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1 IpeauciaoBue

B naBuue BpemeHna MHOM, Toraa ctyaeHntom MBTY, Ha nekuuu mo aBTo-
MaTHKe OblIa yciblana cueayromas ¢pasza: «UToOsl co3AaTh TOUHYIO MOJIETH
KypHIIbI, HAZ0 cO3/1aTh Kypuily». OHa Obljla MpUIHCcaHa HAIIUM JIEKTOPOM OC-
HOBONOJOXHUKY KnubepHetuku HopOepty Bunepy. Ckazan sto Bunep wim
HET - py4aTbCsl He MOTY, HO ()pa3a B IyIly 3amaa.

Pabotast BmocneacTBUM B 00JAaCTH HPOEKTHPOBAHUS DIEKTPONPUBOJIOB,
3Ty (pasy st 0OBIUHO MPOUZHOCHII B MOJIEMUKE C MIPUBEPKEHIIAMH MOJAEIUPO-
BaHUs1, 000CHOBBIBast 0ECIOIE3HOCTh X YCUIMA HETOYHOCTBIO MCIIONIb3YEMBIX
mozenen. CaM ke 51 J0JIr0e BpeMsl OCTABAJICA CTOPOHHUKOM 3KCIEPUMEHTAIIb-
HOT'O HUCCJIEI0BAHUS M ONTHUMM3ALMK CIIPOEKTUPOBAHHBIX U PEajJIbHO U3TOTOB-
JeHHbIX cucteM. Hano 3aMeTnTs, 0qHaKo, 4TO IMyTh KCIEPUMEHTA BECbMa He-
ObicTp ¥ TepHHCT. OH HATOMMHAET XOKICHUE M0 TEMHOMY JIAOMPHUHTY, Ha T0-
JIy KOTOPOTO Pa3iokKeHbl Ipabiid ¢ CydKOBaTHIMU pydukamMu. B naOupunre TeM-
HO, U €JUHCTBEHHBIM HCTOYHUKOM CBETa SIBJISIOTCS MCKPBI M3 Ija3, BO3HU-
Karolue mpu yaape rpadiasMu 1o Jioy.

W BOT, MCKpPBI OYEPEIHOIO yJapa BbI3BAJIU NPOCBETIEHUE, B PE3yJbTaTe
KOTOpPOr'0 CTajo CHO, YTO B COBPEMEHHOM MHUpPE HAKOHEI| MOSBWIUCH IpO-
I'PaMMBI, TO3BOJISIOIINE CO3AATh «OYTH Kypuily». Hanpumep, SimInTech.

Cumunrek (SimInTech) — poccuiickas cpema co3gaHuss MaTeMaTHUECKUX
MoJieTiel, aNrOPUTMOB yIIpaBlieHus, UHTep(elicoB ynpaBIeHUs U aBTOMaTHye-
CKOM IeHepaluu Ko1a il MPOrpaMMHUPYEMBIX KOHTPOJIEPOB.

Hcropust nanHoi cpenbl Hayanach B 90-x rogax npouuioro Beka B MBTY.
DTO HE KOMIWJISALIUS 3aMaIHBIX aHAJIOTOB, & MPSIMON UX KOHKYPEHT - CO CBOHM-
MU KOPHSMH, OPUTHHATBHBIMU MTOAX0/IaMU M OOTAThIM MOCITY KHBIM CITHCKOM.



1.1 Paszgen «diaexkrponpusoa» cpeabl SimInTech

JlaHHBIN pa3zen co3/1aH B OMOIIb MPOSKTUPOBIIUKAM 3JIEKTPOIPUBOJIOB.

CoBMecTHO ¢ OHOIMOTEKaMHU, MO3BOJISIONIMME MOJIEIHPOBATH aBTOMATH-
Ky, JIEKTPUKY, MEXaHUKY H T.I., pa3/ied JaeT BO3MOXXHOCTb CO3/1aBaTh MoJie-
JIM 3JIEKTPONPHUBO/IOB, BKIIIOYAIOIIUE B CeOs:

v’ cucTeMy yrpaBJieHHs

v CUII0BOH Ipeobpa3zoBareib

v’ BUrareib

v/ DIIeMEHTHI MEXaHUKH (pa3IMYHbIE TIEPENAUN).

BaxxHoit 0cOO0EHHOCTBIO HalIel MPOrpaMMBbI SBISETCS BOZMOXKHOCTH pa3-
JIeJIEHUs. MOJIEIIH JIEKTPOIIPUBO/IA Ha HEMIPEPHIBHYIO U JUCKPETHYIO YaCTH.

K HenpepbIBHON 4acTH MOJEIH OTHOCSTCS MOJENN CHIIOBOTO Mpeodpaso-
BaTeJs, IBUTATENS, DJIEMEHTOB MEXaHUKHU U Harpy3KH.

JIMCKpeTHas 4acTh COCTOMT U3 MOJENH YIPABIISIONIETO aJropuTMa, KoTo-
pBI B peaIbHOCTH OOBIYHO BBIMOJHSAETCS NMU(PPOBBEIM KOHTpoJiepoM. PaboTa
3TOTr0 KOHTPOJIEPA XapaKTEPU3yeTCsl TUCKPETHOCTHIO IO BPEMEHHU M YPOBHIO.

HemnpepbiBHast U JUCKpETHAsl 4aCTU CHUCTEMBI MOTYT MOJEIHUPOBATHCA C
pa3HBIM IIaroM M Ja)ke ¢ pa3HbIMHU CIIOCOOAMU cYeTa, MPH 3TOM OCYILECTBIIS-
eTcsl UX CHHXpoHM3anus. Takol MOAXON K MOCTPOSHUIO MOJEIH MO3BOJSET
MaKCHUMAaJIbHO TOYHO MOJIEJIMPOBATH MOBEJICHHE CUCTEMbI C YUETOM JTUCKPET-
HOCTH yIPaBJICHUS.

1.1.1 Koaorenepauus

HNuctpyment renepamuu koga B SimInTech maer Bo3MokHOCTh aBTOMATH-
YECKHM TPaHCIUPOBATL MOJEIL AJITOPUTMA YIIPaBIEHUS B TEKCT IIPOrpPaMMBI
npolueccopa, ynpasisioniero KoHtpoJsuepa Ha sa3eike CH.

Otmeuy, uto Ha ypoBHe Cl-TekcTa noiyyeHHast nporpaMMa OTKpbITa JJIs
M0JIb30BATENsl, U OH MMEET BO3MOXKHOCTh BHOCUTH M3MEHEHHS B 3JIE€MEHTHI
Cre€HEpUPOBAHHOT'O MTPOEKTA.

1.1.2 Cocras pa3jaena

[Ipu co3znanum paszgena Mbl paccMOTpENH Haubosiee MHTEPECHbIE U Iep-
CHEKTHBHBIE BHJIbI 3JIEKTPONPHUBOJIA. ITO BEKTOPHO-PETYIHPYEMBIE 3JIEKTPO-
MIPUBOJIbI IEPEMEHHOI0 TOKa (CHHXPOHHBIE M ACUHXPOHHBIE), a TAKXKE DJICK-
TPOMPHUBO/] C OECKOIIEKTOPHBIM JIBUTATENIEM MOCTOSTHHOTO TOKA.

CucreMsbl ynpaBiaeHHUs] BCEX 3TUX 3JIEKTPOIPHUBOJOB CTPOATCA IO ONpese-
JIEHHBIM CTPYKTYPHBIM CXE€MaM ¢ KOHEYHBbIM KOJIMYECTBOM BapuaHTOB. Kpome
TOTO, MOXHO BBIICTIUTH THIIOBBIE OJIOKH, U3 KOTOPBIX JaHHbBIE CTPYKTYPHI CO-
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cTosT. Mozenu 3TUX TUIIOBBIX OJIOKOB M COCTaBJISIIOT COJEp)KaHHE pazpado-
TaHHOT'O HaMH pa3zjiena.

Paznen cocTout U3 mATH TOAPA3/IEIIOB:

1) «3II» - 3aekTponpuBoOI

B nmanHOM monpasnene moMenieHbl CTaHIapTHBIE Y37bl, KOTOPbIE MOTYT
MPUMEHSTHCS B JIOOOM 3JIEKTPONPUBOE, HE3aBHCHUMO OT THIMA JBUTATENs.
Hanpumep: tpexdasznbiii MmocToBoii uHBepTOp, [1M-perymnstop, npeodpasosa-
TeJn KoopauHar, y3isl LM u T.1.

2) «Al» - aCHHXPOHHBIH IBUTaTEJIb

B sTrom monpaznene HaXoAATCS 3JIEMEHTHI, U3 KOTOPBIX MOXHO CTPOUTh
pa3IUYHBIE CTPYKTYPHI BEKTOPHO-YIIPABISIEMBIX AJIEKTPONPUBOJOB C aCHH-
xpoHHbIM fBUratenem (AJl). Hampumep, 310 Monens caMmoro ABUratesns, OJI0K
KOMITCHCAITMH TIEPEKPECTHBIX CBS3EH U T. 1.

3) «C» - CHHXPOHHBIIi IBUTATE/Ib

B stom monpaznene HaXOASATCS 3JIEMEHTHI, U3 KOTOPBIX MOXHO CTPOUTH
pasziuyHble CTPYKTYpPbl BEKTOPHO-YIPABISEMBIX 3JIEKTPOIPUBOJOB C CHUH-
XPOHHBIM JIBUTATEJIEM C IMMOCTOSTHHBIMU MarauTamu Ha potope (C/).

4) «BAIIT» - 6eCK0/1JIeKTOPHBII IBUTaTEb MOCTOSIHHOTO TOKA

B sTom monpaznene HaXoASTCS 3JIEMEHTHI, U3 KOTOPBIX MOXHO CTPOUTH
CHUHXPOHHBIE 3JIEKTPONPUBOJIBI C OECKOJIEKTOPHBIM JIBUTaTeNIeM MOCTOSIHHO-
ro Toka (BIIIT).

S) Demo (3/1eKTpONPUBO/bI)

B nanHoM mojpasziene mpuBeAEHBI PUMEPHI IIOCTPOCHUS MOJIENIEH IIeK-
TPOIIPUBOJIOB Ha 0a3e AIIEMEHTOB pa3jiena.

1.1.3 ®ynkuuu paszaesa

v\ MojeaupoBaHHe U HACTPOIKA MO/IeJIH 3JIeKTponpuBoaa (To-
3BOJISICT OLEHUThH NPABUIBHOCTD AJITOPUTMOB YIIPABIICHUS U
OCYILECTBUTH IIPEBAPUTEIBHYI0 HACTPOUKY ITapaMeTPOB Mpo-
EKTHPYEMOTO JJICKTPOIIPUBO/IA)

v aBTOMATHYeCKasi FeHepanus MPOrpaMMbl YIPaBJISIIOIIEro
KOHTPOJ/Iepa (IT03BOJISIET aBTOMaTHYECKH TPAHCIUPOBATH MO-
JIeNIb aJITOPUTMA YIPABIEHUS B TEKCT IPOTPaMMBbI IIPOLIECCOPa,
YIPaBIISAIOLIET0 KOHTpoJiepa Ha si3bike CH)

v NOJyHATypHOEe MO/Je/IHPOBaHHe.

ITox mosryHaTypHBIM MOIECIMPOBAHUEM IOHMMAETCS HAIUYUE BO3MOXKHO-
CTH COBMECTHOM pabOThl YaCTH MOJIENH C pEabHBIMU y3JaMH 3JIEKTPOIPUBO-
na. Harmpumep, mozxenu ABHUratess U Harpy3Kd - ¢ peajabHBbIM YIPABIIAIOLIUM
KOHTPOJIIEPOM.



7

JlaHHBIN BUA MOAETUPOBAHUS MO3BOJIET OLIEHUTh KAYECTBO BBIMOIHEHUS
QJITOPUTMA YIPABJICHUS KOHTPOJUIEPOM M YTOYHHUTH MapaMmeTpbl HACTPOUKH
CUCTEMBL.

Hcnonp3oBanue YyMOMSHYTHIX BbIIIE (PYHKIUH MOXET CYIIECTBEHHO CHU-
3UTh BpeMs pa3pabOTKU CHCTEMBI 3JIEKTPOIPHUBOJA C OJHOBPEMEHHBIM MOBBI-
LIEHHEM €€ KauecTBa.

1.1.4 TIpenmyiiecTBa HCMOJIb30BAHUS

v VckopeHue npolecca MpOEKTUPOBAHUS U3EINI U 6oee riry0o-
Kas mpopaboTKa BApUaHTOB pabOYMX U HEIITATHBIX CUTyalui

v Hamnucanue nporpammel Ha s3bike CH MOXHO 3aMEHUTH TI0-
CTPOEHHUEM CUCTEMBI B CpeJIe MOACTHPOBAHUS

v ABTOMAaTHYECKOE CO3/IaHU€e JTOKYMEHTAI[MU HA IPOrpamMMy, H,
COOTBETCTBEHHO, COXPaHEHHUE MMPEEMCTBEHHOCTH MIPU UCUE3HO-
BEHHH (KaK 3TO MHOT/1a ObIBAaeT) MPOrPaMMHUCTA.

1.2 O uesecoo0pa3HOCTH ABTOMATHYECKOHM KoOaOre-
Hepanuu

B HeoOXoauMocTH MOAENHpOBaHMS ceifyac yOekaaTh HHUKOTO HE HAJo.
OpHako cpeay CIeUATUCTOB MPOAOIDKACTCS MOJIEMHUKA O MOBOJY LIEIeC000-
Pa3HOCTH aBTOMATHYECKOH KOJOT€HEepaluy MPOrpaMMbl YIPABISIOMIEr0 KOH-
TpoJIepa.

ApryMeHTbI KPUTHKOB 3TOTO TIOAXOA CBOJSTCS, B IIEJIOM, K IBYM Te3HCaM
MIPECTABICHHBIM HUXKE:

v/ He MOKET IJIymnas MallliHa U3 KapTHHKA CTCHEPHUTD OTITHMAJlb-
HBIN TI0 00beMy U ObIcTpoeiicTBUI0O CU-TEKCT mpOrpaMMsl - 3TO
MOXHO CJIeTIaTh TOJIBKO Py4YKaMHU

v’ MOJIeITh CIIOKHOTO 3JIEKTPOIPHUBOIA CO BCEMH 3alIUTAMH, HH-
TepdeiicaMu 1 MPOYMMHU HABOPOTAMH TIPEBPATUTCS B HEUUTAC-
MBbI€ KapaKyJH.

Hy uTo0 *e, eciin 10BOaUTH 10 abcypia, TO CTOPOHHHKAM IIEPBOTO Te3nca
s TIOCOBETYIO HAlMCaTh MPOrpaMMy IPSMO B KOZAaxX HIIM XOTs OBl Ha accemO-
nepe. IMeHHO B 3TOM ciydae mporpamma OyAeT onTHManbHa. ToNbKO Beab
OHHU OTKaXyTCSl.

TeM, KOro myraroT KapakyJsu, COBETYIO NPAaBHIBHO HEPAPXUYECKH CTPYK-
TYypUpPOBATh CUCTEMY, U MPOOJIEM HE Oy IeT.

Hy, a ecnu 6e3 kpaifHOCTEH, TO aBTOMaTH4YeCKast KOJIOTEHEepalus He OTMe-
HSIET MPOTPAaMMHMCTA, a AeT €My B PyKH MHCTPYMEHT, CyIIECTBEHHO OOJer-
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Yaromui ero padory. ['1e 3TOT HHCTPYMEHT IPUMEHHTD, a T/Ie HET — HaJlo pe-
I1aTh 10 MECTY.

IIpu3bIBar0 KOJUIET-OIIIOHEHTOB HE CTOATh HA IIyTH IIpOrpecca U He OT-
pULaTh, YTO CKOPO MPOrpamMMbl OyJyT MUCAThCSl APYTMMH MPOrpaMMaMH ... -

OUANKMNUKA, ... NCL ...

A Moum SPYMAMHBLM KPUMUACAMS>
COOOUGAD NEPLOHANHO — KODOLLHLPAM, U
coenanad Haumw 8 SumdnTech yrnce pado—
MALM W NOMOLALN PAFPA) OVAHAKANM

anekmponpubodos !!!

1.3 IIpexae yem YUTATH JAJbIIE ...

v' TlpuBe/ieHHAas HUKE B JaHHOM COYMHEHMH MH(POPMALIUS SBJISIET-
¢4 MHCTPYKUHMEW MO MOHUMAHUIO OCHOBHBIX IPUHIUIIOB MO-
CTPOEHHUSI CUCTEM 3JIEKTPOIPUBOIOB IEPEMEHHOIO TOKA U UX
mopeneit B cpene SimInTech.

v" Jli1st TOro 4ro0bl Bce OBUIO TIOHATHO — YHTAWTE MaTepHal o 1o-
PAIKY.

v" JIJist IpaBWIIBHOTO HCIIOJIb30BaHMsI ONOIMOTEKH « DIEKTPOIIPH-
BOJIbI», KPOME HIDKETIPUBEICHHOTO MaTepuraa, 00s3aTeIbHO
ynuTtaiite kpatkue HELP-b1 Ha 31eMeHThI (IBOMHOHN IIETYOK IO
3JIEMEHTY JIEBOI KHOTIKOW MBIIIKH U 3HAK «?7) CJeBa BHU3Y).

v Hy u KOoHEUYHO, HaJI0 3HaTh OOIIKeE TPaBuIIa paboThI B CPEIE
SimInTech.

v YacTh MaTepuaia B3ATa aBTOPOM U3 TPEIBIILYIINX KHIKEK.

C HAUNMY UMM NOWCEAAHAMAMA
LUMNMANLIAO

H0.H. Kanareb



2 O BEeKTOPHOM peryJupoBaHUM

YcTosiBIIerocst OnpenesneHusi, 4To )K€ 3TO TaKoe, He CYIIECTBYET, OJJHAKO
€CTh HEKOTOPbIC MPHU3HAKH, OTIUYAIONINE BEKTOPHOE YIPABJICHUE OT CKAJISP-
HOTO (WJIM YaCTOTHOTO).

MareMaTH4eCKOi OCHOBOW CKAJIIPHOTO PETYJIUPOBAHHS SIBISIFOTCS YpaB-
HCHU, OMMUCBIBAIOINE YCTAHOBHUBIIUCCA PCIKUMbI pa6OTI)I ABUTaTCIIs, TO €CTh
PEKUMBI, B KOTOPBIX CKOPOCTh U MOMEHT Harpy3Kd JBHTaTelsl OCTAOTCS He-
N3MCHHBIMU. ECTGCTB@HHO, B AMHAMHWYCCKUX PCKUMAX, IIPU U3SMCHCHUUN CKO-
POCTH WJIM HArpy3Kd, KOPPEKTHOCTh MAaTEMaTHYECKOW MOJCIU CKAJSPHOTO
yIOpaBieHUs] HapyliaeTcs. DTO NPUBOJUT K JOCTaTOUYHO MEIJIEHHOW peakuuu
CKaJIIPHBIX CHUCTEM YIIpaBIICHHs HA OBICTPBIC BO3JCHCTBUS - UTO SIBISETCS WX
OCHOBHBIM HeZocTaTkoM. Hampumep, B CKOPOCTHOM KOHTYpE, IIPU CKAISIPHOM
peryJIMpoBaHHH, PE3KOE N3MEHEHHE HATPY3KHU MPUBOJIUT K 3a0pocaM WIIH MPo-
BaJlaM CKOpPOCTH.

MareMaTHueckasi OCHOBa BEKTOPHOT'O PETYJIUPOBaHHS — MU PepeHITHAITb-
HBIC YPAaBHCHUS, OMHUCBIBAIOIIUC JJICKTPUYCCKYIO MAIIWMHY OJWHAKOBO KOP-
PEKTHO ¥ B TUHAMUKE, M B CTaTHKE.

[Ipn yacToTHOM (CKaJISIpHOM) YIIPaBJICHUU YIIPABISIIOIIMMU TapaMeTpamMu
SIBJISIIOTCSI AMIUIMTY1a M 4acTOTa, a MPH BEKTOPHOM - aMILIMTY/a U MTHOBEH-
Has (a3a.

B cuity ajgekBaTHOCTH yIpaBJICHUS B TUHAMHUKE BEKTOPHOE YIIPaBIICHHE, B
OTIIMYHE OT CKAJISIPHOTO, JACT BO3MOXKHOCTH CTPOUTH BBICOKOAMHAMHYHBIC H
MPELU3UOHHBIC AJIEKTPOIIPUBOIBI TIEPEMEHHOTO TOKa, 00CCIICYHBAIOIINE HAU-
BBICIIYIO TOYHOCTb U CKOPOCTh PETYJIUPOBAHUS.

Kpome TOro, npu BEKTOPHOM PETYJIHMPOBAHUN HCIIONIB3YETCS MPEICTaBIIC-
HUE Tpex(a3HbIX BEJTMUMH B BHUJE 000OIICHHBIX BEKTOPOB M CUCTEMBI yIIPaB-
JICHUSI CTPOSITCS BO BPAIIAIOIIUXCS KOOPAMHATAX.

Hy, 00 amout e ...
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3 IIpeoOpa3oBarejiu KOOPAUHAT

Toku, TOTOKH, HAaNpPSOKEHHS JIBUTATENS MEPEMEHHOI0 TOKa MOTYT OBITh
MIPEACTABJICHBI KaK BEKTOPBI B HEKOTOPOM CHCTEME KoopauHaT. B 3aBucumo-
CTH OT MHCIIOJIb3YEMOM CHUCTEMBI KOOPAMHAT COOTHOILIEHUS, ONMCHIBAIOLINE
MIPOLIECCHI, MPOUCXOAAIIME B ABUTaTeNe, Oy IyT UMETh pa3iauuHblil Bua. Huxke
pPaccMOTPEHBI CUCTEMBI KOOPAMHAT, UCIIOJIb3YEMbIE NP BEKTOPHOM PETYJIH-
pOBaHUMU.

3.1 O0o0meHHBII BeKTOpP M Tpex(asHasa cucreMa
KOOPAUHAT

CuctemMa UMeEET TPH OCH, PACIOJIOKEHHBIE HA IJIOCKOCTH IO yIJIOM B
120°. 3t ocu nepecekarorcs B Hadane koopaunar (Puc.1).

JaHHas cucTemMa MO3BOJSIET OTOOPAa3UTh MPOIECCHI, MPOHUCXOJSIINE B
JBUTATENE, Ha TUIOCKOCTh MPU MPEACTABICHUU TOKOB, HAMPSKEHUH M TTIOTOKOB
B BUJIC BPAIAIOIINXCS BEKTOPOB.

Hanpumep, Tpexdas3Hblii TOK, B 0OOMOTKax cTaropa ABHraTelsi MOKHO
NPEJICTaBUTh B BHJIE BEKTOPA s, UMEIOIIETO CIIETYIOIINE CBOMCTBA:

v aMIUIATYy/ia BEKTOpa paBHA aMILTUTYe ToKa B ¢aze (Is)

v/ Havajo BEKTOPA COBIAJIAET C HAYAIOM KOOPIUHAT

v/ BEKTOp BpallaeTcs Ha IIOCKOCTH BOKPYT Hayajia KOOPANHAT C
YIJIOBOM CKOPOCTBIO COOTBETCTBYIOIIEN YaCTOTE IEPEMEHHOTO
ToKa (=2Tf).

Puc. 1
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IIpu BpalieHUN BEKTOpa C YaCTOTOM ( €ro IMPOEKIMH Ha COOTBETCTBYIO-
mue ocu OyIyT NPeACTaBIATh COOON TrapMOHUYECKUE CUTHAIBI, CABUHYTHIE HA
120°:

1, =1,Cosh=1,;Cosot
1, =1,Cos(L—120°)=1,Cos(owt—120°)
1. =1;Cos(\—240°) = [,Cos(wt —240°)

Kpome toro, ni1s 3HaueHHMH NPOEKLIUK BEKTOPA HA OCH CUCTEMBI KOOPIH-
HaT OyJIeT BCEr/ia BHIMOJIHATHCS yCIOBHE CHMMETPUH TpeX(a3HO# CHCTEMBI:

I, +1,+1.=0

Taxum 06pa3zom, TpH CBS3aHHBIE CKAJIIPHbIC BETUYMHBI (Pa3HBIX TOKOB Xa-
pakTepU3yrOTCs B JaHHOM cucTeMe KOOPAUHAT 00001eHHBIM BEeKTOPOM TOKA.
AHaJIOTUYHO B JIaHHOW CUCTEME KOOPJAMHAT MOTYT OBITh IpECTaBICHbI (a3-
HbI€ HaIIPSDKEHUS U IOTOKU JABUTATENsL.

MOHO cUMTaTh, YTO HEMOJBM)KHAS Tpexda3zHas cucTeMa KOOpJUHAT Clie-
IUIEHA CO CTaTOPOM, a €€ OCH COBMAJAIOT C DJIEKTPUYECKHMHU OCSMHU COOTBET-
CTBYIOLIMX OOMOTOK Tpex(a3zHOro ABUraTes.

3.2 HenoasuxkHas [lekapToBa cucreMa KOOPIUHAT

Cucrema umeer JBe nepreHaAuKyIspHbie oc o U 3 (Puc.2).

Y10o6HO BeIOMpaATh OCH Tak, 4TOOBI OJIHA W3 HUX COBIAJajia C OJHON W3
Tpex(da3Hbix oceil. Hauano koopauHAT cOBIAAET ¢ HAYAIOM KOOPAUHAT, OIH-
CaHHOM BhIIIE TpeX(a3HON CUCTEMBI.

Puc. 2
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[Tepexonx u3 Tpexdasznoii cucremsl B JlekapToBy (AByX(ha3HyI0) 4acTo Ha-
3BIBAIOT TIEPEXOJIOM OT peajbHOW Tpex(a3zHOW MalIMHbI K aOCTPaKTHOM,
000011eHHO ABYX(pa3HOH.

[MTonyunm hopmyitel iepexosa u3 TpexdasHoi cucteMbl B JlekapToBy.

I'nsaps Ha Pric.2 ¥ BOCTONIB30BABIIMCH COOTHOIICHUSIMHU TPSIMOYTOJIBHBIX
TPEYTOJILHUKOB, a TAK:Ke (POPMYJIOH JIUIsl KOCUHYCa PA3HOCTH YTJIOB, 3aIUIIIEM:

— Iy = 1;Cos(60°—1) = IS(%COS% + %Sin?»]

25

Iy, =1,Cos(120°—A) = ]S(—%COS)\,‘FTSI.}’Z}\,

Cnoxus 311 ypaBHeHus, nomyanm: Ig —Ig =1 J3Sini
C npyro#t croponbt (cm. Puc.2): I gy =1 Sink
Tgp =1y

NG

Taxum o0pa3zoM, HopMyIIbl KOOPIUHATHBIX MPeoOpa30oBaHUi MPH MEepeXo-
ne u3 Tpex(a3Hoi cUCTeMBbI B IBYX(a3HyI0 BBITJIIAT TaK:

Iy, =1,
_[SB_ISC (1)

Iy = NG

CJ'IeI[OBaTCJ'IBHO, MOJKHO 3aI1iucCaThb: ISB =

Winu, yuuteiBas 4ro, ([SA g+ = 0), TaK:

I

o =]SA

1 2 (2)
ISB :ﬁ[m +$ISB

®opmyiel iepexona U3 TpexdaszHoil cuctemsl B Jlexap-
TOBY 4acTO Ha3bIBalOT IpeoOpa3oBanuem Kimapka. D10 He-
IpaBWIbHO, oToMy 4TO Kiapk — 310 nama. ['oBoputh Hazo:
«mpeobpazoBanus Knapk».

®opmynsl oOpaTHOro NpeoOpa3oBaHMs KOOPAMHAT, W3
cucreMsl afy B cuctemy ABC, nonydaroniyecs U3 COOTHOIIe-
HU (2) W yCIIOBHSI CHUMMETPHUH Tpex(pa3HOW CHCTEMBI

(I syt +1g = 0), IPUBEJICHBI HIKE:

Edith Clarke
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I =1,
NE) 1
Iy =7]SB _51&1 (3)
I = 1] \/51
SC__E &x‘? SB

HNHuorma ymoO6HO onmuchIBaTh BEKTOPHI, B CHCTEME 03, TIOJB3YSICh MaTeMa-
TUYECKUM armaparoM KOMIUIEKCHOW mockocTd. [Ipu sTom ock B cuuTaror
MHHMOM, a OCh O — BEIIECTBSHHOM.

3.3 Bpamawmascsa /lekapTroBa cucreMa KOOPIAUHAT:
XY

Cucrema uMeeT JIBe MepreHIuKyJspHbie ocu X u Y (cm. Puc. 3).

Hagano koopauHaT coBMagaeT ¢ HA4aJloM KOOPAMHAT, OMUCAHHOW BBIIIE
Tpexdasznor (wiu aByxdazHoil) HemoABMXKHOW cucTteMbl. Ocu cucteMbl XY
BpAIIAIOTCS ¢ MTPOU3BOJIBHON CKOPOCTHIO ® BOKPYT Hadajaa KOOPIUHAT.

Puc. 3

Haiinem ¢opmyssl npeoOpa3oBaHUsl KOOPIMHAT, C MOMOIIBIO KOTOPBIX
MOHO OCYIIECTBJIATH Mepexosl Mexay cuctemMamu off u XY. B 3apyOexHoit
JAUTEpaType 3TOT Nepexo Ha3bIBaloT peodpazoBanusamMu [lapka.
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3.3.1 T'eomeTpu4ecknii BbIBOJ (opmyJi npeodpa3oBaHuii
IMapka

Tpeyronsauku aob u cdb na Puc.3 nogoGHbI, c1e10BaTEIbHO, MOXKHO 3a-
IHCAaTh:

|be| = |bd|Sing
Iy, = |bd |C0sq)

Sing

OTCrOZ1a! |bc| =1 Coso

W3 Puc.3 cnenyer uto:

_ . Sing 1
Iy =ob| +|bd| = Iy Cosg +1, Cose

BrIpa3uB u3 3TOro BeIpaxeHus Isy, MOIydnM Gpopmymy:
[ St

oL

=1, Cosp— I, Sing
JlaHHOE COOTHOIICHHUE MOACTaBUM B HopMyIIy:

Lo+, =1 +1 éﬁ M C TIOMOIIBIO HECIIOXKHBIX NpeoOpa3oBaHMH,
BbIPAa3uUB U3 HEC Isﬁ, NOJIyUYruM:
L = I Sin¢ + 1,Coso

Takum o6pazom, oOpaTHoe mpeoOpa3zoBanue Ilapka, ¢popmynsl mepexoaa
U3 CUCTEeMBI XY B cucTeMy 0, BBITIISIAT CIEAYIONIMM 00pa3oM:

Iy, =1 Cosp— 1, Sing @)
Iy = I Sing + 1, Cos@
PemuB 5TH ypaBHEHUS OTHOCUTENBHO Ay B Ay, OIYyYnUM MpsMoe Tipeodpa-
3oBanue [lapka, popmyssl mepexona u3 cucTemsl off B cuctemy XY:

Loy = 1Sing + I3, Coso

I~ . &)
st =1 0s¢—I5,Sing

3.3.2 Cwmbica cucTembl KoopauHat XY

Bpamaromasics cucrema KOOpAUHAT, Ha MEPBBIN B3I, KaXKETCS BechbMa
HMCKYCCTBEHHOM, HO UMEHHO B HEM CTPOSATCS COBPEMEHHBIE CUCTEMBI BEKTOP-
HOT'O PEryJIMUpOBaHUA.

Cucrema peryaupoBaHHs CTPOUTCS B CUCTEME KOOPJUHAT, Bpallaroencs
BMECTE C yIIPaBIIEMbIM BEKTOPOM.

Jleno B ToM, 4TO B Tako# cucteMe AuQdepeHnnaibHble YpaBHEHUS, OIH-
CBIBAIOLIME JIBUTATEIb, IPUHUMAIOT TPOCTEHUIINN BHUI.
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Kpome TOro, mockoiyibKy yIpaBisieMbli BEKTOpP HE BpAIIA€TCsl OTHOCHU-
TEJIBHO JIaHHOW CHCTEMbl KOOpPAMHAT, €ro aMIUTUTyAa U (a3za onpeaesstoTcs
JIBYMs CKaJSIpHbIMM BEJIMYMHAMU MPOEKIMM HA OCU KOOPAUHAT CUCTEMBI. Jljist
TOrO, YTOOBI YNPaBIATH BEKTOPOM, BO BpalIaroOIEiCs cUCTeMe KOOpAMHAT,
CTPOAT BEKTOPHBIN PETYJIATOP HA OCHOBE JABYX CKAJSIPHBIX PETYJSATOPOB IIPO-
exuuii. Bpamenue cucreMsl YYUTBHIBAIOT C MOMOIIBI0 PACCMOTPEHHBIX BBILIE
(GbopMyNT KOOPAWHATHBIX NMPEOOpPa30BaHUN, W3MEPSsl WIIM BBIUUCISAS YTOJ €e
[IOBOPOTa OTHOCHUTEIBHO HENOABUKHOU CUCTEMBI KOOPIUHAT.

3.4 IlpeoOpa3zoBatesum koopauHat ABC=>dq mn
dq=>ABC

B snexTponpuBoge MpUHATO, MpU OPUEHTHPOBAHUH Bpallarolieics Ccuc-
TeMbI KOOpuHAT XY 1Mo Kakomy - Tu00 0000IIIEHHOMY BEKTOPY, UIMEHOBATH €€
ocu OykBamu d U q.

B BEKTOpHBIX CHCTEMaxX YHpaBJICHHUS AJIEKTPOIPHUBOAAMHU HEOOXOIUMBI
mpeoOpa3oBaTeny KOOPAUHAT, TO3BOJSIONIUME OCYIIECTBISTh MEPEXON U3
Tpex($a3Hol HEMOABMXKHON cucTeMbl ABC BO BpallalomIyrocs IBYX(a3HYyio
cuctemy dq, u Ha000POT.

[IpeobpazoBanne ABC=>dq nenaercs mo ¢gopmyie (6), BRITCKAIONIEH U3
cootHommeHuit (1), (2) u (5).

Iy, = (%)Simp +1,,Cos@
ABC => dq (6)
Iy, = [%}Coscp —1,Sing

[Mepexon dg=>ABC ocyuiectBisiercs o (popmysne (7), OCHOBAaHHON Ha CO-
otHOommeHusx (4) u (3).

I, =1, Cosp— I, Sing
dg=> ABC {1, = g(lsqcoscp +1,,Sing)- %ISA (7)

NE]

, 1
I, = —T(ISqCOS(p +1,Sing)- s

B SiminTeciv

broku mpeobpazoBareneit koopauaatr B SimInTech ocymectsnsior mpe-
00pa30BaHus CUTHAIIOB B COOTBETCTBHH C GopMyTamM (6) U (7). v
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[Tpumep Mozenu, MOSICHSIIOMUNA CMBICT MPEeoOpa3oBaHUsl KOOPJAUHAT, IO-
Ka3aH Ha Puc. 4.

@dopmHupoBaTENb BEKTOpPa BBIJACT BpalIalOLIMiics OOOOIIEHHBIN BEKTOP
€IMHUYHOW aMILIUTYbl. DTOT BEKTOP B BHJIE TpeX Npoekuuii Ha ocu ABC no-
JlaeTcsl Ha BXOJ1 npeodpasoBatelns u3 cuctemMel ABC B cuctemy dgq.

[TpeoOpa3oBarens nepeBOIUT Tpex(asHbli BEKTOp B JBYX(azHylO Bpa-
HIAIOIIYIOC cUCTeMY dq. JIns HarmsqHOCTH, B IPUMEPE Yo Oocu d cOBHaiaeT
¢ ¢a30BbIM yriioM ocu A. To ecTh MOXKHO CKa3aTh, UTO CUCTEMA dg BpallaeTcs
CHUHXPOHHO C (a3oit 4.

[Tpu 3TOM NpOEKLMU BEKTOpa Ha OCU dg SIBISAIOTCS MOCTOSIHHBIMU BEJIH-
yrHaMu 1 1 0, COOTBETCTBEHHO.

Jlanee BEKTOp W3 CUCTeMbI dg mpeoOpa3yercss Has3all B HEMOJABHKHYIO
Tpexdasznyro cucreMy ABC u npuodperaeT NpexHUil BU, YTO WIIOCTPUPY-
eTcs rpaduKaMH Ha PUCYHKE.

Jannbiii  npoext HasbBaerca <«IIK.prt» u Haxoautrcs B mamke
«SiminTech\Demo\JsekTponpuBoab».

Bxoanoii
h o |Sin BEKTOD
sin(x)
— . ABC=>dq
/| e cos 7: :BC d BrixoqHoit
Yron —— q CZ‘; . BEKTOP
®opmup. Bekropa ABC 1d, Iq
BxogHon Bektop ABC BekTop dq BobixogHow Bektop ABC
1 1—d 1
KX XA XX KX XA XX
0 =0 =0
LU0 SAXAAN)

Puc. 4
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4 Mopaeau ABMrarejed nepeMeHHoro
TOKA

4.1 CUHXPOHHBIN 3JEKTPOABUraTE]b C MOCTOSAHHBI-
mu Mmarautamu (CAIIM)

4.1.1 IlpuHuun padoTsl

Potop Takoro nBurarens mpeacTaBisieT co00i MOCTOSHHBIN MarHUT. Tok
OOMOTKH CTaTopa CO3/1aeT BPALIAIOIIEECs] MATHUTHOE I10JI€ CTaTOpa, MarHUT-
HBIE I10JII0Ca KOTOPOIO IIPUTATUBAIOT IIPOTUBOIIOIOKHBIE MATHUTHBIE TOJIIOCA
portopa. Beiencreue 3T0ro BOZHMKA€T MOMEHT, BpalIalOIIMM pOTOpP BCIIE] 3a
nosiem craropa (Puc.5).

Puc. 5

4.1.2 BexrTopHas auarpamma u moment CAIIM

Ha Puc.6. nzobpakeHa BEKTOpHas AMarpamma, MOSCHSIONIAsl MPOIECCHI,
npoucxojdmue B aurarene. byaeM paccmarpuBaTh MX BO BpallaroLieics
cucTeMe KOOPJUHAT dg, OCh d KOTOPOW OPHUEHTUPOBAHA IO MOTOKY POTOpA.

Potop nBuratens, sBIAIOLIMICA MOCTOSIHHBIM MarHUTOM, CO3JIaeT IMOTO-

Kocuermienue (| ), PaBHOE MPOU3BEICHHUIO MIOTOKA POTOPA HA YKMCIO BHTKOB

00MOTKH cTaTtopa. HampasiieH BEKTOp 3TOT0 MOTOKOCIEIUICHUSI IO OCH POTOpa
(d) OT ONOKUTETHHOTO TOJTFOCA K OTPHUIIATEIILHOMY U OTCTA€T OT BEKTOPA TO-

Ka ctatopa (/) Ha HEKOTOPBI yro (.
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[TocTosTHHBINM MOTOK BPAIAIOIIETOCs] POTOpa CO3/1aeT B OOMOTKAX CTaTopa

Bektop D/1C (E ), HampaBJICHHBIM TOJ MPSMBIM YIJIOM K MOTOKY M OIepe-
xKatomuii ero Ha 90° (Mpou3BO/IHAS MOTOKOCHEIIEHUs poTopady , / dt ).

Puc. 6
Amnutyna Bexropa OJIC onpeznensercs BhIpaKEHUEM:
E=vy, 0,
rae:

®, =Z 0y - CKOPOCTb BPAIICHHUS MO
® , — CKOPOCTb BpallleHHs poTopa
Z, — 4UCIIO0 TIap MOJIIOCOB JIBUTATENs

CornacHo Puc.6, MOXHO 3amucath ClIeIyoliee BEKTOPHOE COOTHOLIEHHUE:
Us=E+ IR+ jo, (gL, +ISqLSq)

rac:

Uy - BekTop HampspKEHHs cTaTopa

—

I - BexTOp TOKa cTatopa, a Iy, u Iy, - ero cocrapisiomue

Lsqn Ls, - "HIYKTUBHOCTb CTaTOPa O OCSIM d U ¢
Rs - conpoTuBnenue cratopa

B cootBerctBuM ¢ Puc.6, BEKTOp CTATOPHOTO HAIpPSKEHUST YpaBHOBELIU-
Baetcs BekTopoM DJIC u majmeHueM HampspDKEHHUS Ha akTHBHOM (Rs) W peak-
TUBHOM (Ls,, Lsys) CONPOTUBICHUSAX CTATOPHOM OOMOTKH.



19

MoMeHT aBUraTessi BO3HHKAET BCIIECACTBHE TOTO, YTO HA 3apsDKEHHYIO
YacTUlly, JBHKYIILYIOCS B MarHUTHOM I10Jie, AEUCTBYeET Hekas cuia (cuia Jlo-
peHIa).

BriBog hopmyiiel onpenenstonieif MOMEHT MOYKHO CJieslaTh UCXOAs U3 CO-
OTHOIICHUH OIMUCHIBAIONINX MOIIHOCTh JIBUTATENS, HANPHUMEP TaK, KaK 3TO
caenano B kHure ['.I. CokonoBckoro (MCTOYHUK JIUTepaTypsl [1], oueHs pe-
KOMEH]IYI0).

Ho M1 notinem apyrum myteM (6oJiee BEKTOPHBIM) U OyJIeM CUUTATh, UTO
MOMEHT BO3HUKAET B PE3yJIbTAaTe CHJIOBOTO B3aMMOICHCTBHUS MEXKIY BEKTOpa-
MU TOKa U MOTOKOCLEIJIEHUsI cTaTopa. A UMEHHO, YTO MOMEHT ONpeesieTcs
BEKTOPHBIM IPOHM3BEACHUEM JICHCTBYIOMINX 3HAYCHUI ITHX BEKTOPOB.

OTO NEeHCTBUTENBHO TaK, U B JalibHEHIeM pacdyeTHas (opmyia A Mo-
MEHTa TIOJIy4aeTCs] TOYHO TaKOH K€, KaK W MPH BBIMIEYIIOMSIHYTOM IOIXOC
HaXO0XXJCHUS MOMEHTA Yepe3 MOLIHOCTb.

VuutsiBas (Ha3sHOCTb U YUCIIO Map MOJIOCOB ABUTATENS (Z,) MOKHO 3aIlH-
caTb cle/ytollee BbIpaxkeHue JUist Bbraucienust momenta CAIIM:

- I - 1 . 3. (+ - 3,05 1= 1o
M,, =3Z, ﬁlsxﬁ\lfs :EZP(ISXWS):EZP‘IS"|\VS|S”KP
I'ne: ¢ — yron mexny BEKTOpaMHU.

[TopoOyem 3amucath dopmyny amns
BBIYUCIICHHSI MOMEHTA B CUCTEME dg.

Kak u3BecTHO, BeJTMYMHA BEKTOPHOTO
NPOM3BEACHUST JBYX BEKTOPOB paBHA
IUTOLIAaIM TMapajjiesorpaMMa, CTOPOHAMH
KOTOPOTO OHH SIBIISTFOTCSI.

[ Ha PUCYHOK PSZIOM, 3alTHIIeM
IUTONIA/Ib MapajiesiorpaMMa cO CTOpPOHa-

MU Y B [ Yepe3 MPOCKIHH 3THX BEKTO-

pOB Ha ocH dq. Iy 3TOr0 BBIUUCIUM Y-
BOCHHYIO IIJIOLIa/1b TPEYroJbHUKA abc:

|- [Sing = 25,,,, =

1

1 1
2 Isq\VSd _EWSdWSq _EISdISq _E(W&z _ISd)(ISq _\VSq) =

=LV _ISd\Vsq
re:
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Vs Wsu » Lg,» L5y - MPOEKIMH TIOTOKOCLEIIEHHS U TOKA CTaTOpa
Haocu d U g.

CooTBeTcTBEHHO, (opMyaa JUlsl pacueTa 3JEKTPOMArHUTHOTO MOMEHTA
CAIIM B cucreme dq OyAeT BBITISAETD TakK:

37
Mem = TP(]SqWSd - ISdWSq)

Hwmest B BUy, YTO MIOTOKOCLEIUIEHHE CTATOPa, B CBOIO 04Yepe/ib, (opMUpy-
eTcs TOKOM B MHAYKTUBHOCTH CTaToOpa M MOTOKOM POTOPA, 3aIUIIEM BbIpaxe-
HUS JUTS €70 d ¥ ¢ COCTaBISIONINX:

Vg = Lolgy + W,
\|]Sq = LSq[Sq

C YUCTOM 3THUX BI:Ipa)KeHI/II\/'I nepenumemM ypaBHCHUC IJI BBIYUCIICHUS MO-
MeHTa B Buje (8):

M, = %(ISqu + ]SdISq (LSd - LSq )) 8)

4.1.3 BexkrtopHas auarpamma u MoMeHT CJI ¢ HesiBHOIIO-
JIIOCHBIM POTOPOM

Porop cMHXpOHHOro ABUTraTENs C HESIBHOIOJIOCHBIM POTOPOM YCTPOEH
TaK, YTO UHAYKTUBHOCTH CTaTOpa MO OCSM d U ¢ y HEr0 OJMHAKOBBI. YTIpaB-
JIEHWE UMEHHO TaKUM JIBUTATEJIEM SIBJISICTCS TUIIOBOM, HanbOOJIee YacTo BCTpe-
Jaroliencs 3agayuei.

Tak kak Lsy = Ls,=Ls, BbIpaXKEHUE JUII MOMEHTA JIBUTaTENs YIIPOCTUTCS U
3anumiercs B Buze (9):

37
M, ==E 1y, )

I'nsapns Ha BeipaxeHnue (9), MOXKHO KOHCTaTHPOBATh, YTO MpU (PUKCUPOBAH-
HOM IIOTOKE MartMTa - pOTOpa MOMEHT 3aBUCUT TOJIBKO OT ¢ — COCTaBIIAIOIIEH
cratopHoro Toka. To ecThb d — cocTaBisIomas TOKA SIBJISETCS Mapa3sUTHOU -
MOMEHTA OHa HE BBI3BIBACT, a K MIOTEPSM B MeAM cTaTtopa nmpuBoauT. Cienosa-
TEJIbHO, IIPU PETYJIMPOBAHUHA MOMEHTA JIOTUYHO MOJAACPKUBATH €€ PAaBHOM HY-
JII0, OPUEHTHUPYsI BEKTOP TOKa craTopa 1o ocu g. OOBIYHO Tak M MOCTYMAOT.
BekropHas nuarpamma [JIs 3TOro ciiydas mpeacrasieHa Ha Puc.7.



Puc.7

4.1.4 YpaBHenus paBHoBecusi craropa C/AIIM

Kak u3BecTHO, HampspKeHUE Ha KaTyllIKe MHAYKTUBHOCTH PaBHO CyMMe
OJIC uHAYKUMU U NaJCHUsS HAIpPSKEHUST Ha aKTUBHOM COINPOTHUBJICHUU Ka-
TymkH, a 3J1C MHAYKIIMU paBHA TIPOU3BOJIHON OT CYMMAapHOTO MOTOKa (TIOTO-
KOCLICTUICHUS) KaTYIIKH.

Crarop nBuratens sBisieTcss Tpex(asHOW KaTyIIKONW WHIyKTUBHOCTH, M
MIPH YCJIOBHH TPEHEOPEKEHNUSI MATHUTHBIMU TTOTEPSIMU, B HETIOJIBUYKHOW CHC-
TeMe KOOPAMHAT JJI HErO MOYKHO 3alKcaTh CIeIyIoIIee MPOCTOE BhIPAKEHHUE:!

d
U, = ‘cll’ts(x + R/,

_ ay g
dt

Ug + Ryl
OTO0 BBIpaKEHNE HA3bIBACTCSl YPABHEHUEM PaBHOBECHSI CTATOPA.
Y4uTbIBas, 4TO MOTOKOCLEIUIEHUE - ITO MPOU3BEACHHE TOKAa HAa MHIYK-
TUBHOCTb, MEPENUIIEM 3TH YPAaBHEHUS B CUCTEME KOOpAMHAT dg, Bpallaro-
HIeiicst BMECTE C TIOJIEM.

dl,

Uy =Ly ——+Rlg—0,Lg I,

(10)

dlg,
Us, =L, 7+ E+Rs Iy, +o, Lyl

PaccmotpuM 3ToT mepexox Gosee moapoOHo.
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Yro kacaercs coctapusiomux Rl u Rglg, - nymaro, MOSCHEHHS HE

TpeOyroTCsl.
Paszbepemcs ¢ muddepennmariaMyu MOTOKOCHIEIICHHSI CTaTOpa MO OCSIM d
ugq.
[ToTrokocuerieHNe B CTATOPE CO3AETCS ABYMSI HICTOUHUKAMHU:
v TIOTOKOM poTOpa
v/ TOKOM B MHIYKTUBHOCTH CTATOPA.
CootBercTBeHHO AuddepeHiuan noTOKOCUEIUIeHUs cTatopa OyIeT 3aBu-
ceTh OT AU PepeHnanoB MOTOKOCIEIUICHUS POTOpa U TOKA CTaTopa.
Kpome Toro, B Hem emie OyAeT HEKOTOpas COCTABIIAIONIAs, BBI3BAHHAsS
BpallleHUEM CUCTEMbl KOOPAMHAT.
[Tockonpky U3MEHEHHE MMOTOKA pOTOpa MO Ocu d OTCYTCTBYeT, nuddepeH-
[[MaJT MMOTOKOCIEIUICHHUS CTaTOpa 1O 3TOW OCH MMEET TOJBKO JBE COCTABIISIO-

1895 (K

d dl
=Ly TS fy (o))

I'ne f,(w,)- cocraBnsromas quddepennunana noToka, BeI3bIBacMas Bpa-

IIEHUEM CHUCTEMbI KOOPIUHAT.
A muddepeHnman NOTOKOCHETUICHHS CTaTOpa 10 OCH ¢ UMEET BCE TPH CO-
CTaBJISAOLINE, TPHUEM JudQepeHIran NOTOKOCUEIUIEHUs] POTOpa 1O 3TON OCH
ecThb He uto uHoe, kak DJIC (E):
d\IISq
dt

Cootserctenno, f,(®,)- cocraBisiomas auddeperpnana noToKoCHern-

dl
=L, d:‘f +E+f,(0,)

JICHHSI CTATOPA, BBI3bIBAEMasi BPAIICHUEM CHCTEMbI KOOP/IHHAT.
Teneps pasbepemcest ¢ cocrasmsrommu f,(0,)u f,(®,).

W3BeCcTHO, UTO MPOU3BOAHASA BEKTOpA, BPALIAIOIIETOCS CO CKOPOCTBIO M,
€CTb BEKTOpP, aMIUIUTyJa KOTOPOrO paBHA JIMHEHHOM CKOPOCTH KOHIAa Bpa-
miarolerocst BekTopa. HampaeieH BeKTOp HpOM3BOJHOW OyJIeT B CTOPOHY
BpAIEHHS, 110 KacaTeIIbHOW K TPaeKTOpuH. Takum o0pazom, JJisi HaXO0XKICHHS
IIPOM3BOJHON BPALLAIOLIETOCS BEKTOPA €ro aMILIUTYy Hal0 YMHOXHUTh Ha (M,
Y TIOBEPHYTH MOJTYUYCHHBIH BEKTOp Ha T/2 B CTOPOHY BPAIICHHUSI.

Tak kak ¢ 4aCTOTOH ®, y HAacC BpALAETCs cUcTeMa KOOpAUHAT, TO AJI Ha-
XOXJAECHHUS TPOU3BOAHON BEKTOpA, BHI3BAHHOM STUM BpalICHUEM, MOBOPOT
BEKTOpa Ha m/2 HaJo AeJaTh B CTOPOHY, IPOTUBOIMOJIOKHYIO BPAILEHUIO.

[IycTh MONOXUTENBHBIM HAINPaBICHUEM BpAIICHUS CHUCTEMbl CUUTAETCS
BpalllEHNE IPOTUB YaCOBOU CTPEJIKH.
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Torma Puc.8 mosicasier obpazoBanue coctaBisirommx auddepenimana To-
Ka CTaTOpa, CBS3aHHBIX C BPAIICHUEM CHCTEMbI KOOPHUHAT.

Puc.8

I'nsaast Ha PUCYHOK M YUYMTHIBAsi, YTO MOTOKOCLEIUIEHHE - 3TO TOK, YMHO-
KEHHBI HAa MHAYKTUBHOCTb, MOATBep:kaas BelpaxeHue (10), MoxHO 3amu-
carTb:

fo(®,)=-0,LyI,
fq (0,)=0,Lglg,

4.1.5 Mopaeub 3j1eKTPOMAarHuTHLIX npoueccos CIAIIM
YuuteiBad, uto E =\ ,0,, 3anumem ypasHenus (10) oTHOCHTENHHO
nuddepeHIranoB TOKOB U IONOJHUM HX ypaBHEHHEM MOMEHTa (8):

1
plg, = L_ (USd —Relg +o,Lg I, )

Sd

|
pls, =~ Uy, ~Ryls, ~o Ly Ly ~v,0,) (11)

Sq

Mem :%(I&]Wf +ISdISq(LSd _LSq ))

ITo ypaBHeHusiM (11) MOXHO CTPOMTH MOJENb 3JIECKTPOMATHUTHBIX TPO-
LIECCOB JIBUTATENS, TaK, KaK 3TO MoKa3aHo Ha Puc.9.



i Ry |

U | L p15d= l Iy, E

o Ly, p |

i T v \J i > ]Sd
i Lg, X EZ}L&/ Ly, i
i 7 i > ]Sq
5 Ly X RIS
: A 2 : em
Lo | || 1|, ;

Us, & > -V, |
| a4 |
! g1 g
Yy Ry [« p i ¢
| o, |
i ? Zp - T O

[To cpaBuenuto ¢ popmynamu (11) Mogens OMONHEHA BHIYUCIUTENIEM YT -
na modist poropa (0.), KOTOpBI MOTydaeTcss HHTETPUPOBAHUEM CKOPOCTH TTOJIS
(@).

BxoHbIMH cUTHajIaMu MOJIEH SBJISIOTCS HAMPSDKEHUS U CKOPOCTb, a BbI-
XOJTHBIMHU - TOKH, JIEKTPOMAarHUTHBIA MOMEHT U YTOJI TIOJISI.

4.1.6 Mogear CAIIM B SimInTech

Mogens CAIIM B SimInTech (Puc.10) coxepxur cTpyKTypy, U300pa-
KEHHYI0 Ha PHc.9, 1ONMOJHEHHYI0 CIIEIYIONIMMU Y3JIaMHU:

v’ mpeobpa3oBaTessiMi KOOPIMHAT, CBSI3bIBAIOIINMHE BEJTUYUHBI
TOKOB Y HaIpsKEHUN BO BpAIIArOIICICs CUCTEME dg ¢ UX 3HaYe-
HUSIMH B Tpex(a3HO HemoIBUKHOM cucteme koopauHat ABC

v GJIOKaMH YIIPaBIISICMbIX HCTOYHUKOB TOKA U U3MEPHTEIICH Ha-
IPSDKEHUS, OCYIIECTBISIOIMMY CTHIKOBKY MOJIENH C 2JIEMEHTa-
Mu Onbroreku « 1 — IuHaMuka.
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~
Ia,Ib,Ic e
B Q » labc
Ta— q <
C \/ —_0 bl Ia,Ib,IC d < Usd ISq
‘ Icl” P Sna vsd Isd J T{E
L CosQ USq Isd Mo »{ Id
Usq  Mem v Mem
TOJI
~ >
ABC d .
6]/ sinQ P e > Qe
\V s 9] Mozenb
AIIEKTPO-
MarHUTHBIX
MIPOIIECCOB
CIIIM
CKODOCTE Yrou nois
Wr P

Puc. 10

Curnasn 3J€KTpOMarHMTHOTO MoMmeHTa jpuratens (M,,) B peaqbHOCTH
MIPUKJIAABIBAETCA K HEKOTOPOM MEXaHHYECKOH cucTeme, XapakTepHusyroueics
MOMEHTAMH UHEPLIMU U Harpy3KH.

CkopocTb poTOopa IBHUraTelIs IIPU 3TOM ONPEIENSETCS BEIPAKEHUEM:

1
0‘)R :7J.(Mem - Mc)dt 9

rae: J - MOMCHT HHEPLUH, IPHIOKEHHBIH K POTOPY;
M_ - MOMEHT COIIPOTHUBIICHUS, IPHIIOKEHHBIN K POTOPY.

COOTBETCTBEHHO BBIXOJ1 3JIEKTPOMAarHUTHOTO MOMEHTA MOJIEH ABUTATEIIS
JOJKEH TOJaBaThCsl HA MOJETh MEXaHMYECKON CUCTEMbl, BBINOJIHEHHON Ha
aMeMeHTax OubnnoTeku «MexaHMKa», MO3BOJSIONICH MOJEIUPOBATH CIOXK-
HbIE NepeaTOUYHbIE MEXaHU3MbI U Harpy3Kku. Mojiesib MeXxaHH4eCKON CUCTEMBbI
npeoOpas3yeT CUTHAJI MOMEHTa B CKOPOCTbh, KOTOpasi B CBOKO OUYEPE/lb MOIAETCs
Ha COOTBETCTBYIOIIMN BXOJ MOJENIU ABUTATES.

Ecnu xe nBurarens He HarpyxeH, B «MexXxaHuKe» MOXXET MOJIEINPOBATh-
CSl MOMEHT UHEPLIUU POTOpa U TPEHHE B MOAIIUITHUKAX.
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4.2 becKoJUIeKTOPHBIH 3J1€eKTPOABUraTe/ b MOCTOAH-
Horo toka (BJIIIT)

HecmoTtps Ha cBOe Ha3BaHME, JAHHBINA JBUraTeNlb HE SIBJISETCS JIBUTATEIEM
noctosiHHOro Toka. Ot paccMotpenHoro panee CIIJIM oH oTiinyaeTcst TOJIbKO
KOHCTpYKLHEH 0OOMOTKH cTaTropa U, Kak cienctsue, popmoit 3/1C, HaBoauMoit
B 9TOi 00MOTKe MarHuTHBIM poropoM. Ecim y CAIIM 3JIC cunycounansHa,
to y BAIIT ona umeer hopmy Tpamnenuu.

[Tapamokc ¢ Ha3BaHHWEM OTHOCUTCSI HE K NPHUHLMIY AEUCTBUA, a K BO3-
MOKHOMY CIIOCOOY YTIpaBJIEHHs JBUTaTeleM, KOTOPbIM HAallOMHMHAET CIOco0
YIPaBJIEHUS ABUTaTENEM [TOCTOSHHOTO TOKA.

4.2.1 Koncrpykuus u npuHuun padorst bIIIT

JlBurarens ¢ OJHOM Tapoil MOJIFOCOB OYCT BHITJISACTh B pa3pe3e Tak, Kak
noka3ano Ha Puc.11.

Puc.11

Ha crarope nBuratens HamoTaHbl Tpu oOMOTKU (4, B, C), cABUHYTHIE B
npoctpancTBe Ha 120°. Kaxkgas oOMOTKa COCTOUT M3 JBYX CEKIIMM, BKIFOUYCH-
HBIX BCTpe4Ho. Takum 00pazom, pu MpOTEKaHUH TOKAa B OOMOTKE OHA CO3/a-
€T BHYTpH ABHUraTesIs /1Ba MOJI0Cca (TIOJIOKUTENIBbHBIA U OTPULIATENBHBIN), K KO-
TOPBIM U NPUTATUBAECTCA MarHUTHBIN poTop. [loouepenHoe u3sMeHeHNE TOKOB
B OOMOTKax NEpeKIIoYaeT MOoIca OOMOTOK M 3aCTaBiIsSIET POTOP ABUIaThCS
Beieq 3a nosieM. Ha atom u ocnoBan npuniun padotst BJIIT.

B nanpHeiimem OyaeM cUMTaTh HYJIEBBIM TO YIJIOBOE HOJOXKEHHE POTOpPA
(6,), IpU KOTOPOM BEKTOpP IMOTOKA POTOpa COBHANACT 10 HANPABICHUIO C

ocbio ¢a3bl 4 (0Cbl0 0OMOTKHU A).
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4.2.2 YpaBHeHHsI pABHOBeCHSI CTATOPHBIX 00MOTOK B CHC-
Teme ABC

B cwiy npunnunuansHol HecuHycouganbHocT D/IC BekTOpHOE omuca-
Hue mnpoueccoB B BJIIIT HEBO3MOXKHO, CledOBaTEIbHO, HEBO3MOXXHO W TIO-
CTPOCHUE MOJIENIU B CHCTEME dg.

VYpaBHEHUs paBHOBECHS CTATOPHBIX OOMOTOK JBUTaTelsl IIPU €ro BKIIIOYE-
HUH B «3BE3y» B HEMOJBMKHBIX (pa3HbIX koopauHaTax ABC umerot Bun (12).

dy
U :TtA—i_IARCb

Ad
Uy, =25 1 1,R, (12)
dt
dy
Uy =—5+I.R
=g e
31ecs:
U p-Usp>Ucy - hasHbie HAnpshKeHUS

W, Y, Y - HOTOKOCHEILICHUS (ha3HBIX 0OMOTOK
1,,1,,1.-1oxu Qa3

R, - akTBHOE CONPOTHBIIEHHE (ha3HOH OOMOTKH.

ITorox B oOMOTKe Kaxao0il (a3bl (popMHUpYyeTCs U3 CIEAYIOUIMX COCTaB-
JISIFOILUX

v IIOTOK, HaBOJUMBIN COOCTBEHHBIM TOKOM (I)aBBI

v’ TIOTOK, HABOJMMBIA MarHUTHBIMH MOJIAMH JIPYTHX (a3HBIX 00-
MOTOK

v/ MOTOK, HABOJMMBI B 0OMOTKE MarHHTaMH POTOPA.
[powmroctpupyem 310 cucremoit (13):

V=L, +Lplp+L,1-+ Vi
Vg =Lyly+ Ll +Lyclc+V g (13)
Ve=Lcle+ Lyl +Lpdy+ Ve

I'ne:

L, Ly, L. - UHIYKTUBHOCTb (ha3HBIX OOMOTOK

L, Ly, L, - B3aUMHBbIE UHIyKTUBHOCTH OOMOTOK

VPR PRre - TOTOKOCLEIJIEHHs, HABOAUMBIE B OOMOTKax

MarHuTOM pOTOpA.
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B o0uieM ciydae Bce MHIYKTUBHOCTU cUCTeMBI (13) MOryT sIBISTBHCS Tie-
peMeHHbIME (YHKI[MSIMH yTJIa moBopoTa mosst 0, .

B yvactHOM cIydac JIs1 HCABHOIIOJOCHOTO ABUTATCIIA (l'[pI/I MUINHApHUYC-

CKOM POTOpE) MHIYKTUBHOCTHU U B3aUMHbIE HHIYKTUBHOCTH OOMOTOK HE 3aBU-
CAT OT yIJIa.

O0603HaunB
L, - nHyKTHBHOCTE (ha3HOH 0OMOTKH,
L, - B3aMMHast MHIYKTUBHOCTb JIBYX (Da3HbIX OOMOTOK,

1 oicTaBuB BeipakeHus (13) B cuctemy (12), momyunm Beipaxkenue (14):

dl dl dl.  dy,
U, =L, th + Ly, df+ o0 dtc+ ” +I,R,
dl dl dl, dyg,
Upp =1Ly d: + Ly, th + Ly, dtCJf " +1,R, (14)
dl dl dl, vy,
o =Ly dsz+Ld"b dtCJrLd’d’ df+ ” +1.R,

3aMeTI/IB, 4YTO MPOU3BOJHBIC II0O BPEMCHHU OT HOTOKOCI.[CHJ'IGHI/Iﬁ MAar"duToOB

dy 1 dy 1B dy fc
poTopa d , d . d €CTh H€ 4YTO MHOC, KaK HaBOAMWMAss MarHuTaMHu
t { {

poropa B 3Tux ooMoTkax DJIC, cucremy (14) MmoxHO niepenucath B Buze (15).

dl , dl,

U =1L, ” 4 Ly ” + Ly, dtC+EA+1AR¢
dl dl dl

Upy =Ly df + Ly, th + Ly, dzc +E, + 1R, as)
dl . dl dl

Uegy =Ly " + Ly, dtc + Ly, dtB +E.+1.R,

Hnst ynoGcTBa peanu3anyuu MOAEIH HaAo0 OT (a3HBIX HANPSDKCHUH Mepei-

TH K JUHEWHBIM. YpaBHEHUS AJIs JIMHEHHBIX HANPSOKEHUHN JBUTATEINs 3armca-
HBI B cucTteme (16).

) B
Up=Uc =Ugy —Ug (16)
Uc-U,= ch) _UAcp
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3necy: U ,,U,,U.- HanpspkeHns: Ha BXole (a3 OTHOCHTEIBHO OOIIEH TOYKH

BHEIITHET0 NCTOYHUKA HAMIPSKEHUSI.

[ToxcraBuB B cuctemy (15) Beipakenust st pa3HbIX HAMPSDKEHUN U3 CUC-
TeMbl (16) U pemuB ee ypaBHEHHUS OTHOCUTEIIBHO MPOU3BOIHBIX (Pa3HBIX TO-
KOB, TIonyuuM cuctemy (17).

d 1 d

—[,=—|U,-U, +(L¢_L¢¢)_IB_EA+EB_Rtj)([A_[B)

dt 'L~ L, dr

d 1 d

Sy =——| U, ~U. +(L, ~ Ly )1 ~E, + E.—R,(I, - 1.)| A7)
dt " L~ L, dr

d 1 d

et UC_UA+(LFI)_LFMI)EIA_EC_'_EA_RFI)([C_IA)J

o~ Lo

Teneps BBeneM noHsATHE eAMHUIHON (GyHKIUU hopMmbl DJIC.

Enunnunast ¢yukuust popmer IJIC - ato dyskims ot yrina mois (0,),
UMeEIoIasl eIUHUYHYIO0 aMILTUTYAy U noBTopsitomas no ¢popme D/C. dns das
A, B, C 0603Ha4uM 111 pyHkuuu: E,,, E,, ’ E.

E,
| } ........................
' '
' '
H . 0
n/6 2 Sn/6 /6 on/6 a6 ! e
: : : ! ! P
—-1r--3 r ' | | b
‘ ‘ , | ' b
!
I U D
1 ' ! ' 1 ' I !
. : : ; Y e
1 ' 1l | 1 Ll '
! 1 1 1 1 '
L " " L L : > 9
/6 2 5n/6 Tn/6 on/6 1x/6 e
: | :
B S EREEEEEIEEEEEE
'
E. |
|
n

:]

6 \ 9n/6 117/6 9(,

Puc. 12

I
S

Ucnone3yst enqunnunbie QyHKuu ¢Gopmel, MrHoBeHHble DJIC B (azax
MOXHO TPEJICTaBUTh BhIpakeHueM (18):
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E,=y,0E, =v,Z,0,E,
E,= ‘VfweElB = W_f‘Zp‘DRElB (18)
Ec=y,0.E =V, Z,0E
I'ne:

Y, - aMILTUTY A TIOTOKOCUEIUIEHHS POTOpPa U (hasHON OOMOTKH

®, - CKOPOCTb BPALIEHUSI TTOJIS

®, - CKOPOCTb BpAllIEHUs pOTOpPa

Z ,- 9ucIIo ap MoJoCOB JIBUTATEIIS.

BAIIT umeer tpaneueupansuyto D/1C, dopma koropoil m3ectHa. Ha
Puc.12 npencraBnensl equanynble GyHKpu Gopm IJIC 0OMOTOK B 3aBUCH-
MOCTH OT yIJjla IOBOPOTA IOJIS.

3anmcas B cucreme (17) D/1C uepes cooTBeTcTBYOmUE QYyHKIMH (HOPMBI

(18) m moGaBuB B crcTeMy ypaBHEHHE CUMMETPHH TOKOB OOMOTOK, TOIYYHM
cucremy (19).

d d 1

E[A:E[B""ﬁ(UA_UB_Wpr(DR(ElA_El )_ch([A_[B))
() b

d d 1

EIB:Z]C+ﬁ(UB_Uc_WprQ)R(ElB_El )_Rq)(IB_IC))

) ) P | bd (19)

EIC:EIA+ﬁ(UC_UA_Wpr(DR(EIC_EI )_Rq)(IC_IA))
P bd

d d d

— I +—1,+—1.=0

dt ' dr? dr €

Ee moxxnHO mipeoOpazoBats B popmy Koru:
d 1

EIA :W(UA U, +U,-U, +\Vpr(’0R(ElB +Ec _2E1A)_3R<1)IA)
b b

d 1

—1I,=
dt * 3L, - L,

d 1
—I.= (_UB +U+U--U, ‘HVfZ (DR(EIA +Ey, _2Elc)_3R<b]C)
dt 3L, -L,,) n

(U, +U,+U, ~U.+v,Z,0,(Ec +E,~2E,)-3R,1,)

d d d
— Il +—1,+—1.=0
dt ' dt’ ¢
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Haiee, 3amenuB auddepeHiman onepaTopoM p, MOKHO 3aIHUCATh ITH ypaBHE-
Hus B Buze (20).

k
I, = Ip+1 (2UA_UB_UC+W/Zp(DR(E1B+E1C_2E1A))
k
Iy= Tp +1 (2UB_UC_UA+\Vpr0)R(E1C+E1A_ZElB))
k
Io= Tp+1 (2Uc —U,=Ug+ \V/‘prR(ElA +E, _2E1C)) (20)
1
k=——o
3R,
7= Lo Lo
RCI)
Ecnmu L, >> L, , TO TzR—‘b.

()

Wrak, ypaBHEHUsT paBHOBECHs CTATOPHONW OOMOTKHM B HETMOJBMKHBIX (a3-
HbIX koopauHaTax ABC onuceiBatotcs cuctemoii (20).

4.2.3 BbiBoa popmyJibl Uil pacueTra 3JeKTPOMATHUTHOT O
MOMEHTA

Jlanee 1ist MOCTPOEHHUST MOJENN JIBUTATENs MOJHOTO MOpsIKa HaM Heoo-
XOJAUMO 3aluCcaTh BhIpAXKEHUE IS dneKTpoMarHuTHoro momenta BIIIT. Ero
MO>KHO TIOCYUTATh KaK CYMMY MOMEHTOB, CO371aBaeMbIX OOMOTKaMH.

[TocMoTpuM Ha ypaBHEHHE paBHOBECHSI OOMOTKU A u3 cucteMsl (15).

dl dl dl
U,p=L, th +L, df+LAC dtC+EA+]ARq’

YMHOXHMB 00€ €ero yacTh Ha TOK OOMOTKH, IMOJIyYUM YypaBHEHHE IS
MIHOBEHHOH 3JIEKTPUUECKON MOLTHOCTH OOMOTKH:

dl dl dl
P, = IA(LA 7: » 7; +L,. thj +I’R,+1,E,

PaCCMOTpI/IM COCTaBJISIOIINE 3TON MOITHOCTH:

dl dl dl
v oI, (L L2+ L, —2+L, —Cj - PEaKTUBHAS MOIIHOCTH OOMOTKH

+L

dt dt dt
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v I qu) - aKTUBHAsl MOILITHOCTb, PacCcerBaroIasics B 00MOTKe

v I ,E, - MOIITHOCTb, CO3/IA0IIAst ANICKTPOMArHUTHBI MOMEHT.
Ecnu npeneOpeys moTepsMu IpH MEPEXOE DIICKTPUUECKONH MOIIHOCTH B
MEXaHUYIECKYF0, TO MOKHO 3aIHCaTh:
LE+1LE,+1.E.=M,, 0,
WIH;
v LEHIE, +IE,

em

O‘)R
rie:
M,,, - >IeKTpOMarHUTHBII MOMEHT JABUIATEIIS

®, - yIiI0Bast CKOPOCTb BpaALICHUA POTOPA.

[ToncraBus B Gpopmyiny (21) 3nauenus D/IC u3 cootnomenuit (18), momy-
9uM (HOpMYJTy BBIUUCIIECHHUS AJIEKTPOMAarHUTHOTO MOMEHTa poTopa (22).

M, = W/‘Zp(]AElA +1E , + ]CEIC) (22)

4.2.4 JlaTyuk nmoJio:kenus poropa (IAIIP)

IIpu ynpasneHuu ABUraTelIeM 4acTO UCIIOIb3YyeTCs Tak HasbiBaembli JIIP
(matuuk mosnoxxenust potopa). JAI1P mo3BosseT onpenenuTs MOJI0KEHUE POTO-
pa ¢ TouHOCTbIO 110 60°.

OTOT AaT4YMK UMeeT Tpu KaHana. Kaxaplil kaHai BbIIAET 3a OJUH 000pOT
JIBUTATENSl UMILYJIbC, COOTBETCTBYIOLINI IOJIOBUHE NEPUOJA BpallleHUs, NpU
ATOM MMITYJIbChI B KAHAJIAX CABUHYTHI Ha 120°.

Jlornueckast 06paboTKa 3THX TPeX CUTHAJIOB IO3BOJISIET ONpPEIENIUTh, B
KAaKOM M3 IIECTH CEKTOPOB B JAHHBIA MOMEHT HaXOAUTCA POTOP.

Jns ynobcrBa paboThl MOJIENb JIBUTATEINS JIOJDKHA COAEP)KAaTh U MOJENb
AIIP.

4.2.5 Mogaeans BJIIIT B SimInTech

Mopens BAIIT MoxHO TTOCTpOUTH, UCTIONB3ys cuctemy (20) u dhopmymy
(22). B aToM citydae Tak xe, kak 3710 nenanock mis CHAIIM, oOMoTku nBura-
TENS 3aMEHSIOTCS MCTOYHHMKAMM BBIYMCICHHBIX TOKOB. [lons3oBarens Simln-
Tech moxer mposienaTh 3TO CAMOCTOSITENIBHO.

A MOXXHO TIOCTYNIHUTh WHA4e, W, UCIOJB3Yys dJIeMEHTh Oubmmoreku « L
JIuHaAMUKAa», 3aMEHUTh OOMOTKY JABHUTaTENs] HHAYKTHBHOCTHIO U UCTOYHUKOM
OJ1C ¢ BHYTpEHHUM aKTUBHBIM COTPOTHUBJICHUEM.

9to caenano B Mogenu BJIIIT B SimInTech, npencrasnennoit Ha Puc.13.
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OOMOTKM JBUTATeNs MOJEIUPYIOTCS YHUBEPCAIbHBIMHU 3JIEMEHTAMU
MIPECTABISIONIMM CO00# yrnpasisieMble ucTounuku HanpsokeHus (Ea, Eb, Ec)
C BHYTPEHHUM AaKTHBHO-WHAYKTUBHBIM COIIPOTHBIIEHHEM. Bbruucnenue ¢as-
HeiXx D/IC ocymiecTBisieTcss B cootBeTcTBUU ¢ (hopmyoi (18) ¢ ucnons3oBa-
HUEM eIMHUYHBIX QyHKuuM (opmel D/IC, KOTOpbIE B CBOIO OYepe/ab BbIYKC-
nstorest 61okoM popmupoareniem IJC (DPopm. D).

Ecnu Takoil moaxoJ KOpPpPEeKTeH, a 3TO JEHCTBUTENBHO TaK, TO MPOUCXO-
JSIIUe B MOAETH 0OMOTOK IMPOIECCHl OYIYT COOTBETCTBOBATH COOTHOIICHHSIM
cuctemsl (20).

DNEeKTPOMarHUTHBII MOMEHT pPOTOpPa MOJEIU BBIYMCISETCS B COOTBETCT-
BUU C popMmyIoif (22).

AHanoruuHo paccmorpeHHou panee monenu CIIIM, BeIxon anmekTpomar-
HUTHOT'O MOMEHTa MOJIeNIU JBHUraTelsl JOJDKEH MoJaBaThCcs Ha MOJAEIbh MeXa-
HHMYECKOH CHCTEMBI, BHIIOJHEHHOM Ha dJIeMeHTax OMOIMOTEeKH «MeXaHHuKay.
Mopenp MeXaHH4eCKOH CHCTeMBbl Npeodpa3yeT CUTHal MOMEHTa B CKOPOCTb,
KOTOpasi 3aTeM MOJAETCsl Ha COOTBETCTBYIOIIMM BXOJI MOJIEIH JIBUTATEIs.

Vron poropa (0,) u yroa nomst (0,) BBIYUCIAIOTCS HHTETPUPOBAHHEM

CKOPOCTH pOTOpa U CKOPOCTH TIOJIS.
B 6oke popmuporatens I/1C naxoaurcs takxe monaens JI1P.
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4.3 Moaejgb CHHXPOHHOIO [BUraTeJii B CHCTEMeE
ABC

Ecmu B 6moke «®opm. DJIC» mogenu BAIIT (Puc.13) 3amenuts Tparme-
HenaanbHy 0 GyHKIHUIO GOopMbI cCHHYCcouaanbHOM, To Moaenb BJIIIT Bommieo-
HBIM 00pazoM mpeBpatutcs B mojaenb CJIIIM, mocTpoeHHy0 B HEBpaliaro-
muxcs (a3HbIX KOOpJIUHATAX.

B SuiminTeci
Swr Mem P> v baok «CJ] (ABC)» peamusyet mozens CJIIM B He-
o o> MOJIBIKHBIX KOOPAMHATAX.
( glc) o v' BJIOK MOKeT paboTaTh M KaK JIBUraTelb, i Kak TeHepa-
J TOp
Uabc >

v B 050ke peanusosana GpyHkuus Beioopa Gopmer DC
00MOTOK (CHHYCOUAANbHAS WIH TparnelnenaibHas)

v’ Tlpu XeaaHuu T0JIL30BaTENb MOXKET CaM, BOWIS B Cy0-
MoJienb, iepeaenath 6ok «Dopm. 3C» U momyduTh
mo0yto HyXxHYI0 emy popmy DIC.

Ha Puc.14 (a) npuBenen npumep paboThl 6J0Ka B KaUeCTBE I'eHepaTopa ¢
cunycounnansaoin D/C.

[Jannsiii mpumep HasbiBaeTcs «Gen.prt») U HaxoOUTCs B Manke «Simin-
Tech\Demo\JexkTponpusoan».

Ha Bxox reHepaTopa momaercsi CUTHaJI JIMHEMHO HAPACTAIOIIEH, 10 Olpe-
JICIEHHOTO 3Ha4yeHus1, ckopocTH. Pa3pl reHepaTopa MpH 3TOM HArpy>kKeHbl Ha
aKTUBHYIO Harpysky.

| CropocTh M

Wr Mem P |

Ua . Q>  MoMeHT

C
Ub . (A]éaC) e

Uabc
Uc

[ ] ¢ mxl UaUbUc

CUHXPOHHBIH
reHepaTop

Puc. 14 (a)
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Ha Puc. 14 (6) npuBenens! rpaguku HanpspKeHHst Qa3 TeHepaTopa u dJIeK-
TPOMarHUTHOTO MOMEHTa Ha Baly BO BpeMs 3Toro pasrona. [lo rpaduxam
BUJIHO, YTO 110 MEpE HApaCTaHUSI CKOPOCTH PACTET W aMIUIUTY1a HAIIPSDKEHHUS
Ha BBIXOJE TeHeparopa. [Ipu 3TOM yBenH4YMBaeTCs TOPMO3SIINN MOMEHT PO-
TOpA.

HapacTaHue BbIxogHOMO HapacraHve TopmMo3aHoro
HaMpsKEHUs NP pa3roHe MOMEHTa Mpu pasroHe
Puc. 14 (6)
MPUMEYAHUE:

: Eciu Hamo 4ro6sl Moaeb padoTaia, Kak JABUraTellb, — BCe, Kak U JUIA OC- :
! TanbHBIX MOJIENIEH IBUraTesicii: B Ka4eCTBE BXOHOTO CHTHAJIA MCIOJIB3YETCS |
i TpexdaszHoe HaNpsKEHUE, BEIXOJOM IIPH 3TOM OyJeT 2JI€KTPOMarHUTHBIA MO-
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4.4 AcuHXpOHHBbIN ABUTATENb (AJl)

4.4.1 Cxema 3aMelieHNs] ACHHXPOHHOIO IBUTaTeJIf

O6I>I‘-IHO ABUTraTCIIn HpOGKTI/Ip}IIOTCSI TakK, 4TO HOTepHMI/I HaMaron4dyunBa-
HUS, TI0 CPAaBHEHUIO C AKTUBHBIMH TMOTEPSMU B OOMOTKAaX CTaTOpa, MOKHO
npereOpeyub. B 3TOM citydae B KauecTBE MOJICIH ISl WJUTIOCTPAIMH IIPOIIeC-
COB, IMPOUCXOJAIINX B JBHUrareie, MOKET ObITh HCIOJIb30BaHa T-o0pasHas
cXema 3aMellleHus, NpeAcTaBieHHas Ha Puc.15:

i I
_> ‘_
°© L T
. Ry L U Ly Ry
Us ]mi§[’m S
Puc. 15

Ha cxeme 3amerienust:

Uy - 000011eHHBIH BEKTOP BXOJAHOTO HAIPSKEHUS

I - 0000ILICHHBIN BEKTOP TOKA CTATOPA.
BexkTop Toka craTopa pazfesnsercs Ha BE COCTaBIISIOLINE:
I, - 0000LIEHHBIH BEKTOP TOKa HAMArHUYUBaHUS

I - 00001IEHHBIN BEKTOp TOKA POTOPA.

BenuuuHbI U COOTHOIIECHUS TOKOB MPHU 33JaHHOM BXOJHOM HAMPSKEHUU
ONPEEIAIOTCS TapaMeTPaMU CXEMBbI 3aMEILECHHUS.

[TapameTpsbl cXeMbl 3aMEILICHHUS:

Rg — conpoTHBIICHHE CTATOPa XapaKTepH3yeT aKTUBHBIC MOTEPH B CTATOP-
HBIX 0OMOTKaxX ¥ paBHO COMPOTHBIIECHHIO (pa3HOIl 0OOMOTKH cTaTOpA.

Lss — MHIYKTUBHOCTD PACCESHUS CTATOPa XapaKTEepU3yeT TY YacTh MOTOKA
cTaTopa, KOTOpas He CIEIUICHA C POTOPOM U HEe NPUHUMAET yJ4acTHe B CO3Ja-
HHU MOMCHTA.

L,, — rnaBHas MHAYKTUBHOCTbh XApaKTEPU3YET Ty 4YaCThb IOTOKA, KOTOpas
CIICIUICHA CO CTaTOPOM U C POTOPOM M YYacTBYeT B CO3JaHMU MOMeHTa. Ha
JIMHEHHOM Y4acTKe KpHBOﬁ HaMaron4uBaHUWsA ABUTATCIIA IJIaBHAsA WHAYKTHUB-
HOCTb SIBJISICTCSI BETMYMHOMN TOCTOSTHHOM.
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[Ipu HachlllleHNHM MarHUTONPOBOJIA JABUraTENsl BEIUYMHA TJIABHOM MHIYK-
TUBHOCTH YMEHbIIAETCH.

Lsgr — MTHIYKTUBHOCTb PACcCESHUS POTOpA XapaKTepU3yeT Ty 4acThb MOTOKA
poTopa, KOTopasi He CLIEIUIEHA CO CTaTOPOM M HE MPUHUMAET y4acTue B co3/a-
HUU MOMEHTA.

Rp/S — napameTp XxapakTepu3yeT aKTUBHBIE IIOTEPH B POTOPE, TIE:

R — conpoTuBIIEHNE POTOPA B pEKUME KOPOTKOTO 3aMbIKaHUsI (BaJl
JIBUraTelsl 3aTOPMOXKEH).
=" CKOJIb)KEHUE,
n
rue:
- CKOPOCTH BpaIleHUsI T10JI;
N, - CKOPOCTb BpalllEHHUsI pOTOpa.

4.4.2 BexkTOpHasi AHArPaMMa ACHHXPOHHOI0 IBUTaTeJIsl

ACHHXPOHHBIW JIBUTATEINIb XapaKTEPU3yETCs CACAYIOLUIMMU BEKTOPaMH CO-
CTOSTHUU:

Ug - BEKTOp HalpsHKEHHs CTaTopa
I, - BEKTOp TOKa cTaTopa

I, - BeKTOp TOKa poTOpa

Im - BEKTOP TOKa HAMaronn4irnBaHUs

/¢ - BEKTOP MOTOKOCIIEIUICHHUS CTaTOpa
V/, - BEKTOp OTOKOCLIEIUIEHUS] pOTOpPa
Y, - BEKTOP MOTOKOCIIEIUICHUS B BO3AYIIHOM 3a30pe (IIOTOK HaMarHUYH-

BaHMS).

Pomop

B(cmamop )

Puc. 16
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Ha Puc.16 npuBeneHna BekTopHas quarpaMmma, WUTIOCTPUPYIOIIAas B3auMO-
CBSI3b BEKTOPOB COCTOSIHUI aCUHXPOHHOTO JIBUTATEIIS.

MoxHo CUnTaTrb, 4YTO BO BpPEMA pa6OTI)I ACUHXPOHHOI'O0 ABUTATCIIA BCC
BEKTOpBl BPAILAIOTCS B IUIOCKOCTU €ro MONEPEYHOI'0 CEUeHHs] BOKPYI OCH
BpAIEHHUS POTOpA.

B ycranoBuBmIeMcs pexxume (IIpU HEM3MEHHOH CKOPOCTH M MOMEHTE Ha-
IPy3KH) aMIUTATY 1B, (pa30BbIe CIBUTH M CKOPOCTH BCEX BEKTOPOB COCTOSHUMN
OCTAIOTCSI TIOCTOSTHHBIMH.

B AUHAMHKE BO BPEMS MEPCXOAHBIX MPOUCCCOB aMIINIMTYAbl BEKTOPOB CO-
CTOSIHUH U (ha30BBIE CIBUTH MEXy HUMH MEHSIOTCS.

Paccmotpum Oonee mopoOHO MPUBEIEHHYIO BBIIIE BEKTOPHYIO JUarpam-
My.

v TpeyrojibHUK TOKOB

BekTop Toka HaMarHM4KMBaHUS PaBEH CyMME BEKTOPOB TOKA pOTOpa M CTa-
Topa:

I =1,+1,
v TpeyrojabHUK MOTOKOCHEIJIEHHUS CTATOPA

BekTop moTokocuenieHus: ctatopa paBeH CyMMe BEKTOpa MOTOKa Hamar-
HUYMBAHMS U TTIOTOKA PACCESIHUSI CTaTOpa:

\VS = \Vm + \VGS
[ToTox paccessHusl cTaTopa paBeH MPOU3BEACHUIO TOKA CTATOpa HA MHIYK-
TUBHOCTH paccesiHus craropa (Les):

\IIGS = L(SSIS
v TpeyFOJIbHI/IK MOTOKOCHECIIJICHUSA pOTopa

BexTop moTokocuenienrs poTopa paBeH CyMMe BEKTOpa MOTOKa Hamar-
HUYUBAHUS U TIOTOKA PacCcesiHUs poTopa:

\IIR = \llm + \VGR
[ToTok paccesiHus poTOpa paBeH MPOU3BEICHUIO TOKAa POTOpa Ha MHAYK-
TUBHOCTb paccessHusi potopa (Lqr):

Vor =Loply
v CBH3I) Me)KJIy TpeerJ]LHI/IKOM TOKOB U TpeerJ]BHHKaMH IMOTOKOB

[ToTox HaMarHMYMBaAHUS PaBEH MPOU3BEJCHUIO TOKAa HAMATHUYMBAHUS HA
WHAYKTUBHOCTh HAMarHWYUBaHUs aBUratens (Ly):
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C IMOMOIIBIO BBIMICIIPUBCACHHBIX COOTHOIICHUM IMOTOKOCILCITICHUA BbIpa-
JKacCTCs 4€pEe3 TOKU CTATOPA U pOTOPA CICAYIOIIUM 06pa30M:

!

L1, (23)

Lg=L +L_ - "HIyKTHBHOCTb CTATOpA

L,=L +L_, - iHIyKTHBHOCTb POTOpA

4.4.3 YpaBHeHHSl pABHOBECHS CTATOPAa U pOTOpa

CraTop aCMHXPOHHOTO JBUraTelsl UMEeT Ty K€ KOHCTPYKIIHIO, YTO U CTa-
top CIIM. CoOTBETCTBEHHO, U YpaBHEHUE PABHOBECHs €ro CTaTOPHOI 00-
MOTKH UJIeHTUYHO ypaBHeHuro s CIIIM:

LAy -
Ug=—2+I,R
S dt N}

Hano 3ameTtuTth, 9YTO OHO, OMHCHIBAET CTATOP JBHUTATENIs HE aOCOIIOTHO
TouHO. OHO BEPHO TOJIBKO JJISl UACAIBHOTO JBUraTels, B KOTOPOM MarHUTO-
JBIKYIINE CUIIBI UI€AJIbHO CUHYCOUJIAJIbHO PACIpPECIICHbl B BO3IyIIIHOM 3a-
30pe MEXy CTaTOpOM U poTopoM. Kpome Toro, OoHO HUKaK HE yUHUTHIBAET MO-
Teph HAa HAMarHW4YMBaHue Asurareis. Ho ecnu npeHeOpedb HeH1eanbHOCTIMU
JBUTATENS U MOTEPSIMU HA HAMAarHMYMBaHUE 110 CPABHEHHUIO C aKTUBHBIMU TI0O-
TEpsIMU, TO TAHHOE YPABHEHHE MOKHO CUUTATh BEPHBIM.

B memoaBmxHOW cucTeMe KOOpAWHAT 0, CBSI3aHHON CO CTaTOPOM, €T0
MOXHO TEPEINUCaTh B CAEAYIOIIEM BUIE:

Sa. T

dy
U, =—"5 4] R
dt S8

dy
Ug, = d:f‘ + IRy

Ecnu potop aBuraresns nMeeT KOPOTKO3aMKHYTYO0 OOMOTKY, TO HampsiKe-
HUe Ha Hell paBHO 0 ¥ ypaBHEHHE PAaBHOBECHUS POTOPA BO BpAILAIOLIEHCS CHUC-
TeMe KOOPAMHAT Yd, CBSI3aHHOM ¢ POTOPOM, BBITIAIAT CIEAYIOMUM 00pa3oMm:
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— d\lij
dt

0

+ ISYRS

0=Ns g R,
dt
Haubonee yacto cucteMbl BEKTOPHOTO perynupoBanus AJl CTposiTcs BO
BpalllaoIeicsl cucTeMe KOOPAUHAT dg, OCh d KOTOPO OpUEHTHPOBaHA IO TO0-
TOKY pOTOpaA.
st TaHHOM CHUCTEMBI XapaKTEPHO CIEAYIOIIEe:
v/ OHa BpalIaeTcs B IPOCTPAHCTBE CO CKOPOCTHIO MOJIS (e

v/ NpoeKIus MOTOKa POTOPa Ha OCh ¢ paBHsAETCs Hyo (Y, =0).

v’ CKOpOCTH MOJIst ((®,) U CKOPOCTH POTOpPa ((g) CBSI3aHbI CICIYIO-
IIIUM COOTHOILIEHHEM:

Ao=0,—Z,0, 24

['me: A® — cKOpOCTh CKOJIbXKEHHUS (CKOPOCThH MOJISE POTOPA)
Z, — 4HCII0 Tap MOJIOCOB IBUTaTEIs.

Y4uThIBast 3TU CBOMCTBA M IPUMEHUB ITOAXO0/, MTOAPOOHO PACCMOTPEHHBIH
B pazzene 2.1.4, MOXXHO nepenucaTrh ypaBHEHHsI paBHOBECHSI CTaTOpa U poTopa
B CHUCTEME dg:
dy
_ WV
Ug = di + 1R —0.Vg,

25
i (25)

USq +ISqRS SRR

dy
0=—""2 1] R
dt Rd"“R (26)

0=1, R, + Aoy,

4.4.4 MoMeHT aCHHXPOHHOIO IBUTaTeJIsl

Tak e Kak U Ul pacCMOTPEHHOI'O paHee CUHXPOHHOTO IBUraTels Mo-
MeHT A/l co3maercs cunoit JlopeHna.

Ecnm paccmaTpuBaTh 37€KTpOMarHUTHBIM MOMEHT AJl, Kak pe3ynbTar
B3aMMOJICHCTBYSI BEKTOPOB TOKA U MOTOKOCLEIUIEHUS CTaTOpa, TO paccykJie-
HUs OyIyT aOCOJIIOTHO aHAJIOTWYHBI, IpUBEACHHBIM B yHKTe 4.1.2. CooTBeT-
CTBEHHO, U (OopMyJIa IJisi BBIYUCICHUS MOMEHTA BBITJISIUT TaK XKe:

3
M, = EZp (ISqWSd - ISd‘VSq) 27)
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4.4.5 YpaBHeHHs] MOJIeJIH 3JIEKTPOMATHUTHBIX MIPOLIECCOB

Mopnens AJl (0e3 ydera HachllieHHsI) OyJieM CTPOUTh B CUCTEME dg, Opu-

€HTUPOBAHHOM 1O MOTOKY pOTOpA.
W3 tpetbero ypaBHeHHs cucTeMBbI (23) BbIpa3uM TOK pOTOpA:

. - - — 1. L, -
V=L, 15+ Ll => Ip=—Vp——1 (28)
LR LR
3anuiiemM cooTHOIIeHHE (28) B MPOESKIUIX HA OCH dq:
1 L
Iy = L_\VR _L_mISd
R R (29)
— Llﬂ
Iy, =— L I,

[ToncTaBuB TOK poTopa U3 ypaBHEeHH (28) BO BTOpOE ypaBHEHUE CUCTEMBI
(23), momyuum:

L L -
WS:LSIS+LmIR=LSIS+Lm[L_\IIR_ mIS]_

R LR

- L . LL - - .
=Ldg+—"y, - S:(LS_LmKR)Is"'KR\VR
Ly Ly

rae: K, =L—’"
R

B nmpoekinusix Ha ocu CUCTEMBI dg 3TO COOTHOIIICHHUE BHITTISAUT TaK:
Vi :(LS _LmKR)ISd + KRy (30)
WSq = (LS _LmKR )]Sq

[ToacraBuB B ypaBHEHHs] paBHOBECHSI cTatopa (25) 3HAYEHHS MPOEKIIHA
noToka cratopa u3 cucremsl (30), momyuum cooTHomeHus (31):

{U&, = p(Lg ~ LK Mgy + Kpwe)+ I Rs —0,(Ls — LK, )s,) G1)
U, = P((LS -L, Ky )ISq )+ Ig, R+ (De((LS -L, K, )ISd + Ky )

Wnu 3anucas no - apyromy (32):

1
Pl =m(USd ~ IRy~ Ky pyp)+ o 1,

Pl Ik U, — 1Ry — Kyo,9,)- 0,1,



42

Cuctema (32) onucsiBaeT CBSI3b TOKOB M HaNpsDKEHUH cTaTtopa MpH pas-
JUYHBIX CKOPOCTSAX MOJS U NOTOKOCHEIUIEHUsiX portopa. Ee MoxHO Ha3BaTh
MO/JIEJIBIO CTATOpA.

3aitmeMcs Tereph MOJICIIBIO pOTOpa.
3anuiieM COBMECTHO MEPBOE yYpaBHEHUE CUCTEMBI (26) U MEpBOE ypaBHE-
HUE cucTeMsl (29):

0=%+1RdRR

dt

1 L
[ =y, —m
Rd LR\VR I, Sd

Beipasus py , uepes w, u g, U3 3THX OBYX YpaBHEHUMH, TOTYIHM:

1
p‘VR:_(LmISd_\VR) (33)

Ty
I[aHHoe COOTHOLICHHEC, OIIMCBIBAIOIICC IMOBCACHHEC INOTOKOCHCIIIICHUA pO—

TOpa B 3aBUCUMOCTH OT TOKA CTAaTOpa, MOXKXHO HA3BATb MOACIILIO POTOpA.

Urak, B cucteme (32) y Hac OCTaJCS OJWUH HEONMHUCAHHBIA Mapamerp —
CKOPOCTB TIOJISI.
CHauaja omnpeJelIuM CKOJILKCHHUE, PEIINB COBMECTHO BTOPOE ypaBHCHHE
cucTeMsl (26) 1 BTOpoe ypaBHEHHE CUCTEMEI (29):
0=1,R,+Aw
2R TRV LR, KR, L, L,
7 =_L_"1[ = Ao = I I, = Iy, = Tlsq rie: TR:R—
Rq L s Vrly Ve Yelp R
R
Hcnonp3ys MmojlydeHHOE COOTHOIICHUE st A®, CKOPOCThH TOJIST MOKHO
MOCYUTATh 10 hopmyiie (34):

L
wezZPwR+Aw:ZPwR+—"}ISq (34)

R R

Tenepb 71 MOCTPOCHUS MOJETU JIEKTPOMArHUTHBIX TporeccoB A/l He
XBaTaeT TOJHKO YPaBHEHUS JJIs DJIEKTPOMArHUTHOTO MOMEHTA B CUCTEME d(g.

[TogctaBuB B ypaBHEeHHE (27) BBIpaKEHUS JISI COCTABJISIONINX ITOTOKOC-
HeIUIeHus ctatopa u3 cucteMsl (30), moxydum:

= 32Ky Wil

=R 35)
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Hakoner ceenem B equnyto cuctemy (36) ypaBuenus (32) — (35) u noiny-
YHM OIMCAaHUE NCKOMOM MOJIEIH JIEKTPOMArHUTHBIX mporieccoB AJl.

1
Ply = m(USd Ly Rs — KRP\VR)"' o g,
N m- R
1
pls, = m(Usq — IRy~ K,0,y,)- 0,1,
S m™* R
1
PVr = T_(LmISd - WR) (36)
R

L
O, =Zp0, +—2-1,
RTR
_3ZPKR

Mem TWR]&]

CrpykTypHas cxema MoJenu u3obpaxena Ha Puc.17.

1 |
LS _LmKR i
I ® pof L l 3Z,K, |1 M
Sd X » e m + X PR _=_> em
%}' TR ﬂ A 2 i
2} =
1 p[Sq l ISq :‘ I
Li—L K, P . P
P — ;: ee
p |




44

[To cpaBuenuio ¢ ¢popmynamu (36) CTpyKTypa JOTMOTHEHA BHIYUCITUTEIEM
yrina moroka poropa (6.), KOTOPBIH MOIyYaeTcss HHTETPUPOBAHUEM CKOPOCTH
oJtst (®,).

BxomHBIMU cHTHaTIaMU MOJICTH SIBIISTIOTCS HAIIPSDKEHHSI © CKOPOCTh, a BBI-
XOIHBIMH - TOKH, SJIEKTPOMAarHUTHBIA MOMEHT U YTOJI POTOpA.

4.4.6 Mopneas AJl B SimInTech

Mogens Al B SimInTech (Puc.18) cogepxut cTpyKTypy, H300pakeHHYIO
Ha Puc.17, 1onogHEHHYI0 CAeAYIOMHUMU Y3JIaMHU:

v npeoOpa3zoBarelaMi KOOPAUHAT, CBA3bIBAIOIINMHU BETHIUHBL
TOKOB M HaIlpsDKEHUN BO Bpalarolieiics cucreme dq ¢ Tpexdas-
HOM HEMOJIBM>KHOM cucTteMoit koopauHat ABC

v’ GJIOKaMHM yIpaBIsieMBbIX HCTOYHHUKOB TOKA ¥ U3MEPUTETIEN Ha-
MPSDKEHUS, OCYIIECTBIISIONTUME CTHIKOBKY MOJIEIH ¢ OHOIHOTE-
kol «I - Innamukay.

Curnan 37€KTpOMarHUTHOIO MOMEHTa JBUTATENS B PEAbHOCTU MpPUKIIA-
JBIBACTCA K HEKOTOPOU MEXaHHUECKON CUCTEME, XapaKTepU3YIOLIECsl MOMEH-
TaMH UHEPLIUU U HATPY3KH.

B cootBeTrcTBHU ¢ 3THUM, TaK ke, kKak 1 i mogenu CIIIM, BeIxon dieK-
TPOMarHUTHOr0 MoMeHTa Mozeiu AJl MOmKeH moaaBaThCsi HA MOJIETh MeXa-
HHYECKOH CHCTEMBI, BRIIOJIHEHHON Ha piaeMeHTaX OMOIHOTeEKH «MexXaHHKay.
Tak ’xe, Kak U B APYTMX PACCMOTPEHHBIX MOJECIISIX, MOJCIbh MEXaHHUUECKOU
CUCTEeMBI TpeoOpa3yeT CUTHaJ MOMEHTa B CKOPOCTb, KOTOpas 3aTeM MOJIaeTCs
Ha COOTBETCTBYIOIIUI BXOJl MOACIIA TBUTATEIS.
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Wi
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S HIuporHO-UMIYJIbCHAA MOXYJIALUA

[upoTtHO-UMnynecHass Monymsitust (LLIAM) - sTo croco0 peanmuzamuu
BEKTOpa HANPSHKEHHUS CTaTopa, IPUMEHIEMbI B MMOAABISAIONIEM OOJBIINHCTBE
CHUCTEM YTPABIICHUS SJIEKTPOIPUBOIAMH.

Anmnapatao HINM peanuzyeTcs ¢ moMouibio Tpex(a3Horo MOCTOBOTO UH-
BepTopa. Cxema MHBEpTOpa MpuBeacHa Ha Puc.19.

+U 2 ‘ *
TVTL N VE(T N .
Uy g( M
l“ﬁ YN VTLK] i VT&K] yiN
_Udcc 7 &
Puc. 19
....... B SW’IWTMV

brox «UHBepTop» («IekTponmpuBoAbD», moapasznen «III») cobpan u3
anemeHToB O6nbmuoTekn «IL JuHaMuka» U 1Mo CBOEH CTPYKType MOBTOPSIET
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C nomoipio Tpex(a3zHOro MOCTOBOIO MHBEPTOPA BXOJI JIHOOOH U3 cTaTop-
HbIX OOMOTOK nBurareisi (M) MOXeT ObITh MOAKIIOYEH K OTPUIIATEILHOMY
WIH TIOJIOKUTEIILHOMY TOJIIOCY 3BeHa MocTosHHOTO Toka (Uyg). OOBIYHO Ha-
MpsDKEHUE 3BEHA IOCTOSHHOTO TOKAa IOJIy4aeTcs IOCjie BBINPAMIICHUS U
¢unbTpanuu cunoBoil nutaromeit cetu (3x380B, nu 220B 50Im).

BayTtpu nepuona LM dopmupyeTcst ABE ATUTETHHOCTH:

t+ - BpeMs MOJIKIII0UeHus pa3zHoi craTopHON 0OMOTKH K +Uj,
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¢ - - BpeMs TTOJIKITIOUYEHUs (pa3HON CTaTOPpHONH OOMOTKH K -Uj.

MeHssI COOTHOIIEHHE JIUTEIBHOCTEH MMOAKIOYEHUsT BHYTpPU Iepuoaa
TNM, MOKHO MEHSTH CpeHEe HANPSHKEHUE, IPUKIAIBIBAEMOE K OOMOTKE.

CraTopHble OOMOTKH MMEIOT aKTUBHO-UHIYKTHUBHBIA XapaKTep COMPOTUB-
JICHUS | SIBIISIIOTCS (PMITBTPaMH, CrIIQXKUBAIOMIMMHU TOK. CpeniHee 3HaueHue TO-
Ka B 0OMOTKe OyJeT 3aBUCETh OT CPEIHEro 3HaYeHUs MPUIIOKEHHOTO HAIps-
J)KEHUS, TO €CTh OT COOTHOWIEHU JJIUTEIbHOCTEN BHYTpH niepuoaa [IINM. Ec-
U Tpu 3ToM niepuoa Moxynsuud (7m) HaMHOTO MeHbIe L/R TOCTOSTHHOU
BPEMEHHM CTATOPHON OOMOTKHM JABHUraTens, TO IyJbCalliM TOKAa Ha YacTOTe
[INM 6ynyT Mansl.

Mensist ¢+ 1 t. B KaKI0# (aze, MOXKHO MEHSTh Cpe/IHee HanpsHKeHUe, MpH-
KJIaJbiBaeMoe K OOMOTKaM, B YaCTHOCTH U MO CHHYCOHJAJbHOMY 3aKOHY C
y4eToM (a30BBIX cIBHTOB. To ecTh ¢ moMmotbio [IIMM Bo3moxHO hopmupo-
BaHUE TpeX(}a3HOW CHCTEMBbI CTATOPHBIX TOKOB U CPEAHUX HANPSLKEHUN pas-
JUYHOM YACTOTHI U aMIUIUTY JIbI.

A ecny TOBOPUTh O MTHOBEHHBIX 3HAYEHUSX, TO ¢ noMomibio [IINM mox-
HO (hOpPMHUPOBATH MTHOBEHHOE 3HAa4YCHHE 000OIEHHOT0 BEKTOPA HAMPSIKEHUS,
XapakTepu3yroleecs aMIUIUTY 10M U ¢a3oit B cucteme ABC, uiu of3.

MPUMEYAHUE! :
i B nanbHeiimem TekcTe moja HampsbkeHueM, dpopmupyeMbim M, HOHI/I—%
{ MaeTCs HAIIPsDKEHHE, YCPEIHEHHOE Ha Kax1oM nepuose M. :

[INM-nanpspkeHHEe Ha BBIXOJE KakIou (azbl Tpex(a3sHOro HMHBEPTOpA
dbopMupyeTcss HACHTUYHBIMU KaHATaMH MOIYJISIIHH.

HemnocpenctBeHHO MOAYIAIMS B KOXKIOM KaHaJIe OCYIIECTBIISETCS KOMIIa-
patopoM. Ha xommapaTop Ka)I0ro KaHaia MoJaeTcss MOAYJIUPYEMBbIi CUrHAl
cootBercTByrome (a3er (Us, U, Uc) u oOmuii omopHbI curHam (cM.
Puc.20).

B kauecTtBe OMOpPHOrO CHUrHajga UCMONb3YETCS MEPUOTUUYECKUNA CHUMMET-
puunblid TpeyroabHbiid curHan (Uop Ha Puc.20). Monaymnsaius ©MEHHO TaKuM
CUTHAJIOM SIBIISICTCS JIy4YIITUM CIIOCOOOM C TOYKHU 3PEHUS MUHUMU3AIUU HEIH-
HEWHBIX UCKAXEHUHN TTpeoOpa3oBaHuUs.

DopMUpPOBAaHUE CUTHAJIOB YIIPaBICHUS KIOUYaMU WHBEPTOPA MPOUIUIIOCT-
pupoBaHo Ha Puc.20 pabotoit kaHana A. OHO CBOJIUTCS K CIEAYIONIEMY ajro-
pUTMY:

1. ecim momynmupyembiii curHast Upa<Uopy, To Bimrodaetcss VT1 u daza A
JIBUTATENS MOJKIIOYAETCA K MOJIOKHUTEIBHOMY TOJIOCY 3BEHA MOCTO-
STHHOTO TOKa

2. ecmu U< Upyy, To Brouaetcst V12 u (haza A nBuratens moakIr0uaeT-
Csl K OTpULIATENIbHOMY IOJIFOCY 3B€HA IOCTOSTHHOTO TOKa
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3. cxeMsbl 3a/iepKKu TnepeaHero gponra B kaHamax (cM. Puc.20) dhopmu-
PYIOT TapaHTHPOBAHHOE BPEMs 3aKPBITOTO COCTOSIHUSI O0OMX KIFOUeH
MoJIyMOCTa IIpU M3MCHCHHWH HUX COCTOAHUSA (3aHII/ITHI)I€ Hay3bl), qTo
HEoOXoaMMo 15t Oe3aBapuitHON pabOTHI TPAH3UCTOPOB.

Twmm
AT [ e 1
Gong—» A > VT
[ _ 1
Un| _I_ Ak : VT2
: 3apepxku i
i Komnapatop nepegHero
: kaHana A CprHTa i
e e e e e e e e e e e e e e ==
I T T T T T T TS T T T T T T T TS 1
1 B 1
K
Uon i ; -I_ VT3
1 1
i 3apepxku :
i Komnapa'g)p nepegHero |
! KaHana dporTa !
| o o e e e e e e e e e e e 1
fmmmm e
- Vo]~ -S> vrs
dopmupoBaHue curHanos B kanane A ont——p z 1
[ LT u i _I_ K ]
VT1 Bkn. 1 X Bkn i AnepXKKU |
' ! > i Komnapatop nepeaHero |
. 1 1 kaHana C dpoHTa !
VT2 ' I Bkn | : > e e :
Puc. 20
B SuminTech

v" Biok «IIIMM» pacrioyioxkeH B paszeie «IeKTpo-
NPUBOALDY, Tozpazaen «IM».

W UM + v' MoyaupyeMblii BEKTOp, UK, APYTHMH CIIOBAMH,

3Ha4YECHMS NPOEKIUil BekTopa B cuctema ABC noxa-

I0TCSl Ha BXOJ OJI0Ka.

v HacrtpauBaeMblii FeHEPATOP OMIOPHOI'O TPEYTOJbHUKA HAXOAUTCS
BHYTpU 0JI0OKa. AMIUTUTY Ty TPEYToJIbHUKA OOBIYHO JI€TAl0T He-
MHOTO OO0JIbIIIE MAKCUMATBHON aMIUTUTYIbI MOAYJIUPYEMOTO
CUTHaJjA.

v Eciu 3a1aH1e BEKTOPA HAPSHKEHUS OCYIIECTBISETCS B OTHOCH-
TEJbHBIX €IUHUIAX, TO HA BXOJE IUPOTHO-UMITYJIbCHOTO MOIY-
JISATOpPA, CUTHAJIBI MEHAIOTCS B Auana3one oT -1 o +1. Ilpu atom

n
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aMIUTATYIy OTIOPHOTO TPEYTOJIbHUKA OOBIYHO BEIOMPAIOT HE-
MHOTO OoJjbLI€ 1.

v' B Mojenu cymiecTBYeT ellle KaHall YIpaBIeHUs YETBEPTHIM I10-
JYMOCTOM (JIONIOJTHUTEBHO KOHGUTYypUpyembiid Bxon ZP), ko-
TOPBIA MPU HEOOXOAMMOCTH TAK)KE MOXKET OBITh UCTIOIH30BaH
(HampuMep, IS TIOCTPOCHUS TpeX(Ha3HOTO HHBEPTOPA CO CPe/i-
HEeW TOUKOM).

5.1 Hexotopsie aaropurtmsl HIUM

5.1.1 Cunycnas WM.

IIpy ucnonb30BaHUM 3TOTO AJIrOpUTMa Ha BXOJ MOZIYJIATOpPA BBIIAIOTCA
HEIMOCPEICTBEHHO 3HAUEHUS MPOCKIMN BeKTopa Ha ocu cuctembl ABC. Takoii
BUJ MOAYJILMU YacTO HA3bIBAIOT CUHYCHOH (WJIM CHHYCOUIANIBHOMN), TaK Kak
IIPU BPAILLEHUM BEKTOpPA HANPSKEHMsI €r0 MPOEKLUH MEHSIOTCS 10 TapMOHU-
YECKOMY 3aKOHY.

Kaxk m3BectHo, npu cunycounansHor MM nmpoucxoaut HeZoMCHIONb30-
BaHUE HaIpsHKEHUs 3BeHa MOCTOssHHOTO ToKa (Uy) mpumepHo Ha 14%.

IIycTe moTeHIMAI OTPULIATENIBHOTO MOJIK0CA 3B€HA ITOCTOSTHHOIO TOKA pa-
BEH -1, a MOTeHLMaJl MOJI0XKHUTENBHOrO noitoca +1, u MoxynsaTop GopmMupyer
U3 HaNpsHKEHUs 3B€Ha MOCTOSTHHOTO TOKa clieytolre Tpexdas3Hble MrHOBEH-
HBIC HAIIPSDKCHUS €AMHUYHON aMIUIUTY IbL:

A = Cosot
B =Cos(wt—-120°)
C = Cos(wt —240°)
JluneiiHple HaNpsHKCHUS, TIOJaBacMble Ha JBUTATENb, OMPEACISIOTCS Kak
pasuuia HanpspkeHuit: A-B, B-C u C-A. O0 ux aMIUTHTYe MOKHO CYIUTh, Ha-

IIpuMep, 1o 3HadeHuto A-B B Touke 150 °, koTOpas COOTBETCTBYET MUHUMYMY
3TOr0 JIMHEMHOTO HAIPSKCHUS:

C0s150° - Cos(150°—120°) = — 5 = V3R-LT

To ecTh Ipu BEIMYMHE HAMNPSHKEHUS 3BE€HA MOCTOSHHOTO TOKa, PaBHOW 2
(ot -1 mo 1), c MOMOIIBI0 CUHYCHOM MOAYJISILIUM MOKHO MOJYYHUTh JTHHEHHbIC
INM-HanpspkeHus aMIITUTy A0l He 6omee 1.73, uto coorBercTBYyeT 0.866 U,

Idmo Luemad LoMmempd:

B peanbHOCTH TOTEpH HAMPSKEHUS TOTYYaIOTCs erie OoJbIe U3-3a HaJu-
YHS 3alUTHBIX Nay3 (CM. IPeabIIyIIUN pa3ien), NaJeHusl HanpsoKeHUs Ha 1ie-
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X U DJIEMEHTaX MHBEPTOPA, a TAKKE€ HEUJCAIbHOCTEN rapMOHHYECKOIO CO-
craa [IIUM-curnanos.
Ha Puc.21 mnoka3zan mnpoext «PWM_sin.prt» u3 mnanku «Simin-
Tech\Demo\JiiekTponpuBoabn.
B npoekre peanuszoBana mozaens cunycHoil [IHIMM co cnenyromumu napa-
METpaMH:
v (opmupoBateis BekTopa (DopM. BEKTOPa) BHIAAET €AUHUIHBIN
BEKTOp, Bpamatrouuics ¢ yactoroit S0I'm
v' yacrora TakToBOro reneparopa [IIUM — 2kI it
v/ HanpspKeHHe 3BeHa MMOCTOSHHOTO TOKa HHBEpTOpa - 536 B (4ro
COOTBETCTBYET BBINPSAMIICHHOMY JIEHCTBYIOIIEMY 3HaUEHHIO Ha-
npspkenus cetd 380B u daznomy Hanpsixenuto 220B)
v MHBEPTOP HArPYKEH Ha TPeX(Pa3HYIO aKTUBHO-UHIYKTUBHYIO

Dopm.
mexropa LM

"
BekTop n UM +

HarpyskKy.
536 B 10m 0.003TH
+ A <—| }—’ MR
—P M WUHB B

RN ORC 1Om 0.003TH

LS <
Huseprop

10Om 0.003TH

<

4,
\ 47
47

Puc. 21

Monaynb aKTUBHO-MHIYKTHBHOTO COIpPOTHBICHHS (a3bl CYUTACTCS IO
bopmye:

Z, =R +(oL) =1.37 [Ox]

IIpu nmonHoM ucnosnb3oBanun HanpsbkeHus Uy B LIMM-unseprope nen-
CTBYIOII[EE 3HAaYECHUE TOKA B (pa3e ONpeesieTcs BEIPaXKEHUEM:
220 220
= = =160.6 [4]
Z

. 137

I'paduk da3ubix TOKOB MOJIENH MOKa3aH Ha Puc.22.
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150
100
50

-50
-100
-150

Puc. 22

CrekTpanbHbIl aHanW3, BCTPOCHHBIN B wuHTepdeiic TpadukoB B
SimInTech, moka3siBaeT, uyTo AcicTByIOMIee 3HaUeHHE rapMoHuKH 50 [ty das-
HOTO TOKa Mojienu paBHO 127.55A, 4TO CylIeCTBEHHO MEHbIIIE, YeM IOCYH-
TAaHHOE BBIIIE 3HAYECHHE, COOTBETCTBYIOIIEE MOJHOMY HCHOJb30BaHHUIO Uy,.
Onupasich Ha MOMyYEHHBIC IMUPPHI MOXKHO MOCUUTATh, YTO (pakTHUECKOe He-
JIOMCIIOJIb30BAaHUE HANIPSHKEHUS COCTABIISIET B JaHHOM citydae 20.6%.

Ilo mpuumnnHe Henoucnonb3oBaHus HanpsbkeHus Uy cunycHas WM wuc-
MOJIB3YETCS PEAKO.

5.1.2 Aaroputmbl HIMM ¢ noJiHBIM HCIOJH30BAHUEM HA-
NpSKEeHUs]

Cy1iecTByIOT CHOCOOBI, MO3BOJSIONUINE TMOBBICUTH 3(PPEKTUBHOCTH HC-
nmosib3oBaHus Uy.. DTH CIOCOOBI OCHOBAHBI HA CHHXPOHHOM JOOABJICHUU K
rapMOHHYECKUM BXOJHBIM HAMPSXKEHUSM HEKOTOPOH 3aBHUCSIICH OT (asbl Ie-
PHOAMYECKON TOOABKH.

B paccmoTpeHHOM B mpenplaynieM paszesie ciiydae Mbl OrPaHUYMIM T10-
TEHIHMAILI 3B€HA IOCTOSHHOI'O TOKa 3HaYeHUAMH 1. COOTBETCTBEHHO CIUHMU-
el orpaHvyYeHa W aMIUIUTyJa BXOJAHBIX HampspkeHuid Onoka ILIWM. Ipu
ATOM, KaK OBLIO MOKa3aHO, MAaKCUMaJIbHAsl aMIUIMTYJa JUHEHHBIX HampshKe-
HUHA MOeT pocturathk 0.866U,,.

Hnst monHoro ucnosb3oBanusi Uy, HaAO Obl YMHOXKUTH aMIUTUTYy BXOJI-
HBIX HampsbkeHud Ha BenuuuHy 1/0.866=1.1547. Ho mipu 3TOM, Hampumep, B
TOYKaX MaKCHMYyMOB BXOJHBIX HAIpPsSHDKCHWNM WX 3HAYCHHUS OYIyT UMETh TO-
teHuuan +1.1547, yto HaxoguTCA 3a mpeaenamu AOMYCTUMOIO €IUHUYHOTO
JIFaIia3oHa.

A BOT €cllM B 3TUX TOYKAX CHHXPOHHO CMEIATh BCE BXOJHbBIC HAIpPSKE-
Hud Ha noteHuuan -0.1547, To Mbl BoiiieM B AOMYCTUMBIN AUana3oH, a yBEIH-
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yeHHoe B 1.1547 pa3 nuHeliHOe HampspkeHHe (paBHOE Pa3HOCTU BXOIHBIX) HE
U3MEHUTCH.

st co3nanust 3Toro 3¢ ¢dexra B TOUKaX MUHUMYMOB BXOJHBIX HampsKe-
HUI CMellleHre, COOTBETCTBEHHO, TOJKHO OBITh MOJI0KHUTEIbHBIM.

To ecTh, CHHXpPOHHO CMelasi YBEJIHMUEHHBIE IO aMIUTUTYIe BXOJHbBIC Ha-
NPsDKEHMsI BBEPX WM BHU3 OTHOCUTENBHO 0, MBI MOXeEM MONpoOoBaTh OCTaTh-
csl B n1uana3oHe +1, yBeJIMYUB MPU 3TOM aMIUIUTYTy JTMHEHHBIX HAIPSOKEHHUH
710 2, 4TO KaK pa3 ¥ HeoOX0AUMO I OJTHOTO MCTob30BaHus Uy,

O4eBUIHO, YTO ISl TOTO, YTOOBI PearupoBaTh HAa HKCTPEMYMBI BXOIHBIX
HanpsHKeHUH, CMEIlleHHe OJDKHO ObITh MEepUOJUUEcKOr (QyHKLuel, ¢ yacTo-
TOW, YTPOCHHOH 110 OTHOIIEHHUIO YaCTOTE MPe0Opa3yeMoro HaMpsHKEHHS.

®dusnuecky, BBeJIEHHE 3TOr0 CUHXPOHHOTO CMEULICHUs NPUBOAUT K TOMY,
YTO CPEIHsSI TOYKA «3BE3/bD» JBHUTATENs MOJy4YaeT MEePeMEHHBIA dJIeKTprye-
CKHU OTEHIINAI.

dopma 706aBOYHOTO HATIPSHKEHHUSI MOKET OBITH Pa3HOM.

EctecTBeHHO, Ipu 3TOM HampspKEHUs, MoAarouumecs Ha (as3bl ABUraTess,
MEPeCcTaroT OBITH CHHYCOMIaMH, HO UX Pa3HOCTH CHHYCOHIAMH OCTAIOTCSI.

[Ipumep oxgHOro M3 nomoOHBIX crocoOoB mpuBeAeH Huxke. Hazosem ero,
yCIIOBHO, min_max.

[Ipu ero ucnonp30BaHUM CUTHANbI, BbIJABa€Mble Ha MOAYJATOpP, (HOpMHU-
pyrotcs o popmyiam (37).

2 Umin + Umax

U= B U,~ - 5
2 U,in +U

U,, :ﬁ U, _% 37)
2 Umin + Umax

Uew = ﬁ Uc— B

T'ne:

Uy, Ug, Uc — npoexiun GOpMUPYEMOTO BEKTOpA HATPSHKCHUS Ha

ocu ABC;

U,pin — MUHEMaJIbHOE 13 3Hauennit Uy , Ug , Uc;
U, pax — MakcuManbsHoOe 13 3Hauenuit Uy , Ug , Ug.

B SiminTecih

biiok ®opmupoBatens crocodba Moaysaiuu («JIeKTpo-
npuBoAbI», noapasznen «») ocymecTpuser npeodpazosa-
' Bx®CM A~ pyre BXOJHOTO BEKTOPA B COOTBETCTBHH ¢ (popMyitamu (37).
&

B
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Ha Puc.23 nokazan npoexkt «PWM_min_max.prt» u3 nanku «Simin-
Tech\Demo\JjiekTponpuBoab».

¢536 B 10Mm 0.003TH
+ A <—|:|_m
@) —P YN HHB B
T s & A C 1Om 0.003 T
A 4 <
Wugeprop 10OM 0.003Ta
<
®opm. M
BEKTOpA I
A ” e
[\
Bextop —p» OCM B = W TIIAM + % <
fo I B AH

Puc. 23

JlaHHBIN NPOEKT MOJy4YeH U3 PACCMOTPEHHOIO paHee MPOEKTa CHHYCHOM
1M c nomorsro nobasnenud oioka @CM.
I'paduk da3HbIx TOKOB MojieH npeacTaBieH Ha Puc.24.
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Puc. 24

CriekTpalIbHBIN aHalin3, BCTPOEHHBIN B mHTEp(deiic rpadukoB, moKa3piBa-
€T, 4TO JeicTByromee 3HadeHne rapmMoHuku 50 [ ¢dazHoro toka momenu
paBHO 150.22 A, 4TO COOTBETCTBYET HEAOMCIOJIL30BAHUIO HampsbKeHUst Uy,
Bcero Ha 5.9%. B 3TuX moTepsx MCKIIIOUEHA COCTABIISAIOINIAS, MPUHITUITHAIEHO
npucytcTBytomas B cunycHoi IIIUM (14% ot Uy,).
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®opmupyemsbie 010koM OCM curnansl 4, B, C 1 cursai nepuou4eckon
no6asku 13 npoekra «PWM_min_max» noka3ans! Ha Puc.25.

[lepuonnueckas no6aBka umeer GopMy TPEYTOJIbHHUKA, & CUTHANIBI A, B 1
C, nogaBaeMble Ha MOJYJISATOP, IPEBPATHIIUCH B 3aT€HIMBbBIC ABYTOpObIe KpH-

BEIC.
N N

Puc. 25

—

S

OnHako pa3HHILEH 3TUX CUTHAJIOB OyAyT cABHHYTHIE Ha 120° cuHyCOHIBL,
YTO TIOATBEPKIACTCSA MOJyYeHHBIM W3 TpoekTa rpaduxkom (Puc.26). Ha nem
n300pakeHbl curHaisl pasuusl A-B, B-C u C-A npoekra.

D08

Puc. 26

\S)

—

S

1
[

OTH CHUTHaJIbl CUHYCOWJAJbHBI, COOTBETCTBEHHO U JuHeWHble [IIMM-
HaIpsDKCHUS JIBUTATENS OYAyT CHHYCOHIaTbHBIMHU.

A aMIIMTyJ1a 3TUX JIMHEWHBIX HAINPSOKEHUM, KaKk BUIUM, paBHA 2, 4TO CO-
OTBETCTBYET MOJIHOMY HCIOJB30BaHUIO HANPSKEHUS 3B€HA IMMOCTOSTHHOTO TOKA
(Uge).

Nmeromuecs xe B MOAeTH (GakTHUECKUE TOTepu HanpspkeHus (5.9%), kak
y>K€ TOBOPHUJIIOCH, OOYCIIOBJIEHbI HaJMYMEM 3allUTHBIX May3, MaJeHUEeM Ha-
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NPSDKEHUS. Ha 3JIEMEHTAaX MHBEPTOPA U BBICOKOYACTOTHBIMHU COCTABIISIOLIUMU
B CIIEKTPE TOKA.

MoxHO TpuAyMaTh M JIpyTrUe NEepUOJUYEcKHe JT00aBKH, OTIMYHBIE OT
dopmupyemoit ®CM, KOTOpbIE TOXKE MPUBELYT K BBIIIEU3TI0KEHHOMY PE3YJb-
TaTy.

5.1.3 HemHoro o BekTopHbIX agropurmax UM

BekTopHbIE allrOPUTMBI OTHOCSITCSI K aJIrOPUTMaM C COXPaHEHHEM Halpsi-
JKEHUS 3B€HA NTOCTOSTHHOTO TOKa.

®u3nyecku OHU TOXKe (HOPMUPYIOT HEKOTOPHIE TIEPUOJHMUECKUE T00aBKH,
MeHstonme (GopMy MOIYJTUPYEMBIX CHUTHAJIOB, HO HCIONB3YIOT BEKTOPHOE
ONMCAHNE ANTOPUTMA MOIYJISLIUY.

HauOonee usBecTHbI U3 HUX - Space-Vector PWM (pa3paboTka komna-
auu Texis Instruments).

Jnst Tex, KTo ele He 03HaKOMUJICS, MPeAiaraio MoYnTaTh UCTOYHUK [4] u3
CIIUCKA JIUTEPATYPBHI.

Ecnu cpaBHUTH HampsbkeHus, (OpMHpyeMble MpU BpallleHUH BEKTOpa
3THM aJTrOpuTMOM B pekume Software-Determined SV PWM, to MBI yBUIUM
MOJTHOE UX COBIAJCHHE C HAMPSHKEHUSIMU M3 PACCMOTPEHHOI'O paHee METoja
min-max.

[Tpu pa3HbIX MOIX0JaX Pe3yIbTaThl COBMAIAIOT.

A Bor pexum Hardware-implemented SV PWM Waveform Pattern
(ctp.14 ucrounuka [4]) sBasercst BecbMa crieniuudHbM. OH MMO3BOJISIET CHU-
3UTh AMHAMHUYECKHE TOTEPHU B KJIHOYaX 3a CUET COKpAIICHHs KOJIMYECTBA UX
KoMMyTanuid. Eciu paccMOTpeTh 3TOT METOA ¢ TOYKH 3pEHUsi J00aBOYHOTO
HAIpPSDKEHUS, TO OHO IPUMET TaM BeCbMa NPUIYIIUBYIO hopMmy.

5.2 Pexomenayembie aaroputmbl HIMM

Kpome paccmoTpenHoro panee crmoco6a MoOmyssiuu (min-max), aBTOp
MOXET PEKOMEHI0BATh K UCIIOIb30BAHUIO €II€ OJJUH METO, KAYeCTBO KOTOPO-
0 HEOJHOKPATHO MPOBEpPEHO Ha mpakTuke. HazoBem ero min-max 1. Anro-
pUTMBL (POPMHUPOBAHUS MOAYJIUPYEMBIX CHTHAIOB ISl ATHX METOJOB MpEJ-
craBiieHbl B Tabnuie (Taou. 1).

Takxke TpencTaBisieT HWHTEpPEC M YHOMSIHYTHIM crmoco6 Hardware-
implemented SV PWM. ABTop He peann3oBbIBajl €ro, HO MPUYHWH HE BEPUTH
komrnanuu Texis Instruments, oOemaromieii MpeKpacHbIl pe3ysbTaT, y HEro
HeT.

[To manHBIM anropuT™MaM moik3oBaTenb SimInTech MoxeT u cam co3gath
HYKHBIA eMy (hOpMHUPOBATEIH CITOCO0a MOIYJISIINU.
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Tabum.1
Anroputm HanpsikeHus BblgaBaembl Ha LLUIMM-mogynatop
2 C+
UAM —_ UA _ Umm Umax
3 2
2 Umin+Umax
Min-max Uy "5 Up— >
UCM — l UC _ Umin + Umax
3 2
B cexropax 330...30° 90...150° u 210...270°:
UAM :%(UA _Umax +Um)
2
UBM = ﬁ (UB - Umax + Um)
2
UCM = ﬁ (UC - Umax + Um)
Min-max_ 1 B cexropax 30...90° 150...210°u 270...330°:
2
UAM = E(UA - Umin - Um)
2
U, = ﬁ (UB —Uin — Um)
2
UCM = ﬁ(UC - Umin - Um)

I'ne U,, — aMmmuTy1a BEKTOpa HAMPSKEHUS.
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6 BexkTopHbIe cUCTEMbI YIIPABJIEHUS
moMeHnToM CJIIIM u AJ]

6.1 KouTyp TOKa cTaTOpa B 0CHAX dg

OcCHOBOI CHUCTEM pEryjIMpOBaHUS MOMEHTA, CKOPOCTH U IOJIOKEHUS B
BEKTOPHBIX AJIEKTPONPUBOIAX MEPEMEHHOI0 TOKa SIBJISIETCS KOHTYp TOKa CTa-
TOpa WJIH, TOYHEE, KOHTYP PEryJIMPOBAHUS BEKTOpa TOKa CTaTopa.

6.1.1 CTpyKTypa KOHTYpa TOKa

CrpyKTypa KOHTypa TOKa NpuBezieHa Ha Puc.27

KoHTyp TOKa

1%
Iq—:— per. MK
1 >
| [q/b U" —>dqg > | Ui
i . UqK U, Orp.U U » LM ——U,
» 1
1 CkopocTb nons| | BKMC 1 /ABC > L U
®; | ; U x Iy} i ¢
: . | Sind,
' ronnons 1
' Cos0
/ | . 1% : e
P per. Ly qub
: — [
: I l 'K’ : da
: dfb dunbTp <] dq 4—:—[A
! TOKa s ~ 1,
< B ————T——
: /IBC — I,
| MK !
Puc. 27

VYnpaBieHue MTrHOBEHHOM (pa30il M aMITUTYA0H BEKTOpa OCYLIECTBISETCS
3a CYET PEryJMpOBaHus 3HAYEHUH JIBYX €r0 MPOEKUUKA BO BPAIIAKOLIEHCS CHUH-
XPOHHO C TIOJIEM CUCTEME dg.

B kadecTBe 00paTHOM CBSI3U 1O TOKY NMPUMEHSIOTCS] CHTHAJIBI MTHOBEHHBIX
3HaueHuil (a3Hbix TOKOB ctatopa (cuctema ABC). IlepeBoa 3TUX CUTHAJIOB B
CUCTEMY dg OCYyILECTBIIsICTCS Tpeodpa3oBaTeeM KOOpIMHaT.

[TocTosiHHYIO BpeMeHH QuiIbTpa 00paTHON CBSA3M MO TOKY HAJ0 CTPEMUTh-
Csl 1eNaTh MUHUMAJIBHOM, IPU YCJIOBUU HEOOXOMMOTI0 IMTOAABICHHUS TOMEX.



57

[MN-perynaTopsl, BEIpadaTHIBAIOT U3 CUTHAJIOB OIIMOKH IO TOKY CHTHAJIBI
3a/laHusl HANpPsHKEHUS 1o ocsiM d U g. 3aTeM 3TH CUTHAIBI mpeoOpa3yroTcs B
cucteMy ABC u peanuzyrotcs ¢ nomoiisio [IINM.

B SiminTeciv

BbIX bnok «I1H-perynstop» («JeKTPONPHUBOABI», MOJ-

e [N oi pazzen «3II») obecnieunBaert:

v’ HacCTpOIKy K03()()HUIHUEHTOB PETYIIATOPA U YPOBHS OTPAHUUYEHHS BBIXOJI-
HOT'O CHTHaJIa

v ONTUMAJILHOE OrpaHUYECHHUE UHTErPATBHOM COCTABIISIONICH B 3aBHCHMO-
CTH OT 3HA4YECHHMsI TPONIOPLIUOHAIBHON

v' paboTy B aOCOJIIOTHBIX U OTHOCHTENILHBIX €IMHHIAX.

Kpome perymsaropos, ¢puinbTpa U mpeodOpazoBaTeneil KOOpAUHAT, KOHTYP
TOKa MOXET Co/epkaTh 00K kKommneHcanuu nepekpectHsix cBsizel (BKIIC) u
orpannuuTenb HanpsokeHust (Orp.U). DT 371€eMEHTHI ONTUCAHBI JaJiee.

6.1.2 buaok komMneHcaunu nepexkpectHnix ceszeid CAIIM

MPUMEYAHUE! "
: [pumeHeHre 6I0KA KOMIIEHCAIIMH HE SBISETCS 00A3aTENbHBIM, €CITH KOH- |
! Typ TOKa MOXHO CJeJaTh JOCTATOYHO TOUHBIM M HKECTKHM 3a CUET yBEIHde- |
! HUs KO3 (UIMEHTOB PETYJIATOPOB TOKA.
: Eciu e M0 KaKMM-TO NPUYMHAM (HATIPUMED, P BHICOKOM YPOBHE IO-
! Mex) yBenudeHne KodQ(HUIHEHTOB PEry s TOPOB IPHBOIUT K HEYCTOHUMBOCTH
{ paboOTHl KOHTYypa TOKa, MCTIOJb30BAaHUE OJIOKA TEPEKPECTHON KOMITEHCALMH |
! [03BOJISICT YIIy4IINTh IUHAMUKY M TOYHOCTh PAbOTHI KOHTYPA JaXke C HU3KH-
i MH K03 QHUIMEHTaMI PEeryIATOPOB. :

Kax BUAHO W3 BBIIIEONHMCAHHOW CTPYKTYphl KOHTYpa TOKa, BEIMYHHA CO-
CTaBJIAIOLIEH [5y peryiupyercs ¢ nomousro Usy , a Is;, COOTBETCTBEHHO, € I10-
mouipio Usg,. VIMest 5T0 B BHIly, BEpHEMCSI K YPaBHEHUSAM PaBHOBECHs CTaTOPa
CAIIM (cMm. Beipaxenwue (10)) u 3anumiem:

dl,

Isq perymupyercs nanpspkenuem: Uy, = Lo, —=+ Rol g, —o Ly I ¢,

Isq perynupyercst Hanpsbkenuem: U, = L, 7‘:" +E+ Rl +o, Lyl
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N3 ypaBHEHMI U1 HAIPSDKEHUM BUIHO, YTO CHUTHAJ, PEryJUpPYIOIUi Isq,
3aBUCHT OT [5; 1 HA0OOPOT, CUTHAII, PEryIUpYyIoIuil /sy, 3aBUCUT OT Is,. [py-
TMMH CJIOBaAMM, MEXIy KaHaJlaMH PEryJIMpPOBaHMsI, COCTABIIAIOIINX CTATOPHOTO
TOKa, CYLIIECTBYET B3aUMOBIIUSIHUE (IEPEKPECTHBIE CBSI3N).

3Has 3aJjaHHbIE TOKHM, IApaMeTpbl JBUTATENs U CKOPOCTbH IOJISI, MOXHO
OCYLIECTBUTH MPSAMYI0 KOMIIEHCALIUIO STOTO B3aUMOBIIUSHUS.

B xanane ynpasinenus [s, KpoOMe€ COCTaBJIAIOIIEH, 3aBUCALIEH OT [sy, TpH-

CYTCTBYCT CJlaracMoc E= (De\|lf . Ero Tax:xe MokHO CKOMIICHCHUPOBATh.

KoMmrieHcaIioHHbIE COCTABIISIONINE KAaHAJIOB OIMPECISeTCs] BRIPAKCHUEM
(38):

UKd = _O‘)eLSqISq
Uy, =0, (\Vf + Ll sy)

JJis ocyIiecTBICHUST KOMIICHCAIIUN HAJI0 TIPOCYMMHPOBATH CUTHAJIBI KOM-
MIEHCAIIMM C CUTHAJaMH Ha BBIXOJE COOTBETCTBYIOIIMX PETYJSATOPOB (CM.
Puc.27).

(38)

biok «KommneHcaTop mepeKkpecTHhIX CBs3ei» («Jiek-

Kl'[qu TponpuBoAb», noapaszaen «CAIIM») peanusyer BbIUUCTE-
Ig nue 31a4eHui Uxy u Uk, B COOTBETCTBHH C BBILICTIPUBEIEH-
Id A gpvm dopmynamu (38).
MPUMEYAHUE!

: B xauecTBe TOKOB ISl BHIYMCIEHUS KOMIICHCAIIMOHHBIX COCTaBJIAIOIIMX |
iHaz10 OpaTh cuUrHaibl 3a0anHus [sg, U g, i
: Mo>kHO, B NMpHHIHUIE, KOMIICHCUPOBATh elie U cocTaBisitomue R/, W i

?..._RSI sq » HO, KaK MPABUIIO, OHU JIOCTATOYHO MAIIbL.

6.1.3 Bbiok kKoMneHcAUNM NMEePEeKPECTHHIX cBsi3el Al

Kak Obu10 moka3aHo panee, B cooTBeTCTBUU ¢ dopmynamu (31), ypaBHe-
HUS paBHOBECHS CTaTOpa aCHHXPOHHOTO JABUTATENSI HMEIOT CIICAYIOIIHIA BU/:

Ugg = p((LS -L, K, )]Sd + KR\VR)+ Ig,Rs - (’Je((Ls -L, K, )]Sq)
USq = p((Ls —-L, Ky )ISq)+ ISqu + (’oe((LS -L, K, )ISd + KR\VR)

I'ang Ha 5TH ypaBHEHMs M pacCy:Kaas Tak K€, KaK B MPEIbIAYLIEM pas-
Jiere, MOKHO KOHCTaTUPOBATh, YTO Il ACHHXPOHHOIO JABUrATelId TaK K€, Kak
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u ans CIIIM, Mexay KaHagaMu peryJHpOoBaHUs COCTaBISIOMMX Isy U s, Oy-
JIeT CyIIEeCTBOBATh B3aMOBIIMSHUE, U KaHANbI OyAyT OKa3blBaTh APYT Ha JIpy-
ra BO3MYIIAIOIIEE BO3CHCTBUE.

OTH NEPEKPECTHBIE CBA3M MEXKIy KaHajJaMH MOYKHO HCKIIOYHUTb, CKOM-
IIEHCUPOBAB UX.

KoMnieHcanmoHHas cocTaBIAOIas KaHala yIpaBiaeHus [sy:

Lm

Ug =-01, (LS -L, K, ) =-ol,| Li-L, L_ =

! (39)
= _weISq LGS + LmLGR

Lm + LGR
KOMHeHcaHI/IOHHaH COCTAaBJIAKOIIAA KaHAJIa YIIPAaBJICHUA ISqZ
Lm

UK({ = (De(LS - LmKR )]Sd = (‘OeISd LS - Lm L_R = (40)

= (DeISd (Lm + LGS)

Tax e, kak u ana CHAIIM, koMIeHCallMOHHBIE COCTABIISIIOIINE CYMMHUpPY-
IOTCS C BBIXOJHBIMH CHTHQJIAMH  COOTBETCTBYIOLIUX PETYJIATOPOB (CM.

Puc.27). B SuminTech
W
. gk - KomnieHcaTop nepekpecTHbIX cBsi3ell («JaeKTponpH-
dWKHC BOABDY, nofpasnen «AJl») peanusyer BbUMCICHHE 3HAYe-
Iq ~ nuii Ugg u Ugy B COOTBETCTBUM C BBILICIPUBEIECHHBIMU
N dk'— popmymamu (39) u (40).

6.1.4 Bprumncianreab CKOPOCTH

KomneHcanoHHble COCTaBISAIONIME B OJIOKaX KOMIICHCAIIMH TEPEKPecT-
HBIX CBSI3€H 3aBHCAT OT CKopocTH mous (®.). Ecim B cucreme ecTh IaT4uk
CKOpPOCTH POTOpa, TO CKOPOCTH IOJISi PACCUMTHIBACTCS IO JAHHBIM C JTOTO
JaTYMKa.

OpHako 4acTo B DJIEKTPONPUBOAAX UCTOIB3YIOTCS TOJIBKO NATYUKHU YIJIa,
a CKOPOCTh POTOpa M CKOPOCTH IOJISI PACCYUTHIBAIOTCS IO WH(POPMAIIHHU C 3TUX
JTATYHKOB.

B SuminTechh
Bbiu Boraucnurens ckopoctu  («JeKTPONPHBOABI», MO-
Wow < pazzen «3II») peanusyer alropuT™M NOJYyUYEHUSI CKOPOCTH

N3 CHUI'HaJla JaT4UuKa ICPEeMCIICHUS. Bbok MMpEaACTaBJIACT
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coboit muddepenimaTop, Ha BEIXOJE KOTOPOTO YCTAHOBJICH allepUOINICCKUI
GUIBTP ¢ HACTpAaUBAEMOM TTOCTOSIHHOW BPEMEHHU.

MPUMEYAHUE!

Jl1st oneHKH paGoOThI MPUBOAA C aOCOMIOTHBIM TATYHKOM YIIa B LEPBOM
| NPUOJIMKEHUU 3TOTO J0cTaTouHo. Ho ecim Mmonb3oBatesio TpeGyeTcs TOUHO :
| CMOJIC/TIPOBATH AITOPUTM IOy 4CHHS] CKOPOCTH, HAalIPUMED, U3 CUTHAJIOB do-
{ TO-UMITyJIbCHOTO MHKPEMEHTAIBHOTO JaT4HKa [IePeMEIeHNUs], TpeOyeTcs Co3- :
é,_.I[aHI/Ie CIELHUAIbHBIX MOJEIEN BBIYUCIUTENS U JaTUUKa. 5

6.1.5 OrpanuvuTe/b HANIPSIZKEHUA B O0CAX dg

[Ipu paGote peryiasTopoB Toka (OPMHUPYETCS BEKTOP HANPSDKEHUs, pe-
aJIbHas aMIUTATYya KOTOPOTO BCET/Ia OrpaHMYeHa 3HAYCHUEM HAINpsOHKCHUS B
3BEHE MMOCTOSIHHOTO TOKa mpeodpaszoBarens (Uy.).

Maxkcumanpenas ammntyaa Bekropa Uy, npu MM ¢ nonHBIM HCIIOJIB30-
BaHUEeM Uy, ONIpeNensieTCs BBIPAKEHUEM:
Udc

V3

[Ipu perynaupoBaHUM TOKa, OCOOEHHO Ha BBICOKHMX YaCTOTAaX, MOXET CIIO-
JKUTHCS CUTyaIUsl HEIOCTATOYHOCTH aMILTUTY/IbI HATIPSIKCHUS.

B BEKTOpHBIX 3JIEKTPONPUBOAX, KaK MPABUIIO, AJIsl KOPPEKTHOM paboThI,
JaXke B YCJIOBHUSAX HEIOCTATKa HamNpspKeHUs, TpeOyeTcs: 00ecreynTh mpUuopH-
TETHYIO OTPaOOTKY d-COCTaBIISIONICH CTATOPHOTO TOKA. JTa COCTaBIISIOIIAS
OTBEUaeT 3a HAMarHMYMBaHUE, U €€ COXPAaHEHHUE SBIIACTCS TapaHTHEW mpa-
BWJIBHOM W TIPEJICKa3yeMOi pabOThI AJIEKTPOIPUBO/IA.

DTy (YHKIIMIO ¥ BBITIOJIHSAET OTPAHUYUTENb HATIPSKEHUS.

OH o0ecrieunBaeT MPUOPUTETHYIO OTPAOOTKY 3HAYCHUS 5y, OTpaHUYMUBAS
HATNPSDKEHUE TI0 OCSIM Ha CIIEYIOIINX YPOBHSIX:

U
|USd| =—%

J3

o

S'max

3 B SiminTeciv

q
g Orp U Orpannunrtens HanpsokeHUs  («J1eKTPONpUBOABDY,
noapaznen «II») orpaHuunBaeT HaNPsHKEHUS MO OCsM d U
¢ B COOTBETCTBUU C BBILLIEIPUBEIEHHBIMU (DOpMYyTaMH.
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6.2 Ynpasiaenne momentom C/AIIM (HessBHOMOJIIOC-
HBIH POTOP)

Kak Obuto mokazano panee (popmyna (9)), ypaBHEHHE UII MOMEHTa
CIIIM ¢ HEesBHOIOJIOCHBIM POTOPOM B CHUCTEME dg, OPUECHTHUPOBAHHOU IO
pOTOpY, IMEET CIIETYIOIIHNIA BUI;

3Z
M ::_Tifllﬁvulf

em
I'mans Ha 3TO BBIpaK€HHE, MOXKHO CKa3aTh, YTO yMpPaBI€HHE MOMEHTOM
CAIIM c HesIBHOMOMIOCHBIM POTOPOM CBOJUTCS K YIOPABICHUIO ¢-
COCTaBJISIIOLIEH CTaTOPHOTO TOKA, MPU MOJJAEpKAaHUHM HYJIEBOIO 3HAYEHHS €To
d-COCTaBISIONICH.
SimInTech - monens cucremsl ynpasnenus momeHTom CJIIIM mnpencras-
neHa Ha pucyHke (Puc.28).

3amaHue Orpann-
M(Iq) Per. Iy  wmrems U dq=>ABC 1 M M
i . enuﬂb:_’:m-puz 2 A—ﬂ ul—
ABC — OCM B —P W IAM +
—» SinQ . )
Id=0 Per. Id P CosQ
." ——— DueTp
pi
o 1
ABC:>d:1J -
. S %
SinQ %{(ij Zp
9 CosQ N
e l

CKOPOCTE

CHIIM

N
MowmenT J

Wr Mem

Vron

Qr

A

ch

R
-
WL:B{ABC)Qe R

1 S

Uabc

10
I\

Ia.Ib.Ic

c Tabc

HHBEPTOP

HPOCTb

MEHT

i /Tl
9

Pnc.28
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v launas monens (M_CJI.prt) Haxoaurcs B manke «Simin-
Tech\Demo\JiiekTponpuBoabn.

v" MoJesb COCTOHT U3 SJIEMEHTOB, YK€ PACCMOTPEHHBIX HAMU pa-
Hee, PJIEMEHTOB OuOIoTekH «MeXaHMKa» U JIEMEHTOB 00Ien
aBTOMaTuku (Ounbtp).

v CTpyKTypa MOJIEIIH CBOJAMTCS K PACCMOTPEHHOMY paHee KOHTY-
py Toka. KoHTyp ynpasiiseT MOMEHTOM, U3MEH:S BETUYUHY [s,
MIpU NOJJEPKAHUH HYJIEBOTO 3HAUCHUS [sy.

v" Mogenp asurarens ynpasisercs: IIUM-uHBEPTOPOM C HCIIOJb-
30BaHHEM aJIrOpUTMa Min-max.

v Harpy3ska aBuraress coOpaHa Ha dJeMeHTax oubnuoreku «Me-
XaHUKa» U XapaKTEPHU3yeTCs] MOMEHTOM MUHEPLUHU U BI3KHUM
TpeHreM. CKOpOoCTh, OTyYarolasics Npy NIPpUII0KEHUH MOMEHTA
K 33JIJaHHOM MEXaHUYECKOW Harpys3Ke, I0J1aeTcsl Ha COOTBETCT-
BYIOIIMM BXOJl MOJIETN JIBUTATEIS.

v Ha rpadukax 1mokasaHbl CHTHAJIBI MOMEHTA, CKOPOCTH H (ha3HbIX
TOKOB MOJIEJIN JBUTATEIIS.

6.3 Yunpasiaenne momenToMm A/l (yr=const)

Cucrema ympaBlIeHHS MOMEHTOM AaCHHXPOHHOTO JBHTATelsl OOBIYHO
CTPOUTCS B KOOpJIMHATaX dg, OCh d KOTOPO OPUEHTHPOBAHA TIO MOTOKY POTO-
pa.

[TocTpoeHne kaHala ympaBlIEHHUS MOMEHTOM ACHHXPOHHOTO JBHUTaTEINs
yrIHpaeTcs B Mpo0IeMy HEOJAHO3HAYHOCTH MOMEHTA, BRIPKAIOUIYIOCS B TOM,
YTO OJUH M TOT K€ MOMEHT MOXXHO TMOJYYUTh MPU PA3NTUYHBIX COUYCTAHUSIX
BJIMSFOIIIUX HAa HETO TTapaMeTPOB.

st yeTpaHeHus 3TOM HEOAHO3HAYHOCTHU MPHU MOCTPOSHUH CUCTEMBI B KO-
opaAMHATaxX dq OOBIMHO 3aJAFOTCS JOTOJHHUTEIBHBIM YCIOBHEM ITOCTOSHCTBA
MOTOKOCIIETIICHUSI POTOpAa.

DT0 ycloBHe Ha3bIBACTCS 3aKOHOM PETYIUPOBAHUS YR =COMNSL.

[Tpu yr=const ypaBHEHUsT TUHAMHYECKOTO paBHOBeCHs poTopa (26) ympo-
CTATCA U IpUMYT Bu (41):

R.I,, =0 I,,=0

=> 41)
Ryl + Aoy, =0 Ryl =—Aoy,

Ha Puc.29 nmpusBenena auarpamMma BEKTOPOB COCTOSIHUII aCHHXPOHHOIO
JIBUTATEIIs AJISl ITaHHOTO Cllydasi. 3aMETUM, YTO IPU YRr=COnst :

v =0
v Voa =W¥r
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qjmd
Puc.29

B otmnuue ot CAIIM, ansa ynpasienus MmoMeHToM AJl Haxo ynpaBisiTh
HE TOJIBKO TOKaMH CTaTOpa MO OCSIM dg, HO €III€ U CKOJIbKEHUEM.
Janee paccMOTPUM CBSI3b 3THX YIPABISIIOLIUX [1APAMETPOB C MOMEHTOM.

6.3.1 CBs3b MeK1Yy MOMEHTOM M CKOPOCTHIO CKOJIbKECHUS

Kak yxe OBUIO mMOKa3aHO, AJIEKTPOMArHUTHBIH MOMEHT Tpex(a3zHOTO
ACMHXPOHHOTO JIBUTATells C y4eTOM YHCIIa Tap MONIOCOB (Zp) ompenenseTcs
BBIpakeHueM (35):

3Z.K
M,, =225y 1

em

BrIpazuMm u3 TpeTbero ypaBHeHHs cUCTeMbI (23) TOK cTaTtopa uepe3 TOK H
MOTOKOCLIEIUIEHUE pOTOpa:

- ~ N 1 L, - 1 1
v.=LI.+LI,=>].=—vy, ——X] =—y, ——
\ mls riR ST Vr L RTT Vr K,

m m

I,

3anucaB JJaHHOE BBIPAXKCHHE B CHCTeMe dg mipu g =const (cM. Puc.29),
MOy YUM:

1
I, :L_‘I’R

m

1
ISq:_K_IR
R

Ioncrasus 3nauenue [y, W3 9TOH cucTeMbl B (opmydy (35), nomyuum

BbIpaxkeHue (42):

3
M,, = _EZPIR\VR 42)

em
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BrIpazum ckopocTh CKobXeHHs (0e3 ydeTa 3HaKa) U3 CHCTEMBl ypaBHe-
HUM TUHAMUYECKOTo paBHOBecHs potopa (41):

| — IRRR
VYr

CoracHo BbIpaXeHHIO (24), OJIOKUTEIHPHOMY (Pa3roHSIONIEMY) MOMEH-
Ty JOJDKHA COOTBETCTBOBATDH MOJIOKUTENbHAS CKOPOCTh CKOJIbXKEHHUsA. TO ecTh
CKOPOCTH CKOJIKCHHS M MOMEHT COBHAJIAIOT MO 3HaKy. Torna, BEIpaswB U3
bopmysl (42) Iz u mojacTaBuB B BhIpaxeHue (43), mosyuum Belpaxkenue (44),
OTIpEIEeTISAIONIEe 3aBUCHMOCTh CKOJIBKEHHUSI OT MOMEHTA.

Ao 43)

Aw = i’?zMem (B cucteme CU - B pannanax B cexyuny)  (44)
32,k

biox BBIUMCIIEHHS YacTOThI CKOJIbKEHUS («IIeKTPONpH-
M dw BO/ABI», NoJpaznen «All») peaau3yeT BbIYUCICHUE 3HAYCHMS
A® B cooTBeTCTBHHU C (OpMYJIIOH (44).

6.3.2 Hamarnm4uBamwiuasi CoCTaBJs0IIAS TOKA cTaTOpa

W3 nmopobust TpeyroibHUKOB Ha BeKTOpHOU auarpamme (Puc.29) cnenyer
qTO:

I
ST P . L. J (45)
I m L
si Vg Vo, m
rac: Lm— SHAYCHUC MHAYKTUBHOCTU HAMArHMYMBAHUS Ha JIUHEUHOM y4a-
CTKEC KpI/IBOﬁ HaMaroHn4ymMBaHUA ABUT'AaTCIIs.
Ha nuaetinom Y4acCTKE KpI/IBOﬁ HaMaron4mMBaHHWs IOTOK PpOTOpPa 3aBUCUT
TOJILKO OT 5y, TO €CTh 3TA COCTABIIAIONIAS ABIISETCS HAMArHUYHNBAIOLICH.

B SiminTech

bnok «3agaTuuk ycTaHOBMBIIETOCs 3HAYCHHMs TOKa CTa-

1d(F) TOpa MO OCH d» («DIeKTPONPUBOAbDY, ToApazaen «All»)
OCYILECTBIIICT MpeoOpa3oBaHue 3aJaHHOTO MOTOKa POTOpa B

TOK TI0 OCH d B COOTBETCTBHH C QOPMYIOHN (45).  rrrrrrcsnneen
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6.3.3 MomeHTOOOpAa3y0IIasi COCTABJISIIONIASI CTATOPHOTO
TOKA

W3 monoOust TpeyroabHUKOB BeKTOpHOW auarpammsel (Puc.29) cnemyer
4T0:

]Sq +1R _ _]RLO'R

=> [ e+ 1V =—IL1g, =>

I, Vi
]Sq\VR
[, =—""""— (46)
Y+ Lol
[ToncraBuB B BeipaxkeHue (42) 3Hauenue I u3 BeipaxxeHus (46), IoIyqInMm:
3Z.1, v,
Mem = _EZPIRWR = A
2 2y + Loels)
Bripasus u3 5Toro pasenctsa /g, , nomyuum dopmyity (47):
2M oM,
[Sq =—emz(WR + Loglgy) ® —— (47)
32,V 3Zpyg

O6braHO m3-3a Manoctu L, comuoxurens (L zlg, +y,) npumepHo pa-
BEH Y, TO €CTh BKJIaJ d COCTABIIAIONICH TOKa B MOMEHT OYE€Hb HEBEIIHK.

B SiminTecih

M I bnox «Brruucnurens g-CoCTaBISAIONIEN CTATOPHOTO TOKa»
Id q («uekTponpuBoAbD», oApazen «AJl») ocymecTBiaseT Bbl-
YHCIJICHUE B COOTBETCTBHU C POPMYIOH (47). oo

6.3.4 BpiOop moToka poropa

Bormpoc BeIOOpa moToKa poTopa TECHO CBS3aH ¢ dHepreTudeckoi dddek-
TUBHOCTBIO pa0bOThI 3JIEKTPOABUTATETIS.

OObIYHO TBUTATENN MPOCKTHPYIOTCS ¢ ydetoMm ontumusauuu KIIJ[ B Ho-
MUHaJIbHOU TOYKe. Eciu MpOeKTUPOBLIMKY H3BECTEH HOMHUHAIBHBINA MOTOK
JIBUTATENS U MpeArnonaraeTcss paboTa B OCHOBHOM Ha HOMUHAJIbHOM Harpyske,
TO €CTECTBEHHO BBIOpATh BEIMYHMHY IIOTOKA POTOpa PaBHOH ee 3HAUYCHHUIO B
HOMMHAJILHOM Touke Buraresss. OueHb 4acTo TaK U MOCTYMAIOT.

Ecnu HOMUHANIBHBIN MOTOK M MOMEHT ABHUTATeNsl HEM3BECTHBI, TO MPOEK-
THUPOBIIUK MOXET CYMTATh HOMUHAIBHBIM TOT MOMEHT, TIPU KOTOPOM €My He-
00X0IUMO 00ecTIeYuTh MaKCUMAIbHO SHEPTETHUECKH BBITOHBINA PEKUM pabo-
ThI IBUraTelsl. 3aTeM, 3a/1aBIIMCh HEKOTOPBIM KPUTEPUEM ONTUMU3ALIUH, HA/10
HaWTU HEOOXOIUMBINA IIOTOK.
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B kauecTBe KpuUTepHsl ONTUMHM3ALMN MOKHO NMPUHATH KPUTEPUIT MUHUMY-
Ma CTaTOPHOI'O TOKA, YTO OOECIIEYUT NOTEPU OJIU3KHE K MUHUMAJIbHBIM.
[Ipenmnonaraercs, 4To mapaMeTpbl CXEMbl 3aMELICHUS JBUTATENS U3BECT-
pl. Torzma, 3amaBasCh pa3NMYHBIMM 3HAYEHUSIMHU ITOTOKOCLEIUIEHHS POTOpa
IIpY HA3HAYEHHOM HOMHHAJIbHOM MOMEHTE, HaJl0 POU3BECTU BBIYMCICHUS I10
CJIEJYIOLINM BbIBE/IEHHBIM paHee, (opMyiam:

=g Ve Ve

\Vm Lm
2M,,
ISq 3ZP R (LGRISd +\VR)

I :\llﬁd +‘[§q

[To pe3ynbpraTtam 3THUX BBIYUCICHHHA BHIOMPAETCS MOTOKOCIEIUIEHUE POTO-
pa, COOTBETCTBYIOLIECE MUHAMYMY CTaTOPHOTO TOKA.

MoXHO, U He IIPOU3BOAS BBILICYIIOMSHYTBIX BBIYMCIICHUM, BOCIIOJIb30-
BaThCsl (POPMYJION ISl HOTOKOCLEIUIEHHS], COOTBETCTBYIOIET0 MUHUMYMY TO-
Ka Mpu (PUKCUPOBAHHOM MoMeHTe. [l BbIBOJA ATOM (HOpMYJIbI MPOU3BEIEM
HEKOTOPBIE MAaTEMaTUYECKHUE BEIYUCICHUS.

Kak 6bU10 MOKa3aHO BbIIIE, TIPU Yr=CcOnNSst, AJIs JIMHEHHOTO y4acTKa KpH-
BOM HAMATHUYHMBAHMS:

v
fu=7,

m

[Tpeobpazyem ¢ yaeToM 3Toro cooTHomenus popmyiy (47), moaydum:

2M,, M L
(\VR + Lol ) = | ok
3ZP\|/R 32,y \ L

I, =
m

Ecnu Tox c¢TaTopa MUHUMAJICH, TO:

‘fs‘:,/lszq+]§d = % 2+ 2M—”” ];LR+1 = min

‘m 3ZP\VR m

HJIN:
2

2M L

2
7 2 \VR em R ;
Vi = — +| — | =2 4] = =nmin
73] MNEIAY: S(¥e)

m

Haiinem 3HaueHHME MOTOKA POTOpPA, COOTBETCTBYIOIIEE IKCTPEMYMY TOKa
cTaropa (11 aCHHXPOHHOTO JIBUTATENSI ATOT YKCTPEMYM COOTBETCTBYET MHU-
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HUMYMY TOKa cTtaropa). Jljig 3TOro BEIYMCIUM MIPOU3BOJHYIO OT KBaJpaTa Mo-
ZyJIsl TOKa CTaTopa IO MOTOKY pOTOpa U MPUPABHSEM €€ K HYJIIO:

'
2

2
, 2M,, | L,
S =| | F2 ]+ e | ] =0
L 37,y \ L

m m

2

2M (L
e (ML () 2 g
Lm 3ZP Lm WR

W3 3T10r0 ypaBHEHHs HAXOIWUTCS 3HAYEHUE NOTOKOCLEIUIEHUS COOTBETCT-
BYIOIIIEE MUHUMYMY CTaTOPHOTO TOKa NMPH (PUKCUPOBAaHHOM MOMEHTE:

— 2Mem (L(SR + Lm)
Vr onr 3Zp

6.3.5 Crpykrypa cucteMbl ynIpaBJIeHUSI MOMEHTOM

JUisl OCyIIEeCTBIEHUS! KOOPAWHATHBIX NMPeoOpa3oBaHUN B CHCTEME YIIpaB-
JICHUsSI MOMEHTOM HEOOXOAMMO 3HATh 3HaU€HHE TEKYIIEro yriia MOTOKOCIET-

nerns poropa (0,) B HEMOABUKHOW CHCTEME KOOPAUHAT (HAPUMED, OTHOCH-

TEJIbHO OcHU A).

B crpykTypax ¢ HemocpeaCTBEHHBIM OPHEHTUPOBAHUEM 3TOT YIOJl OIpe-
JIEJSIeTCS IO MOJIEIN POTOPHOM 1IENMU aCUHXPOHHOTO JABUTATEIIA.

PaccMoTpuM CTpyKTYypy 3TOM MOJEIH.

BekTop moToKkoCIenIeHus: poTopa XapaKTepu3yeTcss MoaysieM U (a3HbIM
yrioM. J{ns BBIYMCIIEHUS €ro MOAYJS oOpaTHMCS K TpPEeTheMy YpPaBHEHUIO
paccMOTpeHHOM paHee cucteMsbl (36), OMUCHIBAIOLIEH 3JIEKTPOMAarHUTHYIO MO-
nens AJl B cucteme dgq.

1 L
PV :i(Lm]Sd_\VR)’ rne T ZR_i
PemuB 510 ypaBHEHHE OTHOCUTEIHHO MOTOKOCIEIUICHUS, TTOTYYUM:
L
Ly 48
" Top+l sd ( )

[Momyumitock, 4TO MOYJ b BEKTOpA MOTOKOCIEIUICHUS! pOTOpa CBSA3aH C d-
COCTABJISIIONICH TOKa CTaTopa 4epe3 MepelaTovHy (YHKIMIO arnephoanye-
CKOTO 3BEHa, OCTOSIHHASI BPEMEHH KOTOPOTO paBHA MOCTOSIHHON BPEMEHH PO-
TOpAa.

J1Jis OLIEHKH yTJia 3TOrO BEKTOPa BOCIOJIB3YEMCsl UETBEPTHIM YPaBHEHHEM
cucteMsl (36):
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0, =2Z,0, +i15q =7Z,0, +Ao
R™R
WuTerpupyst CKOpOCTb HOJS MM CKJIAJblBas MHTErpall CKOJBKEHHUS C
AIIEKTPUUECKHM YIJIOM POTOPA, MOXKHO PAaCCUUTHIBATEL (DAa3HBIN yroj MHOTOKOC-
LEIUICHHs pOTOpa B HEMOJBU)KHOM CUCTEME KOOPIUHAT.

Lm _ Lm
ee:J‘(Dedl:J' ZP(DR+EI&I l—ZPeR-i‘mJ'ISth (49)

3amMeTuM, 4YTO IJISl OCYIIECTBIICHUS KOOPAMHATHBIX NpeoOpazoBaHUil B
CHUCTEME YTIpaBJICHHUS HYXKEH HE caM yroJ moTokocuerieHus, a Sin u Cos 310-
o yria.

CrpykTypa MOJENTH POTOPHOH IENH, TMOCTpOeHHas 1mo ¢opmynaMm (48),
(49) u ee peanuzarus B 010kax SimInTech mpusenena na Puc.30.

Beraucnourens
MOZyJIsi TOTOKO-
CIICIUICHHS POTOpA

Mogenb poTopHon Lenu | SuminTech
1
BRI R R R R R R T I 1 | I
: ' CosO, ' Mogens potopHoit yenu !
! Sin % potep !
i Coliigo, | By
1 1 1
¥ 0, Os[i vlas e SinQr
0 r 1! Yron poropa A DIIeKTpUUEeCKHUA ! i ' Qr > o s c '
:: | [yrox potopa : ' | ¢ CosQ | CosQr |
e e e t 1 W 1
:: ---------- , |BbruncnuTens yria noroka poropa | | Fr |
I L 1 Vg | |
Sd 1
Ly, i s > 1 Ids '
! ! =P F !
o Lptl : l
1
| |
1 1
1 1
1 1
1 1

OOBIYHO CTPYKTYpPBI C HEMOCPEACTBEHHBIM OPHEHTUPOBAHHEM COJEPHKAT
TaK)Ke KOHTYP MOTOKA, 3aMBIKAIOIIHIACS IO MOJIYJIFO BEIYHCICHHOTO B MOJICIIH
MOTOKOCIETICHUSI. DTOT KOHTYp OTBEYAET 3a MOJAAEP>KaHUE TOTOKOCIETIIICHUS
pOTOpa MOCTOSTHHBIM ( , = const ).

Ha Puc.31 u3o0pakeHa cTpyKTypa yNnpaBiIeHHs MOMEHTOM C HETIOCPE/ICT-
BEHHBIM OPHCHTHPOBAHHUEM.

Kak roBopmiocs panee, pyHKIHS KOHTYpa TOKa COCTOUT B TOJACPKAHUH
d n g ipoekmuit Toka cratopa. Jnsa AJl, kak OpI0 MOKa3aHo, /sy OTBEYaeT 3a
HOTOK POTOpA, a I5, — 32 MOMEHT.
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Perynsrop moroka B NaHHOM CTPYKType oOecrieuMBaeT AMHAMHUKY TO-
JepkaHus TIOTOKA, a B CTaTHKE 3afaHHOe 3HadeHue [s; popmupyercs 610koM
«3an. Isy» B COOTBETCTBHH ¢ (hOpMYIIOH (45).

Tox Is, popmupyercss U3 3HaUCHHS 3aJaHHOTO MOMEHTa O10KOM «Bbru.
Is,» B cooTBeTCTBHHU C (hopMyJI0ii (47).

3ameTnM, 9TO CKOJILKEHHE M CKOPOCTh POTOpA B TAHHOW CTPYKTYpE HYX-
HBI TOJIBKO IS KOMITCHCAIIH NIEPEKPECTHBIX CBSI3EH.

CkonbxeHue BeruuciseTcs 61okoM «Bera. Aoy 1o hopmyie (44).

CkopocTb poTopa BeIMHCIsETCS OJ0KOM «Bbrd. m» ¢ momomisio audde-
peHIpoBaHus yria poropa (0g).

Cucrtema ynpaenennss MomeHTom ALl

1 1

1 1

! |

1

1 L U
Mem ' Bblu. Iq ! A

i gL U,

1

! = const — U/

i ¥ e Bow. | A® Sin, ! ¢

1 A T < 1

i Perynsitop Lo o KoHTyp [ "Cos0), Mopenb |« 0

i notoka R TOKa < - ! R

! 7 ]qu poTOpHOU !

! nm 4, 7 > uenu &% '

! - per. ab_ !

1 “ 1

1 - ! [

: 7 | 3an : 4

! Id < | [B

: )y L

| Oz | B 1

' w |

1 1

1 1

1 1

| e e e e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o2 1

Puc.31

Ha Puc.32 noxaszana peanuzauus MOJAEIHA CTPYKTYPHOU CXEMbI CHCTEMBI
ynpasieHus MoMeHToM B Giiokax SimInTech.

v Jlaunas mojaenb (M_AJL.prt) HAXOIUTCS B MAIKe
«SiminTech\Demo\JJiekTponpuBoabD.

v MoJenb COCTOHT U3 AIIEMEHTOB YKE PACCMOTPEHHBIX HAMU
paHee U 3JIeMEHTOB OMOIHOTEKH «MeXaHHKa.

v CTpyKTypa MOJEIIH CHCTEMBI YIIPABISET MOMEHTOM MTOBTOPSIET
CTpyKTypy Ha Puc.31.

v" Mopguens neurarens ynpasisercs IIIMM-urBepTopoM ¢
WCTIOJIB30BaHUEM AJITOPUTMA Min-max.
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v/ Harpy3ska aBuraresis coOpaHa Ha dJieMeHTaX OUOINOTEKH
«MEXaHHKa» U XapaKTePU3yeTCs] MOMEHTOM HHEPIIUHU U BI3KUM
tpeHreM. CKOpOCTh pOTOpa, TIOTYYaAIOIIAsCsl PU MPHI0KCHUH
MOMEHTA K 33JaHHOW MEXaHWYECKOW Harpy3Ke, MoAaeTCs Ha
COOTBGTCTBYIOHII/Iﬁ BXOJ MOJCJIN ABUTATECIIA.

B kaugecTBe curnana O6paTHOI71 CB3U UCIIOJIB3YCTCA

UH(OPMALIUS O TIOJOKEHUN poTOopa. biiok «Berauciaurens
cKopocTu» (IMyHKT 6.1.4) ocyIecTBIIsAeT BHIYUCIEHUE CKOPOCTH
W3 CUTHaJIa JaT4rKa MOJI0KECHHUS.

BrruIq Per. Toka (q) Orp.U dq=>ABC B IITHM
M Ig EHHBHX> :Z—qurpuq—bq "
g d d—pd Lyl ocm
ABC B
3amaHue Brrm. KoMIL. TIep. cB. —{sng iy
MOMeHTa CKOTBK. i coso
—p
M dw dw s
- KIc
dk
e NNy B4
CKOpPOCTH
Bor |, YTOI
Per. motoka e
Per. Toka (d)
0.7 OHIBTP
e rmwl_ :’ * e rmmf L TOKa
3 B hi = Ia.Tb.Ic|
JdlaHHe out input
IIOTOKA ABC=>dq
e [, s Mopens| poTopa
i ing! [
3aganue Id . ;g < e
(crarnueckoe) = l P e
. 1
w Mem L L ﬂ,\\\ij//_‘ 1
Qr B
; D=0.11
1M Qs[> 17
H;—IB = > i }
Ua,Ub,Uc - Tl ™ b @
P 1 IIHM + [> 2 0@ A& C B dﬁ}(jmpocm T ‘ Vron
bl —F A e T 1
UHBEPTOP *°¢ [ lalblc N -
ATl MEXAHHKA

Puc.32
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7 Ynpasiaeaue MomeHTOM B/IIIT

7.1 CamocuHXpPOHU3ALMS

B cootBercTBUU ¢ paccMOTpeHHOM paHee Gopmyroit (22) moment BT
npeacTaBisieT coboit cymmy npousBenennii ¢paszusix IJ]C Ha (as3HbIe TOKU:

M, = \Vpr(]AElA +1,E +IcElc): Zp(]AEA +1,E, +]CEC) (50)
T'ne:
\I/f - IOTOKOCHCIUVICHUEC pOTOPa

E ,,E,, E . - enuanansie pyHxiun Gopmsr dazaex 1C
E, E; E. - dazuapie D]IC

Zp - YU CJIO Map IMOJIFOCOB ABUTaTCIIA

®dopma dazueix IC BAIIT nmokazana Ha (Puc.33).

/6 2 Sn/6 Tn/6 on/6 117/6
' ' ' '

Puc.33

MaxkcumanbsHast 9/1C 0OMOTKH COOTBETCTBYET MJIOCKUM Y4YacTKaM Tpare-
nun. Ecnu Ob1 HaM yZanoch Ha 3TUX yYacTKaX YIJIOBOM TpaeKTopuu chopMu-
poBaTh B 0OMOTKAaX TOKM HEKOTOPOM aMIUTUTYbI, COBIAJAIOIIUE 10 3HAKY CO
3akoM JJIC, TO 3TO MO3BOIMIO ObI CPOPMHUPOBATH MPU STHUX TOKAX MaKCH-
MaJIbHbII MOMEHT.

st mpuMepa pacCMOTPUM y4YacTOK YIJIOBOH TpaeKTOpHH OT T/6 mo /2.
Ha stom yuactke 3/IC B (haze 4 umeer MaKCUMaIbHO OTPULIATENLHOE 3HaUe-
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HUE, a B a3ze B MakCUMaJIbHO ToJiokuTenbHOoe (cM. Puc.33). CnemnoBaTenbHo,
JUISL TIOJTyYSHHUS TIOJIOKUTEIBHOTO MOMEHTA Ha 3TOM y4YacTKe YIJIOBOHW Tpaek-
TOpHUH HaZl0 o0ecTieuuTh B (paze 4 oTpuLaTenpHoe, a B (pase B MOI0KHUTEIBHOE
3HaueHue Toka. J{s atoro $azy 4 MOKHO MOIKIIOYHTH HAa OTPHUIIATEIBHBIH,
a3y B Ha MOJOKHUTEIBHBIH MOIOCa BHEITHETO NCTOYHUKA HANpsKeHUs (Ugy).
I[Tpu 5ToM daza C He UCTIONB3YETCsI, M €€ He Ha0 MOAKII0YaTh HUKYA.

Ecnu paccyxaate TakuM 00pa3oM, TO MOKHO COCTaBUTH TaOJIHILy KOMMY-
Tanuii OOMOTOK, OOECIICUYMBAIOIINX B 3aBHCUMOCTH OT IOJIOXKEHHUS POTOpa
MOMEHT HYy>KHOTO 3Haka (Tabm. 2).

Tabn.2
Monkniode- MonoxeHune poTtopa
Hne a3 .. 30° ... 90° ... 1580°... 210° ... 270°... 330°...

A - -U dc - Udc - + Udc + Udc -

M>0 B +Udc +Udc - 'Udc 'Udc - +Udc
C 'Udc - +Udc +Udc - 'Udc 'Udc
A - + Udc + Udc - - Udc - Udc -

M<0 B 'Udc 'Udc - +Udc +Udc - 'Udc
C |+ Udc - - Udc - Udc - + Udc + Udc

OOMOTKH JIBHTATENII MOXXHO KOMMYTHPOBATh Ha BHENIHWA HCTOYHHUK Ha-
MPSDKEHUS ¢ TIOMOIIBIO TpeX(a3zHOro MOCTOBOTO MHBepTOpa. To ecTh cocTos-
HUE HMHBEPTOpPA HAJI0 TOCTABUTH B 3aBUCUMOCTH OT TIOJIOXKEHHUS POTOpa.
OOBIYHO ATO JeNaeTcs C MOMOIIBI0 JaTurKa nonoxenus poropa (AIIP).

JITP mo3BoJisieT onpeaenuTh NoJI0KEHHE POTOPa C TOYHOCTHIO 110 60°, 4TO
KaK pa3 ¥ HEOOXOAUMO JJIsi OCYUIECTBIIEHUSI KOMMYyTanuii oomoTtok. JIITP nme-
eT Tpu kaHama. Kaaplii KaHa BBIJACT 3a OJUH 00OpPOT JBUTATEIST UMITYJIBC,
COOTBETCTBYIOIINI MOJIOBHHE MEPHOa BPAIICHUS, IPU ITOM HUMITYJIbChI B Ka-
Hajax cIBUHYTHI Ha 120°.

Jlorudeckasi 00paboTKa STUX TPEX CHUTHAIOB MO3BOJIAET ONMPEAENUTh, B
KaKoM M3 mecTu ceKTopoB (Tabi.2) B JaHHBII MOMEHT HAXOTUTCS POTOP.

Pa6ora JIIIP nosicHseTcs Tabauei 3.

Tab6n.3 Pa6ora JITTP (onpenenenue cekropa)
30° ... 90° ... 150° ... 210° ... 270° ... 330°
A 1 11 fJoJoJofJo o [o]1]1 1
B 0 1|1 |1 ]1[1]1 o [o]olfo 0
C 0 oJoJoJofTTTITT I 1Tl o
CekTop 1 P 3 4 5 6 1
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7.2 CrTpyKTypa cuCTeMbl YIIPABJICHUS MOMEHTOM

Omnpexenstoniass MOMEHT BEJIMYMHA TOKA, MPOTEKAIOMIETO Yepe3 0OMOTKH,
OyIIeT B CBOIO OYepedb OMPEISISIThCS MPUKIAJABIBAEMBIM K OOMOTKAM Harpsi-
»xenueM, BenmmuuHou DJIC n mapameTpamMu 0OMOTOK.

Anroput™, onricanHblil B Tabu. 1, mpeAmnonaraeT B OAWH U TOT K€ MOMEHT
MIPOTEKaHNE TOKa TOJIBKO B JBYX (hazax npurarens. [loatomy Beipakenue (50)
MOKHO Tepenucath B Buje (51).

M, =272y, (51)
['ne: [, - 3Havenne ToKa B paszax

31ech U BO3HMKAET aHAJIOTUSI C JBUTATENIeM MOCTOSHHOTO Toka. [lomyua-
€TCsl, YTO MOMEHT JBHUraTejsl MPOMOPLHMOHAJIEH TOKY, IPOTEKAIOUIEMY Yepe3
O0OMOTKH, YTO IOBTOPSICT BBIPAKEHUE ISl JBUTATENS MOCTOSHHOTO Toka. Ha
3TOM aHAJOTMU HE 3aKAHUMBAIOTCS — KaHaJl PEryJIMpOBaHUS MOMEHTA B IPH-
Bojie ¢ B/IIIT momywaeTca TakoW k€, K&K U B MPUBOAE IMOCTOSHHOTO TOKA.
PaccmoTpumM ero nomnoapoOHee.

1
Cwuctema ynpasneHusi !
MomeHTOoM BOMNT !

1
1
1
1

1

1

|

i 3Hak M 3akoH < 4 c

' Komn. ™ vommytaumm |€¢&— B VEHaF{IbI

1 1

| <

1 ¢ : C

| |

1 1

' —/
! A

M=, U .

! v | |> WM ——» U

| per. | B
1

i 1 UC

' dunbTp i

1

! Toka [ i [ﬂ’

1 1

1 1

e 1

Puc. 34

Wrak, 11t oaydeHus: HEKOTOPOr0O MOMEHTAa, OCHOBBIBAsICh Ha BBILIECKA-
3aHHOM, HEO0XOIMMO, IIPU COXPAaHEHMHM 3aKOHAa KOMMYTallMd OOMOTOK
(Tabmn.1), chopmMupoBaTh B HUX TOK HYKHOW aMIUTUTYABL. DTy 3a7adyy MOXKHO
pELINTh ¢ MOMOLIBIO CO3AAaHUs Ha 0a3e Tpex(a3HOro MOCTOBOTO MHBEPTOpa
koHTypa Toka ¢ IIIMM. Takas cucrtema OyneT comepkaTh PEryJjsTop TOKa,
CUTHAJ ¢ BhIXoJa KoToporo BeigaeTca Ha MM u mo3BosigeTr nmoaiep>KuBaTh
3aJlaHHOE 3HAYEHME TOKa, PEryJUpys CpeAHEe HaNpsHKEHUE, IPUKIIAbIBAEMOE
K OOMOTKaM B COOTBETCTBHH C alrOpuUTMOM uX kommyTtamuu (Tabma.1). B ka-
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YeCTBE CUTHAJa 00PAaTHOW CBSI3U PETYJISATOPA MOXKHO HCIOJIB30BaTh Tpexdas-
HO-BBINPSIMIICHHBIE CUTHAJIBI JATYMKOB TOKA (ha3 WIIM CUTHAJ AaTYMKa TOKa B
3BEHE MOCTOSIHHOI'O TOKa MHBepTOpa. OT MpUBO/a MOCTOSIHHOTO TOKA 3TOT Ka-
HaJl yNpaBJIEHUS MOMEHTOM OTJIMYAeTCs JIMIIb HAJMYUEM 3aKOHAa KOMMYTa-
[MH, 3anncagaoro B Taou.2.

Crpykrypa cucremsl ynpasieHuss MomeHToM bJIIIT mnpusenena Ha
Puc.34.
B SiminTech

Cucrema ynpasienust BJIIIT MoXHO MOCTPOUTH, UCTIONB3YSI CICAYIOIINE
nBa OJI0Ka, pacnoioskeHHbIe B pa3aene b/II1T:

1. CeneKkTop Kno4en

v bnokom «Cenekrop Kirodein» («IeKTponpuBo-
S abby, nogapazaen «BJAIIT») obecrieunBaeT 3aK0H
3HM koMmmyTanuu oomotok BJIIIT B 3aBucUMOCTH OT
curnana JII1P u 3Haka TpeGyeMoro MoMeHTa.
v' Cenekrop paspemiaet npoxoxaenue [IIMM-curnana Ha cooT-
BETCTBYIOIIME KIFOYM UHBEPTOPA.

Arnp

2. bnok LM
U v [IupoTHO-UMITYJIbCHAS MOIYJISLMS B CTPYKTYpE YIIpaB-
U nenust BIIT ob6ecrieunBaercs 6mokom «IIIMM».
S («QaexTponpusoabi», noapasnen «bAIT»).

v Ha BxoJ 6J10Ka 1101a€TCSI MOYTMPYEMBbI CHTHAI HATIPSOKEHUS
(U) u curnansl pa3zpemieHus: paboThl KIIFOYEH ¢ ceeKTopa KiTko-
yeii (S).

Ha Puc.35 nmpuBeaeH npumep MoJenu KOHTypa YIpaBI€HHS MOMEHTOM
BAIIT, cuctema ympaBieHHs KOTOPOH MOCTpO€HAa MO H300paKeHHOM Ha
Puc.34 ctpykrype.

Jlannast MOJ€eNb (M_BAIIT.prt) HaXOOUTCS B arke
«SiminTech\Demo\JsiekTponipuBoabD.

Mogenb cOCTOMT U3 3JIEMEHTOB, YK€ PAaCCMOTPEHHBIX HaMM paHee, 3Je-
MEHTOB OnOMoTeku «MexaHuka» 1 001X OJOKOB aBTOMATHKH.

Harpy3ska asurarens coOpaHa u3 3eMeHTOB 6MOnuoTeku «MexaHuka» u
XapaKTepU3yeTCsl MOMEHTOM MHEPLUU U BSI3KUM TpeHueM. CKOpOCTh, IMOIy-
YaOLIAscs MpU NPUIOKEHUHM MOMEHTa K 3aJJaHHOM MeXaHW4YeCKOW Harpyske,
[I0/Ia€TCSl HA COOTBETCTBYIOLIUI BXO MOJEIHU JABUTaTEINs.
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3ananne M(I) Per. Toxa LM
|X| e IH BbDf Yok
; pi S
| 3rak M Cenercruop
FOL} < KJIFOei
e
Ia,Ib.Ic e
1(ABC) I
Brmpamnrens %
U GUIETP
CxopocTh

BIIIT -
. o | MonenT I;l A
I D
9) L v HHB B BJIT Qe T
C 2 @ 6 cj—bs JIIP T — )
2 I

VHBEPTOP AL

¢ Iabc 3
MEXAHHWKA

Puc.35

I'pacduk Ha Puc.36 mokaspiBaeT mpoIECcChl, TOSACHAIOMINE PA0OTy MOJIEIH.

CkopocTb
X 3agaHne MmomeHTa

0 0.07 0.14 0.21 0.28

Puc.36
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8 YnpasiieHue cKOpOCTHIO

CucremMbl peryjiMpoBaHHsl CKOPOCTH B 3JIEKTPONPUBOJIE CTPOSITCS Kak
JIBYXKOHTYPHBIE CUCTEMbI IOJJYMHEHHOTO PEryJIUpOBaHUs, UMEIOIINUE B Kaye-
CTBE BHYTPEHHEI'O0 KOHTYpPa CUCTEMY yNPAaBICHUS MOMEHTOM U BHEIIHUIN KOH-
TYp CKOPOCTH.

Ha BbIxone perynsitopa cKkOpocTH (HOpMUPYETCS MOMEHT, HEOOXOIUMBIiA
JUTsE OTpabOTKU PacCOTIacOBaHUs MO CKOPOCTU. 3aTeéM ITOT MOMEHT oTpada-
THIBA€TCSI CUCTEMOU yIIPaBIIEHUS MOMEHTOM.

Perynsitopsl BHyTpEHHETO KOHTYpa OOBIYHO CTPEMSTCS HACTPOUTH Ha TaK
HA3bIBAEMBI MOJYJBHBIA ONTUMYM, YCTpeMJsisi OOIIyI0 MepelaTOYHYIo
GYHKIIUIO KOHTYpa K eAuHuIle. boee BhICOKOE OBICTPOEHCTBIE KOHTYpa TO-
Ka MO3BOJISIET MpeHeOpeyb ero AMHAMUKON MPH MOCTPOESHUU BHEIIHETO KOHTY-
pa CKOpOCTH.

Perynstop ckopoctH, BO u30ekaHUE CTATUYECKON OMIMOKH, UMEET Mpo-
MOPLIMOHATILHO-UHTETPATIBHY IO CTPYKTYPY.

CTpyKTypa CUCTEMBI PETYIMPOBAHUS CKOPOCTHIO M300paxeHa Ha Puc.37.

Cwnctema ynpaBreHusi CKOpOoCTbio

1

1

1

1

| Perynsitop —— U,

| CKOPOCTH — U,

! 1
Opger 1 M| M | Cucrtema [ > Uc
3apaHue | per. "| ynpaBneHus |[g eR
cKkopocTH | MOMEHTOM '

' ®p — 1 A

! 1

! O6paTHas cBsi3b <:— Iy

| —— ]

| ! c

Puc.37

[Tpumep Monen cUCTEMBI PETYIMPOBAHHS CKOPOCTH ACUHXPOHHOTO JIBH-
raTens («W_A/l.prt») MOYKHO HAUTH B Tanke
«SiminTech\Demo\JJiekTponnpuBoabD.
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9 YnpasjieHue MOJI0KEHUEM

Cucrembl ynpaBieHHUs MOJOXKEHUEM TAKKE CTPOSITCS KaK CUCTEMBI IOJ-
YUHEHHOTO peryiaupoBaHusi. OHU MOTYT OBITh TPEXKOHTYPHBIMU, MU JIBYX-
KOHTYPHBIMH.

9.1 TpexkoHTypHas CTPYKTypa

B 3TOl cTpyKType KOHTYp MOJIOKEHUS SIBJISETCSI BHELIHMM IO OTHOLIE-
HUIO K JIByXKOHTYPHOH CHCTEME PEryJIMpOBaHUs CKOpocTu. Takas cTpykTypa
n3obpaxena Ha Puc.38.

[IN-perynsaropom noaoxeHus: GOPMUPYETCS CKOPOCTh ((®pgser), HEOOXOU-
Masi 17151 OTpaOOTKHU paccoriacoBaHUs MO MOJIOKEHUIO (€).

TpexkoHTypHasl cucTeMa SIBJISIETCSI €CTECTBEHHOMU, €CIIN:

v/ B 3NIEKTPONMPHUBOJIC MEXKIY JABUTATENICM M pabOYUM OpPraHOM
HMMeEETCs epeIaTOUHbIN MEeXaHU3M (PEAYKTOp | T.1I.)

v/ JIaTYMK TOJIOKEHUsI poTopa (CHrHAI Og), HCTIONB3YEMBIH OTHO-
BPEMEHHO IS [TOJIy4Y€HUsI CKOPOCTH ((MR), yCTAHABIMBAETCS HA
BaJly JIBUratess, a 1aTYuK MOJOXKEeHUs paboyero opraHa (CUrHai
Sp) - Ha paboueM oprase.

Cuctema ynpaBreHUsi CKOpOoCTbio

1
1
1
1
| L U,
Perynstop \ Perynartop ! U
nonoxeHus ! CKOpOCTH —:—P B
S el n | M Cucrema [——>Uc
> |
3apaHue per. per. ynpasJieHnA <:_ eR
NonoXxeHus MOMEHTOM ' I
—— 1,
],
A
' c
1
_____________________________________ 1
ObpatHasi cBsi3b
AP
Puc.38
i BHUMAHUE!

V' Perynsitop moJio)KeHus B TPEXKOHTYPHOU CTPYKTYpe 0OBIYHO
JIEJIaeTCs IPONOPLIUOHATILHBIM.
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9.2 JIBYXKOHTYpPHasi CTPYKTypa

JIByXKOHTYpHYIO CTPYKTYypy YAOOHO TNPHMEHSTH Uil Oe3pemayKTOPHBIX
npuBO/IOB. B Takmx mpuBojax OOBIYHO NATYMK IOJIOKEHHUS POTOPA SBISETCS
eIMHCTBCHHBIM U HCIIOJIb3YETCS OTHOBPEMEHHO JUIS OIIPEETICHUS CKOPOCTH.

CrpyKTypa IByXKOHTYpPHOI cUcTeMBI ITpuBeAcHa Ha Puc.39.

i Perynsatop nonoxeHus > U,
0 | — U,
1
Rset ! kp + = Cuctema —>»U,
3apaHve P ynpaBreHus |g 0
NonoXXeHna MOMEHTOM R
0, 1,
< I
——————————————————————— < 1.
O6patHasi cBsi3b

Puc.39

[TU - perynsTop MOJOXKEHUS B TAaKOH cuCTEMe — 3aJa€T MOMEHT, HE00X0-
JUMBINA 1711 TOTO, 4TOOBI OTPabOTaTh PACCOTIACOBAHKE TOJOKEHUS, 4 BBIYH-
TaHUE U3 3TOr0 MOMEHTa CKOPOCTH OCYUIECTBIIIET HE0OXoauMoe neMIpupo-
BAaHHME CUCTEMBI.

Crenenp geMndupoBaHust onpeaensercs KoOdpHUIUEHTOM k.

KoHTyp nmonoxeHust MO)XKHO pacCMaTpUBaTh KaK BHELIHHUH 110 OTHOLIEHUIO
K CHCTEME yNpaBJICHUsS MOMEHTOM. B cuity siBHO Gojiee BBICOKOTO OBICTPOICH-
CTBHSI KOHTYpa MOMEHTA, IPUHLUIIBI TOJYMHEHHOT'O PEryJIMPOBAaHUS IPU 3TOM
HE HapyLIaoTCs.

B SuminTechh
v B kauecTBe perysropa MnojoKeHus, 00eCIeYnBaro-
& S IIETO HACTPOUKY KO03(PPHUIIMEHTOB (TIPOITOPIIHOHAIB-
P HOT'O, HHTEIPAJIbHOTO U IEMII(UPYIOIIET0), MOKHO
D i UCTIOJIB30BaTh 3JIeMeHT «Perysitop ¢ nemmndupona-

HUEM» («JIEKTPONPHUBOABLD), oapasaea «D»).

v DTOT perysitop MOXeT paboTarh B aOCOFOTHBIX B OTHOCHTEIBHBIX
€IMHHULIAX C 3a/1aBa€MbIM YPOBHEM OTPaHUYEHUS BBIXOJHOIO CUTHAjA U
ONTUMAJIbHBIM OI'PAaHUYEHUEM UHTErPaIbHOI COCTABIIAIOIIEH B 3aBUCH-

............ MOCTH OT 3HaUY€HUS IPONOPLUOHATILHOM.
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9.3 ®opmupoBaTe/ib TPACKTOPUHA

Yacto, mpy MOBBILICHHBIX TPEOOBAaHUSAX K TOYHOCTU U IUIABHOCTH JIBUXKE-
HUS, CUCTEMA YIIPABJICHUS MOJOXKEHHEM (HOPMHUPYET KeEIaeMyI0 TPACKTOPHIO
JBUKEHUSI K 33JaHHOM TOYKE, a 3aTeM ee 0TpabaThIBaeT.

OnuH U3 caMbIX TMPOCTHIX MPUMEPOB TPACKTOPHUH - ITO JABHKEHHE IO TaK
Ha3bIBaeMoOi S-00pa3HOil TPaeKTOPHH C 3aJlaHHBIM YCKOPEHHEM U OTrpaHuye-
HHEM MaKCUMAJIbHON CKOPOCTH.

PaccmotpuM anroputm paboTsl GopMUpOBATENS TAKOW TPACKTOPHUH.

HcxomapiMu JaHHBIMU JITOPUTMA SIBIISTFOTCSI CIIEAYIOIIUE BEITMYUHBL:

v’ &) - MOJIyJIb YCKOPEHHUS JIBUIKEHUS TI0 TPAEKTOPUH

V' @ - MOJLYJIb MaKCUMAJILHOM CKOPOCTH JBMIKEHUS 110 TPACKTOPUH

v' 0 - uHa TpaekTopur (PasHOCTh MEXK/IY PEALHLIM H 3a/1aH-
HBIM TIOJIOXKCHHEM Tepel HA4allOM JIBHKEHHUS).

Paborta dbopmupoBarens 3akitodaeTcs B TOM, YTOOBI MPH IABHUKEHUHU IO
TPACKTOPUH, B KaXKIbIi MOMEHT BPEMEHH, (POPMHUPOBATH CHUTHA TEKYIIETO
3a/laHUsl YCKOPEHHUSI Egsey U CUMTATH 3aJJAHHBIC 3HAUEHUS CKOPOCTH U MOJIOKE-
Hus 1o popmynam:

szet = j 8Rset dt

eRset = .[ O‘)Rset dt

I'paduku 3TX curHanoB nokasansl Ha Puc.40.

TpaekTopusi OBUXKEHUS

€
YCKOpeHWe (Erset) .

CKopocCTb (Wgset)

B fommomaeoes TMonoxerue (Brser)

Puc.40

BpemMs BbIxo/1a Ha MaKCUMAaJIbHYIO0 CKOPOCTh OINPEAEISETCS BRIPAXKEHUEM:

(O]
0
t —_

80
OTCIOI[a NEepeMECUICHUEC, ITPU BBIXOAC HA MAKCUMAJIbHYIO CKOPOCTh:
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2
0 — Eoly _ O

°T 2 2,

B 3aBucuMocTH OT BEIWYUHBI |60| BO3MOXHBI J[Ba BapuaHTa pabOTHI

(dhopMHupoBaTENs TPACKTOPHH:

BAPHAHT 1  |o,|<26,

JIBuKeHHe TPOUCXOAUT Oe3 OrpaHUYeHUs] CKOPOCTH, IPU 3TOM (POpMUPY-
€TCSl TPACKTOPHUS, COCTOSIIIAS U3 ABYX YYaCTKOB:
v\ paBHOYCKOPEHHOTO (3HAK Egye; COBIALAET CO 3HAKOM 0)
v’ paBHO3aMEJIEHHOIO (3HAK Egse IPOTHBOIOJIOKEH 3HAKY 0p).
[Tepexon ¢ paBHOYCKOPEHHOTO ydacTKa Ha paBHO3aMEJICHHBIN JenaeTcs
B CEpEIMHE TPACKTOPHUHU.

BAPHAHT 2  |o,|>26,

JIBuKEeHHE NMPOUCXOIUT C OTPAHUYEHUEM CKOPOCTH, IIPU 3TOM (POpMUPY-
€TCSl TPACKTOPHSI COCTOSINAS U3 TPEX YYACTKOB:
v\ paBHOYCKOPEHHOIO (3HAK Egse, COBIANAET MO 3HAKY C Op)

=)

v/ IBH)KCHUS C TIOCTOSTHHOM CKOPOCTBIO ( |0) Rset

v\ paBHO3aMEIICHHOTO (3HAK Ege; IPOTUBOIIOIOMKEH 3HAKY 0)).
[Tepexox ¢ yuacTka Ha y4acTOK MOXHO JIeJIaTh MO KOHTPOJIIO 32 3a1aHHBIM
MIEPEMEIIEHUEM CIIAYIONUM 00pa3oM:

v PaBHOYCKOPEHHBIH Yy4aCTOK 3aKaHYMBAECTCS, KaK TOJBKO MOYJIb
ORser CTAHOBUTCS OOJTBIIIE MOTYJIS 0,

v/ y4acTOK MOCTOSHHOW CKOPOCTH 3aKaHYHMBAETCsI, KOT/[a Pa3HHIA
Memay KOHCYHBIM U TCKYHII/IM 3aJaHUCM ITIOJIOKCHUA 110 MOI{y-
JIF0O CTAHOBUTCS MEHBIIIE 0.

[TocTpoeHue perynsaTopoB HpU JBUKEHHUU IO TPAEKTOPUH HUMEET CBOIO
cnemnduky. Hanpumep, B cucreme peryiaupoBaHus n300paxeHHoi Ha Puc.39
Ha BXOJ] JeMI(UPYIOLIEH COCTaBIAIOLIEH PeryasTopa HaJl0 NoJaBaTh HE CKO-
POCTB POTOPA, a PA3HOCTh MEXKJLy CKOPOCTBIO POTOPA U 3aJaHUEM CKOPOCTH I10
TPAaEeKTOPHUH.

Yem OosbIe 3Ta pa3HOCTb, TEM OBICTPEE N3MEHSAETCS MOJI0KEHUE OTHOCH-
TEJIHO 33/IaHHOTO U T€M CHJIbHEe OTpULaTeNbHast 00paTHast CBsI3b AeMIIpupy-
er mporecc. [Ipu mpaBUIbHO HACTPOEHHOM DPETYNIATOpE KOJeOaHMs ITOJIOXKe-
HUSI OTHOCHUTENBHO 33JJaHHON TPAEKTOPUHU OTCYTCTBYIOT U peasibHasi CKOPOCTb
paBHA 3aJaHHOM.
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KpOMe TOT0, €CJIIN B CUCTEMC B Ka)KI[I)If/'I MOMCHT BPEMCHH HMCIOTCS KC-
J1a€MbIC (SaﬂaHHLIe) S3HA4YCHUA YCKOPCHUA U CKOPOCTH, TO IIOABJIIACTCA BO3-
MOKHOCTb KOMIICHCAIIMX UHEPIHHU, CYXOT'O U BA3KOI'O TPCHHUA.

C Y4€TOM 3HaKa CKOPOCTU U YCKOPCHUS, MOMCHT HpHMOﬁ KOMIICHCAalIlu1
OIMUCBIBACTCA CIICAYIOUINM BBIPAKCHUCM:

M = JgRset + kTpO‘)Rset + Sign(o‘)Rset ) M

KoMmIl CcT

I'ne: J— MOMEHT uHepuuu
k., — KO3 OHUUMEHT BSI3KOTO TPEHHUSI
sign — QyHKIUS BBIICICHHUS 3HAKA
M_, — Benu4YrHA MOMEHTA CYXOIr'O TPEHHS

Bkittouenue perynstopa MoJIOKeHHsI C PSIMOW  KOMIICHCAIUeH pyu JIBU-
YKEHHUHU T10 TPAeKTOpUHU Noka3zaHo Ha Puc.41.

Plsign M
€ M
Rset KOMIT

> J
(’ORset r________________-i
>k ! PerynsiTop nofoxeHus! |
p 1 1
0 . !

1

Rset

Puc.41

MopenupoBaHuie U MpakTHKa MPUMEHEHHUsS KOMIICHCAIIMH TPEHUs] U HHEp-
UM TTOKA3bIBAIOT, YTO YAaCTO TaKMM 00pa3oM, 3a CUET «OOJIErYeHHUs KHU3HN
PErysaTopy, MOXHO 3(P(PEKTHBHO MOBBIMIATh TOYHOCTH OTPAOOTKH TPAaeKTO-
PHH ¥ NCKITIOYATH TIEPEPETYINPOBAHNE B TOUKE MO3UIIMOHUPOBAHUSL.

........ B S . ’WT z l
Q v Bbnok «®opMUpOBaTEIh TPAEKTOPHU» («DJIEKTPO-
Qs npuBoAbDY, noapaszaen «IID») peanusyer onucan-
T W HBIH BBIIIE aJITOPUTM 3aJaTUMKa TEKYIIHX 3HaYCHHH
Qf Mk YCKOPEHUS, CKOPOCTH U TIOJIOKEHUSI.

v\ ®opMHpoBaTellh MOMEHTA MIPAMOI KOMIIEHCALIUH
UHEPIUH U TPEHHUSI HAXOAUTCS BHYTPHU 3TOTO OJIOKA.
v 3aMeTuMm, YTO JaHHBIH OJOK MMEET YIPOIIECHHYIO alTOPUTMHKY, HE TI0-
3BOJIIOINYHO UBMCHSATH 3aJlaHNUC MMO3UIINH, I[TOKAa HC ITPOU30ILIa OTpa6OT-
-------- Ka MpebIAyIIEero 3a1aHHOTO MOJI0XKEHUS.




Kpome onmcannoro Bbime (GopMuUpoBaTensi TPaeKTOPUH, B CHCTEMax
YIPABJICHUS TOJIOKEHUEM NPUMEHSIOTCS M 0ojee CIIOKHBbIE 3aKOHbI (hOpMU-
poBanusi TpaekTtopuil. Hanmpumep, Takoil, kak nokazaHo Ha Puc.42. Ecrtect-
BEHHO, OH TpeOyeT OoJee CI0KHOW alrOpUTMUKUA TOCTPOeHUs: (opMUpOBaTe-

JIsI.

82

TpaekTopus OBMXEHNA

_| PbiBOK I:I _
/: . . YckopeHue - . ' '
. MonoxeHne : : -

Puc.42
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10 ITakeTrHOe MOCTpOEHME MOoaeJIel

B npeaucnoBun Kk JaHHOMY COUYMHEHUIO YK€ TOBOpUIIOCh, yTo SimInTech
MO3BOJISIET CO3JIaTh «IIOYTH KYpPHILy» U MPUOIU3UTHCS K PEaIbHOCTH MaKCH-
MaJIbHO. DTO MOXHO CHE€JaTh C IOMOIIbIO IMAKETHOTO MOCTPOEHUS MOJEIU.
OHO MO3BOJIIET TOYHO MOJEIUPOBATH () (PEKTHI JUCKPETHOCTH MO BPEMEHU U
YPOBHIO, YTO OCOOEHHO Ba)KHO /17151 IIU(PPOBBIX CUCTEM YIIPABIICHUS.

B cnyyae 31eKTponpHBOOB MPOEKT pa3OMBaeTCs Ha JBA MPOEKTa, 00be-
JUHEHHBIE B MTAKET.

IIepBbIil IPOEKT — 3TO MOJEIL HENPEPBIBHOW YAaCTU CUCTEMBI, & BTOPOU
IIPOEKT - 3TO MOJIEIIb €€ JUCKPETHOM YacCTH.

10.1 Moaeab HenmpepbIBHOM YaCTH JJIEKTPONPUBOAA

Mojernb HenpephIBHOM YacTH 3JEKTPONPUBO/IA BKIIOUAET B CeOsL:
v’ cuiioBo# Tpex(asHblit MOCTOBOM HHBEPTOP ¢ GiiokoMm [ITMM-
yIpaBJIeHUS
v’ DIIEKTPOABUTATEND
v MEeXaHHYECKYIO YacTh 3JIEKTPONpPUBO/A (TIEpeIaTOYHBIC MeXa-
HU3MBI U Harpy3Ka)
v’ J1aT4uKu
v/ QHAJIOTOBBIN y3€J1 3aJIaHusl PETYJIMPYEMON BEMUMHBI (€CIH OH
€CTh).
WuTerpupoBanue B MPOEKTE OCYHIECTBISIETCS METOAOM Jilyiepa ¢ 1marom
JOCTaTOYHBIM I TOYHOTO MOJEIMPOBAHNUS HENPEPHIBHBIX POLIECCOB.

10.2 Moagenbr JAUCKPETHOM 4YacTH (MPOrpaMmbl
YHPaBJIAIOUIEr0 KOHTPOJLJIEPA)

JluckpeTHas (mMporpaMMHasi) 4acThb 3JEKTPONPUBOJIA COCTOUT U3:
v’ aHanoroBo-uMQppoBsIX MpeobpasoBaTeneii
v 1uppPOBOI CHCTEMBI YIIPaBICHHS.
WuTerpupoBanue B NPOEKTE OCYIIECTBIIAETCS METOJOM Diiepa ¢ Iarom,
PaBHBIM IPEAINOJIAraeMOMY LMKy HPOTrPaMMBbl MPOLECCOPa, YTO OOBIYHO CO-
orBercTBYyeT nepuony LIIMM — reneparopa.

10.3 Cgsa3b NpPOEKTOB MOJIEJIHN

CBs3b MPOEKTOB JTUCKPETHOM U HEMPEPHIBHOM YACTEU B MaKETE OCYIIECTB-
JISI€TCS ¢ TIOMOIIBIO 0a3bl aHHBIX (*.db).
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CuHXpOHU3aAIMs TPOEKTOB (OOMEH JaHHBIMHU MPOEKTOB) B MAKETE OCYIIIE-
CTBJIIETCS C IIaroM oOcueTa JUCKPETHOM YacTH, 4TO MO3BOJISIET TOYHO MOJie-
JUPOBATH pabOTy MUPPOBOM CUCTEMBI PETYIUPOBAHHUS.

10.4 Hopmanm3anusi (mepexogq K OTHOCUTEJIbHBIM
eIMHULIAM)

IIpn mocTpoeHHH MOJENN JUCKPETHOM YacTH CHCTEMBI MOXKHO OCYILECT-
BUTh HOPMAJIM3ALUIO - MPUBEACHUE BCEX MAKCUMAaJbHBIX BEIMYHUH, (UTypU-
PYIOIIMX B YNpaBJISAIOUIEN mporpaMme, K €JUHMIIE 0 MOIYJII0. DTOT HpUEM
IIPY PEAJIbHOM IPOEKTUPOBAHUU IO3BOJIET IPOrPAMMUCTY HE JAyMaTh O pas-
PAHON CETKE IPU U3MEHEHHUH ITapaMETPOB aHAJIOTOBOM YaCTH.

Jng HOpManu3auuu B MOJEIN BBOAMMBIX IApaMETPOB HCIOJIB3YIOTCSA
osmoku HopMmanuszaiuu. Kpome Toro, Bce MakcHUMallbHbl€ 3HAUEHUS MOJEIU-
pyeMbIX OJIOKOB OIpaHMYMBAIOTCS [0 MOJLYJIIO €IUHULICH.

10.5 UnTtepdeiicHbie OJIOKU U MX MOAETH

JlanHple OJOKM MOTYT HCHOJB30BATHCS IMPH MAKETHOM MOJEIMPOBAHUH
JUISL MOJICTIMPOBAHNS PA3INYHBIX HHTEPEHCHBIX Y37I0B, HAIPUMED:
v AL
v/ QHAIIOTOBBIX JaTYMKOB
v OUIbTPOB
v’ BJIOKOB mepexo/ia K OTHOCHTEIbHBIM ¢IHHHIIAM.
Hanee onucansl uatepdeiicusie 6110ku cpenst SimInTech.
Ecnu mone3oBarens, Mo KakMM-TO IPUYMHAM HE YAOBJIETBOPSIOT CYIIECT-
BYIOIIIME MOJEIH 3THX OJIOKOB, OH BCET/1a MOXKET CO3/1aTh COOCTBEHHBIE.

10.5.1 Anasiorobie 1atuuku B SimInTech

OOBIYHO B QJICKTPONIPHUBOJaX HCIIOJIB3YIOTCSA aHAJIOTOBBIC NATYHUKU TOKA U
HAaIPsoKCHUA.

[Tyctp Tpebyercs MMETh MOJACNb JaT4yhKa, KOTO-
in AHaor. out PBIM JIOJDKEH U3MEPATh TOK MAKCUMAJIBHOM aMILUIATY-
AQTIHL el 100A. Curgain ¢ garyMka 3aTeM JOJDKEH OBITh
npopUIBTPOBaH C MOCTOSHHOW BpeMeHH S00MKC H
MO/IaH Ha BXOJ yIpasJsitoniero koutposuiepa (Ha ALIT) B quanazone +3.19B.
Torga B cBOWCTBaX MOJENU «AHAJOTOBBIM JATUUK» («DJIEKTPONPHUBO-
ab», oapazaen «I1I») Hamo nponucarth claeayroIee:
Max 3HadyeHre BX. BEJIUYUHEL: 100A
MakcumanbHOE HalpsKEHUE BbIXO0/IA: 3.19B
[locrostnHas BpeMeHu puibTpa: 0.0005
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[Tpu Takux HaCTpOHKax OJIOK OOECTICUHT:
v koo punuent nepenayun 3.19/100
v/ aneproIuyYecKyro QUIBTPAILUIO C HOCTOSHHON BpemeHu 500 MK
v/ OrpaHdYeHHe CUTHajIa Ha ypoBHE +3.19.
AHanornuHo noctpoena monaenb «Jlatunk TokoB a3z ABC» («IaeKTpo-
npuBoab, noapaznen «I»). OHa conepXUT TpU KaHalda aHAJIOTOBBIX JaT-
YUKOB.

MPUMEYAHUE!

v' AHanoroBble JaTYUKH CKOPOCTH U IMOJIOXKCHUSA B COBPCMEHHBIX
MMPpUBOJAAX, KaK IPaBUJI0, HC UCIIOJIB3YIOTCA.

10.5.2lndposbie gaTyuku B SimInTech

Mogens «J/laTuuk  TOJIOKEHUS  aOCOJFOTHBIN»

JaT4ynk ot («OaexTponpuBoab», noapasaen «II») mo3sosaoT

HOTOHER. 3a7aTh Pa3pATHOCTh NPEOOPa3OBaHHUs IOJNOKEHHS B

KOJ U 33/IEp’KKy MOJy4YeHUs UH(OPMAIH MPU UCTIONb-

30BaHHUH MMAPAJUIETHLHOTO WIIM TOCIEA0BATENFHOTO HHTep(eiica CBI3U MEXITY
JaTYMKOM U BXOJIOM YIPaBJIAIOLIET0 KOHTPOJUIEPA.

10.5.3 baoku AIIII

[Iycte yepe3 12-paspsanbiii kanan ALl ynpasnstoniero KoHTpoiiepa
HaJl0 BBECTU CUTHAJI C MOJENH JJaTYMKa TOKa, IPeoOpas3yollero ToK B Auamna-
30oHe +100A B Hanpsbxkenue +3.19B.

Curnan Toka JBYXIIOJIPHBIA, CJIEI0BATENbHO,
onuH paspsaa ALII OyneTr 3HaKOBBIM U KBAaHTOBaHUE I10
YPOBHIO HaJI0 JIeNIaTh C TOYHOCTHIO B 11 pa3psanos.

Torma B cBoiictBax Omoka «ALIl (1 xanam)»
(«QaexTponpuBoab», noapasnen «II») Hago nmponucaTh caeayoIee:

Pazpsanocts AL 11

MaxkcumanbsHoe 3HaueHue UBX: 3.19

MakcumanbHOe 3HaueHue npeodp. BenuuuHsl: 100

[Tpu Takux HaCTpOHKax OJIOK OOECTICUHT:

v koo punuent nepenaun 100/3.19
v/ KBaHTOBAHHME I10 YPOBHIO IIOJYYEHHOTO JBYXIOJISIPHOTO 3HaUE-
HUA ¢ TOYHOCTBIO 11 pa3psinos.

Ecnu xe npeoOpa3yemblii CUTHaN SIBJISETCS OJHOMNOJSPHBIM, TO pa3psii-
HocTh ALIII B cBoifcTBax 60Ka 10JKHA COOTBETCTBOBATh Pa3psiIHOCTU MOJie-
mupyemoro ALIIL.

in A]];lKH out
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Amnanornuno noctpoeHa moxaenb «ALlll (3 kanana) («aeKTponpuBo-
abby, moapazaen «IM»). Ona cogepkut Tpu Kanamta ALIL

10.5.4 byiok HopMaJM3aLMH

bnok «Ilepexo K OTHOCUTENIBHBIM €IUHULIIAMY» («DJIeK-
TPONPHUBOALI», noapazaen «I1I») npuBoAUT MakCUMaIbHOE
3HaYeHue BBOAMMON uepe3 ALIIl Benn4uHBI K €IUHMILE IO
MOJTYJIIO.

Jlis 3TOro B €ro CBOMCTBAaxX HAAO MPONHMCATh MaKCUMaJlbHOE 3HAUYEHUE
BBOJMMOM BEJIUYMHBI.

1 =1 o)

10.6 IIpuMep makeTra MpoeKTa MoOaeJH

Hwmwxe paccmoTpeHa Mozenb HO3MLMOHHOTO O€3peayKTOPHOTO 3JIEKTpPO-
NPUBOJA C MHOTONOMOCHBIM (Z,=42) CJIIM, Ha Baimy KOTOpOro yCTaHOBJICH
aOCOJIOTHBIN JaTUMK MOJIOKEHUs. B KadecTBe Harpy3Kkd JIBUTATENsl UCHOJb-
3YIOTCA I/IHepIII/IOHHI)If/'I MOMCHT U MOMCHT BA3KOI'O TPCHUA.

Mozenp 37eKTponpHBOa COCTOUT U3 JIBYX NMPOEKTOB: MOAEIH LU(PPOBOH
CHCTEMBI YIIPABICHUS U MOJEIH HENPEPBIBHOM YaCTH AIEKTPOIPUBOJA.

BHUMAHUE!

v' TlpaBuiia HACTPOWKH MAPaMETPOB TPOEKTA OTHOCATCS K OOIIUM
HOpPUHIMIAM HocTpoeHus npoekToB B cpeae SimInTech. Ipex-
II0JIAraeTCsl, 4YTO UX HA0 U3YUUTh OTIEIIBHO.

10.6.1 Moaeab TUCKPETHOM CHUCTEMbI YIIPABJICHUSA

Mogenb cucTemsl ynpaBiaeHHs IOJ0XKEHHEM pOTOpa, ImpearosnaraeMas K
peanu3aiuy B UPPOBOM KOHTpOIIEpE, NpesicTaBieHa Ha Puc.43.

JlaHHbBII MPOEKT (Yop_C.prt) HaXOAUTCSA B Manke
«SiminTech\Demo\Juexkrponpusoabr\Yroa_CJ/I».
BxoanI:

v’ 3ajaHue yria

v/ curdan abcomoTHOro 17-pa3psaHoro JaT4MKa IMoJ0KEHHs PO-
Topa (Yromn)

v’ Tpu curHaia ¢a3zossix TokoB asurareis (Ia, Ib, Ic), BBoguMbIe
yepe3 AL u 610k HOpMaTHU3aIy.
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CxopocTh WA
Vron
Puc.43
BoIxoanr:

v" 1pu curnana (Ua, Ub, Uc), COOTBETCTBYOIIIHE 3a1aBaCMbIM (ha-
30BBbIM HAIPSKEHUSIM JIBUraTeNs (B OTHOCUTEIbHBIX €IMHULAX).
Crpykrypa:
v CucTema ynpaBJieHHs MOJI0KEHUEM TIOCTPOEHA 10 JIBYXKOHTYP-
Ho# (cM. Puc.39) ctpykType ¢ HCIOIb30BaHUEM PACCMOTPEHHO-
ro Bble «DopMupoBartesns TpPaeKTOPUI».
V' Perynstop yria MmoIK/IOueH B cOOTBeTCTBHH ¢ Puc.41. Borumc-
nsieMbli B «@opMUpOBaTENe TPAEKTOPUUY» MOMEHT KOMIICHCA-
LMY MHEPLIUU U BSI3KOI'O TPEHUS CYMMHPYETCS ¢ MOMEHTOM Ha
BBIXOJIE PEryJIATOpa 1 0TpabaThIBAETCs 3aT€M KOHTYpOM TOKA B
KOOpAMHATAX dg. Perynaropsl cucteMbl paboTaroT B OTHOCH-
TEJbHBIX EIUHULAX.
v" CKOpOCTh POTOpA BBHIYUCIISETCS 110 CUTHAIY IATYMKA MOJIOKE-
HUSL.
Hacrpoiiku npoekra
v' Tlpeamonaraercs, 4To IUKII IPOrpaMMbl paBeH neprory 200
MKC, 4TO cooTBeTCTBYET nepuoay [IIMM. CooTBETCTBEHHO, B
HACTPOMKax MPOEKTa BHIOpAaH METOJl MHTEIpUPOBaHUs Diiiepa ¢
mrarom 200 mxkc.

10.6.2Mopgesb HenPepPbIBHON YaCTH JIEKTPONPHUBOAA

Mopenu HempepblBHOW (aHanoroBoi) yactu anexrpornpusoga (C.prt),
MpeICTaBICHHAS Ha Puc.44, HaXOJIUTCSA B ranke
«SiminTech\Demo\JJsiekTponnpuBoabr\Yroa_CJ/I».



88

BxoanI:
v" 1pu curnana (Ua, Ub, Uc) cooTBeTCTBYIOMIHE 3a1aHHBIM (a30-
BBIM HATPSOKCHUSM JBUTATENS (B OTHOCUTENBHBIX CIMHHIIAX).
Beixoasr:
v’ 3aaHue TOJIOKCHHS
v' curHai abComoTHOTO 17-pa3psiIHOTO JaTYUKa TTOI0KCHUSI PO-
topa (Yron)
v' Tpu curHana ¢a3osbix TokoB asurarens (Ia, Ib, Ic).
Crpykrypa:
V' taiimep [LIUM
v UHBEpTOp
v’ JBUTaTENb
v MOJIelTb MEXaHHUKH, 00ECTICUMBAIOLIAs MOMEHThI MHEPIIUH H BSI3-
KOT'O TPEHHS
v’ JIaTYMKH MOJIOKEHUS U TOKa
v

cu_cu @
CxopocTs L=

3a1aTYUK YyTJIa.

(-
3aanue Yron

yIia

R

3asanue

L " o MomeHnT N %j ] 1.
@ ~ MEXAHHKA
ol H;{B ': A A o Abc. matu.
s e s e 1 . (ABC) TI0JIOKEHUA Vron
xa L e > Ly, e »iQr_Qr_out
Huseprop c e
Ua,Ub,Uc HIHNa Cca JaTank
W LIAM + - % Ia,I.b,Ic
U - V= Valh TOKa

Puc.44

Hacrpoiiku npoekra:

v

JTaHHasl MOJIEJIb 10JKHA paboTaTh Kak HerpepblBHasA. To ecTh
11ar AMCKPETU3aluu A0HKEH ObITh JOCTATOYHO MaJIbIM JJIsl TO-
o, 4TOOBI TOYHO OTOOPaXKaTh MPOUCXOIAIINE B CUCTEME MIPO-
1eccsl. B HacTpoiikax nmpoekTa BbIOpaH METOJ] HUHTETPUPOBAHUS
Olinepa ¢ maroM 1 Mkc.
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10.6.3CoBmecTHast padoTa MojeJiell B maKkeTe

IIpumep mnakera wmoxpenn (CH.pak) Haxomutcss B mnamke «Simin-
Tech\Demo\JiexkTtponpusoas\Yroua_CJ».

CBs3bp npoekToB cucteMmbl ynpasieHus (Ymp_ CJ.prt) u HenpepbIBHON
yactu (CH.prt) obecrieunBaercs 6a3oil manHbIx mpoekTa (privod.db). B Heit
OIMCaHbl BCE CUTHAIIBI, KOTOPHIMU OOMEHUBAIOTCSI TPOEKTHI.

HacTpoliku cuHXpOHM3aIMK IPOEKTOB IO BPEMEHHU B Ka)KJIOM U3 HUX YyC-
TaHABJIMBAIOTCS PAaBHBIMU I1ary MHTEPUPOBAHMS MPOEKTa CUCTEMBI yIpaBiie-
Hus (200 Mkc). B 3ToM ciydae HempepbIBHasl YaCTh CUMTAETCS KXY MUK-
POCEKyHIly, a 0OOMEH CUTHAJIaMU C JUCKPETHOM YacThIO OCYIIECTBIISIETCS OJIUH
pa3 B 200 mkc. Takass cuHXpOHHU3a1Msl 0OMEHA TOYHO MOJAEIUPYET BPEMEHHYIO
JTUCKPETHOCTb 3JIEKTPONPHUBOJA, XapaKTEpPHYI M LUPPOBOH CUCTEMBI
yIpaBiIEHUsI.

" BHUMAHMUE!

v' TlpaBuiia mocTpoeHus 6a3bl JTaHHBIX CBSI3U IPOEKTOB OTHOCATCS
K OOIIMM NPUHIUIIAM NOCTPOCHUS IPOCKTOB B Cpeie :
SimInTech. IIpenmnonaraercs, 4To UX HAJO U3YUYUTh OTACIBHO.

I'paduku 3a1aHHOrO YTIOBOTO MOJOXKEHUS, CKOPOCTU U TPAEKTOPHUH Iie-
peMelIeHus, TodyYeHHble pu paboTe MmakeTa MOJENH, MPEJCTaBICHbI Ha

Puc.45.
/ [
Tpaektopus \
3anaHue /

/gpo\ab A
t

Puc.45
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