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Abstract

This diploma thesis is focused on the design and realizatioa advice for noAnvasive
sensing of hemodynamic parameters in veterinary medicine. Two main hemodynami
parameters were selectefbr measurement; blood pressure and heart ratén oscillometric
method was chosemmo measure blood pressurghe heart rate isdetermined from theECG
signal i.e. by sensing the electricaltagty of the heart from the body wface. The realized
device saves the measured data on the SD card after meadhdrgijgnalsTo evaluate them,

a MATLAB scripivhich deternmines the values was implementethecontrol of the measuring
deviceand comunication with the user is provided thye ESP32 microcontrollefhe device is
realized on a printed circuit board for surface mount technoldgye advantage of the realized
device is the possibility of displaying oscillometric pulsations, which is not usually available in
commercial devicesThanks to the simultaneous measuremaitthe mentioned biological
signals, the possibilities of theégnal evaluatiorran be further extended, e.y measuringhe

pulse wave velocity measurement.

Keywords

hemodynamigarameters blood pressure heartrate, oscillometricmethod, ECG
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podhodnoceny[33. h6S 2YSy 2@t yS aiGddzRAS @GO \y20tt & yINNR O
K2Ry 20GF YA Gfl {dz oyanmnnobd SYBYNWLHEAZ (IGRe | REHY NK2
I ySaGST ASd ! dzli2njA dzL2T 2 Nk dze N 2 LJARS® LIS AL & OB N Oke
KelLR Syl yNOK Y2K2dz aSt Kt @Fd A LiNaiaNRa2S 2Ayl ]
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t 2R20yS 1 YShjsNB Jya zRRANO NY SLIig Oy Ba (i Y SRRt
provedeny inal 261+ OK® + NI YOA adGdzRAS 2@Sndz2NON LIS
vanestezii F I NI OSdzi A O1 & &yNOSyeetyz AIR2IAO®S8EREEOA t 2EYISTH
YSGi2RI o@triSnBiNa i n @R N K2R ALH-NdR NI MapB& Bmul f | | dzd
aeaidz2t A NapgsdodndcenatdnfNLIF RS y2NX¥ 2GSyl y NQkho K& LIS
28 LI (g sSeS RATtSOAGS e OSinMROYSYR NBKEA&2AZ K f ¥ §
Yy S LnjS a8/ 2@ Snk? IERNY kigosirheyn dzNB Sy N, | & &Ra it 25t YeA @ vy S @f
RNRORASA Gt f ydt I NASINRAOANDH PSEN 1 i SNB yS2azdz Rz2a
detekcisystoly[34].

Podoly S @éeaf SR1& LRUGGONI dz2N | dzii 2 destdzil. Po@IN & ( dzR
2S2A0K YSnSYyN &S 230Af2YSAINROHS &Ry NS 2 RBE &N N
aRALFadz2t A0 SYRIGEE 1 TdN &|KI2yRad22N DayHoR K ARy N&ra vSEinjpSG NS
2A0Aft2YSOUNRO] 2dz YSG2R2@5l0et @O0F|1 2LS0 LRRK2RY

/| St120S 1S GSRe akKNyz2dziz OS KflIBYyNYA JéKz2R
ayl Ryt 20&fdzKI 3 LinjSyzariasStyzad | dziz2YlGAO] S
RAFAG2tS A A0n8RyNY2LNIGSKX I DYNY yBiBle K2 R2dz 25 L
LInj N SNBANRYy2BAO KE @0leiNENMBOA2S Rty AYLX SYSy Gl ON NAT ye OK
I RAIFAG2tA01S K2Ry2G@& Gt {dzd bl gNODeiigyil2yylst 32
limituje jejik RF £ ON | y[19,86] dz | @I f ARl OA

14



2.1.4 Vlastnosti mAT LyA O

t NfSNUzOSYN OSOYyNK2 1T+ta2o0SyN 28 LA YSnSyN 1 NE
al yOSGl 206SLINYyt 206081fS K2MIN 1| D¥6 Solertyldz LypS|od2
TFHOK2Ot Yyl YAYANRHOYN NNAF A8INBY&SGl dzyaaUdz2 S F
GFr1 Foé& 11 O1ND2@R{I(SLeYRA 2/0yIN AHINIESINAARIBS dzY N & G &
YNRYS LINSRYN 12y6SiAyeyNI $2Y6FDO5Vidz Whakadi RA S Az
LINfSRLIZAPS | RnjSR YIyOSieé sey &R 3 ORMS YBaSPS dANROS 2R
[36l.a20y2aid ylaltTSyN YIyOSeéel RS DI 132 PolenfAf 2 o5SmS:
LINR 13 TOS YSnSYyN yI 20Fadz ' LISRYN 12[SGAyS L

Velmi R A ftdi @i vY SnjSYy N 1 NB Gy OKBj| K f ELSKNNEYSEF (it £ y N 2
L2 NBR @yt @ 2NON &LINY Jy248i dZNBESYNLRENBOYN@GRI &DY N d:
metodou, w NO | dzi2znjhA T 2A 0020 t A Of At ODNNEE LY zRSE 8
YFEyOSide LInAotAOyS n@3Be: +0P2RENYIYS SEXNY & Rl NR
R2 L2 NUz6 dz2 S LR dzONGIF G YI yOS80d%w-td h 1202 0@RMRd2 3 2V ®
250YI LR dzONGIF 2N &S LINR (G2 gSykiR@e dyONGBIdY®Sl \SyNS O1 S
YSRABYY S

51 f @Y YyYeY LI NIYSINBYOSIL2&ESEEY NB2OKf2al 285
VKdzYt YyYN YSRAONYS LinjA LRdzZOAGN Fdza{dzZ GF 6y N Y
NEOKfcpadwNImE T &S1dzyRdz 6ySo2 14 ARBIzZl 8z BISRY Seé @
hodnoi I 28 RA&t SOAGL T LINR(G20S o0éf2 LRPRKDREY DI FIOE]
aeaitz2tA01S K2Ryz2Ge | yI2LF 1 YIRK2RYy2020tYyN R
VLINfNLIF RS L2 dzOAGN 238 0Af2YSGNRO1S YSi2Ré& | | dz
Lidzf T+ ON o6éft2 20SnSyz2sz 0SS 1 NBOKI SN d#gEs)2 dzOid Sy N
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215 3AT UT OU EOAOT pET OI AED
Nezbytnou 8 dz6+ &GN LInN&AGENRB2S YSnNONK2 {NBOYN {Gfl ]
tnAlLl2YSzYSs OS {NBOYyN Gfl] 2§32VYFNMNdz2FX¥2aF 86N
Gt {1dzd 1 AaG2NA0O1é Gegze OBRRYNRPR IRNNDEUA aNy Sa/fe
KY2RSNYNY YAYAFGdZNYNY LIjS@2RYyN1AY GflF{ldz yI S
L2 dzON@I y&e OK aSyl 2NAE (yNBad ySNRKdze NIENH-OlKdz 28RS (19 eZeONSTKE ¢
w i dzURtAS| 2 Y S NE

t NAYOALI 282A Ofatomdzy PO T BB i &t pIORGIapdaling | & f 2 c
GNYO 2A @geidtl6dz2S YI y2YSiNDYE cOIi]KNE NiHzas et ONPNi /GO
je ZLINI 1 G A Ol e 0K RAMNSRES dzZluZ dzBNNM O/ I & Sé GlyINON f A &@LIMS
marometru® %I LINjSRLIZ 1 f | RdzZ OS K3z&N 2 8 & haliNZE xa & | LA N,
ge Ol aft2dz2J0S Rbiyl LlddS arfzdzz 1 0G8Ndhu yI  af
vY |l y Ol 8zhledem Ki 2 EA OA K S LINE dAIBSAN @8] aa®R I ION2S2aN L
VY SnA ONOK vaADNGHINRERINDKY 20 | 612t A0 (SRe o6&f2 YSn
YyS2NRBT ONNnSyS2ON YV2NFRARZ dD MYORARSIyENE BB LN Gdeea S y I
SAYeYA F{WBSNYIGATI YA

' YSNREARYM GfF12YSNI

Y2y &aiNH] OBNESRKEE ALRSENDH Yy 12020SY LIND|
Gftl1dz 485 G(GSyi2 LREBSEY alHpY St SRESt LIWSOSRSY I
1 fF GYNY LINROfSYSY (SOKUINI YIS DR I2WASINEE 2L.3nj NLnj R R
L2 &0 dzLISY 61 adz TGN ON OAGf13AeSEA 1R O2E Yy gHB Y RY N ¢
LInjSRalG I @201 te& LINDYN ySNIdz02@2dz FfGSNYFGAQGdz Y
Ldnj S & W BpStyAN+ & BIGIERPEN] v S 2 a4 2 dz xi€ SERNRLOFI NG Saze NNON & K
geaft SR1& YSnSyN NI dz02 gjaoyb I R NIMS Acked RIFhBIE f 23 2 d2S
FIF NHz2 NON  LIWS2R GWNITHy2SdR WRFNOK LIjNadNR24&A | G2
Yy SR2 Kt §RAeiNPARA0 K
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9t S G NiFf yf Al @1YS NEB

9t STAUNRBYAOIBY SIGYIN| 2RRESANE WnjSRall @gdz2aN ySa26l aiSe
Gt 1dz I G2 LIS RKidroenivkou @rdtodaiv B @Sy Nd at NAy OA LIAL £y
oLINjS G2 RY QIR [ @5 © | dakuyfelutiny (vzduchu YV | y O 848U Jelékirigkdm.
a2 L2 njt Rt Yy N & Soyd NeCpbyAa 2 BB TS MR VS WR di 2YSS njde\ONNE (1S Y
YSYOo NI MIh@LItRS &Syl 2NA {NBOYNK2 Gfl1dz 25 NBTFSI
FGY2AFSNRAO]I SYdz Gfl 1dzd bl 2 SRdide 2d /NISYidk Y S YRONZ
stana2S @geadl oSyl 2WM2ATRNNY dil fFT{RAdzOKSIEDA 206 SYIl | 2Y2
YSYoNYyesz {34SNI 2S NI I A a lienddetr yiunguje abiiykld geé Y G S
LIAST 22RLIZNRBISY LINAYOALWzZ G202 dYSVIGA NSYEFEN GA T
T YSYl 2RLENHz LIASTI 22RLIENROSK2 LINID| dzo NI { dz2 RAR U]
hoN} T/SNGfchaapd2aild aSyil 2Nz t1S 2S0GS 1 @e0AG T LR2:
YOATtA (SLIX2GYyN Tt orab¥8fhz2ahagelz 2002RE SLIRB OGS
+ 8 J2IR AOSRYNOK SGSOXKSt 2R adgS YAYS hjd#ZRMEMSOA 1 |
OYAINRSEt S| N2 BDORYFR OUAEOYdz2S geéet SIAf Ay NInjINVET 2
R2 1 nSYN]22S2 @SS N3 K &bl ¥né 2  BRyPN (AKX 1ASY T | 6y N 3
a@S 01 SNI Bikd PAdzSKNBRVIINT 2 SRHH FN162AE.30%6 NY Otzv @1 y At
&d@aidSY [4¢,143] 6 A Lidz

tlak vzduchu v manzZeté

privodni kontakt

piezoodporovy
prvek membrana
méFici kom()jé:'

referenéni komora

atmosféricky tlak

h o NI & BifcippbT 22 RLRNRGSK2 Gt 12YSNUzd t
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216 (1T AT1T0U EakhODPEI AOET ¢ AE

' 126817 oefl LINRPGSRSyl @Sttt &iGdzRAS T 1 2dzYl ¢
2 SRAYUG&A2dA Y SnjA t Ametodoll djejicb@a Aot SRR 2da3 t Tt &x OS Y
hodnoty tlaku je 120,6 (1104132,4) mmHG44]. %Y Ny Syt &G dzZRAS yI GNO LINE
K2Ry2i(e aedailizfe NRPRAGRHENIYNZ dzi @GSy 2108 Ky § MIpIxT A (
(usamd@ 283 (2t FOOONNEN CLUINRIDFEFOND & t | L2 dzOA G 28 OAf ;
dz mnan T RNJ detOimritge 8RYz2NON K2Ry 2 (& 69amnidgi 2t A O é
RAFadG2tAO01Hep XM VY ITIZZ M G njS RY N7,3 mdHGWI + Tt Iy N YO @ 9 =
L2RES (SiG2 &GdzRAS y Safua Aty M A4ERP G NI § (R NyRK SIKCGENE W2
LINL, OSNO &S Fdzii2zniA &ylFOAf A YAYLAYAYESE (210 NS fal (NS
K2Ry2(ieyYy aeaiztvan@meée Y¥1 AT taR#BrAaAmhfZAr O1Y8Y | 33 & { njé
I NOSNAYL £ yWHTH FYYIpEZ HO20 + dzii 2 njA  LInjA njl T[22 N LN} &
zoe OS dzSRSySK2 28 GSRe 1 npEaYysez0 KO Sa lydeRANWEKY St AR
@St 12dz NPftA KNI2N 12y NBUYN LRRYNyleéesz 1T+ 134SN.

9EAAGdz2S NROYSO Yy2K2 fAGSNI Ny NAK SGRNERA OS5
oefe LINRPOGSRSye yI @GSGHGONOK @1 2NONOK 2SRAyOAx |
o&f 1TYSnSy Gt 1 ®fYWwAinz 1JaReNT tCRROKBBLISEY aankd, A O] &
RAF&G2E AOIMen Xnf FY{Y lcI= nad ( njS Ry N5,8 midH® NIV INSWN NG filf T 1
21LISG AA3AYATFALlIylyS @0eOON dz al YO4 ySO al YAO:
sgS1RBe[¢celi2 K2Ry2i(é YROEOVN LBRNDRY PE dDODNIF 2NON 2
1S T2AO0GSYN KaRyadf Aol omil (X1 IREn ra § 2 PO G € | |
a0nNSRYN | NI 2NRMHG[47Ne i 2 1a indaA S Yy I GNOSLIgL + T+ € |
G NON ySO RGIF NeBl1e& YStA arayraFallydyS @eOON

o

ax

Jak je dzS RSy e OK K2Ry2(G LI GNYySsE 2&82dzSYl WEHYED |
AYSNRRIGYS 2ROKef |1 ® BasSdy SRY¥SNYVE RRBARUSYI A dz
K2Ry2@(& aeadz2tA01SK2 Gflldz LR yn YYI 3 | ai
t 2RST njSYN yI KeLISNISylT A 28 LI {1 Lini aeadz2t A0
100 mmHd19].
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217 .1 07 1T AOGT AU T aAaGATp EOAOGI pEI OI AED

WE]l o6&f2 dzSRSY 2nedi@QRBIZ + 2F NLIE A OWRIRDY & fii M¥X 104 B0 1°
dZNB Sy N 211 YOA1 dzZ LihjaA 1GSNBY 2RS6Nad &aeadzt ac
NSOSANKYZ2 (12 122 q296dzy | OS 23 0Af2YSONAOY S Ayt ¥20(2
zF202L) Stieay23IN2 Fldr @81 dzRENIBIBSAIRAGEE 2 dRIERvEe NGB Ay N
R2adt @t R2 RAAGHEYN 61t aGA yep@gEBGazyaSI T RN & OBX
alif 1 (NS Q20 2R ORZAG 7S THzyt 6 P23 ijA @DK2G2 nj
BSHGSNRAYLI NYN YSRAONYSE (294 SAnfSSY ] RIS 10206tS] L2 T 2 NR Ot
K2Ry 20FYA Gfl1dz T Najlyevdz KgobRkyd@gRNON 2@&0dkd

afotopletysmografickou metod{48].

b2genN2 i SyOAat tyS @StYA TIFaNYlI@ey 1 LJAaz20S8Y YSn
ONNjSYy N LoddiATTyyNN @atyyere @1 yAlt 1 ON £ S3S &ANRSEYN
I NGSNAY f yNK2 aeajisivdae ! 481 @bl aGiEyijeds Y B &i S WRY
periferii (pulse transit time PTT), koreluje K 2 Ry 2 (1 2 dz | NBy NKS it @ & 1dkdS  dzl
212 6lazgeée AyaINIBl YISI9N Dw 0QIRABRWPANRI O a4l Kdz | 2
Ldzf Ty N @t ye yI tomMuSNbdyIS NI IR dZONIDE NI& i KY fY ST A D & NB ¢
Gtr1SY I t¢¢ 2SS LRalLkhy 2F12Y

6h 4)

kdehodnoty] 2 STAKMBRYZI 4 + OAEES yI AR YINBIYNY 2SRAYOA

aSnSYNB Y NKi2S (4 A 32 f dzZLIAvyDt OIN tY(y @ K2 @JeK2R |
ySR2alGl (18 20081tS dz 248Gl GyNOK ySAYy Gl i AByNOK
Rf 2dzK2R206S ySLINSGNDAGS Y2yA(G2NI OS Gt 1dzd 54+ f &
komfort pr OA Sy (il ® bl RNHZK2dz aGNJ} ydz (Syid2 TLHA&20 Y

12y 1 NSy NER2A RENTAYIOBNE |t HADEN SKAZNIHE? 2dHS nySY/0 & f
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2.2 - i GADRA A &ékyence

{ NRS6YN TRBII@EYW OBeiaS YyéeyY LI NI YSGNBY LhjA Y2y
REFAY2OLyE 2112 LRG6SG &0l KAobFHERS 6 2R GBI SINB OENI 1
za minutu (beats per minutebpm)[50]. Variabilita i N33t y N 6 ¥BPaO0R SRS 4 A ¢
A0F K& aNROS a8 yIiieot KSENI a2 dedh a0 2NRGHA A X WK [ @
a0dzR2 O ye9 EX Nbk S8 NONOS Y S i Aéhcelyd OBTFBSO Sy MNEd RIE$
12yaF1 Gy PPCYERR)aRZG F Ay 2adA Y2035 OadplpSyS VYSiz2Ra

2.2.1 Fotopletysmografie (PPG)

Fotopletysmografie jeLINIY N GF { GY2SOBR R YSnSYyN & NERSSYyNK?2
oy SAY dlietinbddgfigil f SPy2dz YSG2RdzE 2S2NO AMNRYIOALTS y2
naproa NOSYN G1t+tyS TRNR2SYy agSittr o20081fS vyl
AYTNI 6 SNBBSYS 20f N GRNT ya WA &8 SRS NBHISYES (2 K:
LINEPGSAY KSY23ft20Ay aAiAfyS | 04&2NDA2PBY 11 MBS NI HdEHK
FtT A aNRSGE yINKi2Nadey|N dixo a2IN9LIJJS T+ njSyN dyERY2 RS
I Nall yeSiizRizide Y (SRe& &t 2 Onpedse pobiybidié Rybpigkg lddEm 2 S 2 N C
11T I 2RLRONRt &NRSG6YN FTNB|1OSyOAaod ¢l G2 &f20]
af 201 dzZ 1 0SSN NBRNINON + LANGAGYSSIN/ISNR Y DNBI Vi g (1 @ 1 B & 2
(sL2 dzOA G NY NAT YESOKIY2ZRRYE]| AARGES6YNK2 ONBAG Y do eRY St08
ySo02 &l (dzNJ OR2]. { RB8S | ENENL §F (i2Mdzi R R MStHRNREKz L32AF
geaz20S | 2Rt 5N PFeYEA LIWES2ONnNYDHZI 2 njA LINR G2 YT
ANRSSGYNK2 NEGYdz I 2SK2 @GFNARFOoAfAGE LH582O0N tt L
WA Y S & (idrRA1S2 ABOz? § & 2jdntnohem@N OS OAK& 6 BBS yIF NILEBTF I | G
YSG2RI 9YDy SO2Y SO ateySlpra&iSGN L2 dzOA G N O

¢Fd2 YSGi2RIF oefl i oR&VhBdRKH IR RIERDYSOLYI G2YAA y.
LJ2 Lddzf + NY N LINBEG2OS (1 fALR LRdJdONGDYGNdzdzt R ENnjla§ & |
iSRe did VONGBUAKW G2t N &Syl 2N dzyNaiGSye ydz 211 &1
anestezie! 1+ T I f2 a8 @OF1x OS t1 S8 LRdzONG &Syl 2NEB dz2
dz 126871 LI | €1 §diIRdBENKGIH4 alDBSiRy N HARA S LINR S
dzl F T dz2NZ OS Ay GSNDI & WNYIISNDIERY & Slddet Twy N LIBAGY &
bl GNOZ LInjA LR dzOAGN NBFt SEYNK2 T LWA&206dz YSnSyN
YSYN YSiGi2RI (231 ANSE A W@ie yI LI2Kéoz2yd
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2.2.2 Elektrokardiografie (EKG)

5NHzK2dz 12y @Sy6yN YSii2R2dz T Na{t @t yN gRI24& 2
LINAYOAL) G2K2 Llaldzlidz aLR NGt @S 1aysNWN YyINR (SSySHA
T yAlt aLRyidtyyN 1 GiABAG2dz (1 g &AYSYIIWRA NI QE
LInjSa aNRSS6YyN aWgS]| FWRdz] ZIYANEDSKSY 1F ORSK2  aNJ
L2 &2dz0F 2NON 4SS NRITIKINGRAY Y S D aizz 10ld2eA ¢ BEYIRE # NRA |
RSLIEEFENAT I 6YN @ty o NAIIRE YO Wi 0 222RGUDEYS5S NsoL 01 46
St STUNRO]TEeY RALIBESYDS IVASK 2Y SN Al 2 @08 Y A0 Na YIS 4
ONNSYN RSLERfINATFSYN @ftye Yez21lFINRSY® ¢Syiz2 R
vi St yNOK G(GS1dziayt OK | (SReée HSO1YANE YSeid A BSKS
L2 ONDOK2 B3 YA+ SECSERNBFRENSE ST{GNRTFNRA2INIY 069YDO
TYSY YILSGNRDItYIR]T ENONOKY M | {1 6y NEEZ]. LR GSY OAt  dz
222161 AOOT T OOE %+' OECT UI O

¢te@LAOle LINAOGSK BYRNYHNBKENRS? ENFaYRiHzZ $y8. yI  ho
VLINAO SKdz 1S NRTSTylLd yS12tA]1 OKIQRBUINAAGAOT]
t @l yAlt St ST 0NAK 2aNYIN (PR 22 RARS KRS NI2 £ | NA T
NBftlGADYS YlIftéexr 2SVIWQIRMEBSA 2d®e 1t SOUFK2RF ¥ ONz® N
G071 @b vw{ 12YLESE® ¢Syid2 12YLX FRYSISY RSN NRSOLIER { I
R2NF T INGNIBASYGNR L dzf t NYN dzZl SYNOB BAYRAN GSBORO$
il YLX AGdzRIF 1 2YLX SEdz vw{ @&OON | G(@2nN ySa2gdeéeNI
NEBLEZEIFINATFON 12Y2NE T RS adz2eN T yeYMATl dg o0 % 2d
2REAOYS 2R fARAa1S Felazt23aAa8s | RS kenplext2 f | NA
aLINB (12 YIKdayt @fyyWr YBRAONYS @OSOIBN RAFIy2a0GA01 2dz

Y2YINBOGYN K2Ryz2iG& | YLXAGdZR &A3yt+fdz &5 € AON
ANRSG6YN FTNB1OSyOS 4S8 20081t S LRdJdzZONGI RNHzKeée &
612y 1 NBlUdSLpahgdad & e®2 H Y+ o0dz SSHONOXKS &4 SorS yLIRZ
2852A 0K YSYyONWEOEN O NAWIIHA G dzRI vw{ 12YLX SEdzZ LRK
YI 12y 1INBOYNY doYNaGSYNROSES| (NFR2AE[ERY RLE §0 a8
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2222: UUT Al %+' OECI UI O

WE{ oeéf2 d@SRSy2> 9YD aAraytt 2SS ayNYty St Syl
TFTyEYSyt @i SR 2 A ol LINaEIAT &S A 1S ZLI2zO0N G 2 N
Y 12y6SiAyt OK T ONnSGSY 6RNYOA Dk HiXedeh 88d jei 1 g
0@2nSy R@2 AN ISt Y NRIRG B y I LISGN YST A GSYAG:
GFr120e &a02R O0ALRIINYND® 5+ftS 28 Y20yS YSniid ylI
a2 2SYNY 2aiGF0iyNOK StS]TANPRGAIESE | P RAE MR { RS & Oy
BSUGSNAYL NYN LINFEA &S LR dONGI2N 12y6SiAay20S a
GUGNB2NRBT YSNYSOU SEtS{TGNRO]S aNRSG6YyN 26 61R2 aid NI
t NE LRGEIFI6SYN az2dKflaySkKz2z NHzOSyN 2S5 Y20ysS 11
LINF @2 dz R2 Xy N RidyR6 Sddgyedaighyley,yF w[l 4§ SNRBdz 2S5 LInjA SR
I Ay @S NI 25F NYSE WS LYSHG NY Snja2DNOK St S1 G NB Rt OK

Bl §6StSY YAYAYIEAT I OSA A Kedd 2PEDK 2% NI §jBI6 T (i 4
V2RLIRZ6AY ] 208t A\Rdz@1 £ShHjSYN dz LJAA aS 200e1tS LINR
61 &2 W8RNONNAG &4ST SyNs dzyNalU2@glr G 28 yI 621
12y 1INBUGYNY 2SRAYOA | 11d20Sy2aiGA @eO0Sindz2NONK:
[59].

svod 1

svod 11 svod 111

DRL DRL DRL

svod aVR

svod aVL
svod aVF

DRL DRL DRL
hoNI TS1Y2y6SiAy20S &d02Re LR AZONDKIBY NISnjlR
2

12Y6SUiAYy20R2{80 RAERIPY | dAYSYy (G201 yS dzyAlLkR:
aupraveno podle[60].
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2.2.2.3 Elektrody

BIRYN RAfSOAG2a0 @S ayNYHYN SESTGONRBTFNRAZ2INI
zajigiA i R20NRdz St STUNARO|2dz @G2RAQ2aGd +S @SiGESNA
al Y2t SLINON St S{TGiUNRPRe& LIR2dzZONGI yS dektfodyRpepit. L | R& (
bS2Ll2 dZONDI yS20ON JANPz2RBR @ P2 &t SVANR Rz a1 0 SNB
1408 tNR A&AYyNOSYN o02tSaitArAg2adGA YlIaN ag2N]e 2
LX 2 OKdzZ kgniaksunl 4 @8 IOONNSHE 06 B BSHD Y LIZJAONSG S 0
ge dZONIE R B ONA AT (& coieaddz Lit@2On]Sydes YHitSNdz (1208 A & ()
28 @Ol 1 GnSol 2$ LinjAOKeGAlG 1 Slekfrickot &&litiastyz8 v I LInj
Rt €S 1t SLIOA (2 KI2ZUXdA LN LYFNRW SF f91YD y So2 dzf G NI¥ T @dzn
elektrodyp 9f ST iNRPR& 2&2dz dzyaaulU2gtye yl LINSRYN 12V
VI R2fYyN 12y6SGAYySBER2 206fladr 12tSyyN 2FY]e@

2224 DOAAT OUT p %+' OECI UI O

¢@LIA Ol e LINAEKS fe zéblazey ind aiNI 98Pdz b S2INOS  yit LI Ry 2
elektrokardiogramu je tzv. QRS komplex { 6§ SNB 2RNY} ON St ST GNAO] 2 dz
kontrakce komor. RR (12 OS LN} ¥S w @fyeé 2R22 IRBEEPK RS L.
detekce@dé OK2T NY 062RSY LA adl y2 @Sy NR2ANR SHENIP yFNBY
yt a4t SRAdZ2NONYS0. GNB OIS § B NA Ot  aldy2aiGA 2SRy2Gt A
hoNld | dz

RR interval

2r ! 1
R R
o~ l B
>
8
=
=
2
2
=
«
komplex
| ] | | ] | ] ] | 1 1 1 |
200 400 600 800 1000 1200 1400

¢as (ms)

hoNldySpeLmaOlée LINAGSK 9YD &aAadyttdz a geliyréSyey
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1,0

0,753

i Tvlna

QRS komplex

0,50

0,25

relativni vykonové spektrum

0 ~. sy s | ] ]
10 20 30 40
frekvence (Hz)

ho N} OYSICNB |1 @Sys6yN Gt ady2air Kt Oyeps
podle [63].

tnfjA 1T LINI O2 @t y NNBY NY hjt &S®F1DKidE SN JWIN @ 2SS K2

VI YSnSyedrYRRG @INNLI RS 23 2 dAJKK & oGNS A | NIRS\NRI-2]AG &N
NHzN®y t 2 K&@o20S | NLISTFILlGe T LAaz2o6dzeN (1 g 12t Nat
AATYARNB|] OSYONOK G(GeLaodlée R20hIp DOBoaBRIFGNIGNSEY
LINR LJdza G SEGNIF Kdz2S NHzOA gt y NT | 2TRNIAJAXLRYREYYNK 24 820G
wdzOSY N &NGS Yt OKFENI1GSN aAydza20SK2 NHZOSYN
Yyt 820 0ONOK® ¢SOKyAle 2WMANNS yYSENTARKSRII@S NADSIGZN L.
I RFLIGAGYN FAEGNE dzY2 O €zg NOM NBRVENBDS A NaSIyt f

5t ONY {NR1SY @S 1T LINIO20tyN &AJVitSiINGz a® all BN
gRIFr2 2 &ANRSG6YN FTNB1ISyOrod WSRyt a8 2 RAf SOA
kyt Y SYdz NBT YSnSyN RIFft ONOK @ty 9YD | LIjNLJ RYS
PJeK2RY20SyNod { (iNHzZ (GdzNI 20SOySK2 RSG18.T NBNIE v w{
o0f21 LINSRadl @gdzcS tAYyStNYN TFALGNE 2SKN ONt S
12YLRyYySyide &aAirdyttdz 6LINSRSOONY t | naGigEREN®
TNB1OSyOr 20@e1tS YST A wmn 11T + Hptrarisformace ONnjl 2 «
LINjSRa G @dz2S RINBON Y@S R2ceON Ty SY N v,wdhrnie prdtaJt SE dz 2
YStAYSENYN 2LISN @A3dgRrbo@al SRy N 2DNBYRNY 28 &l Yy
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12YLXISEM2ON NRIT K2R23F ONK2 LN} gARfF® ¢2 YAOS
LIN} K2@+t yYNY Q1T yA1fSK2 aAadayttdzz &t 20Al SiagQNO S taa

Y20yS &t SR2FILL ATUMRYOKS I 1 e OAG G111 [68. S 2R2 Y
Vstupni EKG signil Linearni Nelinearni Rozhodovaci Detekované R viny
- filtrace " transformace " proces

hoN1I0K1hoSOYyS a0KSYlF RSGS1G2NHz vw{ 12V

21 adey LR&GdZISY LinjA RSIASE DX LIV WY & 3 P& DI ISEA2 RIS
Tdzy 1 0OSSg6 VEE 2WI BS LR LAIYSY RSGS1GE2NHzd t NOYN
yt 4f SRdz2S RATFTSNBYyOS &aAadytfdz + dzy20y Sy N y I RNJ
FAEGNBY ¢ 2 dziokneL D o KUY FHE HNYO O prRYSR201t £
2azdz yI £ ST Syl St tZoIN | BIREB\E B2 YEFRE AYSNI aA3dyt
p2 NB @yl /IR 2 LINDEKASYY &2 S Qe K2Ry 20S8y23x T RI &8 2S8Ry
28 FTRILGAGYS ylLaldl g20ty LMSIROKENRYBSRSESFFOE
komplexu[64].

Y N2 Y SovaiTompkinsonova algoritmu seld2 8t SRYN R26S NRBT ON2N C
L2 &40 RS&AT ST OA vw{ 12YLX SEA® ¢& =2az2dz 1+ft20S8Syeée vy
YSdINRPy2@3é6 OK aNGNIZI YSi2R | [BIAPLINVEIAY NO &Fi A2 (1 ddd OFES yi 2
detekce QRS ROLJ SEA 2S5 Ll2dzKeY @eOK2I NY 062RSY Liji T LJ
yItST SYyN RIFt ONOK gty | 282A0K LI NI YSGNRT I OS2
LIN} OS o
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223 (1T ATTOU OOAAéT p AEOAEOGAT AA O POi A ET eAE

l dzi2 nfjfA &G dzRAS @S PYBAH2HONGE ENRSEEN DEBHEK2 RyS 1
pohybuje 0d 43,12 mn Zdhc O LIY 06 SKSY & Ld o/ dm | aOLIYLIZLInHAN RS
Yt YFET Sd t NAYSNYt K2Ry2GF 06SKSY 18508 RRja& SYGQn;
ySoef L1 2NB MNP RNKIYASH M | JAIKINE ONYA X NATyS adl
rasami[66]. + St 1+ &0 dzRA Sy SLPNE AJ R 3B 2N YK . S+ 3t S dz ¢
1t ARNBRISG6YN FTNB|1 Sy 031,288n adz samicYOBAH mTIchZ ¢ LIY D | dzi
2LIgET FTYyFrYSyFEtA aAIYyATAT yGyN NBTRNf YST A LRK

VLINNNLI R68186B2A 08K S&6 K RYBBFPSWLING obcKydz Ry S @ C
K2Ry 20GF 12t NalflIWYSTiRhaNM: POX o®S0 B LA DIzRAS as d
2SRAYOA YI 2N &AAAYATFALIYylUYS CDeQON 262 Ry 20R&1 £ 2NH S
ySO dz t ARN® ! dzii2njA @O | LBERVNG 2Y(UCA L32ATy2SNEadit dgRM Sy’
souvislost S1 SY ySLR2RIEnNAt2 LINBIHTFGEZ yIF2LF 1 | dzi2njA
LR KfFONYAD {YAOS YSte @gelolyp iz RyLXxihe yHENR 34 yWNO.
4,4 bpm)[69].

Kve OS dz@SRSyéeyY K2Ryz2aGtyYy 2SS @0F1 GnjSol R2RI
LR RYNY (1t OKZ LA (1GSNEOK 2SS YSnSYyN aNRSGEYNK?2
TFTYyFrYSytye @S &GdzZRAA LI N @0BIeAOKN R Y NINS6 yLINE B
Mg OLIYO | @S GSUHESNBYIOMNIVN o2 NRAEI @ ad $RA & (SR
RN} K& ae@vYLJ (A1 dz 2afSh 01ed &/ RryBINpeadionNSR N8 & 2 dz
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224 .1 01 todyA A GAT p OOAAéT p AEOAEOAT AA

+edRDEBAGA YSnSYN aNRSHSIN 2¥NB | dS NS YEY 2riRdzy
vKdzyt Yy N GF 1 @S iAtdRaivbuNGR O SRROBY FO&Ydz YSnSyN
12yaF{GdyNOK St S1TGNRR 2S5 L2 ®&OSEN|UINBIRGA BEER dD 121
L2 GNDKdz (St DHEAGD2FASRIBADNDKS &z i S Mrincip BinkdeS y T + § 2
pak & LJ2 6 MNi€dkci t&. Maxwellova proudu (displacement currentfen 2S @& @2t t y
LINEYSytA@geyYy StS{TONARO] &Y m lsdaks Y NRARAI@S njRy5ée Y Ik
el @2nSySKz2 (1 2YyRSyIlt {i2NHz NBfIGAGYS YLttt | &R
aSyT 2Nbz o0t @Geaz212AYLISRIYyS6YyN | ySTIGS0201ft
il 1206 adaldsSy yt OKetye&e Y2 0525 eNBKeBEHeRR N S/ SN
51t ON y20S adNONSHSdi 2NRIS6 YN FTNB|1OBSyOS 2az2dz
2S@dzd WS2AOK LINSRLR1tIIRSY CcRRAATISRE Bz @8R KaNwaR
sTNB|1 Sy ON WA oIfTAONSdiaydd &ardaytft 2SS dREREdz2ZR
VRA&af SRl dz ReOKI ONOK LR KeoAzX cnisSoNBI Tyd 2[NI SF NB§ @&
T I nffNT SYyN @eaNftlF2NON StSTONBYI3IYySGAOTS 11t nSyN
T 12dzY ySK2 2062S1ldzd ¢Syii2 Fii202Kaear&Y¥zOKRER NI
[51]d Cdzy 1 6y2aid (2K2G2S nSOBlY N ER ILBHS npMLIguEEGAS|12 O Y
1 RS I dzii 2 njAO ALBRRAYCPALDH A VilgE BHANILONE] radbid 2 N2 Oyt Yy NY &S az2c
YSnSyéey 9YD oefl 2@0SnSyl &LINI gy2a®dSig®2 YEOYSBF
a2dz6 ayS YSnAld NILFNB1OSyOA RSOK2@2dz

A«
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2.2.5 Dodatek - historie EKG

t NDY N @eél yl YHkistodrelékRokatdiogsedidlz2 & o NA (Galé FTelAzf 23
Waller (1856w cpH H 0 X G Sy 2112 LINBYN NBIT LRIyl fiegho OS St
12ya0NF1OSYA + 28 TI1yeKISOFNX B8RRIy RipE 2 B KO K dzLIA 3
Jimmiemviz Obk T $11{ @t YIONBFINRSN dRFe Ol | LAt NYNK2 3l f O
THE208ySK2 yI LINAYOALIzi BIgK80 dzi NAAA BB #OR WISy R
St STUONROISK2 LR(GSYyOAt fdzd bS@PeK2R2dz (2K20G2 dzi
aeadsydz I getad SRRERYIS 1 LINES 0RA | 3[9].Zrénto héddsttekd e K2 Ry
2RaUNI yACf G§SLINBS @StA{ty St S| oer)] EiNdeveg I NI F A S
AY aLANE Gt y,ideik@ VLINFADISS MIOKE # NY NK2 3L f g1 y2YSi N
pgeoOKet S|z 21TylL6Aat 28 2112 !./59d t2Y20N Y|
s2Kf SRSY yI aSiNBIF6éy2ald {1 LAfENYNK2 3t JFy2yY!
21T yI 6Afdobd8 REIYS GSYFGAO1S 1 @& (¢C2PORI722 RS S @SUAAN |
IAYIK2OSYAD (NRBOYT mipjhOSt | BOI WnjPBRAGE BAt  Of | &l
Ll2Keodz 0SYy1SK2 LRadnNonSySKz2 @ft {1yl dzYNaidSySK
pohybuie VSt ST G NB Y| 3y SHAGNAS Y2 alAT AY | A @RI A BN G ALINBINIS 4z
LINE2S10A &iGNydz yI aGNyNiG12 &8 LRKeo 1TSaNtN |
2RAGNI YyAE 9AY(IK20&K2 V3IRA2 DI ERGBMIRDIKEE2 RSNY N
elektrokardiografig73].

hoNIILSVAYYASSE LISa ! dza3dzadl 21 €€ SNT
LnjALzeSy 1S Hy2xsdNypyYdnSok Bz |
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3.. UOOE UAGpPUAT p

WSRYNY(G$G20NRALIE 2Y23S LINY OS 2S5 Iy iOINEwedzi T |«
Kt GyNOK KSY2ReykYNBPEPK2 LI NF Y&INEEA NBS 6 FNKZ I N
YSRAONYS YIféOKYNBE®yjNiyl taANKR BSNNSC Wiyd vy SAy ST A
280Aft2YSONRADO] 2dz YSG2R2dzZ LInjA yNO 2&2dz St S{GNp
BT YA IRENONR |z | NBOYNK2 LINAG2] d¥ H e BBER I/ 2 820 LB«
ANRSO6YNK2 zvilkhaiywwda 2 86 Y SHSyyWt a4 8myt RSGS10S vw
viFTyrEYSylySY aAadayt t dzo

3.1 Hardware

bl GNK2@FyS TIFnNISyN 1S NRITRStAG ynoNES{]2dZ A |
121 fFGYyNY o06ft21SY 2SS YAINR]12YGNRt SNOob@wd pro v X T | i
YSnSERPYNKR Gfl 1dz 26a Ra i Of 168 AFRNAZ SNy Sgz)l G A O
(pumpaa@Sy G At o | 2S2NK2 53 tf ONWNE2YSA AJF 9K 20 t2A 1 YRY nyAND!
postaven nah Y 1 SANR O f W HDHPAMNR 2SRy 2 a2 RahigFaciy SnjSy N
LINE YSnSYyN aNRSG6YNK2 NBGOYdzdp {2aiGSY dzlft RtYN Yy
karty. KomunikacedzOA @I G St SY LINPONKt LRY2ON 2@ttt R ONOK
RAALIE S2Sad %l nNT SYyN YAOPS ahari-ioy i B L0 2 S6/t2t y &8z ¢
zZLINjA LR 2SySK2 T RNR2S yIFLISGN p +# O6YAONR!{. 12yS
Yy oN2SYyR268BEy ( ®edy Sy N AWHYIRZNEIAZDY & NPRINPNI Y@ L2 LIA &
T F njNT SufgdenoRIERSONY (G S E (i dzod

BLYNYSYq 2y L BBBS Mdz2S Ay i S3INBAA yig2 Yadayh2| R OIINLR  625)
gé& dzOALINNLINS S RI f ONDNT dayOAGE G Gz8 ¥ | Gz00l NIzK fd2 Kil | njg @
LINjST NI 6dz2S NI} YSO TIREtYNZ | 28 LINRG2 AYLX SYSy
konfigu2 @t yNeB OA Ydz LInjN & i dZIS@BK 23 So 2dRux>P 1 13 St YA OS L
RFEGF &A LINBKf SRy2dziz LINNLI RyYS &0t Ky2dzi LINR RI
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vstupni napéti

dobijeci obvod
3v-5v

Y Y

lithium-iontovy vypinaci obvod a

_’ ..,
¢lanek regulace napéti
vypoustéci ventil \ ‘/A/ tlacitka
mikrokontrolér
ESP-WROOM-32 [~ isplej
pumpa / LCD displej a

/ A ‘\ LED dioda

obvod méreni obvod méFeni SD karta
krevniho tlaku srdeéni frekvence
hoNI@261. t2120S A0KSYlI ylI @NK2@l ySK2 T FnNISyN L
311 - EEOT ETT 60111 O

1 £ F Y NY Fdzy1 6y NY LINBLSY 1TiQNdzEY No RE IYNR WNRI] B d
akomdzy A1 OA  YSTA 238G 0y oeDA JIHTId1SOWIN YA NBO £ BRI B £ AAl
YAl NR | 2y (0 NBrfnyS Hdpredsff tSyskteis | (2 LINSRSOONY 1 G4t A
PelR6SUYyNY& Pl EYABARAEN LInjA LR 2A (St vy emR4. LISNA TS

t NfjSKt SR yS2RAt SRBUSZONDKNOQK NLINB dz5h BNK 2.0b ¥z6 1
| £ gy N Fdzy1 O0Sz 1UidSHWNS SWAN NE YNy (BNRREdENI &

1) 46 SNR2RIZ Ridz LINE YSnSyN (1 NBOYNK2 Gfl 1dz

2) 40 SNRRIF2 Ridz LINE YSnSyN &A&NRS6YyN FTNB]1OSyOS

3) NjNT Sy N NN dzINIs] & LIy Sdzy GA Ol SK2 206 @2 Rdzz

4 THLAa Yyl YSnSgmkarg K2Ry2iG Yyl

5) komunikace sizOA @I G St SY LRY2ON GfF6NGS]T | RAALX Se

6) dzf 2O0SYyN 12y FTAIdzNF 6y NOK &a2d@@e HASRNBSZT 20NI T S
7) @20 @2 a0y NINNAE (1 dzLJ2 OS K2 D& RAZaiivbryyd KNI yN RFE Gyl
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B LI22SYN YA{INR]12YOGNRf SNdp NRd | 20 GwoRdz 023 ydzS e

gé aldzLla

L LA N A

upravit, jak jewt | 6 dzt OS H

STabulte2WAISY | @ @é & G dzLIy N OK

LIA §fA S 120RNBR YNGR 82
a OK S Y HnZSEKS yieDK2 bl LA (P2 BSE6YSY yi ONKdztugye f 2

y dz

gel yl 6 Sy 2kapitde® DigkBzé.ft SYyN 2SS dzdSR

Tabulkal:+ @ 6 NI yS @f I ady2aidAr Upfavdno@dle4.d NBf SNHz 9{t oH ®

CPU dZ 2 dz2+ RNE @ éo A (25484 ||
frekvence CPU ntadl OA&STE Yy Oymnn
p YSU { w! a|520kB

p YSU Ctl a{4MB

' 5 LIjSP2RY|16P MH dARBAAAIR dz |
51 LIjS@2Ry|ln P y oO0AG20e

PNE Z21T YN yluZn + O oZXc =+ 01038
LINR dzR 22 njS3{ pNA YSNY'S yn  Y!

GPIO piny on R

{tL NRBIKNI|H P

ZRARAz ayl T ONK2 LINRPANI Y20t yN o0&f | ESPARRPOMIB | f AT | C
SUNY({#2 YATINR]2Y(NRIhSREBHNWWIC 20BICREIN] 012y 1 NB
GF10S8S 2S5 Y2 @ay$NYALINRANZ WM [Unj LIZnMRSUSBmicio
kabelem.
U1
VCC 1 20 GND
7 SOCE T SD_MOSI
—2 SENSOR_VP 1022 gg LED
= SENSOR_VN TXD@ B
% [034 RxXDe oo
—— 1035 1021 p—=
DISPLAY RST "7 | (435 cnp2 |26 GND
DISPLAY _CE 8 | 1033 ln1s |27 SD_MISO
DISPLAY DC 9 | 1goe o1 |28 SD (LK
DISPLAY_MOST 10 | ;45¢ o |29 SD_CS
DISPLAY (LK 11 | {454 017 |32 BP_OUT
POWER LATCH 12 | {47, o1 |31 VENTIL
PUMP_SWITCH 13 | (415 s |32 ECG_LO+
GND 14 | oup1 oo |33 PUMP
ON—OFF SWITCH15 | 413 0y |3k ECG_LO-
16 | <75 015 |35 ECG_OUT
% SD3 sD1 %
1o (MD 509 ED
= EXT_SV CLK<}—
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Tabulka2Y

Bl LI22SYN @éeaidzJA YAINR|{2YGNRf SNHz 9{t c

6Naft 2 D{aYSy2 @é|popis

0 PUMP h@tt Rt Yy N LidzYLRe>X @S FAy/
(viz kapitolu 5 Diskuze)

1 - ASNA2@t 12YdzyaAll OS ¢-

2 ECG_LO 12y i0NERISIK23 LA 2SY N 9Y

3 - ASNA2@t 12YdzyAll OS w-

4 ECG_LO+ 12YUNREI &ALINY Gy SK2 LnjA L

5 SD _CS SPI komunikaceSD kartou

6 - SPIFFELINjA LI22Sy 2 |1 AYGSNYN

7 - SPIFFELINjA LI2 2SSy 2 | A Y (iz8 ohyapit

8 - SPIFFELINjA LI22Sy 2 |1 AYGSNYN

9 - SPIFFELINjA LI22Sy 2 1 AYGSNYN

10 - SPIFFELINjA LI22Sy 2 1 AYGSNYN

11 - SPIFFELINjA LI22Sy 2 |1 AYGSNYN

12 PUMP SWITCH|Gf F 6 NG 12 LINR T 1 Kt 2SyN
kapitolu 5 Diskuze)

13 ONOFF_SWITCHKf I @y N @e LNyl ON GfF 6 NG

14 POWER_LATCH| @é & (i dzLJ dzR NJO dzelyQdi 9 Y- npNil |

15 ECG_OUT pgeaitdzZzd AYUiSINRIIYSK2 20

16 VENTL 20ttt Rt YN @Sy (At dz

17 BP_OUT pgeaitdzZd Gt 1208SK2 &Syl 2]
GPIO 35 (viz kapitolu 5 Diskuze)

18 SD _CLK SPI komunikaceSD kartou

19 SD_MISO SPI komunikaceSD kartou

21 - pnjSLI12 2S0/ Dt Lh

22 LED odft REYN 12yYGNREYN [95

23 SD_MOSI SPI komunikaceS3D kartou

25 DISPLAY_DC SPI komunikacedisplejem

26 DISPLAY_MOSI | SPI komunikacedisplejem

27 DISPLAY_CLK | SPI komunikacedisplejem

32 DISPLAY_RST | SPI komunikacedisplejem

33 DISPLAY_CE SPI komunikacedisplejem

34 - yS2o0alil Sye @eéaidzd

35 - LInjS LIP & 3 GRIDI7

36 - yS2o0alil Sye @eéaidzd

39 - yS2o0alil Sye @eéaidzl
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312 - AGAT p E@AOT pEI

Jak bylo uvedenot¥y S2 NB G A O1YS niBtyNi XliX 1%z 2aO0Af 2YSUGNARO] 2d
LINjSNHzOSY N (21dz 1 NBS 12y6SiAyeuA I LIRSKERA dfFt & ISR
VRA&f SR1dz yt NIrT & LINRPJdZRNON {NBS Lz T 0SSz 1 G§SNEB
YSnSyN Gt 1dz aS GSRe aSaidt ot 1S alvyz2iySKz2 LS
I AYNYI{EBKSYH | dsdS dovodujezadrapdy2l h oNt T 1 dz

Ky Fdfl 120t yN LlySdzyl GA O] SK22 2OINIRYRIz BB E (I dzlLge SIEO2A
{LyAlGlLao %S aiSaysSkKz2 T I nNISyN o6&t LnSaila A
FIL1GEY O&YIBGAOL SY 2002Ryi2 16 & @StySi A2 8BTSy sRINED( O
e LR d OGSy R2O0BRICHEYRP +StA12a0 (2K2G2 2002 Nz
P LR dzOGSYN 20@2Rdz 2LIWGAYHE YN tnA yI Fdzl 20t yN
gSt1ex G 1 Ofodyreii SBl 2az8 S Oy | T2 dAJY 0di R2 WtngfddE i & v |
tlaku. Zzge OS dz0SRSySK2 (SRe gelLX egts 0SS @eéLRrdzOiSO)
10SNEY 2IONNRIORS 1D2inSoe OStée 2002R NROKt S gé Ll
2SS 2AYyIflS o&yidSydi

YS alLlReSyN 2SRy2i(fA@geOK LINB1A& LlySdzylF GAO01 SK2
gedN®S CO9{¢h 2 LINAYSNBOKS ON YIKINAYWS NIHYENENGD S
LN} O2 @y N 60D kRa (fK12ZRAMO YMyl 303 020 2 SLiAIdReG NLINIRO S
R2aGl 6§dz2NON®

h 2SRy2i(fA@dé0K LINDBONOK LlSdzyl G6AO]1 SK2 206 @2 Rad:
vRI £ ONY (SEG dzo

vypoustéci ventil tlakovy senzor

wn

vypoustéci otvor k manjeté

vzduchova pumpa

ho N}I4$VOKSYl Ll Sdzyl GA
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312141 AET OL OAT UT O

t NE YSnSyN {NBOYyNK2 Gflldz 6t LiAdZADJIeNBDOOS
NXP Semiconductor§j5]. Tento senzor pracujerozmd N Gt 1dz n O pn 1t}
YYI 30 LA YILINZFANKdzYy HIDS ( NINBIAZRZ @S ¥ 2RO SNHz 7
L2 OF R2 @I yS LI dzOA i N 0BS LIR2 § WN K2 RWMWEY IRNJAS YIS
YSnSYN HZp 322 (NI G1S NBIIBYNK RESBA | gaziEdLPySN

aYSnjSytely] Siy 2S fAYyStNYN LR2RfS NROYAOS

Y oOnmp® mimth (5)

kdeVs2S vy I L& 2] Ry IyY I aESiyweai toll | @é alidzlddz aSy |l 2 Nz 28
YSnAGSEtySY GHd td2 RAFLISRIZNLI2HNDYS SY N @é NB o6 OS 2SS  ydz
YySO y o0AGAUL | 50 AWKIA TN 28R BdRIcESi @ | yF LISGN
TAftONR ORGSOt NRaROSy NH o0A G206 15 LISP2RYN]l YA
sen2 NHz FAEf ONRB Ot Y w/ YYSHHNEY BEoNENYyN K2 Lipt Nidd Sy N O
[76]. Spolu ©f 21 23F ONYA 12y RSyT 1t (G2NE (RIS 2686d(e2 BS & (
atoxpnpn dz@SR3¥2 yI hoNIT1{dz

V(L
A
™~
y R15
750
vouT =2 29 Bp QUT
=
‘—"‘ (1@
T ¥ @.33uF
_I_L@ uUF == 01 uF™ MP3V5050GP1
GND GND GND oo

hoNYI5:8:) LI22Sy N G(fl 120SK2 &aSyl:
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+1 RdzOK 2 Ot LidzY LI @@ LJ2 d20R ISONNI FBKPRK § njSyepNiaNe &
INBOYNK2 Gt 1dz FANYe {IyAlyhkosSeHREIE L NLI HRSWD K+
Vzhledem komu,0S A 2 & G | §YWN LIS 1DAERING BMW TS LISGNY o +3 &
LIN} tASLINfNa GNP _2Sd hNASY Gl 6y NY YSnSyNY o6et2 1 2A0
LInjAof AOYS myn Y! @LIjrR{iAOFE @Sy IKE diz BB YL A 6y F Ny
2LISy asx GleRy dAdnjAl LW &ISIYIN  La3tSy N2 GLIONNING  Fdzy { OA o6 ST L
vLlY SdzYt GAO1SY 20 @2 Rdzp

KNjNT SY N LidzY LJ& A 0 X993/ (iRNEdENZistay BCPERI3 niZd i §4/eed (i1dzLJA
YAINR]12YGNRE SNz 9{toHd {LINYION GWIWNYXZN ¥ RSz ® ¥

T+tGSOS OKNlySyeé RAZ2REYA wmb g @6 vasiby] 2@ien 1 | L2 2
analogicky.
V(C
N
. VCC
D1
NINL1LE
\_PUMP-
R16
220 01
PUMP  ~~—— k: BCP68-25
| IS |
GND

hoN}ieB | %l LI22Sy N LidzylLle R2 2¢
zapojen analogicky.
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YS T2A0GSYN (SLROS FTNB|1OSyOS oetardiywmdysvyD
viz kapitolu 2TeoS G A O1@® GYKMR RAYNY!I YN 9YD aAAyliSa&N® Gy &
obvod! 5y HoH OAGEbOHIPaVICES77]® WSRyYyt &8 2 2SRyQuBDE2RRE Jé
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