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Pedepar/aHoTanis:

1. Y pucepTauiiiHiil po60Ti BUpIlIEHO aKTyasibHE HAYKOBE 3aBJAaHHS — PO3POOJIEHHS METO/IB Ta 3aC0O0iB Bifoopy i
06po6KY HiOCUTHATIIB, IKUMU € CUTHAJIY TTOBEPXHEBOI esleKTpomiorpadii Ta me30CcUrHaayu CUCTEMU CEHCOPHOTO
3BOPOTHOTO 3B'$13KY, 1151 337a4i KepyBaHHS OiOHIYHMM ITPOTE30M KHUCTI JIIOJUHU. Y BCTYIIi PO3KPUTO aKTyaslbHICThb
TE€MHU JOCTiIKeHHs. [IoKa3aHo 3B'130K pOOOTH 3 HAYKOBUMMU IIPOrpaMamy, IiaHamu, Temamu. C(POpMOBaHO MeTY i
3aBJIaHHS JOCJIiIKEHHS, BAOKPEMJIEHO 00'€KT Ta NpeIMeT A0CimkeHHs. OXapaKTepru30BaHO BUKOPUCTaHi MeTOAU
nocuigpkeHHd. CPOpMOBaHO HAyKOBY HOBM3HY OTPMMAHMX PE3yJIbTaTiB Ta ix MpakTU4YHE 3Ha4eHHs. HaBeneHo
0CcobMCTHI BHECOK 30,00yBaya B ITpalsix, sKi OMyO6JIiKOBaHi 32 pe3ybTaTaMy BUKOHAHHS AMCEPTaLiliHOTO
IOCJIiZIPKEHHS Ta pe3yJbTaTH anpobalii marepiaznis gucepTauii. OMcaHo CTPYKTYpy Ta o6Csr auceprarii. ¥

IIepIIOMY PO37isli IPOBeAEeHO aHali3 33/ia4i N0OyA0BY CUCTEM KepyBaHHs 6i0HIYHMMU ITpoTe3aMu KUCTI. [TokazaHo



HeOoOXiIHICTb pearisallii 3aMKHEHOro KOHTYPY KEPBaHHSI, SIKAi TI0€JIHye€ MOTOPHI CUTHAJIM Ta CEHCOPHUIA
3BOPOTHU 3B’SI130K. BU3HaUeHO, 1110 OCHOBHMM HEiHBa3WBHUM JIKepeJioM iHdopMaliii 1151 KepyBaHHS 6i0HIYHUM
IIPOTE30M € CUTHAJIM [TOBEPXHEBOI esiekTpomiorpadii. BctaHOBIEHO, 1110 HEOOXiTHUM € PO3POOJIEHHS METO/iB
00pOOKM TaKMX CUTHAJIB HA OCHOBI METOJy IIPSIMOTO KEPYBAHHS, i3 MOXKJIUBICTIO BUKOPUCTAHHS MYJIbTUEJIEKTOAHOI
CHCTEMMU peecTpaliii, a TAKOX BBEJEHHS KOHTYpa CEHCOPHOTIO 3BOPOTHOTO 3B'S3KY i3 HACTYIIHOIO IHTErpaliero nux
IBOX TPYIl METO/iB 06POOKY B €AUHY CTPYKTYPY K€pyBaHHs 6i0HIYHMM IIPOTE30M. Y IPYroMy po3zii 00rpyHTOBaHO
CTPYKTYpY iHTErpOBaHOI aJaliTUBHOI CUCTEMU KEPYBaHHS 0iOHIYHMM [IPOTE30M KHUCTI, Y Kill CUTHAJIM TaKTUJIbHUX
CEHCOPiB BUKOPUCTOBYIOTBCS SIK 117151 OPMYBAHHSI 3BOPOTHOTO 3B's13KY, TaK i 1151 KOPEKIii Kepyl4nx BILJIUBIB.
[TpoBeneHO BUTOTOBJIEHHS ONTUMI30BaHOTO IIPOTOTUILY GiOHIYHOTO ITpoTe3a. Po3po6ieHo MyIbTHENIEKTPOLHY
CHCTEMY peecTpallii curHaiB I0BepXHEBOi esleKTpoMiorpadii, iHTerpoBaHo I'e30€J1IeKTPUYHI CEHCOPU B
KOHCTPYKIIi10 TPOTOTHUIIA Ta PO3P006JIEHO METOAMKY CUHXPOHHOI peecTpalii esleKTpoMiorpadiyHux i M'e30CUrHaiB
Ha OCHOBI IIPMHLIMITY «[3€PKAJIbHUX PYXiB». [IDOBENEHO €KCIIEPUMEHTAJIbHY PEECTPALIiI0 LIUX CUTHAJIIB. Y TDETHOMY
po31ini po3pobaeHo MeTos 06poOKY 6iOCKTHAIB Ta 1O0OYA0BaHO IHTETPOBaHY MaTEMaTUYHY MOJIEJIb CUCTEMU
KEepyBaHHs 0iOHI{YHMM IIPOTE30M KHUCTI, 110 I0€AHYE KaHAJ MOTOPHOTO Hamipy KOpUCTyBaya Ta KaHajl CEHCOPHOIO
3BOPOTHOTO 3B's13Ky. OGI'PYHTOBAaHO BUKOPUCTAHHS OTMHAI0YO0] eJIeKTPOMiorpadiyHOro CUrHay sik OCHOBHOTO
iHpOpPMaTUBHOTO MapaMeTpa [J1s1 OLiHIOBAHHS M'$130BOi1 aKTUBHOCTI. AHAJIOTIYHO JTOCJIiT>KEHO BJIACTUBOCTI
II'€30CUTHay Ta [IOKa3aHo, 110 MOro OrMHaoyda aJileKBaTHO BiloOpakae CUly KOHTAKTHOI B3aeMozii i1 3abe3neuye
peasizallilo CeHCOPHOrO 3BOPOTHOTO 3B’43Ky. PO3p006JIeHO METO], BIKOHHOiI 06POOKY 6i0CUTHAIIB i3 BUKOPUCTAHHSIM
Kay3aJIbHOTO PEKyPCHUBHOTO 3r71aayBaHHs. CHOPMOBAaHO [IBOKaHAJIbHY CTPYKTYPY OO6POOKU es1eKTpoMiorpadivHux
i Me3ocurHais. Y 4eTBepTOMY PO3[iJli eKCIIEPUMEHTAJIBHO AOCiIKEHO pO3p00JIeHy CUCTEMY KepyBaHHS
6iOHIYHMM NTpOTe30M KUCTI B cepenoBullli MATLAB Ta BUKOHAHO KiJIbKiCHE OLiHIOBAHHS ii OCHOBHUX
XapaKTePUCTUK. Y MPoLieCi MOIe/II0BaHHS MiJTBEPAXKEHO MTpale3aTHICTb iHTerpoBaHoi cCuCTeMU 6i0KepyBaHH4, sIKa
[IoeHYE KaHajl MOTOPHOTO HaMmipy Ha OCHOBI esieKTpoMiorpadiuHOro CurHasny Ta KaHajl CEHCOPHOT'O 3BOPOTHOTO
3B'SI3Ky Ha OCHOBI IT'€30CUTHajy. BcTaHOBJIEHO, 110 cuCcTeMa KOPEKTHO PopMye Kepylody HallpyTry Ta CUJy 3aXBaTy B
PEeXMMI peasbHOrO 4acy 3 ypaXyBaHHSIM AMHAMIKM €JIeKTPOMEXaHiuHOro npusoy. Pe3yibraTi
€KCIIepUMEHTAJIbHUX JOCiIKEeHb MiATBEPAUIN aeKBAaTHICTb PO3p0O0JI€HOI MaTEMATUYHOI MOieli, e(PEKTUBHICTD
3aIIPOIIOHOBAHUX METOB i aITOPUTMIB 0OpOOKU 6i0CUTHAIB Ta MOKJIMBICTh IPAKTUYHOIO 3aCTOCYBaHHS
3aIIPOIIOHOBAHOIO MiIX0y AJ1s 3abe3ne4eHHs (Pi3NYHO y3TOAKEHOro, CTabibHOrO 1 6€31eYHOro (POpMyBaHHS
cuim 3axBaTy. Kito4oBi cyioBa: ceHcop, 6iocurHai, 3aBasia, 06pobka, peabisniTalis, KiHIiBKa, IPOTE3, iIMIIJIAHT,

aMIIyTallisl, CuCTeMa, KepyBaHHS, MOJeJIb, METO]], aJITOPUTM, [IPOTpaMHe 3a0e311eYeHHS.

2. In the dissertation, an important scientific problem has been solved - the development of methods and means
for the selection and processing of biosignals, namely surface electromyography signals and piezo signals from a
sensory feedback system, for the task of controlling a bionic hand prosthesis. In the introduction, the relevance of
the research topic was substantiated. The connection of the work with scientific programs, plans, and themes was
demonstrated. The aim and main objectives of the research are formulated, and the object and subject of the
research were identified. The used research methods were characterized. The scientific novelty of the obtained
results and their practical significance were presented. The author’s personal contribution to the papers published
based on the dissertation research, as well as the results of the approbation of the dissertation materials, were
provided. The structure and scope of the dissertation were described. In the first chapter, the problem of
constructing control systems for bionic hand prostheses was analyzed. The need to implement a closed control
loop that combines motor signals and sensory feedback was shown. It was determined that the main non-invasive
source of information for controlling a bionic prosthesis is surface electromyography signals. It was established
that it is necessary to develop methods for processing such signals based on the direct control method, with the
possibility of using a multi-electrode registration system, as well as introducing a sensory feedback loop with the
subsequent integration of these two groups of processing methods into a single structure for bionic prosthesis
control. In the second chapter, the structure of an integrated adaptive control system for a bionic hand prosthesis
was substantiated, in which tactile sensor signals are used both for feedback generation and for correction of
control effects. An optimized bionic prosthesis prototype was manufactured. A multi-electrode system for



recording surface electromyography signals was developed, piezoelectric sensors were integrated into the
prototype design, and a method for synchronous recording of electromyographic and piezoelectric signals was
developed. Experimental registration of these signals was carried out. In the third chapter, a method of biosignals
processing was developed and an integrated mathematical model of the bionic hand prosthesis control system was
constructed, combining the user’s motor intention channel and the sensory feedback channel. The use of the
envelope of the electromyographic signal as the main informative parameter for assessing muscle activity was
justified. Similarly, the properties of the piezoelectric signal were investigated and it was shown that its envelope
adequately reflects the strength of contact interaction and provides the implementation of sensory feedback. A
method for window processing of biosignals using causal recursive smoothing was developed. A two-channel
structure for processing electromyographic and piezoelectric signals was formed. In the fourth chapter, the
developed bionic hand prosthesis control system was experimentally investigated in the MATLAB environment and
a quantitative assessment of its main characteristics was performed. In the modeling process, the operability of
the integrated biocontrol system was confirmed, which combines a motor intention channel based on an
electromyographic signal and a sensory feedback channel based on a piezoelectric signal. The results of
experimental research confirmed the adequacy of the developed mathematical model, the effectiveness of the
proposed methods and algorithms for biosignals processing, and the possibility of practical application of the
proposed approach to ensure physically consistent, stable, and safe formation of grip force. Keywords: sensor,
biosignal, noise, processing, rehabilitation, limb, prosthesis, implant, amputation, system, control, model, method,
algorithm, software.
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