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Abstract. The article considers the existing mathematical models of magneto-rheological
substances and describes some of their properties. As a result of the open sources analysis,
it was found that there are no exoskeleton models with variable-length links with adjustable
stiffness, based on the application of magneto-rheological fluids. Therefore, the application of
these fluids in other technical systems is considered. A mathematical model of an exoskeleton
variable-length link with adjustable stiffness is proposed. This link can be used for supporting
and strengthening the lower limbs of the human musculoskeletal system. The difference
between the proposed mathematical model of the link and the existing ones lies in the fact
that the section that changes its length is considered weighty. Therefore, the mathematical
model of the link with a variable inertial characteristic, the moment of inertia relative to the axis
perpendicular to the longitudinal axis of the link symmetry and passing through its beginning -
the point where the link is fixed to the stationary mount with a cylindrical hinge, is considered.
A method of motion control based on the assignment of differentiable functions is applied. The
trajectory of the link movement is found, linear and angular velocities and accelerations are
calculated. To showcase the link motion, the computer-animated visualization of the link motion
control problem solution is presented. The control actions required for the implementation of
the given motion have been calculated in the numerical experiment. The drag coefficient range
of the magneto-rheological substance has been identified during the implementation of the
proposed link motion. The software implementation of the proposed mathematical model of
the exoskeleton variable-length link with adjustable stiffness has been done in the Wolfram
Mathematica 11.3 universal computer math environment. The software package including the
unit for deriving the differential equations of motion in analytical form, the kinematic trajectory
synthesis unit, the computational experiment unit, and the unit for animated visualization of the
model motion and its export in the wide-spread 'gif' video format has been developed.
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AHHoTauma. B cTaTbe paccMoTpeHbl MMeloLMeca MaTeMaTuyeckMe MoAenn MarHWUTHO-
peonornyeckyx cpe, onmcaHbl HEKOTopbIEe acreKTbl UX NoBedeHWA. B pesynbTate aHanmnsa oTKpbITLIX
WCTOYHMKOB YCTaHOBJIEHO, YTO OTCYTCTBYIOT MOESIM 3K30CKENeTOB CO 3BEHbAMU NepeMeHHOM
LUIMHBI C PEryNMpPYeMOil *eCTKOCThI0, OCHOBaHHbIE Ha UCMOJb30BaHUW MarHUTHO-PEO0OrMYeCKUX
}KMOKOCTEN, NMO3TOMY PacCMOTPEHO WX NMPUMEHeHWe B ApYrvX TEXHUYECKUX cucTeMax. [pediokeHa
MaTeMaThyecKas Mofeslb 3BeHa IK30CKeseTa nepeMeHHoN AfIMHbI C PeryriMpyeMoit HecTKOCTbIo,
KOTOpPasA MOMeT ObITb MCMOJIb30BaHa A/1A NOOAEPHKN U YCUNEHUA HUMHUX 3BEHbEB OMOPHO-
[BUraTenibHOro annapara YesioBeka. OminyMe NpeIoXeHHOM MaTeMaTUYecKon MoJenu 3BeHa oT
MMEIOLLMXCA 3aKMI0UAETCA B TOM, YTO YYaCTOK, U3MEHAIOLLMIA CBOIO /IMHY, CHUTAETCA BECOMBIM.
Mo3ToMy peyb MOET 0 Mofesv 3BeHa C NepeMeHHOM MHEPLIMOHHONM XapaKTePUCTUKOM — MOMEHTOM
MHEPLWM OTHOCUTESIBHO OCK, NepreHaNKYNAPHOM NPOO0SbHOM 0CU CUMMETPIM 3BeHa U NPOXOasALLEei
yepes ero Ha4asno — TOYKy, B KOTOPOW 3BEHO C MOMOLLIbIO LIMSIMHAPUYECKOO LLIApHMPa MPUKPensIeHo
K HemnodBuKHoM onope. MpyMeHeH aHaNMUTUYECKWUI METOL YNPaBIeHUA ABUHEHMEM, OCHOBaHHbIM
Ha 3a4aHUM aHanUTUYeCKMX anddepeHUMpyeMbIX GYHKLMIA, CUHTE3MPOBaHA TPAEKTOPUA ABUMHEHUA
3BeHa, onpeaeneHbl IMHeNHbIE U YITI0BbIE CKOPOCTM U ycKopeHuA. MprBeaeHa KoMnbloTepHan
aHMMaLMOHHaA BU3yaNM3auma pesynbTaTa pelleHus 3aayvm yrnpasfieHna OBUMeHVEM 3BeHa
LA HarmAgHOro NpeAcTaBneHys NepeMellieHua. B pesynbTaTte NpoBefeHHOro BbIMUCIUTENIBHOO
3KCMepuMeHTa HaiaeHbl ypaBnAioLLMe Bo3AeNCTBUA, HeobxoaMMble IR peanmn3aumm 3a0aHHoro
[BVMEHMA 3BeHa, onpeeneH AnManasoH A U3MeHeHWUA Ko3hGULMEHTa CONPOTUBIEHNA MarHUTHO-
peosiorMyecKor cpefbl NpU peanusauum NpeasioeHHoro OBMMKeHWA 3BeHa. [porpaMMHan
peanusauma NpeiorKeHHON MaTeMaTUYeCcKon MoJesIM 3BeHa SK30CKeIeTa NepeMeHHON 4JINHbI
C perynnpyemMoit *eCTKOCTbIO OCYLLIECTBIIEHa B YHUBEPCAIbHOM CUCTEME KOMMLIOTEPHO MaTeMaTUKM
Wolfram Mathematica 11.3. PaspaboTaH nporpaMMHbI KOMMEKC, BKIOYaloOLLMA B cebs: 650K
COCTaBrieHUA cucTeMbl AuddepeHLManbHbIX YpaBHEHUIA OBUMKEHUA B aHANIMTUYECKOM Bude, 6510K
KMHEMAaTUYECKOro CUHTe3a TPAeKTOPUM, 6J10K BbIHUCTIUTESTBHOO SKCNepUMeHTa, 6/10K aHMaLIMOHHOM
BU3Yyanu3aLmm OBUHEHUA MOAENM W SKCMOPTa B pacrnpocTpaHeHHbI Buaeodopmar gif.
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