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Pe3ome

BBemeHme. MequiIMHCKAs peabuaMTAIMS C WCIIONb30BAHMEM TEXHUUYECKUX CPENCTB peabWIuUTaluyu aKTUB-
HO pa3BMBaeTcsl. Bce yale B MpakTMKe CHELMaJINCTOB BCTPEYAeTCsl UCIONb30BaHMe 3K30CKeIeTOB KOHEUHOCTEeN.
ITpu atom B Poccuu He CyliecTByeT YeTKOTO OIpese/ieHMs], YTO TaKoe 3K30CKeseT C TOYKM 3peHMs] MeAULIMHCKOM
peabuaMTauuM 1 OBIIENPUHITON KiaccuduKammy mogqo6HbIX YCTPOICTB. B TO ske Bpems aJist GOpMUpPOBaHUS Me-
IMKO-TEXHUYECKUX TPeOOBaHMII K SK30CKeaeTaM M APYTMM aCcCUCTMBHBIM YCTPOMCTBAM HEOOXOOMMO YUUTHIBATH
He TOJbKO TEKYIIJe TeXHUYECKIe U TeXHOJOTMYeCcKyie BO3MOKHOCTY, HO MMeTh TOPU3OHT TUIAaHUPOBaHMsI 3-5 yer
IIJISL MCIIOJIb30BaHMS TIEPCIEKTUBHBIX CPENICTB IMPOM3BOACTBA IIPU M3TOTOBJIEHMUM MHHOBALIMOHHONM MeIUIIVIHCKOM
TEeXHUKH, B TOM YMCJIe U OTMBITHBIX 00pa31ioB. [IoMoub B JaHHO paboTe CIIOCOOEH aHaIM3 TeKYIIMX TeHAEHIMIT pa3-
BUTUS UCCIIEAYEMOTO Ki1acca YCTPOMCTB.

Ienb. OnpenennTh HAMpaBiIeHue Pa3BUTHS POOOTU3MPOBAHHBIX M MEXAaTPOHHBIX YCTPOIICTB BOCCTAHOBIIEHMUS
JIBUTATEIbHOI aKTMBHOCTM MAIMEHTOB HA OCHOBE ITpeJjiaraeMoit KiaccubuKaimn.

MarepuaJibl 1 MeToAbI. VicciemoBaHue MPOBeNEeHO Ha OCHOBE aHa/IM3a MaTepuajoB HayuHbIX 6a3 ScienceDirect,
elibrary.ru 3a mepuop, ¢ 1997 o 2019 r. ¢ uCIONIb30BaHMEM METO/IA aHa/IM3a MTy6IMKALIOHHOM aKTMBHOCTH 10 TIpei-
JIOKEHHBIM KPUTEPUSIM. JIOTIOTHUTETbHO Obli1a cobpaHa MHGopMaLys ¢ 0pUIMaTbHbIX CAiTOB MPOM3BOATEEN.

PesynbraTsl. [TomyyeHbl 0ObEKTVBHBIE KOJMMYECTBEHHbIE JaHHbIE 00 3K30CKeIeTax, MUCIONIb3yeMbIX B MeIu-
IIMHCKOM peabuamTaimm uim pa3padbaTbiBaeMbIX /IS MCTIONb30BaHMSI B pacCMaTpMUBaeMoii 061acTi. YCTaHOBJIEHO,
YTO MOOWMJIbHBIE 9K30CKEJIeThI IIPEACTABISIOT GOJbIINIT MHTEpeC IJs1 pa3paboTunkoB (59%), yeM cralyOHapHbIE.
DK30CKeJIeThI JJIS1 HYSKHMX KOHEUHOCTel M Tasa (68%) mpeobiagaloT Haj MOMEISIMU IJISl BEPXHUX KOHEUHOCTE
¥ TIEUEBOTrO mosica. [IoJist 5K30CKEeIeTOB C HeaJallTUBHBIM yIIpaBeHeM COCTaBisIeT 6oyee 56%. SIpko 3aMeTHa cMe-
Ha TIapaiurMbl ¢ pa3paboTKy ¥ BHEIPEHMS afanTUBHBIX TPUHIMITOB yIIpaBieHMs] Ha KoMOHMpoBaHHbIe B 2010 T.,
ripu 3ToMm ¢ 2015 1. mpeo6agaeT KOMOMHUPOBAHHBINM MPUHLINII yIIpaBaeHus (6onee 66%). [1o BOBJIEUEHHOCTH 9K30-
CKeJIeTa B peai3yeMoe ABVKEHE BhIIEeISIOTCS [TaCCUBHO-aKTUBHbBIE 9K30cKeeThI (51,2%).

3akiouyeHue. B pesyibTaTe McoIefOBaHUSI IOKA3aHO HaIlpaBjieHMe Pa3BUTUSI IK30CKEIETOB B HACTOSILee
BpEeMSI: TIACCMBHO-aKTUBHBIE SK30CKeIeThl, MOOWJIbHBIE IK30CKEIEeThl HYDKHMX KOHEUHOCTe! U Ta3a, SK30CKeTeThl
C aJATITUBHBIM KOMOMHMPOBAHHBIM ITPUHIIUIIOM YITPABIEHMUS.

KiioueBbie CJI0Ba: MeAUIIMHCKAS PeabyIMTaLsI, 9K30CKEIeT, TEXHMYECKoe YCTPOCTBO peabuanTaun, Kiac-
cuduKanys, HarpaBIeHue pa3BUTHS.
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Abstract

Introduction. Medical rehabilitation with use of technical rehabilitation devices is actively developing.
Increasingly, the use of exoskeletons of the limbs is encountered in the practice of specialists. At the same time,
in Russia there is no clear definition of what exoskeleton is from the point of view of medical rehabilitation, and
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the generally accepted classification of such devices. At the same time, in order to form medical and technical
requirements for exoskeletons and other assistive devices, it is necessary to take into account not only the current
technical and technological capabilities, but to have a planning horizon of 3-5 years to use promising producer goods
in the manufacture of innovative medical equipment, including prototypes. The analysis of the current trends in the
studied class of devices can help to resolve this problem.

Aim. Determine the direction of development of robotic and mechatronic devices for restoring the patient’s
motor activity on the basis of the proposed classification.

Materials and methods. The study was conducted on the basis of the analysis of materials from ScienceDirect
scientific databases, elibrary.ru for the period from 1997 to 2019 using the method of publication activity analysis on
the proposed criteria. Additionally, information was collected from the official websites of manufacturers.

Results. The objective quantitative data on exoskeletons used in medical rehabilitation or being developed for
use in the considered area was obtained. It has been established that mobile exoskeletons are of more interest for
developers (59%) than stationary ones. Exoskeletons for the lower limbs and pelvis (68%) prevail over models for the
upper limbs and shoulder girdle. The share of exoskeletons with non-adaptive control is more than 56%. The paradigm
shift from the development and implementation of adaptive management principles to combined ones in 2010 is
clearly visible, with the combined management principle prevailing in 2015 (more than 66%). By the involvement of

the exoskeleton in the movement being implemented, passive-active exoskeletons are distinguished (51.2%).
Conclusion. As a result of the research, the current direction of exoskeleton development is shown: passive-
active exoskeletons, mobile exoskeletons of the lower limbs and pelvis, exoskeletons with an adaptive combined

control principle.

Keywords: medical rehabilitation, exoskeleton, technical rehabilitation device, classification, direction

of development.

BBenenune

[Tpu paccMOTpeHMM MOHSATUSL IK30CKENET, ero Xa-
pPaKkTepU3yIOT KaK «BHEUIHUI» CKeJIeT, KOTOPBIM...
yBeNMUMBAET... OUHAMUKY T[epenBMKeHMs], IIO-
BTODSIST OMOMEXaHMKY J[ABIDKEHMII CyCTaBoB...» [1],
«yCTPOJCTBO, INpeAHa3sHAauYeHHOe JII BOCIIOJHeHMS
yTpaueHHbIX (QYHKUUI... M pPaACHIMPEHUS] aMIUIU-
TYAbl IOBVDKEHWIA...» [2], «BHeIIHee 10 OTHOLIEHUIO
K TeJIy 4eJIoBeKa yCTPOJCTBO, [I03BOJISIOLLee YCUIUTD,
IOIOMHUTb, 3aMEHUTDb, OTPAaHUYUTD WU TIPUHYIU-
TeJIbHO BOCIIPOM3BECTU [BWKEHUS 4YejoBeka» [3].
OnpepneneHne YopasieHUsI 110 CaHUTApPHOMY Hal-
30py 3a KaueCcTBOM IMILEBBIX MPOLYKTOB U MeLu-
kaMmeHTOB CIHA (FDA) xapakTepusyeT 3K30CKeJIeTbl
C 9HeprocHabkeHMEM KaK «peleNnTypHble YCTpPOii-
CTBa, COJepsKaujye BHELIHUI, MPUBOAUMBIN B Aeii-
CTBYE, MOTOPM30BaHHbBI OpTE3, KOTOPBIN MoMela-
eTcs HaJ TMapanu30BaHHBIMM WM OCIa6IeHHbBIMU
KOHEeYHOCTSIMU YesIoBeKa C Lie/blo 0becrieyeHus CIo-
co6HOCTM TepenBuraThesi» [4]. Ilon crroco6HOCTHIO
MepelBUTaTbCs TMOHMMAIOT «ObjerueHue CTOSTHUS,
XO0Ob0OBI, TIOJ/beMa TI0 JIECTHUIIE U BBITIOTHEHUSI T10-
BCEIIHeBHO NeITeIbHOCTU».

Ipennaraemblie oTe4eCTBEHHBIMY aBTOPAMU Kilac-
cuduKauum 3K30CKeneToB [1-3, 5] yUMTHIBAIOT Kak
MeAVLVHCKME KPUTEPUM TPYIIMUPOBKU 10 OTHE/b-
HbIM IIpPM3HAaKaM, TaK M TeXHUYeCKue, U IaxXe KO-
HoMmuueckue. [Ipy 3TOM mpepnjaraeMble KpUTEpUU
KIaccubUKaunUy SIBISTIOTCS OPMEHTUPOBOYHBIMHU U He
TIO3BOJISIIOT TOYHO Y KOJMIMUYECTBEHHO OL[EHUTh 00BEeKT
MU3yYeHus.

IIns ucciemoBaHusl B kKauecTBe IIPOTOTMIIA ObLia
BbIOpaHa kiaccuduranys [1], Tak Kak oHa Hambosee
IIOJIHO OTpaykaeT COBOKYITHOCTb IIPV3HAKOB IK30CKe-
JIETOB JIJISI MEOULITHCKOM peabuIuTalyn.

CornacHo [1] ciemyeT pa3nuuaTh 5K30CKEIETHI:

— [0 NPUHUMIY YIIpaBleHUS — MporpamMmMupye-
MbIe, caMoobyyJaroImecs;

— TI0 KOHCTPYKTUBHBIM OCOGEHHOCTSIM — KapKac-
HbIe (3KeCTKME), TMOKME, IO TUITY POOOTU3MPOBAHHBIX
KOCTIOMOB-3K30CKeJIeTOB;

— TI0 MPUHIMUITY MOOGUIIBHOCTY — CTal[MOHApHbIE,
MOOMIbHBIE;

— [0 TPUMHUMUITY BOBJIEUEHUSI aHATOMMUYECKUX
o6y1acTeil Ye0BEYECKOro Teja — MAJIT HVWKHUX KO-
HeyHocTell ¥ Tasa (HK), nyisg BepxXHUX KOHEUHOCTEN
u nieveBoro nosica (BK), oy BepxHUX ¥ HUKHUX KO-
HEYHOCTe U TYJIOBUILA;

— II0 3HEPro3aBUCMMOCTY — aBTOHOMHbIE UCTOY-
HUKM TUTaHMUS (AKKYMY/ISITOpHble Oatapeu U [1p.),
CTallOHapHbIe UCTOYHUKM MUTAaHUS (CETEBbIE);

— 10 HalpaBJIeHUI0 MUCIIOAb30BaHUS — WHIUBU-
IyajabHble, TpeHaskepHOe 060pymoBaHMe IJIsl pas3and-
HBIX I10JIb30BaTeJIei;

— TIO LIEJTY VCITO/Ib30BAHMUS — PeabMIUTalIOHHbIE
(nJ1s maLeHTa, OHO- M MHOTOIIeJIeBbIe), 06ecrieunBa-
olue (4151 MefIepcoHaa, O4HO- M MHOTOLe/IeBbIe).

IIenp

OnpenenuTh HalpaB/ieHMEe Pa3sBUTUSI POOGOTU3N-
POBaHHBIX M MEXaTPOHHBIX YCTPOICTB BOCCTAHOBJIE-
HUS IBUTATeTbHOI aKTVMBHOCTY MAIlM€HTOB HAa OCHOBE
TnpejjiaraeMon KiacCcubuKaimmn.

MaTtepuajbl M MeTOIbI

VccnepoBaHue NOpoBeNeHO Ha OCHOBE aHaau3a
MaTepuanoB HayuHbIX 6a3 ScienceDirect, elibrary.ru
3a nepuog ¢ 1997 no 2019 r. [6-9] ¢ ucnoab30BaHMU-
eM MeToZ,a KOMIUIEKCHOTO aHasM3a MyoIMKayioHHOM
aKTUBHOCTU. [IOTIOTHUTENbHO ObUI MPOM3BEeH aHa-
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3 MHGOpMaum ¢ ouUIIMaIbHbBIX CAiTOB pa3paboT-
YMKOB, TPOM3BOAMTENEA M HAYUYHBIX KOJIJIEKTUBOB,
KOTOpbIe TPUHMUMAIN YYacTye B pa3paboTKe 3K30CKe-
JIETOB [IJISI MeOUIIMHCKOM peabummtamym [10-39].

OO6BeKT MCCIeqoBaHMs : TEXHMYECKME CPeICTBa pe-
abuuTanuy ISl ONMOPHO-IBUTATEILHOTO arapara.
[Ipenmert uccnenoBaHusI: XapaKTePUCTUKU U OTIIUUN-
Te/bHbIe MPU3HAKMA.

WcxonHas 3amava Mo TPYNIMPOBAHUIO CYILLECTBY-
IOIIMX MOJeJIeli 9K30CKeIeTOB Mo Kinaccudburanym [1]
Mokasasa IMPOKMe BO3MOKHOCTU OCBeIlleHUS TeMbI
MX KOHCTPYKTMBHBIX OCOOEHHOCTEJ C TOUKM 3PEHMS
MeAVLIVHCKO peabuanTaiiy, Ho 6e30THOCUTENIbHO K
MEeTOA0IOTUYECKOI cocTaBisomeli. OTCYyTCTBME BO3-
MOKHOCTU OLIEHUTbh MEeTOZA0JOTUYECKMEe BO3MOXKHO-
CTU pacCMaTpMBaeMOro 000pyAOBaHMsI, B TO JKe Bpe-
MsI, TIO3BOIWJIO C(POKYCHMPOBATh BHMMAaHMe Ha pPsfe
MIPU3HAKOB, KOTOPbIE M3HAYAIBHO OBV PACKPBITHI HE
B IIOJIHO¥ Mepe. B mpoiiecce aHan3a coGpaHHOM UH-
(opmanyy 6bII0 TPOU3BEIEHO paCIIMpPeHye U YTOU-
HeHMe. B kmaccuburaumuio JONIOTHUTETbHO BBEIEHbI
clenyoniyie KpUTepun:

— [0 MHTerpauyuy KOMIUIEKCHBIX MPOrpamMm pea-
6uaMTaIMK (COYeTaHHOMY MCITOJIb30BaHMIO (U3MUe-
ckux GakTopoB) [14] — ecTb, HeT;

— II0 BOBJIEUEHHOCTM 3K30CKejeTa B peanusye-
Moe IBIpKeHue — rmaccuBHbIN (0%), aktuBHbIN (100%),
naccuBHO-akTUBHLIN (100%), MO/MyaKTUBHbBIN (MeHee
100%);

— IO MPUHUMITY yIIpaBjieHus] — aJanTuBHbIe, He-
aJanTuBHbIEe, KOMOMHMPOBAHHbIE;

— 110 3aJa0IIMM CUTHaIaM afanTalyuy U KOHTPOJIS
MIPOTpaMMbl yIIpaBaeHus — 6e3 MCIIOMb30BAHNS CUT-
HaJIOB OIlepaTopa, C UCIOAb30BaHMEM CUTHAJIOB Olle-

paropa (OMI, HelipoCceHCOpHbIE), KOMOVHMPOBAHHBIE.

PaccmotpuM 60j1ee TTOAPOGHO acCIeKT BOBJIEYEH-
HOCTM 3K30CKeJieTa B peajin3yeMoe IBVDKeHUeE, ero
OTMCaHue U PUMeDbI:

— naccuBHbIN (0%) — 5K30CKeJeThl IJIS1 TPEHUPO-
BOK paBHOBeCHS ITOC/Ie MHCYIIbTA;

— aktuBHbINM (100%) — B OCHOBHOM CTal[MIOHapHbIE
1 MOGMITIbHBIE 9K30cKeeThl HK 1111 mapann30BaHHbIX;

— mnaccuBHO-akTuBHBIN (0-100%) - craumo-
HapHble TpeHaxkepsl HK 1 BK mam Mo6GuibHbIE 3K-
3ockenetbl HK [ manuMeHTOB ¢ MMHMMAaAbHOM
MOABUKHOCTDIO;

- MoJayakTUBHBINA (MeHee 100%) — po6OTU3UPO-
BaHHbIe OpTe3bl HA 1 KOHEYHOCTh (Ha 1-2 cycTaBa,
Hanpumep, AlterGBionicLeg [15]), rub6kue 3K30CKe-
neThl (Hampumep, BioservoRoboticSoftExtraMuscle
(SEM) Glove [13]), 9K30CKeIeThI, IJIsSI YIIPaBIAeHUS
KOTOPBIMM HEOOXOOMM CUTHAJ 3JeKTPUYECKOi ak-
TUBHOCTU MbIIILbI, uan IMI-curHan (Hampumep,
CYBERDYNE HAL LowerLimb [18]), maccuBHBIe
3K30cKeneTbl (Hampumep, HocomaArmeoSpring
[14]), sK30CKeneTsl, MpefHa3HAUYEHHbIE AJIS [TOMO-
1Y TIOCJe MHCY/IbTA, TMOXMUIBIM U T.O. (Hanpumep,
HondaWalkingAssist [12]).

Pe3ynbsTaThl M 00CY)KAEHUE

Ha ocHoBe momy4yeHHO# Kinaccuduranmmu 6bUT Co-
CTaBJIeH TepeueHb K30CKEIEeTOB IJIT MeOULIVHCKOM
peabummranymu [40].

Ha pucyHke 1 paHXMpoBaHbI 10 rOgaM CBeIeHUS
0 TEPBbIX YIOMUHAHUSIX CEPUITHBIX 3K30CKEIEeTOB
IJIT MEeOUIVHCKON peabuiuTanyuy U ITPOTOTUIIOB,
a Takke YCTPOICTB, MHGOpMALUSI O CepTUPUKAIIUA
KOTOPBIX HEe 0OHOBJISIACK.

Puc. 1. T'paduxk nosBiennst nHGopMainy o pa3paboTKe 3K30CKeIeTa U IPOXOKIACHMUS UM
MpolLeaypsl cepTudMKaLMu 110 rofgamM paspaboTKu
Figure 1. Schedule of emergence of information on development of an exoskeleton and passing of its procedure
of certification by years of development
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Ananus rpaduka Ha pucyHke 1. DK30CKeleT —
IOPOTOCTOsIIIee B pa3paboTKe BBICOKOTEXHOMOTUYHOE
pPOGOTU3UPOBAHHOE YCTPOICTBO, KOTOPOE MPOXOAUT
IOJITUI TTYTh OT (POPMMUPOBAHUS TEXHUUECKOTO 3a7a-
HUSI 10 BBIITyCKa CepPTUGUIMPOBAHHOTO YCTPOICTBA.
KomuecTBo mnpencrasieHHsix ¢ 2015 mo 2019 r. mpo-
TOTUIIOB U CEPUIHBIX U3AENNI HaIMSAHO OTpakaer,
yTo 35% KOMIIaHMIi HE aHOHCUPOBAIM HPOTOTUIIbI/
06pasIibl 10 TEX TI0P, TTOKA He MOTyYMUIU COOTBETCTBY-
onIe ceptudukarsl, emie 11% — 1moka He yI0CTOBEpPHU-
JIUCh B TOTOBHOCTY CBOMX MPOAYKTOB K KIMHUYECKUM
ucrbITaHusIM. [Io 3TOJ MpuYMHEe MOKHO HabIIOAATDH
MOsIBJIEHNE  CepTUMUIIMPOBAHHBIX U3TENUi  yKe
B 2018-2019 rr. [Ink co3gaHusi MPOTOTUIIOB MPUXO-
outcst Ha 2013-2016 rr. (41%). B mepuon ¢ 1997 no
2016 1. 77% w3 BCex aHOHCUMPOBAHHBIX 3K30CKeje-
TOB ITPONUTA CEPTUDUKAIINIO MU HAXOMSITCS HA CTa-
IVU KIVHUYECKUX WUCIIbITaHUM. 23% He COBUHYINUCH

co craguym TpoTOoTMUIIOB. CBemeHMUs 00 WM3IEeNusX,
npeacTraBieHHbIX 3a nepuon ¢ 2017 mo 2019 r., Takke
YUMTBIBAIOTCS B TaJIbHEIIel pabore.

B Tabnuiie 1 Ha pUCcyHKe 2 mpeacTaBjieHa MHGOP-
Mauust o ceprudukaiuy sk3ockenaetoB FDA u Ha co-
oTBeTcTBMe AupekTtuBam EBpormelickoro corwsa (CE)
I10 TOaM paspaboTKM.

AHanus rpaduka Ha PUCYHKe 2 TI03BOJISIET IIO-
ayunuTh cnenyooiye cemenusi. Ceprudukamnuio CE
MIPOIIUIN MOUTU 549% KOMITaHUIA.

Ceprudukanys mo crangapry FDA siBisieTcst 06s1-
3aTebHbIM YCJIOBMEM [JIi 9KCIIOPTa MPOAYKLUU
Ha pbiHOK CIIA. VI3 7 KoMITaHWIA, MPeACTaBIeHHbIX HA
rpaduke, 2 — u3 dnouun (Cyberdyne [18], Honda [12]),
1 - u3 Uspamns (ReWalkRobotics [24]), 4 — u3 CIIIA.

OueHUTh HarpaBjlieHMe Pa3BUTUS 3K30CKENIEeTOB
T10 TIPMHINUITY MOOMIBHOCTY BO3MOSKHO PV aHaIu3e
rMCTOTPAaMM, IPeCTaBA€HHBIX HA PUCYHKAX 3 U 4.

Tabnuya / Table

Nudopmanus o ceprudukanmm 3k3ockenetoB FDA 1 Ha COOTBETCTBYE AVMPEKTUBAM
EBpomnerickoro corosa (CE)

Information on certification of exoskeletons of FDA and on compliance to directives
of the European Union (CE)

Kraccudukanyst 9K30CKeIeTOB 10 IIPUHIIAITY BOBJIEUEHMS
aHaTOMMUYECKUX CETMEHTOB
Classification of exoskeletons by the principle
of involvement of anatomic segments
Ne XapaKkTepucTuka
/1 Characteristic AU BEPXHUX AJIsT HYDKHNX
KOHEUHOCTe KOHEYHOCTe .
¥ TI7IeYeBOro mosica M Tasa TIOSICHMHYHBIN
for the upper limbs for the lower limbs lumbar
and the humeral belt | and the basin
1 O06111ee KOIMYeCTBO 14 26 1
Total
2 HarroHanbHble cepTuduKaThl 14 26 1
National certificates
3 IMonyueHo omo6penne FDA 1 6 0
Approved by FDA
4 VimeroT cepTuUKALINIO 6 15 1
EBpomerickoro corw3sa
Certificated by the EU
4.1 U3 HUX JJIs1 BCEX BO3PACTOB 3 6 0
from them: for all age
4.2 M3 HUX TOJIbKO JJIS1 IeTel 0 1 0
from them: only for children
4.3 M3 HUX JIJI1 B3POC/IBIX U TTOJIPOCTKOB 5 1 0
from them: for adults and teenagers
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Puc. 2. Tpaduk mpoxoskaenus npotienyp FDA u CE ceptudmkalium mo rogam paspaboTku
Figure 2. Schedule of passing of FDA and CE Certification by years of development

b

Puc. 3. PaH)KI/IpOBaHI/Ie 9K30CKeJIETOB I10 IIPUHIUITY MOGUIbHOCTH T10 rogam paspa60TKI/[.
d — OK30CKeJIeThbI CepTI/ICl)I/II_[I/IpOBaHHbIe; b- IIPDOTOTUIIBI 3K30CKEJIETOB

Figure 3. Ranging of exoskeletons by the principle of mobility by years of development.
a — certified exoskeletons; b — prototypes of exoskeletons

PHYSICAL AND REHABILITATION MEDICINE 2019 Vol.1 No.4
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d

Puc. 4. CBeieHMst 06 9K30CKeNIeTax o rofam rnosisaeHus nHGopmanmum o Hux
(pa3paboTKy WM ITPOXOKAEHNMS UMM TIPOLIeYPbI cepTudumKammn).
a — HK mo6uibHblie; b — HK crarmonapHsbie; ¢ — BK mo6wmibHbie; d — BK crainoHapHbie

Figure 4. Data on exoskeletons by the years of emergence of information on them
(development or passings of the procedure of certification by them).
a — mobile for the lower limb; b - stationary for the lower limb; c — mobile for the upper limb;
d - stationary for the upper limb

Ananus rpadukoB Ha pucyHkax 3 u 4. 13 nomy-
YEHHBIX PaClpefeeHnii BUTHO, YTO MOOWIbHbIE 3K-
30CKeJIeThl COCTaBJISIOT 59% OT 06IIero KoimMyecTna.
Mo6uIbHbIE 9K30CKEIETHI JJIST HUKHUX KOHEUHOCTEI
" Tasa (PUCYHOK 4, a) MpeACTaBIISIOT 6OIbIINIT MHTE-
pec 1y1st pa3paboTunKoB — 42% OT 06IIIero ymciia 3K30-
cKkeneToB (68% OT KoMMUecTBa MOOMITBHBIX 9K30CKe-
neToB). Pa3paboTKa CTalyioOHapHbIX 9K30cKeneToB HK
(pPUCYHOK 4, b) oT/IMyaeTcst CTabUIBHOCTBIO.

PazpaboTka MOOGMIIBHBIX 3K30CKEJIETOB IJIsl BEPX-
HMX KOHEYHOCTEeN U IJIeYeBOoro rnosica (PUCYHOK 4, C),
MIOMMMO TeXHUUeCKUX BOIPOCOB, 3aK/II0UaeTCs B pe-
IIEHNY BOIIPOCAa OpraHu3aluiu Mof00HO 6MOTeXHU-
YEeCKOIi CUCTEMBI C TOUKM 3PeHUSs YI0OCTBA OMepaTo-
pa. BeposiTHO MO3TOMY, CTal[MOHAPHbIE 9K30CKeIeThI
BK (pucyHok 4, d) Bce ellle MMEIOT NMPeUMYIIECTBO,
B TOM umcie 3a nocteguue 10 et (53% ot obIiero
KonmyecTBa 3K30cKenetoB BK). [Tuk mosBieHus mpo-
TOTUIIOB MOOWIbHBIX 3K30cKeneToB BK ¢ 2013 mo

2016 r. HEMOHCTPUPYET, YTO B HACTOSILLEE BPEMS OCY-
L1eCTBJISIETCS MTOMCK TEXHUYECKMX pelleHMI, TaK KaK
CYIIECTBYIOIIME TEXHOJIOTUM He 06ecreunBaroT BO3-
MOKHOCTb peanu3oBaTh upeu. [IBa usnenus yxe Ha-
XOISTCS Ha CTaAVM UCTIBITAaHUIA.

PaccMoTpuM mepcneKkTMBBI pPasBUTUSL IK30CKe-
JIeTOB 1O APYTMM HaIpaBieHMsIM KaaccubuKaium.
Ha pucynke 5 mpencraBiaeHa cBofgHasi MHGboOpMaims
110 IPMHLMIIAM YIIPaBJI€HMS 9K30CKeIeTOB 10 rofam
pa3paboTKu.

Ananus rpaduka Ha pucyHke 5. [lonu 3K30CKese-
TOB C aJalITUBHBIM ¥ KOMOWHMPOBAHHBIM YIIpaBJIe-
HMEM paBHBI U COCTaBJISIOT MMOYTH IO 22%. SIpKo 3a-
MeTHAa CMeHa MapaurMbl C pa3paboTKU ¥ BHEPEHUST
aZaTTUBHBIX MPUHIIAIIOB YIIPABIeHUSI HA KOMOVHU-
poBaHHble. [Ipu 3TOoM ¢ 2015 1. 3HAUUTENbHAS [0S
MPENCTAaBIeHHBIX 9K30CKEJIETOB pPa3pabaThiBaeTcst
C KOMOMHMPOBAHHBIM MPUHIIUIIOM YIIpaBieHus (60-
nee 66%).
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Ha pucynke 6 6osiee [eTajqbHO paccMOTpe-
Ha MHbOPMAIMS 10 3K30CKeJeTaM C aJalTUBHBIM
yIipaBleHUEM.

AHanu3 rmcTorpaMMbl Ha pUCYHKeE 6 TTIOKa3bIBaeT,
YTO MPUMEPHO KaxkAble 5 jieT mosBiseTcs MHGOop-
Mamusi 0 pa3paboTKe 9K30CKEIETOB C MCIIOIb30Ba-
HMEM CUTHaJIOB orepaTopa B KayecTBe 3aAalolluX
YCTPOICTB CUCTEM YIIPaBJieHUsI 3K30CKeJIeTaMN.

PaccmoTpuM acrieKT BOB€YEHHOCTU 3K30CKeseTa
B peayusyeMoe ABVsKeHue (puc. 7, 6e3 IpoTOTUIIOB).

Ananus rpaduka Ha PUCYHKe 7 IOKa3bIBAaeT, YTO
HayuboMee YacTo BCTPEUAIOTCSl ITACCMBHO-aKTUBHbIE
sK3ockeneTsl (51,2%), peske akTuBHbIE (24,3%) U MO-
nyaktuBHble (19,5%). MHbopmaumss o IacCUBHBIX
3K30CKe/eTax MPaKTUYecKy He BCTpevanach.

leorpacdust pa3pabOTUMKOB MPeACTaBIeHa Ha PU-
CyHKe 8.

Puc. 5 I'paduk pacrpeneneHust
9K30CKEJIETOB TI0 MPUHIMIIAM
yIpaBjIeHMs

Figure 5. Schedule of distribution
of exoskeletons by the principles
of management

Puc. 6. PacnpeneHeHMe 9K30CKeJIeTOB
C aJaIlITUBHBIM YIIpaBJI€EHUEM I10
3aJal0IIMM CUT'HaJIaM agarnTalnnumn

Figure 6. Distribution of exoskeletons
with adaptive management
on the setting adaptation signals

Puc. 7. PacripefeneHue 5K30CKe/IETOB
I10 CTeIeH! BOBJIEUeHHOCTHI
9K30CKeJIeTa B peasnsyeMoe
OBIVKEHME

Figure 7. Distribution of exoskeletons
on degree of the involvement

of an exoskeleton into the realized
movement
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AHanu3 mHdopmanMu mokasana, YTO 3a paccMma-
TpuBaeMblii mepuof ¢ 1997 o 2019 r. tema pa3pabort-
K/ 9K30CKeJeTOB ObUIa B Pa3IMYHOI CTeNeHM IIpo-
paboTaHa BO MHOTMX CTpaHax. BosbIioe KonnyecTBo
CTpaH-pa3pabOTYMKOB He TII03BOJISEeT OFHO3HAYHO
OIlpele/nThb JINIepPOB B pacCMaTPMBAEMOM CerMeHTe
YCTPOJICTB 111 MEAULIMHCKOI peabyinTanm.

Crnenyrouiye TeHIeHLMM HAGIIONANNCH Y KOHKPET-
HBIX 9K30CKeJIeTOB:

- mo6unbHble HK — mongepskka Beca [11], [12], [41-
45], cosgaHue afanTUBHOTO ynpasneHus [15, 16], [18,
19], [39];

— mo6uabHble BK — pa3paboTrka rmbKux 3K30CKe-
JIETOB [IJIs1 yMeHblIeHus Beca [13], [46-48];

- craunoHapHeie HK — VR, obpaTtHas cBsi3b [33],
BHeJpeHMe I1aCCMBHO-aKTMBHOIO yrpasjeHust (1-
100%), pasHOOOGPasHOCTb TPEHUPOBOK (CTYIIEHBKM,
pasnnuHble OBVKEHUS 111 TDEHUPOBKY PaBHOBECUS)
(8], [28], [30];

- craumoHapHbie BK - VR, o6patHas cBsi3b [8], [14].

BoiBoabI

1. PaccMOTpeHBI CYIeCTBYIOIINE 1 pa3pabaThiBae-
Mble KOHCTPYKIIMM 9K30CKEJIETOB BEPXHUX U HIKHUX
KOHeUYHOCTel. [IoTonMHeHbl CyliecTBYIOLe KIacCu-
dbukaium, rpeaaraeMblie pasIMUHBIMU aBTOPAMM.

2. Tlo mpuHIMITY MOOMIbHOCTU (POKYC pa3paboT-
YMKOB CMeIIeH B CTOPOHY MOGMIbHBIX 9K30CKEIEeTOB
(59% ot 06111ero KOIMUECTBA), MO 33/€/iCTBOBAHHBIM
cerMeHTaMm — JIJisi HUKHUX KOHeYHocTelt 1 Ta3a (42%
OT 001Iero umucia; 68% or KoIM4ecTBa MOOMIbHBIX
5K30CKeJIETOB).

3. Ilpm aHanmse WCIONb3YEeMbIX MPUHLIUIIOB
yIIpaB/IeHMsI IPKO 3aMeTHA CMeHa IapagurMbl ¢ pas-
paboOTKM ¥ BHEOpPEeHMUs aIallTUBHBIX IPUHIUIIOB
yIpaBjeHlss Ha KOMOMHMPOBaHHbIe. 3HAUMTETbHAs
IoJIST TIpefcTaBaeHHbIX ¢ 2015 T. 9K30CKeIeTOB pas-
pabaThIBaeTCsI C KOMOMHMPOBAHHBIM TMPUHIIUIIOM
yrpasiieHus (6oree 66%).

Puc. 8. Teorpadust paspabOTUMKOB
9K30CKeJIeTOB KOHEUHOCTe, MHMDOpMaIys
0 KOTOPBIX MCITOJIb30BaJIaCh IIPU aHAIN3e

Figure 8. Geography of the developers
of exoskeletons of limbs, information
on whom was used in the analysis

4. Tlo crenmeHM BOBJIEYEHHOCTM 3IK30CKeJeTa
B peanusyemMoe ABUKeHMe Yallle JPYyTUX BCTPevyaroT-
CsT TTaCCUBHO-aKTHUBHbBIE 9K30cKeneTsl (51,2%), peske
akTUBHbIE (24,3%) u monyakTuBHbIe (19,5%).

5. OmpepeneHo HampaBjieHMe pasBUTUSI 3K30-
CKeJIeTOB B HACTOSIee BpeMsi: MacCUBHO-aKTUBHbIE
9K30CKeJIeThI, MOOUJIbHBIE IK30CKEIEeThl HUKHUX KO-
HEYHOCTel 1 Ta3a, 9K30CKeeThl C afanTUBHBIM KOM-
OMHMPOBAHHBIM MPUHIIUIIOM yIIPABIEHMS.

JdTMKa mnyo6amkanmmu: IIpencraBiieHHas CTaThbs
paHee onyo6aMKOBaHA He OblIa.

Kondnukr wmutepecoB: VHdbopmauus o KOH-
(MKTe MHTEPecoB OTCYTCTBYeET.

Hcrounuk puHaHcupoBaHus: OVHaHCUPOBaHe
3a cuer ®I'BY ®HIIPU nm. [.A. Anb6pexTa MuUHTpyaa
Poccumn.
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