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B CUCTEMAX YINPABJIEHUA N MOHUTOPUHTA

lMonydresuy C.C., cmydeHm 2p.924404
CenesHée U.J1., kaHO. mex. HayK, OoueHm

Bernopycckuti 2ocydapcmeeHHbIl yHU8epcumem uHgopMamuku U paduo3/1eKmpOoHUKU
2. Munck, Pecnybnuka benapyck

Cenesnée U.J1. — kaHO. mex. HayK, oueHm

AHHOTaumsa. B pJaHHOW cTaTbe paccMaTpuBalOTCA MOHATWSI CUCTEM YMPaBIEHWS M MOHUTOPWHra, OaeTcsi OnucaHve BCTpavBaemoii
CUCTEMbI KaKk OCHOBHOW WX COCTaBrsiioLLeid. 3aTparvBatoTcsi OCHOBHbIE 06NacTyi NPUMEHEHNST MUKPOKOHTPOMNNEPOB B TakUX cuctemax, ux
crneumduKaLmm U OCHOBHbIE XapaKTEPUCTUKVY, MPUBOANTCS 0630p COBPEMEHHOIO PbiHKA MUKPOKOHTPOMNIEPOB U TEHAEHLMW Pa3BUTKSI.

KnioueBble cnoBa. CwucTema, KOHTPOMnep, YnpaBneHue, MOHWUTOPWHI, MWKPOKOHTPOMNEpP, BCTpavMBaemasi cucTema, nepudepus,
apXUTEKTYpa, YCTPOICTBO, MHTEPCEINC, CUCTEMA Ha KpUCTanre, NamsiTb, CEHCOP, MPOLECCOP, UHTErpaLys.

Cuctembl ynpaeneHus nNpPeacTaBnsAldT CcobOM  cneumanu3upoBaHHble peLlleHus Ond  KOHTpons
dyHKUMoHMpoBaHua UT-nHdpacTpykTypbl. Takme cuCTeMbl 3a4acTyio MPUMEHSIOTCA B COBOKYMHOCTM C
cucTeMamm MOHUTOPUHIa Ans cbopa AaHHbIX M KOHTPOISA NapameTpoB CUCTEMbI ynpasneHus. [nsa peweHus
pasnMyHbIX 3af4a4y B OaHHbIX CUCTEMaXx Yalle BCero NPpUMEHSIOTCA BCTpaMBaeMble peLleHns, No3sonsowme
aBTOMaTU3MpPOBaTb TEXHOMNOrMYECKNe NpoLecehl.

BcTpavBaemble  cucTeMbl  MOXHO — onpedenuTb  Kak  cneuvanvsnpoBaHHble  (3akasHble)
MWKPOMPOLLECCOPHbIE  CUCTEMbl, HEMOCPEACTBEHHO B3aMMOAEWCTBYHOLWME C ODOBEKTOM  KOHTpOns
ynpasneHns 1, BO3MOXHO, 06beANHEHHbIE C HM KOHCTPYKTUBHO. OTO CUCTEMbI OT KOHTposnnepa opurcHoro
OBEPHOro 3amMka [0 WH(OKOMMYHUKALMOHHOMW «HAYMHKMY» 3aBOOOB-aBTOMATOB, MWHTEMMEKTyanbHbIX
3HepreTM4ecKknx cMcTeM, 30aHu, TPaHCMOPTHBIX CUCTEM, YMHbIX rOpO40B, AOMOB.

OCHOBHbIMW OCOBEHHOCTAMMW BCTPAMBaEMOW BbIYUCIINTENBHOW CUCTEMbI ABMSIOTCA:

— paboTa B peanbHOM MaclwTabe BpemeHu (B BONbLUMHCTBE Cryvaes);

— Hanu4yme CEeHCOPOB M UCNONMHUTENBHOIO YCTPONCTBA YNPaBIEHNS;

— aBTOHOMHOCTb paboTbl (OTCYTCTBUE OnepaTopa, OrpaHNYEHUs SNeKTPOnUTaHus);

— BbICOKMe TpeboBaHWsa No HagEeXHOCTU 1 6e30MacHOCTU (PYHKLMOHUPOBAHWS;

— KPUTUYECKNE MPUMEHEHUS, CBA3aHHbIE CO 300POBbEM U XMU3HbIO YeroBeKax.

CoBpeMeHHble BCTpavMBaeMble CUCTEMbl HaxoAAT MPUMEHeHMe MpakTUYeckn BO BCex cdepax
AesATeNbHOCTM YeroBeka — OT KOHTPONs 3a AOMALIHUMW 3neKTponpubopaMn A0 NpUMEHEHUS B SOEepPHbIX
peakTtopax M KOCMu4eckux annapaTtax. CucTembl ynpaBreHWss U MOHUTOPUHra pasfnnyHbIX OOBLEKTOB,
nepeuncneHHble B Tabnuue 1, He Mornu 6bl peanusoBbiBaTbCA 6€3 BCTpanBaeMbix cuctem [1].

Tabnuua 1 — MprMepbl NPUMEHEHUSA BCTPANBAEMbIX CUCTEM

ABnaunoHHbIE U ABTOMUINOTLI CAaMONETOB, aBUOHMKA U HAaBUIraUMOHHbIE CUCTEMBI, CUCTEMBI
BOEHHblE CUCTEMBI aBTOMaTUYeCKOM Nocaiku, CUCTEMbI HaBeAeHWs, ynpaBneHve asuraTenem.
MotpebuTtenbckas Tenesunsopsl, 4YXOBKW, NOCYAOMOEYHbIE MaLLMHbI, nneepsl DVD, ctepeocuctemsl,
3MNeKTpOoHUKa cucteMbl 6e30MacHOCTH, ynpaBrneHme NOfIMBOM ra3oHOB, TepMoCTaThl,
doToKamepbl, Yacbl, aBTOOTBETHYMKY, AeKkoaepbl kabenbHOro TenesngeHust.
MpomblwneHHoe YnpaBneHune nudtamum, cuctembl HabnaeHus, poboTel, ctaHkm ¢ YlY,
obopynoBaHune nporpaMmmupyemblie NorMyeckme KOHTPOmnnIepbl, NPOMbILLUMEHHbIE CUCTEMBbI
aBToMaTu3auuun 1 ynpasneHus.
Po6oTtusnpoBaHHblie  |[TpoMbILneHHbIE pOBOTHI, aBTOHOMHbIE TPAHCMOPTHbIE CPEACTBA, KOCMUYECKMe
cucTemsl uccnegosatenbckme poboThl (PO6OThI-Mapcoxoabl, 30HAbI, KOCMUYECKNE
cTaHuun).

BcTpavBaeMble cuctembl co3gatoTcs Ha 6ase MMKpOMpoLEecCOpOB WM MUKPOKOHTponnepos. B
noboM crnyvae B OCHOBE MPOAYKTa NEXUT MHTErpanbHasi cxema, Kotopasi 00blMHO npefHasHadeHa Ans
BbINOSTHEHWST BbIMUCTIUTENBHBIX Onepauuin B peanbHOM BpemeHn. PaboTa B peanbHOM BpPeEMEHMU SBMSIETCS
KpanHe Ba)XHOW COCTaBnsoLWen B paboTe BCTpanBaeMOW CUCTEMbI, MOCKOSbKY 3a4acTyo K TaKUM CUCTEMaM
NPUMEHSIOTCH XECTKME KPUTEPUU MO BPEeMEHU OTKMMKa ynpaBnstolwero MCNONHUTENbHOrO YCTPOMCTBA Ha
npuxon WHgoOpMauMm C BHellHero pJaTtuvka. Ha pucyHke 1 nokasaHO B3auMMOAEWCTBME BHYTPWU
BCTpaMBaeMOl CUCTEMbI B pearnibHOM macwTabe BpemeHu. Bpems nonyyeHus curHana ¢ ceHcopa — t1, t2 —
BpeMs Bblgadn ynpasnsioLwwero BO3AENCTBUA Ha UCMONHUTENBHOE YCTPOMCTBO, t3 — KpanHUM CpoK BblAaun
yNpaBnswoLwWwero Bo3gencTBus. Ecnn no kakon-nubo npuuvHe Bblgada ynpaeBnsloWun curHan byper
BblpaboTaH nocne t3, To oH OypeT 6ecnoneseH unu, BO3MOXHO, BpeaeH. Hanpumep, cuctema ynpaeneHusi
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CTEKITONOABbEMHNKOM B aBTOMOOWne — ecnu BCTpamBaemad cCUCTeMa WUFHOpUpyeT CuUrHan agartyuka
NMONOXeHNs1 CTEKNa, MO0 CTEKI0, NIMOO NoAALLIMA CTEKITO MEXaHN3M MoryT ObITb NCrnop4eHsbl.

WHdbopmauns
C Jart4nKkos

ObvekT
ynpasneHnsa

Betpaveaemas
Cuctema

Ynpasnexue .
MCTMIONHUTENbHLIM YCTPOCTBOM |

Hatumk

WenonHutensHoe

yCTpOWCTBO

1 2 3

PucyHok 1 — PaboTa BcTpanBaemoun cuCTeMbI B peanibHOM BpeMeH!

BbluncnutenbHble cucteMbl MOryT ObiTb NpeacTaBneHbl TPeMs rpynnaMy anemMeHToB: obpaboTumkw,
ycTpovictBa namatw, uHTepdencbl. C rpynnon o6paboTyMKOB CBSA3aHbl TEPMWMHbI  «NPOLECCOP» W
«MUWKPOKOHTponnep». MUKPOKOHTPONMepbl BCTpaMBaeMbIX CUCTEM MPOEKTUPYIOTCA KakK aBTOHOMHbIE
cucTeMbl, codepxawme B cebe MHOXECTBO CheuuManusmMpoBaHHbIX 4YacTel. [MaBHbIM  OTAMYMEM
MWMKPOMPOLLECCOPOB OT MMKPOKOHTPOSNEPOB SABNSETCH cneunanv3aums MUKPOKOHTPOSEpoB, B TO BpPeMs
Kak, MpoLeccopbl MOXHO MpUMeHATb Ans noboro poga 3agay, Npu MNOAKIMIOYEHWM COOTBETCTBYHOLUMX
ycTponcTs. [Ind onvMcaHus MUKPOKOHTPOMMEPOB 4acTO WCMOMb3yeTCsa TEPMUH «CUCTEMA Ha KpucTanmne»
(System on Crystal, SoC), nockonbky B COBPEMEHHbIX CUCTEMAaX YNpPaBfAeHNs U MOHUTOPUHra CyllecTByeT
TeHOEeHUMS K MHTerpauum nepudepum BCTpaMBaemMoW CUCTEMbl U MUKPOKOHTpONfepa B eAuHOe Lenoe.
Cuctembl Ha Kpuctanne obblMHO COCTOSIT U3 TPEeX OCHOBHbIX LM(PPOBBIX CUCTEMHBLIX GOKOB: npoLeccop,
namaTb U NOrMYEecKne KOMMOHeHTHI. [MpoueccopHoe S4po peanu3yeT NOTOK YMNpaBreHus, Koraa Kaxaom
ynpaensioLwwen NporpaMmmoni OAHO3HAYHO YyCTaHaBNMBAKOTCA MOCeA0BaTENbHOCTY BbIMOIHEHNS onepauunn
06paboTKkn AaHHbIX, YTO NO3BONSET 3a4aBaTb OAMH U3 BO3MOXHbIX anropuTMOB paboTbl BCeN MHTerpanbHon
cxeMbl. [lamMaTb MCnonb3yeTcs Mo ee NPAMOMY Ha3Ha4YeHWo — XpaHeHne koda NporpaMMbl NPOLECCOPHOro
aapa v AaHHbIX. HakoHew, nornyeckne KOMMOHEHTbI MCMONb3yeTca ANA peanu3aunn cneumanmanpoBaHHbIX
annapaTHbIX YCTPOWCTB 06paboTKM OaHHbIX, COCTAaB WM Ha3HayeHWe KOTOPbIX OMnpenenstoTcs KOHEeYHbIM
npunoxeHneMm. TunosBas cCxema CUCTEMbl Ha kpwuctanne obblyHO BkntovaeT B cebs Tak xe m Habop
nepudepunHbIX YCTPOWCTB M KOHTPOSNEPOB: KOHTPOMMEp npepbiBaHWiA, TanWMepbl, KOHTPOMnep cetwu,
KOHTpOMMep nocregoBaTenbHOrO kaHana, KoHTponnep namatw, koHtponnep [MAMN (npsamoro goctyna k
namatn). NHTepdencbl MCNonb3yoTes and obMeHa AaHHbIMU MeXay CUCTEMOW Ha KpucTanne, BHELWHUMU
YCTPOMCTBaMM 1 CEHCopaMu, a Takke N NnporpaMmMmpoBaHns KOHTponnepa ¢ koMmnetloTepa. Ha pucyHke 2
npeacTaBneH TMNMYHbLIN BapuaHT cxembl SoC.
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PucyHok 2 — CTpyKkTypa cucTtembl Ha kpuctanne

CucTtembl Ha KpucTanne AommkHbl obnagaTtb onpefeneHHbIM HabopoM XapakTepUCTUK, CneundnYHbIX
Anst cdepbl NPUMEHEHMS BCTpaMBaeMoOW CUCTEMbI. Takve cneumdukauum MoryT, Hanpumep, BKM4YaTb B
ceba  paspsgHOCTb  MPOLECCOPHOrO  s4pa, BO3MOXHOCTL — paboTbl B peXUME  MOHWKEHHOTo
aHepronoTpebneHusi, TpeboBaHUA K apxXMTEeKType MUKPOKOHTpoMnepa, MnoAdepkKy onpeneneHHbIX
uHTepdencoB, Hanuuve Tanmepos, AL u ocTtanbHoi nepudpepun. B Tabnuue 2 npuBedeHbl 4acTo
1cnosnb3yemble pacnpoCTPaHEHHbIE apXUTEKTYPbl MUKPOKOHTPOMSIEPOB.

Tabrnvua 2 — ApXuTeKTYpbl MUKPOKOHTPOJIIEPOB

ApxutekTtypa PaspaboTtumnk Mponssogutens OcHoBHble cepumn

AVR Atmel Atmel tinyAVR, megaAVR, XMEGA
Motorola HC11 Motorola NXP semiconductors 6800, 68000, 88000

ARMvV7, ARMv8-A ARM STMicroelectronics, NXP STM32F103xx

PIC Microchip Microchip Technologies PIC16, PIC18, PIC32
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O6bemM BbINycka MUKPOKOHTPOMMEPOB C OAHOKPATHO MpOrpamMmMupyemolri nNaMsaTblo NporpamMm MOCTOSHHO
CoKpallaeTcs 13-3a ObicTporo passutus 1 yaewesnenust Flash-texHonornin. OcobeHHOCTMN apXUTEKTYPbI
AVR Takke sBNsieTCs pasBuTasd cMcTema npepbiBaHUA, NporpaMmMmupyemMble OUThbI 3aluTbl, NPOLIECCOPHOE
32-6utHoe s1Apo ¢ ynpolleHHbIM Habopom komaHg (Reduced Instruction Set Computer, RISC). Takne cepun
KOHTpOIepoB, kak mega328, mega32u4, tiny85 saBnsoTcs Hambonee NonynspHbIMA Ha CEFOAHSILUHUA OEHb,
N HaxoOsaT MPUMEHEHUE BO MHOIMMX MPOMBILLIEHHBIX 0OMacTaX 3a CYeT CBOEW AeLleBU3Hbl M3rOTOBMEHUS,
npocToThl 1 achdekTnBHOCTU [2]. MukpokoHTponnepbl apxuTektypbl ARMv7 n ARMv8 Ha cerogHsILLHUA AeHb
npodomKaT TeHAeHuuo pa3Butua 32-6utHbix cuctem ¢ gapamm Cortex-M [3]. Ux ocobeHHocTamu
ABNAETCA Hanuuve 60nbLIOro YmMcna nopTtoB BBOAA-BbIBOAA, YTO MO3BOMSET MPUMEHATb MX B CUCTEMAx
yrnpasneHns nugtamun, yMHbIMU JOMaMU, MOHUTOPMHIA COCTOSHUA 3[4aHWN, OXPaHHO-NOXaPHbBIX CUCTEM U
WHbIX MecCT, TpebyoLwnx 06paboTkmM AaHHbIX ¢ BONbLIOrO KONUYECTBa CEHCOPOB.

HemanoBaxHo 1 Hanuuve cneuudpmyeckon nepudepun B MUKPOKOHTPOMMepax Ans pasHbiX cdep
NPUMEHEHNST CUCTEM MOHUTOPMHIa U ynpaeneHusi. Hanpumep, 6e3 Takon nepudpepum, kak Tanmepbl, ALIT.
LIAI, He obxoouTca npakTUYecKM HW ofHa BcTpamBaeMasi cuctema. [loggepxka WHTepdencoB
KOMMYHVKaLWW, KaK napanmenbHbiX, Tak U nocneaoBaTeribHbIX, ABASETCA HEOTHEMIIEMOM YacTbi0 CUCTEM
MOHWUTOPUHIa, B KOTOPbIX BaXXHO NoadepXvBaTb OOMEH AaHHbIMM Mexay KoHTponnepamu. B Ttabnuvue 3
npvBegeHbl Hanbonee pacnpocTpaHeHHbIE COBPEMEHHbIE KOHTPOMepbl U1 0cOBEeHHOCTH UX Nepudepun.

Tabnuua 3 — Cneuunduryeckas nepudepuns KOHTpoNNepos

Cepun koHTponnepoB |OcobeHHOCTH nepudepunmn

dsPIC 10-6uTHBbIN 4-kKaHanbHbI LM mogynb, 12-6ut AL, 11 16-OUTHBIX TanmepoB

STM32F101 51 nopT BBOAAa-BLIBOAA, nogaepxka 12C, CAN, SPI, USART uHTepdelicoB, RTC,
NVIC [3]

Mega 8-6uTHbIN Npoueccop, RC reHepaTtop, MPOABUHYTHI PEXNM 3HEProchepexXeHusl.

B mukpokoHTponnepax cepumn dsPIC BaxHOI 4YacTbio nepudpepumn SIBNSIETCS MHTErPUPOBAHHLIA B
cuctemy Ha kpuctanne LUMM — koHTponnep ¢ nogaepxkon 4 kaHanos n 10-6utHon paspagHocTy. Hanvune
Takon nepudepuy MNO3BOMSET WCMOMb30BaTb 3TOT MUKPOKOHTPONNEp B CUCTEMAx YnpasrieHus
ABUraTensammn, acMHXPOHHBLIMW U CUHXPOHHBIMW MOTOPaMU KU OPYror 3neKTpoMexaHukow, rae Tpebyetcs
KOHTPOMb BpaleHUss C MOMOLLbIO LUMPOTHO-UMMYMbCHOW moaynsaumi. OcHoBy nepudepmun STM32
coctaBnseT ot 32 go 64 nopToB BBOAA-BbIBOOAA W HanuMymMe NPMBSA3aAHHbIX K HUM UHTepdencoB obmeHa
AaHHbeimn 12C, CAN, USART [3]. B otnuume ot STM n PIC koHTponnepoB, Hanpumep, KOHTponnep
ATmega328 peanunsyeT npoaBuHyTyo 8-6uTHyto RISC apxutekTypy, nogaepXky Bblbopa 4YacToTbl paboThl
agpa, 6 peXXrMoB NOHMKEHHOIO 3HEpProcbepexxeHnst Ans COXpaHEHUs1 PErnCTPOB B YCMNOBUSAX C Ype3BbIiYaHO
HU3KUM 3HeproobecnevyeHnem.

MMepcnekTnBHBIMKM HaMNpaBEHUAMU Pa3BUTUSA SBMSIOTCA CHUKEHWE 3HeprocbepexeHust y 8-OUTHbIX
KoHTponnepoB AVR ans pacwvpeHus obnactei nx NpuMeHeHus1 B CUCTEMaxX ynpaBfieHNs! C NOBbILLIEHHOM
aBTOHOMHOCTbI. Takke, MukpokoHTpornepbl ARM ¢ paspagHocTbio 32 OuTa MMEKT TeHOEHUUIo K
HapalwmBaHuio Takon nepudepun, kak Hanpumep AL, LAlbL, nocneposaTtenbHble UHTepdencol u
KOHTpOMMepbl BEKTOPHbIX MpepbiBaHWM, M3-3a pacTylmx noTpebHocTen B ynNpasreHUM N MOHUTOPWHIE
MacLUTabHbIX NPOMbILUSIEHHbIX NPEANPUATUI U CUCTEM YrpaBneHUs nMdTaMmm 1 ymHbIMy goMmamum [3].
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