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I'maBa 1. O0ocHoBaHue U pa3padoTKa CTPYKTYPBI CHCTEMBbI
ylpaBJeHUs] BEHTUIbHO-UHAYKTOPHBIM NPUBOIAOM C

INPOMEKYTOYHBIM 3BCHOM IMOCTOAHHOI'O TOKA

1.1. BeHTHJIbLHO-MHAYKTOPHBbIN IBUTaTE/Ib KAK 00bEKT YIIPABJIEHMS

B pabote paccmoTtpena cepust maTu- 1 mecTu(a3HbIX BEHTHIBHO-UHAYKTOPHBIX MPHU-
BOZ0B MomTHOCTHIO OT 1,1 mo 32,5kBr. [IsTndasusie qBuraTe BBHITIOJIHEHBI C YHC-
JoM 3yObeB Ha ctaTope paBHbIM 10, Ha poTope 8, 4TO /aeT OTHOIIEHUE DIEKTpHUUE-
CKOI1 ckopocTu K MexaHnnudeckoi paBHoe 8. lllectudaznpie BU/] BoinonHeHs! B BUaE
JBYXIAKETHON TpexdaszHoi koHcTpykuuu. B Tabmuie 1.1 mokasaHpl OCHOBHBIE Xa-

PAKTEpUCTUKH CEpUU JBUTATEIICH.

Tabmuma 1.1.
[Iatudasznsie [Iectudazuvie
['eomeTpus
CepbIM IIBETOM TIOKa3aH BTOPOii MaKeT
MOIIHOCTh 1,1/17,5/32,%Br 3/55/21/2%Br
HomunansHas 1500 / 3000 / 50006/mun 300006/MuH
CKOpPOCTH
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MuHuManbHas 1500 / 300 / 15006/muu 300 / 300 / 300 / 30066/muH
CKOPOCTB'

HomunanbHOe 280Bonbt

HalpAACHIC (mpuGIH3UTEIBHOT)

U TAHHS

Croco6 xom- CwMerranHoe (BKJIFOUEHHUE, 3aKOPOTKA M OTKJIFOUEHHE IO YTy B
myTauuu a3 (GYHKIMY CKOPOCTH BPAIICHHS)

JIBurarenb pabOTaeT B BEHTHJIBHOM PEKUME MO0 MHIAYKTUBHOMY JATUYHUKY MOTOKECHHS
potopa, BeiaaromeMy S mwin 3 (i mectudasHoro ABUraTeNs CUTHAIbI IIPOTUBOIIO-
JOXHBIX (pa3 OKa3bIBAIOTCS MOMAPHO KOMILTMMEHTAPHBIMH) CUTHANA. JaTYMK BhITACT
JIOTMYECKHUM CUTHAN JUIs KaKaou (pa3el ABUTATENs, TAKUM 00pazoM, AJis nATu(a3HbIX
IPUBOJOB INpHU BpallleHUH potopa Ha Beixoxae IIP ¢gopmupyrorcs nsTe MeaHIpoB
HanpspkeHus: TTJI-ypoBHS, CABUHYTBIX Ha /2 3EKTPUUECKUX Ipajgyca APYyr OTHOCH-
TENbHO JIpyra, a Juisl mecTu(asHbIX MPUBOJIOB — TPU MeaHApa, CABUHYTHIX Ha 120
AEKTPHUYECKUX TPaaycoB (TOJIBKO TPU CHTHANA, TAK KaK CUTHAJBI C JPYTruX Tpex (a3

OKXXyTCs IOTIAPHO KOMITJIMMEHTAPHBIMHU YK€ CYIIECTBYIOIIUM CUTHAJIaM).

Jlns ynpaBiaeHus KaxI0i (a3oil UCIONb3YyeTCs CMEIIaHHbIN 3aKOH KoMMyTanuu [8],
KOTOPBIN MOAPa3yMeBaAET, YTO €CTh YroJl TOBOPOTA, IPH JOCTIKEHUH KOTOPOTO, (a-
3y HEOOXOAMMO BKIIOYUTH. YTOJ BKJIIOUEHHUS 3a7aeTCsl OTHOCUTEIBHO HEUTpalld |
HacTpauBaeTcsl Ha onepekeHue. da3a BKIIOUACTCS Ha MCTOYHUK TUTaHWs. J[ms OT-
KITtoueHUs (a3bl HCTIONB3YIOTCS JIBA YIJIa, OTCYUTHIBAEMBIC OT YIJIa OTIIHPAHUS, YBe-
audenHoro Ha 180°B cropony omnepexxenus. [lepBbiii yros onpeaensieT MOMEHT 3a-
MbIKaHus (a3 Ha HOJIb HAPsDKeHUS. B 3TOM pexume, Ha3bIBAEMOM PEKUMOM «MeEJ-
JICHHOUW pacopCUPOBKU», TOK (Pa3bl M3MEHSIETCS B COOTBETCTBUM C 3aKOHOM H3Me-
HEHUS MMPOBOJMMOCTH MAarHUTHOTO 3a30pa ABUTrareis. Bropoit yromn onpexaenser mMo-
MEHT MOAKIIoYeHUE (ha3bl HA 0OpAaTHOE HAIPSIKEHUE MCTOYHHUKA MUTAHUS MOKA TOK

¢da3bl He crajer q0 Hyss. Takod pekuM HazbIBaeTCs «OBICTPOIl pacPOpCUpPOBKOI».

T CKopocTh, TpeOyrolas CTaOMIN3aIny.
¥ MOKeT H3MEHSTbCS IIpH HacTpoiike Ha ontuManbHbIA KIT/] 1 BHOpO-TITyMOBBIE M aKyCTHYECKHE MTOKA3aTEIH.
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[Tpu sTOoM (aza moxakirouaeTcss yepe3 oOpaTHbIE TUOJBI HA MCTOYHUK MHUTAHUSA 00-

paTHOM MOJSIPHOCTHIO, YTO BBI3BIBACT OBICTPOE CHaJaHHe TOKA.

COOTBETCTBEHHO YTJbl BKIOYCHHA W OTKIIIOYCHHA HA3BIBAIOTCA yIJlaMHM KOMMYTa-

UM, Me/IJIeHHOM pacdopcupoBKH 1 ObIcTpoii pacdopcupoBkn (cm. puc.1.1.1).

0

: : : : + slow > :

Puc.1.1.1.3akon ynpaBnenus (pa3oii ABUTaTems

[Tpu TakoM ympaBieHun U 6€3 TOKOOTpaHUUEHHUs B (paze popma Toka nMeeT OIU3KYI0
Kk 360Tu rpamycHOl 30HY MPOBOAUMOCTH, a (popMa Toka OJIM3Ka K ONTUMAaIbHOM, KO-
TOpasi Morjia Obl TTOJIYYUTHCS B PEKUME BEKTOPHOTO YIPABJICHUS JaHHBIM JIBUTATE-
JIeM, 9TO TIO3BOJIET CO3/IaBaTh CyMMApHBI MOMEHT MPOBOIAIINX (a3 ¢ HEOOIbIITIM

KO3 UIIUEHTOM ITyJIbCALIUH.

VYnpasnenue (a3oif 6€3 TOKOBOH OTCEYKHM BO3MOXKHO MPHU YCIOBUHU PETYIUPOBAHUS
HaMpsHKEHUs, MPUKIIAJAbIBAEMOr0 K MHBEPTOPY. DTO TpeOyeT YCTAaHOBKH Ha BXOJIE

MHBEpPTOpA MpeodpazoBaTels HanpspkeHus [14].

TpeboBaHus MO yNpaBICHUIO JBUTATENIEM M TIPUBOJIOM B 11€JI0M 0000IIIeHBI B TaOJIH-

e 1.2.
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Tabmuma 1.2.

MHWHHMAJIBHOC | MAKCHUMAJIbBHOC

3HaYCHHE 3HaYCHHE
PerynupoBanue ckopocTu HaIpPsKEHUEM
Cnoco6 koMmmyTanuii ¢as JIMCKPETHBIM
Tun maT4rka moJ0XKEeHUS poTopa WHIYKTUBHBIN
Yucno ¢a3 npuraresns 5 6
UYwcro map moarCcoB IBUTATEIS 8
HomuHanbHast CKOpOCTh BpaleHus, 00/MUH 3000 5000
Perynupyemasi ckopocTh BpalieHus, 00/MuH 300 5000
TodHOCTH CTAOWIIM3AITNHN CKOPO- 5
ct, % OT HOMUHATBHON
BxonHoe Hanpsbxkenue npeoOpaszoBatens, B 175 600
Brixognoe daznoe Hanpsikenue, B 0 320
Yactora [IIMM DCDC-ipeobpazoBatens, kI 11 20
TouHocTh KOMMyTanuu (ha3bl HA HOMUHAIBHON +3

CKOPOCTH, 3J1. TPaIyChI

Ha puc.1.1.2noka3an BHemHu# Bua apurarens MJ[-25.




Puc.1.1.2.BeHTHIbHO-UHIYKTOPHBIN aBurarens UJ[-25
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1.2. CTpyKTypa nocTpOeHUs CHJIOBOI0 Mpeodpa3oBaTeis U

HH(OPMALMOHHBIX Lemnel

Ha puc.1.2.1 npueaena ¢ynknmonanpHas cxema BUII ¢ n-ha3HbiM BEHTHIBHO-

HHAYKTOPHBIM ABUTATCIICM.

Vinmepcbedicsi
rnosib3ogameris
A
Y
N Cucmema
"l ynpasneHus
A
+ A \ 4
.—
DC/DC
Heepmop
- npeobpasosamerib
.—

Puc.1.2.1.®yukuonansHas cxema BUII ¢ n-aznoit BUM

[IuTanue 3MeKTPUYECKOro Mpeodpa3zoBaTesst OCYLIECTBISETCS OT CETH MOCTOSTHHOTO
Toka HanpsbkeHueMm oT 175 no 600 Bonbt. B ceTn BO3MOXKHBI UMITYJIbCHBIE KOMMY-

TanroHHble nepeHanpspkeHus 10 1400Bonbt pnurensHocThio 200Mc.

BxoaHoit mpeoOpa3oBaTesib HANPSDKEHHUS CIAYXHUT JJIs CTAOWIU3AIMKA HATIPSHKCHUSI
nBurarensi Ha TpeOyeMoMm ypoBHe u BbimojHeH Ha |IGBT-tpansucropax ¢upmsr
Mitsubishi (IPM —cunoBble MHTEIIEKTyaabHbIe MOAYIH). B MocT BkItoueH apoc-

celb C MHIYKTUBHOCTBIO, pacCUMTaHHOW mJisi pabotel Ha wactote MM 20 xI'm.
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OynkunonanbHas siektpuueckas cxema DCDCqipeoOpas3oBarenss mnmokazaHa Ha

puc.1.2.2.

CBbIX

Bxon Bbixon
Puc.1.2.2. ®yukunonansHas snektpudeckas cxema DCDC-ipeoOpa3zoBatens

JlanHas cxema MOXKET TepeaaBaTh SHEPTHIO KaK B MPSIMOM, TaK W B OOpaTHOM Ha-
NpaBJICHWH, HO B PaMKaxX paccMaTpUBaeMOW 3a/Jauyd HampaBiCHHE BCETAa MPsSMOE,
TaK KaK arperatbl paboTar0T TOJIBKO B ABUTATEIIBHOM pekuMe. B aToMm cirydae pabo-
yuMu okasbiBatoTcs kioun K1 u K3, a y kmoueit K2 u K4 ucnonb3yroTcst TOJIBKO

e 0OpaTHBIX JTUOIOB.

Cxema MOXXeT padoTaTh B peXUME MOHMKEHUS WM MOBBIIICHHUS BBIXOJHOTO HAMpS-
xenus [2]. Tlonwkenue TpeOyeTcs, TaKk KakK 3aKOH YIPABJICHUS MPEIyCMaTPUBACT
NUTaHWE JBUTATeNld OT HyJs HampspkeHus s (popmupoBaHus (a3HBIX TOKOB HC-
KJTI04asi PeKUM TOKOOTPAaHUYEHHMs, a MOBBIIIEHHE HEOOXO0UMO, TaKk Kak Tpedyemoe
HaIpsHKEHUE UHBEPTOpA JJisl padOThl HA HOMUHAJIBHOM CKOPOCTH IIPU HOMHUHAJIBHOM

Harpyske 00JIbIIIE MUHUMAILHOTO BO3MOKHOTO HAIIPsKCHUA T TAHUS.

B nonwmxaromem pexume padoraet kimou K1, kimrou K3 He kommyTtupyertcs. Korna
ko4 K1 3aMKHYT, Jpoccenb 3apsixkaeTcs moj JeHCTBUEM Pa3HOCTU BXOJHOTO U BbI-
xoaHoro HampspkeHust no 1enu «K1 — apoccens — auon K4». Koraa kimou K1 pa-
30MKHYT JIPOCCEJb pa3psiKaeTcs Moj JeWCTBHEM BBIXOJIHOTO HAIPSHKEHUS IO ey
«muon K2 — npoccens — quon K4». Takum 00pa3om HampspKeHHWE HA BBIXOJE MOXKET

MCHATBHCA OT HYJIA A0 HAIIPSAXKCHUA onz[a§.

Bo BTopom pexxume kimou K1 nocrositHHO 3aMKHYT, Kitod K3 kommyTtupyercs. Korga

K3 3aMKHYT MPOUCXOAUT 3apsij] APOCCES MO BO3ACHCTBUEM BXOJHOTO HAIIPSHKCHUS

8 Moxpo6Ho pa6ora DCDC-1peobpasosarens pasGupaercs B myHKTe 2.1.
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no nenu «K1 — apoccens — K3». Korga kmtou K3 pa3oMKHYT MpOUCXOIUT pa3psin
JpOCCens, €ClIM HApsDKEHUE BXOJA MEHbBIIE HAINPSKEHUs BBIXOJA; WIH 3apsa]l APOC-
ceJisl, €CJIM HalpsKEHUE BXOJa OOJbllle HAaIpsKeHUs BbIxona, no nenu «K1 —apoc-

cenb — o K4,

CymecTByeT TpeTuil pexxuM paboThl cxeMbl, korja oba kimoua K1 u K3 pabdorarot
CUHXpPOHHO. B ciyuae paboThl cxembl IpHU HEKOTOPOW Harpy3Ke IaHHBIM pPEeXUM
oOecrevynBaeT Kak MOBBIIIEHNE BBIXOIHOTO HAIMPSKEHHUSI OTHOCUTENBHO BBIXOJHOTO,
TaK U MOHMWXKEHHE. B MOMEHT paboThl KIIt0UEHl Apoccenpb 3apskaeTcs o AeHCTBUEM
BxogHOro HanpspkeHus no nenu «K1 —npoccens — K3». Korga kitoun BBIKIIIOUEHBI
JPOCCEIIb pa3psKaeTCs Mo ASMCTBUEM BBIXOJHOTO HANpPsDKEHUs Mo 1enu «auop K2
— npoccenb — quon K4». JlaHHBIH pexuM XapaKTepu3yeTcs YABOCHHBIMU JUHAMUYC-
ckumu notepssmu B krouax DCDCaipeobpazoBatens, uto Ha yactore LLHIMM 20 x['1
COCTaBJISIE€T JI0BOJIbHO OOJIBIION MPOLIEHT OOIIMX MOTEPh U HE YKIIAJbIBAECTCS B pac-
yetsl o KIIJ[ u oxnaxaenuto npeoOpazoBaTelis, O3TOMY HCIOJIB30BATHCA ISl pe-

TYJIUPOBAHUS HANPSHKEHUS TaHHBIN PEXXUM YIpaBlIeHUs KI0YaMH He OyJIeT.

Jns perynupoBaHus HanpsbkeHus Ha Beixoge DCDCHipeoGpazoBartens Obl0 periie-
HO WCIIOJIh30BaTh JAATYUK BXOIHOTO HANPSOKCHHS M TOKa (0 AJICKTPOIMTHYCCKUX
eMKOCTEH) M J1Ba JaTYMKa BBIXOJHOI'O HANPSHKEHMS JUIS JIYYIIEro KOHTPOJIS oOpaT-
HOW CBSI3U IO BBIXOJHOMY HAIPSIKCHHIO, TaK KaK OOpBIB OOpaTHOM CBSI3U MOXKET
MPUBECTU K TEPEHANPSIKEHUIO HA BBIXOJHBIX EMKOCTSX, YTO BBI30BET BBIXOJl W3
CTpOsi CHJIOBOH YacTu mpeoOpaszoBaress. UToObl yBEIMUUTH JOCTOBEPHOCTh HHQOP-
Malliy, CUTHAJIBI O HANPsDKCHUH, TOJTydaeMble ¢ 000WX JaTYMKOB, CPABHUBAIOTCS H
IIPY TIPEBBIICHUH OTIPEEIICHHOTO PACCOTJIACOBAHMS JIEIAEeTCsl BEIBO O HEAOCTOBEP-

HOCTH MH(OPMALIUU B LIETIH OOPATHOM CBA3H.

[Mutanue (a3 gBuraTenss HEOOXOAUMO OCYIIECTBISATH OJHOIOJISIPHBIM TOKOM. [Ipm
3TOM TpedyeTrcsi paboTaTh B pEeKMMax MPHIOKEHUS K (a3e HampsHKeHHs BbIXO/a
DCDC-ipeobpa3zoBareris, IpUKIaIbIBaTh K (ha3e HyJIE€BOS HANPSKEHUE U MPOBOIUTH

pachopcupoBKy Toka (pa3bl HampsHKEHWEM OOpaTHOM MOJISIPHOCTH. Takum 00pa3om
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ObUIO PEIIEHO HCIOJB30BaTh MOCTOBOM HMHBEPTOp AJIA MUTAHUS Kaxaoil ¢asbl,

¢GbyHKIIMOHATBHAS cXeéMa KOTOpOro MmokazaHa Ha puc.1.2.3.

Ce |

AY

/1
|
|

+v —v
K ¢asze gsuratens

Puc.1.2.3.dyHkmonanpHas cxema MocTa oJIHOU (pa3bl HHBEpTOpa

VYnpasnenue nomkubl umeth kmoun K1 u K2, a ot moayneit kmouein K3 u K4 uc-
MOJIB3YIOTCSl TOJIBKO OoOpaTHble nuoabl. g BKItoYeHus (a3bl MO TOK yIpaBieHHE
noctynaeT Ha kimodn K1 u K2, Takum oOpa3oM K MOJIOKUTEIbHOU KiemMMe (asbl
IPUKJIAIBIBACTCS MOTEHIMA IJIIOCOBOM IIMHBI 3B€HA MOCTOSHHOTO TOKA, a K OTPH-
AaTEIbHOM — MOTEHIMadl MUHYCOBOM IMHBI. TOK B (ha3ze HauMHAET HapacTaTh MOA
JeiiCTBIEM MpHUKJIaabIBaeMoro Hampspkenus mo nenu «K1 —gaza — K2». Otkiioye-
Hue (as3bl TPOM3BOAUTCS B J[Ba dTama: MeajeHHas pacopcupoBka u Owictpas. 1n-
BEPTOp MEPEBOJUTCS B PEKUM MEIJIEHHOM pacOpPCUPOBKHU CHSATHUEM YIIPABIEHUS C
kimoua K1. Tok ¢aszer 3ambikaercs mo nenu «nauon K3 — daza — K2 —anon K3». B
pexuM OBICTPOl pacPOpCUPOBKU HMHBEPTOP MEPEBOAUTCS BBIKIOYEHUEM OOOUX
KJIFO4eH, ¥ TOK (a3l HAUMHAET MpoTeKaTh no 1enu «auoj K3 — daza — quox K4», a
K (aze OymeT NMpUIIOKEHO OTPHUIATENFHOE HAMpPSKEHHE 3BEHA IMOCTOSHHOTO TOKa,

IIOKa TOK HE CTaHET PaBHBIM HYJIIO.
Jl11s n3MepeHust TOKOB B KAKIYI0 (pa3y mpeodpa3oBaressi BCTPOSH TaTYHK TOKA.

Buemnuii Bua npeoOpasoBartens nokaszaH Ha puc.1.2.4.



Puc.1.2.4 IlpeobpazoBatens bY-21
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1.3. TpeOoBaHUsI K MUKPOIIPOIIECCOPHOII cCTeMe YIIPpaBJIeHUs

Jlns peanu3alyy OCTaBIEHHOM 3a1a4K MOTPeO0BaIoCh MPOBECTH BHIOOP MUKPOKOH-
TpoJuiepa , OTBEYAIOIIEro BCeM TpeOOBaHUSAM 10 HaOOpy BCTPOEHHOMU nepudepuu u

IMPOU3BOAUTCIBHOCTH.

Kadenpa ABTOMAaTH3MPOBAHHOTO DJIEKTPOIPUBOAA MUMEET OONBIIONW OMBIT COTPY-
HUuecTBa ¢ upmoit Texas Instrumentsipistomieiicss BeAyIUM TPOU3BOIUTENIEM B
obyiacti 1UGPOBBIX CUTHAIBHBIX MpoueccopoB. CemerictBo ‘C2000, npennaraemoe
dbupmoii, TpencTaBasgeT co00i CleNUaTu3UPOBAHHBIE MUKPOKOHTpOJUIephl ¢ DSP-
sapom (Digital Signal Processor Hudposoit Curnansnbiii [Iporeccop), oTHOCS-
muecs k cemerictey Motor Control s ynpaBnenust asurareinsimu). JlaHHbIE MHK-
POKOHTPOJUIEPHI COAECPkKAT MIMPOKUN HAOOp BCTPOCHHBIX NEepU(epuitHbIX yCTPOICTB
JUISL TIPSIMOTO  YTIPaBJICHHSI JIEKTPUYECKUMH MpeoOpa3oBaTeNisiMi U cOopa JaHHBIX

00paTHBIX CBSI3EH.

Ha MOMeHT pa3paGOTKH Ha PhIHKE OBUIM HOCTYIIHBI [IEPCICKTUBHbIC' = THIIBI MHKPO-

KOHTpoiepoB cemeiictBa TMS320x24xX ipuBeaennsie B Tabuie 1.3 [23].

Tabmuna 1.3.

MUKPOKOHTpPOJIIED LF2407A| LF2406A | LF2403A| LF2402A
Yacrtora, MI'11 40 40 40 40
OObeM BCTPOEHHOM MaMATH JaHHBIX, 2592 2592 1056 1056
CJIOB

" Jlanee B TEKCTE TEPMUHOJIOTHS CIIEIYIOMIAS:

[Ipoueccop, MUKpOTIpOLIECCOP — KPUCTAILI, BBIMOJIHSIONIMN HaOop onepanuii, UMeromunii narepdeiic ¢ BHEIHeH namsi-
TBIO.

MUKpOKOHTPOJIIEP — MUKPOIPOIIECCOP, TOTOIHCHHBIH HA00pOM mepuepUAHBIX YCTPOHCTB, MHTEIPUPOBAHHBIX HA
KPHUCTaJLI, U PELICHUs Ha0opa YaCTHBIX 3a/1a4.

KonTtpomnep —negarHas miarta, ynpaisromas KakuM-Iu0o mporeccoMm. Heo0s3aTepHO T0DKHA COAepKATh TPOIIec-
COp WJIM MUKPOKOHTPOJUIEP. 3aadil YIPABICHUS MOTYT peIIaThCs, HaIpUMep, Ha IPOrpaMMHPYEMOH JIOTHIECKOi MaT-
pue.

™ He paccMaTpuBaroTCs BOGHHBIE MHUKPOKOHTPOILIEPH!, MUKPOKOHTPOJLIEPHI ¢ MacouHbiM I13Y, Tak Kak He BHITOAHO Ha
JTarne pa3paboTKH U HE 0KUAAIOTCS TpeOyeMble O] TEXHOIOTHIO 00BheMbI. VICKITIOUeHB! yCTapeBIIre THITEI MUKPOKOH-
TPOJIJICPOB.
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O0BbeM BCTPOCHHOU (hIIdIII-TIAMSATH 32768 32768 16384 8192

Iporpamm, ciioB

HNHutepdeiic BHENIHEH mamMsTu Ha Her Her Her
KonuuectBo Taiimepos 4 4 2 2
KonnuecTBo KOMIITUMEHTapHBIX 6 6 3 3
HIMM cursanosn

KomnuectBo nononuutenpueix [HIMM 4 4 2 2
CHUTHAJIOB

KonunuecTBo Moayeit 3axBara/ KBaji- 6/2 6/2 3/1 3/1

paTypHBIX JEKOJEPOB

KomuuecTtBo kananos 10pa3psaHoro 16 16 8 8
AT
Hurepodeiicer SPI/SCI/CAN +/+ [+ +[+[+ +[+[+ =+

[Ipoananmu3upyeM ux cBoiicTBa. Bce MUKPOKOHTpOJUIEpH pabOTAIOT HA YacTOTe
A0 MI'11 1 BBITTOJHSIOT OOJIBITMHCTBO MAIIMHHBIX HHCTPYKIIMHA 3a TakT. Bce Mukpo-
KOHTPOJIJIEPBl UMEIOT JOCTATOYHBIH 0OBEM OINEepaTUBHOW MaMATH NaHHBIX. OO0beM
BCTPOSHHOW (MIIAII-ITAMSATH MPOTPAMM TIO MPEABAPUTEIBHON OIICHKE (MCXOMIS U3 Tpe-
JBIAYIIETO OMbITa) YAOBICTBOpUTENbHBIN y Moxaeneii LF2407A, LF2406A u
LF2403AF,

WuTepdeiic BHEMIHEW NMaMATH MO3BOJISIET MOAKIIOYUTH MaMATh OOJBIIOr0 00beMa
JUTs 337124 U(GPOBOr0 MHOTOKAHAJIBHOTO OCHMIUIOrpaQUpOBaHUs IEPEMEHHBIX CHC-
TeMbl. K HEMy MOKHO MOJKIIOYaTh BCIIOMOTATEbHBIE YCTPONCTBA, TAKME KAK BHEIL-
Hue LIAIl ny1st BbIBOAa BHYTPEHHUX MEPEMEHHBIX ISl AJIEKTPOHHOTO OcUMIuiorpadu-
POBaHUSA UJIH «OBICTPYIO» epudepHo, KOTOpast He Obla 3aJI0)KeHa Ha 3Talle aHaInu3a

TpeOOBaHUI K CHCTEME yIpPaBICHUS.

* Mrorosslii pasMep nporpaMMHOro obecredenns okasaics B paiione 30 KCIIOB, 4TO NPEBBIMIACT XaPAKTEPHCTHKH
LF2403A.YBennuenue pasmepa IpOU30ILI0 W3-3a ONTHMH3ALXHU IPOrPAMMBI 110 CKOPOCTH, a HE 10 3aHUMaeMOMY
o0Bemy.
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KomnuectBo kommmmMentapubix [IIMM curnanos B mopensax LF2407Au LF2406A
MO3BOJIAET MOAKIIOUUTH 10 6 MOIyMOCTOB, aBTOMaTHYECKH OTKIIIOYaeMbIX IO CUTHa-
Ty amnmapaTHO aBapuM C OJHOTO M3 MHTEJJIEKTYAIbHBIX MOJIYJEH, YTO AOCTATOYHO
Ui yrnpasieHus mectudasznbiM asurarenemM. Moaenu LF2403Au LF2402A He no-
3BOJISIFOT TI0 3TOMY MapaMeTpy MOAKIIOYaTh BEHTUILHO-MHIYKTOPHBIE JBUTATEIH C

yuciioM (a3 0osblie 3-X MPU pacCMAaTPUBAEMON CXEME BKIIIOUEHHUS.

Jna ynpasnenuss DCDC-ipeoOpazoBatenem TpeOyercs nBa HezaBucumbix [IMM
curHana. Bo Bcex MoJensix MUKpPOKOHTPOJIJIEPOB 3TU CUTHANBI €CTh, HO YacTh U3 HUX
CBsI3aHA C TaliMepaMu OOIIETr0 Ha3HAYEHHsI, KOTOPbIE MPEAINOoIaraeTcsi UCIoIb30BaTh
JUI OTCYETa BPEMEHU MPHU MU3MEPEHUU CKOPOCTH C MOMOUIBIO JaT4MKa MOJO0XKEHHUS,

nostTomy Toibko y LF2407Au LF2406AumMeetcs He0OXOUMBIN HA0OD.

[Tpu paborte ¢ matyukoMm MonoxkeHus: 3)PEKTUBHO HMCMONB30BATh MOAYJIHM 3axXBaTa
JUTSL aHAJIM3a BPEMEHHBIX HHTEPBAJIOB MEXKTy HUMH C LIEJIBIO OMPEIEICHUS CKOPOCTH
U TIOJIOKEHMsI, TMOITOMY JIOMYCTUMO HCIOJb30BaTh Toibko Mmozaenu LF2407A u
LF2406A, ob6nanaromue mecTbi0 MOAYJISIMH 3aXBaTa, TaK KaK MATH(A3HBIN JaTIUK

ITOJIOKECHUA BBIAACT IIATh CUTI'HAJIOB.

Komnuecto kanano AL nyst mpeoOpa3zoBaHus mecTy (pa3HbIX TOKOB, HAMIPSDKEHUS
3a/1aHMs], TEXHOJIOTMYECKOW IEPEMEHHOM, HaIpsDKEHUS BXOJa, BXOJHOIO TOKa, Ha-
NpsDKeHUI BhIxoAa (IyOnupyromye AaTYuKy) OKa3bIBACTCsS PaBHBIM 12, 9TO MOTYT

obecrneunth MUKpoKoHTpoIuiepsl LF2407Au LF2406A.

B kauectBe mHTEepdeiica ¢ maTaMu JUCKPETHOTO BBOJA/BBIBOJAa CUTHAJIOB, OPTaHU-
3YIOUIMMH paboTy C BHEIIHUMU CHCTEMaMHU aBTOMATHUKH, U MYJIbTOM OIEPATHBHOTO
yhpaBieHus, ucnonb3yercs SPluaTepdeiic, kKak TpaauIMOHHBIA I JaHHBIX MPHU-
MEHEHHI B IMpeoOpa3oBaTeisix 4acTOThl CepUH «YHUBEpcal», pa3pab0OTaHHbIX Ha Ka-
deape ADIl MOMU. [JIns nanpHelieil BOZBMOXXKHOCTH YBSI3KM TpeoOpas3oBareseil B
CeTh MOTyT HcHojb3oBaThess uHTepdericet SCl (coBmecTHO ¢ apaiiBepom RS-485)
unu CAN. ITo stum nokazarensm moaens LF2402A He ynosieTBopsieT TpeboBaHu-

SAM.
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O06001mas BBIMICU3IOKEHHBII MaTepuai, MOKHO CleJaTh BBIBOJ, YTO MHUKPOKOH-
tposuiepsl mozenei LF2407Au LF2406A noaHOCTRIO YOBIETBOPSIOT MOCTaBIIEH-
HBIM TpeOOBaHUSM. BbIJIO MPUHATO pelieHne MpoBeCTH pa3paboTKy KOHTPOJUIEpa Ha
TMS320LF2407A,tak kak oH oOsamaeT MHTEp(dENHcOM BHEIIHEW MaMATH, MO3BO-
JISIFOIMM TIPU HEOOXOAMMOCTH HOJKIIOUUTh KaKue-I11u00 BCIIOMOraTeibHbIe yCTPOi-

CTBaA.

Ha 6a3e BrIOpaHHOTO MUKPOKOHTPOJUIEPA, IPU HETIOCPEACTBEHHOM YYaCTHH aBTOPA,
ObL1 paspaboran kouTposutep MK11.3 [7], o0nanaromuii caeayroMMMH XapaKTepH-

CTUKAMU.

v 16 6ydpepupoannbix [IINM BbIx010B «5 B0OJIBT — OTKPBITBINA KOJUIEKTOP IS

INOAKIOYCHUS K HCpBH‘IHOﬁ LCIIN OIITPOHA,

v 6 Pa3HOIOJISPHBIX aHAIOTOBHIX BX0J0B, 10 OJHOMOISIPHBIX BXOAOB (B TOM

ypciie 4 TOKOBBIX);

v’ uHTepdeic ¢ TaTINKOM IIOJIOKEHUS PoTopa ¢ Au(MGEPEHIINATBHBIM BXOIOM

(Ha 3 BX0gma);

v’ uHTepdeiic ¢ aTINKOM TIOJIOKEHUS POTOpa ¢ MMOTEHIMAIBLHBIM BX0oa0oM (Ha 6

BXOJIOB);
v 00BbEM JOMOJIHUTEILHOM MaMATH IporpaMm/1aHHbx — 32768c510B;
v’ raapbBaHMYECKHU pa3BsazaHHble HHTEpdeiicel RS-232, RS-48a CAN;

v/ JHeproHe3aBUCHMasl TMaMATh [apaMeTpoB, MOAKIoYeHHas depe3 SPI-

uHTepdeiic (00beM 3aBHCUT OT TUITA MUKPOCXEMBI);
v' BHemHuit SPluHTEpdeiic ¢ BO3MOKHOCTHIO MTOAKIIOYCHHUS 10 6 YCTPOHCTB.

Buemrnuit Bua KoHTposuiepa nokasas Ha puc.1.3.1.



Puc.1.3.1.Kontpomnep MK11.3
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1.4. O0ocHoBaHue 0a30BOM CTPYKTYPbI CHCTEMBI YIIPABJICHUSA

1.4.1. Mexann4yeckue xapakrepuctuku BUII

BeHTUIbHO-UHAYKTOPHBIN MPUBOA C CaMOBO30YXJACHUEM MO BUAY MEXaHUYECKUX
XapaKTePUCTHUK MOA00EH JBUTATENIO MOCTOSHHOTO TOKa C MOCIEAOBATEIbHBIM BO3-
OyxnenueM. Ilpu 3TOM BHUA XapaKTEPUCTHK CYIIECTBEHHO 3aBUCUT OT crocola
yopasieHHs. TeopeTHYecKoe HCCIENOBAaHNE MEXaHMYECKUX Xapakrtepuctuk BUII
MO’KHO MPOU3BOJUTH Pa3IMYHBIMU CIOCOOAMH, BIUIOTh /10 PEIICHUs ypaBHEHUU Ma-
IIMHBl METOJOM KOHEYHBIX JJIEMEHTOB, OJHAKO TOYHOCTb METOJA CKa3bIBaeTCA HA
BPEMEHH pacueTra, MO3TOMY MpU MPOBEAECHUHN OOJBIIOTO YUCIA PACUETOB JJISl BBISB-
JEHUsI ONTHMAJIbHOTO 3aKOHA YNPABIEHUS W MOCTPOCHMS XapaKTEPUCTUK, YJOOHO
M0JIb30BaThCS MPUOIMKEHHBIMU YPAaBHEHUSIMU MalllMHbI, OCHOBAaHHBIMHU Ha ypaBHE-

HUAX JICKTPHUYCCKOT'O PAaBHOBCCHSL.

ABTOp HE 3aJaBaJICsl KOHKPETHBIMU ITapaMETPaMM JBUTATENS Ul JAJIbHEUIIEro aHa-
JM3a NMEPCIEKTUBHOU CTPYKTYpPBI CHCTEMBI YNPABJIEHUS, TAK KaK IapaMeTpbl BCEX
JBUTATEJICH pa3InyHbl, a PpEIICHUE 3a/1a4l TPeOOBAIOCHh OJYUUTh KaK MOXKHO OoJiee
oO11ee U HE3aBUCUMOE OT 3HAUeHUU mapameTpoB. [loaToMy B MoeIN MPUHSTHI Clie-

JYIOIIME TONYIEHHUS
v/ HachIlIEHHE HE YIUTHIBAETCS;

4 HC YUUTBIBAIOTCA AKTHUBHBIC IIOTCPH B (ba3ax, INOTCPN HAa THUCTCPC3UC U BUXPC-

BBIC TOKH,
v’ He YUTCHBI IIOTEPH B KIIKOYaX CHJIOBOTIO npeo6pa30BaTen;I;

v/ KpHBas MHIYKTUBHOCTHU OT yIJIOBOTO MOJIOKEHMUS 3aMeHeHa (DyHKIIHel CuHyca.



VYpaBaenus 111 Gpa3pl JBUTATENIS:

d_LIJ:U
dt
oy
= _ i 141
' L(0) (1.4.1)
M :1[“2 L(G))
2 00

Pe3ynbrarhl paboThl MOJAENM MpPHU PETyIUPOBAHUU HANPSDKEHHS MHBEPTOpa Mpe-

cTaBieHsbl Ha puc.1.4.1.
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Puc.1.4.1 MexaHuyeckue XapakTepUCTUKU MIPU PEryIMpPOBaHUN HANPSHKEHUEM

[Ipy cHATMU XapaKTEPUCTHUK HCIOIB30BAIMCh W OCTABAJINCh HEU3MEHHBIMU YTIIBI
KOMMYTAIUU, MEIJICHHOW M OBICTpOi pachOpPCHUPOBOK M COCTaBIsIM 55, 25u 15

QJIICKTPHUICCKHX I'PpadyCOB COOTBECTCTBCHHO.

U3 rpaduxa puc.1.4.1BugHo, yto xapakrepuctuku BUJl nns HEM3MEHHBIX YTIIOB
YIPaBICHUS NOXOKU HA XapaKTEPUCTUKHU JBUTaTeNsl MOCTOSIHHOIO TOKa C IOCIEN0-

BaTCJIbHBIM B036Y)KI[6HI/I6M.
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1.4.2. TpedboBaHusl K KOMMYTaTOpy ¢a3s

B muteparype [4, 12, 25]ynmoMuHaeTCs, 9TO MPU YBEIMYCHUN CKOPOCTH BEHTUJIHHO-
ro JABUTaTess 10 HOMUHAJIBHON U BBILIE U1 MAaKCUMAJIBHOIO MCIOJIb30BaHMS 3amaca
[0 HaNpsHKEHUI0 HEOOXOJMMO YCTaHABJIMBATh ONEPEXKAIOIINUNA yrol KOMMYTalluH, B
TO BpEeMsl KaK Ha MOHM)XEHHBIX CKOPOCTSX, YrOJ KOMMYTAIlUM MOKHO BBICTABIIATH
paBHBIM HY10. [Tpyu MasbIX CKOPOCTAX BpalleHHUs] HICTOYHHUK HAIPSKEHUST MOXKET pa-
0oTaTh B pEKMME MCTOYHUKA TOKA M (OPCUPOBATH HApacTaHWE TOKa Oe3 yueTa MH-
OyKTUBHOCTU (pa3bl. Ha BBICOKMX CKOpPOCTSIX MHBEPTOP HAIPSHKEHHUS HEBO3MOXKHO
IIEPEBECTU B PEKUM MHBEPTOPA TOKA, IOITOMY /17151 O0pHObI C UHAYKTUBHOCTBIO (pa3bl
IPUMEHSIOT OINEPEKAIONIyI0 KOMMYTAIUIO, YTOObI K MOMEHTY MPOXOXKIEHHS yTia
HEUTpaJbHOW KOMMYTallMd TOK B (aze ycmen JAOCTHYb 3HAueHUs OJM3KOro HOMH-

HaJIbBHOMY U CO31aBaJl OOIBIINIT MOMEHT.

Jl5ig JaHHOTO ciy4asi OTCYTCTBHME TOKOBOTO KOPHI0pa M paboTa TOJIBKO OT UCTOYHU-
Ka HaIlpsHKEHUsI OJTHO3HAYHO TpeOyeT paboThl C OMEPEKAIOIMIUM YTIIOM KOMMYTAIUH
Ha BCceX BO3MOXKHBIX ckopocTsix. C Touku 3penus KII/ u korddunmenra snekrpome-
XaHUYECKOTo NMpeoOpa3oBaHusl ABUTATEIb MOT Obl padOTaTh C OIMHAKOBBIMH yIIaMH
BKJIFOUEHUS] U OTKJIIOYEHUH (pa3bl HA BCEM CKOPOCTHOM JAMana3oHe, OAHAKO €CIU Y-
JIbI MOTYT U3MEHSTHCS B (DYHKITUU CKOPOCTH, TO CTAHOBHUTCS BO3MOYKHOW ONTHMH3a-
MU BUOPO-IIIYMOBBIX U BUOPO-aKyCTUUYECKHUX XapPaKTEPUCTUK Ha Pa3HbIX CKOPOCTSX.
[ToaToMy mporpamMMHbIA OJOK KOMMYTAllMM JOJDKEH COJIepKaTh MHTEPIOISTOPHI B
(GYHKIIMA CKOPOCTH BpAIICHHsS] KPUBBIX YIJIOB KOMMYTAIIMH, MEIJICHHON M OBICTpOU

pacdopcupoBok das.

brox xommyTanuii nomkeH oTpadaThiBaTh aBapUilHbIE CUTyallud, TaKHE KaK TOKO-
OTPaHUYECHUE U MAKCHUMaJIbHO-TOKOBAs 3allMTa. TOKOOIrpaHWYEHNE, XOTh U HE SIBJIA-
€TCsl aBapUIHOW CUTyalluel, pacCMaTpUBAETCA KAaK HEIUTATHBIN peXUM padOThl, Tak
KaK OHO BBI3bIBAET M3MEHEHHE KPHUBOM MOMEHTa, a, CJIEJOBATENbHO, W BUOPO-

IIYMOBBIX M BUOPO-aKyCTHUECKUX XapakTepuCTHK. [Ipu TokoorpanuyeHuun OJIOK pa-
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00TaeT B peneiHOM PEeXUME MO TOKOBOMY KOpHIopy. CTPYKTYpHO OJIOK COCTOUT U3

IBYX uacTei «Onmoka kommyrtamun» (BK) u «uHTEpmoisTopa yriioB KOMMYTAIIHI»

(NYK) [8].

M3mMeHeHre COCTOSTHUS UHBEPTOpA UM CPEHEE BpEMS pEaKI[Mi UHBEPTOpA HA U3MeE-
HEHHUE YIJIOBOTO MOJIOKEHUS JOJKHO OBITh HE XyXkKe 3-X DJIEKTPUUYECKUX T'PaayCoB.
Paccunrtath TpeOyeMyto 4aCTOTY MOKHO MO Clieaytomieil opmye:

Mrax 3607

Ad =60f—, (1.4.2)

com

rae N, — MaKCUMajbHasg CKOPOCTb OOOPOTOB B MUHYTY, P — YMCJIO Map IMOJIIOCOB,
f..,— dacrora Bb3oBa bK, A — makcummanbHas yrioBas OMIMOKa NMEPEKIIOUCHHS

¢a3ebl.

Jliis aBUrartesied ¢ HOMHUHAJIBHON ckopocThio BpamieHus 10 3000 00/MuH BKIIOYH-
TeJILHO yacTtoTa BbI3oBa bK momxkHa cocrasiars 40 KFH§§, a Ut aeurarens 32,5kBt
¢ HoMHHAIBHOH ckopocThio Bpamenus 500006/mMun — 80k 1. Heobxoammo comoc-

TaBUTh 4acTOTy padboThl BK ¢ yacToToit MUKpOKOHTpOJLIEpA.

Yactora mukpokoHTtpouiepa — 40 MI'. MakcumanpHas yactota BbizoBa BK —
80k['u. Takum oGpas3om, BpeMsi mexay BeizoBamu BK coctasmsier 500 mporeccop-
HbIX TakToB i 500 smemenTapHbix komana. bK, namucanusiii TpodumoBsiM C.A.
[8], onTUMH3NPOBAHHBIN IO CKOPOCTH BBIMOJHCHUS JIJISl IECTH- U MATH(A3HBIX JIBU-
raTelel BBIIOTHSCTCS MPUOIM3nTensHo 32 150 mporeccopHbIx TakToB. TakuM 06-

pPal3oMm, BK YKIaAbIBACTCA B BBIYMCIUTEIBHBIC BOSMOXKHOCTH MUKPOKOHTPOJIIICPA.

NYK Bbrauciser yroia KOMMyTaIluu, MEJICHHON U OBICTPOH pachOpCUpPOBOK IO Tao-
aure u3 4-X OTIOPHBIX TOUYEK, C HE3aBUCHUMON HACTPOWKON TOYEK 1Mo och X U ocH Y.,
Pa6ora MYK 3anumaet npubnmsurensao 250mporiecCOpHbIX TAKTOB, YTO B CYMME CO
BpemeHeM paboTel BK mpubmmxkaercs k 400 Taktam U COCTaBIISET 3HAUYUTEIIBHYIO

JIOJIIO MPOIIECCOPHOTO BpeMeHH. [1oaToMy paloHanbHO CUMTATh CKOPOCTh, B (yHK-

85 Yacrora ILIMM B DCDC-1peobpasosarene cocrasnser 20k, a yactoTa Bb3oBa BK BhIGHpaeTCs KpaTHOM 4acToTe
ocHoBHOM IIMM 1151 IpOCTOTHI MPOTPaMMHON peaTnu3aiiyi.

B manHOM cirydae TouHas nmudpa HEe U3BECTHA, TaK KaK MOYJIb IIPOTPaMMHOT0 00ECTIEYeHHUS COACPIKUT BETBICHUS 1
MOJKET BBITIOJIHATECS pa3HOe 10 MPOIOIDKATEIIEHOCTH BpeMsI.
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uu KoTopoi padotaer MYK, mocTossHHOM 1 epeHecTH BBINMOJIHEHUE JaHHOTO OJ10Ka
B (DOHOBYIO MpoTrpamMmy, I/i€ 4aCTOTa BbI30Ba MPOLEAYPHl OyIET ONPEAeIiaTbCs HaH-
qreM CBOOOIHOTO OT pEHICHUsST «OBICTPBIX» 3aj1ad MPOIECCOPHOTO BpeMeHu. [ padu-

YEeCKU B3aUMO/ICHCTBHE MOAYJIEH Yepe3 mapamMeTpsl n3o0paxkeHo Ha puc.1.4.2.

| MopTbl BbIBOAA CUTHANOB Ha UHBEPTEP
o

BK

Inv_vars

VidMode - onpegenset konnyectso ¢a3s (5 nnm 6) —
TettaEl - anekTpnyeckun yron nosopota potopa (OE, dpopmart 1.15)

Iref - ypoBeHb TOKkOBOro kopuaopa (B gpopmare ALM)

Deltal - umpuHa TokoBoro kopugopa (B gopmare ALIM)

ImaxProtect - ypoBeHb MaKkcManbHO-TOKOBOW 3awmThl (B dopmaTe ALIM)
Omega - ckopocTb BpaleHuns geuratens (OE, dopmat 4.12)

KsiComm - anektpuyeckumn yron kommyTtaumm (OE, dpopmart 1.15)

KsiOff1 - yron meanernHon pacgopcupoku (OE, dopmat 1.15)

KsiOff2 - yron 6eicTpow paccgopcuposku (OE, dopmart 1.15)

x0 1{x1 1|{x2 1[x3 1
yO 1]|y1 1|y2 1[y3 1
x0 2| x1 2|x2 2|x3 2|onopHasa Tabnuua ansa yrna megneHHomn
y0 2 |y1 2|y2 2|y3 2|pacdopcnpoBku
x0_3|x1_3|x2_3|x3_3|onopHas Tabnuua ans yrna 6elcTpon

y0 3|y1 3|y2 3|y3 3|pacdhopcnpoBkmn

|,_, Iph1 | Iph2 | Iph3 | Iph4 | Iph5 | Iph6 | dasHble Toku B hopmaTe ALY

y Y VVVYY

NyK

A A A

onopHad Tabnuua ana yrna KommyTtauunuum >

OcHoBHas nporpaMmMa

Puc.1.4.2.BzaumogpeiictBue ocHoBHOI nporpammsl ¢ bBK u UYK yepes ctpykrypy

IIEPEMEHHBIX ITPOTPAMMHOTO MOYJIS
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1.4.3. Bbioop cucTemMbl 0a30BbIX BeJIMYNH

[Ipexxne yem paccMaTpuBaTh BONPOCHI, CBA3AHHBIE C IOCTPOEHUEM CHUCTEMBI yIIPaB-
JICHUs, HEOOXOAMMO BBIOpPATh CUCTEMY 0A30BBIX BEJIMUWH JIsI BCEX MTAPaMETPOB MPH-
Boja. BUII Ha naHHBII MOMEHT €Il€ HE UMEET CJIOKUBILIENCS CUCTEMBI 0a30BBIX BE-
JIMYWH, XOTS YaCTHYHO 3TOT BOIPOC paccMOTpeH B [4]. ABTOp HE CUMTAET, 4TO Mpe/I-
JaraemMasi UM cuctema 0a30BbIX BEJIMUUH YHUBEpCAIbHA U MOAXOAUT ISl KAaKUX-JTHOO0
Hay4YHBIX HMCCIICIOBaHMI, HO CHCTeMa ObljIa peaju3oBaHa W, B paMKax JaHHOM 3aja-

9H, HUKAKUX MPOo0JIeM ¢ Heil He BO3HUKIIO.

Heno B ToM, uto miist BUII noHsATHE 0 HOMUHAIBHBIX BEIUYMHAX OYEHBb YCIOBHO, TaK
KaK XapaKTepUCTUKU JABUTaTENs 3aBUCST, B CUJIBHOW CTENEHHU, OT CIocoba ympasie-
Hus. [Ipennaraercst cunTaTh, YTO HOMUHAIBHBIMU SIBJISIIOTCS T€ NapaMETpPhl, IPU KO-
TOPBIX, MPHU 3alaHHOM CIOCOOE€ YMpaBIICHMS, HE BBI3BIBAIOT NEPErpeB JBUTATEIS
(uMeroTcs BBUAY TOK, MOIIHOCTh W HANpsDKCHHE). 32 HOMUHAIBHYIO, MPUHUMAIOT
CKOpOCTb, NP KOTOPOM JBUTATENIb MEPEXOIUT OT PEKHUMa MOCTOSTHCTBA MOMEHTA K
MIOCTOSIHCTBY MOIIHOCTH (B TpaJMIMOHHBIX cxemax ympasieHus BUIT nepexox ot
pexxrMa paboThl C TOKOOTPAHUYCHHEM K PEKUMY 0€3 TOKOOTpaHWYEHUS M3-3a Orpa-

HUYCHUS HAIPSDKEHUS MPEoOpa3oBaTels).

B nannowm ciiydae aBTOp BBIOpan B KauecTBE 0a30BbIX 3HAYCHHs HAIPSDKEHUS, MOIII-
HOCTU U CKOpOCTHU BpauieHust. OHU U OyJyT sSIBIATHCS 0a30BBIMU 1JI1 CHCTEMBI OTHO-

CHUTCJIBbHBIX CINHUII.

3a 0a30BO€ HaIpPsHKEHHE NPUMEM HOMUHAIIBHOE HampspkeHue asuratens. st 00ib-
IIMHCTBA JIBUTaTeel HaNpsyKeHWe MUTaHUST HE00X0IMMOE ISl MOJAepKaHrus HOMU-

HaJIBHOW CKOPOCTH MPU HOMUHAIBHOU Harpy3ke paBHo 280B.

3a 6a30BO€ 3HaYEHHE MOIIHOCTH NMPUMEM HOMUHAJIBbHYIO MOIHOCTh Ha BaJly JBUTa-

TCIIA.
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HomunanbHbIi TOK ABUraTeNs pacCUMTaeM HUCXOJs U3 0a30BOM MOIIHOCTH M HAIps-

JKCHMUL.

-5 (1.4.3)

|6
o

B kaudecTBe 6a30BOI CKOPOCTH BHIOEPEM HOMHHAIBHYIO CKOPOCTD JBUTATEIIS.

Takum o6pazom:

u =", (1.4.4)
U6
P

=t (1.4.6)
I6

W = (1.4.7)
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1.4.4. BbiOOp CTPYKTYPHI PeryJsitopa CKOpoCcTH

B tpamnumonnom ciyuae, BUII conepkut 1Ba KOHTypa peryJnpoBaHUs — BHYTPEH-
HUW KOHTYP PEryJiATopa TOKAa U BHEIIHUNA KOHTYP PEryJIATOpa CKOPOCTH, YTO MOXOXKE
HAa CHCTEMY IOJYMHEHHOTO PEryJupOBaHus [l JBUraTeNs MOCTOSIHHOrO Toka. Kon-
Typ ToKa (ha3bl, ONPEACIAIONIUN MOMEHT, PEAIU3YyeTCsl PeNIEHHBIM CIIOCOOOM HIIU pe-
rysisitopoM Toka v [IHIMM. BHemHW KOHTYp CKOPOCTH BO3AEHUCTBYET HA 3aJJaHUE TO-
Ka M yCTaHABIMBAET TPAHULy TOKOOrpaHW4YeHus. I peryaupoBaHHMs MOMEHTA
MOYHO NPUMEHATHh U U3MEHEHHE yIJIa KOMMYTAlMU IIPY HEU3MEHHOM TOKE, HO JaH-
HBI METOJl yBEJIMYMBACT MOTEPU. B KauecTBe perynsaropa Uil KOHTypa CKOPOCTH
00b14HO ucmnonb3ytoT [THU-perynstop, KOTOPbIi MOXKET BBINOJIHATH POJb, B TOM YHC-
Jie, PeryiaTopa TeXHOJIOTHYeCKOoN nepeMeHHoi. PaboTa Takoil cucTeMbl XapakTepu-

3y€TCs MaKCHMMaJIbHbIM 6BICTp0,HCﬁCTBH€M.

B cnydae, korga mnuTaHume uHBepTOpa ocylectsisiercs ¢ mnomompbio DCDC-
npeoOpaszoBatesi, peryJInpoBaHue TOKa B (pa3e BBHIMOIHICTCS 3a CYST M3MEHEHHS Ha-
NpsDKEHUS TTUTaHUS. VI3MeHeHne 3aaHusl HalpsHKeHHsI Ha BBIXOJIE PETyJsiTopa CKO-
poctu otpabateiBaetcs perynsaropom Hanpspkeruss DCDCaipeoOpazoBarens. Ecnm
TEMIT U3MEHCHHUS HAITPSDKEHUSI MHBEPTOPA MPEBBIIIAET TEMIT K3MEHEHUST CKOpocTH (B
OTHOCHTEJIBHBIX €IMHUIAX) TPU OCTOSTHCTBE HArpy3KH, MHBEPTOP MOKET MEPEHTH B
PEXHM TOKOOTPAaHWYCHHsI, YTO B JAHHOM CIIydae BBI3OBET ITyJIbCAllMd MOMEHTA H,
COOTBETCTBEHHO, HEXKeNaTelIbHbIe BHOpAIIMOHHBIE U 3BYKOBBIE dPdekThi. [ToaTomy
CUTHAJ 3aJlaHusl CKOPOCTH PAIMOHAIBFHO MPOMYCKAaTh Yepe3 3aAaTYUK MHTEHCHUBHO-
CTH Tiepen mojadeld Ha peryisatop. CTpyKTypa, paCCMOTPEHHON CHCTEMBI AJIEKTPO-

IpUBOJA 7S MATH(A3HOTO BapyuaHTa, npeacTaBieHa Ha puc.1.4.3.

Ha ctpykTypHO#i cxeme BBeJieHBI ciienytomue 06o3Hauenns: 311 — 3agaTauk WHTEH-
cuBHoctH; [ I — IIH-perymarop ckopoctu; PH — perymarop nanpsixenus; IH —
natuvk HanpsbkeHus; MCull — unTepnonsTop ckopoctd u nonoxenus; AP —

JaTYUK ITIOJIOKCHUA POTOpPA.
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Puc.1.4.3.CtpykTypa CUCTEMBI YIIpaBiICHUS C 3aJaTYMKOM UHTEHCUBHOCTH U

[IN-perynaropoM CKOpoCcTH

[Ipoo6pa3 BToporo BapuaHta cTpyKTyphl (cM. puc.1l.4.4)npuMeHsuics B BEeHTUIIBHBIX
IIEKTPOIIPUBOAAX U COACPKUT orpaHuydeHHbIN [I1-perynsarop ckopoctu u HHTEpIO-
JATOP KPUBOM HAIPSDKEHMs OT CKOpocTu BpameHus. Beixon [IM-perynstopa ckopo-
CTH, B 3TOM CJIy4ae, OTPaHUYMBACTCSA HA YPOBHE, HE MTO3BOJIAIONIEM IIPUBOY 3alTH B
pexuM TOKOOFpaHI/I‘-IeHI/IﬂTTT, a OCTaBIIAsICS YacTh 3aJaHus POPMUPYETCS KPUBOMl Ha-
npsDKeHUs B QYHKLIMU CKPOCTH BpallleHus Baya apuratensd. Takum oOpa3om, AJis Ka-
KIOU CKOPOCTH BpaLCHUS AUANla30H U3MEHEHUS HAIIPSDKEHUS HA IBUTATElIe OTPaHu-
YEH HEKOTOPBIM KOpUIOPOM. B maeane, npu oTCyTCTBUM YCKOPEHUS B CUCTEME, CHUT-
HaJl, BbIpa0aThIBa€MbIil PETYIATOPOM CKOPOCTH, JOJDKEH ObITh paBeH Hymto. IIpu Ha-

JIMYHAHA PACCOTIACOBAHUSA MEXKY 3aJaHUEM M PEAIbHOM CKOPOCTBIO PETYNISTOP BHO-

CUT N100aBKy HANpsDKEHHs] HYKHOTO 3HaKa, M JIBUraTellb MPHOOpPETaeT yCKOpEHHE.

" B neiictBuTensHoCTH HACTPOMKA YPOBHsI OTPAaHMYEHUSI BEJIACH 110 APYTOi BEIUUNHE, & UMEHHO 110 KPUTHUECKOMY
HAMPSHKEHUIO HHBEPTOPA B MOMEHT ITyCcKa. IHBEPTOPBI HEYCTONYMBO pabOTAIH MPU MAaJIbIX HAIPSHKEHHUSX U OTCYTCT-
BUHM KOMMYTHUPYEMOI'O TOKa. Pe3KrM OBLI IOJIy4€EH BO BPEMs IIyCKO-HAIAI0YHBIX pa0oT, KOIra HEKOTOPHIE DK3EMILISPHI
NPUBOIOB OTKA3BIBAIKCH ITYCKATHCS PU HAIPSHKEHUH MHBEPTOPa MeHbIne 28 BosibT. TOK yTeUKH HHHULIHHAPOBAI TI0-
TpebJIeHHE COMTOCTABUMOE ¢ MOIIHOCTBIO IIPUBO/IA, a TPAH3MCTOPHI HE OTKPBIBAIKCH. BO3HUKIIO H0K03peHKe (He mo-
TBEPKIEHHOE KOHKPETHBIMHU OIIBITAMH), YTO YTE€YKA MPOUCXOIHT 110 LEMSIM 0OpATHBIX AMOI0B, KOTOPHIE HE 3aKphIBa-
I0TCS 101 IEACTBUEM CTOJIb MaJIOr0 (OTHOCHTEIBHO HOMHHAJIBHOIO) HANPsDKEHUs. ['apaHTHPOBaHHBIN TOPOr OBLI yC-
TaHoBJIeH B 35BobT.
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N3o06paxkennpiii Ha puc.l.4.4 3a1aT9uK WHTEHCUBHOCTH MOXET OBITh M3BIICUEH U3

CTPYKTYpBbI, HO TOTJIa BpeMsl pa3roHa OyJ1eT HEONPEIEICHHBIM.

+
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Puc.1.4.4.CtpykTypa cucTeMsbl ynpasieHus ¢ orpanudeHHbM [TU-perynstopom

CKOPOCTH U UHTEPHOJIATOPOM KPUBOW HAIPSKEHUS

[TpeumyriecTBa ¥ HEAOCTATKU MPUBEIECHHBIX CTPYKTYpP CBEICHbI B Ta0uiy 1.4.

Tabmuma 1.4.

3aI[aT‘-II/IK HMHTCHCHUBHOCTH

u [IN-perynsaTop ckopocTu

OrpaHuyeHHbII
[T -perynarop CKOpOCTH €

UHTEPIOIATOPOM KPUBOMH

HaPSDKEHUS

B03MO0XHO BO3HHUKHOBE- Ja Her

HUe OONBIINX TUHAMUYE-

CKHX Harpy3oK IO yIpas-

JICHUIO U BBIXOJ] B PEKUM

TOKOOTPaHUYCHHUSI

Ctpykrtypa paboTocrio- Ha Her (Tpebyercs nepena-
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coOHa MoJ| Harpy3Koi 1 Ha CTpPOVKA KPUBOM HaIIpsi-
XOJIOCTOM XOJY YKEHUSI IPU U3MEHEHU U
HaArpy3KH)
Heobxonuma opranuzanus Ha Het (npu npaBuiibHOI Ha-
BPEMATOKOBOM 3aIUTHI CTpoOiike)
ITyck Ha MHOTOMAaCCOBYIO Tsoxenpin Jlerkwuii (pu nMpaBUIBHOM
Harpy3Ky HACTpOIKe)
JIlnHamMuka Bricokas MenneHHas

beccrniopHbIM MpenMyIIeCTBOM NEPBOM CTPYKTYPHI ABIISIETCS BO3MOKHOCTh padOTaTh
KaK Ha XOJOCTOM XOJy, TaK M IOJl Harpy3KO#, TaK KaK PEryJiTOp CKOPOCTH MOKET
NPUKJIAIBIBATh HAPSHKEHUS B MOJHOM JAHana3one. BTopoii BapuaHT HE MOXKET OBITH
UCIIOJIb30BaH HAa MPAKTHKE M3-32 YYBCTBUTEIBHOCTH K TOYHOCTH HACTPOUKH KPUBOI
HaIPSDKEHUSI OT CKOPOCTH. Tak Kak JIBUTaTejlb MMEET CEPUECHBIE XapaKTEPHUCTHUKH,
TO MPU U3MEHEHUU HArpy3KU MU3MEHSETCA U JKellaeMas KpUBasl HalpsOKEHUs B (PyHK-
IIMU CKOpPOCTH. Tak Kak JMarna3oH Harpy3ku B pabodyeM peskuMe MOXKET COCTABIISIThH

ot 30% 10 HoMuHAma .

[Ipu neperpys3ke Ha Bajy mepBas CTPYKTypa MONagaeT B PEKUM TOKOOTPaHUYEHHS,
M03TOMY HEOOXOJUMO CO3JaHME TEIUIOBOM MOJENH JJisi OLIEHKH HarpeBa JABUTATENs.
Bropas ctpykTypa 3amuiieHa ot paboTel B pexxume neperpysku. [Ipu yBennuenun
MOMEHTA Ha BaJly CHUXAETCS CKOPOCTh, PETYJSATOP CKOPOCTU JaeT J00aBKy Hamps-
YKEHUs, HO €€ BeJIMYMHA OrpaHHyYeHa. B CBOIO ouepenb CHUKEHUE CKOPOCTH BbI3bIBA-
€T YMEHBIICHUE 3aJaHUs HAMPSOHKEHUS Ha BBIXOJIE MHTEPIIOISATOPA KPUBOM HaIpsike-
HUS, YTO, B CBOKO OYEPEb, IPUBOAUT K YMEHBUIEHUIO CKOpOCTH. Eciau ckopocTh J10c-
TUTHET YCTaHOBJIEHHOTO MOPOTOBOIO 3HAYEHHUS, a MOMEHT OyJeT MHUIIMUPOBATH €€
nanbHeiee CHUKEHUE, MOKHO MPUHSATH PEUIEHUE O Neperpy3ke MpUBoJia U BBIKIIIO-

YeHHH CUJIOBOTO IIpeoOpazoBaTes.

¥ Hanpumep, U151 XOMOXHIIBHOrO arperara Harpyska IpH IIyCKe He3HaYHTeNbHA. 110 Mepe pacrpe/ie/icH s 1aBICHHIT B
arperaTe, OHa BBIpacTaeT B pa3bl. Harpyska 3aBHCHT U OT Pa3HOCTH TEMIIEPATYP U JPYTUX TEXHOJIOTHUECKHIX ITapaMeT-
pOB.
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[Tyck Ha MHOTOMAcCOBYIO CUCTEMY HEOOXOMMO paccMaTpUBaTh, TaK KaK HEKOTOPHIE
UCIIOJTHUTENIbHBIE YCTPOWCTBA MPEACTABIAIOT COOOM MOXOXXKWMH Tuml Harpy3ku. Ha-
pyUMep, Bajl KOMIIpeccopa XOJIOAMIBLHONW MAIIWHBI (OJIMH U3 arperaTtoB JaHHOMW ce-
pHH TIPUBOJIOB) UMEET HE TOJIBKO YIIPYroe TOPCHOHHOE COCTUHEHHE, HO H YIPYTYIO
Harpy3Ky — C)KMMaeMbIi U €IlEe HE pacIpeAesieHHbIN no arperaty ras. [lyck ociox-
HEH TEM, YTO B NIEPBBII MOMEHT BPEMEHU CUCTEMA HE UMEET MH(POPMALIMU 110 CKOPO-
CTH, TaK KaK JUI1 U3MEPEHUS IMOJOKEHUS POTOPA UCIIOIb3YETCsl MHAYKTUBHBIN JaT-
yuK, Bblaarommi curdan TTJI-ypoBHs. M3mepeHue CKOPOCTH CTAHOBUTCS BO3MOK-
HBIM TOJIBKO C OMpeNeNIeHHOTO nopora. B atom cinyuae [IU-perynsitop ckopoctu, He
noJryyasi OOpaTHOM CBSI3M B MOMEHT ITyCKa, TPOU3BOJUT 3aIyCK, 3aT€M CKOPOCTh Ha-
YUHAET ONPEIEIATHCS, U PACCOIIACOBAHME HA BXOJE PETYJIATOPA MEHSETCS CKAYKOM.
Perynsarop u3meHnseT 3a1aHue Ha HAINPSHKEHUE U CHOBA MOMAAAET B 30HY HEUYBCTBU-
TEJIBHOCTA MO CKOpPOCTH. llepexonHblii mpolecc mycka B JIByXMAacCOBOM CHUCTEME

MIEpBOI0 BapuaHTa CTPYKTYPHI MpuBeaeH Ha puc.1.4.5.
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Puc.1.4.5.IlepexonHblii mpoLecce MycKa ABUTATENs B IByXMaCCOBOM CUCTEME C

[I1-perynsaTopoM cKOpoCTH

Jlst BTOpOro BapuaHTa CTPYKTYpbl IMYCK OCYILECTBIsAETCS «ierdye», Tak kak [1H1-

PETYISATOP CKOPOCTH OTPAHWYEH U BBITIONHSIET TOJIBKO KOPPEKTHPYIOIIYIO POJb (CM.

puc.1.4.6).



Time wffzet: §

Puc.1.4.6.11lepexoaublii mpoLecc mycka JBUTraTeNs B ABYXMAacCOBOM CHCTEME C Orpa-
HU4EeHHBIM [IM-perynaropoM CKOpOCTH U UHTEPIIOIATOPOM KPUBOW HAIIPSKEHUS B

(GYHKIIMM CKOPOCTHU BpallleHUs

JluHaMuyKa epBOro BapuaHTa CTPYKTYPhl MOXKET OBITh CYHIECTBEHHO BbIIIE JUHAMU-
KU BTOPOM, HO B KOHKPETHOM ciiy4ae 0ojiee BaXKHBIM SBJISUICA (DAKT OTCYTCTBHUSA TO-
KOOTpAaHWYEHUH, a XapaKTep Harpy3kd BCETO psja MPUBOAOB HE TpeOOBal ONTH-

MaJIbHBIX CKOPOCTEW MEpPEXOIHBIX IMPOLECCOB, MOATOMY OBLIO PEIIEHO B3STh 3a OC-
HOBY BTOPYIO CTPYKTYDY.
EnuHCTBEHHBIN MapaMeTp, IO KOTOPOMY CTPYKTypa HE MOAXOIUT ISl PEIIaeMOM 3a-

Jadu, 3TO OTCYTCTBUC BO3MOKXHOCTH pa6OTaTB oA Hany3KOﬁ U Ha XOJIOCTOM XO0onYy,

HE TMepecTpamBas KpHUBYIO HampsbkeHusa. [losTomy aBTOopoM Obuta mpeokKeHa
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CTPYKTYypa, B KOTOPOM BMECTO MHTEPHOJATOPA KPUBOW HAINPSIKEHUS HCIOJIb3YETCS

peneitHbIil HHTerpaTop Bhixoa peryisropa ckopoctu (PUBPC).

dakruuecku, PUBPC nipencraBniser co0oit 3a1aTunK HHTEHCUBHOCTH, pa0OTaIOIINMA
C YCKOPEHHEM, OIPEICIAEMBIM HE Yepe3 paa/cz, a B/c. [Ipunnmm paboTel HHTETPATO-
pa caenyromuii: eciau Beixoa [TM-perynaropa CKOpoCTH MPEBBIIAET HEKYIO YCTaBKY,
TO 3TO TOBOPUT O HEJOCTATOUHOM BBIXOJHOM HANpPsKEHUU MpeoOpazoBareis Hu
PUBPC HaumHaeT yBeaM4MBaTh CBOW BBIXOJ C OMNpEIEIEHHBIM TemnoMm. Eciu mpo-
UCXOJUT oOpaTHasi CHUTyaIusi, BO3MOXXHOCTEeH orpanuueHHoro I[IM-perynstopa He
XBaTaeT, 4ToObl CHU3HUTH CKOpocTh, TO PUBPC ymenbpimaer 3HadeHHE BBIXOJA.
CrpykrypHasa cxema PMBPC nokazana Ha puc.1.4.7u cCOCTOMT W3 pelerHOro 3ie-

MEHTa C 30HOU HCUYBCTBUTCIBHOCTH U UHTCTpATOPA.

. IT1PC .

k +i =\
" Tp

kPHBPC

P

Puc.1.4.7.PeneitHbiii ”HTErpaTOp BBIXOJIA PETYISITOpa CKOPOCTH

Bwmecre perynsarop ckopoctu 1 PUBPC 06pa3ytoT aganTuBHBIN PETyIsTOP CKOPOCTH,
YCHEIIHO CNPABISIOIIHANCS C PEKUMOM HOMHHAJIBHOM HAarpy3Kd M XOJIOCTOTO XOJa.

Juarpamma paboThI peryisropa rnokasasna Ha puc.1.4.8.
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Puc.1.4.8./luarpamma paboThl perynaropa ckopoctd u PUBPC

JlaHHBIN THN peryssTopa o0ecneurnBaeT ObICTPbIE MEPEXOIHBIE MPOILIECCH B MAJIOM,
HE monajasi B 00JacTh TOKOOTPAHUYEHHUS, U 00€CIIeUnBAET MEIJIEHHOE PEeryjJnupoBa-
HUE CKOPOCTH B OOJIBIIOM, IIPU 3TOM HACTPOHKA B OOJIBIIOM MOKET IMPOU3BOIUTHCS
U3 YCIIOBUS NIPEACIbHON AUHAMUKY MPU HEOTPAHUUYEHHBIX TOKax. Perynstop umeer
JUIIb OAWH HEIOCTATOK MO CPABHEHMIO CO BTOPOM CTPYKTYPOUM — OTCYTCTBHE OIpa-
HUYEHHS IO MOMEHTY WJIHM 3alllUThl OT meperpysku. [loatomy paccMoTpum crocod

peleHus 3TON MpoOJIEeMbl B paMKax BBIOPaHHOM CTPYKTYPBHI.

MOI_IIHOCTL, HOTpC6JI}ICMa}I HpCO6p330BaTCJICM, COCTOUT M3 MOIITHOCTH HaA BaJly IBHU-
raTcjiid 1 MOIITHOCTU HOTepL:
P.=P+AP, (1.4.8)

rne P, —BXxoaHas MoIIHOCTH npeoOpa3oBatens, P — momHocTs Ha Bainy, AP —mo-

6.
TCpU. HOTepI/I COCTOAT U3 IBYX COCTABJIAIOIINX:

AP =AP,, +AP,

- (1.4.9)

rae AP, —notepu B a5eKTpuyecKoM npeodbpasosarene, AP, —notepu B ABUraTe-

J€.

[Torepu B mpeobpa3oBaTesne ONpenestoTcs NOTPeOICHUEM YIPaBIISIOMEH 3IeKTpo-

Huku, notepsimu B DCDC4ipeobpa3oBarene u norepsiMu B MHBepTOpe. Bee atu mo-
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TCpH HpI/I6JII/ISI/ITeHBHO MOXHO CHHUTATh IMOCTOSAHHBIMHU W HC 3aBHUCAIIMNMHU OT CKOPO-

CTHU IIPpH ITOCTOAHHOM MOMCHTC.

JIeiCTBUTENBHO, YIPABISIIONIAs AJIEKTPOHUKA HE MEHSET CBOETO IMOTPEOJICHUS HH
npu kakux ycnosusx. [lorepu B DCDCHipeoOpa3zoBaTene CKIaabIBalOTCS U3 MOTEPh
B JIpoccerie U Kirouax mpeoodpasosarens. [Ipu 3ToM Tok 4yepe3 BXOAHOH (MOHMXKAO-
mmii) IGBT u3Mensiercs B 3aBUCHMOCTH OT CKOPOCTH U HAINPsDKEHUS HAa BXOJIE, HO Ha
BBIXO/IE TOK IMpPH MOCTOSIHCTBE MOMEHTA JABHUTaTeNsl MPAKTUYECKU MOCTOSHHBINA, TO
ectb n3MeHenue norepb B DCDC41peobpazoBarenie uMeeT MECTO, HO HE CYIIECTBEH-
Hoe. B mHBepTOpe mpu 0JHOM MOMEHTE, HO MPHU Pa3HbIX CKOPOCTAX MPOTEKAIOT OfH-
HAKOBbIEC 3HaUEHUs (Da3HBIX TOKOB, COOTBETCTBEHHO MOTEPU OCTAIOTCSI OJJUHAKOBBIMU
(B MHBEpTOpE MPUCYTCTBYIOT U KOMMYTAI[MOHHBIC TIOTEPH, HO MPHU YaCTOTE KOMMY-

tarwii Hke 1 k['11 uX BIUSHIE MOKHO HE YYHTHIBATH).

HOTCpI/I B ABUIraTcCJIC ONPCACIIAIOTCA OMHUYCCKUMU IIOTCPAMU (KOTOpBIC ITOCTOsAHHBI
IIpHU pa3sHbIX CKOPOCTAX, HO PaBHBIX TOKaX), IMMOTEPAMHU B CTAJIM, KOTOPBIC U3MCHAIOT-
Cd C UIBMCHCHUCM YaCTOTHI IICPECMATHUYHUBAHUA JKCIIC3a. I[JI?I IMPOCTOTHI ITU MMOTCPHU

TOXKEC 6y,Z[CM CUUTAaTb IMOCTOAHHBIMU U HE3ABUCAIIUMHA OT CKOPOCTH.

[ToHast HOMUHAIEHAS MOIITHOCTH C YI€TOM MOTEPH 3aIUIIETCS 110 (hopmyTie:

_P

68X HOM

(1.4.10)

To xe B OTHOCHUTEJIbHBIX CAMHUIIaX (HOMI/IHaJ'IbHaH MOHOIHOCTh Ha BaJIly YHUCIICHHO

paBHa «1»):

ejcuoxw =1 " (1411)
n
Torz:a BBIPAKCHUEC JJIA IIOTCPb 3AIIMIICTCA CICAYIOIINM 06p330M:
AP =tog (1.4.12)
n

Takum o6pa30M, IMOJIB3YACh AATYHMKAMH TOKAa M HAIIPSXKCHUSA Ha BXOIC npeo6pa30Ba—

TCJIsL, MOXKHO pacCYMTaTh MOIHOCTH Ha Bally.

p=u - 11| (1.4.13)

n
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J1Ji4 3a1uThl ABUTATENS OT IEPErpy3KH HEOOXOAUMO PacCUUTATh MOMEHT:

e
M == n_J (1.4.14)

- - *

W W

[Tpu pacuere MOMEHTa CJeAyeT BBECTH OrpaHUYEHUE HA Majlble CKOPOCTH BpallleHHUs,
KOTJ]a CKOPOCTh €IIE HE OMpejesieHa U3-3a AUCKPETHOCTU AaTYMKa nosioxkenus. U3
PACCUMTAHHOTO 3HAYEHUS MOMEHTa MOXHO BBIYECTh «1», 4TOOBI MONMY4YUTH Tepe-
I'Py3Ky [0 MOMEHTY U, 3aT€M, BBIYECTh YCTAaBKYy MEpPErpy3Ku Mo MoMeHTy. [l BBe-

JICHUS B PETYJATOp 3allUThl OT Teperpy3ku m3meHuM crpykrypy PUBPC (cwm.
puc.1.4.9).

) TIHUPC .
Wi 1 Na

Y

MUX K
Jso o | Ppuspc| |

neperpyska > S1 p
> S2

Puc.1.4.9.1lonHas cxema aIanTUBHOTO PETYJISITOPA € MEPEKII0YaeMON CTPYKTYPOM

JUISL 3AIIUATHI OT IEPETPY3KHU 10 MOMEHTY

Perynstop obecrneunBaeT MakCUMaJIbHO «IETKUI» MYCK U HE TpeOyeT mepeHacTpoii-
KU [IPY CMEHE Harpy3ku. Moxker paboTarh 0e3 3a1aT4iKa HHTEHCUBHOCTH, HO B TOM
cllydae BpeMsl EPEXOIHBIX MPOILIECCOB OyeT ONMpeaesIThCs Harpy3Koil Ha Baiy. Pe-
TYJISITOP 3alUINAET JBUraTellb OT MEpPErpy30K Ha Bajly U HE TpeOyeT OpraHu3aluu

BPEMATOKOBOM 3alUThl. [lepexoHbIi mpoliecc Mmycka ObLI MOJy4YeH ¢ MOMOUIBIO Ma-

kera MatLab ¢m. puc.1.4.10).



Tirne wffzet: @ f

Puc.1.4.10.Ilepexoanslii mpoliecc mycka B CUCTEME C aAaNTUBHBIM PETYISITOPOM

CKOpPOCTH

Kak BumHO 1O pesynbTaTam MOAETUPOBaHUS JAaHHAs CTPYKTypa oOecrieuynBaeT Hau-
OOJIBIIYIO MJIABHOCTh MEPEXOJIHBIX MPOIECCOB U HE UMEET MPOOIeM C MIHOBEHHBIM
MEPEXO/IOM M3MEPUTENST CKOPOCTU OT HYJEBOW CKOPOCTH K m3Mepsemoil. [loatomy
JTAHHBIN PETYNSITOP ObUT MPUHST B KAYECTBE OCHOBHOTO JJISi CHCTEMBI YIIPABJICHHUS.

CTpyKTypHas cXxeMa CUCTEMbl YIPABICHUS C aJalTUBHBIM PETYJIATOPOM MpHUBEICHA

Ha puc.1.4.11.
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Puc.1.4.11.CtpykTypHas cxema CUCTEMBI YIPABICHUS C aJallTUBHBIM PETYIISITOPOM

CKOPOCTH
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1.5. IlocTpoeHue NPOrpaMMHOI0 00ecreYeHns1 CUCTEMBbI

ylpaBJeHust

1.5.1. Iloaki0YeHNEe YCTPOUCTB K MUKPOKOHTPOJLIIEPY

[TonkmoueHne MHKPOKOHTPOJUIEPA K AIEKTPUUYECKOMY MPeoOpa3oBaTeiio, JaTUUKY
MOJIO’KEHUSI pOTOpa U MHTepdeiicaM Moab30BaTENs U TEXHOJIOTHYECKOro 000py10Ba-
HUS HEOOXOAMMO NpopabaThIBaTh ¢ YYETOM CHENU(PUKH UCIOJIB3YEMOT0 MUKPOKOH-
TpoJuiepa. [loaToMy ciieryer paccMOTpPETh CIUCOK YCTPOMCTB, KOTOpBIE TpeOyeTcs

KOHTPOJIMPOBATD:
v' DCDC-peobGpa3zoareis,;
v’ UHBEpTOP;
v’ JIaT4YUKH,
v’ IyJbT yIpaBiIeHuUS,
v/ BHEIIHsISI KOMMYTAIIMOHHAs aliaparypa U TEXHOJIOTHIECKoe 000pyI0BaHHe.

DCDC-npeobpa3oBaTtesib COACPKUT JBa YIPABISIEMbIX KIt04a — OJMH JJI1 PadOThI
B MTOHWXAIOIIEM PEXKHUME, IPYrou mjist paboThl B moBbimaromeM. [1o ycmoBusm skc-
IUTyaTaldy BXOJ MpeoOpa3oBarTesis MOKET UCTIBITHIBATH UMITYJIbCHBIE KOMMYTAI[MOH-
Heie nepeHanpspkenus 10 1400 BonbT, cBA3aHHBIE C BO3MOXXHBIM aBapUMHBIM OT-
KJIFOYCHUEM COCEJIHMX YCTPOMCTB, MUTAIOIIUXCSA OT OJHOU ceTh. BxonHas uens npe-
obOpazoBarers BeinojgHeHa Ha IGBT TpaH3ucTOpax ¢ HOMUHAJIBHBIM HAMPSHKEHUEM 10
1200 BonbT, 4TO UCKITIOYAET BO3ZMOXKHOCTh PA0OTHI MPeoOpa3oBaTelis B PEKUME TIe-
peHanpspkeHuit. s pemeHus mpoOiaemMbl B CHIIOBYIO CXeMy IpeoOpa3oBatesis Mo
BXO/y ObLI BKJIIOYEH (UIBTP HMMIYJIbCHBIX KOMMYTAlIMOHHBIX MEpeHaNpsHKeHUM
(®PUKII), koTOphI HE CHUKAET aMILIUTYIbI, OJJHAKO HECKOJBKO 3aTATUBaeT (PPOHT
nepeHanpspkeHusi. KoHTpolib 32 mepeHanpspKeHUsIMU BBITIOJIHSAET JTaTYUK, OJIHOBpE-

MEHHO M3MEPSIONINNA BXOJIHOE HANPsHKEHUE MPeoOpa3oBaTelis, COASp AN KoMIIa-
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paTop C BBIXOJIOM THUIA «OTKPBITHIN KOJUIEKTOP>, CHTHATM3UPYIOIINHI O MPEBBHIIICHUH
BXOJHBIM HamNpsHKEHUEM MOPOroBOoro ypoBHs. CHUTrHaN ¢ JaTuMKa MEpeHanpsHDKeHUs
JOJKEH BOCTIPUHMMATBCSI KOHTPOJUIEPOM M O00ECIIeYrBaTh anmapaTHOe CHSATHE CHUT-
HanoB ynpasieHus ¢ kmodeid DCDCHipeoOpazoBatensa. OT0 NpUBENET K CHaIaHUIO
TOKa JIpoccelis A0 HyJs 3a BpeMs, MOoKa HampspkeHue, npomyiienHoe yepes OUKII,
BBIPACTET /10 KPUTHUYECKOTO ypoBHS. Ecin TOK CTaHET paBHBIM HYJIO, U AMOABI U
KIIOYM  OKaXYTCS 3aKpbIThIMM, TO JBa Kiaoua BxogHod wnenu DCDC-
npeoOpa3oBatens MOCIeJ0BATEIbHO IPUMYT Ha ce0sl UMITyJIbCHOE KOMMYTAIIMOHHOE
nepeHamnpspkenue. Cienyer yuecTh, YTO €ClIM NEpeHaIpsHKeHHe BO3HUKIIO B Hadallb-
HBIA MOMEHT 3apsiia BBIXOJHOW €MKOCTH, KOT/Ia Ha HEU €Ille MaJlo€ HANpsDKEHUE, a
TOK Jipoccerts OOJbIIOi, TO BpeMs ClafaHus TOKa CYIIECTBEHHO YBEJIMYMBAETCS, UTO
IpUBENET K BBIXOAY OJIOKa U3 CTPOS MO MEpEeHaNpsHKeHuo. Takas cuTyanus mMajioBe-
pOATHA, K TOMY K€ pacyeT BeJIMYMH MepeHanpsHKeHUN BeJics 6e3 yuera BXOJHBIX eM-
KOCTeH Bcex MOoTpeOuTenell, MOAKIIOUEHHBIX K CEeTH, U B pealbHOW CHCTEME TaKHe

NEPCHANPAKCHUS ITPOCTO HC MOT'YT BOBHUKHYTh.

[I1M curnane! gy ynpasiaenus kiaodamu DCDCHipeoOpaszoBaTens JOJDKHBI UMETh
HE3aBUCUMOE PETyJMPOBAaHUE CKBAXXHOCTU. C KaXKIOTrO KIIFOYa JIOJDKEH CHUMATHCS
CUTHAJI almapaTHOW aBapuu (KOTKPBITBHIN KOJUICKTOP»), KOTOPBIH MOXKET OBITh 00be-

JIVHEH IO MPUHIMIY MOHTaXXHOTO «MJIM».

HNuBeprop conepxxut 12 xiroueit, KOTOpbIE YIMPaBISIIOTCS pa3AeibHo. 12 curHanos
annapaTHbIX aBApUNl CHUMAETCS U NIEPENacTCs B KOHTPOJUIEP IO NMPUHIUITY MOHTaX-
Horo «MJIM». XoTsa uHBEpPTOp pabOTAET TOJIBKO B PEKUME TUCKPETHOTO KOMMYTAaTO-

pa ¢a3, mpaBUWILHO OBLIO OBl 3aJOKUTH BO3MOXKHOCTH PabOTHI KIIOYEH B PEXKHUME

IT1M.

JlaT4YUK TOJ0XKEHUST POTOPA BbIIAaeT 3 WK S5 (B 3aBUCUMOCTH OT (Da3HOCTH JIBHTATE-
JIST) TUCKPETHBIX CHTHAJIOB, BPEMs IIPUXO0/a KOTOPBIX HEOOXOIUMO OTCIICKHUBATH IS

pa6OTBI AIropuTMa UBMCPCHUS CKOPOCTHU U IMOJIOKCHHUS.



48

AHAJIOTOBBIE JATYMKH H3MEPSIOT BXOJHOEC W BbIxojgHoe HampspkeHuss DCDC-
npeoOpaszoBares (Ba JaTYNKA BEIXOAHOTO HANIPSDKEHUS JUIS HAJCKHOCTH), BXOTHOU

TOK IJIs1 pacuc€Ta MOIMHOCTH, TOKH B (‘pasax IJIA OpraHnu3aluu 3aliuT.

IlyasT ynpaBiieHUsl MOJCOEAMHSIETCS Yepe3 CHUHXPOHHBIN MepudepuiiHblii HHTEp-
deiic (SPlunTepdetic) aHaJOrMYHO TOMY, KaK 3TO OCYIIECTBISETCS B MPeoOpa3oBa-
TesX 4acToThl cepun «YHuBepcan». Hammune CAN-unTepdeiica mo3BosisieT BeCTH
yIaJICHHYIO0 HACTPOWKY MapaMeTPOB IO MPOMBINIICHHON ceTr. bbutn 3amoxensr RS-

232umm 485unTepdeiichl.

Jlnia BHenpeHus mpeoOpa3zoBaTeNell B TEXHOJOTHYECKUI MPOIECC OCYIIECTBIICH Tajb-
BAHUYECKH Pa3BA3aHHBIM BBOJ 3aJaHUs YAaCTOTHI BPAIICHUS B CUCTEMY YIIPABIICHUS.
Bbelnaya ¥ npreM IMCKPETHBIX KOMaH] OCYIIECTBISAETCSA Yepe3 ILIAaThl JUCKPETHOTO

BBOIa/BBIBO/IA, MMOAKIIOUCHHBIC K SPIluHTEpdeiicy.

HroroBoe pacnpeneneHre pecypcoB mokasano Ha puc.1.5.1.
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TMS320LF2407A 40MHz
Event Manager A
noHwxatrowuin kntod DCDC — T1PWM PWM1 |—
— T2PWM PWM2 |—
3awuTa ot nepeHanpsixeHns — /PDPINTA PWM3 |—
ONP ¢asbl A —| CAP PWM4 |—
OMNP ¢asbl B — CAPZ PWMS |—
OMNP ¢assl C — CAP3 PWME |—
Event Manager B K MHBEpPTEpY
nosbiwatowmii kntod DCDC —] T3PWM PWM7 |—
— T4APWM PWM8 |—
3awuTta ot nepeHanpsxeHms — /PDPINTB PWMS —
ONP ¢assl D — CAP4 PWM10 [—
ONP ¢assl E — CAP5 PWM11 |—
— CAP6 PWM12 |—
Ext Ints ADC
3awuTa oT nepeHanpsixeHns — XINT1 ADCINO |—
annapatHas 3awuta — XINT2 ADCIN1 |—
SPI ADCIN2 |—
—{ sPimosI ADCIN3 |— [ X Pasav
asuratens
— SPIMISO ADCIN4 |—
— SPICLK ADCINS |—
nynet Ogeps;"'i';zra —{ SPISTE ADCING |— Tok BXOAa
AMCerTHbR’; s:on/iblson — XF (CS) ADCIN7 |— HanpspkeHue Bbixoaa
— |IOPB6 (ADDR) ADCIN8 |— Hanps>keHue Bbixoaa
— IOPB7 (ADDR) ADCINS |—
— |IOPC1 (ADDR) ADCIN10 |— 3apaHue BHyTpeHHee
SC ADCIN1” |—
— SCIRXD ADCIN12 |— 3apaHue BHelUHee
RS-232 nnn RS-485 { — SCITXD ADCIN13 |— HanpsixeHue Bxoaa
— TDIRB/IOPF4 ADCIN14 |—
CAN ADCIN15 |—
— CANRX
CAN { — CANTX

Puc.1.5.1.Pacnpenenenue BeiBog0B MUKpOKOHTposwiepa TMS320LF2407 Anns

CHUCTCMbI YIIPABJICHUSA
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1.5.2. 3agaum cucTteMbl ynpaBJieHH s

Cucrema ynpaBiIeHHs] COCTOUT U3 OTAEJIbHBIX MTPOrPaMMHBIX MOJIYJEH, YacTh U3 KO-
TOPBIX M300paXkeHa Ha CTPYKTypHOU cxeme puc.l.4.11.dparMeHTsl mporpaMMHOTO
oOecrneyeHnst MOTYT NMPEAbSBIATH ONPeEICHHbIE TPeOOBAaHUS K 4acTOTE BbI30BA, 3a-
HUMAaTh CIUIIKOM MHOTO BPEMEHHM JJIs MOMEIICHHS B IPEPhIBAHUSA, TO3TOMY Ba)KHO

OTIPEICNIUTh CTPATETHIO pacCIpeIeIeHNs 3a/1a4 1o BpeMmeHu. K 3amagam oTHOCATCS:
v’ U3MepeHHe TOJIOKEHUS POTOPA,;

kommyTtarop a3 (bK);

pabota ¢ AT, ¢punbTparus u npeodbpazoBaHNE aHATIOTOBBIX CHTHAJIOB;

aHaJIu3 armapaTHbIX 3aluT,;

POTPaMMHBIE 3aAIUTHI;

perynsarop Hanpspkenuss DCDCipeoOpasoBarens;

U3MEpEeHHE CKOPOCTH;

aIalITUBHBIN PETYISITOP CKOPOCTH;

JIMCKPETHBIN aBTOMAT COCTOSTHUN MPUBOJIA;

S N N N N N N NN

CEpBHUCHbIE QYHKITUH.

H3Mepenne nos0keHHs1 pOTOPA OCYILECTBIISETCS MO0 MO0 JUCKPETHOMY KOy J1aT-
YHKa MOJIOKEHUs, T00, KOTJa CKOPOCTh OMpeieeHa, SKCTPAOINPYeTCs OT HYJIEBO-
ro yria moBOpoTa JaTuuka. V3MepeHue MOoJIoKEeHUs HEOOXOIUMO MPOU3BOIUTH C
Y4aCTOTOM MPUHATHA pEelIeHUs] 0 KoMMyTauuu (a3, To ecTb ¢ yactoToit Bbi3oBa BK, ¢
LENbI0 00ecTeYeH s IEPEKITIOUEHNS B MOMEHT MPOXO0KIEHHUSI POTOPOM YCTaHOBIIEH-
HOTO yIJIa C 3a/laHHOW MOTpeIIHOCThI0. JlaHHYI0 mpolenypy HeoOXOAUMO pa3Mec-
TUTh B PETYISPHOM MpPEPHIBAHUH U BBI3BIBATH €€ HEMOCPEICTBEHHO IMEPE BHI30BOM
BK, nns kotoporo pacuernas gactota cocraBisier 40kl wm 80k (ayist nBurare-

e co ckopocThio BparieHuss 5000006/muH).
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Bropast yacth 3ama4, cBA3aHHasi ¢ KOMMYTaTOpoM (a3, a UMEHHO MHTEPIOJISATOp Y-
JIOB KOMMYTAIIMi MOXHO BBI3bIBaTh B (POHOBOM IporpaMme, CuuTasi CKOpOCTh MPUBO-

3a Ha 9TaIriCe MCXKAy pacdeTaMu IPAKTHICCKH MOCTOSIHHOM.

JlJis aHamOTOBBIX CUTHAJIOB YacTOTa AUCKpeTU3aluu MoxeT coctaBiath 20kl 1, To
ectb yactota IIIMM DCDCqipeo6pazoBarens. KonTposb TOKOB (a3 JBUTATEINSI
OCYIIECTBIISITH C OOJBINIEH YaCTOTOM HEOOS3aTEIbHO, TaK KaK MPOTEKAIOIINE B TOKU B
HOpPMaJIbHOM PEXHUME TOCTATOYHO IJIaJKKe, a B aBapUHOM IIpeoOpa3oBartesb U ABU-
rateib BCETJa 3allWIICHbl BCTPOCHHBIMHU 3alllUTaMH HHTEJUICKTYATbHBIX CHJIOBBIX
monynei. Takum oOpa3om, 3anmyck AL, cusTre naHHBIX ¥ GUIBTPAIS MOTYT OBITH

pa3MelIeHbl B IpepbhIBAaHUN OCHOBHOTO TaliMepa, obecneunBatomiero padory LLIMM.

AHAJIN3 annapaTHBIX 3aIIHT YIPOIICH JJIsi CUCTEMbI yIpaBJICHUs Onarojaps BbI-
OpanHOMY cmocoOy moakmrodeHus. CUTHAJI TepeHanpsHKeHUST aBTOMAaTHIEeCKU OJ10-
KAPYET UHBEPTOPBI, U aHAJTU3UPOBATh JAHHYIO aBaAPUI0 MOXHO Yepe3 CKOJIb YrOJIHO
JUTATEIIbHBIA TPOMEXKYTOK BpeMeHU. CUTHAJIBI allapaTHBIX 3allUT WHBEpTOpa (Gop-
MUPYIOTCS ApaiiBepamu Kintoued. CurHaisl OyheprupoBaHbl YCHIUTEIISIMA C BBIXOJIa-
MU THIIA <OTKPBITBIH KOJJICKTOP» U TaMEpaMH, OCYIIECTRIISIOIIUMH BbIICPIKKY WH-
TepBaJia BpEMEHH JI0 CHATHS CUTHAJIA aBapuH OKoJIo 5 cexyHa. Tem He MeHee, aHaIn3
aBapuil 11eJeco00pa3HO MPOU3BOJUTH B MpepbiBaHUM TaiimMepa ¢ vactotoit 20k[,

4TOOBI N30€KaTh pabOTHI HA YACTUYHO HEPAOOTOCIIOCOOHOM MpeoOpa3zoBartelie.

IIporpamMHble 3alUThI, K KOTOPBIM OTHOCSTCS 3alIUThl IO IEPEHAIPSIKEHMUIO,
CHWDKEHUIO HAINPSDKEHUs, BBIXOJHOMY HANPSKEHUI0 U MAaKCUMaJIbHOW CKOPOCTH He-
00X0IMMO BBITIOJIHATE € YacTOTON auckperuzauuu AL, a MakcuManbHOTOKOBBIE TIO
JEHCTBYIOIIUM 3HAYCHHSIM, Tiepekoca (a3 1o JeHCTBYIOMIMM 3HAYEHUSIM B (POHOBOI
IporpaMMe, TaK Kak JaHHbIE I NPUHATHUS pelieHus GOpMUPYIOTCS CPaBHUTEIbHO

penko (pa3 B 0,8 cekyHpl, moapoOHO B MyHKTE 2.3).

Peryastop nanpsixenusi DCDC-npeoOpa3oBareisi 10/keH (QyHKIIMOHUPOBATH C
yactoton LIINM, nosroMy aHHas mpoueaypa A0JKHA BBIIMOJIHATHCS B IIPEPHIBAHUU

0a30BOro Taimepa.
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H3mepenne ckOpoCTH pallMOHATIBLHO MPOU3BOAUTH B MIPEPHIBAHUSIX MOIYJIS 3aXBarta,
TaK Kak B 3TOM CJIy4ae MOXHO OpPTaHu30BaTh 3()pPEeKTUBHBIN GUIBTP, TPOBEPSIOLIHIA
YyeperoBaHue MEPEeKITIOYEHI CUTHAIOB, UCKIIIOYAIOMINN JIOKHBIE cpadaThIBaHUS OT

npedesra GpoHTOB (1OIPOOHO B MyHKTE 2.2).

AIanTHUBHBIN PEryJsiTOP CKOPOCTH OCYIICCTBIIICT YIPABJICHUE PErYyISITOPOM Ha-
npsbxkenus DCDCHipeoOpazoBaTesisi, U JIOTUYHO OCYIIECTBIISITh PEryJIUPOBAHUE dTHUX

JIBYX KOHTYPOB CUCTEMBI YIIPABJIEHUs HA OJTHOM 4acTOTE, TO €cTh Ha nepuone [IINM.

JAMcKpeTHBI aBTOMAT COCTOSIHMH NPHMBOAA JIOJDKEH BOCIPUHUMATh KOMAHJbI
OIIEPATHUBHOTO YIIPABJICHHUS C ITYJIbTA U 1O KaHajaM JUCKPETHOTO BBOIA/BbIBOIA. Tak
Kak 00BE€M BBIYUCIICHHH B aBTOMaTe OTHOcuTenbHO mepuoaa IIIMM nocrarodHo
OOJBIION, a BpeMsi peakiuu He TpeOyeTcs JenaTh BBICOKMM, TO Pa3yMHO pacroJio-

KUTH MPOLIETypbl aBTOMAaTa B (JOHOBOI MporpaMmme.

CepBucHble QYyHKIIMM UMEIOT Pa3IMyHble TpeOOBaHMs 1O yacToTe 00pabdoTku. K oc-
HOBHBIM CEPBUCHBIM (DYHKIIMSIM aBTOp OTHEC CHELPYHKIMM MpeoOpa3zoBaTesiell om-
peneneHHoi momHocTH. Hanpumep, npeoOpazoBatens 25kBT ocyiecTsisier ymnpas-
JIEHHE CUCTEMOM 3aJIBUYKEK, 00ECIIEUMBAIOLIEH HalIM4Yue BOJBI 3a/JaHHOTO YPOBHS B
Hacoce. [IuCKpeTHbI aBTOMAT, BBIITOJIHAIOIIMN IPOBEPKY YPOBHS KUJAKOCTH, BBIIAYY
KOMaH/1 YIIpaBJI€HMsI 3aCJIOHKAMH, KOHTPOJIb OTKPBITUS U 00pabOTKY aBapHIHBIX CH-
Tyalnui pasmenieH B poHoBoi nporpamme. B npeoOpaszopatene 17,5kBT cnenuans-
Has QyHkuusa Tpedyer Bhigaun HanpsokeHus 220Bonbt Ha mectyro a3y uHBEpTOpa
JUIs IMTaHUS HarpeBaTelis ajcopOeHTa TEXHOIOIMUECKON YyCTaHOBKU. Perynarop Ha-

NPSDKEHUS pa3MeEIIeH B IpephIBaHUH 0a30BOTO TaiiMepa.
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1.5.3. Pacnpeneienne nporpaMMHBIX pecypcoOB MUKPOKOHTpoJJIepa

JI71st TaKTUPOBAHUST OCHOBHBIX COOBITHI CHCTEMBI YIIPABICHUS yIO0OHO MCIIOIB30BaTh
npepbiBaHue TaiMepa 1, SBISIONMIETOCS OMOPHBIM Ui CUTHAJIa CPaBHEHUS IMOHH-
xaromiero kimoya DCDCqipeobpazoBarens. JlanHbiii TaiiMep paboTaeT B pexuMe
MOBTOPSOIIETOCS CYeTa BBEpX-BHU3. TaiiMep 3, UCTIOIB3YIONIUIACA B KA4€CTBE OIOP-
HOTO JIJI1 CUTHaJIa CPAaBHEHMSI MOBBIIIAIONIETO KIII0Ya, CYMTAET CUHXPOHHO C Taiime-
pom 1, mosTomMy cOOBITHS, T€HEpUPYEMbIE TaliMepaMH CHUHXPOHHBI, U OHH MOTYT

OBITh pACCMOTPEHBI KaK OJMH OMOPHBIN Taiimep.

Talimep MOXET reHEepUpOBaTh MpPEpPhIBAaHUS MO 3aeMy, MEPUOaY, CPABHEHMIO, Tepe-

noJiHeHuo [23].

Acounter
| OFFFFR_ _ _ _ _ _ _ _ _ _ o _ _ _ _ _______
| period _ _ _ _ _ _ _ _ _ _ o ________
compare
.
A A =
t
3aem | CcpaBHeHue nepvog | | 3aem CpaBHeHue |
cpaBHeHue

Puc.1.5.2.I'enepanus npepriBanuii TaiiMepa MeHekepa coobiTril B TMS320X24XX

N3 puc.1.5.2BuaHo, 4TO NpephIBaHUE MO MEPETOTHEHUIO B TaHHOM Cllyyae HE BO3-
HuKaeT. YacroTa ciiejoBaHMs IpephIBaHUN 110 3aeMy U nepuofy cocrasiseT 20k[ ',
a U1 IpEpbIBAHMS CPABHEHUS B JIBA pa3a BbIlIe. MICIIOIb30BaTh B KAUECTBE COOBITHIA,
JUCKPETU3UPYIOLINX CUCTEMY, NPEPbIBAHUE CPABHEHMs TalWMepa Heb3s, TaK Kak

MOMCHT BO3HUMKHOBCHHUA JAaHHOTO IMPCPBIBAHNA HE ITOCTOSAHCH M OIPCACIIACTCA CHUC-
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TEMOH YIPAaBJICHUA, a B IOBBIMIAIOIICM PCIKUME, KOI'lad HOHI/DKaIOI]_II/Iﬁ KJIFOY ITOJIHO-

CTBIO BKJIIOUEH U CPAaBHEHUI HE MMPOUCXOIUT, IPEPhIBAHUE HE BOZHUKAET BOOOIIIE.

[IpepbiBanus 10 3aeMy M MEPUOAY AAIOT xkenaemyro yacTtoTy B 40kI'1 st TakTupo-
BaHMUS KOMMYyTaTopa (a3 JBUTATENs, TTOITOMY CHHXPOHU3AIUIO CUCTEMBI yIpaBJe-

HHS pallMOHAJIBHO IIPOBOAUTD 110 3TUM IIPCPBIBAHUAM.

Jns oGecnieueHust 4acToThl paboThl kKoMMmyTatopa ¢da3 papHoit 80kl y nBurarenei
C HOMUHAIIbHOW cKopocThio Bpamienus Boiie 300006/MuH mporenypa oOcyKuBa-
HUS TIPEPBIBaHUS TIOCTIC BBITIOJHEHUS 3a7a4 CHCTEMbI YIIPABIICHUS JTOJDKHA OXKUAATh
MOJIOBUHBI MEPHOJAa CUYeTa TaliMepa, MOCJe Yero BBIIOJIHATH MPOLEAYpPhl ONpeaesne-

HUS TEKYIIETO yTI0BOTO MOJOKEHUSI 1 KOMMYTaTopa ¢as.

Tonbko B raBe 3 OyzeT gaHo 000CHOBaHUE BhIOOpa BpemeHu 3amycka ALl mukpo-
KoHTpoJuiepa. OcTaBmIMecs 3a/ladyu pachpeesssioTCs 0 MPephIBAaHUAM 3aeMa | Tie-

pruoaa NpOrU3BOJILHO.

[IpeppiBaHE U3MEPUTEISI CKOPOCTU MPOUCXOAUT HE3ABUCUMO OT MPEPhIBAHUN Taul-
MepoB. [IpuoputeT npepriBaHus] CKOPOCTH YCTAHABIMBAETCS MEHBIIUM, YEM MPEPhI-
BaHUI TalMEPOB, TaK KaK YaCTOTa UMITYJIbCOB 10 KaHAJy AaTYMKA MOJIOKEHUS POTO-

pa CyILIECTBEHHO HUKE, YEM NIPEPBIBAHUN TalimMepa.

HtoroBoe pacnpezencHue 3aaa4d (KpoMe pacripeseiieHuss CEPBUCHBIX (PYHKIUH) 1MOo-

Ka3aHo Ha puc.1.5.3.
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Ll

edawnew Awaes ou snHesiqgdad,

Pacyem yana nonoxeHusi pomopa

Paboma kommymamopa ¢ha3s

3anyck AUl (ecniu Heobxo0umo™)

@unbmp 0aHHbIX ¢ AT

BcriomozamernbHas npoyedypa usmepumersisi CKopocmu™*

lNposepka annapamHkIx 3auium

lNpeobpasosaHue aHan0208bix cu2HaI08 8
omHocumersibHble eGUHUUbI

Sawumesl no aHano208bIM gesnu4YUHam

Pezaynsamop HanpsxxeHus DCDC-npeobpasosameris

BbinonHeHue modyssi pacyema Hapabomku rpusoda

OxudaHue rnonosuHbl nepuoda

Pacyem yana nonoxeHusi
pomopa

Ecnu HOMUHanbHasi

ckopocmb > 3000 06/mMuH Paboma kommymamopa ¢ha3

Bbixo0 u3 npepbigaHusi

ondau ou anHesiadad|j

e

edawnew A

Pacyem yana nonoxeHusi pomopa

Paboma kommymamopa ¢ha3s

3anyck AL (ecriu Heo6x00UMO™)

Pezynsmop ckopocmu

PUBPC

Pacuem Oelicmeyrouux 3Ha4eHUl mMoKoe ¢ha3

Pacuem Oelicmesyrouux 3Ha4eHUl mokKoe ¢ha3

OxudaHue rnonosuHsl nepuoda

Pacyem yana nonoxeHusi
pomopa

Ecsiu HOMuHanbHas
ckopocmsb > 3000 06/MuH

Paboma kommymamopa ¢ha3

1

dawne

eweasxec 9ufpop

<

nuwnododo
quawndewei

Puc.1.5.3.Pacnpenenenue nporeccopHoro Bpemenu (¥ — cm. paszaen 3; ** — cMm.

pasznen 2.2)
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Jlna obecniedyenus: pabOThl CUCTEMBI YIPABIEHUS B PEKUMaX MATH- U 1IecTU(a3zHOTO
JBUTATENS MPOIEIypbl 00CITyKUBaHUSI IPEPHIBAHUN CIIEAYET peaan30BaTh IS IBYX
TUIIOB JIBUTaTeJiel, a MepeKIloYeHne MeXy THUIIaMUd OpraHH30BaTh HA JTale WHU-
uanu3aluu cucteMsl. [lepexioueHre MOXET OCYIIECTBISATHCS MyTeM Iepeapeca-
IIUM BEKTOpa MpepbiBaHus B 001acTh BcTpoeHHOro O3Y mamsaTH nmporpamMmm MHUKpO-
KoHTposuiepa. B O3Y B MOMeHT uHMIManu3auuu (popMupyeTcst BEKTOp mepexosa Ha
IpEephIBaHUSI CUCTEMBI YIpPaBIEHUS JUOO MATH-, TUO0 ImmiecTU(A3HOTO JBUTATENs.
[TogoGHBIN crioco0 peanu3anuu SBISETCS HAWIYUYIIMM C TOYKU 3peHUs1 OBICTpOeH-

CTBMU:I.
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BniBoabI O rJ1aBe

1. B rnaBe paccmoTtpen BUJ[ xak oObekT ynpasineHusi. BBeeHbl MOHATHS yTriia KOM-
MyTallid, MEIJICHHONH M OBICTPON pacPOpPCUPOBOK, TaK Kak 3PPEKTUBHBIM SIBISIECTCS
CMEIIAHHBII CI1I0CO0 KOMMYTAIlMU C 3a/IaHHBIMM YTJaMHU BKJIOYEHHS] U OTKJIFOUYEHUS
¢a3zbl. [Iponssenen ananus TpeOOBaHUN K CHCTEME YIPABJIEHUS MO TOYHOCTU PETy-

JINPOBAHMUA.

2. PaccMmoTpeHa CTpyKTypa CUIIOBOrO IpeoOpa3oBatessi B BUIE OTAEIbHBIX MOJYJIEH.

JlaHbl peKOMEHAINH 110 CIOCcO0y YIPaBICHUS KaXKIbIM SJIEMEHTOM.

3. U3 cymecTBYOUMX HA PIHKE MUKPOKOHTPOJUIEPOB BbIOpaHa MOJENb, 10CTATOY-
Hasl OIS peaju3aluu cucteMbl yrnpasieHus. OOOCHOBAHO HCIONb30BaHHUE IMepHde-
PHUIHBIX YCTPOMCTB U UX MOJAKIIOUEHUE K CHJIOBOM M MH(POPMAIIMOHHOMN YacTH MpH-

BOJIA.

4. Iloctpoenbl MmexaHnueckue xapakrepuctuku BUII npu perynupoBanuu Hampsixe-
HUEM C HCIIOJIb30BAaHUEM UMHUTALMOHHOTO MOJIEIMPOBaHUs. Y TOUHEHbI TPEOOBaHUS K
kommyTtaropy a3z BUJI u paccunrtaHa yacTtora AMCKpETHU3AaLMH, 00ecreunBaroOIIas

A0CTATOYHYIO TOYHOCTD IMPUHATHA PCIICHUS O ICPCKIIIOYCHUU T10 YIITY.

5. BBI6paHa HECIIPOTUBOPCYHBAA CUCTEMA 0a30BBIX BCJIMYHH, IJIS IIOCTPOCHHA CUCTC-
MbI YIIPABJICHUA B OTHOCUTCJIBHBIX CAWMHHIAX, TAK KaK 9TO IIO3BOJIACT YHI/I(I)I/I]_II/IpO-
BaTb IIpOrpaMMHOC oOecrieueHue AJIs1 BCETO MOIIHOCTHOI'O psdaaad, U ACTIacT €ro pea-
JIM3YyCMBbIM Ha MHUKPOKOHTPOJLUICPAX, IPOU3BOAAINNX BbIYHMCICHUSA C (I)HKCHpOBaHHOﬁ

TOYKOM.

6. [IpousBeseH aHanu3 CyHIECTBYIOIIMX CTPYKTYP CUCTEM YIpaBJieHUs, IPOAHAIIN3H-
pOBaHbl UX JOCTOMHCTBA W HEAOCTATKH WU NPEMJIOKEHA OPUIMHAJIbHAs CTPYKTypa
CUCTEMBI YNPABJICHHS C aIallTUBHBIM PETYJIATOPOM CKOPOCTH IPHUBOJA M OTCEUKOM
1o MOMeHTY. [IpuBeneHsl pe3yapTaTbl MOJAEIUPOBAHUS MPOLIECCA yCKa MTPUBOIA IS

TpeX CTPYKTYp C II€JIbI0 CPaBHUTENBbHOTrO aHanu3a. [lokazaHo, uto paszpaboTaHHas
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CTPYKTypa aJalTHUBHOTO DPETYyJsATOpa C MEPEKIoYaeMol CTPYKTypoil, He TpeOyer

TOYHOM HACTPOUKH U 00J1a/1aeT MOBBIIIIEHHON pOOACTHOCTHIO.

7. Pacrtipeenensl nepudepuiinbie pecypcbl BEIOpaHHOTO MUKpOKOHTposuiepa. IIpo-
aHAJM3UPOBAHBI 3a]a4l CUCTEMbI YIIPABIICHUS U MPEJI0KEHO PacipeesieHue BbI30-

BOB IPOILIETyp NMPOTPAMMHOI0 00ECIIEYeHUsI BO BPEMEHH.



