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JaHHas KHUra OpMEHTHPOBAHA HAa MHKEHEpPOB, HAUMHAIOIINMX 3aHM-
MaThbCs pa3spaboTKaMM 3JIEKTPOIIPMBOLOB U IIpeodpa3oBaTeieii.

B Heit KpaTKO M3JI0KEHbI OCHOBHBIE IPUHIMIIBI ITPOEKTUPOBAHNS
9TUX YCTPOICTB, MPUBEAEHbI CTPYKTYPhI MX aIlllapaTHO! ¥ IMPOrpaMMHOI
yacreii. PaccTaBiieHbl aKLeHThI, HA KOTOPbIe He0OX0aMMO 00paTUTh 0C000e
BHUMaHMe.

Ha mpumepe peaabHOrO 3JIEKTPOIPUBOLA PACCMOTPEH IPOIeCC I10-
CTPOEHMSI ero MOJeaM C TOCeAyIolleil KomoreHepalyeil IIporpaMMbl
YIIPaBJISIONIEr0 MUKPOKOHTPOJLIEPA.
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Tom Bovit, uenorest OubBHastx cud,

Mpucmynad k beuemy naneby,
Ceptit oo no- nowto kpyneud,
Kaw opén, nod odrawom napua,
Pacmerkancs mutecaumto no- 0peby.

H. 3adonovkuiv

1 TIIPEOVCJ/IOBUE

3ech aBTOPbI He XOTST, TOJ00HO BellleMy BosiHY, «pacTeKkaTbCsl MbIC-
JIVIO TIO IPEBY».

Ha To ecTb MHOTO pa3HbIX TEOPETUUYECKU U AUTAKTUUECKU TTPaBUIb-
HbIX Y4eOHUKOB...

9Ty KHMXKY MOXXHO pacCMaTpuBaTh KakK MpojopKkeHue KHUTKU «Oc-
HOBBI perynupyemoro 3aekrpornpusoaa» 0. H. Kanauésa u [I. B. CamoxBa-
JIOBa, TaK KaK OHa MOCBSIeHa MPakTUUeCckoi peann3aluyy OMMCAaHHbIX TaM
TIPUHIIUTIOB.

BynmeM cuuTaTh, YTO C OCHOBAMM 3JIEKTPOIIPUBOJA YUTATETh 3HAKOM,
" nepeiiémM HeloCPeICTBEHHO K MPAaKTHKe ero MpOoeKTUPOBaHMs, a TOMO-
’KeT HaM B 9ToM cpena SimInTech.

OTO oTeuecTBeHHAasl MpOrpaMMHasi cpejia, TO3BOJISIIONIAsT MOIeINPO-
BaTb U IPOEKTUPOBATD pa3MUHbIe YCTPOIICTBA, B TOM UMCJIe U 3JIeKTPOIIPH-
BOJIbI.

«A mouemy, HarrpuMep, He Simulink?» - CTIpoCUTe BbI, ¥ MbI BAM OTBe-

UM: <[Tomowmy wmo-...!>

2 TIlouemy ke Bcé-Taku SimInTech

XBaTUT KUTb YY)KMM YMOM - MbI TIpe/ijlaraeM OTeueCTBEHHbI coPT,
KOTOPBI TI0 psIy MMOKa3aTesieit MpeBOCXOOUT 3apyOeskHbIe aHAIOTH.

A Tyn6oxkc «dnekTpornpuBoa» SimInTech cipoeKTUPOBaH pa3paboTum-
KaMM 3JIEKTPOINPUBOIOB cebe ke B ITOMOIIb, MMEHHO Tak, KaK yI00HO ca-
MMM 3TUM pa3paboTumkam ... bosee TOro, OH 1 MPOEKTUPOBAJICS B ITPOILiecce
KOHKPETHBIX pa3paboToK.

OueHb MHTEpPECHBIM, Ha Halll B3IJISI, SIBJISIETCS] U IPAKTUUECKUIA OTIBIT
KOJIOreHepanuy MporpamMmmMbl KOHTPOJIIEPA 3IEKTPOIIPUBOJA, ONIMCAHHBIN B
IAHHOW KHUTE.
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A emé paspaborumkyu cpenbl SimInTech BIIOIHE afeKBAaTHbIE U JO-
CTYIIHbIE JIIOJ, KOTOPbIE BCETIa TOTOBBI OTBETUTD Ha JIF0OOI BOITPOC IM0JTb-
30BaTesIsl, U 3TO AeiCTBUTEIbHO BayKHO.

Taxxke cpenu tnipeumytectB SimInTech CTOUT YIOMSIHYTb CKOPOCTh
cyéTta MoJeJieil U «JIETKOCTb» CPeAbl C TOUKM 3peHMs TPeOOBaHMIl K «Ke-
nesy».

3 Oramnbl IPOEKTUPOBAHUSA

JIto60e TIPOEeKTMPOBaHME HAUMHAETCS C aHA/IM3a ¥ KOPPEKTUPOBKU
TexHu4yeckoro 3amanus (T3).

OTOT OueHb OTBETCTBEHHBIN 3Tall, TaK KaK 4acTO M3MEHUTh YTO-TO
riocsie yrBepskaeHust T3 yske HeBO3MOXKHO.

Ha sTom sTame paboThl HEOGXOIMMO COIJIACOBATh C 3aKa3UMKOM Tpe-
60BaHMSI K U3[Ie/INI0, KOTOPbIe, C OJHOV CTOPOHbI, YIOBJIETBOPSIT €ro >keJa-
HMSI, @ C IPYTOIA, OYIyT peaanCcTUUHbI, KaK CO CTOPOHBI TEXHMYECKOI peau-
3allMM, TaK ¥ CO CTOPOHBI APYTMX HEMATOBAKHBIX aCIIEKTOB:

e (uHAHCOB

e CpPOKOB pa3paboTKu

e 000pyIOBaHMS JIJIST UCTTBITAHUIL

e CONPOBOAMUTEJIbHOI TOKYMEHTALUA
e cepTuUdUKALIUN

e UT.H.

B yrBepxknénHom T3 mpenBapuUTeNbHO OIpeNeNsIioTCsl Takue Tapa-
MeTpbI IPMBO/Ia KaK HAMIPsSIKeHMe MTUTaHUS U TOK ITOTpe6ieHNs, HOMUHAb-
Hasl ¥ MaKCUMMaJibHasi MOIITHOCTb, MOMEHT WIN YCUJIMe Ha pabouem opraHe
npusopa, KII cucremMsl u T.[,.

Cremyromuit aTamn pa3paboTKu — cosmaHue GYHKIMOHATbHOM CXeMbI
npuBoza. Ha aTom 3Tare onpeesnsiioTcst TUIT M CTPYKTYpa BXOASIINX B ITPU-
BO/Jl OCHOBHBIX (DYHKIIMOHAJIbHBIX 6JI0KOB, TAKMX KaK:

e DJIEKTPOABUTrATENb (TUIL, XaPaKTePUCTUKN)

e CWIOBO¥ GJIOK (TUIT U CTPYKTYpa)
e [1aTUYMKOB (TUIIbI M BAPUAHTHI YCTAHOBKM)
e ClyCTeMa YyIIpaBJIeHUs (CTPYKTYpa).

Hy a masee - mpopaboTKa MPUHIIMIIMAIBHBIX CXeM, pa3BOJKa Ievar-
HBIX IVIAT, HaMMCaHKe IPOTpaMM yIIpaBJieHUs U CBSI3U, U3TOTOBJIeHNe, UC-
MIBITAHMS U ... UCTIPABJIEHME OMMOOK, CHOBA VCITBITAHUS U T.JI.
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Hai myTh TepHUCT, M HA HEM 4aCTO BO3HUKAIOT HeNpeaBIAeHHbIE Ma-
TepuaJbHbIE 1 BpEMEHHbIE 3aTPaThl, HAIIPMMEDP, HA peaHMMaLI0, UK (He
naii bor) peMHKapHAaIMIO B30PBABIINXCS Y37I0B ...

A HavaJIbCTBO HEIOBOJIBHO, OHO-TO AyMaeT: «Yeeo- mawt caomwe~
HO2o- - dumukw nepemgakubame?!!!s.

BoT TyT HamM MOXeT 3[I0pOBO MMOMOYb MojennpoBaHue. OHO TO3BO-
JITeT OOHAPYXUTh OIMIMOKM HAa PAaHHUX CTAAMSIX TTPOEKTMPOBAHMS, HE 0-
BOJISI A0 UCIIBITAHUI (M B3PBIBOB).

4 BbIOOp ABUTaTE A

BaxkubiMy dakTOpaMu IIpyU BbIOOpE TUIIA ABUTATENIS SIBJISIIOTCSI €ro
macca, rabaputsi, KIIII ¥ CTOMMOCTb.

Eciu roBopuTh 0 ABUTATENSIX IEPEMEHHOT0 TOKA, TO CAMBIMMU Jelllé-
BBIMU SIBJISIFOTCSI aCMHXPOHHbIE ABuraTtenu (manee All).

OpnnHako camblii BeicOkuiA KITJI MMeT CMHXPOHHbBIE ABUTATENN C I10-
CTOSSHHBbIMM MarHutamu (ganee CHIIM). OHuM Xe MMeIOT JIydllye Maccora-
OGapuUTHBIE ITOKa3aTelN.

Tun BeIOMpaeMoOro ABuUraTesss orpenensieTcs: TeMm (GpakTopoM, KOTO-
pbIii B KOHKPETHOM CTy4yae BakHee.

OCHOBHBIMU TPeGOBAHUSIMMU, ITPEIbSIBISIEMBIMU K JIIOOOMY TUITY TBU-
raTessi, SIBJISIIOTCS:

® MOIIIHOCTb
o MOMEHT
e paboune CKOPOCTU BpalleHust

NneanbHbIM SIBJISIETCS TOT C/Tydaii, KOTia ABUTaTeNb CIIelIMaJbHO MPO-
eKkTupyeTcs 1mop chopmyaupoBaHHbie B T.3. Ha mpuBoa, TpeboBaHus. Of-
HaKo yalie ObIBaeT Mo-Apyromy. IIpoeKTUPOBIINKY TPUXOOUTCS UCTI0Ib30-
BaTh yKe CYILeCTBYIOIIME JOCTYIIHbIe ABUTaTeNN, KOTOpble He Bcerga uie-
aJIbHBI JJI pellleHnsI TIOCTaBJIeHHO 3a1aun.

OpHako uymec He 6bIBaeT, Kak 6bl 3TOr0 HM XOTEJIOCh HE OUeHb KOM-
TEeTeHTHBIM Hauya/IbHMKAM.

Eciu tpebyeTcs, HanpyumMep, BbICOKAsI IMHAMMKA ¥ TOYHOCTb, IITy60-
Koe peryJnpoBaHe C MMHUMAaIbHbIMM MYy/IbCALIMSIMU MOMEHTA, TO, CKOpee
BCero, Hao npuMeHsTh goporoi CAIIM ¢ curycomnpanbHoi IC.

A ecsiv Tpe6OBaHMS K IMTy/IbCAIIMSIM MOMEHTA Ha TaK CTPOTH, TO MOXKHO
MIPUMEHUTD ¥ 60JjIee menIéBblii CMHXPOHHBINM ABUTATEIb C TpamelenaaabHO
oMC.



Ecau TpeboBaHMsS K Macce ¥ rabapuramM MO3BOJISIIOT, TO MOXKHO MC-
I10JIb30BaTh ¥ aCMHXPOHHbI JBUTaTEJIb.

B HEKOTOpPBIX Cay4yasx, MpM HEeOOJIbIION TpeOyeMoil MOIIHOCTY U
MaJIO M3MEHSIONIEMCSI MOMEHTE Harpy3Ku, UaeaJbHbIM BbIOOPOM SIBJISIETCSI
1IarOBbIN IBUTraTe/b.

Yro KacaeTcs aBuraTesieii moCTOSHHOIO TOKAa, TO MX MbI 37eCh He pac-
CMaTpPMBAaeM B CMJIYy TOTO, YTO OHM, BCIAEACTBME KAIPU3HOCTU IIETOUHO-
KOJIJIEKTOPHOTO MeXaHM3Ma ¥ AOPOTOBM3HBI, MPUMEHSIOTCSI JOCTATOYHO
peIKo B OCHOBHOM — IO CTapOJi MaMsITH.

5 Mexannueckas nepegava

CMBICJT MCITOJIb30BaHMS MeXaHMYeCKOl Iepemaun, Kak MpaBuiIo, 3a-
KJIIOUAeTCsI B ITOBBIIIEHUY MOMEHTA 3a CYET CHIKEHMSI CKOPOCTH, HY W/
B IIpeoOpa30BaHMM BpallaTe/bHOTO ABMKEHUSI B BO3BPATHO-TIOCTYTIATe b-
Hoe.

Hanmune mexaHMUYeCcKO¥ repeauy B IPMBOJIE TIPEIIO/IaraeT COImyT-
CTBYIOIIVE HEITPUSATHOCTU: TIOMTHI, yIIpyrocTu, cHskeHne KIII, Heo6xoam-
MOCTb JIOTIOJTHUTEIbHOTO 0O0C/TY;KMBaHMST (CMa3Ka).

OTU HENPUSITHOCTY YBEIUUMBAIOT CTOMMOCTb IIPUBOJIA, CHUKAIOT €ro
HaJI€5KHOCTb, TOUHOCTD U OBICTPOIEIICTBIE.

OJHaKO B HEKOTOPBIX CIydasix 6e3 pelyKTopa He 000 THUCH.

Hampumep, mpu OAMHAKOBOM MOMEHTE MaJOMOIIHBI/ BbICOKOCKO-
POCTHOJ ABUTATENb C MOHVDKAKIIMM PEIYKTOPOM MOKET MMEeTh 3Hauu-
TeJbHO MeHbIIIMe rabapuTbl U Maccy, YeM JBUTATeIb C OOJbIIMM KOInJe-
CTBOM Tap MOJIIOCOB.

Ha 60/bIIMX MOLIHOCTSIX KapTHHA YacTO 0OpaTHasl. BLICOKOMOMEHT-
HbI/l MHOTOIIO/TIOCHBII ABUTaTeb MOXKET ObITh B HECKOJIBKO pa3 MeHblIle,
Jerye u felieBsie, yeM, Harmpumep, 50-repiioBblii ABUTATETb C MOHVKAIO-
MM pPeIyKTOPOM, 06eCcIeunBarIM HY>KHYI0 CKOPOCTb I MOMEHT.

BbibOp MexaHMUECKOi Iiepe-
Jauy (MU e€ UCKIII0YeHMe 3a CYET BbI-
6opa COOTBETCTBYIOIIETO ABUTATEJIS)
— 9TO BOINPOC ONTUMM3ALUU CTPYK-
Typbl KOHKPETHOTO NPUBOJA, IIpU pe-
[IeHMM KOTOPOro HeOoOXOOMMO Yuu-
THIBATh BCe TPeOOBAHMSI COOTBETCTBY-
romrero T3.
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6 CTpyKTypa CMJIOBOTO IIpeodpa3oBaTeis

[luTaHMe CUIIOBOTO TMpeobpa3oBaTessl JMEeKTPOIPUBOIA MOXKET OCY-
LIeCTB/ISITBCS OT UCTOYHMKA IMOCTOSIHHOTO HaNpsDKeHUs (Harpumep, akKy-
MYJISITOPA) UM OT BHEIIIHEN CeTU MepeMEeHHOr0 TOKa.

O6mIMii BUI CTPYKTYpPBI ITPeobpa3oBaTestsl Py MUTaHMUM OT BHEITHE
ceTu rMepeMeHHOr0 TOKa IpuBeaéeH Ha Puc. 6.1.

f N\ (3Beno mocT. ) ( Tacu-)[ MocTtoBoit .
TOKa TeNb HHBEPTOP 110K
, - JIATYAKOB
A KO
~u F T L:_. Re Klk K3KK5K T
A0y B 2 ol
O‘ILE) &l Boimpsi- Rorp : % 5
B :m 2. | murens | | Ude 12 5
O_
C T Cdc == te <
=
K5 K2 \ K4\K6
\4
(& AN AN AN J

Puc. 6.1
PaccMoTpuM CTPYKTYypy Ipeobpa3zoBaresist 60siee Moapo6HO.
B ero coctaB BXOOST:
e BBINPSIMUTEITb
e 3BEHO IMOCTOSTHHOTO TOKa
e TacuTesb SHEPTUU TOPMOKEHUS
e MOCTOBO¥ MHBEPTOP
e IATUUKU

e 1pu HeobxoaumocTu GuabTpsl (EMC U CMHYCHBII).

B 3aBucumMocTy oT TpeboBaHuit T3 CTPyKTypa CHMIOBOTO Ipeo6paso-
BaTessI MOXXeT MeHSTbcsl. Hampumep, mpu OUTaHUM OT CETU MTOCTOSTHHOTO
TOKa He TOHAI00MTCS BBITIPSIMUTENb, & €C/iM IIPUBOJ, paboTaeT TOJBKO B
IBUTATEIbHOM pEXMME, TO U TOPMO3-TaCUTENb He HYKEH.

[Tpu paboTe MPUBOAA OT aKKyMYJ/ISITOPHO OaTapeyu Takske MOKHO OT-
Ka3aTbCsl OT racuTeisi, 06ecreunB MPY TOPMOKEHUY PEKUM peKyIlepanun
SHepruu B 6arapero.

Ha masnbix MOITHOCTSIX WU MPU OTCYTCTBUM COOTBETCTBYIOIIUX Tpe-
6oBaHuit T3 He MCIOJIb3YIOT ¥ BXOIHbIE/BBIXOIHbIE (PUIBTPHI.
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6.1 BpinpssMureab

6.1.1 [IuopHbBI BBIIPSIMUTEIb

CaMbIM MPOCTBIM SIBJISIETCSI IMOIHBIN BBITIPSIMUTENb, OZHO(A3HbBIN
MU TpExasHbIA.

Ba’kHO TTOMHUTb, UTO IIpM paboTe NMOMHOTO BBIMIPSIMUTEISI HA KOH-
JleHCaTop 3BeHa ITOCTOSTHHOTO ToKa (Ci-Ha Puc. 6.1) Toku (a3 cuaoBoii cetu
HOCSIT SIPKO BBIPQXXEHHBIN MMITYJIbCHBIN XapaKkTep. OTU TOKU MOTYT I10 aM-
IUTATYIE BO MHOTO pa3 IIPeBOCXOINTD CPeIHMI TOK, ITOTPeOIIsIeMblil MHBEP-
TOpPOM 3j1eKTponpuBoga. Takoit xapakTep nmotrpebaeHNs] MOKeT IJI0XO CKa-
3bIBAThCS Ha (hOopMe MUTAIOLIEro HaMmpsKeHUsT — CO3/1aBaTh B CETU IOTOJI-
HUTebHbIE TADMOHUKN.

abbl HECKOJIBKO CTIAAUTh 3TOT HEMPUSITHBIN 3¢ deKT, MHOTrAA MPU-
MEHSIIOT TPY ApOocCcesis, KOTOpble YCTaHABIMBAIOT B (a3bl Mepe, BhITPSIMU-
TeJieM, WIN OAVH OPOCCesb, MEXIY BbIpSIMUTEIeM 1 GUIbTPOM 3BeHa I0-
CTOSTHHOTO TOKa (cM. Puc. 6.2).

A oM 13- 5-0  do N NY\_IT_;:_|_0
B S | ! B B | !
O~ YY1 1 |Cycl T o——H4 | Jgdcl T
G | T 1 Ude i : T | Udc
I |
g 1| | ‘ = L ‘
| | | Lo |
t—et—+——-0 < |- +——-0
Puc.6.2

JMOIbI BBITIPSIMUTEJISE BBIOMPAIOTCS C YUETOM pabOThI B UMITY/TbCHOM
pexuMe, C XOPOUIMM 3allacOM MO TOKY. BelnunHy MMITyJIbCHOTO TOKa
MOYKHO OLIeHUTb aHAJTUTUUECKU WK 60jiee TOYHO MOTYUYUTh Ha MOJEeNN.

O6bIUHO 3aKa34MK yKasbiBaeT B T3 CChUIKY Ha CTAHIAPTbI, KOTOPHIM
IOJIKHO COOTBETCTBOBaTh pas3pabaThiBaeMoe ycTpoiicTBo. Hampumep, co-
BpeMeHHbIV cTaHaapT IEC-1000-3-2 HamaraeT >KECTKME OTpaHMYeHUs Ha
YpPOBeHb TapMOHMK, CO3[ABaeMbIX B CETU 3JIEKTPONMUTAHUS JHOOBIMU
YCTPOICTBaMM MOLTHOCTBIO CBbIIIe 75 BT.

Hpoccenn Ha Puc. 6.2 HEMHOTO YMEHbBIIAIOT YPOBEHD BBICIINX FapMO-
HMK TOKa U HAMpsDKeHUsI CeTH, HO He peliaioT MpobaeMy paguKaabHO, TaK
KaK JIJIs1 XOPOILero CriakMBaHMsI OHU IO/KHBI UMETh JOCTaTOYHO O0bIIYI0
MHAYKTUBHOCTD, YTO YaCTO MPUBOAUT K HEJOIYCTMMOMY BO3PACTaHUIO UX
rabapmuToB, Beca ¥ CTOMMOCTMH.

Cob6JtiocTy TpeboBaHMs CTaHAAPTa [IOMOTAIOT Pa3IMUHbIE CXEMbI KOP-
PeKTOPOB MOLIHOCTH.

~10 ~



kHure: B. MunemnH, [I. OBUMHHMKOB, YIpaBjeHME TPAH3UCTOPHBIMMU
rpeobpa3soBareasiMu 3aeKTposHeprun, Texnocdepa, Mocksa 2011. ’

K xoppekTopam MOIITHOCTM MOXXHO OTHECTM M aKTUBHBII BBIIPSIMM-
T€eJIb, KOTOPBI, KpOME CHYDKEHMSI YPOBHSI TapDMOHMK, €I 00ecrieunBaeT u
pekynepanuio sHepruu. O HEM pedsb MOMAET Aajiee.

6.1.2 BsimpsaMuTeau ¢ peKymnepammein sSHeprumu

AKTUBHBIV BBIIPSIMUTEIL 0OeCrieumMBaeT aKTUBHbBIN XapaKkTep TOKa
CeTU IO OTHOIIEHUIO K € HATIPSKEHUI0, UYTO UIeaabHO C TOUKM 3PEHMS MU-
HUMM3aLMU YPOBHS TAPMOHMK, BOSHUKAIOIIUX B CETU MIPU BBIIPSIMJIEHUNA.

Kpome Toro, ¢ moMoub0 3TOro yCTPOJCTBA SHEPTUIO TeHEPATOPHOTO
TOPMOSKEHMS IBUTATENS MOSKHO OTHaBaTh OOPAaTHO B CUMJIOBYIO CE€Th (PeKy-
nepupoBaTh). CTPYKTYpPY BbINIpSIMUTeENS nosicHseT Puc. 6.3.

Cucrema ynpaBieHHs
BBIIPSIMUTEILS |/\|

HaTtunku Hatuviku  MHBEPTOp aKTHBHOTO [,
HaIpsKEHUS TOKa BBIITPSAMUTEIS — luarp
- e = — —_— +
Uas, Usc, Uc Ia I8 Ic . °©
L Rs

Udc

.
3 @}@é 7

O000MmEHHBIE BEKTOPHI |

Puc. 6.3

COCTOUT aKTUBHBIN BBIIPSIMUTENb U3 MOCTOBOIO MHBEPTOPA, IOZ-
KJII0UAaeMOro K ceTu uepes apoccenu (cM. Puc. 6.3) 1 cucTemMbl yIpaBIeHUSI.
[Tpu BKIIOYEHUM BBIMIPSIMUTEJISI MHBEPTOP, pabOTAIONINII B peXMMeE
MOBBIIIAONIEro Ipeobpa3oBaTessi, 3apsbkaeT EMKOCTh Cgie IO HATIPSKeHUST
U,. , BelnuMHa KOTOPOTO HECKOJIBKO BbIIlIe aMIUIUTY bl IUTAIOIIero Harpsi-

SKEHUSI CETH.

[Tocse atoro U, MOKHO paccMaTpuBaTh KaK MCTOYHUK HAIIPSDKEHMSI,
13 KOTOpPOro MHBepTOp ¢ momorisio IIIMM criocobeH hbopMupoBaTh TPEX-
(da3Hble HaTIpsDKeHMS Pa3IMyHOM aMIUIMTY bl U (a3bl OTHOCUTEIBHO HYJIe-
BOJ (CpefiHel) TOUKU CMJIOBOJ CETH.
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Ha Puc. 6.3 BekTOp HanpspkeHUs ceTu uMmeeT obo3Havenne U,,a | u

U, - 3To BeKkTOp ToKa TpEéxda3HOro Apoccesi M BeKTOp HanpsbkeHus, pop-
MMPYeMOTO MHBEPTOPOM.

IMMOAPOBHO 06 0600IIEHHBIX TPOCTPAHCTBEHHBIX BEKTOPAX YUTANTE Bi
pasmese 4 kuuru «OCHOBBI PeryInMpyeMoro ayekrponpusoga» 10. H. Ka-
nauésa u J1. B. CamoxBanosa. :

M3mepsis da3y BekTopa cuiioBoii cetu ( U, ) 1 yrpaBiisis C IOMOILbIO

mHBepTopa c IlIMM ¢a3soii BekTopa U, , MOKHO MeHSTh (pa3y BeKTOpa TOKa
npoccenest | orHocuTenbHO U, . A ympasiss aMIIMTynoi Bekropa U, ,

MOKHO MEHSITh aMIUIUTYyAy | , mogmepskuBasi ITOCTOSIHHBIM HaIpsiKeHMe
U, -

Takum 06pa3om, MOXKHO 06eCreunTh CMH(Pa3HOCTh BEKTOPOB Ul ul
IIpU TIOTpe6IeHNM SHEPTUM U3 CeTU WIM UX IPOTMBO(A3HOCTD IIpHU Iepe-
Jlauye SHEepPruMU B CETh, UTO M COOTBETCTBYET aKTMBHOMY peXUMY OOMeHa
SHepruein Mexxmy mpeo6pa3oBaTesieM U CEThIO.

3aMeTuM, 4YTO BO3MOKHOCTH IIepefauy SHEPTUM B CETh 00ecIieunBa-
eTcsl TeM, 4YTO, KaK ke ObUIO cKa3aHo, nopajaepxupaemoe U, HeCKOIbKO

MpeBbIIAEeT aMIUIUTYLY HAIIPSDKEHUS CeTHU.

3a CUET MOBbIIIEeHNS TAKTOBOM 4acTOThI LIIIM B cXeme BbITIpSIMUTEIISI
YIAETCSl CHU3UTb MHAYKTUBHOCTb, a CJI€[0BaTelIbHO, MacCy U TrabapuThl
Ipoccesiei mpyu obecreueHNN CUHYCOUIATbHOM (GOpPMbI TOKOB (a3 1 MaJIbIxX
TOKOBBIX [ITUM- nynbcanmsx.

KpoMe akTMBHOTO BBITIPSIMUTEIS IJIsI peKyTiepaly SHeprum B mpeoo-
pasoBaTesIsiX MHOTLA IIPUMEHSI0TCS TUPUCTOPHbIE BeinpsaMuTenn. OHu, Kak
Y aKTUBHBIII BBITIPSIMUTENb, MOTYT 00eCIeunThb IJIaBHbIN 3apsn GuiabTpa u
pekyrepaluoo, OIHAKO He 06eCcreuynBal0T aKTUMBHOTO XapakTepa obmMeHa
SHepruei ¢ CceTnlo.

{ BOJIEE IIOJPOBHO: :

L. MIPUHIIUIIBI pabOThl AKTVMBHOTO BBITIPSIMUTEJISI OMMCAHbI B KHIKKE:
10. H. Kanaués, /I. B. CamoxBanoB, «OCHOBbBI peryJanupyeMoro 3jeK-
TporipuBoaa (AHTuyue6HMK)», IMK IIpecc, pasgen 8. :

e O TUPUCTOPHBIX BBITIPSIMUTEJISIX MOXKHO MOUYUTATh B CTAPOIi, HO XO-

porieit kakke: B. . IIpeobpakeHcKuit, «I10yITpoBOAHUKOBbIE
BBIIIPSIMUTEIN», BTOPOE M3aHle, TepepaboTaHHOe U TOMOJTHEH-
Hoe, MockBa, JHeproaTommusaar, 1986, pasmensr 3, 4, 5.



6.2 3BeHO IMOCTOSIHHOTO TOKa

3BEHO ITOCTOSTHHOTO TOKa COCTOUT M3 CUJIOBOTO KOHJI€HCATOPHOTO
buibTpa 1 orpaHMUKTENS 3aPSIAHOTO TOKA.

[Tpu HEOOXOAMMOCTM B €r0 COCTaB BXOJUT TaKKe TaCUTETb SHEPIUNU
reHepaTOPHOTr0 TOPMOXKEHMS.

6.2.1 CwuioBoit GuabTp

B kauecTBe KOHJEHCAaTOpPOB (uibTpa B 3BeHe IMOCTOSHHOIO TOKa
OOBIYHO TIPUMEHSIIOTCSI 3JIEKTPOIUTUYECKME VI TUIEHOYHbIE KOHJeHca-
TOPBI OOJIBILION EMKOCTH.

K BpIOOPY 9TMX KOHIEHCATOPOB HAJI0 MTOAXOAUTh OCO3HAHHO.

DJIEKTPOIUTBl HAZl0 MCHOJb30BaTh TOJIBKO CHEluaIn3upOBaHHbIE
(MMITyJIbCHBIE), C HU3KUM 3KBUBAJIEHTHBIM MOC/IEI0BATEIbHBIM COIMTPOTUB-
nenuem (ESR). B Hux MeHbllle moTepb. Hampumep, oTedeCcTBEHHbIE CEPUN
K50-84 vnu ummnoptHbie EPCOS cepun B43509.

[ToTepyu B MIE€HOYHBIX KOHAEHCATOPAX, M0 CPAaBHEHMUIO C JIEKTPOJIN-
TaMu, CyIllleCTBEHHO MeHbIIIe.

HormycTMoe HampsKeHMe KOHJIEHCATOpPOB (MIbTpa BbIOMpPAETCS C
HEKOTOPBIM 3aracoMm, UCXOAs U3 MaKCMMaJbHO BO3MOKHOTO HaIlpsSKEeHUS
NUTAIOIIe ceTy ¥ BO3MOXKHOIO NMOBbIeHns U, Ipy reHepaTOPHOM TOD-

MOXXEeHUH OBuUrateid.
KpOMe OOITYCTMMOTI'O HaIIPpAXKEHMNA, Ba)KHEMIIUM ImapamMmeTpomMm IJisd
BbI60pa KOHOEeHCAaTOpa ABJIAETCA JOIMYCTUMOE CpeAHEKBAAPATUYHOE 3HAYE-

Hue ero Toka (|, ), KOTopoe 0ObIYHO IPUBOAUTCS B CIIPABOYHBIX JAHHBIX.

B aBuraTesbHOM peskuMe paboThl MPUBOIA KOHAEHCATOP 3apssKaeTcst
Yepes BBIIIPSIMUTENb U pa3psbkaeTcs B MHBepTop. IIpu 3TOM 3HaueHue |,

CUJIBHO 3aBUCUT OT (DOPMBI TOKA Yepe3 KOHIEHCATOP M paCcCUMTATh €ro aHa-
JIMTUYECKU 3aTPYIHUTETBHO.

XOpouuM MHCTPYMEHTOM B BbIOOpE EMKOCTY (UIbTPA SIBJISIETCST MO-
nenb mpuBoja. IIpy 3ToM cpeiHEeKBapaTMYHOE 3HAUEeHMe TOKA QWIbTPYIO-
IIero KOHAEeHCAaTopa B MOie/i MOXKHO OLIeHMBAaTh Ha Mepuoe MUTarllein
CUJIOBOI CeTH.

[Ipy ogMHAKOBOV €MKOCTYM 3HaYeHue AOMyCcTUMOro | .. MIEHOYHBIX

KOHIOEeHCAaTOPOB B pa3bl Bblllle, YEM Y SJIEKTPOJINTUUECKUX.

B nocnegHee BpeMs, B CWITY JIYUIIMX YaCTOTHBIX CBOﬁCTB, B IIpMBOJaX,
0COOEeHHO MOIIHBIX, B (bI/IJIpre 3BE€Ha ITIOCTOSHHOTO TOKa 4Yallle IMpyMMeHI-
IOTCS TIJIEHOYHbIE KOHOEHCATOPbI, XOTA OHM HECKOJIBKO JOPOXKE 3JIEKTPOJIN -
TOB.

~13~



6.2.2 OrpaHmMumnTe/b 3aPATHOTO TOKA

Toxk 3apsima cyIoBoro GwiIbTpa, BOSHUKAIINI B MOMEHT MOIK/ITI0Ye-
HMSI Ipeo6pa3oBaTestst K CMJIOBOI CETH, HaZI0 OTPAHNYMBATh, KAK MUHUMYM,
Ha YPOBHE OMYCTUMBbIX YAAPHBIX TOKOB AMOAOB BbIIIPSIMUTEJIS.

[Ipyu MOIITHOCTSIX CBBILIE OJHOTO KMJIOBATTA B KAYECTBE OrPaHUUYUTES
3apsITHOTO TOKAa OOBIYHO ITPUMEHSIETCSI KOHTAKTOP (MHOTIa TBepAOTEIbHOE
pesie) ¢ 3amapauiesleHHbIM 3apsaHbIM pe3uctopom (KO 1 Ry Ha Puc. 6.1).

B MoMeHT moak/iIo4YeHus: mpeobpasoBaTesisi K CeTU TOK 3apsifia KOH-
nencaropa C,;. orpaHMuMBaeTcs BeIMUMHOI pesucropa R, . Tlocre 3aBep-

meHus 3apsaaa kiawod KO 3ambikaeTcsl.

TpebyeMyIo MOITHOCTb PacCcesiHMs Pe3UCTopa MOKHO IMTOCUUTATh aHa-
JUTUYECKU, & MOSKHO OII€eHUTD MPU MOJeIUpoBanun. [Ijsi obecrieueHus He-
KOTOPOTO 3araca Mo MOIIHOCTY Pe3MCTOP OObIYHO PACCUMTHIBAIOT Ha He-
CKOJIbKO HeITpepbIBHBIX LIMKJIOB 3apsifia/pa3psifa éMKOCTY GUIbTpa.

. [Tpu HE6OIBIINX MOLTHOCTSIX TPUBOAA (IO
5y coTeH BT) MHOrAa 0OTKa3bIBalOTCS OT KOHTAKTOPA,
' a JIsI OrpaHMYEHMs 3apsiTHOrO0 TOKa MpuMe-
HAI0T TepMmuctopbl (NTC) — pe3sucTopsl, KOTO-
pble pe3K0 YMEeHbIIAIT CBOE CONPOTUBJIEHUE
pu HarpeBaHuu. TepMUCTOP BKIOYAELTCS BMe-
CTO COTIPOTUBIIEHUS Rorp, MEXIY BBITIpIMUTENEM U QUiIbTpoM. B MomeHT
MOAKITIOUEeHMS TTpeobpa3oBaTessi K CeTU TePMUCTOP XOJIOMHbBIN 1 BeTUUMHA
€r0 COTIPOTUBJIEHUS OTPAaHUUMBAET 3apsAHbIN TOK. B fanbHeliemM ripu pa-
60Te MpuBOZA IPOMCXOOUT HArpeB TEePMMUCTOPA, €ro COMPOTUBJIEHUE
YMEHbIIIAeTCsl, ¥ OH ITepecTaéT CyleCTBeHHO BAMSIThL Ha paboTy rnpeobpas3o-
Baressl.

4‘,(.

6.2.3 Tacutenb 3Hepruu TOPMOKEeHUS

Kirou K5 Ha Puc. 6.1 obecrieunBaeT paccessHe SHEPIuu B caydae Ie-
pexojia IBUraTessl B reHepaTOPHBIN peXXUM, HallpuMep, IIpU TOPMOKEHUN.

F'eHepupyemas mpu 3TOM 3JIEKTpUYECKAsI SHEPTUS IePefaETCs B KOH-
neHcaTop GWiIbTpa, OMOIbI BBITIPSIMUTEJS] 3aKPBIBAIOTCSI, M HAUMHAETCS
poct U, . IIpy jocTuskeHMM 3TUM HalpsDKeHMEM 3aJaHHOTO ITOPOra BKIIO-
yaeTcst ko4 K5 u mpoucxogut paspsisi KOHIeHcaTopa uyepe3 6a/uiacTHbIN
pesucrop R;.

BoikioueHme K5 1OMKHO TPOUCXOANUTD C HEKOTOPBIM TMCTEPE3VICOM
OTHOCUTEJIBHO BKJIIOUEHMS, MHAue MOKEeT HavaThbCs BbICOKOYACTOTHBIN
Trpoliecc nepexaodyeHnst Kiaoua K5, mpuBoasinit K BbIXOAY €ro 13 CTposl.
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6.3 MocroBoii TpéxdasHblii UHBEPTOP

CTpyKTypa MHBepTOpa IpuBeneHa Ha Puc. 6.4.

+0 C " " " N
K1 K3 I%E
lock g B
O
K2 K@ K6
CCH b i gcn _gCH

Puc. 6.4

Ha sToM pucyHKe B KayeCcTBe KJIIOUEBBIX 37IeMEHTOB M300paskeHbl
IGBT- TpaH3MUCTOPBI C 0OPATHBIMM IMOJAMM. ITU OUOIbI HEOOXOIVIMBI IJIsI
MIPOTEKAHMST PEAKTUBHBIX TOKOB OOMOTKM JIBUTATEJIS.

7151 MCKITIOUeHMsI CKBO3HBIX TOKOB B IJIeYax MHBePTOpa pu yrpasiie-
HUM KJIIOYaMU OLHOrO ruieva (Hanpumep, kioum K1, K2) ucrnonbsyroT ra-
pPaHTUPYEMYI0 BpeMEeHHYIO I1ay3y MeXIy BBIKII0UeHMEeM OLHOTO TPaH3U-
CTOpa Ijieva ¥ BKAIOUYEeHMEM JIPYTOTO — «<MEPTBOE BpeMSI».

e JI/IMTENBHOCT MEPTBOIO BPEMEHM BIMSIET Ha BEIMUMHY CPELHErO:
HamnpsDKeHus!, IPUKIaAbIBaeMoro K asurarenio. IlycTb, Hanpumep, i
U,.=300B, uacrora IIIIM paBna 20kI'1 (epuon 50MKc), ¥ MEPTBOE

BpeMs cocrtasjsieT 1,5 mkc. IIpu aTom Bpems, Korma oba Kmoqa§
CTOVIKM MHBEPTOpA BBIK/IIOYEHBI, Ha nepuone IMM cocraBiasieT 3
MKC (IpUMepHO 6% OT OJIUTEeIbHOCTU Mepuona). Takum o6pa30M,§
IpU MaKCUMMaabHOM cKBaKHOCTU IIIMM nBurartesio B cpegHeM «no—é
cTaHeTcs» He 6ostee 282 B. :
e Ha HM3KMX yacToTax paboThI IPUBO/IA, KOTHA CpeIHEE HAMPSIKe-
HMe, IPUKIaJbIBaeMOe K 06MOTKaM MaJlo, MEPTBOE BPeMSI BHOCUT
CylIeCcTBeHHbIe HeJlMHeliHbIe uckakeHust B [IIMM-nipeobpasoBaHue.
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HecmoTps Ha HanmMume 3alIUTHBIX M1ay3, «CKBO3HAKU» MHBEPTOPA He
yoMpalTcs OKoHYaTeabHO. OHM HEMMHYEMO BO3HMKAIOT MPU BKIIOUEHUN
TpaH3MCTOpa Iieya (Harnpumep, kiaoua K2) B MOMEHT IpOTeKaHusl peak-
TUBHOT'O TOKA Uyepe3 06paTHBIN AMo ono3uTHOTo Kioua (K1). BkioyeHne
TPaH3UCTOPa MPU 3TOM MPOUCXOOUT MPU OTKPBITOM Omuoxne. Bpemsi sToro
OTKPBITOTO COCTOSIHUSI OMOLA OIpelessieTCs ero rnapameTpoM, Ha3bliBae-
MbIM «BpeMeHeM 00paTHOTO BOCCTAHOBJIEHUSI», TO €CTh BpEMEHEM, B Teue-
HMYe KOTOPOTO IIPY BBIKJIIOUEHNM IMOA BOCCTAHABIMBAETCSI €ro CII0CO0-
HOCTH GJIOKMPOBATh MPOTEKaHMe 06PATHOTO TOKA.

IlaHHbIe CKBO3HbIE TOKM (ix« HA PycC. 6.4) BbI3bIBAIOT ITIOMEXU U AOIOJI-
HUTEJIbHbIE IIOTEPU B MHBEPTOPE. [IJIT X MUHUMMU3AIMUMU 00paTHbBIE AVOMIbI
MHBEPTOPA JO/DKHBI MMEeTh Majioe BpeMsl BOCCTaHOBJIEHUSI, KAK MUHUMYM
CpaBHMMOE C BpeMeHeM OTIIMPaHus TPaH3UCTOPOB MHBEPTOPA.

6.3.1 CwuaoBsle KJIIOUA
BennuyHa HampspkeHUsI B 3BeHe IOCTOSIHHOTO Toka (U, ) u Tpebye-

Masl 4aCTOTa MepeKIIYeHNs KIJdeil MHBepTopa (dactoTta HIMM) 3aBucsT
OT MapaMeTpOB BbIOPAHHOT'O ABUTATEIS.
O6a stu daxropa, BennunHa U u yactora MM, B cBOlO ouepenp,

OTIpefiesISIIOT BbIOOP TUTIA CUJTOBBIX KITIOUEiA.
B KauecTBe MOMHOCTBIO YIIPaBIsieMbIX K/IIOYel MHBePTOpa B HACTOS -
1jee BpeMsi MPUMEHSIIOTCS :
e T1oyieBble TpaH3UCTOpbl MOSFET

e IGBT — TpaH3UCTOPBHI
e SiC MOSFET - noneBble TPaH3MCTOPBI Ha KapOuIe KpeMHUS.

IIpm HanpsbKeHUSIX B 3B€He MOCTOSSHHOTrO ToKa Hyke 200B B mH-
BepTope yo06HO Mcnonab3oBaTh MOSFET-TpaH3uctopbl. OHM JOCTATOYHO
JIeTKO YTIPaBJSIIOTCS U 00ecreunBaloT BbICOKME YaCTOThI MepeKII0UeHMst C
MaJIbIMM JMHAMUYECKUMMU MOTEePSIMMU.

: BHUMAHMUE !!! ;
Tomnonorusi MOSFET-TpaH3UCTOPOB TIpeAIioaraeT HaJimume mapasut-
HOro ob6paTHOro auona. IIpy TOM Janeko He BCe TPAH3UCTOPbI HaM

{ MOJXOAST B CUTy GONBLIOrO BPeMEHM BOCCTAHOBJIEHMSI 3TOrO 0OpaT-

HOro nuopna. bynbTe 6aUTEIbHBI ITPU BHIOOPE. '

ITIpu GoJiee BBICOKMX HANPSDKEHMSIX B 3B€HE MOCTOSIHHOTO TOKa U
yacTroTax nepexmoueHus g0 20 KI'ix, oco6eHHO mpy 60IbII0I TpedyeMoit
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MOIIHOCTM JBUTATEJIsI, BHe KOHKypeHIMU 6yayt IGBT-tpansuctopbl. O6-
paTHbIe OMOMIbI OOBIYHO BCTPAMBAIOTCSI B MOAY/IM TaKUX TPaH3MCTOPOB U
y’Ke€ MMEIT COOTBETCTBYIOIIME BpeMeHa 00paTHOrO BOCCTAHOBJIEHMSI, HO,
TeM He MeHee, IPOBEePUTDb 3TU ITapaMeTpPhbl CTOUT.

TpaH3ucTopsl Ha Kapomuae kpemHaus (SiC MOSFET) moCTaTOYHO J0-
POTM, HO OHM MOTYT MCII0JIb30BaThCs M Ha OOJIbIINMX HATIPSKEHUSIX, U Ha BbI-
cokux yactoTax (0T 20 KI'1 u BbItie). COOTBETCTBYIONINE 0OpaTHbIE AMOMIBI
B HUX TaKKe Y>Ke BCTPOEHBI.

6.3.2 [IpariBepsl

IpaiiBepaMy B 3/71eKTPONPUBO/ie TIPUHSITO HA3bIBATh Y3J/Ibl YIIpaBie-
HUSI CUJIOBBIMM KJTFOUAMU.

I'naBHasi GyHKIMS apajiBepa — IIpeobpa3oBaHue JIOTMYECKOro CUT-
HaJla yIIpaBJIeHMs KJII0UOM B CUTHAJI C TTapaMeTpamMu, HeOOXOAMMbIMU JIJIST
OTKPBIBAHMS ¥ 3aKPbIBAHMS KOHKPETHOTO ITOJTYIIPOBOIHMKOBOTO ITpMbopa.
OOBIYHO [IJIS YIIPaBJIeHNSI TPAH3MCTOPHBIM K/IIOUOM HEOOXOAMM OOJIbIIION,
HO KOPOTKMI MMITYJIbCHBIV TOK M ABYXIIOJSIPHOEe (MHOTAA OAHOTMOJISIPHOE)
HalpsbKeHue.

[Tpu yBenmueHMM MOIIHOCTY M HAMTPSDKEHMS 3BeHa MOCTOSTHHOTO TOKA
rpeobpa3oBaTeis B ipaiiBep 0OLIYHO BBOJST ralbBaHMUYECKYIO Pa3BsSI3Ky 10
CUTHaJIaM YyTOpaBieHUs] M 3allUTy YIIPaBJSIeMOro ITOJYIPOBOJHUKOBOTO
KJTI0Ya OT HEIITATHBIX PEKMMOB PabOTHI.

[TpOMBIIIZIEHHOCTHIO (B OCHOBHOM 3apy0eskHO¥) BbIITyCKaeTCcst 60Jib-
110€ KOJMYECTBO MHTETrpajbHBbIX IpaiiBepOB, OPMEHTUPOBAHHBIX Ha pa3-
JINYHbIE TUIIBI TTOJTYTIPOBOIHMKOBBIX KTIOUEA.

MO3KHO CITPOEKTUPOBATD 1 COOCTBEHHBIN mpaiiBep. sl TOTHOIeHHO
paboThl Takoil ApaliBep KaK MMHMMYM [O/DKeH obecreuuBaThb 3allUTy
KJ/IF0Ya OT TOKOBO Meperpy3ku 1 OT CHIYDKeHMS IMTaHUsI cCaMoro JpaliBepa.

Hemnoxo elié MmMeThb 3alIMTY M OT IlepeHanpspkeHMit Ha KiIove.

[Tpu HOpMaJIbHOJ paboTe MPaBUIBHO CIIPOEKTUPOBAHHOTO Mpeobpa-
30BaTess 9TU NepeHanpPsoKeHNs BO3SHUKATh He TOJKHBI. OQHAKO TTOTEHIM-
aJIbHO OITACHO SIBJISIETCS CUTYalMsI cpabaThIBaHMS 3alIAThI OT TOKOBOJA T1e-
perpysku TpaH3ucTtopa. Hampumep, npu K3 mnpoucxoaut aHoManabHOe
HapacTaHMe TOKa MHBEPTOpa C MOCaeqyouMM cpabaTbiBaHKEM 3aIIUThI U
BBIK/IIOUEeHMEM BceX Kioueit. ClieiICTBMEM 3TOTO MOSKET OBbITh IepeHanpsi-
>KeHMe B 3BeHe MOCTOSIHHOTO TOKa, BbI3BAHHOE MHAYKTUBHOCTbIO CUJIOBOIA
mHbI. [Tabbl 3TOTr0 1M36€KaTh, B IpaiiBepax MPMUMeEHSIeTCS ObICTPOIEICTBY-
IOIIIas arrmapaTHast 06paTHasi CBSI3b 10 HATIPSDKEHMIO Ha KITIoUax, OTpaHndy-
BaIOIIAs TTepPeHAIPSDKEHNS 34 CUET CHYDKEHUS TeMITa 3aTIMpaHust KIouet.
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lanbBaHMUYecKas: pa3sBA3Ka I10 LensIM yIIpaBJIeHNs Jalle BCero ocy-
LIeCTBJISIETCS C TTOMOILBI0 ONTPOHOB. Kpome IOMyCTMMOro HampspKeHUS
pa3Bs3KM BaXXHBIM ITapaMeTpOM OIITPOHA siBjisieTcs pomyctumoe dU/dt. Ha
Hero cjeayeT o6pamniaTh 0cob60e BHMMaHMe, MHaUe HeEMUHYEeMbI MyKM C He-
YETKUM YIIpaBJI€HMEM KITFOUaMU ¥ JIOSKHBIM CpabaTbIBAHMEM 3aIl[AT.

PexomeHayeM K IIpUMMeEHEHMUIO, Hampumep, onTpoHbsl HCPL-M456,
HCPL-0661 u UM 1iomo6HbIe.

Peske nmpumensieTcst TpaHchopMaToOpHas pa3Bsi3Ka. [Ipy mpaBuIbHOM
KOHCTPYKILIMM TpaHchopMaTopa OHa HaJlEsxkHee U 60Jiee TOMEX0yCTOUMBa,
HO JOPOXKe U CJI0XKHEee.

IMuTauue gpaiiBepa MOXKeT ObITh OYTCTPEITHBIM MM HE3aBUCUMBbIM.

Hamnbosee yacTo 6yTCTpeITHOE MUTaHMe IPUMEHSETCS ITPYU HaMpsiKe-
HMSX 3B€Ha MOCTOSTHHOro Toka MeHee 200 B u MCrmosb30BaHMM B Ka4eCTBe
KJII04eli MHBepTOpa MoJieBbiX TPaH3uCTOpoB (MOSFET) ¢ OgmHOMNOJSPHBIM
yIIpaBJeHMEM.

BapmaHT cxeMbl OYTCTPEITHOTO MUTAHUS OPaiiBepoB CTOKM MHBEP-
TOpa IpeacTaBjeH Ha Puc. 6.5.

VcTOUYHMKOM HamnpspkeHus: (U
TOKa) yIIpaBJIeHUs BEPXHUM TpPaH3U-

\ a

H— .

— CTOPOM CTOMKMU ABJII€TCA KOHIEHCa-
—O

—

H—

—

top (C Ha Puc. 6.5), 3apspkaeMblii OT
MUCTOUYHMKA NUTAHUS ApaiiBepa HUXK-
Hero kitoua (BIT Ha Puc. 6.5) B Teue-
HME BPeMEHU OTKPBITOTO COCTOSTHUS
HUKHEro TPaH3MUCTopa.
Puc. 6.5 [TmrocaMu GYTCTPENTHOTO TUTAa-
HUSI SIBJISIFOTCS IPOCTOTA peannsaluu,
KOMIIaKTHOCTD U ellleBU3Ha, 3 MMHYCOM - OrpaHMUYeHne MOLTHOCTU Ipaii-
Bepa u ckBaskHOCTH [IIMIM (06b1uHO Ha ypoBHe 0.95-0.97).

C OyTCcTpernHbIM IMUTAaHMEM MOKHO MCIIOJNIb30BaTh MHTETpaIbHbIe
IpaiiBepbl 06e3 TraJbBaHMYECKOV pa3BsI3KM, HAMpuUMep, IMOJTYMOCTOBO
IR2113 (oreuectBeHHbIi aHasmor 1308EVY3), Tpéxdasubiit IR2130 mau oau-
HOYHBIN C OITUYecKOi pa3Bs3ko ACPL3120 (oTeueCTBEHHBIN aHajOT
249AI11P). OTux gpariBepbl UMEIOT 3aLUTY TOJBKO OT OHVKEHMS ITIUTAHUS
¥ CPAaBHUTEIbHO CJIA0bIVi TOKOBBIN BBIXO (MMITY/IbCHBI TOK 0 2A).

Jl1s1 yripaB/ieHMsI MOITHBIMYM TPaH3MCTOPaMU, TPEOYIOUTMMM OOIbIINX
MMITYJIbCHBIX TOKOB YIIpaBJIEHMS], UCIIONB3YIOTCS ApaiiBepbl C HE3aBUCU-
MBIM NIUTaHMeM. ['aJibBaHMUecKas pasBsi3Ka MUTAHUS B HUX OCYILECTBIIS-
eTcs ¢ momoIibio TpancpopmaropHoro DC-DC mpeobpasoBaTeis.

Udc
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[Tpu UCII0/Ib30BaHNM MHTETPAIBHOTO JpaiiBepa HY;KHO PYKOBOJICTBO-
BaTbCsl peKOMEHAAUMSIMU U3TOTOBUTEST MUKpPOCXeMbl. OObIYHO B CITely-
dbukaMy Ha MMKPOCXEMY ITPUBOJISIT CXeMY BK/TIOUEHMST, METOIMKY pacyéTa
JIOTIOJTHUTEIbHBIX 3JIEMEHTOB U Taske peKOMEH AL 110 ITPaBUIbHO Tpac-
CUPOBKe MeYaTHO IJIaThl, HA KOTOPYIO ApaiiBep yCTaHaBIMBAETCS.

COBETyeM UUTaTh B: :
e yuebHUKe AHyunmHa A. C., «CuCTeMbI YIIpaBJIeHUSI 3JIEKTPOIIPUBO- |

noB», MockBa. M3maTenbckuit mom MOU, 2015, pasmen 3.1.
e TeXHUUYECKUX ONMUCAHMAX (HeiiTalmuTax) 3apyOeKHbIX MHTErpab- :
HBIX IpaliBEpOB. :

6.3.3 CHa0OOepHbIe KOHAEHCATOPbI

Kpome kimoueBbix 37eMeHTOB K1 ... K6, MHBEPTOP OGBIYHO COmEPsKUT
elé cHab6epHble koHeHcaTopsl (C , Ha Puc. 6.4).

OTO BBICOKOYACTOTHbIE KOHJEHCa-

TOPbI HEOOJIBIIOV EMKOCTH (OT mOJieit oo

%, enuHuUI, MuKpodapan). Mix Ha3zHaueHue —

‘450 MCKITIOYaTh TIepeHanpshKeHNMs Ha KiIodax,

oY KOTOpPbIE MOT'YT BO3HMKATh ITPU MEePEKITIO-

666 YeHUSIX BCAeNCTBME HaIMUMS IapasuT-
HbBIX MHIYKTUBHOCTEH CUIOBbIX HIVH.

B kauecTBe cHab66epPOB MPUMEHSIIOTCS CIIelMaTM3UPOBaHHbIE TIJIEHOY -
Hbl€ MMOJIUITPONNIEHOBbIE KOHIEHCATOPbI, HAIIpUMeD, OTeYeCTBEHHbIe KOH-
nmeHcatopsl cepun K78-54 v ummnopthbeie, EPCOS cepun B32656S. Takue
KOHJIEHCATOPBI CITOCOOHBI IJINTETBHO paboTaTh C OOJBIIMMM 3HAUYEHUSIMU
pPeakTMBHO MOITHOCTU. YaCTO OHU M3TOTOBJISIIOTCS Cpa3y C IVIOCKMMMU BbI-
BOJaM¥ JIJISI MOHTasKa HEeIOCPeICTBEHHO I0f, 60JIThI CMIOBOTO MOIYISI.

OcHOBHbIe KpUTEPUM BbIOOPA CHAOOEPOB — BeIMUYMHA EMKOCTY U A0-
MyCTMMOE HaTlpsDKeHMe.

B mepBom mpuOMMKeHMM MOKHO CUMTATh, UTO Ha 1KBT MOIIHOCTU
rpeo6pa3oBaTesis Hy>KHbI CHa06epbI 00111eit EMKOCTHIO 0,1 MK®. 3TO yC/I0B-
Hasl BeJIMUMHA, M OHA JO/KHA KOPPEKTUPOBAThHCS 0 pe3yabTaTaM UCIIbITa-
HUI1 UHBEPTOPA.

HormycTMoe HampsikeHre CHab6epHOT0 KOHAeHCAaTopa JO/IKHO ObITh
BbIILIE (C 3a11aCOM) MaKCMMaJbHO BO3MOKHOI'O HAIIPSDKEHMS B IIIMHE MIOCTO-
SIHHOTO TOKa MHBEPTOpaA.
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6.4 OuUIbLTPHI

EMC-duabTpsl (GMIbTPhI 3JIEKTPOMArHUTHOM COBMECTUMOCTH) UC-
MOJIB3YIOTCS JIS1 TIOaBJIEHUS 3JIEKTPOMATHUTHBIX [TIOMeX, UCTOUHUKOM KO-
TOpbIX sBJsgeTcs [IMM-uHBepTOp Mpeo6pa3oBaTesist YaCTOTHI.

Yare BCero OHM IPeICTaBIISIOT U3 ce6sT KOM-

/ OMHALIMIO0 MVHAYKTUBHO-PE3UCTUBHO-EMKOCTHBIX Iie-
' ‘/F Tei. YCTaHaBIMBAIOTCS OHM OOBIUHO MEXKIY CUI0BOJ
ES ) E-MC ~ )= CETbhIO U BBINIPSIMUTEIEM.
9 T p,: [TpOMBIIIJIEHHOCTBIO, POJHOM U 3apyOeskHOIA,
/‘?’ GQVUUD‘ BBIMTYCKAETCST TOBOJLHO O0JIbIIIOe KOJMUECTBO TaKUX
\ bunbTpOB.

ITIpu BBIGOpe roTtoBOoro EMC-dwibTpa crout
obpailaTh BHMMAaHMe Ha er0 OCHOBHbIE XapaKTePUCTUKU: HEeiCTBYIOIIee
3HAueHMe TOKa Harpy3Kky, 4acTOTy IepeMeHHOro HarpspkeHus, pabouee
HampspbKeHNe Y HaTIpsbKeHye TTpobos.

[TpoekTupoBaHMe cCOGCTBEHHOTO (PMIbTPA IOMEX — 3TO OTAETbHAS U
CIIOXKHAs 3a/avya, OJHAKO MHOTAA 3TO eIMHCTBEHHO BO3MOKHOE PelleHue,
HampyuMep, KOTJa MOKYITHOV UIbTp He MOAXOANT 10 rabapuram.

CuHycHbIe (OUIbTPBI YCTAaHABIMBAIOTCSI Ha BBIXOJl MHBEPTOpA Ipe-
obpasoBaTessi. OHM peKyT BbicOKMe rapMmoHuKky MM -HanpsiskeHus U Mo3-
BOJISIIOT ITOJTyYaTh U3 HETO HeKoe Mojobue cuHyca.

Oco6GeHHO OHM B@KHbI TaM, TAe TPUMEHSIOTCS IJIMHHbBIE JIMHUN
MeXIy Ipeobpa3oBaTesieM U ABUraTesieM (OT COTEH METPOB). B Takmx -
HUAX BBICOKMeE rapMOHUKY HIMIM -HanpsykeHUs MOT'YT BbI3bIBAaTh BEICOKOYA-
CTOTHbIE KOJiebaHMsl, MPUBOASIIME K HEeIOMyCTMMbIM TepeHampssKeHUsIM
Ha 00MOTKe mBuraTesist. TUoBasi CTpyKTypa CMHYCHOTO (GMUIbTPA M BUJI, JIU-
HEeIMHbIX HAPSDKEHNI Ha ero BXO/Ie U BbIXO/le M300paskeHbl Ha Puc. 6.6.

XA

Puc. 6.6

[Tpu BeIGOpE MapaMeTpOB TakKMX GUIBTPOB YAOOHO UCIIOIb30BATh MO-
IeIpoBaHMe.
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6.5 JJaTumkmu

B oanmexkTponpuBomax MCHOJIb3YIOTCS
IaTYMKU CTIeIYIONINX BeTUUNH:

e TOKa (a3 maBuraTessi, 3BeHa IOCTO- -
SIHHOT'O TOKa) ‘ =
. L @
e HampskeHUs (CUJIOBOM CeTU, 3BEHa il NG D)

MIOCTOSTHHOT'O TOKA)

e TeMIlepaTypbl €

® CKOpPOCTHU M ITOJIOKEHMS.

e [0. H. Kanaués, [I. B. CamoxBanoB, OCHOBBI peryjaupyemMoro 3jeK-
TpornipuBoaa (AHTuy4e6HMK), JIIMK ITpecc, pa3gen 8.
o AnyumH A. C., CucteMsl yIrpaBjaeHUSI 3JIEKTPONPUBOIOB, MOCKBa,
M3parenbckuii mom MOU, 2015, pa3genbl 3.2 u 3.4. :

7 KoHCTpYKIIMS IIpeoopasoBaTeis

HerpaBuabHbIii MOAXOMA K KOHCTPYKLMM ITpeo6pa3oBaTessi MOKET
MIPUBECTH K IOTHOI HepaboTOCIIOCOOHOCTH MTPUBOA.

7.1 CuioBoi1 610K

KoHCTpYKIMSI CUJTOBBIX TTPOBOJHUKOB 0JI0KA JOIKHA MUHUMU3UPO-
BaTh BO3HMKamwlIMe Mpu paboTe mpeobpasoBaTesis IOMexM, BbI3BaHHbIE
BBICOKOYACTOTHBIMY II€PeXOHbIMM IIPOLIeCCaMy B CMJIOBOII cxeMe.

Koneb6anus B CMIOBBIX IIMHAX BO3HUKAIOT MPU ME€PEKTI0UEHUN KITIO-
yeil uHBepTOpa. VX IpUUMHOI SIB/ISIeTCS apasuTHAsI MUHAYKTUBHOCTb STUX
muH (L, Ha Puc. 7.1), uepes KoTopy!o 60/1b1107 GUABTPYIOLINIT KOHIEHCa-

TOp 3BeHa noctossHHoro Toka (C,. Ha Puc. 7.1) coenuuseTcs co cHab66ep-

HBIMM KOHJleHcaTopamy Hebosbioit émkoctu (C,, Ha Puc. 7.1).

HuBeprop

Puc. 7.1
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I[Tpu sToM KoHAeHcaTop ¢unbTpa (Cy. ), B CUITY €ro 60/IbII0 éMKOCTH
10 OTHOIIEHNIO K cHa66epam ( Cy, ), MOXKHO pacCMaTpuUBaTh Kak MCTOYHUK

HanpspkeHus (U Ha Puc. 7.1).

[Ipu mepex/rOUeHUN KIIKOUYE MHBEPTOpPA B CUJIOBBIX IIMHAX BO3HU-
KaloT KosiebaHMsI C pe30HAHCHOI 4acTOTO¥ 00pa3yiolierocsi mapasuTHOrO
CL-xkoHTYypa. AT KojebaHMsI MMEIOT BBICOKYIO YaCTOTY, CJIabo 3aTyXawT U
MOTYT JOCTUTATh AOCTATOYHO OOJbIIMX aMILTUTYH. OHM BBI3bIBAIOT Iepe-
HAaIpsDKEHMS B CUJIOBBIX LIMHAX U TEIVIOBbIE TTOTEPU B 3JIeMEeHTaX CMJI0OBOTO
6s10ka. OCOGEHHO 3TO HEe HPaBUTCSI CHab6epam, KOTOpbIe OT OOM/IbI HATyBa-
IOTCS M MOTYT BBIXOIUTB U3 CTposi. Hy a gajiee HAaUMHAIOTCS HENIPUSATHOCTHU
YKe ¢ TpaH3UCTOpaMy MHBEPTOPA...

V36ekaTh KoysiebaHMiT ¥ BBISBAHHBIX MMM IIPO0OJieM IOMOraeT IIpa-
BWJIbHAsI KOHCTPYKIIMS CMJIOBBIX IIMH, TaK Ha3bIBaeMblii COHABUY (Puc. 7.2).

A .
] .B‘ﬂc‘j
+ < —
;& ‘\ ’) ’
(a8 = = s
”;f;_ - .

Puc. 7.2

[TntocoBasi U MMUHYCOBasl MIMHBI [1€JIAl0OTCS MaKCUMMAaIbHO OOJIbIION
TUIOLIAIM, PACIoJIaraloTCsl HeMOCPeACTBEHHO APYT HAl APYTOM U pa3pesis-
IOTCSI TOHKMM CJIOEM OM3JIeKTpUKa. B TaKoii KOHCTPYKILMM pacIipeaenaéHHaAs
€MKOCTb, BO3HUMKAIOIIAsI MeXIy mMHamMy, 3QGeKTUBHO KOMIIEHCUPYeT UX
BeCcbMa HeOOJIbIITYI0 MHAYKTUBHOCTD — U KOJIebaHMi1 He BO3SHMKAeT. B HeKo-
TOPBIX CyYastX IIPU 3TOM MOXKHO Jaske 000 TIUCh 6e3 cHab6epoB.

[Ipy 3TOM BaXHO MPaBWIbBHO pas3MellaTb KOHIEHCATOPbl CUIIOBOI
mHbl. OHM TO/DKHBI PAcIionaraThCs Kak MOXKHO GJIVKe K K/IIoUaM MHBEpP-
TOpa.

Db dekT KosebaHnit BLIpAsKeH TeM sipue, 4eM O0JIbIIe MOIIHOCTD (TOK)
nHBepTopa. Ha MonjHoCTAX cBbliie 7-10 KBT KOHCTPYKUMS TUIIA «COHIBUU»
CTporo pekomeHzayeTcsi. OLHAKO M Ha MEHBIINX MOITHOCTSIX, II0 BO3MOYXXHO-
CTU, IIMHBI JIyUllle IeJIaTh «COHABMUUYAMM», TIPU ITOM MOKHO MCITOb30BaTh
B Ka4eCTBE CUJIOBBIX IIMH CJIOU TTeYaTHO MJIaThl.
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Hmke Ha Puc. 7.3 B KaueCcTBe nMpuMepa NpuBeAEeH BApUAHT NPABUIIb-
HOJM KOHCTPYKIMM CUJIOBOrO 0OJioKa mpeobGpasoBaTens (M0 MaTepuaiam
KOMITaHUM «DJIEKTPOTEKC»).

Puc. 7.3

Heckonbko C/I0OB CTOUT CKa-
3aTh U O pa3MelleHnM IpaliBepoB.

Bo m3bexaHue rnmomex mapaii-
Bepbl B UAease HAOO YCTAHABIIU-
BaTh HEIOCPeICTBEHHO Ha CUIIO-
Bble MOAY/IM KITIoUeit, obecrieunBast
TEeM CaMbIM MUHMMAJIbHYIO IJIVHY
coeIVHEeHUIA.

Ha Puc. 7.4 nioka3aH BapMaHT NPaBUJIbHOI YCTAHOBKU JBYXKaHAa/lb-
HOTO JpailiBepa Ha MOLYJIb CUIOBOM CTOVKYU IGBT-KII0yeii.

Puc. 7.4
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7.2 Cucrema ynpasjieHUSI

He cTouT ycTaHaBaMBaTh IJIATy/IIAaThl CUCTEMBI YIIPABIE€HUS BIVIOT-
HYIO K CWJIOBBIM IIMHAM ¥ KTF04aM. XOpOIO OTIAEUTh €€ OT CMJIOBOTO 6/10Ka
9KPaHOM.

PasBonxa miatsl/miat CY — 3TO BOIIPOC, KOTOPBI TpeGyeT OT/esb-
HOT'0O pacCMOTpeHMs (He B 3TOM KHUTE).

EKOMEHAYEM UUTATD B uHTepHeTe KHuUry CeméeHa T}OT}OKOB&%

7.3 Packiajgka nIpoBoJOB
[IpoBOOA MOKHO pa3fie/ITh Ha TP IPYIIIIbI.
1. CwioBbIe: MUTAIONIASI CMJIOBAs CETh, BBIXOAbI (a3 ABUraATEIS.

X Hag0 MO0 MaKCUMYMY YAASITh OT BCEX OCTATbHBIX ITPOBOOB,
TMOJIe3HO TAlIUTh UX B 3a3eMJIEHHBIX SKpaHax, HaIlpMumep, 110 Ipa-
BOJi cTeHKe 1IKada (ecyin, KOHeYHO, ITpeobpa3oBaTeab HAXOAUTCS

B Kady).
2. HecwioBble: HM3KOBOJIbTHOE MUTAHME Y3JIOB U IIJIAT, Pa3anUy-

HbIe JIOTM4YeCKIMe KOMaHObI U I10C/IeJOBaTe/IbHbIe MHTQPQJEVICBI.

OTU MIPOBOJIa MOKHO ITPOJIOKUTb, HAIIPMMeEp, 0 MPOTUBOIIO-
JIOXKHOJ4, 1eBO¥ cTeHKe mikada B xryTe. [lepeceueHns C CMIIOBBIMU
MMPOBOJIaM¥ HaJlO UCK/IIOYATh.

[TpoBopa rocaemoBaTe/bHbIX MHTEP(hECOB TSHUTE B PEKOMEH-
IyeMbIX IJIT 3TUX MHTepdeiicoB Kabensx. He 3moymnorpebisiiTe
TIJIOCKMM (JIEHTOYHBIM) KabesieMm.

3. IIpoBoja aHA/IOTOBBIX CUTHAJIOB

[MoskanyiicTa, OTHeCUTECh K HUM HamboJsiee BHMMATeNbHO. [1o
BO3MOXXHOCTY UX YKOPOTUTE U YAAIUTE OT BCeX OCTAIbHbBIX IIPOBO-
noB. lHorga TpebyeTcs BUTas rapa B 9KpaHe.

7.4 Tpu coBeTa HAaUMHAKOIIEMY KOHCTPYKTOPY (Hadoeno)

1. CnymaiiTe ONBITHOTO ISIIIO.

2. Ecnu pgaps He TipaB, CMOTpPUTE COBET 1.

3. BosbmuTe 3a MpaBWJIO COOMPATH MEPBbIi SK3EMIUISIP CIIPOEKTH-
POBAHHOTO BaMM U3Aennsi CO6CTBeHHbIMM pykamu. 1160 BcKope
cOOPIIMK TIepecTaHeT MaTepPUTbCS, U BbI BO3paAyeTeCh.

Ecaun uzdenine padomaem w COPRUGUK HE MOAMMEPUMNCE,
mo- Bt — onsmHsUL 0409
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8 CTpyKTypa cucTeMsbl ylipaBJleHUs

TumnoBast CTPyKTypa CHUCTeMbl yIipaBjieHusl ipeobpa3oBarens (Iaiee
CVY) nmokasaHa Ha Puc. 8.1.

[Tyt HaIIK B cuctemy mpaBieHHs] BEpXHETO YPOBHS
MECTHOT'O v
OTJIaIKH IIpaBJICHUE
yIpaBiIeHUS ETHERNET  DIpaukanus Lo e, (e
CAN
Ilocm. Amnanoroseie  Jlormueckue Peneiinbie

Ioci. uaTEpdEiCEH

Bxozpl / BEIXOBI

I
|
| uHTEpdEICch
|
|

Muxkpo-

WuTepdeiic BHEIIHETO YIIpaBiIeHUs

KOHTPOJIIIEP

BuyTtpennue nnrepgeince

Ynpasnenue

Bxopb1 / BEIXOIBI

KJII0YaMH U Curraner
Jlormueckue Penelinbie SAIHTHI JIaTYUKOB

B 3BeHO MOCTOSHHOrO TOKA Ha npaiisepsr Ha natunkn

Puc. 8.1

Wutepdeiicot CY pa3mensioTcs Ha BHELIHNE Y BHYTPEeHHMe.

HnTepdéiic (OT aHIL. interface) Uy CTBIK — I'PaHUIIA MEXIY ABYMS
(YHKIIMOHAIBHBIMY OObEKTAMIA. :

BHemrumne naTepgeiicsl 06ecreunBarOT 0OMeEH C CMCTEMOI YIIpaBJie-
HUSI BepxHero ypoBHs. OGBIUHO 3TO MOC/IeIOBaTeNbHbI MHTEpdeic, o KO-
TOPOMY OCYII€CTBJISIETCS YIIpaBleHMe MPUBOLOM OT KaKOr0-TO BHEIIHEro
YCTPOICTBA.

YacTo cylecTByeT elé HeKOTOPbIii Habop KaHanmoB Tuma «IA/HET» u
AQHAJIOTOBBIX KaHAJIOB, MO KOTOPBIM OCYIIECTBJSIETCS MHPOPMAaILMOHHbIA
o6meH c BrImrecrogeii CY.

KoHKkpeTHasi cTpyKTypa BHEIIHMX MHTep(decoB CUCTeMbI yIIpaBiie-
Hus orpenensieTcss TpeboBanusamu T3. TaM yKa3bIBalOTCSI HEOOXOAVIMbIE
rocjaesoBaTe/bHble MHTepdeiichl (e OHUM ecTb), Hampumep, CAN,
Ethernet v T.1. v IPUBOASITCS UX IIPOTOKOJIBI OOMEHa.
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Taxke T3 ompenensieT KOAM4eCTBO, GOpMAaT U CMBIC OUCKPETHBIX
(IA/HET) 1 aHa/I0roBbIX KaHAJIOB 0OMeHa C yCTPOCTBOM BEPXHET'O YPOBHSI.

K BHyTpeHHMM wuHTtepdeiicaM OTHOCSITCS KOMaHIbl UM CUTHAJIbI
yIIpaBJI€HUS MHBEPTOPOM U IPYTUMMM 3J€MEHTaMM 3BeHa MOCTOSIHHOTO
TOKA, a TaK)Ke CUTHAJIbI CBSI3U C JaTuMKaMu (TOKA, HAIIPSIKeHUsI, TemIiepa-
TYpPBbl, CKOPOCTH, ITIOJIOKEHMSI).

KoHkpeTHbII Bu, BHYTpeHHUX MHTepdeiicoB CY 3aBUCUT OT COCTaBa
CUJIOBOTO 6JI0Ka U OTIpefiesisieTCsl pa3paboTUMKOM.

Kpome Toro, yacTo rpeo6pa3oBare/ib MUMeeT ITyJIbT MEeCTHOI'O yIIpaB-
JIeHUs, KOTOpbIii cBs3biBaeTcss ¢ CY Mo mnociaenoBaTe/ibHOMY WMHTEP-
(deiicHoMy KaHamy.

VI00HO Takke MMETh eIl OMH TeXHOJOTUUECKUI TIOCIe0BaTeb-
HbIVi KaHa! i noakiaodeHus CY K BHeITHEMY KOMITbIOTepY (HOYTOYKY).
Yepes Hero MOKHO OCYILIECTBJISITh POrpaMMUPOBaHMeE, TTapamMeTpupoBa-
HMe Y MHAMKALMIO Pa3IMYHbIX pabouyux BeJIMUMH B IPOLIECCE OTJIAIKU U
HaCTPOVKU IPUBOA.

{ IPUMEYAHME!!! :
: e Jlusi BHeWHMX MHTepdeiicOB HEOBXONMMA ralbBaHMYeCKast pas-:
BsI3Ka.

e CurHasbl BHyTPeHHUX MHTepdeiicoB Takke pa3BsI3bIBAIOTCS rajibBa-
Hy4ueckn. VICKIIOUeHMsI MOTYT COCTaBJISITb MaJOMOILHbIE HM3K0—§
BOJIbTHBIE TTpeoOpa3oBaTeny, B KOTOPbIX 00Iasi TOUKa IJIaThI CI/I-%
CTeMbl yIIpaBaeHNs CBSI3aHa C OTPULATE/IbHBIM IT0/IIOCOM 3Be€Ha no-§
CTOSTHHOTO TOKa (Takoe Toske ObIBaeT). :

BOJIEE IMMOAPOBHO 06 aHa/0roBhIX MHTEpdeiicax ¢ JaTYMKaMM TOKA I/I
| HampsDKeHUs uKMTaiiTe B yue6HUKe: AHyurH A. C., CUCTeMbI ynpaBneHI/m§
i 3JIeKTpPOINpUBOLIOB, MOCKBa, n3marenbckuii som M1, 2015, 373 c., pa3—§

Cepauem CVY sBsieTCI MMKPOKOHTPOJJIEP — OAHOKPUCTAIbHBIN
KOMIIBIOTEP, KOTOPbIiI 00beAVHSIeT B OJHOM MHTErpaabHOI MUKpPOCXEMe
MUKPOIIpOlLieccop, MaMsTh ¥ YCTPOICTBA BBOIa-BbIBOA.
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9 BbIOOP MMKPOKOHTpOJIEPA

9.1.1 TpeGoBaHMA K apXUTEKType MUKPOKOHTpOJLIepa

Tumn npuMeHsseMOro MUKPOKOHTPOJIZIEpa BO MHOTOM OIIpeLesisieTCs
CTeIeHbI0 CJI0KHOCTU 3a1a4y, KOTOPYIO IIPeACTOUT PELINUTh, a TAKXKe KO-
YeCTBOM ¥ TUIIOM HEOOXOIMMBbIX JATUYMKOB M MHTEePGEiicoB.

KonmuecTtBa kaHanoB AL mo/kKHO XBaTaTh OIS CBSI3YM CO BCEMM aHa-
JIOTOBBIMM JaTumkaMmu. Ecii B CMJI0BOM MHBEPTOpPeE 1BAa TOKOBBIX JATUMKA,
JIy4Iie moaoupaTh KOHTPOJIIEP C MMHUMYM ABYyMs 610Kamu ALITI, 4T06bI
MMeTb BO3MOXHOCTb CUMTHIBATh 3HAUE€HMS TOKa B dazaX OJHOBpEeMEHHO,
6e3 3a[IepsKKY MeKIY M3MepeHUSIMMA.

BaxkHbIM sIB/ISIETCS Hajauuue Ha 60pTy TpebyeMbix MHTepdeiicoB B
Hy>kHOM Konm4decTBe. Eciiu UART u SPI ecTb Ha BCeX MUKPOKOHTpOJIEpaXx,
To crienuduueckue MHTepdeiicol, Takue kak CAN, Ethernet BCcTpeuaroTcs
yKe pexxe. A MHOT[Ia HYKHbI M COBCeM 3K30Tu4eckme — tuna ARINC wnn
MKUO (MILSTD1533).

Takske Hy>KHO He 3a0bIBaTh ITPO JATUMKM CKOPOCTU V/VIJIV TTOJIOSKEHMS,
OHM TOKe TOAK/IIYAIOTCS K MUKPOKOHTPOJIEPY MO LM(MPOBOMY MM aHA-
JIOTOBOMY MHTepdeiicy.

IOns peanmmsauyy [IMM MUKPOKOHTPOJUIEP 00SI3aTEIbHO [TOJDKEH
MMETb XOTSI ObI OJIMH CITeMaJIM3UPOBAHHbIN TaiiMep ¢ 6JIOKOM reHepamun
3alIMTHBIX T1ay3 MHBEPTOpA.

Y 1o6HO, Korga B MUKPOKOHTPOJUIEpPE ecTb XOTs 6b1 oauH LIAIT — ero
MO>KHO MCITO/Tb30BaTh JJIs1 BbIBOJA Ha OCLM/IIOTpad JaHHBIX OTIaJIKM B pe-
>KMMe peasibHOTO BpeMeHN.

Ob APXUTEKTVYPE CHUCTEMBI YIIPABJIEHUS uuTajliTe Takke B
yueOHuKe: AHyumH A. C., CuUCTeMbl yIpaBaeHUS] 3JeKTPOIPUBOIOB,

9.1.2 IIporpamMMHBIe IIMKJIBI KOHTYPOB peryJiupoBaHus

CY snekTponpmBOga CTPOUTCS TI0 TIPUHIIMIIAM MOAUYMHEHHOTO pery-
JIMPOBaHUS U COCTOUT U3 HECKOJIbKUX BJIOXKEHHBIX KOHTYPOB PeryanpoBa-
HMs1. B MakcuManbHOM KOHQUTYpaLum 9TO:

e KOHTYp TOKa (yIipaBjieH)e MOMEHTOM)

e KOHTYD PeryanMpoBaHusi CKOPOCTU
e KOHTYP PeryauMpoBaHMUs IOTOKEHNS.
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{ BOJIEE MOJIPOBHO - B kmmxke 10. H. Kanauésa u JI. B. CamoxBa/ioBaj
i «OCHOBBI PETyIMPYEMOrO 3JEKTPONPUBOAA (AHTUYUEOHMK)» UUTANTE O:
1. HOTYMHEHHOM PeTyIMpOBAaHMY — paszen 3.3 :

2. crpykrypax CY pasanuyHbIX ABUTaTeNeil - pa3gensl 6.1.9 ...
6.1.11,6.2.3,6.54 ... 6.5.7, 7.7.

Campblii KOPOTKMI IIPOrPaMMHBIN UK MMeeT BHYTPeHHUIT KOH-
TYP TOKAa, OH, KaK IIPaBmJIo, CYUTaeTcs ¢ yactoron [IMM, KOoTopyio, B CBOKO
ouepe[ib, BLIOMPAIOT, MCXOMS U3 AOMYCTUMBIX ITy/IbCAIMIi TOKA CTATOPA.

s 50-repuoBbIx gpuraresieit uacrora [IIMM 0ObIYHO JIEXKUT B AMaria-
30He 3-7 kI'11. Boicokas yactora IIIVM (mo 50 kI'11) mpumMeHsieTcs: 1jisl yIipaB-
JIeHUsI BbICOKOYACTOTHBIMM 3JI€KTPOABUTATENSIMMU C OTHOCUTEIBHO MaJIOii
3JIEKTPUUYECKOI MTOCTOSIHHOM BpeMeHM CTaTtopa.

[IporpaMmma KOHTypa TOKa HauMHAETCsI C OIpoca JAaTuMKOB. Bbi6op
MOMEHTa 3TOT0 OIIPOCa LOCTATOYHO BaXKEH.

Eciu 3apatre pasmax TpeyrosbHuka oropsl MM, mpeBbilaroimm
pasMax MOIYJIMPYeMbIX CUTHAJIOB, TO B 06JIaCTM BepIIMH TPeYyrojbHUKA
Bcerga OyeT CyllecTBOBAaTh BpEMEHHO MPOMEXKYTOK, B KOTOPOM He OyieT
CO34aKIIMX [IOMeX KOMMYTaluii Kiaoueil MHBepTopa. C 1ebi0 UCKIII0Ye-
HMS 3TUX NIOMeX B CUTHaJIax JaTuMKOB, 3aITyCK IIPOrpaMMbl KOHTypa TOKa
(ormpoc AIIIT) ocyiiecTBSIIOT B 6€CKOMMYTAIIMOHHOJ T1ay3e, B paiiloHe MaK-
cumyMa (MM MMHMMYMa) OnopHOro tpeyrojbHuka UM (cm. Puc. 9.1).

IA/HpeprBaHI/IH 1M  Ilukn KoHTYpa TOKa

| | T _
I 7
| AN | L l
uB| 7 l .1\ |
I Uon | | : beckomMyTanmoHHas
: : : : /na 3|aI \
UC min = 1 | | Vi
| I
A v - Vi / : v : Vi
K_1 || || : :// || || |11
Byl A N N S I
C. I I |_"[=t
Puc. 9.1



i BOJIEE IIOJAPOBHO 0 MMHMMM3ALMM [TOMEX IMPU OMPOCe TaTUMKOB
| unrTaiiTe B KHUTE: :
: 10. H. Kanaués, [I. B. CamoxBanioB, OCHOBBI peryjinpyemMoro sneKTp0—§
npuBoza (AHTHyue6HMK), JIMK ITpecc, pasgen 9.1. 5
KoHTypHbI yripaB/ieHus1 CKOPOCTbIO U IOJIOKeHMEeM MMeeT CMbICI
cuuTaTh Ha 6ojiee HU3KOI, YeM KOHTYp TOKa, YaCTOTe, TaK KaK MexaHuye-
CKasl MIOCTOSIHHAsl BpeMeHU [BUraTesisl CylleCTBeHHO (MMHMMYM B eCSATb
pa3) 60Jbliie JIeKTpUUecKoit. [a ¥ MUKPOKOHTPOJIJIEP 3TO pasrpykaer.
Kpome TOrO, mpy BBIUMCIIEHUM CKOPOCTU MO CUTHATY AUCKPETHOTO
JaTuMKa TIOJIOKeHMST (MHKPEMEHTHOTO WIM N-pa3psifHOTO abCOII0THOrO)
BO3HMKHET II0MeXa, BbI3BaHHas1 AuddepeHpoBaHeM IUCKPETHOTO CUT-
Haia. [Ipy 5TOM CIMIIKOM Majioe BpeMsl LiMK/ia MporpaMMbl CKOPOCTHOTO
KOHTypa (BpeMeHM AuddepeHIIMPOBaHMSI) MOXKET OKa3aTbCs BpeIHBbIM
BCJIeICTBYE BBICOKOT'O YPOBHS 9TO [IOMeXM, 8 HEKOTOpOe yBelyeHye Bpe-
MeHU I[MKJIa Oy/ieT SKBMBAJIEHTHO €€ GUIbTpaluim.
Takke B CUTHajle JaTYMKa MOJOXKEHUS HEMUHYEMO MMPUCYTCTBYIOT U
IpyTyie IOMeXM, U BCE BblllleCKa3aHHOE MPUMEHMMO U K HUM.

Kak nmpaBmjao, OAH IINKIJI pacqéTa BHEIIHEro KOHTypa COOTBEeT-
CTBYE€T HECKOJ/IBKVMM HOUKJIaM pacqé'ra BHYTPEHHETIO.

9.1.3 IlpepbiBaHus

ITPEPBIBAHUE - 3T0 BbI30B ONpeieaeHHOM NOAIPOTrpaMMbl, reHepMpy—§
€MblIi1 arnapaTHOM 4aCThi0 MUKPOKOHTpOJIepa. B pesynbraTte npepblBa—§
HMSI BBITIOJIHEHME TEKYIIeli TPOrpaMMbl OCTaHABIMBAETCS U nponcxonm%
repexo/, K BbIMIOJIHEHMIO BbI3bIBA€MOI MOAITPOTPaMMBbI.
Ecnu B 0iHOIE ITporpaMMe HeCKOJIbKO IpepbiBaHMii, TO TTOPSAIOK MX I/IC—
TOJIHEHUST B CJTydyae OOHOBPEMEHHOTO BbI30Ba OTpeAessieTcs HaCTpoﬁ—§
KOV YPOBHSI X MTPUOPUTETOB.

OO6BIYHO pacyET LMKIA KOHTYPa TOKA 3aITyCKaeTcsl 10 MpepbIBaHUIO,
KOTOPOEe reHepupyeTcs TaiiMepoM MUKPOKOHTpOJI/Iepa B palioOHe BepILUVHbI
ornopHoro Tpeyrojabuuka MMM (cm. Puc. 9.1).

Takoi1 BbI30B MPOTpaMMbl KOHTYpa TOKA peniaeT cpa3y HeCKOIbKO 3a-
nau:

e TIO3BOJISIET CMHXPOHU3UPOBATh MOMEHT M3MEPEHUSI TOKOB C HYX-
HBIM MOMEHTOM BpeMeHMU B Ipenenax nepuopa MMM (o BepuinHe

onopHoro TpeyroiabHuka HIMM, cm. pasgena 9.1.2)

~ 29 ~



e KECTKO GMKCUPYET MePMOJ, BbI30BA IIMKJIA pAacUEéTa KOHTYpa TOKa, K
KOTOPOMY ITpUBsI3aHbl KO3 uLIMeHThI MHTerpupoBaHus ero I[N pe-
TYJIITOPOB

e II03BOJISIET UCIOAb30BATh ITY JKe IMPepPbIBAaHMS IJISI UHKPEMEHTUPO-
BaHMS IIPOrPaMMHOTO TaliMepa, BbI3bIBAIOIIETO MTPOTPAMMY BHeIII-
Hero (MeJIJIEHHOT0) KOHTYpa YIIpaBJIeHNs, KOTOPBI CUMTAETCS OIUH
pa3 3a HeCKOJIbKO LIMKJIOB CYETA KOHTYpa TOKA.

C roMoIIbI0 IMpepbIBaHNi TaKKe YI0O0HO OpraHNM30BbIBATH OOMEH Ue-
pe3 pasyinuHbie MHTepdeiichl ¢ BHEIIHUM MMPOM.

Ecin B mporpaMme MCIIOJNIb3yeTcsl 6Gojiee OJHOTO IpepbIBaHMS,
HaMBBICIINII IPUOPUTET CIeAyeT YCTaHABIMBATD ITPEPHIBAHMIO 10 TaliMepy
VM.

9.1.4 CrpyKTypa HUK/JIa IPOrpaMMbl yIIpaBJieHUS

[Tporpamma KOHTypa TOKa COCTOUT U3 CJIEAYIONIMX 3TAIIOB:
1. ompoc AaTYMKOB (TOKA, MOJIOXKEHUSI pOTOpa U T.[.)

2. BBITIOJTHEHME JITOPUTMA PETYIMPOBAHUS TOKA
3. BbIFaya yIpassgiolmux Bo3geincteuit Ha IIIMM-reHepaTop.

BHeliHMe, IO OTHOIIEHUIO K KOHTYPY TOKa, KOHTYPbI CKOPOCTU U M0-
JIO’KeHUSI CUMTAIOTCS OAMH pa3 3a HECKOJbKO IIMKIOB KOHTypa ToKa. Ux
STambl aHAJIOTUYHBI:

1. ompoc matumka (CKOPOCTH/TIOIOXKEHMS)
2. BBINIOJITHEHME aJITOPUTMA PeryJanpoBaHus
3. BbIJaya CMTHaja 3aJaHus Ha NOAYMHEHHBIN KOHTYP.

[ToMMMO BBITIOJIHEHMSI TPOTPAMM KOHTYPOB PeryanpoBaHus, MUKPO-
KOHTPOJIJIEP BBITIOIHSIET ellé Psif CEPBUCHBIX (PYHKIMIA.
Takux Kak:
e 001eHMe yepe3 Moc/ieoBaTeIbHbIN MHTEpPdEeiC C CHCTeMOi yIipaB-
JIEHUSI BepXHero ypoBHS
e OIIPOC U BbIIaua AMCKPETHBIX CUTHAJIOB BHEIIHEro uHtepdeiica

& DpeaIMn3anyusd aJITOPUTMOB PA3JIMUHbBIX 3al0IUT U T.M.

[IporpaMMbI KOHTYPOB CKOPOCT/TIOJIOKEHMS U CEPBUCHBIX (QYHKIIMI
MOSKHO BBITIOJIHSTH B (DOHOBOM pekuMe, KOHEeUYHO, eC/M B KOHType TOKa
MMeeTCs HeKOTOPbIi 3armac BpeMeHM. To eCcThb BpeMmsi, Heo6XoauMoe st
pacYyETOB KOHTYpPa TOKa, MeHbIle nepuoaa [LIMM. OToT pe3epB BpeMeHMU U
MCITOIb3YeTCsI 1)1t POHOBBIX PACUETOB.
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Ha Puc. 9.2 nipuBen€H npumep BapuaHTa CTPYKTYPbI IMPOTPAMMObI
yIIpaBeHUs, WTIOCTPUPYIOLIVIA BbIIIECKa3aHHOe.

Ipeps- [IpepsI-
Ba:me L{uK mporpaMMBI KOHTYpa Toka (meproxr IIMM) ~ BAIHE
Ompoc IIporpamma DOHOBBIE pACUETHI
NATYMKOB  PCTYIMPOBAHUS TOKA (3amac) ¢

Beigaua curnana ynpasienus Tokom (Ha IITM) 4
Puc. 9.2

IormycTyM, KOHTYpP TOKa IIpMBOa paboTaert ¢ repuoaom 50 MKc (4a-
crora [IVM 20kT'w).

[Tpexke ueM Ha4YaTh CUET PErYAUPYIOIIEI YaCTU IMTPOTpaMMbl KOHTYPA,
HeOoOXOAMMO IMOYYNUTh HOBbIE 3HAaUeHMSI TOKOB (pa3, MoKIaBUIMCh OKOHYA-
Hust AIITT-ipeo6pa3oBaHmii CUTHAJIOB BCEX aHAJIOTOBBIX JaTYMKOB. B cpex-
HeM OJIHO ITpeoOpa3oBaHye Ha BcTpoeHHOM AlLIIT 3aHuMMaeT, B 3aBUCUMOCTY
OT TUIIA MMKPOKOHTpOJIIEPa, OT 1 10 5 MKC.

Bpems orpoca maTunka rojoskeHus poTopa, paboTaloliero mo rnocie-
JloBaTeIbHOMY MHTepdeiicy, MokeT 3aHMMaTh 10 10 MKC (Harnpumep, natT-
ymMK ¢ SPI Ha yactoTte 2 MI'1] nmepenui€T 2 6aiiTa JaHHBIX 33 ~ 8 MKC).

Ecnu sanmyctuth ALTT-1ipeo6pa3oBaHus 1 OMPOC JATUMKA TTOTOKEeHUST
OOHOBPEMEHHO, TO MOXXHO C3KOHOMUTbh HEMHOT'O BpEMEHM.

[TycTpb ompoc Bcex AATYMKOB OTHMMET Y Hac 8 MKC, a 15 Mkc (30% oT
BpeMeH! IMKJIa) He0OXOIMMO 3ape3epBUPOBaTh Ha GOHOBBIN PACUET anro-
PUTMOB PEryJIMPOBaHMSI KOHTYPOB CKOPOCTH/TIOIOXKEHMSI, 0OMeH JTaHHbIMU
C BHEIITHUM OKpY’KeHMEM U Apyrue cepBUCHbIe QYHKIMM TPUBOZA.

Torma myis cuéta co6CTBEHHO MPOrpaMMbl KOHTYpa TOKa OCTaHeTcst 27
MKC.

Xopoliiio, ecau mporpaMMa KOHTypa TOKa COOEPXKUT TOJbKO aHaIu3
MoJIOKeHUs1 potopa no gatumky (IIIP) u mporpammy pacuéra ogHoro I1M1-
perynsTopa Toka.

A yIOXUTCS I MUKPOKOHTPOJIJIEP B HY>KHBIN IIUKJI, €CIIN, HAITPUMED,
Heo6X0IMMO BeKTOPHOeE peryjinpoBaHye CKOPOCTHU C Ipeodpa3oBaHeM KO-
OpAMHAT, KOMITeHCalMeil MepeKPECTHBIX CBsI3eil, ha elé C IepexofoM
MeXIy 30HaMM IMOCTOSIHCTBA MOMEHTA U MOCTOSIHCTBA MOUTHOCTU?

Bcé 3aBucHUT OT ero mpon3BOAUTENbHOCTH.

JOIMOJIHUTEJIBHO UUTAMTE o cTpyKType NporpaMMbl YIIPaB/IeHNs
B yueObHuKe: AnyunH A. C., CucTeMbl yrpaBjieHUs] 31eKTPOIPUBOLIOB,



9.1.5 PekomMeHIanuM MO BLIOOPY MMKPOKOHTPOJLIEPA

WTak, MUKpPOKOHTPOJIIED, IO BO3MOXKHOCTH, TO/DKEH YAOBIETBOPSThH
Tpe6oBaHMAM pasmena 9.1.1 u, camoe IIaBHOe, yCIeBaTb CUUTATh MPO-
rpaMMy C Hy>KHbIM LIMKJIOM.

Ilis peanu3auum yrpasiaeHUs IIArOBbIM JBUTrATeIeM MM CUHXPOH-
HBIM ABUTaTeieM 6e3 MCIT0Ib30BaHMSI BEKTOPHOT'O YIIPaBJIe€HMS OOBIYHO JI0-
CTAaTOYHO JII0O0r0 COBpeMeHHOro 8-, 16- u tem 6osiee 32-6MTHOTO MUKPO-
KOHTpOJIEepa.

Yacto gns noctpoenuss CY B COBpeMEHHBIX 3JIEKTPONPUBOAAX (B TOM
Yyycae C BEKTOPHBIM YIIPABJIEHMEM) MCIOJIb3YIOTCSI 32-OMTHBIE MUKPO-
KOHTPOJJIEPBI C apXUTEKTypoit ARM M3, M4F vinn RISC-V.

KoHeuHo, XOpowO MPUMEHSTh CleUuaau3upoBaHHbIE MUKPO-
KOHTPOJIJIEPBI J1JIsI 37IEKTPONIPUBOAA, KOTOPbIe MMEIOT Ha 60pTY:

e COIPOILECCOP, BBIMOJHSOIINIA Onepanuyu ¢ BelleCTBeHHbIMU 4MC-

JIaMMU C 11aBatoleit Toukon (FPU)
e aNapaTHbIV 60K BEIYMCIEHMS] KOOPAVHATHBIX ITpe0Opa3oBaHMiA.

Ho muHorpma Bbi6opa Het (Hampumep, npu TpeboBanum T3 UCIONb30-
BaTh OTE€UECTBEHHYIO 3JIeMeHTHYI0 6a3y), U MPUXOIUTCS IPUMEHSTH MPO-
CTOI1 YHUBEPCATbHBII MUKPOKOHTpOIep 6e3 FPU. B aToM ciiyuyae MOXKHO
MCII0/Ib30BAaTh LIeJIOUMCIeHHbII CTI0COO BHIUMCIEHUI, TPUBO/IS BCE UMCIIa K
dbopmaty ¢ purCcUpOBaHHOI TOUKOI (fixpoint).

i BBIYMCJIEHMS fixpoint — 6bicTpee 11 MeHee pecypcoéMKHM, ueM orepa-
| IMM C ITaBaloLIelt TouKoii. [Tpu aToM Apo6HbIe unca (float) IpUBOASTCS
K I[e/IbIM C (MKCUPOBAHHO TOYKOI YMHOXeHeM Ha Koadduimenr K, :
HarnpuMmep, Ha 1000, a ApoOHBI ocTaTOK OoTOpackiBaeTcsl. OJHAKO ITPO-
TPaMMIICTBI [PV 3TOM [JOJIKHBI GL,eTh, TaK KaK B fixpoint BOSHMKaeT orac- :
HOCTbD TepernoIHEHMS Pa3PSIAHOM CETKYM U TIOTEPYU TOUHOCTM. 5

[To omBITY aBTOPOB SAHHBIX CTPOK, peain3o-
BaTh BEKTOPHOeE yIIpaBjieHNe C UCIOJIb30BaHMEM
fixpoint BbIuMCIeHUI Ha 6a3e COBPEMEHHOIO OTe-
YeCTBEHHOIO0 MMKPOKOHTpOJUlepa (Hampumep,
1986BE9x) He TaK YK U CJIOSKHO, TIpU 9TOM paboyast
YaCTOTa KOHTYpa TOKa MoxeT gocturathb 20 KI'm.

CMOTPUTE MUKPOKOHTPOJIVJIEPbBI
e 3amagHble STM32F103, STM32F407, TMS320F28335

o kutarickue NS32F103VBT6, GD32F427ZGT6
e oteuecTBeHHbIe K1986BE9x 1 K1948BK018 «<AMVYP».




10 CuHTE3 Mogeau nNpuBoaa

OBIIWE CBEIEHUSA o SimInTech, HeoOxomyMble O ITOHMMAaHUSA
IaJbHeJIero MaTepyuaia, MOKHO ITOYepnHyTh B KHure: b. A. Kapra-
moB, E. A. Illabaes, O.C. Ko3nos, A. M. lllekatypoB, «Cpefa nuHaMuye-
CKOTO MOAeJIMPOBAaHMS TEXHUUECKNUX CUCTeM», pa3aensbl 2.2 ... 2.6.

10.1 CranpapTHasi 6MGIMOTEKa «DJIEKTPOIIPUBOI»

10.1.1 Mogaenu gBUraTesen U MeXaHMUECKON nmepegaam

[Tpu MomenpoBaHMM JIF060r0 06'beKTA HAZI0 YUMUTHIBATD TOJIBKO TE €r0
CBOJICTBA, KOTOPbIe OYAYT CYIIECTBEHHbI B TAHHOM KOHKPETHOM CJTyuae,
MHave MOSKHO MOrPSI3HYTh B MeJIoUax, KOTOpbie OYIyT TOJIbKO ITyTaTh U yBe-
JIMYMBATH BPeMsI CUETA MOJIEITN.

OTOT MPUHLINII B TTOJTHOY Mepe OTHOCUTCSI K MOZIe/TMPOBAHMIO pa3/ify-
HbBIX 3JIeKTPOABUTaTENEN.

Hamnpumep, pasnyro katymky CIITM MOXHO TpeAcTaBUTb KaK KOMOM-
HaIMI0 MHIYKTUBHOCTYU, aKTUBHOTO conpoTuBienus 1 IJ1C. OmHAKO aKTUB-
HbI€ COITPOTUBIIEHMSI KATYIIEK 3aBUCSIT OT TEMIIEPATYPbI, a C MUHIYKTUBHO-
CTSIMU M TIOTOKaMM BOOOIIle BCE HEITPOCTO!

daszHble MHAYKTUBHOCTY, B3aMMHbIe MHAYKTUBHOCTY a3 U MOTOKOC-
IIeTUIeHMS] MarHuTa poTopa C KaTyIIKaMM 3aBUCST OT ITOJIOXKEHMUS POTOpa,
MPUYEM BCe YTIOMSIHYThIE BbIIlle 3aBUCUMOCTHM, B CBOIO OUepeb, 3aBUCST OT
CTeleHM HAChIIeHMs MallMHbl. [JpyrMMu cioBaMu, JIJis KaskJOoro coyeTa-
HVSI COCTABJIAIOIMX TOKA CTaTopa B cucteMe dq (igy,ls,) CYIECTBYIOT CBOM

3aBMCUMOCTY BCEX MHIYKTUBHOCTEN 1 TOTOKOCIeIVIEHMI OT yTIiia IOBOPOTA
poTopa. A Bellb €CTb ellé ITOTePU B CTAIU U 3YOIIOBBI/i MOMEHT ...

Kak HU cTpaHHO, BCe 3T 0COOEHHOCTY MOKHO YUYeCTh B MO — HO
HY>KHO J1n?

B pasgene snekrponpusog, cpenbl SiminTech cyiiecTByeT psifi, yIIpo-
IIEHHBIX MOJe/ieil OmBuUraTejeil pa3aMUHbIX TUIIOB (CMHXPOHHBIN, acUMH-
XPOHHBIA, IIaroBbIit). YIIpoIeHe 3aKa04aeTcsl B TOM, UTO ITapaMeTphl CTa-
TOPHOV OOMOTKM ¥ POTOpA IBUTATEJIS CUMTAIOTCS TOCTOSTHHBIMY, He Y-
TBIBAIOTCS TIOTEPU B CTAIM U 3yO110BbIV i MOMeHT (a1t CIITIM).

9TO Mojenu nepBoro npubamskeHust. iMyu MOXKHO ITOJIb30BaThCsI Ha
Jrane npenBapuUTeNbHOrO MPOEKTUPOBAHMS, KOTAA MPUBOLA B «Kemese»
elle HeT.

A xorpa rpeobpa3oBaTesib U IBUTATEb TOSIBSITCS, MOXKHO ITepeiT Ko
BTOPOMY 3TaIly — YTOUYHEHUIO MOJe/IN IBUTATEIS.
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B kauecTBe mpumepa paccmotpum mpusog ¢ CAIIM. B yue6HmMKax
omucanbl CIATIM 1160 ¢ CMHYCOMUIAIbHOI, MO0 C TpamenenaanabHoi Gop-
morvi DJC. I yIIpOoIEHHOM MOIeI MOKHO CUUTATh, UTO 3TO TaK U €CTh.

B meiictBuTenbHOCTY ke opma DIIC ABUTATENSI MOXKET CYIIeCTBEHHO

OT/IMYATBCS M OT CUHYCA, U OT Tparie-
uym. i mpumepa Ha Puc. 10.1 npn-
BelleHa CHSTas ocuwuiorpagom
dasuas DIIC peaslbHOTO ABUTATEIS.
CoBpemeHHbIe OcCHMITIOTpadbl
MO3BOJISIOT 3allOMHUTh  OCLMJLJIO-
rpaMmy B (aitnm *.csv. 3aTem 3TOT
daiim MOXXHO MCIIOb30BaTh B MO-
Puc. 10.1 nenu nsuratenst (B SimInTech Takas
BO3MOYKHOCTD €CTb).

Ha roToBom niBurartesie MOXXHO M3MEPUTDb U JApyrue mapamMeTpbl: MH-
IYKTUBHOCTM (a3 u B3auMHbIe ¢a3Hble MHIYKTUBHOCTM, (pa3HOE COIpO-
TUBJIEHME, BeTMUMHY U GopMy 3yO110BOro MoMeHTa. C yUETOM 3TUX M3Me-
pPeHMIT MOXXHO YTOUHUTD ITapaMeTpbl U CTPYKTYPY MOIEJIMN.

JlJist TpOBEePKM TaKOi YTOUHEHHOV MOJeIM MOKHO ITPOBECTU IKCITe-
PMMEHTHI, 3aCTaBUB ABUTATE/Ib pAOOTATh B HEKOTOPBIX TECTOBBIX PEXMMAX.
3aTeM CHMMaeMble TIPY 3TOM paboune rmapaMeTpbl CPABHUBAIOTCS C Tapa-
MeTpamMy MOAEe/MPOBaHMS TeX Ke PesKMMOB. [lamee MOXKHO «TOAPUXTOBATH»
MOJIeJib ¥ IOAOTHATh e€ Mo/, 9KCIepUMEeHT. DTO IA€T, KaK IMIPaBUIo, yXke X0-
poliiee COBNageHue MoBegeHNs MO C PeaTbHOCTbIO.

Kak nmpumep Ha Puc. 10.2, mpuBemeHbl OCIMIIOIPAaMMBbI TOKa (asbl
IBUTaTEs ¢ BblmenpuBeneéHHoi J/1C, paboTaloIero B TECTOBBIX PEXMMAX
psimoM ¢ rpaduKkamMu paboTaroleii B TeX Xe peXkuMax YTOUHEHHO MOJIen.

XonocToMn xog, ckopocTb asuratens 10500 o6/MuH

| Mopgenb

Puc. 10.2
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A MOXHO, KOHEUHO, eC/IM 3TO HY>KHO, CMOJIeTMPOBATh ABUTATENb U
elllé TOUHee.

Hambosiee TOYHO BCe PEXMMBI pabOTHI IBUTATENSI CIMTAOTCS TIPO-
rpaMmMamMu Tuma Ansys Maxwel. DTo mporpaMmsl Ijis 3D-MopeapoBaHms
MarHMUTHBIX IT0JIe/i METOA0M KOHEYHBIX 3/71eMeHTOB. OHM ITPUMEHSIOTCS AJ151
MPOEKTUPOBAHMSI ABUTaTeeil, HO INpU MOAEIMPOBaHUM IIPUBOJA He-
yIOGHBI B CMJTY CBO€# TPOMO3IKOCTH.

Takue mporpaMmbl MOTYT G OPMMUPOBATD (aiiIbl 3aBUCUMOCTE Imapa-
METPOB [IBUTATENSI OT 3JIEKTPUUYECKOTO YyIjia U CTeleHM HaChILEeHUs Ma-
LIVHBI.

B SimInTech cymectByet mogaens CIAIIM, KoTopast MOXKeT paboTaTh C
daiinamnu nmapametpoB, chOpMUPOBAHHBIMM ITPOrpaMMOii 3D-MoOIennpo-
BaHug mnoeit EasiMotor FEM. B pesynbTaTe I0JlydaeTcs TOYHas M JOCTa-
TOYHO ObICTpasi OHOMEPHAsI MOJIeJlb, IAIOIIAs TOT sKe pe3yabTaT, UYTO U «TSI-
SKENBI» U JOJTUI 3D-pacyéT MeToJOM KOHEUHBIX 3JIEMEHTOB.

{ IPUMEYAHUE :
N Omnucanue Mojeseit IBUratesei pasjiMuHbIX TUIIOB MOKHO HaTU B
kHmkke: F0. H. Kanmaués, /1. B. CamoxBanoB, OCHOBBI perynMpyeMoro§
anexTponpuBoaa (AHTMyue6HMK), IMK Ilpecc, pasmens 3, 6, 7.

e He Bce cymectBymouue B SiminTech Mmogenyu nBuUrartesei BbIJIO)KeHbIE

B pasmenie «DJIEKTPOIPUBOI» cpedbl. Kpome Toro, pasmen HOCTO-§

STHHO OGHOBJIsSIETCS. [I/1s1 TTOJTyueHMsI KOHCY/IbTaluii TI0 MOIeNISIM pe-
KOMEH]TyeM CBSI3bIBAThCS C pa3paboTUMKaMM Cpembl. :

s MoaenupoBaHMUS MeXaHMYECKON IepeaaumM MCII0/1b3yIOTCS
371leMeHTbI pa3aena «MexaHuka» cpenbl SimInTech.
Craguy MoJenMpoBaHMS Te 5Ke, UTO U Y MOJIeIu IBUTaTeIs :
e VIIpOIEHHAs MOJie/ib, OCHOBAHHAs Ha

€ R % PacCYETHBIX TaHHbBIX
520 YYY LM e YTOYHEHHAs MOJie/Ib, OCHOBaHHas Ha
2 P u=toct 7 M3MepeHMsIX
3 ! E Q e yTOUHEHMe TapaMeTPOB MOJENN Me-
R sV Smiil XaHUKMA TPY CPaBHEHUM pe3ylbTaToB
R P le=®  MopemupoBaHMs ¥ paGOTBHI B TECTOBBIX
it 3 pexXuMax.
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10.1.2 Di1eMeHTBI CMJIOBOV CX€MBbI

Mopenb CHIOBOI CXeMbI IIPUBOAA CTPOUTCS HAa OCHOBE 3JIEMEHTOB
paszena «JJIeKTpuueckue Lenu - JnHamMmukar.
Tam MOKHO HalITU MOIeNun:
e DA3IMYHBIX MOJIYIPOBOSHMUKOBBIX MPUOOPOB: MMOI0B, TPAH3UCTO-

POB, TUPUCTOPOB
e T1accuBHBIX R-L-C 371eMeHTOB
e MCTOYHMKOB TOKA U HapsHKeHUS

U T.0.

oYY Ye 2

X IIK LSRG
&g T
1o_9|_oz_rv {2@

A pnst yno6cTBa 1o/ib30BaTesis B pasjese «JIeKTPOIPUBOA» MOXKHO
HalTH yke CKOMITOHOBAHHbBIN TPaH3UCTOPHbIN TpExdas3HbIit MOCTOBO MH-
BepTOp ¢ 06paTHbIMU quomaMu. BAX TpaH3UCTOPOB U AMONOB MHBEPTOPA
MO>XHO HaCTPOUTD C IIOMOLIbIO CBOJCTB 3TUX 3JIEMEHTOB.

3aMeTuM, 4TO B JAHHOM MOZe/JM OTKpbIBaHMe/3aKpbIBaHME TPAH3U-
CTOPOB U AMOJOB MPOUCXOOUT MTHOBEeHHO. [Ipy MmogenupoBaHuu puBoga
B LIeJIOM 3Ta UAeaan3alus BIIOJHe ONpaBaaHa.

[TepexoaHble MPOLECCHI BKIOYEHMS/BbIKIIOUYEHNS TOTYTTPOBOJHMUKO-
BBIX 3JIEMEHTOB MMeEEeT CMbICJ MOAEIMPOBATh, TOJbKO €C/IN 1ie/ib MO e/IN-
pOBaHUs — UCC/IeJOBaHMe caMUX 3TUX IpoiieccoB. B SimInTech cyiiecTBYIOT
MOJeI INOA0B U TPAaH3UCTOPOB, KOTOPBIE IJI51 STOTO MOXKHO UCII0/Ib30BaTh.
OnHaKo Mpy 3TOM BCJIEICTBME OUE€Hb KOPOTKMX (PPOHTOB MePEeKTI0UeHMS
TaKMX KJII0Yell BpeMs UHTEerpupOBaHus MOaenu (KBaHTOBaHME TI0 BpEMEHM)
IOJIKHO OBITh OU€Hb MAJIEHbKUM (HAaHOCEKYH/IbI).

Ecsin Mmopesib BCero 37eKTponpuBozAa 6yaeT paboTaTh C TAKMM IIaroM,
MBI HEIOITYCTUMO 3aTSIHEM BpeMs e€ CuéTa, U UCC/iefoBaHue, HarpuMep,
rapaMeTpoOB ABVKeHMST pabouero opraHa 3JIeKTPOIIPUBOIA, OyAEeT CBSI3aHO
C JOITUM U MYUYUTE/bHBIM OXXMIaHMEM.

: MIPUMEYAHUE
i 3a7auM C CyIIeCTBEHHO Pa3HBIMM BPEMEHHBIMM XapaKTepUCTUKaMU
{ TP MOZEMMPOBAHMY BOOOIIE KeIaTebHO He CMENIBaTh.



10.1.3 D1eMeHTBI CUCTEMBI YIIPABJIE€HUS

[Tpu mocTpoeHUM CTPYKTYPbI CUCTEMBI YIIpaBAeHUS JIEKTPOIIPUBOLIA
MCMOJIb3YIOTCSI TIPUHILIMUITBI IOJUMHEHHOTO PETYIMPOBAHMS.
Cyl1iecTByeT orpaHMUeHHOe YMCJIO BApMAHTOB TakKUX CTPYKTYP.

BOJIEE ITIOJPOBHO B xuHikke 0. H. Kanauésa u /. B. CaMOXBaJIOBa§
i «OCHOBBI perynMpyeMoro 31eKTporpuBoja (AHTUYyUYeOHMK)» YATaIATe O:

1. crpykrypax CY CUMHXPOHHBIX 3JE€KTPOIIPUBONOB B pa3nenax§
6.1.8...6.1.11 1 6.2.3 :
2. crpykrypax CY aCMHXpPOHHBIX IIPUBOJOB B paszene 7.7.

B cBow ouepenb, B 3TUX CTPYKTypax MO’KHO BbIJEJUTb TUIIOBbIE
0JIOKM, U3 KOTOPBIX OHM COCTOSIT. MOJie/ii TaKuX TUITOBBIX O6JIOKOB U COZep-
SKaTCs B paspere «JIeKTponpuBomy» cpeabl SimInTech.

Oto IIU-perynsitopbl, mpeobpa3oBaTeny KoopauHat, y3ael LIVM,
0JIOKM KOMITEHCALMM ITePEeKPECTHBIX CBSI3€¥ /IS CMHXPOHHOTO M aCMHXPOH-
HOTO ABUraTesis, 6JIOKM BBIUMCIUTEIM MOMEHTA U II0TOKAa, MOJe/Ib poTopa
ACMHXPOHHOTO JIBUTATEJISs, OTPAaHUUNTENN dq-HaNpsDKeHUA U T. 0.

w t
>asc  d P> 7 | e nv?“i;
> SinQ 77 a p&c‘7 > Qe ane > e
>CosQ q P> 5’\(\0— > Qon
A& 2l =
Id(F) > Id(F WM >qu1'lC
BPIE S 1d>F br >I:’ dk [>

: BHUMAHUE :
L e s JIy4llero OHMMaHMs CXeM MoJiesieil, pacCMaTpUBaeMbIX ajee,
pekomeHayeM rpocMoTpeTh KHIKKY 0. H. KanauéBa «SimInTech —
MoJenupoBaHue B snekrpomnpusoae», IMK Ilpecc, Mocksa 2021. B

Heli OTIMCaHbI 37IeMEeHTBI pasjena «JeKTPOIPUBOI».

o Takke MOXHO UMTATh CIIPABKY II0 JIEMeHTaM pa3sfesna «JJIeKTpo-
npusopy» B SimInTech. :
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10.2 CtpykTypa Mmozein

MMKPOKOHTPOJIIEP CUCTEMBI yIIpaBaeHus MoydyaeT MH(popmauuio o
COCTOSTHUM TIPUBOJA, CYUTHIBAS 3HAUEHUS C JAaTUYMUKOB.

3areM B TeueHMe HeKOTOPOTO BpeMeHU (IIPOrpaMMHOTO IIMKJa) OCy-
IIECTBJISTIOTCSI HEOOXOIMMble BBIUMCAEHUSI, M B KOHIle LMKIA MUKPO-
KOHTpPOJUIEp BBIZAET VYIIPaBJsIOLlee BO3AENCTBME Ha MCIIOJHUTENbHYIO
YacThb 37€KTPONpPUBOJA, KOTOpasl B 06IIeM caydyae COCTOUT M3 CUIIOBOTO
npeobpa3oBare’isi, IBUTaTeJIsI, MeXaHMUeCKOl Iepejaui 1 paboyero opraHa.

Takum 06pa3oM, BbIaua YIIPaB/ISIONIET0 BO3OEMCTBUSI OCYIIECTBIISI-
€TCs B OTIpefieJIEHHbIe MOMEHTBI BpEMEeHU C 3a3eP3KKOVi OTHOCUTEIbHO CUM-
THIBAHUSI COCTOSTHUS 37IEKTPOIIPUBO/IA, PAaBHO MTPOTPaAaMMHOMY LIVKITY.

B uudposbix cucremax 3ToT 3¢ @eKT Ha3biBaeTCs KBAHTOBAaHMEM 10
BpEMEHN.

Kpome 3TOrO, CylllecTByeT elé 1 KBaHTOBaHME MO YPOBHIO, OIpene-
JsIonieecs pa3psagHOCTb MUKPOKOHTposuiepa u ero ALITL.

OddeKTbl KBAHTOBAHMS MOXKHO CTPOTO YYeCThb IIpU MOJIeIMPOBAHUY B
SimInTech, pa36uB Moge/b IPMUBOIA HA IBE YaCTU: MOJIeJIb CCTEMbI YIIpaB-
JieHus (YIIPaBJISIIOLIErO aJifTOPUTMa) M MOIeJIb MCIIOJIHUTEIbHO 4acTu (BCE
OCTaJIbHOE).

[TpoeKTbl CMHXPOHU3UPYIOTCS ¥ 00beIVHSIOTCS B € IMHbBIN TTakeT MOo-
Jlesiv TIPMBOJIa C TIOMOIIbI0 BCTpOeHHO B SimInTech 6a3bl JaHHbBIX CUTHA-
joB (Cm. Puc. 10.3)

Mopaens UCITOTHUTETEHON
4acTH IIPUBOJA
CuitoBoit 0JI0K
Mogpens |4 basa
()Y — /| HaHHBIX JBurarenb
CHUTHAJIOB
MexaHuka
— Opran
0Bumcerusa
Puc. 10.3

IMOAPOBHO O BA3E JAHHBIX CUTHAJIOB uuraiite B cnpaBOqum
cucteme SimInTech.



10.2.1 Mozaenb UCTOJTHUTEIBLHONM YacTU MIPUBOIA

IlaHHas MoJenb AO/MKHA aieKBaTHO OTPaXaTh MPOUCXOSIINE B UC-
MTOJTHUTEJIbHOM YacTy MPUBOAA MTPOIeCChI, B TOM UMCJIe U CaMble ObICTPBIE.
A TakOBBIMM B HEJ SIBJISIOTCS 37IeKTpUUYECKME TTPOLECChI.

COOTBETCTBEHHO BpeMsl MHTETPUPOBAHMSI MO TOKHO OBITh CY-
IIeCTBEHHO MeHblile, YeM BpeMsl CaMOoro ObICTPOrO MOJeIMpyeMoro mnepe-
XOJJHOTO 3JIeKTPUYECKOT0 Mpolecca. YUUTbIBAs TO, YTO AMHAMMUKY IIPOLIeC-
COB TEePEeK/IIYEHNsT CUJIOBBIX KJIIOUeil Mbl He MonenupyeM (CM. pasgen
10.1.2), cambIM OBICTPBIM, KaK IPaBUJIO, SIBJISETCS MPOLIECC HAapaCTaHMS
TOKa B 0OMOTKe cTaTopa ABuraTessi. Ha Hero u CTOUT OpMeHTUPOBATHCS.

Iy1st 06bIYHBIX 50-TepIIOBBIX ABUTraTeIel, Kak IPaBuIo, XBaTaeT Bpe-
MEeHM WHTerpupoBaHMs 1MKC. i1 BBICOKOYACTOTHBIX IBUTaTeseil 3TO
BpeMmsl HaJI0 YMEHbIIAThb.

Kpome Toro, BpeMst MHTETPUPOBAHMS TOJDKHO OBITh:

e He 0OJbIlle IIUTETbHOCTY CAMOTO KOPOTKOTO YIIPaBJISIIONIEr0 CUT-

Haja, Halipumep, 3alIUTHOM Iay3bl MHBEpTOpa (CM. pa3zen 6.3)
e CYIIeCTBEHHO MEHbIIle BpeMeHM MHTerpupoBaHMS IIPOEKTa MOIen
(momeneit) uudposoii CY (o Hellt cMOTpuUTe Aajee).

10.2.2 Mogenn CY

Kak yxe ynomuHanoce, CY 371eKTpONpuUBOAAa CTPOUTCS IO MPUHIN-
raM MOJUYMHEHHOTO PETYJIMPOBAHUS U COCTOUT 3 HECKOJIBKUX BJIOKEHHBIX
KOHTYPOB PeryaupoBaHusi. B MakcuManbHOM KOHGUTYpaALM 3TO:

e KOHTYp TOKa (yIIpaBjieH)e MOMEHTOM)
® KOHTYp peryJanpoBaHus CKOPOCTU
e KOHTYp PeryJuMpoBaHMs ITOJIOKEHUS.

[Tpu MopenpoBaHUM KOHTYPOB PeryaMpoBaHMsl B apaMeTpax pac-
YyéTa COOTBETCTBYIOIErO MMPOEKTa HaZ0 BbIOVPATh METO, MHTETrPUPOBAHMS
Jiliepa M BpeMsl MHTErPUPOBAaHMSI, paBHOE BpEMEHM TPOTPAMMHOrO LKA
MOJeIMpPyeMOro KOHTypa.

[Tpu aTOM, Kak M B peajibHOM IpuUBOAe, MHMOPMAIIMOHHbIVI 06MeH
MPOEeKTa KOHTYPa ¢ MOJEIbI0 MCTIOJTHUTEIBbHOWM YaCTU U BCE PACUYETHI B HEM
OyIyT OCYIIECTBISITHCSI OAVH Pa3 32 TAKT MHTETPUPOBAHMUS, U YIIPABJISIOIIee
BO3/IelicTBIe OyIeT 3aepskKMBaThCSI OTHOCUTENIBHO CUMTHIBAHUS CUTHAIOB
IATUMKOB HAa BpeMS MHTErpUPOBAHMS, pPaBHOE BPEMEHU IPOTrPaMMHOIO
LMKIIA.
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COOTBETCTBEHHO, eCc/ivt KOHTYpbI CY MMEIOT pa3Hoe BpeMs IIPOrpamMM-
HBIX IIMKJIOB, TO OHM ¥ MOJEIMPYIOTCS B Pa3/JIMUHbIX IPOEKTaX [TaKeTa MO-
JeJi, UMEIOILIMX pasanyHoe BpeMs MHTerPUPOBaHMS.

Kaxk yke roBOpuIOCh, CMHXPOHM3ALMsT PabOThl ITUX MTPOEKTOB B Ma-
KeTe MOJIe/Ii 3JIeKTPOIPUBO/IA OCYIIECTBIISIETCS C IIOMOIIbI0 BCTPOEHHOI B
SimInTech 6a3bl JaHHBIX CUTHAIOB.

10.3 IIpumep mopenu npmuBoga

Hiske B KavecTBe mpuMepa pacCMOTPUM MOZENb peabHO pa3pabo-
TaHHOTO M M3TOTOBJIEHHOTO CMHXPOHHOTO 3JIEKTPOIIPUBOAA PY/ISI BBICOTHI
6eCcIMIOTHOTO JIETATe/IbHOTO arrapara.

[TakeT MOze/NM COCTOUT M3 NIBYX IPOEKTOB: Moaean HudpoBoit cu-
CTeMbl yIIpaBAeHUST ¥ MO VUCIIOTHUTEIbHOM YacTy IPUBOJA.

CHayasia pacCMOTPMM MOZIEIb UCIIOJHUTEIbHOM YacTu. OHa 1300-
pakeHa Ha Puc. 10.4.

JIBuTaTenn
HanpsxeHnue M i Crpln e [HUONEHT
na llIMM (cCy) TeHepaTop @ p
— o
CTLU v + yH| CAMM g [>
[ CTLU ] JIIP (na CY)
" EIHEI ¥  HHE B p e
Bb16op Kaoueil B s s ach ane M w ]
uHBepTopa (c CY) L c Iabe > Tok (ua CY)
_—|

r bl labc_I_ou
o jl1abe_Louf]
P qar Tlonoxenrre
mroka (Ha CY)
Bozmymenne

pi QI‘_QI‘_OIIﬂ
o b A
s J=2.76E-06 <| =4,45E-06
THRIT T 06 Pexyktop [ — ]
=]

o - \ ,;IIOQJT A |_'_| .HIOq;'T I:|
[,rg\ s =w mssi Ty - l TH
L= — s
G=1571 G=3.3
amanor. | Tpenie
= ’—b maramk [
e T

-

L > YIUn

Puc. 104

Ucnonb3dyemas B ripoekte moaenb CAIIM yTouHeHa C ITOMOIbIO BBE-
neHus usmepeHHbIX Gopmbl JIC 1 3y6II0BOrO MOMEHTA peajbHOTO ABUTa-
tesst. Kpome Toro, mapasienbHO pa3HbIM KaTyIIKaM B MOZE/Tb BBEIEeHbI 3a-
BUCSIIIME OT YaCTOThI aKTMBHbBIE COITPOTUBJIEHMS, yUUThIBAIOIIME TTIOTEPHU Ha
HaMardamuyuBaHue.
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B mogmens mBuraTesnsi Takske BCTPOEH OATUUK, ONpeestonuii mojo-
SKEHMS pOTOpa € TOYHOCTHhIO 10 60° (IIIP).

BOJIEE IIOAPOBHO B kHikke 0. H. Kanauésa u II. B. CamoxBasoBa i

«OCHOBBI peryaMpyeMoro 371eKTpornpuBoja (AHTUYUYeOHUK)» YUTAIATE O:

! e MarHuTHbIX otepax CIAIIM B pasgerne 6.4 :
e JITIP B pasmene 6.2.3.

Mogenupyemblii IPUBOZ, SIBJIsIeTCSl HU3KOBOIbTHBIM (U, =27 B) n

MaJOMOIIHBIM. B Takux NpuBogax B KavyecTBe OAaTYMKa TOKA MOXHO MC-
M0JIb30BaTh PE3UCTOP, BKIOUEHHBIV B MUHYCOBYIO IIMHY MHBepTOpa. [Ipu
aToM 0611y10 Touky CY MpuBOIA COeIMHSIOT C MMHYCOBO IIMHOI Hamps-
xeHus U ., 94TO MO3BOJISIeT He MCIIO/Ib30BaTh Ia/IbBAHNYECKYIO Pa3BsI3Ky

IIpu BBOJEe curHasa Toka uepe3 ALII B mpoiieccop CV.

CooTBeTcTBeHHO, Ha Puc. 10.4 curHan c myHTa (R) Mmacurrabmpyercs,
bubTpyeTcs 1 MoJaéTcs Ha BbIXOH, MoAeu (curHai «Tok»).

3enéupIiM 1BeTOM Ha Puc. 10.4 BbIimeeHbl 610K MeXaHM4YecKoil ua-
CTU MIPUBOJA, COCTOSIEN U3 TTIOHMKAIOUIETO WIMHAPUIECKOTO peayKTopa
u LIBII, mpeobpa3syolieii BpallleHMe B JIMHeTHOe IepeMelieHme mToka. O6e
repenauy MpoOMoAeaMPOBaHbI C yUETOM JIIODTOB, MHEPLIM U TPeHUs. 31ech
’Ke B MOJIei MeXaHMUeCKO YacTy HaXOAUTCS MOe/ib TaTulKa MOJI0XKeHUS
IITOKA C 6JIOKOM MacHITabupoBaHus curHasna. biok «Bosmyiienne» Ha Puc.
10.4 mopenupyet 3amaHHoe B T'3 BO3MyIlleHM e Ha IITOKeE.

Kpome onmcaHHBIX Bbillie y3J10B, B MoAeu npucyrcreyet IIMM-1mipe-
obpa3oBaTesb. B pearbHOM MpUBOJE OH HAXOAUTCS B TaiiMepe MUKPO-
KOHTpOJIJIepa CUCTeMbI YIIpaBjieHMsI, HO MOJeIMpPOBaTh ero yao6Hee B Mpo-
€KTe UCTIOJIHUTEIbHOM YaCTH, TaK KaK 3TO alllapaTHBIN y3eJ M ero TAKTOBAs
YacToTa CYyIeCTBEeHHO BbIllle, YeM 4acToTa cuéra rnporpaMmbl CY (BpeMms
MpOrpaMMHOTO LIMKIa). B cBoiicTBax [IIMM-1ipeo6pa3oBaTesisi BbIOpaH crie-
unanbHbI BU LIVIM, o6ecrieunBaromii 6yTCTpernHoe MMTaHue IpaiBepoB
CUJIOBOTO ITpeobpa3oBaTesisi, UTO B JAHHOM IIPUBO/IE U peaan30BaHo.

Bpems mMHTerpmMpoBaHMUSI MOJeAM UCIIOJHUTENbHOM 4acTu MpuUBOIa
BbIOpaHO paBHbIM 0.5 MKC.

Mogens CVY B HallleM NpUMepe peain3yeT alropuTM KOMMYTAlUU
KTtoueil vaBepTopa no TP (maTuuKy MoaoskeHus poTopa), YTO OOBIYHO MC-
nosbsyercs s yapasienus CIIIM c TpanenenganbHoin I C.

OTO IBYXKOHTYpPHAs CUCTeMa YIIpaBIeHNSI TIOJIOKEeHMEM C IeMIThupy-
I0I1Ie CBSI3bI0 II0 CKOPOCTH. E€ ommcaHue MOKHO HAiiTH B pa3gene 6.2.3 AH-
tuyyebHuka I0. H. Kanauésa u /. B. CamoxBasioBa.
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Mopgenb cucTeMsbl yIipaBieHus mpuBeaeHa Ha Puc. 10.5.

AP Cenemcip Bribop kiroyeit
3 I
S M ]
3ajaryuK PerynsaTop — < Perynartop Hanpaxenue
MOJIOXEeHHA MOIOXKEHHUA TOKa (Ha LI M)
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P pi [>
™" i Tox
Tslil < Aﬁ(” fillabc_I_out]
EA'QJ [MonoxeHHe
LITOKA

518.363
CxopocThb LITOKA Q

)

Puc. 10.5

KoHTYyp MO0KeHUs SIBJISIETCSI BHELIHUM 110 OTHOLIEHUIO K KOHTYpPY
ToKa. Ero MOskHO 6bIIO CMOJeIMpoBaTh OTAENbHO (CM. paszgen 9.1.2), HO B
JaHHOM CjTyvyae [Jis1 yIPOIeHUs MOJIeJI OH pa3MeIll€éH B €IMHOM IPOeKTe
C KOHTYpPOM TOKa.

PerynsTop mososkeHus KOHTypa 3aJaéT MOMEHT, HeOOXOAUMBbIi /ISt
OTpabOTKM paccoriacoBaHus 1o rnonoxkenuio (I[IM-perynupoBaHue), 1 Bbl-
YUTAET U3 HEero CUrHaJ, MPOIMOPLMOHATbHbBIN CKOPOCTH, OCYILECTBISISI TEM
CcaMbIM HEOOXOaMMoe neMIpupoBaHMe CUCTEMBI.

CKOpOCTD LITOKA BBIUYMCIISIETCS KaK IPOU3BOLHAS OT €ro MOJ0XKEHMSI.

Yem 6osbliie CKOPOCTb, TEM ObICTpee M3MEHSIETCS MOJIOKeHME U TeM
CUIbHee OoTpullaTe/ibHasi 0OpaTHAsI CBSI3b IO CKOPOCTU AeMIipupyeT mpo-
tecc. CrerneHb OemMIpuUpoBaHUS OIpenessieTcs] B CBOWCTBAX peryistopa
TOJIO’KeHUSI 3ajlaH1eM 3HauUeHMs COOTBETCTBYIOILEro KosdduiieHTa.

Bpems unTerpupoBanus mogenu CY pasHo Takty LIWUM (50 mMkc).

[TpoekTsl CY 1 UCTIOTHUTEIBHOI YaCTy TPUBOAA 00 beOUHSIIOTCS C TTO0-
MOIIIbIO 6a3bl JAHHBIX CUTHAJIOB B €AVHBII TTaKeT, B KOTOPOM CMHXPOHU3U-
PYIOTCSI OAMHAKOBO MMEHOBaHHbIEe BXOIHbI€/BbIXOAHbIE CUTHAJIbI [IPOEKTOB.

3amycTuB makeT MO UM HacTpouB KO3(DOIULIMEHThI PeryasiTOpoB
CVY, MOSKHO MCC/IeIOBATh JIOObIe PesKMMbI pabOThI TPUBO/A.

IMOAPOBHO o cTpykType 1udposoro ITM-peryasaTopa u criocobax ero
HacTpoliky unTaiiTe B kuure 0. H. Kanauéra u /I. B. CamoxBanoBa «Oc-
HOBBI PETYIUPYEMOTrO 3JIeKTPOIpMBOaa (AHTMYUeOHMK)», pa3aensl 3.5



Hampumep, MOXXHO OII€HUTD IMyJbCAllM TOKOB M MOMEHTA ABUTATES
WJIY TIOCMOTPETh, KaK OyayT BecTu cebst TOKM (a3 mpy pasaMyHbIX BO3MY-
MIEHMSIX ¥ KaKOBa IPY 9TOM OyIeT TOYHOCTD MTO3UIIMOHMPOBAHMSI.

B T3 k momenupyeMomMy MpUBOY ObIIO 3aMMCAHO, YTO MIPU HATMYUU
BHEIIIHEer0 rapMOHMYECKOro Bo3MyleHus ¢ yactoToi 10 I'u, u aMminTymon
500 HM 1ITOK AOJIKEH MepeMellaThCsl Ha MaKCUMaIbHYIO0 IInHY (40 MM) 3a
Bpems He 60stee 0.5 c.

Huke, Ha Puc. 10.6, moka3aH cMOJeIMPOBAHHBII ITPOIIeCC OTPaboTKM
MIPUBOJIOM CKauKOB 3a[aHMs MTOJIOKEHUS ITpU 3aJaHHOM B T3 BO3MYIL,€eHUN.

40

30
=
=
2

o 20
2
=
o
Q
>

10

0

0 0.2 0.4 0.6 0.8 1 1.2
Bpems t, c
Puc. 10.6

Kak BuauM, MakcuMaabHOe riepemMenieHne B 40 MM IITOK OCYIIEeCTB-
nseT nmpuMepHo 3a 0.4 ¢, YTO yIOBIETBOPAT TpeboBauusim T3.

11 Koporenepaumusi

Kaxk nipasuio, B Hantucanuu 110 koHTposiepa CY yyacTBYIOT [iBa ye-
JIOBEKa:
1. mHKeHep-mpuUBOIUMK (muineT T3 MporpaMMMCTy WK Yale 00b-
SICHSIET eMy Ha Iaibliax, YTO JO/DKHA JelaTh IIporpaMmma)
2. IIPOrpaMMMCT (MIUIIET MCIOJHSIeMbIl KOO MUKPOKOHTPOJJIEPA).

[TpuBOIUMK OOBIYHO He pa3bMpaeTcss B TOHKOCTSIX ITPOrpaMMuUpoBa-
HMSI, OTHAKO pa36bMpaeTcs B «xkeyie3e» ¥ IOHMMAeT, YTO HY)KHO CJIeJIaTh.

[TporpaMMMCT - HAITPOTUB, B IPOTPAMMMUPOBAHUN — «3yOP», HO YACTO
He OYeHb B Kypce, YeM eMy IPeJICTOUT yIIPaBJIsTh.
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[IpenmosiaraeTcs, YTO B €AMHCTBE U O0pbOe 3TUX ABYX MPOTUBOIIO-
JIOXKHOCTEN MOJKHA pOAUTHCS MCTUHA. OJHAKO BMECTO MCTUHBI HAa CThIKE
9TUX JIBYX CYIIHOCTEN YacCTO POKIAIOTCS ITPOOIEeMBI.

B skM3HM TpeOYIOTCS Tofibl B3aMMHOM «IIPUTUPKI», B pe3yabTaTe KO-
TOPOJ MHXXeHep-IPUBOJUMK HauMHaeT MOHMMATh creluduKky mpoiecca
MPOrpaMMMPOBaHMsI, a IMIPOrPaAMMMUCT «Bbe3KaeT» B 00/1aCTb YIIPaBIeHMS
nBurateseM. I'me B3SITh TaKMX TOTOBBIX CITEIIMAIMCTOB — OOBIYHO 3arajika.
IlITyunblit TOBap!

C HyJ/1s1 GBICTPO TOJTYYUTD PE3YJIbTAT HE TOJYYUTCS, HEMAJIO BpEMEHM
VIOET Ha CO3JaHue MOHSITHOro mporpammMmucty T3, HanMcaHue M OTaaaKa
MIPOTrPaMMbI 3a/iIMYT €Ill€ 60JIbIlIe BpeMEHM, a OIIMOKM B KOJIe, AOTYIIeHHbIE
MMPOrPaMMMCTOM, MOTYT OGE€pPHYTHCSI TOTIOJTHUTETbHBIMM MaTepUaTIbHbIMU
Y BpeMeHHbIMMU TOTepsIMU (€C/M Thl CHAIWI KIUYM — Thl XOPOIINUIA MPO-
rPaMMMCT, a €CJIM el€ HET — TO «3eJIeHb»).

EcTb 1 crioco6 n36eskaTh OMIMOO0K M YCKOPUTH MPOIecc pa3paboTKm?
Ia, [Jist 3TOro MOKHO ITOMPO60BaTh UCIOJIb30BaTh MHCTPYMEHT KOJIOTeHe-
pauyuu SimInTech.

[TpocTo m06aBbTE B MOAETH CUCTEMBI YIIPABJIEHMS IIPUBOIOM OJIOKU
MHULIMAIM3aUM BbIOPAaHHOTO MMKPOKOHTPOJIIEPA, HACTPOITE KOJIOreHe-
paTop ¥ JIETKUM JOBVDKEHMEM PYKU MOTyunuTe U3 mogenu ¢aiii ¢ C-TeKCTom
MpOrpaMMbl. 3aTeM C TTOMOIIbIO CTAHIAPTHBIX Cpell paboThl C MTPOrpaMMm-
HbIM obecrieueHueM (Harpumep, Keil 1 T. 11.) MOKHO ITPEBPATUTh ITOT TEKCT
B IIPOrPaMMHBIN KOJI, (CKOMITMJIMPOBATD) U 3arPy3UTh B MUKPOKOHTPOJLIED
(cMm. Puc 11.1).

IIpoext
Monens | Konorene- HCXOJHBIX (hailioB mﬁx Tporpam- :
Ccy pauus (C-Texer asuus /| MHBII KO t
IporpamMMbl [ | il
ﬁ ﬁ yIIPaBIICHUS) KOHTpOJ11€ep
ITogroroBka Hactpoiika
MOJeNU  KOJOIreHeaTopa

Puc. 11.1

Janee Ha KOHKPETHOM peaJM30BaHHOM B JKM3HMU IIPUMepe TTOKaXKeM,
KaK M3 MOJIeJIM IBYXKOHTYPHOI CUCTEMBbI YIIPaBIe€HNS TTPUBOLOM TOIbEM-
HOTO YCTPOMCTBA (JIe6EMKIM) aBTOMATUYECKHM TIOTYIUTh COOTBETCTBYIOIIYIO
MpoTrpaMMmy yIpaBjieHus 1151 KOHKPeTHOTO MUKPOKOHTpOJLIepa.



11.1 CneumanmusupoBaHHAsI OMOIMOTEKA «DJIEKTPOIPUBOI»

[Tpu reHepanuy mporpaMmbl U3 MOZEJN, IOCTPOEHHO Ha 3JIeMEHTax
CTaHIAPTHOM OGMOIMOTERY «DJIEKTPOIPUBOJ», MOTYT BO3HUKHYTbh HEKOTO-
pbie MPOGIEMBI.

Bo-mepBbIX, TEKCT MPOrpaMMbl OyIeT HEONTUMa/IeH. B HEM MoOsKeT
0Ka3aTbCsl MHOTO JIUIHUX OME€PaTOPOB, KOTOPbIE 3aTSIHYT BPEMS BbIUMCIIE-
HUJ IPOrpaMM KOHTYPOB YIIPaBJIeHMSI.

Bo-BTOPBIX, [I/1s1 BBITTOJHEHMS BBIUMC/IEHMIT He Bcerna OyayT BbIOM-
paTbCsl ONTUMAJIbHBIE C TOUKM 3pEHMS ObICTPOIEIICTBYSI METO/IbI.

Bo-TpeTbux, B MOJyYeHHOM TEKCTe MPOrpaMMbl OyIyT MCIIOIb30-
BaTbCs UMCIIA C TUIaBarolleit Toukoii (float). OqHako ganeko He BCerja y pas-
paboTuMKa eCTh BO3MOKHOCTD MCITOJIb30BaTh MUKPOKOHTposLiep ¢ FPU.

Hanpumep, ecnn T3 mpepgnuchiBaeT MCIOJAb30BATh TOJBKO OTeYe-
CTBEHHYVIO 3JIEMEHTHYIO 6a3y - BbIOOP Y HAC HEBEJIMK.

JOImycTM M3 BCErO0 «MHOTrO00pasys» OTEYECTBEHHBIX MMUKPOCXEM
MbI OCTAHOBUMJIUCh Ha MPOAYKLIMY «MUIaHIp», KaK CaMOii AOCTYITHOM M pac-
ImpocTpaHE€HHO. Torma B HacTosIee BpeMs BO3MOKHO MCIIOJb30BaHMe
BCEero IBYX TUIOB MUKPOKOHTpoepoB: K1986BE1T i K1986BE9X.

[TepBbIit paboTaeT Ha BBICOKOJ TAaKTOBOJ yacToTe mo 144 M1, HO
uMeeT MeajieHHOe siIpo ARM M1, BTopoit pabotaet Ha yactote 80 MI'1, HO
B €r0 OCHOBE JIESKUT OoJiee coBepiieHHoe 1apo ARM M3. CodyeTaHue TaKTO-
BOJ 4acTOTbl M MPOABUHYTOCTU/OTCTAIOCTU apXUTEKTYPHI B pe3ysbTaTe
JaéT MPUMEPHO OIMHAKOBOE ObICTPOAEICTBYE ITUX KOHTPOJIIEPOB.

FPU B 060Mx CJTy4asix OTCYTCTBYET, a 3HAUUT, OTepaluy C riaBaolein
TOYKOJ OYAYT BHITIOTHSATHCSI MMKPOKOHTPOJIJIEpaMU TOBOJbHO MelJIEHHO.

3HAUUT JIM 3TO, YTO STU KOHTPOJUIEPDI HE TTOAXOIT AJ151 UCII0/Ib30Ba-
HMS B asieKTponpusogax? OTHIOAb. EC/ii COKpaTUTh BpeMsl BbIUMCIEHUT 3a
CYéT mpuMeHeHust ¢opMaTa C (PUKCUPOBAHHON TOUKON (fixpoint) OHU
BIIOJTHE TIOJIONIYT.

[Ijiss TOTO YTOGBI PEIIUTD BCE TPY BBILIEYIIOMSHYTbIE IIPOOIEMBI, ITPU
MMOCTPOEHUM MO e/ HAZ0 IMIPUMEHSITh He CTaHIAPTHYIO, a CIIelMaJInu3nupo-
BaHHYIO OMOIMOTEKY 37eMeHTOB. E€ 3/eMeHThl aHAJIOTMYHBI 3JIeMeHTaM
CTaHIAPTHO 6MOIMOTEKY, HO IOTIOTHUTETbHO 00eCIeunBaloT:

e ONTUMM3AIUIO TIOAYYaeMOro TP KOIOTeHepaluyu TeKCTa Mpo-

IpaMMblI (B HEM He BO3HUKAET «MU3JIUIIECTB HEXOPOIIIX»)

e UCIIOJIb30BaHME TAOJMUHBIX WM OBICTPBIX MPUOIMKEHHBIX CITOCO-
60B pacyéTa CJIOKHBIX BBIYMCIUTENbHBIX (PYHKINI, TAKUMX KaK M3-
BJIeUeHNe KBaJPaTHOTO KOPHS, CMHYC, KOCUHYC U T. 1.
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e BO3MOXHOCTH BbIOOpa criocoba pacuéra, 1[eJI0UMCIeHHOTO C QUKCH-
POBaHHOI TOUKO¥ (fixpoint) unu ¢ ruiaBawiei Toukoii (float).

Huke Ha pucyHKax IIpeAcTaBJeHa HEMHOrO YIIPOLIEHHAsi MOAENb
BEKTOPHOJ CMCTEeMbI yIpaBieHust ckopocTbio CIITIM (mpuBo, ie6EOKM), TTO-
CTpOEHHAs Ha 3JIeMeHTax CIelalIn3UpPOBaHHOI OMOIMOTEKNA.

Mogenb CY COCTOUT U3 MPOEKTOB ABYX KOHTYPOB YIIPaBJIe€HUS: BHYT-
pEeHHero KOHTypa TOKa M BHELIHEr0 KOHTypa CKOPOCTH.

OIINMCAHME Ttakoit CY MOXXHO HaliTu B paspeiax 6.1.8 u 6.1.9 kauru IO
i H. Kanauésa u [I. B. CamoxBanoBa «OCHOBBI peryanpyemMoro sneKTpo-g
i MpuBOOA, AHTUYIEOHUKY). :

Mopenb koHTypa Toka CY COOTBETCTBYeT CTaHAAPTHOM CTPYKType
yIIpaBjeHMs MPOeKUMSIMM BEKTOpa TOKAa CTaTOpa B OPMEHTUPOBAHHOI IO
MOTOKY pOTOpa cucTeMe KoopAauHart dq. E€ Bup npencrasiieH Ha Puc. 11.2.

HeaouucjieHHoe BIYUTAHUE PI fast

0
& resut |
on pi [>
dg_u_lim dqg->ABC
PI_fast i T

_fast _fast

JaT4ik
yIia

CyGmogens

Ctrl_On >
= Bxoguble
0 _d
MdLY CHTHANMEBL"
Null_Angl ~‘ -

) [
On = M TR
AL @ o mp T e Ha momens
@ sin i
CHII. OJIOKA
Mdl_IA L I - e
Mdl Uline uab fast sin/cos o ——»[Mdl BRK |
NlIll_la > 1a0 ar ar 5'"q| l moc‘i‘ulatm pi-\-z lim signal
i = ast st
N&liﬁU}l};e > ;J: N llgor'rPMDlROPon-r: _|'>
Udc in: Pin_10;

T Orp. Timerl
Mdl_Udc P Ude P U= cyEMogens "ypaBHeHHeonfO" PORT Write ®CM mit
Null IB b0 Usb |l oy TACHTeENIEM 3€PTHH"

Null_Udc I UdcD
Puc. 11.2

3HaueHue id Mmoanep>KmBaeTCA paBHbIM 0,a orpeneadriasi MOMEHT

Be/IMYMHA |, 3a0aéTcsl BHEIHMM KOHTYPOM CKODOCTH.

OCHOBY CHUCTEMBI PEryIMpPOBaHMS COCTABIISIOT IIPeobpa3oBaTen Ko-
opauHat (ABC=>dq, dq=>ABC), II1-perynstops! (PI fast), orpaHUYUTEH
Hanpsbkeuust (dq u_lim_fast) v dopmupoBaTenb crmocoba MOIYISIINN
(modulator fast). 3ty 371eMeHTbI CHEUMATU3UPOBAHHON OGMOIMOTEKU BbI-
TIOJTHSIOT Te ke (QYHKIIMM, YTO U X aHAJIOTU U3 CTaHIAPTHOI 6M6IMOTEKN.

CurHasibl TIOJTydeHHbIX (ha3HbIX HATIPSSKeHMI ¢ BbIxoga (opMupoBa-
TeJs 3aKOHA MOIYJSIMK noaatoTcs Ha 610ku «Orp. IIMM» u «Timerl Set
CCR». OTu 6JIOKM TIpM KOJOreHepauyy ob6ecrieuuBaT 3amuch 3HAUEHUI

yIpaBJSIIONMX (GasHbIX HATIPSDKEHWI B HYKHOM (popmarte B peruCTpPbI Taii-
mepa HINM.
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Mogenb camoro IIMM-npeo6pa3oBaTesiss HaXOOUTCS B IPOEKTE MC-
TOJTHUTEJIbHOM 4acTy IakeTa MOJe/N 3JIeKTpolnpuBoga. PaHee yxe muca-
JIoCh, uTo TaviMep [IIMM - 3To anmiapaTHbIi y3es1, 1 ero MoJieIMpoBaHue Tpe-
oyeT 60jiee MEJIKOTO Illara MHTErpPUPOBAHMSI, YeM BpeMs LIMKIA pacyéTa
KOHTYypa TOKa.

Kpome coOCTBEHHO CUCTEMbI PeryaMpoBaHMs B KOHTYpe TOKa HaXo-

IISITCST IBE CyOMOIeNN:
e cybmopenb «BxomHblie curHaibl» obecrednsaeT padorty AL 1 BbI-

Jlauy Ha CMCTeMY pPeryJInpoBaHms curiana skiouenus (Ctrl_On)
e cybMopmenb «YIpaB/ieHMEe TacuUTeeM dHeprum» obecrieunBaeT Jio-
T'MKY BKJIIOUEHMS KIIoUa - TacUTesIs SHEPTUM TOPMOXKEHMSI.

Bupg mopenu KOHTypa CKOpOCTH paccMaTpuBaeMoii CY mpeacTaBiieH
Ha Puc. 11.3.

AUTOMATA

INITIALIZATION CAN A r—\l
\_ /B

3ajaHue maov_avg PETYJIHTOP
CKOpOCTH fast CKOpPOCTH
R DMt o MOFTYP
CHraai pa3penieHis R Ctrl Ireg

padoTHI | Pl onmiit1
Ctrl On maov_avg calc. W P d " 2 g
JIaTunK yraa -t fast
EOpOCTE
= [0 JaTIHKY

]

- Mow. a . BB
Ctrl_Qr1 e a gy W

Puc. 11.3

Ed

PerynupoBanue ckopoctu ocyniectsiasiercs [IN-perynsaTopom
(PID fast). Ha ero Bxop mofaéTcst CUTHAI pa3HOCTY MeKAY 3aJaHHbIM 3Ha-
YeHMeM CKOPOCTU U e€ BeIMUYMHOM, BeIuMcIeHHOo 610koM calc W fast mo
CUTHAJIaM JlaTYMKa ITOJIOKeHUS poTopa (JaTuuKa yria).

broku Mov.AVG ocytiecTBASIOT GUIbTpaALMIO IOMEX B CUTHA/IAX 3a-
IaHUS CKOPOCTU U TaTuMKa yria.

KoHTyp ckopocTu BKIIOYAeT B ce0s1 Takke CyOMoIenu MHULMAIN3a-
uuu MuKpokoHTposiepa (INITIALIZATION), vadopMaliioHHOrO o6MeHa
(CAN) u cepBucHbIX QyHKIMIT (AUTOMATA). O Hux 6ymeT HaIlicaHo B cjie-
IYIOIMX pasgenax.
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Ha Puc. 11.4 npuBenens! cBovicTBa [IN-perynsgTopa UCIIOAb30BAHHOTO
B Mojeu KoHTypa ToKa (PI fast Ha Puc. 11.2). O6paTiTe BHMMaHMe Ha BbI-
6paHHOe 3HaueHMe cBoiicTBa «Croco6 pacuyéTar.

¢ CoWicTBa : ep_Fast_Pl_Reg_1

MapameTtpbl  O6uwue [MopTbl BusyanbHble criou

HazeaHue Mma ©opMyna 3HauyeHue
BHellHee orpaHWyeHue ex_lim [ JHet
BHeluHee pazpelueHue ex_on i
MakcuManeHas WHTerpansHas cyMma PI_max 2000 2000
MUHWMaNbHEA WHTerpansHas cymma PI_min -2000 -2000
MponopuWoHanbHLIR Ko3MdUUWEHT Kp 2.5 2.5
WHTerpaneHelil KosdhuureHT Ki 600 600
Cnocob pacueta type fixpoint
Puc. 11.4

Bimoku paccMaTpuBaeMbIX ITPOEKTOB MCIIOIb3YIOT CIIOCOO pacuéTa
fixpoint, 9TO CHMKAET TPeOOBAHMS K ITPOU3BOAUTETbHOCTY MUKPOKOHTPOJI-
Jiepa 1 TTI03BOJIsIeT, peain30BaTh BEeKTOpHOe yiipasieHue CJI Ha OTeueCTBEH-
HOM MunaHape, miu gemesom STM32F103.

[Ipu MmomenupoBaHMUM MPUBOA BCE BHILNIEONMMCAHHbIE «DUIIKU» 6J10-
KOB CIEeIMaIV3MPOBAHHOM 6MOIMOTEKY TTOJTHOCTHIO COXPAHSIIOTCS.

Eciu monb3oBaTes b BbIOpAJ 1eJI0UNC/IeHHbIN BapuaHT pacuéTa 610-
KOB, TO BBIYMCJIEHUS IPU MOJETUPOBAHMUM OYAYT MPOU3BOAUTHCS B LIEIbIX
yuciax. B pe3yabTraTe Ha 3Tarne MOJeJIMPOBAHMS Mbl CMOKEM, B TOM UMCJIe,
OIIEHUTD BJIMSIHME Ha pabOTy MPUBO/IA IEJIOUMCIEHHOTO CITocoba pacuéra.

11.2 Uaunuanmnsanmss MUKpPOKOHTpoOJLIepa

Cexuus INITIALIZATION (cm. Puc. 11.3) Heo6xoayma OJ1s1 IIPUBSI3KA
MO/JIe/I K KOHKPETHOMY TUITY MUKPOKOHTpoJsuiepa. OHa obecrieunBaer re-
Hepalyio 4YaCcTy MporpaMMbl, OTBevaloleit 3a HaCTPOViKKU ero nmepudepun
(mopTtoB, uHTepdeiicoB) U 6a30BbIX GYHKIMIT (HampuMmep, [IIIM). HazoBém
MIpOoLeCC CO3AaHMs 3TOM CeKUMM MHULIMaIM3alieil MUKPOKOHTpOJLIepa.

[Mpekme, 4emM MPUCTYNUTL K MHUIIMATMU3ALUY, 3aiJEM B HACTPONKMU
Halux rpoekToB Moaenu CY ne6éaku. OTKpoeM B MEHIO ITPOEKTOB BKJIAIKN
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«ITapameTpsl pacuéTa» u BbibepeM paspenbl «['eHeparyust Koga» (cMm. Puc.
11.5). B monyyeHHbIX MOAMEHIO 3aIlOJTHUM CTpOKu «ViMst anroputmar». B
HallemM cjIydyae IJisi MOJenM KOHTypa TOKa Mbl MCIOJIb30BIM UMS Vec-
tor_pwm, a Ojist KOHTypa CKOpoCcTu — speed_ctrl.

MapameTpbl pac4éTa CunxpoHusauns PectapT Basa gaHHbix Bug HacTpoiikn

HazeaHue Nms ®opMyna  3HaueHue
- OCHOBHbIE NapameTphl 2
[~ FeHepauws Koaa ‘Qo$
WMs (MmeHa) anroputMa o‘aﬂQ comp_names
TeKyLwmi KOMNOHEHT $ debug_comp_...
WNMs cuctemsl alternative_sys...
KpaTkoe onucaHue cxeMbl description
NMA KOHTPONBLHOrO MOAYNA (ANA KOMNOHEHTOB) control_name

MapameTpbl pacyéta  CunxpoHusauns Pectapt Basa gaHHbiXx Bug Hactpoitku

HazeaHue Nms ®opMyna 3HaueHue
Y| - OcHOBHbIE NapaMeTpbl CQV‘
H-Ha - renepauus koga C\LOQO
- Bu: WmaA (umeHa) anroputMa “Q comp_names
L TeKyLLMit KOMNOHEHT $0¥‘ debug_comp_...
Mma cuctemsl alternative_sys...
Puc. 11.5

Terepb MOKHO PUCTYTIUTb K MHULIMAMM3ALU (KOHPUTYPUPOBAHUIO)
MUKPOKOHTpoJIIepa. It paboThbl ¢ pa3IMYHbIMMU TUITAMU MUKPOKOHTPOJI-
nepoB B SimInTech cyuiecTBYIOT crieliMaabHble 6ubaoTeku. B Hamem ciry-
yae OymeM MCII0JIb30BaTh MUMKPOKOHTposuiep Munauap K1986BE9x u ero
6ubnnorexy (Puc. 11.6).

&2 Simulation In Technic
®arvin  [lpaBka Bwa Macwrab BcraBka [Mouck CepBuc Pacuét  WHcTpymeHTbl
-6 w | | B | & 1|

[M|LANDR 1986BESK, 1935351T] Tennorwgpaenvuka Toukw koHTponA  [NpocmoTp napame

‘D\s‘. ' CANEF;EESSPM‘K“

itz - | nm
Puc. 11.6

Bubnanoreka cogepskuT 6JIOKM MHULIMAAU3ALMK 1151 TaliMepos, LIATI,
AIITT, mopToB BBOAa/BbiBOAA, MHTepdeiicoB (CAN, UART, SPI) u T.1.

[t ocyIiecTBAeHUST MHUIIMAIN3ALUU TOCTATOYHO TTIOMECTUTDb COOT-
BETCTBYIOIIME OJIOKM OGMOIMOTEKN B ITPOEKT OJHOTO 13 KOHTYPOB, HACTPO-
UTh UX TTapaMeTpbl U MPU KeJaHUM 3a0aTh MOPSAOK KOAOTeHepaluu, co-
eIMHSISI BBIXOMIbI OMHMX OJIOKOB C BXOJIaMMU APYTUX.
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Ha Puc.11.7 npuBenéH mnpumep CeKUUM MHULIMAIU3ALIUU MUKPO-
KoHTpoiepa K1986BE9X.

UM 3apagHbid
SSP2 Port: MDR_PORTC; KOHTAKTOP
Port: MDR_PORTC; Port: MDR_PORTC; Pins: Pin_4; Pin_5; Pin_6; Pin_7;  Port: MDR_PORTF;
1 Pins: Pin_2; Pins: Pin_0; Pin_1; Pin_3; Pin_8; Pin_9; Pins: Pin_0;
InitPort InitPort InitPort InitPort T
TopMO3HOIt K104 AT CAN Anst oTnafKu
Port: MDR_PORTC; Port: MDR_PORTD; Port: MDR_PORTE; Port: MDR_PORTE; Port: MDR_PORTA;
Pins: Pin_10; Pins: Pin_0; Pin_1; Pin_2; Pin_3; Pins: Pin_0; Pins: Pin_1; Pins: Pin_0; Pin_1;
Ll InitPort |—» InitPort InitPort InitPort InitPort T
Init Timer1 Init I .
L Init ADC |- Init ADC1 P Init ADC2 —» plus ADC1+2 P Init CAN1 —»{MASTER SSP2 * Dig_Init OK
1986BE9X 1986BE9X
Puc. 11.7

[To pyCYHKY MOXKHO TIOHSITh, UTO C [TIOMOIIIbIO TAHHBIX 6JIOKOB HACTpa-
MBAIOTCS QYHKIUMM BBIBOJOB ITOPTOB MUKPOKOHTPOJIJIEPA, PEXKMMBI PAaOOThI
AIIIT, Taiimepa ILIMM u uaTepdeiicoB oomena CAN u SPI.

YT0o6bI HE 3arpOMOKAATH CXeMY KOHTYpa CKOPOCTHU, BCe GJIOKU MHU-

IMaau3alym yIo0Ho yIiakoBaTh BHYTPb CTaHAPTHOTO 6y10Ka «CyoMopenb»
(cm. Puc. 11.8).

Ycrtpoiictea McTouHukn Onepatopsl  BekTopHble | CyOCTPyKTYpbI

] |
| |
INITIALIZATION
Puc. 11.8

B kauectBe mpumepa ocyuiecTBuM HacTpoliky HIMM-reHepatopa u

Ha3HauMM COOTBETCTBYIOLIVEe HOXKM MUKPOKOHTpOJUIEpa BbIXOLAMU Taii-
mepa LHIMM.

[Tepen HACTPOIKOI HEOOXOOMMO U3YUUTH OIMMUCAHME PEKMMOB pa60TbI§
i IMM, mnpuBeféHHOe B chHeuuduxkauuy Ha MMKpOKOHTpOJIJIep§




MeHr0 cBOVCTB 6;10Ka MHUIManu3auy taimmepa UM (Init Timerl Ha
Puc. 11.7) npencrasiaeHo Ha Puc. 11.9.

CeoiictBa  OBume [MopTel BusyanbHbie cnou

HazeaHune MmA ©opMyna 3HauyeHue
- Taimep NUM TIMER1
------ Homepa KaHanoe CHANNELS CH1; CH2; CH3;
- Mepuog PWM_Period 2000
------ MpepaenWTens YacToThl PSG 0
-~ opmaT BeipoboTkM curHana REF B pe... pwm_mode 7
------ PexHM OCHOBHOMD CYETYMKE Centr_PWM (/] Ja
= Kananl
------ 3anonHeHWe UMNyNbCa KaHana 1 CCR1 0
OCHOBHOW genwWTens YactoTel DTG 1 DTG_k1 4
- JononHUTENLHBIR AenKTenb YacToTel DTGx_k1 60
[ Kanan2 HacTpoiiku Kak y KaHazia 1
- KaHan3 HacTpoiiku Kak y KaHasa 1
- KaHan4 He ucnonb3syercs
= NpepblBaHHSA
- Bkn. cpabaTbiBaHWe 2agepxKu no ...  DelayPWM B1a
------ Hacrpoiika cobbmWa-ucTourHuka np... IRQ CNT=0
- [pHOPHTET NpepbIBaHNA PRI 1
------ BeiZ0B pacyeTHOroe anropuTMa NameAlg vector_pwm
= ADC
------ 3anyckaTte ALN npeobpazoBanue c... ADC_ON aﬂa
- Beibop kaHanoe ALM1 ADC1_CHs CHO; CH2;
------ Buibop kaHanos ALLN2 ADCZ_CHs CH1; CH3;
- ICnonb30BaTh O0TNaf0uYHblil BLIBOA, debug B1a
~Mopr debug_port MDR_PORTA
BuiBOA debug_pin Pin_0
Puc. 11.9

Talimep yIpaBJisieT MEeCThIO0 KIIOUEBbIMU TPAH3UCTOPaMU (TPEMS CU-
JIOBBIMM CTOVKaMM MHBepTOpa). Kakmblit 13 KaHaAI0B TaiiMepa MokeT dhop-
MMpOBaTh [Ba CUTHaja yIpaBJeHus, NMPsIMOM U MHBepCHbIN. Vcxons us
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3TOTO, YCTAHOBUM B CTpOKe «Tarimep» 3HaueHne « TIMER1» u B cTpoke «Ho-
Mepa KaHanoB» 3HaueHus «CH1, CH2, CH3».

1.

2.

HacTpoum peskuMbl paboThI Tajimepa.

YcTaHOBUB B CTpoKe «PekxMM OCHOBHOTO CUETUYMKa» 3HaueHMe
«Centr PWM - na», BbiOepeM peskum cuMmmerpuuHoii IIIMM. B sTom
peXuMme CUETUMK TaliMepa CHavyajia MHKPEMEHTUPYeTCSl 10 MaKCu-
MaJIbHOTO 3HaueHMs, a 3aTeM JeKpeMeHTUPYeTCs 40 HYJIS.

TakToBast yacToTa paboThl CUETUMKA OIPEHessieTcs BBIOpaHHBIM pe-
SKMMOM TIpeAe/IUTESI 4aCTOThI M TAKTOBOM YaCTOThI MUKPOKOHTPOJI-
Jepa. IIpu 3ammcu B cTpoke «IIpeamennTesb 4aCTOThI» 3HaUeHUs «0»
TaKTOBAasl YaCTOTa CYETUYMKA TaiiMmepa OyJleT paBHA YaCTOTe TaKTUPO-
BaHMsI MUKPOKOHTpoJnepa (Fepy=80 MI'n).

3anucas B cTpoky «[lepuopa» 3HaueHme «2000», 3agaguM MakCUMaJIb-
HOe 3HaueHMe CUETUMKA, NPU 3TOM 4YacTOTa CMMMETPUYHOTO Tpe-
yronbuuKa M 6ynet pasHa 20 kI'1 ((80 -10°)/(2*2000)).

3anaB Ko3(pbuiMeHTh feeHnsi OCHOBHOTO U JOIMOJHUTE/bHOTO Je-
muteneii yactotbl (DTG _k1  DTGx_k1), MOXXHO HacTPOUTD [JIUTEIb-
HOCTb MEPTBOTO BpeMeHM. 3aJaauM ero paBHBIM 3 MKC.
t,, =(DTG_k 1-DTGx_k 1)/F.,, =(4-60)/(80-10°) =310

B ctpoke «®@opMmat BeipaboTKM curdana REF B pexxume IIIMM» ycraHo-
BUM 3HaUeHMe «pwm_mode=7» (IoAPOOHOCTY CM. B crieliMpuKaIy Ha
MUKpOKOHTposiep 1986BE9X, 06BIUHO MUCITONML3YIOT 7 UM 6).

HacTpowum rnipepbiBaHMs (BbI30B ITPOrpaMMbl KOHTYpa TOKa)

B crpoke «HacTpoiika COOBITUSI-MCTOUHMKA MPEepPbIBAHUSI» BblOEpEM
«CNT=0», ipu 3TOM IpepbIBaHMe OYAET OCYIIECTBISITHCS B MOMEHT
IOCTMKEHMSI CUETUMKOM TaliMepa HyJeBOro 3HaueHMsl.

3amaguM BBICOKUI TIpUOpPUTET npepbiBaunio PRI = 1.

B crpoke «Bki. cpabarbiBaHMe 3aepskKKM IO MCTEUEeHMIO Mepuopa
IIMM>» 3anuiem «Jla», 3T0 HAM MOHAJ00UTCS Ianee OJIs1 HaCTPOIIKM
YaCTOThI BbI30Ba MeJJIEHHOTO (BHELIHET0) KOHTYpa YIIpaBIeHus .
3aganguM MMS BbI3bIBA€MOIO IPEPbIBAHMEM PACYETHOTO aArOpUTMa.
OHO JO/DKHO COBNAZATh C UMEHEM aJITOPUTMa, 3aJaHHOTO B [TapaMeT-
pax IMpoeKTa Halllero KOHTypa Toka («NameAlg = vector pwm» cm. Puc.
11.5).
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3. Hacrpoum onpammbaembiii ALII (pasgen «ADC» Ha Puc. 11.9)
o Bruouum onpoc AIIIT B mpepsiBauuu (ADC_ON - ga). B aTom ciaydae
BBITIOJTHEHME TTPOTPAMMBbl ITPEPhIBAHMS HAYHETCS C OIpPOCca BhIOpaH-
HbIX KaHasoB AILIIT.
e Bnibepem kaHan CHO u CH2 nna ALl (u3mepeHue Toka ¢asbl A U
HanpskeHus B ceTu) U KaHaia CH1 n CH3 gas ALIII2 (M3MepeHMe TOKa
da3bl B 1 HanpspKeHMsI 3BeHA ITOCTOSTHHOTO TOKA).

4., MOoKHO aKTMBUPOBATh CBOICTBO «VICIIOIb30BaTh OT/AaOUYHbIN BbIBOI»
(«da»). Torga mpu BXOMe/BBIXOME M3 MpephIBaHMS IIporpamMMa OyaeT
«aépraTb» BHIOPAaHHYIO HOXXKY MUKpPOKOHTposiiepa (Pin_0 ropra A, cm.
Puc. 11.9). INopxkmounB K Heli ociiorpad, MOKHO OyIeT M3MEPUTh
BpeMs pacuéra KOHTypa Toka. DTO OyJeT O4yeHb I10JIe3HO B JajbHell-
11eM, IMpy OT/IaiKe TIPOrPpaMMBbl.

5. OcraéTrcs Ha3HAYUTH BBIBOIBI (ITMHBI) ITOPTOB MUKPOKOHTPOJIJIEPA BbI-
X0JIaMM KaHaJIOB TaiiMepa. [IpuMep HaCTPOIKM CBOMCTB 6J10Ka MHUIINA-
anmusauuyu mopta npuBedeéH Ha Puc 11.10 (kakue BbIBOABI MMKPO-
KOHTPOJIJIEPA MOTYT ObITh MCITOJIb30BAHBI JIJISI 3TOT0, MOKHO Y3HATh U3
crieruduKauy Ha MUKpoKoHTposuiep K1986BE9x).

Obwume [MopTel BusyanbHele cnou

HaseaHue nma @opMyna 3HadeHue
Mopt PORT MDR_PORTC
Homepa nuHoB PINS Pin_4; Pin_5; Pin_6; Pin_7; Pin_8; Pin_9;
HanpaeneHue BBoAa PORT_OE ouT
Tun nopta PORT_MODE DIGITAL
DYHKUMA PORT_FUNC OVERRID
CKOpOCTb PORT_SPEED FAST
Puc. 11.10

OcTrasbHbIe OGJIOKM HACTPaMBAIOTCS aHAJOTUYHBIM CITIOCOG0M (CMOT-
pute crenuduUKanuio Ha MUKPOKOHTposuiep). [Togpo6HO HAa 3TOM Gosee
OCTaHaB/IMBATLCS He Oymem, MpUMepbl HACTPOVKM BCeX OMOIMOTEUHBIX
6710KOB MMKPOKOHTPOJJIEPOB MuiaHApa JieskaT TYT:
\SimInTech\Demo\Microprocessors\IIpumepsl — MK 1986BE9X, 1986BE1T.

: IPUMEYAHME :
3ameTuM, 4TO pabora C JIIOOBIM MUKPOKOHTPOJIIEPOM npennonaraeﬁ
M3ydyeHue ero crenudukanmm, a 3To CEpbE3HbIN JOKYMEHT. Hanpmmep,§
crierndukanyst Ha K1986BE9X — 310 KHMsKkKa Ha 500 cTpaHmMiIl. :



11.3 CepBucHsie GyHKIUY IPUBOAA

[TouTy HEBO3MOXKHO MPEICTaBUTh cebe 3JIeKTPONpuBo, 6e3 BCTPOEeH-
HBIX CEPBUCHBIX (QYHKIINI, TaKMX KaK KOHTPOJIb 3a MCIIPABHOCTHIO, Ilepe-
KJIIOUeHMEe MEXIY Pa3HbIMM PeKMMaMy paboThl U JIp.

OOGBbIYHO TPUBOABI MMEIOT PA3BUTYIO CUCTEMY Pa3/IMUHBIX 3aIlNT.
Hampumep, 3aliuTy OT HeJOITYCTMMOTO ITOHVKEHS/TIOBBILIEHUS HAIIPSiKe-
HUS IUTAHMSI, MAaKCMMaJIbHO-TOKOBYIO ¥ BpeMSI-TOKOBYIO 3allIUThI, 3aAIUTY
OT OIIMOKM OTPabOTKM 3aJaHHOIO ITapaMeTpa U T.[.

B 0CHOBY MHOTMX 3allIUT ITOJIO’KEHA ITPOCTAasi JIOTMKAa CPaBHEHUS U3-
MEpPEeHHOT0 MM BhIYMCIEHHOIO 3HAaUeHMS € 3aJJaHHbIM roporoM. OOGbIYHO,
€CJIM 3TO 3HaUYeHMe BbIllle/HIOKe ITIOpOora B TeueHe 3aJaHHOT0 BpeMeH!, 3a-
IIMTA JOJIKHA CpaboTaTh M BBIIOJHUTH HEKOTOPBIE IEeMCTBUS.

Hampumep, ocCyiiecTBUTh OTKIIOUEHME CUJIOBBIX KIIIOUel, BbIIATb
CUTHAJI MHAMKALIMN, COOOIINUTD O CIYUMBIIEMCS CHCTEME YITPaBJIeHMS BepX-
Hero ypoBHS U T. [I.

WHorma mocjie cpabaThIBaHMS HEKOTOPBIX 3aIIUT TPEOYETCS HE TOJIHBKO
OTKJ/IIOUUTBCS, HO M Uepe3 onpene/ieHHOe BpeMs OCYIeCTBUTb aBTOMAaTH4e-
CKMI cOpOC 3aIIMTHI C MOC/IeAYIOUIMM IIepe3aryCckoM IIPUBO/Ia.

briBaeT, ogHAKO, 1 TaKOe, UTO HMUKAaKMe 3aIUThI BO-
o01e He HYXHbI. Harpumep - B crieniTexHuke. beccmbpic-
JIEHHO 3alllMIaTh TPaH3UCTOP MNPUBOLA PYIE€BO Ma-
IIMHKM, HAIIPUMeD, OT Tieperpesa, ecjivi Ipy 3TOM U3Jenne
He OOJIETUT J0 Le/IN.

[lepeyeHsp 3aIUT, TOCTEA0BATEIbHOCTb IEIICTBUI B
cJydae ux cpabaTbIBaHMS U CIIOCOO BbIJAuM CUTHAIOB CTa-
Tyca B CUCTEMY YIIPAaBJEHUSI BEPXHErO0 YPOBHSI OOBIYHO
ornpenensitoTcs B T3.

Tam ke ornpenensieTcs M JOTMKa MepeKIIYeHNsT MeXIy Pa3InYHbIMU
pexkuMaMu paboThl MPUBOAA.

B cootBeTcTBUM ¢ 3TMMM TpeboBaHMsIMMU CY ITOIKHO YIIPaBIISITh CO-
CTOSTHMEM MPUBO/IA B 3aBUCMMOCTH OT €ro TeKyIlIero COCTOSTHUSI U IpeIbIC-
Topun. IIpM 3TOM 37€eKTpONPUBOA MOXKHO pacCMaTPMUBATh KaK KOHEUHDIN
aBTOMAT, MMEIOILINIA HEKOTOPOEe KOIMUYECTBO BXOAHbBIX I HECKOJIbKO BbIXO/I-
HBIX COCTOSTHMIA, Harpumep: «['0ToB (K paboTe)», «PaboTa» u «3ammuTa» u T.
.

B SimInTech cyuiecTByeT pa3zes KOHEYHbIX aBTOMAaTOB.
Vcnionb3ys anmeMeHThI 3TOro paszesna, MOXHO:
1. 3amaTbh BO3MOXHOCTD Ilepexojia MeXIy COCTOSIHUSAMM (KapTy Iepe-
XOJIOB)
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2. 3a7aTh BBIXOJHBIE CUTHAJIbI, COOTBETCTBYIOIINE KaKIOMY COCTOSI-
HUIO

3. peanm30BaTh JOTUKY ITIePeX0/ia U3 COCTOSTHUSI B COCTOSTHME - HATIPU-
Mep, 13 cocTosiHUS «PaboTa» B COCTOSIHME «3alUTa» M 00paTHO

4. ompenenuTb CUTHAJIbI BbI3bIBAIOIIE STY ITEPEXOIbI.

Bup rpoekTa IMOCTpOEHHOTO Ha 37leMeHTax pa3sjena «KoHeuHble aBTO-
MaTbl» mpeacTaBjaeH Ha Puc. 11.11.

STATE | Kapracocrosnuii aBromara. 3anuch nepeMeHHBIX U3 COCTOSHUH
SELECTOR| Statel-OxupjaHue aBToMara B 6a3y JaHHbIX
. ) State 2 - Pabora YIpaBJ/ISIIONINX CHTHAJIOB
B0k BeIGOpa State 3 - OwnoKa )
paTA | Pasperrenve paGoThbl
COCTOSIHHSA SENRCIOR » CtrlOn
| -
STATE:ZJ_. STATE=3 — 4 DATA ~  CJIOBO COCTOAHUSA

—43 STATE=1 SELECTOR » Ctrl_State

STATE

Puc. 11.11

IMMPUMEYAHUE :
! PekoMeH[yeM [OIMOTHUTENbHO MOYNUTATh COOTBETCTBYIOLINE DPA3fiebli

CIIPaBOK IO 6/10KaM KOHEUYHBIX aBTOMATOB ¥ MIOCMOTPETDb MpPUMepbI 1/13
i C:\SimInTech\Demo\KoHeuHble aBTOMAaTbI. [Ipy1 BOSHMKHOBEHUU Bonpo—§
i COB He CTeCHSITeCh UX 33/laBaTh Pa3paboTUMKAM CPeJIbl. 5

SimInTech 03BOISIET OTJIAAUTD JIOTMKY pabOThl KOHEUHOTO aBTOMAaTa
OTAEIbHO OT 00111eii Moie/u MIPUBOAA, UTO AOCTATOUHO YI00HO.

[ OTagKY MOZEeb OObIYHO JTOTIOMHSIETCSI HY>KHBIMU MCTOYHMKAMU
BXOJIHBIX CUTHAJIOB, KOTOpPbI€ MOSKHO T0/IaBaTh C 6JIOKOB-T€HEPaTOPOB WA
BPYYHYIO, MCIIOJIb3ysl 2/ieMeHTbl MHTepdeiica 3 nmaHenu «[IpUMMUTUBBI»:
KHOIIKM, KPYTUJIKU, TIOJI3YHKA U T.[.

Bpems MHTerpupoBaHus MoAe/u Ipyu 3TOM MOXKHO 3aJaBaTh JOCTa-
TOYHO OOJIBIIVIM.

[Tocne 3aBeprieHNUs] OTJIAAKM OJIOKA YIIPABAEHUSI COCTOSIHUSMU OH
BCTaBJISIETCSI B MOJI€Jb, YTO MPU Ja/ibHelIIeil KoJoreHepalyy aBToMaTnue-
CKM obecrieumBaeT BCTpaMBaHME €ro IMporpamMMbl B IMPOrpaMMy COOTBET-
CTBYIOIIEr0 KOHTYpa.

OG6BIYHO 3TOT 6JI0K pacro/araloT B MeaJieHHOM (BHEIIHEM) KOHTYype
yrpaBiieHus. B Hamiem ripumepe oH HaxoauTcs B cyomopent «KAUTOMATA»
B IIPOEKTE KOHTYpa CKopocTu (cm. Puc. 11.3).
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11.4 ITocnegoBaTenbHbIN MHTEpPderic

B Hamem npumepe ajist oomeHa uHopMmaimeit mexxay CY ripusoma u
BHEIIHMMM YCTPOMCTBAMM IIPUMEHSIETCSI T10C/IeIoBaTe/lbHbIi MHTEepdeiic
CAN. OH MOKeT UCIOIb30BaThCS KaK JIJISI YIIpaBAeHMSs, TaK U AJIs OTAaIKN
MporpamMmMbl MUKpOKOHTposuiepa CY u3s cpenbt SimInTech.

'TIPUMEYAHUE

Wcnonb3oBaunue CAN He 06s3aTeIbHO, HO YIOOHO ¥ COBpeMeHHO. Of-
HaKO HMKTO He 3aIlpelaeT MCII0/Jb30BaTh TPAAUIIMOHHBIN [TOC/IeL0Ba-
TesIbHbIV MHTepdeiic UART B ero 3aluiéHHOM UCIOJIHeHuM RS-485. ..

[Tycts nipuBop, yripasisietcss ot kommnbroTepa (I1K), ¢Bs3b ¢ KOTOpBHIM
OCYILLeCTBISIETCSI € MNOMOILLI0 KOoHBepTtopa USB-CAN VS-COM. bnok
SimInTech, BBITIOMHSIONIMIT 3TO KOHBEPTMpPOBaHMe, TaK M Ha3bIBAETCS —
USB-CAN u HaxoguTcst B OM6IM0oTeKe «YCTPOICTBAY.

Ha Puc. 11.12 npuBeneHo, ajs npuMepa, cogepkaHue IpPOCTeIIero
npoekTta SimInTech, TTO3BOJISIIONIETO YIIPaB/SATh IIpUBOAOM OT IIK 1 BbIBO-
IUTb Ha 9KpaH nosyyaeMmsblie oT CY puBoia JaHHBbIE.

.......................................................................................

e B
T inport bit 8

X PS_Work

CocTosHue
MpHEOAA

| e
NSRRI

YacroTa BpalleHHA

Cpawe
paa/c

bit 15
Cratyc (cocTosHHe npHEOIA) qW
[1Q,0

: k USB-CAN J
ID aGOHEHm—l = w
' T — ST E < ude

3aJaTUHK CKOPOCTH Uab -;J YA

i ‘IIIIIIIH‘IIIII|IH||IIIIIIII!HIIIIIII‘HHIIIII‘IHIIIIII‘\HHHHlIIIIIIIII’

ToToB

=gy gl

PaboTa

OmubKa

-1000 -750 -500 -250 O 250 500 750 1000

Puc. 11.12

[Ipsimo 13 aToro mnpoekTa, 3anyiieHHoro Ha [1K B SimInTech, MO>XHO
3a7,aBaTh YaCTOTY BpallleHMs ABUraTess, a Takoke IPUHMUMATb M MUHAUIUPO-
BaTh:

e (y10BO coctostHuit mpuBoga (I'otos, Pabora, OmnbKa)

e YaCTOTy BpaleHus asurarens (W)
e HaIpsSDKeHMS CUIOBOM CeTU U IIMHBI MOCTOSIHHOrO Toka (Uab, Udc).
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Ha Bxop 6110ka “USB-CAN” B IpOeKTe MOLAKTC:
e anpec (ID) ycrporictsa CVY (B HauieMm ciydae Bektop [10, 0])
e YaCTOTa BpallleHus ABUTATES (3a4aETCs ABVKKOM OJsioKa «JInmHei-
HBIIi Ipubop» 13 6M6IMoTeKN «CUrHabl» («IIaHenb IPUMUTUBOBY).
Boigenenue 6utoB craryca «PS Wait», «PS Work», «PS_Error» ocy-
miecTBisieTcst 610kom «PacmakoBka 6UTOB» (6MbMMOTEKa «JIoTHMUeCKue»).
st MHOMKAIMM CTaTyCa MUCITOMb3YIOTCS 610K «HAMKATOp» OMOIMOTEKN
«DJIEeKTPOTPUBOI».
CKOpOCTh ABUTATEJIS BRIBOAUTCS Ha G poBoit mHAuKaTop «OTObOpa-
>KeHME IIPOU3BOJIbHON BeJIMUMHBI» OMOIMOTEKN «DJIEKTPOIIPUBOI».
HanpsikeHust BBIBOIATCS Ha 610K «BpeMeHHOI rpaduk» 6M6IMOTeKM
«BBIBOJ, AHHbBIX».

Hacrpoiika 610ka “USB-CAN” mpou3BOAMUTCS C ITOMOLIbIO 3amaHus
ero cBomcTB (cm. Puc. 11.13).

CeoiicTBa  OBwwe [MopTel BuayanbHble cnou

HazeaHue W8 QopMyna 3HauyeHue

= MogknkoueHue ycTpoicTea

CkopocTe obmeHa CANSpeed iM
Homep Com nopta PortNumber 4 4
Pexxum paboTsl WorkMode HopManbHbl

=+ lMepegaya AaHHLIX

BpemeHHaA MeTKa TimeStamp 0
Konnyecreo aboHeHTOB AbonentsQty 1 1
LWar nepegaun (cek) TimeStep 1/100 0.01

- (DopMaT oTnpaensemoro Kagpa  SendFormat INTEGER (4);

= Mpuem uHbopMaLmmu

WrengudukaTop FilterIDs 11 [11]
Macka FMasks 2047 [2047]
MpU3HEK paclunpeHus FExtands [0]
- OPMAT NPUHHMAEMoro Kaapa ReciveFormat WORD (2); SIGNEDWORD(2)...

=+ Mopsipok Gaifr

®opmat WORD WordOrder AB
®opmat INTEGER IntegerOrder AB CD
- Mopmat LONG LongOrder AB CD
®opmar FLOAT FloatOrder AB CD
®opmat DOUBLE DoubleOrder AB CD EF GH
Puc. 11.13
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ObpaTtuTe BHMMAaHME Ha HACTPOVKY (opmMaTOB OTIPaB/ISIEMOIO U
MPUHMMaeMOro KazapoB. B Hamem npumepe I1K monydaer 4 uncia: 6e33Ha-
KoBoe ayimHo¥ 2 6aitta (WORD(2)) 1 Tpy 3HAKOBBIX YMCJIa IJIMHOM 2 6aiiTa
Kaxxnapliii (SIGNEDWORD(2)). A oTripaB/isieT OAHO 3HaKOBOE UMCJIO OJINHOM 4
6aiita (INTEGER(4)). CymMapHas IJIMTeIbHOCTb OJHOrO IPMHMMAEMOro
Kaapa CAN He MOXeT IIpeBbIIIaeT 8 GaiiT.

PaCCMOTpI/IM Terniepb cyoMogmenb CAN, pacrloyIO)KeHHYI0 B KOHTYype
ckopoctu (cm. Puc. 11.3). E€ comepskaHue npeacrasieHo Ha Puc. 11.14.

C cybmMoenn C Monyuenne 3agaHue
INITIALIZATION Hﬁ?ﬁ;ﬁigﬂ;ﬂ Jannbix clIK CKOpPOCTH
E Dig_Init.0K Il i ! Ctrl_Wre
[ datal
U3 cybMogenn o
AUTOMATA P meur P
s shEps
3anakoBka P can stabs
3HaueHHe A BT
CKOPOCTH pack
CKOpPOCTE tz "_“ttlsg [lepegaua
o aHHbIX Ha [IK
Curnansei c ALTI A
(c KoHTYpa ToKa) Uab pack cans =Y
Ctr] U].l]]e Udc .' 2intla [ THELE can_status
Ctrl Udc to int32
Puc. 11.14
{ IPUMEYAHUE

i YacTora o6MeHa maketamy 1o myHe CAN orpaHuyeHa 0CO6eHHOCTIMU
paboThl onepanoHHbIX cucteM Ha I1K. [TepemaBaTh akeThbl JAHHBIX OT
CV Ha IIK MOXHO [OCTaTOYHO 4YacTO (B HallleM [IpUMepe C 4aCTOTOMI
KOHTypa ckopocty 1 K1), a oTripasasaTh AaHHble ¢ 1K Ha CY npeo6pa-
i 30BaTeJd, CKOpee BCero, He MOIY4UTCS € 4acToToii 6oee 100 I'.

B momenu Ha Puc. 11.14 ucnons3yiorcs 6imoku (CAN1) u3 pasgena
MILANDR 6u6nuoteku 6;10koB SimInTech.

MMKpPOKOHTPOJIIEp TTOy4YaeT 3aJaHHYI0 YaCTOTY BpallleHUs B paji/C B
BUIE LeJ0ro 32-0MTHOro umcia, a nmepegaét Ha IIK yerbipe 16-OMTHBIX
ciosa (Cratyc, CkopocTs, Uab, Udc), 3ariakoBaHHbIE B IBA CTAHIAPTHBIX 32-
6uTHbIX 6ydepa CAN. [Iyig npeobpa3oBanust 16-6UTHBIX ymces B 32-6UTHOe
MICIIONIb3YIOTCS 6JIOKM «3aIllaKOBKa» M3 CIeLMaIM3UPOBAHHON OMOIMOTEKN
«DIeKTPOTIPUBOI».
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Ha Puc. 11.15 npuBemensI cBoiicTBa 6y10Ka mHMIManu3anuu CAN1 os
1986BE9x, pacrionoskeHHOTo B cyomomenu INITALIZATION KoHTypa CKOpO-
CTH.

2 Ceownctea : mdr_Init_CAN_1

CeoificTBa  O6wume [opTol BusyanbHble crion

HazeaHue Mma ... 3Ha4yeHue
Buibop CAN KoHTponnepa CAN_NUM CAN1
Mpuem cobCTBEHHBIX NAKeTOB ROP ENABLE
MoareepxaeHne cobCTBeHHbIX NakeToe  SAP DISABLE
PexuM camoTecTUpoBaHUA ST™ DISABLE
PexuM «TonLKo npuem» ROM DISABLE
3HaueHue pazmepa gazel PSEG PSEG CAN_PSEG_Mul_3TQ
3HaueHue pazmepa dazbl SEG1 SEG1 CAN_SEG1_Mul_8TQ
3HaueHne pasmepa dazwl SEG2 SEG2 CAN_SEG2_Mul_8TQ
3HaueHue pazmepa dazbl SIW SIW CAN_SIW_Mul_4TQ
CemnaupoeaHune SB CAN_SB_1_SAMPLE
MpeagenuTens CUCTEMHON YacToThl BRP 3
MakcuManbHOe 3HauyeHWe CeTYMKOE 0... ERR_MAX R
BazoBblil npeagenuTens yactotel CP...  PSG 0

=+ 1RQ

BrnuWTb NpepbiBadue no npuemy... IRQ_EN Lla
- MNpnopuTeT npepeieaHina CAN IRQ_PRI 2
: Buibop Gydepoe Ha npuem BUF_ARR CAN_BUFFER_D ;
Puc. 11.15

[Tpuém coobieHnit peasn30BaH yepes3 UCIOIb30BaHMe IpepbIBaHMS,
MIPUOPUTET KOTOPOTO HI3KE, UeM y MpepbiBaHMs no TaiMmepy LIVM.

{ MIPUMEYAHUE
B unuumanusauuum CAN mpenjiaraeM pa3obpaTbCsi CaMOCTOSITETbHO,
usydast cripaBky SimInTech, fOKyMeHTallMI0 Ha MUKPOKOHTPOJUIED U
| HACTPOJIKM HALIEro pUMepa.
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11.5 IIpeo6pa3oBaHMe MOAEIN B TEKCT IIPOrPaMMBbI

11.5.1 HacTpoiika Komoreaeparopa

Ortkpoem Bkiagky «KomoreHepatop» M BblbepeM IOAMEHIO
«Hactporiku» (cm. Puc. 11.16).

3arpy3ka OTnapuuk [ononHutensHo Cnucok KoHpUrypaumi

MMA KOHDUrypaumn 3arpy3sku default

OMpeKTopua UCXOAHWUKOB \keil_project [
AnpekTopus WwabnoHa koaa C:\SimIinTech\bin\CodeTemplates\1986BE92_MULTI_LOAD\ v B
Mm#a Bnoka B Koge = TpaHcnuTepupoBaHHOE UMSA

Crune 3aronoska Koaa ABToONpeaeneHne no ini<paiiny B WwabnoHe koaa

[eHepupoBaTb GUHapHbIe thaiinbl pecTapToB

ONTUMU3NPOBaTb NOBTOPHOE MUCMOb30BaHWE NTOKANbHbIX NEPEMEHHbIX

[o6asuTb B KoA OTNafoYyHble printf

Puc. 11.16

B cTpoxke «/IupeKTopus 1mabsoHa KOJa» YKa3bIBaeTCs MYTh K IarKe ¢
11a6JI0HOM KO OTeHepaIuim.

[[Ta6yioH — 3TO 3apaHee MOATrOTOBIEHHbI MPoeKT B IDE Keil v5, B KO-
TOPBIN IIPU KOZOTeHepaly BCTPAaMBAETCs CreHepMpoOBaHHbIN C-KOf Mpo-
rpaMMbl yIIpaBJIeHMSI.

JI711 BBIOPAaHHOTO HAMM MUKPOKOHTpOJUIEpa MIabj0oH HAXOIUTCS I10
anpecy: «C\SimInTech\bin\CodeTemplates\1986BE92 MULTI LOAD».

B cTpoke «[IypeKTopusi UCXOIHMKOB» YKa3bIBaeTCs aapec, Mo KOTo-
pomMy OyayT MOMeNIaTbCsS pe3yabTaThl KogoreHepaluy (daiibl MpoeKkTa
Keil). B cnyuae, nzobpaskéHHom Ha Puc. 11.16, daitnbl 6yayT nmomMelieHsl B
Manky pasMelleHus Hallleit moaenu, B nupekropuio keil project. Tyna ke
Py KOJOTeHepaluy KOMMPYeTCs 1a6/IOH, MOMOTHEHHbI pe3yabTaTaMu
KomoreHepanuu (baitamu *.inc).

U nocnenHee, XeqaTeabHO CHATh TajJ04yKy B MyHKTe «ONTUMMU3UPO-
BaTh MOBTOPHOE MCMOJIb30BaHMe JIOKAJbHBIX MepeMeHHbIx». MHOTaa 3Ta
(yHKIMS MOXKET MelIaTh.

OcTasibHbIe HACTPOVIKM JIJIST Hauajia JIy4llle He TPoraTh M OCTaBUTh 0e3
U3MEHEHUIA.

BOJIEE IIOJAPOBHO o xomoreHepauuy 4YMTaiiTeé B  CIPaBKe i
SimInTech\Demo\Microhuocessors\ITpumepbi-MK1986BE9X, «['eHepaiys



11.5.2 KogoreHepaius

Boiiném Bo BKIaaKy «3arpyskar». Beibepem daiiibl momenu SiminTech,
npegHa3HauYeHHbIe AJI1 KoJoreHepaiuu (KHOIKA ¢ M300paskeHeM IUTIOCa).
Bri6paHHbIe (aiiibl MOSIBITCS B CIMcKe okHa (cm. Puc. 11.17).

3arpy3ka Hactpoiikn OTnaguvk [lononHUTenbHo  CrMcok KoHdMrypauui

*E) H (W2 I 2 X

dain cxembl Wma anroputmva” Mepuog,mc  K-Bo BbizoBoB  O6pa3 (exe
[ KOHTYp_ToKa.prt } 3anyck 60 1 vector_pwm
KogoreHepauuum
KOHTYp_cKopocTu.prt 60 {1 . speed_ctrl
Puc. 11.17

ViMsi mipoeKTa BHYTpPeHHEro KOHTypa HeoO0XOOMMO pa3MeCTUTb B
BepxHeiil CTpoke okHa. Ero mporpamMma A0/bKHA BbI3bIBATHCS MO0 MpPEPhIBa-
HusaMm MM (cm. HacTpoliky Tarimepa IIIMM Ha Puc. 11.9). B cTpoke Huke
IOMeLIaeTCs UM IIPOeKTa BHELIHero KOHTypa. biok MHuuuanmusauum Hazo
pasmMeliaTbh MMEHHO B 9TOM IpoeKTe. Takoii MopsiioK obecrieunBaeT reHe-
paLyio TeKCTa OCHOBHOJ MpOrpaMMbl Ha 6a3e pacroioKeHHOTO B HIDKHe
CTPOKe BHeIlIHero KOHTypa (CKOPOCTH), U3 KOTOPOM 110 mpepriBaHusam VM
OyaeT BbI3bIBAThCS IIPOrpaMMa BHYTPEHHEro KOHTypa (TOKa).

[TopsiIOK CTPOK MOKHO M3MEHSITh KHOTIKAMM-CTPETOYKaAMU.

CoxpaHMM HaCTPOIKM KoJloreHepaTopa B ¢aii (KHOIIKa AMCKeTa).

3anycTuMm KomoreHepaiuioo. Ecim B mpoliecce BO3HMKHYT OIIMOKM,
MporpamMmma 06 3TOM COOOIIUT, & eC/IU BCE MPONIET HOPMaTbHO, TO MbI YBU-
IVM B OTUYETe coobieHme «KomoreHepalusi Mmpolia yCremHo» 1 B Marke,
KOTOPYIO Mbl Ha3Basu keil project, mosiBsiTcst daiiabl mpoekTa B cpepe Keil.

11.6 Komnuasiuusa U 3alliMBKa IPOrpaMmbl

[nst panbHeiineit paboTsl HaM moHamoouTcs Keil. 9To mporpaMmMHast
cpepna, MpeaHa3HavYeHHas JJisT pa3paboTKy U OTJIagKu (mebara) mporpamm-
HOTO obecrieueHNsI MMKPOKOHTPOJIJIepoB Ha 6a3e Arm Cortex-M (Haul ciy-
yait). Keil mo3BoJisieT mpeBpaTUTh TEKCT IIPOrpaMMbl B IPOTPAMMHBIH KOJ,
(CKOMIMIMPOBATh) U 3aJIUTh €ro C IMOMOIIbI0 MPOrpaMMaTopa B MUKpPO-
KOHTPOJIIED.

VcraHoBouHbIe ¢aiiibl Bepcuu Keil, orpaHMUeHHOI 110 pa3Mepy Koja
MporpaMmbl Ha ypoBHe 32 K6, MOXXHO cKauaTh ¢ OpUIIMaITb-
HOTO caitta pa3paboTumka mporpaMmmbl. OJHAKO B YC/IO-
BUSIX CAHKLMIT, BOSMOXHO, MPUAETCS MOAHSTH (iar ¢ Bece-
apiM PomkepoM U ckavyaTh UCXOOHUKM, CAMU 3HaeTe TIe.

~61~



Takke HaM MOHALOOWUTCST YCTaHOBUTb B Keil 6uOIMOTEKY MIJIST KOH-
TposuiepoB Munauap (Bepcuu C 1.5.3). [Ij1s1 3TOro JOCTATOYHO IMTPOCTO CKO-
MMMPOBATh BCe (aiiybl B MMarnky, rae Keil XpaHUT 6M6/11MOTEKY 110 YMOITUYAHUIO:
C:\Keil v5\ARM\PACK\KeiNMDR1986BExx\1.5.53.

HemHoOro pacckaskeM, Kak MoJib30BaTbcst Keil-oM 1 4TO U3 ceOst TIpeji-
CTaBJISIET IIPOEKT, co3maHHbIl SimInTech B xofe KOOreHeHpaIlUN.

[Tepeiiném B mmanKky c mpoekTom (keil_project), TOJTydeHHBIM B XO/i€ KO-
noreHepanyu, M oTkpoem ¢aiin mpoekrta Keil. [To ymMoa4aHWIO OH Ha3bIBa-
etcs Test_Driver.uvprojx. Ha Puc. 11.18 mpepcTraB/ieH BUJ OKHA IIpOrpaMMbl
C HaIIMM ITPOEKTOM.

File Edit View Projet Flash Debug Peripherals Tools SVCS Window Help

Baa B b iE iE [ RST_CLK_HSEstatus AL Q-0
S EEe- 59 Target 1 X & & D&
Project » 8 _] mainc
= “i¥ Project: Test_Driver i 167
= 4 Target1 1e8 //Assign niair. step and time for output
=3 inc 169 modeltime = MAIN TIME_ NAME;
] porth 170 step = MAIN_STEP_NAME;
U rsth 171
_] commen.h 1728 /* ae MCHomnbs3
L) uarth 173 * oy nakeTa
) adch 174 =
_] can.h 175
) dach 176 r
B i 177 H#ifdef _ DEBUG__
timer.h o
o ﬁc =] 18
= _1 main.c sl
1821 / OXMOaHUM Moka Jmbo
] speed_ctrl.h 183
Q speed_ctrl.inc 184
B speed_ctrl_funcs.inc 185
B speed_ctrl_init.inc i86
] speed_ctrl_state.inc 187
] vector_pwm.h 188 H#ifndef _ DEBUG
_] vector_pwm.inc 189 "*&;1;5%147:?%'4%:—1;{% EpEMEHHON ZalepXK
L) vector_pwm_funcs.inc 190
_] vector_pwm_init.inc 191 //Delay ms(10); //1
L] vector_pwm_state.inc 192
¢ cmsis 193 /*[IpoxoxneHne ne Ooe MM
5 9 Device 194 DelayTimer pwm(18); //2
© 9 Drivers 195 | #endif
196
Puc. 11.18

B mamnke inc mpoekTa jiexxat (aiibl «3ar0JI0BKIU», B KOTOPBIX OMMCAHbI
(yHKIIMM ¥ TIepeMeHHbIe, He0OX0IMMble, HaIIpUMep, IJIT MHULIMATIU3 AN
nepudepun Halllero MMKpPOKOHTPOJIIEpa.

B mamnke src HaXomSTCS «MCXOTHMKM» (C-TeKCThI) IIporpaMm: dhaiijsl ¢
PaCIIMPEHMUSIMM «.C» U «.INC».

B daitie main.c HaX0AUTCSI TEKCT OCHOBHOJ MMPOrpaMMbl yIIpaBIeHMs],
yCTaHaB/IMBaloIel MOpsiAoK BbI30Ba (PYHKIINIA, OMMCaHHbBIX B (aiinax *.inc.
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BHuMaTenbHBIN YMTATEh, HEMHOIO 3HAKOMBIA C OCOGEHHOCTSIMM
MpUMeEHEHUSI MUKPOKOHTPOJJIEPOB, 3aMETUT, YTO Mbl HUTZE HE ITPOU3BO-
IUIY HACTPOMKY TaKTOBOI vacToThl CPU MUKpOKOHTposuiepa. Ha camom
Jlejie 3TO He TakK, (PYHKIINMS HACTPOMKM TAaKTOBOW YaCTOThI PUCYTCTBYET B
ma6oHe npoekTa Keil v 110 yMO/IUaHMIO HAaCTpoeHa Ha 6a30Byi0 yacToTy 80
M1, (TIpy MCIT0/Ib30BaHMM BHEIIIHEro KBapiia Ha 8 MI'1). IIpu Heo6xoamMo-
CTU MIOIb30BATEb MOXET OTPEAAKTUPOBATh HACTPOIKY TAKTOBO YaCTOTHI,
BCE HEOOXOaMMOe IJIsT 3TOTO JIESKUT B daitiax inc/rst.h v main.c.

[Tosib30BaTen0 OCTAETCS 3a4aTh YaCTOTY BbI30BA MPOTPAMMBbI KOH-
Typa CKOPOCTU. [IJIsI 5TOr0 MCIIOJIb3yeTCs IMIPOrPaMMHBINI CUETUMK MUKPO-
KoHTposuiepa DelayTimer, IpuBsI3aHHbIN B HallleM c/iyyae K IpepbIBaHUIO
nio tavimepy TIMER]1.

{ HATIOMUHAEM, uro paHee B 6G/IOKe MHMIManu3alyu TaiiMepa MBI |
{ BK/IIOUM/IVM OILIMIO «3a/lepyKKa 110 ucredeHuto nepuopa IMMM», uto 1o3-
i BOJISIET MCIIO/Ib30BaTh B IIporpamme GyHkuuio DelayTimer_pwm. :

[yt TOTO, YTOOBI MOHSITH, KaK 3Ta QYHKIMS paboTaeT, BCMOMHMM, YTO
MporpamMmmMa KOHTYpa CKOPOCTHM CYUTAETCSI B HOHOBOM peskuMe B LIVK/Ie KOH-
Typa Toka (cM. pa3zen 9.1.3).

Kpome anropuTMa HeINoOCpeICTBEHHOTO pPeryaupoBaHMUs CKOPOCTH,
MporpaMMa CKOPOCTHOTO KOHTYpPa UCITOIHSIET Pa3/INUHbIE CTY>KEeOHbIE, VIH-
TepdeiicHbIe 1 3alIUTHbIE AITOPUTMBI. IIyCTh BCe 3TU BbIUMC/IEHMS BbITION -
HSIIOTCSI B DOHOBOM peXXMMe B TeueHMe n-1UKI0B KOHTypa TOKa.

Eciu B Hamieii mporpaMme B KaueCcTBe aprymeHTa GyHKIUU
DelayTimer_ pwm 3amucaTb HEKOTOpPOe UMCJIO M, TO OHA OyAeT 3amycKaTb
LMK KOHTYpa CKOPOCTU Ha Kaskable n+m [UKIOB KOHTypa TOKA.

HomycTum:

e B paccmarpuBaemoii HaMmu CVY Ojisl BbIMIOJTHEHUSI TIPOTPAMMBbI CKO-
POCTHOTO KOHTYypa (main.c) B poOHOBOM pexxkuMe OymeT TOCTaTOUYHO
IBYX IIMKJIOB KOHTYpa TOKa

e [IPOTpaMMYy /Main.c Mbl XOTUM 3aITyCKaThb € 4acToTo 1 KI'LI.

Torpa, nipu uvactote MM, paBHoit 20 K[, GYHKUMS 3amepPKKU
nomkHa umeTb Bun: DelayTimer pwm (18). [Ipy 3TOM OMH pacuyéT KOHTypa
CKOpOCTH GyZIeT COOTBETCTBOBATh 20-TM IIMK/IaM KOHTypa TOKA.

WTak, uTOOBI 3aaTh YACTOTY BbI30Ba ITPOTPAMMBbl KOHTYPa CKOPOCTM:

1. ortkpoem mpoekr Keil

2. Haligém B mepeBe IpoekTa daitia c MuMeHeM main.c U OTKPOeM ero

3. OTKOPPEeKTUPYeM TeKCT, TakK, Kak IOKa3aHO B TMOAYEPKHYTOM
cTpoke Ha Puc. 11.18.
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Terepb MOXXHO CKOMITMJIMPOBATh Hall mpoekT Keil  3arpy3uTsh mpo-

LIIMBKY B MUKPOKOHTPOJIJIEp MPM IIOMOIIM IporpaMmmaTopa, Kak moKa3zaHo
Ha Puc. 11.19.

File Edit View Project Flash Peripherals Tools SVCS Window Help

=" - e iE iE
mm@' Limio Target 1 v 43:\ h @A/\@

Puc. 11.19

Ijis1 M3MepeHus YacTOThI BBITIOJHEHMSI IIPOrpaMMbl KOHTYpa CKOPO-
ctu ocumuiorpadoM, B main.c HEIUIOXO IPenyCMOTPEeTb BO3MOXXHOCThb
«IépraTb» 3apaHee HACTPOEHHON HOXKOJ KaKoro-iubo IIOpTa MMKPO-
KOHTpoJuiepa. [Ijis1 95TOr0 HY>)KHO paCKOMMEHTHPOBATh Mapy CTpOYeK KOAa,
Kak rmokasaHo Ha Puc. 11.20. Ho He 3a06yabTe J06aBUTh 60K MHUIIMATM3A-
MM TIOPTa Ha CXeMy MPOEKTa M HACTPOUTh HY>KHYIO HOXKKY Ha BbIXO[, (Ha
Puc. 11.20 sTo HOXXKa 1 mopTa A).

156 / *HeobxoouMo IJiA
35T * Heobxommmo nuH ( 1
158 | */
159 PORT_SetBits ( MDR_PORTA, PORT Pin_1);
160
le6l
162 //Call main program step (mna RT 3agepXKyM MCONONBZ0OBaTh M2
163 MAIN CYCLE PROGRAM NAME () ;
164
165 /*C6pacueaeM noptT*/
166 PORT ResetBits ( MDR _PORTA, PORT Pin 1);
Puc. 11.20
IMPUMEYAHUE

e @aiinbl TeKcTa PYHKIMIT OCHOBHOI ITporpaMmbl (speed ctrl.inc, vec-:
tor _ctrl.inc) u cekuum MHUUIManu3auumn (speed _ctrl_init.inc) MOKHO
OTKPBITH B Keil, TocMOTpeTb, a Tpy HeOOXOAMMOCTH JaKe U3MEHUTD |
BPYUHYIO. :

e BooO6ie-To, UCITONIb30BaHNME UCKIIOUMTENbHO Keil He 06s13aTeNbHO.

[Tosib30BaTE b, B3SIB 32 OCHOBY CYILECTBYIONINI Ia6JIOH, MOXKET CO- |

3[aTh CBOJ COGCTBEHHbIN — [/ 1060 OPYyroii cpeabl paspaboTKu:
nporpamMmHOro obecreuenns (IDE). :




11.7 OTnagka nporpaMmel

Bo-1epBbix, HEOOXOAMMO yOEeIUTHCSI, UTO KOHTPOJIIep paboTaert, a
MPOrpaMMbl KOHTYPOB PETryJIMPOBaHMS BbI3bIBAIOTCS C TPABUIbHOM ITepuo-
IMYHOCTBIO (B Hamiem ciyyae — 50 Mkc 1 1 mc). 17151 9TOro MOXKHO UCIIOJIb-
30BaTh OT/IAJOYHbIE BHIBOIbI MMKPOKOHTPOJIIEPA U ocLyLIorpad.

Ha oTynamouyHOM BBIBOZE, KOTOPBII MbI 3apaHee HaCTPOUJIU B OJIOKe
TaiiMmepa (cM. Puc. 11.9), Hamo n3MepuTh 4aCTOTY UMITYJIbCOB U X IJIATE/Ib-
HOCTb. YacTOTa COOTBETCTBYET UACTOTE BbI30BA MPEPBIBAHMS (UACTOTE BbI-
30Ba KOHTYpa TOKa), a IJINTEIbHOCTb IMOKA3bIBAET BpeMsI paCu€Ta KOHTYpa.
Ecau Mbl BCE caienany MpaBUIbHO, TO YBUAMM Ha ocLLIOrpade MMITYIbChI
yactoToit 20 KI'l[ ¥ AIUTeTbHOCThIO HECKOJIbKO MeHblile 50 MKC, Harpumep,
30 MKC.

Hanee HeO6XOAMMO YOEIUTHCS, UYTO U JITOPUTM KOHTYpa CKOpPOCTU
TaKkke paboTaeT Ha skejlaeMoit yactoTe (1 KI'1x). 1711 3TOro MoAK/IIOUMM Halll
ocitorpad K OT/alOUHOMY BbIBOJY, KOTOPbIN Mbl 3apaHee HACTPOUIU B
main.c (cm. Puc. 11.20). Y 9TO ke MbI TYT YBULUM?

BO3MOXHBI BapMaHTHI.

Ecnu mbl yraganu (CM. mpefbioyiinii pa3gen) U mporpaMmMe KOHTypa
CKOPOCTU OOCTATOYHO JJIsSI pacuéTa B (POHOBOM peXMMeE IBYX IIMKJIOB Ipe-
peiBaHui tarimepa VM, TO Mbl YBUAMM UMITYbChI 4aCTOTOM 1 KI'LI.

Ecnu IByX UMKIOB KOHTYpa TOKa He XBaTUJIO, TO YaCTOTa UMITY/IbCOB
OymeT MeHblle. B 3ToM ciydae npuaeTcs:

e CKOppeKTMpOBaTh 3HaueHMe aprymeHTta dbyHKuuu DelayTimer (cMm.
Puc. 11.18) B MEeHbIIIYIO CTOPOHY

¢ BHOBb CKOMMOWIMPOBATh MPOrpamMMy M 3allpOrpaMMMpPOBaTh Halll
MUKPOKOHTPOJIIEP

e IIPOBEPUTH YACTOTY BbI30BA KOHTYPA CKOPOCTU

e UT.J.— IO MOJy4YeHUs HY>KHOTO pe3y/bTaTa

Kpome OT/iaiouHBIX BBIBOJOB, /IS HACTPOIKM MPOrpPaMMbl yIO0OHO
UCIIONIb30BaTh BCTPOEHHBIN B MUKpPOKOHTposuiep LIAIL. Ha Hero MoxkHO B
Trpoiiecce paboTbl BLIBOAUTD JIIOOYIO OTIaL0YHYI0 MHMOpMAINIO, HalpuMep,
13 KOHTypa TOKa.

Emé omHuM yIoO6HbIM MHCTPYMEHTOM OTJIaIKM MOSKET CTaTh ITOC/Ie-
nmoBaTenbHbIV MHTepdetic (B Hamem nmpumMepe CAN). VICIionb3ys ero, MOsKHO
YIIPaBJISITh IPUBOAOM ¥ BBIBOIUTD OTIaA0UHYI0 MHMOpMaInio Ha aKpaH 1K
Tak, KakK 3TO OIMCAaHO B paspeine 11.4.

B o61iem, ToT, KTO 6yzeT paboTaTh, pa3oepeTcs.

Ecau Hago — moMoskeMm, obpaiairecs!
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11.8 Kaxk co3maTh CBO# COOCTBEHHBI 0JIOK

YacTto paspaboTuMKy TpebyeTcsl peannso-
BaThb (YHKIMIO, KOTOPOiI HeT B OMOIMOTEeKax
>u PL y >  SimInTech. Jins 5T0ro MOXHO MCIIONIb30BAThH YHN-
BepCa/IbHBIN OJIOK «SI3bIK TPOrpaMMMUPOBAHMS» U3
oubmorexkn «IuHamuyeckue» (Puc. 11.21). Ilo

Puc 11.21 YMOJTUAHMIO 3TOT OJIOK peannusyer Q(YHKINIO
TPAHC/ISIMM BXOAA Ha BbIXOZ,.

B SimInTech ucmnonb3yeTcsi BHYTPEHHMII YIIPOUIEHHBIN SI3bIK ITPO-
rpaMMMpOBaHMs, MOX0xkuit Ha Turbo Pascal. B cripaBOYHO¥ TOKYMeHTaIUM
€CTh JOCTAaTOYHO IOIPOOHBIN pasfes, MOCBSIIEHHbIN 3TOMY S3bIKY, pa30-
6paThCsl HECTIOKHO.

I[Ipouiecc co3gaHus HOBOro 6JI0Ka pacCMOTPMM Ha Mpumepe 6Ji0Ka,
MO/JIeJIUPYIOIIEro NaTYMK yIJia.

[o6aBUM 6JIOK «SI3bIK ITPOTPAMMMPOBAHMSI» Ha CXEMY YMCTOTO JIMCTA
Mozeny o6IIero Bua, OTKPOEM ero U cliejiaeM TaK, YTOObI OH TPaHCIMUPO-
BaJI yTOJI IOBOPOTAa poTopa ABuraTesis B nuanasoHe 0...2 1 B 1ugpoBoit 12-
o6uTHbI Koa. Ha Puc. 11.22 nmpuBeneHa peanmsains 3Toil GyHKIUA.

€2 bnok "A3bik NnporpammupoBaHua”: LangBlock24
®aiin  [lpaeka [Mowuck Pacuér Cnpaeka WHCTpymeHTbI
> E =] ) ME@ER @8 W
1 idinput u;
output y: H

Kr = 4096 / (2 * pi); //xoadduumenT npueesenna 2pi pag k 126muT 3Hkoamepy

6 v = Kr * u;

Puc. 11.22

O6patute BHMMaHMe, YTO BbIXOJ O0Ka MpeACcTaBiseT coOO0ii 1enoe
YMCII0, TaK KaK Mbl IPUHYIUTEIBHO ONPeNeIVIN BbIXOJHYIO IepeMEeHHYI0
Yy, Kax integer-.

Temneppb JOMOJIHUM CKPUIIT 6JIOKA TPEMSI CEKIUSIMM, KOTOPbIe Pacro-
3HAIOTCS KOAOTeHePaTOPOM TakK, KaK OIMCAHO Jajee.
e Cexknuusa header

B cex1u onmchIBalOTCS I7I00abHbIE TIepeMeHHbIe U PYHKIINM, KOTOpbIe
MOTYT UCITOJIb30BAThCS HAIlIE MPOrpamMMmOiA.

e Cekumus data
Kogorenepatop mmpeo6pasyeT CeKLUIO B TpOorpaMmy, KoTopas 6ymeT uc-
TOJTHSITHCSI BCETO OJVH pa3 MpU MHULIMATU3AIMY MUKPOKOHTPOJLJIEPA.
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CeklMiI0 MOXHO MCIOJb30BaTh, HANpMMep, INpPM CO3AAHUM OJIOKOB
HaCTpOViKu repudepunt MUKPOKOHTPOJIEpPA.

e Cekuuia code
[TporpaMmma 3TOVi CeKLuM OYIEeT BhI3bIBATbCS KasKAbIi pa3 Ipy obpaiie-
HUM K Halllemy 6JI0Ky. B Heé MoskHO moMecTUTh C-TeKCT, KOTOPBI ITpu
KoJloreHepalyu 00aBUTCS B COOTBETCTBYIOLIYIO IIPOrPaMMY.

HomycTuM, B pe3yabTaTe KOAOreHepauyun
MbI XOTUM IOJYYUTH ITPOTPaMMYy orpoca mud-
POBOr0 abCOIOTHOrO 3HKOAepa MM 20A-2-1-1,
MOJK/II0YaeMOro K MMUKPOKOHTPOJIIEPY
1986BE9x no mnHe SSI.

Torma B cekuyio code riomeiaercst C-TeKCT,
KOTOpBIi OyIeT COOTBETCTBOBATh 3arpocy |
UTEeHUIO JAaHHbIX, IOJTYYEHHbBIX OT JAT4YMKa I10 muHe SSI.

Ha Puc. 11.23 mokasaH IpumMep peannsaly 3Tol 3a7aun i MUKPO-
KoHTpoyiepa Munauap K1986B9x.

€ baok "Aisblk Nnporpammuposanus”: LangBlock24
Qaiin  MMpasBka [Mouck Pacyér CnpaBka WHCTpyMeHTbI
> E @ o 5 DEE @ v
1 input u;
output y: -

Kr = 4096 / (2 * pi); //xoadduumenT npusesenusa 2pi paa k 126uT 3HKoaepy

header = "";

data = "";

code = "

/*3anpocum y paTuuka Tekyuwee nonoxexue*/
10 MDR_SSP1->DR = O;

/*Kaem okoH4aHuA nepegaum fgaHHbIx*/
while ((MDR_SSP1->SR & SSP_FLAG_BSY) != @) {}

/*MNony4um 3HaYenue Koga yrna noBopoTa AavyTWKa M3 MPUEMHOro
bypepa SSP1 u =zanuwem Ha ebixog Onoka*/
17 %out:0% = MDR_SSP1->DR & Oxfff];

n,
3

20 y= Kr ¥ u;
Puc. 11.23

O6paruTe BHMMaHMe Ha GOpMYy 3ammcy repeMeHHo %out:0%. Takas
3aIMCh YKa3bIBaeT KOAOTE€HEepaTopy, UTO HY)XKHO 06paTuThCs K Bbixomy 0
6J10Ka (OTCYET HymMepaluy BXOJOB M BbIXOJOB 0JI0Ka UAET CBEPXY BHU3 C
HyJis1). TUI JaHHBIX 9TOM MepeMeHHON onpenesieTcs TUIIOM JaHHbBIX BbI-
x0J1a 6J10Ka, KOTOPBIN MbI 3a/1a/11 BbIllle. B HallleM ciydae Jijist BbIxoa 6J10Ka
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OyzmeT co3llaHa epeMeHHas TUIa integer.
[l o6paillleHys K BXOy Halllero 6;10Ka Hy;KHO MCIT0/Ib30BaTh 3amyCh
Buma %input: 0%.
HemHoro mopaboraeM 6/I0K U 0OaBMM:
e BXOJ KaauOpoBKM (null — 3amaHue 3HaUYE€HUs yIjia, IPUHMMAEMOIO
3a HyJIeBoe ToJIOXKeHVe POTOpPa)
e cBOJicTBO SPI ¢ BeI6OpOM 3HaueHMit SSP1 min SSP2 (Beibop ropta SPI
IIJIST TIOOK/TIOUEeHMST JaTUMKA TTOJIOSKEHMST).
C yuéTom 10pabOTOK Mepenuiinem mporpammy 6;oka (cM. Puc. 11.24).

1 fnput y, null: ;
output gr: 5

initialization

const Kr = 4096 / (2 * pi); //xoadduumenT npusesenusa 2pi paa k 126ut 3ukogepy
//eubop SPI =zapan nepeuncnenmem, SPI1 cooTeeTtcTeyeT umcno 8, SPI2 - 1

//temp Gymem ucnone3zoBaTh ANA NOACTAHOBKM HYXHEIX CHUMBONOE NPW KOZOTeHepauuu
if SPI @ then temp = "SSP1";

if SPI 1 then temp = "SSP2";

10
if not autotranslate then begin
header = "
/*NepemeHHble Bnoka AaT4MKa NONOXKeHWUA®/
int16_t %unikname% int_angle = ©;
“;
data = "
/*TyT moxHo Obno cgenaTs 4To-To Ao Hadana paboTel nNporpammel.

HanucaHHeld 34ecke KOA BLIBLIBAETCA B Npouecce WHULMaNU3auuM MUKpPOKOHTponnepa
A
code = "

/*3anpocum y gatyuka Tekyuwee nonoxedHue*/

MDR_"+temp+"->DR = ©;

/*Kaem okonuanua nepefaqn gadHbx®/

while ((MDR_"+temp+"->SR & SSP_FLAG BSY) != @) {}

%unikname%_int_angle = (int16_t)(MDR_"+temp+"->DR & @xfff);

/*0tkanubpyem gatunk*/

%unikname%_int_angle = %unikname%_ int_angle - (intlé6_t)(¥input:1%);

if (%unikname%_int_angle > 40895) %unikname¥%_int_angle = %unikname%_int_angle - 4095;
30 if (%unikname%_int_angle < @) %unikname¥%_int_angle = %unikname¥_ int_angle + 4095;

/*Yron nosopoTa*/

%out:0% = (int32_t) %unikname¥ int angle;

H
end
end

gr = Kr ¥ y - null; //nepecuyuTaem paguaHbl B 4Mcn. 3Hayd. v oTkanubpyem "Honp"
if gr > 4095 then gr = gqr - 4895;
if gr < @ then gr = gr + 4895;

Puc. 11.24
B cekumio «header» Mbl 106aBU/IV ITepEeMEHHYIO, B KOTOPYIO OYAYT CO-
XPaHSATbCS IPOMEKYTOUYHbIE 3HAUEHMST BbruycaeHuit. CTpaHHast, Ha TIepBbIii

B3IJISA[I, 3aIIMCh BUAA «%unikname% _int_angle» ipeAnChbIBaeT KOJOreHepa-
TOPY CO30aTh YHMKAIbHBIN ITpeduKC 151 TepeMeHHOi «int_angle».
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OTO MOKeT MOHALOOUTHCS, UTOOBI M30€KaTh ITyTAHMIIBI B CJTydae MC-
M0JTb30BaHMS B CXeMe ITPOoeKTa HeCKOMbKMX OOMHAKOBBIX OJIOKOB.

B cexkuuu code BMeCTO «+temp+» KOJIOreHepaTop MOICTaBUT 3HAUEHWE
SSP1 wn SSP2 (B 3aBUCHMMOCTY OT BIOpaHHOTO 3HaUeHMst SPI B CBOVICTBAx
0J10Ka).

BHenruuit Bua co3gaHHOro Bamu 6;10Ka MOKHO HAaCTPOUTh.
[T 9TOTO IIENKHNUTE MTPaBO¥i KHOIIKA MBIIIN T10 6JI0KY, B BbITIa1ai0-
IeEM MeHI0 BbiOepuTe cTpPoKy «CBOVCTBA 0OBEKTa», a 3aTeM 3aiiuTe BO
BKJIAKY «O01Iye».
BrI6G1Mpast Hy>KHYIO CTPOKY B 9TOi BKJIaIKE U M3MEHSIS COOTBETCTBYIO-
LM cToJIG el «3HaueHe», MOKHO 3a1aTh:
e yM4 6jI0Ka

e pasmepsl 0JI0Ka, I[BET ero (GoHa ¥ paMKM 1 T.[I.

[Tocie M3MeHeHMIi He 3a0bIBaliTe 3aKPbIBATh M COXPAHSITD CAeIaHHOe.
IIj1st TOro, 4TOOBI HAIMCATh Balll TEKCT I10J] 6JI0KOM:
. IETKHUTE T10 6JIOKY JIeBO¥ KHOITKO¥ MbIIIN

¥ IDM20

sl . elé pa3 MEJIKHNUTE I10 BbIAeJIeHHOI 1o, 610-

null

KOM 00/1aCTM ¥ B TIOSIBUBIIIEECST IT0JIe BBEIUTE JKeJlae-
Bcé moHATHO!  MBIit TeKCT, HAaTpumep: «Bcé MoHSITHO!»...
Wnu Het?

INOAPOBHEE o0 0/i0Ke «S3BbIK HPOrpaMMMPOBAHUS» U (GYHKIIMSIX
BCTPOEHHOTO S3bIKa MPOTPAaMMMPOBAHMSI MOXXHO TTOUYUTATh B CIIPaBOY-
HOM paspene gokymeHTauuu K SimInTech (Hanmpumep, TaM Bbl CMOYXKeTe
MPOYNTATh, 3a4eM MbI MCITOJIb30BajIM B OJIOKe ceKUMIo initialization). '
BAJKHO!!! :
Ecnu B cexkuum code 670Ka yKaszaTh HeCyIeCTBYIONMIA afjpec BXOIHOTO
WM BBIXOJHOTO IOPTAa, TO MPU KOJOreHepaly MPoeKTa Bbl MOJIyYUTe
ommobKy 6e3 ykazaHMsI TOUHOTO MeCTa, TAe OHa JoIyileHa. E€ monuck mo-
SKeT 3aHSTh MHOTO BpeMeHU U CUJIbHO UCIIOPTUTh HACTpoeHMe. BHuMa-
TeJIbHO CJIeAUTE 3a ajpecaleii mopTos! :
NNPUMEYAHUE :
Ecnu B HameM, MocTpoeHHOM Ha OCHOBe 6j10Ka «SI3bIK ITPOrpaMMMUpOBa-
HMUSI», DJIEMEHTE HeT IMPSIMOro oopaineHus K nepmudepmn MUKPOKOHTPOJI-
Jilepa, TO He 00513aTeJIbHO B CEKILIMMU «code» TcaTh TeKCT Ha C. MOKHO Mc-
M0JIb30BaTh BHYTPeHHUI s13bIK SimInTech M BKIIOUUTb B CBOICTBAax
610ka onuuio «autotranslate» - @ pga . B aTom citydae, mpu KogoreHepa-
U TpaHCaIuys B C MpOU30iAET aBTOMATUUECKNA. :



12 KpaTtkoe mnociecjioBue

[IpenBuauM, 4TO IIPU MPOUTEHUM TAHHONV KHVDKKY Y YMTaTENIel BO3-
HUKHYT BOITPOCHI.

Hara 11eyib cocTosiia B TOM, YTOObI IIOMOYb BaM ITPaBMIbHO UX chop-
MYJIVPOBATh.

WiyTe OTBEThI — «¥ 06psIeTe»!

['0TOBBI, TTO0 BO3MOKHOCTM, CIIOCOOCTBOBATD.

I0. H. Kanaués E. B. Okys0B U BeChb KOJJIEKTUB «3B CepBuc»
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