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B cmamve onuceieaemes cneyuurka paspabomru 6CMpaueaeMvbix CUCHEM, HeOOCHMAMKU
KIACCUHECKO20 NOOX00d NOAHO20 npoexmuposanus. IIpu co30anuu npocpammHo2o obecnedenus
01 6CMPAUBAEMBIX CUCHEM HEODXOO0UMbl CPeOCmBa KaKk 3(hekmueHo20 peuteHus NPUKIaoHol
sa0auu, max u 3QPPexmueHo20 YNpaeieHus pasHopoOOHbIM ANNAPAmMHbIM 0DecnedeHueM CUCmeMDbl,
KAK nepugepuiinimu YCmpotucmeamu camo2o MUKpPOKOHMPOLepd, max U 6HeULHUMU YCMPOTic-
samu. CroxicHocms YCmpoiicme NOCMOIHHO 803PACMAen, U NPONOPYUOHAILHO 803pacmaem obvem
NPOSPaAMMHO20 K0Od O ynpagienusa yempoticmeamu. IIpu kiaccudeckom HU3K0YPOSHe8OM YNpae-
JICHUU IO2UKA YNPAGIEHUS YCMPOUCMEOM Peanu3yemcs NpoePaMmMucmom Hd OCHO8E €20 3HAHUL O
HU3KOYPOBHeEOM uHmepgetice yempoucmed (Ynpasisiouux pecucmpax) u pesrcumax pabomol ycm-
poiicme, komopwvimu oHu ynpaeiaom. Ilpu paspabomre ecs un@opmayus 06 ynpagiaouux peau-
CMpax MUKponpoyeccopd i 3HA4eHUsX, KOMopvle He0OX00UMO 8 HUX 3aNUCAmMb O NePeKIoYeHUs
VCMPOUCMBA 8 HYHCHBIT PedHCUM OOIHCHBI DbIMb U38eCMHBL Npozpammucmy. 110006HbvII n00X00 He
coomeemcmeyem mpebosanHusIM agmoMAmMu3ayulL NPOeKMUPOBAHUs 1 GbicmMpoil paspabomku npu-
JIOHCEHUTI U He NO360JiAem 8 KOPOMKUE CPOKU CO30amb NPOSPAMMHDII KOO NOOOePHCKU KOHKPEem-
HOTI KOHQuUaYpayuu annapamuo2o o6ecneyenius 6CmpaueaemMot Clucmemsl U NPUCMYNUMb K pelie-
HUI0 NPUKIaoHot 3a0auu. IlepcnexmusHvirvu npedCmagiaiomes uccie006aHUs HOB020 n0OX00d 0
CO30AHUs NPOSPAMMHO20 06ecnedeHs 6CMPAUBaeMbIX CUCIEM, YMO NO360IUM POPMATUZ06AMb U
ABMOMAMUZUPOBAMb UHUYUATUSAYUIO, KOHPUSYPUPOBAHUE YCMPOTICME, CO30aHIe Opaileepos ycn-
policme. JlauHvlii n00xX00 noopaszymeaem CO300aHUe UHMENLeKMYAIbHbIX Mooeneli Pa3iuyHbIX
YCmpoucmes, NPUMEHIEMbIX 8 GCHPAUBACMbIX CUCMEMAX, KAK NePUPEPUTIHBIX U CUCEMHBIX MOOY-
JIell CamMux MUKPOKOHMPOJIEPOS, MAK U GHEULHUX YCMPOTcms. Yuumvleas cogpemeHHble MeHOeH-
YuU 8 CO30AHUU NPOCPAMMHO2O 0becneyeHus, MOOeIU-KOMNOHEHMbl NO36ONAM Peant306ams KOH-
yenyuro «bvicmpoti paspabomku npunoxcenuil» 0na ecmpausdaemvlx cucmem. Peanuszayusa mooe-
Jiell yempoucme no3eoasem UHKANCYIUPOSams JOSUKY YIPAGIeHUs YCMPOTICMEOM U 0c800600ums
paspabomuuxa om HANUCAHUS NPOSPAMMHO20 KOO YNPAGNAWe20 YCHMPOUCMEOM HA HU3KOM
YpOGHe, a MAKdICe OCYUeCMEUMb UHMENNeKMYAIbHbIE KOHMPOTIb SPAHUYHBIX NApAMempos8 Co-
MeCMUMOCHU YCMPOTiCME.  YHugepcanbHocmy Npednazaemo20 nooxood 3aKiioudemcs 6 mo,
YmMo MoOenu YCMPOTCME MO2Ym ONUCHIBAMb KAK 6HYMPEHHUe YCMPOICmea MUuKpoOKOHmpoiepd,
MAK 1 OMOeNbHbIe MUKPOCXeMbL 8 COCIIABE CUCMEMbI, ( MAKIHCE CLONCHBIE YCMPOTICMEd, COCMO -
e u3 MHoOMcecmea mMuxpocxem. Mooenu ycmpoticme no3eonawm co30ams CK803HOU YUK NPOEK-
MUPOBAHUS OM NPOU3BOOUMEel] MUKPOCXeM 00 PA3PabOMYUKO8 20MOGLIX CUCMEM, NPeOCmAasis
UM YOOOHbII uHmepghetic 01 ynpasienus YyempouicmeamiL.
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ENHANCE THE EFFICIENCY OF THE EMBEDDED SYSTEMS
DEVELOPMENT BASED ON DEVICE MODELS
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This article describes the specifics of the development of embedded systems, the shortcom-
ings of the classical approach complete system design. For creating sofiware for embedded systems
need tools as an effective solution of applied task, and effective control of different hardware such
as peripherals of the MCU and external devices. The complexity of devices increases continuously
and proportionally increases the amount of code to control the devices. In the classical low-level
control, logic control unit is implemented by the programmer, based on his knowledge of the low-
level interface device (control registers), and modes of the devices they control. In the development
of all the information about control registers the microprocessor and the values that need to be
written for them fo switch the device to the desired mode must be known to the programmer. Such
an approach does not meet the requirements of design automation and rapid application develop-
ment and not to allow to quickly creating the code to support a particular hardware configuration
of embedded system and to begin solving applied task. Promising to investigation a new approach
to software development of embedded systems, which will formalize and automate the initialization
and configuration of devices, the creation of device drivers. This approach involves the creation of
intellectual models of devices used in embedded systems, such as peripheral and system modules of
microcontrollers and external devices. Given the current trends in sofiware development model-
components allow to realize the concept of "Rapid Application Development” for embedded sys-
tems. The implementation of device models allows us to encapsulate the device control logic and
free developer from writing low level code to control device and also to implement an intelligent
control of the boundary parameters compatible devices. The universality of the proposed approach
is that the device model can be described as internal devices of the microcontroller, the individual
chips in system board, as well as sophisticated devices consisting of multiple chips. Device models,
allow creating through the design cycle by chip manufacturers to developers of ready systems, pre-
senting them easy to use interface for device control.

Key words: designing embedded systems, model based development, intelligent devices
models, system sofiware, drivers, hardware control, rapid application development.

Crenuguka nporpaMMHoro odecnevyeHusi BCTpaHBAEMbIX CHCTEM

BerpanBaemas cucrema — cneLMaTH3UPOBAHHAS KOMIIBIOTCPHAS CHCTEMA VIIPABICHUS,
BCTPOCHHAS HETIOCPEICTBCHHO B YCTPOHCTBO WM OOBEKT, KOTOPhIM OHA yrpasisier [1]. Tumwu-
HBIMH TIPUMEPAMH BCTPAUBACMBIX CHUCTEM SIBJISIFOTCS 3JCKTPOHHBIC ONOKU YIIPABICHUS OBITOBOM
3JICKTPOHUKOH, aBUOHUKA, ABTOMOOHIIbHAS 3JCKTPOHNKA, GAHKOMATEHI U T.A.

K BcTpamBaeMbiM cHCTEMaM MPEIbSBISIFOTCS KECTKUE TPEOOBAHUS BHICOKOH HAIC/KHOCTH,
KOMIIAKTHOCTH, HU3KOTO JHCPrOMOTPEOICHHUS, MAIOTO BECA, MAKCUMAIBHOH 3 HEKTUBHOCTH (OT-
HOIICHHUE PasMepbl / MPOU3BOAUTCIBHOCTD). JJIst Kax a0l CuCTeMBI TPEOYeTCsl CHCHU(pHYHBIN Ha-
0op anmapaTHBIX MOAYJICH, 0OCCICUNBAIIUX COOMIOACHUE 3TUX TPCOOBAHMIA.

Hna pasnuuHbeX 33124 Tpedyercs kKak Ha0op nepudepuiHBIX YCTPOHCTB (JaTIHKH, TPUBO-
JIbI, MOIYJIH, obecrneunBarouue nHTepPEhc ¢ monp3oBaTeaeM (JUCILICH, KHOIKH), HHTCP(EHCH
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MEPENAYH JAHHBIX), TAK U PA3THYHBEIC PELICHUS A MMOCTPOCHUS [NIABHOTO BBIYUCIUTCIBHOTO MO-
JOy7s, ONTHMH3HPOBAHHBIC MO MPOU3BOTUTCIBHOCTH, SHEPTOMOTPEOICHUIO, HATHYMIO HEOOXOAH-
MEBIX HHTEPGEHCOB U T. 1.

Co3maHue CIOXKHBIX BCTPAUBACMEIX CHCTEM CTAIO0 AOCTHXKHUMBIM C MOSIBICHHEM MPOrpaM-
MHPYEMEIX MHKPOIPOLIECCOPOB M MHKPOCXEM € MPOTPaMMHPYEMOH CTPYKTYpPOU, UYTO CIACIANO
BO3MOXKHBIM PEATH30BBIBATH ANTOPUTMEI VIIPABICHHS NMPOrPAMMHO, CHU3UTh CIIOXKHOCTh MPOCKTH-
POBaHHUA H CTOMMOCTh AINNapaTHOrO O0ECIICUCHUS BCTPAUBACMEIX CHCTEM, MaccorabapHTHBIC Xa-
PaKkTEpUCTHKH [2].

OCHOBOH 47151 MOCTPOCHUS BEIYHCIHTEIBHEIX MOIYICH BCTPAMBACMBIX CHCTEM SIBIISIOTCS
OJHOKpHCTANbHBIC MUKPO-DBM (MHKPOKOHTPOJICPEl U CHCTEMBI HA KPHUCTALIC) U MPOrPaMMHU-
pyembie norudueckue uHTerpansueie cxemsl (ILJIMC).

Hcnonp3oBaHue OJHOKPHCTATBHBIX PELICHUH OOBICHACTCS HATUYHMCM HA OJHOM YHIIE,
MOMHUMO TIPOLIECCOPHOTO MOAYILS, CHCTEMHBIX U NIEPUQEPUNHHEIX YCTPOUCTB: onepaTusHOi u flash-
MaMATH, KOHTPOILIEpoB HHTEP(dEcoB, aHAMOro-nupoBEIX Npeodpa3oBaTeIeH, YTO MO3BOISIET MHU-
HUMH3UPOBATE HAOOP BHELIHUX ANMAPATHBIX KOMIIOHECHTOB.

Pazmiunbie cemelicTBa MUKPOKOHTpOIIEpoB, cucteM Ha kpucramne u [IJIMC nmeror pas-
JVYHBIH HA0OP BCTPOCHHBIX B YU NEPUGCPUHHBIX YCTPOUCTB.

HaGop anmapatHeix MonyneH, BHCIIHUX MO OTHOLICHUIO K BBIYMCIMTCIBHOMY MOIYIIO,
TaKUX, KaK JATIUKH, HCIOTHHUTCIBHBIC MECXAHH3MbL, CHCTCMBl WHAMKALUH, CHCTEMBI YCTOBEKO-
MAaIIWHHOTO HHTEpdelica, onpeaerieTcs peraeMol IpUKIa HOH 3a1aueH.

Crerudukoit pa3paboTKH BCTPAUBACMBIX CUCTEM SIBJISICTCS HEOOXOAUMOCTD COBMECTHOTO
CO3JaHMs ANMapPaTHOrO W MPOrPAMMHOI0 OOSCIICUCHUS IS KaKI0H npukaaanoi 3axaqu [1]. Io-
CKOITBKY OCHOBHBIC aITOPUTMEI (PYHKLIMOHUPOBAHHS CHCTEMBI 3aJAI0TCA HA MPOrPaMMHOM VPOBHE,
00BEM TPYAO3aTpaT HA CO3JAHHUE MPOrPAMMHOIO 00ESCIICUCHHUS NPEBBIIACT 00BEM TPY03aTPaT Ha
CO3JaHHUE anmapaTypsl ¥ MOKeT cOCTaBILITh 10 80 % Bcero BpeMeHH pa3paboTKH.

[MoMumo paspaboTku MPUKIATHBIX YIPABJIIOIMX AMTOPUTMOB, HCOOXOIUMO CO31aTh MPo-
TPaMMHBIA KOJ, OCYIICCTBILIOINN HHULHATH3ALMIO alHapaTHOrO 00CCIICUCHHS, TO €CTh 331a4y,
peLIacMyIO B KIACCHYCCKUX KOMITBIOTCPHBIX CHCTEMAaX CHCTEMHBIM MPOrPAMMHBEIM O00CCIICICHUEM.

Coszaanue HabOpa qPAWBEPOB YCTPOUCTB B ODIIEM CIIy4Yac TPYIHO PEATU3YEMO BCICICTBUS
PasHOU KOH(PUTYpALIMK aNMAPATHOrO 00CCIICUCHUS T KAKIOH pa3pabaTbiBACMOR CHCTEMBI.

Takum 0OpazoM, NpU CO3AAHUH MPOTPAMMHOTO OOCCIICUCHHUS A BCTPAMBACMBIX CHCTEM
HCOOXOAMMBI CPEACTBA KakK >(POHCKTHBHOrO PEIICHUS MPUKIAIHOW 3a1a4uu, Tak U 3P (HEeKTUBHOTO
VIIPaBICHHUS PA3HOPOIHBIM aIHapaTHBIM OOCCIICUCHHEM CHUCTEMBI, KakK NEPUPEPHIHBIMU YCTPOH-
CTBAMHM MHKPOKOHTPOJUICPA, TAK M BHCIIHUMH YCTPOHCTBAMH, TAKHMH, KaK JATIHKH, CCHCOPHBIC
MAHCH, AUCIUICH U T.A. YUYUTHIBAsA COBPEMEHHbBIC TCHACHLINU B CO3JAHHH MPOrPaMMHOTO odecre-
YCHUS, 3TH CPCACTBA JOJUKHBI VIOBICTBOPSATh KOHLCIINH «BRICTPON pa3paboTky NpUIOKCHHID —
Rapid Application development (RAD).

HegocraTkn HH3KOYPOBHEBOI0 YIIPABJIEHHS yCTPOICTBAMH

Krnaccuueckuii moaxox mpH CO3AaHWH TPOrPAMMHOTO OOCCIICUCHHMS, OCYIICCTBILIIOIIETO
VIPABICHUC YCTPOHUCTBAMH, TPAKTHYUCCKH HE 3BOMOMHOHUPOoBAT ¢ 60-x rr. XX B. U SABJIICTCA MOPATb-
HO yCTapeBIIMM. [[aHHBIN TI0X01 MOYKHO CUHTATh CTAHAAPTOM IPH CO3JAHUH CHCTEMHOTO TIPOrpaMM-
HOro 0OECTICUCHUS OTIEPALTOHHBIX cHcTeM. Ero a¢hd)eKTHBHOCTE MpUEMIIEMa PY CO3IAHHN JPAHBEPOB
U CUCTEMHOrO MPOrPAMMHOrO 00CCIICUCHHUS KIACCHUCCKIX KOMIBIOTCPHBIX CHCTEM, KOTJa KOH(HTY-
paLus anmaparypsl ¥ HA0op ApalBepoB [Tl MOAACP KKU armapaTHOH miatopMbl CO30ACTCS OTHH Pas,
U He TpedyeTcs ero MOAU(UKALMS IPH MPUKIATHOM POTPAMMHPOBAHHH.

JaHapii TOAX0A MOAPA3yMEBAET CO3JAHHE HU3KOYPOBHEBOTO IIPOTPaMMHOIO KOAa, Ha-
MPSIMYIO B3auMoAcHcTBYoEro ¢ yerporictsamu. [lpu ero cozmannu ucnomns3yercs A3k accemO-
aepa, wuin s3eik C.
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JUta mporpaMMHOTO AOCTYIIA K BHYTPEHHHUM YCTPOMCTBAM MHUKPOKOHTPOJLIEpa HCIIONbB3Y-
FOTCSl HMCHOBAHHBIC PETHUCTPHI CHEUHATBHBIX (PYHKIHH — PETUCTPHI MPOLIECCOPa, PACIIONOKCHHBIC
1o (PUKCHPOBAHHBIM aJpecaM B MaMATH JAHHBIX, [IPH 3aIMUCH ONPEICICHHBIX 3HAYCHUH B KOTOPBIC
MEPEKITIOYAIOTCS PEXKUMBI Pa0OThI VCTPOHCTB MUKPOKOHTpoILIepa. B3aumoneiicTere ¢ BHEMHUMU
[0 OTHOIIEHHIO K MHKPOKOHTPOJIIEPY YCTPOHCTBAMH BCTPAWBAEMOH CHCTEMBI OCYIIECTBILIETCA
TIPH TTIOMOIIN HU3KOYPOBHEBBIX KOMAH/, OTIIPABISIEMBIX YCTPOUCTBY [1].

B Hacrosmee BpemMs JaHHBIH MOIXOM BCE CIIE MCIONBb3YETCS MpH pa3paboTKe Mporpamm-
HOTO 00CCIICUCHUS BCTPAUBACMBIX CHCTEM.

PaccmoTrpuM HEZOCTaTKH JAHHOTO TIOAXOAA.

1. JIroboe n3MeHeHne annapaTHoW KOH(HUrypauuu CHCTEMBI TPEOVET TPYIAOEMKOH MOAH-
(UKaLHH TPOrPAMMHOTO KOJ2, VIPABISIOMICIO YCTPOUCTBAMEL.

2. Ilpn mepexone K APYroil MoAeId MHKPOKOHTpPOIUIEpPA ¢ APYruM HabopoM nepudepuii-
HBIX YCTPOWCTB, APYIMMH HMCHAMH PETUCTPOB CIICLHATBHBIX (PYHKIMN, paHee CO3AAHHBIN Hpo-
IpaMMHBIH KOl HEBO3MOKHO TIOBTOPHO HCIIONIb30BATh.

3. @yHKUOMY, YIIPABIAIONINE aNIApaTypot, 1 almapaTHeIe MOYIIH JIOTHYIECKH HE CBA3AHBIL.

4. Ynpasnenne yctpoiictBamu He (opmann3oBaHo. [ BHYTPEHHUX YCTPOWUCTB MHKPO-
KOHTPOIIJIEPOB OJHOTO TIPOM3BOAUTENS M OJHOTO CEMEMCTBA OTCYTCTBYIOT MEXAHH3MEI, VIIPO-
IIAIOINKE YIIPABJICHUE AIIIapaTypoH.

ChopMynupyeM CYIMHOCTHOEC ONHMCAHHE KIACCHYCCKOTO HU3KOYPOBHEBOTO VIPABICHUS
VCTPOHCTBAMHU M3 MPHIKCHHUS BCTPANBACMOH CUCTEMBI: «YTOOBI YCTPOWCTBO (BYHKIHOHHUPOBAIIO
B HYXHOM peskumve N, HCOOXOIUMO 3amucaTh 3HAYCHUE X B PEructp A, 3HauCHUC Y — B PETUCTP
B, zHauenme Z — B peructp C» A1 BHYTPECHHHUX VCTPOHCTB MUKPOKOHTPOJIICPA.

Takum 0OpazoM, TOrHKa YIPABICHUS YCTPOHCTBOM PEATH3YETCS MPOrpaMMHUCTOM Ha OC-
HOBE €0 3HAHUH 00 YMPaBJIOIINX PErUCTPax MHKPOIIPOLECCOPa H PEKUMaX paboThl YCTPOKUCTB,
KOTOPBIMH OHH YIIPaBIAIOT [2].

[Tpu pazpabotke Bcsa nHGOPMALHA 00 YIIPABIAIOMUX PETHCTPAX MHKPOIPOLIECCOPa U 3HA-
YCHUSX, KOTOPEIC HEOOXOAMMO B HUX 3aIHCATh [T NICPEKITIOUCHUS YCTPOUCTBA B HYKHBIH PEXKHM,
JOKHA OBITh U3BECTHA MPOrPAMMHUCTY.

OueBHIHO, YTO MOJOOHBIH MOJXOX HE COOTBETCTBYCT TPCOOBAHMSAM ABTOMATH3ALMH IPO-
CKTHPOBaHUS M OBICTPOH pa3paboTKH MPUIOKEHUH W HE MO3BOILICT B KOPOTKHE CPOKH CO3IATh
MPOrPaMMHEIA KOA MOALCPKKH KOHKPETHOM KOH(HIypaluu ammapaTHoro oOCCHEUCHHs BCTpau-
BAaEMOM CHCTEMBI M IPUCTYIUTH K PEIICHUIO MPHUKIATHON 3aaTH.

Hccnenosanne meramoaeneii ycrpoiicTs

IlepcrieKTHBHBIM TPEACTABIAIOTCS HMCCICIOBAHUS HOBOTO IOAXOAA U CO3MAHUA IIPO-
IPaMMHOTO 00ECIICUCHHUS BCTPAUBACMBIX CHCTEM, KOTOPBIH MO3BOMUT (POPMATU30BATh U ABTOMATH-
3UPOBATh MHULNAIN3ALUIO, KOH(QUIYPHPOBAHHE YCTPOUCTB, CO3JAHHIC APABEPOB YCTPOUCTE.

[TonoOHBIN TOAX0A MHOAPA3YMEBAECT CO3JAHUE HHTEIICKTYATIbHBIX METAMOIENCH VCT-
POMCTB BCTPAaMBACMOW CHUCTEMBI. 3aMETHM, YTO A VCTPOHCTB € MPOrPaMMHBIM YIIPABICHHEM,
TaKUX, KAK MUKPOKOHTPOJIJICPHI, JIOTHKA PAOOTH VCTPONCTB, HHPOPMALIUS O B3AHMOCBA3IX MEKAY
pexxuMaMu paboTHl M 3HAUCHHSAMH B VIIPABILIIOMIMX PETUCTPaxX U3BECTHA HA 3TAIe CO3OAHUS YCT-
potictBa PUPMOI — H3TOTOBUTEIIEM MUKPOCXEMBI.

Onmnako nmanHas MetauH(OpMAaIMS TEPACTCd NPH MEPENAYC MHUKPOCXEMBI OT (BHPMEI-
H3TOTOBUTEIS K MporpamMMmucTy. Pa3paboTumky NpHXOAWTCS BOCCTAHABIMBATE JIOTHKY PabOThHI
MHKPOCXEMBI, OCHOBBIBAACh Ha JOKYMEHTALINHA HA MUKPOCXEMY, U CAMOMY PEaTM30BEIBATE VIIPaB-
JEHUE YCTPOUCTBAMU MUKPOCXEMBI.

Ilpennaraercss mepCHEKTUBHBIA ITOAX0A, KOTOPHIM MOAPA3yMEBAECT CO3JaHHE MHTEILIEKTY-
ATBHBIX MOJAEIEH Pa3TUYHBIX YCTPOMCTB, MPUMEHAEMBIX BO BCTPAMBAEMBIX CHCTEMaxX, Kak IEpH-
(hepUIHBIX H CHCTEMHBIX MOAYJICH CAMUX MHKPOKOHTPOJIICPOB, TAK H BHCIIHUX YCTPOUCTB.
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HHTenaekTyanpHbpie METAMOICSH TTO3BOIAT (hOPMATU30BATh VIPABICHUE YCTPOHCTBAMH H
peanu3oBaTh ACKIAPATUBHOC VIIPABICHHC.

Ipu pexnaparrBHOM METOYIPABICHUH YCTPOMCTBAMH MPOrPAMMUCT OyACT OCBOOOXKICH OT He-
00XOANMOCTH JCPKATh B IAMSTH HIOAHCHI AIMAPATHONW PCATM3ALH U YIIPABICHHUS YCTPOHCTBAMH.

JaHHBIHN MOAXOX MTO3BOTUT PCATH30BATE CACIYIOIINC BO3MOKHOCTH:

" CTAaHAAPTU3ALMS YIIPABICHUS OOJIBIIUM KOJHYCCTBOM YCTPOHCTB, YTO AKTYalTbHO BO
BCTPAUBACMBIX CUCTEMAX, POOOTOTEXHUKE, CUCTEMAX YITPABICHHS,

" ¢auHBIH MOAX0A ;i S(P(PEKTUBHOTO YIPABICHUS BHYTPCHHUMH YCTPOWCTBAMU MHKPO-
KOHTPOJIICPA U BHCITHUMH YCTPOUCTBAMH,

" BO3MOXKHOCTH PA3BHUTH MOAXO0AA W MPUMCHCHUS I VIIPABJICHUS VIAICHHBIMU, BUPTY-
AIBHBIMH OOBEKTAMHU;

" CTAHJAPTHU3ALMS OMUCAHUS BCCX CYIMHOCTCH VIIPABJISIOIINX CHCTEM,

® OpICTpast Pa3paboTKa MPOrPaMMHOrO O0CCIICUCHHS BCTPAUBACMBIX CHCTEM.

Mertoasbl peanuzaniu MeTaMmoaeeil yCTpoicTs
Npes oObenuHEHUS CYIIHOCTSH M MPOTPAMMHOTO KOJA, BBIMIOIHSIOIIEIO CHCIU(pHIHBIC
(YHKUMH, HE HOBA. JTa HACA CIYKHUT OCHOBOH MapagurMbl 0OBEKTHO-OPHECHTHPOBAHHOTO IMpPO-
rpamMvupoBanusi. HOBU3HON UCCACIOBAHUS SBISICTCS MPESACTABACHUE B BUC OOBCKTOB U MOJACICH
HPOrPaAMMHO YIPABMISIEMBIX AMMNAPATHBIX YCTPOUCTB BCTPAUBAEMBIX CUCTEM.
Ha pucynke mpeacrasieHa 000OIICHHAS CTPYKTypa pa3pabOTaHHOW MOJCIH YCTPOUCTBA
BCTPauBAEMON CHUCTEMBI.

PN VIpaBiIomas mporpaMma

~~  BBICOKOYPOBHEBBII MPOTPAMMHBII
uHTEp(elic yCTpOoHCTBa

Konmpons koppexmuocmu coeOuHeHus ycmpoticms,
YnpasneHus yempoucmeamy

Ornmcanne ycrpoiicTea Hacrpoiiku YnpasacHue
Xapaxmepucmuxu Peoscumut pabomul 3anyck ynxyuii
m CocmosaHue Obmen oannviMu
Onncannei: :/Z| |S Hurancymipyemas Jloruka ynpasiacHAS
amnmapa
n:;[es)q)zgzz)s Hacrpoiira — 3amyck ¢pyukumii (ynpasicHue) — OOMEH JaHHBIMH
yeTpoiicTsa HuskoypoBHEBEIH HHTESP(CHC yCTpoIicTBa
(KOHTpOJIb (perucTpbl, KOMaHIBL, Oy(eps)
COBMECTHMOCTH \/ Peammsamms
r;iﬁ;ﬁ;ﬁgf > (camo yCTpOHCTBO)
2\ [<

IToseaeHueCKast MOAETDb (CUMYJISLIM)
(HE BXOOMT B HCCIICAOBAHNC)

CrpykTypHAd MOACTH (CHHTE3)
(HE BXOOMT B HCCIICAOBAHNC)

Puc. O000meHHAs CTPYKTYPa MOJCIH YCTPOICTBA BCTPAHBACMON CHCTCMBI
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HHPOPMAIIHOHHO-TEAEKOMMYHHKAITHOHHBIE
CHCTEMbBbI H TEXHOAOT'HH

Mogzenp yeTpolicTBa B BUIC KOMIIOHEHTA OVACT MPEACTABIATE A Pa3padOTINKa BBICOKO-
VPOBHEBBIH A0CTYH K (PYHKLIMAM YCTPOWCTBA, U30ABIIA €0 OT HEOOXOAUMOCTH JCTATIBHOTO HU3Y-
YCHUS JOKYMECHTAIUH.

Mogzenp coaepKuT B cebc MEXaHU3MBI KOHTPOIS COBMECTUMOCTH VCTPOMCTB U MPEACTb-
HBIX PEKHMOB pabOThl YCTPOWCTBA, KOTOPHIC MO3BOJIOT YIIPOCTHTh COCAWHEHHE VCTPOIHCTB B
CHCTEME U TPOrPaMMHOE YIIPABJICHUE YCTPOUCTBAMH.

[IporpammvHas MoAEIp MOXKET OBITH CO3AAaHA U A1 YCTPOWCTBA, HE HMEIOLIETO MPOrpaMM-
Horo uHTepdeiica. B TakoMm cnydae npoBepka IpaHHYHBIX YCIOBHH MOXKET OCYIIECTBIATBCS APY-
MMM YCTPOHCTBAMU, COCTUHCHHBIMU C JAHHBIM YCTPOUCTBOM.

Croli mporpaMMHOH JTOTHKA MOKET OBITh PEain30BaH KaK BPYYHYIO, TAK U MyTEM aBTOMATH-
YECKOro CHHTE3a M3 CTPYKTYPHOH MM MOBEACHUYCCKONH MOACTH. JTOT CIOH OyAET WHKAICYINPOBATh
HEOOXOANMBIC MaHHUITYJIALMH C HU3KOYPOBHEBBIM MHTEp(deiicoM ycTpolcTBa (perucrpaMu, KOMaHaa-
MH), OCYIIECTB/ISTh MPOBEPKY KOPPEKTHOCTH YIPABICHUS (COBMECTUMOCTD PEKHUMOB pabOThl YCTPOW-
CTBA) U NPCACTABILITh POrPAMMUCTY BBICOKOYPOBHEBHIN NPOrpaMMHBIH HHTEpdEHC yIpaBIcHUs VeT-
poiictBom. Takum oOpazom, creuuduyHas TOTHKA VIIPABICHUS YCTPOMCTBOM OyAeT OOBCIHMHEHA C
YCTPOWCTBOM B SIMHYIO CYIIIHOCTh, OX00HO METOAaM U JaHHbM B KoHuemmn OOIL

[NoctpoeHHBIC IO AAHHON CTPYKTYPE MOICTH-KOMITIOHEHTBI YCTPOHCTB MOTYT OBITE TIOBTOPHO
HCTIONB30BAHBI BO MHOTHX MPOCKTaX, H30aBIsLl pa3padoTyuka OT pYTUHHOH padoTsl. OCHOBBIBASCH HA
JAHHBIX MOJCTSX, CO3AAHUC MPOrPAMMHOTO KOJa sl OAICPKKH YCTPOUCTB MOJKET OBITh BHITIOTHEHO
B KPaTKHE CPOKH, MO3BOIIL Cpa3y MPUCTYIHUTH K MPOrPaMMHPOBAHUEIO TPHKIATHOHN 3a1atH.

B nampHelimem mmaHupyeTcs AETAmHU30BaThk MOAETb ycerporicTBa. Heobxomumo ompene-
JUTh MHOJKECTBA OIUCAHHMN amlNapaTHBIX U HNPOrPaMMHBIX HHTEP(EHCcOB VCTPOHCTB, paspaboraTh
MaTEMaTHYECKOE OMHCAHUE MEXaHU3MOB KOHTPOJIS COBMECTHMOCTH NAPaMETPOB VCTPOHCTB.
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