


MIHICTEPCTBO OCBITU | HAYKW YKPAIHW

XAPKIBCbKW/IA HALIIOHANBHWIA
YHIBEPCUTET PAZIOE/IEKTPOHIKW

O. I'. ABpyHiH, B. B. CemeHeupb, B. I'. Abakymos, 3. KO. NoTpa,
C. M. 3nenko, A. B. KineHcbkuid, C. B. NMaBnos

OCHOBW PEECTPALLIT TA AHANIZY
BEIOCNTHAJIIB

HaByasibHWI NOCIOHUK

XapkiB-2019



YK 651.84
iz

PekomeHf0BaHO [0 ApYKY pilleHHAM BueHOi paau XapKiBCbKOro HauioHa/lbHOro
YHiBEpCMTETY pagioenekTpoHiku (npoTokon Ne4/10 Big 29.03.2019 p.)

M 12 OcHoBM peecTpauii Ta aHanidy 6iocurHanis. HaBuanbHUiA  NOCIGHUK /
O. I'. ABpyHiH, B. B. CemeHeup, B. I'. Abakymos, 3. FO. otpa, C. M. 3nenko,
A. B. KineHcbkuid, C. B. Maenos. — Xapkis: XHYPE, 2019. — 400 c.

ISBN 978-966-659-257-9

Y HaB4a/IbHOMY MOCIGHMKY NpOaHaTi30BaHO Cy4acHWii CTaH peecTpaLii, 06pobkv Ta aHanisy
6iocurHanis Bif PisHWX OpraHiB Ta CUCTEM MIIOAMHWU. PO3rnsHyTO 6GioCMrHann cepueBo-CYAVHHOI
CUCTEMM, FOMIOBHOrO MO3KY, CUCTEMI TPaB/EHHS, OpraHiB 30py, CNyXy, AWXaHHS, ONOPHO-PYyXOBOr0
anapaty. CTUCNo HaBeJeHO OCHOBM aHaTOMil OpraHiB MOANHM, 6IOCUTHAIN AKUX PO3TAHYTO.

HaByanbHWiA MOCIBHUK PEKOMEHAOBAaHO AN CTYAEHTIB Ta acnipaHTiB, fIKi HaBYatOTbCA 3a
creuianbHicTio «bioMeanyHa iHXeHepis», Ta (axiBuiB 3 (YHKLiOHa/IbHOT MeANYHOT AiarHOCTUKK,
30KpeMa Nif Yac BMBYEHHA AWCLMMNIH: «3arafbHa aHaToMmis, (i3ionoris Ta NaTtonoris NLUHU»,
«MeTogn  MefmMKo-6ioNoriYHUX  JOoChipKeHb», «MeToanm 06po6KM GIOMEANYHMX  CUTHANIB»,
«MeToan 06pO6KM BioMeANYHMX daHuX», «LLTyyHi opraHn Ta cucTeMu», «[iarHOCTUYHI Ta
TepaneBTUYHI  anapaTu», «BuMiptoBasbHI  NepeTBOprOBaYi», «lpPOEKTyBaHHA MNPUCTPOIB  Ha
MiKpokoHTponepax i M1ICx».

The present state of registration, processing and analysis of biosignals from various organs
and systems of a person are proposed in the textbook. The biosignals of the cardiovascular system,
the brain, the digestive system, the organs of vision, hearing, respiration, and musculoskeletal
system are considered. Briefly summarizes the basics of anatomy of human organs, the biosignals
of which are considered. Recommended for students, scientists, engineers and doctors - specialists
in the field of development and use of equipment for functional diagnostics in medicine, for
learning disciplines: «General Human Anatomy, Phisiology and Pathogy», «Methods of Biomedical
Research», «Methods of Biomedical Signal Processing», «Methods of Biomedical Data
Processing», «Aurtifical Organs and Systems»«Diagnostic and Therapeutic Devices», «Measuring
Transducers», «Design of Devices on Microcontrollers and FPGAs».

YK 651.84

ISBN 978-966-659-257-9
DOI: 10.30837/978-966-659-257-9

© /0. T. ABpyHiH, B. B. CemeHeLp, B. I'. Abakymos,
3. K0. loTpa, C. M. 3nenko, A. B. KineHcbkuii,
C. B. Nasnos, 2019

© XapKiBCbKMii HauioOHaIbHUIA YHiBEpCUTET
pasioenekTpoHiku, 2019



3MICT

T O 0 I USSR 7
1 BIOCUTHANN CEPLIEBO-CYANHHOI CUCTEMM............cco.cc..... 13
1.1 ByioBa Ta NPOBIAHNKOBA CUCTEMA CEPLIA. .. .uvevrevrrrerretreierererererenereiererenenennas 13
1.2 MexaHi3m (hopMyBaHHSs eNeKTPOKapAIiorpativuHNX CUTHANMIB. ......c.vvrvieeereeeen 23
1.3 OCHOBHI MAPaAMETPU EKI ...cviiiieiiieiec et e 26
1.4 EKT BigBegeHHHs. OcobnmBocTi EKIT y PisHUX BIABEAEHHAX. .....c.cvverererirrirenen. 29
1.5 EnekTpunyHa Bicb cepus. MeToan BU3HaUYeHHS MOIOXKEHHS
ENIEKTPUUHOT OCT CEPL. cv.vvvevieviiereetesietesteseste st e st e e e te st e e st e e e tesbesesbessatesbesesbensesessensssessanens 34
1.6 3miHu dhopmu EKT™ curHanis Ta popmyBaHHs Komnekcis EKI
3a Pi3HNX (YHKLIOHA/IbHMX Ta MATOMOTNIYHMX CTAHIB OPTraHI3MY......cccvveveiveiererieieresieeeans 36
1.7 MeTopm Ta 3ac061 BUMIpIOBaHHSA i peecTpauii 6ionoTeHLianiB cepug.............. 48
1.8 TexHoNorii 06p06KM EKIT CUMHANIB.......cccviieieiiicicc s 51
1.9 PEOCUTHANMM Ta TX MAPAMETP . .c.eveereeirienreristeii ettt 60
1.10 doTonneTnsMorpadiyHi TEXHONOT T OLiHIOBAHHSA
NEPUPEPIAHOTO KPOBOOBITY......vvveeiiiisisistetstsiseses sttt 72
1.11 3acTocyBaHHS ONTUKO-ENEKTPOHHNX TEXHONOTI A5 AOCNI[KEHHS
TPOQPIYHOTO KOMIMEKCY BIOTKAHMH. ......ceveiiiiiiiiiistti ettt 79
1.12 KOHTPOMBHI 3ABIAHHS . ...c.e.vveriirreteieesieseses st 98
2 APTEPIANTBHUIN TUCK KPOBL........ovoieeeeeeeeseeeeeseesenses s

2.1 IHBa3VBHI METOAW BUMIPIOBaHHS TUCKY KPOBI
2.1.1 KniHi4yHe BUKOPUCTaHHA NPAMUX METOZIB BUMIpHOBaHHS

TUICKY KDOBI.o.vviutnietesesist ettt bbbttt b et n et 106
2.2. HeiHBa3VBHi METOAY BUMIPIOBAHHS TUCKY KPOBI.......vvevreirreeereseereeenesnereneneeas 108

2.3 Anapatypa Ang KOHTPOSIHO NapameTPiB TUCKY KPOBI........ovevevrverereireiieeeennene 118

2.4 IHhopMaLiiHO-BUMipOBa/TbHa cUCTEMA AN KOHTPOM0 32 AT....cvvevciciene, 125

2.4.1 BUMIipoBaHHA apTepia/ibHOro TUCKY 3a J0NOMOroL0

NABLIEBOTO [ATUMKA. ....cviiviiiieie ittt bbb bbb bbb 129
2.5 KOHTPO/bHI 3aMUTAHHS T 3ABAAHHS . ....cvvverieriierietesiesssieaeseseesesiesaesssaessaseseens 132
SBIOCUTNMHATIVN MOSBKY ...ttt 133
3.1 byzoBa Mo3Ky. EnektpoeHuedanorpagiyuHi (EEN) BiaBeAEHHS.........ccveveneenee 133

3



3.2 MexaHi3m YyTBOpPeHHS, (hopma Ta OCHOBHI putmun EET curHanis y Hopmi........ 130
3.3 3miHun hopmu EET curHanis Ta dhopmyBaHHA kKommnnekcis EEM

3a Pi3HNX YHKLiOHaIbHUX Ta NAaTONOriYHMX CTaHiB OpraHiamy
3.4 MeToam Ta 3ac06u BMMIpHOBaHHA Ta peecTpauii 6ionoTeHLianis MO3Ky

3.5 MeToau Ta 3ac061 KOHTPOAHO Ta aHanisy EEI CUTHANIB........cccoveveecviiciiciines 153
3.6 KOHTPOMBHI 3ABIAHHS . .....cveeevteiiiieteie sttt 155
4 BIOCUTHAJIVN MPASBIB.......ooiiieiee e 156
4.1 bypoBa M'si3iB Ta MexaHi3M (hOPMYBaHHS B HUX GiOMOTEHLIANIB. .......ccvvveeanene 156
4.2 EnextpomMiorpadiyHi CUrHaNM Ta iX MAPAMETPM.....corvvrreeerenireereresinreienesiseeees 160
4.3 3MiHu hopmu EMI curHanis i jopmyBaHHa Komnnekcis EMIT
Npy Pi3HUX (YHKLIOHAbHUX Ta MATOMONYHNX CTAHAX OPFaHI3MY.....ceovviveeiriiieeereeane 163
4.4 MeTogm aHanisy EMIT
4.5 MeTofm Ta 3ac061 BUMIpIOBaHHA i peecTpauii 6ionoTeHuianiB M’ A3iB............ 172
4.6 KOHTPOMBHI 38BIAHHS . .....cvevvvteiiiieieit sttt 176
S5 BIOMOTEHLIAJIV LUKIPWU......ooiiiiie e
5.1 EneKTpuyHi Npouecy Ha JiNAHUI «LUKIPa-E€NEKTPOID. ...cvcveirerereriesrereeneseenens
5.2 Mogeni aHanisy LUKipHO-ransBaHivyHoT peakuii (LLUP)
5.2.1 TpaguuiiHa mogenb hopMyBaHHSA cUrHamy LUMP........cooovvviceeeee,
5.2.2 loHHa Mogenb popMyBaHHA CUTHAMY LUITP........coiiiice e

5.2.3 OuiHtoBaHHs napameTpis LLUTP

3a TPaAMLIAHO | TOTaPUPMIUHOK LUKAMTAMMU. ......c.vveerreneeeerreseeesenesesesesseenesseesesseseneses
5.3 MeTtoau i 3acobu BUMiptoBaHHA napameTpis LLUIMP
5.3.1 MeToauKa BUMipHOBaHb LLUKiIPHO-Ta/IbBaHiYHWX peakLiil NIoauHM. ........... 194
5.3.2 BigsefeHHs curHany LLUTP i BUMIPHOBa/IbHI CEHCOPM. ....veveveeeniienieeeeennes 195
5.4 KOHTPO/bHI 3AMUTAHHS T 3ABAAHHS . ....c.eveeeieieieiesieresie e seeie e eenens 197
6 BIOCUTHAJIN OPTAHIB 3OPY ... 198
6.1 bynoBa opraHiB 30py Ta MexaHi3m (hopMyBaHHS
GIOMOTEHLIATIB OPFAHIB 30PY .. .viveriiveriereitesestesieresteseesessesessessssessessssessesessessssessessssessasesens 198
6.2 PETIHOTPAMM Ta TX MAPAMETPM...c.ecvivereirerieresiereetesierestessesessesesseseressessssessesessens 203
6.3 ENEKTPOOKYIOrpamMm Ta IX MAPAMETP . .c.veverrerierieriinreseneeeessessessessessessessesnees 211
6.4 MeToamn aHai3y PEI Ta Ol ..ot 214



6.5 MeToau Ta 3acoby BUMIpIOBaHHS i peecTpauii

GIOMOTEHLIAIB OPFAHIB 30PY .. .viveveiterierisierestesieresteestesetessesessessesessessssesesessessssessasessenens 216
6.6 KOHTPOMBHI 3ABAAHHS. .......cviveievivieieteieeissieeete e se st sesae e et e e b s eresbeeenas 221
7 BIOCUTHAJIN OPTAHIB CITY XY oot 222
7.1 By[0Ba CNYXOBOT CUCTEMU JIOLMHW. ...ttt sesieseese e snenesne i 222
7.2 TTAPAMETPU CITYXY - c.vveveiiereienireereiees e sn e n b 226
7.3 MeToay Ta 3aC00M JOCTIIKEHHS CITYXY . c.euvviririiriareriinesreseesreseseeseereseesnenesens 229
7.4 KOHTPOBHI 3ABAAHHS. ....c.vvtsiieteieiset ettt 236
8 BIOCUTHANN OPTAHIB TPABJTEHHA. ..., 237
8.1 byfoBa, OCHOBHI (hyHKLUiT Ta mapameTpu, sKi XapaKTepu3yoTb
(DYHKLIOHAIbHWI CTaH OPTaHiB TPABMEHHS.....cvevvviriereitesieiererestesssresesessessssessessssessasesens 237
8.2 MexaHi3m (hopMyBaHHS Ta napameTpu enektporactporpam (EIM).................. 241
8.3 MeToay aHasi3y BT CUMHAMIB.......covvviieieiieic ettt 245
8.4 KOHTPOMBHI 3ABAAHHS ... c.vevvviniereitesietesiesestesetessessstessesessesssseaesesaesessesaesasseseasens 252
9 BIOMOTEHUIANN AKTUBHUX AKYTTYHKTYPHWX 30H......... 253
9.1. Knacudikauis Ta napaMmeTpu akynyHKTYPHUX MEPELIAHIB. ........eervrveveverinnnes 253
9.2 OCHOBHI METOAMN eNeKTPONYHKTYPHOT LIATHOCTUKM. ....veveirecreerircienesisieeeneins 256
9.3 Po3po6ka nporpamHoro iHTepdeiicy 3 HeNiHilHO
KAPTOK PIOEPAKY ... cvtviuietiietieteiete ettt sttt sttt b e et bt et e b nens 275
9.4 KOHTPOIBHI 3ABAAHHS. ....c.vveveneieteesieteiee st ettt sttt sbe e s 179
10 BIOCUITHAJIN OMNOPHO-PYXOBOI CUCTEMMW.......cooveveveree. 280
10.1 CTpyKTypa Ta (yHKLii ONOPHO-PYXOBOT CUCTEMM JIIOANHW. ...oovenvireeneenes 280
10.2 Perynauist QYHKLIA OPC......cooiiiiiieiinnisees et 290
10.3 Oco6nMBOCTI HEPBOBO-XPEBETHOIO Ta CYAMHHO-XPEBETHOrO
KOMMEKCIB OMOPHO-PYXOBOT CUCTEMM....c.viuiviniererineetesessssessesessessssessssesaessssessssessesessesens 292
10.4 MeToau (hyHKLiOHaIbHOT A4iarHOCTMKM CTaHy OPC........ccoccveiieviciceecvee, 297
10.5 KOHTPOSIBHI 3ABAAHHSN. .....c.ccviieveivisietisteseetesteteste et st e saesistesre et sr e se e rensens 304
11 BIOCUTHAN JNXANBHOT CUCTEMW ... 305
111 OCHOBHi aHaTOMO-(hYHKLiOHaIbHI 0COGMMBOCTI Ta 3aXBOPIOBAHHS
ONXATEHOT CUCTEMU JTIOAMHM...c.veevvieeieenie st sriesieesieesieesteesteeteessesnsesseesneesseessaesseesseensesnsenns 305



11.2 MeToay AOCAIAKEHHSA DYHKUIT AUXAHHS. ....vevveviieieirereciesieiesvereere e 317
11.3 MpuHUMnM nobyaoBM anapatypuy AN LOCAIAKEHHS

YHKLTT BUAXBHHS. ..o 337
11.4 MpncTpoi 419 AOCAIMKEHHA ANXATBHOT MYHKLIT.....cveviiieeeiisieccins e 347
11.5 KOHTpO/bHI 3anuTaHHA

0710 o7 o1 SRS 367
[esKi CKOpoYeHHS, AKi BUKOPUCTOBYIOTb
B MeAWYHili TexHiYHili niTepaTypi

Mepenik niTepaTypHUX mKepen



