Y[IK 681.553.08

Cmonuli — cTyaeHT y4ebHOro BOEHHOTO LieHTpa

A
B. B. Komoeud (kaHf. TEXH. HAYK) — Hay4HbI PyKOBOAWUTESb

A.

B.
PA3PABOTKA YCTPO?ICTBA YNPABNEHUA CUTHATNIAMU

ABTOMATU3MPOBAHHOW YCTAHOBKW ANA NPOBEPKWU ANA-99

lMposepka AlO-99 (aBTomaTa 3anycka asuratens camonérta CY-27, ganee — All[l) ceoauTcs K nogaye
Ha ero Bxofbl NOCIeA0BaTENbHOCTU PENENHbIX CUHAMOB U KOHTPOSTO BPEMEHHbIX NapaMeTpoB CUrHaroB OT-
BeTa Ha ero BbixoAax. JTa 3afjaya B HacTosLee BPEMS PELIaeTCs C NOMOLLb YCTaHOBKW, COCTOSLLEN U3
nynbTa nepekntoyaTtenen n 6noka cekyHaoMepos. epBbIi onepaTop ¢ NOMOLLLIO NepekoYaTenen Ha nynb-
Te 3afaeT BXoAHble curHanbl Al[, BTopoit onepatop (UKCUpYEeT BPEMEHHbIE NapameTpbl BbIXOAHbIX CUTHa-
noB € NomoLLbto 6roka cekyHaoMepoB. [aHHbIi npouecc TpebyeT NOBLILLEHHON KOHLEHTPaLMK BHUMaHNS B
TEYEeHWEe 3HAYNTENbHOTO Nepruosa BpeMeHU, BO3pacTaeT BEPOSTHOCTb OLWMOKM onepaTopa, npu BO3HUKHOBE-
HWAW KOTOPOM MPOBEPKY MPUXOQMTCS HayYMHaTb M3 MUCXOQHOrO COCTOSHUSA. JTO AenaeT Mpouecc MpoBepKu
BecbMa Tpynoemkum. O4eBMaHO, YTO CylecTByoLas cuctema nposepku AlL HeadhdekTmBHa 1 TpebyeT aB-
TOMaTM3aLuK.

AsTtomMaTu3aums npouecca nposepkn AML-99 no3BonUT MCKIIOUNTL OLUIMOKK onepaTopa, COKpaTUTb KO-
NIMYECTBO ONEPaTopoB, YBENNYMTL TOYHOCTb U3MEPEHUS BPEMEHHbIX MHTEPBASIOB, COKPATUTb BPeMS NpoBep-
KW, @ TaK e ynpocTuTb 06paboTKy pe3ynbTaToB 1 0OpMIIEHNE OTHYETA O NPOBEPKE.

CTpykTypHas Gnok-cxema yCTPOMCTBA YNpaBMEHNS CUrHanami aBTOMaTU3MPOBaHHOM YCTAHOBKW ANS
nposepku AMA-99 npueeaeHa Ha puc. 1. BHelwHUi BUA YCTPOMCTBA NPeLCTaBneH Ha puc. 2. B pamkax paspa-
BOTKM YCTAHOBKM NPUHATO CrieaytoLee UMeHoBaHWe HanpasneHHoCTH curHanos: BbIXOAHbIMW HasbiBatoTCS
CUrHanbl, nogaBaemble yctaHoBkoi Ha Bxogbl Al[, BXOOHBIMU HasbiBatoTCs curHansl, npuHUMaemble
ycTaHoBKow ¢ Bbixogos All[.
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Puc. 1. CTpykTypHas 6rok-cxema ycTpocTBa ynpaBfieHusi cUrHanamm aBToMaT13npoBaHHOM yCTaHOBKM 4ns nposepkm AlN-99:
LA — wuHa panHbIX, WA — wuHa agpeca, SPI — Serial Peripheral Interface (nocnegosaTenbHblid nepudepuitHblin MHTEPGENC),
USART - Universal Serial Asynchronous Receiver-Transmitter (yH1BepcanbHbIii aCUHXPOHHbIN NPUEMONEpeSaTymK),

T — Bx0z 06pa3LOBOM TAKTOBOW YaCTOThI Tanmepa




Puc. 2. BHelwHui1 BUA yCTPONCTBA yNpaBneHns curHanamu

YCTPONCTBO YNpaBIieHMs CUrHanamm COCTOMT U3 ABYX OCHOBHbIX YacTeil: MuKpokoHTponnepa u MNJINC
(Mporpammupyemon Jlorudeckon UHTerpanbHon Cxembl). MUKPOKOHTpOIEP OCyLLeCTBASET 0OMEH AaHHbIMY
C nepcoHanbHbIM komnbtotepom (1K), obpabaTbiBalolwMm NOMyYeHHbIE JaHHbIe M 0TOOPaXatoLwmMM pesynbTa-
Tbl, ¥ yNpaBnseT ycTpocteamu, peanusosanHbiMu Ha MJTAC. TJIAC paclumpsieT BO3MOXHOCTM nepudepum
MWUKPOKOHTpOMepa no paboTe ¢ penenHbIMU CUrHanamu.

MpumeHeHune MINNC npecnegosano ABe Lenu: TEXHOMOMYECKY U METOANYECKYI0. TeXHOMornyeckas
LeNb 3aKnoyanach B TOM, YTO Ha MOMEHT MPOEKTUPOBAHUS YCTPONCTBA HE NPEACTaBISANOCs BO3MOXHbIM MO-
NyYnTb B PaCropsKeHNe KOHTPOSNEP C JOCTATOYHbIM KONIMYECTBOM KaHanoB BBOAA-BbIBOAA OBLIEr0 Ha3Ha-
YeHMsl, YTO PELLNOCh X HapaLLMBaHWUEM C MOMOLLbIO CXEMbI NOCNEA0BATENBHO-NApanensHoro npeobpaso-
BaTessl, BbINOMIHEHHOMO Ha annapaTHou norvke. MeToanyeckas Lenb 3akntoyanack B ocsoeHuun MIINC, kak
nnatdopMbl pa3paboTki YCTPOICTB Ha annapaTHOM Norvke, NO3BONSIOLLEN 3HAYNTENBHO YAELIEBUTb U YCKO-
PUTb NPOLECC KOHCTPYMPOBAHMUS YCTPOUCTB NOLOBHOMO Knacca No OTHOLIEHMIO K KOHCTPYMPOBAHUIO C UCMOSb-
30BaHWeM 3rieMeHTHOM Ba3sbl AUCKPETHOMN JOTUKM.

Bbi6op tmna MJINC — CPLD (Complex Programmable Logic Device) bbin 0bycnosneH Tem, 4to nogob-
Hble YCTPOWCTBA, KaK NpaBuio, AELUEBbl, UMEKT 3HEPTOHE3aBUCUMYIO NaMsATb AN XPaHEHUS KOH(Urypawu-
OHHOWN NPOLUMBKM, EMKOCTb N0 060PYA0BaHMI0 4OCTATOYHYHO ANS peLieHns 3a4ay HU3KOWM U CpegHem CroXHO-
CTU 1 He TpebyT KOHUIYpUpOBaHUS nepes KaxabiM Hayarom paboTbl. ITO NO3BONUIO 3HAYUTENBHO YNpo-
CTUTb NPOEKT MO OTHOLLEHMIO K BapuaHTaM npu BO3MOXHOM Bbibope apyrux Tunos MIAC.

Ha MJINC peann3oBaHo ABa HE3aBUCUMbIX YCTPOWUCTBA:

— 610K BblgayM BbIXOAHBIX CUTHANOB, NPeACTaBnALWMA coboit HAabop YeTbIPeXBUTHBIX PErNCTPOB C
pasfeneHHbIMK agpecamu YCTaHOBKW 1 CBpoca 3HaueHui;

— Bnok npuema BXoa4HbIX CUrHanoB, NpeacTaBnaoLwmin coboi aemynbTunnexkcop 32/1.

Mpu paspaboTke komnnekca nporpamMmmHoro obecneyenns (MO), cocTosLWEro U3 ynpaBnatoLWwen npo-
rpamMMbl Anst MUKPOKOHTpornepa 1 nporpammbl Ans MK, k Hemy npeabsBnsnmch cneaytolume TpebosaHus.

MO BOMKHO NO3BONAT:

—  npoussoanTb nposepky AlO-99 B COOTBETCTBUM C TEXHONOTMYECKUMU KapTamu;

- ncnonb3oBaTb YCTAHOBKY ANA PELeHUA HEe TOJTbKO 3ada4vu NpoBEPKK AI'I,El-99, HO K BCeX 3adad
3TOro Krnacca B npegenax BO3MOXHOCTEN annapartHoro obecneyeHns;

- N3MEHATb NOPAA0K N BpEMSA BblAa4u BbIXOAHbIX CUTHAII0B 6e3 namerexns camoro M0;

- BBOOUTb NoOcCnenoBaTenibHOCTb U BPeMA Bbldayn BbIXOOHbIX CUrHanoB B HarnmsaaHoOM BuAe, O0-
CTYyNHOM [Ons onepaTtnBHOIO peaakTMpoBaHUSA;



- BbIBOAWTb NOJTy4EHHbIE aHHbI€ B HArMAAHOM BUAE, AOCTYNHOM ANA OﬂepaTVIBHOVI OL/€HKW;

—  NPOBOAMTbL NPOBEPKY LIENOCTHOCTU 3MEKTPUYECKNX Lienen kaHanoB BBOAA U BbiBoga 6e3 npume-
HEHWs cnelnanbHoro 06opyaoBaHus;

—  COXpaHATb NOMy4eHHbIe AaHHble 471S AarnbHENLIEro aHanmaa.
Mpu TecTMpoBaHMM ObinK BbISIBREHDI CeaytoLe HEAOCTaTKM:

— Manad nponyckHas CnocobHOCTb KaHana cBsiau;

— OTHOCUTENbHAs CIIOXHOCTb anropuTMa CYMTLIBAHWS W BblAa4W CUrHArOB MUKPOKOHTPOMNEPOM W3-
3a NpUMeEHEeHNst NocneoBaTeNbHO-NapaniensHoro npeobpasosatens;

— HepocTaToyHasi ckopocTb 06paboTku curHana Ha MK.

MocneaHee 0COGEHHO KPUTUYHO. YCTPOMCTBO CrnocobHO oTnpaBuTb Ha MK AaHHble 06 M3mMeHeHWUw
BXOZHbIX CUrHANoB C TOYHOCTbIO -1...+2 MC Kaxable 5 mc. OBbpaboTka 04HOro NakeTa AaHHbIX O COCTOSHMM 32
BXOZOB NEPCOHAmNbHbLIM KOMMbIOTEPOM 3aHMMAET okofio 30 MC 13-3a OTHOCUTENBHO MeASIEHHON peakLmn Ha
CMCTEMHbIE COBbITUS M CAMLLKOM BbICOKOYPOBHEBO peanuaauuy nporpamMmmel 0bpabotku. Bo Bpems 06pabor-
kn Ha MK, koHTponnep He OpMUPYET U He OTMPaBASIET NakeTbl. TakuM 06pa3oM, BCE U3MEHEHWS BXOAHBIX
CUrHanoB, npowusoLiefwmne Bo Bpems 0bpaboTku, OCTatOTCA HEYYTEHHBIMI, @ MPK YCNOBUM COXPaHEHUS CO-
CTOSIHUS YYUTBIBAKOTCS, KaK NpoM3oLeaLLmMe cpasy no curHany okoH4yaHus obpabotku. Mpegnaratotcs cnegy-
toLLME PELUEHMS ANS YCTPAHEHMS BbILLEONUCAHHBIX HEOCTaTKOB:

— YBeSIMYeHWe CKOpOCTU nepefayn AaHHbIX 3a CYET MPUMEHEHWUS KBApLEBOrO pe3oHaTopa C YacTo-
TOW, U3 KOTOPON MOXET BblTb CMHTE3MPOBaHa annapaTHbIMI CPeaCTBaMM MUKPOKOHTPOMNEpa TakToBas 4a-
ctota moaynst USART, cooTBeTcTBYtOLLas Gonee BbICOKOW CTaHAAPTHOM CKOPOCTM Nepeaaym LaHHbIX;

— 1CMOMb30BaHNE CUrHANOB annapaTHOro KBMTUpPOBaHWS RS-232 ons obo3HayeHus rpaHuLy nakeTa
AaHHbIX BMECTO (PUKCMPOBAHHOIO pa3mepa nakera;

— 3aMeHa MUKPOKOHTpOSIepa Ha Apyroy U3 TOro e CEMeNCTBa, pacrnonaratolwmin JOCTaTouHbIM KO-
NNYECTBOM KaHanoB BBOAA-BbIBOAA 00LLero HasHaveHus, Hanpumep Atmega1280;

— peanusauus bydepa FIFO B anroputme nonyyeHust BXOAHbIX CUrHanoB 1 nepegdaym ux Ha K, uto
BO3MOXHO TOMbKO MpU 3aMeHe MUKPOKOHTpOMNepa Ha Apyroun, pacnonaraowmii 6onswmnm o6Lemom onepa-
TUBHOMN MamsTHh.



