3Be31YaThle MHOTOTPAHHUKHY Bunui-nieep Opuon-128 oHnaiiH OKI JlaGopatopus zvzd3.ru ['ocTeBas

IIpocTou camoaeIbHbIA Kapauorpad ¢ 3anucbro Ha SD kapry

Hosble ylIydlleHHbIE CX€MbI AlIIIAPATHOH YaCTH

BapuaHTsbl

Cxema u onucanue, NpoIMBKA Ipumeuyanus
Kapauorpaga

OnnokanaabHBbIN Kapauorpad: yacrora nuckperuszanuu 976.5625 I'u, Buyrpennuit AT MK 10-12 6uT, 3anuck Ha SD kapTy, 101. JaTYUKH, TOJKIIOYEHUE K TeNehOHY I OTOOPAXKEHUS KapIUOTPaMMBbl

OnybnukoBaHbl B xKypHane Pagnoxoo0u 2012, Ne4 u Ha calite

1.0 (pic164873a) [Ipocras n HagexxHas cxema. HuzkoBaTo paspereHne KapIMoCcurHana mo 'BepTukaiu’ (XoTs ajs HajexHoN (ukcanu R-3y0110B €ro BIoHEe XBaTaeT)

'asIbHUK'
2.0 (pic161873a) CxeMa 1 ONMCaHue HUXKE 3HAUUTENBHO YIYUIIEHO Ka4eCTBO 3alMMCH KapIMOCUTHAJa, TpruyeM 0e3 UCIIOIb30BaHuUs IOPOTUX AeTallel: J00aBJIeH TOJIbKO AOMOJHUTENbHBIN OY.
: IDIE IEHO KauecTBO KapauocurHana 3a cueT MK ¢ 12-outHbiM AL 1 Oosibliiero BpeMeHu HakoruieHus. Peanu3oBano BeijieneHre R-3y010B Ha MUKPOKOHTPOJUIEPE U MHIUKAIUS UX
2.1 (pic18126k42) Cxema 1 onMcaHue HUXKe o P P yo P P P

CBCTOANOAOM

JIByxkaHaabHbI kKapauorpad: na kanana JKI, yactora nuckperuzanuu 976.5625 I'u, Buyrpennuit ALIII MK 12 6uT, 3anuce Ha SD xapty, A0I. JaTYMKU, MOJKIIOYEHUE K TeIePOHY sl OTOOpaKEHU S KapIUOTPpaMM

To xe, 4To M ogHOKaHaIbHas Bepcus 2.1, HO oTHOBpeMEHHO ouundpoBbIBaeTcs 2 KaHana. Yactora quckpeTusauy KapAuoCUTHalIa HE M3MEHUJIACh, HO MOTOK MH(OpMaly yBEIUYUIICS

2.1 duo (pic1826k42) Cxema u onucaHue HUXe BIIBOE

OToOpaxkeHuss KapauorpaMmmsbl Ha cMapTdoHe

Cosnana mporpamma y1st 0TOOpakeHUs KapauorpaMm Ha Tenedone i mianmere ¢ OC anapon. J0CTaTOUHO IOAKIIOUUTE TEPEXOTHUK usb-com K usb host (otg) Bamero yerpoiictsa. IlogaepkuBarorcs epexoHUuKH usb-com Ha nonyisipHbIX Mukpocxemax CP210x, PL2303, CH340G.

Cceinka Ha apk:
EKG_SD_2020_04_15.apk, MICXOTHUKHA TYT.

OOHoOBJICHHAaA NporpamMma JJis B3auMoaeucTBUs ¢ kapauorpagom u oopadorku 3anucein IKI

Iocnennss oOHOBIEHHAsS BEpCUs IPOrPAMMEI U1 KOMIIBIOTEDA:
EKG SD 2017 v2 10 ot 24.08.2017.

Bepcus nns neyxkanansroro kapauorpada:
EKG_SD 2020_v2_11duo ot 05.07.2020.

IIporpamma coBmecTuMa co BceMu anmapaTHBIMU peanu3anusaMu kapaurpada. Crucox U3MeHeHHI:

e Jlnsa BeimeneHus R-3y01moB mpruMeHEeH HOBBIM, KITACCHYSCKUM aJrOPUTM Ha OCHOBE B3BEIIEHHOTO HAKOILUICHUS KBaJAPaTOB MPOM3BOIHON KapauocuTrHama, o kaure "Panraiisa P.M. Anamm3 omomenunuackux curHaioB. [Ipakrnaeckuit moaxoa. 2007" (B djvu, 3epkano). B pesynsrare
BhIACCHUE R-3y0110B OoJiee Hajie:)kHOE, Apyrue 3yO1bl S(MOEKTHBHO MOIABISIOTCS (B TOM YK CJIe BRICOKUHN S-3y0ern).

o JloGaBieHna Qynkius Busyanu3zainnyd R-R nHTepBasoB. B pesynbrate Ha qiuutenbHo# 3anucu DKI erko uckath apuT™MHU, SKCTPACUCTOJBI U Apyrue 0e300pasus. Tawke oOHapykeHre R-R nHTepBagoB 3TO MEPBBIN AT Ha MYTH K aHAJIW3Y BapUallui CEPACUHOTO PUTMA.

o TlognepxuBaercs ckayMBaHue 3anuceit ¢ SD-kapThl yepe3 KapT-puaep B kommnbioTepe. CKOpOCTh IPU ATOM HEMPEB30MIeHHAs, HO KapTy MPUACTCS BHIHYTh U3 KapAuorpada U BCTaBUTh B KOMII. YCTPOMCTBO MPHU 3TOM JOKHO OBITh MOAKIIOYEHO JJIsl MOJIY4YCHUsI HOMEpPa MEPBOTO
CBOOOJIHOTO CeKTOopa (JIMOO 3TOT HOMEP MOKHO BBECTH BPYUHYIO).

* B cnucke COM-11opToB 0TOOpaXKaroTCs TOJIBKO PEAIbHO MPUCYTCTBYIOIME B CUCTEME C "PY>KECTBEHHBIMU ' UMEHAMU.

o [lpu Busyanuzamuu OKI' B peaqbHOM BpeMEHH B MPOILIECCE 3aMMCH YCTPOUCTBOM MOKHO 3a7aTh MHHTEPBAJ oToOpakeHUs B cekyHax. [Ipu aTom oTobOpaskaercst ctaTuctuueckas nHpopmaius o curnane: cpeanee, CKO, pazmax. MosxeT ObITh MOJIE3HO IS UCCIEIOBAHUS IIIyMOBBIX
XapAKTPUCTUK YCUIIUTEIIE.

e 3anucu IKI' MOXHO XpaHUTb B rar-apxuBax, (0auH *.rar aiin Ha onuH *.3kr - ¢aiin). [IporpamMmma pacnakoBbeIBaeT apxuBhl "Ha sieTy" (HeoOxoauma unrar.dll psimoM ¢ mporpammoit uinu ycranoBieHHbI WinRar).

* JIByxkaHasibHasi BepcHusi 00padaThIBaeT MEPBBINA KaHa, a BUyaIM3UPYeT 00a KaHaa.

OGHoBIEHHAas clIpaBKa U JOKyMEHTAIlMs Ha IPOrpaMMy Ioka B paspaboTke. I[Toka BB MOKeTe CKadaTh PyKOBOJICTBO OIlepaTopa OT Npeablayleii Bepcuu nporpammsl EKG SD 2010 - pyk_mous3osarens.doc.

CoBepuieHCTBOBAHNE CXeMOTEXHUKH CaMO/IeJIbHOI0 kKapauorpadga

Cxema n onmcanue epBoro BapuaHTa caMoIelIbHOTO Kapauorpada ¢ pyHkiuei 3anucu Ha SD KapTy ony0nukoBaHa B xKypHane Paquoxo66m 2012, Ned u na caiite "Hagneauk”. Cyns 10 MOJy4eHHBIM OT3BIBAM, B II€JIOM cXeMa Kapauorpada oka3anach yIadHOW: IOBTOPEHHUE KOHCTPYKIIMH

HE BBI3BIBAJIO CIIOKHOCTEM, COOpaHHBIN Kapauorpad He TpeOoBal HACTPOHKH M paboTai cpa3y Mocie BKIIOYCHHUS.

Tem ne menee, u cxema u nporpamMmuoe obecneuenue kapauorpada MoryT ObITh YCOBEPIIEHCTBOBAHEI (cM. Bepeun 2.0, 2.1 u npyrue).

BO-HepBbIX, I[MporpamMmy it aHaJIn3a KapAuorpamMm MOKHO YITyqllaTb OESCKOHEYHO B IJIaHE BU3YyaAJIN3alIlUN U dHAJIM3ad KapAUOCUTHAJId, aBTOMATHNYCCKOI'O BBIABJICHUA CCPACUHBIX UMITYIILCOB (R—BY6HOB), ITOUCKa HpO6J’I€M C pUTMOM. TYI‘ OHY6J'II/IKOBaHBI OOHOBJIEHU S IMPpOorpaMmbl U

HEKOTOPBIC MPUMEPHI pabOTHI C MPOTPAMMOM IO BBISBJICHUIO aHOMAINN B (DyHKIITUOHUPOBAHUU CEP/IIIa.
Bo-BTopbix, annaparnas yacts kapauorpada MOKET ObITh YIy4IIEHA B HECKOJILKUX HAIPABIICHHSIX:

* MOBBINICHHUE KAYeCTBA 3aMMCU KapAMOTpaMMBbl, YMEHBIIICHUE MMOMEX U OIMOOK auckpeTusanuu (Bepcus 2.0);

* HCIIOJIb30BaHME 00JIee MOIIHOTO MUKPOKOHTPOJIIEpA JJIsl TOBBIICHHS (h yHKIIMOHANA Kapauorpada (Bepcus 2.1);

e mepexon ¢ "MemieHHoro'" nunteppeiica COM (RS-232) na 6osee coppeMmenHbiit nHTepdeiic USB;

® HCIIOJIb30BAHUE COBPEMEHHBIX JIUTHE BBIX aKKyMYISTOPOB C 3apsakoi oT USB;

e nmpumeHenue ALl Gonpimedt paspsagHOCTH, B HAcaNE cenuann3npoBanHoro omomenuiiuackoro AL,

* YBEJIWYCHHUE YK CIIa KAHAJIOB (OTBEJICHUI) Y KapmorpamMmel (Bepeus 2.1duo);

* MOAJAEPIKKA TOMOJHUTEIBHBIX JATYMKOB, YaCOB PEATbHOIO BPEMEHH U CPEJICTB MHEPIIMAIbHOU/I00aTbHON HABUTAIIUH.
* BH3yaJH3allMs AJIEKTPOKAPANOTPaMMbI Ha IJIaHIIeTe WK TeaedoHe

Iocxonbky Gosee MOIEEBIE MEKPOKOHTPOILIEPEI (a TeM Ooiee BricoKoKauecTBeHHbIe ALII) cTOAT HOpOXKeE M 3a4aTyr0 MEHeE JOCTYIIHBI, IPEAIaraeTcs TMOKOe U3MEHEH S allapaTHoM yacTu. IIpocTas nopaboTKa MCXOHOM CXEMBI YK€ IIO3BOJISET JOOUTHCS MAKCUMAIBHOTO KAYECTBA
o ppoBKH KapauocurHana (6e3 gononautenbHoro AL, a 3To 6e3 comHeHus camoe miaBHOe. He3aBHCMMO MOYKHO pacCMOTPETh BapHaHT YCTAHOBKHM 00JIe€ MOIIIHOTO MUKPOKOHTpoJuiepa ¢ 12-6utHbeiM BcTpoeHHBIM ALIIT (Bepcust 2.1). Camblit "kpyToit" BapuaHT Kapauorpada -
MHOTOKaHaJIbHBIM BHEIMHUN crienuanu3npoBanHbli ALIIT + USB MukpokoHTpoOILIEep.

Bepcust kapauorpadga 2.0: npoctbie J0pad0TKH aHAJOTOBOM YacTU Kapauorpada 1 yJayqylleHUs Ka4ecTBa KapAuOoCUTIHAJIA

Ipunnunuansuas cxema caMonenbHOro Kapauorpada ¢ yCcoBEPIIEHCTBOBAHHOM aHAIOIOBOM YaCThIO IPUBEIEHA Ha PUCYHKE HIKE, (Jaiijibl C IPOIMBKAMU B Ta0JIHIIE.
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KOMMGHTapI/II/I I10JIb30BaTEIeH K CXEeME HaXxoaATCda HHUXKE

I naBnoe ynyumenne cxemsl - nepexn nonadeii na ALIII MK kapauocuraan gononauTensno yeunusaercs OY DA3.1 B ~50pas, 4To COOTBETCTBEHHO YMEHBIIAET OIMOKA qUcKpeTru3auu. Ilepen yeunenuem u3 curdana ¢punsrpom BU na C4,R10 MCKIIO4aeTes OCTOSHHAS COCTABIISIONIASL.
B pesynsrate qunamuydeckuii auana3zon AL mosHoiieHHO ucnonb3yerces st olu(POBBIBAHUSI HMEHHO TOJIE3HOTO KapAMOCUTHAJIA CUTHAJA, 4 HE CMEILICHU U W30JIMHUU, BOZHUKAIOIIMX U3-3a paz0agaHca 3JICKTPOJIOB.

Taroke qns ymenpimenns mymos npuMened ®HY na R12, C3, a kpome Toro yeunenne DA3.1 Ha BEICOKMX YacToTax orpanuueno C5 B 1menu o6paTHOM CBA3M.

Ilo cranpapram, Bo n30exaHMy MCKAXEHHS KAPAXOCUTHANA, (PMIIBTP MOCTOSHHOM COCTABJISIOIIEH JOJKEH HMETh TOCTOSHHYIO BPDEMEHH T HE MeHee 5 ceK. biaro, 5To 1erko 00ecneunTs 3a C4eT BEICOKOTO BXoAHOro conpotubiaeHue OY DA3.1. HeqoctaTkoM IOMOIHUTENLHOIO YCHUIICHHS
KapJAUCHUTHAJA SIBJISIETCS TOM, YTO MPHU PE3KOM M3MEHEHUHU HANpsHKEHUS pa30daaHca 3JEKTPOI0B, HAlIpUMEp, B MPOLIECCE YCTAHOBKE 3JIEKTPOJIOB Ha TEJIO, BOSHUKHET MEperpy3a yCUIUTeNa U Kapauorpad okakeTcs clien Ha BpeMsl HeCKOJIbkKX T. KoHeuHo, nosie3Has nadopmanus npu 3ToM
(dakTHUeCKu He TEPSIETCs, HO 3Ty 0COOCHHOCTh MOBEICHMUS CTOMT UMETh B By TPU MHTEPIPETAIUU JaHHBIX Kapauorpada.

Jlns nanbHelmero yBenMueH s Ka9eCTBa KapAMOCUTHAIIA IPUHATEL MEPHI 110 YMEHBILIEHHIO IIoMeX, KoTopble SD-kapra 1 MK co3maror npu cBoeii padore. J{jis 5TOro IpuMeHeH CTa0UIM3aTOp HAPSHKEHUS MUTaHUs aHaI0roBo yactu DAS. COOTBETCTBEHHO, 3TO CTAOUIIEHOE HAIIPIKEHHE
nonaHo Ha MK B kagectse onopHoro st ALII (Vigp). st nutanus nugposoit yactu (MK, SD-kapra, naT4rki) Tarke NPUMEHEH OTAENbHbIN cTaduim3arop DA6 Ha 3.3B, 310 no3BossieT SD-kapTe U akcelaepoMeTpy Beerna padoTaTh P HOMUHAIBHBIX HAIIPSHKEHUSX.

Ilo CpPaBHECHHIO C TIEPBOM Bepcrel kapauorpada, Ha CXeMe OTCYTCTBYeT TepMoAaTunk Ha DS1621, Tak kak moJib3a OT HET0 COMHUTEIbHAs. M3MepeHns TemiepaTypsl Tella BOOOIIE 3a1a4a ciiokHast. Ho mpu skeTaHur 3TOT JaTYMK MOYKHO ITOCTAaBUTh M BKIIFOUYUTH OIPOC B MPOIMBKE.
Axcenepometrp BK 1 tarke He o0s3aTeneH. OHAKO OMBIT ITOKA3bIBACT HECOMHEHHYIO TIOJIB3Y OT HETO MPH MHTEPIIPETAIINH JITMHHBIX 3alIUCEH, TaK KaK IIPH STOM BCeTa BOSHUKAIOT BOIIPOCHI: H3MEHEHUS KapAuOrpaMMbl CBSI3aHbI C IBUTATEILHOM aKTHBHOCTBIO MJIM BO3HUKIN CaAMH I10
ceoe.

Tarxxe B nepsoii Bepcuu kapauorpada seiBog MK RA3 (BbIB. 5) ucnonb3oBaics Kak Beixof curnana CS Beibopku SD kapthl. Teneps RA3 HeoOxoauM Kak Bxoj onopHoro Hanpsokenus aius AL MK. ITostomy curnan CS mis SD kaptel Bbigaéres ¢ BeiB. MK RAS (BbIB. 7). Takke CUTHAT C
BBIXOJA JIOI. yeunutels noaaercst Ha BTopoit Bxoa ALIIT AN1. Ha nepssiit Bxogq ANO 1o npexxHeMy noAa€Tcsi CUTHAII HAIPSIMYIO € BhIX0Ja MHCTPYMEHTAIBHOTO yeusnTenst DA4. DTo 1Mo3BOJISET MPOTPAMMHO MEPEKITIOUATHCS MEXKTY 'CTAPhIM' 1 HOBBIM YCUJICHHBIM CUTHAJIaMU, YTOOBI
HaDISHO YOSAUTHCS B MOJIB3€ OT JIOMOJHUTEIBHOTO YCUIUTEIIS.

Bce 310 moTpeboBanio COOTBETCTBYIONMX (MUHUMANIBHBIX) U3MEHEeHU M mpoumBku. HoBas mpoumBka BeigaeT CS ana SD kapTel Ha RAS (BBIB. 7), a Takke MO YMOJYaHUIO 3aMMChIBAET yCUIEHbIH curHai co BToporo (AN1) Bxona AL [TpoumBka moaaepkuBaeT NepeKIroueHUE 0 KOMaH/1e
c xomnbrorepa ¢ AN1 Ha ANO, a Takke BbIOOpP pa3IMYHbIX OMOPHBIX HanpspkeHu# st AL

Jonomaurensupiii OV DA3 - npakrudecku mo00ii, 160 TpeGoBaHMS K IyMOBLIM XapaKTEPUCTUKA JUI HETO HUKE, YEM JUIs yCUJINTENEN B IPEABAapUTENLHEIX Kackanax. B kauectBe DA4, DAS MOXHO UCIIOIB30BaTh JIHOOBIE aHATIOTOBBIE MEUKPOCXEMEI - CTA0MJIM3aTOPHI MUTAHUS Ha 3.3B U
Tok 10 100MA ¢ Hu3kuM nagenueM HanpsokeHus (LDO). He ctouT ricnonb3oBaTh CTaOUIN3aTOPHI, pacCUMTaHHBIE HA OOJIBILION TOK (aMIephl), TAK KaK NaJeHUuEe HAMPsHKEHWE Ha HUX U COOCTBEHHOE YHEPronoTpedIeH e 3HaYUTEIbHBI.

Jlns nuranus kapauorpada Hanbosee Henecoo0pasHo MCIONIL30BaTh TMTUEBBIE AKKYMY/ISTOPBI IIOAXOAAIIEH EMKOCTH M Pa3sMEPOB, KOTOPBIE MOYKHO 3apsKaTh OT usb yepes cranmapTHBIE CXeMbI 3apsaaki. MOKHO pasMECTUTh CXeMY 3apsIKU U IEPEXOAHUK usb-com B Kopryce Kapauorpada,
9TOOBI TOTYYUTH TPUOOP ¢ uHTEpdericom usb. Bripodem, BO3MOXKHO 1sl SKOHOMHUHU Pa3MEPOB HOCUMOTO TPUO0pa, MEPEXOTHUK U CXEMY 3apSIKH 11e51eco00pa3Ho clieiaTh BHEIMHUMH. DTO TAKKE MO3BOJISIET UMETH JBA MEPEX0JHUKA: IEPBBIN C TaJlbBAHUYECKOM Pa3Bs3KOM Ha omToNapax ajs
HaOJIOJICH K 32 KApJIMOCUTHAJIOM B pPE€ajlbHOM BPEMEHU U BTOPOU 0€3 pa3Bsi3KU /IS 3apsIIKK U CKAYMBAHUS KapAUOTPaMM B KOMITBIOTED.

Bepcust kapauorpadga 2.1: Hosbiiit MK ¢ AIII 12 0uT (COBMeCTUMBIN 0 BHIBOAAM CO CTAPbIM)

IMocne nopaboTky aHaIOrOBOM YacTU TOrUYHO OOHOBUTH LK(POBYIO, HCIIOIE30BaB BMECTO MOPAIBLHO ycrapeBero Picl161873a Gonee coBpemennniii MK ¢ 12-6utasim AL [l BiIafensbleB yxe cOOpaHHOro kapauorpada JIydiie Beero, eciu HoBblii MK OyneT COBMECTUM ¢ HCXOAHOM
cxemoit o BeiBoAaM. K coxxanenuto 3to rpannuuBaeT Bbi00p MK (B wactHocTu nckimodaer MK c usb). Bopouem u 6e3 usb HoBb1id MK 1103BOIMT 00€CeUU TS JIydlliee Ka4eCTBO KapAMOCUTHANA, a 3TO aBHoe. KpoMe Toro, y com-mopTa eCTh CBO€ MPEUMYILECTBO: KyIa MPOILE C/IeIaTh
OTITO3JIEKTPOHHYIO TaJIbBAHWUYECKYIO Pa3BsI3Ky (HYyKHA OyKBAJIbHO Tapa JCIHIEBbIX ONTOIAp).

B nacrosmee Bpems npounmBka ycremmo nopruposana Ha picl826k42. D10 oquH U3 caMbIX HOBEIX 8-0uTHBIX MK oT Mukpouwuir. ITpu Tom ke kBapie Ha 10Mri pabouas yacrora MK B 4 pasa Beiize. 3a cuet storo 10 39062.5 'y yBenuuena uactora onpoca AL mpu 3ToM oxHa

BBIOOpKA KapauocurHaia gpopmupyercs cymmupoBanuem 40 Be10opok ALIIL. Beicokast wactora onpoca ALl cHukaeT TpeOoBaHUs K aHAIOTOBBIM puibsrpaM 1o Bxoay ALl 1 HeckoJIbko MOBBIIIAET "OMTHOCTD', MPUMEPHO HA 10g2(400‘5) ~ 2.6 Oura.

Pasmep Oydepa uis kapauocuraana ysenudes 10 512 6aiiT, 3T0 CHUKAeTCs TPeOOBAHMS K CKOPOCTHBIM XapakTepucTHKaM SD-KapThl M TO3BOJIET OTCHIMAIBHO MOBBICUTH YAaCTOTY OIPOCa KapAMOCHTHANA (KOTOpas BIIPOYEM M TaK JOBOJILHO BHICOKA, ~ 1K) M YMCIIO 3aIIMCBIBAEMBIX
KaHaJIOB.

Buecro MK picl1826k42 MoxkHO Hcnonb3oBath picl 8227k42 wnu picl 8£25k42.

Taroxe B HOByIO IpONMBKy J00aBIeHa (QYHKIUS aHAIM3a KAapAMOCUTHAIIA 10 PAacIio3HaBaHuIo R-3y01os. [Toka 5To pacro3HaBaHKe UCIIOIb3YETC TONBKO I HHAMKALMK cBeToauonoM VDI kadecTBa kapauocuraana. Kaxipiii R-3y0er oTMeuaeTcs BCIBILKOM CBETOANOIA AU TEIbHOCTD
10mc, ecim unet 3anuchk Ha SD-kapTy. Eciu ke 3anuchk Ha SD-KapTy HE BBIMOIHSICTCS, TO ATO HHAUIIUPYETCS IBOMHON BCHBIIKOM cBeToAMOAa. Kak mokas3pIBaeT MpakTHUKa, WHAXKAIIASA pab0TOCIIOCOOHOCTH Kapauorpada odeHb mojie3Has (PyHKITHS.

Jlns moBslenns kadecTBa 3anucei kapauorpad ciemyer coOupaTh Ha JByXCTOPOHHEH ILIaTe C MEPEXOJHBIMU OTBEPCTUSAMU U OOMIMPHBIMU 3€MJISSHBIMH TIOJIUTOHAMH.

s npoumsxu HoBoro MK pa3paboTaHbl BCIIOMOTaTelbHbIE TPOIPAMMEI

JIByxkaHajbHasa Bepcusa Kapauorpadga 2.1 duo

HUcnonszosanne mommoro MK picl826k42 nossomnsier 6e3 mpodieM oLuQppOBBIBATL HECKOJILKO KAHAJIOB KapAXOIrpaMMBbL. PaspaboTana Bepcus IPOIMBKU, KOTOPas OHOBPEMEHHO OLU(ppOBLIBAET curHaisl 1o BxogaM ANO u AN1 MK 1 cOOTBETCTBYIOIIAS IPOrPaMMa BU3YalU3alud 1
00pabOTKM KapIHOTpaMM.

JByxkananbryro npoumBKy 2.1duo MOXHO HCIIONB30BATh C allllapaTHON YacThIO OJHOKaHAILHON Bepeun 2.1 kapauorpada, mpu 3ToM OyIeT PMKCHMPOBATLCSA CUTHAI JI0 M [OCIIE AOMOIHUTEIBHOIO YCUIIEHHS (YTO MOKET OBITh IOJIE3HO IS IIPOBEPKU PAOOTHI YCHIIUTES, a TAKKE PACIIMPIET
JMHAMUYECKUM rana3oH Kapauorpada).

Taroke MOXHO 100aBUTH B aNIIAPaTHYIO YaCTh BTOPOM KAHAIL: 1BA HOBBIX DJIEKTPOA, BXOAHOM OY, HHCTPYMEHTAIBHBIN YCUIIUTEND U IIPH HEOOXOAUMOCTH JONOJHUTEIBHEIN yCUaUTENb, CXeMbl BUPTYAILHOM M aKTUBHOM 3eMiIu IyOnupoBarh He Hano. COPMUPOBAHHBIE AHAJIOTOBOM
JacThIO CUTHAJIBI ABYX KaHayioB mojatoTcs Ha BxoJbl ANO nu AN1 MK. Ha cxeme nByxkaHaapHOTO Kapauorpada HUKe JaTIYMK YCKOPSHHU S He TTO0Ka3aH, ero MOJAKII0YEHNEe TaKoe JKe, KaK B OJHOKAaHAJIbHON BEPCHH.
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Ipu nanoxenuu >1neKTpOJOB HANO CTPEMUTECS K TOMY, 4T00bI Ha Bxox ANO MK nogasacs curaai ¢ Han0oJjiee BHICOKUMH R-3y011aMu, OCKOJILKY KMEHHO 3TOT KaHaJ UCIIOIL3YETCs [ BhIAeIeHUs R-3y0L0B IIpH yIIPaBIEHHH CBETOIAMOIOM M IIPH 00pabOTKE Ha KOMIILIOTEPE.

B npommBke ecTh Bo3MokHOCTE epeknrouaThes ¢ mapsl BxogoB ANO, AN1 Ha Bxoasl ANBO, ANBI, Ha KOTOpBIE TOJAETCA CUTHAN 0€3 TOMOIHUTEIBHOIO YCUIIUTENA. JTO MO3BONSET OLIEHUTH PA0OTy JTOMOIHUTEIBHOIO YCUIIATENS U IIPA HEOOXOANMOCTH H3MEHHUTD €TI0 YCHIICHHE 10
KOHKPETHBIE 3a/1a4H.

Bce ¢panbl NIPpOIIMBOK MUKPOKOHTPOJLIEPA 1A Kapauorpaga ¢ HCXOAHUKAMM

IpoumBka
Bepcus
(hex, [Mpumeyanus
NPOIIMBKH
HCXOAHHUKH)
1.0
(pic168373) hex, src Bxon kapauocurnana - ANO. JlonoaHUTEIRHO MPOoIMBKa o0ecrednBaeT onpoc TepmomMerpa DS1621 u akcenepomerpa MMA7455LT, a Takxke nuaMepeHue 4acToTel curHajia Ha Bxoje RC2 (CCP1)
20 VYnpasnenue BxoqoM CS SD-kapThl nepeHecero Ha BeIBoI RAS. Onpoc Tepmomerpa DS1621 otkimtoueH (J1erko BKIHOYUTH B HcxoaHuKax). Kapauocurnan ouu@posbsiBaercs mo Bxoay AN1, Bxonbl AN2,3 HCHONIB3YIOTCA Kak onopHbie HanpspkeHust s AL
(picl 6 £873) hex, srtc  |MK. IlogaepxuBaroTcsi KOMaHbI C KOMIa O nepekittoueHuns Bxoaa kapauocurdana (AN 1 nnu ANO), BeiOopy onopHbix HanpstkeHU AL (co BxogoB AN2,3 unu ot nutanust MK), ¢ HakonsieHreM cUrHana win ¢ npopexkuBanueM. Ecnu BcraBiena SD-kapra,
TO TIPY BOBHUKHOBEHHUU OIIMOKH 3anmucy Ha SD-KapTy yCTPOMCTBO MEPE3arpy:KaeTcsi: €CIM yXK 3alIaHUPOBAHBI U3MEPEHUS], TO OHU JIOJKHBI BECTUCH
2.1 hex. sre Kapaunocurnan 3anumaet noaubie 16 6ut (12 out AL + naxonnenue o 40 BeIOOpoK). Onipoc TepMOMETpa U U3MEPEHUE YaCTOThI HE TojAepkuBatoTcs. JlodasieHo ynpasienue cseroauoioM mo RC1 (CCP2), koTopblid MUTAaET B COOTBETCTBUM C
(pic1826k42) A= S BBIJICJICHHBIMHU R-3y01iamu (aroput™ BeijeaeHus: R-3y0110B peain30BaH B MPOIIMBKE)
2.1 duo hex. sre OuudposriBaercs ogHoBpeMeHHO curdai mo BxojgaM ANO u AN1. @opmar 3anucu Ha SD-kapTy He uszmenuiics, ANO numiercst B uetHbie BhIOOpKU, AN 1 B HedeTHbIe. HacToTa onpoca kapauocurHaia He u3MeHuiach (976.5625 I'), B Kax10M KaHale
(pic18f26k42) e S BbIOOpKa popmupyercs HaroreHueM 20 orcuéroB AL [loTok 3anmucu Ha kapTy SD yBenuuuiics B 2 pasa.
BenomorareasHbie nporpamMmvbl AJist npoinMBK MK Pic18126k42
Exe u
IMporpamma [Mpumeyanus
UCXOTHUKH
NikyComProgPic18F26k42, mporpamma jij1si OOHOBJICHU S TPOIIMBOK exe. Sre st HoBoro MK uM3MeHUIMCh MAKCUMAJIBHBIN pa3mep npolimBKy U pazMep cranullsl flash-namstu MK, mostomy mporpamma i1t 0OOHOBJICHU S TPOIIMBOK Y€pe3 COM-TIOPT HE BCTPOEHA B MPOrpamMmy
. XC, SIC
pic1826k42 gepe3 com-miopT T 00pabOTKH KapIuorpamMM, a peaanu30BaHa OTACIbHO
NikyJMDProgPic26k42, mporpamma Jijist IepBUYHOMN Janubiii MK 10BOJIBHO HOBBIH, TOATOMY OBLIIU CJIOKHOCTH C MPOIIMBKOM €ro yepe3 jmd-COBMECTUMBIN (KOTOPBIM MOAKIIOYAETCS K COM-MIOPTY) TPOrpaMMaTop U3-3a OTCYTCTBUS MOJIEPKKUA B codre
(BBICOKOBOJIBTHOM ) TpoumBKH picl 8f26k42 uepes jmd-coBMecTuMBIii|  exe, Sre (manpumep, PicPgm). ®upma Mukpouui noApa3yMeBaeT, UTO HAJI0 KylIUTh HOBBIM ITporpamMmmaTop. OHAaKO MPOTOKOJ BRICOKOBOJIBTHOTO MTPOrpaMMUpOBaHusi coBpeMeHHbIX Pic MK HacToiIbKO IPOCT, 4TO
(MoJKITI04aeTCs K COM-MOPTY) MPOrpaMmMarTop Obl1a pa3zpaboTaHa cCOOCTBEHHAs MporpaMMma Jyisi BEICOKOBOJIBTHOIO MPOrpaMMUPOBAHUS Yepe3 COM-TOPT

IHoakaroueHue K kapauorpady BMecTo JIEKTPOAOB MOfACA MYyJbCoMepa

MosxHO moaKIIOUUTE K Kapauorpady BMECTO 3JIEKTPOJIOB TOSC OT CIIOPTUBHOIO yIbcoMepa. [Ipu 3TOM [Ba KOHTAKTa M0sACa MOJKIIOYalTCs K BxogaM E+ u
E-. TTockonbKy 3a3eMJISIIOIMI AIEKTPO/] Y Osica OTCYTCTBYET, HEOOX0/IMMO YCTAHOBUTH 2 CUMMETPUPYIOUMX pe3ucTtopa oT E+ u E- k BUpTyanbHOil 3emiie
Urgp. ConpoTuBIIEHHS PE3UCTOPOB AOJKHBI ObITh Mopsaka S60KOM (moxoOpaHbl SKCIIEPUMEHTAIIBHO, XOTSI TEOPETUYECKH BO3MOXKHBI M OOJIBIIME

3HAUYCHU).

Iocxonbky akrusnas 3emis (E0) B TakoM BKIIOYEHU U HE UCIIOIBL3YETCS, IIPH MOAKIIOUEHHH Kapauorpada K KOMIBIOTEPY 0€3 rajbBaHUUEKOM Pa3BI3KK
BU3YAJIM3AIUsI KapIUOTPaMMbl CTAHOBUTCS HEBO3MOXKHOM M3-3a Mpeanupyronmx HaBoAok. [loaToMy 1enecooOpa3Ho BeiBecTH KOHTAKT EQ HapyxKy - mpu
NPUKOCHOBEHUHU K HEMY MOKHO CMOTPETh Kapauorpammy. Taioke MOKHO CeJIaTh rallbBAHUYECKYIO Pa3Bs3Ky com-uHTepdeiica Ha ontonapax. Bnipouewm, npu mrratHo# padote (6arapeiHOM MUTAHUU U OTCYTCTBUU MOKITIOUCHUS
K KOMITY) HaBOJAKU d(PHEKTUBHO MOAABIISIOTCS 0€3 aKTUBHOM 3eMJIH.

Taroke oTCyTCTBHUE 3236 MIISIOLIETO JIIEKTPOA K MOSCA IPEACTABIIET YIPO3Y AJs BXOAHKIX Iienell kapauorpada. B MOMEHT MOAKIIOUEHHS K KOMIIBIOTEPY €IMHCTBEHHBIN ITyTh IS CTATUYECKOTO 3apsA/a, HAaKOILUIEHHOTO Ha TeNe (MHOIIa BEChbMa 3HAYMTENILHOTO), IEKUT uepes Bxoasl OV DAL,
[ToaToMy 11€71€C000pa3HO MOCTABUTH MOCHIEI0BAaTENbHO ¢O Bxogamu B+, E- pesucropst Ha 20-100 KOwm, a Tarcke nepe noaKiroueHrueM kapauorpada K KOMIbIOTEPY MPeIBapUTEIbHO pa3psbKaTh "CTaTUKY' Ha KOPIYC KOMIIA.

Iosic mynscomepa xoporir Tem, UTO JIETKO M OBLICTPO HAAEBAETCS, U B COYETAHUU C KapaAuorpadoM MO3BOISLET ITOIY4aTh HANEKHBIE U3MEPEHUS MYILCA: B OTIMYUH OT (JaXke JOPOTMX M HABOPOUEHHBIX) CIIOPTUBHBIX ITYILCOMEPOB, COOMHEIE YUACTKU KaPAMOTPAMMBI (4aCTO BO3HUKAIOIME BO
BpeMsl IBUKEHUS) MOXKHO JOCTOBEPHO OOHAPYXKHUTh U OTOpakoBaTh. YTO BOOOIIE TaM MOKA3bIBAIOT CIOPTUBHBIE MYJIbCOMEPHI B MOMEHT HHTEHCUBHBIX JBUKEHUM - BOMPOC TUCKYCCUOHHBINA. OHAKO HE ONTUMAIBHBIN BHIOOP MECT HAJIOKEHUS 3JIEKTPOJIOB Y MOSICa YMEHBIIIAET aMILITUTYILY
MOJIE3HOTO KapAMOCUTHAJIA U CHUYKAET MOMEXO3AIMITIICHHOCTh OT "MOABUKEK' 2JIEKTpoA0B. [Ipr 3TOM KOHCTPYKIIUSA TTOsICa TAKOBA, UTO AJICKTPOIBI IMOsICAa pEarupyroT Ha OOJIBIION CIIEKTp ABHKEHUM Tena. HakoHer, J0Jaro HOCHUTh MOsIC TPYIHO, OCOOEHHO 3TO BUJHO B CPABHEHUU C
3JIEKTPOJIaMH - TAXKE U3 MOHET HA MJIACTBIPE, HE TOBOPA YK O CIIENUAITM3UPOBAHHBIX JIEKTPOJIAX ISl XOJITEPOBCKOIO MOHUTOPUPOBAHU A, KOTOPHIE MPAKTUYECKU HE OIIYIAFOTCA.

KoMmMeHTapuu

12.12.2019, Bacuanii
A xaxoil Tok moTpebaeHus y Kapauorpada ¢ HOBBIM MUKPOKOHTPOJLIEPOM?

ABTOp

[ToTpebiseMblil TOK, KOHEUHO, yBeIuuuics, TouHo He Mepuii. MK pabotaetr Ha yactore 40MI'11 (10 mips) U mMOCTOSTHHO YTO-TO JIETAET, BOBMOXKHbBIE MOIX0Abl K CHUXKEHUIO MOTPEOJICHU S TOKA HE UCTIOIb3YOTCAL.

1.05.2020, Uropsn
3npaBCTByiTE. XOTeN ObI CHPOCHUTH, cOOMpainu a1 Bl 3ToT DKI'? Eciiu 1a To Momiu Obl BBl CKUHYTH oTorpadrio? A Tak ke eCTh iU MedaTHas miata (cxema). beut Ob1 ouens npusHatened! Cmacu6o.

ABTOp

Bot dotku 2011 rona: 06e3 akcenepomeTpa, ¢ akcenepoMerpoM u erg oto. Poto 2016 roga ¢ nutreBbiM akkymyisitopoM Bot. Ho Bcé 1o crapeie Bepcuu 1.0 6e3 1onoaHuTensHoro ycuautens. Bor goTo ¢ HaBeeHHBIM JION. YCUJIUTEIEM U CTa0UIN3aTOpaMu MO MUTAHUI0, HO TaKOH
3d - MoHTax cyrydo Ha TroouTens. BoT KHONKY I MOAKIIOYEHHS TTosica MyJIbcoMepa.

Bot ueptexu miarel 2012 roga (Bepx u Hu3). Em€ ecth BapuaHT MmiaThl, pa3BeICHHOW OJHUM XOPOIIMM YEJIOBEKOM, COOpPaBIIMM 3TOT Kapauorpad, TaM Ja)ke pa3BelieH mepexogHuk usb-com Ha 1232, daiinsl aus nukanga: pcb u pdf. Ho Bce 3Tu miaTel 6€3 A0M. YCUIUTENS U HE
PEKOMEHIYIOTCS K TOBTOpeHNI0. HOBBIC mIaThl IpOEKTHPYIOTCS ceituac, Ho yxke st usb MK.

Hrops

Bonpmioe cracn60. 3amMeTHa 4To 3JIeMEHTHas 0a3a ctaia 0oJiee cilokHee U yxke He cooTrBeTcTByeT miate 2011 roma. OueHb HHTEPECHO CIEAUTD 3a JAIbHEHIIMM pa3BUTHEM. Eciau OyneT BO3MOXKHOCTh Oyy OYeHb MPU3HATEIEH €CIU COpOCUTE 3JIEMEHTHYIO 0a3y uiau (GoTo coOpaHHOU
maTel Ha ocHOBe cxeMbl Ha MK pic18f26k42. U eme Bompoc, He pa3MBIITISIIN 00 YBEIMUCHUH KOJIMYECTBA JICKTPOJIOB M CI0KHOCTEH KOTOPhIe MOTYT BOSHUKHYTH? Ha CKOJIBKO ceifuac cTouT akyM (MAXOB) M Ha CKOJIBKO €T0 B TEOPUH/IIPAKTUKE XBaTaeT.

ABTOp
s pic1 826k42 nnata He nenanack, OH COBMECTUM 10 BhiBoJiaM ¢ Pic161873, mosToMy nmpocTo BOTKHYI B MaHEbKy (BOT MPEUMYIIIECTBO UTM-KOpIyca Jyis pazpadboturka). [{aBHo Okl epemien Ha usb MK - HO BBIBO/IbI HE COBMECTHUMBI.

Panbie akkymynsropa 600 MA -4 XxBatajio Ha ABOE CYTOK, Teneph ¢ picl8f26k42 poBHO Ha OJHU CYTKM (3HAUUT OOIEee mOoTpediieHne ~25 MA, HO He Mepuii). BripodyeMm, mpoimBka HallMcaHa HE ONTUMAIBHO B MJIAHE SHEProcOEPEKEHU s, 3aTO YIOOHO JIJIsi MPOrpaMMUPOBAHUS, Ja U
ycpenHenue namepennii ALl makcumansHOe, U 1ake BhIJeneHue R-3y0110B HajeTy paboTaeT.

Hogas niata, gymato, OyleT 3aka3aHa y KUTaUIleB, YTOObI ObLI XOPOIIMI 3eMIISTHOM MOJIUTOH 1711 MUHUMyMa nmomeX. M smd ais ymensinenus rabaputos. Ceituac uaer paspadorka. Hy u cner. AL ads1294 Toxke B nianax monpoOoBath, JjIsl CPaBHEHUS KaueCTBa, TOJIBKO JOpPOTas OHa
U CUJIBHO MEJIKasl.

JHo6asuth em€ kanan DKI' He mpobaema, gymaro B HOBOM BepcUM OH OyleT B KadecTBE dKcrepruMeHTa. Borpoc 6olblie 3aueM - 3JIeKTPOIbl ETUIATh A0JbIle (M YK€ Hal0 3HaTh KyAa), a JOMOJHUTEILHON nH(QOopManuy I He JUIsl CielUaiiucTa He o4eHb MHOTro. Hy HaBepHOE BTOpPOI
KaHaJl HyKeH, 4T0ObI P 3y0ell ydinie BUAETh, HO BBIACISTH P aBTOMaTOM - 3a7a4a HeOnarogapHasi... BoT xenynoukoBasi 9KCTpacucTosia Ha Tpaduke BRIDISAIUT MIMKAPHO U TTOHSITHO, HO JaXe 3TO - HOpMa...

30.06.2019, ABTOp
BrinosxeHa IByXKaHaabHAasi BEPCHS NPOLIMBKA U COOTBETCTBYIOIIAS IPOTpaMMa Il KOMIIA.

04.07.2020, Anexcanap
3noposo! Cracu6o orpomuoe! O6s3arensHo Oymy coouparts. [IpocTo ynuBuUTENBHO, Kak ObICTpO Bbl paboTaere u co3mpaere HOBbIE Bepcuu npoumBok, [10 u Bapuantsl mpubopa! Bepcus [10 pns JIYO Ha nanHbIii MOMEHT HegocTynHa. Buaumo, nopadarsiBaete emie? Kaxoil koadpuument
YCUJICHUSI UMEET Kbl kKaHan 10 Bxoaa ALIII? EcTe nmu cMbIca €ro moBbIATh?

ABTOp

[Iporpamma 1 mpoIMBKa OTTECTUPOBAHBI, BCE pa0OTAET U T€NEPh AOCTYIHO JIJIsi CKAYUBAHUSL.

[Tpu yka3zaHHBIX Ha cxeMe HoMuHajax crepBa DA4 AD623 ycunuBaet curaani B 6 pas, 3atem DA3 em€ B 53 paza. HaBeproe ¢ yuetom 12-6utHoro ALl y HoBoro MK picl18f26k42 ycunenune DA3 ctouTh CHU3UTH 110 ~10 X0Ts ObI B mIaBHOM KaHauie, rjie R-3y011bl BHICOKUE.
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