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PoGoTa BukoHyBasiacs Ha kadenpax OloMeIMYHOI 1HXKEHepii Ta 0100e3MeKu 1
310poB’st moauHu pakynaprery biomenuunoi imxeHepii HarioHaabHOro TEXHIYHOTO
yHiBepcuTeTy Ykpainu «KuiBChbKMII TOMITEXHIYHUM 1HCTUTYT iMmeHl Irops
Cikopcbkoro» MiHICTepCTBA OCBITH 1 HAYKU Y KpaiHH.

Jucepraliisi MPUCBSIYEHA BUPIMICHHIO AKTYaJIbHOI HAyKOBO-TIPUKIIAIHOI 3a]1a4l
— po3poOIll KOMIUIEKCHOI METOJIUKH OILIHKA €()EKTUBHOCTI MPOTE3yBaHHS HIKHIX
KIHI[IBOK Ha OCHOBI 1HJUBIIyaJbHUX OCOOJIMBOCTEN MPUHUMANIBHOI TUIh3U Ta OMOPHO-
PYXOBOTO amapary maimieHTa. B po0oTi 0oOrpyHTYBaHO TOKa3HHWKH €(EKTHUBHOCTI
NPOCKTYBaHHS Ta BUTOTOBJICHHS MPUHAMaJIbHUX TUIb3 TMPH MPOTE3yBaHHI HIDKHIX
KIHI[IBOK, pO3p00JI€HO METOAUKY AOCIIHKEHHS €(PEKTUBHOCTI MPOTE3yBaHH HUKHIX
KIHI[IBOK, C()OPMOBAHO CTaHAApTU30BAHUMN MEPEIiK TECTOBOI pyXOBOi aKTUBHOCTI Ta
MaTEeMaTUYHUI amapaT OIIHKK e(PEKTUBHOCTI PyXOBOi aKTMBHOCTI Ta PO3POOJICHO
KOMITJIEKCHY METOJUKY OIlIHKH €(EeKTUBHOCTI MPOTE3yBaHHS HIDKHIX KiHI[IBOK
Mari€eHTa B MPOIleci BUKOHAHHS CTaHIApTU30BAaHOI Ta HE CTaHJAPTHU30BAHOT PyXOBOi
AKTUBHOCTI.

[TpoBenenwii orysi Ta aHATI3 IITEPATYPHUX HKEPETT 32 TEMOFO JTOCIIIKEHHS J1a€
MiJICTaBy BBa)KATH, 110 HA JIAHWA MOMEHT HE ICHYE€ KOMIUICKCHOT METOJMKH OIlIHKH
e(heKTUBHOCTI MPOTE3yBaHHS HIKHIX KIHIIBOK, SIKa JIO3BOJISIE 00’ €KTUBHO OI[IHUTH
AKICTh TPOTE3yBaHHS Ta Mporpec peabuimitamii marieHTta. MOXXIUBICTh BUSBUTH
HEJIOJIIKA TPOTE3yBaHHS Ta BUIPABUTHU IX Ha JopeabuTITAIlIHHOMY eTarl 3HAa4yHO

IIPUCKOPIOIOTH YBECH MpoLEC peaduTiTalli Ta MIOBEPHEHHS MAallleHTa 10 MOBCAKIECHHOI



aKTUBHOCTI. BaXXJIMBY pOJIb y OILIHII SKOCTI MPOTE3yBaHHS Ma€ Cy0’€KTUBHA OIlIHKA
Mall€HTa 33J0BOJIEHICTIO IPOTE3A, sIKa MOKE OyTH HE IIUUIKOM 00’ €EKTUBHOKO BHACIIIJIOK
BIUTUBY PI3HOMAHITHHX TCHUXOJOTIYHUX Ta eMOIliHHUX (akTopiB. ToMy HasBHICTH
00’€KTUBHUX METOJIIB OIIHKM $IKOCTI MpPOTE3yBaHHS € BKpail BaXXJIUBUM A
MPUCKOPEHHS peadimiTalii Nalle€HTIB MICIsi aMITyTaliil KiHIIBOK.

OcCHOBHUH 3MICT AMCEPTAIIHHOTO AOCTIPKEHHS BHUKIQJICHUM y YOTHPHOX
pO3AUIax, y AKUX BUKJIAJAEHO Ta OOIPYHTOBAHO OCHOBHI pe3yJIbTaTh AUCEPTALlii.

VY BcTyIi 00TPYHTOBAHO aKTyaJIbHICTh TEMU AUCEpTaIlii, CHOpMyITHOBAHO METY
Ta 3ajadi JOCIIJDKEHHs, ONMKMCAHO METOIW JOCIIKEHHS, HajgaHa iHdopMallis mpo
3B 130K pOOOTH 3 HAYKOBUMHU MPOTPaMaMy, HAYKOBY HOBU3HY Ta IIPAKTUYHE 3HAUCHHS
OJIep)KaHUX PE3yJbTATiB, HABEJACHO HAYKOBI Tpaili, sKi 3acCBIIYYIOTH ampoOariito
MatepialiiB AUCEPTaIlii.

VY nepiomMy po3auli JucepTamiiiHoi poOoTH « AHANITUYHUHN OTJIs JTITEPaTypH»
IIPOBEJICHO aHaI3 METOJIB OLIHKA €(PEKTHUBHOCTI MPOTE3yBaHHS HUXKHIX KIHIIIBOK,
OIMKMCAHO KJIOYOB1 (PAKTOPH, SIK1 BIUIMBAIOTH HA KOHCTPYKIIIO MPUIMaIbHUX T'JIb3 Ta
SKICTh TIOCAJKH 3JIUINKOBOI KIHI[IBKH, TPOBEICHO aHali3 METOIB BHMIiPIOBAHHS
HaIpy>KeHb Ha MEX1 IpUHMaJIbHA T'J1h3a — 3AJIMIIIKOBA KIHI[IBKA Ta BU3HAYEHO OCHOBHI
KpUTEP1i OLIIHKK CUCTEMHU JIJIsl BUMIPIOBAHHS HABAHTAXXEHb IIPU MPOTE3yBaHH1 HIKHIX
KIHI{IBOK.

Jlpyruii po3Iia IUCepTAiMHOTO JOCTIIKEHHS «AHAJII3 XO/IU Ta MOCTYpaTbHAN
OaslaHC MarieHTay MPUCBIYCHUN PO3POOIT CUCTEMH /I BU3HAYEHHS PO3IOUTY Baru
Tiya namieaTa. MoOibHA TTOPIBHSJIBHA CUCTEMA JIJIsl 3HSATTS HaBAaHTAXKEHB 31 CTOI Y
JOUHAMILI CKJIAJJAETHCS 3 TPHOX OCHOBHMX OJIOKIB, 1110 MPEICTABISAIOTH CO000 2 OJIOKH
3HSTTSI HABAHTAXKEHB 31 CTOM Ta CHHXPOHI3yI0YOro OJOKY i 0OpoOKu Ta mepenadi
JaHUX Ha TEPCOHANBHUN KoMmm'toTep. KoxeH 3 OMOKiB 3HITTS HaBaHTaXEHb 31 CTOII
ABJIslE COOOI0 CUCTEMY I1'€30PE3UCTUBHMX JATUMKIB, 10 MOXE PEryJjloBaTUCh Y
3aJIEKHOCTI J0 PO3MIpy CTOMHM Ta KEpyKouoi amapaTHOi YaCTUHU 3 aBTOHOMHUM
KUBJICHHSIM Ta Oe3npoBigHUM mnepenaTuvkoM. [lepeBipka mparie3qaTHOCTI

SaHpOHOHOBaHO'l' CUCTCMU Y XOI[i MAallIMHHOI'O0 CKCIICPHUMCHTY AO3BOJIMJIA BU3HAYCHI



HACTYIHI XapakTtepuctuku cucremu: apeid nHyns — 0,11% npu Bu3HAuEHOMY
nonyctumomy < 7%; HENIHINHICTh CUCTEMHM, alle OCKIIbKHM ii MOXXHa aJ€KBATHO
3MOJIEIIOBAaTH, 3alPOIIOHOBAHI JAATYUKU JOIMYCKAIOTHCS Y BUKOPHCTAHHI CHUCTEMH;
MOMMJIKA ricrepe3ucy — 3.7% npu BU3HAYEHOMY JIONYCTUMOMY 3HAY€HH! MOMMIIKH
ricrepesucy < 24 % Tta Gaxanomy <7 %; mommika moBTOprOBaHOCTI — 8.64%rmpu
BU3HAUYEHOMY JIOIMTyCTUMOMY 3HAau€HHI TMOMWJIKH ToBTOproBaHocTi < 15% Ta
OaxxanoMy <5 %. Jlns BU3HAUYEHHSI OCOOJIMBOCTEN XOJM y MAIIE€HTIB 3 aMITyTallisiMu
HIOKHIX KIHIIIBOK Ta CTBOPEHHS MATEMAaTHYHOTO arapaTy OIlIHKH e(EeKTHUBHOCTI
PYXOBO1 AaKTHMBHOCTI BHUKOPHUCTOBYIOUH pO3pOOJIeHYy cHCTeMy OyJio MpOBEIEHO
KJIIHIYHE JIOCHIJ)KEHHA. BH3HaueHHs pPO3MOJALTY HABAHTAXKEHHSA Y OKPEMHX TPyl
MaIieHTiB OyJ0 BUKOHAHO 1] Yac HACTYIHOI BU3HAYEHOI CTaHAAPTU30BaHOI PyXOBOi
AKTUBHOCTI: aHAI3y XOJH, TECTY «CUIITH — CTOSITHY», MIIMOMY Ta CITyCKY MO CXOJIax,
NIAAOMY Ta CIOYCKY MO pamii, aHali3y MOCTypajabHOro OamaHcy. B skocti 00'ekTta
JOCIIKEHHS 0yJ10 00paHo JIB1 TPYIIH JIIOJICH: YMOBHO 3710pOB1 0COOM YOJIOBIYOT CTaTl
BikoM 3046 pokiB, macoro 90+15 kr Ta 3poctom 181+4 cm Oe3 ammyTaliii HUXKHIX
KIHITIBOK Ta BIJOMHX Je(PEKTIB OCTaBH Ta 3aXBOPIOBAHbL OTIOPHO-PYXOBOTO amapary,
YHUCENbHICTh rpymu — 10 0c10; narieHTH 40J0BI1YOi CTaTl YETBEPTOTO PIBHS aKTUBHOCTI
3 OJIHOCTOPOHHBOIO aMIYTAaIll€l0 KIHLIBKU, YACENbHICTh Tpynu — 10 oci6. [Jo apyroi
rpynu OyJiyd BKIFOUEHI MAIIEHTH 3 4aCOM KOPUCTYBAHHSAM MPOTE30M BiJl OJTHOTO THKHS
0 BOCBMH POKIB JJII MOMKJIMBOCTI HACTYIHOTO TMOPIBHHSA €(QEKTUBHOCTI iX
MPOTE3yBaHHS Ta OIIHKU MpoIeCcy peadiiTaii.

VY tpetromy po3ain «HaBanTaxxeHHs Ha MEX1 pUMalIbHA T1J1b3a — 3aJTUIIIKOBA
KIHI[IBKa» METOJIaMH aHali3y Ta CUHTE3y BHU3HAYCHI ONTUMAaJIbHI MICIIsl Ta HEOOX1IH1
po0oUl HABAaHTAXEHHS I PO3MIILIECHHS JAaTUYMKIB CUCTEMH AJIs 3HATTS] HAaBaHTa)KCHb
HAa MEXI NpuiiMalibHa T1JIb3a — 3aJUIIKOBAa KIHI[IBKAa B CcTaTuill Ta JuHamiii. o
NEepPEeIHbOI IPYNH JATYMKIB BU3HAUEHI HACTYIHI PO3TAlIlyBaHHS: TUCTAIbHUI BIIALI
BEITUKOTOMIJIKOBOi KICTKM 3 poOounM HaBaHTaxkenHsM 100 H, ropOucricth
BEJIMKOTOMIJIKOBOI KICTKM 3 poOounM HaBaHTaxkeHHsM 100 H, OGiunmii BHpOCTOK

BEJIMKOTOMUIKOBOi  KICTKM 3 poOoumm HaBaHTaxkeHHsM 50 H, rpebinp



BEJIMKOIOMUJIKOBOI KICTKM 3 poOouuM HaBaHTaxeHHsM S50 H, koiiHHa yamieuka 3
poOounm HaBaHTaxkeHHsIM 50 H. [lo naTepanpHO1 rpynu AaT4YMKIB BUZHAYEH1 HACTYIIHI
pO3TalllyBaHHA: JUCTAIbHHM  BIIIII  MaJOTOMIUJIKOBOI  KICTKH 3 poOoYuM
HaBaHTakeHHAM 50 H, ronoBka MaJloroMuIKOBOi KICTKM 3 pOOOYMM HaBaHTaXEHHSIM
20 H, narepanbHHMil BUPOCTOK CTETHOBOI KICTKM 3 poOo4YMM HaBaHTaxkeHHsSM 20 H,
JaTepaNbHUNA BUPOCTOK BEIMKOTOMUIKOBOI KICTKH 3 poOounM HaBaHTakeHHsM 20 H.
MenianbHUIl BUPOCTOK CTErHOBOI KICTKM Ta JAUCTAJIBHUN BIIJUI BEIUKOTOMIUIKOBOT
KICTKH 3 poOounM HaBaHTaxkeHHsM 1o 20 H Bu3HaAYeH1 10 MeiaabHOI TPYIIH KYKCH.
BianoBigHo 10 BHU3HAYEHO! KUIBKOCTI JATYHMKIB Ta HABAaHTAKECHHS PO3POOJICHO
MOOUIbHY CHCTEMY JUISl 3HATTS HAaBaHTAXKEHHS HA MEXI NpUMalibHAa TiIb3a —
3aJIMIIKOBA KIHI[IBKA.

VY 4yerBeproMy po3ain «OuiHka e(EeKTUBHOCTI MPOTE3YBaHHS HUKHIX
KIHI[IBOK» OMNHCaHa CTaHJAapTU30BaHA TECTOBA PyXOBa AaKTHUBHICTh Ta CPOPMOBAHO
MaTeMaTUYHUN amapaT OIIHKK €(QEKTHBHOCTI PYXOBOi aKTHUBHOCTI. Bu3HaueHi
HACTYTHI KpUTEpli BIAMIHHOI €()EeKTUBHOCTI MPOTE3yBaHHs: BIJHOIIEHHS CEPEIHBOTIO
HABAHTAKECHHS HA 1HTAKTHY KiHIIIBKY JO CEPEIHHOTO HABAHTAXKCHHS HAa TPOTE3HY
KiHIIBKY mig 4dac xoau (Exx; = 120 £ 10% BiAHOCHUX OAWHUILL), BIJIHOIICHHS
Yyacy HaliBKPOKY 1HTAKTHOI KIHLIBKH /10 Yacy HAMIBKPOKY MPOTE3HOT KIHIIBKH M1 Yac
xomun  (Epx, = 100 + 10% BigHOCHMX OJUHMIIb), BIJIHOMIEHHS MaKCHUMaJIbHOTO
HaBaHTaXXEHHs (a3u KIHIEBOI OMOpPHM I1HTAKTHOI KIHIIBKA J0 MaKCHUMAaJIbHOTO
HAaBaHTAKEHHSA (a3u KIHIIEBOI OMOPW MPOTE3HOI KIHIIBKHU mia 49ac Xoau (Eaxs =
100 + 20% BiAHOCHUX OJUHMIIb), BITHOIIEHHS MAaKCUMAJbHOTO HaBaHTaXKCHHS
(ha3u MOYaTKOBOTO KOHTAKTY 1HTAKTHOI KiHIIBKH J10 MAaKCUMAaJIbLHOI'O HaBaHTAXEHHS
da3u MoYaTKOBOTO KOHTAKTY MPOTE3HOI KIHIIBKU mia 4ac xoau (Epxs = 100
15% BiIHOCHUX OJMHUIb), BiTHOIICHHS CEPEAHHOTO HABAHTAKCHHS HA 1HTAKTHY
KIHI[IBKY JI0 CEPEIHHOTO HABAHTAXXEHHS HA MPOTE3HY KiHIIBKY IIPY BUKOHAHHI TECTY
«CHJIITH-CTOSITH (Ecc = 150 £+ 50% BilHOCHUX OJUHMUIIb), BiTHOIIICHHSI
CEpEeIHHOT0 HAaBAaHTAKCHHS Ha 1HTAKTHY KIiHIIIBKY JO CEpEIHLOTO HABAaHTAKEHHS Ha

NpoTe3Hy  KIHIIBKY miax  4ac  maiomy mo  cxomax  (Epc =118+



15% BiflHOCHUX OJIUHHUIb), BIJHOIICHHS MAaKCHMAJIBHOTO HaBaHTaXeHHs (a3u
KIHIIEBOI ONIOPH 1HTAKTHOT KIHIIIBKH JI0 MAaKCUMaJIbHOTO HABaHTaXEHHs (ha3u KIHIIEBOT
OTOPHU TMPOTE3HOT KIHIIBKU MMia Yac migidomy Ta cmycky mo pammi (Epp = 100 +
6% BiJITHOCHHX OJJMHUIIb), BIHOIICHHS CEPEIHHOIO HABAHTAKEHHS Ha IHTAaKTHY
KIHI[IBKY JIO0 CepeIHbOr0 HaBaHTAKCHHS Ha MPOTE3HY KIHIIBKY ITiJT Yac JOCIIKESHHS
noctypainbHoro 6anancy (Epg; = 80 £ 10% BiIHOCHUX OJIMHUIb) Ta BiIHOIICHHSI
CEpeIHbOT0 HABAHTAKEHHS Ha HOCOK MPOTE3HOI CTOTH JI0 CEPEIHBROTO HaBAHTAKEHHS
Ha IT’ATY MPOTE3HOI CTOMH IIiJl Yac JOCTIKeHHS TocTypanbHoro Oamancy (Epg, =
180 + 10% BigHOCHUX OJUHUIIbL). METOIOM OIIHKK NPUHMAaIBHOI TiIh31 Ha eTari
IIPOCKTYBAaHHS HAa OCHOBI 1HIWBIAYaJbHHX OCOOJMBOCTEH 3aJMIIKOBOI KIHIIIBKH Ta
OTIOPHO-PYXOBOI'O arapary Tali€HTa 3alpolOHOBAHO aHAII3 MaTeMaTHYHOI MOACII
3QJIMIIKOBOI  KIHI[IBKM Ta CIPOEKTOBAaHOI MpuiiManbHOi riune3n. Ha eram
peabumiTaiitHOro CynpoBOJy B PaHHbOMY MEPIOAl MICIS MPOTE3yBaHHSA JJIA HOTO
OIIIHKM TPOTIOHYETHCSA aHaJi3 CTaHJApTHU30BaHOI Ta HE CTaHJIAPTHU30BAHOI
(OBCSAKAEHHOT) PYXOBOi AaKTUBHOCTI Ta OIlIHKA JUHAMIKM 3MIHA OTPUMAaHUX
MMOKA3HUKIB aHAII3Yy XO/IH.

Po6ora mictuth 42 pucynku, 21 Tabmuiro, 196 miteparypHux mkepen ta 2
JIOJTaTKH.

KuarouoBi cjoBa: mpoTe3yBaHHS HIDKHIX KIHIIIBOK, aHami3 e(EeKTUBHOCTI
MPOTE3yBaHHS, aMITyTallisi HWXKHBOI KIHI[IBKH, aHajl3 TUCKY, T€XHIKa OI[IHIOBAHHS,
PO3IIOII Bary, aHaI3 X041, MaTeMaTHYHA MOJCIb, KOMIT FOTEpHA TOMOTpadis, K
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ABSTRACT

Melnyk G.V. Development of a methodology for effectiveness of lower limb
prosthetics assessment. — Qualifying scientific work on the rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of philosophy
on a speciality 163 — Biomedical engineering. — National Technical University of
Ukraine "Igor Sikorsky Kyiv Polytechnic Institute”, MES of Ukraine, Kyiv 2023.

Preparation was held in the Biomedical Engineering department and Biosafety
and Human Health department of National Technical University of Ukraine "lgor
Sikorsky Kyiv Polytechnic Institute”, Ministry of Education and Science of Ukraine.

The dissertation is devoted to the solution of an actual scientific and applied
problem - the development of a complex methodology for assessing the effectiveness
of lower limb prosthetics based on the individual characteristics of the receiving sleeve
and the patient's musculoskeletal system. The work substantiates the indicators of the
effectiveness of the design and manufacture of receiving sleeves for prosthetics of the
lower limbs, developed a methodology for researching the effectiveness of prosthetics
of the lower limbs, created a standardized list of test motor activity and a mathematical
apparatus for evaluating the effectiveness of motor activity, and developed a
comprehensive methodology for evaluating the effectiveness of prosthetics of the
patient’s lower limbs in the process of performing a standardized and non-standardized
motor activity.

The conducted review and analysis of literary sources on the topic of the study
gives reason to believe that at the moment there is no comprehensive methodology for
assessing the effectiveness of lower limb prosthetics, which allows you to objectively
assess the quality of prosthetics and the progress of patient rehabilitation. The ability
to identify prosthetic deficiencies and correct them at the pre-rehabilitation stage
significantly accelerates the entire rehabilitation process and the patient's return to daily
activities. An important role in assessing the quality of prosthetics is played by the

patient's subjective assessment of prosthesis satisfaction, which may not be completely



objective due to the influence of various psychological and emotional factors.
Therefore, the availability of objective methods for assessing the quality of prosthetics
Is extremely important for accelerating the rehabilitation of patients after limb
amputations.

The main content of the dissertation research is presented in four chapters, in
which the main results of the dissertation are presented and substantiated.

The introduction substantiates the relevance of the topic of the dissertation,
formulates the purpose and tasks of the research, describes the research methods,
provides information about the connection of the work with scientific programs,
scientific novelty and practical significance of the obtained results, and provides
scientific works that certify the approval of the materials of the dissertation.

In the first chapter of the dissertation "Analytical review of the literature", an
analysis of methods of assessing the effectiveness of prosthetics of the lower limbs was
carried out, key factors affecting the design of the receiving sleeves and the quality of
the fit of the residual limb were described, methods of stress measurement at the
interface between the receiving sleeve and the residual limb were analyzed and the
main evaluation criteria of the system for measuring loads during prosthetics of the
lower limbs are determined.

The second chapter of the dissertation study "Gait analysis and postural balance
of the patient” is devoted to the development of a system for determining the
distribution of the patient's body weight. The mobile comparative system for removing
loads from the feet in dynamics consists of three main blocks, which are 2 blocks for
removing loads from the feet and a synchronizing unit for processing and transferring
data to a personal computer. Each of the units for removing loads from the feet is a
system of piezoresistive sensors that can be adjusted depending on the size of the foot
and a control hardware part with autonomous power and a wireless transmitter.
Checking the functionality of the proposed system in the course of a machine
experiment allowed the following system characteristics to be determined: drift of zero

- 0.11% with the defined permissible < 7%; nonlinearity of the system, but since it can



be adequately modeled, the proposed sensors are allowed in the use of the system;
hysteresis error — 3.7% with the specified allowable value of hysteresis error < 24%
and desired <7%; repeatability error — 8.64% with a defined allowable value of
repeatability error < 15% and desired <5%. A clinical study was conducted to
determine the gait characteristics of patients with lower limb amputations and to create
a mathematical apparatus for assessing the efficiency of motor activity using the
developed system. Determination of load distribution in individual groups of patients
was performed during the following defined standardized motor activity: gait analysis,
sit-stand test, climbing and descending stairs, climbing and descending a ramp, analysis
of postural balance. Two groups of people were chosen as the object of the study:
conditionally healthy males aged 30+6 years, weighing 90+15 kg and 181+4 cm tall
without amputations of the lower limbs and known postural defects and diseases of the
musculoskeletal system, the number groups — 10 people; male patients of the fourth
level of activity with unilateral amputation of a limb, the number of the group is 10
people. The second group included patients with a period of use of the prosthesis from
one week to eight years for the possibility of subsequent comparison of the
effectiveness of their prosthesis and evaluation of the rehabilitation process.

In the third chapter, "Loads on the receiving sleeve - residual limb boundary",
analysis and synthesis methods determine the optimal locations and necessary
workloads for placement of sensors of the system for removing loads on the receiving
sleeve - residual limb boundary in statics and dynamics. The following locations are
defined for the front group of sensors: distal part of the tibia with a working load of
100 N, tuberosity of the tibial bone with a working load of 100 N, lateral condyle of
the tibial bone with a working load of 50 N, crest of the tibial bone with a working load
of 50 N, patella with a working load of 50 N. The following locations are defined for
the lateral group of sensors: the distal part of the fibula with a working load of 50 N,
the head of the fibula with a working load of 20 N, the lateral condyle of the femur
with a working load of 20 N, the lateral condyle of the tibia with a working load of 20

N. The medial condyle of the femur and the distal part of the tibia with a working load



of 20 N are assigned to the medial group of the stump. According to the determined
number of sensors and the load, a mobile system was developed to remove the load at
the receiving sleeve-residual limb boundary.

In the fourth chapter "Assessment of the effectiveness of prosthetics of the lower
limbs" standardized test motor activity is described and a mathematical apparatus for
assessing the effectiveness of motor activity is formed. The following criteria for
excellent prosthesis efficiency were determined: the ratio of the average load on the
intact limb to the average load on the prosthetic limb during walking (Exx; = 120 +
10% relative units), the ratio of the half-step time of the intact limb to the half-step
time of the prosthetic limb during walking (Eax, = 100 + 10% relative units), the
ratio of the maximum load of the final support phase of the intact limb to the maximum
load of the final support phase of the prosthetic limb during walking (Exx; = 100 +
20% relative units), the ratio of the maximum load of the initial contact phase of the
intact limb to the maximum load of the initial contact phase of the prosthetic limb
during walking (Eaxs = 100 £ 15% relative units), the ratio of the average load on
the intact limb to the average load on the prosthetic limb when performing the "sit-
stand" test (E¢c = 150 + 50% relative units), the ratio of the average load on the
intact limb to the average load on the prosthetic limb when climbing the stairs (Epc =
118 + 15% relative units), the ratio of the maximum load of the final support phase
of the intact limb to the maximum load of the final support phase of the prosthetic limb
during ascent and descent on the ramp (Epp = 100 + 6% relative units), the ratio of
the average load on the intact limb to the average load on the prosthetic limb during
the study of postural balance (Epg; = 80 + 10% relative units) and the ratio of the
average load on the toe of the prosthetic foot to the average load on the heel of the
prosthetic foot during the study of postural balance (Epg, = 180 +
10% relative units). An analysis of the mathematical model of the residual limb and
the designed receiving sleeve is proposed by the method of evaluating the receiving

sleeve at the design stage based on the individual characteristics of the remaining limb



and the patient's musculoskeletal system. At the stage of rehabilitation support in the
early period after prosthetics, an analysis of standardized and non-standardized
(everyday) motor activity and an assessment of the dynamics of changes in the obtained
parameters of gait analysis are proposed for its evaluation.

The work contains 42 figures, 21 tables, 196 literary sources and 2 appendices.

Key words: lower extremity prosthetics, prosthetic efficiency analysis, lower
extremity amputation, pressure analysis, assessment technique, weight distribution,
gait analysis, mathematical model, computed tomography, step cycle, finite element

model, fracture, knee joint, prediction.



