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TexHonorun CAD-cucTeM B UHXEHEPHOM rpacmuyeckomMm obpasoBaHumn

AHHOmMauyus. B cmambe daHa obwas xapakmepucmuka mexHosioaul asmomamu3upo-
8aHHO20 rfpoekmuposaHus. Ha npumepe Oucka Koreca 5ieekogo2o0 asmomobussi pac-
cMompeHbl 0c0beHHocmu meepdomeribHo20 MOOeIupo8aHusi ¢ MPUMEHeHUeM cucmemsbl
SolidWorks.

Knroyeeble crnoea: asmomamu3supogaHHOE MpoeKkmuposaHue, seomMmempuyeckoe mMode-
JluposaHue, napamempu4yeckue cucmembl, 0epeso KOHCMPYUPOBaHUS.

Ha coBpemeHHOM 3Tane pa3sutusa Poccun obpasoBaHune, B ero HepaspbIBHOW, opra-
HUYHOW CBSA3N C HAYKOW, CTAHOBUTCS MOLLHOW OBUXYLLENCHA CUION 9KOHOMUYECKOro pocCTa,
noBbIWEeHNsT APPEKTUBHOCTM U KOHKYPEHTOCNOCOBHOCTN HapogHoro xosamctea. [padu-
Yyeckne amcunnnuHbl («HauvepTtaTtenoHas reomeTpusay, «HxeHepHasa rpaduka» n «Kowm-
nbloTepHasa rpadmka») Hecny4yamHo cYMTalTCA OAHMMW M3 OCHOBOMOMaralwmx ucumn-
NVH B MHXEeHepHOM o6pa3oBaHuWN. 3HaHWS, MOMyYEHHbIE CTYAEHTaMWU MpU UX U3yYeHUN,
NCMONb3YyTCA MU B KYPCOBOM M OUNSIOMHOM MPOEKTUPOBaHUN, a Takke B AalbHenLen
paboTe no cneumanbHOCTU. TpeboBaHMs K COAEpPXXaHUIO U KavyecTBy rpadmMyeckon noaro-
TOBKM B HacTosLlee BpeMS BbI3blBalOT HEOOXOAMMOCTb COBEPLLUEHCTBOBAHNSA (hOPM U Me-
TOAOB 0OyYeHus.

CoBpeMeHHOe pa3BuUTME TEXHUKN N TEXHOSIOMMIA XapakTepusyeTcs LWMpoKomacLluTab-
HbIM BHEAPEHWEM CUCTEM aBTOMaTM3MpoBaHHOro npoektnposaHna (CAIP) nagenun, as-
TOMaTu3aumen n KoMmnbloTEPM3aumnen nponssoactea. Maclwtabbl UISMEHEHUI, BbI3BaHHLIE
3TUMU TEHAEHUMSIMU TaKOBbI, YTO TPEOYIOT aieKkBaTHOrO OTBETA CO CTOPOHbI TEXHUYECKUX
BY30B, OTBETCTBEHHbIX 3@ NOArOTOBKY MHXEHEPHbIX KaapoB. BbinyckHMKM psiga Hanpaene-
HUW NOAroTOBKM BakanaBpoB N CNeunanmcToB B COOTBETCTBUM C LIENSIMU OCHOBHbIX 0bpa-
30BaTeflbHbIX NporpaMm 1 3agadaMmv nNpoeccuoHanbHOM OeATENbHOCTU, yKa3aHHbIMU B
®rOC BlNO pomkHbl BNageTb HaBblkaMn paboTbl C COBPEMEHHBIMU CUCTEMAMMU KOMIMbIO-
TepHoro npoektuposaHusa (CAD-cuctemamun) n nixmHupudra (CAE-cuctemammn). OgHako
NpUMeHeHNe NHPOPMAaLIMOHHBIX TEXHOMOMMN B y4ebHOM npoLlecce npeanonaraeT cobnto-
AeHVe criefyowmx NpUHLMNOB:

— LlenecoobpasHoOCTU (NPUMEHEHME KOMMBIOTEPHbIX TEXHOMOMMA B KaXXOOM KOHKpeT-
HOM criydae A0SPKHO ObITb onpaBgaHO COODpaXeHUSAMU MEeTOANYECKOW U NMpaKTUYeCKoU
HeobXxoauMocCTK);

— ANHAMUYHOCTW (NpegnonaraeTcs NOCTeNneHHoe BHeAPEHNE rpaconyecknx n apyrnx
MakeToB Ha NPOTSXKEHUN BCEro cpoka oby4eHus).

ABTOMaTM3MpoBaHHOe npoekTuposaHme (All), nnn NpoekTMpoBaHME C MOMOLLbHO
komnbtoTepa (aHrn. Computer Aided Design, CAD), — TepMuH, ucnonbdyembinn ans obo-
3Ha4YeHUs LUMPOKOrO CrnekTpa KOMMbITEPHbBIX MHCTPYMEHTOB, KOTOPbIE MOMOratoT UHXEHe-
pamMm 1 gpyrum npodyeccuoHanam cosfaBaTb, U3MEHSATb, aHanuM3npoBaTb U ONTUMU3NPO-
BaTb KOHLENTYyarnbHble NPOEKTbl. ABMSASACH KNHOYEBLIM MHCTPYMEHTOM B paMKaX KOHLENLMM
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ynpaBrneHus Xn3HeHHbIM umknom usgenus (PLM), cuctembl CAD BkntovatoT B cebs MHO-
rme nporpaMmMHble U annapaTtHble CpeacTBa — OT CUCTEM ABYMEPHOro YepyeHus 40 Tpex-
MEepPHOro napameTpuU4ecKoro MogennMpoBaHns NOBEPXHOCTEN N OB bEeMHbIX Ter.

TexHonorun Al 06bIMHO NPUMEHSAOTCS COBMECTHO C aBTOMAaTU3UPOBAHHBLIM KOHCT-
pyMpoBaHMeEM (MHXEHEPHbIM aHanuaom, aHrn. Computer Aided Engineering, CAE) n aB-
TOMaTU3MpoBaHHbLIM Npoun3BoacTBoM (aHrn. Computer Aided Manufacturing, CAM). 310
No3BONSAET pellaTb 3aayn M BbINOMHATL Onepauuu, BO3HUKaKLLMe Kak B npoLecce pas-
paboTKn N NPoOM3BOACTBA NPOAYKTA, TaK U Ha APYrMX aTanax ero XX1W3HeHHoro uukna. B oc-
HoBe coBpeMeHHbIX CAD-cuctemM nexart TEXHOMNOMMN 2eomMempuyecKko2o MoOesiupo8aHusi
N napamempuy4ecKo20 MpoeKmupo8aHus.

CuctemMbl reomeTpuyeckoro moaenMpoBaHUs Co3JaloT cpefy, NogobHy Towu, B
KOTOpOM CO30at0TCs U U3MEHSIITCA huandeckne mogenu. B cucteme reometpuyeckoro Mo-
AenVpoBaHns NPOEKTaHT U3MeHAeT opMy Moaenu. BusdyanbHasa mogernb MOXeT BbIrns-
AeTb TOYHO TakK Xe, Kak dmandeckasi, HO oHa HemaTepuanbHa. OgHako TpexmepHasi BU3y-
anbHas Moferb XpPaHUTCS B KOMMNbIOTEPE BMECTE CO CBOMM MaTteMaTU4eCKUM ONmncaHneM.

PasnuyatoT cnegyowme cUCTeMbl reOMeTpUYECcKOro MogenIMpoBaHUS:

— KapKacHble;

— NOBEPXHOCTHBbIE;

— TBEpOOTESbHbIE.

B cucmemax kapkacHozo moldenuposaHusi (wire frame modeling systems) cdopma
npencraBnsieTcs B Buae Habopa xapakTepuayoLwwmnx ee NMMHNN U KOHEYHbIX Todek (puc. 1).
NVHUM 1 TOYKM MCMOMNb3YyTCA AN NpeacTaBneHus TpexMepHbiXx OOHLEKTOB Ha 3KpaHe, a
n3mMeHeHne GopMbl OCYLLECTBNAETCA NYTEM M3MEHEHUS MOMOXEHUS N pasMepoB OTpes-
KOB 1 TOYEK.

= T . =N

Puc.1. KapkacHasi MmoOesib Ky308a asmomobursisi: moyek — 428; kpugbix — 842

B cucmemax nosepxHocmHoz2o modenuposaHus (surface modeling systems) mate-
MaTU4YEeCKOEe OnMcaHune BM3yanbHOW MOAENW BKIOYAeT B cebsi He TONbKO CBEAEHUSA O Xa-
PaKTEPUCTUYECKMX NINHUSX N UX KOHEYHbIX TOYKaX, Kak B KapKaCHOM MOAENUPOBaHMMU, HO U
AaHHble 0 NoBepxHOCTAX (puc. 2). [Npu paboTe ¢ NOBEPXHOCTHOM MOAENbI U3MEHSIOTCA
ypaBHEHUS MOBEPXHOCTEN, YPaBHEHMUS KPUBBIX U KOOPAMHATbI KOHEYHbIX TOYEK.

Puc. 2. lNosepxHocmHasi Modesib Ky308a asmomobusis
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CyuwiectByeT Tpu CTaHOapTHbIX MeToda CO3[4aHMs MOBEPXHOCTEW B CUCTEMax Mo-
BEPXHOCTHOIO MOLENNPOBaHUS.

1. IHTepnonauma BXOOHbIX TOYEK.

2. NHTepnonauus KpUBOSIMHENHbIX CETOK.

3. TpaHcnauusa unu BpalleHne 3agaHHOM KPUBOM.

Cnocobbl BBOAa ANs KaX4oro Metoaa MoryT 3aBUCETb OT KOHKPETHOM CUCTEMbI MO-
BEPXHOCTHOro mMogenupoaHusa. OgHako 6a3oBbi MeToq BBOAA ANS KaXOoW CUCTEMb
nerko onpegenuTb No NpeacTaBneHUo KPUBbLIX 1 MIIOCKOCTEN.

CnctemMbl NOBEPXHOCTHOIO MOAENMPOBAHUSA UCMOMb3YHTCA ANA CO34aHMs Moaenen
CO CNOXHbIMW NMOBEPXHOCTAMM (Hanpumep, kopabnb, camoneT, aBToMobunb u T. n.), Tak
Kak BU3yarbHasa Moerb No3BOnseT, Npexae BCero, OLeHNUTb 3CTETUYHOCTb NpoeKTa.

Cucmembl meepOomeribHo20 ModenupoesaHus (solid modeling systems) npegHasHa-
JyeHbl Ans paboTbl ¢ o6bekTamu, COCTOSAWMMM M3 3aMKHYTOro obbema, unu MoHosuma
(solid). B cucrtemax TBepaoTeNbHOrO MOAENMPOBAHNSA, B OTNIMYME OT CUCTEM KapKacHOro n
NMOBEPXHOCTHOrO MOAENMPOBaHNA, He AoMNycKaeTCcs co3gaHme HabopoB NOBEPXHOCTEN UMK
XapaKTepPUCTUYECKUX NIMHUIA, €CNN OHWN He 0BpasytoT 3aMKHYTOro obbema.

B cuctemax TBepOoTEnbHOrO MOAENUPOBAHUS MPUMEHSAIOTCA criegyowme rpynnbl
PYHKUMA MOAENNPOBAHUS.

1. @yHKyuu coslaHus npumumugos (primitive creation functions) — cosgaHue npo-
CTbiX 0OPM Ha OCHOBE OOBbEMHbIX 3aroTOBOK, MMEKLMXCA B nporpamme. Npumepsl npu-

MUTUBOB NpuBeaeHbl Ha puc. 3.
o .
y
{
Puc. 3. lMpumepsbi npumumuegos

Pa3mepbl 3Tux 6a30BbIX 3N1€MEHTOB MOryT BapbUPOBaTLCS, AIEMEHTbI MOXHO coYe-
TaTb No npasunam bynesnsix onepayuli (Boolean operations). bynesa onepauusi npegHa-
3HayeHa Ons co34aHus HOBOMO Terla Ha OCHOBE YXe CyllecTBylLWnx Ten. B pesynbtate
BbINOSIHEHMS Onepauun co3gaeTcs Teno, sBnsawLeecs KombuHaumen ncxogHolx ten. Cy-
LLeCTBYIOT Tpu cnocoba KOMOUHUPOBAHUSA UCXOLHbIX TEN: COXEHWe, BbluMTaHMe u nepe-
ceyeHue (puvc. 4).

BE&)v S

Puc. 4. lNpumepbi 6ynesbix onepayuli

2. dyHKUMKN co3fgaHna OObEMHbIX Ten NyTem nepemeLleHns nosepxHoctn. Ob6bem-
HOe Teno MoXeT ObiTb CO30aHO mpaHcnsayueu (extrusion — esimasikugaHue, ebidassiusa-
Hue) unv epaweHuem (sweeping — 3amemaHue) 3aMKHYTOW NNOCKOW urypsl (puc. 5).
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a) 6) 8)

Puc. 5. lNepemewieHue nogepxHocmu: a — UCX0OHOe cevyeHue U KapkacHasi MoOesb;
6 — meepdomeribHasi Modesib 6 pe3ynibmame 8bidasnueaHusi; 8 — pesyibmam epalieHusl

TpaekTopusa BbITArMBaHMA MOXET ObITb KpMBONMHENHon (puc. 6, a). MNMpn atom BO3-
MOXHbI CreayoLline BapuaHTbl OpueHTauumn niocKoCTN NPpodunsa OTHOCUTENBHO TPaEKTo-
pUN NN HaNPaBNSOLWNX KPUBbIX:

— 1o HarnpasseHur. CoXpaHsaeTCcs yron Mexay nioCKOCTbO 3CKM3a npoduns un Tpa-
ekTopuen B npouecce oopmoobpasoBaHusd (puc. 6, 6);

— CKpy4usaHue 800s1b Mapwpyma. B 3TOM criy4ae MOXHO yrnpaBnisiTb CKpyYMBaHUEM
B HanpasfieHnn, NepneHanKynapHOM HanpasneHuio (puc. 6, 8);

— 110 HanpaeJsieHur u Harnpasensuwel kpusol (puc. 7).

TIROBHRE(T PEXMBEHEIN SCKNE3)
&

HAnp a6 NEHMe TPEXMEpHBIN SERHE.

a) 6) 6)

Puc. 6. BoimsieusaHue rio HaripaseJs/ieHur. a — OuHamu4eckoe u306pa)KeHue;
6— pes3yribmam 8blmsd2ugaHus,; 8 — CKpy4dugaHue 80071b Mapuwpyma

a) 6)

Puc. 7. ®opmoobpasosaHue 8bimsicugaHUEM: a — 8blmsi2ugaHue no HarnpasieHur
u Hanpasnsowel kpusol; 6, 8 — ckpydYugaHue 800sb Mapuipyma

3. PyHKUMA cKUHHUHea (Skinning) dopMupyeT 3aMKHYTbIM 06beM B pesdyrnbTaTe HaTS-
rMBaHMSA NOBEPXHOCTU Ha 3aaHHbIe NIIOCKMe nonepeyHsle cedeHns (puc. 8).

a) 6)

Puc. 8. Co30aHue 06beMH020 mesia MemoOoM CKUHHUH2a:
a — acku3bl npoghunel; 6 — umozosas Oemarib
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4. DYHKUMM MOOENUPOBaHWS, NpeaHa3HaYeHHble rMaBHbIM 06pa3om AN U3MEeHeHUs
cylwiecTByoLen opMbl. ATO PYHKLUU CKpyarieHUs U rrnasHo20 conpsixeHus (rounding,
blending) (puc. 9) n nodHsmus (lifting) (puc. 10).

5. ®yHKUUM 06bLeKmMHo-opueHmMuposaHHo20 mMooersuposaHus (feature-based model-
ing) NO3BONAIT MOAENNPOBaTbL TBEPAOE TENOo, UCMOMb3Yys NPUBbLIYHbIE 3/1eMEeHMbI hOpM
(features). BonbWNHCTBO cUCTEM OOBHEKTHO-OPUEHTUPOBAHHOIO MOLENMPOBaHUA Noaaep-
XMBAIOT TakMe 3NeMEHTbl, KOTOpble MCMONb3YTCA NPU M3roTOBNEHUN aetanen: dacku,
OTBEPCTUSA, CKPYIrieHns, nasbl, BblEeMKN 1 T. 4. (puc. 11).

8) 2)

a)

Puc. 9. ®yHKkyuu ckpyaneHus: a, 6 — ckpyaneHue pebep; 8, 2 — CKpyareHuUe 8epUIUH;
0 — ckpyaneHue ¢ dobasneHuem mamepuarna (ebikpyxka — filleting)

’ o f

Puc. 10. lModHsmue yacmu epaHu Puc. 11. lNpumepsl pyHKyul
06BbEKMHO-0PUEHMUPOBAHHO20 MOOEIUPO8aHUSs

NMpouecc napameTpuyeckoro moaeriMpoBaHUA (NMPOEKTUPOBAHMUA) (4acTo WUC-
Nosb3yT TEPMUH MapaMempu3ayus) — MogenupoBaHue (NPoOeKTUpPoOBaHME) C UCMONb30-
BaHWEM MapamMeTpoB 3fIEMEHTOB MOAENM U COOTHOLUEHUN MexXay 3TUMU napameTpamu.
MNapameTpuyeckoe MOAenMpoBaHMe CyLLEeCTBEHHO OTNMYaEeTCs OT 0ObIMHOIO ABYXMEPHOrO
YyepyeHnsa UnNn TpexMepHoro MoaennpoBaHnda. KOHCTPYKTOp, B Criyd4ae napameTpu4ecKkoro
MOAENNPOBaHus, co3gaeT MaTeMaTMYeCKyr0 Modernb OOBHEKTOB C napameTpamu, Npu mns-
MEHEHNN KOTOPbIX MPOUCXOOAT M3MEHEeHUs KoHdurypauuu getanu, B3auMHble nepeme-
WweHns getanen B cbopke u T. n. NapameTpusauma NO3BONSET 3a KOPOTKOE BPEMS «MpOo-
urpaTtb» (C NOMOLLBI U3MEHEHUSA NapamMeTPoB UM FEOMETPUYECKUX OTHOLLEHUI) pasnny-
Hbl€ KOHCTPYKTMBHbIE CXEMbl U N36exaTb NPUHLUMMNMANbHbIX OLIMOOK.

NcTopuyeckun nepBbiMKn BbINn napamempuyeckue cucmemMbl ¢ 0epe8oM MocmpoeHuUst
unu KoOHcmpyupoeaHusi (ceMaHTuka getanu u cbopkn), Hanpumep, Pro/ENGINEER, So-
lidWorks, Inventor, Solid Edge n mHorue gpyrue.

BTopon BapmaHT — cuctembl 6e€3 gepeBa NOCTPOEHUS, UNU cuCmeMbl MPSMO20 MO-
OenuposaHusi, Takme kak CoCreate, IronCad unu Space Claim. OcHoBHble onepauumn nps-
MOro MOAenMpoBaHNA — co34aHne 3aMKHYTOro NII0CKOro npoduns, ero BulTarMBaHve ans
AobaBneHnsa unu BbliMTaHMA Oobbema, a TakkKe HenocpeacTBEHHOE MnepemelleHue rpa-
Hewn, pebep 1 BEPLUNH C COXpaHEHMEM TOMONOrMmn (CBA3HOCTU CMEXHbIX N1IEMEHTOB).

[anbHenwunm passmuTMeM TEXHOMOMMN MPSIMOro MOAENUPOBaHUS ABNAETCA CUHXPOH-
Hasi mexHornoeaus (Solid Edge, NX). B CMHXpOHHOW TEXHOMOrMM COXpPaHAKTCA 3adaHHble
pa3mepbl mogenu (3D-ynpasnsiowme pasmepbl, KOTOpble NPOCTaBASATCA NPSMO Ha MO-
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Aenb B Nobon MOMEHT BpeMeHu Ansa cobniogeHnst rabapntoB n 0CO6EHHOCTEN KOHCTPYK-
LK), reomeTpu4eckme B3aMMOCBSA3M N KOHCTPYKTUBHbIE (NpoLeaypHble) arneMeHTbl. AcTo-
pusa co3gaHus MOAENM BedeTCs, HO CO3[4aHHble 3NeMEHTbl He 3aBUCAT ApYr OT Apyra.
Ynpasnswowme 3D pasmepbl MOryT ObiTb (QUKCUMPOBAHHBLIMKW, ANHAMWUYECKUMU, BblYMC-
natbea no gopmynam, 6patbca n3 Tabnuy, YTO NO3BONSET pedakTUpoBaTb AeTanb ca-
MbIMU pasnu4HbiMM cnocobamu. Npu HeobXoOUMOCTU M3MEHEHUS UCXOLHOro 3ambicna
TpebyeTca nepeTawmnTb pasMmep 13 OAHOM YacTu MOAENN B APYryHO.

HI'TY um. P. E. AnekceeBa BnageeTr nuUUEH3NAMU y4eBHOro nporpammMHOro Kom-
nnekca SolidWorks Education Edition n aBnsetca y4dacTHUMKOM nporpammbl SWR-
Akagemus, HanpaBneHHON Ha NOAAEPXKKY Npouecca 0byvyeHns ¢ CNONb30BaHMEM CUCTEM
aBTOMaTU3NPOBAHHOIMO TPEXMEPHOro MPOEKTUPOBAHUS U CUCTEM YNpPaBNEHUA WHXEHep-
HbIMWU [daHHbIMW B roCydapCTBEHHbIX TexHudeckux BY3ax. Ha kadegpe «WHxeHepHas
rpaduka» AaHHbIN NPOrpaMMHbIA KOMMNSIEKC UCMONb3yeTcs B paMkax ancumnimnHbl « OCHo-
Bbl aBTOMATU3NPOBAHHOIO NPOEKTMPOBaHNA» [1].

Mpouecc mogenupoBaHna B SolidWorks HauMHaeTcs ¢ NOCTPOEHUs1 3CKU3a, a rno-
CTPOEHMe 3CKn3a — C Bblbopa KOHCTPYKTUBHOM NITOCKOCTU, B KOTOPOW 3aTEM CTPOUTCS 3TOT
ackn3. bonbwKrHCTBO anemeHToB SolidWorks ocHOBLIBAlOTCA Ha ABYXMEPHbIX 3CKU3aXx.
[na co3aaHns KOHCTPYKTUMBHbBIX 3NIEMEHTOB HYXXHO, YTODObI 3rieMeHTbl ackn3a obpasoBbl-
Banu 3aMkHyTble obnacTtn. BnocneacrtBum 3TOT 9CKM3 MOXHO TEM UMW MHbIM CMOCO60OM
nerko npeobpasoBatb B TBepaoe Teno. C nomowbio SolidWorks MOXHO Takke co3gaBaTb
TPeXMepHble 3CKM3bl. B TpexmepHOM 3ckm3e 0O0bEeKTbl CYLLECTBYIOT B TPEXMEPHOM MNpo-
CTPaHCTBE; OHM HE AOMMKHbI ObITb CBS3aHbI C OnpeaeneHHbIMU NAI0CKOCTAMM 3CKU30B. Mpu
CO3JaHnM 3CKN3a OOCTYMNEH MOSHbIN HAbop reoMeTPUYECKNX NOCTPOEHUI U onepaumn pe-
AAKTMpOBaHUA. HeT Hukakon HeobxoouMocTu cpasy TOYHO BblaepXmBaTb Tpebyemble
pasmepbl, JOCTAaTOYHO MpUMeEPHO cobnogaTe KoOHUrypauuio ackusa. lNosxe, ecnv no-
TpebyeTcs, MOXXHO M3MEHUTb NIOOGON pasMep U HaNOXWUTb CBA3WU, OrpaHU4YMBalOLLneE B3a-
UMHOE pacrofioXeHne OTPE3KOB, AYr, OKPYXXHOCTEN M T. N. OCKU3 KOHCTPYKTUBHOIO ane-
MEeHTa MOXeT ObITb Nerko oTpefakTUpoBaH B N0OOM MOMEHT paboThl HAg MOAENbIO.

Co3paHue 06 bEeMHOM Mogenu — CrieayroL M aTan TBepAOTENbBHOMO  MOAENUPOBa-
HUA. IMeeTcsa HECKONbKO pasnnyHbIX CPeACTB co3aaHnst 06beMHbIX moaenen. OCHOBHbI-
Mu popmoobpasyowmmm onepauuamm B SolidWorks siBnstoTcs komaHabl 4obaBneHns v
CHATUA maTepuana. Cuctema No3BoNseT Bbl4aBNMBaTh KOHTYP C PasfMyYHbIMU KOHEYHbIMU
YyCNoBUAMU, B TOM YWUCIe Ha 3aJaHHOE PacCTOsiHME UMK OO yKas3aHHOW MOBEPXHOCTH, a
Takke BpalwaTb KOHTYp BOKPYr 3agaHHOM ocu. Bo3aMOXHO co3gaHue Tena no 3agaHHbIM
KOHTYpaM M UCNOMb30BaHNEM HECKOSNbKMX 0OpasyroLmnX KpMBbIX U BblAaBlMBaHNEM KOH-
Typa BOOMNb 3afdaHHOW TpaekTtopun. Cuctema nossongdeTt B noboOM MOMEHT BPEMEHU pe-
AAKTMPOBaTb NOCTPOEHHbIV 3N1eMEHT TBEPAOTENbHON MoAenn (pefakTupoBaTb 3CKuU3, pe-
AaKTMpoBaTb onpegeneHune). [loctaTtouyHO Nerko CTPOSITCS NUTENHbIE YKINOHbI Ha BblOpaH-
HbIX rpaHaX MOAEenNu, NosIoCTU B TBEPAbIX Tenax C 3agaHnem pasfnunyHbIX TOMLWWH, dhacku,
CKPYrneH1si NepeMeHHOro M NOoCTOSIHHOroO paguyca, OTBEPCTUS COXHOW hopmbl. 3Haum-
TenbHO ynpouiaetca pabota ¢ NCNONb30BAaHNEM FIMHEMHbIX UMM KPYroBbIX MAcCUBOB, No-
3BONAIOLNX KOMUPOBaHME BblOPaHHbIX KOHCTPYKTUMBHbIX 3M1EMEHTOB, 3epKaslbHOro oTo-
OpaxeHns ykasaHHbIX NMPUMUTUBOB UM Modenun. BaxxHOM xapakTepuCTUKOM CUCTEMbI SB-
NsieTCs BO3MOXHOCTb MOCTPOEHUSI AeTanen n3 NMCToBOro Marepuana u npoekTMpoBaHue
Aetanen n3rotaBnmMBaeMbIX IUTbEM.

Lepeso koHcmpyupoesaHus SolidWorks npencrtaenseT cobon cBoeobpasHyto rpadu-
YeCKylo KapTy MOAEenu, nocneaoBaTesibHO OTPaXatoLyto BCe reoOMeTpuyeckne npuMmnTmBbI,
NCNONb30BaHHbIE MPU CO34aHUN AeTanu, KOHCTPYKTUBHbIE OCU M BCMOMOraTesnbHble Mioc-
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KOCTWU, Ha KOTOpbIX CO34aBanvCb OBYXMEpHble 3CKU3bl. [jepeso KOHCMpyupoeaHusi o
YMOJSYaHuo pacrnonaraeTcs B IeBoln YacTn okHa SolidWorks, xoTa ero nonoxeHue B nitobon
MOMEHT BPEMEHN MOXHO M3MeHUTb. OHO NO3BONAET nepeonpenensaTb Nopsaok crenosa-
HUS1 OTAENbHbIX KOHCTPYKTUBHBLIX 3reMeHToB nubo uenbix aetanen. Haxatvem npasou
KHOMKM MbILIW Ha KoMaHabl [Jepesa KOHCMpPYyupo8aHUsi MOXHO Bbl3BaTb KOHTEKCTHbIE MEHIO,
obecneumsatoLme yaobHbIn JOCTYN K MHCTPYMEHTaM 1 koMaHgam. PaboTa ¢ KOHTEKCTHbIMU
MEHI0 npefocTaBnsaeT Hanbonee yaobHbIn cnocob paboTbl, OCOGEHHO NPU ABWMXKEHUN MO
Lepesy KOHCMpyupogaHUs: pefakTUpOBaHWE 3CKU3a, pefakTUpoBaHWe onpeferieHns u
T. O. o ymon4yaHuto KOHTEKCTHOE MEHI0 OTODpaXkaeTCca B KOPOTKOM BapuaHTe.

Moa cbopkon B SolidWorks npMHATO NOHMMAaTbL TPEXMEPHYIO MOAENb U34enuUs Unu
cbopoyHon eamHuubl. CTPYKTYPHbIMU eanHnLamMmn cOopKkn ABNSOTCA KOMIOHeHMb!. Kom-
MOHEHTbI COOPKM MOryT BKMtoYaTb B ce0s Kak oTAenbHble AeTanu, Tak u gpyrme cbopku,
HasblBaeMble y3ramu cbopku. B SolidWorks moxHo co3gaBatb c6opku AByX TUNOB: cbop-
KN «CHU3Y BBEPX» U COOPKM «CBEPXY BHU3Y.

Cbopka «CHM3Yy BBEpPX» SBMSETCA TPagULMOHHLIM METOAOM MPOEKTUPOBAHUSA U
npegcrasnsieT cobon cOOPKY N3 roTOBbIX (3apaHee CNpOeKTUPOBaHHbIX) AeTanen. KoHCT-
pyKUMSA unu ysen cobuparotca u3 aTux getanen aHanormyHo pearnbHon cbopke C yKkasaHu-
€M YCIOBUI COMpsbKeHna ux apyr ¢ gpyrom. ConpskeHust co3garT reomeTpuyeckue
B3aMMOCBA3M Mexay KoMnoHeHTamu cbopku. MNMpu gobasneHun conpskeHun crnegyeT on-
pefenuTb JONYCTUMbIE HanpaBneHUs MHENHOMO Uy BpallaTeSlbHOro ABMXEHUS KOMIMO-
HeHTOB. MOXHO nepemelLLaTb KOMMOHEHT B Npeenax ero creneHen cesobobl, Habnogas
3a noseaeHnem cbopku.

Mpn NpoekTnpoBaHnn cOOPKMN «CBEPXY BHU3» BCE KOMMOHEHTbI CO34al0TCA B O4HOM
AOKYMEHTE — KOMMOHOBOYHOM 3CKM3e COOPKM, HAa OCHOBE KOTOPOro CTPOATCS OTAESNbHbIEe
aetann. MoXHO NOCTPOUTb OONH UIIN HECKOJTbKO 3CKM30B, NOKa3bIBaKOLLMX, rAe HaXo4MTCH
KaXKabl KOMNOHEHT COOpKN. 3aTEM MOXHO CO3[aTb U U3MEHUTL NPOEKT nepes co3gaHnem
aetanen. Kpome 3Toro, MoxHo B nto6oe BpemMsi UCMonb30BaTb KOMMNOHOBOYHbLIN 3CKMU3 AN
BHeCeHUs1 naMmeHeHnn B cbopky. OCHOBHbIM MPENMYLLECTBOM NPOEKTUPOBAHUSA COOPKU C
MOMOLLIbIO KOMMOHOBOYHOIO 3CKM3a SABMASETCHA TO, YTO NPU U3MEHEHUU KOMMOHOBOYHOMO
ackm3a cbopka n getanu, Haxogswmecs B Hel, OGHOBNAOTCSA aBTOMaTUYeCcKn. MameHeHus
MOXHO OCYLLECTBUTb ObICTPO U B OOHOM MecCTe.

Cuctema SolidWorks goctaToyHO NPOCTO NO3BOMSAET reHepupoBaTb YepTeXu Co3-
AaHHbIX B HEW JeTaneun, y3rnoB U Us3genun, BKrvalwLlme Bce OCHOBHblE BUAbI, pa3pesbl,
ceyeHusi C NPOCTaBfEHHbIMU pa3Mepamu, NapamMmeTpamu LWepoxoBaTocT U T. 4. YepTexu
noagepmBatoT OBYCTOPOHHIOK accoumaTuBHyto cBa3b ¢ 3D-mogenamu. [pu BHeceHuu
U3MEHEHNN B MOAENb ee 4YepTex aBToMaTU4eCcKn MoauduumpyeTcsi B COOTBETCTBUMU C
HUMKU. VI HAOBOPOT, ecnn U3MEHSIETCA KakoW-NnMbo ynpaBnswoWuUiM pasMep Ha veprexe,
370 cpasy xe oTpaxaeTcs B 3D-mogenm.

Moaynb KOHeYHO—anemMeHTHoro pacyeta COSMOSWorks, MHTEerpMpoBaHHbLIN B SO-
lidWorks, sBnseTca MHCTPYMEHTOM MHXXeHepHoro aHanmsza. COSMOSWorks — npunoxe-
HWe, KoTopoe MoSyIHOCTbI pyHKunoHupyeT ¢ SolidWorks. Kak crnieacteue, COBOKYMHOCTb
3TUX OBYX NPOAYKTOB SBMSETCH, NO CYTU, €AMHbIM NakeToM. OTO 3HAYUT, YTO HE NPOUCXO-
ANT HUKAKOW KOHBEepTauuu npu nepexoge nHbopmaumn. [laHHas oCobeHHOCTb NoBbiLLaeT
paboTOCNOCOBHOCTL COBMECTHOIO (PYHKLMOHMPOBAHUA MpOrpaMm U, rnaBHOE, KayeCTBO
BbINOSTHAEMbIX pacyeToB. [Mpu BbINONHEHMM nabopaTopHbIX PaboT B pamkax ANCLMNIIMHbI
«OcCHOBbI aBTOMaTU3NPOBAHHOIO MPOEKTUPOBAHUS» CTyAeHThbl, paboTas B cpege Solid-
Works/COSMOSWorks, nony4atT cBeeHUs, Hanpumep, 0 BO3MOXHOCTAX MoAennpoBa-
HUS U CTAaTUYECKOro NPOYHOCTHOrO aHanms3a gaHHOW NporpaMmmbl, UCNOMb3YyeMOoro Ansi on-
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pegeneHns nepemMeLleHnin, HanPsXKeHNN N YCUIUIA, BO3HMKAIOLWNX B KOHCTPYKLMAX NN ee
COCTaBHbIX YaCTAX B pe3ynbTaTe NPUnoXeHnss MexaHn4eckmux cun [2].

[Ona pemoHcTpauum Bo3moxHocten SolidWorks npy mMogenvpoBaHuM Ten CIOXKHOW
KOH(pUrypaumm B ka4ectse npumepa pacCMOTPUM COAepXXaHue 1 NOPSAOK BbIMNOMHEHUS Na-
B6opaTopHon paboTbl «MogenupoBaHue ancka koneca NerkoBoro asBToMoounsy. 3agaHHbIMU
pasMepamun SBRASIOTCA OuamMeTp U WupuHa aucka koneca. OctanbHble pasMmepbl CTYAEHThI
HasHa4yatoT CaMOCTOATENbHO NPU YCNOBMM COBNIOAEHMS NPOMNOPLUIA reOMETPUN ANCKA.

1) Beibop nnockocTu (puc. 12, a) n pucoBaHne KOHTypa ceveHns gucka (puc. 12, 6).

N

VICTOMHARA CBETA M KAMEDE!
@ T
&y Coepry
X Crpaea CoepenH
14 Vicxogran Touka

Oceeas nunus

a) 6)

Puc. 12. [locmpoeHue KoHMypa ce4yeHusi

2) BpalueHune Bokpyr ocu (puc. 13).

a) 6)

Puc. 13. Pesynbmam a — epawieHusi u 6 — paspes ducka

3) MocTtpoeHue Bbipesa (puc. 14).

Mnoexects 1 |

a) 6)

Puc. 14. lNTocmpoeHue 8bipe3a
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4) MocTpoeHwne rpynnbl BbIpe30B 1 OTBEPCTMI Nog 60nTbl C MOMOLLBIO KPYroBOro
mMaccuBa (puc. 15).

Puc. 15. Omansi modenuposaHus ducka Kosneca

5) «KocmeTunyeckmne» noctpoeHus. [Jepego KoHCmMpyupogaHusi, OTpaxatoLlee Bce
aTanbl MOAENMPOBAHUSA, U MOMYYEHHbIN OUCK NpuBeAeHbl Ha puc. 16.

Ty Avick
MPMMEUSHAA
€2 CeAze NpoexTos
Teepasie Tenail)
$= NMuTas nervpoeaHHaA cTans
FIETOUHUKI CBBTE M KaMEpE!
S Cnepeam
Lz Ceepxy
% Crpaea
L. Moxognan Touka
efa MosepryTe?
5z NnockocTs1
S NnockocTe2
[&] Bepez-BomanyTesS
CrpyrneHmel
[& Brpes-BeTAHyTEE
@) Crpyrnermes
. Ocel

&P Kpyrosoi Macarel
[&] Bepez-BomanyTe?
[&] Bepez-Bomany e

& Crpyrnenres

", Oce2

&% Kpyrosoi Macce2
[& Bripez-BemaHyTES

& Ckpyrnenues

&% Kpyrosoi maccvez
& BoramyTel

& CpyrnenueT

a) 6)
Puc. 16. [Jepeso koHcmpyuposaHus (a) u Ouck koneca (6)

B kauecTBe o6bekTa MoAenMpoBaHMa OUCK Koneca NerkoBoro aBToMobunsi BolopaH
B CUIy psiga NpUYmH:

— aKTyanbHOCTb NPoGrembl;

— CNOXHasi reoMeTpus;

— LUMpOKOe pa3Hoo6pasne KOHCTPYKTUBHOIO UCMOSNTHEHUS;

— MHOrOBapUWaHTHbIE PEXMMbI HarpyXeHus.

OTueT no nabopatopHoi paboTe coaepXUT 3afdaHne, OCHOBHble 3Tarnbl MOAENNPO-

BaHWA OucKa ¢ oparMeHTaMmu gepeBa KOHCTpyupoBaHusi. [pumMepbl 3agaHui NpuBEAEHbI
B Tabn. 1.
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Tabnuya 1
Mpumepbl 3agaHn ANA BbINONIHEHUA NnabopaTopHou paboTbl
«MopgenupoBaHue gucKa Koreca JIerkoBoro aBTomoouns»
BapuaHm 1 BapuaHm 2 BapuaHm 3 BapuaHm 4

BapuaHm 6

BapuaHm 10
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