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A limited number of physiological methods are used in a sample of 566 studies related to the use of passive industrial
exoskeletons of the back and lower extremities. Electromyography is used most often (~56%). In most cases, the meaning
of using physiological methods is conceptually related to the assessment of reducing the load on the muscles, studying the
parameters of motor activity in a person in an exoskeleton. The study of the gentral influences caused by the use of this type
of device remains a little-used direction.
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Bseaenne. MuTepec x cpeacTBaM, NOBBIIAIOIUM ABHIA-
TeAbHBIE BO3MOXXHOCTH YeAOBEKA, BCETAA SBASACS OAHMM U3 Be-
AYIIMX MOTHBOB AASL HICCAEAOBAHHI1 B CIIOPTe, MEAULIUHE TPYAR,
MeAUIIMHCKOM peabUAMTALUH, TepOHTOAOTHH 1 ApyTux. Ha co-
BpPEMeHHOM YPOBHe Pa3BUTHS TEXHOAOTHIl IHUPOKO 06CyxAQ-
eMbIM TEXHHYECKHM PelleHHeM, OT KOTOPOTO OXUAAIOT CyIije-
CTBEHHOM TTOAB3bI — IIPH IIOTPY304HO-Pa3TPy304HbIX paboTax,
TIepeHOCKe TshKecTell Ha GOAbIIIe PACCTOSHUS, PYYHOM TPYA€ B
TIPOMBIIIAEHHBIX TIporieccax [ 1], a Takke B MEAMIMHCKOI pea-
buanTarmu [2] — sBAasioTcs ax3ockeAers! [3,4]. K axsockeae-
TaM O6BIYHO OTHOCAT 3aKperAsieMble Ha TeAe ¥ KOHEYHOCTSX
4eAOBeKa CHAOBbIe KOHCTPYKIIMH, IPUHMMAIONIKE Ha Ce6sl YacTb
Harpysku. CoBpeMeHHbI YPOBEHb IPOM3BOACTBA MO3BOALET,
HCTIOAB3Ysl HOBble MeTOABI (Harpumep, 3D-medars u3 6u0CoB-
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Introduction. Interest in the means that increase human
motor capabilities has always been one of the leading mo-
tives for research in sports, occupational health, medical re-
habilitation, gerontology, and others. At the modern level of
technology development, exoskeletons are a widely discussed
technical solution that is expected to be of significant use —
for loading and unloading operations, long-distance weight
transfer, manual labor in industrial processes [1], as well as
in medical rehabilitation [2-4]. Exoskeletons usually include
power structures that are attached to the body and limbs of
a person and take part of the load. The modern level of pro-
duction allows us to create complex kinematic systems using
new methods (for example, 3D printing from biocompatible
PLA-plastics [S]). Their properties are designed to promote
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Mectumbix PLA-maacTukos [S]), co3paBaTh cCAOXKHbBIE KMHeMa-
THYecKye cucTeMbl. VIX cBONCTBa KOHCTPYHPYIOTCS Tak, YTO0BI
COAEHCTBOBATh PUUOAOTHYECKU BEPHBIM ABIKEHHSIM HIDKHHIX
(6] n BepxHux [ 7] KOHEYHOCTE! YeAOBEK], «yCHAUBATb> €CTe-
CTBEHHBII ONTOPHO-ABHTAaTeAbHbI anmapar. [1pu Haamanu ABu-
JKUTEAS 9K30CKEACTHI HA3hIBAIOT «aKTHBHBIMU> 8] HAH, ecAn
ABIDKUTEAb OTCYTCTBYeT, TO «MaccuBHbMu» |9]. ITaccusHble
9K30CKEAETHI MOTYT BKAIOYATh MEXaHI3MbI, HAKAIIAUBAIOIIIe
MOTEHIIMAABHYIO SHEPTHIO, HAIpUMep, IpyxuHbL Kak npasuao,
TaKye yCTPOMCTBA UCIIOAB3YIOT $asy CruOaHIsI KOHEIHOCTH BO
BpeMsI ABIDKEHIIS Y€AOBEKA AASL HAKOIIAEHHUS M OCBOOOXAQIOT
HaKOIIAeHHYIO 9HEPIUI0 BO BpeMs pasrubanust. Iau mpocto
00eCITeBaIOT ObAerdeHNe CTATHYECKHX HAIPY30K, HAIIPHMED,
IIpH BBIHYXAEHHBIX [103aX. []acCHBHBIE CHCTeMbI OOBIYHO MMe-
IOT He OOABIIOH BeC, HO IIPY 9TOM 00eCIIeYHBAIOT IIOBBIIIEHYe
5{$eKTUBHOCTH MPH BbITOAHEHUH PpH3ndeckoil paborst [10].

CeroaHs cylecTByeT GOABIIOE YHCAO PelleHHU, HalleAeH-
HBIX Ha MOBbIMeHue cuAbl [11], cHmkenue Harpysku [12],
MeAMLMHCKYI0 peabuanTanuio Kak B Poccun [ 13 ], Tax u 3a py-
6exxom [ 14]. B aToi1 CBSA3M aKTyaAM3HPYIOTCS BOIPOCHI U3Y4e-
HYA QUSHMOAOTHYECKHX BAMSAHHMN, «MEAMITMHCKUX 3P PeKTOB>
OT IpuMeHeHHs 9K30cKkeAeToB [ 15]. TlpoBoasTcs pasanyHble
UCCAEAOBAHUS], HALlEAEHHDbIE HA MCIIOAb30BaHUE OUOCUTHAAOB
(oT moAb30BaTEAST) AASL YIIPaBACHHS YCTPORCTBOM. BapuanTb
(GOPMYAHPOBOK LieA€Hl CCACAOBAHMUIL: H3YUeHUe peaOHANTALY-
OHHBIX 3QPeKTOB AAS PYHKIIUU XOABOBI [16] ; HCCAEAOBaHUE
KOPTHKAABHBIX IIPOLIECCOB METOAOM JAEKTPO3HIepasorpadpun
(33F )B Pa3AMYHBIX YCAOBHSIX XOABOBI AAS KAACCHUKALIMH
THIOB MOXOAKHU [ 17]; MccAepOBaHMe HePOHHBIX IIPOLECCOB
AEKOAHPOBAHHS YeAOBEUECKOI IOXOAKH B CPeAe BUPTYAAbHOMN
PeaAbHOCTH ¢ 06paTHOII cBs3bIO | 18]; nccaepoBanme mepexop-
HBIX IIPOL]eCCOB C TIOMOIIIbIO TIOBEPXHOCTHOM 9AEKTPOMHOTPa-
$umn (OMT) [19].

ITo Mepe pacmpocTpaHeHHs 9K30CKEAETOB M POCTA HX Pas-
HOOOPa3usl, aKTyaAHU3HPYIOTCS IIPOOAEMBI CTAaHAAPTU3ALIUH.
B ToM uncae, BocTpe6OBaHbI PeKOMEHAALIUH AASL AOTHYHBIX
U HAAEXKHBIX CIIOCOO0B MEAMKO-OUOAOTUYECKUX MCIIBITAHUI
C HCII0AB30BaHMEM Qusrororudeckux Meropuk: IMI, 931,
cTabraoOMeTpHH 1 APyTuX. B Poccuu oTaAeAbHBIE MepbI CTaH-
AQPTH3ALIMK TOABKO HAYMHAIOT Pa3pabaTbBaThCsl, HAIIPUMEP,
B pamkax Texumdeckoro Komurera 320 Poccranpapra — aad
HHAYCTPHAABHBIX 9K30CKeAeTOB. Bobop ¢pusmosorngeckux
METOAHK, IleAeTIOAATaHHe 1 KOPPEKTHOE IIPOBeAeHHE UCCAe-
AOBaHHIT SIBASIOTCSL BAXKHOM YacTbI0 paboT 110 OIpeAeAeHHI0
PEaABHOIO MeCTa M aAeKBaTHOTO BHEAPEHHS AIOOBIX THIIOB
9K30CKeAeTOB B IMpakTHKy. Ha Marepuase, cBsI3aHHOM C H3-
BECTHBIMH MHAYCTPUAABHBIMHU 9K30CKEAETAMH, TIOATOTOBACH
KpaTKHil 0630p, IleAb KOTOPOTO CBSI3aHA C OPHEHTUPYIOLIIM
OIHUCAHNEM OOBIYHO IPUMEHSIEMbIX CETOAHS PU3HOAOTHYeE-
CKHX METOAUK.

MarepHnaAbl H MeTOABI HccAepOBaHHA. [IpumeHsAcs
KOHTEHT-aHAAM3 PeAeBaHTHBIX TybAnKanuit. OT6op pabor Oa-
3MPOBAACA Ha IIPeAAaraeMblx Kaaccuduxanusx [20] — anaan-
3HPOBAAUCD JKyPHAABHBIE CTATbH, TA€ H3YYAAUCDH YCTPOMCTBA,
OIpeAeAsieMble KaK «IIaCCHBHbIE 9K30CKeAeTbI». IloAToTOBKa
0030pa BKAIOYaAd TPH JTalla.

Ha nepBom 6biaa BribpaHa 6asa cepuilHO BBIIyCKae-
MBIX HHAYCTPHAABHBIX ITACCUBHBIX 9K30CKEAETOB — KAaTAAOT
«Exoskeleton Report» [21]. Briop atoro pecypca cBsizan ¢
€ro CaMoOoIIpeAeAeHHEeM KaK «ITOAHOCTBIO BOAOHTEPCKOM Opra-
HU3AIVH, CHIeL[HAAMHPYIOIericsl Ha 9K30CKeATaX >, He3aBUCH-
MO¥ OT IIPOU3BOAUTEAEH YCTPONCTB. B KauecTBe peAeBaHTHBIX
6b1A1 BbI6panb! 14 yerpoiicts (puc. 1).

Ha BropowM aramne ¢ momompio cepprca «I'yra Axapemusi»
(Google Scholar) anaAu3upOBaACS MaccCHB TeMaTHYeCKUX

Literature review

physiologically correct movements of the lower [6] and up-
per [7] human limbs, “strengthen” the natural musculoskeletal
system. In the presence of a propellant, exoskeletons are called
“active” [8] o, if there is no propellant, “passive” [9]. Passive
exoskeletons can include mechanisms that store potential en-
ergy, such as springs. Typically, such devices use the flexion
phase of the limb during human movement to accumulate
and release stored energy during extension. Or simply pro-
vide relief from static loads, for example, when forced poses.
Passive systems are usually not very heavy, but they provide
an increase in efficiency when performing physical work [10].

Today, there are a large number of solutions aimed at in-
creasing strength [11], reducing the load [12], and medical
rehabilitation both in Russia [13] and abroad [14]. In this re-
gard, the issues of studying the physiological effects, “medical
effects” from the use of exoskeletons are updated [15]. Various
studies are being conducted aimed at using biosignals (from
the user) to control the device. The wording of the objectives
of the research: to study the rehabilitation effects for the walk-
ing functions [16]; research of cortical processes using elec-
troencephalography (EEG) in various walking conditions for
classification of gait types [17]; research of neural processes
of decoding human gait in a virtual reality environment with
feedback [18]; research of transient processes using surface
electromyography (EMG) [19].

With the spread of exoskeletons and the growth of their
diversity, the problems of standardization become more
relevant. We believe that recommendations are in demand
for logical and reliable methods of biomedical testing using
physiological techniques: EMG, EEG, stabilometry, and oth-
ers. In Russia, separate standardization measures are just be-
ginning to be developed, for example, within the framework
of the Technical Committee 320 of Rosstandart — for in-
dustrial exoskeletons. The choice of physiological methods,
goal setting and correct research are an important part of the
work to determine the real place and adequate implementa-
tion of any types of exoskeletons in practice. Based on the
material associated with well-known industrial exoskeletons,
a brief review has been prepared, the purpose of which is re-
lated to the orienting description of commonly used today
physiological techniques.

Materials and methods of research. Content analysis of
relevant publications was used. The selection of papers was
based on the proposed classifications [20] — measures are
just beginning to be developed magazine articles were ana-
lyzed, where devices defined as “passive exoskeletons” were
studied. The review was prepared in three stages.

At the first stage, a database of commercially produced in-
dustrial passive exoskeletons was selected — the “Exoskeleton
Report” catalog [21]. The choice of this resource is related to
its self-determination as a “fully volunteer organization special-
izing in exoskeletons”, independent of device manufacturers.
14 devices were selected as relevant (Figure 1).

At the second stage, the Google Scholar service was used
to analyze an array of thematic publications up to 2015, con-
cerning all the devices found at the first stage. In the found
publications there were those in which there is research using
physiological methods. The main search areas are: electromy-
ography( EMG), cardiorhythmography, heart rate monitoring,
gyroscopy, stabilometry, plantography, ergospirometry, mo-
tion visualization. The choice was based on implicit knowledge
and subsequent visual identification of keywords in PubMed
publications using the “Similar articles” option for biomedi-
cal articles using exoskeletons. 566 relevant publications were
identified. Then the total number of references to a particular
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O630pHsIe cTaTbK

Iy 6 AUKaLMit rAy6HH0171 A0 20185 1., xkacaromurics Bcex Hai-
AEHHBIX Ha [IEPBOM 9Talle yCTPOUCTB. B HafAeHHbIX MybAH-
KAIMSIX HAXOAUAUCH Te, B KOTOPBIX €CTb IPOBEACHHE HCCAe-
AOBaHHIA C TOMOIIIBI0 GPH3HOAOTHIECKHUX METOANK. OCHOBHBIE
HATIPaBAEHHS AASL IIOKCKa: aaekTpomuorpadus (OMI'), kap-
AHOPUTMOTpadusi, IyAbCOMETPHS, TUPOCKOIHS, CTAOHAO-
MeTpHsl, IAAHTOTpadusl, IProCIUPOMETPHUS, BU3YaAUIALIHS
ABIDKeHHIL. Bb160p 6bIA 00YCAOBACH HMIIAUIIUTHBIM 3HAHHEM
H TOCAEAYIOIIUM BU3YAABHBIM BbIIBACHIEM KAIOUEBBIX CAOB B
my6aukanusx 6asst PubMed ¢ momompio omuuu «moxoxue
ny6ankaguu> (Similar articles) AAS GHOMEAMITMHCKUX CTa-
Tefl C IpUMeHeHeM 9K30CKeAeTOB. Briao ycTaHOBAEHO 566
peAeBaHTHbIX ITyOAMKaLuil. AaAee B HAHACHHBIX pabOTax IOA-
CYUTBIBAAOCH 06IIlee KOAUYECTBO YIIOMUHAHUI KOHKPETHOTO
YCTPOMCTBA, 3aTeM IIPOBOAUAACH CEAEKIUsS NCTOYHUKOB IO
KQ)XAOMY U3 BBIIIEONHCAaHHBIX METOAOB. Tak Kak oT60p mpo-
BOAHMACS IIO KAIOUEBBIM CAOBaM, TO BO3MOXKHO YIIOMHHAHHe
HECKOAbKHX PasHBIX METOAOB B OAHOM ucTouyHHKe. Cxema
IpeACTaBAEHA Ha pHCyHKe. To ecTb HCCAEAOBAAOCH YHCAO
YIOMUHAHUH Pa3AUYHBIX GU3UOAOTHIECKUX METOAUK TIPHU-
MEHHUTEABHO K K&XKAOMY HafAeHHOMY YCTpPOUCTBY.

Tperuit (0606maromuit) 9Tam BKAIOYAA CBOOOAHDIH 03-
HAKOMMTEABHBIN TIOUCK AOTIOAHUTEABHBIX MCTOYHUKOB B Oa-
3ax PubMed, Poccuiickoit TocypapcrBennoit Bubanorexy,
«Kubepaennnke» u Hayunoit asekTpoHHON 6ubAHOTEKE
(elibrary.ru), cBA3aHHBIX ¢ AOTIOAHEHHEM U 06CYXACHHEM
[IOAyYeHHBIX AQHHBIX — AASI IIOMCKA HCIIOAB30BAAUCH KAIO-
4eBble CAOBA, CBS3AHHbIE C MATEPHAAOM, IIOAYIYEHHBIM Ha
HPeABIAYIIUX TATIAX.

Pesyabrarsl H o6cyxaenne. Ha pucynke 1 cxemaru-
9eCKH U300paKeH IPOLeCC IIOMCKA M 0TOOpa MyOANKAIHIT
0 KOKXAOMY U3 IPOM3BOAUTeAEH. B ckoOKax ykasaHO KOAH-
4eCcTBO CTaTell, B KOTOPBIX eCTh YIIOMUHAHUE BHIAEAEHHOTO
METOAQ.

Hawnb6oaee gacTo nmpuMeHseMOi METOAMKOM B aHAAU3HpYe-
MOM MacCHBe ITy OAHKAIIHIT OKa3aAach moBepxHocTHast OMI —
56% u3 onucaHHbIX pu3HOAOTHUeCKNX MeToAK. Ha BTopoM
MecTe [0 PaclpOCTPAHEHHOCTH — CHAOBbIe AATPOpMBI, 12%.
CTOUT OTMETHTB, UTO AASL HEKOTOPBIX IPOU3BoAUTeAeH (Ha-
npumep, Fortis u Chairless Chair) xapakTepHo 04eHb IUpPOKOe
HCIIOAb30BaHME AAHHOTO METOAQ B CBOMX PabOTax, 4TO MOXET
CO3AaBaTh HEKOTOPBIH «<IEPEKOC> AAS AOAU 3TOTO METOAA.
OcTaAbHbIE METOABI MMEAH MPHMEPHO OAUHAKOBYIO YACTOTY
[OSIBAGHUS B HAYYHBIX TyOAUKALMAX, KaK IpaBuAo, 6-10%.
Haumenee yriomuHaeMbIM B BBIOOPKe GBIA METOA 3PrOCIUPO-
MeTpHH — HpUMePHO 1%. AGCOAIOTHbIE 3HAYEHIIS IIPHBEACHBI
Ha pucyHke 1. Takum 06pasoM, B poLIealee IISITHAETHE AH-
AHUpYIOIelt GU3HOAOTHYECKOI METOAMKOM IPH HCCAEAOBAHUM
B3aMMOAEMCTBHUS YeAOBEKa C «ITACCUBHBIMHU>»> 3K30CKEACTAMHU
MOXHO CUHTATDh OBepPXHOCTHYI0 OMI.

O6pscHeHHe BHIOOpPA HCCACAOBATEASIMH BBISIBACHHBIX
METOAMK, CKOpee BCero, CBSI3aHO C yPOBHEM CO3HATEAbHO
IIpUMeHSeMbIX $UHMOAOTHIECKHUX 1 OHOMEXaHIIeCKHUX KOH-
LIeIILHi, 00BSCHSIOMMX CMbICA I BOSMOXHYI0 pU3HOAOTHYE-
cKy10 9$pPeKTHBHOCTD IK30CKeAeTa. IIpexae Bcero, ceropHs
HMEIOT XOXKAeHHe OHOMeXaHHYeCKue U KubepHeTHIeCcKie
MOAEAH, 3aA0KeHHbIe B cepepnHe u KoHIle XX Beka. Ha-
IpUMep, HAEH IIPEACTABACHHS BEPTHKAABHO CTOSIEro ue-
AOBEKa KaK «IIepeBepPHYTOro MasTHUKa» [22] — B pasHbIX
BapuanTax [23]. KpoMe Takux MeXaHUCTHYECKUX B3TASAOB
Ha PEryASILHIO MO03bl, O4eBUAHO BAMSHUE CHCTEMHBIX UAE
H.A. Bepumreiina [24], 60aee nsBecTHbIX Ha 3amape us co-
BETCKOTO HaCAEAMS.

IIpeasoxennast H.A. Beprmreitnom reopus [25] onucsr-
BAAA YPOBHH ITOCTPOEHHS ABIDKEHHS, IIPEATIOAArasi BOBACUEH-
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device was calculated in the found works, and then the sources
were selected for each of the methods described above. Since
the selection was based on keywords, it is possible to mention
several different methods in the same source. The diagram is
shown in the figure. In other words, the number of mentions
of various physiological techniques in relation to each device
found was investigated.

The third (generalizing) stage included a free introducto-
ry search for additional sources in the databases of PubMed,
the Russian State Library, Cyberleninka, and the Scientific
electronic library (elibrary.ru), related to the addition and
discussion of the obtained data — keywords related to the
material obtained in the previous stages were used for the
search.

Results and discussion. Figure 1 schematically shows
the process of searching and selecting publications for each
of the manufacturers. The number of articles that mention the
selected method is shown in parentheses.

The most frequently used method in the analyzed array
of publications was surface EMG — 56% of the described
physiological methods. Power platforms are the second most
common, with 12%. It is worth noting that some manufactur-
ers (for example, Fortis and Chairless Chair) are character-
ized by a very wide use of this method in their work, which
may create a certain “bias” for the share of this method. The
other methods had approximately the same frequency of ap-
pearance in scientific publications, usually 6-10%. The least
mentioned method in the sample was ergospirometry-about
1%. The absolute values are shown in Figure 1. Thus, in the
past five years, the leading physiological method for studying
human interaction with “passive” exoskeletons can be consid-
ered surface EMG.

The explanation of the researchers’choice of the identified
methods is most likely related to the level of consciously ap-
plied physiological and biomechanical concepts that explain
the meaning and possible physiological effectiveness of the
exoskeleton. First of all, biomechanical and cybernetic models
that were established in the middle and end of the XX century
are in use today. For example, the idea of representing a ver-
tically standing person as an “inverted pendulum” [22] — in
different versions [23]. In addition to such mechanistic views
on the regulation of posture, the influence of N. A. Bernshtein’s
system ideas is obvious [24], better known in the West from
the soviet heritage.

The theory proposed by N. A. Bernstein [25] described
the levels of movement construction, assuming the involve-
ment of various levels of the central nervous system in regu-
lation. For example, according to such views, effects on the
thalamo-pallidar level — analysis of proprioceptive signal-
ing, when using an exoskeleton, can probably contribute
to the transmission of different from natural information,
which, in turn, can affect the nature of efferent synthesis
and, as a result, changes in muscle activity. As well as the
well-known ideas of P.K. Anokhin [26], these concepts, we
believe, represent biological adaptations of a more formal-
ized theory of automatic control, future cybernetic con-
cepts. In turn, this contributes to better acceptance by engi-
neers who design exoskeletons. Industrial exoskeletons are
designed to increase efficiency, productivity and safety by
affecting human motor capabilities. Purposeful movement
of a person is closely related to postural regulation, during
which the necessary “program” of the required movement
is formed. Reflex arcs that pass through the spinal cord
are neural circuits that respond to afferent signaling. Such
responses may be the basis of a set of stereotypical move-
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B TEKCTe).

Fig. 1. Scheme of search and selection of relevant publications in the Google Academy system in connection
with specific technical solutions. The original English names of devices and methods are used (explanation in

the text).
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HOCTb Pa3AMYHBIX YPOBHEH IIeHTPAAbHOM HepBHOM CHCTEMbI B
peryasmo. Harmprumep, cCOrAaCHO TaK¥M B3TASAAQM, BAUSHHSA Ha
TAaAAMO-TIAAAMAAPHBIH YPOBEHb — aHAAM3 IIPOIPHOLIENITHBHOM
CHUTHAAM3AIIUM IIPH HCIIOAb30BAHUH 9K30CKEAETA, BEPOSITHO,
MOJXeT CII0COOCTBOBATH [lepeAade OTAMYHOM OT eCTeCTBEHHOM
HH(OPMAIIH, YTO, B CBOIO OUYePeAb, MOKeT IOBAMATD Ha XapaK-
Tep 9QpepeHTHOro CHHTe3a M, KaK CAEACTBHE, Ha H3MeHeHHUe
MBIIIEYHOM AKTUBHOCTH. Taloke KaK ¥ IUPOKO M3BECTHbIE ACH
I1.K. Anoxuna [26]. OTH KOHIeNIUH IIPeACTABASIIOT CO60
OHOAOTHYECKHE AAANTALINY OOAee pOPMAAH30BAHHON TEOPUU
ABTOMAaTHYECKOTO YIPaBAeHHs, OYAyIIUX KubepHeTHIeCKUX
KOHIleNIui. B cBoo ouepepb, 910 criocobcTByeT AydmeMy
HPHHSATHIO UX HEXKeHePaMH, IIPOEKTHPYIOIMMMHU K30CKEACTBL.
ITpombImaeHHbIE 9K30CKEACTHI IPEAHA3HAYECHDI AAS IIOBBINIE-
HUS 9$PEKTHBHOCTH, IPOU3BOAUTEABHOCTH U 0€30I1aCHOCTH
TPYAQ IIyTeM BAMSHHA HA ABHTaTeAbHbIE BO3MOXXHOCTH YeAOBe-
Ka. IJeaeHanpaBAeHHOE ABIDKEHMeE YEAOBEKA TECHO CBSA3AHO C
IO3HOM peryAsiLielt, BO BpeMst KOTOpoit popMupyeTcst HeoOxo-
AHMMasi <IIPOrpaMMa IOTPeOHOrO ABIDKeHHs. PedaexTopHbIe
AYTH, TIPOXOASIIHE B CIIMHHOM MO3T€, PEACTABASIIOT U3 Ce0st
HelpOHHbIE IIellH, OTBeYAIolIye Ha aQ pepeHTHYI0 CUTHAAM3A-
0. Takie OTBETHI MOT'YT A€XKaThb B OCHOBe Habopa cTepeo-
TUIHBIX ABIKeHHH [27]. 3Menenue HeHPOHHOM aKTUBHOCTH,
B 3aBUCHMOCTH OT BBITIOAHSIEMOI <IIPOTPAMMBI>», PETYAUPYeT
HavyaAO HMAU OKOHYAHHUE ABIDKEHUA. 1O eCTb HaAM4YHe AOIIOA-
HUTEAbHBIX TEXHUYECKUX CPEACTB 3AeCh MOXET IPHBOAMTD K
M3MeHeHHI0 QYHKIMOHAABHBIX COCTOSHMH YeAOBeKa, 3a CueT
Pa3BUTHSA AAANTALMH K HOBBIM YCAOBUAM. BAMAHMA ax30cKe-
AeTa, OUEBHAHO, IMEIOT QH3NOAOTHYECKHE IPPEKTDI, UTO TOA-
pasyMeBaeT BOSMOXKHOCTb OOBEKTHBHOM OLIEHKH COCTOSHHIT
vyeroBeka. HaAudne BO3MOXHBIX B3aMMOCBS3€H MeXAY Olfe-
HMBAEMBIMH KOAMYECTBEHHBIMH ITApaMeTPAMU MOXKET IIPeAo-
CTaBUTH 623y AASL CHCTEMHOM OLIEHKH, «()H3HOAOTHYECKOrO
KayecTBa>» paspabaTbIBaeMbIX YCTPOKCTB.

Yro KacaeTcs KOHKPETHBIX 9K30CKEACTOB, NPAKTHKH
UX U3y4eHHUS, MOXKHO OTMETHUTb, HAIpUMep, pOCCUICKHIA
ExoChair [28], npomeamuit anpo6anuio B 06AaCTHOI KAH-
HUYecKol 6oapHuLe PocroBa-Ha-AoHY. YcrpoiicTso, mpea-
CTaBAsIIOIIee U3 Ce0s CHUCTeMy pasrpy3KU MBILIL HOT H CIIH-
HbI, IOMOTAO XHPYPI'y HPOBECTH OIEPAIHIO AAUTEALHOCTBIO
12 vacos. ITo coobmenuto mpecc-cayx0s1 «CeBepcrasu>»
[29], xoMmanus «BopxyTayroab>» mpoBeAa UCIBITAHUS IK-
30CKeAeTa, co3AaHHOTO B « Hopuabckom Hukeae». YeTpoii-
CTBO II03BOASIET TIEPEHOCUTD IPy3 BecoM A0 60 KHAOrpam-
MoB. Kak cAeayeT U3 IpoBeAeHHOTO aHAAM3a, OLJeHKOM I10-
AOOHBIX YCTPOMCTB 3aHIMAETCs. MHOTO 3apybexHbIX Aa60-
paropuit. Ilpu npumenenun ak3ockeaera Chairless Chair
Ha0AIOAQAUCH M3MeHeHHs QYHKIMOHAABHBIX COCTOSHHUIM
AOOpOBOADIIEB [30]. [Tomumo CyObeKTHBHOM OLIeHKH (c mo-
MOIIIbIO onpocnuka) , IPEMEHSIACS METOA 3PTOCITHPOMETPUH
IIOA HarpysKkoil Ha 6eroBoil AOPOXKe, & TaKXe BO BpeMs
3aAa4, UMUTHPYIOMUX IPOPECCHOHAABHYIO ACSITEABHOCTD.
baaropaps ycTpoiCcTBY 3HAYUTEABHO CHIDKAAACh HArpys3Ka
Ha MBILII{B BO BpeMs IPOBeAHUS PaboT U YAyYLIAAUCH II0-
Kas3aTeAM dprocrupoMeTpuu. OAHAKO KOHCTPYKTUBHBIE 0CO-
GEHHOCTH HepeAKO BAUSIOT Ha Cy0BbeKTHBHOE BOCIIPHUSTHE
ycrporictBa. Hampumep, onpoc mokasaA HU3KHI YpOBEHb
ollyIeHus 0€30IIaCHOCTH BO BpeMs [epeMelleHus U IIOSB-
AeHHe OTBAEKAIOIero myMa ot ycrpoicTsa. OpHOM U3 npH-
YMH, aBTOPBI CTATbH CUYUTAIOT OTCYTCTBHE IPEABAPUTEABHO-
ro obydeHus. MoXHO IpPeAIIOAAraTh, YTO HEOOXOAMMOCTD
apAANTAlMA K M3MEHUBIIEMYCSl KOHTPOAIO HaAaHCa TeAa,
MOT'YT CHIKaTh omyiierue 6esomacHoctu. Haobopor, ae-
Kalllie B OCHOBe COXPaHEeHMS BePTHKAAbHOM MO3bl HeHPOH-
Hble MeXaHU3MbI, CBSI3aHHbIE C YTPO30J, MOTYT IOBAUATD Ha

322

ments [27]. The change in neural activity, depending on
the “program” being executed, regulates the beginning or
end of the movement. That is, the presence of additional
technical means here can lead to changes in the functional
state of a person, due to the development of adaptations to
new conditions. The effects of the exoskeleton obviously
have physiological effects, which implies the possibility of
an objective assessment of human conditions. The presence
of possible relationships between the estimated quantita-
tive parameters can provide a basis for a systematic assess-
ment of the “physiological quality” of the devices being
developed.

As for specific exoskeletons and the practice of study-
ing them, we can note, for example, the Russian Exo-
Chair [28], which was tested at the regional clinical
hospital of Rostov-on-don. The device, which is a system
for unloading the muscles of the legs and back, helped
the surgeon to perform an operation lasting 12 hours.
According to the press service of Severstal [29], “Vor-
kutaugol” has tested an exoskeleton created in “Norilsk
Nickel”. The device allows you to carry a load weighing
up to 60 kilograms. As follows from the analysis, many
foreign laboratories are engaged in evaluating such devic-
es. When using the exoskeleton of the Chairless Chair,
changes in the functional states of volunteers were ob-
served [30]. In addition to the subjective assessment (us-
ing a questionnaire), the method of ergospirometry was
used under load on a treadmill, as well as during tasks
that simulate professional activity. Thanks to the device,
the load on the muscles during the work was significantly
reduced and the ergospirometry indicators improved.
However, design features often affect the subjective per-
ception of the device. For example, the survey showed a
low sense of security while moving and the appearance
of distracting noise from the device. One of the reasons,
the authors of the article consider the lack of prelimi-
nary training. It can be assumed that the need to adapt to
the changed balance control of the body may reduce the
feeling of security. Conversely, the threat-related neural
mechanisms underlying vertical posture retention may
affect balance control and increase the sensitivity of the
sensory systems involved in balance, which may lead to
increased muscle responses in the lower extremities and
in the trunk muscles [31,32]. This reaction can probably
have consequences in metabolic processes, since there is
a need to overcome additional resistance on the part of
the device and implement a new motor program [33]. A
similar study was conducted with the Dutch exoskeleton
Laevo [34]. During the study, bioelectric signals of the
muscles of the back, abdomen and legs were recorded
during a long-bent position with the body tilted forward.
The index of muscle tension decreased by 35%, as well as
the feeling of discomfort in the lower back when wear-
ing an exoskeleton, increased the endurance time when
maintaining a pose on average from 3 to 9 minutes. At
the same time, there was discomfort in the chest area,
which can affect long-term wear of the device. There
are large differences in the ability of skeletal muscles
when they change their length, and when they are static
[35]. One hypothesis states that increasing the stiffness
of the muscle in a relaxed state helps it maintain stabil-
ity against external forces that occur unexpectedly [36].
There is a specific behavior of the muscles — thixot-
ropy. With increased muscle activity, greater stability is
no longer required, so muscle stiffness is reduced due to
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KOHTPOAb 0aAaHCa U IIOBBICUTD YYBCTBHUTEABHOCTb CEHCOP-
HBIX CHCTEM, YYaCTBYIOIIUX B OAAQHCE, YTO MOXET IPUBECTH
K YBEAMYEHHMIO MBIIIEYHBIX peakIMi HIDKHUX KOHEYHOCTeH
U B MBIIIIIAX TYAOBHINA [31,32]. Taxas peaxyus, BepoaTHO,
MOXET MMeTb IIOCACACTBHS B MeTa0OAMYECKHX IIPOljeccax,
TaK KaK BO3HHKAaeT HeO0OXOAUMOCTD B IIPEOAOAEHHH AOIIOA-
HHUTEABHOTO COIPOTUBACHHA CO CTOPOHBI yCTPOMCTBA, pea-
AU3AIUH HOBOM ABHI'ATEABHOM IIPOT'PAMMBI [33].

IToxosxee BccaepOBaHUE ITPOBOAHAOCH C HUACPAAHACKHM
axsockeaeToM Laevo [34]. Bo BpeMs HCCAGAOBAHHA PETHCTPHU-
POBAAKCH OHOAEKTPHUYECKHE CUTHAABI MBILIL] CIIMHBI, XKHUBOTA
U HOT IIPU AAUTEABHOM COTHYTOM IIOAOKEHHMH C HAaKAOHOM
xopmyca Brepep. Ha 35% cHusmacs mokasaTeAb HanpsDKeHHS
MBIIII], TAXOKe CHU3HAOCDH OIfyIleHHe AUCKOM(OPTA B MOSACHHU-
Ile IPU HONIEHHMH 9K30CKEAeTa, YBEAUYHAOCh BpeMs BBHIHOC-
AMBOCTH IIPH IOAAEPKAHUH IIO3BI B CPEAHEM C 3 A0 9 MUHYT.
B Toxe Bpemsi, oTMedaAcs AUCKOMPOPT B 0OAACTU IPYAHOM
KAETKH, 4TO MOXET CKA3bIBaThCS IIPU AAMTEABHOM HOIIEHUH
YCTpOMCTBa.

CymecTByIoT 60ABLIME PAa3AMYUS B CIOCOOHOCTH CKeAET-
HBIX MBIIII], KOTAQ OHH M3MEHSIOT CBOIO AAMHY, U KOTAQ OHH
craruans [35]. OpHa U3 rumnoTes YTBEP>KAQAET, 4TO MOBBIIIEHKE
KeCTKOCTH MBIIIIIBI B PACCAAGAEHHOM COCTOSIHUM IIOMOT2eT et
HOAAEPKHBATD YCTONYMBOCTD IIPOTUB BHEIIHUX CHA, BO3HHKA-
JOIIUX HEeOXHUAAHHO [36]. BosHuxaer crenuuIecKoe mose-
AeHHe MBI — THKCOTpomnus. I1py mospimeHny aKTUBHOCTH
MBIIIIIBI GOADBIIAST CTAOMABHOCTD yoke He TpeOyeTcs, II0aTOMy
’KECTKOCTD MBIIIIIbI yMeHbIIAeTCs 6Aaroaaps 3ppeKTy TUKCO-
Tpomnuu. Takxum 06pasoM, BO3SMOXXHOCTb CHU3UTD HAIIPsDKeHUe
MBI HIDKHUX KOHEYHOCTEH, BEPOSTHO, MOXKET CIIOCOOCTBO-
BaTh YAYYLIEHHIO IIOCTYPAABHOIO KOHTPOAS IIPH HCIIOAB30-
BAaHMH 9K30CKEAeTA IIPH AAMTEABHBIX CTATHYHBIX HArPy3Kax.

ITo mxasaM MHAMBHAYaABHOTO BOCIIPUSTHA Harpysku bop-
ra ¥ mKasaM AaiiKepTa, a Taloke ¢ IOMOIIBI0 AaTuuKoB Kinect
OIIeHHBAAOCH BAMSHHUE ITOAYXKECTKOTO aMEPHKAHCKOTO 9K30-
ckeaeta ErgoSkeleton Ha moab30BateAst [37]. 3apaua cocrosiaa B
nopbeMe kopobxu Becom 10% 1 20% Beca ucnsiryemoro. IIpo-
M3BOAMACS BHAEO 3aXBaT ABIDKEHUI AASL OLIeHKU OMOMEeXaHUKHU
ABipKeHn#. ITokasaHo, 4TO [0 CyO'beKTHBHOMY OILYIeHHIO IIPH
20% HarpysKe ycuAue BOCIIPUHUMAETCS MeHbIe, deM rpu 10%.
OTMmeyaeTcs BO3MOXHOCTb HeCYIIeCTBEHHOTO YBeAUYeHHS Ha-
IPY3KH Ha KOAGHHBIH CYCTaB B TeYeHHE AAUTEABHOTO BpeMeHH
Ipu moabeMe 60AbIIero Beca. AAs 00AerdeHHs cXBaTa KOpoO-
KH MCTIOAB3YIOTCS AOTIOAHUTEAbHbIe QUKCUPYIONIKe TPOCH! Ha
pykax. ITpy HCIIOAB30BaHHU TAKOIO yCTPOMCTBa He3 TPOCOB
MeHbIIle YXYALIAeTCSI 6HOMeXaHHKa KOACHHOTO M Ta30BOTO
cycraBoB. IIpu BOSHUKHOBEHHH 6OAU B KOAGHHOM CyCTaBe
yMeHBIIAeTCs MbIIIeYHas] aKTHBHOCTb MBIMIL] OeApa BO BpeMst
TIOXOAKH, IOABEMA TI0 AECTHHMIIE M ABIDKeHHHM Brepea. Kpome
TOro, 60Ab B KOACHE BAMSET Ha CIIMHHOMOSIOBOM pedaekc u
CKOPOCTb BO30YXACHHS ABUTATEABHBIX HEHPOHOB YeThIpex-
raaBoit Mpimst 6eapa [38].

AASL OLIEHKY BAMSHUSI 9K30CKEAETOB Ha obAerdeHre pa-
6OTHI IIPH IOAHSATHIX PYKax IPOBEACHO HAaOAIOAEHHE C HC-
IIOAB30BAHHEM ITACCUBHOTO 9KCIIEPHMEHTAABHOIO 9K30CKe-
A€Ta, COCTOSANIEr0 U3 TPeX CeIMEHTOB: CIMHA, MTOAACPKKA
AASL KOKAOU U3 PYK [39]. YuacTHHKH HCCAGAOBAHMSA B Te-
gyeHne 30 ceKyHA YACPXKHMBAAU Hap TOAOBOM IPy3 Ha PHKCH-
POBaHHOH BBICOTE. PerucTpUpoOBaAUCh IIOKA3aHKS CUTHAAOB
OMI ABYXraaBOi MBINIIBI TA€YA U ACABTOBUAHON MBIIIITBL.
AAst cy6beKTHBHOI OLIeHKU HCIIOAB30BaAach mKkaaa bopra,
MECTHO€ BOCIPHSATHE AQBACHHS U IIKAABI yAOOCTBA HCIIOAD-
3oBaHus. [TokaszaHo, YTO AAS MbINIL} GHIIeIICa PYKH HATPy3Ka
CHHM3UAACH Ha 49%, AASL ACABTOBHAHOM MbIIIIb Ha 62%. ITo-
AOBHHA YYaCTHHKOB HCCAEAOBAHHS OLIEHUAA YAOOCTBO HC-

Literature review

the thixotropy effect. Thus, the ability to reduce muscle
tension in the lower extremities can probably contribute
to improved postural control when using an exoskeleton
under prolonged static loads. The effect of the semi-
rigid American ErgoSkeleton exoskeleton on the user
was evaluated using the individual Borg load perception
scales and Likert scales, as well as Kinect sensors [37].
The task was to lift the box weighing 10% and 20% of
the weight of the subject. Video capture of movements
was performed to evaluate the biomechanics of move-
ments. It is shown that according to the subjective feel-
ing at 20% of the load, the force is perceived less than at
10%. There is a possibility of insignificant increase in the
load on the knee joint for a long time when lifting more
weight. To facilitate the grip of the box, additional fixing
cables are used on the hands. When using such a device
without cables, the biomechanics of the knee and pelvic
joints deteriorates less. When pain occurs in the knee
joint, the muscle activity of the hip muscles decreases
during gait, climbing stairs and moving forward. In ad-
dition, knee pain affects the spinal reflex and the rate
of excitation of motor neurons of the quadriceps femur
[38]. To assess the effect of exoskeletons on the facilita-
tion of work with raised arms, an observation was made
using a passive experimental exoskeleton consisting of
three segments: the back, support for each of the arms
[39]. Participants in the study held a load above their
head at a fixed height for 30 seconds. Readings of EMG
signals of the biceps and deltoid muscles were recorded.
The Borg scale, local pressure perception, and usability
scales were used for subjective evaluation. It is shown
that for the biceps muscles of the arm, the load decreased
by 49%, for the deltoid muscle by 62%. Half of the study
participants rated the device’s usability as acceptable. A
subjective assessment showed that the subjects ‘ weight
was perceived to be lower than the real one, as well as the
pressure on their hands. The authors of the study note
that this type of exoskeleton in the absence of additional
weight did not significantly affect the increase in muscle
activity of the legs and trunk, which would indicate an
increase in load. At the same time, the question of im-
proving the ergonomics of the device and optimizing
the weight and size remains open. A similar study was
conducted with the EksoVest exoskeleton [40], which
is a similar device to the American Levitate Airframe,
which was tested at the BMW plant [41,42]. The task
of the volunteers was to simulate professional activity
at the factory. EMG readings from the anterior deltoid
and middle deltoid muscles were recorded. The Borg
scale was used for subjective evaluation. It was shown
that the exoskeleton did not cause a strong feeling of
discomfort. Muscle tension decreased by an average of
45%. The time required to complete tasks that simulate
drilling has been reduced by 20%. However, there is an
increase in errors during the simulation of professional
activity. This behavior may be related to the user’s lack
of experience using these types of devices. The effect on
the legs was not evaluated. Limitations in joint move-
ments were also assessed. It shows a 30% reduction in
pressure on the spine during professional activity. The
speed of movement of the general center of pressure in
the anterior-posterior direction increased by 12%, which
indicates a decrease in postural control in the sagittal
plane. The area of movement of the shoulder joint de-
creased by 10%.
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Puc. 2. ®parMeHT ynpomeHHOH «KOTHHTHBHOM KapThI>» NMPAMeHeHHs GHU3HOAOTHYECKHX METOAOB B OIleHKe CBOMCTB 9K30CKe-

AetoB. IlosicHeHHus B TeKcTe.

Fig. 2. A fragment of a simplified “cognitive map” of the application of physiological methods in assessing the properties of exoskeletons.

Explanations in the text.

[OAB30BaHUS YCTPOICTBA Kak pueMaeMoe. CyObekTHBHA
OIjeHKa II0KA3aAa, YTO ¥ UCHBITYeMBIX BeC BOCIPHHUMAACS
HIDKE peaAbHOTIO, TAaK e, Kak U AABACHHe Ha PYKH. ABTOpPHI
HCCACAOBAHMSA OTMEYAIOT, YTO TAKOH BUA 9K30CKEAeTA NpHU
OTCYTCTBUH AOIOAHMTEADHOTO Beca He OKa3blBaA 3HAUH-
TEABHOTO BAMSIHUS HA yBEeAMYeHHe MBIIIeYHON aKTUBHOCTH
HOT UM TYAOBHINA, YTO CBHAETEABCTBOBAAO OBl 00 yBeAmde-
HHHU HarpY3KH.

B ToxXe BpeMs OCTaeTCsl OTKPBITHIM BOIIPOC 00 yAydIe-
HHMHU 9PTOHOMHUKHM YCTPOMCTBA U ONTHMHU3AIMK Beca U pa3Me-
POB. AHAAOTHYHOE HCCAEAOBAHUE IIPOBEACHO C 9K30CKEALTOM
EksoVest [40], sBastomuiicss CXOKMM yCTPONCTBOM C aMepH-
KanckuM Levitate Airframe, IIPOLIEAIINI anpoGaumo Ha 3aBOAE
BMW [41,42]. 3apaua AOOPOBOADIEB 3aKAIOYAAACH B MHTA-
ITMH IPOQeCCHOHAABHOM ACATEABHOCTH Ha 3aBoAe. Peructpu-
poBaauch nokazanus OMI' ¢ mepeAHUX AGABTOBHAHBIX MBIIII]
M CPEAHHX ACABTOBHUAHBIX MBIIIL. AASL CyOBEKTHBHOM OLleHKH
HCIIO0AB30BaAACh mMKaAa bopra. IToxasano, 4To ax3ockeseT He
BBI3bIBAA ONJYIIeHMS CHABHOTO auckoMdopTa. Hampsoxenue
MBI} CHU3HAOCD, B CpeaHeM, Ha 45%. Bpems BrimoaHeHus 3a-
Aad, IMUTUPYIOIUX OypeHus, yMeHbIHAOCH Ha 20%. OpHako
OTMeqaeTcsl yBeAUdeHHe OIMOOK BO BpeMsi IIPOBEACHIS M-
TaIlUH IpOQEeCCHOHAABHON AeATeAbHOCTH. Bo3aMoxHO, Takoe
IIOBeAeHUE MOXKHO CBS3aTh C OTCYTCTBHEM OIIBITA Y IIOAb30Ba-
TeAs B HCIIOAb30BaHHH TOAOOHOTO POAA YCTPOHCTB. BansaHue
Ha HOTH He OIleHMBAAOCh. Takoke OIleHMBAAMCH OTPaHHYEHH
B ABIDKeHMAX cycTaBoB. [TokasaHO CHU)KeHMe AaBAGHUS Ha
1103BOHOYHMK Ha 30% BO BpeMs IPO(eCcCHOHAALHOM AeATeADb-
HocTH. I[T0BBICHAACH CKOPOCTD ABIDKEHHS O0IIero LjeHTpa
AABACHHS B lepeAHe3a\HeM HalpaBAeHHHU Ha 12%, 4To yKasbl-
BaeT Ha CHIDKEHHUE TIOCTYPAABHOTO KOHTPOAS B CATUTTAABHOM
raockocty. O6AACTb ABIDKEHHUS [TACIEBOTO CYCTaBa YMEHbIIH-
Aach Ha 10%.

BoamoxHOe 060611eHYe IPUMeHeHHS PasHBIX PU3HOAOTH-
YeCKUX METOAUK U APYTHX, OTAABHBIX OIIHCAHHM, IIPUMEPOB
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A possible generalization of the application of various
physiological techniques and other, separate descriptions, ex-
amples can be presented in the form of a fragment of a kind
of “cognitive map” — Figure 2.

Figure 2 shows separate methods-EMG, ECS, stabilom-
etry, and others that are often included in the protocols for
evaluating the effects of exoskeleton use. The conditional
definition of “physiological efficiency of the device” here
is associated with compliance with the purpose of using
the exoskeleton, for example, the degree of load reduction
when manipulating a load. In this sense, the same device
may have different degrees of efficiency for different tasks.
This requires the development of special monitoring pro-
t[occjls even if the same method is used, for example, EMG

43].

Remain unexplored region concerning the central effects,
multi-touch support. Analysis is usually limited to physiologi-
cal parameters directly related to the kinematic properties of
the exoskeleton. However, an important reserve for the growth
of knowledge about the impact of the exoskeleton on a person,
the applicability of the device in a case, is the search in these
little-explored areas.

Conclusions:

1. Evaluation of impacts of industrial passive exoskeletons on
functional state of a person is usually conditional on two areas —
the study of relatively “external” and “internal” characteristics of
movements that are associated with a certain “mechanism”, the
adoption of simplified representations of man as a mechanical
system. At the same time, the most common physiological method
for studying the effects of the exoskeleton in the analyzed sample
of publications is EMG.

2. An important reserve for the development of knowledge
about the effects of exoskeletons on humans, improving the quality
and functionality of devices is the study of the Central provision of
posture and movement regulation. In this regard, new, little-used
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MOJKHO IIPEACTABUTD B BHAE pparMeHTa CBOEOOPA3HON «KOI-
HUTHBHOU KapThl» — PUCYHOK 2.

Ha pucynke 2 oTMeueHbl OTAAbHBIE MeTOAMKH — OMI,
OKI, crabuaoMeTpHs U APYIUe, ACTO BXOASIIIUE B IPOTOKO-
ABI OLJeHKH BAMSIHUF OT TIPUMEHEeHHS 9K30CKEATOB. YCAOBHOE
ompepeAeHHe «PUIHOAOTHYECKs 3P PEeKTUBHOCTD YCTPOIi-
CTBa>» 3AECH CBSI3bIBAETCSI C COOTBETCTBHEM IJeAU TIPUMEHEeHHs
9K30CKeAeTa, HAT[PHMep, CTeIIeHH CHIDKEHHS HATPY3KH [IPY Ma-
HUITyAUpOBaHUU Ipy3oM. OAHO U TO JKe YCTPOHCTBO MOXET B
9TOM CMbICAE HMETb Pa3HYIO CTeTleHb 3¢ PeKTUBHOCTHU B CAyUae
PasHBIX 3aAad. DTO TpebyeT PaspabOTKH CHIELHAABHBIX IIPOTO-
KOAOB HAOAIOACHHS AXKE B CAydae IIPHMEHEHHS OAHOTO M TOTO
Xe MeTopd, Haripumep, IMI [43].

MaaouccAeAOBaHHBIMU OCTAIOTCA 06AACTH, KacaroIKecs
IIeHTPAABHBIX BAUSIHUI, CEHCOPHOTO obecredeHus. AHAAN3
OOBIYHO OTPaHMYMBAETCS LPSIMO CBS3aHHBIMU C KMHEMaTHYe-
CKHMMH CBOMCTBAMHU 9K30CKeAeTa pU3HOAOTHIECKUMH ITapaMe-
tpamu. OAHAKO BOXKHBIM Pe3ePBOM AASL POCTA 3HAHUIT O BAMS-
HUM 9K30CKeAeTa Ha YeAOBeKa, IPUMEHUMOCTH YCTPOMCTBA B
TOM HAU HHOM CAy4Yae, SBASIETCSI IIOUCK B YKA3aHHBIX MaAOHUC-
CAGAOBAHHbIX 00AACTSX.

BriBoabI:

1. Oyenka sAusHUtl UHOYCMPUAILHBIX <NACCUBHBIX> IK-
30cKeAemos Ha PYHKYUOHAAbHbLE COCOSHUS 4eAOBEKA NPOBO-
dumcs 06bi4HO 10 08YM YCAOBHBIM HANPABAEHUIM — USYHEHUIO
YCAOBHO «<BHEUWIHUX> U <BHYMPEHHUX> XAPAKMepUucmux 0éu-
JHeHUil, 4MO CBI3aHO C ONPedeAHHON < MeXAHUCHUYHOCBIO>,
npuHsMuem ynpoujeHHvix npedcmasienuti o Herosexe Kax o
mexanuueckoii cucmenme. ITpu smom nauboree pacnpocmparen-
HbIM PUIUOAOZUMECKUM MEMOOOM NPU UCCAEO0BAHUL BAUSHUIL
aK30cKerema 8 AHAAUSUPYemOil BbIOOpKe nyOAuKayuil SeAsem-
cs OMIT

2. Baxnvim pesepgom 0AS pa3sumus 3HAHULL 0 BAUSHUSK
9K30CKeAEMOB HA HeAOBEKA, NOBbIUEHUIO Kauecmsa U GYHKYUO-
HAALHOCHU YCMPOTicM8 S8Asemcs uccaedosaniie YeHMpasbHo2o
obecneuenus pezyrsyuu no3vt u déwicenuii. B amoii cessu nepcnex-
MUBHLIMU NPedCMABASIOMCS HOBblE, NOKA MAAO UCNOAb3YeMblE
Pusuorozuneckue nodxodvl, a makzice paspabomra cneyudue-
CKUX NPOMOKOA0B C NPUMEHSIOUUMUCS CROCOBAMU pezucmpayuu
PusUOAOZUMECKUX CUZHAAOB LSl OYEHKU IKIOCKEALTNOB.
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