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V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
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Tema gucepranii:
1. MeTop Ta 3aci6 afanTUBHOI €J1eKTPOCTUMYJIALI HEPOM'I30BUX CTPYKTYP

2. Method and Means Adaptive Electrical Stimulation of Neuromuscular Structures

Pedepar:

1. €pomenko O.A. MeTop Ta 3aci6 afanTUBHOI €J1eKTPOCTUMYJISILT HeMPOM'SI30BUX CTPYKTYP. — KBasnidikaniiitna
HayKoBa Ipalsl Ha IpaBax pykonucy. Jlucepralis Ha 3100y TTs CTyIeHs foKTopa ¢inocodii 3a crnenjanbHicTio 163
«biomennyHa iHxeHepig» (16 - XimiuHa Ta 6ioimkeHepist). — XapKiBCbKUI HalliOHAJIbHUI YHIBEPCUTET
pazioenekTpoHiku, MiHicTepcTBO OCBiTH i Hayku YKpainu, Xapkis, 2023. Jlucepraliiiny po60Ty IPUCBSIYEHO
aKTyaJIbHill HAYKOBO-TEXHIYHi} MpobsieMi nifBueHHs epeKTUBHOCT] Yepe3UKipHOi eJIeKTPOCTUMYJISILi
HEVPOM'SI30BUX CTPYKTYP JIIOAUHU B IIPOLIECi TEpaleBTUYHUX peabiliTalilHuX NpoLeSyp Ha OCHOBI
MaTeMaTUYHOrO MOJIEJIIOBaHHS Ta 3BOPOTHOTIO 3B'A3KYy Ha 0a3i esleKTpomiorpadiyHux JociigKeHb. MeToo
IycepTauiiHoi pobOTH € po3po6Ka METOY aJallTUBHOI eJIeKTPOCTUMYJIALL, [0 BPaxoBYye iHIMBinyabHi
0COOJIMBOCT] MallieHTa, a TAaKOXX Y[ OCKOHAJIEHHS iCHYIOUMX allapaTHO-TIPOrPaMHUX 3aCO0iB [1J1s1 €71eKTPOCTUMYJISLL.
OG6'€eKT mocifKeHHs — IPOLeCH eJIEKTPOCTUMYJIALII CKeJIeTHUX M'sI3iB JII0JIMHY TiJ] Yac NpoBeIeHHs JIiKyBaJbHOi
teparii. [IpegMeT BociigKeHHs — METOIU IIPOBENEHHS TEPANIEBTUYHUX €JIEKTPOCTUMYJISILIVHUX IPOLENYP

HEPOM'SI30BUX CTPYKTYP, MAaTE€MaTHU4HI MOZeJIi €J1eKTPOCTUMYJISL], TeXHIUHI 3aCO0U 17151 €JIeKTPOCTUMYJISIL,



IporpamHe 3a6e3nedeHHs Ta METOAU 06pOOKY GioMennYHUX AaHuX. MeTtonu mociimkeHHs. B po6ori
3aCTOCOBYIOTbCS METOAYM MAaT€MAaTUYHOTO aHaJi3y, METOAN MAaTEMAaTUYHOTO MOZEJIIOBAHHS, METOIY iHTEPBAJIbHOTO
aHasizy, MeTOAU HeJIiHIMHOro IporpamMyBaHHs, METOAM aHaJli3y Ta CUHTE3Y eJIEeMEHTIB 010TeXHIYHUX CHUCTEM,
MeTOAU 06POOKU JAaHUX, METOIM 06'€KTHO-OPi€EHTOBAHOTO ITPOrPaMyBaHHsI, METOY aHAJi3y GiOMeIUYHIX
curHasiB. OCHOBHI 3aBIaHHs gociigxkeHHs: 1. Po3po6ka MeToy alaTUBHOTO BIUIUBY €J1€KTPOCTUMYJISALI
BIIPOJIOBXK PSIIy CEAHCIB i3 MOKJIMBICTIO BUOOPY iHIMBINyaJIbHUX [IapaMeTpPiB CTUMYJIB Ta KOHTPOJIIO €(eKTUBHOCTI.
2. Po3po6ka MaTeMaTUYHUX MOJieJIel 3a71eXKHOCTI iHTEHCUBHOCTI CTUMYJISLII BiJl aMILIITyAU, YACTOTHU Ta TPUBAJIOCTI
CTPYMY [J151 BU3HAYEHHS ONTUMAJIbHUX 3Ha4YE€Hb [IapaMeTPiB CTUMYJIIB. 3. 3MOiICHUTH OLiHKY aJleKBaTHOCTI MOJeen
€JIEKTPOCTUMYJIALI Y TPOCTOPi 30BHIIIHIX TapaMeTpiB. 4. [IpoBecT 4aCTOTHO-4aCOBUN aHAi3
€JIeKTpOMiorpapiyHOro CUTrHajy Ta BU3HAYUTU 3HAUYILi [I0Ka3HUKU JJ1s1 IPUMHSTTS PillleHb 010 IPOBEAEHHS
ceaHCiB Teparii. 5. 3aNpONOHYBaTH CTPYKTYPY allapaTHO-IIPOrPAMHOr0 KOMILJIEKCY, 110 3a6e3Medye MOXJIUBICTb
006J1iKy iHAMBiZyalbHAX OCOOJIMBOCTEN NallieHTIB i BU6OPY GOpMHU i MapaMeTpiB CTUMYJIIOI0YMX BIIJIMBIB i3 METOIO
IOCSITHEHHS MTO3UTUBHOTO TepaneBTUYHOro edekTy. HaykoBa HOBU3HA AucepTaLiliHOI pOOOTH MOJISAra€e y TOMY,IO:
1. 3anpoIroHOBaHO HOBUI METOJ aJJAlITUBHOI €JIEKTPOCTUMYJIALII CKEJIETHUX M'43iB, 110 BPAXOBY€ iHIUBiAyasbHi
0COOIMBOCTI MalieHTa. 2. Biepie oTpruMaHO aHAJIITUYHI MOAEI, SIKi ONUCYIOTh 3aJIEXKHICTb aMIUIITYAU Ta CUJIN
CKOPOYEHHSI M'sI3iB BiJj aMIUIITyI1, YACTOTH Ta TPUBAJIOCTi CTUMYJIIOIOYMX BIUIUBIB. 3. Briepiie no6ysoBaHo MOAEJb
YYTJIMBOCTI €JIEKTPOCTAMYJIAL, SIKa A€ 3MOTY OLiHUTH BIUIUB OKPEMUX I1apaMETPIiB CTUMYJIIB IIif] 4acC ixHixX
OJIHOYaCHUX 3MiH. 4. HabyB 1o1aIbIOro pO3BUTKY METOJ, OLiHKM aJJeKBaTHOCTI PO3POOJIEHUX MOJEJEN Y IPOCTOPI
30BHILIHIX 3MiHHUX, 110 LO3BOJISIE KOHTPOJIIOBATHU IOXUOKY B X0i Teparii. 5. HabyB noanpmoro po3BUTKY METOT
3BOPOTHOTO 3B'513KY Ha OCHOBI esleKTpoMiorpadidHux [OCi>KeHb, 0 J03BOJIsl€ KOHTPOJIIOBATA €(PEeKTUBHICTD
npolecy Teparnii. 6. YI0CKOHasIeHO CTPYKTYPY allapaTHO-IIPOTPaMHOI0 KOMILJIEKCY [1JIs1 €JIEKTPOCTUMYJISILT Ha

OCHOBI 3aIlIPOINNIOHOBAHOT'O METOLLY.

2. Yeroshenko O. Method and Means Adaptive Electrical Stimulation of Neuromuscular Structures. — Qualification
scientific work as a manuscript copyright. Thesis submitted for the degree of Doctor of Philosophy in the specialty
163 "Biomedical engineering" (16 - Chemical and bioengineering). - Kharkiv National University of Radio
Electronics, Ministry of Education and Science of Ukraine, Kharkiv, 2023. The dissertation is devoted to the
current scientific and technical problem of increasing the efficiency of transcutaneous electrical stimulation of
human neuromuscular structures in the process of therapeutic rehabilitation procedures based on mathematical
modeling and feedback based on electromyographic studies. The aim of the dissertation is to develop a method of
adaptive electrical stimulation that takes into account the individual characteristics of the patient, as well as to
improve the existing hardware and software for electrical stimulation. The object of research is the processes of
electrical stimulation of human skeletal muscles during medical therapy. The subject of research is methods of
conducting therapeutic electrostimulation procedures of neuromuscular structures, mathematical models of
electrical stimulation, technical means for electrical stimulation, software and methods of processing biomedical
data. Research methods. The work uses methods of mathematical analysis, methods of mathematical modeling,
methods of interval analysis, methods of nonlinear programming, methods of analysis and synthesis of elements of
biotechnical systems, methods of data processing, methods of object-oriented programming, methods of analysis
of biomedical signal. The main tasks of the research: 1. Development of a method of adaptive influence of electrical
stimulation during a number of sessions with the possibility of choosing individual parameters of stimuli and
control of effectiveness. 2. Development of mathematical models of the dependence of stimulation intensity on the
amplitude, frequency and duration of the current to determine the optimal values of the stimulus parameters. 3.
Assess the adequacy of electrical stimulation models in the space of external parameters. 4. Conduct a time-
frequency analysis of the electromyographic signal and determine significant indicators for making decisions
about conducting therapy sessions. 5. To propose the structure of the hardware and software complex, which
provides the possibility of accounting for the individual characteristics of patients and the choice of the form and
parameters of stimulating effects in order to achieve a positive therapeutic effect. The scientific novelty of the
dissertation is as follows: 1. A new method of adaptive electrical stimulation of skeletal muscles is proposed, which
takes into account the individual characteristics of the patient. 2. For the first time, analytical models were



obtained that describe the dependence of the amplitude and force of muscle contraction on the amplitude,
frequency and duration of stimulating effects. 3. For the first time, a model of the sensitivity of electrical
stimulation was built, which makes it possible to evaluate the influence of individual stimulus parameters when
they change simultaneously. 4. The method of assessing the adequacy of developed models in the space of external
variables has been further developed, which allows controlling errors during therapy. 5. The method of feedback
based on electromyographic studies has been further developed, which allows monitoring the effectiveness of the
therapy process. 6. The structure of the hardware and software complex for electrical stimulation based on the
proposed method has been improved. An analytical review of the subject area by research topic was conducted,
the mechanisms and choice of electrostimulation modes, the expected therapeutic effect and possible areas of
application were analyzed. An overview of modern existing technical solutions of electrostimulation devices and
features of electrostimulation effects, types of stimuli and the selection of their parameters was carried out, the
purpose and tasks of the dissertation research were formulated.
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