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IpenucioBue

Y4eOHO-MeTon4Yeckoe mocoOue HampaBiIeHO Ha (OPMHPOBAHHWE HAYYHOTO MHUPOBO33PEHUS,
OCBOEHME METOJOB HAy4yHOrO0 II03HAHUS MHpA, pa3BUTHE MCCIENOBATENbCKUX, MPUKIAIHBIX,
KOHCTPYKTOPCKUX, WHXXEHEPHbIX CIIOCOOHOCTEH o0Oydaromuxcss B 00JacTH INPOEKTUPOBAHHUS U
TE€XHUYECKOI'0 TBOPUYECTBA.

Llenp yueOHO-METOIUYECKOT0 MOCOOHs — (popMUpOBaHHME Cpelu y4YalluXCs MOCKOBCKHX IIKOJ
HAaBBIKOB, 3HAaHMW u yMeHud B oOmactu WT-rexHonmoruit mo HampaBieHuto «MojenupoBaHue
IPOTOTUIIMPOBAHUEY; PA3BUTHUE CHCTEMBbl AoNoJIHUTENbHOro WT-o0pazoBaHus cpeau 0O0ydaroLIuxcs
MOCKOBCKHUX LIKOJI; TPO(OPUEHTALUS YUAIUXCsI MOCKOBCKUX LIKOJI, HOOYX/IeHUE K BEIOOpY Ipodeccuu B
chepe WHGOPMANMOHHBIX TEXHOJOTUH; MOOYKICHHE YYAlIMXCS MOCKOBCKHX INKOJ K IOJyYSHHIO
BBICIIIETO TEXHUYECKOTO O0O0pa3oBaHWs; pa3BUTHUE Y YYALIMXCS HABBIKOB MPAKTHYECKOH paboTHI,
CHCTEMHOI'O MBIIIJICHHS.

3agaun y4yeOHO-METOJMUYECKOro IMOCOOMsI — IOBBIINIEHHE MOTHBALMU K IOJYYEHHUIO BBICLIETO
TEXHUYECKOro 00pa3oBaHUs CPEIU yYalIMXCs MOCKOBCKUX IIKOJ-y4acTHUII U KaHAUIATOB npoekTa «T-
KJIACC B MOCKOBCKOM IIKOJI€»; IEMOHCTPALUsl BO3MOKHOCTEN MPAKTUUECKOIO IPUMEHEHHSI BUPTYaJIbHBIX
MoJieJIel; TOBBILIEHHE OOILEro YpOBHS BIIAJICHUS IEPCOHAIBHBIM KOMIIBIOTEPOM U COBPEMEHHBIMHU
TEXHOJIOTUSIMU; pean3alysl IPOeKTa OT 3aMbICIIa 10 KOHEYHOTO Pe3yNbTaTa U €ro Mpe3eHTaluu.

Y4eOHO-MeToAMYECKOe MTOCOOMEe TEXHUUECKOTO XapaKTepa Mo HarpaBieHuio «MoaenupoBaHue U
MIPOTOTUNIMPOBAHKUE» TMPEAHA3HAUYEHO JUIsi OOy4eHHs OCHOBaM padOThl B PENAKTOPax TPEXMEpPHOU
rpaduKu, IpueMaM 1 cpeICTBaM MHIUBUIYaJIbHONH U COBMECTHOM MPOEKTHOM AesaTesbHOCTH. [Iporpamma
HanpaBjIeHa Ha OCYIIECTBJIEHUE paHHEW NMpogecCHOHAIbHON OpUEHTAlMU IIKOJIBHUKOB, (POPMUPOBaHUE
TOTOBHOCTH K OTBETCTBEHHOMY M OCO3HAaHHOMY BBIOOpY cBoed Oynyiieil mpodeccuu, 03HaKOMIIEHHE
IIKOJIbHUKOB C TEMH CHEIMATIbHBIMU 3HAHUSIMHU U YMEHUSIMH, KOTOPbIE HEOOXO0IUMBI B TPO(HECCHOHATILHOM
NeSITeIbHOCTH U JalibHENIIeM 00y4eHUH B LIKOJIE.

AKTYyaJbHOCTh JIaHHOTO y4eOHO-METOJUYECKOro MOocoOHsi 00yClIOBlIeHa pPa3BUTHEM aIUTUBHBIX
TEXHOJIOTUH, BHEAPEHHEM HUX B OBIT M TIOBCEMECTHBIM HCIIOJIb30BAHUEM TPEXMEPHOH Trpaduku
MPaKTUYECKH BO BceX cpepax COBPEMEHHOTO MPON3BOCTBA.

3D-monenmupoBaH#e — 3TO MPOIECC KOMITBIOTEPHOH BU3YaTU3aIliH PEaTbHO CYIIECTBYIOMINX WIIH
BOOOpakaeMbIX (MIPOEKTUPYEMBIX) 0OBEKTOB CPEACTBAMH CIIELUAIBHOTO TPOrPAaMMHOT0 OOecieueHus Ha
nepcoHaabHOM Kommbiorepe. Co3maBaeMylo TakuM 00pa3oM MOJENb 3aT€M MOXKHO HCIIOJIb30BaTh B
aHMMAIlMOHHOM TBOPYECTBE, HAY4YHO-HCCIIEJOBATEIbCKUX IENAX WM B KadecTBe OOBEKTa,
MaTepUaIn30BaHHOTO Ha YCTaHOBKAX MocioiHoro cuHTe3a (3D-mpunTepe). Yike ceifuac TEXHOJIOTHUA

IMOCJIOMHOI0 CHHTE3a MHPOKO UCIIOJIB3YCTCA B CTPOUTCIILCTBC, MAIIMHOCTPOCHU N, MCAUITUHE U UCKYCCTBC,
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a B 0003puMOM OyJyIlleM CTaHET NMPUBBIYHOI YacThIO MOBCEIHEBHOM kU3HU. K 1erkoMy BXoay B Takoe

Oyayiuee, B TOM 4HCie, TOTOBUT PacTyllee MOKOJIEHHE JaHHOE ITocooue.
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IIpunsThIe 0003HAYEHUS

FDM (Fused Deposition Modeling) — TexHoior#st MpOTOTUITUPOBAHUS ITABHBIM OCAKACHUEM MaTepuaa
(3D-meuarts)

FFF (Fused Filament Fabrication) — TexHOIOrHs HalIaBJIEHUS TOJIMMEPHOM HUTH (3D-11cuaTh)

["opsiure KiIaBUIKM — KOMOMHAIIMK Ha KJIAaBUATYPE, KOTOPBIC BHIMOJIHSAIOT TO HJIK HHOC JICHCTBHE

KIIJI — ko3¢ dunreHT nonae3noro neicTBUs

JIKM — neBast KHOIIKa MbIILIN

[TKM — nipaBasi KHOTIKA MbIIIN

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(crpanuna 5 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

IIpakTuyeckas padora Nel
Beeoenue ¢ 3D-mooenuposanue u npomomunuposanue
Leuas padoThl: u3yunth Buabl 3D-Mozeneil U pyHKIIMOHAIBHBIX BO3MOXKHOCTEH MPOrpaMM-peIaKTOPOB
JUIS UX TIPOEKTUPOBAHUSI.
Oobbem: 1 yac.
3agaHue: M3Y4YHTh OCHOBHBIE BHIBI 3D-mojeneil, NMO3HAKOMHTBCS ¢ Hawmboyiee u3BecTHbIMH 3D-
penakTopamu, HOJYYUTh MPECTaBICHNE 00 UX (PYHKIMOHATBHBIX BO3MOXKHOCTSX.
Teopemuueckasn uacmep

Buawbi 3D-mMoneiMmpoBaHus M UX pa3jn4ius

B Hamy XH3Hb NPOYHO BOLUIM TPEXMEPHBIE H300paKE€HHs, HAYMHAS OT APXUTEKTYPHBIX
BU3YyaJIM3allUi ¥ 3aKaH4YMBasi KOMIBIOTEpHBIMU urpamu. Ha 3D-n300pakeHusIX MOKHO YBUJIETh 0ObEMHBIE
¢burypsl, a npoiecc ux coznanus — 310 3D-MoaenpoBaHue ¢ MOMOIIBIO KOMITBIOTEPHBIX porpamm. OHO
CTaHOBUTCS BCe MOMYJIsipHEE Oi1aroiapsi TOMY, YTO MPOEKTHI, BBIMOIHSAEMbIE TAKUM METOJIOM, CTAHOBATCS
HAMHOT'O HaIITHEE U pealIMCTHYHEE, HEXKEI OOBIYHBIC YEPTEKU U IBYXMEPHBIE MOJIEIH.

3D-mozaens — 310 00BeMHAs GUTYpa B IPOCTPAHCTBE, CO3/IaBaeMas B CIIEUAIBHON porpaMme. 3a
OCHOBY, KaK IIPaBWJIO, IPUHUMAIOTCS YyepTexH, (hoTorpaduu, pucyHKH U OAPOOHBIE OMKUCAHUS, OITHPAsCh

Ha KOTOPbIC, CIICHUATIUCTBI CO3Jat0T BUPTYAJIbHYKO MOICIIb.
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Puc. 1. IIpumep 3D-Monenu camonera

CyIIecTByeT HECKOJIBKO BHIOB TPEXMEPHBIX MOJICTICH:
1) monuroHagbHas MOJCIb,

2) NURBS-moBepXHOCTH.
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Bropeie umeroT Gojiee BBICOKMH YPOBEHb TOUYHOCTHM, TaK 4YTO MX Yalle BCEro HCHOIb3YIOT

HWHXXCHCPBI, MAIIMHOCTPOUTECIIN U apXUTCKTOPHI.

A BOT TNOJMIOHAIBHBIE MOJENM Yalle HCIONb3YIOTCS s co3nanus 3D-uzolOpaxkeHuii B

MYJIbTHIUIMKAIUH, KI/IHCMaTOFpa(be N KOMIIBIOTCPHBIX HIpax. OHH COCTOAT M3 MHOTOYHMCIICHHBIX

MIPOCTEHIINX T€OMETPUYECKUX (PUTYP, KOTOPBIE TAK)KE HA3BIBAIOT TPUMHUTUBAMU.

/3 T-FLEX CAD - C:\3xcnept-2008\4unbait C. W\c6opka ABC nosna.grb -

ey

®aitn  Mpaeka [Moctpoenns Yeptéx Onepauyum Odopmnenne Ananus Mapamerpel  Cepeuc Hactpoitka Bug Okwo 7

;i cBopka [1BC nonHa.grb I

vy ivawe G YL LOGAIVY-FS-E- - 9+ 9 7€
(Powomoi - Zo : 80 ¢HEEEFF LYEHIIBIIERO
30 Mogens X [ ) coopra ABC nomagr

-1 3D MocTpoenus

({2 Onepaum

(-5 3D eparment_128 (cBopka,
&= ?;E 3D wparmenT_130 (cGopia
[#--=m 3D pparment_132 (<Waitts
(&) - 3D pparmenT_134 (<Waitbe
® ﬂ]m 3D pparmenT_136 (<BuHTo!
- flm 3D wparment_138 (<Burmol

< | [

»

Mepemenbie

3 x

BEHLPLNLLSEE . .

19| .. Beipaxerue }3 | Ko...

HeT nepemetiHbx

& Avarwoc... 37 Mepemen... [ ‘

>

Puc. 3. Ilpumep nonuronansHoit 3D-monenu
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Kpowme Toro, ects Tpu Buaa 3D-mMonenupoBaHus:
1) kapkacHOe MOJICITUPOBAHUE;
2) MOBEPXHOCTHOE MOJICIIMPOBAHUC;

3) TBepAOTENbHOE MOJICTUPOBAHHE.

[TepBsiii U3 HUX, HaUOOJIEE MPOCTOM BUI — 3TO KapKACHOE MOJIeTUpoBaHue. Mojenu, moayJaeMbie
Inpu CO3JaHHUH STOr0 THUIIA BOCIPOU3BCACHUA, 6yIIYT Ha3bIBATbHCA IMNPOBOJIOYHBIMH HJIM KapKAaCHBIMU.
CocToAT OHU U3 JIMHUMN, TyT U ceTMEHTOB. M300pakeHns TaKOoro TUIa He MepelaloT MOIHYI0 HHPOPMAIUIO
00 oObekTe: HU 00 00BbeMe, HU O CTPYKTYpE MOBEPXHOCTU M3 TAaKOW MOJIENH y3HATh HEBO3MOXKHO, 3aTO
MOXXHO HW3YYHUTh €ro YCTPOMCTBO M (YHKIMOHAIHHOCTH. [JIaBHBIM MPEUMYIIECTBOM KapKacHOTO
MOZACIIMPOBAHUSA ABJIACTCA TO, UYTO HAa XPAHCHUC TPEXMCPHBIX MOI[CJ'ICI;'I, CO3JaHHbIX 3TUM CHOCO6OM, HE
TpeOyeTcsi MHOTO OIIepaTHBHOM MaMITH KOMITbIOTepa. Yaie Bcero kapkacHasi BU3yaaIu3alisi IPUMEHSIETCS
B CHEHUAIM3UPOBAHHBIX MporpamMmax [Uisi TOCTPOCHHS MpEeArojaraéMoil TpPaeKTOPUU IBUKECHUS

YCTPOﬁCTBa HJIM UHCTPYMCHTA.

Puc. 4. IIpumep kapkacHoi 3D-monenu

Bropoit Bun 3D-MozenupoBaHHMsT — 3TO TOBEPXHOCTHOE MOEIUpOBaHWE. B oTimume ot
KapKaCHOT0, 3/IECh UMEIOTCS HE TOJIbKO CETMEHTBI, IMHUU U 1yTH, HO U TOBEPXHOCTH, 00pa3yroline KOHTYp

0ToOpaxaemMoro o0ObeKTa.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(crpanuna 8 usz 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

Puc. 5. IIpumep nosepxHoctHoM 3D-monenu

[Tocnennuii, caMblil TOYHBINA U TOCTOBEPHBIN TUI 3D-Mo1€TMpOBaHUs, HA3bIBAETCS TBEPIOTEIBHOE
MoJenpoBaHue. B pesynbrare ero MCHOIb30BaHUS MOXKHO IOJIYUYHUTh HACTOSIIUNA 0Opaszer; TOTOBOTO
0o0BEKTa, KOTOPBIM IMepemaeT Bce AaHHble O HeM. Mojenb, co3gaHHas Onaromapsi 3TOMY CHOCOO0Y
BH3YaJIbHOT'O BOCIIPOM3BEACHHSI, COJCPIKUT JTMHUM, TPaHH, TCKCTYPY M JaHHBIE 00 00beMe U Macce Tena.
XoTs H300paKEHUS ¥ 3aHUMAIOT HAaHOOJIBITUI 00beM MMaMsITH KOMITBIOTEPA TI0 CPABHEHUIO C OCTATBHBIMU,
HO OH TOJIHOCTBIO OIMUCKHIBAET TOTOBBIN 00BEKT. TBEpIOTENbHOE MOICTUPOBAHUE UCTIONB3YETCS TIOBCIOY:

IIpHU CO3JaHUU TCXHUKH, TPOMBIINIJICHHBIX I[CTaJ'ICI\/’I, MC6CJ'II/I, FOBCIIMPHBIX I/I3I[CJ'II/II71, KHHO 1 KOMIIBIOTCPHBIX

urp.

Puc. 6. IIpumep tBeporensHoi 3D-mMonenu
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MOHO BBIIEIUTh YETHIPE YPOBHS CII0KHOCTU 0OBEMHBIX U300pakKeHUI:

o IlepBbIif — mpocTeiimuii — HE copepKUT MHPOPMAITUHK O CTPYKTYpE M MEJKUX JEeTalsX 00BeKTa,
Hanpumep, OOKaJIbl ¥ TIPOCTHIE PAMKH.

o Bropoii, HemHOrO0 G0JI€€ CIIOKHBIA YPOBEHb, COAECPIKUT 00JI€€ NeTAIbHYIO HH(POPMALIUIO O MOJIEIH.
K TakoMy ypoBHIO MOKHO OTHECTH TYMOBI, CTOJIBI M JPYTUE HECI0XKHbIE IPEIMETHI.

o K TperbemMy ypoBHIO MOKHO OTHECTH TapHUTYpbl MeOE€IM M TEXHHMKY [ JoMa u3-3a

MHOI'OUYUCJICHHBIX MEJIKUX JACTAICH U CJI0KHON HEOIHOPOIHON CTPYKTYPBI.

o UerBepThlii Yalle BCEro MCHOJb3YETCS HMH)KEHEpPaMH, MpUMEpaMu TPEXMEPHBIX MOJENEH 3TOro

YPOBHS MOTYT CIIY)KHUTh MOJIETTH CTAHKOB, aBTOMOOMIICH U IPYTOM CIIOKHOW TEXHUKHU.

Bce ypoBHU Mozenu cooTHOcATCS U ¢ Bugamu 3D-monenupoBaHus, TaK MEPBLIE JBa — 3TO KapKacHbIH,
TPETUi — MOBEPXHOCTHBIH, a YETBEPThIA — TBEPIOTEIbHBIIN CII0OCOO BU3yaTU3aLUH.
TpexmepHass MOJENIb COCTOUT W3 MHOXECTBAa TOYEK, KOTOPBIE COEAMHSIOTCS MEXAy coOOi rpaHsMHu U

00pa3yroT MOJTUTOHBI.

Bepumna — 310 TOUKa, KOTOpasi UMEET CBOM KOOPJMHATHI B TPEXMEPHOI! cucteme, To ecth X, Y, Z.
CBoe Ha3BaHuE OHA MOJIY4YMJIA U3-3a TOTO, YTO SIBJISETCS KpallHE! TOYKOM INIOCKOI0 MHOIOYTOJIbHUKA, UIIH
IIOJINTOHA.

I'panb, unu pe6po — OTPe30K, KOTOPHIN COEAUHSET JBE BEPILINHBI, TIOHATHE, B3ATOE OISTH K€ U3

reomeTpun. B TpexmepHoii rpaduke rpaHbiO Ha3bIBAIOT OTPAHUYHUTEND MTOJIUTOHOB.

o — /
. 2 ]
LY
BepLUnHbI Pefpa [paHu | [oBepxHOCTH

Puc. 7. CocTtaBHBIE DIIEMEHTHI MOEIN

OCHOBHOM cOCTaBisIOIIE B TpeXMEpHOM Trpapuke CUMTaeTCs TMOJIMIOH — IUIOCKUMN
MHOT'OYTOJIbHUK, MHO’KECTBO KOTOPBIX M 00pa3yeT TpexMepHylo ¢urypy. AOcomoTHO Nobas ¢urypa
OyZeT CTPOUTHCS U3 MHOTOUMCIIEHHBIX MPOCTHIX GUryp (IpUyeM OOJBIIMHCTBO PEJAKTOPOB UCIIOJIB3YeT
TPEYTOJIbHUKH U YETHIPEXyroIbHUKH). YUeM Oosbiiie OyaeT MpOCTHIX (GUTYP B COCTaBE CIOKHOM, TeM OoJiee

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(crpanuna 10 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

rmagkoil  OyzmeT KaszaTbCsi MOBEpXHOCTh 3D-mozenu (Tak Ha3bIBaeMOE  BBICOKOIOJIMTOHAIBHOE
MOJICJIIMPOBAHUE).

COBOKYIHOCTh MOJIUTOHOB HeceT MHQoOpManuio o pazmepe u Gopme 3D-monenu, a BeiOpaHHas
TEKCTypa TO3BOJISIET MEPEAaTh JOCTOBEPHYIO MH(OPMALUIO O BHEIIHEM BHJE OOBEKTa M IMPEICTABIISET

c000i1 n300pakeHre Ha MOBEPXHOCTH (PUTYPHI.

Puc. 8. Ilonmuronsl Ha Moenn

Buast u ocobennocTu 3D-peaakTopoB U UX IPUMEHEHUE

IIporpammusiii kommiuexkc CAIIP SolidWorks mis aBromaruszanmu pa®oT HPOMBIIIIIEHHOTO
IPEINPUATHS Ha 3Tanax KOHCTPYKTOPCKOM U TEXHOIOTMYECKOH MOATOTOBKH ITPOU3BOICTBA 00ECIICUnBACT
pa3paboTKy U3AEINA JTF000H CTETICHU CIIOKHOCTH U Ha3HAYCHHS.

Paboraer B cpene Microsoft Windows. Paspaboran kommanumeir SolidWorks Corporation,
coziaHHo# ¢ Hyna /xoHoM XupmTukom, a ¢ 1997 roga siBisitonieiics He3aBUCUMBIM TOJpa3ielieHueM
kommanuu Dassault Systemes (Dpanius).

[Iporpammy Havanmu paspabateiBath B 1993 romy, ona Hauama mpojaBatbest B 1995 m cocraBumia

KOHKYpeHIIUI0 TakuM mnpoaykram, kak AutoCAD u Autodesk Mechanical Desktop, SDRC I-DEAS u
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Pro/ENGINEER. Cucrema SolidWorks crama meppoit CAIIP, mopaepxuBaromieil TBEpAOTEIbHOE
MojenupoBanue i mwiatdpopmsel Windows.SolidWorks, ucronesyer siapo Parasolid.
Pemaemeble 3anaun:
e 3D-mpoekTupoBaHHe u3ACIUN (meTaneldl W CcOOpOK) JIFOOOW CTENEHH CIOKHOCTH C Y4ETOM
creru(puKy U3rOTOBJICHHUS;
® CO3/1aHHE KOHCTPYKTOPCKOM JOKyMeHTaluu B cTporoM cootrBetcTBuu ¢ ['OCT;
® [IPOMBILUICHHBIN IU3aliH;
e oOparHas pa3paboTka (peBepc HHXKUHUPUHT);
® [IPOEKTUPOBAHHE KOMMYHHUKAIUH (3JEKTPOXKIYThI, TPYOOIIPOBOIBI U TIP.);
® UH)XXCHEPHBIN aHanu3 (IPOYHOCTh, YCTOMYUBOCTD, TEIUIONEpEaya, YaCTOTHBIM aHAIN3, TUHAMUKA
MEXaHH3MOB, T'a30/THAPOIMHAMUKA, ONITHKA U CBETOTEXHUKA, JIEKTPOMArHUTHBIC PACUCThI, AaHATTN3
pa3MepHbIX Iernei u Ip.);
® HKCIIpecc-aHAIN3 TEXHOJIOTUYHOCTH Ha dTale MPOSKTUPOBAHUS;
® 110JroroBKa gaHHbBIX 11 UDTP;

® yIpaBJICHHUE JAHHBIMU U Iporeccamu Ha 3tane KIIII.

7 | N
'S SOLIDWORKS

Puc. 9. Monens, BeinonHeHHas B mporpamme SolidWorks
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Puc. 10. Oxno nporpammsl SolidWorks

Autodesk 3ds Max (panee 3D Studio MAX) — npodeccronaabHOE MPOrpaMMHOE 0OecieueHne
1utst 3D-MoienupoBaHusl, aHUMaIlMY U BU3YaJIM3allUY TPU CO3[ITaHUM UTP U TIPOSKTUPOBaHUU. B HacTos1ee
BpeMs pazpabaTbIBaeTCs M U3AaeTcs komnanuei Autodesk.

IIporpamma gocTymnHa no NOANUCKE OT OJHOTO MECALA 0 TPEX JIET JIsl KOMMEpUYECKUX uesnen. s
CTYJICHTOB W TIpEIo/iaBaTesiel MOANMKUCKA Ha TpU Toja OecriaTHas, HO ¢ TaKOW JIMIIEH3UEH Mporpammy
MOKHO HCIIOJIb30BaTh TOJBKO Juisi oOydeHusa. 3ds Max mnpenocTtaBisieT OOIIMPHBIN THOKMIA
WHCTPYMEHTApU ISl CO3JaHUSI MEPBOKIACCHBIX MPOEKTOB C IMOJHBIM KOHTPOJIEM XY/I0KECTBEHHOIO
3aMbICiIa.

KitroueBbsie 0coOeHHOCTH:

® CO3JaHuC MacIITaOHBIX MHPOB B KOMIIBIOTCPHBIX UTPAX;
e BuU3yajlarsalus BBICOKOKaYCCTBCHHBIX apXHUTCKTYPHBIX IIPOCKTOB;

® MOACIUPOBAHNEC UHTCPBCPOB U 00BEKTOB C BEICOKOH CTENEHBIO JcCTalIn3alnu,

O’KHMBJICHHE TIEPCOHAXKEN M OOBEKTOB C TMTOMOIIBIO aHUMAIIUU U BU3YaTbHBIX 3(PPEKTOB.
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AUTODESK’
3DS MAX'

Model courtesy of Ascaron Entertainment

eeces - IS ST ]

Puc. 12. Oxno nporpammsl Autodesk 3ds Max
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ZBrush — nporpamma utst 3D MoenupoBanus, co3ganHas koMmnanuen Pixologic. OTiuuuTensHOR
0COOCHHOCTBIO JjJaHHOTO [IO sBISETCS WMUTAIUSl TMPOIEcca <JICTKH» TPEXMEPHOH CKYIbITYPHI,
YCHJIGHHOTO JIBMDKKOM TPEXMEPHOTO PEHICPUHTa B PEaTbHOM BPEMEHH, YTO CYIIECTBEHHO YIPOIIAeT
nporeypy co3aanus TpedyeMoro TpéxMepHoro oobekta. Kaxias Touka (Ha3pIBaeMasi AUKCOb) COICPIKUT
WHPOPMAIIMIO HE TOJIBKO O CBOMX KOOpAWHaTax XY M 3HAYCHHUSAX IIBETa, HO TaKXKe U TIyOmHe Z,
OpHUCHTAlIUU U MaTCpUalic. 910 3HA4YUT, 4YTO BBl HC TOJIBKO MOXKCTC <JICIIUTH» TpéXMepHBIﬁ 06’b€KT, HO U
«PaCKpacHUThy €ro, pucys mTpuxamu ¢ riyouHoi. Ho Bam He mpuaércs pucoBaTh TEHU M OJUKHU, YTOOBI
OHU BBIIJISINIENIA HATypajdbHO — ZBrush 3T0 cnemaer aBromMarmyecku. Takxke OBICTpO paboTaeT co
craHaapTHhIMU 3D-00beKTaMu, UCIIONB3YSI KUCTH JIJIsl MOJU(HUKAIIMA TEOMETPUH MAaTEPHAIOB U TEKCTYP.
ITo3Bonser IIO6I/ITI>C$I HHTCPAKTUBHOCTH IIPpHU OO0JIBIIOM KOJIMYECTBE IIOJIUTOHOB. HCHOJII)?;Y?I CIICIINaJIbHBIC
METOAbI, MOXKHO IIOAHATH ACTAJIN3allUIO JO JCCATKOB MUJIJIMOHOB IIOJIUT'OHOB. Taxke nMeeTcss MHOKECTBO
MOJIKITIOYaeMBIX MOJYJIeH (paboTa ¢ TEKCTypaMHu, F€OMETPUEH, MHOXECTBO HOBBIX KHCTEH, ObICTpast

MHTErpanus ¢ npodeccuoHalbHBIMU MakeTamu 2D-rpaguku u MHOTOE APYToe).

%ZBRUSH 4R7

o &

NOW AVAILABLE

AN ALL-IN-ONE DIGITAL SCULPTING SOLUTION,
DESIGNED FOR THE PURSUIT OF ART

Puc. 13. Mognens, BeinonHeHHas B nporpamme ZBrush

Puc. 14. Oxno nporpammsl ZBrush
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Autodesk Inventor — cucremMa TPEXMEPHOTO  TBEPAOTEIBLHOIO M IOBEPXHOCTHOTO
napamerpudeckoro mpoektupoanusi (CAIIP) kommanum Autodesk, mpenHasHaueHHas A CO3AAHUS
UG POBBIX MPOTOTUIIOB MPOMBILIUIEHHBIX M3/1enuid. THCTpyMeHThI Inventor 00ecrieunBarOT MOTHBIA UK
MIPOEKTUPOBAHUS U CO3JaHUSI KOHCTPYKTOPCKON JOKYMEHTALUU:

e 2D-/3D-moaenupoBaHue;

e CO3JaHME M3JEIMM U3 JIUCTOBOIO MaTepuaa 1 MOJy4yeHUE UX Pa3BepTOK;

e pa3paboTKa IMEKTPUUECKUX U TPYyOOIIPOBOIHBIX CUCTEM;

® IIPOEKTUPOBAHUE OCHACTKHU JUIS JINThS INIACTMACCOBBIX U3/EIINIA;

e JIMHAMMYECKOE MOJEINPOBAHUE;

e TIapaMETPHUECKUI pacueT HampsHKEHHO-1e(hOPMUPOBAHHOTO COCTOSIHHS JieTaneld U cOOpOK;

e BU3yAIM3ALMS U3JCIIHIA;

e aBTOMATHYECKOE MOTy4YeHHe U OOHOBJIEHHE KOHCTPYKTOPCKOM JOKyMeHTauu (opopMieHne

o ECKJI).

AUTODESK -1
INVENTOR LT
2020

4\ AUTODESK.

Puc. 15. Mopaens, BeinosnHeHHast B mporpamme Autodesk Inventor
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Autodesk Fusion 360 — cucTremMa TPEXMEPHOTO TBEPAOTEIBHOIO W  IOBEPXHOCTHOIO

napamerpudeckoro mpoektupoanusi (CAIIP) xommanum Autodesk, mpenHasHaueHHas A CO3AaHUS

U(POBBIX TPOTOTUITIOB MTPOMBIIIIICHHBIX U3aeuid. [Iporpammustit komriekce Fusion 360 cran sTaioHHBIM

CAD u CAM npuiioxkeHueM Oiarogapsi CBOUM O€3rpaHUYHBIM BO3MOXHOCTSIM, YAOOHOMY HHTEpdEiCy,

MOIIIHOM MoAiepKKe U MajbIM TpeboBanusiM. [IporpamMma ¢ ycriexoM NpUMEHSETCsl Kak B KaueCTBE CPe/Ibl

IS pa3pabOTKU y4eOHOr0 MPOEKTa, TaK U JUIs 3aIlyCKa KPYITHOT'O IPOMBIIIIIIEHHOT 0 IIpon3BoacTBa. Ocoboe

BHUMAaHHC 3aCJ1YKUBAKOT!

Texnonorus T-crnaitHOB.

TBepaoTenpHOE MOJICTUPOBAHHE.

Cerounsie Mozenu. Tereps ropa3ao mnpoiie padboTaTs C JaHHBIMH, OTCKAHUPOBAHHBIMH C
MaTepHUATBHBIX O0BEKTOB.

[Tapamerpuueckoe MoieIMpoOBaHUE. 3a/1aBaiiTe pa3Mephl MPU CO3/IaHUU ICKU30B. Jlto0oe
M3MEHEHHE apaMeTPOB BEJET K BOIHOOOPa3HOMY NMPEOOPa30BAHUIO CBSI3aHHBIX JIEMEHTOB.
WHxeHepHbI aHaIi3 MOJIEIH ISl TOTO, YTOOBI IOHUMAaTh, KaK OyayIiee U3/Iere MoBeaAcT
ce0st B peasIbHBIX YCIIOBHSIX.

Hactpoiika 000opynoBanus U HOArOTOBKA TEXHUYECKON JOKYMEHTAIUH JIJIs 3aITycKa
MIPOU3BO/JICTBA.

CoBmecTHas paboTa Ha/l MPOEKTaMHu, Oarogapst 00JIauHOMY CEPBUCY.

F AUTODESK’ FUSION 360"

D 4\ AUTODESK.
. =W} N A | /T |

Puc. 15. Mogens, BeimoHeHHas B iporpamme Autodesk Fusion 360
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JlabGoparopHasi padora Ne2
3nakomcTBO ¢ nporpammoii Autodesk Inventor
Leas padorsi: Llenbio 3aHsTHA SBIISETCS 3HAKOMCTBO ¢ MHTEpdeiicom nporpamMmel Autodesk Inventor u
1oJTy4eHre 0a30BbIX HABBIKOB 110 paboTe C 3CKU3AMHU.
Oo6bem: 1 yac.
3aganue: no3HakoMuThes ¢ uHTEpdeiicom Autodesk Inventor, H3ydnTh KOMaH/IbI CO3JaHUS IPUMUTHBOB
B 2D-3cku3e.
TeopeTuyeckas 4acThb

IMpunoun padorsl U depeHINATBLHOrO 0JI0KA, €ro HAa3HAYEHHEe U IPUMEPbI UCII0JIb30BAHUS

B coBpemMeHHOM MHpe CyLIECTBYET Macca pa3jIMYHbIX CUCTEM TPEXMEPHOro MojenupoBaHus. B
paMKax Haiero Kypca Mbl OyzeM ucnoib3oBath nporpaMmmy Autodesk Inventor Professional. Oto oxgna u3
CaMbIX COBPEMEHHBIX CHCTeM, KoTopas exxerosno ooHoniser csoe I10. Kpome Toro, komnanus Autodesk
JaeT BO3MOXHOCTb HCHOJb30BaTh CBOE IO 11 0OydeHUs WIKOJIBHUKAM M CTYJEHTaM COBEPILIEHHO
OecrutatHO. Jl7s1 STOro BCEro JHINb HYXKHO 3aBECTH YYEOHBIH aKKayHT Ha CaiTe KOMITaHUH.

[To3nakomMuMmcsi ¢ mporpammoi. 3amyckaeMm €€ JIBOMHBIM KJIMKOM M0 ukoHke. Ilocne 3amycka

nomnagacM B MCHIO HaBUTI'allUH, KOTOPOC IMO3BOJISACT HepeﬁTH K HOBOMY IIPOCKTUPOBAHUIO.

ID-BEH<-»-0~ Autodesk Inventor Professional 2020 » Monck no cnpake n kouangan. [, Brogs ey~ 1 () - _ = s
Hauano pa6otei | Micipymentei  Cosmectiian pabota =
Dy ® s ad & 9§ ® ¢ @& ©
2] ®

Cosgats  Omkperms Mpoextsi Otipois  [nagras Kopnopatuwas cets  Tanepen Crpaska Hoswe  Bugenums

M npumepsi Y4B nocobui BO3MONHOCTH  HOGOE

3anyck Mos rnasman crpaniua Cnpaska Hogbie 3niemenTs
OGpamims | | (| CGpoc | | [M] PaseepHyTs nocneaHue B X
Co3patb MpoekTel ApnbikM CBefeHUA o hanne
| Detautt ~l

L\-F_‘ Netans )j_; CBopka :_. Yeprex

OTKPLIBATE APNLIKY C NOMOLLL MPOBO/HIKA Windows

MocrneaHue JOKYMeHTbI

ansrpoa) (4] TpHKpenneHo [0 ®ainsi] ¥

OTKpenneHo[26 Gainbl] ¥

= Rl il el 4

Thnel hainoe ) ‘B W‘:; o
¥ Bee \__j .\——‘/'

¥ CGopku
¥ Yepremu o

ocHoBaHue ipt OcHoeaHne ipt Cbopkal.iam paketa.ipt Lnrok1.ipt Case edu.ipt Case edu.dwg hd

% =

3arpyaKa .. o 0

Puc. 1. ITanens «Co31aThy» MEHIO HaBUT AU

Bo3MOXKHO POJOKUTE paHee HayaTyko padoTy.
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ID-= ey Autodesk Inventor Professional 2020 » Monck no cnpaeke n konanaam. . Broas cywber = Y () - o R
Hauano pabotsi ~ Wncipymentsl  Cosmectras pabota =
DB % @ & 9 @ ¢ & ©
-] ®

Cosaae OTkpeiTs Mpoektel Otkpes [nasHan Kopnopatweran cets Tanepen Cnpaska  Hosbie  Boigenums

M npimeps yueBHBX nocoBHit BOIMOKHOCTH  HOBODE

3anyck Mos rnaswas cipariua Cnpaska Hogbie 3nemerTs!
ospanime | | ] Copoc | |[M] Paseepiy nocregane Ehs
Cospatb % | MpoekTtel Apnblikn CBegeHus o dpanune
| Defautt =l

LQ:“ Dertans 'S&j CoBopka & _-a YepTex “”.lj Cxema

[J) OTpLIBaTe APMLIKY € NOMOLLI0 NPOBOAHNKA Windows

P3Be0iYT, QA QOG0! SO0 MTENs X Waln0H08
MNocneaHue NOKYMEHTbI Mosauxa | Meniure 3uasn | Crmcox
[CBpoc dunsrpos] (&) MpuKkpenneHo [0 ®ainsl] ¥
Mpoekr - OTKpennexo[26 Gaiinbl] ¥

Tunel hainos -t i
¥ Bee N
@ Coop .
¥ Yepresn -

OCHOEAHME.int OcHoBaHHe.ipt Copkal.iam parera.ipt LnTok1.ipt

SarpyaKa .. 0o o

Puc. 2. [1anens «HenaBuue (haiiapl» MEHIO HaBUTAITUU

MO’KHO OTKPBITH JIFOOOH APYTOi MPOEKT, COXPAaHEHHBIH Ha BallleM KOMIIBIOTEpE.

ID-& -y Autodesk Inventor Professional 2020 » Monck no cnpaske n konanaam. ., Broas coypxber = % (3) - -8 X
Hauano pabotsi _ Mncipymerei  Cosmecrnan pabora (2w

D B s © B @ ¢ & ©

Cosgare  Omeports Mpoers: Micpoms  [nagran Kopnopatuswascers  Tanepes Crpeska  Hoseie  Bugenwms
- HiEpe! yuEBHBX NocoBHii BOIMCKHOCTH  HOBOE

Mos rnasHas cTpakmLa Cnpaska HoBbie 3nemerTs!
oopamus | | @] Copoc | | (M) Paseepayrs nocniegme ] 2
Cospatb % || Mpoektwl SApnbikm CeBegeHus o hanne
| Defautt |
m’i‘ Detans )\fuj Coopka i3 ;! Yeprex Cxema
_ _ () OTHpLIBaTL APNLIKK € NOMOLWLIO NPOBOAHMKA Windows
MocneaHUe NOKYMEHThI Mo3aura | Menie 3Hasm | Crincox
[SBpoc dunsrpos] (<] Mpukpenneko [0 dains] ¥ -
MpoekT = OTkpennieHo[26 dainel] ¥
AKTHBHLII NpoEKT ) 1 13 1 13

Bce nocrieaHHe A0KyMEHTE!

e 8« <

¥ Coopr
¥ YepTexu -

OCHOBEHME.Int OCHOEaHHe.int Coopkal.iam narera.ipt Lnrok1.ipt Case edu.ipt

3arpyaia .. 0o 0

Puc. 3. Komanga «OTKpBITE» MEHIO HABUT AN

Haxwmewm knonky «Co3nate». Bo3MoxkHO co3nate paznudnbie 00beKkThI: Jlerans, Coopka, Ueptex
n Cxema. Cpeau mabmoHOB BbIOMpaeM «OOBIYHBINA.Ipt» M HAXUMaeM CO3/aTh I CO3JaHHUS MOJCTH

JIETaJIN.
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npoext
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Puc. 4. Oxno «Co31ate HOBBIH (haitim»

OTkpeIBaeTCS OKHO CO3/aHus Mojenu. Pa3zdepem obOiacTtu 3TOoro okHa. BBepxy pacroliokeHa
obnacth Monu¢ukaTopos (JIenra). B 3Toii o0mactu pacnonoxkeHsl Bce GYHKLIUHU U ONEPALH, C KOTOPIMU

HCO6XOI[I/IMO pa6OTaTB B ITpoLEeCCC CO3JaHUA MOJIEIICH.

I -0

3D-mogens | Jckws  AHHoTaLMin

&) Tunossie ~ WMoymenw: ~ @@ @& fir ¥ Jleransl

VikcTpymenTel  Ynpasnenue  Bua  Cpeast

b [Mouck no cnpaeke n komangam, . Bxog s cyxBel =

=~

Tposepra

Hawano pabotel  CoBMecTHaA pabota

P I @ e e g Q=8 & gm 2T @ ¢ Br= ¢ / ©-
- & B ap © oes & B " | Wxe -

Hewets  Boiagennsarme Bpawicnie Tl Orseperne Conprxenine Teneparop  Mnockocts 0 Mepannencrinea Ananns Mpeobpasosars &
20-3ciam ™ = Npyxanna (B, | B & F dopm S tr, 5o S @& B B3 uanpmxermiin | auctosodi metann

ok Cosars Vismenuts ~ Avanvs  PaGoune snementsl | Macevs | Co3aanne npomseonbHoi bopmer MNosepxrocts  Mogennposanne  peobpasosarine

i ferans1

+T3-Bun: Tnashen

+ [ Havano ICnepey|
* @ Koreu netamu

A

L’X

& Aeransl %

Dawrians mnawian

Puc. 5. O6nactb eHTHI
B neBoit uwactm »sKpaHa pacnoiioxkeHo aepeBo mnoctpoenuii (bpaysep). Jliobas omepauus,
CoBepIaeMasi B IMpoIecce MOJACITHPOBaHUs, Oy/IeT OTpakaThCs B JEPeBE MOCTPOCHUM. B mr0060it MOMEHT
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MBI MO’KEM BHECTH UCITPABJICHUS B PaHEE CO3/ITaHHYIO OIEPAITUIO IIH ICKU3, KOTOPBIE UCITOIH30BATUCH ITPH
BBIIIOJIHEHUHN 3TOU MOJENIH.
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2D-sckis = Npysanna (b, § A G dopm M ts, | Sa M @ E 55 wanpaxenuit | ucrosoit metann
Cosgas Vmennts ~ Avanuz  PaBoume snemertsl | Macens  Cosganme npoussonbroii gopusi | Moseputocts  Mogenwposanme  Mpeobpasosarine
Mo.. X + Q = B X
| nerant
H- - [5-Bua: Masroii
|+ FHavano
- ) Konew getam
@
D
Q
o
Fy
‘—PX

Aetanel X

Peckima oxnganna

Puc. 6. [lepeBo noctpoeHuii Mojienu

B mpaBoMm BepxHeM yIriy pacloJIO)KEH HaBUTAlMOHHBIM Ky0. C ero mNOMOIIbI0 MOXHO

ImoBOpavYMuBaTh MOJCJIb TAK, KaK yI[o6Hee IIpH TOCTPOCHUMH.

ID-BEH< - 08 -5 2 @& Tuooe ~ @ Eroymoni: ~ @ @& fr + =

Jeransl » Mouck no cnpaske n komangam. . Bxoas cayxber = Y (2~ _ 3 5z
3D-mogens  3cks  Awnotauymw  [posepka  Wecipywments:  Ynpasnewme Bug  Cpegst  Hauano paboter  Cosmectas pabora @-
A [ @@ P A5 azss ml EEA @ ¢ ureE g3 # @-
I L N ‘ i ® e -
Brogn &y ) I IS I IR
Hauate _ Beigasnusanue Bpauenme = Oreepcrue Conpmxcerme Tenepatop  Mnockocts Mapannenenmnes Avanims Mpeobpazosats
2D-3ckm3 = Npyrarva | [, B O & dopm M 1o, |5 M (9 E B3 nenpmkerwii | mctosoit metann
3owms Coaats Vsmerwms ~ Avanns  PaBoune anemertsl | Maccus  Cosganne npomssonsHoii hopwst  Masepisocts  Mogenuposanme | MMpeoBpasosanme
Mo... X + Q=
@ ferane1

+- 5= Bun: Mnasreit
+ [ Hauano

* € Koreu petany

Y Aeransl %

Pexim oxcmazHna

Puc. 7. HaBuranuonHuslii Kyo

B HmkHel yacTu 5KpaHa pacroJiOKEHbl BKJIAJKH BCEX MOJENEH, ¢ KOTOPHIMU OCYILECTBIISIETCS

paboTa B 1aHHBIH MOMEHT. MBI MOXKEM HEPEKITI0YaTHCSl MKy HUMH B IPOLECCe PAOOTHI.
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Puc. 8. Bkiagka nepexiitoueHuss Mex,1y MOJAEIIMU

MBI mo3HaKOMHIIHCH ¢ HHTEepdeiicom mporpammel Autodesk Inventor u Temeps MOkeM MPHUCTYTIATH

K MOJICJIIMPOBAHUIO.
IlpakTH4yeckas 4acTb

Bba3zoBas padora ¢ 3ckuzamu

[Toctpoenue nr000K MOJENM HayMHAETCS € 3CKU3a. JCKHU3 — ATO IUIOCKUH 4YepTex, MO CyTH
SIBIISTIOIIMIACS OJTHUM W3 TPOCKIIMOHHBIX BHJOB MOJEH. BBINONHSS onepariy Haj 3CKU30M, IOJYyYaloT
00bEMHBIE O0BEKTHI.

Jlnst yno6cTBa MOCTPOSHUMH, BKIFOUUM BHIUMOCTH 0230BBIX KOOPJMHATHBIX MJIOCKOCTEH.

Brinenum Bce Tpu mmockocth, HaxkmeM [IKM u moctaBuM ranouky y Haanucu «BuamMocTby.
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Puc. 9. Bximtouenrne BUAMMOCTH 0a30BBIX KOOPAMHATHBIX TIIIOCKOCTEH

LIpUIIOKEHHE 2. 1. «COOPHHUK PA00T» K MEPOIIPUATHIO JNoZ
(ctpanuna 22 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

[ToBepHeM BHIOBOI KyO, 4TOOBI YBUACTH PACIIONIOKEHHUE BCEX TPEX IIIOCKOCTEH.
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Puc. 10. Pacrionoxenue 6a30BbIX KOOPAUHATHBIX INIOCKOCTEH

Haxumaem Ha kHONIKY «Havate 2D-3cku3» 1 BEIOMpaeM OJHY U3 IIOCKOCTEH.

IDD-EH< - &5 W2 @ Tnoswe -~ @ Eoywors: ~@ & fr + ~ Jerans] » Mowck no cnpaeke n komargan. O Brog s cayxber = T | (B - @ X
[EE70 30-wmogens  3ckws  Aweorawm  Mposepka  Wncipymenter  Ynpasneswe Bmg  Cpegs  Havano paborsi  Cosmectsan pabora (D«
s ST Ga @) Caonr B By as8 il JZ| i '3 r"f L4 L IL Y= [ é}/ -
- ! U”ﬂ@ 8 (S JiC3 WO MA=m
Hauars _[Beiaaenvsarue Bpawenie Orsepcre Conpmrerie Feneparop  Mnockacrs Mapannenenines Anans Mpeobpasosats &
2D-20m2 = Npyrana [, B BN 3 dopm T:. 5o g @& B RS uanpaxenwit | nuctosoii merann
Sz Cosnm Vsmernts ~ Awanws  Paboune snenents | Maccie  Cosganie npomssonkroli opmsl Mosepxiocts Moaenvposanue | Mpeopasosarine
o Q= m X

@ perane1
+ T2~ Bun: Mnasksii

= [ Havano hﬂ
¢ iElMmecccts Y2

: -l nnockocTs X2
| EInnoacocs xv @
| | Jeoax <
i Homy 2
¢ oz \EL"
L LS Lenp 5
- € Koreuneram [Q
s

E:x

r4

&Y Aeransl X

Pexnm oxnaanna 1 1

Puc. 11. Hagano co3ganus sckusa

OTKprJ'IOCB MCHIO TIOCTPOCHHUA 3CKU30B. ITo3HaKOMHUMCS C UMEIOIIMMHUCS TaM HHCTPYMCHTAMU.
1. «OTPCSOK». B panHOM BKIagke MBI MOXKEM NEPCKIIIOYATECA MCKIAY IMOCTPOCHUAMH MPAMBIX

OTPE3KOB U Pa3HbIMU BapHaHTAMU MTOCTPOCHUS KPUBBIX.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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Puc. 12. Bxnanka «OTpe3ox»

2. «OxpyxHOCTB». JIOCTYITHO TpH BapWaHTa: MOCTPOCHHUE OKPYKHOCTH MO IEHTPY W JAHAMETPY,

IMOCTPOCHUC OKPYKHOCTH IO KaCaTCJIIbHBIM, a TAKKC IMTOCTPOCHUC 3JIJIUIICA ITO TPEM TOYKAM.
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Puc. 13. Bxnagka «Okpy>XHOCTb»

3. «/lyra». DneMeHT nyra MOXHO CTPOMTH IO TPEM TOUYKaM, MO TOYKE M KacaTelIbHOM, a Takke ¢

MMOMOIIBIO YKA3aHUS HCHTPA U IBYX TOYCK Ha4aJla U KOHIIA AYT'U.
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Puc. 14. Bxnaaka «/lyra»

«HpHMOYFOJ'IBHI/IK». B sroit BKJIAJJKC HaXOJHUTCs OobIIasg 4acTh MIIOCKHX (I)I/Il“yp, KOTOPBIC MBI

MOXCEM IIOCTPOUTHL 3a HECKOJIBKO KIIMKOB. B paMKax Halero Kypca B OCHOBHOM MbI 6y,HCM

I10JIB30BaTbCA

GyHKIUSIMEI

«I[IpsAMOYTOIBHUK

u C€ro BapuaHTaMH,

a Takke (yHKIHEH

«MHoroyronsHuk». Wcnonb3ys ¢yHkiuio «MHOTOyrojabHUK», Mbl MOXKEM IOCTPOUTH JOOYIO

HpaBI/IJILHBIﬁ MHOT'OYT'OJIbHHUK.

ID-BEH=--- o

“E O @ Mo

3D-moaens Antoraunmn  Mposepka  Wncrpymentsi  Ynpasnerue

nen v @@ fr =

Baa  Cpeasl  Hawanopaborei  Coswectranpabora -

puas v () Mpeda

Oerans?

¥ Touck no cnpaske n komargam. B Bxogs crywber Tt | () + -8 X

N

A g -~ T 7 Conpmkesue - V=4 Meperioc 5 OBpesars Macumat o= (1]
[P . [ i B = P P o ¥
— 3 g . . A Texcr - O3 Konuposss | Yammwurs 1), Pacramyrs M 2 = 1 B Town  E[F]
Hawers | Otpesok  OkpysocTs  Jyra  [IpAMOYroMbHitk Mpoeupposatine - Pasuepi = MpuHAT.
2D->ckms” ° < G v -+ Toura reowerpmn © () Mosopor |- Paspenurs  Cuewerme A\ I3 & xt1 = WA E scuan
Do | pmyromne e Mrzem SrrET o Boranums  dopur ~ IEEETN
Mo.. X + Q= + Mo gsyn Touxam | x
) perans2 ", Npameyronehnk
4 To-Bua: Tnasweii Mo Tpem Touxar
— [ Havano -] TNpanoyronssuk
[Frinoacocrs ¥z Mo aeym Towkam n uerTpy
[ Mrockocrs X2 =, Tpamoyronenn
[Enoacocre XY o Tpen TouKan 1 uerTpy
Jomx —
Howy D Gr uermpa o uerpo
Hoaz pu—
< Uewrp Obuywit
2 30081 . Maz
D) Koreu peram Lextp
Mas -
[lyra no Tpew Tovkan
Mas
7 Liermp ayru
Mroroyrommc
I Muoroyronbiuk
z4¢
X
@ letanel  flerans2 X =
15 Bbiz0Ba Cpaski HauTe F1 B 0 - o < 0,000 wana, 0,000 um TMonran sasncumocts 1 2
P L v 5

Puc. 15. Bxnanka «IIpsiMoyrosnbHUK

ITo3HakoMuMCS ¢ ITUMH (bYHKI_[I/IHMI/I Ha IpUMCpPEe NOCTPOCHHUA AOMA U MAIIIUHBI.

CHauana nocTpouM J0M.
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[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

[TocTpoiiTe mpsAMOYTroJibHUK U3 IIeHTpa kKoopauHaTt. [Tocne Toro kak Bel Haxanu JIKM nepBsiii pa3
B LIEHTPE KOOPAUHAT U HaYajau OTBOAUTEL KypPCOpP B CTOPOHY, IIOSIBUWICS IIPSAMOYIOJILHUK U JBa OKOILIKA, B
KOTOPLIX MOKHO C ITOMOIIIBIO BBOJId € KJIABUATYPhI YKa3aTb TOYHBIC pa3sMCPLI HAICTO MPAMOYTOJIbHUKA.

HepeKHIO‘ICHI/IC MCXKAY INOJAMHA BBOAA OCYHICCTBIIACTCA HAXXaTUEM KHOIIKH «Tab. HOCTpOI/IM KBajgpar co

cropoHamu 10x10 mM.
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Puc. 16. [loctpoeHue npsMoyroibHUKa

Z[anee C IIOMOIIBbIO KOMAaHIbI ((OTPGSOK» IMOCTPOUM KpbIIIlYy, OKHa WU JABCPb. I[J'IH TOr0 4TOOBI

MMOCTPOUTH OTPE30K, HeO6XOI[I/IMO BLI6paTL ABC TOYKHU: HAYAJIO U KOHCH OTPEC3KaA.
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Puc. 17. ITpumep scku3a ¢ 1oMoM
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[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

ITo Mepe BBITTOTHEHUS MPEIIOKUTE BBHITTOTHUTH yUalTUMCS €II¢ HECKOIBKO 3aaHUi Ha CO3daHUe

scku3oB. Hanpumep, MaimHa, 3B€3/71a, pakera, JIyHOXO/.

IIpakTuyeckas padora Ne3

szueuue onepauuu «Buvloasnueanuey na npumepe Mooeﬂupoeanuﬂ HACmMoOJibHO20 0pzauaﬁ3epa

Hean pabdoThl: u3yueHue onepanuu «BeiiaBnBanue»

Oo0beM: 1 yac

3ajganme: co31aTh MOJENIb HACTOJILHOIO OpraHansepa

Oo0opynoBaHue: NepCOHAIBHBINA KOMIIBIOTED, KJIABHATYpa, KOMIBIOTEPHAs MbIIIb

IMporpammuoe odecnieuenune: Autodesk Inventor

HpaKanecKaﬂ 4acTb

Puc. 1. Penep urorosoro npoekra «OpraHaizep»

Onepaunel‘/i B Cpcac Inventor MNPHUHATO HA3BIBATHh TY MAHUITYJIALIUIO, KOTOpAd IIpU B3aUMOJCUCTBUU

¢ 2D-acku3oM, Tpanchopmupyet ero B 3D-00BEKT, MOBEPXHOCTh WM KE PEIAKTHPYET YK€ CO3/IaHHBIN

3D-00bekT. CyrmiecTByeT 4 OCHOBHBIX (DOpMOOOPa3yIOIINX OMECPAIIHH:

1.

2
3.
4

BrigaBnusanue
Bpamenue
CaBur

Jlodt

Bce ocHoBHBIE (hopMooOpasyromire onepanuu HaxoaaTcs Bo Bkiagke «3D mozmensy», B BepxHen

YacCTH 3KpaHa. B paMKaxX TCKYLICTO 3aHATHUA paCCMOTPUM OIICpalHuIO «BbIgaBIMBaHUE.
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ansaw Q Broascayxes~ W @ - -8 X

9

&l

Puc. 2. opmoobpa3yronire onepanuu Ha JIeHTe MOAU(PUKATOPOB

Cozaaum HOBBIM TOKyMEHT ¢ TUIIOM «JleTtanby. Haunem MozpenupoBanue c coznanus 2D-3ckusa

B FOPU30HTAJILHOW 0a30BOM MJIOCKOCTH.

CO3I[a€M 9CKHN3, UCITIOJIb3YsI HHCTPYMCHTLI IIPAMOYI'OJIbHUK I10 HGHTpaﬂBHOﬁ TOYKE U OKPYKHOCTD.

N3 nayana koopJauHAT CTpOUM KBaapaT co ctopoHou 70 mm. Ha cepeaune jeBOM CTOpOHBI KBajapara

CTPOUM OKPY>KHOCTb JuaMeTpom 70 mm.

a
£

Puc. 3. Dckus, cocTosuii U3 KBaJapara U OKpY>KHOCTH

HCHOJ’IIBYGM HHCTPYMCHT ((O6p€32lTB» " YAAJICHHUC 3JICMCHTOB YCPE3 UX BbI60p JIKM wu naxarue

kiaBuiu «Del», 4ToObI y1amuTh JUITHIO reoMeTpHio. Jlaee mpocTaBiisieM pa3Mephl.

i
3

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanuna 28 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2
Puc. 4. DuHabHBIN 3CKU3 OCHOBAHMS OpraHaiizepa

[Tpunumaem sckus. [lepexoaum B Bknagaky «Co3aate» U BEIOMpaeM ornepanuio «BrigaBirBaHuey.

3agaeM paccTosHue Ui BblaaBivuBanus papHoe 100 MM 1 mpyUMeEHsIieM Omepanuio.
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Puc. 5. PezynbraT npuMeHeHus onepanny «BelgaBIuBaHue» K 3CKU3Y

Jlamee co3maeM HOBBIM ICKHM3 Ha BEpXHEH IUIOCKOH TI'paHW o0bekTa. B 3cku3e HEoOX0auMo
c(OopMHUPOBATH JBa 3AMKHYTBIX KOHTYpA, KQXK/IbIi U3 KOTOPBIX ABJISETCS YETBEPTHIO OKPYKHOCTH, KOHTYP
cienyer (GopMHUpPOBaTh, MPUMEHSS TaKUE MHCTPYMEHTHI KaK «Iyra Mo TpeM TOYKaM», «OTPE30K» MpH

KEJIAHUHU TAKXC MOXKHO BOCITIOJIB30BAaTbHCA q)YHKHHeﬁ «KCMCIICHUC.

Puc. 6. Dcku3 Ha BepxHeil MI0cKoCTH

[Tocne mocTpoeHus 3cKu3a U PacCTAHOBKU BCEX MOSCHEHUH, HEOOXOIMMO MPUMEHHUTH ONEPaIHIo
BBIIaBJIMBaHUE Ha JIBa 3aMKHYTBIX KOHTypa. B 3TOT pa3 cieayer MCHOIb30BaTh 3aMKHYTHI KOHTYp B

KayecTBe MpOQuIIs BbIpe3a, I 3TOr0 HEOOXOIUMO B CTPOKE «JIOTHUECKUN» BHIOPATh COOTBETCTBYIOIIYIO
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UKOHKY - «BbIpe3aTh». [Ipu HE0OX0UMOCTH CTOUT MOMEHSTH U HAMpaBJIEHUE OINEpaluy, TaKKe BhIOpaB

COOTBETCTBYIOIIYIO HKOHKY. B CTpOKe «paccTosiHre» yKa3bIlBaeM ITyOMHY BBIIABIUBAaHUS 98 MM.

I D= E <A = G} '(J 2 '_ﬂ' 9 @ Mamepuan '“ W XKentei ~

3D-mopeny  dckms  AvHotauvm  Mposepka  WHcTpymentsl  Ynpasaenue  Bua
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PaccTosHme A 98 MM l = 1L 4
¥ BbiBoa
| Tormyeckuii & @ - | = v |
¥ [lononHuTeNbHbIE CBOMCTBA SRS ~

{ S
Kowyc A 0,00 rpa - R i I\ =
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Puc. 7. Beipe3anue BbI1aBIMBaHUEM

Jlanee co3aaauM 3CKH3 Ha OOKOBOM, TUIOCKOW I'paHM 3aroTOBKU. [Ipu MOCTpOSHUH 3CKH3a CleIyeT
MCTIOJIB30BAThH TOT K€ HAOOp WHCTPYMEHTOB, YTO MCITOJIB30BAJICS TIPU MOCTPOCHUH MPEBIAYIIETO ICKU3A.
3areM HCIONb3yeM JaHHBIM 3aMKHYTBIH KOHTYp B KauecTBe NpoQWiIs U MPHUMEHSEM OIepaluio

BbIJIABJIMBAHUEC C BBIPC3aHUECM. Paccrosune BbIJaBJIMBaHUA 70 MM.

,I D-BH - 52 @ tvnosse ~ @ WXemoi  ~
ST  3D-mogens | Jcku3  AHHOTALMMN Mposepka  WHcTpymeHTsl  Ynpasnenue  Bua
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¥ Pexum
Hanpasnetue  O6pauero

Paccrostuve A 70 MM \e Eli 4 é

¥ BbiBog

Toruseckuit & @ - |
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Puc. 8. [TonydyeHue KpUBOIMHEUHOM MTOBEPXHOCTH
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Crnenyrommm GopMooOpa3yOIMMM IeUCTBUEM OYIET SIBISTHCA CO3JaHUE OTBEPCTHH O] MEJIKHE
KaHIIETSIPCKUE TPHHAJICKHOCTH Ha KPUBOJMHEHHOW TpaHU, KOTopas oOpa3oBajach B pe3yJbTaTe
MpenbIAyIneld omepanuyd. DCKU3 JOJDKCH JieaTh Ha IUIOCKOCTH, KOTopas mapajuielibHa 0a30Boi
TOPU30HTAILHOM TUIOCKOCTH. [locie co3maHus SCKH3a, MPUMEHSEM OICPAllMI0 «BBIIABIMBAHUE» C
BbIpe3aHueM. [ TTyOMHY BBIJABJIMBaHUS CTOUT YCTAHABJIMBATh TaKUM OOpa3oM, YTOOBI TOJIIUHA JHA

COCTAaBJIsIJIa HE MEHEE 2 MM.

\\\/ '!n D'BE@' 'Q‘_)'._'H'E) @ Tunossie V“ﬁ_")'(emhlﬁ S

3D-mopens  Sckus  AnHotauuv  [posep WHcrpy Ynp: Bua
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2D-3cku3 ; MpyxwvHa @; Pe6po xecTkocT .;{I Passeptka
dcKu3 Co3aats .
| Ceoiicrea X+ =!
| BoigaBnusanneb > dckuzd Lod
¥ leomeTpus BBOAA {
Mpodmnm k D npodunm: 4 (%}
or R 47 NnockocTb 3cku3a 1
¥ Pexum
Hanpasnetue e O6patieHo
Paccrostme A 68 MM I
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Koryc A 0,00 rpag 3 Eﬂ
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Puc. 9. HonyquI/Ie OTBepCTI/Iﬁ oA KaHICIIAPCKUEC IMTPUHAJICKHOCTU

I[anee, I10 KCJIaHUKO, IPUMCHAIOTCA UHCTPYMCHTDBI ((Q)aCKa)) " «COIIPSIKCHUCH). OpraHaﬁsep T'OTOB.

Puc. 10. BrinonHenue ckpyriaeHuit u Gpacox
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JlabopaTopnasi paGora Ne4
H3zyuenue onepayuit «Bpawenue» u «Cosuz» na npumepe mooenuposanusn yawu Ilugazopa
eab padotsl: Llenbio 3auATHS SBISIETCS U3ydeHUE oniepanuid «Bpaienue» u «CaBury.
Oobbem: 1 yac.
3aganue: co3nath Mojenb yamu [Tudaropa.
Teopernyeckasi 4acThb

Yecerpoiicteo yamu [ugaropa

Yamra [Tudaropa (mnm KpyKKa XKaJHOCTH) — CHEIHAIBHBIA cOCy, NMpUayMaHHblid [ludaropom.
CoriacHo UCTOpUHM, 3aCTABIISIET YETIOBEKA NMUTh B YMEPEHHBIX KOJIMYECTBAX, MTO3BOJISIS 3aMOJHUTH Yallly
JUIIb J0 ONPEJEJIEHHOro ypoBHSA. EciM 4enoBeKk 3amojiHseT BhILIE, TO COAEPKUMOE IOJHOCTBHIO
BBUIMBAETCS.

Cunraercs, uro [Iudarop npuayman 3Ty KpyxKy, 4TOObl Bce palObl MUIM OJIMHAKOBO, TaK Kak Ha
Camoce 65110 Masio Bojibl. HanmuBath BOy HYKHO 710 ONIPEeNeEHHON OTMETKH, PU TIPEBBIIICHUHA KOTOPOH
BOJIa MOJTHOCTHIO BRITEKAET U3 KpykKkH. Takxke n3zBectHa kak CripaBemuBas Yama wiu Crakan [Tudaropa.

Kpysxka [Tudaropa BeITISINT CHAPYKU KaK OOBIYHBINA COCY AJISl MUThS, HO YCTPOEHa KaK CH(OH.
B neHtpe KpyXKu HaxXOAMTCS KOJIOHKA, BHYTPU KOTOPOW IMPOXOJUT BEPTUKAJIBbHBIA KaHajl, U30THYTHIN
BnBoe. Kanan u3rubaercsi B BepxXHel 4acTH KOJIOHKU U IByMS KOHIIAMU OITyCKa€TCsl BHU3, KO IHY KPYXKKH.
O0a KOHIIa BBIXOJAT OTBEPCTUSIMU B JIHE KPYXKKH, TOJIHKO OJIUH KOHEI] — BHYTPh KPYXKKH, y €€ JIHa, a
BTOPOI KOHEIl — HapyXy KPY>KKH, HACKBO3b uepe3 JHO. J|HO M3TOTOBIEHO TOJCTHIM, TAKUM OOpa3oM
MEXy BBIXOJIHBIMU OTBEPCTUSIMU UMEETCS Pa3HUIIA 110 BHICOTE B HECKOJIBKO CAHTUMETPOB.

Korna kpyXKy HamoJNHSIOT, >KUIKOCTb, COTJIACHO 3aKOHY O COOOIIAIOIIUXCSI COCylax, uepes
BHYTPEHHEE OTBEPCTHE y JTHA KPY>KKH MTOTHUMAETCS 110 OTHOMY pyKaBy kaHasa. [Toka )kuIKoCTh HATMBAIOT
HE BBIIIE MeCTa U3ruda KaHala, — a Ha BHYTPEHHEW CTEHKE KPY>KKH UMEETCSl OypTUK, OTMEYAIOITUIH ATOT
YPOBEHb, — KPYKKOW MOXHO MOJIb30BATHCS M0 HA3HAYEHHUIO.

Korna >xuakocTy HaMBalOT OOJbIIE OTMEYEHHOTO YPOBHS, OHA MEpeTeKaeT uepe3 BHYTPEHHUN
M3ru0 KaHaia BO BTOPOU pyKaB, CH(OH BKIIFOYACTCS M KUIKOCTh BBITUBACTCS Yepe3 CKBO3HOE OTBEPCTHE

B JIHE KPYXKHU Hapyxy. [Ipu 3TOM cocyn omycTomaeTcsi HOJIHOCTHIO.
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Puc. 1. Yama [Mudaropa

IIpakTnyeckas 4acTb
IIpouecc moaeanpoBanus
IIponiecc MopenupoBaHHs JAHHOTO HM3AEIHS COCTOMT B CO3/IaHUM Tejla KPYKKH B HECKOJIBKO
OTHOCHUTEJBHO IPOCTHIX ITAINOB, a 3aTEM B CO3/IaHHH B 3TOM TeJI€ CKPBITOTO KaHajla, HeOOXOIUMOTO IS
paloThI yCTpOHCTBA.
Co3gamuM 3CKM3, KaK TMOKa3aHO HAa PUCYHKE, 3aTeM, IpU MOMOINM omepauuu «Bpamenue» (B

KaueCcTBE OCH BpalIeHUs UCIIOJIb3yeM OTpe3ok 150 MM) co3maaum Teo.

Puc. 2. Ocku3 ¥ OIY4EHHOE TEJO BPAIICHHUS

Ha oxHO# 13 6a30BBIX TUIOCKOCTEH, IIPOXO/ISIIEH Yepe3 0Ch JIeTalIH, CO3/IaIUM ICKU3, KaK ITOKa3aHO
Ha pUCYHKE (IIEHTP JAyTd BBIPOBHSATH C CEPEIMHON NETau MO BEPTHKAIN) W BBIPEKEM €ro oleparuei

«Bpawenuey.
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Puc. 3. Bpaiuenue ¢ BBlMUTaHUEM
Ha Toit ke 6a30BOil MJIOCKOCTH, YTO U B MPOILIOM IlIare, CO3JaauM 3CKH3 B BHUIE OCH KaHaja

cudoHa, KaK MOKa3aHO HA PUCYHKE, H IPHUMEM €TO0.

Puc. 4. Dcku3 xanana cuona

Ha HmxHEM TOpIle AeTanu n300pa3uM 3CKU3 CeYeHHs KaHana cu(oHa, KaK MOKa3aHO Ha PUCYHKE,
MIPUMEM €ro, U 3aTeM, Ipu moMoIu onepanun «CaBur», co3maauM Beipe3 B Buae KaHana. OKpyKHOCTh

SIBJITETCS IPOoUIIeM, a ICKU3, N300paKCHHBIN HA PHC. 4 - TPACKTOPHECH.
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Puc. 5. Ocku3 ceuenus cudona u pe3ynbraT onepauu «CaBUr
Jlo6aBUM 3CTETHUYECKUE JIEMEHTHI B BHJIC YTOIIICHUN 110 KOHTYPY U3JeNUS U OYyPTHK, 3aJaFOIIHIA
MaKCHMaJIbHO JOMYCTHUMBIH 00beM XuIKocTH. Ha 6a30BO# MIIOCKOCTH, MCIIOIB3YEMON paHee, CO3aJuM
ACKHU3, KaK TOKa3aHO HA PUCYHKE U BBIJABUM €ro IIPpU OMOIIM HHCTpyMeHTa «Bpaiienue» ¢ 1o6aBieHneM
K paHee CMOJeIUpPOBaHHOMY Teny. He 3a0biBaeM 0 HEOOXOUMOCTH CO3/IaTh B ACKH3€ OCEBOM OTPE30K B

CepeIMHE JICTaIH.

Puc. 6. MonenupoBanye 1€KOpPAaTUBHBIX AIEMEHTOB

Jlo6GaBuM JeKOpaTUBHBIE CKPYTIICHHS, KaK MTOKa3aHO Ha PUCYHKE U COXPAaHHUM JIeTalb.
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ConpaxeHue X
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Puc. 7. BeimonHenue cKkpyriaeHuin

JlabopaTopnasi padora NeS
Odhopmnenue uepmedsrca u u3yanuzayus mooenu

Heanb padotsl: Llenbio 3aHaTHS ABIseTCS M3ydeHne HHTepdelica co3qaHns yepTeska o MoJeNu U paboTa

B cpeze Inventor Studio.
Oo0bem: 1 yac.
3aganme: ohpOpMUTH YEPTEXK MO paHEe CO3AAHHON MOJIEINH, MOJIYUUTh (POTOPEATUCTUUHOE U300paXKeHHUE.
IIpakTHyeckas yacTb
Co3nanue yeprexa yamu [Mudaropa

Co3namum daiin yeptexa. B nepese noctpoenuii Boioepem gopmar aucra A4, 1Bax/bl HaXaB Ha

cooTBeTcTBYMOIIEee HazBanue JIKM u nmoarBepauB onepanuio. J[00aBUM Ha JTUCT TIaBHBINA BU]I.
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Puc. 1. Pacnonoxenue 6a30BOro BUa Ha JINCTE YEPTEKA

Ha ganHom YCPTECIKE HCO6XO,Z[I/IMO TIIOKa3aTb BHYTPCHHUC ITOBEPXHOCTH, ITIO3TOMY CO3AaIUM Pa3pe3
IIpU TIOMOIII UHCTPYMCHTA «MecTHBIN pas3pesrn. I[JIH 9TOro HepefmeM BO BKIIAKY «OCKU3». U IIpu oMo
MMpsAMOYT'OJIbHHUKA CO3JalUM 3CKH3 Ha I''TAaBHOM BUJIC. OTOT 3CKU3 6YZ[€T SABJIATHCA 06J'IaCTI)IO, JJIA KOTOpOfI

BBITNIOJHSETCS pa3pes. [IpumeM rckus.
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P
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Puc. 2. [Ipumep 3cku3a AJis BBIMOJIHEHHS] MECTHOTO pa3pes3a

Bribepem nHCTpyMEHT «MeECTHBIH pa3pe3» W Ha)XKMEM Ha BHJ. B MOSBUBIIEMCS OKHE BhIOEpEM
ACKU3 NPSAMOYTOJIbHUKA B rpade «3CKU3» W 33AaJUM TOUYKY, MPUHAMISKAIIYI CEKYIIeH IIOCKOCTH

(HampuMep, IPaByIO BEPXHIOW) B rpade «oT Toukm». [Ipumem oneparuto.

MecTHbli pazpes

Mpanuua
Q ScKkus ?

rnybuHa

OT TOYKK

(1)

[ 0,000 “

OTobpaxeHue

@ Moxasatb Hesuaum. pebpa

PaspesaTe BCe aeTanm

@ s [ooe ] c 2

Puc. 3. Beinonnenue pa3pesa
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JI1st okoHUYaTeIpHOTO 0OPMIICHHUS YepTeka MPOCTAaBUM OCH U pa3Mephl. [[Baxkabl Haxkumas JIKM

10 pa3MEpHOMY YHCITY, 100aBUM 3HAUOK «U» K JMAMETPaJIbHBIM pa3Mepam.
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Puc. 4. BrinosiHeHne pa3MepoB U oceil

B 3aBCPUICHUU 3alI0JTHUM OCHOBHYIO HAAIIHUCh U COXPAaHUM UCPTCK.

Pengepunr moaenu
N3menuM niBet Mmojenu Ha «3050Toiy. [lepeiinem Bo Bkiaaky «Bumy, 1 ©3MEeHUM mapaMeTpsl

OTO6pa)KeHI/I$I MOJCIJIM, KaK ITOKa3aHO Ha pUC. 5.
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Q’ d MepcnexTueHbiid ~ TexcTypbl BKA. ™
7 |@ Otpaxenna Iv"% Hynesas nnockocts |v
Ié Cepoenom v Q Tpaccupoeka nydei

Y YTO4HWUTE NPEACTABNEHNE

Crunb oTobpaxkenna
v

Mpeactaenenune mogenn ~

Puc. 5. Hactpoiika napamMeTpoB 0TOOpakeHUs: MOJIENTH

[Tepeiinem Ha BriIanky «Cpenbi» U BeIOepeM HHCTpyMeHT «Inventor Studioy.

,,,,,,

Cpeapi I

 H W & @ +

Ananus  Inventor Cosganue npoekta Komnonenter [peoBpasosate e 3D-newate Hagctpoiiku
Hanpsxkenwit Studic  npecc-dopmel BIM NWCTOBON METaNN

Hauatb Mpeobpazosanne 3D-nedats YnpaeneHne

Puc. 6. Bxiagka cpensl

[Tpu momortu BUI0BOTO KyOa BEICTABUM KaMepy TakK, YTOOBI XOPOIIIO BUAETh BCE CTOPOHBI MOJIEIIH,
1 BBIOEpEM MHCTPYMEHT «Busyanu3aius n3o0paxxeHus». B MosBUBIIEMCS OKHE YCTAHOBUM pa3perieHue
utoroBoro m3odbpaxenuss — 1920x1080. Bropyro BkIagKy OCTaBUM HEW3MEHHOH, a TPEThIO HACTPOUM

coryacHo puc. 7. HaxmeM kHOTIKY «Bu3yanmusamnus» UIs 3aIrycka mporecca peHAepruHra H300paXeHHUsI.
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Busyanusauua usobpaxerus
Obwme Boisoa Moaynb BUsyanMsaLym

MPOAOIKMTENLHOCT BUSYaNU3aLIM
(O Bpems susyanusawm: 1,0 g
(® BusyanusaLma NOCeACTEOM UTEPALYM: (=
(O Lo nony4eHns yA0BNETEOPUTENLHOMO PEsyNbTaTa

Oflee 3aTpayeHHoe BpeMA BKIKOHYAET BpeMs NoAroTOBKM
A@HHBIX M YKA33HHOE BPEMA BU3YanusaLym.

OcBelweHne U TOHYHOCTb MaTepuana
=

DunbTpawa usobpaxenuii (crnaxveanne)

() Byamsas || Sapems |

3aKPbITh OKHO BHU3YyaJIn3alluu.

Puc. 7. Hactpoiiku okHa «Buzyanu3zanus u300paxeHus»

[To 3aBepiieHHH mporiecca peHJepUHra (3ejieHas MoJioca BBEPXY OKHA), HA)KMEM Ha HKOHKY

«CoxpaHHUTb» B IPaBOM BEpXHEM YIIIy U BbIOEpeM IyTh Ui ¢ailna ¢ uzodpaxenueM. [Tociae 3Toro MoxxHo

Puc. 8. ®oropeanuctuyHoe U300paxeHrne MOAEIH
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JlabGoparopHasi padora Ne6
Ilpoexm «bnox». Moodenuposanue demaneii
Heas paborbl: llenbio 3aHATHA SABISAETCS W3YYEHHE YCTPOHCTBA W KiIacCH(PHUKAIMKU OJOKOB,
MOJIETIMPOBAaHUE JIETAJICH.
Oobbem: 1 yac.
3aganue: U3y4yUTh YCTPOMCTBO, KIACCU(PUKAIMIO U NPUMEHEHHE OJIOKOB, CMOJEIMPOBATH JETAJH
«Brynka» n «llanemny.
TeopeTuyeckas 4acThb

YcerpoiicTBO, Kilaccu(puKanms U NIpUuMeHeHue 0JI0KOB

Bbnok — mpocToe MexaHn4YecKoe YCTPOUCTBO, TIO3BOJIAIONIEE YMEHBIIUTh CHITY, HEOOXOAUMYIO IS
nepemereHus rpysa. Ilpeacrasisier co0oil KoJeco C KenodoM MO OKPYKHOCTH, BPaIIAlONIEecs BOKPYT
CBOEH oOcCH: XeJ00 MpeaHa3HayeH /i1 KaHaTa, LeNnH, PeMHs M T. I., K KOTOPOMY IPHCOEIUHEH
nepemeraemsiii rpy3. @akruyecku, 000 010K MpencTaBiseT coO0ll pplyar: B ciyyae HEHNOJBUKHOTO
0JI0Ka — PaBHOIUICUUH.

Cy1ecTBYIOT /1Ba TUIIA OJIOKOB — ITOJABUKHBIM U HEMOBUKHBIH.

HenoaswxHelii 6510k 3akperuieH B 0o6oiimax Ha Oanke uiau creHe. Ilpumepamu mcnosnab3oBaHus
TaKuX OJIOKOB MOTYT OBbITh pa3IMyHbIE MTOABECHI VISl JIETKUX I'PY30B.

[TonBuKHBIN 010K 3aKperyieH B 000iMax, K KOTOPBIM IPUKPEILISETCS IPy3, U OJI0K BMECTE C HUMU
MOJKET JIBUTAThCS: MEHTh BEJIMYUHY cUibl. ECiii KOHIIBI BepE€BKHU, 00XBaThIBAIOIIEH OJIOK, COCTABISIOT C
TOPU30HTOM PaBHbIE MEXAY COOOM YIJIbI, TO ISHCTBYIOIAs HA TPY3 CHJIa OTHOCUTCS K €r0 BECY, KaK paanyc
0JI0Ka K XOpJie Tyr'¥, OXBaueHHOW KaHATOM; OTCIOJIa, €CJIM BEPEBKM MapajliesibHbl (TO €CTh, KOrja Jayra,
OXBaTbIBa€Mas BEPEBKOM, paBHA IMOJYOKPYKHOCTH), TO I MOIbEMa Ipy3a MOTpedyercs cuila BIIBOE

MEHbIIIE, YeM BEC Tpy3a.

Puc. 1. [Ipumepsr 6110K0B
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IIpakTHyeckas yacTb
MopenupoBanue aeranau «Bryiaka»
Jertans «Brynkay siBIseTCs yIPOIIEHHOW 3aMEHOM MOAIINITHAKA, HE00XO0AUMOTO [l yMEHbIICHHS
TPEHMS MEKIY KOJIECOM U OCBIO, HA KOTOPOM KOJIECO 3aKPEILICHO.
Co3naeM HOBYIO JieTallb, HAUMHAEM HOBbIM 2D-3CKkM3 Ha OJHON M3 0a30BBIX IUIOCKOCTEH, IpuU
MOMOIIM MHCTPYMEHTOB «IIpsAMOYrompHUK 1O IBYM Toukam», «OTpe3ox» u «Pa3mepsr» m3obOpaxkaem

9CKH3, KaK IIOKa3aHO Ha pI/I02

Puc. 2. IlpensapurtenbHblil 5cku3 11 Aetanu «Brynka»

N3mennM dopMaT rOpU30HTAILHONW JIMHWUW, MMOCTPOCHHON W3 Hadaja KOOPAWHAT, Ha «OCEBYIOY.

Hns satoro Haxxumaem JIKM Ha nunuto, 3ateM Ha KHONIKY «OceBash» Ha MaHEIH HHCTPYMEHTOB.

%‘ Mokasate popmar

®opmar ¥

Puc. 3. l3amenenue ¢popmaTa TUHUU

OmpenensieM 3CKU3 pa3MepaMH COTJIACHO depTexy. [Ipm 3TOM BaXHO NOHHMAaTh, 4YTO,
yCTaHABJIMBAasl pa3Mep OT OTPe3Ka JI0 OCEBOI JIMHUU, MBI MOJIy4aeM JAUAMETPaIbHbBIN pa3Mep, MOCKOJIbKY
HAJIMYUE OCEBOM JIMHUM B 3CKH3€ TIOPa3yMeBaeT, YTo TEJO, CO3[aBaeMOe U3 TAKOTO ICKH3a, OyIeT UMETh
(dbopMy Tema BpanieHus.

BblpaBHUBacM 1O BEPTHUKAIM TOYKY CEPEIMHBI JICBOW CTOPOHBI MPSMOYTOJbHHKA W HAYalo
KOOPJIMHAT MPH MOMOIIU 3aBUCUMOCTH «I OpH30HTaIbHOCTE/BepTHKAILHOCTHY.
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Puc. 4. OxonvarenbHbIN ACKU3 A aeTanu «Brymkay

Janee HaxumaeM KHONKY «IIpHHATH 3CKU3» B MpaBOM BEpXHEM Yriy uHTepdeiica u BblOupaeM
onepauuo «Bpamenue» Ha Briagke <«3D-monens» Ha INaHeNM HHCTPYMEHTOB. MHCTpymeHT
aBTOMATHUYECKH OIpeAessieT TpeOyeMble Ul pabOThI AIEMEHTHI U CO3/1aeT TBEPJIOE TEJIO MO TPAEKTOPHU
BpAIICHUS MPSIMOYTOJILHUKA BOKPYT JIMHUH, K KOTOPOH OBLIO JOOABICHO CBOMCTBO OoceBoi JmHUU. Ecim
3TOr0 HE NMPOUCXOAUT, BBIOEPEM COOTBETCTBYIOLIME 3IEMEHTHI BPYUHYI0, Moouepeano Haxxumas JIKM Ha
UKOHKH ¢ KypcopoM (1), (2) ¥ cOOTBETCTBYIOIIMH 3JIEMEHT, MOKa He MOSBUTCA Tpedyemas oObeMHas
dbopma.

Bpawenue

Puc. 5. Pezynbrar npuMeHneHus onepanuu «Bpamenue»
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CoxpansieM ieraib.

Mopnenuposanue geraiau «Ilanemw»

Herans «[lanemy npenorspaiiaer BeimaaeHue netamu «Ock» (KoTopas OyIeT cMoIeIrpoBaHa Ha
CJIEZIYIOLIEM 3aHATUH), GUKCUPYS €€ B KOHEUHOM cOOpKe.

CozaeM HOBYIO JeTallb, HAUMHAaeM HOBBIA 2D-3cku3 Ha OHOM M3 0a30BBIX IJIOCKOCTEH, MpHU
MTOMOIIN UHCTPYMEHTOB «OTpe3ok» u «Pa3mepbl» n3o0pakaeM 3CKU3, KaK oKa3aHo Ha puc.6. B manHoM

cllydae He J00aBJIsIeM OCEBYIO JIMHHIO, TOCKOJIbKY B KAYEeCTBE HEe, BBIOSPEM JIMHUIO ICKH3a JUTHHOU 40 MM.

Puc. 6. Ockus mia geranu «llamem»

AKTHBHpYeM omepauuio «BpaieHue», mpu  3TOM  Bpam@aemblii nmpodwib  BbIOEpeTcs

ABTOMATHYECKH, & OCh BPAIIICHUS YKAXKEM BPYUHYIO.

Bpatuerme

Boisoa
| MosTopsATh hopmy

view [Coc ][ omea |
A

Puc. 7. Pezynbrar npuMeHeHus onepanuu «Bpamennue»

CoxpansieM aeraib.
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JlaGopatopHas padora Ne7
IIpoexm «bnok». Mooenuposanue oemanu «Kponwimeiiny
Henpr paGorbl: Llenbto 3aHATHA ABISETCA HW3Y4YEHHE MPUHLMIIOB MOJEIMPOBAHUSA  CIOKHOU
MIPOCTPAHCTBEHHOM JIETaNIH.
Oo0bem: 1 yac.
3agaHue: BBIIIOJIHUTEL MOJENb AeTanu «KpoHIITenn».
IIpakTHYecKkast 4acTh

MopenupoBanue aeranu «Kponmreiin»

Heranp «KpoHmTElH» UMEET OTBEPCTHS IS KPEIUICHUS K IUIOCKUM IIOBEPXHOCTSM U CILY)KUT
OCHOBOM JUIsl KpEIUIEHUs KoJieca, Ha KOTOPOE HAaKUbIBAETCS TPOC, BEPEBKA U T.J1. Y CIIOBHO JAHHYIO JI€Tallb
MO>KHO Pa3/IeJIUTh Ha HECKOJIBKO 3JIEMEHTOB — INIOCKAsi OCHOBA C OTBEPCTUSIMU U JIBE HOKKH, HA KOTOPBIX
OynayT 3akperuiensl getanu «Ocby, «Btynka» u «Koneco». HauneM ¢ OCHOBBI.

Co3gaeM HOBYIO JeTaib, HaumHaeM 2D-3CKHM3 Ha TOPU3OHTAIBHOM 0a30BOH IUIOCKOCTH HpU
oMo MHCTpyMeHTa «IIpsMOyroipHUK MO HEHTPY» (LEHTP MPsIMOYTOJIbHHKA pa3MeElllaeM B Hauaie

KoopauHaT) U «Pa3mepbr». M300paxkaeM 3cKu3, Kak MOKa3aHO HA PUCYHKE.

Puc. 1. Dcku3 a1 ocHoBaHus AeTanu «KpoHIITenH

HpI/IHI/IMaCM OCKHU3 U BbIAABJIUBACM IPAMOYT'OJIbHHUK Ha 10 MM.
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Belgaenuearne

TpaHmub!
e
Buoon

| MosTopsTs dopmy

@  vew o[ omea ]

Puc. 2. PesynbpraT npuMeHeHus onepanun «BeigaBIuBaHue»

Janee, 11 MOJENUPOBAaHUS OJHOW M3 HOXEK KpOHIITEHHA, HEOOXOJUMO CO34aTh HOBYIO
IUIOCKOCTh JUIsl 3CKK3a. [l 3TOro ucnosib3yeM UHCTpYMEHT «ll10CKoCThY, KOTOPBIi 1103BOISIET CO3/1aTh
IUIOCKOCTh, IMapaJlIeNIbHYI0 CYLIECTBYIOLIEH Ha TBEPAOM Tejle M OTCTOSLIYI0O OT Hee Ha 3aJlaHHOE
paccrosinue. Beioupaem uncTpymeHT «llmockoctby, 3askumaeM JIKM Ha y3Ko0it 60KOBON 4acTH MIACTHHBI,
Y JBUTAEM yKa3aTesb MbIIIHU K cepeanne aeranu. [locne ormyckaem JIKM u B nosiBuBIIEECsS OKHO BBOJUM

3HAYEHHUE OTCTYyMA 25 MM (7100 -25 MM, €CJIi B OKHE OTPHUIIATEIILHOE YUCIIO) U IPHHUMAEM OTICPAITHIO.

Puc. 3. ITocTpoeHne BCIOMOTaTeIbHOM TIIOCKOCTH
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Co3naeM 2D-3cku3 Ha MOCTPOEHHOM BCIIOMOTaTeIbHOM IIOCKOCTH COINIacHO 4yepTexxy. CHavana
n300pa3uM MPOU3BOJIBHYIO TPANeuuio, Kak Ha puc. 4, mpu nomomu uHHCTpyMeHTa «OTpe3ok». 3aTem
YCTaHOBHM JIJIMHY BEPXHEro oTpeska paBHOi 60 MM (1) u paccTostHEE OT HEro 10 HU3a JIeTalld PaBHBIM
160 MM (2). Hdanee npumeHuM 3aBUCHUMOCTh «PaBeHcTBO» (3) Ha OOKOBBIE CTOPOHBI Tpameuuu u
BBIPOBHSIEM 110 BEPTHKAIU CEPEIUHY BEPXHEro OTpe3Ka M CepeAMHy BCeil JeTanu (cepeauHa HUKHEro
OTpe3Ka MPSIMOYTOJIbHUKA CEPOTOo 1BeTa) (4).

[locne, mpu mnomouw HHCTpyMeHTa «Pa3mephl», YCTaHAaBIMBaeM YIoJ MEXAy OOKOBBIMHU
CTOpOHaMM Tpameuuu paBHbIM 34° (5). (BblOpaB wuHCTpyMeHT «Pa3mepel», Haxumaem JIKM
II0CJIEI0BATENbHO Ha KQK/YI0 CTOPOHY, 3aT€M pa3MeIIaeM pa3MEpHYIO CTPEIIKY JBH)KEHUEM MBIIIH U eIl

pa3 Haxxumaem JIKM). [IpuHrMaem sckus.

Puc. 4. IToctpoenne BcnoMoraTeiabHOM MIOCKOCTH

BrinaBum mosrydeHHbIH 5cku3 Ha 10 MM, HCIIONTB3YST CHMMETPHYHBIN CITOCOO CO3/IaHMs TPAHHMII (9TO
00yCJIOBJICHO TE€M, YTO Ha YepPTeXe TOUKA CEPeIMHBI HOXXKH JISKUT Ha OJHOW JIMHWUU C ILEHTpaMHu

HAXOJSIIUXCS PAIOM OTBEPCTHU).
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Boiaaenueanne

®opMa  MoapobHocTH

3cmz

Beisoa

M &

Puc. 5. CumMeTpuyHOE BBIJIaBITUBAHNE

Ha 60x0BO#i MOBEPXHOCTH HOXKKH cO3/1auM 2D-3CKu3 B BUIE OKPYKHOCTH, C TIOMOIIIbIO KOTOPO#
OyZeT co3/1aHO OTBEpCTHE. Y CTAaHOBUM JAMAaMETP OKPYKHOCTU paBHBIM 35 MM (1), paccTosiHME OT LIeHTpa
OKPY>KHOCTH 710 HM3a JAeTanu paBHbIM 120MM (2), 1 BBIPOBHSIEM IO BEPTHKAIU IEHTP OKPYKHOCTU C

CepeIMHOM BEpXHEro oTpe3ka tpamnernuu (3).

Puc. 5. CumMeTpuyHOE BBIJIaBITUBAHHE
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Bb11aBUM OKpYXHOCTb, IPUMEHUB MHCTPYMEHT «BbIaBiaMBaHue» ¢ BbIPE3aHUEM.

Puc. 6. [lonyueHnue CKBO3HOTO HWIMHAPUYECKOTO OTBEPCTHS

Ha BHyTpeHHEe# cTOpoHe HOKKH co31a1uM 2D-3CcKu3 B BUJIE KOJIbIIA C BHEIIHUM JuaMeTpoM S0 MM

U BHYTpeHHUM — 35MM. LleHTp Koublia IpH 3TOM JOJIKEH COBIACTH C LIEHTPOM OTBEPCTHSL.

Puc. 7. Ocku3 Ha BHYTPEHHEN CTOPOHE HOKKU

BreigaBum 3cku3 Ha 8 MM.
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Puc. 8. PesynbraT npumenenus onepanun «BbigaBIuBaHue» K 3CKU3Y

Hanee, 1y coznaHus 3epKajibHON KOIIMU HOYKKH, IPUMEHUM UHCTPYMEHT «3€pKaJIbHBII MacCHUB.
Jli1s paGoThl 3TOr0 HHCTPYMEHTA HEOOXOAMMO HAIMYKME B MOJIENIN 3€PKAJIbHON MIIOCKOCTH, OTHOCUTENIBHO
KOTOPOHM BBINOJHACTCA KOMMPOBAaHUE. 3epKaJIbHON IUIOCKOCTbIO OyIeT CIyXXHUTh HOAXOAsIas 0a3zoBas
IUIOCKOCTb, TaK KaK 3CKU3 OCHOBAHUS OBLI BBHINOJHEH B BHJE NPSIMOYTOJbHHMKA C IIEHTPOM B Hadaie
KoopauHaT. BeiOepem MHCTPYMEHT «3epKallbHBIM MacCHBY», H TIOOYEPETHO, NP oMoy Haxatuid JIKM

BBI6I/IpaCM QJIEMCHTEI JJIs OTPAXXEHUA U INIOCKOCTh CUMMETPUH. HpI/IHI/IMaeM OoIepanulo.

CummeTpuuHoe oTobpaxeHme

Snementel (1)

Puc. 9. BeinonHeHne 3epKaibHOr0 OTPaKEHUS SIIEMEHTOB
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Ha BepxHell M10CKOCTH OCHOBaHUS CO3/1aJM OTBEPCTHE quaMeTpoM 25 mm. [[ist aToro co3paaum

9CKHU3, KaK IMIOKa3aHO Ha pUC. 10, " BbIJABHUM €TI0 C BBIPC3aHUCM.

Puc. 10. Ocku3s st otBepeTus

st komMpoBaHHS WCTONB3yeM HHCTpYMEHT «[IpsmoyronpHbIi MaccuB». CyTh ero paboThl
3aKITI0YAeTCs B CO3aHNU KOITMH TPEXMEPHBIX 3JIEMEHTOB BIOJIb JJHHAN YK€ CMOJICITMPOBAHHOTO OOBEKTA.
Bribepem unctpyment «lIpsimoyronbHbiil MaccuBy. Ilocie nosBneHust okHa HacTpoek, HaxumaeMm JIKM
Ha BHYTPEHHIOIO TMOBEPXHOCTh OTBEPCTHs, KaK Ha Komupyemblid 00bekT (1), 3arem Haxumaem JIKM Ha
WUKOHKY (2) 1 peOpo OCHOBaHUSs, MOKa3aHHOE Ha pUCyHKe. B okHO (3) BBOAMM 3HaueHUE 2 (KOJIUIECTBO
9K3EMIUISIPOB KOIMUPYEMOTO 3JI€MEHTA, BKJIFOYAsk UCXOHBIN), a B OKHO (4) — 180 MM (paccTostHuE MEXITY
MCXOJHBIM 2JIEMEHTOM U ero Komwueid). Iy cMeHbI HanpaBleHus, B KOTOPOM CO37aeTcs KOMHs, HAXKMUTE
ukoHKY (5) (cmena Hampasnenusi). Ilocme storo Haxkumaem JIKM Ha ukoHKy (6), 3aTeM Ha peOpo,
yYKa3aHHOE Ha PUCYHKE, JJIs CO3/IaHus elle JBYX 3K3EeMIUISIPOB OTBEPCTUH (MCXOHOTO U KOMHMPYEMOTO B
MPEIBIIYIIEM IIare) BIOJb KOPOTKOTO pedpa ocHoBaHUs. B okHe (7) BBOAMM 3Ha4YeHHE 2, a B OKHO (8) —

50 mm. [IpuHuMaem onepanuio.
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Mpamoyr.maccus

L E
— | Tena
Hanpasneve 1

Puc. 11. Beimmonnenue onepanuu «IIpsMoyroibHbIA MacCUBY

Coxpansiem aeraib.

Puc. 12. Mogenb neranu «KpoHurreitn»
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JlaGopaTtopHas padora Ne§
IlIpoexm «bnok». Mooenuposanue oemanu «Ocv»
Heas padorbl: Llenpio 3aHATHA SBISETCS MOACTHPOBAHUE JIETAIM CO CIOXHBIMH BHYTPCHHUMH
OTBEPCTUSAMH, PACIIOJIOKEHHBIMU B Pa3HBIX MJIOCKOCTSX.
Oo0bem: 1 yac.
3agaHue: BHIIOTHUTH MOJEIB AeTain «OCh.
IIpakTHYecKkast 4acTh

MopenupoBanue aeranu «Ocb»

Jetanb «Och» CIIyKUT OCHOBOM 11 KPEIJICHUs KoJleca, BpalllatoIlerocsi BO BpeMst paboThl OioKa.
TexHonornuecKre OTBEPCTHUS B KOPITyCe OCH HEOOXOIMMBI AJIs MEPUOJUUYECKO CMa3Ki MexaHu3Ma 0e3

pazbopa camoii koHcTpyKIuH. COo313aIMM HOBBIH 3CKH3, KaK MTOKa3aHo Ha puc.l.

Puc. 1. Dcku3 11s ocHoBaHus aetanu «KpoHmTeinH»

IIpumem 3cku3 U, IpH MOMOIIM UHCTpYMEHTa «BpaleHnue», co31agum TBEpAOE TEIO.
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Puc. 2. Pezynbrar npuMeHeHus onepauuu «Bpamenue»

Hanee, mis co3manust [-o0pa3Horo kaHama BHYTPH JETaiH, OyJAeM HCIOJIB30BATH OIEPALUIO
«CaBur». g KOppeKTHOW pabOThl MHCTPYMEHTa HEOOXOJUMO CO3/aTh JIBa 3CKH3a: 3CKU3 Mpoduis u
ACKU3 TPACKTOPHH, BAOIb KOTOpoil mpodunb Oymer mepememarthes. Co3maguMm 3cku3 mpoduis Ha
«IUTATKE» JeTajlH, Kak MoKa3aHo Ha pHC. 3, M MPUMEM €ro, Ha)KaB Ha KHOMKY B IIPAaBOM BEPXHEM YTIIY

uHTepdeiica mporpaMMsl.

Puc. 3. Dckuz npoduis

Hanee cozmaaum 3cku3 Ha OJHOM M3 0a30BBIX IUIOCKOCTEH, KOTOpPbIE MEepeceKaroT TeIo Mo Bcek
uHe netanu. s aToro oTkpoeMm manky «Hawamo» B mepeBe MOCTpOSHHiA, BBIOEpEM HEOOXOIMMYIO
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IJIOCKOCTh, HAXkMeM Ha ee HazBaHue [IKM, u BbiOepeM B KOHTEKCTHOM MeHI0 KoMaHIy «HOBBIN 3CKU3».
N300pa3um 3cKu3, KaKk 0Ka3aHo Ha puc. 4 (HE0OXO0AUMO YCTAHOBUTH pa3Mep TOJIBKO IS OHOTO OTpe3Ka,
BTOpPOW TMOCTPOEH «HAa BBUIET» M MOXET ObITh J000H amuubl). s ynoOcTBa paboOTBI C 3CKHU30M,
PacrojOKEHHBIM BHYTPH JE€TalM, BO BpeMs CO3/aHMs ICKM3a HakMeM KiaBumy F7 Ha kiaBuatype

(«Pa3pe3atb Moaelb B0 pabouell miaockocTny). Ilpumem sckus.

Puc. 4. Dckus Tpaekropun

Hanee BeiOepeM WHCTpYMEHT «CIOBUTY M TPUMEHHUM €ro, Kak Moka3aHo Ha puc. 5, rme (1) -
BBIIaBIIMBAaeMbIi TTpodmib, (2) - TpaekTopus BhIAABIUBAaHHS, (3) - METOJ CO3/IaHUSI OOBEMHOTO Tena -

BBIUHMTaHUE (BBIOMpPaeM dJIeMeHThI, Haxkumast Ha Hux JIKM). [Ipumem onepanmro.
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Tun

l'l'paexfopuﬂ
nyms (2) (3) OpueriTaims
@My, mym
OH\I MapannensHo

KoHyc

Puc. 5. Beimonnenue onepauuu «CaBury

Jlanee co3gaguM CKBO3HOE OTBEPCTHE Ha KOHIIE JIETAJIM, B KOTOpoe, B cOOpke, OyneT BcTaBieHa
neranb «[lamen». Beibepem Ty ske 6a30BYIO IJIOCKOCTh, HA KOTOPOM CO3[aBalid ACKU3 TPACKTOPUH JIJIS

nHcTpyMeHTa «COBUT», U CO31aAMM Ha HEN 3CKU3, KaK IT0Ka3aHo Ha puc. 6.

Puc. 6. Dckus 15 pagualbHOTO OTBEPCTHS
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ITpu nomomu onepauun «BblaBiavBaHue» CO34aeM OTBEPCTUE M3 MOITYYEHHOTO ICKU3a (PEKUM
IIOCTPOEHHUS rpaHull - «CUMMETpUUHO», METOA - «Bpruntanue»). [Ipunumaem onepanuto.
ITpu nomomm nHCTpyMeEHTa «@Dackay COo31aAuM Cpe3 Mo NEepUMETpy pedpa IeTaay, Kak 0Ka3aHo

Ha puc. 7,rne (1) - nnuna acku, paBHas 1 MM (1x45 no ueprexy). [Ipumem onepanuio 1 COXpaHuM AeTallb.

Puc. 7. Co3nanue packu

JlabopaTopnasi padora Ne9
IIpoexm «bnok». Mooenuposanue oemanu «Illkue»
Heap padorwi: Llenbio 3aHATHS SBIISETCS MOJCIUPOBAHHME AETaIN C HMCIOJIb30BAaHUEM KOIMMPOBAHUS
CO3IaHHBIX 3JIEMEHTOB.
Oo0bem: 1 yac.
3ananue: BHINOIHUTHL MOJENb AeTanu «[1Ikusy.
IIpakTnyeckas 4acTb

MopnenaupoBanue aerajaun «HIkuB»

Herams «llIkuB» npeacTaBisieT COOOW KoOJeco, depe3 KOTOpPOE NEPEKHIBIBACTCS TPOC JUTS
MepeMeleHus Tpy3a Mpu MOMOIIHU OJIoKa.

CozmaeM HOBYIO JeTaihb W Ha 0a30BOM IUIOCKOCTH BBITIONHSIEM O3CKH3 B BHJIE OKPY>KHOCTH

nuameTpoM 200 MM, BBIJABIMBAEM €€ Ha 24 MM.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 58 u3 252)



[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 1. «3aroroBkay misa getanu «l1Ixkusy»

B 1uenTtpe TOpma mMONydMBIIErOCs Tela CO3/aqUM CKBO3HOE IIWJIMHIPHYECKOE OTBEPCTHE

nuametrpom 40 mm.

Puc. 2. OtBepcTue B neranu

Ha Topre co3maaum 3cKku3, Kak MOKa3aHO Ha PHUC. 3, U BBIJIABHUM €ro MeTOJIoM «Bbrautanue» Ha

rryOouHy 8 MM.
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Puc. 3. Dcku3 v MOZCITH YIITYOJICHHUS B TOPIIE ICTAH

CozanyM CMELICHHYIO Ha PacCTOsIHME 12 MM IIOCKOCTh OT TOPLEBOM CTOPOHBI MOJIEIH, KaK

MOKa3aHo Ha puc. 4.

Puc. 4. Coznanue BcnoMoraTenbHON INIOCKOCTH CUMMETPUH JETANN

[Ipuy momomu WHCTpyMeHTa «3epKalbHBIH MAacCHB)» KONMHPYEM TIOIy4YeHHOE YriyOJeHne Ha
MPOTHBOMOJIOKHYIO CTOPOHY JIETAIM OTHOCUTEIIEHO TUIOCKOCTH CHMMETPHH.

Ha onHoit u3 6a30BBIX MIOCKOCTEH, CO3/Ia UM ICKHU3, KaK MOKa3aHo Ha puc. 5. [ljisg Toro 4roosl
pa3pes3aTh JeTalb BI0Jb pabodell MI0CKOCTH MPH CO3/IaHuU dcKu3a HaxxmeM F7. [lpu momomu oneparnuu

«Bparmienue» ¢ BEBIMUTaHUEM, CO31aJIUM XKello0 B Kojece.
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Puc. 5. Co3nanue xeioda

Ha TopueBoii ctopoHe feTanu co34aiuM 3CKU3, KaK IIOKa3aHO Ha pUC. 6, U BBIPEKEM €ro HACKBO3b

IIpy IOMOIIX OII€paIun «BBII[aBJ'II/IBaHI/Ie».

Puc. 6. Dcku3 a1 OTBEPCTHS

[Tpu momomu uHCcTpyMeHTa «KpyroBoil MaccuBy CO3/1aUM KOMHUH BHIPE30B. B OKHE HacTpoek
oneparuu: (1) - KomUpyeMsblif dIeMEHT (Ha)KMMaeM Ha MKOHKY, 3aT€M - Ha BHYTPEHHIOIO MMOBEPXHOCTH
oTrBepcTusi), (2) - och BpauleHHs (Ha)KMMaeM Ha HKOHKY, 3aTe€M - Ha JI00YI0 OKpPY)XHOCTh WJIH
UMIMHIPUYECKYIO0 TOBEPXHOCTh Ha JieTanu), (3) - KOJIMYEeCTBO OTBEPCTHI, BKIItOUasi UcXoaHoe. BRoaum

KOJHUYECTBO 5 IIT. U MMPpUHHUMACM OIICPAlHIO.
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Kpyrosoit

Puc. 7. Bemonnenue onepanuu «Kpyrosoit maccus»

[Tpu nomomm nHCTpyMeHTa «COMNpPSHKEHNE» BBIOJIHUM CKPYIJIEHUS COTJIacCHO 3aJjaHuio (paauyc

5 MMm). CoxpaHuM JeTalb.

ConpsxeHue

B Mocros. Nepemert. (G Otcryne:

Pefpa
k 2 BeibpaHo

Paauyc Tun
5 9+l

[AoBasuTs

[]Bce sortyTeie

[[IBce senykneie

]| omena || nomerwms |

Puc. 8. Co3znanue ckpyriaeHuit
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JladopaTopHas padora Nel(
IIpoexm «bnok». Coopka uzoenusn
Leas padorsi: Llenbio 3aHATHS SBIISETCS 3HAKOMCTBO € MHTEpQEicoM co3nanusi COOPOYHON €MHUIBI B
Autodesk Inventor.
Oobbem: 1 yac.

3aganmue: co3nath GUHATBHYIO COOPKY TpoeKTa «BiIoK.

IIpakTHyeckas 4acTb

Coopka uznenus «baox»

Cozpmaaum ¢aiin coopku. JlobaBuM Ha pabouee MPOCTPAHCTBO JeTallb «KpoHIITEHH)» W3 MarKu
MPOEKTa IpHU MOMOIIN KoMaHIbl «BcraButhy. Beibupaem daiin B mpoBogHuKe 1 HAKUMaeM «OTKpPBITHY.
B MomeHT pasmenienusi getanm HaxumaeM [IKM W, B KOHTEKCTHOM MEHIO, BBIOMpAcM KOMaHIy
«Pa3MecTuTh HyJIEBOI B Ha4Yajie KOOPUHATY» LISl TOTO, YTOOBI 3a()UKCUPOBATH JICTAllb B HAYAJIe CUCTEMBI

KOOpAMHAT pabovero MpoCTPaHCTBa.

Puc. 1. Pazmemnienne 6a30Bo# JeTanu B Hadajae KOOPAAHAT

Janee crapaemcs 100aBisieM JeTajaM Tak, Kak Obl OHU JOOABIISJINCH B CIydae pealbHOM COOPKH.
BcraBum B cOopky nmerans «Brynka». Bwibepem umHcTpymeHT «CoenuHeHue», 3aTeM BbiOepem JIKM
LEHTPAJIbHYIO TOUKY Ha TOPLE BTYJIKH, @ IOTOM TOYKY Ha BHYTPEHHEM KOJIbIIEBOM BBICTYIIE€ KPOHINUTEIHA,
C KOTOpOW JIOJKHA COBNACTh BbIOpaHHas Touka. [lo okoHuaHMM mpolecca BbIOOpa TOUYEK BTYJKA

MEPEMECTUTCA K KpOH].HTCﬁHy, BBI6paHHBIe TOYKH COBIIAAYT. Tun coeguHEeHUS Ha3HAYUM «C IIOBOPOTOM».
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Bcraeka COEANHEHNA

CoeaunHeHne MMpeaens!

Tun (1)
‘[93 ABTOMaTUHECKN

2

(#{) 3as0p ey |
0,000 MM > S s (<

Vms AHuMELIS

I | ‘ }i [[] AsTosocnponsseneHue

[ omena | [Taiietioe

Puc. 2. CoenvHenune BTYJIKU ¢ KPOHIUTEHHOM

Jlo6aBuM B cO0pKy aetanb «IlIkuBy aHanornyHbM 00pa3oM. 31eCch MOKHO BBIOPATh LIEHTPATIBHYIO
TOYKY BHYTPEHHEH LWINHIPUYECKOM TIOBEPXHOCTH IIKMBA M LEHTPAJIBHYIO TOYKY HapyXHOU

IIPIJIPIHJIpPI‘—IGCKOfI IMOBCPXHOCTHU BTYJIKH.

Bcraeka COEAVHEHNA

Coeaurere  Mpepensi

Tun

i3 ABTOMaTHHECKK

() 3az0p
0,000 MM >

AHUMELMRA

p  [AAastosocmpousseneHue

Omesa | EEMNEING

Puc. 3. CoennHeHNE MKUBA CO BTYJIKOU
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Jlo6aBum B cOopky netanb «Ocky». B cOopke oHa momkHA OBITH 10 YIOpa BCTaBJICHA B OTBEPCTHE
CTOEK KpPOHINITEHA, TO3TOMY BBIOMpAaEeM IIEHTPATbHYIO0 TOUKY HA TPAHUIIE [IUITUH/IPA OCH CO IILISTIKON» 1

TOYKY Ha BHEIIHEH [IOBEPXHOCTH CTOMKHU KPOHILUTENHA, I OTBEPCTHE.

Bcraska cosauni

BbipasH.
S Ee

Vs AHMMALWA

| I » [ Astosocnpomssenerite

= ok | [ omea | [Tpmehims

Puc. 4. CoennHenne ocu ¢ KpOHITEUHOM

JlobaBum B cOopky aerans «[lanmemy. [letans pa3Meriaercs B CKBO3HOM OTBEPCTHHU HA KOHIIE OCH.
Ecmu COCIUHACMBIC 3JICMCHTDBI YKa3aHbl BEPHO, HO ACTAJIb HC Pa3MEIIACTCA JOJ’KHBIM O6p830M, HaXUMacm

Ha KHOIIKY «CMCHHUTb HAIIPABJICHUCY.

Bcraska coeaurenna

Coeanierite Mpenens

Tun

95 AstonaTiea ~)

() 3as0p
0,000 mm

Puc. 5. CoennHeHne najibla ¢ OChIO
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COopka roToBa, coxpaHuM (haui.

Puc. 6. dunanpHas coopka

Jladoparopnasi padora Nell
Ilpoexm «bnoky». Cozoanue uepmedica
Heab padorel: Lenpio 3aHATUS ABISETCS 3HAKOMCTBO ¢ MHTEpQeEicoM co3aHus YepTeka o MOJIETH B
Autodesk Inventor.
O6bem: 1 gac.
3ananue: co3narh 4yepTex aetanu «KpoHITeiny.

IIpakTHYecKkas 4acTh

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanuna 66 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

Co3nanue yeprexa

Yepréx — 910 rpaduyeckrii KOHCTPYKTOPCKHI JOKYMEHT, COJepXaluil u300pakeHune
WH)KEHEPHOT0 00BbEeKTa (HampuMep: eTaiu, COOPOYHOMN eMHULIBL, U3ACTHS, 3JaHHs, COOPYKEHHS U T. 11.),
a TaKXkKe JaHHble, HEOOXOJWMBbIE HJsi €ro W3rOTOBJCHMs, COOpKHM, MOHTa)XKa, YIaKOBBIBAHUS,
CTPOUTEIBCTBA, KOHTPOJIS U Ap.

UepTe:kM  BBIOJHAIOTCA 110  IPAaBWJIAM, OINPEAEISEMbIM KOMILJIEKCOM TIOCYJapCTBEHHBIX
craugaptoB (I'OCT), nanpumep, B Poccun — no «EauHoii cucteMe KOHCTPYKTOPCKON JTOKYMEHTALIMK
(ECK]II), cocTaBieHHOM TI0O HOpPMaM MEXKIYHApOIHBIX CTaHIApTOB. OOBIYHO YEPTEXK COACPKUT
JIBYXMEpHbIE H300pakeHUs, pa3Mepbl, TEKCTOBbIE HAITUCH U TaOJIUIIBI.

KpaiiHe BaXHO OOBSCHUTH Y4YaLIUMCS, YTO YEPTEXK SBISIETCS HE TOJIBKO HEOOXOAUMbBIM
COITyTCTBYIOIIUM JIOKYMEHTOM pe3yJbTaTa MOJEIHPOBAHHUS, HO M CIIOCOOOM B3aUMOJCHCTBUS MEXKIY
pa3paboTurkamMu U3aenuil (HarpuMep, MHKEHep CO3/]aeT CBOM COOCTBEHHBIN MPOEKT, a APYrue HHKEHEPHI,
M0 4YepTexaMm, MOXET CaMOCTOSTeNIbHO BOCCO3JaTh pe3ylbTaT ero pabotsl). [loTomy mnpaBUIBHO
opOpMIIATE YEPTEIKU M yMETh YHTATh YEPTEKHU, OGOpPMIICHHBIC JPYTUMHU, KpaliHE BaXKHBIM HABBIK, TO
CTIIOCO0 KOMMYHHUKAIIMU MEXTY YIaCTHHKAMH ITPOU3BOICTBEHHOTO MPOIIECCa B MHXKEHEPHOM cdepe.

Coznaaum HOBBIH (aiin ueprexa (Daiin - Cozgats - UepTex).
. Cbopka [poextwposanwe  3D-mogens  3ckms  AnHoOTaumw

& E Cosgatb

D Co3aate 4 Co3garb

Cozgate Gaiin us cnncka WwabnoHoE.
E Otkpbite P

% C6opka
E CoxpaHuT »
b
Yeprex
CoxpaHuTt h
b KaK
) @ Netans
=) Skenopt b
- | Cxema
@ O6wmi » és_l
Aocryn
2 ¥Ynp. »
H!| Cceoiicrsa
5] Inventor
@ Meyatb 4
3aKphiTh 4

i MapameTpei | Beixoa Autodesk Inventor Professi

Puc. 1. Coznanue daiina c ueprexom
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BribepeM B mpaBoM BepxHEM yriy OKHa MpOrpaMMbl KOMaHOy «ba3oBblil» mis pasMelieHus
0a30BOro BH/a Ha JINCTE YepPTeKa.

Pazmewtenne engoe  lNMoacHenue (ESKD) =

—

bazoeniiifil lpoekunonHbld JononHutensHei Ceuerne

Puc. 2. brnok komMaH[ A1t HOTyYEHUS TIOCKUX U300paKeHU I

[Iporpamma aBTOMAaTHYECKH IpeuIaraeT co3laTh 4EePTeX Ul TMOCIEIHEH MOJENd, OTKPHITOH B
Inventor (B Hamem ciy4ae 3T0 MoJielnb cOOpKH Oi0Ka). [l Toro, yToOB! CO3/1aTh YEPTEXK s OTAETBHON
neranu B Opaysepe (1) BeiOepeM myTh K (aitiny ¢ monensto netanu «Kponmrelin». Ha nucre ueprexa
MOSIBUTCSL N300pakeHUe KPOHIITEHHA B OJTHOM M3 0a30BBIX PAaKypcoB (3T0 M300pakeHne OyJeT rIaBHBIM
BuoM). [lJis1 M3MEHEHHsI paKypca TJIaBHOTO BHJIA TOJIB3yeMCsl BUAOBBIM KyOoM. [t M3MEHEHUS CTHIIS
oToOpakKeHHsI BUJa MCIIOJIb3yeM Habop QyHKuuil (2), rae, cieBa HalpaBo, BIOMpAETCs MPEICTaBICHHUE
BUJa C OTOOpa)XEHUEM CKpBITOM reoMeTpuu (HampuMep, MOJOCTeH B TBEpAOM Tene), 0e3 CKpHITOH
reoMeTpuu (BHEIIHUH BUJI JIETAIH) U C BKIFOUCHHBIM/BBIKIIIOYCHHBIM TOHUPOBAaHUEM (I[BETOM) JieTanu. B
BhIMaaromeM crucke (3) BbeIOMpaeM macmTad BuIa (OTHOIICHHE Pa3MEpPOB H300paXKCHHS JETAIH K
peanbHbIM pazmepam jetanu (rae 1:N - macmradsl ymenbineHus, N:1 - Mmaciutadbl yBenuueHus ). BaxHo
MOHMMAaTb, YTO MaclITad 3aTparuBaeT TOJILKO BETUUMHY M300paKeHUs JIeTalld Ha YepTeke, He BIMsS Ha

€C pCAJIbHBIC (SaI[aHHBIe npu MOI[GJ'II/IpOBaHI/II/I) Pa3sMEphL.

lel
=L .

Cnepepu

(4)

MNapameTpel oTobpaxeHns MapaMeTpbl BOCCTEHOBNEHNA
KomnoHeHT CocTosHue moaenu
Daitn (1)
C:\Users\ASKER \Desktop\Cocnan \aeTansku\6LoK \KpoHwTeiH.ipt v )
MpeacrasneHne

2 CTtune

: /¥ @
[JPacrposuiii sua
MeTka r] y
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g

Bua

[%= | FnasHbii

OK OTmMeHa

| Faam unll]
|

Puc. 3. OxHo HacTpoek 0a30BOTO BUAA

Hanee mnocnenoBatenbHo HaxMeMm JIKM Huxke TiIaBHOrO BHAa M €II€ CIpaBa OT HEro JJis
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MOJTYYeHHS MPOSKIIMOHHBIX BUIOB JETAM HA YyepTexe (BUAa CBEPXY U ClIeBa COOTBETCTBEHHO). [Ipumem
onepanuto. 3axas JIKM Ha pamMKy BOKpYT M300pa)XeHHs BHJA U JABHras yKa3aTeldb MBIIIHA B CTOPOHBI,
MIOJIOKEHHS BHJIOB MOYKHO MEHSITh, COXPaHssl MPOCKIIMOHHYIO CBSA3b. PacroyioskuM BUBI pABHOMEPHO 11O

IUTOIIAIH JIUCTA.

4l | Lnepeny

NapameTpe! oTobpaxeHis MapaMeTpbl BOCCTaHOBNEHMS
KomnoreHT CocTosHue Moaenn
aitn
| C:\Users\ASKER \Desktop\CocnaH\, \6LoKY WiH.ipt & m

MpeacTasnerue

1Y
Cunb oy

B[]
[JPacrpossiit sua
MeTka | Q: /

0
MaawTab foed

&

Bua

[5= | Fnaseii

<

:@: M & oK ‘ OTMeHa

Puc. 4. [lonyuenue npoeKINOHHBIX BUJIOB

[Ipu nomouu unctpymenta «Pa3mepsl» (Bkiaaka «llosicHeHne») ycTaHOBUM JIMHEMHBIE U YTIIOBbIE
pa3Mepsl, Kak I0Ka3aHo Ha puc. 5. BaxkHO, 4TO Ha 4epTeKe Mbl OTMEYAEM TAKOE KOJIMYECTBO PA3MEPOB,
KOTOpO€ HEOOXOJUMO U JOCTATOYHO JUISI CaMOCTOSITEILHOTO MOJIEINPOBAHUS/U3TOTOBICHUS/KOHTPOIS

1/1306pa>1<aeM0171 JACTalin 0e3 KakoM-Tn0o ﬂOHOHHHTCHBHOﬁ I/IH(I)OpMaI_II/II/I, KpoMEe HMeIomeﬁCH Ha YCPTCIKE.
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Puc. 5. IIpumep nmpocTaHOBKHU pa3MepoB
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OtpenaktupyeM nuameTpaibHble pa3Mmepshl. [ moOaBieHHs 0003HAYEHUS JUaMETpa JBaXJIbl
HaxkmeM JIKM 1o pasmepHOMY 9uCiTy IS €ro peJakTupoBanus. To ke caMmoe cienaeM Uit T00aBJICHUS

0003HaYCHHS KOJINYECTBA OTBEPCTHIA.

WsmenuTe pasmep X L
TeKCT  TouHocTb M gonyck  MpoBepuTL pasMep
e " ¢ =0 EE
’_é = E’E = DCKDbITb 3Ha4eHue pasmepa ;’ — _L © U
] LN s R —
¢ 78 ===z O =~ & = x
& 4 om@./ o
4 omB. ® © ® ® o
B & » £ «
© K Ne XN [» |—
+
® <N =[] ¢
Ly o 4+ & F | B
BE v ¥
§ = = £
&
LT,_] M PenakTuposaTs pasmeps! npu HaHeceHm OTMeHa

Puc. 6. OxHO pegakTUPOBAHUS pa3MEPHBIX YHCET

[IpumennM nHCTpyMEHT «Mapkep LEeHTpa» Ha OKPYKHOCTH 4epTrexka. PazmecTm oceBble JINHUH

JUIS LAJIMHIPUYECKUX 00BEKTOB MHCTPYMEHTOM «JInHug - 6uccektpuca» mwin «OceBast JIMHUS.

o | [ -

- "i" +I+ -

Lle - LLle =
CIBo3HaYeHA CHBo3HaYeHWA

Puc. 7. IHCTpYMEHTBHI BBINOJIHEHUS IITPUXITYHKTUPHBIX JIMHUN

JInst penakTUpOBaHUSI OCHOBHOW HAAMUCH YepTeka (TaOJHIbl B MPABOM HIDKHEM YIUIY JIUCTA)

HCIOJIb3YCM MHCTPYMCHT «OcHOBHas HaAIIHuCh». 3amnoaHuM €€, KaK II0Ka3aHO Ha pI/I08 COXpaHI/IM (I)aﬁn.
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Puc. 8. O6pa3er 3amonHeHUsT OCHOBHOM HAJITUCH
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Puc. 9. IIpumep roroBoro ueprexa
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JlabGoparopHasi padora Nel2
A0oumuenvle mexnonozuu
ey padoThI: 3HAKOMCTBO C TEXHOJIOTHEH OBICTPOTO IPOTOTHITMPOBAHUS
Oo6bem: 1 yac
3agaHue: U3yYUTh PUHIUIIBI IPOSKTUPOBAHUS NOepkKeK A 3D-neuatu
OO0opynoBanme: MepCOHAIBHBIM KOMIIBIOTEP, KJIaBHATypa, KOMIBIOTEpHas Mblllb, 3D-nipuHTEp

Picaso 3D Designer X (Picasso)

TeopeTuyeckas 4acThb
CucreMbl OLICTPOr0 MPOU3BOICTBA
B coBpemMeHHBIX TEXHOJIOTHAX U3rOTOBIEHUS MOXKHO BBIIETUTH 3 crioco0a nmpousBoictea (puc. 1):
* CcyOTpakTUBHBIM - TOCTENEHHOE YyhaleHue Mmatepuana (dpesepoBaHue, TOUCHUE,
AJICKTPOIPO3UOHHAS 00pabOTKa);
* aJUINTUBHBIN - MOCTEIICHHOE T00aBIICHUE MaTepHralia 0 PHUIaHUS HEOOXO0AUMOK (hOPMBI,

* (hopmupyromuii - N3MeHeHNE (POPMBI MEXaHUIECKUM BO3JIeiicTBHEM (IHOKa, KOBKA, IITAMIIOBKA).

t

CybTpaKTUBHDLIN AQOUTUBHDIV Dopmupyrowmin

Puc. 1. CxemaTudeckoe n300pa’keHre BUIOB ITPOU3BOJICTBA

Cuctemsl ObicTporo mpowmsBojcTBa (Rapid Manufacturing) - ocoObiii kiacc MPOMBIILICHHBIX
MAIIMH, ¢ TOMOIIBIO KOTOPBIX BBITOJHIETCS W3rOTOBJICHHE SIUHUYHBIX WM MEJIKUX CEPUN M3IeIUil Ha
OCHOBE UX KommbloTepHOH 3D-moxmenu. beictpoe mpototumuposanue (Rapid Prototyping) - mpomecc
aBTOMATHYECKOTO W3TOTOBJICHHS (PM3MYECKOrO OOpasia M3/eivs Ha OCHOBE €ro KOMITbIOTepHO# 3D-
MojienH, npeacTaBieHHon B popmare STL.

YacTo BcTpevarouecst albTepHATHBHbIC HA3BAHMS:

* OBICTPOE MTPOTOTHITUPOBAHUE;

* aJIMTUBHBIC TEXHOJIOTUH;

* 3D-nieyars;

* 3D-nporoTUnrpoBaHUE.
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JInst anguTUBHOIO NPOU3BOJACTBA MPUMEHSIOTCA PAa3jM4HbIE MaTEpHAalbl, BKJIOYasl MOJUMEpHI,
JUTEHHBIE BOCKH, METAJUIbl, JIMCTOBBIE MaTepHalbl (MeTaionpokar, Oymara, I[IBX-1uieHka, rUncoBbIe
KoMno3utuu) u 1p. C HCIONB30BaHHEM CHEIHAIBHOIO MPOTPAMMHOTO OO0ECIeYeHHUs] MPOU3BOIUTCS
pa3zbuBka 3D-mozenu u3enus Ha psl MIOCKUX MapajieNbHbIX CEYCHHH, OTCTOSAIINX APYT OT JIpyra Ha
Mmasioe pacctosaue (0,01 - 0,4 MM), B COOTBETCTBHUH C TPEOOBAaHUSIMH KOHKPETHON MOJIETIN 000PYIOBaHHMS.

Pa3zpa0orka noagepsxek 1ist 3D-neyarn

[Momnepxku, TO €CTh BHYTPEHHHE WJIM BHEIIHWE TepeOopku (puc. 2), CO3MAIOTCS HA CTauU
noarotoBku 3D-monenu K medaTd ¢ MOMOMIbIO pa3lWyHbIX mporpamm, Hampumep, Ultimaker Cura.
[Tonnep>Kku MO3BOJISIIOT CTAOMJIM3UPOBATh BBICTYIBI, KOHCOJM Ha Kpasx MOJENH, NPeAOTBPATUTH
paccilauBaHu€ B CIIOXKHBIX y4dacTKaX MOJENIH, CKOPPEKTHUPOBAaTh BO3MOKHOE HMCKPHUBIIEHHE CJIOEB Ha
wiatopMe, MO3BOJISAIOT JIETKO OTACTATh CHHTE3MPOBAHHYIO MOJIENb OT OCHOBAHUA-TIAT(HOPMBI,

00JIEr4aroT CUHTE3 CIIOKHBIX MOI[CJ'ICﬁ, TaK KaK IIOCJIICAHUC CO3Aa0TCA U3 HCCKOJIBKHX yacTeH.

\ lNpocTas ceTka CnoxHan ceTtka OnemMeHT CeTKun !

\h s

v

Bce 310 UCNonb3yeTcs Kak «apmatypa» Npu CUHTE3e KPYNHbIX Moaenen

¥ m_

Yrnosoe coeanHerue OcTpoBOK
a 6
/
[MoTonok ¢ apkoii MNoTonok

Puc. 2. [Ipumeps! noaepxex

Ouenp BaxxkHO 3(PPexkTUBHO cHOPMHUPOBATH MNOAECPKHUBAIOIIYIO CTPYKTYPY, OTpPa’KaIOLIYIO
TE€OMETPUIO JIETaNIU, MMOCKOJIbKY M30BITOYHOCTD MOJACPKUBAIOLUIUX CTPYKTYp MPUBOJAUT K YBEIMUEHUIO

BPEMCHH H3IrOTOBJICHUA W YBCIWYCHHUIO PACXOAOB MaTcpuajlda, a HCEAOCTATOYHOCTH - K IOJYYCHHIO
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HEeroqHbIX Aeraneil. KadecTBO KOHCTPYKIMH HOAJEPKHUBAIOIICH CTPYKTYPHI TOJHOCTBHIO 3aBHCHT OT
BO3MOKHOCTEH MPOrpaMMHOTO 00ecieueHus IIsl OBICTPOTO MPOTOTUITUPOBAHMUS.

[Monnep>xuBaroniyie CTPYKTYpbl HEOOXOAMMBI MO CIEAYIOIIMM TNpUYMHAM. Bo-TepBbIX, OHHU
rapaHTHPYIOT, 4TO (HOPMHUPOBATENH CIIOS (WM Pa3paBHUBAIOIINI BAIMK) HE YApUTCS O IUIATGOPMY NPH
HAaHECCHWU TIEPBOTO (HM)KHEro) ciosi. Bo-BTOpBIX, MOIAEP)KUBAIONINE CTPYKTYpHl O0OECIIEUHBAIOT
PaBHOMEPHOCTH TOJIIIMHBI CJIOS BHE 3aBHCHUMOCTH OT BO3MOXHOH aedopmaruu mnatdopmsl. JroObie
HEOJHOPOJHOCTU NPUHUMAET Ha Ce0sl CIIOM MOAIECPIKUBAIOIIUX CTPYKTYP, IOATOMY CJIOH JeTanu UMeeT
OJIMHAKOBYIO TOJIIIMHY BO BCEX MecTaX. B-TpeTbrx, OHM 00eCIIeUnBAIOT IPOCTOTY CHSTHS TOTOBOM JIETAIIH
¢ miardpopmbl. B-deTBepThIX, yCloBHS (PEKUMBI) CHHTE3a Yy OCHOBAHMS IUIAT(QOPMBI, TJ€ BBICOKHN
TEIUIOOTBO/I, CYIIECTBEHHO OTINYAIOTCS OT PEKUMOB CHHTE3a B 00bEME - CTIAIUTh 3TU OTIMYHS TI03BOJISIET
MPOJAYMAaHHOE TIIOCTPOCHUE CHCTEMBI momiepkek. OOBYHO TOIECPKUBAIOLINE CTPYKTYPHl HMEIOT
HEIUIOTHBIM ~ KOHTAaKT ¢ 1argopMoi, dYTO oOjerdaer mocjenyrolee HW3BJICYCHHUE JCTallu.
[ToxnepxuBaromias CTpyKTypa JIOJDKHA TAaK)KE COOTBETCTBOBATh NMEpU(EPUITHON YacTH HHMIKHETO CIIOS
JeTaIu, BKIIOYAasl yTIIbI.

[Monnep>kka Bcell HMKHEW IUIOCKOCTH JETalM OTPAHWYHMBACT €€ TCHICHIMIO K WU3THOAHHIO IMOJ
COOCTBEHHBIM BECOM II0 Mepe HapalluBaHus cleAyromux ciaoeB. OJHAKO Ha MpPAaKTUKE Kpaii
MOJICP>KUBAIOLIEH CTPYKTYphI JI€1al0T OTCTYMAIOUIMM BHYTPh OT Kpas HWXKHEro ClIosl JieTalu. JTo
MO3BOJISIET M30€KaTh TOJIOMKH KpaeB MPH yJAIIEHUH MOICPKUBAIONICH CTPYKTYpHI. PacmipocTpaneHHO
MIPAKTUKOM SIBJISIETCS M3TOTOBJIEHHME SYEHCTOrO IbeecTana (puc. 3), YTO MO3BOJIIET JIETKO YIAIUTh

NMOAACPKUBAKOINYIO CTPYKTYPY U MUHUMU3HUPOBATDH BIIMAHNUE BHICOKOT'O TCIIJIOOTBOJA B HJ'IaT(I)OpMy.

A

Puc. 3. FCHCpaHI/IH SIYEMCTOrO I1a0JI0Ha A IbE€ACCTalia

[TognepxuBaromyie CTpyKTypbl TpeOyIOTCS TakXke, Korja AeTaib uMmeeT ocTtpoBku (island) wmm
HaBucarolue yactu. OCTpOBKOM Ha3bIBaeTCs 4acTh JETalIM, HE CBA3aHHAsA C KaKOH-1M00 APYroi 4acThio
JAHHOTO CJos. B 3TOM cilydae OCTpOBOK MpPUCOENMHSAETCSA K MiaTgopMme WKW K CaMOW JeTald MyTeM
MPOEKTUPOBAHMS MPO(HISL OCTPOBKA HAa MOBEPXHOCTh IUIAT(HOPMBI WM TPEABIIYIIETO CIOS JIeTaNH.
CoennHeHue ¢ MpeABIAYLIIIM CI0EM MOXKET OKa3aThCs MPEANOUYTUTEIbHBIM, ECIIM OCTPOBOK paclojiaraercs

BBICOKO Ha/l HJTaT(l)OpMOfI, IMOCKOJIBKY 3TO COKPATUT AJTUTCIIBHOCTh U3IOTOBJICHUS.
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HaBucmme wdactu Takke cienyeT NOJAECpKUBaTh C IOMOIIBI0 TPEYroJbHBIX MOJAMNOPOK,
HA3BIBAEMBIX KIMHBSIMH (gussets). BBICTYIT MoxeT M3rudarbes moJl COOCTBEHHBIM BECOM, €CIIM €Tr0 HE
MOANUPATh. APKH WIH BBITYKJIbIE TOBEPXHOCTH MOJIIEPKUBAIOT C€0s1 CaMU, IMTOCKOJIbKY BEIMUYMHA YCTYyMa
MEXy COCETHUMU CIIOSIMH MaJla U MOJIepKUBAIOIINE CTPYKTYphl He TpeOytoTes. Ho ecinu moBepxHOCTh
SBJIETCS TUIOCKOH, OOpallleHHbIe BHU3 TOBEPXHOCTH CIIEAYET MOJACPKUBATh.

B kauecTBe Marepuana MoAACpKKH MOXKET MCIOJIb30BAThCS KaK MOJCNIbHBIA Marepual, Tak U
crenuaau3upoBaHHbiil. CTPYKTYpbl MOJICPKKH YAQISIOTCS MEXAHUYECKH, BBIMBIBAIOTCS BOJIOM WU

PaCTBOPAIOTCA XUMHUYCCKUM COCTAaBOM.

JlaGopaTopHnas pa6ora Nel3
FDM-neuamo
Llesib pabOTHI: 3HAKOMCTBO C TEXHOJIOTUCH HATUIABJICHUS TIOJMMEPHON HUTH
Oo6mbem: 1 yac
3aganue: moznakoMuthes ¢ 3D-npunTepom Picaso 3D Designer X (Picasso)
O0opynoBanme: MMEepCOHATBHBIA KOMIBIOTEP, KJIABHATYpa, KOMIIBIOTEPHAS MBIIb, 3D-mipuHTEp

Picaso 3D Designer X (Picasso)

TeopeTuyeckas 4acTb

Cucrembl ObICTPOro NPOM3BO/ICTBA

OnHOM W3 caMbIX HOMYJSPHBIX HAa CETOMHAIIHUN JeHb B chepe oOpa3oBaHUS U JOMAILIHETO
IIPUMEHEHHUS SIBIISETCS TPEXMEPHas l1e4aTh, OCHOBAaHHAs HA TEXHOJIOTMH HAIUIABICHUS ITOJIMMEPHON HUTH.
W3navansHO TexHonorus HaseiBagack FDM (Fused Deposition Modeling). Texnonorus 6s1a pazpaborana
B KoHIe 1980-Xx M BbIIIa Ha KOMMepueckuil polHOK B 1990 rony, OCHOBHBIM pPa3pabOTYUKOM 3TOU
TEXHOJIOTHH SBJISIJIaCh aMepUKaHcKas kommanus Stratasys. OJIHHM W3 TJIaBHBIX H300peTarenel 3Toi
TexHonoruu cuuraerci Ckor Kpammom, KOTOpbIi M 3alaT€HTOBAl JAaHHYIO TEXHOJIOTHIO 4Yepes3
BBIIICYTIOMSHYTYIO KOMITAHHUIO.

JlanbHeiee pa3BUTHE TEXHOJIOTUH 3D-n1edaT HACUUTHIBAET MUJUTMOHBI JIFOJEN U IIaroB HA IIyTH
CTaHOBJICHUS 3TOM TEXHOJIOTMH U3 OOBIYHOTO MaTeHTa B MPHOOP, KOTOPHIN CErOHS MOXHO BCTPETUTH Y
HEKOTOpBIX Jrofell noma. Hapsany ¢ HasBanumem FDM-texHonorusi, MoxxHo 4yacto BcrpetuTh FFF. Oto
pa3felieHne ONpPENEIeHO HE CTOJIBKO Pa3HULEH B TEXHOJOTHUAX, CKOJIBKO Pa3IMYHBIMU HOPUINYECKUMU
MomeHnTtamMu. FDM Bcerma cumranocs Oojiee MPOABUHYTOW TEXHOJOTHEH, KOTOpas HCIOJIb30BAIach B
MIPOMBIIIJIEHHOCTH, HO OJarofaps pa3BuThio JBrxkeHus: Open Source Havana MOABIATHCS U Pa3BUBATHCS
texnonoruss FFF. Ilo cyru, pasaeieHre NaHHBIX TEXHOJIOTUH SBIISIETCS CKOPEE YCIOBHBIM, TaK Kak I10

OonpimioMy c4€Ty OHM 0003HAYalOT OJAMH W TOT ke mpomecc. Ho HasBanme FDM sBrsercs
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3amaTeHTOBAaHHBIM Ha3BaHWeM KommaHuu Stratasys. B at1o sxe Bpems FFF (Fused Filament Fabrication) -
3TO Ha3BaHHE, KOTOPOE OBLIO MPUIYMaHO OCHOBOIIOJIOXHUKAMU JABMKEeHUs RepRap, 4roObl He HapymiaTh
aBTOPCKUX MpaB. Ha ceropHsImIHUN MOMEHT B CBS3H C Pa3BUTHEM MaTepUATBHO-TEXHHUYECKOH 0a3bl,
HCTEUYECHHUEM CpPOKa HEKOTOPHIX MATEHTOB U Y/ACIIEBICHHEM OOJBIIMHCTBA KOMIIOHEHTOB 3TH TEXHOJIOTUU
MPAKTUYECKH HEOTINYUMBI 1 Jlajiee B TEKCTE Mbl HE OyieM pa3inyaTrh ux.

CTOUT OTMETHUTH, YTO OJIHY U3 KIIOYEBBIX POJICH B pa3BUTUU 3D-meuaT U MOMYISIpU3AIHHA 3TOTO
mpoliecca B MacCOBOM KynbType chirpaiio asrkeHue RepRap. Ho uto ke oHo u3 cebs mpeacrasiser?
JIsmwxenue RepRap (Replicating Rapid Prototyper) - 310 coo01iecTBo pa3paboTYuKOB, KOTOPHIE IBHKHUMBI
CO3/IaHHEM CaMOBOCIIPOU3BOJIAIIETOCS YCTPOHCTBA AJi OBICTPOro MPOTOTHIMPOBAHMS. DTO ABMKEHHE
SIBJISICTCSI OTKPBITHIM, U MPAKTUICCKH BCE Pa3pabOTKH, CO3/IaHHBIC B €T0 PAMKaX, SBIISIOTCS OOIIECTBEHHBIM
JIOCTOSSHUEM M MOTYT CBOOOJHO HCIIOJIB30BaThCS BCEMH JKeNalomuMu. VIMeHHO Omaromapst 3ToMmy
IBUKEHHUIO 3D-IpUHTEPHI CTAIM HACTOIBKO JOCTYIHBIMU U PAcIIpOoCTpaHeHHBIMU. CeroiHs O0IbIINHCTBO
3D-npuHTEpPOB, ¢ KOTOPHIMU BaM MPEICTOUT pabOTaTh, MOCTPOEHBI HA MPOTPAMMHOM OOECHEUYEeHUH,
KOTOpPOE BBIIUIO M3 ATOW WHUIMATUBBL VIMEHHO TMO3TOMY Yy HAC MOSBUJIOCH JIOCTATOYHO OOJBIIOE
KOJIMYECTBO WHCTPYMEHTOB IO THITY CJIACEPOB, KOTOPHIC MOIAXOMST MPAKTUYECKH K JIOOOMY THITY
MPUHTEPOB. [ TaBHOM 11€JIbI0 MPOEKTA SIBJISIETCS CIBUT MAPaIUTMbl TPOU3BOJICTBA U3ICIIHM, JIJIsI TOTO YTOOBI
MEPEMECTUTH CPEJICTBA MTPOU3BOJICTBA KAXKIOMY «B JIOM», YTOOBI MOKHO U3TOTOBUTH TpeOyemMoe n3iesne
npsiMO Ha MeECTe, a He 3aKa3blBaTh €ro TI/Ie-TO. DOTO B CBOIO OYEpeb TaKXKe JOJDKHO IT03BOJIUTH
M3TOTaBIIMBATH 00JIee MepCOHU(DUITMPOBAHHBIE U3]IEIHE, UTO JOKHO MOATOKHYTH JIFOJIEH K TBOPUECKOMY
MOJIXO0/Ty B TU3aliHe COOCTBEHHBIX YCTPONCTB.

CTOHUT OTMETHUTH, UTO Jajiee pedb UAET HEe O MPOMBIIUICHHBIX BapuaHTax peanusanuu 3D-neyaru,
a o Oonee MONB30BATENbCKUX BapuaHTax 3D-mpuHTEpa, ¢ KOTOPHIMH BaM CKOpEe BCEro MpeaCTOUT
paborath. Ha puc. 1 BeI MOXeTe BUICTh, KaK HA JIAHHBI MOMEHT HEKOTOPHIC KOMITAHWH ¥ WHUITUATHBEI

JIEJISIT PEIHOK COBpeMeHHOM 3D-nevaru.

' stratasys

Ultimaker
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Puc. 1. Jlanusle uccinenoBanus peiHka 3D-nevyatun

Cama texnonorus FFF npencrasisier u3 cedst JOBOJIBHO TPUBUAIBHBIN IPOLECC, B KOTOPOM Ha
MOBEPXHOCTh CTOJIa HAHOCUTCS MaTepHaj B COOTBETCTBUH C 33/JaHHON TU(PPOBON MOJIENBIO, a MOCTE YKe
Ha HaleyaTaHHbIE YaCTH MOCIEAOBATEIIbHO HAHOCATCS AAJIbHEHUINE CJIOU. DTO B CBOIO OYEpElb CIIOHN 3a
CJIOEM ITO3BOJISIET «BBIPALMBATHY PA3IMYHbIE MOJENIN. Halle BCero B Ka4ecTBE MaTEpHANIOB ISl I1€4aTH
UCTIOJIB3YIOTCSl TEPMOIUIACTHI (Hanbosee pacnpocTpaHeHHbIMU Tipu 3D-niedatn sBisitorcst ABS- u PLA-
IJIACTHK, TOCTABJIAIOIINECS B BUJE KAaTYIIEK HUTEH).

bazossie cocrapisronue mroo6oro FFF-punTepa - 310 3kcTpynep (yCTpoicTBO Uil paciiaBICHUS
U MO0J[auu MaTepuala), comio (3JeMeHT, Yepe3 KOTOpbIi MaTrepual nofgaércs B pabodyro 30HY), pabounii
CTOJ (PJIEMEHT, KOTOPBIA BBICTYHNAET B POJU OCHOBBI JUIsl [€YaTH), MEXAaHU3Mbl Iepeaud MOMEHTa
(mBuraTenu A nepeMelieHus pabouero opraHa U mojJavu MaTepualia), yCTpoucTBa yrpaBieHus (Habop
ANEKTPOHUKH JJIsl OCYIIECTBICHUS yIpaBieHus 3D-NpuHTEpoOM) U KOPITYC.

CamM mpoliecc nevaTy 3aKkirodaeTcs B cienyromeM (puc. 2). Matepuan nonagaer B 3KCTpyiep, e
HarpeBaeTcsl U paciuiaBisieTcs. DKCTpYAEp pa3MelLIaeT MaTepuall Ha CTOJIE Yepe3 Hacaaky coruia. Bechb
3TOT TMpPOLIECC KOHTPOJUPYETCSl YCTPOWCTBOM yIpaBieHUs. B wujaeanbHoM ciayyae Bech Ipoliecc
MIPOUCXOAUT BHYTPU HM30JIMPOBAHHOI'O KOpIYyca, B KOTOPOM MOJJEPKHUBAECTCS 3aJaHHas TeMmieparypa
BO3/yXa, 4TO MO03BOJIAET O0Jiee TOYHO KOHTPOJIMPOBATh CIUIAHHUE CIOEB M YOUpaTh Ae(eKThl, KOTOpbIe
MOTYT OBITH CBSI3aHBI C TepMOycaJkoil Marepuana. lcrosib3oBaHHME 3alIUIIEHHON KaMmephbl TakK Xe

HO3BOHﬂ€T33HHTHTH5H3H€HH€(YFKOpO6HCHHHIICprqHBaHHH,HOBBHHaﬂaﬂFC3HH)CHO€B.

marepuan OCHOBHOM
ANA NoANEePXKH Mmarepuan

ronosxka

noaaepxka

Puc. 2. IIpunuun pa6orsr 3D-nipunrtepa

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanuna 77 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

Muorue 3D-npunTtepsi, padortaromue no texnonoruu FFF, cunpHO oTauvaroTcst apyr oT apyra.
Yanie BCEro 310 OTIAMYHUE ONPEAEIAECTCS KHHEMATHYECKOM CXEMOM, KOTOpasi B HUX UCIOJb3yeTcs. ba3oBo
MOHO BBIJICIUTH 4 BUIa IPUHTEPOB C PA3IMYHON KHHEMATUKOM:

1. romoBka JBMXKETCS MO ocu X, Iuaropma ABIKETCS MO ocaM U Z (IeKapToBa cucTema
KOODJHMHAT);

2. TOJOBKa JBMXKETCS MO ocsiM X W Z, muatdopma JBMKETCS MO ocu Y (eKapToBa cucTeMa
KOOpP/MHAT);

3. rojoBkKa JBHXKETCS Mo ocsiM X U Y, maTdopMa 1o ocu Z (IekapToBa cucTeMa KOOPAMHAT);

4. roJoBKa nepeMeniaeTcs o cxeme JienbTa-poooTa, miardopma HemoABUKHA (MTOJIIpHAs CHCTEMa
KOOPJIMHAT).

Paccmorpum 3D-tipunTep Picaso 3D Designer X (puc. 3). DTO HOBHHKA OT POCCHHCKOTO
npousBoutensa Picaso 3D, coderaromias B cebe TEXHOJOTMH MPOMBIIUIEHHOTO YPOBHS U JIOCTYIMHOCTb

HACTOJIbHOI'O aIlliaparta.

Puc. 3. 3D-npuntep Picaso 3D Designer X (Picasso)

JlanHbIii  Ta/pkeT TOCTpoeH Ha 0a3ze tiatrgopmbl  «X», YTO O3HA4YaeT  BBICOKYIO
MIPOU3BOUTENHHOCTD, MOJICPKKY CHUCTEM MPOQUIIEH, OMOBEIMICHUS] M KOHTPOJS, a TAKXKE MOIICPKKY
CETEeBOM IeyaTu.

[TpuHTEp OCHAIIEH OAHUM IKCTPYAECPOM U CIIOCOOEH MeYaTaTh MHOKECTBOM MaTepPHAIOB, BKIIIOUAs
WH)KEHEPHBIC TUIACTUKH, YTO MTO3BOJISIET UCIIOJIB30BATh €r0 M B OBITY, M B IPOMBIIIUICHHOCTH, a TAK)Ke JIJIs

OpraHM3allly MeYaTHbIX hepMm.
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KitoueBbie ocobeHHOCTH:

e B oCHOBE KOHCTPYKIIMH YCTPONCTBA JICKUT KapKac U3 CTaH, TO3BOJISIFOIINUN TaCUTh BUOPAIIUU, TEM
CaMbIM 3HAYUTEIHHO MOBBINIAS KaYeCTBO MEUaTH.

e 3akpblTas KaMepa MoAAEP>KUBAET TeMIepaTypHbIi OallaHC B mpoliecce paboThl.

e ABTOMaTHueckas KaauOpoBKa W (PYHKIHS KOHTPOJISI IEPBOrO CIOSI SKOHOMST CHIIbI, BpeMs U
peCypCBhl.

e OcHoBHast ocoOeHHocTh HOBOro Designer X — ympaBisiomas 3JCKTPOHHKA YPOBHS
MPOMBIIIJICHHBIX ~ CTAHKOB, TapaHTUPYIOIIass TOYHOCTb  BBIMNOJHEHMsS, IUIABHOCTh U
Oecniepe0oitHOCTh pabOThI, pacCUUTaHHAS Ha 00JI€e CJI0KHBIC aITOPUTMBI.

e CucreMa OINOBEIIEHUH M3BECTUT IOJIb30BATENSl O MpoOsieMe, eciau Ta BAPYT BOSHUKHET — JIMOO
M3MEHUT IOJICBETKY, MO0 IMOKaXXeT COOOIICHNE B CETEBOI MporpaMMme, JTMOO0 K€ BBIIUIET MUCHMO
C YBEJIOMJICHUEM Ha 3JIEKTPOHHYIO MOYTY.

B kauecTBe pacxoIHBIX MaTepUaANOB, HCHOJb3yeMbIX i1 3D medaru, HCMIONB3YIOTCS HUTH
mrametpa 1,75 mm mmactukos: ABS, PLA, HIPS, PVA, ULTRAN 630, ULTRAN 6130, ASA, ABS/PC,
PET, PC, FRICTION, CAST, RELAX, ETERNAL, FLEX, RUBBER, SEALANT, PETG, AEROTEX,
CERAMO, WAX, SBS, SBS PRO, PROTOTYPER SOFT, PRO-FLEX, TOTAL PRO, NYLON, PEEK u

IpYTHX.

JlaGopaTopHnas padora Nel4
Yempoiicmeo 3D-npunmepa
Ieans padoThl: 3HaAKOMCTBO ¢ ycTpoiicTBoM 3D-nipuHTEpa
Oo0bem: 1 yac
3agaHue: MO3HAKOMUTHCSI C OCHOBHBIMU KOHCTPYKTHBHBIMU 3jieMeHTamu 3D-nipunrtepa Picaso 3D
Designer X (Picasso)
OOopynoBaHme: NEepCOHANbHBI KOMIIBIOTEP, KJIABHATypa, KOMIBIOTEPHAs MbllIb, 3D-npuHTEp

Picaso 3D Designer X (Picasso)

TeopeTuyeckas 4acThb
OcHoBHbIE 3JIeMeHThbI KOHCTPpYKuuu 3D-npunTepa
Ha puc. 1 MbI MOXE€M BHIETh TUIIOBYIO KOHCTPYKLIHIO 3D-nipuHTEpa. ETO0 OCHOBHBIE DJIEMEHTHI:
1 - xopmyc, Urparouii posib CKeIeTa isi MOHTaka KOHCTPYKTUBHBIX 3JIEMEHTOB;
2 - HampapBJSIONIAE, OCYIIECTBIIONINE CPAaBHUTEIHHO CBOOOIHOE IMEepeMeIIeHUe TedaTaromeit

T'OJIOBKH B 3a/IaHHOM MPOCTPAHCTBC,
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3 - medararomias ToJIoBKa (IKCTPYAEP) - TPYIIa YacTei, KOTOpas BBIMOJIHSACT MMOJavy, HarpeB U
BBITECHEHHUE (IKCTPY3HUIO) PACXOJHOTO MaTepHalia Yepe3 COIIo Ha pabouyro MOBEPXHOCTD;

4 - maroBbl€ JABUTATENH - JIEMEHThl KOHCTPYKIUU 3D-nipuHTEpa, OTBEYAIOUIUE 32 PABHOMEPHOE
nepeMeIeHe MevaTaronield TOJIOBKU B 3aIaHHOM TIPOCTPAHCTBE;

5 - paboumii cron - crpoutenpHas Iiargopma 3D-mpuHTEpa, Ha KOTOPOH OCYHIECTBISICTCS
HETOCPEJCTBEHHOE CO3/IaHNE TPEXMEPHOTO 00BEKTA;

6 - PNIEeKTpPOHMKA - HAOOp PJIEMEHTOB, OTBEYAIOIIMH 3a YIpaBICHHE M KOOPAMHAIMIO JeHCTBUI

IIPUHTEPA B IMIPOLECCE IICYATH.

Puc. 1. Koncrpykuus 3D-nipunTepa

PaccMOTpuM Kakplii U3 3TUX JIEMEHTOB MO OTAEIBHOCTH.

Kopnyc u Hanpasasiiomue.

BapuanTtoB koHcTpykuuu 3D-mpuHTEepa CYIIECTBYET OIPOMHOE MHOKECTBO M KaKJIOMY THILY
KOHCTPYKIIUU COOTBETCTBYET CBOM KOpIYC. 3a4acTyo, JIsl paMbl HCHOJIB3YIOT HEAOPOT 0l aTtOMUHHUEBBIH
npo¢uib, HaIIpUMeEp, UCTIOJIb3YeMbIil B KauecTBe MeOeIbHOM (QypHUTYPBI, a TOPOI U OOBIYHBIE CTEPHKHH C
pe3p00ii, KOTOphIE MOKHO KYIHTh B Mara3uHax crpoiimMarepuanoB. OHU COSAMHSIOTCS B €IMHOE LIEN0E C
MTOMOIIBIO U3TOTOBJIEHHBIX M3 IJIACTHKA MY(T, XOMYTOB U APYTUX 3JEMEHTOB, CKPEIUISIEeMbIX ralikaMu u
6onramu. IlomoOHOE MOMYCTMMO JHIIP B CaMOJENbHBIX TNPHHTEpax, 7€ BO TJaBy yIJla CTABUTCS
MUHHMaJIbHAst CE0ECTOMMOCTh KOHCTPYKTUBHBIX JIEMEHTOB U UX MaKCUMallbHas JOCTYITHOCTH B IIPOJIaKe.
B mnpuHTepax NPOMBIIDIEHHOTO MPOM3BOJCTBA KaK MPAaBHUJIO HCIIONB3YIOTCS 0Oojiee KadyeCTBEHHBIE
MaT€pHraibl, UYTO YBCINYHUBACT TOYHOCTH H JKECTKOCTHh KOHCTPYKIMU IMMPHUHTEPA B LICJIIOM, 4 3TO UMCHHO TC
MoKa3aTesu, KOTopble TpeOyroTcs s KauecTBeHHOH 3D-nevarn.

IleyaTaromas roj0Bka.

[lewararomass rojoBka (puc. 2) COCTOMT W3 HarpeBaress, B KOTOPOM IUIACTUKOBAs HHUTh

HarpeBacTCa A0 TEMIICPATYpPhI IIABJIICHUA W 3aTEM BBIJAABJIMBACTCA 4YCPE3 COIJIO C OTBEPCTHUEM MAJIOIO
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muameTrpa. OOBIYHO OTBEPCTHE coria HaxoauTes B npeaenax 0,15-0,5 MM, B 3aBUCUMOCTH OT TpeOyeMoro
KadyeCcTBa MOACIIH. HpI/I YBCIIMUCHUN AWaMCTpa COIlJIa Mbl yXyJAIIACM KadCCTBO IICUATH, HO IIPU 3TOM
MOKEM YBCIUYUTH HaAHOCHMBIH CJIOﬁ, 4YTO CYHICCTBCHHO CKAa3bIBACTCA Ha CHMIKCHUN BPECMCHU IICYATH. Ilo
CTaHJIapPTY B MPUHTEPHI CTABAT COIUIO CPEIHETr0 JUaMeTpa, daiie Bcero - 3to 0,4 mMm. B skcTpyzaep uacto

BKJIIOYAaKOT MEXaHU3M, O6CCH€LII/IBaI-OH_[€I‘O JO3UPOBAHHYIO I10Ja4y HUTH B Harp€BaTeciib.

Puc. 2. Ilevararomias ronoska 3D-npunTepa

CrouT Takke OTMETHUTh, YTO COIUIO CUHUTAETCA PACXOJHBIM MaTEpHAIOM: €ro OTBEPCTHE CO
BpPEMEHEM 3aCOPSIETCS, TOKPHIBASICh HArapOM, ¥ IPUXOAUTCS THOO0 YUCTHTH (UTO HETPOCTO, OCOOCHHO €CITH
orBepctie auamerpom 0,15 mm), nmubo 3amensaTh coruio. [IpouncTka coma mocie 3acopa MOXKET
OCYILECTBIATHCS PA3HBIMM CIIOCO0aMM, HO 3Ta TeMa Y)K€ OTHOCUTCS K dKCIUTyaTauuu npuHrepa. Kpaitne
KeJaTeabHO, YTOOBI COIIO OBLIO HE MPOCTO CMEHHBIM, a €I1e ¥ 3aMEHSIIOCh 0€3 0COOBIX XJIONOT, AJIS Yero
UCTIONB3YIOT pe3bOoBoe coenuHenne. Cormia pa3HbIX MPUHTEPOB JAIEKO HE BCETAa B3aMMO3aMEHSEMBI:
mar u JuaMeTp pe3bObl MOTYT OBITh Pa3HBIMH, K TOMY JK€ cama pe3b0a Ha COTUIe MOKET ObITh HE TOJIBKO
BHEILIHEW, HO U BHYTPEHHEH.

[Monmatomuii MexaHu3M HPUHATO HA3bIBaTh SKCTpynepoM (oT anri. Extrude - BbITankuBath), a
HarpeBaTesb ¢ COIUIOM Ha3biBatoT XoT-3H (hot-end; mo aHamorum skcTpyaep uHora HasbiBaroT cold-end).
[Topoii Bcro mevararonyto rojioBKy, Bkitouas hot-end u cold-end, amst KpaTKkocTH Ha3bIBAIOT SKCTPYAEPOM,
YTO HE COBCEM MPaBUWIBHO: SKCTPYIEp JHIIb caMasi KpYIHAas 4acTh TOJIOBKH.

CylIecTBYIOT TakXe OKCTPyJIEpbl C HECKOJBKMMHU COIUIAMH, KOTOpPbIE CO3JaHbl, YTOOBI
o0ecrieunBaTh BO3MOKHOCTh TeUaTaTh OJHY JI€Tallb HECKOJbKUMH MaTepHalaMHd, Pa3HOTO IIBETa WIIH
XMMHYECKOI0 COCTaBa JUIsl Ie4aTH ¢ paCTBOPUMBIMHU MOAEPKKaMU WM APYTMMHU CIIEHUAIN3UPOBAHHBIMU

MaTepralaMH.
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Mexanu3m nojiayn o0ecreurBaeT nojady Marepuania B HarpeBatenb. Harpes mactuka B JaHHOU
YacTH HKCTPYyJEpa BPEICH, YTO OOBACHSIETCA TEM, YTO Pa3orPeThld M MATKHH TIACTUK HEBO3MOXKHO
npoJaBuTh B XoTeHA. MMernHo mostomy hot-end u cold-end pasnmensiroT paamaropom ¢ TEILIOOTBOAOM,
KOTOpBI oOecrieunBaeT HYXHBIA MporpeB Marepuana. Takxke st oOecriedeHus MPaBUILHOTO HarpeBa
4acTO HCIONB3YIOT «TeIuioBble Oapbephl» (thermal break, thermal barrier): mpokiaaku w3 BemecTsa ¢
MaJIOH TETJIONPOBOIHOCTHIO, B KAYECTBE KOTOPOTO MOKET UCIOJIB30BaThes nmonuterpadTopatuieH (PTFE,
TaKXe M3BECTHBIA Kak TeuioH u ¢roporuiact) win nomddupspupkeron (110K, natununeit PEEK).
[Tockonbky mpu paboTe ¢ HEKOTOPHIMU MaTepuaiamMu Temneparypa hot-end moxet npudmmxkarscs k 300
°C, TO TpPOKIAJAKH JOJDKHBI BBIACPKUBATh TaKyl0 TEeMIIEpaTypy HE TOJbKO ©0€3 3HAYUTENbHBIX
nedopmaruii, HO U 6€3 BBIIEIEHUS! TOKCUYHBIX BEIECTB.

[Monmarommii MEXaHW3M COCTOMT M3 IIArOBOTO JABHTraTelsl, 3y04UaToil nmepeaayn, moaaromero 6oira
WIK POJHKA, MOANPYKUHEHHOTO NPWKUMHOTO pOJHKAa U TeQIOHOBOW TpyOKH (B HEKOTOPBIX

KOHCTPYKIUAX MOXKET OTCYTCTBOB&TB) .

Puc. 3. Koncrpykuus sxcrpyaepa 3D-npunTepa

ABuraresn

Kak u B skctpynepe, nis nepemelieHuss paboyeil roJOBKM M CTOJA HCHOJB3YIOTCS IIAaroBbIE
neuratenu (3To MoryT ObITh ABuratenn NEMA17 - onu Hambosee pacrpoCTpaHEHBI W HCIIOIb3YIOTCS
MOYTH BO BCEX JIFOOUTENILCKUX MPUHTEpax), KOTOpble 00bIYHO MMeroT mar B 1,8 rpanyca, T.e. 200 maros
Ha TOJIHBIH 000pOT. DTO MOJHOIIATOBBIM PEXUM, €CTh eIl MOIYIIAroBbIi U MUKPOIIArOBbIi, KOTOPHIi
UCHOJIB3YIOT JUIsl TOBBIIICHHWS TOYHOCTH IEPEMEINEHUS - YINPABIAIOMAs IBUTATEIEM JIIEKTPOHMKA

N00aBIsieT HEKOTOPOE KOJIMYECTBO IPOMEKYTOUHBIX IIAr0B, IPUUEM 3a4acTyl0 3HaYUTeNbHOe: Hanbolee
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MONYJIIPHBIE KOHTPOJIJIEPHI 00ECIIEUNBAIOT JIeICHHE ara aAsuratesst Ha 4, 8 u naxe 16 vactel, u Toraa
MOJTHBIN 000POT poTopa IBUTaTeNs OyAeT COOTBETCTBOBATH yxke 3200 MUKpoIIaram.

Pabounii cToa

Ha crone HenocpeacTBeHHO neyaTaercs uzaenue. Yaiie Bcero A odecrieueHus pOBHOCTH CTOJIa
Ha HEro KJIAAyT CTEKJIO WJIM 3epkaiio. Eciu cTon u3rotoBieH u3 MeTaiia, 0ObIYHO Ha HETO HAKJIEUBAIOT
CHEeLMAJIbHBIM MaTepuall, yIyqllaoluil aire3uto MaTepuaia.

Cron MOXeT HarpeBaTbcs, ObITh B OTKPBITOM MJIM 3aKPhITOM Kopmyce. Bece aTo Oyner onpeaensTs
TO, C KaKuM THUIIOM MaTephayia Bo3MOkHa pabota Ha 3D-mpunrtepe. Hampumep, mns meuatu ABS-
IJIACTUKOM KpaiiHe >KelaTeIbHBIM SIBISIETCS HaJlM4He 3aKphITOr0 KOpIyca U CTPOro o0s3aTelbHBIM -
HAJIMYHE CTOJIA, CIOCOOHOTO HarpeBaThest 0 90 Wim BbIIIE TPagycoB. ITO 00yciIoBiIeHO TeM, uTo ABS-
IUIACTUK KpaliHe MOABEPKEH TEPMOYCAIKaM, U, B CIIy4yae OTCYTCTBUS HArPEBAEMOI0 CTOJIa, Mbl HE CMOKEM
00ecneunTh OCTATOUHBII YPOBEHB CIIETIKH €r0 C JeTalIbl0, YTOOBI IIeUaTh MPOIIjia B HOPMaJIbHOM PEXKUME.
Jlnia nonasnstoiero 0onpmmHCTBa MaTepuanos (kpome PLA), HeoOxomum noporpes croia. OH He gaét
W3JIEJINIO OCTBITh PaHbIlle BPEMEHU, YBEJIMUMBAs €r0 POYHOCTh U 00ECIIEUNBAsl CLETIKY C U3/IEIIUEM.

[Tonorpes cTona HyXeH €llle U JJIs YMEHbILIEHUS TEMIIEPATypPHOT0 TPaJiueHTa MEX 1y IIEPBbIMH U3
Hale4yaTaHHBIX CJIOEB M TEMH, KOTOPbIE CO3JaHbl TOJBKO uTO. HIDKHUE ClIOM HAaYyMHAIOT OCTHIBATh U
0c00EHHO OBICTPO, €CIM OHU CONpUKAcCAOTCs ¢ ropa3fo Oojiee MacCHMBHOM miaaTdopMoii, mmerome
KOMHaTHYI0 Temmnepatypy. [lpu 3ToM Bo3HMKarOT nedopManuy, U3-3a KOTOPHIX MOJENb MOKET HadaTb
BBITM0ATHCS, a MOPOI U MPOCTO OTPHIBAETCS OT CTOJA.

OueHp JKenaTeNbHO, 4YTOOBI KpEIUIEHWE BEepXHEH YacTH crojla OBIJI0O HE JKECTKHM, a
MOANPYXKUHEHHBIM: TIPU ATOM, B YACTHOCTH, HE TaK KPUTHUYHBI HEOOJIbIIIKE OUTMOKH B FOCTUPOBKE, KOT/Ia B
KaKOH-TO MO3HUIIMHU 3330p MEX/1y BBIXOHBIM OTBEPCTHEM COILJIA U MOBEPXHOCTHIO MIIAT(HOPMbI CTAHOBUTCS
CJIMIIKOM MaJlbIM, & TO ¥ BOBCE MEPEXOAUT B 00J1aCTh OTPULIATEIbHBIX BETUYHH.

OTKpBITHIN KOPITYC MO3BOJISIET PACCMOTPEThH MPOIIECC MeYaTH U 00JeryaeT JOCTYI K U3JIEIHUI0, HO
HE 3allUIIAeT OT CIyYalHBbIX KacaHWil CTOJIa, CKBO3HSIKA, KOTOPhIE MOTYT BBI3BaTh MOpUYy M3/AETUS, a B
cllyyae C IOAOTPEBAaEMBIM CTOJIOM - OXKOTH. 3aKpBITBIA KOPIYC HEOOXOIUM, YTOOBI MOJIEP>KUBATH
BBICOKYIO TEMIIepaTypy B 00JIacTH MeyaTH, 4To TpeOyeTcs MpU MCIOIb30BaHUHM TEXHUYECKUX IUIACTUKOB

BpOJi€ HEWJIOHA WIIM JUISl KPYITHBIX U3EIHM.

JlabopaTopnasi padora Nel$S
Buowvt nnacmukog 0na 3D-newamu
s padoThl: M3y4eHUE BUJIOB IUIACTUKOB i 3D-neyatun
Oo6bem: 1 yac
3aganue: BEIOPATH TOIXOISIINN I IEYATH MOJICTICH IIIACTHK
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Oo0opynoBanue: NMEPCOHAIBHBI KOMIBIOTEP, KIABHATypa, KOMIIBIOTEPHAs MBI, 3D-npuHTEp

Picaso 3D Designer X (Picasso)

TeopeTuyeckas 4acThb

Buanl miacrukos nig 3D-neuyatn

B kauecTBe pacxoAHBIX MaTepUalOB HMCIOJIB3YIOTCS BCEBO3MOXHBIC MOJIMMEPHI, BKIIIOYAsl B
akpmionuTpuidyranguenctupon (ABS) momukap6onar (PC) mommnaktua (PLA) monu3THUICH BBHICOKOTO
nasnenuss (HDPE) cmecn mommkapbonata m ABS-mnactuka, nmomudenuncynsdpon (PPSU) u mo. Kak
MPaBWJIO TOJUMEp MOocCTaBisieTcss B ¢GopMe HANOJHUTENs, M3FOTOBJICHHOTO M3 YHMCTOTO IulacTuka. B
CO0O0IIeCTBE PHTY3HACTOB 3D-1euaTr CyecTBYeT HECKOIBKO MPOCKTOB, HAIIPABJIICHHBIX HA MEePepadoTKy
MCIIOJIb30BAHHOTO IJIACTHKA B MaTepuaibl st 3D-nieyaru. [IpoekThl OCHOBAHBI Ha BRIPAOOTKE PACXOIHBIX
MaTEepUaJIOB C MOMOIIBIO IPEIEPOB U MEPEIUIABISIONINX YCTPOMCTB U TAKXKE UMEIOT OTKPBITHIEC HCXOIHBIE
JaHHBIE TPOEKTOB. M3y4nM MmiacTUKu noapoOHee.

PLA-tutactux Tlonmunaktua - ofMH U3 HauOoJee MUPOKO HCIOIb3YEMBIX TEPMOILJIACTUKOB, YTO
o0ycnaBiIMBaeTCsl cpazy HecKOJIbKUME (pakTopamu. OHO W3 OCHOBHBIX npeumyinectB PLA - oH mmeer
HU3KYI0 TemmepaTypy IuiaBieHuss ot 180 mo 215 rpamycoB mo Llenbcuio M BBICOKYIO TEILIOEMKOCTb
Onmarozaps 4eMy MEJUICHHO OCTBIBA€T. ITH KaueCTBa MO3BOJISIIOT MeUaTaTh UM Jlaxke 0e3 MoJ0rpeBa cToa.
OpmHako Mo BO3MOXKHOCTH PEKOMEHAYIOT MoaorpeBaTh ctoi 10 60 rpagycoB. Takxke OH 3KOJIOTHYEH U
HETOKCUYEH U TIOJXOUT JJIsl UCTIOJIb30BAHUS JIETHMHU.

DTOT MaTepuan SBISETCS MOJIMMEPOM MOJOYHOM KHCIOTHI, YTO JeJaeT ero OuopasiaraeMbIM
MatepuanoM. CeippeM it pousBoacTBa PLA-TmacTuka ciykaT KyKypysa U caxapHblil TpocTHHK. U3
HEJOCTAaTKOB MOKHO BBIIECTUTH TOT (PAKT, UTO OH JIETKO BIMTHIBAET BOJAY M OTHOCHUTENBHO MArok. Kak
npaBuiio mojaenu u3 PLA He mpemnazHaudaroTcs Juisi (QYHKIIMOHAJIBHOTO HCIOJB30BaHUS, a CIyXaT B
KaueCTBE JTU3AMHEPCKUX MOJEJIEH WIPYIIEK, a TaKXKe MCIOJIb30BaHHUS B TMOIIMITHUKAX, HE HECYIIUX
BBICOKOW MEXaHUYECKOW HArpy3KH (HApuUMep, B MOJCIUPOBAHNUH ), YTO BOSMOXHO OJIaroapst OTITHYHOMY
K02 (HUILIMEHTY CKOTBbKEHUS MaTepuara.

ABS-macTuK - JOBOJIBHO MOMYJISIPHBIN TUTACTUK 3a CUET €ro JEHICBH3HBI, OJHAKO OH 00JajaeT
PSAIOM HEIOCTATKOB TEXHUYECKOTO XapaKTepa BO3ZHUKAIOIIMMHY NMpHU nedatr. B nmpomeimnennoctn ABS-
IUIACTUK YXKe TMOJydaeT IMUPOKOe NpPHUMEHEHHWE: MPOU3BOJICTBO JeTaliell aBTOMOOWIIEH, KOPITYCOB
Pa3IMYHBIX YCTPOUCTB, KOHTEHHEPOB, CYBEHUPOB, PA3TUYHBIX OBITOBBIX akceccyapoB U mp. ABS-mnactux
YCTOWYMB K BJIare, KUCJIOTaM M Maclly, HMEET JOCTaTOYHO BHICOKHE IMOKA3aTEIN TEPMOYCTOMUYHNBOCTH - OT
90°C mo 110°C. B To xe Bpemsi, ABS-miacTuk JIeTKo MOJAaeTcsl OKpacKe, YTO IMO3BOJISET HAHOCHUTH
3al[UTHBIC TIOKPHITUS HA HEMEXaHW4YecKue d3JeMeHThl. OCHOBHBIM MHHYcOM ABS-mutactuka MOKHO
CYHUTATh BHICOKYIO CTETICHb YCAJKH MPU OXJIKICHUH - MaTepHal MOXKET moTepsth 10 0,8% obvema. IToT
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3pGEeKT MOKET NPUBECTH K 3HAUUTEIbHBIM Je(POpPMALUAM MOJEIH, 3aKPYUYHMBAHHUIO NMEPBBIX CIOEB U
pactpeckuBaHuio. J{iast GOppObI ¢ ATHMH HENPHUATHBIMU SIBJICHUSMH HCIONB3YIOTCS JBa OCHOBHBIX
pELIEHNUs: TOI0TPEBAEMBIN CTOJ U 3aKpbIThIN Kopiiyc 3D-nipuHTepa. BropbiM 10CTaTO4YHO CYIIECTBEHHBIM
HEJOCTAaTKOM IUIACTUKA SIBJIIETCS €r0 HE3KOJOTMYHOCTD - IIPU I€YaTH BBIACIIAIOTCS JIETy4ue BELIECTBA.
IIpu HarpeBaHUM IUIACTHKA BBIIEJAIOTCS Mapbl aKpWIOHUTPUIIA - SAJOBUTOTO COEAMHEHHs, CIIOCOOHOIo
BbI3BaTh pa3ipak€HUE CIM3HCTHIX O00JOYEeK U OTpaBieHHE. XOTS OOBEMBI MPOU3BOJUMOIO
AKpUJIOHUTpPATa IPU MAJIOMACIITAOHOM I€YaTH HE3HAYUTEIIbHBI, PEKOMEHIYETCs IIe4aTaTb B XOpOLIO
IIPOBETPUBAEMBIX IIOMELIECHUAX WIIU IPELYyCMOTPETh BBITSDKKY. X0polas pacTBopuMocTs ABS-nactuka
B alleTOHE BECbMa I10JI€3HA, TAK KaK [103BOJISIET IPOU3BOAUTE OOJIBIINE MOJIEIIH IO YaCTSAM C OCIEYIOIUM
CKJICMBAaHUEM 3TOT (PaKT TAKKE 3HAYUTEIHHO YIIPOIIAET MEXaHUIECKYIO TOCTOOPabOTKY MOJIEIEH U3 ATOTO
IIJJACTUKA.

PVA (IIBA) - mnactuk. [lonuBUHUTIOBBIN cOUpPT 00J1aaeT YHUKAIbHBIMU CBOMcTBamMu [ aBHOM
O0COOEHHOCTBIO  SIBISIETCS  €r0  BOJAOPACTBOPUMOCTb.  3D-mpuHTEpHI, OCHAIlEHHBbIE JABOHHBIMHU
SKCTpYyAEpaMu, HMMEIOT BO3MOXHOCTh II€4aTH MoJeleld ¢ onopHeiMH cTpykrypamu u3z PVA. Ilo
3aBEPILICHHUH I1€YaTH OTIOPHI MOTYT OBITH PACTBOPEHBI B BOJIE OCTABIISSI TOTOBYIO MOJIEIb, HE TPEOYIOIIYIO
MEXaHUYECKOM WM XMMHUYECKOH 00paOOTKM HEpOBHOCTEH. AHaIOrM4HO, PVA MOXHO NpUMEHATH AJs
CO3JIaHMsI BOJIOPACTBOPUMBIX MacTep-MoJenel Ais JIMTeHHbIX (OopM M caMUX JIMTEHHBIX (opM.
Temmnepatypa sxcTpy3uu cocrtasisier 160-175 C 4yro mo3BossieT ucnonb3oBath PVA B mpuHTepax,
npeAaHazHauyeHHbIX 175 neyatd ABS u PLA-mmactukamu. OgHAKO CTOMT MOMHHTH, YTO STOT MaTepHall
CUJIBHO BIIMTHIBAET BJIAry IIOTOMY XPAaHUTh €r0 HYXKHO B OTJIEIbHON I€PMETUYHON U CYXOH YIIaKOBKE U
IPU HEOOXOMMOCTH BBIIOIHATH MPOCYILIKY Mepel UCTIOIb30BaHUEM.

Nylon (ueinioH), kak Marepuan ans 3D-medatd mOpuBIeKaTeleH 3a CYET  BBICOKOM
M3HOCOYCTOMYMBOCTH M HHU3KOro KO3(puIMeHTa TpeHHs. Tak, HEMJIOH 3a4acTyl0 HCIIOJIb3yeTcs AJis
MTOKPBITUS TPYLIMXCS AETAJIEH, YTO MOBBIIIACT UX HKCIUIyaTallMOHHBIE KAYECTBA M 3a4acTyH0 MO3BOJISAET
¢byHKkIMOHMpOBaTh 0e3 cMa3ku. Ha cerogHsmHuil JeHb CYyIIECTBYeT HECKOJIbKO BHJIOB HEHIIOHA,
MIPOU3BOIMMBIX Pa3HBIMU METOJIaMH U MMEIOLINX HECKOJIBKO OTJIMYaroIrecs xapakrepuctiuku. Hanbonee
W3BECTHBIM SABJISIETCA HEWUJIOH-66, CO3MaHHBIM aMepukaHckoil kommnanueil DuPont 1935 rony. Pasnbie
HEWJIOHBI 00J1a/Ial0T pa3HOil TemmepaTypoil MIaBIeHUs, IO3TOMY BCEr/la U3ydailTe CONPOBOAUTEILHYIO
uHpopManuoo K Matepuany. HelllloH Jierko BNMTBHIBA€T Biary M €ro cleayeT XpaHWTh B BaKyyMHOM
yIIaKOBKE BMECTE C BOJ0A0COPOMPYIOIIUMH MaTepuajamMu (Hampumep, cuiukarenem). Ilpusnakom
YpEe3MEPHO BJIAKHOIO MaTepraja CTaHEeT Map, UCXOAAIINI U3 cOoIla BO BpeMs I1€4aTH, YTO HE OMACHO, HO
MOXET YXYyJIUIUTh Ka4€CTBO MOJIEIIN.

Helinnon mroxo noagaercs CKIEMBaHUIO, TIO3TOMY [1€4aTh KPYITHBIX MOJEIEH U3 COCTaBHBIX YacTen

3aTPYAHUTCIIbHA. Tak kak Ipyu HarpC€BaHuu HEUJIOHa BO3MOKHO BBIACIICHUC TOKCHUYHBIX I1apOB

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(crpanuna 85 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

PEKOMEHIyeTCsl MPOU3BOAUTD ME€YaTh B XOPOLIO BEHTUJIMPYEMbBIX MOMEHICHHUSIX WM C MCIIOJIb30BAaHHEM
BBITSDKKH.

Cyl1iecTByeT U OrpOMHOE MHOKECTBO JPYTHUX THUIIOB IJIACTUKOB - 3TO moymkapoonar (PC I1K),
nonudTIIIeH Bbicokoi motHoctd (HDPE TTH/I), nomunponwien (PP IIIT) momukanponakton (PCL) u
MHOXECTBO ApYrux Oojee crnenu@uvHbix (OpoH30M0A00HBIE APEeBONOA0OHbBIE IIacTUKK). HoBbIe BUIBI
TUTACTHUKOB CO3AI0TCS KaXIbI roJ M 00JIaAal0T CBOMMHU XapaKTEPHBIMU OCOOEHHOCTSIMH M CIIOCOOaMu
HKCILTyaTaIiH. Ceituac 6011b (J18113% ) MOIYJIIPHOCTD HauMHaeT Habupartpb
nonmmaTIieHTepedTanarriaukoias (PETG) 3a cuer coueranus B cebe nyumux kadectB ABS u PLA-

I1aCTUKa, JOJIrOBECYHOCTH U 6e3OHaCHOCTI/I, IMPOYHOCTH.

Puc. 1. Katyumiku ¢ miactukom ans 3D-npunTtepa

IIpakTuyeckas padora Nel6
IIpoexm «Menvnuya». Modenuposanue oemaseil u3z 1UCH 08020 MeMand.
Llesab padoThI: U3yuyeHHEe HHCTPYMEHTOB MOJICTUPOBAHMS JeTajel U3 JIMCTOBOIO MaTepuania
Oo6bem: 1 yac
3aganue: MOIYYUTHh MOJICIH JIeTalel U3 JINCTOBOTO METalIa, BXOSIINE B COCTAB TIPOCKTA
O0opynoBanme: NepCcOHATbHBIN KOMIBIOTED, KJIABUATYPA, KOMITBIOTEPHASI MBIIIb

IMporpammuoe odecnieuenne: Autodesk Inventor

IIpakTHYeckast 4YacTh
MogaeaunpoBanue geranu «Bryiaka»

COSI[B.,[[I/IM 9CKHU3, KaK IMOKAa3aHO Ha PUC. lu BbIJJTaBUM €T0. COXpaHI/IM ACTallb.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(crpanuna 86 uz 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

Puc. 1. Mogenuposanue neranu «Brynka»

MoaenupoBanue geranu «Koamak»
CozmaauM 3CKM3, KaK IMOKAa3aHO Ha pHC. 2, W MNPUAATIAM ICKHU3y O00bEM MpH IOMOIIU OIeparuu

«Bpawenue».

Puc. 2. Bpamenne sckuza

Jlo6aBuUM compsiKEHUS paIIyCcoOM 2 MM COTJIACHO pHC. 3.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 87 u3 252)



[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 3. Jlo6aBiienue CKpyriieHui

N300pa3um 3cKu3, Kak OKAa3aHO HA PUC. 4, U BBIJIABUM €I'0 HACKBO3b.

Puc. 4. Ilonyuenue oTBepcTHii

HpI/I TIOMOIIIN UHCTPYMCHTA «prl‘OBOfI MacCCHuB» KOIIUPYEM OTBCPCTHUA U COXPAHUM ACTAJIb.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 88 u3 252)



[Tpunoxenne 2.1. «CO0pHUK pabOT» K MepONpHUATHIO Ne2

Puc. 5. KpyroBoii maccuB u3 oTBepcTUA

Mopnenuposanue gerasei «Ilnanka»
JlanHble neTanu BBIMONHAIOTCS B Moayie «JIuctoBoit metamny. Co3nagum (daiin aeranu, 3aTeM, B

IIPAaBOM BEPXHEM YTy HA)KMMaeM Ha MHCTpYMeHT «IIpeobpazoBaTh B IMCTOBOM METaLI».

24 S

lNpeobpasoeate B [MapameTpbl N0 yMONY3HWHD
NUCTOBOW METANMN AWCTOBOTD METANNA

MNpecbpasoeaHne Hactpoiika =

Puc. 6. KHonku co3manus nerany U3 JUCTOBOTO METalIa

[lepeiinem Kk HacTpoOMKe JTUCTOBOrO METAJlJIa. Y CTAHOBUM MapaMeTphl JINCTA COTIIACHO puUcC. 7.

I'lapame‘rpbl AWCTCBOrc METanna No yMon4aHuw X

Mpasuno obp. AST. U3 AMCT. MET.

[ﬂo YMONYEHUIO_MM v |

TonmuuHa
[[JWcnonbsosaTe TonwmHy us npasuna | 1mmM >
MaTepuan
| AnoMuHMIA 6061 v I
Mpasuno passepThiBaHusa

Inomasunyo6p. aet. us nucT. meT. (Mo ymonuaHuio_Mo VJ }‘

& Cox | [ omen | [Hemenme

Puc. 7. OxHO HaCTpOEK MapaMeTPOB JUCTOBOTO METAJLIA

LIPUJIOKEHHE 2. 1. «UOOPHHUK PA00T» K MEPOIIPUATHIO JNoZ
(ctpanwuma 89 u3 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

Co3aaauM 3cKM3, KaK IOKa3aHOo Ha pUC. 8, IPUMEM €ro, U IPUMEHUM K HEMY HHCTPYMEHT «I paHb».

Puc. 8. Dcku3 ia miianku

Co3nagum conpsiKeHus paauycom 4,5 MM Ha Kpasix (GUIyphl.

Puc. 9. Co3nanue ckpyriieHun

COSI[aI[I/IM OTBEPCTHUE NTUAMETPOM 4,5 MM KOHHEHTPUYHO CKPYIJICHUAM ACTAJIU, KaK ITOKa3aHO Ha

puc. 10.

Puc. 10. ITony4yenue orBepcTus

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 90 u3 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

[Ipn nmomomm mHcTpymeHTa «lIpsAMOYroapHBII MaccHB» CO34aJAMM KOIHWHM OTBEPCTHUSI IO BCEU

JJIMHC ACTAJIN U COXPAaHUM MOJCIIb.

Puc. 11. Mogens neranu «Ilmankay» ¢ 7 OTBEpCTUAME

AHaJIOTMYHBIM 00pa3oM, COIVIACHO HPUJIOKEHHBIM YepTexaM, coszgaeM ImiaHku ¢ 3, 5 u 10

OTBEPCTHUAMMU.

Puc. 12. Mogens neranu «Ilnmanka» ¢ 3 oTBepCTUAME

Puc. 13. Mogens neranu «[lnanka» ¢ 5 orBepcTusiMu

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 91 u3 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

Puc. 14. Mogenb neranu «Ilnanka» ¢ 10 oTBepcTusiMu

IpakTHyeckas padora Nel7
Ilpoexm «Menvnuya». Moodenuposanue oemaneii u3 1UCmMo6020 MEMasia.
Lenb padoThl: U3yyeHNE MHCTPYMEHTOB MOJEINPOBAHMS I€TAJIEH U3 JIMCTOBOIO MaTrepuala
Oo0BeMm: 1 yac
3ajganue: NOJIy4UTh MOJEIH JETAJECH U3 JIMUCTOBOIO METaJlIa, BXOJAIIUE B COCTAaB IPOEKTA
O0opynoBanme: NepcOHAIbHBIA KOMIIBIOTED, KJIABUATypa, KOMIIBIOTEPHAsl MBIIIb

IMporpammuoe odecneuenne: Autodesk Inventor

IIpakTHyeckas 4acTb
MoaeaunpoBanmne neranu «[laneany»
Co3ganum  daiin n1ucTOBOM neTanu, NPUMEHMM HACTPOWKM JIMCTOBOIO MeTajula, Kak JUIs
OPebIAYIIUX JAeTaled, CO3JaJuM ICKH3, KaK MOKa3aHO Ha pUC. | M IPUMEHUM K HEMY HHCTPYMEHT

«@Dianer; ¢ OTTHOOMY.

Puc. 1. Dckus geranu

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 92 u3 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

®naney ¢ otrubom : @narey c otrnbom X

®opMa  Passeptka Cru6  Yron

N EE Peden
3 Kpomo

0 BeibpaHo
LobasuTe

HanpasneHue cMewweHns

Mpasuno obpaboTku aeTanei U3 NMCTOBOro METaNNa L EM'
Tun AuHMA
W =
CneaosaTb NEpaMeTPaM no YMoN4aHo [mm, 7 y‘]
Mo yroasaH#o_m R PaccTosHme
| 50 MM > |
Paauyc cruba

[ > (R[]

Puc. 2. Hactpoiika ¢nanua c orru6om

Puc. 3. Pezynbrar onepanuu

Co3manuM ACKM3, KaK MOKa3aHO Ha puc. 4, BBIIABUM €ro, a 3aTeM, NMPU MOMOIIYA HHCTPYMEHTA

«ITpsIMOYTOJTbHBIN MacCUBY, CKOMUPYEM OTBEPCTHE, KaK MMOKa3aHO Ha PHC. 5.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 93 u3 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

Puc. 4. Dcxu3 a1 oTBEpCTHS

Puc. 5. KonupoBanue orBepcTuii

Coznaaum 3cKu3, Kak OKa3aHo Ha pHC. 6, BBIJaBUM €ro HaCKBO3b, KOIUPYEM BBIPE3 IIPH MOMOIIU

nHCTpyMeHTa «lIpsAMOyrosbHbII MaccuBy.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 94 u3 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

Puc. 6. ITonydenne oTBepcTuii Ha OTTHOAX

BrInonHuM conpsbKkeHHst paguycoM 2 MM Ha yrilax JIeTajld U COXpaHuM Qaii.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 95 u3 252)



[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 7. BeinosiHeHUE CKPYTJIEHUN

MogaeanpoBanue neraau «Ckoda»
Cozpaaum aiin TMCTOBOM AeTalu, IPUMEHUM HACTPOMKH JINCTOBOTO METaslia, KaK JJIsl MPOIILIBIX
JieTajel, co3laguM 3CKH3, KaK MOKa3aHO Ha pHC. 8§ U NPUMEHMM K HEMY HMHCTpyYMeHT «®draHel c

OTTHOOMY.

Puc. 8. Dckus neranu

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 96 u3 252)



[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Pnaney c otruBom : Tnadey ¢ otrnBom] x

Pefipa
e = [T
H Tena E 0 BuiBpaHo

NobasuTs
HanpasneHue cHELEHWA

[ba] |54 28

Mpaewuno obpaboTkK GETENEA M3 NWCTOBOMD METANNE

MpPaHnLE! WMpUHEI
TN AMHKIA

Elcar seros o e

|9MM )|

Paauyc cruba

[im o) [R[E  [a)ME

| o< || omea |

Puc. 9. Hactpoiika ¢nanua c orru6om

Puc. 10. Pe3ynbrar onepamumu

Coznanum conpsiKeHUs paanycoM 4,5 MM Ha Kpasix JI€Taju.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 97 u3 252)



[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 11. Brinonnenue ckpyrieHui

CozpaguMm 3CKM3, Kak Ha puc. 12, BbIIaBUM €ro, MU KONMPYEM OTBEPCTHE HHCTPYMEHTOM

« I IpsIMOYTONTEHBII MacCUB.

Puc. 12. Tlony4yenue oTBepcTuit

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 98 u3 252)



[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Coznaaum 3cKu3, Kak oKa3zaHo Ha puc. 13, v BbIIaBUM €ro HackBo3b. COXpaHUM J€Tallb.

Puc. 13. I'oTroBas nerain

MogaeanpoBanue neranau «Illnacrunay»
Co3nanum Qaiin TUCTOBON AeTany, IPUMEHUM HACTPOMKHU JIMCTOBOIO METalla, Kak JUIsl IPOLIBIX

JeTajei, CO31aIuM ICKH3, KaK MOKa3aHo Ha puC. 14 ¥ MPUMEHUM K HEMY HHCTPYMEHT «I'paHby.

Puc. 14. Dckus geranu

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 99 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

Puc. 15. PesynbpraT onepauuu

Coznanum conpsiKeHHUs paiiycoM 2 MM B yIJIax JACTalld.

Puc. 16. Co3nanue ckpyrieHui

Cozmaaum 3CKu3, Kak MoKa3aHO Ha pHc. 17, BBIAABUM €ro HaCKBO3b, U KOIIUPYEM OTBEPCTHUE MPU

IOMOIII UHCTPYMCHTA «HpﬂMOYFOJIBHBIﬁ MacCCHUB». COXpaHI/IM JACTallb.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(crpanurna 100 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

Puc. 17. Dcku3 orBepcTus

Puc. 18. 'oroBag neranp

IIpakTnyeckas padora Nel8
IlIpoexm «Menvnuya». Cozoanue coOopounbix y3/108.
Hean padoThl: N3y4eHNE MPUHIIAIA CO3/IaHHUsI COOPOUHOM €IMHUIIBI U3 paHee COOPaHHBIX Y3JI0B
Oo6bem: 1 yac
3agaHue: BHITIOIHUTEL COOPKY AeTamneil B COOPOUHBIE Y3IIbI
O0opynoBaHue: IepCOHATIbHBIN KOMITBIOTED, KJIABUATypa, KOMIIbIOTEPHAs MBIIIb
IMporpammuoe odecieuenne: Autodesk Inventor
IIpakTHYecKast 4acTh

Cosnanne noacoopku «JIonactp»

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(crpanuna 101 u3 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

Co3namum daiin coopku, oTkpoeM Aetanb «llmaHka 7» U pa3MecTUM ee B Hayajle KOOpAUHAT.

Puc. 1. lerans «Ilnanka 7»

Jo6aBuMm B cOopky nBe netanu «llmanka 3», ¥ COSAMHUM C MPEABIAYIICH JeTalbio, KaK MOKa3aHO

Ha puc. 2.

Puc. 2. Coequnenne neraneit

Jlo6aBuM B cOOpKy netanb «Ilitanka 5» U COeTMHUM ee, Kak IMoKa3aHo Ha puc. 3.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 102 u3 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

Puc. 3. Coenunenue ngeraiei

Jlo6aBuM 60ATOBBIE COEAMHEHUS B TPeOYyEMBIX MECTaX U COXPaHUM COOPOUHBIN y3eIl.

Puc. 4. Coopounslii yzen «Jlomacte»

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 103 u3 252)



[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Co3nanne noacoopku «BuHT»

Co3nanum daiin coopku, 106aBuM neranb «Koimaky 1 pa3MecTuM ee B Havaie KOOpPHHAT.

Puc. 5. [letans «Kommaky»

Jlo6aBuM B cOopky (aiin coopku «Jlomacte», CO3MaHHBIN paHee, U COCIUHUM C KOJIAKOM, Kak

MOKa3aHo Ha puUC.6. 3aTem, MpU MOMOIIH UHCTpyMeHTa «KpyroBoif MaccuBy, KOIMPYEM JIOTACTh.

Puc. 6. Coenaenne COOPKH C JIETATBIO

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 104 u3 252)



[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 7. KonupoBanue nonacrei

PazmecTuM Kpenex B TpeOyeMbIX MecTaX U COXpaHUM COOPOUYHBIH y3ell.

Puc. 8. Pazmemenue kpemnexa

IMpakTHyeckasi padora Nel9
IlIpoexm «Menvnuya». Cozoanue coOopounbix y3/108.
Heab padoThl: H3ydyeHUe MPUHLIMIIA CO3aHNsI COOPOYHON €MHUIIBI U3 paHee COOpaHHBIX Y3JI0B
Oo6bem: 1 yac
3ajanHue: BHIIOJIHUTE COOPKY M3/1€NHs U3 COOPOUHBIX Y3JI0B
O0opynoBanme: NepCcOHATIbHbBII KOMIIBIOTED, KJIABUATYPA, KOMIIBIOTEPHAs! MBIIIb

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 105 u3 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

IMporpammuoe obecneuenne: Autodesk Inventor

IIpakTHYecKkast 4acTh
Co3ganue noacoéopku «Kopmyce»

Co3znanum ¢aiin cOopku, 1o6aBuM B Hero aetanb «[laHenby», 1 pa3MecTHM ee B Hayase KOOpAuHar.

Puc. 1. nerans «Ilanenny

Job6aBuMm B cOopky 4 neramu «[lmanka 10» u pasmecTuM uX, Kak IOKa3aHO Ha puc. 2.

Puc. 2. Coequnenne neranei

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 106 u3 252)



[Tpunoxenne 2.1. «CO0pHUK pabOT» K MepONpHUATHIO Ne2

JoGaBuM B cO0OpKy aBe ckoObI U J1Be Aetanu «[lnanka 5». CoeuHUM UX C IPYTHUMHU JAETaIsIMU, KaK

MOKa3aHO Ha puC. 3.

Puc. 4. Coenunenue neranei

Jo6asum aeramu «Ilnanka 3», «[lranka 5» n «Cxo6a», kKak TOKa3aHO Ha puC. 4.

Puc. 5. Coenunenue geranei

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 107 u3 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

JloGaBuM Kpenex U COXpaHUM COOPOYHBIN y3ell.

Puc. 6. Coennnenue gerajiei

Co3nanue noacoopkn «OcHOBaHUE»

Co3znanum ¢aitnn cOopku, 106aBUM B Hero ieTalb «IlaHenb», 1 pa3MecTUM ee B Hadyajie KOOpIUHaT.

Puc. 7. lletans «Ilanenn»

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 108 u3 252)



[Mpunoxenne 2.1. «CoOopHHUK paboT» K MeporpusiTHiO Ne2

Jo6aBum B cOopky 4 neramu «I[lmanka 3».

Puc. 8. Coennnenue aeraneu

Jlob6aBuM B cOopKy nBe aetanu «Ckobay.

Puc. 9. Coennuenue gerajiei

Jlo6GaBuM B cOOPKY TIACTHHBI.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 109 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

Puc. 10. Coequuenue neraiei

Pa3zmectrM HE0OX0IUMBIC KPENIEKHBIE JIEMEHTHI M COXPAaHUM TIOJICOOPKY.

Puc. 11. Coequuenue neraieit

Co3nanne nostHOM cOOPKH U3aeJIUs
Cozmanum ¢aiin cOopku, 700aBUM B HEro mojacOopky «OCHOBaHHE» M Pa3MECTHM €€ B Hauaje

KOOPJIMHAT.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(crpanuna 110 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

Puc. 12. Co6opounslii y3en «OcHOBaHUE)

Jo6asum noncoopky «Kopiryc» u COeTUHIM €ro ¢ OCHOBAaHHEM, BCTABHB KPETICKHBIC JIEMEHTHI.

Puc. 13. Coenqunenune cOOPOYHBIX y3JI0B

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(crpanuna 111 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

Jlo6aBum B cOOpKy neTanb «Brymkay.

Puc. 13. Coequnenue neraiu

Jo6aBum moncoopky «BHHTY», pazMecTHM HEOOXOAUMBINA KPETIekK U COXPaHUM COOPKY.

Puc. 14. OxoHYaTENbHBIN BUJI COOPKH

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(crpanuna 112 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

IpakTnyeckas padora Ne2(
Ilpoexm «Bunm Apxumeda». Moodenupoganue 6uHmMOoBoIl NOBEPXHOCHU
Hean pa6oThl: n3ydeHre NPUHLIMI 00pa30BaHUs BUHTOBOW MTOBEPXHOCTHU
Oo6bem: 1 yac
3ajganme: co31aTh MOJENb I€Talld C BUHTOBOH OBEPXHOCTHIO
O0opynoBaHme: repcoOHaNbHBINA KOMIBIOTEDP, KJIABUATYpPa, KOMIIBIOTEPHAs MBIIIb

IMporpammuoe o6ecneuenne: Autodesk Inventor

Teopernueckasi 4acTb

ApXuMe10B BUHT. YCTPOMCTBO U HAa3HAYECHHUE

ApXMMENOB BHHT — MEXaHWM3M, HCTOPMYECKN HCIOJIb30BABLIMIICSA Ul NepeAadd BOIBI W3
HU3KOJICKAIUX BOJOEMOB B OpOCHUTENbHBIC KaHanbl. OH ObLT OJHUM W3 HECKOJIBKUX H300pETCHHN U
OTKPBITHH, TPAAULIMOHHO IPUITUCBIBAEMBIX Apxumeny, xkusiieMy B Il Beke 10 H. 3. ApXxuMe10B BUHT CTall
IpooOpa3oM LIHEKa.

VY CTpoHCTBO COCTOUT U3 HAKIOHEHHOH IO YIJIOM K TOPU30HTY MOJIOW TpyObl C BUHTOM BHYTPHU.
Omna Obuta m300peTeHa Apxumenom npuMepro B 250 roay 1o H. 3. mu6o B ['pernu panee. BUHT MOXHO
IIPE/ICTaBUTh, KAK HAKJIOHHYIO TUIOCKOCTh, HABEPHYTYIO HA LIUIUHJIP.

BuHT Bpamaercs 0oOBIYHO € MOMOIIBIO BETPSHOTO Koseca, JuO0 BpyuHyro. B To Bpems, kak
MIOBOPAYMBAETCS HIDKHUI KOHEL TpyObl, OH COOMpAeT HEKOTOPbI 00bEM BOJBI. DTO KOJIUYECTBO BOIbI
OyZeT CKOJIb3UTh BBEPX I10 CIUPATILHOM TpyO€E BO BpeMsl BpallleHHsI Bajia, TOKA HAKOHEL[ BOJIa HE BBLIILETCS
13 BEPIIMHBI TPYObI, CHA0XKasl UPPUTALIIOHHYIO CUCTEMY.

KoHTakTHas MOBEPXHOCTh MEXJIy BHUHTOM M TpyOoil He o00s3aHa OBITH HJEATBHO
BOJIOHETIPOHHUIIAEMOM, TOTOMY YTO OTHOCHTEIBHO OOJIBIIIOE KOJTMUYECTBO BO/IbI UEPIIAETCS 32 O/IUH TOBOPOT
[0 OTHOWIEHUIO K YTIIOBOM CKOpOCTH BUHTA. Kpome Toro, Boja, mpocadynBaromasics U3 BEPXHEH CEKIUU
BHUHTA, IOMNaJaeT B MPEIbIAYIIYI0 CEKIUI0 M TaK Jajee, TakuM o0pa3oM, B MalllMHE JOCTUTaeTcs
JMHAMUYECKOE PAaBHOBECHE, UTO MPEMSITCTBYET YMEHBIIEHUIO MEXaHUYeCcKoi 3(pPeKTUBHOCTH.

«BuHT» He 00s3aH MOBOPAYMBATHCS BHYTPH HEIOJBMKHON OOOJIOUKHM, OH MOXKET BpaIlaThCs
BMECTE C HEI0 KaK OJHO Iejioe. BUHT MokeT ObITh T€pMETHYHO MPHUKPEIJIEH C MOMOIIBIO CMOJIBI WU
JPYroro CBS3YIOLIETo K 000JI0uKe MO0 OTAUT M3 OpOH3BI KaK OJHO Ieloe ¢ 000J0YKOH, Kak, MO
MPEOI0KEHNIO0 HEKOTOPBIX UCCIeioBaTesel, ObUIH cieNaHbl yCTPOMCTBA, OPOIIABIINE BUCSUUE CaJlbl B
BaBuione. M300paxeHus ApeBHETPEUECKUX U IPEBHEPUMCKHUX BOASHBIX BUHTOB IMOKAa3bIBAIOT, YTO BUHT
JIBUTAJICSl YEJIOBEKOM, HACTYIABIIMM Ha BHEIIHIOK 000JI0UKY, YTOOBI BpalllaTh BECh anmapar Kak eJuHOe

1eJI0€, 4To TPeOOoBaIO, YTOOBI KOPITYC OBLT )KECTKO CKPEIIEH C BUHTOM.
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Puc. 1. Bunt Apxumena

IIpakTnyeckas 4acTb

MopneaupoBanue BUHTa ApXumeaa

Cozmaanm Ha 6a30BOM TUIOCKOCTH OKPYXKHOCTh quameTpoM 40 MM 1 BeIIaBuM ee Ha 120 mwm.

Puc. 2. Hunuuap

Bri6epem nncTpymMeHT «3D-3CKH3» M CO3[aUM CIHPab, KOTOpPask BBICTYIUT TPACKTOpPUEH s

nanpHeimei pabotsl nHCTpyMeHTa «Casur». Beibepem mHcTpyMeHT «Crimpanbs» u Haxkmem JIKM Ha
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TOUYKaxX CepeluHbl LWINHApPA BBEPXY M BHHU3Y (3a7aeM BBICOTY CIHMpAJH), IOCIE Yero, B HACTPOMKax

HHCTPYMCHTA, YKAKCM 3HAYCHHA, KaK ITIOKa3aHO Ha pHC. 3, 1 IpUMEM OIICpaluio.

3 Crupans

CnupanesuaHas dopma KoHus! crupani

Tun Bpawerue

Onpeaenexue

Il.uiummom VJ

s

——
“ > ‘ Bricota

wer

v s

Orpaa > | Konyc

Puc. 3. Co3nganue crimpanu

Ha HimkHell MOBEpXHOCTH LMIMHAPA CO3JaJUM 3CKU3, KaK IMOKa3aHO Ha puC. 4 U MPUMEM €ro
(BcriomMorarenbHas OKPY>KHOCTh OTpeAessieT 00U TuaMeTp BUHTA, @ OTPE30K HEOOXOAUM JUIsl PabOTHI

uHCTpyMeHTa «CABUIY).

Puc. 4. Dcku3 nuHUU-00pa3yromeit
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ITpu nomomm nHCcTpyMeHTa «COBU» CO3aIUM BUHTOBYIO IOBEPXHOCTh, KaK MIOKAa3aHO Ha pHC. 5.

Puc. 5. BuHTOBas NOBEPXHOCTH

IIpu nomoumwm wuHcTpyMeHTa «Tommuua/CMmerieHuey MNpUAAAUM CO3JaHHOM IOBEPXHOCTU

TONIIUHY, paBHYIO 3 MM. COXpaHUM JETallb.

' ) dacka "

ObBonouka @@
Hacnon [ 2] &

Vzmenute v

Orsepctne Conpsaxenne

TonwmHa/cmelenne

TonwmHa/cewerme  NoapoHocTh

__| ABTOMaTHHECKOE CONPSXEHIUE

B o=

Puc. 6. Uncrpyment «Tommuaa/CMereHney

MopaenupoBaHue Kopmyca

Co3nanum 3cKu3, Kak MOoKa3aHo Ha PUCYHKE, U BbIIaBuM ero Ha 130 mm. CoxpaHuM JeTab.
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Puc. 7. Moznens kopiryca

IIpakTnyeckas padora Ne2l
IlIpoekm «Bunm Apxumeoa». Co30anue uepmesica u anumayus cOOpKu.
Heab padoThl: n3yueHue nHTEpdEiica aHMMaIuu COOpPKU
Oo0beMm: 1 yac
3aganme: co3gatk cOOpKy, OPOPMUTE YEPTEXK, OTYUUTh (pailn ¢ aHuMare paboThl n3aeIns
O0opynoBanme: NepcoHaIbHbBIN KOMIBIOTEDP, KJIABUATYPA, KOMITBIOTEPHAS! MBIIIb

Iporpammuoe odecnieuenune: Autodesk Inventor

IIpakTHyeckas 4acTb
Co3nanne cOopku
Jo6GaBuM B cOOpKYy KOpIIyC M 3aKpemuM ero B Hadaje koopauHaT. [[o0aBuM B cOOpKY BUHT U

3aKpenyM ero BHYTPH KOpITyca IMPpH MOMOIIH HHCTpyMeHTa «COeIMHEHUEY.

Puc. 1. Coenunenue ngeraiei
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Co3gaguM TOJIOBUHHOE cedyeHue cOOpKH, YTOOBI YBHJETh, KaK BBIMJISIAUT cOOpKa B paspese.
Beibepem unctpymeHnt «llonoBuHHOE ceueHue» Bo BKiaake «Bum», a 3aTteM 0a30BYyI0 ILIOCKOCTB,
IPOXOJISIIYI0 Uepe3 cepeiuHy aetanu. IIpuMem onepanuto.

Bua Cpeani  Hauanopaboter  CoemectHas pabora  3n¢

Typbl BKA. ¥ Cljl Paspesats mogens E

=
e npeacrasnenne | | B Monosunkoe ceqeﬂueFl o

Bat1

B
EYEHWNE B OAHY YETBEPTDL

s X
,E MonosuHHoE ceueHne I

CeueHne B Tpn YeTBEPTH
)

=

== BoccraHoeneHue nonHoro enaa

Puc. 2. Uactpyment «llonoBuHHOE ceueHMe

Co3nanne yeprexa
Cozpagum (aiin yeprexa, J0OABUM CCBHUIKY Ha JeTajdb BHHTa U pa3MeCTUM TIJaBHBIA U
MIPOEKIIMOHHBIC BUJIBI, KaK MMOKA3aHO Ha puC. 3.
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Puc. 3. Pacnono)xenue BUIOB Ha JINCTE

CozaauM MeCTHBIN pa3pe3 Ha [OJIOBUHE IIaBHOTO BUJIA.

¥,
\j \H [
Puc. 4. Mectubiii pa3pes

Pa3zmecTuM pazmepsl, Kak MOKa3aHO Ha pUC. 5.
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/ /a\/7\ ) -\ ) @40

A

VT

120

Puc. 5. Pazmepsl

Co3nanne annManuu padoTbl BUHTA ApXumena
Coznmaaum aiinn cxeMbl B OTKpoeM cOOpKy BuHTAa Apxumena. OTKpoeM ¢ailil Kopiryca 1 00pexemM

€ro 4aCTU4YHO BJOJb JJIMHBI JCTAJIN.

Puc. 6. Bripes B kopryce

CoxpaHuM jeTanb 1 BepHeMcs K ¢aiimy cxembl. Beibepem nHCTpyMeHT «CIBUHYTh KOMITOHEHTBD)
U BbIOEpEM BUHT. 3a1a[iM I OTIEpALUU MapaMeTphl, Kak MOKa3aHO Ha pUC. 7 U IPUMEM OIEpaLHIo.
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(Doron [1o00 |

Puc. 7. IlapameTpbl IBHKEHUST KOMIIOHEHTOB

BocnpousseneM aHumanuro, HaxaB Ha KHOIKY «Play» Hag taliMiaitHoM. Y OeMBIIHCH, UTO CXeMa

paboTaeT BepHO, BIOEpeM MHCTPYMEHT «Buaeoy». YkaxeM napameTpsl BbIBOJAA, KaK TOKa3aHO Ha pHC. 8.

MyGnnkauna B engecdopmar x

ObnacTe NyBAMKSLYAM

(O Bee packanposku

(®) Texywan packanposka or o

(C) AManasoH TeKyWWx packanposok | 0,000 ¢ 10,000 ¢
[lo6patuts

PaspeweHwe Buaeo

|Tenqﬂ.|w" pasMep okHa AOKYMEHTa ~

e 1448 TKCEE W

Bricota 457 Mikcens!

PaspeweHme 72 nKC/atoiin

Caatne BMgen
Boisoa

Wna daiina
| cxema paboTel suHTa| ﬂporpaMME CH¥3THA:

Pacrionoerne daiina | MonHele Kaape (Ges cxama)
| C:\Users\ASKER \Desktop

K.AYECTED CHATHA:

®opraT daina

| waiin Av1 (=av)

ok | | omes |

Puc. 8. [Tapamerpsl Bugeo

1o 3aBepieHUN peHepUHTa BUIEO COXPAaHUM Bce (ailibl, ¢ KOTOPHIMU paboTasu.
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IIpakTnuyeckas padora Ne22
IIpoexm «/Ionzéopoy. lloeepxnocmuoe mooenuposanue.
Heab padoThl: N3yueHUE MPUHLIUIIOB TOBEPXHOCTHOTO MO/ICITMPOBAHUS

O0bem: 1 uac
3ajxanme: co31aTh MOJENb JIOHIOOpaa

O0opynoBanme: IepcOHaIbHBIN KOMIIBIOTED, KJIABUATypa, KOMIIbIOTEPHAs MBIIIb

IIporpammuoe odecnieuenne: Autodesk Inventor

IIpakTuyeckas 4yacTb
Co3nanue ¢popmbl JTOHTOOpAa

Cozmaaum 3cKu3 PPOHTATLHOTO MPOQIIIS TOHTO0P1a, KaK MMOKa3aHo HA pHC. |, U IpUMeM ero.

Puc. 1. Dcku3 GppoHTATBHOTO TIPOGUIIS

Co3znaaum 3ckn3 60KoBOro mpoduiisd JOHroopaa, Kak MOKa3aHo Ha pUC. 2, U IPUMEM €ro.

Puc. 2. Ocku3 60Kk0BOTO MpoQuis
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Puc. 3. BzaumHoe pacnoyioxeHue 3CKU30B B IPOCTPAHCTBE

Janee co3gaauM IMOBEPXHOCTb IPU NOMOIIM HHCTpyMeHTa «CIOBUI», B KauecTBe HpoQuiis

BBEIOMpAEM TEPBBIA ICKHU3, B KAUECTBE TPACKTOPHH - BTOPOMA.

Puc. 4. IloBepxHOCTB, NOTY4EHHAsI HHCTpYMEHTOM «CIBUTY

Co3gamuM CMEIIEHHYIO TUIOCKOCTh Ha JIFOOOM PAacCTOSHUW HaJ CO3/IaHHOW TOBEPXHOCTHIO, U
CO37aIMM Ha Hel 3cku3, hopMupyrouii hopMy oHroopaa. Mcnonb3yeM Uist TOCTPOSHUS pa3Mephl, Kak

Ha puc. 5, 1 3aBUCUMOCTHU PaBCHCTBA U KaCaTCIIbHOCTH.
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Puc. 5. Dcku3 Gpopmel TOHTOOpIA

Beibepem mHcTpymMeHT «Pa3nenuthy», 3aTeM BblIOEpeM 3CKU3 KOHTYpa JOHrOopAa U TpHU 4acTu

IMOBEPXHOCTH I1OJ HUM.

Pasgenexune

Puc. 6. Paznenenne noBepxHocTu

Jlanee BeIOepeM HHCTPYMEHT «Y TaIHUTh TPAHU» U BBIACIHM yYaCTKU MOBEPXHOCTH, KaK IMTOKa3aHO
Ha puc. 8. [Ipumem oneparnuro.
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YaanuTe rpame X

i

[3an.
B[ ]| omena |

Puc. 7. Y nanenue rpanei

Bribepem nactpymenT «Tonmuna/CMerieHue», 3aTeM TpH 4YacTH MMOBEPXHOCTH, KaK Ha pUCYHKE, U

3amanuM Tonmuny 10 mMm. CoxpaHuMm JieTab.

TonwmHa/cmeLLieHne

Puc. 8. [Ipunanve TOMIIUHBI TOBEPXHOCTH
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Puc. 9. Urorosas moneis

IIpakTnuyeckas padora Ne23
IIpoexm «/Ionzoopoy. Ilpoekmupoeanue demaeil.
Heas pabGoThl: CaMOCTOATEIBHOE MPOSKTHPOBAHUE JIOTIOJHUTENBHBIX JeTaneld, ohopmieHue
MpoeKTa
Oo6beMm: 1 yac
3aganue: co3qaTh Kojieca TOHIOOP/Aa U UX KPEIUICHUS
O0opynoBanue: NEpCOHATBHBIN KOMIIBIOTED, KJIIABUATYPA, KOMITBIOTEPHASI MBIIIIb
Iporpammuoe odecneuenune: Autodesk Inventor

IIpakTnyeckas 4acTb

Puc. 1. Mogens noHr60pa

JlaGopaTopHas padora Ne24
Jlopabomka u opopmnenue vinonnennvix padom
Leab padoThI: MOATOTOBUTH K 3aIIUTE BHIMOJIHEHHBIE PAOOTHI

Oo0beMm: 1 yac
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3agaHue: NMpPOBEpPUTh HAJTMYME U MPABUIILHOCTH BBIIOJIHEHUS MPOEKTOB 32 BECh KypC, BHECTH
JI0pabOTKHU, €CITH ATO HEOOXOIUMO; 3arpy3UTh (OTOPEATHCTUYHBIC H300PaKEHHU S BBIITOJIHEHHBIX IPOCKTOB
Y COCTaBUTh U3 HUX MPE3EHTALIUIO C 3aT0JIOBKAMH, COOTBETCTBYIOIIUM HAa3BaHUSAM IMPOEKTOB

OOopynoBaHme:  TMEpCOHANBHBIM  KOMIIBIOTEp,  KJIaBUATypa, KOMIBIOTEPHAs  MbIIIb,
MIPOEKTOP/MHTEPAKTUBHAS TOCKA

IIporpammHuoe odecnieuenne: Autodesk Inventor, MS Office Power Point/I"yrn [Ipe3enTaruu

KonTposbnas paGora Ne25
3awyuma npoexmos

ey padoThI: 3aLUTUTH BHIIIOJHEHHBIE PAOOTHI

Oo0bem: 1 yac

3ajanue: MPeNCTaBUTh MPE3CHTAIMIO 110 BBHITIOJHEHHBIM MPOEKTAaM, ONMCHIBASI TPUHIAIT PAOOTHI
CIPOCKTUPOBAHHBIX H3JIEIIMH M OCOOCHHOCTH KOMIIOHEHTOB, OOECIEUMBAIOMINX pPabOTOCTIOCOOHOCTD
MEXaHU3MOB

OOopynoBanme:  INEpCOHANBHBIM  KOMIBIOTEpP,  KIABUATypa, KOMIIBIOTEPHAs  MBbILIb,
MIPOEKTOP/MHTEPAKTUBHAS TOCKA

IIporpammuoe obecneuenne: MS Office Power Point/I'yrn [Ipe3enTanym

IIpakTnyeckas padora Ne26
Ilpoexm «Kynaukoewtit nacocy. Mooenuposanue oemaneil.
Heap padorhl: uM3ydyeHHe MpUHIUNA pabOThl MOPUIHEBOTO HACOCA, BOCCTAHOBIIEHHWE HABBIKOB
pabotsl B mporpamme Autodesk Inventor
Oo0bem: 1 yac
3aganue: co3qaTh MOJENHU TUIOCKUX JleTanen
OO0opynoBaHme: IEPCOHAIBHBIN KOMIIBIOTED, KIIABUATYPa, KOMIIBIOTEPHAsI MBI

IMporpammuoe odecieuenne: Autodesk Inventor

TeopeTuyeckas 4acTb

IIpuHuun padoThl M1 NpUMeHEeHNe MOPIIHEBOr0 HACOCa
[MTopurHeBoii Hacoc (TUTYHXKEPHBIM HACOC) — OAMH U3 BUIOB OOBbEMHBIX THAPOMAIIIMH, B KOTOPOM
BBITECHUTETISIMU SIBIISIIOTCS OJUH WM HECKOJBKO TOpPIIHEH (ILIYHXKEPOB), COBEPIIAIOIIUX BO3BPATHO-

IMOCTYNATCIbHOC JIBHMIKCHUC.
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T Kmamnan
| S T
1 T
[TopiieHs

Knanan Hatyn [/ Kpmsommm

Puc. 1. CtpykTypHas cxema MopUIHeBOro Hacoca

[IpuHumn paboThl TaKOB: 3a CUET MOCTYNATEIbHOTO ABMXKEHUS HOPIIHS CO3AAETCS pa3pekeHNe B
IOJIOCTH MO/ HUM, U TyJIa 3aCaChIBACTCSI )KUJIKOCTh U3 MOJBOAAIIETO (BCachlBaoIIero) Tpyoonposoa. [lpu
00paTHOM JBM)KEHUH TIOPIITHS Ha BCACHIBAIOIIEM TPYOOIIPOBO/IE 3aKPHIBACTCS KiIalaH, IPeI0TBPAIIAtOLIHHA
MIPOTEYKY >KUJKOCTH OOPAaTHO, M OTKPHIBACTCS KJlalaH Ha HarHETaTeNbHOM TPYyOOIpoOBOe, KOTOPHI ObLI
3aKpBIT P BCAChIBAHUU. TyJla BBITECHSETCS KHUAKOCTh, KOTOpas HaXOAWJIach MO MOPIIHEM, U MPOLIEeCC
noBTopsieTcs. HegocraTok Takoro Hacoca B TOM, UTO JKUJKOCTb JIBUXKETCS [0 TPYOOIIPOBOY € Pa3IMUHOM
CKOPOCTBIO (CKaukaMH). DTOT MOMEHT OOBIYHO OOXOMIST CO3/JaHMEM HAacCOCOB, B KOTOPBIX HECKOJIBKO
nopiHei. OCHOBHOE MPEMMYILECTBO B TOM, YTO OH CIIOCOOEH 3aKauMBaTh *KHUJKOCTb, Oylydd B MOMEHT
IyCKa HE3allOJHEHHBIM €10 (CyXO€ BCachlBaHUE), U IMOITOMY INPUMEHSAETCS OOBIYHO TaM, TJ€ 3TUM
MPEUMYIIECTBOM HEOOXOIMMO BOCIIOIb30BAThCS.

OaHMM W3 HEJOCTAaTKOB MOPIIHEBBIX HACOCOB, KaK U JPYTrUX OOBEMHBIX HACOCOB, SBISIOTCS
MyJAbCALMU M01a4M U aBieHus. [lyabcanun MOXXHO YMEHBUINTD, PAaCIIONI0KHUB HECKOJIBKO MOPIIHEH B psij
U COEIMHUB HMX C OJHUM BaJlOM TakuM 00pa3oM, YTOOBI IUKJIBI MX pabOThl OBUIM CIABHUHYTHI JAPYT
OTHOCHUTENFHO Jpyra 1o ¢asze Ha paBHbIC yriibl. [[pyrum crmocoboM OOpbOBI ¢ IMyibcalueil sBISICTCS
uCnoJib30BaHue U depeHInanbHON cXeMbl BKIOYEHHsI Hacoca), MPU KOTOPOM HarHeTaHue >KUAKOCTU
OCYILECTBISETCSA HE TOJIBKO BO BpeMsl IIPSIMOT'0 X0/1a MOPIIHS, HO U BO BpeMs 00paTHOTO XOJa.

Taxoke MUPOKO NPUMEHSIOT HACOCHI IBYCTOPOHHETO AEUCTBHS, Y KOTOPBIX KaK MMOPIIHEBast, TaK U
HITOKOBasi MOJIOCTh UMEIOT (B oTiinuMe OT IuddepeHIraTbHON cXeMbl BKIIOYEHHs) CBOIO KJIAlaHHYIO
CUCTEMY pacrpeesieHns. Y TaKux HacocoB ko3 dunineHt nynascanuii Huxe, a KI1/] Beire, uem y HacocoB
OJIHOCTOPOHHETO JEHCTBHUS.

[TopiHeBbIe HACOCHI HCIIONIB3YIOTCS € TIYOOKO# ApeBHOCTH. M3BEeCTHO MX MPUMEHEHHE I Lieel
BojocHaOkeHus co Il Beka mo Hamiel 3pel. B HacTosiee BpeMsi OPIIHEBbIE HACOCHI UCIIOIB3YIOTCS B
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CHCTEeMax BOJOCHAOKCHMS, B IHUINEBOH M XMMHUYECKOH HPOMBIIUICHHOCTH, B ObITy. JlnmadparmMeHHbIE

HAaCOCBI UCITIOJIB3YIOTCSA, HAIIPUMEP, B CUCTEMAaxX 1OJAa49u TOIUIMBA B ABUIATCIIAX BHYTPCHHCTO CTOpaHus.

IIpakTnyeckas yacTb
MopeaupoBanue geranu «lllaTtyn»
aTyn npeaHa3HayeH Uil NEpefadyd SHEPruy BPAIIAOUIETOCs KPUBOIIHUIA HA MOCTYHNATEIbHO
JOBIOKyIIUics nopmeHb. Co31aauM 3CKU3 Ha OJHOW M3 0a30BBIX IJIOCKOCTEH, Kak MOKa3aHO Ha puc. 2.
[ToouepenHo nmpumeHnM 3aBUcUMOCTh «KacaTenbHOCTHY Ha 0Tpe30K (1) 1 Okpy:KHOCTH (3), 1 OTPe30K (2)
u okpyxHocTh (3). IIpu nmomoum uHCTpyMeHTa «OOpe3aTb» yNalIuM JIMIIHHE 4YacTU OKPYKHOCTEH M

BbIJIaBUM l'IOJ'Iy‘-IE!HHLIfI JCKH3 Ha 4 MM.

Puc. 2. Ockus neranmu «llatyn»

CoxpaHuM J1eTanb.

Puc. 3. Mogens neranu «lllatyn»

MopaeaupoBanue geranu «Onopa»
Omnopa npegHa3HaueHa I KpPelIeHUs KPUBOLIMIIA HAa KOpIlyce HMopiiHeBoro Hacoca. Co3nanaum
ACKHU3, KaK MOKa3aHo Ha puc. 4. MHcTtpymenTtoMm «O0pe3aTb» yAaauM YTy, BBIJCICHHYIO TYHKTUPOM H

BbIJaBUM HOJ'IY‘ICHHHﬁ 3CKHU3 Ha 5 MM.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 4. Ockus neranu «Onopa»

Ha BepxHell MOBEPXHOCTH JE€Tajv CO3JaJUM 3CKHU3, KaK MOKA3aHO Ha PHUC. 5, U BBIJABUM €ro

HAaCKBO3b I IMOJYYEHUS IIPAMOYT'OJIBHOT'O BBIPE3a.

Puc. 5. Dcku3 1is Beipesa

Puc. 6. Bripe3 Ha Mogenu

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Ha y3koii BepxHell OBEpXHOCTHU JAETaU CO3/AaIUM 3CKHU3, KaK MOKa3aHO Ha pHcC. 26.7, U BbIJaBUM

€ro HaCKBO3b JIA MOJYUCHUA OTBCpCTHfI. COXpaHI/IM JCTallb.

Puc. 7. Dckus nius orBepcTHid

Puc. 8. Mogens neranmu «Onopa»

IMpakTuyeckas padora Ne27
Ilpoexm «Kynaukoewiit nacocy. Moodenupoganue demanneil.
Heab paGoThbl: BOCCTaHOBIICHHE HABBIKOB pabOTHI B mporpamme Autodesk Inventor
Oo0beMm: 1 yac
3asaHue: cO34aTh MOJICNN MPOCTHIX JeTaIen
OOopynoBanue:  TNEpCOHAIBbHBI  KOMIIBIOTEp,  KJIAaBUATypa,  KOMIBIOTEPHAs  MBIIIb,
MIPOEKTOP/MHTEPAKTUBHAS JI0CKA

Iporpammuoe odecneuenune: Autodesk Inventor

IIpakTHYecKast 4acTh
MogaeanpoBanue neranu « HakoHe4YHHK 30/10THHKA)

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

JlaHHast neTanb COeqUHSACT KyJIauKOBBI MEXaHU3M C 30JI0THUKOM. [Ipu MoaennpoBanun obparnte
BHUMaHHE Ha O0O3HAYCHHME Pa3MEpPOB HA HYEPTEXKE - HIKHSIS YacTh MMEET IHaMeTpajbHBIN pa3mep,
CJIEZIOBATEINILHO, SBIISIETCS LIHITMHIPOM.

Co3maaum 3cKu3, Kak II0Ka3aHOo Ha pUc. 1 ¥ BbIaBUM ero Ha 12 mm.

Puc. 1. [IpsamoyronsHbIi napaiesenumne

Ha 60k0BO# TOBEpXHOCTH CO3/1aIUM 3CKU3, KaK IMIOKa3aHO Ha PUC. 2 U BBIAABUM €r0 HACKBO3b JUIS

MOJIy4EHUs IPSIMOYTOJIBHOTO BhIpE3a.

Puc. 2. [lonyuenue Bolpe3a

Ha 0oxoBO# MOBEpXHOCTH H300pa3vM 3CKW3, KaK IMOKa3aHO HAa PHUC. 3, M BBIJIABUM €r0 A

MOJTy4YEeHHUs ABYX OTBEPCTHH.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 3. [lonyuenue oTBepcTuit

Ha HmxHell yacTu neranu co3laJuM 3CKU3 B BUJE OKPY>KHOCTU M BBIJABUM €ro Ha 5 MM C
no6asienueM. O0s13aTeNbHO HCIIONB3yeM HHCTPYMEHT «I opu3oHTanbHOCTE/ BepTukansHocThy. Coxpanum

JIETAJIb.

Puc. 4. Ilonyuenue oTBepcTHii

MopenupoBanue aeranu «BimyckHoil maTpy6ox»
Brycknolt natpy6ok, B xoe paboThl Hacoca, MOMEINAETCs B pe3epByap, U3 KOTOPOro HACOCOM

OTKauyuBaeTCs KUAKOCTh. CO3/1ailuM ACKH3, KaK TIOKA3aHO Ha PHC. 5, ¥ BbIIaBUM €ro Ha 20 MM.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Tpunoxenne 2.1. «CO0pHUK pabOT» K MepONpHUATHIO Ne2

Puc. 5. Mopens neranu «BrmyckHoi naTpy0ok»

[IpemioxuTe ciaymarensM CO31aTh TaKyl XK€ JeTalb, HO C HMCIOJb30BaHUEM HHCTPYMEHTA
«Bpamenne» (kak «Btynka» B mpoekte «bmok»). [lo okoHUaHuum mporiecca MOJETUPOBAHUS
MperoiaBaTeNieM MPOBOJUTCS KOHTPOJIBbHAs MPOBEpPKa padOT YYalIMXCS: MOJEIH JIOJDKHBI OBITh
BBHITIOJTHEHBI KaYECTBEHHO, 0€3 BHU3YalbHBIX Ne(EKTOB. YUEHUKU 3aMOJHSAIOT OTYETHl O BBHIMOJIHEHHUU
paboThl, MpenojaBaTellb MPOBEPSET KAUYECTBO 3AMOJHEHHUS OTYeTa, 0CO00e BHUMAHHUE YIENss MYHKTY O

BO3HUKIIHUX Yy YUCHUKA TPYAHOCTSX - 110 BO3MOKHOCTH, HGO6XOI[I/IMO AaTb COOTBCTCTBYIOIICC IMOSICHCHUC.

IMpakTHyeckasi padora Ne28
IIpoexm «Kynaukoewtit nacoc». Moodenupoeanue demaeil.
Leab padoThl: BocCTaHOBIIEHHE HAaBBIKOB paboThl B mporpamme Autodesk Inventor
O6bem: 1 yac
3aganue: co3qaTh MOJEIN IPOCTPAHCTBEHHBIX JeTanen
O0opynoBaHue: IepcoOHaIbHBIM KOMIIBIOTED, KJIABUATypa, KOMIIbIOTEPHAsl MBIIIb

IMporpammuoe odecneuenne: Autodesk Inventor

I[IpakTnyeckas 4yacTb
MopenupoBanue geranu «KpuBommm»
KpuBomun npuBoauTCs B JEUCTBHME BHEIIHEW CHIIOW M CO3/A€T BpallaTEIbHOE JBH)KEHUE IS
OJIHOTO M3 KOHIIOB IIaTyHA, MPeo0pa3yoIIero 3To ABUKEHHUE B MOCTYNATEIbHOE JIBIYKEHUE JIJIS TIOPIITHS.
Cozmaanm 3CKu3, COCTOSIINN U3 MPSIMOYTOJIbHUKA U IBYX OKPYKHOCTEH, PACTIONOKEHHBIX Ha €T0
MpaBoi M JIeBOM cTopoHax. OOpekeM JIMITHUE AJIEMEHTH ICKH3a W BBIABUM Ha O6MM, 4TOOBI MOTYyYUTH

pe3ynbTaT, Kak Ha puc. 1.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 1. OcHoBaHue KpuBOIIUIIA

Co3manum 3CKH3, Kak MOKa3aHo Ha pUC. 2, U BBIJJTABUM €ro Ha 4 MM.

Puc. 2. MonenupoBanue KpUBOIIMITA

Cozpaaum 3CKM3 HA MOBEPXHOCTHU LWJIMHJPA, KaK IT0KAa3aHO Ha pUC. 3 ¥ BBIJABUM €T0 Ha 8§ MM.

Puc. 3. MonenupoBaHue KpUBOLIMIIA

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

CO3IlaI[I/IM Ha MOBEPXHOCTH NUJIMHAPA 35CKHU3 B BUAC MICCTUYTOJIbHUKA ITPU IMMOMOIINU HHCTPYMEHTA
«MHOFOYI"OJILHI/IK». HBOGPaBI/IM HpOI/IBBOJIBHBIf;I MHOT'OYT'OJIbBHUK, 3aTCM YCTAHOBUM [JIs1 HEro pasmep,
COI'JIaCHO 4YCPTCXKY H BBIPOBHACM, CCJIIN HCO6XO)II/IMO, OAVH H3 YIJIOB IPpH NOMOIIMW HWHCTPYMCHTA

«I"opusonTanbHOCTE/BepTrkanbHOCTHY. BhigaBum scku3 Ha 15 M.

D Conpsxenne ~
A Texcer ~

- | -+ Touxa
E] Mpamoyronbhmk
Mo asym Toukam
Mpamoyronbumk

Mo Tpem Toukam

—9 Mpamoyronbumnk
IMo ABymM TouKaM 1 LEHTpY

6 Mpamoyronbumk
Mo Tpem Toukam 1 LEeHTpy

Nas
O7 uenTpa Ao ueHTpa
Nas
@ OBLumit
Nas
LlentpansHas Touka

@5
Ayra no Tpem Toukam
(=0 Nas
ERRL S e
MeuoroyronbHuk
MHoroyronsHuk

Puc. 4. Tlonydenue mecTurpaHHOM MPU3MBI

Cozmagum OCKH13, KaK ITOKa3aHo Ha puc. 5 ¥ BBIIABUM €TI0 HACKBO3b JJIS IMOJIYYCHUS OTBEPCTUA.

Puc. 5. Coznanue orBepcTust

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Ha nnockoii 60K0BOM MOBEPXHOCTH JETalU CO3[aJUM 3CKH3, KaK MOKa3aHO Ha pHcC. 6 U BhIIaBUM

€ro HaCKBO3b JIA IMMOJIYYCHUA OTBCPCTHA. COXpaHI/IM JC€Tallb.

Puc. 6. Co3znanue paauaabHOro OTBEPCTUSA

Mopneauposanue geranau «Hoxkka Hacoca»

JanHas gneranp B JBYX SK3eMIUIsIpax HeoOXoAauMa Ui MOJJEp)KaHUs KOpIyca Hacoca Ha
HEeOOJIBIIIOM PacCTOSTHUM OT JHA pe3epByapa, B KOTOPbII MOMeNaeTcsi MOPIIHEBON HacocC.

Cozmaaum 3CKU3, Kak MMOKa3aHo Ha pucyHke. CHaudana, Ipu NOMOIIM HHCTpyMeHTa «OTpe3ok» U
«yra mo TpemM Todkam» H300pa3uM BHENIHWNA KOHTYp iAetanu. JlJis co3mgaHusi Iyrd BBEIOMpaeM
COOTBETCTBYIOIIUN UHCTPYMEHT, HaxkumaeM JIKM B touke (1) u (2) A5 yCTaHOBKHM KOHIIOB JAYTH, 3aTEM,
NepPEMECTUB yKa3aTelb MbIIIM HEMHOTO BBepX, HaskumaeM JIKM B Touke (3) 1151 3a1aHUsl KPUBU3HBI TyTH

(cm. puc. 7).

Puc. 7. IloctpoeHue nyru no TpeM To4Kam

LIPpUJIOKCHUE £.1. «KCOOPHUK PAVOT» K MCPOLIPUATUIO IN8L

(ctpanwuma 137 u3 252)



[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

3amaguM  paBEHCTBO MEXKIY COOTBETCTBYIOIIMMHU OTpe3KamMH (3aBHUCUMOCTh «PaBeHCTBOY),

YCTaHOBUM HeO6XOI[I/IMBIC PasMEPLI U BbIAABUM 3CKH3 Ha 5 MMm.

Puc. 8. [Ipoduins HOXKKH

CozmaguM 3CKU3 Ha MOBEPXHOCTH AETANIM, KaK IOKa3aHO Ha puc. 9. Ui 3TOro BOCIOIB3YyeMCs
UHCTpYMEHTOM «CMelieHne» ¢ BEIMYMHON 2,5 MM. BpIIaBUM NONMY4eHHBINH 3CKHU3 BHYTPb AETANU, I

MOJTy4YeHHUS yrITyOJeHus, Ha 2,5MM.

% Meperoc N Obpesats )] Macwira

O% Kenupoeats -—'-'l Yanuaute [} Pactal

O Mosopot —|- Pasgenur & Cmelerune
WsmennTe

Puc. 9. Pabora nactpymenTa «CMemIeHne»

C03I[aIII/IM OCKH3, KaK IIOKa3aHO Ha PUCYHKE, U BbIAABUM €TI0 HACKBO3b IJId IMOJIYYCHHUA OTBCpCTPIfI

B fetanu. CoXpaHUM JeTallb.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 10. ITony4yenue orBepcTus

IIpakTnuyeckas padora Ne29
IIpoexm «Kynaukoewtit nacoc». Moodenupoeanue demaeil.
eab padoThI: BOCCTAaHOBIICHHE HABBIKOB paboThI B Iporpamme Autodesk Inventor
Oo6bem: | yac
3aganme: co31aTh MOJIENH JleTallell O CIOXKHBIMH 3CKU3aMU
O0opynoBaHue: IepcoOHaIbHBIN KOMIIBIOTED, KJIABUATypa, KOMIIbIOTEPHAs: MBIIIb

Iporpammuoe odecnieuenune: Autodesk Inventor

IIpakTHyeckas 4acTb
MopenupoBanue aeranu «Kymaadox»
Co3maanum 3cKu3, Kak mokaszano Ha puc. 1, rae (1) - (4) - nyru, (5) u (6) - otpesku. [ ycTaHOBKH
pasMepa OTPe3KOB, Kak Ha pUCYHKE, TIOCIIe BEIOOpa O0Tpe3ka HHCTpyMeHTOM «Pa3mepbi», HaxumaeM [TKM,

U U3 KOHTEKCTHOTO MeHIo BhiOupaeM «llapaniensHo». BeinaBum scku3 Ha 4 MM.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 1. Dcku3 npoduist Kynadka

[Tpu momonn uHCTpyMeHTa «CMEIIeHNE» CO3/IaIuM 3CKHU3, KaK TOKa3aHOo Ha pPHUC. 2, U BBIJABUM

€ro BHYTpPb JIETAJIM HA 2 MM.

Puc. 2. IlonydyeHne kaHaBKU AJIs1 TOJIKATES

Co3zmaanm CKH3, Kak TIOKa3aHo Ha PUC. 3, ¥ BBIJIABUM €0 HACKBO3b JJIs CO3aHHS BBIpE3a.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 140 u3 252)



[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 3. [lonydenue mecTurpaHHoro nasa

Jlo6GaBuM CONPSHKEHUS U COXPAHUM JI€Tallb.

Puc. 4. Mognens neranu «Kymagoky»

MopenupoBanue aeranu «lleiika maryna»

Co3manum 3CKu3, Kak MOKa3aHo Ha pUC. 5, ¥ BBIJABUM €ro Ha 16 MMm.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 5. Hummnap nna neranu «llleiika marynay

Ha onHoi M3 0a30BBIX IUIOCKOCTEH, MEPECEKAOIINX TEJ0, BBIIIOJHUM 3CKH3, KaK MOKa3aHO Ha

puc. 6, 1 CHMMETPUYHO BBIJJABUM €0 JIJIsl CO3aHusl OTBepcTHil. COXpaHUM JeTalb.

Puc. 6. [TonydyeHne CKBO3HBIX paauaibHBIX OTBEPCTHI

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Ipunoxenue 2.1. «CO0pHUK paboT» K MeponpusThio Ne2

IIpakTnyeckas padora Ne30
IIpoexm «Kynaukoewtit nacoc». Mooenupoeanue demaeil.
Heab padoThl: BOCCTaHOBJICHHE HABBIKOB pabOTHI B porpamMme Autodesk Inventor
Oo0bem: | yac
3ajanme: co31aTh MOJENIU CIOXKHBIX JeTaeH
O0opynoBanme: NepCOHATBHBIN KOMIIBIOTED, KJIIABUATYPA, KOMITBIOTEPHASI MBIIIb

IIporpammuoe odecnieuenne: Autodesk Inventor

IIpakTHYeckast 4acTh
MogaeanpoBanue aeranau « BeimyckHoii naTpyoox»
JlaHHas neTanb CIY>KUT JUIS BBITYCKa BOJBI M3 KOpITyca MOPIIHEBOTO HAcOCa B XOJI€ €ro padOTHI.
CozmaauM ACKM3, Kak IMOKa3aHO Ha puc. 1 u mpumeM ero. (0OpaTuM BHUMaHHE Ha 3aBHCHUMOCTH

KacaTCJIbHOCTU MEXAY AyraMu U OTpe3KaMI/I).

Puc. 1. Ockuz npoduis

Ha 6a30Bo#i MI0CKOCTH, MEPIICHAUKYIIPHONU OTpe3ky 30 MM, cO3/1auM ACKHU3, KaK TTOKa3aHO Ha

pHC. 2 ¥ IPUMEM €TO.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 2. Dckus ceuenns

ITpu nomomu nHCTpyMeHTa «CABUY CO3/1aAUM 00BbEMHOE TeNo, (T/1€ ePBBIA 3CKHU3 - TPACKTOPHS,

BTOPOM ACKH3 - MPODUIIb) U COXPAHUM JIETAITb.

Puc. 3. Monenb netanu «BBITyCKHOM MaTpyOOK»

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

MogaeanpoBanue aeranu «Illopmens»
JlanHas nertanb, B X0€ pabOThI MOPIITHEBOTO HACOCA, IBUKETCS] BHYTPH [IWIHHIPHYECKOTO KaHaIa

B KOpITyCe, CO3/1aBasi IaBJICHHE/pa3perKeHHEe, HEOOXOIMMBbIC ISl PYHKIIMOHUPOBAHHUS YCTPOMCTBA.

Co3aaaum 3¢Ku3, Kak II0Ka3aHO Ha pUC. 4, ¥ BbIIaBUM ero Ha 20 MM.

Puc. 4. Moaens nosoro HuanHApa sl HOPUTHS

Ha amxnueit TIOBEPXHOCTHU CO3a/IUM OCKHM3 B BUAC OKPYKHOCTHU U BbIAABUM €TI0 BHYTPb A€TAIN IJIA

CO3/IaHUS JTHA TTOPIIIHSA.

Puc. 5. Co3znanue qHs mopurHs

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Ha omtHOI 13 6a30BBIX IIIOCKOCTEH, TIEPECEKAIOIINX IeTallb, CO3/IaMM 3CKU3, KaK MOKa3aHO Ha PHC.

6, 1 CUMMETPUYHO BbIJIaBUM €10 18 MMm.

Puc. 6. Co3znanue meiku NOpIHs

Ha s3t1oit sxe 6a30BOM TUIOCKOCTH CO3JaJIMM ICKH3, KaK IMOKAa3aHO HAa PUCYHKE, U BBIIABHM €O

CUMMCTPUYHO, HACKBO3b ACTAJIU, JJIA CO3AaHUA OTBCPCTHA.

Puc. 7. Co3nanue CKBO3HOTO OTBEPCTHSI B IICHKE TTOPIITHS

COBI[&III/IM Ha BCpXHCﬁ TNIOCKOCTH IMOPHIHSA 3CKH3, KaK IMOKAa3aHO Ha pUcC. 8, U BBIPCIKEM €TI0

BbIJaBJIMBAHHUECM Tak, YTOOBI Ipope3aTb HACKBO3b mCﬁKy MMOPIIHA. COXpaHI/IM JC€Tallb.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Puc. 8. Co3nanue Boipesa

IIpakTnyeckas padora Ne31
IIpoexm «Kynauxoewtit nacoc». Moodenupoeanue cioxcHoil KOPRYCHOU 0emaJiu.
ean padoThl: U3ydeHUE TPUEMOB MOJICITUPOBAHMS CIIOKHBIX JeTaJIeH
Oo6beMm: 1 yac
3aganue: co3naTh MOZEIb CI0XKHON KOPITYCHOU J€Taau
O0opynoBaHue: IepcOHAIbHBIM KOMIIBIOTED, KJIABUATypa, KOMIIbIOTEPHAs: MBIIIb

Iporpammuoe odecnieuenune: Autodesk Inventor

IIpakTnyeckas 4acTb
MopnenupoBanue geranau «Kopmyc Hacocay
JlanHas neranb MpeacTaBiseT cO00W OCHOBY JUIS KPEIUICHUS BCEX OCTAIBHBIX JETalleH MPOCKTa,
BHYTPHU KOTOPOH HaXOJIATCS KaHAIIbI, IO KOTOPBIM M3 BITYCKHOTO MaTpyOKa BOJIa IBUKETCS K BBITYCKHOMY.

Co3pmanum 3cKHU3, Kak MOKa3aHo Ha puc. 1, ¥ BeIIaBUM ero Ha 50 mwm.

Puc. 1. ba3oBs1ii 3ckn3

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Ha ontHOIi 13 6a30BBIX TIOCKOCTEH, TepeceKaroIei TOIBKO O0IBIION IMITHHAP ETalH, H300pa3uM

9CKH3, KaK IMOKAa3aHO Ha pUC. 2, 1 BbIJaBUM €TI0 CUMMCTPUYHO Ha 45 Mm.

Puc. 2. CoenunutenpHble TpyOKH

Coszmaanm 3cKu3 Ha 0a30BOM TIIOCKOCTH, TPOXOIAIICH Yepe3 BCe IUITUH/IPHI IeTaH, KaK TOKa3aHO

Ha pUc. 3, ¥ CHMMETPUYHO BBIJaBUM €T0 Ha 2,5 MM.

Puc. 3. Pebpa xxectkocTu

Ha Tonbpk0 4TO cO31aHHON TOBEPXHOCTH CO3/a/IMM ICKHU3, KaK TTOKa3aHO Ha puc. 4, U BBIJIABUM €T0

HaCKBO3b, AJ1A CO3aHHA OTBCpCTHﬁ.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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Puc. 4. [lonyuenue KpenexHbIX OTBEPCTHI

[Ipyn momMomy WHCTPYMEHTA «3epKaTbHBIA MAacCHB» W 0a30BOM IUIOCKOCTH CO3MaJUM KOIHIO

Habopa OTBEPCTHIA.

Puc. 5. 3epkanbHoe oTpakeHHe OTBEPCTHI

Ha BCpXHCﬁ MOBCPXHOCTU ACTATIM CO3JaAUM 3CKHU3, KAK IMOKA3aHO Ha pHC.6 1 BbIJaBHUM €TI0

HaCKBO3b.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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Puc. 6. Beipezanue CKBO3HBIX OTBEPCTUN

Ha 0a3oBoii minockocTu aeTanu, TpOXOIAIIeld TOIbKO Yepe3 CPelHUuN [MUIUHAP, CO3MaAUM ICKU3,

KaK IMOKa3aHo Ha pHC. 7, ¥ BEIPEIKEM €ro CHMMETpUYHO Ha 45MM. CoXpaHUM JIeTallb.

Puc. 7. Beipe3anne kaHaI0B

Ha mamxueit TIOBEPXHOCTH CO3aaIUM 3CKU3 B BUIIC OKPYKHOCTH, U BBIJTABUM €I'0 BHYTPb A€TAIN IJI

CO3/aHMs THA KOPITyCa.

Puc. 8. Co3ganue gua

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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JleTans rorosa.

Puc. 9. [lerans «Koprmyc»

IIpakTnyeckas padora Ne32
Ilpoexm «Kynaukoewiit nacocy. Coopka uzdenus.
Iean padoThl: co3manne cOOPKH CO CIONKHBIMU 3aBHCUMOCTSIMU
Oo0beMm: 1 yac
3amaHue: co3aaTh MOJEIb COOPKH
O0opynoBanme: NepcoOHAIbHBIN KOMIBIOTEDP, KJIABUATYPA, KOMITBIOTEPHASI MBIIIb

Iporpammuoe odecneuenune: Autodesk Inventor

HpaKTI/I‘ICCKaﬂ 4acTb

Co3nanue cOOPKHU KYyJAa4YKOBOI0 HACOCA

Jlo6aBuM B COOPKY OCHOBHYIO JI€TaJIb - KOPILYC, U 3aKPENHM €€ B Hadaje KOOpAHHAT.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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Puc. 1. [lerans «Koprmyc»

Jlo6GaBuM /1Be HOXKKM Hacoca. [l 3TOro, B MOMEHT pa3MellleHHs JeTanu Ha paboueil obmactw,

nBax bl HakMuTe JIKM B pazHbIX Toukax paboyero mpocTpaHCTBa.

Puc. 2. BecraBka HOXKEK

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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ITpu momontn mHCTpyMeHTa «COEANHEHNE) NMPHUKPENMM HOXKY K KOPITyCy, BHIOpaB 3JIEMEHTHI,
MOKa3aHHbIE HAa pPHCYHKE. B ciyuae, eciam coenuHseMble 3JIEMEHTHI BBIOpAaHBI BEPHO, HO JETalb
OpUEHTHPOBAaHA HEKOPPEKTHO, wucmonb3yiite wukoHKM (1) m (2). Ecim mnpuxperuisemas Jeraib
pacrioyiaraercsi oji HEBEpHbIM yIJIOM, BblOepeTe TUll coequHeHUs «C MOBOPOTOM», 3aTeéM, BO BKIAJKE
«IIpenenbl», ycranaBiuBaeM Tekyuui npeaen kpatueiii 90 (90, 180, 270), moka nerans HE pa3MECTUTCS
BEPHO. YCTaHOBHMM TajJO4K{ JUIsl HayaJlbHOIO U UTOTOBOTO 3HAYEHHWM, paBHBIX TEKYIIEMY, U IPUMEM

orepanuo. AHaJIOTHYHBIM CIIOCOOOM KPETUM BTOPYIO HOXKKY.

Puc. 3. Coenmaenne HOXEK

BcraBuM B COOpKY, aHAJIOTUYHBIM CIIOCOOOM, BIYCKHOW M BBITYCKHOW TAaTpyOKW, BBIOUpAs B

Ka4eCcTBE COEJIMHSAEMBIX 2JIEMEHTOB OKPYKHOCTH BHH3Y KOPITyca M OKPYTJIbIE Kpast MaTpyOKOB.

Puc. 4. Ilpucoenunenve natpyOKkoB

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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Janee, ananornyHbIM ciocoOoM, 100aBUM B COOPKY J1BE OMOPHI. BakHO, 4TOOBI COOTBETCTBYIOIINE

OTBCPCTHA B OIIOpaX U KOPITYCC HAXOAMUJIMCH HA OAHOM YPOBHC.

Puc. S. Ilpucoeaunenue onop

Jlo6GaBuM B cOOpPKY /IBa KPHUBOIIHIIA, BBIPOBHSB UX OCH C OCSIMH OTBEPCTHH B OMOPax MPH MOMOIIH

WHCTPYMEHTa «3aBUCUMOCTHY.

Puc. 6. [Ipucoenunenre KpuBoOIIUIIa

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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Tenepb BBIPOBHSEM OCH OTBEPCTUH KpPUBOIIUIA MPHU IOMOLIM HHCTPYMEHTa «3aBUCHUMOCTbHY,

AHAJIOTUYHO INPOIIJIOMY HIary. BBI6CpCM BHYTPCHHUC ITIOBCPXHOCTU OTBCpCTI/Iﬁ " IpUMEM OIICpalrIo.

Puc. 7. CoenuHeHne KPUBOIIMIIOB

AHaNOrn4YHBIM 00Pa30M BBIPOBHSIEM OCH HIEHKH IIATyHa U OTBEPCTUH B KPUBOLIMIIAX IPU MTOMOIIN
MHCTPYMEHTA «3aBUCUMOCTBY. 3aTEM BBIPOBHSEM OCH OTBEPCTUH B LIEHKE IIATYHA C OCSIMU OTBEPCTUH B

KpUBOIIMIIAX.

Puc. 8. I[Ipucoeaunenue meku maTyHa

ITpu nomouy nHCTpyMeHTa «CoeiMHEeHNe» MPUCOeIMHUM K cOopke maTyH. [Ipu 3Tom BaxkHo, ipu
BbIOOpE A11eMeHTOB, HaxkuMaTh JIKM MMEeHHO Ha cpefHMe 3elleHble TOUKU 3JeMeHTOB. Ecnu BeIOpaTh He
MOJTy4aeTcs, HABOJUM YKa3aTelb MBI Ha HY>)KHYIO IOBEPXHOCTB, 3aTeM yaepxuBaeM CTRL u BeiOupaem
HYXXHYIO TOUKY.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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Puc. 9. IIpucoenunenue maryna

3axxaB JIKM Ha mo0yro U3 JeTajeii, ee MOXKHO IepeMenaTh B IpOCTpaHCTBE cOOpku. [emaem 3To,
0 He0OXOIMMOCTH, /TS O0JIee yIOOHOTO MPeICTaBICHUS TeKylIe cOopku. JJo6aBuM B COOPKY OPIICHB,
BBIPOBHSIB €0 OCh C OChIO IIEHTPAJIBHOTO IMIIMHJIPA Kopiyca. Takke 3aKperuM MOpIIeHb Ha [IaTyH MpU

IIOMOIIN HHCTPYMEHTA «COGI[I/IHGHI/IG».

Puc. 10. [IpucoeauHeHue mopurHs

I[O6aBI/IM B C60pKy KJIaltaHbI 30JIOTHUKA, BBIPOBHSAB UX OCHU C OCIAMU OTBepCTI/Iﬁ B KOpIIyCe.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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Puc. 11. BecraBka 30JI0THUKOB

3aerl'II/IM HAaKOHCYHHMK 30JIOTHHKAa Ha BCPIIMHAX KIIAIIAHOB. Vkaxem TUIO COCAUHCHUA -

«KecTkuii.

Puc. 12. CoennHenne HaKOHEYHUKOB C 30JIOTHUKAMU

Jo6aBuM B cOOpKY KYJIauOK M COEAMHHM €T0 C KPUBOIIHMIIOM, BHIOpaB MOKa3aHHbIC HA PUCYHKE
37eMeHThl. Tun coenuHeHus - «{unmHapudeckuin». Y CTaHOBUM 3aBUCHUMOCTh MEKIY OJAHOM U3 TpaHeu
OTBEPCTHS B KyJayKe W MOBEPXHOCTHIO KpUBOIIUMNA. BeiOepeM THIT 3aBUCUMOCTH «YTJIOBOI», a CIIocod

peuienus - «HanpaBneHHbI». AHaTOTUYHO JJIs1 KyJlauKa Ha APYroid CTOpOHE JETalH.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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Onopet & c6opke

CBopka  pi Habop orpar
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Puc. 13. Coenqunenue Kynauka

Tenepp, npu MOMOIIU HHCTPYMEHTA «3aBUCUMOCTD), IPUCOEAUHUM 3aHIOI0 INIOCKOCTh KyJlauKa

K COOTBCTCTBYIOHICﬁ IJIOCKOCTHU HAKOHCYHHWKA 30JI0THUKA.

Puc. 14. BpraBHI/IBaHI/IC KyJIauKa ¢ HAKOHCYHHUKOM 30JIOTHUKA

Jlo6aBum k coopke kpenexHbie uznenus. B CAIIP cymecTByeT Mo1yib, TO3BOJISIOMIAA JOOABIIATH
KpemneX M3 TOTOBOM OMONMHMOTEKM CTaHAApTHU3UPOBAHHBIX AJIEMEHTOB, aBTOMATHYECKH IOAOUPArOIIHiA
KpemneX K OTBEPCTUSIM CMOJICTUPOBAHHBIX JAeTaneil. BeioepeM MHCTpyMeHT «boNTOBOE COeNMHEHUE» BO

Brianke «lIpoexktupoBanuey. 3agaaum napaMeTphl, Kak Ha puc. 14, BeIOepeM KpereKHbII 2JIEMEHT.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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Puc. 15. BcraBka KpemnekHOTO dJIeMEeHTa U3 OMOIMOTEKH
YCTaHOBMM  YIPaBISIONIYIO  3aBHCHMOCTB

IMPOTHUBOIIOJIOXKHOI'O KYyJIadyKa.

«O0OKartkay.

Apanornydgo ciaeilmaeM  JUIA
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PeaakTuposarue onop
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Puc. 16. 3aBucumocts «O0OKaTKa»

VYcraHoBuM KPEIIC)KH BO BCEX HCO6XOI[I/IMBIX MECTax. COXpaHI/IM C60pKy.

Puc. 17. I'otoBas c6opka
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(crpanuna 160 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

IIpakTuyeckasi pa6ora Ne33
Ilpoexm «Kynauxoewtii Hacoc». Anumayus pazéopKu mexanusma.
Lesan padoThl: BOCCTaHOBIICHNE HaBBIKOB paboThl B mporpamme Autodesk Inventor
Ob6bem: 1 yac
3aganue: nony4yuTh BUaeo(daiin c annManuei pa30opku MexaHu3Ma
O0opynoBanme: IepcOHaIbHBIN KOMIIBIOTED, KJIABUATypa, KOMIIbIOTEPHAs MBIIIb

IIporpammuoe odecnieuenne: Autodesk Inventor

IIpakTHYecKkast 4acTh
Co3nanne cxeMbl KyJ1a4KOBOI'0 HACOCa

Co3znamum (aiin cxembl, yKakeM IyTh K COOpKe MOPLUIHEBOI0 Hacoca.

Puc. 1. KynaukoBslii Hacoc

Bribepem uHCTpymMeHT «CIBUHYTh KOMIIOHEHTBI», 3aT€M BbIOEpeM OJHY M3 JAeTaieil. YKaxeMm

IapaMeTpsl, Kak Ha pHUC. 2 U IPUMEM OIEPALUIO.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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| Morvas Tpsexropus v |

(O

Puc. 2. CaBur KOMIOHEHTA

I[anee, aHAJIOTMYHBIM CIIOCOOOM CABUTacM BCC KOMIIOHCHTBI.

Puc. 3. CaBur ocTaJbHBIX KOMIIOHEHTOB

Bri0epeM HHCTpYMEHT «3anuch BUJEO», COXPAHUM BUJEOPOIIHK.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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JlaGoparopHasi padora Ne34
«H3yuenue memoooe 3D-ckanuposanusny
Hean pa6oThl: n3ydenre MeTo 0B 3D-ckaHupoBaHuUs
Oo6bem: 1 yac
3agaHue: CpaBHUTH OCHOBHBIE METObI 3D-ckaHUpPOBaHUS
OOopynoBaHMe:  TIEPCOHANBHBIM  KOMIBIOTEp,  KJIABUATypa,  KOMIBIOTEPHAS  MBIIIb,

MIPOEKTOP/MHTEPAKTUBHAS J10cka, 3D-ckanep Artec Eva

Teopernueckasi 4acTb

MeTtoabl 3D-ckaHnpoBaHus

3amaun MOoAM(UKAIMK TEXHOJIOTMYECKOTO MpoIlecca Ha OCHOBAHMM aHAIHM3a HM3TOTOBJICHHOTO
U3JeNNsl, U3y4eHUs] cOOMPaeMOCTH JIeTallei, BBICOKOTOYHOTO KOHTPOJSI HEMOCPEICTBEHHO Ha pabouem
MECT€ WM NPOBEIACHMSI BHUPTYaJbHBIX HCIBITAHUI HAa OCHOBE TPEXMEPHBIX MOJENIEH BBIABWIN
HE00XO0IMMOCTh CO3JJaHHSI HOBOTO Kjlacca 000pyA0BaHus, OTYyYUBIIEro Ha3BaHue «3D-ckaHepy.

B nanubIif k11ace 060py10BaHus BXOIAT Pa3InyHbIe YCTPOMCTBA, METOI pAOOTHI KOTOPBIX 3a4aCTYIO
KOpPEHHBIM 00pa3oM OTJIMYAeTCs OPYr OT Apyra, HO BCE OHM TO3BOJISIOT GopmupoBath 3D-mozens Ha
OCHOBE (hM3MUYECKOT0 00BEKTa, T.C. MPOU3BOAUTH ONM(PPOBKY. Hanbosiee 4acTo MCHOIb3yeMbIe METOMIBI
MO’KHO pa3JIeJIUTh Ha TPU IPYIIIbIL:

e TOYEYHAs TPUAHTYJIALINS;
e JIMHEHHas TPUAHTYJIALUS;
e UHTEp(PEPEHIIMOHHOE MPOCIUPOBAHHE.

Toueunast TpuaHryIANHA

IIpyn ucnonbp30BaHMM TOYEYHOW TPHUAHTYJSILUU C IMOMOIIBIO IMyNa B OAWH MOMEHT BPEMEHU
MOJIy4aroT KOOpJAUHATHI 0/1HOHM Touku. Cxema JOeicTBUS IpeacTaBieHa Ha puc. 1. Jlyig monydeHus Bcel
MOJIETN U3/IeNINs IPOU3BOIUTCS 00X0/] MO XapaKTepHbIM ToukaM. Eciu 00beKT u3MepeHus IpeCcTaBIIsieT
cOOOH CIOXKHYIO JAeTalb, TO KOJUYECTBO H3MEPEHUH NPHUXOAUTCS YBEIMYMBATH MPOMOPIHUOHAIBHO
co)kHOCTH. [loBepXHOCTH MeXAy OmKaWIIMMU H3MEPEHHBIMH TOYKAaMHM  BBICTpAUBAaeTCAd 10
MaTeMaTHYeCKUM aJITOPUTMaM, TEM CaMbIM BHOCHUTCSI IOTPEIIHOCTD B MOCTpOeHHE MoieH. Takxke 00beKT
JOJKeH ObITh 3a(UMKCUpPOBaH Ha MPOTSDKEHUU BCEro Mmporecca u3MepeHus. KOHTaKTHBIM METO0M

BO3MOXHO U3MCPATH TOJIBKO OTHOCUTCIIBHO TBCPABIC IIOBECPXHOCTHU.

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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Puc. 1. Cxema CKaHHUPOBAHHUA MCTOIOM TOYECYHOM TPUAHTYJIALIUA

JInHelHass TPHAHTYIALUA

[Ipy nMHENHON TPHUAHTYJSALMM C MOMOLIBIO JIyda Jla3epa WM UCTOYHMKA CBETA IPOECLUPYETCA
110J10Ca, KOTOpasi CUMUThIBaeTcs U(poBoii kamepoil. Cxema AEHCTBUS CHUCTEM, OCHOBAaHHBIX HAa JTaHHOM
MeToze, npuBeaeHa Ha puc. 2. IlocienoBarenbHO mpoenupysl MOJOCY Ha BCE MOBEPXHOCTH, OOBEKT
OXBaThIBa€TCS MOJHOCTHIO. CUNTAaHHBIE ITOJOCKH IPE0OPA3YIOTCS B KOOPANHATHI COCTABIISAIOIUX UX TOUEK.
B cBs3u ¢ 0COOEHHOCTSIMM IPOELUMPOBAHUS IIOJOCHI, BO3HHUKAIOT OTPaHUYEHUS [0 BO3MOXKHOCTHU
CKaHMpoBaHUs 0O0beKkToB. Ha neranmsx Moryr OBbITh 30HBI, HEJOCTYMHBIE JUIi CHCTEM JIA3€PHOrO

CKaHHUPOBAHUH.

Puc. 2. Cxematndeckoe n300paxxeHne METO/1a INHEHHON TPHAHTYIAUN

HNHTepdepeHInOHHOE TPOEHMPOBAHME
HNutepdepentinonnbie  3D-ckaHepbl OCHOBaHBI Ha MPOCIUPOBAHUHM OEJOTO CBeTa, MOBEPX

CUMTBIBAEMOT0 HU(POBBIMUA KaMepaMy ydacTKa moBepXHOcTU. Cxema paboThl cHCTEM, OCHOBAaHHBIX Ha

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
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JTaHHOM MeTojie, TpuBecHa Ha puc. 3. [{udpoBoit kamepoit CYUTHIBACTCS MOJI0KEHNUE TOYEK 00BEKTa Cpazy
CO BCEH MU3MEPUTEIILHON IUIOMIAIA 33 CYET MPOCLIMPOBAHNS MHOXKECTBA JIMHUN HA Y4aCTOK MOBEPXHOCTH.
Cucrema CKaHHUpOBaHUA HPOBOAUT aBTOMATHYCCKUH CABUI' JIMHUW W IMOJY4YaCT KOOPAWHATHI CO BCEroO
y4acTKa MOBEPXHOCTU u3aenud. JJis moaydeHus! MOJTHON MOJENN U3/IeJINe CKAHUPYETCS C Pa3HbIX CTOPOH.
3a OJHO H3MepeHHEe NPOCHUPYETCS] HECKOJIbKO HHTEP(EPEHIIMOHHBIX KapTHH, MOKPBIBAIOIIUX BCIO
uccaeayeMyro oonactb. VMcnonp3ys CHUMKU ¢ KaMep U YUUTBIBasi IOCTOSIHCTBO YIJIa MEXKIY KaMepaMu,
nporpaMMHbIM O6€CH€‘-ICHI/IGM CHUCTCMBI OMMPCACIIAOTCA KOOPAUHATHI TOUYCK HAa ITOBCPXHOCTHU OGT:GKTa.

Lindpoeas [poekTop
kamepa

MoBEepXHOCTb Mpoekuun

Puc. 3. Cxemarnueckoe n3o0pakeHrne MeToJja MHTEPPEPEHLINOHHOTO TPOEUPOBAHUS

MeTton TOYEYHOH TPUAHTYJSALMM IPENOCTABIAECT MOBBILIEHHYIO TOYHOCTh CKAaHMPOBAHUS IO
CPaBHEHHUIO C JAPYTUMH 3a CUET ONpPEJEICHUs TOJOKEHUS TOUEK MOBEPXHOCTH KOHTAKTHBIM CIIOCOOOM.
MeTto TMHENHOM TPUAHTYJISIUU YCTYIaeT 0 TOYHOCTH BCEM MPECTABICHHBIM METO/1aM CKaHUPOBAHHUS.
CkopocTb pabOThl MU JTUHEWHOW TPUAHTYISIIIMA HaMHOTO OOJIbIlIe, YEM Yy TOUEYHOH, HO HUXKE, YeM Y
UHTEepEpEeHIIMOHHOTO MpoenpoBanusa. Ha MeToze HHTepPEepeHIIMOHHOTO POSIIMPOBAHUS OCHOBAH P
MOOUJIBHBIX CHCTEM.

Takum o006pa3oM, B 3aBUCUMOCTH OT TpeOOBaHMI HMEETCSI BO3MOXHOCTH BBIOpPAaTh METO/,
MTO3BOJISIFOIINN MOJyYUTh ONTUMAJIbHBIE XapaKTEPUCTUKH JUIsI KOHKPETHOM 3a/1a4H.

IIo OKOHUaHMM TEOPETHUYECKON YacTH IPENoJaBaTeIeM MPOBOAUTCS KOHTPOJbHAs IPOBEpKa
MOJIYUEHHBIX YYal[UMUCS 3HAHWN, OTBETHl HAa BO3HMKAIOIIME BOMPOCHI. YUEHUKH 3AMOJHSIOT OTYETHI O
BBITIOJTHEHUH Pa0OTHI, IPETOAaBaTelb IPOBEPSET KaueCTBO 3aM0JIHEHUS 0TYeTa, 0C000€ BHUMaHUE yIemss
MYHKTY O BO3HUKIIUX y YYEHHKA TPYAHOCTAX - MO BO3MOXKHOCTH, HEOOXOAUMO JaTh COOTBETCTBYIOILEE
MOSICHEHHUE.
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JlaGoparopHasi padora Ne35
«Ocobennocmu 3D-ckanupoeanus 00vekma cpeonezo OuanazoHay
eanb padoThl: n3ydyeHue nopsika BbinoaHeHus: 3D-ckannpoBaHust
O6bem: 1 yac
3ananue: no3HakoMuThCA ¢ 3D-ckanepom Artec Eva
OOopynoBanme:  IEpCOHAIBHBIM  KOMIBIOTEP,  KJIABUATypa,  KOMIIBIOTEPHAs  MbIb,

MIPOEKTOP/MHTEPAKTUBHAS J10cka, 3D-ckanep Artec Eva

Teoperuueckas 4acTb

3D-ckaHupoBaHHe 00BEKTOB CpeHero Juana3oHa

Jliis ckaHupoBaHUA B paMKax cpeaHero auamna3ona (ot 30-40 cm mo 1-2 M) 4acTo MCHONIB3YIOTCS
pyunbie 3D-ckaHepbl, KOTOpbIE COYETAIOT JOCTATOYHYIO TOYHOCTh C MOOMIIBHOCTBIO U CKOPOCTHIO
noctpoenust 3D-moneneid. Yacto s Takux 3a1ad Mcnoib3yroT 3D-ckanepsl kommanuu Artec - Eva,
Spider, Leo.

3D-ckanep Artec mpezactaBiseT co0oil BUIEOKaMepy, PETUCTPHUPYIOMIYIO KaApbl, KaXKIbIA W3
KOTOPBIX SIBJISIETCS 00bEMHBIM H300paxkeHneM. CkaHepsl Artec OTIIMYAIOTCS IPOCTOTON MCITOJIb30BAHUS U
APYKeIMOOHBIM HHTEP(EHCcOM, TOITOMY HUACATBHO MOAXOIAT UTs yueOHOTro nponecca. O1HaKo, Kak 1 Bce
CKaHephl, OHU JIOBOJIBHO TPEOOBATENIbHBI K BEIYUCIUTEIBHBIM MOIIHOCTSIM KOMIIBIOTEPA, C KOTOPBIM OHH
ucnonib3yrorcs. [Ipoueaypa ckaHMpOBaHUS 3aKIIFOYAETCs B TOM, YTOOBI CAETIaTh CHUMKH C Pa3HBIX CTOPOH
o0beKTa W ToJa TepeMeHHbIMH yriaamu. OOOpynoBaHHE aBTOMATHYECKU CO3JACT €IAMHYI0 CETKY W3
3apEruCTPUPOBAHHBIX KaJIpOB C IIOMOIIBI0 TOCTaBISIEMOIO BMECTE CO CKaHEpPOM IMPOTrpaMMHOIO
obecnieyenus. CkaHep B mpoliecce paboThl UCIOIb3YET METO/ CTPYKTYPHOI'O CBETA, MPUHIIUII KOTOPOTO

IIpeICTaBlIeH Ha puc. 1.

e

recorded image

\ camera

-

projector target object

Puc. 1. [Ipuauun pa6oter 3D-ckanepa Mo MEeTOAy CTPYKTYpHOTO CBETa
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Crnemyer OTMETHTh, YTO YEpPHBIE M 3€pKaJbHbIE OOBEKTHl TPAKTUYECKH HE TOIMAIOTCS
CKaHUPOBaHMIO. B KkadecTBe BapuaHTa CKAaHUPOBAHHUS TaKMX OOBEKTOB MOXKHO UCIOIb30BaTh
JIOTIOJTHUTEIHHBIE HHCTPYMEHTBI, HAIIPUMEP, adPO30JIH, KOTOPbIE HAHOCATCS Ha OOBEKT CKAaHWPOBAHUS H
TEM CaMbIM MaTHPYIOT ero. CrieruaibHbie adpo30JIH JIJIsl CKAHUPOBAHHUS JIETKO CMBIBAIOTCSI C MOJICIIH, HE
OCTaBJISAsI HUKAaKUX Je(EKTOB - HaNpuMep, TaKHUM CIIOCOOOM B TIPOMBIIIICHHOCTH CKaHUPYIOT
aBTOMOOMIIN.

Ckanepsl Artec TO3BOJSIOT MMONY4YaThb OOBEKTHI JOCTATOYHO BBICOKOH TouHOCTH. CambiM

pacmpocTpaHeHHBIM U3 HUX siBsieTcs Artec Eva (puc. 2).

Puc. 2. 3D-ckanep Artec Eva

[Tporpammuoe oOecnieueHue W (YHKIMK CKaHEpa MOMOTAIOT €My 3aXBaThIBaTh IIUPOYANIINAN
CIIEKTp LBETOBBIX perieHuil (10 24 6ur). O60opynoBaHue aBTOMaTHYecku o0padaThIBaeT HHPOPMALIUIO O
TeOMETPUH U IIBETE€ O0OBEKTa, YTO IOMOTaeT Ha BBICOKOM YPOBHE OOBEAMHUTH BCE 3TO B TEKCTYPHYIO
Mojienb. CkaHep MOTydrsI BO3MOXKHOCTh Pad0TaTh ¢ CaMBbIMU pa3HBIMU 3D-TIPHITOKEHUSIME, YTO B CBOIO
ouepellb YIPOCTUIIO MPOIIECC PENAKTUPOBAHUS U ITpocMoTpa 3D-Mozenei.

[Iporetypa ckaHUPOBAaHUS COCTOUT U3 TPEX TAINOB: ChEMKH, 00pabOoTKH, 3KcropTa. B pesyibrare

Oyzer mosrydeHa kauecTBeHHas 3D-Monens 0ObeKTa.
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Jlst Hauana Hy>XKHO HaneauTh 3D-ckaHep Ha HyKHBIH 00beKT. Crienuduka pactoyioKeHUNH KaMephl
CKaHepa IIO3BOJISICT CKAaHUPOBATh OOBEKTHl PA3JIMYHON BEIMYMHBI (OT MAaJCHBKOW WIPYIIKH JI0
aBTomoOmIIst). CaM 00BEKT B Mpoliecce CKaHUPOBAHMS JIOJDKEH HAXOAUThCs Ha pacctossHuu ot 40 cM 1o 1
M OT KaMepBhl.

3areM MHUIMUpPYEM CKaHupoBaHue. [IpaBUiibHOE CKaHUPOBAHUE BBHIMOJIHUTH HE CIOXKHO, TaK Kak
[P BOSHUKHOBEHHUH KaKUX-THOO0 3aTPyTHEHUN MK OIHOOK CUCTEMa aBTOMAaTHYECKH 110/1aeT BU3YyaJIbHbIC
Y 3BYKOBBIE CUTHAJIBL. Takue curHaibl OHa MOJAET B CIIydae, €CJIU TEPSET ONOPHYIO TOUKY U HE IOHUMAET,
KaK TOMECTUTh TEKYIIM CKaH Ha oOmui ckaH mojenu. s Toro 4roObl M30aBUTHCA OT OIIMOKH,
JIOCTaTOYHO BEPHYTh OOBEKT B MOJIE 3PEHUSI CKaHepa U MPOJOJIKUTH pabOThI C MECTa, TJe CKaHep MOTepsi
TouKy. IIpy 3TOM CTOUT OBITH OCTOPOKHBIM, TaK KakK MpU BO30OHOBIIeHNH cKaHupoBaHus 110 He Bcerna
OJIHO3HAYHO pacroJjiaraet o0ObEeKT MpH JalbHENUIIEM CKaHUPOBaHUU. B kauecTBe peKkoMeH1aluu, €CIIU YKe
OTCKaHMPOBAaHa JOCTATOYHO OOJbIIAsi 30HA, CTOMT OCTAHOBUTH MPOIIECC CKAHUPOBAHUS U HAYaTh HOBBIN
ckaH. [Tociie okoHYaHMs CKaHUPOBAHUS OOBEKTA MOJYYECHHBIE CKaHbl MOKHO OObETUHUTh BHYTPEHHUMU
cpenctBamu 110 ckanepa Artec.

Ectb nBa 6a30BbIX crioco0a CKaHMPOBAaHUSI 00BEKTA - BpalLllEHUE KaMepbl U BpalleHne oobekTa. B
MEPBOM CIIy4ae IMpoleaypa CKaHHUpPOBAaHUS MpeirnoiaraeT mnepemenienue 3D-ckaHepa BOKPYT BCETO
obobekTa. Crcrema 3aIycKaeT MpoLece BhIPABHUBAHUS CKAHUPYEMOH MOBEPXHOCTU B PEKUME PEaIbHOTO
BPEMEHM, UTO MO3BOJISET 3aITYCTUTh CKAHUPOBAHUE TOYHO, U MPABUIIBHO ONPEENINTh HEOOXOIUMBII 00beM
pabotel. Ilpm 53TOM moONB30BAaTENh MOMKET BBHINOJIHATH CKAaHUpPOBaHWE B JIO0OM  yJn0OHOM
MOCJIEeI0BATEIbHOCTH, MOJICTPANBAThCA M10/T CUTYAIUIO U yISIUTh O0JbIle BHUMAHUS TPYAHOIOCTYITHBIM
obyacTsiM ckaHHMpoBaHUs. Bo BTOpOM cilyuae cKaHep JKECTKO 3aKpeIulsieTcsl Ha IITaTUBE, a OOBEKT
BpaIllaeTCs B I0JIE 3pEHMSI CKaHepa, HallpUMED, C UCIOIb30BaHUEM IIOBOPOTHOIO CTOJIA.

[locne BBINOMHEHUS CKAHUPOBAHMS M OOBEAMHEHHS BCEX CKAaHOB B OJIMH OOBEKT, CKaHEp
npeaaraeT BO3MOXKHOCTh ONTHUMU3AIMK CETKH, CTJIaKUBAHUS IMOBEPXHOCTU M 3aMOJHEHUS MOJIOCTEN U
pa3pbIBOB B IIOJIyUEHHOM CKaHE.

ITocne nocto6paboTku ckana I10 mo3BosseT HIKCIOPTUPOBATH PE3yIbTAThl CKAHUPOBAHUS B CaMble
pacmpoctpanennbie 3D-dopmater: ASCIL, AOP, STL, PLY, VRML, OBJ. brarogapst 5ToMmy MOXHO OyIeT
paborath ¢ cambiMu coBpeMeHHbIMU 3D-nmpunoxenusmu: CopyCAD, Autodesk Maya, Geomagic,
Rapidform, Pixologic ZBrush, 3DMax, Autocad, Blender u np.

Ilo OxOHYAaHMM TEOPETHUYECKON YacTH MpenojaBaTesieM IPOBOAUTCA KOHTPOJIbHAs IpPOBEpPKa
MOJIYUEHHBIX YYal[UMHCS 3HAHWN, OTBETHl HAa BO3HMKAIOIIME BOMPOCHI. YUEHUKH 3AMOJHSIOT OTYETHI O
BBITIOJTHEHUH Pa0OTHI, TPEToAaBaTelb MIPOBEPSET KAUeCTBO 3al0JHEHUS 0TYeTa, 0c000€ BHUMaHUE yaemss
MYHKTY O BO3HUKIIUX y YYCHHKA TPYAHOCTSAX - IO BO3MOKHOCTH, HEOOXOAUMO JaTh COOTBETCTBYIOIIEE

IIOACHCHHUC.
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JlaGoparopHasi padora Ne36
«Bvinonnenue 3D-ckanuposanusn oo0vekmay
Heanb padoTsl: BoinosiHeHUE 3D-ckaHnpOBaHUS
Ob6bem: 1 yac
3apanue: nomyduTh 3D-ckaH oObeKTa
OOopynoBanme:  IEpCOHAIBHBIM  KOMIBIOTEP,  KJIABUATypa,  KOMIIBIOTEPHAs  MbIb,

MIPOEKTOP/MHTEPAKTUBHAS J10cka, 3D-ckanep Artec Eva

I[IpakTHYeckasi 4acTh
Boinosinenune 3D-ckaHupoBaHusi 00bEKTA

B kadecTBe 00beKTa CKaHUPOBaHUs ObLIAa BEIOpaHa Japeib (puc. 1).

Puc. 1. OOBeKT 17151 CKAaHUPOBAHUS

[Monkmrounte ckaHep /i Hadana padbotsl. [y sToro BcraBbre USB-kabens B USB-noprt Barero
KOMIThIOTEpA; a 3aTeM CHJIOBOM Kabenb B po3eTky. [lomkimrodenne nmpoBoaoB k 3D-ckaHepy moka3zaHo Ha
puc. 2. CBeTOIMOIHBIM HHAMKATOP Ha Kopiyce ckaHepa Artec Eva Ha KOpOTKOe BpeMsl 3arOpuTCs CUHUM
LIBETOM, CUTHAJIU3UPYS O TOM, UTO YCTPOMCTBO 3arpyxaercs.
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Puc. 2. [Tonkmouenue nposoaos 3D-ckanepa Artec Eva

B nensix 3Kk0OHOMUM pecypcoB KOMIIbIOTEpPA HAa BpPeMs CKAHMPOBAHMSI PEKOMEHIYETCSl 3aKpbIBaTh

JIpyrHe pecypcoeMKHe npuioxeHus. /[ Hauana ckaHupoBaHMsI HEOOXOAUMO OTKPBITH Mporpammy Artec

Studio, BeIOpaTh pexxuM «Chemkay» Ha 00koBOi naHenu (puc. 3). B oTkpbIBIIEHCS MaHeNIn MOXKHO:

BBIOpaTh METOJ TO3MIIMOHUPOBAHHUA AN TEKYIIeH CecCHH; 3a/aTh TpaHUIBI pabodeil 30HBI B
MUJITUMETpPax (MIIOCKOCTH OTCEYCHHUS);

YCTAaHOBUTH UYBCTBUTEIBHOCTh. [Ipr HOpManbHBIX 3HAYEHUAX UYBCTBUTEIBHOCTH JIOCTUTACTCS
MakcUMajbHas TOYHOCTb, HO BO3MOXHBI MPOOJEMBI CO CBHEMKOH MOBEPXHOCTEH C MalbIM
Kod(h(UIIMEHTOM OTpakeHUs. BpICOKkHMe 3HAUYeHHs] YYBCTBUTEIHHOCTH IO3BOJISIOT CHHUMATh
IIUPOKUIN JWamna3oH TOBEPXHOCTEH Jake C HHU3KOW OTpaKarolied CIOCOOHOCThIO, HO C
YBEITWYCHUEM IITYMOB U CHI)KEHHON TOYHOCTBIO;

W3MEHHUTh CKOPOCTh ChEMKH (KOJMYECTBO KAJAPOB B CEKYH]NY) - PEKOMEHJyeMble 3HAUYCHUS MPHU
IJIaBHOM

JIB)KEHUU CKaHepa JexaT B [uana3zoHe 7-15 kaapoB B CEKYHIY;

YCTAaHOBUTH WJIU CHATH (DJIAYKOK «HE CHUMATh TEKCTYPY», YTOOBI COOTBETCTBEHHO BBIKITFOYUTH WIIH

BKJIIOYUTH ChEMKY TEKCTYpPHI (PEKOMEHIyeM CHSATb JAHHBIN (IIaXKOK).
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3anucano nosepxmocreit 77 ApKocTs TEKCTYpbI

Haxxuure lNpeanpocmorp, 4robsl Havars chemxy

MeToa NOIMUMOHMPOBIHIA Mpeduxc nmern: Havams

Cxan 1

9 leomerpun + Texcrypa

leomerpun
Yyecreurensmocrs

Merxn
HopmansHas IxCTpEMansHas

Cineiica 8 peansHom spemesi
}

npOAOA,OJ"b CXAMNPOBAMKNE C OTMENEHMBIX CXaNH0E
Wcnonssosars

CropocTe Cranmposanmns

Q

Artec Scanner [T212.11161797] v
1 xagp/c 15 xagp/c
He crumare Texcrypy

BoimounTs BCnbiLLKy

Mparmyss paboueit 3oHst

B 3aaepKKa NEPEA HANAIOM 33NNCK:
AVOKHAR (M)

0 o cexynabt

Aanenan (mm) CoXpanaTs KONMIO CKAHA HA ANCK

Puc. 3. [lanenp HaCTpoOEK CHEMKHU

Jlnis1 3ammycka ChbeMKH HakMuTe 100 KHOMKY «lIpeanpocmotpy, mubo knasuiy F7 Ha kiaBuarype,
1100 KHOIIKY Ha KOpITyce CKaHepa.

«I"'eometpust + TekcTypay - CTaHIAPTHBIM PEKUM CKAaHUPOBAHHUS, TIOIXOIAIINN JJIsT OOJIBIITMHCTBA
ciydaeB. Pexum ['eomerpus xopoiio paboTaeT Ha HU3KONPOU3BOAUTENBHBIX KOMITbIOTEpax. Mcnomb3ys
pexxuM «Ckielikay B peaJlbHOM BpPEMEHHM, MOXHO IOIYYHTh MOJENb Cpa3dy IIOCIE 3aBEPIICHHUS
CKaHMpoBaHUsA. UTOOBI aKTUBUPOBaTh [JaHHBIM pexuMm, HaxmuTe Crom, a 3aTeM YCTaHOBUTE
COOTBETCTBYIOIINH (1akok U Haxkmute «I[IpeanpocmoTp».

OTtckaHupyiiTe 00BEKT CO BCEX CTOPOH 3a OJJUH CEaHC, €CJIU 3TO BO3MOXHO, IUIABHO IepeMeriast
CKaHEep BOKPYr oO0BeKkTa. Bo3MoxkeH apyroit crmocod, mojpa3yMeBaroOnIuii BpalleHHE caMoro OOBEKTa
BOKPYT CBOEH OCH U NIEPEMELIEHMS CKaHEPA B BEPTUKAIBHOH INIOCKOCTH.

Bo Bpemst ckanupoBanus oOpariaiite 00JbIle BHUMaHUS Ha H300pakeHHe 00bEKTa Ha KpaHe, 4YeM
Ha peaJIbHBIA OOBEKT.

Ecnu caslien 3ymMmep, U MosiBIsiETCsl KpacHoe cooOuieHrne 06 ournoke, MiaBHO HallpaBbTe CKaHep
Ha YK€ OTCKaHMpPOBaHHBIA ydacToK. CyIecTByeT HECKOJIbKO NPUYMH TOSBJICHUS  OIIMOKH
«OTcnexuBaHnue TPAeKTOPUU IPEPBAHON:

e CKaHHUPYEMbI 0OBEKT HaXOIUTCH 3a NpeAeaaMu dKCHo3uuu (padoyas 30Ha ckanepa ot 40 o 100

CM OT 00BEKTA);
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e CKaHEp JIBHKETCS CIMIIKOM OBICTPO.

Kak Toipko Bel 3akoHunTEe, HaXkmMuTe MeHIo «Daiim» u Beioepute «COXpaHUTh MPOEKT». 3aBEPIINB
CKaHMPOBAaHUE 00BEKTA CO BCEX HYKHBIX PAKYPCOB H MOJYUYHB TOCTATOYHOE KOJMYECTBO JAHHBIX, MOKHO
MPUCTYIATh K co3aanuto 3D-monenu.

[Tocne ckanupoBanus Obiia mosnydeHa 3D-moxens (puc. 4), B HMOJYyYEHHOM MOJAETH MOTYT
BCTPEYATHCS P 1E€(PEKTOB:

e HENPABWJIBHOE PACIOJIOKEHUE OCEH KOOPAUHAT;
e HaJIMYMWe JIMIIHUX AJIEMEHTOB, MONAaBIIUX B MOJIE CKaHepa;
e HaJIMYHUe JBIPOK U HEPOBHBIX I'PAHMUII;

e 1IyMHBIE oOnacTu Ha 3D-mozenu.

Puc. 4. Monens 0OTCKaHUPOBAHHOTO 00BEKTA

Ilo okoHuaHuu HpaKTH‘IeCKOﬁ YaCTH MpenoaaBaTeyicM IIPOBOAUTCA KOHTPOJIbHAA IIPOBEPKa
KaueCTBA CHATOI'0 y4JalllUMHCA 3D-ckaHa 00beKTa. YUECHUKH 3aIIOJHAIOT OTYETHI O BBHINOJIHESHUHI pa6OTI)I,
npenoaaBaTeyib MPOBEPSACT KAYCCTBO 3aIIOJIHECHUA OTUCTA, 0co00e BHUMAaHUE YACAA MYHKTY O BOBHUKIIUX

Y YYCHHKA TPYAHOCTSX - IO BO3MOYKHOCTH, HCO6XOIII/IMO AaTb COOTBCTCTBYIOIICC IMMOSICHCHUC.

JlabopaTopnasi pabora Ne37
Jlabopamopuasa paooma «Oopadomka pesynomama 3D-ckanuposanusn
Leanb padoTel: 00paboTKa pe3ysibTaTa BRITOJHEHUS 3D-ckaHUpOBaHUS
Oo6bem: | yac
3aganue: oopadborath 3D-ckaH 00BEeKTa
OO6opynoBanne:  TIEPCOHANBHBI  KOMIbBIOTEP,  KIaBUATypa, KOMIIBIOTEpPHAs  MBbIIIIb,

MIPOCKTOP/MHTEPAaKTUBHAS ocKa, 3D-ckanep Artec Eva
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IIpakTHYeckas 4acTb

Oo0padoTka pe3yabrata 3D-ckaHupoBaHus 00beKTa

Puc. 1. Moaenbs 0OTCKaHUPOBAHHOTO 00BEKTA

Pasmectrm mozpens (Puc. 1) Ha KOOPAMHATHBIX TUIOCKOCTSX. /s 9TOTO MCMOIB3yeM HHCTPYMEHT
«[To3unmonnpoBanue» Ha nanenu «Pemaktop». Beibepure KOOpAMHATHYIO MJIOCKOCTh, HA KOTOPOi B
xotute pazmectuth 3D-monens (XOY, YOZ unn ZOX). OtmersTe ¢ nomotibio JIKM kak MUHUMYM TpH
TOYKHM Ha IOBEPXHOCTH MOJENHU, U IUIOCKOCTb, NMPOXOSAIIAs Yepe3 LEHTP 3TOr0 MHOMKECTBAa TOYEK,
MOCTPOUTCS ABTOMATHUYECKH. YJalWM JIMIIHHE D3JEMEHTHI, IOMAaBIIME B ToOJe ckaHepa. i 3Toro
HEOOXOMMO W3MEHHTh BHJ OO0BEKTa W3 TMEPCIEeKTUBHOW B  OPTOTOHAIBHYIO  IPOEKIIUIO
(Bun/OproronansHas mpoeknus). Jlanee nsmensiem Touky o63opa moaenu (Bua/Touka 0630pa/IIpsmo).

C nomouipio HHCTpyMeHTa «JlacTHk» BblAEIsIeM NPSIMOYTOJIbHYIO 00JacTh M yJayisieM JIUIIHUE
AJIEMEHTEHI, TEM CaMbIM (POPMHUPYSI POBHYIO TIOBEPXHOCTh MOEIIH.

[Ipn nomomu dunpTpa MENKUX OOBEKTOB MOXXHO 3((EKTHBHO YAANATh HEHYKHBIE OOBEKTHI,
UCTONB3Yys alropuT™M (GUIbTpaluu Mo pa3Mepy oObekTa. B Pabouelt obnmacTu BbAEIHTE TOJBKO
pelakTUpyeMyro Mojenb M oTkpoiTe mnaHenb «Komawap». [y TOro, 4toObl 3amyCTUTh aITOPUTM
buIbTpanuu, HAOKMHUTE KHOTIKY «[IpuMeHnTh» Ha 3aknaake OuiabTp Menkux o0bekToB. [Ipn HaxkaTun Ha
CTpENIKEe PSIOM C KHOTKOW OTKPBIBACTCS 3aKjajka HAacTpoeK ainroputMma. Ha 3Tol 3akiazke MOKHO
BBIOpATh OJIUH U3 JBYX PEKUMOB paboThI aaroputma (mapamerp mode):

e mode - mpu BHIOOpE M3 BHINAJAIOIIEIO MEHIO BapuaHTta leave biggest objects W3 cueHbl OymayT
yZajaeHbl Bce 00BEKThl KpOMe caMoro 00JbIIOro; npu Beibope BapuanTa filter by threshold Oyayr
yaaneHbl 00BEKThI, YUCIIO MOJIMTOHOB B KOTOPBIX HUKE YHCIIa, YKa3aHHOTO B mapametpe threshold;

e threshold - moporoBoe 3HaueHue QuUIBTPa, paBHOE KOJWYECTBY IMOJUTOHOB U HCIIOIB3yeMOE B

ciryyae BbIOOpa pexuma pabortsl filter by threshold.
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WHorna noBepXxHOCTh CKaHUPYEMOro 00BEKTa, ero (opMa WIN YCIOBHS CbEMKU HE MO3BOJIAIOT
JIOCTaTOYHO XOPOILIO OTCKAHUPOBATh BCE JIETANIN - TAK YTO HA MOJIENIH, IOJTYYEHHOM B PE3yJIbTaTe CKIEHKH,
OCTaIOTCS JIBIPBI, COOTBETCTBYIOIIUE TeM O00JAacTSM peaJbHOro 00BEKTa, KOTOpHIE HE IMOMajld B IOJe
3peHusi ckaHepa. [ns takux ciaydaeB B Artec Studio mpeaycMOTpeH WHCTPYMEHT, IO3BOJISIFOIIMIA
MHTEPIOIMPOBATH IOBEPXHOCTh B IMOJA0OHBIX 00JIACTAX.

st Toro, yTOOBl HA4YaTh aHAJIU3 U UCIPABICHUE MOJIENH, BBIICIUTE €€ U HAKMUTE Ha KHOIKY
«Kpas 6okoBoii manenu». OTKpBIBIIASCS IMaHENb COCTOUT U3 ABYX BKIanoK: Kpas u JIpIpku, B Kax10i u3
KOTOPBIX MPE/CTaBJIEH CIMCOK 3aMKHYTBIX TPaHUL, OOHAPYKEHHbIX HAa IIOBEPXHOCTH, OTCOPTUPOBAHHBII
1o JuinHe. PaGora B 00enx BKJIalKax OCYLIECTBISAETCA WACHTUYHBIM 00pa3oM. Ilpu BeigeeHun a1eMeHTa
CIHMCKa COOTBETCTBYIOIIAs IpaHUIa TMOjCBeunBaercs B okHe 3D-Buna. Eciu B manenu BeIOpaHa OIMIUsS
«Ilepemematy KamMepy K BBIACIEHHOMY JJIEMEHTY», TO MOJENb ABTOMAaTHYECKH Pa3BEPHETCS TaKUM
o0pa3oM, yToOBI BEIOpaHHas TpaHuLia Obula BuAHA B okHe 3D-Buaa. Ilo ymonqanuto, npy nepexkIroueHun
MEXy TpaHMIIaMM Kamepa IUIaBHO IEPEMEIIAETCs OT OAHON I'PaHULIBI K JPYTOil.

B cmydae, ecnm paccMaTpuBaemas MOJETb HMMEET CJIHMIIKOM OOJBIION pa3Mep, JaHHOE
nepeMeIIeHre MOKET 3aHUMaTh MHOTO BpeMeHH. J{J1s1 OBICTPOTo NepeKIIOYeHUsT HEOOXOJMMO BBIKITIOUYUTh
OILUI0 «AHUMHPOBATh KaMmepy». Ilonb30Barens 10MKEH BbIOpAaTh TE TPaHULbI, KOTOPbIE HYXIAIOTCS B
HCIPABJICHUH, IOCTaBUB BO3JIe UX HOMeEpa rajiouky. Takue rpaHullbl OyayT MOACBEUYEHBI IBETOM B OKHE
3D-Bupma. Jlns BBIAETICHUS/CHATHS BBIACTICHHUS CO BCEX TPAaHUI] HAa TAHETH IMPETyCMOTPEHBI KHOIKH
«Boigenute Bce» u «CHATH BblAENEHHE». Takyke IpaHUIbI MOXKHO BBIIEISATh HENOCPEACTBEHHO Ha
MOBEPXHOCTHU. [l 3TOr0 HYKHO pa3BEepHYTh MOJENb TaKUM 00pa3oM, YTOOBI MHTEpECYyIollas rpaHula
okazanach BUauMoi B okHe 3D-Buna. [locne atoro e€ MoxkHo BeiaennuTh HaskatueM JIKM. Tlonyuusmmiics

pe3ynbTaT 00pabOTKU BBl MOKETE BUAETH Ha pUC. 2.

Puc. 2. Mopenb nocie 3aKpbITHS IbIP
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Ha Bknaake «/IpIpku» y Bac €CTb BO3MOKHOCTh 3aIlyCTUTh aBTOMaTUYECKOE CIUIAXKMBAHUE JIBIPOK
MOCJI€ UX 3aMOJIHEHUS: JIJIS 3TOTO TOCTATOYHO MOCTABUTH rajouky B oniuu «CriiakuBaTh JBIPKU» TOCIIE
3anonHenus. Ha Bkiagke Kpass MHTEHCHMBHOCTH CriaXMBaHUS TPAHMI] HACTPAUBAETCS IOI3YHKOM
VHTEeHCUBHOCTh. AJITOPUTM CIJIKMBaHUS MO3BOJIAET CrIaJuTh HIyMHbIEe obOnactu Ha 3D-moxenu. B
npuiokeHnu Artec Studio cymiecTByeT 1Ba HHCTpPYMEHTA: aBTOMAaTUYECKOE CIUIaKUBAaHUE BCEH MOJIEH U
PYYHOE CIIIa)KMBAaHUE OTACIBHBIX 001aCTeH KHCTOYKOM.

Jis TOro, 4TOOBI BOCTIONIB30BATHCSI PYYHBIM HHCTPYMEHTOM «CIIIa)KUBarOIIas KUCThY, BBIICIUTE
OJIHY TIOBEPXHOCTb, OTKPOWTE NMaHeab Penakrop u HaxMuTe Ha KHONKY B OkHEe 3D Buaa. [lpu Haxatumn
knaBumm Ctrl Bokpyr kypcopa B okHe 3D-Buja MmosSIBUTCS OpaHkeBOoe MATHO. Ero pasmepsl MOXKHO
M3MEHUTH TIpH oMol Koneca nmpokpyTku, MOCPEICTBOM BBOJIa C KJIIABUATYPhI 3HaYeHUs (MM) JuamMeTpa
B mnosie Pazmep kucTu WM mepenBuras Moj3yHOK Ha maHenu CriiakuMBaromiash KUCTh. TakkKe MOXKHO
OTPEryJupoBaTh MHTEHCUBHOCTH CIJIQXKMBAHMS C IOMOIIBIO IOJI3YHKA WM IOCPEICTBOM BHECEHMS
3HaueHuss B nosie MHreHcuBHocTh. Haxarue JIKM B 3TOM pexume NpPUMEHHUT CriaXUBaHUE K

BBIZICJICHHOMY y4acTKy Mozenu (puc. 3).

Puc. 3. CrnaxxuBanue HEAOCTATOYHO OTCKaHUPOBAHHOI'O YYaCTKa

[Tocrne 3aBepiieHUs penakTUpoBaHus HaXXKMHUTe KHOTIKY [IpumenuTs. [locne okoHuaHus mpoiecca
00pabOTKH IKCIIOPTUPYHTE MOTydeHHYIO0 MOienb B (hopmat STL.

[lo okoH4yaHWW pabOTHI TpenojaBaTejeM IPOBOAUTCS KOHTPOJIbHAS MPOBEpKa KavyecTBa
penakTupoBaHus ydammumucs 3D-ckaHa. YYEHHKH 3alOJIHAIOT OTYEThI O BBIMOJTHEHUU PAOOTHI,
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npenoaaBaTeyib IMPOBEPACT KAUYCCTBO 3aIIOJIHCHUA OTUCTA, 0co0oe BHUMaHue YACIIAA MYHKTY O BOSHUKIINUX

Y YU4€HHUKa TPYJHOCTSX - 10 BO3MOXKHOCTH, HEOOXOAMMO J1aTh COOTBETCTBYIOIIEE TOSICHEHHUE.

IIpakTnyeckas padora Ne38
IIpoexm «lloowunnuxy. Ilpumenenue u KOHCMpPyKyus.
Leapb padoThl: U3ydeHHEe KOHCTPYKIIUU MOJIIUIHUKOB U UX IPUMEHEHUE B MEXaHU3MaX
Ob6bem: 1 yac
3aganue: co3qaTh MOZEIb KOJIbLIA TP TOMOILIM ollepanuu «Bpaienue»
O0opynoBanme: IepCcOHAIbHBIN KOMIIBIOTED, KJIABUATYpa, KOMIIbIOTEPHAsl MBIIb

IIporpammuoe o6ecneuenne: Autodesk Inventor

TeopeTuyeckas 4acTb

I/I3yqenne KOHCTPYKIUMH INOAUINAITHUKOB U UX IPUMEHCHUE B MEXaHU3MaXx

Puc. 1. Ilogmunanku

IMogmunauK — C60p0‘lHHI>i y3¢l1, SIBIIIFOIIMICS YaCThIO ONOPHBI WJIN YIIOpa U HOI[,[[ep)KI/IBaIOH_II/Iﬁ

BaJI, OCb WJIM HWHYKO IMOABMXHYIO KOHCTPYKIHUIO C 3aJIaHHOM KECTKOCTBIO. q)I/IKCI/IpyeT IIOJIOKCHUE B
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IIPOCTPAHCTBE, 00ECIEUNBAET BpalllCHHE, KaU€HUE C HAaUMEHBIIUM CONPOTUBJIEHHUEM, BOCIPUHUMAET U
nepeaaéT Harpys3Ky OT IIOJBHUYKHOTI'O y3J1a Ha IPYTrUe YaCTH KOHCTPYKIIUH.

[To mpuHIUIY pabOTHI BCE MOAUIMITHUKYA MOXHO Pa3JeuTh Ha HECKOJIBKO THIIOB!

e IIOAIUMITHUKYU Ka4CHHUS,

e IIOAIIMIIHUKU CKOJIBKEHUS;
K nmoamunHukam CKOJIbKEHUs TaKKE OTHOCHT:

e Ta30CTaTUYECKUE IMOJIUIUITHUKY;

e Tra30JMHAMUYECKUE MOJIINITHUKH;

e T'MAPOCTaTUYECKHUE IMOAIIUITHUKN;

e TUIPOJMHAMUYECKHE IMOJUIMITHUKY;

e MAarHMTHbIE MOJIINUITHUKH.

OcCHOBHbBIE THUIBI TOJIIMIIHUKOB, KOTOpBIE IPUMEHSAIOTCS B MAIIMHOCTPOCHUU - KadeHUs U

CKOJIBXKCHUA.

IIpakTH4yeckas yacThb
N3yuenne onepanun «Bpamenue» Ha npuMepe MOACJTHPOBAHUS KOMIIOHEHTOB MOJIIMITHAKA
Tena BpameHus — 3T0 0OBEMHbBIE Tella, KOTOPble BO3HMKAIOT NMPH BPALICHUH HEKOM IMIIOCKOMH
¢burypsl, KoTopasi, B CBOI0 OYepe/ib, OrpaHUYEHAa KPUBOM M KPYTUTCS BOKPYT OCH, JEKallell B TOH ke
IIJIOCKOCTH.
OcHoBHBbIE TeJa BpaLLEHUS:
e [llap - 310 reomerpuyeckas ¢urypa, koropas oOpa3oBaHa B pe3yJibTaTe BpallleHHs MOJIyKpyra
BOKPYT IHaMeTpa.
e Ilumuuap - 3T0 reomerpuueckas ¢Gurypa, Koropas o0pa3oBaHa B pe3yJbTaTe BpalllEHUs
MIPSIMOYTOJIBHUKA BOKPYT OJHOM U3 €r0 CTOPOH.
e Konyc - »3T0 reomerpuueckas @urypa, KoTopas oOpa3oBaHa B pe3yjibTaTe BpaIlEHUS
IIPSIMOYT'OJIBHOTO TPEYTOJIbHUKA BOKPYT OJHOT'O U3 CBOUX KaTETOB.
e Top - 310 reomerpudeckas gurypa, koropasi oOpa3oBaHa B pe3yJbTaTe BpallEHHUs] OKPYKHOCTH
BOKPYT NPSIMOM.
[IpoananusupyeM oOmIpeneleHUE Tl BPAILCHHUS M IIOMMEM, 4TO Ul CO3JaHHMS TAaKOIo Teja
HEO0XO/UM 3aMKHYTBI KOHTYpP M OCh, BOKPYT KOTOpOW OyJeT NMpou3BOAMTHCS BpamieHue. Co3maaum

numuHAp. [locTponM NpsMOyronbHUK.
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Puc. 3. MoaenupoBanue HUIMHIpa

3aTemM MOBEpPHEM MPSMOYTOJIbHMUKA BOKPYT OCH, JIeXkKAIlell BHE MPAMOYTojbHUKA. UTOOBI BHECTH

W3MEHEHUS B 3CKU3 BOCIIOJIB3YEMCS IepeBOM nocTpoeHui. JBaxk bl kimkaeM JIKM Ha «Ocku3» u naBaiite

OTPENAKTUPYEM €T0: MPOBEAEM OTPE30K, MAPAIIENBHO OAHON U3 CTOPOH MPSMOYTIOJbHUKA Ha HEKOTOPOM

OTAAJICHUHU OT HETO.
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Puc. 4. PepaktupoBanue 3cku3a

[Ipunumaem scku3. [anee naBaxawpl kiaukaeM JIKM Ha «Bpaienue 1» B aepeBe MOCTPOCHUH U

BBI6I/IpaeM APYT'YHO OCb. Takum 06pa30M, MMOJIYYUM NUJIMHAP ¢ NUWIMHAPHUYCCKUM OTBEPCTUCM - KOJIBLIO.
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Puc. 5. MoaenupoBaHue KoJybla
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IIpakTuyeckasi pa6ora Ne39
IIpoexm «lloowunnuk». Modenupoeanue demaeil.
Heas padoThl: MOAEIMPOBAHUE JETANCH MOAIIMITHAKA MO YEPTEeXKY MPH MOMOIIM OIEpaLuu
«Bpamenue»
Ob6beMm: 1 yac
3aganue: co31aTh MOJIENH IeTalIeH MOAIIUITHUKA
O0opynoBanme: IepcoOHaIbHBIN KOMIIBIOTED, KJIABUATYpPa, KOMIIbIOTEPHAs MBIIb

IIporpammuoe odecieuenne: Autodesk Inventor

Teopernueckasi 4acThb
[IpucTynuTh K BHIMOTHEHUIO TUIIOBOTO mpoekTa «[logmunuuky. [loamunuuk Oyaer cocToaTh U3
CIIEAYIOMINX KOMITOHEHTOB:
1) BHeIIHEE KOJIBIIO;
2) mapuk (Teno KaueHwus ),
3) cenapatop;

4) BHyTpEHHEE KOJIbLIO.

Puc. 1. KoMmoHeHTsI TOAIINITHUAKA

Puc. 2. toroBslii npoexT
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IIpakTnyeckasi 4acThb
CmojenupyeM mepBbiii KOMIIOHEHT MPOEKTa - BHEITHEE KOJIBI0. DTO 3aJlaHKUE CJICYET BBIMOIHATh

10 YEPTEKY.

XnHUNMPOY)

20

lodwunHuk

Brewree konuo 00 | 21

S
&

Cmans 440C

7 T - T Ronupodan Sopraa AT

Puc. 3. Ueprex BHEIIHETO KOJIbIIA TOITUITHAKA

Jl711 moCcTpoeHUs BHEITHETO KOJbIa, TpeOyeTcst cozaanue ogHoro 2D-3cku3a v 0HOM omnepanun
«Bpamenne». CTpouTh 5cK13 MOKHO B 110001 6a30B0i1 tuiockocTh. [Ipu mocTpoeHnu Scku3a MpUMeHseTCs
pa3IMYHbIE MHCTPYMEHTHI YK€ U3YUYCHHBIE paHee, TAaKHe KaK: OTPE30K, OKPY>KHOCTh, OCeBast IMHUS, (hacka.

B pe3ynprare nocTpoeHus Moy4aeTcsi 3aMKHYTBIA KOHTYD.

IO BHS 5 06 -B-40 ‘-

e ‘

ACRSRE B 4

Puc. 4. Dcku3 BHEMIHETO KOJbIIA TOAIIAITHAKA
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Heo6xoaumMo npuHSTH 3CKU3 U IPUMEHUTH onepannio «Bpamenuey.
=0 = B Ofh-B-2.0 - @ Wropon -8 & f

e
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X
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Puc. 5. Mojesp BHEIIHETO KOJbIIA ITOAIIUITHHIKA

Kommnonent «BuenHee KOJIBIIO» I'OTOB. H606XO,Z[I/IMO COXPAHUTH KOMITOHCHT B ITAIIKY C HA3BAHUC
IIPpOCKTA, TaK KaK B ﬂaﬂLHeﬁmeM BCC KOMIIOHCHTBI JaHHOI'O ITPOCKTA 6y,HYT HUCIIOJIB30BAaTHCA B c6op1<e.
[[anee IMOCTPOUM CCIIapaTOop ITOAIIMIIHUKA. Hepez[ HadYaJIOM MOACIIMPOBAHHA, TAKXKC, KaAK U B

CJIydac€ ¢ BHCIIHHUM KOJIBIIOM, CICAYCT O3HAKOMHUTLECA C YCPTCIKOM.

NHUNMPOy|

A-A(3:1)

as

B(6:1)

Modwunkux

Puc. 6. Yeprex cenapaTopa NoAIIAITHUKA

[TocTpoenue crenyeT HauyMHATH C CO3JIaHUS dCKHM3a. B KkadecTBe 0a30BOW MIIOCKOCTH, MOXKHO
BBIOpaTh M00YI0 0a30BYIO TUIOCKOCTh. [IepBbIM AeiicTBHEM HEOOXOIUMO CO3AaTh KOIBIIO TOJIIUHON 1 MM
u mmpuHoi 15 mm. Co3gaTh KOJIBIIO MOXKHO KaK HMCIOJIb3YSl ONEpalMi0 BpalleHUEe, TaK U OINEpaLHIo

BbIJJaBJIMBAaHHC.
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Puc. 7. Mogens konbLia ajid cenaparopa

Janee, He0OX0OAUMO CO3/IaTh OTBEPCTHUSI MO/ Tesa KaueHus (mapuk). s Hayana co3gaeM HOBBIN
2D->cku3 Ha OAHOW M3 OCHOBHBIX IUIOCKOCTeH. IlnockocTh AomkHa pa3nensTh Mojaens momonam. [Ipu
CO3/IaHUM MOYKHO BOCIIOJIB30BAaThCS (DYHKIMEH «pa3pe3arbh MoJenby, ropsdas kimasuma F7. Cosmaem
HEOOXOMUMBIN 3CKHM3 MO 4depTexy. llocie gopmMupoBaHus 3CKH3a, HEOOXOIUMO NMPUMEHUTH K HEMY
onepauuio «Bpaimenue». B kadecTBe BbIBOAA ycTaHaBiiMBaeM «Bbipe3aTh» Tak Kak B HallleM Ciydyae,

HCO6XO,[[I/IMO MOJIYYUTD BBIPE3 MO TCJIO KaUCHUA, 4 HC 1Iap.

EHE o

X

Puc. 8. Bripe3anue noBepXHOCTH MO TEJIO KaUeHUS

Ilocne co3gaHus OgHOTO OTBCPCTHA, BOCIIOJIb30BABIINCH onepauneﬁ ((prl"OBOfI MaCCHUB», HY>)KHO
co3Jarth elle cemb kommuii. Ilocie BLI60pa JTaHHOU onepanru, OTKPBIBACTCA MCHIO HaCTpOﬁKH. B Mmenro

HAaCTPOMKM HMEIOTCS CJIEIYyIOIINEe OCHOBHBIE MapaMeTpbl: MHCTPYMEHT BbIOOpa OO0BEKTa, KOTOPHIH
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MIOJIBEpPraeTcsl JalbHEHIIeMy KOMMPOBAHUIO «3JIEMEHTBHI», WHCTPYMEHT BBIOOpAa OCH BpAICHHS «OCh
BPAILCHUS», KOJTMYECTBO KOIMUI C Y4€TOM OpUTHHANA U CHEKTP rpagyca Ha KOTOPOM OyAeT MPOUCXOIUTh
KonupoBanue. IlpenogaBarento HEOOX0IUMO OOBSICHUTH AyJUTOPUU O 0A30BBIX HACTPOMKAX KPYroBOTO
maccuBa. CTtouT OOpaTUTh BHUMaHME, Ha TO, YTO B KAyeCTBE OCH BpallleHUs MOXXHO BBIOMpATh

MOAXOAAIY0 HUITMHAPUICCKYIO I'PaHb.

b MoucK no cnpaske # komakAam
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Puc. 9. KonupoBanue orBepcTus

[Tocne mprMeHeHUs onepanuy, NoTyJ4aeM TOTOBBIN cenaparop.
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Puc. 10. [derans «Cenaparop»
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Pazbepem uyeprexx koMmroHeHTa «BHyTpeHHee KoJblio». MojaenupoBaHHE 3TOrO0 KOMITOHEHTA

BBIITOJIHUTEC CaMOCTOATCIBHO.
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Puc. 11. YepTerk BHYTPEHHETO KOJIbIIA MOAMIUITHUKA

IIpakTuyeckas padora Ne4(
Ilpoexm «lloowunnuky. Coopka uzoenus.
Lesb padoThl: u3yuyeHHe COOPOUHBIX 3aBUCUMOCTEN
Oo6bem: | yac
3agaHue: BHIIOJHUTL COOPKY U3ENHUS
O0opynoBanue: IEPCOHATBHBIN KOMIBIOTED, KJIIABUATYPA, KOMITBIOTEPHAST MBITIIH

IMporpammuoe odecnieuenne: Autodesk Inventor

IIpakTHyeckast yacThb

Coznanne cOOpKU TUTIOBOTO MpoeKTa «IloamumanKy.
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Puc. 1. Mojgens oMK a

I[JIH MMPOBCACHUA 3aHATUA HCO6XOI[I/IMO HaJIMYUEC BCCX KOMIIOHCHTOB IIPOCKTA JIA CO3daHHA
C60pKI/I, npenoaaBaTero CICAyeT Y6CI[I/ITC5I B HAJIMYMHU BCCX KOMIIOHCHTOB Yy KAXKIO0TO 06yqafomeroc;1, B
IMPOTHUBHOM CJIy4dac, IperoaaBaTciib JOJKCH pa3gaTb BCC COCTABIIAIONINC C60pKI/I YUYCHHUKAM. KommoneHTsI

C60pKI/I MOJKHO B3ATb B [TPUJIIOKCHUH.

2 1

ANHUNMPOY ) ‘

[Tepb. nputres.
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Puc. 2. Yeprex noammmnauKa
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[Tepen cozmanrem cOOpPKU HEOOXOIUMO M3YyUUTh UHTEp(dEc paboueii cpebl.

C neBoil CTOpOHBI JKpaHa, HaXoAUTCs Opaysep. B Opaysepe oToOpaxaroTcsi Bce KOMIIOHEHTHI,
KOTOpBIE OBLIN 3arpy>KeHbl B COOpKY. B BepxHeii uacTu 3xpaHa naHeiab HHCTpyMeHTOB. C IpaBoii CTOPOHHI,
HAXOJUTCS TaHellb WHCTPYMEHTOB HaBuranuu. s co3maHusi cOOpKM HEOOXOIMMO 3arpy3uTh BCE
KOMIIOHEHTBI B paboyee MPOCTPAHCTBO cpelbl cOOpka. 3a 3arpy3Ky KOMIIOHGHTOB OTBEYaeT KHOIIKA
«BcTaBUTH» B BEpXHEM JICBOM YIITy JKpaHa.

[Tocne BbiOOpa nanHON QYHKINU, HEOOXOAMMO 3arpy3uTh BCE KOMIIOHEHTHI ITOAUIHITHUKA!

1. BHelIHee KOJBIO

2. BHYTpeHHee KOJIbIIO

3. cemapatop
Jnst cozmanust COOPKM HEOOXOAMM OJMH KOMIUIEKT BCEX KOMIIOHEHTOB. [l pa3menieHuss mojeneii B
paboueii obnactu, Hy:)kHO IEeAKHYTh JIKM. Ot komuuectBa JIKM 3aBHCHUT KOJMYECTBO 3arpykaeMbIX
KOMIIOHEHTOB COOTBETCTBEHHO. ECTh BO3MOXKHOCTB 3arpysKaTh KaK/blii KOMIIOHEHT KaK IO OT/EIBbHOCTH,
TaK W rpymnmnoi. s Toro, 4ToObI 3arpy3uTh IPYIITy KOMIIOHEHTOB, HEOOXOAMMO 3aKaTh KiaBumy ctrl Ha

KJIaBHAType WU BOCIOJIB30BAThCS 00IACTHIO BRIACICHHS € TIOMOIIbI0 3akaTor JIKM.

mam L Bxoascyxen~ W | (@ - -5 X

Autodesk Inventor Professional 202

Puc. 3. KoMmoHeHThI TOAIIIMITHUKA

C60pKy THUIIOBOTI'O IIPOCKTA HCO6XOIII/IMO C03/1aTh C IOMOIIbIO 3aBUCUMOCTEH.
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mx

)

n

Puc. 4. 3amanme 3aBUCUMOCTENR

[IpenogaBatento HEOOXOAUMO Pa3bICHUTH AYAUTOPUU OCHOBHOM MPUHITUI CO3aHMsI COOPOK uepes
3aBUCUMOCTh. HaunHaTe co3manue COOPKH CTOUT C CO3JAaHHUSI ONTIOPHOTO KOMIIOHEHTA, KOTOPBIH HE UMEET
cTeneHel cBoOo k1. JInmaTh cTeneHet cBo00 bl BEIOPAaHHBIM KOMIIOHEHT CTOUT Ye€pe3 3aBUCHUMOCTD, TUIIA
«CoBMmemnienne», penicHue «CoBmenieHue» B kagecTBe KOMIIOHEHTA CTOUT B3STh «BHEIIHEe KOJbILIOY.
Heo6xomumo co3naTh 3 3aBUCUMOCTH, MEXIY OCHOBHBIMH IIJIOCKOCTSIMH BCEW COOPKHM M OCHOBHBIMHU

IIJIOCKOCTAMHU KOMIIOHCHTA.

15:41

A 7 @) PYC
M < woso0 T

Puc. 5. 3amanue 3aBucuUMOCTEN

ITocne CO3aHuA TPEX 3aBHCUMOCTEH COBMCUICHHUE, KOMIIOHCHT CTaHOBUTCA CTAaTHYHBIM. Crout
06paTI/ITI> BHUMAHHUC, HA TO, 4YTO BCC CO3JaHHBIC 3aBHCHMOCTH MOXHO HaﬁTH, PaCKpbIB KOMITOHCHT
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BHEIIHEE KONbI0. KaXayro M3 CO3JaHHBIX 3aBHCUMOCTEM MOXXHO OTpedakThpoBaTh, HaxkaB IIKM Ha

HY>XHOH 3aBUCHUMOCTH U BBIOpaB cTpoky «IIpaBkay», unu xe ynanuth, HaxkaB [IKM Ha 3aBucuMocTu u

BBIOPATh CTPOKY «YAAIMTb».

Mowck no cpaeke u Komanaam
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Pexum oxupanma

Puc. 6. 3amanue 3aBuCUMOCTEN

Crnemyromum 3TanoM HY»KHO CO3/IaTh €IIe OJJUH KOMIIOHEHT COOPKH - MIAPHK (TEJIO KaueHHs).
Jns sToro HeoOXOAMMO BHIOpaTh COOTBETCTBYIOLIYIO KoMmaH1y B JeHTe «Co3gatb». B

OTKPBIBIIEMCA OKHE YKa3bIBA€EM ITYTH COXPAaHCHWS KOMIIOHEHTA 1 €0 Ha3BaHUEC «]J_Iapmc MNOAIIMITHUKA».

o
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Puc. 7. Co3znanue mapukoB
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[Tocne Haxatust B 1r000M Mecte Ha padoueit obnactu JIKM. Ilpuctynaem k co3gaHUI0 HOBOTO
KOMIOHEHTa BHYTpH cOopku. Co3znanue 3D Moaeny MpOUCXOAMT MO TEM XKe MPUHIIUIIAM, KOTOpPbIe ObLIH

npoiaeHsl panee. J{uamerp mapuka paseH 10 mm. Co3jaeM KOMIIOHEHT € IOMOILBIO OIl€pally BpallleHUE.

12020 C6opkal angem S Broascayxés~ W (@ - DEe

e > damst y
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ocs LSt
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Puc. 8. Coznanue mapuxos

Ilocne co3maHMs KOMIIOHEHTa, Ha)XMMaeM KHOIKY «Bo3Bpar» B IIpaBoil 4acTU JIEHTBI U
BO3BpaIaeMcs B pexxuM cOopku. CTOUT 0OpaTUTh BHUMaHUE HA TO, YTO KOMIIOHEHT IIApUK, MOSBUIICS
mapuk. HOBbI KOMIIOHEHT IrOTOB.

Crenyromum 3TanoM HeoOX0JMMO cO3/1aTh KOMMMK KOMIIOHEHTA IIIapUK, a 3aTEM BCTaBUTh BCE Teja
KadyeHus B cenaparop. s co3manus konuu MoxHO HaxkaTh [IKM Ha KOMITIOHEHTE M BBIOpATh CTPOKY
«KonupoBath» WM HCHONB3YS KHONKY «BCTaBUTH» 3arpy3uTh HEOOXOIMMOE KOJHMYECTBO KOIMM.

KommuectBo IIapuKOB B IMMOAIIHUITHHUKE: 8 mT.
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Momex o cnpasie u komanaam
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Pexum oxuaanua

Puc. 9. Coznanue mapuxoB

Coznaem 3aBucuMocTh «KacaTeJbHOCTB» MEXy IIAPUKOM U BHYTPEHHEH, KPUBOJUHEHHON

IPaHbIO OTBEPCTHS B cenaparope. Pemenne 3aBucumoctu «BHyTpm».
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Pexum oxuaaHus

Puc. 10. Co3nanue mapukos

[TpumMeHsieM 3Ty 3aBUCUMOCTB KO BCEM IIApUKaM M OTBEPCTHSIM CeTapaTopa.
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Mlouck o cnpaeke U Komanaam
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Ypouienve ~

Puc. 11. Co3nanue mapukoB

Hanee, ¢ moMompio 3aBucuMocTH «CoBMeEIIeHHe» HeoO0XoaumMo co3aaTh «COO0CHOCTBY MEXIy
BHEITHUM KOJBIIOM U cemapaTopoM. J[as Toro, 4roObl MPUMEHHUTH JAAHHYIO 3aBUCUMOCTH, HEOOXOIUMO
BBIOPATh 000 HMIMHIPUIECKYIO TPAHb CeTapaTopa U MUJIMHIPUYECKYIO TPaHb BHEIIHETO KOJIbIIA.
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Puc. 12. 3amanue 3aBUCUMOCTENR

Ilocne qero, HCO6XOI[I/IMO JINIIUTG €III¢ OJHON CTeCHN CB06OIU:I cernaparop ¢ NOMOIIbIO

3aBUCUMOCTH «COBMCHICHI/IG» OTHOCHUTECJIbHO INIIOCKHUX FpaHefI.
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Puc. 13. 3aganue 3aBUCHMOCTEN

Tem caMbIM OCTaBHB OJIHY CTENEHb CBOOOIY cemaparopy - 3To BpamieHue. [locieanum stamom

co3gaHusi cOOpKH OyIeT CO3aHus

BHYTPEHHEMY Koublly. B kaudecTse

3aBucUMOCTe «COOCHOCTB» M ((COBMeH.IeHI/Ie», OPUMCHUTCIIBHO K

MPOBEPKU YCBOSEMOCTH MH(OpPMAIIH, MPENOIaBaTENI0 CTOUT JaTh

JTAHHOE 33JIJaHUE YJalMMCs, B KAYECTBE CaMOCTOATENBHOI0. Bpemst Ha BbimonHeHue 5 - 10 MuUHYT.
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Puc. 14. 3aganue 3aBUCUMOCTEN

Co37aHHe COOPKH HEOOXOJMMO TPOBEPHUTHh MEXAHHW3M Ha HAIUYHE

J1ns1 3TOr0 HEOOXOJUMO MEPEHTH B COOTBETCTBYIONIYIO BKIAIKy «IIpoBepka» 1 BEIOpaTh KHOMKY

«AHAJIH3 HCpCCC'—IBHHﬁ». I{J’Iﬂ HOpPOBCACHUA aHAIN3a HCO6XOZ[I/IMO BBIﬁpaTL BCC KOMIIOHCHTHI C60pKI/I n
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Haxats OK. Ilpu Hammuuu nepeceueHuil, mporpaMma OTMETUT IEPUMETP IEPECEUCHUNH KPAcCHBIM IIBET.

Oo0Hapy:xeH psiJ nepeceveHuii!
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Puc. 15. Ommbka nepecedeHuit

PesynbTaTroMm mnepecedyeHuMid Ten KaueHHUs, BHEIIHErO0 M BHYTPEHHEIrO KOJIblA, CBA3aHbI C
HETPaBWIBHBIM PACIIOIOKEHHEM ceraparopa. [t ncnpaBieHus JaHHOW OMMOKY HEOOXOJMMO H3MEHUTh
3aBUCUMOCTB «COBMELIEHU» MEXY CENIapaTopoM M KOJbLAMH. 3aBUCUMOCTb MOYKHO YaJIUTh U CO3AaTh
HOBYIO JIMOO pEIakTHUpOBaTh CYILIECTBYIOIIYIO. /[l penakTUpoBaHMs 3aBHCHMOCTH, HEOOXOIMMO
menkHyTh JIKM Ha 3aBUCUMOCTH B KOMIIOHEHTE «CENapaTop» U B OTKPBIBIIEMCS OKHE BBECTH 2,5 MM, TEM

caMbBIM CO3JIaB HeoOXoammoe cmemieHue. [locine penakTHpOBaHWSI 3aBHCHMOCTH, TIEPECEUYCHHUS

YCTpaHATCH.
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Bsanmocsnsn v Maccve v Ynpaenenve v PON3BOANTENLHOCTE. Pabouve 3nemeHTsl Ynpouwerne v

Komnoxenr v Mozuuns v
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= [l Npencraanesis
= T Bz OObusbif
& rraswuii
- Obareii
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Puc. 16. Utor
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[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

IpakTnyeckas padora Ne41
IIpoexm «lloowunnuky. Cozoanue ghomopeanucmuunozo uzodpa)xcenusn uzoenus u AHUMAyUU e2o
padombul.
eab pa6oThl: BOCCTAaHOBJICHHE HaBBIKOB pabOTHI B mporpamme Autodesk Inventor
Oo6bem: 1 yac
3agaHue: MOTYIUTh (POTOPEATHUCTHYHOE M300pKEHUE U3NeNus U BUAeo(daill ¢ aHUMAaIuel ero
paboThI
O0opynoBanme: repcoHaIbHBIA KOMIBIOTEDP, KJIABUATYPa, KOMIIBIOTEPHAs MBI

IIporpammuoe odecnieuenne: Autodesk Inventor

I[IpakTHYeckasi 4acTh
Co3nanue (poTopeainCTUYHOTO U300pasKeHHsI.

Crnenyromas Tema - coznanue penzepa. llepen cosmanueM (hOTOpEATMCTUYHOTO HM300paKEeHHUS,
HE00XO0IMMO Pa3bsICHUTH 0OYJAIOUIMMCS O Pa3HHUIIE MEXTY TEKCTYpOi MaTepuaioM U 1iseToM. [Tocie gero
CTOWT MEPEUTH K 3a1aue MaTepuaioB, TEKCTYp U I[BETA.

Bxutagka BeiOOpa MaTepuana HaXOJUTCS B CaMOM BEpXHEW CTPOKE MPOrpamMmbl, BKJIaJKa TEKCTYP
HaxOJIUTCS MpaBee BKIAIKA MAaTepUaibl, MEXIY BKIAAKaMU TEKCTypa U MaTe€pHallbl, HAXOJIUTCS UKOHKA B
BHJIC I[BETOBOTO Kpyra, OTBEYAIOIIas 3a HACTPOMKY CBOMCTB TEKCTYpHI, MpaBee BKIAIKU TEKCTYpPHI

HaxXOJUTCA HKOHKa B BUAC IBETOBOI'O Kpyra € 6GFYHKOM, KOTOpasA OTBCHACT 3a IBCT.

» Mow mam L Brogscayxeni~ YW | (@ - =0 X

Autodesk In 20 Coopkal

ID-BHS 5 S TN [ N Tl

pra

TE & fr +~

Puc. 1. Untepoeiic Inventor

Cnenyer oOpaTuTh BHUMaHHE, Ha TOT (DaKkT, YyTO MOCJIE 3aJaud ONPENEICHHOI0 MaTepuaa,
IporpaMMa aBTOMAaTHYECKH BBICTABIISET TEKCTYPY, KOTOpas COOTBETCTBYET 3TOMY Marepuainy. Tekcrypy
B IIPOLIECCE MOXKHO MOMEHSTh. K mpumepy, MO>KHO 3a7aTh MaTepuall, altoMUHUAN Mapku 6061 1 moMeHsTh
COOTBETCTBYIOILIYIO TEKCTYpY alIOMHMHHUS, CKaK€M Ha JpeBeCHUHY - 1y0. BHemHuit BHJI KOMIOHEHTa

U3MCHUTCA, HO (i)I/I?)I/I‘-IeCKI/Ie CBOMCTBA KOMIIOHECHTA M3 aTIOMHUHHS OCTAaHYTCA MPECKHUMHU.
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Mogens X # Q=

~ [ Havano

+ ] nrockocrs v2

+ [ naockocru x2
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Joax
Toay

Tloaz

+ @ cenaparop:1
™ e
+ @ wspnc2
+ @ wapne
+ @ wapnca
+ @ wopne:s
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+ 8 wopn7
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Puc. 2. [loqmmnauk ¢ MarepuanaMu

[locne 3amaum ompeaeneHUs MaTepuala TaKKE MOXKHO IOCMOTPETh OCHOBHBIE (H3UYECKHE
CBOWCTBA M3JIeNHUs, B COOTBETCTBUU C MaTepuayioM. J[is aToro Heo6xonumo 1menkHyTs JIKM Ha 3Hauke
cOopku B Opay3epe U B OTKPBIBIIEMCS] MEHIO BHIOpATh MPEANOCIIEAHIO CTPOKyY, «CBoiicTBa Inventory.
[Tocne 4yero OoTKpoeTcs MEHIO HACTPOMKH CBOMCTB, B KOTOPOM HY)KHO BBIOpaTh IMOCIEIHIOI BKIAJKY
«®Du3nyeckue». B oTkpbIBIIEHCS BKIAJAKE MOXKHO YBHMJETh IUIOTHOCTH MaTepHala, IOCIE€ yCTaHOBKU
TOYHOCTH U BbIOOpa KHONKH «OOHOBHMTBY, IPOrpaMMa camMa pacCUUTaeT OCHOBHBIE CBOWCTBA, MPHUCYILUE

KOMITOHEHTY C YYE€TOM MaTepHaia.

Mogens X + Q

1 C6opkal Ceoiictsa Inventor X

Chopka | Mopenupoeatie

=) —~ %o, MosTop 3ymuposare Marepian

+ Bzaumo
e

+ [l MpencT = o name, veprex Alt+C

O6wme [okymeHT [Mpoekt Cratyc Mpoude CoxpaHuTs Ou3nueckie

i Hauano 3] Coagars oxemy Alt+P MnotHocTs Tpebyemas TouHoCTL Bydep obrena
+ [B] 10 orepums veprex 7,8 r/cn"3 || | Huskoe v
+ @0 coznars Hosyio nanky Obuue ceoiicrea

+ @110 s yepums M

[ Bkn. KocmeTHueckyio ceapky [C] € uamenennen sennumnsl
JJoee  coagars npumesarne

|eHTp TsKecTH

I-] oy
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Jloce  caepuyrs ace aouephie
5 CRofcTRa Jove Mnow. |16160,2 MM~2 (OTHoC| Y | 0,0 MM (OTHOCHTENLHi
+ ([ svewne  Cnpaska no...
+ [ eryrpenee Konsuo:1 O6sen | 23604,2 mm~3 (OTHoC Z | 0,0 mm (OTHocuTenH;

+ [ cenaparop:1

+ [ wapmi:1 HepuyoHHbie CBoficTEa

+ [ wapuk:3 [ NaBHbIe MOMEHTBI
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Puc. 3. CoiicTBa MaTepuanos
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HeobxoauMo 3agaTh BceM KOMIIOHEHTaM COOpPKH, MaTepHal: CTAJdb HepiKaBelolasi, TEKCTypa

BHEIIIHETO KOJIbLIA: MPO3PAYHbIN KeJIThIM.

ID-BHS- - 08 K- 40 roww @ e - Q@ fr#5 Autodesk Inventor Professional 2020 CGopral ¥ Nowcx no copasee w xomaraam D) Bxoa oot~ B | (@) = - &%
-mnmmmznnwmmmmwmwwwmmw npoes @+

u}/ !] . - D @ vaca i] Foa + I Npamoyrommsi Sa Mo sooy fx

Hauare  Boaanaasanne Bpauenwe Orepcrne mexc«ue 5 Caone Ems Timssoon T 100" Bl Kpyrosok Napaserpsi
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Vswmenm, cBopry PaGoune anemers o Maccya Napaverpsi ~

Céopratiam X =
S

Pexum oxuaann il

Puc. 4. [logmmnHuk ¢ MaTepruagoM U TEKCTypaMu

Janee ciemyeT mepeiltd K co3fgaHuio (oTopealucTUYHOro uzoOpaxkeHus. Ilepen cozmanmem
peHaepa HeoOXOAMMO HACTPOUTH ClieHy. JlJisi HaCTPOIKHU CIIeHbl HEOOXOMMO MIEPEUTH B KIaAKy «Bum».
Heo6xoauMo ycTaHOBHTH CIIEAYIOIINE TTapaMeTpPHI:

Ctuitb 0TOOpaKeHHS: peaTnCcTHIHbII

Tenu: Tenu Be3ne

Bun: nepcnekTuBHBIN

Hcrounuk cBera: Mo KeJa1aHHuIo

[Tocne yero cToUT HACTPOUTH MOJIOKEHHE KaMephl U Ha)KaTh Ha KHOIIKY «TpaccMpoBKa Jyd4eii». [locie
CO3/IaHMsI YEPHOBOTO PEHJIEpa HY)KHO U3MEHUThH OCBEIIEHHE U «TOYHOCTh MaTepuaioB» Ha «TouHoe» u

JOXKOAThCA CPEAHETO Ka4eCTBA 1/1306pa>1<eH1/1;1.

IO-BHE 06 B0 @ s - @ e -0 @S Cooprar

Puc. 5. @oropeanuctTuyHoe H300paxeHne
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ITocne cozganus GoTopeanrucTHIHOTO N300pakeHHs, HEOOXOIMMO €To COXpaHuTh B popmare JPG

B COOTBCTCTBYIOIIYIO IIAIIKY C IIPOCKTOM.

Co3aanue aHUMAaUU

AHunMarus paboThl NOJIIUITHKKA OyJeT co3ana B cpeae «Cxemayn.

IO BHS O G ® e @ e @@ KET A gt Novox o copsue oo (0
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Puc. 6. Cpena «Cxema»

ITocne BbIGOpa COOTBETCTBYIOLIEH Cpelibl, HEOOXOIMMO yKa3aTh IIyTh K COOpKe.

Io-BHS - YRR rpeocmasren g ronce rovanen (BRSO TIIZIEK
B roeaciavrenve | Vincr
Bcragums Mogens  Hosas Hosw#i  Caswmym  Hempospaunocm 3anommwms nonoxenve  Cosfats  Buaeo PactpoBoe uso6paxerue
PACKAAPOBKa BUA CHYIMKA | KOMIIOHEHTbI Kamepsl B4a ueprexa
Mozens Cemumap I Komnorent Kamepa Yeprex: MySankauma
s E X
P 0som
Vva a llata amenenns Tvn Pa
7 Oldversions 18.05.2020 14:22 Manka ¢ Gaiinamn
Wernonb3osatb komaHay #,coopral 18.05.2020 14:22 C6opka Autodesk |...
"HoBblif BUA cHumMKa" Ans
€O3AaHMA BUAA CHUMKA,
Buabl CHUMKOB.
ucnons3ayloTes Ans
CO3/iaHUs BUAOB YepTexel
UK Ans nyGnukauum
PacTPOBLIX H30BPaKEHHI.
< >
Vi oiine:  [Cooprel V]
Tangannon: [ @enn coopn (*iam) <]

Tlocneqwee coxpanerne: Autodesk Tnventor 2020 (24.0.16891.0000)

oo BB —]

o o] By

Puc. 7. I1yts k cOopke

Crnenyer 3a7aTh BpallleHHE BHYTPEHHEMY KOJIbIly, CerapaTtopy M TejiaMm BpaiueHus. s storo

HCO6XOI[I/IMO BBI6paTL KHOIIKY B IMTaHCJIX HHCTPYMCHTOB ((CI[BHHYTL KOMITOHEHT», 1aJIEC HYKHO BLIGpaTL

Ka)KIILIﬁ KOMIIOHCHT, KOTOpLIﬁ 6yI[CT COBCPLIATH BpAIlICHUC, BLI6I/IpaTB CJICAYCT KOMIIOHCHTBI TIOOYCPEAHO

¢ 3axkaTou xnasuuueii Ctrl.
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B OTKPBIBIIEMCA MCHIO KOMIIOHCHTA CJICAYCT INMOMCHATH aKTHUBHOCTH KHOIIKH ((HEPEHECTI/I» Ha

«I1oBepHYTbY».
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Puc. 8. Hacrpoiika anumanumn

[Tocne yero HEOOXOOMMO YCTAaHOBUTH TPaayC MOBOPOTA, IMIETKHYB Ha HEOOXOIMUMBIH CIEKTP
MOBOPOTA, BCETO CIIEKTPOB MOBOPOTA TPH COOTBETCTBEHHO, MO OJHOMY B Ka)JIOM U3MEPEHHUH, BCE TPHU
CIEKTpa TOSBISAIOTCS TOCIE BBIOOpA KOMIOHEHTOB W TMOATOTOBKM HMX K aHMManuu. HeoOxomammo
YCTaHOBUTH yroil moBopota B 1300 rpamycoB, Takke HYKHO YCTaHOBUTH BpeMs, 3a KOTOpoe Oyuer

OCYIIECTBIISATHCS TOBOPOT, BPEMsI IOBOPOTA 5 CEKYH/I.

T O-EHSE &0 % B8 npeoomosren ~F= Autodesk Inventor Professional 2020 C6opral » Momax o cnpaske v xomanaam L Broascnyxon~ g @ - -8 X
Npeacrasnenve =~ Unctpymentsi  Bua  Cpeabl  Hauano pabotsi  CosmectHan paGora 2~

r— S — C‘-‘ m—
{1 B A s % @ X
Berasuts Mosens | Hosas Hoebii | CaBMMyTs |Henpospaisocrs 3anoMHuT nonoxewde  CO3maTh  Biieo PACIDOSOE MeoBpaxenie

XOMMOHeHTS

PaCKaApOBKA BUA CHUMKA Kamephi WA vepTexa
Mozens Cemnnap Kowmrowent Kamepa
Momers X + Q=
2 cooprat
+ [ cuenar

Yeprex MyGaukaums

B cvkos X+

Wcrionb3osaTs KOMaHAy
"HoBblil 1A cHUMKA" Ans
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Puc. 9. Hacrpoiika anumanum
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ITocne gero CICAYCT IPUMECHUTD BCC ,I[CﬁCTBHH 1 HaXXaTb Ha KHOIIKY «OK)».

Bce HGOGXO[[I/IMBIG I[€I>'ICTBI/I$I BBITITOJIHCHBI. I[JISI MMpOUTrpbIBaHUA aHUMAllUU €CTh COOTBCTCTBYIOIIAA

KHOIIKA.
Mawens packagposok X+ =
storyboard1| o T ) a 0 ale
o ﬁ‘» 1T R | [T AT T AT AT [ [T T |2 P 128 TR BT
Puc. 10. Knornka 3anycka anHumanuu
Jlnst peHgepa BUA€O HYXKHO BEIOpATh KHONKY «Bugeo».
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Puc. 11. Kuonka «Buneo»

OTkpoeTcss MEHIO HACTPOWKH pEHIEpa, B KOTOPOM HEOOXOAMMO OOpaTWTh BHUMAaHHE HaA

CIIEAYIOIINE TTapaMeTPhbl

Mybnvkauwa 8 BMaeodopmat

OBnacte nybnnkaumm
O Bce packagposki
@ Tekyllan packajpoBKa or Ao

O,ﬂuanasoH TeKyLLWX packafpoBoK 0,0c 25 ¢€

[ ]obpatuTs
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| Storyboardl
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Puc. 12. Hactpoiika penaepa
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[Tocne HaAcCTpOWKHM HEOOXOAUMO TPHUHATH Bce nedcTBus. [lo 3aBeplieHHWIO peHaepa, BUIEO
aHUMaIK OyJeT HaXOAWTCS B COOTBETCTBYIONIEH mamnke. [IpemogaBarens nenaer GUHAIBHYIO MPOBEPKY

paboT, MpoBOTUT pedhICKCHIO.

IIpakTuyeckas padora Ne42.
Ilpoexm «Pedykmopy. 3youamoie mexanu3movl U nepeoamoyHoe OnHouleHue.
Hean padoThl: n3ydeHne BUAOB 3yOUaThIX Mepeaay, MOHSATHE O MePeJaTOYHOM OTHOLIEHUHU
Oo0bem: 1 yac
3agaHue: U3yYUTh 3y0UaThle MEXaHU3MBbI
OO6opynoBaHue: IEpPCOHATBHBIN KOMIIBIOTEP, KJIABUATYPa, KOMIILIOTEPHAS MBI

IMporpammHuoe obecnieuenne: Autodesk Inventor

Teopernveckasi 4acThb
Jlexuus Ha Temy: «3y0OUaTble MEXaHU3MBbDY.

Penykropsr (;tatiHCKOTO ci10Ba reductor) moay4uiiy IIMpOKOe pacipoCTpaHSHHUE BO BCEX OTPACIISIX
IIPOMBIIIJICHHOT'O U arpapHOro X03sAHCTBa, IO3TOMY X MPOU3BOJCTBO C Ka)KIbIM I'OJIOM YBEJINYUBAETCS,
MOSIBJIIFOTCS] HOBBIE MOJM(HUKAIIMY, COBEPLICHCTBYIOTCS YK€ CYIIECTBYIOIINE MOJIEIH.

Penykrop ciayXuT ISl CHHKEHHMSI 4YacTOThI BpAlllEHHMs] TUXOXOJHOTO Baja W YBEIMYEHHUS YCHUIIUS Ha
BBIXOJHOM Basly. PeayKTOp MOKET MMETh OJHY WJIM HECKOJBbKO CTYNEHEH, 11eJb KOTOPhIX YBEIHMYEHUE
nepeaaTouyHoro otHouieHus. [lo Tumy mMexaHHMuYecKoil mepenayd peayKTOpbl MOTYT OBbITh YEPBSIUHBIMHU,
KOHUYECKMMH, IUIAHETapHBIMU WIN LWIMHIPUYECKUMHU. KOHCTPYKTMBHO pEIYKTOP BBINOJHEH Kak
OT/eNbHOE U3/eNHe, padoTarolee B ape ¢ 3JEKTPOABUraTeIeM U YCTAaHOBJIEHHOE C HUM Ha OJIHOM paMe.
[IpOMBIIITIEHHOCTBIO CErOHS BBITYCKAIOTCS PEAYKTOPHI OOIIEro U CelnaIbHOr0 Ha3HAYEHUSI.
Penykropsl oOuiero Ha3zHaueHHsT MOTYT NPHUMEHATHCS BO MHOTHX CIy4dasX M OTBEYAIOT OOIIUM
TpeboBanusaM. CrienualbHbIE K€ PeAYKTOPhl UMEIOT HECTAaHAAPTHbBIE XapaKTEePUCTUKH MOIXOASAIINE O]

OIMPCACIICHHBIC Tpe60BaHI/ISI.

Kaaccudukanus, ocHOBHbIe IapaMeTpPbl peAyKTOPOB

B 3aBucumoctu oT Tuma 3y0uaToi Imepeqaud PeAYKTOpPbl ObIBAIOT LHJIMHAPHYECKHUE,
KOHHMYeCKHe, BOJHOBBbIC, ILUIAaHeTapHbIe, IJI00OMIHBbIe M 4epBssuHble. [llupoxko npumMeHsOTCA
KOMOMHHPOBaHHbIE PEIYKTOPHI, COCTOSAIIME M3 HECKOJIbKHX COBMEIICHHBIX B OJIHOM KOpPIyC€ THIIOB

nepenad (UIMHIPOKOHUYECKUE, IUINHAPOYEPBIUYHbIE U T.1.).
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BuAbl 3YBYATbLIX MEPEOAY

OCHU KOJNEC NAPAJNNENbHbI

UMNUHOPUYECKUE
NPAMO3YEbIMU KOCO3YBEbIMU BHYTPEHHEE PEEYHAA
KONECAMU KONECAMK 3ALEMNEHVE

OCHU KONEC NEPECEKAKOTCA

KOHUYECKHUE UWUHAOPO - KOHUYECKAS
NPAMO3YBEbIMWU KONECAMWU KPUBO3YEbIMKU KONECAMM

OCM KOJNEC CKPELLUMBAIKOTCHA

BUHTOBAS YEPBAYHARA TUNOUAHAR

Puc. 1. 3ybuatsie nepenauu

KOHCTpYKTHBHO pEayKTOphl MOTYT IE€pENaBaTh BpAICHHE MEXAY NEPEKPEIINBAIOIINMUCS,
MEPECEKAIOIIMMUCS U TIapaJlIeIbHBIMU BaJIaMH.

Tak, HanpuMmep, UMIMHIPUYECKUE PEAYKTOPHI IIO3BOJISIOT IEPENATh BpALIEHHUE MEXIY
MapajuyieIbHBIMA  BAJIAMH, KOHUYECKHE - MEXKAY MEpPECEeKAONIMMUCI, a YEPBAYHBIE - MEXIY
MIEPECEKAIOIIMMHUCS BaJaMHu.

Oo011ree mepeaaTouHOE YHUCIO MOXKET IOCTUTATh 10 HECKOIBKUX JECSITKOB THICSIY M 3aBUCUT OT KOJTMYECTBA
cTyneHen B peaykrope. Llnpokoe npuMeHeHne Hallllii peAyKTOPBL, COCTOSIIINE U3 OJHOM, IBYX WIIA TPEX

CTyneHeﬁ, IMPpUYEM OHHU MOT'YT, KaK OIMUCBbIBAJIOCH BBIIIC, COBMCIIATh PA3HBIC TUIIbL SY6‘-IaTI>IX nepeaay.

Knaccudukanus 3y04yaTbiX mepeaayd; BO3MOKHOCTH, JOCTOMHCTBA, HEIOCTATKU Pa3HbIX BHIOB
3y04aThIX nepegad.

MenpbIiiee 3 mapbl 3y0UaThIX KOJIEC MPUHATO HA3BIBATH MIECTEPHEH (TpUOOM), OOJIBIIIEE — KOJIECOM.
TepMuH «3yOuaToe KOJIECO» MOKHO TPUMEHSTh KaK K IIECTEpPHE, TaK M K KoJiecy 3y0uaTod Imepeaadu.
Nunexcer «1» 1 «2» MprUCBanBalOT COOTBETCTBEHHO MapaMeTpaM IIEeCTEPHH U KoJeca.
3aneruieHue 3youaThIX KOJIEC MOKHO KUHEMAaTUYEeCKH MTPEJCTaBUTh KaK KaueHHe 0€3 CKOJIBKEHUS JPYT 110

IpyTy ABYX MOBEPXHOCTEH, Ha3bIBAEMbIX HAYAJIbHBIMU. J{JIS IMIMHAPUYECKUX Mepeaad 3TO UUIHHIPHI,
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JUIl KOHMYECKHMX — KOHYChl. TOUKy KaueHHMs HadalbHBIX ITOBEPXHOCTEH OINpPENesAloT, Kak MOJ0C
sanemieHus. Ilo umceny map 3auemuisiomuxcs Kosiec 3y0OuaTble Hepenaud ObIBAlOT OJAHO-, ABYX- U

MHOT'OCTYIICHYATbIMHU.

5
|

Ll

Puc. 2. 3ybuatsie nepenaun

[To mpo¢witro 3yObeB: ouepTaHus 3y0a B IUIOCKOCTH TIONEPEYHOTO CeUEeHUs PoQHITh 3y0a;

9BOJIbBEHTHbBIE, IUKJIOWIaIbHbIE, KpYTOBbIe (3auemieHnue HoBukoaa).

Puc. 3. 3anennenus 3y0neB

[To B3auMHOMY PAcCIOJIOKEHUIO OCeH MX JENAT Ha IMINHAPHUECKUE — C TapaJICIbHBIMU OCSIMH,
KOHHYECKHUE — C TICPECCKAIOIIMMUCS OCSMH, Ha YEPBSYHbIC, BUHTOBBIE — CO CKPCIIUBAIOIIMMUCS B
MPOCTPAHCTBE OCSMHU.
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3areruieHre 3y0uaThiX KOJIEC MOXKET OBITh BHEIITHUM M BHYTPEHHUM.

Peeunsie 3yOuaThle mepeadu MpeoOpa3yloT BpallaTeIbHOE JBIKEHHE B IMOCTYIATEIBHOE WITU
Ha00O0pOT.

[To pacmonoxeHuo 3yObeB OTHOCHUTEIBHO OOpa3yIOIIMX HAYaIbHOW TTOBEPXHOCTH KoJieca

3yOuaThle Mepenadyu JIesT Ha MPsIMO3yOble U KOCO3yOble, IIIEBPOHHBIE U C KPYTOBBIM 3yOOM.

Puc. 4. 3ybuatsie nepenaun

IpsamMo3yOobIMHU Ha3BIBAIOTCS KoJieca (Tiepeayn ), HalpaBJIeHUEe KaXKI0T0 3y0a KOTOPBIX COBITAIACT
¢ oOpasyrolieil HauanbHOW MOBEPXHOCTH (LIMIUHAPA WK KOHYCa).

Koco3y0biMu Ha3bIBalOTCS 3yO4aThie Kojeca, HalpaBICHHE KaKJI0ro 3y0a KOTOPBIX COCTaBIISIET
HEKOTOPBIN MOCTOSIHHBIA YTOJI ¢ 00pa3yroleil HadaIbHOU MTOBEPXHOCTH.

O061amarT PSAIOM TOCTOUHCTB 110 CPAaBHEHHIO C TIPAMO3YOBIMU: O1arofaps HaJTUYHIO yIJia HAaKJIOHA
3yObsl BCTYNAIOT B 3alleTIEHUE 10 CBOCH JJIMHE MOCTENEHHO, YTO 00ecreynBaeT 0ojee paBHOMEPHYIO U
IUIaBHYIO paboTy M €CTECTBEHHO, CHIDKEHHE IIyMa MEXaHHW3Ma BCIEJCTBUE OONbIero KoddQuimeHTa
MEePEeKPHITHS. Y KOCO3yObIX KOJIEC MUHUMAaJIbHOE YHCIIO 3yObeB MTPU KOTOPOM HE MPOUCXOIUT MOAPE3aHNUs,
MeHbIIIe, yeM y npsamMo3yobix. Koco3yOble nmepeaaun mo3BossitoT Moo0parh Mpu 3aJJaHHOM MEKOCEBOM

PaCCTOAHHHU 3a CHCT USMCHCHUA YTIJIa HAKJIOHA MMapy KOJICC CO CTaHAAPTHBIM MOIYJICM.
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K HemocraTkam Koco3yObIX nepefad cielyeT OTHECTH 0ojiee CI0KHOE M3TOTOBJIIEHHE KOJIEC IO
CPaBHEHHIO C IPSAMO3yOBIMU U MOSIBIIEHHE JIOMOJTHUTEIHHOTO OCEBOI0 YCHIIHS, TIEPEIaBaeMOro Ha OTIOPHI.
Jlnist yeTpaHeHHs! OCEBOTO YCHIIUSI MOXHO MPUMEHSTH IIEBPOHHBIE 3y0UaThie Kojieca. BeHel meBpoHHOTo
KOJIeca COCTOMUT U3 YYaCTKOB C IIPABbIM U JIEBBIM HaIIPaBICHHUEM 3yObeB. 3yObs TAKOIO KOJIECa MOT'YT ObITh
Hape3aHbl Ha OJJHOM 000/1€ WJIM BEHEL COCTOUT U3 )KECTKOT'O COEAMHEHHS IBYX KOCO3YOBIX KOJIEC C Pa3HBIM

HaIlpaBJICHHEM HakJIOHa 3yObeB. llIleBpoHHBIE KOeca CII0KHEEe B U3TOTOBICHUN KOCO3YOBIX.

Puc. 5. [lleBponnas nepenaya

IlleBpOHHBIMM Ha3bIBAIOTCS KOJIECa, 3yOUaThlil BEHElLl KOTOPbIX 00pa3yeTcs U3 ABYX PsI0B KOCHIX
3yObeB MPOTHBOIIOJIOKHOTO HAIPABICHUS.

s ycTpaHeHHsT OCEBOTO YCHUJIMSI MOKHO IPUMEHSTHh ILIEBPOHHbIE 3yOuaThle Kojeca. Benerp
IIIEBPOHHOTO KOJIECa COCTOMUT U3 YYaCTKOB C IIPAaBbIM U JIEBBIM HalpaBjieHHUEM 3yObeB. 3yObs TAKOT0 KoJieca
MOTYT OBITh Hape3aHbl Ha OJJHOM 000/ WM BEHEI] COCTOUT M3 JKECTKOI'O COEMHEHHS JIBYX KOCO3YOBbIX
KOJEC C pa3HbIM HalpaBieHMEM HakioHa 3yObeB. llleBpoHHBIE KoOjeca CIOXKHEE B H3TOTOBJICHHUH

KOCO3YOBIX.

Puc. 6. Konnueckas nepenaya

Konnueckue xoyieca MOTYT OBITh IPSIMO3YOBIMH, KOCO3YOBIMU U C KPYT'OBBIM 3yOOM.

Konnueckue 3yOuaTble Kojieca NPUMEHSIOT Ul MEepeAayd BpallaTebHOTO ABMKEHHS MEXIY
BaJlaMH, OCH KOTOPBIX MEPECEKAIOTCS M0J] HEKOTOPHIM YTJIOM.

[TpenMyI1eCTBEHHO MPUMEHSIOT MPSAMO3yOble KOHUYECKHE KOJeca U TOJNBKO TOT/a, KOTJa HeJb3s
UCMOJb30BaTh LWJIMHAPUYECKUE. DTO O0OBACHSAETCS OOJbIIEH CI0XXKHOCTBIO HM3TOTOBJICHUS U COOPKH

KOHHYCCKUX Mepcaay. OI[HO N3 KOJICC KOHNMYCCKUX Mepcaad n3-3a NICPCCCUCHUA oceii BaJioB pacmoaracTcd
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KOHCOJIBHO, YTO CO3JaeT JIOTIOJHUTENbHBIE TPYAHOCTH MIPU KOHCTpYUpOoBaHuU onop. Kpome Toro, Bassl u
OTIOpPBI HATPYXKAIOTCSI HE TOJIKO paJualibHBIMU, HO U OCEBbIMH cujamu. [IpuMeHeHne Gojee CIOXKHBIX
ornop npuBoguT K cHmwkeHuto KIIJ[ m k OGosplieMy mrymy, 4yeM HpH NPUMEHEHUH LMIMHAPUYECKUX
nepenad.

Haubonbiee pacnpoctpaHeHre MOIYYHIIM MEpeladd ¢ 3BOJbBEHTHBIM IpoduiieM 3yObeB. Bo-
IIEPBBIX, 3BOJIBBEHTHOE 3aLICIIJIEHUE MAJIO YyBCTBUTEJIBHO K OTKJIOHEHHUSM MEXOCEBOIO PAacCTOSIHUS, HE
HapymaeTcs NpaBWIBHOCTh 3aleIuieHus. Bo-BTOpHIX, mpoduiab 3yObeB WHCTpYMEHTa Ui Hape3aHus
ABOJIbBEHTHBIX 3y0UaThIX KOJEC MOXKET OBITh MPSIMOIMHEHHBIM, CPABHUTEIBHO IIPOCTOE U3TOTOBICHUE U
KOHTPOJIb MHCTPYMEHTA W KOJEC, OJHHUM HHCTPYMEHTOM MOKHO Hape3aTh KoJjieca C Pa3HbIM YHCIIOM
3yObeB. TpaekTopuell TOUKM KOHTAKTa SBOJILBEHTHBIX POQHIIeii 3yObeB SBISETCS MPSIMast JIUHUS.

[lo xapakrepy cBoeil pabOThl mepeaayd MOryT ObITb peBEpCUBHbIE W HepeBepcuBHBIE. [lo
KOHCTPYKTUBHOMY BBINOJTHEHHIO KOpITyca 3yOdarble Mepenadyd ObIBAalOT OTKPBITHIMU U 3aKPBITHIMH.
OTKpBITHIE HE UMEIOT 3aIUTHI OT MOMAJAHUS MBUIHA U TPSI3U, 3aKPBITHIE MEpeIaul UMEIOT )KECTKH KOPITYC
1 paboTalOT B MacC/IsIHON BaHHE.

[To BenmMuuHE OKPYKHOW CKOPOCTH pPA3JIMYAIOT Tepefadyd — TUXOXOMHBIEe (10 3 M/C), cpemHux
ckopocreii (3 ... 15 m/c) u O6picTpoxoaHbIe (CBBIIIE 15 M/C).

YepasiuHble Nepelavu NPUMEHSIOT, KOTJa OCH BEAYILErO U BEAOMOIO BAJIOB MEPEKPEIIUBAKOTCS

o yriom 90°.

Puc. 7. UepBsaunas nepenaya

ZIOCTOI/IHCTBOM YCPBAYHBIX IIEp€aad I10 CpaBHCHHIO C 3y6‘-IaTI)IMI/I SABJIACTCA BO3MOXKHOCTH
MOJIYYUTDh OoJIbIIINE NepeAaTOUYHBIC OTHOLICHUA (qncna) B OJHOH CTYlICHHU, N0 80 B CHIIOBBIX nepeaadyax u
A0 HCCKOJIbKUX COTCH B KMHCMAaTUYCCKUX. I’ICI)BSI‘-IHI:IM PEAYKTOpaM MPHUCYIIHU TaKKC 6CCH_IYMHOCTB B
pa60Te; BBICOKAas IJIABHOCTH 3alCINJICHUA, KOMIIaAKTHOCTD, CBOMCTBO CaMOTOPMOXKCHU A, 3aKITIOYA0IICCCH
B HCBO3MOXXHOCTHU IEPCAAYN BpallCHUA OT KOJIECa K YCPBAKY, YTO IMO3BOJIACT UCKIIKOYATH U3 IIPHUBOAA
TOPMO3HBIC yCTpOf/'ICTBa; HaACKHOCTb U NPOCTOTA 3KCILTyaTalluu.

Henocratkamu YCPBAYHBIX THI€peaaqd  ABJIAIOTCA OOJIBIIIOE  OTHOCUTEIBHOE CKOJIbKCHUE

COTPSDKEHHBIX TOBEPXHOCTEH B 3alleIUICHUH; Oobinne moTepu Ha TpeHue; Manbiid KI1J1; 3HaunTenbHbIN
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HarpeB 3alCIUIAIOIMIUXCA 3JIEMCHTOB B CHJIOBBIX II€p€aaydax, UYTO Tpe6yeT CIICHUAJIBHBIX MCP IJIA

JOIIOJIHUTCIIBHOT'O OXJIAXKACHHUA,; BBICOKAsA CJIOXKHOCTHb U TOYHOCTH U3TOTOBJICHUA U C60pKI/I.

Puc. 8. [Inanerapnas nepenaya

IlnaneTapHBIMH HA3bIBAIOT MHOTO3BEHHBIE MEXAHU3MBI, B KOTOPHIX 00s13aTEIBHO €CTh 3y0UaThie
KOJieca C IBIXKYIUMHUCS T€OMETPUUECKUMU OCSIMHU.

[InanerapHble nepenadyu MO3BOJSIOT MOMy4YaTh OOJbIINE MEepPelaTOYHbIe OTHOUICHHS MPU MabIX
rabapuTax ¥ Macce MEXaHU3Ma, CHUMATh C OJHOM (LIEHTPAJIbHOM) OCH IBUKEHHS C Pa3HBIMU YTIIOBBIMH
ckopoctsamu. [lmanerapHbie MEXaHU3MBI IIUPOKO MCIOIB3YIOTCS B HIKAJTBHBIX OTCUETHBIX YCTPOMCTBAX,
rZie TIOABIKHOE IEHTPAIbHOE KOJIECO CBS3BIBAIOT CO IIKAJIOH rpy0dOro orcyera, a BOIWIO — CO IIKAJION
TOYHOTO OTCU€Ta; B MeEXaHW3Max HacTpodku. Hepocrarkamu miaHeTapHBIX TMepenady SBISIOTCS
MOBBIIIEHHOE TpeOOBaHME K TOYHOCTH M3TOTOBIIEHHUS, OTHOCHUTEIHHO OONBIION MEpPTBBIA XOf,

ymenbmenue KIIJ[ ¢ poctoM nepegaToyHoro OTHOIEHUSI.

Puc. 9. BonHoBas nepenava

BoJsiHoBBI€ 3y0UuaThie MEXaHU3MBI UMEIOT PSIJ] IOCTOMHCTB: OOJIBIINE MEePEIATOUYHbIE OTHOIICHUS
(50 ... 250 B ogHOCTYIIEHUYATOM TIEpe1aue) MPH MaJIbIX rabapuTax U Macce; BRICOKHE TOYHOCTh M TIJIaBHOCTh
BCJIE/ICTBHE YMEHBIIIEHUS OOIIeH OMMOKH MPHU OOIBIIIOM YHCIIE 3aETUISIOMUXCS 3y0OheB 1 MUHUMAITbHBIH
MepTBbId x01; Bbicokuit KIIJ (0,7 ... 0,9) Gnaromapss MambiM CKOPOCTSIM CKOJBXEHHS B 3allCTIICHUH,

BO3MOXXHOCTE IEPCAAYN BPAIIATCIIBHOTO ABUKCHUA B TEPMECTUUCCKH 3aKPBITOC IMPOCTPAHCTBO HUJIN YEPE3

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(crpanurna 207 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

HEMPOHUIIAEMYIO TEPEropoaKy. J[ByxcTymeHuarass cxeMa BOJIHOBOW Iepefadyd I03BOJIAET IOIYy4aTh
[IepelaTOYHbIe OTHOLIEHUSI 10 HECKOJIBKUX THICSHY.

[lo cpaBHEHMIO C IUTAHETAPHBIMU TepenadyamMu BOJHOBbIE uMeroT Oosbiue KIIJI, Tounocts u
MEHBIITUNA MEPTBBIN XO/I.

K HenmocrarkaM BOJIHOBBIX I€pelad OTHOCSTCS CIIOKHOCTh H3TOTOBJIEHHSI U HEBO3MOXHOCTH
IIOJIy4YEHUS MAJIbIX [1€PEAaTOUYHBIX OTHOIIEHUH (MeHblIe 50).

[TpuMeHSIOTCST BOJHOBBIE MEpeAayd B KHHEMATHYECKUX M CUJIOBBIX NPUBOJAX C OOJBIIUM
MepeAaTOYHbIM OTHOILEHHWEM; B OTCYETHBIX YCTPOWCTBAX MOBBIIIEHHOM TOYHOCTH; KaK IPHUBOJ IS

nepeaadun IBUKCHHA B TCPMETU3UPOBAHHOC IIPOCTPAHCTBO.

Pacuer nepeaaTo4HOro OTHOIICHUSA

s Toro 4toObl ONpeAesuTh MepeAaTouHOe OTHOILIECHUE, HYXKHO UMETh MO KpailHell mepe ABe
IIeCTepPHH, CIICTIECHHBIE IPYT C APYTrOM; TAaKOE CIETIEHHE Ha3bIBaeTcs 3youaToii nepenaueit. Kak mpaswuio,
nepBasi MIECTEPHsI SIBJISETCS BEAYIIECH IIECTEPHEH (KpemuTcsl K Baly JABUTATEls), a BTOpas — BEIOMOM
mecTepHed (KpemuTesl K Baly Harpy3ku). Mexy Beaymel u BeJJOMOH MECTEPHIMU MOXET OBITh CKOJIb
YroaHO MHOTO 1mectepeH. OHM Ha3bIBAIOTCS IPOMEKYTOUYHBIMH.

Ceiiuac OyneT paccMoTpeHa mepeqayda ¢ AByMsl HIecTepHsIMH. [[1s ompeneneHus: nepeaaToyHoro
OTHOIIEHHUS 3TU MIECTEPHU JOJDKHBI OBITH CIIETUICHBI JIPYT C IPYroM (TO €CTh UX 3yObs CIICTUICHBI U OJTHA
IIECTEpHsI TTOBOpayuBaeT Jpyryro). Hampumep, nana HeOosbinas Bemymas mectepHs (mectepHs 1) u

Oosblast BeJoMasi mecTepHs (1ecTepHs 2).

Puc. 10. Cucrtemsl U3 1ByX HIECTEPEH
[Tpocreiimumii cnocod HaWTH NEpPeIaTOYHOE OTHOLIEHUE MEX]Y JABYMS IIECTEPHAMU — CPaBHUTh
KOJINYECTBO 3yObeB Ha Kaxaoil m3 HuX. HeoOXoauMo ompenenuTh KOJMYECTBa 3yObeB Ha BeayIeH
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mecrepHe. B 1aHHOM mpuMepe MeHbInas (Bemymias) mectepHs umeeT 20 3yObeB, a Ooibimas (BegomMas)
mectepHs umeeT 30 3yObeB.

Heo6xoanMo pa3aenuTs KOJMYECTBO 3yObeB BEJOMOM MIECTEPHH HA KOJIMYECTBO 3yObEeB BenyIIeH
LIECTEPHU, YTOOBl BBIYUCIMTH IE€PEJATOYHOE OTHOLIEHHWE. B 3aBUCMMOCTH OT YCIOBHH 3ajauu,
MO>KHO 3aIucaTh OTBET B BUJE JECATHYHOI IpoOu, OOBIKHOBEHHOM TpOOH UK B BUE OTHOLICHUS (X:Y).

B mannom npumepe: 40/20 = 2. Tak e OTBET MOXHO 3anucarth B Buje 4/2 wim 2:1.

Takoe nepenaTOYHOE OTHOIICHUE 03HAYAET, YTO MEHBIIAS BEAyIIast HIECTEPHS I0JKHA COBEPILIUTH
JBa 000poTa, YTOOb! OOJIbIIAs BEOMAs LIECTEPHS COBEpPLIMIIA OJUH 000pOT. DTO UMEET CMBICI, TaK Kak

BE€AOMas MIECTECPHA 60J'IBIIIC, a4 3HAYUT BpalracTCsa MEIJICHHEC.

IIpakTnyeckas padora Ne43.
IIpoexm «Pedyxkmop». IIpoexmuposeanue 3y04amozo 3ayenienus.
Heab padoThl: H3yueHNE reHeparopa 3youaroro 3arerieHus B Autodesk Inventor
Oo6bem: 1 yac
3ajanHue: MOJyYUTh MOJICIH 3y0UaThIX KOJIEC, OTPEIAKTUPOBATh HX B COOTBETCTBHHU C YEPTEIKOM
O0opynoBanue: NepCOHATBHBIN KOMIIBIOTEDP, KJIIABUATYPA, KOMITBIOTEPHASI MBIIIIb

Iporpammuoe odecnieuenune: Autodesk Inventor

IIpakTnyeckas 4acTb

Co31aHue NHIHHAPUYECKOT0 3y04aToro 3amuensjieHus.

Puc. 1. Mozaens penykropa

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 209 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

B xauecTBe cieayromniero TUImoBoro NpoekTa OyAeT CMOASTMPOBAH MTPOCTEHIIINA OTHOCTYIICHYATHIN
PEAYKTOp C IWIMHIPUYECKAM 3yOdaThIM 3ameryieHueM. [l MpoeKTHpOBaHUS Pa3IMYHBIX OOBEKTOB B
Inventor, ecTb Tak Ha3bIBaEMbIC T'€HEPATOPHI, KOTOPBIC IMO3BOJSIOT OBICTPO CO3[aBaTh OOBEKTHI IO
3aJlaHHBIM  TapamerpaMm. Jlns  co3maHus  3y04aTroro  3allelyieHHs, MOXXHO  BOCIIOJIb30BaThCs
COOTBETCTBYIOIIUM I'€HEPATOPOM, KOTOPBIM JOCTyNEeH B cpee - cOOpKa, BKIAJKa - MPOEeKTHPOBAHMeE.
JlaHHBI MOAY/H TMO3BOJISIET TEHEPHPOBATh pa3jIMYHbIC 3yOuaThie 3aleIUICHHS, HE0OXOIUMO BHIOpATh

PCHICHUC - HUJIUHAPUYIECCKOE 3y6an0e 3anlcIlICHUuE.

ID-BEH<- A -y -0 : -9 -8 @& fr s Autodesk Invent 1 coma - & X
ek

CGopka  Mpoexuposat

vozen otauu [Mposepxka MHcipymentsi Ynpasnewwe Bua  Cpeasl  Haua

AphuecKoe
sauennenve ~ (IS Wnonka

pvueckoe sybuatoe salennenve

s BbI30Ba cpasku HaxmuTe F1

Puc. 2. Co3nanue 3y04aroro 3amnernieHus

ITocae BBI60pa COOTBETCTBYIOILICTO ITYHKTA, OTKPOCTCA 'CHEPATOP KOMIIOHCHTOB

MUJIMHAPHUICCKOTrO SY6anOFO 3allCIIJICHUA.
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leHepaToOp KOMNOHEHTOB LMAVHAPUUECKOrO 3y6uaToro 3auenneHus n‘
¢ Mogens fo. Pacuer G HE 5 A
Obee Pe3ynbrarbi Al
Beibop Mogenu Yron npoduns Yron HaknoHa 3y6a i 3,0000 6p
Konuyecteo 2ybbee v [ 20,0000 rpag v ‘ | 0,0000 rpaa > ‘ 74 £ 1,4031 6p
TpebyeMoe nepeaaTouHoe OTHOLWEHUe Buibop ko3dduuneHTa creLeHns 3ybuaroe koneco 1
3 v I:' BHyTpeHHu1e Monb30BaTeNbCKuin e da 2,200
D ————— o d 50,000 MM
Moayns MexoceBoe paccrosHie 06wmii KoahdHUNEHT CHeLLeHis 3 S
] 3 ,800 MM
‘ 2,000 MM v ‘ 100 MM v‘ [ 0,0000 6p ‘ NpocmoTp... X 0,1014 6p
3y6uatoe koneco 1 3ybuatoe koneco 2 % -0,6425 6p
KOMNOHEHT v L, p Kast v || Uunmmapnyeckas X3 -0,7791 6p
— | rpaHb — | rpaHb 3 0,9271 6p
Konuuecreo 3ybbes N B v Konnuecrso 3y6ues N 5 b, 0,400 6p
25 6p — nA0CKOCTL 75 6p = nA0CKOCTL 3yb6uaroe koneco 2
B ey ——
WupuHa rpaxmn KoachpuuneHT cHeLeHns WupuHa rpann KoaduumeHT crelienns d, 153,200 Mm
[20 1 > [ 0.0000 6p >] [20m > [ 0,000 6p d 150,000 Mh
= - A 1A% 0NN sare N
13:14:08 Mogens: 3y6uatoe koneco 1: KosdduuueHT chellienns (x) Menblue KosdduumerT crelyeHus 6es yknoa (x,)
13:14:08 Mogens: Konnyecteo 3y6bes NPONOPLUMOHANGHO - CHUMKK OAHUX U TeX e 3y6bes BLINONHAKTCA OTHOCUTENLHO PerynsipHo
13:14:08 Pacuet: CooTeeTcTeue npu nogbope B npouecce pacyera!
2 A&
WcxoaHbii napameTp Tun pasmepa JI0CTIDKEHIe MEXOCEBOr0 PaccTORHMS
@ MepeaaToyHoe OTHOLIEHKE @ Moayns @ Monpageka 3ybbes
Konuuecrso 3ybbes (O AvameTpansHeiit war (O Yron Haknowa 3y6a
Pazmepsi 2ybbes
3ybuatoe Koneco 1 [V]3y6uaroe koneco 2
KoachpULUMEHT BLICOTSI FoNoBKM 3y6a a* ‘ 0,8000 6p ¥ ‘ ‘ 0,8000 6p ¥ ‘
3as0p c=[ 0,2500 6p v] 0,200 6p ]
CKpYr/IeHHe 0CHOBaHUS HOXKH 3y6a e [ 0,3500 6p V‘ [ 0,3500 6p ™. ‘

Puc. 3. Co3ganue 3y04aToro 3anerieHus

B nanHOM reneparope HeOOXO0JMMO HACTPOHUTH CIICIYIOIIHE TTAPAMETPBI:
TpebyeMoe nepegaTrouHOE OTHOIICHHE: 3.

MexoceBoe paccrosinue: 100 mm.

3yb6uartoe koseco 1

[upuna rpanu: 20 mm

3y6uarToe Koseco 2

[lIupuna rpasu: 20 Mmm

[Tocne BBOa mapaMeTpoB, HEOOXOAUMO BHIOpATh - paccunTaTh. [lepenadya roToBa sl CO3/AaHUSA.
[To ymomuaHuto, reHepaTop CO3AAeT CLENKY M3 JIBYX 3yO4aThIX KoJiec, HO JJIsl AajibHEHIIed aHuMaluu
paboThl peyKTOpa, HYXKHO CO3JaBaTh, Ka)KJ0€ KOJECO MO OTAeNbHOCTH. [lepBbIM 3TanmoM HEOOXO0IUMO
CO3/1aTh Beaylee Koneco. B Bkiaake 3y0uaroe kojeco 2(BeoMOe) HY>KHO BEIOpaTh - HeT Mojaeau. [locie

HaXaTusd Ha KHOIIKY «OK», BCAYHICC KOJCCO 3aBUCHCT HAA KYpPCOPOM, OJHOKPATHOC HAXATHUC JIKM
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MO3BOJINT Pa3MECTUTh OOBEKT Ha pabouell obmactu. Crout 0OOpaTUTh BHMMaHHME, 4YTO B Opaysepe

MOSIBUJIOCH 0003HAUYCHHUE OUJIMHAPUYICCKOTr'O 3alCTIJIICHU .

3ybuaToe koneco 2
KomnoHeHT

x‘ i = G& E,!;" . 2 1 b fovcxno cnpaske v KomaHaaM ‘g;&mnmﬂt 6 v”ﬁ| @ - -8 f%
C6opra Mpoextwpovanue | ID-wogent, Cpeau M ™ Coaecrian paSora  dnexpouexaHeCKAl npoRKT (D)~
" b EIL]’E g; R Noawmnmik © fvckosnii kynavox 1 (2@~
st | O I8 kmviomias pesond DS 1
¥ Avanus| Ban  Uwmmapuueccoe Lo i b Cxatvn
pam sy6uaroe sauennenve * =1 Wnokka [ o

Mpusoa ~

+ B Yposens aeranvsaum : Fnasswi

Puc. 5. 3ybuaroe koneco

[To ananorum cinemyer co3naTh BeoMoe 3youaroe koneco. [Tocie BeIOOpa renepaTopa, HACTPOHKH
B HEM OCTAIOTCS HEM3MEHHBIMHU, CTOMT yOpaTh KOMIIOHEHT 3yOdaroe kojeco 1, a 3ybuartoe koiyieco 2,

HAIIpOTHUB OCTABUTh.
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Pexcum oxuaanms

Puc. 6. Co3nanue 3y04aToro 3aneruieHus

Kaxnpiil U3 cozgaHHbIX OOBEKTOB MOXKHO PEJaKTUPOBaTh BHYTPH COOpKM HakaB J[Ba pa3a Ha

oowekte JIKM. CrnenyeT oTpeiakTupoBaTh OOBEKTHI 110 CIEAYIOLIUM YepTeKaM (YePTEKU MOKHO HANTH B

MIPUIIOKEHUN ).
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Puc. 7. Yeprex 3ybuaToro xoneca
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PenakTupoBanue Beayniero Kojaeca BhINOJIHAETCA OJHOM onepanuei BpalieHue.
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Puc. 8. PenaktupoBanue 3y04aroro kKoieca

Benomoe 3y0uaToe KoJIeco Tak ke CiIeIyeT OTPEeIaKTHPOBATh, 0 CIEAYIOIIEMY YePTEKY.
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Heo0xoauMbie peJakTHPOBAHUS BBIITOIHSIOTCS ¢ TIOMOIIBIO TPEX OTIEepaInii:

1. Bpamenue
2. BrimaBiauBanne

3. Kpyrosoii maccus
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Puc. 10. PenaktupoBanue 3yo4yaTroro kojueca
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3y6uatsie Koseca rotToBbl. ClielyeT COXpaHUTh MPOJIEIaHHYI0 paboTy B COOTBETCTBYIOLIYIO MAMKY.
[IpenogaBaTens oCymiecTBIsIET (PUHATBHBIM OCMOTP PabOT OOYyYarONIMXCs, UCIPABISACT OIIMOKU, JAacT

KOMMEHTApUH, POBOAUT PepIEKCHIO.

IIpakTnyeckas padora Ned44
Ilpoexm «Pedykmop». Mooenuposanue Kkopnyca noo panee cnpoeKmuposantsle 0emainu.
Heab padoThl: U3y4eHNE MPUHIIMIA POSKTUPOBAHHUS HOBBIX JieTaneil B mHTepdeiice «Coopka»
Oo6bem: 1 yac
3ajganme: co3maTh MOJENb KOpITyca, MOIXOSIIETO JJisl paHee CreHEpHUPOBAHHOTO 3y0YaToro
3alleTICHUs
O06opynoBaHue: epcOHATbHBIN KOMIBIOTED, KJIABUATYpPa, KOMIIIOTEPHAs MBIIIIb

IMporpammHuoe obecnieuenne: Autodesk Inventor

IIpakTH4yeckas 4acTh

MopenupoBaHue KopIryca peayKTopa.

Puc. 1. Kopniyc pegykropa
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[lepByto MpakTHYECKyI0 YacTh ypoKa CIEAYeT MOCBITHTh MOJCIMPOBAHUIO KOPITyca PEIyKTOpa.
[IpenoaBaTento HEOOXOIUMO MPEJOCTABUTD YEPTEXK JACTAIN B MAaTepHaIbHOM (opmare(pacrieyaTaHHbIiH)
mu6o B 3nekTpoHHOM (daitr). Kopmyc monemupyercs 3a 13 ocHOBHBIX JeiicTBuil. B meToquke Oymer
OIMCAH TAaKOH K€ MOPAJOK NEeHCTBUM, KOTOPBIN NPEICTABIICH HAa KAPTUHKE.

Jliis nepBoii onepanuu - BbIaBIMBaHue NOTpedyeTcst co3aatk 2D scku3 Ha 6a30B0Oi MII0CKOCTH

XZ, acku3 umeet popMy IpSIMOYTroIbHUKA cO cTopoHamu 210x27 mm.
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Puc. 2. Co3znanue kopnyca peaykropa

K acku3y HyXHO IpUMEHUTH onepaumo BBIJIaBJIMBaHUE, TITyOWHA BHIAABIUBAHUS 76.6 MM.

D !T . U"c.,;{{ EY
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Puc. 3. Co3znanue kopmyca peaykropa

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 217 u3 252)



[Mpunoxenwne 2.1. «COopHUK paboT» K MeporpusaTHio Ne2

Bropsim feiicTBrEeM co3aaeTcs COnpshKeHUe, Ha BEPTUKAIBHBIX pedpax, paaiyc CONPSKEHUS
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Puc. 4. Co3znanue kopnyca peaykropa

Janee, cnemayeT npeoOpazoBaTh TBEPIOE TEIO B TOHKOCTEHHBIN JIEMEHT, C TOMOIIBIO OTIepaIin

000J104YKa, TOJIIIHHA CTEHKH 3aTOTOBKH 3 MM.
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Puc. 5. Coznanue kopmyca pearykropa
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Jlist yeTBEepTOM omeparuy BBIIABIMBaHUE, HEOOXoAuMO co3nath 2D scku3 ¢riaHIa HA BEpXHEH

IJIOCKOW I'PaHy 3arOTOBKH.
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Puc. 6. Co3znanue kopmyca peaykTopa

[Tocne mpuMeHeHHs OTepalyy BbIJaBIMBaHUE Ha poduie, (haaHer roToB, BEICOTa (praHma 3 MM.
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Mlouck o cpaeke U komanaam
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Puc. 7. Co3znanue kopmyca peaykropa

Crenyromum 3TarioM He0OX0IMMO CO3/1aTh JIBa CKBO3HBIX LMJIMHAPUYECKUX OTBEPCTHSL, O] BaJIbI
3yOuaTbix Kojec. s 3TO HYX)HO co3aath 2D 3cku3 Ha OOKOBOH, miockoil rpanu ¢ianua. Tak kak
3yO4aroe 3ameruieHue ObUI0 COPMUPOBAHO Ha MPOIUIOM 3aHSATHH, B KadeCTBE BCIIOMOTATENIbHOM
T€OMETPUH, B 3CKH3€ MOXKHO HapHCOBAaTh OKPYKHOCTH, B KOTOPbIE MOXKHO ObLTO OBI BIIUCATh TOTOBBIE
3yO4arele Kojeca, OTBEPCTHE O] Bajl BEIOMOIO KOJEca COCTaBIIseT 25 MM B pajuyce, MOJ MOALIMITHUK
(mpouuTBIA MPOEKT) OTBEPCTHE MO Ball BEAYIIEro kKojieca obOnagaer paauycoMm B 12.5 MM. MexoceBoe

paccrosiaue 100 mm.

Puc. 8. Co3nanue kopmyca peaykropa
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Crnenmyromasi oneparys - BbIIaBIUBaHUE, B KAYeCTBE MPOPHIICH HCIIOIB3YeTCs MPEABL Ty

9CKHU3, BLIBOJ OIIC€palvU - BBIMUTAHUC, pACCTOAHUC - HACKBO3b.
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{2} pyxosTkaipt  Kopnyc peaykr
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Puc. 9. Co3znanue kopnyca peaykropa

Jlaytee HY)KHO c0o37aTh (IaHEI B palioHE OTBEPCTHIA O BaJbl. J{JIsl CO3/1aHus omepaun
BBIJIABIIMBAHUE CIIEIyeT CO3/1aTh ICKHU3 Ha OOKOBOH TUTOCKOW rpanu (iaHma. [Tpu co3nanmuu dckn3a
ynoOHee OyIeT MOJIb30BaThCS MPOCIIUPOBAHUEM IT€OMETPUH U HHCTPYMEHTOM 00pe3aTh TOJIINHA

¢dnanna 3 Mm.

Puc. 10. Co3nanue kopiyca penykropa
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Ha nanusbIit npo¢uiie MpUMEHsIeTCs OTiepalus BbIIaBINBAaHNUE, PACCTOSHIE BBIAABIMBAHUS 17 MM.

' Mouck no cnpake v komakaam

Tz !T a B Caenr R Pemvedy 85 Mapxvposxa
Hauars _ Bbiaasavsanve Bpauenye W9 e R e ace e R BB ooy Awanus  Mpeobpasosars &
2D-3cku3 ™ = Noyxwma [, Pespo xecrkocu B Passepika HanpAXeHWA  AMCTOBOM MeTanA
eSS posanue [peobpasosarive

Puc. 11. Coznanue kopiyca penykropa

Crenyromum 3TarioM He0OX0IMMO CO3/1aTh CONPSHKEHUE B MECTAaX COSAMHEHHs (JIaHIIEeB, PaIuyc

COMPSKEHUS 5 MM.

b oucK No CpaBKe 1 KOMaHaaM

P
Tl 30-monens y
E I i G2 g W oz @ L ag oA o
b ; [
B noor @ Hacnenosarve ) Mmnopr L L& Avanuz Mpeo6pasosars &
- ta HanpAXeHWA  MCTOBOW MeTanA

Hauate _ Boiaasausarve Bpauierve
20303
Scxus. L
Conpsxenve : Conpaxetve3

= Noyxwma (&, Pebpo xecrkocu i Passepia
Cosnatb.

9 Nocromin. (9 nepemens. & Orcryns

|-
[®] notaas

BIGPaTH KPOMKY A CONPAXEHNA

Puc. 12. Co3nanue kopiyca peaykropa

Taxoke, HEOOXO0IMMO, HCIIOB3YSI OTIEPAIIHI0 CHMMETPHYHOE OTPaKEHHE, KOTTMPOBATH TIOCIICIHHE

JIBa IEUCTBUSI HA POTUBOMOJIOKHYIO CTOPOHY JETaH.
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Dg !] @ Do s ) Maperposka ] jaigii= . [ [ . ~ ®-
B noor ) Hacneposarve ) Mmnopr - o | &

Havars _ Buimanavsanue Bpauienve . £ Mapannencnnnes & Awanws  Mpeobpasosars &

2D-2003 ™ = Npyxaia (B Pebpo xecrxocrn B Paseepica Gopu = ¢ & | Hanpaxesud | MMCIOBOW MeTann

Cosnas Awanvs  Paboune nemenTo Maccun  Cosnarie mpoussonbHoi opwi Mosepxiocts Mogenuposanive  Mpeobpasonarive

CUMMETpHUHOE OTOBpaxXeH/e : Jepkanaoe .. X

sme«m

+ /M 3eprancroe orpaxenned
- () conpaxenmer
- ©) Koveu peran

Puc. 13. Coznanue xopiyca penykropa

Crenyromas onepanus Kacaercsi Co3JJaHus HIDKHEro (uiaHIa Kopiyca, HUKHUH (raaHewn
UJCHTUYHBINA BEpXHEMY, 3CKU3 BepXHero (hiaHua npeacrasieH Bele. Boicota (aanua 3mM. Bricora
¢u1aHIa He BIMsET Ha rabapuTHBIE pa3Mepsl Bcero koMmnoneHTa! I1pu BeImoNHEHNN onepanuu

BBIJIaBJIMBAaHNE, HAIIPABJICHHUE CIIEAYET BHIOPATh - 0OpaTHOE.

i !] a B Caonr D) Penvedy B, Mapxuposka ] 2] . [ . # @-
-
Hauate  Bbiaasavsanve Bpauieve B 83 Hacreposarime ) Uunopr i £ Napannenenwnea = Awanws  MpeoGpasosat
2D-3003 Mpyxva (B, Pe6po xecrvocrn i Passepixa % Hanpaxenui | AUCTOBOM Merann
e © [ p

Cosnas Visents + Awanvs  Paboune nemeno Maccun  Cosnarie mpoussonbioi opwi Mosepxtocts Mozenuposanive  Mpeobpasonarive

Jows
[Mogens. Cooiicrsa X + i
BuinasnusanmeS > Jows6 # o
¥ leomerpus 88082
Npodwrn & I Npodune 1 o
or N & oven oot
v Pexum
Hanpasnete A Mo yMonuamio
Paccrostme A 3y O e
¥ Boison
soowecwit (] G = |
¥ [lononnurenssie caojicrea
Kouyc A 0,00 pan - B
B4 riosropss hopuy

[0 ][ omen [+

Puc. 14. Co3nanue kopiyca peaykropa

B kauectBe 5 BbIJIaBJIMBAHUS CO30aCTCA HpO(I)I/IJ'IB B BUJAC ABYX MPAMOYTOJIbBHUKOB.
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Puc. 15. Coznanue xopiyca penykropa

[Tocne mpuMeHeHMs BbIIABIMBaHUS, 00Pa3yIOTCS OMOPBI.

@ !T =) & Caonr R Penvedy 85 Mapxvposka
B nogr & Hacnepoeanve ) Manopr

Hauate _ Beiasavsanve Bpauwenue
2D-30m3 = Npyxura [, Pespo xecrkocrn Bl Paseeprxa i |
Cospats Vsmenns v Ananus  PaGouve Inementsi  Maccut

¥ Teowerpus aoona
Mpodun R D nipounm: 2 o
or N & v oo
¥ Pexum
Hanpasnere  J% 1o ymansarmio -
Paccrommme A (64,102mm) » Zf ,LE
Focnepyous... k(3 Teno 1
v Buson
Roowecori (@] @ = | B
¥ [lononHHTeNbHbIe CBOICTBA.
Kouyc A 0,00 pan > B
o oo ooy

e )e==] [

Buisepnre npodas. Mcnonsayiie (CTRU (i (sHIFT)

Puc. 16. Co3nanue xopiyca peaykropa

Onopsl HY’>KHO CKOITUPOBATh U HA APYTYI0 CTOPOHY PELYKTOpA.
llpunoxeHue 2.1. «COOpHUK pabOT» K MEPONPUATHIO NoZ
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'} TMouck No Crpaeke v KoMaHaam

(57 @ Caour R Penvedy & Maprposka Lﬂlj rL I'd ©-
H[Zn, auna;-unTanue agne W ror @ Hecreposanme: ) uinopr 6 & mEm QLJ MNapannenenvnea = Avanus npeosjt:;am s
Do = npyxwmia (B, Pebpo xeckoc Bl Passeprka & dopu ks [ta) |[Sal i P vanpmxenud  aucrosoM meram

Cospate Ananvs  PaSouse snemerTh Maccus  Cosaanue nponssonsHoi Gopmsi MosepyHocts Mogenvposanve Tpeospasosane

Pexum oxutanms 1

Puc. 17. Coznanue xopiyca penykropa

[Hocnennum aelicTBueM, HEOOXOIMMO CO3/1aTh CONPSHKEHUE Ha pedpax COPUKOCHOBEHUS KOpITyca,

(1aHLEeB ¥ ONOP PaiuyC CONPSIKEHHS 5 MM.

oMK 110 CpaBKe U KOMaNAaM

I:D; g‘l‘ B e ) Penvedy B Mapraposka e HRE ’ ®-
W fodr @ Hacnenosanme ) Munopr LI 125 .

Hauate _ Buigasnvsaive Bpauenve MNapannenenvnes e Axanuz Mpeo6pazosats &

2D-sckms ™ = Npyxuma [, Pebpo xecrkoc Bl Paseeprxa ( | % | HanpAXeHWA  AMCTOBOW MeTann

Cospare posanve (peoGpasosatve

Pexum OXvAaHUA 7 b2

Puc. 18. Co3nanue kopiyca penykropa

Kopmyc penykropa rotos.
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IIpakTuyeckas padora Ne45.
IlIpoexm «Pedyxkmopy». Mooenuposanue Kpvluiku pedykmopa.
ey padoThl: U3yueHHE MPUHIIUIIA TPOSKTUPOBAHUS HOBBIX jAeTaneil B uuTepderice «Coopka»
Oo6bem: 1 yac
3aganue: co3gaTh MOJETbL KPBIIIKKM KOpIlyca, MOIXOAIICH Ui paHee CreHepHUpOBAaHHOTO
3y04aToro 3areruieHus
O0opynoBaHme: 1epcoOHaNbHBIN KOMIBIOTEDP, KJIAaBUATYpa, KOMIIBIOTEPHAs! MbILIb

IIporpammuoe odecnieuenne: Autodesk Inventor

Co31aHue KPBIIKH PeIyKTOpA.

Puc. 1. Mozenb KpBIIIKA peayKTOpa

Co3anue KpbIKH peAyKTOpa COCTOUT U3 8 ONepaliuid.
J1yst mepBoOi oreparuy BhIJaBIMBaHUE HEOOXOIUMO CO3aTh CIeAYIONUi dCKu3. [IJIst HarJassIHOCTH CTOUT
co37aTh B BHUJE BCIIOMOTATEIHHOW T€OMETPUM JBE OKPYKHOCTH, SMUTHUPYIOIIHUE B ICKU3E 3y04aTyro

nepecaavy. OTTankuBasCh OT BCIOMOTaTeIbHOM reoOMCTpHUU CO3JACTCA HpO(l)I/IJ'IB KPBIIIKKU KOpITyCa.
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Puc. 2. Coznanue KpbIIKU peayKTOpa

B kauecTtBe BBIJABIMBAHUS HCIIOJIB3YCTCA 3CKU3 l'IpO(I)I/IJ'ISI. Paccrosinue BbIJIaBIMBaHUS 27 MM.

HaHpaBJICHI/IC BbIJABJIMBAHUA - CAMMETPUIHOCTD.
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Puc. 3. Co3nanue KphIlIKU peIyKTopa

Crenyromum IeficTBHEM CO3/aeTCsl CONPSHKEHNE HA BHEIIHUX pedpax. Paanyc conpspkeHus 5 MM.
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Tunossie v ¥ Mowck no cnpaexe v komaraam

i 3D-monent.
g | !T a & Caonr 2\ Penned B Mapeaposka d T e ’ ©-
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BHGPAT KPOMKY AR CONPAXEHHA [ s

Puc. 4. Co3znanue KphIIIKU PeIyKTopa

Heobxonumo npeoOpa3oBath TBEpAOE TEIO B TOHKOCTEHHbBIN 3JIEMEHT, TOJIIIMHA CTEHKU 3 MM.

» Monek o cnpake 1 KoManzam
3D-monent.

[ | = B enr R Persed B Mapxposka 6 a ’
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+ A\ 2epanshoe arpaxennel
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- © Koveu peramn

Puc. 5. Coznanue KpbIIKU peayKTOpa

[Tocne wero co3maercst (uaHeln KpBINIKH, (IaHel co3laeTcs HMASHTUYEH (IiaHIaM Kopiryca

penyktopa. Tommuaa ¢anna 3 M.
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Buwnce |
3 Nppovia [l Pespo xecrmoem K Passepies

Puc. 6. Co3znanue KphIIIKA peIyKTopa

I[anee HYXHO CO3aThb CKBO3HBIE€ OTBEPCTHS IMOJ BaJIbl, JJId 3TOr0 CO3AaC€TCA OCKHU3 Ha 6OKOBOﬁ,

TJIOCKOW TIOBEPXHOCTH ()JIaHIIA B BUJC IBYX OKPYXKHOCTEH, TuaMeTpoM 25 u 50 Mm.

& fepevoc % Obpesan, F] Macuras T2 r—a‘ LY ©@ B wospaxeme -0 v

B Kowposars | Yarurms [L) Pacrmom, 32 Kpyronod | M zIX =1 8o el s
“I- Pasenan € Cueuenve A M O = Waco 85 Nowasars gopwar  sceus
VamennTs. Maccun 3apucumocTs v Berasum, Qopmar v

RS- -dh

Puc. 7. Coznanue KpblIIKH pelyKTopa
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[Tocne yero ciemyer BRIIABUTH JAHHBIH MTPOGUIb HACKBO3b.

' Mouck no cnpake v komakaam
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Puc. 8. Co3znanue KphIIKU peIyKTOpa

J1J1s CO37JaHHBIX OTBEPCTHI HEOOXOIMMO CO31aTh (uIaHell, (IaHel] Ui OTBEPCTHI UMEET TOIIIUHY
B 3 MM, TiryonHa (hanma 17 M.

FMovex no cnpaske u komaraam
3D-mopenn )
Z W @ Do B & Maporpona = A ] ® | o' A
) osammame Hpaaie Dt AR Necroeshia B B Voo Napannenenvnea L1 I
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Brepute npodws. Uenonsayiire [CTRL] (wii (SHIFT]) + WeAoKk 418 OTMeHs Eb60pa

Puc. 9. Co3nanue KpbIlIKU pe1yKTopa

[Tomydennsle (raHIB, CIEAYET OTPA3UTH U HA APYTYIO CTOPOHY.
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b MoMcK 110 CNpaeKe # KoMaHaaMm

2 30-womens
l;p !’[ B camnr R Penvedy B Mapxposka
Hauats _ | Boisasausariue Bpauierine o i gakie/ ) Viinoy

s’ = Npyxma (&, Pespo xecroc §l Passepria g R
Cospats Ananus  Pabouve snements  Maccus  CO3AaHME NPOM3BORLHOR GOPMbI

@ HanNpAXeHWA  AUCTOBOR MeTann
Mosepx+octs  Moaenvpoeatme  Mpeopasosatme

Pexum oXvAaHNA 1

Puc. 10. Co3nanue KpbIIKA peayKTopa

[Tocnenneil omneparueil sBiIseTCS CO3JaHUS CONPSDKEHUS Ha pedpax coequHeHus (¢UiaHueB U

KPBILIKH, PaJNyC CONPSIKEHUS 5 MM.

'} Mouck No crpaeke v KoMaHaam
2l 30-monens -
[_5,- !T @ Poor A B Mapraposxa 8 ‘ | &l [z=]al . e
) oo e e D T L ch st B B oy ‘
2D-3ckms ™ = Npyxuna [, Pebpo xeckoc Bl Paseepra
doxas Cospate
Conpsxenue : Conpsxenie?

BHIGDATH KDOMKY A8 CONDAXEHIA %

Puc. 11. Co3nanue KpbIlIKA peayKTOpa

Kpslmka pexykropa rorosa.

Crnenyer coxpaHHTh MpoOJEIaHHYIO paboTy B COOTBETCTBYIOIIYIO mamnky. IIpemomaBarens
OCYIIECTBIISICT (PUHAIBHBI OCMOTp pabOT OOYYaIOIIUXCS, UCIPABISACT OIIMOKHU, AT KOMMEHTapHH,
MIPOBOJIUT PEQIICKCHIO.
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IIpakTuyeckas padora Ne46.
Ilpoexm «Pedykmop». Haznauenue Ounamuyeckux 3aeucumocmeil u coopka uzoenus.
Heas padoThbl: U3yyeHHE TUHAMHYECKHX 3aBHCUMOCTEH B cOopkax B mporpamme Autodesk
Inventor
Ob6beMm: 1 yac
3aganue: co3qaTh MOJACITH COOPOYHON EAMHHIIBI
O0opynoBanme: IepcoOHaIbHBIN KOMIIBIOTED, KJIABUATYpPa, KOMIIbIOTEPHAs MBIIb

IIporpammuoe odecnieuenne: Autodesk Inventor

HpaKTI/I‘IeCKaH 4acTb

Co3ganne THHAMHYECKHX 3aBHCHMOCTEIA.

JluHamuueckye 3aBUCUMOCTH IO3BOJISIIOT IIPOBEPSITH IPABUIIBHOCTh pa0OThI MEXaHU3MOB 1
HarJIsiJHO JEMOHCTPUPOBATh IBUKEHUE BPALLEHUE UIIU MOCTynaTenbHoe. [Ipexne yem coznath
JMHAMUYECKYIO 3aBUCUMOCTb, HEOOXOIMMO YCTaHOBUTH 3y0uaThle KOJieca Ha OIPEeICHHOM pPacCTOSHUU
APYT OT JIpyra, C y4eTOM MEXOCEBOI'0 PaCCTOSHUS U APYrux napamerpos. st Toro, 4ToObI co31aTh
JMHAMHYECKYIO 3aBUCUMOCTb, HY’)KHO CO3/1aTh HOBYIO COOpPKY M BCTaBUTb BEJyIlle€ U BEIOMOE 3yOUaThie

KoJieca.
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Céopka | [

= X

v
=

2
£
s
=
3
E
=

Puc. 1. 3ybuatsie konéca

CHaanIa, HGOGXOZ[I/IMO BBIPOBHATH ICCTCPHU 3aAIIOJIUIO ITO BEPXHUM IIJIOCKHUM T'paHSAM.
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¥ Mowck no crpaexe v komaraam |
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PejaKIApOBaHIE S3BACAMOCTA

Chopka

Tun

II@IE] IE oo

Pexum oxuaaHus

Puc. 2. 3ybuatsie konéca

Jlanee, CTOUT ¢ MOMOIIbIO 3aBUCUMOCTH COBMEIIEHUS, OTPAHUYUTH CTETIEHU CBOOObI, BEIyIIECH
1IeCTepHH, TaKUM 00pa3oM, YTOOBI OHO MOTJIO COBEpIIATh TOJBKO IBHXKEHHE - BpamieHus. [[is storo
HY)KHO CO3JIaTh Psij 3aBUCUMOCTEH. [lepBoii 3aBHCHMOCTBIO, HEOOXOIUMO COBMECTHTH OCh BpAIICHHUS

IIECTePHH C OJTHON M3 OCHOBHBIX Ocell Bcel cOOpKH (B anMepe I/ICl'IOJ'IB?.yeTCSI och 7).
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Puc. 3. 3amanne 3aBUCUMOCTEH

Hanee crnenyer co3iath 3aBUCUMOCTh COBMEIICHUSI MEXy HUXKHEW IJIOCKOM TpaHu, Beaylen

MCCTCPHU U 0I[HOI71 M3 OCHOBHEIX INTIOCKOCTCH BCE CﬁOpKI/I. Crour 06paTI/ITB BHUMAaHHUE, HA TO, YTO
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3aBUCUMOCTDb HYXHO CO3aaBaTh C yYETOM HOCHGI{HGﬁ CO3I[3.HHO§I 3aBUCHUMOCTHU, B IPOTUBHOM CJIy4dac

BO3HHUKAET MPOTHUBOpeUHe (B MpuMepe BhIOpaHa MmiIocKocTh XY).
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Puc. 4. 3aganue 3aBUCUMOCTEN

I[anee CJICOYET CO34aThb COOCHOCTh CO CMEIICHUEM PaBHOMY MEXOCEBOMY paCCTOAHUTIO 3y6anoro

sanemieaua 100 Mmm.
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Crnenyromue aeiicTBUE. YCTaHOBKAa OCEH BpalleHHs IIECTEPEHOK TaKMM O00pa3oM, YTOOBI OHH
nexanu B oJHOM 1miockocTH. Co3/1aeTcsi 3aBUCUMOCTh COBMEILEHUS MEXKIY OChIO BpAIECHUS BEAOMOIO

3y6an0ro KoJieca ¥ 0a30BOM INIOCKOCTH.
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Puc. 6. 3amanue 3aBuCUMOCTEN

Jiist TOrO, 9TOOBI 3yOBs HE TIEpECeKalIn APYT IPyTa BO BpeMsl aHUMAIIUH, CIIEAYET IPOBEPHYThH

KOJIECa BPYYHYIO COOTBETCTBYIOLIMM 00pa3oM.
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Puc. 7. YcraHoBka Koji€c B Hy’)KHOE MOJI0KEHUE
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[Mocnennum aericTBUEM HYXHO CO3/1aTh JMHAMHUYECKYIO 3aBUCUMOCTb. J[i1st TOTO, 4TOOBI BHIOpPATH
JUHAMUYECKYI0 3aBHCHMOCTh, HYXXHO BBIOpaTh KHOIIKY - 3aBUCHMOCTh, B OTKPBIBIIEMCS MCHIO

HCO6XOI[I/IMO MNEPCKIOYUTCA Ha BKIIAAKY JTUHAMUYCCKUC.

3aBUCMMOCTY B CHOPKE X

C6opka [uHamuueckne Yynpaensowme Habop 3aBucuMocTeit

Tun Beibop
Rixz  O@
MepefaTouHoe OTHOLEHMe: PewweHue

: > %

Puc. 8. 3amanue 3aBucuMocTen

B MeHI0 HacTpoWKM yKa3bIBaeTCs epelaTOYHOE 3HAUCHUE PaBHOE 3, THII 3aBUCUMOCTH - 3yOuaras
nepezaaya, peieHue - Hazaj. [locie HacTpoiiku He0OXOAUMO BbIOpPATh HMIMHAPUYECKUE ITPAHU 3y0UaThIX

KoJIec, KOTOpbIe OYIyT COMPUKACATHCS MTPHU COBEPIICHUHN PaOOTHI.

R -

Puc. 9. 3amanne 3aBUCUMOCTEH

IIocne NPUMCHCHUS, TMHAMNYCCKAAd 3aBUCUMOCTL CO3J1dHaA.
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Cosna}me CﬁOpKI/l C HCITOJIB30BAaHUEM l'lOIlCﬁOpKPI NOAIIMITHUKA

Jlnist mpoBeieHust caeIyoeii yacTu 3aHsATHs TOTPeOyeTCst HCIIOJIb30BaTh MPOILIBIA IPOEKT -

MNOJIIMITHUK.

s co3nanusi cOOpKH HEOOXOAUMO 3arpy3UTh K UMEIOIIUNCS cOOpKe 3y0UaThIX KOJIeC

CIICAYIOIMEC KOMIIOHCHTBI: KOPITYC pCAYKTOPA, KPbIIIKAa pEAYKTOPA, HOAIMIUITHUK.
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Puc. 10. Co3nanue coopku

TakuM 0Opa3om, TOAMIUITHUK OYIET UCIOJIE30BAThCS B KauecTBe MoAcOopku. J{s Hadana ciaemyer

MTOMECTHTD HIECTEPHHU B KOPITYC PEAYKTOPA C IOMOIIBIO 3aBUCUMOCTEH COOCHOCTD.
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Pexiuu oxuaanun 31

Puc. 11. Co3nganue cOopku
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U coBmMmenienue Mo miocKoCcTIM
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Puc. 12. Co3nanue c6opku

Jlnst Oymytei ocu BeJOMOM IIECTEPHH YCTAHABIIMBACTCS JIBA IMOIIAITHAKA
S s G

Tovcx o cpaske 1 xomaaam

i < koS s -
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Tun Butop
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Chewenve:

Pewenne

P& e

| 3ybuaroe sauenn..iam X €6

Puc. 13. Co3nganue coopku

Ilocne YCTAaHOBKHU MOAIIHUITHUKOB, HAICBACTCA KPBIIIKA Ha KOPITYC pECAYKTOPA.
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ID-DHS = -@A-B-5%0 ~ @ /1peo ~@ @ fr # 5 Autodeskinventor Prof

e Ban Cpeant

3a04CAMOCTH B CBOPKE X

Coopra

xe Vnpanmsoupie  Habop 3askcuvocTe

36

Puc. 14. Co3nanue coopku

IIpakTuyeckas pabora Ne48.
IIpoexm «Pedykmopy». Anumanyusa pazoopKu mexanusma.
Hean padoThl: co3gaHne aHUMAIMK Pa300pKU MEXaHU3Ma
Oo6mbem: 1 yac
3aganue: monyduTh Buaeodaiin c annManmeit pa30opku MexaHu3Ma
O6opyaoBanue: NEepCOHANBHBIN KOMIIBIOTED, KJIABHATYpa, KOMIIBIOTEPHAs MBI

IMporpammuoe o6ecneuenne: Autodesk Inventor

IIpakTHYecKkas 4acTh

Co3aanne cxeMbl pa3dHoca BCEX KOMIIOHCHTOB.

DTO 3aKIIOYUTENBHOE 3aHATHE KacaeMo WpoeKTa peaykrop. [laHHOe 3aHSATHE MOJHOCTHIO
MTOCBSIIICHO CO3/JTaHUIO B3PBHIBHOM CXEMBI HITH CXEMBI pa3HOCA BCEX KOMIIOHEHTOB, JIJISl CO3/JaHUsI B3PBIBHOM
CXEMBI HCITOB3YeTCs cpena cxema. Cpefa cxeMa yke 3aTparuBajiach Ha TPOIUTBIX 3aHATHUSX JIJISI CO3IaHUS
aHUMalUi padOTHl TOMAIIWITHAKA, HA JTOM 3aHSATHU CJENYyeT MpoBeCTH Oosiee MOApOOHBIN pa3dop
untepdeiica padoueit cpensl. s co3ganusi aHuMaIuu pa3dopa Bcero Mexanmsma mnorpedyercs cOopka

IIPOEKTa PEYKTOP.
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Pexum oxunaHmus

Puc. 1. Cxema pazHoca peaykropa

WuTepdeiic cxembl 1eIUTCS Ha HECKOJIbKO OCHOBHBIX YIPaBIIAIOLMX OKOH. [IepBoe OKHO - 3TO

JICHTAa, B HEl pacnoararoTCsi OCHOBHBIE HHCTPYMCHTEI.

T O BHE TS WG noescomosren ~#= Autodesk Inventor Professional 2020 CBopkal » Mowc no cpaske u kowanaav S Broas cayxés~ W | @ = - & X
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o6paxenue

Betasamomonens  Hosas  Hoswi | Casuwyre e
PACKAADOKA B CHAMKA  KOMTIOHEHTs! Kamepst s ueprexa
Mozens Cemmap Komnonent Kamepa Ueprex Ny6ncauns

Puc. 2. UnTepodeiic co3nanus cxembl pazHoca

Crenyroree 0CHOBHOE OKHO, 3TO Opay3ep, B HEM 0TOOpaXaroTcs BCe IEHCTBHS U3 KOTOPBIX OyaeT

COCTOATHh BUJICO CXCMBI.

1nogon_ X . & =N
1 choprat
+ [ cuerar

Puc. 3. UnTepdeiic co3nanus cxemsl pazHoca
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[Mocnennee okHo 370 time line. B Talimnaiin oroOpaxkaercst BpeMs 32 KOTOPOE COBEPIIEHHO TO

WJIM UHOE JEHCTBUE.

'} Coopxaliam Céopxal X =

Naens packaaposok X +

Storyboard:FY LI LA e
G100 g R g1

o 81T 1 A 1 A B 8

Puc. 4. Untepdeiic co3nanus cxemsl pazHoca

Ha nepBom stane paz6opa peaykropa He0OX0qUMO OTKPYTUTh 00JITOBOM Kpenex. Pegykrop numeer
4 Oonta u 4 raiiku. CHavana OTKpyuuBarOTCs BUHTHI. OTKpy4YMBAHHME BHUHTOB HYXXKHO IPOM3BOJIUTH
OJIHOBpeMEeHHO. J[aHHBI Tporiecc OyAET COCTOSATh U3 HECKOJIBKUX JICUCTBHUH, 3TO IEPEMEIICHHE BUHTOB C
OJTHOBpeMEHHBIM BpareHueM. Kaxnoe aelictBue Oyner 3agaBarbes oTAeibHO. [lepBoe neiictBue — 310

NEPEMCIICHUC BUHTOB BBEPX. I[J'Iﬂ CABUI'a BUHTOB HY>XHO BLI6paTb KHOIIKY B JICHTC CABUHYTb KOMIIOHEHT.
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Kamepe! 844 ueprexa

Kavepa Yeprex Nysnnkaus

Storyboard! [
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Pexutu OXutaHAs 61 29

Puc. 5. CABUT KOMIIOHEHTOB

OTkpBIBaeTCS MEHIO HACTPOWKM MHCTpyMeHTa. {151 Havana HY>KHO BBIOpaTh 4 BUHTA PEIyKTOpa.
Jlist Toro, 4ToOBI BHIOpATh HECKOJBKO KOMITOHEHTOB HeoOxonumo menkHyTh JIKM ¢ 3axaremm ctrl Ha
KakoM BHHTe. [lanee HacTpauBaeTcsi IEiCTBHE CMeIeHHE C MOMOIIbio MeHio. Jlis ompeneneHus
TPAEKTOPHUU CIBUTA €CTh CIIECIIUAIbHBIA OPUEHTHUD B BUJIE€ TPEX CTPEJIOK, HaJl KOMIIOHEHTOM, €CJIU MOTSIHYTh
3a oaHy U3 cTpenok JIKM, To KOMIOHEHT HayHEeT CIIBUTaThCsl B COOTBETCTBYIOIIYIO CTOpOHY. B nanHOM

ciy4dae, Hy’KHO MOTSIHYTH 3a CTPEJKY, YKa3bIBAIOLIYIO BBEPX, & IOTOM B COOTBETCTBYIOIIEM OKHE yKa3aTh

paccrosgHue casura - 15 mm.
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Puc. 6. CaBur KOMIIOHEHTOB

ITo pe3ynbrary, Ka)aplii U3 BUHTOB CABUHETCS HA 3a/IaHHOE PACCTOSIHHE.
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Pexum oxuaanus 61 29

Puc. 7. CABUT KOMIIOHEHTOB

Hanee, cienyeT yCTaHOBUTh BPEMEHHOM MIPOMEKYTOK, 38 KOTOPBIN Oy/IeT MPOUCXOAUTH IEHCTBHE

CABUI'a KOMIIOHCHTOB - 2 CCKYHIBI.
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| ® npozo

Puc. 8. CaBur KOMIIOHEHTOB

[Tocne yero HyxHO MPUMEHUTH JeiicTBUe. Teneps B TaliMilaiiH BUIHO OTOOpakeHUe JeHCTBUS.
- Fym——
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Puc. 9. Taiimmaiiu

2.0

Jl1st Toro, yTOoOBI PacKpbITh TaliMIIaliH, HY>KHO TIOJIBECTH KypCOp K CEpol INHUU U 3a)KaB Ha HEM

JIKM, noTssHyTh BBEPX.

popkaliam C6opkal X

MaHenb packagpoeok X +

Storyboard1| H
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PexwvM oxwvaaHuns

Puc. 10. Taiimiaiin

B pa3BepHyTOM OKHE BUJIHO BCE KOMIIOHEHTHI, KOTOPHIM ITPUCBOEHO JIEHCTBHUE, TAKXKE C TTIOMOIIIbIO
TaliMJIailH MOXHO OIpeNelInTh, 3a KaKoe BpeMs BBINOJHSAET KOMIIOHEHT JIeHCTBUE, B Ciydae

HCO6XOIII/IMOCTI/I, MOKHO YBCIIMYUTH WJIN YMCHBIIWUTH BPCMs, 3a KOTOPOC GYI[CT BBIIIOJIHATCS JEMCTBUE
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noTsHyB JIKM 3a cuHHI NpSAMOYTOJRHUK 0003HAYAIONMIUN JEHCTBUE KOMIIOHEHTA. YBEIUYUM BpeMs, 3a

KOTOPOC IMPOUCXOAUT HeﬁCTBHC CABUTI IJIs1 BCEX BUHTOB, C IBYX 10 ABYX C IMOJIOBUHOM CCKYHI.
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Pexum oxvaaHna

Puc. 11. Talimiaiin
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Pexum oxuvaaHua

Puc. 12. Talimtaiia

Takum 00pazoM cABUT OONTOB OYyAET MPOMCXOAUTH 3a OoJblliee KOIMMYECTBO BpeMeHHu. Jlis
MIPOCMOTpA JCHCTBHUS B PSKUME PEaIbHOTO BPEMEHH HY)KHO Ha)KaTh Ha COOTBETCTBYIONIYIO KHONIKY Play.
Tenepr HeoOXomUMO co37aTh BpamieHue 0o0iToB. Cieayer oOpaTUTh HA TO, YTO BpalICHHE JOJDKHO
MIPOUCXOJUTh OJHOBPEMEHHO C CIBHTOM Oo0iTOB. [lo3TOMY JUISI CO3/aHUS CJCAYIOIIETO JCHCTBHUS

HCO6XOI[I/IMO NEpCABUHYTH BpeMeHHOﬁ 6CI‘YHOK B HA4YaJIbHOC ITOJIOKCHHC I10 TaﬁMJ’IaﬁH, B HOJIb.
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gl

Puc. 13. Talimiaiin

Jns co3maHuss HOBOTO JIEHCTBHSA, BBHIOMpAETCs WHCTPYMEHT CABMHYTh KOMIOHEHT. Jlanee
BbIOMpaeTcsi BUHT. B kaudecTBe caBura BBIOMpAeTCs pelIeHHE MOBePHYTh. I[IpoIOIKUTENIBHOCTD
neictBus - 2.3 cexkyHabl. Jlanee HaJq KOMIIOHEHTOM BHHTOM TOSIBUTCA 3 CHEKTpa 0003HaYaromue
HANpAaBJIEHUS BPALIEHUS, KK U3 CIIEKTPOB JIEKUT B OJTHOW M3 OCHOBHBIX I1ockocTell XY, XZ u YZ,
HY)HO ToTsHYTh JIKM 3a HY)XHBII CIIEKTp M YCTaHOBHUTH YroJl PaBHBIM Tpem obopoTam, To ecth 1080

rpagycaM. Tak #e Hy?>KHO YYUTBIBATh, YTO 0O0JIT BBIKPY4YHBAETCs, a He BKpyunBaercs!!!

F S~~~ > Al ==

Puc. 14. Hactpoiika KOMIIOHEHTOB

Tenepp HEOOXOAMMO MOBTOPUTH JEHCTBHE BpaIICHHUS MPUMEHUTEIBHO K KaXXIOMYy BHHTY.
AHUMaIUs BpallleHUs] OCTABILMXCS BUHTOB, BBIIOJHSETCS YYalIMMHCS CaMOCTOSITENIbHO IO/ HaJA30pOM
MpEenoiaBaTeis.

Jlanee HEOOXOAMMO CIBHHYTH Tailku, HY)KHO UMETh BBH]Y, YTO TallKH JOJDKHBI HaYaTh CIIBUTATh
BHU3, 110CJI€ TOTO, KaK OOJT BBIKPYTHUTCS U3 Tallku. byjem cuntaTh, 4To nocie 1 ceKyH bl BBIKpYUYHBaHUS

60J'ITa, CJICayeT CABHUHYTH raﬁKy BHU3. I[aHHaSI Oorcpanursa BBIIIOJTHACTCA IO aHAJIOTHMH C CMCHICHUEM
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00JITOB, BCE TaiKM HAYMHAIOT CMEIIEHHE, MOCIe MPOMeCcTBUN | CeKyHIbI, BHU3 Ha paccTosHue 20 MM,

MPOAOJIDKUTCIIBHOCTh CMCIICHU A 1.5 CCKYH/BI.

Puc. 15. Hactpoiika KOMIIOHEHTOB

[Tociie co3manus aelcTBUS 00Pa30BAMCH CETMEHTHI HAMPABJISAIONICH COOPKU, HX MOXKHO CKPBITH,

HaxaB Ha HUX [IKM u BbIOpaB B OTKpPBIBIIEMCS] MEHIO, COOTBETCTBYIOLIME JIeHCTBHUE.

Puc. 16. Hactpoiika KOMIIOHEHTOB
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Crenyromum neicTBHEM, HY>KHO CHATh KPBILIKY PEIyKTOpa, HO 3TOMY JeHCTBHIO OyAyT MemaTh
BEHTHI, TaK KaK BO BPEMsI CIIBUTA KPBIIIKH, BUHTHI OyIyT ee rnepecekars. J[jst 3Toro BUHTHI HY>KHO

CIBHHYTb B Pa3HbIe CTOPOHBI OT (haHa, Ha paccTosHue 30 MM, Bpems aeicTBus 1.5 ceKyH bl
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Puc. 17. Hactpoiika KOMIIOHEHTOB

Ilocine caBura BUHTOB, HY’KHO CHSTH KPBIIKY penykTopa. Kpslnika cipuraercs BBepx Ha 170 mwm,
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Puc. 18. Hactpoiika KOMIIOHEHTOB
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Jlanee HyXHO BBITAIUTh U3 KOpIyca IIECTEPHH C BajaMu M noammnHukamu. s Oosee

KOPPEKTHOH pabOThl MOXKHO PacKpbiTh B Opay3epe cOOpKY M BBIOMpATh BCE HEOOXOIMMBIE JETald U

noacOopku yepes Opaysep.
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B ClIy4ac HCIPABUJIBHOI'O0 OIPCACIICHUA HaYyaJbHOM TOYKH caBura, CJICAy€T BOCIIOJIb30BATHCA

KHOITKOHM B MCHIO HACTPOWKH CIIBUTA HAWTH, TIOCJIC BEIOOPA TAHHOW KHOTIKU HY>KHO BBEIOPATH ITOIX OISO
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CnBur crenyer mpOU3BOIUTH BBEPX, MO OCH Z, PACCTOSIHHE cABUra 85 MM, BpeMs IeiCTBHUS

2.5 cexyHipl. CerMeHTHI HApaBIIAIOMIEH COOPKH - CKPHITh.
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Puc. 21. KoMoHeHTHI TOACOOPKHU

Crnenyromum 1elicTBUEM CHUMAKOTCS MOJIIUITHUKY ¢ ocel. PaccrosiHue cnsura 110 MM, Bpemst

casura 2 cekyHabl. CerMeHTbl HalpaBIIsOLEH CKPBIBAIOTCS.
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Puc. 22. KoMIToHEHTBI IOJICOOPKH
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JHanee casurarotcst nOMUMHAKA. CABUT MOAIIUIHUKOB HA 20 MM B POTHUBOIOJIOKHBIE CTOPOHBI
OT miecTepeH, Bpemsi caBura | cekyHjna. CIOBUT MOJUIMITHUKOB MPOU3BOAMUTCS JBYMSI JEUCTBUSIMU.

CerMeHTHI HaNpaBJISAIOLIEH COOPKU CKPBITH.
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Puc. 23. KomnoHneHTs! noacO0pku

[TocieqauM dTamoM pazbeauHsieM 3yOuarbie koneca. lllecTtepHu cTOWT pa3JBHHYTH B CTOPOHBI,
OJTHUM JICHCTBUEM JJTS KaXK 101 miectepru. [imrmaa ciura 30MM MpoIoiKUTETLHOCTD 1.5 cekyH 1. O0tmiee

Bpems pazbopa 13.5 cekyH.
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Puc. 22. KoMmnoHeHTHI TOACOOPKHU

[Tpunoxenue 2.1. «CO0pHUK pabOT» K MeponpHusITHIO Ne2
(ctpanwuma 250 u3 252)



[Tpunoxenue 2.1. «CO0pHUK paboT» K MeponpusTuio No2

B3peiBHAs cxeMa roTOBa, €CIIU 3aJaHUE BBIIIOIHEHO PaHbIlle KOHLA 3aHATHS, IPENO1aBaTENb MOKET
00BSICHUTH 00yUaIOIIUMCS O TOBOPOTE U ciBUTre KaMephl. [locieqaum nefictBeM He0OX0MMO COXPAHUTD
paboty B moaxoasumm ¢popMare U COXpaHUTh B COOTBETCTBYIOIIYIO MANKY, COXPAaHEHUU U O KOHBEPTALIUU
cXeMbl B BUJe0 (opmar, ObUIO pacckazaHo paHee. Ilociie OKOHYaHUs CO3/1aHUs CXEMBI, NpernoaBaTeb

MIPOBOJMT MPOBEPKY U pediekcuto. B kauecTBe qomalHero 3ajgaHusi, co3jaHue cOOpouHOro yeprexka.

JlabGoparopHasi padora Ne49.
Jlabopamopuasa paboma «/[opabomka u oghopmaenue ebinoJIHEHHBIX PAOONL)

Ileanb padoThl: IOATOTOBUTH K 3aLLUTE BHIIIOJIHEHHBIE PaOOTHI

Oo6mbem: 1 yac

3agaHue: MpPOBEPUTHh HAJTMYME U MPABUIHLHOCTH BBIIIOJHEHUS MPOEKTOB 3a BECh KypC, BHECTHU
JIopabOTKH, €CITH ATO HEOOXOIUMO; 3arpy3UTh (OTOPEATHCTUYHBIC H300PaKEHHUS BHITTOJIHEHHBIX ITPOCKTOB
U COCTaBUTh U3 HUX MPE3EHTAINIO C 3ar0JIOBKAMH, COOTBETCTBYIOIIMM Ha3BaHMSIM IIPOEKTOB

OOopynoBanme:  TMEpCOHANBHBIM  KOMIBIOTEp,  KIaBUATypa, KOMIIBIOTEPHAs  MBbIIIb,

HpOCKTOp/ HHTCPAKTUBHAA NOCKa

IIpakTHyeckas 4acTh

CrnymaTenu AOMKHBI CAMOCTOATEIBHO MPOBEPUTH HATMYKE U MPABUIBHOCTH BBITOJIHEHHUS CBOMX
MPOEKTOB 3a BECh KYypC, BHECTU IOPAOOTKU, €CIIM ITO HEe0OX0auMo. 3arpy3uTh (OTOpeaTUCTHUHBIC
I/I306pa)KeHI/I$[ BBIIIOJITHCHHBIX TIPOCKTOB W COCTABUTH HW3 HHUX MNPE3CHTAOUIO C 3arojioBKaMu,
COOTBCTCTBYIOIIIMM  HAa3BaHUAM  IIPOCKTOB. CJ'IYHIaTeJ'II/I JOJDKHBI TIOHMMAaTh HNPHUHIOUIL pa6OTI>I
pa3paboTaHHBIX MUMU u3fAenuid. Jlamee ciymaTenyd MOATOTaBIMBAIOT PeYb, T€ OMUCHIBAIOT TMPHHIIMII
paboThl  CIPOEKTHUPOBAHHBIX  M3AE€TUH W OCOOEHHOCTH  KOMIIOHEHTOB,  OOECIEeYHBAIOIIUX
paboTOCIIOCOOHOCTh MEXaHU3MOB.

Ilo 3aBCPIICHHUHU ITPpOLECCA ITOATOTOBKH, HA CICAYIOIIEM 3aHATUH, TIPOBOANTCA 3alUTa IIPOCKTOB.

IIpakTuyeckas padora Ne50
Konmponvnas paboma «3auyuma npoexkmoe»
ey padoThI: 3aIUTUTH BHIIOJHEHHBIE PAOOTHI
Oo6bem: 1 gac
3aIlaHl/leZ MNPEACTAaBUTH MPE3CHTAIHUIO 11O BBIIIOJHCHHBIM ITPOCKTaM, OIMCBIBAasA IMPHUHIWIT pa6OTBI
CIPOEKTUPOBAHHBIX H3JEJIUH M OCOOCHHOCTH KOMIIOHEHTOB, OOECIEeYMBAIOIINX pPabOTOCIIOCOOHOCTD

MEXaHU3MOB
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Oo0OopynoBaHue:  TEpPCOHANBHBIA  KOMIIBIOTEp,  KJIaBHAaTypa,  KOMIBIOTEPHAs  MBbIIIb,

MIPOEKTOP/MHTEPAKTUBHAS JTOCKA
IIpakTHyeckas 4acTb

[IpoBoauTcs 3amuTa Npe3eHTalri 0 BHITIOTHEHHBIM IPOEKTaM.

Cnymarenu IOJKHBI MOHUMATh MPUHIMI paboThl pa3paOOTaHHBIX MMM u3faenuid. Ciymarenu
MMOATOTAaBJIUBAKOT pCUb, I'/IC ONMUCLIBAOT MPHUHIINIT pa6OTBI CIIPOCKTUPOBAHHBIX H3IIGHI/II>JI n OCO6CHHOCTI/I
KOMITOHEHTOB, 00ECIICUNBAIOIINX paOOTOCTIOCOOHOCTh MEXaHU3MOB.

[IpenBaputenbHO, CiylIaTead AOHKHBI CAMOCTOSITEIBHO MPOBEPUTH HAIMYUE U MPABUIBHOCTH
BBITIOJTHEHHUSI CBOUX IPOEKTOB 3a BEChb KYypC, BHECTHU AOPabOTKH, €CIU 3TO HEOOXOAMMO. 3arpy3uTh
q)OTOpeaJII/ICTI/I‘IHBIG 1/1306pa>1<eH1/I$1 BBIITIOJIHCHHBIX IPOCKTOB KW COCTABUTH M3 HUX IMPE3CHTALUIO C

3aroJIOBKaMu, COOTBETCTBYIOIIIUM HA3BaAHHUAM IIPOCKTOB.
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