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A. B. labnuli — marncTpaHT kKadeapbl BbIMACIIMTENBHBIX CUCTEM U CETen
H. H. PewemHukoea (KaHA. TEXH. HayK, [OLI.) — HAYYHbIN PYKOBOAMUTENb

METOAbI MOOENUPOBAHUA OBUXEHUA ABTOMOBEMNA B BUPTYANIbHOWU CPE[IE

CoBpeMeHHble NakeTbl TPEXMEPHOro MOAENMPOBAHWS NO3BONSIOT PeLlaTb MHOXECTBO 3adaY, O4HOMN 13
KOTOPbIX SIBNSETCA CO3[aHWe aHWMaLuun OBWXKeHUs aBToMobuns. YacTo B Bbinyckax HOBOCTEN O AOPOXHbIX
MPOUCLLECTBUAX MOXHO YBUOETb aHUMALMIO [OBUXEHUS aBToMobUns Ans bonee HarnsgHOM AEeMOHCTpaLmuy
KapTuHbl CobbITUS. B COBpeMEHHOM KiHeMaTorpade O4eHb YacTo BMECTO pearibHbIX aBTOMObUnen npume-
HAITCA UX TPEXMEpHbIE MOZENU AN yAeleBneHns CbeMOYHOro mpouecca. B npouecce npoekTMpoBaHus
HOBOTO aBTOMOBWNA Psif TECTOB NPOBOAWUTCS CHaYana Ha TPEXMEPHON MOZENN NS BbISBIEHNS BOSMOXHbIX
HEeAOoCTaTKOB eLle A0 3anycka Npou3BoAcTBa. B 3aBUCHMOCTU OT peluaeMomn 3ajaduv NPUMEHSIOTCS pasnny-
Hble MEeTOAbl aHUMaLMK ABKEHNS aBTOMOBUNS. B aaHHOI cTaTbe ByayT paccMOTpeHbl TpK Hambonee YacTo
NpUMeHsieMble MeToAa: MoLlaroBas aHuMaLys, nonyasToMaTnyeckas aHuMaLms v MHTEPaKTUBHAs aHUMaLKS.
Cpeau CyLecTBYyOWMX NakeToB TPEXMEPHOTO MOAENMPOBAHNS MOXHO BblaenuTb cnegytowme: Autodesk Ma-
ya [1], Autodesk 3D Studio Max [1] n 3DVia Virtools [2]. MepBble ABa nakeTa No3BONAT peannsoBbiBaTh Mo-
LUaroBbIN 1 NOMyaBTOMATUYECKMI METOABI, HO Hanbonee MOLLHLIM M3 HUX Bee xe aBnsetcs Autodesk 3D Stu-
dio Max. Maket 3DVia Virtools no3sonseT peann3oBatb METOS MHTEPAKTUBHOW aHUMaLuW. PaccMoTpum no-
ApobHee nepeymncrieHHble Bbille MeToapb!.

MowaroBbl MeTO4 aHUMaLUN OBUXKEHUS.

70T MeTog yAobHO Mcnonb3oBaTth Npu HEOOXOAMMOCTM OEMOHCTPALMM YCIOBHOMO CObbITUS (Hanpu-
mep, ATM), nnbo KOPOTKOro, HO BLICOKO AETANM3MPOBaHHOMO CObbITUS (HanpuMep, NPOKPYy4YMBaHUE KONeC aB-
TOMOBUNS Npu pe3kom cTapTe ¢ Mecta). CyTb METOAA 3aKIYaETCA B CO34aHUM aHUMaLMKN OBVWKEHUS YacTel
aBTOMOOMNSA BPYUHYHO MO Kagpam. [ins cosgaHns no kagpoBor aHMMaLmmn TpebyeTcs npeaBapuTensHO NOAro-
TOBWUTL (MNK, NO KpaiHen Mepe, NpodyMaTh) Kaxablii cosgaBaemMbln kaap. MNpu aTom HeoBXoanMO yunThIBaTL
cnegyoulee obeToaTensCTBo. NaBHOCTL Nepexoda OT O4HOTO Kafpa K ApYroMmy U, COOTBETCTBEHHO, Nnas-
HOCTb W €CTECTBEHHOCTb ABKEHWA 3aBUCAT OT TOTO, HACKOMbKO OTNIMYAETCS Criedytowuin kagp ot npeabiay-
Liero (a He OT CKOpPOCTW CMeHbI KaapoB, Kak MHorAa nonaratot). [pyrumu crioBamu, Yem Gonblue kagpos, TeM
Orvxe ABMXEHUS MOAENM aBTOMOBUNS K eCTeCTBEHHbIM. [103TOMY co3aaHue no kagpoBOW aHUMaLUK SBNs-
e7Ccs BeCbMa KponoTnuebiM AenoM. Ee LenecoobpasHo NpUMEHsTb B TeX Cryyasx, ecnn 06bekTbl BUAou3me-
HAITCA UNM B3aUMOLEWCTBYIOT APYr C APYrOM KakuM-ninbo CrnoxHbiM 0b6pasom. TpaguuMoHHas aHuMaums
co3gaetcsa no npuHumny frame by frame (kagp 3a kagpom). 310 He BbI3bIBAET HUKAKUX TPYAHOCTEN [0 TexX
nop, Noka He NPUXOAUTCS NEPEHOCUTbL €€ U3 OOHON CUCTEMbI KOAMPOBAHUS NMOABWXKXHOIO M306paxeHus B Apy-
ryl. Ha cerogHslWHMA AeHb CyLLECTBYEeT HECKOMbKO OCHOBHbIX CTaHAAPTOB, B KaXAOM M3 KOTOPbIX Npeay-
CMaTpUBaeTCs pasHas YactoTa CMeHbl kagpoB. Tak, Hanpumep, ctaHgapT NTSC yctaHaBnmuBaeT 4actoty
kagpoB 29,97 FPS (Frames Per Second — Kagpos B CekyHay), ctangapt PAL — 25 FPS, a crangapT Film (Ku-
HO) — 24 FPS. Tenepb npeacTaBuM, Y4TO aHUMALMOHHbIA POSMK NPOAOIKMTENBHOCTBIO 10 MUHYT co3aaBancs
Ans TpaHcnsauumn B ctanaapte Film (KuHo). Takon ponuk coctout n3 14400 kagpos (24x60x10). Ecnu ero no-
kasaTb B cTaHgapTe NTSC (30 kagpoB B CeKyHIy), €ro NpOAOMKMTENbHOCTL COCTABUT BCErO 8 MUHYT BMe-
cto 10. Ecnu npu BocnpounsseaeHnn 06bI4HOM0 MyNbT(UIbMa C 3TUM eLLe MOXHO MUPUTLCS, TO MPWU MOAENK-
POBaHWM TOYHbIX (DU3NYECKUX NMPOLIECCOB pasHMLa B 2 MUHYTbI MOXET OKa3aTbCs KpUTudeckon. Kpome Toro,
MpW UCMNONb30BaHMM B POSMKE 3BYKOBOTO TPeka, pasHuLa B CKOPOCTW BOCMPOM3BEAeHMs ByaeT 3amMeTHa Ha
cnyx. [ins Toro 4ytobbl n3bexatb aTor npobnemel, nporpamma 3DS MAX npn co3gaHum aHUMaLmMn y4nTbiBaeT
He CKOPOCTb ABWKEHWS NEHTHI (B kKagpax B CEKyHAY), a NPOAOMKMTENBHOCTL aHUMaLWK B CEKyHAAX. TOYHOCTb
oTcyeTa BpemeHu paBHa 1/4800 ponu cekyHabl. OTa cneuuanbHas eauHuLa W3MEPEeHWst HasblBaeTcs
Tick (Tuk).

MonyaBTOMaTMYeCKMIA METOL aHUMALUN.

B ocHoBe 3TOro MeToda NEXUT NPOLECC aBTOMATUYECKOro MOAENMPOBAHNS IMHENHOTO ABUKEHNS aB-
TOMOBUNS C BO3MOXHOCTBH) NO KaAPOBOWN KOPPEKTUPOBKMA HanpaBneHns 1 ckopocTu. OCHOBHOM OTAMYUTENb-
HOM 0COBEHHOCTBH0 METOoAa SBMNAETCS BO3MOXHOCTb MOAENMPOBAHUS (PU3NKL N AMHAMMKN KaK NPOCTbIX, TaK 1



CMoXHbIX 00bekToB. 3ds Max Bko4aeT MexaHu3M pacuyéta duanku Reactor, paspaboTaHHblii KOMMNaHWeR
Havok [3]. Reactor, nossonseT mogenuposaTb NoBefeHWe TBEPAbIX TeS, MATKUX TeM, TKaHW C YYETOM CUIb
TSXKECTU W ApYriX BO3AENCTBIIA. Tak Xe Kak 1 B Apyrux nporpammax UMutaumum AMHamMuky B reactor'e ucnonb-
3YK0TCA YNPOLWEHHbIE BbINyKMble 060M04kN 0OBEKTOB, KOTOPbIE MOTYT BbiTb HACTPOEHBI HA MCMONb30BaHNE
BCEX BEPLUMH 00bEKTa, LieHOt BpeMeHu obpaboTku. «Reactors cnocobeH npoBoanTb pacyéTbl Ha 0bHapyxe-
HWE CTONKHOBEHWN U MOLENMPOBaHUEe (hU3NYECKOro NoBeAeHUs NS CriedytoLwmx KnaccoB Ten: abCcomnoTHO
TBEPLOE Teno, AeopMupyemoe Teno, TkaHb U BEPEBKA, a Takke AN1s Ten, ABNSAOLIMXCA COCTaBHbIMU U3 AaH-
HbIX YeTbIpEX. Kpome aToro, «Reactor» cnocobeH mogenmpoBaTh B3aMMOAENCTBIE AaHHbIX YETbIPEX KaccoB
TEN ¢ 06BLEMaMM XMAKOCTM U HACTpanBaTb HEKOTOPbIE NapaMeTpbl KUOKOCTU, Takue Kak BA3KOCTb, Hanpumep.
«Reactor» BkrnovaeT BOMbLLIOE KONMYECTBO CUM, KOTOPble MOTYT BO34ENCTBOBATbL Ha (Puanyeckme 0BbeKTbI:
rpaBuTaLMio, BETEp U MexaHWdyeckue BosgencTsus. Kpome aToro npucyTcTByeT Habop COCTaBHbIX uanye-
CKUX TEM: NPY)XMHA, MOTOP, paspyLlaemble 0ObEKTbI, «TPAMMYHBIE KYKMbl» 1 aBTOMOOMUIM C HAacTpanBaeMbIMu
napameTpamu (Kopnyc, ocu, Konéca). «Reactor» cogepXuT orpaHUuMTeny CoeanHeHUN, BKIKOYas NeTnesble,
LIAPHUPHbIE ¥ NOPLUHEBbIE COEANHEHUS, NPU3MATUYECKNEe COEAUHEHNS, COENHEHUS OCU C KONIECOM W ApY-
rve. bnarogaps aToMy mogenupyemas aHuMaumus CTaHOBUTCS ropasao Gomnee peannCTUYHONM, HeXenu npu
MCMONb30BaHWW MO KagpOBOM aHUMaLmK. Mpu 1cnonb3oBaHUN MexaHnaMa Reactor MOXHO BbibpaTh 0AnH 13
ABYX NyTeid MOLENMPOBaHWS aHUMauun asuxeHns asTomobuns: 1) Reactor Toy Car, unu 2) Co3sganue
YCIOXHEHHOW cuCTeMbl X040BoW YacTi asTomobuns CarRig. B nepsom criyqae TpexmepHas Moaenb aBToOMO-
ouns «HagensieTcs» U3NYECKMMN CBONCTBAMI NYTEM CO3AaHMs Ha OCHOBE 4-X KOMeC W Ky3oBa cucTembl Re-
actor Toy Car. OTta cucTeMa aBTOMATUYECKN HadenseT aBToMobusb NOABECKON (KY30B M Koreca Haxo4saTcs B
(PM3N4ECKOM B3aUMOLENCTBIUM), HA aBTOMOOWNb HAYMHAKOT 4EeCTBOBATL CUMbl rpaBuTaumm u Tpenus. [Mpu
MOZENMPOBaHNN aHUMALV ABUKEHUS Mbl 3aaeM HanpaBneHne OBMKEHUS U BPYYHYO noabupaeM CKOpoCTb
ABWXEHUS 3a cyeT noabopa KonmyecTsa kagpos, 3a KOTOPOe aBTOMOBUIb NEPEMECTUTCS 3 TOYKW «a» B TOY-
Ky «B6». Ecnm HeobxoamMMo npoMogenupoBaTh U3MEHEHNE TPaekTOpuM ABWKEHMs, TO B MpoLecce Moaenmpo-
BaHWUS CO30AOTCA KOHTPOMbHbIE TOYKM, B KOTOPbIX MOAENUPOBAHNE NPUOCTAHABIIMBAETCS, U Mbl MEHSIEM YroS
NoBOpPOTA KOMeC, 3aTeM MOLENMPOBaHNe BO30BHOBNSETCA A0 CrEAYHoLLEeR KOHTPOSTbHON TOYKK. ITOT Cnocob
ypobeH, korga HeobxoaMMo nMpomogenupoBaTh NPOCToe ABWkeHue. [Npu ucnonb3osaHu BTOporo crocoba
NOSIBNSETCS BO3MOXHOCTb MPOMOAENMpoBaTh Bonee CrioxHble BUabl ABWKEHUS aBTOMOBUNS (3aHOC, peskum
CTapT C MecTa, AMHaMWYHble NOBOPOTHI K.T.M.). [nd peanusauum cnocoba HeobxoauMo co3haTth CIOXKHYH
CMCTEeMy B3aUMOLENCTBNS SNEMEHTOB NOABECKN 1 KOMec aBToMobuns.

Ha pucyHke 1 nsobpaxeHa cuctema, coctosias 13 ocHoBaHus (box) aBToMo6MNS, YeTbipex Konec u
LENCTBYIOLLMX Ha cUCTEMY, CUN TpeHus. Ky30B C NOABECKON JOMKEH COEANHATLCA UHEPTHO, T.€. NPYXUHNTb.
[ns atoro ucnonbayetcs reactor Spring (NpyxwuHa). Ho Hanuums ogHWX TOMBbKO MPYXWH HELOCTaTOMHO Ans
YCTOMYMBON KOHCTPYKLMKM, NOITOMY NpumeHsieTcs reactor Prismatic Constraint ans BepTukansHoro B3aumo-
[ENCTBUSA Ky30Ba C NOABECKOW, TO eCTb MHEPTHble ABMKEHMUS Ky30Ba ByayT OCYLLECTBNATLCS TOMBKO MO Bep-
Tukanu. Koneca [OMXHbI MOBOPaYMBATLCS B FOPU3OHTASbHONW MAOCKOCTW, AN 9TOr0 MUCmosb3yem reactor
Hinge Constraint. Koneca, a uMeHHO anemeHTbl MexaHuama nosopota (rudder) byayT nosopaunsatbCs Nog
Bo3geicTeuem reactor Motor. Co3ganHble Hinge Constraint obecneunBatoT ABMKEHNE «NOBOPOTHWUKOBY TOIb-
KO B rOPU30HTamNbLHOM NAOCKOCTH, NO3TOMY ocb Motor fomxHa 6biTb HanpaeneHa BBepx (puc. 2), 4Tobbl NoBo-
POTHUKM MOrT BeCNpPensTCTBEHHO NOBOPauMBaThCs. [1ocne Toro, kak BCe 3reMEHTbI CUCTEMbI YCTaHOBIEHbI
Ha CBOM MECTa W MPUBS3aHbl K HYXHbIM 3rieMeHTam aBToMOOUNS, MOXHO NEPEXOAUTb HEMOCPEACTBEHHO K
aHumauun. ins ygobersa B 3Ds Max npeaycMOTpeHbl aneMeHTbl YNpaBneHns UHCTPYMEHTaM1 MOAyIs reac-
tor. 3Tu anemeHTbI pacnonaratoTcs B OKHE MPOCMOTPA B BUAE ABWXKOB, NEpPeaBUras KOTOPbIE MOXHO KOppeK-
TMPOBaTb MONOXEHWE WNW OMNpeAeneHHble mapameTpbl 3rieMeHToB aBToMoOuns. C MOMOLLBbI [BWXKOB
(puc. 3) MOXHO MeHATb Yriibl MOBOPOTA KOMEC, HAKMOH Ky30Ba BIIEBO U BMpaBo, Bnepes ¥ Hasad. Vcnonbays
9TOT METOA, O4eHb YAOOHO MOoZenupoBaTh ABWXEHUE aBTOMOOMMS MO COXHOM TPaekTopuu. AHUMALMIO
BPALLEHNS KONEC MOXHO MOZENMPOBaTh Kak BPYYHYH), Tak W C NPUBSA3KON K TPAEKTOPUM W CKOPOCTU ABUXKE-
Hus. [Ins 9T0ro HeobXoaMMO CUHXPOHW3MPOBATb CKOPOCTb BPALLEHUS Koreca C NpeoaoneBaeMbiM paccTos-
HveM. poLLe BCero aTo caenatb, NOCYUTaB ASIMHY OKPYXXHOCTW Koneca. [1pu KOppPeKTHOW HacTpoike BpaLle-
HWe Koneca ByaeT BbIrMsAAeTb eCTECTBEHHO, U He OyaeT co3aaBaTthes adhpekTa 3aTOPMOXEHHOCTH Nbo npo-
KpyumBaHus. Takum 06pa3om, Mbl Monyyaem aBTOMOOUIb C BOSMOXHOCTbIO MOENWUPOBAHNS aHuMaunm hu-
3M4ECKMX B3aMMOAENCTBUIA U ANHAMUKMN, C BO3MOXHOCTBIO MOCTPOEHUS CIIOXKHOW TPAEKTOPUN ABUMKEHUS U [e-



TanbHoOW NPopaboTkW OTAEMNbHbIX ANEMEHTOB. JTOT CMOCOD BbIFOAHO OTAMYAETCS OT NMPeAblayLIero npexae
BCEro TEM, YTO B HEM [BWXeHWe MOABECKM aBTOMOBWNS BbIrMAAMT ropasgo Gornee ectecTBeHHO. He 3ps
npeablayLLmin cnocob umeeT HasBaHue «Toy Cary (MrpyLueyHas MallMHKa).

Puc.1. YctaHoBka Moaynen reactor Ha kapkac aBToMobuns

Puc. 2. MNoakntoyeHne anemMeHToB ynpasnexHue moaynamu reactor

Puc. 3. [IBvxKku ynpaBneHns Mogynsmu reactor

WHTepakTUBHbIA MeTO4 MOAENUPOBAHUSA ABUXEHUS aBTOMOOUNS

B ocHoBe 3TOro MeToAa NexuT Bce TOT Xe (mandecknn aBuxok Havok Physics [3] ¢ 0gHWUM, HO 04eHb
BaxHbIM oTnnumem. B nakete 3DVia Virtools aT0T ABMXOK NO3BONSET NOMHOCTLIO YNPaBNATL MOAENbI aBTo-
MOBUNSA WHTEPaKTUBHO (B peanbHOM BpeMeHy). 3TO AaeT BO3MOXHOCTb MOAENMpoBaTb abcontoTHO nobble
BMAbI OBWXEHUS W B3anMoZencTBns aBToMobuns ¢ obbektamm B BUpTYyanbHon cpeae. Havok Physics (6onee
M3BECTHbIN Kak nNpocTo Havok) — dmanyeckuit ABUMXKOK, paspaboTaHHbIM MpraHACKoM koMnaHuen Havok.



[IBWXOK CO3AaET CUMYNALMIO (PU3NYECKOTO B3aMMOAENCTBUSA B peanbHOM BPEMEHM, YTO [enaeT aHUMaLmio
Bonee xuBoit 1 peanucTuyHon. Havok Physics saBnsietcs MynbtunnatopMepHbIM ABWKKOM. [1ns Mogenvpo-
BaHMS OCHOBHbIX B3aWMOZENCTBMIN aBTOMOBUIS C OKpYyXXatoLen cpefoit B cpeae Virtools npegycmoTpeH 6ok
Physics Car , ¢ NOMOLLbI0 KOTOPOro M3 CUCTEMbI OOBEKTOB (Ky30Ba 1 YETbIPEX KONEC) MOXHO cO3aaTh (hu3u-
Yeckylo Moaenb aBTomMobuns. bnok npeaycmaTpuBaeT 3agaHue Takux CBOWMCTB, kak paboTy noaBecku aBTo-
MOBWINS, CUy TPEHUSI, YCKOPEHWE, TOPMOXEHIE N MHOrWe apyrie. PaccmoTpum nogpobHee 6ok Physics Car
naketa Virtools (puc. 4).

Body Parameters (Array)
Wheel Suspension Parameters (Array)
Engine Steering Parameters (Array)

5 ExitOn

E—
Oon ——

off ——] F———— Exitoff
Forward ———>} |- Gearup

Backward ———3]

> Gear Down
Turn Left ————>

Physics Car
Turn Right
Hand Brake
Booster ———3
Speed (Float) [ {
Current Gear RPM

Pwuc. 4. brnok Physics car

OCHOBHbIMM BXO[HbIMW NapameTpamu Grioka sBNATCS TabnuLbl 3HAYEHNIA:
— Body Parameters — napameTpbl ky3oBa aBToMO6MNS (Macca, Cuna TPEHUs!, LEHTP TSXKECTH U [p.);

— Wheel — Suspension Parameters — napameTpbl KONec u NogBecku (Macca Komec, cuna TpeHus,
yNpyrocTb NOABECKM, KIMPEHC W ap.);

— Engine — Steering Parameters — napameTpbl AUHaMWUKW W yNpaBisieMoCTH (MOLLHOCTL ABUraTens,
MWHUMarbHbIE N MaKCUMarbHble 060pOTbI, MaKCUMarnbHas CKOpPOCTb 1 Aap.).

Bxogbl On, Off, Forward, Backward, Turn Left, Turn Right, Hand Brake, Booster ncnone3aytotcs ans no-
[la4y CUrHamnoB C OpraHoB ynpaBneHus - BknoveHue cuctembl, BoiknioueHne cuctemsl, Mmnynbc Bnepeq,
Vmnynbc Hasag, MosopoT Haneso, MoBopoT Hanpaso, Py4Hoi TopMo3 (6rokupoBKa 3agHUX KOMeC) U Yckope-
HWe COOTBETCTBEHHO. Elle ogHMM npemmylectsoM naketa 3D Via Virtools sBnsieTca BO3MOXHOCTb MCMOSb-
30BaHNS aHaroroBbIX YCTPOWCTB ynpaBneHus (MaHUNynsaTopoB, JKOWCTUKOB, reimnagos u T.nm.). [ns mope-
NMPOBaHWSA ABWKEHNS aBTOMOOWUNS, eCTECTBEHHO, B Ka4€CTBE MaHUNynsTopa fnyylle BCEero 1Cnofb3oBaTh
pynb 1 neganu. OTNpaBHOI TOYKOW B3aMMOAENCTBIS MaHUNYNATOPa C CUCTEMON SBMSETCS MEHKO KannbpOoBKy
ocen X,Y n Z (ans cuctembl ¢ Tpems negansmu). MNpu noBopoTe pyns BMEBO CUCTEMA MPUHUMAET BEKTOP
(-1.0.0), npu nosopote pyns Bnpaso — (1.0.0), npu HaxaTum negamm raza —(0.1.0), npu HaxaTum neganu Top-
mo3za — (0.-1.0), npu Haxatum Ha nepanb cuennenns (0.0.1) v (0.0.-1). Ana npuHATWS M pacno3HaBaHus
COOTBETCTBYlOWMX curHanos B cpefe Virtools npegycmotpeH 6nok Joystick Mapper. 31oT 610k cumthiBaeT
W3MeHeHne NonoxeHus no ocam X,Y u Z 1 no3BonsieT MCnornb3oBaTb HEMOCPEACTBEHHO ANS peanuaauum
ynpaBneHus Moaenbto. Ha aTom aTane HeobxoauMo BEPHYTLCA K onucaHuto 6noka Physics Car. [ins peanu-
3aLuMv aHanoroBOro YrpaBfieHWs CUCTEMON B 3TOM 6roke NpegyCMOTPEH COOTBETCTBYHOLWMIA pexum: Analogi-
cal inputs. lNpu BKNIOYEHUM pexnma aHanoroBoro ynpasneHus 6nok Physics Car HECKONbKO MEHSIET CBOW BUA,
WcuesatoT Bxogpl, NpeaHas3HayeHHble Ans nogayn LUndpoBbIX CUrHANOB yNpaBneHus, 1 BMECTO HUX AobaB-
NA0TCSA BXOAb!, OXMAAIOLME BXOAHBIX CUrHANOB B Buae BEKTOpOB (X,Y,Z). CneayeT ynoMsiHyTb, YTO B pefak-
Tope Virtools nesocTopoHHss («left-handedy) cuctema koopamHar, a Takke BBepx HanpasreHa ocb Z, a He Y.
Takne 0COBEHHOCTY BbI3bIBAKOT ONpeAeneHHbIe TPYAHOCTW NpK 3KCnopTe roToBoW modenm B cpegy Virtools.
[ns pewweHus aton npobnembl HEOBXOAMMO OCYLLECTBAATL KCMOPT MOAENM, Ucnonb3ays paclumpere OBJ.
[Mpw aKkcnopTe B 3TOT hopMmart nporpamma no xenaHuo paspaboTynka aBToMaTUyecku npeobpasyet cuctemy
KoopauHaT. WHTEepaKTUBHbIA METOA MOAENMPOBaHUSA SBNSETCA Hambonee peannCTUYHbIM, T.K. MO3BONSET



Ccpasy BuAeTb pes3ynbTaT U B Cryvae HeobxoauMoCTH NULLb NOAKOPPEKTUPOBATL NapaMeTpbl aBToMobuns ans
LOCTIKEHMS HeobXxoaMMoro addekTa.

B naHHo# cTaTbe Bblnu pacCMOTPEHbI TPU OCHOBHbIX METOAA MOZENMPOBAHNS ABWKEHUS aBTOMOOUNS B BUP-
TyanbHON TpexmepHow cpeae. Kaxabii U3 aTux MeTooB YHUKAreH no-CBoeMmy, T.K. NPpUMEHSieTCs Ang pelle-
HWS pasHbIX 3ag4ay. Ho Hambonee peanucTUYHbIM BCE XKe SBNSETCH METOA MHTEPAKTUBHOTO MOAENMPOBAHNS.
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