA3AH CO CrieayoWmMMmn dhakTopami:

- koacbbnLMeHT pacnpeaeneHus,

- KoathdULNEHT yKopoUveHus wara obmMoTku,

- KO3 bNLNEHT CEKLINA.

KoathpuLmeHT cekumm He Mony4un WKUPOKOro pacnpocTpaHeHusa cpeau UHXEHepPOoB, OAHaKO BaXKeH B
TekyleM koHTekcTe. Kaxaas cuMmMmeTpudHas TpexdasHasa obmoTka B Nasy cocTOUT U3 p (B criyyae ogHOCNON-
HOM 0BMOTKN) Unn 2p (B cnyyvae ABYXCNONHON) OANHAKOBBIX rpyMn BUTKOB (BETBE), KOTOPbIE CUMMETPUYHO
pacnpegeneHbl No okpyxHocTn. OHU MoryT 06pa3oBbIBaTh NocneaoBaTesibHbIe MW NapannenbHble BETBU C
MakcumarsnbHbIM Yncnom a = 2p. Cnocob coegnHeHus onpeaenseT koadhdULMEHT CeKLUM At COOTBETCTBYIO-
LLiero Yncna nap nositocoB.

MoxxHo nokasaTb, UTo KO3thpULNEHT CeKLMN paBeH Hymo AN NOMen, BbI3BaHHbIX 3KCLEHTPUCUTETOM,
v=p+1unv=p-—1 ana scex obBMOTOK C nocrnegoBaTeslbHbIM coeauHeHuem rpynn. Mostomy oba Tuna
3KCLeHTpUcUTETa He MoryT BbITh onpeaeneHbl ANs TakuX MaLUMH NyTeM aHanusa CTaToOPHOro TOKa.

KoadhpuumeHT cekumin nonen rapMoHNK B COOTBETCTBUM C NyHKTamMu 1—4 Tabnuubl 1 TaKke 3aBUCUT OT
reoMeTpun, a Takke OT KONMYeCTBa Na3oB poTopa. ATU NapamMeTpbl BbIGUParoTCs NpoM3BoaMTENIeM MallMHbI
NCXOAs1 U3 pa3NNYHbIX COOBpaXKeHW (Hanpumep, YTo6bl YMEeHbLUUTbL MarHUTHoOe NpPUTSXKeHne, n3bexaTtb onac-
HOW MarHUTHOW 3BYKOBON 3MUCCUN U T.M.) 1 0BbIMHO HE N3BeCTHBI NoTPebuTento. MoaToMy He pekomeHayeTcst
MCMONL30BaTb rapMOHUKK Monen poTopa no nyHktam 3 1 4 Tabnuubl 1 B KauecTBe cuUrHanoB Ans aHanusa
CTaTOPHOro TOKa.

pynna o6MoTouHbIX AedbekToB Mo NyHKTY 3 Tabnuubl 1 xapakrepusyeT Haubonee yacTble AedekThl
aKTUBHBIX YacTel MalnHbl. Bce oHM Npon3BoaAT NONSA OCHOBHOM YacTOThl. TakuMm 06pasom, HEMCNPaBHOCTU
B 06MOTKax He MoryT 6bITb 0OGHapYKeHbl C MOMOLLLH0 aHanMsa TOKoB cTaTopa.

M3meHeHns noToka, Bbi3BaHHbIE HENCMPABHOCTAMU OOMOTOK, UMEIOT SMSIMNTUYECKUIA XapaKTep, KOTOo-
pbIll 03HaYaeT HanoXeHue AByX CUHycoua NPOTUBOMOMOXKHOMO HanpaBneHus, UMeroLLMX OIMHAKOBOe YUCHO
MOFOCOB N YaCTOTY, HO PA3NNYHy0 amnnMTyay. B npuHumune, Takne HeMCnpaBHOCTU MOTYT ObITb OBHapYXEeHbI
nyTem aHanusa Toka obpaTHOWN nocneaoBaTenbHOCTA HA OCHOBHOW YacToTe.

B cnyuae Takux onacHbIX HEUCNPaBHOCTEN, KaK 3aMbIKaHWs BHYTPU 06MOTOK, Korda rno oAHOMY U3 BUTKOB
dbasbl B BbICOKOBONBTHOM ABUraterie TedeT BecbMa 60MbLIOA TOK, KOMNOHEHTa obpaTHOW nocneaoBaTesb-
HocTM BecbMa Mana. OHa MoXeT 6blTb Takke Bbl3BaHa acMMMeTpUel nuTarowero HanpsbkeHus (obpaTtHas
nocrefoBaTelbHOCTb NMUTAIOLLEro HaNPsPKeHNS MOXEeT BbI3BaThb LEeCTU-AeCATUKPaTHY0 06paTHyo nocrneno-
BaTeNbHOCTL TOKa). BeileckasaHHoe 03HavaeT, YTo He pekoMeHayeTcs orpedensaTb HencnpaBHOCTU B 06MOT-
Kax nyTem aHanu3a TOKOB 1 HaMpsHKeHWIA.
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JocToBepHoe oBHapykeHWe HeucnpaBHOCTeN Genuubein KneTku poTopa (paspylieHue CTepxHel u
koneL) BOSMOXHO MyTeM aHanu13a TOKOB cTaTopa.

CnepyeT OTMETUTbL M ApYrie orpaHnYeHUs aHanMaa cTaTopHoro Toka. CTaTUCTUKa CTPaxoBbiX KOMMaHUi
CBUAETENLCTBYET O TOM, UTO BOMbLIMHCTBO HENCNPaBHOCTEN BO3HUKAET BO BPEeMSsl NepexoaHbIX NpoLecCcoB,
TaK1X Kak NMycK ABUraTens, KopoTKkoe 3amblkaHe Ha KreMmax, B MpoLLecce KOTOPbIX MPoUcXoaaT 6pocKu TOKOB.
MpoBeaeHVe aHanM3a ToKa B TeYeHe KOPOTKOro Neproaa nepexoaHbiX NpoLeccoB ManonepcnekTUBHO.

5.3 UHgyuupoBaHHbIe HanpskeHUsA 406aBOYHbIX BUTKOB B Na3zax cTaTopa UK faTynkax noToka
B 3a3ope

MaeanbHbli AMarHOCTUYECKUA cUrHan AoKeH ocTaBaTbCs PaBHBLIM HYMO B YCTAHOBUBLUMXCA 1 Nepe-
XOAHBIX pexumax paboTel UCPaBHOro ABUraTens U pacTn NpyM BO3SHUKHOBEHWUU AedeKTOB BCeX KaTeropui,
MouMeHoBaHHbIX B MyHKTax 3—5 Tabnuupl 1, a Takke naeHTUgMUMPOBaTh pasnuume Mexay HUMu. Pelerms
AOIMKHbI ObITb ONTUMAanNbHLIMU A5 PaKTUYECKOM peanmsalnu.

B ocHoBe AaHHBIX peLLeHWA fiexaT BbIMOfHEHHbIE U3 N30NIMPOBAHHOMO NPOBOAA BUTKN, AMaMETP KOTOPbIX
BbIGUpaETCsl UCKMIOUYUTENBHO U3 KOHCTPYKTUBHBIX cCoobpaxeHnidi. O6a koHLa BUTKa pacrnonaraloTcs B nasax
cTaTopa OCHOBHON 06MOTKM, 06bIYHO Ha CTaanK CHOPKM MaLUMHBI MeXay BePXHUM crioeM 06MOTKM U Ma3oBbIM
KnuHoM. BoamoxkeH MOHTax BUTKa U Ha Bonee nosaHei ctagun. KoHubl BUTKa pacrnonararTcsl Hackomnbko
BO3MOXHO B13KO KOHLLAM 0BMOTKM.

Takoe Xe BHeApeHWe B pasnMYHble MecTa PacrofioKeHWUs MarHUTHOrO Mofs ctaTopa BO3MOXHO C
MOMOLLbIO NHBIX AATYUKOB, HEXENN USMEPUTESbHBINA BUTOK.

Kak npaBuno, nocrnegosaTenibHO COEAUHAOTCS HECKOMNbKO BUTKOB C OQMHAKOBbIM LLUAroM, CABUHYTbIE
ApYyr OTHOCUTENbHO Apyra Ha oANHaKoBbLIN yrof. 3TO AenaeTcs C Lerbio NoyYnTb N3MepUTEeNIbHYI0 CUCTEMY
13 BCrioMoraTesibHbIX BUTKOB C Pe3ybTUPYOLMM PaBHbIM HY 10 06MOTOUHbLIM KO3t rLMeHTOM BCeX Moren B
3a3ope Mpu UCNPaBHOM COCTOSIHUW MaLUWHBl, HO MakcUMalbHBIM 0BMOTOUYHBIM KOS DNLIMEHTOM MpK Ynche
nap nostocoB, KOTOPOE NCMONb3YeTCs kKak 6a3oBoe B NpoLecce AMarHOCTUKM onpeaeneHHONn HencnpaBHOCTH.

Ecnu cnctema BcnomoraTtenbHbIX BUTKOB YAOBNETBOPSET Ha3BaHHbLIM Bbille ycnosusam ans 6asosoro
Mons, KoTopoe MPUCYTCTBYET HAPAAY C NOMAMU, BOSHUKLWINMU OT HEUCMPaBHOCTEN, yKa3aHHbIX B MyHKTax 3—5
Tabnuuel 1, oHa cyMTaeTcs 3akoH4YeHHoW. OgHako Npu 3TOM UMeeT MECTo ofHa TPYAHOCTL. [Nons, BO3HWKa0-
LLMe NPU HemcrnpasBHOCTAX 0BMOTOK B COOTBETCTBUM C MYHKTOM 3, UMetoT anmmnTudeckyto copmy. Ecnu ogHo
13 HUX NPUHATO 3a 6a30BOE, UHOYLIMPYEMOE HanpsiXKeHne N3MepUTeSibHON cucTeMbl byaeT 3aBUCETb OT MECTO-
MONOXEHNA HEUCNPABHOCTU Ha OKPYXXHOCTW. Takas cuTyauus ABNSETCA HenpueMnemon.

Mpobnema moxeT BbITb peLleHa NyTemM UCMONb30BaHUA BTOPOW aHaorM4HOM CUCTEMbI BUTKOB, COBUHY-
TOW OTHOCUTENbHO NEepBOI Ha yron w2v, rae v — vncno nap nosnocos 6asosoro nonsa. O6e rpynnbl BUTKOB
0bpasytoT CMMMETPUYHYI0 ABYXMa3HYH CUCTEMY, KOTOPas NO3BOMAET PaccUUTaTb CUMMETPUYHbIE KOMMOHEH-
Thl N0 ABYM MU3MepPeHHbIM HanpseHUAM. CUMMETPUYHBIE KOMMOHEHTbI Y)XKe He 3aBUCAT OT pacnonoXeHus
HEeUCnpaBHOCTM.

HacTosllee pykoBOACTBO He NpeanonaraeT AeTanbHoe onucaHue npoLeaypbl NPOEKTUPOBaHUsS cUCTe-
Mbl U3MepUTENbHBIX BUTKOB. MOXHO YNOMAHYTb fULLb, YTO MUHUMAarIbHOE YACTIO BUTKOB COCTaBNseT oT 6 4o 12
B 3aBMCUMOCTU OT AAHHBIX UCMBITYEMOWN MaLUWHBI 1 XXenlaeMo TOYHOCTU ANarHOCTUKA.

BasoBoe none 6epeTca U3 cnucka nonew B 3asope, KOTopble Bo3byxaaloTcst onpegeneHHonW Heucnpas-
HOCTbIO, HO paBHbI HyMIO B UCNpaBHOW MawwuHe. MoaToMmy amnnutyaa 6asoBoro nons NoYTU He U3MeHsIeTcs
B Npouecce nepexogHbIX MpoLeccoB. TO NONOXEHUe NPOBEepPAETCs 3KCNePUMEHTaNbHO.

Mpoueaypa anarHocTukK onncaHa B Tabnuue 2. Kpurepmem HeucnpaBHOCTM B 06MOTKe SIBNSIeTCS HaNu-
yne 06enx CUMMETPUYHBIX COCTaBAAOLWNX (MPAMO M 06paTHOM NocneaoBaTelbHOCTU) Ha OCHOBHOM YacToTe.
HanpskeHus B cnyyae CTaTM4ecKoro aKCLUEeHTPUCUTETa MMeoT TakKe OCHOBHYIO HacTOTY, OAHAKO HanpsbkeHue
obpaTHol nocneaoBaTenbHOCTU U, paBHO HYNI0. [luHaMUYECKUiA SKCLIEHTPUCUTET MOXeT BbITh Bbi3BaH Apyru-
MW HeNCnpaBHOCTAMU U COOTBETCTBOBATb APYIMM XapaKTepHbIM YacToTaM UHAYLMPOBAHHOIO HanpsiKeHns.
AcMMeTpua poTopa UHAYLUPYETCA APYIMMU XapakTepHbIMA YacToTaMyi MHOYLMPOBAHHOMO HanpshkeHus;
WHAYLUNPOBAHHOE HarpsiKeHWe CTaHOBUTCA PaBHLIM HYMIO MPU CUHXPOHHOW 4acToTe BpalleHUsl MallnHbI
(s = 0), nockonbKy TOKWU, OTBETCTBEHHbIE 3a Co3AaHNe 6a3zoBOro Nons, OTCYTCTBYIOT.

B saknioveHue cnegyet oTMeTUTb, 4TO NpodecCcMoHanbHO CNpoeKTUpOBaHHasA cucTema AonoNHUTE Nb-
HbIX 06MOTOK ABNAETCA MOAXOAALLUUM UHCTPYMEHTOM BbISIBNEHUS M AUArHOCTUKA HEUCTIPABHOCTE.

[ns nonHoTLI 0cBeLeHna Bonpoca credyeT YNOMsiHYTb U O APYrUX TUnax QuarHoCTUYecKUX oBMOoToK,
npeanaraembix B TEXHUYECKON nuTepaType, HanpumMep, Ha 0A4HOM cTaTopHOM 3ybLie. OHUM MOryT BbITb NONE3HbI
AnsuccneaoBaHuaA otaernbHbIX 3 heKToB, HO He MPUroAHbI 4SS KOMMIIEKCHOW ANArHoCTUKM, a MoTOMY He MOTyT
6bITb pekoMeHA0BaHbI ANsi NIPUMEHEHUS B UHXKEHEePHOM NpaKTUKe.
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Ta6nuya 2 — [narHocTMka HEMCNPABHOCTEW aCMHXPOHHOIO ABUraTENNA C KOPOTKO3aMKHYTLIM POTOPOM, YKOMMEK-
TOBAHHOIO [IBYMSI N3MEPUTESNBHBIMU KaTyLLKamm

Uamepsemas BenuumHa
Tun HeucnpasHOCTU
f u, U, U, u,
HewncnpaBHocT 06MOTKM f=f, U,=0 U,=zU;#0 U, #0 U,=0
Cratnyeckui sKCUEHTpUCUTET f=f U, =0 U, =U, U, #0 U,=0
dvHamunyeckuit 3kCLEHTpUCUTET f=f, {1 + 1 (- s)} U, #0 U, = U, — —
AcummeTpus poTopa f=f, {%(1—s)t s} U, 20 U, = U, — —

MpwnmeyaHwne— NgeHTudunumpyemblie nokasareny BoiaerneHbl XXUPHOW PaMKOW.

O603Ha4eHs:
U,, U, — cpegHekBagpaTU4HOE 3Ha4YEHWE U3MEPEHHOIO HanpsiXXeHUsi U3MepuTENbHbIX 06MOTOK 1 1 2;

U, =§ (U, + jU,) — namepeHHoe HanpshxeHWe NpsiMoii NocneaoBaTerlbHOCTY;

1 . .
U, =§ (U = jU,) — namepeHHoe HanpsikeHne obpaTHoili nocnefoBaTenbHOCTY.

5.4 UHayuupoBaHHble HaNpsXXeHUs B KaTyLIKaxX AaTYMKOB OCEBOTo NOTOKa

Mpwu Ucnonb3oBaHUM ToponaanbHbIX BUTKOB, MPUKPENeHHbIX Bepean MallvHb! Ui BUTKOB BOKPYT Bana
MaLlUWHbI, UCMOMb3YIOTCA AonyLleHusl. B o6oux cnyyasx oceBoit NOTOK, co3AaHHbIN MaLUMHOW, AOSKeH GbiTh
ncnonb3oBaH Ans o6HapyxeHus ee HemcrnpasHocTel. Takve NpMbNMkeHUa He6naronNpPUATHLI NO creayoLLMM
npu4nHam.

OceBble cocTaBnaoLMe NOTOKA BCerga ABNATCS NapasuTHLIMU U HeXenaTeNbHbIMU, NOCKONbKY HOp-
ManbHas paboTa MallMHbl OCHOBaHa Ha TeX COCTaBISALLMX NOTOKA, KOTOPLIE NepeceKatoT NonepeyHoe ceve-
Hue nnacTuH. OceBo NOTOK BECbMa Mar U3-3a BbICOKOro MarHUTHOro ConpoTUBNeHNUA Bosdyxa. Ero sennuuHa
He MOXeT BbITb OLieHeHa aHanuTUYeckUMn MeTogamu.

MoTok, BbI3BaHHEIN Hanbonee 3Ha4YUTeNbHBIMA HEUCTPABHOCTSIMU B 0OMOTKaX, UMeeT OCHOBHYIO 4acTo-
Ty, @a aMNnnTyaa ero 0CeBO COCTaBNsoLLEe BeCbMa Mara.

Tonbko B criydae 3KCLEeHTPUCUTETOB B ABYXMOSIOCHON MalluHe ee Mofe ¢ YUCSIoOM nap nosnocos p — 1
BbIpOXAAeTCa B YHUMONAPHOE, KOTOPOe MOXET ObiTh YCNELUHO N3MEPEHO BUTKOM, PacnoSIOXEHHbIM BOKPYT
cTaTopa WU ycTaHoBIIEHHBIM Ha KOHLLe cepaeyYHuKa.

3a ykasaHHbIM UCKMIOYEHNEeM WUCMOMb3OBaHWe BUTKOB AN U3MEPEHUS OCEBOro MOTOKa He PeKOMEH-
ayetcsi.

5.5 AHanus HanpsXeHUA Ha Bany

HekoTopble aBTOpLI CHMTAIOT LieniecoobpasHbiM A 06GHapyKeHUs UCKaXKEHWNIA BHYTPEHHEro Nonst MaLuu-
Hbl U3MepeHWe HanpsPKEHUA Ha Bany.

HanpsikeHna Ha Bany UHOYLUPYOTCA KOMbLEBBLIM MarHUTHLIM NOTOKOM BOKPYr Bana. KonbLeBoi NoTok
BbI3blBAETCA HEPABHOMEPHOCTAMU sipMa cTaTopa (Hanpumep, UKCUPYIOLWUMK Nasammn) 1 nx pacnpeaeneHu-
€M M0 OKPY>KHOCTU B Criydae nuTatoLLencst OT CeTu MallunHbl. KonbLeBOM NOTOK BO3HUKAET NiLLL B CyYae, ecrniu
WHTerparsn HanpsbkeHHOCTU MarHUTHOrO MOMA MO OKPY>KHOCTM OTNNYeEH OT Hynsl. Mons ¢ YMcnom nap nontocos p
1 3p Hanbornee cyLecTBEHHbI B 3TOM OTHOLeHUW. [JaHHoe dunsnyeckoe 060CHOBaHWeE NoKasbiBaeT, YTo BUs-
HMe HencrnpaBHOCTen 06MOTOK Ha HanpsbKeHWe Ha Bary HOCUT NapasuTHLIN XapaKkTep U CIIULLIKOM Mano, YToobl
CMYXXUTb OCHOBOW A5 YCTPONCTBA AaTYMKa HEUCTIPaBHOCTEN.

Mpwv nuTaHnM oT NpeoBpasoBaTens HanpsKeHWe Ha Bany MOXeT 3aMETHO BbIpacTy 3a CHeT COCTaBIA0-
LLMX KOMbLIEBOro NoToKa, Bbl3BaHHBIX CUHhasHbIM HanpsikeHWeM npeobpasoBaTens. Mo3ToMy poCT Hanpshke-
HUSA Ha Bany He UMeeT OTHOLIEHWA K pacnpeaeneHno paboyvero notoka MawuHbl U MOTOMY He MPUroaHo B
paccMaTpuBaeMOM KOHTEKCTE.

CymmUpy$ BhbilleckasaHHOe, BbIIBIeHNe HeUCNpaBHOCTEN akTUBHBIX YacTel MalunHbl He MOXeT BbiTb
OCYLLECTBIEHO NyTEM aHanmnsa HanpsXkeHns Ha ee Bary.
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6 OnpepeneHue TOKa B NoAWMNHUKaX

Toku B NOALWMUMHMKAX MOTYT 6bITb Bbi3BaHbl CieAyoLUMA NPUNNHAMMU:

- HEpaBHOMEPHOCTU sipMa cTaTopa;

- CUHa3HbIe TOKW B criydae NUTaHus oT npeobpasoBaTens.

B cnyuae, Koraa sipMo nMeeT HepaBHOMEPHOCTU, HANPUMepP BEHTUNALMOHHBIE KaHanbl, CThIKA U LIBbI U
T. M., UX YACIIO U pacnpegeneHune no nepudepun UMetoT pellarollee 3HavYeHne Ana BO3HUKHOBEHUS OCEBOTO
HanpshkeHus1, KOTOPOe onpeaensieT NPOXoXaeHNe Toka Yepes 0ba nogwnnHuka. MogwunHNKoBLIE TOKA 0BbIY-
HO cofiepXaT COCTaBMsIIOLLIY NPENMYLLIECTBEHHO Ha OCHOBHOW YacToTe, HANOXEHHYIO Ha COCTaBNSIOLLYIO
TPOWHON YacToThbl, 06YCNOBNEHHYIO 3chheKTOM HachlleHus1. ANnTeNbHbIA ONbIT NOKa3biBAET, YTO NOALLIMIHUA-
KaM yrpoxaeT HanpsbkeHne Ha Bany, npesbiwarlee (200—250) MB aencTeytowero sHaveHus. Mpoussoau-
TeNb AOMKEH NPUHATb Mepbl ANS UCKIOYEHWUS TOKOB B MOALWIMNHUKAX NyTEeM NPUMEHEHUS COOTBETCTBYHOLLEro
Tuna nzonsaumm. OBbIMHO NPUMEHSIETCS HECKOTTBKO TUMOB.

Ecnu noawmnHuK Ha nNaccuBHOM KOHLEe Bana HaAeXHO WU30NupoBaH, HET HeoOXOAMMOCTM B WMHbIX
cpeacTBax 3awuTbl. OgHako, ecnu no KakumM-nMbo Npu4MHaM He UCKIIoYEHO HapyLLeHne U3onsaumm, Heobxo-
OUM MOHUTOPUHT €€ COCTOSIHUS.

Ecnu Bpawatowasics MalimHa nutaeTcs oT npeobpasoBaTens ¢ NPOMEXYTOYHbIM 3BEHOM MOCTOSAHHOTO
Toka, CUH(basHoe HanpsbkeHe SBMsieTCs AoMONHNTENbHLIM UCTOMHUKOM TOKOB B NoALuMNHUKax. B saBucumMoc-
TN OT KOHCTPYKTUBHBIX OCODEHHOCTE 3TV TOKM MOTYT MPOTeKaTh TOSbKO Yepes OANH NOALLMIMHUK (NpU 3NeKTpo-
3pO3NOHHON 06paboTke TOK 3a3eMreHNs Bo3BpalLaeTca B NpeobpasoBaTternb NO KOHTYPY 3a3eMMeHus) unm
OHW LUMpKYNMpYoT Yepe3 oba noglunHuka, 6yayym Bol3BaHbl EMKOCTHLIMU TOKaMun Mexay o6MoTKol 1 nnac-
TUHaMU cepaeyHunKa.

CuHdasHble TOKM MOTryT BbITb U3SMEpPEHbI, OZJHAKO OHU MOTYT UCTeKaTb U3 pa3fUYHbIX YacTel kopnyca Ha
3eMIIlo, @ NOTOMY He MpuUrodHbl AN onpefeneHns HeucnpasHocTU. MpousBoauTens UKW nNonb3oBaTenb
OOIKeH onpeaenntb Heo6XoaUMOCTb N30MALUN OAHOTO UM 0BOUX NOALLIMMHUKOB.

Mpw BEIBOPE N30MALMN NOALUMMHUKOB HEOBXOANUMO YUUTBIBATb, YTO YaCcTOTa CUH(a3HBLIX TOKOB HAaX0AUT-
CAl B KAMOrepLOBOM AnanasoHe, U MOTOMY aHanu3 3eKTpo3pOo3nOHHBLIX NpoboeB TpebyeT 3HaYUTENbHOTO
YCUNEHUs N30MNALUOHHBIX CBONCTB. EMKOCTHBIE TOKU HE MOTYT BbITh CHUXEHbI TOHKO U30NALUMOHHON NNEHKON
TOMLWMHON HECKOMNBKO COTEH MUKPOH.

MpKn UCronb3oBaHUA 3a3eMIIsIOLLEN LWeTKA NPoTEKaoWMin NO HEeW TOK MOXeT BbiTb UCNOoNb3oBaH AnA
HaxXoXAeHUs ero UCTOUHMKA.

PaspylueHne n3onsLMm nogwMnHUKa unu paspsg Yepes MacnaHyto nneHky noawmnHuka MoryT 6biTb
oBHapyxeHbl 13MepeHneM HanpsikeHUs Bas — 3eMI1sl C MOMOLLbIO U3MEPUTENBHON LLIETKM.

WcnbiTaTenbHble KOHTaKTHBIE LLyMbl MOTYT BbiTh YCTaHOBMEHbI ¢ 06enX CTOPOH U30NSILNK C LeNbto 3me-
PEHWNA HAaNPSKEHWUsI Ha Hel U1 ToKa Yepes MOALLUIMHUKK, KOrA4a nepekpbiBaeTca nsonauus. Takue nsmepeHus
TpebyioT creumnanbHbIX BBICOKOYACTOTHBIX NTpU6opoB 1 kabenei, u B HacTosLee BpeMsl TPUMEHADTCA peako.
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