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Tlpeocmasnenst pezynvmamul paspadomku 1 NPUMEHEHUs. NPOSPAMMHO-ANNAPAMHO20 KOMNIEKCd, NO3BONAIOUe20 OUEHUMb YPOBEeHb
BUOPAYUL U HANPSJICCHHOCb GHEUIHE20 MACHUMHO20 MO ACUHXPOHHBIX INEKMpoosuameneii ¢ yenvlo OUaSHOCHUKU PA36UBAIOWUXCS
Oeghexmos. Bonpocel noswiuuenus Ha0elCHOCHU U D0I208EYHOCTU ACUHXPOHHBIX JIeKMPOOBUAMENell KAK Hauboee OMeemcmeeHHO20 36€Hd 6
KOMNIIEKCax MexHoN02U4eckoeo 00opy0osanus aguaomes Haubonee eadicHvimu. lIposedenvi meopemuueckue pacuemvl, ONUCHIBAIOUfiE
3A8UCUMOCITb UBMEHEHUS. HANPAICEHHOCHU GHEWIHe20 MACHUMHO20 N0 OM HAMUYUA O0eheKmo8 8 ACUMXPOHHLIX INIeKMPOOBUAMENSX.
Dkcnepumenmanviule usMepeHusi NPOU3BOOUNUC, NPU NOMOWU Pa3pabOManHo20 aAgMOPaMu KOMNAKMHO20 NEePeHOCHO20 npubopa co
ecmpoentvim oamuuxkom Xonna. Onbimel no onpeoenenuio napamempos GHeuiHe20 MAzHUMHO20 NOJA NPOBOOWIUCH HA HECKOMbKUX MUNax
anekmpoosuzameneil, no KOMOpbIM HPedsapumenvo nposeoeHsl BUOPAYUOHHbIE U3MepeHus. Bubpousmepenus u anaiu3 napamempos
suOpayul  npoBOOUTUCH ¢ uchonv3oeanuem  euopoxomiekmopa CK-1100 u npocpammer <«Bubpoarnanuz 2.52» pupmer  «Texrexon».
Pesynomamol uzmepenuti 0Opabamvleanucy ¢ UCHONb306AHUEM CREYUATLHO CO30aHHOl 6 npoepavmupyemotll cpede MatlLab npospavmwi
«Fft_gui» ons anamiza epementvix cueHanios HANPSIICEHHOCMU MACHUMHO20 NO U ObIcmpo2o npeobpaszosarus Oypve ¢ Yenvlo nowyyeHus
cnekmpanviblx  xapakmepucmuk. Ilo pesynomamam usmepeHul UHOYKYUU GHEUIHE20 MACHUMHO20 MO ObLlU NOCMPOEHbl Kpy2osble
ouazpammsl U npogeder CReKMpPAnbHbI aHanu3 cuenanos. Hccnedosana sasucumocms pazsumus 0egpekmos om xapakmepa usmeHeHus: Ha
Kpy2060li ouazpamme GHEUIHE20 MAZHUMHO20 NOTA U CHeKMpanbHo2o cocmasa. 1o pesynmamam subpoananuza u pacnpeoenenus GHeuHe2o
MACHUMHO20 NONSL 08UAMENsL COCAGIEH NOOPOOHDBILL CHUCOK 0eheKmos, 0OHAPYICUBAEMBIX NPU NOMOWU OAHHO20 KOMIIEKCHO20 Memood
OUACHOCIMUKL.

KiioueBble c¢J10Ba: aCHHXPOHHBIM AIEKTPOABHIATENb, MApaMeTPhl BHOPALMM ACHHXPOHHOTO 3JICKTPOABHUTATEIs, IMapaMeTphl
BHEIITHET0 MarHUTHOTO ITOJIST aCHHXPOHHOTO AICKTPOABUTATEINS, IPHOOP M3MEPEHHS HHIYKIIMN BHEITHETO MAarHUTHOTO TTOJISL.
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The article has been presented the results of af@veint and application of hardware and softwaremlerallowing to estimate vibration
level and tension of external magnetic field ohalyonous electric motors in order to diagnose gngwdefects. The most important are the
questions of increasing reliability and longevifyasynchronous electric motors as the most resplen#k in the complexes of technological
equipment. There have been done some theoreticalatins describing dependence of changing tensfeexternal magnetic field on the
defects in asynchronous electric motors. Experiahemtéasurements have been taken with the helpahpact portable device with the built-
in sensor of Hall created by the authors of theekrt Tests on determining the parameters of eatenagnetic field have been carried out on a
few types of electric motors with preliminary taketillation measurements. Vibrational measurementsanalysis of vibration parameters
have been taken with the use of vibrational calle8K-1100 and a program «Vibroanalysis-2.52», kfiekon». The results of measurements
have been processed with the use of the prograimgef$, specially designed in programmable envireminMatLab for the analysis of
temporal signals of magnetic field tension and Fagtrier transformation to get spectral descripgoAccording to the results of measuring the
external magnetic field induction, circular grapsve been constructed and spectral analysis oélsigras been carried out. The dependence
of defect growth on the change types has been shoime circular graph of external magnetic fieldaspectral composition. According to
the results of vibroanalysis and distribution dfeemal magnetic field of electric motors, the t$tthe defects discovered with the help of the
complex diagnostics method has been made.
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Beenenne. Acunxponnsie snextpomasurarend (Al) —
Haubosiee pacHpOCTPAaHEHHBIM B HACTOSIIEE BpPEMs BHUJL
JJNEKTPUYECKUX MAIllUH, COCTaBJSIOIUX OCHOBY INPHBOAA
OOJIBIIMHCTBA MEXaHW3MOB M MAaIIMHHOTO 000pY/OBaHMSI.
bnaromapst mpocToTe M TEXHOJIOTMYHOCTU KOHCTPYKLUH,

BBICOKHUM OHECPIreTUICCKUM II0Ka3aTeCisM,
3KCHJ'IyaTaHI/IOHHOI\/'I HaJACXKHOCTH U YCTOfIQHB OCTH K
neperpy3skam ACUHXPOHHBIC JABUIaTCIIN IHUPOKO

UCIIONIB3YIOTCS B MAIIMHOCTPOGHMH, BO BCEX OTPACIIX
MIPOMBIIICHHOCTH M BHJAaX TPAHCIOPTa, B NPHUBOAAX
Pa3IMIHBIX CTaHKOB, HacOCOB, BEHTHJISITOPOB,
KOMITPECCOPOB, TPY30HNOABEMHBIX MeXaHH3MOB. [loaTomy
BOIPOCHI MOBBIIICHHS HAJISKHOCTH M JI0ATOBEYHOCTH AJ]
Kak HauOoiee OTBETCTBEHHOI'O 3BEHAa B KOMILIEKCAaX
TEXHOJIOTMYECKOr0 000pyZOBaHUS SBISIIOTCS HamOoiee
BaXXHBIMU.

OneHka TEXHUYECKOrO0 COCTOSHUS AIIEKTPHYECKHUX
MAallliH TPECTaBIsIeT COOOH BaXKHYIO 3adady, pelIeHue
KOTOpOIl ToO3BONIsIeT OOHApY)KWTh HAa paHHEH CTajnuu
3apokaaromuecs: AeeKTsl, NPEAOTBPATHTh aBapuUiiHBIC
CUTyalluH, CIIOCOOHBIE  TIPUBECTH K  CEPhE3HBIM
HEraTHUBHBIM  rociencTBusiM.  Ilostomy  paspaborka
HEJIOPOTUX, MPOCTHIX B OKCIUTYaTAallMk ¥ TOYHBIX METO/IOB
KOHTPOJISIL M JHWAarHOCTHKH cocTostHus AJl  sBisiercs
akTyanpbHOH. Hambomee 5hdexkTuBHBIMU  SBISIOTCS
MeTobl BHOpoauarHoctuku [1 — 4], TeruoBoro KOHTPOJIS
[5 — 7], ananu3a napameTpoB BHELIHETO MATHUTHOTO OIS
(BMII) snekrprdeckux Mamius [8].

Bubpommarnoctnka  nHaumbosnee a¢ddexkTuBHa  npU
OOHapy)KeHHH OOJBIIMHCTBA MEXaHUYECKUX U YacTH
IEKTPUUYECKUX Je(DEKTOB, TEIJIOBOW KOHTPOJb BBISBISIET
nedekTsl, CBSI3aHHBIE C TIEPETPEBOM, a KOHTPOJIb
napamerpoB BMII B mepcrekTvBe TO3BOJHUT BBISBISTH
anekrpudeckue nedektel AJl. B COBOKYNMHOCTH JTaHHBIC
METO/Ibl XOPOIIO B3aUMOJIONONHSIOT APYT ApYyra, Tak Kak
OCHOBAHBI Ha M3MEPEHMHU W aHAJIU3E SBJICHUN pa3IMIHON
(usmueckoi npupo/sl. Pa3BUTHE ATHX METONOB MTO3BOJIUT
KOMIUIEKCHO OIIEHMBATh TeXHHWYecKoe cocrosuue AJl u
TIOBBICUT JIOCTOBEPHOCTH IMATHOCTUPOBAHUS JIE(HEKTOB.

MaremaTuyeckass MojeJb. PaccMoTpuM — MeETOA
KOHTpPOJISI M aHaJM3a MapaMeTpOB BHEIIHETO MarHUTHOI'O
TOJIs [UTS 3a7ad JUATHOCTUKH Pa3BUBAIOIINXCS JC(EKTOB
ACHHXPOHHBIX dJeKTpoaBurareneil. Kak wu3BecTHO U3
TEOpUH, PE3YJBTUPYIOLLEE BpALIAIONIEeCss MAaTHUTHOE T10J1€
ANEKTPUYCCKUX MAIUH EPEMEHHOTO Tpex(a3HOro TOKa
MOXKHO Ppa3jIOKUTh Ha JBE COCTABJISIOLIME MAarHUTHOIO
MOMEHTA 10 B3aUMHO NEPHEHAUKYISPHBIM HAIPABICHUSM
TJIAaBHOM IIJIOCKOCTH MAaIlIUHEI.

My, =0,
My =M, cos@i+dy), 1)
Myz =My sin@d+o¢,,).

3aece: My w; ¢y,
MAarHuTHOI'O MOMEHTA.
Paccmorpum  npoekuuto BMIT Ha onmny w3  ocei,

— aMIUIuTy[d, 4YaCToTa U (ba3a

HarnpuMep, ocb Z. Tekymee 3HaYeHHE MAarHUTHON
WHIYKIWH B 3a30pC MAIIUHBI Oy/IeT:

rae F¢ y /1¢ — TCKYLIUC 3HAYCHUSA MaFHI/ITO,HBI/I)KyHIeﬁ CHJIBI

M MarHATHOU MMPOBOAUMOCTH BO3AYIIHOT'O 3a30pa.

[lpy  CUMMETPHYHOM  DACIONOXKEHHH  pPOTOpa
OTHOCHUTEJIFHO cTaTopa noxy4dum [9]:
Gy =hg=—t0 3)
Ky k5 [Dg
rge k5 —  kodhQuUIMEeHT  BO3IYyIIHOIO  3a3opa
(ko>puument  Kaprepa); K, —  kodppuument,
YUMTBIBAIOIIMM HAchbllleHHE 3yOLOBOM 30HBL, Oy —

BEIIMYMHA 3a30pa MEXKIYy POTOPOM H CTaTOpOM; g —

Mar"HuTHas 1I1OCTOsSHHas.
OcHoBHas rapMOHHKa HaMaFHI/I‘II/IBaIOHICI\/'I CHJIBI B
MalIMHE IIEPEMEHHOI'O TOKA:

Fy = Focos@l+ pld), (4)

rae o —4acToTa BpalllCHHUA MArHUTHOT'O I10JIg CTaTOpa.
HonyqaeM BBIPpAXKCHHUE!

B =B, coswl+ pld), (5)

rie B, = F. aMIUINTyJa OCHOBHOM TapMOHHKH
MarduTHOM MHAYKLIUM IIPH CUMMETPUYHOM IIPHBEICHHOM
3azope. [losBIeHME CHIEKTpa TapMOHMK —MAarHUTHOM
MHAYKLIUU B BO3JYIIHOM 3a30pP€ MPUBOAUT K HOSBICHUIO

AHAJIOT'MYHOI'0 CIICKTpa BO BHCIIHEM MArHMTHOM IIOJIC

MAalIruHBbI. I/IHﬂyKIII/ISI BHCIIHCTO MAr"dvuTHOIO IIOJIA C
1
YAaJICHUCM OT MCTOYHHKA CIaJacT IO 3aKOHY B= o
R

rje N — MOpsIOK MAarHUTHOW rapMoHuKH. [TodTomy suist
OCHOBHOI'O BHEIIHENO MArHUTHOTO ITOJS MAIIUHBL C
rapMOHUKAMH  TOpsAAKa  p  MOXHO  IpeHeOpeub
rapmonukamu mopsiika (P +K) B CBA3M ¢ MX MAaJIOCTHIO.
Tak xak BMII MammHbel 5KpaHHPYETCS KOPIYCOM, 3TO
JIOJDKHO ~ OBITh ~ YYTCHO, HANpuUMmep, ¢  [OMOIIBIO
KOod()PHIMEHTA PKPAaHUPOBAHUS k,. TOraa pagHaibHYIO

naaykuuo BMIT manmHbl MOXKHO 3anucaTh B BUJE:
Br = Bycof o+ pld) , (6)

rae By = x,B,.

Takum obpazom, nagykius BMII 6e3nedexrroro
JIBUTATENS M3MEHSIETCS 110 CHHYCOMJAJIBLHOMY 3aKOHY BO
Bpemenu (puc. 1).
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Puc. 1. OcHoBHOe pabouee OKHO porpammbl «Fft_gui»c BpemerHbM curHanom uHaykimu BMIT 6e3neekTHOro aeKTpoaBUraTerst

Pa3zpadorka mnpudopa wu3mepenuss BMII. s
TIPOBE/ICHNST OKCIICPUMEHTAIBHBIX HM3MEPEHUN HMHIYKIUH
BMII ©Ha pa3sau4HbIX THIAX OJJIEKTPOABHUraTeNnedl mpu

uMHTanuu  JepeKkToB  Obl1  pa3paboTaH  KOMITAKTHBIH
HEPEHOCHOM ImpuOOp, CTPYKTypHash CXeMa KOTOpPOro
IpeJICTaBlIeHa Ha puc. 2.

1 o 2 s 3 4 o 3

Puc. 2. CrpykrypHas cxema mnpuOopa H3MEPEHHUsS] HHIYKIUH
BMII: 1 — ucrouHMK TUTaHus; 2 — GUIBTPbl HWKHHAX 4YacToT;
3 — npmarunk Xomna; 4 — ycwmmrenb;, 5 — umdpoBoit
peructpupyomuii 610k

C HUCTOYHMKA THTAHUs HANPSHKCHHWE IOCTYIAaeT Ha
(UIBTPBl HIKHHUX YaCTOT, HMEIOMIMX YacTOTy cpesa
Fep= 1000 T'n, npenHa3HayeHHbIX JUIS  QUIbTpaLMK

BXOZHOTO HAaIpPSDKEHUS oT BBICOKOYACTOTHBIX
COCTABJISIIONIMX M IIYMOB OT MCTOYHHWKA nuTaHus. [lanee
OT(WIBTPOBAHHOE HANPSHKEHHE TIOCTYIACT HA JIMHEHHBIN
JaTYuK MarHuTHOoro mois (matuuk Xomta). [lpu
TIOMEIICHUH JlaTYMKa XOoJla B MarHUTHOE TI0JIE€ BEKTOP
MarHWTHOH  MHAYKIMH  TeHEpUpPyeT B  JIaTYUKE
9KBUBAJICHTHYIO BO3/ICHCTBYIOIIEMY BHEIIHEMY
MarHUTHOMY TIOJIIO Pa3HOCTh MMOTEHIMAIOB. BeIxogHOE
HaINpsDKEHUE ¢ JaTYhKa XOoJula IOCTYMaeT Ha yCHUIINTEINb,
B KOTOPOM YCHJIMBAEeTCS U Jajee MOCTyNaeT Ha BXOJHON
KaHas nudposoro 6sioka. B mudpoBom pernctpupyromem
0JIOKEe aHAJIOTOBBIM CUTHAJ IIpeodpazyercss B HU(pPOBOI
BUJI 1 3aIIOMUHACTCS JIIS TATbHEHIIIET0 BOCIIPOU3BEICHUS
n ananm3a. IlepeHocHodd mpubop B  Kopmyce C
MOJKJIIOYCHHBIM  JaT4uKoM  Xomia u  1udpoBoit
PETHCTPUPYIOIIHH OJIOK MPEICTaBICHBI Ha pUc. 3.

BEFL OFTHI. 3N

Puc. 3. [Ipubop m3MepeHHs: BHENMIHEr0 MarHuTHOro moist (@) u undposoit 610k (6): 1 — marumk Xomia B 3alIUTHOM KOKyXe; 2 —

9KpaHUPOBaHHBII Kabesb; 3 — 3KpaHUPOBAHHBIN KOPITYC
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Kammnbposka npubopa usmepenust BMII nposenena na

CHELUAIbHO  W3TOTOBJICHHOM  CTCHJE,  BKJIIOYAIOLIEM
KaTyIIKy  WHAYKTHBHOCTHM, HWCTOYHHK NHTaHHA U
amnepMmerpa. C nempio  ompeneneHus KodhuumeHra
npeoOpa3oBaHMs HANPSDKEHHS C BBIXO/A JIaTYMKa XOoIla B
pasMEpHOCTb  HANPSHDKEHHOCTH ~ MAarHUTHOTO  TIOJIS
N3MEpEeHUs MPOBOIMITNCH c UCITONTb30BAHIEM

MarHUTOM3MEpUTENbHOrO (heppo3oHmoBoro mnpudopa -
205.300 M3mepenusi MPOBOAMINCH  (HEPPO30OHITOBBIM
npeoOpazoBareyieM — TIOJEMEPOM U pa3pabOTaHHBIM
IprdopoM.

B onHoOlf M TOH >Xe TOYKE B LEHTPE KATYIIKH OBUIO
MIPOM3BEICHO 1O  BOCEMb  HM3MEPEHUH  IIOJIEMEpPOM,
TIOJIOKUTENILHOW M OTPUIATEIbHON O0JIACThIO JAaT4MKa, C
LEIBIO  ONPEACNICHNS] YYBCTBUTEIIBHOCTH KaXKIOW M3 €ro

cropoH. [locie 00pabOTKM  pe3yNbTaTOB  M3MEPEHUH
MOJTY4EHBI KO3(HUIUECHTHI peoOpa3zoBaHus JUIst
1OJIO’KUTENILHOU KpU+ U OTPHULIATENIbHOM KpU— obmacreit
[ Al m } )
JlaT4nKa :
6
<H, >
e = n”_2321_ 270
<U,> 0.8¢
<H,> 2321
Kou- = L= =-207

T <U_> -1119

C IIOMOLIbIO KaJ'II/I6pOBO‘IHOFO CTCHIa OblIa CHSITA
JAuarpamMma HaIlpaBJICHHOCTH, T. c. 3aBUCHUMOCTb

BBIXOJJHOT'O  HAIPSDKCHHS  OT

IUIOCKOCTH JaTduKa (puc. 4).
DKCIIEPUMEHTAIIBHO ONPECIEHO, YTO IPH OTKIOHCHUU

IIOCKOCTH JaTunka Ha 20° OT mnepreHmuKymspa K

BEKTOPY MAarHUTHOTO TIOJS, BBIXOJAHOW CHTHAJI H3MCHSCTCS
ga 100 mV,r. e. va 11,1 %.
B xozme oOmbITOB OBUIO BBISBIEHO, YTO HAWOOJBIIEN

yria [ OTKJIOHCHHUA

MH()OPMATUBHOCTBIO  00JIA/IAIOT  COCTABIISIONIME  TIOJIS,
HAIpaBJICHHbIE [0 BHENIHEH OKPYKHOCTH  CTaTopa
anekrpoasurarenss (puc. 5, 6). IlodToMy IIOCKOCTb
JaT4dka  OpPUECHTHPOBAJIACH  NEPICHIUKYIIPHO  ATUM
JIUHUSIM TIOJIS.

Pesynbratel HU3MEpEeHUil 00pabaTtbIBaNCh c
HCIOJIb30BAaHUEM CIHELUAIBHO CO3JJaHHOU B

nporpammupyemoii cperae MatLab nporpammer «Fft_gui»
JUI  aHaJn3a BPEMEHHBIX CHUTHAJIOB HANPSHKEHHOCTH
MarHUTHOTO MOl M ObIcTporo mpeodOpazoBanust Dypre ¢
LEJIBIO MTOTYYEHHUS CIIEKTPAIbHBIX XapaKTEPHUCTHUK.

.
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Puc. 4. lnarpaMMa HanpaBIeHHOCTH

Puc. 5. Cxemarmueckoe u3o0paxenue cocraBisiomux BMII
JBUTaTCIIA

[TponoymKUTEIEHOCTD 3aITMCHIBAEMOTO CHI'HAJIA B (hopmare
Xt cocraBmsiia 5,12 cek., 9T0 MO3BOSUIO ITONYYHTH CIIEKTP C
paspemienrem 0,195 ' (MeHbIIas HPOIODKUTEIEHOCT
perucTpalii CHMU3WT paspelieHHe 10 CIEKTpYy M JIacT
HEIOIHYI0 KapTHHY TapMOHHYECKOro cocrasa). OCHOBHOE
pabouee OKHO IPOrpaMMBI TIPE/ICTaBICHO Ha puc. 1.

Meroanka u3MepeHuii. J[1s NpoBeJEHUS ONBITOB Ha
JIBUTaTelIc  BBHIOMPANNCh  (DUKCHPOBAHHBIC TOYKH, B
KOTOPBIX MPOBOAMINCH U3MEpeHHs HanpsbkeHHocTH BMIL.
MuHuManbHOE KOTMYECTBO TOUEK TI0 OKPYKHOCTH CTaTOpa
AJl, mo3BoIIsIIOIIEe a/IeKBaTHO OTOOPa3UTh paclpeiesieHne
BMII, — Bocemb (puc. 6). KomuuecTBO TOYEK KOHTPOIS
MOJHO YBEIUYUTh, OJHAKO JTO MOBBICUT TPYIOEMKOCTb
n3MepeHnsi 1 00paboTKM JNaHHBIX. B BBIOpaHHBIX TOYKax
HEOOXOAMMO OBUIO TOCTABUTH MapKephl, YTOOBI B
JaNbHEHIIEM  UCKJIIOUUTH  BEPOSITHOCTb  HETOUHOCTHU
YCTaHOBKH JaTUUKA.



Puc.
ANMPI0L4Y3

6. Touku mnpoBeneHus 3amepoB BMII Ha [jBurarene

Jnst sTOoro mocinenoBaTenbHO B KaXKIOHM  TOUKe
MIPOM3BOJAWIACH 3aMUCh CUrHANIOB. KpyroBoe usmepeHue
MOBTOPSJIOCH IIATh pa3, YTO HEOOXOAUMO VISl YMEHBIICHUS
MOTPEIIHOCTH OT HETOYHOW YCTaHOBKM Jar4yuka. Ilo
YCpEeOHEHHBIM 3Ha4deHWsiM aMrumnTyasl BMIT crponnmch
KpYyroBble AuarpaMMsl HanpsbkeHHocTn BMIT.

OnbiTel 1O ompezeneHuto  napamerpos  BMII
MIPOBOAMIINCH HAa HECKOJBKUX THIIAX AJICKTPOIBHIATEICH,
110 KOTOPBIM HPEABAPUTEIHLHO MPOBEICHBI BHOPAIIIOHHBIC
n3MepeHusi. BuOpomsmepenuss W aHainM3 TapaMeTpoB
BHOpanuu TIPOBOIMITUCH c HCIOJIBb30BaHUEM
BuoOpokosuiekropa CK-1100n nporpammsl «Bubpoananus
2.52» ¢upmbl  «Texnekon». Touknm U HampaBIeHUS
n3Mepennii Bubpanmu AJl okaszansl Ha puc. 7.

Puc. 7. Toukn u Hanpasnenue n3MepeHns Buoparmm Ha AJ]

PesyabraTtel BuOpom3mepenuii. OOmmii ypoBeHb
BuOpammu (CK3 BHOpPOCKOPOCTH) W TpenBapHUTEIbHBII
JIMarHO3 COCTOSIHUSI 110 BPEMEHHOMY CHTHAIY M CHEKTPY
MIpeCTaBICHEI B Ta0M. 1.

VYposens BuOpanuu snexrpoasuraresnst Ne 1 B Hopme u
COOTBETCTBYET JIONYCTUMOM BHOpamuu Uit HOBBIX
anekrpoasurateineit (1,4 mm/c). OcHoBrolt Briax B CK3
BUOPOCKOPOCTH BHOCSAT OCTaTOYHBIA (HEyOpaHHBIH MpH
W3TOTOBJICHUM) IucOanaHc poTopa (MK Ha 0OOOPOTHOI
gactore 24,9 Tn) u HeOOJbIIME BBICOKOYACTOTHBIC
COCTaBJISIFOIIME HA YAaCTOTaX MOIINITHAKOB.

Bubpammst  AJ[l Ne 2 HECKONbKO  TpEBBIIIAET
JIOIYCTUMBIH JUIsl HOBOT'O 3JIEKTPOJIBUTATENs YPOBEHb, HO B
LIEJIOM MEHBIIIE JIOIMTYCTUMOTr0 3KCIUTYaTallMOHHOTO YPOBHS

(2,8mm/c). Opmnako B crekTpe BuOpammu (puc. 8)
NPUCYTCTBYIOT ~MpEBAIUPYIONIME THKH Ha 2 u 4
rapmonukax uacrotel cetd (100 I'm, 200 T'm), wuro

CBUACTCIILCTBYET O HCCUMMCETPUU TOKOB B 00MOTKaxX
c¢raTopa. Tax kax OCHOBHOM H3BECTHBIMN BI/I6pOHpI/IBHaK
MECKBUTKOBBIX 3aMbIKaHUI - HaJIM4uec OCHOBHOI
TapMOHHKH Ha yﬂBOeHHOﬁ 4acTOTE CETH 2X fc, MOXHO
MNpEANOIO0XUTL HAJIUYHUEC ITOr0 ,He(beKTa Ha HaYaJIbHOU
CTaauu.

Tabmuna 1
Jlannvle acunxponnuvix 21ekmpoodsueameneti U pe3yabmamsl UOPOUMepPeHUll U OUASHOCTMUKU
o Tun A/, PesynbTar CK3 BubpockopoctH, mmlc
- MOIIHOCTH BHOPOIMATHOCTUKHI 7.1 T. 2 T.3 T. 4 T.5
1 | A0S Vienpasen (sossiii AJT) 0,68 0,94 1,08 1,20 1,19
,2KBT
2 ANPO0L4Y3, MEKBUTKOBOE 3aMBIKAHUC 143 1.24 1,01 1.40 1,03
2,2xBr 00OMOTKH cTaTopa
3 j‘i]}ﬁo"w& OOpBIB CTEPXKHS pOTOpa 5,94 1,78 1,31 1,78 4,03
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Puc. 8. Cniexktp Bubpockopoctu siekrpozsuratens AUPO0OL4Y3 BT, 1

VYpoBenb BuOparmu siektpoasuratens Ne 3 Becbma
3HAYUTENICH M B T. 1 NPEBBIMIACT JOMYCTUMOE 3HAYCHHUE
(4,5 mm/c). Cmexrp BubOpockopoctu (puc. 9) wumeer
HEOOBIYHBIN BUJI, COJICPIKUT COCTABIISIONIYIO HA 000OPOTHOM
4acToTe fl— 25 T'u u 3uaumrensHoe uymcino (20) ee
rapMOHHK. V3 HUX HanOOJBIIYIO aMIUIUTYAY UMeEIoT 2, 3, 4

rapMOHHKHA fl . Moxxno IpEANOI0XKUTh, YTO 3TO IMMPU3HAKU

UIEKTPUUYECKOTr0 AedexTta — OOpbIB CTEpPKHS pOTOpA.
XapaxTepHble 4acToThl BUOparmu npu 3troM nedexre [10]:

kf+nfy; Kkf, +2f; kn=1.2, fo=Nplfs;
fo=1f,—"f; f., =N, ; N, —uaucio nomocos; f
4acToTa f,—

— uhcno ma3oB  (cTepikHEi)

n

CKOJIb)XXCHUS, qacrora

N

nas

BpaIeHUs
MarHuTHOTO  TIOJIS,
poropa. OfHaKo OTCYTCTBHE BOKPYT TAPMOHUK OOOPOTHON
9acTOTHI HaOOpa GOKOBBIX MOJIOC YACTOT MPOXO0Aa Mo f,

CTaBUT OTOT JWArHo3 Mojx comHeHue. Hampumep,
XapakTepHBI  CHEKTP BHOPOCKOPOCTH TIpH  JedeKTe
«0OpBIB cTep’KHEN poTopa» npuseaeH Ha puc. 10.

(1.
"!‘J..J.TLLJ_LL_I_‘L.L—L.__[ L
L1 e et} 1

m m e [y
i

Puc. 9. Criexrp Bubpockopoctu snekrponsurareis 4A100L4Y3 B
T. 2 (paboTa B pexnuMe XOIOCTOrO XO/1a)

B g WL, P 4
]
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Puc. 10. XapakrepHslii criektp npu aeekre «oOpbIB CTEpIKHEH
potopa» (pabora Moz Harpy3Koii)

Pesynbrarel m3mepenunii Hanpsizkennoctu BMIT npu
pazButuu JedexToB. C HCHONB30BAaHUEM pa3pabOTaHHOIO
TprOOpa MPOBEICHBI M3MEPEHHUSI HAINPSHKEHHOCTH BHEIIHETO
MarHUTHOT'O TOJIS IO BHEITHEN OKPYKHOCTH CTaTOpa B TOUKAX
1 — 8 puc. 6) HoBoro acuuxpoHHoro asurarens Ne 1 (radm. 1).
Ilo wmetonuke, CTPOSITCSL  KPYTOBBIE
JIarpaMmbl ¥ IPOBOJUTCSI CLIEKTPAIbHBIN aHATIN3 CUTHAJIOB B
TOYKAX C HANOOJIBIIIMM 3HAYCHUEM aMILTHTY/IBI.

Ha opuc. 11 npuBeneHa Kpyrosas Juarpamma
aMIUIUTYAbl  HampspkeHHoctw BMIT  storo  aBurarens.
Kpyrosas amarpamma nanpspbkeHHoctd BMIT OGmmska k
uaeadbHON OKpyxkHocTH, a ammumtyga BMII Bokpyr

ONMCAaHHOU BBIIIIC,

JIBUTATENs HA PaBHOYAAICHHBIX TOYKAX MOYTH OJMHAKOBA
—okono 300A/m. B 1. 1 HeGomnblIoe yBeTHMYCHHE 3HAYCHHS
HanpspkeHHocTH BMIT o0bsicHsI€TCS ONMM30CThIO aTIMKA K
KOpoOKe BBIBOJIOB (puc. 6).
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Puc. 11. Kpyroast amarpamMma aMIUTUTYAbl HAaINpsHKEHHOCTH
BMIT nHoBoro AJl Ne 1

CrieKTpaibHbIN CHTHaja C  JaT4HKa,
nosry4eHHoro B T. 1 (puc. 12),moka3pIBaeT, 4To aMILTHTYIa
ocHoBHOW Tapmonuku (50 T'm) spko BbIpakeHa, a
aMIDIATYIbl  OCTalbHBIX  Tapmonuk (3, 5, 7)
HE3HAYHUTEIIbHBL.

3 | | | !

z| i | | |

aHaJIn3

18l -
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Puc. 12.T'apmonunueckuii cocraB BMIT HoBoro AJl Ne 1

UccnenoBanus HaNps>KEHHOCTH MArHUTHOTO IOJIS
AJI No 2 ¢ TpEOmoNOKUTCIBHBIM  JTePEKTOM
«MEKBUTKOBOE 3aMbIKaAHHEC OOMOTKHU CTaTOpa» MOKA3aJIH
clieayronee. Bpemennoit CHUTHAJ AMEEeT
MePUOIUICCKYIO, CTAOWIBHYIO IO aMIuIuTyne Gopmy,
[pUYEeM OH HECUMMETPHYEH OTHOCHUTEIBHO HYJIEBOIO
3HAUYEHHUS: IIOJIOKUTEIbHAS aMIUIUTYA COCTaBIsAeT Ay,

= 320A/wm, orpunarensrHas A,_ = —180A/m. Ha puc. 13

MpeACTaBICHA  KpyroBas  JauarpaMma  aMIDTUTYIBI
HanpspkeHHoctTrn  BMIT  mBuratenss  AWP90L4Y 3.
AMIUTHTYa CHWTHala CYIICCTBEHHO HEpaBHOMEpHA II0
OKPY)KHOCTH CTaTopa, 4YTO XapaKTepHU3yeT HaJTUIHC
aJeKTpudecKkoro  jgedekra. Kpyroas — mumarpamma
BBITSHYTa OT TOYKH 3 K TOYKE / U MUMEET XapaKTCPHBIH

Bua i dtoro tuma jgedexra [9]. MaxcumanbHas

aMIUTUTya B T. / MCHbBIIE CPEIHECH KpYroBou

aMIutuTynbl  OesnedextHoro apuratens (puc. 11) Ha
16 %,a muanManpHas —B 2,5pasa.
H.AM
250 -

5
Puc. 13. KpyroBast jamarpamMma aMmIUTUTY/bl HAIMpPsHKEHHOCTH
BMII gsurarens Ne 2

Ha puc. 14 mnpeacraBieH CIEKTpalbHBIH coOcCTaB
curHaiga HampsbkenHoctn BMIT B Al Ne 2 mpm
MEXKBUTKOBOM  3aMBIKAaHWHM, TIIOJYy4€HHOTO B  TOYKE
makcumyma (1. 7). [Ipu aHann3e rapMOHHYECKOrO COCTaBa
CHTHAJa B Pa3JIMYHBIX TOYKAX M3MEPEHHS BBIABICHO, YTO
€ro XxapakTep HE 3aBHCHUT OT MeECTa pPAaCIHOJIOKCHUS
MEKBUTKOBOT'O 3aMBIKaHHS U TIOYTH OJIMHAKOB IPU Pa3HON
ammuutyae cursana. CIeKTp CHrHajia II0Ka3bIBAaeT, 4TO
amiuuTyaa ocHoBHOW rapmonuku (50 ') y nedextHOro
nurarens Ne 2, Tak ke, Kak ¥y HoBoro apurarens Ne 1,
CYIIECTBEHHO MPEBAINPYET B CIIEKTPE.

H, Ada
T | I
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Puc. 14.Crexrpanbubiii cocraB BMIT auratess Ne 2, Touka 7

Opnnako amruutyda Tperbeil rapmonuku (150 I'nm) y
nedextHoro asurartens ysenmumnack B 10 pas, y msroi
rapmonuku (250 I'm) — Gonee vem B 4 pasa. [lpusHaku
nckaxenus: Gopmel BMII npaktudeckn Te XKe, 4TO U
npuBeicHHble B pabore [9], B Koropodl nmedekT
«MEXBHTKOBBIC 3aMBIKaHHsI OOMOTOK CTaTOpa» CO37aBajcs
neneHanpasieHo.  CrenoBaTenbHO,  HpenBapUTEIbHAs
JIMarHOCTHKA TI0 JJAHHBIM BHOpaIMy 3TOro TUMa jedexra
yTOUHEHa INpu aHauu3e HanpsbkeHHoctn BMII, 4yro
TIOBBIIIACT JIOCTOBEPHOCTD JJAHHOT'O KOMIUIEKCHOTO METO/1a
JMarHOCTHPOBAHMS IO COBOKYITHOCTH JIBYX IIapaMeTpOB
pa3inuIHON (PU3MIECKON TIPUPOIBI.
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OxHuM W3 caMbIX  PaclpOCTPaHEHHBIX  Je(EeKTOB
ACHHXPOHHBIX JJIEKTPOABUraTeNIe SIBIISIETCSL
pacTpecknBaHUE M OOPBIB CTEPKHEH POTOPA, BBITOIHEHHOTO
B BHJE Oenmmubeil KieTkH. JlocToBepHas AMarHoCTHKa 3TOTOo
JnedexTa TO3BOMUT TIPEAOTBPATHTH BHE3AIHBIC OTKAa3bl,
MOBBICUTh HA/ISKHOCTh NPHBOJA. Mcronp30BaHMs JTaHHBIX
BHOPOJIMATrHOCTUKH YacTO OBIBAET HEJOCTATOYHO, YTOOBI
pacro3Hath 3TOT AedeKT. B mpuBeseHHOM BBINIE pHMepe
(puc. 9) orcyTcTBHE BOKPYr TapMOHHK OOOPOTHOW YacTOTHI
XapaKTepHOro Habopa OOKOBBIX MOJIOC YacTOT HPOXoja
nonst f, He MO3BOICT YBEPEHHO pPACIIO3HATH JAHHBIHA

nedekt Ha panHeil cramun (00bIIOe KOMTMYECTBO TAapPMOHHK
00OpPOTHOM YaCTOThI XapaKTepPHO M I MEXaHHYECKHX
ne(heKToB B ANIEKTPOABUTATENSIX (Mexannueckoe
ocnaOlicHHe HEMOABIKHBIX COCJMHCHHH ¥ JIOQTH B
HOJIBIDKHBIX COCIMHECHHUSIX)).

[IpoBeneHHbIe UCCIICIOBAHHUS HAaIPSHKCHHOCTH
MarauTHoro moiist AJ] Ne 3 mokazanu crnemyromiee:

— cpennsis ammuiutyaa BMIT (120 A/m) Gosee MOIIHOTO
(4 xBt) nmpurarens Ne 3 (puc. 15) B 2,5 pasza MeHblue
anayormyHoi ammmutyael BMIT (300 A/m) y Menee
moruHoro (2,2kBt) Al Ne 1 (puc. 11);

— ¢opma  KpyroBoil  JauarpaMMbl  aMIUTUTYHBI
HanpspkeHHocTd BMIT (puc. 15) cyliecTBeHHO OTIMYaeTcst
OT OKPY)KHOCTH, UMECT XapaKTepHyr (GopMmy 3JUIHIica co

il i

H &l
e
T

BIAJIMHON ¢ MakcumymoM 160 A/Mm (1. 2) u Muaumymom 70
Alwm (1. 1).

AHanmu3 TapMOHHYECKOTO COCTaBa CIIEKTpa CHI'HAJA
(puc. 16),3aMepeHHOr0 B TOYKE HAMOOIbIICH aAMIUTHTY/IbI
BMII (1. 2), nokassiBaer yBenuueHue amiuutyn 3 u 17
TapMOHHK, KOTOpBIE CTaJId COM3MEPHUMBI C HEPBOH
rapmonukoid (50 T'm). 3HAYMTENBHO  YBENUYHIKCH
aMIUTUTYbl HEYETHBIX rapMoHUK ¢ 5 mo 15. IMosBunnch
HHU3KOYACTOTHBIC YE€THBIC TapMOHUKHN 2, 4. JIaHHBIN CIIEKTp
XapakTepu3yeT ABUTATENb C JCPEKTOM «OOpPBIB CTEPIKHS
poTopa».
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Puc. 15. Kpyrosas anarpamma nHampspkennocredt BMIT msurarens
Ne 3¢ nedpexToM «OOPBIB CTEPIKHS POTOPA>»

tragmnn

Puc. 16.T'apmonnueckuii cocta BMIT Al Ne 3 ¢ nedexrom «oOpbIB CTEp:KHS poTopa» (T. 2)

Tabmuna 2

Bozmoorcnocms eviagnenus Oeqbekmoe

Tun HeucnpaBHOCTH Bubponauarnocrrka AHAIH BHCLIHETO
MarHUTHOTO TIOJISt
OOpsIB (a3zsl na na
HecnvMeTpust muTaromero Toka na na
OTKIIOHEHHE YaCTOTHI CETH zna
MexdasHble 1 MEKBUTKOBBIC 3aMBIKAHUS na
UpesmepHas Harpyska na
CroMaHHBIE CTEPIKHH POTOpA na a
Kopotkoe 3ambIkanue B cTatope na
Pa3zpymenne moqmMITHIKOB na na
Henocratounas cmaska na
JucOananc za
PacuenTpoBka Jna
Mexanudeckoe ocinabiaenue, JToQThI za




OKCHEHTPHUCHUTET BO3AYIIHOTO 3a30pa

Ja | na

Pa3pabaTeiBaeMBbIil KOMIUICKCHBIH METOJ], OCHOBaHHBIN
Ha BUOPOIMATHOCTHKE W aHAIIN3E BHEIIHETO MAarHUTHOTO
TIOJIsI MAIIMHBI, B TICPCIIEKTUBE MTO3BOJIUT OOHAPYKHTH [0
90 %  BO3MOXKHBIX nedexToB ACUHXPOHHBIX
AJIEKTPOJIBUTATEIICH, TTOBBICUTH JIOCTOBEPHOCTh
JMUATHOCTHKHU. B TaOm. 2 mpencraBieHB BHIBI JEPEKTOB,
KOTOpbIE ~ BO3MOXXHO  OOHAapyXHTh C  ITOMOIIBIO
KOMIUICKCHOTO BHOPAIIMOHHOTO W MAarHUTHOTO METOOB
KOHTPOJIS U IUATHOCTUKU

BriBoabI

B xome mTPOBENCHHBIX WCCICNOBaHWN pa3paboTaH
KOMIAKTHBI ~TIEPEHOCHOW TpUOOp I M3MEpPEHUS
HaIpPsHKEHHOCTH BHEIITHETO MarHUTHOT'O oSt

ACHHXPOHHBIX 3JICKTPOJBUTaTeNel; pa3paboTaH CTEHT,
TIO3BOJISIIOIMI  TIPOM3BOANTG HCHBITAHUS B PA3JIMIHBIX
pexxumax padotsl Al n ipu pazueIx gedekrax. [Ipoeneno
COBMECTHOE HCCIIC[IOBAHUE IapaMEeTpoOB BHOpalu U
BHEIIHET O MarHuTHOTO TIOJIS pu nedekrax
«ME@XKBHUTKOBBIC 3aMBIKAHUS» U «OOPBIB CTEPXKHS POTOPa».
BersiBiieno, 4to pasButHe Je(EKTOB 3JIEKTPOABHIATEIS
BIMSCT HE TOJBKO Ha Mapamerpbl BHOpamuu, HO W Ha
HU3MEHEHHE €r0 BHEIIHEr0 MarHUTHOIO IOJsl, B YaCTHOCTH
Ha BHUJ KPYrOBOM JMarpaMMbl aMIUIMTYAbl W CHEKTp
HanpsbkeHHoctd BMIL

PazpaboTka METOIOB KOHTPOJIS W JUAarHOCTHUKH
nedexroB AJ] mo mapamerpam BMII nmact BO3ZMOXKHOCTB
TIOJTYYUTh JIOCTOBEPHYIO MH(OPMALIMIO HE TOJIBKO O BHJAX
neeKTOB, HO M O CTETICHH UX Pa3BUTHS.

Juin  ompeneneHuss — AMArHOCTMYECKUX — MPU3HAKOB
Je(EKTOB ACHHXPOHHBIX AJICKTPOJIBHUIaTeNIe Ha IEpBOM
JTane WU3MEpeHa HANpsDKEHHOCTh MArHUTHOTO MOJS 1O
BHEIIHEH OKPYXXHOCTH CTaTropa, IO MapamerpaM KOTOpOH
ObUla TIOCTpOGHA KpYroBas JAuarpamMMa aMIUIATYAbl U
OIpeNieSIeH TapMOHUYECKUI cOcTaB HampsbkeHHocTH BMIT
JBrraresns 06e3 1eh)eKToB, IPUHSTOrO B KAYECTBE STAIIOHHOTO.
KpyroBass pmarpamma ammmryasl BMII  npaktuyecku
CUMMETpUYHA W HMeeT (OpMY OKPYKHOCTH, TOrJa Kak
CIICKTP COJCPKUT TONBKO TepBytro rapmonuky (50 I'm)
HanpsbkeHHocTn BMIT mpu oTCyTCTBHM BBICOKOYACTOTHBIX
COCTaBJISIFOLIHX.

MogenupoBanue nedexTon «MEXKBHUTKOBOE
3aMBIKaHUE» u «00pBIB CTEPKHS potopa»
QJIEKTPOABHTATEINICH TOKA3aJI0, YTO KPYrOBBIC AMATrPaMMEI
AMIUINTYbl W TapMOHHMYECKHE COCTaBbl  CIIEKTPOB
HanpspbkeHHocTu BMIT pe3ko omnuyaroTcs OT TaJOHHBIX.
IIpn »tx nedexTax Kpyrosble AUAarpaMMbl aMIUTUTY/IbI
HanpspkenHocTn BMIT pe3ko m3MeHstor cBoro  (opmy,
CTAHOBSITCS HECUMMETPUYHBIMH.

Haymmuue B cnexrpe HanpsbkenHoctd BMIT AL, Hapsny
CO 3HAYHTENBHOW cocraBistromeit 1-if rapmonmku 50 I,
oTHOcUTeNbHO HeOonpumx (1-3 %) cocraBistONIMX
TapMOHMK TIOpsiiKa 2n-1, n = 2, 3 MOXET CIyXHTh

JIUarHOCTUYECKUM MIPU3HAKOM MEKBUTKOBBIX u
MeK(a3HBIX 3aMbIKAHUH OOMOTKH CTaTOpA.
JluarHocTHYeCKUM  NpU3HaKOM  Jedekra  «OOpBIB

CTEPXKHS pPOTOpa» SBJSIETCS YBEIMYCHHE AMIUTHTYIbI
HEYEeTHBIX TapMOHUK 2n-1; n = 1, 2...9, npuuem
aMIuUTyabl 3 1 17 TapMOHUK CTaHOBSITCSI COTIOCTaBUMBI C

ammuaTyaoit 1-it rapmonuku (50 ['). TlosBisiroTes Takoke
HHU3KOYACTOTHBIC YETHBIE TADMOHUKH 2n, n =1, 2.
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