NIMEPEFIVA

NMpocTton KapmMmaHHbIN Kapavorpad
¢ dukcauven namepeHmn Ha kapre namatu SD

PaccmartpuBaeTcs NpoCcToN kapanorpagp, yMeLLaroLnics B kap-
maHe (¢oTo cripaBa) n obecrieynBaloLmii PErNCTPALMIO 31EKTPO-
Kapanorpammbl (4aCTOTbl Ny/bCa), TEMIEPATYPbI U NOI0XEHUS Tena
yesioBeka. STy napameTpbl 3arNOMUHAKOTCS Ha KapTe namsiTy micro
SD, oTkyna BrnocaeACcTBMmM MOryT ObiTb NEPENUCAHbI HA MEPCOHAb-
Hbivi komnbtotep (1K) v npy noMoLLm creumnanbHON NporpamMmbl OTO-
OpaxeHbl B BUuAE rpagukos (MpuBsS3aHHbIX K BDEMEHU U 1ATE CbEM-
K1) A5 [eTanibHOro N3y4eHusl.

YcTpoiicTBO paspabaTbiBanock AN M3y4eHUs NOBEAEH s ye-
NoBeka BO CHe, HO MOXeT ObITb TakXe None3Ho CropTCMeHam K
Meaunkam. HaumHaiowmx paguoniobutenelt 3amHtepecyeT cxema
permcrpaumn 6MOTOKOB (KOraa MCTOYHMKOM CUrHana CTaHoOBUTCS
YyenoBeyeckoe Teno) N NpUMep NPUMEHEHMUS LWMPOKO PacnpocT-
paHeHHbIX kapT namsti SD ans coxpaHeHus pa3HOpoaHON nHdop-
mMaumm.

MpuHunnuansHas cxema kapavorpada npvseneHa Ha puc. 1.
Ha anemenTax DA1, DA2, DA3 cobpaH ycunutenb KapamocurHa-
na. 910 06bI14HbIN YHY ¢ anddepeHumanbHbiM BXOAOM W BbICOKUM
BXOAHbIM conpoTuenenunem [1]. K Bxopam ycunutens E+ un E- noa-
KnoyaeTca napa aneKkTPoAoB, 3aKpernieHHbIX Ha Tene B 06nactu
cepAua ans cbeMa UCXOAHOro kapanocurHana. dnemeHtsl DA1.1
1 DA1.2 paboTatoT kak noBTOpUTENn, 06ecneynBaloLLne BbICOKOe
BXOAHOE conpoTuBneHne. MHCTpymeHTanbHbIli yeunutens [2] DA3
YCUMBAET CUrHan NPpUMepHo B 6 pa3 (koapduLmMeHT 3apaeTcs pe-
3uctopom R4) nepep nopayert Ha ALIN mukpokoHTponnepa DD1.

MomrMMO nonesHoro curHana Gruonorn4eckoro NPONCXoXae-
HUS Ha anekTpopdax E+ un E- npucyTcTBYIOT CuHPasHbIe nomexm
(npexxne Bcero 50 ', OT OCBETUTENLHOW CETW), aMNANTYAA KOTO-
pbIX B ThICS4X pa3 NpeBbIlLAeT None3Hblin curHan. Ana nx nogas-
NeHnsa ncnonbayeTcs «akTuBHasa 3emns» [3]: Ha Tene 3akpennseT-
cs TpeTuii anekTpog EO, Ha koTopbii ¢ Beixoga DA2.1 B npoTuBo-
dase nogaérca cmHdasHas CoCcTaBnaoLWLas BXOAHOMO curHana. Eé
BblAeneHne BbinonHseT cymmatop Ha R1u R2, a DA2.1 — ycune-
HVe 1 nHBepcuio. bnarogaps Takol cBoeobpa3HoOW oTpULaTENb-
HOWM 06paTHON CBA3W BeNMYnHA CUH@a3HbIX NOMEX Pe3K0 CHUXa-
eTcsl, n ganee oHn addekTBHO nogasnsotcs DA3. Ons dopmu-

Hukonavi ErowkuH, r. Pa3aHb

o

poBaHUS OMOPHOro HanpsxkeHus (cpenHelt Toukn) ans OY DA2.1
1 DA3 ucnonbayiotcst anemenTsl R6, R7, C1, C2, DA2.2.

[Ona namepenns TemnepaTypbl U NONOXEHUS Tena K MUKPO-
koHTponnepy DD1 no asyxnposogHoMy uHtepdeiicy 1°C nogksio-
YeHbl MHTerpanbHble aT4ynkm Temnepatypbl BK1 1 yckopenns BK2.
Cneumndukaums WwWiHbl 12C peannayeTcs nporpammHo. PeancTopei
R8 n R10 cnyxaT Harpyskamu anHuii nHtepdeiica. PesncTopsl
R9, R11, Takxe kak R5, R12, R14, R15 3awuwaoT BbIBOAbLI MUK-
poKoHTponnepa n nepudepun oT neperpy3ok npu cbosx MK (B
OT/IaXEHHOEe YCTPOMCTBO MX MOXHO He YCTaHaBNMBaTh).

Mutanne akcenepomeTtpa BK2 ocywiectenseTcsa Yyepes anop,
VD1, KOTOpbIN CHWXaeT HanpsbkeHe nutanns BK2 va 0.7 B, yto-
Obl HanpskeHne ceexesapsixeHHoro Ni-MH akkymynstopa GB1
(4.2 B) He npeBbIlWano NacnopTHOro 3HavyeHusa gns BK2
MMA7455LT (3.6 B). NMonoxeHne Tena onpenensercs no npoek-
LMK CUIIbl TSXKECTM Ha OCU YyBCTBUTENBHOCTU BK2, yTO, Hanpu-
Mep, NO3BOJNISIET YETKO PasnnynTb CleaytoLme nooxXeHus Tena:
CTOS1, lexa Ha CnuHe, Ha X1BOTe, Ha IeBOM MK Ha NpaBoM HOKY.
Mo n3meHeHWI0 yckopeHns duKcupyeTcs OBUraTenbHas akTuB-
HOCTb.
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MAKPOKOHTPOANER]

DyHKUMOHMPOBaHWE YCTPONCTBA Kak €AVHOrO Liesoro ocylLue-
CTBNSIETCS MOpA, ynpasneHnem MukpokoHTponnepa DD1. Cpasy
nocne nNoja4n NUTaHWs yCTPOMCTBO paboTaeT B pexunmMe 3anucu:
DD1 BbinonHsaeT nepuoanyeckuii onpoc aatymkos BK1 n BK2, ns-
MepeHue 4acToTbl Ha Bxoae CCP1 n oundposky kapanocurHana.
O6beaviHeHHbIN MHPOPMALIMOHHBIM NOTOK 3anuncbiBaeTcs B daiin
Ha kapTy namatn micro SD (pasbem X1), a Takxe BblOAETCS B
KoMnbloTep no nHtepdency RS-232 (pasvem X2) ang KOHTPONs v
BM3yanu3auuu (T.e. BO3MoxHa pabota 6e3 SD - kapTbl; NOAKNIO-
yeHue gatumkoB BK1 1 BK2 Takxe He 06s3aTenibHo). KomaHaoi ¢
KOMMbIOTEPa MOXHO OCTAHOBUTL 3aMUCh 1 NepeBecTU YyCTPONCTBO
B PEXMM CKa4vBaHNS COXPaHEeHHbIX (annos.

CoxpaHeHure nHbopmaumm OCyLLLECTBASETCH Ha KapTe nams-
71 micro SD [4, 5], koTopas nogknoyaeTcs yepes pasbvem X1. B
npouecce paboTbl kapTa MOXeT noTpebnsate Ao 100 MA (B Um-
nynbce), co34asas MOLLHbIE NOMEXM MO NUTAHWIO, MO3TOMY OHA
3anuTaHa ot uctodHuka GB1 Hanpsmyio, a ocTanbHas cxema ye-
pe3 RC - ¢unbtp R16 C5.

OT ncnonb3oBaHusa cTaHaapTHoM ¢annosor cuctemsl FAT Ha
KapTe SD npuLnoCk 0TKa3aTbCA: OHA He YCTOMYMBA K BHE3arnHo-
MY MCHE3HOBEHMIO nuTaHus, a namatn MK He goctatodHo ans
6ydepusaumm NOCTynaoLLmMxX B peasbHOM BpeMeHU AaHHbIX. Pas-
paboTaH anbTepHaTUBHbIN GopmaT xpaHeHus nidopmaumm. 3a-
MMCb Ha KapTy OCYLLECTBSETCS NOCNef0BaTesIbHO, CEKTOP 3a CeK-
TOpoM. YeTblpex6ainTHbIi HOMEpP NepBoro CBOOOAHOIO cekTopa
EmptyPos, B KOTOpbLIN [OMKHA OCYLLECTBASTLCA 3anMCb HOBbIX
JaHHbIX, Xxpanntcs B8 EEPROM mukpokoHTponnepa. MNocne 3anu-
CV 04epedHOoro cektopa Homep EmptyPos nHkpemMeHTupyetcs.

B kaxpom cektope SD-kapThl (pa3mepoM 512 6aiiT) Hapsay ¢
NoNesHbIMM AaHHbIMK COXPaHAETCs curHatypa u 4-6aTHbIiA HO-
Mep nepBoro cektopa ¢ainna. Takum 06pa3omM, XoTs AaHHbIe Ha
KapTy MULLYTCSA CTPOro NoCnefoBaTeslbHO, OHWN CTPYKTYPUPOBAHbI
B Buae ¢annos, puc.2. Jlornka nonyyeHms cnmcka scex dannos

v v

SD-xkapra: | . | | | | | I | | | i

BaHHas: 57600 6oa4. TonbKo ANS yCKOPEHWs nepenncbiBaHns daii-
nos ¢ SD kapTbl B MK ckopocTb MoxeT 6biTb NoBbiLLeHa A0 460800,
806400 nnn 921600 604 (ecnu KOMMbIOTEP MX NOAAEPXMBAET).
Bblgaya gaHHbIx npu 3TOM ocyecteaseTcd MK nporpammHo Ha
BbiBo4 RCO (a Bbixog, TX oTko4aeTcs).

[ns paboTsl C ycTpoOCTBOM pa3paboTaHa cneumanbHas npo-
rpamma ana MK (¢gasin nporpammsl EKG_SD_2010.exe BmecTe ¢
MNCXOAHBIMY MPOrpamMMHbIMU KOAAMU U APYruMuy gaiinamv npoekTa
JI0CTYreH Ha cavite xypHana Paanoxo6bu B pa3aesne, MocBsiLLeH-
HOM aBryctoBckomy Hompy 3a 2012-ii rog - apxvB ekg_sd.rar - 642
kbB), koTopas No3BosseT BU3yann3mpoBaTb Kapamorpammy u no-
Ka3aHuMs AaT4NKOB BO BPEMs 3anncu, CunTeiBatb ¢ SD-kapTbl cnu-
COK dalifioB M KOMMPOBATb HYXHbIE HA KOMMbIOTEP, COXPaHSTbL Kap-
avocurHan B ctaHgaptHom dopmate WAVE PCM, o6pabaTbiBath
3anucu ¢ uenbio BblaeneHus R-3y6L0B [1] v pacyeTa 4acToTbl Nynb-
ca, BU3yannsmposaTtb 1 COXPaHATb B YHUGULMPOBAHHOM dhopma-
Te NnoJsly4eHHble BpeMeHHble 3aBncnuMocTu. bonee nogpobHo pa-
60Ta C NporpamMmoi onucaHa B «pykOBOACTBEe onepaTopa»
EKG_SD_2010.doc (BnoxeH B apxus ekg_sd.rar).

MK DD1 Takxe n3mepsieT 4acToTy CurHana Ha seisoge 13, uto
MOXHO MCMONb30BaTh A1 NOAKMOYEHNS K YCTPOWCTBY AOMOMHM-
TeNbHbIX 4ATYMKOB. HacToTa curHana He AokHa npesbiwath 8 Ky,
(oTHOCWTeNbHas NOrpeLLHOCTb n3mepeHus He xyxe 10, nepwon,
namepenus okono 0.25 c).

AeTtanu n koHcTpyKums. B kavectse DA1 n DA2 MOXHO npu-
MeHaTb Nobble OY LWMPOKOro NpuMeHeHusi, paboTocnocobHble B
AvanasoHe NUTaloLmMX HanpsxeHnii ot 2.7 ao 4.2 B. IHCTpymeH-
TanbHbI yeunutens DA3 MOXHO 3ameHUTb 00bi4HBIM OY, BKtO-
YeHHbIM N0 cxeMe Ha puc.4. OQHaKo NPy 3TOM XenaTeNibHO NoJ0-
6patb 6am3kMMK conpoTusneHus peanctopos R18 n R19, R20 n
R21 (a Takxe R1 1 R2).

Ons mukpokoHTponnepa DD1 gomkHa ObITe NpeaycMoTpeHa
naHenoka. B Hero cnepyeT 3aHecTn mporpammy us davina

Howmep cextopa: 65536 65537 65538/ \65539 65540} 65541

¢aiin Nel ¢aiin Ne2

EME!E MexaHusm nocregoparernbHoll sanucu ¢atinos Ha SD-kapty

peanuayeTcs NporpaMmmort Ha NepcoHaNbHOM KOMMbIOTEpe; npu
3TOM NPeAnpPUHUMAIOTCS JOMNOSHUTENbHbIE MEPbI MO KOHTPOIO U
KOppeKLUMmM omnboK.

BmecTO npurBbIMHBIX Onepaumnin GopmaTMpoBaHus (Npu ycra-
HoBKke HOBOW SD-kapThl) 1 yoanexdus ¢annos (Npu ncyepnaHnm
o6bema kapTbl) MONbL30BaTEIeM BbINOAHAETCS OnepaLms yCTaHoB-
kn EmptyPos Ha HavanbHbI cekTop ¢ Homepom 65536. Mepsble
65536 CeKkTOPOB KapThbl He MCMOMbL3YITCA Pagyu COXpaHeHUs Cy-
LLLeCTBYIOLLEN Ha KapTe «HacTosLwel» GannoBon CUCTEMBI.

YCTPOICTBO COEANHSAETCS C KOMMbIOTEPOM Mo MHTEepdericy RS-
232 yepes pasbeMm X2. Pesuctop R13 orpaHuymBaeT 10K Yepes
BbIBOA RX MK B ycnoBsusx, korga HanpsixkeHume BXOLHOIO curHana
BblLle HanpsxeHna nutannsa MK. Curnanel Ha pasbéme X2 umetot
ypoBHu TTL, N03TOMY HENOCPEACTBEHHO NOAK/I0YaTL KOMMNbIOTEP
K pasbeMy X2 Henb3sa! CnenyeTt ncnonb30BaTh rOTOBLIV MEPEeXOa-
HK USB-COM ot coTtoBoro tenedoHa (06bI4HO Takme nepexos-
HMKN UMeIoT ypoBHU TTL) unu n3rotoBmTb TaKOM NEPexodHNK ca-
MOCTOSATENLHO Ha 6a3e Mukpocxembl FT232R no Tmnosoit cxeme
[6]. B kpaliHem cnyyaem MOXHO cobpaTb npeobpasoBaTenb ypoB-
Hen TTJ1 O RS-232 Ha mukpocxeme MAX232 nnn no cxeme Ha

puc.3. Yepes
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EKG_SD_Pic.hex (BnoxeH B ynomaHyThI Bbille apxus ekg_sd.rar).

B kauectse pasbvema X1 ana nogknodeHus micro SD-kapTbl
ncnonb3yetcs nepexogHuk micro SD [0 SD (oHu npopatoTcs BMe-
cTe ¢ micro SD kaptamu). Kok-

TakThl nepexopHuka akkypatHo 8. DATI1
JIYAST, 1I0CIE 4Ero NOACOBAMHS- 7 Ty()

IOT K CXeMe KOPOTKMMU NpoBOA-  °

kamu MITd-0.05. Ha pue.5 6. O0Om —
nokasaHa Hymepauysi 1 0603Ha- 5 CLK —
YeHUA KOHTPaKTOB ANnd Makpo

SD - kapTbl (T.e. NepexonHuka). 4. HlIut —
JKenatesnbHo NpUMeHsITb KapTbl 3 Oom —
SD class 4 v Bbiwe (13-3a Ma-

noro obvema namsaTu MK mak- 2. DI —
cumanbHas 3apepxka 3anucn 1. CS ——
O[HOro cekTopa AomkHa OblTb 9 DAT2 —

meHbLle 40 mc). MNopnepxusa-
toTcst kapTsl HC (B T.4. 8MKoC- Phc.5
Tbto 6onbLie 4 I'B).

Pasbem X2 — tuna DBOF nnn 60nee MUHNATIOPHBIV (NOAXO-
OAWni K npumensemomy nepexogHnky COM O USB).

Jatymk TemnepaTtypel BK1 dpurkcupyetcs Ha Tene nnacteipem,
a K OCHOBHOV Cxeme MOAK/04aeTCs YeTbipbMS CBUTBLIMW B XIyT
nposogamu MIFT®-0.05 pnmHoii Ao 50 cm.

MoHTax akcenepomeTpa BK2 MMA7455LT (pasmepamm 3x5x1
MM) TpebyeT onpeneneHHoin nokocTu. MpoLle BCEro NpuknenTb
OaT4MK K niate KOHTaKTamu BBEPX M NOANAATb K CXeMe NPOoBOIoY-
kamu 0.1 mm. Konpercatopel C3, C4 0onxXHbI CTOATh B HENocpea-
CTBEHHOW 61m3ocT oT BK2. Mo 3apymke AaTumk LOJIXEH COXpa-
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HATb AOCTATOYHO MOCTOSIHHOE
NOJIOXEeHNe OTHOCUTENbHO Topca
(vnn ppyroii BeIBPaHHON YacTn
Tena). YTo6bl [OCTUYL 3TOTO,
BK2 moxHO pacnonoxuts nn6o
B Kopnyce kapauorpada, nmbo
CAenatb BbIHOCHBIM, NMOAKIIIOYMNB
K OCHOBHOI Cxeme npoBOAamMu 1120
Takxke kak BK1.

OnekTpoabl E+, E-, EQ — me-
Tannudeckne Kpyxkn 0=10 mm
M3 TUTaHa, KOTOPbIe 3aKPenstoT-
ca B obnactu cepaua nnactbl-
peMm. [Ins KOPOTKMX SKCMNEePUMEH-
TOB MOXHO MCMONb30BaTb Men-
KM€ MOHeTbl — HO OT AJIMTEeNbHO-
ro KOHTaKkTa C TeNOM OHWU Hayu-
HaloT pxaeeTs! MNoaknouaoTes
31eKTPOLbl HEaKPaHMPOBAHHBIMU
nposogamu MIF'TdP-0.05 (no Bos-
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MOXHOCTM nposBoga k E+ n E-
cnepyeT CKpPyTUTb, a BOKPYr 00-
BUTb NpoBOA, K EO).

OnekTpog EO kpenntcs B Nio6OM MecTe (Hanpumep, Npubnn-
3uTenbHO Mexay E+ v E-). B MmeguumHe ncnonb3yioT cneuvanb-
Hble CXeMbl PACMOJIOKEHNS 3NEKTPOLOB Ha Tesle U COOTBETCTBYIO-
LMe MeToaMKM aHanuaa kapgmorpamm [1, 7]. OgHako gnsa onpe-
[eneHns 4acToThl Nybca anekTpoabl E+ n E- MoxHO pacnonaratb
B 0611aCTV cepALa AOCTaTO4HO MPOM3BOJBHO, L bl HAGM0Aa-
JINCb JOCTATOYHO YETKNE MMMYJbChl NONOXUTENBHOW NONSPHOCTM
(kak Ha pwmc.6). KapamocurHan Takke MOXHO CHUMAaTb C pykK, HO
UMNyNbChl NpU 3TOM cnabee (1 aBTOMaTMHECKOE BblaeneHne M-
nynbCOB MEHee HaAexHoe).

MuTaeTca ycTponcTeo oT akkymynsatopa Ha 3.6 B. MoTtpebns-
eMmblIli TOK 3aBucuT oT SD-kapThl u B cpeaHem coctaenset 20-30
MA. EmkocTb GB1 6onee 400 MA/4ac BbIGMpaeTca ncxoas ns Tpe-
6yemoro BpemeHu 3anucu (8 - 12 yacos). CneflyeT 0TMETUTb, YTO
Hanps>KeHe CBexXero akkymynatopa goxoamT o 4.2 B, npesbl-
LIas yCTaHOBNEHHbI npepen ana SD-kapTol (3.6 B). OnHako npak-
TUKa NoKasana, 4YTo OHW MOBbLILLEHHOE HanPsKeHNe BblASPXMBAIOT.

HanaxuBanue. Lindposas 4acTb Cxembl B HaNaXnBaHUN He
Hyxgaetcs. MNocne nunumanmaaumm SD-kapTel Yepes 1-2 ¢ 0T BKAO-
yeHus SA1 Ha Bbixoge TX DD1 gomkeH nosBuTbCA curHan nepe-
nadv notoka AaaHHbix B MNK. Ecnn Tenepb coeannnts MK K ycTpoii-
CTBOM U BbiOpaTh B nporpamme EKG_SD_2010.exe npaBunbHbIit
COM-nopT, Ha 3KpaHe LOMKHbI 0TOBPaXaTbCA COCTOSIHNE 3anu-
cu, Homep cektopa EmptyPos, nokasanus patumkos BK1, BK2 n
rpadvk oumdpPOBaHHOrO KapanocurHana. Janee cnegyet HaxaTb
kHonky «CTOIlM» 1 BLINONAHNTL «pOpMaTUpOBaHneE». Ycnex BeinoJi-
HEeHWs 3TUX OnepaLuy CBUAETENbCTBYET O KOPPEKTHOW CBA3N YCT-
poncTea ¢ NK. Haxatnem kHonkn «MHuumanmsaums» nposepseT-
CS1, NPaBWbLHO NN YCTPOMCTBO ONO3HAET SD-kapTy.

Prc.6)

Moka anextpoapl E+, E-, EQ HMKyAa He moaknio4eHbl, ucnpas-
HbI YCUNUTENb KapANOCUTHaNa AOMXKEH «/I0BUTb» (a8 KOMMNbIOTEP
oTobpaxartb) curHan nomexu 50 Iy, o1 ceTn. MNpun 3ambikaHUm MeX-
oy coboli E+, E-, EO, amnanMTyna nomMexu AomKHa pe3ko YMeHb-
LwaTbes, npuyem Ha Boieoge 6 DA3 ponxkHa 6bITb NPUMEPHO NOJOo-
BMHA NWTAIOLLLEr0 HanpsXXeHus.

Hanee anextpoapl E+, E-, EO kpendT K Teny u nbiTaioTca 3a-
Ceyb MMNYIbChI, KOPPENMPOBaHHbIE C yaapamu cepaua. Mpwu npo-
6nemax cnenyet o6ecneynTb yBRaXHEHWE KOXM B MECTE KOHTaK-
Ta C 31EeKTPOAOM M BapbyMpoBaTb UX MOJIOXEHNE B MOMCKAX Nyy-
Liero curHana.
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