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Jlaboparopnasi padora Nel.
HccnenoBanue padoThl JIEKTPONIPUBO/A HA 0a3e
KOJIJIEKTOPHOT'0 IBUTaTeJIA OCTOSTHHOTO TOKA

1.1 Heab 1 3aga4u padoThI

[lenpt0o paboOTHI SBISETCS OCBOCHUE CTYyACHTAMU MPHUHIIUIIOB
MOCTPOCHUS U (PYHKIIMOHUPOBAHUS YIPABIISIEMOTO 3JIEKTPONPHUBOJIa HA
0a3e BUTATENs MOCTOSHHOTO TOKA HE3aBUCUMOT'O BO30YKICHUS

1.2 3apanue Ha JJadopaTopHyI0 padoTy

B pamkax Hacrosmeid sabopatopHOi pabOThl  TpedyeTcs
BBIIIOJIHUTB CJIETYIOILEE:
1. O3HaKOMHUTBCS C KOHCTPYKIMEN JBUTATEISI IOCTOSIHHOTO TOKA
2. OCBOUTH IPUHIUIIBI PETYIUPOBAHUS YTIIOBOM CKOPOCTH CTEHAA
3. IlomyyuTh 3aBUCUMOCTHM YIJIOBOM CKOPOCTH OT BEJIUYUHBI
MUTAOIIETO HANIPSKEHU MPU PA3JINYHbBIX 3HAYEHUAX HAarpy3KH
4. 3aHecTH MOJyYEeHHbIC JAHHBIE B TAOJIUILY, TOCTPOUTH IPpaPUKH
5. [lonyunuTh MEXaHUYECKYIO XapaKTEPUCTUKY MPUBOJIA, BBHIMOJIHUTH €€
aHaJu3.

1.3. Kparkue Teoperu4eckue cBeJIeHUs

OJIEKTPOJIBUTATENIM  TMOCTOSIHHOTO TOKAa TMPUMEHAIOT B TeEX
AJIEKTPOIIPUBOIAX, e TpeOyeTcs OOJBIION JUamna3oH pPeryarupoBaHUs
CKOpPOCTH, OOJbIIas TOYHOCTh MOJACPKAHUS CKOPOCTH BpaIllCHUS
IIPUBOJA, PETYIUPOBAHUSA CKOPOCTH BBEPX OT HOMHUHAJIBHOM.

PaboTa 3JIeKTpUYECKOr0 JBUTATelNs MOCTOSHHOIO TOKAa OCHOBaHA
Ha SIBJICHUU JJIEKTPOMArHUTHOW MHAYKIMU. VI3 OCHOB 3JIEKTPOTEXHUKHU
M3BECTHO, YTO HA MNPOBOJHUK C TOKOM, NOMEIICHHBIM B MAarHUTHOE
T0JIE, JCUCTBYET CUJIa, OlpeaeisgeMas 1o MpaBuily JIEBOM PYKH:

F = BIL,

rae I — ToOk, mporekaromuii NO0 NPOBOJHUKY, B — wuHAyKIUA
MAarHUTHOTO 10Jis; L — J1iMHa MpOBOIHUKA.



Puc. 1.1 Cxema neicTBUS CHII 3JIEKTPOMArHuTHOM MHIYKIIMU

[Ipu mnepeceyeHUH NPOBOJHUKOM MAarHUTHBIX CHJIOBBIX JIMHUU
MAallMHbI B HEM HABOJUTCS JJIEKTPOJBMXKYIAs CHJIa, KOTOpas IO
OTHOIIICHUIO K TOKY B IIPOBOJHUKE HAMpaBJI€HA MPOTUB HErO, MOATOMY
OHa Ha3bIBaeTCsl 0OpaTHOM WM MpOoTUBOAEHcTBYIoMIEeH (MpoTuBo-2]1C).
DnekTpuyeckas ~ MOIIHOCTh B JIBUTaTene  mpeoOpasyercss B
MEXaHUYECKYIO U YaCTUYHO TPATUTCA Ha HarpeBaHHUE MIPOBOIHUKA.

KOHCTpYKTHBHO BCE 3JIEKTPUYECKHUE JIBUTATEIIN MOCTOSIHHOTO TOKA
COCTOST U3 UHAYKTOPA U IKOPS, PA3ICJICHHBIX BO3IYIIHBIM 3a30POM.

NaaykTop SJEKTpOABUTATENSI MOCTOSHHOIO TOKAa CIYKUT IS
CO3JIaHUs HEIOJABH)KHOIO MArHMTHOIO MOJISI MAllMHBI U COCTOUT W3
CTAHUHBI, TJIABHBIX M J00ABOYHBIX MOIIOCOB. CTaHWMHA CIYXXHUT JJIS
KPETUICHUSI OCHOBHBIX M JJOOABOYHBIX IOJIOCOB U SBISETCS AJIEMEHTOM
MAarHMTHOM Lenu MamuHbl. Ha TIIaBHBIX TMOJIIOCAX PACIIOJIO0KEHBI
0OMOTKH BO30YXKJE€HUS, MpeAHA3HAUYCHHBIC NI CO3/IaHUS MarHUTHOIO
IIOJII MAaIllMHBLI, Ha J00AaBOYHBIX IIOJIOCAX - CICIHUAbHAsI OOMOTKA,
CyXalas JUisl yIy4lIeHUs YCIOBUHM KOMMYTAIWH.

Slkopp  ayeKTpoABHUTATENISI IIOCTOSSHHOIO TOKAa COCTOUT W3
MarHUTHOM CHCTEMBI, COOpaHHOW W3 OTIEIBHBIX JIUCTOB, padoueit



O0OMOTKH, YJI0O)KEHHOM B T1a3bl, ¥ KOJJIEKTOPA CIIY’KaIleTo IJi MoABOAA K
paboueit 0OMOTKE OCTOSSHHOT'O TOKA.

Kosiektop mpeacraBiaseT coOOM IMIMHAP, HACAKCHHBIM Ha Ball
JIBUTATENsd U WM30pPaHHBIM M3 H30JMPOBAHHBIX JIPYr OT Jpyra MeEIHBIX
minactuH. Ha KojuiekTope MMEIOTCS BBICTYIBI-NIETYIIKH, K KOTOPBIM
MpUTIasiHbI KOHITBI CEKIUK 0OMOTKH sKOpsi. CheM TOKa C KOJUICKTOpa
OCYILIECTBJISACTCS C IMOMOIIBIO IETOK, 00ECIIeUMBAIOIINX CKOJb3SIIAMA
KOHTAKT C KoJuleKTopoM. IlleTkn 3akpemsieHbl B IIETKOAEpKaTEIsIX,
KOTOPBIE  YJCpP)KMBAIOT WX B  OINPEACICHHOM  TMOJOXKCHUU U
oOecIieunBalOT HEOOXOJAMMOE HakaThe IIEeTKM Ha ITOBEPXHOCTH
koJutekTopa. IlleTkn W mIeTKoAepKaTeli 3aKpeIieHbl Ha TpaBepce,
CBSI3aHHOU C KOPITYCOM 3JIEKTPOIBUTATEIIS.

KomMMyTanus B 3JIEKTPOABUIaTesIX MOCTOSTHHOTO TOKA

B nporiecce paboThI 2JIEKTPOIBUTATENIs TOCTOSSHHOTO TOKA IIETKH,
CKOJIBb35I o MTOBEPXHOCTHU BpAIAIOIIETOCS KOJUIEKTOPA,
MOCJIEIOBATENIBHO TIEPEXOIIT C OJHOW KOJUICKTOPHOW IUIACTUHBLI Ha
apyryro. llpu 3TOM NpOUCXOIUT NMEPEKIFOUECHUE NAPAIUIETbHBIX CEKIINN
O6MOTKI/I AKOPpA U UISMCHCHHUEC TOKA B HUX. H3menenmne Toka IMPOUCXOOUT
B TO BpeMs, KOT/1a BUTOK OOMOTKU 3aMKHYT IIETKOM HAKOPOTKO. DTOT
MPOLIECC TEPEKIIOUYCHUSI U SIBJICHUS, CBSI3AHHBIC C HUM, Ha3bIBAIOTCS
KOMMYTALIUEN.

B MOMEHT koMMyTaliu B KOPOTKO3aMKHYTOM CEKIIUU OOMOTKHU
10J] BIMSHHEM COOCTBEHHOI'O MAarHUTHOTO IIOJIS HAaBOIUTCS 3. . C.
CAMOUHYKIIMH. PesynpTHpytomas DJIC. BbI3bIBACT B
KOPOTKO3aMKHYTOW CEKIMHU JIOMOJHUTEIbHBIN TOK, KOTOPBIA CO3/1a€T
HEPAaBHOMEPHOE pacHpeleieHUe IUIOTHOCTH TOKAa Ha KOHTaKTHOU
MOBEPXHOCTH IIETOK. ITO OOCTOSATEIHCTBO CYUTAETCA OCHOBHOMU
MIPUYMHON UCKPEHUS KOJUICKTOpa MmoJj meTkor. KadectBo koMMyTanuu
OIIEHUBAETCS MO CTEMEHU MCKPEHHUS IOJ| COErarolnM KpaeMm IIETKH U
ONPENEISACTCS IO MIKAJIE CTEIICHEN UCKPEHUS.

Cnoco0bl BO30YXKACHHUSI JJICKTPOABUraTe]ell MOCTOSIHHOIO
TOKA

ITox BO30YXA€HHUEM DJICKTPUUECKUX MAIIIMH MOHUMAIOT CO3JaHUE
B HHX  MarHMTHOrO  TMOJiI,  HEOOXOAUMOTO Uit  pabOThI



CxeMbl BO30YXKJICHUS AJICKTPOABUTATEIICT
IIOCTOSTHHOT'O TOKA MOKa3aHbl HA PUCYHKE 2.
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Puc. 1.2. Cxembl BO30YKIeHHS IEKTPOIBUTATENICH TOCTOSHHOTO TOKA:

a - HC3aBHCHUMOC, 0 - MapaJuiyICIIbHOC, B - IIOCJICAOBATCIIBHOC, I' —
CMCIIAaHHOC

[Io cmocoOy  BO30OyXAeHUS  DJICKTPUUECKUE  JBUTATENIH
MOCTOSIHHOTO TOKA JIEJISIT Ha YEThIPE TPYIIIIbL:

1. C He3aBUCUMBIM BO30YXJICHHEM, Yy KOTOPHIX OOMOTKa
Bo30yxkjenuss HOB  nurtaercs OT  MOCTOPOHHETO  MCTOYHHMKA
NOCTOSIHHOTO TOKa.

2. C mnapauieqbHbIM BO30YXJEHUEM (IIYHTOBBIE), Y KOTOPBIX
oomoTtka Bo30yxaeHus LIIOB Bkitouaercss mapajiyiebHO HCTOYHHKY
MATaHUST OOMOTKH SIKOPSI.

3. C nocnenoBaTeabHBIM BO30YKIEHUEM (CEpUECHBIE), Y KOTOPBIX
obmoTka B0o30yxkjeHusi COB BkIIOUEHA MOCIEIOBATENIBHO C SKOPHOM
OOMOTKO.

4. JIBurarenu co CMEIIaHbIM BO30YKJAEeHHEM (KOMIIAyHIHBIE), Y
KOTOpbIX uMmeercsa nocienoBarenbHass COB wm mapamnensnas [IIOB
OOMOTKH BO30Y:KICHHUS.

Ilyck aBurartesieid HOCTOSAHHOTO TOKA

B HavaibHBIE MOMEHT ITyCKa ABUTATENS SKOPbh HEMOJABUXKEH U
npoTuBo-2/IC. 1 HanpsbKeHUE B SIKOpe paBHA HYyIo, nosromy I, = U /
R,.

ComnpoTHUBJIEHUE LIENU SIKOPSI HEBEJIMKO, IMOATOMY ITyCKOBOW TOK
npesbiaeT B 10 - 20 pa3 u 60jiee HOMUHAIBHBIA. JTO MOXKET BBI3BAThH
3HAUUTEIIbHBIC AJEKTPOJAMHAMUYECKUE YCWIHUS B OOMOTKE SIKOpS U
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YpE3MEPHBI €€ NEPEerpeB, MOATOMY ITYCK JBUTATENS IPOU3BOIAT C
IIOMOIIBIO  ITYCKOBBIX PpPEOCTATOB - AaKTHUBHBIX CONPOTHUBIICHUM,
BKJIFOYAEMBIX B IIEIb AKOPS.
JIBurarenu MOIHOCTHIO 710 1 KBT momyckaroT nmpsiMoit Imyck.
BennunHa compoTUBIICHHS MyCKOBOTO PEOCTaTa BBIOMPAETCS IIO
JIOIYCTUMOMY ITYCKOBOMY TOKY JABWUTarelisi. PeocTar BBINOJIHSIOT
CTYIIEHYATHIM JUUIS YIYYIIEHUS TJIABHOCTH ITYCKA 3JIEKTPOIBUTATEIS.

PerJII/IpOBaHI/Ie 4acTOoThbI BpalllCHUA AICEKTPOABHUTATEC/IA
INOCTOAHHOI'O TOKA
Yacrora BpaliCHUA ABUTATCIIA IIOCTOSHHOI'O TOKA!:

f.-'—fHF:'H
=T
rne U — HanpsokeHue numrarouien cetu; I; — 1ok gkops; R, —
COMPOTHUBJICHUE IeNu SIKOps; k. — KoadduimenT, xapakTepru3yromui

MAarHUTHYI CUCTEMY; @ — MArHUTHBIN MMOTOK AIEKTPOABUTATENS.

W3 dbopmynbl BUAHO, YTO YACTOTY BpalEHUS 3JIEKTPOJBHUIaTels
MOCTOSIHHOTO TOKAa MOYHO PEryJIUPOBATH TPEMSI MyTAMU: U3MEHCHUEM
MOTOKA BO30YKJEHHUS 3JIEKTPOJBUIaTelsl, K3MEHEHUEM IMOJBOJUMOIO K
AIEKTPOJABUTATENIO HAMPSIKECHUS U N3MEHCHUEM CONPOTHUBIICHUS B LIEH
AKOPSL.

Haulonee mmpokoe NpuMEeHEHUE MOJIYYHIN TEPBBIE Ba crocoda
pEryaupoBaHus, TPETUI COCO0 MPUMEHSIOT PEIKO: OH HEAKOHOMUYEH,
CKOpPOCTb JABUTATENsl MPU ATOM 3HAYMUTENIBHO 3aBHCUT OT KOJICOAHMIA
Harpy3ku. MeXaHHYeCKHE XAPAKTEPUCTUKH, KOTOPBIE TMPH 3STOM
IIOJIy4YarOTCs, IIOKa3aHbl HA PUCYHKE.
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Puc. 1.3. MexaHn4ecKkue XapakTepUCTUKU SJICKTPOIBUTATEIIS
MOCTOSIHHOTO TOKa MPH Pa3IUYHBIX CIIOCO0aX peryJInpoBaHUS YaCTOTHI
BpalieHus

Kupnas nipsmasi — 3TO €CTECTBEHHAs] 3aBUCHUMOCTb CKOPOCTH OT
MOMEHTa Ha Bally, WIH, 4YTO TO XK€, OT TOKa sAKops. Ilpsamas
€CTECTBEHHOM MEXaHUYECKOU XapaKTEPUCTUKU HECKOJIbKO OTKJIOHSETCS
OT TOPU30HTAJILHOM IITPUXOBOM JMHHUM. DTO OTKJIOHEHHUE HA3BIBAIOT
HECTaOWJIbHOCTBIO, HEKECTKOCTbIO, MWHOrJa cTaTu3mMoMm. ['pymma
HEMAPAJUICIbHBIX NPAMBIX | COOTBETCTBYET PErYIMPOBAHUIO CKOPOCTH
BO30YXKJIEHHEM, TapajuiesibHble npsiMbie [l momydaroTcs B pe3yibTare
V3MEHEHUs HaIPsOKEHUs sSKOpsA, HakoHel, Beep III — 310 pesynbrar
BBEJICHHUS B LICMb AKOPSI aKTUBHOTO COIPOTUBJICHUS.

Bennunny TOKa BO30YXKIEHMsSI JABUTATENIsl TMOCTOSHHOTO TOKa
MOHO PETYJIUPOBaATh C MOMOIIBI0 PeocTaTa Wi JIF0OOTr0 yCTpPOMCTBa,
AKTUBHOE COIPOTUBJIIEHUE KOTOPOTO MOXHO H3MEHSATH IO BEIMYUHE,
HanpuMep TpaH3ucTopa. lIpu yBenuueHun CONPOTUBIICHUS B LIENU TOK
BO30YXKJICHUSI ~ YMEHBIIAETCs,  YacTOTa  BpalleHUsS  JBUTATEIS
yBenuuuBaercs. [Ipyu ociabiieHMu MarHUTHOTO MOTOKA MEXaHUYECKHE
XapaKTEPUCTUKU PAacCIiojaraloTcsl BBIIIE €CTECTBEHHOW (T. €. BBIIIIE
XapaKTEPUCTUKU TIPU OTCYTCTBUU peocTtara). [loBhIllIeHUE YacTOTHI
BpAallICHUSI JIBUTATEN BBI3BIBAET YCHJIECHHE HCKPEHHUS IIOJ ILIETKaMH.
Kpome Toro, nipu paboTe 3JEKTpOJBUTATENSI C OCIA0JIEHHBIM MOTOKOM
YMEHBIIIAETCA YCTOWYUBOCTh €ro padOThl, OCOOCHHO MPU MEPEMEHHBIX



CnocoObI peryjimpoBaHus MOJABOAMMONA MOIIHOCTH

[IINM - 5TO WUPOTHO-UMITYJIbCHAS MOIYJISIIMUA. T.C. MOIYJISALUS
(ynpaBiieHUE) HAINpsHKEHUEM WM TOKOM MYTEM HW3MEHEHUS IIUPUHBI
HMMITYJIbCOB TP HEU3MEHHOM UX BEIIMYUHE.

Ha skpane ocrmminorpada IIIMM curHan BBITJIISAUT CIASAYIOIIAM

o0pa3om:
BKI.

T - nepuog, LLAM
T/A - cxaaxmocTs LLIWM

A/T - senvuuna LIUM

Puc. 1.4. Cxema curxana npu MUPOTHO-UMITYJIbCHOW MOIYJISILINA

JlanHblid IMGPOBON CUTHAII UMEET 2 COCTOSIHUSA - JTMOO BKIIFOYEHO
(ma Hoxke MK sto sor. "1"), n1u60 BeiKIIOUEHO (Ha HOXKE MK 3T0 J10T.
"0"). s coznanus IIIMM curnana ucnoJib3yrOTCs pa3IuyHbIe KIIOUU —
Harpumep, BcTpoeHHble B MK WM BHEIIHUE TPAH3UCTOPHI HIIH PEJIE.

MM ( anrn. PWM ) curHan uMeeT CIEAYIOIIUE OCHOBHBIE
napaMeTphbl:

- nepuop IIMM - 310 Bpems Mexay (ppoHTamu (WU CHaJAMM)
COCEJHUX HMMITYJIbCOB - 0003HauaeTcsi T - OOBIYHO OH IMOCTOSIHEH MO
BpemeHu. C mepuoJioM cBs3aHa oOpaTHas BeiauuuHa - yactora LIINMM
paBHas 1 /T B I'm.

- BenuuuHa MM - sto orHOomenue A / T ymHoxeHHoe Ha 100 -
noyudaem mporeHThl (auri. X % duty cycle).

- pazmax MM - 3TO pa3HOCTh MEXKIYy 3HAYEHUSAMH BKJI. U BBIKII.
3HAYEHUE BBIKII. MOXKET OBITh U HEHYJIEBBIM.

[Tpumenenue IVIM no3BoJiser:

1) pecynuposamo mowHoCcms 8 Hazpy3Ke.

PerynupoBanre  MOIITHOCTH  OCYIIECTBIISIETCA  M3MEHEHUEM
CpedHEro BpPEMEHHM TMOJauM MUTaHus B Harpy3ky. Ilpm stom
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KOMMYTHUPYIOIIMM  (BKJIIOYAIOMIMK -  BBIKJIIOYAIOLIUM)  HArpys3Ky
TPAH3UCTOPHBIN KJIIOU pabOTaeT B KIIOUEBOM PEXKHUME M MOITOMY Ha
HEM BBIICJISICTCSI MUHUMYM TEIIa.

Bot npumep peryanpoBaHusi MOIIHOCTH B 3JIEKTPOJIBUTATENE:
+

i

g

N
'I'{:}-EEI:I'F\IN\~\~\2
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Puc. 1.5. Cxema peanuzaiiuu 3J€KTPOHHOTO KJIto4Ya Ha 0aze
M0JIEBOTO TPAaH3UCTOPA

Motop nojkiarodaeTcs K nuTaHuio +V korjaa HanpsbkeHue "PWM
In". Mominsie nosieBsie u IGBT TpaH3ucTOpBl IPaBUWIBHO MEPEKIIOYATH
C IOMOIIIBIO CIIEHMATIBHBIX JIpaiiBepoB — Hanpumep, IRS2110.

Ecnu wactora nepexitouenuit HeBbicokas (10 2-3 KI'x), To MOXKHO
yrpapisaTh noneBbiMu Tpanzuctopamu MOSFET cepum IRL HOXkKOMN
MK uepe3 pesucrop 100 Om, HO Jydille KCHOJB30BAaTh TPAHZUCTOP
IRLZ44 .

YhpaBiisis MOJIEBBIM TPAH3UCTOPOM OAHOW HOXKOM MK, MOXHO
nepekitouarb Tok 50 -100A. BmecTo snekTpoaBuratensi MOXKET OBbITh
OpYyrOM THUI HArpy3Kd, HAlpUMeEp, JIaMIld, HATPEBATEJIbHBIA BJIEMEHT
WM CMEIIIaHHas Harpy3ka - T.e. komouHanus R, C u L.

2) LM  noszsonsem 8bINOJIHUMDb yugppo-ananoeosoe
npeobpazosanue, m.e. ¢ nomowwvto LIIHUM moocno 6v18600umo
ananoeoswvil cuenan. Hysxcno auws oobasumoe ®HY - unomp nuszxux
yacmom.

®HY moxer ObITh npocTermnMm - K BoiBoAy MK, Ha KOTOpBIii
BeiBOAUTCSA [IIMM monkirouaercs pe3sucTop, a Ipyrou BeIBOJ PE3UCTOPA
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3a3eMJI€TCS] KOHJIEHCATOPOM - Ha 3TOM KOHJIeHCaTope OyAeT pe3yabTaT
A npeobOpazoBanus PWM curnana. Ho nydie ucnosb3oBaTh Oosee
HaJIe)KHBIH QuiIbTp HU3KUX YacToT — ®HY Ha ocHOBe omnepaluOHHBIX
YCUJIATEIICH.

1.4. Onucanue J1a00pPaTOPHOIO CTEHAA
Buemuuii BUJ CTeHAA IS WMCCICAOBAHMS PAOOTHI JBUTATENS

MIOCTOSTHHOT'O TOKa MOKa3aH Ha puc. 1.6.
1 5

Puc. 1.6. BHenmHuii Buj CTEH1a B IPOLIECCE U3MEPEHUI

Ha nmannom (hoTo moka3aHbl:

I — anexkTponpuBO: ABUraTENh NOCTOSSHHOTO TOKA HE3aBUCUMOTO
BO30YKJICHHS C IUIAHETAPHBIM PEIYKTOPOM;

2 — IpaiiBepHas cxeMa — YCHJIMTEIb MOIITHOCTH;

3 — mukpokontposuiep ¢ KKHU-nucmieewm;

4 — xJIaBUaTypa I BBOJA MapaMeTPOB BpAIlICHUS Bajia IPUBO/IA;

5 — nudpoBoit MyILTUMETD, IJI1 U3MEPEHUS HANPSIKESHUS U TOKA.

12



Puc. 1.7. BHemHui BUJT MUKPOKOHTPOJIIIEpA

Ha pucynke 1.7 mnokazan BHemHud Bunx JKKU-gucroies
MUKpPOKOHTpoJuiepa ¢ otoOpaxeHueM 3Hauenusi [IIMM-curnana B %,
3HAYECHUE CKOPOCTH BpAICHUS, HWHIMKALMA HAXATHUs KIAaBUII Ha
KJIaBUATYyPE.

1.5. Xox padoTsl

1. IlogpoOHO M3YUYUTHh KpaTKUE TEOPETUUECKHE CBEICHUS M XOJ
BBITIOJTHEHUSI PA0OThI, H3JIO0KEHHbIE B HACTOSIIEM METOIUYECKOM
PYKOBOJICTBE.

2. IloakmtounTh CTEH K MICTOYHUKY nuTaHus 12B ¢ coOmoaeHnemM
MOJIAPHOCTH

3. 3agaBas mapaMeTpbl BpalllcHUs Bajla ¢ MOMOILIBIO KJIABUATYPHI
BBITIOJTHUTh ~ HEOOXOIUMBIE  M3MEPEHHS,  3aHECTH  IOKa3aHUs
U3MEPUTEIbHBIX TPUOOPOB B TAOJIHUILY:

Tabmuma 1.1 — Pe3ynbpTaTel n3MepeHmit

3HayeHue Hanpsokenusi, | Cuna toka, A | Harpyska. Hm Yacrora
INM, % B BpalCHUS,
00/MuH
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4. TlocTpouTh 3aBUCHUMOCTH CKOPOCTH BpAICHUA OT HAMNPSHKEHUS
NP PA3JIUYHBIX HArpy30YHbIX MOMEHTAaX, 3aBUCUMOCTh CKOPOCTH
BpAIICHUS OT KPYTAIIETO MOMEHTAa MPH PAa3IUYHBIX HANPSKECHUSIX
MATAHUS.

5. IIpoBecTu aHAIN3 NOJYUYEHHBIX PE3YJIBTATOB, CAEIATH BBIBOIBI.

1.6. KoHTpOJIbHBIE BONIPOCHI
1. B 3akmtouaercss mpuHUUN PabOThl KOJUIEKTOPHOI'O JBUTATENs
IIOCTOSIHHOTO TOKa?
2. Kak BeirisiguT Mexanndeckas xapakrepuctuka 11T HB?
3. Kakwue crocoOnr nmogkmoueHust ooMotok asurarencii IIT BbI
3HaeTe?
4. Onumure cniocoOs! ynpasnenus JII1T HB.
Onummte cnocoos! ynpasnenus 1T I1B.
Onummrte cnocoos! ynpasnenus AT CB.
Onummte cnocoosl Topmoxkenus 1T HB.
Onumute criocoost Topmosxkenus 11T 1B
9. Onumute criocoosl Topmosxkenus AIIT CB.

®© =N oW

10.B uem 3akimrouaeTcs npeumymiecTBa KouieKTopHbix JITT?
11.B uem 3akmro4aeTcss HEIOCTATKU KOJUIEKTOPHBIX JII1T?
12.1lepeuncnure ob6nactu npumenenus JIIT HB?

14



JlabopaTopnasi padora Ne2.
HccnenoBanue padoThl JIEKTPONIPUBO/A HA 0a3e
ACHHXPOHHOI'0O ABUIaTeJIs

2.1. lleas 1 32124 ¥ padOTHI

[lenpto pabOTHI  SIBASETCS HM3YYEHHE CIIOCOOOB  BHEIIHETO
IpOrpaMMHOI0 yrpaBieHUs1 npeodpazoBareneM yactotel VFD-S uepes
nocjenoBaTeNbHbll mHTEpderic RS-485 nma peanuzanuu 3aaHHOTO
3aKOHA PEryJIUPOBAHUS YTIOBONW CKOPOCTH ACUHXPOHHOIO JIBUTATEIIS.

2.2. KpaTkue TeopeTn4ecKue CBeIeHUsA

Onucanue MemoouKu npPoOZPAMMHO20 ynpaeienus
npeoopazosamenem uacmomut (uneepmopom) VFD-S. Tlonb3oBarenu
MOTYT  YCTaHaBJIMBaTh  MapaMeTpbl W  YIOPaBISITH  pabOTOM
npeoOpaszoBaTeisi 4acTOThl 4yepe3 MocjeaoBaTeIbHbIN uHTepdeirc RS-
485 ¢ TOMOIIBIO MPOMBIIUIEHHOTO KOHTPOJUIEPA U KOMITBIOTEPA.

Tepereraa Topmozmod pespeTop (ompo)
~, - wa gxbop: B0 O 1200
200 Cme 120%W

Pl P2IE1 B2 400 Cre 120%

BrEoger gua Mpema-
OIS EHIA HPATOITETH
HMTAKIER CETH

B T
Z200330B AC oﬁ E
50060 Ty 8 — 2
A [ofKe Y eHEA .
ogE0hasH0H CeTH T—0 T

HCIIONESYATE JHORIE
,I[BTEL ELEOmaH: B, 3
H

A crrorpo HEEDF
IEHTATENE

Tymbmepsr CPU
Erpaza/Cron ﬁ i Iomeraeomerp [1 #0m)
PegpepeiCron [
o | CPU -
CEpoc JR— 11B
(I e

Mucrodyzom. exoml
o 0

M uorodyeoa. Bxon 2

+ MEorodyreomo A HED ERCiO
“CWHEME’ BOHTANTAMEH Pene,
120B ACP2EE DC 54

240 4CH2,54

Mucrodyzom. exon 3

O O

Cbupdt

oy MeorodyreamoHasHEH ERDON o
oTEpaITEIM yomerTopont, $5E DT S0mi
Harp okerme
0-10EDC
Ei'l;}:gﬁm@ FJ-11 yonoyrameo et mopr ¢
F5-485 mocmemosaremsHEm
Tox - reerepdeticon,
4 — 20 g DO rae 2:GHD
H o @ 385G
-‘[ - GHD 4; 3G+
Ga— 1 545V
*FCM. MpEmegarEe
IIpecbpazoraTens 9acTOTE
) Crmopse eREoms i) Y IpaETTEOLEe EEEOTE & H¥pANEpORATGEE IPOENR

Puc. 2.1. TunoBas cxema MOJKIIOYECHUS UHBEPTOPA
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Ha tunoBoii cxeme noAkJIr0ueHUs UHBepTOopa (puc. 2.1) mokazaHbl
UMEIOIIIMECs] Y UHBEpPTOpa NOPThI W pa3zbeMbl. s coenuHeHuUs
MHBEPTOpPAa C KOMIOBIOTEPOM B HeM mnpeaycMorpeH RJ-11 mopt c
nociegoBarenbHbiMm  RS-485  (USB) wuntepdeiicom (puc. 2.2),
PaCIIONIOKEHHBIN HA TUIAHKE YIPABJISIONIUX TEPMUHAIIOB.

1 +17V
2. GND
3. 3G-
4 8G+

6—1
Puc.2.2 Pazvem RJ-11

[Ipu coenuHEHMM HWHBEPTOpPAa C KOMITBIOTEPOM HCIIOJIB3yeTCs
RS232/422/485 USB konBepTop (puc. 2.3).

Puc. 2.3. BHemnuii Bujg koupepropa RS232/422/485 USB

B npeoOpa3oBarenie 4acTOThl NPEAYCMOTpPEHA BO3MOKHOCTh
OJTHOBPEMEHHOTO ympaBlieHUs 10 254 uWHBEPTOpaMH OT OJHOIO
komneloTepa  (puc. 4). Jiga  uaeHTUUKALUMKM  KOHKPETHOTO
npeoOpa3zoBaTes YaCTOThI UCIIOJIb3YETCS WHIUBUyaTbHbBIN

16



KOMMYHUKAIMOHHBIA aJpec, KOTOPhIM 3amaerca mapamerpom Pr.9-00
(Tabu. 2.1).

Tab6x. 2.1 ITapameTpbl HACTPOMKK HHBEPTOPA

3aBoJICKasl yCTaHOBKA:

KoMMyHuKalIMOHHBIHN ajJpec dl

9-00 Jnamna3oH yctaHoBKH: 1...254 JnuckpeTrHocTsh: 1

DTOT mapaMeTp MOXKET YCTaHaBJIMBATHCS BO BpeMs PaOOThI

MIPUBO/IA

nE

Komnblotep d1 d2 d3
| ] —_—
== [T 3 2 -
S1 S1 S1

Puc. 2.4. OqHOBpeMEHHOE YITPABICHUE HECKOIBKUMU
WHBEPTOPAMU OT OJJHOTO KOMIIBIOTEPA

Jlpyrue OCHOBHBIC TapameTphbl, HEOOXOAUMBIC JJIsi KOPPEKTHOM
paboThl KOMITBIOTEPA C UHBEPTOPOM MPUBEIAEHBI HUXE (Tads. 2.2, TadJ.

2.3).

Tab6mn. 2.2 ITapamMeTpsl HACTPOUKU UHBEPTOPA

3aBOJICKas yCTaHOBKA!

CxopocTh nmepeaayu JaHHbIX dl

Bo3MoOkHEI€ 3HAUCHUS:
d0: 4800 Gopx;

9-01 d1: 9600 6onx;

d2: 19200 6onx;

D3: 38400 60p.

DTOT mapaMeTp MOXKET YCTaHaBJIMBATHCS BO BpeMs paOOThI
MIPUBOJA
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Ta6mn. 2.3 [TapameTpsl HACTPOUKU UHBEPTOPA

3aBOJICKas yCTaHOBKA!

HpOTOKOJI KOMMYHHKaIUNA d1

Bo03MOKHBIE 3HAUCHUS:

d0: Modbus ASCII pexum, <7, N,
2>;

d1: Modbus ASCII pexum, <7, E,
1>;
d2: Modbus ASCII pexum, <7, 0,
1>;
d3: Modbus ASCII pexum, <8, N,
2>

d4: Modbus ASCII pexum, <8, E,
1>;
d5: Modbus ASCII pexum, <8, 0,
1>;
d6: Modbus RTU pexum, <§, N, 2>;
d7: Modbus RTU pexum, <8, E, 1>;

D8: Modbus RTU pexum, <8, 0, 1>.

9-04 JuckpeTHocTh: 1

DTOT mapaMeTp MOXKET YCTaHaBJIMBATHCS BO BpeMs pabOThI

MIPUBO/IA

VYmpaBnenue paboTOW HWHBEPTOpa OCYUIECTBISCTCS  MYTEM
MOCBUIKM €My TaK Ha3blBAEMOr0 «KOMMYHHUKAIIMOHHOTO OJ0Ka
nanHbix». Huxe npuseneH gopmart ganHoro 6ioka jiisi RTU pexuma
(Tabm. 2.4).
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Tabmn. 2.4 ITapameTpsl HACTPOUKU UHBEPTOPA

START NutepBan monuanus — 6osiee 10 mMc
ADR Anpec koMMyHUKaIuu: 8-bit agpec
CMD Kon xomanger: 8-bit komanma

DATA(n-1)

Copaeprkanue JaHHBIX

DA.".F.AO nx8 bit gaHHBIX, N<=25

CRC CHK Low CRC xOHTpOJBHAS CyMMa:
CRC CHK High 16-bit koHTpONIBHAS cymMa U3 2 8-bit
CHUMBOJIOB
END NurtepBan monuanus — 6osiee 10 mMc

ADR — KOMMYHUKAIMOHHBIA aApeEC, 3aJAOIIMKCS MapaMETPOM
Pr.9-00 (mast TpaHCAAIMM BCEM MHBEPTOpPaM MOXHO YKa3aTh
KOMMYHHKaIIMOHHBIN ajpec 0).

CMD - xox xomanabel. 03H — komanga urenus, 06H — xomanpga
3aIliCH.

DATA — ¢opmaT CUMBOJIOB JaHHBIX 3aBHCUT OT KOMAaHIHBIX
KOJIOB.

CRC — nuknuyeckas mpoBepka Ha M30bITOYHOCTH. HeobOxomuma
JUISl UCKJTIOUCHMS CUTYalMi TOTEPH U/WIIU UCKAKECHUS TaHHBIX.

Onucanue npozpammel  ynpaeieHusa  uHeepmopom. Jlins
BHEIIIHETO IPOrPaMMHOIO YNIPABJICHHUS HWHBEPTOPOM HCHOJIB3YETCS
nporpamMma, HamucaHHas Ha s3eike C++. HMuTepdelic mporpaMmbl
IPEACTABIIEH Ha puc. 2.5.

19




#¥ MHBepTOp ¥YFD-5

darn  Hactporkd  MomMowe

— MNaHenk ynpaeneHKAa

CosgHHHTE Hucno TI:I'-IE!K=| I

— MaHenk 3a0aHHA SaKoHa YNpaENEHKA AEWEETENER

1

FIt)

b

[CTapT | CYLCTIHTE |

Puc. 2.5. Uutepdetic nmporpaMMbl yIpaBJI€HUS UHBEPTOPOM

Jlannas nporpamma coenussieTcsi ¢ uaBeptropom B Modbus RTU
pexuMe 1o mnpotokoday <8, N, 2> u no3BoJsIET 3aJaBaTh 3aKOH
U3MEHEHUS YaCTOThI OT BPEMEHH.

Knonka «CoeauHUTh» CIyKUT 11 MHULHAIA3ALWA WHBEPTOpA.
Jlnst 3agaHus 3aK0Ha ynpaBieHUsS HEOOXOIMMO BBECTH YUCIIO TOYEK, IO
KOTOPBIM OyAET MPOUCXOAUTH TeHEepallusl ynpaBisitomed yactoTel. Cam
3aKOH PEryJupoBaHus OyJeT MPEeACTaBlIATh COOOU ABYMEPHBIM MacCHUB
TOYEK. t — 3TO BpeMs B CEKyHJax (3aJaeTcd ¢ TOYHOCTHIO 0 1 McC), B
TEUEHHE KOTOPOTo OYyAeT ylepKuBaThbcs Tekyias yactota f(t). Knomnka
«CTtapT» CIy>XUT JJIsl Hayaja JBUKEHUS IBUTATEIS.

2.3. Xox padoThI
1. BBectu He0OXOauMBbIE MJii BHEIIHETO MPOrpaMMHUPOBAHUS
napameTpbl B MHBEPTOP MOCPEACTBOM €ro MAHENH YIPABICHUS.
[Tapamerpsr:
e Pr.0-02 — ycranoButs B d10 (Bo3BpanieHue K HOMUHAJIbHBIM
HacTpOMKaM);
e Pr.1-09 — ycranoButs B d0.1 (Bpems pasrona 0.1 c);
e Pr.1-10 — ycranoButs B d0.1 (Bpems 3amennenus 0.1 ¢);

e Pr.2-00 — ycranoButh B d4 (crioco6 3amaHusi 4aCTOTHI — 11O
unrepdericy RS-485);

20



e Pr.2-01 — ycranoButh B d3 (ynpaBiieHHE uepe3
nocJyenoBarenbHbld uHTEpPeiic RS-485 ¢ BO3MOKHOCTHIO OCTAaHOBKHU
npuBojia kHonkoit STOP);

e Pr.8-15— ycranoButs B d1 (3ampet Ha aBTOMAaTHIECKYTO
PEryJIMPOBKY HAMPSIKEHUS);

e Pr.9-00 — ycranoButs B nquamna3zone 1...254
(KOMMYHHKAIITMOHHBIN aJipec);

e Pr.9-01 — ycranoBuTts B d1 (ckopocts nepenauu — 9600 60x);

e Pr.9-04 — ycranoButh B d6 (MpOTOKOI KOMMYHUKAIUH - <§, N,
2> Modbus, RTU).

2. TlonkmrounTh WHBEpTOp Tpu momolnu RS232/422/485 USB
KOHBEPTOpPA K KOMIIBIOTEPY.

3. 3anmycTuTh OpOTrpaMMmy VIIPABICHUS WHBEPTOPOM. 3aJaTh B
HACTpOMKAX  MOPOTpaMMbl  YOpPaBICHHS  WHBEPTOPOM  (MEHIO
«Hactpoiikay) BUPTYaJIbHbBIN COM-nopt KOHBEPTOpA v
KOMMYHUKAIIMOHHBIN aapec WHBEPTOpA (B Ka4yeCTBE
KOMMYHUKAIIMOHHOTO ajapeca MoxHO ykazath (). Ilocne wuero
WHHUIMATIM3UPOBATh HHBEPTOP, HAXKaB KHONKY «COETUHUTHY.

4. 3amatb HEOOXOAMMOE KOJIMYECTBO TOUEK JUIS 3aJlaHUsl 3aKOHa
ynopaBieHuss W cHOpMUpPOBaTH  3aKOH  YNPaBICHHS,  BBOAS
COOTBETCTBYIOIIIUE 3HAYCHUS B TAOJMIly HA TMaHEIW 3aJaHUsl 3aKOHA
VIpaBJICHUS B COOTBETCTBUM C 3aJaHHbIM TrpadukoM (Taba. 35)
YIIPABJIEHUS YACTOTHI BBIXOJHOTO CUTHAJIa HHBEPTOPA.

5. Haxatp kHONKY «CTapT» W NPOCIEINTh U3MEHEHUE YacCTOTHI,
TEHEPUPYEMOM HWHBEPTOPOM W CKOPOCTH BpAIEHUS ACHUHXPOHHOIO
JIBUTATEJIS.

6. Ilpoananu3upoBaTh TMOJYYEHHBIE pE3yJbTAaThl, HAIKUCATh
BBIBO/IBI.
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2.4. BapuaHThl 3a1aHUM
HcxonHbie JaHHBIE BEIOMPAIOTCS COTJIACHO BapHaHTYy 110 TadJI. 2.5.

Tabm. 2.5. BapuaHTsl 3a1aHui

] a0
a0 40
i) fit)
20 20
0 10 20 30 40 0 a0 1] 10 20 30 a0 0 ]
t t
a0 a0
40 40
f{t) fit)
20 20
a 10 20 30 a0 50 <] i] 10 20 30 40 i 60
t t
60 1]
40 40
fit) fit) 1
20 20
a 1n 20 30 40 50 &0 i 10 20 30 40 0 Al
t t
a0 al
A0 40
0 20
a 10 20 30 40 0 0
a 10 20 30 A0 50 a0 ;
t
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2.5. KoHTpoO/IbHBIE BONPOCHI

1. B 3akiroyaercsi mMpUHIUI pabOThl ACUHXPOHHOIO JIBUTATENs
MIEPEMEHHOT0 TOKA?

2. Kak BbIMIAUT MEeXaHuueckas xapakrepuctuka AJl?

3. Kakue tunbel AJ[ B 3aBUCUMOCTH OT KOHCTPYKIUH POTOPA BBI
3HaeTe?

4. Yto Takoe uHBEpTOpA?
Onuiute cnocoOs! ynpasieHus AJl.
Onuimte crnocoosl TopMokeHust AJl.
B yewm 3akimrouaercs npeumytiectBa AJl?
B uem 3akmrouaercs HemoctaTku AJl?

O XN

[lepeuncnure obnactu npuMenerus: AJl?
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JlabopaTopnasi padora Ne3. UccienoBanue padoTbl
CEepBONPUBOAA HA 0a3e KOJUIEKTOPHOIO ABUTaTeJIsl IOCTOSTHHOTO
TOKA

3.1 LHeuasp u 3a1aun padoThI

[lens paOOThl — U3YUUTHh MPUHIHUIIBI TOCTPOEHUS CEPBONPHUBOIOB
HA TMpUMEpe CepBOMOTOpa Ha 0a3e KOJUIEKTOPHOIO JBUTrATENsS
MOCTOSIHHOTO TOKa, OCBOUTh OCOOCHHOCTH KOHCTPYKIIMU U aJTOPUTMBbI
YIIPaBJIEHUS] CEPBONIPUBOJIAMH.

3.2. Kparkue TeopeTniecKkue CBeIeHUSA

Cepsonpueod — MEXAaHWUYECKUW TMPUBOJI, UMEIOUIUA B COCTaBE
IaTYuK (TOJIOKEHUS, CKOPOCTH, YCWIHS W T.M.) U OJIOK yHpaBJiICHUS
MPUBOJIOM (PJIEKTPOHHYIO CXEMY WM MEXaHWYECKYI0 CHCTEMY TiT),
aBTOMATHUYECKH TOACPKUBAIOIINA HEOOXOIUMBIE TlapaMeTpbl Ha
JaTYUKE COTJIACHO 3aJJaHHOMY BHEITHEMY 3HAYCHHIO.

CepBonpuBOJ SABJISICTCS «aBTOMATHYECKUM TOYHBIM
UCIIOJHUTENIEM» — ToJly4ass Ha BXOJ 3HAUYCHUE YIPaBISIOLIETO
napamerpa (B peXHMME pPEaJbHOTO BPEMEHH), OH «CBOMUMH CHJIAMM»
(OCHOBBIBAsSICh Ha TMOKAa3aHUSIX JaTyMKa) CTPEMUTCS CO3/AaTh W
MOAAEPKUBATH 3TO 3HAUCHHUE HA BBIXOJIE UCIIOJHUTEIHLHOTO JIEMEHTA.

K cepBonmpuBogaM, Kak K KaTerOpMHd MPHUBOJOB, OTHOCHUTCS
MHOKE€CTBO Pa3JIMUHBIX PETYJIATOPOB U YCHIUTENECH C OTPHUIATEIbHOM
OOpaTHOM CBSI3blO, HANPUMEP, THUIAPO/INEKTPO/MTHEBMO- YCHIUTEIH
PYYHOTO MOPUBOJA YIPABIISIIOMIMX 3JIEMEHTOB (B 4YaCTHOCTH, PYJIEBOE
yIpaBJICHUE W TOPMO3HAasi CHUCTEMa Ha TPAKTOpax M aBTOMOOWIIAX),
OJIHAKO TEPMHUH «CEPBOIPUBO YaIlle UCIOJIB3YETCS i1 0003HAYEHUS
AJIEKTPUUECKOTO TMPUBOJA C OOpaTHOM CBA3BID 1O IMOJIOKEHUIO,
NPUMEHSIEMOTO B aBTOMATHMYECKUX  CHUCTEMax JiJid  MpUBOJA
YIPaBISAIONIMX 3JIEMEHTOB U PA00OYHMX OPraHOB.
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Mukpo cepBONpuBOJ Ha 0a3e KOJJIEKTOPHOI0 [BUIaTeJIs
MOCTOSHHOI'0 TOKA (CePBOMAIIMHKA)

Cepgomawiunka — 3TO KpPACYTOJbHBIM KaMEHb MEXAHUKHU
paMoOyNpaBIAEMbIX MOJEJIEH, a TMOCIEeAHEEe BpeMs U JOMAIIHEH
pobotorexHuku. [Ipeactasnser coboit HEOOIBIIONW OJIOK C JBUTATEIEM,
PEIYKTOpPOM U cXeMo#l ympaBiieHus. Ha BX0J1 cepBOMAIIMHKY TOJAETCs
MMUTAHUE W YIPABISIIOIIAN CUTHAJ, 3aJA0IIUN yTroJI HA KOTOPBIA HAO0
BBICTaBUTh BaJl CEPBOMPHUBO/IA.

VYrpaBineHue CEpBOMAIIMHKAMU CTaHAAPTU3UPOBAHO. OTIEIbHBIC
MOJIEU PA3JIMYAIOTCS YCUIIMEM Ha Bajly, OBICTPOJICUCTBUEM, TOUYHOCTHIO
yopaBlieHHs, TabapuTaMH, BECOM W MaTepHaJIOM HM3TOTOBJICHHS
IECTEPEHOK.

KoncTpykuus ceppoMalinHKH

CepBonpHuBO/J, MOKAa3aHHBIA HAa pUC. 3.1 COCTOUT U3 CIICAYIONUX
OCOHOBHBIX 3JIEMEHTOB: KOJUIEKTOPHBIM JBUTAaTENb MOCTOAHHOTIO TOKA,
3yOuaThlii IUIMHIPUYECKUNA PEAYKTOP, PE3UCTUBHBIN MOTEHIIMOMETP,
CXEMa yNpaBJICHUS, BKJIIOYAIOIIAS YCUIIUTEIBHYIO CXEMY.

LUECTEPHU

BBIXO4HOW
BEan e

o, Vg

LIECTEpHA HOTeELMD
MoTopa Merp

MoTop

nposog

neyaTHas

nnarta _ yNpaBNAIOLLAS 3MEKTPOHNKA

Puc. 3.1 KoHcTpyKnus cepBonpruBoaa
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Puc. 3.2 BHenmHuii BUJ CXEMBI yIIPABICHUS] CEPBONPHUBOA
HpaliBepHasi cxema BKJIOYAeT B ce0s YEThIpe TPAH3UCTOPA,
oOpaszytomue H-MOCT TO3BOJISIIOIIMM ~ pEeBEpPCUPOBATH  BpalCHUE
JBUTATEIS MOCTOSTHHOTO TOKA.

PeryanpoBanue nmoJjio;keHueM BBHIXOAHOI0 Bajia

CepBOnpuBOJ YIIPABISIETCS UMITYJIBCHBIM CUTHAJIOM IOCTOSTHHOM
YacTOThl U PA3JIMYHOW LIMPUHOMN uUMmIlyJibca. [llupuHa uMmnynbca 3agaet
TpeOyeMOoe MOJI0KEHUE BBIXOIHOTO BaJla CEPBOMAIIIMHKH.

0.8...2.3ms 10.. . 20ms

easyelectronics.ru

-~

Puc. 3.3 I[HEIHEBOH HN3MCHCHHA IIMPUHBLI 1 IJINTCIIbHOCTH
HMITYJIbCa

Cormacno puc. 3.3 — 0.8MC COOTBETCTBYET MOJIOKEHUIO ()
rpagaycoB, KpaiHe JIEBOE MOJIOKeHUE. 2.3Mc 310 0koJio 170 rpamycoB —
KpanHe mpaBoe. 1.5Mc — cpenmHee mosokeHue. Mexay HMITyJIbCaMU
IIPOU3BOIUTEH PEKOMEHIYET AaBaTh 20Mc.
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IpuHUUI OpraHu3anuu yrnpaBJieHUs

Korma Ha BXOJI NOpUXOAUT HMITYJBC, TO OH CBOUM MEPEIHUM
GpoHTOM  3amycKaeT  OJHOBUOpPATOp  BHYTPU  CEPBOMAIIMHKH.
OnHoBuOpatop »HTO OJIOK BBIJAIOIIUN OJMH HMIOYJLC 3aJaHHOU
JUIMTEIBHOCTH TIO0 3amyckaromeMmy (QpoHTy. [IuTenbHOCTh 3TOTO
BHYTPEHHETO WMITYJIbCA 3aBUCHUT HCKJIIOYUTEIBHO OT MOJIOKEHUS
MEPEMEHHOTO PE3UCTOPa, T.€. OT TEKYIIEro IOJOXEHUS BBIXOJHOIO
BAJIA.

Jlasiee 5Tu 1Ba UMIyJIbCca CPAaBHUBAKOTCS. ECIM BHEIIHUN UMITYJIbC
KOpOY€ BHYTPEHHETO, TO 3Ta Pa3HOCTh IMOJAECTCSA HA JBUTATENb B OJTHOU
MOJSAPHOCTH. ECaM BHEWIHMM UMIYJBC JIMHHENM BHYTPEHHErO, TO
MOJIIPHOCTH TIOJa4YM Ha JIBHKOK OyneT napyroi. [log neiicTBueM OIHOTO
MMITYJIbCA TPUBOJI CTYIIEHYATO MEPEMEIIAETCS B CTOPOHY YMEHBIICHUS
pa3HOCTU. Tak Kak UMMYJIbChI UAYT 4acTo (20MC MeXAy KaXAbIM) TO Ha
neurarenb uaer noaodue I[IMMa. M yem Oombliie pa3HOCTh MEXKIY
3aJlaHUEM U TEKYIIUM TIOJIO)KEHUEM, TeM Oouiblie KO3()PUUIUEHT
3allOJTHEHUSI W JBUraTelb AaKTUBHEE CTPEMUTCS 3Ty Pa3HOCTh
JMKBUIUPOBATD.

B utore, korga UMIyabChl 331a0IIUE U BHYTPEHHUE CPABHSIOTCS
10 JUIUTEIIbHOCTH JIBUTATENh OCTAHOBUTCHL.

BxoaHoe 3afaHue ! BxoaHoe 3agaHue
CurHan OC : CurHan OC
Oeuratenes : : Oeuratens

easyelectronics.ru
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“"I:""""'
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Koppekuns olWEKK -- BBIXOA Ha NO3HLHUIO PeickaHbe

Puc. 3.4 Cxema hopMuUpOBaHUs YIIPABISIONIETO HAMIPSKEHUS
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Ha puc. 3.4 nzoOpakeHsl ABa ciaydasi: KOT/a 3aJaroluid UMITYJIbC
JUIMHHEN BHYTPEHHErO0 M KOrja Kopode. B HWKHEHW 4YacTh PUCYHKa
MMOKA3aHO KAaK BBIMJIAUT YOPABISIONMKA CHTHAJT TNOJABAEMbI Ha
JIBUTATEIb MPU BBIXOJIC HA 33IaHHYIO TOUKY.

YactoTra cienoBaHus UMIYJILCOB OMpPEAENIeT ObICTPOACHCTBUE, C
KOTOPBIM CE€pBOMAIlIMHKA OyAEeT OTpadaThiBaTh 3aJaHHOE IMOJOKECHUE.
MuHHUMaNIBHBI HMHTEPBAJ, BBIIIE KOTOPOrO CKOPOCTh TNIEPECTAET
BO3pacTaTh, a JApede3r ycuiauBaercs 3To mopsjaka 5-8mc. bomnee 20Mc
nay3bl MPUBOJAUT K MOTEPE OBICTPOJACHCTBUS B OTKJIMKE CEPBONPUBO/A.
OnrumanbHas naysa okoJio 10-15wmc.

IIpenmyliecTBa nepea MAroBbIM JIBUIraTEeIeM:

®  HE INPEeabsABISIET 0COOBIX TPEOOBAHUH K 3JIEKTPOJIBUTATENIO U
PEIYKTOPY - OHM MOTYT OBITh MPAKTHYECKH JIFOOOT0 HY)KHOTO THIIA U
MOIITHOCTH (A IIaroBbI€ JBUTATENM, KaK MpPaBUIIO, MAJIOMOIIHBI U
TUXOXO/THBI);

o aBTOMATHYECKH KOMIIEHCHPYET JIO(THI B TPHUBOJE M €ro
U3HOC;

o rapaHTUPyeT MAKCUMAJIbHYIO TOYHOCTH (IO JaT4yMWKy) B
TEUEHUM BCErO0 Cpoka »JKciyaTtauuu (y IIaroBOro JBUTATENs
MIPOUCXOAUT TOCTEMEHHBIN "yx0a" Mpu U3HOCE peayKTopa U TpeldyeTrcs
NepruonyYecKas FOCTUPOBKA);

o OoJIbIIasi BO3MOJKHAsI CKOPOCTh IEepeMeleHusT djeMeHTa (Y
IIIarOBOTO JABUTATEIISI MEHbBIIIAs MaKCUMallbHasi CKOPOCTh 10 CPAaBHEHUIO
C IPYTUMH THUIIAMH JICKTPOABUTATEIICH );

e  3aTpaThl DJHEPrUM MPOIMOPIMOHAIBHBI  COMPOTUBJICHUIO
3JIeMEHTa (Ha IIaroBbI JABUTATENIb MOCTOSIHHO MOAAETCS HOMUHAJIBHOE
HaIpsHKEHUE € 3a11acOM 110 BO3MOKHOM MEPETrpy3Ke);

° MTHOBEHHAsi JMArHoCTUKa B Cliydae IIOJOMKHU (3aeaaHusl)
MPUBO/JIA;

HenocTaTky B CPABHEHHUM € IIATOBBIM JIBUTATEIE€M

L4 HGO6XOHI/IMOCTB B AOITOJHHUTCIIBHOM J3JICMEHTEC - 1aTUHNKCEC,
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o CJIO’KHEE OJIOK YMpaBJIEHUS U JIOTUKA €ro padoThl (TpedyeTcs
00paboTKa pe3yabTaTOB JaTYMKA M BHIOOP YMPABISIOIIETO BO3ICHCTBHUSI,
a B OCHOBE KOHTpPOJLJIEpa IIarOBOro JABUTATEIIS - IPOCTO CUETUHK);

e  nmpobieMa (PUKCHPOBAHUS: OOBIYHO PEIIACTCS TOCTOSHHBIM
OPUTOPMAKMBAHUEM  NIEPEMENIaeMOro  3JIeMeHTa  Jubo  Baja
NEKTPOABUTATEINIsl (UTO BEAET K MOTEPSM SHEPTUU) JUOO0 MPUMEHEHHE
YEPBIYHBIX/BUHTOBBIX Tepenad  (yCIOXKHEHHWE KOHCTPYKIHH) (B
[IarOBOM JIBUTaTeJie KaXIbIN 1Iar (PUKCUPYETCSl CAMUM JBUTATEIIEM ).

®  CEpBONPUBO/IBI, KaK MPABUIO, TOPOKE IIArOBBIX.

3.3 IHops/10K BBINNOJTHEHNS JIA00PATOPHOM PA00THI

1. Os3HakoMHTCSI C YCTPOMCTBOM cCepBONpHBOAa Ha 0aze
KOJUIEKTOPHOTO ABUTATEIISI HOCTOSIHHOTO TOKA.

2.  W3yuuth crocoObl (GOPMUPOBAHUS MUTAIOIICTO HAIPSIKCHUS
JIBUTATEJIs, COCTaB JICKTPOHHOM IJIAThl yIIPaBICHHUS.

3. IloaroroButh (YHKIHMOHAIBHYI0 W CTPYKTYPHYIO CXEMY
CEpBOIPHBO/Ia pOOOTA.

4.  Odopmutrs otdeT. OTUET JOMKEH COJEpXKaTh OIMCAHUE
CEpBOIPHBO/A, KpaTKHUE TEOPETUUYECKUE CBEACHHUSA, PE3YyJIbTaThl
MIPOBEJICHHBIX PACUETOB M BEIOOpA CEPBOMPUBO/IA, BHIBOIBI.

3.4 KoHTpPOJLHBbIE BONIPOCHI

5. Uto Takoe cepBONPUBOL?

6. Knaccudukamms cepBonpuBOI0B.

7. YCTpPOWCTBO U IMIPUHLIMII JIEUCTBUS CEPBONPUBOJA.

8. OCO0EHHOCTH KOHCTPYKIIMHU CEPBOIIPHUBO/IA,

9. JlocTOMHCTBA M HEJIOCTATKU CEPBOMPUBO/IA.

10. CnocoObl ynpaBieHus CEpBONPUBOIOM

11. CnocoObl peanin3aliuu yCTPOMCTB yIpaBiIeHUsI CEPBOIIPUBO/IA

12. JIocTOMHCTBa W HEJIOCTATKH CEPBOINPHUBOJA I10 CPABHEHHUIO C
110
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JlaGopaTtopHas padora Ne4. DjieKTponpuBo Ha 0a3e HIaroBoro
JABUTATEJISA

4.1 leab u 3axaumn padoOThI

[lenpt0o paboOTHI SIBIASETCS OCBOCHUE CTYACHTAMU MPHUHIIUIIOB
MOCTPOCHUSI U (PYHKIIMOHUPOBAHUS YIPABISEMOIr0 AIEKTPONPUBOAA HA
0a3e 11aroBOro JEKTPOBUTATEIS.

4.2 3ajanne Ha 1a00PATOPHYIO padoTy

B pamkax Hacrosmeid smabopatopHOW pabOThl  TpedyeTcs
BBITIOJIHUTH CJIEAYIOLINE:

1. O3HaKOMHUTBCS C KOHCTPYKIIMEH W TPUHIHUIIOM padOThI
IarOBOTO JBUTATEJIA.

2. OcBOUTH NPUHILIMIIBI PETYIUPOBAHUA YTIOBOW CKOPOCTH CTEHAA

3. 3yuuTth XapaKTEPUCTUKHU JBUTATENS IPU PA3IUYHBIX CIIOCO0aX
KOMMYTallui  OOMOTOK  (IIaroBbI,  BOJIHOBOM,  MOJYyIIaroBBIM,
KOMOUHHPOBAHHBIN).

4. ITpoaHaIM3UPOBATH MOJTYUYEHHBIE PE3YJIbTAThI, CAEIATh BHIBOIbI

4.3 KpaTkue TeopeTniecKkue CBeIeHUSA

B coBpeMeHHBIX cucTeMax YHOpaBJICHHS IIUPOKO HCIOJIb3YIOTCS
yCTpoMcTBa, ¢ UMPOBON 00pabOTKOM curHayioB. I{udpoBbie cucTemMbl
yIOpaBJICHUS TPUBEIUM K CO3aHUI0O HOBOTO THIA MCIOJHUTEIbLHBIX
MexaHu3MoB — 1maroBeix aurartenei (IIIJ]). B Hacrosiiee Bpems
MPOMBIIIUICHHOCTBIO ~ BBIMTYCKAETCA MHOXKECTBO PAa3JIUYHBIX THUIIOB
IIArOBbIX JBUTATEIICH.

IIlaroBbie ABUraTeJM — 3TO JJIEKTPOMEXAHUYECKHE YCTPOMCTBA,
npeoOpa3yroliue CUTHaJl YHOpaBlIC€HHsT B YIJIOBoe (WA JIMHEIHOE)
nepeMelieHue poropa ¢ Gukcaiueil ero B 3aJaHHOM TOJIOKEHUHU 0e3
yCTPOMCTB 00paTHOM CBs3u. [1laroBbie ABUTATEIM OTHOCATCS K KJIACCy
OCCKOJIJIEKTOPHBIX JIBUTATENIed IOCTOSHHOTO TOKA, KOTOPBIE HMEIOT
BBICOKYIO HAJIe)KHOCTh M OOJIBIIOW CPOK CIykKObI, YTO TO3BOJISIET
UCIIOJB30BaTh WX B  CHUCTEMaX, padoOTalomUMX B TSKEIbIX
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MPOU3BOACTBEHHBIX yCIOBHUAX. OJHAKO, B CPaBHEHHE C OOBIYHBIMH
JNBUTATEJISIMA TOCTOSTHHOTO TOKa, IIIaroBbl€ JBUTATENIM TPEOYIOT
3HAYUTEIBLHO 00JIe€ CJIOKHBIX CXEM YIPABJICHUS, KOTOPbHIC JTOJKHBI
BBITIOJTHATh KOMMYTAIIMU OOMOTOK JBUTaTeNs npu padore. Kpome toro,
caM IIaroBbI JBUTaTEIb — JIOPOTOCTOSIIEE YCTPONUCTBO, MOITOMY TaM,
r7e He TpeOyeTcss TOUHOE MO3UIIMOHUPOBAHNE, OOBIYHBIC KOJUIEKTOPHBIC
JIBUTaTEId MMEIOT 3aMETHOE NpeumymiectBo. B To ke Bpems
HEOOXOMMO OTMETUTb, YTO B TMOCIEIHEE BpeMsl sl YNPaBICHUS
KOJUIEKTOPHBIMM JIBUTATENIIMU BCE 4Yallle MPUMEHSIOT KOHTPOJLIEPHI,
KOTOPBIE MO CIIOXKHOCTA MNPAKTHUYECKH HE YCTYMAIT KOHTPOJUIEpaM
[IarOBBIX JBUTaTElICH.

OnHUM 13 TJIaBHBIX MPEUMYIIECTB MIArOBBIX JIBUTATENCH SIBISCTCS
BO3MOHOCTh  OCYILECTBJISAITH ~ TOYHOE  TO3UIMOHUPOBAHUE W
PETYJIUPOBKY CKOpOCTH 0€3 JaTdyuka OOpaTHOM CBSI3M. DTO OYEHB
BAKHO, TaK KaK TaKW€ JaTYMKM MOTYT CTOUTH OOJIbIIE CaMoro
nsuratess. OqHaKo CUCTeMbl 0€3 00paTHOM CBs3M padOTAIOT MIPU MaJOM
YCKOPEHUH U C OTHOCUTEJIBHO MOCTOSIHHOM HArpy3kou. B To ke Bpems
CUCTEMBI C OOpaTHOW CBSI3bIO CIOCOOHBI paboTaTh € OOJIBIIUMHU
YCKOPEHHSIMH W JaXe MNpH IMEPEeMEHHOM XapakTepe Harpys3ku. Ecium
Harpy3ka I1aroBoro JBUTraTels MPEBBICUT €0 MOMEHT, TO HH(pOpMaIUs
O TIOJIOKEHUM POTOpa TEpsieTcs, U cucrema TpeOyer Oa3upoBaHUS C
MOMOIIBIO0, HATPUMEP, KOHIIEBOI'O BBIKIIIOUATENSI UM APYTrOro JaTyMKa.
CucTteMbl ¢ 00paTHOM CBSI3bIO0 HE UMEIOT MOJ00HOTO HEJIOCTATKA.

[Ipy mpoOEKTUPOBAHUM KOHKPETHBIX CUCTEM MPUXOJIUTCS JAeiaTh
BBIOOP MEXIy CEpPBOJBHUIaTeieM U IIaroBeiM jBurarenem. Korma
TpeOyeTCs MNPEIM3UOHHOE TMO3UIIMOHUPOBAHWE M TOYHOE YIIPaBJICHHE
CKOpPOCTbIO, a TpeOyeMbli MOMEHT M CKOpPOCTh HE BBIXOJAT 3a
JOMYCTUMbIE€ TPEAENbl, TO IIArOBBIA JBHUIaTeNib SIBJISIETCA HamOoJee
SKOHOMUYHBIM PEIIEHUEM.

Kak u mist OOBIYHBIX JABUTraTeNiei, Uil TOBBIIMICHUS MOMEHTA
IIarOBOTO  JIBUTATENIsl MOXKET OBITh HCIOJIB30BAaH  IMOHIKAIOIIHAM
penykrop. Pemuts 3Ty 3amady ISl MIaroBbIX JABUTATENICH C MOMOIIBIO
peayKkTopa He Bcerga yaaercs. B oTauuume OT  KOJUIEKTOPHBIX
JIBUTATENEe, Y KOTOPBIX MOMEHT PAacTE€T C YBEJIMYEHUEM CKOPOCTH,
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IIIarOBBIN JBUTATENIb UMEET OOJIBIIIMH MOMEHT Ha HU3KHUX CKopocTsx. K
TOMY K€, IIaroBble [JIBUTATEIM MMEIOT TOpa3f0  MEHBIIYIO
MAaKCUMAJIbHYI0O  CKOPOCTh MO CPAaBHEHUIO C  KOJUJIEKTOPHBIMH
JBUTATEIIIMU, YTO OTPAaHUYMBAECT MAKCHUMAJIbHOE MEPEIATOYHOE UYHCIIO
¥, COOTBETCTBEHHO, YBEJIMYEHHE MOMEHTAa C TMOMOIIBIO PEIYyKTOpa.
[TosTOMyY 1m1aroBbi€ ABUTATEIN C PEAYKTOPAMU XOTSI U BBIIYCKAIOTCA, HO
B CPaBHUTEIBHO HEOOJIBIIIOM KOJTMYECTBE.

Knaccugurkauus wazoevix osuzameneii

CoBpeMEHHBIE MIArOBBIE JIBUTATEIIM MOXKHO PA3JICIIUTh IO MHOTUM
NpU3HaKaM, OJIHAKO, OOBIYHO OCHOBHBIM MPU3HAKOM, JI€XKAIUM B
OCHOBE UX KJIaCCHU(PUKAITUH, SIBISETCS KOHCTPYKITHSI.

ITo KOHCTPYKIIMU BCE IIArOBBIE JBUTATEIN ACJATCS HA JIBUTATEIIN
C TMNEPEMEHHbBIM MAarHUTHBIM  CONPOTUBIICHUEM, JIBUTATEIH  C
MOCTOSIHHBIMU MarHuTaMu, THOpPUIHBIE MIAroBble JBUTATENU. Takxke
]I nensiTcst MO KOJUYECTBY U CIOCOOY KOMMYTAIlMd OOMOTOK CTaTtopa
Ha YHUIIOJISIPHBIC U OUTIOJISPHBIE.

IIT ¢ nepemennblM MACHUMHBIM CORPOMUBTIEHUEM

[ITaroBkie JIBUTATEIIN C EPEMEHHBIM MarHUTHBIM
CONPOTHBJIEHUEM HMMEIOT HECKOJIBKO TOJIOCOB Ha CTATOpPE M POTOP
3y0uaToi (OpMbl M3 MArHUTOMSITKOTO Marepuaia. HamarHM4eHHOCTH
poTopa OTCYTCTBYET. JlJIsi MPOCTOTHI U3JIOKEHUA Ha PUCYHKE | potop
uMmeer 4 3ybOma, a crarop uMeeT 6 mnosrocoB. JlBurarenr umeer 3
HE3aBUCUMBIE OOMOTKH, KaXJas M3 KOTOPHIX HaMOTaHa Ha JABYX
MPOTHUBOMOJIOKHBIX TMOJIFOCAX CTaropa. TakoW ABHUraTelb WUMEET Iar
30°.

[Ipn BKIIOYEHHMH TOKA B OJHOW W3 KaTYIIEK, POTOP CTPEMUTCS
3aHSATh TOJIOKEHHWE, KOrJla MAarHUTHBIA MOTOK 3aMKHYT, T.€. 3yOIlbI
poTtopa OyAyT HaXOJIWUThCS HAMPOTHUB TEX IOJIOCOB, HAa KOTOPBIX
HAXOJIUTCS 3alUTaHHass 0OMOTKa. Eciin 3aTeM BBIKITIOUUTH 3Ty OOMOTKY
YU BKJIIOYUTH CJIEAYION[YI0, TO POTOp IOMEHSIET IMOJOXECHUE, CHOBA
3aMKHYB CBOMMHU 3YOIllaMU MarHUTHBIN MOTOK.
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Puc. 4.1. /IBurarens ¢ nepeMEHHBIM MAarHUTHBIM COTIPOTUBIICHUEM

Takum 00pa3zoM, 4TOOBI OCYIIECTBUTH HEMPEPHIBHOE BpAIlICHHE,
HY’KHO BKJIIOYaTh (ha3bl MOMEpeMEeHHO. J[BUraTesnb HE YyBCTBHUTENIEH K
HaIpaBJICHUIO TOKa B 0OMOTKaX. PeasibHBIN JBUTATEIh MOXKET UMETh
00JIbIlIEE KOJMYECTBO MOJIOCOB CTATOpA U OOJIbIIEE KOJIUYECTBO 3yOII0B
poTOpa, YTO COOTBETCTBYET OOJBIIEMY KOJWYECTBY IIaroB Ha OOOPOT.
MHoraa nmoBepxXHOCTh KaXKJIOTO IMOJIFOCA CTATOPA BBIMOJIHSAIOT 3yOUaToH,
YTO BMECTE C COOTBETCTBYIOIIUMH 3yOIlaMH pOTOpa OOecIeurnBaeT
OUYCHb MaJICHbKHE 3HAUYCHUS yIJIa II1ara, MopsaKa HECKOJIbKUX TPaIyCOB.

Jlguratenm C  TEPEMEHHBIM MATrHUTHBIM  COINPOTHUBIICHUEM
JIOBOJIBHO PEJIKO MCIIOIB3YIOT B MHAYCTPUATBHBIX IPUMEHEHUSIX.

HIJ] ¢ nocmoannblmu macHumamu

JlBurarenu ¢ TOCTOSSHHBIMHM MarHUTaMd COCTOAT M3 CTaTopa,
KOTOPBIi HMMeeT OOMOTKH, M POTOpa, COASPXKAIIEro IOCTOSHHBIC
Marautel (puc. 4.2). UYepenyrommuecs ToOJOCa POTOpa HMEIOT
IPSAMOJIMHENHYI0 (DOPMY U PACIIOJIOKEHBI MapallJIeIbHO OCU JABUTATEINS.
bnaromaps  HaMarHM4EHHOCTH  pOTOpa B  TaKUX  JBHUTATENAX
oOecrieunBaeTcss OOJBIIUNA MArHUTHBIM TIOTOK M, KaK CJIEJCTBHE,
OONBITUK MOMEHT, 4YeM Y JBHUTATENed ¢ TEPEeMEHHBIM MarHUTHBIM
CONIPOTHUBJICHUEM.
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Puc. 4.2. JIpurarenb ¢ HOCTOSSHHBIMA MarHUTaMu

[loka3aHHBII HAa PHCYHKE [BUTATEIb HMMEET 3 Mapbl IOJOCOB
poTopa U 2 mapsl HOJKOCOB cTaTopa. J(BUraTenp UMeeT 2 He3aBUCUMBbIE
OOMOTKHU, KaxJas W3 KOTOPHIX HAMOTaHAa Ha JBYX MPOTHUBOIOJIOXKHBIX
MOJIF0Cax craropa. Takou ABUraresnb, KaKk U PaCCMOTPEHHBIM paHee
JBUTaTElIb C TEPEMEHHBIM MAarHUTHBIM COINPOTUBJICHUEM, WMEET
BennunHy mara 30°. [Ipu BKIIFOUEHMH TOKA B OJTHOM M3 KaTYIIEK, pOTOP
CTPEMUTCS 3aHATh TAaKOE IMOJOXKEHUE, KOTJa Pa3HOMMEHHBIE MOJIOCA
poTopa H® cTaropa HaxoAsATca Jpyr HampoTtuB apyra. Jus
OCYILIECTBJICHUSI HENPEPHIBHOTO BpALIECHUS HYXHO BKIIOYATh (ha3sbl
MONIEPEMEHHO.

JlBurarenu ¢ MOCTOSHHBIMU MAarHUTAaMH TOJABEPKEHbI BIUSTHUIO
oopatHoit OJIC co CTOpOHBI pOTOpa, KOTOpas OTPAHUYMBAET
MaKCUMaJbHYIO CKOpOCThb. Jliii paboThl Ha BBICOKUX CKOPOCTSX
UCIIOJIB3YIOTCS JBUTATEIIH C MEPEMEHHBIM MarHUTHBIM
COMIPOTUBJICHUEM.

T'uopuonsvie osuzamenu

['mObpuaHbie fABUTATENNU SIBISAIOTCS OoJiee  JIOPOTHMH, YeEM
JIBUTATEIN C TMOCTOSSHHBIMU MAarHWTaMH, 3aTO OHHM OO0ECIEeYMBAIOT
MEHBIIIYI0 BEJIMYUHY IIara, OOJIbIIUMA MOMEHT W OOJIBIIYI0 CKOPOCTb.
TunuyHoe YucaO 1AaroB Ha o000pOT Mg THOPUIHBIX JBUTaTEIEH
coctaBimger ot 100 mo 400 (yrom mara 3.6 — 0.9°). I'uOpunnbie
JIBUTATEJIM COYETAIOT B c€0€ MPEUMYIIECTBO JABUTATENEH C IEPEMEHHBIM
MarHUTHbIM  CONPOTHUBJIEHWEM M  JIBUTATelI€d C MOCTOSTHHBIMU
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Maruutamu. Potop  ruOpuaHoro  ABWUTATENsS ~ MMEET  3YOIIHI,
PACIIOJIO)KEHHBIE B OCEBOM HAIIPABJICHUU.

Puc. 4.3. T'ubpuanasiit ]|

Potop pasznenieH Ha IBE 4YacTH, MEXKIY KOTOPBIMH PaCHOJIOKEH
HUJMHJIPUYECKUN TIOCTOSIHHBIA MarHut. Takum oOpa3om, 3yOIlbl
BEpXHEH MOJOBUHKH POTOpPA SBIISIIOTCS CEBEPHBIMM IOJIFOCAMU, a 3yOIlbI
HIDKHEH TOJIOBUHKH — IOKHBIMHU. Kpome TOoro, BEpXHsSI M HIDKHSA
MOJIOBUHKHM POTOPA MOBEPHYTHI APYT OTHOCUTEIBLHO APYra Ha MOJOBUHY
yria 1mara 3yo1oB. Yuciao map MOJIOCOB POTOpa PaBHO KOJIMYECTBY
3yOlIOB HA OJHOM W3 €ro IOJOBHHOK. 3y0yaTbie IIOJIOCHBIC
HAKOHEUYHUKH POTOpa, KaK M CTAaTop, HaOpaHbl M3 OTJICJIbHBIX ILUIACTHUH
JIJIS1 YMEHBIIICHUS TTIOT€Ph HA BUXPEBBIC TOKU.

CraTop ruOpuaHOTO ABUTATENS TaKKe UMEET 3yOIlbl, oOecreunBas
0OJBIIOE KOJMYSCTBO JKBUBAJICHTHHIX IIOJIOCOB, B OTIHYHE OT
OCHOBHBIX TIOJIFOCOB, Ha KOTOPBIX PACIHOJIOKEHBI OOMOTKH. OOBIYHO
UCIMOJIB3YIOTCSI 4 OCHOBHBIX mostoca Jis 3,6°. nBurareneil u 8
OCHOBHBIX moJitocoB s 1.8° m 0.9°. nBurareneir. 3yOI1sl poTopa
o0€CIieUrBalOT MEHbBIIIEE CONPOTHUBICHWE MArHUTHOM IIEMM B
ONpPEJCICHHBIX MOJIOKEHUSIX POTOpA, YTO YJYUIIAeT CTaTUYECKUU H
JTMHAMUYECKMH MOMEHT. JTO 0O0ECIeYMBAETCS COOTBETCTBYIOLIUM
pacIojiokKeHueM 3y0I110B, KOT/1a 4acTh 3yOIIOB POTOpa HAXOIUTCS CTPOTO
HaIMpOTHB 3yOII0OB CTaTOPa, a YacTh MEXJY HUMHU. 3aBUCUMOCTb MEXIY
YUCJIOM TIOJTIFOCOB POTOPA, YMCJIOM 3KBUBAJIICHTHBIX MOJIOCOB CTaTOpa U
gucaoM (a3 ompeaesseT yroi mara o IBUraTes:
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360 360

o = =
N,P, N

ph .

rjae Npy — YUCIIO DKBHUBAJICHTHBIX IOJIOCOB Ha (pasy = YHMCJIO IOJIOCOB
potopa, P, — uncno ¢da3, N — MojiHOe KOJIUYECTBO TOJIFOCOB IS BCEX
¢da3 BmecTe.

Potop nokazanHoro Ha pucyHke 4 nsuratesns umeetr 100 mosrocos
(50 map), aBurarenb umeeT 2 (da3bl, MOITOMY IIOJHOE KOJUYECTBO
rmoiatocoB — 200, a mar, COOTBETCTBEHHO, 1,8°.

bunonapnvie u ynunonaphuoie wiazogvie oguzamenu

bunosnspHeIii ABUTraTeNh MMEET OJHY OOMOTKY B KaxIoHu (ase,
KOTOpas Ui W3MEHEHHWs HAIIPABIICHUS MAarHUTHOTO MOJIS JOJIKHA
MIEPEIOJIFOCOBBIBATCA  ApaBepoM. [l Takoro Tuma JIBUTATEIA
TpeOyeTcss MOCTOBOM JipaiiBep, WJIHU MOJYMOCTOBOM C JABYXIIOJSPHBIM
nutaHueM. Bcero OWMONSpHBIA JBUratelib MMEET JBE OOMOTKH W,
COOTBETCTBEHHO, YEThIpE BbIBOJIA (pUCYHOK 4.4, a).

A c A c A €
1OL S5 S0E
B DB P 5'33 :D'
a) 6) B)
Puc. 4.4 bunonsipHblii ABUraTesns (a), yHUIOJSAPHBIN (0) 1
YETHIPEXOOMOTOYHBIH (B)

YHUNONISIpHBIM ABUTATENIb TAaK)KE MUMEET OJHY OOMOTKY B KaXKJIOU
dbaze, HO OT cepeauHbl OOMOTKH CJieJlaH OTBOJ. OTO TIO3BOJISET
U3MEHATh HANpaBJICHHUE MArHUTHOTO TIOJIS, CO3/1aBaeMOro OOMOTKOI,
NPOCTHIM  MEPEKIIOUYEHUEM  TOJIOBMHOK  00MOTKH. [lpu  3TOM
CYLIECTBEHHO YIPOIIAETCA CXeMa JpaunBepa. JlpaiiBep TOKEH UMETH
TOJIbKO 4 TIPOCTHIX Kito4Ya. TakuM o0pa3om, B YHUIIOJSIPHOM JIBUTaTelie
UCIIOJIB3YETCA APYroMl Crnocod W3MEHEHHUsI HaMpaBJICHUS MarHUTHOTO
oIS,

Cpennue BbIBOJABI OOMOTOK MOTYT OBbITb OOBEAMHEHBI BHYTPHU

ABUI'ATCIIA, ITIOOTOMY TaKou ABUTAaTCIIb MOXET UMCTD 5 nam 6 BBIBOJOB
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(pucyHok 4.4, 6). UHorma yHUNOJISIpHBIE JIBUTATEIN UMEIOT pa3/ielbHbIC
4 0OMOTKH, TIO 3TOW MPUYMHE UX OMIMOOYHO Ha3bIBAIOT 4-X (ha3HBIMU
neuraresnsiMu. Kaxxkaass oOMOTKa MMEET OTAEIbHBIE BBIBOJIbI, MO3TOMY
BCET0 BBIBOJIOB 8 (pucyHOK 4.4, B). IIpu COOTBETCTBYIOIIEM COCIUHEHUM
OOMOTOK TakOW JBHUTaTellb MOXXHO HCIOJIb30BaTh KaK YHHUIIOJISPHBIM
WM KaK OUTOJISPHBIN. YHUNOJISPHBIN JBUTATEIb C IBYMSI OOMOTKaMH U
OTBOJIAMH TOXE€ MOKHO HCIIOJB30BaTh B OUIOJIIPHOM PEXKUME, €CIH
OTBOJbI OCTABUTh HEMOJKIIOYEHHBIMU. B 11000M ciydyae TOK 0OMOTOK
ClIeAyeT BbIOMpaTh TakK, 4YTOObl HE MPEBBICUTh MaKCUMAJIbHOU
paccerBaeMOM MOUTHOCTH.

Ecnu cpaBHHUBaTh MeEXay cOOON OWIONSAPHBIA U YHUIOJISPHBIN
JBUTATENIM, TO OWIOJSPHBIA HMEET 00Jiee€ BBICOKYIO YICIbHYIO
MOITHOCTh. Ilpu OgHUX W TeX XK€ pa3Mepax OHWIOJSIPHBIC IBUTATEIIH
o0ecrnieynBaroT OOJIBIINIA MOMEHT.

MoOMEHT, cO3/1aBaeMblil IIArOBBIM JBUIaTENIEM, MPOMOPIMOHATICH
BEJIMYMHE MAarHUTHOTO MOJIs, cOo3/jaBaeMoro oomMorkamu craropa. [lIyTsb
JUISl TIOBBINICHUSI MAarHUTHOTO TOJIS — 3TO YBEJIWYEHHUE TOKA WJIM YHUCTa
BUTKOB OOMOTOK. ECTECTBEHHBIM OTpaHMYEHHEM MPH MOBBIIMICHUU TOKA
OOMOTOK SIBJISIETCS OINACHOCTh HACHIIICHUS JKEJIE3HOTO0 CEpACUYHHKA.
OnHako Ha MOPaKTUKE 3TO OrPaHUYEHME JEHMCTBYeT peako. ['opaszno
0oJiee CYIIECTBEHHBIM SIBJISIETCSI OFPAHUYEHHE IO HArpeBy JBUIATEIIS
BCJICJICTBUE OMHUYECKUX MOTeph B oOMoTkax. Kak pa3 3toT ¢akt u
JEMOHCTPUPYET OJIHO M3 NPEUMYIIECTB OHWIOJApPHBIX JBuUTaTenci. B
YHUIIOJISIPHOM JIBUTATENE€ B KaXXJbIi MOMEHT BPEMEHHM HCIOJIb3YETCs
JIUIIB TTOJIOBHHA OOMOTOK.

Jlpyrasi 1mojoBHHA MPOCTO 3aHUMAET MECTO B OKHE CEpJICUHMKA,
YTO BBIHYKJIA€T JIeJIaTh OOMOTKHM MPOBOJIOM MEHBIIEro auamerpa. B To
e BpeMsi B OUTIONSIPHOM JIBUTATENe Bceraa paboTaroT Bce 0OMOTKH, T.€.
WX HCHOOJIb30BaHUE ONTUMalbHO. B TakoMm JBuUrarene CceyeHHE
OT/ICJIbHBIX OOMOTOK BABOE OOJIbIIIE, & OMHYECKOE COIMPOTUBIICHUE —
COOTBETCTBEHHO BJIBO€ MEHBIIE. OTO TO3BOJISIET YBEIUYUTH TOK B
KOpEeHb M3 JIByX pa3 IpU TeX K€ MOTepsAX, YTO JACT BBIUTPHINII B
MomeHTe npumepHo 40%. Ecim Xe NOBBIIIEHHOIO MOMEHTAa HE
TpeOyeTCs, YHUIOJISIPHBIN JBUTATENb MO3BOJSET YMEHBIIUTh Fra0apUThI
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WIK TPOCTO paboTaTh C MEHBIIMMHU MoTepsMHu. Ha mpakTuke Bce ke
qaiie MPUMEHSIOT YHUIOJISIPHBIC IBUTATEIH, TaK KaK OHU TPEOYIOT
3HAYUTEIHHO 00JIe€ MPOCTHIX CXEM YIPABICHUS OOMOTKAMH.

Cnocoowt ynpaeieHus wiazoevim oguzamesem

[lepBoIii coco® oOecreunBaeTcsl MONEPEMEHHOM KOMMYTaruen
¢da3, mpu 3TOM OHU HE NEPEKPBHIBAIOTCS, B OJWH MOMEHT BpPEMEHHU
BKJIIOYEHA TOJIbKO ojiHa (aza (puc. 4.5, a). DTOT cnocod Ha3bIBAIOT
BOJIHOBOHM mMocieaoBaTeaIbHOCTRIO “‘one phase on™ full step mnm wave
drive mode. Touku paBHOBECHS pOoTOpa JJIs KaXKJI0Tr0 I1ara COBIAJIai0T C
“eCTECTBEHHBIMU  TOYKAMH PAaBHOBECHUS POTOpAa y HE3AMUTAHHOTO
nsurarensi. HegoctaTkom 3TOro crnocoba ympaBiieHHs SBISIETCS TO, YTO
JUTSl OWTIOJISIPHOTO JBUTATEIS B OJWMH W TOT K€ MOMEHT BpPEMEHHU
ucrnoaszyetrcs 50% oOMOTOK, a JJIsi YHUIIOJISPHOTO — TOIBKO 25%. D10
O3HAYaeT, YTO B TAaKOM DPEXKHUME HE MOXET OBbITh TMOJYYECH IOIHBIH

MOMCHT.
iy QA il oA sl 8 8 8
o/ Tl clo .,-"- e clos i clo _-e"d- T r I a8 -'". -l & o a -ﬂ'.._ - g T W
B( [l 158 )6 B (8] 5|8 (mmm) -{gﬁ;ﬂm%}i -{ﬁ ;ﬂm%u
3 p h g I" L 4 . L / b J \ e !
86 &B 88 L @k &E &E &b
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A [ | ]
_.- | I L' I =
0q —1 o1
) NONHOWSA MBS PEXNINM, BKNI0YEHa 0gHa doana, 6) MONHOL 3 OBEE PEXIAN, BENOYEHE! [BS 4033k,
“one phasa on"full tep (wave drive mode) "bwo-phasze on” full step full step mode)
&4 _!_“ C A iy oy L ity A 1‘ A
o/ ™ clo/” 'D,.f"'_h-_n.-'rﬂ“-_'nf’r“ﬁ ﬁ“-_' @\
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B MOy ar OB pe s, "one and two-phase-on half step (half sep mode)

Puc. 4.5. [locnegoBaTenbHOCTH KOMMYTaluK (as3:
a — BOJIHOBas1, O — 11aroBas, B — MOJIyIlaroBas

BTopoii criocob — ynpasienue azamu ¢ ImepeKpbITUEM: JBe (ha3bl
BKJIFOYEHBI B OJHO M TO XK€ BpeMsa. Ero Ha3pIBalOT IIaroBOM
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nociaea0BaTeIbHOCTRIO “two-phase-on” full step wim mpocto full step
mode. Ilpu »5ToM crmocobe ympaBiaeHus poTop (UKCUpPYETCS B
MIPOMEXKYTOUHBIX TO3HUIIHSIX MEXK]Ty MOJIFOcaMu cTaTopa (pUCyHOK 4.5, 0)
u obecrneunBaetrca npumepHo Ha 40% OONbIIMN MOMEHT, UEM B Clydae
OJIHOM BKJIFOUEHHOUN (a3pl. DTOT crmocold ympaBieHUs: 00ecreuynBacT
TaKOM >K€ yroJj Iara, Kak W TMEepBbId Croco0, HO TOJIOKEHUE TOYEK
paBHOBECHS pOTOpa CMEIIEHO Ha MoJIIara.

B monHomraroBom pexumMe ¢ ABYMS BKJIIOYEHHBIMU (pazamwu
MOJIOKEHUS TOYEK PaBHOBECHUS POTOpa CMEIICHBI Ha moimara. HyxHo
OTMETUTh, YTO OTHU TMOJOXKEHHUS POTOpP NPUHUMAET TMpU padoTe
JBUTATENIS, HO TTOJI0KEHHUE POTOPa HE MOYKET COXPaHATHCS HEM3MEHHBIM
IOCJIC BBIKJIIFOYCHUS TOKa OOMOTOK. I[loaTOMy mipm BKJIIOYEHHH U
BBIKJTFOUCHHUH TTUTAHMS JBUTATENIS POTOp OyAEeT CMEaThCs Ha IOJIIara.
Jlnst Toro, 4yToOBI OH HE CMeEMAjJcs TpPU OCTAHOBKE, HEOOXOIUMO
nojaBaTh B OOMOTKM TOK yAepkaHHs. TOK ynepKaHus MOXKET OBITh
MEHbIIIE HOMHUHAJIBHOTO, TaK KaK OT JABUTATENsl C HEMOABHKHBIM
pOTOpOM OOBIYHO HE TpeOyercss OosbIoro MomeHTa. OIHAKO €CTh
IPUMEHCHHS, KOTJa B OCTAaHOBJIICHHOM COCTOSIHUW JIBUTATElb JIOJHKCH
oOecrieunBaTh TOJHBIA MOMEHT, 4YTO JIJI1 IIIaroBOr0O JIBUTATEII
BO3MOXKHO. JTO CBOWMCTBO IIAroBOTO JBWTATENS TMO3BOJSET B TAaKUX
CUTyalusix oOOXOAUThCA 0€3 MEXaHWYECKUX TOPMO3HBIX CHCTEM.
[TockonpKy COBpEeMEHHBIE JpailBepbl MO3BOJSIOT PETYIUPOBATH TOK
MUTaHUS OOMOTOK JIBUTATEIIs, 3a/IaHNE HEOOXOIMMOTO TOKa YACPKaHMS
OOBIYHO HE MpencTaBisieT TpoOieM. 3agada OOBIYHO 3aKITFOYaeTCS
IPOCTO B COOTBETCTBYIOIIEH  MPOrpaMMHON  TOMJEPKKE IS
YIPABJISAIONIETO MUKPOKOHTPOJLIEPA.

[lTonymaroBass TOCJIENOBATEIBHOCTh —  KOMOHWHAIMA  JBYX
npeasymux, “‘one and two-phase-on” half step wnmm mpocrto half step
mode, KorJ1a ABUTATENb JeiaeT 1iar B MOJIOBUHY OCHOBHOTO (PUCYHOK
4.5, B).

DTOT METOJ YMpaBJICHUS JOCTAaTOYHO PACIpPOCTPAHEH, TaK Kak
JBUTATEIh C MEHBIIMM IIIarOM CTOUT JOPOXKE W OYCHb 3aMaHYHBO
noay4yutTh oT 100-maroBoro apuraresns 200 maros Ha 00opoT. Kaxxabrit
BTOPOM IIar 3amuTaHa JUIIb oAHa (a3a, a B OCTaJbHBIX CIIy4asx
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3amuTaHbl BE. B pe3ynbTaTe yrioBoe nepeMelieHue poTopa COCTaBIISIET
MOJIOBMHY yTJIa 11ara Jijisi ePBBIX JIBYX CIIOCOOOB yIIPaBIICHUS.

Kpome yMenbllieHHsI pa3mepa Iara 3TOT CHOCOO yIpaBlICHUS
MO3BOJISIET YACTUYHO U30aBUTHCA OT SIBJICHUS pe3oHaHca. [lomyarossiii
peXuUM OOBIYHO HE TO3BOJSET TMOJYYUTh IMOJIHBIE MOMEHT, XOTS
HanboJiee COBEPILICHHBIC ApaliBEphl PeaTu3yloT MOJIUPUIIMPOBAHHBIN
MOJIyIIArOBBIM ~ peXUM, B  KOTOPOM  JBUTaTeIb  OOECIEUHUBAET
MPAKTUYECKHU TMOJHBIA MOMEHT, IIPU 3TOM paccenBaemasi MOIIHOCTh HE
MPEBBIIIAET HOMUHAIILHOM.

ITo cpaBHEHUIO C BOJHOBOW M IIArOBOW MOCJIEIOBATEIbHOCTIAMU,
MOJTYIIIaroBasi UMEET CICAYIOIINE MPEUMYIIECTBRa:

e Qojiee BBICOKas pa3periaroiias CIoCOOHOCTh 0€3 MPUMEHEHUS
OoJiee TOPOTHUX JIBUTATENCH;

* MEHBIIME TMPOOJEMBI C SBJIECHHUEM pe3oHaHca. Pe3oHaHC
MPUBOJIUT JIMIIIb K YACTUYHOU MOTEPE MOMEHTA, YTO OOBIYHO HE MEIIIAET
HOPMaJbHOU paboTe MPUBOJA.

HenmocratkoM moJymiaroBoro pexkuma  SBISETCS  JOBOJBHO
3HAYUTEILHOE KOJicOaHHe MOMEHTA OT I1ara K mary. B TexX mojio)KeHusx
poTOpa, KoT1a 3anutaHa ogHa (a3a, MOMEHT cocTaBisieT nmpuMmepHo 70%
OT TMOJIHOTO, KOI'/la 3allUTaHbl ABE (ha3bl. DTH KOJIEOAHUSI MOTYT SIBUThCSA
NPUYMHON TMOBBIIMIEHHBIX BHOpAIMd M IIymMa, XOTsI OHU BCE PaBHO
OCTaIOTCSl MEHBIITUMH, YEM B TTOJTHOIIATOBOM PEXKUME.

Mukpo1aroBsiii pexxuM odecreyrnBaeTcs MyTeM MOJYYSeHHUS IO
cTaTopa, BpamamIiierocs OoJjiee TUIaBHO, YeM B IIOJIHO- WIH
MOJTYIIIarOBOM PEKUMaX.

B pesynaprare oOecnedyuBarOTCS ~ MEHbIIME BHOpaluu U
MpaKTUYECKH OeclIyMHas padoTa BILIOTh A0 HYJEBOW 4acToThl. K Tomy
K€ MEHBIIMK yroja Imara crnoco0eH oOecneyuTh O0ojiee TOYHOE
no3uimoHupoBanue. CylecTBYeT MHOTO Pa3IMYHbIX MHUKPOIIArOBBIX
PEXKUMOB, C BEIWYMHOW mmiara ot 1/3 momHoro mara go 1/32 u nmaxke
MEHBIIIE. [TaroBsrit JIBUTaTEJIb SIBJISICTCS CUHXPOHHBIM
AJNIEKTPOJBUTATEIEM. OTO 3HAYUT, YTO TIOJIO)KEHHE PaBHOBECHUS
HEIMOJIBU>)KHOTO POTOpa COBIIAJIAET C HAIMPABICHUEM MArHUTHOIO TOJIS
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cratopa. [Ipu moBopoTe moiisi craTopa pOTOP TOXKE MMOBOPAYMBAETCH,
CTPEMSCH 3aHATHh HOBOE NOJIOKEHUE PABHOBECHS.

YTroObl MONYYUTh HYKHOE HaNpaBJIC€HUE MAarHUTHOTO TMOJA,
HEOOXOAUMO BBIOpATh HE TOJBKO IMPABWIBHOE HAIPABICHHE TOKOB B
KaTyIIKax, HO ¥ TPaBUJIbHOE COOTHOIIEHUE ATUX TOKOB.

Pe3ynbTaToM HMCHOJIB30BaHMS MUKPOIIArOBOIO PEXUMA SIBIISIETCS
HaAMHOTo 0OoJiee MUIaBHOE BpalllEHUE POTOpa Ha HU3KUX yacToTax. Ha
yacToTax B 2 — 3 pas3a BblllIE COOCTBEHHON PE30HAHCHON YaCTOTHI
poTOpa M Harpy3Kd, MHKpPOILAroBbIA PEXUM J1aeT HE3HAUYUTEIIbHbIC
IPEMMYILECTBA II0 CPAaBHEHHUIO C TOJNy- WIM IIOJHO-IIarOBbIM
pexxumamu. [lpuunHoit 3TOro sBNIsAETCS (QUIBTpYIOIEEe JIEUCTBUE
WHEpUHUU poTopa W Harpy3ku. Cucrema C IIaroBbIM JIBUTATEIIEM
paboTaeT mNOAOOHO GWIBTPY HIWKHHMX 4YacToT. B MuKpoIraropom
PEKHAME MOXKHO OCYUIECTBIIITH TOJIBKO PAa3rOH W TOPMOXKEHHE, a
OCHOBHO€ BpeMs pad0TaTh B OJHOLIArOBOM PEKHUME.

K Tomy xe, [ JOCTHXKEHUS BBICOKMX CKOpPOCTEH B
MUKpPOILIArOBOM  pexuMe TpeOyeTcs OueHb BBICOKAs  4acToTa
MOBTOPEHUS MHUKPOIIAroB, KOTOPYIO HE BCErJa MOXKET 00eCHeuuTh
YOPABIAOIIAN MUKPOKOHTpOJUIIEp. s mpegoTBpaleHuss nepexoaHbixX
IPOLIECCOB M TMOTEpPU MIAroB, MEPEKIIOYEHUS] PEKUMOB PadOTHI
nBUrarensi (M3 MHUKPOIIAroBOTO PEXUMa B MOJHOILIATOBBIA W T.II.)
HEOOXOJUMO IMPOU3BOJIUTH B T€ MOMEHTHI, KOTZIa POTOP HAXOIWUTCA B
MOJIOKEHNH, COOTBETCTBYIOIIEM OJTHOW BKJIIOUEHHOU (haze.

Bo MHOTHX IpWIOKEHUIX, TJe TPeOYIOTCS Malible OTHOCUTEIbHBIE
nepeMeNIeHUs U BbICOKas pa3peniaronias CnocoOHOCTb, MUKPOIIIArOBbIN
PEXKUM CIIOCOOEH 3aMEHUTh MEXaHUYECKUI PEelyKTOp.

Bwi6oowi:

Takum 00pa3om, K JOCTOMHCTBAM IIaroBBIX JBUTaTesied MOXKHO
OTHECTH CJIEIYIOIINE UX OCOOCHHOCTH:

* YIroJl MOBOPOTA POTOpPA OMNPEAEHSAETCS YHUCIOM HWMITYJIbCOB,
KOTOPBIE MOJaHbl Ha IBUTATEb;

* IBUTATEIh 00ECIIEUNBAET MOJHBIA MOMEHT B PEKHME OCTAHOBKHU
(ecii OOMOTKH 3aIlUTAHBI);
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* MIPEM3UOHHOE MO3UIIMOHUPOBAHNE U TTOBTOPSIEMOCTh. XOPOIIIHE
IIArOBBIC ABUTaTEId UMEIOT TOYHOCTL OT 3 A0 5% OT BEIUYMHEI IIara.
DOta ommOKa He HaKaIlJIMBaeTcs OT I1ara K Iary;

* BOBMOHOCTh OBICTPOI'O CTapTa/0OCTAaHOBKH/PEBEPCUPOBAHUS;

* BBICOKAs HAJCKHOCTbh, CBA3aHHAs C OTCYTCTBHEM IIETOK, CPOK
CIY>KOBI IIarOBOTO JBHUTATENs (PAKTHYECKH OMIPEACIICTCS CPOKOM
CITY>KOBI TTOIITUITHUKOB;

* 0JIHO3HAYHAsI 3aBUCUMOCTD IOJIOKEHHUSI OT BXOJIHBIX MMITYJILCOB
o0ecrnieynBaeT NO3UIIMOHUPOBAaHUE O€3 OOPATHOM CBSI3H;

* BO3MOKHOCTh TOJYYE€HHSI OYE€Hb HM3KHX CKOpPOCTEH BpalleHUs
JUIS. HATPY3KU, MPUCOSIUHEHHOW HETMOCPEICTBEHHO K Bally JBHUTATENs
0€3 MPOMEKYTOUYHOT'O PETYKTOPA;

* MOXET OBITh TEPEeKPHIT JOBOJHHO OOJBIIONW JHANa30H
CKOPOCTEM, CKOPOCTh MPOMOPIIMOHAJIbHA YACTOTE BXOHBIX UMITYJIbCOB;

HenocraTky maroBbIX JBUTaTEIICH:

* [IIAaTOBBIM JIBUTATEJIEM IIPUCYIIIE SIBJICHUE PE30HAHCA;

* BO3MOJKHA MOTEpPs KOHTPOJS TOJOXKEHHUS BBUIY pabOThl 0e3
oOpaTHOM CBSA3H;

* MOTpeOJICHUE PHEPTUU HE YMEHBIIIAETCS Take 0€3 Harpy3Ku;

* 3aTpyJIHEHA pab0Ta Ha BHICOKUX CKOPOCTSIX;

* HEBBICOKAs y/I€IbHAS MOIIHOCTH;

* OTHOCHUTEJILHO CJIOXKHAs CXeMa yIpaBJICHUS;

4.4. Onucanue Ja00PaTOPHOrO CTEHA
Buemnuil BUJ cTeHaa A1l UCCIIeI0BaHUS paObOThI ABUTATENS
MIOCTOSIHHOI'O TOKa MOoKa3aH Ha puc. 4.6.
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4 5 6

Puc. 4.6. BHemHuiA BUJ CTEH/Ia B IPOLIECCE U3MEPEHUI

Ha nannoit ¢potorpadum mmudppamMmu 0603HaYEHBI CIEAYIOIINE
KOMITOHCHTHI:

| — maroBeIit ABUTATEb C MOCTOSHHBIMU MarHUTaMU;

2 — CTpeJIKa, 3aKpEIJICHHAs Ha BTy JIBUTATENIS;

3 — nudepbnaT, c HAHECEHHON Pa3METKOM;

4 — npaiiBepHas cxema IIIaroBOro JBUTraTess Ha 0a3e MUKPOCXEMBI
L2903;

5 — MUKPOKOHTPOJIIEP, OCYIIECTBIISIOIINN KOMMYTAIUI0 0OMOTOK;

6 —MepeKIroYaTeslb PEKUMOB KOMMYTAIllMM OOMOTOK;

7 — mudposoi ocruiorpad, I8 UHAUKAIUKA (GOPMBI CHTHAjA
nocrynatomiero Ha I1/;

8 — KK-nucmieit, Ha KOTOPBIM BHIBOAUTCS UHGOPMAIIHS O YaCTOTE
BpAILICHUS U PEKUME KOMMYTAITU 0OMOTOK;

9 — perynsaTop 4acTOThl BpalllEHUS IBUTATEIIS.
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4.5. Xox padoTsl

Ilepen paboToit coO CTEHAOM HEOOXOJMMO O3HAKOMHUTBCSA C
TEOPETUYECKUM MATEPUATIOM TAHHBIX METOAUYECKNAX YKAa3aHUM, a TAKKE
MCTOYHUKOB, IPUBEJACHHBIX HUXKE, TAKXKE HEOOXOJUMO U3YyUYUTh JIOTUKY
paboThl W CXEeMy CTEHJa Ha OCHOBAaHMM MAaTEpHalOB JaHHBIX
METOJIMYECKUX  yKa3aHWM, a TakXke ONHCAaHUS KOMIIOHEHTOB,
VCTIOJIb30BAHHBIX JIJISI peanu3alii CTeHAA.

B pamkax naHHoOro pasnesia HeoOX0JUMO BBINOJHUTH CIEAYIOIIEE:

1) Ilonats muTaHWE HA CTEH]T

2) VYBeIUYUTh 4aCTOTy KOMMYyTaluu oOMOTOK. Kak M3MEHWIUCH
yIpaBJsifonye curuainsl uaymue ¢ MK?

3) YMEHBIIUTh 4aCTOTy KOMMYTalluu 00OMOTOK. Kak M3MEHUIUCH
yIpaBJsitonye curuanbl uaymue ¢ MK?

4) BpINOJHUTH TMYHKTHI 2 U 3 171 BCEX PEXKUMOB KOMMYTAIUU
OOMOTOK.

9) Odopmuth oTUET O TAOOPATOPHOU padoTe.

4.6. KoHTpOJIbHBIE BONPOCHI

1. YUto Takoe 1maroBbId JIBUTATEIH?

2. Knaccuukaiius 1maroBbix JBUTaTEIICH.

3. YcrporictBo u ipuHuui aeicteus L/ ¢ nepemeHHbIM
MAarHUTHBIM COTIPOTUBJICHUEM.

4. YcrpoicTBo u npuHumi aercteus /] ¢ mocTossHHBIMU
MarHuTamu.

5. YcTpoicTBO 1 npuHIUI AeicTBUsS rTuOpuaabix [T,

6. OCOOEHHOCTH KOHCTPYKITUHU, JOCTOMHCTBA U HEJIOCTATKU
yHunoJspHbix LT,

7. OCOOEHHOCTH KOHCTPYKIUHU, TOCTOMHCTBA U HEJIOCTATKU
ounossipabix I/,

8. CriocoObl ynpaBiieHUs MIaroBbIM JIBUTaTENIeM

9. CnocoObl MPaKTUYECKON peain3alui YCTPOMCTB
yIIpaBJICHUS IarOBBIMU JIBUTATEIISIMHU

10. JlocronnctBa u Hegocratku II/] mo cpaBuenuro ¢ AIIT
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11. JocrounctBa u Hegocratku LI/ mo cpaBHeHUIO €
CEpBOJIBUTATEIISIMA

12. Biusinue conpoTUBIEHUS U UHIYKTUBHOCTH OOMOTOK
]I Ha XapakTepUCTUKU UX PaOOTHI.

13. Mexanunueckas xapakrepuctuka [LIJ]
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JlaGopaTopHas padora NeS. DuiekTponpusoa Ha 0a3e
0€eCKOJIJIEKTOPHOT0 IBUTATEJIA

5.1. Leas u 3axauu padoThI

[lenpt0o padOTHI SBISAETCS OCBOCHHE CTYACHTAMU  IPUHIIMIIOB
NOCTPOCHHSI ~ aBTOMAaTHU3UPOBAHHOTO  AJIEKTpomnpuBoAa Ha  0ase
OECKOJUIEKTOpHBIX  ABurartenel. OCBOMUTh  NPUHUUIBI  pabOTHI,
KOHCTPYKTHUBHBIE 0COOEHHOCTH, 17§ CrocoObl yIpaBJICHUS
OECKOJIEKTOPHBIMU JBUTATEIISIMU MaJIOi MOIIIHOCTH.

5.2 3apanue Ha J1a00pPaTOPHYIO padoTy

B pamkax Hacrosmeid sabopaTopHO paboOThl  TpedyeTrcs
BBITIOJIHUTH CJICAYIOLINE:
1. O3HaKkOMUTbCS € KOHCTPYKIMEHM W  OPUHUUIIOM  palOOThI
OECKOJJIEKTOPHOTO 3JIEKTPOIBUTATEIIS,
2. OcBoWuThb TIPUHIMIIBI ~ PETYJUPOBAHUA  YIJIOBOM  CKOPOCTH
ANEKTPOJBUTATEIIS,
3. OcBouTth npuHuun PP- monymnsmumy,
4. OCcymiecTBUTH 3allyCK JIBUTATENSI B ACHHXPOHHOM PEXUME,
5. C nomompio 1udpoBoro ocumwuiorpadga u3yduth (GopMy curiaia
MOCTYAaeMOT0 Ha OOMOTKHU 3JIEKTPOJABUTATES.
6. [IpoaHaIM3MpPOBATH OIYYEHHBIE PE3YIBTATHI, CAEIATh BHIBOJBL.

5.3. KpaTkue TeopeTndeckue cBeJleHUsI

OcHnoenole mexHuuecKue ocobennocmu 6CHMUIbHBIX
osuzameneit. 1101 BEHTUIbHBIM JABUTaTEIEM MMOHUMAIOT CUHXPOHHBIN
JIBUTATENb, COJAEpXKaluii MHOro(da3zHyro OOMOTKY cTaTopa, pOTOp C
MIOCTOSIHHBIMM MarHMTaMM M BCTPOCHHBIM JaTYMKOM IOJIOKECHUS.
KommyTanuss Takoro pABUTatesis OCYHIECTBISIETCS MPU  MOMOIIH
BEHTHWJILHOTO TMpeoOpaszoBarelisa. I[lodToMy e€ro MpUHITO Ha3bIBATh
«BEHTUJIbHBIMY.

ITo cyTu, BEHTWJBHBIM JBUTaTEb C TOYKH 3pPEHUS METOAa
KOMMYTallUU TPEACTABISIET COO0ON «HMHBEPTUPOBAHHBIN) BapUAHT
KOJJICKTOPHOM MAIIIMHBI ITOCTOSIHHOTO TOKa. B BEeHTUJILHOM JIBUTATEle
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WHIYKTOP HaXOJWUTCS Ha pOTOpe, sKOpHas OOMOTKa Ha CTaTope.
KomMyTanuss  OCyIIECTBIISIETCS  MYTEM  NOJAYM  YIPABJISIOIIETO
COTJIACOBAaHHOT'O BO3/ICUCTBUS Ha OOMOTKH CTaToOpa B 3aBUCUMOCTH OT
MOJIOKEHHUST POTOPA, OMPEAECIAEMOTO C MOMOIIBK) UHTETPUPOBAHHBIX B
JIBUTATENIb TaTYMKOB OOPATHOM CBS3HU.

Puc. 5.1. CTpykTypa 1aTYMKOB O€CKOJIJIEKTOPHOTO JIBUTATEIIS:

1 — 3anHss KpbIlIKa, 2 — Ie4aTHAs IJ1ata JaTYUKOB, 3 — JaTYUKH
Xomna, 4 — BTYyJIKa NOJIIUITHUKA, 5 — MIOJIIMITHUK, 6 — BaJl, 7 — MarHUThI
poTopa, 8§ — 30JUpYyIoILIee KOIbllo, 9 — 00MoTKa, 10 — Tapenbyuaras
npyxuHa, 11 — npomexyrounas Bryika, 12 — uzoisiuus, 13 — kopmyc,
14 — npoBoaa

PaccMoTpuM  CTPYKTYpy  BEHTHJIBHOTO  (OECKOJIEKTOPHOTO
JBUTATENs, OCHAIICHHOTO JATYMKOM IIOJIOKEHHWS Basla) JBUTATENsl Ha
npumMmepe cemeiictBa asurareieid Faulhaber (puc. 1). B nanHoM ciaydae B
OCHOBE pPOTOpa JISKUT JIBYXIIOJKOCHBIA MarHut, craropa Tpexda3zHas
OOMOTKa, TMOJIO)KEHHE  poTOpa  OMNpenenseTca ¢ MOMOIIBIO
MHTETPUPOBAHHBIX B JBUTATENb NAaTYMKOB Xoiuia. B oOmem ciydae
POTOP MOKET COJAEPKATh APYro€ KOJWYECTBO Map MOJIFOCOB, & CTATOP
uMeTh Oosiee TPaJAMIMOHHYI0 KOHCTPYKIIMIO, BHEIIHE CXOJHYIO CO
CTaTOPOM ACUHXPOHHOW MAIlIUHBI.

Haubonee pacnpocTtpaHeH crtatop ¢ TpeMs OOMOTKamH,
COCAMHECHHBIMU «3BE3J0i» (peke B «TPEYroJibHUK») 0e€3 BbIBOJA
cpenHet Touku. Kak wu3BecTHO, WMEHHO Tpexdas3Has CTPYKTypa
aBisieTcst HauOosee 3p(HEeKTUBHON MPU MUHUMYME YK CIIa OOMOTOK.

[Ipu coenuHeHUM OOMOTOK «3B€3710i» BEHTWJIBHBINA JIBUTATEIh
uMeeT OOoJblIMe TOCTOSSHHbIE MOMEHTAa M MEHBIINUE ITOCTOSHHBIE

nmpotuB0DJIC 1O CpPaBHEHUIO C COEOUHEHUEM «TPEYTOJIbHUKOMY.
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[TooToMy COEIMHEHME «3BE3J0M» MCHOJB3YETCS B  NPUBOJAAX,
TpeOyromux  OONBIIUX  KPYTSAIMIUX MOMEHTOB, a COEJUHECHUE
«TPEYTOJILHUKOM» — JIJIs1 OOIBIINX CKOPOCTEM.

B OonbplIMHCTBE ciiydaeB OOMOTKH CTaTropa BBIIOJHAIOTCS 0€3
HachllleHus, T.e. NpoTuBo-2J[C OOMOTOK HMEET CHUHYCOUJAIbHYIO
dopmy. Takue nuratenu 3aydactyio HasbpiBatoT AC brushless motor B
ormmmune oT DC brushless motor, 00MOTKM cTaTOopa KOTOPOTO
BBITIOJTHAIOTCS ¢ HachilieHneM. Takoe Hachienue B DC brushless motor
MpEeHA3HAYEHO JJIsl CHUXKEHMS MYJibCalluii TOKa (M COOTBETCTBEHHO
MOMEHTA) TIPU MPUMEHEHUN TparelnenaaIbHOW KOMMYTAITUH.

Ho wunorma tepmun DC brushless motor wucnonb3yror s
JBUTATENICH C MUTaHUEM 4Yepe3 UHBEPTOP OT CETH MOCTOSIHHOTO TOKa,
YTO HE COBCEM KOPPEKTHO.

OOBIYHO KOJIMYECTBO Map MOJIIOCOB, ONPEACISIEMOE KOJIUYECTBOM
nap MarHUTOB POTOPA U OMPEEIISIIONIEe COOTHOIICHUE MEXaHUYECKOTO
U 3JIEKTPHUUYECKOr0 000pOTOB, paBHO 4-8.

Cratop MOXeT OBITh BBIMIOJIHEH C KeJIe3HBIM (iron core) Wiu
oezxene3nbiM  (ironless) cepaeunnkoM. KoHcTpykmusi cratopa ¢
O€3)KENIe3HBIM  CEPJICUHMKOM  O0ECTeYMBACT  OTCYTCTBUE  CHIIBI
MPUTSHKEHUSI MArHUTOB pOTOPA U JKeJie3a CTaTOPHOM 0OOMOTKHU (magnetic
attraction) u 3yo011oBoro a¢gdexra (cogging), HO CHIKAET HE3HAYUTEIIBHO
(ma 10...20%) 3¢ dexTUBHOCT ABUTATENS H3-32 MEHBIIUX 3HAYEHUU
MOCTOSIHHOM MOMEHTA.

OnHo W3 caMbIX  OYEBHJHBIX MPEUMYIIECTB  poTOpa C
MOCTOSIHHBIMU MarHuTaM COCTOUT B YMEHBIIICHUU AUAMETpa poTopa H,
KaK CJEJICTBUE, B yMEHBIICHHH MOMEHTAa HWHEPLUHUH PpPOTOpa.
TexHomornuecku MarHUTBI MOTYT OBITh BCTPOCHBI B POTOP WIH
PacCIOJIOKEHBI Ha €T0 MOBEpXHOCTH. HO MOHMKEHHBI MOMEHT WHEPIIUU
3a4acTyl0 MPUBOJUT K MajblM 3HAYCHUSM COOTHOIIECHHWS MOMEHTa
WHEPLMUM JBUTATENS W TMPUBEJACHHOIO K €ro BaJly MOMEHTa WHEPIUU
Harpy3ku (mismatch ratio), ycloXHAMOIIEMY HACTPONKY MPHUBOJA.
[TosToMy psii MPOU3BOIUTENICH TIpeIaracT HapsAy CO CTaHJAAPTHBIM U
MOBBILICHHBIA — B 2-4 pa3a — MOMEHT UHEPLIUU POTOPA.
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Jlamuuku nonoxcenus u OonoaHumebHovle ycmpoiicmea. B
KauecTBE JaTYMKa TOJIOKEHUS, HEOOXOAUMOro [UIsi KOMMYTAalluu
BEHTWJIBHOTO JBUTATENS, MOTYT OBITh HCIIOJIB30BAHBI JATUYUKU XOJuIa
(mudpoBbie WM aHAIOrOBbIE), SHKOAEP (LM(PPOBOI, aHATIOTOBBIA WIIH
aOCOJTFOTHBIN) UJTH Pe30JibBep (Bpalaroniuiics Tpaacpopmarop).

Hudposbie paTymku XoJla HCHOJB3YIOTCS Uil Haubosee
pPacIpoOCTpaHEHHOW — TpaneueuaaibHOW KOMMYTAIlMM BEHTUJIBLHOTO
neuratens. Lludposbie natunku Xoiuia MOTYT OBITh BBIIIOJHEHBI TAKKE
M Ha ONTHYECKOHN IKaje 3HKOAEpa. AHAJIOIOBbIE JaT4UMKH XoJula
UCIIOJIB3YIOTCS  JUIsl CHHYCOMAAQIbHOM KOMMYTAllMM BEHTHJIBHOTO
IBUTATENs. DHKoJEep uMeeT Tpu AuddepeHIraNlbHBIX KaHala — JBa
kaHana A, B 1OpsAMOyroibHbIX MMITYJIbCOB, CABHHYTBIX Ha 90
AIEKTPUYECKUX TPajycoB, U HYJIEBOW umIityjbc | (uHaekc). Pe3onbBep
npejcTaBisieT co0oM Bpalaromuiicss TpanchopMarop ¢ OOMOTKOM
BO3OYXIEHUS W JBYMS BBIXOAHBIMM OOMOTKamMu co caBurom 90
IEKTPUUYECKUX TPagyCcoB. AHAJIOrOBBII SHKOJEP MMEET aHaJOrOBbHIE
sin/cos (1B Mexny nukamu peaktopeak) nuddepenunanbHbie BHIXOIBI.

BHemHui  UHTEPHOJITOP  IO3BOJSET  IOBBICUTH  HUCXOJHOE
paspemieHue ¢ kodpdumnmentom ymHoxkeHus A0 4096 .AOCOMOTHBIN
HKOJEP NepeaacT MHPOPMALHMIO MO TOJIOKEHUIO O CUHXPOHHOMY
nociegoBarenbHomMy uHTepdeiicy (SSI wim BiSS), nporokos koToporo
3a/aeTcsl  Mpou3BoaMTeNeM 3HKojepa. OnHumu u3  HauOosee
NOMyJIApHBIX MpoTokoyoB sABisitorcss Heidenhain EnDat, Tamagawa
Smart Abs u Stegman Hiperface npoTokosi.

KpoMe pnatumka TmOJOXKEHUS JOMOJHUTEIBHO MOTYT OBITh
BCTPOEHBI: TAXOTE€HEPATOP, TEPMOJATUHUK, TOPMO3 HIIU PEIYKTOP.

Cnocobvl Kommymayuu ¢ npumeHeHuem 0amuuKa noa0HCceHUus
pomopa. CriocoObl KOMMYTallMd BEHTWJIBHOTO JBUTATEINS pa3InyarOTCs
M0 THUITY JATYMKa IMOJOKEHUS POTOpPa U OCOOCHHOCTSIM PEeryJIMpOBaHUS
TOKa B (pazax 0OMOTOK cTaTopa.

TpaneneunanbHas WM IIECTUIIAroBas (Sixstep) KoMMyTalus
BEHTWJIBHOT'O JIBUTATENsl OCYUIECTBIISIETCA MO LHUQPOBBIM JaTYUKaAM
Xomna. Jns 3x matunkoB XoJjuia, SBISIONIUXCS «TPYyOBIM» JaTYUKOM
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MIOJIOKEHUS] POTOPA, BO3MOXKHBIX COCTOSHUM HA MOJHBIN 3JICKTPUYECKUN
0o00poT OyleT MIecTh, KaXJI0€ U3 KOTOPBIX COOTBETCTBYET 60
NEKTpUUEeCKUM rpajgycaMm. Ilpu KaXJIOM TMOCTOSHHOM COCTOSIHUM
JAaTYMKOB XOJUla MOJKIIYAIOTCSd TOJBKO JBE OOMOTKM JBHUrartess, a
TPEThsSI OTKJIIOYEHA OT MCTOYHMKA HanpspkeHus. [1ocTosTHCTBO BekTOopa
Toka B mpenenax +30 3IEKTPUYECKHX TPAaAyCOB OT ONTHUMAJIBHOTO
(co3maroiiero MakCMMajabHbIA MOMEHT) MPUBOAUT K 17% mysbcanusim
TOKaA.

[IpeumyiniecTBa: TOTOBHOCTh K pa0OTe MPU BKIIOUCHUU MUTAHMUS;
JNEUIEBbIM  YCWIHTENb TOKa; yMOpaBJIE€HUE TOKOM (MOMEHTOM)
aHAJIOTOBBIM curHajaoM +10B.

Henocrarku: nyJibcalluu  TOKa; CpelHHE  TIOKa3aTesH
OBICTPOJICUCTBUS TIPYU TO3UIIMOHUPOBAHMM U PABHOMEPHOCTH MPH
CKaHUPOBAHUM.

O06nacTh NPUMEHEHUS: PETYJIUPOBAHUE CKOPOCTU MPU HEBBICOKUX
TpeOoBaHUSAX K 3(P(PEKTUBHOCTH M PABHOMEPHOCTH MEpPEMENICHUS] Ha
HU3KHX CKOPOCTSIX.

CunycouganbHasi KOMMYTaIus JIUIIIEHA HEJIOCTATKOB
TpalneuenIalIbHOM KOMMYTAIMA 34 CYET HENPEPBIBHOW M IUIABHOMU
KOMMYTallMd BEKTOpa TOKa. OJTO JOcTUraercsi Omnarogapsi Oosee
BBICOKOMY PpAa3pelICHUIO0 JIaT4MKa MOJIOXKEHUS poTopa (OOBIYHO
WHKPEMEHTAIIBHOTO  JHKOJEpPa) 1O CpPaBHEHUID C  HUPPOBBIMHU
JaT4YuKaMu XoJjila, UMEIOIIMMHU Pa3pellieHue TOJbKO 60 3JIeKTPUUECKUX
rpagycoB. [lns craHmapTHOrO nABUTraTenss ¢ coeauHeHweM (a3 B
«3BE3y» JOCTaTOYHO KOHTPOJUPOBaTh TOK B JBYX OOMOTKax C
NOMOIIBIO IBYX perynstopoB Ha 0aze [IMperynstopos. Takoi cnoco6
KOMMYTalluld O4YeHb 3(PPEKTUBEH HA MaJbIX U CPEJHUX CKOPOCTSIX, HO
UMEeT OIIMOKM Ha BBICOKMX CKOpOCTSAX. B 3ToM ciydae wu3-3a
orpanndeHHoro ycuienus [IHMperynstopa npu 3aJaHHOM HANPsIKEHUU
noctosiHHoro  HampspkeHuss (DC  bus) makcuMmanbHasi  CKOPOCTH
orpanndeHa. HeCKOIbKO MOBBICUTH CKOPOCTb MO3BOJIIET METOJ CIBUT
da3bl (phase advance).
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IIpenmymecTBa: MUHHMAaJbHBIE IMYyJbCALMM TOKA; BBICOKUE
MoKazaTenu OBICTPOJICUCTBUS npu MO3ULIMOHUPOBAHUH 51
PaBHOMEPHOCTHU MPU CKAHUPOBAHHHU.

HemocraTkm: orpaHndyeHMe€ Max CKOPOCTH TIPpU  3aJaHHOM
HalpsOKEHUM  TIOCTOSIHHOTO — HAINpSDKEHUS,  YIOPAaBJIEHUE  TOKOM
(MOMEHTOM/CHUJION) TIPY TTOMOIIY ABYX aHAJOTOBBIX curHayioB £10B.

O0s1acTh NIPUMEHEHHUSA: IPENU3UNOHHBIE MEXAHU3MBI.

HenocpeacTBeHHO BEKTOPHBIA KOHTPOJIb TOKa B KoopauHaTax DQ
UCIIOJB3YyeT  MpeoOpa3oBaHus  Mexay  cratudueckumu DQ wu
BpamaromumMu UVW koopanHataMyu BEKTOpa TOKA, WU3BECTHBIMHU Kak
npeobpazoBanus [lapka Knapka. B otnuune oT cuHyCcOUIaIbHON TaKOM
cnoco0 KoMMyTauuu npeanosaraer pabory IIHperynstopa c
HanpsDKCHUSIMU ~ TIOCTOSIHHOTO  TOKa, a HE  CHHYCOUJAIbHBIMHU
HaMpsOKEHUSMU. JTO W OOECIEUMBAET KAUYE€CTBO YIPABJICHUS TOKOM,
HE3aBUCHUMOE OT CKOPOCTH BPALICHUS JIBUTATEIIA.

BekropHbIit KOHTPOJIb IIPEAIO0IaracTt pETYJIUPOBAHUE
kBagpatuuHor (D) m mpsamoit (Q) cocraBisronux Toka. T.K. TOJBKO
npsimast (Q) cocTaBistoIIas TOKa, MEPIICHANKYJISIpHAsl K TMOJII0 pOTOpa,
CO3/Ia€T MOMEHT JABHUTaTENs, TO 33/IaHME TOKA MOJAETCS Ha BXOJI MPSIMOM
(Q) cocraBnsromein Toka. Ha Bxoa kBagpatuunoit (D) cocraBistoieit
Toka nogaetrcsa «0» curnain. [IpeodpazoBanust Mmexay cratudeckumu DQ
u Bpamwaromumu UVW KoopanHaTaMyu BEKTOpPA TOKA IPOU3BOLATCA C
y4€TOM TOKOB (ha3 U MOJIOKEHUST POTOpA.

Foeaanfa Biianga Ve
W pARRE AR

A -
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Lox hiaHpA
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BATEN
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Eawmanga "0°

Damaar TaKa
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Puc. 5.2 BeKTOpHBIN KOHTPOJIb TOKA BEHTUJILHOTO JIBUTATEIIS
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BekropHbiit KOHTPOJIb pH HUIMYUH MIPEUMYIIECTB
CUHYCOUJAJTbHOW KOMMYTAIlMM TO3BOJISIET PACHIMPUTH  JIMANA30H
CKOpOCTEW BEHTWJIBHOTO JIBUTaTeNss 3a CcyeT Oojiee MOJHOTO
UCIIOJIb30BaHUS HAMPSHKEHUS MOCTOSIHHOTO TOKA.

Crenyer OTMETUTbh, YTO MJII CHUHYCOMAAIbHOM WM BEKTOPHOU
KOMMYTallU  TOKa TpPU  HUCIOJb30BAHUM  MHKPEMEHTAJIbHOTO
(OTHOCHTENBHOI0)  JaTyWKa  TOJIOKCHHS  poTopa  HEO0OXOAMMO
NEPBOHAYANIBHO (T.€. MPU KaXJOM BKJIIOYEHUM NUTaHUs) cha3upoBaTh
MOJIOKEHUE POTOpa OTHOCUTENbHO (ha3 craropa. AJTOPUTM TaKoOM
HayaJbHOU (Pa3UpPOBKU OOBIYHO SIBIISIETCS «BCTPOCHHBIMY.

TpanenenmganpbHas KOMMYTAallUsl BEHTUJIBHOTO JBHUTATENs HE
TpeOyeT HaudalbHOW (ha3upoBKU Ojarogaps UCMOJB30BAHUIO JATYMKOB
Xomna, SBISIOMMXCS a0COTIOTHBIMU JIaTYUKAMH TIOJIOKEHHUS pPOTOpa.
[losToMy uX WHOTrAAa NOPUMEHSIOT BMECT€ C HWHKPEMEHTAJIbHBIM
JATYUKOM  TIOJOXKEHUS I pean3ali  CHUHYCOMJAIbHON WU
BEKTOPHOM KOMMYyTallMM TOKa 0€3 HEe00XOJAUMOCTH MPOU3BOJIUTH
HayaabHYyO (a3upoBky. Takas koHUTypauuss PEKOMEHIYETCS IS
MEXaHM3MOB, TJ€ pealn3alus MNpoLEeAypbl HadYaIbHON (Pa3upOBKH
3aTpyJIHEHA, HAIIPUMEP, MEXaHW3MOB BEPTUKAIBHOTO MEPEMEIICHHUS.

Humezpuposannoe ucnoinenue eHMUIbHBIX Osuzameeil.
OmHOWl W3 OCHOBHBIX TIEPCHEKTHUBHBIX TEHICHIIUA B Pa3BUTHH
COBPEMEHHBIX  BCHTWJIBHBIX  JBHUTATeNiel  SBIIAETCS  TATOTCHHE
IPOM3BOJIUTESI K HHTETpAllMd B CAWHBIA KOPIYC C JBUTATEIEM
yIPaBIAIONIEH 2JICKTPOHUKHU. Takoe pelieHrne mo3BoJISIET MpejiaraTh He
Pa3pO3HECHHBIM HA0OP KOMIUICKTYIOIIUX MPUBOJHOM CHUCTEMBI, a
3aKOHYEHHBIN TPUBOJ B cOope. Takum o0pa3oM, pelarTcs BO3MOKHBIE
poOJeMbl COBMECTUMOCTH PA3JIMYHBIX KOMIIOHEHT MPHUBOJAA, a TAKKE
npoOJeMa pa3IuyHbIX UHTEPPEHCOB KOMIOHEHT MPUBOIHON CUCTEMBI.

[IpumMepoM  WHTErPUPOBAHHOTO TPHUBOAA  SBISETCS  CEpHUs
nsurateneit BG, npennaraemas komnanuein Dunkermotoren (puc. 5.3).
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Puc. 5.3 JIsurarenu Dunkermotoren cepuu BG

Hpeumymecmea UCHROJIb306AHUS 6EHMUTIBHBIX 08U2ameell

K HecoMHEHHBIM JOCTOHMHCTBaAM BCHTUJIbBHBIX I[BI/II‘aTCJICI\/II Ciacayer

OTHCCTU:

Bricokuii 3amacaeMbIii MOMEHT

PaboTa nmpu BRICOKMX MUKOBBIX HAarpy3Kax

Xopolliee YCKOPEHUE MPU U3MEHSIOIIUXCA Harpy3Kax
Bricoknil quana3zoH CKOpOCTEn

BrICOKyI0 paBHOMEPHOCTD JIBUKECHUS

BbICOKYyI0  TOYHOCTH  MO3WIMOHUPOBAHHMS  Oyarojaps
BO3MOKHOCTH  HCIIOJIb30BaHHUS  DHKOJEPOB UM  JIPYTUX
JATYUKOB OOpATHOM CBSI3H IO CKOPOCTH/IIOJI0KEHHIO.

5.4. Xox padoTsl
1. [ToakmrounTh 1abOpPaTOPHBIN CTEH]T K CETH MOCTOSHHOTO TOKA;

2. 3amyCcTuTh OECKOJIJICKTOPHBIN IBUTATENb;

3. 3aMCpI/ITB 4aCTOThbl BpallCHUA, I Pa3jIMYHbIX YaCTOTaX

HAPSKECHU N

4. BBIKIIIOYUTH TUTAHUE ABHUTaTCIIA

5. OTKIIIOYUTH CTEH OT CETHU

5.5. KoHTpoJIbHBIE BONPOCHI

1.

Yrto Takoe 0€CKOJIEKTOPHBIN ABUTATEIh?

2. Knaccudukaiusi 6ecKoJUIEKTOPHBIN ABUTATEIICH.

3.

YCTpOUCTBO U TTpUHIMUIN AeUcTBUS b/I.
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o0

Ocob6ennocTtu KoHCcTpyKunu b/,

JlocTonncrBa u Hepocrarku b/I.

CnocoObl ynpaiienus: bJ[

CnocoObl MPaKTUYECKOHN peanu3aluyu yCTPOUCTB yIpaBICHUS

b/l

. loctonncrBa u Hegocratku b/l o cpasuenuto ¢ AT HB

9. Mexanuueckas xapakrtepuctuka b/l
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JlabopaTopnasi padora Ne6. MccienoBanue padoTbl NPUBOA HA
0a3e YHUBEPCAJbHOI0 KOJJIEKTOPHOTI0 3JIEKTPOABUTATES

6.1 Lleab u 3axaun padoOThI

[enb pPabOTHI: U3YUYUTh O0COOCHHOCTH MTOCTPOCHUS
AJICKTPOIPHUBOJIOB Ha 0a3e YHUBEPCAIbHBIX KOJIJIEKTOPHBIX JBHUTaTElIeH,
OCBOWThH YCTPOMCTBA JBWUTATENs, CXEMY IOJKIIOYCHUS, JOCTOMHCTBA
Henoctatku YKJI, obmacty npuMeHeHusl.

6.2. KpaTtkue TeopeTuyecKue CBeIeHUA

KomnnekropHble OBUrateny MONYYWUIM IIMPOKOE NMPUMEHEHUE HE
TOJIBKO B 3JIEKTPOUHCTPYMEHTE (Apeiu, IypynoBEPTHI, OONTapKH U T.1),
MEJKUX OBITOBBIX MpUOOpax (MUKCEPHI, OJEHIEPhl, COKOBBIKUMAIKHA U
T.), HO U B CTUPAJIbHBIX MAalllMHAX B KadyeCTBE JBUTraTessl MPUBOJA
O0apabana. KomnekTopHble MOTOpBHI 00ji€e KOMIIAKTHBIE, MOIIHBIE H
IPOCThIE B YOPABICHUU. DTUM H OOBSACHAETCS MX CTOJIb MaccOBOE
IPUMEHEHHE.

Yempoiicmeo ynueepcanvnozo konnekmopnozo ogucamens

KosnekTopHplii aBurarenb - 3T0 OAHOGA3HBIA JBUTATENIb C
MOCJEA0BATEIbHBIM BO30YXJIEHUEM OOMOTOK, MpeAHA3HAYEHHBINA IS
paboThI OT CETH NEPEMEHHOTO WJIA MOCTOSIHHOTO TOKA.

BONBIIMHCTBO  KOJUIEKTOPHBIX JIBUTATEJIEHd MPUMEHSEMBIX B
OBITOBBIX MEXATPOHHBIX YCTPOMCTBAX UMEIOT KOHCTPYKIIUIO U BHEUITHUM
BUJ] IPEJCTABICHHBIN HAa pUCYHKE 6.1.
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Puc. 6.1 KonnekTopHbIM 3J€KTPOABATaTENb CTUPATLHON MAIITUHBI:
I — cTaTop, 2 — KOJIEKTOP, 3 — MIETKA KOJUIEKTOPHOTO y37a, 4 —
MarHUTHBIA POTOP TaxoreHepaTopa, S — 0OMOTKH TaxoreHeparopa, 6 —
CTONOPHAs KPBIIIKA TaAXOT€HEPATOPa, 7 — KIEMMHAs KOJIOJKa
JBUTATENSA, 8 — KUB, 9 — KOPITyC JBUTaTEIS.

JIaHHBI JBUTaTENb UMEET PAJ TAKUX OCHOBHBIX YaCTEW Kak:
ctatop (C OOMOTKOW BO30YXJIEHUS), POTOP, WIETKA (CKOJIb3SIIUMA
KOHTAaKT, BCerja NPUMEHSIOTCS JBE IMIETKH), TaxOoreHepaTop
(MarHUTHBIA POTOP KOTOPOTO KPEMUTCS K TOPIIEBOM YaCTH Bajia poTopa,
a KaTyIllKa TaxoreHepaTopa (UKCUPYETCS CTOMOPHOM KPBIIIKONW WIIH
KOJIBIIOM). Bce coCTaBHBIE YaCTH CKPEIUISIIOTCA B €IMHYI0 KOHCTPYKIIUIO
JIBYMsI QJIIOMUHUEBBIMU KPBIIIKAMU, KOTOpPBIE OOpa3yloT KOPMIYC
neurarens. Ha KJI€MMHYIO KOJOJKY BBIBOJSTCSI KOHTaKThl OOMOTOK
cTaTopa, IETOK, TaXOreHeparopa HEOOXOIUMbIEC JJIsl TOAKIIOUYECHUS K
AJIEKTpUYECKOM cxeme. Ha Baim poropa 3ampeccoBaH IIKHWB, 4YEpPE3
KOTOPBIM MOCPEJACTBOM PEMEHHOU Iepeaadyu MPUBOJUTCS B JABHKEHUE
OapabaH CTUpaTbHOU MaITUHBI.

UtoObl B  jdajbHEMIEM JIydille TIOHATh Kak  paboraeT
KOJUIEKTOPHBIA JIBUTaTEllb, 1aBAUTE PACCMOTPUM YCTPOMCTBO Ka)IOr'0
W3 €r0 OCHOBHBIX Y3JI0B.
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Porop YK/
Koncrpykuus poropa YK]I noka3zana Ha puc. 6.2

MoamwHNHHER

QoMo TKA Konnektop
CepnevHHK

Puc.6.2 PoTop (SIKOph) KOJUIEKTOPHOT'O JBUTATENS

Potop (sikops) - Bpamaromasics (IOJBHXKHAs) 4YacTh JBHUTaTENs
(Puc. 6.2). Ha cranbpHOI Ball yCTaHABIMBAETCS CEPACYHUK, KOTOPBIM ISt
YMEHBIIIEHUS BUXPEBBIX TOKOB M3TOTABIMBAIOT U3 HAOOPHBIX IUIACTUH
AIEKTPOTEXHUUECKOW CTald. B ma3el CepacyHHMKa YKIIAJIbIBAOTCA
OJIMHAKOBBIE BETBU OOMOTKH, BBIBOJIBI KOTOPBIX MPHUKPEIUICHBI K
KOHTaKTHBIM MEIHBIM IUIACTHHAM (J1aMeJisiM), 00pa3yroIre KOJUIEKTOP
poropa. Ha komiekTope poTopa B CpelHEM MOXKET ObITh 36 jamenei
pacroyiaraloiiuxcsi Ha HU30JISTOPE M pa3felEHHble MEXAYy CoOou
3a30poM. Jlnsi oOecriedyeHHs] CKOJIBKEHUS pOTOpa, Ha €ro Bai
3aIIPECCOBBIBAIOTCS MOAMIMITHUKHU, OTMIOPAMH KOTOPBIX CIIY>KAT KPBIIIKU
KopIyca aBuratens. Tak >ke, Ha Bajd pOTOpa 3alpPecCOBaH IIIKWUB C
MPOTOUYCHHBIMU KaHaBKaMM i1 PEMHSA, a Ha MPOTHUBOIOIOXKHOM
TOPIIEBOM CTOPOHE Baja €CTh OTBEPCTHE C PE3bOOM B KOTOpOE
MPUKPYUYMBAETCSI MAarHUTHBIA POTOP TaXOr€HEpaTopa.
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Crartop YK/
Koncrpyknus craropa YK/ nokazana Ha puc.6.3.

BbiBOOLI 00X
CEKLMIA 00M 0 TEH

CepneyHHK

CpenHHi
BLIBO,
CeKLMA

OBMOTEH

CerxuMH oGHMOTEH CTaTopa

Puc.6.3 CtaTop KOJJIEKTOPHOI'O ABUraTes (BU C TOPIIA)

Cmamop — HenojBwxkHasg yacth pAsurarens (Puc.6.3). [ns
YMEHBIIICHUS] BUXPEBBIX TOKOB, CEPJCYHUK CTAaTOpa BBIIOJIHEH W3
HAOOPHBIX TUTACTHH 3JICKTPOTEXHHUECKOW CTai 00pa3yroluXx Kapkac,
Ha KOTOPOM YJIOKCHBI JBE paBHBIC CEKIMH OOMOTKH COCHMHEHHBIC
IIOCJICIOBATENIbHO. Y cTaropa IMOYTH BCETJa €CTh TOJIBKO JBa BBIBOJIA
obeux cexiuii 00MOoTKkH. Ho B HEKOTOPBIX JBHUTaTeNsIX MPUMEHSIETCS TaK
HA3bIBAEMOE CEKIIMOHUPOBAHME OOMOTKHM CTAaTopa W JOMOJHUTEIHHO
UMEEeTCsI TPETUM BBIBOJI MEXKIY CeKUMsiMU. OOBIUHO 3TO JIETAeTCs M3-3a
TOTO, YTO MPHU paboTe JIBUTATENI HA MOCTOSHHOM TOKE, HHIYKTHBHOE
CONPOTHBIICHHE OOMOTOK OKa3blBaeT MEHBIIEE CONPOTHUBIICHUEC
MIOCTOSIHHOMY TOKY M TOK B OOMOTKax BBIIIE, TTO3TOMY 3aJCHCTBYIOTCS
00€ ceKIMM OOMOTKH, a IIpU paboTe Ha MEPEMEHHOM TOKE BKIIOYACTCS
JUIIbL OJlHA CEeKIUS, TaK KaKk TEePEMEHHOMY TOKY WHIYKTHBHOE
COMPOTHUBIICHHE OOMOTKHU OKa3bIBAET OOJIBIIIEE COMPOTHUBIICHHE U TOK B
oOMOTKE MeHbIIEe. B yHHBepcadbHBIX KOJUICKTOPHBIX JIBUTATEISAX
CTUPAJIBHBIX MAIlMH TPUMEHSETCS TOT JK€ TMPHUHIMI, TOJIBKO
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CEKIIMOHUPOBAHHE OOMOTKHM CTaTopa HEOOXOIUMO MJi YBEJIUYCHUS
KOJINUeCTBa 00OPOTOB BpalleHus: poTopa asuratens. [Ipu gocTuxeHuu
ONPENENIEHHON CKOPOCTH BpallCHUs pPOTOPA, JJIEKTPUYECKAss cXemMa
JIBUTATENIsl KOMMYTUPYETCA TaKUM 00pa3oM, 4TOOBbI BKJIIOUAJIACh OJHA
CeKIIMsi OOMOTKHU cTartopa. B pe3ynbTaTe MHIYKTUBHOE COMPOTUBIICHUE
CHIPKAeTCS W JBHUratelb HaOupaeT emeé Ooibliue O000pOTHL. ITO
HEOOXOJUMO Ha CTaAUM pexuMa OTKuUMa (LeHTPUPYTHUPOBAHUS) B
ctupaidbHOi MamuHe. CpeaHud BBIBOJ CEKIIMHA OOMOTKH cTaTopa
MIPUMEHSIETCS HE BO BCEX KOJUIEKTOPHBIX JIBUTATEISX.

HleTounniii y3ea YK]|
Konctpykuus merounoro y3na YK/ nmoka3zana Ha puc. 6.4

WsonaTtop

l

FpadguroebN
GpycoK

!

Knemma

Puc.6.4 [1[€Tka KOJJIEKTOPHOTO ABUTATENS

I[l[émxa — 93TO CKOJB3SIIMKA KOHTAKT, SBJSICTCS 3BEHOM
ANEKTPUUYECKON 1IeNHU, OOECIEUUBAIOIIMM SJIEKTPUYECKOE COEAUHEHHE
Lenu poropa ¢ uenero craropa. Lleérka kpenurces Ha Kopryce ABUTaTEIs
U TOJ ONpPEACIEHHBIM YTJIOM MPUMBIKAET K JIAMEAM KOJIJIEKTOpa.
[IpumMensieTcst Bcerja Kak MUHUMYM Mapa METOK, KOTopasi o0pa3yeT Tak
Ha3bIBAEMBIM IIETOYHO-KOJUICKTOPHBIN y3en. Pabouas dacte mETKM -
rpaUTOBBII  OpPYCOK €  HM3KUM  YJIEJIbHBIM  3JIEKTPUUYECKUM
CONPOTUBJIEHUEM M HHU3KUM Ko3(duimeHtoM TpeHus. ['padutoBslii
OpycOK MMeeT TMOKHW MEIHBIA WU CTAIBHON XTYTHK C MPUNASHHOU
KOHTaKTHOM kjeMMmou. [Jlma mpmwxkuma Opycka K  KOJUICKTOPY
MPUMEHSETCS MNPYXUHA. BCS KOHCTPYKIMS 3aKJIIOUYE€HA B HU30JATOP H
KpEMUTCS K KOopnycy asuraress. B mporecce paboThl ABUTATENS, MIETKU
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HN3-3a TPCHUA O KOJUICKTOP CTAYUBAKOTCA, IMOOTOMY OHH CHHUTAKOTCA
PaCcxXOoJHbIM MAaTCPpHUATIOM.

Taxoreneparop

YacTto 111 moamepkaHus HEOOXOJAMMON YacTOThl BpaIlCHHS
pobora OKJI wucmonp3yercss JaTyMK  YacTOThl  BpAaIllEHUS  —
TaxOre€HEPaTopP, YCTAHOBJIEHHBIN B KOPITYCE 3JIEKTPOIBUTATETIS.

Katyweka ¢ o6moTKON
{cTaTop)

MarHuTHelii poTop

BreiBOABI
KaTyLKN

Puc.6.5 Taxoreneparop

Taxoreneparop (0T aAp.-rped. TAYO0C — OBICTPOTA, CKOPOCTHh U
reHepaTop) — HU3MEPUTENIbHBIM TIeHepaTop IOCTOSHHOTO  WJIU
NEePEMEHHOT0  TOKa, TMpeAHA3HAYCHHBIM Ui MpeoOpa3oBaHUs
MTHOBEHHOI'O 3HaY€HHUSI YaCTOTHI (YIJIOBOM CKOPOCTH) BpallleHUs Bajia B
IIPOIIOPLUHOHATIBHBIN AIEKTPUUYECKUN CUTHAJ. Taxoreneparop
IpeaHa3HaueH IS KOHTPOJII  CKOPOCTH  BpallleHWs  poTopa
KOJUIEKTOPHOTO JABUTaTeNsl. POTOp TaxoreHeparopa KpenuTcs HAPsMYIO
K pOTOpYy JABUTATeNsl W TpPH BpalleHUd B OOMOTKE KaTyIIKU
TaxoreHeparopa IO 3aKOHY  B3aMMOWHIYKIIUU HABOJIUTCSA
nponopiuoHaibHas  snekTpoaBwkymas cwia (DC). 3HaueHwue
NEPEMEHHOT0 HAIPSKEHUS, CUYMTHIBACTCS C BBIBOJAOB KATYIIKH U
00pabaTbIBaeTCs AICKTPOHHOM CXEMOM, a MOCTIETHSS B KOHEYHOM UTOTE
3a1aéT W KOHTPOJUPYET HEOOXOJIUMYIO, ITOCTOSHHYIO CKOPOCTh
BpaIlleHUs POTOpa JBUTATEIS.

NHorma B KOJJIEKTOPHBIX JABUTATEISX BMECTO TaxoreHepaTopa
MPUMEHSETCS JaTYUK XOJlIa.
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Cxema nooknrwuenus oomomoxk YK/[
KoysleKTOpHBIM ~ JgBUTaTeNb  CTUPAJIBHOM  MAIIMHBI  HUMEET
MOCJEA0BATEIIbHYIO CXEMY MOJIKIIOYEHHS] 0OMOTOK.

KoHTakTHaA
KOnoaka
AEHraTena

NS
N __,/'
T _Taxoreuepmop
Crarop
- ul
]
HE
BriBoALI el : Rarumk Xonna
TepMo3aWm Tbl The——l
i : L ! {MpumeHAeICA B
{MPHMEHAK TCA I et I T HEKOTO PbIX
He Besae) : g ABHratTenAx BMecTo

AR H BbIE 0, M0N0 BHHEI 000 TKH CTaTopa TaxoreHeparopa)
{NMPHMEHARTCA B HEKO TOPLIX NBHIarenax)

Puc.6.6 Cxema MoJKII0UEHUS KOJUIEKTOPHOTO JBUTATENS

Ha cxeme, KHpHBIMM CTpPEIIOYKAMH YCJIOBHO  IIOKa3aHO
HaIpaBJi€eHWE TOKa MO MPOBOJHHUKAM M OOMOTKam aBuraress. Ot ¢asbl
(L) Tok uaér yepe3 oHy U3 MIETOK HA KOJUIEKTOP, MPOXOJUT 1O BUTKAM
OOMOTKHM pOTOpa U BBIXOJMT Y€pe3 APYIyIO WETKY U YEPE3 NEPEMBIUKY
TOK TIOCJIEIOBATEIBHO MPOXOAUT MO OOMOTKAM 00E€MX CEKIMH cTraTtopa
noxoas no Heutpamu (N). Takoi Tum JBUTaTeNsl HE3aBUCHUMO OT
IIOJIIPHOCTH T10JIaBa€MOT0 HAIPSKEHUS BPAIIAETCs B OIHY CTOPOHY, TaK
KaK 3a CY€T MOCJIEeNIOBATEIIbHOTO COEIMHEHUSI OOMOTOK cTaropa u
poTopa CMEHa TIOJIOCOB WX MArHUTHBIX IIOJIEM MPOUCXOAUT
OJJTHOBPEMEHHO U PE3YJIbTUPYIOIINI MOMEHT OCTAETCs HAIPABJICHHBIM B
OJIHy CTOPOHY. /{151 TOrOo, 4TOOBI IBUTaTEb HAYAJ BPAIIATHCS B IPYTYIO
CTOPOHY, HEOOXOAMMO  JIMIIb  W3MEHUTh  IOCJIEI0BATEIBHOCTD
KOMMYTallul OOMOTOK.

[TyHkTHpHON NHHUENH 0003HAUYEHBI JIEMEHTHI U BBIBObI, KOTOPHIE
3aJIeUCTBOBAaHbl HE BO BCeX aBurareisix. Hampumep, natumk Xosa,
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BBIBOJIbI TEPMO3AIUTHl U BBIBOJ TMOJOBUHBI OOMOTKHM cTatopa. [lpu
3aIlyCKE KOJUIEKTOPHOI'O JABUTATENsl HANPAMYIO, MMOAKIFOYAKOTCS TOJBKO
0OMOTKH cTaTopa U poTopa (depe3 MmETKM).

Hocmouncmea u nedocmamku YHUGEPCATbHBIX KOJIIEKMOPHbBIX
osuzamenei. K 10CTOMHCTBAM MOYKHO OTHECTH: KOMIIAKTHBIE PA3MEPHI,
OOJIBIION MYyCKOBON MOMEHT, OBICTPOXOJIHOCTh U OTCYTCTBUE MPHUBSI3KU
K YaCTOTE CETH, BOBMOKHOCTD IIJIABHOTO PETYJIUPOBaHUS 000POTOB
(MOMEHTA) B OUYEHB IIIUPOKOM JIHANa30HE — OT HOJISI 10 HOMUHAJIBHOTO
3HAYCHUSI — U3MEHECHUEM IMUTAIOIIETO HAMPSKEHUSI, BO3MOKHOCTb
pUMEHEHUS pabOThHI KaK Ha MOCTOSIHHOM,TaK U Ha MIEPEMEHHOM TOKE.

HenocraTtku - HaJimure KOJJIEKTOPHO-IIETOYHOTO y3JIa U B CBS3U C
TUM: OTHOCHUTEIBHO Majlasg HaAEKHOCTb (CPOK CIYXKObI), UCKPEHHE
BO3HUKAKOIIECE MEXKAY MIETKAMM M KOJUIEKTOPOM H3-3a KOMMYTAlWH,
BBICOKMI yPOBEHB IIyMa, OOJBIIOE YUCIIO JAeTalel KOJJIEKTOpA.

Heucnpasenocmu xonnekmopuvix osuzamenei. Camas ysa3BuMas
4acTh JBUIATENIsl — KOJUICKTOPHO-IIETOYHBIN y3eil. [[axke B HCIpaBHOM
JIBUTATEJIE, MEXIY WMETKAMU U KOJUIEKTOPOM MPOUCXOJUT HCKPEHHE,
KOTOPOE€ JOBOJBHO CHUJIBHO HArpeBaeT €ro Jiameiau. A mpu cTauyuBaHUU
HETOK 10 MPEJESia U BCIEACTBUE UX IIOXOr0 MPUXKKUMA K KOJUIEKTOPY,
UCKpEHUE  TMOpOM  JOCTUraeT  KyJIbMUHAUIMOHHOIO  MOMEHTa
MPEACTABISAIOLIETO JJIEKTPUUECKYI0 ayry. B 3rom ciyyae Jamenu
KOJUIEKTOPA CHJIBHO IMIEPErpEeBAOTC M HHOTAA OTCIAUBAKOTCS OT
U30JI9TOpa, O00pa3yss HEpPOBHOCThb, TIOCJIE€ YEro, JaXe 3aMEHUB
W3HOIICHHbIE IETKU, JBUTATeNb Oylaer paboTaTh C CHIIBHBIM
VMCKPEHUEM, YTO MPUBEIET €TI0 K BBIXOY U3 CTPOSL.

A WHOTIa TPOUCXOJAUT MEKBUTKOBOE 3aMblKaHWE OOMOTKU pOTOpa
WU CTaTopa (3HAUYUTENBHO PEXKE), UTO TAK K€ MPOSIBISETCS B CUILHOM
UCKPEHUU KOJUIEKTOPHO-IIETOYHOTO y37a (M3-3a IMOBBIIMIEHHOTO TOKA)
WM OCIa0JIE€HUM MAarHUTHOTO TMOJiA JABUTATENsA, NPU KOTOPOM POTOP
JIBUTATENSI HE PA3BUBAECT MOJHOLUECHHBIN KPYTAIIUHA MOMEHT.

[IIéTKkK B KOJUIEKTOPHBIX ABUTATEINISAX IPU TPEHUU O KOJIJIEKTOP CO
BpeMeHeM cTauuBaloTcsa. [losToMy Oonbiiasi 4acTh Bcex paboOT 1o
PEMOHTY ABUTATENICW CBOIMUTCA K 3aMeHE METOK. CTOUT OTMETUTH, YTO
HaJEKHOCTh KOJUIEKTOPHOI'O ABUIATENIsi BO MHOTOM 3aBUCUT OT TOrO,
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HAaCKOJIbKO Ka4e€CTBEHHO M TPaMOTHO MPOM3BOJMTENH MMOAXOMAT K
TEXHOJIOTUYECKOMY IIPOLIECCY €T0 U3TOTOBJIEHUS U COOPKHU.

6.3. Onucanue 1a00paTOPHOIO CTEHAA

CtpyKkTypHas cxeMa J1abopaTOpHOTO CTEH 1a MOoKa3aHa Ha puc. 6.7.

McTouHmMK KommyTau, yHlﬂl

NHUTaHKWUA
y3en

Puc. 6.7 Cxema 1abopaTopHOTO CTeHAA

BHemHni BUI CTEHAA MMOKAXXEM Ha puc. 6.8.
2 4 5

3

Puc. 6.8. Buemnuii Bua 1a00patopHOTO CTEHIA

CTeHa COCTOUT U3 CIIEAYIOIIUX OCHOBHBIX 3JIEMEHTOB:
1 — yHUBEpCaNbHBIN KOJJIEKTOPHBIN JIBUTATEIb;
2 — KOJUIEKTOPHBIN y3€IT;
3 — Busika nogkitoueHus YK/l k pazpemam nutanus;
4 — pa3beM NUTAHUA IOCTOSIHHOTO TOKa
5 — pa3bpeM NUTaHUs NEPEMEHHOIO TOKA

6 — BeIKJTIOYaTEIb ABurarens Y K/]
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6.4. Xox padoThI

l. W3yunTh TEOpETUYECKHME OCHOBBI YCTPOMCTBA W MPHUHIHINA
padotsl YK/I.

2. Wcnonw3ys 1abOpaTOpHBINA CTEHJI, ONPECIUTh PACHOJIOKECHHE
KOHCTPYKTUBHBIX Y3JI0B JJIEKTPOABUTATEIA.

3. IloakmtounuTh JTaOOPATOPHBIN CTEH K CETH.

4. 3amyCTUTh JEKTPOJABUTATENb OT IEPEMEHHOTO TOKA.

5. 3MepuTh TOK OOMOTOK C MOMOIIBIO HU(PPOBOr0 amMIepMeTpa,
3anrcaTh MOKa3aHUs.

6. [logxIIFOYnUTH SIEKTPOABUTATEND OT IMMOCTOSIHHOTO TOKA.

7. W3meputrh mnoTpeOSsSeMBbIi TOK, CPaBHUThL CO 3HAYCHHUSIMHU
MOJTy4YEHHBIMU PaHEE.

8. OTKJIIOYATH CTEH] OT CETH.

9. IloAroTOBUTH OTYET C OOBACHEHUEM TTOJYUCHBIX PE3YJIbTATOB.

6.5. KoHTpoJibHbIE BONPOCHI

1.Yt0 Takoe OECKOIEKTOPHBIN JBUTATEIb ?

2. Knaccudukanus 0eCKOIEKTOPHBIN BUTaTENEH.

3. YcTpoucTBO M npuHLMI aerucTBus b/I.

4.OcobenHocTr KOHCTpYKIMHU b/l

5. JloctouncTBa u HegoctaTku b/I.

6. Cioco6n1 yripaBiieHust b/l

7. Cnioco0bl peanu3alnuu yCTpoucTB yrpaiieHus: bJ[

8. loctouncTtBa u Hegocratku b/l mo cpasuenuto ¢ 11T HB
9. Mexannueckas xapakrepuctuka b/l
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