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3. K. CTPEJIbBHMLIKMH

(ITpencTarieHo HAYUHBIM CEMHHAPOM 3JEKTpOMeXaHHueckoro ¢axkyabrera)

M3BecTHO, 4TO BC/IEACTBHE T@XHOMOTHUCCKHUX U 3KCIIYATALHOHHBIX IPH-
YWMH BO3JAYIIHBIH 3a30p ACHHXPOHHBIX 3JEKTPOJABHIraTe/Jeldl He sBJsSEeTCs
paBHOMepHBIM. PazauuaioT jaBa BHAA HEPABHOMEPHOCTH BO3AYILIHOIO 3a-
30pa. Bo-mepBBIX, HEPaBHOMEPHOCTb, BBI3BAHHAA CMELIEHHWEM OCH BaJja OT-
HOCHUTEJBbHO OCH PACTOYKH CTATOpPA — CTATHYECKAas HEPABHOMEPHOCTh; BO-
BTOPbIX, HEPABHOMEPHOCTb, BhI3BaHHAA HEKOHIIEHTPUYHOH I1OCAAKOH maKeTa
poTopa Ha BaJa, — Bpallaollascd HepaBHOMEPHOCTb. Pasymeercs, B JeHCT-
BUTE/JIBHOCTH HMEIOT MeCTO 064 3THM BHJAA HCPABHOMEPHOCTH, HO OOBLIYHO
IIPUHUMARTCS BO BHHMaHHe TOT BHJ HEPABHOMEPHOCTH, KOTODBIH JOMHHH-
pyer. Kpome yka3aHHBIX JBYX BHJIOB HEPABHOMEDHOCTH BO3AYLIHOIO 3a-
30pa, HMeeTCs elle HePaBHOMEPHOCThb, BbI3BAHHAS MAHINTHYECKOH (POPMOIi
pPacTOUKH CTaTOpa W/IH JIMITHYECKO# ¢opmofi makera potopa. OnHAKO
HEPaBHOMEPDHOCTh BO3AYIIHOTO 3a30pa, BbI3bIBaA€Mas 3THUMH IPHYHHAMH,
OKa3bIBaeT TaKoe XKe BJAHAHHEe Ha MarHuTHOE II0J€ MaliWHbl B BO3YLIHOM
3a30pe, UYTO W HEPABHOMEPHOCTh, BHI3BAHHAS HEKOHUEHTPHUHOCTBIO [1].
HepaBHomMepHOCTh, BbI3BaHHAS MJAUNTHUECKOH (GOpPMONl pacTOuUKH CTaTopa,
O0yC/OBAMBAET CTATHYECKYID HEPABHOMEPHOCTb H aHaAJOTHYHA HEpPaBHO-
MEDHOCTH, BBI3BAHHOI CMeIlleHHEeM OCH POTOPa OTHOCHUTEJNbHO OCH PACTOUYKH
cratopa. HepaBHOMepHOCTb, BBHI3BaHHAd 3JMIUNTHUECKON (HOPMOT makKera
poropa, 00yC/I0BAMBAET BPAlIAIOILYIOCS HEPABHOMEDPHOCTh BO3JYLIHOTO 3a-
30pa M aHaJOrMuHa HePaBHOMEPHOCTH, BBI3BAHHON 3KCLEHTPHYHOH IOCaj-
KOH poTopa Ha BaJ.

CaenyeT OTMETHTb, UTO CTaTHYeCKas HEPABHOMEPHOCTb BCTPeYaeTcs
yaue U uMeeT OGONBIIYIO BEJHUHHY. DTO OOBACHIETCH TEeXHOJOTHYECKHMH
OCOGEHHOCTAMH IPOM3BOJACTBA ACHHXPOHHBIX MauluH. JlefCTBUTENBHO, ma-
KeT poTopa MPOTAYMBAETCS OTHOCHTEJNbHO BaJja, KOTODPBIH 3aKpernJseTcs
B IleHTpaX cTaHka. Takum 00pa3oM, HEKOHLUEHTPHUHCCTh Makera pOTopa
OTHOCHUTE/NBHO BaJa OIpeaenseTcs TOAbKO OJHO{l omnepauueii, KoOTOpas
K TOMY K€ BHOCHUT OTHOCHTeJNbHO Masnoe Ouenue. CMmelleHHe OCH BaJja
OTHOCHTE/NBLHO OCH PAaCTOUKH CTaTopa ONpee/asdeTCs MOrpeniHOCTsIMH, BO3-
HHKAIOIMMU B LEJOM psije onepauui, a HMEHHO: pacTO4yKa IOCaj04YHbIX
MECT MOJ MOAIIMITHUKH B ABYX I[HTaX, PacCTOYKA 3aMKOB TOJIIHIHUKOBBIX
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UIMTOB, PAaCTOUKd 3dMKOB KOpOycCa CTdaTOpa, PAacTOYKa KOophyca MoJ MO-
cajaky nakera craropa. Ilpuuem nepeuuc/ieHHbIE OlePauuu AaioT OOJALIIYIO
a0Co/IOTHYIO NMOTPEIIHOCTh, YeM pacTouka nakera potopa. [lo musaoxen-
HBIM COOOpaXKEHHAM TEXHOJOTHMYECKOMY KOHTPOJIO B OCHOBHOM IOAJICIKHT.
CTAaTHYECKAsA HEPAaBHOMEPHOCTb U B JlanbHefieM Mbl OY/1€M HMEeTb B BHAY
JULIb 3TOT BHJI HEPABHOMEPHOCTH.

HepaBuHoMepHOCTh BO3AVIUHOI'O 3a30Pa BHI3LIBAET MOfABJICHHE MATHHT-
HOIO HEYDPABHOBEIIEHHOTO YCHJHS, KOTOPOE BCErja HalpaBJIeHO B CTOPOHY
HAUMEHbIIEI0 BO3JYIIHOIO 3a30pa MU HMEET IOCTOSHHYIO H IePeMeHHYIO
cocrapagiomue. Hactora OCHOBHOH TapMOHHKH TepPeMEeHHOH COCTaB/soel
YCHJIMSI paBHA y/ABOEHHOH yacTOTe muTalouleid ocu. BeaununHa 3TOro ycu-
JUsl JIsl aCHHXPOHHBIX JiBHraTeseil 3...6 rabaputa e1HHOH CEepHUH JeXKHUT
B IIpejenax OT AeCATKOB JO COTEeH KWJIOTPAaMMOB B 3aBHCHMOCTH OT Be-
JHUHMHBL 3KCUEHTPHCHTETA, MWHIYKUHH, IVIABHBIX PAa3MepOB M UYHCJAA I0JIO-
coB Mamunbl [1]. HepaBHoMepHOCTb BO3AYIIHOIO 3a30pa OTPHLATEILHO
CKAa3blB4@TCSl HA il0KasaTe/sax pabOTHl MeKTPHYeCKMX MaumuH. Heckoabko
YXYALAIOTCA 3HEPreTHyeckrne IMOKas3aTeaH, BO3HHKAeT Nepepaciipeje/eHue
TOKa II0 Napa/iieJbHbIM BeTBAM OOMOTKH C€TAaTOpa M IepepacipeeneHHe
TeMIepaTtyp BcaeacTBhe 3toro [6]. [lpu GoJbiioil TeMmmepatype poTOpa
MOKEeT BO3HHKHYTb OOJIBIIONH MECTHBI IeperpeB MOAKJAHHOBOH 30HBI 006-
MOTKH CTaTOpPa B MeCTe MHHHMaJbHOT'O BO3AYINHOro 3a3opa. lloswimaercs
H3HOC H COKpalaeTcs CPoK CayxObl NOAIIMIHHKOB. [lepemennas cocras-
JAAI0IA7 MArHUTHOIO HEYPAaBHOBEIIEHHOTO VYCHJAHS BBI3bIBAET BHOPALHIO
KOpIyca C 4yacTOTOH, pPaBHOII yJBOEHHO{l yacTOTe NuTalolleil ceTH [2,3,4].
PacueTy MarHuWTHBEIX TOJ€il W MArHWTHBIX HEYPAaBHOBEUIEHHBIX YCHJNII IIPH
HEePaBHOMEPHOM BO3AYLIHOM 3a30pe IOCBAILEHO COJbIIOE KOJHYECTBO pa-
60t. OgHaKko c/aejyeT OTMETHTb, YTO BEJHUMHBI YCHJMI, IOJyuyaembie IO
(hopmyJsiaM  Pa3IMUHBIX AaBTOPOB HHOTJA JOBOJBHO CHJABHO OTJHYAICTCSH
APYr OT JApyra.

B cBsI3n ¢ M3/10KEHHBIM NMOHSTHA HEOOGXOJHMOCTh KOHTPOJS BO3LYHI-
HOTO 3a30pa IPH H3TOTOBJIEHHM H DPEMOHTE &CHHXPOHHBIX 3JE€KTPOABHIA-
Tedseil.

VismMepenue BO3JYIIHOTO 3a30pa OOBIYHO MPOM3BOAMTCS C IOMOUIbIO
ILYIOB, €CJAH 3TO MO3BOJAeT KOHCTPYKILMS MamuHbl. KOHCTPYKIHSA 1€A0r0
pAja MauluH CHJABHO YCJAOXKHfAET TAKOH KOHTPOJb (MallMHBI 3aKPBITOrO HC-
MOJIHEHHs, B KOTOPBIX IIPHUXOJHUTCH B LeAAX H3MEPEHHHA NPeLyCMaTPHBATb
B NOJNIIMITHHKOBBIX WIMTAX CIHel{anbHble OTBEpPCTHH, KOTOphle INOCaAe H3-
MepPeHHs: HEOOXOLHMO 3a/e/]biBaTh), WM TOJHOCTBIO HCKAKYAIOT IpHME-
HeHye TaKoro MeToja (MallMHbl B3PbIBO6GE30MACHOrO Hcnogauenus). [osro-
MY BO3HHKaeT HEOOXOZHUMOCTb KOCBEHHOI'O H3MEepeHHSI HEepPaBHOMEpPHOCTH
BO3JLYIIHOTO 3a30pa. Paspaborka Takoro Metojga IHNO3BOJIUT OO6eCnedyuThb
KOHTPOJIb HEPABHOMEPHOCTH BO3AYIIHOTO 3a30pa B 3dKPBITHIX MallHHAaX
H MOBBICHTb KaYeCTBO H HAJEXKHOCTh MAalIHH.

Hamu Obl1 ncce0Ban psiji BAPHAHTOB KOCBEHHOTO HW3MepeHHs He-
paBHOMEPHOCTH BO3JYIIHOIO 3a30pd. Huke NpHBOAWTCH MX KPAaTKOE OIH-
CaHne M OLEHKA.

U3mepenue no nporudy saga

OaHHUM M3 NPOsAB/ICHHI HEPAaBHOMEPHOCTH BO3YILHOIO 3a30pa siBJHETCH
uporu6 Baja 1EJ ACACTBHEM HEYPABHOBEHIIEHHOT'O MAarHHTHOTO YCH-
Jaus (puc. 1).

Vismepas mnpu NOMOILM HHAMKATOPA CMelleHle CBOOOJHOIO KOHIE
Bajia, MOXHO CYJAHTb O BeJHUHHE 3KCLEHTPHCHTeTA. Beanuuny cmeine-
Hug AL MOXCHO paccuuTaTh, 3Has YCWHE M KOHCTPYKTHBHLIE JaHHbBIE BaJja
¢ IaKeTOM pOTOpa. B acMHXPOHHBIX 3JekTpojBuraressax 3...6 rabapuros
BEJIMUHHA CMEIIEeHHUs COCTAB/SeT HECKOJAbKO NeCSITKOB MHUKPOH. VM3mepeHnue
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NPOU3BOJAUTCA CJAeAYIOUHM 00pazoM. KHAHKATOP INPHUCTABIACTCH K CBO-
60 HOMY KOHIly Bajia. Pucka IIKa/Jbl yCTaHaBJMBAETCH HAa HYJAb. 3arem .
B OOMOTKY CTatopa MOjaeTcss NOCTOSAHHBII TOK, PaBHBIH TPHMEPHO TOKY
X0JI0CTOTO XOjaa. KoHeln Bana mnepeMmemaercs M (QHKCHpyeTCs MOKasaHHe
HHJAHMKATOPA.

Hepocratku sToro merona:

1. Heo6x0auMOCTb M3MepeHHs KaK MHHHMYM B JBYX B3aHMHO-Iep-
NEeHIUKYJASPHBIX HANpaBJAeHHSX, IOCKOJbKY Mbl He 3HaeM OpPHEHTALHIO -
MJIOCKOCTH 3KCUEHTPUCHTEeTd, a CMEUIeHHE JI€XKHT B 3TOil IJIOCKOCTH.

2. Bosibmas MOrpemHoOCTh MEeTOja, CO3/1aBaeMasi pajHaabHbIM JI0(TOM
MAapPUKONOAIIUIHUKOB, KOTOPHI HMeeT TaKOifl Ke INOPsiJ 0K, YTO H BeJH-
uypHa cMmelnenus, u cocraBaser 20...50 MUKPOH aas jaBuratenefi 3...6 ra-
6aputoB [5, ctp. 153].

3. Manag BeJHuHMHA CMeUleHHsl M, CJef0BaTeJbHO, HEOOXOAHUMOCTE .
NpUMeHeHHs1 WHAUKaTopa ¢ HeHod apeaenus 0,002 ax. Yxasaunele HeLO-
CTaTKH CHJIBHO 3aTPyAHAIOT IPHMEHEHHE 3TOTO METO/A.

Puc. 1.

HSMCP‘CHHC no MOMEHTY TPEHHs, CO3iaBaeMOMy
B NOJUIIMNHUKAX MArHUTHLIM HEYpPAaBHOBECUWIEHHBIM YCHJIHEM

HenocpencrBeHHO MarHUTHOE HEYPAaBHOBEIUEHHOE YCHJIHE H3MEpPUTh
He yJaeTcs, TaK KaK POrOp M CTATOP IO OTHOIIEHHIO K 3TOMY VCHJHIO
06pasyloT 3aMKHyTyl0 cucreMy. OQHAKO MOXKHO H3MEDUTb MOMEHT TPEHHs
B IIAaPUKONONIINIHHKAX, BO3HUKAIOMIHUA OT 3TOro YCHAHUA. 3aBHCHUMOCTH
9TOr0 MOMEHTAa OT YCHJHs Bhlpa:xaercs gopwmyJoit [5, crp. 318].
D,
M=1,3 KR— Icx, (1)
dy

rae K— koadunuent TpeHus KkadyeHus; KR — paluasbHasi HArpyska Ha
NOAMMIHUK, B I, Dy — nuamMeTp OKDPYXKHOCTH pACHOJOXKEHHUS 11aPHKOB,
B CM, dy, — IHAMETD IIAPUKOB, B CAM.

Henocrarku srtoro meroja:

1. Ilpu BpameHuu poropa B MACHUTHOM I10/1€ MOCTOSHHOIO TOKa
3JIEKTPOMATHUTHEIH MOMEHT KOPOTKO3aAMKHYTOTO POTODA SIBJISIETCS CHUJIBHOM
IIOMEeXO0H H3MepEeHHH.

2. JloBOABHO 6OJBIION Pa3sbépOC MOMEHTOB TPEHHS B COOPAaHHBIX Ma-
IHHAX.
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3. Haqnuue JONOJIHHTENbHLIX MOMEHTOB, OOYC/JIOBJAEHHBIX MaTHUTHbIM
NPUTSXKEHHEM MeXJy 3yOlamMu POTOpa W CTATOPa, UTO HJIIOCTPUPYETCH
Ha puc. 2. Takasi HePaBHOMEPHOCTb MOMEHTa HE I03BOJSIET MOJAYUYHTh JO-
CTATOYHYIO TOYHOCTb H3MEPEHHil, MO3TOMY 3TOT METO/ SIBASETCS HelPHeM-

JIEMbIM.
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Puc. 2. 3aBucuMOCTh MOMEHTA TPEHHsl OT yraa NOBOPOTA BaJa NPH (MTAHHH

00MOTKH CTATOpA TOCTOSHHBIM TOKOM.

Hamepeﬂue, OCHOBAHHOE HA HCKAXKCHHUH
MArHdTHOrO noJisi B BO3JAYLWHOM 3a3ope

[Tpu paBHOMEDHOM BO3IYLIHOM 3a30pe MEKJIY OOMOTKaMii CTaTopa,
pacnosoKeHHbIMU 1moa yriaom 90 3MeKTpUUecKHuX rpajaycoB APYT K APYry,
"OTCYTCTBYeT MarHuTHasi CBsi3b. B ciayuae HepaBHOMEPHOro BO3JYUIHOTO
-3a30pa KpHBask MArHUTHOH MHJAYKIMH B BO3AYIIHOM 3a30p€ MCKAXKaeTCd H
MMeeT JJisi JBYXMOJIIOCHONH MalUMHBl BMJ, NMOKA3aHHBI HA puC. 3.

Be

90 /80 220 360

Puc. 3. Pacnpenenenne HHAYKIHH [0 OKPYXHOCTH BO3AYIIHOTO 3a3opa
JBYXNOJIOCHOH MAIIMHBL IS MOMEHTa BPEMEHH, KOrja OCb MarHUTHOrO
NOTOKA COCTABJASAET C IJIOCKOCTBIO 3KCHEHTPHCHTETa yroa =50°; e=0,8,

Takum 06pasoM, OCb MarHWTHOIO NOTOKA (Pa3bl OTKJAOHSAETCH OT Treo-
METPHYEeCKOH ocH OOMOTKH H MOSIBJASIETCS COCTAB/sIOas IOTOKA B mep-
NEHAUKY/IsIDHOM HANpaBJeHHH, KOTOPasl cuendasercs ¢ oOMOTKOf, pacno-
A0eHHO# noX yraoMm 90 37eKTPUYeCKHX rpaaycos.

M3mepenue npOU3BOJAMJIOCH caenylolMM oOOpa3oMm. Ha coenuneHHbie
B HeNoJHylo 3Be3fy JBe (asbl Tpex(asnoii o6MOTKH cratopa (06MOTKY
BO30Y X I€HHS) I01aBaJ0Ch NepeMeHHoe Hanpsbkenne. Ha rtpetwnio ¢asy,
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KOTOPYIO Mbl Oy/J€eM Ha3bBaTh H3MEPHTENbHOH OOMOTKOM, MOJAKII0UYaJCs
BOJAbTMETD (pHc. 4). MOXHO cuMTaTh, UTO pacnpejeJeHde HHAYKIHH 110
OKDYKHOCTH BO3JYLIHOI'0 3a30pa OT MepPBOiHl rapMOHHYECKONH HaMarHHyH--
BalOIEeH CHabl BhIpaxaercs dopmyJaoi (2) [2].

1 q) —
Bg:&l[ cosp (@ +e) B sin o, £, (2)
b, 1 —ecosh

rae B — Tekymas HMHAYKLHS B BO3AYUIHOM 3a30pe HPH YIVIOBOH KOOP-
nuHate 0;
B, — MaKCHMaJ/ibHOE 3HAYEHHEe MATHUTHOH HWHIYKIMH;

€ — 3KCII€HTPHCHUTET;

€ — OTHOCHTE/IbHBIAl 3KCIL@HTPHCHTET;

P — YHCJO Nap IMOJI0COB;

% — YIOJl 3KCIE€HTPHCHUTETA, PaBHLIA yI/Y MEXAY IJIOCKOCTBIO IK-
CUEHTPHCHTETA W LEHTPAJbHOH JHHHEl MarHUTHOTO IOJA.

- o

. g

uo

Puc. 4.

CxeMaTHYeCKH HEepPaBHOMEPHbIA BO3/LYUIHBIH 3230D 3J€KTPOABHIATE/s
IpeJICTaBIeH Ha pHUC. 5. OueBHIHO, YTO B H3MEPHUTEJABHOH OOMOTKe Gyaer

HABOJHUTHCA 3. A. C. -
Enzm — 4v44 Wiy "‘Zn H3M fl ‘])“N -107% 8,

(l)urm 'W’: j Bg dh. (3)
H.0.

[IpoBeseHHblEe pacyeTbl MOKa3aJil, 4YTO HPH H3MEHEHHH € H % H3Me-
HsieTcs 3. JA. C., HABOJAHMMAasi B H3MepuTesnbHOil oOMOTKe. JTa 3. JI. C. CO-
craBaser npumepHo 1..3% oOT Hampsokenus Ha OOMOTKe BO30YKIEHHS.
OnbiTH, NPOBEJEHHbBIE HA MAaUIMHE C TJIaJAKHM DPOTOPOM, XOPOLIO TOATBEp-
JIMJIM TIPABUJABHOCTh TEOPETHUYECKHX BBLIBOJOB.

OjHako BeJqHuHMHA 3. A. C., HABOJAHUMOH B CJayuyae 3yO4aToro poropa,
B CHJBHOH CTEemeHH 3aBHCUT OT yrJaa moBopora. Ha puc. 6 mpejacrtaBiaeHo
H3MEeHEeHHe 3. J.C. B 3aBHCHMOCTH OT VIJa NOBOPOTa POTOPa aCHHXPOHHO-

109















