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JBIDKEHHSI poOOTa-MaHHITYISITOPA IyTeM KOPPEKIIMU OMOPHBIX TPACKTOPUIl, U MOXKET OBITh HCIIONB30BAHO JUIS
CO3MaHMSl CHCTEM YIPABICHUS POOOTaMH-MAaHHMIYISTOPaMH B KaueCTBE MOIYNS IUIAHUPOBAHUSI TPAEKTOPHH
HepeMeneHns poO0Ta-MaHUIYISITOPA B YCIHOBHSAX CTATUYECKOH KOJUTM3MOHHOM CIIEHBI, B YaCTHOCTH, XOTA HE
UCKITFOYUTENTBHO, AT PelIeHHs 3ajad MaHWITYTHPOBAHUS 00bEeKTaMH. TEXHHUECKUM pPEe3ylbTaToM, JOCTHIaeMbIM
TpH PELIeHUN BBIIICYKa3aHHOM TEXHUYECKOW 3aiaul, SBIAETCS YMEHBIIEHHE BPEMEHH IJIaHHUPOBAHUS JBIKECHHS
poOoTa-MaHUITYNIATOpa. YKa3aHHBIM TEXHUYECKHH pe3yabTaT AOCTHUraeTcs Onarogapsi OCyMIECTBIEHHIO CHOC00a
TUIAHUPOBAHUS ABIKEHUSI pPOOOTa-MaHUIYJATOPA, BBIMOIHAEMOIO MO MEHBIIEH Mepe OAHMM BBIYMCIUTENbHBIM
YCTPOWCTBOM, COIEPIKAIIETrO ATallbl, HA KOTOPBIX MOTy4YaloT HHYOPMALUIO O 3aJaHHOM TOJIOKSHUH ¥ OPHUCHTALUH
pabouero opraHa, B KOTOpble HEOOXOAMMO HEPEMECTHTh PAaOOUMil OpraH poOOTa-MaHUITYNIATOPA; ONpPENCIAIOT
TEKyIIUE [OJIOKEHHE U OPUEHTALUIO paboyero oprana podoTa-MaHUITYIISITOPA; ONPEACISIOT Ha OCHOBE HH(POPMaLUK
0 3a/laHHOM IIOJIOKEHHHM M OpPHEHTalMu pabodero opraHa sueiiky oOmacTH MHTEpeca, B KOTOPYIO HE0OXOOUMO
HepeMecTUTh pabounii opraH poOOTa-MaHMIYJIATOpa, HMpHYeM o0JlacTh MHTEpeca HAXOOUTCS BHYTpPH pabodero
HPOCTPaHCTBA POOOTa-MaHUIIYIATOPA; HA OCHOBE HabOpa BO3MOXHBIX OpPHMEHTAlMil pabouero opraHa pobOora-
MaHUITYJISITOpa HPU €ro HAaXOXICHUH B O0NAacTH YIOMSHYTOW SYEHKH ONPENeNsioT OMmKaiIlylo BO3MOXHYIO
OpHUEHTaluI0 pabodyero opraHa poOOTa-MaHMIYIATOPA K 3aJaHHOM OPHMEHTAIMH; HAa OCHOBE JAHHBIX O syeiike
U Onmmkainieil BOSMOXKHOM OpHEHTaluu pabodero opraHa poOOTa-MaHUITYJIATOpa W3BIEKAIOT U3 COXPAHEHHOTO
Ha BBIYUCIMUTEIBHOM YCTPOICTBE CHHCKAa IPEIBAPUTENBHO CICHEPUPOBAHHYIO HPSMYIO OHNOPHYH TPAEKTOPUIO,
IpUYeM NpsiMast ONIOPHast TPAGKTOPHS OMUCHIBAET ITepeMeIeHne poOoTa-MaHHITYIISITOPA M3 HA9aIbHOTO TTOJIOKEHUS,
COOTBETCTBYIOIIETO OOJIaCTH WHTEpeca, B IOJOXKEHHWEe, NMPU KOTOpOM paboumii opraH poOOTa-MaHUITYIATOpA
HaXOJUTCSI BHYTPH 00JIACTH HHTEpeCa; ONpeeIsIIoT Habop YIIIOB IapHUPOB, IIPH KOTOPBIX padounii opran podora-
MaHMITYJIATOPA HAXOAUTCS B TOUKE 3aJJaHHOTO [IOJIOKEHUS C 3alaHHOM OpUeHTaluel; yiaisioT OT KOHIIA U3BICYEHHOI
NIPSIMOM OMOPHON TPAEKTOPUM MOCIEIOBATENIBbHO TOUYKH JO TEX IIOp, IOKa JUIMHA TPACKTOPUU HE YMEHBIIUTCSA Ha
BEJINYHUHY, PAaBHYIO pa3Mepy sT9eiikH; 100aBIAIOT K KOHITy TPAaeKTOPHH TOUKY, COOTBETCTBYIOIIYIO 3HAUYSHUSIM Habopa
YIJIOB HIAPHHPOB poOOTa-MaHHUITYIITOPA, IPU KOTOPBIX paboumii opran podoTa-MaHHUITYIIITOpa HAXOAUTCS B TOUKE
3aaHHOTO IOJIOXKEHHS C 3aJJaHHOI OpHeHTaluel, a B HaJallo - TOYKY, COOTBETCTBYIOIIYIO TEKYIIEMY MOJOXEHHIO
pabodero opraHa po0OOTa-MaHHIYISATOPA; IMEPEMEaloT padodnii opraH podOTa-MaHHITYIIITOPA B COOTBETCTBHH C
TIOJTy4YE€HHON Ha MPeblIIyIEM dTare TPaeKTopueil.

IV  $98760C0¢



202092865 Al

IV  $98760C0¢



MIIK: GO6T 7/00; B25J 9/00

CIIOCOBb U CUCTEMA INTAHUPOBAHUA ABUXEHUA POBOTA-
MAHHUIIYJIATOPA IIYTEM KOPPEKIINHA OIIOPHBIX TPAEKTOPHI

OBJIACTH TEXHUKHU

[001] IlpencraBieHHOE TEXHHUYECKOE pELIEHHE OTHOCHUTCS, B o0meM, K oOjactu
pOOOTOTEXHUKH, a B YAaCTHOCTH K CHOCOOy M CHUCTeME IUIAHMPOBAHUS [BH)KEHHS poOoTa-
MaHHITYJIATOPA MyTeM KOPPEKIHMH OMOPHBIX TPACKTOPUH U MOXKET ObITh HCIONb30BAHO IS
CO3JIaHMsI CUCTEM YIPaBIeHUs pOOOTAMHM-MAaHMITYJIATOPAMH B Ka4eCTBE MOJYJIS TUIAHUPOBAHUS
TPAaeKTOpUH TepeMelleHnss poO0Ta-MaHUIYJIATOPA B YCJIOBHSX CTAaTHYECKOW KOJUIM3MOHHOM
CIIEHbI, B YACTHOCTH, XOTS HE HWCKJIIOUUTENIbHO, U1 pEeLIeHHs 3a7a4 MaHHUIYJIUPOBAHUS

00BEKTaAMU.
YPOBEHb TEXHUKHU

[002] PoGoThl momy4YMiM IIUPOKOE NPUMEHEHHE IJIsi aBTOMATHU3ALMU IPOU3BOICTBEHHBIX
3aga4. X ncrnonb3oBaHue Mo3BOJSIET OCBOOOAUTD JIFOAEH OT TSKEJIOro i MOHOTOHHOTO Tpyaa. B
OCHOBE JIF00O0# MPON3BOACTBEHHO 331a4H JIEXKUT NepeMeleHne poOoTa-MaHHITYJISITOPA.

[003] B Hacrosiuee BpeMmsi IUIsi mporecca OOydeHHus 3axBaTa OOBEKTOB MpeIaratoTcs
pa3NuYHbIE MOIXOAbI Ha 0a3e aJrOpUTMOB U MOJAEIEeH MAIIMHHOTO OOYYeHHUs, B YaCTHOCTH C
UCTIOJIb30BAHUEM HEHPOHHBIX CETeH, C TOMOINBI0 KOTOPBIX BBIMOJHSETCS OOy4YeHue
POOOTH3UPOBAHHBIX MAHHUITYJISITOPOB UL 3aXBATOB OOBEKTOB MO OOYYEHHBIM 3apaHee TOYKaM
3axBara. Takoil mogxon packpeiBaercs B pabore Dense Object Nets: Learning Dense Visual
Object Descriptors By and For Robotic Manipulation (Peter R. Florence et al., CSAIL,
Massachusetts Institute of Technology, 07.09.2018). H3BecTHOe pelieHHe TpeAaraeT
UCTIONB30BaTh OOJlaka TOYeK OOBEKTOB B Mporuecce 00y4deHHss pOOOTH3MPOBAHHBIX YCTPOICTB,
111 TOTO YTOOBI C(OPMHUPOBATH NECKPUITOPBI OOBEKTOB Ha OCHOBAaHUH (oTorpadudeckux u 3D
mMozeneli Takux OOBEKTOB Ui Leed TMOCIEAYIOLIero yKa3aHus TOYeK 3axBara U
B3aUMOJIEHCTBHSI C OOBEKTAMU B YKa3aHHBIX TOYKAX.

[004] Taxske u3BecTHBI coco0 M CHUCTeMa 3axBaTa OOBEKTa ¢ MOMOIIBI POOOTH3UPOBAHHOTO
yCTpoiicTBa, packpeiThie B mateHTe RU 2700246 C1, o6yrut. 20.09.2019. B u3BecTHOM pelieHun
00y4aroT poOOTU3MPOBAHHOE YCTPOMCTBO C MOMOIIBI AJTOPUTMA MAIIMHHOTO OOYYEeHUs st
pacro3HaBaHMs M 3aTIOMHUHAHUS TOYEK 3aXBaTa OOBEKTOB, MpHUYeM OOYyYEHHE BBINOJHSAETCS Ha
JAaHHBIX, XapakTepu3yromux (otorpaduyueckue n300pakeHnss OObEKTOB M COOTBETCTBYIOIIHE
3D mopmenn oOBEKTOB B pa3jMYHBIX pakypcax; (GOpMUPYIOT MO MEHbLIEH Mepe OOHY TOUKY

3axBaTa OOBEKTa, NPEACTABICHHOrO Ha rpaduyeckoM HU300paKeHHH OOBEKTA; IONYHYaAr0T



¢dororpaduueckoe nzodpakeHne 0ObEKTa C MOMOIIBIO KaMepbl POOOTH3UPOBAHHOTO YCTPOUCTBA
U OMPEAeNSIOT PaKypc, oToOpakaromuii ChOPMUPOBAHHYEO TOUYKY 3aXBaTa OOBEKTa; MOJTyYaroT
TpeXMepHOe OO0Jako TOo4YeKk OOBeKTa B paKypce ¢ TIOMOIIBKD CEHCopa TIIyOHHBI
poOOTU3UPOBAHHOTO ~ YCTPOWCTBA,  OMNPENeNSIOT 1O  MOJy4YeHHOMY  OOJaky  TOdYeK
MECTOPACIOJIOKEHHEe TOYKH 3axBaTa OOBEKTa; ONPENessIOT OPHEHTALHUI0 M  IOJOXKEHHUE
3aXBaTHOTO YyCTpOicTBA POOOTHU3UPOBAHHOIO YCTPOMCTBA B TOYKE 3aXBaTa C IOMOLIBIO
BBIYKCJICHUS] MaTpPULl TOBOPOTOB POOOTH3MPOBAHHOIO YCTPOMCTBA, OCYINECTBISIIOT 3aXBaT
o0beKkTa € TOMOLIBIO POOOTH3MPOBAHHOIO YCTPOHCTBA HAa OCHOBAHUHM  BBIYHMCIICHUSI
YCPEIHEHHOW MaTpPHLIbI TOBOPOTOB IS 331aHHOM TOYKH 3aXBaTa.

[005] B cpaBHeHMHU C CyLIECTBYIOLIMMHU NOAXOAAMH IJIAHUPOBAHUS TPAEKTOPUN MepeMeIeHUs
poboTa-MaHUMYIATOPA MPEIOKEHHbII MOAXOA PelIaeT aHAJOTHYHYO 33a7a4dy ObICTpee 3a cuer
OTCYTCTBUSI HEOOXOAMMOCTH (POPMHUpPOBAaHMS TOJNHOW TPAEKTOPHH, HE AOMyCKAroLIen

CTOJIKHOBEHUsSI C 00BEKTAMU CTATUUECKOH KOJITM3UOHHON CLIEHBL.
CYIIHOCTb TEXHHMYECKOI'O PEIIEHUA

[006] Texuuueckod mpoOMEMON WM TEXHMYECKOH 3adadei, IMOCTABJICHHONH B JaHHOM
TEXHUYECKOM PELICHUH, SBJISIETCS CO3JaHHe HOBOTO 3(P(EeKTUBHOrO, MPOCTOro M HAJEKHOTrO
crioco0a MIaHUPOBAHUS IBHXKEHUST POOOTa-MaHHITYJIATOPA.

[007] TexHUYECKHUM pe3yJbTaTOM, JOCTUTAEMbIM MPU PEIISHUU BBILIEYKA3aHHOW TEXHUYECKON
pOOJIEMBI, SIBJISIETCS] YMEHbIIEHHE BPEMEHHU TJIAHUPOBAHUS IBHIKEHHsI POOOTa-MaHHITY JIITOPA.
[008] VYkazaHHBIN TEXHUYECKUN Pe3yJIbTAT JOCTUTAETCs Ojaromapsi OCYLIECTBIIEHUIO Criocoda
TUTAHUPOBAHKSI JBIKEHHs pOOOTa-MaHHIYJISITOPA, BBIMOJHIEMOr0 MO MEHbIIEH Mepe OIHUM
BBIYHCIUTENbHBIM yYCTPONCTBOM, COEPIKALIErO 3TAlbl, HA KOTOPBIX:

- MOJIy4aroT MH(GOPMALMIO O 33JJaHHOM TOJIOKEHUH M OpUEHTAluH padoyero opraHa, B
KOTOpbIe HEOOXOUMO MepeMecTUTh padouunii opraH podOTa-MaHUMYJISITOPA,

- ONpEeAeNsiIoT TEKyIIHe IMOJIOKEHHEe W OpUeHTaluio pabodero oprana poboTta-
MaHUMYJISATOPA;

- OTIPENeNSIOT HA OCHOBE MH(OPMALIUK O 33JaHHOM IOJIOKEHHH U OpUEHTAaUUu padouero
opraHa siueiiky oOJacTH HWHTepeca, B KOTOPYH HEOOXOOUMO MepeMeCcTUTh padodmii opraH
poboTa-MaHHUMYIATOpPA, TPUYEM OOJNACTh MHTEPEca HAXOMUTCS BHYTPU pabodero mpocTpaHCTBa
poboTa-MaHUMIYJISTOPA,

- Ha OCHOBE HaboOpa BO3MOJKHBIX OpHEHTaLMii pabodyero opraHa poOOTa-MaHUMYJSTOPA
IPU €ro HaxXOXKACHWU B OOJIACTU YIIOMSIHYTOH SUEHKU OINMPENeNsIOT ONMKANIIYI0 BO3MOXKHYIO

OpHeHTaLMI0 pabodero oprasa poOoTa-MaHUMYJISITOPA K 3aJAHHON OpUEHTALINHY,



- Ha OCHOBE JTJAaHHBIX O siUeliKe W OMrKalIneil BOSMOXKHOW OpHEHTAlMu padoyero oprana
poboTa-MaHHUMYIATOPA U3BJIEKAIOT U3 COXPAHEHHOI'O HA BBIYHMCIHMTEIBHOM YCTPOMCTBE CIHCKA
IIPEIBAPUTENLHO CTEHEPUPOBAHHYIO MPSIMYIO ONOPHYHO TPAEKTOPHIO, MPUYEM MpsMas OMOpHas
TPAGKTOPUSl ONHUCHIBAET NepeMeleHne poOoTa-MaHMITYJIATOPA W3 HAYAJIBHOTO ITOJIOKEHUS,
COOTBETCTBYIOIIEro OOJNIACTH WHTEpeca, B MOJIOKEHHE, NMPU KOTOpoM pabouuii opraH podora-
MaHHMITYJIATOPA HAXOAUTCS] BHYTPU OOJNIACTH HHTEpeCa,

- ompenensioT HaOOp YIJOB IIAPHUPOB, NPU KOTOPbIX padouuii opraH pobora-
MaHUIYJIATOPA HAXOAUTCS B TOUKE 3aJaHHOTO MOJIOXKEHMsI C 3aJaHHON OpUEHTaLUel;

- YJQJSIOT OT KOHLA U3BJIEYEHHOM MPSIMOM ONMOPHOU TPAEKTOPUHU MOCIEAOBATENIBHO TOUKU
710 TeX MOp, MOKa AJMHA TPAEKTOPUHU HE YMEHBIINUTCS HA BEJIMYMHY, PABHYIO pa3Mepy sSUEHKH,

- 10OABJSIIOT K KOHIYy TPAaeKTOPUU TOUYKY, COOTBETCTBYIOLIYIO 3HAU€HUsIM HaOopa yrioB
IIAPHUPOB pOOOTa-MAHUMYJIATOPA, HPU KOTOpbIX paboumii opraH poOOTa-MaHUIYJSITOPA
HaXOAWTCA B TOYKE 3aJaHHOIO TOJOXKEHUs C 3aJlaHHOM OpHEHTalMel, a B Ha4aJlo — TOUKY,
COOTBETCTBYIOLIYIO TEKyIIEMY TOJIOKEHUIO pabo4yero opraHa podoTa-MaHUIYJIATOPA;

- mepememaroT pabouunii opraH poOOTa-MaHUMYJIATOPA B COOTBETCTBUH C MOJIyYEHHOW Ha
IPEbIAYIIEM 3Tare TPACKTOPUEH.

[009] B ogHOM M3 YaCTHBIX MPUMEPOB OCYLIECTBJICHHUS] CIIOCO0a AOMOJHHUTEIBHO BBIMTOIHSIIOT
STambl, HA KOTOPBIX:

- ONpENEeNSIOT, YTO TOYKA 3aJIaHHOTO TMOJIOKEHHsI pabodero opraHa HaXOAUTCS BHYTPU
o0JjiacTu MHTEpeca,;

- ONPEAEISIFOT BEJIMYMHY OTKJIOHEHUs! YIJIOB LIAPHUPOB pOOOTA-MAHUIYJIATOPA B TEKYLIEM
MOJIOKEHUU OT YTJIOB LIAPHUPOB, 3aJaHHBIX JUIs1 HAYaJbHOTO IMOJIOKEHHUS, COOTBETCTBYIOIIETO
objiacTu nHTEpeca,

- CPaBHHUBAIOT IMOJIyUYE€HHYIO Ha MpeAbAyIIeM STane BeJUYHHY OTKJIOHEHUS C MOPOTrOBBIM
3HAYEHHEM, MPHYEM STaIl OnpeaeeHus Orpkaimeii BO3MOKHOW OpHeHTanuu pabodero opraHa
poboTa-MaHHUMYIATOpAa K 3aJaHHOH OPUEHTAIlMM BBITIONHSAETCS B CIIydae, €CIH YIOMSHYTas
BEJIMUMHA OTKJIOHEHUsI He MIPEeBbILIaeT IOPOroBOE 3HAUCHHUE.

[0010] B apyroM 4acTHOM TpuMepe OCYIIECTBJIEHUS Crocoda OmpeneieHre TeKyIero
NOJIOXKEHUsT H OpueHTauuu pabodero opraHa poOOTa-MaHUMYJSITOPA OCYINECTBISIETCS
MOCPEACTBOM peLlIeHUsl NMPSMON 3a/1ladll KHHEMAaTHKU HAa OCHOBE €ro TeKyIIMX 3HAYeHWUN yTIJIOB
LIAPHUPOB.

[0011] B npyrom 4acTHOM mpuMepe OCYINECTBJIECHHUs criocoda 3Tam, Ha KOTOPOM ONPENeNsIoT
HaOOpPBI YIJIOB IIAPHUPOB, MPU KOTOPbIX padouuii opraH poOOTa-MaHUIYJISTOPA HAXOIUTCS B

TOYKE 3aJaHHOT'O ITOJIOKCHUA C SaHaHHOﬁ OpI/IeHTaLIPICﬁ, COACPIKUT 3TAIlbl, HA KOTOPBIX:



- JUIA 3alaHHOTO TIOJIOKEHHsI M OpHUEHTauuu pabodero oprana poOoTa-MaHUMYJSTOPA
BBITIOJIHAETCS] pelIeHne OOpaTHOHN 3a7ayd KWHEMATHKH JJIsl MOJyYeHHs MHOXKECTBAa HabOpOB
YIJIOB INAPHHUPOB, NMPH KOTOPBIX palo4mii opraH poOOTa MaHUIYJATOPA HAXOAWUTCS B TOUYKE
3aaHHOTO MOJIOXKEHUS C 3aJaHHOW OpUEHTALUEN,

- ompemeysiIoT  HaOOpbI  YIVIOB  INAPHUPOB, VAOBJIETBOPSIOLINE  KOJUIU3UOHHBIM
OTpaHUYEHUSIM;

- BBIOMPAIOT B KauecTBe HaOOpa yIJIOB LIAPHUPOB, MPU KOTOPBIX paboumii opraH podoTa-
MaHMITYJIATOPA HAXOIUTCS B TOUYKE 3aaHHOTO TTOJIOKEHUS € 33JaHHON OpUeHTanueH, u3 Hadopa
YIJIOB LIAPHUPOB, YIOBJIETBOPSIIOUIMX KOJUIM3UOHHBIM OTrPaHUYEHUSIM, TOT HAaOOp, KOTOPBIH
ABJIETCS. HanOoJiee OJIM3KUM IO 3HAYEHUSAM YTJIOB IIAPHUPOB K MOCIEAHENH TOUKe M3BJICUEHHON
IIPSIMOM ONOPHOU TPAEKTOPUH.

[0012] B apyroM mnOpeAanoOYTUTENbHOM BapUaHTE OCYILIECTBIEHHUS 3asBJICHHOTO peELICHUs
IpEe/ICTaBIeHA CUCTEMA TUIAHUPOBAHMUS IBH)KEHHS pOOOTa-MaHHITYJISITOPA, COMepIKaIlas:

- poboTa-MaHUMYJISITOPA,

- BBIYUCIIUTEIBHOE YCTPONUCTBO, COEAMHEHHOE C POOOTOM-MaHHUITY JISITOPOM;

- IO MEHbLIEH Mepe OAHy MaMsATb, COAEPXKALIYH MAIIMHOYUTAEMble HHCTPYKLUH,
KOTOpBIE NpPHU UX HCIOJHEHUU IO MEHbIIEH Mepe OJHUM BBIUUCIUTENIBHBIM YCTPONCTBOM
BBITOJIHSOT BBILIEYKA3aHHBINA CIIOCO0.

[0013] B apyroM mnpeamoyYTHTENbHOM BapHaHTE OCYIIECTBIEHHUS 3asBJICHHOTO peIIeHUS
NPEACTaBJICH CHOCO0 TIJIAHMPOBAHUS IBW)KEHUS POOOTA-MAHHIYJISATOPA, BBIMOIHIEMBINA I10
MEHbIIIe Mepe OJHUM BBIYHCIUTENbHBIM YCTPONHCTBOM, COEPIKALIUI 3TAIbl, HA KOTOPBIX:

- MONIy4aroT MHGOPMALMIO O 33JaHHOM TOJIOKEHUH M OpUEHTAluH padoyero opraHa, B
KOTOpbIe HEOOXOIUMO MepeMecTUTh padouunii opraH podOTa-MaHUMYJISITOPA,

- ONpEeAeNsiFoT TEKyIIHe TMOJIOKEHHEe W OpUeHTaluio pabodero oprana pobora-
MaHUIYJIATOPA,;

- ONpEAEISTIOT Ha OCHOBE MH(OPMALMHU O TEKYLIEM IOJIOKEHHH U OPUEHTALMH padouero
opraHa sideiiky 00JacTH WHTEpeca, W3 KOTOpPOH HEoOXOOUMO MepeMecTHTb padouuii opraH
poboTa-MaHHUIYIATOpA, TPUUEM O0JIACTh MHTEPECa HAXOAUTCS BHYTPU paboYero mpoCTpaHCTBA
poboTa-MaHUMIYJISTOPA,

- Ha OCHOBe HaboOpa BO3MOJKHBIX OpHEHTALMii pabodyero opraHa poOOTa-MaHUTYJSATOPA
IPU €ro HaxOXKACHWU B OOJIACTH YIIOMSIHYTOH SUEHKU OMPENeNsIOT ONMKANIIYI0 BO3MOXKHYIO
OpHeHTaLMI0 pabouero oprasa podoTa-MaHUMYJISITOPA K TEKYLIeH OpUEHTALNHY,

- Ha OCHOBE JIaHHBIX O siYelKe W OJFKalIneil BO3MOXHOW OpHEHTAlMH padoyero opraHa
poboTa-MaHHUMYIATOPA U3BJIEKAIOT U3 COXPAHEHHOT'O HA BBIYHMCIHTEIBHOM YCTPOICTBE CIHCKA

NPEABAPUTENIHO CIeHEPHPOBAHHYI0 OOpAaTHYIO OIOPHYKO TPAEGKTOPUIO, NpudeM oOparHas



OTIOpHAsI TPAEKTOPHsI OMHCHIBAET NepeMelneHne podoTa U3 MOJIOKEHUs], TPU KOTOPOM pabounit
oprad pobOTa-MaHHITYJIATOPA HAXOAUTCS BHYTPH OOJACTH MHTEPECa, B HAYAJIbHOE MOJIOKEHHUS,
COOTBETCTBYIOIIEE 0OJIACTH UHTEPECa,

- ompenenstoT HaOOp YIJOB INAPHUPOB, NIPU KOTOPbIX padoumii opraH poborta-
MaHUIYJIATOPA HAXOAUTCS B TOUKE 3aJaHHOTO MOJIOXKEHMsI C 3a7JaHHON OpUEHTAalLMel;

- YIAJSIFOT OT Havajia HM3BJICUEHHOH OOpaTHON OMOPHOW TPAeKTOPHHU IMOCIIENOBATEIHLHO
TOYKH [0 T€X IOp, MOKa JAJIMHA TPAEKTOPUU HE YMEHBIIUTCS HAa BEJIUYMHY, PaBHYIO pa3sMepy
STYEHKHU,

- 10OABJISIIOT K KOHIYY TPAeKTOPMU TOYKY, COOTBETCTBYIOLIYIO 3HAUE€HUSIM HaOopa yTioB
IIAPHUPOB pOOOTA-MAHUMYJATOPA, NPU KOTOPbIX paboumii opraH poOOTa-MaHUMYJSATOPA
HaXOAWTCA B TOYKE 3aJaHHOIO TOJOXKEHUs C 3aJlaHHOM OpHEHTalMel, a B Ha4aJlo — TOUKY,
COOTBETCTBYIOLIYIO TEKyIIEMY IOJIOKEHUIO pabo4yero opraHa podOoTa-MaHUIY JIATOPA,;

- mepemMemarT pabouunii opraH poOOTa-MaHUMYJIATOPA B COOTBETCTBUH C MOJIyYEHHOU Ha
MpeabIAyLIEM dTare TPACKTOPUEH.

[0014] B omHOM M3 YacTHBIX MPUMEPOB OCYINECTBICHUS CIIOCO0A JOMOJHUTENIBHO BBIMOJIHSIOT
3Tanbl, HA KOTOPBIX:

- ONPENENSIOT BETMUUHY OTKJIOHEHHs! 3aJaHHOTO MOJIOKEHHS U « HAYAJIBHOTO MOJIOXKEHUSY
pabouero opraHa poOOTa-MaHHUIYJISITOPA, COOTBETCTBYIOIIErO O0IACTH UHTEPECa;

- CPaBHUBAIOT IMOJIyUEHHYIO Ha MPEAbAyIIeM 3Tare BeJIUYHHY OTKJIOHEHHs C MOPOTOBBIM
3HAYEHHEM, MPHYEM STall OnpeaeneHus OrpKaiimeil BO3MOKHOW OpHEHTAMK pabovyero opraHa
poboTa-MaHHUMyIATOpAa K TEKyLIeHl OpPUEHTALMH BBINOJHIETCS B Clydae, €CJU yIOMSHyTas
BEJIMUMHA OTKJIOHEHUsI HE MPEBbIIIaeT MOPOrOBOE 3HAUEHHE.

[0015] B apyroM d4acTHOM TmpUMepe OCYIIECTBJIEHUSI Crocoda OmpeneieHre TEeKYIIEero
NOJIOXKEHUsT M OpUeHTauuu pabodyero opraHa poOOTa-MaHUMYJSITOPA OCYINECTBISIETCS
MOCPEACTBOM peIIeHUs NMPSIMON 3a/la4ll KHHEMAaTHKU HAa OCHOBE €ro TeKyIIMX 3HAYeHWUN yTIJIOB
LIapHUPOB.

[0016] B npyrom 4acTHOM mpuMepe OCYIIECTBJICHHUS Crocoda 3Tam, Ha KOTOPOM ONPENeNsoT
HaOOpPBI YIJIOB IIAPHUPOB, MPU KOTOPbIX padouuii opraH poOOTa-MaHUMYJISATOPA HAXOMUTCS B
TOUKE 33/JaHHOT'O MOJIO’KEHUS C 3alaHHOM OpUeHTaLUel, COEeP KUT 3Talbl, HA KOTOPBIX:

- JUTA 3aJaHHOTO TIOJIOKEHHsI M OpHUeHTauuu paboduero oprana poOOTa-MaHUMYJSTOPA
BBITIOJIHACTCS] pelleHne oOpaTHOHN 3a7ayM KMHEMATUKH JJIsl MOJNYyYeHHs MHO)XKeCTBa HabOpOB
yIJIOB IIAPHHUPOB, MPH KOTOPBIX palo4mii opraH poOOTa MaHUIYJATOPAa HAXOAUTCS B TOUYKE
3aJAHHOTO MOJIOKEHUS C 3aJAHHON OpUEHTALUeN,;

- ompeneysiroT  HaOOpBI  YIVIOB  INAPHUPOB, VAOBJIETBOPSIOUINE  KOJUTU3HOHHBIM

OrpaHUYCHUAM,



- BBIOMPAIOT B Ka4eCTBE HAOOpa YIJIOB IIAPHUPOB, NMPH KOTOPBIX padouuii opran podoTa-
MaHHMITYJIATOPA HAXOIUTCS B TOUYKE 3aJaHHOTO TTOJIOKEHUS € 33JaHHOM OpHeHTanueH, u3 Hadopa
YIJIOB IIAPHUPOB, YIOBJETBOPSIOIINX KOJUIM3HOHHBIM OrPaHUYEHUSIM, TOT HaOOpP, KOTOPBIH
ABJIIETCS. HanOoJiee ONM3KUM IO 3HAYEHHSIM YTJIOB IAPHUPOB K MOCIEAHENH TOUYKE U3BJICUEHHOM
00paTHOM OMOPHON TPAEKTOPHH.

[0017] B apyroM mnOpeAanoYTUTENbHOM BapUaHTE OCYIIECTBIEHHUS 3asBJICHHOTO peLIeHUs
NpeACTaBJIeHa CHCTeMa TUIAHMPOBAHUS IBIXKEHNS pPOOOTAa-MaHUITY JIATOPA, CONEpIKaIIas:

- poOoTa-MaHUTIYJISITOPA,

- BBIYHUCJIUTENBHOE YCTPONUCTBO, COEIMHEHHOE C POOOTOM-MAaHUIYJISITOPOM,

- IO MEHbLIEHl Mepe OAHYy MaMsATb, COAEPKALYI MAaIIMHOYUTAaeMble HHCTPYKLUH,
KOTOpBIE NpPHU UX HCIOJHEHHUU IO MEHbIIEH Mepe OJHUM BBIYHCIHUTEIbHBIM YCTPOWCTBOM

BBIMOJTHSIIOT BBIIEYKA3aHHBIN CIIOCO0.
KPATKOE OITMCAHHWE YEPTEXXEM

[0018] IIpu3Haku mpenMyInecTBa HACTOSIIEr0 TEXHUYECKOTO PELIEeHUs] CTAHYT OUE€BHIHBIMU U3
IPUBOJMMOTO HIDKE MOAPOOHOTO OMMCAHUS M MPUJIATaeMbIX PUCYHKOB, HA KOTOPBIX:

[0019]Ha ®wur. 1 wuzobpaxeH oOwmmiA BHJ CHUCTEMbl IUIAHUPOBAHUS JBIDKEHHs poboTa-
MaHUIYJIATOPA.

[0020] Ha @wur. 2 u3zoOpakeHbl MpUMEPbl OPHEHTALM padoyero opraHa BIOJb BEPTHUKAIbHOM
ocu w3 HaboOpa BO3MOXHBIX OpHEHTalmii padodero opraHa poOOTa-MaHUITYJISATOPA,
COOTBETCTBYIOIIETO «O0IACTH HHTEPECcay.

[0021] Ha @wur. 3 nzobpaskeHbl MpUMEPbI OpUEHTALMH Pabo4ero opraHa BOJIb OTKJIOHEHHBIX OT
BepTHKaAIKU Oceil u3 Habopa BO3MOXKHBIX OpHEHTAlUi padouero opraHa poOOTa-MaHUITYJISATOPA,
COOTBETCTBYIOIIETO «O0IACTH HHTEPECay.

[0022] Ha @wur. 4 n3o0paxeH mpuMep MpsiMO OMIOPHOH TPASKTOPHH.

[0023] Ha @wur. 5 n3obpaxen npumMep 0OpaTHON OMOPHON TPASKTOPHH.

[0024] Ha @wur. 6 uzobpakeHa nepBasi 4acTh OJIOK-CXEMbI AITOPUTMA PEKUMA SKCILTY ATALHH.
[0025] Ha @wur. 7 uzobpaskeHa BTOpasi 4aCTh OJIOK-CXEMbI aJITOPUTMA PEKUMA SKCTUTY aTaIlHH.
[0026] Ha @wur. 8 u3obpakeHa TpeThsl 4aCTh OJIOK-CXEMbI aJITOPUTMA PEKUMA SKCILTY aTallHH.
[0027]Ha @ur. 9 w3o0paxkeHa 4YeTBepTas 4YacTh OJIOK-CXEMbI aJIFOPUTMa PEKHMa
SKCILTyaTaluu.

[0028] Ha @wur. 10 uzobpaskeHa nsitasi 4aCcTh OJIOK-CXEMbI aJITOPUTMA PEKUMA SKCTLTY ATAIlHH.
[0029] Ha @wur. 11 uzobpakena mecras 4acTb OJIOK-CXEMBbI AJITOPUTMA PEKIMA SKCIITyATaI[UH.

[0030] Ha @wur. 12 nzobpaskeH npuMep CKOPPEKTHPOBAHHON OTIOPHOH TPAEKTOPHIA.



[0031] Ha @wur. 13 u3o0paskeH mpuUMep 3alaHHBIX TMOJIOKEHUSI U OpHEeHTaLUs padoyero oprana
poboTa-MaHUMIYJISITOPA.

[0032] Ha @wur. 14 u3zobpakeH npumep 3aJaHHOW OpUEHTalusi pabo4yero opraHa u BbIOpaHHOH
BO3MOJKHAsI OpUEHTaLMsl pabOvYero opraHa.

[0033] Ha ®ur. 15 wuzobpakeHbl NpUMEpBl peLIeHHs OOpaTHOW 3ajayM KUHEMATUKH IS
3aIaHHOTO TIOJIOXKEHUS paboYero oprana poOoTa-MaHHUIYJISITOPA.

[0034] Ha ®ur. 16 u3zobpaskeH npumep pesysibrata nepeMenieHus: podoTa MaHUITYJIATOPA BIOJb
BbIOPAHHOM NMPAMOI TPAEKTOPUH.

[0035] Ha ®ur. 17 u3zobpaskeH npuMep pesysibraTa nepeMenieHus: podoTa MaHUITYJIATOPA BIOJb
OTKOPPEKTUPOBAHHOMN MPSIMOM TPAEKTOPHUHU.

[0036] Ha ®wur. 18 npexacrapieH npuMep 0OLIET0 BUAA BHIYUCIUTEIBHOTO YCTPOHCTBA.

INOJAPOBHOE OITMCAHME

[0037] JJaHHOE TeXHHUYECKOe pelleHHe MOXET ObITh peaju30BaHO Ha KOMIIbIOTEpE, B BUIAEC
aBTOMaTu3upoBaHHoH wuH(popmanuonnoit cucrembl (AMC) wnmm MamIMHOYUTAEMOTO

HOCUTEJIA, COACPIKAIMETrO MHCTPYKIUHU AJIS BBIMTOJIHEHHWS BBILIECY MIOMAHYTOI'O crnoco0a.

[0038] Takke TeXHHUYECKOE pEILIEHHE MOXKET OBbITh peaju30BaHO B BUIE pacCIlpeaesieHHOU
KOMITBIOTEPHOW CHUCTEMBI, KOTOpasi MOXKET OBbITh YCTAHOBJICHA Ha LEHTPAJU30BAHHOM
cepBepe (Habope cepBepoB). JlocTynm monb3oBaTeNiell K CUCTEMe BO3MOJKEH KaK M3 CEeTH
HUnHTepHer, Tak ¥ W3 BHYTPEHHEH CeTH NPEANPUATHS/OPraHU3aLUN MOCPEICTBOM
MOOHMJIBHOTO YCTPOMCTBA CBSI3M, Ha KOTOPOM YCTAHOBJIEHO MPOrPaMMHOE OOecCledeHHue C
COOTBETCTBYIOIIUM rpadudeckuM HUHTEep(PEHCcCOM TMOJb30BATENsA, WJIH IEPCOHATIBHOIO
KOMITBIOTEpPA C AOCTYIIOM K BeO-BEpPCHH CHCTEMBI C COOTBETCTBYIOIIMM TIpaduuecKkum
UHTEP(PEHCOM MOTb30BATEINS.

[0039] Huwxe OynyT oOmuUCaHbl TEPMHUHBI U TOHSITHS, HEOOXOMUMBIE Ui pealn3anuu
HACTOALIEr0o TEXHUYECKOTO PeLIeHHUs.

[0040]B nmaHHOM peleHWHd TOJ CHUCTEMOW IMOAPa3yMEBAETCsl KOMITBIOTEPHAs CUCTEMA,
OBM  (37eKTpOHHO-BBIUMCIUTENbHAsT  MamuHa), UIIY  (uucimoBoe  mporpaMMHOE
yIpaBJieHue), IIK (mporpaMmMupyemblIit JIOTUYECKUM KOHTPOJLIEP),
KOMITBIOTEPU3NPOBAHHBIE CHCTEMBI YIIPABIEHUS U JHOOBIE IPyrue yCTPONCTBA, CIIOCOOHBIE
BBIMOJHATL 3aJlaHHY0, YE€TKO OIpPEAENeHHYI0 [OCIe10BaTebHOCTb BBIUUCIUTEIbHbBIX

onepaunii (AeHCTBUN, HHCTPY KIUHA).



[0041]ITox ycTpoiicTBOM O0pabOTKH KOMaHJ MOIPa3yMeBAeTCsl 3JIEKTPOHHBIA OJIOK TubO
UHTErpaibHas cxemMa (MHKPOINPOLECCOpP), HCIOJHSKOIMAs MAIIUHHbIE HHCTPYKIUU
(mporpammsi).

[0042] YcTpoticTBO 00paOOTKH KOMAaHJ CUHTHIBAET U BBIMOJHSIET MAIIUHHBIE WHCTPYKIUH
(mporpammbl) ¢ ogHOro MiM OoJjiee yCTpOICTBa XpaHEHHUs AaHHBIX. B ponm ycTpoiicTBa
XpaHEHUs JaHHBIX MOTYT BBICTYINaTh, HO, HE OrpaHUYHBasich, xecTtkue aucku (HDD),
¢nem-namsite, I[I3Y  (mocTosiHHOE  3alMOMHUHAKOIEe YCTPOWCTBO), TBEPIOTEJIbHBIC
Hakonutenu (SSD), onTudeckue MpUBOJIBI.

[0043]IIporpaMma - MOCHENOBATENBHOCTb  HHCTPYKLUM, TMpeIHA3HAUYEHHBbIX  IJId
UCIIOJHEHUs] YCTPONCTBOM YIIPABJIE€HUs BBIYUCIUTENbHON MAIIMHBI WU yCTPONHCTBOM
00pabOTKN KOMaHJ.

[0044] Pabounit opraH NPOMBIIIJIEHHOrO po0OoTa - COCTaBHAas YacTb MAaHHIYJISATOPA,
npefHasHAYeHHas U1 B3aHMONEHCTBHA C  OObEKTAMHM  MAHUNYJIUPOBAHUS WM
HENOCPEACTBEHHOI'O BBIMOIHEHUS TEXHOJIOTMUECKUX ONEPaLui.

[0045] Kak mnpencraBneHo Ha Pur. 1, cucrema 100 maHUpOBaHMS ABIDKEHHsI poOoTa-
MaHHUIYJSITOPa COAEPKUT BBIYUCIUTEIbHOE yCcTpoiicTBO 107, obecneunBaromee HEOOXOIUMBIE
IPOLIECCHI  BBIUUCIUTENbHOH 00paboTkm amroput™Ma manst  (QyHKIMOHMpOBaHMs poOora-
manunyysaropa 103, kanan mnepemauu  fgaHHbIX 106, oOecrnedMBAIOLINI  MPOLIECCHI

npuemMa/mepenayd  JaHHBIX MEXKIy OdiieMeHTamMu cuctembl 100, a TaKke yIOaleHHOE

>
BBIUUCJIUTENIbHOE yCTporcTBO 105, Hampumep, oONauHbIiA cepBep Ui CIEUATU3UPOBAHHOTO
BBITTOJIHEHHMS 3a71a4.

[0046] B kayecTBe BBIUMCIUTENBHOTO YycTpoiictBa 107, ¢ KOTOPbIM B3aUMOAEHCTBYET
nojip3oBarenb 108, MOXKeT HCIONB30BaThCs, HAMPUMED, MEPCOHATBHBIA KOMITBIOTEDP, HOYTOYK,
IUTAHIIET, cepBep, cMapT(OH, CEepBEpHBIH Kiacrep, MeHH(pelM, CyNepKOMIBIOTEp, TOHKHUH
KJIMEHT, cucreMa Ha Kpucrajuie (anri. «System on a Chip», cokp. SoC) u t.n. Konkpernas
anmnapaTHas peanusauus BBIYHCIMTENBHOro ycrpoictsa 107 3aBUCUT OT NIpenbsABIISIEMBIX
TpeOOBaHUH U JOJDKHA OOecrnednBaTh HEOOXOAMMBIE MPOLIECCHl BBIUUCIUTENBHONW 00padoTKU
udposol uHpopManuu A oOeciedeHnsl JOJDKHOTO (YHKIMOHUPOBaHUs ycrpoiicta 107 B
cocrase cuctems! 100.

[0047] B kauecTBe kaHana nepenavy AaHHbBIX 106 MOKET MPUMEHSATHCS PA3JIUYHBIN BUJ CBSI3H,
HarpuMmep, NMpoBOAHOro w/mnmmu OecnpoBomgHoro twma, B 4actHOcTH: LAN, WAN, WLAN,
Bluetooth, Wi-Fi, GSM/GPRS/LTE/5G, Ethernet, USB, RS232, RJ45 u T.1.

[0048] YnaneHHOe BBIUUCIUTENbHOE yCTpoiicTBO 105, kak mMpaBWIO, MPENCTAaBISIET COOOM

o0JiauHoe XPaHUJIUIIE AAHHBIX WM CEPBEP MJIA PCHICHUA CICHUATU3UPOBAHHBIX 3ada4 HIIN



nporpaMMHoii oruku. Onucarne paboTel ycrpoiictBa 105 Oyner packpbITo fajiee B HACTOSIIEM
OMMCAHUU.

[0049]1 B xauectBe poOora-manumnyysaTop 103 MOXET NPUMEHATBCS Kak CTalMOHAPHBIN
pOOOTH3MPOBAHHBIIT MAaHHUIYJISATOP MPOMBIIIEHHOTO WM KOJUTAOOPATUBHOIO HAa3HAYEHMS,
Hanpumep, Universal Robotics™, KUKA™, Fanuc™, ABB™ u T.11., Tak 1 poOOTU3UPOBAHHBIE
MaHMITYJIATOPBI, YCTAHABJIMBAaEMble HAa TIOABIJKHBIE ABTOHOMHBIE POOOTH3MPOBAHHBIE
yCTPOWCTBA, B KAU€CTBE KOHEYHOCTEH, B YACTHOCTH POOOTH3HUPOBAHHBIE PYKH.

[0050] Pa3nuyatorcss aBa pexkuma padotel cuctems! (100) mmaHMpoBaHUs ABIKEHHS poOoTa-

MaHHMITYJIATOPA: PEXXKUM (POPMHUPOBAHUS ONMOPHBIX TPAEKTOPHH U PEXKUM HKCILTY ATALUH.

[0051] B pexxume popMHpPOBaHUS OMOPHBIX TPAEKTOpUi B pabouel 30He poOOTa-MaHUMYJISITOpa
103 mnonb3oBareneM 108 mocpencTBOM BBIYUCIUTENBHOrO ycrpoiicrBa 107 HM3BECTHBIMU U3
YPOBHA TEXHMKM METOJAMU BBIOUMPAIOTCS OJHA WIJIM HECKOJbKO «oOyacTell HHTepecay,
Harnpumep, B obnmactu crona 104 (Dur. 1). «O6nacte uHTEpeca» — 3TO 00NACTh paboyero
IPOCTPAHCTBA POOOTA-MAHUITYJISITOPA, MPEACTABISIOMAst COOOH, HampuMep, MapajulesenuIes
101, cocrosmuii n3 siueexk 102. Ha ®wur. 1 sueiika, ormeueHHas no3unuei 102, HaxomuTcs B
CeIbMOM psfy IO JJMHE, B NEPBOM psAy IIMPUHE, B NEPBOM psdy IO BBICOTE U HUMEET
nopsiikoBbiit HoMep 3 1. ITonmp30BaTesb 3aAa€T MOJOKEHUE U OPUEHTALIUMIO «00JIACTH MHTEPEcay,
a TaKke rabapuThl U KOJMYECTBO SYEEK MO BBICOTE, JUIMHE M IIMpuHE mapasienenumnena 101.
«O0macT MHTEpeca» COOTBETCTBYET «HA4YaJIbHOE TNOJOXKEeHHe» pobora-maHumynstopa 103,
KOTOpO€ Takke 3anaercs nosnp3zosareseM 108 mocpencTBoM BBIYMCIUTENBHOIO ycTporiictea 107
B BUJE Ha0Opa YIJIOB IIAPHHPOB, XapaKTEPU3YIOIIErO MOJOKEHHE U OpUEHTaLuio padouero
opraHa pobora-manumnyystopa 103. Takke yHIOMsHYyTbIE VIJIbI I[APHUPOB  poOoTa-
maHumyssaropa 103 Moryt ObITh MONYyYEHBI OT BUPTYAJIbHOW MOJENH POOOTa-MaHHUITYJISITOP,
peanr30BaHHON Ha 0a3e BBIYMCIMTENBHOrO ycTpoiictBa 105, wiM OT KOHTpoOJUIepa peaibHOro
poborta-manunyisropa 103, ¥ MO HUM BBIYHCIHTENBHOE ycTpoiicTBO 105 paccuuThiBaer
NOJIOXKEHNE W OpHeHTanusi padodero opraHa poOorta-manunyjsitopa 103 myTteM peuieHws
npsAMOM 3a7a4ll KUHEMAaTUKU. [Ipu 3TOM «Ha4YambHOE TMOJIOKEHHE» pPOoOOTa-MaHUMYJISTOPA

JOJKHO OBITh TAKMM, YTOOBI pa0OYHIT OpraH HAXOAMJICS BHE «O0JIACTH HHTEPECay.

[0052] Takke «0oOMacTH WMHTEpPEca» COOTBETCTBYET HAOOP BO3MOMKHBIX OpHEHTAIMii padbodero
oprana pobora-marumnysstopa 103 (@ur. 2 u @ur. 3), KOTOpEIH HOPMUPYETCS TOTB3OBATEIEM
108 u coxpaHsieTcs B BBIYMCIUTENBHOM ycTpoiicTee 105 B Buzae cnucka. B cnmcke ns kaxxaon
suetiku 102 mapamtenenunena 101 monp3oBarenem 108 ompenensiercsi/3agaercs Habop
opueHranuii padouero oprana pobota-manumnyystopa 103 mpu ero HaxoXAeHMH B 00JacTH

sueiikn 102. HaGop opmentaumii pabodero oprana poOora-manumyisitopa 103 nnst srueiiku



MOJKET COZepKaTh B cebe, HampuMmep, OpueHTaUun pabodero opraHa BAOJIb BEPTHKAJIBHONH OCH
(@ur. 2, nosumu 201-208), a Taxke OPHUEHTALIMH BOJIb OCEH, OTKJIOHEHHBIX OT BEPTUKAJIBHON
ocu Ha 3amaHHble moib3oBateneM 108 yriel (Pur. 3, moszumum 301-308). Dt opueHTanMn
BMECTE C KOOPAMHATAMH LIEHTPOB SYE€EK HCIIONIB3YIOTCS NP (HOPMHUPOBAHHUU MPSIMBIX OMOPHBIX
TPAEKTOPUI B KAa4deCTBE LIEJIEBBIX IOJOKEHUH U OPUEHTALUM, B KOTOpbIE AOJKEH BBIXOIUTH
pabounii opran podora-manunyJsitopa 103 U3 « HAYaILHOTO MOJIOKEHUST» TPU MEPEMEIEHUH TI0

OTIOPHBIM TpaekTopusim (Pur. 4).

[0053] Ansa kakmoit suetikut 102 m HaOopa 3aJaHHBIX JJIs HUX BO3MOXKHBIX OpPHUEHTALUU
pabouero oprana poborta-manumysiaropa 103 BeruuciaurenbHoe ycrpoiictso 105 dopmupyer
NPSIMYI0 1 OOpaTHYIO OTMIOPHYIO TPAGKTOPHUIO TMepeMerieHus: podora-mManumnysitopa 103 (Pur. 4
u Qur. 5), KOTOpble 3aMal0TCA B IPOCTPAHCTBE HAOOPOM VIJIOB IMIAPHUPOB poboTa-
MaHunyjgaropa 103 and kaxaod TOYKM yHNOMsHYyTOW Tpaekropuu. llpsimas Tpaexropus
dopMupyercsi myTeM BBIIOJHEHHS JIOOBIX JOCTYIHBIX M3BECTHBIX aJTOPUTMOB ITAHUPOBAHMS,
HarpuMep, anropurMma, packpsiroro B pabore RRT-connect: An efficient approach to single-
query path planning (J. Kuffner et. al., Computer Science Dept., Stanford University, 2000) nunu
anroputma, ommcaHHoro B pabore CHOMP: Gradient Optimization Techniques for Efficient
Motion Planning (N. Ratliffy et. al., Robotics Institute, Carnegie Mellon University, 2009).
[Ipsimasi TpaekTOpusi OMKCBHIBaeT mepemerneHue podorta-manumnyssitopa 103 W3 «Ha4aIbHOTO
TIOJIOXKEHHST», COOTBETCTBYIOLIETO «O0JACTH MHTEpECa», B MOJOXKEHHEe, PU KOTOPOM pabouunit
oprad pobora-manumnyjstopa 103 Haxomutcs B ueHTpe siuetiku 102 ¢ 3amaHHON (BO3MOXKHOMN)
I gaHHOW sveliku 102 opueHTauwell B COOTBETCTBUU CO CIUCKOM, COXPAaHEHHOM B
BbIUUCIUTENbHOM ycTpoiictBe 10S. CooTBEeTCTBEHHO, WH(pOpPMALUs O TPSMOU TPACKTOPHUH,
cOopMHpPOBAaHHAS BBIYUCIUTEIBHBIM yCTPOUCTBOM 105, COnepKUT MOCIenOBaTENbHOCT TOUEK
TPAGKTOPUH, KAKAOH W3 KOTOPOH COOTBETCTBYET HAOOpPBI YIJIOB, CKOPOCTEH U YCKOpPEHHIt

IIapHUPOB poboTa-MaHuMysTopa 103.

[0054] OOpaTHasi TpaeKTOpHsI OMUCHIBAET MepeMelieHne podora-Manumnysitopa 103 ot siueiiku
102 x «Ha4aJbHOMY MOJIOKEHHIO» poboTa-manumyisitopa 103, COOTBETCTBYIOIIEMY «OOJNACTH
uHTepecay. s ¢dopmMupoBaHUs OOpAaTHOH TPAEKTOPUU MOCIENOBATENBHOCTh TOYEK MPSIMOHN
TPACKTOPUH, KAKAOH W3 KOTOPOH COOTBETCTBYET HAOOpBI YIJIOB, CKOPOCTEH U YCKOPEHHI
IIAPHUPOB POOOTA-MAHMITYJIATOPA, 33AETCSl BBIYUCIUTENBbHBIM yCTpoiicTBoM 105 B oOpaTHOM
nopsiake. Ilpu 3TOM yribl LIApHUPOB OCTAIOTCS HEU3MEHHBIMH, a CKOPOCTH U YCKOPEHMs
mIapHUPOB  poboTra-manunyasitopa 103 mepecuuTHIBAIOTCS TakuM 00pa3oM, dYTOOBI TpU

IBWKEHUHU poOoTa-mManunyisitopa 103 o TpaekTopuu, ero nepemMerneHne ObUIo miaBHbIM. Bee
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OMOPHBIE TPACKTOPUHU 3aIlHNCBIBAOTCSA B 683y JAaHHBIX, KOTOpOfI JOIIOJIHUTCIIBHO MOKET OBITD

OCHAILIEHO BBIYUCIIUTENBHOE YCTpOrCTBO 10S.

[0055] B pexxume skcrutyatanmu (Pur. 6-11) ot cuctems! ynpasieHus: 60j1ee BBICOKOTO YPOBHS
(Ha depTerkax He U300pakeHa) WM OT BBIMUCIUTENBHOrO ycTpoiictBa 107 Ha BxOX
BBIUHCJINTENBHOrO ycTpoiicTBa 105 nmonaercs nHpoOpManus o 3aJaHHOM (KeJTaeMOM) MTOJIOKEHUN
u opuenHraiuu 601 (Pur. 6), ¢ KOTOpbIMH HEOOXOAMMO MEPEMECTUTh pabo4mii opraH podora-
MaHumysATopa. B Hadane mytem pemieHus mpsMOW 3amadd KMHEMATUKHU MO HMH(popMauuu ob
yIjax LIapHUPOB poOOTa-MaHUIYJIATOPA, MOCTYMAOIEH OT BUPTYalIbHON Moaenu poboTa WUiH
OT KOHTpOJIJIEpa pPEaJbHOrO poOO0Ta, PACCUUTHIBAIOTCS TEKYIIUE IOJOXKEHWE W OpPUEHTALUsS
pabouero oprana 602. 3arem OTbICKMBaeTcsi «oOmacte uHTepeca» 603 w3 1 olOmacredt u
MOPSNKOBBIM HOMEp SYEHKH, BHYTPH KOTOPOH HAXOAMUTCSl TOUYKA >KEJIAEMOro MM TEKYyLIEro
nojioxkeHuss pabodero opraHa. Ecim u Touka jkemaeMoro, M TOUYKAa TEKYINEro IOJOXKEHUS
pabouero opraHa HaxoIsTCs BHe OONacTell MHTEepeca, TO BBIMOJHSAETCS JIIO0O0H JOCTYIHBIH
U3BECTHBII AJIFOPUTM IJIAHUPOBAHUS TPAEKTOPUHN MJIs JKEAeMOTrO IMOJIOKEHUs U OpUEHTALUH

pabouero oprana 1101 (®ur. 11). MiHaye BO3MOXKHBI iBa BapuaHTa paboTs! cucremsl 100.

[0056] Ecni BHyTpu «0o0imacTu MHTEpeca» HAXOMUTCS TOYKA 33JaHHOTO IOJIOXKEHUs] pabodero
oprana 604 (cnyuai, npencraBieHHbI Ha Dur. 4), TO BBIYUCIISIETCS] TIOPSIAKOBBINA HOMEp sIUEHKH
701 (Pur. 7), comepxkamuii B cebe 3Ty TOUYKY, U TPOBepsieTcss OJU30CTb YIJIOB LIAPHUPOB
poOoTa-MaHUMNYJISITOPA B TEKYIIeM M «HAYaJbHOM TMOJIOKeHUn» 702, COOTBETCTBYIOIIEM
«obmactu wHTepecay. Ecnm pasHHLA MEKAy YrjamMH I[NAapHUPOB MPEBBILAET MOPOroBOE
3HAYEHHe, TO BBIMOJHAETCS JIOOOW JOCTYNHBIA WM3BECTHBIH aJTOPUTM  TUIAHUPOBAHHUS
TPAGKTOPUH IS JKEJNAeMOr0 MOJIOKEHUs U opreHTanuu padbouero oprana 1101 (Pur. 11). Ecan
pasHULla MeXAy yIJaM{ LIAPHUPOB HE IMPEBbIAeT MOPOrOBOrO 3HAUYEHHUs, TO CPEAM BCEX
NPSMBIX TPACKTOPUH, 3aMHMCAHHBIX B 0a3y MaHHBIX ISl HAWOEHHOH SYEHKH, OTBICKUBAETCS
Tpaekropusi 703, B mocienHeH TOYKEe KOTOPOH BO3MOXKHAS OpHEHTAlHs padodyero opraHa
poboTta-maHuNysiTopa Hanbonee OM3Ka K 3alaHHOUW OpueHTauuu. J[JIsi 3aJaHHOTO TOJIOKEHHUSI
U opueHTanuu padodero opraHa CHCTEMOM pernaercst obpatHas 3anada kunematuku (O3K) 704.
Ee pemenuss npeacraBisiror coboif HaOOpPBI YIJIOB LIAPHUPOB POOOTA-MAHUMYJSITOP, IMPH
KOTOPbIX pabouuii OpraH HAXOOUTCS B 33JaHHOM IIOJIOKEHHH C 33JaHHOH OpHEHTAIHEH.
BuptyanbHas monenb poOOTa BBICTaBIAETCS B KOH(UIYPALUIO, COOTBETCTBYIOLIVIO YTJaM
IIAPHUPOB KAKAOTO pereHus (j) oOpaTHoi 3anaun kuaeMaTHku 901 (Pur. 9), u nposepsieTcst Ha
caMornepeceueHre 1 epecedeHne ¢ npeaMeTaMy Ha BUPTYaIbHOH ClieHe (HampuMep, CO CTOJIOM
104 na @ur. 1) myTeM BBINOJHEHHUS JIFOOBIX W3BECTHBIX AJITOPHUTMOB ONPEAETICHUS KOJUTM3HU

902. Ecnu HU onHO pemieHue (j) HE yIOBJIETBOPSIET KOJUTM3HOHHBIM OrPAaHMYEHHSIM, KOTOPBIE
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HAJIAralTCsl MpPEIMETaMH, pACIONOKEHHbIMH B pabouell 30He poOOTa-MaHUIYJSTOPA, TO
BBITIOJIHAETCST JIIOOOHW JTOCTYMIHBI W3BECTHBIM aNTrOPUTM IUIAHUPOBAHUS TPAEKTOPUH s
JKEJIAeMOT0 MOJIOXKEeHUsI U opueHTauuu pabodero oprada 1101 (Pwur. 11). MUHave cpenu permeHuit
(J), VAOBIETBOPSAIOLINX KOJUIM3MOHHBIM OrPAaHHYEHHSIM, KOTOpPbIE HAJATAIOTCS IPEIMETaMH,
pacIoNoKeHHBIMU B pabovell 30He poOOTa-MaHUMYJISTOPA, BBIOMPAETCS OJHO, YIUIbI INAPHUPOB
KOTOpOro HamOojiee ONM3KH K yrilaM IIapHUPOB POOOTa-MAaHUMYJSTOPA B KOHIE BBIOpAaHHOU
Tpaekropun 903. Ha @ur. 12 nyHkTupHONl nmHMeH wu300pa’keHa BbIOpAaHHAs OMNOpPHAs
Tpaekropusi, 1202 — mepBas Touka BBIOpaHHOW OMOpHOH Tpaekropuu, 1203 — mnocnenHss
TOYKa BBIOPaHHOM OMOpHOM Tpaekropuu. OT KOHIA BBIOPAHHONH OMOPHOH TPAEKTOPHUU
YAQJSIIOTCS HECKOJIbKO TOUEK TaKuM 00pa3oM, 4TOOBI JUIMHA TPAEKTOPHHM yMEHBLINIACh Ha
BEJIMUMHY, PaBHYIO pasmepy siueiiku 904. B kower sToit TpaekTopuu nobdasnsercs Touka 1204,
coziepokaliasi yribl MapHUPOB BBIOPAHHOTO pelieHus: oOpaTHO 3ana4un kuHeMaTuku 905 (Dwur.
9), a B Hauaso — Touka 1201, conmep:kainas yrisl LIAPHUPOB pOOOTA-MAHUITYJIATOPA B TEKYIIEM
nosnoxxeHnu 906. ITony4yenHast TpaekTopust n3oOpakena Ha Dwur. 12 crutomHON JuHMEH. 3aTeM
I TOYEK IMOJYyYEHHONH TPAeKTOPUH PACCUUTHIBAIOTCS CKOPOCTU M YCKOPEHMs IIapHUPOB
poboTa-MaHUIYIATOpPa TAaKUM OOpa3oM, YTOOBI NpPU ABMKEHMH pPOOOTa-MaHUIYJIATOpPA IO
TpaekTopuu, ero mnepemeuieHne Obu1o TaBHbiM 1102 (Pur. 11). 3HaueHus ckopocteil u
YCKOPEHHH LIapHUPOB pOoOOTa-MAHUIYJIATOPA 3aBUCAT OT JKEJAeMOoro npoduis CKOPOCTH.
Cy1ecTByeT MHOXKECTBO U3BECTHBIX aJTOPUTMOB, PEIIAIOLINX 3Ty 3a7a4y. BrIOOp KOHKPETHOTO
aJTOPUTMa He BIUsieT Ha paboTy paccMaTpuBaeMoil cucTeMbl. [locie SToro TpaekTopusi FOTOBA

K OTIpaBKe Ha BblnojgHeHue 1103.

[0057] Ecniu BHyTpH «00JacTH MHTEpECca» HAXOOMWTCS TOYKA TEKYILIEro IMOJIOKeHHs: padodero
oprana 801 (cnyuaii, mpencraBieHHbIH Ha @ur. 5), TO B COOTBETCTBUU C aJTOPUTMOM,
npeacTaBIeHHOM Ha Dur. 8, BBIUUCIAETCS MOPSAAKOBBIN HOMep stueliku 802, conepxamuii B cebe
3Ty TOYKY, U MPOBEPSIETCs OIM30CTh TOUEK 33JaHHOTO MOJIOKEHHUS] U HAYAJIbHOTO TIOJIOKEHUSD)
pabouero oprana podora-manunyJjsitopa 803, coorBercTByIOIEro «odgacTu uHTEpecay. Ecnu
PacCTOsIHUE MEXKAY STUMH TOYKAMH TPEBBIIIAET MOPOTrOBOE 3HAYEHHE, TO BBITIOJIHAETCS JFOOOM
JOCTYNHBIH HM3BECTHBIH aNrOpPUTM IUIAHUPOBAHUS TPAEKTOPHUH Ui JKEJaeMOro MOJOKEHUs U
opuenTanuu padodero oprana 1101 (@wur. 11). Ecam paccrosiHue Mexay 3THMH TOUYKAMH He
NPEBBINAET MOPOrOBOTO 3HAUEHUS, TO CPENU BCEX OOPATHBIX TPAEKTOPHUH, 3aNHCAHHBIX IS
HAWJEHHON sTYeVKHU, OTBICKUBAETCs TpaekTopus 804, B mepBOil TOUKE KOTOPOU YIJibl LIAPHUPOB
HanOosee OJNIM3KM K TEKYIIMM yIJlaM LIapHUPOB poOoTa-MaHumnyisitopa. st 3amaHHOTO
MOJIOXKEHHUST M OPUEHTALMH Pabovero CHCTEMOH pemnaercss oOpaTHas 3amada KuHeMaTuku 805.
Ee pemenus npeacraBisror coboif HaOOpHI YIJIOB IIAPHUPOB POOOTa-MAHUMYJSITOP, IMPH

KOTOPbIX pabouuii OpraH HAXOOUTCS B 33JaHHOM IIOJIOKEHHHM C 33JaHHOH OpHEHTAIHeH.
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BuptyanbHas mMonenb poOOTa BBICTABIAETCS B KOH(UIYpPALMIO, COOTBETCTBYIOLIVIO YTJaM
IIAPHUPOB KKIOTO pemeHust o0patHoi 3anaun kuaeMaTuku 1001 (®@ur. 10), u nposepsieTcst Ha
caMornepeceueHre 1 IepecedeHne ¢ npeaMeTaMu Ha BUPTYaIbHOH ClieHe (HampuMep, O CTOJIOM
Ha @ur. 1) myTeM BBINMOIHEHUS JIFOOBIX JOCTYITHBIX AJIrOPUTMOB omnpeneneHus komsun 1002.
Ecnu HuM onmHO pemeHue (j) He YIOOBIETBOPSIET KOJUIM3MOHHBIM OTPAHUYEHUSIM, KOTOpBIE
HAJIAraroTCsl MpPEIMETaMH, PACIONOKEHHbIMH B pabouell 30He poOOTa-MaHUIYJSITOPA, TO
BBITIOJTHSIETCST JIFOOOW JIOCTYIHBIM W3BECTHBIM QJITOPUTM IUIAHUPOBAHUS TPACKTOPUH IS
JKEJAeMOro TOJIOKEHHsI M OpueHTauuu padouero oprada 1101 (Pur. 11). Muaue cpenu
pelleHul, YIOBJIETBOPSIOIINUX KOJUIM3MOHHBIM  OTPAaHMYEHHUSIM, KOTOpble  HaJararTcs
NpeaMETaMH, PacIONIOKEHHBIMU B paloueil 30He poOOTa-MaHUMYJSTOPA, BBIOMPAETCS OJHO,
yIJbl LIAPHUPOB KOTOPOro Hambosee OMU3KM K yIyaM INapHUPOB poOOTa-MaHMITYJSATOpA B
KOHLe BbIOpanHOM TpaekTopun 1003. Ha ®@ur. 12 nyHkTUpHOUW JIHMHHEN n300pakeHa BbIOpaHHAs
oropHasi Tpaekropus, 1203 — mepBasi TO4YKa BBIOPAHHOW OMOpPHOW TpaekTopuu, 1202 —
NOCJIEIHSAST TOYKA BBIOpAaHHOH OmopHOH Tpaektopuu. OT Hayana BBIOPAHHOH TPAaEKTOPHU
YIAISAIOTCS HECKOJIbKO TOYeK TakuM 00pa3oM, 4TOOBI AJMHA TPACKTOPHHM YMEHBIIWJIACh HA
BEJIMYMHY, paBHYIO pa3mepy stueiiku 1004. B Havano 3toit Tpackropun nodasisiercs Touka 1204,
coeprKalast yribl MIapHUPOB poOOTa-MaHUIYJISITOPA B TeKyLieM nojoxenun 1005, a B koHew —
touka 1201, cozmepskamiast yribl INAPHUPOB BBIOPAHHOrO peIIeHUsT OOpaTHOW 3amayu
kuHematuku 1006. 3arem ayis TOYEK MOJMYYEHHON TPAEKTOPUU PACCUUTHIBAIOTCS CKOPOCTU U
YCKOPEHHsI IAPHUPOB POOOTA-MAHUMYJISITOPA TAKUM OOpa3oM, YTOOBI MPH JABMXKEHUH poOOTa-
MaHUIYJIATOPA MO TPAEKTOPHUH, ero nepemenieHue Obu1o miaBHbM 1102 (Dur. 11). 3HaveHus
CKOPOCTEH M YCKOPEHHWH MIAPHUPOB POOOTA-MAHUITYJIITOPA 3ABUCST OT KEJAEMOro Mpoguis
CKOPOCTH, 3aJaHHOTrO, Hampumep, mnoibp3oBareaeM 108. CyiecTByeT MHOMECTBO H3BECTHBIX
AJITOPUTMOB, PEINAKIINX 3Ty 3a7a4dy. BbIOOp KOHKPETHOro ajropuTMa He BIHsieT Ha paboTy

paccMmaTtpuBaeMoil cuctemsl. [locne 3Toro TpaekTopusi TOTOBA K OTIpaBKe Ha BbinojHeHne 1103.

ITPUMEP PEAJIM3ALIMHY U3OBPETEHMA

[0058] Paccmotpu paboty cucremsl (100) rumaHMpOBaHUs NBIXKEHHS pOOOTa-MaHUIYJIATOpA HA
KOHKpeTHOM mnpumepe. Ha ®ur. 1 uszobpakeHa pabouas 30Ha poOora-manumyssitopa 103,
BHYTPHU KOTOpO# pacnosioskeH ctos 104. Ock Z nHepLuanbHON CUCTEMbl KOOPAWHAT HAIIPaBJIeHa
BBEPX, OCh X OPHEHTHPOBAHA 10 HAMPABJIEHUIO OT LIEHTPA CTOJNA K POOOTY-MaHHUIYJISTOPY, OCh
Y nononusier ocu X U Z 10 npaBoii Tpoiiku BekTopos. Ilonoxenne podora-manumnystopa 103
COBIAJaeT C MOJOXKEHHEM HHEePLUaTbHON cucreMel koopauHaT. basa poGora passepHyTa
OTHOCHUTEJILHO MHEPIUAJIBLHOM CUCTEMBI KOOPAMHAT BOKPYT OCH Z Ha yroJl, paBHbIi —42,5°.
[0059] B pexxume (opMUpOBaHHUs OMOPHBIX TpaeKkTopuil monb3oBarenem 108 mocpenctsom

BBIUMCINTENBHOrO yeTpoiicTea 107 Hax ctonom 104 Beibupaercst ogHa «obnacts nHTepeca» 101.
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Hampumep, uentp «obnactu uHTEpeca» MoxeT ObiTh 3amaH Bektopom [-0,730; 0,0; 0,230] u
kBatepauonoMm [0,0; 0,0; 0,0; 1,0] B uHepuuanpHOW cucteme koopauHat. Kaxmas suebika
«obmactu mHTepeca» 102 moxer umerb ¢opmy kyba c¢ mmmHoi pedpa 0,088 M. «ObGnacts
HUHTEPECa» MOXKET COAEPKaTh, HAIPUMEp, 7 sYeeK MO JUIMHE, 5 sA4eeK MO IHUPUHE U 4 s4eek Mo
BbICOTE Mapayuienenunena 101.

[0060] Hanee nomb3oBatesieM 108 mocpencTBOM BBIUUCIHTEIBHOTO yeTpoiicTBa 107 BbIOUpaeTcs
«HauvaJbHOE TMOJIOKEeHUEY» podota-MaHumyisitopa 103, cooTBETCTBYIOIIEE «OONIACTH HHTEPECAY.
Hanpumep, B kauecTBe yHOMSHYTOI'O «HAYaJbHOTO IOJIOKEHHs» MOTYT OBITH 3aJaHbl YIJIbI
IIAPHUPOB MAHUMYJISITOPA IMOCIENOBAaTENbHO OT 0a3bl podora no pabouero oprana — [50,0;
—80,0, —80,0; —115,0; 90,0; 0,0]. HWudopmauus O «HAYAJTBHOM IMOJOXKEHHW» OT
BBIYUCIIUTENIBHOrO ycTpoicTea 107 mocTynaer B BbIUUCIUTEIBHOE YCTpOHCcTBO 105, koTOpoe Ha
€€ OCHOBE U3BECTHBIMH U3 YPOBHs TEXHUKU METOAMHU PACCUUTHIBAET MOJIOKEHUE U OPUEHTALUs
pabouero opraHa poOora-maHunyjstopa 103 B HHEpUMATBHON CHUCTEME KOOPAMHAT,
uH(popManus 0 KOTOPHIX MOXKET ObITh MpeacTaBieHa B Bunae Bekropa [—0,543; 0,075; 0,716] u
kBarepHuoHa [0,737; 0,0; —0.676; 0,016].

[0061] HaGop BO3MOKHBIX OpueHTaLuii pabouero opraHa podora-manumnyJisitopa 103, 3anaHHbIe
nonb3oBateneM 108 nus kaxaoi sueiiku, MOXKET COCTOATh M3 16 MOBOPOTOB, MPUBEAEHHBIX HA
@ur. 2 u @ur. 3. OHu npeacTaBisAOT coO0i 8 OpueHTauMi BIOJb BEPTUKAJIBHONH OCU M 8
OPUEHTALMI BAOJb OCEH, YrOJI MEXKAY KaKAOW M3 KOTOPBIX U BEPTUKAJIBHON OCBK) COCTABISAET
30°.

[0062] Hanee Ha OCHOBe MH(POPMAIMHU O «HAYAJIHHOM TOJIOKEHUN» U KOOPIUHAT IIEHTOB STY€EeK
102 BbrYMCIUTENBHOE YCTPONHCTBO 105 reHepupyeT ONOpHBIE TPACKTOPUN IS KaXKIOW sUEUKH
napajutenenunena 101 u ans Kakmoil BO3MOKHOW opueHTanuu padodero opraHa poOora-
manunyssaropa 103 w3 panee chopmupoBaHHOro Habopa, 3amaHHOro i sueexk 102, Ilpu
(bOopMHUPOBAHUM TIPSIMBIX OMOPHBIX TPACKTOPUN KOOPAUHATHI LEHTPOB sueek 102 «obmactu
UHTEpeCca» M BO3MOJKHBIE OPHUEHTALMH Pado4yero opraHa MCIHOJB3YIOTCS B Ka4eCTBE LIEJIEBBIX
NIOJIOXKEHUH M OPUEHTALWH, B KOTOpbIe paboumii opran podora-manumnysitopa 103 BeIxoqut u3
«HAYaJIbHOTO TIOJIOKEHUS», COOTBETCTBYIOLIEro «oOmacT uHTepecay. OOpaTHBIE OIMOpPHBIE
TPAeKTOPUU MOJIYyHarOTCsl CUCTEMON MyTeM MHBEPCUU MPSMBIX ONMOPHBIX TpaekTopuil. OnopHbie
TPACKTOPUH 3AMUCHIBAIOTCS B 0a3y JAHHBIX C MOJIIMHU: YHUKAJIbHBIH MICHTU(UKATOP «OONACTH
UHTEpeCcay, TMOPSIKOBBIH HOMEp sUEHKH, MOPSIKOBBI HOMEp OpHEeHTAluH pabodero oprasa,
UICHTU(HUKATOP TUIA OMIOPHOH TpaeKTOpHH (TIpsiMasi MITM OOpaTHAst) M OMOPHAS TPAEKTOPHSI.
[0063] B pexume skcruryaraunu Ha Bxox cuctembl 100, Hampumep, ot mosb3osatens 108
nocTtynaer MHGpOpMaLUs O 3aJaHHOM TOJIOKEHUH M OpUEHTaluu paboduero opraHa, B KOTOpBIE

HeoOXomuMo repeMecTuTh padouuii opraH poOorta-manumysstopa 103. BerucnurensHoe
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ycTpoiictso 105 3anpamnBaer TeKylIHe 3HAYEHUSIM YIJIOB LIAPHUPOB OT BUPTYaJbHOW MOZENH
pobota wim OT KOHTposuiepa pobora-manumyjstopa 103. Ilo Tekymum 3HAYEHUSIM YTJIOB
LIAPHUPOB BBIUUCIUTENBHOE YCTPOMCTBO 105 OCYILIECTBISET BBINOJIHEHUE MPSMOM 3aaadu
KWHEMATHUKH, PELICHHEM KOTOPOH ABISIETCS MHPOPMALIUS O TEKYLIEM IOJIOKEHUH 1 OPUEHTALIUH
pabouero oprana pobora-manumnyssitopa 103.

[0064] Haripumep, B cootBerctBuu ¢ Pur. 13, napopmanus 1301 o 3a7aHHOM NOJOKEHUU H
OpHeHTalMu pabovero opraHa, B KOTOpbIe HEOOXOAMMO NEepeMecTUTh paboumii opraH podora-
manumysaropa 1302, Moxxer ObITh MNpencTaBlieHa B HHEPLUAIbHOM CHUCTEME KOOPAMHAT
BekTopom [—0,892; 0,061; 0,205] u xBarepuuonom [—0,539; —0,280; 0,770, —0,196].
Wndpopmammst o0 TekylleM TNOJOXeHUH podoTta-manunyssropa 1302, 3amporueHHas
BBIUHCJIUTENBHBIM yCTpoHcTBO 105 OT BHUpTyanbHON Mojenu poOoTa WM OT KOHTpOJUIepa
poborta-manunynsaTopa 1302, MoxxeT conepikaTh HAOOP YIJIOB LIAPHUPOB pOOOTA-MaHHITYJIITOPA
1302, Hampumep, 3Ha4YEHUS KOTOPBIX MOXKET OBbITh NPEACTaBJICHO IOCIENOBATENBHOCTBIO OT
6as3bl poboTta no pabouero opraHa — [49,466; —80,140; —81,054; —113,738; 91,489; 2,133].
Texymue mnonoxkeHue W OpueHTauus pobora-manunyisaropa 1302,  paccuuTaHHbBIE
BBIYHUCIUTENBHBIM YCTpPOHCTBO 105 B pe3ynbrare pelieHus NpsMOM 3aAavd KMHEMATUKU IS
yKa3aHHOro Habopa yIJIOB, B MHEPLHMAIbHON CHCTEME KOOpIUHAT OyJIeT MPEenCcTaBisITb BEKTOP
[-0,544; 0,073; 0,715] u xBaTepuuoH [0,739; 0,002; —0.671; 0,019].

[0065] B mpuBenenHom Ha Dur. 13 mpumepe ToUKa 33AaHHOTO MOJIOKEHUsT pabodero opraHa, B
KOTOpOe HEOOXOIUMO MepeMecTuTh paboumii opraH pobora-manumnyssitopa 1302, HaxoguTcs
BHYTpH «obmactu uHTepecay 1303, a umeHHO BHyTpu siueriku 1304, KOTOpas HAXOIUTCS B
LIECTOM psify O JJIMHE, BO TPEThEM pPsily IO LIMPHUHE, BO BTOPOM psily MO BBICOTE U HUMEET
MOPSIAKOBBIN HOMEP 63.

[0066] lanee BbruucnuTenbHOe ycrpoiicTBo 105 ompenensier BEIUYHHY OTKJIOHEHHS YIJIOB
apHUPOB podora-manumnysitopa 1302 B «HAYaIBbHOM TMOJIOKEHHW» OT YIJIOB INAPHUPOB
poborta-manunysaropa 1302 B TekyLieM NOJOKEHUH, MOCIE YEero BEIMYHMHA OTKJIOHEHHUS
BBIUHCJIUTENbHBIM ycTporicTBoM 105 pobora-manumnynsatopa 1302 cpaBHUBAETCS C MOPOTOBBIM
3HaYeHHEeM. B TpencTaBIeHHOM MpUMEpe YIibl IApHUPOB poboTa-MaHumysstopa 1302 B
«HAYaJIbHOM TIOJIO)KEHUW», COOTBETCTBYIOLIEM «OOJACTH HWHTEpPECa», OTIMYAIOTCS OT YTJIOB
apHUpOB pobota-maHumyssatopa 1302 B TekymeM [MOJNOKEHHWM HA BEJIUYMHY, HE
MPEBBIIAIOIIYIO [TOPOrOBOE 3HAUEHUE.

[0067] Ha cnenyromem 3Tarne BeIMUCIUTENbHOE ycTpoiicTBO 105 st HalineHHOM stueliku 1304
U3BJIeKaeT U3 0a3bl JAHHBIX, KOTOPOH YMOMsIHYyTOe ycTpoiicTBo 105 MokeT ObITh OCHAINIEHO,
Ha0Op BO3MOXKHBIX OpHeHTauuii pabodero opraHa pobora-manumyssatopa 1302 mpu ero

HAaxXOXAeHUU B obiactu stuetiku 1304, mocie 4ero BBIYUCIUTENBbHOE yCTpoicTBO 105 Ha ocHOBe
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3HAYEHWH YIJIOB LIAPHUPOB, COAEpKAIMUXCS B HHPOPMAIMHM O 33JaHHOM TIOJOXKEHUH H
OpHeHTAlMN pabovero opraHa, B KOTOpbIe HEOOXOAMMO NepeMecTUTh paboumii opraH pobdora-
manumyssaropa 1302, u 3Ha4eHWH YTJIOB INAPHUPOB YIOMSHYTOIO H3BJIEYEHHOrO Hadopa
BO3MOJKHBIX OPHEHTALNI pabodyero opraHa onpeaessier OMKalIIy0 BO3MOXKHYIO OpPUEHTALIUIO
pabouuii opran poOora-maHunyJjsitopa 1302, DOCTYMHYIO Ui €ro HAXOXKIOSHHs B 00JacTH
siueiiku 1304.

[0068] B mpencraBieHHOM mpumepe Onmrokaiiieil opueHrauued pabodero oprana podota-
manumysaropa 1302, mocTymHOW 1uis €ro HaxoxaeHus B obmactu sueiiku 1304, sBnsercs
BO3MOJKHas OpueHTauus pabodero Homepa rnox HomepoMm 10 (mozunus 302 wva Pur. 3), 3aganHas
B MHEPLHUAJIbHOM CHUCTEME KOOpAMHAT KBaTepHUOHOM [-0,456; -0,195; 0,794; -0,350]. To ecthb
yroj, Ha KOTOPbIA HEOOXOIMMO [OBEpPHYTb pabO4YMii OpraH W3 BBIOPAHHOW BO3MOXHOMU
OpPHEHTALMY B 3aJaHHYI0 noJjb3oBareneM 108 opueHTanuio pabodyero opraHa B COOTBETCTBUH C
nH(popManmeil 0 MOJOKEHNHN U OPUEHTALMU Paboyero opraHa, MUHUMAJIEH CPEAN aHAJIOTMYHbIX
yriaoB u3 HaOopa BO3MOXKHBIX opreHTauuid. Ha ®ur. 14 mpencrasieHsl mpuMepsl 3aaHHOM
opueHTauuu padodero opraHa 1401 u BeIOpaHHAas BO3MOXKHAsi OpHEHTauus pabouyero opraHa
1402.

[0069] Hanee mo HOMepy stueiiku 1304, B KOTOpOH HaxXOAWUTCS TOUKA 3aJaHHOTO IOJIOKEHMUS
pabouero opraHa, ¥ AaHHBIX OJMKaWIIed BO3MOXHOH OpHEHTalMHu pabodero opraHa poOora-
manumnyssaropa 1302 u3 6a3bl JaHHBIX BBIYHCIUTENIbHBIM yCTpoHcTBOM 105 u3BIekaeTcs: mpsmast
OTIOpHAsl TPAEKTOPHSI.

[0070] [Tocne 3TOro sl 3aAaHHOTO TOJIOXKEHHS W OpHEeHTauuu paboyero opraHa podoTa-
manunyysaropa 1302 BeruucnuTenbHbIM - ycTpoiicTBOM 105 pemaercs oOpaTHast 3amada
KWHEMATUKH JJIsl TOJlyueHHs: HaOOpOB YTIJIOB MIApHUPOB podora-manumyysitopa 1302, mpu
KOTOpPBIX pabO4Mii OpPraH HAXOOUTCS B 33JJaHHOM TOJIOKEHUH C 3aJaHHOW OpHeHTaumen. B
COOTBETCTBUU C NPEACTABJICHHBIM NPUMEPOM MJIsi NAHHOrO poboTta-mManumysstopa 1302 B
olmeM ciydae CyIIeCcTBYeT 8 peLIeHHWH, KOTOpble MPENCTaBJISIOT COOOH HaOOpBI YIJIOB
mapHupoB (Pur. 15), npu KOTOPBIX paboumii opran podOTa MaHHITYJIATOPA HAXOAUTCS B TOUKE
3a/laHHOTO TIOJIOKEHUSl C 33JaHHON opueHTauued. YeTelpe pelleHus He YAOBIETBOPSIOT
KOJUTM3HOHHBIM OTPaHUYEHHSIM, MOTOMY YTO MPU TAaKOH KOH(QUIypamuu <JIOKOTh» pobdoTta-
maHumnyssitopa 1302 HaxomuTCs B KOHTAaKTe€ CO CTOJOM. B mocnenHedl TOYKe BBIOPAHHOM
TPACKTOPUU YTJIbI MIAPHUPOB poboTa-manumyisitopa 1302 umerot 3nadenus [45,745; —115,115;
—105,229; —27,290; 109,951; —39,276]. Cpenu pemeHuii oOpaTHOH 3ana4ll KHHEMATHKH,
yIOBJIETBOPSIIOLINX KOJUTM3HOHHBIM OrPaHHYEHHsIM, HanOojiee OJM3KUM IO 3HAYEHHSIM YTJIOB
IIAPHUPOB K IMOCIEeNHEeN TouKe BHIOPAHHOM TpaeKTOpHH sBIsieTcs peurerne [48,960; —114,466;

—101,212; —35,291; 87,414; —33,630] (mo3uuust 1505 na @ur. 15), HaOop YyTIJIOB IIAPHUPOB
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KOTOPBIX U BBIOMPAETCS] BBIYMCIUTEIBHBIM ycTpoiicTBoM 105 kak permrenue oOpaTHOH 3amadu
KUHEMAaTUKH.

[0071] Hanee BbIUUCIAUTENBbHOE YCTpOcTBO 105 OT KOHLIAa WU3BJIEUEHHON MpPSIMON TPAaeKTOPHUH
MOCJIEIOBATEIbHO yAAJIAE€T TOYKU N0 TE€X IOp, MOKA MJIMHA TPACKTOPUM HE YMEHBLIUTCS 34
mHy pebpa stueiiku 1304 (Pur. 13). 3aTemM K KOHIy 3TOH TPaeKTOPUU HOOABISIETCS TOYKA,
COOTBETCTBYIOINAS 3HAYEHUSM VIJIOB INAPHUPOB poboTta-manunyisitopa 1302 BeIOpaHHOTrO
peweHnst oOpaTHOW 3a1aud KUHEMATHKH, a B HA4YaJl0O — TOYKA, COOTBETCTBYIOLIAS TEKYIIUM
yriaM MmapHupoB podota-manumnyssitopa 1302, B koHLe BeYUCIUTENbHOE yCTponcTBO 105
MEPECUUTHIBAECT 3HAYEHUSI CKOPOCTEN U YCKOPEHWM YIJIOB IIAPHUPOB B KAXAOW TOYKE IJIs
o0ecrieyeHys MJIaBHOTO NepeMeleHnss podoTa MaHMITYJIATOpa MO TpaekTopuu. s cpaBHeHUs
Ha Dur. 16 mpuBeneH pe3yJbTaT MepeMelleHuss podOTa MaHMIYJATOpPAa BAOJb BBIOPAHHOMN
npsiMoii TpaekTopuu, a Ha Pur. 17 — BIONb 3TOM K€ TPAEKTOPUU MOCIIE KOPPEKLUU.

[0072] COOTBETCTBEHHO, €CIM TOYKA TEKYLIEro IMOJIoXKeHHss pabodyero opraHa poOora-
manunyJisitopa 1302 (®ur.13) naxomurcs B obmactu mHTepeca 1303, TO BBIMHCIMTENBHOE
yctpoiicTBo 105 onucaHHBIM paHee COoCOOOM: OmpereNnsieT Ha OCHOBE MH(GOPMAIIMU O TEKYLIeM
NOJOXKEHNH W OpWeHTalMu padodero opraHa sueiiky oOmacTh HHTepeca, W3 KOTOPOM
HEOOXOAMMO TepeMecTuTh padoumii oOpraH poOOTa-MaHMIYJSITOPA, HAa OCHOBe Habopa
BO3MOXKHBIX OpHEHTalMii padodero opraHa poOOTa-MaHMIYJSITOpA IPU €ro HaXOXKICHUH B
o0NacTH yHOMSIHYTOW siYEHKH omnpenessierT OMMKaHIIyr BO3MOXKHYIO OpHEHTaLuio padouero
opraHa poOOTa-MaHHIYJIATOPAa K TEKyINeH OpPHEHTAIMH, Ha OCHOBE IAHHBIX O suelike u
Onukaiiiieli BO3MOXHOW OpHEHTAlMu padouero opraHa poOOTa-MaHUMYJISATOPA U3BJIEKAET U3
COXPAHEHHOI'O HAa BBIYMCIUTEIBHOM YCTPOWCTBE CIMCKA IPENBAPUTENBHO Cr€HEPHUPOBAHHYIO
OOpaTHYI0 OINOPHYIO TPAEKTOPHIO, NpU4YeM oOpaTHasi ONOpPHAas TPACKTOPHs OIHCHIBAET
nepemMeleHue podoTa M3 IMOJIOKEHUs, PU KOTOPOM padoumii opraH poOOTa-MaHUMYJSTOPA
HAXOIUTCS BHYTPU OOJIACTH HMHTEpEeca, B HAYAJIbHOE MOJOXKEHHUS, COOTBETCTBYIOIIEEe 00JIacTh
UHTEpeca; OMpeneNseT Ha OCHOBE WH(POPMALMU O 33JaHHOM TOJOXKEHWH U OpPUEHTALUU
pabouero opraHa sYeiiKy OOJIAaCTH HMHTEpeca, B KOTOPYI HEOOXOOUMO NepeMecTUTh pabouunit
opran poboTa-MaHHIYJATOpA, OmpenesieT Habop YTrJoB INAPHHUPOB, MPU KOTOPBIX pabodMid
OopraH poOOTa-MaHUMYJSITOPA HAXOAWTCA B TOYKE 33JaHHOTO TIOJOXKEHUS C 3aJaHHON
OpPHEHTALlMeH; yAamsieT OT Hayaja U3BJIEUEHHOH OOpaTHOW OMNOPHOH TpaeKTOpUHU
MOCJIEIOBATEIbHO TOYKHU 10 TE€X MOp, MOKA JJIMHA TPAEKTOPUU HE YMEHBIIUTCS HA BEJIUYUHY,
paBHYIO pa3Mepy sYeHWKH; HO0aBIseT K KOHLY TPACKTOPUU TOYKY, COOTBETCTBYIOLIYIO
3HaYeHHsIM Habopa YTJOB MIAPHUPOB POOOTA-MAHUMYJSITOPA, NMPU KOTOPBIX paldo4Mii opraH
poboTa-MaHHUMYIATOPA HAXOIUTCS B TOUKE 33AHHOTO TMOJIOKEHHS C 33JaHHOW OpUeHTaluel, a B

HAYaJ0 — TOYKY, COOTBETCTBYIOIIYIO TEKyIIEeMy MOJOXEeHHI0 padouero opraHa pobora-
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MaHumyyATopa. B koHHe BbMHCIHUTENBbHOE ycTpolcTBO 105  aHamormuHeiM — oOpa3om
NEePEeCYNTHIBAET 3HAYEHUS CKOPOCTEM M YCKOPEHUH YTIJIOB INAPHUPOB B KaXKAOW TOUKE IS
o0ecrieyeHus TUTABHOTO MepeMeIeHns] poO0Ta MaHHITYJIATOPA 110 TPACKTOPHH.

[0073] [TonyueHHBIE BBIYMCIUTENBHBIM yCTpoiicTBOM 105 TpaexkTopum MoryT ObITh nanee
HAINpaBJIeHbl HA KOHTpoyyiep podorta-manumnystopa 103 mis nepemenienns pabodero opraHa
poboTa-MaHHUIYIATOPA B COOTBETCTBUH C MONTYyUEHHON TPAEKTOPHEH.

[0074] Takum 0Opa3oM, 3a CUET TOTrO, YTO B NPEACTABIEHHOM DELIEHUH NPU IUIAHUPOBAHUU
IBIDKEHUS] poOOTa-MaHUIYJIITOPa KOPPEKTHPYIOT TOJIBKO JIUIIb HAYaJIbHbIE U KOHEUHbIE TOUKU
OTIOPHBIX TPAEKTOPUH, 3apaHee CreHEePUPOBAHHBIX IJs1 POOOTa-MAaHUMYJSTOPA, YMEHBIIAETCS
BpeMsl IIJIAHUPOBAHUS JBUKEHUs pOOOTa-MaHMITYJIATOPA, a TAK)XKe IMOBBIIIAETCS CKOPOCTb €ro
yIIPaBJIEHUS.

[0075] B oOmem Buge (cm. ¢ur. 18) BeuMcauTenbHoe ycrpoiictBo 1600 conmepkut
oObennHeHHbIe 00Imel MIMHOM NH()OPMALMOHHOTO OOMEHAa OMH HJIM HECKOJIBKO MPOLIECCOPOB
1601, cpencrea mamsth, Takue kak O3Y 1602 u I13Y 1603, unrepdeticel BBoga/BbiBoaa 1604,
ycTpoiicTBa BBoAa/BeiBoaa 1605, u yCcTpoicTBO Ui ceTeBOro B3aumozencteus 1606.

[0076] IIpoueccop 1601 (MM HECKOJBKO MPOLIECCOPOB, MHOTOSIIEPHBIA MPOLECCOp U T.II.)
MOXET BBIOMPATBHCSI U3 ACCOPTHMEHTA YCTPOWCTB, IIUPOKO MPUMEHSIEMBIX B HACTOAIIEE BPEMs,
HampuMmep, Takux mpousBoxutenedi, kak: Intel™, AMDT™, Apple™, Samsung Exynos™,
MediaTEK™, Qualcomm Snapdragon™ wu 1., Ilog mpoueccopoM WM OIHUM U3
UCIIOJIb3YEMBIX MPOLECCOPOB B ycTpoiicTBe 1600 Takke HEOOXOIMMO YYUTHIBATH IpadUuyecKuii
npoueccop, Hampumep, GPU NVIDIA wmu Graphcore, THUI KOTOPBIX TaKKe SBJISIETCS
MPUTOIHBIM JJISI TOJTHOTO MJIM YaCTHMYHOT'O BBIMOJIHEHHSI CIIOCO0a, a TAKIKE MOYKET MPUMEHSTHCS
it 0Oy4eHUs] U IPUMEHEHUS] MOJIeNiell MAIIMHHOTO OOYYEHHUS B PA3JIUMYHBIX WH(POPMALMOHHBIX
CUCTEMaXx.

[0077] O3V 1602 npencrasusier coOOW ONMEPATUBHYIO MaMsITh U NMPEAHA3HAYECHO U XPAaHEHHUS
UCMIONHAEMBIX npoueccopoM 1601 MammHOUMTA€MBIX HMHCTPYKLUH Ui BBINOJIHEHUE
HEOOXOAMMBIX Omepauuii no Jyorudeckoir obpadorke manHbix. O3V 1602, kak mnpasBuiio,
COMIEP’)KUT HUCHOJHSEMble HHCTPYKLUH OMNEpPALMOHHON CHUCTEMbl M COOTBETCTBYIOIIUX
NPOTPAMMHBIX KOMIIOHEHT (TIPUJIOKEHHUSI, TPOrpaMMHbIE MOAYJH | T.11.). IIpu 3TOM, B KauecTse
O3Y 1602 w™oxer BBICTYNATh JOCTYNHBIA OOBEM TMaMsITH TpadUUecKOll KapThl WIN
rpadpuuecKoro npoueccopa.

[0078] I3V 1603 mpencrasnsier coOOH OmHO WM Oojiee YCTPONCTB MOCTOSHHOTO XPaHEHHS
JaHHBIX, Hanpumep, skectkuil auck (HDD), TBepaoTenbHblil HakonuTeb faHHBIX (SSD), ¢uam-
namsate (EEPROM, NAND wu T.1.), ontuuyeckue Hocutenu uHpopmanmu (CD-R/RW, DVD-
R/RW, BlueRay Disc, MD) u np.
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[0079] Inst opraHm3anuu pabOTBI KOMIIOHEHTOB ycTpoiictBa 1600 u opraHm3auuu paloThI
BHEIIIHUX MOJKJIIOYaeMbIX YCTPOHCTB MPUMEHSFOTCS pa3ndHble BUabl nHTepdeticos B/B 1604.
Beibop  coorBercTByrommx — HHTEp(EHCOB  3aBHUCHT OT  KOHKPETHOIO  HCIIOJHEHHS
BBIUHCJINTENILHOTO YCTPONCTBA, KOTOPBIE MOTYT MPEACTABIATh COOOH, He orpaHnuuBasice. PCl,
AGP, PS/2, IrDa, FireWire, LPT, COM, SATA, IDE, Lightning, USB (2.0, 3.0, 3.1, micro, mini,
type C), TRS/Audio jack (2.5, 3.5, 6.35), HDMI, DVI, VGA, Display Port, RJ45, RS232 u t.1.
[0080] dnst obecrieueHnst B3aUMONEHCTBUSI TOJB30BATENSI ¢ yeTporcTBOM 1600 mpuMeHSIOTCS
pasiuunble cpencrtea 1605 B/B undopmaumu, Hanmpumep, KiaBuaTypa, TUCIUIEH (MOHHUTOP),
CEHCOPHBIH AMCIJIEH, Tau-naj, KOMCTUK, MaHUIYJSTOP MbIlb, CBETOBOE MEPO, CTUIYC,
CEHCOpHasl NaHelb, TPEeKOOJ, AMHAMHUKH, MUKPO(QOH, CPEACTBAa OIMOJHEHHON peajbHOCTH,
ONTUYECKUE CEHCOPbI, IUIAHIIET, CBETOBbIE WHAMKATOPBI, IPOEKTOp, Kamepa, CpeAcTBa
Ouomerpuueckoil uneHTHu(UKaLUK (CKaHep CEeTYaTKU TIjla3a, CKaHep OTIIEYAaTKOB MaJIbLEB,
MOJyJIb PACIIO3HABAHMSI ['0JI0CA) U T.11.

[0081] CpenctBOo cereBoro B3aumopeiictBus 1606 obecneumBaeT mnepenady JaHHBIX
NOCPEACTBOM BHYTPEHHEH WM BHELIHEH BBIYMCIUTENBbHON ceTH, Hampumep, HMHTpaner,
Wnrepuer, JIBC u T.n. B kauectBe onHoro i 6onee cpeacts 1606 MOXKET UCTIONB30BATHCS, HO
He orpanmymBatbesi: Ethernet kapra, GSM monem, GPRS momem, LTE monem, 5G mozew,
MoayJib cyTHUKOBOM ¢Bsizu, NFC monyinb, Bluetooth u/umn BLE monyns, Wi-Fi moays u nip.
[0082] HomONMHUTENPHO MOTYT MPUMEHSTHCS TakXKe CPEeACTBAa CIYTHUKOBOW HaBUTALUU B
cocrase ycrporicrBa 1600, nanpumep, GPS, 'TTOHACC, BeiDou, Galileo. KonkpeTHblii BbIOOp
3J€eMEHTOB ycTpoictBa 1600 nns  peanusanuu  pasauyHbIX — [POTrPaMMHO-ANNapaTHBIX
APXHUTEKTYPHBIX PEIICHUI MOJKET BApbHUPOBATHCS C COXpPaHEHHEM obecrieunBaeMoro TpedyemMoro
(dyHKUMOHANA.

[0083] Monudukanuy 1 yJay4IleHus BbILIEONHCAHHBIX BAPUAHTOB OCYLIECTBIICHUSI HACTOSIIETO
TEXHUYECKOTO peIleHus: OyayT sICHbI CHEelHMaJIUCTaM B JaHHOW OOJIaCTHM  TEXHUKHU.
IIpenmectByromiee onucaHue NPEACTaBIEHO TOJBKO B Ka4eCTBE NMPUMEPA U HE HECET HUKAKHUX
orpanndeHui. Takum oOpa3om, 00BEM HACTOSIIIEro TEXHUYECKOTO PEIIEHUs] OTPAHUYEH TOJIbKO

00BEMOM TpuIIaraeMoi opMyJibl H300PETEHHS.
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dopmyna u3odpeTeHus

1. Crioco® mnnaHMpOBaHUS IBIDKEHUS POOOTA-MAHUITYJIATOPA, BBIMOJHIEMBIH 110
MEHbIIEH Mepe OTHUM BBIYHCIUTEIbHBIM YCTPOHCTBOM, CONEPIKAIIUIN STalbl, Hd KOTOPBIX:

- MONY4aroT MH(GOPMALMIO O 33JaHHOM TOJIOKEHWH M OpHEHTaluH padodyero opraHa, B
KOTOpBIe HEOOXOIUMO MepeMecTHTh padounii OpraH poOoTa-MaHUMYJISITOPA,

- ONpEeAeNsiIoT TEKyIUMe IIOJIOKEHHEe W OpUeHTalui pabodero opraHa poOora-
MaHMITy JIATOPA,

- OTIPENeNsAI0T Ha OCHOBE MH(OPMALMK O 3aJaHHOM IOJIOKEHUH U OPUEHTaLUU padbouero
opraHa sueiiky oONacTH HHTepeca, B KOTOPYIO HEOOXOOUMO MepeMecTUTh padouuili oprax
poboTa-MaHHUMyIATOpPA, IpUYeM 00JIaCTh UHTEpPECA HAXOOUTCS BHYTPHU pabodero MmpocTpaHCTBA
poOoTa-MaHUMIYJISTOPA,

- Ha OCHOBE Ha0OOpa BO3MOXKHBIX OpHEHTaLMil pabouero opraHa poOoTa-MaHUIYJIATOPA
IPU €ro HaXOXJEHHU B OOJACTH YIIOMSHYTOW SYEHKM ONMPEAENSIOT OJNVDKANIIYI0 BO3MOXHYIO
opHueHTaLuio padoyero opraHa podboTa-MaHHITYJIITOPA K 3aJaHHOW OPHEHTALIUH;

- Ha OCHOBE JAHHBIX O siuelike W Oymkaiieil BO3MOXKHOW OpueHTauuu pabodero opraHa
poboTa-MaHHUIYIATOPA U3BJIEKAIOT U3 COXPAHEHHOIO HAa BBIYMCIIUTENIBHOM YCTPOHCTBE CITMCKA
IPeBAPUTENIbHO CreHEPHPOBAHHYIO MPSIMYIO OTMIOPHYIO TPACKTOPHIO, MPUYEM MpsMasi OIOpHAst
TPAGKTOPHUSl OMHUCHIBAET TMepeMelneHne poOoTa-MaHMIYJIATOPA W3 HAYAJIBHOTO TOJIOKEHUS,
COOTBETCTBYIOIIEro OOJIACTH MHTEpeca, B MOJIOKEHHE, MPpU KOTopoM pabouuii opraH pobora-
MaHHITY JIATOPA HAXOAUTCS BHYTPH 00JIACTH MHTEPECa;

- ompenenstoT HaOOp YIJOB IIAPHUPOB, TPU KOTOPbIX paboumit opraH poborta-
MaHHITY JIATOPA HAXOAUTCS B TOUKE 33JAHHOTO MOJIOKEHHSI C 33JaHHOW OPUEHTALUEIH;

- VAQSIFOT OT KOHILIA U3BJICUEHHON NPSAMON ONMOPHON TPAEKTOPUU MOCIEA0BATENBHO TOUKH
70 TeX TOp, MOKAa JUINHA TPAEKTOPUHU HE YMEHBIIUTCS Ha BEJIMYHHY, PABHYIO pa3Mepy STYEHKH;

- 10OABJSIFOT K KOHIYy TPAGKTOPHH TOYKY, COOTBETCTBYIOIIYIO 3HAUYEHUSIM Habopa yTioB
IIAPHUPOB pOOOTAa-MAHUMYJSTOPA, NPU KOTOPbIX paboumii OpraH poOOTa-MaHUMYJSTOPA
HAXOIUTCS B TOYKE 33JaHHOTO MOJIOKEHHs C 3aJJaHHOW OpHEHTalWel, a B Hadajlo — TOYKY,
COOTBETCTBYIOIIYIO TEKYIIEMY MOJIOKEHHIO padovyero oprana podoTa-MaHUIYJIATOPA,

- MepeMeIaT padounii opran podOTa-MaHHUITYJIATOPA B COOTBETCTBHH C IOJYYEHHON Ha
MPEABbIAYLIEM 3Tane TPAEKTOPUEH.

2. Cnocob mo m. 1, XapaKkTepusyrOUIUiCs TeM, YTO JOMOJHUTEIBHO CONEPKUT STArbl, HA
KOTOPBIX:

- ONpENENSIOT, YTO TOYKA 3aJlaHHOTO MOJIOKEHHs1 pabouero opraHa HaxOOUTCS BHYTPHU

o0jacTu uHTEpeca,



- ONPEAEISIFOT BEJINYMHY OTKJIOHEHHs! YIJIOB IIAPHUPOB pOOOTA-MaHHITYJIATOPA B TEKYIIEM
MOJIO)KEHUU OT YTJIOB LIAPHUPOB, 3aJaHHBIX ISl HAYaJbHOTO IMOJIOKEHHUS, COOTBETCTBYIOIETO
o0ylacTu nHTEpeca,

- CPaBHHUBAIOT IMOJIYUYEHHYIO Ha MpEAbIAyIIeM 3Tare BeIUYHHY OTKJIOHEHHs C OPOTrOBBIM
3HaYEHHEM, MTPHUEM 3TaIl OnpeaeneHus Orpkaimeii BO3MOXKHONW OpHeHTaluy pabodero opraHa
poboTa-MaHHUMyIATOpAa K 3aJaHHONH OpPHEHTAllMM BBITIONHSAETCS B CIydae, €CIH YIOMSHYTas
BEJIMYMHA OTKJIOHEHUsI HE MIPEBbILIAEeT MOPOrOBOE 3HAUEHHE.

3. Cnoco0 o 1. 1, XxapakTepU3yIOLIUICS TeM, YTO ONpeNesIeHne TEeKYIIero MOJIOKEeHHs U
OpHeHTalN pabovero opraHa poOOTa-MaHUIYJSITOPA OCYIIECTBIISETCS MOCPEACTBOM pPELISHHUs
NPsIMOM 3a7ja4l KWHEMAaTUKHU HA OCHOBE €r0 TeKyLIUX 3Ha4Y€HUH yIJIOB IIAPHUPOB.

4. Cnoco0 o 1. 1, XapakTepu3yOIUNCS TeM, YTO 3Tall, HA KOTOPOM OIPENeNsOT HabophI
YIJIOB LIAPHHUPOB, MPU KOTOPBIX paboumii opraH poOOTa-MaHUMYJIATOPA HAXOAMUTCS B TOYKE
3aJaHHOTO TIOJIOJKEHUS C 3a1aHHOM OpUEHTALMel, CONEP>KUT JTalbl, HA KOTOPBIX:

- JUI 33JaHHOTO TIOJIOKEHMsI U OpueHTauuu pabouero oprana poOoTa-MaHUIYJIATOPA
BBINOJTHSIETCST pelleHre oOpaTHOW 3aJayM KMHEMAaTHUKU Uil MOJy4YeHUs] MHOXKeCTBa HabOpoB
YIJIOB LIAPHUPOB, MPU KOTOPBIX padoumii opraH podOTa MaHHITYJSITOpAa HAaXOOUTCS B TOYKE
3aJaHHOTO TIOJIOJKEHUS C 3a1aHHOM OpUEHTaLueH;

- ompemessitoT  HaOOpbl  YIVIOB  INAPHUPOB,  YAOBJETBOPSIOUINE  KOJUTU3UOHHBIM
OTpaHUYEHUSIM;

- BBIOMPAIOT B KayecTBe HaOOpa yIJIOB LIAPHUPOB, MPU KOTOPBIX pabovuii opran podora-
MaHHITY JIATOPA HAXOMUTCS B TOYKE 3aJAHHOTO TOJIOKEHUS € 33JaHHONM OpHeHTalueH, u3 Habopa
YIJIOB MIAPHUPOB, YIOBJETBOPSIOIINX KOJUTM3HOHHBIM OTPaHUYEHUSIM, TOT HaOOp, KOTOPBIH
SBJIIETCSI HanOoJiee OJIM3KUM MO 3HAYSHHSIM YTJIOB IIAPHUPOB K MOCIEIHEH TOUKE M3BJICUe HHON
MPsIMOI ONMOPHOU TPAEKTOPUH.

5. Cucrema rIaHUPOBAHUS ABIDKEHHS pOOOTa-MaHHITYJIATOPA, CONEpIKaINas:

- poboTa-MaHUTIYJIITOPA,

- BBIYHUCJIMTENBHOE YCTPONUCTBO, COEIMHEHHOE C POOOTOM-MAaHUIYJISITOPOM;

- IO MeHblIell Mepe OAHYy MaMsATh, COAEpXKAIYI MAaIIMHOYUTAaeMble HHCTPYKLUH,
KOTOpble TpPU HX MHCIOJHEHUU IO MeHblIel Mepe OJHUM BBIYHCIUTEIbHBIM YCTPONCTBOM
BBITIOJTHSIIOT CIOCO0 1o JIrodomy u3 mm. 1-4.

6. Cnoco0 mIaHupOBaHUS BIKEHUS pOOOTa-MaHUMYJISITOPA, BBITIOJHIEMBbIH IO MEHbLICH
Mepe OAHUM BbIYUCIUTENbHBIM YCTPOHCTBOM, COAEPIKAIIMM 3Talbl, HA KOTOPBIX:

- MONY4aroT MH(GOPMALMIO O 33JaHHOM TOJIOXKEHWH M OpUEHTAluH padoyero opraHa, B

KOTOpBIe HEOOXOUMO MepeMecTHTh padouunii opraH podOTa-MaHUMIYJISITOPA,



- ONpEeAeNsiIoT TEKyIUMe IMIOJIOKEHHEe W OpUeHTalui pabodero opraHa poOorta-
MaHHMITY JIATOPA,

- ONpEAENSIOT Ha OCHOBE MH(POPMALUHU O TEKYILIEM IOJIOKEHHH U OPUEHTALMH padouero
opraHa s4eiiky o0JacTH WHTEpeca, W3 KOTOpPOH HEOOXOOUMO IepeMecTHTb padouuii opraH
poboTa-MaHHUMyIATOpPA, TPUUEM O0JNACTh MHTEPECa HAXOMUTCS BHYTPU pabodero mpocTpaHCTBa
poboTa-MaHUMIYJISTOPA,

- Ha OCHOBE HaboOpa BO3MOXKHBIX OpHEHTaLUWi padouero opraHa podOOTa-MaHUMYJSTOPA
IPU €ro HaxOXKAEHUU B OOJIACTH YIOMSHYTOH SUEHKU ONpeneNsioT OMMKANIIyI0 BO3MOXKHYIO
OpHeHTaLMI0 pabouero oprasa poOoTa-MaHUMYJISITOPA K TEKYLIeH OpueHTaLuY,

- Ha OCHOBE JTAaHHBIX O siUeliKe W ONrpKaiineil BO3SMOXKHOW OpHEHTaluu pabodyero oprana
poboTa-MaHHUMYIATOPA U3BJIEKAIOT U3 COXPAHEHHOI'O Ha BBIYMCIMTEIBHOM YCTPOICTBE CIHCKA
NPEeBAPUTENIHO CreHEPUPOBAHHYI0 OOpaTHYIO OMNOPHYIO TPAaEKTOPHIO, MpuueM oOpaTHas
OTOpHAsI TPAEKTOPHS OMHCHIBAET MepeMelieHrne podoTa M3 MOJIOKEHHUs, TPU KOTOPOM pabouuit
opraH po0OTa-MaHUMYJIATOPa HAXOMUTCS BHYTPH OOJNACTH MHTEpECa, B HAYAIBHOE IMOJIOKEHUS,
COOTBETCTBYIOLIEE 00IACTH UHTEpeca,

- ompenensroT HabOp YIVIOB INAPHUPOB, IPU KOTOPBIX paboumii opraH poOoTa-
MaHMITyJIATOPA HAXOAUTCS B TOUKE 3aJaHHOTO MOJIOXKEHUS C 3aJJaHHOIN OpuUeHTaLuel,

- YIQISIOT OT Havyaja HM3BJCYEHHON OOpaTHOI OMOPHOW TPAEKTOPHH MOCIENOBATEIHHO
TOYKU IO T€X MOp, MOKA JJMHA TPAEKTOPHHM HE YMEHBLIWTCS HAa BEJIMYHMHY, PABHYIO pa3Mepy
STYEHKHU,

- 100OABJSIFOT K KOHIy TPAGKTOPHM TOYKY, COOTBETCTBYIOLIYIO 3HA4YEHUsIM Habopa yTioB
IIAPHUPOB pOOOTA-MAHUMYJISITOPA, TPU KOTOPbIX paboumii OpraH poOOTa-MaHUMYJSTOPA
HAXOIUTCS B TOYKE 33JaHHOTO MOJIOXKEHHs C 3aJaHHOW OpUEHTaluel, a B Hadajlo — TOYKY,
COOTBETCTBYIOIIYIO TEKYIIEMY MOJIOKEHHIO padovyero oprana podoTa-MaHUIYJIATOPA,

- MepeMeaT padounii opran podOTa-MaHHUITYJIATOPA B COOTBETCTBHH C IOJYYEHHON Ha
MPEABIAYLIEM 3Tare TPACKTOPUEH.

7. Criocob mo 1. 6, XapaKTepU3YIOIIHUICS TE€M, YTO JOMOJHUTEILHO COINEPKUT 3Tallbl, Ha
KOTOPBIX:

- ONPEAEISIFOT BEJIMYMHY OTKIJIOHEHHSI 33/IaHHOTO TIOJIOKEHHS M KHAYaIbHOTO TTOJIOKEHUSD)
pabouero opraHa pobOTa-MaHUITYJIATOPA, COOTBETCTBYIOIIErO 0OJIACTH UHTEPECa,

- CPaBHUBAIOT MOJYYECHHYIO Ha MPEABIAYIIEM 3Tare BEIMYNHY OTKJIOHEHHS C MOPOTOBBIM
3HaYEHHEM, MPHUEM 3TaIl OnpeaeneHus Orkaimeil BO3MOKHONW OpHeHTaluu pabouero oprasa
poboTa-MaHHUMyIATOpAa K TEKYLIell OpPUEHTALMH BBIMOJHIETCS B CIIydae, €CJU yIOMSHyTas

BCJIMYHHA OTKJIOHCHUA HE MPEBBILIACT MTOPOTrOBOC 3HAYCHUE.



8. Crocob mo m. 6, XapaKTepU3yIOLIMICS TEM, YTO OMpEAeSieHHEe TEKYIIero MOJOKEeHUs U
OpHeHTalN pabodero oprana poOOTa-MaHUMYJSITOPA OCYIIECTBIIETCS OCPEACTBOM PELICHHUS
MPsIMOM 3a7ja4¥ KHUHEMAaTHKU HA OCHOBE €ro TeKyLIUX 3HAY€HUH YIJIOB [IAPHUPOB.

9. Criocob mo 1. 6, XapakTepU3yOIUHCS TeM, YTO 3Tal, Ha KOTOPOM ONPEAEISIFOT HaOOPHI
YIJIOB IIAPHUPOB, MPU KOTOPBIX pabouuii opraH poOOTa-MaHHITYISITOPA HAXOAUTCS B TOUKE
3a/1aHHOTO TIOJIOJKEHUS C 3aJaHHOM OpUEHTaLel, CONEeP>KUT ITalbl, HA KOTOPBIX:

- JUIA 3alaHHOTO TIOJIOKEHHsI M OpUEHTauuu paboduero opraHa poOOTa-MaHUMYJSTOPA
BBITTOJIHACTCSA PEIICHUEC O6paTHOI>'I 3aa4l KUHEMATUKU OJis NOJYUYCHUSA MHOXKCCTBA Ha60pOB
yIJIOB LIAPHHUPOB, MPH KOTOPBIX padounii opran podOTa MaHUITYJATOpa HAXOAUTCS B TOYKE
3aJaHHOTO TIOJIOXKEHMUS! C 3aJaHHOW OPUEHTALIUEN;

- ompenesysiIoT  HabOpbl  YIVIOB  INAPHUPOB,  YAOBJETBOPSIOLUINE  KOJUIM3UOHHBIM
OTPaHUYEHUSIM,

- BBIOMPAIOT B Ka4eCTBE HaOOpa YIJIOB IIAPHUPOB, MPH KOTOPBIX paboumii opran podora-
MaHUMYJSITOPA HAXOANUTCS B TOUKE 3aaHHOTO TOJIOKEHUs C 3aJaHHON OpHeHTaLue, u3 Habopa
YIJIOB INAPHUPOB, YIOBJIETBOPSIOIUX KOJUIM3UOHHBIM OrPAaHUYEHUsIM, TOT Habop, KOTOPBIH
ABJIsIeTCs] Hanbosee OJIM3KUM 110 3HAYEHUSIM YIJIOB MIAPHHUPOB K IOCIEIHEeH TOYKe U3BJICUEHHOM
00paTHOI OMOPHOH TPAEKTOPHH.

10. Cucrema muaHUPOBAHUS IBHKEHUsI pOOOTA-MAHUITYJIATOPA, COAEPIKALIA:

- poOoTa-MaHUTYJIITOPA,

- BBIYHUCJIMTEIBHOE YCTPONUCTBO, COEIMHEHHOE ¢ POOOTOM-MAHUIYJISITOPOM;

- IO MEHbIIEeH Mepe OAHY NaMsATh, COAEPKAIIYI0 MALUIMHOYUTAEMblE WHCTPYKLUH,
KOTOpBIC TIPpU HUX HUCIHOJIHCHHU 110 MEHBIIEH MEPE OAHUM BBIYHUCIUTECIIbHBIM YCTpOfICTBOM

BBITIOJTHSIIOT CIIOCO0 1O JIFoOoMy U3 mi. 6-9.
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