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CocraButenb: KaHAUIAT TEXHUYECKUX HAYK, AoIeHT PuinmonoB M. H.

[IpuBeneHsl BapuUaHThl 3aJaHUN KOHTPOJBHOM paboThl Jisl OOydYaroIIMUXCs
3a04HOU POpMbI OOYYEHHSI IO OCHOBHBIM T€MaM, COOTBETCTBYIOIIME 0a30BOMY YPOBHIO
U3YYEHUs] AUCHUIUIMHBI «MoJeanupoBaHue poOOTOTEXHUYECKUX M MEXaTPOHHBIX
cuctem» Bo 2-M cemectpe. [IpuBeneHsl 00pa3iisl perieHrs BeeX 3aaHnil, CHa0KEHHbIE
HEO0OXOAMMBIMU TEOPETUYECKUMH CBEICHUSIMU.

BBEJIEHUE

Y4eOHO-METOINYECKOE TTOCOOME COJNEPKUT HHIWBHUAyaIbHBIC 3aJIaHHs JIBYX
KOHTPOJIBHBIX Pa0OT, BBHIMIOJHACMBIX CTYJCHTaMH 3a0YHON (OpPMBI OOydYEHUSI.
TemaTnka 3agaHWii  OXBaThIBAET BCE  OCHOBHBIC  Pa3feibl  JUCIUTUTHHBI
«MopaenupoBaHue pPOOOTOTEXHMYCCKMX M MEXAaTPOHHBIX cHUcTeM». lIpencTaBieHbI
OCHOBHBIE TCOPETHYECKUMH TOJIOKEHUSI W TIOHSATHUS, COOTBETCTBYIOIIHE 0a30BOMY
YPOBHIO HM3y4YeHUS NIUCIUIUIMHBI, W TIOAPOOHOE pelIeHne BceX 3ajgaHuil. Brioop
TEMaTHKH OCYIIECTBISIICA Ha ocHoBe aHaim3a PI'OC3++ B 0a30BOM MOATOTOBKE
maructpoB HampaBieHuss 15.04.06. Takke mnpuBeAeH CIHCOK TEOPETHUCCKUX

BOIIPOCOB I OATOTOBKY K 3a4€Ty M DK3aMEHY M PEKOMEHlyeMasl JINTeparypa.

1 Bbi0op BapuanTa 3aiaHusi

3amanus o kaxzaoi teme umeror 10 BapuaHTOB, MPaBUIIO BbIOOpa BapuaHTa
MPUBEACHO Mepe 3aJaHUsIMU KOHTPOJIBHBIX PadoT.

JIist  BBIIOJTHEHUST KOHTPOJIbHOW paboTel 1 HEOOXOAMMO BBIOIHUTH 2
MPAKTUYECKUX 3adaHus. J[7s BBIMOTHEHUS KOHTPOJBHOW pPabOThl 2 HEOOXOIUMO

BBIIIOJIHUATE 3 IMPAKTUYCCKUX 3adaHHNA.



Howmep BapuanTta onpenensercs nocienuei muppoi mumdpa 3a4eTHOM KHUKKH,
[0 KOTOPOM, BOCIOJIb30BABIIUCH CIEAYIOIIEH TaOMUIEH, CleAyeT ONpeneauTh IO
BEPTUKAJIM HOMEPA BOIIPOCOB U BapUAHT 33JaHUS B KAKJOM U3 5 MPaKTUYECKUX padoT

(0MHAKOBBIN AJI BCEX MPAKTUYECKUX padoT).

Omnpenenenue BapuaHTOB KOHTPOJIBHOU pabOThI
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2 3agaHue HA KOHTPOJIbHbIE PA0OTHI

B nanHoM pasnene mpUBOASTCS 3aJaHUsl, KOTOPbIE HEOOXOJIWMO BBIMOJHUTH B
KOHTpOJIbHOM padote 1 u 2. [To obeum rpynmnam 3amanuii (BorpocaMm U 3ajiadyam) JaHbl
KpAaTKUE METOJIUYECKHE PEKOMEHAIINM, & TAKKE CChUIKUA Ha JJUTEPATYPHbIC HICTOUHUKH,
B KOTOPBIX MOJPOOHO OCBEIIEHBI COOTBETCTBYIOIINE TEMBI 3a/IaHUM.

J171s1 BEITIOJTHEHUST pabOThI HEOOXOIUMO:
nepes pelieHueM TMPAKTUYECKUX padOoT BHUMATEIBHO U3YYUTh MPUMEPHI HX
BBITIOJIHCHUSL.

B nenom odopmienue paboThl Mpou3BOILHO ¢ MpuMeHeHrneM makera MS Office
m000l BepcHM, OJHAKO HEMPEMEHHBIM TpeOOBaHMEM SIBIACTCS HaJU4YUe BCEX
MOSICHSAIOIIUX PUCYHKOB, HAJIMUCEH, CXeM, TpaUKOB M aHAJTUTUYCCKHUX BBIKIAIOK

0COOEHHO B YaCTH BBIIOJHEHUS MMPAKTUYICCKUX pa60T.
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KourpoJsbsnas padora 1

JI71s1 BceX BapUaHTOB [TapaMeTPbl KHHEMATHYECKON CXEMbl MAHUITYJIITOPA B3ATh U3
TabnuLbl 1 17151 MAHUTTYJIATOPOB C BEPTUKATIBbHON HUIMHAPUYECKON CUCTEMON KOOPIUHAT
Wik Tabauuel 3 JUisi MAaHUMYJSATOPOB C TOPU3OHTAIBHOW LMIMHAPUYECKONW CHUCTEMOM
KOOpJMHAT W TapamMeTpbl KOHTPOJBHOM TpPAaeKTOpUU cXBaTa M3 TaOMMLBl 2 I
MaHUIYJISITOPOB C BEPTUKAIBHON HUIMHAPUYECKON CUCTEMON KOOPJIMHAT WU TaOJIHIIbI

4 st MAaHUITYJISITOPOB € TOPUZOHTAIIBHON HMJIMHAPUYECKOW CUCTEMOUN KOOPAUHAT.

Tabnuua 1 - [TapameTpbl KHHEMAaTUYECKON CXEMbI MAHUITYJISITOPA C BEPTUKATBHOM

UWIMHIPUYECKON CUCTEMON KOOPIUHAT

IMapaMeTpsl KHHEMaTHYMECKOI
CXEeMBl MAHHTYIATOPA

f — HOMECP 3BCHA

1

2

bez my3a CI'Py30M
mi, K 4] 7 ) 7
fi, M 0,2 0,95 0,95
Piy M 0,12 0.6 (0,55 0.7
Ji, krom? 0,021 0,095 0,018 0,031
& mar, (M, paj) 6,28 0.9 0.9

Tabnua 2 - KOHTPOJILHON TPAEGKTOPUM CXBaTa MAHUMYIATOPA C BEPTHKAILHOM

HHHHHﬂqueCKOﬁ CHUCTEMOM KOOpAHWHAT

Toukn A B

Xy o™ 0,85 0,05
Yy . m -0,05 -0,85
L. M 0,2 -0,7




Tabnuua 3 - [lapameTpbl KHHEMAaTUYECKON CXEMbI MAHUITYJISITOPA C BEPTUKAIBHOM
LAJIMHAPUYECKON CHCTEMOU KOOPAMHAT

[TapaMeTpbl KHHEMATHUYECCKOH CXCMBI s
MAHHITY AR TOPa | 2 3
0e3 rpyia | © rpyioM
M, KT 14 16 12 13
fi, M 0,65 | 0,55 0,35
i, M 0,55 | 045 0.46 0,51
Ji, krm? 0,02 | 0,06 0,03 0,034
i marx, (M, paj) 6,28 0.5 0.5

Tabnuua 4 - mapaMeTpbl KOHTPOJIBHOW TPAEKTOPUU CXBaTa MaHUMYJSATOpA C
BEPTUKAIBHON LIUJIMHAPUYECKOU CUCTEMOU KOOPAUHAT

Toukn A B

Ay o ™ 0,65 1,15
Y. M 0,45 0,01
AT 0,01 0,45

IIpakTuyeckoe 3apanue 1

JUis  cBoero BapWaHTa 3aJaHWsl BBIMOJHUTH KUHEMAaTHYECKWA  aHaJu3
MaHHUIYJIATOpa 1Mo IpumMepy u3 [6] ctpanuisr 66-108.
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HpnMep BBINMOJIHCHUS MPAKTUYICCKOI'0 3alaHUA 1

4.1. KHHEMATHYECKHH AHATTH3 MAHHNIYJIATOPA

C BEPTHKAJIBHOH HHJAMHAPHYECKOH CHCTEMORM
KOOPJIHHAT

I'Ipuncm:m{:: KHHCMATHUMCCKOTS aHaMH%a HMECT HENBEY TTOTYHHTE CTPYRK-
TYpY W napasMerprl npeobpazoeateneid [IP1 w [IP2 (oM. puc, 3.4).

HH PI‘[L‘- 4-' I[PI-[EE,.'J;EHH EHHEMATHYMCCRAM CXCRNA I'LTEIHHl]j-':[H'l'IiJE}H L }‘H-H'.‘I-H.-
HHEM OCHOBHEIX FEOMETPHYECKHY PaiMepon:

— JUIMHA 3BCHBEB ManunyaaTopa .0, 0;

—  IAPHHPHAA KOOPIHHATA 3BCHA §),§3.47:
PACCTOAHHE OT HAYANA IBEHA JI0 LEHTPA MACC py, P, Py .

Ha PHC, 4.1 nokazaHkel EOOPIHHATHRIC CHCTCMEI, HEODXOAMMBIE I8 KH-
HEMATHUCCKOTD aHLIH3A:
HENMOIBHAHAA r10DankHAd CHCTEMA KoopauHaT X, ¥ 2 .
—  KOOPJIHHATHAA CHCTEMA NMEpBOTe 3BCHA X, 1,24 .
—  BCHOMOTATC/ILHAA KOOPIMHATHAN CHCTeMa Broporo sseHa XL Y Z);
KOOPAMHATHAR CHCTEMa BToporo 3eena A5, Ys, 45

— KOOPAHHATHAA CHCTEMA TPETHEND IBEHA M COBNAJAILIAA ¢ HEH KOOp-
JMHATHAA CHeTeMa exsaTa Xy, Y. £y -
Tpetbosanna BOIMOKHOTO TEXHHYECKOTD 3aJaHHE ANA NMPOMEIILUTEHHOTD
MAHHITYIATOPA € BEPTHEATBHOH LHIHHAPHHYeCKOH CHCTeMOil KoopIHHAT:
—  IPY3ONOIBEMHOCTE B npeacnax | kr;
— MAKCHMAEHAS THHEHHAA CKOpOCTh 38eHa 1,2 Mm/c;
— MAKCHMAILHAA YINOBAA CRopocTh secHa 10 pag/c:
MOA0ca NPOMYCKAHHA CHCTEMEI YTIPABRITEHHA JIBHKEHHEM MO MOI0Me-
HHK 12 T
— TapaMeTphl KHHEMATHYECKDH cXeMel (Tabn. 4.1);
—  3a1aHHAA KOHTPOILHAA TPASKTOPHA NBH#AeHNA cxpaTta (Tabn. 4.2).
[lpamas 3amava KHHEMATHKH MOSBOIACT ONPEACIHTE MI0DANEHEE KOOP-
JAHHATEL CXRATA M0 [MEAPHHPHEM @ EKOOPIHHATAM W Ppa3Mopan MaHHITYITATOP
[13.14];

Ay =T,-T;-T, Ty - (4.1)

+
==
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Tatnwuua 4.1
MMapamerphl KHAEMATHYECKOH CXEMbBI MAHHIYIATOPA
¢ BEPTHEATLHOH HHIHHAPHYECKoil cHeTeMoli KoopanHaT

[MapameTps EWHCMATHYCCEOR i Homep snena
CXEMEI MAHHMYIATORA | 2 3
B3 Tpyia € TPYIOM
M, KT 4 7 b 7
fi, M 0.2 0,95 0,93
i, M 0,12 0.6 0.55 0.7
i Krow® 0,021 0,095 0,018 0,031
i wax, (M, pam) 6,28 0,9 (09

Tadbnuupa 42
MapaMerpkl KORTPOILHOH TPACKTOPHA CXBATA MAHHNY/IRTOPA
€ BEPTHEAJILHOH HRJIWHIPHIECKOH CHCTEMOH KOOpIHHAT

Tourn A 5]

XM 0,85 0,05
Yo o M0 0,05 0,85
Lo M 0.2 A7

B npeobpazopanme KOOpIHHAT MaHunynaTopa (4.1) BXOAAT ceqyiouHe
MATPHLEL

—  MaTpHlia npeodpaiopaHHd KOOPIHHAT (MOBOPOTA HA YTON g, OTHOCH-
TeAbHO OcH 7 ) Meway rinodansHoli cueremoll koopamnar XY, 2
H KOOPAHHATHOH cHcTemMol nepsoro isena X(YZ, (coorsercrsyer

(2.12)}
[ cosg, sing; 0 0]
= —sing; cosg; O 0 : 42)
0 ) 10
0 0 01

—  MATpHIA Npeolpa3oBaHHA KOOPIHHAT (TepeMelleHne Ha | OTHOCH-
TCARHO OCH £)) MCEILY KOOPAHHATHOH CHCTEMOH NEPBOrO 3BCHA
X\¥}Z, n Bcnomoratensnoii cuctemodi neproro seena X|[1Z] (coot-
BeTcTRYET (2.15))

15




(4.3)

- e

= —

=T = R ==
=

— MATpPHLE NPCODPA3OBAHHA KOOPIHHAT (IICPCMCUICHHE HAa §» OTHOCH-
TENBEHO OCH X[ ) MERIY BCNOMOTATENLHON CHCTEMOH NMEPROTD IREHA
X HZ] M KoOpIHHATHON cHeTeMoll rToporo aeeHa X,¥:7, (CcooTReT-
creyer (2.13))

— -

4z

(4.4)

=1

- o = e
= -

[} -
ol
1 -

~  MaTpHia npecdpaloBanHd KOOPAHHAT (MepeMElIeHHEe HA —¢y OTHOCH-
TENABHO OCH £5 ) MEHIY CHCTEMOH KOOPIHHAT BTOpOro 3seHa X51575

H COBNATAKIKMH KOOPIAHHATHBEIMH CHCTCMAaMHK (CXBATA H TPETBETD
apena) Xy, ¥y, £y, (cooTeetcTeyer (2.135))

Ty = (4.5)

=
== ]
= o= S =

=)

Brinoauue nmpeobpazopanua B (4.1), ¢ yuetom (4.2) — (4.5) noayaum
YPABHCHHA, OMHCBIBAKOIIHE PEMICHHE MPAMOI 381840 KMHEMATHEH (ypaBHEHHA
CEATH MaHHMYIITOPA):

-~

X, =qycosq,; (4.6)

< Yo =-qasing; (4.7)

Zy=—ay . (4.8)



[To ypasueuusm (4.6) — (4.8) nonyduM CTpykrypy npeodpaszosareis Ko
saunar [1P2, koropas nokasana Ha puc. 4.2.

y

9

93

Puc. 4.2. Crpyxrypnas cxema npeobpazosarens koopaunary IMP2
[1o (4.6) — (4.8) onpenenum rpanust padoyeii 30ust (puc. 4.3).

B

Puc. 4.3. Pabouan 3082 mannnyasropa

17



(Gparnas 3a7a4a KMHEMATHEH ONPeJeIseT NAPHHPHEIE KOOPIHHATE
IBEHBER MO TI0DATBHBIM EOODJIHHATAM CXBATA.
[MTonyuum pemienye W3 ypasHeHHIl CBAZH mManunynsropa. Jlna »roro Bel-

pasumM gy w2 (4.0) u(4.7).

{J":__|= X'"" ; {4.9’}
COS )

gy = (4.10)
Elnq]

Econ papnsl neprie gacti (4.9), (4.10), papHm H npaskle vacT:

X, K,
COS g sing,

mociae Ilpfﬂflpﬂ‘IDEtEl.l-IHH Mo avHaeM

gin Y.
tpg =l =W 4.11)
cos g, X,

Pewas (4.10) ornocutentno gy 0e3 yueTa NEPHOIHYHOCTH PEIIEHHA, MO~
MVIAEM

-Y,
) =amtgx—“’- (4.12)

Boiroaa B keagpar (4.0), (4.7) 0 cyMMHPYS PeIyILTAT, MOIVYAEM
Xf.+]ff,=q%(cuslq|+sin:q|‘]=q%. (4.13)

Pemas (4.13) OTHOCHTENBHO ¢4, MOTYHHM

ga =+ XI+Y2D. (4.14)

gy Haxooam 13 (4.8):

gy=—Z, +1. (4.15)



Bripamenna (4.12), (4.14), (4.13) npeacrapnawT coboi pemenne ob-
PATHOH 387440 KHHEMATHKM, 10 3THM BBIpAKeHHAM (POPMHPYETCH CTpPVK-
Typa npeobpazoparens [IPl ana cucTeMil yNpaBneHHs MaHHIYIATOPOM

(puc. 4.4).

.
X,

Puc. 4.4. Crpykrypuan cxema npeodpazosatens koopaunar [TP1

Brnoauus Mojlennposanie paipadoTanneix npeobpatoratencii Koopan-
HAT B cpeae Simulink [6]. Menpiranua npeodpasopateneii npoeoiuM B COOTBET-
CTBHH € (PYHKIHOHANEHOH CXEMOH CHCTEMEB! YIpaBneHns, npenebperan auHa-
MHKOH NPHEOIOR H MAHAITYIATOD.

Jannsiit sTan padoTel HCODXOAHUM IS NPOBCPEH NPaBHALHOCTH padoTsl
MpeodpaiopaTeneil BO BCEM NPOCTPAHCTEE pabodei T0HE MAaHHIYIATOPA.

Ha puc. 4.5 noxkasano ¢OCIHHEHHE MIEMEHTOB CHCTEMBI YITPABICHHA Mi-
HHITYIATOPOM, 2 TAKHE HCTOUHHEH CHTHATOE W CPEACTREA PErHCTPAIMH Peiyik-
TATOR, bIOKH 3aaHHA TECTOBBIX TPHEETDFIHE MTOMEME A TCH HA BXO CHCTEMEBI
TOOEPETHD,

Ha puc. 4.6, 4.7 Noka’afsl CTPYKTYPR TOICHCTEM, PeaHAVIOIIHX npeob-
PA30BATENH, ODCCICUHBAKIIME NEPEX0] OT INO0DAIBHEIX KOOPAMHAT K IAPHHP-
HEIM KOOpIHHATaM H HaoDopoT (noacuetemul PRI, PR2).

Mogens «Test Kinematiiy NpeIHASHAYEHA U4 HCIBITAHHA NpeodpasoBa-
TeneH B ABYX peXHMax:

— npoBepka paboThl BO BCEX KBaIpaHTax padoseil s0HBI

— JABHHCHHC CXBATA N0 KOHTPOIRHOH THHEHHOH TPAEKTOPHH.

19
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Jna «obcnenopanngs: BCEro NPOCTPAHCTEA PAdOUEil J0HR], RETIOHAIDINIEND
RO EBHHPEHTHZEDDPEHHHTHﬂﬁ CHCTCMBI, PaccMOTPHM p&ﬂﬂH?ﬂﬂHKﬂEHETEHﬂﬁ
JBHAECHHS CXBaTa N0 TPEM KPYTOBLEIM TPASKTOPHAM, KaK 7T0 TNOKa3aHo Ha

ne. 4.8,
’ [Ipu srom BriDepem paauye Tpacktopud 045 M, CKOPOCTE JBHECHHA
cxpara & pat'c. llentp Beex TpaekTopuii OyaeT B ToUKe, MeXamed Ha ocH £,
¢ koopauHatoil £, =-0,25 .
Toraa Tpackropuun XY Ha pue. 4.8 COOTBETCTBYHOT 33/I4HHA MODAMIEHEIX
EOOPIHHAT

(X, =0,45sin(71);

Y, =045¢cos(x); {4.16)
{

Z_ =-0,25.

o

Ha puc. 4.8 tpacktopun ¥¢ COOTBETCTBYIOT 3aJaHHA IMODATBHEIX KOOpP-
JHHAT:

"'rh'={};

< ¥, =0,45sin(xi); (4.17)

. £, =—0,25+0,45cos(xr).

TpaeskTopun X2 na puc. 4.8 OyayT cOOTBETCTROBATE CIEAYIOIIIHE 3a1a-
HHA TH00ATBHBIX KOO IHHAT:

—

X, =0.45sin(77);

< ¥, =0; (4.18)

L 2 =—0,25+0,45cos(x1) .



| 717
81X
0

Zy=-0,25M

Puc. 4.8. Kpyrogeie TecToBbie TPACKTOPHH I BHAKECHIS CXBATA

Ha puc. 4.9 nokasana KOHTpoJIbHAs JMHCHHAs TpackTopus AB. ocoben-
HOCTBIO KOTOPOI SBAACTCH HCIONB3OBAHUC JUIS JIBHAKCHHMS CXBaTa JABH/KCHUA
BCCX 3BCHLCB.

Puc. 4.9. Tpaekropus 1BnaeHns cxsara

23



Koopuars! Toukn A

(XA =0.85 m;

< Y, =-0,05 M (4.19)
&ZA =02 M

1 Toukn B

(X5=0,05w;

< Yp =—0.85 m: (4.20)
. Zp=-0,7 m.
Test XYZ

Puc. 4.10. Cxema noacucremsr «Test XYZ»



Puc. 4.11. Cxena nojencresiin o Fest ARy

Ha puc. 4.12-4.17 nokasankl pe3ylIbTaThl MOJETHPOBAHHE ITPH HCIOTh-
JOBAHHH 3adaHHi (pae. 4.8), KOTOPRIC NOKA3RIBANOT BRICOKYID CTCNCHE COBILIC-
HHA 38]JAHHA H HCTIONHEHHS N0 T00ATEHEIM KOO THHATAM,

He3aBHeHMOCTE PesylIbTaToOR OT KBAAPAHTA TNODANBHOH CHCTEMBI KOOp-
JHHAT, B KOTOPOM HaXOIHTCA pabouad TOYKA, OTCYTCTEHE NMOTPeIIHOCTH TPH
nepecedeHnH ocell H KOOPIHHATHBIX MIOCKOCTEH roBopaT 00 000CHOBAHHOCTH
NPHHATEIX TCOPCTHUMOUKHX MOTOMCHHA | HAJCHWHOCTH HCITOIBEIOBRAHHELY MOETO-
JHK CHHTERa npeodpasosare/ed KOOPIHHAT 18 CHCTEM YNPaBIeHHA JBHAEHH-
UM ZBECHBUE MAOHHIYIATOPOE © EEPTHI'E-H.'II]:-HG]:.I IJ:HIIHH.HPII"iE:‘L'I{IJFI CHCTEMOH KO-
OPIHHAT.

PesynbTarsl pacieToR B MOJAEIH N0 TpackTopui A8 (puc. 4.18) nokaiei-
BANOT, 9TO B CITYHaS FIQJaHA JEHAECHIA CXBEaTda B MHHEHHOH TRACKTORHH
(prc. 4.9) rpaukn HIMEHEHHA [WAPHUPHEX KOOpIuHaT (puc. 4.19) okaseipakoT-
8 HenMHHeHHBIME. H3 sToro CINEAYET COCIAThL BRIBOO O TOM, UTO B COYHAC SdHB~-
TMEHHA B TEXHHYECKOM aJAHHH OTPAHHYEHHIT HA MAPAMETPE! JIBHKEHHA CXBATA
(CKOPOCTL, YCKOPCHHE, PBIBOK) CBA3h 3THX [APAMCTPOE C [IAPaMCTpaMH Lwap-
HHPHEIX KOOPJIHHAT TReOVET J0MOMHHTENLHOND HCCTIEA0BAHNA.

B uenos, momyMeHHBIE Pe3yNbTaThl TOBOPAT O TOTOBHOCTH IEMEHTOB
K PEEGT'E B COCTABE CHCTEMLLL YIIPABITCHHA,

25
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4.2. KHHEMATUYECKHWH AHAJIN3 MAHUITYJISATOPA

C TOPU30OHTAJIBHOM IUJIMHIPHYECKOU CUCTEMOHM
KOOPJIUHAT

Pacronokenne KOOpIMHATHBIX CHCTEM 3BE€HBEB HA KHHEMAaTHYECKOH
CXEM€ MaHUIYJATOpa ¢ 0003HAYEHHEM OCHOBHBIX T'€OMETPHYECKHX [TapaMeTPOB
MaHHUNYyJIATOpa nokazaHo Ha puc. 4.20, a Take 1okKasaHbl BCE pa3Mepsbl, HEOO-
XOJIMMBIE /111 KHHEMATUYECKOI0 U JIMHAMUYECKOT0 aHaJIu3a:

IJTHHA 3BCHBEB MaHUMynATopa /,/,,15;
[IApHUPHAsA KOOPJAMHATA 3BEHA ¢|,4>,q3;
paccTosiHHe OT Hadalia 3BeHa JI0 [IeHTpa Macc Py, Pr, P

KoopauHaTHBIE CHCTEMEBI, KOTOpBIe 0003HaueHbI Ha pHc. 4.20:

HEMOBIKHAs TnodanbHas cucteMa koopaunar XY, Z ;
KoopauHaTHasA cuctema 1-ro 3sena X,1,7;;
BCIIOMOTATEIbHAsE KOOpIMHaTHAs cuctema 1-ro 3sena X|,Y,Z|;
KOOpAMHATHas cuctema 2-1o 38eHa X5,Y5,7Z5;

KOOpJHHATHasA CHCTEMa 3-I'0 3BCHA U COBMAJArollas ¢ HeH KOOpAHHAT-
Has CHCTEeMa cxXBaTa X5, Y3;,243,, .

TpeboBanus THIUYHOrO TEXHUYECKOTO 3aJaHus Uil MAHUITYJIATOpA C Io-
PH3OHTAIBHOH LIMJIMHJIPHYECKON CHCTEMOH KOOPHHAT:

rpy30M0JbEMHOCTh B Npeaenax | Kr;

MaKCHMallbHas JIMHEHHasd CKOpPOCTh 3BeHa 1,2 M/c;

MaKCHMaJlbHas YIJI0oBas cKopocTs 3BeHa 1,0 pan/c;

MOJI0Ca MPOIMYCKaHUSA CUCTCMbI YIIPABICHHUS JABHKCHHEM IO TOJIOKE-
auro 10 I';

rapamMeTpbl KHHEMaTHYECKON cXeMbl (Tadi. 4.3);

3a/laHHasi KOHTPOJIbHAA TPACKTOPHA ABHUAKEHHUs cXBaTa (Tadi. 4.4).

Taonuma 4.3

Hapame"rpu KHHEMATHYECKOH ¢XeMbl MaHHNOYVJ/JAATOopA ¢ l"Opl‘.l?.Ol-lTﬂ.]'leOﬁ

HHUIHHIPHYECKO#H cCHCTeMO# KOOpANHAT

[TapameTpbl KHHEMATHYECKOH CXEMBI ! — HOMCPp 5BCHa
MaHHUITYJIATOpa 1 2 3
Oe3 rpysza | ¢ rpyzom
m;, KT 14 16 12 13
li, m 0,65 0,55 0,55
Pi, M 0,55 0,45 0.46 0,51
Ji, Kr-M? 0,02 0,06 0,03 0,034
qi max, (M, pEL‘I) 6,28 0,5 0,5
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Tadonuua 4.4

[lapaMeTpbl KOHTPOJILHOI TPAEKTOPHH CXBATA MAHHIYJIATOpPA
€ FTOPH30HTAJILHOH IHJIHHIPHYECKOH CHCTEMOH KOOPAHHAT

Touku A B

Xy » M 0,65 1,15
Y, M 0,45 0,01
Ly, M 0,01 0,45

Marpuuel npeoOpa3oBaHus JUIs CMEKHBIX KOOPIUHATHBIX CHCTEM:
— MaTpulla npeodpa3oBaHusA KOOPJAHMHAT (IIOBOPOTA Ha Yroja g; OTHOCH-

TEJILHO ocH X,,) Mexay rinobanbHoil cucremoil koopaunar XY, 72,

U KOOpAMHATHOM cHcTeMoN nieporo 3BeHa X,}|Z; (cooTBeTcTByeT
(2.10))

1 0 0 0
0 cos sin 0
T = R F 4.21)
0 —-sing; cosq; 0O
0 0 0 1]

— MaTpuua npeodOpa3oBaHHs KOOPAMHAT (MEpeMellleHHe Ha [ OTHOCH-
TEIbHO Ocu  X|) MeXAy KOOpJWHATHOW CHCTEMOH IEepBOro 3BEHA
X Y}Z, n BcrioMoraTensHOH cHCTeMOH mepBoro 3BeHa X|Y|Z| (cooT-
BETCTBYET (2.13))

; (4.22)

o o o =

o O = O

o = o O
=

— MaTpula npeodpa3oBaHHUA KOOPAMHAT (NEPEMEIIEHUE HA ¢, OTHOCH-
TEJILHO OCH Z|) MEKIY BCIIOMOTATEIbLHOW CHCTEMOH MEPBOrO 3BEHA

XYZ{ u xoopauHaTHOM cHcTeMoil BToporo 3BeHa X,Y57Z, (coOTBET-
cTByer (2.15))



1 0 0 0
01 0 0
T, = : (4.23)
0 0 I Q'Z
00 0 1

— MaTpula npeodpa3oBaHusA KOOpPAUHAT (MepeMelleHue Ha ¢, OTHOCH-
TEJIBLHO 0CU X5 ) MEKIy CHCTEMON KOOPJAUHAT BTOPOro 38eHa X,Y>7,

M COBMAJAIOIIMMH KOOPJMHATHBIMH CHCTEMaMH (CXBAara M TPETHEro
3BeHa) X3,Y3,7Z3; (coorBercrByer (2.13))

w0
[

(4.24)

c o o ~
S o~ O
S -~ o O
—_ o o

KoopaunarHoe npeoOpazoBaHue MekKy IN100albHOM CUCTEMOI KOOp/u-
HaT ¥ KOOPAMHATHOH CHCTEMOHN 3-T0 3BEHA (CXBaTa) IS MPOM3BOJBHON TOUKH
paboueil 30HBI ONpeaeseTcs CAeAYIOIAM BbIpaKeHHEM:

Ay =TTy Ty A3y =T - Ay, (4.25)

rae Aw — BCKTOP OJHOPOJHBIX KOOpAHHAT HpOHSBOHLHOﬁ TOYKH B I100aabHOH

CHCTCME KOOPIOHHAT,
ABh — BCKTOpP OJHOPOIHBIX KOOPAWMHAT HpOHBBOJ]BHOﬁ TOYKH B CHCTEME

KOOPIMHAT CXBaTa (TPETHETO 3BCHA),
T — maTpHIia KOOpAHHATHBIX TpeoOpa3oBaHU MaHUTTYJIATOpA.

Jlna perienus npsAaMoi 3a/lad4d KHHEMATHKH NEPEHOCHM TOUYKY C KOOPJIH-
HaTamMu A;;, B HA4YaJo KOOPAMHATHOH CHCTEMBI CXBaTa M IOJYYaeM HYJICBOMH

BEKTOP OJIHOPO/IHBIX KOOP/AMHAT

Ay = _ (4.26)

-
- o o o




C yuerom (4.26) Beipaskenue (4.25) npuMeT BUJ1

A, =T, Ty Ty, - (4.27)

-0 o O

PeanusoBaB cooTHoieHue (4.27) ¢ yyerom (opMyIt st MaTpHL] Mpeod-
pazoBanus (4.21) — (4.24), nony4uM ypaBHEHHS CBA3M I MOJOKEHUS CXBaTa

f/‘

XW ={q3 + ll . (428)
< Yy =gysing; (4.29)
Z,, =, Cc08q. (4.30)

N

[lo ypaBHenuam cBsizu Manumynsaropa (4.28) — (4.30) nmomyuum cTpyk-
TYPHYIO cxeMy npeoOpa3oBaTtesid WapHUPHBIX KOOpAHHAT B riaobanbHbie (11P2)

s cuctembl ynpasineHus. CTpykrypHas cxema Onoka ITP2 mokasana Ha
puc. 4.21.

p
q . Xw
. »| S »| X

q2

q3

Puc. 4.21. CrpykrypHas cxema 6.1oka [1P2 manunyasropa ¢ ropu3oHTAALHOMM
NHJIHHAPHYECKOIl CHCTeMOil KoOpAHHAT



,}_—[J"I}I OIpeaciicCHUA TI'paHHIT paﬁoqel}’[ 30HBl BBIYHCIHMM MaKCHMAaJIbHBIC H
MHUHHUMAJIbHBIC 3HAYCHUS IJ1I00AIbHBIX KOOpAuHAT CXBarta I10 OCAM KOOpAHUHAT-

HOH CHCTEMBI, HMCIONb3ys YPaBHCHHSA CBA3H M TapaMeTpbl KMHEMaTHYCCKOH
cxeMsl (Tabu. 4.3)

P
Xymine = + 3min =0,65+0=0,65 M;

X omaxs =0+ ¢3max =0,65+0,5=1,05 M.
Yoming =492 min SIN90°=0-1,0=0 m;

Y max+ = @2 max S1190°=0,5-1,0=10,5 ™m;

Y mine = 42 min SIN270°=0-(=1,0)=0 m™;
Yoomax— = 92 max 5S11270°=0,5-(=1,0) =-0,5 ™m;
Zmine =42 min €080°=0-1,0=0 m;

A

wmax+ = 42max €080°=0,5-1L0=0,5 m;

Zmin— =492 min €08180°=0-(-1,0) =0 m;

o Zwmax— = 42 max cos180°=0,5-(-1,0)=-0,5 M.

Cdopmupyem 3cku3 paboyell 30HBI MAaHUITYJISTOPA 110 MPHUBEICHHBIM
BBIIIIC pa3MepaM M KHHEMAaTHUECKOH cXxeMe MaHMMyJaATopa. Dcku3 paboueit 30-
HBI TTOKa3aH Ha puc. 4.22.

[Mosyyum penienre oOpaTHOM 3ajlaud KUHEMATUKH JUISl CXBaTa MaHUITY-
nsiTopa 1o ypaBHeHusM cBsizu (4.28) — (4.30).
Beipasum m3 (4.28) mapHUpHYIO KOOPIMHATY (3!

a3 =X, 1. (4.31)
N3 (4.29), (4.30) nonyuum
Yy +Zy=q5(cosqy” +sing,’) = g3

39



Yur

g = \/Y‘f +.22, (4.32)

P —

Puc. 4.22. Pabouasi 30Ha MAHHNYJISTOPA ¢ FOPH3OHTANLHON WHIHHIPHYECKOI CHCTeMOI

Koop/iuHart

AHANIOrMYHO AHAIU3Y KUHEMATHKH MAHMIYJIATOPA ¢ BEPTUKAIBHOH CH-
CTEMOM KOOPAUHAT MOJYYUM APHUPHYIO KOOPAMHATY ¢ :

n= arctg%. (4.33)

w



B utore (4.31) — (4.33) nonyyaeM periecHue o0paTHOM 3ajlauv KHHEMAaTH-
KM JUUIA CXBAaTa MaHUIIYJIATOPA ¢ FOPU30HTAIBHON CHUCTEMOH LIMJIMHIAPUYECKUX
KOOPJIMHAT, KOTOPOE BBIIVIAMT CICIYIOIIUM 00pa3oM:

Y,
q, = arctg—"-;
W
< g2 =\Yy +Z5;
g3 =X, —1.

[To (4.31) — (4.33) nony4uM CTPYKTYPHYIO CXEMY npeoOpasoBaTess ri1o-
OanbHBIX KOOpAHHAT B mapHHUpHbIE koopauHaTel (IIP1) ans cucremsr ynpasne-
HuA (puc. 4.23).

), g

W

Puc. 4.23. CrpykrypHas ¢xema diroka IIP1 manunyasitopa
€ TOPH30HTAJNBHOH HW/IHHAPHYECKOH CHCTEMOI KOOPAMHAT

Jliist Toro 4To0bI MPOBEPUTHL pa3pabOTaHHbIE KHHEMATHYECKHE IIEMEHTEI
CHUCTEMBI YIpaBieHUs Ha paboTocnocoOHOCTh B MHOOOH TOYKE MPOCTpaHCTBA
pabodell 30HBI, BKIHOYAIOIIETO BCE JOCTYMHBIE MAaHUMYIATOPY KBaApaHThI KO-
OpJIMHATHOH CUCTEMBI, OPTAaHU3YEM JIBHKEHHE CXBaTa 110 TPEM KpPYTOBBIM Tpa-
€KTOPHUSAM, OPTOrOHAJIEHBIM OCSIM IJI00ATBLHON CHCTEMbI KOOPAHHAT.
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Kpyrosble TecTOBbIE TPACKTOPHH B IPOCTPAHCTBE paboueil 30HbI MaHU-
IyJIATOpa MoKa3aHbl Ha puc. 4.24.

t

= > X

Puc. 4.24. Kpyrossbie TeCTOBbI€ TPAEKTOPHH MAHHIIY/IATOPA
¢ FOPH3OHTAJILHON UHIHHAPHYECKOH CHCTEMOM KOOpAHMHAT

IlenTp KpyroBbix TpaekTopuii (Touka C'), 3agaguM CIEAYIOIIUMHU TJIO-
OaJlbHBIMU KOOpJAMHATAMU CXBaTa:

/

X pmax+ — X wmi .
XC — mein+ + wmax+ 2 wmin-+ — 0’575 i;
4 Ye=0; (4.34)
ZC = O
~
Paguyc tpaekropuii
R = meax+ ;mein+ =051 . (4.35)

3agaiuM CKOPOCTb JIBHKEHHS CXBaTa 110 KPYTOBBIM TPACKTOPHUSIM
3,14 pan/c, uro coorBeTcTBYeT yactore 0,5 I'm.



[Tpu sToM TpaekTopuu XY COOTBETCTBYIOT CIIEAYIOIINE 3a0aHH 10 IJ10-
OanbHBIM KOOpJAMHATAM:

~
X, =Xc +Rsin(xt);

< Y,, = Rcos(xt); (4.36)

zZ
.

=0.

W

Tpaekropun YZ COOTBETCTBYIOT CIEAYHOILIME 3aJaHHA 110 TJI00AIbHBIM
KOOpP/IMHATaM:

F
Xy =Xc;

< Y, =Rsin(7t) ; (4.37)

Z,, = Rcos(xt).
N
Tpaekropun XZ —
s .
X, =X+ Rsin(rt);
< Y= 0: (4.38)

Z,, = Rcos(xt).
"

Hcnpitanus paspaborannsix 6mokos [1P1, ITP2 (puc. 4.21, 4.23) npose-
JeM C UCTIOJIb30BAaHUEM CpPellbl MOJCTHUPOBAHMUA Simulink MporpaMMHOTO KOM-
ekca Matlab. CtpykTypa Mojenu Ui NPOBEASHHS UCTILITAHUI MOKa3aHa Ha
puc. 4.25.

Ha puc. 4.26 nokazaHa cTpyKTypa MOJCHCTEMBI 0J10Ka KPYTrOBbIX Tpack-
topuit «XY, YZ, XZ». Ha puc. 4.27, 4.28 noka3aHa CTpyKTypa IOACUCTEM, pea-
MU3YIOIIMX MOJIEIH rpeobpa3oBaTelieidl KOOPJIUHAT JIVIi MAHUIYJIATOPA C BEPTH-
KaJlbHOH LMIUHJIPUYECKON CUCTEMOH KoopauHaT «PRI», «PR2».

Ha puc. 4.29 — 4.34 noka3aHbl pe3yJbTaTbl MOACIUPOBAHUA IIPH MCTIOb-
30BaHMM KPYI'OBBIX 3aJaHUM, KOTOpBIC MOKA3bIBAIOT BBICOKYIO CTEICHb COBIIA-
NEeHHUs 3aJaHHBIX M TEKYIIUX KOOPAMUHAT CXBaTa.

[TorydeHHble pe3ynbTaThl FOBOPAT O FOTOBHOCTH DJIEMEHTOB K paboTe B
COCTaBE CHCTEMbI YIIPaBICHHUA, TAK KaK mpeoOpas3opaTesin 00ECneYnBaKOT JBU-
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KEHHe MaHunynsTopa npu pabore BO BCeM npocTpaHcTse paboueil 30HBI,
BKJII04asi IEPeCceyCHHE OCCH M II0CKOCTEH 17100aJIbHOM CHCTEMBbI KOOP/IHHAT.

q
.
.
-
PR2 W

Puc. 4.25. Henbiranne 6a0koB [TP1 u ITP2 mannnyasitopa ¢ ropu3soHTaIbLHOI
HWIHHAPHYCCKOM cucTemoil koopaunar B Simulink

L4

PR1

XY,YZXZ

 —

Bl
e
Bl

Puc. 4.26. Crpyxkrypa bi10ka kpyrosuix Tpaexropuii «XVY, YZ, XZ»



D

zZr

35%;

Puc. 4.27. Crpyxrypa nojacucremst npeodpasosarest koopaunar «PRI» manunyiasiropa
C FOPH3OHTAILHON HHIHHAPHYECKOH CHCTEMOH KOOpP/IHHAT

EB . :
q2
D, :.
q3

Puc. 4.28. Crpyxrypa nojacucrems! npeobpasosarest Koopmuar «PR2» manunyasitopa
€ FOPH30H TAILHOM UHIHHIPHYECKOIH CHCTEMOIl KOOpAHHAT

CRCR:
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IIpocTpaHCTBEHHOE IIOJIOKEHUE KOHTPOJIBHOW TPACKTOPHH, IPAMOU
MMHUU AB, B npoCTpaHCTBE padoyeil 30HBI MaHUIYJATOpAa ¢ BEPTHKAIbHOMN
IMTMHAPUYECKONW cHucTeMoi kKoopauHat (puc. 4.35) BbIOpaHO TakuMm oOpa-
30M, YTOOBI B IBU)KCHUU CXBaTa y4yacTBOBAJIM JBHKCHHS BCEX 3BEHbEB MAHUITY-
nsTOpA.

> X,

Puc. 4.35. TpaekTopus ABH:KeHHs cXBaTa Nno JHHUH AB
B NMPOCTPaHCTBE padoyeii 30HBI MAHHNMYJIATOPA

CrtpykTypa MOACIM KMHEMAaTUKH MaHHUITYJIATOPA Ul UCCIICI0BAaHUsA JBH-
JKEHUSI CXBaTa 1o MpsAMoil TMHUU 4B nokaszaHa Ha puc. 4.36. Ha puc. 4.37 noka-
3aHa CTPYKTYpa IMOACUCTEMBI OJI0Ka JTHHEIHOM TpaekTopuu «Line AB».

Pesynpratel mogenupoBanus (puc. 4.38, 4.39) nokasbiBaloT, 4TO B Clly4yae
3aJlaHusl MPAMOJMHECHHOIO ABM)KCHMsA CXBaTa M3MCHCHMS 3aJaHUi NPHBOJIOB
IIAPHUPOB OKAa3bIBAIOTCS HEJIMHEWHBIMHU. DTO TaK kK€, KaK M B ClIy4yae MaHHILY-
JSATOpa ¢ TOPU3OHTAIBLHOM LMIMHIPHYECKOH CHCTEMON KOOpAHMHAT, Tpedyer,
4TOOBl MPU NPUCYTCTBUM B TEXHUYECKOM 3aJlaHUU Ha IPOCKTUPOBAHUE IPO-
MBILUICHHOTO po0OTa OrpaHMYEHW Ha TMapameTphbl ABM)KCHHsA CXBaTa (CKO-
pOCTh, YCKOPEHHUE, PHIBOK) HEOOXOAMMO MPOBOIUTH JOTIOTHUTEIbHBIC HCCIIEN0-
BaHUs CBSA3H ATUX [1apaMETPOB C IMapaMeTpaMy HIAPHUPHBIX KOOPJIUHAT.

3aBepiuas pacCMOTPEHME KMHEMATHKM MaHHUIIYJISATOPOB, CIEAYET OTMe-
TUTh TIOATBEPXKIACHUEC pe3yJIbTaTaMU HCCICIOBAHUNM IMPaBOMEPHOCTH IIpHUME-
HCHHBIX METOIMK CHHTE3a U 00OCHOBAaHHOCTH TEXHMYECKUX PEILCHHH M0 KOM-
IIOHEHTaM CHUCTEMBbI YIIPaBJICHHS JIBUKEHUEM MAHUITYJISITOPOB.



Line AB PR1 PR2 w

Puc. 4.36. CTpykTypa Mo/1e/1H /LISt HCTILITAHUS KHHEMATHKH MaHUNyJsTopa
¢ BEPTHKAILHON UHIHHAPHYCCKOH CHCTeMOM KOOp/aHHAT
NpH JIBHAKCHUH 110 TpaekTopuu AB

Puc. 4.37. Crpykrypa nojacucrems! 6i1oka Juneiinoi rpaexropun «Line AB»
MAHHIYJIATOPA ¢ BEPTHKAIBLHOH HWIHHAPHUIECKOH CHCTEMOI KOOPAHHAT
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IIpakTHuyeckoe 3aganue 2

Jl7is cBOETO BapuaHTa 3aJaHHS BBHITIOJHUTH JHHAMUYECKUIN aHAIN3 MaHUTYIsTOpa
no npumepy u3 [6] crpanumsr 111-143.

Bapuanr 1.
my,J2,b, py
Zy '
\ my,Jy, 0, py
Bapuanr 2.

msy,Ja,b5, pr




Bapuanr 3.

Bapuasnr 4.

III|,./|J|,[)|

Bapwuanr 5.
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Bapuanr 6.

Bapuant 7.

ml..ll.ll,pl

> my.Ja. b5, pa

"lz,./z,/z.pz
Yo

. &
A




Bapuanr 8.

my,J,05, Py

Zy
‘ \m',.’|,ll,[7|

Bapuanr 9.
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Bapuanrt 10.




HpnMep BBINMOJIHCHUS MPAKTUYICCKOI'0 3alaHUA 2

5.1. TAHAMMWYECKHA AHAJIU3 MAHUITYJISTOPOB

C BEPTUKAJIbBHOH HUJINHAPUYECKONU CUCTEMOH

KOOPJWHAT

[Ipu pazpaboTke JUHAMHYECKONH MOJEIN MaHUIYIATOpa BBEJIEM IOIlYy-

HHICHHUEC O HpeHﬂﬁpﬂ}KEHHH BCCMH BHIAdMH TPCHHUIA B OIIOpAX U IMPHUBOAAX, CHHUTA-
€M 3BEHBSA a0COJIFOTHO KECTKUMH MEXaHHUYECKUMH KOHCTPYKIHAMH.

MBTBMHTH‘IQCK}’IO MOICIbL MaHHIIVJIATOPAd KaK o0BeKTa YIpaBICHHA I10-

JYUYUM, HUCronb3ys ypasHenus Jlarpamka (2.43) [2,13,14].

[Tonyunm kommnoHeHTsl ypaBHeHus Jlarpan:ka a1 ciydasi IPOMBILUIEH-

HOT'O MaHHUIIYIIATOpA C BCpTHKaHLHOﬁ IlPIJ'IHHI[pH‘ICCI(Oﬁ CHUCTEMOH KOOpIOHUHAT.

Pemmum NpAMYH 3aJa4y KHHCMATHKH OJIA HCHTPOB MacCcC BCCX 3BCHLCB,

['mobaneHBIC KOOPAHHATHI HCHTPA MaccC IICPBOTO 3BCHA

_le
A_) _ le
i Zw]
_i_

AWZ =

X w2

[ cosq; sing; 0[0][1 0 0]0]0] [0]
| I
—sing, cosg; 0'0[0 1 0l 00| |0
J0 0 1100 0 1ipfolTip
0 0 0110 0 0r1|1] |1
I'o0anbHbBIE KOOPAMHATHI LIEHTPA MacC BTOPOTO 3BEHA
1 [ cosq, singg 0]0]1 0 0]0]
I I
—sing; cosq; 0100 1 00
1o 0 110/o 0 114]
0 0 011[0 0 0]
1 a2=h+ P2 |[0] [(g2—h+py)cosq |
i 0 0 _ —~(q2 =1l + py)sing,
| 0 0 l '
b 1 1
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onpeaensis CBA3b I100aNLHBIX KOOPAMHAT LEHTPOB MAcC ¢ LHIAPHUPHBIMH KOOP-
JUHATaMH U NapaMeTpaMH KHHEMaTHYE€CKON cXeMbl (CM. puc. 4.1).

(5.1)

(5.2)



['mobansHBIC KOOPAHWHATHEI HCHTPA MacC TPETHETO 3BCHA

' X,3| [ cosq, singg 0)0][1 0 0 0]1 0 0/g,)
I |
A—> Y3 —sing; cosg; 000 1 O OO0 1 0]O0
W=z 1T o 0 1iollo o1 )00 110/
1 0 0 0110 00 100 01
1 0 0] 0 110l [ g¢ycosqy |
|
0 1 0! 0 0 —g, Sing
x I - 27 (5.3)
0 0 1i-as-b+ps))|0f |h-as+5-ps
0001 1 1 |

OnpenennuM MOTEHIMATBHBIC SHEPTHH KaI0T0 3BEHA MAHUITYJIATOpaA 1O
BeIpaKCHHIO (2.45), UCMoNb3yA Io0aJbHbIe KOOPAMHATHI LIEHTPOB Macc (5.1) —
(5.3):

— [EpPBOC 3BCHO

W, =mgZ,, =mgp; (5.4)

— BTOpPOEC 3BCHO
Wy =mygZ,,» =mygl; (5.5)

— TPETHE 3BCHO
W3 =mygZ,;3 =msg(h — g3 +15 - p3). (5.6)

[ToTeHUMaNLHYI0 HHEPTHIO BCErO0 MaHUMYIATOpa moaydaeMm mo (2.44) c
yueToM (5.4) — (5.6):

W, =Wy + Wy + W3 =g(mp +myly +my(h —g3 +13-p3)). (5.7

Jna moaroToBkn popmMupoBaHMA KHHETHYCCKOM YHEPTHH MaHHUMYJATOpA
ONpeNenuM CKOPOCTH TIOCTYNATENbHOTO ABHKEHHSA LIEHTPOB MacC y 3BEHBEB
MaHUIyaTopa 1o (2.25):



— IIEPBOEC 3BCHO

4 0 0
— Vl —> 0 0
=l =L, =L o], (5.8)
Vi. | dt da\pi| |0
0 1 0
— BTOPOE 3BEHO
Vs, | (g2 — 1> + py)cosq |
> |V | g 2 g|—(a L+ py)sing
2 dt dt . B
0 1
| Gacosqy— (g3 — b+ py)gysing; |
—qysing; — (g2 — I + py)g, cosq
_| % 1= (g2 =1+ P2 I ; (5.9)
0
0
— TPETI:EBBEHO
[ V3, | | gacosq
- |13, d = d —(5 sin g,
Vg— = Aw3 T T | — I, — -
Vs | dt dt)h =43 +5- D3
0 1
| Gy c0sq) —qrgysing; |
—{, SIngy — g-q; COSq
_| T 1~ 49241 L] (5.10)
e B _
0
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Mopaysm BeKTOPOR JIHHEHHBIX cKopocTe (5.8) — (5.10) umeroT BUI

-

—3
H|= V2 + V2 + 132 =0;
N
2 2 2 _ .2 2.2
< V =JV2x+V2y+sz =@y +(qa—h+p2)di: (5.11)
ol 2 2 L2 a2, 2, 2.2
V3| = Vax + V3, + V32 =43 + 45 + 42491
\_
OmnpenenuM YrioByK CKOPOCTh INEPBOrO 3BE€HA OTHOCHTENBHO IIEHTpPA
Macc:
— cobcTBeHHAs CKOPOCTH 110 (2.27)
01 To
AR 0
aJl _d! ﬂ - ﬁ 3
1 0
— OTHOCHTEJbHASA CKOPOCTH 10 (2.29)
[ cosq; singg 0(0][1 0 0l0]O0] [O]
| I
_)—T - _’1_ —sing; cosg; 0'!0(0 1 Oi 0o o
TR o o niofo o il
0 0 011][0 0 0t1|0] |0

0

- = |0
Qi =wy=| . |;

1601ﬁ

0




— YIJIOBas CKOPOCTH MEPBOTO 3BeHaA 1o (2.33)

- )
Qi 1 00,0
|
- Ql -1 - |01 00
L _ | *%ly | _[p* -l _ !
A=l =) whei=lg Li—p |
ol s
0 00 01 1 |
[ cosq; singg 010|[0] [0]
|
—-sing; cosg; 010} 0 0
X | = ;
00 L0 a4
0 0 0110 |0
— MOIYJIb yI‘J’[OB()ﬁ CKOpPOCTH IIEpBOIro 3BCHa
_)
0}l = @)%+, + (@) =4, (5.12)

OnpenenuM yriaoByK CKOpPOCTb BTOPOr0 3BEHa OTHOCHTEIIBHO IIEHTpa
Macc:
— coOCTBeHHas CKOpocCTh 110 (2.27)

0] [0
= d|0] |0
wZ:EO:O’

1| |0

— OTHOCHTEIIbHAs CKOPOCTH 110 (2.29)

[ cosq, sing; 0]0]
|
- > | -sing; cosgq; 0!0
_mom 2 _ 1 1 [
0 0 011
(1 0 0,0][1 0 0{gy—L+py|[0] [O]
| |
01 0/0l0 1 0! 0 0 |0
oo 1igllo o1l o0 0|7 o
00 011|000 1 0| |0




— abcomoTHasa ckopocThk 110 (2.30)

071 Tol To
- o o 0 0 0
Q=+, =| . |+ = . |;
2 =t @) a| o7 a
0] (0] |0
— YIJIOBasi CKOPOCTh BTOPOro 3BeHa 1o (2.33)
S ) )
Qrx I 0 0 i (g =1 + p2)
ML - > (01 0! 0
2 2y | [ p* —lp—1 - '
€= _(Tz) L= 0 )
Q3. TN I _
5 00 0 1 |
1 0 0] 0] cosq; singg 0)0][0] [0]
| |
0 1 0! 0 |[-sing cosgg 0!0[[0] [0
oo 114l o 0 110|l¢| |al
00 011 0 0 o0i1ffo] |0
—  MOJYJIb YIJIOBOM CKOPOCTH BTOPOIO 3BEHA
—>
O3|= (@307 +(@3,)7 + (@) = df. (5.13)

Omnpenenum yrioByl0 CKOPOCTh TPETHETO 3BEHA OTHOCHTEIBHO ILIEHTpA
Macc:
— cobcTBeHHAst CKOPOCTS 10 (2.27)

¥

Y
—lo o o
clo © ©




— OTHOCHTEJIbHAsA CKOPOCTH 110 (2.29)
cosq; sing; 00

1 0 0]

| I
- % | -sing; cosg; 0!0(0 1 0!
7 1 1 [ I

oy =TT, -T3- T3 w3y = | 00 1.
I

“6""‘6""6F 6"0"6‘[
1 0 0lgy][1 O O 0 o] o]
| |
01 00|01 0! 0 0f |0
K | | =
0.0 170010 0 11-(g3-5+p3)|f0f |0
0 0 0{1 0 0 oir 1 ol {o
— abcomoTHas ckopocTs 110 (2.30)
o] [o] [o] [0
— Y — 0 0 0 0
Qy=o+tor+ay=| . [+ |+ =] . |5
0 0 |0 0

— YTIJI0Bas CKOPOCTb TPETHErO 3BeHa 110 (2.33)

03, 10 0! 0
- 3 '
Q3. w1 - |0 1 0] 0
0= =) BRI, = '
3 a3 (3) 3 o 2 B=g liq3—¢’3+p3
23z P s
5 00 0 1
1 0 0/-¢,|[1 0 0} 07 cosq, singg, 00
| I |
01 0, 0 |JO 1 O} 0 ||-sing; cosq; 00
“lo o 11 00 1i-4| o0 0 110
00 00 1 (00 0f1l 0 0 011
01 lo
0l |0
x| . |= ;
al
0 |0




— MOIVIb }’TJIOBOﬁ CKOpPOCTH TPCTHCT'O 3BCHA

—»

;

= @7+ @, + (@) =4 (5.14)

OnpeaenanM KHHETHYSCKHE SHEPTHH 3BeHbEB (2.52)

" .2

J1q
W}d: 121 ;

2

-2 2.2 -2
m + [ + P J q
< %2 — 2[@2 (QZ 5 2 2) q ] 221 ; (515)

22 2.2 2
W, _m[g3 +q5 +Q2Q1]+J3Q1
k3 2 2

o

Kunetudeckas sHeprus Mmanumynstopa no (2.46) 6e3 KHHETHUECKOMH
SHEPTHH MPHBOJIOB UMEET BHI

1
Wi =Wy + Wi + W3 ZE(JH +Jy 45 +my(qs — by + py)* +

. | . | .
+m3q3)gi + S (ma + m3)g3 +5msq§- (5.16)

Onpenenum He0OX0IMMBIC KOMITOHEHTHI ypaBHeHUI Jlarpanka:
— TIepBOE 3BEHO

ow
P =0,’
oq,
Wy .
q,
oW, .
ﬁ=(-fl+-fz +J3 +"12(92_l2+1’2)2+m395)‘?l;
1
d| oW, .
| = =y + Ty + T3+ may(gy — b + py)* +mygd)i) +
df 6q1

+2myq192(qy — 1y + poy) + 2m3q142q7;



— BTOPOC 3BCHO

ow,
oqy
ow, .
—+£ = ‘?]2 (my(g2 =L + p2)+m3q,);
oq;
O% = (my +m3)q;;
0q;
d(ow, .
= = (M + M) ;
df{ 0q J (mz + 542
— TpEThE 3BECHO
ow
p .
—L=-mg;
dqs
Wy .
oqy
6_\??’;\. =mqs;
oq3
i O;’f/k :n13é3.

[Tocne mojcraHOBKM 3HA4YeHUN NPOU3BOJAHLIX B ypaBHeHHs Jlarpan:ka
YPaBHEHHUS IBHKEHUA JUIA 3BEHbEB MAHUITYJIATOPA IPUMYT BH/L

[ (Jy+Ja+ T3+ my(gy =l + py)* +m3q3 )Gy +
+2q192(my (g — Iy + o) + m3qp) = My (5.17)
< (my +m3)iip =it (my(q2 =l + pa) +msgy) = Fy; (5.18)
mygy =I5 +msg. (5.19)
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BoapmMHCTBO mporpaMM MOACIMPOBAHHUA JHHAMHYCCKHX CHCTEM, B TOM
qucae u Simulink nporpammuoro komiiekca Matlab, nmeer rpaduveckuii nH-
Tepdeiic /Ui BBO/Ia MATEMATUUECKUX MOJIENIel B BHJIe CTPYKTYPHBIX cxeMm. Jlist
MOJy4EHHS MATEMaTHYECKOH MOJE/IM MaHUMYJIATOPa B BHAE CTPYKTYPHOH cXe-
MBI ITpeoOpa3yem ypaBHEHHUA ABMKeHUA (5.17) — (5.19).

PemmMm (5.17) OTHOCHUTENBHO YCKOPCHHS IIEPBOIl MMIAPHHUPHOH KOOpPIHU-
HATBI:

|
(Jy+Jy + T3+ my(gs — b + py)* +mag3)

4 X

X(My=2¢1G2(my (g2 =l + p2) + myqy)). (5.20)

Bsenem B (5.20) obo3HaueHHSA:
— WHEPIUOHHBIA KO3 (HIHEHT MEepBOro 3BCHA, MPEJACTABIIET Cc000it
MPHBEACHHBIN K IEPBOMY 3BEHY MOMEHT HHEPIIHH MaHHITYJIATOpa

Ki1 = (Jy + Iy + T3 +my(qy — b + py)* +msq3); (5.21)

— MEXaHH4YeCKas Harpy3ka [epBOro 3BeHa
QL] = 2(1:(1(}.'2(.?}12((}2 - lz + pz) + fﬂ3§'2) . (522)
C yuerom obo3Hauenwmii (5.21), (5.22) Beipazkenue (5.20) mpuMeT BHA

. 1
g =r(M1 -0r1)- (5.23)

inl

Jlns monydyenns no (5.23) cTpyKTypHOIi cXeMbl, CBA3bIBatOIIECH M| u ¢,

Heo0XoauMO ¢()OPMHUPOBATL CUT'HAJI, COOTBETCTBYIOLIHIT IIPABOI 4acTH ypaBHe-
HMS, U JIBaKJIbl €r0 IPOMHTErpUpOBaTh. B pesynbraTe CTpYKTYypHAs cxema IMpH-
HUMAET BHU/I, MOKA3aHHbIM Ha pUC. 5.1.

Ha puc. 5.1 B Onoke A4; ¢gopmupyercs cUrHal HArpy3ku 3BeHa (O 1O

BeIpakeHMIO (5.23), a B O1oke A, — CHTHaJI HHEPIIMOHHOTO K03(dHuneHTa 3Be-
Ha k;, no (5.22).

m
PemnMm (5.18) oTHOCHUTEIBHO YCKOPEHHUSI BTOPOIl MApHUPHOU KOOpIUHA-
ThI:

.. 1 .2
‘P =—(Fz +4i (ma(q2 -1 +P2)+m392))- (5.24)
my +HT3



l O
q)

M,

q)

-

v

9
Y
X

Puc. 5.1. CTpykTypHasi cxema Mo/IeJIH EPBOro 3BeHa MAHHIY.IATOpa

Beeaewm B (5.24) obo3HadecHUS:

—  MHEPUUOHHBIH KO3 (PUIIMEHT BTOPOTO 3BEHA

kfﬂz =My + m3;

— MeXaHMYecKas Harpyska BTOpPOIo 3BeHa

2
Ops =4 (my(gy =1 + pr) +myq,).

(5.25)

(5.26)

C yuerom obo3Hauenuit (5.25), (5.26) Beipakenue (5.24) npumer BUA

|
k.fn2

Gr = (F,+0r).

(5.27)

JIns monmydenus no (5.27) cTpyKTYpHO# cXeMsl, cBA3bIBatollel 5 U ¢,

He0OX0IUMO c(hOpMHPOBATH CHIHAJ, COOTBETCTBYIOLIHMI IIPaBOH YacTH ypaBHE-
HHUS U JBaKJbI €ro MPOHHTEIPHPOBATE; B PE3YJIbTATE CTPYKTYpPHAS CXeMa IpH-

HHUMAaeT BU/JI, I0KA3aHHbII HA puc. 5.2.
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Ha puc. 5.2 B Onoke Ay (hopMupyeTcsi CUTHalI HAarpy3ku 3BeHa (J;, 10
BbIpaxeHuo (5.26), a B 6110ke A, — CHUrHajl HHEpLUHOHHOIo Kod(pduuuenra 3pe-
Ha k;,, 1o (5.25).

Permim (5.19) OTHOCHTEIEHO YCKOPEHHS TPETHEH MIApHUPHON KOOPIMHATHI:

.. 1
Gy =—(F+mg). (5.28)
S
Bgenem B (5.28) obo3HadeHu:
— HMHEPUUOHHBIA KOA((HUIIUEHT TPETHETO 3BCHA

Kinz =ms; (5.29)
— MCXaHHYCCKadA Harpys3kKa TPpCThCTO 3BCHA
QLS :??13g. (530)

N Bropoe 38eH0 l

Y g 92

w
w

:—|—>¢i3

Pue. 5.2. CTpykTypHasi cxeMa Mo/1eJIH BTOPOIo 36eHa MAHHIYJIATOPA

C yuerom obo3Hauenmit (5.28), (5.29) Beipaxkenue (5.28) npumer BUA

s = (Fs+03). (5.31)
in3

Jlnsa nomyyenus mo (5.27) cTpyKTypHOH CXeMbl, CBA3BIBAIOLIEH F3 U g3,
He00X0auMO c(hOPMHPOBATH CUTHAJ, COOTBETCTBYIOIIUMN IIPABOH 4acTH ypaBHE-
HHSL M JBXK/bI €0 MPOMHTETPUPOBATh; B PE3YJIbTAaTe CTPYKTYPHAs cXema Mpu-
HHUMaeT BH/I, MOKa3aHHBIN Ha puc. 5.3.



Ha puc. 5.3 B 6noke A5 (opmupyeTcs CHrHan Harpys3ku 3BeHa (J;3 TO
BbIpakeHHio (5.30), a B Onoke Ag — CUrHaa HHEpUHOHHOrO Kod(duimenTa 3se-

Ha k;,; 1o (5.29).
| Tperse 3BeHO '

3 43

q3

v

w
-

kin3

]
e
—_——— = — — — = — — — — — —
v
w
X
[

Puc. 5.3. CtpykTypHasi cxeMa MoJ1e/IH BTOPOI0 3B€HA MAHHIIYJISITOPA

OO0beauHss Moaeu 3BeHbeB (puc. 5.1 — 5.3), nony4aem Moe/Ib MAHHITY-
AATOpa Kak 00bekTa ynpasaeHus (puc. 5.4).

BusyaneHbBI aHanW3 CTPYKTYpPbl MOKa3bIBaeT, YTO TPEThE 3BEHO COBEp-
[IaeT CBOE JIBUKEHHE HE3aBHCHMO OT MEPBOI0 W BTOPOTO 3BEHLEB. JIBHKEeHHE
TPEThEro 3BEHa 3aBUCUT OT COOCTBEHHOrO Beca C BECOM Ipy3a B CXBare M OT
ycunus 3, NPUKIAABIBAEMOro INPUBOJOM B IIapHUpe. B3auMo03aBHCHMOCTB

JABHKEHHH IIEPBOI0 M BTOPOIO 3BEHBLEB OIPEIEIACTCS HE TOJILKO CHIIOBBIMHU
BO3JEHCTBUAMHU, HO U MU3MEHEHHMEM IapaMeTpoB. Takxke NBHKEHHUS MEPBOro U
BTOPOTO 3BEHBEB 3aBHCAT OT H3MEHEHHs BEca Ipy3a B CXBATe, TaK KaK MPH 3TOM
U3MEHAIOTCA apaMeTPhl TPETLETO 3BEHA M3 U P3.

Marematuueckas MOJEIb MAHHITYJIATOPA MOMKET OBITH NpPEJICTaBIeHA B
BEKTOpPHO-MaTpuyHOH hopme (5.32):
a 0 0 él bl 0 Ml
0 ann 0 éj’z + bz +| 0 [= Fz . (532)
0 0 a33]lg3] [0] [e3] |F3

2 25,
rae a”=(J1+J2+J3+m2(q2—32 +p2) +m3q2),
adry = My +fﬂ3;
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azz=mj,
by =2q,G>(my(qy — 15 + py) +m3q5):

by == (my (g2 =1y + py) + m3qy):

3y =—m3g
o e i ——— <} e )
M, : :? > x a | 4 1]
l o NE — -
| Ou) —1= . "]
| |
| [ kil (ﬂepaoe 3BEHO ' |
e e Ul i i i s i i TSl i o )
—> Q)+ Sy 1 J3 X |«
4 X |«
X |+
m- | T —
{7t
xu
I p2—1h
v
X ms3 <1 M <—0—(g)<—|
“' A A
Y my
X X X j |
X g
[ A SRS TS R R NS T2y
l Or2 ) :
| ; :
: | Kin2 ' e 3 § . |
' ms +m ( Bropoe 38eH0 i l
| 2 3 |
i sl e St ol i Cl S i D e el i et ik )
e e e T Rl T SR e eyt (ST S )
F : > Hx |6 |, 73 1 R
: QT; msy == e " :
I |
I |

Puc. 5.4. Maremaruueckast Mo1e/1b MAHHIIYJIATOPA



Jna cuHTE3a peryJaTopoB CHCTEM YIpPaBICHWA ABHKCHHEM 3BCHBCB
HEO0OXOANMO OMpPEACIUTh TTpeeTbHbIC 3HAUCHHA M3MEHEHHA WHEPIIMOHHBIX KO-
ahdunmentoB 3BeHbeB (5.21), (5.25), (5.29). U3 BepaxeHuit BUIHO, YTO BCe
Tpu KoddULMEHTA 3aBHCAT OT Beca rpysa, a nepBblii KOAPQUIHEHT 3aBHCHT
ellie U OT KOOPAWHATHI BTOPOTO TMPHBOA () .

OnpeaenuM mnpejenbHble JUana3oHbl U3MeHeHUs K02 GUIUEHTOB BTOPO-
IO ¥ TPETHETO 3BEHBEB.

[Ipu OTCYTCTBHMH Tpy3a B CXBAaT€ HMEEM

Kin2 min =M + M3min =7+ 6=13 xr;

Kin3min = M3min =6 Kr.
IIpu MakcumManbHOM Tpy3€ B CXBaTe —

kz’anax =My +M3max = T+7=14 xkr;

Kin3max = M3max =7 KI.

OnpeaenuM mnpejeinbl W3MEHEHHS WHEPLUHOHHOIo Kod(pduuueHTa s
epBOro NnpuBoja, npoeeas B Matlab ananu3 GyHKUUH JUISE MUHUMAJIbHOW U
MaKkCHMalbHOH HArpy30K NMpu W3MEHEHHH ¢7 B auanaso”e ot 0 go 0,9 m, uc-

IOJL3YyS B KayecTBE apryMEeHTa CUTHajl BPEMEHU MOJEIMPOBaHMA. 3alaeM
MHEPLIMOHHBIC KOY(PPUILIMEHTHI B BH/1€ (YHKIHOHAIBHBIX 3aBUCUMOCTEH:

2 2
Kinimin (92) =J1 +J2 + J3min +Mm2(q2 =l + p2)~ + M31ming2 s

2 2
Kintmax (42) =J1+J2 + J3max + ma(q2 =l + p2)™ + M3maxq? -

Monens B Simulink nokazana Ha puc. 5.5, Ha puc 5.6 — cTpyKTypa NOJCH-
CTEMBI.

I'padpykm 3aBUCHMOCTH MHEPIIMOHHOTO KOA()(HUIIMEHTa IEPBOTO 3BEHA OT
nepeMenieH|s BTOPOro 3BeHa NPy MUHUMAJIbHOM M MaKCHUMaJIbHOM BeCe TPETh-
€ro 3BeHa MoKa3aHbl Ha puc. 5.7.

I'paduku 3aBUCUMOCTH WHEPIMOHHOTO KOA((DUIIMEHTA MEPBOTO 3B€HA OT
BTOPOH IIAPHUPHOM KOOPJAMHATHI MMEHOT BHJ napados. [lo HUM onpenencHsl
MaKCUMaJlbHbIE W MHMHMMAalbHbIE 3HAYCHHUs KOA(D(PHIIMEHTa HMHEPLUMOHHOCTH
nepBoro 3BeHa. Bee pe3ynbrarsl npuBeieHs B Tadu. 5.1,
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Ca

Puc. 5.5. Mogeiis uec/ie1oBaHust HHEPUHOHHOIO KO Y(pPuuuenra

Puc. 5.6. Moaeas nojgcucreM bl HHEPUHOHHOT 0 KOYpPuumenTa



min : : Y

cTosens max 4

' L

0 0.1 02 03 04 05 06 07 08 089

Puc. 5.7. Pe3yjabTarhl HCCIEA0OBAHHA HHEPUHOHHOTO KO pHumenTa

Tadbnuma 5.1

Hpenemmme 3HAYCHHUA HHCPUHOHHBIX KOI)(l)(l)lrllllleHTOB 3BCHBCB MAaHHITYJ/IAATOPA
C BeanKa.rleoii uununnpuqecm)ii CHCTeMOM KOOpAHHAT

3Beno 1, (kr-m?) 3BeHo 2, (Kr) 3BeHo 3, (KT)
min max min max min max
kiy 0,53 7,94 13 14 6 7

Jlanubie Tabn. 5.1 moka3pIBatOT, YTO HaUOONBLINI JUANA30H U3MCHEHUS
UMeeT UHePIIMOHHBIA KO3 PHUIIHESHT NIepBOro 3BeHa:

Kip1min = 0,53 KT -M%; (5.33)

ki1 min = 7,94 KT M2 (5.34)
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5.2. JMHAMMWYECKHUH AHAJIN3 MAHUITYJISITOPOB _
CI'OPU3OHTAJIBHOU HUJIUHAPHYECKOU CUCTEMOH

KOOPJAHHAT

MareMaTH4ecKy0 MOJIe/lb MAHUITYJIATOPA ¢ NOPU30HTAILHON IIHIWHpHYe-
CKOHM CHUCTEMOH KOOpAMHAT I1OJYYHMM, UCIIONL3ys ypasHeHus Jlarpanxa (2.43).
Ilpn paspadoTke TMHAMHYECKON MOJEITM MaHHUITYJISATOpa IpeHeOperacM BCeMH BH-
JaMHU TPEHHS B OMIOPAX M MPHUBOJAAX, CYMTAEM 3BEHbA a0COITIOTHO KECTKUMH MeXa-

HHYCCKHUMH KOHCTPYKIHAMH.

[Tonyyum koMIoHeHTHl ypaBHeHHs Jlarpanika s ciay4as MaHHITYJIATOpa
C TOPU3OHTAIBHON HMINHAPHYECKON CHCTEMOH KOOPIMHAT.

Pemmm mpamyro 3aja4y KMHEMaTHKH Ui LIEHTPOB Macc BCEX 3BEHBEB,
ompezesnas CBA3b M100aJLHBIX KOOPAHHAT LEHTPOB Macc ¢ MAapHUPHBIMH KOOp-
JUHATaMH U [apaMeTpaMd KHHEMaTH4E€CKOH cXeMbl (cM. puc. 4.1).

['nobanbHbIC KOOPAMHATHI LICHTPA MAcC MEPBOro 3BEHA

Xl [1 0 0
|
A_} Y 0 cosqy sing |0
" Zu | |0 singy cosqy
| 0 0 0 1

0

0

1]
|

10 0! p0
01 0/0/0
00 1100
00 011|1

['11obanbHbie KOOPAMHATEI LIEHTPAa Macc BTOPOro 3BeHA

X, [1 0
= | By | |0 cosg
2=, 15l s

w2 sin g
I 0 0 1
1 0 0! 0
|
01 0! 0
X |
0.0 11@-h+p)
0 0 Oi 1

0 (0][1 0 014
| I
sing; 10|01 010
I I
cosqy | 0 9__0___1_} {3
0 110 0 011

(g2 —Ip + py)sing

(g2 —Ir + pa)cosqy |

. (5.35)

(5.36)



I'mobanbHbIC KOOPAHHATEI IICHTpa MacC TPCTHCTO 3BCHA

X,z 1 0 0 !off1t 0o 0!x][1 0 0} 0]
[ | |
A—> Y3 | |0 cosq sing i(} 0 1 UEO 0 1 Oi 0 y
"7 Zys | |0 _~singy cosq 1010 0 11010 0 1iqp
1 0 0 0O 1100 0r1|f0 0 051
10 0ia3—B+p3|0] [h+az=l+p3
0 1 0! 0 0 sin
« | _| (5.37)
0 0 1! 0 0 7 CO8q)
0 0 0 | 1 1

OnpesesiuM TOTEHIMANILHBIE YHEPTUHM KaK/J0r0 3B€Ha MaHUMYJISITOpa 110
BhIpaskeHUIO (2.45), ncnons3ys rinodalibHble KOOPAMHATHI LIEHTPOB Macc (5.35)
—(5.37):

— IIepBOE 3BEHO

Wo=mgZ, =0; (5.38)

— BTOpPOC 3BCHO
Wya =mygZ,» =myg(qs — Iy + pp)cosqy; (5.39)

— TpEThE 3BCHO
Wp3 =mygl,3 = ms3gq, €osq). (5.40)

[ToTeHIIMAIBPHYKO SHEPruI0 BCEro MaHMUMYJIATOpa moiydaem 1o (2.44)
¢ yuetoM (5.38) — (5.40):

Wy =Wy +Wa + W3 = g(ma(qy — by + py) +m3qy )cosg, .

JInsa moaroToBKM (popMHpPOBaHUA KHHETHUECKOH HSHEPTHH MaHHIYIATOpa
ONpelenuM CKOPOCTH TIOCTYINATEIBHOrO JABHKCHUA LIEHTPOB MAacC Yy 3BEHBEB
MaHumyssTopa mo (2.25):

79



— HEpPBOC 3BCHO

—>I/'1y d = dO

I/]: :_AW]:_ =

: 541
M. | dt dr| 0 (.4

oo © o

— BTOPOE 3BEHO

V2x ll

v Vay | d > _d (g2 — 1 + py)sing,
2N | A (g2 —15 + py)cosq; -

0 1

0

_ f?zSiﬂfh+(¢?2—f2+.l?z)ét1c‘.}5fh ; (5.42)
4, c08qy — (g7 — I + p)gsing,

—  TPEThE 3BEHO

Vs, (h+q3-1+ ps ]
> Vsy B a’A_> d —(, Sing,
dt " dt| —qycosq

43
_ _ (5.43)

0




Mopaym BeKTOpOB JIMHEHHBIX ckopocTeit (5.41) — (5.43) umeroT BH

(|-
| =V + 175+ V2 =0
—
< V2 :\/VzﬁVzﬁsz =4y +(g2— L+ pa) 4y ; (5.44)
—
2 2 2 .2 .2 2.2
N s :\/V3-T+V3_v +V3. =43 +43 + g4 -

OmnpeenuM yrioBYI0 CKOPOCTH TMEPBOTO 3BEHA OTHOCHTEIBHO IIEHTpa
Macc:
— coOcTBeHHAs CKOPOCTH 1o (2.27)

| |q
40 0
a)l_g 0 - 0 ]
1 0
— OTHOCHTEJIbHAA CKOPOCTh 1o (2.29)
10 0 offt 0 oipa] [a
| I
—>TT*_’1 0 cosq; sing '0|/0 1 0!'0] 0 0
A0 sing; cosg 10][0 0 110 0|70
0 0 0 110 0 0110 |0

— abcomoTHasA cKOpocTh 110 (2.30)
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— yIJIoBas CKOPOCTH TIEPBOTO 3BeHa 1o (2.33)

- ] )
Q, 1 0 0]-p
I
> ol 4 > |01 00
T RS P A S g -
Ql_Q] _(ﬂ)T‘Ql‘ooﬁox
2 .
5 00 01 1
10 0 10lfa] [a]
|
0 cosq, -—sing; |0 O 0
“lo sing;  cosq, iO 0| |0/
0 0 0 10| |0
— MOOYIb YTHUBOﬁ CKOPOCTH NCPBOT'O 3BCHA
_).
all= @) + @, + @) =4, (5.45)

OnpenenuM yrioByK CKOPOCTb BTOPOrO 3BE€HAa OTHOCHTEIBHO LEHTpa
Macc:
— coOcTBeHHas CKOpOCTh no (2.27)

o

d
dt

ol © O

—_— o © O

— OTHOCHTEeIbHAasA CKOpOCTh 1o (2.29)

1 0 0 'o
|
- + 5 |0 cosq sing |0
T T T 2 =
Q= ® = —sing, cosqli() g
0 0 0 T:l
1 0 0!'4][1 0 0! 0 Mol To7
| 1
01 0'0[f0o 1 0! 0 ol fo
X | | = ;
00 170010 0 1i(ga—fh+p) |0} (0
0 0 olr 0 0 o:r 1 0ol |0




— abcomoTHaa ckopocTh 1o (2.30)

d

J

1
o|lo o =

oI © o

2 _ _
Q) 1 0 0] 0
|
203 - > (01 0] 0
Os=| V=) B'r'o,= |
ey () Bty i ~q-b+py) |
o2z rErary FTT Ty -
i 0 0 0 1 |
(1 0 0)—4]|[1 o0 0 10|[qg] [¢]
I I
01 0] 0 cosgq, —sing; |0} O 0
“lo 0 11 01[0 sing cosg 10][0][7|0]
000110 0 0 11|[0| |0
—  MOJ1yJIb YIJIOBOH CKOPOCTH BTOPOTO 3BEHA
_>
O3|= (@37 +(93,)7 +(Q%.)* = df. (5.46)

OnpenenuM yriaoByH) CKOPOCTB TPETHETO 3BEHA OTHOCHUTEIBHO IICHTPA

— coOcTBeHHAst CKOPOCTS 110 (2.27)

v

a
—lo o o
cle o o

83



— OTHOCHTENbHasA CKOPOCTh 1o (2.29)

1 0 0 [0][1 0 01}
| I
?—T—T—T T*_’B_O Cos gy sinqliO 0 1 OEOX
B0 sing, cosgy 10/ 0 0 110
0 0 0 1[0 0 0fl
1 0 0,01 0 0}(g3-L+p3)|[0] [0]
| |
0 1 0,01(0 1 0] 0 0
o0 1ig o0 11 0 0| |o]
000710005 1 0| |0
— abcomoTHas ckopocTsb 110 (2.30)
a] (0] [0 [4i]
e 0 0 0 0
Qi =+ o+ oz = 0 - 0 + ol=l ol
0 0 0 0
— YIJIOBas CKOPOCTDb TPEThero 3BeHa 1o (2.33)
S ) )
— 3
03 -1 > (01 0! 0
o= =(T ' 0, =
3 Q3 3) 3 42 4 3 0 0 li 0 X
23z PR romTTmTTTs
0 _U 0 OI 1 |
10 Oi 011 o Oi—fl__l 0 0 i()vq]_ g |
OIOEO OIOiO 0 cosg —sinqliO 0_0_
0.0 11620 0 11010 sing cosqy [0}/ 0} | 0F
000 100010 0 0 1[0 |0

— MOIAYIIb YI‘.T[OBOﬁ CKOpPOCTH TPCTLECTO 3BCHA

—

03

=J“£ﬂz+“£ﬂz+ﬁﬁﬂzzm. (5.47)




OnpenenuM KHHETHYECKHE YHEPTUHU 3BEeHbEB (2.52):

4 .
W — St .
==y

.2 . 2.2
my\ gy +(q2 =L + P2) g 2
< Wiy = ( )+Jﬁl; (5.48)

2 2
.2 .2 2.2
ms\ g3 + 45 + 424 22
Wy = ( )+J3Q‘1_

\_ 2 2
Kunernueckass sHeprus Manumynaropa no (2.46) 6e3 KHHETHYECKOMH
SHEPTUH MPHBOJOB UMEET BH]I

|
Wi =Wi + Wiz +Wis :E(Jl +Jy + I3+ my(qy =l + py)* +

. 1 . | .
+m3q3 )i +2(my +m3)§3 +5m3q32- (5.49)

Onpenenum HeOOX0IMMBIE KOMIIOHEHTBI ypaBHeHHH Jlarpanska:
— TIepBOE 3BCHO

oaw,

—L =—g(my(gy —l + py) + m3qy )singy ;
oq,

owy,

0;
oq,

oW,
~

oq

d| oWy 7]
dt\ oq

=(-Jr1 +J2 +J3 +m2(q2 —1‘2 +p2)2 +m3q§)(}1;

+2m2(q‘2 - 12 + pz)mﬁ;'g + 2”?3?25?1‘?2 s

— BTOPOE 3BEHO

ow
p )
=g(my +my)cosqy;
o ( )
oW, )
6—;‘ =(my(qy — b+ pr) +m3q7)q ;
)
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C Wk
04

=(my +m3)q,;

d(om‘ ] =(my +m3)g,;
df SQ2

— TpECTBEC 3BCHO

dfom)_ .
arl ag, )~

[Tocne MOACTAHOBKM 3HAYEHHMM NPOU3BOJHBIX B ypasHeHus Jlarpanxa
YPaBHEHUS JIBUKCHUS [UIsl 3BEHBEB MAHMITYJISITOPA MPUMYT BH]L

[ . .
(Jy+ T2+ T3+ my(qy — b + py)* +m3q3)iy + 2my (g — b + pr)diga +
+2m3q2q14r = M\ + g(my(ga — by + pr) + m3q, )singy ; (5.50)
< (my +m3)y —(my(qy — 1 + pa) + m3qa)gi =

=F2—g(m2 +m3)COth; (551)

\ 343 = F3. (5.52)

Jlna momydeHnusa MaTeMaTHUECKON MOJICTH MaHUIYJIATOpa B BHIE CTPYK-
TYpHOIT cXeMBI Ipeodpa3yeM ypaBHeHUA ABHAKEHHS (5.50) — (5.52).
Pewmm (5.50) OTHOCHTEILHO YCKOPEHHS [IEPBOM IIAPHUPHONU KOOPAHHATHI:

1
- 2 2
(J1+Jy + I3+ my(qy — 1+ pr)” +m3q5)

4 (M) —2my(gy —

~by + Py)dndy — 2m3gadndy + g(ma(qy — b + py) +mags )sing; ). (5.53)



Beenem B (5.53) obo3HaveHu:

— HHEPUHOHHOTO Ko3(duiineHTa nepBoro 3BeHa, NpeACTaBIAIONIETO CO-
00if MpHBe/ICHHBIH K NIEPBOMY 3BEHY MOMEHT HHEPIIMH MaHUIIYJISTOpa

2 2
ki =(Jy+J2+J3+my(gy =l + pr)” +m3q3);

— MEXaHUYECKYIO Harpy3Ky NMepBOro 3BeHa

Op1 =2my(q =l + p2)q1Gs + 2m3q241G> —

—g(mz(qz L+ py)+ m3q2)sin q -

(5.54)

(5.55)

C yueroMm obo3nauenuit (5.54), (5.55) peipaxkenue (5.53) npumer BUJ

1

G =—(M,

k

inl

-0p).

(5.56)

Jlisa nonydenus 1o (5.56) cTpyKTYypHOH cXeMbl, CBsi3bIBatOIed M| u ¢,

Heo0X01uMO ¢(hOpPMHPOBATHL CUT'HAJI, COOTBETCTBYIOIIMIA MPABOM YacTH ypaBHE-
HUS U JBaJIbl €r0 IIPOMHTEIPUPOBaAThL. B pesynbrare cTpyKTypHas cxema [pH-
HUMAaeT BH/JI, MOKAa3aHHBIN Ha pHcC. 5.8.

M,

q

Y
9

-

X

| [TepBoe 3BeHO '

q

Puc. 5.8. CTtpykTypHasi cXxema MoO/1e/IH NEPBOro 3BeHAa MAHHIYJIATOpA

C l'OleOHTa.]'thI]ﬁ [IHJ'IHH;IPI’I‘IEEKOYI CHCTEeMOHMH KOOpAHHAT
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Ha puc. 5.8 B 0moke A OPMHUPYETCA CHUTHAJ Harpy3kH 3BE€HA o
p 7 PMHDPY PY Ll
BbIpaKeHHIO (5.55), a B O110Ke Ag — CUTHAJI MHEPUUOHHOTO KoY PHLIHEHTa 3Be-
Ha k;, 1o (5.54).

Pemmmum (5.51) OTHOCHTENBHO YCKOPEHHS BTOPOH INApPHUPHOH KOOPIH-
HaTBI:

. 1 .2
4 = —(Fz +(my(qy =l + pp) +m3qr)qy —
my +m3

—g(my +mg)cosqy ). (5.57)

Brenem B (5.24) o6o3HayeHHUS:
—  HMHEPLUOHHOr0 K03 (PUIIMEHTa BTOPOIO 3BEHA

kipy = my +ms; (5.58)

— MEXaHMYECKOH Harpys3Ku BTOPOro 3BEHA

2
QL2 = (mz(qz — f2 -+ pZ) + m3q2)q] — g(m2 + m3)cosql . (559)
C yuetrom obo3Hauenuii (5.58), (5.59) Buipaxkenue (5.57) npumeT BHA

. 1
Gy =—(F+0;2). (5.60)
kfnZ

Jns nonyyenus no (5.60) cTpyKTypHO#R CXEMBI, CBA3BIBAIOIIEH [5 U ¢,

HeoOxouMo c(hOpMHpPOBATH CUTHAII, COOTBETCTBYIOIIMI MPaBOii YaCTH ypaBHe-
HHSL M JBaX/bl €r0 IPOUHTEIPUPOBATEL; B PE3YJIbTATE CTPYKTYPHASI cXeMa MpHU-
HHMAaeT BH/JI, TOKa3aHHbIH Ha puc. 5.9.

Ha puc. 5.9 B On0ke A4y (dopMupyeTcs CHTHan Harpyskw 3BeHa (J;, 10

BhIpakeHH0 (5.59), a B Oioke 4y — CHrHaJl MHEPLUHUOHHOrO KOd(p(HUIHMEHTa
3BeHa k5 1o (5.58).



ThI:

l Or2 .
7P 92
02

>

Puc. 5.9. CTpykTypHasi cxeMa Mojie/IH BTOPOI0 3BeHa MaHHILYJIsITOpa
¢ FOPH3OHTAILHOM HITHHAPHYIECKOH CHCTEMOl KoOpAuHAT

Perum (5.52) OTHOCHUTENBHO YCKOPEHHSA TPEThEH IIIAPHUPHON KOOpP/IMHA-

.. 1
43 =—1F3. (5.61)
ms3

Beeaem B (5.61) o0o3HaueHus:
~  HMHEPUUOHHOIO KOA((PUIMEHTA TPETHEr0 3BEHA

I
C yueTom obo3HaueHu (5.62) Beipakenue (5.61) npumer BUA

L1
Gy=—F. (5.63)

km3

Jis nomydenus 1o (5.63) CTpyKTYpHOH CXeMbl, CBA3bIBAIOIIEH F3 U g3,

HEoOX0JUMO c(pOPMHUPOBATH CHIHAJI, COOTBETCTBYIOIIMMN NIPABOH YaCTH ypaBHe-
HUSL U J{BX/Ibl €r0 IIPOMHTErPUPOBATE; B PE3YJIbTaTe CTPYKTYpHAsi cXxeMa IpH-
HUMaeT BUJI, MOKa3aHHBIH Ha puc. 5.10.
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Puc. 5.10. CTpykTypHasi cxeMa MoJe/IH TPeThero 36eHa MAHHNY/ISITOPA
¢ TOPH30HTAILHOMN HHIHHAPHYECKOIH CHCTEMON KOOPAHHAT

Ha puc. 5.10 B Onioke A4;; ¢popmMupyeTcst CUrHAJI HHEPIIMOHHOIO KO PH-
IUeHTa 3BeHa kj;,3 1o (5.62).

O0wennHsaa Moaenu 3BeHBEB (puc. 5.8 — 5.10), momyyaem Momeab MaHH-
NnyJasTopa Kak oObekTa yrpasieHus (puc. 5.4).

BusyasbHblIl aHaIU3 CTPYKTYPLI [TOKA3LIBAET, YTO TPETHE 3BEHO COBEPILIA-
€T CBOE JIBUKEHHE HE3aBHCHUMO OT IEPBOr0 M BTOPOTO 3BEHLEB. JBUKEHUE Tpe-
TBEIO 3BCHA 3aBMCHT TOJIBKO OT yCwiusa F3, TPUKIAJBIBAEMOrO TPUBOIOM
B LIapHHUpe. B3auM03aBUCUMOCTb JBUKEHHH [1EPBOr0 U BTOPOIO 3BEHLEB OIpE-
JIENIAETCS HE TOJBKO CHIIOBBIMHM BO3JACHCTBUSMH, HO M M3MEHECHHEM NapaMETPOB.
Taxe IBMKEHHS TIEPBOTO M BTOPOTO 3BEHBEB 3aBUCAT OT U3MEHEHHS Beca rpysa
B CXBaTe, TaK KakK IIPH 3TOM U3MEHSIOTCS [TapaMeTpbl TPETLETO 3BEHa M3 H 3.

MaremaTHyuecKkasi MO/ MaHHUMYJIATOpa MOMKET OBITh TpE/ICTaBlICHA
B BEKTOPHO-MaTpHYHOU (hopMme (5.64):

ap 0 0 || q b q M

0 ann 0 qr |+ b2 +| 0y |= F2 s (564)
0 0 ass ij3 0 0 F3

2 2.
e ay =(Ji+Jy+J3+my(qy — b+ py)” +myq3);
ﬂ'zz =m2+m3;

(3'33 = H13;



by ==2q14,(ma(qa — 1y + py) + m3q3);
by =41 (my(qy — by + p2) + m3qs );
q =—g(m2(q2 —[2 + p2)+m3q2)sinql ;

Cy = —g(mz + m3)COSql .

JUisi cHHTe3a peryisTopoB CHUCTEM VYIPABICHHUS [BUKCHUEM 3BEHLEB
HEOOXO0UMO OTIpe/eNUTh IIpee/IbHbIE 3HAYEHN H3MEHEHHST HHEPLIMOHHBIX KO-
s dunnenTon 3BeHbeB (5.54), (5.58), (5.62). M3 BrIpakeHwil BUIHO, YTO BCE
TpH Kod(HUIHEeHTa 3aBHCAT OT Beca Ipysa, a NepBbli KO3(P(HUIIMEHT 3aBUCUT
elle U OT KOOPJMHATLI BTOPOro MPHBOJA ¢ .

Omnpenenum npeenbHbIe JHaNa30HbE H3MEHEHU K03()(UIIHEHTOB BTOPO-
I'0 M TPETHETO 3BEHLEB.
IIpu oTcyTcTBUM rpy3a B CXBAaTe UMEEM

Kin2 min =My + M3 min =16 +12 =28 kr;

Kin3min = M3 min =12 KT.
[Tpy MaKCHMaJILHOM IPy3€ B CXBATe

kin2 max =M2 + M3max =16 +13=29 xr;

Kin3max = M3max =13 Kr.

Onpenenum mnpenensl W3MEHEHHS HHEPIHOHHOTO KO3(QQUIMEHTa s
nepBoro MpuBoda, nposens B Matlab anamu3 (QyHKUMH I8 MUHUMATbHOMN
U MaKCUMAJIbHOM Harpys3okK, IIpy U3MEHEHHH ¢, B nuanaszone ot 0 go 0,5 m.

3agaeM HMHepHUOHHBIC KOA(DGUIMEHTE B BHAC ()YHKIHMOHAILHBIX 3aBH-
CUMOCTEMU

2 2
Kinlmin(92) =J1+J2 + J3min +m2(q2 =12 + p2)” + M3 ming7 ;

2 2
kinlmax (92) =J1+J2 + J3max +m2(q2 —la + p2)” + mM3maxq3 -

Tak kak BeIpaXKeHHUA IS WHEPIUOHHBIX KOA((HUIIMEHTOB TIEPBOT0 3BEHA
IOA00HBI BEIPAXKEHUAM JJI1 MAaHUIYJIATOpa ¢ BePTHKAILHOH IUIHHIPUIECKOM
CHUCTEeMOIl KOOPJUHAT, JJIsl UCCIIeI0BaHMs HCIIOJIb3YeM Mozelb B Simulink, no-
Ka3aHHYIO Ha puc. 5.5, puc 5.6.
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WIITHHAPHYECKOH CHCTEM O KOOPAHHAT

Puc. 5.11. Maremaruueckasi Mo/e/ib MAHUNYJISITOPA € FOPH30HTAILHOIM



I'padukn 3aBUCUMOCTH MHEPIIMOHHOTO KO3 (PHIMEHTa EPBOro 3BEHA OT
nepeMeIIeHnsl BTOPOro 3BeHa MPU MUHUMAJIbHOM M MaKCUMAJIbHOM BECE TPEeTh-
€ro 3BeHa I0Ka3aHbl Ha puc. 5.12.

['paduku 3aBUCUMOCTH MHEPLUOHHOTO KOd((PULIHEHTa NEPBOro 3B€HA OT
BTOPOM IIApHUPHON KOOpAMHATHI MUMEIOT BHJ mapabon. [lo HUM ompeaeneHs
MaKCUMaJIbHbIe M MHHHMAlIbHbIE 3HAaYeHHS KOA(Q(UIMEHTAa WHEPIIMOHHOCTH
nepBoro 3BeHa. Bee pe3ynbraThl NpUBEASHBI B Ta0I. 5.2.

Jlanueie Tabi. 5.2 mMoKa3bIBalOT, YTO HAUOONBIINN JMANa30H U3MEHEHUs
MMEET HHEPUHUOHHBIN KOA((HUIIMEHT IEPBOro 3BEHa:

kil ioin = 0,178 Kr-M2; (5.65)
kil min = 5,925 K& -M2. (5.66)
2
6 kin]. H.M ] 1 ] | L ] 1] 1
6F max | vosd Y # it
ceeees MIN 4
’
4+ yod
3r o
2k -
1F 4
— Q.M
1 1 1 1 1

0 1 1 1
0 005 01 015 02 026 03 035 04 046 05

Puc. 5.12. Pe3yabTaThl HecIeA0BAHUS HHEPIHOHHOTO KOY(PPUIIHEHTA epPBOro 3BeHa
MAHHNYJIATOPA ¢ TOPH3OHTAIBLHOM NHIHHAPHYECKOH CHCTEMO KOOpPIAHHAT

Tabnuma 5.2

IIpenenbHble 3HAYeHHs] HHEPUHOHHBIX KOY(P(PHIUHEHTOB 3BeHbEB MAHUIYJIATOPA
C TOPH3OHTAJIBHOH IHIHHIPHYECKOH CHCTEMOH KOOPAHHAT

Ilepsoe 3BeHO, (Kr-M?) Bropoe 3BeHO, (Kr) Tperbe 3BeHO, (KT)
min max min max min max
kin 0,178 5,925 28 29 12 13
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KonTposabnas padora 2

1. CTpykTypa u KJaw4eBble ocodeHHocTn V-REP

[Inarpopma V-REP wumeer psng ocoGeHHOCTEHW, KOTOphIE MPEAOCTABISIOT
pa3paboTurKy IIMPOKHUE BO3MOMXKHOCTH JUIsl co3llaHus cumyisinuil. Kak ocHoBHOM
KoMITOHEHT V-REP M0OHO BBIIETUTH TEXHOJIOTHIO BCTPOCHHBIX CKPUIITOB, KOTOPHIE
BBITIOJIHAIOT (PYHKIIMU KOHTPOJUIEPOB B cumyisinusx. I[lpu 3Tom, Hanudue
BO3MOXKHOCTH TIPUBSA3KU OTJIEIBHBIX CKPUIITOB K KOMIIOHEHTaM pPOOOTa MO3BOJISET
pean3oBaTh YEeTKYIO UEPAPXHUIO, oOecrnieunBast MOPTATUBHOCTD U
MaclITabHUpPyeMOCTb.

JIrobas cumymsius B V-REP no ymomyanuio nMeer 0CHOBHOM CKPHUNT, KOTOPBIN
KpailHe HEe PEKOMEHIYeTCS MEHSATh, T.K. JaHHBIM CKpPUIT pelaeT oO0IIue 3aaadu
oOecrieueHusT KOPPEKTHOCTH NTaHHBIX TPH BHITIOJHEHUN CUMYJsiud. Hampumep, oH
BBI3BIBAECT Pa3HbIC MOACUCTEMBI IJIi MOJICIMPOBAHUS KWHEMATUKH U JUHAMUKH
MEXaHUYECKUX AJIIEMEHTOB CUCTEMbI. I3 OCHOBHOTO CKpHUIITAa TAKXKE BBITIOJIHSIECTCS
BBI30B JIOYEPHUX CKPHUIITOB KAaCKaJHBIM CIOCOOOM, HO 3Ty (YHKIHMIO MOXKHO
OTKJIFOYUTh.

JlouepHUe CKPUNTHI, B OTIUYHE OT OCHOBHOT'O, MPUKPEIUISIOTCS K OTIEIbHBIM
KOMITOHEHTaM Mozesid. OHU SIBISIOTCA HEOTHEMIIEMOM YaCThIO CIICHAPUS CUMYJISIIIUU
U BBINOJHSIOTCA MPU KaXI0W UTEpalMU MOJCTUPOBAHUS, KAK U OCHOBHOWU CKPHIT.
Crnenyer Takke MOMHHUTH, YTO CKPUITHI SBIISTFOTCS WCIOJHIEMBbIMH (DaillaMu U HE
TpeOyIOT MpeaBapuTeIbHON KoMOwWwisimuu. Kpome TOro, nodepHue CKPUMNTHI MOTYT
OBITh MOTOKOBBIMH WJIM HENOTOKOBBIMHU. Pazpaboruuku V-REP pexomenayior mo
BO3MOXXHOCTH HCIIOJIb30BaTh HETIOTOKOBBIE CKPUMTHI, OJJHAKO B HEKOTOPHIX 3a7adax
MOTOKOBBIE CKPHIITHI JIy4YIlle PEIIaloT TOCTaBieHHbIE 3amaun. Clenyer Takke
3a0CTPUTh BHUMAHHME HA TOM, YTO CHUMYJSIUS — 3TO WTEPATHUBHBIN MpOILECC, T.C.
nepepacuer [apamMeTpoB  MOJEIUPYEMOW CHUCTEMBbl  OCYIIECTBISIETCS  depes
MOCTOSIHHBIA TIPOMEKYTOK BpeMeHH (Imar mojenupoBanusi) urepatuBuo. B V-REP
M0 YMOJTYAHUIO UCTIONB3YyeTcs S0 MIJITUCEKYHI.

IoTokoBbBIE CKPUNTBI — CKPUIITHI, BBITIOJTHEHUE KOTOPHIX OYJET MPOI0IDKATHCS
pu cienyronied nrepauu. Takue CKpUNTHl BBHITTOJHSIOTCS OAWH pa3 OT Havasia Jo0
KOHIIa, HO TaK)X€ MOXXHO OTKJIIOYUTH 3Ty (YHKIIHIO, 4TOOBI HE ObUIO MpephIBaHUS
IIOCJIE TIEPBOM UTEPALIUU.

HemnoTokoBble CKPUNTBI — CKPUIITHI, BBHITIOJIHCHHE KOTOPHIX HAYMHACTCS C
Havaja MpU KaXIOH MOCHeayromeld UTepalyu, MPU 3TOM OCYIIECTBISETCS TOTHAS
nepeaada yrpaBieHUs CUMYIISAIHEH B 3TH CKPHUNTHL. ECIW MO KaKUM-TO TMPHUYUHAM
CKPHUNT HE 3aBEpPIIWICA, W YMpaBlIeHHE HE MEepeAasioch OOpaTHO HAa OCHOBHOM
CKPHUIIT, TO CHUMYJSAIHS TpPEphIBaeTCA. TaKhue CKPHUIITHI BBI3BIBAIOTCS OCHOBHBIM
CKPUTITOM 2 pasza 3a KaKIbIM IIar CUMYJISAINHWHN: TPH aKTUBAMA M TIOJyYCHUU
CEHCOpPHOU MH(POPMAIIHH.

Takum 00pazom, mJisi JIyYIIeTO TMOHWMAHUS TMPOIecca HWCIOJHEHUSI CKPUIITA
CIIEyeT PaccMOTpPeTh Oojiee MOAPOOHO CTPYKTYpPy HE IMOTOKOBOIO CKPHUITA, YTO
OyzeT cnenaHo B riase 3.

HoctynHoctb. Pacripoctpansercs mnatdopma V-REP ycnmoBno Oecrmatno. Jlis
HAyYHBIX HCCIEAOBAaHUM U BeIeHUs OOpa30BaTENbHON ESTEIbHOCTH JIaHHAS
mporpaMMa HMMeEeT OTAeNbHbIE BepcHH. B cioydae K€ WCIOJBb30BaHUA B
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KOMMEPUYECKHUX MPOEKTax HeoOXoauMmo mpuodpectu aunensuto. [Iporpamma V-REP
SBJIIETCS TOJHOCTBIO KpPOCCIUIAT()OPMEHHOM (HE 3aBUCHUMOM OT HCHOJB3YEMOU
OIEPAIIMOHHON CHCTEMBI).

V-REP noanep:xkuBaer moaenan B3aumoneiictusi Kimnent-Cepsep. Ilmardopma
V-REP BricTynaer cepBepoM, Ha KOTOPOM 3alylI€HAa CUMYJIALMS, a YIpaBJICHHE
OCYILIECTBISIETC C KJIMEHTCKOM CTOpPOHBI. Ilpu Takoi cxeme B3aMMOJICHCTBHUS B
KauecTBE KJIMEHTa MOXKET BBICTYIATh KaK JPYroe mporpaMMHOE oOeclieyeHue, TaK u
ar000e yerpoiictBo ¢ moakimoueHueM kK cepsepy (V-REP), mampumep, kinreHTOM
MOXET OBITh POOOT.

APl ¢yuxuuu. [Ipeanaraerca mmpokuit Habop rotoBbix APl ¢yHKIUI Ha sI3bIKe
Lua, Mcronap30BaHHE KOTOPBIX JE€HAaeT MPOLECC CO3JaHUsA CLUEHapUsl CUMYJIALHH
ObIcTpbIM 1 JerkuM. [1lupokre BO3MOXKHOCTH Takke npenocTaBisaioT APl ¢ynkumn
JUISL CO3[aHUSl CLEHApUeB CHUMYJSILIMM Ha JPYIHX S3bIKaX HPOrpPaMMHUPOBAHHUS
(Remote API), a umenno: C/C++, Python, Java, Matlab, Octave u Lua.

B V-REP umeetcst 4 pasHbix ¢usudeckux asmxka moxaenuposanus: ODE, Bullet,
Vortex u Newton. Kaxxaplii u3 HuX umeeT 0osiee BRICOKYIO TOYHOCTh MOJIETUPOBAHHUS
B OIpEACIICHHBIX 3ajayaX, HO BCE OHM XOpOIIO peHlaroT oOIIHe 3aJauyu
MOJEJIUPOBaHUsL POOOTOB.

Bcrpoennble Mooy AJsl CHENMATM3MPOBAHHBIX 3agad. lMeercs MOILIHBIN U
TMOKUN MOJAYJb BBIUMCIEHUS OOpaTHOM M MPSMON KUHEMATUKU POOOTOB. JlaHHBIIA
NAaKeT XOPOLIO MOAXOAMT I Y3KOCIEUHWATU3UPOBAHHBIX 3ajad Ipu padore ¢
MaHUIYJISITOpaMU. BCTpoeHHBId MOAYJb AJis OBICTPOM MPOBEPKU CTOJKHOBEHHIA
O0OBEKTOB MO3BOJIET PEMIATh PAJl 3a/1a4, CBA3AHHBIX ¢ 0€30M1aCHOCTHIO, MAKCUMAJIBHO
abdextuBHO. Takke uMeeTCs CXOXKUHA MOIYJb, KOTOPBIM OBICTPO W TOYHO
pPacCUMTBHIBAET MUHUMAJIBHOE PACCTOSIHUE MEKIY 0OBEKTaMU.

HNmerorest pasivyHble THOBI JATYMKOB, B TOM 4YHcle Hauboiee Yacro
IpUMEHSEMbIE JaTYUKU MPUOIMKEHUs (aHaJIor YJIbTPa3BYKOBBIX JATYMKOB). Takke
uMeroTcs  (pOTO-BUIEO JaTUMKH, KOTOPbIE aHAIM3UPYIOT BUIUMbIE CBOMCTBA
pPa3IUYHBIX KOMIIOHEHTOB CUMYJISILIUN.

IlnanupoBanue aBu:xkenuss. B mnporpamme V-REP mnnanupoBanue nBukeHus
BBITIOJIHAETCSI C MCIOJIb30BAHUEM OTKPBITOM OMONMOTEKH IMJIAHUPOBAHUS JBHKECHUS
(Open Motion Planning Library), cokpamieano OMPL [9].

3anuce W BU3yaau3auusi JaHHbIX. BO3MOXHOCTH Uil BH3yaJu3allMM JIaHHBIX
SBJISUTUCh OJHMMM U3 KIIIOYEBBIX JJIS pa3paOOTUMKOB, U HAuWHas C caMOil MepBoOi
Bepcun B V-REP umeercs Bech HE0OXOAMMBIA MHCTPYMEHTApUW IJIsi 3alUCH U
BU3yalM3alMy JIIOOBIX THUIOB JaHHbIX. bojee moapoOHO naHHas Tema packphiTa B
riiase 2.

Berpoennbiii penakTop cerku. MMeercss pemakTop CETKH, KOTOPBIM IMO3BOJISIET
BHOCUTh M3MEHEHHsSI B CETKY MOJIEJIM, Ha OCHOBE KOTOPOW pPacCUUTBHIBAIOTCA
¢usznyeckue  mapamMeTppl  MEXaHWYECKHMX  DJIEMEHTOB  CUMYJSIIMH.  Taxke
NOJJIEP)KUBAETCS HECKOJIBKO CIIEHUAJIBHBIX PEKUMOB PpPEJAKTHPOBAHUA CETKU
00BEKTA.
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HNMnopr u 3KCmopTr JaHHbIX. 3arpy3ka M BbIrpy3ka pgaHHeIXx u3 V-REP
BBITIOJIHAETCSI YE€pPE3 MEHIO: /IS 3TUX 3a7a4 UMEETCs CIelHAIbHbIA MWHCTPYMEHT B
OCHOBHOM MEHIO. Takke mporpaMMa MOKET CUYUTHIBATh JAHHBIE Yepe3 COCIMHEHUE C
JIPYTUM YCTPONCTBOM.

IHonHopyHKIIMOHANbHA HMepapXus MojAejJeil B CHeHe. OTOT HWHCTPYMEHT
no3BoJiseT miargopme V-REP peanuszoBaTh B3aMMOCBSI3M KOMIIOHEHTOB MOJCIH
KpaiiHe y1I00HO U ¢ NIUPOKUMH BO3MOXKHOCTSIMH MacCIITAOUPOBAHMUSI.

Ot1o naneko He Bce, yeM otTiimyaercss V-REP oT npyrux nporpamMm MoJaenvpoOBaHuUs,
OJTHAKO TIOHMMaHHE ATHUX OCOOEHHOCTEH IIO3BOJUT B JaibHEWIIeM paboTaTh ¢
mwiaThopMOl W JOTOJHATH O00myr0o wuHpoOpManuio Oojiee JeTalbHBIMA |
CHEIUATM3UPOBAHHBIMHA BO3MOXKHOCTSIMU TTPOTPAMMBI.

Bonpocel 1J151 CAMOKOHTPOJIA:
1. Kakue s3piku mporpamMmMmupoBaHus mnojnepxkuBaetr V-REP mna peammzanum
CUCTEM YTpaBJieHUs (HATMCaHUsI CKPUIITOB)?
2. Kaxkoe rimaBHOe OTJIMYME TOTOKOBOT'O CKPUIITA OT HE MOTOKOBOTO?
3. Kaxkue ycnoBus nyxubl V-REP 115 oOMena nanabiMu ¢ peasibHbIM poOOTOM?
4. Kaxkwue criocoObl BBOJIa M BeIBOJIa HH(MOopMaIruu umetorcs B V-REP?
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2. OcHoBBI padoThI B iporpamme V-REP

B JaHHOM pasaciie COACPIKUTCSA O3HAKOMHTCIIbHAA I/IH(I)OpMaHI/I}I, rJIaBHOM OEIbIO
KOTOpOﬁ ABIIICTCA q)OpMI/IpOBaHI/Ie MpCaACTaBJICHUA O 0a30BBIX JJIIEMCHTAaXx, C
KOTOPBbIMU H€O6XOI[I/IMO BSaHMOI[CﬁCTBOBaTL npun CO3aaHHUH CI/IMy.TI}IHI/If/'I B
nporpamme V-REP.,

2.1 Uutepdeiic nporpammbl

Nutepdeiic mporpammel V-REP pa3nenen Ha HECKONIBbKO YacTeil B 3aBUCUMOCTH OT
HA3HAYCHUS M PEAIM30BaH B OKHE C Tpaduueckum uHTEpderncom: rpaduIecKoe OKHO
IPOrPaMMBbI UCIIONIB3YETCS JJIsl yIPaBICHHUS BCEMH BCTPOCHHBIMU HHCTPYMEHTAMHU.

Takxke cieqyer ynoMsaHyTh OKHO KOHCOJIM, KOTOPO€ MOKHO HaOIIOAaTh BO BpEMs
3aIycKa NPUJIOKEHHSI, HO 10 YMOJYAHUIO JaHHOE OKHO CKpbIBaeTcs cpasy xe. Ilpu
HEOOXOMMOCTH MOXXKHO HacTpouTh V-REP Ha mocTosiHHOE 0TOOpa)keHHEe KOHCOJH,
BeI3BaB «User settings» («Ilomp3oBarenbckue HACTPOHKW») C TIOMOIIBIO TIEPBOM
KHOIIKM B BEPTUKAIBHOM TMaHEIW HWHCTPYMEHTOB. B  KOHCOJIBHOM  OKHE
OTOOpPAXKAIOTCS 3arpy>kKaemMble IUIArMHbI U UX MPOLEAYpPbl, KOTOPbIE HYXHBI TOJIBKO
npu padote ¢ maruHamMu. B nanHoi yueOHOU nuTepaType He 3aTparuBaercst paboTa
C IJJarMHaMU, OJIHAKO MPU HEOOXOAUMOCTH MOKHO OOpaTUTHCS K TOKYMEHTALUU I10
pabore B V-REP Ha caiite pa3paOOTUUKOB.

Pucynok 2.1 — OxHo npumnoxenus V-REP

Ha puc. 2.1 npusenen untepdeiic nporpammsl V-REP ¢ noBoiabHO Oosbiimm
HA0OpOM aKTHBHBIX MHCTPYMEHTOB, OJIHAKO HAJ0 MOHWMATh, YTO OJIHOBPEMEHHAas
aKTHUBAIIMS BCEX HHCTPYMEHTOB MPUBEIET K UX B3aUMHOMY MEPEKPHITHIO.

Jlanee mpuBENEHBI OCHOBHBIE COCTaBJsIoNMe Tpaduueckoro uHTEpdeiica
nporpammbl V-REP ¢ kpaTkum onvcanueM.

OcHoBHOe MeHI0 TporpamMMmbl. COIEPKHT pas3IudHbIC pPas3feibl, B KOTOPBIX
UMEIOTCS MHCTPYMEHTHI ISl PEIAKTHPOBAHUS HMMEIONIMXCS W J00aBIICHHUS HOBBIX
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O00BEKTOB B CIIEHApHH CHUMYJSIUA. YacTh MHCTPYMEHTOB W3 TJIABHOTO MEHIO TaKKe
poayOIMpoBaHa BO BCILIBIBAIOIEM KOHTEKCTHOM MeHI0 V-REP.

IManean uncTpymentoB. Hanbosee yacTo MCnoib3yemMble HHCTPYMEHTBI BEIHECEHBI
crojia iy1st ObicTporo noctyna. Ha puc. 2.2 u 3 npuBeieHbl KHOMKH, PACIOJIOKEHHbBIE
Ha MaHeJsIX UHCTPYMEHTOB C UX Ha3BaHUAMU. KakibIii MHCTPYMEHT U3 3TUX NaHeNen
MOXET HaXOJUThCS B aKTUBHOM M MAacCUBHOM pexume. [lpu 3ToM akTuBanus
MPOU3BOAMUTCS TPOCTHIM Ha)XaTUEM Ha MHUKTOTpaMMy HWHCTpyMeHTa. boree
noipoOHast HHpOpMAIIHs 10 HHCTPYMEHTaM MIpHUBEIeHa B pazjaene 2. 2.

bubtauoreka wmopenei. Ilo ymomyaHu0 MAaHHBIA HMHCTPYMEHT HAaXOAUTCS B
aKTUBHOM PEXKHUME, HO MOXKET OBITh JICAKTUBUPOBAH HAKaTHEM Ha MHUKTOTpaMMmy. B
aKTUBHOM PEXUME JaHHBIM HMHCTPYMEHT OTOOpaKaeT CTPYKTYpPY MAaIloOK W MOJECH,
coJiep Kalluxcs B TeKynlel nanke. Mojenu u3 OUOIMOTEKH MOKHO JIETKO JOOABUTH B
CLIEHApHI CUMYJISILUU ITyTEM IIEPETACKUBAHUS B padodee OKHO.

Hepapxusi 00bexkTOB cueHapus. J[peBoBuliHasS HepapXusi OTOOPaKaeT CTPYKTYPY
OOBEKTOB U HMX KOMIOHEHTOB. X MOXHO HU3MEHSTh, JTUOO J00aBISATH HOBBIC
aneMeHThl. Mepapxusi 0OBbEKTOB SIBISETCS KIFOUEBBIM 3JIEMEHTOM, KOTOPBIM 3a1aet
OCHOBHBIE CBSI3M MEXKJy 0ObeKTamMu clieHapus. Takxke cBoicTBa J1000T0 0OBEKTa
MOYHO OTKPBITh JBOMHBIM Ha)>XaTUEM JIEBOM KHOMKH MBI HA MUKTOrpaMMy ClieBa
OT Ha3BaHHUS OOBEKTa B HEPAPXUU CLEHbl. Takke MOXKHO BBIOpaTh CHayaya
HEOOXOJMMBIA DJIEMEHT C IMIOMOINBI0 OJHOTO Ha)XXaTusi Ha OJJIEMEHT W 3aTeM
aKTUBHUPOBATh MHCTpYMEHT «CBoiicTBa 00BeKTOBY («Scene Object Propertiesy). s
W3MEHEHUS] Ha3BaHUl KOMIIOHEHTOB JIOCTaTOYHO HABECTH Kypcop Ha TEKyllee
Ha3BaHMWE W JIBAXIbl HAXKATh Ha JIEBYIO KHOMKY MBIIIHU, TOCJIE YE€ro BBECTH HOBOE
Ha3BaHWC W 3aBEPIINTh Ha)kaTheM KHONKW BBoja (“Enter”). CiemyeT ydecTh, 4TO
JOMYCKAeTCsl HCIOJb30BAHME TOJIBKO OyKB JaTMHCKOro andasura. OpHOU U3
KIIFOUEBBIX (DYHKIMM, peaqu3yeMbIX MOCPEACTBOM HEpPapXUu OOBEKTOB, SBIIAETCA
B3aMMOCBSI3b KOMIIOHEHTOB CUCTeMBI. [y gaHHON (yHKIIMHM JOCTYIMHO 2 crocoba.
[lepetackuBasi oauH OOBEKT Ha JPYroi, MOXHO YCTAHOBHUTH OTHOIICHHS CBSI3U
MKy HUMH (CIENaTh OAHOTO M3 HUX «POTUTENIEM» MO OTHOIICHHIO K JIPYTromy).
AHQJIOTMYHOE ACHCTBHE MOKHO BBIMIOJIHUTH YEPE3 BCIUIBIBAIOIIEE MEHIO, JUISl 3TOTO
HY>KHO BBIOpaTh CHayvaja «IOYEPHHUI» DJIEMEHT, 3akaTh kiaBuiry «Shifty u 3atem
BBIOpATh «POJUTEIBCKUN», TPABOM KHOMKOW MBIIMIM OTKPBHITh BCIUIBIBAOIIIEE
KOHTEKCTHOE MeHI0 1 BbiOpath «Edity u «Make last selected object Parenty.
OcHoBHast cTpaHuna (OCHOBHOe OKHO). Kaxzaplii crieHapuil CHMYJISIIMM MOYKET
colepXaTb 1O 8 CTpaHMIl, KOTOphlE, B CBOIO OYEpEIb, MOTYT BKJIIOYATh
HEOTPAHUYEHHOE KOJIMUECTBO obOyacTelt oroOpaxeHus. IlomoOHoe paszgeneHue
MO3BOJIIET MaKCUMAJIbHO 3(()EKTUBHO UCIOIB30BaTh rpadudeckuii uurepdeic mis
BBIBO/Ia PA3JIMYHBIX TUIIOB JAHHBIX OJJHOBPEMEHHO.

Oobnactu orodopaxkenusi. O0nactu OTOOpa)KEHUsI MPEJCTABISIIOT COOON 00J1acTH
uHTepdeiica, MpeaHa3HAYCHHBIC I Pa3IeIeHHOTO BBIBOJA JAHHBIX CIICHAPUS H
BU3yaJIN3allM, MOJYYEHHBIX C TOMOIIBIO BUPTYaAJIbHBIX BHUICOKAMEDP, CEHCOPOB
Pa3TUYHOTO TUIIA U APYTOW 3aIaHHOM TOJIb30BaTeIeM HH(POpMAITUH.
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Nudopmanusa. bnok ¢ wuHpOpManue BBHIBOAUTCA ISl OTIACIBHBIX MOJETEH,
KOMIIOHEHTOB WJIM CLIEHApHs B 3aBUCUMOCTH OT BbIOOpA IOJIb30BATENS U TOKA3bIBAET
pa3InYHbIC ITAPAMETPBI.

I'nob0anbHass  cucrema  koopaumHatr. (OOO3HauYeHHE  OpPUEHTAIlMM  BCErjaa
IPUCYTCTBYET B MPABOM HWXKHEM yriy. Takxke y kaxaoro oosekra B V-REP nmeercs
JIOKaJIbHASI CUCTEMA KOOPAMHAT.

OkHO oToOpaxenuss HWHPOpMAUMH, BbIOPAHHOW  moJb30BaTEJEM  —
HACTpauMBaeMO€ I0Jb30BATEIEM OKHO, OTpa)karollee HEeOOXOIMMYI0 HH(OpMALUIO
WJIM TAAJIOT C TIOJIB30BATEIIEM.

Pucynok 2.2 — I'opuzoHTanpHas nanenb UHCTpyMeHToB V-REP
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Pucynok 3 — BeptukanbHas nanenb uHcTpymMeHTOB V-REP

BemubiBaromee MeH0. [1osBIIsSIETCS IPU HA)KaTUX MPABOW KHOIKOW MBIIIH, UMEET
IITUPOKHE BO3MOKHOCTH U AyOJUPYET 4acTh HHCTPYMEHTOB U (PYHKIIMM U3 MaHEIICH
WHCTPYMEHTOB.

Juanoropoe oxKkHO. OToOpa)kaeT CBOHCTBAa OOBEKTOB C BO3MOXKHOCTBIO UX
pPEOAKTUPOBAHUSI, MOXKET KAaCKaJHO pPaCIIUpPATBCS B HEKOTOPBIX cliiydasx. OKHO
OTKPBIBAE€TCS  MPU  AKTUBALMM  OTIEIbHBIX  MHCTPYMEHTOB.  [lapameTpsl,
O0TOOpa’kaeMbl€ B 3TOM OKHE, 3aBHUCST OT TUIA BHIOPAHHOTO JIEMEHTA M Ha3HAYCHUS
WHCTPYMEHTA.

Ctpoka cocrossnus. OGnacth uHTepdenca UCIOIB3YETCsl NIl BBIBOJA TEKCTOBOM
uH(OpMAITUU BO BPEMSI BBITIOTHEHUS CUMYJISIITUH.

O0bexkThl NMycTOM cuMyJasiuMu. [IpU Co3MaHMM HOBOTO CIEHApUS CUMYJIAIUMUA B
nporpamme V-REP yxe nMeroTcs HecKoJIbKO 00BEKTOB, KOTOPBIE T00ABISIOTCS TI0
YMOJIYaHUIO: UCTOYHUK CBETA, MOJI C U3MEHSIEMBIM pa3MepoM U Kamepbl. KoHedHo,
WX MOXKHO YJIaJUTh, HO MOYTH BCEr/la OHU HEOOXOMUMBI JIJISi CO3JaHUsI CUMYJISIINH,
TaK)Ke€ MHOTJ]a BOSHUKAET HEOOXOUMOCTh B MX HacTpoike. Jlyis u3MeHeHus pazmepa
MMOBEPXHOCTH T0JIa I0CTATOYHO BBIJIETUTh €r0 B UEPAPXUHU CUEHBI U B TTOSIBUBIIEMCS
MOJIb30BATEILCKOM HMHTEpdeiice mepeMenmarb MOI3yHOK JO TeX IMOop, IMOoKa He
MOJIYYHUTCS] TPEOyEeMbIid Pe3ybTar.
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Pucynok 3.2 — IToBepXHOCTB 110JIa C U3MEHSIEMBIM Pa3MEPOM

BOIIpOCbI AJIA CAMOKOHTPOJISA:

1.
2.
3.

Kak MOXXHO akTUBUPOBATh MHCTPYMEHT U3 TTAHEIH?

Kakue 3amaun BeinoaHseT uepapxusi 00bektos B V-REP?

Kakum 00pa3oM MOXKHO OTKpPBITh CBOWCTBA OTICIBHBIX OOBEKTOB IS
penaKkTupoBaHus?

Kakum o0pa3oM MOXHO 3a/laTh B3aMMOCBS3b JBYX JJIEMEHTOB CHCTEMBI,
KOTOpbIE€ KOHTAKTUPYIOT APYT C APYrom?
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2.2 O630p nncrpymentoB V-REP

B nmanHOM pasnene mMpuUBOAMUTCS OMHCAHWE OCHOBHBIX MHCTPYMEHTOB, 0€3 3HAHUS U
NMOHUMAHUS  KOTOPBIX  CTAaHOBHUTCS  HEBO3MOXKHBIM  CO3/IaHWE  CHUMYJISAIAN
poboToTexHnyeckux cucteMm. CieayeT OTMETHTb, YTO OOJIbIIas YacTh HHCTPYMEHTOB
V-REP nyGaupyercs B pa3HBIX MEHIO, HO IIPH O3TOM MX Ha3HAYCHUE W
(GYHKITMOHATBHOCTh OCTAIOTCS a0COJIOTHO WIASHTHYHBIMH. Hampumep, HEKOTOpHIC
OJIOKM MHCTPYMEHTOB W3 TJIABHOTO MEHIO TaKX€ MOYKHO HaWTH B BCILIBIBAIOIIEM
MEHIO, C/IETIaHO ATO UCKIIOYUTENHHO JUISI MOBBIMICHUS y100CTBa UCTIOIb30BaHUSI.

N3MeHeHHEe TOJIOKEHHUsl, OPHEHTAMM W MacIITa0MpoBaHue. DTO OJHU W3
OCHOBHBIX HMHCTPYMEHTOB, HEOOXOAMMBIX Ui BBOJA HAYAIbHBIX  YCIIOBHIA
cumyssinud. C momorneio nHCTpyMeHTa «Object/Item Shifty (puc. 3.2, cieBa) MoxHO
3a7aBaTh MOJOXKCHHE OOBEKTOB B CIIeHE M MaciiTad (YMEHBINATh WM YBEIUYUBATH
o0wekT). Muctpyment «Object/Item Rotation» (puc. 3.2 - cmpaBa) mo3BoJIIET
3a/1aBaTh OPUEHTAIMIO 00BEKTA B MPOCTPAHCTBE.

Pucynok 3.2 — UHCTpyMEHTBI «IIOJIOKEHUE» U KOPUECHTAIUS)

N3menenue cBoiicTB 00bekTa. THCTpyMeHT «CBOMCTBa» SIBISETCS HE MEHEE YacTO
UCIIOJB3YEMBIM TpU CO3JaHUM cuMyisiuuid B nporpamme V-REP u mnoszBomser
3aJ]aBaTh pPAa3JIMYHbIE CBONCTBA OOBEKTOB M KOMIIOHEHTOB cumyisauuu. Ilocne
aKTMBAallUM WHCTPYMEHTA BBIBOJUTCA KOHTEKCTHOE MEHIO, KOTOpPO€ HMEET IBE
BKJIaAKA. B mepBoil BKIIaJKE IPUBOIAUTCS IEPEYEHb CBOMCTB, KOTOPBIM SIBIAETCA
CHELMATU3UPOBAHHBIM U 3aBUCUT OT TUIIA BEIOpaHHOTO 00bekTa. Bo BTOpO# BKIIagKe
KOHTEKCTHOTO MEHI0 HHCTPYMEHTa MpPHUBOJATCS OOILIME CBOMCTBA, KOTOpBIE Y
OOJBIIMHCTBA OOBEKTOB CXOXKHU.

3anyck M ocTaHOBKAa cuUMYJsiuM. JlJis 9THUX 3a7a4 B TOPU3OHTAIILHOW MaHENIU
UMEETCsl HaOOp KHOIIOK Ha MaHeaud MHCTpyMEHTOB (puc. 3.3), KOTOpBIE MO3BOJISIOT
3aIycKaTh CHUMYJISIIUIO (MOKa3aH Ha puc. 3.3, cieBa), OcTaHaBiIuBaTh (puc. 3.3
ToCepeIMHE) U 3aBepIiaTh CUMYJIAHIO (puc. 3.3, clpaBa).

Pucynok 3.3 — IHCTpyMEHTHI 3aI1ycKa, OCTAHOBKHM W 3aBEPIICHUS] CUMYJISILIUN

Takoke Ha puc. 3. 3 cieBa OT UHCTPYMEHTA 3aIlyCKa CUMYJISLIMY MOKa3aHbl HACTPONKU
pemarens (OMOMUOTEKW i MOJEIMPOBAHMS 3aKOHOB (PU3MKH), TA€ MOXKHO
U3MEHUThH IIar MOJCJIUPOBAHMS, PEKUM MOJIETUPOBAHUS M HCIOJIB3YyEMOE SIIPO
(U3UYECKOTO TBMKKA.

Ynpasiienue BudyajibHbIMHM cBoiicTBamu. B mnporpamme V-REP peanusosan
MEXaHU3M TIOCJIOMHOTO pa3feleHuss BCEX BHU3YAJIbHBIX OOBEKTOB. JlaHHBII
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Pe:xxuM penakTHpoBaHuUsi KPOMKHM. B 3ToM pexume AOCTYymHBI (PYHKIIHH,
aHAJIOTMYHbIC ONMCAHHBIM Bblle. OTIMYME COCTOUT JMIIb B TOM, YTO IS
BBIJIEJICHUS M PEIAKTUPOBAHUS IOCTYIIHBI OT/AEIbHBIE KPOMKHU (POPMBI.

Shape Edition H
Triangle edit mode Vertex edit mode Edge edit mode

Triangle selection
Clear selection Invert selection
Total triangles: 01023

Operations on selected triangles

Tl
=]

Other operations

Subdivide largest triangles

Pucynok 3.4 — IHCTpyMEHT pelakTUpOBaHus popM

Cnegyer OTMETUTBH, YTO COCTaBHbIE ()OPMBI HEIB3sl PEIAKTHPOBATH HAINPSAMYIO C
NOMOUIbIO JAHHOTO MHCTPYMEHTA, MX HEOOXOJMMO 3apaHee pa3rpynmnupoBaTh U
BHOCHUTb U3MEHEHUS 110 OTACIIBHOCTH.

Bomnpocs! AJ1s1 CAMOKOHTPOJIA:
1. MosHo 11 MeHsTh 1ar mojaenupoBanus B V-REP npu cozganum cuenapus
CUMYJIALUN?
2. Kak MOXHO OTKPBITh CBOMCTBA OOBEKTOB?
3. Kakum 06pa3zom MOKHO MEPEeMECTUTh dJIEMEHTHI clieHbl B V-REP?
4. Kaxue Bu3yalibHbl€ CBOMCTBA BIMSIOT HA MMOBEACHUE 00BEKTA IIPU
BBINIOJTHEHUH CUMYJIALIAN?
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2.3 Hanucanue ckpunToB B nporpamme V-REP

Kak 6p110 oT™MeueHo Boiie, miardopma V-REP nomnepkuBaeT paboTy ¢ pa3sHbIMU
S3pIKAMH TIPOTPAMMHUPOBAHMSI, B TOM YHCJIE W C Hamboliee paclpoCTPaHCHHBIMHU,
takumu kak C++ u Python. Bbonee mompoOHOE 3HAKOMCTBO C BO3MOXKHOCTSIMH
HAIMCAHMsI CKPUIITOB OYIeM BBITIOHSTH C HCIIOJIb30BAaHUEM si3bIKa Lua, Tak Kak 3ToT
SI3BIK SIBJISIETCSI BCTPOSHHBIM s13bIKkOM V-REP, 1 HauaTh HamcaHue CKPUIITOB MOYKHO
Cpasy TocJie 3amycka MporpaMMmel.

2.3.1 SI3bIK Lua

OTnuuuTensHOM OCOOEHHOCTHIO LUa sBIsSieTCS MPOCTOTa: BO MHOIOM CHHTAKCHC
CXO0 C TOMYJIAPHBIM sI36IKOM C, 4TO 3HAUMTENBHO YHpOIIaeT paboTy A TeX, KTO
yke 3HaKoM c si3bIkoM. Ckpuntel B V-REP oTkpbiBaioT 0osibliine BO3MOKHOCTH IS
peanu3aiuy ypaBJIeHUs Kak OTACIbHBIMU 00BEKTaMH CIICHBI, TaK 1 TIATPOPMOH.

Jlns Hauajma HEOOXOIMMO BCIIOMHHUTB, YTO CKpUNThl B V-REP ObIBalOT IBYX THIIOB:
NMOTOKOBbIE ¥ HEMOTOKOBBIE (0ojiee MoapoOHO cMoTpuTe B miaBe 3). Paccmorpum
CTPYKTYpy HE IIOTOKOBOT'O CKpHINTa, KaK PEKOMEHJIOBAaHHOTO pa3paboTuyMKaMu H
HauOoJIee YacTO MCIHOJIB3yeMOoro. Takoi CKpHUNT BCerja COCTOMT W3 HECKOJbKUX
0mokoB (cMm. puc. 4.1).

Pucynok 4.1 — OxkHO peakTUpOBaHUs MOTOKOBOro ckpunta B mporpamme V-REP

baok uHunmammzamuu. ColepKUMOe JaHHOTO OJIOKA BBITOJHSETCS TOJIbKO OJIMH
pa3 mpu 3amycke CUMyJaluu. B nanHoM Oli0ke MPOU3BOASTCS TaKUE OMEpPALMH, KaK
0OBsIBIICHHE HEOOXOIUMBIX MEPEMEHHBIX U NMPUCBOCHHWE MM HCXOJHBIX 3HAUYCHMH.
Takke B 3TOM YacTU CKpPUNTA 3aJal0TCS 00paOOTUYMKHU JUIsl ypaBlieHUsT 00BbEKTaMU
CLICHBI.

baok akruBammu. ConepKMMO€ JTaHHOTO OJIOKAa BBIMOJIHSAETCS UTEPATHUBHO uepe3
paBHbIE IPOMEKYTKHA BpEeMEHHU (1Iar MoAenupoBaHus). YacTh ckpunTa, HamucaHHas
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B OTOM OJl0Ke, OyneT MOBTOPSTHCS BIUIOTh JO OCTAHOBKH CHMYJISIIIUM WM
BO3HMKHOBEHUSI KPUTHUYECKOM OMIMOKH (MIpU KOTOPOM TOXEe cumyisuus Oynaer
OCTAHOBJICHA). 3/IECh OMKICHIBAETCSI OCHOBHOM aJITOPUTM YIPABJICHHUS.

BbJiok ynpasJsiioniero koaa ceHcopoB. CoaepXUMoOe TaHHOTO OJIOKa BBIMOIHIECTCS
CTOJIBKO K€ pa3, CKOJbKO M Oyiok aktuBanuu. OgHako ocHOBHOM ckpunt V-REP
oOpataeTcsi K 3ToMy OJOKY TOJIBKO TOCJE 3aBEPILICHUS BBITIOJHEHUS CKpUNTa M3
0Jsioka akTHBauWu. J[aHHBIN OJIOK pa3pabdoTaH ISl OJYYEHHUS TAHHBIX U3 CEHCOPOB.
biiok 3aBepumieHusi cumyJsinuu. JlaHHBIM OJOK MO3BOJISIET BBIOOPOYHO CTEPETH
JaHHbIE, TOJyYE€HHBIE B Xoe cUMyJsAuu. CKpuUNT U3 3TOro 0JIoKa HayuHAeT
BBITNIOJIHATHCS. OJIMH pa3 Mepej 3aBEpPIICHUEM CUMYISILMM WIN YAAJEHUEM CKpHUIITA.
OT1OT 010K B OOJILIIMHCTBE CIy4YaeB OCTAETCS ITYCThIM.

CkpunThel HE MOTOKOBOTO THIIA MMEIOT 0ojiee MPOCTyH CTPYKTYypy. Beck ckpumnr
MOJKET yKa3bIBaThCsi B (paiime 0Oe3 pas3aeneHuss Ha OJOKH, OJHAKO BBUIY
UTEPATUBHOCTH MOJICIHPYEMBIX MPOLIECCOB IMOYTH BCErJa HEOOXOAWMO HaJIUune
ocHOBHOro 1mkia. Ha puc. 4.2 mpencraBieHa KiaccHdecKkas CTPYKTypa He
MOTOKOBOTr0 ckpunta B mporpamme V-REP, onHako OCHOBHOM LMK TaM MOXET U
OTCYTCTBOBATH P PELICHUH 3a/1a4 ONPEJEICHHOr0 Kiacca.

—-— Put some initialization code here

1.BbnoK nHuynanmsayum

—— Put your main loop here, e.g.:
while simGetSimulationState()~=sim simulation advancing abouttostop do

2. OCHOBHOM LMK ynpaBnsoLero Koga

M o=] @ ol W b

end

—-— Put some clean-up code here

% 3. Bnok 3aBepLuieHus cKpunTa (0UMCTKa)
Pucynok 4.2 — OKHO pelakTUpOBaHHsI HE TIOTOKOBOTO CKpHMTa B mporpamme V-REP

2.3.2 OCHOBHbI€ KOHCTPYKIIUM NPH HANIMCAHUYN CKPUINITOB

KomMmenTapun Ha s3pike LUa TOJDKHBI HAYMHATHCSA C JBOMHOro nedwuca (puc. 5,
cTpoka 4). PexomMeHayeTcsl He yaaiusaTh (parMeHThl CKPUIITa BO BpeMs pa3pabOTKH
QITOPUTMOB yTIPaBJICHHs, a 0003HaUYaTh WX KaK KOMMEHTApWi, 4TOOBI TOTOM HE
MPUIILIOCH 3aHOBO MHCaTh, €CIIM OHU OYAYT HY)KHBI.

Kak mpaBusio, HU OJMH CKPUMT HE 00XOaUTCs 0€3 MCIOJIb30BAaHUS MEPEMEHHbBIX. B
Lua momyckaeTcsi OOBSIBIIEHHE HOBBIX MEPEMEHHBIX B JIFOOOW MOMEHT BPEMEHH,
TaKKe TpU OOBSIBICHUU MOXHO 3aJIaTh UX HaudaJlbHOE 3Ha4YeHUE (HarpuMmep, puc. S,
ctpoka 9). Taxxe HeT HEOOXOMMOCTH yKa3bIBaTh TUI IIEpeMEeHHOM. Lua onpenenut
€ro B 3aBMCHMMOCTH OT 3HAYEHMsI, KOTOPOE MPUCBAUBACTCS NMEPEMEHHOW B MEPBBIN
pa3. llepemeHHBbIe C YHCIOBBIM 3HAYEHHWEM BOCHPHHUMAIOTCA KaK YHUCIO C
IJIaBarOIIEd TOUKOM. Takke JIOMyCKaeTrcss UCIIOJIb30BAHUE MEPEMEHHBIX C
CUMBOJIbHBIMH 3HAUCHUSIMA W TIEPEMEHHBIX JIOTHYECKOTO THMHAa (BO3MOXKHBIC
3HAUCHHUS: «HCTHHA» WU «IOXKb»). Mwmeercs ® QyHKIHUS YHUYTOXKCHHS
(ocBOOOXIEHNS) TIepeMEHHBIX. Bce mepeMeHHble B LUA 1O yMOUAHUIO SIBISIOTCS
1J100aJbHBIMU, TO €CTh JOCTYITHBI U3 JIFOOOM 00JIaCTH.
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PucyHnok 5 — [IpuMep ckpunta HHALMAIN3AIANA

BetBnenue u nuKIbl peann3oBanbl B LUa Takke, kak U B OonbmmHCTBE C-110100HBIX
S3BIKOB MTPOTPAMMHUPOBAHUS C HEKOTOPHIMU OTOBOPKAMHU.

Ycnosubiii  omepatop  «lIf»  (Ecam) TpeOyer 00s3aTENBHOIO  HCIIOJIB30BAHMUS
koHcTpykiuu «then/endy. Ilpu sTtoM mocie kimoueBoro cioBa «Ify HeoOXxommmo
yKa3aTh JOTHYECKOE BhIpAKECHHE WK NIepeMeHHY10. [lociie 1ornueckoro BeIpasKeHuUsI
CIICAYET KII0YEeBOE CJI0BO «theny, 3a KOTOPHIM HAYMHAETCS «TEJI0» YCIOBHS — 4acTh
CKpHINTa, KOTOpas OyleT BBINOJHATHCA NPU HUCTUHHOCTU YKA3aHHOTO B CKPHITE
ycioBusi. B ycioBHOM omepaTope uMmeeTcsi HeoOs3aTenbHas COCTaBisAmoIIas -
JIOTIOJTHUTEIbHOE ycioBue «uHadey (elseif), «reno» 3Toro ycinoBust — 4acTh CKpHIITA,
KOTOpasi BBIMIOJIHACTCS TOJNBKO €CIM YyKa3aHHOE B CKPHIITE€ YCIOBHE OKaKETCs
noxHbIM. Ha puc. 6 mpuBeieH npuMep UCIOJIb30BAaHKS YCIIOBHOTO OIIEPATOPA.

k=10

il 1if k ~= 10 and k<0 then

print ( )

simaddstatusbarMessage )

print( )
simAddstatusbarMessage ( .- K)
end

Pucynok 6 — [Ipumep ucnonp30BaHus YCIOBHOTO onepaTopa v (pyHKIUN BBIBOA
MH(}OpMaMU B KOHCOJIbBHOE OKHO U OKHO COCTOSIHUS

VYcnoBHBIN omepaTop TakXe JIOMyCKaeT KOMOWHUPOBAHME YCJIOBUU C TMOMOIIBIO
orepaTopoB «andy (Jorudeckoe «m») U «0M»(Jtoruueckoe «uau»). Ctpoku 13 u 16 Ha
puc. 6 BBIBOAAT KIIIOUEBbIE CJIOBAa 0a30BbIMU (YHKUUAMHU LU B KOHCOJIbHOE OKHO,
KOTOpOE€ 10 YMOJIYaHUIO CKpbITO. JlornuHee u ynoOHee BBIBOJUTH JaHHBIE HE B
KOHCOJIbHOE€ OKHO, a B CTpoky coctosiHus V-REP, nns storo Heobxogmmo
BOCIIOJIB30BaThCsl peryisipHoit ¢ynkumeir V-REP (mpumep npuBenen Ha puc. 6,
ctpoku 14 u 17). Takxke Ha puc. 6 B cTpoke 17 BBIBOAUTCS HE TOJIBKO KIFOUEBOE
CJIOBO, HO U 3HAYEHUE NIEPEMEHHOM.

Kak 1 B cinyyae ¢ yCIOBHBIMH ONEpaTOPaMH, CUCTEMA YIIPABJICHUS PEAKO 0OXOAUTCS
0e3 ucnoab30BaHus XOTs Obl oAHOro nukia. Llukiel B Lua 3agaroTcs ¢ momouisio
KJIFOUEBBIX CJIOB, O003HAUAIOIIMX THUI IMKJIA COBMECTHO C KJIIOYEBBIMHU CIIOBAMHU
«do» u «endy. Ipu 3TOM MOPSAAOK TAKOH: CHaYaIa yKa3bIBACTCS THII, 3aTEM yCJIOBUE
BBITTOJIHEHUS 1IMKJIA, Jajee CIoBO «0O», manee cCleayeT «Teao IMKIa» - (parMeHT
CKPUIITA, KOTOPBIA OYJET BBIMOTHATHCS IMUKIUYHO, M 3aKAaHUYMBAETCS IUKJI CIIOBOM
«endy. Haubosnee pacnpocTpaHeHHBIMHU SBISIOTCS HUKIBI Tuma «Whiley n«for». Ha
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puc. 7 mpUBEIEH MpUMEp caMoro mpoctoro Iukia While, xoToperii yBenmnuuBaeT Ha

CIMHHUILY 3HaUYeHHE TIepeMeHHoM «Ky», moka ycimoBue «K<50» He cTaHEeT JIOKHBIM.
] k=1

while k < 50 do

E=k + 1

end

Pucynok 7 — [Ipumep ucnonbp3oBanus mukina «whiley

[ukibr B LUa, Kak ¥ yCJIOBHOE BETBICHUE, JOKHBI 3aBEPIIATHCS KIIOYEBBIM CJIOBOM
«endy». Ocoboe BHUMaHHE CIEIyeT YACIUTb YCIOBHIO, KOTOPOE HCIOJBb3yeTCs B
nukiie. OcoOEHHO 3TO Ba)KHO, KOTJa MCIOJIb3YETCS 3HAUYCHHUE MEPEMEHHON BMECTO
JIOTUYECKOTO YCIIOBUS. Y HEONPEACIICHHBIX NMEPEMEHHBIX 3HAYEHUE MO YMOJIYAHUIO
paBHO «Nil». [Tpu 3TOM B yCJI0BHU ITUKJIA TOJIBKO TIEpEMEHHBIC CO 3HaYeHUEM «Nil» u
«false» (ormyeckuii TUI MEPEMEHHOM «JIOXKb») Bo3Bpainarot false, B To BpeMs Kak
3HayeHHe nepeMeHHon «0» 1’ * BO3BpaIiaoT true.

BTtopoit Tun nuukioB, KOTOpbld Haubosiee yacto npumensiercs, — «for». JlaHHbIN THUI
XOpOUIO MOAXOAUT JUIsl 3a/1a4, KOTJla HEOOXOAUMO BBITIOJHUTh LUK CO CUETUYUKOM,
HO CJEQyeT yNOMSIHYTh, YTO B OOJBIIMHCTBE ciiydaeB «for» MOXXHO 3aMEHUTH Ha
uukn «while», 3amelicTBOBaB HECKOJIBKO JOMOJHUTENIBHBIX MEpeMEHHBIX. [Ipumep
ucrnojib30Banus mukina «fory mpuBemeH Ha puc. 8, mMaHHBIM (DparMeHT CKpHITa
BoINOTHsAeT 100 uteparuit HaunHas ot 1 (Bkmtouas 1 u 100). Ilpu 3TOM MOXKHO
MIOMEHSTh YCIIOBUSI MecTaMM, BMecTo 1 moctaButh 100 u 100 BmMecTo 1, TOra UK
OyZieT BBIMOIHATLCS C U3MEHEHUEM 3Ha4YeHUs repeMenHoin «i» oT 100 no 1. Takke B
ke «fory umeercs HeoOs3aTENIbHBINA MapaMeTp Iara, Mo YMOJIYaHUIO IIar PaBeH
CANHUIIE, U HET HEOOXOJMMOCTH €ro ykasbiBaTh. OJHaKo, JJi CJIy4yaeB, KOrjaa
TpeOyeTCsl UCTIOIB30BAHUE IIara CO 3HAYEHUEM OTJIMYHBIM OT 1, TO HY)KHO yKa3aTh
€ro uepe3 3aIsITyr0 I0Cje KOHEYHOro 3HaueHMs (€Cau HEeoOXOIUM Imar 2, TO IS
npuMepa Ha puc. 8 3to Oyxaer ycaosue «i = 1, 100, 2»).

Sum = (0

for 1 = 1, 100 do —-— 100 iterations from 1.
Sum = Sum + i

end

Pucynox 8 — [Ipumep ncnonb3zoBanus mukna «for.

Tabmuupl B Lua SBIAIOTCS €IUMHCTBEHHBIM CTPYKTYPHBIM 3JIEMEHTOM, OHU COYETAIOT
B ce0e CBOMCTBAa MaccuBa, XAII-TAONMIBI (CKIHOY» - «3HAYEHUE»), CTPYKTYphl H
oObekTa. Yaie Bcero TaONMIbl UCIOJIB3YIOTCS B KayeCTBE CIOBAapel, a KIIoY MNpu
TOM MO YMOJYaHUIO UMEET CTPOKOBBIA (CMMBOJIbHBIN) Tull. [IpumMep mnpuBeneH Ha
puc. 9. Ctpoka 10 0OBSABIAET MEPEMEHHYIO TUIA «Ta0JaUIa» M 3a7aeT 2 KJoua U
COOTBETCTBYIOIINE UM 3HAU€HHUA. JJOCTYI K 3HAUEHHSIM MOKHO MOJYYUTh YKa3aHUEM
Ha3BaHUS TaOJMIIBI M KITF0YA Yyepe3 TOuKy (mpumMep Ha puc. 9).
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t = {keyl = r keyZ = false}

print{t.keyl) —— 'valuel'
t.newEey = {} —-—add new key
t.key2 = nil —- delete key2

Pucynok 9 — [Ipumep ucnons3oBanus TadauIl Ha s3bike Lua

Kaxk BHUJHO M3 IIpUMCEpa, AO0IYCKACTCA HMCIIOJB30BAHMUC B KAYCCTBC KJIH04Ya HC TOJIBKO
CTPOK, HO TAKIKC U BCCX OCTAJIBHBIX THIIOB IICPCMCHHBIX, KOTOPBLIC JOCTYIIHLI B Lua.

Jpyroii u KpaiHe Ba)XHOW COCTABJIAIOIIEH S3bIKA NPOTPAMMHUPOBAHMS SIBISIOTCS
¢ynkun. @OYHKIMH MOXKHO CO3/1aBaTb CBOM COOCTBEHHBIC, TaKXK€ MOXKHO
UCTIOJIB30BaTh YK€ TOTOBBIE, KOTOPbIE MOXHO HaiiThm B cmpaBouHuke mo Lua[l0].
[Tpumep 3amanHON paszpaboTunkoM QyHkuuu npusBeaeH Ha puc. 10. Kak BugHo u3
npuMepa, QYHKIHS MOXET MPUHUMATh HECKOJBKO 3HaYeHHH. Takxke GyHKIIUH MOTYT
BO3BpalaTh HECKOJIBKO 3HAYECHUM.
E[éfunction bar{a, b, c)

sum=atb+tc

r=a-b-c

return sum,r

—end
k,p=bar{2, 2,3}
simaddStatusbarMessage | .. k)
simAddStatusbarMessage ( --P)

Pucynok 10 — IIpumep ncmonb30BaHus MOJIB30BATEIBCKON QyHKIMK Ha Lua

Oco0oe BHUMaHHE CTOUT YAENHUTh peryisapHbiM QyHkuusMm V-REP. Otu ¢pynkunun
y)ke uHTerpupoBanbsl B Lua mpu Hanucanuu ckpuntoB V-REP u naumnarorcs Ha
«Simy. IMeHHO 3TH (GYHKIIUU U UCTIOIB3YIOTCS I B3aUMOACHCTBUS C CUMYJISIHCH:
YOpPaBJIEHUS, CUUTHIBAHMS JIaHHBIX, OTJIAAKA W PEIICHHS] MHOTUX JIPYyTUX 3ajad.
[Tonupii cHUCOK (YHKIUHA C MOAPOOHBIM OINKUCAHUEM MPUHUMAEMBIX HWMU
MEePEMEHHBIX U BO3BPAIa€MbIX JAHHBIX JOCTYINEH B O(QUIMAIBLHON JTOKYyMEHTAIllUU

V-REP [11] .

Bonpocsl 17151 CAMOKOHTPOJISE:

Kaxkoii Tvn ckpunToB sBiIseTCs] HanbOoJIee MPeTOUYTUTETLHBIM?

B kakoit wactu ckpumnra J0mycKaeTcsi OObsBICHUE HOBOM MEPEeMEHHOMN ?
Kakwue nmukisl ucnonp3ytores B V-REP?

CKOJIBKO TepEMEHHBIX MOXKET MPUHUMATH (PYHKITUS?

Kak moxHO otnuunth ¢pynkuuu V-REP ot ¢pynkuuit s3pika Lua?
Mo>kHO 11 co3/1aBaTh COOCTBEHHbIE (DYHKIIUU?

ook whE
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2.4 Tunsbl 00bexTOB Iporpamme V-REP

B mporpamme V-REP poctynmHo 607blIoe KOJMMYECTBO OOBEKTOB PA3IUYHOTO
Ha3zHayeHus. HeKoTophle U3 HUX NPUMEHSIOTCSA KPalHE PEAKO, a HEKOTOPBIE HYKHBI
Py MOJEIMPOBAHUU KaKJOM MEXaTPOHHOM M POOOTOTEXHUYECKOW cucTeMbl. B
JTAHHOM pa3/ielie U3JI0KEHbl OCHOBHBIE TUITBI O0BEKTOB, UX CBOKMCTBA U Ha3HAUYCHHE.
Tunsl puznyeckux 00bekToB (popmbr). Popmsl B V-REP npencrapisaroT codoi
KECTKHE ceTyaTble OOBEKTHI, COCTOSIIIUE U3 TPEYTroNbHBIX TpaHell. OHU MOTYT OBITH
MMIIOPTUPOBAHBI, SKCIIOPTUPOBAHBI U OTPEIAKTUPOBaHbl. OHU BXOIAT B TPU Pa3HBIX
NOJTUIIA: TpocTas ciydaiiHass ¢opMa, cocTaBHas ciydaiiHas (opma, mnpocras
BbIMyKJasi (opMa, cocTaBHas BbIMykKJas (opma, uucras mpocras ¢opma, ducras
cocraBHas (popma. Ha puc. 11 npeacraBieHbl NUKTOTPAaMMbI BCEX THIIOB B TOM K€
IIOPSIZIKE CJIEBA HAIIPABO, KaK YKa3aHO BBILLIE.

Pucynok 11 — I[TukrorpamMmmsl pa3nuusbix TunoB ¢popm B V-REP

[TukTorpammbl TUma (OpPMBI BBIBOASITCS B TJIaBHOW HEpPapXWHM CIEHBI CJieBa OT
Ha3BaHMS KaXJI0r0 KOMIIOHEHTAa MEXaHUYECKOM COCTABIIAIONIEH pOOOTOTEXHUYECKOM
cuctembl. Kak ObLJIO yKa3aHO, BCE OHU JACJSATCSA HA TPU TUMA, U KXKABIM TUI - Ha
MPOCTOM (€IUHBIN) U COCTABHOM (COCTOSIIUN U3 HECKOJIBKUX MPOCTHIX).

OTnuuuTenbHble OCOOEHHOCTH CIy4YaWHBIX (OPM 3aKIIOYAKOTCS B TOM, YTO OHHU
MOTYT OBbITh JI000H (OpMBI, HO MJi1 MOJEIUPOBAHUS JUHAMUKH UX HE
PEKOMEHIYETCsl UCTI0Nb30BaTh, T.K. 3TO MOTPEOYET 3HAUUTENIbHBIX BHIYMCIUTEIBHBIX
pecypcoB. IloaTroMy OHM NOpPUMEHSIOTCA YacTO JUIA IOJYYEHHS XOPOLIUX
BU3YyalIM3allMii, 3a4acTyl0 MOJEIUPYIOT TOJIBKO BU3yalbHbIE CBOWCTBA M SIBIISIIOTCS
HOBTOPSIIOUIMMHU JBUKEHHUE BBITYKJIBIX U YUCTBIX (OPM.

Breimykible ¥ 4yncThie (OPMBI COJAEPKAT ONTUMHU3HPOBAHHYIO CETKY U XOPOIIO
MOAXOJAT JIJI1 MOJICIMPOBAHUS JTUHAMUKHU, OJJHAKO BU3YyaJIbHbIE CBOMCTBA BBIMTYKJIBIX
dbopm 3auactyro BeIIAAT myrawomie. [losToMy pekomMeHAyeTcsi HCIO0JIb30BaTh
BBINTYKJIbIE (POPMBI BMECTE€ CO ClOydalHbIMH (opmamMu, T/€ BBIMyKiIas ¢opma
y4acTByeT B pacuerax (PU3WYecKUx CBOWCTB (IPU STOM BHU3YyaJbHBIE CBOWCTBA
CKPBITHI), a CIlydaifHasl - B pacueTax BU3YyaJIbHBIX CBONCTB ((hM3MUYECKHE CBONCTBA
OTKJIFOUYEHBI ).

V-REP Takxxe ™O3BOJISIET CO3/1aBaTh ONTHUMHU3UPOBAHHBIE I MOJCIUPOBAHUS
BBITTYKJIbIC (DOPMBI HA OCHOBE CIIYYallHBIX (opM, 4TO OoJiee MOAPOOHO pacCMOTPEHO
B J1a0OpaTOpHBIX paboTax.

Ho6asnenue dopm B cpeae V-REP moxeT ObITH BBIIIOJTHEHO ABYMSI CIOCOOAMM:
yepe3 BCTPOCHHBIM MHCTpyMeHT «Primitive Shape» u uepe3 mento [File—>import
Mash from...]. B mocnegHem cinydae HEOOXOIMMO 3apaHee CO37aTh TPEXMEPHYIO
Mozenb B 1060t CAD-cucteme u coxpanuTh Mojielb B popmare STL.
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Coenunenue 3jiemenTtoB B V-REP. [llapuaup (Joint) - 310 00beKT, KOTOPBIN UMEET
XOTs Obl OAHY BHYTPEHHIOI CTENeHb CBOOOABI. COCTUHEHUS HWCIOJB3YOTCS IS
CO3/IlaHMsI MEXaHM3MOB M 3aJaHus IepeMenieHui apyrux obbektoB. B V-REP
JOCTYITHO 3 THWNAa IIapHUPHBIX COCIWHCHMHA:  BpallaTelbHBIA  IapHHUP,
MPU3MATHYECKUI U chepuueCcKuil.

HlapHupsl nOOABISIOTCS B CIIEHApUI CHMYJSIMK 4epe3 riaBHoe MeHwoo: [Add -
Joint]. HoBele mapHUphl UMEIOT HYJIEBbIE KOOPAMHATHI B TJO0ANBHON CHCTEME
KoopAuHAT cueHbl. [lo3Tomy HEO0X0AMMO Mocie 100aBIEeHUs MAPHUPA KOPPEKTHO
3aJaTh ~ HEOOXOJUMYIO  OpUEHTAllMI0,  BOCHOJIb30BAaBUINCh  HHCTPYMEHTAMHU
«Object/Item Shift» u «Object/Item Rotation». ITocae Toro, kak y mapHupa Oyaer
YCTaHOBJIEHO HEOOXOJUMOE TOJI0KEHUE U OPUEHTALINS, MOKHO COEIUHSATD IIApPHUD C
IpyrUMH OOBEKTaMHU MyTEM CO3JaHus IPEBOBUIHON uepapxuu. JlaHHBIA mpoiiecc
0osee NoApOOHO PaCKPBIT B JIA0OPATOPHBIX padoTax.

CoenuHeHus ¢ HYJIEBOM CTeleHbl0 cBOOO bl B porpamme V-REP BeimonHstoTcs 6e3
UCTIOJIb30BaHUs DJIECMEHTOB THITA MMApHUP. /[Ba TMHAMHYECKHUX DJIEMEHTA MOTYT OBITh
COCIMHEHBI Yepe3 AIeMeHT Tuma «Force sensor». CymiecTByeT W anbTepHATHBHBIN
BapHaHT - BOCIIOJIb30BaThCsA KOHTEKCTHRIM MeHIO («Edity = «Grouping/Merging» =
«Group selected shapes»), npeaBapuTEILHO BBIACINB HEOOXOIUMBIC TSI COSAMHCHHUS
KOMIIOHGHTHI. Uepe3 HHCTPYMEHT TPYIIIUPOBKH JIONYCKAeTCS  COCJAMHCHUE
HEOTPAHUICHHOTO KOJMYECTBA AIIEMECHTOB.

OOBEKThl THNA «UIAPHUP» HMMEIOT OOJIbIIOE KOJIWYECTBO HacTpoek. OHH, B
YaCTHOCTH, IO3BOJIAIOT MOJEIMPOBaTh pPabOTy BCTPOCHHBIX ABUraTenen. Taxxe
BU3YyaJIbHBIE CBOWMCTBA IIAPHUPOB MOTYT OBITH OTPEIAKTUPOBAHBI YEpE3 CBOMCTBA
oObekTa. Bu3yalibHble CBOMCTBA HUKAK HE BIIMAIOT HA CUMYJISILUIO U UCIIOJIb3YIOTCS
UCKJIFOUUTENBHO 17151 y100CTBa paOOThI MPU CO3AAHUM CLICHAPUS CUMYJISILIUY.

I'paduxu. BbeiBog J1aHHBIX Ha rpaduke SBISETCS OJHMM U3  CaMbIX
pacrpoCTpaHEHHbIX M YJIOOHBIX CIOCOOOB mpejacTaBieHus. B mporpamme V-REP
UMeeTCsl OTHCNbHBIN Kiaacc o0bekToB «Graph» (rpaduk), ¢ mOMOIIBIO KOTOPOTO
MOXXHO JIETKO BH3yaJIM3UPOBAaTh KaK JJaHHBIC C OTISIBHBIX CEHCOPOB, TaK W
M0JIb30BATENbCKUE JaHHbIE (HE3aBUCUMO OT crioco0a noiayyeHus). YToObl 100aBUTH
rpadukd B CICHApUA CHMYJISIAWA, TOCTATOYHO B TJIABHOM MEHIO BBITIOJTHHUTH
[Add—>Graph]. Jlance neoOxoaumo 3agaTh cBOMCTBA. [[JIst 3TOr0 HYXKHO BBIICIHTH
O0BEKT B HEpapXWU CIEHapUs W aKTUBHpOBaTh HHCTpyMeHT «Object/Item
Properties». B mosiBuBIIIEMCSl KOHTEKCTHOM MeHIO B paszeie «Data stream recording
listhy HeoOxommmo Haxath «Add new data stream to record». B mnosBusmiemcs
KOHTEKCTHOM OKHe (puc. 11.1) HeoOXoammo ykaszaTh THUI JAaHHBIX W HCTOYHUK
naHHbIX. Eciii HeoOX0oaMMO BBIBECTH JIaHHBIE C CEHCOpa Ha rpaduk, TO HEOOXO0IUMO
yKa3aTh TUII IaHHBIX B BhIMajaaroieM mnoje «Data stream type» u HazBaHue ceHcopa B
noie «Object/Item to record». 3auacTy0o BO3HHKAaeT HEOOXOJAMMOCTh B
IpeIBapUTEIILHON 00pabOTKE JaHHBIX C CEHCOPOB TEpeN BBIBOJOM Ha Tpaduke:
CeNIaTh 3TO MOXXHO Yepe3 MCIIOJIb30BAHKME CKPHUIITA B KAYECTBE MPOMEKYTOUHOTO
MYHKTA, TJIe U OYJeT BBINOJHATHCS 00padoTKa JaHHBIX. B TakoM ciydae He0OX0AMMO
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yKa3aTh B HaCTpOiKax rpaduka, 4To BBIBOAUTHCS OYIYyT MOJIb30BATEILCKUE JaHHBIC,
T.c. yctaHoBuTh «Various: user-defined» B mone «Data stream type», a B moje
«Object/items to record» BeiOpaTh «User datay.

Data stream type
Object: absolute x-position -

Object / items to record

none i

Ok, Cancel

Pucynok 11.1 — KonTekcTHOE OKHO cO3aHuUs MOTOKA JTaHHBIX B V-REP

[Mocne naxatus «OK» B pasmene «Data stream recording list» mosiBUTCS HOBBIN
MOTOK JIAaHHBIX C Ha3BaHMEM IO yMOJYaHHIO. J[BOWHBIM Ha)kKaTMEM Ha Ha3BaHHE
IOTOKA JAHHBIX MOXKHO IEPEeHTH B PEXHM pEIaKTHPOBAHUs Ha3BaHus. JaHHOE
Ha3BaHUE OYJET MCIOJIB30BAHO I OOpaIleHus K rpaduKy U3 CKPHUIITA TPU BBHIBOJIC
JTAHHBIX.

KI-1if (sim call type—==sim childscriptcall initializaticon} then

4 graph=simGetObjectHandle ( }

5] “end

A-lif {sim call type=—sim childscriptcall actuaticn) then
I simSetGraphUserData (graph, rdata)

=) | end

9 L

Pucynok 11.2 — @parmMeHTbl CKpUIITa JJis1 BBIBOIA MOJIb30BATEIbCKUX JaHHBIX HA
rpaduk B nporpamme V-REP

Ha puc. 11.2 npexncraBieH mnpumep ¢parMeHTa CKpPUIITA, KOTOPBIA BBIBOAMT
I0JIb30BaTEIbCKUE JaHHBIC U3 CKpuIiTa Ha rpaduk. B nmpumepe Ha ctpoke 4 «Graphy
- Ha3BaHHME 00BeKTa, B cTpoke 7 «Red» - Ha3BaHHMe MOTOKa NaHHBIX, «data» -
Ha3BaHUE MEPEMEHHOM, 3HAaUeHHE KOTOPOW BbIBOAMTCS Ha rpaduxe. Kak monyduTtsb
JAaHHBIE C CEHCOPa, CMOTPUTE B paznaeie «CeHCopbI».

Cencopsl. B nporpamme V-REP noctynHbl paznuyHble TUIIBI CEHCOPOB: CEHCOP
cuiel U MomeHtoB (force sensor), Bumeo-cencopsr (VISION SENSOr), CEHCOpPBI
paccTosiHus (proximity sensor). Utenue JaHHBIX C CEHCOPOB BBIMOJIHACTCS B CKPHUIITE
C Hcrnojp3oBaHveM crneuraibHbix (QyHkuil (APIl-gynxuuit). Ilpumepsl uTeHus
JTAHHBIX C «VISION SeNsor» u «proximity sensor» npuseaeHs! Ha puc. 11.3.
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"Sensor'

"Proximity"

Pucynok 11.3 — @parmMeHThI CKpHIITa JJi YTCHUS JaHHBIX U3 CEHCOPOB B IIpOrpaMMe

V-REP

Bonpocs! 1j1s1 CaMOKOHTPOJIA:

1.

2.
3.

MoskHO 71 co37aTh TPEXMEPHYIO Mojiens pobota B V-REP 6e3 ncnons3oBanus
JOTIOJTHUTEIHLHOTO MPOTPAMMHOI0 0OecTieueHus?

Kaxkue tunel coenunenuit goctynssl B V-REP?

Byner nu pabGoTtaTh cuMynAnMs, €cClId I MOJCIMPOBAHUS JUHAMUKH
UCIIOJIb30BATh «CIyYaiHbIE)» THUITBI (HOPMBI?

Nwmerorcst 1 B V-REP 00bekThI THIA «MOTOPY, €CJIH Aa, TO B KAKOM BHUJE OHU
peanu3oBaHbl?

Kaxue TUIbI 1aHHBIX MOKHO BBIBOAWTH Ha Tpaduk?
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3. IlpakTnyeckue PpadoOTHI

IIpakTnyeckas padora Nel
MopenupoBaHue padoTbl MEXAHUYECKOI'O 3aXBaTa IIPOMBIILIEHHOTO
MaHUIYJISITOpa
IMeap padorbl: Co31aTh TPEXMEPHYIO KOMIIBIOTEPHYKO MOJEIb M CO3JaTh
CLIEHAPHUH CUMYJISLUN ITPOCTEUILIEr0 MEXaHNYECKOTO 3aXBaTa JUIsl MAaHUITYJIATOPA.

3aganue.

1.) Co3nate TpeXMEpHYIO MOJENb MPOCTOTO 3axBaTa, COCTOSINET0 W3 Tpex
anemeHToB, B Jnoboir CAD-cucteme um wmmmoptupoBath B V-REP (6o
CO3JIaTh MOJIEIh MEXaHUYECKOTO 3axBara HerocpeacTeeHHo B V-REP).

2.) 3a1aTh CTPYKTYPY MOJIEINH (32/1aTh B3aUMOCBSI3H).

3.) [lo6aBuUTh B MOJIEIb HECKOJIBKO CEHCOPOB M HANKCATh aJITOPUTM YIPABIICHHUS,
KOTOPBIM oOecrnieunBaeT yIrpaBlICHHE 3aXBaTOM. Y 3axBaTa JOKHO OBITH JBa
YCTOWYMBBIX MMOJIOKEHUS: AKTUBHOE U HICXOAHOE.

B naHHO# mpakTHueckoil paboTe mpearaercs peann3oBaTh CUMYJSLHUIO pabOThI
MEXaHMYECKOTO 3axBara Uil NPOMBINUIEHHOTO MaHumynsTtopa. Ilepen tem kak
INPUCTYIUTH K BBITOJIHEHHUIO pa00ThI, HEOOXOIUMO MPEABAPUTEIHHO O3HAKOMUTHCS C
ONKMCAHHUEM JIa0OPATOPHOU PabOThI M OTBETUTH HA BOIIPOCHI 1JI1 CAMOKOHTPOJIS.

BOIIpOCbI JJIs1 CAMOKOHTPOJISA .

1. Kakas cTpoka ckpunTa Ha puc. 28 sIBIsI€TCS HE00s3aTeIbHOM?

2. Kaxux tumnoB ObiBaeT mapHupsl B mporpamme V-REP?

3. Kakoe ycioBue Hy»KHO U3MEHHUTD B CKpHUINTE (Ha puc. 28), 4TOOBI 3aXBaT

aAKTUBUPOBAJICS HE 3aBUCUMO OT PACCTOSHUS 10 00BEKTa?

Kak 3amarotcs cBsizu B mporpamme V-REP?

CeHcopbl KaKuX TUTIOB JIOCTYIHBI B iporpamme V-REP?

Kakast GpyHKIMS MO3BOJIAET MOTYYUTh JaHHBIE CeHcopa?

[Touemy B 1aHHOI paboTe ObLT UCIIOIB30BAH HEMMOTOKOBBIN THUIT CKpUINTA?

MoxHO 7u peann3oBaTh AITOPUTM pPaOOTHI 3axBaTa C HCIOJIb30BAHUEM

MMOTOKOBOTO CKpHUIITA?

9. YUem ornumuarorcs cosnanHble B V-REP TpexmepHble Momenu OT MoeneH,
3arpykeHHbIX n3 CAD-cuctembi?

10.Pa3periraercs Jin KCIIOJB30BaTh BIOYKECHHBIC YCIIOBHS (BETBJICHMUS)?

11.TTouemMy ympaBiSIFOIINN CKPUNT MPHUKPETUICH UMEHHO K 0a30BOMY AJIEMEHTY
MEXaHMYECKOTO 3axBaTa’?

o N O A

Onucanne padoThl.

TpexMmepHyro Mojenb 3axBaTa MOXHO co3nate B sro0oir CAD-cucreme wu
ummoptupoBath B V-REP 6e3 ocoboro Tpyaa, maHHBIIT METON paccCMaTpPUBATHCS B
pamKax mpakTudeckon padotel Nel He Oyner.
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Jlnst co3manusi TPEXMEPHBIX MOJIEIeH MEXaHMYECKOTO 3aXBaTa HEMOCPEIACTBEHHO B
nporpamme V-REP co3maaum HOByrO crieHy. B HOBO# crieHe OyzieM IMOJb30BaThCS
uHcTpyMeHTamu Primitive Shape nist co3manus 3axBara, KOTOPBIH OyAET COCTOSATH U3
TpEX MPSAMOYTOJBHBIX HapaJlICIICIHUIICIOB (KyOOH I0B).

Hcnone3ys komanabl [Add->Primitive Shape - Cuboid] u BBOms criemyromime
napaMmeTpbl (Kak IOKa3aHO Ha pHc. 12), MOKHO MOJYYHUTh TPEXMEPHYIO MOJEb
OCHOBaHHMS 3aXBara.

¥-size [m] 1.0000e-01 ¥-subdivisions ]
Y¥-size [m] 5.0000e-02 ¥-subdivisions ]
Z-size [m] 1.0000e-02 Z-subdivisions ]
Sides Faces

Disc subdivisions Smooth shaded

Open ends

¥ | Create dynamic and respondable shape

v | Create pure shape Material density [kg/m-~3] |1000.0
Shape has negative volume  Inside scaling factor 0.500
Ok Cancel

Pucynoxk 12 — KonrekcTHoe MeHIO nHCTpyMeHTa «Primitive Shape» (IIpoctas
dopma) pu Co3IaHUH TPEXMEPHOU MOJIEIIM OCHOBHOTO KOMITOHCHTA 3aXBaTa

Jlanee HE0OXOAUMO CO37aTh BTOPOM M TPETHUM IJEMEHT, 3/1eCh MOXKHO HX CJCNaTh
OJIMHAKOBBIMH, CJIEJOBATCIBHO, JOCTAaTOYHO CO3JaTh OJIMH DJJEMEHT M €ro
CKOIIUPOBATh.

Primitive cuboid

¥-size [m] 1.0000e-02 ¥-subdivisions ]
Y-size [m] 5.0000e-02 Y¥-subdivisions i]
Z-size [m] 5,000be-02 Z-subdivisions ]
Sides Faces

Disc subdivisions Smooth shaded

Open ends Cone

| Create dynamic and respondable shape

¥ | Create pure shape Material density [ka/m3] | 1000.0
Shape has negative volume  Inside scaling factor 0,500
OK Canicel

Puc. 13 — KontekctHoe MeHio uHCTpyMeHTa «Primitive Shape» (ITpocrtas dpopma)
JUTSE BTOPOTO KOMIIOHEHTA
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BTopoii 371eMEHT T0KEH UMETh apaMeTphl, yKa3aHHbIE Ha puc. 13.

Jlanee HEOOXOAMMO €ro CKOMUPOBATh M 3a/JaTh BCEM TpPEM d3JEMEHTaM Ha3BaHHE
COOTBETCTBEHHO HX Ha3HaueHuto. Ilo ymomuanmio V-REP 3amaer um wnmeHna,
COOTBETCTBYIOIIME HA3BAaHUIO HHCTPYMEHTA, C IOMOIIBI0O KOTOPOTO OHH OBLIH
co3anbl. UTOOBI TeperMEeHOBaTh, JOCTATOYHO HABECTH KypCOp HAa UMS U BBITOJHUTH
JIBOMHOE Ha)KaTHE MPaBOM KHOMKHU MBIIIN KOMITbIOTEPA, 33]1aTh HOBOE UMS U HaXKaTb
KHOMKY BBoja Ha kiaBuatype (Enter). OOparure BHUManHue, uto V-REP He
MOAJICP)KUBAET KUPWJUIMYECKHE CHUMBOJIbI. HoBBIE Ha3BaHMS JOKHBI  OBIThH
«Gripper_Base», «Right_side» u «Left_sidey.

Terepb HEOOXOAUMO 3a1aTh KOPPEKTHOE PACIONOXKEHHE I JBYX JIIEMCHTOB
MEXaHMYECKOTO 3axBaTa OTHOCHUTEIBHO OCHOBAHHMS, COOTBETCTBYIOIIEE HCXOJAHOMY
nojiokeHuro. Jis 3Toro BhAEIseM B JIEBOM OKHe jaepeBa moxaeian Left side wu
aktuBupyeM wuHCTpyMeHT «Object/Item shifty u3 BepxXHEro OCHOBHOIO MEHIO
UHCTPYMEHTOB. B mMosiBUBIIIEMCST OKHE MHCTPYMEHTa BBIOMpaeM BKIaaky Position,
3aTeM BBOJMM HOBBIC 3HAUYCHHUS PACIIOJIOKEHUS SJIEMEHTA TI0 OCH «X» U 0 OCH «Y»,
T. K. TOJIBKO T10 3TUM OCSIM TEKYIIHE 3HAYCHUS HE COOTBETCTBYIOT TPEOYEMBIM.

Mouse Translation Position Translation Pos. Scaling

Relative to: ®) World Parent frame
¥-coord. [m] +4,5000e-02 Apply X to sel,

- Aol ¥ Apply to
¥-coord. [m] 1.8625e-09 Apply ¥ to sel. seloction
F-coord. [m] +3.5000e-02 Apply 7 to sel.

Puc. 14 — KontekctHoe MeHIo uHcTpymeHTta «Object/Item Positiony

3areM HeoOXoauMO BbIOpaTh 3neMeHT «Right side» u 3amaTh COOTBETCTBYIOIIHE
3HAYEHHUS C OOPATHBIM IO 3HAKY 3HAUEHUEM TSI OCH «X).

Object/Item Translation/Position n

Mouse Translation Pasition Translation Pos. Scaling
Relative to: 8 Warld Parent frame

¥%-coord. [m] -4,5000e-02 Apply X to sel,
¥-coord. [m] -1.8625e-09 Apply ¥ to sel.
Z-coord. [m]  |+3.5000e-02| Apply Z to sel,

Apply to
selection

Pucynok 15 — KonrtekctHoe MeHto nactpymenta «Object/Item Positiony

B pesynbTaTe BBIMOJHEHUS BBIMICONUCAHHBIX OMEpPAlMi  JOJDKEH TMOJIYYUTHCS
pe3yJbTar, NpeCcTaBIeHHBIN Ha puc. 16.
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Pucynok 16 — BHemHui BUJT CO3/IaHHBIX KOMIIOHEHTOB THIa «Random Shape»

Jlanee HEOOXOAUMO 33a7aTh MEXaHUYECKUE COCIMHEHHS JJIi MMEIOLINXCS 2JIEMEHTOB
C momotisio 3meMeHToB «CoeanHenue». B nanHoMm ciaydae HeoOXoauMo 100aBUTH
JIBa COCMHEHHUS THIA «IpU3MaTU4eckui». /[00aBUTh MX MOXKHO uYepe3 KOMAaHIbI
«Add» =2 «Jointy =2 «Prismaticy. PsgoM ¢ UMEOIMMMHUCSA 3JIEMEHTAMU ITOSBUTCS
HOBBIN 3JIEMEHT, KOTOPHI HEOOXOAMMO YMEHBIINTH, TAaK KaK €ro pa3Mmep 3aJaH o
YMOJYAaHUIO W HE TO3BOJSET HaM C JOCTAaTOYHOW TOYHOCTBIO YIIPaBISThH
MOJIO’KEHUEM D3JIEMEHTOB HAIleTO MeXaHu3Ma. Pa3mepbl 3JeMEHTOB M3 KaTeropuu
«CoenuHeHne» UCIOIB3YIOTCS TONBKO Ui y100cTBa paboThl C HUMU MPU CO3/IaHUU
CUMYJISILIUM U HUKAK HE BIUAIOT HA (YHKIIMOHAJIbHBIE TAPAMETPBl COETUHEHMSL.

[ToMensieM pa3Mepbl COEIUHEHUS Yepe3 PeAaKTHPOBAHUE CBOMCTB, KaK MMOKa3aHO Ha
puc. 17, 11s 3TOro B AepeBe MOJIEIHN BRIOMpacM HEOOXOIUMBIN 3JIEMEHT COETUHCHHUS
U OTKPBIBaeM OKHO CBOMCTB COCJIMHEHHS C IOMOIILI0 HHCTpyYMeHTa «Scene Object
Properties» (mepBblii HHCTPYMEHT B JICBOM ITAHEIH).

Scene Object Properties n
Joint Common

Configuration
Position is cydic Screw pitch [m/deg]
Pos. min. [m] -5.000e-01 Pos. range [m] 1.000e+00
Position [m] +0.00pe+00
IK calculation weight 1.00
Max. step size [m] 1.00e-01

Apply to selection
Mode

Torgueforce mode hl Hybrid of

Apply to selection

Visual properties
Length [m] 0.050 Adjust color A
Diameter [m] 0,010 Adjust color B

Apply to selection

Dynamic properties

Show dynamic properties dialog

Pucynok 17 — KoHTekcTHOE MEHIO HHCTpyMEHTa «CBOMCTBa
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Jlanee HeoOX0AMMO 3aJaTh MPABHIBHO pPACHOJOXKEHHE W OpPUEHTALMIO B
OPOCTPAHCTBE M DJIEMEHTa  COCAMHEHHs, 4YTO M  MOXHO  CHeJaTh,
BOCIIOJIb30BABLINCh MHCTPYMEHTAMU JJIs1 U3MEHEHUS MOJIO0KEHUS U OPUEHTALUU.

Onumiem Oosiee MOAPOOHO OCHOBHBIE INPUEMBI, KOTOPBIE IMO3BOJSIOT BBINOJHUTH
BBIIIICONICAHHBIE OTIEPALIHH.

YroObl 3amaTh IMOJOXKEHHE I COCAHMHEHHS, MBI MOXKEM BOCIIOJb30BAThCS
BU3YalbHBIM HHTEPPEHCOM M C IOMOIIBIO MBIIIKH «IIEPETAIIUTLY JJIEMEHT Ha
TpeOyeMoe TMOJIOKCHHUE, OJHAKO TaKOW IOIXOJ HE PEKOMEHAyeTcs, T. K. He
rapaHTHPYeT BBICOKOW TOYHOCTH. PEeKOMEHAyeTCs HCIOJIb30BaTh 0ojice OBICTPHIN
CIIocCOO — CKOMHUPOBaTh KOOPAMHATHI JAPYrOro JJIEMEHTA M YyXe 3aJaBaTh
pacIoyIoKEHUE OTHOCUTEIBHO HOBOTO IMOJIOKEHUS. CKOMUPOBATH KOOPIUHATHI
JAPYroro 3jeMeHTa MOXHO, BBIITOJHHB CIICAYIOIINE OTepallii: CHavaia BeIOUpaeM B
JepeBe Mojeid OOBEKT, B KOTOPBIH XOTHM CKONHMPOBATh KOOPAWHATHI, W IIPH
3a)kaToil kiaBuine «Ctrly BeiOMpaeM BTOPOH 3J€MEHT, YbH KOOPAUHATHI MbI M XOTHM
CKOMMpPOBaTh. 3aTeM BbiOMpacMm uHCTpyMeHT «Object/Item shifty u Bo Bkiamke
«Position» Haxxumaem Ha kHOTIKY «Apply to selectiony (mokaszano Ha puc. 18).

Pucynok 18 — KonupoBanue nonoxxenus neMmenTa «Left_side» B cBoiicTBa mapaupa

TakuM e CrmocoOOM MOXKHO CKOIMHPOBATH MapaMeTpbl OPUEHTAIMH C OIHOTO
00BEKTa B JPYroi, BOCIOJIL30BABIINCE HHCTpyMeHTOM «ODbject/Item rotate» Bmecto
«Object/Item shifty.

OIHAKO OJHOrO KOMHPOBAHUS JAHHBIX OPHUEHTALMM W TIOJIOKEHHS ObIBacT
HEJOCTaTOYHO, KaK W B HalleM ciydae. B Takux ciydas HEOOXOIUMO
BOCIIOJIb30BaThCs BKIIKOM «Translationy s uacrpymenta «Object/Item shift», rue
MOXHO yKa3aTh 3HAYCHUE IMEPEMEIICHUS OTHOCHTEILHO TEKYILIETro MOJOXKEHUS, U
HoCJIe HaXkaTusi KHONKY «Translate» OyayT npuMeHeHbl yka3aHHbIC H3MEHCHHSI.

[Moxoxas ¢pyHkims umeercs u 'y uacrpymenta «Object/Item rotate», rioe Bo Bkianke
«Rotation» M0XHO yKa3aTh YIJIbI ITOBOPOTAa OTHOCHUTEIBHO TEKYIICH OPHCHTAIIWH,
BbIOpPaB OCh BpAIllCHHWs, M IOCIe HakaThs KHoOmkd «Rotate selectiony momy4urts
pesynbrar. [Ipu ucronb30BaHWM JAHHOTO MHCTPYMEHTA CTOMT OOpaTUTh BHUMAaHHME,
YTO HEOOXOAMMO BHIOPATh, OTHOCUTEIHFHO KAKOW CUCTEMBI KOOPJAMHAT BHITIOJIHICTCS
BpanieHue. B OOJbIIMHCTBE ciydyaeB 3Ta OMEpalusi BBHITIOJHAECTCS OTHOCHUTEIHHO
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CUCTEMBbI KOOpPJIWHAT, CBSI3aHHOW C BpAIa€MbIM 3JIEMEHTOM, U B TAaKOM Cllydae
cienyer B mapamerpe «Relative toy ycranosuts Ha «Own Framey.

Takum 00pa3oM, BOCIOJIB30BABIIMCH BBIIICONUCAHHBIMU MPUEMaMH, Mbl MOXKEM
MOJIYYHTh Pe3yJIbTaT, MPeACTaBIeHHBIN Ha puc. 19.

Pucynok 19 — Buemnuii BU 3IEMEHTOB CIIEHBI ¢ KOPPEKTHBIMH KOOPAWHATAMH U
OpHUEHTALIUEN

ITocne TOro, Kak 3ajJgajJiu Tpe6yeMoe IMOJIOKCHHUC N OPUCHTAIHWIO JJIsI BCCX 3JICMCHTOB,
H€O6XOIII/IMO 3a4aTh CBA3H OTHUX 3JICMCHTOB.

DnemeHT mox Ha3BaHueM «Gripper_Base» sBiseTcs OCHOBOM HAIlero MEXaHHW3Ma H,
CJIeIOBaTEIbHO, BCE CBSI3M JOJDKHBI UcXoauTh u3 Hero. B V-REP nmoctymuber nBa
cnocoba Juist onpeneneHus cpszel. IlepBblil cnocod Hanbosee NpocToi U OBICTPBIN -
BBIJICIUTh W TIEPETANTUTh OJWH JJIEMEHT Ha JAPYrod B jaepeBe moaenu. [lpm sTom
AJIEMEHTHI JIOJDKHBI OOpPa30BBIBATH JIPEBOBUAHYIO CTPYKTYpPY, TI€ OJHWH DJICMEHT
CTOUT B OCHOBE (0a30BbII JIEMEHT), a TMOCJIEIYIONTUE PJIEMEHTBI MOTYT COCHHSITHCS
C OCHOBAaHHUEM WJIU JPYTHM 3JIEMEHTOM OJIHOM M3 BEeTBeHl jaepeBa. Bropoii cmocob —
BBIJICJIUTD AJIEMEHT, KOTOPBIA HEOOXOAUMO COCIMHUTH C POJUTEIHCKUM AJIEMEHTOM,
3aaTh KHOMNKY «Ctrl» W BBIOENNTH 3J€MEHT, KOTOPBIH XOTHM CHeaTh JOYCPHHUM,
3aTeM HaXkaTh MPaBYIO KHOIKY MBIIIHM U B MEHIO BbIOpaTh «Edity, «Make last selected
Object parent». Taxke mnpu ONpPEAEICHHH CBSA3€H HEOOXOAUMO COOJIIOAATH
CJIeIyIOIIee MPABUIIO: JIBa AJIEMEHTA, MOJICIUPYIOIINE TUHAMUKY, HEJIb3sl COCTUHSATD
0e3 HCMOJIb30BaHMS JJIEMEHTA THIIA «IIIAPHUDP», T.€. YTOOBI COCIMHHUTH SIEMEHTHI
Gripper_Base wu Left side, HeoOXomuMo MeEXAy HHUMH B JepeBe J100aBHUTh
«Left_jointy.

Takum ke oOpa3oM HeoOXOAMMO 3adaTh CBs3M Mexay «Gripper_Base» u
«Right_side». UroroBasi qpeBoBUIHAs CTPYKTYpa, KOTOPYIO HEOOXOJAUMO TMOJIYUYHTh,
npexacrasiieHa Ha puc. 20.
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PI/ICYHOK 20 — HUrorosas HepapXxusd COCHBI C 3aJaHHBIMHU CBA3IMU KOMIIOHCHTOB

Jlanee HE0OXOAMMO BKJIIOUUTH BCTPOCHHBIC MOTOPHI B mapHupax «Left jointy wu
«Right_joint», 3amate HeoOXoauMble HACTPOWKH. JIJis 3TOro HY)XHO BBIOpaTh
DJIEMEHT B JIEpPEeBE MOJICJIM U B JIEBOM TaHENIW aKTHMBHPOBATh MHCTPYMEHT «SCENne
object properties», namee B MOSBHBIIEMCS KOHTEKCTHOM MEHIO HHCTPYMEHTA
HeoOxoauMo BeIOpaTh «Show dynamic properties dialog» u BriIrOUHTE MOTOP,
TIOCTaBUB COOTBETCTBYIOIIYI0 OoTMeTKy HampotuB «Motor enabled». ITocme storo
AKTUBUPYIOTCS CTPOKM HOMHUHAJIBHOH CKOPOCTH BpAalleHUS W MaKCHMaJbHOTO
mMomeHTa — «Target velocityy m «Maximum force» coorBeTcTBeHHO. BBHIY
CPaBHHUTEIHHO MaJIbIX pa3MEpPOB 3axXBaTa MaKCHMAJIbHYIO CHJITY MOYKHO TIOCTABUTh Ha
5.0e+00 HeroToH 1 ckopocTh ocTaBUTh Ha 0 M. c., T. K. B JaHHOH paboTe ero Oyaem
3amaBaTh 4epe3 ckpunt. OOpaTuTe BHUMAHHE, YTO HEOOXOIUMO YUYUTHIBATH
HamnpaBJieCHUE TPHU3MATHYECKOTO IMapHHUpAa. B 3aBHCHMOCTH OT €r0 OpHUCHTAINH
HY)KHO YyKa3aTb CKOPOCTh IS KaXXIOTO W3 3aXBAaTOB C IIOJIOKHTEIBHBIM WA
OTPHIATEIHHBIM 3HAKOM. OTpeneIuTh 3HAK MOYKHO IKCIIEPUMEHTAIBHBIM CITOCOOOM,
IPOBESl CUMYJISIUIO CIICHApUs W TPHHYAUTEIHHO BKJIIOYMB MOTOPHI U JOOaBUB
3HaYeHHE K CKOPOCTU. ECIN TIOJOKUTEIIBHOE 3HAYCHHUE HE COBIIAJACT C TPEOYEeMBbIM
HaIlpaBJIeHUEM, TO HEOOXOIUMO pa3BepHyTh IapHup Ha 180°. Ilpumep HacTpoWKH
HIapHUpa MpHUBEACH Ha puc. 21.

Pucynoxk 21 — toroBast uepapxus C€HbI C 3aIaHHBIMU CBSI3IMH KOMIIOHEHTOB
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Tenepp HeoOXxomaumo 100aBUTH «Proximity Sensor» (maTduk TpHOIFKEHUS).
JlobGaBuTh €ro MOKHO uepe3 riaaBHoe MeHio [Add—> Proximity Sensor > Ray Type].
Jlanee HEOOXOIUMO pACIOJIOKHUTh (337aTh KOOPIMHATHI) CEHCOpP Ha OJIHOM W3
TIOJIBM)KHBIX 3JICMEHTOB 3aXBaTa TakK, Kak rmoka3zaHo Ha puc. 23. [Tocie 3Toro MoxxHo
3a]1aTh CBSA3b MEK/Y MOABMKHBIM 3JIEMCHTOM 3aXBaTa U CECHCOPOM 4Yepe3 HepPapXHIo
cuenbl. CremaTh 3TO MPOIIE BCEro0 METOJIOM «IEPETAIUTh M OTIYCTUTHY,
nepeTackuBaeM ceHcop «Proximity Sensor» Ha Ha3BaHHE TOTO JJIEMEHTa 3aXBara, C
KOTOPBIM COBMECTHJIM CEHCOp, W OTIyckKaeMm. MToroBas mepapxus CICHBI, KOTOpas
JOJDKHA TIOJTYIHThCS, MPEICTAaBIIeHa Ha puc. 22.

@ Gripper_Base = I0
& Left_joint
T Left_side
& BRight_joint
¥ Right_side

95 Proximity_sensor

Pucynok 22 — MtoroBast uepapxus CIICHBI ¢ 33JaHHOH MPHUBI3KOH «Proximity sensor»
K 3aXBaTy

Pucynok 23 — HToroBoe pacriosiaoxeHue BceX 00bEKTOB CIICHBI

B cBoiictBax «Proximity Sensor» HeobOxoaumo mepeitd B MeHIO «Show detection
parameters» u caenath akTUBHBIM TapameTp «Don't allow detections if distance
smaller than» u ycranoBuB 3Hauenue 0. ITO CBSI3aHO C MOTPENTHOCTHIO CEHCOpa U
00OBEKTa B 3aXBaTe, KOTOPBII Takke HYKHO AO0AaBUTH B ClieHapuil cumyisiuuu. Jlis
ITOTO BOCIOJIB3YyEeMCSl YKE 3HAKOMBIM HWHCTPYMEHTOM B MeHIO «Add» = «Primitive
shape» 2> «Cuboid» u 3amaguM pasmepbl, TOAXOASIINE MO MACIITa0 HAIero
MEXaHUYECKOTO 3aXBara.
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Primitive cuboid

¥-size [m] 5.0000e-02 ¥-subdivisions ]
¥-size [m] 5.0000e-02 ¥-subdivisions ]
Z-size [m] 5.0000e-02| 7-subdivisions ]
Sides Faces

Disc subdivisions Smooth shaded

Frer erd rC
Upen ends L

o

v | Create dynamic and respondable shape

v | Create pure shape Material density [ka/m3] | 1000.0
Shape has negative volume  Inside scaling factor 0,500
K Cancel

Pucynox 24 — ITapameTpsl 00beKTa, KOTOPBIHM MOIXOUT MO pa3Mephl 3aXBaTa

PazMecTuTh MOXKHO cpa3y B 3axBaTe, [JIsi 3TOTO HYXHO 3aJaTh KOPPEKTHOE
nosioxkeHue. [Ipumep nokasan Ha puc. 25.

Pucynok 25 — PacrionoxxeHue o0beKTa B 3aXBaTe

Jlanee HEOOXOUMO MEPEUTH K peau3allii CUCTEMbI YIIPABJICHUS Yyepe3 CKpurt. s
9TOro BeIOMpaeM semMeHT «Gripper_Base» u B meHto Boinosnasem [Add—> Associated
Child script > Non-threaded child script]. Teneps B nepapxuu ciieHbl (4acTo ee ere
HA3bIBAIOT JIEPEBOM MOJIEINIM) TMOSIBUJIACH HOBAsl MHUKTOTpaMMa CIIpaBa OT Ha3BaHUS
anmeMmenta «Gripper_Base». Dra mukTorpaMma O3Ha4yaeT, YTO JOYCPHUH CKPHIIT
MIPUBS3aH K ATOMY AJIeMEHTY. Bcerna ynpapisroniuii CKpUIT IPHUBSA3BIBACTCS KMEHHO
K 0a30BOMY 2JIEMEHTY, T.K. B CJIy4ae MepeHoca MOJIeJu YAACTCs U30exkaTh MPooJIeM C
YIPaBJICHUEM.

J106aBUTh CKPHUIIT MOKHO M APYTUM CIIOCOOOM, OTKPBIB B JICBOM MAHEIH HHCTPYMEHT
«Scripts», mociae aKTHBAILMM KOTOPOTO MOXHO J00aBUTh HOBBIM CKPHIIT, Ha)kaB Ha
«Insert new script» u B kouTekcTHoM MeHIO BeiOpaB «Child script (non-threaded)» u3
BBIMAJAIOIIET0  CIOHCKa. [locie 9TOro B CHHMCKE  CKPHMIITOB  ITOSIBUTCS
cooTBeTcTBYytomas 3anuchk «Non-threaded child script (unassociated)», koTopyto eiie
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HY)KHO TIPHUBSI3aTh. JIEJACTCS 3TO IMYTEM BBIJICICHHSI CKPHUITA B OKHE WHCTPYMEHTA
«Scripts» u BbIOOpa B BBINANAIONIEM CIHMCKE BHU3Y OKHA COOTBETCTBYIOIIMX
00BEKTOB MpUBS3KH (puc. 26).

Scripts n

Display | Main & child scripts - Insert new script

Mon-threaded child script (Gripper Base

Script properties

Disabled Execute just onc

m
A
]
(1]

Associated object Gripper_Base bl

Execution order normal b

Pucynox 26 — Co3zganne HOBOTO CKpHUITA M MPUBSI3KA K 0a30BOMY AJIEMEHTY Yepe3
HHCTPYMEHT «SCriptsy»

[locne Toro, Kak CKpPUNT CO3/laH M TMPUBS3aH K 0a30BOMY D3JEMEHTY, MOKHO
OPUCTYIUTh K €ro peJakTUpOBaHWIO. JIJisi 9TOro HYKHO BBIMOJHUTH JBOMHOE
Ha)kKaTHE Ha MUKTOTPaMMy cIpaBa oT 3jeMeHTa «Gripper_Basey. [Tocne nepexona B
PEXUM pEeIaKTUPOBAHUSI CKPHUMTAa MOXXHO YBHIEThb 1mabnoH ckpunrta (puc. 27). B
JTaHHOM paboTe HEOOXOAMMO HamucaTh CKPUITHI B JIBYX pasienax: OJIoK
WHUIIMATU3AIUHA U OJI0K YIIPABJISIONIETO CKPUIITA.

¥ Non-threaded child script (Gripper_Base) O X
BOif (sim call type==sim childscriptcall initialization) then

end

Hif (sim call type——sim childscriptcall actuation) then

HOWwo o 0l Wk

[y

Lend

Pucynok 27 — I1labnon ckpunta

B Onoke wHuUIMAMM3alMu HEOOXOAUMO OOBSBUTH TOJIBKO Ha3BaHUS MOTOPOB U
ceHcopa (a TOYHee, MOJY4YUTh CChUIKM Ha HMX 00pabotuuku). Ilepen 3axBaTom
00bEKTa TaKke HEO0OXOJIUMO YOEIUThCS, UYTO OOBEKT HAXOIUTCS MEXIY
MOABWKHBIMUA DJIEMEHTAMHM 3aXBaTHOTO YycTpoicTBa. UTOOBI peanu3oBaTh 3Ty
GyHKIIUIO, OOBSBUM JOTIOJHUTEIBHYIO TEPEMEHHYI0 C TAaKMM 3HAYE€HHEM, YTO
paccTosiHMEe JI0 MTPOTUBOIOJIOKHOTO 3axBara paBHOo 1. IloaTomy 3HaueHue
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nepeMeHHo# «Detection» MoxxHo mocTaBuTh 0.5, 9TO OYIET PaBHATHCS OMPEICIICHUIO
IIpeIMETa CEHCOPOM JI0 CEpEIMHBI 3aXBaTa.

¥ Non-threaded child script (Gripper_Base)
IlCif (sim call type==sim childscriptcall initialization) then

modelBase=simGetObjectHandle ( )
Sensor=simGetObjectHandle ( )
LeftHandle=simGetObjectHandle ( )
RightHandle=simGetObjectHandle ( )
Detection=0.5

2
3
4
5
6
7
8
9

end

Pucynox 28 — Ilpumep parmenTa ckpunta ajis 0J10Ka HHAIHATA3AITIN

[TepexomuM K OCHOBHOMY KOJy YIIPaBJICHHS. COICPKUMOE JTaHHOTO OJI0Ka
HAnpSMYIO0 3aBHCHT OT aJTrOpWTMa yIpaBleHUsA. B HameM ciydae MOXHO
UCIIOJIb30BATh CJICAYIONIMHA alTOPUTM: €CJIM 0OBEKT HAXOIUTCS MEXTY 10 IBHYKHBIMH
9JIEMCHTAaMH 3axBaTa, TO aKTHBUPYEeM 3axBaT, MHaue xjaeM. COOTBETCTBCHHO B
CKPHUIITE HEOOXOJIUMO peajM30BaTh NPHHIATHEC PEIICHHUS 3axBaTa, JUOO0 OXKHJIAHUS
00BEKTA.

B mepByro ouepenp HEOOXOAMMO CYHMTHIBATh JaHHBIE C CEHCOpa TMPU KaXIOU
uteparyu. J{Jsl CYMThIBaHMS JaHHBIX U3 ceHcopa «Proximity Sensor» HeoO0XoauMo
BOCIIOJIb30BaThCS COOTBETCTBYOMIEH (yHKiuer V-REP (oOpaTtutech K CripaBOYHUKY
perynsapHbiXx (QyHKIUi). OTa QYyHKIMSI, KaKk BUIHO W3 JOKYMEHTAIMH, HA TIEPBOM
MECTE BO3BpAIlla€T COCTOSHUE CEHCOpa, YTO B IMPHUBEICHHOM TIpuMepe Oyxaer
3arMcaHo B repeMeHHyro «resulty (puc. 29, 13 crpoka). Takxke U3 JTOKyMEHTAIMH
BUJIHO, YTO 3HAYEHHUE ITOU mepeMeHHOUN «1» coOoTBEeTCTByeT pabodyeMy COCTOSHHUIO
CeHcopa, T. €. B paboueil 30He ceHcopa €CTh KaKoh-1100 00beKT, «0» - oOpaTHOMY.
BtopeiM 3HaueHHMEM BO3BpallaeTCs PACCTOSHUE, KOTOPOE 3amuChIBACTCS B
nepeMeHHyto «distancey.

A 1if (sim call type==sim childscriptcall actuation) then
result, distance=simReadProximitySensor {(Sensor)
=l if (result>0)}) and {(distance<Detection) and (distance>0) then

simSetJointTargetVelocity (LeftHandle, 0.008)
simSetJointTargetVelocity (RightHandle, 0.008)
else
simSetJointTargetVelocity (LeftHandle, 0)
simSetJointTargetVelocity (RightHandle, 0)
- end
—end

Pucynoxk 29 — ®parmeHT CKpuMTa, OTBEUAOIINNA 32 PEATU3AIHNIO AJITOPUTMA
YIIPaBJIEHUS 3aXBATOM

Tenepb HCO6XOI[I/IMO HanmrcaTb JIOTHUYCCKYHO 4aCTh KOAa C TIOMOIIIbIO BCTBJICHUS. I[JI?I

3TOr0 BOCHOJIB3YyeMCs YCJIOBHBIM oreparopoM «if» © BXomsdmMm B  HEro
HeoOs13aTeNIbHBIM yeoBreM «else». B 14 crpoke Ha puc. 29 BeTBIIEHHE BBIMTOIHACTCS
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TpEMsI YCIIOBUSIMU — COCTOSIHUEM CEHCOpa, MPOBEPKOM BXOXKICHUS B JHUANa30H
JIOCTYITHOCTH M YCJIOBHS OTKJIFOUEHHS 3axBaTa (HyJEBOE PACCTOSHHE /10 O0OBEKTA).

Ecnu Bce Tpu ycliOBUSL BBINOJHSIIOTCS, T.€. CEHCOpP OOHAPYKUJ KAKOW-TO OOBEKT
(«result > 0»), paccrosiHEe 10 HETO MEHBIE 3HA4YCHUs repemeHHon «Detectiony u
pacctosiHue 70 OOBEKTa HEHYJIEBOE, TO AKTUBHUPYEM 3axBaThl (3a/J1aeéM CKOpPOCTb
nBwkeHuss MortopoB). B V-REP nomyckaercs ympaBieHue MOTOpamMu depe3
3aJlaHHYI0 CKOPOCTh U uepe3 3aJlaHHoe TMosiokeHue. B ganHON pabote Oynem
HCIIOJIB30BaTh yIpaBieHue 1Mo ckopocTu. CkopocTh 3agaeM paBHoi 0.008 m/c.

Ecnu >xe xakoe-mu00 ycioBHE M3 YKa3aHHBIX B «ify He BBIMONHSETCS M3HAYAIBHO
WIM TIEPECTaHET BBIOJIHATHCS, TO HEOOXOIUMO [€aKTUBUPOBATH 3aXBaTHBIH
MEXaHHM3M, T.C. 3a[aTh HYJEBYIO CKOPOCTb, YTO YyXE IMPONHCHIBACTCS B YCIOBUU
«else» (Muaue).

[IpuBeneHHbIN B JaHHON padOTe aNrOpUTM YIIPABIECHUS SIBISETCS CAMbIM MIPOCTHIM U
UMEET psAJl HEIOCTATKOB, OJTHAKO C IIOHMMAHUEM BCErO ONKMCAHHOTO BBILIE MOXKHO C
JIETKOCTBIO €0 YIIYYIIUTb.
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IIpakTHyeckas padora Ne?
MonenupoBanue paboThl NPOMBIIIICHHOTO MaHUMIYISTOPA
Hesas padorbr: CMoaenrpoBaTh Mporiece padoThl MPOMBIIIICHHOTO MaHUIYJISATOPA,
OCHAIIIEHHOT'O CEHCOPOM. MaHHUITyISTOP JA0JDKEH ObITh 3alpOorpaMMHUpPOBaH Ha MOMCK
00BEKTa 3aJJaHHOTO I[BETa, KOTOPBIN JIEKUT B paboueil 3oHe Manumynaropa. [locie
OOHapyXeHHsI OO0BbEKTa MAHUITYJSATOP JOJDKEH OCTAaHOBHTH IIOWCK W MOJBECTH
KOHEYHOE 3BEHO I 3aXBaTa 00BEKTA.

Jamanue.

1) IToAroTOBUTH TPEXMEPHYIO MOJIEIb IIPOMBIIICHHOTO MAHHITYJISITOPA B JIFO00I
CAD-cucreme u umnoptuponats B V-REP.

2) 3amaTh CBSI3UM KOMIIOHEHTOB (3aaTh CTPYKTYpYy). Pa3nenuth BU3yalbHYIO U
(¢u3NYeCKyl0 4YacTh MOJENM Ha 2 ClosA: IepBas — BHU3yajbHas, BTOpas —
(u3mueckast (KCIoIb3yeMblIe ISl PACYCTOB).

1) Peamu3oBaTh aJTOPUTM JJIs BBITIOJHEHHS IMMOHMCKAa KyOWKa 3aJaHHOTO I[BETA
(cm. Tabnuiy 1) B ckpumnre.

2) HammcaTth anropuTM ymopaBieHHs i poOOTa, KOTOPHIA JOJHKEH TOJBECTH
3aXBaT K 00BEKTY, 3a()MKCUPOBATh €0 U NEPEHECTH HA 3aJJaHHOE PACCTOSIHUE
20 MM OT UCXOAHOTO MOJIOKEHHUS B JIFOOOM HaIlpaBICHUH.

Pucynox 30 — CxemaTuuHO€ M300pakeHNE MAHUITYJISITOPA

[IpOoMBINLIEHHBI MHOTO3BEHHBI MAHUITYJISITOP SIBJISETCS KIACCUYECKUM MPUMEPOM
JTUHAMUYECKON CHCTEMBI B MEXaTpOHUKE M poboToTexHuke. Pa3paboTka crieHapws,
MO3BOJISIONIETO MOJICIMPOBATH MPOIECC pabOThl W BCIO (U3HUKY B3aUMOJICHCTBHS
KOMIIOHEHTOB MAaHUMYJIATOpPa, TMO3BOJISIET HAWOO0JIee TOJHO HM3YYUTh OCHOBHBIC
aCIeKThl MOJIETUPOBAHMS OOJIBIIOrO KJIACCa CUCTEM.
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Ne | A B C D E F G H [IBeT
1 80 | 140 | 100 | 180 | 200 | 60 | 160 | 30 | kpacHbIii
2 80 | 140 | 100 | 180 | 200 | 60 | 160 | 30 CUHMI
3 80 | 140 | 100 | 180 | 200 | 60 | 160 | 30 | 3eneHslii
4 1160 | 280 | 200 | 360 | 400 | 120 | 380 | 60 | xpacHbIi
5 | 160 | 280 | 200 | 360 | 400 | 120 | 380 | 60 CUHMI
6 | 160 | 280 | 200 | 360 | 400 | 120 | 380 | 60 | 3eneHslit
7 | 120 | 180 | 140 | 220 | 240 | 100 | 200 | 70 | xpacHbIii
8 | 120 | 180 | 140 | 220 | 240 | 100 | 200 | 70 CUHMI
9 | 120 | 180 | 140 | 220 | 240 | 100 | 200 | 70 | 3eneHslii
10 | 100 | 160 | 120 | 200 | 220 | 80 | 180 | 50 | xpacHbIii
11 | 100 | 160 | 120 | 200 | 220 | 80 | 180 | 50 CUHUI
12 | 100 | 160 | 120 | 200 | 220 | 80 | 180 | 50 | 3eneHslit
13 | 130 | 190 | 150 | 230 | 250 | 110 | 210 | 80 | xpacHbIii
14 | 130 | 190 | 150 | 230 | 250 | 110 | 210 | 80 CUHUI
15 | 130 | 190 | 150 | 230 | 250 | 110 | 210 | 80 | 3eneHsbIit
16 | 90 | 150 | 110 | 190 | 210 | 70 | 170 | 40 | xpacHbIif
17 | 90 | 150 | 110 | 190 | 210 | 70 | 170 | 40 CUHUI
18 | 90 | 150 | 110 | 190 | 210 | 70 | 170 | 40 | 3eneHsbIit
19 | 40 | 70 | 50 | 90 | 100 | 30 | 80 | 15 | kpacHbIif
20 | 40 | 70 | 50 | 90 | 100 | 30 | 80 | 15 CUHMI
21 | 40 | 70 | 50 | 90 | 100 | 30 | 80 | 15 | 3eneHnit
22 | 60 | 90 | 70 | 110 | 120 | 50 | 100 | 35 | KpacHbIii
23 | 60 | 90 | 70 | 110 | 120 | 50 | 100 | 35 CUHUI
24 | 60 | 90 | 70 | 110 | 120 | 50 | 100 | 35 | 3eneHbIit
25 | 80 | 110 | 90 | 130 | 140 | 70 | 120 | 55 | KpacHbIif
26 | 80 | 110 | 90 | 130 | 140 | 70 | 120 | 55 CUHUI
27 | 80 | 110 | 90 | 130 | 140 | 70 | 120 | 55 | 3eneHsIi
28 | 100 | 130 | 110 | 150 | 160 | 90 | 150 | 75 | KpacHbIii
29 | 100 | 130 | 110 | 150 | 160 | 90 | 150 | /5 CUHUI
30 | 100 | 130 | 110 | 150 | 160 | 90 | 150 | 75 | 3encHbIU

Ta6numa 1 — BapuaHThl ¢ KICXOHBIMU JaHHBIMU
B nanHoit paboTe paccMaTpuBaeTCs CO3/IaHUE CUMYISIIIUU Oe3 yriayOneHus B

MAaTEMATHYCCKHUEC ACIICKTBI MOACIIMPOBAHUS, YTO ITO3BOJIICT CKOHIOCHTPHUPOBATHCA HaA
ACIICKTax IIPAKTHUYCCKOI'O IIPHUMCHCHUAI. OcHOBHBIC IoAXOoAbl AJII MOACIHMPOBAHUA

126



JUHAMHUKU poOOTOB, a Takxke MeTol HproToHa-Diinepa, KOTOpblil ucnoisiyercs B V-
REP s pacuera AMHAMHMKH, MOAPOOHO paccMOTpeHbl B yueOHukax [1] u [2].
Taxke CTOUT MOMHHUTh, YTO CUMYJISAIMS He naeT TouHoctd B 100%, momyckarotcs
HEOOJIBIIME OTKIIOHCHHUS Ha Pa3HbBIX ATANax BBIIIOJHCHUS.

[lepen Tem Kak IPUCTYNHUTH K BBHIMOJHEHUIO PaOOTHI, HEOOXOIUMO MPEABAPUTETHHO
O3HAaKOMMTBCSI C ONMMCAHUEM JIaOOpaTOpHON pabOThl U OTBETUTH HA BOIPOCHI IS
CaMOKOHTPOJIA.

Onucanue padoThl.

B nanHoil paboTe moapa3zymeBaeTcsi, 4TO CTYACHT YK€ HMEET HAaBBIKU CO3JIaHUS
TpexMepHbix Mozeneil B jro6oir CAD-cucteme. Eciin TakoBBIX HaBBIKOB HET, TO
PEKOMEHTyeM 00paTUThCS K yueOHHKY [12], 100 npyroit aHaJOTUIHOM JHTEpaType.
CHayasia He0OX0IMMO UMIOPTHUPOBATH YK€ CO3AaHHYI0 3D Moaens MaHHUITyIATOpa
n3 CAD-cuctemer B V-REP. Jlng »3Toro HEoOXOIMMO COXpaHHUTh COOPKY
Manumnyisitopa ¢ pacmmpendueMm *.STL. Kaxapiii s1eMeHT COOpPKH COXPaHHUTCS
oTnenabHbIM (aitmom. Daiinel mpu coxpaneHuud B gopmare STL coxpaHSIOT cBoU

KOOPJIMHATHI, U B IaJibHEMIIIEM Oy1eT yI00HO C HUMH paboTaTh yxe B rporpamme V-
REP.

3amyckaeM V-REP wm B rmaBHoM Mmenro BemosHsieM [File = Import ->Mesh...],
BbIOMpaeM Bce coxpaneHHble STL ¢aiinel u Haxkumaem "OTKpHITH".

B mosBuBmeMcs okHe BbIOMpaeM TyHKT «1 unit represents 1 millimetery», uro
MO3BOJIUT 3aj7aTh KOPPEKTHBIH MacimiTad y)ke B HOBOHM CHCTEME KOOPJIWHAT, TAKKe
MOJKET BO3HUKHYTh HEOOXOIMMOCTh B M3MEeHEeHHH opueHTaruu «Mesh orientationy.

[Tocne Toro, kak Bce HACTPOMKU KOPPEKTHO 3anaHbl, octaetcs Haxath "OK" (puc.
31).

Mesh scaling
1 unit represents 1 meter
1 unit represents 1 foot
1 unit represents 10 centimeters
1 unit represents 1inch
1 unit represents 1 centimeter

@ 1unit represents 1 milimeter

Mesh orientation
® Y vector is up

£ vector is up

Ok

Pucynox 31 — HacTpoiiku ummnopTa ¢aiios
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[locne mMmopra B IVIABHOM OKHE JOJDKHBI OTOOpa3WTbCs BCE MOAENH (IIpUMEP
noka3aH Ha puc. 32). Takke MOXHO YBHJETh, YTO B HEPAPXUU OOBEKTOB CIICHBI
MOSIBUJINCh HOBBIE KOMITIOHEHTHI, COOTBETCTBYIOIINE KAXIOW YaCTH MPOMBIILICHHOTO
MaHHIYJIATOPA.

Pucynoxk 32 — IIpumep ummnoptupoBanHoro u3 CAD-cucteMbl MAaHUITYJISITOPA

OOpatum BHUMaHME€ Ha TUN GOPMBI KaXJAOW KOMIOHEHTBI, KOTOPYIO MBI
umroptupoBain B V-REP. [Ins unentuduxanum THUNOB yAOOHO TMOJIB30BATHCA
MUKTOTpaMMaMU CJieBa OT Ha3BaHUsI KOMIOHEeHTa. Celiyac BC€ KOMIIOHEHTHI UMEIOT
tunt «CocTaBHBIE ciydaiiHble (opmbl». Takke 3TO MOXKHO MOHATH UCXOJS W3 TOTO,
YTO TOJIBKO ATOT THIT MOKET UMETh CTOJIb CIOKHYIO T€OMETPHIO, KaK TPEICTABIICHO
Ha puc. 32.

B nanpuetimem, 4To0b1 ObUIO y00HEE paboTaTh ¢ MepapXue CLECHbI, JaIUM KaxI0u
4acTH MaHHUMYJSITOpa Ha3BaHue. Ha3Banue JOMKHO copepkaTh HHPOPMAIUIO O TOM,
KaKasi 3TO KOMIIOHEHTa (Hanmpumep, 0J1M30CTh K OCHOBAHUIO WJIM Apyras HHPOpMaIHs
JUISL JIETKOM UASHTU(DUKALIIN).

Wmeronmecss Ha JaHHOM 3Tale 3JEMEHTbHl MOTYT OBbITh HCIIOJIB30BAHbBI IS
CUMYJIALIMM, OJHAKO 3TOTO JAEJIaTh HE PEKOMEHAYETCS, T.K. 3JIEMEHThI JTaHHOIO TUIA
HE SIBJIAIOTCS ONTUMAJIbHBIMU ISl pacyeTa ¢puzndeckux cBoicTB. [loaTomy coznaaum
MOAU(PUIMPOBAHHBIE KONUU ATUX 3JIEMEHTOB, KOTOpPbIE OYIyT MCIONb30BATHCA IS
MOJICIUPOBaHUS (PU3HKHU.

BrigensieM KaxIyr0 KOMIIOHEHTY, Ha)XKMMAaeM IPaBOM KHOIKOW MBIIMIK MO €ro
HA3BaHMIO U BO BCILIbIBaroIIeM MeHI0 BeiOupaem [Add = Convex decomposition of
selection...].
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Crout oOpaTHTh BHUMaHKE, YTO MPU U3MEHEHUM napametpa «Target nb of triangles
of decimated mesh» MoXHO perynupoBarh JIeTalIMU3alMI0 CETKH CO371aBaeMOro
o0bekTa. Pexomennayembiii aumamason 3HaueHuid - ot 500 mo 1000. Taxxke B
KOHTEKCTHOM OKHE MHCTPYMEHTa UMEETCS P IPYTUX MapaMeTpoB, KOTOPBIC TAKKE
MO3BOJIIOT CO3/1aTh ONITUMHU3UPOBAHHYIO CETKY.

BricTaBuB HEoOXoauMble apaMeTphl (puc. 33), Haxxumaem «OK». 1o HeoOX0oauMo
MOBTOPUTH JJI1 BCEX KOMIIOHEHTOB MaHUMYJIATOPa. 3aMETUM, UTO MOSBHJINCH HOBbIE
DJIEMEHTHI, ¥ THUKTOTPaMMBbl CJieBa OT HHUX OTJIMYAIOTCS OT MHUKTOTPaMM TeX
DJIEMEHTOB, KOTOPHIE Y HAC OBLIH.

Handle compound shape components individually
Max. iterations 4

¥ | HACD convex decomposition
¥ | Add extra points v Add extra face points
Min. nb of dusters 1
Max, concavity [m] 100,000
Max. connection distance [m] 30,000
Target nb of triangles of decmated mesh 500
Max. nb of vertices  convex hull 200

Small duster detection threshold [%%] 0.250

V-HACD convex decomposition
PCA enabled | Voxel-based

OK Cancel

Pucynok 33 — OkHO c0o3/1aHUS KOIUH C ONITUMHU3HPOBAHHON CETKOM IS
MOJICTTUPOBAHUS TUHAMHUKU

Jlanee pekoMeHIyeTCsl IepEMMEHOBATh HOBbIE KOMIIOHEHTHI TaK, YTOOBI Y HUX OBLIN
Ha3BaHUS TaKWe K€, KaK y MCXOJHBIX, TOJbKO C J0OaBlIicHUEM OKOHYAaHHS «_dyny»
(moMHUTE, YTO B HA3BaHUU JOMYCKAIOTCS TOJIBKO JaTUHCKUE OYKBHI).

[Tocie 3TOro0 HEOOXOAMMO CBA3aTh MCXOAHBIE KOMIIOHEHTHI ¢ MX KomusMu («_dyny)
TaKuM 00pa3oM, 4YTO JUHAMHUYCCKHE KOMIIOHCHTBHI SIBIISIOTCS «POIUTEICM» IS
HUCXOJHBIX KOMIIOHCHTOB. Crenarb 3TO MOXHO METOAOM «IEpeTaliuTh |
OTITYCTHUTB», BBIICIIUB UCXOTHYI0 KOMIIOHCHTY B MEPApXUU CIICHBI (C 3a)KaTOM JICBOU
KHOIIKOW MBIIIA) W TEpPeTaluB Ha €ro KOMHI0 C JUHAMUYSCKHUMH CBOWCTBAMH.
[TomoOHyt0 omepanuioo  HEOOXOAMMO MpoAenaTh JJISI BCE€X  KOMIIOHEHTOB
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MaHUITYJISITOpa. Pe3ynbTaT MOMKEH MOMYyYUTHCS CXOXKHM C TEM, YTO MPEJCTABICHO HA
puc. 33.

Pucynok 33 — I[Ipumep nepapxuu ClieHbl MAHUITYJIATOPA

Teneps B ClieHapuu MOSBWINCH OOBEKTHI, KOTOpPHIE JIPYT Jpyra MEpeKphIBAIOT, U
HEOOXOJUMO 3TU OOBEKThl PA3HECTH Ha pas3Hble ciIou OTOOpaxkeHus. i 3Toro
BBIOMpAaeM DSJEMEHT C ONTUMHU3UPOBAHHOW CETKOW W aKTUBUPYEM HWHCTPYMEHT
«CpoticTBay. Bo Brimagke «Commony naxoaum myHKT «Camera visibility layers» u
yCcTaHaBIMBaeM 3HaueHus 1 nepBoro psaaa 0000 0000 u 1000 0000 mms BTOpOro
piga mojed. AHQJIOTMYHYIO ONEpalui0 HEOOXOJMMO MpoAeNaTb C JAPYTHUMH
AIIEMEHTaMH, Yy KOTOPBIX ONTUMHU3UPOBAHA CETKA.

B wrore nomy4yaem BH3yaJbHO HM3HAYalbHBIA MAHHUITYJISITOP, OJHAKO C IOMOUIBIO
UHCTpyMeHTa «Clom» MOXHO MEpPeKIoYaTbcs Ha OTOOpakeHHE KOMIIOHEHTOB
npyroro tumna. Ha puc. 34 mnpeactaBieHO OTOOpa)K€HUE TOJIBKO D3JIEMEHTOB C
ONTUMHU3UPOBAHHOMN CETKOM.

Pucynox 34 — I[Ipumep manumymisitopa
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Teneps 0CTaI0Ch HACTPOUTD JIEMEHTHI TAKUM 00pa30M, YTOOBI ONTHMU3HPOBAHHBIC
1OJ] TUHAMUKY 3JIEMEHTBhI MOJCIUPOBAIM TUHAMUKY, & MCXOJHBIE KOMIIOHEHTHI HE
y4aCTBOBAJIM B pacyerax, a TOJbKO TIOBTOPSJIM TIOBEACHUE JHMHAMUYCCKUX
aneMeHTOB. MTak, oTkpbiBaeM «CBOWCTBa» JUHAMHUYECCKOTO 3JIEMEHTA M HaKUMaeM
«Show dynamic properties dialog». Jlanee HeoOXxoauMo BKIIOUNTH GyHKIHH «Body
IS Respondable» (Pacuer peakumii, cBsizaHHbIXx ¢ TeiaoMm) u «Body is dynamicy»
(Pacyer mMHAMHYECKMX XapaKTEPHUCTHK). B IMHaAMHUYECKUX Mapamerpax HaKHUMaeMm
«Compute mass and inertia properties for selected...», yToOBI aBTOMAaTHYCCKU
paccynTaTh MacCy ¥ MOMEHTHI HHEPIIUHM Ha OCHOBE TeoMeTpHH (pHC. 35), mocie 4ero
HaJ0 BBECTH IUIOTHOCTh MatTepuana, u V-REP mocuurtaer Bce nuHamuueckue
1oKa3aTe/d. BhIIICOMMCaHHyI0 OepaIiio He0OX0AUMO MTOBTOPUTH IS BCEX YacTel
MaHMITYyJIATOpa, Kpome  ocHoBaHusa. OCHOBA  MaHUIYJIATOpPA  SBISCTCS
(UKCUPOBAHHON M HE JOKHA PAacCMAaTPUBATHCS KaK JUHAMHYCCKHHA 3JEMEHT, HO
upu 3ToM cBoiicTBO «Respondable» 1omkHO OBITH BKIIIOUEHO.

Rigid Body Dynamic Properties

v | Body is respondable

Local respondable mask AL AL

Global respondable mask CAC A A ARE AT AT AL
Edit material

Apply to selection

¥ | Body is dynamic
Startin sleep mode Set to dynamic if gets parent

Compute mass & inertia properties for selected convex shapes

Mass
M=M*2 (for selection)

Mass 1.074e+00
] M=M/2 (for selection)

Principal moments of inertia / mass

X [m*2) | 1.074e+00

1=1*2 (for selection)
¥ [m=2] 1.074e+00

1=1/2 (for selection)
Z[m~2]  |L074e+00

Pos. forient, of inertia frame & COM relative to shape frame

X [m] +6,3072-05 Alpha [deg] -1.072+02
¥ [m] +5.613e-05 Beta [deg] +6,47e+01
Z [m] +5,174e-05 Gamma [deg] +7.9%9e+01

Set inertia matrix and COM relative to absolute frame

Pucynox 35 — OkHO HACTPONKHM TUHAMUYECKHX CBOMCTB 0OBEKTOB

B mporpamme V-REP ectb ¢yHkums ycTtaHoBKM Macku B3aumojenctBus. C
MOMOILbI0 MAacKM MOKHO COOOUIUTH MpOrpamMme, B3aUMOJIEUCTBHE MEXKIY KaKUMU
AJIEMEHTaMH HY>KHO MrHOpHpoBaTh. YacTto ObIBaeT, 4YTO JBa TBEPHABIX TeEJa
COCJIMHAIOTCS C TOMONIbIO IIapHHUpPA, M B peEaJbHOM CHUTyallud OHH OBl HeE
nerctBoBanu Jpyr Ha apyra. Ho B mporpamme V-REP mpu monenupoBanuu mbl
MOKEM MOJIYYUTh IpyOyI0 CETKY, Ha OCHOBE KOTOPOW M BBINOJHSAETCS pacuer. ITo
OPUBOJAUT K TOMY, 4YTO CETKM [JBYX PSJAOM PACIOJOKEHHBIX 3JIEMEHTOB
COTPUKACAIOTCSA, W JJIA peIIeHUus 3Tol MpoOJeMbl MOTPeOOBATOCH OBl 3aHOBO
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co3/laBaTh 0oJjiee MENKYI0 CETKY, 4YTO NpuUBElO0 Obl K YBEIWYCHHUIO PECYpPCOB
KoMmnbtoTepa. Mcnoib3yst Macky, MOKHO JIETKO PEIINUTh NOJ0OHBIE TPOOIEMBI.

Bocmonp3yemcsi MmackaMu 0OBEKTOB ISl UCKITFOYCHHS M3 pacdyeTa B3auMOJICHCTBUS
COCEHUX 3JEMEHTOB MaHumyistopa. i 3TOro OTKphIBaéM CBOWCTBA OCHOBHOTO
ayieMeHTa (OCHOBa MAaHUMYJATOPa, 3aQUKCUPOBAHHOE 3BEHO) M yCTaHABIMBAaEM
MacKy, Kak MokKa3aHo Ha puc. 36.

¥ | Body is respondable

Laocal respondable mask LAk AL
Global respondable mask AR AT AT AR A
Edit material

¥ | Body is dynamic
Start in sleep mode Set to dynamic if gets parent

Compute mass & inertia properties for selected convex shapes

Pucynox 36 — Hactpoiika macku

Jlanee KaXapIlil MOCIEAYIOIIANA 3JEMEHT APEBOBHIHOW CTPYKTYpPHI JOJDKEH HUMETH
JOKAJIbHYIO MacKy, OTIIMYHYIO0 OT MacKH MpeAbIayiero anementa. Hampumep, «Local
respondable mask» mocnenyromiero 3a ocHoBHbIM 3neMenToM Oyner 11110000, a y
CIIEIYIONIETO YXKe OymeT Takas ke Macka, kak y ocHoBanms («00001111») m T.11. ¢
YepeIOBAaHHUEM.

Ecniu mnonpoboBaTh 3amyCTUTh TMOJYYHMBIIMICS CLEHApUH, TO BCE JETalH
MaHUITYJISITOpAa JOJDKHBI — PacchlllaTbCsl, TaK KakK OTCYTCTBYIOT —KakKHe-JIH0o
COEIMHEHNA-IIAPHUPBI.

Jis coenuHeHHs] 4acTeld KOMIIOHEHTOB MaHUMYJSATOpa HY)XHO T00aBUTH B CLIEHY
mrapuupsl («Jointy) BpamiarensHoro Tuma («Revolute»). Cnenath 3T0 MOXKHO depes
rnaBHoe MeHIo [Add = Joint = Revolute], mocne dero B crieHy 100aBseTCs HOBBIN
oOwekt. lllapHup mpexacraBisieT co00il HEKYIO OChb, OTHOCUTEIBLHO KOTOpPOMl OyayT
MIPOM3BOIUTHCS ABMKCHHSI COSTUHEHHBIX C MIAPHUPOM 3JIeMEeHTOB. Mcxoau u3 3Toro
HEOOXOJMMO TOYHO 3a7aTh IOJIO)KEHWE M OPUEHTAIMIO HIAPHUPOB B TOYKaX
OTHOCHUTEJIHLHOTO BpAIlleHUs 3BEHhEB MaHUMYJIsATOpa. JlaHHas 3a7a4a SBIASETCS OAHOU
U3 CIIOXKHBIX, U B 3TOM CIIy4yae MOXHO NPUOETHYTh K HEKOTOPBIM XUTpocTsAM. [lanee
OIKCaH OJMH U3 BO3MOKHBIX IIOJXO0B K 3TOM 3a/1aye.

JIist TIO3UIIMOHMPOBAHKSI MAPHUPOB, KaK U B MPEABLAYIICH paboTe, BOCHOIb3YyeMCs
KOOpJMHATAMH YK€ MMEIOIIMXCS O3JEMEHTOB MaHumysstopa. 3axaB «Ctrly,
BBIJICIISICM [IAPHUP W OCHOBAHUE MAaHUITYJISITOPA, TOCIE 3TOTO 3aXOJUM BO BKIAJIKY
«Position» uHcTpymMenta «Object/Item Shifty u Haxumaem «Apply to selectiony.
[Mepexmroyaemcs Ha uHcTpymeHT «Object/Item Rotate» u Bo Bkiaake "Orientation™
Haxumaem "Apply to selection”. Ho ciaydaercs Tak, 4TO MIAPHHUP HEOOXOIUMO
YCTAaHOBUTh HE B IICHTP JIETAIM MO BCEM TPEM KOOpAMHATAM, a O00S3aTeIbHO
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nocepeiMHe, B HECTAHIapTHOM MecTe B ma3y Jubo Ha BeicTyne. B Takoii cuTyauuu
€CTh JIBa BBIXO/Ia: BOCIIOJIb30BAThCS OTHOCUTEIBHBIM IIEPEMEIICHUEM WM
OTHOCHTEJBHBIM BpamieHueM. J[Ist 3Toro BbIOMpaeM TONIBKO MIapHHp (IOCTe
IpeAbIIYyIIeH ONepalii MOXKET ObITh BBIOPAHO Cpa3y JBa AJIEMEHTA) U aKTUBUPYEM
unctpyment  «Object/Item  Shift». Bo Bkmagke «Translation» BbiOupaem
otHocutenbHo «Own frame» (koopauHaTHasi cUcTeMa, CBsI3aHHAs C TEKYIIHM
00BEKTOM) M BBOJUM, Ha KaKO€ PACCTOSIHUE OTHOCHTEIBHO TEKYIIETO TOJIOKCHHS
HEOOXOIMMO TIEPEMECTHTh BBIIEICHHBIH OOBEKT B COOTBETCTBYIOMIMX OCSX, TOCIE
yero Haxkumaem «Translate selection». AHanormyHO MOXHO BpamaTh IIAPHUAP BO
BKIIagKe «Rotationy» nactpymenTa «Object/Item rotate».

Brimeonvcanaelii MeTo/ pemiaet mpobiieMy MO3UIIMOHUPOBAHUS IIAPHUPOB, HO B
OOJBIIMHCTBE CIy4aeB €€ MOXKHO PEIIUTh eIle OBICTpEe, €CIU BOCIOJIB30BATHCS
BO3MOYKHOCTBIO pa3ieliCHUs] AJIEMEHTOB ¢ ceTkoil. [lepen Tem, kak caemarb 3To,
JydIIie BOCITOJIH30BATHCS JIOMOJTHATEIBHBIM «9€PHOBEIMY ciieHapueM. Co3maiTe ere
OJIMH CIICHApHWH U CKOMMMPYHTE Tyaa BCE DJIEMEHTHI CIICHHI. Jlanee B 4epHOBOM CIleHE
MBI JOJKHBI BBITOTHUTH TO3UITMOHUPOBAHKUE M TIOCIIC STOTO CKOIMUPOBAThH B paboUnid
CIICHApPHK YK€ KOPPEKTHO CITO3WIIMOHUPOBaHHBIM mmapHup. [Ipm KommpoBaHWU
00BEKTOB M3 OJIHOTO CIIEHAPHs B APYroi UX CBOICTBA coxpaHstoTca. KonupoBaHue u
BCTaBKa BBINOJHAIOTCA ¢ noMoLIblo coueranuii kiasum «Ctrl + C» u «Ctlr + V»
COOTBETCTBEHHO.

B yepHOBOM clieHapuH BBIOMpPAEM AJIIEMEHT THIIa «COCTaBHAs BBINYKJas (opMa» U B
KOHTEKCTHOM  MEHIO TpaBOM KHONKKM  MbIKA  BeiOupaem  «Edity =
«Grouping/Merging» > «Ungroup selected shapes». Takum o0pa3om, MOXHO
pa3aeNuTh UCXOIHBIM OOBEKT Ha HECKOJIBKO OUYEHBb MPOCTHIX POPM, U TENEPh MOKHO
BOCIOJIb30BaThCSl ~ KOOpAMHATAMU  JHOOOW M3  MOJY4YeHHBIX  GopM  Juid
NO3UIMOHUPOBaHUs wapHupa. [lo yxe M3BECTHOMY METOAY 3a/laeéM HeoOXOauMoe
M0JIO’KEHUE U OPUEHTAIIHIO, TIOCJIE YEro KOMUpPyeM HIapHUP U3 YEPHOBOTO B pabouunit
CLICHapUil.

B pesynpraTe MaHUNYNSAIUMNA TOJYYWIOCH 3aJaTh TOYHOE PACIOJIOKEHHE |
OpUEHTaIMIo ImapHupa. [Iponenap aHagorM4HbIe TEUCTBUS C APYTMMH ITapHUPAMH,
OCTaeTCs 3aJaTh YMTAEMbIe Ha3BaHHUs, YTOOBI B JaJbHEHINIEM ObLIO YI0OHO C HUMH
paboTaTh.

Pucynok 37 — [IukTorpamMmbl pa3iIudHBIX TUIIOB IIAPHUPA

Teneps, KOorga Bce IIApHUPHI HA CBOMX MeECTaxX, MOXHO 33/1aBaTh CBSI3U MEXIY
aneMeHTaMu. [[ns 3TOro co3maeM APEBOBUAHYIO CTPYKTYPY B HEpPAPXUU CLICHHBI,
BBICTaBJSIE OJHU OOBEKTHI B KauyecTBE JOYEPHUX OTHOCUTEIBHO JPYTHX.
BricTaBnenne wepapXvM HAauyWHAETCA C JIMHAMHYECKOTO0 OOBEKTa OCHOBAHUS
MAHUITYJISATOPA, KOTOPBIM SBJISETCS MEPBBIM POAMUTENEM, Jajiee UACT IIapHUp, a 3a
[IAPHUPOM JTUHAMUYECKUN OOBEKT, OIMDKAUIINN K OCHOBAHHUIO, 3aTEM IIAPHUP U T.I.
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Ha puc. 38 npuBenen npumep pe3yiabTaTa, KOTOPHIA HEOOXOIUMO MOIYYUTH MOCIE
BBITIOJTHEHHSI BCEX BBIIICONMCAHHBIX JEUCTBUN (0OpaTUTe BHMMAaHHUE HAa HEPAPXUI0
0OBEKTOB CILICHAPHUS).

Pucynox 38 — Mepapxusi 00bEKTOB U PacloiOKEeHHE MAapHUPOB MAHUITYJISITOPA

Ilnst Gonee ymoOHOTO OTOOpaXKEHWsT MAHUITYJISITOpa TaKXE MOXKHO YyOparh
OTOOpPaKEHHUE BHU3YAJIbHBIX CBOMCTB IIAPHUPOB.

[Ipuctynum K HacTpoiike mapHUPOB. BeiOupaem mapHup B HepapXuu CIEHBI U
BBIMOJIHsIEM KOMaH bl [Scene object properties = Show dynamic properties dialog].
B xontekctHoM okHe «Joint Dynamic Properties» OoTMETUM TpW BaXKHBIX IMyHKTa
(puc. 39).

— Motor enabled (BkIroueHHE/BBIKIIIOUCHHE MOTOPA).

— Lock motor when target velocity is zero ((ukcaryus MoTopa pu CKOPOCTH PaBHOM
HYJIIO).

— Control loop enabled (BkiTtoueHHE/BBIKITFOUCHUE [IUKIUICCKOTO YIIPABICHHUS).
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Joint Dynamic Properties

Motor properties
¥ | Motor enabled
Target velodity [deg)s] +1.0000e+01
Maximum torque [N¥m] 2.5000e+00
+ | Lock motor when target velodity is zero

Edit engine specific properties

Apply to selection

Control properties
Control loop enabled
Target position [deg] +0.0000e+00
Upper velodity limit [deg/s]

C — Edit custom contral loop

Proportional parameter
Integral parameter 0.000

Derivative parameter 0.000

Errre e T

Spring constant K [N] 1.000e-01
Damping coeffident C [N¥s] 0.000e+00

Apply to selection

Pucynok 39 — PenakTrpoBanue TMHAMUYECKIX CBOMCTB IMIapHHUPA

CraBuM ranouku HamnpoTuB "Motor enabled" (Bkmrouuts mMoTOp) M "Control loop
enabled" (BKIIOYHMTH HMUKINYECKOE YIPABICHHE) BO BCEX IMAPHMPAX MAHHUITYIISATOPA.
Creyrolum maroM Heo0X0IUMO YCTaHOBUTH CEHCOPBI.

JloGaiisieM ceHcop yepe3 komanabl [Add = Proximity sensor - Ray type], 3atem
BbIOMpaeM 3TOT OOBEKT U 3aJaeM TpeOyeMoe IOJOKEHHE U OpHUEHTaluuio (Ha
KOHEYHO 3BEHO MAHHUITYJISITOpPA). Y CTAHABIMBAEM IMPUBS3KY K KOHEYHOMY 3BEHY
MaHUIYJIATOpPa B UEPAPXHUU CLEHBI. DTOT CEHCOP OYyAET ONpeleNsTh pacCTOSHUE JO
oobekra. [IpuctynmuM Kk ero Hactpoiike. BeiOupaem ceHcop um mepexoauMm [Scene
object properties - Show volume parameters]. ITapamerp "Offset" orBewaer 3a
paccTosiHME, C KOTOPOrO0 HAyMHAeTcs OTCYeT, a mapaMerp "Range" orBewaer 3a
JaTbHOCTh Pa0OTHI CEHCOPA.

JloGaBnsiem erie OAWH CEHCOpP, KOTOPBIM TIO3BOJUT OMNPEIASTATh IBET OOBEKTa.
Beimonnasem komanabl [Add - Vision sensor —> Orthographic type], 3amgaem
HEOOXOMMOE TOJIO)KEHUEe M OpPHUEHTAIlMI0, 3aTE€M YCTaHaBIMBAeM TMPHUBSZKY K
KOHEYHOMY 3BE€HY MaHuUnyJsaTopa. B naHHOil paboTe ero HacTpanBaTh HE OyJIeM, Tak
KAaK HaCTPOMKH MO YMOJIYAHUIO OTBEYAIOT BCEM 3aJa4aM.

Tenepr no0GaBuM KyO, KOTOpBIM HeoOXxomaumo OyneT HCKaTh MaHUMyJIsTopy. B
rJ1aBHOM MeHIo BoiOMpaeM [Add —> Primitive shape - Cuboid], BbIOpaB
HeoOxoaumble rabaputsl kyOa, HaxkumaeMm "OK". BpicTaBisiem 1BeT B OkHE [Scene
object properties = Adjust color > Ambient/diffuse component] u ycraHaBmuBaem
€ro pacrnojokeHue B mpenenax padodeil 30HbI MaHUNyJsATopa. [ns Toro, 4toObl
KyOMK CTajql BUIUMBIM JJII CEHCOPOB, HEOOXOJIMMO MOMEHSTh €ro CBOWCTBAa 4epes
uHcTpyMeHT [Scene object properties - Common]. Heo0xoaumMo BBICTaBHTH
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csoiictBa "Collidable", "Measurable"”, "Detectable” u "Renderable" aktuBubIMU, Kak
nokaszano Ha puc. 40.

Apply to selection
Object special properties
¥ Collidable v | Measurable ¥ Detectable | details

¥ Renderable Cuttable (shape must be simple & non

Apply to selection
Pucynoxk 40 — CriennanbsHble CBOMCTBA OOBEKTOB

Jns ynoOGcTBa oToOpaskeHus: HHGOpMaIuH, IoIyd4aeMou ¢ ceHcopa, 100aBUM rpadux
3aBUCUMOCTH, KOTOPBIH OyneT oToOpa)xkaTtbcs BO BpeMsi MmojaeiaupoBanus. Co3mpaeM
rpaduk yepes raBHoe MeHIO [Add = Graph], 3axoauM B €ro CBOMCTBa U BEIOMpaeM
«Add new data stream to record». B «Data stream type» BwiOupaem THm «Various:
user-defined», a B «Object/items to record» BeiOMpaem «User data»y u Haxumaem
"OK".

[MpucTynuMm K IporpaMMHOM YacTh. BeiiennB ocHOBaHKE pOOOTa B MEPApXHUU CIICHBI,
BeIOMpaeM B riaBHoM MeHro [Add - Associated child script = Non threaded].
HanpoTuB Ha3BaHUs MOSIBUTCS MUKTOTpamMMa ckpunrta (puc. 41), 1BOMHOE HaKaTHe
110 KOTOPOH OTKPBIBACT PEIKUM PEAAKTHPOBAHUS CKPHUIITA.

Fi

Pucynok 41 — ITukTorpaMma 104epHEro CKpUmnTa

Jlanee mpuBeEeH CKPUNT YNpPaBICHUS MaHUITYJISITOPOM, KOTOPBIM OBLI peann3oBaH
OMHUM U3 CTyAeHToB. CKpUNT Aaliek OT ONTUMAIbHOTO KaK C TOYKHA 3PEHUS
IPOrPaMMHUPOBAHUSA, TaK U C TOYKHU 3PEHHS peau3allii alTOpPUTMAa YIPaBICHHUS.
[IpencraBieHHBIN CKPUNIT TAKXKE SIBISIETCS YHUBEPCAIBHBIM, T.K. MHOTHE TTapaMeTphl
3aBUCAT OT rabapuTOB M OCOOEHHOCTEN MaHHUIYJISATOpA. AJTOPUTM OCYIIECTBIISET
MOWCK M TIOMBITKY TMOABECTH KOHEYHOE 3BEHO K KyOy KpacHoro 1Beta. KyOuku
JPYTHUX IIBETOB MaHUITYJISATOP OyIeT HTHOPHUPOBATb.
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Pucynok 42 — biok nHHULIMANU3a[M UTOTOBOTO CKPUIITA

Pucynok 43 — biok ynpaBistomiero Koaa
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3amycKaeM CUMYJIALMIO.

Pucynok 44 — Pe3ynbTat MOJIETMPOBAHUSI MAHUITYJISITOPA

YTtoOBI COXpAaHUTb MAHHUIIYJIATOP KaK NCIYI0O MOACIb, AOCTATOYHO B CBOMCTBax

0a30Boro 00beKkTa (OCHOBAaHHE MAHUITYJISITOPA) JOMOJHUTEIHHO
3HaueHue «Object is model base» (puc. 42).

Apply to selection
Model definition
v | Object is model base Edit model properties

Ctther
Object / model can transfer or accept DMA
Collection self-collision indicator 0

Scaling Assembling

YCTaHOBUTD

Pucynox 45 — OkHO CBOWCTB OCHOBaHHUS MaHHITyJIsITOpa, pasaen «Model definitiony

Bomnpocs! Aj1s1 CAMOKOHTPOJIA:

1. MoXHO 1M WCMOJB30BaTh TMOTOYHBIM THUI CKpUINTA JUISI YIPaBICHUS

JTBIKEHUEM KOJIECHOTO poOoTa?

2. Kak wum3meHuTh nBer o0ObekTa? B Kakux ciaydasx IBET MOXET OBITh

MIPOUTHOPHUPOBAH (POTO-ceHCcopaMu porpammel V-REP?

3. CkoipkO 3HauyeHUM BO3BpallaeT (YHKLIMS CUWUTHIBAHUSA JaHHBIE C (oTO-

cencopa V-REP?

4. MOXHO M BBINOJHUTH MPEABAPUTENbHYIO 00pabOTKY JaHHBIX M3 CEHcopa

nepe BHIBOJAOM Ha rpaduk?
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IIpakTn4yeckas padbora Ne3
MonenupoBanue paboTbl aBTOHOMHOT'O MOOMIJIBHOTO poOoTa

Hear paGorbi: Co3gaHue CUMYJSILMM  YIPOUIEHHOTO MOOWJIBHOTO po0oTa u
peanm3ais aaropuTMa YIpPaBJICHWS B aBTOHOMHOM pexume. Moxens poboTa
JOJDKHA 007amaTh MUHUMAIBHBIMU — XapaKTEPUCTUKAMHU  KOJECHOTO  poOoTa.
AJNTOpUTM yTIpaBICHHSI TOJDKEH 00ECIIeUnBaTh ABM)KCHHUE 0 3aMKHYTOMY KOHTYpY,
OCHOBBIBASICh Ha JTAHHBIX C JATUYNKOB.

3aganue.

1. Pa3paboTaTh ympoIeHHYI0 MOEb KOJIECHOTO poboTa B mporpamme V-REP ¢
UCIIONIb30BaHuEM MHCTpyMeHTa «Primitive Shape» nunu pazpabotartsb
aHaJIOTUYHYI0 Mojenb B mo0oit CAD-cucreme u umnoptuposats B V-REP.

2. 3ajaTh CTPYKTypy Mojeiau (ONpeaenuTb MEXaHUYECKHE COCIUHEHMS),
BBIHECTU KaXKIBIA TUI 3JEMEHTOB Ha OTAEJbHBIN ClI0W. 3a/1aTh HEOOXOAUMbIE
CBOMCTBa MEXaHUYECKUX JIEMEHTOB.

3. J106aBuThH B MOJIENIb HECKOJIBKO CEHCOPOB M HANKCATh aJIFTOPUTM YIPaBICHUS,
KOTOpBIA MO3BOJISIET POOOTY NEPEIBUTaTbCSl MO 3aMKHYTOMY KOHTYpY
COIJIaCHO OIPaHUYEHUSIM, KOTOPBIE ONMCAHBI B ITYHKTE 4.

4. Orpanuyenus. Pazmep po6oTa B HCXOHOM IMOJIOKEHUHA HE MOXKET MPEBBIILIATh
B unHYy 20 ¢cM 1 B mupuHy 6 cM. OnMcaHue Tpacchl: MUHUMAJIbHAS IIMPUHA
Tpaccel - 30cM, MakcuMainbHas - 50 cM, MaKCUMaJIbHBIA yToi moBopoTta - 180
rpaaycoB. Tpacca orpakJieHa CTEHOM, BBICOTAa KOTOPOM cocTasiseT 20 cm.

B nanHoi#l maGoparopHoi paboTe mpejuiaraercs CMOACIUPOBATH MpoIecc padoThI
CaMOr0 PaclpOCTPAHEHHOrO TUIAa MOOMIIBHBIX POOOTOB - KOJecHOro. OCOOCHHOCTH
MOJIETTUPOBaHUS pOOOTOB JAHHOTO THIAa OOYCIIOBJICHBI XapaKTePOM HCIOJIb3YEMBIX
MPUBOJIOB M aJTOPUTMOB, KOTOpBhIE OTBEUalOT 3a 3(()EKTUBHOE BHITIOJHCHUE
MOCTaBJICHHBIX 3a/1a4.

B pamkax gaHHOW paOOThl HEOOXOJUMO HE TOJBKO CMOJAEIUPOBATH MEXAHUYECKYIO
COCTABJISIFOUIYIO CUCTEMBI, HO U PEau30BaTh aIrOPUTM YIPaBICHUS, T. K. AITOPUTM
VOpPABJICHUS  SIBISIETCS  HEOThEMJIEMOM  4YacThl0  JIIOOOW  COBPEMEHHOMU
POOOTOTEXHUYECKON CUCTEMBI.

B xone paboTbl JoiKHA OBITH MCMOJIB30BaHA OMOIMOTEKAa MOJEIUPOBAHUS (DUUKU
«Bullet Physics», Tarxke pomyckaeTcss wucmoyib3oBanue OuOmmorekn ODE. Jlns
peanu3aiy aJropuTMa YIpaBiICHUS HEOOXOIUMO BOCIOJIB30BATHCS PETYJISIPHBIMU
API dyHKIMSIMH, KOTOpBIE MPEACTABICHbI B IMakeTe «SiM», M OMUCAaHUE KOTOPHIX
MOXXHO HaWTH Ha CalTe€ MPOU3BOIUTENS MPOrPAMMHOTO OOECIeUeHUs] B pasieiie
«Resourcesy.

Bonpocsl 1151 CaMOKOHTPOJIA:
1. 3auem HyxeH «Control LOOp» 1 moyemy B CUMYJISIIUKM OH HE UCTIONIB3YeTCs?
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2. Tloyemy BBIOpaHO ympaBjIeHHE Yepe3 M3MEHEHHE CKOPOCTH BpalleHHs Kojec?
Kakue ajgpTepHATHBHBIEC CIIOCOOBI YIIPABICHHS €CTh?
3. Moxuno au ucmoib3oBath «Vision Sensor» Bmecto «Proximity sensor» B
JTAHHOU CHUMYJISIIIAN?
4. MOHO JI COXPAaHHTh KOJIECHOTO po0OTa M3 TEKYIIEH CUMYJISIUN KaK MOEIIh
u no6asuts B «Model browser»?
Onucanne padoThbI.

PaccMoTpum mpocTednii BapyaHT peanu3aldd aBTOHOMHOTO poOOTa Ha 4YeThIpeX
KoJiecax. Bce ueTbipe Kojeca He3aBUCUMBI, U HA KaXKJIOM U3 HUX UMEETCSI IapHUp.

Onwupasicb Ha METOJl, ONHMCAHHBIA B JabopartopHOoW padote Nel (¢ TOMOIIKIO
uHcTpyMeHTa «Primitive Shape»), coszmaeM npsMOYyrojbHBIM MapajieiorpaMM U
YeThIpe IWIMHAPA 3aJaHHON TONMIUHBI (CM. raOapUTHBIC pa3Mepbl B OMUCAHUU K
JlaGoparopuoit pabote). Ilocme »3Toro HeoOXOAWMO 3ajaTh IOJIOKEHHE U
OPHEHTAIMIO JIUIsI BCEX KOMIIOHEHTOB, KaK MOKa3aHo Ha puc. 46. KOMIOHEHTHI THIIa
«[Ipocthie GOpPMBI» yXKE HMEIOT ONTHMAJIbHYIO CETKY JUISI MOJCITMPOBAHUS
JTMHAMHUKH, MO3TOMY OCTAeTCs TOJIbKO YOETUThCS, YTO JUHAMHUYECKHE CBOMCTBA
YCTaHOBIICHBI KOPPEKTHO.

Takke MOXHO TI0O METOJIMKE, MPEJICTaBIEHHON B J1abopaTtopHoi No2, mpubernyTh K
nomoiu 060t CAD-cuctembl U ummnoptupoBaTh Mojenu B V-REP. B nocinennem
cillydyae HEOOXOJMMO CO3/JaTh KOMHUHU DJIEMEHTOB C ONTHUMH3UPOBAHHOM CETKOU
(moIpoOHO pacCMOTPEHO B MpeNbIAylled padoTe) Ha OCHOBE HMIIOPTUPOBAHHBIX
CAD wmopneneii. Takkxe He 3a0bIBaeM, 4TO B 3JIEMEHTAX C ONTUMHU3UPOBAHHON CETKOU
HEOOXOJMMO 3aJaTh BCE JWHAMHYECKHE CBOWCTBA M TIIOCTABUTHh IPHUBSI3KH
TUHAMUAYECKHX DJIEMEHTOB K HCXOJIHBIM dJIEMEHTaM.

Hanee nobGapsieM B ClieHApUi MIAPHUPHI C OJTHON BpalllaTeIbHON CTENEHBIO CBOOO/TbI
M 3aJaeM UM pacnojio)keHue (M OpHUEHTAlMI0) MO LEHTpaMm Koy€c, 3aTeM
yCTaHABIIMBAaEM JIPCBOBUJIHYIO MEpapXuio 00beKTOB (puc. 46), TeM cambIM 3aj1aBast
CBSI3M 3JIEMEHTOB Mojenu. O0parute BHUMAHHUE, YTO B JJAHHOM CIy4yae «OCHOBOI»
poboTa SBISETCS KOPITYC, K KOTOPOMY BCE OCTAIbHBIE KOMITOHEHTHI IIPUBSA3BIBAIOTCSL.

JI71s1 CBOEBPEMEHHOTO MOBOPOTA KOJECHOr0 podoTa MpH JABMXKEHUH MO 3aMKHYTOMY
KOHTYpPY JOCTaTOYHO BOCIIOJIb30BaThCs IBYMs ceHcopamu. [loOaBisiem aBa ceHcopa
tuna «Proximity sensor» B CUEHapWil CUMYJALMM U 33Ja€M UM MOJOKEHHE Ha
NepeHel 4acTh KOpIyca KOJECHOIO po0OTa, TAKKE YCTaHABIMBAEM OPHEHTALIUIO
noa yriaom 45° B pasHble CTOPOHBI OT poOOTa W BHepel. BeicTaBisieM NpUBS3KH
CEHCOPOB B HEPAPXUHU CIEHbI, TEM CaMbIM 3aKpeIulsisi CEHCOpPhl B TEKYIIEM
MOJIOKEHUH OTHOCUTENBHO KOpITyca.
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Pucynok 46 — IIpuMep aBTOHOMHOTO KOJIECHOTO poboTa

Ocranock pa3paboTaTh aIrOPUTM YIIPABICHUS W peau30oBaTh CKpunT. JlodyepHwmii
CKPHIIT HEOOXOJIMMO TMPHUBSA3aTh K OCHOBAHHUIO POOOTA, T. €. K KOPIYCY KOJIECHOTO
pobora.

Jlanee mpuBeIeH CKPHNT, pa3pabOTaHHBIA OAHUM M3 CTYIACHTOB M PCATU3YIOIIHMA
IPOCTOE UKINYECKOE ABUKEHHUE 110 3aMKHYTOMY KOHTYpY:

'Motor BL'

=] Fy 0 = L B

'positionl="
'"positionl="
'positionl="
'positionl="
lFL!
'FR'

Pucynok 47 — Ckpunr 6;10ka HHUITHATA3AITUN
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'Motor BL'
"Motor BR'
'Motor FL'
'Motor FR'

=] & N La B =

[

'"positionl="
'"positionl="
'"positionl="
"positionl="
lFL!
lFR!

[ [ [ [ [
=] & N & B =

0 Co

[ I o I

Pucynok 47 — Ckpunt 6;710Ka HHUITHATA3AITUN
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Pucynok 48 — CkpunT OCHOBHOTO 0JIOKa yTpaBICHHUS

Jlamee HeOOXOAMMO CO37aTh 3aMKHYTYIO Tpaccy sl OOeCIeUeHHs YCIOBHI
cumyisiiun. J{ist atoro akrusupyem «Model browsery = «infrastructure» = «wallsy
U BbIOMpaeM cTeHbl BhICOTON 20 MM. C IOMONIBIO YK€ MMEIOIIUXCS MOJIENeH CTeH




MOKHO CO3/1aTh TPACCy, OTBEUAIOIIYIO yCIOBUSM J1abopatopHoii padots! (Ha puc. 49
NOKa3aH OJINH M3 BO3MOKHBIX BAPUAHTOB).

Pucynok 49 — IIpumep 3aMKHYTO#H Tpacchl Ui KOJIECHOTO poboTa

3anyckaeM cumyssinuio. KonecHslid poOOT TOHKEH MPOoe3kaTh 3a/JaHHYIO Tpaccy, He
OCTAHABJIMBASICh U HE 3acTpeBasi. Bo3MOXHO, UTO M3-32 HEKOPPEKTHO BBICTaBICHHOU
Macchl U YCTaHOBJIEHHOM BBICOKOM CKOPOCTH B CTAPTOBOM MO3ULIUU POOOT MOXKET HE
BIIMCHIBATHCS B IOBOPOTHI MIIM BOBCE IIEPEBEPHYTHCS BO BPEMS HadaJla JBUKCHUS.

CylecTByeT [OBOJIBHO PACHpOCTPAHEHHBIA METOJ JABWKECHUA MO 33JaHHOMU
TPaCKTOPHH, KOTOPBI XOpPOIIO OMHCHIBACT HEKOTOPHIE peabHbIE CHCTEMEI.
[TomoOHBI TpuMep TpHUBEACH B ydeOHOM mocobun [13], rae mMONHOCTHIO
PACKpBIBAIOTCS BO3MOXKHOCTH peau3alliid JABUXKYIIUXCS CHCTEM II0 3aJaHHOM
TPaeKTOPHH.

143



