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AHHoTauusA. [py paccCMOTPEHUU OBUMKEHWUA CTAaTUYECKM HEYCTOMYMBBLIX 06bEKTOB, MPUMEPOM
KOTOpOro ABNAETCA Kubeppusmyeckasa cucTeMa B BULE IK30CKeSIeTHONO CEMU3BEHHOI0 MEXaHU3Ma,
3HAUMTESIbHYI0 POJib MIrpaeT peLleHKne NpobieMbl CLenieHns C ONopHOM NOBEPXHOCTLIO Npu Xoabbe
aHTponomzaa, NoCKoJIbKY B MPOLLECCe ABUMEHUA YCII0BUA IKCTyaTaLmMn MeHATCA: YepeaytoTca dasbl
X0[bbbl, U3MEHAIOTCA XapaKTEPUCTUKM OMOPHOI MOBEPXHOCTY, AEMUCTBYIOT BHELLHME BO3MYyLLEeHUA. [1ns
MOBbILLEHUA YCTOMYMBOCTU ABUMKEHMA U 06ecrneyeHns 0TCYTCTBUA NPOCKasib3biBaHUA HeobXxoaMMo
MPUHUMaTb BO BHUMaHWe 0CO6eHHOCTU ABUMKEHUA CTOM, NMO3TOMY HasM4Me BECOMbIX MHEPLIMOHHbIX
cTon obecrievMBaeT HOBM3HY U aKTyanbHOCTb NpedsoreHHoM Mofdenu. B paboTe npeacTasneHa Mogenb
KnbepdU3nUECKOM CUCTEMBI IK30CKENIETHONO MEXaHU3Ma, OABUMKYLLAACA B BEPTUKABHOM NTOCKOCTH
1 co34aloLLas NpeanochIKU AA peannsaLmm CUTYaLmoHHOo NoaxXo4a K yrpassieHu o ABUMKEHNEM.
Mogenb BKIOYaeT CeMb MOOBUMKHBIX 3BEHbEB, COEAMHEHHbIX LIapHMpaMu, YTo obecrevnsaeT
MaKCcMMasbHoe NpUbMHKeHWe Moenn K peasibHOMY 3K30cKeneTy. Lienbio nccnegoBaHus aBnseTca
pa3paboTKa M onucaHue anropMTMOB NMPOEKTUPOBaHWA YNPaBIeHNA OABUMKEHUEM 3K30CKeIeTHOro
MeXaHW3Ma NporpaMMHbIM METOLOM C YYETOM CUTYaLIMOHHbIX MapaMeTpoB, C NPYMeHeHUeM paHee
paspaboTaHHOro MeToda ynpassieHnA po60TU3UPOBAHHLIM aHTPOMOUOHBIM MEXaHU3MOM B BuAe
MporpamMMHbIX ABUMHKeHUR. AnpobrpoBaHue pa3paboTaHHbIX anropMTMOB NPOBOAMIOCE B cpefe
Wolfram Mathematica ¢ ucnonb3o0BaHWEM UHCTPYMEHTOB MaTeMaTUYeCKOro MoJe/IMpoBaHuA,
YMCIEHHbIX METOZO0B U BU3yanu3auuu. B xode nccnenosaHua paspaboTaHa Mofeslb 3K30CKeNeTHOro
MexaHW3Ma, KOTOpbI/ COBEpLUIaeT ABUMKEHWE B BEPTUKANbHOM NIOCKOCTU. MexaHW3M BKJlovaeT
CeMb 3BeHbEB, B TOM YKCIIe NoABUMKHbIE BECOMble CTomMbl. [NA onucaHua paspaboTaHHoW Mogenu
MCMONb3YIOTCA 3HaYeHWA YrioB MOBOPOTA, KOTopble 06pasyloTcA Mexay NoABUMHBIMU 3BEHBAMU.
[nAa coctaBneHna cuctembl guddepeHumanbHbIX ypaBHEHUIA UCMONb3YIOTCA MaTpULbl MoBopoTa
ocell KOOpAMHAT, 3TUM 06YCNIaBAMBAETCA OPUIMHANIBHOCTL NpeasioXeHHoM Moaenu. PaspaboTaHa
MaTeMaTuyecKaa MoJesib NPeACcTaBNeHHOr0 3BeHa 3K30CKEeIeTHOro MexaHu3Ma 1 anropuTMsbl
peLLeHWA NpAMoit U 06paTHo 3aa4 AMHaMUKK AnA Hee. CosgaHa nognporpamMMa A Busyanmsaumm
LBUMEHUA, KOoTopan No3BosifeT AeMOHCTPUMPOBATb NPOLLECC ABUMEHUA paccMaTpMBaeMoi Modenu
B COOTBETCTBMM C 3aaHHbIMU GYHKUMAMM. [ToKa3aHa HeobX0AMMOCTb yyeTa CUTYaLMOHHbIX
napaMeTpoB MpW 3KCMNyaTauum ak3ockeneTa. OnucaHa akTyanbHOCTb NPUMeHeHUs MeToL 0B
HEYETKOWM JIOTMKU, HEMPOHHBIX CETEN A1A ONTUMM3aLMM MOOEIMPOBaHUA NPY afanTaLMm K YC/I0BUAM
HeonpeaesieHHOCTU OKpYXatoLLeit cpeapbl.
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Abstract. When considering the motion of statically unstable objects, such as a cyberphysical
system in the form of a seven-link exoskeleton mechanism, the problem of adhesion to the
supporting surface plays a significant role during anthropoid walking. This is because operating
conditions change during movement: gait phases alternate, the characteristics of the supporting
surface change, and external disturbances occur. To improve stability and prevent slippage, it
is necessary to consider the characteristics of foot motion. Therefore, the presence of weighty
inertial feet ensures the novelty and relevance of the proposed model. This paper presents
a model of a cyber-physical system for an exoskeleton mechanism moving in a vertical plane
and creating the prerequisites for implementing a situational approach to movement control. The
model includes seven moving links connected by hinges, ensuring the maximum approximation of
the model to a real exoskeleton. The objective of the study is to develop and describe algorithms
for designing motion control for an exoskeleton mechanism using a software method, taking into
account situational parameters, applying a previously developed method for controlling a robotic
anthropoid mechanism in the form of programmable movements. The testing of the developed
algorithms was carried out in the Wolfram Mathematica environment using mathematical
modeling tools, numerical methods and visualization. In the course of the work, a model of an
exoskeletal mechanism with seven movable links was developed, including weighty feet moving
in a vertical plane. The originality of the development lies in the use of angles between the
links when describing the model and the use of rotation matrices of the coordinate axes when
composing a system of differential equations. A mathematical model of the presented link of
the exoskeletal mechanism and algorithms for solving direct and inverse dynamics problems
for it have been developed. A motion visualization routine has been created that allows you
to demonstrate the motion process of the model in question in accordance with the specified
functions. The necessity of taking into account situational parameters when using an exoskeleton
is shown. The relevance of using fuzzy logic methods and neural networks to optimize modeling
while adapting to environmental uncertainty is described.
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