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Jlexuus 1-2. O0masi XapakTepuCcTHKA MPOrpaMMHPYeMOro KOHTpoJ1epa

OOBeKTHBI TNPOrpaMMHUPYEMbIIi KOHTPOJUIEP BOCHPUHHUMAETCS IOJb30BaTeNIeM WIIU
noTpeOUTEeNeM Kak HEYTO LEeNbHOE, MMEIOUIee BHEUIHHE CHUCTEMOTEXHHUYECKHE aTpUOyTHI,
3aJ0’keHHBIe B ero apxutektype. To ecte apxurekrypa OIIK nomkHa 4eTKO OmpenensTh TO, YTO
IpY aBTOMATHU3ALMU KOHKPETHOTO TEXHOJIOTMYECKOTO OOBEKTa MOXET OBITh PEaTH30BAHO C
noMouipto kKoukpetHoro OIIK[12].

Takum obpazom, apxumexmypa OIIK - smo npuHyunuanvbhvie 803MONCHOCMU ANNAPAMHO -
NPOCPAMMHBIX cpedcme, kKomopuimu pacnonazaem OIIK 0ns peweHus KoHKpemHvlX 3a0ay
agmomMamu3ayuiu.

Hrak, pecypcsl OIIK npoTtuB nepeuns 3amad. B cooTBeTcTBUM ¢ onyOsukoBaHHOM B 1990
roay HamumonanbHO# acconmanueil mpou3BOIUTENCH 3IeKTpoTexHHUecKoro obopyaoBanus CLIA
(NEMA) "Konmerniuei kiaaccupukaui 00beKTHBIX KOHTPOJUIEPOB MPOMBIIIIEHHOTO Ha3HAYCHHSI
U PYKOBOJICTBOM I10 UX BBIOOPY" Moz o0bekTHbIMH TToHUMaroTes 11K, oGecrieunBaromniie KOHTPOIb
X0Jla TEXHOJIOTMYECKOTO IIpoIecca, HAaKOIUICHHE JaHHBIX OO0 aBTOMATU3UPYEMOM OOBEKTe,
HNOMJEPKKY CHUCTEM IPOTrPAMMHOIO YIPABJIEHUS, POTOKOJIUPOBAHUE U CBSI3b C OIEPATOPOM WU
IpyruMu cuctemMamu aBroMatusauuu [3]. [ns BoimonHeHus GyHKIMI ynpaBieHUS KOHKPETHBIM
o0vexktom IIK HaneneHbl HEOOXOAMMBIMHM JUIsl 3TOTO CpeACTBaMU OOBEKTHOH opueHTanuu. B
oOmiem ciydae oOnacTh 3ajad aBTOMATH3AlMKM TEXHOJOTHYECKOrO0 OOBEKTa IMepEeKpPhIBACTCS
pecypcamu OIIK, BbiiensieMbIMi Ha O0BEKTHYIO OpUeHTanuo (puc.1.1).

B mporecce pemienus 3agad aBTOMAaTU3alMU TEXHOJIOTUYECKOTO OOBEKTa IOJIb30BaTElNb,
oueHuBas apxurektypy OIIK, pemaer Takke onTUMHU3ALMOHHYIO 3a7a4yy OOBEKTHOW OpHEHTALUU
pecypcoB OIIK, MUHUMU3HPYS U3OBITOYHBIE PECYPCHI.

Apxurexktypa OIIK oTpaxaer ciemyrouye OCOOEHHOCTH €ro POJM U MecTa B CHCTEME
aBTOMAaTHU3AINH:

OIIK B COOTBETCTBUM C NEPEYHEM pEIIAEMbIX 3aJlad aBTOMATH3alMU HAXOJIUTCS B TOUKE
nepecedeHus] GU3MYECKUX CHUTHAIOB, UAYIIMX K WM OT TEXHOJOTMYECKOTO OOBEKTa, M KOMAaH]
(v WHQOPMAIIMOHHBIX PEaKIHii), MMH BBI3BIBAEMBIX WM WX BBI3BIBAOMUX. [loaToMy
apxutektypa OIIK pgomkHa mpencTaBisTh BO3MOXKHOCTH — COIVIACOBaHHUS  (DM3HUECKUX
"TEXHOJIOTMYECKUX" CUTHAJIIOB C MX KOMaHJHOW WM HWH(POPMAIIMOHHOW HHTEpHpeTanueii (B TOM
quciIe 0 KOJIMYECTBY, HOMEHKIIAType, TUITy, AUANa30Hy U T.I1.).

OIIK pemaer 3amaun

yTpaBJIEHUS O6nacTb 3aaay aBTomMaTm3a-

TEeXHOIOTHIECKAM OOBLEKTOM LM TEXHOMOrM4Yeckoro obbekTa

B pexxume peaJbHOTO AnnapaTHo - NporpamMHble

BPEMEHH, B TO € BpeMsI pecypcbl OTK, opneHTupo-

B3AMMO/ICHCTBHE c BaHHble Ha peLUeHne 3ajay
aBTOMaTM3aLMM

omeparopoM (Wi  oOMeH

uH(poOpMaluMel ¢ ApyruMu M36biTouHble pecypcbl OMK

CUCTEMaMH) BeAEeTCS BHE

TpeOOBaHUI 3TOr0 peKUMa. AnnapaTHo-nporpavMmHoie

Apxutektypa OIIK momxkna pecypce! OFK

JlaBaTh SCHOE NPEACTABICHUE Puc.1.1 Npadmyeckas nnnioctpaums codetanns pecypcos OlNMK n obnactu

0 BO3MOXKHOCTSIX 3afay aBTOMaTU3aLMK

COIIaCOBaHUs ATHUX

pexxuMoB, Ui o pecypcax OIIK, koTopble MOryT OBITH BbIAENEHBl Ha pElICHUE 3a/ad TaKoro
COIJIACOBaHUS.

OIIK - anmapaTHO - MPOrpaMMHOE YCTPOMCTBO, U MO3TOMY 3((HEKTUBHOCTH OOBEKTHON
opuentanuu OIIK Bo MHOrom ompezensercss cTpaTerueil NCIOJIb30BAHUSI PECYpPCOB allapaTHBIX,
MIPOrPaMMHBIX WJIM allllapaTHO - IPOrPaMMHBIX CPEJICTB.

OIIK - 1udpoBoe BBHIYUCIUTENBHOE YCTPOMCTBO, XapaKTepHU3yeMoe KOHKPETHBIMH
BBIUMCIUTEIbHBIMA BO3MOXKHOCTSIMH TIPU pealu3aliy TeX WM WHBIX 3amad. Apxutektypa OIIK B
ATON 4aCTU XapaKTEPUCTUK COBIAJAET C IOHATHEM apXUTEKTypel DBM.
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OIIK - mporpaMmmupyemMoe YCTpOICTBO, 00JagaroIiee cpeACTBaMH POTPaMMHUPOBAHUS, KaK
BCTPOCHHBIMH (PE3UJEHTHBIMH), TaK W TOJKIIOYaeMbiMH (BHemHUMH). Apxutekrypa OIIK
oInpezeseT NPUHLMII PElIeHUs 3a1ad IPOrpaMMUPOBAHUS (MOXKET OBITh Pa3IM4YHBIN A pa3HbIX
CTaui KUZHEHHOTO LIUKJIIA).

OIIK B cuny cBoeill OOBEKTHOM OpHEHTAIMU OOJaJaeT HM3MEHSIEMOW YacTbi0 CBOUX
anmapaTtHoO - IMPOTPaMMHBIX PECYpCOB M, COOTBETCTBEHHO, 4YacTbl0 pecypcoB (sSApo) He
n3Mmensaemoil. [lonsatue sapa B OIIK uncTo ycinoBHOE, U ONpeAesseTcsl HE TONbKO apXUTEKTYPHBIMU
BO3MOXKHOCTSIMH, HO ¥ IPUHATON CTpaTerueil 00beKTHOM OpUeHTalUH.

OIIK B 3aBUCHUMOCTH OT apXHUTEKTyphl (@ B HUTOr€ OT JOCTUTHYTOH 3(Q(PEKTHBHOCTH
00BEKTHOM OpHeHTaluu) 00JIaaeT TOM WM UHOW CTENEeHbI0 M30BITOYHOCTH CPEICTB OPHUEHTALUU
(anmmapaTHBIX, IPOTPAMMHBIX, HH(OPMAIIMOHHBIX H T.I1.).

Heusmensiemast yacts (A 1po)

AnmnapaTtHas [Iporpammuast

MHUKPOKOHTpOJIIEP: IIPOLECCOp, MaMATh, B MoHUTOp peasIbHOrO0 BPEMEHU
MOPTHI, TAIMEP, CUCTEMHAsI MaruCTPalb 10S

Untepde Cpencrsa CpencTa nporpaMMupOBaHUs
WICHBIC pacmmpeHus HpaiiBep
aganTepbl bl

CpeactBa aganrauuu Wcnonusemslil gaiin

K (pu3mueckuM curxanaM o0beKTa IPUKJIIAJHON IPOTPaMMBbI

M3mensiemas yacTthb

CpenctBa BrruncnurensHbie Cpencrtpa CpencrtBa
ajganTanuu K (U3NYECKUM | U CETEBBIE CPECTBA JTNAJIOTOBOTO MporpaMMHBbIE
CUTHaJIaM 00bEKTa uHTepdeiica

Tunel monynen An HuTep YpoBeHb ITpuknagu

arnrep detic JIOCTYTIa (S

Xa [Tapa Cranpapr S3BIK, Cneuundux
PaKTEpUCT | METPHI WHCTPYMEHT anus
WK1

Puc.1.2. O606mennas apxurexktypa OIIK

Ha pwuc.1.2 mnpencraBnena o6oOmenHas apxutektypa OIIK [13], orpaxkaromas
NEePEUUCIICHHBIE BbIIIE OCOOEHHOCTH OLIEHKH €ro BO3MOXHOCTEH B IpoIlecce aBTOMATU3ALUU
TEXHOJOTM4ecKuX oO0BbeKkTOB. [IpencraBieHHass Ha PUCYHKE apXUTEKTypa MO3BOJSET OLEHUBATh
BO3MOXHOCTH OOBEKTHON OpHUEHTALMU KOHTPOJUIEpa UCXOJ U3 MPEABAPUTEIBHON AEKOMIO3ULIUU
3amaun aBromatuzanuu. Hemsmensemoe sapo OIIK Bximrodaer anmapaTHYHO U IPOrpaMMHYIO
gactu. OCHOBY anmapaTHOW 4acTH COCTAaBIAIOT IPOLECCOP, MaMATh, MOPTHI, TaMep, CUCTEMHAs
MarucTpajib - TO ecTb MHUKpoOBM c¢ mnpucymumu el apXUTEKTYpHBIMH OCOOEHHOCTSMH.
JlanpHeliee HapallMBaHWE BO3MOXHOCTEH amMapaTHBIX CPEACTB CBS3aHO C  HCIIOJIB30BAHHUEM
CPEICTB pacUIMpEHUss M HHTEPPEHCHBIX aJanTepoB, MO3BOJIAIOMIMX JOMOJHITH ApPXUTEKTYpPY
MHUKPOKOHTPOJUIEPa HOBBIMH CTPYKTYpPHBIMU 3iieMeHTaMu. IlporpamMmHas mojajepxkka paboOThI
MIEPEYHCICHHBIX alllapaTHbIX CPEJICTB OCYIIECTBISETCA C MOMOIIBIO PE3UIEHTHOIO 3arpy304HOTO
monayist (BIOS) u mporpammel - MOHUTOpa peanbHOTo BpeMeHH. Hannuue nporpaMm apaiiBepoB u
CpPEACTB MporpaMmupoBanus B mporpaMMmHoMm siape OIIK mo3BossieT peann3oBaTh NpOrpaMMHbBINA
JIOCTYI K anIapaTHBIM PECypcaM C LENbI0 PEIICHUS 3a/1a4 aBTOMaTH3al1H.

B 3aBucumocTu ot pemraemoii 3amaun apromaruzauu OIIK mMosxeT ObITh BBITOJTHEH B BUJIE
HEH3MEHSEMOT0 s/ipa, BCTPauBaeMoOro B TexHolornyeckuii oobekt. BerpauBanue OIIK nHapsiny c
ONTUMM3AIMENH PEXKUMOB PabOThl aBTOMATU3UPYEMOIO TEXHOJOTHYECKOro OOBEKTa MpecieayeT
nens ontumuzanuu crouMmoctu OIIK. Texnomormueckuit 0OBEKT B TEUCHHE BCErO KHU3HEHHOTO
[UKJIAa HE HW3MEHSEeTCS, MOA3TOMY CpeJCTBa ajanTaluud K (QU3MYECKHMM CUTHajlaM O0beKTa U
UCTIONHAEMBIA  (aill  NPUKIAAHON MporpaMMmbl  yIpaBlieHHs OOBEKTOM TakKXe OCTaloTCs
Heu3MeHHbIMH. Ha pucyHke cpeactBa agantaumd K (GU3MYECKUM CHUTHalaMm oOOBEKTa |
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UCTIOJHAEMBIN (hailin MPUKITaJHON MPOTPaMMBI JIJIsl TAKOTO CIIydasi BHECEHBI B cocTaB siapa. OHaKo
B obmiem ciydae apxutektypa OIIK umeer cpenctBa agantanuu K GU3NYECKUM CUTHAJIaM 00BEKTa
U IPUKIAAHBIE NPOTPaMMBI CPEIU CPEACTB H3MEHSIEMOM YacTH, HapsAy C BBIYUCIMTEIIBHBIMU,
CETEBBIMH U CPEJICTBAMH JIMAIOTOBOT0 MHTEepdeiica. CpeacTBa afanTanuu K GU3NIECKUM CHTHAJIAM
00BeKTa MpeACTaBIEHbl B BUJE MOAYJIEW COOTBETCTBYIOLMX TUIIOB, OPIrAaHU3YEMBIX B CTPYKTYPBI C
MIOMOIIBIO CPEIICTB Pa3BUTHA M pabOTAOMUMX B CTAaHIAApTaxX OINPEACICHHBIX HHTEp(EHCOB.
Boraucnurensusie Bo3moxkHoctd OIIK B cooTBeTcTBHM ¢ (YyHKIMOHAJIBHBIMH TpPEOOBaHUSAMHU
HApAIIUBAIOTCS C MOMOIIBK MOJYJICH MaMsTH, COMPOLECCOPOB W T.I., CETEBBIC CPEICTBA IS
opraHusalnuu CBA3U B cpeac CUCTEMBI aBTOMaTHu3alunuu MOT'YT 6BITB MpCACTAaBJICHBI
COOTBETCTBYIOIMMH anantepamu. CpeacTBaMu AMAJIOrOBOTO HMHTepdeiica OopraHusyercs cpena
oreparopa Ha COOTBETCTBYIOUIEM YPOBHE JOCTyHa, TO €CThb B MPEIAMETHOM cpene
COOTBETCTBYIOIIETO MEPAPXHUECKOTO YPOBHS C IMPEIOCTABICHUEM BO3MOXKHOCTH HCIIOJIB30BaHUS
3¢ (EeKTUBHBIX SI3bIKA M UHCTpYMeEHTA. W, HaKOHeIl, MPOrpaMMHEIE CPEICTBA BKIIOYAIOT COOCTBEHHO
NPUKIAJHBIE  [POrPaMMBI,  pEAU3yIOIIUE  AITOPUTMBI  yIPaBJICHUS, B TOM  YHUCIE,
WHCTPYMEHTAIbHBIC CpEACTBa, obOecrneunBatomue mnporpammupoBanne OIIK ¢ momormibio
YHUBEPCAJIbHBIX WM CICHUATBHBIX S3bIKOB WM CPEACTB MPOrpaMMHUpOBaHus. HemocpencTBeHHO
KOJIMYECTBEHHBIC XapaKTePUCTHKU OOBekTHOW opumeHTanuu OIIK onTumu3upyroTcs Ha ypOBHE
XapaKTEPUCTHK, crenuduKaimuidi W TapamMeTpoB COOTBETCTBYIOIIMX MOMIYJICH, ananTepoB U
IPOTPaMM.

Wrak, mpeaMeToM NaJbHEHINEro paccCMOTPEHMsl sIBIsieTCs peanusanus (0030p, aHamus,
ONMCAHUE U OLEHKA) 3JIEKTPOHHBIX KOMIIOHEHTOB, alllapaTypbl, TEXHOJIOIHI MPOrpaMMHUPOBAHUS
M, HAaKOHEIl, MPAaKTHYECKHX aCICKTOB MPOCKTHPOBAHUS OOBEKTHBIX IMPOTPAMMHUPYEMBIX
KOHTPOJUIEPOB.

Jleknus 3. O630p n KiIaccupuKanusi MUKPONPOLECCOPOB 1 MUKPOKOHTPOJLIIEPOB

Muxkpomnpomneccop (MII) wmu MPU (microprocessor unit) XxapakTepu3yeTcsi O4eHb OOJIBIITNM
YUCJIOM  [AapaMeTpOB U KayecTB, IIOCKOJIBKY OH SBJSE€TCA, C OJHOM CTOPOHBI, CIIOKHBIM
NPOrpaMMHO - yIpaBisieMbiM HU(GPOBBIM Mporieccopom (ycTporictBom DBM), a ¢ apyroi -
UHTETpaIbHON MUKPOCXEMOM (3JeKTPOHHBIM Ipubopom). ITosTomy A MUKpompoLieccopa BaXKHBI
TaKMe KauecTBa M MapaMeTphl, KaK TUIl KOpITyca, KOJMYECTBO UCTOUHUKOB NMUTAHUS, TPEOOBaHUS K
CUHXPOHM3AIMH, MOIIHOCTb PACCEsIHUS, TEMIIEPATYPHbIN AMANa30H, BO3MOYKHOCTb PaCIIUPEHUS
Pa3psAIHOCTH, YPOBHM CUTHAJIOB HA BBIXOJE, HAJEKHOCTh, JOJTOBEYHOCTh - TO €CTh IapamMeTphl
TexHojoruueckue. K umcny napamerpos, onpenenstomux apxuTekrtypy MII, MoxxHO oTHecTu:
paspsaHocts AJIY; Hamuyue W mapaMeTpbl anmnapaTHBIX pacIIUpUTENe; eMKOCTh U OpraHU3alus
aZipecyeMoi MaMsATH; YUCIO YPOBHEW NpepbIBaHMS; THUI U OOBEM CTEKOBOW MaMSATH; CIIOCOOBI
aZpecallMy U CUCTEMa KOMaHJ; TUI BHYTPEHHEH M BHEIIHEW MarucTpajiv; 4UCJIO MOPTOB BBOJAA-
BBIBOJIA M UX OPTraHU3AIHIO.

IMo yucay BUC B MHKpOMpOIIECCOPHOM HaOOpe pazinuyaroT OJAHO - U MHOTOKPHUCTAJIbHBIC
MHUKPOIIPOLIECCOPHI.

Oonoxkpucmanvhble MAKPOIPOIIECCOPHI MOJIYYalOTCs MPU PeaTM3allii BCEX amnmnapaTypHBIX
cpencts npoueccopa B Buae ogHoi bUC wim CBUC. Ilo Mepe yBenuueHus: CTENEHU MHTETPALUN
JJIEMEHTOB B KPHUCTAJUIE W 4YHCJIa BBIBOJAOB KOpIlyca IapaMeTpbl OJHOKPHUCTAIBHBIX
MHUKpPOIIPOLIECCOPOB  yiydmatoTcsi. OHAKO BO3MOXHOCTU OJHOKPHCTAIBHBIX MUKPOIIPOLIECCOPOB
MOTYT OBITh OTPaHHYEHBI alMapaTypHbIMU pecypcamMu KpHucTamia u kopmyca. [loaromy nomyunian
pacpoCTpaHEHUE MHOTOKPHUCTaJIbHBIE MHKPONPOLIECCOPBI, a TakKXEe MHOTOKPHUCTAJIbHBIE
MHUKPOITPOLIECCOPBI CEKIIMOHHBIE.

JUist TONTyYeHUST MHO2OKPUCANbHO20 MUKpOnpoyeccopa HeoOXOIMMO MPOBECTH pa3zdoneHne
€ro JIOTMYECKON CTPYKTYphl Ha ()YHKIMOHAJIBLHO 3aKOHUEHHBIE YacTU W PeaJTu30BaTh UX B BUJE
BUC nnmu CBUC. ®yHkuuoHanbHas 3akoH4eHHOCTh BAC MHOTOKpUCTaNbHOTO MUKPOIPOLIECCOpPa
03HAYaeT, YTO €ro YacTH BBINOJHSIOT 3apaHee OmpeleleHHble (YHKUMH M MOTyT paboTaTh
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ABTOHOMHO, a JJIsi TIOCTPOCHHUS PAa3BUTOTO IpoLecCOpa HE TpedyeTcs OpraHu3aluu OOJBIIOTOo
KOJIMYECTBA HOBBIX CBSI3€H M KaKUX-TMO0 Npyrux 3nekTpoHHBIX BUC.

MHOroKpHCTaabHble CEKIIMOHHBIE MUKPOIIPOLECCOPHI MOIYYat0TCsl B TOM Cilydae, Korja B
Buge bBUC peanusyrorcss wyactu (CeKUMHU) JIOTMYECKOM CTPYKTYphl —IHpoleccopa MpHu
(GYHKIMOHATBHOM  pa30MEHHMH €€  BEePTHKAIBHBIMU  IUIOCKOCTSAMH. s mocTtpoeHus
MHOTOpPa3psAIHbIX MHUKPOIPOLECCOPOB MpHU NapauieibHOM BKiItodeHuHu cekuuii BUC MII B Hux
N00aBIISIOTCS. CPEACTBAa CTHIKOBKU. Takum o0pa3oM, MHUKpomporeccopHas cekmus - 3to BUC,
npelHa3HayeHHast il 00pabOTKU HECKOJIBKUX Pa3psAI0B JAHHBIX WM BBHIOJHEHUS OMPEIEICHHbIX
ynpasisitonux onepauuid. CekunuonHocts BUC MII omnpezensier BO3MOXXHOCTb HapalluBaHUS
pa3psAHOCTH  00padaThIBaEMBIX JAQHHBIX WJM  YCIIO)KHEHUS YCTPOMCTB  yIpaBJICHUS
MHUKPOIPOIIECCOPOM TPH TMapajuieTbHOM BKItoYeHun Oonpmoro yuciaa BUC. 3a romel ¢ MomeHnTa
CO3J1aHUsI OJTHOKPUCTAIbHBIE MHKPOIIPOLECCOPHI Pa3BHIIUCh OT MPOCTHIX CHEUUATU3UPOBAHHBIX 2-
pa3psAaHbIX 10 32-pa3psaHbIX MPOLIECCOPOB, CPAaBHUMBIX IO MapameTrpaMm ¢ mpoueccopamu OBM
80-x romoB. MHOTOKpHUCTalbHBIE CEKIIMOHHBIE MHUKPOMPOIIECCOPhl MO3BOJIAIOT  CO3[aBaTh
BBICOKOITPOM3BOJIUTEIIBHBIC TPOIECCOPBI  OONBIION paspsaHocTH. Kak mpenenpHBIA ciydait
CEKIIMOHMPOBAaHUS MOXHO paccMaTpuBaTh OJHOPOJHBIE BBIUMUCIUTENBHBIE CpEAbl, HAIpUMED,
Paiira.

Ilo Ha3HaYeHMI0O PpaA3IUYAIOT YHUBEpCaJbHbIC u CHeuaIu3upOBaHHbIC
MHUKPOIIPOLIECCOPHI.

Yuusepcanvnuvie MUKpOIPOLECCOPBI - 3TO TaKHE, B CUCTEME KOMAaH]I KOTOPBIX 3aJ0KEHa
aIropuTMUYECKasl yHUBEpcaabHOCTh. [locienHee 03HayaeT, 4To BBINOJHSAEMBIM MAIIMHOM COCTaB
KOMaH/1 MO3BOJISIET OJYYUTh NpeoOpa3oBanre HHGOPMAIIUU B COOTBETCTBUU C JIFOOBIM 33JaHHBIM
anroputMoM. K yHuBepcanbubiM MII OTHOCSTCS M CEKIIMOHHBIC, IOCKOJBKY [IJIi HUX CHCTEMa
KOMaHJ MOXET OBbITh ONTHMHU3HPOBAaHA B KAKIOM KOHKPETHOM cllyyae. YHHBEpCAIbHbIE
MHUKPOIIPOIIECCOPEI MOTYT OBITh MPUMEHEHBI JIJIS PEIICHHS ITUPOKOTO Kpyra 3amad. [Ipu aTom mx
a3 dexTUBHAT MPOU3BOIUTEIBLHOCTh CIa00 3aBUCUT OT MPOOJIEMHOM CieIIMBUKH 3a1a4.

Cneyuanusayuss MII, T.e. ero opueHTalus Ha YCKOPEHHOE BBIIIOJIHEHUS OINpEAEIEHHBIX
GyHKIMI, TO3BOJIAET YBEIMYUTh A(PPEKTUBHYIO MPOU3BOAUTEIBHOCTh IMPU PEIICHUU TOJIBKO
ONpPENENEHHbIX 3aJa4, a WHOIJA TOJBKO JUIsI PEIICHHs OJHOM KOHKpPETHOMW 3ajmaum. HMx
CYIIECTBEHHBIMU OCOOCHHOCTSIMH SIBIISIOTCS MTPOCTOTA YIPABJICHUS, KOMIIAKTHOCTD ammapaTypHBIX
CPEICTB, HHU3Kasl CTOMMOCTb U MaJlasi MOLIHOCTh noTpebienus. Cpean cnenunanuznpoBaHHbix MIT
MO>KHO BBIIENTUTH Pa3IMUYHbIE MUKPOKOHTPOJUIEPhI, OPUEHTUPOBAHHBIE HA BBIIIOJIHEHUE CIOKHBIX
nocieaoBarenbHOCTEN omnepauuii: Matemaruueckue MII, npeaHasHaueHHblE Ui TOBBILIEHUS
MPOU3BOIUTENILHOCTH TIPH  BBIMIOJHEHUU apuU(METHYECKHX Ofepaluii 3a cyeT, Halpumep,
MaTpUYHBIX METOJ0B MX BbIMONHEHHUs; MII 1ms oOpaboTKM JaHHBIX B Pa3IMYHBIX 00IaCTsIX
npuMmeneHus u T.1. C moMompio creruanu3upoBaHHbix MIT MoxxHO 3 dekTHBHO perniath HOBBIE
CJIOKHBIE 33J]aul TapajieIbHOW 00paOOTKHU JTaHHBIX.

IIo xapakrtepy BpeMeHHO#l opraHusanum padorbl MII nensT Ha CHUHXpPOHHBIE U
acuHXpoHHble. Cunxponnvie MII - MUKpOIIpOLIECCOPBI, B KOTOPBIX HAYaJl0 M KOHEI BBIOJIHEHUS
orepanuil 3aar0Tcsl YyCTPOUCTBOM YIIpaBIeHUs (BpEMs BBIMOJIHEHHsI ONEpalldii B 3TOM cllydyae He
3aBUCUT OT BHJIa BBIMOJIHSIEMBIX KOMAaH]I U BEJIMUUH ONEPaHioB). Acunxponnvie MII mo3BosstoT
HAYaJO BBIMIOJHEHUS KaXXJAOW TOCIEAYIONIeH onepanuy OnpeaeNsiTh M0 CUTHATY (aKTHIeCKOTro
OKOHYAHHUS BBINMOJTHEHUS] TMpeapinyme omepanuu. s Gonee 3PpheKTHBHOTO HCIONB30BAHUS
MHUKPOIPOIIECCOPHONH CUCTEMBI, B COCTaB €€ ACHMHXPOHHO pPa0OTAIOMIMX YCTPOICTB BBOIST
AIIEKTPOHHBIE LIeNU. 3aKOHYUB paboTy HaJ Kakoi-mubo omepaiuei, ycTpoMCTBO BbIpaOaThIBaeT
CUTHAJI 3aIIpoca, 03HAYAIOLMH €ro TOTOBHOCTD K BBIIIOJTHEHUIO CJEAYIOLIEH Onepaliy.

Ilo s3bIKOBBIM (KOMaHIHBIM) BO3MOKHOCTAM paznudaroT MII ¢ momHbIM HaGopom
KOMaHJ, ¢ orpaHndeHHbIM HaOopom komann (RISC - apxurektypa) W ¢ HEMOCPEICTBEHHOMN
pean3anyen S3bIKOB MPOTrPaMMHUPOBAHUS BBICOKOTO YpoBHS. MII ¢ nonnvim Habopom KOMAHO 3TO
00br9HO yHHUBepcanbHble MIT unu MukpokoHTpoIiepsl. Habop KoMaHT OHO3HAYHO ONpPEAeNseTCs
APXHUTEKTYypO, W B mporecce (YHKIMOHUPOBAHUS KOMAHIBI HMMEIOT paBHBIE TPUOPUTETHI
ucnonHenusi. RISC (reduced instruction set computer) - xomnviomepsi UMEIOT apXUTEKTYpy C
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YHHUBEPCAJIBHBIM TPOLIECCOPOM, pabOTaIOUIMM C BBICOKOM CKOpOCTBIO. biaronmapst cokpalieHuto
HaOopa KOMaH] YIPOIIAIOTCS amlapaTHbIE CXEMbI, a 3HAYUT, OOECHeuuBaAEeTCA ONTUMHU3ALUSL
BBIIIOJIHEHUSI 4acTO MCIIOJIb3YEMBbIX KOMaHJ. 3a CYET NPUMEHEHMsI OOJBIIOrO 4uciaa PETUCTPOB
YMEHBIIAETCS 4YacToTa OOpallleHMH K MaMsATH, YTO TaKXKe II03BOJISIET IOBBICUTH CKOPOCTh
BBINOJIHEHUS] KOMaH/A. braronapst mpuMeHEHUI0 MUKPOIPOrpaMM 00JIer4aeTcsl ONUCaHne KOMaH/I,
KOTOpbIE TPEOYIOT BBIOJHEHMS CIOXKHBIX JeHcTBUH. Mcnonb3yst MUKPOIIPOIpaMMbl, MOXKHO Tak
opranus3oBarh ynpasieHue MII, yToObl HEMOCPENCTBEHHO HAa HEM HMHTEPIPETUPOBATH TEKCT U
BBITNOJIHATh IIPOIpaMMy, HAIMCAHHYIO Ha SA3BIKE BBICOKOTO ypoBH:, Hanpumep, Popt. Takue MII
IIPUHSTO Ha3bIBaTh 110 TUITY PEATU3yEMOT0 SI3bIKa, TO €CTh, Halpumep, Popm - npoyeccop.

Kparkuii 0630p MII

B coBpemennsix MII B kauecTBE OCHOBHOIO  3JIEMEHTa  HMCHOJB3YIOTCSA 'moJeBble"
TPAaH3UCTOPBl - TPAH3UCTOPbI, M3roroBieHHble MO0  MOII-TexHoMOrMM (METAT - OKUCeNl -
noJynpoBoHuK). IloneBele TpaH3ucTOppl ~ MOryT OBITH p - KaHanbHbIMU (p-MOII) nmm n -
kaHasbHbIMU (n-MOII) B 3aBUCHMOCTH OT TOr0, KaKOW TUI KaHaJla ABJSETCSA MPOBOIAIIMM. CXeMbl
HekoTopblx BUC mocTpoeHbl M3 Tak HA3bIBAEMBIX JOMOJHSIOIMIMX TMap KaHAJbHBIX MOII-
TPaH3UCTOPOB P- U n- TUna. OHKU HOCAT Ha3BaHUE NOMNOJHAIOIMX WIM KoMIIMMeHTapHbeIXx MOII-
ctpyktyp (KMOII-cTpykTyp).

B cxemax MII wucnonb3yrorcs Bce Tpu TuUna cTpykTyp. Cxembl Ha ocHoBe p-MOII
HauMeHee OBICTPOACHCTBYIONINE, HO Tpolne B u3rotoBieHud. Cxempl Ha ocHOBe n-MOII u
KMOII 6onee pacnpoctpanensl. [lepBbie moTpedisitor Oonbinyo MomHOcTh, yeM KMOII npu
OJIM3KUX XapaKTEPUCTHUKAX MO OBICTPOICHCTBHIO.

OO0o3HaueHust cepuil M OTAEIbHBIX MHUKPOCXEM COCTOST M3 HECKOJbKUX 3JeMEHTOB. B
Poccun nepsbiii anemeHT - OykBa K - yka3piBaeT Ha MCIOJIb30BaHHE MHKPOCXEM B YCTpOICTBax
IIMPOKOIo MpuMeHeHus. Bropoil anemMeHT Takxe MoxeT ObITh OyKBa, 0003HaYarOIask TUIT KOpITyca.
B muxponponeccopHoii TexHuke Hanbosiee ynorpedutenbubl kopryca tuna JUII, obo3nauaembie
OykBamu P - muactmaccoBeli u M - Meramnokepamuueckuil. DyHKIMOHAIBHBIE  CBOMCTBA
MHUKPOCXEM ONPEICISIOTCS MOTHBIM HOMEPOM CepUH (TPH WM YeThIpe HU(PBI) U CIEAYIOMINM 32
HUM OyKBEHHBIM 0003Hau€HHEM THIIAa MHUKpPOCXeMbl. Bce cepun MHKpOCXeM, BBITYCKaBLIMECS 10
1981 r., o6o3Hauvanucey Tpems nudpamu. Muxpomnporeccopubie BUC umenn o6o3nauenune UK -
KOMOUMHUpOBaHHbIE cxeMbl LHU(poBbIX ycTpoicT, Hanpumep, KS81MKI1, KS87UK2 (uudpsr,
cTosIIME TMOcie 0003HAYEHMsI TUIIAa MUKPOCXEMBbI, YKa3bIBAIOT Ha YCIOBHBIM HOMEp pa3paboTKu
JaHHOM cepuM TO (QYHKIMOHAIEHOMY npusHaky). Cepunm wmukpomnpoueccopusix BUC,
BbImyckaemble ¢ 1981 r., umeroT uerslpex3Haunblii HoMmep (1810, 1816 u T.m.). BBenena Takxke
HOArpyINIa CXeM BBIYHUCIMTENbHBIX CpeACTB (mepBas OykBa B) nnst o0o3HadeHHs MHUKPOCXEM,
Bxomaumx B coctaB MIIK. Mukponporeccop B 3Toil moarpynmne umeer obo3HaueHue BM,
MUKponporeccopHas cekius - BC, dyHkunonanbsHbIi pacmmpurens - BP. Jns HekoTopbIx cepuit
B JINTEPATypEe BCTPEUAIOTCS KaK CTapble, TaK U HOBbIE 0003HAYEHHS] TUIIOB MUKPOCXEM, HallpUMeEp:
MII cepun 580 o6oznauaror KS580MKS80 mnam KP580BMSO0, mocnenoBarenbHbll MHTEpdEiic -
K580MKS51 unn KP580BBS51. B koHIle yciioBHOrO 0003Hau€HUsI MUKPOCXEM MOKET J00aBISATHCS
OykBa, yKas3plBalolllass Ha  pa3IMuyusl  DJIEKTPUUECKUX  IapaMeTpoB,  OOYCIIOBJIEHHBIE
TEXHOJIOTHYECKUMH  ocoOenHocTssmu. Tak, BHUC  KP580BM80OA  saBisgeTcs  IIOJIHBIM
cxemorexHuyeckuMm ananorom KP580BMS80, Ho Mmoxker paboTaTth ¢ Oosee BBICOKOW TaKTOBOH
YacCTOTOM.

st BUC mHOCTpaHHBIX (QUPM - TPOU3BOAUTENEH MPUHATO YKa3bIBaTh GUPMY, Jajiee HOMep
MUKpocxembl, Hanpumep, Intel 8031. Unoraa s BUC ucnons3yroTest 1 IpocTo MMEHa, Halpumep,
Pentium, Alpha. B cnenudukanusax, oJHAaKO, MPUMEHSIOTCS OOO3HAYCHUS W KJIACCHU(PHUKAIHS
KOHKpeTHOH ¢upmbl. Hanpumep, s MukpocxeM ¢pupmsl Intel mpumensiercs cucrtema o003HaueHUs
u3 yerbipex moier: X XX XXXXXXXXXXXXXXX XXXXXX. Ilepblii 0aHOOYKBEHHBIH
npe@uKc OTpa)kaeT TEMIEepaTypHBIM AMANa3oH, Jajee OJHO- WIM JABYXOYKBEHHBIN Mpeukc
yKa3bplBae€T Ha BAapHAHT HCIIOJHEHUs Kopmyca, fanee 10 15 OyKBEHHBIX M LU(POBBIX CHMBOJIOB
YKa3bIBAIOT Ha TUI KPUCTAJUIA, U, HAKOHEI, 110 6 OyKBEHHBIX U IU(POBBIX CHMBOJOB OTPaXKalOT
pas3InYHbIe OCOOCHHOCTH M BAPHAHTHI UCIIOJTHEHUS! MUKPOCXEMBI.
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B cBsA3M ¢ MIMPOKUM CHEKTPOM BO3MOXKHBIX IPUMEHEHHMM 3BOJIIOLMSA  apXHUTEKTypsl MII
nonpia MO HECKOJBKMUM  pa3jMYHbIM  HampaBlieHUsIM. BblllyckaeMble IPOMBIIIIEHHOCTHIO
MHUKpPOIIPOLIECCOPHBIE CPEACTBA MOXHO CIpYNIHMPOBaTh B YHUBEPCAJIbHBIE MHMKPOIPOLECCOPHI,
OJTHOKPHCTAIbHBIE MUKPOKOHTPOJLIEPHI M CIICHUATH3UPOBaHHbIe MUKpOOBM [1].

Cpenn  yHHBepCAJIbHBIX  MHMKPONPOLIECCOPOB  CIEAYET  BBIACIUTb  KOMIUIEKTHI
onHOKpUCTanbHBIX ~ MII  yHuUBepcaJlbHOrO  Ha3HAYeHUS] U CEKIMOHUPOBAaHHBIE.  OJTHU
MUKPOIIPOLIECCOPBI UMEIOT apXUTEKTYpy (poH HelimaHa.

Muxkponpoyeccopnwiii komniekm BUC cepun 580 (cemeiictBo Intel-apxurextypsi - Intel
8080) mpenHazHaueH JUIsi CO3/aHMS IMIMPOKOTO KJacca CPEJCTB BBIUMCIUTEILHON TEXHUKHU U
00paboTku uHpopMauu. ITOT OJHOKPUCTATIBHBIN MapayIeNbHbIN 8-pa3psAHbIII MUKPOIIPOLIECCOP
¢ (UKCHUPOBAaHHOM cuUCTeMOl KkoMmaHa, BbimosHeH mo n-MOII texnomorun u conxepxutr 5000
TpaH3uctopoB. MukpoOBM Ha ocHoBe komiuiekTa K580 cTposdrcs mo MoayiabHOMY HNPUHLHUIY,
KOTOpBII oOecreunBaeT MOJKIIOUEHHE K enuHod maructpanu monyieit MII, 3Y u YBB. Jlns
pabotsl MII ucnosnb3yercs TpU UCTOYHHMKA MUTAHUS, CHHXPOHM3AIMS OT BHEIIHET0 TeHepaTropa,
cpenuee ObicTponeiicTBue - 500 ThIC. OI1/ceK.

Jlia co3manusi CpeACTB aBTOMATHKHU Hcmoyb3yercs: 8-paspanubiii MIT K1821BMS8S (Intel
8085), xoTopsIil siBisieTcs: ycoBeprieHcTBoBaHueM K580. MII coBmecTuM 1o cucteme KOMaH[ C
MII K580, Ho nmeeT Ooiiee BEICOKOE OBICTPOJCICTBUE, OJJHO HAMPSIKEHHE MUTAHUS, BO3MOXHOCTh
IIOCJIEI0BATEIbHOIO BBOJIa-BbIBOJA JAHHBIX, BCTPOCHHbIE TAKTOBBIM TI€HEpAaTop, CHUCTEMHBIN
KOHTPOJUIEp U IIMHHBIA (OpMUpOBATENb, a TaKXKE Majoe MOTpedsieHHue, T.K. BBHIIOIHEH 110
KMOII-Texnonorumu.

8- u 16-pazpsausiii komriekT cepur 1810 Boimonuen mo n-MOII TexHomoruu, COAEPKUT
okosio 29 000 snemMeHTOB M MpeAHa3HaueH il pean3allid HE TOJIBKO KOHTPOJUIEPOB, HO U
BBICOKOIIPOU3BOIUTEIbHBIX BBIUMCIUTENbHBIX cUcTeM. B coctaB cepuu Bxomsar: K1810BM86
(Intel 8086) - omHokpucTanbhblii 16-paspsaubiii MII ¢ ObicTponeiicTBUeM 10 2,5 MIIH. oOI1/C,
eMKOCTBIO azapecyeMoil  mamatu IMOaiT u cuctemoit komana, coBmectumoit ¢ K580 Ha
accembnepe; K1810BMS87 (Intel 8087) - omHOKpUCTaNbHBIA 16-pa3psaHbId  COMPOLIECCOP
apudmMetuku ¢ 1iaBatomerd 3amsarod; K1810BM88  (Intel 8088) -  omHOKpHCTaNbHBINA 8-
paspsanubii - MII ¢ OwicTponeiictBueM B 2 pasza OonbmnMm, yeM y K1821BMS8SA, emkocThio
aapecyemoit mamsaTH 1MOaiit u cuctemoil komann, copmectumoit ¢ K1810BM86; K1810BM&9
(Intel 8089) - omHOKpHCTANBHBIN 16-pa3psIHBIA COMPOLIECCOpP BBOA-BHIBOJIA.

K nHaumbonee BaxHbIM JocTOMHCTBAaM BMS86 oTHOCSATCA: pa3BUTas perucTpoBasi CTpyKTypa,
CYILIECTBEHHO YMEHbLIAIONIasi YUCIIO OOpalleHUil K maMsTH; KOHBEWEPHBIN MPUHIUI BHIIOJHEHUS
KOMaHJ C TMpEeABAPUTENLHON BBIOOPKOW; MyIbTUIUIEKCHPOBAaHHAs IIMHA ajpeca - JaHHBIX;
MHOTO(YHKIIMOHAIbHOE MCIIOJNIb30BaHUE BBIBOJOB, MO3BoJIsAOIIee aganTupoBaTte MII k ypoBHIO
CIIO)KHOCTU  pa3pabaTbIBaeMOM  CHUCTEMBI; CIIOCOOHOCTh KOOPJIMHHPOBATH B3aUMOJIEHCTBUE
HECKOJIbKUX TPOIIECCOPOB, YNPOILIAIOLIEe MOCTPOEHUE MYJIBTUIUIEKCHBIX cUCTeM. JlanbHelmmm
pa3sBUTHEM YKa3aHHOW JIMHUM sBJsIoTCA mporeccopsl Intel 80286, 80287, 80386 u 80387
pa3nu4HbIX MoAu(UKanmii (Tadbm.2.1).

OcHoBHbI€ XapakTepucTuk MI1 Tabnuna 2.1
Mapxa MIT Cormporieccop | Azpec. mamsTh Takt.yactora (MI'1) | beicTpozeiicTBue
8086/88 (1979r.) | 8087 1 MGaiit 4,77(8; 10) 0,33
80286 (1982r.) 80287 16 MGaiit 8(12; 16; 20) 1,2
80386SX (1985r.) 80387 4 T'6aiit 16 (20-33) 2,5
80386DX BCTPOCHHBIN 4 T'6aiit 16 (20-40) 6,0

[Tocnennmii 3 HUX - mukponpoueccop 80386 coBMECTHM CHHM3Y BBEPX C IPEABLAYLIUMU
nokosieHussMu MII ¢upmser Intel. Tax kak Habop xomang MII 80386 u ero moaynu oO6pabOTKH
ABIIIOTCS  PAaCUIMPEHUsMU Habopa KOMaHJ NperdmecTByromux mozaeneil or 8086/88 mo 80286,
nporpaMMHoOe oOecrieueHue MocaeIHuX COBMECTMMO cHHU3Y BBepx ¢ MIT 80386.

Crneunduueckumu ocobennoctsimu MII 80386 saBnsitoTcS MHOT03aJ]auHOCTb, BCTPOEHHOE
ylpaBJIeHUE TMaMAThIO, BUPTYyaJbHAs NaMATh C Pa3/IeJIEHUEM Ha CTPAaHUIIBl, 3allUTa MpPOrpamMMm U
0OJIBbIIIOE  aJPECHOE MPOCTPAHCTBO. AmmapaTHas COBMECTUMOCTH C MPEIbLIYIUMH MOJIETISIMU
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COXpaHEHa IOCPEJICTBOM JIMHAMUYECKOTO0 M3MEHEHMs paspsanHoctd Maructpanu. MIT 80386
IIPEIyCMATPUBAET IEPEKIIOYCHUE INPOTPAMM, BBINOIHAEMBIX 1107 YIPABJICHUEM DPA3IHYHBIX
oTepanuoHHbIX cucteM, Takue kak MS-DOS u UNIX. DTo cBOWCTBO MO3BOJSIET pa3padOTIMKaM
porpaMM BKJIIOYATh CTaHIAPTHOE MPHUKIATHOE MPOrpaMMHOe obecriedeHue A 16 -pa3psaHbIX
MII HenocpeactBeHHO B 32 -paspsaHyro  cucreMy. llpomeccop — ompexpensier aapecHoe
IPOCTPAHCTBO KaK OJUH WJINM HECKOJIbKO CEIrMEHTOB MaMATH JH00ro pa3mepa B auanasoHe ot 1
6aiit 10 4 I'6aifT. DT CErMEeHTHI MOT'YT OBITh MHIAMBHIYyaJIbHO 3aIUIIEHBl YPOBHSIMH MPUBHIICTUI
U TaKUM 00pa3oM MOTyT M30MpATENIbHO pa3feisaThCs PasIMYHBIMU 3a/a4aMu. MexaHu3M 3aluThl
OCHOBaH Ha MEpAapXUM NPHUBWIETHH WM PaH)KUPOBAHHOTO psiia. DTO O3HAYAET, YTO Pa3HBIM
3ajjayaM WM IporpaMMaM MOTYT ObITh INPUCBOEHBI  ONPEAEICHHbIE YPOBHH,  KOTOpPBIE
MCIIOJIB3YIOTCS 1Sl 1aHHOM 3amaun (Hanpumep, 1u1st g1pa onepalluoHHON cucTeMBbl - ypoBeHb 0, a
s mporpamm MII8086 -yposenb3). MII 80386 mmeer nBa pexkuma pabOThI: PEKUM pPEaTbHBIX
a/IpecoB, Ha3bIBAEMBIN peabHBIM PEKUMOM, U 3alUIIEeHHBIN pexuM. [Ipu mogaye curnana copoca
WM TIPU BKJIFOYCHHWH TTUTAHUsS YCTaHABIWBACTCS peajbHbIN pexkum, npudeM MII 80386 paboraer
Kak oueHb ObicTphid MIT 8086, HO, MO XKelaHUIO MPOTPAMMHUCTA, ¢ 32-pa3psSaIHBIM PACIIUPESHUEM.
B peansHom pexume MII 80386 numeer takyro ke 0a30Byr0 apxuTektypy, uro u MII 8086, Ho
oOecneunBaeT Joctyn K  32-paspsaHbeiM peructpam.  llomnsle Bo3moxHoctu MIIT 80386
PacKpbIBalOTCA B 3alUILNEHHOM pexume. IIporpamMmel MOTyT MCHOJHATH NEPEKIIOUEHUE MEKIY
MpoIIeCCaMy C IIeJIbI0 BXOJ/Ia B 3aJa4M, IpeJHA3HAuYCHHbIE i pexkuma Buptyaisnoro MIT 8086.
Kaxxnas Takas 3amaua nposiBiser ce0s B cemanTtuke MII 8086 (T.e. B OTHOLIECHUSX MEXITY
CUMBOJIaMU U TPUIMCHIBAEMBIMH MM 3HAUEHUSMHU HE3aBUCUMO OT MHTEPIPETUPYIOLIETO  UX
o0opynoBanusi). 910 mo3BoisieT BuIMONHATHL Ha MII 80386 mporpammuoe ob6ecrnieuenue st MIT
8086 - mpuKkIagHYIO TIPOTpaMMYy HIIH IISITYI0 ONIEPAIMOHHYI0 CUCTEMY. B To e Bpems 3amauu st
BuptyanbHoro MII 8086 wn30iaMpoBaHbBl M 3allUIIEHBl KaK Ipyr OT ApYyra, TaKk U OT IJIABHON
onepanuoHHoii cucreMbl MII 80386.

3aBepmiuM  0030p JAaHHOW JIMHUM IE€PEYHEM COBPEMEHHBIX THIOB 32-pa3psiIHBIX
mukporporeccopoB Intel: 80486, 80586, Pentium, Pentium MMX, PentiumPro u t.. Cpeau
apyrux ¢upm, npousBoauTeneil 32-pa3psAHbIX MUKPOIIPOLIECCOPOB, cieayeT ynoMsiHyts Motorola
(MC68020), National Semiconductor (NS32032), Zilog (Z80000).

Komnnexmor oonokpucmanvuvix MII ceputi 1801, BeimonneHHsIx o n-MOIT texHosnoruwy,
u 1811, BemonHeHHpix Mo KMOII-TexHOMOrHH, OPUEHTUPOBAHHBI HA  MHKPOIPOTPAMMHYIO
OMYJISILAI0  KOMaHJ "Onexktponuku-60" (umu DEC - cranpmapra). Pa3BuToif KOMIUIEKT,
Biurovaronuit 6onee 30 BUC u mo3BOJSIOMUNA CTPOUTH  pa3sHOOOpa3HbIE  YIPABISIONINE U
BBIYUCIIUTENbHBIE CHCTEMBI, B TEUYEHHE JUIMTEIbHOTO BpeMeHH Obul 0a3oBbiM B Poccum ams
MUKpoOBM mnpoMbllieHHOro Ha3zHadyeHMs. J[anbHeWIuM pa3BUTHEM yKa3aHHOM JIMHUU MOXKHO
cuurate MII cepun K1843 - mepBelii OT€YECTBEHHBIN KOMIUIEKT, BhIMONHEHHbI 1o KMOII-
TEXHOJIOTHH U MpeIHa3HAYEHHBIN JJI1 IOCTPOCHUS CUCTEM BBICOKOM MPOU3BOIUTEIBHOCTH.

Komnnexmor  6vicmpooeticmsyrowux MII cepuu 1802 u cepuu 1804 paccuuTaHbl Ha
peanu3alnuio CTPYKTYp MaIlMH C TPOU3BOJIBHOM CHCTEMOH KOMaHJI 3a CYEeT CEKIIMOHHOU
apxuTeKkTypel. OpueHTanus Ha BBHIOpAHHYIO CHCTEMY KOMaH] pealu3yeTcs HMYJslued ee Ha
MUKpOIPOTpaMMHOM ypoBHE myTeM 3aHeceHus B [13Y HeoOxonumbIx st 3Toro mnpomuBok. Ha
6a3e cepuii MII MoryT OBITH MOCTPOEHBI CIIEUATU3NPOBAHHBIE CPEJCTBA ABTOMATHUKH, pa3InYHbIE
KOHTposuiepsl 1 MUKpoOBM. TpynoemMKkocTh Takux pa3pabOTOK MOXKET OBITh TMPEOIOJIEHa C
nmomompio CAIIP, co3maHHBIX IUTI 3THX IIEJICH.

@opm - MII KI1865BM1 -KMOII-BUC mnpencraBnser coOoi ONHOKPUCTANbHBIN  16-
paspsaaubii - MII, HemocpeaCTBeHHO peanusyrolui  sA3bIK NporpammupoBanus Popr. MII
peamm3yer RISC-cuctempl KOomaHA, CT€K - OpPUEHTHPOBAHHYKO apXMUTEKTYypy C YacTOTOMU
cuHXpoHM3auu 10 4 MI'1, BbIOMHEHHEM BCeX KOMaHJ 3a OAMH WM jABa nuxia. MII moxHO
UCIIOJIb30BaTh JJII TOCTPOCHUS CHUCTEM, pabOTaloOUMX B pPEaJbHOM BpeMeHHU. ArmmapaTHas
NOJ/IEP)KKa ~ MHTEPAaKTUBHOTO  s3bIKa  MPOrpaMMUPOBAaHUS  OOECIEYMBAET  BO3MOXKHOCTh
BBIMIOJIHEHUSI TIpOrpaMM C 3KOHOMHUEH 10 75% BpeMEHH B CPaBHEHUU C TPaJuLUOHHBIMHU
A3BIKAMH IIPOTPAMMUPOBAHMSL.
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OaHokpHucTAJIbHBIE MHUKPOKOHTPOJLIEPHI

B omimmume ot paccmorpeHHbix panHee MII ¢ apxurektypoii ¢on Heiimana, B
OJIHOKPHUCTAIBHBIX MUKpoKoHTposuiepax (MK) wucnonb3yercs, kak npaBWIO, TaK Ha3blBaeMast
IapBapackass apxurektypa. OCHOBHOE pasziu4yMe€ COCTOUT B HCIOJIb30BAaHUM MNAMATU U
BHYTpEHHUX HMH. B apxutextype ¢pon Heiimana umeercs o0mmas namsTh Ui IPOTpaMM, JaHHBIX
u o011ee agpecHoe MPOCTPaHCTBO. Takoil moaxoa odbecrneynBaeT YHUBEPCATIbHOCTD, YHU(PHUKALIUIO U
BO3MOXXHOCTh MOJIU(HUKAIMK porpaMM. B ['apBap/ickoil apXUTEeKType UCHIONB3YIOTCS pa3/elibHbIe
6sioku O3Y u mporpaMMHO# maMsTH. Tak KaKk 0OBIYHO 00BbEM MaMATH, 3aHUMAEMbIH TTPOTPAMMOM,
CYIIECTBEHHO 0OJbIlIe MaMsITH JAaHHBIX U OOpaleHne K JaHHBIM BABOE Yallle, Y4eM K KOMaHJaM, TO
TaKkoe pasJieJIeHHe JaeT OOJIbLINE NMPEUMYIIECTBA, OCOOCHHO MPHU OAHOKPUCTAIILHOM HCIIOJTHEHHH.
BBuny CylecTBEHHOr0 COKpAIIEHHs aJpECHOrO IMPOCTPAHCTBA JIAHHBIX YMEHBIIAIOTCS TaKKe
Pa3psAHOCTh aaPECOB U JJIMHA KOMaH/IbI B LieJloM. Hanmuune Takux pa3fenbHbIX OJOKOB MaMsTH
MIO3BOJIIET OPraHM30BATh UX MapajUIeNIbHYI0 pabOTy M COKPAaTUTh LMKJI BBINOJIHEHHUS] KOMaHIbI.
CrnenyeT OTMETHTh TaK)K€ pa3BUTBIE CPEICTBA BBOJIA-BbIBOJIA, PEANM3yEeMbIE B BHJIE HECKOJIBKHX
HE3aBUCHUMBIX IOPTOB, OTAEIBHBIX TECTUPYEMBIX JUHHM, YIPOLUIEHHONW CHCTEMHOM Marucrpai,
KaHaja MocJeI0BaTeIbHOTO BBOAA-BbIBO/IA, & B HEKOTOPBIX Cilydasx Haimumuue BcTpoeHHbIXx ALIT-
LHAIT u TaiiMepoB-CUETYMKOB, a TaKXXE€ CXEMbl JUIsI OpraHU3alMh  HECJIOXKHOW CHCTEMBI
MpephIBaHUIA.

Qdupma  Intel B TeuyeHue 1976-1980 rr. co3mana CceMEWCTBO 8-pa3psiIHBIX
OJIHOKPHCTAJILHBIX MHKpOKOoHTposuiepoB MCS-48, Brmrowaromee npubdopsr 8048, 8035, 8049,
8039 u np. ApXUTEKTypa 3TOTO CEMEHCTBA cTajga CBOCOOPA3HBIM CTAHIAPTOM B KIIACCE HEAOPOTHX
KOHTpOJUIepoB. OTEYEeCTBEHHOW MPOMBIIIIEHHOCTHIO pPa3padoTaHbl MUKPOKOHTPOJUIEPHI CEpUU
K1816BE48 ananoruunoit apxurektypsl. Bce MK 310l cepun MMEIOT OJJMHAKOBYIO CTPYKTYPY.
MK Bxuttouaert: 8-paspsinubiii LITY; 610k BBoAa-BeIBOAA ¢ TpeMs 8-paspsansiMu moptamu PO, P1,
P2; 6mox mamsTh mporpamM; Omok O3Y Ui XpaHEeHUs JaHHBIX; TakMep-cyeTynk T Ha 8
pa3ps10B; OJIOK MpepbIBaHUM; BCTPOSHHBIN TaKTOBBIM reHeparop. K cpeacrsam BBo/a OTHOCATCS U
TpHU TecTupyeMble komMaHaaMu HezaBucumble JuHuu: TO, T1, INT. Crenyromum maroM siBjaseTcs
co3nanue B 1981 r. cemeiictea MCS-51 (K1816BES1), mo Hacrosiiero BpeMeHU JOMUHUPYIOLIETO
Ha PBIHKE OJHOKPUCTAIBHBIX MHKPOKOHTPOJIEPOB (XapaKTEPUCTHKU OyIyT pacCMOTpEHbI Oojiee
nopoOHO B cienyronmx riuaax) [14]. damee B 3Tom psay Obuin co3manbl MCS-8096 (manee
80C196) - 16-pazpsmabie MK, conepxamme 8K mporpammuoi mamstu, 232 Oaiita mamsTe
JAHHBIX, a TaKXe I/C aHaJIoro-u@poBoro oOMeHa, cpeicTBa MOJAEPKKH peXHUMa peabHOro
BPEMEHH, BKJI0Uasi CKOPOCTHOW BBOJ-BBIBOJI.

Kpome ynomsnyTteix 8-paspsaHbix MK oTeuecTBEeHHas: NMPOMBIIIEHHOCTD BBIMYCKAeT 4-
paszpsansle MK st mpoCThIX YCTPOMCTB yIpaBieHHs TpoOMbIIUIeHHOW aBTomaTuku K1814,
K1820; muxpodBM mna mudposoit obpaborkn curnanoB KM 1813BE1, K1827; nabop MK
1u1st Op1ToBOM TexHuku K145, K1829 u np.

Crnennanun3npoBanHbie MUKP0OBM

3a mociegHuEe TOABl B MHKPOIIPOLIECCOPHOM TEXHHKE 3aMeTHa TEHICHIUS CO3JaHus
BBICOKOTIPOU3BOUTENBHBIX MPUOOPOB B yIIEpO YHHBEPCATBHOCTH. DTOT (PaKT MOXKHO CBA3ATh C
Bce Oosiee mupokuM BHenpenueM MII B cucTteMbl peasbHOrO BpEMEHH, OCYLIECTBIISIONINE
00pabOTKy CHUTHAJOB M W300pakeHU M OOIIMM YCIOKHEHHMEM 3a/ay, pellaeMbIX Ha OCHOBE
MII[1].

Haubonee MOIIHBIM KJIAaCCOM CHEIMAIM3UPOBAHHBIX NpuOOpoB sBsitoTcs MIT  ams
nudposoit o6pabotku curHaigoB (IIOC). Hebomnpioe 4YwCIO THUMOB HMCHOJB3YyEMBIX KOMAaH],
npeoOnaganue apudmerndyeckux omepauuii B amroputmax LOC MO3BOJISIIOT 32 CYET
crenurantn3anuu CTPYKTYphl ¥ CHCTEMbl KOMaHJ TIOYTH Ha JBa MOpAJIKa MOJHATh
POU3BOIUTENIFHOCTh U TAKUM 00pa30M JOCTUTHYTH HOBOT'O KayecTBa - OOpabOOTKHM CHUTHAJIOB B
peaibHOM MacmTabe BpemeHu. Takue MII, cucrema KoOMaHJ M apXHUTEKTypa KOTOPBIX
opuentupoBana Ha L{OC, momyumnu Ha3BaHHE HUQPPOBBIX MPOLECCOPOB OOPAOOTKH CHTHAJIOB
(ITIOC). C Touku 3peHus QyHKIHMOHATBHON 3aKOHUEHHOCTH BEChbMa MPUBJIEKATEIbHBIM SIBIISETCS
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pa3MelleHUe Ha KpHUCTaule BMECTE C IpOLecCOpoM Takke MHorokaHanbHbix ALl m LMAII,
TaKTOBOT'O I'€HEPATOpPa, CXEM BHIOOPKHU U XPaHEHUS.

Nwmenno tak u nocrpoeHa MukpoOBM KM1813BE1, npencrasinstomias coboir MmukpoOBM
¢ BcrpoeHHbiMu LIAIT u AIIIl, apxuTekTypa M cHCTEMa KOMaHJ KOTOPOW MPEUMYIIECTBEHHO
OpPHEHTHPOBaHA Ha pelIeHue 3a/1a4 HU(PPOBON HUIbTpALINH.

Crnenyrommii mar 6su1 caenan B MukpoOBM TMS32010, rae Obutd mpenycCMOTPEHBI J1Ba
pEeKMMa HCIIOJIB30BaHMUSI - MHUKPOIIPOLIECCOPHBIM M MUKpoOBM.  3aBepmiatoT 3TOT KpaTKuUl
nepeveHp OJHOKpuUctaabHble MUKpoOBM KMI1827BE3,4, npennazHadeHHble i ITU(POBOMA
00pabOTKM CHTHAJIOB 3BYKOBOTO JHMAaIa30Ha YacTOT B PealbHOM MacIiTabe BpeMEHHU.

Hacrosmuii 0630p B MakCHMallbHO-BO3MOXKHOM CTENEHU MPUBSA3aH K OTEUECTBEHHBIM
cepusim MII 1 MK. B cBsi3u ¢ 3TUM M H3-3a OTPAaHUYCHHOTO O0ObeMa ObUTH YNYLICHBI U JIpyrue
WCIIOJIb3yeMbI€ I TpOMbINUIeHHOWM aBTomMaTtuku MII m MK, Hanmpumep, OIHOKpHUCTaJIbHbIC
mukpokoHTposuiepsl  pupm Atmel, Philips, AMD u Matra, coBmectumbie ¢ iMCS-51 o cucreme
koMaH; oxHokpucTtaibHble PIC - kontposepsr ¢upmsl Microchip ¢ RISC-apxutekTypoid,
OJTHOKpHCTalbHbIe ~MHKpOKOHTpoiuiepel M16C/61 ¢upmer  Mitsubishi  electric ¢ CISC-
apXHUTEKTYpPOH, OHOKpUCTaIbHBIE MUKpOKOHTpoiutepsl 68HC708 dpupmbr Motorola, C166, C167 -
dupmbr Siemens, Z80, Z8000 - dupmer Zilog u ap.

Jlekuus 4. Opranuzanus 3aliOMUHAIOIIUX YCTPOCTB

3anomuHatomee  ycrpoiictBo  (3Y)  sABHOsSeTCS  HEOTHEMJIEMOW  4acThlo  JIHOOOM
BBIUUCIUTENbHONU cucTeMbl. Ceifuac Mano KTO MOMHHUT, 4TO 10 cepeauHbl 60-X rofoB TEpMHH
“namsaTh” OBUIO 3alpelieHO IPUMEHSTh B OTHOIIEHUM BBIYMCIUTENBHBIX MAIIUH, TaK Kak
CUUTAJIOCH JDKEHAYYHO OTOXKJECTBIATH pabOTy 4EJI0BEYECKOI0 MO3ra ¢ pabOTON CYETHONW MAIIMHBL.
Bwmecto 3toro mpuaymanu mMaccy TEPMHHOB - ONEpaTHMBHOE 3aroMHHaroliee ycrpoictso (O3VY),
HOCTOSIHHOE 3anoMuHaroiee ycrpoiictso (I13Y) u T.n. MHOrue u3 HUX NPUMEHSIOTCSA 10 CHUX T10P.

3aroMHMHAIONINE YCTPOHMCTBA MOXKHO  KJIacCHUIHMPOBATh 1O  (YHKIHOHATHHOMY
Ha3zHaueHuto Ha omnepatuBHble 3Y (O3Y), koTophle CiyKaT JUIsl XpaHEHHUs OBICTPOMEHSIOLINXCS
naHHbIX, U nocrosiHHble 3Y (I13Y), mpenanasHaueHHbIE Ui XpaHEHUS TOCTOSHHOW WM PENIKO
U3MeHsIeMOl UH(OopMaIy.

OnepaTtuBHble 3aNOMHMHAOIIME YCTPOiicTBa IO CHOCOO0y OOpameHuss K MacCHBY
AJIEMEHTOB NaMsTH JENATCS Ha aJpecHble W accouuaTtuBHble. B anpecHbix 3V oOpamieHue k
AJIEMEHTaM MaMSITH MPOU3BOJUTCS MO HUX (PU3NYECKHMM KOOpJIMHATaM, 3aJlaBa€MblM BHEUIHUM
JIBOMYHBIM KOJIOM - aJipecoM. AccolnaTuBHbIE 3Y MOUCK U BBIOOPKY MH(OpPMAIMU BBITOIHSIOT 110
COJIEP)KaHUIO SYEEK MaMSTH, HE3aBUCUMO OT uX ¢u3nuyeckux koopausar. Ilo crmocoOy XxpaHeHUs
uHpopmanuu 3Y ObIBaIOT CTATUYECKUMHU M JUHAMUYECKUMHU. DJIEMEHTHI MaMATH CTaTUYeCKUX 3Y
MPEJICTAaBIISIIOT COOO0M OMCTAaOMIIbHBIE AJIEMEHTHI, YTO ONpENeNseT IOTEHUHUANbHBIN XapakTep
YIPaBJIAIONUX CUTHAJIOB U BO3MOXKHOCTb COXpaHEHUs! HH(POpPMAalii ¢ MUHUMAJIbHBIMU 3aTpaTaMH.
B nunamuueckux 3Y s XpaHeHUsT MHGOpPMAlMU HCHOJB3YIOTCS HMHEPIMOHHBIE CBOWMCTBa
KOHJIEHCATOPOB, UYTO TpeOyeT NepuOJUYECKOr0 BOCCTAHOBJICHHS COCTOSHHUS JIEMEHTOB MaMSATH -
perenepanuu. HecMmoTpst Ha Oosiee mMpocToe yHpaBlieHUWE, CTaTU4YecKas IaMATbh HMMEET psij
HEJIOCTAaTKOB IO CPAaBHEHHIO C TUHAMUYECKOH MamsAThio. Bo-mepBhIX, OHA MOTpeOssieT OONbIIYI0
MOIIIHOCTh, TaK KaK JUId pealu3aluu SYEHKUM CTaTUYECKOW MaMaTh TpedyeTcsi Kak MHUHUMYM
YEThIPE TPAH3UCTOPA, & JUIsl TYEUKU JUHAMUYECKOW MaMATH - OMH. Bo-BTOpBIX, OHA JOpOKE U NpU
O/JIMHAKOBOW  CTEMEHW HWHTETpAall ¢ JUHAMHUYECKONM MaMsaThi0  0o0JajgaeT  MEHbIIEH
uHpOpPMaLMOHHON EMKOCThIO. [T0aTOMY OrnepaTtuBHas MaMATh COBPEMEHHBIX MUKPOIPOLIECCOPHBIX
CUCTEM OOBIYHO CTPOMTCA HAa MHKPOCXeMax MaMsATH JuHamuueckoro tuma. [lo TexHomorum
VCIIOJIHEHUS] MHTETpalbHble 3Y MMEIOT CIEAYIOLUIUE Pa3HOBUIHOCTHU: MOJIYIPOBOJIHUKOBBIE 3Y Ha
OCHOBE CTPYKTYp, HCHOIb3yromux cxemorexHuky TTJI; momympoBogHukoBble 3Y Ha OCHOBE
MOII-TexHonoruu, ucnons3ywmue crpykrypsl p-MOIL, n-MOII, KMOII. 3V na ocnose MOII-
TEXHOJIOTMM COBMECTUMBI 0 BXoAaM-Bbixofam ¢ TTJI noruueckumu sneMeHTaMu.
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IlocTosiHHBIE 3aMOMMHAIOIIHME YCTPOMCTBA MOJKHO Ppa3/eiUTh HA HEU3MEHSEMbIE WIH
MacCOYHO-IIPOIrPaMMHUPYEMBIE, OIAHOKPAaTHO JJIEKTPUYECKHM IPOrpaMMHUPYEMbIE W MHOTOKPATHO
HepenporpaMMHUpyeMBbIE.

HeunsmenseMble HMIM MAacoO4HO — NPOIPaMMHUPYEMBIE W OJHOKPATHO D3JIEKTPUYECKU
IIPOrpaMMUpPYEMBbIE YCTPOMCTBA IPOrPaMMUPYIOTCS TOJIBKO OJMH Pa3 U B IIPOLIECCE IKCILITyaTalluu
UCIIOJIBb3YIOTCSl TOJIBKO Il CUMTBIBAHUS XpaHUMOM B HuUX MH(popManuu. MHpopmanus 3aHocuTcs
Ha 3aBOJIC-M3TOTOBUTEINIE ITYTEM MAaCKUPOBAHUS WM IOJH30BATEIEM-Pa3pabOTUMKOM C MOMOIIBIO
CIEeIUaIN3UPOBAaHHBIX IPOrPAMMATOPOB.

MHOrokpaTHo HepernporpaMMUpyeMble YCTPOMCTBA MPEAIOIAraloT HAIMYUE BO3MOYKHOCTU
JIEKTPUUECKOTO 3aHECEHHs HH(OPMALIMU U €€ CTUPAHUE UM U3MEHEHHE ITyTeM HEedJIEKTPUUECKOro
WIM DJIEKTPUYECKOIO BO3JAEHUCTBUA (COOTBETCTBEHHO pA3jIMYalOT YCTPOMCTBAa NaMAITH C
yAbTPa(UOJETOBBIM CTHUPAHUEM U D3JIEKTPUYECKH HepenporpamMupyemsie). Ocobyro posib B
60pToBBIX M npoMbinuieHHBIX [IK urpaer MHOrokpatHo mepenporpammupyemMast GuanI-naMsiTs. B
9THX IPUMEHEHMSX OHA BBINOJNHAET (YHKIMU JUCKOBOTO HakomuTens. Jleno B TOM, 4YTO
OrpaHUYEHHBIC pa3Mephl U paboTa B YCIOBUSAX MOBBIIICHHBIX BUOPAIIMOHHBIX M YAAPHBIX HATPY30K
3a4acTyI0 HCKJIIOYAlOT BO3MOXKHOCTb MCIIOJIB30BaHMS B MHKPOIIPOLIECCOPHOM CHCTEME JMCKOBOM
namsTd. MUKpOCXeMbl (DIAII-TTaMATH OTIMYAIOTCS BBICOKOM IUIOTHOCTBIO 3alHCH WH(pOPMAINH,
HEOOJIBIIMMU pa3Me€paMHU U BBICOKOM CTOMKOCTBIO K BHELIHMM BO3JCHCTBUSAM. YCTpoicTBa
MIOCTOSTHHOM MaMSATH Ha cxeMmax (umui-naMsaTi 1 Mukpocxemax [13Y npyrux Tunos, cirykammue s
3aMEHbl JMCKOBBIX HAKOIUTENCH, MOJyYMIM Ha3BaHHE ‘‘MOJIYIPOBOJHHKOBBIX quckoB” [15].
Texuounorust uduI-naMaTyH aHoHcupoBaHa kommanwueil Intel B 1989 r. Esxeromuwiii mpupoct
MHUPOBOI'0 Ipou3BoJCcTBa (pudm-namaru coctabisieT 200%. DTOT CeKTOp pbIHKA CYMTAETCSI OJHUM
U3 CaMbIX JUHAMUYHBIX U NepcreKTHBHBIX. COBpeMeHHast (IIdII-IaMATh BBIICPKUBAET HE MeHee |
MJIH. IIUKJIOB mnepe3anucH. [lo croumoct ¢uismi-namsars npudamkaercs K AuHamuueckomy O3V,
COXpaHsisl CYIIECTBEHHOE IPEUMYIIECTBO - IHEPrOHE3aBHCHUMOCTh. B HacTosiee Bpems ¢uidii-
JUCKH BBIIIYCKAIOTCA C pa3iuuHbIMM uHTepdeiicamu [16]. IlpenycMoTpeHbl HX yCTaHOBKa
HEINOCPE/JICTBEHHO B Pa3be€Mbl CUCTEMHOM IIMHBI KOMIBIOTEPA WM KOHTpOJUIepa (Hampumep, Ui
mmH [SA), moakitoueHue BMECTO JKeCTKUX IUcKOB (uepe3 uHTepdeiicel IDE  wmu SCSI) u,
HaKOHEIl, UCIOJIb30BaHUE B KayeCTBE CMEHHBIX TUCKOB — KapT (B cranmaptax PCMCIA wmu PC
Card).

[Toncucrema mamMsaTH MUKPOIPOLIECCOPHON CUCTEMBI UMEET HEPAPXUUECKYIO CTPYKTYpy. B
ATOW MEPApXUU TPAAULMOHHO BBIACIAIOTCS CIEAYIOIINE YPOBHM: PETUCTPOBas MaMATh, KOTOPYIO
4acTO Ha3blBalOT MECTHOM MaMAThlO, peructpamu obmiero HazHayeHus - POH  wnwm
CBEPXOIEPaTUBHBIM 3allOMUHAIOMIKUM ycTpoiicTBoM - CO3Y; OydepHas mamMsaTh WM K3II-TaMSTh;
OCHOBHasi omepatuBHas namsaTh Wi O3Y; nocrosHHas namate (I[13Y) u BHemHssT namsTh
(puc.2.1.).

PeructpoByro miy MeCTHYIO aMATh 00pa3yloT perucTphl OOIIEro Ha3HAYEHUs Mpolieccopa,
Oonblas YacTh KOTOPBIX |

ITpoueccop
JOCTyIIHA IIPOTPaMMUCTY H
npe€aHa3sHadyc€Ha JU1A PerucrpoBas mamMsTh - CBEpXONEPaTUBHOE
XpaHCHUS aJIpecoB, 3armoMmuHarotee ycrpoictso - CO3Y (16-64
OIICpaHAOB U PE3YyJIHTAaTOB perucrpa)
BBINTOJTHCHUS onepanuu. By bepras masts - pryTpeni 1o 16

Yucno POH B 3aBucMMOCTH KkGaiit, BHemHaAs 0 | M6Gaiita
OT THUIIA MHUKpPOMIpoIeccopa
JIeXUT B mpenenax 16-64. [Ocuosuas oneparuBHas namsts -
HpI/I HeOONbIION eMmkocTu |O3Y- ot 256 Gaiit no 128 Mbaiir
ITOT YPOBCHD TTaMATH [Mocrostnnas nmamsats - [13Y (manpumep,
HUMEET CcaMo€  BBICOKOE BIOS)

OBICTpOACICTBHE - BpeMs
JocTyna K JaHHBIM HE |BHemHsAs maMATb: HAKOMNUTEIU CO
CMEHHBLIMHU 1 HECMECHHBIMM HOCHUTEJIIMU

Puc.2.1. CTpykTypa namaTun MUKpONPOLECCOPHbIX YCTPOUCTB
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IIPEBBILIAET EAUHUIL] MU 1€CATKOB HAHOCEKYH/.

[IpoMexkyToOUHOE TOJO0KEHUE MEXKAY PETMCTPOBOM M OCHOBHOM OINEPATUBHON MaMSTHIO
3aHMMAET K3LI-TIaMsTh. BOJBIIMHCTBO COBPEMEHHBIX MUKPOIPOLIECCOPOB UMEIOT JIBYXYPOBHEBBIN
Ko11. [IepBblii ypoBeHb - BHYTPEHHUH K3UI - paclojiaraeTcs Ha KpucTauie mpolieccopa u padboTaer
Ha €ro TaKTOBOW dYacTtoTe. BTOpOW ypOBEHb - BHEIIHUW K3II - YCTAaHABIMBACTCA HA IUIATE
nporeccopa W paboTaeT Ha 4yacToTe IIMHBL. KdilI-maMATe BBINOJIHSIET B MHUKPOIPOLECCOPHON
cucTeMe poiib Oydepa Mexy OBICTPBIM MTPOLIECCOPOM U MEAJICHHON TMHAMUYECKON mamsThio. OHa
peaan30BaHa Ha MUKPOCXEMax MaMATH CTaTUYECKOrO TUIIA U MOXeET paboTaTh Ha TAKTOBO yacToTe
IIPOLIECCOPA, YTO MO3BOJISIET UCKIIFOUUTH TaKThl 0)KUJAHUS U CYILIECTBEHHO MOBBICUTH IIPOITYCKHYIO
CHOCOOHOCTh KaHajla IPOLeccop - OCHOBHas MaMATh. K3l Mcnosib3yercss Takke Uil oOMeHa
JAHHBIMU MEXIY ONEPAaTUBHOMN NaMATBHIO U BHEIIHUMU HakonureasiMu. O0béM BHyTpeHHero Kama
y 32 pa3psAaHBIX IPOIECCOPOB JOCTUTaeT 256 KOaiT, a BHEmIHEro - 10 1 Mbaiira [17].

OmneparuBHass mamsaTh - O3Y cocraBusier oT 256 0alT y mnpocTeHmmx §-pa3psiHbIX
OJTHOKPHUCTAJILHBIX MUKPOTPOIeccOpoB 110 384 MOaiT y MOITHBIX 32-pa3psaHbIX mpoieccopoB. I1o
OpraHM3anui, MeToay JocTyma, nocrosHHas namate (II3Y) cymiecTBeHHO He OTIMYAaeTcsl OT
ONEPATUBHOM U CIY)KMUT Ul XPaHEHHs YHPaBJSAIOIIMX MPOrpaMM, HalpuMmep, NporpaMm 06a30Boi
cuctembl BBoja-BbiBojia (BIOS). B TI3Y Takke XpaHATCS PEIAKO H3MEHSICMbIC JaHHBIC
MHUKponporeccopHoil cucteMmbl. IlocTosHHas mnaMATe MOXET OBITh pealnd30BaHAa M Ha yXKe
YIIOMHHABIIECHCS (DIAMI-TaMATH, 00bEM KOTOPO HAa MOMEHT HAIHMCaHUSI TOCOOUS COCTaBISUI 0
3I'Gaiir.

Bepxuuii ypoBeHb CTPYKTypbl 3aHUMAaeT BHEIIHsAA NamMaTh. OHa peanu3yercs B BHJE
pas3IMYHBIX HAKOIMUTENIeH cO CMEHHBIMHU (HAKOMUTENIN Ha XKECTKUX U TMOKUX JMCKaX, HAKOMUTENN
Ha ONTHYECKUX TUCKaX, CTPUMEPHl M T.I.) U HECMEHHBIMH HOCUTEISIMHU ((PIdII-amsTh). ITO
namsITh caMasi MeAJICHHas1, HO camas OoJiblias o o0bEMyY. B yacTHOCTH, eMKOCTh HaKOMUTENEH Ha
ONTUYECKUX U KECTKUX JIUCKAX OCTUraeT HECKOJbKUX ruradaiir. Kak BUIHO M3 Ha3BaHUM, 3TOT
TUI NaMSITH MOXXET YK€ He SBJIATbCA YUCTO 3JIEKTPOHHBIM, HO COAEP)KaTh U MEXaHWYeCKHe
aneMeHThl. OJIHAKO CleAyeT Y4YWThIBaTh, 4YTO Ui IPOMBILUIEHHOTO IPUMEHEHMSI CO3/1aHbI
MaJIorabapuTHbIE HAKOMMTEIM B 3aIUMIICHHOM HCIOJIHEHUH, JOMYCKAIOIIUe YCTAaHOBKY Jaxke
HENOCPEJACTBEHHO Ha IUIaThl KOHTPOJUIEPOB. DTO IO3BOJISIET paccMaTpuBaTh HMX Kak AJIEMEHT
namsTi 00BEKTHOTO KOHTpOJLIEpa.

Jleknms S. Oprannsanus uaTep@eiica, MAarucTpaau, IUHbI

Kak yxe ObIO yKazaHO BbIIE, OOBEKTHBIH KOHTPOJUIED HAPSAY C BBIYUCIUTEIHLHBIMHU
3lIeMEHTaMHu  (IpolleccopamMM, MaMATBIO M T.II.) COJEPXKHUT DIIEMEHTbI, OOeCleYnBaOLINe
CONpsDKEHHME  C  BHENIHMMH  yCTPOMCTBaMH  CHCTEM  aBTOMAaTH3alMd  (JIaTYMKaMH,
npeoOpa3oBaTesisiMU, KOMIbIOTEpaMH, KOHTposuiepamu). CyliecTByeT HECKOJIbKO CBS3aHHBIX
MEXIy COOOW TIOHSTHI, ONMCHIBAIONIIMX COBOKYITHOCTh CXEMOTEXHHUYECKHX CpEACTB U TIPaBUII,
o0ecreynBaroInuX HEMOCPEICTBEHHOE B3aUMOJICHICTBHE COCTABHBIX JIEMEHTOB CUCTEM 00pabOTKH
JAHHBIX U KOMITbIOTEPOB. B ux uuncie: “nnrepdeiic”, “nporokon”, “kaHan” u T.II.

Iloo  unmepgpeticom  noHumaiom COBOKYNHOCMb  ANNAPAMHLIX,  NPOSPAMMHLIX U
KOHCMPYKIMUGHbIX ~CPEOCME U  NpAsui, 00eCneyusaruux 63aumMooeucmeue KOMNOHEHMOos
BbIYUCTUMENLHOU CUCEMbl UTU CemU U YYUMbIBAIOWUX UHBOPMAYUOHHYIO, INEKMPUUECKVIO U
KOHCMPYKMUGHYIO  COBMECMUMOCMb  Uux oaemenmos. Ilpomokon noopaszymesaem npasuia,
onpeoensiowue 83aumooelicmeue aOOHEeHMO8 Ccucmemvbl UL Cemu U CHOCOO BbINOJHEHUs
onpeoenénHnbIX QYHKYUl, a KaHal - cpedy pacnpoCmpaneHus CUSHAN08, UCHONIb3YEeMbl COBMECHO
paznuunsimu 61okamu cucmemot [18].

[Ipu »TOM InWHWSIMH UWHTEpdeiica SBISIOTCS JJIEKTPUUECKHE Ienu (MpoBOAa WU
NPOBOJHUKY Ha IIaTe, MPOBOJA NMPHUIASHHBIE K BHIBOJAM pPa3beMOB, B KOTOpPbHIE BCTaBISIOTCS
NIeYaTHBIE TUIATHI, JTUOO TUTOCKHIA Ka0elb), TT0 KOTOPBIM PacIpOCTPAHSIOTCS T€ WM HHBIE CUTHABI.
CoBOKYNHOCTh JIMHUI HHTep(elica, CrpynnmupoBaHHBIX MO (YHKIMOHAILHOMY Ha3HA4YEHUIO,
Ha3bIBAOT “‘wunou”’. 1lluHAa NaHHBIX, IIMHA agpEcOB, IIMHA YIPABICHHUS M COCTOSIHUS BMECTE
00pa3yIoT COBOKYITHOCTh BCEX JIMHUI HMHTep(eiica, KOTOpYIO Ha3bIBalOT ‘“Mmaructpaibio”’. CioBa
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MIMHA U MHTEpdEic 4acTo yHnoTpeOsaioT Kak B3aUMO3aMEHseMbIe, TOTOMY YTO JaJIeKO He BCerjaa
SCHO, TJ€ KOHYAIOTCS (PYHKIMM ammapaTHBIX CPEACTB, KakoBa pPOJb MPOrpaMMHO-aNIMapaTHBIX
CPEZCTB U TJie HAYMHAIOTCS (PYHKIIUU CUCTEMHOTO U MPUKJIAJHOTO IPOTPAMMHOTO 00ecreueHMs!.

CucremMHble HIMHBI

HomenknaTtypa IIMH TOCTOSHHO YBEIMYUBAETCSA, YTO OTPAXKAeT, C OJHOH CTOPOHBI,
HEYJIOBJIETBOPEHHOCTh UMEIOIIMMHUCS, a C IPYroi - BOSHUKHOBEHHEM BCE Ooliee CIOXKHBIX 3a1ad,
pelIaeMbIX KOMITBIOTEPHBIM 000PYZ0BaHUEM, HETIPEPHIBHOE YCOBEPIICHCTBOBAHNUE APXUTEKTYPHI U
3JIEeMEHTHOI 0a3bl KOMIIBIOTEPOB. PazHOOOpa3ue CUCTEMHBIX IINH OOBSICHIETCS Pa3IMyleM B THUIIAX
MuKporporeccopoB. Hampumep, ¢upma DEC wucnone3yer mmHy Q-bus mnst cucrem ¢
mukponporeccopamu MicroVAX, ¢upma Motorola - muay VME-bus mis MHKpomporeccopoB
68000, pupma Texas Instruments - mmuy Nubus mis mukponporueccopo T1 99000 u Motorola
68030. Haubosee pacnpocTpaHEHHBIMHU SIBIISIOTCS CHCTEMHBIE IIMHBI Ui KoMIbioTepoB ¢ Intel-
noJO0OHBIMH  MHUKponporeccopamu. CHCTEMHBbIE HIMHBI TpPEAHA3HAYCHBl JJIi  OpraHMU3aluu
B3aUMOJCHCTBUS TnepudepuiftHoro o0OpyIOBaHUS, IMOAKIIOYAEMOT0 Yepe3 COOTBETCTBYIOIIUE
KOHTPOJLJIEPHI, C SIPOM KOMITbIOTEpA, B COCTAB KOTOPOTO BXOAAT MUKpompoleccop u namars (O3Y
u [13V). [IpomyckHas crnocoOHOCTh MIMHBI U3MepsieTcs B KuiobOaiTax (MerabaiTax) B CEKyHIY U
3aBHCHUT OT TaKTOBOM YaCTOTHI, HA KOTOPOH paboraeT muHa U e€ paspsaHoctu. LLIuHbl MOTyT OBITH
8-, 16-, 32- u 64-pa3psIHBIMU B 3aBUCUMOCTH OT THIIa MUKPOIIPOIIeccopa.

[epBoii cucremHol mKHON, pazpabotaHHO# it KomibioTepoB PC/XT, B 0CHOBE KOTOPBIX
aexanu mukporporeccopsl Intel 8086 u 8088, 6buta mmua PC/XT-bus. Ona Obita 8-paspsaHoii, a
e€ KOoHTpoJuiep oOecrieunBai pabOTy Ha yacTtoTe MuKpompoieccopa (4,77 MI'). C nosiBieHueM
16-paspsaaeix MukpormnporeccopoB 80286 u 80386 (Bepcum SX) Oblaa paspaboTaHa CHCTEMHast
mmHa PC/AT-bus. Ha 6a3e stux mmH ObUT pa3paOoTaH MEXIYHAPOJHBIA MPOMBIILICHHBIN
craugapt ISA (Industry Standard Architecture), mmMpoko HCIOIB3YIOMIMACS B COBPEMEHHBIX
MHUKPOIPOIIECCOPHBIX CUCTEMAaX U KOMIbIOTepax. [loMrUMo yBenudeHus pa3psgHOCTH, YHCIa THHUN
3anpocoB npepbiBanus (IRQ) u umcia kaHamoB mpsmoro poctyna k namsata (DMA) coxpanuiach
IIPEEMCTBEHHOCTh IIMH HAa YPOBHE KOHTAaKTOB Pa3bEéMOB. biaromapsi 5 ToMy B HOBBIX CHCTEMax
MOKHO HCIIOJIb30BaTh pa3paboTaHHble paHee KOHTpoiuiepbl. C mosiBIeHHEeM 32-pa3psaHbIX
mukponporeccopoB 80386 (Bepcus DX) u 80486 ObLIO CO3aHO HECKOJIBKO HOBBIX CHCTEMHBIX
wuH. Gupma IBM cozpana cucremuyro muny MCA (Micro Channel Architecture), otka3saBmimch
or coBMectumoctn ¢ mmmHOW ISA, a ¢upmer Compaq, NEC u psinm npyrux mNpoOmOIDKUIA
COBEpILICHCTBOBATH IKHY ISA, pHHSB HOBBIN cTanmapT cucremuoii mmHbl EISA (Extended I1SA),
KOTOPBII TTO3BOJISIIT OJTHOBPEMEHHO HCIOB30BaTh ISA-KOHTpOIIIEpBI U KapThl, pa3paboTaHHBIE IS
ISA-16 u ISA-8. OnHako MHOIOYMCIEHHBIE HCCIENOBAHHSA IIOKAa3aad, 4TO €IUHas CHUCTEMHAs
IIMHA, OOBeAUHSIOMmAass ObICTpble W MEAJICHHBbIE YCTPOWCTBA, SBISETCS “y3KUM MECTOM’
KOMITbIOTEpA M HE MO3BOJIIET JOOMTHbCS MAaKCHUMAJIbHOM MPOM3BOJUTEIBHOCTH BBIYMCIMTEIBHOM
cucteMsbl. [103TOMY MOSIBHITUCH JIOKAJIHHBIE ITHHBI.

JlokaJIbHbIE HIUHBbI

JlokanpHOM IMIKMHON OOBIYHO HA3BIBACTCS IIMHA, BBIXOAIIAS HEMOCPEJACTBEHHO Ha
KOHTAaKThI nporeccopa. OHa 00beInHAET MpoLeccop, NaMaTh, CXeMbl Oy epu3aluu sk CHCTEMHOM
IMIMHBI U €€ KOHTPOJUIEp, a TaKKe HEKOTOpBIE JAPYTHe BCIIOMOTATEIbHBIE CXEMBI, PACTIONI0KEHHBIC
Ha IUIaTe MpOLECcOpa, W SBISETCS LIMHOM mpoueccopa. JIokanabHas IIMHA MO3BOJISET YCKOPHUTH
ormepanMi oOMEHa JaHHBIMHM, T.K. paboTaeT Ha 4YacToTe, paBHOW BHENIHEW YaCTOTe
MHUKponporneccopa. [l Toro 4rtoObl JOOUTHCS COBMECTHMMOCTH IIIAT PACHIMPEHHs Pa3HbIX
NPOM3BOUTENCH KOMIBIOTEPHOH TEXHUKM Oblla CO3/1aHa acCOIUAlMs CTaHIApTOB BHUJIEO
obopynoBanusi - Video Equipment Standards Association (VESA), xoropas B 1992 roay
BBIMyCTHIA criennbukanuy Ha JokaibHyo muHy VLB (VESA Local Bus). JlocTOMHCTBOM IIMHBI
VLB sBnsieTcst BbICOKasi CKOPOCTb OOMEHA JIaHHBIMU U OTCYTCTBHE CIIEHMAIBHOTO KOHTPOJUIEpA.
OpHako 5Ta muHa He OblTa pacCuYUTaHa Ha paboTy ¢ MUKPOIPOIIECCOPAMHE, IPUTIECIIINMHU Ha CMEHY
npoueccopy 80486: Pentium, Alpha, PowerPC u np. [TosTomy OblT pa3paboTaH ambTepHATHBHBIN
cranaapt, Ha3BauHbild Peripheral Component Interconnection (PCI) - B3aumocBsi3b neprdepuiiHbIx
KOMIOHEHTOB. DakTuyecku 06a cTaHIapTa IpoJ0JIKAIOT 10pabaThIBATHCS 0 CUX MOP, HO YK€ HET



14

comHenust, uro ctangapt PCl 3aBoéBbiBaeT BcE Oonee MpoYHbIE MO3MLMHU, T.K. Oiaromaps
MHTETPAILHOMY KOHTpOJUIepy/akceneparopy LIMHA CTajla MPOLECCOPHO-HE3aBUCHMOM, YTO HaéT
BO3MOXXHOCTh M30€KaTh Pa3HBIX BEpCHIl OJHOH Iiarhl pacmmpenus. Kpome toro, crangapt PCI
HO3BOJISIET  KOH(GUI'YypUpOBaTb YCTPOWCTBA KOMIIBIOTEpPAa IPOrpaMMHBIM  crocoboM  6e3
nepe3arpy3Ku cpasy Iociie OOHapyKEeHHsT HOBOTO YCTPOMCTBAa. DTO CBOMCTBO IIMHBI OCOOEHHO
IIOJIE3HO B IPOMBIIIIEHHBIX KOMIbIOTEpPAaX, KOHTpoJulepax M (aillloBbIX cepBepax, TO €CTh B
HanOosiee OypHO Pa3BHBAIONIMXCS IMPUIOKEHHUSIX BBIYMCIUTEIbHON TexHuku [19]. I'paduueckas
WITIOCTPALMsI HePAapXUU LLIUH B CTPYKTYPE KOMIIbIOTEpA Mpe/ICTaBlIeHa Ha puc. 2.2.

Anpo koMnbloTepa: NPOLIECCop, onepaTuBHas 1
nocTosiHHaa namsaTb, BugeoaaanTep

JNlokanbHas wWwuHa

pPerncTpbl 1 aganTtepbl CBA3U

v

CucremHas LiMHa

Mogynu uHTepdeiica Mogynn Mogynun wnHTepdenca
CBSA3K C 0OBEKTOM CEeTeBOro CBSI3M C onepaTopom
ynpaeneHus nHTepdgenca

Puc. 2.2. lnHHasa apxuTekTypa komnbloTepa

HIuHHasi apXUTEKTYpa NPOMBIILIEHHbIX KOMIIbIOTEPOB

[lon mnpOMBINUIEHHBIMM HOHHUMAKOT KOMIIBIOTEPHI, HCIIOJIb3YEMble B COCTaBE CHUCTEM
yIpaBJICHUS] MPOMBIIUICHHBIM 000OpYJOBaHWEM W MPOU3BOACTBEHHBIMH Tporeccamu. llepBbie
IPOMBIIIJICHHbIE KOMITBIOTEPhI ObLITN MONBITKOM aganTtaiuu [1K MaccoBoro nmpuMeHeHHs K HyXJ1aM
MPOMBITIJICHHOTO TPOW3BO/ICTBA.

Oror war caenana ¢pupma IBM, crpemsicy pacumputh chepy NpUMEHEHHsS apXUTEKTYphl
PC/XT/AT. IIpoMbIlnuIeHHBIE KOMIBIOTEPHI TPEACTaBIsUIN co00i oObrunbIe [1K, B KOHCTpYKIIHIO
KOTOPBIX ObLT BHECEH PsIJl U3MEHEHUH, 00ecIeunBaoINX BO3MOXKHOCTb paboThl B O0Jiee TAKEITbIX
yCIOBHAX dKcIuTyaTanud. O4eHb CKOPO CTalH SICHBI HEJOCTATKU TaKOTO TMOXO0JA - MPEXIE BCErO
HEHAJE&KHOCTh MPOIECCOPHBIX (CUCTEMHBIX) IuaT. OJHUM M3 IMyTel NOBBIIIEHHUS HAaJeXHOCTU
MPOMBIIIJICHHBIX KOMITBIOTEPOB CTAJI0 HCIIOJNBb30BAaHUE MACCHBHOM OOBEIMHUTEIHHON MaHeIH
BMECTO CHCTEMHOW IIaThl. AKTUBHBIE KOMIIOHEHTHl CTaHJApTHOM CHUCTEMHOM  IIaThI
(mukpomporieccop, O3Y, KOHTPOJUIEPHI U Jp.) B OTOM CIy4yae MOHTHPYIOTCS Ha OT/ACIBHOM TuIaTte,
KOTOpas, Kak OOBbIYHAs pacIIUpUTENIbHAs IUlaTa, BCTaBJsieTcss B THe370 mnaHenu. IlaccuBHas
DIIEKTPUYECKasl IUIaTa IO SJEKTPUYECKAM TIapamMeTrpaM M TPeOOBAHUSM K COEAWHUTEIHHBIM
rHé3nam cosmectuma co cragaapramu ISA u EISA u, cienoBarenbHO, MO3BONSET UCHOIB30BAThH
BCE paCHIMPHUTEIbHBIE TUIATHI, co3aHHble 1t 00braHbIX [1K Ha 6a3ze atux muH. [logoOHbBIe TIATH,
€CIIM OHHM MOCTPOEHBl Ha MHMKpPOCXEMax IOBBIIICHHON CTENEeHU MHTErpalvu, Jal0T BO3MOXKHOCTb
CO3/1aTh 3HAYMTENFHO 00JIee KOMIAKTHYIO MAIIMHY, COXPaHssl IPH STOM MOJTHYI0 COBMECTUMOCTH C
apxutektypoir IBM PC/AT. K mumtocam MOXHO oTHecTH Ooiiee 3ppekTUBHOE OXJIaXKICHUE 3a CUET
PaBHOMEPHOW BEHTHIISAIINH, TIPOCTOTY PEMOHTA, 00CITYy)KUBAHUS U MOJiepHU3aiuu cuctembl [20]

Onnako cranmapT wmuHB ISA He ™O3BONSET 3HAYUTEIBHO MOBBICHTH HAAEKHOCTD
BBIUYUCITUTENIFHOW CHUCTEMBI, T.K. OH co3maBaics Oe3 yuéra TpeOOBaHWUH TPOMBIIIICHHBIX
NpUMEHEHHH. DTO 00CTOSTENLCTBO NOOYAMIO amMmepukaHcKkyto ¢pupmy Rapid System paspaborarsb
MPOMBINIICHHBIA BapWaHT cTaHpapra ISA mox Haspanmmem “Pacmmpenue mmabl [IK s
npombiiiernoctn” (PC  bus extension for Industry, PCXI). Cramgapt PCXI nomyckaer
UCIIOJIb30BaHUE COCAMHUTENBHBIX THE3N ISA/EISA, HO yBeTUUMBAET PACCTOSIHUE MEXKYy HUMH, 4TO
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MO3BOJISIET HCIIOJIb30BaTh IUIAThl C JOMOJHHUTEIbHBIMH JJIEMEHTAMH, YBEIMYUBAIOIIMMHU HX
tonumHy. Kaxgas miata 3akirodaercss B SKpaHUPYIOMIMM KOXKyX, Ha JUIEBOM MaHENId KOTOpPOTo
pAacIoNoKeHbl MHIUKATOPBl W OpraHbl YIPABICHUSA, a TAKXKE 3JEMEHTHI KPEIUICHUS K KOPILyCy
KommbroTepa [21].

[TocTostHHOE yIEIIeBICHUE alMapaTHBIX CPEJACTB CTUMYJIUPOBAIO pabOTHI MO BHEAPEHHIO
PC - coBMeCTUMBIX KOMITBIOTEPOB Ha HIKHUN YPOBEHb YIPaBJICHUS. DTO MPHUBEJIO K MOSBICHUIO
BcTpoeHHbIX [IK, KoTOpble HE UMEIOT COOCTBEHHOTO KOpPITyca, MCTOYHHMKA MUTAHUS U TEpMHUHAA
nonb3oBarens. Kak mpaBuiio, 3TO OJHO - WIM ABYXIUIATHBIM MOMAYINb, COJEPKAlIUil 3JI€MEHTHI
CTaHJAPTHOW CHUCTEMHOW IJIaThl M OJOK COMNPSDKEHUS C HIMHOM NMPOMBIIUICHHOW YIPaBIIAIONICH
cuctembl. llockonbKy BCTpaMBaeMblil KOMIIBIOTEp pa3Mellaercs B KOpIlyce 000pyIoBaHUS
YIIPABJISAIONICH CUCTEMBI, K HEMY MPEIbSIBIISIOTCS TOBBIIIEHHBIE TpeOoBanus. I1pu 3TOM BO3HUKAIOT
OTpaHHYEHUs, TpPEXkAe BCero Ha OO0BEM MallMHBL. BcTpanBaeMble KOMIBIOTEPHI HCHOIB3YIOT
cranpaptabie ISA/EISA u HectannapTHbie pupMeHHBIE MIKMHBL V3 pUPMEHHBIX IIUH HanOOJbIIee
pacripocTpaneHue monyumin mmHel STD32 - 32-paspsaanbiii BapuanT mmabl STD80 u G-64/G-96.
[Mocnennuit crangapT opueHTHpoBaH Ha 1watel (Gopmara Eurocard 34. Tlocne Havana
NpPOM3BOJACTBA ILIAT C mporeccopoM Pentium B MPOMBIIIICHHBIX KOMIIBIOTEPAX aKTHBHO
BHeapsiercs mmHa PCI u ee MpOM3BOAHBIC, KOTOPHIE IIO3BOJIAIOT YAYYIIUTh TTOKa3aTeNn
BUJICOCHCTEM U BBIBOJST MIPOMBIILIICHHBIE KOMIIBIOTEPHI HA HOBBIM YPOBEHb.

Buemnuii uHTEpdeiic KOHTPOLIEPOB U NPOMBILLICHHBIX KOMIILIOTEPOB

[TpoMbINIIEHHBIH KOMIBIOTEP YIPaBIsgeT 000pyA0BaHUEM U TEXHOJIOTMYECKUM MIPOLIECCOM,
OCHOBBIBASICh Ha HH(pOpMAIMH, IOJy4aeMOH OT OO0BeKkTa yrpaBieHus. DyHKIMH yrIpaBIeHHS
peau3yloTcs, B CBOIO O4Yepenb, 3a CYET BBIXOAHBIX HH(OPMAIIMOHHBIX IOTOKOB. BHemHuit
uHTEepdEiic KOHTpOUIEpa MOXKHO pa3JeUTh Ha TPH YacTU: HMHTEp(DEHC CBA3M C OOBEKTOM
yrpaBieHUs (MU yCTPOUCTBO cBsizu ¢ 00bekToM - YCO), ceTeBoil uHTepdeiic, ciayxamui s
comnpspkenust ¢ aApyrumu [1K, koHTposutepamMu U cucTeMaMu yIpaBlIeHUs, W, HAKOHEI, nHTep(eric
CBSI3U C orepaTtopoM (cm. puc. 2.2.).

Humepdgeiic onepamopa - 3T0 0OOBIYHO Kakas-TuO0 KJIaBUATYpa U TUCIUICH, COCTOALINNA U3
HECKOJIbKUX CTPOK 3HAKOCHHTE3UPYIOIIUX WHIMKATOPOB. BONBIIMHCTBO KJIaBHATYp CTPOHUTCS Kak
MaTpHIla MEXaHUYECKUX KOHTAKTOB, KOTOPBIE NP HAKATHH 3aMBIKAIOT COOTBETCTBYIOIIHE CTPOKH
C COOTBETCTBYIOIUMH cTonOnamu. CyliecTByeT MHOTO THIIOB JucIjieeB. /[Ba OCHOBHBIX Kiacca:
aKTUBHBIC W TaccHBHBIE. [IpuHIMI pabOThl MACCHMBHOTO IUCIUIES OCHOBAH HAa OTPAKEHHH CBETA
BHEIIIHEr0 MCTOYHMKA. Tak pabortaroT xuiakokpucramanueckue auciuien (LCD- aucnen). Onu
NOTPEOIIAIOT 04eHb HeOObIION TOK, mpuMepHO 10 MA Ha 4-ctpounsnii muctei. LCD - aucrinen ¢
NOJCBETKON (DOHA MOTPEOIAIOT 3HAUUTENIBHO O0JIbIIe SHEPruU. KaTo10M0MIHECIIEHTHBIE TUCTIIIEH
UMEET BBICOKYIO SPKOCTh CBEUYECHHsS, IO3BOJISIOT BBIBOJUTH CHMBOJIBI pPa3HBIX IIBETOB M HE
HY>KJAIOTCS BO BHEIITHEM UCTOYHHKE cBeTa. Takoi aucieit motpediser 500-600 MA oT ncTouHuKa
nutanus S5 B.

Humepdgpeiic ceazu ¢ obvekmom ynpaeneHus BKIOYaeT B ceOd JaTUMKU HM3MEPSeMbIX
BEJIMYMH, TpeoOpa30BaTeIy CUTHAIOB JIATYMKOB B aHAJIOTOBYIO U IU(GPOBYIO (DOPMBI U yCTPOICTBA
yIpaBJIEHUS] TEXHOJOTHYECKUM OO0OpYyJOBaHMEM. YCTpPOHCTBAa BBOJAa M BBIBOJA MOTYT OBITh
BHITIOJTHEHBI HAa OJHOM KpHICTAUIE MHKpOKOHTpoiwiepa (kak B MCS-51, rne pasnuunbie
MoauduKauu npeaycMmarpubatorcs coctaBoM BUC) u B Buae (yHKIHMOHAIBHO 3aKOHYEHHBIX
MofyJel (TaT pacHIMpeHHs), WMEIOINX WHTepQeic I MOIKIIOYCHHS K CHCTEMHON IIMHE
KoHTpoJuiepa. [lepeuenb Moaysel paciiupeHus Ui TPOMBIIIJIEHHBIX KOHTPOJUIEPOB OIPOMEH, TaK
Kak Kaxaas (QUpMa-IPOM3BOAUTENb CTPEMHUTCS MAaKCHMAJIBHO  YAOBJIETBOPUTH  3aIllPOCHI
noib3oBarens. Kpome Toro, Moaynu, WACHTHUYHBIE MO (DYHKIMOHAIBHBIM XapaKTePHCTUKAM,
UMEIOT HECKOJIBKO KOHCTPYKTHUBHBIX MOJM(HKAINK B 3aBHCHMOCTH OT YCIOBHH JKCIUTyaTallWH.
Hanpumep, kpaTkoe omnucaHHe XapaKTEpUCTUK MOJYyJIeH CONpPSDKEHUS MPOMBILIUIEHHOTO
kommbpioTepa cemeiictBa PCL  ¢upmer Advantech [22]: PCL-720 - wmoayiap JUCKPETHOTO
BBOJIa/BBIBOJIA ¥ YHUBEpPCAIBHBIN TaiiMep, 32 JTMHUU BBOJA/BBIBOJA U 3-KaHANBHBIN Taiimep; PCL-
730 - MOAynb MUCKPETHOTO BBOIA/BBIBO/IA C TadbBAaHMUYCCKOW pPa3BsA3KOH, 32 HM30JMPOBAHHBIX
KaHaja BBOJAa/BeIBOAa (HampspkeHue mpobos um3omsuuun 2500 B); PCL-722 - 144 xanana
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BBOJIa/BBIBOJIa C BO3MOXKHOCTbIO TpymnmoBoro oobmena; PLC-830 - moayne 10- kaHampHOTO
tarimepa/cuétunka; PCLD-788 - monyns mynbrumiekcopa (kommyrarop 16 kananos Ha 1); PCLD-
774 - pacipsieMblid MOAYJIb aHAJIOTOBOTO BBOJIA. DTOT CIUCOK JAJIEKO HE MOJIOH.

Cemesoti uumepghetic 06veKmHO20 KOHMpoAlepa  BKIIOYAET MOIYIH TOJICPKKU
cranaapTHeIX uHTepdeiicoB - RS-232, TTY (tokosas merias 20 mA), RS-422A, RS-485, CAN,
MOJYJIM TOJJIEPXKKH CeTeBbIX uHTepdeiicoB - Ethernet u apyrue, a Takke pasnudHbIe
npeoOpa3zoBaresnin UHTEpQEiicoB. PaccMOTpUM OCHOBHBIE XapaKTEPUCTUKHM KOMMYHHKAIIMOHHBIX
uHTEpEerCcoB.

RS-232. Dto Hambojee MHMPOKO pacpoCTpaHEHHBIM HMHTEpQeEiic, U3BECTHBIA TaKKe Kak
unrepderic V.24. Cranmapt RS-232 nepBoHauaabHO ObUT CO37aH JJIs COCIUHECHHS TEPMHUHAJA H
KoMIbloTepa. B Hacrosimee Bpemsi MHOTHE TepudepuitHbie yCTpOWCTBA WCIOIB3YIOT OSTOT
unrepdetric. Uurepderic BkaroyaeT 13 TMHUN U CITY)KUT I COSAMHEHUS IBYX YCTPOUCTB, XOTS AJIS
nepeAayd JAaHHBIX JIOCTAaTOYHO 3 JIMHUM. YCTpOWCTBA MOTYT OOMEHHUBAThCci WH(popManuei
OJIHOBPEMEHHO, TO €cTh paboTaTh B IyIJIEKCHOM pexkume. OCHOBHBIE XapaKTEpUCTUKH UHTepdeiica
RS-232: cranpmapt - EIA RS-232C, CCITT V.24; makcumainbHasi ckopocth oomena - 19200 bps
(OuT B CeKyHIy); MakCHUMallbHas JallbHOCTh CBS3U - 15 M; dusnyeckuit uHTepdeiic - nmepegaya
IU(POBBIX CHUTHAIOB YPOBHSMHU HaIpsDKEHUs. YPOBHIO Jorudeckoro “0” COOTBETCTBYET
Hanpsbkenue -3 B...-15 B, normueckoit “1” coorBerctByeTr ypoBeHb +3 B..+15 B; xonuuectBo
HepeaTIYMKOB - |; KOJIMYECTBO NPUEMHHUKOB - 1; MPUHIUI pabOThI - MOJHBIA TyIUIeKC, POint-to-
point.

TTY (moxosas nemas 20 mA). TleppoHadanbHO ObLIT CO3/IaH VISl YIPaBJICHUS TeneTanoM. B
HACTOAIIEE BPEeMsl HCIOJIb3YeTCs MJs YIPaBICHUS MPOrPaMMHO-JIOTUYECKUMHU KOHTPOJUIEPAMU,
qucruiesMu M npuHtepamu. K nocromHcTBam mHTEepdeilica MOXHO OTHECTH Oojee Jerkoe
UCIIOJIb30BaHUE TOKA JUIS Mepeavu JaHHbBIX, YeM HaIpsHKeHUS. DTO JeaeT UHTepeiic HaaEKHbIM,
0COOEHHO YUYHUTHIBAS €T0 BBICOKYIO 3AIIMIIEHHOCTH OT JIEKTPUYECKHUX TOMeX. VCronb3yroTes aBe
napbl IPOBOJIOB: OJIHA Ui Nepenadyu u ofaHa s npuéma. Muarepdeiic TTY noaHoaymiaekcHsiid. OH
0co0eHHO >(PQEeKTHBEH sl Mepeladd JAaHHBIX Ha OONBIIME PACCTOSHUS B YCIOBUSX CHIIBHBIX
JNEKTpUYECKUX MoMeX. Hemoctatok - HHM3Kas CKOpOCTh OOMeHa. XapaKTepUCTHKH: CTaHIapT -
TTY; makcumanabHas ckopocTh oomerna - 9600 bps (Out B cekyHy); MaKCUMabHas JabHOCTh
cBs3u - 1000 M; dusnyeckuit uuTepdeiic - TOKoBas NeTis; nepeaaTyuk- 1; NpuEMHUK -1; TPUHIMI
paboThI - MOJHBIHA AyIIIeKc, Point-to-point.

RS-422-A. OtoT cummerpuuHblii uHTep(eiic 6bul mpuHAT B 1975 roay cranmaprom EIA
RS-422-A, xak uHTep(elic MeXMAMHHOTO oOMeHa. XapaKTepUCTHKHU: CTaHIapT HHTepdeiica -
EIA RS-422-A, CCITT V.11; makcumanbHas ckopocth oomena - 10 Mbps (Mo6ur B cexyHny) ;
MaKCUMaJbHas JanbHOCTh CBsizu - 1200 ™M; ¢usmueckuit umHTEpdeic - auddepeHInaIbLHOe
HanpspKeHUe, BUTas napa; nepefaTduk- 1; npuéMHuk - 10 10; mpuHIKI pabOTHI - MOIHBIA JyIUIEKC,
point-to-point.

RS-485. Hurepdeiic RS-485 - Hanbonee mMPOKO pacrpOCTPaHEHHBIM B MPOMBIIIJICHHbBIX
cUCTeMax YIpaBJieHHs, Oa3UPYIOIIUICS Ha JBYXCTOPOHHEM, CHMMETPUYHOM CHOco0e mepemaadu
JTAaHHBIX B JIMHUU THUIA “BUTas napa‘“. OH MoAaepKUBaeT MHOTOTOYEUYHOE COETUHEHNE B CETH /10 32
y3710B U 00€ecIleunBaeT nepenavy JaHHbIX Ha paccrosiHue 10 1200 M. Jlo6aBUB OJIUH pacIIUPUTEND
untepdeiica RS-485, MmoxkHO yBenuunTh aucraniuio Ha 1200 M u moacoeanHuTh emé 32 y3na u
T.1. XapakTepuCTHKU: cTaHaapT natepdeiica - EIA RS-485; makcumanbHast ckopocTh oOMeHa - 10
Mbps (MoOuT B cexkyHIy); MakCHUMalbHas JajlbHOCTh CBs3U - 1200 M; ¢usuueckuit uaTepdeiic -
nuddepeHnraibHOe HAMPSHKEHUE, BUTAs Tapa; MepeaTyuk - 10 32; MpUEMHHK - 10 32; TPUHITU
paboTel - momymyruieke, Multi-drop. Moaynu pacmmpeHusi, MOAICPKUBAIONINE CTaHJAPTHHIC
BBIIIICONTUCAHHBIE HMHTEP(EHCH, OOBIYHO SBJISIOTCS YHUBEPCAIBHBIMH W MPOTPAMMHPYIOTCS
POTPaMMHBIM CLIOCOOOM MJIM MIEPEMBIYKAMH.

Taxxe mpumensiercsi npubopHedi MHTEpdeiic cranaapra |EEE-488. Hampumep, monynb
PCL-848A/B ¢upmer Advantech, mozBonsier serko ynpamisith 14 ycTpoWcTBaMu, mnepenaBas
JnaHHble co ckopocThio 300 KOalT B CEKyHY B PEXKHUME MPSIMOIo JOCTyIa K naMsITH U 67 kOalT B
CeKYHJIy B peXXHMe IpOrpaMMHOro oOMeHa.
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Humepdgbeiic nokanvnvix cemeu. Jns co3naHus MEKKOMIBIOTEPHBIX, MEKKOHTPOJIJIEPHBIX,
CMEIIaHHBIX CETEeH pa3HBIX TOMOJIOTHH ciIyXat 8-, 16- u 32-OuTHBIE ceTeBbIE aanTephl, HAPUMED,
crangapta Ethernet. JIuHus CBsSI3M BBINOJIHACTCS HAa BUTOM Mape WM KOAKCHAJIbHOM KalOele.
Xapakrepuctuku uaTepdericaoin kaptel PCL-843 dupmber Advantech: moamep:kuBaeT crangapTh
IEEE 802.3, 10BASE-2 (mepenaua mo koakcuaibHOMY kabenmto), 10BASE-T (mepemada mo BUTOM
nape), CKopocth nepeaadn - g0 10 Mbps(Mour B cexyHay), 8- u 16-OutHbIH peskuM oOMmeHa, 16
KGaifTHBII BBICOKOCKOPOCTHOW BHYTpPEHHUH Oydep, MakCHUMaibHas HAJIbHOCTh CBSI3U - 185 M
(koakcuanpHBI Kabenb), 100 M (BuTas mapa), mpeaycMoTpeHa yctaHoBka I[I3Y  ymanénnoi
3arpy3kd. B 3TOM ciiydae MOXHO MOCTPOUTH O€3JMCKOBYIO CHCTEMY, KOTOpas IOcie MOoAadu
MUTAHUS ABTOMATHYECKH 3arpy3UT U CKOH(PHUTYPHPYET IpaiiBepbl CETEBO MOIICPKKH.

I°C-bus. B mocieamee BpeMst Uisi IOCTPOCHHS HHTEIUICKTYAIBHBIX [ENel aBTOMATHYECKOTO
VIIpaBJICHHs UCIIOIb3YeTcss KOMMYyHHMKALMOHHAs mmHa 1°C-bus, paspaGorannas dupmoii Philips
Semiconductor. Ona siBsieTcst 1eméBOi anpTepHaTHBOM MHTepdeiica RS-232. Illuna 1°C (Inter
Integrated Circuit bus) siBiseTcst 1ByHanpaBiIeHHOM, 2-IPOBOAHOM (JIMHUS CHHXPOHHU3ALUU ¥ JTHHHUS
MOCIICIOBATEIbHBIX JIAaHHBIX). VICMONB30BaHWE IIUHBI IO3BOJISIET CTPOUTH CETH Pa3TUIHON
KOH(UTypaIuu, B TOM YUCIIE U OJTHOPAHTOBBIE.

Jlexkuus 6. Kimaccnpuxkanusi 00 beKTHbIX KOHTPOJLJIEPOB

Pacmupenune cep npumenenus [1K nopoauno pazHooGpasue CTpyKTyp, KOHCTPYKTUBHBIX
pEeIIeHHH, TTOAX0/I0B K 0ObEKTHOW OPHEHTAIMU U MPOTPAMMHUPOBAHHIO B MPOIIECCE IKCILTyaTaIHH.
EcrectBeHHOe cTpemiieHHe mnojb3oBareneid u npousBogurenei 11K k cranpapTuzanuu, B CBOIO
ouepesib, BBI3BIBAJIO K JKU3HU pas3iiMuHble MOMBITKH Kinaccuurarmu 1K [2,3,12,22,23,24]: or
caMmol NMpocTOi, OCHOBaHHOM Ha MOJCYETe KOJUYECTBA BXOJOB/BBIXOA0B (MUKPO - C KOJUYECTBOM
BXOJIOB/BBIX0JIOB JI0 64, Majbie - oT 65 1o 256, cpennue - ot 257 10 512 u 6onpime - cBbime 512),
N0 chnoxHbIX, kiaccupuuupytomux IIK 1o ¢yHKOMOHaNBHBIM —INpU3HAKaMm (HampuUMep,
PETYJIIMPYIOIIUNA MHUKPOIIPOUECCOPHBI KOHTpOJuiep — PeMuKOHT, noruyeckuii - JIOMUKOHT u
nuanorosbiil - JluMukoHT). B ocHOBy kiaccuukanmuu OOBEKTHBIX KOHTPOJUIEPOB MOTYT OBITh
MIOJIOKEHBI  CIIEAYIONINEe TPU3HAKH, XapaKTepPHU3YIOIIHe CTENeHb WM CHoco0 OOBEeKTHOU
OpHUEHTAIUH alnapaTHbIX CPEICTB:

¢ CreneHsp annapaTHONH N30BITOYHOCTH.

e Crioco6 0ObEKTHOW OpUEHTAIIMH allllapaTHON YacTH.

e ApXHUTEKTypa MUKPOKOHTpoJuIepa (Tpoleccopa).

e KOHCTpYKTHBHOE HCITOJTHEHHE.

¢ B03MOXXHOCTH amnmapaTHOM afanTtayy B Mpolecce 3KCIIyaTaluu.

Cmenenv annapamnoil u30plmounHocmu SBISETCS OJHOW W3 OCHOBHBIX TEXHHUKO-
HPKOHOMHYECKUX OlLeHOK npu BbIOOpe OIIK m Xxapakrepu3yeT NOCTUTHYTBHIM Ha JaHHOM CTaauu
KU3HEHHOTO IMKJIA (MIPOEKTUpOBaHHWE, Halaaka, »JKCIUTyaTalusi) YpOBEHb  ammapaTHOU
ontuMHU3alu (OT ONHOIJIATHBIX BCTPAMBAEMBIX KOHTPOJUIEPOB 0€3 W30BITOYHOCTH 1O
YHUBEPCAJIBHBIX MOJIYJIBHO - aJJalITUPYEMbIX KOHTPOJUIEPOB C BHICOKMM YPOBHEM H30BITOYHOCTH).

Cnocod6 o00vekmHoU oOpuenmayuu annaApamMHOl Yacmu ONPENEIsIeT CTPYKTYPHO-
TOTOJIOTUYECKYI0 ~ pEaIM3alUI0  CHCTEMbl  BXOJOB-BBIXOJOB  (BCTpPOGHHAss B  KpPUCTalI
MHUKPOKOHTPOJUIEPA, HAmpUMep, MoauduKanuu MUKpoKoHTposutepa tuma MCS-51 [14]; wnmm Ha
iaty onnoruatHoro OIIK, Hanmpumep, B OAHOMIATHBIX KoHTposuiepax tuma PCA [22]; wmm
pacripeniesieHHast Mo (yHKIIMOHAIBHBIM MOJYJISIM BXOJ/IOB-BBIXOJIOB, HAIIpUMeEp, B YHUBEPCATBHBIX
NPOMBIIUICHHBIX ~KOHTposuiepax tuma MicroPC  [25,26]; wim  cereBas, Hampumep, Npu
NPOCTPAHCTBEHHO - pAaclpesielieHHOM pa3MerieHun wmoxayiei tuma ADAM [27], u 1) u
UEepapXUUECKUi ypOBEHb pELIeHHs 3aJaud OOBEKTHON OpHEeHTAlMu (Ha YPOBHE alrOpPUTMOB
YIPaBJICHUSI B CIEIHATM3UPOBAHHBIX KOHTposuiepax, Hampumep, Tuna DICON u dTRON; Ha
ypoBHE cxeMHBIX pemieHuil B onHoruiaTHeix OIIK [28]; Ha ypoBHE BHPTYanbHOTO MpEICTaBICHHS
TEXHOJOTUYECKOr0 00bEKTa B AHENbHBIX KOHTpo/utepax tuna MiPC-50 [22] u 1.11.).
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Apxumexkmypa  mMuKkpokowmpoanepa  (npoyeccopa)  OTHO3HAUYHO  ONpEACISCT
BbIUKCIUTENbHBIE BO3MOXHOCTH OIIK, B TOM 4uclie BBIUMCIUTENBHYIO MNPOU3BOAUTEIHHOCTD,
00beM agpecyeMor maMsaTH, BO3MOKHOCTH paOOThl B PEKUME PEAIbHOTO BpEMEHU (KOJIMYECTBO U
TUI IPEepbIBAHUIN ), BO3SMOXHOCTH CUCTEMHOIN MarucTpasiy.

Koncmpykmuenoe ucnonnenue CBS3aHO C BO3MOXHOCTSAMHM JIOCTyNa K 3J€MEHTaM
anmapaTHbIX CPEICTB JUIsl OCYIIECTBICHUS OOBEKTHOM OopHeHTanuu (OecKOpIyCHbIE KOHCTPYKIIUU
onHomutatHelx OIIK ¢ nmoctynom Ha ypoBHe CBUC, nanpumep, PCA; ynusepcanbnbie OIIK Ha
OCHOBE MOHT@XHBIX KapKacOB C JOCTYNOM K (YHKIHOHAJIbHBIM MOAYJsM, Harmpumep, MicroPC,
MiPC-50, MIC - 2000, PR -100, DV 105; 6e3 moctyma K 3jIeMEHTaM B 3aKpBITBIX KOpIycax
CIENHATM3UPOBAHHBIX KOHTpOIepoB, Hanpumep, DICON u dTRON, ADAM 4000).

Bo3moswcnocmu annapamuoii adanmayuu € npouecce IKChAyamayuu JOJKHB OBITH
o0OecrieyeHbl CpelCTBAMHU MOJIEPHHM3AIMHM, MOIUW(UKAIMKM ¥, HAKOHEI, 3aMEHbl JJIEMEHTOB
OOBEKTHOM OpHMEHTAlMU allapaTHbIX CPEACTB (JIEMEHTBI, MOJYJIH, KOMMYHUKALHOHHbIE
3JIEMEHTBI, pa3beMbl, THTEP(HENChl, HOMEHKIATYPHI 3aMEHSEMBIX MOJYJIEH U T.I1.).

Hcxons U3 mepedncieHHbIX KiIacCU(UKAMOHHBIX Mpu3HaKoB, ammapatypy OIIK moxHO
OTHECTH K YeThIpeM KjaccaM: CIEHUAIM3HUPOBAHHBIE TEXHOJOTHMUYECKHE KOHTPOJUIEPHI,
OJIHOIUIaTHbIE OOBEKTHBIE KOHTPOJUIEPHI, YHUBEPCAIbHBIE MOAYJIbHO-aAANTUPYEMbIE KOHTPOJIEPHI
U KOHTPOJIJIEPHI C CETEBOM CTPYKTYpoil (Tadm.3.1).

Hanee B pasmenax riaBbl mpexactaBiensl onucanus OIIK B cooTBeTcTBUM ¢ JTaHHOM

KJ1accupuKaluen:
OOBEKTHbIE  KOHTPOJUIEPHI,

CIeLMaTU3UPOBAHHbIC
YHUBEPCAJIbHBIC

TCXHOJIOI'MYCCKUC

KOHTPOJLIEPHI,
MOYJIbHO-aIANITHPYEMBIC

OAHOIIIaTHBIC
KOHTPOJJICPLI )51

KOHTPOJUIEPHI C CETEBOM CTPYKTYypoil. OTAETBFHO PacCMOTPEHBI BOMPOCH 00beTUHEHHS 00BEKTHBIX
KOHTPOJIJIEPOB B CETEBBIX CTPYKTYpPaxX aBTOMATH3AIIUH.

Tabmua 3.1
Opnomnarasle | Cnieunanusupo | Kontpomnepsl | YHuBepcaibHBI
00BEKTHBIC BAHHbBIE C CETEBOM € MOJYJIbHO -
Kpurepun KOHTPOJUIEPHI | TEXHOJIOTUYECK | CTPYKTYPOI azanTHpyeMbIe
ue KOHTPOJIEPHI
KOHTPOJUIEPHI
ApPXUTEKTYpa OJTHOKPHUCTANb | OAHOKPHUCTAIh | OMHOKPUCTAIb | OJHOKPHCTAIb
MUKPOKOHTPOJIIIEPA HBIN HBIN HBIN HBII
(mpoueccopa) MHUKPOKOHTPOJ | MUKPOKOHTPOJI | MUKPOKOHTPOJ | MHKPOKOHTPOJI
aep WM | Jep WIH | JIep WIH | JIep W
YHHUBEPCAJIbHBl | YHUBEPCAIbHBI | YHUBEPCAIBHBI | YHUBEPCAIHHBI
1 mpolieccop 1 Ipolieccop 1 Ipolieccop 1 mIpoiieccop
Cnoco0 o0bekTHOM opuenTanuu | ypoBeHb CBUC | ypoBeHb YpOBEHb YpOBEHb
arrnapaTHOM 4acTu MOJyJIEN MOJlyJIEN MOJLyJIEN
Bo3moxkHocTH arrmapaTHou | He HE MPEAYCMOTPEH | MIPEITYCMOTPEH
aJanTanuu B npoliecce | MpeAyCMOTPEH | MPeIycCMOTPEeH | bl Bl
DKCIUTyaTaIlH BI BI
Crenenb anmnapatHoi | 6e3 0e3 oe3 ©
M30BITOYHOCTH M30BITOYHOCTH | U30BITOYHOCTH | M30BITOYHOCTH | M30BITOYHOCTH
10
KOHCTpYKTUBHOE HCIIOTHEHHE =
peanu3anus anmaparHoro | 6e3 gocrymna 0e3 goctymna 0e3 goctymna C JOCTYIIOM
JI0CTyna

Jlekums 7. TexHo10ruu NnporpaMMHUpOBaHusl 00bEKTHBIX KOHTPOJLIEPOB
CoBpeMeHHass cucTeMa aBTOMAaTH3allMM TEXHOJIOIMYECKHX IPOLECCOB JIFOOOr0 YPOBHS U
CJIO)KHOCTH YK€ HE MOXKET ObITh MpejcTaBieHa 6e3 nmporpamMmupyeMbix kKoHTposutepos (I1K) wmu

IMPOMBINIJICHHBIX

KOMITBIOTEPOB.
TEXHOJIOTHYECKOTO  00OpyI0BaHUS,

Hopwmoii

CTAHOBUTCSI
mnporecca WM

IIOHATHE

MIPOrpaMMHUPYEMOTO
aBTOMATHU3UPOBAaHHOW TexHosoruu. B
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COOTBETCTBUM C u3MeHeHueM Mecta [IK B aBTOMarm3anMM HW3MEHMJICS M IOAXOA K HX
IPOrpaMMUPOBAHUIO. OT UCNONB3YyEMBIX TPAAULIMOHHO YHUBEPCAIBHBIX AITOPUTMHUYECKUX S3BIKOB
(ITackanb, Cu, Mopayna, belicuk 1 1p.) 1 COOTBETCTBYIOIIUX UM MHCTPYMEHTAIbHBIX CPEICTB MyTh
JEKAT K CO3JAaHUIO U NPUMEHEHUIO CHEUUAIN3UPOBAHHBIX TEXHOJIOTMH NPOTrPAMMUPOBAHMUS, TO
€CTh CPEJICTB 3aJaHusl IPOrPaMM YIIPaBJICHHS KOHKPETHBIMU TEXHOJIOTHYECKHUMHU 00BbeKTaM [43].
Ilon TEepMMHOM TEXHOJOIMM HPOrPaMMHUPOBAaHUS IIPU 3TOM IIOAPA3yMEBAETCS OYEHb
HIMPOKUHM JUANa30H MOHATHI: OT MCIOJIb30BAaHUA A3bIKa KOMaH] MPOLIECCOpa MUKPOKOHTPOJUIEpA
JI0  JUAJOrOBBIX CHUCTEM BHU3YaJlbHOrO  mpoekTupoBanusi mporpamm ACY TII, or
IPOTPAaMMHUPOBAHUS IOCIIEIOBATEIBHOCTE JCUCTBUI 00OpYJOBaHUS 10 HPOTPaAMMUPOBAHUS
aBTOMAaTU3UPOBAHHOM TeXHOJIOrMM. MHOroodpasue CpeacTB NPOrpaMMHUPOBAHMS OTPaKaeT u
COBPEMEHHOE TMOHUMAaHHE OO0BEKTHO-OPHEHTUPOBAHHOTO MOJXO0/a K MPOECKTUPOBAHUIO CIIOKHBIX
IPOrPaMMHBIX ~ CHUCTEM, KOIJJa OOBEKTHOE IIPEACTaBICHHE KOHTpPOJUIEpa COOTBETCTBYET
UEPAPXUUECKOMY YPOBHIO a0CTpaKIMK pentaeMoi 3agaun. CieyeT OTMETUTh, YTO TaKOM MOAXO0/ K
nporpammupoBanuto OITK siBisieTcst CkoJb HOBBIM, CTONb U oueBHIHBIM. Emie B [44] yka3biBaiocs,
YTO Pa3BUTHE PEUEBBIX, ONTUYECKUX, CEHCOPHBIX (100aBUM CioJa TpaguuecKuX) CpPeICTB BBOJA-
BBIBOJIA JIaHHBIX M S3bIKOB CleUU(UKAIMI HAMETHJIM HOBYIO JIMHMIO SI3bIKOBOTO MHTepdeiica -
KaUeCTBEHHO HOBBIX f3BIKOB NPOrpaMMMPOBAHHUS B TEPMHMHAX U HENOCPEACTBEHHBIX ONEpPaLIUAX
OpUKIaAHBIX TpeaMeTHbIx obOnactedl. st OIIK wucnonbp3oBaHMe s3bIKOBOro HHTEpdeiica B
TEPMHUHAX M HEMOCPEACTBEHHBIX OIepanusax JTu0o o0BeKTa aBTOMATH3alMU, JTHO0 (YHKIUH
yIpaBICHUS ABIIETCS. OJHUM M3 0OUMX TpeOOBaHUM. B ocHoBy Kknaccudukanum
CHEIMAIM3UPOBAHHBIX S3BIKOB WM cpenctB nporpammupoBanus OITIK Moryr ObITh MONOMXKEHBI
CJIEIYIOIINE TPU3HAKHU:
UepapxXuuecKuil ypoBeHb OITMCAHUS 33/1a4H,
crenenb gekommno3unuu 11K,
MHCTPYMEHTAIIbHBIE CPEJICTBA,
o ApPXUTEKTypa UCIIOIHSIEMON CUCTEMBI.

| Cpe,[[CTBa IIporpaMMHpOBaHus 110 YPOBHAM OIIMCAHUA 3a1a4

OIMKUCaHUsA OIIMCaHusI CUCTEMBI OIMMCaHusd aJIT'OPUTMOB OIIMCaHusI KOMaHJ
TEXHOJIOTUYECKOT aBTOMaTH3alUU WIn nporenyp MHUKpOIpoleccopa
0 Tpolecca 00BEeKTa IPOrpaMMHUPOBAHHUS

orepaTopa - HH)XEHepa o MpOrpaMMHCTa nporpaMMucTa -
TEXHOJIOTa aBTOMaTHU3aluu CHCTEMOTEXHHUKA CXEMOTEXHHUKA
YPOBEHb

Puc. 4.1. Knaccuduxkarus cpeacts nporpammupoBanus [IK mo nepapxudeckum ypoBHSIM
OTIMCAHUs 3a/1a41

Hepapxuueckuii yposeenv onucanus 3a0ayy OTpPaKaeT KIACCU(PUKAIMUIO CPEICTB
MpOrpaMMHUPOBAHUSI C TOYKH 3peHus alctpakuuu monb3oBarens I[IK. 3amaua ympaBrnenus
TEXHOJIOTHYECKHM TMPOILIECCOM WIU OOBEKTOM Ha PAa3IMUYHBIX CTaAUAX >KU3HEHHoro Iukia [1K
(mpoekTHpoBaHUEe, BHEIPEHHUE, SKCIUTyaTanus) (GOpPMYyIUPYETCS U HWCIOTHSIETCS CIHEelUaTucTaMu
pa3IMYHBIX TpeaMEeTHBIX obnacteil. COOTBETCTBEHHO HCIONB3yeMOE OMUCaHUE 3a/ladd JOJKHO
OBITh MAKCUMAJIBHO MPUOIMKEHO K YPOBHIO 3HAHWW M TEPMHHAM TMPEAMETHOW 00JACTH KaKIO0TO
crnenuanucta. C 3Toil TOUkM 3peHHs pa3nuyvaroT (puc.4.1) sA3bIKM ONMHMCAHUS TEXHOJOTUYECKOTO
nmporecca (00beKTa) Ha ypOBHE OIEpaTopa - TEXHOJOTra, OMHCAHUS CHUCTEMBl aBTOMATH3AIUH
o0BeKTa Ha YypOBHE HWHXEHepa IO aBTOMATHU3AIMH, OMUCAHHS AQJITOPUTMOB WIH MPOLETYP
MpOrpaMMHUPOBAHUS HAa YPOBHE TMPOTPAMMHUCTa - CHUCTEMOTEXHHMKA, OMHCAHUS KOMAaH]I
MHUKpOIIpolieccopa Ha YPOBHE IPOrPaAMMUCTA - CXEMOTEXHHKA.

Kak werpymHo 3amMeTuTh, Takas KilacCH(UKAIKMSA OTPaXKaeT YpPOBEHb aOCTPaKIUU
OMHCHIBaEMOTro 00beKkTa. Eciu 00bekTOM omnrcanus (aHanu3a) sBISETCS TEXHOJIOTUYECKUH 00BEeKT,
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€CTECTBEHHO S3bIK €r0 OMMCAaHUs JOJKEH B OOJBIICH CTENEeHHW OTpaXkaTh MPEIMETHYIO 00JIacTh
KOHKPETHOH TEXHOJIOTUU (TEXHOJOrHMYeckuil crtanaapT). Hampumep, Uil TEXHOJIOTHYECKOTO
npouecca J03MpOBaHUS B KaueCTBE AJIEMEHTOB $3bIKa MOI'YT HCIOJIB30BaThCS IMOHATHS OYHKED,
KJIanaH, IpUBOJ], TPyOOIPOBOJ, PELENT, /10338, KOMIOHEHT U T.N. TUMHUYHBIMU MPUMEPAMU TaKUX
SI3BIKOB SIBJISIFOTCSL POOOTOOPUCHTUPOBAHHBIH SI3BIK JJISI IIPOrPAMMHUPOBAHUS JABHKEHUs poboTa [45]
win rpadpuyeckuil s3Ik BH3yanbHOro mporpammupoBanus ACY TII [9]. Ecimu o6bexToM
paccMOTpPEHHUS SIBJIAETCS CUCTEMAa aBTOMATHU3allMU, TO JIEMEHTHI A3bIKa JI0JKHBI COOTBETCTBOBATh
BUJly M CYTH, pelIaeéMbIX Ha JAaHHOM YpOBHE 3a/a4. B pacnopsikeHue nHxkeHepa no aBToMaTU3aLHH
JIOJDKHBI OBITH IPEAOCTABJIEHBI CPEACTBA ONMCAHUSA CTPYKTYphl CUCTEMBI, 3aJay YIpaBIICHUS,
ITOPUTMOB B3aUMOJICUCTBUS C aBTOMATU3UPYEMbIM OOBEKTOM, U3MEHIEMBIX U KOHTPOJIUPYEMBIX
napamMeTpoB H T.I. (Hampumep, rpaduueckuii s3bik "/InarpaMmma QyHKIIMOHAIBHBIX OJIOKOB", T1IE
byHKIIMOHAIbHBIE OJOKH - 3TO MPOTrpaMMHBIE OOBEKTHI, MPEACTABISAIONINE CHEIMATN3UPOBAHHBIC
¢Gynkimuu ynpaeienusi [4]). YpoBeHb HporpaMMHUCTa-CHCTEMOTEXHHKA COOTBETCTBYET BBHIOODPY B
KayecTBe OO0bEKTa TMPOEKTUPOBaHUSA  (UCCIEAOBAHUSA) KOMIUIEKCA MPOTpaMM  CHCTEMBI
aBTomMaru3alnuu. Mcnoap3yemble Ha 3TOM YpOBHE A3BIKM IPOTrPAMMHPOBaHMS (a 3TO Yallle BCETro
AITOPUTMUYECKHE WK 00BEKTHO-OPHEHTHPOBAHHBIC SI3bIKK MporpamMmupoBanus [9,46] Cu, Cut+,
cemelictBo s3bikOB [lackanb, anamormuno beiicuk, ®opr, Moayna, Aga ¥ T.I.) TO3BOJSIOT
3¢ dexTUBHO pemarh 3aJa4un peaar3aluu CI0KHBIX BBIYUCIUTENBHBIX U YIPABISIOUINX TPOIEayp,
OpraHU3alMy BbIUMCIUTEIbHBIX MIPOLIECCOB B aBTOHOMHBIX WK ceTeBbIX cTpykrypax ACY TII u
T.n. W, HakoHel, paccMOTpeHHE B KadecTBe OOBEKTa COOCTBEHHO MHUKPOKOHTpOJUIEpA WIIU
onnoratHoro OINK mpenpacnosnaraer K s3pIkaM ONMMCaHHUS KOMaHJI IpoIieccopa Wik accemoiepa
JTAHHOW KOHKPETHOM apxuTekTyphl [14].

| Cpe,I[CTBa IMporpaMMHrpOBaHUA IO CTCIICHU ACKOMIIO3UITNH IIK |

MHKPOIIPO KOMaHQ MHEMOKO BBIC
rpaMMHBIH MUKpOIpoIieccopa b OKOT'0
JOCTYTI acceMOI YpOB
epa HSl

Puc. 4.2 Knaccudukanus cpeJcTB MporpaMMHUPOBAHUS IO CTENIEHH JAEKOMIO3UIIUN

Cmenenv Oexkomnosuyuu I[IK onpenenser BO3MOXKHOCTb JOCTyHa IIOJIb30BaTeNs K
annapatHeiM pecypcaM. [IK npeacraBnsercss B 3TOM ciiyyae B BUJE B3aUMOCBSI3aHHBIX 3JIEMEHTOB,
Moayiaed wuiaM KoHTpoiuiepoB. Ilpudyem xapaktep cBsA3M MoXKeT OBITh  3aAaH (M3MEHEH)
nporpaMMHo. CpencTBa MpOrpaMMHUpPOBAaHUS JOKHBI COOTBETCTBOBATH CTENEHHU JE€TATbHOCTU
onucanus annapathsix cpeacts I1IK u nmporpamMmmaomy uHTEpdENcy 1eKOMIIO3UPYEMbIX 3JIEMEHTOB
wii  moayneil. Pazmmuaror (puc.4.2) MHUKpONpPOTpaMMHBIA JTOCTYyH K CHCTEME KOMaH]
MHUKpPOIIpOLIECCOPa, IPOrpaMMUPOBAHUE C  TMOMOIIBIO  KOMaHjJ  MHKpPOIPOLECCOPA,
IpPOrpaMMUpPOBAHHUE Ha s3bIKax accemOiepa, NPOrpaMMHUpPOBAHUE C MPUMEHEHHEM CpPEICTB
BBICOKOTO YPOBHs. MHUKPONpPOrpaMMHBIA JTocTyn peanusyercs ocodeHHO 3¢¢extuBHo st 1K,
ucnonp3yromux cekiuuonusie MII. IlocnenHue mo3BOJIAIOT MoOJb30BaTent0 mpoektupoBath 1K ¢
MHUKPOIPOTPAMMHBIMU YCTPOUCTBAMH YIPABICHHs, NMPH 3TOM BO3MOXHA  HSMYJALUSA JHOOOH
CHCTEMBI KOMaH/ 10 BbIOOpY mosb3oBarens [47,48]. IIporpaMmMupoBaHie B KOAax Iporieccopa
UCTOPUYECKH SIBJIETCSI TEPBBIM CIOCOOOM MpPOrpaMMUpOBaHMs. J|OCTOMHCTBOM 3TOro s3bIKa
ABIseTCs TpeOoBaHME 3HAHMSI CHUCTEMbl KOMaHJ U apxutekTypsl MII, a 1is BbInonHEHUd
COCTaBJIEHHBIX TaKMM 00pa3oM IporpamMm He TpeOyeTcss HHM KaKuX TPaHCIATOPOB. SI3bIKK
accemMOnepa WM SI3bIKH CHUMBOJIMYECKOTO KOJIMPOBAHUS CYIIECTBEHHO OO0JIETYalOT TPY.I
IIPOrpaMMUCTa 0 CPAaBHEHUIO C MPEABIAYIIMMH S3BIKAMH, IO3BOJISAS JOCTUTHYTh NPAKTUUYECKU
AQHAJIOTUYHOTO pe3ynbTaTa B peain3alui TEXHUYECKHX Bo3MoxkHocTerd MII. Tpancmarop ¢ 3toro
A3bIKa, T.€. IMporpaMMa-acceMOiep J0CTaTodyHO KomrakTHa. Ha accemOGuepe mporpammupyorcs,
KaK IMpaBWJIO, CUCTEMHbIE MPOTPaMMBbI, UCHOJHSAEMbIe (ailnibl, ApaiiBepbl Moayleld U OJIOKOB U
Jpyrue Hambosiee OTBETCTBEHHBIE MPOTPaMMBbI, O0ECIEUMBAIOIINE B3aUMOCBS3b MPOrPaAaMMHBIX
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monayieir [14]. TlporpaMMupoBaHHe C MPUMEHEHHEM CPEICTB BBICOKOTO YPOBHS TMPEAINOJiaraet
nekomnosunuio [IK Ha Monynu, moanepKuBarolne NporpaMMHOE B3aumojeicTBue. B kadecTse
COOCTBEHHO $3BIKOB IIPOIrPaMMHUpPOBaHHS B 3TOM CJyda€ MOI'YT OBbITh MCIIOJIb30BaHbI
AITOPUTMUYECKHE WM OOBEKTHO-OpUeHTHpoBaHHbIE s3bIkM Cu, Cut+, cemeilcTBO S3bIKOB
[Tackanp u T.1.

Hucmpymenmanwvnuoie cpeocmea 11K B 3HAUUTENBbHOW CTENEHU OMNPENCISIOTCS CTaIUCH
KU3HEHHOTO IMKJA TPOrpaMMHOro obecriedeHus (B oO0meM BHIE: aHaIU3 TpeOOBaHMIA,
MPOEKTUPOBAHKE, KOJUPOBAHUE, TECTUPOBAHHE M OTJaJKa, SKCIUTyaTallds U COIMPOBOXKICHUE) U
TpeOOBaHUSAMU I10JIb30BaTENsl. MIHCTpyMEHTalbHbIE CPEICTBA U TEXHOJIOIMH IPOrpaMMHUpPOBaHUS
KOHTPOJUIEPOB JTOCTaTOYHO >KECTKO CBS3BIBAIOTCS C SI3BIKOBBIMU CpPEIICTBAMHU U, COOCTBEHHO,
annapatieiMu  cpeactBamu [IK. C 3T0ll TOoukM 3peHMs CpelncTBa IMPOrpaMMHpPOBAHUS
MO/APA3/ICIAIOTCS HAa AaBTOHOMHBIE WJIM OpPUEHTUPOBaHHbIE Ha BcTpoeHHble B sapo OIIK
WHCTPYMEHTAJIbHBIE CPEJICTBA NPOrpaMMHUPOBAHUS (BCTPOEHHBIE WJIM TMOJKIIOYaeMble MaHEIH
MPOrpaMMUPOBAHUS, TUIIBI U O0bEM MAMATHU, METOAbl KOMIWISAIHMMU U T.M.), HA HCIOJIb3YIOIIUE
YHUBEpPCAIbHBIE  MHCTPYMEHTAJbHBIE  CPEACTBA  MPOTPAMMHUPOBAHUA  (MHCTPYMEHTAIbHBIC
TEXHUYECKHE, POTPaMMHbBIE U S3BIKOBBIE CPE/ICTBA), ClICLUATN3UPOBAHHBIE ABTOMATH3UPOBAHHEIE
texHonorun nporpammupoBanusi OIIK (B Oosee obmem Buae mnonyumBmue HazBanue CASE
(Computer-Aided Software/System Engineering) - TexHOJOTHiA), U, HAKOHEII, UCIIOJIL3YIOIIHUE TSI
nporpammupoBanus SCADA (Supervisory Control And Data Acquisition) cucrembl, TO €CTb
TEXHOJIOTHH BH3yaJIbHOTO MporpaMMupoBanus (puc.4.3).

| Cpencrra B 3aBucMocTH OT TexHOMOTHI IPOrpaMMUPOBAHHS

ABTOHOMHBIE WJITU YHHUBEPCAIbHbBIE ABTOMATHU3UPOBAHHBI TEXHOJIOTUHU
BCTPOCHHBIC B WHCTPYMEHTAJIb-HbIC e TEXHOJIOTHUH BHU3YaJIbHOTO
OIIK cpencrtBa CpelCTBa IPOrpaMMHUPOBAHUS MIPOrPaMMHUPOBAHHUSI

Puc. 4.3 Knaccudukanus cpeJcTB MporpaMMHUPOBAHUS 110 UCIIOJIb3YEMbIM

TEXHOJIOTUSIM IIPOTpaMMHUPOBAHUS

Hcnonp30BaHne TEXHOIOTHHA ITPOrPaMMUPOBAHMS, OPUEHTUPOBAHHBIX HAa ABTOHOMHBIE WIN
Ha BcTpoeHHble B OIIK cpenctBa mporpamMMupoBaHMs, XapaKTEpHO JUIsl CIIEHHaTIU3UPOBAHHBIX
TEXHOJIOTMYECKUX KOHTposuiepoB. Mimenno takue 11K yamie Bcero ocHamaroTcs BCTpPOSHHBIMU WU
MOJIKJIIOYAEMBIMU TAHENSIMU MPOTPaMMHUPOBAHUS, UMEIOT PE3UJIEHTHbIE MHTEPIPETATOPHI SI3bIKOB
(KOMaHM), XapaKTepU3ylTCs JIOCTYIIHbIM HMHTepQeiicoM Toab30BaTeNs NpPUH OTPAHUUYECHHBIX
BO3MOKHOCTSIX. Haubonee THIWYHBIM HaM IIPEICTABIISIETCS MIPOrpaMMUpPOBaHUE
CIEUAIN3UPOBAHHOIO TEXHOJIOTMYECKOro KoHTposuiepa tuna Pemukont P-130, mocratouno
LIMPOKO PacHpOCTpaHEHHOro B Poccum M mporpaMMupyeMoro ¢ MCHOJIB30BAHHEM PE3UIEHTHOU
OubOIMOTeKH CcTaHIapTHBIX anroputMoB [28,49]. Tlpaktuuecku OombmrHCTBO "Manbix" OIIK
IIPEANOJIAraeT UCIOIb30BAHUE TaAKOW TEXHOJIOTMH IPOTPaMMHPOBaHUA. B KauecTBe SI3bIKOB MOTYT
NPUMEHATbCS YHMKalbHbIE (aHanornyHo Pemukont P-130), HO wamie 3TO cTaHAapTU30BAHHBIE
A3BIKM THUIA YK€ YIOMHHaeMoro rpaduueckoro szpika "Jluarpamma (QyHKIIMOHAIbHBIX OJIOKOB"
WM rpaduueckoro s3bika "luarpamma neneit'.

Hcnonb30BaHne yHHMBEpPCAIbHBIX HHCTPYMEHTAIbHBIX CPEACTB  MPOTPaMMHpPOBAHUS
(MHCTpyMEHTaJIbHbIe TEXHUYECKHE, TPOTPAMMHBIE U S3BIKOBBIE CPEJICTBA) XapaKTEPHO i pabOThI
Ha HayaJlbHBIX CTagusX >KM3HEHHOro IMKiIa mporpammHoro ob6ecrneuenus [IK mpu BbiOope B
KayecTBe O0bEKTa TMPOEKTHPOBAHUS  (MCCIEAOBAHUS) KOMIUIEKCA IPOrpaMM  CHUCTEMBbI
aBTOMaTu3aluu. Takol MHCTpyMEeHTapuil mo3BosigeT 3((EKTHUBHO pelarh 3aJaddl pean3aluu
CIIOXKHBIX BBIYMCIUTENBHBIX W YIOPABISAIOIIUX MPOLELYp, OPraHU3alUd BBIUUCIUTEIbHBIX
IIPOLIECCOB B AaBTOHOMHBIX MM ceTeBhIX cTpykTypax ACY TII, a Takke nporpaMMHpOBaHHS
OJTHOKPUCTAIILHBIX MHUKPOIPOIIECCOPOB. ITO MOTYT OBITh KaK MAIIMHHO-OPHUEHTUPOBAHHBIE S3BIKU
TUNa acceMOiiepa, TaK U YHUBEPCAJbHbIE AJITOPUTMHYECKHE WK OOBEKTHO-OPUEHTHUPOBAHHBIE
S3bIKA. B KadecTBe MHCTPYMEHTAJIBHBIX TEXHMUYECKHX CPEJCTB OOBIYHO HCIIONB3YIOTCS paboune
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cranuuu Ha ©Oaze IBM - COBMECTMMBIX KOMIIBIOTEPOB, OCHAIIAEMble WHCTPYMEHTAIbHBIMU
POTPaMMHO - SI3BIKOBBIMHU TakeTamu [2,41].

Crenuan3upoBaHHble ABTOMATH3UPOBAaHHBIE TEXHOJIOTHUH mporpammupoBanus OIIK
(CASE - TEXHOJOTWH) TPEICTaBIAIOT COOOM COBOKYIMHOCTh METOJOJIOTHH aHaJn3a,
IPOCKTHUPOBAHUS, Pa3pabOTKH M CONMPOBOXKACHUS CIOXXKHBIX CHCTEM MPOrPaMMHOTO OOecredyeHus,
HOJJIEPKAHHYI0 KOMILUIEKCOM cpelcTB aBTomMaru3aruu [50].

OcnoBnas nenb CASE cocTout B TOM, 4TOOBI OTJAETUTH MIPOSKTUPOBAHKE MPOTPAMM OT UX
KOAMPOBAaHUS U TMOCIEAYIOUIMX 3TanoB pPa3pabOTKH, a TaKKe IO03BOJMUTH pa3paboTUMKaM He
BHUKATh BO MHOTHE JIeTalld cpeApl pazpabotku u (yHKimoHmpoBanus mporpamm. CASE
MPEIOCTABIISET IOJb30BATENSIM B KOHKPETHOW MpPEAMETHON O00JacTH HarisaHble, CTPOrHe U
UHTYUTHBHO TIOHSTHBIE S3BIKM HIpOTrpaMMupoBaHus. [IpUHIUNHAIBHBIM — MPEACTABIACTCS
rpaduueckas opuenrtanus CASE, no3BoJisitoias onuchBaTh MPOrpaMMbl B BUJIE ABYMEPHBIX CXEM,
COKpAIAloNIMX O0BbEeM ONHMCaHUS 3aJa4d M OO0JaJarolMX MPOCTOM U SICHOH CTPYKTYpOH.
[Ipenmernas nanpaBieHHocTh CASE oOecneunBaercss HamuyueMm 0a3bl JaHHBIX IPOEKTa, Tl
HAXOJATCS TOATOTOBJICHHBIE ISl JAHHOM 00JIaCTH MPUMEHEHHSI CTPYKTYPHBIE AUarpaMMbl, MOACTH
JTAHHBIX, OpraHu3anuu, 00pabOTKU, UCXOAHBIE KOJbI, JIOTUKa 00paboTku u T.n. Ha 3Toi ocHOBe
ocymectBisiercss uaTerpaus CASE - cpenct: oOmuil moJib30BaTeIbCKUN UHTEp(dENC Mo BCEM
CpelCcTBaM, Iepefada JaHHBIX MEXIY BCEMH CPEICTBaMU, Iepefada JaHHBIX U CPEICTB MEXKIY
pa3nMyHBIMU  TUIATOPMAMHU, HMHTETPAlUsl JTamoB MpoekTupoBaHus u T.m. Cpemu Apyrux
nocrouHctB CASE crienyer oTMETHTh BO3MOXKHOCTH MPOTOTUIUPOBAHUS (TOCTPOEHUST OBICTPBHIX
IPOTOTHIIOB CHCTEMBI), aBTOMATHYECKYI0 T€HEPAlI0 JOKYMEHTAIIMH MPOEKTa, aBTOMATHUECKYIO
BepU(PUKALMI0O M KOHTPOJb IMPOEKTa Ha IMOJHOTY M COCTOSTENIBHOCTh Ha PpaHHUX JTamax
pa3paboOTKH, aBTOMATHYECKYIO KOJOTCHEPAlMI0 Ha OCHOBE IEJIEBOr0 s3bIKa M, HaKOHEI],
COIIPOBOXKJEHUE U peuHkeHUpuHr mnpoekra. IIpumenurensno k OIIK CASE - texHonoruu
HauOoJsiee MOJIHO pealn30BaHbl B IPOTrPaMMHBIX HMHTerpupoBaHHbIX cucremax [SaGRAF [51] u
Ultralogic [52].

Ncnons3oBanue s nporpammupoBanmst OIIK SCADA - cucreM, TO €CTh TEXHOJIOTHH
BU3YaJIbHOTO MPOrpaMMHUpPOBaHUA, CBsizaHO ¢ npumeHeHueM B [IK mpormeccopoB BBICOKOI
npousBoautenbHoctn (180386, 180486 w T.m.) W mepeHeceHHMEM Ha HIDKHHHA YPOBEHBb
aBTOMAaTH3allMM TEXHOJOIM BepxHero ypoBHs. I[loaTomMy nepBoHaYallbHO IpeIHa3HAuYCHHbIE
TOJIBKO JUIS MOCTPOEHMSI 4yeloBeKo-MalmnHHoro uHTtepdeiica (MMI) Bepxnero yposus ACY TII
[53,54,55,56] yxe B HacTosiee BpeMst HHTeHCHBHO BHeapsitotcst B chepe OIIK [57]. PaspaboTka
NpUKIaAHOW mporpammbl aBroMatuzamun B SCADA ocymecTBisieTcss B cpele BU3YaIbHOTO
(rpacduyeckoro, MyJIbTUMEIMHHOTO U BHJIEO0) MPEACTaBICHUS 00bEKTAa U CPE/ICTB aBTOMAaTHU3AllNH.
[ToHATHE S3BIK TPOTPAMMHUPOBAHHS  TIOJHOCTBIO  TPAaHCPOPMHPYETCS B  TOHATHE  SI3BIK
IPOEKTHPOBAHUSA, a TOYHEE SI3bIK B3aUMOJecTBUs omeparopa ¢ DBM B NpHUBBIYHOM AT HEro
npeamerHoit cpeae [58,59,60]. TlpenmeTHast cpena obecredrMBaeTCsl HATHUUEM COOTBETCTBYIOIIMX
6ubnMoTek rpauyeckux NMPUMHUTUBOB, SKPAHHBIX (OpPM IpeacTaBiIeHUs HHPopMauuu, GopMyn 1
QITOPUTMOB MaTeMaTHUECKON 00pabOTKU U yIpaBiieHus, apaiisepoB u T.1. Ha PoccuiickoM peiHke
SCADA - cucrem ACY TII cremyer otMeTHTh, npexe Bcero TPEMIC MOVY]I, pa3paGarbiBacMyro
u nocraBiasiemyio upmoii AdAstra Research Group [56,57]; Genesis, pacmpocTpaHsemMyo B
Poccun pupmoit [TIPOCODT [58,59], Wonderware InToch, pactipoctpansiemyto B Poccun pupmoit
PLC Systems [60].

| Cpencrsa B 3aBUCMMOCTH OT apXUTEKTYPhI UCIIOJIHSIEMOU CHCTEMBI |

KECTKasl CBS3b [ mporpammmas peanusars ncnonnsemoii cucremer |
C A3BIKOM | |
IIPOrpaMMHUPOBAHUS | MCIIOJTHSIEMBIN (haiin | | MOHHTOD (S7pO) |

Puc. 4.4. Knaccuduxanus cpeictB NporpaMMUpPOBaHUs B 3aBUCUMOCTU OT apXHUTEKTYpPbI
ucnosaHseMoi cucremsl [1K
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ApxumeKkmypa ucnonHaemou cucmemsl, CTPOrO TOBOPs, HE OCHOBa Kiaccudukanuu, a
OTpaHWYEHUs, HaKJIaJbIBaeMble Ha BBIOOp cpenactB mnporpammupoBanus OIIK wucnomnsemoi
CUCTEMOH, TO ecThb pecypcamu 11K, BblenseMbIMu 17151 pelIeHMsl IOCTaBIEHHOM 3anauu (puc.4.4).
Bo3moxHO wucnons3oBanue Bcex pecypcoB IIK (ammapaTHbIX M HpOrpaMMHBIX) B KauecTBe
ApXUTEKTYpPbl HCIIOIHSIEMON CUCTEMBI, TO €CTh JKECTKas CBS3b C S3BIKOM IPOrpaMMHPOBAHMUS;
BO3MOYKHA U TOJIbKO MPOrpaMMHasi, TO €CTh T'MOKas CBA3b C A3bIKOM Iporpammuposanus. K nepoit
IpyIIe OTHOCAT SI3BIKM MPOTPaMMHUPOBaHUS, (HOPMUPYIOIIME APXUTEKTYPY MHKPOKOHTPOJIIEPA,
Hanpumep, Mojayna - opueHTupoBaHHble wWin DOpT - OPUEHTUPOBAHHBIE CTPYKTYpPbI
MHKPOKOHTPOJIEPOB [1], T BCTPOSHHBIMU CPEICTBAMH MOJJICPKKH s3bIKa MPOTrPaMMHPOBAHHMS
ABJISIIOTCSL M IIPOLIECCOP, U MUKPOIIPOrpaMMbl, M MPOrpaMMHbII MoHuTOp U T.A. [Iporpammuas
peanu3ays HWCIHOJIHAEMOM CHCTEMBI CBsi3aHAa C BBIOOPOM NPUHIMIIA TEpEeBOJA IMPOrPaMMBI,
HalMCaHHOHN Ha sA3bIKE IPOIPaMMMPOBAHUS B KOJbI (KOMaHAbI IIporieccopa). B ciydae accembiepa
WIN HANKCaHHU MPOTPaMMbl B KOMaHax MPOLECCOpa UCTIONHIEMasi CUCTEMa MPEACTaBIsIET COO0M
UCTONHAEMBIA (aiin. IlpuMeHeHne pa3nuyHOro BHMJA HHTEPIPETATOPOB, KOMIMISATOPOB WIIH
TPAHCIATOPOB JJIsl MPeoOpa3oBaHMsI CUCTEM KOMAaHJ HCHOJHseMas CHUCTeMa JOJDKHA COAEPIKaTh
MOHHTOP (WU AIPO), PEATU3YIOUINI YKa3aHHYIO (QYHKIIHUIO.

B 3axmoueHune xouercs 0OOpaTWTh BHUMAaHHWE Ha TIOCTOSHHO YIIOMHHAEMBIA IPH3HAK:
CTaHJApTHBIA S3bIK WMJIM CTaHAApT Ha s3blkM. CTaHAapThl YCTAHABIMBAIOT OOLIMIA OpPUEHTUD
pa3BUTHS, OCHOBHBIE IIpaBWJa MPOTPAMMHPOBAHUS, PEKOMEHAYEMbIH IIEPEYEHb  SI3BIKOB.
CnenoBaHue CTaHIApTy IMO3BOJSET pACIIMPUTh BO3MOXKHOCTM KaK IPOEKTaHTa, TaK U
nosib3oBarens. OTKIOHEHHE OT CTaHAAPTOB JJIsl IMPOEKTAaHTOB MJIM I10JIb30BATEJEH OIpaBIaHbl
JMIIb JJS IIUPOKOMACHITAOHBIX IMPOEKTOB, OOCIIAIONIMX KAaYeCTBEHHBINH CKauOK MM OoJiblLIMe
BO3MOXKHOCTH [48]. IMEHHO 1M03TOMY MPECTaBISIET HHTEPEC MOA00P SA3BIKOB MPOrPaMMHUPOBAHHS
JUTSL MEXKIYHAPOIHOTO CTaHIapTa Ha sI3bIKK IporpammupoBanus koaTposuiepos IEC 1131-3 (MK
1131-3), BBenennoro B 1992 roay [4]. Cranaapt mo3BoJsSieT NPUMEHUTh NPU MPOrPAMMHUPOBAHUH
KOHTPOJUIEPOB COBPEMEHHbIE TEXHOJIOTMU IPOrpaMMUPOBAHUS B COYETAHUU C KJIACCHYECKUMU
A3bIKAaMM  JUISL  TPOrpaMMHUpPOBaHUsl KOHTposuiepoB. OH NIperocTaBisieT B paclopsbKEHHE
pa3paboTyrKa MATh A3bIKOB IPOrPAMMHMPOBAHUS, 3 UMEHHO:

rpadpuueckuii s3pik  "IlocnenoBaTenbHble (YHKIMOHAIBHBIE CXEeMbl" (MEXIyHapoJHas
Bepcus (paHiy3ckoro crapaapra "I'padcer"), omuchIBaromMii JOTMKY MpOrpamMMbl Ha YpPOBHE
YepeayIIUXCs MPOIEIyPHBIX IIaroB U MEePEX0/10B;

rpaduueckuit sA3bIk "J{narpaMMa QyHKIHOHAIBHBIX OJIOKOB', MOBCEMECTHO UCIIOJIb3YeMbIi
B EBpome M MO3BONSIIOMINNA CTPOUTH KOMIUIEKCHYIO IPOLIEAYpPY, COCTOSIIYI0 M3 pa3IN4HbIX
(YHKIMOHATIBHBIX OMOINOTEYHBIX OJIOKOB;

rpaduueckuil sa3pik "Jluarpamma neneit, pacnpocTpaHeHHbl B ocHOBHOM B CIHA, s3bIk
peNeHbIX AUarpaMm Ui OMMCAHUS JIOTHUECKUX BhIpaXKEHUH JIH000H CIIOKHOCTH;

SI3BIK CTPYKTYPUPOBAHHOTO TeKcTa (U3 ceMelcTBa s13bIkoB [lackans), peanusyroomuii ruokue
npoueaypsl 00pabOTKH JaHHBIX;

S3bIK  MHCTPYKIMI, OTHOCALIMMCA K  Kilaccy  acceMOiepoB, 1  CO3/JaHHUA
ONTUMHU3UPOBAHHBIX MPOLETYD.

[lepBele Tpu rpaduueckux SA3bIKa OPUEHTHUPOBAHbI Ha PACCMOTPEHHE CUCTEMBI
aBTOMAaTH3allMM KaK OOBEKTa MCCJIEJOBAHUS Ha YPOBHE MNpPEAMETHOW 00JacTH HHXKEHepa I10
aBromatuzanuu. [Ipu HeoOxoaumocTu Oojee NeTalbHON IEKOMIIO3MIMU (Hampumep, pa3OueHuun
CUCTEMBl  aBTOMATHM3allUM  HA  TOJCHUCTEMBI)  OCYLIECTBIIAETCA  NEpPEXOd K  A3BIKY
cTpyKTypupoBanHoro Tekcta (Ilackanb) u pemieHue 3ajady Ha YpOBHE MHKEHEpa - MPOrpaMMUCTA.
JanpHelmass  JeKOMIIO3MIMSA ~ 33Ja4d  AaBTOMATH3allMM  NOTpeOyeT MpHUBICYEHUS  sA3bIKa
MporpaMMHUpOBaHUsl 0oJiee HU3KOTO YPOBHS, a MMEHHO S3bIKa HMHCTPYKIUU (accemOiep) mis
UCCIIEIOBAaHM  HA  ypOBHE  IporpaMMHcTa -  CXEMOTEeXHHMKa. BpiOop  TexHonoruu
IPOrPaMMUPOBAHUS JJISi JIaHHBIX SI3BIKOB W TOJAJEP)KKA HCIOJHSAEMBIMH CHCTEMaMU BeChbMa
pasHOOOpa3Ha: OT  BCTPOEHHBIX CPEICTB  IEPErNporpaMMHUpPOBAHUS  KOHTPOJIEPOB  JO
YHHUBEPCAJIBHBIX HMHCTPYMEHTAIBHBIX CPEICTB M HWHTerpanuud ux B HOBbie CASE - TexHomoruw,
Hanpumep B ISaGRAF [51] u Ultralogic [52]. CtanmapTu3oBaHbl TaKuM 00Opa3oM IOCTaTOYHO
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VHHUBEpPCATbHBIC S3BIKOBBIC CpPEICTBA ISl PENICHHUS 3aJad [POrPaMMHUPOBAHUS  CHUCTEMBI
aBTOMaTHU3allMkM  Kak  OObEeKTa  HCCIEeNOBAaHUS  pPA3IMYHOM  CTENEHU  JEKOMIIO3ULIUU.
[TporpamMmmupoBaHue CHCTIHATU3UPOBAHHBIX TEXHOJIOTUYECKUX KOHTPOJIEPOB U
nporpammupoBanue OIIK ¢ momompio SCADA - cucteM - 1Be MOJSPHBIC TPAHUIIBI MTPEAMETHOM
0o0JacTH aBTOMATU3UPYEMBIX TEXHOJOTHHA, W CTaHAApPTH3aIUs WX SI3BIKOBBIX CPEACTB HAC eIIe
OKUJIAET.

B mocnenyromux pasnenax JaHHOW TJaBbl OyJyT PAacCMOTPEHBI CIeAylolHMe Hauboee
TUMIUYHBIE CITy4yau IPUMEHEHUs S3bIKOB porpammupoBanus OITK:

MIPOrpPaMMHUPOBAHHE OJTHOTIIATHBIX OIIK Ha OCHOBE OJTHOKPHUCTATLHBIX
MUKpPOKOHTpoJIiepoB cemeiictBa MCS-51 Ha s3bike accemOiiep ¢ MPUMEHEHHEM YHUBEPCAIbHBIX
WHCTPYMEHTAIBLHBIX CPEJICTB;

MIPOrpaMMHUPOBAHUE CIIELHUATHU3NPOBAHHBIX TEXHOJIOTMYECKHX KOHTPOJUIEPOB HA MpUMEpPE
PemukoHT P - 130 co BCTpOEHHBIMU HHCTPYMEHTAJIBHBIMU CPEICTBAMU;

nporpammupoBanue yHuBepcanbHbix OIIK rpaduyeckumu si3pikamu ctangapra MOK 1131-
3 ¢ npumenenuem sneMeHToB CASE - TexHoMoriu nHCTpyMeHTaIbHOM cuctembl Ultralogic;

nporpammupoBanue OIIK ¢ momomisio SCADA - cuctemsl.

Jleknus 8. OqHoniaTHbIe 00bEKTHO-OPHEHTHPOBAHHBIE KOHTPOJLIEPbI

[losiBieHne OAHOKPUCTAIBHBIX MUKPOOBM U OJHOKpUCTaNIbHBIX MHUKPOKOHTPOJJIEPOB
SABWJIOCH CIIEJCTBHUEM COBEPLICHCTBOBAHHUS IOJYIPOBOJHUKOBBIX TEXHOJIOIMH U CXEMOTEXHHKH.
Bricokasi Ha/IeXKHOCTh, HU3KOE JHEPromnoTpediieHne W HEeOONbIINE pa3sMephl OJHOKPUCTAIBHBIX
MHUKPOKOHTPOJUIEPOB IO3BOJIMJIM  CO3/1aTh HAa HUX OCHOBE CpEACTBA MPSMOrO yIPaBICHUS
TEXHOJOTM4YeCKUM 00OopynoBaHueM. Bo MHOrMX cilydasx K HUM NPEIbSIBISIIOTCS OYE€Hb BBICOKHE
TpeOOBaHUS 0 CKOPOCTH PEAKLMU Ha BHEIIHUE COOBITHS (BHELIHHME NpPEphIBaHUSA) U CKOPOCTH
NEPEKIIIOUYEHUsI C OJHOW MporpamMmbl Ha Jpyryio (BHYTpeHHHE HpepbiBaHusl). BakHbIM
TpeOOBaHUEM SIBIISICTCS TaKXe BBICOKas Hal&KHOCTb, IOCKOJIbKY OTKa3 yCTPOMCTBA yNpaBiIEHUS
MOJKET MPHUBECTH K BBIXOJY U3 CTPOSI JOPOTOCTOALIEr0 000pYAOBaHUS U MOpye NMpoAyKiuu. Bee
9TH TpeOOBaHUS IMPHUBEIU K CO3JAHUIO OJHOIUIATHBIX KOHTPOJUIEPOB, KOTOPbIE KOHCTPYKTHBHO
O0OBeMHSIIN Ha OJHOM IUIaTe€ BBIYMCIUTENbHBIA OJIOK, HWHTEp(ECHbIE MOIYIN U MOIYIH
BBOJIa/BbIBOJIa, TO ecTh K BbIMoJHeHHI0 OIIK B BuIe HEM3MEHSIEMOro sijpa, BCTPaWBAaEeMOIro B
TexHoJoruueckuii oowvekT. BcerpauBanme OIIK, Hapsiny ¢ ontummsanueil pexxumMoB padOThI
aBTOMATH3UPYEMOI0 TEXHOJOTHYECKOr0 OOBEKTa, MpeciieAyeT Iellb ONTHUMM3ALUU CTOMMOCTH.
TexHonornueckuii 0ObEKT B TEUEHNE BCETO JKU3HEHHOTO 1IMKJIa HE U3MEHSETCs], IO3TOMY CpeJICTBa
ajanTanuyd K (U3MYECKHM CUTHajdaM OOBEKTa W HUCHOJHSAEMBbIH (aill mpUKIaJgHOW MpOrpamMMbl
yIpaBiaeHUs] OOBEKTOM TaK)Ke OCTaloTCs HeusMeHHbIMU. CpeiacTBa ajganTaluu K (U3NYECKUM
CUTHaJIaM O00bEKTa M UCHOJHSIEMBbIH (hailyl mpUKIaJIHOW MPOrpaMMBbl JJIsl TAKOTO clydas, Kak yKe
OTMEYaJIOCh, BHOCATCS B cocTaB sjapa. llporpammHas nonanepkka pabOThl NepedrCICHHBIX
anmapaTHbIX CPEJCTB OCYLIECTBISETCS C MOMOIIbIO PE3UIEHTHOTO 3arpy3ounoro moayns (BIOS) u
IporpaMMbl - MOHMTOpa peajgbHOro BpemMeHH. Hamuuue mnporpamm JpaliBEpoB U CpPEICTB
nporpammupoBanus B sape OIIK mo3Bossier peann3oBaTh NpOrpaMMHBINA JTOCTYI K alIapaTHbIM
pecypcam ¢ 1enbl0 peleHus 3ajad  aBromaruzanuu. IIporpamMmmupoBaHue OJHOIIATHBIX
KOHTPOJUIEPOB BBIMOJHAETCS OOBIYHO C IOMOINBIO BHEIIHEro IyJbTa WJIM Ha CHEIHUaIbHOM
MHCTPYMEHTAJILHOM BBIUYMCIMTEILHOM KoMIUlekce. Pa3paboTaHHas W OTJIaXeHHas Nporpamma
3a”ocutcs B [13Y wm 13V koHTpowiepa.

AHanu3 XUMHUKO-TEXHOJIOTMYECKOTO 000pYy10BaHUS TOKA3bIBAET, YTO B OCHOBHOM (Oosee 80
%) oHO mpexacTaBisgeT co00M MHIUBUAYaIbHBIE OTHOCUTEIBHO HECIOXHbBIE MAIIWHBI U armnapaThl
[28]. Ucnonb3oBanue s ux apromartu3anuu onHoruiaTHbix OIIK sBiseTcs ¥ TeXHUYECKH, W
HPKOHOMHYECKHU ONpaBJaHHBIM. [[pMHIMNNAIBHO BO3MOXKHO [1Ba PEIICHUS 3aJaud aBTOMaTH3aluU
TEXHOJIOTH4ecKoro oobvekTa ¢ momoibto ogHoratHbix OIK: pazpaboTka moa KOHKPETHBIN 00bEKT
(TPOEKT) MHAMWBUIYAIILHO OPHEHTUPOBAHHOI'O KOHTPOJUIEpA MJIM BBHIOOP M3 psila YHHBEPCAIbHBIX
onnorutatHeix OIIK koHTposuiepa, HauMeHee U30BITOYHOIO C TOYKU 3PEHHS] KOHKPETHOro 00BhEeKTa
(mpoekTa).



25

B nepBom cnyuae anmapartHas 4acTb KOHTPOJUIEPOB CO3Ja€TCS TOJIBKO C YYETOM
TpeOOBaHUI KOHKPETHOTO OOBEKTa aBTOMATHU3ALMU U UMEET CPEJCTBA MHAMKALUU U YIpPaBJIECHUS,
TaK)K€ OPUEHTHPOBAHHBIE TOJILKO Ha TEXHOJOIMYECKHE OCOOEHHOCTH o0BekTa. OnTuMu3anus
anmnaparypbl KOHTpOJUIEpa, KaK IPaBUJIO, HMPUBOAUT K HEOOJIBLIIOMY KOJUYECTBY JUCKPETHBIX
BXOJIOB/BBIX0/IOB, KaHAJIOB aHAJIOTOBOT0, YAaCTOTHOTO BBOJIA/BBIBOJA, HAIMYMIO MHTEpdelica amsa
CBA3M C KOHTPOJIJIEPAMU BEPXHETO YPOBHS, CXEMBbl YIPABICHUS NATYUKAMU, UCIOJHUTECIBHBIMU
MexaHu3MamH U T.1. TpeboBaHUs K yNpaBICHUIO TEXHOJIOTUYECKUM O0OpPYIOBAaHUEM ONPEIEIISIIOT
TUI ¥ Pa3psAHOCTh MHUKpOIIpoleccopa, 00bEM ONEpaTUBHON MaMATH U MaMATH MPOrpaMM, 4TO B
CBOI0O O4YepeNb OIpenesieT BHIOOP CpEACTB MPOrpaMMHUPOBAHUS M OTJIAAKH, ONTHMAIBHO
peanu3yolmx 3akoHbl ynpasieHus. O0biuHO B kauecTBe ocHOBBI OIIK B 3TOM ciydae BbIOMparoT
OJTHOKPUCTAJIbHBI MUKPOKOHTpoJuIep. OH HMMEeT OrpaHMYEeHHBIH O0BEM MaMATH, JOTUYECKH U
bu3nyecku pa3fenéHHyI0 NaMATh NPOrpaMM U JaHHBIX, CUCTEMY KOMaHJ, OPUEHTHPOBAHHYIO Ha
BBINOJIHEHHUE aJITOPUTMOB yripaBiieHHs. OyHKIIMOHATILHO MUKPOKOHTPOJUIEp 00beInHACT B cebe 8-
win 16-OMTHBIA LIEHTPaIbHBIN MPOLECCOPHBIN 3JEMEHT, JAUCHETUEp YIPABICHUS MpPEpbIBAaHUAMU,
[aMAThIO, BCTPOEHHBIE TaliMepbl, HA0Op BCTPOEHHBIX NMOPTOB BBOAa-BhiBOAA, LIAIL, ALII, cxembl
Y4aCTOTHOI'O BBIBOJA, KaHAJ IOCJIE0BATEIbHOIO BBOJA-BbIBO/A, IAMATh MPOrpaMM U JIaHHBIX. DTO
MIO3BOJIIET HCIIOJIb30BAaTh €r0 B TE€X CUCTEMaX, IJI€ PaHEE HCI0JIb30BaJu OJHOIUIaTHele DBM n
cxeMbl Ha k€cTkod Jsoruke. PaccMoTpum Oosiee MOAPOOHO apXHUTEKTypy cemeilcTBa
MHKpoKoHTposuiepoB  MCS-51, cosmannoro d¢upmoit Intel, (B Poccum emy coorBercTByeT
ceMelCcTBO MUKPOKOHTpoiepoB Tuma 1816XX51).

BHellHH’e NpephIBaHUA Ha pwuc.3.5 npencrasnena

| | CTPYKTypHasi cxemMa KpHucTaia
. l— MCS-51.
EOeH ngggfrg — AKTI3Y 03y Taiimep 1 LlenTpanpHBINA MpoLIECCOp
. — 128 Gaiir Taitmep 2 MHKPOKOHTPOJIIEPA MeeT
l—

l ClenyroIne TEXHHYECKHE
ITPOLIECCOP paspsaHocTs AJIY - 8 Out; uncio
T koMmanp - 111; mmnaa xomasy -1,2
” 3 OaiiTta; YHCIO PETUCTPOB

TakToBbIi Kontpomnnep IopTel I ’
reHeparop IIAHBI BBOJa- BEIBOJIA HOCJ’ICI{?B& 06HI€FO HaszHa4YCHUA (POH) - 32;
I I I T'T'L"UI” YUCIO  TPAMO  aJpecyeMbIX
OWTOBBIX TIepeMeHHBIX - 128;
PO PL P2 PR3  TXD RxD YHCIIO TPSIMO aJIpecyeMbIX OHUTOB
Puc. 3.5 CtpyktypHas cxema Mukpokontposiepa MCS-51 B oOnactu perucTpoB

CHEUAILHOTO Ha3zHaueHus-128;
MaKkCUMaJbHBIH 00BEM MaMsTH MporpaMm - 64 kOailT, MakcUMalbHBI OOBEM BHEIIHEW MaMsATH
JaHHBIX - 64 KOallT, MaKkCUMalbHBI 00bEM BHYTpEHHEH MaMsITH JaHHBIX - 256 OalT; METOJbI
aZipecaliyl OTNEpaH/ia - PETUCTPOBBIN, KOCBEHHBIHM, MPSAMOH, HerocpeacTBeHHbid. Ha yactore 12
MI'y obecnieunBaeTcs cienyroliee BpeMs BBINOJHEHUS KOMaHJl, MKC: CJIO)KEeHHe - 1, mepechuika
“perucTp - BHELIHsAA NaMATh” - 2, YMHOKEHUe/ieneHue - 4.

[Ipoune y371bI MHUKPOKOHTPOJUJIEpPA: BHYTPEHHSII NaMATh MPOrpaMM MAaCOYHOIO WIIU
nepenporpaMMupyeMoro Tuma oobéMoM ot 4 mo 32 kbOailT, pacmojio)KeHHass Ha Kpuctamie (B
HEKOTOPBIX MOAM(DUKALMAX OHAa OTCYTCTBYET); HEe MeHee 4yeM 128-0aiitHoe pe3uneHTHOoe O3Y
JIAHHBIX, KOTOpOE€ HWCHOJb3yeTcss aiisg opraHu3zanuu OankoB POH, creka, XpaHEHHS TaHHBIX
nonib30Barensl; 32 JABYHAmpaBlieHHbIE WHTEp(EiCHbIE IMHUM BBOAA-BBIBOAA, WHIUBUAYATHHO
HacTpaMBaeMble Ha BBOJ U BBIBOJ, OOBEJAMHEHBI B YEThIpE §-pa3psaHBIX MOpTa; 1Ba 16-OMTHBIX
MHOTOPEXKUMHBIX TalMepa/cuéTuyrKa, WCIONb3yeMble Ui TOJACYETa BHEUIHUX COOBITHH,
OpraHM3alMl  BPEMEHHBIX  3aJep>KeK W  TaKTUPOBaHHUS  KOMMYHHUKAIIMOHHOTO  MOPTa;
JIBYHATIPABJICHHBIN JYIUICKCHBIM acuHXpoHHBIA npuemonepenatunk (UART), npenHa3HaYeHHBIH
JUIsL OpPTraHU3allid KaHAJOB CBSI3U MEXAY MHUKPOKOHTPOJUIEPOM MU BHEUIHUMHU YCTPONMCTBAMHU C
IIMPOKUM JHMANa30HOM CKopocTed mnepenauu uH@opmaruu. VMeroTcst cpeincTBa Ui anmapaTHO-
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MPOrPaMMHOTO OOBEIWHEHUS MHUKPOKOHTPOIJIEPOB B CBSA3AHHYIO CHCTEMY; TMPUOPUTETHAS
JIBYXYpOBHEBAasi CUCTEMA MPEPhIBAHM, MOJAEPKUBAIOIIAs HE MEHEE 5 BEKTOPOB MpPEphIBaHUM OT 4
BHYTPEHHUX U 2 BHEITHUX UCTOYHUKOB COOBITUI; BCTPOSHHBIM TAKTOBBIA TCHEPATOP.

HekoTopble KpUCTAUTBI UMEIOT psiJi CHCHHUATH3HUPOBAHHBIX Y3JIOB IS yIIPABJICHUS
nsurarensimMu (80C51F A,B,C) u oOpabotku ananoroBbix curaajioB (80C51GB). B mpuin.1 [30]
NIPUBEJICHB OCHOBHBIC (DYHKIIMOHAIBHBIC XaPaKTEPUCTUKH BBITYCKAEMBIX Ha CETOIHSIIHUN JICHb
dupmoii Intel mukpoxoHTposuiepoB. HekoTopble MHKPOKOHTPOJUIEPHI MMEIOT Y3KOCHCIHAIbHOS
HazHadeHne. K HuM oTHOCATCS cBs3HbIE KOoHTposuiepbl 8X152 n 8XC51SL. Kak BUIHO W3 TaHHBIX
MPWIOKEHUs, y’KE HA CTaJUH BHIOOpAa MHUKPOKOHTPOJIIEPA MOXKET M JIOJDKHA OBITh OCYIIECTBICHA
onTuMalibHas OOBEKTHAsE OPHEHTAIMsI BEHIOOPOM COOTBETCTBYIOIIETO MHUKPOKOHTPOJUIEpA M3 psijia
MUKPOKOHTPOJUIEPOB ¢ OONBIIMM pa3HOOOpa3WeM XapakTEepPUCTUK B YaCTH  aIlapaTHOTO
cornacoBanusi. Ilocie BbIOOpa MUKPOKOHTpOJUIEPa HA YpPOBHE CTAHIAPTU30BAHHBIX CXEMHBIX
peIIeHUI OCYIEeCTBISETCS TOTOTHEHHE (PYHKIIMOHATBHBIMI 1 KOMMYHHKAITMOHHBIMH JIEMEHTaMH,
a TaKKe dJeMeHTaMu uHTepdeiica monb3oBatels. [IpuMepoM, HILUTIOCTPUPYIONIMM TaKOH TOJIXO/,
MOJET CIIY>)KUTb IIpUBEAE€HHas Ha puc. 3.6. crpykrypHas cxema OIIK ngns ompoca u
npeBapUTEIIbHONW 00paOOTKU CUTHAJIOB aHAJIOTOBBIX JaTYuKOB Temmepatypbl. OIIK BbimonHeH Ha
6a3ze mukpokouTposuiepa 80C51GB, umeromiero BcrpoeHHbii 8-kananbubiii AL (mput. 1).

JIluHeapu3anuss M MacITAOMPOBAHHE CHTHAJIOB AHAJIOTOBBIX  JATYUKOB BBIMOIHSICTCS
Ta0JIMYHBIM MPEe0Opa30BaHUEM 3HAUYCHMM CUTHANA. Tabuuilbl nmpeoOpa3oBaHUs PACHOIOKEHBI BO
BHemHeM [1T13Y. B kadecTBe crucreMHoro nHTepdeiica KOHTpoJIepa UCIOJIb3YeTCs IIMHA TAaHHBIX,
MoJIKJIIoUeHHas K mopty PO MUKpOKOHTpoOJUIepa.

80C51 GB [ Mozyns IITI3Y

Moayib || TxD P1 (8) |
RS-485 CorjiacoBaH RxD P2 (8)

ust L

YpOBHEN PO

RD | (8)

K Monaynb ACHO
TaTYuKaAM | WR
aHAJIOTOB | cOrJIacOBaH
BIM ust |

YpOBHEM ACH1
K Monaynb P3.2-
JaTYHKaM L
JMCKPETH | corjiacoBaH P3.5
BIM ust L

YpOBHEM

Puc 3.6.CtpykrypHas cxema OIIK BBoma u mnpeoOpa3oBaHUS CUTHAJIOB JaTYUKOB
TEeMIEPATYpPbI

[luna aapeca noakimoueHa k noptam Pl u P2, mmua ynpasnenus - nopt P3. JlokanbHbII
uHTepdeiic cBsa3n KOHTpoutepoB RS-485 moakirodeH depe3 MOAy/Ib MPeoOpa3oBaHUsS YPOBHEU K
JUHUSM BCTPOEGHHOTO HHTepdeiica mociaenoBaTelbHOr0 OOMeHa. AHAJOroBble JATUMKH Yepe3
MOJlyJIb TpeoOpa3oBaHMsl YpOBHEW MOJKIIOYEHb K JuHUAM mopTa P4. llluna agpeca Bkirovaer
auHuU nopTtoB P1 (Mnaammii GaiiT agpeca) u P2 (crapmuit 6aiiT aapeca), muHa AaHHBIX - opT PO.
JluckpeTHble TaTYMKU MOAKIIOYEHBI Yepe3 MOy b IpeoOpa3oBaHus ypoBHEH K InHuUsAM nopta P3.

B rtabmume 3.3 B KauecTBe WJUIIOCTPALIMU MPUBEICHBI TEXHUYECKHE XapaKTEPUCTHUKU
O00BEKTHO - OPUEHTHPOBaHHBIX KOHTposuiepoB cepuu E29 [31]. Bee OIIK moctpoensl Ha 06ase
OJIHOKPHUCTAIIbHBIX MUKPOKOHTpOsu1epoB cepun K1816.
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Hanpuwmep, ognormatueii OIIK Ttunma E29.21 mnpeacraBisier co0oil KOHTposiep -
nporpamMmarop aBTokJaBa [32], OCYIIECTBISIONICTO 3arpy3ky - BBITPY3KY MPOAYKIMH
CTEpUJIM3alluy, BBIBOJ Ha PEKUM IO OIpPENEICHHONH MporpamMme, MOJAEpKAHUE 3aJaHHBIX
XapaKTepUCTUK CTepWIM3alMK  (TeMmmepaTypbl, JaBleHUS, YPOBHA U T.I.), 3aBepllCHUE
cTepuian3anuu (IIpeBapUTENIbHOE OXJIaXKIEHUE, CIMB, oxJaxaeHue). Ilpu 3Ttom oneparop 3amaer
pelenT CTepUIN3aluU U1l KOHKPETHOU MPOTYyKIIUH, KOHTPOJIUPYET IMapaMeTphl mpoiiecca u padoTy
YCTAaHOBKM M, B CiIy4ae HEOOXOJUMOCTH, M3MEHSIET XapaKTEPUCTUKH WM HENOCPEACTBEHHO
yIpaBisieT aBTOKJIABOM Ha TOM WJIM MHOM CTaluu Ipolecca.

OIIK uMeeT HeoOXOIUMBIE MJIsi COTJIaCOBaHMS C OOBEKTOM BXOJHBIE U BBIXOJHBIE
npeoOpaszoBareiy, peaanu3yeT OOBEKTHBIM TUANOTOBbIM MHTEpdeEiic ¢ omeparopoM, MpPeaoCTaBIIssa
olepaTopy BO3MOXKHOCTb 3aJaBaTh PELENT, OCYIIECTBIATh KOHTPOJb IAapaMeTpOB M BECTH
HEMOCPE/ICTBEHHOE YIPABJIEHUE aBTOKJIABOM B TEPMHHAX TEXHOJOTrM4yeckoro mpouecca. Kpome
sroro OIIK comepxuT oOmHUpPHYIO OHOIMOTEKY pPELenToB, OpraHU3yeT MPOTOKOIMPOBAHUE
napaMeTpoB Mpoliecca, 00J1ajaeT YIHEPrOHE3aBUCUMOI MaMSThIO, PEaIU3yeT C BHICOKOW TOYHOCTHIO
U3MEpPEHUE U PETYIMPOBAHNE IAPAMETPOB U, HAKOHELL, OCYIIECTBIIIET caMOAuarHocTuky. 1 Bce 3to
peann3oBaHo Ha ofHOM Tuiate pazmepoM 300*200MM, MOMEIIEHHOW B KOPITYC U YCTaHABIMBaeMOMN
HEIOCPE/ICTBEHHO Ha OOBEKTE.

HenpepsiBHoe cHmbkeHue croumoctu ammapatHbix cpenactB OIIK u Bc€ Gomnee sxecTkue
TpeOOBaHMS K MPOrPaMMHOMY OOECIIEUCHHIO CYKat0T 00JacTh npumMenenus oguoruiatubix OIK Ha
OCHOBE MUKPOKOHTPOJLIEPOB.

Haunbonee BeposTHO, 4TO OHM OyayT HCIOJNB30BAaTHCS KaK BCTPOCHHBIE KOHTPOJUIEPHI
JaTYMKOB, TIEPBUYHBIX  MpeoOpa3oBareleili U  CHUCTEMbl  aBTOMATH3allMd  HECIOXKHBIX
TEXHOJIOTMYECKUX 00BEKTOB. MIX MECTO Ha phIHKE OJHOIUIATHBIX KOHTpoyiepoB 3aHumaroT OIIK,
coOupaeMble Ha MHKpPOCXEMaX C BBICOKOM CTENEeHbI) WHTETpallHd, HMEIOIIUE IIHPOKUE
(yHKIIMOHAJIbHBIE BO3MOKHOCTH, HNPHUOIMKAIOIIMECS K BO3MOXKHOCTSIM MalllUH aBTOHOMHOTO
ucnonHeHus. X oTHOCAT K pady yHugepcanvuvix oononiamusix OIIK. TUNWYHBINA TpeCTaBUTENh
0JOOHBIX YCTPOMCTB - BCTPOCHHBIN OJHOILUTATHBIN KoHTpoiutep EPC-6 ¢upmer Radisys na 6ase
umael VME  [33]. Ha mmare wmaxomsarcs: mporeccop  80386SX-20MI'm, rHe3mo uis
MaTeMaTHUYeCKOI0 COIpoLeccopa, MaMATh EMKOCThIO 10 4MOalliT Ha AMHAMHYECKHUX cXemaX, 8
Ko6aiitHoe cratnueckoe O3V ¢ OaTapeilHbIM MUTaHUEM, KIII-AMATh KOMaH[ U JJAHHBIX EMKOCTBIO
16Ko0aiiT, IITI3Y émkocThio 512 kOalT Ha cxemax (dmI-namsaTH, 010K conpsbkeHus ¢ muHoit VME
¥ rHe310 IuHbl pacmupenuss EXM (kommakrtaeii Bapuant mmHbl ISA). THe3mo EXM moxHO
UCIIOIb30BaTh JUIsI MOJAKIIOUEHUs ceTeBoro amantepa Ethernet, amantepa VGA, 10MOJHUATEIEHOTO
MOCJIEI0BATEIBHOTO TMOpTa MM MojaeMma. Jlpyroil mpuMep - OJHOIUIATHBIE NPOMBINUIEHHBIE
koHTposutepsl cepun PCM-3860 dupmer Advantech [34], umeroriiiie aHATOTHYHbBIE TEXHUYECKHE

XapaKTEPUCTUKH.
YHuBepcanbHbIM OJHOIIATHBIN KOHTPOJIJIEP MO3BOJISIET pellaTh BCe HEOOXOAMMBIE 3ajaun
yIpaBJIeHUs - KOHTPOJb, WHAMWKALMWIO, CUTHAJIM3AIMIO, pPEryJIMpOBaHUE, CTaOMIM3ALHUIO,

YIPABJICHUE II0 KPUTEPUSAM ONTHUMAIBHOCTH W T.A. lIpu 3TOM ammaparHass 4acTb KOHTpoJuiepa
JIOJDKHA OBITh YHMBEpCAJIbHOW, YTO 3KOHOMUYECKH LEeIeco00pa3HO IMPH MAacCOBOM BBINYCKE.
Peanu3zanus jxe HEOOXOAMMBIX aJIFTOPUTMOB YIIPABJICHUS JJIs KQXJI0TO TUIA U BUAAa 000pyI0BaHUS
IIPOUCXOAUT Ha NMPOrpaMMHOM YpPOBHE 3alUCBhI0 B dHepronesasucumoe [13VY. YHuBepcanbHOCTH
TAKOro KOHTpOJIJIepa MpeArojaraeT TakkKe BO3MOXXHOCTh OOpaOOTKM M BbIIAYM JUCKPETHBIX U
AQHAJIOTOBBIX BXOJHBIX M BBIXOJHBIX CHTHAJIOB, BO3MOXHOCTH OJHOBPEMEHHOTO (POPMHUPOBAHUS
JIOTHYECKHX, TPOrPAMMHO-BPEMEHHBIX U HENIPEPBIBHBIX 3aKOHOB YIIPABIICHUS.

CrpemiieHne mpou3BOAUTENEH CAENATh TaKOM OJHOIUIATHBIM KOHTPOJUIEP IPUBIIEKATEIBHO
JICNIEBBIM JUIS TOJB30BaTeNld MPUBOAUT K CO3JaHHUIO psAla OJHOIUIATHBIX KOHTPOJUIEPOB,
OTJMYAIOMIUXCSI B OCHOBHOM Yy3J1aMH OOBeKTHOH opueHTtanuu. IlomoOHas yHuuUKams
nenecoo0pasHa TOJBKO B TaKMX KiaccaXx OOBEKTOB, B KOTOPBIX W3 CPaBHUTEIBHO HEOOJIBIIOrO
quCcIa Pa3HOBUAHOCTEN 3JIEMEHTOB MPEACTOUT NMPOEKTUPOBAHUE M M3TOTOBICHHE OOJIBIIOrO YUCa
pa3HOOOpa3HbIX cucTeM. VIMEHHO 3TH Pa3HOBUAHOCTH 3JEMEHTOB U TOJUIeKaT YHU(DUKAIHH.
[TosTomy B oOmem ciydyae yHuBepcaibHble oaHomuiaTHble OIIK mpuHnunuamsHO 0071a7aK0T
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anmapaTHOW M30BITOYHOCTHIO. OHAKO BBIMYCK MX KPYMHBIMH CEpUSMU M HAIUYUE CTaHAAPTHBIX
MHCTPYMEHTAJIBHBIX CPEJCTB MPOrpaMMHUPOBAHUS JI€]al0T 3TOT BapUaHT aBTOMATH3AIUH IS psaaa
TEXHOJIOTHYECKHX O0OBEKTOB IKOHOMUYECKH MPHUBICKATEIHHBIM 10 CPABHEHUIO C WHIMBUAYAIbHOM
pa3paboTKO# creruann3upoBaHHbIX ogHOIIaTHRIX OITK.

Jlexkums 9. SI3bik accemOJiepa il OTHOKPHUCTAJIbHOI0 MUKPOKOHTPOJLJIEpPa

B OIIK anmaparypHble CpeacTBa M MPOrpPaMMHOE OOECIEYCHHE CYIIECTBYIOT B (opme
€IMHOTO aIMapaTHO-IPOrPaMMHOT0 KoMIuIeKca. [Ipu mpoeKkTHpoBaHUN KOHTPOJUIEPOB MPUXOUTCS
pelmath CIOXKHYIO 3a/Jady ONTHMAaJbHOIO pachpesaeieHus (QYHKUUH KOHTpOJIepa MEexay
anmapaTypHbIMHA CpEACTBaMH M HpOrpaMMHBIM oOecrneueHneM. Bech numkn paspabotku OITK
MOYKHO paccMaTpUBaTh KakK MOCIEI0BATEIbHOCTh TPEX ITAIIOB:

aHaJIM3 33/1a4 YIPABIICHUSA U ONPEAEIIEHUE CTPYKTYPBI allllapaTHBIX CPE/CTB;

pa3paboTKa NpUKIIaJHOTO IPOrPaMMHOr0 0OecreueH s,

OTJaJIKa MPOTrpaMMHOT0 00ECTIeYeHHS B IPOTOTHUIIE KOHTPOJLIEPA.

I[Ipu pemenun 3amau  mpoektupoBanuss OIIK  nHaumbonee sddextuBHBIME  (TIO
OBICTPOJICHCTBHI0O M KOMIIAKTHOCTH) SIBIISIFOTCSL TPOTPaMMbl, HANUCAHHBIE HAa apXUTEKTYpHO-
OpPUEHTHPOBAHHOM sI3bIKE - acceMOiiepe. SI3bIKM Takoro THIA BKJIIOYEHBI B CTaHIAPT IO A3bIKaM
IPOTPAaMMHUPOBAaHUS KOHTPOJUIEPOB IO/l HAa3BaHWEM ‘‘I3BIKOB HWHCTPYKUMH Ui  CO3HAaHUs
3¢ (EeKTUBHBIX ONTUMU3UPOBAHHBIX IPOTPAMM YIIPaBJIEHHUS TEXHOJIOTMYECKHMMHU IIPOIIECCaMH.

[locne omnpeneneHuss CTPYKTypbl KOHTpOJIIEpa  HAcTymaeT CTaaus  pa3paboTKu
POTrpaMMHOTr0 o0ecrieueHusi, KOTopas, B CBOIO oUepeib, pa30nUBaeTCs Ha JiBa pa3IMYHBIX 3Tana:

[IOCTAHOBKA 3a/1a4M POrpaMMBbl U pa3paboTKa UCXOAHOI'O TEKCTa MPOTrPaMMBbl;

MOJTy4eHHE POrpaMMBbl B MAIIMHHBIX KOJax Jj1sl pab0Thl B MUKPOKOHTPOJLIEPE.

[lepBbIif STam mpakTHYeCKH HE TojmaeTcs (QopManu3anuu W HE MOXKET OBITh
aBTOMaTH3UpoBaH. VIMEHHO Ha STOM JTame pa3pabdOTYUK CTAJIKUBAETCS C HaWOOJIBIIUM
KOJIu4yecTBOM TpyaHocted. C  Opyroil CTOpPOHBI, KayecTBO pa3pabOTaHHOW MPOrpamMMbI
OIpeIeNsIeTCs peIIeHUsIMH, IPUHATHIMU UIMEHHO Ha 9TOM 3Talle.

Bropoii asrtam, kak mnpaBuio, oTpaboTaH JOCTATOYHO XOPOIIO B CHCTEMax pa3paboTKu
nporpaMMHoro obecniedeHuss [IK B BuJE TEKCTOBBIX pPEIAKTOPOB, TPAHCIATOPOB C s3bIKA
accemOiepa, MporpaMM-J0KyMEHTAaTOPOB, MPOrpaMM-0TIaJYMKOB, pa0OTAIOIINX HAa EPCOHABHBIX
OBM B pa3nuuHbIX ONepanMoHHbIX cpeaax. Takue DBM, ucnonb3yemble Ha BTOPOM 3Tare U, Kak
IIPaBUJIO, HE COBMECTHUMBIE 10 cucteMe koman ¢ [1K, Ha3piBatoT mHCTpyMeHTaIbHbIMU DBM.

SI3pIk  "CHMBOJIMYECKOTO  KOAMpPOBaHUSA' - acceMOiep YYMUTHIBAET  aAPXUTEKTYpY
OJTHOKPUCTAIBHBIX MHUKPOKOHTPOJUIEPOB C TO3WIMH WX MPOrpaMMHpOBaHUsA. B KkadecTBe
WITIOCTPATUBHON 0a3bl BOCIOJIb3YEMCSI CEMEHCTBOM OOHOKPUCMANbHBIX MUKPOKOHMPOIIEPOS
MCS-51 [14,30], co3zmannbix ¢upmoii Intel. Apxurekrypa MCS-51 paccmorpena B paszaerne 3.3.
[Tonpobno cucrema komana MCS-51 mnpuBenena B mnpui. 4. Pasnuusable moauduxanuu
MUKpPOKOHTPOJUIEPOB  JJIi  MPOTrpaMMHUCTA OTJIMYAIOTCS TOJBKO KOJIMYECTBOM PETUCTPOB
CHelManbHbIX (YHKINH, OCTABIIss] HEM3MEHHON CUCTEMY KOMAaH]I.

CucremMa KOMaHJI MUKPOKOHTpoJ1epoB MCS-51

Cuctema KOMaHJ HpeAOCTaBiseT OONbIIME BO3MOXKHOCTH  OOpabOTKM  JaHHBIX,
ofOecrieunBaeT pealu3aluio JIOTUYECKUX, apu(PMETHUYEeCKHX OIepaluii, a TakXKe YIpaBlIeHHUE B
peKuMe peajbHOro BpeMeHH. B cucreMe KOMaHI paccMaTpUBaeMOro MUKPOKOHTpOJLIepa, Hapsay
C KOMaH/[aMH, BBITTOJTHSIONIMMHA JIEHCTBUS ¢ OaliTaMH TaHHBIX, €CTh OOJIBIIOE KOJTHMYECTBO OUTOBO -
OPUEHTHPOBAHHBIX KOMAaHJ M aJpecyeMbIX OWTOBBIX MOJEeH B MaMsITH JAHHBIX, MO3BOJISIOMIMX
3pPeKTHBHO paboTaTh C MUCKPETHHIMU NAaTYNKaMU W HCIIOJHUTEIHHBIMH MeXaHu3MaMmH. Bce
IPOTPaMMHO-JIOCTYITHBIE Y3JIbI MUKPOKOHTPOJUIEpPA CBEACHBI B CIEHHUAIBHYIO 00JAcTh MaMSATH
JIAHHBIX - PETUCTPBI criennalibHbIX (yHKIMH (SFR), 4TO MO3BOJIAET aipecoBaThCsl K HUM TaKKe, KakK
U K siYeiiKaM MaMsTH.

C mo3unwmii MporpaMMHUPOBAHNS BCE OCHOBHBIE CTPYKTYPHBIE 3JIEMEHTHI paCCMaTPUBAEMOTO
cemerictBa: AJIY, ITI3Y, O3V, peructpsl cnenuanbHbIX (YHKIHUNA, BHEIIHWE LIMHBI - HMEIOT
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0aiiToBylo opranu3anuio. J[Byx0aiTOBbIe TaHHBIE UCTIONB3YIOTCS TOJIBKO PETUCTPOM-YKa3aTeleM U
CYETUYUKOM KOMaHJ. Bce maHHbBIE XpaHATCS B PE3UIECHTOM (PacrojioskeHHOM Ha Kpucramie) O3Y
émkocthio 128 6aiiT 1 Bo BHemHeM O3Y, NOIKII0YaeMOM K MUKPOKOHTPOJUIEPY Yepe3 CUCTEMHYIO
IIMHY, OpraHU30BaHHYO Ha BbIBOAax mmopta PO (cm. ri. 3.3). CymmapHbIi pa3Mep BHEUTHEH aMsATH
KOMAaHJ U JaHHBLIX MOXET gocturarh 128 Koair.

BaxxapIM 37eMeHTOM mporpaMMmHON CTpyKTypel MCS-51 sBmsiercss akkymynarop A -
ciyxeOHas 8-pa3psiHas sueika naMsTH, UCTIOIb3yeMasi B KaueCTBE PErUCTpa OlepaHia i perucrpa
pe3yIbTarta.

Cunmaxkcuc 60IBITMHCTBA KOMaH/I acceMOJiepa COCTOUT U3 MHEMOHUYECKO20 0O03HAYEHUs!
@yHKyuu, BHIIOTHAEMOM KOMAaHJI0H, BCIIE 3a KOTOPBIM UIYT OnepaHobl, YKa3bIBAIOIIUE Memoobl
aopecayuu u munvl OaHHbIX. Pa3MIUUHbIE TUIBI JAHHBIX WIM PEKHUMBI aJpecaluy OIpPeEIsIOTCS
YCTaHOBJICHHBIMU OII€paH/IaMH, & HE U3MEHEHUSIMU MHEMOHHYECKUX 0003HAUYEHUN KOMaHIbI.

Ha6op xomann MCS-51 nonnep:kuBaeT Clieyonue Memoosl aopecayuu.

HenocpedcmeeHHaa aopecayus, Korjaa caM §-OUTHBIN onepaH/] (KOHCTaHTa) pacrojiaraercs
HEINOCPEICTBEHHO B KOMAaH/I€, HAIlpUMED:

MOV A#09H

3nece MOV — o0o3HaueHne QPyHKIIMH KOMaHIbI (B JaHHOM CIy4ae—Iiepeaada JaHHbIX); A -
onepaHA-NPUEMHHUK (B JAHHOM Cllydae - aKKyMYJSTOp), B KOTOPOM HAaXOJSATCS JaHHBIE IMOCIe
BBINOJIHEHUS KoMaHasl, #09-unciioBas KOHCTAHTA;

npaman adpecayus, KOTaa agpec onepaHa COACPKUTCS B caMoil koMmaHJie (yKa3bIBaeTcs,
Kak HoMmep fueiiku pesupeHtHoro O3Y, unm kak oauH u3 128 mpsMo aapecyemMblXx OWTOB,
pacnonokeHHbIX B stuciikax O3Y ¢ aapecamu 20H-2FH ), manpumep:

MOV A,09

3nece 09-ampec sueitkn O3V, B KOTOpPOM HaxoAsTCS JIaHHBIC, IIEpeChUIACMbIC B
AKKyMYJISITOD;

pecucmposas aopecayus, s OOpalleHHS K BOCBMHM PETHCTpaM BBIOPAaHHOTO OaHKa
peructpoB. Peructper - 310 16 sdyeexk mnamsaTth, oOo3Hadaembix mMmeHamMmu ¢ RO ... R7 m

o0bemuHeHHbIX B 1Ba 6anka RBO u RB1 (o 8 perucrtpos B kaxaom). B mporpamme crieruanbHOM
JTUPEKTUBOW TIPSIMO YKa3bIBACTCS, C KAKUM OAHKOM PETHUCTPOB B JTAHHBIH MOMEHT HaJI0 paboTaTh.
ITpumep:

MOV AR5

3necy R5-onepana-ucrounuk gaHHbIX (peructp R5);

KOC8EHHO-pecucmposasn aopecayus, NcTionb3yemMasi B OCHOBHOM JIJIsl 0OpaIeHus K siaeiikam
BHemHero O3V, xoTs npuMeHnMa M K pesufeHTHOMY O3Y. Anpec onepanHaa B 3TOM peXUME
aJipecaliiil  yKa3bIBAaeTCs KOCBEHHO, KakK COJEPKMMOE WHIEKCHOTO perucrpa. B kauecTBe
UHJIEKCHBIX PETUCTPOB MOT'YT UCHOJIBb30BaThes peructpbl RO i R1:

MOV A ,@RO

@-0003HaueHHe KOCBEHHOTO METoja

anpecanmu. B peructpe RO conepskutcs ampec

ONEPaAH/1a-UCTOYHHUKA JaHHBIX.

Cucmemy KoOmMaHO MOXHO YCIOBHO
pa30ouTh Ha YETHIPE TPYIIIIbL:

® KOMaH/IbI TIepe/Iayy JaHHBIX;

e apupMeTUYECKHEe KOMAH/IbI;

® KOMaH/IbI JIOTHYECKUX OTepaIluii;

® KOMaH/Ibl IEpeIayyl yIpPaBICHUS.

Komanabl nepegaum JaHHbIX

bonpumryto  4acTe  KOMaHI ~ JTaHHOM
CPYIIIBl COCTABJISIIOT KOMaHAbl Iepefaud |
oOMeHa OaiftoB. KoMaHapl mnepechbuiku OUT

Puc.4.5. MNMytn nepegaymn gaHHbIX B MCS-51.
PC-cyetunk agpecos nporpammbl; DPTR-pernctp-ykasaternb
NPEICTaBICHbl B TPYNIE KOMaHJA OUTOBBIX papHbix; ad-agpec GanTa namsiT; Ri-MHOEKCHbIA pernctp; Rn-
onepanuii (cM. npuin.4). Bo3moxxHbIE 0OMEH pernctp obLero HasHaueHus; #d-uymcnosas koHcTaHTa; C-
paspsg nepeHoca npy BbINONHEHUN apUPMETUYECKUX U COBU-
roBbIX onepauuii; bit-ouTt nHgopmaumm. MNr-namsaTts
nporpamm, BlNO-BHeWHAS NaMATb JaHHbIX.
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JAaHHBIMA MEXIY pa3IMYHBIMHM OIEpaHJaMy TMpejacTaBleH B Buue rpada nHa puc.4.5. Hmke
MPUBEICHBI IPUMEPHI KOMaH]I IEpeJaun JaHHbBIX:

MOV A#10 ;nmepenaya B aKKyMyJISITOP

MOV A #0CFH :xoHcTaHTEI

MOV R2,A ; nepenada JaHHBIX B PETUCTP OOIIEr0 HA3HAYCHHUSI

MOV R5,#10101010B

MOV R1,#10 ; nepenaya KOCBEHHO - PETHCTPOBBIM METOAOM apECaIiy

MOV @R1,#0EEH ; B unnekcHom peructpe R1- agpec onepanaa-npueMHIKa

MOV A ,@R1

[Ipumeps! UcroNb30BaHUS MPSMOI apecaliy B KOMaHAax nepeaaun JaHHbIX:

MOV 30H,R7

MOV 31H,@RO

MOV @R1,31H

MOV 80H,37H

Apudmernyeckne KOMaH/bI

B HaGope koMaHa UMEIOTCS cleayrouue apudMeTuyecKue onepaiin: CloKeHne, CII0KeHHne
¢ ydetoM (ara mepeHoca, BBIYMTAHUE C 3aliMOM, MHKPEMEHTHPOBAaHHE, ICKPEMECHTHPOBAHHE,
CpaBHEHME, NECSATHYHAs KOPPEKIUs, YMHOXEHHue, AeneHue. Bce apudmeTrnueckue omnepaiuu,
KpOME WHKPEMCHTHPOBAHMSI W JICKPEMEHTHPOBAHUS, BIUSIOT HAa ONpEACICHHbIC OWTHI:
MEPETIONIHEHUS, TEePEeHOca, MPOMEXKYTOUHOTO IMEpPeHoca, OUT YETHOCTU B Cl108e COCMOSHUSA
npoyeccopa — CrieuaibHOM sueiike pesuaeHtHoro O3VY.

[Tpumep crnoxenus coaepxkumoro peructpa RO u akkymynsitopa A:

ADD A, RO

To ke, HO ¢ yueToM duiara nepeHoca:

ADDCA, RO ; YU4eT pe3yJbpTaTa CJI0KEeHUs M 0aiT
YMmHO)eHue uucna 12 Ha koHcranty 173:

MOV A #12

MOV B#173 ; 3arpy3Ka MHOXKHTEIS

MUL AB ; YMHOKEHHE

B pesynbrare, B B - Mnaammii 6alT npousBeneHus, B A ctapiinii 6aiT npou3BeieHus.

KoManasbl JIornyecKkux onepanui

Cucrema KoMaHI MUKPOKOHTPOJUIEpA TO3BOJISIET pPealn30BaTh JIorndeckue onepauuu “N”,
NI, "UCKITFOYAIOLIEE MJIN” Ha peructpe-akkymMyJasiTope U 0aiiTe-uCTOYHUKE, B KaueCTBE
KOTOPOTrO MOXKET OBbITh perucTp oOIIero HazHaueHWs, NPSIMO WM KOCBEHHO ajpecyemas sueiika
naMsTH, KOHCTAHTA.

ITpumeps! onepannn "N":

ANL AR3

ANL A#0

ANL 20H,#15

ITpumeps! onepanun "MJIN":

ORL A,@RO

ORL 30H,#55H

[Tpumepsr oneparun "MCKIIIOYAKOUIEE NI

XRL A#30H

XRL AR3

XRL 30H,#55H

CyliecTByrOT JIOTMYECKHE OIEpPAlllH, BBIIOJIHAEMBIE TOJBKO HAa OJHOM aKKyMYJSTOpE:
cOpoc M MHBEPTHUPOBAHUE COAEPKUMOTO AKKyMYJATOpPAa, LUKIMYECKUH CABHUI BIEBO M BIIPABO,
00MEH MecTaMU CTapiiel U MiIaamend TeTpaa aKKyMyJsaTopa:

IIpumep xomaHABI:

CLR A ; COpOC aKKyMyJsITOpa
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Komanabl nepegaum ynpaBiaeHus

K naHHON rpynme KOMaHJ OTHOCATCA KOMaHJbl, OOECHeuuBaIOIIME YCIOBHOE M
0€3yclI0BHOE BETBIIEHHUE IPOrpaMMBbl, BbI30B MOJAIPOrpaMM U BO3BpaT M3 HMX, a TAKKE€ KOMaHJa
nyctoit onepauuu NOP. MoXXHO BBLAECIUTH TPU PA3HOBUAHOCTU KOMAaH]| BETBJICHUS:

OZIUHHBLY TIEPEXO]] ¥ BBI30B MOIPOTPaMM, MO3BOJISIOIINE OCYIIECTBIISATH IEPEX0/1 B JIIOO0YIO
TOYKY aJPECHOTO IPOCTPAHCTBA MaMmsATH mporpamMm oObemMoM 64 KoaiT. JIIMHHBIA Tepexoj
COJICPKUT B MHEMOKO/IE IPOrpaMMbl OYKBY L.:

LIMP START ; IEPEX0J1 K CTpOKe mporpammsel ¢ MeTkoit START

LCALL TIME ; BBI30B noamporpamMmsl TIME

abconomuelli epexos, paboTaloMi B Ipelesiax OAHOM CTpaHMIBl MaMSATH MPOrpaMm
pasmepom 2048 Oaiit. Komanga abcomOTHOrO mepexojia 3aHUMAaeT B MaMTH MPOTrPaMM MEHbINEe
MecTa, YeM JUIMHHBINA nepexoa. Takue koMaH Il cojepkKaT B MHEMOKOIE OyKBY A

AJMP LAB1

ACALL. SHIFT

OMHOCUMENbHBII TIEPeX0/1, 00eCTIeUNBAIOIINI Mepeaady ynpasieHus B mpeaenax —128 +
+127 GaliT oTHOCUTENBHO aJpeca ciaeayromei komanabl. CyliecTByeT oJJHa KoMaH/1a 6€3yCIIOBHOTO
KOpoTKoro nepexonaa SIMP.

PazBuras cuctema YCIOBHBIX IE€PEXOJOB MO3BOJSET OCYLIECTBIATh BETBJICHUE 110
cocrosHuto "0" wmim "1" mpsMo agpecyemblx OUTOB, IO PaBEHCTBY WJIM HEPABEHCTBY HYIIIO
aKKyMYJITOpA.

[TosHbIi nepedyeHb KOMaH/ PUBEACH B PHIL4.

Jlekuuss  11.  IlporpamMmupoBaHMe  CHEHHAJU3HPOBAHHBIX  TEXHOJOTHYECKHX
KOHTPOJLJIEPOB

[IporpaMMupoBaHue CHENMATU3UPOBAHHBIX TexHoNIorndeckux KoHTpoiiepoB (CTK)
ocyluiecTBisieTcss HenocpeacTBeHHo Ha camoM CTK ¢ momotipio BCTpOEHHOTO WM MOJKIYaeMOT0
(umu u To W apyroe BMmecte) mynbToB. [IporpammupoBanue CTK cBoautcs k 00beAMHEHHIO
TOTOBBIX Mporpamm, Haxozsamuxcs B [13Y, B onHy 001yto nporpaMmy ¢ MOMOIIBIO CHEIHATbHBIX
npolenyp KOAUPOBaHUS M KOH(UIypupoBaHHs. PaccMOTpUM OCOOEHHOCTH HpOTrpaMMHMPOBAHUS
CTK Ha mpumepe MIMPOKO pacHpoCTpaHEHHOro B Poccuu perynmpyromero MUKpOKOHTpoOJuIepa
tuna Pemukont P-130 [3,28,49]. Ilpu Hanuuum OOMIMPHONH OMOIMOTEKH TOTOBBIX MPOrPaMM
IPOTPaMMHUPOBAHUE TTO3BOJISIET CPAaBHUTEIHHO MPOCTO PEATH30BEIBATh B MEKpOKOHTposuiepe P-130
pa3sHOOOpa3Hble AITOPUTMbI PETYIMPOBAaHUS, pacdyeTa CUCTEM YIpPaBIEHHs, HMHUTAI[MOHHOIO
MOJIEJTUPOBAHUS TUHAMUYECKUX CUCTEM.

Kak yxe oTmeuanocek paHee B IUI. 3, CHENUAIN3UPOBAHHBIE TEXHOJIOTHUECKNAE KOHTPOJUIEPHI
MOTYyT OBITh IMPEACTaBICHbl B BUJE BUPTYaJIbHBIX CTPYKTYp, PEAJM3YIOIIUX KOHKpPETHBIE
QITOPUTMBl YIPABIEHUS TEXHOJOTMYECKUMHU IpoueccaMH. YacTb JIEMEHTOB TAKOW CTPYKTYpbI
OpraHM3yeTcs anmnapaTHo, YacTh MporpaMMHO. Ho HEM3MEHHO KOHTpPOJUIEp B IIEJIOM IIPEICTaBISAET
MOJIB30BATENIO (B YACTHOCTH, MHKEHEPY M0 aBTOMATHU3alli1) BO3MOKHOCTh B3aUMOJIEHICTBOBATh CO
CpencTBaMU KOHTpPOJUIEpa B MPUBBIYHOM JyTst Hero cpene. Kak o0bekT uccienoBanus PemukonT P-
130 opranuzyet 10CTyH NOJB30BATENS K CTPYKTYpE U MapaMeTpaM aIrOpUTMa yIpaBiICHUs KaKUM -
aubo mapamMeTpoM WiIM (QYHKIHEH TEeXHOJIOTHMYecKoro rmporecca. IloaTomy cpenctBa ero
IIPOrPaMMHUPOBAHUS UCHOIB3YIOT TEPMUHOJIOTHIO, MATEMATUUYECKUI armnapar U MHCTPYMEHTApuUH,
COOTBETCTBYIOIIMH PEIICHUIO 3aJaud [O0Jb30BaTeieM Ha YPOBHE ONUCAHHUS alropurMma
yIpaBJICHHUS.

Cpeocmea npozpammupoeanus Pemukont P-130 BKIIOYAOT MyJabT HACTPOUKH, C
MOMOIIBI0 KOTOPOTO pealIn3yeTcsi MporpaMMHUpOBaHue, OMOIMOTEKY aJrOpUTMOB, pa3MEIIEHHYIO B
[I3Y wu HemoctymHyio [Uisi KOPPEKTHPOBKM TIOJb30BATENl0, U, HAKOHEI, alro0JoKu
(ctpykTypupoBanHoe DHO3Y), B KOTOpPbIE ¢ TOMOILBIO MYJIbTa HACTPOUKH U 3aHOCSITCS AITOPUTMBI
13 OMOIMOTEKH B TIpoliecce MporpaMMUpoBaHus (cM. puc.4.8).
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Puc.4.8. Cxema TexHonorm4eckoro nporpaMmMmmpoBaHmsi koHtponnepos P-130

361K mexno102u1ecKk020 npozpamMmupoeanus IMEET 1Ba M0JIb30BaTENIbCKUX c10d. OquH -
JUIA TIPEJCTABICHUS MHXEHEpPY IO aBTOMAaTH3aluu HH(opMamuu 00 aaropuTMe YIpaBICHUS
00BEKTOM B BHJE CXeMbl M3 OHOIMOTEYHBIX aIropuTMoB. VIMeHHO Onaronaps TakoMy
IPEJCTaBICHUI0 U (OpPMUPYETCS BUPTyalbHAs CTPYKTypa KOHTpOJUIEpa B BHJIE alrOpUTMA.
Bropoii, B BUJie JBYy3HA4YHbIX KOJAOB, UCIOJB3YEMBIX IIPH BBOJE IPOrpaMMbl C IIOMOILIBIO ITyJbTa
HACTPOWKH B KOHTPOJUIEP, SIBIISIETCSI CBOCOOpA3HOW IUIATOW 3a MPUMHUTHUBHBIA IMYJIBT HACTPOWKH.
[TosTOMYy MOJIB30BATEN0 NPUXOAUTCS ONEPUPOBATH OJHOBPEMEHHO YJOOHBIMH M IMOHSITHBIMU
ab0peBuatypamu THa BAA (BBOJ aHAJIOTOBBIX CHTHAJIOB Irpymibl A) U nudpamMu (COOTBETCTBEHHO
07).

JIrobast  mporpamMma, — peajau3yemass € IOMOIIbIO  SI3BIKOB  TE€XHOJOTHYECKOIO
OpOrPpaMMHUPOBAHUS,  COAEPKUT  pAld  OO0sA3aTeNbHBIX  aJrOPUTMOB,  Hampumep,  AJs
MHUKpOKOHTposuiepa Pemukont P-130 npu peanuzanuu QyHKIMHA peryIMpOBAHUS:

¢ OKO (omepaTuBHBIN KOHTPOJIb PETYINPOBAHHUS);

e 3/IH (u3MeHeHue 3a/1aHusl perysiTopy);

e PVU (pyuHoe ymnpaBieHue);

e BAA (BBOJ aHaJIOTOBBIX CUTHAJIOB TPYIIIBI A);

e ABA (BBIBOJ aHAJIOTOBBIX CUTHAJIOB IpymnIibl A);

PAH (perynupoBanue ananorosoe) uiau PUM (perynmupoBanue nuudposoe).

[lepeuncnenHble aNropuTMBbl, HapsAy C aJrOpUTMAaMHU JIMIEBOI NaHeNd, BBOJA - BBIBOJA,
peryaupoBaHus, JAUHAMHYECKOro IMpeoOpa3oBaHMs, CTATUYECKOTO NpeoOpa3oBaHMs, aHAJIOro -
JUCKPETHOTO NMpeo0pa3oBaHMsl, IOTHYECKUX OIEepalyii, TUCKPETHOrO yIpaBieHUs U TPYHIIOBOIO
HENPEPBIBHO - JUCKPETHOIO YIPABICHMS, PEAJIN30BAHBI B BHUJAE IPOIPAMMHBIX MOAYJIEH U
pa3MenieHsl B IEPBOM pazjieie aJfOPUTMOB PE3UAECHTHOM OMOIMOTEKM MMKPOKOHTpOJIIEpa
Pemuxont P-130, Bo BTOpO# pa3aen KOTOPOil BKIIOUEHB! aITOPUTMBI CTAHJAPTHBIX KOH(PUTypanun
perymnstopa ananorosoro PEI'A u perynstopa umnynascHoro PEI'U (mpuit. 6).

B ofmem ciydae anroputM HMMeeT BXOAbI, BBIXOJbl M (YHKLIHOHAIbHOE SApO. BXosmbl
aIropuT™Ma MOJAPA3JENAI0T Ha CHUTHaJbHblE (IPUHMMAIOIIME CUTHAJIBI s 00paboTKu B
COOTBETCTBUM C (PYHKIIMEH arOpUTMa) U HACTpOEUHbIe (YNpPaBIISIOLINE TapaMeTpaMu HaCTPOUKH).
Ha Beixome anroputmMa GOpMUPYIOTCS CHUTHAJBI, SBISIOLIUECS Ppe3yldbTaToM o00padOTKU
QITOPUTMOM BXOJIHBIX CUTHAIOB. BUOIMOTEUHBIN anropuT™M UMEET TPU PEKBU3UTA: OMOIMOTEUHBIN
HOMeEp, MOAU(UKATOp U MacITad BpeMEHH.

Bubnuomeunsviti Homep SABISETCS OCHOBHBIM IApaMeTPOM, XapaKTEPU3YIOUIMM CBOMCTBa
aNropuTMa, 1 0003HayaeTcs JBy3HaYHON UG POI.
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Mooughukamop 0OBIYHO 334A€T YUCIO OJHOTUITHBIX ONEPAINi{, KOTOPBIE MOXET BBHIMOIHATh

OJTMH AITOPHUTM.
Komx 07(08) m =00 - 08 M B - otcyrcTBYyeT Hanpumep, B cymmarope
MOUPUKATOP 3ajaer
01 9UCI0O  CYMMHPYIOIIHX
A 1€ K Y1 BxomoB, B mporpaMMHOM

Bx.0t ’ porp
X1 | 3aJaTYMKe -  YHUCIIO
X, 1 YYaCTKOB TPOTPaMMbI U

02
S -1 ¢ K yy TIL
Bx.02 Macwumab
§°M22 | epemenu 3agaer
N pa3MepHOCTh TUIst
L] ] 08 BPEMCHHBIX CHUTHAJIOB
C K V8

Bx.08 HIIU rnapaMeTpoB B
Xen8 QITOpUTMAX,
Xu8 paboTaromx B pPEXKHME
08 pealbHOTO BpEMEHU
Puc. 4.9.®yHKumoHanbHas cxema anroputma BAA (BAB) (CeKYH/IBI - MHHYTBI HIIH

MUHYTBHI - 4achl).

Ha puc.4.9 npexacraBneHo rpaduueckoe H300paXEHUE aAIrOPUTMA BBOJAA AHAJIOTOBBIX
CUTHAJIOB.

ANropuT™M NpUMEHSETCS A CBA3M (PYHKUMOHAIbHBIX aJIrOPUTMOB C allllapaTHBIMU
CpelcTBaMU aHAJIOroBoro BBoja. [l cBA3KM ¢ aHajnoroBeIMu Bxojamu rIpynnel A u b
UCIIONIB3YIOTCSI COOTBETCTBEHHO anroputMbl BAA u BAB. Kaxnpiii anroputm obcmyxuBaetr 10 8
AHAJIOTOBBIX BXO/OB (8 KaHanmoB). Yncino kaHaioB 3aaaeTcs mMomudukatopom M. Kaxapri kaHan
CBfi3aH C COOTBETCTBYIOIIMM II0O HOMEpPY aHaJOroBbIM BXOZOM KOHTposuiepa. K BxoaHomy
AQHAJIOTOBOMY CHUTHAJy J00aBIISIETCS CUTHAJI CMEUIEHMS Xy, HOJYyYEHHas CymMMa YMHOYXAeTcsl Ha
koad¢unment K. BeixogHoit curnan kanama paBeH Y = (Xgx + Xew)*K. Bpems obcnyxuBanus
OJIHOTO KaHaJla aHaJIoroBoro BBoja paBHo 40 mc. Macuitab BpeMeHH OTCYTCTBYET.

CBoeoOpa3Hblil cuHmMaKcuc A3plKa MexXHo102U4ecK020 RPOZPamMmMupo8anus 1pesCcTaBIseT
co0OM CBOJ MPaBUJI U MPOLEAYP MPOTPAMMHUPOBAHHS, TO €CTh MPABHJI Pa3MEIIECHHUs aIrTOPUTMOB B
aIro0JIoKax W B3aUMOCBSI3H aIro0JIOKOB, a TaKKe Mpolielyp BBoJa MH(OpMAIMK B KOHTPOJUIEp s
€ro MPOrpaMMHUPOBAHHUS.

PazmMernieHue anropuTMoB B aJIr00JI0KaX MOJYUHAETCS JBYM MpPaBUIIaM:

e J[t00011 anropuT™M MOKHO IIOMEIIATh B JIF00O 110 HOMEpPY aJlro0IoK.

e OIUH U TOT K€ AITOPUTM MOYKHO TTOMEIIATh B Pa3HbIE aITr00IOKH.

Uckmouenune nenaerca ans anroputMoB OKO (OKJI), momemaeMbIx TOJIBKO B IE€pBBIE
YeThlpe anrobjoka B COOTBETCTBUM C HOMEPOM KOHTYpa, 0OCIYKHBAEMOTO JaHHBIM aIrOPUTMOM
OKO (OKJI). g anropuT™MOB BBOJA - BbIBOJA HH(OPMALIMM UMEETCS OrpaHUYEHHE Ha KPAaTHOCTh
UX MHCIIONb30BaHMSA B TIpesenax KOHTposuiepa. Bo3MOXXHOCTH KOHGHUIypHUpOBaHHs, TO €CTb
CBSI3BbIBaHHUS AITr0OJIOKOB, HE 3aBUCST OT aJIFOPUTMa, MOMEIIAEMOT0 B alnro0JoK, U ONpPEIesIFoTCs
CJICAYIOIIMMHU IPaBUIIAMHU:

e JI1000i1 BX0oz TI000r0 anro0710Ka MOKHO CBA3aTh C JIIOOBIM BXOJOM BBIXOJOM alro0Jioka
WA OCTaBUTh CBOOOIHBIM.

e Ha mo6oM cBOOOAHOM BXxoJie JIFOOOT0 anro0yoka MOKHO BPY4YHYIO 33/aBaTh CUTHAN B
BUJE KOHCTaHThl (B pEeXHUME NPOrpaMMHUpPOBAHUS) WIIU kodpdunuenta (B pexume
IPOTPaMMHUPOBAHUS UITH pabOThI).

e Ha mro06om Bxoje 1106010 anro0a0ka CUrHajl MOKHO HHBEPTUPOBATb.

B BCXOTHOM COCTOSTHMM BCE BXOMBI ITOOJIOKOB SIBISIOTCS CBOOOTHBIMHU; Ha HHUX 3aJIaHbBI
KOHCTaHTBI, 3HAYEHHs KOTOPBIX 3aBUCIT OT alrOpuTMa; HWHBEpCUs OTCYTCTByeT. B mpouecce
KOH(QHUTYPHPOBAHUS ISl CBS3BIBAEMBIX BXOJOB - BBIXOJIOB alTOOJOKOB 3a/Jal0TCs HOMepa
aro0Jioka W HOMepa BXOJIOB - BBIXOJOB, a Ui CBOOOAHBIX BXOJAOB - SBISI€TCS JIM CHUTHAI



34

KOHCTaHTOM wWin KodpduuueHToM. Takum 00pa3oM, OCYILECTBISETCS B3aUMHOE COCIHMHEHUE
BXOJIOB-BBIXOJIOB aIro0J0KOB WU, YTO, TO € CaMO€, 3allMCAaHHbIX B HUX aITOPUTMOB B €IHUHYIO
CTPYKTYPY, PEATH3YIOILYI0 MaTEMaTUUYECKYIO ONEPAIUIO WX 33/1a4y YIIPABICHUS.

OOcnyxuBaHue anroOJIOKOB BEAETCS LUKIMYECKH C IOCTOSIHHBIM BpEMEHEM LMKJIa,
IIOCJIEZIOBATENIBHO C IIEPBOrO IO TOCHenHUM anroOnok. B ocraBmeecst mocie oOcCiy:KHUBaHUS
JIr00JIOKOB BpEMsI LINKJIA BBIMOIHAETCS CaMOJIMarHOCTUKA KOHTPOJIIEPA.

Ilpozpammuposanue Pemuxonm P-130 cocmoum u3 6vinonnenusn cnedyouiux 3manos.

e CocTaBileHUE CXEMbl pa3MEILEHHUs AITOPUTMOB B alrobjoKax Ha OCHOBaHMM OOIIEro
QITOPUTMA YIIPABICHHUS TEXHOJIOTHYECKUM 00BEKTOM U IIepeydHsi B OMOINOTEKE aITOPUTMOB.

e [locTpoenue 0JIOK - CXeMbl B3aMMOCBs3€ll alnro0JI0KOB B COOTHOLIEHHM CO CTPYKTYpOH
IporpaMMUpyeMoi 3a1a4 U OOIIUM JITOPUTMOM YIIPABJIEHUS TEXHOIOTUYECKUM O0BEKTOM.

e CocraBiieHHE IPOrpaMMBbl 3aJ1a4H.

e Beenenue nporpaMmbl B MaMATh B PeKUME IPOTPAMMHUPOBAHHUS.

CoctaBUM cxeMy pa3MELICHHs aJTOPUTMOB B alroOJoKax [Uis KOHTPOJISA Iapamerpa
TEXHOJIOTUYECKOT0 MpoLecca U MOCTPOUM OJIOK - CXEMY B3aUMOCBsI3€H anro0JI0KOB B COOTBETCTBUU
CO CTPYKTYpPOH IIPOrpaMMUPYEMOH 3a/1a4u.

03 01
BB 01 02
AA OK
0)
((07) =BBBI BX (01)
X

Puc.4.10. Cxema pazmenienust Habopa anro0J0KoB

01 02 03
OKO 00 BAA
(01) (07)

Puc.4.11. brok-cxeMa B3aMMOCBSA3H aJIr00JIOKOB

[IporpaMMa oyHa OCYIIECTBIATh KOHTPOJIb U3MEHEHHS] aHAJIOTOBOTO BXOJHOTO CUTHAA,
XapaKTepU3YIOIEro MapamMerp TEXHOJOTHYECKOro OOBEKTa M BBIBOJAUTH 3HAUCHHE Iapamerpa Ha
WHJUKATOP JIUIEBOM TMaHEeNIN KOHTpoJIIepa /it HaOmoaeHus oneparopoM. Ha puc.4.10 mpuBenena
cxeMma pa3MelleHHst Habopa anro0JI0KOB TaKOM MpOrpaMMBl, BKIIOUYaroIias Habop airoOJI0KoB, HX
0003Ha4YeHNE U KOJ aIrOpPUTMOB: B 4acTHOCTH, B airo6snok 01 momemnen anroputm OKO - Homep
01 B Gubsnmoreke anropuT™MoB, anrodiaok 02 - cBoboaeH (HanpuMmep, 3ape3epBUPOBaH ISl BTOPOTO
KOHTYpa peryiaupoBanus), B anroonok 03 3ageiicrBoBan anroputM BAA - Homep 07 B Oubnuoreke
AJITOPUTMOB.

Ha ocHoBe mapameTpoB HCHOJB3YEMBIX aJTOPUTMOB CTPOMTCS OJOK-CXeMa COETUHEHUS
CBSI3HBIX BXOJIOB M BBIXOJ/IOB alnTro010K0B (puc.4.11).

Jlnst cocTaBlieHUs] TPOTPaMMBl IPEBAPUTENBHO MO OJIOK-CXEMe ONpeAeSIoTCs HoMmepa
anroOJOKOB-IPUEMHUKOB M alNro0JIOKOB-UCTOYHUKOB HHopMaruu. [lockonbky HEKOTOpbIE
ITO0JIOKM MOTYT OJHOBPEMEHHO SIBJISIIOTCS U NMPHEMHUKAMH M MCTOYHMKaMH, TO MX HOMeEpa B
nporpamMme MoBTOpsAlOTca. llpumep coctaBneHuss u odopmileHHs MOAOOHOW NporpamMmbl B
COOTBETCTBUM ¢ Ojok-cxemoil Ha puc.4.11. mpencrasneH B Tabmn.4.1. Ilo cymectBy mporpammoit
ABJIIETCS TIOCIIE0BATENbHOCT, MHGOpPMAIMU JJIs 3aHECEHUS B NaMATh MHKPOKOHTpOJIEpa C
noMoIikio mynbTa Hactpoiku (ITH) npu mporpammupoBanuu.
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IIporpamMma ogHokoHTYpHOU ACP Tabnuua 4.1
Ne anro- | Anro- | Ne Bxoja | Ne anro- | Anro- | No  Beixona | IIpencraBnenune na 1A
0J10Ka pUTM anro6JIoka 0J10Ka pUTM U | anro0ioka ITH
IpHUEM. 1 KOJT NpUEMHHUKA | UCTOU. KOJ VCTOYHHKA
01 OKO 02 03 BAA 01 01 02
(01) (07) , 03 01

[IporpammupoBanne Pemukont P-130 mpoBoauTcs ¢ MOMOILIBK MyJIbTa HACTPOWKH U,
HECMOTpSL Ha CBOIO IPOCTOTY, TpeOyeT MNpOBENCHHS B CTPOrOW IOCIEIOBATEIBLHOCTH psijia
MOJITOTOBUTENIbHBIX ATAINOB, CBS3aHHBIX C BBHINOJIHEHUEM 8 CIEIYIOIIUX MPOIeayp: TECTUPOBAHUE;
yCTaHOBKA MPUOOPHBIX ApAMETPOB; 3a/laHME CUCTEMHBIX MapaMeTPOB; Pa3MELICHUE AITOPUTMOB B
anro0jokax; KOH(PUIypHpOBAaHME; HACTpPOMKa MapaMeTpoB alro0JIOKOB; 3aJlaHue HadallbHbIX
ycioBuii; padota c IITI3Y.

B npoyedype  mecmuposanusi  npoBepserca  pabOTOCHOCOOHOCTH  YCTPOMCTB
MUKpoKoHTposuiepa - [13Y, O3V, unrepdeiicHblil kKaHam, MyJIbT HACTPOWKH, JHIIEBAs MAHENb U T.J.
[Tpouenypa '"mpuOopHble mapameTpbl" TMpeaHa3HAYeHA s 3aJaHus OOIMX TMapaMeTpoB
KOHTpOJIJIEpa, TAaKMX KaK KOMIUIEKTHOCTH, IWANa3oH BpeMeHHU, "oOHyJeHue", BpeMs LHKIa U
npyrue. B mpomenype "anropuTm" yCTaHaBIMBAIOTCS KOJbI AalNTOPUTMOB U  IapameTphl-
Mo upHUKATOPHI, MaciTad BpeMeHH. [Ipu BIOTHEHNN TPOLEyphl KOHOUTYPUPOBAHUS 3a1AI0TCS
B3aMMOCBS3M  aIro0JOKOB MEXIy CO0OW M BXOAHBIMH  (BBIXOJHBIMH) YCTPOHCTBaMHU
MUKpOKOHTpoJuiepa. Ilpu HacTpolike ycTaHaBIMBAIOTCSI 3HAYEHMsI MapaMETPOB AJITOPUTMOB -
KOHCTaHTHI U Kod3(puumentsl. B mporenype "HavyanpHble yCIOBHs" 3a1aI0TCsl 3HAYSHUS] CUTHAJIOB
Ha BBIXOJaX airo0JOKOB, C KOTOPBIMH 3TH OJIOKM HAuyHYT paboTaTh HpU IMepexoje B padouuii
pexxuM. [Iponenypa "cuctemHble mapamMeTpsl”" 1ae€T BOZMOKHOCTh YCTAHOBUTD JIOTUYECKHE HOMEPa
KOHTPOJUIEPOB B JIOKaJIbHOU ceTr "Tpan3ut" u pexum padboTsl uHTEpdeiica. [Iponemxypa "padota ¢
[TI13Y" BBIMONHSET 3aMKCh B IaMATh COCTaBJICHHOM Mporpammsl U oopatHo B O3Y.

CoOCTBEHHO NPOrPaMMHUPOBAHUE HAUUHACTCS C YCMAHOBKU NPUOOPHBIX NAPAMEMPOS.
Bremonnsiemas B mpouenype "mpuOOpHbIE MapameTphl" TMOCIeI0BAaTENbHOCTh OMEpaluid U
XapaKTEepU3YIOIINE UX MapaMeTPhbl, ABISIOTCS OOLIMMU AJIsl BCEX alro0JIOKOB, T.€. AJIsl KOHTPOJLIepa
B 1eioM. B mpouenypy "mpubopHble mapaMeTpbl" BXOISAT CIEAYIONIME ONepanuu: OoOHyleHue
KOHTpoJuiepa (WM YCTaHOBKa CTaHAApTHOW KOHQUIYpallMK);  YCTaHOBKAa KOMIUIEKTHOTH;
YCTaHOBKA KOJIa 3alpeTa M3MEHEHHUs MapaMeTpoB U JUara3oHa BPEMEHHBIX MMapaMeTpoB; 3aJaHHe
BpEMEHHU IMKJIa pabOTHl KOHTPOJUIEpa; KOHTPOJb pecypca 1-it m 2-it obmacreit O3Y; KOHTpPOIIb
COCTaBa U BepCUU OMOIMOTEKH aNTOPUTMOB.

B nepBoii onepanun oOHyneHuto coorBerctByeT koa 00, cranmapTHON KoHUrypauuu -
ananoroBoe [IMN/I-perynupoBanue - kox 0l u ummynbcHoe perynupoBanue - 02. B omepauuun
"KOMIUIEKTHOCTh" yCTAHABJIMBACTCS KO/, OMpeeisieMblii Moaudukanuendn KOHTpoJUiepa, B
3aBUCHUMOCTH OT YHUCJIa BXOJHBIX U BBIXOJHBIX aHAJIOTOBBIX U AUCKPETHBIX CHUTHANOB. B omepanuun
"ycTaHOBKa KoOja 3ampera " HCmoib3yroTcss konx 3ampera -00 um Kon paspelieHuss U3MEHEHHs
napameTpoB -01. J[nama3oHbl BpEMEHHBIX MapaMeTpoB 3adaroTcs ciaeayrommmu kogamu : 00 - c,
MUH (Miaamuil quanason), 01-mMuH, 4 (cTapumii [uana3zoH). 9TO O3HAYaeT, YTO BCE BPEMEHHBIE
napaMeTpbl, Hampumep, Bpems uHTerpupoBanus Tn, muddepenmupoBanuss Tna, MOCTOsHHAsS
BpeMeHu QuibTpammu T¢ u3MepsroTcs B 3amaHHoM Macmtabe. Omepamnus "3agaHue BpeMEHH
[UKJA" TIO3BOJISIET YCTaHABIUBATh OJMHAKOBOE JUIsI BCEX alr0o0JI0KOB KOHTPOJIIEpa BpeMs IHKIA B
nuamazone 0.2 - 2 ¢ ¢ marom 0.2 c.

B npoyeoype "ancopumm" mnpoucxomut '"3amoimHeHue" anroOJIOKOB MpOTrpaMMaMH W3
OMOIMOTEKH aNTOpuTMOB. B 001IeM citydae Jijisi KaKI0To ajaro0yioka 3aaroTes 3 mapameTpa: KOJ
anroput™ma, ero moauduxatrop (M) u macmrTad Bpemenu (MB). B HEKOTOpPBIX anropuTMax
MonudukaTop u (Win) MacmTad BpeMeHU MOTYT OTCYTCTBOBaTh. llocne oOHyneHus KoHTpoIiepa
anroOJ0KM MOKHO 3aIlONIHATH TOJIBKO MOAPS, HauWHas ¢ mepBoro. Ecnu kakue-nmubo anro0ioku
HYKHO 3ape3epBHUPOBAThH I MOCIEAYIOUIET0 PaCHIMPEHUs] allfOPUTMHUYECKON CTPYKTYpPBI, B HUX
cnenyet BBecTu anroput™ ¢ kojaom 00.
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B npoyedype koughueypuposanus OCyIIECTBISCTCS TNPOTPAMMHUPOBAHHE 33JaHHOTO
B3aMMHOTO COEIMHEHHUS BXOJOB-BBIXOJIOB aJr00JIOKOB B E€OUHYIO CTPYKTYpy. AJNTr0o0JIOK,
OPUHUMAIOIIMK Ha BXoJAe WH(GOPMAIMIO, HA3BIBACTCA AalrOOJOK-TIPUEMHHUK, TepeNaronui
uH(pOopMalInIo, - AIro0JI0K-UCTOUHUK. BXoapl anro0noka-nmpueMHUKa MOApa3AesioTcs Ha 2 TUIA:
CBSI3HBIE M CBOOOJHBIC. CBsI3HBIC BXOJBI MOIKIIOYAIOTCS K OJHOMY M3 BBIXOJOB airo0ioka-
uctouyHuka. Ha cBOOOIHBIX BX0OJ1aX 3a/1al0TCS MapaMeTpbl HACTPOHKU, KOTOPbIE TAKXKe AETATCS Ha 2
IPyNIbl:  KOHCTaHTBI H  KodpduuueHTsl. KOHCTaHTBI  yCTaHABIMBAIOTCS B PEXKHME
IPOrPaMMHUPOBAHUSA U HE MOTYT M3MEHATHCSA (HO MOTYT KOHTPOJHMPOBATHCS) B PEKUME PaOOTHI.
KoadduimeHTs! ycTaHaBIMBAIOTCS U MOTYT U3MEHATHCS KaK B PEKUME MPOTrPaAMMHUPOBAHHUS, TaK U
B pexxuMe pabotbl. KoHkpeTHble 3HaueHUS NapaMeTpoB Ha CBOOOAHBIX BXOJAaxX alroOyoka
3amatorcs B mpouenype "Hactpoika'. Ilpu kKoH(UTypamuu Takke OMpeAeIstoTCs, MOCTyHaeT U
CUTHAJ, 3HAUYCHHE IMapaMeTpa MpsSMO WIM HHBEPCHO, T.€. C H3MEHEHHEM 3HaKa WJIH HeT.
Omnpenenenue anro6JI0KOB-IPUEMHHKOB U UCTOYHUKOB 3aBUCHT OT CTPYKTYPhI IPOTpaMMHUPYEMON
3aJauM; OMpeNleJIeHHe TUIa BXOJa - CBA3HBIA, CBOOOJHBIN - CIEAyeT U3 ONMCAHUS AJTOPUTMOB.
Heo06xoauMo Takke OTMETHTb, YTO HEKOTOPBIE aJrOPUTMBI MOTYT HE UMETh KOH(PHUTYPHPYEMBIX
BXOJIOB WJIM BBIXOJIOB, HallpUMep, aJrOpUTMbI BBOJa M BbIBoAa mHpopmanuu (BAA u ABA). B
nporenype HACTPOHMKM MapaMeTpOB YCTAaHABIMBAIOTCS YHCIOBBIE 3HAYCHHS I1apaMeTpOB Ha
CcBOOOIHBIX BXOIaX aJir00JI0KA.

Peoicum "paboma" KOHTpoIIIEpa COAECPKUT MPOUEAYPHI, TPEAHAZHAYCHHBIC JIsI KOHTPOJIS
MapaMeTpoB U CUTHAJIOB: IpPOIEAypa OOHAPY>KEHHUs OIMIMOOK M OTKa30B; KOHTPOJIb MPUOOPHBIX
apaMeTpoB; KOHTPOJb BXOJHBIX CHTHAJIOB, KOHTPOJIb BBIXOJHBIX CHTHAJIOB; KOHTPOJIb U
M3MEHEHHE TapaMeTpoB aNro0J0KOB; KaTHMOPOBKa CUTHAJIOB.

[TocnemoBaTenbHOCTD BBIMOJIHEHHS OTEpalMid B MEPEUUCICHHBIX MPOIeIypax MPUBEACHA B
npwi.7.

Takum o00pa3zom, MporpaMMHpPOBAaHHE C TIOMOIIBIO BCTPOCHHBIX CpeACTB (OmOIHMOTEKA
QITOPUTMOB U AJITOOJOKH) U MyJIbTa HACTPOUKH MO3BOJSET CPABHUTEIHHO MPOCTO PEan30BbIBATH
B MHKpoKoHTposuiepe P-130 pasHooOpasHble anropuTMbl yrpamieHus. l[Ipm sTtom gocTyn
MOJIb30BATENs K CTPYKTYpPE U IMapaMeTpaM ajiroputMa yripaBieHHs, KaKUM - JIM0O mapaMeTpoM WIn
(GyHKIMEH TEXHOJOTHYECKOTO TIpolecca, BEAETCS B TNPUBBIYHON cpene (C HUCIOIb30BaHUEM
TEPMHHOB U MaTEeMAaTUYECKOTO armapaTa Ha ypOBHE OMUCAHUS allTOPUTMA yIIPABICHHUS ).

Jleknus 12. YHuBepcaabHbIe MOAYJIbHO - A1aITHPYEMbI¢ KOHTPOJLIEPbI

OnHuM u3 Hambonee 3(G(EKTUBHBIX METONOB MOJYYEHHS ONTHUMAIbHOTO COOTHOIIEHHS
CTOMMOCTh / TIPOM3BOIUTENBHOCTh JUIS BCTPAWBAEMOTO KOHTpOJUIEpa SIBIISICTCS 3aJaHHe
KOH(pUrypanuy KOHTpOJIepa B MpOLEcCe €ero HaJaJKd CaMHUM IOJb30BaTeneM. ApXHUTEKTypa
BCTPaMBAaeMOro KOHTpoOJIJIepa JOJDKHA MPEJOCTaBIATh TAaKyl0 BO3MOXKHOCTB. OOImiee Ha3BaHWE
KJlacca TaKUX KOHTPOJUIEPOB - YHUBEpCAJIbHBbIE MOAYJIbHO-agantTupyemsle. KOHCTpYKTHBHO
apXUTEKTypa ATOTO Kjacca KOHTPOJUIEPOB peaan3yeT AOCTYN K (PYHKIMOHAIBHBIM MOJYJISIM Ha
OCHOBE ME30HMHHBIX TEXHOJIOTUH MIIM C TOMOIIBbIO MOHTA)XXHBIX KapKacoB.

HarnsimHeiM  BOIUIONIEHWEM WJA€M ME30HHHHBIX TEXHOJOTHH SIBIISETCS BCTPaWBaeMBbIH
onHoruaTHeld  Kommbeiorep MVMEL62 ¢upmer Motorola. OcoGeHHOCTBIO 3TOTO  MOIIHOTO
OJTHOIIJIATHOTO ~ KOMITBIOTEpA  SIBIIIETCS  BO3MOXXHOCTH ~ IIMPOKOTO  BBIOOpa  TpeOyeMbIX
XapaKTEePUCTHK M (DYHKIIMOHAJIBHBIX YacTed 3a CUET HCIOJIb30BaHMSA CTAHJAPTHBIX ME3OHHHHBIX
TEXHOJIOTUH BBOJA/BHIBOAA. ME30HHMHHAS TEXHOJOTHS TOJpa3yMeBaeT HAIWYHE CIEIUATLHON
JIOKaJbHOM IIMHBI Ha IUIaTe€ KOMIbIOTEpa M Habopa (QYHKUMOHAIBHBIX MOJYJEH pacIiupeHus
[35,36]. CoBpemeHHBIIT ME30HHHHBINA MOYJIb UMEET HeOOIbINe pa3Mepbl (00bIUHO 45 X 99MmM) u
nBa pazbéma. OnuH pazbeM CIYXKHUT Ui TOJKIIOUEHHUS K JIOKAIbHOW IIMHE IUIAThI-HOCHUTEII,
aTpUOYTHI JPYroTo ONPENeNIIOTCs QYHKIIMOHATBHON MPUHAIISKHOCTHIO IaThl. Ha Takux miarax
MOKHO pa3MeCTUTh MHOTOKaHaNbHBIM 16-paspsaubiii AL, 40 xaHamoB BBOJA/BBIBOJA,
MHOTOKaHanbHbIi uHTepeiic RS-232C/ 422/ 485, moaynb onepaTHBHOM MM MOCTOSIHHOW MaMSITH,
MaTeMaTHueckuil cormpoueccop u T.1. Ceifuac m3BecTHO 0K0j0 10 ME30OHHWHHBIX TEXHOJIOTHUH.
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HauGonpmyto nomynsipHocTh monyuyninn moayiau ¢upm PEP Modular Computer - MODPACK u
¢upmer Industry Pack - IP. B mnacrosimee Bpemst (upmbi-nipousBogutean IP- KOHTposIepoB
BBIITYCKAIOT Oosiee 235 Mozened, KOTOpbIe MOTYT MCIIOJIb30BAaThCs MPAKTUUECKU B JIF000M oTpaciu
HPOMBIIUICHHOCTH. [IaThl-HOCUTENN ME30HMHHBIX Moayiel |P cymecTByrOT mpakTH4ecKku ist
BCEX MarucTpanbHO-MoayabHbIX HHTEpdeticoB: VMEbus, PCI, VXI, VESA, ISA, G64/G96, Nubus.
[InaTa-HOCHTENIF MOXKET MMETh COOCTBEHHBIE IPOIECCOPHI MM HET. becmporieccopHble ILIaThl
npeHa3HavaroTCs, KaK MPaBUiIo, AJIsi MPOCTOTO HapalMBaHHUs KaHAJIOB BBOJA/BBIBOJA. THIHYHAS
miata-Hocutens VME ¢opmarom 6U comepkutr 4 Me30HHMHHBIX MOAYJsA. YUTOOBI OLICHHUTH
BO3MOXXHOCTH TaKOH KOHCTPYKIIMM JOCTaTOYHO TMEPEYUCIUTh aTpUOyThl  OJHOIJIATHOTO
KOMITbIOTEpa, cOOpanHoro u3 crangaptusix IP- moayneii: CPU, O3V, Flash I3V, Ethernet, SCSI,
VMEG64 wunrepdeiic, 2 kanama RS-232C, nabop TaiiMepoB. YUHUTHIBash OTKPBITHIA XapakTep
ME30HMHHBIX CIeru(UKamii, MOXXKHO pa3paboTaTh 0Oyl miary-HocuTedab IP co BCTpoeHHBIM
nporeccopoM Jtoboro THma. I[Ipy 3TOM MOXHO CO3/1aTh KOHTpOJUIEp, Haubojee IOJTHO
COOTBETCTBYIOIINHI KJIACCy peIIaeMBbIX 3aad.

Kak mpaBuio, BMecTe ¢ ME3OHMHHBIMH IUIaTaMH MOCTABJSIIOT JpaiiBephbl ONEPalMOHHBIX
CHUCTEM, KOTOpble OOBIYHO pPA0OOTAIOT Ha IUIATaX-HOCUTENAX. OTO OINEPALUOHHBIE CHUCTEMbI
peanbrHoro Bpemenu - OS9, pSOS+, VMExec, VxWorks, LynxOS u tpaauumonusie - MS-DOS,
Windows, Windows 95, UNIX, OS7.

K HOBEHIIMM TEXHOJOTHSIM ME30HHHHBIX MOJIYJEH OTHOCSTCS, NMPEXKIEC BCETO ME3OHHUHBI,
ucroJsp3yomume okaipHyko muHy PCl. Onu nmonyunnu nazganue PMC (PCI+MEZZANIN CARD
= PMC) u wucnosip3yroTcs, B OCHOBHOM, KaK CTaHIAPTHOE paciiupeHue omHomiatHeix VME-
KOHTPOJUIEPOB, MOCTPOEeHHBIX Ha 0aze cemeiictBa RISC - mporeccopos: PowerPC, Alpha, Mips
R4600 u nmp. Homenknarypa momyneii PMC moka HeBemMKa W COACPKHUT TOJIBKO CKOPOCTHBIE
uHTEp(dEHCHI, HO OHAa OBICTPO pacIIMPSIETCS.

Ecnu Me30HMHHBIE TEXHOJOTHH €IIe TOJBKO 3aBOEBBIBAIOT PHIHOK (XOTS M YCIICIIHO), TO
TPaJAULIUOHHO MOJIYJIBHO aJanTHPyEMbIe MTPOMBIIUICHHBIE KOHTPOJIEPHl U KOMITBIOTEPBI CTPOSATCS
C MOMOIIBI0 MOHTaKHBIX Kapkacos. [Ipumep - MicroPC, ADAM-5510, MiPC-50, MIC-2000, PR -
100, DV 105, DL 105 wnmm oteuyectBennbie cepun Jlomukont, TCMS51, E29.17.

MoHTa)kHbIe KapKachl OOBIYHO MPEICTABIAIOT COOOW MacCUBHbIE 4- WM MHOTOCIOWHBIE
IUIaThl C HECKOJBKHUMM CIOTaMH JUI YCTAaHOBKU IPOLIECCOPHBIX MM  COIIACYIOIIUX MOIYJIEH.
Maructpanb, 0ObeAMHSIONAs MOJIYJIH, MOXET OBITh W3 psla YHUBEPCAIBHBIX (HAmpuMmep, yKe
ynomsinyteie VMEbus, PCI, VXI, VESA, ISA, G64/G96, Nubus) wiu 3akpbiTas miHa JaHHOM
¢upmelr. Panee yxke oTMeYanoch, 4To IMEpPeYeHb MONYJEH pacIIMpeHHs I TPOMBIIIICHHBIX
KOHTPOJUIEPOB OTPOMEH, TaK Kak KaxJaas (UpPMa-IPOU3BOAUTENL CTPEMUTCS MaKCHUMAaJIbHO
YIIOBJIETBOPHUTH 3aPOCHI TOJIb30BaTeNs. YacTh GUPM-TIPOM3BOIUTENEH TpeAaraeT moIb30BaTelto,
Hapsly C WHAMBHUIYaIbHBIMM KapKacoM M IIMHOM, TakKe M HMHIUBHIYalbHbI KOHCTPYKTHB
Moayiner. Takol MoaxoJ OrpaHWYMBAET BO3MOXKHOCTH allapaTHOW aJalTallMK TOJBKO MEpEeYHEM
MOJyJiel, mpeuiaraeMblM TakuMu ¢upMamu. Yale Bcero nepedeHb HEBENIUK U, B CBOIO OYepelb,
OpPUEHTHPOBAH Ha KOHKPETHBIE 00JIaCTH IPUMEHEHHUS.

Hampumep, kontposiep cepum ADAM-5510 ¢upmer Advantech npennasnauen s
paboTHI B TEPPUTOPHAIIEHO PACTIPEICICHHBIX CHCTEMaxX YIpaBJeHUs U cOOpa JaHHBIX B Ka4ecTBE
aBTOHOMHOTO KoOHTpoiutepa [37]. OH pabGoraer Cc aHalIOrOBHIMH M JUCKPETHBIMH CHUTHAIAMH,
MPOM3BOAUT  TEPBHUHYIO  00paboTky  mHpopmammu. lmMeercs  BO3MOXKHOCTH  THOKO
KOH(UTypHpOBaTh COCTaB CUCTEMbI B 3aBUCMMOCTH OT BHJA M KOJHYECTBA KOHTPOJIHUPYEMBIX
napaMeTpoB. YCTpOHCTBAa 3TOW CEpUM JIETKO OOBEAMHSIIOTCSI B MHOTOTOYEUHYIO CeTh Ha 0Oase
unrepdeiica RS-485. CucremnHoe sapo, HECMOTps Ha HEOOJIBIIME pPa3MEPHl, MPEIOCTABIISIET
MI0JTb30BATEIF0 MHOTO BO3MOXKHOCTEH. MoaynpHasi KOHCTPYKIUS, B CBOIO Oodepeiib, 00ecreunBaeT
MIMPOKHE BO3MOXHOCTH IIPU KOH(PUTYpALIUU CUCTEMBI.

Cucmemnotit 610k ADAM-5000 (puc 3.9) comep uT IaTy HEeHTPAIBHOTO MpoIleccopa Ha
6aze 16-pazpsimHoro mukpomporieccopa 80188 ¢ O3V o6vemom 32 K6 u ¢pmam-I13Y o6pemom 128
KO ans 3amucu ympasisolield mporpaMMel, peodpa3oBareib NUTaHus, 4 ciaoTa pacuIMpeHus s
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MOAKJIFOYECHUS JIOIIOJIHUTEIBHBIX MOAYJEH, CTOPOKEBON TanMep, BCTPOCHHBIN
KOMMYHUKAIMOHHBINA TOPT RS-232 u 1 BCTpOeHHBIN KOMMYHHKAITMOHHBIN OpT RS-485.

Mooynu esoda/ebiéooa. OnHa tnata neHTpaiabHOro mporeccopa ADAM-5000 wmosxer
NoJJEPKUBaTh 10 64 KaHaIOB BBOJIA/BBIBOJIA B UETHIPEX CIOTaX PACIIMPEHHS. DTU KaHAJIbI MOTYT
ObITh Ha3HAYCHBI KaK BXxoAHble WU BeixogHbie. Cepus ADAM-5000 comepkuUT pa3indHbIe TUIIBI
MoayJeil BBoa/BeiBoia. Moyib auckpetHoro BBoga ADAM-5051 nmeer 16 kaHnanoB u paboTaet
¢ curHasnamu 10 30 B mocrostHHOTO TOKA. Y MOAyJs AuckpeTHoro BeiBoga ADAM-5056 -taxoke 16
KaHaJIOB BBIBOJIA C OTKPBITHIM KOJUIEKTOPOM, KOMMYTHUPYIOIIMX LeMU ¢ HanpsbkeHueM 10 30B u
MOIIHOCTHIO 710 450 MBT, 4TO TIO3BOJIIET MOAKITIOYATH K HEMY Pa3IMYHbIC THUITBI HCTIOTHUTEIBHBIX
ycTpoiicTB. CriennalibHbIA MOynb peneiHbix BeixogoB ADAM-5060 umeer 6 kaHaIOB BBIXOIHBIX
pene, mpeJHa3sHAuYeHHBIX JJI1 KOMMYTAIMH LENei MOCTOSIHHOTO U MEPEMEHHOTO TOKa MOIIHOCTBIO
n1o 60 Br. Moayns BBoja aHanoroBeix curHaioB ADAM-5017 obGecneuywBaeT BBOA A0 8
AQHAJIOTOBBIX CUTHAJIOB HampspkeHus B auanaszoHe oT +150 MB 1o +10 B unum Toka ot 0 1o 20 MA.
CrernuanbHo U1 paboThI ¢ TEpMOIIapaMu ITpeAHa3HauYeH Mo IyIb aHaiorosoro BBoga ADAM-5018.
OH 103BOJSET MOAKIIOYUTH A0 § CTAHJAPTHBIX TEPMOIIAP Pa3IUYHOTO THIA. AHAJIOTOBBIE MOAYIH
UMEIOT pa3pelieHue 16 pa3psaoB U MOTYT OBITh 3alPOrPaMMHPOBAHBI MOJIb30BaTENEeM Ha paboTy B
pPa3IUYHBIX JUana3oHax CUTHAIOB. /[ (opMHUpOBaHHS BBIXOJIHBIX AHAJIOTOBBIX CHTHAIOB B
nuanaszone ot 0 1o 10 B wim ot 0 1o 20 MA ucnonb3yercs 4-X KaHAJIbHBIA MOAYJIb aHAJIOTOBOTO
BeIBO1a ADAM-5024.

Paccmorpum ©Gonee moapoOHO B KayecTBe IMpUMEpPa MOIYJIbHO-OPHUEHTHPOBAHHBIX
YHUBEPCATbHBIX KOHTPOJUIEPOB CeMENCTBO KOHTpoiuiepoB MicroPC.

CemeiictBo koutpoJuiepoB MicroPC - 53710 cemeiictBo PC-MHKPOKOHTPOJLIEPOB,
MPOIIECCOPHBIX TUIAT U MOAYJIeH pacmmpenus ¢ muHoi ISA IBM PC- coBMecTUMBIX KOMITBIOTEPOB,
OPHEHTHPOBAHHOE Ha IPOMBINUIEHHOEe IpuMeHeHue [25,26]. @upma-npousBoautens - Octagon
Systems (CILIA).

Kopomko o MicroPC:

* Pesunmentnas omepanmonnas cucreMa MS-DOS 6.0. TI3Y BocmpuHuMmaercsi, Kak
ANEKTPOHHBIA JUCK, TOSTOMY 3arpy3ka © paboTa ONEpalMOHHON CHCTEMBI
MIPOMCXOIUT TakK e, Kak u B HacTobHOM [1K. CoBmectuma ¢ Windows u QNX.

Tpu »eKTPOHHBIX TUCKA HA MPOIIECCOPHBIX TIaTax.

Bo3MoxkHOCTP aBTOHOMHOH PalOOThl 0€3 BHICOMOHUTOpA, KIaBUATYPbl U JUCKOBBIX
HAKOIIUTEIICH.

KoncrpyktuBHas copmectumocTh ¢ IBM PC, uto mo3BoiseT ycTaHaBiIMBaTh IIATHI
MicroPC B nr000# mepcoHaNbHbII KOMITBIOTED.

Manasi motpebinsiemMasl MOIIHOCTh - OTCYTCTBHUE TPUHYAMTEIBHOTO OXJIAKICHHS.
BonpmmHCTBO MaT cemericTBa pabOTalOT OT OJHOTO UCTOYHUKA MUTaHus 5B.
Pabounii quanazon Temmepatyp ot -40° C no +85° C.

BriaepxuBatoT neperpysku 10 5¢ npu Bubpanuu u 209 npu ynape.

B nacrtosimiee Bpems cymiectByeT 27 THUIOB IUIAT pacmiupenus. B oqHoN cucteMe MOXKHO
YCTaHOBUTH JI0 8 IUIAT paclIupeHus. Bee TuiaThl pacmpeHust MOTYT OBITh BCTABJICHBI B ITACCUBHYIO
OOBCIMHUTEIBHYIO TaHeNb WM MOHTaxHbIA Kapkac MicroPC, B nacronphbii IIK, B TIK
MIPOMBITIJICHHOTO Ha3HAYEHUSI.

Ilaccusnan o00veounumenvHas naxensb TO3BONACT OOBEIUHUTH OO0 8 MoOaynell 6e3
MCTIOTF30BaHUsT MOHTKHOTO Kapkaca. Mimeer iBa pa3péMa Jisl TOAKITIOUSHHSI ICTOYHHUKA MTUTAHMUS.
8/16-OutHas maccuBHas OOBCIUHHWTEIbHAS TIAHENb IO3BOJISET OOBEIUHATH 8- U 16-OMTHBIC
Moxayiu. Kaxmasi maHemp uMeeT OJIMHAKOBOE KOJUYECTBO 8- M 16-OMTHBIX CI0TOB. Brimyckarorcs
Moaudukanyu st o0bequHeHus 4, 6 U 8 MOIyIEH.

Monmascnvle Kapkacovl Cayxar IS pa3MelneHust U oObeauHeHuss moayiaei MicroPC.,
Buemnuii Bun moxmyns cemeiictBa MicroPC mpexacraBnen Ha puc.3.11. Kapkac cepum 52XX
MO3BOJIIET OOBEAUHATH 10 8 MOayJeil. MOHTaXXHBIN KapKac cepuu 72XX CIIYKHUT 1J1s1 00beAMHEHUS
8/16-6utHbIx Moayneit MicroPC. MoHTaxHbBIe KapKachl MpeHa3HAYEHbI I YCTAHOBKH B CTOWKY
aBromatuku tura NEMA wmm ju1st kperienus Ha cteny. HekoTopeie MOynu ipeiHa3HAYeHBI IS

*

*
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HACTOJIBHOTO pa3MelleHus. JlemeéBble MOHTaXHbIE KapKachl 52XX IpenHa3HAueHbl AJI CHCTEM,
IPEIbABIAIONIMX MOBBIIIEHHbIE TPEOOBAaHUS K 00BEMY, 3aHUMAeMOMY CUCTEMOM ymnpaBieHus. U-
oOpa3Hasi cuctemMa KperieHUs: MOAYJIEH MO3BOJISET IKCIUTyaTUPOBAaTh UX B YCIOBHSIX IOBBIIIEHHBIX
BHOpaIuii ¥ 4acThIX yaapoB. boyiee moapoOHO MOHTaKHBIE KapKachl cepuil 52XX, 727X. ONKMCaHbI B
npui. 2.

Ipoueccopuvie modynu cemeiictea MiCroPC oxBaThIBarOT MIMPOKHIA CIEKTP MPHIOKCHHIA:
OT OJHOKPUCTAJIbHBIX MHKPOKOHTPOJUIEPOB, OPHEHTHPOBAHHBIX HA JIOKAJIbHOE YIPAaBJICHUE
IPOCTBIM YCTPOMCTBOM, 10 MHIYCTPUANIBbHBIX (haili-cepBepOB, OPUECHTUPOBAHHBIX HA YIPABJICHUE
nokanbHO ceThto IIK mim Ha ympaBieHHE CIIOKHBIM U JMHAaMUYHBIM 00beKTOM. Bce momynu
UMEIOT B CBOEM COCTAaBE CTOPOXKEBBIE TalMeEpbl, IPEIHA3HAYCHHbIE [UIsI ABTOMATHYECKOTO
BOCCTaHOBJICHHUS PabOTOCIOCOOHOCTH CHUCTEMbI YIIpaBleHHs B ciy4dae cOOsl WM ‘‘3aBHCAHUS”
ynpasisomeil nporpaMMbl. OCHOBHBIE XapaKTEPUCTUKHM IPOLIECCOPHBIX MOIYJIEH IPHUBEACHBI B
npuwi.2. OTHU MOAYIM NEPEKpPhIBAIOT IMIMPOKUH Auamna3oH oT moayiaed tuna 7000 m 5025X,
OPUEHTUPOBAaHHBIX HAa BBICOKONPOM3BOAMTEIbHBIC, BCTPAUBAEMBIE CHCTEMBl  YIPABICHUS
(paboraromme B cpexe Windows u QNX), 10 AeméBbIXx MHUKPOKOHTPOJUIEPOB CO CpeAHEH
MIPOM3BOAUTENBHOCTHIO THIIA 6012 1 6024, MpeaHa3HAYEHHBIX I MaJbIX CUCTEM cOOpa aHHBIX
ynpasieHus. i yrpaBieHHsl JOKaJIbHBIMU CETSIMU MPOMBIIIJIEHHBIX KOHTPOJIEPOB U CIOKHBIMU
00BbEeKTaMHu, TPeOYIOUIMMHU Iepeaud U 0O0paboTKU OOJbIINX MAaCCHUBOB JIAaHHBIX, MpeAIararTcs
MOy M HHAYCTPHAIIbHBIX (aiin-cepBepos tuna PC-450 u PC-425.

ITnamwr ynpaenenus PC Wucnonb3yloTcsi B NPUKIAIHBIX Iporpammax, riae TpelOyercs
coBmecTuMocTh PC mimu Bbicokast a¢dexruBHoCTh (5012 mm Bhime). CoBmectumocts PC wacto
HEo0X0/1uMa, YTOOBl BOCIIOJIB30BAaThCSl MPEUMMYILECTBOM JAELIEBOIO JOCTYIMHOTO IMPOrpaMMHOIO
obecrieuenns. Cucrema PC Oyner cTrouTh Ooible 4yeM OJUH MUKPOKOHTpOJUIEp, HO Bbl mmeere
JOCTYI K BUJIE€0 U JUCKOBOM NaMATH (XpaHEHUIO) U APYTUM (QYHKLHSAM.

Mooynu eeo0a/evieo0a u mooyau, npeOHA3HAUEHHble 014 Peanu3auuu CneyuaibHblX
¢ynKyuil, TO3BOJISAIOT OPraHU30BaTh OOBEKTHYIO WIM HMHTEPPEHCHYIO CBSI3b KOHTPOJIIEPA,
OCYIIECTBHUTH JIOTIOJIHEHHE €ro CTPYKTYphl HEOOXOAMMBIMH CpPEACTBaMHU NaMSTH, YCUJICHUS
pa3Bsizku u T.1. Kpome Mopyned, oObeqUHSIEMBIX C MOMOILBIO CTaHAapTHoro 8/16 OuTHOro
unrepgdeiica ISA, ¢dupma MicroPC BeimyckaeT IeENbll psAA  TOMOJHHUTENBHBIX MOJYJEH
pacuIMpeHusi, KOTOpble MOJKIIOYAIOTCS K ATUM MOJYJISM C IOMOUIbI0 THOKOro kalens u
o0OecreunBarOT COIVIACOBAaHUE BXOJHBIX M BBIXOJHBIX CHUTHAJIOB CHCTEMbI YIIPAaBJIEHUS 110
HaANPSDKEHUIO, TOKY, MOLTHOCTH, 110 THILY KOMMYTallMOHHBIX 3JIEMEHTOB U T.[.

[IpakTruecku nr06asi cucTeMa yNpaBieHUS TpeOyeT HaIu4usl OJHOW WM HECKOJIbKHUX
JVHUN JTMCKPETHOIr0 BBOAA/BbIBO/IA. Bece MMHNUN AUCKPETHOTO BBOJA/BBIBOJIA MOXKHO pa3OUTh Ha 3
0a30BBIX KJIacca B 3aBHUCHUMOCTH OT TpeOOBaHUN K MHTepQeilcy B3auMOAEWUCTBUSA C BHEIIHUMH
ycTpoicTBaMu: Joruueckuil yposeHs( 0-5 B), Taxoke HazpiBaeMmblil TTJI ypoBHEM; 3HaUeHuUs TOKA U
HanpspkeHus cpeaHero yposus ( 10 50 B moctosaHOro Toka u Toka 10 100 MA); 3HaYeHHUS TOKA U
HanpsDKeHUs1 BBICOKOTO ypoBHs ( 10 260 B mocTosIHHOTO M NepeMeHHOro Toka U Toka 7o 3 A).
CxeMbl ynpaBiieHUs] OOJNBIIMHCTBA IMPOMBIIUIEHHBIX KOMIIBIOTEPOB HCIONIB3YIOT ypoBeHb 0-5 B.
Ortor uHTep(deiic BBOMA/BBIBOJA MO3BOJISIET paboTaTh C TAaKUMH YCTPOICTBaMH, Kak BHELIHHE
NepeKIIoyaTeNd (KOHTAKTHbIE TaTYUKH), IPOCThIE JIOTHYECKUE YCTPOMCTBA, CBETOUO/IbI U IPyrUe
ciaboTouyHble ycTpoiicTBa. Korzma B cucTeMe HUCHONB3YIOTCS HPOTpaMMHUpYEMbIE JIOTMYECKHUE
KOHTPOJIJIEPHl WJIM JIPyTru€ YyCTpoHcTBa ¢ 12-BOJBTOBOM JIOTMKON, HEOOXOAWMO BKIIIOUHUTH
npeoOpa3oBaTellb JOTMYECKUX YPOBHEH Ul TpaHCIALMU YpoBHEH curHaiaoB B auamna3zoH 0-5 B.
bydepusupoBanHblii TakuM 00pa3oM BBIXOJHOW CHTHal KOMIIBIOTEPA MOXET YIPaBIATh
MaJIorTabapUTHBIMU pelie, COJICHOWJAaMHM M JaMIlaMH. YTpaBIE€HHUE BbICOKOBOJBTHBIMH UEMSIMU
MOCTOSIHHOTO M MEPEMEHHOT0 TOKa HEe TOJIbKO TPeOyeT yCHUJICHHS YNPaBJISIOUIMX CUTHAJIOB, HO U
NPEIbABISET BBICOKHE TPEOOBaHMS K M3OJISILIMU BBIXOJHBIX IEMed KOMIBIOTEpa. JTOr0 MOXKHO
JIOCTHYb, HCIOIB3Ysl WHTEpP(hEWCHBIE MOAYIH C onTou3ojsiuend. Moaymu ympasistores TTJI
CHUTHAJIaMU U 00ECHEeUMBAIOT 3aLIUTY OT 3JEKTPUUECKOro mpodosi mpu HampspkeHusx no 4000 B.
ONEeKTpUYecKUe JBHUraTelid, KOHTAaKTOPbl, KOMMYTaTOpbl MEPEMEHHOTO TOKa, TUPHCTOPHbIE
PEryJsTOphl U ApPYrHe YCTpOMCTBa MOTYT O€30MaCHO YHPABIATHCS C MOMOIIBIO ATHX MOJIYJIEH.
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Kommnbrotepsl cemeiictBa MIiCroPC moryr oO0bequHsSITh BCE TpPH Kiacca MOJIYJICH IMCKPETHOTO
BBOJIa/BbIBOJIa. bonbmmHCTBO ycTporicTB TpeOytor mnsa ynpasinenus TTJI ypoBenb. Momynu
BTOPOTO KJIacca OOBEIUHSIOTCS C TIOMOIIBI0 COCTUHHUTEIBHBIX MOJAYJEH BBICOKOBOJIBTHOTO
unrepdeiica tuna 1TB-16/8, ITB-8/16 u moakmouarorcs k TTJI BeixogaM KomibioTepa. Momyiu
cemeiictBa G4 (puc.3.12) obGecrneunBaroT uHTEepdEHC ympaBieHUS i TpeThero kiacca. OHuU
00BEIUHAIOTCS C TOMOIIBIO MACCHMBHBIX COETUHHUTENBHBIX Tu1aT MPB-08/16/24 (1udpa onpenenser
MaKCHMaJIbHOE YMCIIO MOAYJIEH Ha 1Iare).

AHAN02086b1il  6600/6b1600: AHATOTOBBIM BXOJ| CUMUTHIBAET 3HAYEHUE HAINPSIKEHUS C
BHEIIHET0 JaTYMKa, AHAJOIOBBIA BBIXOJ TE€HEPUPYET HANpsOHKEHUS Ul YIpPaBICHUS TaKUM
YCTPOMCTBOM, KaK PEryJsaTop CKOPOCTU JIBUTATelIsl, U3MEPUTENIbHBII IPpUOOp WM IPUBO/] TOJIOBOK.
B 1O Bpems, Kak AHMCKPETHBI BBOJ/BBIBOJ MMEET TOJBKO JIBa COCTOSIHHS, QHAJIOTOBBIN CHTHAI
MOJKET MPUHUMATh COTHHU U THICSYU 3HaUYEHUIl. AHAIOTOBBIN HHTEP(ENHC KOMIBIOTEPA MOXKET OBITh
OIMCAH C MOMOUIBIO CIAEAYIOUIMX XapaKTEPUCTUK: pa3pelleHne; TOYHOCTh; Koppekius 0; peskuMbl
BBOJIa; IMaNa30H aHAJIOTOBOT'O CUTHAJIA; THII IPeoOpa3oBaHMUs.

J1yist GOJIBITMHCTBA MTPOMBIIIIJICHHBIX TPUMEHEHUH qocTaTouHo TouHOCTH 10-O0utHOTO AIIIL.
HekoTtopsie MOIynM BBOJA aHAIOTOBBIX CHTHAJIOB pabOTalOT ¢ OMHOMOJSpHbIMHU curHanamu (0-5
B), npyrue - ¢ pasnHonoispHbiMu (15 B). BHemHue ycunutenu ¢ TOKOBBIM BBIXOJOM TpPEOYIOT
pesuctopa 250 OM, BKIIOYEHHOTO Ha aHaJOTOBOM BXoje. Pe3ncTop mo3Bossier mpeodpazoBaTh TOK
4-20 mMA B Hanpspxerne 1-5 B. Bpemst mpeoOpazoBaHus aHAJIOrOBOTO CHTHaja B U(BPOBYIO GopMmy
JOJKHO OBITh 3HAYUTENHFHO MEHbINE CKOPOCTH M3MEHEeHHs curHana. Yem Ooisiee OBICTPOTEKYIIHIA
npoiecc ompammBaeTcsi ¢ nomonisio AL, Tem Oosiee BBICOKOCKOPOCTHOM MpeoOpa3oBaTelib
HEO0OXOUMO HCIOJIb30BaTh, YTOOBI MOJYYUTh U3MEPEHUE TPEOYEeMO TOUHOCTH.

Taiimepnvle ¢hynkyuu. MHorue nporeccol TpeOyIOT U3MEPEHUSI U T'€HEPALUU Pa3IMYHbIX
YACTOTHBIX CUTHAJIOB, BBIIEPKEK BpPEMEHH, CUE€Ta COOBITUH M T.I. YHHUBEPCAIBHBIM CPEICTBOM
HNOJJICp)KaHUsT  3TOM  (PYHKIMHM  SIBISICTCS  MAacCHB ~ HMHIUBUAYAJIBHO  MPOTPAMMHPYEMBIX
taiiMepoB/cuétunkoB. B cemeiictBe MicroPC sty ¢yukiuio BeimonHsaioT mMoaynu 5300. Ogun
TaiiMep/CUETINK MOXKET HaKaIuIMBaTh MU(PPOBBIC 3HAUCHHS 10 BeTUUMHBI 65535. s yBenndyeHus
Pa3psAHOCTH  TaMMEpBI/CYETUMKH  BKJIIOYAIOTCS KacKagHO, T.€. BBIXOJ OJHOTO CUETYMKA
COEJIMHSETCS C BXO/IOM JIPYTOro.

Humepdpeiic nocnedosamenvnozo ob6mena B HACTOALLEE BPEMs SIBIICTCS HEOTHEMIIEMOMN
4yacTbl0  JIIOOOTO  ympaBisioulero Kommbeiorepa. OH  Hcnonb3yercs A OpraHu3aluu
MEXKOMITBIOTEPHOM CETH, YIOPABICHHUS NPUHTEPAMHU, MHUKPOKOHTPOIJIEPAMH, YCTpPOMCTBAMU
CUMTHIBAHUS IITPUXOBBIX KOJAOB M JAPYrUMHU ycTpoilcTBamu. YacTo QyHKIMM MOCIEI0BATEIHHOIO
uHTepdeiica pealn3yroTcss NPOrpaMMHO C TOMOUIbIO JIMHUH JTMCKPETHOTO BBOJIA/BBIBOAA.
Haubonee yacto ucrnonb3yrotr uaTepdeiic RS-422 u RS-485, kak craHIapT MEKKOMITBIOTEPHOTO
oOMeHa. MoieMbl U paJiOMOJIEMBI MIO3BOJISIOT CO3/1aBaTh CETH HEOTPAHUYEHHON yaIEHHOCTH.

Humepgpeiic onepamopa - 310 00bIYHO KaKas-TuOO KJIaBHATypa U AUCILUIEH, COCTOSIINNA U3
HECKOJIbKUX CTPOK 3HAKOCHHTE3MPYIOIIUX WHINKATOPOB. BONBIIMHCTBO KJIaBHATYP CTPOHUTCS Kak
MaTpHUlla MEXaHUYECKUX KOHTAKTOB, KOTOPbIE MPH HaXaTUU 3aMbIKAIOT COOTBETCTBYIOLUE CTPOKHU
C COOTBeTCTBYIOIUMH cTonOnamu. CyliecTByeT MHOTO THIIOB JHcIiieeB. J[Ba OCHOBHBIX Kiacca:
aKTHUBHbIE M naccuBHble. [IpuHIMI pabOTHl MACCUBHOTO JUCIUIES OCHOBAH HAa OTPAa)KEHUU CBETA
BHEIIIHEr0 MCTOYHMKA. Tak pabortaroT xuiakokpucramanueckue auciuien (LCD- aucrnen). Onu
NOTPEOIISFIOT OYeHb HEOOMBIION TOK, mpuMepHO 10 MA Ha 4-ctpounsnii nucrureit. LCD- aucruten ¢
MOJCBETKON (pOHA MOTPEONISIOT 3HAUUTENbHO Oosblie. KaToqoIIOMUHECHIEHTHBIE AUCIUIEN MMEeT
BBICOKYIO SIPKOCTb CBEUEHHMSI, TIO3BOJISIIOT BBIBOJUTH CUMBOJIBI Pa3HbIX IIBETOB U HE HYXAAIOTCS BO
BHEIIIHEM HCTOYHHKE cBeTa. Takoii aucruiei norpediser 500-600 MA oT nctounuka nutanus 5 B.

Ilamams. B oTiauunMe OT HACTOJIBHOTO NEPCOHAIBHOTO KOMIIBIOTEPA, MPOMBIIIEHHBIN
KOHTPOJUIEp HCHOJb3yeT MaMATh MEHbLIero o0bEMa. DTO HaJI0 YYUTHIBaTh IPH pacuére
HeoOXoauMoro o0béMa MaMsaTH JUIs HAKOIUIEHUS JaHHBIX WM PETUCTPallUUd IapamMeTpoB
YIPaBJIsIEMOro MpoLecca.

/Jlpycue cucmemnvie ¢pynkyuu. CyliecTByeT eIlle MHOTO pa3IMYHbIX CHCTEMHBIX
KOMITOHEHTOB, HEOOXOIMMBIX JIi KOPPEKTHOH paboThl Bceil cuUCTeMbl ymnpaBieHus. batapes
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nuTaHus SHeproHeszaBucumoro O3V, wackl/ KajeHaapb, Kalenu, JpaiiBepbl YCTPOMCTB |
uHTep(eiCcHbIE MIaThI ABISIOTCS 0053aTEIbHBIM KOMIIOHEHTOM COBPEMEHHBIX KOHTPOJIIEPOB.

Humepgpeiic pacuwupenus cucmemst. Bee mnporieccopHbie rmiatel cemeiictBa MicroPC
UMEIOT  BO3MOXXHOCTH ~ IPOCTOM  MOJEpHU3AallMM  Lielled  BBOJA/BBIBOJA,  M3MEHEHUS
(GYyHKIMOHAIBHOTO cocTaBa (10 7 MOAYJEH pacIIMPEHHUs), OTIEPATUBHOTO TEPEIpOrpaMMHUPOBAHHS
WIM HajJaJKd Tpud MU3MEHEHUU TMapaMeTpoB IIpolecca WM COCTaBa TEXHOJIOTHYECKOIo
obopynoBanusi. O0benunuTenbHbIC Tanean 5205/7-RMH no3Bosnsitor coenuuauth Mmoayau MicroPC
u mo0kie apyrue PC- Moayu mosioBUHHOTO pa3mepa. Moaynu-KoHCTpyKTopbl 5970/71 mo3BosstoT
M0JIb30BATENIO CO3/1aTh CBOE COOCTBEHHOE YCTPOMCTBO M BKIIFOUUTH ero B cuctemy MicroPC.

XapaKkTepUCTUKU HEKOTOPBIX (PYHKIIMOHAIBHBIX MOAYJICH MIPUBEACHBI B MPUIL.2.

Ha puc 3.13 npexacraBieH BapuaHT (OpPMHPOBaHUS sApa OOBEKTHOTO KOHTpOJUIEpa M3
mojyiaeir MicroPC. KOHCTpYKTHMBHO KOHTPOJLIEp pa3MeEINaeTcss B MOHTa)XHOM Kapkace 5204,
UMEIOLIEM 4 NIMHHBIX [TO3ULMU JI YCTAHOBKU MOJYJIEH U MECTO I pa3MelleHusl OJ0Ka MUTaHus,
Hanpumep, Tuna 5105. OcHOBOU KOHTpoJUIepa SBISETCS MOAYJb LIEHTpaIbHOTO Mponeccopa 4000
Ha OcHOBe mporeccopa 386CX, obecreynBarONMil peaan3alyio BCEX CUCTEMHBIX (YHKIUN U
HEMOCPEJICTBEHHOE MOJAKIIOUEHUE KJIaBHATyphl M TpuUHTepa. s MOAKIIOYEHHs CTaHIapTHOTO
moruTOpa SVGA B cocTaB KOHTpOJUIEpa BKIIFOUEH MOAYIh Buaeoanantepa SVGA 5420. Anmantep
ceru Ethernet 5500 o6ecrnicurBaeT 0OMeH HHpOPMAIIHEH ¢ APYTUMH aDOHEHTAMHU CETH.

__________________________________________________________

i Mogaynb i

| (—>| supeocapant —— SVGA

: b epa SVGA : MOHUTOP
i I'IIJ/I-I'I('):HI/I 5420 !
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: ceru Ethernet ! cets Ethernet
i MicroPC 200 .

Puc.3.13. CrpykrypHas cxema KOHTpoJutepa Ha 6ase moayieir MicroPC

Jlekums 13. KonTpoJiepsl ¢ ceTeBoii CTPYKTYpOi

OObeKkTHast ~ OpHEHTAlMs  CPEeICTB  KOHTpoOJuIepa  MpEnarnojaraeT  BO3MOXHOCTb
IPOCTPAHCTBEHHOTO pa3/eleHus] MOJyJell BXOJOB-BBIXOJIOB JJIs pealu3alluyd  yIpaBIeHUS
TEXHOJIOTUYECKUMHU  OOBEKTaMH  OOJIBIION MPOTSHKEHHOCTH. PemeHuss momoOHBIX — 3agad
ocymecTBIsA0TCS B BUie BHyTpeHHUX ceteil OIIK. Takoe Ha3BaHME ceTH MOMYYUIN OT BHYTPEHHEN
ctpyktypbl OIIK, k amemeHTam KoTopoi cetu u oTHocsTes [2,27]. Kpome coOCTBEHHO MoJyseit
OIIK, ob0opymoBaHHWe, HCIOIB3YEMOE Ha HIKHEM YPOBHE AaBTOMATH3aIllMA TEXHOJOTHUECKHX
IIPOLIECCOB, TAaKO€ KaK JAaTYMK{, HUCIOJHUTEIbHBIE MEXaHU3MBbl, II€pENaTOYHbIE YCTPOMICTBA,
npuBOJIbI, Takxke TpeOyeT opranu3anuu cssi3u ¢ OIIK. [IpocTpaHcTBeHHOE pa3HeceHHE IEMEHTOB
BHyTpeHHel cTpykTypbl OIIK ompenenser TpeboBaHue K paboTe CeTH B PEKUME PEATbHOTO
BPEMEHH, a TaK)K€ MOBBIIIEHHbIE TPeOOBaHMS K HaJAEKHOCTH paOoThl. [IpHHIIMNNATBEHO BO3ZMOYKHBI
JIBa MO/IX0/1a K NMOCTPOCHUIO BHYTPEHHUX CETEH: MHIWBUIYAJIbHBIE 3aKPBIThIE ApXUTEKTYPBl CETH
WIM OTKPBITbIE CTAaHIApThl AJI OpraHu3aluu ceTeBoro wuHTepdeica ans siementoB OIIK
pa3iauuHbIX NpousBoauTenei. llepBbIil moaxon, HalpuMep, pealn30BaH B KOHTPOJUIEpaX CEpUHU
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TSX-7 [2], rne nns nmopnepxanus oOMeHa uHpopmanuein Mexay snementamu OIIK B cTpykTypy
BBEJICHbI MHTEJJIEKTYaJIbHble MOJYJIM CBs3M. OHM BKIIIOYAIOTCS IO KOHIIAM KaHajla Nepefayd U
o0OecrieunBaroT BeICHUE 00OMEHA, IPOBEPKY JIMHUMN CBSA3H, JUATHOCTUKY MOJAKIOYEHHBIX 3JIEMEHTOB
OIIK. XoTs npennaraemMple TAKAMUA UPMaMU PEIIEHUsT CPaBHUTEIBHO HEIOPOTH, BTOPOU MOAXO0/
K opranmu3auuu BHyTpeHHuX cereil OIIK okaspiBaercs Gosee mpuBiiekaTenbHBIM. VMcmonbp3oBanue
CTaHJApTU30BaHHbIX HMHTEp(ENHCOB Uil BHYTPEHHEH CETH II03BOJISIET OPUEHTUPOBATHCS Ha
nepeveHb pasHoOOpa3HbIX MOAYIICH Pa3NUYHbIX (PUPM MPH PEIICHUH 337a4 OOBEKTHON aJanTalyH.
Ha puc. 3.14 npencraBinen BHemHuW Buj coeauHeHus BHyTpeHHer cetn OIIK Ha 6aze momynei
ADAM - 4000 B crammapre RS - 485 [27]. Ilommep:kka CTaHAApTOB MOCIEIOBATEIHHOTO
uHTepdeiica sBIeTCS] HEOThEMIIEMbIM 3JIEMEHTOM OJHOKPHCTAIbHBIX MUKPOKOHTPOJLJIEPOB (IPHUIL.
1) U OAHOIUIATHBIX KOHTPOJUIEPOB (pa3d. 3.2), HCHOJb3YyEMBIX HMMEHHO HAa HM)KHEM YpPOBHE
aBToMaTu3alMu. HeoOXoquMOCTh B OTKPBHITOM, HE3aBUCHUMOM OT IOCTaBIIMKA CHCTEME CBSI3U
npuBena K pazpadorke psna cranaaptoB [38,39,40]. Bee wame ans cszu BHyTpu OIIK npumensior
ouT-nocienoBarebHbIe IpoMbiiicHHbIe mrHbI (Dit serial Fieldbus).

Fieldous - 310 momHocThto  1mMdpoBas  JAByHANpaBlICHHAs  MHOTOTOYEYHAS
KOMMYHHMKAIIMOHHAsl CHUCTE€Ma, HUCHOJb3yeMas JJIs CBSI3U NPUOOPOB Ha OOBEKTAX C CHUCTEMaMH
omepatopa [21]. OmHO W3 OCHOBHBIX CBOWCTB cucreMbl Fieldbus cocroutr B TOM, YTO OHa
HOJ/IEP)KUBACT JIBYHAIIPABJICHHYIO CBS3b C MHOXECTBOM IE€PEMEHHBIX BeluuuH. dusznuecku B
Fieldbus wmoryr wucnonp3oBaTbcss TpPU BUAA TOMOJOTHA MEKCOCAMHEHUH: JBYXTOYCYHAS,
JpEBOBHIHAS U MHOroTo4euHas. /i coelmHeHUs HECKOJIbKUX HU3KOCKOpOCTHBIX cucteM Fieldbus
C BBICOKOCKOPOCTHOM MOTYT CIIYXHUTb YCTPOICTBa CONPSIKEHUS (MOCTBI).

Tun ucnosnb3yembIX CpeiCTB 3aBUCUT OT HpuiokeHus. Buras mapa - Haunbozee jaerieBoe
CPEACTBO, INIMPOKO MpUMEHseMoe U ynoOHoe st ycTaHOBKH. OITOBOJIOKOHHBIE CpEICTBA
o0ecrneuynBaroT 3allUTy OT 3JEKTPOMArHUTHBIX NoMeX. M30bITouHOCTh Kabeneil mpeacraBisercs
HEOOXOMMOW, HO CIIOCOOHOCTH MPOAOIDKATh PadOTy B Cilydae JIFOOBIX BO3MOMKHBIX OTKAa30B
HAaMHOTro BakHel. Becbma 3HauMMa TakXke TajdbBaHWYECKas H3O0JALMS, IOCKOJBKY IUIOXast
M30JSIIMST MEXJY CEHCOpaMHU MOJKET CTaTh NPUYMHON Cepbe3HbIX MpoOsieM. B OosblimHCTBE
ciyuaeB ceth Fieldbus nomikHa HOABOIUTH 3IEKTPONMTAHUE K CBA3BIBAEMBIM €10 IMpHOOpaMm.
BaxxubiM ¢akTopoMm sBISETCS TEXHHMKA O€30MACHOCTH Ha OIpEAEJCHHBIX BUIAaX MPOU3BOJICTB.
Cpennee uncio npubopos, nojacoenuHeHHbIx k cetu Fieldbus, moxer konebatscs ot 50 mo 200
npu jymae cetu 100 ... 1000 m.

B coorBercTBuM ¢ amepukaHckuM ctanaaptoM EIA RS-485 BapuaHT ¢ MEIHBIM NIPOBOJOM
ABJII€TCS 0A30BBIM JJIs1 IPOMBIIIJICHHBIX MPUIOXKEHUH. B HEM ncnonp3yeTcs AByXNpoOBOIHAS BUTAs
napa IpoBOJOB C SKpaHMpPOBaHUEM M 0e3. BO3MOXKHBI JBYXNPOBOAHBIE BapUAHTHI C Pa3IMYHBIMU
MaKCHMaJIbHBIMU PACCTOSTHUSIMHU.

OCHOBHBIE XapaKTEPUCTUKU cpefibl epenaun RS-485:

Tomnosorust cetu - TMHEMHAs HIMHA ¢ OKOHEUYHBIMH Harpy3kaMy Ha 00OMX KOHI[aX.

Ilepenaromas cpena - SKpaHUPOBaHHAs WJIM HEAKPAHUPOBAHHAsI BUTAs M1apa.

KonmnuectBo crannmii - 32 cTaHIMM B KaxIoM cermMeHte Oe3 moBtoputenein. C
HNOBTOPUTENSAMH - 110 127.

MaxkcuManbHas AyinHa muHbl 0e3 nmosroputens - 200 m npu 1500 kOut/c, 1o 1,2 kM npu
93,75 kOuT/c (3KpaHUPOBAHHAS Mapa).

CxkopocTs Tiepeaauu - Beibupaercs u3 psana 9,6; 19,2; 93,75; 187,5; 500; 1500 kout/c.

CoenuHuTeNb - 9-KOHTAKTHBIN pazbém D-Sub.

B xauecTBe nmpumepa paccMOTpUM peanu3anuio cereBor cTpykTyps! [IK ¢ ucnonp3oBanuem
MoJayJel ynaneHHoro coopa maHHbIX U ympasieHuss ADAM - 4000 u cpensl nepenaun RS-485
[27].

Monayau cepun ADAM - 4000 npeaHa3HayeHb! A1 OPTaHU3ALUU B3aUMOJICHCTBUS MEXIY
YIPaBISIONUM KOMIBIOTEPOM (KOHTPOJIJIEPOM) M JIaTYMKaMH HENPEPHIBHBIX U JAMCKPETHBIX
apaMeTpoB, a TAKXKe JUIs BBIAAYM YIPABISIOMMX BO3JCHCTBUI HA UCIIOJHUTENILHBIE MEXaHU3MBI.
[Tpu 5TOM MOAYNIM OCYIIECTBIISAIOT OOMEH KOMaHAaMHu Mo kaHany RS-485, BBoj u Hopmanu3zanuio
AHAJIOTOBBIX CHTHAJIOB (TOK M HANPSKEHME), ONPOC COCTOSHUS JUCKPETHBIX BXOAOB, (PUIBTPAIHIO
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CUTHAJIOB, BBIBOJI AaHAJIOTOBBIX U JIUCKPETHBIX CUTHAJIOB, aHAJIOTO-IIU(PPOBOE U MUPPO-aHATIOTOBOE
npeoOpa3oBaHus, MpeoOpa3oBaHME IIKadbl 3HAYEHUW B NPEIBAPUTENBHO 3aJaHHbIC E€IMHMIIBI
u3MepeHuil u QGopMupoBaHHe W Teperady B agpec YIPaBISIONIEr0 KOMIbIOTepa HWH(pOpMAINY,
MOCJIC TIOJIYYCHHSI COOTBETCTBYIOIIEro 3ampoca 1o kaHamy RS-485. Hacroiiku u kanuOpoBKH
MOJ1yJIel OCYHIECTBIIAIOTCS IPOrPAMMHBIM CIIOCOOOM MYTEM IEPEJaud COOTBETCTBYIOLIUX KOMAH]I.
KoHCTpyKTUBHO MOAynah mpeAacTaBiser co0oi (YHKIIMOHAIBLHO 3aKOHYEHHOE YCTPOMCTBO,
3aKJIF0YEHHOE B IIacTMaccoBbIi Kopiryc (112*60*25MM) ¢ KI1eMMHBIMH BUHTOBBIMU KOJIOJIKAMU TI0
TopuaM Kopmyca (cMm. puc. 3.14). HomenknaTypa u KpaTkue XapakTepUCTUKU MOAYJIEeH MPUBEICHBI
B IIpUJL. 3.

Monaymu cepun ADAM-4000 GyHKIIMOHAIBHO PA3ACISIIOTCS HA TPH TPYIIBI MOMYJIH

AHAJIOIOBOIO0 MW AJHUCKPCTHOI'O BBOJAa — BbIBOJA, KOMMYHHUKAIIMUOHHBIC MOAYJIM HW MOAYJIb
KOHTPpOJIJIEpA CCTH.
B
+ —>
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Puc.3.15. CtpykTypHas cxema MoayJis aHajgorosoro BBoga ADAM-4012

Ha puc.3.15 npuBenena cTpykTypHasi cxema MOJyJis aHaiorosoro BBoga ADAM-4012 [27].
BxonHo#l curHan, npucyTCTBYOIIMA Ha aud@epeHIuanbHOM BXOJE MOAYINS, IMOCTYMaeT Ha
MaJIOIIyMSAIIHH YCHIUTENIh C MPOrpaMMHUpyeMbIM KoddduienToM ycuinenus. [lociaennuii Moxxer
NpPUHUMATh 3HaueHUs B Auamna3zone oT 1 mo 128. Jlanee curHanm moaBepraeTcsi HU3KOYaCTOTHOM
¢unprparun (o 10 I'm) w moctymaer Ha Bxoa curMa-nenbta ALl Pesymerar All -
npeoOpa3oBanus yepe3 uenu onrousonauuu (OW) momaercst BO BCTPOEHHBIM MHUKPOKOHTPOJLIEP
(MK), mporpamMmmMHoe obecrieueHre KOTOPOTo MO3BOJISIET OCYIIECTBIIATh:

. CpPaBHEHUE 3HAYEHUU BXOJHOI'O CUTHAJIA C MPEIBAPUTENBHO 3aJaHHBIMU BEPXHUM U
HWKHUM IIPENETBHO JOIYCTUMBIMU YPOBHSMHU;

. YVIOpPaBJICHUE COOTBETCTBYIOIIMMHU JIUCKPETHHIMU BBIXOJaMU (TIPU TPEBLIIICHUN
BepxHero — B nim HuxHero — H
ypOBHefI); A]_I — BrixoaHoit —>

. KaJIUOPOBKY “ RS- |l MK | ou Kackaz ¢ ¥

P - — 3aIIUTOU OT |3

LIKaJIbl aHAJIOTOBOTO BBOJA; —> 3.

. TnozicyeT 1T e —
MMIYJbCOB HAa  JHUCKPETHOM
BXOJIC CU€Ta BHEIIHUX COOBITHIT 3y
(/1BB);

. aHaIU3 KOMaHJ,

MOCTYMAIOIINX 110 KaHAIly CBS3U Puc.3.16. CtpykTypHas cxema MOAyJIs aHaaorosoro Beieoga ADAM-4021
(RS-485);

. nepeaady B aipec YIpaBJIAIoNIEro YCTPOMCTBa H(PPOBOTrO OTYETA IPU MOCTYIIEHUH
COOTBETCTBYIOILETO 3AIPOCa;

. JIMHEAPU3ALHIO >
> ITopT <
CHTHajia OT TepMOINaphl (s RS- & MKk = on —
momyist ADAM-4011). > -~ AUCKPETH —>
Moaynu aHaJIOroBOTO 1; —
BBIBOJIA TI03BOJISIOT —
>
113y —
>

Puc.3.17. CtpykTypHas cxema MOy AUCKpeTHOro BeiBoga ADAM-4052
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dbopMUpOBaTh CHTHAT B BUAC HANPSKEHUS WIM TOKAa C 33aJaHHBIM YPOBHEM U CKOPOCTBHIO
U3MeHeHus1. Moaynu THUCKpPETHOrO BBOAA — BBIBOJA IPEIHAZHAYEHBI JIJIS1 OCYLIECTBICHUS KOHTPOJIS
IIOJIO)KEHNST M YIPaBIEHUS KOMMYTAllMOHHBIMM amnmaparaMu, a Takke Uil OpraHu3aluu
B3aUMOJICUCTBUS C YCTPOUCTBAMH, YPOBHU BXOJHBIX U BBIXOJHBIX CUTHAJIIOB KOTOPBIX COBMECTUMBI
¢ TTJI. [IpuHumnel GYHKIMOHUPOBAHUS MOJYJICH aHAIOTUYHBI ONMMCAHHOMY BbIle. CTPYKTYpHBIE
CXEMbl MOJyJIEM aHaJIOrOBOrO BBIBOJAA M JUCKPETHOTO BBOJAa — BbIBOJA IPUBEJICHBI,
COOTBETCTBEHHO, Ha puc. 3.16 u 3.17.

Jns opraHuzanuM CETEeBOM CTPYKTypbl U3 moxayied ADAM B cepuio BKJIIOYEH Psif
KOMMYTallMOHHBIX Moayseid. Monyns ADAM -4510 sBisiercs ABYHanpaBJIEHHBIM IOBTOPUTEIEM
o01Iero Ha3HA4YeHUsI, KOTOPBIM CIY>KUT Ui YBEIMYEHUS MPOTSHKEHHOCTH JIMHUU CBSI3U B CETH Ha
ocHoBe uHTepdeiica RS-485. Monyne ADAM-4520 peanusyer cornacoBanue uHTepdeiicop RS-
232/ RS-422/ RS-485 ¢ aBTOMATMYECKHM OIpEACICHUEM HAIPaBICHHUS IMOTOKA IE€PEIaBacMbIX
JAHHBIX U TajdbBaHUYeCKOW wu3ossiuue. Moayns ADAM-4521 copepXUT MHUKPOIPOIIECCOp,
oOecrieunBarOIIUid yrpaBiIeHUE IBYMsI YHUBEPCAIbHBIMH MPHEMOINEpeIaTINKaMH, YTO TO3BOJISET
OCYILECTBIISITh JBYHANPABICHHBIH OOMEH MAaHHBIMH, B TOM YHCIE TPU Pa3IMYHBIX CKOPOCTAX
nepenaud. Ilpu  aBTOMaru3anmuu  OpPOU3BOJACTB € TEPPUTOPUATIBLHO-PACIPEACICHHBIMU
TEXHOJOTMYECKMMH y4YacTKaMu B KauecTBE (PU3WYECKOM Cpelpl NepeJadyd HCHOJB3YETCs paauo
kaHan (PK) unu xanan ontuko-BonokonHoi cesizu (KOBC). Jlns opranuzanuu ceteid ¢ yyacTKaMu
yKa3aHHOU (pu3nueckoi cpenbl B cepuio BKiIoYeHb Moayiau ADAM-4530 u 4550 (PK) u ADAM-
4540 (KOBC). Hampumep, monyns ADAM-4550 npencrasnser co0oil paauoMoneM, B KOTOPOM
MIPUMEHEHA TEXHOJIOTHSI ITyMOTIOI00HOTO curHaina. Moayib nmeeT uaTepdeiicel RS-232 u RS-485
U TIO3BOJISIET MEpelaBaTh CUTHAN B YCIOBHUSX MPSAMOW BUIMMOCTH C TMOMOIIBIO MajorabapuTHON
aHTEHHBbI Ha paccTosiHue 10 150 M, a B ciryyae NpUMEHEHUs HalpaBJIEHHbIX aHTEHH - 10 10 kM.

W, nakoneu, moayne ADAM — 4500 MOXeT MCHOJIb30BaThCA B KAYECTBE IMOJHOLIEHHOI'O
KoHTpoJiepa cetu. OH umMeeT B cBoeM coctaBe Mukporporeccop 80C188, aBa mocnenoBaTenbHbIX
noprta (RS-232 u RS-422/ RS-485), dbioi-naMsath 111 XpaHeHust onepanuontnoi cucrembl (ROM-
DOS) u ucnonHseMol MPUKIAAHON porpaMMbl. Kpome Toro, MOAyIllb COAEPIKUT Yachl PeaabHOTO
BPEMEHU U CTOPOKEBOH Tailmep.

Paccmotpennsie Bbiie Monynu cepu ADAM MoryT ObITh OOBEIUMHEHBI B CETEBYIO
CcTpykTypy. OOBenuHSIOIMMM HayajaoM Takoil certu sBisercs koHTpoiuiep ceru (KC).
Bzaumoneiicteue Mexny KC u MonmynsaMu ceTH OCYIIECTBIS€TCS IMyTeM IOCHIEA0BAaTEIbHON
nepenaun KC B agpec Kaxaoro MoIyis 3ampoca, Coaep)kaliero mnpeduKc TUIa KOMaHJBbI,
CHUMBOJIBHOE TPEJICTABIEHUE CETEBOrO apeca 3arnpaiuBaeMoro Mo1yJsl, YUCJI0, COOTBETCTBYIOLIEE
MOATUIY KOMAaHJAbI, W CHMBOJ OKOHYaHHUs (BO3BpaT KapeTkw). [Ipu momydeHuH KOMaHJIbI
BCTPOEHHOE MpPOTrpaMMHOE oOecreyeHrue MOJyJs IMPOU3BOAUT IPOBEPKY €€ KOPPEKTHOCTH U
UJCHTU(PUKAIMIO, TTOCIE Yero MCHOJHSIEeT KoMaHay M mockuiaeT B ajapec KC 3ampammBaemyro
MH(OpPMAaLIMIO B BUJIE CTPOKH CUMBOJIOB.

Cermenr 1 CermeHr 2
ADAM-4520 ADAM-4510
RS-485

— 55 o

Puc.3.18. BHyTpeHHsIs ceTh THIA JTUHEWHAS [ITTHA
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ADAM-4520

— @

ADAM-4510

RS-485

v

RS-485

Puc.3.19. BHyTpeHHss ceTh THIA 3Be31a

Bo3mosxubie Bapuantel o0benuHeHust monyieir ADAM - 4000 B ceTh moka3zaHbl Ha pHC.
3.18-3.21. Ha nepBoM M3 HUX IPEJCTABICHO COCAMHEHHE THUIA JIMHEHHAs IIMHA ¢ HapallliBaHUEM
CEerMEHTOB U HAJIMYHMEM B CErMEHTE 70 32 MOayJeil BBO/JA-BhIBOJIa. B KauecTBE KOHTpOIIEpa CETH
MCII0JIb30BaH IIPOMBIIUICHHBIN KOMIIBIOTED.

ADAM-4520

E—— Iy

ADAM-4500

RS-485

v

RS-485

ADAM-4510 d ADAM-4510 v ADAM-4510

Puc.3.21. BHyTpeHHss cETh Ha OCHOBE CETEBBIX KOHTPOJLIEPOB

Crnenyronmii pucyHOK M300pakaeT COeAMHEHUE JTMHEHHBIX CErMEHTOB B CETh THIIA 3BE3JIA.

HpaKTI/I‘-IeCKI/I PCAIU3YCTCA UCPAPXUUCCKAA CTPYKTYpa Ha OCHOBC [IBYX Pa3JICJICHHBIX CpCI THUIIA
RS-485.

[“:I ADAM-4550

RS-485

:

ADAM-4521

ADAM-4550

—
[—]

Puc.3.20. BHyTpeHHss ceTh Ha OCHOBE pajioKaHaa
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Ha xaxnoM u3 ypoBHE NPOCTPAaHCTBEHHOE PAa3HECEHUE MEXAY MOYJISIMHU B 11esoM a0 1200
M. JIOIyCTUMO HCTOJb30BaHUE KOMOWHAIIMK W3 MPEJCTABICHHBIX THUIIOB COCAMHEHUHN JTMHEHHON
IIUHBI U 3BE3/IbI.

Ha puc. 3.20 npuBeneH npumep ucnob3oBanus Moayieit ADAM - 4550 nyist opranuzanuu
BHYTPEHHEH CETH ¢ paJuOKaHaOM. B 3akiitoueHue MpuBe/eHa cXxeMma BHYTPEHHEH ceTH Ha 0ase
cereBblX KoTposuiepoB ADAM-4500. Cxema Ha BEepXHEM YypOBHE Takke Kak M Ha puc. 3.19
n3o0paxaer coequnenue moayiied ADAM-4500 B 3Be3/1y, HO HE CETMEHTOB, & ABTOHOMHBIX CETEH,
YIPABISIEMBIX COOTBETCTBYIOIIMM CETEBBIM KOHTposuiepom ADAM-4500 (1, 2,...).

Wrak, npeiaraeMple BapraHTHl MMOCTPOSHUS BHYTPEHHHUX ceTell Ha 0a3e MOaynei cepuu
ADAM  npenoctaBisifoT BO3MOKHOCTH MPOCTPAHCTBEHHOTO pa3/eieHHs MOAaylield BXOAOB-
BBIXOJIOB IS PeATU3alliY YIIPABICHHUS TEXHOJOTHICCKIMH 00beKTaMH OOJBIION POTSHKEHHOCTH.

Jlekums 14. I'padpuuecknii si3pik " /{uarpamma ¢pyHKIMOHAIBHBIX 0/10KOB"

Kak u3BecTHO MEXIyHApOIHBIM CTaHIAPT HA sA3bIKU mporpammupoBanus [1K - IEC 1131-3
(MBK 1131-3) BKIIOYaET CTPYKTYpHOE MPOrpaMMHPOBAaHHE, aOCTPAKTHBIC THIBI JIaHHBIX,
BBIJICJICHUE JIaHHBIX U MpOLEeAyp B OJIOK (MHKANCyJsALUs) B COUETAHMU C COXPAaHEHHEM TECHOM
cBsi3u ¢ kiaccmueckumu s3pikamu s [IK. B cranmapT BKIIOYEHBI TEKCTOBBIE SI3BIKHU: SI3BIK
CTPYKTYPHUPOBAHHOIO TeKcTa (M3 ceMeicTBa s3bIkoB Ilackans), mo3Bosstonuii rudkue npoueaypsl
00pabOTKM MAHHBIX; S3BIK WHCTPYKIMHA, OTHOCAIIMICA K KJaccy acceMOJIEpOB, IMO3BOJISIONIUIA
co3zaBaTh 3(PQPEeKTHBHbIE ONTHUMU3MPOBAaHHBIE Ipoueaypbl. HoO OCHOBY cTaHgapTa COCTaBISIOT
rpaduueckue s3bIku: rpaduydeckuii s3b1K "'J{narpamma meneid”, pacpocTpaHEeHHBI B OCHOBHOM B
CIHA (s13bIK pesiefHBIX JuarpaMm JJis ONUCAHMs JIOTHYECKUX BBIPAXKEHUH JI000H CI0XKHOCTH);
rpa¢puueckuii s3pIK "/lmarpamMma (yHKIMOHATBHBIX OJOKOB", MOBCEMECTHO HCIOJIB3yEeMBId B
EBpone, mMO3BONIAIONMI CTPOUTh KOMIUIEKCHYIO HPOLEIYpPY, COCTOSIIYI0 W3 Pa3IUYHBIX
(YHKIIMOHATBHBIX OHOIMOTEYHBIX OJOKOB. DTOT S3bIK yA00CH JUISi MHOXECTBA TPUKIIATHBIX
IporpaMmM, yrpaBJIsSIOUIMX nepeaayeil nHGopMauu Mexay pa3iuuyHbIMU KOMIIOHEHTaMH CUCTEMBI.
OyHKIMOHANBHbIE OJOKM sI3bIKAa, TaKuM 0Opa3oM, NPEACTABISIOT CIEUUAIbHBIE (YHKIIUH
yIIpaBJIEHUS, UCIIOIb3YyEMBbIE B YIIPABISAIOLIMX CUCTEMAX.

B nononnaenue k atuM rpaduueckum si3pikam cranaapt [EC 1131-3 onpenensier ameMeHTHI
rpapuueckoro s3bika "[locnenoBarenbHble (DYHKIMOHAIbHBIE CXEMBI", OMHMCHIBAIOIIUN JIOTHKY
pOTpaMMbl Ha YPOBHE YepenyIOIIMXCS MPOLEAYPHBIX IIaroB, MEPEXOJ0B M OJOKOB ONepaluy,
KOTOpbIE MOTYT OBITh MCIOJIB30BaHbI JJIS OpraHU3alMM ‘‘omepaluii’, HaluCaHHBIX Ha JHOO0M
S3bIKE, JJISl TIONMYYEHHUS aJTOPUTMOB IIOCIIEAOBATENLHOTO yrpaBieHus. OCHOBOW 3JIEMEHTOB
rpadudeckoro s3bika "[locnenoBaTenbHble GyHKIMOHATIBHBIE cXeMbl" cIyxuT cTangapt IEC 848,
KOTOPBIN SIBIISIETCS MEXIAYHApOJHOW Bepcuei ¢paniry3ckoro cranmaprta “Grafcet” (Graphical
Function Charts).

PaccMoTpuM OCHOBHBIE MTOHATHS M OCOOEHHOCTH MPOrpaMMUpoBanust yHUBepcaabHbIX OITK
B cucTeMe Bu3yanbHOro nporpammupoBanusi UltraLogic [52], ¢ ucnonb3oBanreM rpaduveckoro
a3bika “‘/luarpamma QyHKIIMOHAIBHBIX OJIOKOB®.

Ha3znauenne cucremsl nporpammvuposanus UltraLogic

Cucrema Ultralogic npeacraBiseT KOMIUIEKC IPOrpaMM, HCIONIHIEMbIX B paMKax €IUHON
000JIOUKM TOJl ympaBieHHeM onepanuoHHou cuctemsl WINDOWS 95 (WINDOWS 3.11).
Cucrema peann3zoBaHa B COOTBETCTBUU ¢ TpeboBaHusmu crangapra MOK 1131-3 u npeana3znauena
JUIs  pa3pabOTKMU MPHUKIAAHOTO MPOrPaMMHOrO oOecriedeHusi cOopa JaHHBIX M YIpaBICHUS
TEXHOJIOTHYECKAMHU TPOIECCaMH, BBIMOJNHAEMBIMH Ha MPOTPAMMHPYEMBIX KOHTpOJUIEpax ¢
OTKPBITON apXUTEKTYPOM.

B kagecTBe s3bIKa MPOTPaMMHUPOBAHHS B CHCTEME PEAM30BaH SI3BIK (DYHKITMOHAIBHBIX
OJIOKOBBIX JAMarpamm, MpPeJOCTaBIAIONINI IOJB30BATEI0 MEXaHU3M OOBEKTHOIO BHU3YaJIbHOI'O
IPOTPaMMHUPOBAHHUSL.

ApXHTEKTYypa CHCTeMbI

Apxurektypa cuctemsl Ultralogic npencrasnena Ha puc. 4.12. UltralLogic cocTouT u3 asyx
qacTei:
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® CUCTEMBI IPOIPaMMUPOBAHNS;

® CUCTEMBbI UCIIOJHEHU.

Cucrtema IporpaMMHpOBAHUSL COIEPKUT COOCTBEHHO CpEJCTBA IMOATOTOBKU IMPOrpaMM M
CpeACTBa WX OTIAAKU. MeHemKep MpoeKTa OObEOUHSET CPEeACTBA IMOATOTOBKH MPOTPaMM U

COJICPXKUT: PEHAKTOp TEPEMEHHBIX; KOH(PUTYpaTOp KOHTPOJUIEpPA; PEAAKTOPHI IPOrpamm;
KOMIIMJIATOPBL.
MeHemxep npoekrta
PepakTtop Kondurypartop KomnunsaTtop
nepemMeHHbIX KOHTpOJLIepa MGHCI[)KC npoekTta Cucrema
[ [ [ [ [
Cnucku Br16op Penaxrop [Mnardpop [ HUcnonusie
amnrmapaTtHo MO-

Puc. 4.12. Cuctema nporpammupoBanust UltralLogic

[Topcucrema oOTIaAKKA COAEPKUT 3arpy3dydK IPOrpaMM, CETEBOW JpauBeEp, CpEICTBA
ocuuuiorpadupoBaHusl, yaTIeHHON U MOIIaroBOM OTIAJKH.

Cucrema UCIIOJIHEHUST PYHKIIMOHUPYET B KOHTPOJIIEPE, KOTOPBIH MOXKET 0a3MpOBaThCS KaK
Ha twiardopme INTEL, tak u apyroit ammapartnoii mardopme. Ultralogic ucnonszyer meTon
CETEeBOT0 B3aMMOJCHCTBUA MEXKIYy KOHTPOJUIEPOM (CHCTEMOM WCIOJHEHHUS) WM TPYIIon
KOHTPOJIJIEPOB, YIPABISAIOIIMMH TEXHOJOTMYECKUM IIPOLIECCOM, M CHCTEMOW BHU3yalU3alUU
naHHbix. CeTeBble peCypchbl MO 3ampocy IOJb30BaTeNii aBTOMAaTUYECKH BKJIIOYAIOTCS B
UCIIONHAEMBIN KoJ. KOoIn4ecTBO y4aCTHUKOB CETU MOXKET JIOCTUTaTh 256.

TexHoJiorusi IPOrpaMMHUPOBaHHsI KOHTPOJLIIEpoB B cpeae UltralLogic

Jlyis co3nanust HOBOM MporpamMmbl HEOOXOIUMO CO3[aTh HOBBIN MPOEKT. B HOBOM mpoekTe
BBITIOJIHSIFOTCS.  HACTPOMKK KOH(PHUTYypallMK MpOrpaMMHUPYEMOTO KOHTPOJUIEpa, MEPEMEHHBIX
MIpOrpamMMbl, CETEBOM MOIJEPKKH U PEKUMOB OTIaAKU. Il co3maHusi mpoeKTa peKOMEHAyeTCs
MPUACPKUBATHCS CIIEIYIONIETO aIrOpUTMa pabOThI:

1. 3anonHeHue TabIUIl TTI00ATHHBIX TIEPEMEHHBIX.

. Kongurypuposanue koHTpoJuiepa.

. [IpuBsi3Ka nepeMeHHbIX K BXO/aM M BBIX0/IaM KOHTpOJLIEpa.
. Pacrieuatka nuctuHra nepeMeHHBIX.

. Pa3paboTka mporpamm.

. Komnustsmmsi.

. 3arpy3Ka HCIOJHAEMOI0 KoJia B KOHTPOJLIEP.

. Otnagka nmporpammel.

ABTOMaTH3UPYEMBIH TEXHOJOTHYECKHM Mpolecc pa3OnBaeTcs Ha OTHAEIbHbIE (DOpMaTbHBIE
3a/1auu, BBINOJHAEMbIE TTOCNIe0BaTENbHO. [I[porpaMMa MOKET COCTOSATh U3 MHOXKECTBA IPOrPAMM,
HaxXOJAIIMXCS JAPYT C JPYroM B OIPEACIICHHBIX OTHOIICHHSIX, OO0pa3yIolUX HepapXHuuecKoe
nepeBo. Bee moamporpammbl mpoekTa, paboTa KOTOPBIX pa3pelieHa, BBIMONHSIOTCS OIWH pa3 B
UKIIe padoThl KOHTposutiepa. [luki koHTposepa nmeet nepuoa 10 MIITuCeKyHT.

CoOCTBEHHO  MPOTPAaMMUPOBAHHME  OCYIIECTBISETCS C  TMOMOMIBIO  CHEIUAIBHOTO
rpadgudeckoro penakropa. PazpadboTka coOCTBEHHBIX (DYHKIIMOHAIBHBIX OJIOKOB TAK)K€ MTPOUCXOIUT
Cc moMmomplo Tpaduyeckoro pemakTopa. I[IporpaMMHCT ¢ TOMOIIBIO MBIIIH YCTaHABIUBAET
(GyHKIIMOHATBHBIE OJIOKM HA JINCTE MPOTPAMMBI, COCIUHSIET MX CBS3SIMH W MPUCBAUBACT CBS3SIM
MMeHa nepeMeHHbIX. KoMMeHTapuu MOTYT MOMEIIAThCs B TFOOOM MECTE JIMCTa MPOTPaMMBI.

JHlanee B cexmuu «llepemMeHHBIE» TIPOEKTa OIMUCHIBAIOTCS TJ00ANbHBIE TIEPEMEHHBIC,
c(OpMUPOBAHHBIE B CIUCKUA MO TeM WM WHBIM Ipu3HakaM. Pa3OueHue mepeMeHHBIX Ha CIHCKU
HOCHUT YCIIOBHBIH XapakTep W CIYKHUT JUIsl yIOOCTBa TMOUCKA, PEAAKTUPOBAHHUS M TPOCMOTpA.
[lepemennbie cdopmupoBanbl B 5 crouckoB: «KoHcTauTe, «['mobanpHbIe», «BXOmHBIEY,

02N L &~ WIN
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«Brixonnbie», «CeteBbiey. [lepeMeHHbIe, BBeIEHHBIC HA 3Tane KOH(QUTYpPUPOBaHUs, Ha3HAUCHHBIE
Ha BXObl U BBIXOJIbI KOHTPOJIIEPA, ONAAAI0T B 3TU CIIUCKU aBTOMaTH4decku. [lepemenHble, nMeHa
KOTOPBIX BBEJICHBI KaK HMEHa CBs3€i (YHKUMOHAIBHBIX OJIOKOB B TMPOTpaMMe, SBISIOTCS
JIOKAJIbHBIMH U B 3TU CIIUCKU HE MONAJAt0T.

B cexumu «Kondurypaniysy BBITOIHSIOTCS CIASAYIONINE TSHCTBUS:

e BeIOMpaeTcs anmapaTHas Iuiatgopma  koHTpoiutepa.  UltraLogic  momnepkuBaet
KoHTpoJuteps! pupm Octagon Systems u Advantech,

e BHIOMpAeTCsi TUIl HpoleccopHoro Monyis. Hampumep, npoueccopnas ruiata MicroPC
6012 pupmsr Octagon Systems wim kortposuiep ADAM-5510 pupmsl,

® yKa3bIBaeTCs HaJIM4YMe M THII CETH, CTOPOXKEBOTO TaiiMepa H BBIOMpACTCA THUII
KOMIIWJISITOPA,

® BBIOMPAIOTCS TUIIBI HCIIOJIb3YEMbIX MOIyJIeH BBO/Ia-BbIBOJa KOHTPOJLIEpa,

® OCYULIECTBISIETCS NPUBA3KA IMEPEMEHHBIX K BXOJaM M BbIXOJAaM COOTBETCTBYIOLIMX
MOJTYJICH.

Bce geiicTBuS TPOMCXOIAT B PEKUME HMHTEPAKTUBHOTO JMAJIora MyTEM BbIOOpa
COOTBETCTBYIOLIUX ONLUHI U3 OCIEA0BATENbHO OTKPHIBAEMBIX OKOH.

['oTOBBIH NPOEKT KOMIWJIMPYETCS, IOCIE YEro IMOJYyYEHHBIM KOJ CHUCTEMbI HCIIOIHEHUS
3arpy’kaercs B KOHTpoJuiep. B ko1 cucTeMbl HCIIONHEHUS! BCTpAauBaeTcs JApaiiBep ceTeBOro oOMeHa,
KOTOPBII 00ecreynBaeT MOHUTOPHUHT M yJAJIEHHYI0 OTiaaKy. Jlrobas mepemMeHHas MporpamMmbl,
HOMeIIeHHas B clIUCOK «CeTeBbley, IOCTYIHA AJIs UTeHUS U 3alMCH JPYTUMH YYaCTHUKAMHU CETH.

CpencrBa 0TJIaAKH NIPOrPaMM

Cuctema UltraLogic MoxxeT pa0oTaTh ¢ pealbHbIM KOHTPOJUIEPOM MJIM 3SMYJIMPOBATH €TO
paboty. [paiiBep sMyssTOpa MO3BOJSET AMYIHPOBATH PadOTy KOHTPOJUIEPA, a €CIH B KayecTBE
CEeTEeBOro JpaiiBepa BbIOpAaTh 3MYJATOP, TO OTJIAJKAa MPOrpaMMbI BBIINOJIHAETCS Ha KOMIIbIOTEpE
CUCTEMBI IIPOrpaMMUPOBaHUs 0€3 KOHTPOJIJIEPA U IPYTUX YYaCTHUKOB CETH.

Mento  «Ornmamuuk»  cucrembl  UltraLogic  umeer mnoamentoo  «IlepemeHHBbIe»,
«Ocuumnorpadp» u «TepmuHan». OHO HpelHA3HAYEHO MJIS 3arpy3Kd MPOrpaMM M UX OTJIAJAKH.
Mento «IlepeMeHHBIE» CIYXKUT I IPOCMOTPA U U3MEHEHHsI 3HAYeHUH IIEpEMEHHBIX B IIPOrpaMMe.
Mento «Ocuminorpad» — A BKJIIOUEHUS peKUMa oclMIuIorpadupoBaHus IepeMeHHbIX. MeHIo
«TepmuHam» — 1151 3arpy3Ku IpOrpaMM B KOHTPOJIJIEP U 3aIlyCKa X Ha MCIIOJIHEHHUE.

B pexume «llepemMeHHbIe» CKaHUPYETCSI CETh U BBIBOAUTCS CIMCOK Y4acTHUKOB. BbiOpaB
y4aCcTHUKA CETH, Bbl IOJy4aeTe JOCTYI K €ro CETeBbIM IepeMeHHbIM. CIHCOK NepeMEHHBIX
ABIIIETCS TUHAMHYECKHUM, T.€. OTPaXKaeT peajbHOE COCTOSHUE NMEPEMEHHBIX C YaCTOTOW CETEBOTO
oOMmeHa. M3MeHss 3HaUeHMs MEPEMEHHBIX YIAJIEHHOTO WM AMYJIHPYEMOI0 KOHTpPOJIIepa, MOXKHO
MOMEHSITh, HAalIPUMEP, YCTaBKU PETYIATOPOB, U3MEHUTh MaclITaOHble KO3 (DUIIMEHTHI U T. 1.

B pexume «Ocummiorpad» 3Ha4eHHS NMEPEMEHHBIX IPEJCTABISAIOTCS B BHJE I'padUKOB.
OTOT peXHuM yI0OHO MCHOJB30BaTh JJIsl aHaJIM3a IpadMKOB MEPEXOHBIX MPOILECCOB M MoAdopa
napamMeTpoB (QYHKUMHA perynupoBaHus. BpiOop KoHTpoiulepa A OcHMIUIOrpadupoBaHUS
IIPOM3BOJUTCS TakK ke, Kak U B pexxume «llepemennbie». Bo Bpems ocimorpa@upoBaHusi MOXXHO
U3MEHATh MacmTad H300pakeHuss Mo ocsiM X M Y, YCTaHAaBIUBaThb TIPAaHUIBI U  pa3Mep
n3zo0paxenus: ocuuuiorpamm. Ilocne octaHoBa ocHuIOrpaMMbl MOTYT OBITH COXpaHEHBI B BHJIE
daiina.

B pexume «OMynsaTop» B KadecTBe L[EI€BOI0 KOMIMIATOpa BbiOupaercs amynstop. [locne
TPAHCIIALMU TPOTpaMMbl OTKPBIBAETCA OKHO SMYyJsTOpa. B OkHe oToOpaskaercs nepapxuueckoe
JIEPEBO HUCIIOJIHSIEMOM MPOrpaMMbl U TOYKU OCTaHOBA, €CIIM OHU 3a/aHbl. B amynsaTope mporpamma
MOJKET MCIIOIHATBHCS HENPEPBIBHO, C OCTAHOBKOM B TOYKaX OCTAaHOBAa M IO waraM. B omnmsx
HMYJISATOPAa MOXKHO BKJIIOYHUTH JOMOJHUTEIBHOE OKHO COOOIIEHHH O BBIMOJHAEMbIX OJIOKax
IIPOrpaMMBbl ¥ BO3BPAIIAEMbIX MU 3HAYEHUSX IEPEMEHHBIX.

S3bIK pyHKUMOHANBHBIX 0J10K0BBIX qMarpamMm (FBD)

Kaxnplii QpyHKIIMOHANBHBIA OJIOK TpeAcTaBisieT co00i MPsIMOYTOJIbHHUK, BHYTPH KOTOPOTO
uMmeeTcsl 0003HaueHne (PyHKLNH, BBITOJIHIEMON 010KOM. Brixon ¢yHKIIMOHAIBHOTO 0JI0KAa MOXKET
OBITH COEMHEH CBA3bIO ¢ Apyrumu Onokamu. Kaxkmas cBs3b siBisercst nepeMeHHoW. OnuH Hiu
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HECKOJIbKO  (PYHKLIMOHATBHBIX OJIOKOB, COEAMHEHHBIX CBS3SIMH MEXIy c000#, 00pa3yroT
nporpammy Ha si3eike FBD. S3pik FBD omnuceiBaeT 3akoH mpeoOpa3oBaHus TEpPEMEHHBIX
nporpammsbl. meroTces cienyronme popmanbhble mpaBuia s3bika FBD:

¢ (GyHKIMOHAJIbHbIE OJIOKM MOTYT PacIoyiaraTbCsi MPOU3BOJIBHO B MOJI€ IPOTPAMMBI;

® HE MOXET OBITh CBOOOJHBIX (HECOCTUHEHHBIX) BXOAOB U BBIXOJA0OB (DYHKIIMOHAJIBEHOTO
0JI0Ka;

e J1t00as CBA3b MOXKET UMETh UMS U THIL;

® BXOJbl U BBIXOJbl (DYHKIIMOHAJIBHBIX OJIOKOB, MPUCOEIWHEHHBIE K CBA35IM, HMEIOLIUM
OJIMHAKOBBIE MIMEHA, CYUUTAIOTCSI COEAUHEHHBIMU;

® 0YepeIHOCTh BBHITOJHEHNS OJIOKOB B IPOTpaMMe: CJIeBa - HAIPaBO, CBEPXY - BHU3.

B ToMm ciydae, Koryia oJ{Hy U Ty K€ IepEMEHHYIO (POPMHUPYIOT HECKOIBKO (DYHKIIMOHAIBHBIX
0JIOKOB, MOCIIe[IHEe 3HAYCHUE NIEPEMEHHOI OyIeT MPUCBOCHO TeM OJOKOM, KOTOPBIN BBITIOTHSAETCS
HOCJICHUM.

[Iporpamma Ha si3pike FBD moxeTr comepxkarb cienyroomue 0a30Bble THUIBI OOBEKTOB:
(byHKIMOHATIBHBIE OJIOKU M CBS3H; IEPEXOAbl 1 METKH; KOMMEHTAPHH.

DOyHKIUOHAIbHBbIE 0JIOKH U CBA3H

Ilepemennble u koHcTanTel FBD  nporpamm
HA3HA4yalOTCS Ha CBS3U, KOTOpBIE IPUCOEAMHSIOTCS K

ax19—{ -
126 —f-i..--———F— varl BXOJIaM ¥ BBIXOJaM (PYHKIIMOHAIBHBIX OJIOKOB. Ha BXOmI€E
1s00— -7t & o FBD Omoka MOXeT ObITh: KOHCTAHTHOE BBIPAKCHHE;
—-lolk---l VA
‘";ﬁvl;’u'_ _________ P BHYTPEHHSISI WM BXOAHAs IIEPEMEHHAs; BBIXOIHAS

nepemenHas. Ha Beixonme FBD Giioka Moxketr ObITH jr00ast
BHYTPEHHSISI WJIH BBIXOHAS [ICPEMCHHASL.

Ilepexoabl 1 MEeTKH

MeTkn ¥ mepexoabl MOKHO HCHOJIb30BaTh JJI YIPABICHUS IPOLECCOM BBIITOJIHEHUS
nporpaMmmsl. 11 3TOro BeIXoA 0y10Ka coeiuHsI0T cBs3bio ¢ onepatopoM GOTO {ums metku }. Eciu
3HAaYCHHE MEPEMEHHOM, KoTopasi (opMupyercs Ha BbIXojae (PYHKIIMOHAIBHOTO OJOKa, MPUHUMAET
snauenne TRUE, To mporpamma mpogomxaercs ¢ 610ka, moMedeHHOro MeTkoil. Ecnu onepartop
GOTO ne coenunen c¢ nepemenHoil Tuma BOOLEAN, ocymiecTisieTcst 6€3ycIoBHBIN MEPEXon K
METKE.

Jlns 3aBepenus nporpaMmmsl cymectsyer oneparop RETURN. Eciu Ha Bxozxe oneparopa
RETURN 3nauenue nepemenHon npuHumaer 3HadeHue TRUE, To ocyuiectBisiercs yCIOBHBIN
nepexoA k cieayrouierd nporpamme. Eciu onepatop RETURN He coenuHeH ¢ nmepeMeHHOW Thna
BOOLEAN, ocymecTBisieTcst 6€3yciaoBHBIN Mepexo K cienyromeil nporpamme. B ciydae, koraa
onepatop RETURN Bcrperusics BHyTpu OuOImMoTeyHOro OJI0Ka, yIpaBiIeHHE MepenaeTcs
cieayromeMy OJI0Ky, HO He Clelyolel mporpamme.

ba3osble pynkunu sisbika FBD

bazoBeie pynkunu s3pika FBD pa3aenens! Ha ciieyromnye rpyImnsl:

e Jjiornyeckue QyHKIUY;

e (YHKIIMU CPAaBHEHUS;

e apudmernyeckue QyHKINH;

e (YHKIUU yIpaBJiIeHUs IPOrpaMMON U TakMepaMu.

Jlornyeckue GpyHKUHHU

Jlormueckre (QyHKIMHM B KadeCTBE OINEPAHJIOB HCHOJB3YIOT IepeMeHHble Tuna Boolean.
JIroboit BXOA M BBIXOJA JIOTMUECKHMX (YHKIMI MoxeT ObITh mpouHBepTHpoBaH. Ilocie
VMHUIHAIN3alUA TPOrpaMMBbl, IEPEMEHHbBIE Ha BXO0/1aX M BBIXOJaX BceX (PyHKUIMOHAIBbHBIX OJIOKOB
jgoruyeckux (yHKuMid npuHuMaroT 3HayeHne FALSE, kpome Tex rnoOanbHBIX HNEPEMEHHBIX,
3HAUYEHHE KOTOPBIX MPH HHHUIHAIM3Auu sBHO 00bsBieHb kak TRUE. B mepedenp mormueckmx
GyHKUMH BXOIAT: MHBepTHpOBaHWe, Jjorudeckoe "N", normueckoe "WJIN", noruueckoe
uckmovaroree "MJIN", nerekrop @ponta.  [logpoOHoe omnucaHue JOrMYecKUX (YHKIUI
IIPUBENIEHO B MpUIL. 8.

DYyHKIUM CPABHEHUA
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Bce ¢yHKIIMM cpaBHEHHS B KayeCTBE OMEPAHOB MOTYT HCIOJB30BaTh MEPEMEHHBIC THITA
INTEGER, FLOAT, TIMER. Bxoansie nepeMeHHbIC KaXKI0H OTACIBHON (PYHKITUN TOJDKHBI UMETh
OonMHAKOBEIM TuIl. Ha BbIXO#gax BceX (YHKIMOHAIBHBIX OJIOKOB CpaBHEHUS IO PE3yIbTaTy
onepanuu Gopmupyrotcs nepemerHsie Tuna BOOLEAN. [locine nHunMamu3anuy mporpaMMbl 3TH
nepeMeHHble NpuHUMaoT 3HaueHne FALSE, kpome Tex rio0anbHBIX NMEPEMEHHBIX, 3HAYCHUE
KOTOPBIX TMPU HHHUIHAIHM3alMu sBHO 00BsBiIeHb kak TRUE. B mepeuenb ¢GhyHKIM cpaBHEHUS
BKJIIOYEHBI: MEHBIIIE YeM, MEHBIIIE UM PABHO, OOJIbIIE YeM, OOJbIIE WIH PAaBHO, pPaBHO, HE PAaBHO.
[TonpoGHoe onucanue GyHKIUN CpaBHEHUS IPUBEICHO B MPHUIIL.S.

Apupmernyeckne GQyHKIHA

B nepeuenp apudmernueckux (QyHKUMNA BXOIAT: CIOXKEHHE, BBIYMTAHUE, YMHOXXEHHE,
JIeJIEHNE, IPUCBaBaHUE.

Bce apudmernueckre pyHKIMHM B Ka4eCTBE ONEPAHIOB MOTYT HCIOJIb30BaTh MepEeMEHHbBIC
tuna INTEGER, FLOAT, TIMER. BxonHble nepeMeHHbIE KaXI0H OTIACIBHON (QYHKIIHMH JOJKHBI
MMETh OJMHAKOBbIA Tuil. Ilocie MHMIManNM3auuMyu NpPOrpaMMBbl, NEPEMEHHBIE HA BBIXOAAX BCEX
apudmernueckux (YHKIIMOHATIBHBIX OJOKOB MPUHUMAIOT 3HadeHue 0, KpomMe TeX TII00abHBIX
MEPEMEHHBIX, 3HaYeHHE KOTOPHIX PU MHUITHAINU3AIUN SIBHO OOBSIBICHBI HHAYE.

[MompobHoe ommcanue apudmerndyeckux QyHKIuH npuBeneHo B npwi.8. Ha puc.4.13
MPEJICTaBJICHBI POTPaMMbI, TOCTPOCHHBIE HA OCHOBE apu(PMETUYECKUX (PYHKIIUI, COOTBETCTBEHHO,
Ha puc.4.13 crneBa - mporpamma BBIYHCICHHS CpPEIHEro apu(MeTHUecKoro u3 3-xX 4Ymcen, a Ha
puc.4.13 cnpaBa - mporpamma, peaqu3yrollas ajJroOpuTM MPONOPLUUOHANIBHOIO peryisropa. B
NOCJIEIHEM PA3HOCThH (BEJIMYMHA PACCOTIACOBAHUSA) MEXKAY HCTUHHBIM 3HAUEHHUEM PETYINPYEMOT0
napametrpa Val u ero 3aganasiM 3HaueHneM Ref ycunuaercs B Km pa3 u ucnonb3yercs B KauecTBe
PETYJIMPYIOUIETO BO3ACHCTBUA.

M— + Val |

AZ Eef

A3 -]

-] L]

_3 AVER Em Out

Pwnc.4.13. Npumepbl NOCTPOEHMS NPOrpaMmM C UCMOSb30BaHMEM apuPMETUYECKUX DYHKLIMI

WYHKIUH YIIPABJEHUsS IPOrPaAMMOU M TAUMEpPaMH

QyHKIUU yIPABJICHUs MPOrPaMMON B Ka4eCTBE BXOIHBIX ONEPAaHIOB MOI'YT UCIOJIb30BaTh
nepemenHble Tunna BOOLEAN.

Ilepexoo k memke GOTO

I'me Progl — merka. Oneparop GOTO moxer ObITH COETUHEH
cBsa3bto ¢ mepeMeHHol TMna BOOLEAN. Ecnu nanHas nepeMmeHHas
npuMet sorudeckoe 3HaueHne TRUE, Oyaer ocymiecTBiieH mepexos K
yka3zaHHOM MeTke. B apyrux ciyuasx onepatrop GOTO O6yzner npournopupoBat. Eciu oneparop
GOTO ne coenunen c¢ nepemenHoil Tuma BOOLEAN, ocymiecTBisiercst 6€3yciIoBHBIN NEpexo]l K
METKE.

—> GOTO Prog1

Buvixoo uz npocpammot RETURN

—> RETURN 3aBeplIaeT TEKYIIY0 @pOorpaMMy M IMEepelaeT YIpaBlIEHHE
cleayrouen 3a Hed mporpamme. J[1si yCIoBHOTO 3aBEpIIEHUS TPOTPAMMBI

onepatop RETURN moxeT ObITh coerHeH cBs3blo ¢ nepeMeHHoii Tunia BOOLEAN. Ecnu nannas

nepeMeHHas npumetr Jorudeckoe 3HadeHue TRUE, mporpamma 3aBepmmrtcs. B ciydae, ecin

oneparop RETURN BcTperusncst BHyTpu OuOiIMOTeyHOro OJ0Ka, TO yIpaBlIeHHE Mepeiaer K

cienyomeMy 0J0Ky, HO He K CIeIyIolIel porpaMMme.

Ilyck maiimepa TSTART
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— Tstart tm_var I'me tm_var - nepemenHas TaiiMepHoro tumna. OcyliecTBiIseTCs
VHUIMAIu3anus (copoc) u HaYMHACTCS I
MHKPEMEHTHUPOBAHUE YKa3aHHOU TaiiMepHOI cur |~ out
nepemeHHoil ¢ mnepuogoM 0.01 cex. 10 MomeHTa T
BeinosiHenust komauael TSTOP. —
Ocmanos maiimepa TSTOP Tri 1
— TSTOP tm_var OcraHaBIMBacT { TSTART Cur
- MHKPEMEHTUPOBAHUE

YKa3aHHOM TalilMEepHOI Inz m TSTOP Cur

IIEPEMEHHOM, COCTOSIHNE IIEPEMEHHON COXpaHAETCSL. Puc. 4.14.TMporpaMma BpeMeHHOro KomMnapaTopa

Ha puc. 4.14 B KkadecTBe WLIIOCTpALIUU
WCIIONIb30BaHUsI TEPEUMCIICHHBIX (DYHKIMI TMpeIcTaBiIeHa MmporpaMma OOHApYKCHHS 3aJaHHOTO
nHTepBana BpeMenu. [lepemennas Out npunumaet 3HaueHue TRUE B ToM citydae, Korjja UHTEpBai
BpEMCHH, 3aMepeHHbId TaiimepoMm Cur, Oyaer OoJsblle WHTEpBaja, 3aJaHHOTO IEPEMEHHOMN
(xoHcTanTOM) T.

Ha puc. 4.15 npencrasnen npumep
GOTO M1 IpPOrpaMMbl  pacyeT 4YacTOThl  LIMKIIA

—True KOHTPOJILIEDA.
~TSTERET T Onepatop GOTO  pacnonoxen
M1 BBIIIIE OTIEpaToOpa MPUCBAUBAHUS TOITOMY
- BBITIOJHSETCS TIEpBBIM. Bo Bpemst mepBoro
CUr nukia Ha Bxoae omepatopa GOTO
=1 o ycraHoBieHo coctosinue FALSE, wu
r |« nepexol K wMerke M1 wurHopupyercs.
g Return YopaBineHue — mepemaercs — Ooneparopy
NPUCBAaUBaHMs, KOTOPBIA yCTAaHABINBACT

—=T5TART T

— Ha BbIXOJeE Jorndeckoe 3Hauenue | RUE.
tur —| out Bce nmocnenyromme BXOApl B MpOrpaMmy
Oyayr HaumHatbcss ¢ MeTku  MI.
=0 -] cur WNuanmmanmsupyercs TaiiMepHas
L nepemenHas T. Ilepemennas  Cur

yBEIUYMBAET CBOE€ 3HaueHne Ha 1 B
KaXJIOM LIMKJIEe KoHTposepa. [1o ncreuenun 1 cek. TaitmepHas nepeMenHas T mHUImanu3upyercs
BHOBb, 3HadecHHWe IepeMeHHol Cur mepernuceiBaercs B mepemenHylo Out, mepemenHoii Cur
npucBarBaercs 3HaueHue 0 U cyeT HauMHAETCs 3aHOBO.

Crapr nporpammbsl GSTART

I'me name_prog - uMsa 3amyckaeMol (HEaKTHBHOM )
IporpaMMbl  MpOeKTa. 3allyckaeT JOO0YH0 HEAaKTHBHYIO
MporpaMMy CHayala, BKJIIOYEHHYI0 B COCTaB IPOEKTa,
IporpaMMe IMPUCBAaNBAETCS CTaTyC aKTUBHOM.

Cmon npozpammer GSTOP

— GSTART name_prog

['me name prog wumsa m000i 3amyIieHHONW (aKTUBHOM)
— GSTOP name_prog MPOTPaMMBbI npoekTa. OcTaHaBIMBaeT JIIOOYI0 aKTHBHYIO
IpOrpaMMy, IPUCBAaMBAaET IPOrpaMME CTATyC OCTAaHOBJIEHHOM,

BCE JIOKaJbHbIE TIEPEMEHHBIE TPOTPAMMBI TEPSIOTCS.

IIpu Hanmcanum mnporpammbl 0a3zoBble (YHKIHMOHAJIbHBIE OJOKM MOTYT JIOTIOJHSATHCS
6ubmuoreunsiMu. C nomotrsio pegakropa FBD nporpamm, ncnosnbs3yst 0a30Bble pyHKIIMOHAIBHBIE
OJI0KHM, a TakXke Jpyrue OMOIMOTeuHble OJOKHM, MOXXHO COCTAaBUThH INPOrpaMMy, PEaU3yIOIIyIO
GbyHKIIMM co37aBaeMoro Ojioka, U Tpapuyeckd OPOPMUTH HOBBIM OJIOK, Kak (PYHKIIMOHAIBHO
3aKOHYEHHBINA 37eMeHT. [Ipu ncnonap3oBaHMU Takoro OJ0Ka B Mporpamme, OH OTOOpaskaeTcs Kak
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eluHBIi 00BEeKT, paboras, no cyru, kak FBD mporpamma. Bsl Moxere co3naBaTh cOOCTBEHHBIE
(GyHKIIMOHATBHBIE OJIOKHM, XpaHUTh W HaKaIlUIMBaTh WX B OMOIMOTEeKax. buOMMOTeKu jydie BCero
dbopmMHpoBaTh MO TeMaTHYECKUM paszzaenaM. Hampumep, OuOnmoreka peryisTtopoB, OHOIHOTEKa
(GUIBTPOB CUTHAJIOB, OMOIMOTEKA MAaTEMATHUYSCKUA (DYHKITUH U T.II.

PaccmoTrpuMm npumepsl mporpamMm ympasineHus. Ha puc.4.16 npuBenena mnporpamma
ynpasieHus: HacocoM. Taiimepusie nepemenHble (TBk, TOTKI) MCHONB3YIOTCS VIS ONpENeICHHs

J_—LATLH,_IK{ TSTOP Toxo KOHTPOJBHBIX MPOMEKYTKOB BPEMEHU  MEXIY
curHaioM Ha BkiaoueHue Hacoca (HACOC) wu
L : MPUXO/IOM CUTHAJIA TIOATBEPKIACHHS BKIIOYCHHS OT
{%TSTOP ToTwra naturka obpatHoit cBsizu (JATUUK). Dror Giok
— _ BKJItoueH B Onbimoreky UltraLogic “LIB1-Pa3znoe”

Tern > i & o Ha3BanueM PUMP.
=25 [Mociie momauu KOMAHIBI HAa BKJIIOUCHHE
JATHME — [L Hacoca (BKJI= TRUE) u ecnu Her aBapuu
Torka |»] tg 1] (ABAPUA=FALSE), ycraHaBIMBaeTcsa CHIHAN
35 | h ] | YCT BKJIIOYEHHUS Hacoca (HACOC=TRUE).
OnHOBpEMEHHO 3aITyCcKaeTcst TaliMepHast
vor _TR 3 - nepeMeHHas TBKII, KOTOpas H3MepsieT HHTepBal
cEpoc |8 ol—e" ABAPHA BPEMEHH MEXAYy BKIIOYEHHMEM Hacoca U IPUXOAOM
- & | CUTHaJIa OT JaTdyuka oOpaTHO#W cBs3u. 3a 2S ot
natynka joipkeH npudtd  otBer (HJATYUK=
| & HACOC TRUE), d4ro Hacoc BKIOYWICI H padoTaer
BRI * HopMmasibHO. Eciu 3a 2S oTBeT OT paruumka He
MpHILeT, TO YCTaHABIMBAETCS IMPHU3HAK aBapuu

(ABAPUA=TRUE), u curHan Ha ynpasieHue
»—{%TSTART TBRI Hacocom otknrouaercs (HACOC=FALSE). Curnan
ABAPUS sBnsercs TpurrepHsIM U cOpachiBaeTcs

L 1 VTSTART TorTkmd CI/IrHaHOMCBPOC.

CBPOC |1 B ETURN Puc.4.16.IIporpamMmMa ynpaBieHUs: HACOCOM
AHajorm4Ho cxema paboTtaeT U IpH
OTKJIIOUeHuM Hacoca. Ilocne momaum komaHIbl Ha

=03 [=] TBRI
otkimouenue Hacoca (BKJI= FALSE), Beikitouaercs
— T curnan ynpasienus Hacocom (HACOC=FALSE) u
- v
H LS OJTHOBPEMEHHO 3aITyCKaeTcst TaiiMepHast

— nepeMeHHas TOTKJI, KOTOpas W3MEpsieT HHTepBall
BPEMEHM MEX 1Y BBIKIIOUEHHEM Hacoca U MPUXO0JIOM CUTHAJIA OT AaT4yuKa oOpaTHON CBS3H.

3a 3S ot garumka pomkeH npuiitu otBeT (JATUUK= FALSE), 4To HacocC BBIKITIOYHIICA.
Ecnu 3a 3S oTBeT OoT maruumka He NpHUILEN, TO yCTaHaBIMBaeTcs npu3Hak aBapuu (ABAPUS=
TRUE).

Ha puc.4.17 npuBenen npumep nporpaMMbl npeoOpa3oBaHUsl 3HAYEHUsI CUTHAJIAa, KOTOPBIN
npuxogut B kojax AIll, B ¢usnueckyro BenuyuHy, U3MEpsIeMyl0 NaTdyukoM. B mpumepe
npuBeneHsbl ganubie Moayns 5710 ( pupma Advantech) Analog I/O Card u natdmka Temmeparypbl
AD22100. [artumk BBIJIAET HANpPsDKEHHWE MPONOPLHOHANIBHO Temneparype. [lpm mn3meHeHnn
teMriepatypsl Ha +1°C nHanpsokeHue m3mensiercs Ha +22.5 mMB. Temneparype 0°C cooTBeTcTByeT
HanpspkeHue 1.375B. Jlmanason parumka ot -50°C nmo +150°C. Moayns 5710 umeer tpu
kodddummenta ycunenus (x1, x10, x100), nuamazon BxogHoro Hampspkerus 10B u 12-tm
paspsanbiil AL Puc.4.17.11IporpamMMa BeIYHCIEHUS TEMIIEPATYPBI
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—10. [7] dopmyiia mpeoOpa3oBaHus:
Gain | | VBC Degr=((Code-
=4095. | 2048)*(MaxV/Gain/ MaxC)-1.375)/dC,
1] rie
¥ 7 Tim Degr — 3HaueHue u3MepeHHOU
1 | pe gr TEMIEpaTypsl B °C.
T Max Code —  koxm  curHaia
|7 Min usmepennoro AIIIL
2048 — nomnpaBka  JJid

cMemenus: nuanazona ALl B mpexnensl
ot -2048... +2047.

MaxV — nuamnazon Bxognoro curnaia ALIT (10 B).

Gain — ko3¢ uument ycunenus moayis 5710 (1, 10 uam 100).

MaxC — makcumanbabiid kog ALIIT (4095).

1.375 — nanpspkenue Ha natauke npu 0°C.

DC — npupamenue Hanpsikenue Ha gatuuke Ha 1°C (0.0225 B/°C).

[locne pacuera TemmepaTypbl 1O IPHUBENECHHON (opMmyie, 3HaueHue nepemMeHHou Degr
orpaHuuMBaeTcs auanazoHoMm oT -50 mo +150, T.e. 001acTbIO TOCTOBEPHBIX MOKAa3aHUN AaTYUKa
temneparypsl AD22100.

Jlekums 15. Bkiatouenue OIIK B jiokajibHBIE ceTH PeANPUATHSA

Hcnone3yercs nBa moaxoma k opranusanuu BriarodeHuss OIIK B sokanpHble ceTH
OPEIIPUATHS: TIOJKIIOYCHHE K CTaHIMU (CepBepy) CETH WIH HEMOCPEACTBCHHOE BKIIIOUCHUE B
CETh B KQUE€CTBE CTaHIIHH.

Jlnia nooknwoyenusa Kk cmanyuu (CEpBEpPy) CETH MPUMEHSIOT OUT - MOCJIEIOBaTEIbHBIC
MIPOMBIIIUICHHBIC IIMHBI, B TOM 4Hcie, cTanaapToB RS-232, RS-422 u RS-485 (cm. pasn. 2.3). B
stom cimydae OIIK pacnonaraercs OT CTaHIIMM Ha PACCTOSHUH, JOIMYCTHUMOM JUISL YKa3aHHBIX
uHTepercoB, COOTBETCTBEHHO, 15M, 1200M,1200M.

ADAM-4520 OIIK

K
CTaHIIUSIM

RS-232 RS-485

v

Puc.3.22. [Monkmrouenue OIIK k cranum (cepBepy) ¢ IIOMOIIBIO OUT -
[OCJIEIOBATENBHEIX IPOMBIIUIEHHBIX IIKMH, THITa RS-232 n RS-485

Ha puc.3.22 npusenen npumep nojkmtouenust OIIK k ctanuuu (cepBepy) ¢ HOMOIIBIO OUT -
MOCJICI0BATEIBHBIX IPOMBIIUICHHBIX mWH, THIa RS-232 u RS-485. OI1K u cTaHmus JONOTHSAIOTCS
MOy IsIMH (y371aMH) yKa3aHHBIX HHTEPQEcoB ¢ MpOKIaAKoi MuHbI (kabesst) cBsi3u. B yacTHOCTH B
pUMepe UCTIONB30BaH /ISl coriacoBanus OByX mHTepdeiicoB RS-232 u RS-485 moxyns ADAM-
4520.

[Ipy wucmonb30BaHUM AJIi OpPraHU3AlMM CBA3M MEXAY KOHTpOJUIEpaMU HECTaHIapTHBIX
CpeZCTB, HEOOXOAUMO MpeTyCMaTPUBATh MOYJIHM cOrjlacoBaHus HHTepdelricoB. Hampumep, kak 310
caenaHo B KoHTposiepax cepun Pemukont P-130. Otu koHTposiepsl 00beAUHSIOTCS B JTOKAJIBHYIO
ceTb KOJNbIeBOH KoH¢urypamuu "Tpanszut", nmoanepxusaromyto uHtepdeiic MPIIC. B cetu
"Tpan3ut" uHGOpMaILHs TOCIECTOBATEIHHO TIEPEAACTCSI OT OJHOTO KOHTpoJuiepa K apyromy. st
BBIXOZa U3 KOJbLA WJIN MPOCTO AJIS MOAKIIOYEHUs OAMHOYHOro KoHTpoiuiepa PemukonTt P-130 k
CTaHIMH TNPEIYCMOTPEH CHELUMATU3UPOBAaHHBIN KOHTpoiiep Pemukont — Illmro3. OH umeer nBa
KaHaJja IoCJIeZJoBaTeIbHON CBsA3H. HazHaueHHne 3TUX KaHAJIOB cliennaiu3upoBaHo. KaHansl ©MEOT
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CIIeyIOIe HAMMEHOBAHHMSI: CETEBOM KaHall M a0OHEHTCKHi KaHal. C MOMOIIBIO CETEBOTO KaHaa
HUTI03 BKJIIOYaeTcs B ceTh "TpaH3ut" 1o Tem ke mpaBuiiaM, IO KOTOPBIM B ATy CETh BKJIIOYAETCS
Pemukont P-130. Uepe3 abOHEHTCKHI KaHAJ IILTI03 COCTUHSIETCS CO CPEACTBAMHU BEPXHETO YPOBHS
yrpapieHus (KOMIBbIOTEPAMU UM KOHTPOJUIEPAMHU IPYroro Tuma) Jubo ¢ aDOHEHTCKUM KaHaJoM
U033, BXoJdAmero B aApyryto cetb "Tpanszut" (puc. 3.23). OnuH U003, BXOJAIIMNA B CETh
"Tpan3ut", cBsa3bIBaeTCA ¢ OXHUM aOoHeHTOM. Ecmu ¢ cerbto  "TpaH3ut"  JOJDKHBI
B3aUMO/ICCTBOBATh HECKOJIBKO AOOHEHTOB, TO B CETh JIOJKHBI BKIIFOYATHCS HECKOIBKO IIITIO30B.

“E-
fTaHuHHM E

RS-232

[Imr03 BII-21 BII-21 P-130

Puc.3.23. MogkntoyeHne koHTponnepa P -130 k ctaHumm yepes LLnto3

Opnaxo mipu Oonbiieit ynanenHoctu OIIK u nokanbHOW ceTw (WM MPH HEBO3MO>KHOCTHU
MPOKJIAAKU Kabeyeld CBS3M) HUCIHOJIb3YIOTCS paauoOKaHaibl WM TenepoHHbIe JWHUU. [Ipumep
UCIIONIb30BaHus paauokanaia ais noakimouenus: OIIK k cranmuu npuseneH Ha puc.3.20 B pazgene
3.5. Ilpu ucnonp30BaHUM B KayecTBE Mepeaaroiieid cpenpl TenedoHHbx JuHuil B cocrase OIIK u
KOMIIBIOTEpa HEOOXOJUMO YCTPOMCTBO, KOTOPOE MOXKET MPHUHATh CUTHAT U3 TeIe(hOHHON CeTU U
npeoOpazoBarh ero B mudpoByro wuHPopMarmioo. Ha BeIXoge 3TOro ycrpoicTBa mH(GOpMAIIHs
noasepraerca  MOpynsuuu, a Ha Bxoae JEMoaynauuu, otrcroona v HazBanue MOJIEM.
Ha3nauenue Mopema 3akirodaercs B 3aMEHE CUTHajla, MOCTYMAIOIIEro U3 KOMIIbIOTepa (coueTaHue
HyJIeH ¥ eUHUL), IEKTPUUECKUM CUTHAJIOM C YaCTOTOM, COOTBETCTBYIOIIEH paboueMy Auana3ony
TeneOHHON JTUHUUA. AKYCTUYECKUM KaHAJI 3TOM JIMHUU MOJEM pa3lielsieT Ha MOJ0Chl HU3KON U
BBICOKOM 4acTOThl. [lomoca HU3KON YacTOThl MpUMEHSETCS ISl Mepeladyd JaHHBIX, a IMojoca
BBICOKOM 4YacTOThl - Uil mpuema. Mcrmonb3yeTcss MHOTO CIOCOOOB KOAMPOBKH HHGMOpPMAIIHH,
HanOosee M3BECTHBIMU U3 KOTOpbIX sBisitorcss Meron FSK  (Frequency Shift Keying) nns
ckopoctu nepenayu g0 300 6ox (604 - equHUIIA CKOPOCTH Tiepenayd WHpopManuu, paBHas 1
out/c) u meroq PSK (Phase Shift Keying) mis Gonee ObICTPBIX MOJIEMOB, CO CKOPOCTHIO
nepeqaun a0 2400 6ox. FSK wucnonb3yer ueThipe BBIICICHHBbIE 4YacTOTHL. [lpu mepemaue
uHpopmanmu curHan vactotod 1070 I'm mHTepmpeTnpyercs Kak JIOTMUECKUW HYJIb, a CHUTHAJ
yactotor 1270 I'm - xak norumyeckas eauHuna. [Ipu npreme Hylnb COOTBETCTBYET curHainy 2025
I'n, a eqununa - 2225 I'n. PSK ucnons3yer e 4acToThl: 17 nepeaadn JaHHbix - 2400 ', s
npuema - 1200 I'm. JlanHble mepeparoTcs Mo JBa OUTa, MPU STOM KOJUPOBKA OCYIIECTBISETCS
nocpeACcTBOM caBura ¢asbl curHana. J{jis KoAUPOBKU UCTOIB3YIOTCS cleayromue caBuru ¢asbl: 0
rpanycoB st coueranus outos 00, 90 rpamycos - st 01, 180 rpamycos - mist 10, 270 rpamycoB
- st 11. CymectByroT Takke u Apyrue Buasl Mmoaymsauuu (DPSK, QAM, TCM).

Mopem BbITIONHSETCS JIMOO B BHJE BHENIHETO YCTPONCTBA, KOTOPOE OJHUM BBIXOJIOM
MOJICOeIMHACTCS K Tene(OHHOM JTUHUH, a APYTUM - K CTaHJAPTHOMY MOPTY KOMITbIOTEpa (pazbeM
RS-232), mmbo B BWae meyaTHOM TIJIaThl, KOTOpas YyCTaHABIMBACTCS HA CHUCTEMHYIO IIUHY
KOMIIbIOTEpa (BHYTPEHHHE BapHaHTHl MOJIEMOB MOTYT OBITh ycTaHOBIEHHI Kak B ISA, Tak u B PCI-
mHy). Ha puc.3.24 npeacrasnen Bapuant mnojkiatoueHuss OIIK k cranumm ¢ momouibro
TeneOHHOM TMHUYU U BHEITHUX MOJIEMOB.
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Puc.3.24. ITogxmouerne OIIK k cTaHIIMK C TOMOIIBIO TeNle()OHHON CeTH
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KonTpomiep MoaeMa - 3TO, Kak IPaBUIIO, CHELMAIU3UPOBAHHBI MHUKPOKOHTPOJIIEP THUIA
SC1107 wmu  SC1108, conmepxammii  8-paspsgHoe AJIY, TI3V B 8 Ko6aiir, O3V 128 6aiir,
TaiiMep, KOMaHIHBIA PETHCTP, KOHTPOJUIEp MpPEpbIBAaHUN, CTEK, MOPT BBOJA/BhIBojAA. Ecnm ruara
MojJieMa TpucoeauueHa Kk cucteMHo muue [IK, To nmpumensercs "mapaniaeiabHbId" KOHTpOJUIEP
SC1107. Ecnmu xe mmata paboTaeT ¢ KOMIbloTepoM mocpeactBoM RS232)  To ucmonb3yercs
"mocnenoBarenbHbil" koHTpoimiep  SC1108. B koncrpykuumsix OIIK pons kKoHTposuiepa
BBINOJIHSICT MUKPOKOHTpoIuiep cemeiictBa 8051 ¢ BHemnum II3Y (12732, 2764) n MuUKpocXeMOit
74L.S373.

Henocpeocmeennoe eéxkniouenue OIIK ¢ cemb ¢ Kauecmge cmanyuu OCYLIECTBISIETCSA C
noMompio 8-, 16- m 32-OMTHBIX ceTeBBIX amanTepoB (kapr), Hampumep, Ethernet [41,42].
Bxirouenne agantepoB (kapT) mpousBoauTcs B cucreMHyro muHy OIIK mnam xommbrorepa, a
BBIXO/Ia KapThl - B JIMHUIO CBSA3M JIOKAJIBHOMN ceTu. JIMHUS CBSI3U BBINOIHSIETCS HA BUTOM Mape WUiu
KOoakcHajibHOM KaOene. CeTeBOi ajamnTep - 3TO IUIaTa, KOTOpPask BCTABIISCTCS B CUCTEMHYIO IIHHY
OIIK. Ona umMeer aBa pa3bema JJIsl TOAKIIOYCHHS K ceTreBomy kabemto. Jis Ethernet B ctanmapre
ISA wucnone3yercs Tpu BUAA CETEBBIX aaantepoB: 8-, 16- m 32-OurtoBble. Anantep §-OMTOBBIN
MOJKET BCTaBIATHCS B 8-OMTOBBIN WK 16-OUTOBBIA CIOTHI MAaTEPUHCKOMN IJIATHl U UCIIOJb3yeTCs,
riaBHBIM 00pa3om, B kommbtorepax wim OIIK, rae mHer 16-6utoBsix crnoroB. MHornma 8-OutoBbie
apantepsl ucnonbiytorces i OIIK, ecan TpeboBaHMsI K CKOPOCTH Iepeiadyul TaHHBIX HE BBICOKU.
st 16-6utoBoro agantepa HEOOX0IUMO UCTIONIB30BaTh 16-0uToBHIM cnoT. Ha kommbrorepax 80386
nan 80486 MMeeT CMBICH MCIIOJIb30BaTh CKOPOCTHBIE 32-0OMTOBBIC aIallTePhl, 110 KpallHEeH Mepe, IS
T€X CTaHLIUH, Ha KOTOpPbIE MPUXOJUTCS MaKCUMasbHas Harpyska. Jljig yckopeHus padoThl Ha IuiaTe
CETEeBOro ajanTepa MOXKeT HaxoauThcs Oydep. Pasmep storo Oydepa pasiuueH s aganTepoB
Pa3HbIX TUIIOB M MOKET COCTAaBJIAITh OT 8 KOaMT 1ist 8-OMTOBBIX aganTepoB A0 16 kOaliT u Oonee
st 16- u 32-6utoBbix agantepoB. CereBble afantepsl Ethernet ncnonb3yoT nopThl BBO1a/BBIBOIA
¥ OJIMH KaHaJ mpepbiBaHus. HekoTopbie agantepbl MOTYT paboTaTh ¢ KaHAIAMU MPSMOTO AOCTYIA K
namsitd (DMA). Ha mnnate agantepa MOXeET pacmojaraTtbCsi MHUKPOCXEMa IOCTOSHHOTO
3anomuHaromero ycrpoiicrea (I13Y) nmns co3manusi Tak Ha3bIBAEMBIX OE3MCKOBBIX pPabOUYMX
CTaHIMI. JTO, B YACTHOCTH, KOHTPOJUIEPHI, B KOTOPHIX HET HU BHHUYECTEpPA, HU (PJIOMIH-IAHCKOB.
3arpy3ka onepaliOHHON CHCTEMBbI BBIMIOJIHAETCS U3 CETH, U BBIIOJHAT €€ MporpamMmma, 3arnucaHHas
B MUKPOCXEME IUCTAaHIIMOHHOM 3arpy3KHu.

Jlekums 16. TexnoJsiorun Bu3yaabHoro nporpammuposanus ACY TII

Kak yxe oTmeuanoch Bbllle, ucnoib3oBaHue i nporpammupoBanus OIIK  SCADA -
CHCTEM, TO €CTh TE€XHOJIOTUM BU3YaJbHOTO MPOTPAaMMHPOBAaHUS CBsi3aHO ¢ mpuMeHeHneM B [IK
IPOIIECCOPOB BBICOKOM mpou3BoauTensHocTH (180386, 180486, U T.11.) U TIepeHECEHHEM Ha HIDKHHI
YPOBEHb aBTOMATH3aIllMU TEXHOJOTHI BEPXHEr0 YPOBHs aBTOMaTu3anuu. [1oaToMy rnepBoHavYaIbHO
npeJHa3HaYeHHbIE TOJBKO JJIsl MOCTPOSHMs YeJIOBEKO-MalIMHHOTrO uHTepdeiica (MMI) Bepxuero
ypoBast ACY TII B Hacrosimiee Bpemst SCADA - cuctembl HHTEHCUBHO BHeApsitoTcest B cepe OIIK
[53]. Pa3paborka mpuknanHoit mporpammbl aBTomatuzanuu B SCADA ocymiecTBisieTcss B cpejie
BU3YalbHOIO (Tpaduyeckoro, MyJabTUMEIUMHOIO M BHJIE0) IMpPENCTaBICHHUS OObEKTa U CPEICTB
aBToMaTH3alMu. [ToHATHE SI3BIK MPOrPaMMHUPOBAHUS TOJHOCTBIO TPAaHC(HOPMHUPYETCS B MOHATHE
A3BIK MPOCKTUPOBAHUS, & TOYHEE SI3bIK B3aNMOJIEHCTBHS onepaTopa ¢ OBM B puUBBIYHON 7151 HETO
npeametHoit cpene [54]. IlpenmerHas cpexa oOecrieumBaeTCsl HAIMYHAEM COOTBETCTBYROLIMX
O6ubauoTek rpaguuecKux MPUMUTUBOB, SKpaHHBIX (OpM IpenacTaBieHuss UHPopMaluu, GopMyn u
QITOPUTMOB MaTeMaTHUECKOW 0OpaboOTKH U ympasieHus, 1paiiBepoB u T.. Ha Poccuiickom pbinke
SCADA - cucrem ACY TII cnemyer ormeruth, npexnae Bcero, TRACE MODE (TM),
paspabarbiBaeMyro ¥ moctaBisiemyto (upmoit AdAstra Research Group [55,56,57]; Genesis,
pactipoctpansiemyro B Poccum  ¢upmoit [TPOCODT  [58,59], Wonderware InToch,
pactipoctpansiemyto B Poccun ¢upmoit PLC Systems [60]. Kaxnas U3 mepedrciIeHHBIX CHUCTEM
pabotaer B cpene MS-DOS - Windows u pacnonaraer cpencrBamu mporpammupoBanust OITK,
MOCTPOCHHBIX Ha OCHOBE apXUTEeKTypbl IBM PC - coBMECTHMBIX MPOMBIIIJICHHBIX KOMIBIOTEPOB.
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Paccmorpum SCADA - cuctemy TRACE MODE, Bepcusi 4.20 KOTOpOH OpHUEHTHpOBaHA Ha
IPOEKTHUPOBAHUE TMPOTrPaMMHOI0 OOECIEeYeHHs KOHTPOJUIEPOB, MCIIOIB3YIOIIEro B KadyecTBE
TEXHUYECKOH OCHOBBI ITporpammupyemsie PC - coBMecTUMBIE KOHTPOJIIEPHI.

TRACE MODE mno3BojisieT CTpYKTypUpOBaTh NPHUKIAIHOW MPOEKT MYTEM BbIICICHUS
00BEKTOB, UMEIOIINX SICHBIM TEXHOJOTMYECKUM CMBICI: LI€X, arperar, napamerp. B cBs3u ¢ atum,
paspabotka ACY npou3BOAMUTCS B Cpelie BU3YAIbHOTO INPOEKTUPOBAHUS IOCPEACTBOM CO3JaHMS,
PENaKTUPOBAHMS U THUPAKUPOBAHHS 00BEKTOB. IIpoekTHpoBaHuEe OCYIIECTBISIETCS B rpaduIecKUX
penakropax Oe3 mporpammupoBaHusa. Co3aHHble B cucteMe TM NpoOeKThl NPeACTaBiIsIIOT Habop
(aiiioB, ONMMCHIBAIOIINX HCIIOJIb3YEMbIE CHUTHAJIBl U MPOMEKYTOUHBIC IMEPEMEHHBIC, CTPYKTYpPY
MaTeMaTHYeCKOM 0oOpabOTKH JaHHBIX, JOKYMEHTHPOBAHUS M apXUBUPOBAHMs, a Takxke (aiibl
conmepkame Tpadudeckue (Gopmbl mpeacTraBIeHUS WHGOPMAMKM W YIpPaBICHUS, [IaOIOHBI
IFeHEPUPYEMBIX OTYETOB, IPOMUIPHIBAEMbIE TEXHOJOTMYECKHUE M aBapuiiHble COOOIIEHUS U Ip.
CozlaHHBIE TPOEKTHI 3allyCKalOTCA IOJ YIPaBICHUEM CHEIUAIbHBIX IPOrpaMM MOHHUTOPOB,
UHTEpHpeTUpyoImX padouue ¢ailnel npoekra. Ilpu UCHoONb30BaHUM B CHCTEMAax YIpaBIICHUS
KOHTPOJUIEPOB TO3BOJIIONINX 3aMyCKaTh Mporpammbl 1oj ynpaieHnnemM MS DOS pazpabotky
BCEr0 NPOeKTa (BEpXHEro U HUXKHEr0 YPOBHEH) MOKHO OCYLIECTBISATh B OIHOM cpesie pa3paboTKH.
Hdeno B ToM, 4TO mporpaMMmHBIA Komruiekc TM BkmodaeT B ceOs CHEIHUAIbHBI MOHHUTOD,
OpPUEHTHPOBAHHBIN Ha BBIIOJIHEHUE 337a4 HENOCPEeACTBEHHOro IudpoBoro ymnpasieHus. [Ipu ero
MCIIOJIb30BaHUU pa3pabOTKa BCETro MPOEKTa BEJIETCS B €UHON CpPEJE, YTO MO3BOJISET 3HAUUTEIHHO
YIIPOCTUTH COTJIACOBAHUE JAHHBIX BEPXHErO0 M HMXKHETrO0 YpOBHEH, YIpOCTUTh OOMEH JaHHBIMU U
COKpaTUTh KOJIMYECTBO TpyAo3aTpar Ha pa3paborky. Hamuume wucnoaHuTeNbHBIX (run-time)
Monynei - “MonutopoB peanbHoro BpemeHu” (MPB) s pasHbIX ONepallMOHHBIX CHCTEM,
MO3BOJIIET CO3/JaBaTh pabodyWe MecTa omepartopa, padoraromue moj ympaBienuem MS-DOS,
Windows 3.1 u Windows for Workgrups 3.11, npuuem TM siBisieTcst kak Ob1 MOCTOM Mex1y MS-
DOS u Windows. Bce npoexTsl, pazpadotanubie B TM, MoryT ObITh 3amyrieHs! kak moj DOS, tak
u o Windows Ha 1t000M 3Tare KU3HEHHOTO IHKIIa yrpasisomnei nporpaMmmel. TRACE MODE
IPEJOCTABIISIET BO3MOXKHOCTH pPa3padaThiBaTh HEOTPAHMYCHHOE YHCIO MPHUKIAAHBIX CHCTEM
aBTOMATHU3alMH UCKIIIOUUTEIBHO B TpapueCKuX peJaKkTopax.

TRACE MODE sBnsiercs cereBoii cucteMoil. B paMkax makera MOXHO CO3/1aBaTh CETEBbIE
KOMIUIEKCBI, BKrouarone 10 200 cereBblx y3moB. IIpy 3TOM B JIOKanbHYIO CETh MOTYT
O0BEAMHATHCS KaK OINEpPaTOPCKHE CTAHIIMM, TaK M KOHTPOJUIEPHl, Ha KOTOPBIX 3aIlyCKaloTCs
MoHuTopsl TM. Kpome oOMeHa NaHHBIMH 1O JIOKaJIbHOW ceTH, B TM peann3oBaHa MOAJEpkKKa
oOMeHa OINepaTOPCKUMHU CTAaHIUSAMU MEXIy CcOo00W M KOHTposuiepamu (paboTarolMMH IO
ynpasieHueM TM) 1o nocienoBatenbHbIM HHTEphencam.

Coznanune ACYTII B TRACE MODE cocTouT U3 HECKOJIBKHX 3TAIOB:

¢ Paszpabotka marematnuyeckoir ocHoBsl ACYTII u cBs3u ¢ YCO;

e Co3/aHue CTaTUHYHOT'O PUCYHKA (MHEMOCXEM);

e J[MHaMHU3auus POEKTA;

e COopka cucTeMbl, yCTAaHOBKA MapaMEeTPOB PEaJIbHOTO BPEMEHHU;

e 3aIycK CUCTEMbI B pealbHOM BPEMEHH.

Pa3pabotka matematuueckoit ocHoBbl ACYTII B 00bekTHOM cpene. O0bekTsl TM cocTosr
U3 DIIEMEHTApHBIX OOBEKTOB - KaHaloB. Ka/iplii KaHald CONEPKUT HACTPOMKU HA UCTOYHUKU U
MPUEMHUKH TaHHBIX, QYHKIMH IEPBUYHON U MaTeMaTu4yeckoi 00paboTKu, GQyHKIIUU YIIPABIECHUS U
mHorue apyrue. TRACE MODE no3BosisieT BHIIOIHUTD CIEAYIOIINE BUIbI IEPBUYHON 00pabOTKu:

® anmnepTypHbIH KOHTPOJIb (30HA HEUYBCTBUTEIBHOCTH);

¢ GuIbTpaAIUIO;

® TPAHCIISIIUIO NMPUHATHIX 3HAUYEHUHN MO 3aKOHAM, OCYIIECTBIISIONIMM: MacIITaOMpOBaHUE;
KOMIIEHCAIIMI0 TMOTPEIIHOCTH; KOMIIEHCAllMI0 CMEUIEHHUS; KOMIIEHCAIIMI0 YYBCTBUTEIBHOCTH
JaTyuKa; JIMHEMHYyI0 M CTYNEHYaTyl0  WHTEpHOJAIMIO; TabIU4HOEe  IpeoOpa3oBaHUE;
MOJIMHOMHAJIbHOE MTPe00pa30BaHNE; JOTHUYECKHE ONIEPalliu U JIp. TapaMeTphl.
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OYHKIMM aBTOMAaTUYECKOTO YIPAaBJIECHHUS IO3BOJISIOT dbopmupoBath 3HAYECHUE
YIPaBJIAIOLIET0 BO3ACHCTBUSA B 3aBUCUMOCTH OT 3HAYCHWH aTpUOYTOB JIIOOBIX KaHAJIOB M3 0a3bl
kanaioB TM. B TM peanu3oBansl cienyromue pyHKIUN aBTOMATUIECKOTO YIPABICHUS:

e PID, PD, PI, P, PDD;

® TIO3UIMOHHOE pEryjaupoBaHue (IO 30HE HEUYYBCTBUTEIBHOCTH, I10 BPEMEHHOMY
UHTEPBAIY);

e U(PO-UMIYJILCHOE YHpaBieHHE  (IIMPOTHO-UMITYJIbCHAs MOAYJISALUS aHAJIOrOBOIO
CUTHAJIA);

® JIOTMYECKOE YIIPABIICHUE;

® I'PYNIIOBOE YIIPaBJICHUE,;

® DPY4YHOE YIIpaBJICHUE

® yIpaBJCHUE 110 MPOU3BOIBHOM GopmyIie u ap.

MaremaTrnueckasi 00paboTKa MO3BOJSET OCYILECTBUTh pacueThl 3HAUEHUsS IIapaMeTPOB 110
KOCBEHHBIM HM3MEpPEHUSIM U BKIIOYAET CIEAYIOIINE BUIbI 00pabOTKH:

e anreOpanyveckyro (cymma,  pa3HOCTb, YMHOXXEHHE, J€JeHHe,  Jorapudm,
TPUTrOHOMETpHUUYECKHE (PYHKIMH, KBaJPATHbIE KOPHU, TIOJTUHOM);

® CTAaTUCTUYECKYIO (MAaTEMaTU4YECKOE  OXHJaHUE, AUCIEPCUS, MAKCUMyM, MHHHUMYM,
COpPTUPOBKA);

® JIMHAMMYECKYIO (CKOJb3fllee CpeIHEe, 3BEHO 3alla3[blBaHUs, SKCTPAIOJALMS, MEPUO
KOJICOaHUS U T.I1.);

® pacyeT TEXHUKO-IKOHOMUYECKUX IIapaAMETPOB U Jp.

B cnoxHBIX Ciydasx BO3MOXKHO ITOJKJIIOYEHHE MAaTEMaTUYECKMX MOZEINIEH I0JIb30BaTes,
HanucaHHblX Ha s3blke CHU wim CHU++. CrioskHbIE alrOpUTMbI JIOTUYECKOTO YIPABIEHUS MOTYT
OBITh  peaqn30BaHbl C HCIOJIB30BAaHHMEM BCTPOCHHOTO uHTepnperaropa dopmyn. s
UCMOJb30BaHUSl ~ HMHTepHperaropa He TpeOyercs 3HaHHE MNPO(ECCHOHAIBHBIX  A3BIKOB
IPOrpaMMHUPOBAHUS.

Jlanee B penakTope rpaduuecKux IMPUMUTUBOB I0JIb30BaTENIb CO3JAET IMPHUKIATHYIO
O0ubnuoreky rpauueckux HPUMHUTUBOB -  TOBTOPSIOIIMXCA  TEXHUYECKUX  CHMBOJIOB,
UCTOJIb3YeMBbIX B H300pakeHUM 0oObekTa MOHUTOpuHra. Co3gaHHas OuMOIMOTEKa TNPUMHUTHUBOB
IIEPEHOCUTCSI B PEIAKTOpP PHUCYHKA, IJE IOJb30BaTellb ¢ €€ IOMOIIBI0, a TaKXKe, HCIOJIb3Ys
BCTPOCHHBbIE TIpaduyecKue 3JIEMEHThl CO3/aéT CTAaTHYHbIE MHEMOCXEMBI TEXHOJIOTHYECKOTO
oObekTa Ha rpapuueckoM MacmTabupyemMom mosne. CTaTMUHbIE MHEMOCXEMBl PHCYIOTCA B
rpadudeckom penakrope TM.

Ha Tperbem sTamne B penakTope MpeICTaBIEHUs JAHHBIX 33aJal0TCS JUHAMHUYecKue (opmbl
rpaduyeckoil Buzyanuzanuu uHGopmauuu. Ha co3naHHBI pUCYHOK OOBEKTa HaKJIaJbIBAIOTCS
dbopMbl oTOOpaskeHus, cBsA3aHHbIe ¢ 0a30i kaHainoB TM. IIpu aToM mpuBsizka popm 0ToOpakeHUs K
TEKyLeMy KaHally 0a3bl IPOU3BOJIUTCS aBTOMATHUeCKH. [IMHaMu3alus U3MEPEHHBIX U PacyETHBIX
apaMeTpoB OCYILECTBIsETCs pu nomouy 6osaee yeM 200 pa3inuuHbIX TUIIOB (JOpM OTOOpakeHuUs,
BKJTIOYAIOIIUX T'papUKU-TPEHIbI, B T.4. TPEXMEPHBIE, THCTOrPaMMBbI (YPOBHH), MYJIbTUILIMKALIMIO HA
OCHOBE PAaCTPOBBIX U BEKTOPHBIX U300paK€HUH, MyJIbTUMEa U MHOTOOKOHHBII UHTEpdeEiic.

TRACE MODE mno3BosifeT co3aBaTh CHCTEMY paclpeAciE€HHBIX apXHMBOB JaHHBIX. B
apXUBbI 3aMMCHIBAIOTCS 3HAYEHHUS KAaHAJOB, OTMEYEHHBIX B pelakTope 0asbl Ui JaHHOTO BHUJA
apxuBa. MOHMTOp apxuBa IpeIHAa3HAuYeH . NPOCMOTpa apXxuBa U YPOBHEBOIO apXuBa B
rpa¢puveckomM Buae (kak ¢uiapma Ha Bumeomaramutodone B pexume PLAYBACK). IIpocmotp
OCYILIECTBIIIETCS. C INPOM3BOJIBHON CKOPOCTBIO, HAa4MHAas C IPOU3BOJIBHOTO MOMEHTA BPEMEHU;
CO3/IaHMSI pACHPENENIEHHBIX CHUCTeM oToOpakeHuss uHpopManuu. Hampumep, mpu mnomouu
MOHMTOpAa apxuBa co3fa€rcs aAMHMHHUCTpaTHBHBIN KOHTYp ACY, mnpeaHasHauyeHHBIM s
PYKOBOJSIIIETO COCTaBa Npeanpusitus (TJaBHOTO WHXKEHepa, CIyXKObl TJIaBHOIO TEXHOJIOTa,
HAyaJIbHUKOB CMEHBI U Jip.). PyKOBOJACTBO mMpeanpusTHs UMeeT BO3MOXHOCTb B JII0O0H MOMEHT
MOJIKJIFOUUTHCS K MOHUTOPUHTY TEXHOJOTHYECKOIO IMpoliecca, a TakKe MOCMOTPETh (Harpumep, B
YCKOPEHHOM TEMII€) KaK Pa3BHBAJICS MPOLECC MOKAa UX KOMIIBIOTEpPHI OBLIM BBIKIIOUYEHBI. Daiin
apxuBa, C KOTOpPHIM pabOTaeT MporpaMMa MOHHMTOpA apXHBa, MHUILIETCS MOHUTOPOM pEaJbHOTO
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BpeMeHU. B TM cylecTByIOT CIIEAyIOIUE TUIIBI apXUBOB: YPOBHEBBIN apXUB BPEMEHHBIX CPE30B;
OTY4eT TPEBOT (COOONMICHUS O TEXHOJOTMYECKHX COOBITHAX); XPaHWIHINEC JTaHHBIX (apXuB
[IapaMeTPOB MO UX W3MEHEHHUIO); JIOKAIbHBIN apXUB U3MEHEHMI MapaMeTpoB; F€HEPAaTOp OTYETOB
MPOU3BOJIBLHON (HOPMBI.

B 3akitoueHne oTMETHM Ba)KHBIII MOMEHT B IporpaMMmupoBaHuu B cpeae TM. OH cBsi3aH ¢
HanuuueM B TM BCTpOEHHBIX MPOrpaMM MOAIEPKKH Ui HauboJjee pacnpocTpaHeHHbIX B Poccun
koHTposutepoB (Pemukontr, TCM51, 111711, MicroPC, ADAM, PEP, KPYU3, M®K u nap.).
[ToaToMy HEOOXOOUMBIA MPOTOKOJI OOMEHa C KOHTPOJIJIEPOM I0JIb30BATENh BHIOMPAET B MEHIO
npaiiBepoB. Ilpuuem pomyckaercs OOMEH OJHOBPEMEHHO C HECKOJbKUMHU Pa3HOTHITHBIMU
koHTposuiepamu. B TM nogaep:kuBaercs oOMeH 1o 16 mocieaoBaTelbHbIM OPTaM CO CKOPOCTHIO
1o 115 K6on. Kaxxapiii mopT MokeT ObITh HACTPOEH Ha CBOW MIpOTOKOJ oOMeHa. Takum o0Opasom,
¢ noMombto TM MOXKHO CO37aBaTh T'E€TEPOr€HHBIE CUCTEMBI WIM OCYIIECTBIATh IOJTAIIHYIO
MojiepHHU3aIuio obopynoBanusi. B TM  BcTpoeH mNpoTokosll oOMEHa IO MOCIeA0BATEILHOMY
uHTepdericy. ITo MO3BOISET Co37aBaTh ceTu U3 MOHUTOPOB TM Ha ocHoBe uHTepdeiica RS-485. B
TaKyl0 ceTb MOTyT ObITh BKItoueHbl: MPB; Win MPB; Mukpo MPB. O0Omen ocymiecTBisieTcst B
pexume MASTER-SLAVE. Bo3MoxHO co3nanue 10 16 napauieibHbIX CETe Takoro TUIa.

TRACE MODE nogzep:xuBaeT peKUMbl CETEBOI0 0OMEHa.

[Ipu ucnonb3oBanuu IBM-coBMecTuMBbIX KOHTpoJuiepoB Takux kak MicroPC, KPYU3,
M®K (Tekon), Kpyns, ADAM, MIC2000 u np. mpumMeHsieTcs criequaibHas run-time cucrema -
Mukpo MPB, kortopas koudurypupyercst cpeacrsamu TM. Takum oOpazom, i Takoro poja
KoHTposuiepoB TM sBinsieTcss eAMHbIM HHCTpyMeHTOM paszpabotku ACY TII xak BepxHero, Tak u
HUKHEro ypoBHs. OcHOBHble pyHKIMU U XapakTepuctuku Mukpo MPB TM: 120 mkc-55mc —
Bpems peaknuu cucteMbl; 4000 kaHAIOB BBOAA/BBIBOAA; moaepkka wiat YCO u KOHTPOJIICPOB
pa3nuuHbIX (upM; ceTeBoil OOMeH; mpueM M mepBUYHas oO0paboTKa MaHHBIX; peaTu3anus
QITOPUTMOB  YIPABJIEHUS M PEryJupOBaHUsA; TIpynnoBas oO0paboTKa COOBITHI; KOHTPOJb
uctipaBHoctu YCO; nopnepxka WATCHDOG-Taitmepa; 3amura OT 3aBUCAaHUS; YIPABICHHE
yCTpOMCTBAMM; MOJAEPKKA IPOMBIIUIEHHBIX CETEH, MOIJEp)KKa MOAEMHOM CBA3H, 4 YpOBHS
OTJIQJIKM B MOIIAroBOM M HempepblBHOM pexkuMax. [Ipu momomm Mukpo MPB Monem+ mMoxHO
co3iaBaTh IJIOOANBHBIE pacCIpe/ielIeHHbIe CUCTEMBbl cOopa HHQpOpMaIK, OOMEHUBAIOLIUECS C
HOST-mammHo# yepe3 0ObIKHOBEHHYIO TEJIE(POHHYIO CETh.

TRACE MODE aBromatusupyer Hauboyiee CIOXHBIC OTalbl CO3JAaHUS CHUCTEMBI
yIpaBJIeHUS: TPUEM  CUTHAJOB; 0OpabOTKa  CHTHAJIOB; AaBTOMAaTHYECKOE  YIpaBJCHHE
VCIIOJTHUTENIbHBIMU  YCTPOMCTBAMH; BH3yalM3alUsi H3MEPEHHBIX BEJIMYUH; BEJICHHE AapXHUBOB;
TE€HEPUPOBAHUE OTUETOB.

Mukpo MPB TM peanu3yer TEXHOIOTUHA BU3YaJbHOTO MPOTrPaMMHPOBAHUS KOHTPOJLIEPOB
yKa3zaHHOro tuna coryiacHo cranaapty MOK 1131-3. J{ns pa3paboTKu MCHONB3YIOTCS BU3YaJIbHBIN
U TEKCTOBBIM s3bIKH, CcOOTBETCTBeHHO, TexHo FDB u Texno IL. fI3piku opueHTHpOBaHBI Ha
MH)KEHEepa-TeXHOJIOra, a He Ha MporpaMMHUCTa. BuOaMoTeka anropuTMoB coiepkut Oosee 150
monyneii. Mukpo MPB TM mnpencrasnsier pa3paboTunky (GYHKIUU OTJIAIKH, BKJIIOYAONINE
OTNAAKy aJrOpUTMOB MEpBHUHOM 00paboTku, Texno FDB, oTnenpHBIX 00beKTOB 0a3bl KaHAIOB U
AMYJSUU pabOThl BCEr0 IMpOEKTa B MOIIArOBOM M HEINPEPhIBHOM pexume. B cucremy BXxoauT
npodaiinep, HaOIMA BO3MOXHOCTh ONPEAEICHHUS BPEMEHHBIX MapaMeTpoB, MOTPeOIsIeMbIX
pECYpCcOB, JMArHOCTHKM OLIMOOK HWCIIOJIHEHUS U HAaKOIUIEHUS CTaTHUCTUKH CHCTEMHBIX
xapakrepuctuk Mukpo MPB Ha srane ommanku. IIpu momomm Muxpo MPB MoxHO co3naBath
OTKa30yCTOMUYMBBIE PpPE3epBUPOBAHHBIE CETEBbIE KOMIUJIEKCHI Ha 0a3e Mociel0BaTelbHOIo
uHTepdeiica, TOKaIbHBIX CeTeH U T.1.

Takum oOpaszom, Mwukpo MPB TM, ocraBasice SCADA — cucreMoid, sBiseTcs
COBPEMEHHBIM HHCTPYMEHTApUEM IIPOEKTUPOBILMKA TPpOrpaMMupyeMbIX KoHTposiepoB ACY TII.



