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ABTOMATU3WPOBAHHASA NABOPATOPHAA YCTAHOBKA
MO NPOBEPKE MMPOCKOMWYECKUX NPUBOPOB

ABWaLMOHHAs NPOMBILLNIEHHOCTb, B HALLEN CTpaHe, No NPeXHEMY SBNSETCH CaMbIM KPYNHbIM KOMMSIeK-
COM U BKMtoYaeT B cebsi 214 npeanpusTuii n opraHmsaumi, B Tom yucne 103 — npombiwneHHsle, 102 — HAW n
OKB. ObLias YICneHHOCTb 3aHATbIX B POCCUIACKOM aBWUALMOHHOM NPOMbILNEHHOCTH — 6onee 411 Tbic. Yeno-
Bek. (no gaHHbIM Wikipedia)

K coxaneHuo, 060pyaoBaHne, UMEIOLLEECH Ha aBMALMOHHBIX NPEANpUATUSX, He 0BHOBMAMNOCH Yyxe
MHOTO feT, a 3apaboTHble NnaTbl Npeanaraemble MOMOAbIM CreLmancTaMm He MOryT KOHKYPUPOBaTh C KOM-
MepYeCKUMU CTPYKTYpamK, B pesyrnbTaTe Yero cpefHuii BO3pacT COTPYAHUKOB NMOCTOSHHO pacTeT, 1 BCe Yalle
OLLyLIaeTCs HexBaTka kagpoB. K TOMy e TOYHOCTb YerioBeka-onepaTopa 3Ha4YnTeNbHO OrpaHnyeHa, no cpae-
HEHMIO C aBTOMATMYECKUMU CUCTEMaMK, @ PECYPC U HALEXHOCTb TaK Ke 3HaYMTENbHO YCTYNaT aBToMaTu-
3MPOBaHHbLIM CUCTEMAM.

OnHUM 13 BO3MOXHbIX MyTeN BbIXOAA U3 CIOXKUBLUENACS CUTYaLMKN SBSIETCA 3aMeHa Py4HOro Tpyaa Ha
aBTOMAaTW3MPOBaHHbIA. ABTOMAaTU3aLMs NPUMEHsIeTCS B Tex obnactax, rae TpebyeTcs BbICOKas TOYHOCTb, a
TaK Xe Mnpu MOHOTOHHOW paboTe.

[puMeHeHWe aBTOMAaTM3aUMK B MPOBEPKE aBMALMOHHOTO 0BOpYAOBaHUS MO3BOSUT CHU3UTL BEPOSAT-
HOCTb OLUMBOK, Kak NepBoro, Tak 1 BTOPOro poAa, YTO B CBOK o4vepedb OyaeT BbIro4HO kak Ans npoussoauTe-
N8, TaK ¥ AnNs nokynaTens.

ABTOMaTM3MpOBaHHas yCTaHOBKa BbinonHeHa Ha ocHose KIMA-5a (puc. 1).

Puc. 1. Cton noBopoTHbIii KMA-5a

KIMA-5A 3T0 aBTOMATU3MPOBaHHAs YCTaHOBKA, MpedHA3Ha4YeHHas Ans NPOBEPKW Mponpubopos.
[MOBbILIEHNE TOYHOCTU M3MEPEHUs Yrna MoBOPOTa MOBEPXHOCTM CTOMa C 3aKPEnnEHHbIM Ha HEM
rMponpnbopoM OCYLLECTBSETCA 3a CHET UCKMIOYEHMS:


http://ru.wikipedia.org/wiki/%D0%9E%D0%9A%D0%91

— PYYHbIX OMepauun C OOHOBPEMEHHbIM YBENWYEHWEM YMCria OTCYETOB, 3@ CYET NPUMEHEHMS
aBTOMaTM3aLMM yNpaBieHns CTOSIOM C UCMob3oBaHueM 3BM 1 MUKPOKOHTPOMNEPHOM TEXHUKY;

— oWwwnboK onepaTtopa, CBS3aHHbIX C 0BpaboTKoW pe3ynbTaToB W CHATUEM MOKa3aHWA MO LKarne, 3a
CYET NPUMEHEHUSI aBTOMATU3MPOBAHHON 06paboTky MHOPMaLMK, NOCTynatLLei oT akcenepometpa B IBM
W BbIBOZA €€ Ha nevarb;

— CUCTeMaTU4eCcKoi NOrPELLHOCTH 3a CYET NMOTOB B NepeaaToyHbIX MexaHW3Max cTona.
Y KIMA 5A 6bIno, 13-3a ee KOHCTPYKTUBHbIX 0COBEHHOCTE, HECKONBKO HEAOCTATKOB, TaKWX Kak

- HMU3KaA TOYHOCTb,
- HEBO3MOXHOCTb AasbHeNLIero Pa3BUTUA apXUTEKTYPbI,

—  HeobX0AMMOCTb NOCTOSIHHOMO KOHTPOSS CO CTOPOHbI OnepaTopa.

B ycoBepLueHCTBOBaHHOM cucTeMe Bbln 3aMeHeH psf 9NEeMEHTOB U M3MEHEHO MporpaMMHoe obecne-
YeHue.

B nepsyto o4epeb MoaepHU3aLmy NoaBepriach nnata ynpasneHns CTONOM.

3a ocHoBy Obina B3dTa oTnagoyHas nnata Crumb128, sapoM KOTOpPOW SIBASETCS MUKPOMPOLLECCOp
Atmega128. [JlocToMHCTBaMM 3TOMO MUKPOMPOLLEeccopa No CpaBHEHUIO C MUKponpoLeccopoM Atmegal6 saens-
€TCA Hanuume ABYX annapaTHbIX YHUBEPCabHbIX CUHXPOHHO-aCUHXPOHHBIX MOpTOB BBOAA-BbIBOAA (YCAPT),
KOTOpble MO3BOMSIOT NOCTPOUTL NapanienbHbii 06MeH JaHHbIMK (Nepedada ¥ NoMyYeHne) Mexay MUKpPO-
NpOLLeCccCopoM, ynpaBstoLLe NporpaMmMon 1 WwarosbiMK apuratensmu. B Atmegal16 peanusauus 4ononHu-
TensHoro YAPTA npou3Boannock Ha NporpamMMHOM YPOBHE, YTO 3HAYUTESBHO YCMOXHANO KOA U NPUBOAMIIO K
BO3HWUKHOBEHWIO C60EB B paboTe nporpaMmsl.

B MozepHu3npoBaHHOM crUCTEME, MUKPOMPOLLECCop ABNSeTCs yeTporncTsoM conpsbkeus MK, WO v Ak-
cenepomeTpa. YnpoLieHHas (yHKLUMOHaNbHas cxema paboTbl MUKponpoLieccopa npeacTasneHa Ha puc. 1.
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Puc. 1.



Mwukponpoueccop npuHumaet curHan ot K no kaHany YAPT, obpabaTbiBaeT nonyyeHHble gaHHbIe.
Ecnu nonyyeHHble AaHHble MMEKT MpU3HAKM KOMaHabl, TO mpoucxoguT obpaboTka Momy4eHHOro kopa W
yrpasfieHne UCNOMHUTENbHBIMW MEXaHU3MaMu.

MapannensHo ¢ 06paboTKoM AaHHbIX NPOMCXOANT 0BMEH AaHHBIMW C aKCENEPOMETPOM W CYUTbIBAHME
AaHHbIX M0 0CAM. ITO MOXET NPOUCXOAMUTb Kak B aBTOMATUYECKOM pexuMe, Tak 1 Mo KoMaHae oneparopa.

lMporpamMma ynpasfieHns BbINOSIHEHA TakuM 0BpasoM, YTO No3BONSeT B BydyLieM BHOCUTb LOMOMHeE-
HWS, HEe BHOCS CUJTbHBIX U3MEHEHUI.

[Ins yMeHbLLEHNS NOTPELLHOCTEN W YBENNYEHMs TOYHOCTM paboTbl 2x oceBor akcenepometp ADXL203
Obin 3ameHeH Ha TpexoceBo MEMC (Mukpo JnektpomexaHunyeckne Cuctembl) akcenepometp LIS3L02DQ
MoKa3aHWs KOTOPOTO He 3aBUCST HU OT reorpatM4eckom WUPOTbI, HX OT BbICOTbI Haf, YPOBHEM MOPS;

LIS3L02DQ sBnsieTcs TpeXoCeBbIM MUKPOMEXaHUYECKUM aKcenepoMeTPOM, haKTUYECKN BKITOYaOLMM
B cebs 3 He3aBMUCUMBIX ApYr OT Apyra OAHOOCEBbIX — aKCEeNepoMeTpa, PacnofiOXEHHbIX OPTOrOHANbHO APYr K
Apyry v ALI.

C nnatoi ynpaBneHust OH conpsraeTca NocpeacTBOM napannensHoro nopta SPI, 4to nossonser cuu-
TbiBaTb MH(POPMALMIO, KaK B MOCTOSAHHOM PexuMe, Tak 1 Npu 3anpoce C KOMMbITepa.

LIS3L02DQ nmMeeT BO3MOXHOCTb KOPPEKTUPOBKW paboTbl, KarnbpoBKM 1 HECKOSbKO PEXUMOB paboTbi.
TaK e UMEeeTcs BO3MOXHOCTb AMHAMUYECKOTO CUUTHIBAHWS AaHHBIX (MPWU U3MEHEHUM), HACTPOMKA Hyns U
NPOBEAEHNS CAMOTECTUPOBAHMUS, YTO HEOBXOAMMO NPU CO3AaHMM aBTOMATUYECKOA CUCTEMBI.

HomuHanbHas norpelHocTb Aatumka coctasnset 0,06 rpag = 3'6”. 310 No3BONSET 3HAYNTENBHO NO-
BbICUTb TOYHOCTb CUCTEMbI U C YHETOM MeXaHUYeckux norpeLHocTen obopyaoBaHNs NoNyYnUTb NOrPeLHOCTb
no 8.

[ns ynyyiwenus ctabunbHocT paboTbl, 06ecneyYeHns NoBbILWEHNS TOYHOCTW NOSYYEHHbIX pe3ynbTa-
TOB, BbIYMCIIEHWNE KOHEYHOTO pesynbTarta npoucxogut Ha MK ¢ ucnonb3oBaHMeM NpOrpaMMHOro Kommekca
LabView.

Cpepa LabView, komnanum National Instruments, nossonsiet, noMmumo TabnmyHoin opmbl, nonyyarb
BM3yarbHOe 0TOOpaxeHne Ha MOHUTOPE, B 3aBMCUMOCTM OT TWUMNa NOBEPSIEMOr0 YCTPOMCTBA.

lMporpamma noBepku 3a4aeTcs NPOTOKONOM HanucaHHbIM B nporpamme Ms Excel- B Buae tabnuubl ¢
HeOBXOAMMBIMU 3HAYEHUSMU YITIOB OTKMOHEHWS NNaT¢opMbl N0 OCAM TaHraxa u kpeHa. MoxHo 3agaBaTb
KONMWYeCTBO MOBTOPEHUM MPOTOKOMA AN NOCMedylwero CTaTucTuieckoro aHammsa. CoxpaHeHa BO3MOX-
HOCTb 3a[aHNs e4VHNYHOrO 3HAYEHWs yrna OTKMNOHEHMS B MHTEPECe caMon NporpamMmbl (AN Ha4yanbHOM
yCTaHOBKW nnatgopmbl). [ocne npoBefeHNs UcbITaHuii MHOpMaLMs BLIBOAUTCS onepaTopy B TabnuyHom
opme, a TaK e aBTOMaTUYEeCKN COXpPaHsTb B namatn OBM ans ganbHenLwero aHanuaa.

YnpaBreHue CTOIOM NPOUCXOAMT Kak B MOMyaBTOMAaTMYECKOM, Tak U B aBTOMATUYECKOM pexume, no
3apaHee HaMeyeHHOM nporpamme, YTO NO3BONSET CHU3UTL Harpysky Ha onepatopa Ha 30% u TeM cambIM no-
BbICUTb 3(h(HEKTUBHOCTb TPYyaa M UCNONb30BaHNS pabo4ero BpEMEHM.



