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The management concept by handling mechanisms of mobile robots, uses of servo-drivers and step-by-step engines is con-
sidered. The settlement scheme of connection of links of the manipulator is resulted.
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Hamr mup maer mo myTu ToTanbHOM poboTH3a-
uuH, OyJlb TO MPOMBILIUIEHHOCTh, BOGHHAS U KOC-
MHUYECKasi OTpacib, MEIUIMHA WM ObITOBas
KU3Hb. Bo Beex ciryuasx poOoT 00s13aH BBIIOJIHSATD
TSDKEJIbIE, CBEPXTOUYHBIC, PYTHHHBIC HJIHM OINACHBIC
JUISL JKU3HHU 4YeJloBeka paboThl. [l BBITIONTHEHUS
90 % paboT He0OXOAMMO UCIONb30BAaHUE MAHUITY-
nsTopa. OTO 0COOEHHO OTHOCUTCS K MOOHMJIBHBIM
poboTaM, KOTOpble B OONBLIMHCTBE CBOEM pPaldo-
TaroT ¢ pa300pKoi 3aBaJIOB, Pa3MUHUPOBAHUH U T. II.
[TosTomMy K MaHHITyIATOpaM MOOMIBHBIX POOOTOB
NPEBSBISIFOTCS NOBBIIICHHBIE TPEOOBAHHS K TOY-
HOCTH TO3MLIMOHUPOBAHUS, HAIEKHOCTH U IIPO-
cToTe ymnpasieHus [1, 2].

Bce MaHUDYJISITOPEI XapaKTEpPHU3YIOTCS TPy30-
MOTbEMHOCTBI0, TUIIOM pabouero oprana, paboueit
007acTbI0 W KOJMYECTBOM CTEMEHEH CBOOOIBI.
Crenenp YHUBEPCATBHOCTH pOOOTa OMPEIeIISIeTCS
KOJINYECTBOM CTEICHEH CBOOOIBI.

CymectByer 2 BHJa CTENeHeH CBOOOIBI — Iie-
peHocuMble M opueHTHpytomue. IlepeHocHbIe
CITy’KaT AJisl TIepeMelleHusl pabodyero opraHa B pa-
Ooueit obrmacT MaHHUMYJATOPa, B TO BpPeMs Kak
OPUCHTHUPYIOIUE — OPUEHTHPYIOT €ro B POCTPaH-
cTBe. MUHMMAaJIBHOE YHCIIO IEPEHOCHBIX CTEeTEeHEH
CBOOOJBI JOJKHO OBITH paBHO 3. OmHaKo 11s yBe-
JMYCHHUS MaHEBPEHHOCTH MaHUITYJIATOpPa MOXKHO
pacuMpUTh MX YUCIO0. DTO MO3BOJHUT YCIOKHUTD
BO3MOXKHYIO TPAaeKTOPHIO ABMXKEHHUs pabouero op-

raHa, a TaKXKe yBEeJIUYUTb OBICTPOJICHCTBUE MaHU-
nynsaTopa. IloaToMy Hepenko MaHUIYISTOpY 10-
0aBmsieTcsl HECKOJIBKO M30BITOUHBIX CTEIEHEH CBO-
0oxpl. COBpEeMEHHBIM MaHUMYJSITOpAM OOBIYHO
3aKJIaApIBAIOT 4—6 cTeneHel cBOOObI, XOTS CyIe-
CTBYIOT U 00JI€€ CIIOKHBIE MOJEIIH.

B ornuume oT mepeHocHBIX cTeneHel cBoOO-
IIbl, OPHEHTHPYIOUINX TpedyeTcsi TOIbKO TpHu (T0-
BOPOT OTHOCHUTEJBHO €r0 MPOJIOJBHON U IBYX B3a-
MMHO MEPIEHANKYIISIPHBIX OCei).

B 3aBucuMoCTH OT BBHIOpaHHOW CHCTEMBI KO-
OpAWHAT Yy MaHHIYJsITOpa OyaeT pabodas 30HA
OmnpeneneHHONH (HOPMBI, TAKKE OT CHUCTEMBI KO-
OpIMHAT 3aBHUCAT BO3MOXKHBIE TEPEMEIICHHUS
3JIEMEHTOB MaHUNyasATOpa. Mcnomap3yroT ueTsipe
TUTIOBBIX CHUCTEM KOOpPJAWHAT: MPSIMOYTOJIbHAS,
OUIUHApUYecKas, chepudeckas u yriaosas. OHH
COOTBETCTBEHHO 00pa3yloT paboure 30HBI B opme
napasuiesenumnena, IWIMHApa, cGepsl U MoBepX-
HOCTH CJIOKHOH (OpMBI, cOCTOSALICH M3 HaJlO-
JKEHHBIX IPYT Ha Jpyra BO3MOHBIX YTJIOBBIX
nepeMemeHuid. IloCKONbKY JaHHBIE CHUCTEMBI
KOOPJWHAT MCIOJB3YIOT TOJHKO 3 KOOPAWHATHI,
TO B CIIOXKHBIX pO0OOTax CO3Mar0TCA MX KOMOH-
HaLUH.

MoOunbpHBIM pOOOTaM ¢ MaHUIYJIATOPAMH HaH-
OoJiee MOIXOMUT KOMOMHAIMS YIJIIOBOM M LMIWHI-
puueckoi cucrteM koopauHaT. Ilpu Takoit KoMOH-
HallUM MaHUITYJSTOp OyZeT MMEeTh BO3MOXKHOCTb
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npy HEOOXOJMMOCTH MPUHUMATh KOMIIAKTHOE TMO-
JIO)KEHHE, CKIIa[bIBasCh Ha KOPILyce MOOWIIBHOTO
POOOTOTEXHMYECKOTO KOMILIEKCa 3a CYET TOrO, YTO
€ro 3BEHBbS] MOTYT COBEpIUATh TOJBKO YIJIOBBIE IIE-
peMellleHns, a TakKe Bpalaromascs ImiatdopMa
MO3BOJIUT MAHMITYJIATOPY MPOU3BOAUTH PAOOTHI HU
TOJILKO BIlepenu cebs, HO U 10 OOKaM OT KOopITyca,
YTO JEJIAeT TAaKOH POOOTOTEXHUYECKAN KOMITIEKC
OoJtee yHUBEpPCALHBIM U THOKHM.

Hdns obecrieueHUs: YIJIOBBIX IEpeMEleHUI
3B€HbEB MAHHUIYJIATOpPA MCIOJB3YIOTCA CEpBO-
MPUBOJBI M IIATOBBIE ABUTATEIN. DTH MCTOYHH-
KM JBWXKEHHUS KOMIIAKTHBIE, HMEIOT IIHPOKHIA
MOJEJBHBIA PAN, BBICOKYI0 TOYHOCTH IMO3UIHO-
HUPOBAHHUS, & TaKXe BO3MOXKHOCTb YIPaBJICHUS
MOCPEJCTBOM  MHUKPONPOLIECCOPHOH  CHUCTEMBI
yIpaBiIeHUS.

CepBonprBOJI UMEET B CBOEH KOHCTPYKIHH
JATYMK OOpaTHOM CBS3U, C MOMOIIBIO KOTOPOTO
JOCTUTAeTCsl BBICOKAs TOYHOCTh YCTPOMCTBA.
VYupasiieHrne MPOUCXOAUT € MIOMOIIBIO IUPOTHO-
umnynscHOH Monyssiuu (ILIMM). [Tostomy ¢ mo-
MOILBIO IaTYUKa OOpaTHOHM CBA3H W JJIMTEIBHO-
ctu umnyiasca HIMM M0XHO OJHO3HAYHO OIpe-
JeTUTh YToJI MOBOpPOTa pOTOpa, a 3HAYUT U OI-
penesnTh MOJIOKECHUE 3B€HA MAaHUILYJIITOpa B IPO-
CTPaHCTBE.

B omimume ot cepBonpuBoga y IaroBoro ABHU-
rarens OoJyiee MPOCTOE YNpaBlIeHUE U3-3a OTCYTCT-
BUS JIaTYMKa OOPaTHOM CBS3H, OJJHAKO 3TO K€ SIB-
JIIETCSL €M0 MUHYCOM, T. K. JUISl TOYHOTO TO3ULIMO-
HUPOBAHUSI HEOOXOAUMO IONOJIHUTENBHO OpraHu-
30BBIBAaTh CUETUMK IIAroB. Y IPABJIATHCS LIArOBbIH
JBUraTellb MOXKET KaK aHaJOTOBBIM CHT'HAJIOM, TaK
u HIMM. Mosxer paboTath B 3-X peKHMax — C MOJI-
HBIM [IaroM, ¢ TMOJYIIaroM W B MHKPOIIaroBOM
pexume. Takum 00pa3oM, MOXKHO MOJOOpaTh
MMEHHO Ty TOYHOCTH IO3MLIMOHUPOBAHUS 3BEHHEB
MaHHMITYJISITOPa, KOTOPYIO TPeOYIOT TEXHHYECKOe
3aJaHre U KOHCTPYKLHS poOoTa.

CepBONpHUBOJBl U ILIATOBbIE JBUTATENM yCTa-
HaBJIMBAIOTCS B COUJICHEHHUS OTIENIbHBIX 3BEHBEB.
Takass KOHCTPYKIMS 0Opa3yeT KHHEMaTHUECKYIO
BpalaTeNbHYI0 Iapy, KOTopas MMeeT | cTeneHb
cB00OABI. JIErKo 3aMeTHUTh, YTO Ka)KIbIH HOBBIH
CEpBONPHUBOA WJIM ILIArOBBIN JBUraTeb JOOABISET
M0 OJTHOH CTENEHU CBOOO/EI.

Ocranoch yCTaHOBUTD, KaK € 3aBUCAT KOOPIH-
HAaThl OT yTJIa TIOBOPOTa 3BEHbEB. [[JI1 IpOCTOTHI pac-
CMOTPHMM 33aBHCHMOCTb TOJIBKO IEPEHOCHBIX KOOPIH-
HaT B JBYXMEpPHOM HpocTpaHcTBe. PacuerHas cxema
JaHHOTO MAHHUITYJIITOpa M300paskeHa Ha puc. 1.

Puc. 1. PacueTHast cxema coeTuHEHHS 3B€HbEB MAHUITYJISITOPA

IlycTs y HaC UMeEETCS MaHUIYJISATOP, COCTOS-
[IMH U3 YeThIPEX 3BEHBEB, UMEIOIIHUX JTHHBI COOT-
BETCTBEHHO [}, [, 3 1 [,

Koopaunatet B Touke A OyIyT OnpeaensiThes
x1=1,- cos(aiy)

yi=1 - sin(o)

B Touke A,:

Xo=x1+1L - cos(a—ay)

y2=y1+1h - sin(oy —0n) (1)
B touke As:

X3=xp+ 13- cos(o— 0, —al3)

ys=y2t 13- sin(oy — o —03) (2)

U, nakoner, B Touke Ay

X4=Xx3+ 14 : COS(OL] — 0l —0l3 — OL4)

V4= 3+l sin(oy — 0 — 03— 0ly) (3)

Torma mist KOOpPIWHATHI X TIPU KOJHMYECTBE
3BEHBEB i > 2 UMEEM

x1=11- cos(ay)
=y c0s(y ~ 5 acn) @

Jns koopauHaThI y

yi=1 - sin(a)

Vi =Yg+ sin(oy =X 00) ()
U nns yrna o

=0l =D} ,0 (6)

Takum 0o0pa3oMm, y Hac eCTh CleyroIas Cuc-
TeMa ypaBHEHUN

x;i = f1(ou, o, 03, Ol)
Vi =f2(0t1, o, A3, OL4)
o= f3(ou, oy, 03, 0Ly)
G = f4(ou, o, oz, o)

rne g — Hekoropas (YyHKIWS, HaKJIaabIBaroIas Ha
YIJIBI B COWICHEHUSX YCIOBMS, NIPU KOTOPBIX MO-
JIOKEHHE MaHUTYIISITOpa Oy IeT ONTHMAIBHBIM.
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®DaKTHUYECKH, pACHpPE/ICIICHUE YIIOB 3aBHCUT
OT KOHKPETHOH pelaeMoil 3a1auu, Tak, Harpumep,
MpY TOBEME TPYy3a C TOPU30HTAIBHOW MOBEPXHO-
CTH He00XoAWMO 4YTOOBI (opMa MaHUITYJIATOpa
OBLTa KaK MOKHO OJIIKE K JyTe.

[Ipu HanMIMKM HEKOTOPOTO MPEMATCTBHS BBICO-
Tol H, pacroyioxXeHHOro BOJIU3U MOOMIBHOTO PO-
0OTOTEeXHHUYECKOT0 KOMIUIEKCA (HApUMep CTCH-
KH), HeoOxomuMo 9To0b!I 0 = 90, yroi Ha ocTallb-
HBIX COWICHEHHUSAX PaBEeH HYJIIO, €CIM CYMMapHOH
JUTMHBI 3BEHBEB OT MEPBOTO COUICHEHUS JIO TEKY-
HIEr0 HE JIOCTATOYHO JJIs MPEOJOJICHUS TPEISITCT-
Bust. s tpyosr — < a; < B, e sin(B) = d/l; (d —
JIMaMeTp OTBEPCTHsI) — MIPHU 3TOM YCJIOBUHU COUJIE-
HEHHsT MAaHUMYJSITOpa HEe OyayT KacaTbCsl CTEHOK
TpyOHI.

Takum 00pa3om, uMes TaHHYIO CUCTEMY ypaB-
HEHUM, MOXHO BBIYHCIUTH ONTHUMAIbHBIC YTIIbI

cruba 3BCHbEB MaHUIYJSITOpA. [laHHBIC BBIUUCIIE-
HUSl JIOKATCS HAa MHKPOIPOIIECCOPHYIO CHUCTEMY
YIpaBIeHUS] MAHUITYJIITOPOM.
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