2. OBBEKT ITPOEKTUPOBAHMUAI.
OCHOBBI TEOMETPUYECKOI'O MOAEJINPOBAHUSA

leomerpuueckass Monenb CHPOSKTUPOBAHHOTO WM TPOCKTH-
pyeMoro wuznenus 3aHuMaer mepBocteneHHoe mecto B CAIIP wmm
PLM(CAD/CAE/CAM/PDM), nockonbKy OHa HEOOXOIMMa MPAKTH-
YEeCKH MPH BCEX JISMCTBUSIX, HAYMHAS OT MHXKEHEPHOIO aHaJIM3a U KOH-
CTPYKTHBHBIX YBS30K, /10 Pa3paboTKu paboueil KOHCTPYKTOPCKOW J0-
KyMEHTAaIlHH1, TEXHOJIOTHYECKON TIOATOTOBKH MTPOM3BOACTBA U pa3pa-
OOTKH YIIPaBISIOMNX MpOrpaMM st crankoB ¢ UITY.

Hauaio reomerpuieckoro MoJeapoBaHus ObLIO TIOJIOKEHO B pa-
oorax Kynca, Beswe u Kacrenbxo (1960-1970 rr.) u pa3BuBaioch 1mo3j-
Hee pu pa3paboTKe aJropuTMOB MAIIMHHOM rpaduky. ['eomerpuuec-
Kasi MOJIENTb M3/IENUS SIBIISIeTCS MAIIMHHBIM MIPEICTaBICHUEM ero (popMbl
Y Pa3MepoB U MOXKET (POPMHUPOBATHCS KaK PE3YJbTAT BRIYUCICHUH (KOIIbI
3BM) nnu BU3yanu3aiuy B IByMEPHOM HIIH TPEXMEPHOM BUJIE.

JIByMepHbIE MOZIENH MIMPOKO MCIIONB3YIOTCS U 10 CHX Top (TIpu
(OpPMUPOBAHUN KOHCTPYKTOPCKOH JIOKYMEHTAIMH), TOCKOIBKY OHH
CYILIECTBEHHO JICIIEBIIC U BIIOIHE YCTPAUBAIOT IEIBII PsII POMBILI-
JIHHBIX opraHu3anuii. OnHako, paboTasi Co CIIOXKHBIMU 00pa3iamMu
TEXHUKH, IPUXOJAUTCS CO3/1aBaTh MaKeThl U3/ICNUS, HITH, KaK celvac
TOBOPAT, 3aHMMaThbcs pororuninpoBanreM (RP-Rapid Prototyping).

TpexmepHas MozeNb, CO3/1aBasi BUPTYaJbHOE MPEICTABICHUE H3/Ie-
TS BO BCEX TPEX M3MEPEHUSX, MO3BONISIET YIIPOCTHTH BOCHIPUSTHE €ro
CIIOKHOM KOH(UTYpAIlUH U PelaTh ¢ ee UCIOIb30BaHUEM WHKEHep-
HbIe, KOHCTPYKTHBHBIE M TEXHOIOTHMUYECKHE 3aJadd. BBIIEnsioT Tpu
OCHOBHBIX THIIA TPEXMEPHBIX MOJIENICH: KapKaCHBIE WIIN «IIPOBOIOYHEIE)
MOJIEIH, IOBEPXHOCTHBIE MOJIEH, OOBEMHBIE, MJIM MOJETIH CILUIOIIHBIX
Tel.

KapxkacHbie Monienu comgepkat B ce0e TObKO KOOPIMHATHI BEPIINH
Y WX CBfI3H, T.€. COGAMHSIONME X pedpa (puc. 2.1,a).

[ToBepxHOCTHAS MOZIENb MPEACTABIISIET COOOH COBOKYITHOCTD TO-
BepxHOCTeH. [Ipr 5TOM BO3MOXKHBI pa3IMuHbIE BH]IBI 0230BBIX OBEPX-
HOCTeH (TTOCKOCTH, INHEHYaThle TOBEPXHOCTH, TOBEPXHOCTH Bpallle-
HUS) ¥ pa3IMYHbIe MAaTEMaTHUECKHE MOEIH UX alMpOKCHMAaIH (Me-
tozpl Kynia, be3ne, B-crutaiiner).

O6bemMHast MOJIeNb MPeCTaBiIsieT cO00 CITONIHOE TENl0, OTPaHu-
YEHHOE Pa3IMYHBIMH [TOBEPXHOCTSIMH, M COAEPIKUT JIOTMYECKH CBSI3aH-
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Hyl0o wuH(poOpMainuio, Omarogapsi BBEICHWIO IMOHATHS O Marepuaie
(puc. 2.1,0).

Puc. 2.1. Tupbl TpeXMEpHBIX MOZIENICH: a— KapKacHas, 6— oObeMHast

Lenbio reoMeTpryecKoro MoAEIHPOBAHUS SIBIISIETCS] JOPMHUPOBa-
HUE 00bEKTa, MAKCUMAaJIbHO TPUOIIMKEHHOTO K pealbHOMY 00pasiry, a
CIIeOBATENBHO, YAOBIECTBOPSIONIETO ETIOMY psAy TpeOoBaHUH, CBS-
3aHHBIX KaK C €r0 (PyHKIMOHATIBHBIMH XapaKTEPHUCTUKAMH, TaK U C
BO3MOYKHOCTBIO H3TOTOBUTH €r0 HA pealbHOM 00opynoBanuu. Cunrta-
eTcsl, YTO MOJIENb TEM JIy4llle, YeM OOJIbIIe OHA YYUTHIBAET OrpaHuye-
HUS, CBI3aHHBIE C peaIbHBIM 00BEKTOM, €TI0 H3TOTOBIEHUEM U IKC-
rutyatanueii. B 3ToMm oTHomeHnn o0beMHasi MOJIEb BBITOJAHO OTIIAYa-
eTcsl OT IPYTUX, MOCKOIBKY B HEll B HAMJTYYIIel CTElEHH MOTYT OBITh
YIOBJICTBOPEHBI CIIEAYIOLINE CBOMCTBA: O0OHOPOOHOCHb(TENO TOMKHO
OBITH 3allOIHEHO BHYTPH), KOHeYHOCMb(TENo AOMHKHO 3aHUMATh KO-
HEYHYIO YacTh MPOCTPAHCTBA) U HCeCMKOCMb (TEJO TOIKHO COXPAHSTh
CBOIO ()OPMY HE3aBHCHUMO OT TOJNOKEHHUs U opueHTanun). Kpome sto-
o, TeOMETpUIecKas MOJIENb JOJDKHA OBITh HaJleNleHa U elle AByMs
Ba)KHBIMH CBOMCTBAMU: KOMNAKMHOCMbIO npedcmagienus (Ompeens-
eTcsl KOMIMYEeCTBOM MH(OpMAIUU, HEOOXOMMOM ISl ee TIpeicTaBlie-
HUSL; HE SBIISETCS HE3aBUCHMBIM OT CIIoco0a 00paboTKH UH(pOpMAaIIUU
1 1711 3QPEKTUBHOCTH Psijia AITOPUTMOB HHOT/IA MT0JIe3Ha OMpeesIeH-
Has M30BITOYHOCTE HH(DOPMALIMN) U OMKPLIMOCTNGIO OJisl PA3TUUHBIX
npumerenul (MOJeNb TOMKHA OBITH MPUTOIHA ISl UCTIONB30BAHUS B
pa3IMYHBIX alTOpUTMax W TPUMEHEHHSAX; CBOWCTBO 4Ype3BhIYAiTHO
BaKHO, TTOCKOJBKY OHO ONpEAEsieT IPUMEHUMOCTD TeOMETPUYECKON
MOJIEIH ISl PA3TIMIHBIX (QYHKIHA).

Hcnonp3zoBanne o0beMHOW MOZIENY HaKIABIBAET Psijl TPeOOBaHHMA
Ha MPOTPaMMHYIO Cpeay, B KOTOPOW OCYIIECTBIISIETCSI MOJICIMPOBAHHE.
K HUM OTHOCSATCS: COIIAaCOBAHHOCTH Orepaliuii (Jirodast ornepariusl, BbI-
MoNHsAEMas HaJ TeJlaMH, JOJKHA MPUBOANTH K 00pa30BaHUIO CILIONI-
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HBIX TEJl, €CJIM NHOE HE OTOBOPEHO MOJIh30BATENEM ), BOBMOKHOCTh
ornucaHus (KaxJ0€ Teo JODKHO OBITh IPEACTABUMO B MAIIMHHOM BH-
7€) ¥ HEMPOTHUBOPEINBOCTh MHPOPMAIIMHU (TOYKA IPOCTPAHCTBA MOXKET
MpHHAAJIeXKATh HEe O0JIee YeM OTHOMY Tely).

2.1. TunbI MATEeMATHYECKHUX /IEp TeOMEeTPUYECKOr0
MOIeJTMPOBAHUS

Snpo reoMeTpUYECKOro MOAETUPOBAHHUS SBJISIETCS CepIIeM JTI000H
CHUCTEeMBbI MoJAeIUpoBaHusA. ['eoMeTprueckoe sapo — 3T0 OHMOIHOTEKa
OCHOBHBIX MaTeMaTHUECKUX (YHKIHH, KOTOpas OMpeAeseT U XpaHuT
3D-dopmbl, oxuast KOMaHIbl KOHCTPYKTOpa. APXUTEKTypa siapa JIOK-
Ha rapaHTHPOBaTh MaKCUMalIbHYIO HHTErpanuio Mmexay CAD-npuio-
KEHHEM U HU3KOYpPOBHEBBIMHU KOMITOHEHTAaMHU si/ipa, odecreurnBast O0Ib-
LIYI0 THOKOCTB MPUIIOKEHHS], YCTOMYMBOCTh K OIIMOKaM M ObICTpOJIEHi-
CTBHE.

Pa3paboTunky KOHEUHOTO MPUIOKEHHS T€OMETPUIECKOE SIAPO TIO-
3BOJISIET YNYUIIHTh (PYHKIMOHAIEHBIE BO3BMOKHOCTH MPOEKTA, CO3IaTh
3D-monens Ha ocHOBE cymiecTByomiel 2D-nHdopmanum, CHU3HUTH 3a-
TpaThl, MOBBICUTH HAJISKHOCTh  COKPATUTh CPOKH Pa3padOTKH.

Tumbl MaTeMaTHYECKHUX SIeP TEOMETPUIECKOr0 MOJEITUPOBAHNS
MPHUBENICHBI B TaOJIHUIIE

Oo6nacthb [IporpamMmHbIit Pazpaborunk
3D-smpo
MIPUMEHEHUSI MPOIYKT 1§ (0)
ADEM I'pynna KOMITaHUM
CAD, CAM, CAPP ADEM,
Poccus-Uzpanns-
I'epmanus
Bricscad Bricsys NV, benbrus
AEC, MCAD -
ACIS TurboCAD IMST/design, CIIIA
(Spatial/Dassault CADopia CADopia Inc., CIIIA
Systems)
Creo Elements/Direct | Parametric
Modeling (CoCreate) | Technology, CIIIA
CAD KeyCreator Kubotek USA Inc.,
Snonusa-CIHIA
progeCAD progeCAD Srl Unino-
minale, Utanus
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Oo6nactsb [IporpamMmHbTit Pazpaborunk
3D-smpo
MIPUMEHEHUSI MPOIYKT §(0)
Shark LT Encore, CIIIA
ViaCAD 2D/3D Encore, CIIIA
ZWCAD ZWCAD Software,
CAD Kwuraii
Alibre Design 3D Systems, CILIA
SpaceClaim SpaceClaim Corp.,
'ACIS CIIIA
(Spatial/Dassault
Systems) Mastercam CNC Software, CILIA
CAD/CAM Radan Planit, BenmkoOpuTta-
HUSI
AMPSolid AMPS Technologies,
CAE CLIA
Cimatron Cimatron Limited,
CAM W3zpauns
SmartCAM SmartCAMcnc
NX Siemens PLM
CAD/CAM/CAE Software,
I'epmanus
Solid Edge Siemens PLM
Software,
CAD I'epmanus
SolidWorks Dassault Systemes,
®paniys
) T-FLEX Ton Cucremsl, Poccus
Parasolid
(UGS) Adams MSC Software, CILIA
Autodesk Moldflow |Autodesk, CIIIA
CAE Patran MSC Software, CILIA
STAR-CCM+ CD-adapco, Bemuxko-
opuranusa-CIIA
PowerSHAPE Delcam plc,
BemmkoOpuranus
CAD/CAM - ;
TopSolid Missler Software,
®paniys
ESPRIT DP Technology Corp.,
CAM CILA
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Obnacts [TporpamMMHSEIif Pazpaborunk
3D-smpo
MPUMEHEHUS MPOIYKT 1§ (0)
Parasolid AEC MicroStation Bentley Systems,
(UGS) CIIIA
Vectorworks Nemetschek, I'epma-
AEC HUS
CAD, AEC, GIS |AutoCAD Autodesk, CIITA
Codersenroe CAD Autodesk Inventor | Autodesk, CIIIA
(ASM), coBmecTn-
moe ¢ ACIS AEC/BIM Autodesk Revit Autodesk, CIIIA
Architecture
ACIS B xoMOuHaIn bonzai3d AutoDesSys, CIIIA
¢ COOCTBEHHBIM CAD
ATPOM form-Z AutoDesSys, CIIIA
CAD IRONCAD IronCAD LLC, CIIA
ACIS u Parasolid
CAE ANSYS ANSYS Inc., CIITA
CGM CAD/CAM/CAE, | CATIA Dassault Systemes,
(DS) AEC Inc.
Open CASCADE 4M S.A.,
Technology CAD, AEC 4MCAD IntelliCAD |I'perus
(Matra Datavision)
Parasolid u Open CAS} ADINA R&D Inc.,
CADE Technology CAE ADINA Modeler CIIIA
GRANITE (PTC) CAD Creo (Pro/Engineer) |Parametric
Technology, CIITIA
. CAD/CAM  |GibbsCAM Cimatron, V3pawis
Parasolid n ;
GRANITE CAM Edgecam Planit Software, Be-
JTUKOOPUTAHHS
.. | Triple Squid Software
SOLDS++ CAD Moment of Inspiration| Design, CIITA
(Integrity Ware)
Power NURBS Ideate Inc., CIIIA
SOLIDS++ (oTnesnb- CAD Rhinoceros Robert McNeel and
HBI€ MOZYITH) Associates, CIIIA
SMLib Nemetschek AG,
(Solid Modeling AEC/BIM Allplan I'epmanns
Solutions)
C3D CAD, AEC  KOMIIAC-3D u npunj ACKOH, Poccust
CAD ThinkDesign Versata, CILIA
Cobersenroe spo AceCad Software
AEC/BIM StruCad BemmkoOpuranus
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Paznuuator nuieH3upyeMble TeOMETpUIecKre SIpa, TeoMeTprYe-
CKHe siipa, JOCTYITHBIE B HCXOITHOM KOZIe, COOCTBEHHBIE, UIIM YacCT-

HBIE SI/Ipa TEOMETPUIECKOTO MOJSITUPOBAHUSI.

JluneH3upyemble siipa reoMeTprUIecKoro MoJeTHpOBaHUs pa3pa-
0OTaHBI U MOIICP)KUBAKOTCS OJJHON KOMIIAHUEH, KOTOPasl JIUIICH3UPYET
ux gpyrum kommaHusM it ux CAD-cucrem. Hampumep, sapo
Parasolid, pa3pa6orano UGS. Ono ucnonb3yercs B Unigraphics u Solid
Edge m nuuensupoBano apyrum kommanusiM, Bkiarodas CADMAX
Corp. (True Solid/Master) u SolidWorks Corp. (SolidWorks). JTunen-
3UPOBAaHHBIC siipa  OOECIEUMBAIOT TPSIMYH) COBMECTHMOCTH (uepe3
¢dopmatel oomena, Takue kak SAT u X _T) mexxay CAD-cucremamu,
KOTOpBIE WX JIMLEH3UPOBAIH.

ACIS - obbexTHO-opueHTHpoBaHHast C++ reomerpudeckas Ouo-
JMOTEKa, KoTopast cocTouT u3 Oonee uem 35 DLL-]aiinoB u Bitouaer
KapKacHBbIE CTPYKTYPBI, TOBEPXHOCTH U TBEPAOTEIHHOE MOJIEINPOBa-
Hue. OHa mpenocTapisieT pa3paboTunkaM mporpamMmm OoraThlil BEIOOD
TeOMETPUYECKUX Olepannii Ijsi KOHCTPYUPOBAHUS 1 MAHUITYIHPOBa-
HUS CIIOKHBIMUA MOJICTISIMH a TaK)Ke MOJTHBIA HA0Op OyJIeBBIX Oreparui.
Maremaruueckuii unTepdetic Laws Symbolic u ocHoBaHHas Ha
NURBS nedopmanys o3BOJSIOT MHTETPUPOBATh MOBEPXHOCTHOE H
TBepAoTenbHOEe MoaenupoBanue. SAnapo ACIS ocymiecTBiseT BBIBOA B
¢dopmat daiinoB SAT, kotopsrii 1r0b0as nonaepxuBaromas ACIS mpo-
rpaMMa MOXKET YHTaTh HAIPSAMYIO.

Bonee coepuiennsiM e€ BapuantoM siisierca ACIS 6.3. Ona co-
nepkuT Oonee 50 KOMIIOHEHTOB, BKIIIOYAs CMEIIMBAHUE, JIOKAIbHBIC
olepaluy, TOUHbIE CKPBITHIE TMHNUH, IPOCTPAHCTBEHHOE N3MEHEHUE
MaciTaba, IPOIBUHYTHIE CPEACTBA PaOOTHI C MOBEPXHOCTAMHU, T4e-
uctyto Tononoruto 1 VISMAN (Visualization Manager).

Parasolid — 3o camoe ObICTpOE PO, TOCTYITHOE IS JIUIICH3UPO-
BaHus1. OHa o0ecreunBacT TEXHOIOTHIO ISl TBEPAOTENbHOTO MOJIEIH-
poBaHUs, 0000IIEHHOI0 TYSUCTOrO MOICITHPOBAHMSI, HHTCIPUPOBAH-
HBIE TIOBEPXHOCTH CBOOOTHOM (OPMBI U JINCTOBOE MofenpoBanue. Ha
aToM sizpe paspadorano maoro CAD/ CAM/CAE-cucrem BbICOKOTO U
cpennero yporHs: SolidWorks, Delmia, Pro/DESKTOP, FEMAP.
Parasolid nognepxuBaer SMP (MHOrompoiieccopHoe anmnaparHoe odec-
MeYeHre), YTO TIO3BOJISIET YBEIMUUTh IPOM3BOAUTENBHOCTD. Parasolid
BKItouaet 6omnee 600 00bEKTHO-OPUEHTUPOBAHHBIX (QYHKIIMN AJIS TPU-
noxennii mox ynpasineaneM Windows NT, UNIX u LINUX. 3o siapo
ucnonb3yercs Oonee yeM B 230 mporpaMMHBIX MpoaykTax. Parasolid
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WCIONB3YIOT B CBOMX IMPOrpaMMHBIX mpoxykrax Bentley Systems,
Visionary Design Systems, CADKEY, ANSYS, Mechanical Dynamics,
u MSC.Software. B nononnenun k popmary oomena XT Parasolid no-
3BOJISIET TPAHCIALUIO H BOCCTAHOBJIEHHE JaHHBIX U3 APYTUX CUCTEM
MOZETHPOBaHUS ¢ ToMolbio TexHonorun Tolerant Modeling. TTocnen-
Hue Bepcun Parasolid cokycrpoBaHbl Ha paclIMPEeHNUH SKCTPEMaIbHO-
TO MOJIETTMPOBaHHUS B HANOO0JIee TEXHUIECKH CIIOKHBIX 00JIacTsX.

Ocoboe MecTo 3aHMMaeT OTedecTBEHHas pa3padoTKa — reoMeTpu-
geckoe s11po C3D (AckoH). B HEM 00beTMHEHBI TP BAKHBIX MOIYJIS:

C3D Modeler — reomeTprudeckuii MOAEITUPOBIINK, TPEIOCTABIISIO-
muid Habop BO3MOXKHOCTEH TSl TBEPIOTENFHOTO H THOPUAHOTO MOJie-
JMPOBAHUS, ICKU3UpOBaHus 1 2D uepueHus;

C3D Solver — pematens reoMeTpUYECKUX OrpaHHYCHUH, TO3BO-
JSIIOIIMX HAKIJIAJBIBATH BApHAIMOHHBIE 3aBHCUMOCTH Ha 2D- u 3D-are-
MEHTBI TEOMETPUYECKON MOJIENH;

C3D Converter — koHBepTEp JAHHBIX, OOECIEUMBAIONINI YTe-
HUE/3aIUCh TEOMETPUICCKON MOJICIM B OCHOBHBIE (pOpMaThl 0OMeHa
WH(pOPMAIHH.

C3D Modeler obecrieurBaeT MOACTMPOBAHIE OOBEMHBIX TEJl, JIUC-
TOBBIX TeJI, MOBEPXHOCTEH, TPHAHTYIISIIAIO TEOMETPHUECKON MOJIENH,
BBIUMCIICHHE HHEPLIUOHHBIX XapaKTePUCTHK MOJIEIH, aHAJIN3 CTOIKHOBE-
HUH 2IIEMEHTOB MOJIEIH, IIOCTPOCHUE MIIOCKUX MPOESKIIHA, pa3pe30B U
ceuennit monenu. C3D Solver obecrieunBaeT BBOI U IMarHOCTHKY Orpa-
HUYEHHI NIPU CO3IaHUH COOPOYHBIX SIMHHII U KHHEMaTHUECKOM aHaIIu-
3e, C3D Converter — paboty ¢ popmaramu: STEP (urenue/3anucs), Pa-
rasolid (urenne/3anuck), ACIS (urenue/3anucsk), IGES (urenune/3anucho),
STL (zanmck) 1 VRML(3amuch).

l'eomerpuueckue siapa, JOCTYIHBIE B UCXOJHOM KOZE, TIOIOOHBI
JUIEH3UPOBaHHBIM siipaM. OHHU TaKke pa3padaThIBAOTCS U MOJIEP-
KUBAIOTCS OTHOM KOMITAaHHUEH U 3aTeM JIMIEH3UPYIOTCS APYTHM KOM-
maHusiM IS ucnoib3oBanusa B CAD-npunoxenusix. OTInyue CTOUT B
TOM, YTO pa3pabOTYMKH CO3JAI0T UCXOMHBIN KOII SIIpa, UYTO MO3BOJISIET
MOTB30BATEISIM SIIpa €ro MOAU(UIIUPOBATS.

Open CASCADE (Matra Datavision) npencrasiser Visual C++
MPOEKTHI, KOTOPhIE TIO3BOJISIOT MOJIH30BATEISIM KOMITHIIMPOBATH KO
Open CASCADE na ux miatdopmax. @opmatsl 3KcriopTa AaHHBIX
noctynubl ast STL, VRML u HPGL2, a monens Open CASCADE
Application Framework o6ecrieurBaer ObICTpYIO pa3paboTKy MpHUIIo-
xeHnnit 3D monenupoBanus. Kpome Toro, mpuHIMI pacrpocTpaHeHHs
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HCXOTHOTO KOJia TI03BOJIMII OOJNbIIEMY YHCITy mofib3oBaTenelt Open
CASCADE y4actBOBaTh B pa3paboTKe 3TOro MpoxyKTa, MpeocTaB-
Jisis  CBOW KON, KOTOPBIA  Takke MyONHMKyercss Ha  caiite
http://www.opencascade.org/, 4to maer OONbIIME BO3MOKHOCTH IO
000raIeHnIo 3TOro MPOrpaMMHOTO TIPOAYKTA.

SMLib (Solid Modeling Solutions) — Ha0Op OCHOBaHHBIX Ha
NURBS reomerpuieckux u Tormojgoruueckux ounbnuorek. Brimtoyaer
obmmpHeiii Habop NURBS-QyHKIMI KpUBOIMHEHHOTO W TOBEpX-
HOCTHOT'O MOJISTUPOBAHUS, a TAKKE ONITUMU3UPOBAHHBIN KOJI T ObI-
CTpPOTO M3MEPEHUS PaCcCTOSHHUA MEKAY 00bekTaMu. CyIIecTBYIOT BO3-
MOXHOCTH, OCHOBAaHHBIE Ha TOTIOJIOTHH CETOYHOM TeHepaluu JJisl ABY-
MEpHBIX COT, paCIIMPEHHOE 3allOTHEHHE U 3aTeHEeHue, cMenleHue 000-
JIOYKH ¥ BO3MOXXHOCTH MHOXXECTBEHHOTO 00beuHenus. SMLib pac-
npocTpansercs B (hopMe UCXOHOTO Kojia 0€3 aBTOPCKUX OTYUCIICHUH,
YTO SIBISETCS YPE3BBIYAHO MPUTATATEEHBIM.

YacTHble sapa TeOMETPUYECKOT0 MOICIIMPOBaHUsI pa3padaThiBa-
10TCsI ¥ oepskuBatorcs paspaborankamu CAD-cucteM ams ucnonb-
30BaHUS MCKIIOYUTEIILHO B CBOMX NPWIOKEHHUsX. [IpenmymiecTBoM
YACTHBIX S7IEP sIBIIETCS Oolee r1yOoKasi MHTerpaius ¢ uatepgeiicom
CAD-npunoxeHus.

2.2. O0pa3zoBaHue reoMeTpH4ecKHX (popM
(COBOKYNHOCTH NMOBEPXHOCTENH) U31eauii

[Tpu popmupoBaHur 0OBEKTOB MOTYT OBITH UCTIOIB30BAHBI Pa3-
n4aHbIe crtocoObl. Hanbonpmmii mHTEpec mpeacTapiseT KhHeMaTHye-
CKui crioco0 (hopMUpOBaHUS OOBEKTOB, TOCKOIBKY OH B TIOJIB30Ba-
TEJIbCKOM OTHOILEHUH (MMEIOTCS B BUAY MPOTrPAMMHBIE CHCTEMBI, Ha-
npumep Kommnac-I'papuk) sBisercs Hambonee pacipoOCTPaHEHHBIM.
Cpenu onepanuii (hopMo0oOpa30BaHusl CIEAYET BBIJACTUTH ONepaIiuu
BbIJIABJIMBaHUA U BpalllCHU A, KUHEMATUYCCKYIO OII€paluto 1o 3aI[aHHOI>'I
JMHNAW, KHHEMAaTHYECKYIO OIEPalnIo IO CeUCHHSIM.

Onepauus eévtoasauganusn. OCHOBOU orepariuu sSBISETCS ICKU3
3JICMEHTA BblAaBJINBaHH. K HEMY B pAA€ CUCTEM NPECABABIIAIOTCA OIl-
penenennbie TpedoBanus. OOBIYHO 3CKU3 dNieMeHTa opMupyeTcs Ha
TUIOCKOCTH B TEOMETPHUECKOM PEIAKTOpE, YacTo B ITapaMeTpHU30BaH-
HOM BH/JIE, C TIOCJIENYIOIIEM Ha3HaueHHEM HeOOXOMMMBIX Pa3MepoB.
Janee ucnonb3yercs onepanus BblAaBIuBaHus (puc. 2.2) ¢ yKazaHHEM
HaTpaBlieHHs ¥ TTyOWHBI BblaBnuBanus (puc. 2.3). Ecim BeiOpaHo
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BBIIaBJIMBAHKE B JIBYX HAIPABICHUSX, TO [JIYOUHY BBIJABIUBAHUS ClIC-
JyeT BBOOUTD ABAXKABI (s IPSIMOTO M 0OpaTHOro HampasiieHni). Ec-
JIY TUTOCKOCTh 3CKH3a BHIOPaHA B KAYECTBE CPEIHEH IIIOCKOCTH, TO
BBEJICHHOE 3HAUCHKE ITYOUHBI BBIJIABJIMBAHUS CUUTACTCS O0IIUM (B
KXy CTOPOHY OTKJIaIbIBASTCSI €r0 MOJIOBUHA)

0) 6)

ﬁ\o >

Puc. 2.2. O6pa3oBaHre 00hEMHBIX 3JIEMEHTOB: d— MPU3MBI, 6— TOpa,
6— KUHEMATUYECKOrO DJIEMEHTa

P
'y
Tl

Puc. 2.3. Dcku3 u NOJYYHUBIICECS B PE3YIILTATEC BbIJIaBJIMBAHUS OCHOBAHUEC

Ecnu BrimroveHa onuust Yxiox M BBEACH Y20a YKIOHA , TO TIPH Tie-
peMeIIeHNH B HAPaBJICHUN BHIAABIMBAHUS SCKU3 OyIeT yBeNUYNBATh-
cs. Ecnu akTuBM3UpoBaHa onuuio  Yka0H 6Hympy , TO 9CKU3 Oyaer
YMEHBIIIATLCS, B HAIIPABJICHUH BbIJaBuBanus (puc. 2.4).

Ecnu BeIAaBIMBaHNE POU3BOIUTCS B ABYX HAIPABICHUIX, TO JJIS
KaJIOTO U3 HUX MO)KHO BBECTH YroJI M HalpaBJeHUe yKIIOHA (Tiepesn
BBOJIOM HY)KHO aKTHBH3UPOBATh CTPOKY [Ipsimoe wim Obpammoeor-
uuu Texyuezo nanpasnenus) (puc. 2.5).
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Puc. 2.4. Pesynbrar onepaiuu Bbl-
JIABJIMBAHMS C BBEJICHHEM YKIIOHA

Yy

Puc. 2.5. TlocTpoerne 0CHOBaHUS B IByX HAIPABJICHUAX C Pa3HBIMU yIIIaMu
U HaNpaBJIeHUSMH YKIIOHA

Ecnu Heo6xonmmo co3naTh TOHKOCTEHHOE Teno (puc. 2.6), mo-
BEPXHOCTH KOTOPOTO MPEACTABIACT COOOH Clie/ ABMKEHUSI KOHTYpa
9CKH3a, TO CIIeAyeT aKTUBU3UPOBATh BKIAAKY  [lapamempbl monxoii
CcmenKu, BKIIOYUTD o0  onyunan
yKa3aTh HarpaBjieHue J00aBIeHus MaTe-
puaina, BBellsl 3Ha4YeHU e TONIUHBI CTEH-
ku. Ecnu BpIOpaHO co3MaHUE TOHKOM
CTEHKH B JIByX HalpaBJICHHSIX, TO TOJ-
HIIMHY CJIEAYeT BBECTH JBAXKIBI, JUIS
OpsIMOTO M OOpaTHOTO HAaIpPaBICHHI.
Ecnu moBepxHOCTh Tena BEIOpaHa B Ka-
4ecTBE CpeIHEH IJIOCKOCTH TOHKOH
CTEHKH, TO BBEIGHHOE 3HAYCHUE TOJIIIH-
HbI CYMTAETCS OOIIUM (B KaXyI0 CTOPO-
HY OTKJIaJbIBAETCS €T0 TIOJIOBHHA).

Puc. 2.6. TOHKOCTEHHBIH
DJIEMEHT BBIJIABJIMBAHUS
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Onepayusn épanienusn . OcHoBanueM ajs popmooOpa3oBaHus HO-
BEPXHOCTH BpalICHHUA ABJIACTCA 3CKHU3 CCUCHUA Bpalll€HUA U OCh Bpa-
mienus (puc. 2.7). [lpu oOpalennu K onepanuy Heo0X0IUMO yKa3aTh
HaTpaBlieHHE BpalleH!sl U yroi Bpamienus. Eciu BeIOpaHo BpalieHue B
JIBYX HaIlpaBJICHUSX, TO YToN BpallleHUs: TpeOyeTcst BBECTH JIBAKIbI
(1St IPSAMOTO ¥ 0OPATHOrO HAIIPaBIICHUH ). ECIU MII0CKOCTh 3CKU3a
BbI6paHa B Ka4CCTBEC CpeﬂHeﬁ IMJIOCKOCTH TCJjla BpallCHHA, TO BBCICH-
HOE 3HaYCeHHUE YIJIa BpallleHHs CYATAeTCsl OOIINM (B K&KAYIO CTOPOHY
OTKJIAJILIBACTCSI €T0 MOJIOBHHA).

Puc. 2.7. Dcku3 JUIA OTi€pali BpalllCHUA U MTOJIYYCHHOC TEJIO BpalllCHUA

[pouenypa Kunemamuueckasn onepayus no 3a0aHHOl TUHUU
[o3Bonsier co3naBaTh OCHOBAHHE JACTANH, MPEACTABISIONIEE PE3YIBTAT
MepeMeIICHUs ICKU3a-CeueHUs BJIOIb 3CKHu3a-Tpackropuu (puc. 2.8).

S

Puc. 2.8. B3anMHoOe monokeHne cedeHus ¥ TPAaeKTOPHU B IPOCTPAHCTBE
U TIOJIyYUBIIMHACS KUHEMaTUIECKUH 2JIEeMEHT

Ecnu tpaekropus 3aMKHYTa, TO OHA JOKHA [1€PECEKATh ILI0C-
KOCTb 3CKU3a-CEUEHHs], €CIIU TPAEeKTOPUS Pa30MKHYTa, TO OAMH U3 €€
KOHIIOB JIOJKEH JIeXKaTh B INIOCKOCTH 3CKH3a-ceueHus. [l Beroopa
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CEYEHUS CO3/1aBaeMOT0 dIIEeMEHTa He0OX0IUMO BKIIOUUTE onmio  Ce-
YeHye Uaora U yka3aTrb HY)KHBIH 3CKH3 (3TO MOXKHO C/IENaTh B OKHE
JieTajy WK JiepeBe noctpoeHus). Ha3Banue BEIOPaHHOTO 3CKU3a MOsI-
BUTCS B uanore nox onuueid  Ceuenue. s BeIOOpa TpaeKTOPHU JBH-
KEHUSI CeueHHsI HEeOOXOMMO BKIIIOUUTH ONIHI0  Ipaexmopusnuanora
Y yKa3aTh ACKU3 TPACKTOPHUIO (MU HECKOIBKO ACKU30B). Ecimu ykas3pi-
BacTCs HECKOJIBKO 3CKHM30B, TO OHU JOJIXKHBI 6LITI: HE3aMKHYTBIMHU U
MOCJIEe0BATENbHO COSUHSATHCS, 00pa3ys HEPEPHIBHYIO TPACKTOPHIO.

MOoKHO yKa3aTh clioco0 OpHEHTAIMK CEYEHUS B IPOCTPAHCTBE Ha
MPOTSHKEHHUH €ro TIepeMeIeHHs BI0Ib TpaekTopuu (puc. 2.9). Jlns ato-
O UCTIONB3YeTCs Onuus Jeudicenue 0opaszyioujetic OTHUM U3 BO3MOXK-
HBIX BApHaHTOB: [lapannenvno camomy cebe, Coxpanum y2on HaKioHa
u Opmozonanvno mpaekmopuu . [Tpu BbIOOpE IBMKCHUS CEUCHUS T1a-
paJuIenbpHO caMoMy cebe cedeHre epeMentaercs Tak, 4To B 000
TOYKE 3JIeMEHTa €ro MIOCKOCTh MapajuielibHa MIIOCKOCTH ICKU3a, CO-
Jeprkaniero ceuenne. [Ipu BeIOOpe  ceuenus opmo2oHanbHo mpaeKkmo-
puu CedeHHe TepeMenIaeTcs Tak, 4YToObl B 000 TOUKE SIeMeHTa
TUIOCKOCTH CeYeHUs1 Oblia MepreHAnKyIspHa Tpaekropuu. [Ipu BeIGO-
pe CeueHHs C COXpaHEHHEM yIila HaKJIOHA CEUeHHE NepeMenIaeTcs TaK,
9TOOBI B JIFO00H TOYKE DIIEMEHTA YTOJl MEXIY TIIOCKOCTBIO CEUeHUS U
TpaeKkTopuel OblI MOCTOSHHBIM U PaBHBIM YTy MEXIY MIIOCKOCTHIO
3CKH3a — CEUECHMS U TPAEKTOPUEN B HAYAJIBHOM TOUKE.

a) 2)

ﬁ |
Puc. 2.9. KunemarnJeckuii 3IeMEHT: d— 3CKHU3bl CEYEHUsI U TPAEKTOPUH, O— repe-

MCIICHUE CCUCHHUA C COXPAaHCHUEM yIJIa HAKJIOHA, 6— IMCPEMCIICHUEC CCYCHUSA OpPTO-
TOHAJIBHO TPACKTOPHUH, c— NIEPEMECIICHUEC CCUCHUS MTapaJIJICIIBHO CaMOMYy cebe
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Ecnu Heo6xoamMo co31aTh TOHKOCTEHHOE TeJ0, TOBEPXHOCTh KO-
TOPOTo MpeACTaBIsIeT cOOOM Cliel ABMKEHUSI KOHTYpa SCKH3a, He00Xo-
JIMMO aKTHBU3MPOBATh BKIAAKYy [lapa-
Mempuvl MOHKOU CIEeHKY , BKITIOUUTH OIT-
nuto Tomyunawn ykasath HarpaBICHUS
no0aBJIeHUs] MaTepralia, BBECTH 3Haue-
HUE TONIIMHEI cTeHKH (puc. 2.10). Eciu
BBIOPAHO CO3JJaHUE TOHKOH CTCHKH B
JIBYX HaIlpaBJICHUSX, TOJIIIUHY TpeOy-
eTCsl BBECTH JBAXKIBI (1S TPSIMOTO H
oOpatHoro HampagiieHuit). Ecmu mo-

Puc. 2.10. KuHeMAaTHye CKHii BEPXHOCTh Tella BbIOpaHa B KaueCTBE
JJIEMEHT C ITapaMeTpamMu Cpe[[Heﬁ IJIOCKOCTA TOHKOH CTEHKH,
TOHKOH CTCHKH BBEICHHOE 3HAUYECHHM € TOJIIMHBI CUATA-

ercst 00UUM (B KaXKIYIO0 CTOPOHY OT-

KJIa/IbIBaeTCA €ro MoioBUHa). Eciii KOHTYp B 9CKU3€ ceueHHs He 3aMK-
HYT, MOXET OBITh TIOCTPOCH TOJILKO TOHKOCTEHHBIM JICMEHT.

IMpouenypa Kunemamuueckasn onepayus no ceuenusm mo3Bois-
€T cO3J]aTh OCHOBaHHE JCTANH, YKa3aB HECKOJIBKO €ro CeueHni, u30-
OpaXEHHBIX B pa3HbBIX ACKU3aX. Eciin HEOOX0IMMO, MOXKHO YKa3aTh
HaMPaBISIONIYIO — KOHTYD, 3aIafOIIi HapaBiIeHNe MOCTPOCHUS dJie-
MeHTa 1o ceueHusM (puc. 2.11).

o
s @

Puc. 2.11. B3anMHOe monokeHue ce4eHu B MPOCTPAHCTBE U HJIEMEHTEI,
MIOCTPOCHHBIE [0 3TUM CEUEHUAM

Komanpa noctynHa, eciy B I€Tall CyIECTBYIOT XOTsI Obl 1Ba 3C-
KM3a, HE 331 CTBOBaHHBIX B Ipyrux onepanusx. [locne BeI30Ba ko-
MaH/JIbl Ha 3KpaHe NOSBIISAETCS JUAJOr, B KOTOPOM MOXHO YCTaHOBUTH
rapaMeTpsl OlEpaLiU 110 CEYECHUSM.
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Uto0ObI BBIOpATh CEYEHUS CO3/1aBAEMOT0 DIIEMEHTa, HEOOXOMMO
BKITIOUUTH onuuio Ceuenusauanora M yka3arb Hy>KHbIE 3CKU3bI B TOM
MOpsIZIKE, B KOTOPOM OHU CIIEAyIOT B aneMeHTe. HazBaHus BEIOpaHHBIX
ACKU30B NOsABATCS B auaiore noj omnmued  Ceuenus. JIns BeiOopa Ha-
MPAaBJISIONICH BKIIOUUTH onuuio  Hanpaensiowjasanuanora v ykazaTh
KOHTYD, 33Jaf0I1ii HallpaBJIeHNE TOCTPOCHHSI DJIEMEHTA 110 CEYCHHSIM.

CedeHust ¥ HaMPaBJISIIOIYIO0 MOJKHO yKa3bIBaTh, BHIOUPAst COOTBET-
CTBYIOIIME ICKU3BI B [lepese nocmpoens i MBIIIBIO 1O Tpaduye-
CKHM 00BEKTaM B 3THX cedeHHsIX. Ecim 3cku3bl yka3aHbl OmrO0YHO
(HampuMep, B HEBEPHOM TMOPSAKE), MOKHO IPOM3BECTH IOBTOPHOE
yKa3aHue, He BBIXO/s U3 KoMaH bl [1o ymonmuanuro B Auanore BKIIIO-
4yeHa onuus Aemomamuueckasn eeHepayus nymu . [Ipu aBToMaTHYECKOH
reHepaly CUCTEMa aBTOMAaTHUYECKH OIpeIesisieT, KaKue TOUKU cede-
HHUW COEIUHATH IIPU IOCTPOEHUU AIeMeHTa. ECii 3To onuus oTKiroue-
HAa, TPOMCXOAUT TOCIIEOBATENILHOE COSNMHEHNE CKU30B 110 TOUKaM,
OMIKaMIINM K TOUKaM MX yKazaHus. Ecim acku3bl ykaswsiBaloTca B Je-
peee nocmpoeHus AeTand, cpabaTbiBaeT alrOPUTM aBTOMAaTHYECKOMH
reHepaly MyTH.

Pekomenmyercsi yka3plBaTh CEUCHUS B OKHE JeTajll B TOYKax
(BepmInHax), KOTOpPBIE IOJKHBI MOCIEA0BATENEHO COCAMHATHCS.

Ecnu Tomonorus cedeHnii CUIBHO pa3nuyaercs (Harpumep, B OTHOM
W3 HUX — TPEYTOJIBHUK, a B APYTOM — MSTHYTONBHUK), PE3Y/IbTaT Mo-
CTPOCHUS MOXKET HE COOTBETCTBOBATH OKUIAAEMOMY (MOXKET TIPOU30UTH
“CKpyuMBaHHE” DIIEMEHTA WU MOSBIISAETCS JIOMOIHUTENbHBIE pedpa).

Bxitouenue onmun - 3amMKHymbo3HaYaeT, 4To Tpedyercs: coenu-
HUTH CEUCHUsI, KOTOpbIE ObLIIM YKa3aHbI IEPBBIM U MTOCIIETHHUM, T.€.
CO3/1aTh 3aMKHYTBII JIEMEHT.

Ecnu Heo6xoamMo co31aTh TOHKOCTEHHOE TeJ0, TOBEPXHOCTh KO-
TOPOT'O COBMAJAET C MOBEPXHOCTHIO AJIEMEHTa MO CEYEHUSIM, HE00X0-
MO aKTUBU3UPOBATh BKIAAKY [lapamempul mOoHKOU CIMEeHKY , BKITIO-
yuTh onuuio Tonwyuna M yka3aTh HarpaBjieHUe J00aBIeHUs MaTepHa-
7a, BBEJlS 3HAYCHUE TONIIMHBI cTeHKH. Ecii BEIOpaHOo co3jaHne TOH-
KOW CTEHKH B JIBYX HalpaBJICHUSX, TOJIIIUHY TpeOyeTrcst BBECTH IBaX-
JBI (U1 IPSIMOTO U 00paTHOTO HarpapieHui). Ecinu moBepxHOCTh Tena
BbIOpaHa B KaueCTBE CPEAHEH MIOCKOCTH TOHKOM CTEHKH, BBEIEHHOE
3HauYEHHE TOJIIUHBI CYUTACTCA OOIINM (B KaXIyl0 CTOPOHY OTKJIaJIbI-
Baercs ero nonoBuHa). ECiiu KOHTYpBI B 5CKU3aX CEYEHUH HE 3aMKHY-
ThI, MOKET OBITh MOCTPOEH TOINBKO TOHKOCTEHHBIN JJIEMEHT.
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2.3. PeqakTpoBaHue reoMeTpu4ecKux ¢Gpopm
(BcmoMorareJibHbIe reOMeTpHYecKHe onepannu)

OO1enpUHSATHIM MOPSAKOM MOICIUPOBAHUSI TBEPIOTO Teja SBIIs-
eTCsl IOCIe0BATEIbHOE BBIOIHEHUE OylIeBbIX onepanuii (o0bequHe-
HUS1, BBIYUTAHUS B TIepecedeHus) HaJ 00bEMHBIMH dlIeMeHTaMH (cde-
pamu, mpu3MaMu, HWINHAPAMHU, KOHyCaMH, TUpaMuIamMu U T.1.). [Ipu-
Mep BBITIOIHEHUS TAKUX Olepalyii mokasaH Ha puc. 2.12.

a) 0)

<> {8 {5 B

Puc. 2.12. ByneBs onepanuu HaJl 0OBEMHBIMH JIEMEHTAMH: a—IIWIIMHIP, 6— 00bEIH-
HEHHE IWTHH/PA ¥ IPU3MBI, 6— BEIYUTAHUE TIPH3MBI, 2— BRIYHTAHHE IFITHHAPA

Ilocne co3maHusi OCHOBHOM 4YacTH JA€Tald MOXHO TNpHOaBUTH
(pUKIIEUTB) K HEW WM BBIYECTh U3 Hee CIeAyonme GopMooodpas3yro-
HUE 3JICMCHTHBI YCTBIPCX THUIIOB: 3JICMCHTHI BbIJIaBJIMBAHU S, SJICMCHTLL
BpalicHus, KHHEMATHYCCKUEC 3JIEMECHTBI, 3JIEMCHTLI I10 CCUCHHU M.

OcHOBHEBIE npaBujia MOCTPOCHUA O3TUX IJIEMCHTOB aHAJIOTMYHbI
[IpaBUjiaM IOCTPOEHUS] OCHOBHOM YacTU JAETAIN COOTBETCTBYIOIIEH
¢opmbl. Ha pwuc. 2.13 mnokazan
pe3ynbTaT NPUKIENBaHus K OC-
HOBaHMIO JIeTIM OOOBIIIKH U
YCTBIPEX JIAIIOK W BbIYHUTAHUC
JIBYyX I[a30B U YETBIPEX OTBEp-
CTHUH.

IIpu BBOEmE mapamerpos
ornepanuu BeIpE€3aHua UK Npu-
KJIICMBaHHUA JOCTYIIHO HECKOJIBKO

Puc. 2.13. BoOpImka 1 JanKy MpUKISEHB!
K OCHOBAHHIO JICTAIIH, a3kl U OTBEPCTHUS Oomblire onmguuv, 4YeM I1pu I10-

BBIPC3aHbI CTPOECHHUH OCHOBaHUs. JlONOIHU-
TEJIbHBIC OIIHUU IMMO3BOJIAIOT YII-
POCTHUTB 3aJJaHUE IAPAMETPOB JIEMEHTOB, a4 TAKXKE CBA3ATH UX APYT C
apyrom. Hanpumep, npu co31aHuy CKBO3HOIO OTBEPCTHUSI MOKHO HE
paccuuThIBaTh €ro JJIMHY, 8 YKa3aTh, 4YTO OHO JOJDKHO OBITH MOCTPOCHO

28



4yepes BCIO JIeTallb, a IPU CO3/IaHUU OOOBIIIKY yKa3aTh, YTO OHA JIOMIK-
Ha OBITH MMOCTPOEHA JI0 ONPEAETICHHON TOBEPXHOCTH.

Tunosele onepanuy peIakTUPOBAHUS — IOCTPOECHUE CKPYITICHUIN
(hacok, yKJIOHOB, pedep KECTKOCTH, OTBEPCTUH (MPOCTHIX, C IIEKOBKOIA,
C 36HKOBKOH ) M psiJia IPYT'HX 3JIEMEHTOB.

CkpyriieHHe co3aeT CKPYIJIeHHYI0 BHYTPEHHIOK W BHEUIHIOKO
rpaHb Ha JieTani. MOKHO CKPYIJIHTh BCE KPOMKH T'PaHH, BEIOpaHHBIE
MHO)KECTBA I'paHel, BBIOpaHHBIE KPOMKH.

CkpyTiieHusI MOTYT OBITH CIIEAYIONIMX THIIOB: CKPYTJIEHHE C MO~
CTOSIHHBIM PAJMYyCOM, CKPYTJICHUS C HECKOJIbKUMH PalyCaMH, CKpyT-
JICHUS! YIJIOB, YMEHBILICHHBIE CKPYIIICHUsI, CKPYIJICHUS IEPEMEHHOTO
paanyca U CKpyIJIeHHS C TIIaJKOH CTHIKOBKOW rpaHelt (puc. 2.14).

a) 0) 6) 2)

PN

Puc. 2.14. CkpyrieHue rpaHeii: a— ¢ OIHUM CKPYIJICHHEM, O— C ABYMS CKPYIJICHHSMU
6e3 pacIpocTpaHeHus BIONb JIMHUM IIepexoyia, 6— CKpyIIIeHne BeexX rpaHeil 0e3 pac-
MPOCTPaHEHHUs BOJb JIMHUU HEePEeXofia, 2— CKPYIICHHE C PaCIPOCTPAHEHHEM BIOJb

JIMHHH TIepexoza

[Tpu BeITIONTHEHNH CKPYTIIEHUH MOXXHO BBEIOMpPATh OJIMH U3 Clie-
JYIOIIMX [1apaMeTpoB B 3aBUCHMOCTH OT YCJIOBUI reOMeTpUH (BBITYK-
JIOCTH CKPYIJISIEMBIX KPOMOK M CMEXKHBIX KPOMOK H T.A.). Eciii Hy)HO
OCTaBUTHb KPOMKY, TO OyAET MO/IEPIKUBATHCS EIOCTHOCTh CMEKHBIX
JUHEHHBIX KPOMOK. OJJHAKO MOBEPXHOCTH CKPYIJIEHHS pa3duBaeTcs Ha
OT/EIbHBIE MOBEPXHOCTH, M BO MHOTHX CIydasX BEpXHSS KpOMKa
CKpYTJICHHS MOKET UMeTh YKJIoH (puc. 2.15, a) Eciu Hy)KHO 0CcTaBUTh
MTOBEPXHOCTH, TO UCIONb3YETCs] CMEXKHAs TTOBEPXHOCTh [T CMATUEHHS
CKpyIiieHus. B pe3ynbraTe kpoMKa CKpyIJIeHHs TOy4aeTcst CIUTHOHN U
IJIaJIKOM, a CMEXKHasi KpoMKa paspyiunaercs (puc. 2.15,06).

CxpyryeHus co CKpyIJIeHHBIMU YITIaMH [TO3BOJISIOT KOHTPOIUPO-
BaTh MEPEX0l MKy KPOMKaMH I10 yriiaM. [ 0ToBO€ ckpyTiieHue coue-
TaeTCs C MPUMBIKAIOIIUMHI KPOMKaMH, YTO YCTPAHAET U CTIa)KUBaeT
OCTPBIH CTBIK TaMm, TI€ COSIUHSIIOTCS ABE KpOMKH (puc. 2.16).
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Puc. 2.15. Cxpyrienue ¢ ycIoBHEM OCTaBUTH KPOMKY (a), OCTaBUTh
MOBEPXHOCTH (0)

a) 0)

Puc. 2.16. Tlepexon Mex Ty pa3TUIHEIMI TOBEPXHOCTSMHE: d— CXOIHEIE
MOBEPXHOCTH JUIsl CKPYIVICHUS, O— CKpyIJieHHe Oe3 yIJIOB, 6— CKPYIVICHHE C YIIIaMH

MOXHO BBIIOTHUTH CKPYITIEHUE C TJ1JIKOM CTBIKOBKOW T'paHeu ¢
WCIOIb30BaHUEM JIMHUU pazbema (puc. 2.17). Bmecro ncnonbp3oBanus
KPOMKH B KaU€CTBE JINHUU CONPSHKEHUS UCIIONB3YETCS JIMHUS pa3bemMa
(puc. 2.17ga).

0)

Puc. 2.17.ConpshkeHre MUITHHIIPA C OTCEKOM TUTOCKOCTH: (— UCXOIHBIC MTOBEPX-
HOCTH ISl CKPYIJICHUS ¥ JIMHUSL pa3beMa, O— CKPYIJICHHE C TTIaJIKON CTHIKOBKOI
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[Tpu BBITIOTHEHUW CKPYTJICHUS MOXHO BbIOPATh pa3HbIC 3HAYCHUS
paauycos (puc. 2.18), onupasich Ha UHCTPYMEHTAJIBHBIC CPEICTBA CHUC-
TEMBI.

Puc. 2.18. Cxpyrienue ¢ pa3HBIMH paiycaMy

dacka, SABIAACH TEOMETPUUYECKMM DJIEMEHTOM PEeIaKTHPOBa-
HUS MOJENH, CO3MaeT CKOC Ha BBIOPAHHBIX TPaHSAX, MOBEPXHOCTIX
W BepmmHax. Moxker (opMHpOBaThCA MO PAa3HBIM  YCIOBHSM:
yrOl-pacCTOSHUE,  PACCTOSHHE-PACCTOSIHUE, PABHOE  PACCTOSHHE
(puc. 2.19).

1350 15 5

20
20
20

Puc. 2.19. ®acka, copMupoBaHHas IO TPEM Pa3HBIM YCIOBUSIM

VKJIOH 3a0CTpsAET BHIOpaHHBIE TPAHH UM TOBEPXHOCTH MOJIEIH
0JT 33/IaHHBIM YTJIOM. MOXXHO 00aBUTh YKJIOH B CYIIECTBYIOIIYIO
neraib (puc. 2.20) win co3nath €ro BO BPeMs BBITSDKKH dJIEMEHTa. YK-
JIOH MOXKET BBITIOJIHATHCS OTHOCUTEIBHO YKa3aHHOU (0a30BOM) IIIOCKO-
ctu (puc. 2.20), 6a30Boit IuHUY yKIIOHA (pHC. 2.21) U ¢ U3I0MOM.
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Puc. 2.20. ®opmupoBaHue YKIOHA MEXTy pa3INIHBIMU IOBEPXHOCTSIMH:  (— YK-

JIOH BBITOJHSIETCS TOJIBKO Ha BRIOPAHHOM IpaHl, O— yKIIOH PaclpoCTpaHseTcs Ha

rpaHH, NPHIJICralolire K BBIOPaHHOM, 6— YKIIOH PaclpOCTpaHseTCs Ha BCE IPaHHu,

Onmkaiiiie Kk 6a30BOM IIOCKOCTH, M BBITECHSIIOTCS U3 HEe, e— YKIIOH BBIIOJHSCT-

Csl Ha BCEX IPaHsX, BBITECHEHHBIX M3 0A30BOM IIOCKOCTH (BHYTPEHHHE I'PaHH),

0 — YKIIOH BBITIOJIHSAETCS Ha BCEX TPAHsX, ONMKaNIINX K 6a30BOil IIIOCKOCTH
(Hapy)KHBIE TPaHN)

BazoBast THHUS YKIIOHA MTO3BOJISIET BBITIOMTHUTH YKIIOH PacIolio-
JKEHHBIX BOKPYT Hee MoBepXHocTel. /s Toro 4To0bl BEIOIHUTE YK-
JIOH C pa3lensiolell TMHUEeH, Hy)KHO CHadala pa3ieliuTh TPaHu, s
KOTOPBIX BBITOIHSIETCS YKIIOH, BCTABHB JIMHUIO pa3beMa MOJIETH yKa-
3aTh HampasieHue GOPMUPOBAHUS YKIIOHA, T.€., C KAKOH CTOPOHBI OT
0a30BOH JINHUM YKJIOHA yAalisiercss Marepuain (cM. puc. 2.21). bazosas
JIMHUS. MOXKET OBITh HEIIOCKOH, T.€. B 3TOM CJIydae YKIIOH OyJIeT ¢ 13-
siomoM (puc. 2.22).
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Puc. 2.22. ®opmupoBaHue YKIOHA C N3IIOMOM

Pebpo co3maercs ¢ MOMOIIBIO OAHOTO MJIK HECKOIBKUAX 3aMKHYTBIX
WJIM HE3aMKHYTBIX 3CKH30B. OCHOBaHMEM /ISl CO3JaHMs pedpa KecTKo-
CTH MOXET OBITh TIOCKOCTH (pHC. 2.23) MIIM HECKOIBKO 3JIEMEHTOB
(puc. 2.24).

Puc. 2.23. Pebpo KeCTKOCTH, MOCTPOSHHOE 10 INTOCKOCTH ¥ KOHTYPY
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Puc. 2.24. PeOpa %eCTKOCTH TIOCTPOCHHBIE TT0 HECKOIBKUM JJIEMEHTaM

Opuenranus pedpa MOXKET OBITh Pa3INYHON B 3aBUCHMOCTH OT yC-
noBu# ero popmupoBanus (puc. 2.25).

a)

Puc. 2.25. Tloctpoerne pedpa KEeCTKOCTH IO 3CKU3Y M €T0 OPUCHTAIIHH
a— 3cku3 st pebpa; 6— pedpo, MOCTPOSHHOE MAapaIEeIbHO TIIOCKOCTH
9CKH3a; 6— pedpo, MOCTPOCHHOE MEPICHANKYIISIPHO MIIOCKOCTH 3CKU3a
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Jnst popmupoBaHus pedpa KEeCTKOCTH M0 KOHTYPY U C YKIIOHOM He-
00X0IMMO BBIACIUTH KOHTYP H 33JaTh YIJIbI HAKJIIOHA, COTJIACHO CChLJI-
KaM WHCTPYMEHTAJIBHOM CHCTEMBI Beylel nocrpoenus (puc. 2.26).

OTBepcTHsi, KOTOPbIE BCTPAaUBaIOTCS B TEOMETPHUYECKYIO MOJIEIb,
MOT'YT OBITh Pa3JIMYHBIMH IO CBOEH reOMETPUH (IPOCTHIMH, C IIEKOB-
KOH, C 36HKOBKOH U T.1I.) ¥ C Pa3lIMUYHBIMKI TPAHUYHBIMH yCIOBHSIMHU

(puc. 2.27).

& B G

Puc. 2.26. IlocTpoenne pedpa )KeCTKOCTH 110 KOHTYPY ¥ HECKOJIIBKIM yITIaM YKJIOHA
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Puc. 2.27. TlocTpoeHre OTBEPCTHIA: TPOCTOTO, C TICKOBKOH M 36HKOBKOH: d— Ha
3aJJaHHYIO TIIYOHHY; 06— 10 MOBEPXHOCTH, IO YKa3aHHOTO YPOBHS, HA PacCcTOs-
HUM JI0 YKa3aHHOW MOBEPXHOCTH

IIpuBeneHHbBIE IPUMEPBI HE HCUEPIIBIBAIOT BCIO IIPAKTHKY PEIaK-
TUPOBAHHUS IPOCTPAHCTBEHHBIX (POpM, TeM Ooree YTO MHOTHE orepa-
UM PEJAKTUPOBAHUS 0a3UPYyIOTCA Ha IUIOCKOH reOMETpHH, T.€. peaK-
TUPOBAHUU ITJIOCKHX 3JICMCHTOB, BXOAAIIINX B COCTAaB MPOCTPAHCTBECH-
Hol Mozenu. Kpome Toro, Kak paBHJIo, CYHIECTBYIOT pa3BUTHIE PEAaK-
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TOPCKUEC q)yHKHI/II/I, IIO3BOJIAIOININE N3MECHATH KAUECTBCHHBIC U KOJINYC-
CTBCHHBIC XapaKTCPUCTUKHN BKIIFOUCHHBIX B ITPOCTPAHCTBCHHYIO MO-
JIeTb JIEMEHTOB.

Takxe cneayer UMETh BBUY, YTO MPU PEAAKTUPOBAHUH JIEMEHTA
MoJIeNu (371eMeHTa BpallleH!s, KIHEMaTHYECKOro 3JIeMEHTa, KaK OCHO-
BaHUsI JIETAJIH, TaK U IPUKICEHHOTO/BBIPE3aHHOTO dJIEMEHTa) MOKHO
HU3MCHUTH 3HAYCHHN A KOJIMUCCTBECHHBIX U KAYC€CTBCHHBIX IMapaMETPOB,
KOTOpBIE OIPEENsUTH 3TOT JIEMEHT MPH €r0 CO3JaHHUN, HO HEb3s 13-
MEHHUTH THUII DJIEMEHTA M TUII BBIIIOJITHEHHOM 1MOCHe ero CO3/JaHHuA 6YJ'IC-
BOM onepauuu. Hanpumep, aneMeHT BpallleHUsl HENb3s IPEBPATUTH B
KMHEMAaTHYECKHUI 3JIEMEHT, BBIPE3aHHBIN IEMEHT — B IPUKIICCHHBIH,
KMHEMAaTHYECKUU 3JIEMEHT — B DJIEMEHT I10 CCUCHU M, a HpI/IKHeeHHHﬁ
— B BBIPE3aHHBII.

[Tocne BpI30Ba KOMaH/IbI PEaKTUPOBAHUS 3JIEMEHTA Ha dKpaHe
MOSABIISIETCSI TOT 7K€ JMAJIOT, KOTOPBIA MCIOIb30BAJICS MPHU CO3TAHUU
aToro snemeHTa. [Ipu penakTupoBaHuy (Hacku MM CKPYTIICHHS MOKHO
HU3MCHUTH 3HAYCHHN A KOJIMUCCTBECHHBIX U KAYC€CTBCHHBIX IMapaMETpPOB,
KOTOpPBIE ONPENeNsuiv 3Ty (PacKy (MU CKpyTJIeHUE) TIPU €€ CO3IaHuH, U
Ha3HA4YUTh JPYTHU€ UCXOOHLBIC pe6pa, HO HECJIb34 UBMECHUTDH THUII JICMCH-
ta. Hanpumep, dacky Henb3si MpeBpaTUTh B CKPYIJICHHE 1 HA00OPOT.
Bce 3T 0c00EHHOCTH OTHOCSTCS KO BCEM JAPYTHM T'€OMETPHUIECKUM
3IIeMEeHTaM MOJENH (AeTaln).

W3MeneHus cedeHus, TpaeKTOPUH U ITapaMeTPOB ONEPATUBHO OT-
pakaloTcs B OKHE JIeTalii B BUJe (paHTOMA JIEMEHTa C HOBBIMH Xapak-
TepucTukamu. PenakTupoBaHue geTany B JII000H MOMEHT BO3MOXKHO
W3MEHEHHEM MapaMeTpoB JII00OT0 ee aneMenTa (3CK13a, orepaluy,
BCIIOMOTraTeIbHOW OCH MJTH TTocKoCcTH). Ilocie 3ananns HOBBIX 3Have-
HUH TapaMeTpoB JIeTallb MIepPeCTpanuBaeTcs B COOTBETCTBUU C HUMH.
ITpu 3TOM COXpaHAIOTCS BCE CYLIECTBYIOIIME B HEW cBa3u. Hanpumep,
MOTB30BaTENNb U3MEHSIET ITTyOMHY Ollepallii BIABIMBAHHS U peJaK-
THPyeT €€ 0OCKU3; B pe3ylbrare JApyrod 5CKU3, IOCTPOEHHBIN
Ha TopIle 00pa30BaHHOIO JTOH omepanmei Tena, Bce paBHO OCTaeTCs
Ha 3TOM TOpIIE, a HE «IIOBUCAET)» B IPOCTPAHCTBE Ha CBOEM IPEXKHEM
MecTe.

[Ipu penakTrpoBaHUM cOOPKH BO3MOXXHO U3MEHEHHE JIF000TO ee
KOMITOHEHTa (pelakTUpOBaHUE MapaMeTPOB IEMEHTOB JeTajiell, u3me-
HEHHE COCTaBa MoICcOOPOK), MepeMeIeHIEe KOMITOHEHTOB (CABUT WU
MTOBOPOT), @ TAKXKE PSAAKTUPOBAHUE CONPSDKEHUI — OTHOIICHUH MEKITY
KOMITOHEHTaMHU COOpPKH.
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PenaktupoBanue cOOpKH MOXKET CTaTh IPUINHON HAPYILICHHS CY-
LIECTBYIOIIMX B HEM NMapaMEeTPUUECKUX CBA3EH M orpaHuueHuil. s ux
BOCCTaHOBJIEHUS COOPKY clienyeT nepectpouTs. [Ipu nmepectpanBaHin
KOMITOHEHTBI COOpPKH TIepeMeIIaloTCsl U/UIH IepecTPanBatoTCsl TaK, 4To-
061 ux opma, mapameTpbl U TOI0KEHNE COOTBETCTBOBAIN TIOIIOKEHUIO
OTOPHBIX 00BEKTOB M HE MPOTHBOPEUMIIN HAJIO)KEHHBIM HA HUX OTPaHU-
yeHusM. Hanpumep, npukiieeHHbIH K aeTanu (opMoodpasyromuii ae-
MEHT ObUT BBIJABIICH 10 TPaHU JIPYTOi JeTaju, BXOAsIIeld B cOOpKy. 3a-
TEM MEPBYIO JeTallb EPEMECTHIIN TaK, YTO PACCTOSHUE OT IMJIOCKOCTH
ACKH3a MPHUKJIECHHOTO 3IEMEHTa JI0 OrPaHNYHMBAIOIIErO ero 00beKTa u3-
MeHusock. Cpasy nocne nepeMenieHus popma JieTain He MEHsIeTcsl.
Kpome Toro, BcriomoratelibHble 00beKThI, 0a3UpOBaBIIKECS HA TOH Jie-
TaJly, OCTAIOTCSl Ha CBOMX MPEKHUX MecTax. Bece aTo Hapymaer nMero-
mpecs B Mozienu cBs3u. IlepecTpanBanne Monenu npuiaeT nepeMenieH-
HOU JeTaliu Hy>XHYI0 (opMy (IPUKIIEEHHBIN 3JIEMEHT «IOTATHBACTCS JI0
CBOEH IrpaHu») U IIepeMelIaeT BCIoMorarelbHble 00bEeKThI TaK, YTOOBI
WX TIOJIOKEHNE COOTBETCTBOBAIO HOBOMY TIOJIOXKEHUIO 0a30BBIX 00BEK-
TOB.

IIpu penakTUpOBaHUM CONPSKEHUN CHCTEMA aBTOMATUYECKU MPO-
BepsIeT, BO3MOXKHO JIM HaJIOKeHHe ykazaHHOU cBsA3u. HoBoe compsixke-
HUE CO3/IaeTCs JIMIIb B TOM CIIy4ae, €ClIi OHO He IPOTUBOPEUUT YiKe
HMMEIOIINMCS.

Crnenyer 0000 MOMYEPKHYTh, UTO TOCIE PEIAKTUPOBAHUS 00BEK-
Ta, 3aHMMAIOILIETO JII000E MECTO B UEPAPXHUHU TIOCTPOCHUH, HE TpedyeT-
Cs1 3aHOBO 3aJ1aBaTh MOCIEOBATENLHOCTD MOCTPOEHUSI MOTIYMHEHHBIX
SIIEMEHTOB M MX MapaMeTpsl. Bes aTa nHpOpMaIys XpaHUTCS B MOJIEITH
U HE pa3pyliaercs Npyu peAakTUPOBAHUM OTAENIBbHBIX ee yacte. Dopmy
W pa3Mepsl dJIeMEHTa ONPEeNsIoT He TONbKO opMa 1 pa3Mepsl KOH-
Typa B COOTBETCTBYIOIIEM ICKH3€, HO M MapaMeTpsl (opMoodpasyro-
el onepanuu (Hampumep, ITyOWHa BBLIABIMBAHUS WM YTOM ITIOBOPO-
Ta KOHTypa B 3cku3e). HekoTopble aeMeHTs! (Harpumep, BCIioMora-
TeNbHBIE TNIOCKOCTH M OCH) BOOOIIIE HE MMEIOT CKU30B M MOIHOCTHIO
OTIpeNeNsIoTCs apaMeTpamMu, 3aJaHHBIMU B KOMaH/IE X TIOCTPOEHUSI.

UTo0BI UI3MEHUTH ATH MapaMeTPbl, HEOOXOMMO BBIACIHUTH 3Jie-
MeHT (B [epese nocmpoenusuay B OKHE MOJIeNH ). BpI3BaTh U3 KOHTEK-
CTHOTO MEHIO KOMaHy Pedakxmuposams s1emenmu ¢ IOMOIIBIO  YKa-
3amejisi OKOHYQHUS TIOCTPOEHUS MOJIENH HCKITIOUUTh 3JIEMEHThI MOJle-
JIU U3 pacyeTa, yIaJuTh UX, a TAK)KEe MCIIOIb30BaTh €ro Il N3MEHEHHs
Mops/iKa MOCTPOEHUS MOJIENH.
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DTO CBOMCTBO YKkazamens okOHYaHUs nOCMpPOeHull , a TAKXKe To,
YTO UCK/IIOUEHHBIE U3 pacuera 3JIeMEHTHI He 0TOOpakaloTCs Ha SKpaHe
1 HE MOTYT HUCIIOIB30BATHCS IIPH MOCTPOCHUSAX, YIOOHO MCIIOIb30BaTh
JUTSl ©3MEHEHHUS TIOCIIE0BATEIbHOCTH TOCTpoeHus Monienu. Hampumep,
IJIs1 pEAaKTUPOBAHUS JIETANIU, TOTyYEHHOH ¢ IOMOIIBIO ONlepaluy 3ep-
KaJIBHOTO KOITMPOBAHMUsI, CIIEyeT BHOCUTh U3MEHEHHS B Ty €€ IOJI0-
BHHY, KOTOpast ABJsIaCh OPUTHHAIIOM, pacrionaras ux 70 onepannu
konupoBaHus. OMHAKO, BO-TIEPBbIX, 00€ MOJOBUHBI JAETaIN BBIITIAIAT
COBEpIICHHO OAWHAKOBO, BO-BTOPBHIX, MPH PEIAKTHPOBAHHUH MOXHO
CITy4aifHO UCIOJIb30BaTh 3JIEMEHTHI TOH MOJOBUHBI J€TaNN, KOTOpas
MoTy4eHa KOMMPOBaHKEM, YTO Hen30eKHO pUBeleT K omunbke. B Ta-
KUX CIIydasix [e1eco00pa3Ho MepeMEeCTUTb Ykasamenb OKOHYaHUs NO-
cmpoeHusATaK, 4ToOBI olepalus 3epKabHOrO KOITMPOBAHUS U BCE TIO-
clefyrolye ObUTH UCKITIOYEeHBI U3 pacuera. Ha skpaHe ocTaercst TOIbKO
OpHUTHHAIIbHASI IOJIOBHHA JI€TANIN, KOTOPYIO MOYKHO OTPEIaKTHPOBATh
1o cBoeMy ycMoTpenuto. ITociie BKITIOUEHNs B pacyeT onepaiuy Komu-
pOBaHUs BTOpasi IOJIOBHHA JIETAlIU TaKkKe OyleT colepKaTh BHECEHHBIE
W3MEHEHMUS.

Cy1miecTByer U 1eJbli psa APYTUX PHEMOB PEAAKTHPOBAHHUS O~
patomuxcs Ha /lepego nocmpoeHusAn TAIIOBBIE Ollepalluy.

2.4. CtangapTHble reoMeTpHYecKHe peleHust

B n1060i1 rpaduueckoii cucTeMe CyliecTByeT CTaHAapTHBIN Habop
reOMETPUYECKUX IJIEMEHTOB, TEOMETPUIECCKUX (POPM M KOHCTPYKTHBHBIX
3NIeMEHTOB (YHH(UIMPOBAHHBIX, CTAHJAPTHBIX), KOTOpPHIC NPEICTAB-
JS0T co00# 6a3y JaHHBIX MPEAMETHOM 00acTy MpoeKTupoBaHus. Pas-
BUTOCTBIO 3TOU 633])1 JAHHBIX B TOM YHCJIC U OTJIMYAIOTCA COBCPIICHHBLIC
cuctembl. [Ipexie Bcero, 3To CTaHAapTHBIC (B MATEMaTHUYECKOM OTHO-
ImeHnn) reomerpudeckue Gopmbl (puc. 2.28): napamienunen, chepa,
LUUIMH]P, KOHYC, KIHH, TOp, 3D-MOBEpXHOCTH U PSAA APYTHX.

O/HaKo MpaKTUKa MOIETHPOBAHHUS TTOKa3aja, YTO MO OTHOLICHHIO
K peajbHBIM KOHCTPYKLHUSAM 3TH (POPMBI SBIISIOTCS T€OMETPUIECKUMH
MPUMUTHBAMH U Ha CaMOM Jiejie [[efleco00pa3Ho UCIONb30BaTh OM0-
JIMOTEYHBIC 3JIEMEHTBI, COOTBETCTBYIOIINE MPEAMETHON 001aCTH MPO-
extupoBanus. OObIYHO Takue OMOIMOTEKH HapabaThIBAIOTCS CAMUM
KOHCTPYKTOPOM B TIpoIiecce MpodecCHOHaNbHOM eI TeIbHOCTH HITH
7K€ BBIIIOJIHAIOTCA 10 3aKa3y NPEANpUATUA WU OTPaCiIii CTOPOHHUMU
OpraHuv3alnusiMu.
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Puc. 2.28. Habop reometpraeckux GpopM, UCTIONB3YEMbIH B TIOJIE30BATEIIECKOM
MEHIO OOJIBIIMHCTBA CHCTEM T'€OMETPUYECKOT0 MOJIETUPOBAHHUS

XopommM MpuMepoM sBIsieTcs Habop npodeccHoHaIBHBIX OHOIHO-
Tek st cucteMbl Kommac-3D. HaBuramwst mo 601b110My KOTHYECTBY
OuOINOTEK U CIIPABOYHHKOB OCYIIECTBIISIETCS C IIOMOIIBIO CIIELIUATBHO
pa3paboTaHHBIX MPOrpamMM — MEHeKepoB onbnuorek (puc. 2.29), no-
3BOJISIIOIIMX OBICTPO MONYYUTH HeoOXoaumyto uHpopmanuio. CBeneHus,
cozieprkamyecst B OMOIMoTeKax, MpeACTaBIeHbl B TapaMeTpU30BaHHOM
BHJIE, YTO MO3BOJISIET JIETKO U3MEHSTh T€OMETPHUUECKUE XapaKTePHUCTUKU
Mojierell TIPU MX MCIIONBb30BaHUU B MPOIECCE KOHCTPYHUPOBAHUS, HITH JKE
noTy4aTh HM300pakeHWss HOpMalM3oBaHHBIX u3menuii. Ha pwuc. 2.30
MpeICTaBIeHbl PparMeHThl OMOIMOTEK TPEX MEPHBIX MOJENel pa3nny-
HBIX 110 CBOEMY (DYHKIIMOHAIEHOMY Ha3HaYeHUIO 2IEMEHTOB KOHCTPYK-
i, a Ha puc. 2.31 u 2.32 — ¢pparMenTsl OMOINOTEK CTAHAAPTHBIX U3/1e-
i pasHoro npoduis u GubIMoTeK PparMeHTOB KOHCTPYKIHMH MOA
CTaHJapTHBIE DIIEMEHTHI.

Menenxep Gutnuorex KOMIAC _O] =

Fain Pegaktop BuSnuoreka Bug 7

Has| s =7 kel 8

ﬂ Butnoreru KOMMOAL EutmoTera kpenexa
25 MawuHoETposHKe EuBanoTERa 3 NEKTROAEHTaTE el

METanNOKOHCTPYRLIAK % EHBAUOTERS 3 NEMEHTOE KHHEMATHISTKMY CHEM

OcHacTka, HHETPUMEHT KoneTpykTopcran SUGanaTera
Mpuraepe GuBauaTer = UcnosHeie 0f03HaYeHUA TTHEEMO- W MUapOCHEM
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Puc. 2.29. Menekep oubnuorek cucremsl Kommac-3D
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Tena epalleHHA

- Brynka 1

T pytonpoeog,
B naHLEl

Brynka 3

Brynka 2

P naHubl

F naHeL,

Puc. 2.30. ®parmenTsl ONONHOTEKHN TPEXMEPHBIX MOJIENel TEXHUIECKUX
KOHCTP YK
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Puc. 2.31. ®parMeHTH OHOMTHOTEK HAa CTaHAPTHBIC U3/ICIUS

LY KoHcTpykTopokan GuGaMoT
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Puc. 2.32. ®parmeHTs! OMOIHOTEK 2JIEMEHTOB KOHCTPYKIMH MOJ] CTaHJapTHEIE
U3JeIHs
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