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B saHHoOM paboTe paccmoTpeHbl 6a3oBble npuHLUMMbl paboTtel B CAD cuctemax 1 cnocobbl
onTummsauun npouecca 3D MogennpoBaHus. NokasaHa BO3MOXHOCTb MAaHMPOBaHWA
aNbTepPHATVBHbIX BapMaHTOB MOCTPOEHWSA Ha MPUMeEPE MOZENN N3 MALLMHOCTPOUTENbHOW
obnactun. JaHHasa nHbopmaumsa byaer ocobeHHO nonesHa HOBbIM NoJsib3oBaTensiM T-FLEX
CAD. B sgononHeHve pekomMeHzyeMm 3arpysuntb N U3yunTb

Matepvan nogrotoBun YepaHés lBaH, Beaylwnin WHXeHep-KoHCTpykTop OTgena
TEXHONIOTUYECKOM MOAroTOoBKM npomnssoacTBa BC3. Bbl MoOXeTe 03HaKOMUTbCA C

aBToOpa — «ABTOMaTM3aLUunA NPOEKTUPOBAHMA B CYOCTPOUTE/IbHOM
npoussoactee ¢ nomouwpto  CAMP T-FLEX CAD Ha onbite Bbiboprckoro
CyAOCTPOUTE/ILHOrO 3aBOJa».

BeeaeHune B CAD cucrembl

CAD cucTeMbl Kak 4acCTb TEXHONOTUM TPEXMEPHOTO KOMIMbIOTEPHOTO MOAENIMPOBaHNA B
HacTosLLee BpeMs CTal HEOTbEM/IEMOW YaCTbto Haen Xn3HU. OHM OXBATUAN NPAKTUYECKN BCe
OTPacAu NPOMBILLNEHHOFO MPON3BOACTBA, @ TaKXKe apXUTEKTYPY, CTPOUTENLCTBO U AW3aiH (HO TyT
ye CBOS cneunduka 1 CBou crneLmann3npoBaHHbie CUCTEMBI, UX TpOraTb He byzem). B apceHane
CAD cucteM MMeeTcsi MHOXECTBO PasIMYHbIX MHCTPYMEHTOB C Pa3HOODpPazHbIMM OMLMAMMU, UTO
[AéT MONb30BaTENtO LUMPOKME BO3MOXHOCTM B MPOEKTUPOBAHMN CaMbIX Pa3HOOBPa3HbIX
Mogenen: OT raek A0 MexXranakTuyeckmx Kkopabnein. M 6onblas 4yacTb CneumanvcroB
(KOHCTPYKTOPOB, TEXHOJIOTOB U T. A.) Y>K€ 0CBOUAM Ty Uamn nHyto CAD cuctemy n UCnonb3yroT eé B
cBoel pabote. KTO-To oBnazen el B COBEPLUEHCTBE U Janblle eMy untaTb OyAeT HEMHTEPECHO,
HO HaBepHsKa ele MHOrMe HaxoAATCA Ha pa3HbiX 3Tanax W3yyeHUs TPEXMEPHOro
MOZE/NMPOBaHNs — OT OCBOeHMs 6a30BbiX MPUEMOB paboTbl A0 MNPOrpamMMUPOBaHUA U
HanMcaHmsa CBOVX NPUIOXKEHUN.

3ayacTyto y Nonb30oBaTeNs HeT BO3MOXHOCTU NPOMNTUN XopoLuee 0byyeHne no paboTe ¢ cuctemon,
n3yyaTtb €€ NPUXOAUTCA CAMOCTONATE/IbHO MO Pa3INUYHBIM KHUXKAM U BUAEOYPOKaM UM METOAOM
cobcTBEHHbIX NPO6 1 owmnbok. Mopon nosb3oBaTeENb OrPaHUYMBAETCA OCBOEHWEM HEKOTOPOrO
OTHOCUTENbHO Hebosblworo Habopa WHCTPYMEHTOB, KOTOPOro OH Ans  ceba cuumtaer
A0CTaTOYHbIM. HO Ha npakTuke 3TOro Habopa MOXeT 0ka3aTbCsl HeAOCTaTOYHO ANA 3GDEKTUBHOM
paboTbl. Kpome TOro, B npouecce o6yyeHus, o MHEHWIO aBTOpa U Ha OCHOBAHMWMW JIMYHOTO OMbITa,
Maso yAenseTcsd BHUMaHUA NJaHMPOBaHUIO MOAENMPOBaHUA — BbIOOPY ONTMManbHOro nopsaka
nocTpoeHuns mogenn. Mopow 3To NPMBOAMUT K NWHUM MOCTPOEHUAM U MepesenkaMm mogenu. B
OTAE/NbHbIX CAyyasx nNpu HeoBXOAMMOWN KOPPEKTUPOBKM MAOXO MNPOAYMaHHOW MOZenu
OKa3blBaeTCs Nerye HayaTb CTPOUTb €€ 3aHOBO, YeM pefakTMpoBaTb. Mano 3HaTb, Kak HaYepTUTb
npoduab 1 Kak NOCTPOUTb NMIOCKOCTb MW BbITaNIKMBAHWNE, HYXHO eLLé onpesenntb NopsagoK nx
NMOCTPOeHus, 4Tobbl B WTOre MOAYUUTb OMTUMaAbHYyHO MoAenb. [pu M3yuYeHUM CcuUcTeMbl
NoJ/Ib30BaTENt0 HEOHXOAMMO TakXKe HayuMTbCA MAaHNMPOBaTb NMPOLLECC MOAENNPOBaHUNS, TO eCTb
BbIOMpaTh Hanbosee onTMMasbHble Onepaumm 1 NOPALOK UX NCMOIb30BaHUA.

MNMonpobyem BMecTe (aBTOP TakoOW Xe MOAENNCT-caMmoyyka) pa3obpaTtbCca B TEOPUN U NMpakTuKe
NNaHMpOBaHWA Mpouecca CO3j4aHVsA  MOJeAn Ha MpuMepe CUCTEMbl  TBEPAOTENbHOTrO
napameTpu4eckoro MoZAeMpoBaHUA . Mpn 3tomM BCe npuBeaEHHbIE 3AeChb
paccy>AeHna B TOW WM WMHOW CTeneHu TakxXke npuMeHumbl K atobon CAMP ¢ yyétom umx
ocobeHHocTeNn.

Kak 3aBelanm HaMm KnaCCuku, npakTmka 6e3 Teopumn He CYyJINT HNYEro XxopoLwlero, no3TomMy npexxkae
4yeM 3aHUMaTbCA MHOIoOKpaTHbIM MOCTPOEHNEM U nepeCTp0|7|K0|71 O,D,HOIZ n TON Xe MoAaenn,
OTCYUTbIBAA 3aTpady€HHbIE MUHYTbI U Ha>XXaThA KnaBull B NMOUCKax CaMoOro 6b|CTpOFO cnoco6a,
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HaYHEM WMEHHO C TeOpeTMHeCKOIZ noarotoBkn M BbIACHUM, B UEM Xe 3aKjryaeTca
MOZENNPOBaHME, N KaKyto MOAE/Ib MOXXHO CYUTATb ONTMMaNbHOM.

Moz Teopveih npu 3TOM He MVMeeTca B BUAY 3HaHWe A3bIKOB MPOrpaMMMpPOBaHUA W
cneunPuUecKnx MHXEeHePHbIX MO3HAHNIN (OHW TOXE OYEHb HYXXHbI), B JaHHOM Cly4yae peyb NAET
0 3HaHuu ucnonbsyemon CAD cucTembl, €€ MPUHLMMOB, OTVMKN 1 NpPaBwWJ, KOTOpble NPUAETCA
MOHATb M ncnonb3oBaTb Ham. Obwne cBegeHna o cucteme, MHTepdence n cnocobax paboTbl
34ecb NoApobHO paccmaTpmBatb He ByaeM — 06 3TOM MOXHO Yy3HaTb (4TO HaCTOATE/NbHO
peKkoMeHAyeTCA CAenatb) U3 WUMEIOLWENCs B NporpaMMe ChpaBOYHOW CUCTEMBI, LUTATHOTO
yuyebHOro nocobus, pasHbIX KHUTM-CaMoyumnTener n pasanyHblx Buaeo B IHTepHeTe (cenyac 310
MOXHO HauTu npaktudeckn ans nobon CAD cuctembl). Ha Puc. 1 npuBeséH obwun Bug
nHtepderica T-FLEX CAD. [1na Tex, KTO TONbKO HauyMHaeT OCBavBaTb MOAE/JVMPOBaHME, CTOUTb
N3yunTb OCHOBHbIE 31eMeHTbl: 3D 1 2D okHa, aepeBo nocTpoeHmsa (0kHO «3D moaenb»; obpaTtute
BHMMaHVe Ha NOPAAOK M NOTUKY OTOBpaXKeHUs B HEM Pa3/InYHbIX 31EMEHTOB MOAEM), NaHeNn
NMHCTPyMeHTOB. [lns Hayana none3Ho 6yaeT MpPOCMOTpeTb WX BCE, MOHaXMMaTb KHOMKW W
pa3obpaTbCs, UTO C MX MOMOLLBIO MOXHO Moayuntb. KHonka F1 B nomoLlub, npu 3anyLeHHOon
KOMaHZe MOoNyunTb KpaTKyr CNpaBKy MOXHO MPOCTO HaBeAs KypCoOp Ha KHOMKY, eCiv Takas
onums BkJrOYeHa B HacTpolikax (Puc. 1).
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Puc.1 - Mintepdelic T-FLEX CAD 17

OcTaBWUM M3yuyeHne MHTepdeica U OCHOB PaboTbl C CUCTEMON Ha CaMOCTOATE/ILHOE M3YyYeHMUe.
Wcnonb3ywnte ansa atoro T-FLEX CAD 17.
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OCHOBHble npuHUMNnbl MoAe/INPOBaHNA

Monpobyem chopmyanpoBaTb M KPaTKo MOACHUTb OCHOBHbIE MPUHLIMMBI, Ha KOTOPbIX MOXHO
OCHOBaTb METOAMKY MAaHVUPOBaHWS MOAENVPOBaHMA. MOHUMaHWe 3TUX NPVHLUMUMOB NO3BOJUT A
fobutbca bonee appekTnBHOM paboTbl ¢ CAD cuctemon.

1. Moaenb — 310 MHOroobpasne snemMeHToB. 3D Mozenb — 3TO He NPOCTO O6bEMHas
KapTWHKa B TPEXMEPHOM MpoCTpaHCTBe. XOTA HEPEAKM Cydau, KOrAa MoZesib CTPOAT MO roTOBbIM
yepTeXxaM VIMEHHO C Lieblo MPOCTOM BM3yanm3aumu. ITO YMECTHO B MpoLecce HayalbHOro
obyyeHns MOAENMPOBAHWUIO, HO MPWU MPOEKTUPOBAHWM HOBbIX W3A4eAMNA MPUBOAUT NUWb K
BbINOJIHEHWNIO BOMHOW paboTbl 1 notepun BpemeHn. 3D Moaenb ABNAETCA [OBOJBHO CNOXHOW
CUCTEMOWN M3 MHOXEeCTBa PasHbIX /JEMEHTOB, NMapaMeTpoB, aTpnbyToB n npoyero. B pepese
noctpoeHna (okHo «3D mopenb», puc. 1) Kak pa3 n oTobpaxaroTcad BCe dNEMEHTbl MOAENN.
OcHOBHas Mx YacTb CBfi3aHa C reOMeTPMeN MoZenn, NP 3TOM BO3MOXHO NPOBECTU pa3fAesieHuve
Ha iBe OCHOBHble rpynnbl — 3D noctpoeHus n onepaumm, GopmupytoLme Tena.

3D nocTpoeHnsa — 3TO «TeopeTnyeckas» reoMeTpus, HeHanoaHeHHasa matepuasom - 3D
y3/1bl, IMHUK (OCK, NPAMbIE U KPUBbIE MYTW, MPODUAN), NNIOCKOCTU, CUCTEMbI KOOPAMHAT. 3a4acTyro
OHW Mano3ameTHbI 1, He ABAAACh YaCTbiO Te/l MOZE/IN - 31EMEHTOB MOAENNPYEMON KOHCTPYKLMMN,
COCTaB/AIOT KapKac, Ha KOTOPbIN onunpaeTcs BCA Mogenb. [pakTnyeckn HeBO3MOXHO MOCTPOUTb
mogenb 6e3 ncnonb3oBaHms 3D nocTpoeHni, OHWM MOTyT 3aZaBaTb reomeTpuyeckyto Gopmy,
pa3Mepbl, OTHOCKTE/IbHOE MPOCTPAHCTBEHHOE MOJIOXKEHME APYrMX 3N1eMeHToB. B mogensax co
CNNOXKHOW reomeTpuelri NOBEPXHOCTEN (OCHOBaHHbIX Ha MPOCTPAHCTBEHHbIX KPWBbIX, @ HE Ha
npocto 6onbwom Habope npocTbix GOPM) MOAABAAIOLLIAA YacTb BpeMeHu OyaeT TpaTuTbCA
MMEHHO Ha 3TV nocTpoeHusa. Ha puc. 2, a nokasaHo otobpaxeHune 3D noctpoeHun B gepese
MoZenu.
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Bropas 6osbLias rpynna an1eMeHTOB, KOTOPYH MOXHO Ha3BaTb «popMoobpasyowmmm», co3gaeT
BHEWHWN BWJA MoAenn. 3aecb onepaumym obpasytoT Tena U MNOBEPXHOCTW, GopmupytoLLme
npoekTupyemyto getanb. OHM MOryT f06aBAATbL UM YAANATb «MaTepuan» B MOAENN, U3MEHATb
dopmy Ten (aebopmMupytoT TeNo), pasmellatb B MOAENN Apyrue Mmogenn (pparMeHTbl) n 1. 4. Ha
puc. 2, 6 nokasaHo oTobpaxeHwe onepauuin 1 Ten B AepeBe MocTpoeHun. MNpu 3ToM Tena
nmokasaHbl OTAENbHO OT CrWcKa Onepauui, a Kaxzaoe Teso oTobpaxaeT WCTOPUIO CBOEro
co3AaHumA.

Ectb ewgé TpeTbs rpynna >31eMeHTOB, OHW He TreoMeTpuyeckme, WX MOXHO Ha3BaTb
MHOOPMALMOHHBIMN — CBeZAEeHUsi O MaTtepuanax, CTpykType cbopku un cneumbukaumm, baszax
[laHHbIX, MepeMeHHbIX, 31eMeHTax odpopmieHus n npoudee. OHM Takxke MMerT 6Honbluoe
3HaueHWe, OCOBEHHO mnepeMeHHble, C MOMOLLbI KOTOPbLIX MOXHO MOJHOCTbIO YNpPaBAsATb
MOAENbD — €€ reoMeTpuen, CoctaBoM, oTobpaxeHuem. [Ans 3ddekTMBHOM paboTbl npwu
N3YYEHUN CUCTEMbI CeAYeT YAENNTb 0COB0e BHMMaHME 3TOM COCTaBASIOLLEN MOAENN.

Bcé onncaHHoe Bbile MHOroobpasune 31eMeHTOB 06beanHAeTCA B OAHY uenyto cuctemy — 3D
mogenb baarogaps BTOPOMY MPUHLMNY.

2. Bce anemeHTbl MOAENN B3aMMOCBA3aHbl. D1eMeHTbl MOZEN He CO3Aar0Tcs camu no cebe. B
npouecce MOAEINPOBAHNA MeXAy HMMW BO3HMKAKOT CBA3W. Ha Puc.2, B noOka3aHO packpbiToe
AEPEBO MOCTPOEHUS OAHONO U3 TeN — WCTOPUA €ro CO3JaHWs B BUAE LLEMOYKM orepauui,
reoOMeTpUYECcKnX 3N1eMEHTOB 1 3D NOCTPOEHMI. ITa NOCNEA0BaATENIbHOCTb ONEpPaL i U SN1EMEHTOB
MOCTPOeHMa 1 oTobpaxkaeT LEenoyky B3aMMOCBA3EN «POANUTENb» - «MOTOMOK». «PoaUTENb» - 3TO
3/IEMEHT, Ha OCHOBE KOTOPOro MOCTPOeHa Tekylas onepaumsa. DNeMEeHT «MNOTOMOK» 3Ty
onepawuio NCnoab3yer.
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Punc.3 - Ceazu «pPoAunUTeJIb» — «MOTOMOK» MeXAy 31eéMeHTaM B MoJenn

7 «pOAI/ITGIIGIZ», N «MOTOMKOB» MOXET 6bITb MHOTO. ,ﬂ,ﬂﬂ Ka>XA0ro azieMeHTa B Lieno4ke nx MOo>XXHO
NOCMOTPETb yepes KOMaH4y <<|/|HC|)OpMaLI,I/IFI» B KOHTEKCTHOM MEHHO, BblAEeNNB



onepauuto/noctpoenme (Puc.3). 3T0 OKHO MO3BOASET MOHATb, KaK U B KaKOM nopsagke mMojenb
CTpOWAach, HaNpPUMep, eCin Haj Her paboTan KTO-TO APYron. Tak >ke MOXHO y3HaTb, UTO BbI30BET
nonbITKa N3MEHEHNA/yAaneHnsa OAHOro N3 31EMEHTOB.

B3anmMocBA3N Mexay aneMeHTamn MOAENM BO3HMKAKT pa3HbIMW cnocobamu, yalle BCero npw
HemnocpeACTBEHHOM Y4yacTUN NMO/Ab30BaTena: Npu BblbOpe rpaHn Ans pucoBaHWA npoduasa (Ha
rpaHu cosgactca pabouas NIOCKOCTb, a y>Ke Ha Hel Mpoduib, K TOMY Xe rpaHb aBTOMaTU4ecku
npoeunpyeTca Ha MA0CKOCTb), MPW MpoeumpoBaHuMn rpaHein n 3D y3noB npu pucoBaHUK
npoduna, npu ykasaHuu rPpaHUL, W HanpasBleHUA BbITaJKMBAHWA, OCK MaCcCMBa, MNOCKOCTU
cuMmmeTpum 1 T. 4. Kpome TOro, Bce onepauuu, KOTOpbIMX BblNO CO34aHO TeNo, eCcTeCTBEHHO
CBfi3aHbl MeXAy CObor NMPUHAANEXHOCTBIO K 3TOMY Teny, € y4€TOM MOCNeAOoBaTeIbHOCTU UX
co3gaHua. Hanpumep, ecan B Tene CHavasna co3jaTb OTBEPCTME, a 3aTeM reoMeTpuyecKku
HEeCBA3aHHbIN C HUM BbICTYN (HE MMEeOLMI NPUBA3OK K MOBEPXHOCTAM CaMOro OTBepCTUS U
NPUMBbIKAOWNX K HeMmy), TO onepauus, co3jasluias OTBepcTue, BCE paBHO OyaeT cpeawu
«poguTenen» BbICTyna. 3ayacTyto Takve CBA3MN NPOABAAIOTCA (MHOTAa HEOXMUAAHHO) B nNpoLiecce
peAaKTMpOBaHMA MOAENW, U OCOBEHHO Mpu yAaneHun 3neMeHToB. B aTom cayuae cuctema
npeanaraet BbibpaTb, UTO CAeNaTh C «NOTOMKaMu» (3aBUCUMbIMW 3NEMEHTAMM) — YAANUTb UK
nepeonpeaennts, paspbiBas cBasn. Cnctema MOXeT NepeonpesennTb HeKoTopble CBA3M (BbICTyN
B MpVIMepe Bbillie MOXEeT ObITb NErk0 COXPaHEH Npuv yjaneHnmn oTBepcTnsa) Uan NpocTo pasopsaTb
ux. [lpaBga He BCe, ecn B Tene yjannTb OTBEPCTUE, B KOTOPOM Oblia co3gaHa dacka, To
COXpaHUTb 3Ty dacky ectecTBeHHO ByaeT HEBO3MOXHO. Ha Puc.4 nokasaH npvmep BapuaHTOB
yAaneHuns 6ynesor onepaummn ns mogenu. Kaxzabli U3 BapMaHTOB NpeAnosaraeT pasHblii Habop
yAansaemMbix U nepeonpegensemMbix 31eMeHTOB.

Yaanerine anemeHToB Yaanerve anemeHToB Y4aneHme anemeHTos

0
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Puc. 4 - Cnocobbl yaaneHus aneMeHToB MOAeNu

CBsi3zaTb onepauumn 1 NOCTPOeHUA Mexay cobon MOXHO M ApyrMMn cnocobamu, Hanpumep, €
MOMOLLbIO NepeMeHHbIX. OHM MO3BOANOT YNPaBAsATb HE TOJIbKO FeoOMeTpren Mozenu (pazMmepamu
N OTHOCUTENBHBIM MONOXEHMEM B MPOCTPAHCTBE), HO M COCTaBOM MOZAENN, TO eCTb UCKKYaTb U3
Heé oTAeNbHble Tena, pparMeHTbl. K npumepy, B 3aBUCMMOCTU OT BEIMYMHBI 3a30pa MeXAY ABYMS
AETaNsAMM MOXHO BKAHOYaTb MAW MoAaBaATb B cbopke wWwanby mexay HumMW. Hanunume 3Tmx
B3aMMOCBs3el MO3BOJIAET 3aZaTb B MOAEAN HE TONbKO HEOBXOAMMble pa3Mepbl, HO U Apyrue
npaBuWia W OrpaHUYEHUs, MO KOTOPbIM MOZENb AOMXKHA M3MEHSTbCA WAN COXPaHATb CBOHO
KOHQUrypaumo B Mnpouecce e€ Co3haHus W pefakTUpOBaHWA. 3HaHMe W TrpaMOoTHOe
MCNONb30BaHWE TakMX B3aMMOCBSi3el MO3BOASET AOOUTLCA, HaNPUMEpP, BbICOKOW TMOKOCTM
MOZeNN - CNOCOBHOCTM COXPaHATb 3afaHHYt0 reomeTputo 6e3 cboeB Npu M3MEHEHUN UCXOAHbIX
3a/laHHbIX MapaMeTPOB B LUMPOKUX Npeaenax (mapametpuyeckme 6ubamoTekm TMNOBbLIX MOAENEN)
NMMbB0o HaobopoT NpakTUYeCkM MOJAHOCTbHD MepecTpamBaThCd C WM3MEHEHWMEM OAHOrO-ABYX
napameTpoB.

Kak nokasbiBaeT HaKOMAEHHbI aBTOPOM OfMbIT, CEPbE3HOE M3MEHEHME MOAENM B Mnpolecce
NPOoeKTUPOBaHMA AeTann — yactoe fBneHuve. [pyn 3TMX KOPPEKTMPOBKax BeNNKa BEPOATHOCTb
HapyLUeHVs reoMeTpuKn, MO3TOMY MpaBuabHOe GOPMUPOBaHME CBA3EN MeXJAy 3/eMeHTamMmu B



npoLecce NOCTPOEHMUS MOAENN MOXKET CYLLLECTBEHHO 06/1erumnTb eé anbHelllee NCrnosib30BaHue.
A nomoraeT 3a710XunTb B MOZAEIN HEOBXOAMMbIE CBA3M TPETUN MPUHLMI.

3. Moaenb co3paérca no YacTam oTAe/bHbIMU onepaunamn. Ytobel npaBnabHO cbopmMmpoBaTtb
CBA3N B MOZeNN, HeObXOAMMO CHavana ONpesenunTbCa, Kakne MMEeHHO onepaLun n NOCTPOeHNS
B Hel HeobxoAnMbI. Peako Kakyrto MOAeNb MOXHO CO34aTb Cpasy OAHOW ornepauuen, pa3se yto
COBCEM MPUMUTMBHYO. [Insa co3AaHnA MOAABAAIOLLEro YMcia Mogenen notpebyeTca co3gaBatb
HeCKONbKO MocnesoBaTesbHbIX «hOPMOObpasyroLWmx» onepauunin, Kaxaasa 13 KOTopbix Oyaet
bopmmpoBatb OTAENbHYHO 4YacTb Tena Mogenn. A, uTobbl MOHATb, KakoW onepauuen
BOCMO/1b30BaTbCA A1 NOCTPOEHNS TOWN UAN MHOW YacTu, MOAeNb Haj0 «pacuneHnTb». CnegyeT
BHauyane pa3obpatbCs, U3 Kakmx yacteun (getanen, GparMeHTOB, Te/, NOBEPXHOCTEN) OHa byaeT
COCTOATb, TO €CTb OMNpPeAeNNTb KOHCTPYKLNIO MOAenun. [Jna 3TOro Hago Noay4unTb NpeacTaBaeHne
O TOM, KakK MMeHHO byAeT BbIrna4eTb MPOoeKTMpyemMas AeTanb v ONpeaeanTbcs C TeM, YTO JOIKHO
6bITb MonyyeHo B umTore. MO3TOMY y4uMTbCA Aydlle MO FOTOBbIM YepTexam, MaTepuanbHbIM
npeaMeTaM, JfexalwuMm Ha CToae, WM NpejBapuTesbHO JAenaTb KapaHAallHble 3CKU3bl.
KoHcTpyKuMIO (MAaHMpyeMyto WAM 3apWMCOBaHHYHO) C/efyeT nocnefoBaTeNbHO pasobpatb
CHayana Ha jeTann 1 Tena, a 3aTeM MX — Ha MOBEPXHOCTU W 31eMeHTbI (pUc. 5, 3TO JOBONBLHO
NPOCTON NpuUMep, MOXeTe B3ATb NPeAMET NOCTOXHEE M3 TeX, UTO eCTb MOA PyKOoWn).
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Puc. 5 - Tena v noBepxHOCTM B MOAENN

CreneHb pa3bopkn MOAENN BO MHOTOM 3aBMCUT OT €€ GOPMbI U CIOXKHOCTM FreOMEeTpUN, a Takxe
OT HaBblKOB MoOJib30BaTens. EcTecTBeHHO, UYTO MpWU YMpPOLWEHUU feTann U Npu HaKoMAeHUn
NpPakTUYeCcKoro omnbiTa HeObXxoAMMOCTb B rNyHOKOM aHaan3e reomMeTpumn CHUXaeTtcs, a Bbibop
onepauumi n nUx NOCNeAoBaTebHOCTU MOWAET yXKe «Ha aBTomaTte». Ho Ha 3tane ocBoeHuns CAD
CUCTEMbI 3TO MOXET ObITb NONE3HO B NJIaHe pacluMpeHns Habopa NCrnoab3yeMbiX MHCTPYMEHTOB.

Mocne «pa3bopku» MoAenn HeobxoAMMO pa3obpaTbCs, KakUMU WMHCTPYMEHTaMU MOXHO
MOCTPOUTb MONYYMBLUMECH 3NEMEeHTbl. Heobxoaumo xoTa Obl MO cnpaBke W3yunTb BCe
«popmoobpaszytoLme» WHCTPYMEHTbI U MOHATb, KakuMe reomeTpuyeckme MoBepXHOCTU OHU
cnocobHbl co3gaBaTb. COBCTBEHHO, FreOMEeTpUs 3TUX 3NEMEHTOB WU ABAfETCA nogckaskon. K
NPVMeEpPY, eCAN 3TO FPyMna COOCHbIX MOBEPXHOCTEN BpaLLeHUs (LMANHAPSLI, KOHYCa, Chepbl U T.4.),
TO ANf WX TOJNYYEHUS JNIOTUYHO WCMOAb30BaTh Ofepauutro  BpaweHus. s rpynnbl
LUMANHAPUYECKUX NMOBEPXHOCTEN (3TO HE TONBKO LWAMHAPBI) C NapaanenbHbiMyM 06pasyroLmMm
NMPUMeHVMa B NepBY ouepesb onepauus BbiTaikKUBaHWA. A NPy Ha UMM CUMMETPUYHON UK
MOBTOPAOLWENCA MO ONpeAenéHHOMY MpaBwly TFEOMETPUM UMEET CMbICA WCMOAb30BaTh
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3epKa/ibHble OTObpaxeHns, MacCcuBbl M KONuW. [11a noayvyeHna NoOBepPXHOCTeN ¢ 6osiee CNIOXKHOM
reoMeTpren MOXHO «MPUMePATb» NMOCTPOEHMNE MO CEYEHMAM (eCAN eCTb NoaxoaaLmne npoduan,
No KOTOPbIM, KaK MO KapKacy, «HaTArMBaeTCA» MOBEPXHOCTb) MAN NO TPAEKTOPUN (€CAN MOXHO
nogobpatb MNOAXOAALLMMA KOHTYpP, KOTOPbIA ABUrasacb OMNpeAenéHHbIM Cnocobom, COo3aaéTr
HY>KHYIO reoMeTputo). Bo3MOXHO Takxe pa3bueHve MOAenu Ha 4acTu, KOTopble CTPOATCA Mo
OTAENbHOCTY, a 3aTeM cobupatotca obpaTHo. Ha Puc.6 nokaszaHbl npumepbl MOCTPOEHUA Ten
BbITa/KMBaHWeM (a), BpaLyeHunem (6), no ceuyeHunsam (B) 1 no TpaekTopmm (r).

HAIpaBIIeHHe

BBITAJIKHBAHNA pods
BpalIeHHs
o0pazyoman 0Ch BpAIIEHHS
JIIHHA
opoduns
BEITATKUEBAHHS
a §)

TpaeKTOpHA

B T

Puc. 6 - MNprMepbl NOCTPOEHMS Ten pasHbiMK CNocobamu: a) BbiTaskMBaHWEM; 6) BpalLeHMeM; B) MO CEYEHUAM;
r) No TpaekTopumn

[lna HeKOTOpPbIX CyyaeB (B NpakTVKe aBTOpa — KpalHe peakunx, HO A/ KOro-TO MOTYT OKa3aTbCA
YyacTbiMK) NoTpebyroTCs onepaumm gedpopmmpoBaHusa Tena (npumepbl Ha Puc.7 — ckpyymBaHume
KBaApaTHOrO CTEPXHA U M3rnb ceTkm). A ellé ecTb OTAeNbHbIM 610K onepaumi ans paboTsl C
JINCTOBBIMM TeIAMU W ApyTye KOMaHZbl. [1py 3TOM NpakTUYecku BCerga of4HO M TO XKe TeI0 MOXHO
MOCTPOUTb PasHbIMK CMocobamu, OJHOW WMAM HECKONbKUMUW OMnepaumaMy B PasIMYHOM WX
coueTaHum.

Or BbIGOpa cnocoba noctpoeHus («popmMoobpasyroLLen» onepaunmn) TOM AN MHOW FreoMeTpum
ByaeT 3aBMCETb MHOTO€: BO3MOXHOCTb 06beAVHUTL B OZHY OMepaLuio NOCTPOEHNE HECKObKMX
MOBEpPXHOCTEN, Heobxoaumble NpuBA3KM, 3D MNOCTPOEHMS WM JOMOJHWUTENbHbIE OnepaLmu
(yumTbiBas MX KONMYECTBO W CAOXKHOCTb), YA06CTBO MCMOAb30BaHWA pe3ysbTaTa ornepauuv ans
nocaeayroLLMX NOCTPOEHW (B TOM YMCe MacCUBOB), BOSMOXHOCTb MCMOAb30BaHMs rotooro 3D
dparmeHTa (6M6IMOTEUHOrO UM U3 paHHMX Pa3paboToK) B KaUecTBe 3aroTOBKM.

Mpw BbIGOPE CNOCOBOB MOCTPOEHMA INEMEHTOB MOAENN HEOOXOANMO MAaHNPOBaTb MOPAJOK UX
MOCTPOEHMA. YunTbiBas BO3HUKHOBEHME CBA3EM MEXAY 1eMeHTaMu (MPUHUMN 2), BO3HUKaeT
npuHumn 4.



4. MNopAaaoK NOCTPOEHNA MOAENN OuyeHb BaXKeH. Bce 3nemeHTbl B3aMMocBA3aHbl. B cBoto
oyepeab, 3TV CBA3W 3aBUCAT OT MOpAAKa MOCTPOEHUA MOAeAn (NPUHUMM 2), NO3TOMY ero
Heo6Xxo4MMO MPOAYMbIBaTh, TO €CTb NJIaHMPOBaTb NPOLECC MOAEANPOBaHMA. MicxoanTte crepyeT
M3 TOro, KakMe B3aMMOCBA3M 3JIEMEHTOB HYXHbl, a Kakue HexenartesbHbl. B ocHOBHOM
NiaHUPOBaHME COCTOUT B C/IeAYHOLLIEM:

ob6besVHEeHNe NOBEPXHOCTEN MOAENN B rpynmbl (B Y4aCTV MOAENN), KOTOpble MOTYT (MK
Aaxe 0bA3aTeNbHO AOMKHbI) CO34aBaThCA B paMKax O4HOW onepauumn no onpeaenéHHbIM
coobpaxeHunam. Hanpumep, co3gaHue BbICTYMOB OANHAKOBOW BbICOTbI MAW CIOXHOIO
CTYNeHYaToro OTBepCTmA);

nozbop onepauun Ans cO3aHusA 3TOW rpynnbl MOBEPXHOCTEN (YacTu Tena). MNpakTnyecku
B HO/MbLWIMHCTBE CayyaeB onepauma BblbMpaeTcs OAHOBPEMEHHO C CO3JaHWEM Tpynn
NMOBEPXHOCTENM, TaK KakK 3a4acTyld OHW OOBEAMHAIOTCA WMMEHHO MoJ KOHKPETHYHO
onepayuio;

onpeaeneHne HeobxoAMMbIX 0OPa3yHOLLMX M HaNPaBASOLWMX TMHUIA, NPODUNEN, CEUEHUN,
MNOCKOCTEeN, TOueK, OrpaHVuMBalOWE TreoMeTpuW, NpuBA3oK, obecneymBatoLLnNX
cobntofieHne 3afaHHbIX pPa3MepoB W Tak Aasee — TO €CTb OMOPHOW FeOMeTpun WUan
kapkaca. lNpn 3TOM AnA CO34aHUA 3TUX 31EMEHTOB, BO3MOXHO, NOTpebyroTca eLwué
[OMNONHUTENbHbIE MNOCTpoeHus. K npumMepy, npoeumpoBaHve npodunert Ha rpaHu,
CcO3/laHne JOMOJIHUTENbHbIX Ten-obosouek (6e3 TonWwmHbl). B ocHOBHOe co3zaBaemoe
TeN0 BXOAWUTb OHW He ByayT, HO obecneyaT Hy>XXHYH reOMEeTPUIO;

onpegeneHne TEXHONOMMU — MopsAAKa MOCTPOEHUS MOAENMW, BKIKOYas OpUEHTauuto B
NPOCTPaHCTBE, CO34aHWE TeOMETPUYECKUX MOCTPOEHUA 1  «PopmMoobpasyroLmnx»
onepaLui, a TakxKe nepemMeHHbIX, 6a3 JaHHbIX U MPOYEro Npu HeoHXoANMOCTH.
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Puc.7. Mpumepsl gepopmanmm Tena

O606was chopMyIMpoBaHHbIE MPUHLMMBLI, MOXHO cka3aTb, 4YTo 3D MogenvpoBaHue (kak
npoLecc) — 3TO NOCTPOEHUE HY>KHOW TPEXMEPHOW reoMeTpun C MOMOLLBIO TeOMETPUYECKMX
NOCTPOEHU N «GOopMOODpPazyoLLMX» OnepaL i, C yCTaHOBAEHWEM MEXAY HUMU ONpesenEéHHbIX
B3aMMOCBA3eN B onpeaenéHHOM NopsAKe.



Teopua nnaHnpoBaHus
Mopaaok nocTpoeHnsa moaenn JOMKEH NAAHNPOBATLCA C YYETOM pasHbIX GakTOPOB:

KOHCTPYKLMA NpoekTupyeMon aetann. OUeBnAHO, YTO MMEHHO reoMeTpus AeTanu byaert
ABNATLCA ONpeAenstoLen NPUIYnHOn Beibopa Toro uam nHoro Habopa onepauui;

BHELLHME OrpaHuW4YeHuns, pasmelleHne aetann B coctaBe cbopkm (M3genus, ysna). Ecam
AeTanb NPOEKTUPYETCA He «caMa Mno cebe», a Kak 4acTb KakOW-MbO KOHCTpyKummn (B
mogenn - cbopku), nMmbo npegnosaraeTca €€ MCNoJb30BaHME COBMECTHO C ApPYryMu
AeTanamu, TO OHK (conpsaraemsble AeTanun) HaknaAblBatOT OrpaHUYEeHNA Ha MOAeNNpyemMyro
Aetanb — onpegenéHHble GOPMbl U pa3Mepbl MOCAJOUHbIX U KPEMNEXHbIX 3/1eMEHTOB,
npeAesbHO JONyCTUMble rabapuTbl A1A JaHHOW AeTann 1 Tak ganee. Hannune B moaenm
APYruX getanen (Mam Te) MOXeT yNpOCTUTb MOCTPOEHME NPOEKTUPYEMOW AeTann. B aTom
c/lydae HayaTb MOXHO HernocpeAcTBEHHO C 3/IEMEHTOB, C MOMOLLbIHO KOTOPbIX AeTalb
conpsaraetcs co cbopkow (baaHLbl, ONMOpPbI, KPOHLUTENHbI U TakK Janee), a 3aTeM yXKe K HUM
npucTpavBaTb BCE ocTanbHoe. OCOBEeHHO 3TO aKTyalbHO MpW CO3JaHWM JeTaneil B
KOHTeKCTe cHOpPKWM, YTO MO3BOASET MCMONb30BaTb FEOMETPUID COMpsAraemblx AeTanew.
Mo>XHO nocTpouTb GnaHel, C MOMOLLbI BbITaKMBAHWSA MAOCKOW TpaHW OTBETHOro
dnaHua - Puc.g, a;

HeobXxoAMMble pa3MepHble U reOMeTpruYeckme B3anMOoCBA3N MeXAyY d31eMeHTaMn MOAENN.
B OCHOBHOM OHW AOCTUratOTC MNPaBUIbHBIM MOAGOPOM  HYXHbIX MPMBA3OK U
NPUMEHEHMNEM ONTUMaJIbHbIX MOCTPOEHUN. MpK 3TOM HEOBXOAMMO, YTOBbl K MOMEHTY
CO34aHusA onepaLmm HeobXxoaMMble reoMeTpuYeckme NOCTPOEHUSA U NPUBSA3KK yKe Oblan
CO3ZaHbl B MoZenn. B npoTMBHOM ciiyyae MOXKET BO3HUKHYTb HEOBXOAMMOCTb B CO34aHNN
AOMONIHUTENbHbBIX MOCTPOEHNIN TONBKO MOTOMY, UTO €LLE He COo3jaHa reoMeTpusa AeTanu,
KOoTOpas MOXeT ObITb MCMO/sb30BaHa Kak reometpuyeckas npvBsaska. Hanpumep, ecam
HeobXoAMMO MOCTPOUTL OTBEPCTME U MACcCUB (KPEnéxXHbIX) OTBEPCTUI BOKPYr Hero
(Pnc.8, 6). JTormyHo NOCTPOUTL CHayana LEeHTPasbHOE OTBEPCTME U 3aTEM UCMOJIb30BaTh
ero /19 3a/jaHNs OCK MacCuBa, MHaue NOTPeOYHOTCA AOMONHUTENbHbBIE MOCTPOEHUS;

colpAraeMas

JeTalb

BBEITAIKHBAEMEIIT
¢ranen

ICHTPAJIbHOE OTBEPCTIIEC

MaccCHB OTBEPCTIII

a

Puc. 8 - K nopsaky noctpoeHus mogenu: a) BbiTanknaHve daaHLa; 6) NocTpoeHne MaccvBa OTBEPCTUI;
B) BCTaBKa MOZEeNN yroaka

Ha3HayeHWe MOJENN N COOTBETCTBEHHO TpeboBaHWW K Hel MO TOYHOCTU MOCTPOEHMA.
Ecan mogenb ctpontca Kak mapameTpuyeckas ¢ HeCKObKMMU NepeMeHHbIMU A1 4acToro
MCMOb30BaHNA B pa3Hbix cbopkax (0COBEHHO ecnn nepeMeHHbIe ONpeaenatoT He TOIbKO
pa3Mepbl, HO K COCTaB MOZEeNN), TO MOPAAOK MU CNOCO6 MOCTPOEHUA MOAENN fOKEH
NPOAYMbIBaTbCA OCOBEHHO TLaTeNbHO. Tak Kak Mpu U3MEHeHWU OAHMX MepeMeHHbIX U
onepauuii MoxeT BbITb Bbi3BaH c6oi Apyrmx. Ecam xe mogenb ctpoutca Ans pasoBoro
MCMNoab30BaHNA (HanpyMep, BbIMYCTUTb COOPOUHBIN YepPTEX, He Tpebytownii NoAPOOHOM



npopaboTkun, UK caenatb TPEXMEPHYH «KapTUHKY») U He MpeAnoiaraeTcs cosjaHuve
MHOIMX eé BapuaHTOB, TO TPeOOBaHMA K ONTMMMU3aLUN NOPAAKa NOCTPOEHNUS MOAENN U
TOYHOCTW MOXHO CHU3UTb (AONYCTUTb HebONbLUME NEpeceyeHns Te UK 3a30POB MeXay
HUMW, <NOAFOHKY MO MECTy», MepecyET pa3MepoB U TakK Aanee). To ecTb, YeM CIOXHee
3aauv, AN KOTOPbIX CO34aETCA MOJAENb, TeEM JeTasbHee Jo/KHa HbiTb NpopaboTka Kak
camon Mogenu, Tak 1 nopsaka eé noctpoenus (Puc.8, B — npopabotka y3na coegnHeHns
YrOJIKOB B METAIJIOKOHCTPYKLIMM — NOAPOOHas 1 ynpoLEHHas);
JNYHbIe NPesnoYTEHMA NoNb3oBaTeNs. MogenvpoBaHmne — 3TO TBOPYECKMI NpoLLece, 1 Ha
HEero CWAbHO BAWAIOT MPUBBLIYKA MONb30BaTENs, KTO-TO BblOEpeT OfHY CNOXHYHO
onepaLto, KTO-TO HECKONbKO MPOCTbIX, [NIaBHOE, UTOObI MOCTaB/IeHHasn 3ajaya peLlanach
C MaKCUMaJsibHbIM YA06CTBOM A5l NOIb30BATENS U C MUHUMA/IbHLIMW 3aTpaTaMy BPEMEHW;
Apyrue coobpadkeHus: WCMNosb30oBaHWe TrOTOBbIX ¢parMeHToB (B TOM u4ucie U
6MOAMOTEUHDbIX), HEOBXOAMMOCTb PEeAAKTMPOBAHUSA MOJEN B KOHTEKCTe cOopKy,
Koonepauus C ApPYyrMMU Mo/ab30BaTeNsIMU (COBMECTHOe MNPOEeKTUPOBaHWE U3aenuns),
HeonpeAenéHHOCTb B OTHOLUEHWM 4YacTU  KOHCTPYKLUMM Ha MOMEHT Hayana
MOAENNPOBaHNA N TaK Aanee.
B KOHeYyHOM wuTOre 3annaHUMPOBaHHbIA MPOLECC MOAENNPOBaHMA B obliem ciaydae 6Oyget
BbIFNA4ETb Kak Lienouka yepeaytowmxca 3D-nocTpoeHnin n «popmoobpasyroLmx» onepauui.
Mpuyem MX COOTHOLLEHME Ha Pa3HbIX 3Tanax MoXeT ObiTb pa3HbIM: r4e-To NoTpebyeTcs MHOTO
NMOCTPOEHWU ANS CO3aHMsA OAHOM onepaLmm (415 onepauumn No ce4eHnsam MoryT notpebosaTbes
HeCKONbKO NPodUaen 1 HanpaBAAKOLMX), a TAe-To HaobopoT, oanH 3D Npoduab MoXHO ByzeTt
MCNonb30BaTb HecKOoNbko pa3. Co3gaHume npakTUyeckn BCeX Mogener AOMKHO HauumHaTbCA
MMEHHO C TreoOMeTPUYECKMX MOCTPOEHWIN: MNOCKOCTEN, Yy3n0B, npoduner n Tak Janee.
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Puc. 9 - TakTka MogenupoBaHus: a) Bbipe3aHue; 6) HapalwBaHe

MocTpoeHne Hosbluelr YacTM MoAeNen Kak OTAeNbHbIX AeTanel, Tak 1 COOPOK MOXHO CBECTU K
ABYM TUMOBbIM TakTUKaM, KOTOPble MOTyT KOMOVHMPOBAaTLCA MeXAy cobon. HazoBeMm 1x YCIOBHO
«Bblpe3aHune» 1 «HapalmBaHme». [py NCNoab30BaHWUM TakTMKM «Bblpe3aHme» CHayana Co3aaéTcs
Teno-3arotoBka, GopMuMpytoLLas Hapy>Hble o4epTaHUa AeTann, a 3aTeM 13 Hee Bbipe3aeTca BCE
«/IVLUHee» — CO3JatoTCA OTBEPCTUSA, BblIeMKM M mnpoyee. Yalye Bcero ata cxema npuMeHMMa K
AeTansiM BpaLLeHWsa 1 NAOCKUM AeTansm. B aTux cayuasx yacto yxke B NepBOM onepaLmm MOXHO
MONYUYNTb TOTOBBIN HapPY>XHbIA KOHTYp. K AeTanaim C0XHOW GOpMbl 3TOT BapuaHT MPUMEHUTb
CNOXHO. A ana cOOPOK OH MPUMEHUM OFPaHUYEHHO — B Cay4vasx, KOrja AeTasv Moay4varoTcs
pa3bvBKON OAHOrO Tesna Ha 4actu. [pumMepoM TyT MOXET CAyXWUTb CO3AaHue AJIMHHOTO
TpybonpoBoga (BbiTaZkMBaHMEM MO TPaekTopun) C MNOCAeAyHOLWMM pacCeYeHMEeM €ero Ha
oTAaenbHble Tpybbl. Cxema HapaluvBaHWA WCMOAb3yeTca AnA JAeTanen ¢ bHonee CAOXKHOM
reomeTpmen, Koraa He Noay4aeTca co3faTb 3aroToBKy, 613Kyto Mo Gopme K rotToBon getanu. B
3TOM C/ly4yae Mojesnb CO3AaéTcs nocnefoBaTeslbHbIM MpubaBieHVEM «MaTepuana» K MepBoMu



onepauuu. MNMpun 3ToM «HapaLBaHMe» MOXET MPOUCXOANTb Ha Pa3HbIX TeNax C UX MOCAeAY LM
obbeanHeHneM, a He TONbKO 3a CYET yBeNnYeHna ogHoro Tena. [4na cbopok 3Ta cxema OCHOBHas.
Yalle Bcero geTann CO3JatoTCA MO OTAENBHOCTW, Aaxe B pexume c6bopku. s HeKoTopbIx
MoZenen MOXHO MCnonb3oBaTb 06e cxembl, Ha P1Uc.9 npuBeAEH NpuvMep NOCTPOEHUS MOAeNn
pblyara no obenMm cxemam. B nepBom ciayyae BbITaNKMBAETCA KOHTYp JeTaan BMecTe C
OTBEPCTMAMMU (MX MOXHO CAieNnaTb 1 OTAE/NbHO, HO B JAaHHOM CJlyyae nepsas ornepauus BkatoyaeT
B ceba MakcMManbHOE KOJIMYECTBO CO3JaBaeMblX MOBEPXHOCTEN), a 3aTeM BbIpe3aHUeMm
dopmupytoTcs  pébpa (onepaums BbITaNkKMBaHWA, CMMMETPUYHOE oOTobpaxkeHue, OyneBa
onepauus BbluMTaHWsA). Bo BTOpOM BapuaHTe OTAENbHO CO3JatOTCA LieHTpasbHas WU KpanHsAs
BTY/IKW, peBp0o MeXAYy HUMU, CUMMETPUYHOE OTOBpaXkeHne BTy KM ¢ pebpom 1 onepaums bynesa
CNOXKEHMA.

MNMonb3oBaTesnb BCerda MMeeT MHOXECTBO BapWaHTOB, KakK MOCTPOUTb Ty WM WHYI MOAeNb, U
nepBas M3 ero 3afay nNpu Hayane MOAEMPOBaHMA — 3TO NMOHATb, UTO B UTOTE OH XOYET (JO/IKEH)
NoNyunTb, TO €CTb MoCTaBUTb cebe Lenb (onpeseneHve KOHCTPYKLUWUW), U BTOpas 3ajadva —
YCTaHOBWUTb, KaK OH MOXET 3TOro AobuTbCs, TO ecTb Cr/iaHMpOoBaTb MpoLecc (onpeseneHve
«TeXHONOrMM»). B 3TOM 3ak/touaeTcs yxe He TeopeTuueckas, a MpakTuyeckas MOAroToBka K
NOCTPOEHM0. Hackonbko ONTMManbHOW NONYUYNTCA Cama MOZAENb M NPOLLecC eé Co3AaHnsa 3aBUCUT
MMEHHO OT 3TOrO.

OnTmanbHOWM MoAeNbko MNPy 3TOM MOXHO CUHNTATb MOJENb, KOTOPan:

Mo reoMeTpuM COOTBETCTBYET pa3mepamM NPOeKTUPYyeMon aeTanv;
B MaKCUMaJibHOW CTEMEHW COOTBETCTBYET 3aJaHHbIM TPEOOBaHMUAM (MX CTaBUT CO3jaTesb
WK >Ke NOAb30BaTeNb MOAENN), B TOM YMcae NOAPOBHOCTbL NPOpPaboTky, CNOCOBHOCTbL
N3MEeHATLCA U Tak ganee. [1py 3TOM OHa He A0/KHA NpeBbIaTh 3T TpeboBaHus 6e3
HeobxoanMocCTu;
HY>AaeTcs B MMHMMaJbHbIX BPEMEHHbIX 3aTpaT Ha pa3paboTky, MCMOAb30BaHME U
N3MEeHeHwue;
NPUHOCUT YAOBO/ILCTBUE OT PaboThbl (MM Kak MUHUMYM TpebyeT MUHMMaNbHbIX 3aTpaTt
HEepPBOB).
A onTMMu3auMen MOAENMPOBAHUA MPY 3TOM MOXHO Ha3BaTb CO3ZaHWe TakoW opraHusauum
paboTbl nonb3osatens ¢ CAD-cuctemon, kotopas obecrneumBana Obl nosydveHwe Haunbonee
ONTUMaNbHOW MOAENN. YUTeM, UTO OTHOCUTENbHO NHOOON KOHKPETHOW MOAENU 3TU MOHATUSA

AOBOJIBHO YCNIOBHbI. KaX bl NOAb30BaTe/lb MOXET MMeTb CBOW Hambosee onTMManbHbIN ANA
Hero BapuaHT.

Ha 3Tom TeopeTunueckyto YacTb MOXHO 3aKOHUMUTb, U MePenTM K NPaKTUUECKON NOAroTOBKeE.



[Mpumep nocTpoeHusa moaenu

PaccmotpuMm npumep npopabotkm nopsgka mogenvposaHua B T-FLEX CAD 17 dnaHueBoro
nepexofHuvka, npuvseséHHoro Ha Puc.5. 3agava Takasa — crnpoekTMpoBaTtbh (M CMOAEANPOBaTb
COOTBETCTBEHHO) MNEPEXOAHUK ANA MNOAKAKOYEHUA TEeXHONOrM4Yeckoro pykasa K dnaHuy
Tpybonpososa. ®naHubl MOryT 6biTb pasHble MO AMAMETPY, WX pa3Mepbl U3BECTHbl (OHWU
CTaHAAPTHbIE), COEAMHEHME C PYKaBOM Tak>Ke CTaHAAPTHOE — C HaKUAHOM rankon. /13-3a ycnoBum
MOHTaXa nepexoAHuKa K TpybonpoBoay pykaB AOMKEH NOAXOANTL K daaHLy cboky (pasmanbHO).
3agauyy HeobxoAMMO NpOaHaAM3MpoBaTb A/A MOHUMAHWA, UYTO MMEHHO MPOEKTUPYEM
(onpeaensiemMm KOHCTPYKLMIO). VI3 MCXOAHBIX YCNOBUM YXXKe MOXHO NPUMEPHO ONmncaTb BHELLHWN
BWA;: 3TO ByAeT NouTK CTaHAAPTHbIN GaHel, HO C pagnanbHbIM OTBOAOM W TYXMM LLEeHTPabHbIM
oTBepcTMem. na KpenneHus cTaHAaPTHOM HaKUAHOM rarikv Ha OTBOZE NepexoAHnKa Heobxoanm
CTaHZapTHbIN WTyuep (MmMbo opurnHanbHas AeTaib, aHa/NOrMYyHas MO MNPUCOEAUNHUTENbHBIM
mectam). Tenepb yTOUHAEM KOHCTPYKLUIO: B B1banoTeke Mogenern apMaTypbl (LOMycKaeMm, Yto y
HacC Takas eCTb) HaXOAMM MOAXOAALLMA CTaHAAPTHBIN LWITYLLEP, KPEMUM ero npamo K daaHuy, a B
MecTe NpuBapKyM NpesycMOTPUM Jibicky. PaaHew, NoayyaeTca TOACTbIM, ANA CHUXKEHWA MacChbl
oberymMm ero, ocTaBMB YTOJILLIEHWE TOJIbKO B parioHe pajnanbHOro oTBepctus. Takum obpasom,
3aZlaya CBOAMTCA K MOAENMPOBAHUIKO OAHOW feTann — dnaHUa C rHe3ZOM AN NpuUBapKu
WwTyuepa. leomeTpuyeckn 370 TeNo BPaALLEHMA C HECKOAbKMMW MPOCTbIMA LUANHAPUYECKMMUI
OTBEPCTUAMMW B PasHbIX MAOCKOCTAX, C FPaHAMW JIbICKM W Bblpe3a C 3ajHel CTOPOHbI Ans
obnerueHus. [Ins nonyvyeHns Takon reoMeTpum MOXHO MCMO/b30BaTb OnepaLuy BpaLLeHus u
BbITaKMBaHNA (onpejensem TexHoNorunwo). MameHatb pasmepbl dnaHua B mMogenn byaem ¢
MOMOLLBKO MNepeMeHHbIX K 6a3bl AaHHbIX, TaK KakK HaM HY>XHbl HECKOJbKO BapWaHTOB C
bVKCMPOBAHHBIMW  3HAYEHMAMMN MepeMeHHbIX W He Tpebyetrca CBOOOAHOIO M3MEHeHUS
nepemMeHHbIX No oTaenbHocTM. Co3aaTh 6a3ly AaHHbIX M MepemMeHHble aydlle A0 Havana
NOCTPOEHNA CaMon Mogenu, 6naro Bce pa3mepbl YXe U3BeCTHbl (OTBETHble daHLpbI
CTaHAapTHbIE).

®naHeL, — 3710 Teno BpaleHus. Nonpobyem NpUMeHUTb K HEMY TaKTUKY Bblpe3aHus. [ocTpoeHwne
MOZENIN HaUMHAeTCs C COo3jaHusA «boNBaHKN» MO Hapy>KHOMY KOHTypy dnaHLa, BCe OCTajbHble
3NeMeHTbl NMoToM OyAyT Bblpe3aTbC M3 Heé. B kauyecTBe nepBOM onepaLyy MCMOAb3yeMm
onepauuto BpalleHus, B Heé (TouHee B 3D npoduib) BKIOYaEM MakCMManbHOe KOJMYeCTBO
COOCHbIX MOBEPXHOCTEN — Hapy>XHbI KOHTYp W LieHTpanbHoOe rayxoe oteepctue. Kpome 3D
npoounsa ewé HeobxoAMMa OCb BpalLeHMs, pucyeMm eé B camom npodune nnbo ncnosbyem
NMHWIO NpoduUAs, NexXallyro Ha Ocv BpalleHua. To ecTb JonoaHUTeNbHbIX 3D noctpoeHun He
Tpebyetcs. MNpodunb pucyeM Ha OfHOW U3 TPEX CTaHAAPTHbIX naockocter. C menkummn dackamm
MOXHO NOCTYNUTb NO-paszHoMy. Packy Ha HapY>KHOM JuameTpe LieHTpasbHOro BbiCTyna dpaaHua
MO>XHO BbIMOJIHUTb B 3TOW e Oonepauun BpaLleHns, Tak Kak C 3TVM BbICTYNOM 60JibLie HUKaKNX
AEeNCTBMI NPON3BOANTLCA He ByaeT. Packy MO Hapy>XHOMY AvamMeTpy GaaHLa ayylle BbIMOJAHUTb
B KOHLe MOCTPOEHMA MOZEeNn, MOTOMY YTO Ha Hapy>XHOM KOHType elé 6yayT BbIMOAHATLCA
Bblpe3bl (M3-3a dackm notom byAeT HEOOXOAMMO AOMOSHUTENBHO MPOELMPOBaTb Hapy>XXHYHO
UMANHAPUYECKYHO MOBEPXHOCTb). A MOXHO 06e 3T dacku BbIMOJHWUTL B CaMOM KOHLe
noctpoeHuna mogenn. Ha Puc. 10, a nokasaH 3D npodunb (3e1EHbIM KOHTYPOM) U pe3yabTart
onepauwmu BpateHua. Takum obpasom, MOCTPOEHa 3aroToBka MOAENN.

Ana onpegeneHva  AanbHeuwen  NOCNELOBATENbHOCTUM  MOAENVMPOBaHUA  Heobxoanmmo
onpeaennTb YCIOBHO «MOCTOSIHHbIE» U «MePEMEHHbIE» 31eMEHTbI. «[TOCTOAHHbIMM» B JaHHOM
Clyyae MOXHO Ha3BaTb Te 3/eMEeHTbl Mogenu, KoTopble byayT B aobom ciayyae nmbo Te
3/1EMEHTbI, B KOHCTPYKLMN KOTOPbIX €CTb TOYHas OnpeAenéHHOCTb, HO pa3Mepbl MOTYT MEHSATHCS.
«[lepemMeHHble» — 3TO 31EeMEHTbI, Halnume KOTOpPbIX He 0bA3aTenbHO, MMBO X KOHCTPYKLUMS B
npouecce NPOeKTUPOBaHUA AeTann MOXEeT M3MeHWUTbCA. B mepByto ouepegp LenecoobpasHo



CO34aBaTb «MOCTOAHHbIE» 3JIEMEHTHI, a 3aTeéM «MNMepPeMEHHbIE». DTO MOMOXeT COKpaTnTb 06bEMm
nepecrtpoeHna mogean npn BO3MO>XXKHOM U3MEHEHUN KOHCTPYKLU NN,

B faHHOM cnyuyae KOHUeHTpuyeckne OTBepcTUA daaHua — 3TO «MOCTOAHHbIM» 31eMeHT, a
pasvanbHoe OTBepCTME C JIbICKOW A/1A WTylepa U Bbipe3 Ana obneryeHns — «nepemMeHHble»
(KOHCTPYKTUBHBIX BapWaHTOB WX WCMONHEHUA MOXeT ObiTb MHOro). [na cosgaHua rpynnbl
KOHLLEHTPMYECKNX OTBEPCTMM MOXHO MCMOAb30BaTb pasHble cnocobbl. Hanpumep, B npodune
HapucoBaTb BCe KOHLEHTPUYECKMEe OTBEPCTUA, BbITOJAKHYTb MX U Bbl4eCTb byneBor onepaumen. A
MOXHO CHa4vasia HapucoBsaTb B Npoduae TOAbKO OAHO OTBEPCTUE N BbITOJIKHYTb €ro, He BbluunTas,
3aTeM MOCTPOUTb KPYroBOM MacCUB M BblYeCTb OTBepCTUA byneson onepaumen (Puc.10, 6). B
HalleM cay4ae NMpu nepemMeHHbIX pasmepax GaaHua MOXeT MEHATLCA U KOIMYECTBO OTBEPCTUN,
No MHEHWIO aBTOpa, BTOPOW BapuaHT nocTpoeHus OyaeTr 6Gonee npegnoututeneH. Ecam
KOJIMYeCTBO OTBEPCTUN ByaeT nepeMeHHbIM (Hanpumep, 4, 6, 8), To Npu co3gaHun npoduns
cnepyeT BHMMaTesbHee BbibUpaTb MeCTo, rae 6yaeT pacnonoXeHO nepBoe OTBEPCTUE MaccuBa.
Heobxoanmo, uTobbl byayliee pasvanbHOe OTBEPCTUE BCErAa NMPOXOAUIO NMocepeanHe Mexay
ABYMA OTBEPCTUAMM MaccvBa (MM MO KpanHen Mepe He Banxke onpesenéHHOro paccTosHUA ot
HWX). Ecin pagmanbHoe OTBepCTME npeanosiaraeTcsi pPasmMecTUTb MO FOPU3OHTaNbHOM OCK, TO
nepBoe OTBEPCTNE MaccmBa yA0OHO pncoBaTb Ha OCK MOJ ONpPeAeNEHHbBIM YTI0M K TOPU3OHTY (K
yKa3aHHOMY BbllLE KOJNMYECTBY OTBEPCTUIA 3TOT YroN COOTBETCTBEHHO byaeT paBeH 45°, 309,
22,5°). Pabouyto nnockoCTb Ans npoduna CTpouM MpPAMO Ha Topue, AOMOAHUTENbHbIX
NOCTPOEHUI Takxe He TpebyeTcs.

PagnanbHoe oTBepCTMe NaHWpyeTcs C Hebo/MbLOW pacToukor nog wryuep (ana ero
LeHTpUpoBaHNA 1N obneryeHna cOOpku), BapuaHTbl €ro NOCTPOEHUA MOryT ObiTb pa3HbIMU —
onepauns BpalleHMa UAW nocaefoBaTe/bHble BbiTankmBaHuA. Ecan cTtpemuTtcs ncnonb3oBaTtb
camble npocTble 3D npoduan, To NOPAJOK MOAENMPOBaHMA ByaeT TakoW: CHavana Nbicka (UTobbl
NOAYyuYNTb MAOCKYH TpPaHb ANA puUcOBaHMA npoduns noj OTBEpPCTME), 3aTeM pajuanbHoe
OTBEpPCTME (OHO B KOHCTPYKLMN BaXKHEE pacTOUKM) M pacTouKa Mo WTyLep (3TO BTOPOCTENEHHbIN
3JIEMEHT).

Mo ncxoAHbIM AaHHbIM AvameTp daHLa Yy Hac MepeMeHHbIW, a pa3mep NPUBAPHOrO LWTyLepa He
n3mMeHsetcs. MocTpoeHnsa JoMKHbI 0becneyrBaTb COXpaHeHWe onpeaenéHHbIX Pa3MepPOB JbICKM
(KaKk MWHUMYM OHa He JO/KHa CTaTb MeHblle AuameTpa pacTouky Mpu NoboM 3HauyeHun
AnameTtpa dnaHua), caenatb 3TO MOXHO pasHbIMKU cnocobamu. B saHHOM cnyyae ycTaHOBUM
MOCTOAHHYHO LUMPWHY /bICKK, gonycTuM 40 mm. Ana obecneveHuns storo TpeboBaHma cTpoutb 3D
npoduab Ana BbITaNKMBaHUA HY>XXHO B onpegenéHHom nopagke. CHavana co3faem OKpPY>XHOCTb
No Hapy>XHOMYy AnaMeTpy W AMHUKM (MOXHO Jaxe W ofHy) co cMmeweHnem 20 MM oT
rOPM30HTaNbHOW OCW, 3aTEM BEPTMKANbHYHO IMHMIO, 3aat0LLLYHO MONOXEHNE NOBEPXHOCTM NIbICKY,
€€ CTPOMM MO TOuKe MepeceyeHms 3TOM CMELLEHHOW FOpU30HTaAn 1 okpyxHoctu (Puc.10, B).
Takoe nocTpoeHne obecneunT «CKobXeHne» KparHMX TOYeK bICKX MO HapY>KHOMY AMaMeTpy C
coxpaHeHvem eé wupuHbl. Co3gaB 3D npodunb Ha MAOCKOW FPaHW NbICKK, C MOMOLLbHO
BbITa/IKMBaHWA MNOJly4aeM pagunanbHoe oTteepcTve. [pu MCMOAb30BaHUM 3TOW omnepauun
Heobxognmo obecrneunTb M3MeHeHWe rAybuHbl Tena OTBEpPCTMS B CBA3M C MEpPeMeHHbIM
AnameTtpom ¢naHua. g 3Toro BbiTankmBaHMe MOXHO BbIMOAHATL 40 paboyen NaoCKOCTN «BUj,
cneBa», MPOXOAALLEN MO Ocvn AeTann (3TO OAMH M3 BapuaHTOB, obecrneunBarOLLUX BbIXOA
OTBEPCTMA B LIeHTpaNbHOe oTBepcTMe ¢JiaHua). Tak Xe BblTaJKMBaHMEM CO3JaéM pacTouky. U,
KOHEYHO, NoC/e KaXAOoWn 13 3TUX TPEX onepauunin npumeHsem bynesa BblUMTaHME MOCTPOEHHBbIX
Ten n3 Tena dnanHua. MopaAoK 3TUX MOCTPOeHNUI NokasaH Ha Puc.10, r-e.

OcTaérca caenatb Bbipe3 ana obnerueHus (BbitankmeaHuem, Puc.10, x), ¢acky nmo Hapy>KHOMY
AvameTpy ¢aaHua (Puc.10, 3) w»n BctaButb ¢parmeHt wryuepa (Puc. 10, un). 3ta
noc/seA0BaTe/IbHOCTb XOPOLLO OTpaXeHa B AepeBe NocTpoeHuns Tena (Puc.5).
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MNnaHnpoBaHve n ontumMmnsaunsa nopsagka 3D moaennposaHua

Takon cnocob nOoCTPOeHUA AOBOJbHO MPOCTOA W MCMOJb3yeT TUMOBOW MOBTOPAMOLMICA
anroputm: 3D npodunb — BbiTankmBaHve (BpalwieHne) — byneBa onepauusa. 3Ta «TEXHONOTNA»
BMOJIHE MOXET WCMO/Ab30BaTbCA HaYMHAKOWMUM MOAb30BaTENEM, €Llé He W3Y4YMBLUMM BCe
AOCTYMHblE eMy Onuun. A MeXAy TeM U3yyeHne 3TUX ONuMin NO3BOANT ONTUMU3MPOBATb MOZEb.

€ X 3 n

Puc. 10 - Mopagok noctpoeHunsa mogenn dpaaHLa-nepexoaHvka

Cnocobbl onTUMM3aUUM MoAenn MoryT ObiTb pasHble. DTO He TO/MbKO TLaTeNbHoe
NPoAyMbIBaHNE KOHCTPYKLUW AETann nepes HayaioM MOAEANPOBaHUA BO M3beXaHWe NNLLIHUX
ncnpaBaeHW, HO u 6Hosee LWNPOKOE WCMOb30BaHME BO3MOXHOCTEN cucTeMbl. [lpu
BHMMATE/IbHOM €€ W3YUYeHUN MOXHO HANTW MHOrO MOJE3HbIX ONUUA U YHKLMK, KOTOpble
CMOCOBHbI YNPOCTUTL M YCKOPUTL paboTy. PaccMoTpum HekoTopble U3 QYHKLMIA CUCTEMBI
T-FLEX CAD.



NHcTpymeHTbl mogenmpoBaHua T-FLEX CAD

HaunHaTte HaZo C onepauun BblTaKMBAHUA — 3TO, NOXasyW, OCHOBHas «dopmoobpasytoLan»
KoMaHga. [ns eé co3gaHns HeobxoAMMO 3asaTb Npoduab, HanpasaeHne n aavHy. [Npu 3Tom
MOXHO PYKOBOZCTBOBaTbCA PasHbIMK criocobamun 3ajauv AAMHbI U HanpasaeHus. Cambin
NPOCTON M3 HUX - yKa3aTb HEOOXOAMMYH BeWYMHY BblTaskMBaHWA. HanpaBaeHne npu 3Tom
6yzeT aBTOMaTU4eCKM 3aaHO NepreHAMKYAAPHO NMIOCKOCTH, Ha KOTOpon HauepyeH 3D npodunb
(Pnc.11, a). NMoMumo 3TOro, ANMHA BbITANKMBAHUA MOXET 3a4aBaTbCA C UCMOJ/b30BAHNEM YyXKe
CO3J,aHHOW B MOZEeNV reoMeTpuu: no pebpy, no aBym Toukam (Puc.11, 6, B COOTBETCTBEHHO) U T.4,.
AnnHa >ke BbITaJKMBAaeMOro 3nemMeHTa OyAeT COOTBETCTBOBaTb pa3MepaM MPUBA30YHOM
reomeTpun (ANnHe pebpa, PaccTOAHWIO MeXay ABYMsA TOouykamu) aMbo BblpaBHMBATLCA MO
BbIOpaHHOM rpaHun. Ho B MepByto ovepeab Takasa NpuBA3Ka 3aAaéT HanpaBAeHVe BbiTaNKMBaHWA,
NO3TOMY HEOOXOAMMO CNeAUTb 3a TeM, YTOObI BbibpaHHas 414 NPUBA3KM reoMeTpumsa coBnagana C
HY>XHbIM HanpasaeHvem. Ewe nonyunte Tpebyemyro AANHY MOXHO BbITalKMBaHWEM A0 FpaHw,
Toukun (Puc.11, r, &) n ap. anemeHTOB. HanpaeneHne 3a4a€T1ca aBTOMaTUYeCKN NeprneHANKYyAapHO
naockoctu 3D npodumnsa (BO3MOXHOCTb 3aaTb HanpaB/eHNe BPYYHYHO, KOHEYHO, COXpaHAeTCA).
Mpodwnnb BbITaNKMBaHMA MOXET ObITb 3ajaH TakXKe pa3HbIMKU cnocobamm, KpOMe HapUCOBAHHOTO
3D npoduns MOXHO UCMoNb30OBaTb pebpo, a Takxke naockuit 3D nyTb, OTAENbHYIO AnHKMA 3D
npoduna n 1.4. Npn ncnonb3oBaHuUM npamMoro pebpa B kavectBe nNpoduaa HeobXoaMMO
ob6s3aTeNIbHO 3aAaTb Hanpas/ieHWe BbITaAkMBaHUA (Nt06bIM CMOCOBOM) M ANNHY, KOTOPas Takxe
MOXEeT ObITb 3ajaHa MMetoLenca reometpren. Ha Puc.11, e npvBeaéH nprvMep BbiTankMBaHWS
pebpa neprneHAVKYAAPHO rpaHu (kénton) Ao BbIOpaHHOM rpaHu (cuHel). MNpu 3ToM nonydaetcs
TOHKOCTEHHasA MOBEPXHOCTb (6e3 TONLWMHBI), UTOObI CO3AaTb €€, MOXHO MCMO/b30BaTb OMNUMIO
NPUAAHNA TOHKOCTEHHOMY 31eMeHTY ToawmnHbl (Prc.11, X<). B 3ToMm cnyyae Mbl cMOXeM NoayunTs
HY>KHYHO CTEHKY, 3aMO/HAOLLYHO BeCb NPOEM, O4HON onepaumen n 6e3 pucoBaHusa 3D npoduns,
YTO CyLLLECTBEHHO CIKOHOMMUT BpeMA. TOYHO TaK Xe MOXHO BblTankmeatb rpanu (Puc.11, 3), npu
3TOM OHM BbITaNKMBAKOTCA MONHOCTbIO.

Puc. 11 - PaznnuHble cnocobbl CO34aHUA BblTanKMBaHUA

Ncnonb3oBaHve OMNUUN  «TOHKOCTEHHbIN 3/71€MEHT» O4YeHb YAOBHO MpV MOAENMPOBaHWUU
KOHCTPYKLMIA TMa KOprycoB, KOPOBOB M T.M. C NIOCKMMUK cTeHkamu. Ha Puc.12, a-r npuBeaéH
npumMep MnocTpoeHus Takou Mogenun. CHauana BbiTankuaetca gHo (no 3D npodwnto), 3atem
CO3/a€TCA OfHa U3 ero CTeHOK MyTéM BbiTaskMBaHMA pebpa Ha 3ajaHHOe paccToaHue, 1 BTOpan



cTeHKa (MpOTMBOMOOXHasA MepBOW) BbITAJIKMBAETCA AO BEPXHEW rPaHN NepBOu CTeHKM, Anbo eé
MOXHO MOCTPOUTb C TMOMOLLbIO CUMMETPUU. TpeTba W uYeTBEPTaa CTEHKM CO34aroTcA
BbITa/IKMBaHWEM BepPTUKaNbHOro pebpa no AByM TOYKaM Ha BHYTPEHHMX CTOPOHAaxX 3/IEMEHTOB,
TYT TOXE MOXHO MCMOJ/b30BaTb CMMMeTPUIO. Npu Takom cnocobe NMOCTPOeHUA MCMOob3yeTcs
BCEro OAWH HayepyeHHbI Npoduab 1 obecrneyrBaeTcs paBEHCTBO BbICOT BCEX CTEHOK, a TakXe
COOTBETCTBME UX A/IMH pa3Mepam OCHOBaHMA. Takum ob6pa3om, CyLLecTBEHHO 3KOHOMUTCA Bpems
N coxpaHaeTca KOHGUrypaumsa Moaenv Npu N3MeHeH pasmepos.

Puc. 12 - anMepr MCNONAb30BaHNA TOHKOCTEHHOTO 31IEMEHTa NPW BbiTaJIKNBaHNN

B npeablayliem npumepe KOHCTPYKLMA COOPHas, U BCe CTEHKM CO3Aar0TCA MO OTAeNbHOCTW. Ho ¢
NCNOb30BaHMEM TOHKOCTEHHOIO 3/1eMEHTa MOXHO BbITa/IKMBaTb U KOHTYpbI (Pnc.12, ), npn Tom
AOBOJIBHO C/IOXKHbIE, KaK 3aMKHYTble, Tak WU OTKpPbITble. Tak MOXHO MOZAeNMpoBaTb He TONbKO
«KOPObHKU» N NpodumnbHbIe TPYObI, HO M IMCTOBbIE AeTanu, ynpouas 3D npoduan — BbluepumBaTth
KOHTYp TONbKO OAHOW MOBEPXHOCTU NNCTOBOW AeTann. Kpome TOro, BMecTe C TOHKOCTEHHbIM
3/IEMEHTOM MOXHO aBTOMaTMYeCKW Cco3jaBaTb U AHO (Man Kpbiwky, Puc.12, e). Takum obpasom,
OAHOW onepaumen MOXHO Co34aTb AeTalb TMMa CTakaH, Kopnyc, Kpbiwka v T.n. B cayyasx, koraa
«KpbILLKa» AOMKHA OblTb OTAENBHOM (Hanpumep, 3araywka Ha Topue npoduabHouW Tpybbl), Ans
3KOHOMUM BPEMEHN MOXHO ABa pa3a MCMoaAb30BaTb OAWH 1 TOT Xe 3D npodunb: cHavana ans
BbITaKMBaHNA TPYyObl (C TOHKOCTEHHbIM 31€MEHTOM), 3aTeM ANA BbITaNKMBaHMA KPblWKK (6e3
TOHKOCTEHHOTO 3/emMeHTa; Pnc.12, x). Npun 3TOM 3KOHOMUTCS BpeMs 1 obecrneymBaeTcs TOUHOe
COOTBETCTBME KOHTypa KpbiWwku npodunto Tpybbl. Ewé oaHvm npumepom 3ddekTMBHOro
NCNOb30BaHNA TOHKOCTEHHOTO 3/1eMEeHTa MOXHO CYMTaTb CO3ZaHune Wwanb, 6o0biwek 1 Konel,
NyTéM BbITaJIKMBAHWUA KPYroBoro pebpa oteepctus B cteHke (Puc.12, 3). [nnHa BblTankuMBaHWs
OyAeT COOTBETCTBOBATb BbICOTE LWAKObl, a TO/WMHA TOHKOCTEHHOrO 3/EMEHTa — LWUPUHE
NMOBEPXHOCTU WaKbbl. ITO AUWb OTAENbHbIE MPUMEPbLI TOTrO, Kak UCMOAb3ys OMUMM KOMaHZAbI
BbITa/IKMBAHWNA, BO3MOXHO ONTUMU3MPOBATb MOCTPOEHME MOAEAN U YCKOPUTb npouecc
MOZAEeNMpPOoBaHNA. Tak Xe Npu NCNOb30BaHNUN KOMaHAbl MOXHO CO3ZaBaTb OTCTYMbl MO KOHLAM
BbITA/IKMBAHWSA, YKIOHbI, Gackn Mo KPOMKaM.

AHanornyHble Crocoobbl onTnMn3aumn MoaennpoBaHnAa €CTb U B JPYTMX KOMaHAaX CUCTEMBbI,
TOYHO TakK >e TOHKOCTEHHbIA 3/1eMEHT MOXET WCMO/b30BaThCA B onepauunn BpaleHus,
BbITaIKUBaHUN MO Ce€YEHUNAM U NO TPAEKTOPUN.

BmecTe ¢ «dopmoobpasyowmnmMm» KoMaHAaMy Hepa3pbIBHO MCMOAb3YHOTCA U ByneBbl onepauum
(choxkeHWe, BblUMTaHWUSA, MepeceveHue), Takke KMeroline cBou ocobeHHocTu. Hanpumep, y
ornepaumn BbIYMTAHUA €CTb OUeHb MOJIe3Has OMuus — «OCTaBAATb B CLEHe» AN BTOPOro



onepaHga. OHa No3BO/AET A/A MOJAYyYEeHUs Bblpe30B B AeTansax (Tenax) Mcnonb3oBaTb Apyrne
AeTanu (Tena), KOTOpble MPWU 3TOM AOJ/KHbI OCTaBaTbCA B Mogenu. MNMonyyaembin Bbipe3 byaet
MOJIHOCTBKO COOTBETCTBOBATb MO pa3MepaM COMpAraemMon JeTaam U aBTOMATUYeCKM
nepectpavBaTbCa Npu eé nameHeHuun. B kauectBe npumepa Ha Puc.13, a-6 nokaszaHo co3gaHue
OTBEpCTUS Moj WTUGT B BUHTE C MOMOLLbI «BblUUTaHUA» camoro wiudTa. Mpu atom WTndT
pa3meLyaetca B HeobxoaMMom Mecte B cbopke nmMbo co3paértca kak BTopoe Teno. [ns ero
NPWBA3KN MOTYT BbITb CO3AaHbl ZOMNONHUTE/IbHbIE 3N1eMeHTbl, Hanpumep, 3D y3en B npodune ans
onepaLvv BpalleHns Ha nepeceyeHnn ocen BUHTa n wtndrta. Npun cosgaHnm bynesor onepaumm
BbIYMTAHUA C UCMONb30BAHNEM OMLUN «OCTaBAATb B CLLEHE» A/ BTOPOro onepaHaa (windra) B
BMHTE NOABASETCA OTBEPCTME, a caM WTMT OCTaéTcA B cbopke. YnpouieHue paboTbl JocTUraercs
6narogaps OTCYTCTBUKO HEOOXOAMMOCTM B 4epuyeHuMM npoduas Bbipesa W CO3AaHUSA
BbITa/IKMBaHWUA. YeM C/lIoXKHee reoMeTpus conpsraemblx getanei, tem 3¢dekTvBHee 6yaet
NCNOAb30BaHMeE 3TOW OMLUUN.

Echn Tpebyemas dopma Bbipe3a He JO/KHA TOYHO COBMajaTb C COMPAraeMoW AeTasnbto, TO
MCMONb30BaHME 3TOM OMUUU TakXe BO3MOXHO C HEKOTOPbIMW OrpaHuyeHusMu, npuaetcs
N3MEHUTb NOPALOK NOCTpoeHma mogenn. [ina npumepa Ha Puc.13 B conparaemas getanb nmeet
oTBepcTune 1 dacky, nocne byneBon onepauny B 3e1EHON AeTann Mbl Tak>Ke NMOJyYnMM Ha MecTe
oTBepcTma dackm u BbicTyn (Puc.13, r). Ytobbl 3TO0r0 m3bexarb, Ux HeOBXOAMMO CO3zaBaTb B
conpAaraemMbix getanax nocne 6yneson onepauunm (Puc.13, a-e). lMpu 3tomM Heobxoanmo
npopabatbiBaTb MOPALOK NOCTPOEHMA 06eunx feTanen B CBA3KE APYr C APYroMm.

a 6 B
- - A -
bl € K 3

Puc. 13 - Mpumepbl cnonb3oBaHusa byneBoW onepauum BelYMTaHUA

Onuuto «oCTaBNATb B CLEHe» YAOOHO TakXe MCNo/b30BaTb MPW CO3jaHWM B pa3HbIX Tesax
(bparmeHTax) COOCHbIX OTBEPCTUI, HAaNpUMep, Noa Kpenéx. s 3Toro onepauuns BblTaAkMBaHWS
(wnn BcTaBka dparMeHTa) Bbipe3a CO34aETCs C MNepeceyeHVeM BCeX Ten, B KOTOpbIX OyayT
otBepctuna (Pnc.13, ), 3aTeM AN NepBOro M3 Ten COo34aérca onepauuns GyneBa BblUMTAHWUA C
MCnoNb3oBaHWEM 3TOM onuun. Tak B NepBOM Tenie 0bpasyeTcs OTBEPCTME, a «Bblpe3aeMoe» TeNo
coxpaHsetca (Puc.13, 3). AHanormMyHo co3aaértcsa oTBepcTne ans BToporo Tena (Puc.13, n), npu
3TOM onumsa Anbo ncnonbsyetcs, MMHO HET, B 3aBUCMMOCTU OT TOTO, HY>XKHO JIN COXPaHUTb Teno
Bblpe3a. byneBa onepauus B 3TOM ciyvae NpMMeHAETCA K pa3HbIM TelaM MO OTAENbHOCTM, Tak Kak
€€ NpPUMeHeHNe cpasy K ABYM TeslaM NPUBEAET K OOBbEAVHEHUIO TeN.

B page cnyyaeB onepaumto byneBa BbluMTaHUA (MO0 BbITankMBaHWe A0 rpaHu) 3GdeKTUBHO
3ameHseT onepauus oTtcevyeHns. OHa no3osifeT obpesaTb Teno (PpparMeHT) MO 3ajaHHOW



reomeTpun, Hanpumep, no niockoctn (Puc. 14, a). Hago moMHWTL, YTO paboyas MAOCKOCTb
6eckoHeuHas, 1 TesI0 OTCEYETCA MO BCEM MeCTaM nepeceyeHuns ¢ 3TON MNAOCKOCTbHO.

Puc. 14 - ﬂpl/lMepr MCNoab30BaHMA onepaunmn oTceyveHna

Takxe BO3MOXHa obpeska no rpaHu (Puc.14, 6) nam Habopy rpaHer, npuyem BblOpaHHas
reomeTpumaA AOKHa MONHOCTLIO NepecekaTb OTcekaeMoe Teno. Kpome Toro, MOXHO MCNOo/Ib30BaTh
oTceyeHve AnA OBpe3KkM OfHOW AeTann MO KOHTYpy BTOPOW, WAW MONYyYeHUs OTBepCTUA Mo
OTBEPCTUIO B CMEXHOW geTann. [na 3TOro cHavyana CO3AaéTca BblTajKMBaHWE TOHKOCTEHHOM
MOBEPXHOCTN MO KOHTYpYy AeTann (ANA 3TOro MOXHO co3aaTtb, Hanpumep, 3D nyTb no Habopy
pébep) nan pebpy OoTBEpCTMSA, @ 3aTeM MO 3TOW NOBEPXHOCTN OTceKaeTca BTopas Aetanb (Puc. 14,
B, 1. C ncnonb3oBaHWemM OMNUMN paccevyeHWa Ha JjBa Tena ygobHO MojenvpoBaTtb AeTany,
conpsraemMble Nno onpegenéHHomy npopuaro, UCNosb3ysa Npun 3TOM TeNo-3arotosky (Puc.14, a-e).
[na 3TOro TaKke He06Xo0AMMO NOCTPOUTL TOHKOCTEHHYHO MOBEPXHOCTb MO KOHTYPY COMPSAXEHWS,
B pe3y/ibTaTe pacceyeHusa OyaeT obpasoBaHO fBa Tena. Tak >Xe MOXHO paccekaTb Teno
NAOCKOCTAMMW. [oc/ie BbINOJHEHNA OnepaLnn oTCeYeHNA TOHKOCTEHHAA NOBEPXHOCTb (eC/IM OHa
co3gaBanacb) octaHeTcs B Mogenn. Eé HeobxoaMMO cKpbITb, €C/IN fanee OHa UCMOoJ/b30BaThCA He
byzer.

CyLLECTBYIOT U WHCTPYMEHTbI CO3JaHUA KOHKPETHbIX KOHCTPYKTVMBHBIX 3/JEMEHTOB. B nepsyto
ouepesb 3T0 KomaHza OTBepCTME, MO3BOAAIOLLAsA CO34aBaTbh CaMble Pa3HOOBpa3Hble OTBEPCTUS,
Kak rnazkue, Tak u pe3bboBble, a Takxke ¢ dackaMm 1 LekoBkaMun. KomaHa MMeeT MHOTO Onumi
MO HacTpoVike CO34aBaeMOro OTBEPCTUs, MCMOAb3yeT 6a3y AaHHbIX Pa3HbIX TUMNOB Pe3bb U
NoAAepXMBaEeT co3jaHne MaccMBa OTBEPCTMIA MO paHee co3gaHHoMy Maccvsy 3D-y3nos. [as
co3zaHus oTBepPCTUs HeobxoaMMa npmBsska k 3D-y3ny, LeHTPY KpyroBoro pebpa mam K rpaHsam ¢
3ajaHneM cMmelleHnii. Ha Puc.15 npuBeaeHbl Npumepbl OTBEPCTUN, CO3AaBaEMbIX JaHHOW
KOMaHJoWn. Takxke MOryT cO3jaBaTbCA LieNble MacCVBbl OTBEPCTUN, ANA 3TOrO  HY>HO
npesBapuTenbHO co3gatb MaccuB 3D y3710B MO MecTaM  pacroNioXeHWs OTBEPCTUNA.
Ncnonb3oBaHve 3TON KOMaHZAbl MO3BO/SET 3KOHOMUTb MHOTO BPEMEHW W He 3aHMMaTbCA
MOWCKOM B CNpaBOYHMKAX AMaMeTPOB OTBEPCTUI NOA Hape3aHue pe3bbbl.
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Kpome koMaHAbl cO3saHNA OTBEPCTUA UMeeTCs Lienas bmubanoteka TUMOBbLIX KOHCTPYKTUBHbIX
3NeMeHTOB (NpOoToYeK, KaHaBOK, LWAWLEB W T.4.), NO3BO/SAIOLWAA obaeruntb cossaHne Moaenu.
Bubnnoteka poctynHa uepes OKHO «MeHK JOKYMEHTOB», KOHCTPYKTMBHbIE 3N1€MEHTbI
BCTaBAAOTCA B MOAENb Kak GparMeHTbl C MPUBA3KOM MO MMEIOLLENCA reOMETPUN.

Pnc.15 - Mpumep oTBepcTUi

Ha Pnc.16 nokasaH npumep MoAenu, Co34aHHOM TObKO C MOMOLLbIO 3TON 6nbanotekn (getanb
HeMHOro ynpouieHa, obpatute BHMMaHue: 3D MNOCTpoeHWs He BbINOAHAAMCE Boobuie, CK
CO34at0TCA aBTOMATMYECKM MPWU BCTaBKe, a KaXAbl MCMO/Mb30BaHHbIM dparMeHT oOcCTaércs
AOCTYMHBIM AN PefaKTMPOBaHWA uyepe3 JepeBO MNOCTPoeHus). Pa3mepbl CTaHAAPTHbIX
KOHCTPYKTUBHbIX 31emeHTOB cooTBeTcTBYHOT [OCT, UTO Tak>Ke CHUMaeT HEOBXOAMMOCTb B MOMUCKE
AaHHBIX. JTOT CNocob MOAENMPOBaHWA MPUMMEHUM B MNEPBYHD Ouvepefb WMMEHHO K Tenam
BpaLLeHna, Tak KakK 3/eMeHTbl B HUX Jlerye (M yalle) ctaHaaptusmpyrotca. CTouT yyecTb, UTO
NoJsib30BaTe/lb MMeeT BO3MOXHOCTb CO34aTb ANA cebs CBOKO aHaNOrMuHyro 6Mbanoteky TMNOBbIX
3/IEMEHTOB, OT NMPUMUTUBHbIX MOZENEN, TUNa NPAMOYTONbHbIX CTEHOK, A0 CIOXHbIX, HanpuMep,
3aroToBOK NOA KOPMyc peaykTopa.
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Puc. 16 - Mpumep Mogenun, NOCTPOEHHON 13 TUMOBbLIX KOHCTPYKTUBHbBIX 31€MEHTOB

YckopeHuto paboTbl CylecTBEHHO CMOCOGCTBYIOT M KOMaHZAbl KOMUWPOBAHWA reomeTpun —
co3gaHne CUMMETPUIA, MaccnBOB 1 KOMMA. OHM TOXE MMEKOT CBOM 0COBEHHOCTW, HanpuMep, X
MOXHO MPUMEHWUTb He TOAbKO K Tenam, Ho u K 3D noctpoeHusam. Onepauus CMMMeETPUM
NO3BONISIET He TONbKO CO34aBaTb 3epKasbHYIO KOMWUIO, HO W yAanaTb UCXOAHYH (MepeHOCUTb C
3epKasibHbIM OTOBpaXxeHneM), onuma NoaesHa, Hanpumep, NPy Co3JaHUN B OAHOW MOAENN fBYX
3epKa/ibHbIX BapuaHTOB, W, ecaM oOTobpaxkeHwe nNpaBOro/NeBOro BapwaHTa YynpaBaseTcs
nepemMeHHoW. B 3aBucumocTn oT cnocoba co3gaHus MOTyT MOJy4yaTcs pasHble MaccvBbl —



J'IVIHeI\/’IHbIe, Kpyrosble, no TO4YkamM W” T.A. Onepau,vm CO034aHnAa Konmnnm OoTanm4yaeTca ABYyMA
0CobeHHOCTAMM: CO34aHMe BCero O,CI,HOVI KON N BO3SMOXXHOCTb NOBEPHYTb KOMNHKO OTHOCUTENIbHO
opurnHaaa npun NOAb30BaHUK B Ka4eCTBE NPUBA3OK ABYX CUCTEM KOOpAUHAT (3a cuér opuneHTaunn
CNCTEMbI KOOPAMHAT 1 NPON3BOAUTCA MOBOPOT Konmw).

70 6bIN OUYeHb KpaTkmi 0630p MMEROLLUXCA B CUCTEME MHCTPYMEHTOB MozenvpoBaHusa. Kpome
OMMCaHHbIX CMOCOBOB OMTUMM3ALMM MOAEAMPOBAHMUA CYLLECTBYHOT W Apyrne BO3MOXHOCTU
YyNpPOCTUTb U YCKOPWUTb MOCTPOEHME MOAENN, OHWU MOTYT OTKPbIBaTbCA MOJIb30OBATENO MO Mepe
HabunpaHma onbiTa paboTbl C CUCTEMOW.
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Ncnonb3oBaHue anbTepHATUBHbIX CNOCOH60B NOCTPOEHMSA

N3yunB HekoTOpble CNOCOObI ONTMMMU3ALUN MOAEIMPOBaHWUS, MOMNpobyeM MnepecMoTpeTb
nopsAaok MnocTpoeHua Mogenn dnaaHua-nepexogHuka (Puc.10), pa3pabotaB pna  Heé
aNbTePHATUBHbIN cnocob noctpoeHuss Mogenn. OnTumwmsaums OyaeT HanpasiaeHa Ha
yMeHblleHVe konudectBa 3D-npoduneit (MMuHble NpeanouYTeHns aBTOpa), MX YMpPOLLeHWe wu
6onee WMpPoOKoe NCNOAb30BaHME BCOMOraTebHON reoMeTpum (naockocter u 3D y3nos).

Ana Hayana HEMHOrO MepPeoCMbIC/IM FeOMETPUIO AeTaan — TO, YTO B «H6a30BOW TEXHONOTUM»
CYMTaNoOChb BbIpE3OM Ans obseryeHna (M MNOAyyanocb TakK >Ke C MOMOLLbIO Bblpe3aHus)
npeAcTaBUM, Kak MPAMOYrObHbIN BbICTYM Ha 3aAHeN CTOpOHe, M Byaem CTPOWUTb ero yxe
«HapawmBaHnem». Takoe W3MeHeHMe OTHOLWEHWA K TeoOMeTpuUM MO3BOAAET MO-MHOMY
CNiaHMpPOBaTb NOPAJOK MOCTPOeHUA Modenn. MogennpoBaHne HauMHaeTCa ToXe C onepauumu
BpaLLEeHNs, HO NPW 3TOM CO34aéTcsA TOMbKO cam naHel, 6e3 BbiCTyna Ha 3ajHen CTOpPOHe
(Pnc.17,a). Tak e M3 AaHHOW onepauuu UCKIHYaEeTCA LEeHTpanbHOe OTBepcTve, OHO byaet
CTPOUTLCA OTAeNbHO. 3ateM BO dnaHLe co3jaeTcs rpynna KOHUEHTPUYECKMX OTBEPCTUN
(Pnc.17, 6), kak 1 B «6a30BOW» TEXHONOTUW (BbITalKMBaHWE TeNa OAHOrO OTBEPCTUS — KPYrOBOM
MaccuB 3TUX Ten — 6yneBo BbluMTaHue). JInbo MOXHO co3gatb mMaccvB 3D-y3710B, U CTPOUTH
KOMaHZOW «OTBEPCTME» CPa3y MacCMB OTBEPCTUN.

Puc. 17 - AnbTepHaTUBHBIV NOPAAOK NOCTPOEHUs Mogean GaaHLa-nepexosHmKa

3atem HeO6XO,£I,VIMO onpeaennTb B3aMMOCBA3N MeXAY OCTaJIbHbIMU SneMeHTaMUN MOAENN:

LeHTpaNbHOe ryxoe OTBepPCTUe HEBO3MOXHO CO3/4aTb, MOKa HE CO3/aH BbICTYM Ha
3aAHeu ctopoHe paHLa;
pasvanbHOe OTBEPCTME HEBO3MOXHO CO3/aTb, MOKa He CO3ZaH BbICTYN Ha 3aHel
cTopoHe dnaHLa 1 nbicka. ELLE xenatesbHO Haanuyme LeHTPasbHOIO OTBEpCTUS (B
3aBMCMMOCTU OT crnocoba co3aaHns paananbHOro OTBEPCTUS);
4TOOBbI LWMPMHA BbICTYMNa CTPOrO COOTBETCTBOBANA LUMPUHE /IbICKM, HEOBXOAMMO
CO34aHue CHavana /ibicku, a 3aTeM BbICTyna (MOXHO, KOHEYHO, U HA0HOPOT).
To ecTb monyyaem chnefyrolmii NOPAAOK MOCTPOEHMUS: /ibiCka — BbICTYM Ha 3ajHen CTOpOHe
dnaHLUa — LeHTpanbHOe OTBEPCTUE — pagnanbHoe oTBepcTure. [Npn 3ToM Hago 06paTUTb BHUMaHWE
Ha TO, UTO /bICKA Y>Ke He pacCMaTpUBAETCs B KaYeCcTBe «NepeMeHHOro» 3/1eMeHTa, Kak B NEPBOM



BapuaHTe. 3Aer Ha e& Haanume 3aBA3blBaETCA nocTpoeHme 4actn Mogenn, u, B cCiay4ae
NCKNHOYEHMA NbICKN N3 KOHCTPYKUKMW AeTann, NOpPAAOK MOCTPOEHUA I'IpVIAéTCFl nepecMmatTpumBaThb.

Ana co3panna nbickn Bysem Mcnoab3oBaTb OTCEYEHME MO NIOCKOCTW. [Tpn 3TOM, 4TOObI WKpKHa
NbiCKK Bcerga 6bina paBHa 40 MM, OTCeKarolyr MIOCKOCTb HEOHBXOAMMO CTPOUTb MO TOYKE,
Nexkallen Ha Kpyrosom pebpe ¢naHua Ha pacctofHum 20 MM OT FOPM3OHTaIbHOM MAOCKOCTM
cummeTpum dnaHua. [as atoro cosgaétca pabouyas MAockocTb co cMmelleHnem 20 mMm OT
rOpM30HTaNbHOW MaockocTn 1 3D y3en Ha nepeceveHnn KpyroBoro pebpa C 3TO MAOCKOCTbIO
(Puc.17, B, 1).

BbicTyn Ha 3agHen CTOpOHe HeobXOoAMMO CTPOUTb BbITaNKMBAHMEM, HO 3TO MOXHO
caenatb un 6e3 yepueHuns 3D npoduna. s BbITaNKMBaHUA MOXHO UCNOAb30BaTb PeBPO NbiCKK,
NPV 3TOM Mbl FaPaHTUPOBAHHO MOJyYaeM PaBEHCTBO LUMPWHbI NbICKM M BbICTyNa. Tak Kak no
NCXOAHOMY YCNOBUIO AnameTp dnaHua MOXET MEHATbCA, HaM Heobxoamma NpuBA3Ka, KOTOpas
byaeT obecneymBaTb U3MEHEHWNE AJINHBI BbITaNKMBaHUSA U HEOBXOANMbIA OTCTYN TopLa BbICTyNa
OT NAOCKOCTN CUMMETPUM (4TODbI LIeHTPasibHOE OTBEPCTME rapaHTMPOBAHHO ObIN0 3aKPbITO 3TUM
BbICTyrnom). [lns 3Toro co3zaércs naockoCTb, NapannefbHas BEPTUKaNIbHOW OCEBOW NAOCKOCTU C
HeobXOANMbIM CMELLEHMEM, BbiTafKMBaHWe pebpa NPOn3BOAUTCA A0 3Ton naockoctn (Puc.17, g;
nocne 6yneeoro cnoxeHus — Pnc.17, e). Eé MOXHO MCNOAb30BaTh M ANA 3aJaHNA HanpaBieHUs
BblTaKMBaHWS.

LleHTpanbHOe OTBEpCTME CO3JaETCA KOMaHAOW «OTBepCTMe» — eé peAakTMpoBaHue B
fanbHenwemM MOXeT ObiTb ropasgo yaobHee pesaktupoBaHus 3D-npodwuns. Ana npuBasku
OTBEpCTMA NpesBapuTenbHO co3aaétca 3D-y3en B ueHTpe kpyrosoro pebpa Topua (Puc.17, x), oH
MOXeT BbITb co34aH Npu pucoBaHum 3D npoburna ana onepaunmn BpaLLeHus.

AHanornyHo cosgaértca bokoBoe (pagnanbHoe) oTBepcTue. 3D y3en ana Hero cTpowuTca
Ha nepeceyeHNN MAOCKOW rPaHWN NbICKWN, FOPU3OHTaZIbHOM MIOCKOCTU CUMMETPUN U MAOCKOCTH,
cpeAHen Mexay AByma Topuamu (onumsa «noctpoutb P mexay asyma Pll»). Oteepcrtue
CO34aETCA Ccpasy C pacTOYKOW (CTyneHuyaToe), a raybuHa 3asaétcsa cnocoboM «Ao creayroLlen
rPaHW» C BKJILOYEHHOW OMUMeN «y4yeCTb Hernaockme rpaHum» (Mpy 3TOM OHO rapaHTUPOBaHO
BbIXOAWT B LeHTpanbHoe oTBepcTume; Pnc.17, 3).

B 3aBepLueHme 0CTaétca BbINOAHUTL Gacky Ha Hapy>XKHOM AnameTtpe ¢aHLa U BCTaBUTb
dparmeHT wryuepa (Pnc.17, n). B uenom, aToT BapmaHT NOCTPOEHUA MOAENN He TaK YX CUIbHO
oT/MyaeTca oT «ba3oBoro». CpaBHeHMe cCNocob0oB NOCTPOeHMA (MO AepeBy NOCTPOEHNA MOAenN)
npuBegeHo Ha Puc.19. KonnuectBo «dpopmoobpasyrowmx» onepalmin ocTanocb MPeXHUM, HO
HamMHOro meHble ctano 3D npodwunen, M COOTBETCTBEHHO, MpPOEKUMMA (OHM CO3AatoTCA
aBTOMAaTMYEeCKN MPW Hayase YepyeHns Ha rpaHn). Yucno pabounx NaockocTer ToXe paBHO, HO B
nepBOM BapWaHTe OHW aBTOMaTU4eCkM CO3AaBaanCh Ha rpaHsax (Mpv yepyeHun 3D npodunent), a
BO BTOPOM BapuWaHTe MAOCKOCTU WCMOAb30Ba/MCb A/ HEOOXOAUMbBIX TFeOMeTpUYeCcKnX
NMOCTPOEHWUA.

MopAaAOK NOCTPOEHNA 3TOM MOAENN MOXHO U3MeHUTb bosiee pagnKanbHO, MO-APYyromy
CrpynnupoBaB 31eMeHTbl geTann. Ecam paccmoTpeTs npoduab BpaleHa BO BTOPOM BapuaHTe
(Puc.17, a), To BUAHO, OH J0BOJILHO NPOCTOr. CTPOUTCA NAOCKUA ANCK C HEOONBLINM BbICTYMOM,
BpallaTb Takne MpocTble Npoduanm 0coboro cmbiCna HET, €Can BMEeCTO 3TOro MPUMEHUMO
BbITa/IKMBaHMe. Takke BWAHO, UYTO N KOHLUEHTpUUeckne oTBepcTva $aaHua, v AbiCKy MOXHO
MONyYNTb OAHOW oOnepauuel BbiTaJKMBaHVA BMeCTe C HapY>XKHOW MOBEPXHOCTbIO ¢aHLa,
MO3TOMYy B BapuaHTe «aJbTePHATUBHbIN-2» MEpPBOW onepauvein byaeT MMEHHO BbiTa/lKMBaHWE
(6e3 yuéTa BbICTyna Ha 3ajHeun CTOPOHE, He CO CTOPOHbI yMaoTHeHus, Puc.18, a). 3aecb ctout
06paTnTb BHMMaHWe Ha OTBEPCTUSA, €CAN UX KONMYECTBO HEe MEHAETCA MPU U3MEHEeHUN jrnamMeTpa
dnaHua (a OH, MO YCNOBUIO MEPEMEHHbIN), TO HUKaKMX Npobaem He ByaeT. A ecam KOMYeCTBO
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OTBEPCTUN MOXET U3MEHATbCS, TO WX BCE XKe Jyulle BbINOJHATb OTAENbHO (MacCMBOM) OT
HapYy>XHOro KOHTYpa.

a 6 B
Puc. 18 - «AnbTepHaTUBHbIV-2» NOPAAOK NOCTPOEHUA Mogenn GpaaHLa-nepexosHunka (pparMeHTs)

BbicTyn Ha Topue dnaHua NOCTpouMM OTAenbHO C ByneBor onepauuen cnoxenus. Cpasy >xe
MOXHO czenatb $acky Ha 3TOM BbICTyNe, OHa HWYEMy He MoMmellaeT, Tak Kak JanbHenLmx
MOCTPOEHUIA Ha 3TUX MOBEPXHOCTAX He byaeT (Puc.18, 6). Hanvume ynaoTHUTENbHOrO BbICTyNa
CHW>KaeT OMTUMaJIbHOCTb TaKOro NopsAKa MOCTPOEHNA MOAENN, TOPa3A0 ydlle OH Obl MOAOLLEN
K pAaHLy € NAOCKMM TOPLIOM.

0az0BbIil BAPHAHT albTePHATHBHBII BAPHAHT aNbTepPHATHBHEIH-2 BapHaHT
4 53D MNocrpoenna 4 [13D Moctpoerna {4 13D Noctpoenna
I 5930 Mpodwunn [6] b 30 Npoduam [2] b F930 Npodwmnn 3]
B 530 Y30 [2] b 530 ¥3nm [5] b 5930 Yane [1]
I- [ PaGoune nnockoctw [8] I 5 PaBoune nnockoctu [8] b 5 PaBoune nnockocti [6]
I 5 Cucremer koopaunar [1] b = CueTemer koopauHar [1] I ] CueTemel koopgunar [1]
I+ 5 TeoMEeTpHYECKNE 3NEMEHTEI I [ TeomeTpuyeckne 3nemeHTsl I» 5 TeomeTpuyeckne snemeHTsl
£ Matepuane [1] b 5 Marepwans [1] [ Marepwane [1]
b £ Onepauuu I 5 Onepauymm I Onepauyuu
b 5 Mpoexwan [6] I £ Npoekyyn [2] b 5 Mpoekuan [2]
+ () dnareu-nepexogruk + () dnareu-nepexoannk + () dnavey
4 ﬁ Bpawenme 1 > ﬁ Bpawerne_1 [ @Bbwanmsawe_l
= [ oTeepcTia dnaHLa = [ oTeepcTua dnaHya b B @ seicTyn ynnoTHeHNA
b B @ neicka b Bgneicka b &P backa
b B {# bokosoe oTeepcTie b G P ebicTyn b B esicryn
b B P pactouka nod LWTyuep b [& uerTpantHoe oteepcTie b [G) ueHTpaneHoe oTEEpCTHE
b B @@ esipes-oBneruenne b [G Bokesoe otaepcTue b B Gokosoe oTeepcTue
b &P packa b (P dacka b B G300 dparment_l (< OBesnnukas L
b 330 dparment 1 (<06esnmukarliyuepn - B30 dparment 1 («Obesnnuka>Wryuep np b+ B30 dparment_1 (<06esnnuka> Wryuep np

Pnc.19 - CpaBHeHne cnocoboB NOCTPOEHNA MOAENMN MO AepeBy NOCTPOEHUA

MocTpoeHune BbICTyNa Ha 3aJHeil CTOPOHE WU LeHTPasbHOro OTBEPCTUS OCTaBMM, Kak BO BTOPOM
BapuaHTe (Pnc.17, a-x), bokoBoe OTBEpPCTUE CAeNnaeM, Kak B NEPBOM - BbITaNKMBaHWEM, HO He
cTyneH4atbiM 1 6e3 pactouku (Puc.18, B; BbITankmBaHMe MCMOAb3yeM MOTOMY, YTO OTBepCTue
noay4yaetcs npocroe). Eé caenaem npamMo No Mogenu wTyuepa — BCTaBAAeM ero Kak ¢parMeHT ¢
HY>XHbIM 3arnybneHnem (Ha rnybuHy pacTtouku) n BblumTaem 6yseBOW onepaumen, ocTaBaAas B
cueHe (Pnc.18, r). Takon cnocob obecneunBaeT COOTBETCTBME PACTOUKM pa3Mepy LWTyLepa. ITO
Ba>XHO MpW ero M3MEeHEeHWW, Hanpumep, B ciyvae J06aBNeHMA HOBbIX BapUaHTOB NepexoAHmnKa
nog, Apyrve coefnHUTebHble pa3mMepbl TEXHONOTMYECKOro pykasa. B gaHHOM moctpoeHumn 31o
onpaBAaHo, Tak Kak Mogenb ¢GaaHua oTAeNbHO OT WTyLlepa UCnoab30oBaTh He naaHupyetca. Ho
ob6s3aTesbHO NpoBepseM, YTOObl OTBEpPCTME B WTyLepe He 6bino Hosble HOKOBOro oTBepCTUS
BO dnaHue, 1 UTobbl Ha Topue WTyuepa He H6b110 Gacok.



B Lienom Tpetuii BapmaHT OTANYaeTCA NpeAesibHO «Harpy>KeHHOW» MepBown onepaumen n
3aBMCUMMOCTBIO OT MOZEeNN WTyuepa (B NepBbIX ABYX BapnaHTax reomMeTpus nepexoAHnka oT Hero
He 3aBucena).

BapvaHTOB MOCTpOEHMA 3TON MOogenun, Kak 1 1tobown Apyrov Mmoaenn BooblLue, MOXHO NpuaymaTb
elweé MHoro. Kaxapli U3 HUX MMeeT CBOM MpPeuMMYLLEecTBa W HeAOCTaTKM, a TakxKe MOXeT
HaknazZbiBaTb OMpejenéHHble orpaHuvyeHuns. Ecav nepes Hauyanom MOCTPOEHWA MoOAenu
npopaboTtaTb pa3Hble BapwaHTbl, TO BCErAa MOXHO MONyYUTb Hambosnee OMNTUMANbHYHO
«TEXHONOTMIO», B TOM UMCAE KaK pe3yabTaT COBMELLEHMA Heckobknx. ONTManbHOCTb cnocoba
MOCTPOEHUA ONPeAENSETCA B TOM UNCIE U INYHBIMU NPEANOYTEHNAMM NOAb30BaTeNs, HO, YTOObI
nx chopmmnpoBaTb, HEO6XOANMO NOMPO6OBaTh PasHble NPUEMbI MOAENNPOBAHNA U BbIOpaTb 13
HWX Te, KOTopble AnA Hero ByayT 6onee npeanoYTUTENbHBIMU. B KOHEUHOM UTOre MOBbIWEHME
3PPEKTUBHOCTU pPabOTbl C CUCTEMOW MOXKET ObITb AOCTUFHYTO MMEHHO 3a CYET BblbOpa
nosb3oBaTeneM Hanbonee yaobHoro ans cebs cnocoba MoAenMpPOBaHNA Pa3HbIX KOHCTPYKLMNA.
Lenbto 3TOM cTaTbl M ObNO NOBYxXAeHMEe HauumHarowmx nonb3osatenen CAMP k 6onee
BHMMaTe/NIbHOMY M3y4YeHMo 6a30BbIX MHCTPYMEHTOB M X BO3MOXHOCTEW, U eCan eé n3yyeHue
MO3BONUT UMTaTeNIt0 PacCUMPUTL WCMOb3yeMbI  QYHKLMOHAA, TO LeNb MOXHO CuyuTaThb
[OCTUTHYTOW.
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3arpy3ka yyebHoro nocobus
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