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METAJUTOPEXYLLUEITO CTAHKA U 3JIEKTPOBO3A

Bnapumunp MNaHkpaTtoB, 4.T.H., Npodeccop Kadenpbl 3NeKTponprBoOLa M aBTOMAaTM3aLMN
MPOMBILLIIEHHbIX YCTAHOBOK HOBOCMOMPCKOrO roCyAapCTBEHHOIO TEXHUYECKOrO YHMBEPCUTETA

B cTtaTbe 06CyXpaaeTcsi COBpeMeHHOe COCTOsIHMEe TeOpUX 1 MPaKTUKU
NOCTPOEHUsI BEHTUNIbHbIX 3MEeKTPONPUBOAOB pPerynupyemMon CKOpocTu
Ha Oa3e CMHXPOHHbIX 3MEKTPUYECKUX MALUMH C MOCTOSHHBIMU MarHu-
TaMu: Hanbonee pacnpocTpaHeHHble BUAbl BEHTUNbHbIX 3MeKTponpu-
BOJOB, NPUHLUMbI U 0COGEHHOCTN NX (PYHKLMOHUPOBaHNS, HEKOTOpbIe
CTPYKTYpPbl CMNOBbIX Npeobpa3soBaTenen 3NeKTPUYECKOW SHepruM, crno-
CoObl U anropuTMbl «6e3/aTYMKOBOro» yrpaBneHus.

BBEJAEHUE

B camom ofmieM ciaydyae BEHTHJIb-
HBIM MOJKHO Ha3BaTbh JI060H 2JIEeKT-
POIIPUBO/I, B KOTOPOM pPETYJUPOBAHUE
pexxuMa  paboThl  9JIEKTPOJBUTATEIS
MPOU3BOJUTCS C TIOMOIIBIO YIIpaBJsie-
MBIX BEHTHJbHBIX (IOIYIPOBOAHUKO-
BbIX) IIpeoGpasoBaTesieil SIeKTPUYECKOi
SHEPrUU: BBIIPSIMUTEJSI, MMITYJbCHOTO
peryJiiTopa TMOCTOSIHHOTO TOKa, peos-
pasoBaTesisi 4acToThl. B 6osiee y3KoM,
OOGIIENIPUHSATOM CMbBICJIE BEHTUJIbHBII
snextponpusoy (BIII) uam BeHTH/Ib-
ubiii  geuratens (BJ]) npeacrasaser
co060il 37EKTPOMEXAHOTPOHHYIO CHUCTe-
My, B KOTOPOil OGbeIMHEHbl CHHXPOH-
Hasl JIEKTPUYECKasi MalllMHA, KaK Ipa-
BUJIO, C BO3OYIK/JEHUEM OT MOCTOSTHHBIX
maruutos (CHAIIM) (cMm. puc. 1 u 2),
SJIEKTPOHHBIIT KOMMyTaTop (MHBEPTOD),
MOCPEJICTBOM KOTOPOTO OCYIIECTBIISIETCS
nuTanne OOMOTOK SIKOPSI MAIIMHBI, U
cucTeMa aBTOMATHYECKOTO YIIPaBJIEHUS
UHBEPTOPOM, OCHAIlleHHast HeoOX0/u-
MBIMH W3MEPUTEJbHBIMU YCTPOICTBAMU
(matymkamu). TpaanIMOHHO yHpaBJe-
Hue kJawouamMu uHBepropa BIII ocy-
niecTBysiercsi B (YHKIUH TIOJOKEHUS
poTOpa CUHXPOHHOTO J[BUTATEJIS.

bBaarogapsi cBoMM BBICOKUM 3KC-
IJIyaTallHOHHBIM ~ XapaKTepHUCTHKAM,
CAIIM saBasiiorcss HanmboJiee TMepPCIeK-
TUBHBIMU 3JIEKTPUYECKUMU MallHa-
MU B JMana3oHe MajblX U CPEIHHX
MOIIIHOCTEH, OCOGEHHO /IJ1si MOMEHTHBIX
cucreM anekrponpuBoja. C/AIIM kouc-
TPYKTHBHO IPOCTBI, HAJEKHDBI, MMEIOT
a6COMIOTHO KECTKHE MeXaHUYecKue
XapaKTEePUCTUKU U He TpeOyIoT 3arpar
SHEPruM Ha BO3OYyKAeHUe. ITH KavyecT-
Ba 9JIEKTPUYECKON MAIIUHBI 00YCJIABJIN-
BaloT npumenenue B/[ B mpombliiieH-
HBIX CHCTEMax aBTOMATHKH, PO6OTAaX
U MAHUIYJATOPAaX, MPUBOJAX MOJAY U
[JIABHOTO JBIXKEHUS] METAJJIOPEXYIIIX
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CTaHKOB, KOOPJMHATHBIX YCTPOUCTBAX,
aBTOMATHYECKUX JUHUAX 0 06paboTKe
Pa3JNYHBIX MaTepuagoB WJIU COOPKe
u3/ieJquil, YIAKOBOYHBIX U MEYATHBIX
MaliuHax, MpPUHTEpPaxX W IUIOTTEPax,
HaAMOTOYHBIX U JIEHTOTIPOTSIKHBIX MeXa-
HHU3Max, MPEIU3NOHHBIX CHCTEMAX CJie-
JKeHHMsI M HaBeJeHHUs, B aBHAllMOHHON
1 MeIUIMHCKON TexHuKe. B/l mmeroT
CBOIO <HUIIY» B TSITOBOM 3JIEKTPOIIPU-
Bojie (anexTpoBos BJISOBP), npusogax
PYJIEBOTO YIpPaBJEHUS JIETATEJIbHBIX U
MOJBOJIHBIX alapaToB, 3JEKTpoMeXa-
HUYECKUX YCTPOUCTBAX aBTOMOOMJIEH
(asexTpoMexaHuYeCKe — YCUJIMTEH
pyJisi, cTaprep-TeHepaTopHbIe yCTPOiic-
TBa THOPUIHBIX aBTOMOOWJIEN, CTEKJO-
HNOABEMHUKM M Jp.), MOTOp-Kojecax
AKKYMYJSITOPHBIX ~ WHIUBUIYAJbHBIX
TPAHCHOPTHBIX cpejcTBax (3IeKTpo-
BEJIOCUIIE/IbI, WHBAJHUHbIE KOJIACKHU
Pas3INYHBIX Pa3paGOTOK), B GBITOBBIX
ycrpoiicteax  (cTupanabHasg —MallmHa
«Opb-ABTOMAT», MPOUTPHIBATETN KOM-
MaKT-IMCKOB).

[lna msroroBrenms potopa C/IIM
MOTYT WCIOJb30BATbCA (EPPUTOBLIE
MarHUTBl. OHN OTHOCHTEJIBHO [IEIIeBHI,
HO 06€eCTeYNBAIOT HEBBICOKHUI yPOBEHD
WHAYKIAN MarHuTHOTro moJA. Iloatomy
B IOCJEJHHE JEeCATUIETHSI TIPeArouTe-
HIE OT/IaeTcsl BBICOKOIHEPTeTHUECKUM
MarHHTaM Ha OCHOBE CILTaBOB pPEJIKO-
3eMeJIbHBIX METAJLIOB, 00JaA0NIX
GOJBIION  KOIPIMTUBHON CHJIOH. IJTO
MO3BOJISIET  3HAYNTETbHO  YJIYUYIIUTDH
MaccorabaputHble Tokazatemn BIII
U TOJXy49nTb GoJiee BBICOKHII Bparaio-
muii MOMEHT B TOM :Ke rabapure cra-
topa jasurarens. <«CaMapuii-ko6anbT»

Puc. 1. BeHTUNbHBbIN gBUraTenb

BA-300 mowHoCTbIO 7,5 KBT

(OAO «KB MA», r. KoBpoB), ucrionb3yetcs
B KayecTBe UCNONIHUTENIbHOro 3J1IeMeHTa
B ObICTPOAENCTBYIOWUX ClieasLLmX
npueBojax cneumanbHOro

1 o6LEenpoMbILLIEHHOro Ha3HaYeHus

Puc. 2. Auckosbie CAMM (3AO0 «C33MO», CaHkT-leTepbypr)
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(Sm-Co) wu <«HeoxuM-xkejae30-6op»
(Nd-Fe-B) — nau6osiee pacrnpocTpaHeH-
Hble MaTepuabl COBPEMEHHBIX PEAKO3e-
MeJIbHBIX MarHHuTOB.

B Hactosmieit cratbe o6cy:kaaeTcs
COBPEMEHHOE COCTOSIHUE TEOPUU U MIPAK-
TUKU [OCTPOEHHS BEHTUJIbHBIX 9JIEKT-
PONIPUBOAOB PEryJUPYEMOii CKOPOCTH
Ha Gase CUHXPOHHBIX JJEKTPUYECKUX
MalliH C TOCTOSHHBIMH MaTHHTaMU:
Hau6oJiee PaCIpPOCTPAHEHHbIE BH/bI BEH-
THUJIBHBIX 3JEKTPONPUBO/IOB, TTPUHIIUIIBI
UX TOCTPOEHUs U ocoGeHHocTH (yH-
KI[MOHUPOBAHUS, HEKOTOPbIE CTPYKTY-
Pbl CHJIOBBIX HpeolpasoBaresieli aJek-
Tpu4eckoii sHeprun  (KOMMyTaTOpOB),
OCHOBHBIE CIOCOOBI ¥ AJTOPUTMBI ABTO-
Marudeckoro ynpasienuss BIIl npu
OTCYTCTBUH Ha BaJly JBHTaTess JaTuuKa
IIOJIOKEHUST POTODA.

NMPEMMYHIIECTBA BEHTUJIbHbBIX
QJEKTPOIIPUBO/10OB

[TocrosiHHOE YynelIeBIeHNEe MarHWT-
HBIX MaTepHajoB, a TaKXe YCKOps-
Ioleecss PasBUTHE aIIapaTHONl 6a3bl
CHUCTEM YIIPaBJEHNUS U YCTPOWUCTB CHJIO-
BOI1 3JIEKTPOHUKH C/IeJIaTi BO3MOXKHbBIM
npuMenenne B/l B Tex o6yacTsax Tex-
HUKH, T/le TPAJWIMOHHO IMPUMEHSJINCD
TOJIBKO MAIIWHBI [OCTOSIHHOTO TOKa
WJIH CTIeI[MaJbHbIe ACHHXPOHHBIE /[BUTA-
TeJn. ITO OODSCHSETCS IIEJbIM PSIOM
KOHCTPYKTHBHBIX ¥ TEXHUKO-3KCILIya-
TaiuoHHbix Tpeunmymects CAIIM no
CPaBHEHWIO C JPYTUMHU CYIIECTBYIONIH-
MU THIIAMHU 3JIEKTPUYECKUX MAalIWH, K
YICJIY KOTOPBIX MOXKHO OTHECTH CJIE[y-
omue [1, 2]:

— GECKOHTAKTHOCTb U OTCYTCTBHE
y370B, Tpe6yomux 06CayKIBaHUS.
OTcyTCcTBYE Y BEHTHJIBHBIX 3JIEKTPOBH-
rartesieil CKOJIb3SIMUX 3JIEKTPHYECKHIX
KOHTAKTOB CYIIECTBEHHO IIOBBINIAET WX
pecypc M HaJeKHOCTb 110 CPAaBHEHUIO
C 2JIEKTPUYECKMMHU MalIMHAMH TOCTO-
SIHHOTO TOKA WJIM ACHHXPOHHBIMU [IBU-
raresMu ¢ (pa3HBIM POTOPOM, PaCIIH-
psSeT aManas’oH JOCTIKMMBIX YacTOT
Bpamenns. O6moTtka skops C/IIM
MOXKeT ObITb 3ammuTaHa 6oJjiee BBICOKUM
HOMHUHAJIBHBIM HANPSKEHUEM, IT03TOMY
KOHCTPYKTHUBHAsI TOCTOSHHAsT MOMEH-
ta C, B/l cyuecrBeHHO npeBbllIaeT
AHAJOTUYHYIO BEJINYHHY KJIACCHYECKIX
MAIlMH TMOCTOSHHOTO TOKA, YTO II03BO-
JISeT WUCITIOJIb30BATh NPH TIOAKIIOYEHUH
BOII xabesn MeHBIETO CEYEHHS W TIpe-
o6pa3oBaTesin 3JIEKTPUYECKOil 3Hepruu
Ha MEeHbIINe TOKH;

— GoJblast Meperpy3ovyHasi Crnoco6-
HOCTb 10 MOMeHTY (KparKoBpeMeHHO
poryctuMblif Moment u tok C/IIM
MOTYT IIPEBBINIATh HOMUHAJIbHbBIE 3HAUE-
Hug B 5 u Gosee pas);

— BbICOKOE ObICTpO/ieiicTBIE B IIepe-
XO/JHBIX TIPOIleCcaX MO MOMEHTY;
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— a6CoJIIOTHO KECTKasE MeXaHu4ec-
Kasg XapaKTePUCTHKA W TPAKTUYECKH
HEOTPAaHWYEHHBIN Mana3oH peryJanpo-
Banusa wactorbl Bpamenusa (1:10000 u
6osiee). BO3MOXKHOCTD peryJupoBaHus
YaCcTOTHI BpalleHus KaK BHU3 OT HOMHU-
HajabHOH (C TIOCTOSTHCTBOM JITMTENBHO
JTOTTyCTUMOTO ¥ MaKCHMaJbHOTO MOMEH-
TOB), Tak M BBepx (C MHOCTOAHCTBOM
MOIITHOCTH);

— HauJIyulne JHEpreTuYecKue
nokasarean (KIIJ u xoaddunueHt
momoct). KIIJ/I BeHTHJIbHBIX J[BUTa-
tesieil nipeBbinaer 90% W HE3HAYUTENb-
HO OTKJIOHSIETCSI OT HOMHWHAJIBHOTO TIPH
BapuHaIsX Harpy3KW, B TO BpeMs Kak
y CepuiTHBIX ACHMHXPOHHBIX JBUTAaTeJeH
MoiHocTh0 1o 10 kBT MakcuMaIbHBII
KII/l cocraBaster He Gonee 87,5% u
CYIIECTBEHHO 3aBHCUT OT MOMeHTa. Taxk,
y>Ke TIpU MTOJIOBUHHON Harpyske Ha BaJry
OH MoOsKer ynactb a0 60—70%;

— MUHHMAaJbHBIE TOKH XOJIOCTOTO
X0/1a;

— MHUHMMaJIbHbIE MaccorabapuTHbIE
MOKa3aTesu TPU TPOYNX PABHBIX YCJIO-
BUAX. Tak KaKk OCHOBHbIE 3JIEKTPUYEC-
KHe W MarHuTHble TIOTEPH B POTOPE
CHAIIM otcyTcTBYIOT, a COBpEMeHHbIe
pelKo3eMebHble TIOCTOSTHHbIE MarHu-
ThI, HAIIPUMEpP, HA OCHOBE COEIUHEHUS
«HEOMM-Kesie30-60p» CIoCcOOHbI  06ec-
MEYNTh MAaKCUMAaJbHYI0 WHIYKIMIO B
BO3JYITHOM 3a3ope Jgaxe 6e3 KOHIeHT-
paIyy MoToKa Ha YPOBHE aCHHXPOHHBIX
manmi (o 0,8 Ta.), B CAIIM moxer
OBITH 3HAYNTEJIbHO HOBbIIIEHA JTUHETHA
Harpyska TIpH COXPaHEHWH CyMMapHBIX
MoTepb B MallIMHE HA TOCTOSTHHOM yPOB-
He, YTO U OOGDBSCHSAET 6ojiee BLICOKYIO
3JIEKTPOMEXaHNYeCKYI0 3P PEeKTHBHOCTD
BEHTUJIBHBIX JIBUTATeJIell 10 CcpaBHe-
HUIO C JPYTHMU THIIaMU 6€CKOHTAKTHDIX
3JIEKTPO/IBUTATEJIE] TIEDEMEHHOTO TOKA.

VmenHo 61arofaps aTUM IpenMyIiec-
tBaM B/l 3aHuMaioT Bexaylue MO3UIMU B
KaTajgorax MPOAYKIIMU BeAYIINX 3apy-
6EXHBIX 3JIEKTPOTEXHUYECKUX pupM —
Siemens AG, General Electric, Bosch
Rexroth AG, Ansaldo, Fanuc u ap.

B Poccum BeHTHJIbHBIE 3JEKTPO-
NPUBOJABI ¥  CIENUATN3UPOBAHHBIE
CAIIM npousBojdTCcs CepUHO C
1980-x rr. Ilpumepamu TOMY SIBJIS-
I0TCS  KOMILJIEKTHBIN  3JIEKTPONPUBOI
IIIb1 u gBurarenu cepuit JIBM, /1B
(3A0 «Manmuoanmapar», T. Mocksa).
B mocsennme roabl paGoThl MO CO3/1a-
HUIO coBpeMeHHbIX BOII BHOBb 1pu-
obpean O6BLIYI0 WHTEHCUBHOCTL. B
YACTHOCTU, KOMILIEKCOM 3JIEKTPOTEXHU-
YeCKUX TPEeANPUATHI, OObeINHEHHBIM
Ue6oKCapCKUM  3JIEKTPOAIapaTHbIM
3aBogoM (OAO <«UDA3»), Ha G6ase
ajekTpuueckux MammH cepuil [ABD u
JABM chnpoekTupoBaHa HOBasi cepus
COBPEMEHHBIX OTEYECTBEHHBIX BEHTUJIb-

HbIX ABurareseii S/ABM, a takyke Taro-
BbIil BEHTHUJIbHbBIH 3JIEKTPOJBUTATEJD
BMO/I-01 mommuoctbio 120 kBt mnsa
CHEIMATbHBIX TPAHCIIOPTHBIX CPEJICTB
(ropozckoil aBTOTPaHCHOPT, 3JEKTPOMO-
6unb) u apromobuseii [1]. B snexrpu-
YECKUX MAalIMHAaX HOBOH Cepuu TpuMe-
HEHBbI TEPMOCTAOUIbHBIE OTEYECTBEHHBIE
MMOCTOSTHHBIE MATHWUTBI W3 MaTepuaja
«HEOMM-Kesie30-60p» CO CIeluaJbHbI-
MH JIETUPYIOIUMU J06aBKaMH, KOTOPbIE
CIIOCOGCTBYIOT TIOBBIMIEHIIO KO3PIIUTHB-
HOI CHJIbI U COXPAHEHWIO CBOICTB Mar-
HuTOB Ipu Harpese a0 +170°C u naru-
KPaTHON KpaTKOBPEMEHHOH meperpyske
JBUTATEJII IO MOMEHTY M TOKY SIKODS.
IDT0 006ecreuynBaeT CHIDKEHHE Pacxo/ia
JIOPOTOCTOSIIIIMX MAarHUTHBIX MaTEPUAJIOB
U YJydIIeHn0 MaccorabGapuTHBIX MOKa-
3artesieii MamuHbl. [IpoekTUpoBaHMEM
u usrorobienneM B/l Takike 3aHuUMa-
orcst: OAO «KBb IIA», r. Kospos;
na6oparopus  crnenmamua  (JICM)
3A0 «C339MOs», r. Canxr-Iletep6ypr
(muckosbie CJHIIM); KOHCTPYKTOpPC-
Koe G6IOpO MeXaTPOHUKH, T. 3JIaToycCT
Uensga6uHCKON 067aCTU; OT/EN JEKTPO-
MEXaHMYECKUX CHCTEM BOCIIPOM3Be/le-
nus apmwxennii (O9CBJI) u naGopato-
pus asiekTpoMexannku HoBocu6upckoro
TOCYZIAPCTBEHHOTO TEXHUYECKOTO YHH-
BepcuTeTa, a TaK)Ke MHOTHE [pyrHe
MPEANPUSTUS.

BU /bl BEHTUJIBHbBIX
JIBUTATEJIEN

B 3aBuCHMOCTH OT KOHCTPYKTHBHBIX
oco6ennocreit C/IIIM paznngaror aBa
OCHOBHBIX BHJja BEHTUJbHBIX J[BUrare-
qaeit [3, 4]:

1. Beckonrakrubie (GeciieTounbie)
asurarenu nocrosuuoro toxa (BJIIIT),
B AHIJIOSI3BIYHON JIMTepaType HasbIBa-
embie «brushless DC motors», B KoTO-
PBIX KOHCTPYKI[HSI CAHXPOHHON MAITHBI
MarHUTO3JIEKTPUYECKOTO BO36Y KIEHMUS,
T.€e. TEOMETPUYECKOE PACIHOJOKeHIe
BUTKOB OOMOTKHM SKOpsS Ha CTaTtope
U TIOCTOSIHHBIX MarHUTOB Ha POTOPE,
o6ycaaBiuBaer ¢asubie I/IC Bpauienns
TpanenenganbHoil popmer (puc. 3).

2. BeckoHTaKTHDBIE [BUTATEJN Iepe-
MEHHOI0 TOKa — <«permanent-magnet
brushless AC motors», ¢asusie I/IC,
BpAIlleHNs] KOTOPBIX WMEIOT CHHYCOH-
JIJIbHBIA Xapakrep. VIMeHHO Takue cuc-
TeMbl 4Yallle BCEro Ha3bIBAIOT BEHTUJIb-
HbIMU aBuraTenamu — BJI.

BECKOHTAKTHBIN IBUTATEJIb
INOCTOAHHOI'O TOKA

ITo npunnuny pgeitcrsua BAIT
npejcTaBisieT co60if  o6palnieHHYo
MalliHy IIOCTOSIHHOTO TOKa C Mar-
HUTO3JIEKTPUYECKUM WHIYKTOPDOM Ha
porope u 06MOTKOIi SIKOpsI Ha cTaTtope,
(pyHKIIUM  IIETOYHO-KOJJIEKTOPHOIO
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y3Ja B KOTOPOH BBITOJHSET TOJIYIIPO-
BOJIHMKOBDBIII KOMMYyTaTOp, NUTAIOUU
06MOTKY SIKODSI ¥ IePeKJII0YaoNiii-
cd B (QYHKIHH TOJOXEHUS POTOpA.
Hamnb6osee gacto ncnoandytorcs BT
c TpexdasHoil 06MOTKOW Ha craTope.
Cratop rtpexdasnoro B/AIT wunen-
THYEH CTATOPY ACHWHXPOHHOIO [IBU-
rarens (puc. 4) [5], u ero o6Morka,
KaK IIpaBUJIO, COEJWHEHA B 3Be3ny.
BosMoskHBIE BapuMaHTBl KOHCTPYKIUU
poTopa JBWTaTeNs M PACIOJOXKEHUS
MOCTOSSTHHBIX MAarHUTOB WJLITIOCTPUPY-
1oTcda Ha puc. S [4].

Mowment BAIIT o6pasyercst Beaesc-
TBUE PEAKINH ABYX MATHUTHBIX ITOTO-
KOB — cratopa u poropa. MarHuTHbBIH
MOTOK CTaTOpa BCErJa CTPEMUTCS TaK
Pa3BepHYTb pPOTOP C IOCTOSHHBIMH
MarHUTaM#, YTOOBI IMOTOK IIOCJIEHETO
COBTIAJI C HUM IO HampasJeHHo. Tak
JKe JleficTByeT MarHuTHoe Iojie 3eMJu
Ha CTpeJKy Kommaca. Ilpm atoMm c
MIOMOIIBIO JATYMKA TIOJIOXKEHUS POTO-
pa 3JIEeKTPHYECKHUI YTOJ MEXKIy ABYMS
norokamu B B/IIIT Bcerna coxpansercs
B amamnaszone 90+300, utOo cooTBeTC-
TByeT MaKCHMaJIbHOMY BpAIAIOEeMy
MOMEHTY.

[l muranus o6Morku sikops BTIT
NPUHIUIHATHHO MOXKET IPUMEHSATHCS
J060i1  yTpaBJSeMblil TOJIYTTPOBOIHHU-
KOBBIIl TNpeo6pa3oBaTesib, peaTn3yio-
muit sxectkuit aaroput™ 120-rpaaycHoii
KOMMYTAIlU¥ TOKOB WJM HAaNPsKEHMH
Tpex(das3Hoil HArpy3KH, Kak II0Ka3aHO
Ha puc. 6 [5]. B kavectBe nmpumepa Ha
puc. 7 mpuBeneHa (QYHKIMOHAJIbHAS
cXeMa CHJIOBOW YacTH JBYX3BEHHOTO
npeo6pas3oBaresis HaPsIKEeHWH 3JIeKTPO-
npusoza «Tpuoax BT04» (1iponssojcTBo
kopn. «Tpumosn», r. Mocksa), mocrpo-
eHHOIT Ha 6Gaze Tpausucropuoro IGBT-
MHBEPTOPA C aMILTUTYIHO-UMITYJIbCHOM
MOJyJIAINell BBIXOAHBIX HANPSKEHUH,
KOTOpast OCYIIECTBJISETCS TOCPECTBOM
IMITPOTHO-MMITYJIbCHOTO  PEryJHpoBa-
HUS HaNpsDKEHWS B 3BEHE IIOCTOSH-
HOro TOKa Tpeo6GpasoBaTess. 3/eCh:
BII — mnosyynpaisieMblii  BbIIPSIMU-
Tesib (BEHTUJIBHBIA 1peoGpasoBaTesib),
npeIHa3HAYEHHBIN [ o6ecreyeHus
IJTABHOTO IIpeJ3apsiia eMKOCTH BXO/[-
Horo ¢uiabTpa mpeo6pasoBarens Di;
KPH — xuiou perysasitopa Hanpsike-
HUS HA €MKOCTH BBIXOIHOTO (UIbTPA
@2; PK — paspsanblii K104, NpenHa-
3HAYEHHBIN /IS peajn3anui PesKUMOB
reHepaTOPHOTO TOPMOSKEHUS IBUTATEIS;
AVH — TpaH3uCTOPHBLIII aBTOHOMHDIH
nuBeptop Hanpspkenus; AT — partymk
TOKa JBHTaTesss. MOTYyT MCHOJb30BaTh-
cg W JApyrue [BYX3BeHHbIe mpeobpa-
soBatesm vactorel (ITU) Ttpexdasnoro
3JIEKTPOTIPUBO/IA TTEPEMEHHOTO TOKA:

— rtupuctopubiii [IY ¢ aBTOHOMHBIM
MHBEPTOPOM TOKA WJIM HANPSDKEHUS U

«9QNEeKTPOoHHble KOMMNOHeHTbl» N22, 2007 -

YTIPaBJsEMBbIM BEHTUJIHHBIM IIpeo6paso-
BaresieM Ha CTOPOHE MUTAIOMIEH CeTH;

— rtpan3uctopubiii [IY ¢ aBTOHOM-
HBIM HHBEPTOPOM HATIPSIKEHUs, paboTa-
IOIUM B pEXKUME IUPOTHO-UMITYTbCHOMH
MOy WM TPSAMOTO Pa3PBIBHOTO
(peseliHOTO)  peryJupoBaHUs  BBIXOJ-
HOro ToKa (CM. HMIKe CHJOBYIO CXeMy
B/D).

Mexannvyeckne M 2JI€KTPOMEXaHU-
yeckue (CKOPOCTHBIE) XapaKTEPUCTUKH

Puc. 4. Cratop BANT

Puc. 5. PaznnuHble KoHCTpyKUum potopa BATMT

1 INEKTPUMEBCKUIA LKA

Puc. 3. JInnenHble DAC 6eCKOHTAKTHOro
ABuUratens NoCTOSHHOro Toka

Cratop ¢ nasamm
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2 INEKTPUMECKMIA LIMKN
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Puc. 6. BpemeHHble guarpammbl pabotbl BAMNT ¢ AByMsi napamu nosnocos
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Cucrema YNpaeneHwa

BAIIT mosmHOCTBIO aHAJOTUYHBI Xapak-
TEPUCTUKAM KJACCUUYECKON MAaIIMHbBI
MTOCTOSTHHOTO TOKAa C HE3aBUCUMbBIM WJIH
MaTHUTOJIEKTPUYECKUM BO36YKIEHUEM.
[TosTroMy 1 cuCTEMBbI aBTOMATHYECKOTO
yupasnenusi ckopoctbio B/IIT o6brano
CTPOATCS TI0 KJIACCUYECKOMY NPUHIUILY
MOTYMHEHHOTO PEeryJNPOBAHUS KOOP/IH-
HaT 2JIEKTPONIPUBO/IA TIOCTOSTHHOTO TOKA
C KOHTYypaMH TOKa SIKOPSI U YacCTOTHI
BpAIIEeHUSI.

B kauectBe naTuynmka COGCTBEHHDBIX
HYXJ, HeoOXOIUMOro [JIsi peajnsa-
UM AJTOPUTMA TIePEKJTIOUeHUs] KOM-
myratopa B/IIT, wMoryr wucnomabso-
BAaTbCSl COTJIACOBAaHHbBIE C JIBUTATeseM
[0 YHUCJIY Tap IOJI0COB WHIYyKTUBHBIE
WJIN eMKOCTHbIe [IMCKDPETHBbIe [JaTYNKH
MOJIO’KEHUsI, a TaK)Ke cHCTeMbl Ha 6ase
JIaTIYNKOB XOJIJIa U TIOCTOSTHHBIX MarHu-
ToB. OaHaKo 060 M3 BBINIENEPEUNC-
JIEHHBIX BH/IOB JATYMKOB CYIECTBEHHO
YCJ0KHSIET KOHCTPYKIIHIO 3JIeKTpHYec-
KOl MAIMHBI U CHUKAET HAJeXHOCTD
3JIEKTPONPUBO/IA B 1lesioM. Kpome Toro,
CYIIECTBYeT HIMPOKUN KPYT TEXHOJIO-
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Puc. 8. K npuHumny «6e3paTtunkoBoro»
ynpasneHus kommytatopom BAMNT

Puc. 7. @yHKUMOHanNbHas cxeMa CUJIOBOW YacTu dNeKTpuyeckoro npeobpasosatens BAMT

FMYECKUX MEXaHW3MOB, T/le B CHJIY
YIAT€HHOCTU JBUTATENS] OT KOMMYTATO-
pa WUCIHOJb30BAaHNE [ATYUKOB IIOJIOXKE-
HUS MPAKTUYECKH HEBO3MOXKHO. B aToit
CBSI3M YAaCTO IIPUMEHSIIOTCS TAK HAa3bl-
BaeMble «6e3aTunKoBbIey (sensorless)
anroputmbl ynpasaenus BJIIT, ocho-
BaHHbIE HA aHAJIN3e IIOBEJEHUS 3JIeK-
TpoMarHuTHbIX TnepeMeHHbix CJIITM,
KOTOpbIe MOTYT OBbITb U3MEPEHbI HEIOC-
PEICTBEHHO HA BBIXOAHBIX KJIEMMax
MOJIYITPOBOJIHUKOBOTO npeo6GpasoBare-
Jis, W TEeKyIIeldl YacTOTbl BpAIIEHUs
(UTaHWs) ABUTATEJS.

Hawu6osee pacmpocrpaHeHHbIi ajro-
put™M  «6€e31aTYNKOBOTO» YIIPABIEHUS
B/IIIT ocHoBan Ha KOCBEHHOM HU3Mepe-
nun (Berumncaennnu onerkn) DJC oanoii
u3 a3 gBuraresis, Ha JAHHOM HHTEPBA-
Jie BpeMeHH OTKJIIOYEHHOW OT MCTOYHUKA
nutanusi. KoMMyTaiusi TOKOB JBUTaTe-
JisT OCYyIIeCTBJIsIeTcsl 1yTeM uKcanuu
MOMeHTa Tepexojia 4epe3 Hoab I/IC
OTKJIIOUEHHOH (hasbl, KOTOPBI CO CIABU-
roM Ha 90 aJeKTpUYECKUX T'PALyCcOB
oTIpeiesisieT CEPE/HY COOTBETCTBYIOIIE-
ro ummyJsbca toka [4] (puc.8). K mpe-
UMYIIECTBAM JJAHHOTO CIoco6a ympasiie-
HUSI CJIe[lyeT OTHECTH ero IPOCTOTY, HO
OYEBH/IHDI U CJEAYIOIUE HEIOCTATKU:

— CJIOXKHOCTD OIIPe/IeIEHISI MOMEHTA
nepexosa I/[C dyepe3 HOMb Ha MaJIbIX
CKOPOCTSIX;

— 3a/IepXKKy Ha BKJIIOYEHHE OYePe]l-
HOTO COCTOSIHHSI KOMMYTaTopa yIAeTcst
TOYHO CHOPMUPOBATH JIHIIb TIPU TOCTO-
SIHHOI YacToTe BPAIleHUsI POTOPA.

Jla6p1 m36eskaTh pabOTBI C MaJIbIMU
curHasaMu u He (bOPMUPOBATH TIPOrPAM-
MHOE 3ama3/[bIBaHue, MOXKHO HCII0Jb30-
Barb 6oJiee CJIOKHbIE METO/IbI KOCBEHHO-
rO OIIEHWBAHMS MOJIOKeHNUsT poropa [4]:

— no Tpetbeil rapmonnke I/[C Bpa-
HIEHUST;

— 110 M3MEHEHWSIM WHIYKTUBHOCTEN
¢a3 aBuraress;

— II0 OIleHKaM I[IOTOKOCIEeIJIeHUN
das.

IIpyyem  aaropuTMbl  OllEHUBA-
HUSI TIOTOKOCIEIUIEHW, B CBOIO OYe-
penb, 6asupyioTCs Ha HAGJIIOAATENSIX
Jlioen6eprepa, pacimnpeHHbiX GUIbTPAX
Kanmana wiam  HelipoceTeBbIX Mojie-
JIIX 9JIEKTPOMArHUTHBIX IPOIECCOB B
BAIIT. Oaun u3 BapuaHTOB MOCTpOE-

HUS  Habuoatesiell  TTOTOKOCIETICHIH
B/l paccMoTpen Huxe.

UssectHo (cMm. puc. 6), uro npu
OPSAMOYTOJbHBIX  HANPSKEHUSIX  Ha
asax craropa 2JIeKTPOMArHUTHBIH
moment BJIIT cymecTBeHHO IIy/bcu-
pyer (ammuryga mysbcanuii  MOXKeT
JOCTHTaTh 10 25% OT HOMHHAJIBHOTO
MoMeHTa ABuraress [6]), 4To BbI3bIBaeT
HEPaBHOMEPHOCTb BpAIlleHNs, OTPaHU-
YUBAIOUIYIO /[MANa30H PpeTyJINpPOBAHUS
ckopoctn cHu3y. [loatomy 1erecoo6-
pasHo ¢dopmupoBars B ¢asax craTopa
6JIM3KHe K TPSMOYTOJbHBIM TOKH, [JIS
Yero MCHOJIb3YIOTCS 3aMKHYTBbIE KOHTY-
DBl PeTyJIMPOBAHUS.

BEHTUJIbHBIN JIBUTATEJIb
INEPEMEHHOTI'O TOKA

CUHXPOHHBIE [BUTATE€IN C CHHY-
conpanpHoit ¢opmoit IC BpameHus
U, COOTBETCTBEHHO, C CHHYCOUJAJIBHO
pacrpezieJIeHHBIMHI TI0 PACTOYKe CTaTopa
Tpexdas3HbIMU 0O6MOTKAMU SKOPST CJIOXK-
Hee B U3TOTOBJIEHNHU, NUMEIOT 3HAYNTEJb-
Hble JIO60BBIE YacTH OOMOTOK U Tpeby-
10T, TaKUM 06pa3oM, GOJIBIIETO pacxo/ia
Meau. Opnako onn npeocxozasatr BAIIT
no MaccoraGapuTHBIM IIOKa3aTeJssM,
o6ecrieynBaloT MUHHMAJbHBIE ITyJIbCa-
I[MM BPAIIAIOIEr0 MOMEHTA U II03TOMY
UCTIONBb3YIOTCS B TJIyOOKO peryJupye-
MBIX W TIPEIIM3NOHHBIX CHCTEMAaX 3JIeK-
TPONPHUBO/A, MPHUBOJAX MOJAY MeTasl-
JIOPEXKYIINX CTAHKOB W M3MEPHUTETbHBIX
ycraHoBkax. B ormmume or BIIIT,
nutanne o6MoTKM skopsas B/l mepe-
MEHHOTO TOKAa OCYIIECTBJISETCS TpexX-
(azHO-cIMMeTpPUYHOI CcHCTEMOIl TOKOB
(HanpsKeHuit), IPU 9TOM UCIOJIb3YeTCs
CTaBIIasg y’Ke CTaHAApTHOH cuaoBas
cxeMa Tpeo6pasoBaTessi 3JIEeKTpHYec-
KOl sHeprum Ha 6a3e TPAH3UCTOPHOTO
IGBT-unBepropa Hanpskenus (puc. 9,
10). Bnarogapsi ynpaB/eHUIO TPaH3UC-
TOpaMH WHBEPTOPA B pPEXHME MOJHU-
(pummpoBaHHOI CHHYCOMIAIBHON WJIH
IPOCTPAHCTBEHHO-BEKTOPHOI  MIMPOT-
HO-UMITYJIbcHON  Mojystimn  (IITIM)
C OTHOCHUTEJbHO BBICOKUMH YacTOTaMU
(ans  psurateneit Majoil u  cpenmeii
MOIIHOCTH C HOMUHAJIbHON YacTOTOMH
nutanust 50 I'm wactorer IIIMM moryt
cocrapasate or 1 mo 20 kTu) oGecre-
yuBaercss OMm3Kasg K CHHYCOWJATHHOI
¢opma toxos B/I.

B nacrosiiee Bpems B BOII nepemen-
HOTO TOKA WCIIOJb3YIOTCS TaK Ha3bIBae-
MbI€ «BEKTOPHBbIE» MM KaK WX YaCTHBIH
cJIydail — 4aCTOTHO-TOKOBBIE aJTOPUTMBI
aBTOMATUYECKOTO YIIPABJIEHUS MOMEH-
ToM u yacrtoroit Bpamenuss C/AIIM. Ilpu
3TOM YIPAaBJAIOIINE BO3/EHCTBUS HA
BBIXO/IHBIE TIepeMeHHble Tpex(dasHoro
UHBEPTOpa HANPSKEHNs — CpeiHue 32
nepuop [IINM 3navyenust ¢pasHbIX TOKOB
U HampsDKeHWH aBuraresis QOpMUPY-

25 Ten.: (495) 741-7701 www.elcp.ru
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Mpoayxuusa Molex

CunoBble KOHHEKTOpbI
KoHHekTOpbl NpoBOA-NpOBOA, NPOBOA-NNAaTa, Nnara-nnara
MuHuaTiOpHble KOHHEKTOpbI C Warom MeHbwe 1 mm
KoHHeKkTOpbl AN KapT namMmaTu

KoHHekTOpbl BBOAA-BbIBOAA

KoHHekTOpbI Ansa Kpocc-nnar

BY KkoHHeKTOpbI

KneMmMbl ¥ HAKOHEUYHUKM

UHcTpymeHTbl M 060pyaoBaHue
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KnemmHbie 6noku Eurostyle®

LLlar 3,5-5,08 mm

Hanpspkenue go 300 B

Tok 8-15A

BepTukanbHble ¥ YInoBble, BAHTOBOE KpPenmeHune
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ANEKTPOMEXAHUYECKHUE U YCTAHOBOYHbIE U3AENUA

I0TCS BO Bpallaoneincs 1eKapToBoOil
cucreme koopaunar (d, ¢), ocb a6c-
muce kortopoil (d) opumeHTHpOBaHA mO
HaIPAaBJIEHUIO TIPOJOJBHON OCH POTOpPA
CAIIM wummu, B HEKOTOPBIX CJayyasx,
10 HANPAaBJEHUIO BOJHBI MarHUTHOTO
MoJIT B BO3/YIIHOM 3a30pe JIBHTaTe-
. 3nauvenue toka gkopsa C/IIM mo
MIOTIEPEYHOI OCH ¢, TPOTOPINOHAID-
HOE DJIEKTPOMATHUTHOMY MOMeHTYy (910
YTBEp KJEHUE CTPOTO BBITIOTHAETCS IS
HESIBHOTIOJTIOCHBIX MAIITIH C O/ITHAKOBHI-
MU WHIYKTUBHOCTSIMH OOGMOTKH SIKOPS
1O TIPOAOJBHON M MOIEPEYHOH 0CaM),
3a/1aeTCs AaHAJIOTHYHO TOKY SIKOPST KJac-
CHYECKO!l MAIMHBI MOCTOSHHOTO TOKA,
KaKk MpaBUJIO, C BBIXO/AA PETYJISITOpa
ckopoctu. TakuMm o6pasoM, B cuCTeEMe
perysmpoBanusg BOII Takske peanusy-
eTcss OOIIEeN3BEeCTHBI NPWHIUI MO[-
YIHEHHOTO PEryJMPOBaHMS KOOP/IHAT.
3HaueHne TOKA SKOPS MO TIPOIOJBHOMN
ocu d, AaHAJIOTUYHO TOKY BO3OYK/EHUSsI
MAIINHBI TIOCTOSTHHOTO TOKAa, IO3BOJISET
ONTHMU3UPOBATH MPOIECC 3JIEKTPOMEXa-
HUYECKOTO TIpe06pa3oBaHUs IHEPTUU U
OCYTIECTBJIATh PETYJINPOBAHNE YaCTOTHI
Bpamenusi C/IIIM Bblllle OCHOBHOW C
HOCTOAHCTBOM MomiHocTH (BO  BTOPOii
soHe). B BIII na 6ase C/IIIM wucnosb-
3YIOTCSI TOBOJIbHO CJIOSKHBIE 3aKOHBI
yOpaBJieHHss TOKOM TIO TPOJOJbHOI
OCH MAITMHBI, KaXX/[blil M3 KOTOPBIX
UMeeT CBOM TIPEUMYIIECTBA M HEZO0-
CTaTKM, OTPAHMYMBAIONINE TIPEAMETHYIO
o61acTh: yNpaBJeHWE C IONEePEeYHBIM
TOKOM $IKOpS, C eIUHIYHBIM K0adhdu-
1uenToM MorgHocTi (cosd), ¢ MmocTosHC-
TBOM MarHUTHOTO TIOTOKA B BO3/YITHOM
3a3ope [7].

B xauectBe mpumepa Ha puc. 11
npuBeJeHa yKpYyINHeHHas (QyHKIHO-
HaJbHAsI CXeMa CHUCTEMBI YIIPaBJIEHUS
BOII mepemMeHHOTO TOKa C HENMOCPEC-
TBEHHOW OpUeHTaluell Bpamamoieincs
CUCTEMBl KOODJIUHAT TI0 TIOJIOXKEHHIO
poropa asuratesns. Ha pucynke: PC u
PT — perysaaropbl CKOPOCTM U TOKOB
nsurarens; BC — BbIUMCJIUTENb CKOPO-
ctu; I[TK1 u ITK2 — mnpeo6pasoBaresn
xoopauHar; Il — pgatunk nososxeHus
poropa. VICTOYHUK yCTaBKH IO TOKY iy
Ha pPHUCYHKe He yKa3aH. B takoil cucreMe
MOTYT OBITh JOCTUTHYTHI MaKCHMAaJbHbIE
JINAMa30HBl PETYJIUPOBAHUS YaCTOTBI
ppamenust (o 10°) u Haumsbiciiee Gbic-
TPOIEfiCTBHE, KOTOPOE XapaKTepU3yeTcs
MIOJIOCON TIPOTYCKAHWMS YacTOT KOHTY-
pa peryJupoBaHUS CKOPOCTH, COCTaB-
asiomeit 1o 500 T, Bpems peaxiumn
MOMEHTa [BUTATeJs Ha CKAayeK 3a/laHus
TOKa iy, MOXET COCTaBJIATb BeJMYUHY
nopsiaka 107..10 c.

UTo6BI JOCTHYD MAKCHMATBHBIX /A~
nma3oHoB peryJsupoBanus BIII, veo6xo-
IUMO HE TOJBKO 06eCTednTb CHHYCOU-
JATbHYIO (POPMY TOKOB JBUTATEJS, HO U
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Puc. 10. BHewHun Bug, npeobpasosatens SPATOH-M5
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Puc. 11. dyHKumoHanbHas cxema B3I nepemeHHOro Toka ¢ AaT4MKOM MOMOXEHUSA

poTopa

CKOMITEHCHPOBATh MYJIbCAIIHU MOMEHTA,
BO3HHUKAIOIINE, B YACTHOCTH, B CBSI3U C
MOJyJISAlNeil MarHUTHOTO TIOTOKa 3Yy06-
IIaMU CTaToOpa U SBJIEHUEM <TsIKEHHS»
MIOJTIOCOB POTOpPA K MOJOKEHMAM MaKCH-
MaJIbHOM MarHUTHOW TIPOBOJUMOCTH JJIST
IIOTOKa IOCTOSTHHBIX MarHuTos [8].
HanpaBiennem wnaubojee amHa-
MuuHOro passutusga B3Il gasasercsa

coznanne «6e3JaTYNKOBBIX» CHCTEM,
He COJepsKaluX /[JaTYuKa MOJIOKEHUS
poTtopa, B KayecTBe KOTOPOTO Tpa-
JUIIMOHHO TPHUMEHSIOTCS (OTOIJIEKT-
puyYeckue WHKPEMEHTAJIbHbIE 3JHKO-
nepbl. [loapo6GHBII 0630p OCHOBHBIX
AJNTOPUTMUYECKUX pelIeHnit «6e3nar-
YUKOBOTO»> BEKTOPHOTO YIPaBJIEHUS
CAIIM mpuBeneH B COOpDHHKE CTa-

7
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12. CTPYKTypHas cxema BblYUNCIMTENS NonoXeHnsa potopa Bl
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teil [9]. AGcosoTHOE GOJIBIIMHCTBO M3
HUX OCHOBaHBI HA KOCBEHHOM OIIpejesie-
HUM 3JIEKTPUYECKOTO TIOJOKEHUST POTO-
pa [BWTaTessi 10 HAIPABJICHHIO u3006-
PAKAOIIETO BEKTOPA COCTABJIAIONIEN
MarHUTHOTO TOTOKOCHEI/IEHUS STKOPS,
0OYCJIOBJIEHHON TMOCTOSTHHBIMU ~MAarHU-
tamu. [y BBIYUCJEHUST HTOTO BEKTOPA
WM HEIOCPEACTBEHHO CBSI3AHHOTO €
HUM MOJIOXKEHUSI POTOpa JIBUTATENsT Ha
IpaKkTHKe HAaOOJIee YacTO HCIOJIb3YIOT-
Cd KJIACCHUYECKHE METO/bl OLICEHWBAHUS:
na6mogarenu cocrosinug (Ha6mogarenu
JhoerGeprepa) MOJHOTO MM NOHUKEH-
Horo nopsaka (Full Order and Reduced
Order State Observers), pacuupeHHbli
dumprp Kammana (Extended Kalman
Filter (EKF)), aganTuBHbIE CHCTEMBI C
3asaomeii Momeapio (Model Reference
Adaptive System (MRAS)), a Takxe

14. BHewWwHMn BUA cunoBoro npeobpasosartens B3N «3PATOH-B»

crenuasabible Habmoxare u, (QyHKIHO-
HUPYIOIUE B PEATbHBIX CKOJIb3SIIIX
pexxknmax [2]. Bce atm Meromnr cBsi3a-
HBI ¢ GOJIBIINM OOGBEMOM BBIUMC/IEHUI,
YTO BBI3BIBAET OIPE/IEJEHHDBIE TPYIHO-
CTH TIPH WX peaIn3aluil B PeaTbHOM
MacmiTabe BpeMeHu jaxke Ha 6ase COB-
PEMEHHBIX IIPEIMETHO-OPHEHTUPOBAH-
HBIX [U(POBBIX CUTHAIBHBIX MPOIECCO-
pos (DSP). B crenuanbHoii sureparype
TAK)Ke MOKHO HAiiTH MPUMEPHI MpPUMeE-
HEHMS JJISL 9THX LeJiell MaTeMaTHYecKo-
rO ammapara HeYeTKO#l JIOTHKU U MCKYC-
CTBEHHBIX HeHlpoHHBIX cereil. OnHa U3
BO3MOJKHBIX CTPYKTYD BBIUYUCJIHTEJIS
noJioxkenunst poropa C/IIIM mo mamepe-
HUSIM TOKOB M HANPSUKEHUN [BUTATEJIS
npuBesieHa Ha pucyHke 12 [4]. B cBoiwo
ouepejib, HAGMIOATEb MOTOKOCIEILIE-
HUS WMeeT CTPYKTypy pucynka 13,

Puc. 13. CTpyKTypHas cxema Habniogatens
NMoOTOKOCLLeNNIeHNS

COOTBETCTBYIOILYIO BEKTOPHOMY YypaBHe-
HUIO PABHOBECHUSI HANPSIKEHWN CTaTopa!
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rane R, L, — akTuBHOE cONpOTHUBIIEHUE
U WHAYKTHBHOCTH paCCesTHUS OOMOTKH
SIKOpsi, TIpudeM o6parHasi CBsi3b ¢ K03d-
urnenrom | 1 crabunmaupyoras oreH-
Ka MOTOKA TPU3BAHbI 00ECTIEYNTh ACHMII-
TOTHYECKYIO YCTOHYUBOCTD HAGJIIOATEst
U CUHTE3UPYIOTCS JOTIOJHUTENBHO.

Pa6orocnoco6nocTb «be3narun-
KOBBIX» 3JIEKTPONPUBO/IOB HAIPSIMYIO
3aBHCUT OT TOYHOCTH pacIioJaraeMoi
uHdOpPMAIUE O MapaMeTpax 3JeKTPOo-
MarHUTHBIX POIECCOB, KOTOPbIE MOTYT
U3MEHATHCSI, HAIPUMEp, C TeMIepa-
TYpOil WM CTENEHbI0 HACHIIEHHOCTH
YY4aCTKOB MAarHUTOINPOBO/JA MAIIHUHBI.
g aganrarmn BOII k un3MeHeHumsIM
mapaMeTpoB JIBUTATENST TPUMEHSIOTCS
aaroputMbl npejsaputenbnoil  («off-
line») u Texymeit («on-line») mapamer-
puyecKoil upeHTH(UKAIUNA. AJITOPUTMBI
TeKyIell uIeHTUDUKAINT HCIOJIb3YIOT-
cd I aganTtanuy HaOIIo4arens I0TO-
KOCIETJIEHUsT B TIpoiiecce paboThl MPH-
BO/Ia U CUHTE3UPYIOTCS, KaK IPABUJIO,
Ha ocHoBe Broporo (mpsMoro) meroja
A.M. Jlanynosa [9]. AnroputMbl npes-
BapUTEJIbHON WAEHTU(PUKAIUU aABTO-
MaTUYECKN OMPEAessioT TapaMeTpbl
CAIIM mepen 3amyCKOM 3JEKTPOIIPH-
BOJIa, HACTPAWBASI CUCTEMY YIIPaBJIECHUS
B3Il u 3amaBast HavaabHble TPHOIIIKE-
HUSI IAPAMETPOB JIJisi AJITOPUTMOB TEKY-
et unenrtuduranun. Paspaborka u
peanu3aiust yCTOHYMBBIX U OCTATOYHO
TOYHBIX IPOIEAYD IPEABAPUTENbHON U
TEKyIleil TapaMeTpuyecKoil ujeHTudu-
Kanuu, rpepantatomux BIII B «<unren-
JIEKTYJIbHYI0» CHCTEMY, COCTaBJISIET
OCHOBY coOJiep:KaHust GOJIBIIOTO YUCa
MIPOBOMMBIX B HACTOSIIIEE BPEMSI HCCJIe-
nosanuii [10].

PEAJIU3AIINA BIII

HA BA3E BBICOKOBOJIbBTHOTO

CHUHXPOHHOTO ABUTATEJIA
[IpuHIIMNINAIBHO BEHTUJIBHBIN 3JIEK-

TPOIPHUBOJ C BEKTOPHBIM yIIPaBJICHHEM



ANEKTPOMEXAHUYECKHUE U YCTAHOBOYHbIE U3AENUA

MOKeT 6bITh OCTPOEH U Ha 6a3e JOBOJIb-
HO MOIIHBIX CHHXPOHHBIX [BUTATEJeH
C 9JIEKTPOMATHUTHBIM BO306Y:K/IEHUEM.
ApKuM MpUMepoM TOMY SIBJISIETCSI BBICO-
KOBOJIbTHBIN «6e3JaTYNKOBBII»  3JIeK-
tporpuBosy «IDPATOH-B» paspabor-
kn 3AO «3PACUB» (Hosocubupck).
CusoBast ~ 4acTb  3JEKTPOIPHUBOJA
(puc. 14) nocrpoeHa Ha TPaH3UCTOPHBIX
omHodasubix H-Mocrax. B 3aBucmMocTn
OT HOMUHAJIBHOTO HAIPSDKEHUS [[BUTA-
TeJIsT 3TO MOKeT OBbITb TaK Ha3bIBAEMBbIil
TPEX- WJIW TSTHYPOBHEBBI WHBEPTOP.
YnpaBieHne WHBEPTOPOM  OCYIIECT-
BJISIETCSI B COOTBETCTBHU C OIMCAHHBIM
BBINIE TPUHIINIIOM OPHEHTAINN YIIPaB-
JIIOIUX BO3/EeUCTBUI 110 MarHUTHOMY
MOTOKY pOTOpa. AHAJOTHYHBIE B MPeob-
Pa30BaTeJbHOI YacTH CHCTEMBI UMEIOTCS
B apceHasle MHOTHX 3apy6esKHbIX (pupM,
B wactHoctu Mitsubishi u Toshiba.

3ARJJIOYEHUE

BenTusbHbBI  2JEKTPONPUBO  Ha
6aze C/[IIM sgBasgercs YHHBepPCAJIb-
HBIM CPE/ICTBOM 3JIEKTPOMEXaHNYECKOTO
npeo6pa3oBaHUsl SHEPTUH U aBTOMAa-
TH3AIIMN TEXHOJIOTMYECKIX IPOIECCOB.
[TpuHIMITEI TOCTPOEHUST CUJIOBOH 4acTH
B3Il y:xe ycTosInCch M OCTAIOTCS HEU3-
MEHHBIMUI B TedyeHHe HEeCKOJbKHUX II0C-
JIeTHUX JIeCSITUJIETHH, 4YTO He WCKJIO-
YaeT WX pas3BUTHE B YaCTU YJIyUIIEeHUs

D>

“semiconductor

FUJiTSU

Portescap

ChlapKrJlanH

www.sparkline.ru

—SMD cBeToanoabl
— BbIBOAHbIE CBETOAMOAL!

KomnnekcHble nocTasku

9MEKTPOHHBIX KOMMOHEHTOB:

= VluTerpanbHble Cxembl

— [1accvBHbIE M ACKPETHBIE KOMMOHEHTb!
— CBY-koMnoHEeHTb!I

MuKkpomoTopb!, peayKTopb!

LLlaroBble ABurateny,

cepBozBUraresi

MpeLy3noHHbIe NOTEHLVIOMETPbI
[laT4uku nepemeLLieHnit, 3HKOAEPbI
[Dxeitctukm. Bentunstopsl JAPAN-SERVO

K ® 9
L .=D1
c SON CBETOANObI U-ONTUKA
LUXEZN
OSRAM
— MoLwHble CBETOAMOAb!
A — Super-Flux LED
TECHNOLOGIES Ontuka: Khatod, Ledil, FRAEN, L20ptics
[paitsepb! LED: 350 ma, 700 ma
INSTE)X,(‘,‘,SENTS 9INEKTPOHHBIE KOMIMOHEHTbI
( Infineon
fochnologies
austriamicrosystems
InekTpomexaHmka
& National
Semiconductor
Tho Sight & Sound of nformaton
= freescale

TpOM3BOACTBO NeYaTHbIX NNar 60
cnoxHocty ( Espona, TaiBaHb ) —
oT 3-X Hefienb
NNr+M, FR-4, HAL - ot 0,8 USD/am?
MetalCorePCB — ot 2,6 USD/am?

| aTaKKe rubKue, MHOroCnoMHbIe,
NpeL3noHHble, T6Ko-XKecTkie

3JIEKTPOMArHUTHOH  COBMECTUMOCTH
3JIEKTPOIIPUBOJIOB C THUTAIONIEH CeTbIO.
[maBHBIM HampaBJeHNEM COBEPIIEHCTBO-
Banug BOII B Gmmkaiimieil mepcnekT-
Be OymeT pa3paboTKa U ONTHMHU3AINS
aJaNTHBHBIX <«6e3/[aTYNKOBBIX» aJITO-
PUTMOB YIPABJIEHNS, OPHEHTHPOBAHHDIX
Ha MHKPOIPOIECCOPHYIO PeaTH3aInio
1 06ecrevnBalONNX JHaNa30Hbl pery-
JIUPOBAHMUS C TOCTOSHCTBOM MOMEHTa
1:150...200.
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e Kopoba ans kabens

e HacTeHHble kabenbHble OTBETBUTE/bHbIE
KOpObKM C kneMMHUKamun n 6e3 kopobku

e MoHTaxHble NpoBoAa
(MIT®, MIMT®>3, MrB, MriBs, MMM,
MMM3, MC316-13, MC16-13)

e KpenexHble nsgenusa ansa kabens (ckobbl,
CTSXKKM, AepXKaTenu)

e TenleOHHble PO3ETKM Ha CTEHY
e ABTOMaTbl OCBeLLEHUS
o /IHAMKATOPHbIE OTBEPTKM U TECTEPbI CKPLITOM
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