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AHHoTauma. ViccnepoBaHue HanpaBieHO Ha pa3paboTKy anropuTMa NpMMeHeHUA annapara
KBaTEPHMOHOB MPU MOAENUPOBAHUN OMHAMUKM 3K30CKENETOB M aHaNOrUyHbIX N0 CTPYKType
aHTPOMOMOPGHbIX MEXaHW3MOB B BuAe poboToB, ckadaHApPOB, TPeHaXKepoB U T.Mn. Uccnepyetcs
dyHOaMeHTanbHaA 3ajaya pa3paboTHM IK30CKeNeToB, aHTPOMOMOPQHBLIX MexaHW3MOB
N pobOTOTEXHUYECKMNX CUCTEM, TPebYIOLLLAA YCKOPEHWA NpoLecca aHanMTUYeCKOro NoCTPOeHNA
MaTeMaTU4eCKUX Mofesnen, onucbiBaeMblx AnddepeHLnanbHbIMKU ypaBHeHnAMU. OnA pelleHna
3TON 3afayn npepnaraeTcA NPUMEHUTb anrebpy rUNepKOMMIEKCHBIX YMCes, B YaCTHOCTU
KBaTEepHWOHOB. [prMeHeHWe anrebpbl KBAaTEPHNOHOB AJ1A UCCIeA0BaHNA TOKOMOLMIA aHTPOMOUAHbIX
po60TU3NPOBaAHHLIX YCTPOMUCTB TUMA 3K30CKeNeTa, UMEILLMX aKTUBHBIE OABUMUTENM, KOTOPbIE
yNpaBsiAOT CMEHON OTHOCUTESIbHBIX MOJIOMEHWI 3BEHBEB BO BPeMA OBUMEHUA, OOTHKHO NO3BOIUTD
COBEpLLIEHCTBOBATb NOCTPOEHME MaTeEMaTUYECKOM Modenn. 3T [oBOAbl ONpedensAloT akTyanbHOCTb
TeMbl paboTbl M Hay4Hyl0 HOBWU3HY MccrefoBaHui. Co3gaHMe CKOPOCTHBIX METOLOB 3anucu
anddepeHLManbHbIX ypaBHEHWUI OBUMKEHUA, OCHOBAHHbIX Ha anrebpe KBaTePHWUOHOB, ANA OMNCAHUA
NOKOMOLMI NPOCTPAHCTBEHHBIX MEXAHUYECKUX aHTPOMOMAHbIX CUCTEM OMpefenseT NPaKTUYECKYo
3HAUYMMOCTb pe3ynbLTaToB UcCNeaoBaHuA. B paboTe nsnaraetca MeTod NOCTPOEHUA aniropuTMa
MO[eNIMPOBaHUA AMHAMUKWU FOfIeHU 3K30CKeNeTa, NpeacTaBieHHOro 3BEHOM CO chepuyecKknM
LUAapHUPOM, obecrneynBaioLLMM BpallleHWe OTHOCUMTENbHO HEMOABUMKHOM CUCTEMbI KOOPAUHAT.
MpeanorkeHHaA MexaHU4YecKan Mofdeslb pean3oBaHa B BUAE NPOrpamMMbl B Cpefe YHUBEepPCasbHOM
cucTeMbl KoMrbloTepHoi MaTeMaTukn Wolfram Mathematica. MporpamMMma npegHasHaveHa ans
MO[enMpoBaHWA AMHAMWKM 3BeHa 3K30CKeneTa. B cucTeMe KOMMbIOTEPHOM MaTeMaTUKM He peann3oBaHbl
GyHKLUMM OnA paboTbl C aHANUTUYECKM 334aHHBIMU KBAaTEPHWOHAMU, MO3TOMY aBTOPbI CAMOCTOATESTBHO
nporpamMMupoBan Heobxoaumble ¢pyHKLMK. MporpamMMa coCTOUT U3 HECKOSbKMX 6110KO0B: 610K paboTbl
C KBaTepPHWOHaMK, 1A KOHTPONA NPABWUIIBHOCTU U 0TNIaAKM 610Ka paboTbl ¢ KBaTEPHUOHAMW BBEAEH
610K paboThl C MaTpMLLAMM Nepexofa, 610K aBTOMaTU3MPOBAHHOMO COCTABEHWA YpaBHEHUI JlarpaHia
BTOpOro pofa, 6510k 334aHWA NPOrpaMMHOIr0 ABUMEHUA MOAENWN W BbIYUCIIEHNA YNPaBAIOLLMX
MOMEHTOB B LLIAPHMPAX, 610K YUCIEHHOr 0 peLLieHWA 3ada4m Kowwum, 610K aHMMaLMOHHOM BU3yanu3aumm
LBUMEHWA MOJENM U 3KCMopTa rpaguyeckux pesysnbTaToB YMCIeHHbIX pacyeToB. PesynsTaThl paboThl
NporpamMMbl NO3BOJIAIOT NMPOBECTU aHaNN3 ANMHAMUKN MaTEMATUYECKOW MOJENM CUCTEMbI HA OCHOBE
peLLeHWA NPAMO M 06paTHOM 3a4a4 AMHAMUKM U MOTYT BbITb pEKOMEH0BaHbI A/1A NPOEKTUPOBaHWA
3K30CKENeTOoB, aHTPONOMOPOHBLIX POBOTOB U MaAHUMYNATOPOB C NPOrPaMMUPYEMBIM PEKNMOM PaboThbl.
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Abstract. The research is devoted to the development of an algorithm for applying
the quaternion formalism to the modeling of the dynamics of exoskeletons and similar
anthropomorphic mechanisms, such as robots, space suits, simulators, and related systems.
The fundamental problem of developing exoskeletons, anthropomorphic mechanisms, and
robotic systems is being investigated, which requires accelerating the process of analytical
construction of mathematical models described by differential equations. To tackle this problem,
the authors propose the use of hypercomplex number algebra, specifically quaternions. The
application of quaternion algebra to the study of locomotion in anthropoid robotic devices
such as exoskeletons with active propulsion systems that control the relative positions of the
joints during movement should improve the construction of the mathematical model. These
arguments determine the relevance of the research topic and the scientific novelty of the study.
The development of high-speed methods for writing differential equations of motion based
on quaternion algebra to describe the locomotion of spatial mechanical anthropoid systems
determines the practical significance of the research results. The work presents a method for
constructing an algorithm to model the dynamics of the shank of an exoskeleton, represented
as a link connected by a spherical joint allowing rotation with respect to a fixed reference frame.
The proposed mechanical model has been implemented as a program within the universal
computer algebra system Wolfram Mathematica. The program is designed for simulating
the dynamics of the exoskeleton link. Since the system does not provide built-in functions for
working with analytically defined quaternions, the authors developed the required routines
themselves. The program consists of several modules: a module for quaternion operations;
a module for transformation matrices (used for validation and debugging of the quaternion
module); a module for the automated formulation of the Lagrange equations of the second
kind; a module for specifying the programmed motion of the model and computing the control
torques in the joints; a module for numerically solving the Cauchy problem; and a module for
animation and visualization of the model’s motion as well as for exporting the graphical results
of the numerical simulations. The program'’s results allow for the analysis of the dynamics of
a mathematical model of a system based on the solution of the direct and inverse dynamics
problem, and can be recommended for the design of exoskeletons, anthropomorphic robots,
and manipulators with a programmable operating mode.
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