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B pabome paccmampusaemcs MuKponpoueccoproe Ycmpoticmeo 0Ai GUOMEMPUHECKO20 MOHUMOPUH2A U KOHIMPOAS,

gﬁusunecnozo cocmoarua noavdosamensn 1K 6o BPEMA €20 pa60mm C PA3AUHYHBIMU NPOSPAMMHBIMU npodynmaMu

u nepugﬁepuﬁHmMu ycmpoﬁcmsaMu. Ouevma COCMOAHUA NONDB30BAMENA BVINOAHACINCA NYMEM NAPHBLL buomems-

puveckux usmepenuti. K wucay noddepicusaemvir napamempos 0mHoCAMCS IAEKMPONPOBOIHOCTL KOIHCU, Cepie-

‘HO20 PpUMM U MOIUWEYHAA AKIMUBHOCTMD. Paccmampueaemcn aprumexmypa ycmpoﬁcmea U mMemodura usmepeﬂuﬁ.

BBEJIEHUE

Wsmepenne  GuU3MOI0rnIecKoro
nosp3oBaressa [IK mo3Bosser m0cTaToqHO OBICTPO
OIpeIe/IUTh C1abble CTOPOHBI pa3pabaThHIBAEMOrO
npojykTa. B oTimume oT 1OJX0za, IpeyCMaTpu-
BAIOIIEr0 yYacTUe IKCIEePTa 110 IPrOHOMHUKE UHTEP-
deiica, ompoc Mob30BaTeseil, BBIMOJHEHNE TECTO-
BBIX 3aJIaHUN U Jp., OHOMETPpUYIECKUE JAHHBIE, 110~
JIy9eHHBbIE B XOJIe 9KCIIEPUMEHTa, B OOJIbINE crere-
HU TIOJIXOJIAT JIJIsI aBTOMATUYIECKON HHTEPIIPETAIINH,
[TO3BOJISOIIEN OIEHUTHh (PU3NIECKYI0 WM KOI'HUTUB-
HYI0 HArpy3Ky ITOJIb30BaTeJsi B IIPOIecce PadOTHI.
K umcny takmx mapaMerpoB OpraHm3Ma MOXKHO
OTHECTH CepJIEYHBIl pPUTM, KPOBSHOE JIaBJICHHUE,
JIEKTPOIPOBOJIHOCTh KOXKH, 3JIEKTPUUECKYIO aK-
THUBHOCTB MBIIIII[ U TOJIOBHOTO Mo3ra. [Ipu aTom jijist

COCTOAHUA

JIOCTOBEPHOI OIEHKH COCTOSIHUSI ITOJIL30BATEJIsl 116
JIeCOOOpa3HbI KOMILIEKCHBIC M3MEPEHUsT ¢ YCTAHOB-
JICHUEM KOPPEJIAIUA MEXKJy HEeCKOJbLKHMU IIapa-
merpamu |1, 2|. B macrostmeit pabore mpezacTasie-
Ha pa3paboTKa yCTpoilcTBa, IpelHa3HaYeHHOTO I
TaKUX U3MEPEHUil, U BBIIOJHSAIONIErO0 MOHUTOPUHT
gacToThl cepaednbix cokpaiienuii (ICC), koxuo-
rasbBanndeckoil peakunu (KI'P) u, onnuonasnbho,
astekTpoMuorpaduaieckoii akrusnocru (M.

I. OBLIAA APXUTEKTYPA CUCTEMBI

Paspaborannass cucrema CXeMaTH4HO IIDE-
cTaBJIeHa Ha pUCyHKe 1.

IIporokon Mukpo-
K
Bluetooth KOHTpOJLIEp
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Monayns KI'P Monayas YCC ¢dusnueckoit
AKTUBHOCTHU

Puc. 1 — Crpykrypa cucrembl

Wamepuresnbuble MOIysid, PACIIOJIOKEHHBIE B
HIKHEN JaCTH CXeMBbI, IIPEJICTABJSIOT COOOI arma-
paTHBIEe YaCTH, BBIIIOJHSIONAE IIOMUMO U3MePEeHUs
TakKe (GUIBTPAIUIO U YCUJIEHUE COOTBETCTBY FOIIIX

9JIEKTPUYECKUX CUTHAJIOB. PaboTy cucrembl obec-
neunBaeT MukpokonTposurep ATmega328. Ceasp ¢
ITK moxker ocymecTBisitbest o muHe USB imbo
o mpotokosty Bluetooth, uTo mo3BossieT ncmosib-
30BaTh MOJU(MDUKAIIIO yCTPOICTBA B HOCUMOM HC-
nosinerun. st GecripoBoHOM IIepeiatdn JaHHBIX
BeIOpan Momysib HC-10, ucmoss3yommit MUKpocxe-
My Texas Instruments CC2541. B uwmcie mpodero
JIAHHBII MOJIYJIb TOJJIEPXKUBAET paboTy B pEXKMMe
Bluetooth Low Energy, T. e. BeInmonHsleT mepena-
9y JAHHBIX KOPDOTKUMUY ITAKETaMU C [IEPUOIAIECKIM
BBIKJIIOYEHUEM IepeIaTInKa.

[IporpammuOe obecrieternne Ha CTOPOHE MUK-
POKOHTPOJIEPA OCYIIECTBJIsSIET cHOp IMOKA3aHUil ¢
JIATYIUKOB, IIOJICIUTHIBACT 3HAYMEHHs IIOKa3aTesei
[I0 IIPEJICTABJICHHOMY HUXKE AJTOPUTMY W IIEPeia-
et nagopmanuio uHa [IK. I[Tporpammuoe obecmede-
nne ua [IK ocymecrsisier mepButnyio o6pabOTKy,
BU3yaJIM3AIMI0 ¥ YKYPHAJINPOBAHUE JAHHBIX.

II. OcoBEHHOCTU UBMEPEHUII YCC

Mouysib uzmeperus YCC wucnosb3yer IIpuH-
un dororternsmorpadun (PIIT), ocHoBaHHBIH Ha
OTCJICXKMBAHUY HHTEPBAJIOB M3MEHEHUsI OIITUIECKOMN
IUTOTHOCTH TKAHEH C TOMOIIBIO0 UCTOTHUKA CBETA U
doronerexropa (bakTuuecKu JeTeKTUPYETCs U3Me-
HeHne 00beMa KPOBU B TKAHIX, KOTOPOE CHHXPOHHO
¢ OueHneM cep/ia 1 IOTOMY MOYKET UCIIOJIb30BaThCs
g pacaera YCC). Bug ®IIT-curnasa npeacras-
JIEH Ha PUCYHKE 2.

1 tpeak |

Puc. 2 — Bun dorormreruzmorpadudeckoro curaasia
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B obmem ciygae dopmysia i HAXOXKIEHUS
YCC mozkeT ObITH MPEICTABIEHA B BUIE:

60000
) (1)
tpeak
ryie 60000 — KoJIm4ecTBO MUJLJIMCEKYHT B OJIHON MU-
HYTE, tpeqk — BPEMS MEXKJY yJapaMH ITyIbCa, MC.
Jljis 9KOHOMUHU BBIYUCIUTEIBHBIX PECYPCOB
MUKPOIIPOIIECCOPA, OTBEYAIOIIEr0 3a OIHOBPEMEH-
HyI0 00pabOTKY JAHHBIX CO BCEX HU3MEPUTEIbLHBIX
KAHAJIOB, JIJIsl BBIYUCJIEHUS YaCTOTHI OBLI IIpUMe-
HEH aJI'OPUTM, OIEPUPYIOIHUI CIEAYIOMUME Iepe-
MEHHBIMU: 3HaYeHneM 0a30Boit uuauu B L, omopHo-
ro ypoBusa REF| a Tak)Ke MUHAMAJbHBIM U MaK-
cumabHbIM 3HadeHusMu PIIT-curnana B mpeme-
stax omsoro yuapa MIN u MAX. Ilo ymonuanuto
BL npupasHuUBaeTcsa K Tekymemy 3uadernio PIII-
curfaja ¢ J00aBKOI, paBHOI MAKCHMAJIHHO BO3-
moxkHoMy 3HadeHnto DII-curnana (koTopoe mpo-
nopuuoHaJsibHO paspsiaHoctr AT MUKpPOKOHTPOJI-
Jsepa), neserHoMy Ha 10. 3Havenust onopaoro REF,
MIN u M AX B HavaJbHBII MOMEHT BPEMEHHU IIPU-
paBHuBatorcst BL u cOpacbiBaercst Jiar, COOTBET-
CTBYOIINN HAJIMYAIO JETEKTUPOBAHHOTO yIapa.
Ha kaxkoit nreparun oCyIecTBIAETCS TOUCK
peanbubix 3uadennit MIN u M AX, upu ycioBuu
BBITIOJTHEHUS CJIEJYIOIIEr0 HEPABEHCTBA:

(2)
rae tpin — MAHAMAJIBHO BO3MOXKHBI BpeMeHHbIH
MHTEPBAT MEXKTy MTHKAMHA MYIbCA, tprey — SHAUCHNE
BPEMEHHOI'O0 MHTEPBAJIA C IOCJIEIHEr0 OOHAPYKEeH-
HOTO yJapa IyJIbCa, tp,q; — MAKCUMAJIBHO BO3MOK-
HBIl BDEMEHHOI MHTEPBAJI MEXK/Iy TUKAMH IIYJIbCA.

BuI160D t1yin ¥ tiar HA HAYAJIBHOM YPOBHE 00Y-
CJIABJIUBAETCST (DUSMOJOTUIECCKUMEI  TTOKA3ATEISIMU
qesoBeka. Keam tekymmuit yposenb QPIIT-curnasa
CUR < REF u CUR < MIN, a Tak»e BBIIIOJIHS-
ercs yenosue (2), k CUR npupaBHUBAETCS 3HAUE-
uue MIN, a ectu CUR > REF u CUR > MAX,
K HeMy mnpupaBHuBaercs suadenue MAX. Ecinm
CUR > REF, somonusiercsa ycaosue (2), a duar
y/apa IyJbca He YCTAHOBJIEH, JETEKTUPYETCS YIap,
u paccunrbiBaercs 3aadenue YCC no dopmyue (1).

JlaJiee IpOBEPSIIOTCS CIIEIYOIINE JIBA YCJIOBUSI.
Ecim CUR < REF wu ycranoBjieH ¢Jar yuapa,
PACCYUTHIBAETCS TIOJTHAST AMILTUTY/A UMITYJIbca A =
MAX — MIN, onopubiit yposeub (A/2 + MIN),
a MAX u MIN upupasuuBaorcsas Kk REF. Ecin
BpeMsl C TOCJIEIHETO yJapa OOJIBIIE by, , SHAMCHUS
REF, MIN u MAX upupaBHUBAIOTCS K 3Hade-
auto BL. Ha kaxxmoii mrepainuu pacCUUThIBACTCS
BL, a TakXKe tpre, (TEKylee BpeMs — BpeMsl Kpaii-
HEro yJapa).

I1I.

tmin < tprev < tmaxa

3MEPEHUE KT'P 1 9MTI

DJIEKTPONPOBOJHOCTL KOXKU, TouHee KI'P,
PACCMATPHUBAETCS KAK KOMIIOHEHT OGODOHUTEb-
HBIX, SMOIMOHAJIBHBIX U Jp. PeakI|il opraHusMa,
U UPEJICTABIsSeT COOON Pe3yabTaT aKTHBHOCTH MHO-
ToBbIX Kejie3 [3]. ITo sroit npuunue KI'P wacro uc-

TOJTB3YeTCsI KaK JIOMOJIHATEIHHBIN TOKA3aTEe b TICH-
XOJIOTUIECKOTO MJIN (PUIUOJIOTTIECKOTO BO30Y XK Ie-
HUs, U3MePsieMbIfl B IIape ¢ JIPYTI'UM I1apaMeTpOM
dusmueckoit Harpysku (manpumep, YCC) [4].

B cocraBe KI'P-curnagia BbIIesISIIOT JIBE KOM-
[TOHEHTHI: BBICOKOYACTOTHYIO (Da3UIECKYI0 U HU3-
KOYacTOTHYIO ToHIm4Ieckyto. Paszmaeckas KI'P nmve-
€T BUJ KPATKOBPEMEHHBIX HUMITYJILCOB MAJION 1M~
TeJIbHOCTH, BOSHUKAIOIIUX B OTBET Ha BHEIITHUE CTH-
MYJIbI, TPEBOTY, HAIIPsI>KEHHNE, MBICJIUTETbHYIO s
TenbHOCTH. ToHm4ueckas KI'P ciyxuT mokazaresem
(bYHKIMOHAJILHOTO COCTOSTHUSI Y€JIOBEKA; ITO MeJl-
JIEHHO W3MEHSIONIASICS COCTABJISIONIAA, & €€ yUeT
TpebyeT KaauOpOBKU I KaXKIOTO IOJb30BaTE s
[4]. TIosToMy JaHHBIE C JATYIUKOB JIEKTPOIPOBO/I-
HOCTH IIPOXOJIAT Yepe3 YaCTOTHBIN (DUIBTD ISl BbI-
nesteHnst (Pa3UIecKOil COCTABJIAIONIEH, TOCE Fero
BBIIIOJIHAETCS TOJICYET KOJIMIECTBA TUKOB B MUHYTY.

OMI nosBossieT perucTpupoBaTh € MOMOIIBIO
HAKOXKHBIX JATIUKOB 3JIEKTPUIECKHE [TOTEHITHAJIBI,
BO3HUKAOIIME [PU BO3OYKIEHUU MBIIIEYHBIX BO-
JIOKOH. B 3aBHCHMOCTH OT PACIIOJIOKEHUS TATYUM-
koB, DMI-curnas MO3BOJISIET OIEHUBATH AKTHUB-
HOCTb PAa3JIMYHBIX TIPYII MBI, a TaKXKe, IIpU
HCIIOJIb30BaHUM IIPOI'PaMMHOI'O KJIa.CCI/I(I)I/IKaTOpa,
pacro3HaBaTh JIBUXKEHHE KOHEYHOCTEH W OTJIEesIb-
HBIX [TAJIBIEB PYKH YejioBeka. J[jist 3aa1 HacTosie-
T'0 WCCJIEOBAHUS IIPEJICTABIISIET UHTEPEC B MEPBYIO
odYepe/ib OIEHKA HAIPY3KU HA 3AIISICThs U PETUCTPA-
WS JBUKEHUH [TAJIBIEB, YTO [IPEJIIoIaraeT 3aKperi-
JICHHE 3JIEKTPOJIOB B 30HE IpeAIIedbs [5].

Moysin, usmepsitomye (pU3NIECKYH aKTHB-
HOCTB, SIBJITIOTCS OIIMOHAJBHBIMU, T. K. BO3Bpa-
maior B [IK meobpaboranubie DMI'-curnasnr st
X HUCIOJb30BAHUSA C KJIACCU(PUKATOPOM, IIPeIBa-
PUTENIBHO 00y YEHHBIM PETMCTPUPOBATH AKTHBHOCTH
3aJJaHHBIX IPYII MBI (B Ueasie, OTKAIMOPOBaH-
HBIM 1107, KOHKPETHOTO [I0JIL30BATEIs ).
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