Open Dynamics Engine

PykoBOACTBO MOIb30BaTENSA



OT cocTaBuTens

OtkpbiTein  OuHamuyeckui Oewxok (Open Dynamics Engine, nnu ODE) - ato 6ecnnaTtHasa 6ubnuvoTteka
NPOMBILLIIEHHOMO KayecTBa, NpefHasHayeHHas Ans CUMynsuun AMHaMUKU COCTaBHbIX TBepAbix Ten. OHa
XOpOLLO MOAXOAWT ANA TPaHCMNOPTHbIX CPeacTB, CYLECTB C HOramu M OBWMXKYLLIUXCA OOBLEKTOB B BMPTyarlbHOM
npoctpaHctBe. OHa ObicTpa, bka W nNpocTa, MMEET BCTPOEHHOoe onpefeneHve cronkHoBeHun. ODE
pa3pabartbiBaetcsa Paccenom Cmutom - hitp://www.q12.org

[aHHOoe pykoBOACTBO COCTaBfEHO MHOW Ha oOcHoBe pJdokyMeHTa "OTkpbiTbin [duHamudeckuin  [BUXKOK.
PykoBoacteo nonbsosartens v0.5" ("Open Dynamics Engine v0.5 User Guide" by Russell Smith. Copyright ©
2001-2004 Russell Smith) B nepeBoge [eHnca TatapuHueBa aka asmzx “ ONTMMU3NPOBAHO MOL HYXAb
nonb3oBaTenen rpadudeckoro asmxka Xtreme3D, B coctaB Bepcun 2 kotoporo Bxoant ODE v0.8.14.0. Bce
Ha3BaHMA QYHKLUUIA JAOTCA B TOM BUAE, B KAKOM OHM ObINM JOHECEHbl 4O KOHEYHOrO Mosib30oBaTesis aBTOPOM
Xtreme3D. Cnucok dyHkuun ODE un3 Xtreme3D v2.0.2.0 otnmyaetca ot cnvcka m3 Xtreme3D v2.0.0.0.
HekoTopble CTpykTypbl arieMeHToB M koHuenuun ODE B Xtreme3D oTnmyatoTcs OT TakoBbIX B OguUMarbHbIX
anctpmbytusax u gokymeHtaumm ODE. HacTosTenbHO pekoMeHOyeTcs NpUHATL 3TO K CBEAEHUIO BO u3bexaHne
oTAeNbHbIX HECOBMECTUMOCTEN U "HEMOHATOK" B LIENoM.

Ypauu!

Tumyp MNaghapoe aka Gecko

JInueH3na ODE

ODE (C) Copyright 2001-2004 Russell L.Smith. Bce npasa 3aLuiLeHbl.

OTta 6ubnunoTteka sBnsieTcsa cBOOOOHBIM MpOrpaMmHbiM obecrnedyeHneM; Bbl MOXeTe ee nepedaBaTb W/Wnu
MoaucmLmpoBaTb B COOTBETCTBUM C TEPMUHAMM CMNELYIOLLMNX NULEH3NOHHbIX COrMalleHuni:

1.GNU Lesser General Public License (http://www.opensource.org/licenses/Igpl-license.html) ony6nukoBaHHoe
Free Software Foundation; Bepcus nuueH3um 2.1, unm Ha Balle ycMOTpeHue 6onee nNo3gHeln Bepcum.

2. BSD-Style License (http://opende.sourceforge.net/ode-license.html).

OTta 6ubnuoTeka paspaboTaHa C HagexaoW Ha TO, YTO oHa OydeT nonesHa, Ho 6e3 kakMx Obl TO HM ObINo
rapaHTui. [ina 6onee getanbHOM MHpOpMaLUM CMOTPETE BbILLEYNOMSAHYThIE FINLIEH3NN.




CnoBsapb TEpMUHOB

OTOT KpaTKMN TEXHWYECKUN CnoBapb COAEPXKUT OMNUCAHWUA HEKOTOPbIX OCHOBHLIX Cheundnyecknx TePMUHOB
KoHuenumm ODE. Ecnn Bbl Tonbko Havanu usydeHne ODE, pekomeHayeTcs obpaliatbCsa K CroBapto, TONbKO
€Cnn Bbl BCTPETUIN TEPMUH, OOCENe BaM He3HakoMbIi, unu onucaHne dyHkuun ODE, u3 koTtoporo coctouT
OCHOBHas 4YacTb HACTOSLLEro pykoBOACTBA, Ha Ball B3rnsd, COAEPKUT HEAOCTATOMHO NoApPOOHbIE Pa3bsCHEHMS
ocobeHHocTen ODE u ero anemeHToB. CyTb MHOMMX TEPMUHOB M MOHATUI HAMHOrO ferde yYsiCHWUTb, YXe
OCBOVBLLMCb C 4YacTb0 NPMBEAEHHOIO MaTepuana.

Bonee nogpobGHyto wmHGopmaumio o ODE, a Takke BCTpeYalLlMXCA MOHATUSAX M3 (DUINKA, MEXaHUKU U
MaTeMaTUKN MOXHO HalTu B CETW.

Cumynsiuua (simulation) - BupTyansHoe mogenupoBaHMe MexaHWYeCcKMX CBOWCTB M MPOLLECCOB, XapaKTePHbIX
AN AMHaMuKM unsmdecknx oobekToB (Ten).

MHuTerpaumsa (integration) - npouecc cumynsuumn cuctemsl TBEpAbIX TEN BO BpeMeHu. Kaxabin war nHterpaumm
yBenuuuBaeT Tekyllee BpeMsi Ha 3afaHHbli War U ycTaHaBnMBaeT HOBble 3HAYEHUs1 COCTOSHWA AN Bcex
xecTknx Ten. CyulecTByeT ABe rMaBHble NpobremMbl MpU NHTErpauun:

1. Hackonbko OHO TOYHO, 8 UMEHHO, HAaCKOMbKO TOYHO MOBEAEHME UMUTUPYEMON CUCTEMBbI COBMadaeT C TeM, YTO
NPOUCXOAMUT B peanbHOWN XU3HN?

2. Hackonbko OHO CTabunbHO, @ WMEHHO, KaK OWMWOKM B BbIYMCIEHMSX CKa3biBAlOTCA Ha (PU3MNYECKM
HEKOPPEKTHOM MOBeAEeHUN (T.€. BbiHYyXKOasa CUCTEMbI “B3pbIBaTbCA” €3 NpUYnHbI)?

Tekywas peanusaumsa unterpaumm B ODE o4yeHb cTabunbHa, HO HE OYEHb TOYHA, AaXe HECMOTPS Ha ManeHbKUN
war BpemeHun. [ina 60nblUMHCTBA Cry4aeB 9TO He ABNAeTcsa NpobrnemMon — ¢ TOYKU 3peHust usmkn, noBeaeHue
ODE no4ytn BO BCex cry4vasix CMOTPUTCS MNPeKpacHo. TemMm He MeHee He cTouT mucnonb3oBatb ODE gns
KBaHTOBOW hU3MKM, A0 TEX Nop, Noka B CreayoLnX Bepcusax npobnemsl C TOHYHOCTbIO He ByayT peLueHsbl.

LLar BpemeHu uHTerpauumn (Step) - 3agaHHbIi BPEMEHHOW OTPE30K A0 CrneaytoLlero oOHOBNEHMS COCTOSAHUS
3MIEMEHTOB CUCTEMbl cumMynsaumm (3HadveHue delta). Yem MeHble war, TemM Bbllle TOYHOCTb, HO HKXE
CTabunbHOCTb.

CouneHeHue (joint) - cTpykTypa, ncnonb3yemas Ans coeAMHeHus OByx Ten. 3TO Takoe B3aMMOOTHOLLUEHUE
Mexay ABYyMS Tenamu, npu KOTOPOM Teria MOryT 3aHMMaTb OonpefdeneHHyl Mno3vuMio U opueHTauuio apyr
OTHOCUTEnNbHO Apyra. Takoe B3aMMOOTHOLLEHWE Ha3bIBaeTCs coeunHeHneM (constraint) — cnoBa couneHeHve u
COefiIMHEHWE YacTo B3aMMO3aMEHSIEMbI.

Tunbl couneHenunn B ODE: wapuk-B-pasbeme (ball-and-socket), crubanne (hinge), ckonbxeHue (slider),
crnbanwne-2 (hinge-2), ynnsepcansHoe (universal), dukcuposaHHoe (fixed).

TBeppoe Teno (rigid body) - dumsmyecknii 06BHEKT, UMEIOLLNIA OTHOCUTENBHO MOCTOSIHHBbIE 0OBbEM U hopMmy.
Teepable Tena B ODE pasgenstoTca Ha ABa Tvna: guHamudHble (dynamic) n ctatudHble (static). JuHamunyHble
Terna umerlT Maccy, MOryT NepemMeLlaTbCs U U3MEHSTb CBOIO OPUMEHTALMIO B MPOCTPaHCTBE, K HUM MOryT ObiTb
NPUNOXeHbI CUMbl, U OHWM MOTYT CTarnkuMBaTbCs Apyr ¢ gpyroMm. CTaTuyHble Tena BCerga Haxogdatrca B O4HOM
NONOXEHUN, HO MOTYT y4acTBOBAaTb B CTONKHOBEHUSAX C AMHAMUYHBIMWU TENaMM.

Kaxxgoe Teno umeeT nokanbHyto cuctemy XYZ-koopAuHaT, KOTopas nepemMeliaeTca v Bpawaetcs BMecTe C
TenoMm. Havano aTon cuctemMbl KOOpAMHAT COBMagaeT C TOYKOM pacronoXeHust Tena. Hekotopble 3HadeHMs B
ODE (BekTopa, matpuupbl 1 T.4.) 3a4aloTcsa B foKaribHOW CUCTEME KoopAuHaT Tena, a Apyrue B rnodarnbHoMN.
YutuTe, 4TO ghopma XKeCTKOro Tena He sIBNSeTcs AMHaMUYeckum cBOMCTBOM. OHa MMeeT 3HavyeHne TOnbKo Ans
onpeneneHns CToNKHOBEHUN.

FeomeTpus (geometry) - dyHOameHTanbHLIN OOBLEKT B CUCTEME CTONMKHOBEHWN. Jllobas reomeTpus mMoxet
CTONKHYTCS C [OpyronW reomeTpvenm u obpasoBaTb HOMb wunu Gonee Tovek KoHTakTa. Kaxgas reometpus
OTHOCUTCS K KakoMy NnMbO Knaccy, Takomy, kak cdpepa, NocKoCTb UMM NPSIMOYrONbHLIA Napannenenvnes.

MoBepxHocTL (surface) - NoacTpyKTypa, onpeaensioLasl CBoNCcTBa B3aUMOAENCTBUS FeOMETPUIA.



Mapametp ymeHblweHus ownbku (Error Reduction Parameter - ERP) - [NapameTp, KOHTponupytowmii cuny
BO3BpaLLEHNs TeNn Ha NpaBuibHbIE NO3MLMM BO BPEMS KaX4oro Lwara Ans KoMmneHauum oLmboK Npu CouneHeHnm
OByx Ten. OT0 Heobxooumo, 4YTOObLlI Tena 3aHuManu onpedeneHHOe MONOXEeHWe W OopueHTauuio  apyr
oTHocuTenbHo apyra. ERP npuHumaeTt 3HaveHne ot 0 go 1. ERP onpegensieT nponopuuto, B KOTopow ownbka B
couneHeHun GygeTt ucnpaBnATbca B cnegylowem ware cumynsumn. Ecnn ERP=0, 1o koppekTupytowasa cuna
npunaratbcs He ByaeT, u Tena OyayT nepemellaTbCs B COOTBETCTBUM C XodoMm cumynsuuu. Ecnm ERP=1, 10
fbynet npeanpuHMMaTbLCHA MOMbITKA UCMPaBUTb BCE OLUMOKM B COYNIEHEHMSIX Ha CriedyloweM Lare CUMynsuuu.
Tem He MeHee, yctaHaBnumBaTb ERP=1 He pekomeHayeTCs, MOCKOMbKY OLWIWMOKA B COYNEHEHWM Henb3s
MOMHOCTLIO YCTPAHUTb M3-3a Pa3fMYHbIX BHYTPEHHUX OKpyrneHun. PekomeHayeTcs ycTaHaBnuBaTb 3Ha4YEHUS OT
0.1 po 0.8 (0.2 - 3HayeHne no ymonuaHuio). MMobanbHoe 3HayeHne ERP Bo3gericTByeT Ha GOMbLIMHCTBO
COYMEeHeHu cumynsaumMn. Tem He MeHee, HEKOTOpble COYNIEHEHUS MMEIOT NokarnbHble 3HaYeHus ERP, koTtopbie
KOHTPONUPYIOT onpeaerneHHble acnekTbl UX NoBeAeHUs.

CmewwuBalowan cuna coeauHeHusa (Constraint Force Mixing - CFM) - lNapameTp, KOHTpONMpyOWMIA Tak
Ha3biBaeome "Msirkoe" coeauHeHne Ten. bonbLUMHCTBO coeauHeHun no ceoen npupope “tBepabie” (hard). 1o
3HAYUT, YTO COEQMHEHMNE HAXOOUTCS B ONpPeerieHHbIX YCNOBUSX, KOTOpbIE HUKOrAa He MOryT ObiTb HapyLUEeHbI.
Hanpumep, wapuk Bceraa AoimkeH ObiTb B pasbeme, a crmbaHne OOMKHO NPOUCXOAUT BOOMb OAHOM NuHUK. Ha
NnpakTuKe COeaUHEHNs1 MOTyT ObITb HapyLlEeHbl HenpegHamMmepeHHbIM BO3HUKHOBEHMEM OLUMOOK B CUCTEME, HO C
NMOMOLLIbIO NapamMeTpa yMEHbLUEHUS OLLUNOKN MOXHO OTKOPPEKTMPOBATL 3TW OLUNGKM.

He Bce coeaunHeHus xecTku. HekoTtopble “msarkme” (soft) coeamHeHns paspaboTaHbl Ang Toro, 4tobbl ObiTb
HapyleHHbIMWU. Hanpumep, KOHTakTHOE COefMHEeHue, KOTOpOoe NnpenoTBpallaeT CTankuarolmecs o00bekTbl OT
B3aMMHOIO MPOHUKHOBEHWUSA, MO YMONYaHUIO XKECTKM, 3TO BLIMMAAMT Tak, kKak OyaTto crankveawoLlmecs
NOBEPXHOCTU cAenaHbl U3 ctanu. Ho ana cumynsauMm maTepuanoB MNoMsIrMe MOXHO caenaTtb Msrkoe
coeavHeHne, TeM caMbiM MO3BOSMIMB MpU B3anMMOOENCTBUM [BYX OOBEKTOB UMETb MECTO €eCTECTBEHHOMY
NPOHNKHOBEHMIO.

Ecnu CFM ycTtaHoBneH B HoMb, coeanHeHne byaeT xectkum. Ecnn B CFM ycTaHOBNEHO NONOXUTENBHOE YMCHO,
TO MOSBNSAETCA BO3MOXHOCTb HapywaTb coefuHeHue “cmellenHnem”. [pyrMmMyM crnoBamu, COeLVHEHue
CTaHOBUTCHA MArkUM, U MArkoctb OyaeT HapacTaTb € yBenuveHnem CFM. lNpowucxoauTt 3gech criegyollee:
coefMHeHMI0 no3BofsieTcs ObiTb HapylweHHbIM nponopunoHansHo CFM pas, BoccTaHaBnuBasi cuny, kotopas
HY)XHa ONSA yOepXaHusi coeduHeHusi. Yutute, 4to yctaHoBka B CFM oTpuuaTtenbHOro 3HadeHus npuBedeT K
HenpeackasyemblM oTpuLaTerbHbIM NOCNEACTBUAM, HAanNpumep K HectabunbHocTu. He genawnrte aToro.

Axkkymynatop cunbl (force accumulator) - COBOKYNHOCTb Cun, NPUAOXKEHHBIX K Teny. Mexay kaxgbiM Lwarom
WHTErpupoBaHns Monb3oBaTenb MOXET Bbi3blBaTb (MYHKUUWM MPUIMOXKEHUS CUM K XKECTKOMY Teny. OTW CuMbl
HakannuBalTCs B akKymyrnsTope cunbl TBepdoro Tena. Korga npovcxoguTt cnegylowmin war UHTerpupoBaHus,
CyMMa BCEeX NPUITOXEHHbIX CUI Bbi3blBaeT nepeMeLleHne Ttena. AKKyMynsaTop curbl YyCTaHaBnMBaeTCs B HOMb
nocne Kaxgoro Lwara MHTerpyupoBaHus.



®dyHkuun ODE

Hwxe npuBegeH NonHein cnncok AocTynHbiX B Xtreme3D dyHkuuin ODE ¢ nogpo6HbIM onncaHneM. Hekotopble
MOHATUS MOryT NnoTpeboBaTb OTAENbHOrO Pa3bACHEHUs, NMO3ITOMY MHOrAa gatTcsa 6onee pasBepHyTblie ONUCaHNs
npuHUMNa AeNCTBMSA TOW N MHOM doyHKUMK. YacTb cBeeHu cobpaHa B crioBape TEPMUHOB (CM. CTp. 3).

MoyTn BCe dyHKUUM NPUHUMAIOT Y BO3BpAaLLAOT AeNCTBUTENbHbIE 3HaveHus (real). Tonbko HekoTopble PyHKLUMK
NMPUHMMaIOT B KayecTBe apryMeHToB mfornyeckme 3sHayveHus (boolean), 1o ectb 0 wnm 1 (true un false).
YNoMuHaemble KOHCTaHTbl (BCTPOEHHblE MOCTOSHHbIE 3Ha4YeHWsi)) B HEKOTOPbIX ucxogHukax GM6 moryt
oTcyTCcTBOBaThb. HasBaHua dyHkuun, npucytcTBylowmMX B obeux Bepcusax Xtreme3D V2 (2.0.0.0 n 2.0.2.0)
BblAeneHbl KpacHbIM LIBETOM, NPUCYTCTBYHOLLUX TOnbKo B Xtreme3D v2.0.2.0 - domoneToBbiM, TUMbl 3HAYEHUN -
CVHUM, BCTPOEHHbIE KOHCTaHTbl - 60pA0BbIM.

K HEKOTOPbIM (PYHKLUNSAM Ha AaHHBLI MOMEHT HET onucaHui. B yacTHocTH, 3TO cneaytowme yHKUUK:
OdeManagerSetMaxContacts(max);

OdeManagerGetNumContactJoints();

OdeDynamicCalibrateCenterOfMass(obj);

OdeDynamicGetContact(obj,index);

OdeStaticGetContact(obj,index);

OdeJointlnitialize(joint);

MeHeaxxep ODE

real = OdeManagerCreate();
CospaeT HOBbIN MeHeaxep.

real = OdeManagerDestroy();
YHUYTOXaEeT MEHeXXep U BCE YTO B HEM HAXOAUTCSI.

real = OdeManagerSetSolver(solver as real);

YcTtaHaBnmBaeT MeTo4 nHTerpauun. [JocTynHel cregyouime 3HavyeHus:

osmStep =0

osmStepFast = 1

osmQuickStep = 2

osmStep: ucnoneayetcs metod "6onbon” matpuupl (big matrix), koTopbin TpebyeT BpeMeHn pacyeTa nopsaka
m® 1 namsaTM nopsika m?, rae m - obluee KONMYECTBO CTPOK MaTpuLbl. st Gonblwmnx cuctem TpebyeTcss MHOro
namsTn, CKOpPocTb paboTbl ByaeT HU3Ka, HO Ha TEKYLLUMIA MOMEHT 3TO CaMblil TOYHbIN MeTOoS,.

osmStepFast: gna 6onbwmnx cucteMm osmStep MoXeT noTpeboBaTb MHOMO MaMsaTU U BPeEMEHM ANs pac4yeTa.
osmStepFast obecneuvBaeT anbTepHaTUBHbLIA MYTb PELUEHUS 3TON NPOOMEMbl, MPUHOCH B XEPTBY TOYHOCTb.
osmStepFast He 3aBMCMT OT KONMM4yecTBa uTepauun B OgHOM Lare. Vcnonb3ynte STOT MeTOA, Koraa y Bac
MMEEeTCs HEMHOro napamMeTpoB, BUAKOLMX Ha CTabWUMbHOCTb, M Bbl XOTUTE MCMOMbL30BaTb NpeumyLlecTBa
CKOpPOCTM Unu pacxofa namaTu. [lpyron coBeT ucnomnb3oBaHns osmStepFast - aTo cpasy opueHTMpoBaTbCs Ha
3TOT MEeTOA, ecnv Bbl 3HaeTe 4YTto OygeTte cTpouTb 6Gomblive Mupbl ¢ 6OMbLUMM KONMMYECTBOM (OU3NYECKUX
obbekToB. lMocnegHun coBeT Mo Mcnonb3oBaHMio osmStepFast - 370 ncnonb3oBaTh €ro TOMbKO Tam rae 3To
Heobxoammo. MockonbKky osmStepFast ncnonb3yeT Takne e CTPYKTYpbl TeNa 1 Mupa kak n osmStep, To MOXHO
nepekniyaTcs Mexay HUMu.

osmQuickStep: ucnonedyetcsa meton utepauunn, KotTopbln TpebyeT BpemeHun nopsgka m*N n namatn nopsgka m,
roe m - obwee konuyecTBo CTpok MaTpuubl U N - konmM4ecTBo UTepaumn. Ona 6onbwmx cuctem ato pabortaet
HaMHoro 6bicTpee Yem osmStep, HO MeHee ToYHO. osmQuickStep oTNMYHO NoaxoauT Ans 6oNbLLOro KoMYecTea
06beKTOB, OCOBEHHO BMECTe C aBTO-BbIKINIOYEHWEM (CM. HWXe). TeM He MeHee, MMEeT He OYEeHb XOPOLUYIo
TOYHOCTb ANA HeycToMumBbIX cucteM (near-singular). CuctemMa MOXeT CTaHOBUTbLCH HEYCTOMYMBOW, Korga
NCMNOMb3YIOTCHA KOHTaKTbl C CUMbHBIM TPEHMEM, ABUraTenn u onpeaeneHHble CoOCTaBHbIE CTPYKTYpbl. Hanpumep,
pobOT C HECKONMbKMMW HOramu, CUASLWMA Ha 3emne. YBenuyeHue utepauumn B osmQuickStep MoXeT HeMHoro
NMOMOYb, HO HE CUNBHO, ECNN CUCTEMA HEeYCTOMNYMNBA.

real = OdeManagerSetlterations(it as real);
YcTaHaBnuBaeT 1 nonyyaeT KONMYECTBO UTepaL i, KoTopble Ucnonb3yet metod osmQuickStep Ha kaxaom wware
pacyeTa. 3HadeHume no ymonyaxuio 20 ntepaumn.



real = OdeManagerStep(delta as real);
CoBepluaeT war nHterpauumn pasmvepom B delta.
WcnonbayeTca metoa, yctaHoBneHHbIn dpyHkumnen OdeManagerSetSolver.

real = OdeManagerSetGravity(x,y,z as real);
YcTraHaBnmBaeT BEKTOp rpaButaumm meHemxepa. Bektop rpasutauun 3emnu 6yget (0,-0.981,0), npegnonaras,
4yTO OCb +Y HanpasneHa Beepx. 1o ymonyaHuio rpasutaumm Hert, T.€. (0,0,0).

real = OdeManagerSetMaxContacts(max as real);
<CefeHus oTCyTCTBYIOT>

real = OdeManagerSetVisible(mode as boolean);
MepekntoyaeT pexmm BUANUMOCTM reoMmeTpum Ten. Mo ymonyaHuio BUAMMOCTb BbIKITHOYEHA.

real = OdeManagerSetGeomColor(color as real);
YcTaHaBnumBaeT UBET 0TOOpaeHus nnHun reomeTpum Ten. Mo ymonyanuto uBeT kpacHein (RGB 255,0,0).

real = OdeManagerGetNumContactJoints();
<CBefeHust OTCYTCTBYIOT>

MapameTpbl mupa ODE
(Tonbko B Xtreme3D v2.0.2.0)

real = OdeWorldSetAutoDisableFlag(flag as boolean);

real = OdeWorldSetAutoDisableLinearThreshold(velocity as real);

real = OdeWorldSetAutoDisableAngularThreshold(velocity as real);

real = OdeWorldSetAutoDisableSteps(steps as real);

real = OdeWorldSetAutoDisableTime(time as real);

YcTaHaBnmBaloT napaMeTpbl aBTO-BbIkMoYeHUs (auto-disable) ans Bcex Ten. 1o TpebyeT NOSACHEHWS.

Kaxgoe Teno moxeT ObiTb BkMoyeHo (enabled) wnu BoeikntoyeHo (disabled). BkntoveHHble Tena yvacTBylOT B
CUMYNSLMKN, B TO BPEMSI KaK BbIKITIOYEHHbIE Tena AeaKTUBMPOBaHbl U UX COCTOSIHUSI HE OOHOBIIAOTCS BO BPEMS
waroB cumynsauum (simulation step). HoBble Tena Bcerga co3garoTcs BO BKIIIOYEHHOM COCTOSIHUM. BhIKIOYEHHbIE
Tena, KOTopble COEAMHEHbI COYNeHeHusMM (joint) C BKMIOYEHHBIMWM Tenamu, aBTOMAaTUYECKU BKITHOYAOTCA Ha
crneayoLwem ware CUMynsauum.

BbIkntoueHHble Tena He TpaTAT BpeMsi mpoueccopa, No3TOMY HEMNOABMXKHbIE Tena Hado OTKMYaTb. OTO MOXeT
ObITb CoenaHo aBTOMaTMYECKM NPU NOMOLLIM BO3MOXHOCTEN aBTO-BbIkIoYeHUs (auto-disable).

Ecnu donar aBToO-BbIKINIOYEHUS] YCTAHOBIEH, TO Tena 6yayT aBToMaTUYECKN BbIKIMIOYATLCS, KOoraa:

1. OHn OynyT Ge3nencTBoBaTh 3a4aHHOE KONMYECTBO LLAroB CUMYIISLMN.

2. OHn byayT Be3gencTBoBaTh 3agaHHOE BpeMS CUMYNALNK.

Teno cumTaeTcs 6e34eNCTBYIOLUM €Cl BENNYMHA NIMHENHOW M YIIOBbIX CKOPOCTEN MeHblue 3a4aHHOoro nopora.
Taknm 06pasom, Kaxxgoe Terno UMeeT NATb NapaMeTpPoB aBTO-BbIKITOYEHUS: dhnar Bkntoyenus (flag), konmdecTso
waros 6e3gencTteus (steps), Bpems 6esgenctaeus (time), noporn nuHerHown (linear threshold) n yrnoson (angular
threshold) ckopocTn. TonbKko 4TO co3gaHHble Tena 6epyT 3T NapamMeTpbl U3 MeHekepa.

MapameTpbl MO yMONYaHWIO:
AutoDisableFlag=0
AutoDisableLinearThreshold=0.01
AutoDisableAngularThreshold=0.01
AutoDisableSteps=10
AutoDisableTime=0



®DYyHKUUM TBEepAbIX Ten
OcHoBHbIe thyHKLMM AMHAMUYHOrO Tena:

real = OdeDynamicCreate(obj as real);

Cospaet gnHamu4yeckoe Teno u sodspallaeT ero |ID. O6bekT obj BeicTynaeT B ponun obbekta NPMBA3KY - TO €CTb,
ans Toro, 4tobbl Teno 6biNo BMAMMO, HeobOXoouMO co3paTb COOTBeTCTBYOLWMA 06bekT Xtreme3D. Opyrumu
cnosamu, yHKUMA co3gaeT umaundeckyto mogens B ODE ana obbekta Xtreme3D.

real = OdeDynamicAlign(object, obj as real);
lMpumeHsieT K yxe co3gaHHomy Teny obbekT Xtreme3D, Kak OnMcaHo BblLLe.

real = OdeDynamicEnable(obj,mode as boolean);

BkntoyaeT unu BbikMovaeT Teno. BknoyeHHble Tena y4acTBYT B CUMYMSLUMW, B TO BPEMS KaK BbIKITHOUYEHHbIE
Tena [eakTMBUPOBaHbl U MX COCTOSHUS He OBHOBMsAKTCHA. HOBble Tena Bcerga CO3[aloTCA BO BKMHOYEHHOM
COCTOSIHWM. BbiknoueHHble Tena, KOTopble COeAMHEHbI COMNIEHEHMSAMM C BKIMHOYEHHBIMY Tenamu, aBToMaTUyecku
BKIMIOYAKOTCH Ha crnefylollem Lware cumynsauum. Moatomy, ecnu TpebyeTcs BbIKMOYMTL Takue Tena, HeobxoaumMo
BBIKITIOUMTb U UX COYNEHEHUS.

real = OdeDynamicCalibrateCenterOfMass(obj as real);
<CBegeHusi OTCYTCTBYIOT>

DYHKLUUN NPUITOKEHUA CUN:

real = OdeDynamicAddForce(obj,x,y,z as real);

real = OdeDynamicAddForceAtPos(obj,x,y,z,px,py,pz as real);

real = OdeDynamicAddForceAtRelPos(obj,x,y,z,px,py,pz as real);

real = OdeDynamicAddRelForce(obj,x,y,z as real);

real = OdeDynamicAddRelForceAtPos(obj,x,y,z,px,py,pz as real);

real = OdeDynamicAddRelForceAtRelPos(obj,x,y,z,px,py,pz as real);

real = OdeDynamicAddTorque(obj,x,y,z as real);

real = OdeDynamicAddRelTorque(obj,x,y,z as real);

MpuknagbiBaloT cunbl K Tenam (B abCOMOTHLIX UMM OTHOCUTESNbHBIX KoopauHaTtax). Kaxgoe Teno Hakannuesaet
NPUNOXEHHbIE K HEMY CUMbl B akkymynaTtope cunbl (force accumulators), nocne kaxgoro wara Bpemenn (time
step) HakoNneHHbIe CUnbl OOHYNATCA.

®yHkumm ...Force... mpunaraloT cunbl K ONPederieHHOMW Toyke Tena, a GyHKuuu .. Torque... - BOKPYr OCH
BpaLleHus Tena (Tak HasblBaeMblli BpaLlaLwmin MOMEHT).

OyHkumm ...RelForce n ...RelTorque npuvHMMalOT B KayecTBe MapaMeTpOB BeKTOpa B JlOKarbHOW cucteme
KoopAuHart aToro Tena.

OyHkumm ...ForceAtPos un ...ForceAtRelPos npuvHMMalOT BEKTOpP C MO3ULMEN TOYKU MPUNOXEHUST Cunbl (B
rnobansHOM MnM noKanbHOW CUCTEME KoopAMHAT COOTBETCTBEHHO). Bce apyrve dyHkumm npunaratoT cuny K
LeHTpy Macc.

¢YHKL|,VI N KOHTaKTa:

real = OdeDynamicGetContactCount(obj as real);
BosBpalLaeT KonM4ecTBO TOYEK KOHTaKTa Tena, onpeaeneHHbIX NPOBEPKON CTONKHOBEHMS.

real = OdeDynamicGetContact(obj,index as real);
<CBefeHusi OTCYTCTBYIOT>

®DyHKUMM aBTO-BbIKNoYeHUs (Tonbko B Xtreme3D v2.0.2.0):

real = OdeDynamicSetAutoDisableFlag(obj,flag as boolean);
YcTaHaBnuBaeT donar aBTo-BbIKIOYEHUS Tena.

real = OdeDynamicSetAutoDisableLinearThreshold(obj,velocity as real);
YcTtaHaBnmBaeT MOpor JIMHENHOW CKOPOCTM ANt aBTOMAaTMYECKOro OTKIoYeHUsi. BennunmHa nuHemnHom cKkopocTum
Tena gormkHa 6bITb HKEe 3a4aHHOro nopora, YTobbl TENO cunTanocb 6e34enCTBYOLLMM.



real = OdeDynamicSetAutoDisableAngularThreshold(obj,flag as real);
YcTaHaBnmBaeT Nopor yriioBoW CKOPOCTU AN aBTOMaTUYECKOro oTkntoveHnda. BennymHa yrnoBon CKOpocTu Tena
[OImKHa BbITh HUXXE 3aaHHOro nopora, Ytobbl TeNo cuMTanocb 6e30encTBYHOLLNM.

real = OdeDynamicSetAutoDisableSteps(obj,steps as real);
YcTaHaBnmBaeT KOMMYECTBO LIAroB CUMYISLMK, B TEYEHME KOTOPbIX TENO A0SMKHO 6e30encTBoBath, YTOObI ObITh
aBTOMaTUYECKN OTKIMIOYEHHbBIM. YCTaHOBKA 3TOr0 3HA4YE€HMS B HOMb UCKMNIOYaET LWarn n3 paccMoTpeHus.

real = OdeDynamicSetAutoDisableTime(obj,time as real);

YcTaHaBnuMBaeT BpeMsi CUMYMSUUMM B TEYEHWM KOTOPOro Teno [OoSmkHO 6e3genctBoBatb 4TOObI ObiTh
aBTOMAaTU4YECKN OTKMOYEHHbIM. YCTaHOBKA 3TOMO0 3Ha4YeHWs B HOMb WCKNOYaeT BPeEMs CUMyRsUMM K3
pacCcMOTpPEHUSI.

®DYHKUMN CTaTUYHOrO Tena:

real = OdeStaticCreate(obj as real);

Cospgaet ctatuyHoe Teno u Bo3spallaet ero ID. O6bekT obj BeicTynaeT B ponv o6bekTa NpuBSA3KKU - TO eCTb, A5
TOro, 4tobbl Teno ObiNO BMAMMO, HEOOXOOUMMO co3gaTb COOTBETCTBYHWOLWMA 00bekT Xtreme3D. [pyrumu
cnoBamu, coyHKumus co3gaeT usmdeckyto mogens B ODE ansa obbekta Xtreme3D.

real = OdeStaticGetContactCount(obj as real);
Bosspau.l,aeT KOJTM4eCTBO TOYEK KOHTaKTa Tena, onpegeneHHbIX I'IpOBepKOVI CTOJIKHOBEHUA.

real = OdeStaticGetContact(obj,index as real);
<CBefeHust OTCYTCTBYIOT>

FeomeTpus

real = OdeAddSphere(obj,r as real);
Cospaet reomeTputo cpepa (sphere) saagaHHoro paguyca ( r ) n BospawaetT ero ID. Toykon pacnonoxeHus
SIBNSETCA LEHTP cdhepbl.

real = OdeAddBox(obj,w,h,d as real);
CospgaeTt reomeTputo NpsIMOYronbHbIN Napannenenunep, (box) ¢ gnMHamm ctopoH (w,h,d) n Bo3spatluaeT ero ID.
To4kon pacnonoXXeHns sIBNSETCA LEHTP NPSIMOYrofibHOro napannenenuneaa.

real = OdeAddPlane(obj as real);

Cospaet reomeTputo nrockocTb (plane) n Bo3pawaet ee ID. Nnockoctm - He nepemMellaemas reomeTpus. 370
3HAYUT, YTO Y NJIOCKOCTU HEeT no3ununnm un BpalleHUA. ,U,pyFVIMVI cnoBaMu, npepnnonaraeTcda, YTo MNJIOCKOCTb
SABMSIETCSA YacTbio CTAaTUYHOTO TeMna 1 He CBSA3aHa C KakvM Nbo NoABWKHbIM OO bEKTOM.

real = OdeAddCone(obj,l,r as real);
CospaeT reomMeTputo KOHyC (cone) ¢ 3afaHHbiMK anuHoun ( | ) n paguycom (r) n Bosspawaet ero ID. To4vkon
pacronoXeHus ABNSIETCS LEeHTP KOHyca.

real = OdeAddCylinder(obj,l,r as real);
Cospaet reomeTtpuio umnuHap (cylinder) ¢ 3agaHHbiMm gnuHon ( | ) n pagmnycom (r) n Bosspawaet ero ID.
MpegnonaraeTcs, YTO OCb LUUNMHAPA pacrnonaraeTca BOoSMb fOKanbHOM ocn reomeTpumn Z.

real = OdeAddCapsule(obj,l,r as real);

Co3pgaeT reomMeTpuio UMNNMHAP C BEPXYLLKON, unu kancyna (capped cylinder - capsule) ¢ 3agaHHbiMy anuHon (1)
n paguycom (r) n sosspaitaet ero ID. LUnnuHap ¢ BEpXyLLKOM NOXOX Ha OObIYHbIA LUMAMHAP, 3@ UCKIIOYEHNEM
TOro, YTO Ha KOHUAX UuNuHApa pacrnoniokeHo no nomnycdepe. 3Ta BO3MOXHOCTb AenaeT BHYTPEHHUN Kog
onpefeneHns CTOMKHOBeHUs 6Gonee TOYHbIM W ObICTpbIM. B AnvHY uunuHapa BepXylKM He BXOAAT.
MpegnonaraeTtcs, 4YTO OCb UMMAMHAPA pacnonaraeTcd BOONb NOKanbHOM ocun reometpun Z. Pagnyc BepxyLuek
paBeH paguycy camoro uunuHapa v 3agaeTcs ¢ MOMOLLbLIO NapameTpa r.



real = OdeAddTriMesh(obj as real);

Co3paet reomeTtputo Habop TpeyronbHukoB (triangle mesh - TriMesh). Cuctema crtonkHoBeHui Habopa
TPeyrornbHUKOB MMEET criegytoLme BO3SMOXHOCTU:

- MoxeT GbITb npeacTaBneH nobon “cyn” u3 TPeyroribHUKOB — T.e. TPEeYrofibHWKN He 0653aTenbHO AOKHbI
npeacTaBnATb cobon neHTy (strip), Beep (fan) nnn cetky (grid).

- PaboTaeT xopoLuo Ans 0OTHOCUTENbHO BONbLUNX TPEYIrONbHUKOB.

- Ncnonb3yeTca BpeMeHHas cBA3HOCTb (temporal coherence) ans yckopeHust npoBepkn ctonkHoBeHui. Korga
NPONCXOAUT MpoOBepKa CTOSNKHOBEHUS reoMmeTpum ¢ ogHum TriMesh’em, gaHHble pacnonaraloTcs BHYTpu Tri-
Mesh’a.

NMoBepXxHOCTb

real = OdeSurfaceEnableRollingFrictionCoeff(obj,mode as boolean);
BkniovaeT nnun BbIKMOYaeT TpeHe KavyeHus AN NoBepxXHOCTW. Ecnn BKMOYEeHO, KOIMULIMEHT TPEHUS JOMKEH
6bITb ycTaHoBneH dyHkumen OdeSurfaceSetRollingFrictionCoeff.

real = OdeSurfaceSetRollingFrictionCoeff(obj,rfc as real);

YcTtaHaBnuBaeT KOIMPULMEHT TPEHNA KavyeHMs Onsi NOBEPXHOCTU. 3HayYeHWe AOSMKHO nexaTb B MPOMEXYTKe
0..1. 0 o3HavaeT oTcyTCcTBUE TpeHus (Tena ByayT KaTutbca GeckoHe4yHo), 1 - MakcumarnbHoe TpeHue (Tena He
KaTsaTcs).

real = OdeSurfaceSetMode(obj,Mu2,FDir1,Bounce,SoftERP,Soft CFM,Motion1,Motion2,Slip1,Slip2 as boolean);

YcTtaHaBnuBaeT hrarn noBepxHoCcTU. AT0 KOMBUHaLMA 0gHOro nnu 6onee cneayowmnx gnaros:

Mu2 - ecnun He ycTaHOBMEH, TO UCMOMNb3yeTca Mu And oboux HanpaBneHun TpeHus. Ecnu yctaHoBneH, To mu
ncnonb3yeTcd Ans NepBoro HanpaBneHUsa TpeHus, a mu2 Ang HanpasneHust TpeHns 2.

FDir1 - ecnn yctaHoBneH, To FDir1 Gepetca HanpaBneHuem TpeHus 1, B MpoTuBHOM crydae FDir1
paccyMTbiBaeTCs aBTOMaTUYECKN Kak nepneHanKynap K HopMarnu KOHTakTa (B 3TOM criydae pesynbTupylowme
HanpasrieHne He nNpeackasyemo).

Bounce - ecnu ycTaHOBMEH, TO MOBEPXHOCTb CYATAETCH YNPYrow; ApyruMu crioBamu, Tena OyayT NpyXWHUTb
apyr ot gpyra. TodHoe 3HadeHue ynpyroctu onpegenseTca dyHkumen OdeSurfaceSetBounce.

SoftERP - ecnu ycTaHOBMEH, TO NapameTp YMEHbLUEHUS OLUMOKN HOpManu KOHTaKTa KOHTPONMpyeTcs doyHKLMeNn
OdeSurfaceSetSoftERP. OT0T HyxHO, 4TOObI cAenaTb MOBEPXHOCTb MSArye.

SoftCFM - ecnu ycTaHOBMeH, TO CMeLUMBaKLias Cuna COeAMHEHUSI HOpPMamnu KOHTakTa KOHTpOnMpyeTcs
dyHkumen OdeSurfaceSetSoftCFM. 3TOT HyxHO, 4TOBbI cAenaTb NOBEPXHOCTb MSArye.

Motion1 - ecnu ycTaHoOBMeEH, TO NpeanonaraeTcsi, YTO NOBEPXHOCTb ABWXETCS He3aBucumo ot Ten. Ecnu atot
donar yctaHoBrneH, To Motion1 onpefensieT ckopoCTb NOBEPXHOCTU B HanpaBreHumn TpeHus 1.

Motion2 - To e 4TO U BbILE, HO B HanpasneHn TpeHus 2.

Slip1 - ckonbxeHwne, 3aBucsiwee ot cunel (FDS) B HanpasneHun TpeHus 1.

Slip2 - ckonbxeHue, 3asucsawwme ot cunbl (FDS) B HanpaBneHun Tpenns 2.

BekTop HanpaeneHus TpeHus 2 (BTOPOro HanpaeneHnst TPEHUS) BbIMUCHSETCA Kak NeprneHanKynsap K HopmManu u

FDir1.

HanpaBneHwve TpeHus 1 - 3TO BEKTOP NepPBOro HanpaereHus TPEeHNsl, KOTOPbIN onpeaenseT HanpaBneHue, BAOIb

KOTOPOro AormkHa ObiTb npunoxeHa cuna TpeHnus. OH gomxkeH ObiTb B eguHuuax macwtaba (unit length) m

nepneHanKynspeH Hopmanu KoHTakTa (T.e. OblTb kacaTenbHOM K MOBEPXHOCTU KoHTakTa). OH gormkeH ObiTb

onpegerneH ToNbKo B TOM crnyyae, ecnu yctaHosneH dgnar FDir1.

real = OdeSurfaceSetMu(obj,mu as real);

YcTaHaBnuBaeT mu - koadduumeHT TpeHus Coulomb. 3HayeHne 0 gaeT OTCyTCTBME TPEHWUS] B MOBEPXHOCTMU.
Y4tuTe, YTO OTCYTCTBME TPEHUS B KOHTaKTe TpebyeT ropasao MeHblUe BPEMEHMW Ha BbIYMCIIEHNUS. DTO 3HaYEHMe
BCerga A0IMKHO ObITb onpeaerneHo.

real = OdeSurfaceSetMu2(obj,mu as real);
YcTaHaBnuBaeT mu2 - HeobasaTternbHbIn kKoadduuueHT TpeHusa Coulomb ana HanpaeneHus TpeHns 2. JomkeH
ObITb ONpegeneH TONbKO B Cryyae yCTaHOBKM cooTBeTCTBYowWero dnara B OdeSurfaceSetMode.

real = OdeSurfaceSetBounce(obj,b as real);

YcTtaHaBnuBaeT napameTp BOCCTaAHOBMEHMS COCTOSIHUA, unn ynpyroctu (restitution parameter). 3HaueHne 0
3HAuYUT, YTO MOBEPXHOCTb abCcomTHO He ympyra, 1 - makcumanbHas ynpyrocTb. [ormkeH ObITb onpegeneH
TONbKO B Cryyae ycTaHOBKM cooTBeTcTBYyloLero dpnara B OdeSurfaceSetMode.



real = OdeSurfaceSetBounceVel(obj,b as real);

YcTaHaBnmMBaeT MUHUMAIIbHYIO CKOPOCTb, Heobxooumyto ans ynpyroctu (B m/c). CKOpOCTb HMke 3TOro nopora
onpegenseTr napameTp ynpyroctu pasBHbiM 0. [ormkeH OblTb onpedeneH TONbKO B Criydyae YCTaHOBKU
cooTtBeTcTBYtoLLero gnara B OdeSurfaceSetMode.

real = OdeSurfaceSetSoftERP(obj,erp as real);
YcTaHaBnuBaeT napameTp “MSArkocTn” HopManu KoHTakTa. [lormkeH GbiTb onpeaeneH TOMNbKO B Criyyae yCTaHOBKM
cooTBeTcTBYlowero gnara B OdeSurfaceSetMode.

real = OdeSurfaceSetSoftCFM(obj,cfm as real);
YcTanaBnuBaeT napameTp “MArkoctn” HopManu KoHTakTa. [JormkeH ObiTe onpefeneH ToMbKo B Criy4ae yCTaHOBKU
cooTtBeTcTBYytoLero grara B OdeSurfaceSetMode.

real = OdeSurfaceSetMotion1(obj,m as real);

real = OdeSurfaceSetMotion2(obj,m as real);

YcTaHaBnMBakT CKOPOCTU MOBEPXHOCTU B HanpasneHun 1 u 2 (B m/c). [osmkHbl ObITb onpeaeneHbl TONbKO B
crny4yae ycTaHOBKM cooTBeTcTBYloWMX draroB B OdeSurfaceSetMode.

real = OdeSurfaceSetSlip1(obj,s as real);

real = OdeSurfaceSetSlip2(obj,s as real);

YcTaHaenmBatoT KO3MULNEHTbI CKOMNbXeHUs, 3aBucswero ot cunbl (FDS) ana HanpaBneHuni Tpenusa 1 n 2.
JomxkHbl BbITb ONpeaeneHbl TONbKO B CryYae YyCTaHOBKU cooTBeTCTBYoWMX dnaros B OdeSurfaceSetMode.

FDS - aT0 3ahbdekT, KOTOPbIA BbIHY>KAAET KOHTaKTUPYOLLMEe NOBEPXHOCTU CKOMb3UTb OTHOCUTENbLHO ApYr Apyra
CO CKOPOCTbHO, MPONOPLMOHAbHON cune, NPUNoXeHHOW No KacaTenbHOW K NOBEPXHOCTW.

Yytute, 4yto FDS He wumeeT oTHoweHus kK addekty TpeHus Coulomb — oba aTux pexvma moryT ObiTb
MCMNonNb30BaHbl OAHOBPEMEHHO B OAHOWN TOYKE KOHTaKTa.

CouneHeHus

Tunbl cOYsIeHeHNN:

real = OdeAddJointBall();

real = OdeAddJointHinge();

real = OdeAddJointSlider();

real = OdeAddJointUniversal();

real = OdeAddJointHinge2();

real = OdeAddJointFixed();

Co3paloT HOBble COYNEHEeHUs 3adaHHOro Tuna (Lapuk-B-pasbeme, crubaHue, CKonbXeHue, yHMBepcarbHoe,
crnbaHne-2, cumkcupoBaHHoe) n BosBpawaT ux ID. B Havane couneHeHne HaxoguTcs B HeornpenerieHHOM
COCTOSIHMM (T.€. HE BNUSIET Ha CUMYMSILMIO), MOTOMY YTO HE MPUCOEONHEHO HU K KAaKOMY Teny.

e CouneHeHne wapuk-B-pasbeme (ball-and-socket) nossonsieT Tenam cBo60Oo BpallaTbCs BOKPYr TOYKM
coeanHeHusa (anchor). “llapuk” ogHoro Tena coBnagaeT C pacnonoxeHveMm “pasbema” gpyroro Tena. JTo
DornbLue BCEro HanoMmMHaeT LUApPHUPHOE COeANHEHME.

e CouneHeHune crubaHve (hinge) no3sonsieT Tenam crubaTbCs TONMbLKO B OOHOM MecTe Nno ocu cruba.
HanomwnHaeT coegmHeHve B ABEPHbIX NETRSAX.

e CouneHeHne ckonbXeHue (slider) He Mo3BomnseT Tenam MEHsiTb OpPUEHTauM0 OTHOCUTENbHO OPYr Apyra,
paspeLuas TonbKko ABWXEHWUE Ten BOOMb OOAHOW NUHUK. [1oxoxe Ha CTPYKTYPY NOPLLHS.

¢ YHMBepcanbHoe courneHeHue (universal) umeet Gonee cnoxHyto cTpykTypy. OHO MOXOXe Ha COuYNleHeHue
LIapUK-B-pas3beMe, y KOTOPOro orpaHnyeHa creneHb cBoboabl BpaleHuns. Onpegenvs ocb 1 ansa tena 1 u ocb 2
Onsa Tena 2 nepneHauKynsapHO Apyr Apyry, MX neprneHauvKynsapHocTb Byaet coxpaHdaTbed. pyrumu crioBamu,
MOXHO cKasaTb, YTO Tena OyayT COXpaHsiTb MNepneHAUKYINSPHYD OpPUEHTaLMIO OTHOCUTENBLHO CBOMX OCEW.
YHuBepcanbHble COYNIEHEHUSA NPOSABNAT cebsi B aBTOMOOMMAX, 8 UMEHHO NpU COEAMHEHUM ABUraTens C Barom,
BpaLlaLWwmnmcs BAOMb OCYM MaLLMHBI.

e CouneHeHue crnbaHune-2 (hinge-2) noxoxe Ha gBa COUNEHEHUs, COEANHEHHbIX NOCNeaoBaTeNbHO, C pa3HbiMU
ocamu crubaHusa. Hanpumep, 3T0 MoxeT ObiTb KONMeco MaluMHbl, TOe OfHa OCb MO3BOJSISIET Konecy
noBopaymBaTbCsa a BTopas BpalwiaTecs. CouneHeHne crubaHne-2 nmeeT ToYKy coeanHeHus (anchor) n aBe ocu
crmbanusa. Ocb 1 onpegensieTca oTHocUMTENbHO Tena 1 (MoXeT ObITb OCblo NoOBOpOTa, ecnu Teno 1 - pama). Ocb
2 onpepensieTcs OTHOCUTENBHO Terna 2 (MoOXeT ObITb OCbl0 BpalLleHWs koreca, ecrnm Teno 2 - Koreco).

o dukcupoBaHHoe couneHeHue (fixed) coxpaHseT PUKCUPOBAHHYIO MO3ULMIO U OPUEHTaLMIO Ten, unn Tena u
CTaTUYECKOro OKpY>KeHusl. icnonb3oBaHWe TaKoro COYSIEHEHUS HE SIBMSIETCSA XOPOLUEN nAaeen, 3a NCKIYEHNEM
cnyyaeB oTnagku. Ecnv Bam Hago ucnonb3oBaTth ABa Tena, CKNeeHHbIX BMEeCTe, TO nyylle NpeactaBuTb MX Kak
O[IHO Terno.



OCHOBHbIe (PYHKLIMUN COUSIEHEHUS:

real = OdeJointSetObjects(joint,obj1,0bj2 as real);

MpucoeaonHaeT couneHeHne Kk Tenam. Ecnu couneHeHue yxe Kyaa TO npucoeamMHEHo, TO cHavana oHo Oyaet
OTCOeAMHEHO OT cTapbix Ten. [ns Toro 4Tobbl NPUCOeaNHUTL COYNEHeHNe K OQHOMY Teny Hafgo YCTaHOBUTbL obj1
unu obj2 B HOMb - HOMb 3HAYMT CTaTUYECKOE OKPYXEHMe. YCTaHOBKa 0BoUX 3TMX NapamMeTpoB B HOMb nepeseeT
COYneHeHne B HeonpeaeneHHoe COCTOSIHME 1 OHO He ByaeT NpuHMMAaTh y4acTus B CUMYTSILUN.

UTtobbl paboTaTb, HEKOTOpbIE COYNEHEHMWS, Takme kak crmbanme-2 (hinge-2), o6sa3aTenbHO [OMKHBI ObITb
NPUCOEAMHEHbI K ABYM Tenam.

real = OdeJointEnable(joint as boolean);

BkntoyaeT nnu BbIKNOYaET CoYneHeHue. BKMIoYeHHbIe COUNEHEHWs y4acTBYIOT B CUMYMALUMK, B TO BPEMS Kak
BbIKITIOYEHHbIE - AeaKTUBUPOBaHbl N UX COCTOSIHWUSA He 0OHOBMATCA. HOBble couneHeHns Bcerga co3garTcs BO
BKITHOYEHHOM COCTOSIHUMU.

real = OdeJointInitialize(joint as real);
<CseaeHwus OTCyTCTBYIOT>

real = OdeJointSetAnchor(joint,x,y,z as real);
YcTaHaBnMBaeT TOYKY coeauHeHus, unm sikopb (anchor) couneHeHns. CouneHeHne GyaeT nbiTaTbCcs yaepXkaTb
[Ba Tena OTHOCUTENbHO 3TON TOYKWU. BxoaHoOe 3HaveHne faaetcst B aGCOMOTHBIX KOOPAMHATAX.

real = OdeJointSetAnchorAtObject(joint,obj as real);
<CBepgeHusi OTCYTCTBYIOT>

real = OdeJointSetAxis1(joint,x,y,z as real);
YcTaHaBnuMBaeT BEKTOp MEepBOW OCK CoufieHeHus (axis-1). PyHkums MoxeT ObiTb MPYMeEHeHa K cregyloLlmm
TMnam couneHeHun: crmbanue (hinge), ckonbxeHue (slider), yHmBepcanbsHoe (universal), crnbanne-2 (hinge-2).

real = OdeJointSetAxis2(joint,x,y,z as real);
YcTaHaBnmMBaeT BEKTOP BTOPOM OCKU courneHeHus (axis-2). OyHKuMsi MOXeT ObiTb MPUMEHEHa K Crnegyllum
TMNam couneHeHuin: yHmeepcanbHoe (universal), crnbanue-2 (hinge-2).

OBuraTenu n oCTaHOBKMU:

Korga couneHeHve BnepBble CO34aHO, HUYTO He NPENATCTBYET ero OBWKEHWI0O B MbOM HanpasBneHuu.
Hanpumep, crubaHne MOXeT NPOUCXOAUTb Ha MobOoN Yyron, a CKOMbXeHne Ha nobyro OnnHY.

OTOT AvanasoH OBWXEHUA MoxXeT OblTb OrpaHuyeH YCTaHOBKOW OCTaHOBOK (stops) B couneHeHwun. Yron
couneHeHust (Mnu nosuuus) byaeT npeaoxpaHeH OT AOCTUXKEHUS] MeHbLUEe 3a4aHHOr0 MUHUMAarbHOIO 3HaYEeHUs
UNV NpeBbIEHNss 3a4aHHOr0 BEPXHEro 3HayeHus. Y4YTuTe, YTO Yron COouNeHeHus (Mnu nosuums) cuutaeTtcs
HyneBbIM B Ha4arnbHOM No3vuuun Ten.

Tak Xe Kak U OCTaHOBKW, MHOTME TUMbl COYNEHEeHNA MOryT umeTb Asuratenu(motors). [suratenu npunaxuseaioT
BpaLLaloLWnA MOMEHT (MK CUNY) K COMMEHEHNaM ANA OOCTMKEHUS XenaeMon CKOPOCTU B TOYKe BpaLleHus (Mnm
CKONbXeHus1). [iBuratenm umMeroT orpaHU4eHns CUMbl, 3TO 3HAYMT, YTO OHM MOTYT NpunaraTtb He 6onee 3agaHHOro
3HaYeHWs cunbl/BpaLlaloLLero MOMeHTa B COYNEHEHNN.

[euratenu nmMeloT ABa napameTpa: Xeraemas CKOpOCTb U MakcumaribHas cuna, C MOMOLLbI KOTOPOW MOXeT
ObITb OOCTUrHYTa 3Ta CKOPOCTb. JTO OYEHb YNPOLLEeHHas Modernb ABUratens M3 pearnbHON XWU3HW. TeM He
MeHee, 3TOro OCTaTOYHO Ansi MOAENMpoBaHWs ABuratens, ynpaBnsemMoro kopobkon nepegad, Nnoakno4aemoro
K courneHeHunto. Takne yCTpOMCTBA YacTO KOHTPONUPYIOT YCTAHOBKY XeraeMon CKOPOCTU U MOryT reHepvpoBaTb
TONbKO MaKCUMarnbHOe KOMMYEeCTBO MOLUHOCTU ANs AOCTUXKEHWS 3TOWM CKOpOCTU (CoobLias COuMNEeHEeHWo
onpeaerneHHoe KONuyecTBo Cunbl).

real = OdeJointSetBounce(joint,axis,val as real);
YcTtaHaBnmBaeT ynpyrocTb OCTaHOBOK. [lapameTp BoccTaHoBMeHus nexut B agmanasoHe 0..1. 0 3HauuT, 4TO
OCTaHOBKa COBCEM He ynpyra, 1 - MakcumanbHas yrnpyrocTb.

real = OdeJointSetCFM(joint,axis,val as real);
YcTaHaBnuBaeT 3HadeHre cMellmBatoLLern cnnel coeanHerns (CFM), ncnonbayeTtcs, korga HeT OCTaHOBKU.



real = OdeJointSetFMax(joint,axis,val as real);

MakcmumanbHas cuna unu Bpalualomin MOMEHT, KOTOpbIN ABuratens OyAeT ucnonb3oBaTb AN AOCTUXEHWS
XXernaemown cKopocTU. JTO 3HayYeHne Bceraa AOMKHO BbiTb 60MbLUe UM paBHO HYMNIO. YCTaHOBKa 3TOr0 3HaYeHus
B HOJb (3HaYeHMe MO YMOSYaHMWIO) BbIKNOYaeT ABurarterns.

real = OdeJointSetFudgeFactor(joint,axis,val as real);

B TekyLlen peanv3aumm ocTaHOBKa/ABuraTernb eCTb ManeHbkas npobnema: korga courieHeHMe NMeeT OCTaHOBKY
n gBuraTenb, KOTOPbIM NbITAETCS HE AONYCTUTb OCTAHOBKU, CITMLLKOM Gonbluasi cuna MoXeT ObiTb MpuoxeHa 3a
OAVH Llar BpeMEHW, Bbi3biBasa “ckaykn” OBmxeHud. [na macwrtabupoBaHus M3ObITOYHON CUMbl MCMOMb3yeTcs
HagcTpoeYHbln nokasarternb (fudge factor). 3HaveHne [OMKHO NexaTb Mexay Hynem n eauHuuUen (3HaveHune no
ymonyaHuio). Ecnv B couneHeHmMn BUOHbI CKaYku OBWXKEHUS, 3HaYeHMe OOIMKHO ObiTb yMeHbLueHo. [lenas aTo
3HayeHVe MeHbLUe, MOXHO ybepedb ABuraTenb OT ABWKEHMWS COYNEHEHNS U3 NMOMOXKEHUSA OCTaHOBKW.

real = OdeJointSetHiStop(joint,axis,val as real);

YcTaHaBnmMBaeT BepxXHUM npegen yrna unv nosvumn. [na BpallatomnXCa COYSIEHEHUN 3TO 3HaYeHue OOMMKHO
ObITb MeHblUe 4Yucna pi, 4ToObl Bbin addpekT. Ecnn BepxHWUIA nNpeden MeHbLUe HUXKHEro npegerna, 1o oba
npegerna He JalT HUKakoro adpdekTa.

real = OdeJointSetLoStop(joint,axis,val as real);
YcTaHaBnMBaET HWKHUIA Mpeaen yrna unu nosvuun. [ns BpallaloLlMXCsi COUNIEHEHMI, 3TO 3HAYEHWE OOMKHO
ObITb 60nbLUe yncna pi, 4tTobbl 6Gbin adhdhexT.

real = OdeJointSetStopCFM(joint,axis,val as real);

YcTaHaBnmBaeT 3HayYeHne cMmelumBarowen cunol coegmHennsa (CFM), ncnone3yemon octaHoBkamu. Bmecte co
3HayeHnem ERP  moxeT ObiTb UCNonb3oBaHO AN nonyvyeHus 6ornee  MSArkMX OCTaHOBOK.  Y4YTuTe,
npegnonaraeTcs YTO COUNEHEHNs He AOCTWUraloT NIMMUTA CUIlbl, COMNEHEHNS, AOCTUILNE NMMUTa cunbl, 6yayT
paboTaTb HEKOPPEKTHO.

real = OdeJointSetStopERP(joint,axis,val as real);
YcTaHaBnmBaeT napameTp yMeHbLueHus ownbkn (ERP), ncnonbesyembii oOCTaHOBKaMMU.

real = OdeJointSetVel(joint,axis,val as real);
YcTaHaBnmBaeT XenaeMyl CKOpoCTb ABUratens (34ecb AormkHa ObiTb YrnoBas Uv NIMHEHAsA CKOPOCTh).



