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OnucaHue npoekma “Mechanics Studio .NET”
BBeneHue

IIpocTpaHCTBEHHBIE PHIYAKHBIE MEXAHHU3MBbI SIBIIIFOTCS Ba)KHOW COCTAaBIIAIOLIEH COBPEMEHHOMN
TEXHUKU W IMPOU3BOJACTBEHHBIX TEXHOJIOTMH. MEXaHMYECKHE CHCTEMBI YacTO BBINOJHAIOT BEChMa
cepb&3Hble 3a7laud, TPEOYIOIIUMEe BBICOKOM HAAEKHOCTH W TOYHOCTH. KOHCTPYKTOpY, OOBIYHO
TpeOyercss 3HaTh, Kak OyJeT [AeWCTBOBaTh pa3paOOTaHHBIA WM MEXaHU3M emié 0 ero
OKOHYATEJIbHOTO HW3rOTOBIEHHUS. B CBs3M ¢ 3TUMH TpeOOBaHUSAMH K TIPOLIECCY CO3JAHHS
MEXAHU3MOB, KpaliHE Ba)KHBIMH SIBIIIIOTCS BO3MOXKHOCTH BBIIIOJIHEHUS IIOJIHOTO IPOCKTHPOBAHMS
MEXaHU3MOB U MOJICTTUPOBAHHS UX PAOOTHI.

W3BecTHBIMU TpuMepaMH MPOCTPAHCTBEHHbIX MexaHusmoB ([IPM) sBnsioTcs 1maccw,
MEXaHU3alMsl KpbUla W  MEXaHW3Mbl  YMPABICHUS  CaMOJIETOB, POOOTHI-MAHUITYJISTOPHI
MOCNe0BaTeIbHON ¥ TapaulebHOW CTPYKTYpel (B ToMm uwmcne miatgopmel CTioapta) u Ap.
[IpoekTupoBaHNEe HA3BAHHBIX TEXHUYECKUX CHUCTEM OCYIIECTBIIETCS CETOAHS C HCIOJIb30BAaHHUEM
CAD-cucrem, takux kak “AutoCad” mmm “Kommac”. DTH CHCTEMBI MO3BOJISIOT a0COIIOTHO TOYHO
CIIPOCKTUPOBATh KOHCTPYKIHIO MEXaHW3Ma W €ro JeTaled A0 MeNbUallliuX MOAPOOHOCTEH, HO
OOBIYHO HE TO3BOJSIOT BBINOJHATH CTPYKTYPHBIM aHAIW3 W Kakue-THOO pacueThl pabOThI 3TOTO
MEXaHH3Ma.

MopenupoBanue kuHeMatuku [IPM oTindyaercss BBICOKOM I€OMETPUYECKOW CIIOKHOCTBIO M
OnpezessAeT Ka4eCTBO KOHEYHOIO NPOAYKTA, CTOMMOCTb €ro H3IOTOBICHHMS M OKCILIyaTalluu.
Beinonnenune kunemarnueckux pacueroB [IPM cTaBuT Ha nepBblil IJ1aH COBEPIICHHO APYTHE 3aa4u
nepel MPOrPaMMHOM CHUCTEMOHM, B OTJIMYME OT CHCTEM MpoeKTUpoBaHus. llepBocreneHHyro
BXHOCTb  MPHOOPETAIOT  MPOOJEMBI  NPEACTABICHUS  CTPYKTYPbl ~ MEXaHHM3MOB, METOJBI
[apaMEeTPUUECKOr0 MOJEIUPOBAHMSA AaHAIM3UPYEMBIX OOBEKTOB, a TaK K€ BO3MOXHOCTH
BBIITOJIHEHHS] KHHEMATHYECKUX PAaCYeTOB 110 TOCTPOECHHON MOJIEIIH.

Ha ceromusimHuii A€Hb CyIIECTBYET HECKOJIBKO CHUCTEM TUHAMUYECKOTO W KUHEMATUYECKOTO
aHaM3a MPOCTPAHCTBEHHBIX MEXAaHM3MOB, B 4HCJIE€ KOTOpbIX mporpamMmbl ADAMS u Dynamic
Designer (kommanuun MacNeal-Schwendler Corporation), UcIosib3yeMble COBMECTHO € MPOAYKTaMH
Autodesk Mechanical Desktop, SolidWorks u SolidEdge. [5] HecmoTpst Ha mmpok#e BO3MOKHOCTH,
NPEIOCTABISIEMbIE ITHUMHU CHCTEMaMH, OHU HCIIONB3YIOTCS JIMIIb Y3KHM KpPYTOM CIEIHAIUCTOB
paboTaronux B KPYIMHBIX MPOU3BOJICTBEHHBIX KOMITAHUSAX, YTO CBS3aHO, B TIEPBYIO 0Yepe/ib, C IICHOH
Ha ITU MPOAYKTHL. TakuM 00pa3om, ClieyeT KOHCTaTHPOBaTh OTCYTCTBHE TOCTOHHOTO MacCOBOTO
CpeICTBa U1 aBTOMATHU3alUK MPOCKTUpOBaHus kuHeMaTtuku [TPM.

OcHoBHOH 3amadyeil 3TOro MpoeKTa, SBISETCS pa3paboTKa HOBOM INPOTrpaMMHOM CHCTEMBI,
MO3BOJISIOIIEH MPOEKTUPOBATh KHHEMATUKY MPOCTPAHCTBEHHBIX MeXaHH3MOB. [Iporpamma moimkHa
UMETh YAOOHBIH AJIs Monib3oBaTens rpaduueckuil nHTepdeiic, oOmagaroumMii BO3MOKHOCTBIO 3-X
MEpHOTO0 MOJICIMPOBAHUS aHAJlora CTPYKTYpHBIX CXeM MexaHu3MoB. Kpome Toro, BakHO
o0ecreynTh CpeAcTBa IMPENCTaBICHUS] CTPYKTYpPhl MEXaHM3Ma M CpEeACTBa IapaMEeTPUUYECKOTrO
MOJICTTUPOBAHUS €T0 OOHEKTOB.

B paznene "teopust MexaHM3MOB' NelaeTcs KPaTKOE BBEACHHE B MPEAMETHYIO O0JIACTh: TEOPHIO
MEXaHU3MOB U MallvH. B ciemyromem pasaene "MpoeKT cucTeMbl" omuchIBaeTCs mpodiaemMa pa3paboTKu
U BbIpalaThIBalOTCS TpeOOBAaHUS K MPOTPaMMHOIM CHCTEME U CpPEeICTBaM IMPOrPaMMHUpPOBAHUS IJs €€
CO3MIaHMsI, BBITIONHSACTCS MPOCKTUPOBAHUE TPOTPaMMBI: pa3padaThIBAIOTCS TUMBI JAaHHBIX IS
npenctasneHust [IPM u pemenus 3amaa nons3oBarens. Pazaen "omucanne GUI" cogepsxut moapoOHOe
OMMCaHUE HAITMCAHHOM Ha TAHHBIA MOMEHT YacTH MPOTPAMMBI JUIs TIOJIH30BATEISL.
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Pa3paboTumku npoekrta

TypnanoB Bagum EBreHbeBunvY
[Ipodeccop kapenpsr MO IBM dakynsrera BMK HHI'Y, 10KTOp TEXHUYECKUX HAYK;
O0J1acTH HAYYHBIX HHTEPECOB:

e ABTOMaTH3alMs FEOMETPUUECKOIO MOJIEIMPOBAHUS U
IIPOEKTUPOBAHNSA KNHEMATUKH ITPOCTPAHCTBEHHBIX PhIYaKHBIX
MEXaHU3MOB (IIaCCH U APYTHE MEXaHU3MBI JIETATEIbHBIX
anmnaparoB, poOOThI-MaHUITYJIATOPBI U TPEHAXKEPHI HA OCHOBE
wiatdopm CTroapTa u T.1.);

o [lpuxnagHoe NpoeKTUPOBAHKUE U Pa3BUTHE F€OMH(POPMALIMOHHBIX
CHCTEM M TEXHOJOTHI;

o VHXeHepHas TeoMeTpHsl U KOMIIbIOTEpHas rpaduka (IPUKIIaJHbIE CUCTEMBI U UX
pa3BUTHE);

o lHTepHET-IPUIIOKEHNS;

PoJib yyacTHHKA NPOEKTA: HAYYHBIH PYKOBOJAUTEIb, TOCTAHOBIIKK 33/1a4;
DJIeKTPOHHAS moUTAa: vadim.turlapov@cs.vmk.unn.ru

Nopopeukun EBrennn CtaHucnaBoBuy
cTyneHt 1-ro kypca maructpatypsl kKadeapst MO 3BM, daxynprera BMK HHI'Y.
O0sacTH MHTEPECOB:

o CoBpeMeHHbIE TEXHOJIOTUU TPOrpaMMUPOBAHUS;

o IlpuknagHoe KOMIBIOTEPHOE MOJECINPOBAHUE;

o KommnbroTepras rpaduka, 3D MoaenupoBanue u qU3aiiH;
o HHTEpHET-NIPUIOXKEHNUS;

Posib yuacTHHKA MPOEKTAa: pa3pabOTUHK MPOrPAMMBI,
pa3pabOTYHK CaiiTa;
DJIeKTPOHHAS MOYTA: evsgor@gmail.com

www.mechstd.narod.ru 4




OnucaHue npoekma “Mechanics Studio .NET”

1. OnucaHue npegmMeTHOMN OOGNaCTU: TeOpUSA MeXaHU3MOB U
MaLUunH

1.1 O6wee noHsIMUe MexaHuU3ma

Ilepen Tem, kak HavaTh MOAPOOHOE OMHUCAHHE CTPYKTYphl MeXaHH3Ma, JaAUM caMoe o0Iee
MOHSATHE MEXAaHN3Ma, He Oa3UupyIolLeecs Ha IPYTUX MOHATHAX:

MexaHu3M - 3TO COBOKYIHOCTh B3aMMOCBSI3aHHBIX TBEPJABIX TeEl, MpeAHA3HAYCHHAs s
npeoOpa30BaHMs BXOJOB Ha OJHOM WJIM HECKOJBKUX TBEPHABIX TEJaX B BBIXOJBI Ha JAPYTHUX
TBEPIBIX Tenax. [4]

JlanHoe ompeneneHne 0OBSICHSAET Ha3HAYEHUE JII000T0 MEXaHU3Ma,
3aKIJIIOYaloIeecss B MPeoOpa3oBaHUU ABMKEHUS, HO HE JAET TOYHOTO
MMOHUMaHUs CTPYKTYpBI 3TOr0 MeXaHW3Ma. B ciemyrommx pasjaenax,
Oyzer JgaHO TMOAPOOHOE OMHCAHHWE CTPYKTYPHBIX  DJIEMEHTOB
MEeXaHu3Ma U crocoboB ux B3ammojehcTBus. [locie aToro B pasmene
"kuHemaTtudyeckue nenu'" Oyner naHo Oosiee TOYHOE OIpenesieHHe
MEXaHU3Ma, OMHCBIBAIOIIEE €ro CTPYKTypy H Oasupylolieecs Ha
BBEJAEHHBIX ITOHATHSIX.

Ha pacnomnoxxeHHOM crpaBa pUCYHKE TIPUBENEH IIpUMEpP
MEXaHH3Ma, Ha3bIBaeMOT0 niameopmou Cmioapma, KOTOPBIA COCTOUT
B O0IIEH CIIOKHOCTH U3 8 TBEPABIX TeN: KOHCTPYKIUU KperuieHus, 6
MOPITHEH W TPHUKPCIDIEHHOW K HUM IUIATGOPMBI. DTOT MEXaHH3M
CIIyXAT I TOYHOIO ITO3HWIIMOHHUPOBAHMA HJIachoprI BMECTE C MexaHniH “nnardopua Crioapra™
MPUKPETUIEHHBIM K HEH YCTPOUCTBOM.

.

1.2 38eHbsT MexaHuU3Ma

3BeHbS — 3TO TBEPABIE TEla, U3 KOTOPBIX 00paszyeTcs MmexanusM. [Ipu sTom umerorcs B
BH]ly KaKk abCOIIOTHO TBEPBIE, TaK U AehOpPMHUpPYyEMbIC ¥ THOKHE Tela (B JaJIbHEUIIIEM MBI
OTPAHUYUMCS] PACCMOTPEHUEM TOJBKO a0COIFOTHO TBEPBIX TEI). 3BEHOM MOXKET OBITh
1100 0JHA JIeTallb, TM00 HECKOJBKO JeTajel, COeIMHEHHBIX B OJJHY HEU3MEHSIEMYIO
cuctemy. [1]

3BEHbBS PA3NUYAIOT M0 KOHCTPYKTUBHBIM MIPU3HAKAM (Ko/IeHuyamblil 84jl, WAMYH, NOPULEHD,
3ybuamoe Koeco u m.o0.) u 1o XapaKTepy ABUKEHUS - HATIPUMED:

e Kpusowiun — 3BEHO, Bpalllalolieecs Ha MOJHBIH 000pOT, BOKPYT HEMOJIBUKHOM OCH;
e KOpOMbICNIO — 3BEHO, BPAILAIOILIEECs Ha HE MOJHBINH 000pOT;

e N0J3YH — 3BE€HO, COBEPLIAIOIIEE TOCTYNATENBHOE MPSAMOJIMHENHOE JBUKECHHUE;

e CmMoliKa — HENOJBI)KHOE 3BEHO MEXaHU3Ma;

ITousTHe HCIIOABMXKHOCTH CTOMKH AJI1 MCXaHU3MOB TPAHCIIOPTHBIX MAIlIWH, B YaCTHOCTHU
JICTATCJIbHBIX allllapaToB, - YCJIOBHOC, ITIOCKOJIBKY B 3TOM CJIy4dac CaMa CTOlKa JABHIKCTCA.
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OnucaHue npoekma “Mechanics Studio .NET”
Ecnn paccMaTpuBaThb 3BCHO CBO60,IIHI>IM, T. €. HC CBA3aHHBIM C JPYTHUMHU 3BCHBSIMHU, TO OHO UMCCT
IIECTh CTEIIEHEHN IMOABUXXHOCTH.

CreneHbl0 MOABUKHOCTH TBEPAOTO TEJIa HA3bIBAETCSI BO3MOXKHOCTD T€JIa COBEPIIATH
JBUKEHHE, OTIpeiesiieMOe OJHIUM HE3aBUCHUMbIM ITapaMeTpoM (TIOHATHE U3 TEOPETHUECKOM
MEXaHUKH).

CrnoxHoe TBMKEHUE CBOOOIHOTO 3B€HA MOYKHO Pa3JIOKUTh, KAK 3TO JeNIaeTcs B TEOPETUUECKOI
MEXaHHKE, Ha JiBa COCTABIISIIOIINX JBH)KEHUS, a UMEHHO: Ha IOCTYIATEIbHOE IBUKEHUE BMECTE C
IPOM3BOJILHO BEIOPAHHOW TOUKOM, Ha3bIBAEMOM 1OI0COM, Y BPAIIATEIbHOE JBM)KEHUE BOKPYT 3TOIO
noJitoca. B cBoro ouepeip, NOCTYNaTEIbHOE JBUKEHHUE 3BEHA ONPEIEISIETCS 3aKOHOM U3MEHEHUS
KOOPJMHAT X, Y, Z oitoca. J{j1s onpeaeneHus BpalaTeaIbHOro ABUKEHNS JOCTATOUHO 3HATh 3aKOH
M3MEHEHHS, HallpUMep, TPEX YIIIoB Diijiepa - yena npeyeccuu y, yena Hymayuu 0 u yena
cobcmeennoco epawjenus ¢. Takum o0pa3oM, ECTb BEIUYHH X, Y, Z, ¥, 0, (¢ U ABISAIOTCS MIECThIO
HE3aBHCHMBIMH ITapaMeTpaMu, ONIPEAEISIONMME IBUKEHUE CBOOOIHOTO 3BeHa. Kaxiomy Takomy
napaMeTpy COOTBETCTBYET OJTHO npocmoe ogudicerue. B CBA3U € 3TUM codcHoe 08udicetue 3BeHa
MOJKHO Pa3JIOKUTh Ha IIECTh MIPOCTBIX COCTABIISIIOIIUX ABMKEHHUH.

XapaKTep OTHOCHUTCIBHOT'O IBUXKCHUA HOI[BI/DKHO-COGI[I/IHéHHBIX 3BCHLCB 3aBHCUT TOJIBKO OT
MECT UX COCANHCHUA.

I'eoMeTpHUYeCKMM 3J1€MEHTOM HA3bIBACTCSI MECTO COEMHEHHS OJJHOTO 3BE€HA C IPYTUM
3BE€HOM. [ '€OMETpHUYECKUM JIEMEHTOM MOXKET SIBIATHCA COBOKYITHOCTh TOBEPXHOCTEM,
JUHUN ¥ TOYEK 3BEHA, BXOSIINX B COMPUKOCHOBEHUE (KOHTAKT) C APYTHUM 3BEHOM.

Jl1s TOro, YTOOBI 3JIEMEHTHI apbl HAXOAUIUCH B IOCTOSSHHOM CONPUKOCHOBEHUH, Mapa A0JKHA
OBITh 3AMKHYMAa T€OMETPUUYECKUM (3a CUET KOHCTPYKTUBHOMN ()OPMBI 3BEHBEB) WJIM CUIIOBBIM (CHUIION
TSOKECTH, IPYKUHOM, CUIION JaBIICHUsS )KUIKOCTH WM T'a3a) CIIOCOOOM.

On1HO 3BE€HO MOXKET UMETh HECKOJIBKO F€OMETPUUECKUX 1eMEHTOB. TakuM 00pa3oM, Juisl 3BEHa,
HOJIEKAILETO U3YUCHUIO B TEOPUU MEXAHU3MOB, XapaKTEPHBIM U 21A6HbIM AGNAIOMCS opma
2eoMempuyecKux 21eMeHmos U Ux 63auMHoe pacnoioxcenue Ha 36ene. Bee npyrue GpakTopsl, Kak-To:
Mmatepual, popma, KOHCTPYKIHUS 3BEHbEB, HE OTPAXKAIOT UX OTHOCUTEIILHOTO JBM)KEHUS M [TO3TOMY
HE MOJIeXKAT U3Y4YCHHUIO B TCOPUHU MEXAHU3MOB.

Kpowme Toro, B TeOpHH MEXaHU3MOB MPEHEOPETAI0T TAaKXKe MAIBIMH Je(OPMALUIMHU 3BEHBEB, T. €.
paccMaTpUBAIOT MEXaHU3MBI C A0COIIOTHO TBEPBIMU 3BEHBSMH, B OTJIMUUE OT MEXaHU3MOB
peanbHBIX, B KOTOPHIX MPOUCXOIST U 1e(hopMaIii 3B€HbEB U H3MEHEHUS HX pa3MEPOB BCIICACTBUE
HETOYHOCTHU UX U3TOTOBJICHUS.

Pasnruaro BXOJHBIC U BBIXOHBIC 3BCHbSI MEXaHU3MA!
e BbIX0IHBIM Ha3bIBarO 3B€HO, COBEPIIAOIIEE IBUKCHHUE, TSI KOTOPOTO TpeHa3HAYCH
MEXaHU3M;
o BxoaHbBIM Ha3bIBaIO 3BEHO, KOTOPOMY COOOIIACTCS IBIKECHHE, TPEOOpa3yeMOe MEXaHU3MOM

B TpeOyemoe JABMKEHUE BbIXOIHOTO 3BEHA.

Yuciio BXOIHBIX 3BEHHEB OOBIYHO PABHO YMCITY CTEIICHEW CBOOOIBI MEXaHU3Ma, T. €. YUCIY €T
0000MIEHHBIX KOOP/IMHAT, HO BO3MOYXHO 1 HE COBIAJICHUE UX.
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1.3 KuHemamu4eckue napsbi

KunemaTnueckoii napoii (COKpaméHHO - Mapoii) Ha3bIBAIOT MOABIKHOE COSAMHEHHE IBYX
CONPUKACAIOIINXCS 3BEHBEB. [ 1]

Bceskas xkuHemaTudeckas mapa orpaHM4YruBacT ABUXKCHUEC COCINHACMEBIX 3BCHbBCB.

OI‘paHI/I‘-IeHI/Ie, HaJIOXXCHHOC Ha IBHXKXCHHUC TBépI[OFO TCJ1a, HA3bIBACTCA YCJIOBUEM CBHA3H.

Takum oOpa3zoM, KuHemamuueckas napa HAKIAObIGAem YCI06UA C6A3U HA OMHOCUMENbHOE
osuoiceHue 08yx coeodunsemvix 36envbes. OUeBUAHO, YTO HAMOOJbIIEE YUCIO YCIOBUH CBA3M
HaJIOKEHHOE KUHEMATUYECKOW Mapoi, paBHO IATH.

Pa?;J'II/I‘IHOC qucJio YCJ'IOBI/II\/JI CBA3H, HaKJIaAbIBACMbIX Ha OTHOCHUTCIIBHOC JIBMXXCHUC 3BCHBCB
KUHEMATUYCCKUMHU TTapaMH, MO3BOJIET Pa3/ICiHTh IOCIEAHUE Ha 5 Kraccos, Tak 4ro mapa k-ro
KJ1acca HakjIaabIBaeT k ycioswmii cBsizu, e k u3 {1,2,3,4,5}. Otcrona ciemyer, 9To0 KHHeMaTHIecKast
napa k-ro kjacca JoImyckaeT B OTHOCUTENIFHOM JBH)KEHHH 3BEHBEB 6-K cTereHel moABUKHOCTH.

Cnez[yeT 3aMC€TUTh, YTO B MCXAaHU3MAX HNPUMCHAIOTCA KHMHECMATHUYCCKHUC IIapbl TOJIBKO IIATOTO,
YCTBCPTOTIO U TPECTHEI'O KJIACCOB. Kunematuueckue ke Mapsl IEPBOT0 U BTOPOI'0 KJIACCOB HC HAIIIIN
MNPUMCHCHUS B CYIICCTBYIOIIUX MCXaHU3MaAX.

Tak Kak 3BEHBS COIMpHUKACAarOTCA rCOMETPUICCKUMU BJICMCHTAMH, TO, OYCBHIHO, KHHCMATHUYCCKasA
mapa mpeiacTaBisieT co00I0 COBOKYMHOCTh TaKUX OJJIEMEHTOB COEAMHSEMBIX 3BeHbeB. OTCrona
CIIEZIYeT, YTO Xapakmep OMHOCUMENbHO20 OBUNCEHUS COCOUHAEMBIX 36€HbE8 3d8UCUM Om (opmubl
2e0Mempu4ecKux S1emMeHmog. ITO OTHOCUTEIbHOE JBHKEHHE OJHOIO 3BEHA MO OTHOLIEHUIO K
APYroMmy MOXKET OBITH IMOJIYYCHO, €CJIM OAHO U3 ABYX COCAUHACMBIX 3BCHLCB CACIaTh HCIIOABUKHBIM,
a JIpyroMy COOOIIMTH JABH)KEHHE, OIMyCKaeMOE CBS3SMHU, HAaKIaIbIBAEMbIMH KHHEMAaTHYECKOM
Mapomu.

Jlrobas TOuka MOJBMKHOTO 3BEHA OMNKCHIBAET B OTHOCHTEIHHOM JBIDKEHHUU TPACKTOPHIO,
KOTOPYIO [UIsl KpaTKOCTH OyJeM HasblBaThb mpaekmopueli OmHOCUmenvHo2o osudcenus. Ecmm
TPACKTOPUH OTHOCHUTEIHHOTO JBMKCHHSI TaKMX TOYEK SBJISIOTCS IUIOCKUMU KPUBBIMH U
pacmojaraloTcs B TapajuleJbHBIX IUIOCKOCTSIX, TO Tapa Ha3blBaeTcs niockou. B ciydae
NPOCMPAHCMBEHHbIX KUHEMAaTUYECKUX Map YKa3aHHbIE TPACKTOPUM OTHOCUTEIBHOTO JBUXKEHUS
MPEJICTABIISIIOT COOO00 MPOCTPAHCTBEHHBIE KPUBBIC.

KpOMe pasaCi€HuA MO KilaccaM, KHHEMATHYCCKUEC IMapbl TaK X€ JACIAT B 3aBUCUMOCTH OT THUIIA
reoOMCTPHUICCKOIro 3JICMCHTA ITapbI:

e BbLICIIHMEC MHapbl — J3TO Iapbl, B KOTOPBIX MNpPH COCIAWMHCHHU [JBYX 3BCHLEB KOHTAaKT
OCYHICCTBIIACTCA JIMIIb HA KPUBBIX WJIM TOYKAX;
e HM3IIHMEC MNapbl — OJTO IIapbl, B KOTOPbLIX MNpH COCAUHCHHWHU ABYX 3BCHLEB KOHTAaKT

OCYHIECTBIIACTCA IO ITIOBEPXHOCTAM.

Bricime kxnHeMaTHYeCKHe Tapbl IPUMEHSIOTCS JJIs1 YMEHBIIICHHSI TPSHHUS B DJIEMEHTaX dTHX Iap
U 4YacTO pealn3yloTcs B KauecTBE POJIMKOB WM MOAIIMMHUKOB. HOo 0COOEHHOCTHM BHYTpPEHHETO
CTPOCHHUS TaKUX OJJIEMEHTOB, B OOINEM CiIy4ae, HE BIHUSIOT Ha OTHOCUTEILHOE [IBHKCHHE
CoeuHseMBbIX Tapod 3BeHbeB. CyILIECTBYIOT TakK K€ OINpeAeNEéHHble MPUEMBI, MO3BOJSIOLINE
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3aMCHATbL MCXAHU3MbI C BBICIIMMU KHHCMATHYCCKUMH IMapaMH HUX aHAJIOraMU C HU3IIMIHMMU IapaMU
(4TO TO3BOJISIET YIIPOCTUTH MCCIIEIOBAHNE KNHEMATHKU MEXaHu3Ma B JAanbHemeMm). [ToaTomy manee
MbI 6y21€M paccMaTpuBaTh TOJIBKO MCXaHU3MbI C HU3IIUMH IIapaMH.

Husmue kuHematuyeckue mapbl Haubojee 4acTo MPUMEHSIOTCS Ha MpakTUKe M UMEIT Oosee
MPOCTOE BHYTPEHHEE CTPOCHHE, IO CPAaBHEHUIO C BBICIIUMHU TapaMH. OJIEMEHT HU3IIECH
KMHEMaTH4YeCKOW Maphl MPEACTaBIseT CO0O0M IBe CKOJIB3ALINE APYT MO IPYTy MOBEPXHOCTH, YTO, C
OJIHOM CTOPOHBI pacHpenenseT Harpy3Ky B 3TOM 3JIEMEHTE, a C JPYrol CTOPOHBI yBEIMYMUBAET
TPEHHE TPH OTHOCUTEILHOM [IBIKEHHUH 3BEHbEB. B CBSI3M C O3TUM, HCIHOJIB30BaHWE HH3IIMX
KHHEMATUYECKUX Map MO3BOJSET NEpelaBaTh 3HAYUTEIBHYIO HArpy3Ky OT OJHOTO 3BEHA Ha JPYroe,
Onmarogaps UMEHHO TOMY, YTO B 3TUX Mapax 3BEHbS COMPHUKACAIOTCS 10 TOBEPXHOCTH.

Ta6bnuua 1: Knaccudgukaums KWHEMaTUYECKUX Nap Mo YMCny cTteneHen ceobobl U yncny

cBsasen [2]
Yucno cBsasen  Yucno cteneHen H YcnoBHoe
asBaHue napsbl PucyHok
(knacc napbl) cBoboabl o603Ha4eHue
e
1 5 Bpawamenvnasn /\ ?

1 5 Ilocmynamenvnasn | ﬁ

1 5 Bunmoeasn _E_
2 4 Hununopuueckas __?_
2 4 ﬁ
3 3 }g/
3 3 Ilnockaa ____L_?
4 2 Hununop-ninockocme _\4
S 1 Hlap-nnockocmeo _i,
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B Ta6aunue 1 mpuBeneHs IpuMepbl KHHEMAaTHUECKUX AP BCEBO3MOXHBIX KJIaccoB. B Tabmimie
JUTST KOKJI0M M3 TIap yKa3aHo €€ Ha3BaHHE, PUCYHOK M YCIIOBHOE 0003HaueHue Ha cxeme. Jlanee OyayT
MPUBCACHBI JOITOJIHHUTCIbHBLIC IMTOACHCHUSA T HaH6onee 4JaCTO UCIIOJB3YyCMBbIX IIap U3 STOU Ta6J'II/IIH)I.

Bpawamenvnaa napa — onHonoaBmkHas (ycioBHoe oOo3HaueHue 1 B”), gomyckaer nuinb
OTHOCHUTEJIbHOE BpPALLATENIbHOE JBM)KEHHUE 3BEHBEB BOKPYI OCH. 3BEHbSI Iapbl CONPHUKACAIOTCS IO
LWIMHIPUYECKON IOBEPXHOCTH, CJIENOBATENIbHO, 3TO HM3LIAs Iapa, 3aMKHYTas I'€OMETPUUYECKHU.
Pomep Takoil KMHEMATWYECKOHW TMapbl BHINONHAET W Ooiiee  CIOXKHAs KOHCTPYKIUS ——
IIApPUKONOIIIUITHUK.

Ilocmynamensnan napa — onnonoawkHas (ycnoBHoe obo3nauenue 1 I17°), ¢ reoMmeTpudecKkum
3aMbIKAHUCM, HU3MAA, JOIMYCKACT JIMIIb HpHMOHHHCﬁHOG MOCTYNaTCJIbHOC OTHOCHUTCIBHOC
JBUKCHHE 3BEHBEB.

Hununopuueckan napa — npyxnoasmwxksas (72 I1”), ¢ TeoMeTpUYECKUM 3aMbIKaHUEM, HU3IIIAS,
JIOIyCKaeT HE3aBUCHUMOE BpallaTeIbHOE U OCTYNaTeIbHOE OTHOCUTENBHOE IBUKEHUE 3BEHBEB.

Cdhepuueckan napa — tpéxnoapmwkHas (3 C”), ¢ reoMeTpUuecKUM 3aMbIKaHMEM, HU3IIA,
JIOTTyCKaeT TPU HE3aBUCHMBIX OTHOCUTENIbHBIX BpallleHUs 3B€HbEB BOKPYT OCeil X, Y, Z.

Copepuueckan napa ¢ nanvyem — nyxnonasxsas ("2 C”), ¢ reoOMETPUUECKUM 3aMbIKaHUEM,
HU3IIas, JOMYyCKaeT JBa HE3aBHCUMBIX OTHOCHTEIBHBIX BpAIlCHHS 3BCHBEB BOKPYT OCEH,
OTIpeICIIIEMbIX TIPOPE3BI0 U TANTBIIEM (JIOOABIICHHBIM K chepruIeCcKOii mape).

Bunmoesas napa — OJHONOJABWIXHAA, C I'COMCTPHUYCCKUM 3aMbIKAHUCM, HHU3MIIAsA, OOIYCKACT
OTHOCUTCIBHOC BHWHTOBOC JAIBMXKXCHUE 3BCHHBECB C IIOCTOSHHBIM IIarom. VrinoBele W JIMHEHHEIC
NnepeMCuICHusl 3BCHLCB BHHTOBOM napel UMCHO OAHO3HAYHOC COOTBCTCTBUC, B PE3YJILTATC 4YCTO
0CTa€TCs TOIBKO OadHa CTCIICHb IMOABHKHOCTH.

IInockocmuas napa, uummdp-mwcxocmb U wap-niocKkocnmp 11apbl HCIIOJIB3YIOT CHIIOBOC
3aMBIKaHHC, HpI/I‘IéM [nepBasd U3 HUX HU3MIAA, a ABC APYI'HMC BBICIHINC. Ot Hnapbl MPAKTUYCCKU HE
MMPUMCHAIOTCA B PCAJIbHBIX MEXaHHU3MaX W OIIMCAHbI B IAHHOM 0630pe JJI TOJIHOTBI NPCACTAaBJICHUA
KJIaCCI/I(bI/IKaL[I/II/I KHMHCMATUYCCKUX Iap.

[Tapel Tak e pa3messioT MO THUILy OTHOCHTENBHOTO JABWKCHHUS COCAMHIEMBIX 3BEHHEB HA
oOpaThMble 1 HEOOpaTUMBIE:

e (OOpaTuMble KHHEMATHYECKHE MNAPbI JOIMYCKAT OAUH MU TOT K€ BUIA OTHOCHUTCIBHOI'O
ABVKCHUS HE3aBUCHUMO OT TOI'0, KaKOC M3 3BCHBLCB YCJIIOBHO BI)I6paHO HCIIOABHXHBIM. Ecmu
KHMHCMATHUYCCKAas Mapa OJAHOIIOABHUIXKHAA, TO OHAa OAHO3HAYHO O6paTI/IMa$I;

° H606D3TI/IMI)IC KUHEMATHYICCKHUE Mapbl AOIYCKAIOT Pa3IWYHBIC BHUALI OTHOCHUTCIIBHOT'O
ABWIKCHUSI COCANHACMBIX 3BCHBCB B 3aBUCUMOCTU OT TOT'O, KAKO€ M3 HUX YCIIOBHO IPUHATO
HCIIOABHXHBIM.

B kaugectBe H606paTI/IMI)IX nap B CymeCTBYIOIUX MCXaHU3MaX MPUMCHAIOTCA KYJIAQYKOBBIC IAPHI,
naphbl 3arerieHus (pa3IuyHOro BHA 3y0Yarhie mapbl), GPUKIMOHHBIE TIAPhl ¢ THOKMMHU 3BEHBSMHU.
I/I3yquI/Ie OTHOCHUTCIIbHBIX I[BI/I)KCHI/Iﬁ 3BCHLBCB, COCIMHCHHA KOTOPBLIX MNPCACTABIAIOT CO6OI>'I
yKa3aHHbBIE MMapbl, MO)KHO OCYIICCTBUTH JIUIIIb MIPU PACCMOTPCHUU MEXAaHH3MOB B IICJIOM, TaK Kak C
IIOMOIIIBIO H€O6paTI/IMBIX map HEJIb3A 06pa30BaTL ABYX3BCHHBLIC MCXaHU3MBbI, KaK 3TO MOXXHO CICJIaTb
C MIOMOIIBI0 OOpaTHMBIX map. M3yueHne HeoOpaTUMBIX Map BBIXOAWT 32 PaMKU JTAHHON paObOThI U
OyJIeT HaMH TIPOITYIIEHO.
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1.4 Kunemamuyeckue yenu

KuHemMaTHyecKkoil 1eNbl0 HA3BIBAIOT CHCTEMY 3BEHBEB, OOpa3yIOMUX MEXIy CO00i
KruHemaTudeckue napsl. [1] Kunematudeckue menu ObIBatOT MPOCTHIMU U CIIOKHBIMHU:

o IlpocToii KMHEMATHYECKOIl IeNbI0 HA3bIBACTCS Takas IeMb, Y KOTOPOH Kaxa0oe 3BEHO
BXOOUT HEC 60.]166 YEM B IBC KUWHEMATUYCCKHUC Hapbl;

e CJ0XKHOI KNHEMATHYECKON 11eNbI0 HA3bIBACTCS II€Th, B KOTOPOW UMEETCS XOTS Obl OJTHO
3BEHO, BXOs1Iee 0ojiee ueM B JIB€ KHHEMATUUCCKUE TaPHI.

HpOCTLIe U CJIOXKHBIC KHHCMATHYCCKUC LCIH, B CBOIO OYCPCAb, ACIATCA Ha 3aMKHYTLIC U
Pa3OMKHYTBIC:

o IIpocToii 3aMKHYTOWl KHMHEMATHYECKOW 1eNbI HA3bIBACTCS MPOCTAs] KUHEMATHYECKAS
LM, KAKJI0€ 3B€HO KOTOPOW BXOJUT B JIB€ KHHEMAaTUYECKUE MAPHI;

o IIpocToii pa30MKHYTOWi KMHEMATHYECKOW LeNbI HA3bIBACTCS MPOCTass KMHEMAaTHYECKas
LIEIb, B KOTOPOW €CTh 3BE€HbS, BXOISIINE TOJIBKO B OJIHY KHHEMAaTHYECKYIO Tapy;

e Cl0XKHOH 3aMKHVTOM KHHEMATHYECKOHM IeNbl0 Ha3bIBAae€TCAd Takas  CJIOXKHas
KMHEMaTU4eCcKass LeMb, KaXJI0€ 3BEHO KOTOPOW BXOJMUT, IO KpaiHE Mepe, B JBE
KMHEMATHUYECKHE Maphl;

e CI0XKHOH _PpPAa30OMKHYTOH KHHEMATHYECKONH IembI0 Ha3bIBA€TCSd TakKasd CJOXKHas
KMHEMATHUYECKasl LI€Mb, B KOTOPOM HMMEIOTCS 3BEHbS, BXOISIIME B OAHY KMHEMATHYECKYIO

napy.

Terepp, Korma BBEIACHBI OCHOBHBIC IIOHSTHS TEOPHH MEXaHW3MOB, MOXHO JaTh HOBOE
OIpe/IeTICHNUE MEXaHH3Ma, 00JIee TOYHO OMHUCHIBAIOIIEE €r0 CTPYKTYPY:

MexaHHM3M — 3TO KMHEMaTH4ecKas 1Iellb, B COCTaB KOTOPOW BXOIUT HEMOJBUKHOE 3BEHO
(cToiika) M YHCIO CTENEeHeW CBOOOIBI KOTOPOW paBHO YHCITY OOOOMIEHHBIX KOOPIHMHAT,
XapaKTEePU3YIOLIUX MOJ0XKEHHUE e OTHOCUTEIBHO CTOMKH. [ 1]

I[BI/I)KGHI/IC 3BCHBCB MCXaHHM3Ma pacCMaTpuBACTCAd IO OTHOIICHHWIO K HCIIOABHIXHOMY 3BCHY —
cmotixe. Te 3BCHBA, KOTOPBIC COCAUHAIOTCA CO CTOfIKOfI, O6p3.3y5[ Mapsl IIATOTO KJIacca, nNepeaaroT Ha
Heé YCUJIUA U HOCAT Ha3BaHUSA OCHOBHBIX 3BCHBLCB. W3 uucna TOCICAHUX BBIACIAIOT BXOIHBIC 3BCHbBA,
3aKOH ABWKXCHUS KOTOPLIX ABJIACTCS 3aJaHHBIM.

MexaHu3mbl K1accuGUIUPYIOT N0 pa3InYHBIM MPU3HAKaM, U B TEPBYIO O4YEepeIb UX JENAT Ha
MEXaHM3Mbl C HHU3IIUMH ¥ BBICIIMMU [apaMu; T€ M JPYrde MOTYT OBITh IJIOCKUMH U
MIPOCTPAHCTBEHHBIMH.

IlnockuM Ha3bIBAaeTCS MEXaHM3M, BCE TMOABI)KHBIE TOYKM KOTOPOTO JBIIKYTCS B
napajuieIbHbIX MIOCKOCTSX. [1]

I[IpocTpaHCTBEHHBIM HA3bIBAIOT MEXAHU3M, TMOJBHKHBIE TOYKH KOTOPOTO OIHKCHIBAIOT
HEIUIOCKUE TPAEKTOPUH WIIH TPACKTOPHH, JIEKAIIUE B MEPECEKAOITUXCS MITOCKOCTIX. [ 1]

HawnbGonee paCHpOCTpaHéHHHe MCXAaHU3MbI C HU3IIUMU MMaApaMH — pPbluddiCHblIE, KIUHO6blE U
6UHmMoevle; C BBICIIMMU IIapaMH — K)J1duKosebvle, 3y6’ial’}1bl€, ¢puKl4uOHHbl€, ManbmuicKue u
xpanoeovle.
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[Ipn wu300pakeHMM MeXaHW3Ma Ha YEepPTeKE pa3IUYalOT €ro CHPYKMYPHYIO cXemy C
MIPUMEHEHHUEM YCJIOBHBIX 00O03HAYCHU 3BEHhEB M TMap (0e3 ykazaHUs pa3MEpOB 3BEHHECB) H
KuHemamuueckylo cxemy ¢ pazMepamMu HeoOXOUMBIMU JIJIsi KHHeMaTudeckoro pacuéra. Ha cxemax
3BEHBsI 0003HAYAIOT IUppaMu, a apbl U Pa3TMYHbIE TOYKH 3BEHhEB — OyKBaMU (C yKa3aHHEM 4YHCIIa
CTeNeHeW MOABMKHOCTH). OueBUIHO, KMHEMAaTHYEeCKash CXeMa MEXaHU3Ma He H300paKaeT ero
JEHCTBUTENILHOTO YCTPOWCTBA, a MOXXET OBITh HCIIOJIb30BaHA JIMIIb JUISI KUHEMATHYECKOTO WU
JUHAMHYECKOTO UCCIICIOBAHMS.

B kawectBe mpumepa, Ha pHC. a) MPHUBEACHO KOHCTPYKTUBHOE HU300paxeHue V-oOpaznozo
MeXanu3mMa asuayuoHHo20 0sueamens, a Ha puc. 0) — ero CTpyKTypHas cxema. B HeKOoTOpbIX ciayuasx
MPUMEHSIOT TOJy CXeMaTHYeCcKoe H300paKeHHe MEXaHHW3MOB, MPEICTaBISAIoIee COO0O HEuTo
CpellHee MEeXy KOHCTPYKTUBHBIM YE€PTEKOM U CTPYKTYPHOH CXEMOH.

al Fowoppereess  cofipaesme Y-
obpazHOM SENALMOHHOND OEHrETERA W
B) B0 CTPYRTyPHAA CHaMa

1.5 NMNodesu)xHOCMb MexaHuU3Ma

Cy1iecTBYIOT 001IME 3aKOHOMEPHOCTH B CTPYKType (CTPOSHHH) CaMbIX Pa3IUYHBIX MEXaHU3MOB,
CBS3BIBAIOIIME YHUCIIO CTEIEHEN CBOOOALI W MEXaHU3Ma C YHUCIOM 3BEHBEB M YUCIOM U BUIOM €r0
KMHEMAaTHYEeCKHUX Map. DTU 3aKOHOMEPHOCTH HOCST Ha3BAHUE CHPYKMYPHbIX YOPMYTI MEXAHUIMOS.

[Ton ymeaoM cTeneHel MOABUKHOCTH MexaHu3dMa (oOo3zHaueHue W) OynemM NMOHMMAaTh
YHCJIO HE3aBUCHUMBIX I1apaMETPOB, ONPEACIAIONINX IOJIOKECHUE BCEX IOABMKHBIX 3BEHBEB
MEXaHu3Ma.

Takumu napamMeTpamu SABJISIIOTCA HE3aBUCHMBIC KOOPAHWHATHI, OIPCACIIAONHNE ITOJIOXKCHUA
BXOJHBIX 3BCHBCB. O‘-IGBI/IILHO, YHCJIO CTEIICHEH IIOABM>XKHOCTH 6YI[€T PaBHO YHUCIIy BCCX BXOAHBIX
3BCHLCB.

JlJis pOCTpaHCTBEHHBIX MEXaHU3MOB B HAcTosIlee BpeMsl HauboJiee paclpocTpaHeHa gopmyna
Manviwesa, BBIBOJ KOTOPOH MIPOU3BOAUTCS CIETYIOIIIM 00pa3oM.
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BBeném o003HaueHUs CIEAYIONINX YUCIOBBIX BEIUYHH:

e Im — YKCIIO 3BE€HBEB (BKJIIOYAs CTOMKY);
e pl, p2, p3, p4, p5 — uucno oHO-, ABYX-, TPEX-, YETHIPEX- U MSATUITOABIIKHBIX TIap;
e n=m-1 — 9KCJI0 NOJBIKHBIX 3BE€HbEB MEXaHHU3MA.

Ecau OB Bce MOABMKHBIE 3BEHbS OBIIIM CBOOOJIHBIMHU TEIaMHU, OOIIEE YHUCIIO CTEIIEHEN CBOOOIBI
Ob10 Obl paBHO 6m. OgHAKO KaXKaash OJHOMOJBIDKHAS mapa V-To Kiacca, HaKIaJbIBaeT Ha
OTHOCHTEJILHOE JIBUKCHUE 3BCHBEB, 00Pa3yOIIUX Mapy S5 CBsA3eH, Kaxaas IBYXIOIBWKHAs napa [V-
ro kiacca — 4 cBsizu u T. 1. CienoBarenbHO, 001Iee YMCiio CTeNeHe cBOOOIbI, paBHOE MIECTH, OyIeT
YMEHBIICHO Ha BEIIMYHMHY:

5
Z(ﬁ—k)'h:jﬁﬁdl'ﬁz 3t pyetps
! @2.1)

B oOmee 4nciIO HANOKCHHBIX CBSI3€H MOXET BOWTH HEKOTOPOE YHCIO ( U3OLIMOUHBIX
(noemopmvix) cessell, KOTOpbIe NIyOIUPYIOT APyTHE CBS3U, HE YMEHbINAs MOJBUKHOCTH MEXaHU3Ma,
a TOJBKO oOparmiasi ero B CTaTHYEeCKH Heompenenumyto cuctemy [1]. [lostomy wmcno crenenei
CBOOOIBI MPOCTPAHCTBEHHOTO MEXaHW3Ma, PAaBHOE YHUCIY CTeneHeil CBOOOABI €ro MOABHKHOM
KHHEMaTHYECKOM IIEMTH OTHOCHUTEIBHO CTOMKH, ONIPEIEIIIeTCS 10 cienytomen ghopmyne Manviwesa:

5
W=bn=| 2,6 -k)pe—g :6”_[5'P1+4'P2+3'P3+2'P4 TP _ﬁi']
= 2.2)

I[Ipu =0 wmexaHW3M — CTaTUYECKH OlpeaeauMas cuctema, npu (>0 — CcTaTUYECKHu
HEOoIpeeauMas cucTeMa. B 4yacTHOM ciydae, €Clii YUCJIO CTENEHEH NMOABUKHOCTH MeXaHuzma W
HaWJIEHO U3 TEOMETPUUYECKUX COOOpakeHHH, TO U3 GopMyIIbl (2.2) MOKHO HAWTH YUCIIO U30BITOUHBIX
CBSI3€M M pELINTh BONPOC O CTATHYECKOM ONPENEIMMOCTM MeXxaHuszma. Mnm ke, 3Has, 4ro
MEXaHU3M CTATHYECKH ONpPEAECIUMbIA MOKHO HauTu W.

Ecnmu m30bITounbIX cBsizeidl HeT (q=0), cOopka MexaHW3Ma MPOUCXOAUT 0e3 nedOopMHpPOBAHUS
3BEHbEB, MOCJIEIHHE KaK Obl CaMOYCTaHABJIMBAIOTCS; MOITOMY TaKH€ MEXaHU3Mbl HA3bIBAIOT
camoycTaHaBmBarommumMucs [1]. Eciiu n30bITOYHBIE CBSI3U €CTh, TO COOpPKAa MEXaHWU3Ma U JIBIKCHUC
€ro 3BEHbEB CTAHOBHUTCS BO3MOXHBIM TOJBKO MPHU AePOPMUPOBAHUY TIOCTICTHUX.

JIis TUTOCKUX MEXaHW3MOB 0e3 M30BITOYHBIX CBsi3el CTpykTypHas dopmyna Hocut ums I1. JI.
YeOblieBa, BHepBble mpemiokuBiiero e€ B 1869 romy A peIYaKHBIX MEXaHU3MOB C
BpalllaTeIbHBIMU MapaMU U OJIHOM CTemneHbio cBOOObl. B Hacrosimee Bpems dopmyna YeObieBa
pacrpocTpaHeHa Ha JIOObIe TUIOCKME MEXaHHM3MBbl M BBIBOAUTCS C Y4ETOM M30BITOUHBIX CBS3EH
CIIeIyIOIINM 00pa3zoMm.

[IycTts B TUIOCKOM MeXaHM3ME, MMEIONIEM M 3BEHBEB (BKJIIOYas CTOMKY), n=m-1 — 4ucio
MOJIBYKHBIX 3BEHBEB, Py — YUCIIO HUBIIUX MAp U Ps — YUCIO BhICIIKX Tap. Eciau Ob1 Bce moABMKHBIE
3BEHbsI ObLTH CBOOOJHBIMU TEIaMH, COBEPIIAIONIMMH TUIOCKOE TBM)KEHHUE, O0IIee YMCIO CTETeHEH
cB0oOOAbl ObIO ObI paBHO 3n. OpHAaKo Kaxaas HM3IIAs Mapa HAKIAJAbIBAET HA OTHOCUTEILHOE
JIBIDKEHHUE 3BEHBEB, OOpa3yIOIIUX Mapy, JIBE CBSI3W, a KaKJas BBICIIAs Mapa HAKIAIbIBACT OIHY
CBSI3b, OCTABJISIS 2 CTETIEHU CBOOOIBI.

B uncno HanoXXeHHBIX CBA3eH MOXKET BOHTH HEKOTOPOE YHUCIO (y M30bIMOUHbIX (NOBMOPHDIX)
cés3ell, yCTpaHEHHE KOTOPBIX HE yBEJIMYMBAET NOJBMXKHOCTU MexaHu3Ma. ClenoBaTeiabHO, YUCIIO
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cremeHeil cBOOOALI IUIOCKOIO MeEXaHM3Ma, T.€. YHCIO CTEIeHeH CBOOOOBI €ro IIOABI)KHOMH
KMHEMaTU4YeCKOM 11eMU, OTHOCUTEIBHO CTOWKH, OTPEIeNIAeTCs 1o caenyomeit popmyne Yeobviuesa:

We=2n—{2 pa+pa—qn) (2.3)

Nunekc “I1” namoMuHaeT 0 TOM, 4TO pedb UAET 00 UeaTbHO TUIOCKOM MEXaHHU3ME, WU, TOUHEe,
0 €ro IMJIOCKOW cXeMe, MOCKONIbKY 3a CYET HETOYHOCTEH M3TOTOBIEHUS MJIOCKHI MEXaHHU3M B KaKOM-
TO MEpE SIBJISIETCS TPOCTPAHCTBEHHBIM.

[To popmynam (2.2), (2.3) mpoBOAAT CTPYKTYPHBIH aHAIH3 UMEIOIIUXCS MEXaHU3MOB M CHHTE3
CTPYKTYPHBIX CXEM HOBBIX MEXaHU3MOB.

IlaccuBHOIi CBA3BLI0O MOKHO Ha3BaTh JOIIOJHHUTEIBHOEC 3BCHO, KOTOPOC HEC HAKIAAbIBACT
OI‘paHI/I‘-ICHI/Iﬁ Ha JIBHMOKCHHUC MCXaHHU3MaA. OOBIYHO OHA BBOOUTCA IJiI YBCIHWYCHUSA
J)KECTKOCTH MEXaHU3Ma WU nepeBoJia MCXaHU3Ma 4Y€pe3 0ocoObIe IMOJIOKCHHSA, B KOTOPBIX
Ha6n10):[aeTc;1 HCOMPCACIICHHOCTh ABUKCHUS 3BCHLCB.

B tak HaszpiBaeMoM ‘“‘mexauusme napannenvHulx Kpugowunog”’ (PUC. CHU3Y a) 3BEHO 3 MOXKET
M3MEHUTh HaIpaBJICHHE BPAILEHUS MPU HEM3MEHHOM HaIlpaBJICHUU BpalllCHHs BEAYILIEro 3BeHa 1,
KOTJIla MEXaHM3M TPUXOTUT B TOPH3OHTAIBHOE ToOJIoKeHUe. [t Toro, 4ro0sl 3TOro M30exarh, B
COCTaB MEXaHU3Ma BKJIIOYAIOT JOTOJHUTEIHHOE 3BEHO 4.

MexaHUzMEl C NACCHEHOR CEASLH U
NHLWEHER cTenede ceofonkl

[Ipu cTpyKTypHOM aHanM3e MEXaHHW3Ma MacCHBHBbIE CBA3M HE yuuThiBatoT. Eciaum mo dopmyne
CTETNeHb MOJBMKHOCTH MeXaHU3Ma OyJIeT paBHa HYJIIO, HO 3apaHee M3BECTHO, YTO paccMaTpuBaeMast
1enb MOJBUKHA, TO CJIEAYyeT UCKATh TACCUBHBIE CBSI3U.

HaobopoT, korma B MeXaHW3M BBOJASTCS JOMOJHHUTEIbHBIC 3BEHBS, UMEIONINE COOCTBEHHYIO
CBOOOJy JBIKCHHS, TOTJA TOBOPST O JIMIIHEH CTemeHW cB00OABI. Tak, CTENEeHb MOJBHXHOCTH
KY1aukogoeo mexaunusma (puc. cepxy, 0) W=2 (n=3, pl=3, p2=1). I[loctpouB 3ameHSIONUINI1
MEXaHU3M, HETPYJHO YOCOUTHCS, YTO OH UMEET CTeleHb MOABMKHOCTH W=I. JIMIIHIOIO CTEneHb
MOJBIKHOCTU I KYJIAYKOBOTO MEXaHM3Ma BHOCHUT CBOOOJHBIN MOBOPOT POJUKA BOKPYT OCH
BpalleHus 0e3 BIUSHUS Ha XapaKTep IBUKCHUS MEXaHH3Ma B IIEJIOM.

1.6 3akoH obpa3oesaHuss MexaHu3moe no Accypy

BrniepBrie 3akoH 0Opa3oBaHUS MEXaHU3MOB ObLI chopMyiaupoBaH B 1914 T. pyCcCKUM yYEHBIM
Jleonnnom BragumupoBudem AccypoM NPUMEHUTEIBHO K IUIOCKMM HIAPHUPHBIM MEXaHU3MaM U
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3aTeM MO3JHEE PacIpocTpaHeH Ha Japyrue mexanusmsl . U. AproGoneBckuM. 3akoH 00pazoBaHHA
MEXaHM3MOB MOXHO C(HOPMYIIUPOBATH CIAEAYIOLUIIM 00pa3oM:

3akon Accypa: Bceskuii MexaHU3M MpeNCTaBIsieT COOOI0 COBOKYHMHOCTh OJIHOTO WIIU
HECKOJIbKUX, JBYX3BEHHBIX (IIEPBHYHBIX) MEXAaHU3MOB M OJHOM HJIM HECKOJBKUX TPYII
HYJIEBOW IMOJBUKHOCTH.

I'pynmbl Hya€BOM NMOABUKHOCTH HE U3MEHSIOT YMCIA CTEICHEH IOABMYKHOCTH [BYX3BEHHBIX
MeXaHU3MOB. B cBsi3u ¢ 3THM cHOpMyTUPOBaHHBIN 3aKOH TO3BOJIIET 03 MOMOIIU CTPYKTYPHOM
(bopMyIIBI OIIPEETUTH YUCIO CTETeHEH MOABMKHOCTH JI000T0 MEXaHHU3Ma.

3akoH Acypa sBIE€TCS MEPBOCTEIIEHHO BAXHBIM I DPEIICHHs 3a7a4 MOJECIHPOBAHUSA
IIPOCTPAHCTBEHHBIX MEXaHU3MOB. JTOT 3aKOH JaéT MPOCTOW aNrOpUTM pELICHMs 3aJaud CUHTE3a
MPOU3BOJIBLHOTO MEXaHH3Ma U METOAMKY aHAIM3a UMEIOIIErocs MeXaHu3Ma (CM. pUC. CHH3Y).

Chtpry i Yo seals CLimRt €2 Mexanuang 5o Acoypy

Mezamoa § | Tlepousim g
o Wy MEEAMEEIM

F 3

(R BV RRUL TH AT MeT anesMa o Acorny

JIBYX3BeHHBIH (MEPBHYHBIM) MEXaHM3M COCTOMT M3 IHOJABH)KHOIO 3BE€HAa U CTOMKH,
00pa3yrommx o0paTuMyto napy.

JIByX3BEHHBIE MPOCTEUIIINE MEXAaHU3MBI (T. €. MEXaHHU3MbI, UMECIOIIHE Mapy IMATOro Kiacca)
IIUPOKO TPUMEHSIOTCS B TEXHUKE, HAmpUMep, B TypOWHAX, HJIEKTPOABHUraTeNsIX, T€HEepaTopax,
BO3JIyXOJlyBKaxX U T. II.

Kak crnegyer u3 copMynnpoBaHHOIO 3aKOHa Accypa, ABYX3BEHHBII MEXaHU3M IpeJCTaBIIsET
c000I0 OCHOBY MHOTO3BEHHOTO MexXaHW3Ma. Ecim nBYX3BEHHBIN MEXaHH3M SIBISETCS MPOCTEHIINM,
TO B 3TOM Clly4yae IOJBM)KHOE 3BEHO SBIIETCS BXOJHBIM 3BEHOM OOpa3yeMoro MexaHu3ma (CM.
puc.1.4).

O‘IGBI/IIIHO, OJHa M Ta XK€ CTOIKa MOJKET OOJHOBPEMCHHO BXOJUTH B COCTAB HCCKOJIbKHMX TAaKHX
ABYX3BCHHBIX, HC 3aBUCAIIUX APYI OT Apyra MCXaHU3MOB. HOI[BI/I)KHBIe 3BCHbA 3TUX MCXAaHHM3MOB
npeaAcCTaBJIAIOT 00010 HE YTO HMHOC, KaK HAYaJIbHBIC 3BCHbLA, IMPUYCM KaXXKI0€ U3 HUX BCCT A 6YZ[€T
HMCTH OJIHY CTCIICHb IMOJABUKHOCTH.

CTpyKTYpHO# rpynnoii Accypa (WM rpyvnnod HYJIEeBOW NOABMKHOCTH) Ha3bIBAETCS
KMHEMaTuveckas I1enb, oOpa3oBaHHas TOJNBKO TMOJABIKHBIMH 3BEHBSIMH MEXaHU3Ma,
MOJABMKHOCTh KOTOPOM (Ha MJIOCKOCTH U B MPOCTPAHCTBE) paBHa HyJt0 (Wrp = 0).

KoneuHpie 3BEHBS rpymi Accypa, BXOOAIME B JIBEC KHMHCMATHUYCCKUC IIapbl, U3 KOTOPBIX
OoJHa UMCCT CBO60I[HBII71 SJICMCHT 3BCHA, HA3bIBAIOTCA MOBOJAKAMM.

['pynmsl MoryT OBITH pa3iMYHOM CTEMEHU CIOKHOCTH. B 3aBUCMMOCTH OT CIOXKHOCTH,
CTPYKTYpHBbIE TPYIIbl AcCypa AENATCS Ha KJIAacChl, a KJIACChl B CBOIO OUYEPE/Ib ACIATCS Ha MOPSIKU.
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Kaaccom cTpykTypHOil rpynmbl Accypa Has3bIBaeTCs 4YHCIO KHHEMAaTHYeCKHX Tap,
BXOJSIIIUX B 3aMKHYTBI KOHTYP, 00pa30BaHHBIM BHYTPEHHIMH KHHEMAaTHUYECKUMH TTapaMu
rpynnsl (U.M. ApTo6oneBckoro).

IopsinoK Tpynmbl ONPEAETSAETCS YUCIOM BHEIIHUX 3JEMEHTOB KHHEMAaTHYECKUX Iap,
KOTOPBIMM TIpyINNa HPUCOEAUHAETCS K MMEIOLIEMyCs MEXaHM3My: IepBas Ipymma
IPUCOEANHSETCA K MEPBUYHOMY MEXaHM3My, Kakaas Mocieayrouias — K HOJy4YEHHOMY
MeXaHU3MY (TIpU 3TOM HEJb3sl IPUCOEIUHATh IPYMIIbI K OTHOMY 3BEHY).

MexaHu3MBbl KIacCUUIMPYIOTCS MO CTETIEHU CIIOKHOCTH IPYII BXOJSIIMX B UX cocTaB. Kuacc u
NOPAOOK Mexanu3ma OTNPENeNIAeTCs] KJIacCOM U MOPSIKOM HauOosee CIIOKHOW M3 BXOZSAIIMX B HETO

TpyIIL

Oco0eHHOCTh CTPYKTYPHBIX Tpynn Accypa - UX CTaTW4yecKas OmpenenuMocTh. Ecnu rpymmy
Accypa CBOOOJHBIMH JJIECMEHTAMHU 3BCHBCB IMPHCOCAMHHUTH K CTOHKE, TO 00pa3yercs CTaTHYECKH
omnpeaenumasi ¢epma. Hcnone3ys rpynmbsl  Accypa yAOOHO TPOBOAWTH  CTPYKTYPHBIH,
KHHEMaTUYeCKU W CUJIOBOM aHalnW3 MexXxaHu3MoB. HawmOosiee MIMPOKO NPUMEHSIIOTCA TMPOCTHIC
pBIU@XHBIE MEXaHM3MbI, cocTosiuue w3 rpynn Accypa 1-ro kmacca 2-ro mnopsaka. Yucio
Pa3HOBUIHOCTEW TAKUX TPYII [JIs INIOCKMX MEXAHU3MOB C HU3LIMMHU MMAPAMHU HEBEIIMKO - UX BCETO
ISTh (CM. PHC. CHU3Y).

i~
= la

Wo=3%mg -1%p; =0, tnem, =1, py= 3.

[Ipu cmpyxmypuom cunmese mexanuzma mo Accypy (puc. 1.3) K BBIOpaHHBIM TMEPBUYHBIM
MEXaHM3MaM C 3aJlaHHOM MOABMXKHOCTbIO WO mOCie10BaTENIbHO NPUCOEIUHAIOTCA CTPYKTYpPHBIE
TPYIIBI  C HYJEBOW TOABWXHOCTHIO. [lomydeHHBIH TakuMm oO0pa3oM MexXaHu3M o0iamaer
paIMOHANIBHOM CTPYKTYPOH, T.€. HE COACPKUT U30OBITOUHBIX CBSI3EU U MOJABUKHOCTEH.

Cmpyxmypnomy anaiusy no Accypy MOKHO NOJBEPraTh TOJIbKO MEXaHU3MBbI, HE COJEprKallue
M30BITOUYHBIX CBsi3ed W mMoABMXKHOCTEW. [loaTomMy mepen mpoBeAeHHEM CTPYKTYPHOIO aHaju3a
HEO0XOIMMO YCTPAaHUTh U30BITOUHBIC CBSA3H U BBIIBUTH MECTHBIE MTOJIBUKHOCTH. 3aT€M HEO0OXO0AUMO
BbIOpaTh MEPBUYHBIE MEXAaHU3MbI M, HAUMHAs CO 3BEHbEB Haubosiee yNaJleHHBIX OT MEPBHYHBIX,
BBIICTISITh U3 COCTaBa MEXaHHW3Ma CTPYKTypHbIE TPYHIMbl HyleBoW moaBmwkHocTu (puc. 1.3). Ilpu
9TOM HEOOXOAMMO CJEANUTh, YTOOBI 3BEHbS, OCTAIOUIMECS B MEXaHU3ME, HE TEPSUIM CBSI3U C
NEPBUYHBIMH MEXaHU3MaMHU.

Accyp pa3paboTall CTPYKTYpPHYIO KIaCCU(PHUKAIMIO A IUIOCKUX PhIYQKHBIX HIAPHUPHBIX
MEXaHU3MOB (T.e. JUIsI MEXaHM3MOB TOJBKO C BpalllaTeJbHBIMU Mapamu). B nanbHelmem
AptoboneBckuii .M. ycoBepIeHCTBOBAI M JOMOJHWI 3Ty KIacCU(UKALMIO, PaCIpOCTPaHUB €€ Ha
IUIOCKME MEXaHHU3Mbl M C MOCTyNaTeabHbIMU NHapaMu. [Ipum 3TOM ObLIM M3MEHEHBI M MPHUHIIMIIBI
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Knaccmpmcaunn. B miockux MexaHusmax IrpynmnaMu SBJIAIOTCA KUHCMATHYCCKUC LICIIA C HU3IMINMU

napamu, KOTOPBIC YIAOBJICTBOPAIOT CICAYIOUICMY YCIIOBUIO:

Pemmenust 3Toro ypaBHeHHsI B LIETBIX YKCIaX ONMPEAEIIAIOT apaMeTpsl rpynn Accypa.

Ta6nuua 2: Knaccudukaumnsa cTpykTypHbix rpynn Accypa Il-VI knaccos
o Mopspok
2-11 3-1 4-n 5-1n

Il knacca —

Il knacca

IV knacca

VI knacca

CrpyKTypHbI€ Ipyninbl 2-10 Kjaacca (00BIYHO HAa3bIBAEMBIE 08YXN0B00KO8bIMU cpynnamu Accypa)
JONOJHUTENBHO KJIACCHUIMPYIOTCS MO BUAAM, Pa3IHYAIOIIMXCS COYETAHHEM BpALIATEIBHBIX U

MOCTyNaTeNbHBIX Hap (pUc. HIXKE):

1 miag 2 Bng 3 ana, 4 Biaa, 5ana,
B
i
I

a:£ P f
i ] I o
e i -
o I '
d 2

CTpyKTypHBI aHaIM3 MEXaHU3Ma MIPOBOJIUTCS ITyTEM PACWICHEHUS €r0 Ha CTPYKTYPHbIE TPYIIIIbI
Y TIEPBUYHBIC MEXAaHU3MBI B TIOPSJIKE, 0OpPATHOM 00pa30BaHHUIO MEXaHU3MA.
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2. MNpoeKT nporpaMMHOU CUCTEMbI

2.1 OnucaHue npobnemsi

OcHOBHOI 3amauyell JaHHOTO TIPOEKTa SBISAETCS pa3paboTKa TNPOTrPaMMHON CHCTEMBI,
NPEJOCTABIIAIONIEH  MOJIb30BaTEN0  yJIOOHBIE  CPEACTBA  BU3YAJBHOTO  I'€OMETPUYECKOTO
IPOCKTHPOBAHUS NPOCTPAHCTBEHHBIX MEXAaHHU3MOB, a TaK K€ BO3MOXHOCTEW peUIeHHs Npodiem
aHaJM3a CTPYKTYpbl MEXaHU3Ma, U BBIITOJHEHUS KUHEMaTUYECKUX pacyEToB.

[Ipu co3manmm TakoW MPOTPAaMMHOM CHUCTEMBI, TEPBOCTEIICHHOW MPOOJIEMOil SBISICTCS
IIPOEKTUPOBAHME  WHCTPYMEHTOB W NPUEMOB  KOHCTPYMPOBAaHUS WM PEAAKTHUPOBAHUS
IIPOCTPAHCTBEHHBIX MEXAaHW3MOB B BHUPTYaJIbHOM cpee NnporpaMMsbl. /[pyroil, He mMeHee BaKHOU
npobiaemMon, sBiseTcss pa3paboTKa CTPYKTYp [JaHHbIX, HauOojiee ONTHMAalIbHO OTPAXKAIOIIUX
CTPYKTYpy MEXaHHU3MOB, M OOECHEUMBAIOIIMX BO3MOXKHOCTb BBINOJIHEHUS KUHEMAaTHYECKUX
pacyeTos.

B cBa3u ¢ pa3BuTHEM OCHOBHOM 3ajjaud IO CO3JQHUIO CHCTEMBI MOJEITUPOBAHMS
NPOCTPAHCTBEHHBIX MEXaHW3MOB BO3HHKAE€T pEI BTOPOCTENEHHBIX 3aJad 10 pa3paboTKu
BCIIOMOTaTEJIbHbIX IPUIIOKEHU:

o Co3znanue 6a3bl JaHHBIX I XpPAaHEHUS] MEXaHU3MOB;

o Cosznanue cepBHca, BHIMOJIHAIONIETO P 3aIPOCOB U 00ECTIEUUBAIOIIETO JOCTYT KIMEHTCKUX
NPUIOKEHNH K 0a3e JaHHBIX;

o Coznanue caiiTa, TMO3BOJISIONIETO OBICTPO M HATJISAHO MOJYYUTHh MH(POPMAILUIO O JHOO0M
uMmeromemMcss B 0a3e JaHHBIX MEXaHM3ME, a TaK »JK€ BBINOJHUTh 33Jayd 10
aAMUHUCTpUpPOBaHUIO b/;

Crnenyer OTMETHTb, YTO OCHOBHAs 3aJada IO CO3JaHUI0 CHUCTEMBI MOJEIMPOBAHMS HA JAHHBIN
MOMEHT SIBJISIETCS YaCTUUHO PEIIEHHON, B TO BpEMsI KaK OCTajlbHbIE (BTOPOCTEIIEHHBIE) 3a/1a4M JINIIb
IJIaHUPYIOTCSL.

OcHoBHas mpoliieMa M CBs3aHHbIE C HeH TpeOoBaHMS K NPOTrpaMMHON cucteme OynyT Oonee
HOAPOOHO PACCMOTPEHBI B CIIEYIOIIEM pa3zere.

2.2 TpeboeaHus Kk cucmeme

Kak y’ke roBopuiaoch B HpeAbLAYIIEM ITyHKTE, OCHOBHOM MPOOIEMO MPH CO3laHUHM CHUCTEMBI
MOJCJIIMPOBAHUS MEXAHU3MOB SBJLIETCS NPOEKTHUPOBAHME IIPOTPAMMHOIO HMHCTPYMEHTapus JIs
KOHCTPYUPOBAaHUS U pENAKTUPOBaHUsA MeXaHU3MOB. [lodTomMy, B MEpBYIO OYepenb, OIPEACIUM
TpeOOBaHUs, CBA3aHHBIE C OCHOBHOW (YHKIMOHAJIBHOCTBIO NPOTpaMMbl — peJaKTUPOBAHUEM
MEXaHU3MOB. B CBs3U ¢ 3TUM, IporpamMma J0JKHA BHITIOTHSTD CIEAYIONHE (DYyHKIHH:

e Bmu3yanbHoe oTo0pakeHHe 3-X MEPHOI0 aHAJIOra CTPYKTYPHOM CXeMbl MeXaHH3Ma. JTO
TpeOOBaHUE MO/Pa3yMEBACT HAJIUYUE CPEJICTB PHUCOBAHMS MPOCTPAHCTBEHHOM CXEMBbI
MEXaHU3Ma B HECKOJBKUX IPOEKLUUSAX C HCHOJIb30BAHHWEM BO3MOXHOCTEH 3D-rpaduku.
N300pakeHre cxeMbl MeXaHH3Ma JIOJDKHO B peallbHOM MaciuTabe BpeMEHH OTOOpakaTh
U3MEHEHHE BCeX IapaMeTpOB MEXaHU3Ma U €ro CTPYKTYphI;

e BwusyaabHoe npeacTaBjieHHMe CTPYKTYPbl IPOCTPAHCTBEHHOr0 MeXaHM3Ma B BHJe
aepeBa. KopHEeBbIM y370M JepeBa SBISETCS CaM MEXaHHM3M, €ro JOYEpPHUMHU Yy3JIaMU -
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Tpynnbl KHHEMAaTUYeCKUX Mmap. B CBOIO odepenp Kaxknaas Mapa BKIIOYAeT, B KadyeCcTBE
MOJy3J7I0B, T€ 3BEHbs, KOTOpble K HEH NpucoenuHeHbl. TakuM 00pazoM, MOJIb30BaTElNb
CMOJKET HarJsAHO PECTaBUTh MOJHYIO CTPYKTYPY MEXaHU3MA;
PenaktupoBanne mapamMerpoB JHOObIX 00bEKTOB MeXaHM3Ma M MX HacTpoiika. B sTom
TpeOOBaHMU HUMEETCs B BHIY HEOOXOIMMOCTh HAJM4YUS HHCTPYMEHTa BBIOOpA IHOOOTO
00beKTa MeXaHHW3Ma, OTOOPaKEHHUS €ro IMapaMeTpPOB U H3MEHEHHUsS JIFOOOT0 JOCTYITHOTO
napamerpa. PenakrupoBanue mapamMeTpoB MEXaHHU3Ma JOJDKHO COMPOBOXKIATHCS aJeKBATHBIM
M3MEHEHHEM €0 BU3YyaIIbHOTO IPEICTaBICHNUS;
IlocaenoBaTesibHasi cOOpKa MeXaHM3Ma M3 TMPeJOCTABJIsSEMbIX THIOB 3BeHbeB U
3J1eMEHTOB KHHEMATHYeCKHUX map. 31ech HWMeeTcs B BHUAY, YTO Nporpamma JoJDKHa
MPEJOCTABIIATE MOJIB30BATEIIO CPEJICTBA MHTEPAKTHBHON COOPKH MeXaHH3Ma, MOCPEICTBOM
BbIOOpAa CTPYKTYPHBIX OOBEKTOB MEXaHHW3Ma M MPUCOECIWHEHUS HUX K HMEIoLEeMycs
MexaHusMy. llpucoeanHeHNe CTPYKTYPHBIX OOBEKTOB K MEXaHU3MY JOJDKHO JIOIYCKaTh
TOJIbKO KOPPEKTHYI0 COOpKy MexaHu3ma, 0e3 HapylIeHHs MpaBWJI €ro BHYTPEHHETO
CTPOCHHUS;
Bo3M0:KHOCTH COXpaHeHHSs] M 3arpy3KH MOJeJIM NMOCTPOeHHOro Mexanusma. [Iporpamma
JOJKHA TO3BOJIATH COXPAHSATH CO3JaHHBIE MEXaHW3MbI B CHEIHAlbHOM (paiine, a Tak ke
3arpyxatb ux u3 ¢GailioB coBMecTUMOro ¢popmara.

3710 TpeOOBaHUS K OCHOBHBIM ()YHKIIMOHAIBLHBIM BO3MOXKHOCTSM IpPOTpaMMel. It TOro 4ToOBI
Oosiee KOHKPETHO pa300paThCsi ¢ TpeOOBaHUAMHU, PACCMOTPUM KaXKA0€ W3 HUX Ooiyiee MoapoOHO B
OTIIEIBHOCTH.

Jis BU3yaJdbHOTO OTOOpa)KeHHsT 3-X MEpHOro aHajora CTPYKTYPHOM CXeMbl MEXaHH3Ma
HE00XO0IMMO PELIUTh CIEAYIOLINE 3aJauu:

Pa3paGoTrka reomerpu4ecKux (IOJTHIOHAJIBHBIX) MoOJeJIell CTPYKTYPHBIX O0BEKTOB
MeXaHHM3Ma, KOTOpble OyIyT SIBIATHCS 3aMEHON COOTBETCTBYIOIINM IJIOCKUM 0003HAUCHHSIM
00BEKTOB CTPYKTYpPHI MexaHn3Ma (cM. Tabnmma 1);

IIpoekTHpOoBaHUe  CTPYKTYpP  AAHHBIX  TIeOMeTPHYECKHX  O00beKTOB  CIEHBbI,
o0OecreurBarOIMX BBIIOJHEHUE PEHJIEPUHra OOBEKTOB, OCHOBHBIX OINEpalMid HaJl HUMU U
HACTPOWKH BU3yaJIbHOTO NPECTABICHHUS;

ITocTpoenne moacucTeMbl BHAOB, OTOOpaXarOIIMX MPOEKIUU MPOCTPAHCTBEHHOIO
MEXaHU3Ma, C HCIOJb30BaHUEM cpeacTB 3D-rpadukuy, BBINOJHSIOMIMX — ONEPaLUU
MI0JIb30BATENsl HaJl OOBbEKTaMH U 00eCNeUMBAIOIINX MHAWBUIYAIBbHYI0 HACTPOUKY KaXKIOrO
BUJIA;

OOecneyeHne BO3MOKHOCTH HACTPOMKHM BH3YaJbHBIX IapaMeTpPoOB OTOOpa)kaeMbIX
reOMETPHUECKUX 00BEKTOB, TAKUX KaK I[BETa M HEKOTOPHIE TEOMETPUUECKUE Pa3MEPHI.

KpOMe BU3YaJIbHOT'O T'COMCTPHUYCCKOI'0 TMPCEACTABJICHUA MCEXaHHW3Ma, IpOorpamMma JOJIKHA

oTOOpaxkaTb €ro CTPYKTypy B BHJE JepeBa (KaKk MUHUMYM C MATHIO YPOBHSMHU BJIOKEHHOCTH),
COZIEPIKALIETO PA3JIUYHbIC TUIIBI Y3JIOB:

SIS e

y3eJ1 MeXaHH3Ma — KOPHEBOH y3el;

y3J1bI TPYINbI KHHEMATHYECKUX Map — JOYepHHE y3JIbl MEXaHU3Ma;

y3J1bl KHHEMATHYECKHUX NAap — ABJSIOTCA JOYEPHUMHU IO OTHOILEHHIO K y3JIaM IpyIIIL;
y3J1bI 3BeHbeB — JOUCPHHE 110 OTHOIICHUIO K Y3JIaM MPUCOEeIMHEHHBIX Tap;

y3J1bI IOA3BEHbEB — JOUEPHUE 110 OTHOLIEHUIO K 3BEHBSIM, KOTOPBIE OHU COCTABIISIOT;

y3JIbl FeOMeTPHYECKHX TOUYEK — JJOUSPHHE [0 OTHOIIECHHIO K CO/ICPKAIINM UX TIOJ3BEHBSIM;

Jns nepeBa CTPYKTYypbl MeXaHW3Ma JOJDKHBI CYIIECTBOBATH CPEICTBA €ro pPeJaKTHPOBAHUSA,
BBITIOJTHSIFOIITUE CJICTYIONTHNE OCHOBHBIC OTIEPAIIUH:
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e BniGop y3:12a gepeBa ¢ aBTOMaTHYECKUM BBIJCIICHHEM 3TOr0 00BEKTa Ha BUJAX CTPYKTYPHOMH
CXEMBI U 0TOOpaKEHUEM TTapaMETPOB ITOTO 0OBEKTA;

o IlonHblii 00X01 JepeBa — EpeMElEHUE “BHU3™ WIN “BBEpX’ IO y3JaM JIepeBa;

e VYaaneHue NPOM3BOJIBLHOIO Yy3Ja [epeBa C COXPAaHEHUEM KOPPEKTHOCTH CTPYKTYpbI
MEXaHU3Ma;

o Co3gaHue rpynn KHHEeMaTHYECKUX Map MEXaHU3Ma,

e BpI0op Tekymiell /I peJaKTHPOBAHMS I'PYNIbl MeXxaHW3Ma (TOM Ipynmbl, B KOTOPYIO
OyIyT 10OABIATHCS MO YMOTYAHHUIO BCE CO3/IaBaEMBbIC TIaphI);

o IlepeMenienne KHHEMATHYECKUX NAP U3 OJIHOM IPYIIIBI B JPYTYIO;

[Iporpamma 10MKHa HMETh CIIMCOK BCEX OOBEKTOB C PEAAKTHPYEMBIMU IapaMeTpaMu U
KOMITOHEHT BBIOOpa aKTUBHOTO B PEIAaKTOpE MapameTpoB 00bekTa. DyHKIMOHATBHBIH KOMIOHEHT
IpOoTrpaMMBbl Ul OTOOpaKEHUsI U PEJaKTUPOBAHUS CBOWCTB OOBEKTOB JOJKEH UMETh BO3MOXHOCTH
0TOOpakeHMs U U3MEHEHNUS TapaMeTPOB CIIEAYIOLINX THIIOB:

o CrpokoBbie;

e IleouuciieHHble;

o BemecTBeHHbIE YHCIOBBIE;

e Jloruueckmne (True/False);

o Ilepeuncienus;

o IlBeTOBBIE;

e [lous1 00bEKTOB BHYTPEHHUX KJIACCOB CHCTEMBI;

Jns cOopku Monend MexXaHH3Ma, IOJb30BATEII0 JIOJKHBI IPEIOCTABIATHCA CIEIYIOLINE
CTPYKTYpHbIE OOBEKTHI:

e 3BeHbH CICAYIOUUX TUIIOB:
= Kpenuenue — npencTaBisieT 3aKperuIEHHOE 3BEHO CTOMKH;

» JluHeiiHOe 3BeHO (JIOMaHasi) — 3BEHO, COCTOSIIIEE W3 JIMHEWHBIX IUIMHIPOB,
COEIMHSIOLIUX Y3JI0BbIE TOUKH 3BEHA;
» KoHTypHOe 3BE€HO — YACTHBIM CIy4Yail JMHEWHOrO 3BE€HAa, HO C COCJAMHEHHUEM

HayaJabHOU U KOHEUYHOM TOYEK;

» [loa3yHOK — 3BEHO MOJ3YHKA, BXOJAIIEE B MOCTYNATEIbHYIO WIH [UIUHIPUYECKYIO
KHMHEMaTHUYECKYIO Napy;

e DJIeMEeHTHI CIEAYIONINX KHHEMATHYECKUX Tap:

* BpamareabHas;

»  Cdepuueckas;

» [JlocrymareabHas;

»  HuauHapuyeckas;

Ilepen co3gaHueM 3BeHa, JODKHA 00s3aTElIbHO OCYIIECTBIATHCS MpPUBS3KA K YyXKe
CYIIECTBYIOIICH KHHEMaTHYECKON mape. B CBoro odepenp 3JIEMEHT KakoW JuOO0 Taphl JIOJDKEH
NPUCOCTUHATHCSA K OJHOM M3 Y3JIOBBIX TOYEK 3apaHee CO3JaHHOTo 3BeHa. [[is Toro, 4yToObl HayaTh
CO3/laHHME€ HOBOI'O MEXaHM3Ma HEOOXOJUMO pa3pelluTb CO3JAHHME 3BEHA KpeIuleHus 0e3
IIPUCOEANHEHNS K Nape (MOCKOJIIbKY B MEXaHM3ME MOXKET HE CyLIECTBOBAaTh HU OAHOMW Mapsl). JTO
MOJKHO PEaJM30BaTh, KaK CO3/1aHUE 3BE€HA KPEIUJICHUs BMECTE CO CPepHUuecKO MM BpallaTelIbHOM
MIapou.

HpI/IBeI[éHHHﬁ 31C€Ch CIIMCOK Tpe60BaHPIfI K HOporpamMme HCJIb3A CHUTATh IIOJHBIM WA

3aKOHYEHHBIM, IMOCKOJIbBKY pa3paboTka 3TOM MporpamMmbl MpeaycMaTpuBaeT A00aBiieHHE K HEW B
JlalbHENIIEM BO3MOXKHOCTEH pacueTa U KIUEHT-CEPBEPHBIX PACIIUPEHUMN.
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2.3 Cpedcmea pa3pabomku

SI3BIK TPOTPaMMHPOBAHMSI, HA KOTOPOM OyJeT pealn30BaHa CHCTEMa, 3acCIy’KHBAeT OOJBIIOrO
BHHMAaHHA. I/ICCHCILOBaHI/IH II0Ka3ajiud, 4TO BBI60p sA3bIKA MPOrpaMMHPOBAHUA HCECKOJIbKHUMU
Croco0amMu BIHSET HA MPOU3BOIUTEIBHOCTh TPY/Aa MPOrPAMMHUCTOB M Ka4ECTBO CO3/1aBaCMOTO UMH
koza [12]. Beibop aenancs u3 caeayoumx yKe 3HaKOMBIX S3bIKOB:

e Visual C++;
e Visual C#;
e Object Pascal;

Object Pascal sBisieTcss 0OBEKTHO-OPUEHTHPOBAHHBIM SI3BIKOM, KOTOPBIA, 1O HEIaBHETO
BPEMEHH, WCIOJb30BAJCSI TOJIBKO s paszpabotkun Win32 mnpunoxenuid. s  pazpabotku
MIPUJIOKEHU HA 3TOM SI3bIKE UCIIOIB3YETCS cpeia BU3yaiabHOro nporpammupoBanusi Borland Delphi
u Oubnuoreka BuzyanbHbIX koMnoHeHT VCL. C Beixogom Bepcuu Delphi 2005 crana Bo3MOXHBIM
pazpabotka mpwioxenud s miargopmel Microsoft .NET Framework HemocpeacTBeHHO Ha
Object Pascal ¢ ucnons3oBanuem VCL.

Konnenmusts Visual C# paspaborana [ OJHOBPEMEHHOTO HCIOIB30BaHUS OOBEKTHO-
OPHUEHTHPOBAHHOTO SI3bIKA OOIIEr0 HA3HAYEHHUS, a TaK KE CPeAbl MPOrPAMMHUPOBAHMS U UCTIOTHEHUS
npunoxenuil “Microsoft NET”. OTot s13bIk moanepxuBaer Bce coBpeMennbie metoauku OOII, Ho,
TEeM HE MEHEE, UCIIONIh3YETCS UCKIIOUUTEIBHO s pa3padoTku npuioxkeruit moa .NET.

SA3pixk Visual C++ Ha 1aHHBIE MOMEHT SBJISIETCS CaMbIM IIMPOKO MCIIOJIBb3YEMbBIM SI3BIKOM
IpOTrpaMMHUPOBaHUs Kak A pa3paboTku Win32 nmpuiioKeHu#, Tak U A CO3JaHMs Mporpamm JUls
cpensl .NET Framework. Kommanust Microsoft pa3zpaboTana pacmupenus 3toro si3eika - Managed
Extensions for Visual C++, koTopbie no3BositoT nucath nojaHoueHusie .NET.

C Boixomom HoOBoOM Bepcuu miargopmel NET 2.0 cuntakcuc s3pika Visual C++ Obun
3HAYUTENLHO OOHOBIEH. DJTO OoOHOBiIEeHME s3bika, HazpiBaeMoe C++/CLI (Common Language
Infrastracture) ObBUIO cAENaHO i1 OOECIIEUCHHUS] BO3MOXKHOCTH OOBEIWHEHHUS YIPABISIEMOTO
(managed) u HeympaBiseMoro (native) HUCXOTHOTO KOAA B €IUHBICE MOIYJH, YTO TO3BOJHIIO
co37aBaTh Tak Ha3piBacMbie mixed mode nmpusioxkenusi. Takum 00pa3oM BO3MOKHOCTH si3bika C++
NET pmaxe npeBocxoaar BosmoxkHoctu C#, coxpanss BCE cTapoe U A00aBisisi HOBbIE BO3MOXKHOCTH
cpensl .NET.

NET Framework — 310 miaTdopma Jjisi TOCTPOCHUS U UCTIOTHCHHSI
npuioxeHnit. E€ 0CHOBHBIE KOMITOHEHTHI — OOIIESI3BIKOBAsT MCTIOJTHSIOIIIAS Microsoft
cpena CLR (Common Language Runtime) n 6ubnioreka kinaccos FCL n_e-t
(Framework Classes Library). [6] =

Cpena CLR a6ctparupyet cepBuckl OC U CIyKUT MEXaHU3MOM JIJIst
WCITOJTHEHHS YTIPABIIIEMbIX MPUIIOKEHUM (managed applications), moboe
JIeicTBUE KOTOPBIX JTOJKHO MOJIY4UTh ofgo0peHue co ctoponsl CLR.
[Iporpammel, mpeaHazHadeHHbie 118 padoThl ¢ CLR, HanmrcaHbl Ha TPOMEKYTOYHOM SI3BIKE
CIL (Common Intermediate Language), NpeICTaBISIONIEM 00beKTHO-OPHEHTUPOBAHHBIN
aHaJor accemoJepa.

connected

[lepen ucnonnenuem, cpena CLR BbInonHSAET, Tak Ha3bIBAEMYI0, KOMIWISALKIO 110 TPEOOBAHUIO
JIT (Just-In-Time) otnenpHbIX yuacTKkoB koja CIL u mepeBoauT MX B MalIMHHBINA KoJ. B cBs3u ¢
TaKUM TOAXOJOM K HCHOJHEHUIO MPWIOKEHUN MOYKHO TOBOPUTH O BUpTyainbHOM MamuHe .NET.
Hecmotps Ha HakmamHble pacxonbl, cBs3aHHbie ¢ JIT-kommusuueid, npunoxkenust .NET pabGotator
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JO0CTaTouHO ObIcTpo (mpuMepHO 60% OT TPOU3BOAUTEIHLHOCTH HEYMPABISEMOrO0 aHAJIOra),
Omarogaps BHICOKOW ONTHMHU3AIMU ATOTO Mpolecca.

bubmuoreka FCL mpencraBnser Ha0Op 0O0BEKTHO-OpMEHTHpOBaHHBIX API, Kk KOTOpBIM
oOpalnaroTcs ympaBliseMble NpUiIoXkeHUs. VHCTpyMeHTapHii, mpeanaraeMblii 3Toi OHOIMOTEKOH,
HACTOJIbKO HIUPOK, YTO TIO3BOJISIET IMOJHOCTBIO OTKA3aThCS OT HMCIOJIb30BAHUSI BCIIOMOTATEIbHBIX
oubnuorek, Takux kak Windows API, MFC, ATL, COM. CpenctBa 3Toii OMOIUOTEKH MO3BOJIAIOT
paszpabaThIBaTh CJIEIYIONINE TUTIBI KITMEHTCKUX U CEPBEPHBIX MPUIIOKECHHH [7]:

o KoHcoabHble npuiaoxenuss Windows;

e  Windows Forms — oxonnbie nipunoxenus st Windows;

o Cayx0b1 Windows — npuioxeHus ynpasisiemble aucrerdepom SCM;

o bubéanorekm KOMIOHEHT — YJIOOHBIE B HCIONb30BAaHUM C JPYTMMHU HPUIOKECHUAMHU
aBTOHOMHBIE MOJIYJIH, COJIEPrKalle pean3aliio KIaccoB M0Jb30BaTENs;

e  Web Forms — Be0 caiiTel, onucannbie Ha sizbike HTML ¢ ceBepHBbIMU ClieHApHUSIMU;

e Web Services XML — cepBepHble NporpamMmsl, MPEAOCTABIISIOIINE HEKOTOPBIE METOABI, K
KOTOPBIM MO>KHO JIETKO 00paTuThes uepe3 MHTepHer;

Microsoft .NET Framework mpemoctaBisieT pa3paboTunkamM Maccy MPEUMYIIECTB, TEPEUHCITIO
JUIIH HEKOTOphIE U3 HUX [7]:

o Enunas nporpamMmHas Mosienb;

e OrcyTcTBHE POOJIEM C BEPCUSIMU;

e VYnpomeHue mporecca pa3paboTKH U MOJENIN IPOTrPaMMHUPOBaHMS;

e Bo3MoxxHOCTE pabOTHI Ha HECKOJIBKUX IIaT(hopmax;

e MuTerpauus s3pIKOB IPOrPaMMUPOBAHUS ¥ BO3SMOXHOCTb UX COBMECTHOTO UCIOJIb30BaHUS;
e ABTOMaTHYECKOE yMpaBJICHHE MaMATHIO (COOpKa Mycopa);

o IIpoBepka 6e30MacHOCTH TUIIOB;

o PasBuras momnepka OTIAIKY;

e VYnpasieHue 0€30MacHOCTHIO PUIOKECHUH;

N3 Bcero nepeyncieHHOro, He0OX0IMMO OTMETUTh, HAJIMYKE BCTPOCHHOIO COOpIIMKa Mycopa,
BBINOJIHSIONIETO aBTOMaTH4ecKoe yrpasieHne namareio. Cpena CLR aBTomMaTudecku OTCICKUBACT
UCIIOJIb30BAaHUSl PECYPCOB, FapaHTHPYsl, YTO HE MPOU30HAET MX yTeukd. [lo cyTH OHa MCKIIOYaeT
BO3MOXKHOCTh SIBHOTO OCBOOOXIeHHMs mnamsaTH. llpum pa3paboTke Hamero mHpuiIokKeHus, OyneT
CO3/laHa CIIOXkKHAsl CUCTEMa KJIACCOB, JUISl YIPaBICHUs 00BEKTaMU KOTOPOH, OUEBUAHO MOTpedyeTCs
coopmuk mycopa. Hammuwme ke BcTpoeHHoro cbopumka mycopa B .NET Framework sBnsiercs
HECOMHEHHBIM IUTFOCOM JUIsl UCIIOJIB30BAHUS ATOM cpelibl IPU pa3paboTKe MPUIIOKEHHS.

BaxxapIM TpeOOBaHMEM K SI3BIKY H Cpejie pa3pabOTKH MPOTrpaMMBbl peAaKTUPOBAHUS MEXaHU3MOB
SBIISIETCS. BO3MOXHOCTB HUCIIOJIb30BAHUS COBPEMEHHBIX OMOIMOTEK M CPECTB MPOrPaMMUPOBAHUS 3-
X MEpPHOH KOMITBIOTEPHOW TpaduKd, YTO HEOOXOJMMO IS BH3YyalHW3allMM CTPYKTYPHBIX CXEM
MEXaHU3MOB. B JaHHBIH MOMEHT CaMbIMU IIUPOKO HCIOJIB3YEMbIMH OHOIHOTEKaMU IS
nporpammupoBanus 3D rpaduxu seistorcs: OpenGL u DirectX.

C Bbixonom HoBoi Bepcuu Microsoft DirectX 9.0 ctaso BO3MOXXHBIM HCIIOJIb30BaHUE 3TOM
oubnuorexku B cpene .NET. Microsoft pa3pabGoTan crnenuanbHOE pacIIUpPeHHE CYIIECTBYIOIICH
oubmmorexkn DirectX “cioem™ ympaBmsembix API, HaszpiBaembix Managed DirectX. Dtm
OuOJIMOTEKN OTKPBIBAIOT AOCTYH K PyHKIMAM Onbmuorexu DirectX u3 ynpaisieMoro Koja.

www.mechstd.narod.ru 21




OnucaHue npoekma “Mechanics Studio .NET”

[ —— ||

I
I
I
I
I
I
L
I
I
b

BaioBbid cror DirectX COM APIls

Managed Directy peannzoead k3K "ToHKMA™ CNoRA ynipaenAemex ARl Hag D COh

Hcnonb3oBanue ynpasisemoro DirectX naér pa3paboTunkaM clieAyrolye IpeuMyliecTBa:

o Ilonnepxka Bcex .NET-COBMECTUMBIX SI3BIKOB MTPOTPAMMHUPOBAHHUS:

e Bo3MoOXHOCTH HCIIOJIB30BaHUS Beeli Mol o0nonuoreku kinaccoB FCL;

e YnoOcTBa mporpaMMHUpPOBAHUS, CBA3aHHbBIE CO CTPOTUM HMEHOBAHHEM THUIIOB;

o Coxkpaienue ucxogHoro koja Ha 15 - 20% no cpaBHEHHIO C HEYIIPABIIIEMbIM aHajorom [16];
o Tlogneprkka HOBEUIINX anMapaTHBIX CPEICTB;

MuHyCcOM ke SBISETCS TOJBKO CHUKCHHE TIPOU3BOAUTEILHOCTH PEHACPHUHTA, H3-3a UCTIOTHCHUS
CIL-xona. Tem He MeHee, COBpEMEHHbIE anmnapatHbie yckoputenu 3D-rpaduki KOMIEHCHPYIOT 3TOT
HepocTaTok. [IpomsBoguTensHOCTh peHpepuHra 3D-rpadukm B ympaBiasieMOM KOJE MOKHO
MOBBICUTH 10 98% OT MPOU3BOAUTEIILHOCTH HEYIIPABIsieMOro aHauora [16].

Hcxons w3 BcCero BbIIIE CKAa3aHHOTO, sI INPHUHAJ pelIeHHEe 00 HCIONb30BaHUU s3bIKA
nporpammupoBanust Visual C++ NET pgns co3manus mnpunoxenuss nox mnatgopmy .NET
Framework. Ecniu HeKoTOpBIE KOMIIOHEHTHI TTpOrpaMMBbI y100Hee nucath Ha Visual C#, To X MOXXHO
co3laBaTh B BHIE OTHENbHBIX Mopayiei. [lns mnporpammupoBanuss 3D  rpaduxu  Oyner
ucnonbp3oBaThes oubanoreka Managed DirectX 9.0.

Kpome Ttoro, mmst BusyanuzanMu 3-X MEPHBIX aHAJOrOB JJIEMEHTOB CTPYKTYPHOH CXEMbI
MeXaHu3Ma, He0OXOAMMO CIIPOEKTUPOBATh UX IMOJUIOHAIBHBIE MOJIENH, a 3aT€M COXPaHUTh HUX B
dopmare X-caiima (mrs 3arpy3ku ¢ nomombi (yHkmmii DirectX). Jlns 3Ttoro HeoOXxoammo
UCIOJIb30BaTh Cpeay 3-X MEpPHOro MOJEIMPOBaHUS, KOTOpas HMMEET BO3MOXKHOCTH COXPaHEHMS
MOCTPOCHHBIX Mojeneil B X-(ainax. s 3Toro s mpeiararo MCIojab30BaTh CUCTEMY KOMITAaHUH
Paradox — Maxon Cinema 4D. DOta cucrema numeer y1oOHbI HHCTPYMEHTApUH A co3qaHus 3-X
MEPHBIX MOJICJICH U UMEET BO3MOKHOCTH X COXPAHECHHMS U 3arpy3Ku B X-(aiinax.

B kauecTtBe MTOra KO BCEMY CKa3aHHOMY, HM)KE€ IMPHBOJIUTCS CIHCOK BCEX HCIOJIb3BIEMBIX
IPOTPaAMMHBIX CPEICTB Pa3pabOTKH IS JAHHOTO MPOEKTa!

o BriOpannasg nnardopma: Microsoft NET Framework 2.0;
e SI3BIKM IIpOTrpaMMUPOBAHUS:
=  Microsoft Visual C++/CLI - s3bIK 11 TpOrpaMMUPOBAHUS SIAPA CUCTEMBI;
* Microsoft Visual C# - s3bIKk 17151 mporpaMMHUpOBaHusl HHTEpdeiica CUCTEMBL;
e Hcnonp3yeMble OMOINOTEKH KIACCOB:
*» FCL - ocHOBHas OMOIMOTEKA KIIACCOB;
= Managed DirectX 9 - 6ubnmoreka nporpammupoBanus 3D-rpaduku;
o Cpena paspabdorku: Microsoft Visual Studio 2005;
e Cucrema 3-x MmepHoro uoaeanposanus: Paradox Maxon Cinema 4D.
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2.4 Modynu cucmembl

ITpomecc pa3paboTku nmporpaMmbl MojaenupoBanus Mexann3mMoB (Mechanics Editor) nauném c
pa3OueHuss e€ Ha HECKOJBbKO JIOTMYECKMX MojnyJeil. JlnarpamMma B3aUMOACHCTBUS STHX MOJYJIEH
IIPEJICTaBJICHA HA PUC. CHU3Y.

MechModel.dii ) | {MechEditorexe :
- Moayne ynpaeneHus Moaynb :
pefakTupyembiMn | obcny:BaHnua !
o6beKTamm ]| , e pcpeiica :
e |
Viewport.dll
Moaynb Mopynb nogcucTembl Moayne
yrnpaBneHns 3D peHpepuHra u BU3yanbHOW
CTUNAMMK ynpaBneHua Buaamm KOMMoOHeHTbI BUAa
c#
Mogynb NpeacTaBneHus Mopgynb ynpaeneHus
4| reoMeTpuy4ecKux CTRYKTYPOR
~ obrexToB MexaHW3ma MexaHn3ma
CHHCLI
MO,EI,}H'II-"I nporpaMmMel MoaAenMpoEaHWA MexaHWaMOoB W CEAIN MeXay HUMW

Ha mnpuBenénnoit amarpamMme CIUIOIIHBIMUA JIUHUSMU OOO3HAYEHO OTHOIIECHHE AaCCOLUAINU
MEXIy MOMAYJSIMHU B CMBICJIC B3aUMOJCHCTBHUS ITHX MOAyJel Mexay coboil. Kpome Toro, Ha
III/IanaMMe BBIACJIICHBI MHOXXECTBA JIOTHYCCKUX MO,Z[YJIGP'I COCTABJIAKOIIINEC OTACIIBHBIC (I)I/ISI/I‘-IGCKI/IG
moxaynu: dll mmm exe. HammeHoBaHME W S3BIK MCXOJHOTO KOJa (PU3HUYECKUX MOJMYJICH yKa3aHbl B
JICBOM BCpXHeM 1 JICBOM HHNXXHEM yriy rpyrm COOTBCTCTBCHHO.

Janee s npuBOXXy pa3BEpHYTOE ONUcaHue GYHKINN KaXKI0T0 U3 MOTYJICH:

e Moayas o6cay:xkuBanus wuHTepdeiica — mpeacrasiaser co0oil Bce Kimaccel  (HopMm
IIPOrPaMMbl, BHIIOJHSIOUINX 00pabOTKy COOBITUH 1€HCTBUI NOJIB30BATENS;
e Moayab ynpasieHHsl pPeJaKTHPYeMbIMH O0OBbeKTaMH — 00bequHseT O0a30BbIH Kiacc

pPENAKTHUPYEMBbIX OOBEKTOB MPOrpaMMbl M MPOU3BOJAHBIA KJIacC YIPABICHUS OSTUMHU
00BEKTaMU. DTOT KJIACC COAEPXKUT CIIUCOK BCEX PENAKTUPYEMBIX OOBEKTOB U COAEPIKUT
METO/JIbl IOCTyIIa ¥ YIPABJIECHUS UMU;

e Moayap ynpabjeHHs] CTHJISIMM — COJEP)KUT KJacC HAacCTPOEK I[BETOBOrO O(GOpPMIICHUS U
TUIIOBBIX MTApPaMETPOB PA3IMUHBIX 00BEKTOB. MI3MEHEHNE, KaKoro MO0 CTHIIS OTpaXKaeTcs Ha
BCEX COOTBETCTBYIOIMX 00BEKTAX 3a CUET 00pabOTKH MPOUCXOAIIETO COOBITHS;

e Moayab noacucrembl 3D-peHepuHra W yHpaBJieHUsI BUIAMHM — IIPEACTaBIsET Kiacce,
peanu3yomuil paboTy BHIA, 0TOOPAXKAIOIIEr0 MPOEKIUI0 CTPYKTYPHOH CXEMbl MEXaHHU3MA.
OTOT KJlacC TaKXe peaju3yeT omnepanuuu paboTbl ¢ T€OMETPUUYECKUMH OOBEKTaMHU CLIEHBI,
TaKue, KaK BbIACICHUE MBIIIbIO, IEpEMEIlIEHUE, BpallleHHe, MaclITa0upOBaHUE;

e Moayab mnpeacTaBieHUs] TeOMeTPHYECKMX O0OBEKTOB MeXaHM3Ma — OOBEIUHSET BCE
KJIaCChl, MPEACTABIISIOMNE KaKIBIH U3 F€OMETPUUECKUX OOBEKTOB CLIEHBI U pealu3yrolue
orepanuy HaJl HUMH;
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e Monayab ynpapjieHHs] CTPYKTYPOii MexaHu3Ma — 0ObEIUHSIET BCE KIIACChI, peau3yromue
MIPE/ICTABIICHUE THUIOBBIX OOBEKTOB CTPYKTYphl MexaHu3Ma. VIMEHHO 3TH Ki1acchl H
MO3BOJIAIOT HOCTPOUTE MOJCIb MCXaHU3MaA.

Kak BHIOHO M3 NOCTPOEHHOW aMarpaMMbl CBSI3€M MEXKIY JIOTMYECKUMHU MOIYJISMH, MOAYJb
YIIpaBJICHUS CTPYKTYpPOM MEXaHM3Ma CBS3aH BCETO JIMIIb C ABYMS JAPYTMMHM MOJIYJISIMHM, XOTS H
BKJIIOYAeT B ce0s1 OCHOBHYIO 4YacThb KJAcCOB MPOTpPaMMbl. DTO MO3BOJISIET BBIIOJHHUTH Pa3pabOTKy
IIpOrpaMMBI B JIBa 3Tara:

1. PazpabGortath u oTnaguTh pabOTy NporpamMmbl 0€3 MOIYJsl YNpaBlIEHUS CTPYKTypor

MeXaHU3Ma — PEeIIAOLIYI0 3a]jaul BU3yaIU3allly U PEaKTUPOBaHUsI F€OM. OOBEKTOB;
2. Jlo6aBUTHh MOAYJIb YIIPABIECHUS CTPYKTYPOH MEXaHU3Ma U BBIOJIHUTD OTIAAKY.
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2.5 QuaepamMmbl Knaccoe

Ha pucyHke HIKe MpHBEIeHa JAUarpamMma KiacCcoB, OOCIY)KUBAIOIINX BU3YaTU3aIMIO JaHHBIX.
O06o3HaueHust Ha TUarpaMMe COOTBETCTBYIOT HoTanuu si3bika UML, XOTS M UMEIOT HeCTaHIapTHOE
rpadudeckoe ohopmiienue. CTpenkamMu 0003HAYACTCSI omHoOuleHue 0000wenus, a KBapaTuKaMu -

OmHoutlerue azpezsayuut 1 KOMno3uyuu |14 . Ilog uMeHeM KaXJoro Kjaacca IMPUBCACHO €TO KpPAaTKOC
OITMCaHuC.

[z  oObject
l ﬂ?mlﬂlﬁﬁlmr#t:lt:!;l
[ a 1
& PropObject F.’! GeomObject
TRICE &0 b KFoE T Ba#0BGiN 40¢ K HEM ERICE
00 W BibIE B e EITODE ubﬁe- ﬂﬂlﬂﬂtﬂt;“l‘l‘ﬂl!ﬂ-ﬂw
p
«d PropObjMana '
¥nate, !Elmj-ﬂmﬁi%:r - QGB?.:EIF:E?QELQN? }
| GNMC KM PRANETHR TRl 00 WEETOR | o LEKI0B - YaliHiie
| [ StylesManager + |5 GeomHoldObject ]_
“FRAtE OO LEKT, JNPABAAIOWATG ¢ AARNN TROMATPHAAEREL OO & BETOE 3B 81 B
| OTOOpd WRHWA o0 ba KT0B IDLEHEL STLAEHIEA ME 1 SIS
¢ GeomPoint A2 + [# GeomCylObject
R e A Besreu | UL FA9E 42 8 A8 POMIEI
Py " 1 "'
1! MechEditableObj SN ol
T EBCTpArMBI CAROERN KASLE CB000IHBIE NOAT JHIDE WA EIHIIAE
| PROAETHR Pk 105 W6 NTOR ME IEHIRIMD
— ' & GeomOnwObject
+ MechView3D ] MOS8 MALHAEE oS M1 Mo WIS
A L
| CPIHELIM FRAC KFD SRS 1{" GanmSphDhj-uct ‘1
KAa0e oM 8T ¢l 08 & 8 EToR
SRR O CODHPIRBT 1511 NS W 81 EHAIR
, {-H GeomRotObject |
KASEE MeoM TR € 81 06 & 0XT0R j
BEAH TOE BED L T b sl 1 PRI
OnarpaMmMa KNaccos, 0GCNyKHBALWNY BUIYANH3aUMIK® AAHHBIX

Ha cnenyromeM pucyHke TmpuBeIeHa [auarpaMMa KJlaccoB, OIMCBHIBAIOIIMX CTPYKTYPY
MexaHnu3Ma. HeoOXoauMo OTMETHTh, YTO Ha JAMArpaMMe OTPa)KEHBI TOIHKO KIIOYEBBIC OTHOIICHUS
arperanyu, OTpaXKarollue CTPYKTYypy MexaHu3ma. Kpome Toro, Ha auarpaMme NPHUCYTCTBYET
omHouleHue 3a8UcCUMOCcmy MEXIy Kiaccamu (0003Ha4aeMoe IMyHKTUPHOM CTPENKOM OT (3aBUCUMOTO)
Kaacca-knuenma K (HE3aBUCUMOMY ) Kaaccy-ucmounuxy) [14].
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nuzrpaumz KNaccoB, ONUCBIBAK WHWE CTRPYETYPY MeXaHiMa

Hixe MMPpUBCACHA Ta6J'II/IIIa AJaromiasg KpaTKo€ OMMCAaHUEC KaXAOTro KiracCa, NpCACTaBICHHOIO Ha

AuarpamMme u paS6I/IBaIOH_[a$I KJIaCChI Ha JIOTHMYCCKHUEC MOAYJIN:

Ta6nuua 3: Kpatkoe onncaHme 0CHOBHbIX OYHKLMOHAIbHbIX KNacCcoB NporpamMmmbl

Ne AL Kpatkoe onucaHue
Knacca
\n Moaynb ynpaBneHus pegakTupyeMbiMu 06 beKkTaMmu:

1 PropObject

JlaHHBIN KJIacc SBISIETCS] 0a30BBIM KIJIACCOM BCEX OOBEKTOB, KOTOPHIE MOTYT
oTtoOpaxkaTbcs B peakTope cBoiicTB. Kitace peanusyer o0uiue 11 TakKux
00BEKTOB CBOWCTBA M METOJIBI, CBSA3aHHBIC C HICHTH(HUKALINEH B CITUCKE
pelaKTUPYEMbIX O0BEKTOB;

2 PropObjManager

Knacc 00bexTa, yrnpapisionero CHuckoM BCeX peAaKTUPYEMbIX 0ObEKTOB U
BBINOJIHAIOLIETO OCHOBHBIE ONIEpAllK HaJ TUMU o0bekTamMu. Kpome Toro,
KJIACC peajn3yeT HEKOTOPBIE ONEPALIMU 110 PEIAKTUPOBAHUIO CTPYKTYPBI

MEXaHU3Ma;
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Moaynb ynpaBneH1Aa CTUNSAMU OTOOpaKeHUsi 06 bLEKTOB:

Kiacce O6’beKTa, YHOpaBjadgromero CTuJsiMu OTO6pa)KeHI/IH BUOOB U

3 | StylesManager CTPYKTYPHBIX CXEM MEXAaHMU3MOB B BUJax. Kiacc cogep’uT onucanue
COOBITHIA, BBI3BIBAEMBIX 00pa0OTYNKAMU U3MEHEHUS CBOMCTB CTUJICH;
“ Mopaynb nogcuctembl 3D-peHaepuHra n ynpasneHus Buaamun:
Kitacc Buia — BBINOJIHAET HACTPOMKY BUJA U €70 PEHJICPUHT HA YKA3aHHYIO
nanenb. Kiacc pabotaer co CHMCKOM reOMEeTPHYECKUX 00BEKTOB U
4 MechView3D peanu3yeT ONepalnyy BBIITOJIHEHUE ONepaluii PEAAKTUPOBAHUS ITUX
00BEKTOB — TaKKe KaK BBIJEIIEHNE MBIIIbIO, TIEpEMEIICHHE, BpallleHuE,
MacCIITaOupOBaHUE;
« Mopaynb npeacraBneHUA reoMmeTpuyeckux o6 bLEKTOB MexaHM3ma:
Krnacc Todek, onpeneisronmx nojJ0KeHue reOMeTPUIECKIX 00BEKTOB.
5 GeomPoint Knacc Touek nmeeT MeToapl peHIepUHTa B TPOECKIMAX Mexann3ma. Kiacc
TEOMETPHUECKON TOUKHU TaK K€ UMEET METO/bI, TTO3BOJISIONINE BHIIOIHATh
e€ BbIJICJICHUE U TIEPEMEIICHUE B IPOCTPAHCTBE;
DTOT aOCTPaKTHBIN Ki1acc sABIsETCs 0a30BbIM JIJISl BCEX T€OMETPUUECKUX
6 GeomObiect 00BEKTOB ciieHbI. Kitacc coep:kuT CBOMCTBA HACTPOUKU TaKUX OOBEKTOB,
J METO/Ibl pEHJACPUHTA U METOJIbI UX PEAAKTUPOBAHUS, TAKHE KaK
nepeMenieHue, BpalieHne, MaclTabupoBaHue;
7 | GeomTestObject Kiacc TecroBoro reomerpuueckoro 00bekra (4aiiHUK).
8 | GeomHoldObject Knacc reomerpuueckix 00bEKTOB 3BE€HbEB KPEIUICHHUS,
. Knacc reomerpuieckix 00bEKTOB MIJIMHAPUIECKUX YIACTKOB 3BEHHEB
9 | GeomCylObject P 1 AP Y

JIOMaHEBIX;

10 |GeomCrawObject | Kinacc reomerpuuecknx 00bE€KTOB 3BE€HbEB LMIMHIPHYECKUX TOJI3YHKOB;

11
12
13

LR ]

14

15

16

17

18

GeomOnwObject | Kiacc reomeTpudecknx 00bEKTOB 3B€HBEB MTOCTYMATEIbHBIX MOJI3YHKOB;
GeomSphObject Knacc reomerpuuecknx 00ObEKTOB 3JIEMEHTOB C(pepruuecKuX nap;
GeomRotObject Knacc reomerpuuecknx 0ObEKTOB 3JIEMEHTOB BpalllaTeIbHbIX Map;

Moaynb ynpaBneHusi CTPYKTYpOl MexaHu3ma:

Krnacc mexanusma siBIsieTCsl BHICIIUM 3BE€HOM HEepapXUUeCcKOi
WHKAICYJIAIMH KJIaCCOB, OMUCHIBAIOIINX CTPYKTYpYy Mexanuzma. Kmacc
peanusyet urepatopsl KK mo rpynmnam MexaHu3Mma, Tak U [0 BCEM Mapam H
3BeHbsAM. KpoMe Toro, B Ki1acce peain30BaHbl OCHOBHBIE METO/IbI,
BBITIOJTHSIONINE KOHCTPYHPOBAHNUE MEXaHU3Ma U BHITIOTHSIONINE 33141
MI0JIb30BaTEIS;

Mechanism

Kiacc rpynmsl KuHEMaTHYECKUX Map MexaHusMa. Kiace rpymnmel peannsyer
MechPGroup UTEpaTop IO MapaM 3TOH IPYMIIbL, a TAK XKe METO/bI J00aBICHHUS,
WU3MEHEHUS U yJAJICHU [1ap U3 TPYIIIILI,

A6CTpEIKTHHfI KJj1acc, 0a30BEbIi BCEX 00BEKTOB MCXaHHU3Ma, ITO3BOJIAOIINX

MechEditableObj
BBIIIOJIHATE HA HUMH OIICpallii TCOMETPUUCCKOro pEAaKTUPOBAHU A,

Knacc noazBena, sSBISIIOMIETOCs COCTaBHOM YacThIO 3BeHA. COMEPKUT
HHGOPMAIIUIO O CTPYKTYPHOU TOUKE 3BEHA, TEOMETPHUECKOM OOBEKTE YaCTH
3BEHA WJIH JIPYTUX 3BEHBSX, SABJISTFOIIUXCS YaCThIO COCTAaBHOTO 3BEHA.
[Toa3BeHO Takke COACPKUT yKa3aTellb Ha MIPUCOCAUHEHHYIO Tapy;

MechSubLink

AOGCTpaKTHBIH Ki1acc 3BeHa, 0a30BbIN I pa3IMUHBIX TUIIOB 3BEHBEB.

MechLink o
Copepxut o01IME A7 BCEX TUTIOB 3BEHBEB METO/IBI U CBOICTBA,
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yHUUIHIpYIOHEe PabOTy CO 3BEHBSIMH,

19| HolderMLink

Knacc 3BeHa kpernsieHns Mexanu3ma (1711 HeTOABUKHOTO 3aKpeTyIeHUs
3JIEMEHTa KNHEMaTU4ECKO! Mapbl);

20| LinearMLink Kitacc nuHEeNHbIX 3B€HBEB - TOMAHOW MU KOHTYpa
21| CrawlerMLink Kiacc 3BeHa HMIMHAPUYECKOTO MOJI3YHKA MEXaHU3Ma
22 | OnwardMLink Kracc 3BeHa nocTynarenpHOro rnoji3yHkKa MEXaHu3Ma

23 |CompoundMLink Knacc coctaBHOr0 3B€Ha, MO3BOJISIONIETO COEANHSTH Pa3HbIE TUIIbI 3BEHBEB;

AOCTpaKTHBIHN KJacC, SABISIOMUICS 0a30BBIM JIJIS1 PA3TMYHBIX THIIOB
24 MechPair KHHeMaTudeckux nap. Kiacc peanusyer MeToibl U CBOICTBA,
yHUUIHIpYIone paboTy ¢ KHHEMAaTHYECKUMH ITapaMu;

25| SphericMPair Knace chepruyeckoit KHHEMaTHUECKOM Mapbl MEXaHNU3MA;
26 | RotateMPair Kiacc BpamatenbHOM KHHEMAaTUYECKON Mapbl MEXaHU3Ma;
27| CrawlerMPair Knacc nunuHaapuyeckoil KHHEMaTHYECKOW apbl MEXaHU3MA;
28 | OnwardMPair Kitacc nocrynarenbHON KUHEMaTH4YECKOW MTapbl MEXaHU3MA;

2.6 Cmpykmypa OaHHbIX MexaHuU3mMa

PaccMoTpuM cxeMy NOCTpOEHHUS CTPYKTYphbl JaHHBIX,
KOTOpas 3aJa€T MOJENb IPOCTPAHCTBEHHOTO MEXAaHU3Ma, Ha
KOHKPETHO B3SITOM IIPUMEpPE — PUC. CIpPaBa.

Hanee Oynem 0003Ha4aTh JIEMEHTHI CTPYKTYPbI JaHHBIX|
CJIEYIOUIMMHU UACHTU(PHUKATOPAMU:

e DOnemeHT C/I, COOTBETCTBYIOLINI 3BEHY MEXaHU3MA -
MechLink;

e DOnement CJI, COOTBETCTBYIOIIMII OTPE3KYy WY
cocTaBHOM yacTH 3BeHa - MSubLink;

e DOnemeHT CJI, COOTBETCTBYIOLIMN KHUHEMATUYECKOH
nape mexanusma - MechPair.

Hwxe npuBomutcs cxema CBA3EH MEXKIY OCHOBHBIMU

Mpumep NNocKoro MexaHuima

9JICMCHTAMU CTPYKTYPhbI JaHHBIX, 3ajJarolie MoJaelIb MeXaHu3Ma (HpeI[CTaBJ'IeHHOFO Ha puc. BBII_HG)I
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02 MechLink — Holder A: MechPair-1Rot

-

|

1: MechLink = Linear

s T 4*

B: MechPair-1Rot
»

2: MechLink - Linear
o gy

I

D: MechPair-1Rot]

C: MechPair-1Rot

frm——

—

00; MechLink — Holder 3: MechLink - Linear

-] - e,

| 4: MechLink - Linear

i S,

F: MechPair-1Rot
L

}

(l 5: MechLink - Crawler

] L |
6. MechLink = Linear, fixed

pLS el

CTpykTypa AaHHEY, 3303K0WaA MOAENs NNOCKOrD MEXaHWIME U3 NpUMEpa

N3 mpencraBieHHON CXeMbI BHIHO, YTO KaxkIblii u3 00bekToB 3BeHa MechLink comepxxut
CIIMCOK YyKa3aTeJled Ha ero cocTaBHble ayieMeHThl — noa3BeHbss MSubLink. Kaxnoe noazseno
COOTBETCTBYET HEKOTOPOH CTPYKTYpHOH TOYKE €ro 3BE€Ha, U MOXET OBITh JMOO MOCTYIMHBIM JUJIsS
COCIIMHEHUS ¢ MapoH, 100 HemroCTymHbIM. Eciy MOA3BEHO COCTUHEHO C Mapoid, TO OHO COJEPIKUT
yKa3aTelb Ha MPUCOEAUHEHHYIO Tapy.
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Kaxnpiii o6bexkt mapst MechPair comepxut nBa ykaszaTenss Ha NPUCOCTUHEHHBIC 3BEHbs. B
JEMCTBUTENILHOCTH K€, I IPUCOETUHEHUS 3BEHA K Mape, yA00HO MeperaBaTh yKa3aTeiab Ha OOBEKT
€ro Inoja3BeHa (K KOTOPOMY IPOM3BOJIUTCS INPUCOECIUHEHME), a B Iape peain30BaTh CBOWCTBO,
Jlaroliee yKas3areab Ha IPUCOEIUHEHHOE 3BEHO.

Ha puc. Mexanusma u puc. CTpyKTYpHOM CXeMbl Ka)KJ10€ 3B€HO UJIECHTUPHUIIMPYETCSI €ET0 HOMEPOM
0..6, a >IeMEHThl KMHEMAaTU4eCKUx map - OykBod A..F Toil TOukM, B KOTOpPOH HaxOAMTCA 3TOT
AJIEMEHT M YCIOBHBIM 00O3HAUEHHEM THIIAa KHHEMAaTHYECKOW mapbl. DTH 0003HAYCHHS MO3BOJISIOT
YCTaHOBHUTh COOTBETCTBUE OOBEKTOB CTPYKTYPbl JAHHBIX M 3JEMEHTOB PHUCYHKa CTPYKTYPHOMH
CXEMBI.

CrpykTypa nanHbix Mexanu3ma Mechanism (mpencraBneHHass Ha puC. HHUXKE), IO CBOCH CYTH,
MIPEACTABISIET COOOM CIMUCOK yKazarejel Ha oO0beKThl rpynn kuHematudeckux map MechPGroup.
Kaxnas rpynna MechPGroup, B cBOIO ouepenb COAEPKHUT CHUCOK yKazaTesed IOJMHOKECTBO
KHHeMaTu4eckux map Mexanu3dma MechPair. OcHOBHbIE CBsi3M Tap C JOpPYrUMU OOBEKTaMHU
CTPYKTYPBbI JaHHBIX MEXaHU3Ma YK€ MIPEICTAaBICHbI Ha MPEAbIAYLIEH CTPYKTYPHON CXEME.

Mechanism
1: MechPGroup
(e £l —
| |
SN
MechPGroup
A: MechPair _Z: MechPair
‘Ml Le oL Lol
] ) ¥ ) v i
CTDWWDbI OJaHHEIX MeXaHWU3mMa U rpyvnnel KMHeMaTudeCKENX nNap

3BEHO MEXaHU3Ma B JAaHHOM IIPEJICTAaBICHUN ONUCHIBAETCSA CIIUCKOBOM cTpyKTypoii - MechLink,
KaKIBIN DJIEMEHT crMcka KoTopol, SubLink coneput cienyromue OCHOBHBIE NOJIS JAHHBIX:

e VYkazatenb Ha OOBEKT CTpyKTypHOU Toukn GeomPoint, comepxammii KOOpAUHATHI 3TOU
TOYKH B 3-X MEPHOM IIPOCTPAHCTBE;

e VYkazatenb Ha 00BEKT HekoTopol KkuHeMatuueckoid mapbl MechPair, k koropoit
IIPUCOEAVHEHO JaHHOE 3BE€HO MexaHm3Mma. [Ipuuém sneMeHT 3Toil mapbl pacrnosiaraercsi B
TOYKE JAHHOTO IOJ3BEHA;

e Vkazarenp Ha reoMmerpuueckuii o00bekT GeomObject, omnpenensomMii BU3yaTbHOE
MPEJCTaBICHUE JAaHHOW YaCTH 3B€HA B CTPYKTYPHOUM CXEMe.

Hcmonp30BaHne CHHUCKOB AJi1 IIpEACTaBJICHHUA 3BCHLBECB MCXaHM3Ma II03BOJIACT OIHMCHIBATH

CTPYKTYpY H TIOJIO)KEHHE OCHOBHBIX THIIOB 3BEHBEB, KOTOPHIE YAaCTO HCIOJIB3YIOTCS B
IIPOCTPAHCTBEHHBIX MeXaHMU3Max (cM. Tabnuua 4).
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Ta6nuua 4: NpeacraBneHne OCHOBHbIX TUMOB 3BEHLEB MEXAHNU3MOB C NMOMOLLbHO
CMUCKOBbIX CTPYKTYP AAHHbIX
PucyHok Ucnonb3oBaHue
Ne HasBaHue CTpyKTypa AaHHbIX
3BeHa obbeKTa
I[JBI HCIIOABHUXXHOT'O
1: MechLink - Holder 3aKpCIIICHIS
3JICMCHTOB
KHHCMATHUYCCKHNX

1 3BEHO -
KpenjeHue

¢

1.1

rap Wiv Jpyrux
3BCHBLEB, 34 CUET

CO3IaHUS
COCTaBHOTO 3BCHA;

3BeHO -
2 | IMHEeHHbII
0Tpe30K

JIiist TuHEeHHOTO
COCIMHEHUS 2-X

3JIEMEHTOB
KMHEMAaTHYECKUX

nap;

B xauectBe

MO ABH>KHOM qacCTH,

3 3BeHO -
MOJI3YHOK

3: MechLink - Crawler

4: MechLink - Linear

nepeMeniaromencs

10 HEKOTOPOMY
JIpyroMy

JINHEMTHOMY 3BEHY.
Bcerma coenuneno

C dIIEM-M
MOCTYTAaTEIbHOU
KHHEMaTHYECKOM
napkl;

JIiist TuHEeHHOTO
COEAUHEHMS 3-X U

0oJIee DIIEMEHTOB
KHHEMaTHY. T1ap;

4 3BEHO -
JIOMaHasn
Jnst muHeiHoro
COCIMHCHHS B
5 3BEHO - KOHTYD 3-X u Ooiee
KOHTYP 3JIEMEHTOB
KHHEMATHYCCKUX
nap;
Jst cozmanus
3BEHBEB OoJIce
CIIOKHOM
6 CocraBHoe CTPYKTYpBL, Ha
3BEHO
OCHOBE UMEIOIIUXCS
3BEHbEB 1-5, myTéM
o HX 00BbEeIMHEHMS,
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Ha pucyHkax 3BeHBEB KpPaCHbIMM KPECTHKAMHU OTMEYEHBI TOUYKH, ONPEIECIAIOIINE CTPYKTYPY U
MOJIOKeHUE 3BeHa. Kakaoll Takoll TOYKE COOTBETCTBYET OJMH OJJIEMEHT CIHMCKA, Ha3BaHHBIN
nooseerom. CUHUE MTyHKTUPHBIE KPYXKKH, BOKPYT HEKOTOPBIX TOUEK, 0003HAYAIOT MECTa BO3MOXKHOM
npusesa3KU  JNeMeHmo8 KuHemamuueckux nap. B dlIeMeHTax CHUCKa TIPHUBS3KE dSJIEMEHTa
KMHEMAaTH4YEeCKOW Mapbl COOTBETCTBYET yKa3aTellb Ha COOTBETCTBYIOIINNA OOBEKT Haphl.

B MMocCJICAHEM Cliydac, IJId COCTABHOI'O 3BCHA, YKA3aTCJIM 3JICMCHTOB CIIMCKa YKAa3bIBAOT HC Ha
00BEKTHI DJICMEHTOB rnap, a Ha Apyruc 3BCHbA, 06’B€)II/IH5[eMI)Ie COCTaBHBIM 3B€HOM B OJJTHO IICJIOC.

2.7 AHasnioe cmpyKkmypHoU cxeMbl MexaHuU3ma

B paznene, onuchIBaroniemM npeaMeTHYI0 00JacTh MPOEKTA - TEOPHIO MEXAHU3MOB U MallllH
TOBOPUJIOCH, YTO JUIsl U300pakKeHUsI MEXaHU3Ma Ha YepTeXKe UCTIONb3YIOT TaK Ha3bIBa€MbIe
CTPYKTYpPHBIE CXEMbI, B KOTOPBIX IPUMEHSIOTCS OOIICTTPUHATHIE YCIOBHBIE 0003HAUCHHS YacTei
MexaHu3Mma. CucremMa MoJIeIMPOBaHUS IPOCTPAHCTBEHHBIX MEXaHU3MOB, HECOMHEHHO, JOJKHA
YMETbh 0TOOpakaTh MEXAHU3M C ITOMOIIBIO CTPYKTYPHOM CXEMBI.

[TockonbKy A BU3yalIH3alliy MPOCTPAHCTBEHHON CTPYKTYPHOU CXeMbl MEXaHU3Ma OBLIO
PEIIeHO UCTIONB30BaTh cpeacTBa 3D-rpaduku, TO BaXHO pa3paboTaTh MOJETH COCTAaBHBIX OOBEKTOB,
U3 KOTOPBIX OyJeT cOOMpaThCs 3Ta CXeMa TaK, YTOObl OHU COOTBETCTBOBAIIN OOLIETPUHSATHIM
TJIOCKUM 0003HadYeHMsIM (CM. Tabiuma 1).

Kak y>xe roBopumnocs B pazzeine "CpeacTsa pazpadboTku', BaXKHO UCIOJIB30BaTh CPEICTBA 3-X
MEPHOT'0 MOJICIUPOBAHUS, TO3BOJISIONINE COXPAHATh MOCTPOSHHBIE MOEIN HENOCPEICTBEHHO B
dopmate X-paitsioB. DTO CBA3aHO C TEM, YTO MBI PEIIWIIH MTOJIb30BATHCS IpaUIecKoit ONOIMOTEKOM
DirectX, a ona paboraeT uMeHHO ¢ X-(aitiamu.

[Toatomy muist co3nanust 3-X MEpPHBIX MOJeJel ObUIO PelIeHO UCIIOB30BaTh CUCTEMY (HUPMBI
Paradox — Maxon Cinema 4D. Dta cuctema uMeeT y100HbIe CpeACTBA TEOMETPUIECKOTO
MOJIETTMPOBaHUS (TIO3BOJISIET TOUYHO 33JaBaTh MHOTHE MapaMeTPhl MOJIETN) U UMEET BO3MOXKHOCTH
coxpaHeHus Monienelt B X-(aiine.

& Eotin s s (a4 ek
T e e e S
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A P = e
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¥
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Bce Mozenu co31aBauch ¢ TOYHO ONPEACTIEHHBIMU pa3MepaMH, TaK YTOOBI IPU JalTbHEHIIIEM
MacCIITaOUPOBAHUU ITUX MoJene cpenctBamu GyHKImil DirectX, MOKHO OBLITO TOYHO PaCcCUUTATH
UX HOBBIE pa3mepsl. Jlanee mpuBeneHa Tabiana Co3TaHHBIX MOJIENEH, C yKa3aHHEM BCeH
Heo0X0o Mol [yt pa3paboTurka nHpopManuen o HUX:
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Ta6nuua 5: 3-x MepHbIe NONUrOHaNbHbIE MOAENN COCTABHbIX OO LEKTOB CTPYKTYPHOM

CXeMbl MEXaHN3Ma

[ X-chpann
Ne P HasHa4yeHue mogenu U3o06paxeHune Pa3mepbl
mMoaenu
MoaeJib 3B€HA KpenJIeHH
) Hcnonw3yercs my1st 0003HaYEHUS CTOEK _
Link-Holder.x MEXaHH3Ma, SIBJICTCS] aHATIOTOM S!Ze X=2,
1 Holder- CTAHIAPTHOTO 0O03HAYECHHS: Size Y =1,
Hatch.jpg SizeZz=2
LS
Mojaesib HUITHHAPUYIECKOTO
MOJI3YHKA: _
UCIIOJIBb3yeTCs I 0003HAYECHHUS 3BEHA Outer Diam
] MMOJI3yHKa, BXOJIAIIETO B =1 g
2 Link-Crawler.x LAIHHAPUYECKYIO Tapy, SBISETCS Inner Diam
aHaJIOTOM CTaHJIApTHOTO 0003HAYCHHS: =0.45,
e —————
Mojeab NocTynaTeIbHOr0 MOJI3yHKA: =
MCTIONB3YETCS Il 0003HAYCHUS 3BCHA Outer Size
MOJI3YHKA, BXOJISIIETO B X 7 = 1
. MMOCTYIIATENbHYIO APy, SIBJISIETCS ’ .
3 Link-Onward.x M y Py, Inner Size
aQHAJIOTOM CTaHJIAPTHOTO 0003HAUYCHHUS: X 7 = 0.45
—E,"]— Size Y = 1
Mogenb Mopenb 4acTH JIMHEHHOTO 3BEHA:
cTpouTCs WCTIOJNIL3YETCS ISl COOPKU TMHEHHBIX
A MeToaamm 3BEHBEB, 00PA3YIOIMINX KOHTYPHI UITH Radius = 1,
DirectX: MHOT'O3BEHHBIC JINHUH, TAKUE KaK: Height = 1,
Mesh.Cylinder Q 20
Mesh.Sphere TH
Mopaeib 3j1eMeHTa BpanarTeabHoi
napel:
HCIIOJIb3YETCSl B KAUeCTBE aHAJIOTa Radius = 1
5 |[Elem-Rotator.x| mpunsroro miockoro o603nadeHns: =
p Height = 2,
Moaeus 3j1emMeHTa cepudecKoin
napbl: .
p Outer Diam
UCIIONIb3YETCS B KAUECTBE aHAIora 1
6 |Elem-Sphere.x  npuHATOro miockoro 0003HaYeHHU: Inner D’iam
=0.65
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2.8 lMpoepammupoeaHue 3D-e2pagpuku Ha Managed DirectX

2.8.1 Tunbl AaHHbIX ANA BbINOSIHEHMA MaTPUYHbIX Npeobpa3zoBaHU

B 6ubnuorexke Managed DirectX 9 nmMerotcs yxe peain30BaHHBIC U yI0OHBIE B HCTIONIb30BAHUH
THUIIBI TaHHBIX U Pa0OTHI C MATPHUIIAMHU M BEKTOpAaMU. DTH THITHI UMEIOT YAOOHbIE U ObICTpBIE
METO/Ibl BBIIIOJHEHUS BEKTOPHBIX U MaTpU4HbIX onepauuii. [loatoMy, B 1aHHOM cityuyae, HET
HEOOXOIMMOCTH CO3/1aBaTh KaKue-JIMOO CBOW THITBI JAHHBIX, a HY>KHO MUCIIOJIB30BaTh YXKe
uMeromuecs. /lanee s npuBeay KpaTkoe ONUCAHUE ITUX THUIIOB.

CTpPYKTYPbI BEKTOPOB:

o JIBymMepHbIe BeKTOpa — CTPyKTypa Vector2:

Vector2 pvV2 = new Vector2 (float X, float Y); — KOHCTPYKTOp co3nanus 2D BekTopa;
o TpéxmepHsbie BekTOpa — cTpyKTypa Vector3:
Vector3 pv3 = new Vector3 (float X, float Y, float Z); — co3ganue 3D BCKTOpA,
o TpéxmepHble BeKTOpa B OTHOPOJHBIX KOOPAMHATAX — CTPYKTypa Vectord:
Vectord4 pv4 = new Vector4 (float X, float Y, float 7, float W); — CO3JaHHC 4D
BCKTOpA,

BekTopa uMeroT moJis, yepe3 KOTopble MOKHO oOpamiaThCsi K KOMIIOHEHTaM BekTopa: X, Y, Z,
W. BHe 3aBHCHUMOCTH OT TOT0, KAKOT'O TUIa BEKTOP, OH UMEET 00IIre AJIsi BCEX BEKTOPOB METO/BI.
MHor#e MeToIbl UMEIOT KaK OOBIYHYI0, TaK M CTATUUECKYIO peanu3aiuio. S npuBesy JUIb
HA3BaHUS OCHOBHBIX CTAaTHYECKHX METOJOB, 0€3 yKa3aHUs TUIIOB MepPEe1aBaeMbIX B KaUeCTBE
[apaMeTpOB BEKTOPOB:

e Vector Vector::Add(pVa, pVb); — CIOKEHHE IBYX BEKTOpOB: pVa + pVb;

e Vector Vector::Subtract(pVva, pVb); — BBIYMTAHHE JBYX BEKTOPOB: pVa - pVb;

e Vector Vector::Scale(pV, float K); — YMHOXEHHUE BEKTOpa Ha yucio: pV-K;

e Vector4 Vector::Transform(pV, Matrix M); — YMHOXXEHUE BEKTOpa Ha MaTpuly: pV-M;
e Vector Vector::Normalize( pV ); — HOpMaim3anus BekTopa: pV/|pV]|;

e Vector Vector::Cross (pVa, pVb); — BEKTOPHOE NMPOU3BEICHUE BEKTOPOB: [pVa X pVb];

e float Vector::Dot(pVa, pVb); — CKaJIApHOE MpOU3BeJIeHHE BEKTOPOoB: (pVapVb);

e float Vector::Length( pV ); V BBIYHCIICHHUE JUIMHBI (HOPMBI) BeKTOpa: [pV|;

CTDVKTVDa MaTpHIbI:

Matrix pM = new Matrix( ); — KOHCTPYKTOp co3naHus 0-il MaTpuibl pasMepHOCTH 4x4;

JlocTyn K KOMIIOHEHTaM MaTpUIbl OCYLIECTBIIIETCS Yepes3 ot umeHnyemble kak Mij, rie i=1..4,
j=1..4. B cTpyKkType MaTpHULIbl TaK >k€ ONpeJIeIeHbl CTATHYECKUE METO/IbI, TO3BOJISIOINE CO3/1aBaTh
MaTpHUIIbl, BHIIOJIHSIONME CTAaHAAPTHBIE IPOCTPAHCTBEHHBIE aQ(PUHHBIE TPEOOPa30BaAHUS:

e Matrix pM = Matrix::Translation(float Tx, float Ty, float Tz); — CO3JJaHUC
MaTpHIIbI, BHITOJHSOLIEH peoOpa3zoBanue cMmeieHus Ha Bektop (Tx, Ty, Tz);

e Matrix pM = Matrix::RotationX[Y,Z] ( float Angle ); — CO3JaHMC MATpPHULIbI,
BBINOJIHSAIONIEH TpeoOpa3oBanue nmoBoporta BOKpyr ocu X (Y wiu Z) Ha yron Angle (B paz.);

e Matrix pM = Matrix::RotationAxis( Vector pVAxis, float Angle); — CO3JaHUC
MaTpHIIbl, BBIIOJIHSIIOIIEH MpeoOpazoBaHue MOBOPOTAa BOKPYT ocH pV Axis Ha yron Angle (B
pan.);
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e Matrix pM = Matrix::Scaling( float Sx, float Sy, float Sz); — CO34aHUC
MAaTpUIIbI, BHITOJIHSAIOLIEH peoOpazoBaHNe MACIITAOUPOBAHUSI HAa CKAJISIPHbIE BEJIMCUHBI (SX,
Sy, Sz);

Kak u 1y1st BeKTOpa, B CTpYKTYpe MaTpPHIIbl PEaTu30BaHbl CTATUUYECKUE U HECTATUUECKHUE METOIBL,
BBITIOJIHSIFOIIME OCHOBHBIE OTEpallMK HaJl MaTpuliaMu. [IpuBey nuirs HEKOTOPhIE U3 CTATUYECKUX
peanu3anuii STHX METOJI0B:

e Matrix Matrix::Add( pMl, pMr); — CJIOXXE€HHE ABYX MaTpull: pMI+pMr;

e Matrix Matrix::Multiply( pMl, pMr); — YMHOXEHHUE IBYX Marpuil: pMI-pMr;
e Matrix Matrix::Invert( pM ); — BBIYMCIICHHE OOPAaTHOW MaTPUILIbI: pM'l;

e Matrix Matrix::TransposeMatrix( pM ); — TPAaHCOOHUPOBAHUC MATPHUIIbI: pMT;

2.8.2 MNpocTpaHCTBEHHbIE U NPOEKUMOHHbIE CUCTEMbI KOOpAUHAT

Cucremsbl koopauHat B DirectX onucbiBatorcss MmaTpuniaMu Matrix. B 3aBucumocTs ot
UCTIOJIb30BaHUs, CUCTEMbI KOOPAMHAT MPUHSITO HAa3bIBATh I10 Pa3HOMY.

HCXOI{HYIO CUCTEMY KOOPAWHAT, IO OTHOICHUIO K KOTOpOfI BBITIOJIHATOTCSA BCC
HpeO6p330BaHI/I$I 00BEKTOB CHCHBI, IIPUHATO HA3bIBATb MHPOBOJi CHCTEMOM KOOPJIHHAT.

CucrteMy KOOpIUHAT, CBSI3aHHYIO C HEKOTOPBIM 00BEKTOM, U IPe0dpa3yeMyto BMECTE C
00BEKTOM, Ha3bIBAIOT 00bEKTOBOI CHCTEeMOIl KOOPAUHAT (TOBOPST, YTO OOBEKT
“BMOpPO’KEH”’ B CUCTEMY KOOPJIMHAT).

JI71s1 H3MEHEHHST MHPOBOH CHCTEMbI KoopanHaT | Y Coordinate Systems: B
DirectX, HeOOXOJUMO U3MEHUTH OIPEACIISIONTYIO v eé
matpuiy. Mampuya Mupogoii cucmemsl /"

KOOpJAMHAT XpaHUTCcA B nojie o0bekTa Device —

YCTpOICTBA, BBHIIOJHSIOLIETO BCE rpapuuecKue 7

omnepauuu Direct3D: :
..\5/1 Object
Z_ L\ @‘;ﬂ":' _5.---""fcnnrdinatas

Device-Transform-World;

Ecnu mupoBas cuctema koopauHat (X, Y, Z)
npeoOpasoBana k (Xo, Yo, Z0), TO Bce O0BEKTHI
OyayT 0TOOpakaTbcsi B HOBOW 0OBEKTOBOMA
CHUCTEME KOOPAMHAT (CM. PHC.).

World coordinates
Kpome npocTpaHCTBEHHBIX CHUCTEM
KoopauHar, B DirectX ecTh Tak &Ke npoekyuoHublie cucmemvl KOOPOUHam, KOTOPbIE UCTIONb3YIOTCS B
MPOIIECCe PEHEPUHTA CIICHBI — T.€. TIPH MPOCIIUPOBAHUH 3-X MEPHBIX O0OBEKTOB Ha TIOCKOCTh
kamepsl. [lookeHne 1 HampaBJIeHHE KaMephl ONIPEACIISIOTCS Mampuyell 6uoa:

device-Transform-View;

Takum 006pa3oM, MaTpHIla BHIA OTNPEICIISET MOJ0KEHUE U OPUCHTAIMIO CHCTEMBbI
KoopauHaT kamepsl (Xc, Yc, Zc) (cm. puc. Huxe - Camera coordinates).
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Martpuiia Buga MOXKeET ObITh aBTOMATHYECKU C(HOPMUPOBAHA IMTyTEM BBI30BA CTATHUECKOTO METOJIa
LookAtLH no nepegaBaeMbIM BEKTOpaM ToJiokeHus1 kamepsl (CamPosition), Touku Goxyca
(camTarget) u Bepxa xamepsl (CamUpVector):

device-Transform-View = Matrix: :LookAtLH( Vector3 camPosition, Vector3
camTarget, Vector3 camUpVector ) ;

Kpowme Toro, 11s1 MOIHOTO ONpeAeaeHus Ipolecca MPOeHUPOBAHNUS, HYKHO 3a/1aTh TapaMeTphbl
HCITOJIB3yEMOM HAMU KaMephl. DTH apaMeTpbl XPaHATCS B Mampuye npoeyupo8anusi:

device-Transform-Projection;

Vi AY
Ei & —~ Projection Back
Camera - . plans L eutalf

dinates Y., \P Vo
coorainates ":i:.. A-_p% t‘\

v X

Perspective projection World coordinates

7 !
.

 Coordinate

Systems

7 Screen coordinates

Hpexcz[e BCCrO, H606XOI[I/IMO OIPCACIINTD KaKoi THIT MIpOCKINHU 6yz[eT HCIIOJB30BaTbhCA:

o IlepcnekTMBHAs MPOEKUMSA — UCTIOIB3YETCS JIJIsl ONMCAHUS CLICHBI, IPEACTABICHHON B BUJIE
YCEUEHHOUM MUpaMUIbI (frustrum), Tie BHyTPEHHSS 9aCcTh TUPAMUIBI SIBIISIETCS
MIPOCMaTPUBAEMOM 00JIACThIO HAIlEH ciieHbI (cM. puc. 2.13). B nmepcrnekTHBHON MPOEKITUHU BCe
Jy4d 3pEHHUsI IEPECEKAIOTCs B TOUKE PACcoIOKEeHHsI KaMepbl. MaTpuiia nepcneKTuBHOM
MIPOEKIUU CO31aETcst MeTonoM PerspectiveFovLH:

device-Transform-Projection = Matrix: :PerspectiveFovLH( float
viewAngle, float aspectRation, float znearPlane, float zfarPlane );

JIBa mapameTpa B 3TOH (DYHKITUN — ONFDKHSIS M TalIbHSSI TUIOCKOCTH (znearPlane, zfarPlane)
OIUCHIBAIOT TIPEICITBI ATON MUPAMUIBI, IPUUEM NATBHSS TUIOCKOCTH SIBJIIETCS OCHOBAaHUEM, a
OJVOKHSIS TUTOCKOCTD MTPOXOJIUT 110 MECTY OTCEUCHHS BEPITUHBI TUpaMubl. [Tosre 3peHust
KaMepbl ONpeIeIIsieTCs YIIIOM pacTBOpa KaMepsl (viewAngle) u popMaTHBIM COOTHOIICHUEM
(aspectRatio) CTOPOH IIOCKOCTEH yCEUCHHs TUPAMHUIBI BUIUMOTO 00BEMA.
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e OpToronajbHasi NPOEKIHUA — UCIIOIb3YETCS JJI ONMMCAHUS CLIEHBI, IPE/ICTABIICHHON B BUJIE
napajuiesienunesa, BHyTPEHHSSI 4acTh KOTOPOTO SIBJISIETCS] TPOCMAaTPHUBAEMON 00JIaCThIO
CLIEHBI. B OpTOroHanbHOM NPOEKLIMH BCE JIyYH MapauIesIbHbI OCU 3pEHUs KaMepbl. Marpuna
OpPTOTOHANILHOM MpoeKIy 3aaaércs metoaom OrtholH:

device-Transform-Projection = Matrix::OrthoLH( float width, float
height, float znearPlane, float zfarPlane );

B dynkmuro mepemaroTes a1Ba mapaMerpa, OnpeeIIone PACCTOSHIE OT KaMepPhl JI0
OnmuKHeH U JanbHel TIocKocTel oTceueHus (znearPlane, zfarPlane). Jlpyrue nBa
napaMeTpsl OTMPEACIISIOT MOJIe 3PEHUS KaMePhl — BEICOTY M ITUPUHY CTOPOH
napayuienenunena (width, height).

Korna criena cripoerupoBaHa Ha MPOSKIMOHHYIO IIOCKOCTh, TO KOOPJMHATHI TOYCK 3TOH
TJIOCKOCTH M3MEPSIIOTCS B IKPAHHBIX KoopanHaTax (p, q) (Screen Coordinates).

2.8.3 MaTepwmanbl, TeKCTYypbl U 3arpy3ka nonvroHanbHbIX moaenen us X-cpamna

I[J'If[ MOACIMPOBAHUSA PCATTUCTUIHBIX TCOMETPUUCCKHX CICH, B KAYCCTBEC COCTAaBHBIX 00BEKTOB
HCIOJIB3YIOTCA MOJIUTOHAJIBHBIC MOACIIN U Mesh-00BeKTEL.

IloauronaabHoOi Moaeablo (Mesh) Ha3pIBaeTCsI OOBEKT, COAECPIKAIINI BEPIIMHHBINA 1
WHJCKCHBIN Oy (ephl, OmpeAestonnuX MOJIUTOHBI HEKOTOPOTO T€OMETPUIECKOTO 0OBEKTA.

OCHOBHBIM IPEUMYIIIECTBOM UCIIONIB30BaHUS Mesh-00beKTOB SBIISETCS BO3MOKHOCTD yI0OHOTO
XpaHeHus: ¥ POPMUPOBAHUS CIOKHBIX TEOMETPHUUECKUX OOBEKTOB, a Takke UX 3(h(HEeKTUBHBIN
PEHICPHHT.

J1s peaiucTUYHOrO 0TOOpaKEHUsI HE JJOCTaTOYHO TOJIbKO MH(pOpMaIuu o0 ero BepuunHax. K
npumepy, Mesh-o0beKkThl He coliepaT HH(POpMALMU O LIBETE BEPILUH, a TaK K€ CII0CO0E HAI0KEHUS
Ha 00BEKT TEKCTYPHI, O0s1ee MOIPOOHO OMHUCHIBAIOIIECE €T0 TTOBEPXHOCTD.

MatepuaJj — 3T0O ONKMCAaHUE, TOTO KaKUM 00pa30M MOKpbIBaeMasi UM OBEPXHOCTh OyIeT
OTpakaTh CBET. MaTepual BKIIO4aeT B ce0st oTpaxkaeMbiid nudy3nsiii (Diffuse) u oOmmii
uBet (Ambient), uBet Oauka (Speccular), mapameTpbl OTpaXXEHUs CBETA U YPOBEHb
npo3padyHocTu matepuana (Alpha).

Tekcrypa — 510 H300paKeHNE, KOTOPOE HAKIIAIBIBACTCS Ha IIOBEPXHOCTh F€OMETPHYECKOTO
00BeKTa onpene’nEHHbIM 00pa3oM. Croco0 HaJOXKEHUs TEKCTYPbI ONPEICISIOT TEKCTypHbIS
KOOPAMHATHI.

WNudopmanus o TEKCTYPHBIX KOOpAWHATAaX 00bIYHO Jo0aBisercs B Oydep BepIinH
reOMETPUYECKOT0 00BEKTa, Ha KOTOPHIN OyIeT HajoxeHa TeKcTypa. OOBIYHO 3a1aHNe TEKCTYPHBIX
KoopauHat (1 Oydepa BepIInH B 1I€JI0M) JOCTATOYHO TPYJOEMKHUI MPOLIECC TSI CIOKHBIX OOBEKTOB.
Ho, x cuactpio, Bcs nHpOpMaIus 0 OJUTOHAIBHONW MOJCIIA MOXKET OBITh 3arpy’keHa u3 (Qaitna
crienuabHOTO opmaTa — X-daiina.
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X-aiia — 370 daiin B popmare XML, xpansmuii crieayiomye JaHHble TOJIUTOHAIBHOM
MOJIEIIH:

e JlogoOBEKTHI IOIUTOHAIBHON MOIEIH;

e bydeps! BepmnH (¢ KOOpMHATAMH TEKCTYPhI) KQXKIOTO U3 MOJ00BEKTOB;
e HMHunekcHble Oydepbl KaXI0Tro U3 N0J00BEKTOB;

o [lapameTpbl MaTepHasioB KaXa0ro U3 Mo100BEKTOB;

e Hudopmarnurio o ¢aiine TeKCTypbl KaXk10T0 U3 0J00BEKTOB.

Jannbie n3 X-daiiza MOryT OBITh 3arpy>KeHBI C TIOMOLIBIO CIEAYIOMmEH (PYHKINH:

// Kom byHkuuu npmBenéH Ha as3wke C++/CLI:

Mesh” MyMesh; // BHemHee mojie g Mell-o0beKTa
Array<Material »» MyMaterials; // BHEWHMI MAaCCUB MATEPUAJIOB MOINEJIM
Array<Texture” »” MyTextures; // BHeWHN) MAaCCMB TEKCTYp MOIEJU

void LoadMesh( String”® file )
{
Array<ExtendedMaterial »® mtrl;
// 3BarpyxaeMm MoIesyib u3 X-barnia:
MyMesh = Mesh::FromFile(file, MeshFlags::Managed, device, mtrl);

// Eciay Momesyib COHOEPXUT MaTepualtibl, COXPAaHIEM UX:
if ((mtrl !'= nullptr) && (mtrl->Length > 0))
{
MyMaterials = new Array<Material>( mtrl->Length );
MyTextures = new Array<Texture”»( mtrl->Length );
// CoxpaHsaeM KaxXIbll MaTepuall ¥ TeKCTYpPY :
for (int i=0; i < mtrl->Length; i++)
{
MyMaterials[i] = mtrl[i].Material3D;
if ( (mtrl[i].TextureFilename != nullptr) &&
(mtrl[i].TextureFilename != String::Empty) )
{// Ecnu ecTb umHbOOpMALMSA O TEKCType - NpoOyeM 3arpys3uThb e&:
MyTextures[i] = TexturelLoader::FromFile (device,
mtrl[i].TextureFilename) ;
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3. Onucanune rpadmnyeckoro nHtepcgpenca (GUI) nporpammsbli
“Mechanics Editor .NET”

3.1 YcmaHoeka u 3anyck npo2paMmbl

Jist paGoThl IpOTrpaMMbl HEOOXOIMM KOMIBIOTEP ¢ MUHHUMAaJIbHBIMH TPEOOBAHUSAMHU:

e IIpoueccop ¢ TakToBo# yactoToil HE HUXKE 1 GHz;
e Buneoanantep coBmectumslii ¢ DirectX 9.0c;
e Omnepanmonnas cuctema Microsoft Windows NT SP6 /2000 SP4 / XP /2003 / Vista;

Ilepen 3amyckoM mporpaMMbl, Ha KOMIBIOTED HEOOXOAMMO YCTaHOBUTH CIEAYIOLIUE
BCIIOMOTaTeNbHbIE TPUIIOKEHUS (BCE TPOTYKTHI B CBOOOHOM JIOCTYTIE):

e Microsoft DirectX 9.0c;
e Microsoft NET FX 2.0 (Beta2);
e Microsoft Managed DirectX (Bxoaut B nuctpudyTtus DirectX);

UToOBl yCTAaHOBUTH TPOrpaMMy, IMPOCTO 3arpy3uTe C calTa W paclmakyiTe apxuB GhaiaoB
IIPOrpaMMbI B KaTaJOT Ha JIOKAJILHOM JHCKE KOMITbIoTepa. J[is HopManbHON palboThl B Karaiore
JIOJIKHBI HAXOAUTHCA Clenytonue (aipl:

1. MechEditor.exe (264 Kb);
2. MechModel.dll (152 Kb);
3. MDXUtility.dll (236 Kb);
4. Viewport.dll (80 Kb);

5. TabSplitPan.dll (20 Kb);

Jlns1 3ammycka mporpaMMbl Hy>kHO BeIoJHUTE (aitn MechEditor.exe;

3.2 NaHenu 2raeHO20 OKHa Npo2paMmbl|
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Haznaueunue nanesnen riiaBHOro OKHa MIPHUBOJUTCA HUKC!

1. I'maBHOe MeHIO nporpamMmal — COACPKUT MCHIO IO BCEM OCHOBHBIX OII€paliusiM CUCTEMBI,

2. Ilanenn ymnpaB/jieHusT HHTep(eiicoM NpPorpaMmMbl — COACPKHUT TAaKWE KHOMKH, KakK
“co3maHue HOBOrO MeXaHu3Ma’, “coxpaHeHue”, “3arpy3ka’, KHOIIKM YIPABJICHUS MaHEISIMHU
[JIaBHOTO OKHA M OTKPBITHUS APYTUX OKOH, a TaK e KHOIKH BBIIIOJHEHUS! HACTPOEK;

3. IlaHeab HMHCTPYMEHTOB PeIAKTHPOBAHUSA — COJECPKUT HMHCTPYMEHTHI PEAAKTUPOBAHUS
r€OMETPUUYECKHUX 00BEKTOB (“BeIIENIEHHE”, “nepemenieHue”, “BparieHue”,
“macmrabupoBaHue’”), HM3MEHEHHS] PEKHUMOB PEJAKTHUPOBAHUS W KHOIKHM YIIPaBJICHUS
KaMepaMu BHJIOB;

4. Ila”esb BbIOOPA 00bEKTOB JIJI KOHCTPYKTPYMPOBAHUS MEXAHU3MOB — COJICPIKUT KHOIIKHU
BbIOOpa CTPYKTYPHBIX OOBEKTOB MEXaHNU3MA, TTO3BOJISIONINX BBITOJIHATH KOHCTPYHPOBAHHUE;

5. IlaHeab ynpaBjieHHsl CTPYKTYPO#l MeXaHH3Ma — 3Ta [IAHEJIb COACPKUT KHOIIKA HaBUTalluu
10 CTPYKTYpE MEXaHU3Ma, YIIpaBJICHUs IPyIIaMH U yaJeHUs] OObEKTOB;

6. /lepeBo CTPYKTYpPbI ME€XaHM3Ma — HA JTOW MaHENIH OTOOpa)xaeTcs CTPYKTypa MEXaHH3Ma B
BHJIE JiepeBa (onucanHas B myHKTe " TpeboBanus k cucreme");

7. BeInagaommii ciucok BbIGOpPa 00beKTa, 0TOGPaKaEMOro B peJaKTope CBOICTB;

8. PemakTop cBOHCTB BBIOPAHHOIO M3 CHHMCKAa O00bEKTa — TIO3BOJSET PEAAKTUPOBAHTH
BbIOpPAaHHBINA OOBEKT U3 CHHMCKA: IPOCMATPUBATh U U3MEHSTh €r0 MapaMeTphl;

9. NHdopMaunoHHasA NaHeJb NPOrpaMMbl — OTOOpa)kaeT BCIIOMOTaTeNIbHYI0 MH(OpMaIHIO:
Ha3BaHHE BbIIEJICHHOI0 00BEKTa, KOOPAUHATHI Kypcopa MBI B BUJAX U Jp.;

10. ITanean 4-X BUAOB — KaKJasg U3 MaHeNIeld HE3aBUCUMO OTOOpa)kaeT yCTAaHOBIICHHYIO B HEH
MPOEKIUIO MPOCTPAHCTBEHHOM CTPYKTYPHOM CXE€MBbl MEXaHU3Ma M TO3BOJISIET BBIMOJHSATH
yIhpaBiieHMe Kamepoil Buaa. [lo ymoiyanuio, BHABI 3arpykarOTcsi B CIEIYIONICH
KOH(UTypaIiu:

1. Bua Ne 0: mo yMmo4aHuIo - BUJ| CBEPXY;

2. Bwua Ne 1: no ymonyaHuto - BUJ CIEPEIH;
3. Bua Ne 2: no ymona4yaHHIO - BUJ] CJIEBA;
4

Bua Ne 3: no ymo4aHuIo - NepcreKTUBa.

3.3 NnasHoe MeHro

Fie | = R [ Edter Took |
| L —______..] i — ..
|: Mewve mechanismm Tree view panel | Properties @ Seleck bool
| Cpen mechanism S| Properties view panel % | projection 3 @, Move bodl
t
[&] Save mechanism g Mocharisi stvles E Crthogonal §r  Rotate ool
7 : . 1 Scale tool
Exit d' Rerdering performance @ Show grid gh
B Viewports mode " Shiowe axis [ Foints edit mode
¥ | Animating b @) Structure edk mods
Ea Increased % Camera Rotate tool
gli] Performance A5 Camera Mave tool

S Camera Distance tocol
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| Create | | Structure tem | | Help |

1 4 Link ¥ ?! Corwvert Pair ko v [ &) Help contents
7 PairElement | Delete structure ibem About Mechanics Editor
}q Pair Group

@ | Previous struct kem

| K Mextsbruck item

['maBHOE MEHIO mMporpaMMbl IIOKa3aHO Ha PHC. BbIIIE B pa3BEPHYTOM Bujue. lIpakTtuueckn Bce
KOMaHJbl TJABHOIO MEHIO IyOnMpYIOTCS KHONKAMU TaHeJIe WHCTPYMEHTOB WM APYTUMH
KOHTEKCTHBIMU MEHIO TporpamMmel. [1ockosibKy 00 MHCTpyMEHTapuHu IPOrpaMMBI J1ajiee peub MOouaET
Oosiee MOIPOOHO, TO S OIMUIIY TOJIBKO KOPHEBBIC IMyHKTHI INIABHOTO MEHIO, HE OCTAHABJIMBAACH Ha
MOAMYHKTaX:

e  Menmwo File — conepxut KoMaHAbl CO3/1aHUs, COXPAHEHUS U 3arpy3Kd MEXaHU3MOB, a TAK¥Ke
BBIX0/1a U3 IPOTPAMMBI;

e Menio Interface — comep Ut KOMaHAbI yIpaBieHUs HHTEp(EHCOM MporpaMMbl, TaKHE Kak
HAcTpOWKa BUIMMOCTH IaHeNeH, OTKPBITUE JAPYTUX OKOH U HACTpOilKa CTHIIeH 0TOOpakeHus
CTPYKTYPHOM CXEMBI;

e Menw Viewport — coiepXUT KOMaHAbl HACTPOMKM aKTUBHOro BHAa (0003HauYaeMoro
JKUPHOHN paMKoO), TyOIupyeTcst KOHTEKCTHBIM MEHIO BUJIA;

e Menw Editor Tools — coaepXuT KOMaHIbl MNEPEKIIOYEHHUS AKTUBHBIX HMHCTPYMEHTOB
penakTopa 0ObEKTOB U PEKUMOB pEIaKTUPOBAHUS;

e  Menio Create — COOEpKUT KOMaH/IbI CO3/1aHUsI HOBBIX 3BEHbEB, JIEMEHTOB KHHEMATHYECKUX
nap WM TPyl

e Menw Structure Item — coxepXUT KOMAaHIbl PENAKTUPOBAaHUS CTPYKTYpPbl MEXaHU3MA,
IyOaupyeTcst KOHTEKCTHBIM MEHIO ITaHEU MPOCMOTpPA CTPYKTYPbl MEXaHU3MA;

e Menrwo Help — conepxuT KoMaH bl BbI30Ba MOMOIIM IO TPOrpaMMe M KpaTKoil HHpopManuu
0 HEH.

Janee npu onucanuy GyHKUUH OpOrpaMMbl, OyTyT YKa3bIBaTbCsS COOTBETCTBYIOIINE UM ITyHKTHI
[JIaBHOT'O MEHIO.

3.4 Hacmpouka uHmepdgeluca

DEEBED A dE e

Knomnku npuBen¢HHON Ha pUCYHKE MTAHEU BBIOJIHSIIOT CIIeAYIONe (pyHKIIH:

. D (File—New Mechanism) — BBINOTHSIET CO3aHNE HOBOTO MEXaHU3MA;
. (File—Open Mechanism) — BBINOJIHSAET 3arpy3Ky COXpaHEHHOIO MEXaHU3Ma;

. H(File—ﬁave Mechanism) — BBITIOJIHSIET COXpPAaHEHHUE CO3/IaHHOTO MEXaHU3Ma;

. HH(Interface—»Tree view panel) — oroOpakaeT WM CKpBIBAET MaHENb CTPYKTYpPbI
MEXaHU3Ma;
. EI](Interface—»Properties view panel) — oroOpaxkaeT WM CKpbIBaeT MaHENb

pEIaKTUPOBAHUS CBOMCTB;
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. g(lnterface—»Mechanism Styles) — oroOpaxaer HACTPOWKH CTHJIEH OTOOpaKeHUs
MEXaHU3Ma;

. @l(lnterfaceﬁRendering Performance) — OTKpbIBaeT OKHO MPOU3BOJUTEIBHOCTH
PEHIEPUHTa;

. @/@ (Interface— Viewports Mode) — nepeximogaeT pekuM OTOOpaxkeHus: 4-X BHJIOB
niu 1-ro YBCIIMUCHHOTO BUA.

3.5 UlucmpymeHnmapul pedakmopa

M0 R || ES 2

Knonku npuBe1€HHOM Ha PUCYHKE MaHEeIH BBIOIHSIOT CeayIomne QyHKINN:

Q .

. [:%(Edltor Tools—Select Tool) — UHcTpyMeHT BblneneHuss oO0beKTOB MexaHu3Mma: [Ipu
HaBE/ICHUHM MBIIIN Ha OOBEKT B BHUJE, KypcOp MPUHUMAET BUJ +, 0003Ha4asi BO3MOKHOCTh
BBIJEIIEHUS O0OBEKTA;

& .

« Cii(Editor Tools—Rotate Tool) — WHCTpyMeHT BparieHusi o0beKTOB MexaHusma: llpu

HABEJICHUM MBIIIN Ha OOBEKT B BUJE, KYpCOp MPUHUMAET BH] @, 0003Ha4asi BO3MOKHOCTh

BBIACICHUA 00BEKTa U €TO BpaIlICHUsA BOKPYT aKTUBHOI ocH BUIA4,

. I‘:’I*%'(Editor Tools—Move Tool) — Unctpyment nepemenienus 00bekToB MexanusMma: [lpu

HABEJICHUU MBIIIK HAa O0OBEKT B BHJE, KypCOp MPUHUMAET BUA **, 0003Ha4Yas BO3MOXKHOCTb
BbIIETICHUS 00BEKTA U €ro MepeMelIeHHs BAOIb aKTUBHBIX OCEll BUIA;

. oil(Editor Tools—Scale Tool) — MucTpymMeHT MacmTabupoBaHus OOBEKTOB MEXaHHU3MA!

+ A
[Ipy HaBegeHMM MBIIIM Ha OOBEKT B BHUJAE, KypCcOp TNPUHUMAET BUJ |ﬂ, o0o3Havas
BO3MOXXHOCTH BBIJICIICHHUS 00BEKTa U €ro MaclITaOUpPOBaHMUS;

Ly St

. Cé / @(Editor Tools—Points Edit Mode) — nepekitoyaeT pexuM OTOOPa)KEHUSI TOUYEK
CTPYKTYpBbI MeXxaHu3Ma. PexxuM peakTupoBaHUs CTPYKTYPHBIX TOUEK MEXaHU3Ma IO3BOJISET
HU3MEHATH IOJIOKEHUE TOUEK, ONPEIEIAIOIINX TEOMETPUYECKYIO CTPYKTYPY MEXAHU3MA;

. @/ ﬁ(Editor Tools—Structure Edit Mode) — nepekitoyaeT pexxuM peJaKTUPOBaHUS
CTPYKTYpbl OOBEKTOB MeXaHW3Ma. Eciu pexuM BKIIOUEH, TO pa3perraeTcsl BBIACIATh U
U3MEHSTH MOJIOKEHUE O0BEKTOB MTO13BEHBEB;

. (Editor Tools—Camera Rotate Tool) — MHCTpyMeHT BpamieHus KaMepbl aKTUBHOTO
T
BHUja. Kypcop MbIlH, COOTBETCTBYIOIIUI 3TOMY HHCTPYMEHTY UMEET BHU]T CJ ;
e
. 5 (Editor Tools—Camera Rotate Tool) — IHcTpymMeHT nepemerieHns KkaMepbl aKTHBHOTO

Lkl o
Buaa. Kypcop mbliim, COOTBETCTBYIOUINM STOMY HHCTPYMEHTY UMEET BUJL ¥
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>~
. 'f:z (Editor Tools—Camera Rotate Tool) — WacTpyMeHT wu3MeHeHHs (POKYCHOTO
paccTosiHMsL Kamepbl aKTUBHOro Buaa. Kypcop MbIlM, COOTBETCTBYIOUIMM 3TOMY
i
o

MHCTPYMEHTY MMeEeT BuJ ¥ ;

WMHCTpYyMEHTBI IepeMeNIeHUs W BPAIEHHs] OOBEKTOB IIPEIyCMaTPHBAIOT BHIOOD : XY Z
AKTUBHBIX OCEH, BIOJb KOTOPBIX OyIeT MPOM3BOAUTHCS MEPEMEIICHUE HIIH BpallCHUE" '
00beKkTOB. BBIOOp aKTHUBHBIX OCeil BBITIONHsIETCS mocpeacTBoM naHenn Axis Control. AKTUBHBIMU
SABJIAIOTCA TC OCHU, KHOIIKW KOTOPBIX YTOIIJICHBI.

3.6 YnpaeneHue sudamu

B}E: Ferzp ]
iﬁ"‘. Properties
i - Projection k ko
. s Top
£ | Orthogonal = | EBottam
3
wa Left
s Right
p"  Front
———| ¢! Back
==l Show Grid
= Perspective
Show Axis
fe*  Animating » | & | Rotating around
24 Increased /% | Rotating around ¥
aj' Performance & Rotating around Z

Bun nepcriekTMBHOM MPOEKLIMK MPEACTABIECH HA PHC. CIpaBa. B J1€BOM BEpXHEM yriie Ka)aoro
BHJIa PACIIOJOKEHAa KHOIKAa, Ha KOTOPOM HAmMCaH MHAEKC JAHHOrO BUAA U TUIN mpoekuuu. Ilpum
[IeTYKe JIeBOM KHOMKON MBI TIO0 STOW KHOIKE, OTOOpa)KaeTcsi KOHTEKCTHOE MEHIO BH/IA,
MPEACTABICHHOE HA PUC. CJIEBA:

o “Properties — 0TOOpaxeHHE CBOMCTB 0OHEKTA JAHHOIO BUJIA B PEJAKTOPE CBONCTB;

e % Projection — Be1GOp THIA IpoeKIIMK BHA U3 chexyromero cnucka: Top — ceepxy, Bottom
— cHu3y, Left — cmeBa, Right — cmpaBa, Front — cmepenu, Back — c3amu, Perspective —
MIEPCIICKTHBA,

o %.Orthogonal — ompenenseT TN NPOELUPOBAHMS: OPTOTOHANbHAS HIIM ITIEPCHEKTHBHAS
IIPOEKIINS;

e HShow Grid — onpeaensieT BUANMOCTbh KOOPAUHATHOW CETKU TAaHHOTO BHJIA;
e A Show Axis — onpeiensieT BUAMMOCTD OCEH KOOPIUHAT JaHHOTO BHJIA;

e f*Animating — 1oO3BOJISIET BKJIIOYATh AHMMAIIHIO BPAICHHUS KaMEPbl BOKPYT HECKOJIBKHX
KOOpAUHATHBIX ocer X, Y wiu Z;

o [HIncreased — mepexioYacT PeKUM OTOOpaKEHHs BHIOB — 4 BHIA OIHOBPEMEHHO WM 1
YBEIMUEHHBIN BUJI;

o glPerformance —  OTKpbIBAET OKHO  IIOCTPOGHHMS  IPa(UKOB,  OTPAKAFOIIMX
MPOM3BOIUTEILHOCTh PEH/ICPHUHTA.
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OmnucanHOE BBIIIIE KOHTEKCTHOE MEHIO TyOIUpPYyeTCs TIIaBHBIM MEHIO IPOTpaMMEI - Viewport.

I[JISI pa60TbI C BUJAOM HUCHOJIB3YIOTCA 3 KHOIIKH MBbIIIH, BBIMTOJIHAOMIUC PAa3JIMYIHBIC IIGfICTBHSII
e JleBas KHONKA MBIIIH — BBITIOJIHSICT onepannunu BBI6paHHOFO HHCTPYMCHTA PECAAKTUPOBAHUS,
° CpGI[H)I)I KHOITIKA MBIIIHN — BKJIIOYACT MHCTPYMCHT IIEPCMCIICHUA KaMCPbI BUA,

o IIpaBas KHOMKa MBIIIN — BKJIIOYAET MHCTPYMEHT U3MEHEHUS (POKYCHOT'O PACCTOSHUS KaMephl;

Ocu KOOpAWHAT BUAOB IPOT'paAMMBL 0003HaYaIOTCA Pa3jINUHbIMU [IBETaMH — B COOTBCTCTBUU:

e Ocb K- 0603HaUACTCSA KPACHBIM LIBETOM;
o Ocp W — 0603HAYACTCS 3€TEHBIM IBETOM;

e Ocb &— 0003HAYAETCA CHHUM LBETOM.
Touyka Ha KOOPAWHATHOM IUIOCKOCTH BHJA, COOTBETCTBYIOIIAs IOJOXKEHHUIO Kypcopa MBIIIH

otoOpakaeTcs B BUAE 3-X MEPHOIO KPECTHKa, a €€ KOOPIMHATHI BHIBOIATCA B MH(POPMALMOHHOM
MaHEJIU, B HUKHEH 4aCTH OKHA.

3.7 KoHcmpykmop MmexaHuU3moe
3.7.1 Co3paHne HOBbIX 3BEHbEB MeXaHn3Ma
Z[J'ISI CO31aHHA HOBOT'O 3B€CHA MEXaHHU3Ma BBI6€pHTe 3TO 3BCHO HA ITAHCJIN:

o JluneitHoe 3BeHO — Poly-Line Link; o Links
o Kontypnoe 38eHo — Contour-Line Link;

o 3Beno nomsynka — Crawler Link; /.J ._/:’} 1 m

o 3BeHo kpemnenus — Holder Link. —

L™
’ Ele!'nents {

Korna Hakara KHOIKa, COOTBETCTBYIOIIAs BEIOPAaHHOMY 3BEHY, Ha CTPYKTYPHOH CXeMe B BHJIAX
0TOOpa)KarOTCsl TOUKU HJIEMEHTOB KMHEMAaTHUECKUX Map, K KOTOPHIM BO3MOXHO NPHUCOEAUHEHHE
3BeHa. [l TOrO, YTOOBI HayaTh CO3JaHWE 3BEHA, HYXKHO IIEIKHYTh JICBOW KHOIKON MBI IO
OIHOMY M3 DJJIEMEHTOB, K KOTOPOMY BO3MOKHO IpucoeauHeHue. [lanee miénkas J€BOl KHOIKOHN
MBI TIO0 BUIaM, T00aBbTE HEOOXOIMMOE KOJIMYECTBO TOUYEK B CTPYKTYpy 3BeHa. [Iporpamma nmbo
ABTOMATHUYECKM 3aBEpUIMT MPOIECC CO3JaHMsl 3BeHa, JIMOO 93TO HYyXHO OyJeTr cienarhb
CaMOCTOSITENIBHO, Ha)KaB IPAaBYI0 KHOIIKY MBIIIH.

HoBoe cozmanHOe 3BeHO OyIeT aBTOMATHYECKH J00ABIEHO B KHHEMATHYECKYIO Tapy,
YKa3aHHOTO BaMU 3JIEMEHTA U COCIMHEHO C €r0 CTPYKTYPHOM TOYKOM. ITO MOKHO BUJETh Ha JE€PEBE
HNEpapXUYECKON CTPYKTYPbl MEXaHU3MA.

3.7.2 Co3pgaHue HOBbIX KWNHEMaTU4eCKNX nap mexaHm3ma

Jins co3faHusl HOBOM KHMHEMAaTHYeCKOW maphl, BhIOepuTe
5JIEMEHT 5TOH napsl Ha na”enu (puc. 3.10): Lo Link

e DieMeHT BpamiaTeNnsHoOM napsl — Rotator Element; :&\ 'g\\ - &

e DnemeHT cepuueckoii mapsl — Sphere Element;
e DneMeHT nocrynarenasHoi napsl — Onward-Crawler Element;
e Onement nmmHApudeckoi napel — Cyl-Crawler Element.
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Korga nHakata KHOIKA, COOTBETCTBYIOLIAs BBIOPAHHOMY D3JIEMEHTY, OTOOpPaKalOTCS TOYKHU

3BEHBEB, K KOTOPHIM BO3MOXKHO IIPUCOEANHEHNE TAHHOTO 3/eMeHTa. [lanbHeine 1ecTBHS 3aBUCIT
OT THITa BEIOPAHHOTO HJIEMEHTA:

Ecnu evibpan epawjamenvuviti unu cgepuueckuil 21emeHm, TO HYXKHO HIETKHYTh JIEBOU
KHOIIKOM MBIIIM Ha OJTHOM U3 TOYEK 3BE€HA, K KOTOPOMY OyAET MPUKPEIJIEH 3TOT SJIEMEHT;
Ecnu evibpan nocmynamenvHulil unu yuaunopudeckuii 21emenm, T0 Hy>KHO IIEIKHYTh JIEBOH
KHOIIKOW MBIIIA Ha OJHOM M3 OTPE3KOB JIMHEMHOIO WM KOHTYPHOTO 3B€HAa, HAa KOTOPBIU
OyZeT yCTaHOBJICH JaHHBINA 3JIEMEHT U COOTBETCTBYIOIIEE 3BEHO MOJI3YHKA;

B HOByI0 co37aHHYI0 mapy aBTOMAaTHYECKH BKJIIOYAETCS TO 3BEHO, K KOTOPOMY ObLI

NPUCOECTUHEH JIEMEHT 3TOW maphl. Tak jke HeOOXOJMMO OTMETUTh, YTO AJIEMEHTHI MMOCTYNATEIbHOM
U LWIMHIPUYECKOM Iap CO3AAIOTCS M CYIIECTBYIOT BCEIAa BMECTE C COOTBETCTBYIOIIMM 3BEHOM

OTOOpaXKaroTCsl CBOMCTBA 00BEKTAa, COOTBETCTBYIOLIETO ATOMY Y31y M

MOJI3YHKA.
3.8 Cmpykmypa mexaHu3ma
CTpyKkTypa MeXaHHM3Ma OTOOpakaeTcs B BHJE Hepapxuueckoi: & # /. EX | n(
JIPEBOBUIHOM CTPYKTYphl (cM. puc. 3.11) wumeromeir 5 ypoBHel - @ -?:chamm ~
- Fas Group - 0
. - Sphenc Par - 0
BJIOKEHHOCTHU P e 0
= oy Holds Link -0
3 o . 3 o Sublink -0-0
y3eJ1 MeXaHH3Ma — KOPHEBOH y3el; + 2% Subik-01
! = #F Lmearlink -1
2. Fay3abl IpyNnbl KAHEMATHYECKMX Nap — JOYEPHHE Y3JIbI S &, Sublik-10
MEXaHN3Ma, . ,:, Sub-Link - 11
¥ ga oubdink 1
3. &/ #4/ i@/ Syipl KMHeMAaTHYeCKHX Nap — SABJIAIOTCA 5 ¢y Sublink 13
. - 2= Pain Group - 1
JIOYEPHUMH 10 OTHOILIEHUIO K y3J1aM IpyI; 2’ & Soheic P+ 10
4. #/ £3/ =&/ Wy3ibl 3BeHbEB — JOYEPHHE IO OTHOLIEHHIO K Py EMe L2
. LA .
y3J7aM MPUCOETUHEHHBIX Map; # ¢y SubLink - 21
= §F Lmeas Link -3
5. @ay3Jbl NMOA3BEHbEB — J0YEPHHE 110 OTHOIIEHHIO K 3BEHBAM, # & Sublink-30
. % g Subrlink - 31
KOTOpBIE OHHU COCTABIJISAIOT; S @ Cries P+ 11
= ] ¥ =
6. @ y3JIbl FeOMETPHYECKHX TOYEK — J0YEPHUE O OTHOLICHHUIO K R Sy
¥ g Sublink - 40
COJIEpKAIUM HUX MOA3BEHbBSIM; ¢ g Siblik 41
5 ¢ Sublick - 42
L &
= 4F LinestLink -1
[Tpu BBIOOpE, Kakoro nauOO y3na JepeBa, B PEIAKTOpPE CBOWCTB # & Sublink - 10

# g SublLink - 1-1
¥ g Sublink -1-2

MPOU3BOAUTCA BBIJACIICHUC COOTBCTCTBYHOILICTO TCOMETPUICCKOT'O + :', SubLink - 13

00BEKTa Ha CTPYKTYpPHOU CXeMe.

= e Rotabe Par 1.2
= B CyCamwiar Link - 4
¥ g Sublink - 44
# - Subdink - 41 b

3 F [ =

VYpapieHue CTpyKTypoil MeXxaHW3Ma OCYIIECTBISAECTCS MOCPEACTBOM IAHENH, PACIOI0KEHHON
CBEpXy OT JiepeBa CTPYKTYpPHI (CM. pHC. Bble). /lanee mpuBOIUTCS ONMUCaHHE KHOIOK 3TOM MaHeIu
UHCTPYMEHTOB:

i
. (Structure Item—Next Struct Item) — BbINOTHAECT NEPEXO HA PACIIOIOKEHHBIN HUXKE
00BEKT CTPYKTYpPhI MEXaHU3Ma, BBIJICISIET €r0 U 0TOOpakKaeT B PEIaKTOPE CBONCTB;

=
L 5 (Structure Item—Previous Struct Item) — BeImonHsEeT nepexos Ha PACIOJIOKEHHBII
BBIIE OOBEKT CTPYKTYPhl MEXaHU3Ma, BBIICIISET €r0 U OTOOPAKaeT B PEAAKTOPE CBOWCTB;
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« "H(Create—Pairs Group) — co31aéT HOBYIO TPYIITy KHHEMATHYECKHX T1ap;
. =-[=;:':(Structure Item—Editing Group) — BBHIONHSIET YCTaHOBKY BBIOpPaHHOH Tpymnmbl B
Ka4yecTBE TEKyLICH AJIsl peAaKTUPOBAHUS — T. €. TPYMIIbI, B KOTOPYI0 OyayT J00aBIsATHCS IO

YMOJIYaHHIO BC€ HOBBIC CO31aBACMBIC IaPhI;

. M(Structure Item—Delete struct item) — ynanser BbIOpaHHbIN 0O0BEKT MEXaHU3Ma, €CIIH
9TO HE HAPYILIACT CTPYKTYPbl MEXAHU3MA;

Haxatrem npaBoil KHOTIKH MBIIIM HA BBIICTIEHHOM Yy3JI€ IepeBa BhI3BIBAETCS KOHTEKCTHOE MEHIO,
coJieprKalliee CIMCOK BO3MOJKHBIX ONepaluil HaJ 0ObEKTOM JaHHOTro y3nia. Kpome mepeuncieHHBIX
BbIIlIE OMepanuil, B KOHTEKCTHOM MEHIO COJAEPKHUTCA Omepalus KOHBEPTHPOBaHHUS OOBEKTOB
KMHEMaTUYECKUX Map B COBMECTUMBIN THII.

3.9 Pedakmop o6ekmoes

#=-. | A
[IporpamMa TO3BOJISIET BBIOMpPATh  IOJIB30BATENIO  JIFOOOH |*= 2
JOCTYIIHBIA OOBEKT M W3MEHSITh €ro cBoicTBa. Bbibop oObekT H |
IPOM3BOAUTCA C IIOMOLIBIO BBINAJAIOIETO CIIUCKA, B KOTOPOM :Sﬁfe""‘g”tatfngﬁ EE:SE
YKa3bIBAIOTCA HHAEKCHPOBAHHBIE HMEHA OOBEKTOB U MKOHKH, .\ PeipL ke
|z iewRotalings False
COOTBETCTBYIOIIUE X TUTIAM (PHUC. HIKE):

B

. . . BackCaloy [ ] Light »
‘3} ViewPort - 3 | GridCalor B DimGray

Objectz Manager | SelectColor Bl Blue

Styles M anager [ =

WiewPort - 0

WiewPort - 1

YiewPart - 2 ObjectM ame ViewPort

WiewFort - 3 = =

Mechanizrm ' |z0rthoProjectior Falze

Pair Group - 0 Wiewdingles 315

Spheric Pair - 0-0 Wiewdngley' 225

Halder Link - 0 Wiewdngles ]

Sub-Link - 0-0 WiewCambngle 45

Sub-Link - 0-1 o~ YiewDistance B

Llaldo. Dlnies “iewPositior | 0

YiewPositiony | 0
[Tocne BrIOOpa 00BEKTa, B PENAKTOPE CBOWMCTB (CM. pHC. ClpaBa) ‘iewPositionZ 0

0TOOpa)karoTCsl CBOMCTBA 3TOr0 00BEKTa pa3AeiaEHHbIE Ha TPYMIIbL, MO ‘iewType Perspective
CMBICIIOBOMY 3HAYEHHUIO. Hazpanus HEJOCTYMHBIX i 8=

PENAaKTUPOBAHUS  CBOWCTB  0003HAa4eHbI CepbiM  InpudToM, a E:iﬁ:‘:if:s :l]l] =1
u3MeHseMbIX — 4E€pHBIM. [Ipu BBIOOpE MPOW3BOJIBHOIO CBOMCTBA, B BackColor

HIOKHEHW YacTH MaHEeNHu pefakTopa, 0ToOpaxkaeTcs KpaTKoe OMUCAHHE p aekaround Solr oF e Visnpor
3TOr0 CBOMCTBA.

Ecau monws3oBaTenn BBOJUT HCBCPHOC HJIM HCAOITYCTUMOC 3HAUCHUC CBOfICTBa, TO HOporpaMma
BbIAACT OKHO C HO,Z[CKaSKOI‘/JI 0 TOM, KaK HYXHO IIPaBUJIbHO 3a/1aBaTh 3HAYCHU 3TOI'O CBOMCTBA.
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3akrno4yeHune u pesynbraThbl

Ha nanHbIi MOMEHT, pe3yJIbTaToOM JITaHHOTO MPOEKTa SBJIETCs pabOTOCIIOCOOHAs ITPOrpaMMHasi CCTeEMa
TEOMETPUYECKOTO U CTPYKTYPHOIO MOJEIMPOBAHUS IIMPOKOTO KJIAcca IMPOCTPAHCTBEHHBIX —PHIYAKHBIX
MexaHM3MoB. J[aHHas Bepcust porpammbl HazeaHa “Mechanics Editor v. 1.0”.

B pabote npoBeaéHo MccenoBaHNe PeMETHON 00JIacTH — TEOPHH MEXaHW3MOB 1 MallliH, HA OCHOBE
yero ObUT CHPOEKTHPOBAHbI M PeAIM30BAHbI CTPYKTYPBI JAHHBIX, HEOOXOMMBIE JUISl PEIIeHHs 3a/a4
KOHCTPYMPOBAHUSI MEXaHM3MOB M3 MMEIOIIVXCS 3BEHBEB U ANIEMEHTOB KMHEMATHUECKuX rap. CTpyKTypbl
JIAHHBIX Pa3padaTHIBAIKCH C LIEIbI0 00ECTIEUeHHsI BO3MOKHOCTH X JATbHEHINIEr0 PacMpeHust IIsl pereHHs
pacyeTHBIX 3a/1a4 HaJl IOCTPOCHHBIM MEXaHU3MOM.

[Iporpamma Obita peanmmzoBana it padotel Ha 1wiatgopme NET Framework 1.1 u 3arem
monepumsupoBana mox NET 2.0. Jlns nporpammupoBanusi Obuia BeiOpaHa uMMeHHO TexHonorusi NET,
IIOCKOJIbKY, Ha CETOIHAIIHUM JeHb, OHA MTO3BOJISIET CBECTU BPEMEHHBIE 3aTpaThl KOJUPOBAHUS IO MUHUMYyMa.
Kpome toro, Bei00p Texnonoruu .NET obecrieunBaeT B TabHENIIIEM UCTIONB30BATh BCE CaMble COBPEMEHHBIE
TexHonornu Microsoft Tonbko 3a cuét kaccos onomorexku FCL.

B mniporiecce KOHCTpYMpOBaHKs POTPAMMHOM CHUCTEMBI TTOTPEOOBAIOCH UCTIOJIB30BaHue cpencTB 3D-
rpauKu, Jisi OTOOpKEHUS 3-X MEPHBIX CTPYKTYPHBIX CXEM MOJIEIICH MeXaHM3MOB. B kauecTBe OHOMMOTEKH
s miporpamMmupoBanis  3D-rpaduku ObUTO  KMCTIONB30BAHO HOBOE HA JIAHHBI MOMEHT PacIIMpEHHe
onomorekn Microsoft DirectX 9.0, HaszsiBaemoe Managed DirectX. [lannas OuOnmoreka TMO3BOIIIA
MPOrPaMMHPOBATH 3-X MEpHYO rpaduky Ha J000oM u3 .NET-COBMECTHMBIX S3BIKOB.

B nmanpHeiiem 1aHUpyeTCs MPOJIOJDKATh Pad0Ty Ha/ JAHHOM MPOrpaMMOM M PEIHTh CIICTYFOIIHe
BaYKHBIE U151 IIOJIb30BATENISI IPOIPaMMBI 33/1aUH:

o [IpoektpoBaHue TaOmuil pENAIMOHHON 0a3bl JaHHBIX, TIO3BOJSIOIICH XPAaHUTH BCIO
HEOOXOMMYI0 MH(POPMAIIMIO O MEXaHM3MaX M HACTPOMKAX MPOTPaMMBI, €€ pearsamys Ha
SQL Server u cpenctsa pabots! ¢ Heit Ha ADO.NET;

e (CoxpaHeHre U 3arpy3ka MOZCJICH MEXaHN3MOB, a TaK e MPoQuIIei mop30BaTenei B hailiax u
npyrux xpaxrmimax B XML-coBmecTumoM ¢opmare;

e Peamzaiyss amopuTMa aBTOMAaTUYECKOIO — pAaclo3HAaBAHUsI CTPYKTYpbl MEXaHM3Ma U
(dopmupoBanus rpym Accypa Mo UMEIOLIMMCS TPyTITIaM MEXaHH3Ma;

e Paszpaborka ¥ peamm3aiys PaCUYCTHBIX AITOPUTMOB PEIIAIOIIMX TPSIMYIO (M, BO3MOXHO,
00paTHy0) 3a/1a4u pacuéTa KHHEMATHUKU 3BEHBCB MEXaHH3Ma,;

TakuMm 00pa3om, IaHHYIO MporpamMMy U pa3paOOTaHHBIE CTPYKTYpbl JAHHBIX MOYKHO PaccMaTpuBaTh,
KaK OCHOBY I TIOCTpOEHMsI Oojiee CIIOXKHOM CHCTEMBI, pEIIAloIIel YacTh IIMPOKOr0 Kpyra 3ajiad,
BO3ZHHKAIOIIVX TP MPOSKTUPOBAHNH M KCCIIEIOBAHUH TIPOCTPAHCTBEHHBIX MEXAaHU3MOB.

B cneﬂyfomeﬁ Ta6nnue MEPCUUCIICHBI IIOCTAHOBKH 3a/1a4 U CTATYC UX BbIIIOJIHCHUS.

Ta6bnuua 6: Pe3ynbTaTthl paboTbl HaA 3agadvyamMu NpoekTa

Cratyc

Ne MocTtaHoBKa 3apaun
BbIMOJIHEHUS

Ha4yano pa6oTbl KoHel paboTbl

IIpoexTupoBaHue CTPyKTyp

1 JTAHHBIX ISl TPEACTaBICHUS 3aBepIIeHo I Zeéigjfpﬂ 1 okTs16ps 2004r.
MOJENIEd MEXaHU3MOB '
N3yuenne Oubmmorexku

2 nporammupoBanus 3D rpaduxu 3aBepuieHo 1 oxTsa6pst 2004r. |1 deBpans 2005r.

- Managed DirectX
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KonctpyupoBanue u
nporpaMMupOBaHHUC CUCTCMbI

3aBepuIeHO
MOJICJINPOBAHMS MEXAHU3MOB
"Mechanics Editor NET"
[ToaroroBka 1OKyMeHTalUH
A AOKY ! 3aBepuICHO
10 HaMMCaHHOMN MporpaMMme
Pedakropunr xona
HaMMCaHHOTO IPUII0KEHUS
3aBepuIeHO

C LENbI0 PECTPYKTYPHU3ALIUU
u nnepexoaa ot .NET 1.1 x .NET 2.0

Co3naHue naHHOrO caifra
OTMCHIBAIOLIETO POEKT 3aBepuIeHO
"Mechanics Studio .NET"

[Tponomxenne paboThl HAZ
nporpammoii "Mechanics Editor
NET":
paspabotka bJ] MexaHu3MOB H
(GyHKUMN COXpaHEHUS U
3arpy3Kd MEXaHH3MOB.

3aniaHupOBaHO

Pa3pabotka u peanuzanus
anropuTMa pazoueHus
nap MexaHu3Mma Ha
rpynns! 0-i TOJBUKHOCTU

He nauato

Pa3zpaboTka u peanusanus
QITOPUTMOB KHHEMATHYECKOTO
paccuéra JBIKEHUS] MEXaHU3MOB
(pelreHue psIMOM 3a1a4M)

He navato

www.mechstd.narod.ru

20 suBaps 2005r.

10 mag 2005r.

1 aBrycra 2005r.

28 aBrycra
2005r.

Cents6pp 2005r.

10 mag 2005r.

31 mag 2005r.

27 aBrycra
2005r.

4 ceHTA0pA
2005r.
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