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AHHoTauusa. peanorkeHa CTpyKTypa MoJenv yrpaBeHna MHOr03BeHHbIM po60oTOM-
MaHUMYyATOPOM, OTIMYUTENIbHOM YepTol KOTOPOW BbICTYNaeT BK/OYeHWe B Hee 6/10KOB
peLleHns 3a4a4 NpAMOoit U 06paTHOM AMHAMUKK, UCTONb3YIOLLMX HEYETKUI MHTEpPBasIbHbI
MeToq. AKTyaslbHOCTb TeMbl UCCIIeJOBaHWA XapaKTepn3yeTcsa Heo6Xo4MMOCTbI0 pa3paboTku
1 BHeApeHUA poboTOTEXHUYECKUX KOMIIEKCOB /1A 3aMeHbl YeI0BEYECKOro Tpyaa B YCJIOBUAX
OMacHbIX U BpeaHbIX NMPOU3BO/CTB, @ TaKMKe COBepLUeHCTBOBAHWEM afiropUTMUYECKOTO
obecrneyeHns cucTeM ynpassieHMa poboTamMu B yCIOBMAX HeonpeaesieHHOCTU BHELUHe
cpenbl. PaspaboTaHbl anropnTtMbl pelleHMA NpAMOK U obpaTHOM 3agay OUHAMUKK
MHOI03BEHHbIX PO60TOB-MaHWUMNyIATOPOB, B OCHOBE KOTOPbIX JIEHKUT ONUCaHME OBUMKEHUSA
3BeHbeB poboTa B BUAE CUCTEMbI YpaBHEHWI, YUUTLIBAKOLLMX HeomnpeaeieHHOCTU BHELLHe
cpefbl, MOeNMpyeMoit MeToJaM1 HeveTKon NorMku. 06 beKTOM UcciefoBaHNA BbICTYNanm
TEXHOIOMMYEeCKNe 30Hbl B HemocpeacTBEHHOM 6/IM30CTU OT arperaTtoB OKOMKOBaHWA
MeJTKOPYAHOrO ChIpbA U pyAoHarpeBaTesibHbIX Neveit FropHo-o60raTUTesIbHbIX KOMOGMHATOB,
rOe NpUCyTCTBYIOT GaKTopbl HeonpeaeeHHOCTU BHELLHe cpebl ABYX OCHOBHbIX Mpynm:
K NepBol 0THOCATCA GpaKTopbl, 3aTpyAHAILLME onpefeneHe KOOPANHAT LiefieBoro 06bexTa
3axBata MPM (HanpuMep, KaK cnefcTBUe 3anblfIeHHOCTU cpefibl), KO BTOPOM — paKTopsl,
B/IMAIOLLME Ha NepeMeLL,eHre NoABUHKHbBIX YacTel poboTa (Hanpumep, Bbi3BaHHbIE U3HOCOM UK
HarpeBoM YacTei MexaHn3MoB). AnpobrpoBaHWe NpeasiorKeHHbIX afropMTMOB NPOBOAMIIOCH
B MOJ€e/IbHOM 3KcrepuMeHTe B cpefe MatLab ¢ Mcnonb3oBaHneM MHCTPYMEHTOB GU3MYECKOro
ModenvpoBaHuA Simscape, a Take Robotics System Toolbox ans npoeKTupoBaHus,
MOZesIMpoBaHUA U TeCTUPOBAHUA POBOTOTEXHUYECKUX MPUOKEHUN. IKCNEPUMEHT
rMoKasaJl, YTo TOYHOCTb MO3ULMOHUPOBAHNA KOHLLEBOM0 3¢ deKTopa MHOro3BeHHOI0 poboTa-
MaHWMynATopa B cily4ae NpUMeHeHWA NpensiorKeHHOro MHTepBasibHOro MeToda XoTsA
1 COCTaB/IAET He [0JI1, @ HECKOJIbKO NMPOLLEHTOB OT 3a[JaHHOr0 TEPMUHAIBHOMO MOJIOMKEHWS,
TEM He MeHee NMpPeBOCXOAUT peLleHus, Nosy4yaeMble C UCMOb30BaHMEM CTaHOApPTHOMO
MHCTpyMeHTapusa Robotics System Toolbox, He aganTMpoBaHHoro AN paboThl B YCII0BUAX
HeornpeaesieHHOCTU BHeLLHEeN cpefpbl.

KnioueBble cnoBa: MHTepBaJibHble ﬂM(I)qJepEHLLVIaJ'IbeIe YPaBHEHWA, NPAMan 1 O6paTHaﬂ 3a[ia4n JMHaAMUKN,
MHOI03BEHHbIE pOﬁOTbI-MaHVII'IyrIFITOpr, HEY€eTKanA JIormKa
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Abstract. The structure of the control model of a multi-link robot manipulator is proposed,
the distinctive feature of which is the inclusion of blocks for solving problems of direct and
inverse dynamics using the fuzzy interval method. The relevance of the research topic is
characterized by the need to develop and implement robotic systems to replace human labor
in hazardous and harmful industries, as well as to improve the algorithmic support of robot
control systems in conditions of environmental uncertainty. Algorithms for solving direct and
inverse problems of the dynamics of multi-link robot manipulators have been developed,
based on a description of the motion of MLRM links in the form of a system of equations
that take into account the uncertainties of the external environment, modeled by fuzzy logic
methods. The object of the study was the process zones in the immediate vicinity of small-
ore pelletizing units and ore heating furnaces of mining and processing plants, where there
are uncertainty factors of the external environment of two main groups: the first includes
factors that complicate the determination of the coordinates of the target object of the MLRM
capture (for example, as a result of the dustiness of the environment), the second - factors
affecting the movement of the moving parts of the MLRM (for example, caused by wear or
heating of parts of the mechanisms). Testing of the proposed algorithms was carried out
in a model experiment in the MatLab environment using the Simscape physical modeling
tools, as well as the Robotics System Toolbox for designing, modeling and testing robotic
applications. The experiment showed that the accuracy of positioning the end effector of
the MRM in the case of using the proposed interval method, although it is not a fraction, but
several percent of the specified terminal position, but exceeds the solutions obtained using
the standard Robotics System Toolbox tools, which are not adapted to work in conditions of
environmental uncertainty.
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BesepneHue
POM3BOAUTENLHOCTD TPYAA MPUHA/I-
|_| JICKUT K BaXKHEHIIUM (pakTopam mo-
BBIIICHUS] KOHKYPEHTOCIIOCOOHOCTH
U cTaOMIILHOTO pOCTa HAIMOHAIBHOU KO-
HOMUKH [1], obecrieunBasi CHUXKEHHE cebe-

CTOMMOCTH MPOAYKIUU U YBEJIUYHUBAs pa3-
Mep MOJIy4aeMON HpeAnpUATHAMH NpPH-
ObuTH. B yCcloBHSIX OrpaHUUYEHHOCTH TPYIO-
BBIX PECYPCOB, XapakTepHoi A Poccuiickoit
denepanuu B MOCIEAHUE TObI, Hauboee
NEePCHEKTUBHBIM HalpaBIeHueM 00eCIeueHUsI

MHcTpyMeHTanbHble cpeactBa B> 3pPeKTUBHbIE anropUTMbI
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