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IJIEKTPOHHASA CUCTEMA PEI'MCTPAIIUU 1 OBPABOTKH
BHOJSJIEKTPUYECKHUX CUI'HAJIOB

Volodymyr Voitenko, Oksana Fedorova, Roman Yershov

ELECTRONIC SYSTEM FOR BIOELECTRICAL SIGNAL REGISTRATION
AND PROCESSING

Memoou 3anucy bionomenyianis, wjo cenepye Mo30K, cepye abo M ’a3u, Maons 08a OCHOBHUX ACNEKMU 3ACIMOCYBAHHA!
MeOuuHuti ma 0ocrioHuybkuil. Meouyna OiaecHocmuxa 6 yM08ax CmayioHapy HAuYyacmiue CRUPpAEmvCs HA MAaxi mMemoou
HeiHBa3UGHUX 00CNIOdICeHb, 8 AKUX BUKOPUCMOBYEMbCA 2pOMI30Ka ma eapmicna anapamypa. Boonouac akxmyansnoio npo-
6.1eM010 3anUUaEmbCs a8MOHOMHULE KOHMPOLbL Ma NOMOYHUL MOHIMOPUHS CIARY NI0OUHU K 3 MEMOI0 C80€UACHO20 BUAG-
JIEHHS] KPUMUYHUX CIAHI8, MAK  0Jis1 6USHAYEHHs peaKkyitl Ha mi Yu iHui 6NausuU.

Pobomy npucesueno supiwiennio 3a80anHs cmeopents 00CAIOHUYLKO20 KOMNIEKCY, AKUll 6Miuye npucmpiti 0na none-
PeOHb020 00pObNIeHHs GIOeNeKMPUYHUX CUSHANIS, NepemBOopeHHA iX y yugposy dopmy ma 66edeHHs 00 NePCOHANLHO2O
KOMN lomepa 3 Memoio HACMYNHO20 AHANI3Y U 6I0NpaAylo6aHHA ANOPUMMIE (DYHKYIOHY8AHHA NOPMAMUBHOI ABMOHOMHOT
eIeKMPOHHOI cucmemu, KA po3poOAAEMbCs 6nepuie.

Knrouogi cnosa: 6ioerexmpuuni cuznanu, 6ionomenyian, anano2o-yugposul nepemeopiosay, 8izyanizayis.
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Memoowt 3anucu 6uon0mem;ua.703, 2ceHepUPYemMblX MO320M, cepc)ueM Uuiu mbvliiyamu, umerom 064 OCHOBHbLIX ACneKma
NPpUMEHeHUs: Me@ut;uHCKulZ U UCCIe0068AMENIbCKUIL. Me()uL{MHCKa}Z OUASHOCIUKA 6 YClosusax cmayuonapa 6 Hacmosjee epe-
MA yauje ececo onupaemcs Ha maxKue Memoobl HeUHBA3UBHBIX MCCJZ@OOGLZHL{L;, 6 KOmopblX UCNOJIb3Yemcs 2[70,/140301(0}1 u OOPO-
eocmoswas annapamypa. B mo oce apems akmyanvnoil npobnemoil ocmaemces a8MOHOMHbBIL KOHMPOIb U MEKYWull MOHU-
MOpUHe COCMOSHUSL 4ell0B8eKd KAK C YENIbI0 C60€6PEMEHHO20 B8blA6NeHUS KPUMUYECKUX cocmo;muﬁ, max u ons onpec)eﬂeﬁuﬂ
peaxyuil Ha me unu uHbvle 8030eliCmauUs.

Paboma noceswyena pewenuro 3a0auu co30anus Uccie008amMenbCKO20 KOMNIEKCA, cooepicauiezo yempoucmea Ois
npeosapumenbHou 00pabomKy OUOINEKMPULECKUX CUSHALO08, NPe0OPA308AHUS UX 8 YUDPOBYIO opMY U 86004 6 NEPCOHAIb-
HblLl KOMNBbIOMeED C Yelblo NOCIeOYoue20 anamu3d u ompabomKy aieopummos QYHKYUOHUPOSAHUS pa3padbamvliéaemori nop-
MAmMuHOL A8MOHOMHOU INEKMPOHHOU CUCEMBI.

Kniouesnle cnosa:ouosniexmpuyeckue cueHaibl, GUONOMEHYUAT, AHAL020-YUPPOBOU nPpeobpazosameib, GU3YANUZAYUSL.

Puc.: 4. Bubn.: 16.

Methods to record bio-potentials generated by the brain, heart and muscles have two main application aspects: one in
medicine and another one in research. Medical diagnostics in hospital conditions is currently mainly based on non-invasive
research methods that use bulky and expensive equipment. At the same time, autonomous control and current monitoring of
the human state remains an important problem from two perspectives: to timely identify critical conditions and to detect the
reaction to specific impacts.

This article seeks to develop a research complex that would contain devices for a preliminary processing of bioelectric
signals, their transformation into digital form and their input to a personal computer. These signals will then be used to
analyze and process the functioning algorithms of a portable autonomous electronic system under development.

Key words: bioelectric signals, bio-potential, analog-digital converter, visualization.

Fig.: 4. Bibl.: 16.

IMocTanoBKka mpod/aeMu.bioenekTpryuHi CUTHATIN BXKE TPUBAIHMM 4ac BUKOPUCTOBYIOTHCS
B MeauuHil mpakTuili. CbOro/iHI BaXKKO YSBUTH CUTYAIli0, KOJH O 10 MpoIecy AiarHOCTUKU
3aXBOPIOBaHb, OB’ I3aHMX 13 cepIieM, MO3KOM abo M’si3aMu, He Oya J0ydeHa nesHa iH(op-
Mallisi, OTpUMaHa 3a JOTIOMOTOI0 €JIEKTPOHHUX PEECTPATOPiB O10ENIEKTPUYHUX CUTHAJIB. Me-
JMYHA J1IarHOCTHKA — 1€ OCHOBHA, MPOTE HE €JMHA cdepa 3aCTOCYBaHHS €NEKTPOHHHUX IMPH-
JamiB sl poOOTH 3 O10E€NEKTPUYHUMHU CHUTHAJaMHU. BaXITWBHUMH HampsiMKamMu € Teparis
3aXBOPIOBaHb, MOEJHAHA 3 MEAMKAMEHTO3HMM Ta XIpypriuyHUM BIUIMBOM, a TaK0X MOHITO-
PHUHT CTaHy Malli€eHTa, OCOOIMBO B MOBCAKACHHOMY KUTTI [1]. SIKio mijg yac MeIU4HOI Jiar-
HOCTHKH MPUMTYCTUME 3aCTOCYBaHHS rabapuTHUX Ta BapPTICHUX €ICKTPOHHHX anapariB, TAKUX
SIK KOMIT FOTEPHHM, TTO3UTPOHHO-EMICIHHNM, (PYHKITIOHATHPHUN a00 MarHiTOPE30HAaHCHHUMA TO-
Morpa¢, MOHITOPUHT BUMarae CTBOPEHHsSI MajorabapuTHUX, JACUICBUX, HAAIMHUX 1 aBTOHOM-
HUX EJIEKTPOHHMX MPHJIAAIB s peecTpauii 6ioenekTpuyHux curHaiiB. [loniOHI BUMOTH BH-
CyBa€ TaKOXX BUPIIIECHHS MPOOIeMH pO3pOOIEHHS TaKUX HETPUBIAIBHHUX JIFOAMHO-MAITUHHUX
1HTEep(ENCIB, SIK «KMO30K — KOMIT FOTEPY.

AHaJi3 ocTaHHIX gocaixKeHb i myOaikaniii. 3acTocyBaHHIO anapaTypu it 00poOICHHS
010€JIEKTPUYHUX CUTHATIB y HAYKOBUX JOCTIHKCHHSIX MPUCBIYCHO OaraTo myOJiKallii, 30K-
pema [2-5]. PO3BUTOK KOMIT'IOTEPHOI TEXHIKH, MIKPOCJICKTPOHHHUX TEXHOJIOTIM Ta CydacHa
eJIeMeHTHa 0a3a eNEeKTPOHHUX CHUCTEM BiJKPUBAIOTH HOBI MOJIMBOCTI Y PO3POOJIEHHI KOM-
IUIEKCIB 3 00pOOIeHHS 610eEeKTPUYHUX CUTHAMIB 3 KICHO HOBUMH XapaKTepUCTUKAMH, a Ta-
KOXX METOJIB iXHBOTO 3acTocyBaHHA [6]. Lle m03BoJIss€ 3HAYHO MiABUIIUTH TOYHICTH 1 cTaldi-
JBHICTh Pe3yJbTaTiB MOPIBHSIHO 3 aHAJIOTOBUMH CHCTEMaMM, 3MEHIIUTH BIUIUB IIyMiB, 3aBajl
Ta HAaBKOJHUIIHBOTO CEPEIOBUINA, & TAKOXK HAJIaTH MOXKJIMBICTh 3aCTOCYBaHHS CKIIATHUX 1 Pi3-
HOMAaHITHUX aJITOPUTMIB 0OpOOJICHHS CUTHATY.

BaxnuBoro mpoOiemMoro, sika TocTae Mepel PO3pOOHHKOM Oyab-SIKOTO €IEKTPOHHOTO
NPUCTPOIO peecTpallii 010eJIeKTPUUHUX CUTHAIIB, € BUOIp alropuTMy poOOTH Ui BUALICHHS
KopucHO1 iHpopmarii Ha (HoHI 3aBaj, MPEACTABICHHS 11 Y 3pyYHOMY BUTJISI Oe3mocepeIHbo
o1 (uist) 06’exta (cy0’ekta) mociimkeHHs Ta (a6o) mepenava miei iHGopMmarii 1t TucTaH-
[ilfHOTO aHami3y. 3HaYHO MOJETIINUTH 1 MPUCKOPUTH BUPILICHHS 11i€i MPOOIEeMHU MOXKeE 3aCTO-
CyBaHHS MOXIIMBOCTEH, SIK1 HaJlae makeT iMitarliiinoro mojaeoBanus Matlab—Simulink.

Meta crartTi. Metoro 1ie€i po6oTH € OOTpyHTYBaHHS CTPYKTYPH Ta BU3HAUCHHSI CKJIAI0-
BUX E€JIEKTPOHHOI CUCTEMH-TIPOTOTUIY PO3POOIIOBAHUX aBTOHOMHHUX KOMILJICKCIB JUIsI PEECT-
parttii 010€TeKTPUIHUX CUTHAIIB.
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XapakTepucTHKA 0i0e1eKTPUYHUX CHUTHAJIB. Y IIill cTaTTi K O10€NeKTPUYHI CUTHAJIH
BUKOPUCTOBYIOTBCSI €JICKTPUYHI CUTHAIIU, SKI HECYTh 1H(OpMAIliI0 PO aKTUBHICTh MO3KY,
cepis Ta M’s131B. YacTHHA IIMX CUTHANIB BiOMBA€ CIIOHTAHHY MOTOYHY aKTHUBHICTh, a 1HIII
MaroTh MICII€ TUTPKM BHACIIIOK 30BHIIIHBOI cTUMYJIALIT. CyTTeBa BIAMIHHICTh XapakTepy 3Y-
MOBJIIOE 1 YHCJICHHI Ta PI3HOMaHITHI MeTOAU 00poOJIeHHs IUX cUurHamiB. ToMy 3acTOoCyBaHHS
3ac001B, IPU3HAYEHUX JUIsl KOMII FOTEPHOIO MOJIEIIIOBAHHS, MOXKE CYTTEBO CIIPOCTUTHU MPOIIEC
NPOEKTYBAaHHS KiHIIEBOT €IEKTPOHHOI CHCTEMH.

Enexrpoennedanorpama (EEIL, puc. 1, a) BigOuBae eleKTpHUHy aKTHBHICTH MO3KY [7-9].
[HBa3iifHMl BapiaHT nependadae BCTAHOBJICHHS €NEKTPOAIB 0e3MOCepeHbO HE HEMPUKPHTI
TIISTHKY MO3KY IT1JT 9ac XipypriqHoi omeparrii 1 3a0e3medye 3HIATTS TaK 3BaHOI €JIEKTPOKOPTI-
xorpamu (EKol).

Buxnukani norenmiamm (BIT) neMoHCTpyI0Th (hOpMY aKTUBHOCTI MO3KY, BUKIIUKAHY TaKH-
MH CTUMYJIaMH, K Bi3yalibHi a0 akyctuudi [10; 11]. Meroauka 3usatts BII moxniona no EEI.

Enexrpoxapmiorpama (EKI', puc. 1, 6) BimoOpaxkae eneKTpuyHy aKTHBHICTH cepiis [12;
13]. Curnan mae OUIBIITY aMIUTITYy 1 XapaKTepHi BIACTUBOCTI.

Enextpomiorpama (EMI', puc. 1, 6) € 3anmuc enekTpUuIHOT aKTUBHOCT1 CKEJIETHUX M 5I31B,
SK1 IPOAYKYIOTh €EKTPUYHUNA CTPYM, IPOTIOPLIHHUIHA CTyneHIo aKTUBHOCTI [14].
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Puc. 1. Ocyunocpamu bioenekmpuurHux cueHanig:
a — enekmpoenyegpanozpama; 6 — enekmpokapoioepama, 8 — eleKmpomMioepama

3axBaT 010€JEKTPUUHUX CUTHAJIIB 3[IHCHIOETHCS 32 JOIOMOT'OI0 €JIEKTPOHHUX MPUCTPOIB, SKi
BIJIMIOBITHUM YMHOM TIiICHJIIOIOTH CUTHAJI Ta MEPETBOPIOIOTH HOTO y mU(poBHid KO, 3BaKat0un
Ha JIOCUTh HE3HAUHY aMILTITY/y 3a3HAUCHUX BHIIE CUTHAIB, TY>K€ BAKIMBOIO € TXHE MOMIEPEIHE
aHasioroBe 00po6seHHs. Lle 00po0IeHHsT Mae CIPHUSTH MOKPAICHHIO BITHOIICHHSI CUTHATI-TITYM,
a TaKOX 3BY)KCHHIO CMYTH aHAJIOTOBOTO CUTHAITY, SIKMI MMOTPAIUISIE HA BXiJl aHAJIOrO-IU(pPOBOrO
nepetBoproBaya (ALIIT), abu HEe AOMYCTUTH MEPEKPHUTTS CHEKTPiB. 3a3BUYail Take 0OpOOJICHHS
3I1MCHIOETHCS 32 IOTTOMOTOI0 OTIEPAIIHHUX ITiICHIIIOBAYIB 1 TACHBHUX KOMIIOHEHTIB.

Peanizaiiss mpucTporo 3axonjieHHs1 0i0eJIEeKTPUYHUX CUTHAJIB. 3BAKAIOUM Ha BEJIUKY
KUJIBKICTh TIOTPIOHMX CUTHAJIB 1 IAaTYUKIB, OJOK MOMEpeIHbOro 00poOsIeHHs G10eIeKTPUIHUX
CUTHAJIIB CTAa€ 3aHAJITO TPOMI3JIKMM 1 MaJOHAIIHHUM. Y BHIAJKy pPO3POOICHHS MOHITOPUHTO-
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BUX CHCTEM JIOJIATKOBI CKJIAJIHOII BUKJIMKAE 3POCTAHHS €HEPrOCIOKUBAHHS, 110 YHEMOXKITUB-
JIIO€ YKUBJICHHSI BiJl aBTOHOMHHMX JiKepen. OMH 3 BapiaHTIB Cy4acHOTO PIIICHHS — 1€ 3aCTOCY-
BaHHJA crieriaiizoBanux iHrerpoBanux cxeMm (IC), ski B 0HOMY KOpPIyCi MOEJHYIOTh JEKIJIbKa
oTepariiiHuX MiJACHIIOBadiB Ta aHaoro-mudposi neperBoproBadi. [Tpukmamom takoi IC € 8-
KaHaJubHUM 24-po3psanuii nenbra-curma AL ADS1298 3 o1HOYacHUM 3aXBaTOM aHAJIOTOBUX
curHaiiB ycix kanams. [{g IC mae BOymoBaHi miacuimoBadi 3 KOeIIIEHTOM IMiICUICHHS, 1110
NPOrPaMy€EThCs, BHYTPILIHE JHKEPENO OMOPHOTO CUTHATY Ta TeHepaTrop TaKToBOI yacToTu. Lls
IC 00’etHye BCci MOXKITUBOCTI, sK1 3a3Buuait motpiOHi ;s peectparii EKT', EMI ta EET.

Bucoxkuii piBeHb iHTerparii Ta BUHATKOBI XapaKTEPUCTHUKH JO3BOJISIIOTH HA OCHOBI NpHJIa-
niB cimeiictea ADS1298 cTtBoproBaty MenuyHe 00JIaHAHHS PI3HOTO CTYMEHS CKIAIHOCTI MpH
3HAYHO MEHIIMX po3Mipax, MOTYKHOCTI crioXuBaHHS 1 wiHi. Ha puc. 2 300paxeHa crpoiieHa
cTpykTtypHa cxema ADS1298 [15]. BaxxanBoro 0COOIMBICTIO € BUKOPUCTAHHS ITOCIIIOBHOTO
iHTepdeticy SPI sik 1 KepyBaHHS HPOLIECOM peecTparlii 010eIeKTPUYHUX CUTHAIIB, TaK 1 JUIs
nepeaavyi OTpUMaHUX Pe3yNbTaTiB IS MOAANIBIIOT Bi3yai3alli, oOpoOiIeHHs Ta 30epiraHHs Ja-
HUX. SIKIO Y MOCTITHULIBKOMY KOMILJIEKCI 3aCTOCOBYBAaTH NMEPCOHAIBHUN KOMII'IOTEp, HasB-
HicTh SPI 3yMoBIIO€ HEOOXITHICTH TOIATKOBOTO MPUCTPOIO, SIKUK OU MATPUMYBAB SIK IICH 1H-
Tepdeiic, Tak 1 Oyab-SKuii, 1110 € CTAaHTAPTHUM JUI IEPCOHATIBHOTO KOMIT IOTEpa.

OnopHuii
AHanorosi curHan
BXOAM # I\lel,z
MynbTu- —PI Migcuniosay 1 |—>| ALM1 I—-> |HTepCbel719 SPl Ta
:> nrekcop . oo yrpaBriHHs —

® e
A
—I—P{ MincunioBay8 |—>| ALN8

Puc. 2. Cnpowena cmpykmypa ADS1298

BaxnuBoro ocobnuBicTio 11i€i IC € MOXIHMBICTD 11 eKCIuTyaTallii B MAPOKOMY Jiana3oHi
Temrneparyp HaBkoiumIHboro cepeponuia (—40 °C...+85 °C), mo BiAKpHUBaE NEPCHEKTHBH
CTBOPECHHS IIPHUCTPOIB aBTOHOMHOTO MOHITOPUHTY, KOJU 00’€KT repedyBae Oe3mocepeaHbo
Maiike Ha OyIb-IKOMY pOOOYOMY MiCIIi.

Ha puc. 3 300pa)keH0 30BHILIHIA BUTJIS MPUCTPOIO 3aXOIUIEHHs O10€IEKTPUYHMX CHTHAIIIB.

- - P A i

Puc. 3. 306niwnitl 6uensio npucmporo 3axonyientst 0i0eeKMpUyYHUX CUSHALG

Ipuctpiii komyHikanii 3 MepcoHATLHUM KOMII'IOTEpPOM. Y KiHIIEBOMY aBTOHOMHOMY
MPUCTPOI 711 MOHITOPUHTY O10€JIEKTPUYHHUX CUTHAJIIB Bi3yai3allisl Ta aHalli3 OTPUMAaHHX Jia-
HUX MOJKE 3JIMCHIOBATHCS 3a JIOTIOMOTOI0, HAMPHUKIAA, CMapTPOHY 3 MOKIHMBICTIO MOAAIb-
moro oOpoOJICHHS, Tepeaayi, 3aBaHTaKEHHs, 30epiraHHs Ha BiIJATCHUX MPUCTPOSX (HAMPH-
KJaJ, MepCOHAJbHOMY KomIl'toTepi). HesamexxHo Bix BapiaHTa Ha BHXOII TPHCTPOIO
3aXOIUICHHS O10€IEKTPUYHUX CUTHATIB Ha 0a3i criemiami3zoBanoi IC ADS1298 nmotpiben gona-
TKOBHUI BY30JI, SIKMi 3/1iHCHIOBaTHME NepeTBOpeHHs curHainiB SPI B curnanu cranmapTHOTO
iHTepdelicy, Mo MiATPUMYETHCS TEPCOHATBHIM KOMIT I0TEPOM.
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ITix yac po3poOIEHHS KOMIUIEKCY-TIPOTOTUITY BaXKJIIMBO MaTH SKOMOTa IUPIINI BHOIp 3a-
co0iB koMmyHiKaIli. Sk mpuctpiii, mo 3aiiicHroBaTUME 3B’s130K 13 ADS1298, o6pano HaBuaib-
uuii crenn LPC2148 Educational Boardgipmu Embedded Artists [16], sikuit npu3HadeHuii He
TUTBKH U1 O3HaromiieHHs 3 MikpokoHTposiepamu (MK) ARM7TDMI BupobuunTBa dipmu
NXP, a Takox 1 a7 po3poOIeHHs i MIBUIKOTO 3aIlycKy MpUcTpoiB Ha 6a3i nux MK. besno-
CepeNHbO Ha IJIATI peaai3oBaHi yHIKaIbHI MOXKINUBOCTI B3aeMmoii MK 3 TUIoBUMH TSl €J1eK-
TPOHHHUX CHCTEM 00’€KTaMHU KEepyBaHHsI, K1 ICTOTHO MOJIETIIYIOTh Ta MiJBUILYIOTh HAOUHICTh
nporiecy po3po6ieHHs. Kpim toro, uepe3 iHTepdelicn po3mrupeHHs TaKOXK JOCTYITHE ITiIKJTIO-
YCHHS PI3HOMaHITHUX 3a QyHKIisIME govipHiX Moaymis: Ethernet, Bluetooth, ZigBee, UART,
RS485 tomo. Jlns 3B7s3Ky 3 onepaTopoM MOKHAa BUKOPUCTATH BUBEACHHS iH(GOpMAIIii Ha po-
JUHHO-KPUCTAJIYHUN 1HIMKATOp, OAWHUYHUIN OaraToKoJipHUIN, MaTpUYHUN Ta GaraTopospsi-
JTHUW CBITJIOMIOMHI 1HAMKATOPH, a TAKOK KHOMKH, JUKOMCTHK, aHATIOTOBI perymsaTopu. I1ix gac
BIJTATOJDKEHHST MPOTPAMHOTO 3a0e3MeueHHs] TaKoX MOKe OyTH 3aaissHUN ONI[iOHATBHUN
JTAG-iaTepdeiic.

Buxonsuu 3 HalBaXXIUBIIIOTO 13 3aBAaHb, SIKE CTOSUIO TEpe]] MPOTOTUIIOM MPUCTPOIO, a
came — 3B 530K 13 cepenoBuineM Matlab, 6yB oOpanwuii mocnigoBHuit inTepdeiic 38’ 3Ky 3 Te-
pconanbauM komi totepoM UART. Ockinbku B crenai LPC2148 Educational Board po3mi-
mieHo IC micr-neperBoproBad FTDI232L, 1ie 103BOMIO 32 JOMOMOTOK0 BITHOCHO MPOCTOTO
nporpamuoro 3abesneueHHs ans UART 3abe3nmeuntu migKIIOUYEHHS 10 IEPCOHAIBHOTO
KOMIT 10Tepa yepe3 nomupenuit inrepdeiic USB.

Bisyaaizanis Ta o0o0poOJsieHHs OioeqekTpuyHuX cur"HaigiB. Ha nepconHaibHOMY
KOMIT FOTEp1 MM Yac po3poOIeHHSI MPOTOTUITY aBTOHOMHOI CHCTEMH aHali3 CHUTHAIIB Hai-
OUITBII TOIIBHO POOUTH y MPOTPAMHOMY CEPEIOBHIII, SKE JO3BOJSE JOCTIAUTU sTKoMora Oi-
JIBIIIE BapiaHTIB TPAKTY MOIMEPEIHHOTO 00pOOJIEeHHS 3 HAMMEHIIMMH BUTPAaTaMH 4acy Ha MO-
JepHi3alliio anmapaTHoro 3adesmneucHus. Ha puc. 4 300paxkeno 6a3oBy Simulink-momens, ska
JI03BOJISIE BUKOPHUCTOBYBATH IHIMPOKI MoxiauBocti Matlab 3 meroro Bu3HaueHHs KiHIEeBOI
CTPYKTYPH CUCTEMH Ta BUMOT JI0 1i TPOrpamMHOT0 3a0€3MeUeHHS.
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Puc. 4. Bazosea Simulink-modens npucmporo 00pobienus 6ioereKmpuyHux CUSHAI6

briox Query Instrument koudirypye ta BinkpuBae iHTEpQEic 3 TPUCTPOEM KOMYHIKAITIT 1
BUKOHYE 3anuT AaHuX. KoHQIrypyBaHHs Ta BIIKPUTTS PEaNi3yloThCs i3 3alTyCKOM MOJETI, a
3aMUT JAHUX BiJl IPUCTPOIO KOMYHIKaIlIi BiIOYBA€THCS MPOTATOM YChOTO Yacy poOOTH MOjIe-
7i. biok mMae oWH BUXITHHM MOPT BIAMOBIAHO A0 AaHUX, K1 MPUUMAIOTHCS BiJl TIPUCTPOIO 1
HE Mae€ BXIJTHHUX MOPTIB.

briok Time Scope no3Bosisie y pealibHOMY Yaci CIIOCTEpiraTé MUTTEBI BIUTIIKU CUTHAIY, SIKi
HAJXOJATh 3 TOCIIIOBHOTO TOPTY, a 0ok TO Workspace — THM4acoBO HAaKOMMYYBaTH Ti K
nuQpoBi 3HAUYEHHS y 3MiHHII pobdodoro mpocropy Matlab 3 imenem Bio_input ms momans-
1100 OUTBII IETaThHOTO aHATI3Y.
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bnok Power Spectral Density y rpadiunomy BikHi BinOuBae yacToTHUI BMICT Oydepa. Le
JI0TIOMAara€ BU3HAYUTHUCSA 3 OCHOBHUMH XapaKTEPUCTUKaMHU (UIbTpa MOmnepeIHboro oopoo-
nenns Filter Ta 3sMiHuTH iX 3aJI€KHO BiJl TOTOYHOTO CIIEKTPa CUTHATY.

OcHoBHE 00po0IeHHs CUTHANY (LIIBUAKE epeTBopeHHs Dyp’e, ocepeHEHHS TOIIO) 3/1M-
CHIOETHCS 3a JIOMIOMOror0 Ooka Process, BMICT SIKOTO MOKHA IIBHJIKO KOpEryBaTH IIiJ 4ac
3MiCHeHHS ekcriepuMeHnTy. OCHOBHI pe3ysIbTaTh 00pOoOIeHHS O10€IEKTPUUHNUX CUTHAIIIB Bi-
n00paxkaroThest 3a gormoMororo Oioka Visualization. Ti x gaHi aas HACTYIHOTO aHamizy (B
TOMY YHMCIIi 1 BiganeHoro) 30epiratotecs y (aitnax 3a gonomororo 6iokis To File.

BucHoBk#m i npono3unii. OGrpyHTOBaHO CTPYKTYPY KOMIUIEKCY Ui AOCIHIKEHHS Oioe-
JIEKTPUYHUX CUTHAJIB y CKJIaJli IPUCTPOIO 3aXBaTy Ha oCcHOBI creriamizoBanoi IC ADS1298,
NPUCTPOIO KOMYHIKaIlil Ha 0a3i MikpokoHTposiepa ARM Ta nmepcoHanbHOro KOMIT 10Tepa 3ara-
JBHOTO MpU3HAYeHHA. JlOCHiKEHO TOMOJIOTi0, BUTOTOBJICHO APYKOBaHY IUIATy Ta 3MOHTO-
BaHO MPUCTPIA JMCKpETH3allii Ta KBAaHTYBaHHS OlOCIEKTPUYHUX CHUTHAJIB, MacorabapuTHI
MOKAa3HHUKH SKOTO JO03BOJISIIOTH MOTO aBTOHOMHE BHKOpHCTaHHs. Po3po0ieHo mporpamy Ko-
myHikamii Ta Simulink-mozxens 610ka 00poOIieHHs THpOpMAIlii, SKi TO3BOJIHIN 3a0€3MCUUTH
BBEJICHHS O10€JIEKTPUYHUX CHUTHATIB JI0 TIEPCOHATBLHOTO KOMIT FOTEPA 3 METOI TOJAIBIIOTO
ix aHamizy 6e3mocepeHbo y cepenopuiai Matlab.
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JOCHIIDKEHHA MOXKJINBOCTI MOJAEJIIOBAHHA XMAPHUX CUCTEM
3 BUKOPUCTAHHAM KJIITUHHOI'O ABTOMATA

Apmem Bonoxuma, Bumanuu Konopamiok

NCCJIEJOBAHUE BO3MOXHOCTHU MOAEJIMPOBAHUSA OBJIAYHbIX
CUCTEM C UCHTIOJIB30BAHHMEM KIIETOYHOI'O ABTOMATA

Artem Volokyta, Vitalii Kondratiuk

RESEARCH OF THE POSSIBILITY OF SIMULATION OF THE CLOUD SYSTEMS
WITH THE CELLULAR AUTOMATON

Tloxasano peanizayiio 3anpononoeano2o aneopummy pooomu KiimunHo20 agmomama 0is MOOent06aHHs HABANMAIICEH-
HA Ha xmapHi cucmemu. IIpogedeno excnepumenmanvhi 00CAIONCEHH MOOeNi, AKI NOKA3ANU MOICIUBICI GUKOPUCTIANHSA
Yb020 NiOX00y OJisi BUPIULEHHSI NOCMABLEHUX 3A80aHb. 3anponoHosano noodanbuli Moougikayii po3pobaenoi moodeni, a came
Nnpasul nepexooie Mixc CmaHamu KiimuH, wo iMimyoms pecypcu XMapHoi CUucmemu.

Kntouogi cnosa: mooeniosanns, xmapa, KAimuHHUl agmomam, niaHy8aHHs, pecypcu.

Puc.: 5. Bién.. 7.

Tlokazarno peanuzayuio npeoniodliCeHHO20 aneopumma pabomvl KIenmoyH020 A8MoMama OJisi MOOEIUPOBAHUsl HASPY3KU HA
obnaunvie cucmemul. IIposedensl dKcnepumMeHmanbhble UCCIe008aHUs MOOENU, KOMOpble NOKA3AU B03MONHCHOCHb UCNONb-
308aHUA OAHHO20 NOOX00A O/ pewleHUs NoCmagieHHbIx 3a0ay. IIpeonosceno oanvhetiwiue Mooupurayuu paspadbomanHol
Mooenuy, a UMEeHHO NPasuil nepexo008 Mexicoy COCMOAHUAMU KIEMOK, UMUIMUpYIoujie pecypcbl 001auHOl CUCIEMbL.

Kniouesnie cnoga: moodenuposanue, 061aKo, KNemouHulll agmomam, niaHupoeanue, pecypcol.

Puc.: 5. Bubn.: 7.

This paper describes the implementation of the proposed algorithm of the cellular automata to simulate the load on the
cloud system. The experimental researches of the model shows the possibility of using this approach for this task. In the
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