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AHHOTauuA. TpeHarKepbl 419 BEPXOBOK e3/bl NOMOraloT NPOBOAUTL TPEHUPOBKM BCALHMKOB
He3aBMCMMO OT BHELLHWUX YCJI0BWIA, MOrodbl, YCTanoCcTH fowwaau, yoaneHHOCTU KOHIOLWHM
1 Apyrux ¢axktopos. BcagHuKM MoryT oTpabaTbiBaTb CII0MHbIe [ABUMHKEHUSA, He onacanch TPaBM,
CBA3aHHbIX C BO3MOMHbIMW Clly4anaMu HenpeacKkasyeMoro nosefexHus nowaau. NMonobHeim
TpeHarkepaM TpebyeTcA NporpamMMHoe obecneyeHune Ans Bbibopa pernMoB BO3OeNCTBUA
Ha YenoBeKa Npu ero TpeHMpPoBKaXx, YToObl UMUTUPOBATL BCE BapMaHTbl MOBeAEHNA NoLlaam
Y NPU 3TOM He TPaBMUPOBAaTb CNOpTcMeHa. [1/1A 3TOro Hy*KHa Mofeslb CMOPTCMEHa-Hae34HMKa,
yuMTbIBalOLL,AA ero YypoBeHb NOATOTOBKM U ABUMKEHME Noluaau. B cTaTbe npeanorkeHa Mofenb
COBOKYMHOCTU «4efI0BEK — TPEeHaXep», OT/IMYaloLLanca TeM, YTo No3BosAET BblpaboTaTb
peXuMbI paboThl C y4eTOM B3aUMOLENCTBUA TPEHaMepa 1 crnopTcMeHa. MexaHnyeckana Mogesb
npeacTaBnAeT co60i 3K30KOCTIOM C MOABUMKHbBIM MOJIIOCOM, COCTOALLMIA U3 YeThIPEX 3BEHLEB,
K KOTOPOMY KpenATcA CTonbl, FosieHu, beapa u Kopnyc criopTcMeHa. Monioc cooTBeTCTBYET
LLleHTPY Macc fiolafm, C KOTOpOWM Hae34HUK B3aUMO4eNCTBYeT MyTeM OMopbl Ha CTpeMeHa.
[lB1KeHMe nosioca peanusyeTca NOCPeACcTBOM TeNIeCKOMUYECKOro 3BeHa, 3aKpernsieHHoro
Ha HenoABWMHOM 0CHOBaHWW. LLIapHMpebI, 06ecreumBatoLLe 0THOCUTESbHbIE MOBOPOThI 3BEHLEB,
ABNAIOTCA LMUHAPUYECKUMU C NPeHebperKMMo MasbiM TpeHueM. Mofenb peannsoBaHa B BUae
nporpaMmel B nakete Wolfram Mathematica 11.3. OHa npegHasHayeHa Ans MoaennpoBaHus
OVHAMUKU TpeHaXepa CUCTEMbI «KOHb — Hae3aHMK». [IporpaMMa CoCTOUT U3 HECKOJTbKUX
6110K0B: 610K BbibOpa CTPYKTYpPbl MaTeMaTUYeCKoM Modenun TpeHarepa, 0606LeHHbIX
KOOPAMHAT M aBTOMATU3MPOBAHHOMO COCTaB/eHMA cUCTeMbI AnddepeHLManbHbIX ypaBHEHUI;
610K 3a4aHNA NPOrPaMMHOI0 ABUMKEHMA MOAENU U BbIYMCIIEHUA YNPaBAAOLLMX MOMEHTOB
B LLIApHMpaXx; 610K YMCTIeHHOro peLleHus 3ada4n Kowwu; 610K aHMMaLMoHHOM BU3yanu3aLum
LBVMEHUs MOeNIM U 3KCropTa NoyYeHHbIX rpapuyecKnx pesynsTaToB YACIEHHbIX PacyeToB.
Pe3synbraTtbl paboThl NporpaMMbl MO3BOIAIT NPOBECTW aHaNM3 AUHAMUKU MaTeMaTUYeCKOM
MOLENIM CUCTEMbI HAa OCHOBE peLleHVA NpsAMo U 06paTHOM 3a4ay AUHAMUKK U MOTYT ObITb
peKoMeHO0BaHbl AJ1A MPOeKTUPOBaHUSA TPEHAXKEPOB C MPOrpaMMUPyeMbIM PEHUMOM paboTbl.
MoKkasaHo, YTO UCMONb30BaHKWe AaHHOW MPOrpaMMbl yCKOpAeT pa3paboTHY TPEHaXKepoB.

KnioueBble cnoBa: nporpamma, naket Wolfram Mathematica 11.3, MaTeMaTuyeckan Mofaesb, cMcTeMa
«Hae3AHWK Ha 1oLLIaam», TPeHaep, ypaBHeHWA JlarpaHika BTOPOro poa, LapHMpb, yNpaBAsAioLLMe MOMEHTH,
YKCEHHbIE METOb!
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Abstract. Riding simulation machines allow training horse-back riders regardless of
environmental and weather conditions, horse fatigue, stable remoteness and other factors.
Riders can practice complex movements without fear of potential injury related to sometimes
unpredictable behavior of the horse. This type of training machines requires special software
for selecting the relevant action mode for the person during the rider’s practice. Thus, the
selected behavior of the horse can be simulated and the injuries of horse-back rider can be
avoided. For this purpose, the model of horse-back rider, taking into account its training level
and the horse motion, is required. The model of “person - simulation machine” combination is
proposed in the article. The proposed model allows developing operating modes taking into
account the sportsman-training machine interaction. The mechanical model is an exosuit
with a mobile pole, consisting of four links, the rider's feet, shins, hips, and the corps are
attached to. The pole corresponds to the mass center of the horse, the rider interacts with
by standing on the stirrups. The pole motion is implemented by a telescopic link attached to
immobile base. The relative rotations of the links are implemented by cylindrical hinges with
negligible friction. The proposed model has been implemented as software in the “Wolfram
Mathematica 11.3" environment. It has been designed for training machine dynamics simulation
of the “horse - rider” system. The software includes several modules: 1) the module for
specifying the structure of training machine mathematical model, generalized coordinates,
and for auto-compilation of the corresponding system of differential equations; 2) the module
for specifying the programmed model motion and calculation of the required control torques
in the hinges; 3) the module for the Cauchy problem numerical solution; 4) the module for
the animated visualizing of the model motion, and for exporting the obtained graphic results
and numerical calculations. The developed software allows conducting dynamics analysis
of mathematical model for the considered system based on the solution of both direct and
inverse dynamics problems. Also it can be suggested for designing training machines with
programmed operation mode. It has been shown that application of this software accelerates
the development of training machines.
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