MeTtoanuyeckue MaTepHasIbl
10 JUCHUIIJINHE
«Cospemennble cucreMbl CAD/CAE B MAIIMHOCTPOCHUID)

OpeanuzayuoHHo-memooudecKue Mamepuanbl no U3y4eHuro OUCYUNIUHbL
«Cospemennvie cucmemvt CAD/CAE 6 mawunocmpoenuuy.

Huctummmaa «CoBpemennbie cuctembl CAD/CAE B MalmmHOCTPOSHUW» OTHOCHTCSA K 0a30BOMY
UKy JUCHUIUIMH 10 TIOATOTOBKE OakamaBpoB HampasieHus 15.03.05 «KoHCTpyKTOpCKO-
TEXHOJIOTNYeCKoe o0ecrieueHre MAITMHOCTPOUTENbHBIX MPOU3BOACTBY Mpodmis «TexHonorus ma-
LIMHOCTPOEHUs». JMCIUIUIMHA CONEPKUT TEOPETUYECKYIO U ITPAKTUUECKYH0 yacTH. Kaxas yacte
UMEeT KaKk ayJuTOpHYI0 paldoTy C MpenojaBarelieM, Tak M CaMOCTOSTeNlbHYI0 paboty. Pabouas
nporpaMma JIMCUUILIMHBI pa3paboTaHa Ha OCHOBE T'OCYIApPCTBEHHBIX 00Pa30BaTENIbHBIX CTAaHAPTOB
®I'OC BO wu orBevaer TpeOOBaHHUS IO pacIpeeieHHI0 OI0KeTa BpEMEHH Ha M3y4eHHE JIUCITH-
IUIMHBI MEXly ayJIUTOPHOM U CaMOCTOSATENBHOM paboTOM.

TeopeTnueckasi 4acTh TUCHUILUIHHBI COIEPKUT- 5 pa3/aeioB:

1. Onements! ynpasnenus CAD
- OCHOBHBIEC TIOHSTHS YEPTEKa; METOJIbI MOCTPOCHHSI YepTeka; KpaTKUe MHCTPYKIMH IO
uHTepdelicy Moab30BaTeNs; YIpaBlIeHUE JOKYMEHTAMHU; OKHO TEKYIIEro 4epTeka; CO-
3/IaHUE U PEeIaKTUPOBAHUE JIECMEHTOB YepTexka; 3aJJaHue OOIINX MapaMeTPOB AJIEMEHTOB
CUCTEMBI; yIIPABIEHUE BUIUMOCTbIO JIEMEHTOB.
2. OcHoBBI. 2D npoeKTUpPOBaHUE U YepPUCHUE
- 3JIEMEHTBI TIOCTPOCHUS; CO3/IaHUE M300PaKCHUS YEPTEKa; PelaKTUPOBAHHIE YEPTEXKa; 3a-
MeHa 2JIEMEHTOB; MepeMEHHbIE; padoTa B peAaKTOPE MEPEMEHHBIX; JIEMEHThI YIIPABICHUS; CO-
3/IaHUE JIUaJiora; Co3aHne COOPOYHBIX YepTekei; 0(hOpMIIEHUE YEPTEKEH.
3. Tpéxmepnoe moaenmupoBanue. 3D
- 3D monenupoBanue ; 35eMeHTsl u onepauuu B 3D; Padota ¢ oknom 3D Buga; 3D anemen-
Tl HocTpoeHus; OcHoBHbIe onepaiuu 3D monenupoBanus; coopounsie 3D monenu; 2D npoek-
UU. co3fanue yeprexeit mo 3D MozaensaMm; cepBucHble 3D MHCTPYMEHTBI U 3JI€MEHTHI; HHCTPY-
MeHTBI aHanu3a 3D monenu.
4. KoHe4YHO-AIeMEHTHBIN
- MoJienu; 00paboTKa pe3ynbTaToB; CTATUYECKUM aHAIN3; TMHAMUYECKUN aHaIu3
5. JluHaMuuyecKkue pacy€Thl U aHAJIU3 IPOCTPAHCTBEHHBIX MEXaHUUECKUX CUCTEM
- TIpaBMJIA BBHINIOJHEHUS AMHAMMUYECKOTO pacuéra; CO3JaHHe HarpyXXeHWil; co3aHue JaT-
4uKOB; BrinosiHeHuE pacuéra



KpaTkuii KOHCIIEKT JIeKIuil

|. CTEP’)KHEBBIE CUCTEMBI
1.1. CAD/CAE.

CAE (anr1. Computer-aided engineering) — oOmiee Ha3BaHHE ISl IPOTPaMM U
IMPpOIrpaMMHBIX IMAKCTOB, NPCAHAZSHAYCHHBIX JII PCHICHHA PA3JIMYHBIX HHIKCHCP-
HBIX 3aJa4. paC‘IéTOB, aHaJIn3a U CUMYJIIINUN (1)H3H‘{€CKI/IX IMponIcCCOB. PacuéTtHas
4aCThb IMAaKCTOB YallC BCCTO OCHOBAHA HA YHCJICHHBIX MCTOOAX PCIICHUA zqube-
PCHOUAJIBHBIX ypaBHeHI/Iﬁ (CM.I MCTOJ KOHCYHBLIX 3JICMCHTOB, MCTOA KOHCYHBIX
00BEMOB, METO/T KOHEYHBIX PA3HOCTEH U JIp.).

CoBpeMeHHbIE CHUCTEMBbl MHXKEHEPHOTO aHalu3a (MM CHUCTEeMbl aBTOMAaTHU3alluu
umkeHepHbIx pacuétoB) (CAE) mpumenstorcs coBmectHo ¢ CAD-cucremamu (3a-
YacTyl0 HHTETPUPYIOTCS B HHUX, B O3TOM ClIydae IMOJy4arOTCsl THUOPHIIHBIC
CAD/CAE-cucrembr).

CAE-cucteMbl — 3TO pa3HOOOpa3HbIe MPOTPaMMHBIE MPOAYKTHI, MO3BOJISIONINE
MIPU TTOMOIIM PaCUETHBIX METOJOB (METO KOHEYHBIX 2JIEMEHTOB, METOJI KOHEYHBIX
pPa3HOCTEM, METOJ, KOHEUHBIX 00BEMOB) OIIEHUTDH, KaK MOBEIET ce0s1 KOMIBIOTED-
Hasi MOJICJIb U3/ICNIHS B PeaIbHbIX YCIOBUAX dKcIuTyatanuu. [ToMoraroT yoenuThes
B pabOTOCIIOCOOHOCTH H3JeNus, 0e3 MpHUBJICUYCHUS OOJBIINX 3aTpaT BPEMEHH U
CpE/ICTB.

1. JlenTOouHBIi UHTepdeiic
B nenrounom uHTEpdeiice KoMaH bl pacipeiesieHbl o BkiaakaMm. HazBanue kax-
JIOM BKJIQJIKK OTpakaeT cojiepxkumMoe. MKoHKU KoMaH ] OObEIMHEHBI B TPYIIIIHI.

. MaHenb 6bICTPOro AoCTyna _ 3a|<;|aﬂ|<m . HassaHm rpynn .
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Crine MocTpoeHns Onepaymum Paclunpertbie CreunansHbie JonenHuTe..,

B 3aronoBke okHa HaXOIUTCS IaHENb OBICTPOTrO JOCTYIA, Ha KOTOPOM PacIoio-
YKEHbI KOMaHJIbI JIJIsi paboThl ¢ qokymeHToM: 2D Jlerans, 3D Jletanb, OTKpHITH,
Coxpanutb, OT™MeHUTh AeictBue, [IoBTOpUTH AeiicTBHE. DTH KOMaH/bI JOCTYHbI
BCErJla M H € 3aBUCSAT O T aKTUBHOM B KJIaJKHU. 3JIECh K€ HaXOJIUTCSI KOMaH/1a BbI30-
Ba KoMaH bl [lapameTphl ToKyMeHTa.
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Berog,

B npaBom BepxHEM YTy HaXOMASTCS: MOJIE 1 JiE OTOOpaKEHUSI UHTETPpaIuU C CH-
cremort T-FLEX DOCs , BbIllaiaroiiee MEHIO CIIPABKH , BBITIAIAI0IIEE MEHIO
HACTPOEK CUCTEMBI , KOMaH/a JIsl OTOOpakKeHUs OKHA MPUBETCTBUS , KOMaH1a JJIst
BKJIFOUECHUS MOJIHOOKPAHHOT'O PEXKUMA.

SO T-FLEXDOCs = | = O

5 [iEj ,-’i I___ 85 Mpoekumsa @ ConpaseHna ™
- ) Loy Pazmep |~ Mepemerneble
Mpumutes Mpadn uctoecid Jedopmaumn
- - METANN ™ - ?} Mpeobpasosarme [F] Mpynne
CneynaneHele JonocaruTensHo

Ecau Heckobko PaBHOLCHHBIX KOMAH/ B JICHTC O6’I)CI[I/IHCHI>I B BBIHaI[aIOH_II/Iﬁ
CIIMCOK, TO ITOCJICOHAA BBI6paHHaH KOMaHJa 3allOMHUHACTCA.
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JInHelika moka3pIBaeT KOOPAMHATHI IO OCSIM X M Y TEKYILIETrO OKHA YepTexka.

OKHO TeKyIIero 4epreka OKHO JIJIsl BhIBOJA M300pakeHus ueprexka. Cosnanue u
PEIAKTUPOBAHUE YEPTEKEHN ITPOUCXOAUT TOJIBKO B 3TOM OKHE.

ABTOMEHIO - MUKTOrpaduuecKoe MEHIO, TTOKa3bIBAET JOCTYITHBIC OIIMH TEKYIIeH
KoMaHAbl. Eciii He 3a71aHa TeKyasi KoMaHaa, MoJjie OCTaETCs MyCThIM.

CraTycHasi CTpOKa COJICPKUT UMSI TEKYIIEW KOMaH/IbI, MMOJICKAa3Ky JJIsl MMOJIb30Ba-
TEJIsl, 3HAYCHUS TEKYIMX KOOpPAMHAT X U Y, a TaKKE 3HAYCHUE JTOTMOJHUTEILHOU
KOOPAMHATHI (B 3aBUCUMOCTHU OT TEKYLIEH

KOMAaH/Ibl).

3akJa Ky CTPaHUIL CITY>KaT I OBICTPOTrO NEPEMEICHUsI TI0 CTPAHUIIAM TEKYIIETO
MHOT'OCTPAaHUYHOTO JAOKyMeHTa. {15 mepexona Ha HY)KHYIO CTpaHHUIly HEOO0XO.I1-
MO BBIOpaTh €€ 3akiaAKy. Eciiu cTpaHuIla JOKYMEHTa CKPbITa, COOTBETCTBYIOIIAS
el 3aKJaJKa He 0TOOpaXkaeTcs.

3aKagKu IOKYMEHTOB CJIYXkaT JJisl OBICTPOTO MEpPEMENIEHHUS 10 OTKPBITHIM JTOKY-
MeHTaMm. J1Jist mepexojia B OKHO HY>KHOTO JJOKYMEHTa HE0OXOAMMO BBIOpATh €ro 3a-



KJIQJIKY.

Kondurypanus guanorossix anemenToB yrpasienus T-FLEX CAD (npucytcTBue
Y TI0JIOKEHHE DJIEMEHTOB) MOKET OBITh M3MEHEHA T10 JKEJIAaHUIO MoJIb30oBaTens. Jis
ATOTO MOKHO BOCHOJIb30BaThCs IMMyHKTOM MeHIo Hactpolika > Okna nnu HacTtpoii-
ka > HacTtpolika....

2. OCHOBHBIE ITOHATHUSA YEPTEXA

Cucrema T-FLEX CAD wucnosb3yeTr OpH CO3AaHUM YEPTEKA HECKOJIBKO THIIOB
AIIEMEHTOB.

OnemeHThl noctpoeHus. PopMUPYIOT Kapkac yepreka. C HUMU CBA3aHBI 3JIEMEH-
Thl U300PAKEHUS, KOTOPBIE U SBIIAIOTCS TEM pealbHbIM M300pa’K€HHUEM, KOTOPOE
MBI XOTHUM B UTOre MOJay4uTbh. K snemMeHTaM MOCTPOEHHS] OTHOCSTCS JIMHHM I10-
CTpOEHHMSI U y3Jibl. JINHUM MOCTPOEHUSI U Y3JIbIl — OCHOBHBIE DJIEMEHTHI, (POPMUPY-
IOLIME [TApaMETPUUECKYIO MOJENb yepTexa. [1o aHanoruu ¢ 4epyeHueM ux MOXKHO
CPaBHUTb C TOHKMMH KapaHJAIIHbIMHU JIMHUSAMH, KOTOpbIE 3aTe€M OOBOASTCS TY-
1pt0. C MOMOIIBIO 33aJ1aHUs Pa3JUYHBIX TUIIOB JIMHUW ITOCTPOEHUS U y3JI0B yCTa-
HABJIMBAETCS B3aUMOCBS3b 3JIEMEHTOB IIOCTPOEHUS U ONpPEAEIISIETCs MOPSAOK pac-
4€Ta MX IOJIOXKEHUS MPHU MapaMeTpUYEeCKOM HM3MEHeHuH deprexka. OHu npHCyT-
CTBYIOT TOJIbKO Ha dKPAaHE W HE BBIBOJATCS HA MPUHTEP WU IUIOTTEDP, & TAKKE HE
AKCIIOPTUPYIOTCA.

OneMeHThl n300pakeHus. PopMUPYIOT H300pakeHHe dYepTexka. K aiemeHTam
U300pKEHHUSI OTHOCSTCS JIMHUM H300paKEeHHsI, pa3Mepbl, TEKCThI, IITPUXOBKH,
JIOMYCKH (POPMBI M PACIIOJIOKEHUSI MOBEPXHOCTEN U T.J. OHU MOTYT «IIPHUBS3bI-
BaTbCs» K 3JIEMEHTaM NOCTpOeHUs1. B 3ToM citydae, pu M3MEHEHHUH MOJI0KEHUS
JIMHUN TIOCTPOEHUS U y3JI0B, JIEMEHTHI U300pAKEHUS U3MEHSIOT CBOE MOJIOKEHHE,
YTO U SIBJIIETCS OCHOBHOM nueeil mapametpuzauun B T-FLEX CAD. Otu snemen-
ThI COCTABJIAIOT U300paKEHUE YepTEKa MPU BbIBOJIC HA MPUHTEP U ITUIOTTEP.

K BcnoMmoraTesnbHbIM 3JIEMEHTaM, HCIONB3YEMBIM B CHCTEME, OTHOCSTCS IEpe-
MEHHbIe, 0a3bl JAHHBIX, OTYETHI, @ TAK)KE HEKOTOPBIE APYTUE CIIyKEOHbIE JTaHHbIE.

3. DJieMeHTBbI MOCTPOEHHUs

JInanu mocrpoeHust - 370 0a30BbIE JIEMEHTHI MapaMmeTpuyeckord moxaenu B T-
FLEX CAD. Onu fBISIOTCS TOHKUMHA KOHCTPYKIMOHHBIMU JIMHUSMH, C TTIOMOILIBIO
KOTOPBIX BbI CO3/1a€TE MAPAMETPUUECKHAN KapKac Bamero yeprexa. K nuausam
MOCTPOEHUSI OTHOCATCA O€CKOHEUYHBIE MPSMBIE, OKPYKHOCTH, JUTUIICHI, CIUIAKHBI,
SKBUAMCTAHTHI, PYHKIMHU, TyTH. Ha sKpaHe TMHUM NOCTPOCHUS OTOOpaXaroTcs B
BU/JIEC IITPUXOBBIX JIMHUM.

Tunsl TMHUN TOCTPOEHUS U METOJBI UX CO3AaHUS MOJPOOHO OMHUCAHBI B CIEAYIO-
mMx riaaBax. Mcrnonb3ys pasiuyHble COCcOObl CO3AaHUS JIMHUN TOCTPOEHHUS, BbI
TEM CaMbIM OIpeJessieTe, Kak OyJeT U3MEHATHCS Balll YePTEXK NMPU U3MEHEHUU T10-
JOXKEHUSI KaKOW-1MO0O0 JIMHUU MOCTPOCHHUS, MOCKOJIbKY OCTaJIbHbIE JIMHUU OYIyT
KaKuM-JTH00 00pa3oM CBSI3aHBI C HEH.

¥3eu - 3T0 TOUKa, MOJI0KEHNE KOTOPOU 3aBUCHUT OT CIIOCO0a €ro CO3JaHus U



B3aMMOCBSI3M C APYTHMH JJIEMEHTAMH MOJEIHU. Y 3JIbI TAKXKE SBISIOTCS 0a30BBIM
AJIEMEHTOM co3/1anus napamerpudeckoit mosenu B T-FLEX CAD.

4. JneMeHTHI H300paKeHUS

JIlnnnu uzodpakenus - TuHUK, GOPMHUPYIOLIME OCHOBHOE N300paKEHHUE YEPTEKA.
K nuausM n300pakeHusi OTHOCSTCS OTPE3KU MPSIMBIX MEXKIY ABYMS y3JIaMU, MOJI-
HbIE€ JIMHUH NOCTPOEHUs (OKPYKHOCTH, CIUIAHHBI U T.J., KPOME OECKOHEYHBIX Mps-
MBIX), @ TAKXKE YYACTKH JJMHUN NOCTPOEHUS, OTPAHUYECHHbBIE ABYMS Y3JIaMH.

JIuaum u300paxkeHuss MOTYT OBITh Pa3JIMYHBIX THUIOB (CIUIOLIHBIE, OCHOBHBIE,
CIUIOLIHBIE TOHKHE, IITPUXOBBIE, IITPUXITYHKTUPHBIE U T.J.). OHHU MPUBSI3bIBAIOTCS
K y3JIaM U JIMHUSAM ITOCTPOCHUS.

IITpuXoBKM M 3aJMBKH - 3aMKHYTbIE OJHOKOHTYPHBIE MJIM MHOTOKOHTYPHBIE
00J1aCTH, 3aM0JIHEHHbIE PA3IMYHBIMU crtioco0aMu KOHTYpBI IITPUXOBOK MPUBS3HI-
BAIOTCA K Y3JIaM U JIMHKUAM IOCTpoeHUs. [Ipy n3aMeHeHnn noJI0KeHus y310B U3Me-
HAIOTCA KOHTYPBI IITPUXOBOK. IIpu 5TOM aBTOMaTHYECKU U3MEHSETCS 3all0JHEHNE
LITPUXOBOK B COOTBETCTBUU C U3BMEHEHUEM KOHTYPOB.

Pa3mep - cranaapTHbIN 21eMeHT odopmiieHUs yepTexxeid. COCTOUT U3 COBOKYITHO-
CTH JIMHUWA M TEKCTOBOW MH(popMmanuu. Pazmep co3ga€rcst Ha OCHOBE JIMHUMN MO-
ctpoerust u y3noB. Cucrema T-FLEX CAD nopaep:kuBaeT NpOCTAHOBKY pa3Mme-
poB Heckoubkux cranaaptoB: ECKJI, ANSI, apxurextypusiii ANSI. Pazmeps aB-
TOMAaTHYECKU U3MEHAIOTCS IPU NMAPAMETPUUECKOM U3MEHEHHUH YEPTEKA.

IMapamerpuyeckuii yepTéxk. IT0O OCHOBHOU pekuM padboTe cucteMbl T-FLEX C
AD. Hcnonb3ys npeumyniecTBa mnapamerpuyeckoro mnpoektupoBanus T-FLEX
CAD, BBl MOXKETE CO3/1aTh YEPTEK, KOTOPBIN OYJET JErKO U3MEHSTHCS M0 BallIEMY
*KenaHuto. Takke B bl MOXKETE MCIOJIb30BATh 3TOT YEPTEK B KAUECTBE AJIEMEHTA
napameTpuuecKkord OMOIMOTEKU ISl UCTIOIB30BaHUSI €T0 B JIPYruX, OoJjiee CIOXK-
HBIX, yepTexkax. [Ipu 3ToM Bbl MOKETE 33J]aBaTh €r0 MOJIOKEHUE U MapamMeTPhbl 15
U3MEHEHUS N300paKeHUSI.

Henapamerpuuyeckuil 4epTéx - 3¢Ku3. To ecTh uepTExX, CO3aHHBIA aHAIOTUYHO
O0onbiMHCTBY U3BeCTHBIX CAD-cucteM. UepTé&x CTpOUTCS C HUCHOJIB30BaHUEM
CTaHJapTHOTO HaOopa (YHKIMA CO3MaHUS PA3IMYHBIX MPUMHUTHUBOB (OTPE3KOB,
IyT, OKPYHOCTEM, SIIUICOB, CIIJIAfHOB U T.I1.)

U MeXaHu3Ma OOBEKTHBIX MPUBS30K. Takue 4epTeku He 00JaJaroT MpEeuMyIle-
CTBaMHU MapaMeTPUUECKUX YepTexen 1Mo 3P(HEeKTUBHOMY M3MEHEHHUIO MMapaMeTpoOB
(pa3mMepoB), OTHAKO UX CO3JAHHUE B PsJie CIy4YaeB MPOUCXOAUT OBICTPEEC U MOXKET
JIaTh BBIMTPBIII B TE€X CIydasiX, KOTJla He TpeOyeTcsl CYLIECTBEHHAs MOCIeyIoas
Mo U DUKALIHSL.

Co31aHue napaMeTpu4ecKoOro 4Yeprexa

[TpuBen€HHBIN HIKE PUCYHOK MPECTABISET CO00M 4epTEXK, KOTOPBIA MBI cCOOMpa-
eMCsl CO3/1aTh. DTO -TUIUTA CO CKBO3HBIM KOHHMUECKUM OTBepcTueM. UepTéx Oyner
MIPEJICTABIICH B MAPAMETPUIECKOM BHUJIE, ITOITOMY JTHO0BIE MOIUBUKAIIUN OYTyT
ABTOMATHUYECKU OTOOPAKATHCSI HA BCEX MPOCKITUSX.
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HaynéM mocTpoeHust ¢ TJIaBHOIO BHJIA IUINTHI. BHavasie BBINIOJHUM IOCTPOCHMS B
TOHKHUX JIMHUAX (JIMHUSAX IOCTPOEHHS), a 3aTeM cjiejJaeM OOBOAKY JIMHUAMU H300-
paxenus. Jlayiee, UCIIONB3Ysl JIMHUM MOCTPOCHHUSI OCHOBHOI'O BHUJA, TOCTPOUM JIBE
IPOEKILIMHU, C TEM, YTOOBI OHM W3MEHSUINCh IIPU U3MEHEHUU OCHOBHOTO Bujaa. Mc-
II0JIb3Ysl OTHOLIEHUS! MEXY JIMHUSAMH MOCTPOCHHMSI, C BSKEM ITPOCKLIUU MEXKIY CO-
OoM. 3aTeM HaHECEM TEKCT U pa3MeEpBI.
Emé pa3 oTMeTuM, 4To Kaxzaas KOMaHAa CUCTEMbl MOXKET OBbITh BbI3BaHA Pa3IHy-
HBIMHM CIIOCOOaMU: BBOJOM Ha3BaHMs B KOMaHJIHOW CTPOKE MPH MOMOUIM KJaBHa-
Typbl, BEIOOPOM M3 TEKCTOBOTO MEHIO WJIM MPU MOMOILY UHCTPYMEHTAIBHOW MaHe-
TN

5. DJieMeHTBhI OCTPOEHUS
Ipsimbie
[Ton monsiTueM “npsiMasi’” MPUHATO C YUTATh OECKOHEUYHBIE NPSIMbIE, KOTOPHIE OT-
HOCSITCSL K 2JIEMEHTaM MOCTPOEHUS U CIIY’aT B OCHOBHOM ISl CO3JaHUs MapaMeT-
pHUecKoro kKapkaca ueptexa. Ha skpane oToOpakatoTcs B BUJE TOHKUX LITPUXO-
BbIX JIMHHM.
Cy1ecTBYIOT pa3uyHble crocoObl co3fanus npsiMbeix. Hekotopele npsiMble sBIIS-
IOTCS HE3aBUCUMBIMU OT JAPYTUX 3JIEMEHTOB MOCTPOEHUs (Hampumep, MpocTo ro-
pU30OHTaNbHAS WM BEPTUKAJIbHAS IpsiMasi). DTH MpsMbIEe, KaK MPaBUIIO, SBISIIOTCS
CaMbIMH MEPBBIMU JUHUSAMU Ha yeprexe. Co3aB BEPTUKAIbHYIO U TOPU30HTAIIb-
HYIO JIMHUH, Bbl TEM CaMbIM cO37aeTe 0a30BbI€ JIMHUU, OTHOCUTEIBHO KOTOPBIX
OyIyT MOCTPOEHBI BCE OCTAJIbHBIE.
Hpyrue nuHuM TpeOyrOT IPU CBOEM CO3/JIaHMM YKAa3aHUS CBSI3AHHBIX C HUMH 3JIe-
MeHTOB. Hanmpumep, npsimas, kacaTelbHasi K JJBYM OKPYXHOCTSIM, TpeOyeT ykasa-
HUS 01<p|y>1<HOCTeﬁ, 8 TAKOKe BAPHAHTa KACAHMU1.

—




Psin croco6oB mocTpoeHus MpsIMBIX TpeOyeT 3ajaHusl KaKoro-iudo UYHCICHHOTO
reOMETPUYECKOro mnapaMmeTpa. Hampumep, mocTpoeHue NpsMOW, NapajuleIbHOU
JPYroi MpsIMOIl U paclojararomieicss oT He€ Ha KaKOM-JIM0O pacCTOAHUH. B aToM
cllydae HE0OXOIMMO, IMOMUMO YKAa3aHHs MCXOIHOM IpPSMOM, 3alaTh PAcCTOSHUE
MEXy NPSIMBIMHU.

ITpu nmocTpoeHnn NpsSMBIX HEOOXOAUMO YUYUTHIBATH, UYTO IOCIE CO3JIaHUS OJHOU
IPSIMOI ONIPEAENIEHHOIO TUIIA KOMaHAA OCTAaETCsA B PEKHUME IMOCTPOCHUS MPSAMBIX
sToro tuna. Hampumep, BpIOpaB onuuio <X> U MOCTPOUB JBE MEPECEKAIOLIUECS
npsiMble, MOXHO, HE BBIOMpAsi Ty OINILHUIO MOBTOPHO, CHOBA MOCTPOUTH JBE Iepe-
ceKarIuecs: npsMble. Takas BO3MOXHOCTb II03BOJIIET YCKOPUTh IIOCTPOCHHE
IPSMBIX JUHUN OJTHOTO TUIIA.

OxpyxkHOCTH

OxpyxHoct B T-FLEX C AD c¢ TposiTcs aHAJOTMYHO MNPSIMBIM - HPHU TTOMOIIA
YCTAaHOBJICHHUSI UX F€OMETPUUYECKHUX CBS3€M C JIPYTMMHU JIEMEHTAMH MOCTPOEHUSI.
Takumu CBSI3IMH MOTYT OBITh MOJIOKEHHE LEHTPa OKPYKHOCTHU B y3JI€, KaCaHUE K
psIMO, KaCaHHE K OKPYXHOCTH, IMPOXOKIEHUE Yepe3 y3ell, KOHLUEHTPHUYHOCTh
JIPYroi OKpY>KHOCTH, CHMMETPUYHOCTD JPYTOl OKPYKHOCTH.

OxkpyxHoctu B T-FLEX CAD M0XHO OTHECTH K IBYM OCHOBHBIM KaTE€TOPUSIM:

- OKPY’KHOCTH, paiiyC KOTOPBIX MOXHO 3aJaTh YMCJIIOBBIM 3HAYECHHEM (HAIPUMED,
OKPYHOCTb C LICHTPOM B Yy3JI€ UJIM OKPY’KHOCTb KacaTejabHas K IBYM IIPSIMbIM);

- OKPYKHOCTH, TOJIO)KEHHE U PaAUYyC KOTOPBIX OIPEAEIAIOTCS IMOCTPOCHUSIMHU
(HampuMep, OKPYKHOCTh, MPOXOASAIIAs Uepe3 TPH y37ia).

Ecnu oKkpy>XKHOCTh UMEET YMCIICHHBIM napameTp (paanyc), TO OH MOXKET ObITh 3a-
JlaH KOHCTAHTOW, IEPEMEHHON WM BbIpakeHHueM. s 3agaHus YMCIEHHOTO napa-
MeTpa MOKHO HMCIOJIb30BaTh OKHO CBOMCTB. CO3[al0TCSI OKPY>KHOCTH B KOMaH/IE
“C: IloctpouTh OKpYyKHOCTB . OTHOILIEHMS, 3aJaBAEMBIE IIPU CO3JaHUH OKPYKHO-
CTH, MOTYT OBbITh U3MEHEHBI.

DJIITMIICHI

Onmuncel B T-FLEX CAD cTposiTCsi aHalOTMYHO OKPY>KHOCTSIM — MHPH TTOMOIIHU
YCTaHOBJICHHUSI X F€OMETPUYECKHUX CBS3EM C JPYTMMH JIEMEHTAMH ITOCTPOEHUSI.
TakuMu cBsI3IMH MOTYT OBITh MOJIOKEHUE LIEHTpa JJUIMICA B y3Jie, KaCaHHe K
psIMOl, KacaHWE K OKPY>KHOCTH, IPOXOXKJIECHHUE Yepe3 y3€], CUMMETPHUYHOCTh
apyromy siaricy. Ha skpaHe 3JuIMIChl, Kak ¥ Ipyrye 3J1€MEHThI TOCTPOEHUS,
OTOOPAKAIOTCS TOHKOM IITPUXOBOM JIMHUEH.

Ommuncsl B T-FLEX CAD MOHO OTHECTH K IBYM OCHOBHBIM KaTErOPHUSIM:

- BJUIMIICHI, pa3Mep KOTOPBIX MOKHO 33/1aTh YUCIOBBIM 3HAUEHHUEM;



- OJUIMIICBI, ITOJIOKCHUC U Pa3MEP KOTOPBIX OMPCACIIACTCS IMOCTPOCHUCM.

DJIJIMIICHI, IOCTPOEHHBbIE HA 0CHOBe 2D nmpoexkuuu, 2D ¢pparmenTa uiam Konuu

Takue >JUIMICHI MOXKHO CO3JaTh TOTJA, KOT/la cucTeMa paboTaeT B pexXuMe 00b-
€KTHOW NPUBSA3KH, a TAKKE YCTAHOBJIEH COOTBETCTBYIOIIMM MApaMeTp B KOMaHIE
“SO: 3amars ycranoBku cucteMbl” Ha 3aknanke “Tlpusssku’. IlonBeaure Kypcop K
JMHUU U300pa)KeHUsl, SIBJSIOMICHCS AJUIMIICOM WIM JTyro 3JUIMICa W MpUHAIJIe-
xateit 2D npoeknun, 2D pparmenty win konuu. Jluaus noacseturcs. Haxmure.
Ha ocHoBe BbIOpaHHOM JTUHUU OyAET NOCTPOEH SJUIHIIC.

Y3l

VY3eun sBiseTcst TOUKOM, KOOPAUHATBHI KOTOPON PACCUUTBHIBAIOTCS B 3aBUCUMOCTHU OT
€ro IapaMeTpoB WM IOJOKEHUS APYTHX JJIEMEHTOB MOJEIU. Y3Jbl SABISIOTCS
BakHbIMU AnieMeHTamMu noctpoeHust T-FLEX CAD. Onu sSBIsIOTCS HaYaJIbHBIMU U
KOHEYHBIMH TOUYKaMU JUHUN n300paxeHus. OHU HANpPSIMYIO Y4acTBYIOT IMPHU CO-
3IaHUU OOJIBIIMHCTBA AJIEMEHTOB M300paxkeHusi. BaxkHyIO poJib UTPAIOT Y3IIbI U
IIPY CO3JAaHUH JINHUU ITOCTPOCHMUS.

CrnaiiHbl

C momompblo JIMHUI MOCTPOEHUSI — CIUIAHHOB Bbl MOXETE 3aJaBaTh Pa3JIMYHbIC
KpUBBIE JIMHUU. B oT/InuKe OT TMHUI OCTPOEHHUS — MPSAMBIX, CIIAWHBI UMEIOT KO-
HEYHYIO JUIMHY. B 11e710M e TpUHIUIBI padoThl CO CIUTAMHAMH HE OTJIMYAIOTCS OT
JIPYTUX JIMHUM TOCTPOEHUS: HA MEPECEUYECHUN WM B TOYKE KACAHMS MOXKET ObITh
CO3/aH y3ell, 110 CIUIaliHy MOKET ObITh CO3/1aHa JIUHUS N300paKEHUS U CETMEHT

KOHTYpa IITPUXOBKU. J{J1s1 BBIOOpA CIIJIAfHOB B Pa3IUYHbIX KOMaHJIaX UCHOJb3YeT-
cs onuus <S> (3Ta Ke KIIABMILA HCIIOIb3YEeTCS JUIsl BBIOOpA APYIMX KPHUBBIX —
(GyHKUMNA, 3KBUIUCTAHT, yTeil). B cucteme T-FLEX ncnosb3yroTcs criiaiiHbl TH-
na NURBS.

IKBHAUCTAHTLI

DOKBUIUCTAHTA — 3TO PAaBHOYAAJICHHAS KpUBasi K JIOOOMY F€OMETPUYECKOMY O0b-
exty. Co3gaeTcsi SKBUUCTAHTA Ha 0a3e yKe CYIIECTBYIONINX KPUBBIX (CILIAHHOB,
AJUIATICOB, (DYHKIIMI), €€ BHEIIHUN BHU ONMPEACISICTCS BHUIOM KPUBON M BEIINYH-
HOH CMEIIICHHSI, KOTOpasi MOKET OBITh 3a/1aHa C TIOMOIIBIO IIEPEMEHHOA.

JI7s TakuX 3J€MEHTOB CHUCTEMBI, KaK OKPY>KHOCTb U IpsiMasi, MPELYCMOTPEHO I10-
CTpOEHHE PAaBHOYMAJICHHBIX JIMHUM (IKBUIUCTAHT) HEMOCPEICTBEHHO MPHU UX IIO-
ctpoeHuu. Haubosiee TUMUUHBIM MPUMEHEHUEM IKBUAUCTAHTHI SIBJSCTCS] BhIUEP-
YyuBaHUE TPyOONnpoBoAOB. OUeHb y100HO MPOBECTH TOJBKO OCEBYIO JIMHUIO, a 3a-
TE€M MOCTPOUTH IKBUAUCTAHTHBIC IMHUM KOHTYPOB camoi TpyObl. Kpome Toro, sk-
BUJIUCTAHTHI IIMUPOKO MPUMEHSIOT MPU pa3pabOTKe CTPOUTEIBHBIX U apXUTEKTYp-
HBIX YEPTEKEH.

IMyrn

IlyTp — 3TO JIMHUA MTOCTPOECHUS, IPOXOIALIAsl YEPE3 MOCIECIOBATENBHYIO LETIOYKY
y37I0B. YUaCTKH MEXIY y3JIlaMd MOTYT OBITH MPSIMOJIMHEWHBIMU, JIMOO SIBISTHCA
YacThIO JIMHUUA TOCTPOECHUS, MPOXOIALIEH Yepe3 AaHHbIC aBa y3jia. MOXHO Hc-
M0JIb30BaTh JIMHUU NOCTPOCHHUS: IPSIMBIE, OKPY>KHOCTH, JUTUIICHI, CTUIANHBI,

a TAK)KE YK€ CYIIECTBYIOIINE ITYTH.

JIunum u3odpaxeHus



Jluaun m300pakeHusi - 3TO OCHOBHBIE TpaduuecKue IeMEHTHI, (OPMHUPYIOIINE
coOcTBeHHO n3o0paxkenue. [1o ananoruu ¢ paboToii 3a YEPTEKHON JOCKOU: JIMHUU
U300paKEHUS - ITO JIMHUU, OOBEJCHHBIEC TYIIBIO. JINHUM N300paXkKeHus CO3/1at0TCs
Ha OCHOBE JIMHUU IMOCTPOEHUS U Y3JIOB.

Cy1iecTBYIOT ClIeIyIOUIUE BUIbI TUHUN N300paKEHUS:

OTtpe3ok mpsMoN Mexay AByMs yinamu. Havano u KoHeIl JUHUHM H300paskeHUs
ONPEEIIAIOTCA MOJ0KEHUEM ITUX Y3JI0B.

[TonHast nuHUS nmocTpoeHus. Takas ATUHUS U300pakeHUs 3a1a€TCS TOIBKO JTMHUEN
nocTpoeHusl. B kadectBe 3amaronieil JMHUU MOCTPOCHUSI MOXKET CIY>KUTh JIMHUS
MOCTPOCHUS JTI000T0 THUIIA, 38 UCKIIFOUEHUEM MPSAMON (TaK Kak OHa OECKOHEYHA).
Y4acTOK JIMHAM TIOCTPOCHMSI, OTPAHWYCHHBIN ABYMs y3iMaMmu. Takas JUHUS W300-
pakeHHS 3a1a€TCsl TMHUEH MTOCTPOEHUS, ONPeaeIsIonel ee GopMy U AByMS y3Jia-
MU, OIIPEACIISIONIUMU €€ TPAHULIBI.

[Ipu co3nanuy JTUHUA WU300pAKEHUS] MOKHO HMCIOJIb30BaTh COOCTBEHHBIE THIIBI
auHui. Onucanue croco0a co3laHusi COOCTBEHHOTO THUIA JIMHUU TPUBEACHO B
rnaBe “Co3aaHue MoJib30BaTEIbCKUX JUHUM U IITPUXOBOK .

HITpuxoBKH, 32 TUBKHU

JInsi HaHeceHUs MITPUXOBOK WJIM 3aJIMBOK HEOOXOJMMO HCIONIb30BaTh KOMAaHIY
“H: Co3nmarb mTpuxoBKy . LLITpUXOBKH, MOMHMO CBOErO0 MPSIMOIO HA3HAYEHWS,
UCIIOJB3YIOTCS B HEKOTOPBIX JPYTUX LEJSIX: B KAY€CTBE KOHTYPOB YJaJCHUS He-
BUJIUMBIX JIMHUM, B Ka4eCTBE MPOodUIIeH, a TakKe B KaUeCTBE MCXOJHBIX JTaHHBIX
I co3nanus TpexmepHbix mojenei (B T-FLEX CAD 3D).

Pa3mepsl

B T-FLEX CAD noaziepxuBarOTCsl BCE TUIIBI pa3MEPOB, MPEAYCMOTPEHHBIE CTAH-
naptamu ECKJI, ANSI u AR _ANSI. ®ynakuun pabots! ¢ pazmepamu B T-FLEX C
AD y n00HBI U J1 €TKHM B p a00Te, K aK B IPOUYEM, U KOMaHbI JJIsl APYTUX DJIEMEH-
TOB O(pOPMJIICHUS YEPTEXKa.

B cucreme T-FLEX CAD pa3mepbl NIpuBA3aHbl K IPSMBIM JUHUSAM [OCTPOEHUS
WM U300paKeHUS U y371aM,3a UCKIIOUYEHUEM PaIuaIbHbIX U IMaMeTPaIbHBIX, MO-
JI0’)KEHUE KOTOPBIX OIpPEIEsETCS MOJIOKEHHEM OKPY>KHOCTH, Ha KOTOPON OHHU
MIPOCTABJICHBI.

2. TpéxmepHoe Moe/IMPOBaHUE

1. O6mue napamerpsl 3D 31emenTOB
Bce 3D snemMeHThl UMEIOT onpeieEHHbIN Habop napameTpoB. HekoTopble u3 3Tux
napamMeTpoB SBJISIOTCA OOLIMMHU JUIsl BCEX OOBEKTOB CUCTEMbBI, HE3aBUCUMO OT
Pa3MEepHOCTH, HEKOTOpbIe — TOJbKO 111 3D sneMmentoB. HekoTopble mapaMeTpsl
IPUCYIIH TOJBKO KOHKPETHBIM THUIAM O0BEKTOB. JlJis TOro, 4TOObI HE OMHUCHIBATH
noJIpoOHO 00IIME MapaMeTphl B KX 1011 I1aBe, ceslaéM 3TO OTJEIBHO OJUH pa3, a
B IJ1aBax, MOCBALICHHBIX OTIEIbHBIM 3JI€MEHTaM, Oy/IeM OCTaHaBJIMBATHCS TOJIBKO
Ha CIeUUaIbHbIX TapAMETPaXx.

2. 3D DjieMeHTHI NOCTPOEHUSA
Paboume niockocTu



Pabouas miaockocTh — 3TO BcoMorarenbHblid 3D 31eMeHT nocTpoeHus:, mpeIcTaB-
Jso1ui coboi o0pa3 reoMeTpuyeckoi miockoctu. OCHOBHOE Ha3HavYeHHE pado-
Yyeil IIOCKOCTH — MEPEHOC JBYXMEPHBIX OOBEKTOB uUepTeka B TPEXMEPHOE MPO-
CTPaHCTBO, CO3J]JaHUE HA UX OCHOBE IUIockUX 3D anementoB noctpoenus (3D y3-
noB, 3D mpoduneit, 3D nyredt u T.1m.). Kaxkmas pabouas miIocKocTh C Bs3aHa C
onpenenéHHon crpanuien 2D yeprexa. MoxHO ckazaTh, 4TO paboydasi TIOCKOCTh
ABJISIETCS CBSI3YIOIIMM 3BEHOM MEXIY CTpaHuULamu 2D deprexka U TpEXMEPHBIM
IIPOCTPAHCTBOM.

Kpome T oro, paboune MmIoCKOCTH HCIOIb3YIOTCS KaK BCIIOMOTATENbHBIE 3JIEMEH-
Tl B 0 MHOruX 3 D onepamusax. Hanpumep, ¢ UX IOMOLIBIO MOXKET 3a1aBaThCs
IJIOCKOCTh pacceueHusl Tena B oneparuu “OTrcedeHure’” Uiu MOJIOKEHUE CEKyIIeH
IUTOCKOCTH TPH co3ianuu cedeHus. Hopmanbio k pabodeil miockocTi MOKET ObITh
ONPEIEIICHO HAIIPABIICHUE BBITAIKWBAHUS WM OCh BPAILICHHUS], U T.II.

3. PaGouue moBepxXHOCTH

Paboune moBepXHOCTH — 3TO BcriomMoraTesibHble 3D 351eMeHThI, IPeACTaBIISIONINE
coboli 00pa3 reoMeTPUUECKOI ITOBEPXHOCTH OompeAeiaEHHoro Tuna. B kauecTse Ta-
KHX MOBEPXHOCTEH MOTYT MCHOJIb30BaThCs IMWIMHIP, chepa u Top. [lo dpyHKumo-
HaJIbHOMY HA3HAYEHUIO paboure MOBEPXHOCTU CXOXKHU C pabOUYMMHU MIOCKOCTIMHU.
B ocHOBHOM OHU npeAHa3HayeHbl i nepenoca 2D 00bekToB ueprexa B 3D mpo-
ctpancTBo. Kaxxnas paboyas mOBEpXHOCTh BCET/Ia CBsI3aHa C apaMeTPUUECKOU

00J1acThIO, pacrojokeHHON Ha cTpanule 2D ueprexxa. Ha ocHoBe miockoro 2D
M300paKEeHHUsI, JIeXKAIIETr0 Ha TaHHOM CTPAHMIIE, MOXHO CO3/1aTh BCIIOMOTaTeJIbHbIE
3D snemenTtsl (3D y31nbl, 3D npodunu, 3D nyTtH), KoTOpble OYAYT J€XKaTh Ha CO-



OTBETCTBYIOIICH paboyeil MOBEpXHOCTH — UJIUHIpPE, chepe uimu Tope.

4. CnocoObl co31aHus pado4uX MOBePXHOCTEN
CymiecTByeT Tpu criocoda co3ianus paboudeid MOBEpXHOCTH:
1. Co3znanue paboueil MOBEPXHOCTH IO CYIIECTBYIOIIEH reOMETPUUECKON OBEPX-
HOCTH COOTBETCTBYIOIIETO TUIA (MOBEPXHOCTU MMOA rpaHbio, 3D npoduiiem, npy-
roii pabodeil MOBEPXHOCTHIO). DTOT CHOCOO OBbLT MPUMEHEH B ONUCAHHBIX BHIIIE
npumepax.
2. Coznanue mpoM3BOJIBHONW paboueil MoBepXHOCTH (T.e. 0€3 MPUBSI3KH K UMEIO-
nmMcest B 3D Mozenu reoMeTpuyeckuM oBepxHoCTsIM) B 3D okHe.
3. Co3naHue MpoOU3BOJIBHOM paboueil MOBEpXHOCTH HAa OCHOBE 2D mocTpoeHuii (B
2D okHe).
3D V3abl
3D y3en — ato anementT T-FLEX CAD, o603Hauaromuii TOYKy B TpPEXMEPHOM TIPO-
ctpanctBe. OcHOBHOE npuMeHeHne 3D y31bl HaxXoAT B KauecTBE TOUYEK JUIsl MPU-
BSI3KU JIPYTUX TPEXMEPHBIX OOBHEKTOB:
JOTIOTHUTENBHBIX PA00UYUX TJIOCKOCTEH, mpoduiie, JTOKaJIbHbIX CUCTEM KOOPJIHU-
HaT U T.1. C nomomnisio 3D y3710B MOXKHO 3a/1aBaTh OOBEKTHI, HEOOXOAUMBIE JIJIS
BBITIOJIHEHUS OTEpallfii, HalpuMep, BEKTOP BHITAIKUBAHUS, OCh BpaIllCHUSI.
3D Ilpodpuin
3D mpoduib - oguH u3 Hanbonee BakHbiX dnemeHToB B T-FLEX CAD 3D. 3D
npoduiIb — KOHTYpP, KOTOPBI OPUEHTUPOBAH B TPEXMEPHOM IPOCTPAHCTBE, B CO-
OTBETCTBUU C OPHUEHTALIMEN TEX 3JEMEHTOB, HA OCHOBE KOTOPBIX OH CO3/1aBaJICs
(paboyelt II0CKOCTH MU TTOBEPXHOCTH, TPaHU Uik Habopa pEdep).
3D npoduias MoxeT ObITH CO3/JaH Ha OCHOBE MapaMeTrpuueckoro 2 D KoHTYypa,
pPacnoJIOKEHHOTO0 Ha CTpaHulEe padboyed IMIIOCKOCTH. DTO MO3BOJSET MEPEHECTU
napamMeTpUYecKre CBOMCTBA JBYXMEPHBIX YepTexeil B chepy TBEpAOTEIbHOTO MO-
JETTUPOBAHUS.
[lepemernenue mpoduiis KakuM-1100 00pa3oM B MPOCTPAHCTBE SBISETCS OCHOBOM
mporiecca co3/lanusl OObEMHOTO TelIa.
Tunsl npoguen
[To cnoco6am cozmanust Bce 3D npoduinm MOKHO pa3ienuTh Ha MSATh TPYIIL:
1. [Ipodunu, cozmaBaembie Ha OCHOBE 2D 31€MEHTOB — IITPUXOBOK.
2. lIpodunm, coznaBaembie Ha OCHOBE 2D 371€MEHTOB — TEKCTOB.
3. IIpoduu, coznaBaeMbie Ha OCHOBE 2D 371€MEHTOB — TUHUN U300pAKECHHUSI.
4. Ilpodunu, coznaBaemble Ha 0a3e 3JIEMEHTOB TPEXMEPHOIO Tella — LUKIOB (3a-
MKHYTas TOCJIeA0BaTEIbHOCTh PEOEP) UK TpaHEH.
5. Ilpoduin, NOCTpOEHHBIE ¢ UCHOJIB30BAHUEM YK€ CYIIECTBYIOIIUX Mpoduien.
Hanpumep, MOXXHO KOMUpoBaTh MPOQUIH, CO3/aBaTh MPODOUIN-IKBUIAUCTAHTHI.
Takke MOXKHO CHPOCHUPOBATH WM TOCTEIUTh CYHIECTBYHOIIUN mpodusib Ha
TpEXMEPHOE TEJIO WJIM Ha KaKyl HUOYIb OTACIbHYIO TPaHb.
6. Ilpodunum, mocTpoeHHBIE KaK pa3BEPTKA MOBEPXHOCTH WM HAOOpa MOBEPXHO-
CTEH.
3D Ilyrn
3D nyTh ucnonb3yeTcs Kak BcrioMoraTenbHblil 3D anemenT Bo MHOruX 3D omnepa-
usax cuctembl. OH MpeCTaBiseT cO00M MPOCTPAaHCTBEHHYIO KPUBYIO, KOTOpas



MOKET COCTOSITh U3 CETMEHTOB PA3JIM4YHOrO THIIA.
JIro60i1 3D nyTh UMeeT HalpaBiIeHUE U, COOTBETCTBEHHO, HAYAJbHYIO U KOHEUHYIO
touku. Hanpasnenne 3D mytu OyAeT BIMITH Ha pe3yjIbTaT €ro UCIOJIb30BAaHUS B
pa3nuyHbIX onepanusix. 3D myTh MOXKET ObITh OTKPHITHIM U 3aMKHYTHIM. Y 3MKHY-
toro 3D nyTu HayanbHasi 1 KOHEYHBIE TOYKU COBIAJAIOT.

5. Cnoco0nbl co3nanust 3d nmyTreii
* Coznanne 3D myTeil Ha OCHOBE YK€ cynecTBYroIuX 3D 371eMEHTOB:
- 3D yTh Ha OCHOBE TIOCJICIOBATEIHFHOCTH CBSI3aHHBIX PEOED;
- 3D nyTsh kak 3D craid no 3D Toukawm;
- 3D nyTs no nocnegosarensHocty 3D myren;
- 3D myTh Kkak npoeknus 3D nmyTH Ha IpaHsb;
- 3D myTh — komus yxe cymectByroniero 3D myru;
- 3D myTh Kak JIMHUS OYEpKa;
- 3D myTb — ’kBUMCTaHTa K KpuBoi (3D 1myTH), Jiexkaiei Ha MOBEPXHOCTH;
- 3D niyTh Ha OCHOBE CEYEHMS TeJIa IIIIOCKOCTHIO;
- 3D nyTh ¢ mapaMeTpuueckuM nsmeHenuem 3D y3ia.
6. OcHoBHbIe onepaunu 3D moaempoBanust
BoiTanikuBanue
Omneparnusi BHITAIKMBaHUS MO3BOJISIET CO3AaBaTh Tejla NepeMenieHueM GopmMooodpa-
3yIOLIEr0 3J€MEHTa (KOHTypa BBITAJIKUBaHUs). B cucremax TBepAOTENBHOIO MO-
JEIUPOBAaHUS ONEpalsl BBITAIKUBAHUS MCIIOJb3YETCs, KaK MPaBUJIO, Yalle Jpy-
TUX.
B omnepanuu MOXHO CO3/1aTh J1Ba B/ BBHITAJKUBAHUS: BBHITAJIKMBAHKUE MO MPOU3-
BOJIbHOMY BEKTOPY U BBITAJIKUBAHUE 10 HOPMAIIH K MIOBEPXHOCTH UCXOAHOTO KOH-
Typa. Buj BeITaIKUBaHUS ONPEAEISIET HAIIPABICHUE U CIIOCOO CO3/1aHUs BHITAIKU-
BaHMS.
B kauecTBe KOHTypa BBITAJIKMBAaHUS MOYKHO MCIIOJIb30BaTh OOBEKTHI C MPOBOJIOY-
HOW U JINCTOBOM reoMeTpuei. Pe3ynbTaToM BBITAJKUBAHUS SIBIISIIOTCS JTUCTOBBIE
WUIM TBEPJIBIE TEJIa B 3aBUCUMOCTH OT TUIIA TEOMETPUHU KOHTYpa.
JlnuHy BBITaTKUBaHUS (T.€. HAYAJIO U KOHEIl BRITAJIKMBAHUS) MOXKHO 3a7aBaTh pas3-
JUYHBIMH CIIOCOOaMH, B TOM YHCJI€ OIpaHUYMBas €€ APYruMU 3JIEMEHTaMH MOjIe-
.
TpéxMepHOE MOAETUPOBAHNUE
Bpamenue
pE3yNbTaTOM BBINOJHEHUSI OINEpaluy BpallEHUs SBJISETCA Teno, oOpasyroleecs
MpU BpaliaTeIbHOM IepeMelieHrnn GopMooOpas3yomiero aeMenTa (KOHTypa Bpa-
IIEHUS) BOKPYT IPOCTPAHCTBEHHOM OCH.
MOBEPXHOCTh MPO(UIIST MOXKET pacnoJiaraThCsi MPOU3BOJIBHBIM 00pPa3oM OTHOCH-
TEJIBHO OCH, HO HE JIOJIKHA MEepPEeCceKaTh e€. MIOCKUA KOHTYP HE JOJIKEH OBITh Mep-
NEHIUKYJISIPEH OCU BpAILCHHUS.
B KayeCTBE KOHTYpa BpalllEHUsI MOKHO MCIIOJIb30BaTh OOBEKTHI C MMPOBOJIOYHON U
JIMCTOBOM r€OMETPUEN. pe3yJIbTaTOM BPALICHUS SBIIIFOTCS JIUCTOBBIE WU TBEPBIC
Tena.
OCh BpAIIEHHs] MOXHO 3a/aTh J0O0bIMU moaxosiummu 3d snementamu: 3d y3na-
MU, peOpOM, OChIO0 TOBEPXHOCTHU BPAILEHUS, OCBIO CUCTEMbI KOOPAUHAT U T.[.



BbyaeBa onepanus
bynesa onepainus npeiHa3HayeHa IJig CO3JaHus HOBOTO TeJla HA OCHOBE JIBYX WJIU
0oJiee yxe CyIIECTBYIOIIUX Tell. B pe3ynbrare BBIMOIHEHUS ONEpaluu CO3MaETCs
HOBOE TEJI0, SBJISIFOIIEECS] KOMOMHAIIMEH UCXOTHBIX TE.
CraaxuBanue péoep
Omneparus criaxkupaHusi pEoep npeaHa3HaueHa JiJIsl MOTYUYEHUs! CONPSIKEHUS IBYX
Wi 0oJiee CONMPUKACAIOIIMXCS MOBEPXHOCTEH, MPUHAICKAIIUX OJHOMY Tely.
CriaxxuBaHue MOXHO IPOU3BOJNUTH KAaK HAJl TBEPABIMU TEJIaMU, TaK U HaJ JIUCTO-
BBIMU.
Cy1iecTByeT HECKOIBKO CIIOCOOOB COMPSIKEHUS:
- (hacka (cmernieHue; IMHA-YTOM);
- CKpYIJICHHE;
- CKpYIJIEHHE C IEPEMEHHBIM PauyCcOM (KpyroBoe€, JTMITHYECKOE).
B pesynbTaTe BBITIOJIHEHMS Omepaluud pedpo, SBIMIONICECS NEpeceYeHreM ABYX
rpaHel, 3aMeHseTCs AOMOJHUTEIBHON MOBEPXHOCTHIO (ITOBEPXHOCTHIO CTIIAKUBA-
HUS1), o0ecrieunBarolell TpeOyemblid mepexo OT MOBEPXHOCTH OJHOM I'paHH K I10-
BEPXHOCTH JPYIOM.
B onepanuu criaxxuaHusi péoep MOCTYIEH CIENUAIbHBIN PEXUM JTUArHOCTHKH,
IIO3BOJISIOIIMI B MPOLECCE CO3JAaHUS ONEPALMH ONEPATUBHO OLICHUBATh BO3MOXK-
HOCTb Y IPUYUHBI BOSHUKHOBEHHUSI OIITUOOK.

6. Buabl cria:kuBaHus
Ckpyrienue — 3To HauOOJI€€ YaCTO MCIOJIb3YEeMbIH BHUJ CriIakKuBaHUA. Buomib
BBIOpaHHOTO pedpa (popMupyercs MOBEPXHOCTh IUIABHOIO MEpPEXoja OT OJIHOMN
TPaHH K APYTOM, C YCIOBHEM, YTOOBI B KaXKJIOM CEYEHUH ITOW MOBEPXHOCTH, MO-
CTPOEHHOM TNEPIEHIUKYISIPHO pedpy, Moydanach Ayra OKPYXHOCTH 33JaHHOTO
paauyca.
Jlyis Toro 4yToOBI Jierye MOHATh, KaKk 00pa3yeTcsi MOBEPXHOCTh CKPYTJICHUS, MPeJ-
CTaBbTE ceOe IIApUK 3aJ]aHHOTO PaJNyca, KOTOPBIM KAaTUTCS BIOJb BHIOPAHHOTO
pebpa 1 KacaeTcsl mpujieraronx K 3ToMmy pedpy moBepxHoctei. Karsmuiics mia-
pUK 00pa3yeT ciell, KOTOPBIN SIBISETCS MOBEPXHOCTHIO CTIIAKUBAHUS JJIS TAHHOTO
pebpa. s 3amanHoi rpynmbsl pEOep MOBEPXHOCTh MOXKET ObITH CHOPMHUPOBAHA B
OJIMH WJIM HECKOJIBKO IIPOXO/I0B, HAIIPUMED, €CIIU pa3Hble pEOpa CKPYTISIOTCS
pa3HbBIMM paguycaMu. B MecTax conpsiKeHUs: HECKOJIBKUX MOBEPXHOCTEN CIIIaKH-
BaHUS MHOT/IA MOXKET

TIOJTY9aThCS CIIOXKHAS CTUTAHOBAS TIOBEPXHOCTb.

B 3aBucUMOCTH OT TOTO, KaKO# yroi 00pa3yroT TpaHH CKPYTIIEeMOro pedpa — BbI-
MYKJIBIA WM BOTHYTHIN, OTNeparis MOXKET Kak J00aBlIATh, TaK ¥ YAAISITh MaTepH-
aJl.

Cria:xxuBaHue rpaneit

Omneparysi CriIaKMBaHUS TPaHEW MO3BOJIACT CTPOUTH MOBEPXHOCTH TMEpexoja OT
OJTHOTO HA0Opa TJIAJKO COMPSHKEHHBIX TPAHEH K IPYyTOMYy.

HaGops!I criraxxuBaeMbIX rpaHell He 00s3aHbI UMETh 00I1THe péopa (ImepeceKaThes).
CriaxuBaHue MOYKHO MPOU3BOJIUTH KaK HaJ TBEPJABIMU TEIaMH, TaK M HaJl JINCTO-
BbIMU. KomaHma uMeeT MHOTO HACTPOEK JUIsl yIpaBieHus (HOpMOM MOBEPXHOCTH



nepexo/a, 3aJaHus yCIoBHil 00pe3ku, orpannueHuit u np. He cienyer paccmarpu-
BaTh JJAHHYIO ONEPALMI0 KaK albTepHATHBY OIEpallM CriaxuaHus pédep. Otu
JIBa TIOJIX0Ja CO CBOMMH IUTFOCAMHM U MUHYCAMHM YIa4yHO JOTOJHAIOT IpYT JIpyra.
JIOTIONTHUTENBHON BO3MOXHOCTBIO OIIEpalMM SIBISETCS NOCTPOECHUE MOBEPXHOCTU
nepexojia (CriaxuBaHus) oT Habopa pédep MPOBOJIOYHOTO Tejda K Habopy rpaHei
(crmaxuBaHue TUNA “KpuBas-rpaHb’). Pe3ynbTHpyroliee Tea0 B 3TOM cllydae Oji-
HOW CTOPOHOW OyJeT MpoXOoAWTh Mo pEOpaM MPOBOJOYHOIO Tea, a IPYrou IO
yKa3aHHOMY Ha0opy rpaneid. JlaHHBII BapUaHT CriaXHBaHHUS UMEET MHOTO Orpa-
HAYCHUMU.

Ceuenus

Ceuenus ciyxat Jsl onpeziesieHus: popMbl MOBEPXHOCTH B TIEPBOM HAIPABIICHUH.
Jlyis co3manus onepaiy B caMOM IIPOCTOM ClIydae JOCTaTOYHO BbIOpaTh KaK MH-
HUMYM J1Ba ceyeHusi. CeueHre MOXKET MPEACTABIATh COOOW JTMCTOBOM WIIA IIPOBO-
J04YHBIA 00BEKT. [IpOBOIOUHBIN OOBEKT MOKET ObITh Kak 3aMKHYTBIM, TaK U pa3o-
MKHYTBIM. O THO C€4eHHE MOXKET OBITh COCTABJIEHO M3 HECKOJIBKMX YacTel, KOTO-
pbIe MOKHO CBOOOJIHO JT0OABIIATh U YAAJIATH B IPOLIECCE 3aJaHUs ONIEpalliy.
Habop 00BEKTOB, COCTABISAIOUIMX OAHO CEYEHHE, JTOJDKEH UMETh T'€OMETPUIO OJI-
Horo Tuna. Hampumep, 0JHO ceueHHuEe MOKET COCTaBJIATh HAOOp myTed u péodep,
WM HaOOp CONPSIKEHHBIX TpaHeil.

KOHTypBI BCEX CEYEHMI, IO KOTOPBIM CTPOMUTCS PE3YIbTUPYIOLIAs NOBEPXHOCTH,
JOJDKHBI OBITh OJJHOTO THNA: JIMOO 3aMKHYThIE, MO0 pa3oMKHYThIE. VckimoueHune
COCTABJISIET CIIydail CO3/IaHUs TeJla TUIA «TIHOOMK», KOTJla OCHOBHOM HAOOp 3aj1aH
3aMKHYTBIMH CEYEHHUSIMH, a IEPBOE WJIM IMOCJIEIHEE CEUCHHE 3a/IaH0 PA30MKHYTON
«IPOBOJIOKOW». JIJIsl yCHEMIHOro CO3JaHusl TAKOTO Tejla HEOOXOJUMO CTPOro Co-
OJIFOCTH Pl yCIOBUM NIPU 3aJaHUU TOYEK COOTBETCTBUSI.

7. Coopounbie 3D Moes1u

Yro Takoe TpéxmepHasi cOOPOUYHAS MOJEJIb?

[Tox cOopouHO TpEXMEpHOI MOIEIbIO TOHUMaeTcs Takas Mmoaensb T-FLEX C AD,
B COCTaB€ KOTOPOM y4yacTBYyeT reoMeTpusi Apyrux 3D monenei, XpaHAmuxcs B OT-
JnenbHbIX (aitax. KommoHeHTOM COOpPKH MOXKET CIyXkuTh 3D Moens, co3maHHas
B T -FLEX CAD, nu60o mozaens apyroit cucremsl, nepeaanHas B T-FLEX CAD B
OJTHOM M3 TIOJIJIEP>KHUBAEMbIX 0OMEHHBIX (opmartoB. CieyeT moHuMaTh, 4To cOOo-
POYHOM KOHCTPYKLHMEH (C TOYKH 3pEHUsl €€ CyTH) KOHCTPYKTOP B MPUHITUIIE IS
ce0si MOXKET CUMTaTh MOJIEb, CO3/IaHHYI0 Ha OCHOBE HE OTIEIbHBIX (hailsioB-
JeTajen, a U3 AJIEMEHTOB-ONepaluii OJHOTrO JOKYMEHTa, MOCKOJIbKY cuctema T-
FLEX CAD noanepkuBaeT Takyl (QyHKUMOHAIbHOCTb. HO Takoill MOKyMEHT
Ha3BaTh COOPOYHBIM HENB3sl, IOTOMY YTO B HEM OTCYTCTBYIOT CCBUIKH Ha IreéOMeT-
PHIO, B3SITYIO U3 IPYTUX JTOKYMEHTOB.

B cOopoyHOM JOKyMEHTE BCET/la COXPAHSETCS CBS3b C JIOKYMEHTOM DJIEMEHTa
coopku (meraynm). IIpu pabore co cOOpkoii cucTema CICAUT 3a COCTOSHUEM HC-
noJib3yeMbIx (aitioB. B ciydae m3MeHeHus (aiina gerany cuctema claeiiaeT 3a-
poc Ha OOHOBJICHHUE MaHHBIX. KaKbplii OOHOBIEHHBI KOMIIOHEHT OyIET 3aHOBO
MIEPECUUTAH U 3arpykeH B cOOpKy. COOpoyHasi MOJIEh HE MOXKET U CIOJI30BATHCS
0€3 CBOMX KOMIIOHEHTOB, H O KaXKIbIN (hailsl, yuacTBYIOIINIA B COOPKE, MOKET ObITH



BIIOJIHE CAMOCTOSITEJIbHBIM JIOKYMEHTOM, U B CBOIO OYEPEAb TAKKE MOMKET SIBISATh-
cs coopkoil. KonnuecTBo ypoBHEH BJIOKEHHOCTH MOJ COpOK B CUCTEME HE orpa-
HUYEHO.
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8. MeToabl NPOEeKTHPOBAHUS COOPOK

B 3aBucumocTu oT crioco6a co3gaHusi KOMIIOHEHTOB COOPKHM MOYKHO BBIICTTUTH JBa
OCHOBHBIX TI0JIX0J1a K CO3/IaHUI0 COOPOYHOUN MOJIEIH.

Bo MHOTHX ciydasx ymoOHO B 35Th y K€ TOTOBYIO MOJIENb M BKITIOUATh €€ B COCTaB
cOopku, 3a1aB €€ MOJOKEHHE B COOpKe. DTOT Croco0 MPOCKTHUPOBAHMS COOPOK
YCIIOBHO Ha3bIBAaeTCA CHU3Y-BBepX. [Ipm Takom nmonxone B cucreme T-FLEX aie-
MEHTBI cOOpoUHON Mojenu HasbiBatoT 3D (parmentamu. [1o »Toit cxeme ynoOHO
MIPOCKTUPOBATH CIIOXHBIE COOPKH MJIM TUIIOBBIE MEXAHU3MBbI, COJICpIKAIINE 3HAUU-
TEJIbHYIO JIOTI0 YHU(DUIIMPOBAHHBIX AeTasiei. /[ JaHHOTO METOJia MOXKHO BBIJIE-
JIUTH PSAJT XapaKTEPHBIX MPEUMYIIECTB:

* MPOEKTUPOBAHHUE JeTajell B OTIEIbHOM (aiiie, MO3BOJSIONIEE Pa3[eiuTh Ha
KOMIIOHEHTHI U YIIPOCTUTH OOIIHI MPOLIECC MPOSKTUPOBAHUS COCTABHOTO U3CIIHS;



* BO3MOXHOCTbh MCIOJB30BaHUsI OJHOTO U Toro xe 3D ¢parmenTa B pa3HbIx cOo-
POUYHBIX JOKYMEHTaX, COCTaBJieHne OUOIMOTEK, YACTO UCIOJIb3YEMbIX MapaMeTpH-
yeckux 3D ¢pparmeHToB;
* BOBMOXHOCTh co3fanus 3D ¢parMeHToB ¢ aBTOMAaTUYECKUM MO3UIIMOHUPOBAHU-
€M B MPOCTpaHCTBE Ha ocHOBE 2D (parMeHTOB M pabouel MIOCKOCTU (TaKk Ha3bl-
BaeMasl «IJIAHUPOBKAY).
YacTo ObIBaeT, 4To HA0OOPOT, yA0OHEE U HATJISAHEE TPOCKTUPOBATD JI€Tallb, UMEs
onpenenéHHoe MpecTaBiIeHne 0 e€ MecTe B COOpKe M pasMepax, Oeps 3a OCHOBY
TEOMETPUYECKHE 3JIEMEHTHI JPYIHX JAeTajedl COOpOYHOW MOJEIH. IDTOT METOJ
IIPOEKTUPOBAHUS MBI OyJIEM Ha3bIBaTh CBEPXY BHU3, & KOMIIOHEHTHI COOPKH, T'€0-
METpHUYECKasi OCHOBA JUIsl KOTOPBIX B3siTa U3 3TOM ke cOOpoyHOil Moaenu - Jlera-
assmu. COOpouYHasi MOJIEIb MOKET CO3JaBaThCsl “‘C YMCTOTO JIMUCTA”, KOrJa KOH-
CTPYKTOp ONIpenesseT OONIyH0 KOMIIOHOBKY COOpPOYHOHM €IMHHULBI. 3aTeM MpPOUC-
XOJIUT BBIJICJIEHUE OTNIETBHBIX JIEMEHTOB U UX JIeTallbHas MpopabdoTKa, Kak B OT-
JeNbHBIX (aiifiax, Tak U B KOHTEKcTe o01eit coopku. [Ipu TakoMm noaxonae B HEKO-
TOPBIX CIIydasx oOjerdaercs 3a/laHue NPUBS30K 3JIEMEHTOB JAPYT K IPYTY U MOXKET
o0ecnieunBaTbcs MapamMeTpuueckas CBsi3b Mexay HUMH. Vcnonb3oBaHue MeTona
IPOEKTUPOBAHUSA «CBEPXY BHU3» MHOTJA MO3BOJIAET UCKIIOYUTH PadOTy C BHELI-
HUMHU IiepeMeHHbIMH. [lapameTpsl neraneil B 3TOM cilydae ONpEeleistoTcs POoIau-
TEJIbCKUMH 3JIEMEHTaMU. I3MEHEHHsI BHU3Y HMEpPApXUU CBA3AHHBIX ACTAJICH NPH-
BOJIUT K aBTOMaTUYECKOMY U3MEHEHHUIO BCEX JETalei-OTOMKOB B cOopke. Kpome
TOTO, 3HAUYEHMS] HCXOJHBIX MapaMEeTPOB M3JEIHUS MOXHO IMOJIy4aThb HENOCpEa-
CTBEHHO M3 KOHTEKCTa COOpPKH, ONUPAasCh Ha 3JIEMEHTbl COOPOYHOM MOJIENH.
Hamnpumep, MOXHO cliefiaTh OTBEPCTHUS B KPBILIKE, ONMUPAsCh HA OTBEPCTHUS B KOP-
nyce. [Ipu 3TOM KOHCTpYKTOp paboTaeT ¢ 3JIeMEHTaMU, IPUHAAJIEKAIIUMU (par-
MEHTY, HO OJHOBPEMEHHO B O KPY>K€HHUM AETAId BHJIUT U MOXKET HUCIOIb30BATh
AJIEMEHTHI, MPUHAIJIeKAIUe COOPOYHOMY uepTexy. Takoi pexum nanee Oynaer
Ha3bIBaThCS pabOTOI B KOHTEKCTE COOPKHU.
[TpuHLIMNIHATBHOE pa3IMUMe METOAOB HE MEIIAET MPHU CO3JaHUU COOPOYHBIX J0-
KYMEHTOB COY€TaTh 00a Moaxo/1a.

9. Co3nanue coopku u3 3D ¢pparmenton
IHpunuun padorsl Mmexanuzma 3D pparmenToB
C6opka cocraBisiercst u3 3D gpparmMeHTOB Npu NPOEKTUPOBAHUU METOJIOM «OT Jie-
Taau K coopke». [Ipu 3TOM npeanonaraercsi, 4T0 OCHOBHAsl padoTa MO CO3JaHUI0
Mojiesiel feTanei B OTeNbHbBIX (Dailiax y»e MpoBelIeHa U OCTANIOCh TOJIBKO BKIIIO-
YUTh UX B cOCcTaB cOOpKkU. OCHOBHBIE 3Tallbl, KOTOPbIE HEOOXOAMMO MPOBECTH JJISA
BcTaBkH 3D (parmMeHTa 3aKII0YaIOTCS B CIETYIONIEM:
1. Boibop ¢aiina ¢ 3D mMozenbio, KOTOphI OyAeT UCIoib30BaThesa B KadyectBe 3D
dbparmeHra.
2. IIpusszka 3D ¢dparmenTa k cOOPOUHOI MOIETH.
3. 3ajanue 3HaUeHUN BHEITHUX NIEPEMEHHBIX (hparMeHTa U YCTaHOBOK.
Jlanee paccMOTpuM, B YEM 3aKIIOYAIOTCS OCHOBHBIE NPHUHIMIBI HaHeceHus 3D
dbparMeHToB.

10. Ces3b coopku ¢ ¢paiiiom 3D pparmenta



CymectByeT aBa crocoba Beioopa daiina ¢ 3D monensto. Bo-miepBbIX, MOKHO SIB-
HO BbIOpaTh (ailn ¢ mozaenbro. pyroi cnoco0 MO3BOJSET MCIONB30BAaTh CyIIe-
cTByromue Ha ueprexe 2D ¢parmentsl, y kotopbix ecth 3D Mozens. DTO BO3-
MOJKHO B citydae, ecinu 2D ¢parMeHTsl yxe ObLIIM MCIIONb30BaHbl B TEKYILEM J0-
KyMEHTE, HallpUMep, JIJIs IEPBOHAYATIBHOTO CO3JaHMsi COOPOUHOTO YepTEKaA.
Cucrema Bcerzia coxpasseT cBsizb Mexay (aitnom 3D ¢parmenra u daiinom coop-
ku. B daiine coopku, B napamerpax kaxxaoro 3D ¢pparmMeHTa XpaHUTCS CChUIKA, 10
3HAYEHHUIO KOTOPOIl ocymiecTBisiercs nouck ¢aina 3D ¢parmenta. T-FLEX CAD
CaMOCTOSITENIFHO OTCIICKUBAET M3MEHEHHs, Mpou3BoaAuMbIe ¢ (aitmom 3D dpar-
MmeHTa. [Ipn HEoOX0qMMOCTH OHa 3aHOBO 3arpyXxaeT B cOOpky nanuesie 3D ¢par-
menTa. [Ipu stom nouck 3D ¢parmMeHTa OCYIIECTBIAETCSA MO XPAHUMOM CCBLIKE.
[TyTh ccbuiku Ha Qaiin GparmMeHTa MOXKET OBITh TUOO MOJHBIM, JTUOO0 OTHOCUTEIb-
HeIM. J[7151 obecrieuenrst OONbIIe TMOKOCTH CHUCTEMBI, OCOOCHHO TIPH TIEPEHOCE
MOJIeJIEH ¢ OJTHOIO KOMIIBIOTEpA Ha IPYroi, peKOMEHIYETCS UCII0JIb30BaTh OTHO-
CUTEJIBHBIC IyTH JUIA CChUIOK. [IpM 3ammMcu OTHOCUTENBHON CCBUIKM B KAadeCTBE
OpPUEHTHPA MOXKET OBITh UCHOJIb30BaH (ailsi cOOpKH U ero MecTo B (ailioBoil cu-
creme. Jpyroit cnoco® co3naHusi OTHOCUTENBHBIX CCBUIOK IO3BOJISIET MCIOJIB30-
BaTh KOHPUTyparuu OuOINOTEK.

11.MMpuBsska 3D ¢pparmenta
Jna noaxmoyenust mozaenu 3D ¢parmMeHTa K cOOpOYHONM MOJENH HEOOXOAUMO
pemmTh Bonpoc npuBs3ku. CMbich npuBsizku 3D ¢parmeHTa cBoauTcs K onpeze-
JIEHHUIO JIByX CHUCTEM KOOpJHUHAT — UCXOJHOU M 1esieBol. OlHa cucteMa KOoOpau-
HaT npuHaiexkut 3D ¢parmenrty, apyras pacnoyiokeHa Ha cOOPOYHOM MOJEIH.
['eometpust 3D dhparmeHnTa 0JHO3HAYHO MO3UIIMOHUPYETCS B IPOCTPAHCTBE MOCIIE
COBMEILICHHS] MCXOJHOM WM LIEJIEBOM CHCTEM KOOpPJAWHAT. B KayecTBe MCXOMHOW U
LEJEBOM CUCTEM KOOPAMHAT OOBIYHO BBICTYMAET CHEIUAIbHO Ha3HAYEHHAs WIIU
CO3/1aHHasl HENocpeJACTBEHHO npu BcraBke 3D ¢parmenta JlokansHas Cucrema
Koopaunar (JICK), a mpu orcyrctBum JICK e€ dynkiuio 6epet Ha cebs Mupoas
Cucrema KoopauHar.

1
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Pefipo {1 vs 8)

12.Acnoab3oBanue 3D KOHHEKTOpPOB
3D konHekTopsl — ocoObiii Bua JICK, mo3BoJArONIMX aBTOMAaTHYECKU CBS3aTh
BHEIIITHUE MEPEMEHHBIC ISl CTHIKYEMBbIX TTapaMeTPUUYECKUX AJIEMEHTOB COOPOYHBIX
3D moaenei. OHU 3HAYUTEIBHO YIPOUIAIOT MO3UIIMOHUPOBAHUE JETalEH U MOJ-
O0op mapameTpoB Npu NpoekTupoBanuu cOopok. [Ipu npussske 3D ¢parmenta
3D KOHHEKTOpPY, 3HAUYCHUs TIEPEMEHHBIX U3 KOHHEKTOpa aBTOMAaTHYECKH Tepesa-
I0TCSL B MOJielib (hparMeHTa, mociie 4ero npousBoautcs e€ nepecué€r. llpensapu-
TeapHOe M300pakenue 3D ¢dparmeHTa cpa3zy IpUHUMAET pa3Mepbl, COOTBETCTBY-



IOLIME 3HAUCHUSIM nepeMeHHbIX 3D KoHHeKTOopa.

Hanpumep, Hy>kHO Haznets Ha 60T M10 raitky M10. IIpu BctaBke 60aTa B COOPKY
¢ pa3mMepoM M10 ero KOHHEKTOp aBTOMATUYECKH 3allOMHWI ATOT auametp. [lpu
BCTaBKE Tailku, B TOT MOMEHT, KOTJla Mbl BHIOMpPAEM 3JIEMEHThI 00JTa, aBTOMATHU-
YECKU BBIOMpAETCS HYKHBII KOHHEKTOp JJIsl MPUBS3KMU raiikd. s mepeMeHHOH,
OTBEUAIOLIEH 3a IMaMeTp railku, yCTaHOBJIEHO MPEANNUCAHUE — CIIPOCUTh 3HAUCHHE
NEPEMEHHOH Yy KOHHEeKTopa. Eciin mMeHa coBmajgaroT, TO KOHHEKTOp 0oJTa mepe-
naét B raiiky 3Hauenne M10. Takum oOGpa3om, cpa3y mociie BHIOOpa KOHHEKTOPa
MOJIO’KEHUE, MapaMeTpbl U HM300paKEHUE Tailku MPUBOAMUTCA B COOTBETCTBHE C
HY>KHBIM OOJITOM.

3D KOHHEKTOPHI MOJIB30BATENIb MOXKET CO37]aBaTh CAMOCTOSTENBHO MPHU MOATOTOB-
ke mozaenu 3D ¢parmenta (CMm. rnaBy «JIokanpHBIE CUCTEMBI KOOPAUHATY). DIie-
MEHTBI CTYKEOHBIX OMOMMOTEK M CTaHAAPTHBIC W3JIENHs, MOCTABIIAEMbIE C CHCTe-
moit (Kpenéx, OTBepcTHs U T.1.), YK€ UMEIOT BCTpOEHHbIE 3D KOHHEKTOPHI.




3. [loaroroBka KOHEYHO-3JI€eMEHTHOM MOeJIH

OcnoBHoe HazHaueHue [Ipenponeccopa T-FLEX Ananuza — moarotoBka UCXOJ-
HBIX JIaHHBIX O MOAJeXalleld aHanu3y (U3MUecKoM 3ajaye B BUJE KOHEYHO-
AJIEMEHTHOM MOJeNH, KoTopas OyleT aJeKBaTHO OTpakaTh TeOMEeTpudeckue u (u-
3UYECKUE CBOICTBA MOJEIUPYEMOIO HU3/ENUs. DTa KOHEUYHO- 3JIEMEHTHAs MOJEIb
3areM obpadateiBaercs IIponeccopom T-FLEX Ananu3za, u B pe3ynbrare nojiyya-
€TCsl pelleHue MCXOAHOM 3amaun. [loaroroBka KOHEYHO-31IEMEHTHOW MOJAEIH HE
TpeOyeT OT ToJIb30BaTeNs CHenuUUecknx 3HAHUKW B OOJACTH KOHEYHO-
3JIEMEHTHOrO aHanu3a. OHa OCYIIECTBISETCS HA OCHOBE IMTOCTPOEHHON T'€OMETPH-
YECKOW MOJIENIM B MHTEPAKTUBHOM pEKHME ¢ ToOMOLIbI0 komaHA IIpemnporeccopa,



paboTa ¢ KOTOpBIMH ONHCaHa B JaHHOU rnaBe. PesynbTatom pabots! [Ipenporec-
copa SIBJISETCA KOHEYHO-3JIEMEHTHAsI MOJENb U311, KOTOpask COAEPKUT:
KOHEUYHO-3JIEMEHTHASI MOJIEIIb U3JEIUS, KOTOPask COACPIKUT:
* KOHEYHO-3JIEMEHTHYIO CETKY;
* CBEJICHUA O MaTepralax;
* HayaJbHbIE U TPAHUYHBIE YCIIOBUS, COOTBETCTBYIOIINE MOJEIUPYyEMON puznye-
CKOM 3aaue.
[TocenoBaTenbHOCTh CO3/IaHUSI KOHEUHO-3JIeMEeHTHON Moaenu B T-FLEX Ananu-
3¢ B OOJIBIIIMHCTBE CIy9acB HE UMEET 3HAUCHUS, T.€. MOJIB30BaTEIh MOKET CHadasa
MMOCTPOUTHh KOHEYHO-3JIEMEHTHYIO CETKY, a 3aTEM HAJIIOKUTh TPAHUYHBIC YCIOBHS,
WU, HAa00OpOT, CHauala 3aJaTh Harpy3Ku U OTPAaHUYECHUS, U JIUIIL 3aTEM CTeHE-
pUPOBATH CETKY M3 KOHEYHBIX AJIeMEHTOB. OJJHAKO HEMPEMEHHBIM YCIIOBUEM KOP-
PEKTHOW KOHEYHO-AJIEMEHTHOW MOJENHU SBJSIETCS 00s3aTeIbHOE HAIHUMe BCeX €€
COCTABJISIFOIINX CETKU M3 KOHEYHBIX 3JIEMEHTOB (TETpa’/ipajibHBIX WM TPEYroib-
HBIX), XapaKTePUCTUK MATEPUAJTIOB U MPUIOKEHHBIX K CUCTEME BHEIIHUX BO3JIECH-
CTBUH.
B moxensHoM okHe T-FLEX CAD ceTka 1 rpaHu4HbIEC YCIOBUS BU3YaJIbHO OTOO-
paxaroTcs HEMOCPEJCTBEHHO (CETKa) WM C MOMOIIBIO YCIOBHBIX 0003HAUYCHUMN
(rpanuyHble ycnoBusi). Mcnons3yst 3TO BU3yajdbHOE OTOOpa)KeHHUE, MOJIb30BATEIh
MOYKET OLICHUTh KOPPEKTHOCTD 33J1aBAEMbIX UM JIAHHBIX.
1. Buabl KOHEYHO-3JIEMEHTHBIX Mo/IejIel

B 3aBUCMMOCTH OT reOMETpUYECKHX OCOOCHHOCTEH MOJJIekKaIled aHaIU3y

KoHCTpykimy, B T-FLEX

AHanu3e BO3MOXHO MOCTPOCHUE KOHEYHO-3JIEMEHTHBIX MOJENEH TPEX TH-

TOB:

* TETpa’ApaibHasi KOHEUHO-3JIEMEHTHASI MOJICIIb;

* IUIACTUHYATAsl KOHEYHO-IJIEMEHTHAsA MOJICIIb;

* TUOpUJIHAS KOHEUHO-2JIEMEHTHAS MOJIEIb.

PaccmoTpum monipoOHee ciydyad HCIONIB30BAHMS KaXIOTO BUAA KOHEYHO-

AJIEMEHTHBIX CETOK.

2. TerpazapajibHasi KOHEYHO-IJIEMEHTHAasl MOJIeJb.

B nanHOM ciydae /sl anmpOKCHMAIMK Te€OMETPUU MOACIHPYEMOTO H37e-
JIUST UCTIONB3YETCS €T0 MPEICTaBIICHNE KOHCYHBIMHU 3JIEMEHTAMU TETPAPAITb-
HOU (hopmbl. TerpasapanbHas KOHEUHO-3JIEMEHTHAsI CETKa XOPOIIO anmpoK-
CUMHUPYET CKOJb YTOJAHO CIOXKHYIO (HOpMYy H3JeNus U 00eCreduBaeT yio-
BJICTBOPHUTEIbHBIE PE3yIbTaThl MOJACIUPOBAHUS (U3HUSCKUX 3amad s
00BEKTOB TIPOU3BOJIBHON (DOPMBI, XapaKTePHbIC TCOMETPUUYECKHUE Pa3MephI
KOTOPBIX IO TPEM HM3MEpEeHUsM (JJIMHA, IIMPUHA, BHICOTA) COMOCTABUMBI
Mexay coboit. K Takum 00beKkTaM MOXKHO OTHECTH OOJIBIIIMHCTBO JIeTaIe U
y3JI0B TPATUITMOHHOTO MAIIMHOCTPOCHUS U IPUOOPOCTPOCHHUSI.
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IInacTuHYaTasi KOHEYHO-3JIeMEHTHAasi MoJe/db. 3HAYUTEIbHBIA Kjacc
KOHCTPYKLMH, UCHOJIb3YEMBIX B YEIOBEYECKOW JEATEIBHOCTH, UMEET OCO-
Oy10 reoMeTpuueckyto (opmy, pu KOTOPOH OJHO U3 U3MEPEHU (TOJIIINHA)
3HAYUTEJIBHO MEHbILE ABYX APYTUX - MIUPHUHBI U JAJUHBL. Takue KOHCTPYK-
[IUU TPUHATO HA3BIBATh TOHKOCTEHHBIMHU. Hampumep, B MallMHOCTPOCHHUU
TaKUMUA KOHCTPYKIIMSIMH MOTYT CIIY’KUThb KOPITyca BCEBO3MOXKHBIX MAIIIVH,
YVIUTKU TypOUH; B MPUOOPOCTPOEHUU — TMOKHE YNPYTHe AJIEMEHTbHI: CHIIb-
¢donbl, MeMOpaHbI, B TOM YHCIIE TOPPUPOBAHHBIE, TAPEIbYaThIC TIPY>KUHBI; B
CTPOUTENBCTBE - MOKPHITUS U IEPEKPBITHSI, MaHAYChl, HABECHI  KO3BIPHKU; B
KOpabJIeCTPOCHUH — KOPITyca CY/I0B; B aBUACTPOCHUH - (DFO3ETISIKU M KPBLIbS
CaMOJIETOB; B MPOMBIIIJIEHHOCTH — BCEBO3MOXKHbIE EMKOCTH: LIUCTEPHBI, pe-
3epBYyapsl U T.II.
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[Ipy KOHEUHO-PIEMEHTHOM aHAJM3€ TOHKOCTEHHBIX KOHCTPYKIIUH MOMKHO
MCIIOJIB30BaTh HE TETpadApalibHbIC, a MJIACTUHYATHIE (000JI0UEUHBIC) KOHEY-
HBIC 3JIEMEHTBI, KOTOPBIC MO3BOJISIIOT MOJYYUTh YAOBJIECTBOPUTEIBHOE pe-
IIEHWE C MEHBIIMMHU BBIYMCIUTEIIBHBIMHU 3aTpaTaMH, 4Y€M IPHU UCIIOIb30Ba-
HUU 00OBEMHBIX KOHEYHBIX 3JIEMEHTOB.

3. Ha3zHaueHue H pPoJib CETOK
OCHOBHOE Ha3HAYEHUE KOHEYHO-3JIEMEHTHOW CETKH — aJ€KBaTHas allpoK-
CUMAIIMsl TEOMETPUN MOJIECIIUPYEMOTO TEa, YUUTHIBAOIIAS BCE BAKHBIC JJIS
pacuéra HI0AHChI TEOMETPUH U3EITUSI.
[Tpenponieccop T-FLEX Ananuza umeer 3(p¢heKTUBHBIM aBTOMATHUYECKHI
reHepaTop KOHEYHO-3JIEMEHTHBIX CETOK, KOTOPBIN MO3BOJISIET MOJIH30BATEIIIO
YOPABJISATh PA3TUYHBIMU PEKUMAMH TEHEPAIMH CETOK, YTOOBI MOIy4aTh
CETKH HY)KHOTO KauecTBa Ha pa3Hbix Mojensax. B T-FLEX Ananuze nis no-
CTPOCHHSI KOHEUHO- 3JIEMEHTHBIX CETOK MCHOJIb3YIOTCS 00BEMHBIC TETpadi-
pajbHbIE U MPOCTPAHCTBEHHBIE TPEYTOJbHbIC KOHEYHBIE AJIEMEHTHI, KOTO-
pble, TEOPETUUYECKH, MO3BOJISIOT ¢ JII000H TpeOyeMol TOYHOCTBIO amlIpoK-
CUMUPOBaTh MPOU3BOJBHYI0 T'€OMETPUIO OOJIBIIMHCTBA u3Aenuid. OmgHako
HEO0OXOJMMO OTMETUTh HECKOJBKO MpPEABApPUTEIBHBIX PEKOMEHIAIHM, Ka-
CAIOIIMNXCSI KOPPEKTHOCTH PACUETHBIX MOJIETIEH TPU UCTOJb30BAHUM KOHEY-
HBIX 3JIEMEHTOB.
Bo-miepBbIX, TOYHOCTH MOJYy4aeMOTO PEIICHUSI MOXET 3aBUCETh OT (DOPMHBI
KOHEUHBIX 3JIeMEHTOB. Haunyuime pe3yiabTaTbl KOHEYHO-3JIEMEHTHOTO MO-
JIETUPOBAHUS JIOCTUTAIOTCS, €CIIM JIEMEHTHI (TETPa’Apbl U TPEYTOJIbHUKH),
o0Opa3sylolue CEeTOUHYI0 MOJIEIb, OM3KH 10 (hOpME K paBHOCTOPOHHUM.
Oco0€HHO ATO CHpaBeIMBO MJIsi TETPAdIPAIbHBIX 3JIEMEHTOB. HampoTus,
€CJIM CEeTOYHasi MOJIETb COACPKUT KOHEUHBIE DJIEMEHTHI, Y KOTOPBIX pedpa,
oOpasymoIue 3JIeMEHT, UMEIOT CUJIBHO OTJIMYAOIIUECS pa3Mephl, pe3yJibTa-
ThI MOJCTUPOBAHUS MOTYT UMETh HEJIOCTATOYHYIO TOYHOCTh. B 3TOM ciiydae
JKEJIATeJIbHO, HCMOJIb3ysd TapaMeTphl HACTPOECK TIEeHEpaTopa KOHEYHO-
AJIEMEHTHBIX CETOK,
JTIOOUTHCS YMEHBIIICHUS KOJIMYECTBA MOI00OHBIX 2JIEMEHTOB.
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«Xopolas» ceTKa KOHEYHO-3JIEMEHTHON MOJIEIIN

Takum 00pa3oM, HEOOXOJIMMO BHU3YaJbHO WK ¢ momoibio «IlapameTrpos
CETKU» KOHTPOJIMPOBAThH «Kaue€CTBO» TMOCTPOCHHOW KOHEYHO-DJIEMEHTHOMN
MOJIEH, JOOUBAsCHh MO BO3MOXKHOCTH 00Jie€ OAHOPOIHOTO pacrpeieeHuUs
dbopMBbI 00pa3yIOIINX CETKY 2JIEMEHTOB.

Bo-BTOphIX, kKpoMe (POpMBI KOHEUHBIX JJIEMEHTOB Ha KAue€CTBO PEIICHUS
ONPECIISIIOIIMM 00pa30M BIIMSET TAK)KE CTENECHb JTUCKPETU3AIMHU UCXOTHOM
FEOMETPUYECKOM MOJIENIU, T.€. «TYCTOTa» KOHEUYHO- 3JIEMEHTHOW CETKHU.
[Tonp30BaTeNb MOKET YIPABIATH 3THUM MTapaMETPOM IeHepaTopa CEeTOK, yKa-
3bIBasi OTHOCUTEIBHBIN WM a0COJIIOTHBIA CPEHUN pa3Mep KOHEUHBIX JJie-
MEHTOB, aNMPOKCUMUPYIOUIMX T€OMETPUIO Tella WM MEHsSS IapaMeTphl,
BIUSIIONINE HA TEHEPAIMI0 CETKU Ha KPUBOJIMHEHHBIX MoAensx. OObIUHO,
Oomnee Menkoe pazdoueHue AA€T JIyYIIue M0 TOYHOCTH pe3ynbTarhl. OgHaKo
clenyeT MOMHHUTh, YTO ANMpPOKCHUMAIUs MOJCIU OOJIBIIUM KOJUYECTBOM



MaJICHbKUX KOHEUYHBIX AJIEMEHTOB HEM30EKHO MPHUBOJIUT K CUCTEME anreo-
panveCcKUX ypaBHEHUN OOJBIIOrO MOPSJIKA, YTO MOXET CYIIECTBEHHO CKa-
3aThCA HAa CKOPOCTU BBIMONHEHUS pacyéra. OUEHUTh KA4eCTBO KOHEUYHO-
AIEMEHTHOW MOJIEIM MOKHO IMOCJIEAOBATEIbHBIM PEUICHUEM HECKOJIBKUX
3a7a4 C pa3’IMYHBIMU BO3PACTAIOIIMMHU CTENEHSMH AUCKpeTh3auuu. Eciam
penieHue (HampuMmep, MakKCUMasbHbIE MEPEeMEICHU U HANpPsHKEHUsI) Tepe-
CTalOT 3aMETHO MEHSTHCA IMPU HCIOJIb30BaHUU O0Jiee TYCTOM CETKH, TO
MOYHO CO 3HAQUMTEJIBHOW JTOJIENM YBEPEHHOCTH CUHUTATh, YTO Mbl JOCTHUIJIHA
HEKOTOPOTO ONTHUMAJIbHOTO YPOBHSI JUCKPETHU3ALMHU U JaIbHEHIIEE YBEIH-
YEHNE TUCKPETU3ALMHN CETKU HEPALTMOHAIIBHO.

Bo MHOrux ciy4yasix OpMEHTUPOBOYHBIM MHHHMAJIbHBIM YPOBHEM pa3zOue-
HUSI MOKHO CUUTATh pa3OMeHHUe Tea Ha IBa-TPH CIIOsI KOHEYHBIX 3JIEMEHTOB
B HANPABJICHUU JEHUCTBUS HArPYKEHUU U IIPEANIOIAracMbIX

MIEPEMEIICHU M.

Kpome Toro, cpeactsaMu reseparopa CETOK BO3MOXHO MCKYCCTBEHHOE CO-
3/1aHUE «CTYUIEHHID CEeTKH B 00JIACTAX MOJEIHU C PE3KO MEHSIOIIEeHCs Kpu-
BU3HOM, B KOTOPHIX MOKHO OXHUJATh OOJIBIIUX TPAJUEHTOB UCKOMBIX BEIH-
4yuH (Hanmpumep, HarnpsikeHui). Takum 06pa3om, Mpu MOCTPOSHUU KOHEUHO-
AJIEMEHTHOM MOJIENH, HEOOXOAUMO YAENATh MPUCTAIbHOE BHHUMAHUE T'E€He-
pUpPYEMOI CETOYHON MOJenH, ciels 3a TeM, YTOObl KOHEYHO-3JI€MEHTHas
CETKa COOTBETCTBOBAJIA TEOMETPUM MOJEIN U UMeETA JOCTATOYHOE Ka4yeCTBO
C TOYKH 3pEHHs oOecriedeHus] HaAEKHOTO U JOCTOBEPHOTO PEIICHUsS MOJe-
aupyemMont Gu3N4ecKom 3a1auu.

. AHAJIU3 YCTOMYMBOCTH

PaBHOBecHE CTaTMYECKM HArpyKE€HHOW KOHCTPYKUWH HA3BIBAIOT YCTONYHM-
BBIM, €CJIM MaJIbIM BO3MYLIAIOIIMM BO3JEHCTBUSIM COOTBETCTBYIOT MAaJlble
nedopmaru. B onpenenéHHBIX caydasx HarpyKE€HUW KOHCTPYKIIMM BO3-
MOYKHbI CUTYyallUH T.H. IIOTEPU YCTOMUYMBOCTHU — KOTJA MaJIbl€ BO3MYILECHUS
MPWIOKEHHBIX K CUCTEME CHJI MPUBOAAT K OONbIIUM AehopManusiM KOH-
CTPYKLIMH, BBIXOJSIIMMHU 32 PAMKHU JIMHEWHOW Teopuu ynpyroctu. Harpys-
KM, [IPA KOTOPBIX MPOUCXOJUT IOTEPS YCTOMYMBOCTH, HA3bIBAKOT KPUTHYE-
CKMMH, & COOTBETCTBYIOIIHME COCTOSIHUS — KPUTHUYECKUMM COCTOSTHUSMM.
[Ipu CKMMAKOIIUX CHIIaX, AK€ HE3HAYUTENIbHO IPEBBILIAIOIINX KPUTHYE-
CKO€ 3HAYEHHUE, JOMOJHUTEIbHbIC HAMPSHKEHUS M3ruda JOCTUraloT BeCbMa
OOJBIIMX 3HAYEHUN M HEMOCPEICTBEHHO YIPOXKAIOT MPOYHOCTH KOHCTPYK-
nuu. [loaTomMy, KpUTHUECKOE COCTOSHHME, KaK HEMOCPEACTBEHHO MpEJIe-
CTBYIOILIEE PA3PYLICHUIO, CYUTAETCS HEJOMYCTUMBIM B YCIOBUSX PEATBHOU
DKCIUTYaTaluH.

OnacHOCTh MOTEPU YCTOMYMBOCTU OCOOCHHO BEJIMKA B CXKATBIX 30HAX IS
JETKUX TOHKOCTCHHBIX KOHCTPYKIIMN THIIA THOKHMX CTEpKHEH, TUIACTHH U
o0oJiouek. SIBeHUs MOTepU YCTOMUYMBOCTH BECbMa Pa3HOOOpA3HBI: MOSBIIE-
HUE KAaYeCTBEHHO HOBBIX (DOPM paBHOBECHS; MCUE3HOBEHHE YCTOMUYMBBIX
dbopm paBHOBECHUS U .



5.

Monynbs aHanu3a yCTOWYMBOCTH NpEIHA3HAYEH [JIsl PElICHUs 3a7add T.H.
Ha4yaJbHOM yCTOMYMBOCTM KOHCTPYKIUHU. Pe3yinbpratom pacuéra sBiseTcs
KO3((PUIIMEHT KPUTUUECKOW HArpy3KH, MpU JEHUCTBUU KOTOPOM KOHCTPYK-
1Sl MOXET CKAauKOOOpa3HO MEPEeWTH B HOBOE PABHOBECHOE COCTOSIHUE, U
COOTBETCTBYIOIIAsl 3TOM Harpy3ke (popmMa HOBOrO paBHOBECHOTO COCTOSIHMSL.
B 3TOM cityqae BO3MOXkHa cUTyalus, KOr/ia KpUTHUECKask Harpy3kKa, Ipu Ko-
TOPOM TPOU30MAET MOTEps YCTOMYMBOCTH, MOXKET OBITh 3HAYUTEIILHO
MEHBIIIE HAarpy3KH, P KOTOPOH MPOU30MAET NOTEPS MPOYHOCTH KOHCTPYK-
LMY 10 KPUTEPHUAM JIMHEWHOIO CTaTUYECKU-HAIIPSIKEHHOrO cocTosiHus. T.e.
HaIIPSDKEHUS. B MaTepUalle KOHCTPYKIIMM MOTYT HE IOCTUTHYTH IPEIEIbHBIX
3HAYEHUM, HO AedOopMalK U3-3a IOTEPU YCTOMYMBOCTH MOT'YT IIPUBECTH K
pa3pyLICHUI0 KOHCTPYKUMHU. Takum 00pa3oM, YCIOBHE YCTOMYMBOCTU IO
KPUTEPHUIO KPUTHUYECKMX HArpy30K MOXET ObIThb C(HOPMYIMPOBAHO TaK:
dakTUYeCKUE Harpy3KH, NPUIIOKEHHbIE K KOHCTPYKIUH, ¢ Y4ETOM Ha3Haya-
eMoro ko3 ¢uuueHTa 3amnaca, J0KHbI ObITh MEHbIIIE PACUETHBIX KpUTHYE-
ckux Harpy3ok: F-K<F

YacTroTHbIH aHAIH3

Monynb 4aCTOTHOTO aHaM3a MpeIHa3HaueH AJis pacuéra COOCTBEHHBIX (pe-
30HAHCHBIX) YacTOT KOJI€OAHMH KOHCTPYKLIMH M COOTBETCTBYIOLIUX MM
dbopm konebanuii. 3amaya pacuéra COOCTBEHHBIX YacCTOT U COOTBETCTBYIO-
X UM (GopM KoJieOaHUN BO3HHMKAET BO MHOTHMX MPAKTUYECKUX CIydasx
aHanM3a JMHAMHYECKOrOo MOBEACHUS KOHCTPYKLUMH TOJI JECUCTBUEM Iepe-
MEHHBIX Harpy3ok. HambOomnee pacnpocTpaHeHa cUTyalus, KOTrJaa IpH Mpo-
EeKTUPOBAaHUU BO3HUKAET HEOOXOJUMOCTh YOEIUTHCA B MaJIOl BEPOATHOCTHU
BO3HMKHOBEHHUSI B YCJIOBHSX HKCIUTyaTallMM TaKOro0 MEXAHMYECKOTO sBIie-
HUS, KaK PE30HAHC.

Kak u3BeCTHO, CyTh pe30HAHCa 3aKJIIOYAETCS B 3HAYUTEIBHOM (B ECATKH
pa3 u Oojee) yCUJICHUM aMILUIUTYJ BBIHYKJIEHHBIX KoJeOaHUN Ha ompene-
JEHHBIX YAaCTOTaX BHEIIHUX BO3JIEHUCTBUM — T.H.

PE30HAHCHBIX YacToTaX. B OOJbIIMHCTBE ClTyyaeB BOSHUKHOBEHHE PE30HAH-
ca SIBJIIETCS HEXKeJIaTeJIbHBIM SIBJICHUEM C TOUKHU 3pEHHs 0OecrieueHus



HaIE&KHOCTH u3nenus. [IpoBepka CrieKTpalbHBIX CBOMCTB KOHCTPYKIMM HA
BO3MO>XHOCTb PE30HAHCOB B pabOYeM JMala30HE YacTOT BHEUIHUX BO3/EH-
CTBHUM Ha CTaJuM NPOCKTUPOBAHMS IO3BOJSAET BHECTH B KOHCTPYKLIUIO W3-
MEHEHMSI, CIOCOOHBIE M3MEHMUTH CHEKTP COOCTBEHHBIX YacTOT. JTO IMO3BO-
JUT 130€XKaTh WM 3HAYUTEIIbHO YMEHBIINUTH BEPOATHOCTD MOSIBICHUS
PE30HAHCOB B IIPOLIECCE IKCIUTYaTallUH.

O1eHUB CHEKTP COOCTBEHHBIX YACTOT KOJIEOAHMM KOHCTPYKIUHU Ha CTaJuU
IIPOEKTUPOBAHMS, MOKHO ONTHUMHU3UPOBATH KOHCTPYKIMIO C LIENBIO JOCTH-
JKEHUs YCJIOBHUS YAaCTOTHOM BHOpoycToiuMBocTH. i1 yBennueHus coO-
CTBEHHBIX YaCTOT HEOOXOIMMO MPUAATh KOHCTPYKIIMU OOJIBIIIE KECTKOCTH U
(unmu) ymeHbIIUTH €€ Maccy. Hampumep, amst npoTsDKEHHOTO 00BEKTa MOXK-
HO TOBBICUTb JKECTKOCTh, YMEHBIIINUB JJTUHY WIH YBEIHMUUB TONIIUHY 00bEK-
Ta. [{ns ymeHbIieHus coOCTBEHHOM YacTOTHI U3IEIHsl HE0OOX0IMMO, HAIPO-
TUB, IPUOABUTh MacCy WIN YMEHBIIUTh )KECTKOCTh OOBEKTA.

®opma 1 - peaoHaHcHaA YacToTa: 104.6 'y

)

6. TemyoBoii anan3

Monysb TEIII0OBOTO aHanu3a MpeIHa3HAuYeH IS PEIIECHUS 3a4a4 TEIUIONPOBOI-
HOCTH M Teruionepenayu. Llenpro ocylecTBiIeHUs TEMIOBBIX PaCYETOB OOBIYHO
ABJISICTCSl ONPEICIICHUE TEMIEPATYPHBIX TMOJIEH, a TAKXKE TEIJIOBBIX MOTOKOB B
00wpéMme nu3nenusa. B T-FLEX Ananuse BO3MOKHBI IBE MOCTAHOBKH 3aJ1a4l



TEIJIOBOI'0 aHAJIN3a:

* YCTaHOBMBUIMECS TEIUIOBBIE MPOLIECCHI — PACUET PACHPEACICHUs TeMIIepa-
TYpHBIX TMOJE€H U TEIUIOBBIX IIOTOKOB B HPEANOJIOKEHUH OECKOHEYHO-
JUIUTEIIBHOTO IIEPUO0/J1a BPEMEHH,

IPOILIEAIIET0 IOCJe IMPUIIOKEHUs TEIUIOBBIX HAarpy3ok. B ycraHoBuBIIEMCSA
pexuMe TeMIEpaTrypa Tejla He U3MEHSETCS C TEUEHUEM BPEMEHH, U B KAKIYIO
€IMHHUIly BPEMEHHU 3JIEMEHTApHBI 00BbEM Tella OTAAET B OKPYKAIOLIYIO CPELy
CTOJIBKO K€ DHEPTHH, CKOJIBKO ITOJIY4aeT U3BHE WIM OT BHYTPEHHUX MCTOYHH-
KOB TeIlIa.

* HecranmoHapHbIE TEIUIOBBIE MPOLECCH — PACYET TEMIEPATYPHBIX MOJIEH
OCYyIIECTBIIsICTCS B (PyHKIIUU BpeMeHU. VICTOUHHMKYU TETIIOBOM SHEPruu, TeMIie-
paTypsbl, a TaKke TepMO- (PU3UUECKUE CBOMCTBA CUCTEMBI MOTYT U3MEHATHCS BO
BpeMeHH. B ananmusupyemoit ¢u3nueckoil cucteMe MPOUCXOIUT H3MEHEHHE
pacnpenesieHrss TEMIEPaTYPHBIX MOJEH C TEYEHUEM BPEMEHHM U B pe3yJIbTaTe
pacuéra MBI I0JIy4aeM II0JIs TEMIIEPATyp B KaXKIblii MOMEHT BPEMEHU HEKOTO-
POT'O 3apaHee ONPENEICHHOIO M0Jb30BATEIEM BPEMEHHOIO HHTEPBAJIA.
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7. BbIHY:KIeHHbIE KOJIeOaHUsA

AHaJIN3 BBIHYXKJICHHBIX KOJICOaHUN MPOBOIUTCS JJIS MpE/ICKa3aHus ToBeIe-
HUSI KOHCTPYKLIMH TOJ AEHMCTBUEM BHEIIHUX BO3ACHUCTBUN, N3MEHSIOIINXCS
M0 TAPMOHUYECKOMY 3aKOHY. BHeNIHMe BO3/IeWCTBUS BKIIIOYAIOT B CeOsI CH-
JIOBO€ W/WJM KWHEMaTW4eckoe Bo30yxkaeHue. Kpome TOoro, MOXeT y4UTHI-
BaThCs BIUSHUE ACMIT(PUPOBAHUS CUCTEMBI.

[{enpio aHanm3a BEIHYKJIEHHBIX KOJIEOAHUHN SBIISICTCS TTOJIyICHHE 3aBHCHMO-
CTH OTKJIMKA CUCTEMBI OT YaCTOThI BBIHYKAAKOIIUX BO3aeKHcTBUN. Pe3ynpra-
TaMU pacy€Ta SBIAIOTCS aMIUTUTYIbl TMEepeMeIIeHUu, BUOPOYCKOPEHUs U



BUOpONEperpy3Kr Ha 3aJaHHOH BbIHYXAarouieil yacrore. [lo pesynbraTtam
pacuéra JJIs auara3oHa 4acTOT MOTYT OBITh IMOJYy4YeHbl 3aBUCHMOCTH aM-
IUTUTYA ¥ BUOPOYCKOPEHUN OT YacTOTHI BBIHYXKIAIOIIUX BO3JEHCTBHUM, YTO
B)XXHO IIPU OIICHKE BHOPOYCTOMYMBOCTH CHUCTEMBl B 3aJIaHHOM JHAIa30HE
4acToT.

Monynb «BbIHYyXeHHbIE KOJIeOaHUs» CUCTEMbl KOHEUYHO-3JIEMEHTHOTO MO-
nenupoBanug T-FLEX Ananu3 MOXXET MCIOJIB30BaThCS U1 aHAJIU3a yCTa-
HOBHUBIIINXCS BBIHYK/I€HHBIX KOJICOAHUM CIICTYIOIINUX TUIIOB:

* BeiHyX/IeHHBIE KOJIe0aHUsI CUCTEMBI 0e3 yuéTta neMipupoBaHus MOa ACH-
CTBHEM TapMOHUYECKOM BBIHYKJAIOLIEH CHIIbI. DTH KOJCOaHUS ISl CHCTE-
MBI CO MHOTUMU CTEMEHSIMU CBOOOIbI OMUCHIBAIOTCS CIEAYIONIEH CUCTEMOit
JUHEHHBIX U depeHINaTbHBIX YPaBHEHUI:

[MJ{U}+ [K[{U}= {F cos(ot +¢ )}

rIe:

M - cummeTpuYHas KBaJpaTHas MaTpUIla MaccChl,

K - cummeTpudHas KBajpaTHas MaTpUIla )KECTKOCTH CUCTEMBI,

0 F - BEeKTOp aMILTUTY 1 BRIHYK/IAFOIIIETO BO3ICHCTBHS,

® - 4aCTOTa BBIHYKIAIOIIET0 BO3/ICHCTBUS,

U,U - BEKTOpBI KOOPJMHAT TOUCK CHCTEMBbI, H3MEHSIONIUX CBOM ITOJIOKCHHS
BO BPEMEHHU t U UX YCKOPECHUH,

¢ - Ha4YaJbHas (pa3a BO30OyaHUTEIIS.

BbIHyX/IeHHbIE KOJEOAHHSI CUCTEMBI ¢ YYETOM AeMI(UPOBAHUS TOA JIEH-
CTBUEM TapMOHMYECKOM BBIHYXKJAIOIICH CUJIbI. DTU KOJI€OaHUs ONKCHIBA-
I0TCS CIEAYIOIIEN CHCTEMON JTMHENHBIX AU((hepeHInaIbHbIX YpaBHEHUI:
[MJ{U}+ [CI{U}+ [K]{U}= {F cos(ot +¢ )}

rue:

C — cummeTpudHas KBaJpaTHas MaTpuiia 1eMinpupoBaHus,

U - BEeKTOp CKOpPOCTH TOUYEK CHUCTEMBI. B cructeme mpuHITO aemMnpupoBaHue
no Panero, T.e. OHO sBIAETCS MPONOPLUOHAIBHBIM U OMNPEENsIeTcs BbIpa-
xkeanem [C]= a[M]+ b[K], rae

a — Kod(pPUIMEHT TPOMOPIIMOHATIFLHOCTH Macc; b — koadduimeHT npomnop-
[IMOHAJILHOCTHU )KECTKOCTH (00a Kod(dulreHTa CKAISIPhI).

* BeiHyxaeHHbIe KojeOaHus CHCTeMbl 000MX YKa3aHHBIX THUIIOB, BO3HUKA-
IOIIME OT JBMKEHUSI OCHOBAHMI 10 TAPMOHUYECKOMY 3aKOHY, T.€. PUBEIe-
HUS B KoJieOaTeNbHbIC TBUKEHHS OJHON MIIM HECKOJIBKUX OTIOP CHCTEMBI.

. AHAJIN3 yCTAJIOCTH

HekoTopsie AeTany MalinH, MEXaHU3MOB, a TAKXKe dJIEMEHTHI COOPY)KCHHI B
IPOLECCE IKCIUTyaTalluH MOABEPratoTCs IEHCTBUIO HArpy30K, MEHSIOIIUXCS
BO BpeMeHU. CONMpoTHUBIIEHHE MAaTEpUANIOB JACUCTBHIO TaKMX Harpy3ok Cy-
IIECTBEHHO OTJIMYAETCS OT COMPOTHBIEHHUS TEX K€ MaTepuajoB CTaTUye-
CKOMY U YJapHOMY JEHCTBUIO HATPY30K.

JIyist u3ydeHust IpOYHOCTH MaTepuasia Mpu ACHCTBUU MEPEMEHHBIX Harpy30K
B T-FLEX AHnanu3 ucnosb3yercst MOLyJib AHAJIU3 YCTAIOCTH.



9. luHAMHUYeCKHUIl aHAJIN3
Mopyib TMHAMHUYECKOTO aHAJIN3a CUCTEMbI KOHEUHO-3JIEMEHTHOTO MOJIETIH-
poBanusa T-FLEX Ananu3 npenHa3HadeH i pacdéTa M3MEHSIOLIETOCS BO
BPEMEHHU HAMNPsHKEHHOTO COCTOSIHUS OOBEMHBIX KOHCTPYKIIMUA B cpene T-
FLEX CAD. Moayns paboTaeT HEMOCPEICTBEHHO C TPEXMEPHBIMU MOJIC-
asmu T-FLEX CAD u 00b4HO HE TpeOyeT OTIENbHBIX JOMOJHUTEIBHBIX
MMOCTPOEHUM ISl pacdy€ra TpEXMEPHON MOICIIH.
B nuHaMuuecKOM aHaIN3€ MEXAHUYECKash CUCTEMa PACCMATPUBACTCA MO
JIEVCTBUEM HM3MEHSIOIIMXCSA BO BPEMEHHM BHEIIHHUX BO3JICVCTBHM - MPHIIO-
JKEHHBIX K CHCTEME CHJI, IABJICHHUM, YCKOPEHHUM U T.II.
[Ipumepamu 3ama4 AMHAMUYECKOTO aHAIM3a CUJIBI MOXET CIYKUTh pac-
KpyTKa Baja WU WIUHAENS, TPOe3] aBTOMOOUIIS IO MOCTY, CECMUYECKUE
KoJieOaHwms, HackITaHue OyHKepa meckoM | T.1. [Ipu 3ToM HampsiKEeHHOE CO-
CTOSIHE MEXaHUYECKON CHUCTEMBI Takke OyIeT M3MEHSThCS BO BPEMEHU U
BO MHOTMX IPAaKTHYECKUX CIy4YasX aHAIU3 TAKUX CUTYyalMd UMEET Ba)KHOE
3HAYCHUE, T.K. JUHAMUYECKUE HANPSHKCHUS U CUJIbl UHEPLUMUA MOTYT OKa3bl-
BaTh 3HAYUTENILHOE BIUSHUE HA OOIIYI0 pab0oTOCIIOCOOHOCTh MEXaHUYECKOM
cucteMbl. B pe3ynbrare peleHuss JUHAMUYECKOM 3aJa4d Mbl IIOJIy4aeM B
OCHOBHOM T€ K€ CaMbl€ PE3yJIbTaThl PACU€Ta, KAK U B CTATUUYECKOM aHAJIN3E
(mepemMeliieHus, HarpsHKEHUs, KOdOPUITMEHT 3araca), HO KaX bl pe3yabTaT
MPEJICTABIIEH JIsl ONPENCICHHOI0O MOMEHTAa BPEMEHH, COOTBETCTBYIOLIETO
3aJaHHOMY BPEMEHHOMY MHTEPBAY U KOHKPETHOMY BPEMEHHOMY MHIary. ¥
MOJIH30BaTEIIsl CUCTEMBI €CTh BO3MOKHOCTh YBHUJAETh M3MEHEHUE jaedopma-
MM ¥ HANPSDKEHUN CUCTEMBI BO BPEMEHH M MPEICKA3aTh IMOBEJICHUE CUCTE-
MBI O] JEUCTBUEM CJIO0KHOM CHCTEMBI U3MEHSIONIMXCSA BO BPEMEHHU BHEI-
HUX BO3/ICHCTBUIA.

4. T-FLEX /lunamuka

1. CTpykTypa 3a Ja4u JMHAMHYECKOr0 pacuéra

Komanapl TMHaMUYECKOro pacué€ra JOCTYIHBI B JIeHTe «AHanu3y. [Tonb30-
BaTelb CO37aET 3a7a4y «AHAIIN3 IBIKEHHs». 3a1ada GOpMUpPYETCs U3 clie-
JTYIOIINX KOMIIOHEHTOB:

* CBOMCTBA U HACTPOWKHU 33/1a4H;

* TEJIa 33/1a4H;

* [IIAPHUPBI;

* TaTYUKH;

* HArpY>KCHU4,

* pe3yJIbTaThI

Hlapuupsl. lapaupbl onpeaensOT CBSI3U U B3aUMOACHUCTBUS MEXKIY OT-
JeIbHBIMU TelamMu B 3ajade. OHU CO3Jal0TCsl B 33/1au€ aBTOMATUYECKUA Ha
OCHOBE 33/IaHHBIX B MOJICTIU CTENIEHEN CBOOOIBI U COMPSIKCHHUIA.

B 0CHOBHBIX THIIax MIAPHUPOB CUCTEMA MO3BOJISIET MOJICIMPOBATh TPEHUE, a
B OJIHOCTOPOHHHMX KOHTAKTaxX TaKXe 3a7aBaTh MapaMeTprl yaapa. B cucreme



peanu30BaHbl CIEAYIOIME TUIIBI IIAPHUPOB:
* Cdepuueckuii mapuup. PazpeiieHsl moBOpOThl BO BCEX HANPABICHUSIX U
3anpenIeHbl BCE IEPEMEILICHHUS.

* BpamarensHsiii mapHup. Pa3pemieHo TOIbKO BpallleHHE BOKPYT OINpeElie-
néHHOM ocu. OcTanpHbBIE MEPEMENICHUSI U HAIPaBJICHUS IOBOPOTOB 3arpe-
nieHbl. IMUTHpYyET ABEPHYIO METIIIO.

* [{unmHapudeckuii mapHup. Pa3pelieHo BpauieHue BOKPYTr ONpPEACIEHHON
OCH U IIEPEMELIEHNE BIOJIb HEE.

* [locrynarenbHslid mapHup. PaspemeHo TOJIBKO NepeMeleHUe B ONpelie-
JIEHHOM HaIIpaBJICHUU.

* BunroBoii mapuup. mutupyer BunToBoe coenunenne. Coznaércs Ha oc-
HOBE IMEPEIATOUYHBIX CBA3€U. Pa3pen€n moBopoT BOKPYr OJHOM OCH C OJIHO-
BPEMEHHBIM NIEPEMELIEHUEM BJOJIb HEE.

» KonraktHbiii mapaup. KOHTaKTHBIE MIAPHUPHI 334aI0T OTHOLICHUE MEXKIY
IIapOM 3JIEMEHTOB TeJl, CBA3aHHBIX APYTMMHU IIapHUpamMu. KOHTaKkTHbIE apbl
MOTYT OBITh PA3JIMYHBIMU: TOYKA-TOUKA, TOUKA-KPUBasi, NPSAMasi-IJIOCKOCTb,
IUIOCKOCTh-TEJIO, MIIOCKOCTh- MIOCKOCTh U T.J. OTHOIIEHUE MOXKET OBbITh Ka-
CaHHEM, PACCTOSIHHEM, JINOO PACCTOSTHUEM C HEPABEHCTBOM (B MOCJIEIHEM
Clly4ae KOHTaKTHBIN [IAPHUP SIBISIETCS OJJHOCTOPOHHUM).

* Heonpenenéuupiii mapHup. Bee ocranbHble COUYETaHUA CBA3EH, KOTOpPbIE
CHUCTEMA HE CMOIJIA ONPEAEIUTh KaK U3BECTHBIE €M IIAPHUPBI OHA BCE PABHO
B YYMTBIBACT 3a/Jady€ W IPEBpPALIACT B HEONPEACNEHHBIM WIapHUp. Takwue
CBSA3U CUMTAIOTCS UAcaNbHbIMU. TSI HUX HENb3S 3a/1aBaTh ITapaMeTphl Tpe-
HUS WJIA T€OMETPUYECKUE CBOMCTBA.

Kaxxnplil THI IIapHUPA UMEET ONPEACIEHHBIE CBOMCTBA, KOTOPHIE MOJIb30Ba-
T€JIb MOYKET PEryJIMpoBaTh, HaPUMEP, T€OMETPUUECKUE Pa3MEPBI, IMapa-
METpPBI TPEHUS U T.[.

Konrakrel. OfgHOl U3 TJIaBHBIX OCOOCHHOCTEH CHCTEMBI SIBIISIETCS pealiv-
CTUYHOE MOJICIMPOBaHNE KOHTAKTOB MEXy TesaMu cOopku. [lomb3oBaTens
n30aBJIeH OT HeOOXOMMOCTH 3a/1aBaTh TOUKM KOHTAaKTa Bpy4Hylo. B 3anaue
JUHAMUYECKOI0 aHaJIi3a UMEETCS BO3MOXHOCTh 3a/IaHHsI pacu€ra KOHTaK-
TOB OTIEJBHBIX IAp TEJ, a TAK)KE MapaMEeTPOB yAapa WU TPEHHs OTHEIBHO
JUTS KOKIOM Tapbl TE.

Bce pacyérbl mpou3BOAATCSA B CUCTEME aBTOMATHYECKU. B npuiioxkennn pe-
aJM30BaHbI B METO/IA ONPEAEIEHUS KOHTAKTOB.

[lepBbIil U3 METOIOB OCHOBAH Ha HUCIOJIb30BaHUU HaOOpa QYyHKUMN aHATIM3a
KOHTaKTOB U TEpecedyeHuil Ten Ha ocHoBe siapa Parasolid, uro mo3BomsieT
MPOU3BOAUTH TOYHBIM aHAJIM3 T€OMETPUM B 00JIaCTU (UJIM HECKOJBKHUX 00-
JACTSAX) KOHTAKTA, YTO JAET CUCTEME BO3MOKHOCTH JJISl pEATUCTUYHOTO MO-
JETUPOBAaHNS KOHTAKTOB U YAapOB TEJl.

BTopoit — OCHOBaH Ha aHaIU3€ CETOYHOI'O MPEACTABICHUS I'€OMETPUH, YTO
MO3BOJIIET MOBBICUTH MPOU3BOAUTEIBHOCTh U CTaOMJIBHOCTH PAcu&ToB IO
CpaBHEHUIO C TIPOBEPKOI MepecedeHuit Ten cpeacrpamu Parasolid.

HarpymeHI/Iﬂ — OTO CIICOHUAJIbHBIC O6T>€KTBI, CO34aBaCMbIC ITIOJIB30BATCIICM



IepE BBIIIOJIHEHUEM PaCUuETa.

B kauecTBe HarpyXK€HUN MOYKHO 3aJaBaThb CHJIbI, MOMEHTBI M BpAILICHUS.
Jns OTHENBHBIX TEJI MOXHO 33JaBaTh JIMHEMHYIO U YIJIIOBYKO CKOPOCTH, KO-
TOpPbIE OHU UMEIOT B HauaJbHBIM MOMEHT. OcOoObIi BUJl HATPYKEHUS — MPY-
UHBI. brarogaps Bo3M0OXHOCTH 3aaHUs KECTKOCTH IIPU OMOITHU Tpaduka
ATOT BUJ HArpy>KEeHUsI TIO3BOJISIET 3a]1aBaTh B OOIIEM CIy4yae He TOJBKO MPOo-
CTeHIIMe MPYKUHBI C JIMHEMHON 3aBUCUMOCTBIO, HO U OUTIOJISIPHBIE CHIIBI C
MPOU3BOJIbHBIMU 3aKOHAMMU.

e I'paButanus. Cuctema MO3BOJSIET Y4eCThb B pacu€re JI000e 3HAYEHUE
YCKOPEHHUSI CBOOOTHOTO MaICHUS B MPOU3BOJIbHOM HAPaBJICHUMU.

* HauansHas ckopocts. [lonp30Barens MeET BO3MOKHOCTh 3a/1aTh Hadallb-
HYIO CKOPOCTB JJIsl TIOOBIX TEJ 3a7auu (CKOPOCTh LIEHTPa Macc Tella U yrio-
By10). [lo ymMoMyaHUIO CKOPOCTH TEJl B Hayajae MOJICTUPOBAHUS PABHBI HY-
JI1O.

* Cuna. Co31a€T TOUECUHYIO CHITY, ICHCTBYIONIYIO B 33IaHHOM HaIlPaBJICHUH.
Cuna MoXxeT OBbITh 33J1aHa 3HAaYeHUEM uiu rpadukoM. B mocnennem ciydae
MOXHO 33J1aTh IEPEMEHHOE 3HAYECHHE, 3aBUCSAIIEE OT BPEMEHM WIH IMapa-
MeTpa JaTyuKa.

* IIpyxxuna (Oumnomnsipubiii cuioBor siemeHT). [lo3BosisgeT co3maBarh npy-
KUHBI, AeMI(ephl, WIA TPOU3BOJIbHbIC OUIIOISPHBIC TOYCUHBIEC CHIIBI, 3a/1a-
Baemble rpadukoM. Takke Py MOMOIIM JAHHOTO HAarpy>KEHHUs MOXKHO MO-
JIEIAPOBATh JIMHEWHBIN MPUBOJ, TOJKAKOIIMK JBA Tella C 3aJlaHHON CKOpPO-
CTBIO WJIM YCKOPEHHEM. DTO TO3BOJIIET MOJACIUPOBAThH, HAPUMEP, pabOTy
TUIPOLMIIAHAPA.

* Bpamenne. [1o3BomsieT co3aaTh NPUBO/I, BpAIAKOIIUKA TEIO BOKPYT 3aJaH-
HOM OCH C 3aIaHHOM YTJIOBOM CKOPOCTBIO. MakCHManbHBIM KPYTAIIAA MO-
MEHT, Pa3BUBAEMbIN MPHUBOJOM, MO KEIAHHUIO TMOJIb30BATENS, MOKET OBITh
OTrpaHUYEH.

* Kpyrsammit moMeHT. [103BOJII€T 3a/1aTh BEKTOP BHEIIHETO MOMEHTA, JICH-
CTBYIOLIErO Ha TEJIO.

[TapameTpsl TpeHUs U yaapa. Cucrema MOKET MOJIEIUPOBATh CBOMCTBA B3a-

UMOJICHCTBUS MEKY DJIEMEHTAMU CUCTEMBI.

Jlns mapHupoB:

* KoadpurmeHnTs! TpeHUs MOKOSI, TPEHUSI IBUYKEHUSI U BI3KOTO TPEHHUS.

* Hatdar. [{ns HEKOTOPBHIX TUMOB MIAPHUPOB MOKHO YUECTh COCITUHEHUE JIE-
TaJIEW C HATATOM.

DTO 03HA4YaeT, YTO COCAWHEHUE JETAIECH MPOU3BOAUTCA C HEKOTOPBHIM HO-
MOJTHUTEIBHBIM YCWJIMEM M YIPYTHUMHU JAedopMalisMH, BbI3BAaHHBIMU He-
COBIAJICHUEM TOCAJ0UYHBIX pa3MepoB. [lapamMeTp nMeeT pa3MepHOCTh CUIIBI.
OH ompenenseT AOMOJHUTEIBHYIO PEaKIHMI0 B IIApHUpPE, KoTopas OyaeT
YUHUTBIBATHCS MPU PACUETE CUIT TPEHUSL.

* ['eomeTpuueckue pa3Mepsl MIAPHUPA YUUTHIBAIOTCS MPU pacUE€Te TPEHUS B
HIapHUpeE.

JI711 KOHTaKTOB:

* Koaddutmentsl TpeHus MOKOs, IBUKEHUS, KaUCHUS U BEPUCHHUS.



» KoaddunueHT BOCCTAaHOBICHUS TIPH yJape XapaKTEPHU3yeT CTENEeHb CO-
XpaHEHUS] MEXaHUYECKOW YHEPTHH TeJl MOCIIe COYIapeHUsI.

* MUHUMAaJIBHYIO CKOPOCTh, C KOTOPOH HaYyMHAET JACHCTBOBATH YIIPYTo€ CO-
yaapeHue (cinadblii yaap CUUTAeTCs HEYIPYTHUM).

JlaT4nKM — criendaibHble 0OBEKTHI 3a/1a4, IIPEeIHa3HAYCHHbIC I CUUTHI-
BaHUS U TIEpeIaur pe3yIbTaToOB pacuéra Ha CpelICTBA OTOOPAKEHUS Pe3yJib-
TaToB. JlaT4MKK MOTYT OBITH HECKOJILKHUX THUIIOB, B 3aBUCUMOCTH OT 00BEKTa
U3MEPEHUS:

JATYUK B TOUKE;

* IaTYMK HA TEJE;

* IaTYMK B IIAPHUPE;

* natuuk «CUIIOBOM AIIEMEHTY;

* TATYUK ISl U3MEPEHUS PACCTOSIHUN MEXKIY JBYMSI TOUKaAMU;

* natuuk «Ilapa Tem». JlaTunk UCTIONb3yeTCs AJIsl K3BMEPEHHUS CUIIbl PEAKIIUU
U TPEHUSI B 00JIaCTH KOHTAKTa MEXIY TEIaMHu.

Pe3ynbTaThl 3alMCHIBAIOTCA HA OCHOBE CUMTAHHBIX JAaTYMKAMU IMOKa3aHUI
WM OTOOpa)xaroTcs B BHJE TIpadUUYECKUX 3HAKOB (CTPENIOK) HEMoCpe/l-
CTBEHHO BO BpeMsl BBITIOJIHEHUS pacuéra. Pe3ynbTaThl 0OBIYHO XpaHSTCS B
BUJIe rpauKoB. Pacuér BBIMOIHAETCS METOJOM BBIUMCICHUSI COCTOSTHUS CU-
CTEMBI MO KajpaM. J[Js KaXa0ro Kajapa 3armoMUHaeTcss uHpopmaius o co-
CTOSTHUU CUCTEMBI. J{71s1 pacuéra Kak10ro Kajpa 3anucu CUCTeMa COBEPIIACT
HEKOTOPOE KOJMYECTBO I11aroB MOJICTUPOBAHUS. ITO MOKET ObITh OJWH IIar
Ha KaXIbli KaJp, a MOXKET ObITh Thicsua. [loap30BaTeTs MOXKET 3a7aT IITAT-
HOE KOJIMYECTBO IIAroB, KOTOpOE cucTeMa OyJeT MCIoJib30BaTh. B ciydae
€CJIM IITAaTHOTO KOJMYECTBA IIaroB B KajJpe HE XBaTaeT JJisi oOecredyeHus
TOYHOCTH, CUCTEMa OYJIET UX YBEJIWYUBATH BILIOTH JO MAaKCUMAJIBHOTO 3HA-
YEHUs, TAKKE YKa3bIBAEMOT'O MOJIb30BATENIEM.



MeToanuyeckue peKOMEHAAUMHU JIS CTYJAEHTOB M0 YCBOEHHI0 MPAKTUYECKUX
3aHsaTHH o qucuuminae «Copemennnbie cucrembl CAD/CAE B MamunHo-
CTPOEHH I

No HasBanue npaktuueckoit paboThl Paznensl Te- | JIuteparypa | Kos-Bo
MaTHYECKOTO 94acoB
TIaHa

1 | OKHO mNpPUBETCTBUS H DIIEMEHTHI 1.1 6.4.1 2
ynpasienns T-FLEX CAD

2 | OcHOBHbBIE TIOHATUA uepTexka T- 1.2 6.4.1 2
FLEX CAD

3 | MeTopl TOCTPOCHUS YepTeKa 2 6.4.2 5

4 | OCHOBHBIC NPHUHIUIIBI W TTOHSATHS 3 6.4.2 12
3D MoaenupoBaHus

5 | Coopounsie 3D monenu 3 6.4.2 5

6 | [loaroToBKka KOHEYHO-3JIEMEHTHOM 4 6.4.3 2
MOJICITN

7 | IlpaBuna BBHITIOJHEHUS JWHAMHYE- 5 6.4.4 2
CKOI'0 pacyéra

[Ipu moaroToBKe K MpakTUYeCKo paboTe CTyAEHTY HEOOXOAMMO MOBTOPUTH JICK-
IIMOHHBIA MaTepHa, UCIOJIb3Ysl BOMPOCHI JJIi CAMOMOJATOTOBKHA MO COOTBETCTBY-
IOIUM pa3jieraM TEMaTHUYE€CKOTO IJIaHa JUCHUIUIMHBI, @ TAKXK€ O3HAKOMHTHLCS C
XOJIOM BBITIOJIHEHUS MPAKTUYECKONU paOOThl, UCIIOJIB3YSI METOJIMUECKUE YKa3aHMUs,
COTJIacHO pazfeny 6 paboueil mporpamMMbl TUCIUIIIUHBI.




MeToauvecKkue yKa3aHusi K CAMOCTOAATEJILHOM padoTe

no gucuuiuinae «Coppemennblie cucteMbl CAD/CAE B MallIMHOCTPOEHUM»

CamocrosTenbHas pa60Ta 06yt1a10n114xc;1 OCYHICCTBIIACTCA oe3 yY4acCTu:A Iperoaa-
Batensa. K caMocTosITeIbHOM pa60Te OTHOCHUTCA:

- CaAMOCTOATCIIbHOC N3YUYCHNC TCOPCTUICCKOI'O MaTcpualia,

- IOJATOTOBKA K NIPAKTUYECKUM 3aHATHIM;
- IOATOTOBKA K TEKYILIEMY, IPOMEXYTOYHOMY U UTOTOBOMY KOHTPOJIIO (3K3a-

MEHY), CAMOKOHTPOJIb;

CamocTositenbHas padota no aucuuruinie « CoBpeMmennsie cuctembl CAD/CAE B
MaIlIMHOCTPOEHUW» OCYILECTBIISIETCS B COOTBETCTBUM C pa3jiesiaMl TEMATUUECKOTO

IJ1aHa, IPUBCACHHOI'O B pa60q€ﬁ [nporpamMme NUCHUILIINHBI.

Buner CPC Pa3nesnpl TeMaTHUeCcKOT0 Mj1aHa JUCIIH-
IJTUHBI, TI0O KOTOPBIM ATH PabOTHI BhI-
TIOJIHSFOTCS
Y cBOeHME TEKYIIEro MaTepuana 1-5
[ToaroToBKa K MpakTUYeCKUM 3aHAtusaM | 1-5
[ToaroToBka K peUTUHIOBOMY KOHTpO- | 1-5
JIFO
[ToaroroBka K 3a4€Ty WIH K SK3aMEHY 1-5
Jlureparypa
6.4.1 T-FLEX CAD Ton Cu- |2016| Hnrep- ftp://ftp.topsystem | CBOGOA-
. _ s.ru/Free/TFManu HBIN J10-
TpeXMepHoe MO- CTEMBbI AdKTUB al_3D_15.pdf CTyT ¢ tio-
nenupoBanue Py- HOE 60
OH TOYKHN
KOBOJICTBO HOJIb- yuebHoe ocTyra
30BaTeNIs rmocooue JUISl aBTOPH-
3UPOBAHHO-
T'0 IIOJIB30-
Bareci
6.4.2 T-FLEX CAD Tom Cu- [2016| UHuTep- ftp://ftp.topsystem | CBOOO-
s.ru/Free/TEManu . _
OcHoBEL 2D npo- CTEMBbI AKTHUB- al 2D 15.ndf HBIX 10
CKTUPOBAHUEC U HOC CTymn C
yepueHue yuebHoe Tr060H
nmocobue TOYKH
JIOCTYyTIa
JJ1s1 aBTO-
pHU3HpO-
BAHHOT'O
II0JB30-
BaTciIst
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6.4.3 T-FLEX AHA- Ton Cu- (2016 UnTep- ftp://ftp.topsystem | CBOGOA-
JI3 CTEMBI aKTHB- :%m HBIH J10-
HOE f CTyII C
yuebHoe 1000
rnmocooue TOYKHU
JOCTyIIa
JUISL ABTO-
pH3HpPO-
BAaHHOI'O
I10JI30-
BaTess
6.4.4 T -FLEX JIU- Tomn Cu- [2016| UnTep- ftp://ftp.topsystem | CBOOOA-
HAMUKA CTEMBI aKTHB- % HBIH J10-
HOE pdf CTYII C
yaeOHOe M000i
rmocooue TOYKH
JIOCTyTIa
JUIsl aBTO-
PH3UPO-
BaHHOI'O
10JIb30-
BaTEIIs
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