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HOACHUTEJIBHASA 3AIIUCKA

JlonoaHUTENbHAS o01iepa3BrUBaroIIas IpOrpaMma TEXHUYECKOU
HampaBieHHOCcTH — «3D-MojenupoBaHue» peanu3yercs B~ MyHHIMIAIBHOM
OI0JPKETHOM YUPEKICHUU TOoNoJHUTENbHOTO 00pa3zoBanus 3ATO r. CeBepomMopck
«Y4eOHBIIA TIEHTP» W HampaBlieHa Ha OCBoeHHWe mnporpammamu 1o 3D-
MOJICITMPOBAHMIO, PAa3BUTHIO TBOPYECKOHW JIMYHOCTH YEPE3 OBJIAJICHUE HABBIKAMHM
pabotel ¢ rpaduueckumu danamu. JlonmonHuTeNbHas 001Ie00pa3oBaTeIbHAS
oOmepa3BuBatomasi  nporpamma  «3D-MozpenupoBaHue»  pa3zpaboraHa B
COOTBETCTBHHM C JICHCTBYIOIIMMHU HOPMATHBHO-TIPABOBBIMH JOKYMEHTAMHU |
JIOKAJIbHBIMH aKTaMH YUPEIKICHUS.

3D-monmenupoBaHue  —  MPOTPECCHBHAs ~ OTpacib,  MO3BOJSIOIIAS
OCYHIECTBJISITh MPOLIECC CO3JaHHUs TpeXMepHOWl Mojaenu oObekTa. JlaHHoe
HAlpaBJICHUE OPUEHTUPYET TMOJAPOCTKOB HA  pabouyue  CIEHHUaIbHOCTH,
BOCTIMTBHIBACT OyayImmx WHXCHEPOB-Pa3pabOTUYNKOB, CIIOCOOHBIX K
BBICOKOITPOU3BOUTCIIBHOMY TPYAY, TEXHUYCCKH HACBIICHHON
IPOU3BOIUTEIBLHOM JIEITCILHOCTH.

IIporpamma  cocTaBjieHAa B  COOTBETCTBHM €  HOPMATHBHBLIMH
AOKYMEHTAMH B o0JiacTu oOpa3oBanusi B Poccuiickoiit @enepanumn:

— Denepanpubiii 3ak0H «O0 obOpazoBanuu B Poccuiickoit denepanuu» oT
29.12.2012 Ne 273-D3;

— Konnenmus pa3BuUTHS JOMOJTHUTEIBHOTO oOpa3zoBaHus nerei mo 2030
roja;

— IlocTtanoBiienue ['J1aBHOrO rocy1IapCTBEHHOTO CaHUTApPHOTO Bpadya PD ot
28 suBaps 2021 1. Ne 2 «O06 yTBepkneHun canutapHbix npasui U HopMm CanlluH
1.2.3685-21 «I'mrueHu4eckrue HOPMATHUBBI M TpeOOBaHUSA K OOECIICUCHHIO
0e3omacHOCTH U (MIu) 6€3BPETHOCTH JIJIs YeoBeKa (PaKTOPOB Cpeabl OOUTAHUSY;

— IloctanoBnenue ['MaBHOro rocynapCTBEHHOTO CaHUTAapHOro Bpaya PO ot
28 centsopst 2020 r. Ne 28 «O6 yrBepxknenun canutapabix npasui CII 2.4.3648-
20 «CaHUTapHO-3MIUIEMHOJIOTHYECKHE TPEOOBAHUS K OpraHU3alUsIM BOCIIUTAHHS
1 00y4eHHUsI, OTAbIXA M O3I0POBIICHUS IETEH U MOJIOACKI;

— IIpuka3z MunucrepctBa npocsenieHust PO ot 27 urons 2022 r. Ne 629 «O6
yTBepxkaeHun Ilopsiaka opraHu3anvu W OCYIIECTBICHUS 00pa3oBaTEIbHON
JESTENHHOCTH TIO IOTIOJHUTEIHLHBIM 00IIe00pa30BaTEIbHBIM IPOTPaAMMaM;

— llpunoxeHne K NOUCBMY JlelapTaMeHTa MOJIOJEKHOW TMOJUTUKH,
BOCIIUTAHUS U COLIMAIBHOM MOJJEpKKUA neteid MunoOpazoBanusi 1 Hayku Poccun
or 11.12.2006 1. Ne 06-1844 «O mnpuMmepHBIX TpPeOOBaHUSAX K MPOrpaMmam
JIOTIOJIHUTENIBHOTO 00pa30BaHus JIETE»;



— Ilpuka3z MunucrepcTBa o6pa3zoBaHuss U Hayku MypmaHckoil obmactu Ne
1303 or 22.08.2023 «OO6 ytBepxkaenun IlpaBun mnepcOHUPUIMPOBAHHOTO
(pMHAHCUPOBAHUS JAOMOJIHUTEIBHOTO 00pa3oBaHus ereid MypMaHCKol 00aacTy.

AKTYaJIbHOCTh MPOrPaMMBbl OIpeeNsieTcsl aKTUBHBIM BHeApeHuem 3D
TEXHOJIOTUH BO MHOTHE cdepbl AeSITeNbHOCTH (aBHAIlUs, MAaIIMHOCTPOCHUE,
apXUTEKTypa U T.I1.) U TOTPEOHOCTHIO OOIIECTBA B JaJIbHEUIIIEM Pa3BUTHH JaHHBIX
TE€XHOJIOTHUM.

PazButue Texnonoruit 3D-MoaenpoBaHUs MPUBEIIO K MOSBICHUIO HA PHIHKE
MHOECTBAa CPaBHUTEIBLHO HEIOPOTUX YCTpOWCTB s nedatu 3D monenei, yto
MO3BOJIUJIO BKJIIOYHUTH B 00pa30BaTEIbHBIA MPOILIECC COBEPIICHHO HOBOE
obopyaoBanus — 3D npunTep.

[Iporpamma «3D-MonenupoBaHue» OpPUEHTHUPOBaHA HA HU3YUYEHHE OCHOB
MIPOCKTUPOBAHUSI U MOJCIHPOBAHUS C TOMOIIBIO COBPEMEHHOI'O MPOTrPaMMHOIO
obecrieueHusl. Yuyamuecs HaydaTCs CTaBUTh HaydHble 3a7add, IPUMEHATH
NEPCIEKTUBHBIE METObI Pa3pabOTKH, PEIIaTh SKCIIEPUMEHTAIIbHBIC 3a1a4H.

B kxypce paccmarpuBaroTcs 3amauu 1o cosganuio 3D mojeneit ¢ moMoIibo
CHEIMATU3NPOBAHHOTO TporpammHoro obecredenus Autodesk Fusion 360 u mx
neyatb Ha 3D-npuHTEpE.

HoBu3zna. Pab6ora c¢ 3D rpadukoit — OIHO U3 CaMbIX MOIMYJISPHBIX
HAIIPaBJICHUM HCIIOJIb30BaHUSl TEPCOHAIBHOTO KoMmIbioTepa. HoBu3HaA naHHOU
IporpaMMbl COCTOUT B TOM, 4YTO 3aHATHS 1O 3D MoOAENnMpOBaHUIO MOMOTAIOT
npuobpectu TIyOOKHE 3HaHUS B O0JIaCTM TEXHUYECKUX HAYK, IEHHBIE
NPAKTUYECKUE YMEHUS U HAaBBIKH, BOCIIUTHIBAIOT TPyAoato0ue, ymeHue paboTaTh B
KOJUIEKTHUBE. Y4alllMecsi OCBaWBalOT a3bl TPEXMEPHOTO  MOAECIUPOBAHUS
J0CTaTOYHO OBICTPO M HAYMHAIOT MIPUMEHSATH CBOM 3HAHUS Ha MPAKTHKE.

Ilenarornyeckasi mejiec000Pa3HOCTb 3aKIIOYAETCS B TOM, YTO JaHHAas
porpaMMa TO3BOJIUT BBIIBUTH 3aMHTEPECOBAHHBIX OOYYAIOIIMXCS, MPOSIBUBIINX
UHTEpEeC K 3HAHUAM, OKa3aTb UM TMOMOINb B (OPMHUPOBAHUU YCTONYHBOTO
WHTEepeca K IOCTPOCHUIO Mojene ¢ mnomoibio 3D-mpunHtepa. B mporecce
co3maHusl Mojenel oOydwaronuecs HaydaTcs OOBEIUHSATH PEANbHBII MHp C
BUPTYaJbHbIM, 3TO IMOBBICUT YPOBEHb IPOCTPAHCTBEHHOI'O MBIIUICHUS H
BOOOpaKeHUS.

IIpakTHyeckass  3HAYUMOCTD: nporpaMMa  OpPUEHTHpPOBaHAa  Ha
CHCTEMAaTH3alMI0 3HaHU U yMeHul 3D-monenupoBanus. [Ipaktuueckue 3amanus,
BBINIOJIHSIEMbIE B XOJ€ M3YyYECHHS MaTepuajga B JaHHOM MporpaMme, TOTOBSIT
o0ydJaroluxcs K PELICHHUIO psla 3a7ay, CBA3AHHBIX C IMOCTPOCHUEM OOBEKTOB
TF€OMETPUH U U300Pa3UTENBHOTO UCKYCCTBA.

Oco0eHHOCTH IPOrpaMMBbI

Ha 3anstusx wucnons3yercs (ppoHTanbHAs, TPyNmoBas W WHANBUAYyaTbHAS
pabora. Hudbopmamus mNpenoAHOCUTCS B BHAE Oecelnpl, JIEMOHCTpaIlUU
MYJIbTUMEIUUHBIX MPE3EHTAlUN, BUACOPOIUKOB, C MOCIEAYIOIINM BBIMOITHEHUEM
ONpeIeJICHHbIC TPAKTUYECKUX 3afaHui. Pe3ynbraroM HX AEATEIbHOCTH MOTYT
OBITb COPEBHOBAHUSI MEXAY COOOM B CIIOXKHOCTH BBIMOJHEHUSI MOJEIUPOBAHUS
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YCTPOMCTB, M3TOTOBIICHUM JAeTajei, neyatu aeraned Ha 3D mpunrepe, HaydHO-
MCCJIEeI0BATEIbCKUX MIPOEKTaX U paboTax Mo JaHHOW TeMe.

Henr mnporpamMmmbl - HayuyuTh OOydYaroUMXcsl pelmarh  3aJayu
MOJICIIUPOBaHUSI ~ OOBEMHBIX  OOBEKTOB  CpPEJICTBAMH  HMH()OPMALMOHHBIX
TEXHOJIOTUH, MO3HAKOMHUTH C MPUHLHUIAMU pabOThl MPOrpaMMHOro npoaykra 3D-
MPOEKTUPOBAHUS M pa3padOTKM M3JENMM HAa OCHOBE OOJAYHBIX TEXHOJIOTHIA
«Autodesk Fusion 360» u 3D npunTepa.

JUist TOCTH>KEeHMS TaHHOW LENH HEOOXOAMMO PELIUTh CIEIYIONINE 3adau:

Oobyuarowue:

° JaTh TpeACTaBiIeHWEe 00 OCHOBHBIX BO3MOXHOCTSIX IPOrPaMMBbI
Fusion 360;

° HAy4HUTh CO3/]aBaTh TPEXMEpHBIE IpaduyecKre 0ObEKTHI,

° CcrocoOCTBOBaTh  Pa3BUTUIO  TO3HABATENBHOI'O  MHTEpeca K
UH(OPMAIIMOHHBIM Y HH)XCHEPHBIM TEXHOJIOTHSIM.

Pa3zeusarouiue:

® pa3BUTHE TECXHUYECKOT0, 00bEMHOT0, TPOCTPAHCTBEHHOTO, JOTHYCCKOTO
Y KPCaTUBHOTO MBIIIJICHUS;

® pa3BUTHE KOHCTPYKTOPCKHUX CIIOCOOHOCTEH, H300peTaTeIbHOCTH |
NOTPEOHOCTH B TBOPUYECCKOM JICITEITLHOCTH;

® pa3BHUTHE HABBIKOB 0OPaOOTKH U aHATU3a HHPOPMALIUU;

® pa3BUTHE HABBIKOB CAMOCTOSITEILHOM PaOOTHI.

Bocnumamenynoie:

o dbopMHpoBaHUE YCTOMYMBOTO MHTEPECA K TEXHUYECKOMY TBOPUYECTBY;

® BOCIHUTAaHWE  HACTOMYMBOCTM W  CTPEMJICHUS K  JIOCTH)KCHHIO
MMOCTaBJICHHOM I1EJIH;

e (hopmupoBaHue 001IeH HHHOPMAITMOHHON KYJIbTYPhI Y 00 YJAIOITUXCS;

o dbopMHUpOBaHUE 30HBI JIMYHBIX HAYYHBIX M TBOPYECKUX HHTEPECOB.
Juunocmmuuwie:

° COJICHICTBOBATh  MHXXEHEPHOHW  MNMPOGECCHOHATIBHOW  OpHUEHTAINHU
00yJaromuxcs.

OOyyeHue To JaHHON MpoTrpaMMe CO37aeT OJArONMpHUSATHBIC YCIOBHS IS
MHTEJUIEKTYaJIbHOTO Pa3BUTHUSA, MTPO(PECCHOHATEHOTO CaMOOIIPEICIICHUS, PA3BUTHSI
MMO3HABATEIbHON aKTUBHOCTH U CaMOpean3aliu.

Bri6op B kauecTBe CpeicTBa CO3/IaHUS TPEXMEPHBIX MOJENEH MPOrpaMMbl
CAIIP «Autodesk Fusion 360» cBsizaH ¢ TeMm, 4TO OHa OO0JIAJACT CJICAYIOIIUMH
XapaKTEPUCTUKAMU

- OTHOCUTEIBLHO HEBBICOKME MUHHUMAJIbHBIE U PEKOMEHIyeMbIe TpeOOBaHUs K
MEPCOHATIBHOMY KOMIIBIOTEPY, TaK KaK CI0XHbIE BBIUMUCICHHUS MPOXOASIT Ha
00J1ayHOM cepBepe;

- Hanmuuwe OeCIIaTHOW BepcHMU JUIsl 00pa3oBaTENbHBIX YUPESKICHUNA U
00yYaroIINXCS,;

- COBPEMEHHBIN UHTYUTUBHO MOHSATHBIA UHTEPPEIC;

- IOCTYTHOCTh B 00yUY€HUH;

- IIUPOKKE BO3MOXKHOCTHU U (DYHKIIMOHAJ MPOrPAMMBI.
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@opmbl TPOBeJEHUs] 3aHATHIi: Jeknus, Oecema, JIEMOHCTpPAIHS,
CaMOCTOsITEeTIbHAS, TMpaKThdeckas paboTa. bosbmas dacTe y4eOHOrO BpEeMEHU
BBIJICIIICTCS Ha MPAKTUYECKUE YIPAXKHEHUS H CAMOCTOSATEIBHYIO paboTy. 3amanus
HOCST TBOPYECKUW XapaKTep M PACCUMTAHBl HA WHAUBUAYAIBHYIO CKOPOCTH
BBITIOJTHEHUSI.

CrerneHp peanu3aliiy MPOrpaMMbl 3aBUCUT OT TEXHUUYECKOW OCHAIICHHOCTH
KOMITBIOTEPHOTO KJIacca, HaJU4Ms IPOTPAMMHOTO OOCCICYCHHS] € YPOBHS
MaTepuaibHOU MOACPKKU y4eOHOT0 mpoliecca.

Jlisi TipoBeeHHMSI TPAKTUYECKUX 3aHATHH B KOMIBIOTEPHOM KaOWHETe
HEOOXO0IUM CJICAYIOIINN COCTaB almapaTHOrO U MPOTPaMMHOTO 00eCIICUeHUS:

AnmnapatHoe o0ecne4yeHue:

- IEPCOHAJILHBIN KOMIIBIOTED;

- 3D-npunTtep Hercules 2018;

- iporteccop Core i5 u BollIIE;

- OIiepaTUBHAs NaMATh He MeHee 8 ['0 u mHTerpupoBaHHAs BUACOKApTa WU

I'6 u otnenpHas BuacokapTa Ha 4 1'0;

- TUCIUICH ¢ AuaroHaiabio 17 IroiMOoB;

- Habop PLA mnactuka 10 nBeToB.

IIporpamMHoe obecnieyeHue:

- onepanuonHas cucrema: Windows 10;

- maket nporpamMm Microsoft Office 2010 wim BhImIE;

- mporpamma Autodesk Fusion 360;

- adobe Acrobat Reader (mporpamma mpocMoTpa JOKyMEHTOB);

- IporpamMMa-apXuBarop;

- aHTUBHUPYCHAs IPOrpaMMa;

- Iporpamma Jist IpoOCMOTpa U300 PaKEHUIA.

JIJist IpakTUYEeCKOro OCBOCHMSI MIPAaBMIJI pabOThl B CETH KIIACC TOJDKEH OBIThH
MOJIKJIFOUEH K CeTU MHTEpHET. {7 JOCTHMKEHUs eI MPOTPaMMBbl UCTIONB3YIOTCS
CIEYIONIME METOAbl OOYYEHHS: PENpPOAYKTHBHBIM, MPOOIEMHBIN, YaCTHUYHO-
MTOUCKOBBIN, MPAKTUKO-OPUEHTUPOBAHHBIN, METOJ IIPOCKTOB.

YciaoBusi peanuzanmuu nporpammbl. [IporpamMma mnpenHasHaueHa IS
oOydarommxcsa 14-18 ner. Cpok peanuzammu — 2 roxa, 234 dvaca. 3aHATHS IO
nporpamme mpoBoasTcs: 1 pa3 B Henemto o 3 yaca. Hanmomusemocts rpynmst 10-
12 gyenosek.

[Iporpamma He Tpedyer Hanuuus 0a30BBIX HABBHIKOB pPabOTBI C
MEPCOHATLHBIM KOMITBIOTEPOM.

K koniy oOyuyeHus Kaxablii oOy4daeMbIil JOKEH YMETh CaMOCTOSITEIbHO
BBITIONTHSATH BCE€ PA0OTHI, MPEyCMOTPEHHBIE YUeOHOM MPOTpaMMOii.

B koHime o0y4deHuss MPOBOIWTCS WTOTOBOE 3aHATHE, (opmMa KOTOpPOTO
ompesensieTcss mnemaroroM. Ilpu ycmemHOM TPOXOXKIACHUU  OOYYarOIIMMCS
BBITACTCS CBUJICTEIIHCTBO 00 oOydeHnH 1o JIOTIOTHUTEITEHO N
00111e00pa3oBaTeNIbHOM 00IIEpa3BUBAIOIICH TpOrpaMMe.

YpoBeHb 00y4€eHHOCTH BBISBIISICTCS 10 TPEM MapaMeTpaM U ONpPeAeIsIeTCs
KaK MUHUMAaJIbHBINA, OOIIHUMI, TPOABUHYTHIN.
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Teoperuyeckue 3 HAHUA

Kpurepussmu OUEHKH SBISAIOTCA: CTEINEHb YCBOCHUS TEOPETHYECKOTO
Marepuana, TyorHa, MUPOTa U CUCTEMHOCTh TEOPETUUECKUX 3HAHUM, TPaMOTHOE
HCMOJIb30BAHUE KOMITBIOTEPHBIX TEPMHUHOB.

Kputepusimu olieHKH SBISIOTCS: CTENEHb YCBOSHMsS MaTepuania, riyOuHa,
IIMPOTA U CUCTEMHOCTh 3HAHUS TEXHOJIOTHUM.

YpoBeHb OBNAICHUS IPAKTUYECKUMHU YMEHUSIMU U HABBIKAMU.

Kpurepusimu sSBISIOTCS: pa3HOOOpa3We yMEHUM W HABBIKOB, TPAMOTHOCTh
(COOTBETCTBME CYIIECTBYIOIIMM HOpMaTUBaM M TpaBWiaM, TEXHOJIOTHSIM)
NPaKTUYECKUX JICUCTBUN, CBOOOAA BIQJACHUS CIEIHAIBHBIM KOMIBIOTEPHBIM
000pyI0BaHUEM U TTPOTPAMMHBIM 00€CTICYEHHEM, KAYECTBO TBOPUYECKUX MPOEKTOB
YYaIIUXCs: TPAaMOTHOCTh UCTIOJIHEHHUS, UCIIOJIB30BAHUE TBOPUYECKUX IJIIEMEHTOB.

Buabl koHTpoOssi: colOecenoBaHuE, HAOMIOJEHUE, ONPOC, TECTUPOBAHUE,
AKCTIEPTHAS OIICHKA CAMOCTOSTEIILHON paOOThl, KOMITBIOTEPHBIN TECT.

Tekymuii KOHTPOJb YPOBHS YCBOCHUSI MaTepuasa JOKEH OCYIIECTBIISITHCA
110 Pe3yJIbTaTaM BBINOJHEHUS YUAIIUMUCS TPAKTUYECKUX 3aIaHUM.

TemaTtnueckuii KOHTPOJIb MPOBOJAUTCS TMOCJE M3YYCHUsS pa3zeioB B dopme
KOHTPOJIBHOM MUCbMEHHOU PabOTHI.

B koHIe oOydeHHs KOHTPOJIb peanu3yercs B (opMe HUTOTOBOTO 3aHSTHS.
KoHTponbs TeopeTHdeckuX 3HAHUN B TEUEHHE BCETO y4yeOHOTro Tojia, a Takxke
UTOTOBBIM B KOHIIE OOy4YeHHUS Ha Kypce, IPOBOAUTCS B (popMe KOMIIBIOTEPHOIO
TECTUPOBAHMUS C  peaju3alledl  BOMPOCOB  HECKOJIbKHUX  THUIIOB:  BBIOOP
€AMHCTBEHHOTO BEPHOTO OTBETA, BBHIOOP HECKOJBKUX BApHUAHTOB MPABUIBHBIX
OTBETOB, YCTAHOBJICHHE COOTBETCTBHUS BapHAaHTOB, HAOOp MPaBUIBLHOTO OTBETa
BpyuHyt0. [Ipu 3TOM BepeTcsi *KypHall MOJYYEHHBIX PE3YJIbTATOB B MPOLIEHTHOM
COJIEpKaHMHM 3a KaXK/bIl TECT.

JAnarsocTuyecKu HHCTPYMEHTapUil

OCHOBHBIM METOJIOM KOHTPOJISI CTENEHU OCBOEHUS Y4EOHOro MmaTepuana
ABIIAETCS AUATHOCTHYECKOe 00ceJoBaHNe YPOBHA KOMMYHUKATUBHBIX HABBIKOB U
CTETICHH OCBOCHHUS MPOTPAMMBbI, IO pe3yibTaTaM OOYYaroIIMMCSl TPHCBAaUBACTCSA
BBICOKHUH, CPETHUN WM HU3KHUK ypoBeHb. OOcieqoBaHue MPOBOAUTCS B 3 dTamna:

1. B Hauane o0yueHnus.

2. B xoH1e 1-ro nomyroaus.

3. B kon1e o6yueHus.

NtoroBeiil ypoBeHb 3a roJi MPEJCTABISIET CPEIHEE 3HAUEHUE BCEX 3 ATAIOB,
KpPOME 3TOrO MPOBOJUTCS TEKYIIAas OLUEHKAa YCBOCHHUs Kypca II0 COBOKYIHOCTH
OTYETOB MO MPAKTUIECKUM paboTaM TOociie M3YYCHHUS KaXIOW TEeMBbI Kypca IO
CHUCTEME «BBICOKHM, CPETHUN, HUZKHII».

[To okoHYaHUU BCETO Kypca 00yUeHHsI IPOBOJIUTCSI UTOTOBOE 3aHATHE.

JIns  onpeneneHus  ypoOBHS  YCBOCHHMS  NPOTrPpaMMbl  HCHOJIb3YETCS
JIMAarHOCTHKA, COCTOSIIIAS U3 TPEX ITAIOB.

[lepBuuHasi nUAarHOCTMKa MPOBOJUTCA B CEHTIOpe. 3/1ech Ompeaensiercs,
Kakyde 3HAaHWS, YMEHHUSI M HaBBIKM €CTh Yy OOYyYaloIMXCsl, HACKOJIbKO pa3BUTa
KYJIbTYypa TPY/Za, ONBIT COTPYAHUYECTBA, a TAKXKE IUIAHUPYETCS WHAUBUYaJIbHAS
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paboTa Mo pa3BUTUIO CIOCOOHOCTEM NeTeil. MeTonoM HaOMIOAEHUST OIIEHUBAIOTCS
TPYJOBBIC HaBBIKH, HABBIKU OOIICHUS U KYJIbTypa OOIICHUS.

[IpoMexxyTOuHass JAMArHOCTHMKAa MPOBOAMTCS B jAekabpe. Eé mnenp —
OTIPEJICIATh CTENIEHb YCBOCHUS 00pa30BaTENbHON MPOTPaMMBI, CKOPPEKTUPOBATH
CTCTICHb €€ CJIO)KHOCTH C YYETOM WHIAUBUIYATLHBIX OCOOCHHOCTEH, OIICHHBACTCS
JUHAMUKA YMEHHS OPTraHW30BBIBATH CBOW TPy, KOHCTPYKTUBHO OONIATHCS C
JIPYTHMHM BOCIIMTaHHUKaMU. MeTogoM HaONIOACHUS OIEHUBAIOTCS HAaBBIKH
oOImeHuss W KyJabTypa oOmIeHus. TpyaoBble HaBBIKH, 3HAHUA W YMCHHS
OIICHMBAIOTCS HAa OCHOBAHWH IPOBEPOUYHBIX, TECTOBBIX M IMPAKTHUYCCKUX PabOOT.
Ecnau pabora Beimonnena ot 0% mo 40% - Huskuit ypoBeHb, oT 41% mo 75% -
cpennuii, ot 76% no 100% - BeICOKHIA.

HroroBass JWarHOCTMKAa TIPOBOAMTCS B Mae: OIPEACISICTCS YpPOBCHb
YCBOCHHMSI  TIPOTPaMMBbI,  PE3yJIBTATUBHOCTh  OOpa30BaTEIBLHOTO  IpoIiecca,
BBIJICIISIFOTCSI HAanOoJiee CIIoCOOHbIE JIETH, TIJIAaHUPYETCSl MHIMBHUIYyalbHas padboTa ¢
HUMU. MeTo/IoM HaOIIOACHUS OIICHUBAIOTCS HAaBBIKM OOIIEHUS M KYJIbTypa
oOmienus. TpyaoBble HaBBIKM, 3HAHWUS W YMEHHUS OIICHUBAIOTCS Ha OCHOBaHHH
IIPOBEPOYHBIX, TECTOBBIX U MPAKTHYECKUX padoT. Ecnu padora BeimosHeHa ot 0%
no 40% - Hu3kuil ypoBeHb, oT 41% no 75% - cpennuii, ot 76% no 100% -
BbICOKHH. 10 pe3ynbTaraM TUarHOCTHKHU OTIPEICISIOTCS CACAYIONINE YPOBHHU:

B — BbICOKHMI: OOydYarOIIMXCS CaMOCTOSATEIBLHO BBIMIOJHIACT pPaboTy,
MOJIHOCTBIO BIIAJCET MOJYYCHHBIMU 3HAHUSIMU, YMEHUSIMU, HaBbIKaMH. Tpy/oBbIe
HABBIKM HAXOJSTCS Ha BHICOKOM YpPOBHE (CaMOCTOSITENILHO TUIAHUPYET Pe3yJIbTat
cBOEil paboThI, crOcOObI €ro NOoCTHXKeHHs ). KOMMyHUKAaTHBHBIE HaBBIKA BBICOKO
pa3BUTHI (OXOTHO BCTYMNAeT B OOIICHHE, BEAKIMBO OOIIAETCS CO B3POCIBIMU, YMEET
CIIyIIaTh W JIOTOBApUBATHCS C JAPYTUMH JAETHMHU, UMEET OIBIT COTPYIHUYECTBA U
COTBOPYECTRBA).

C — cpennwmii: oOyJaronMiicsl BBIMOJHSET PabOTy C TMOMOIIBIO Ieaarora,
YaCTHMYHO BJAJIEeT TOJYYCHHBIMU 3HAHUSIMH, YMEHMSIMH ¢  HaBBIKaAMHU.
KoMMyHuKaTHUBHBIE HABBIKM PA3BUTHI YaCTUYHO. TpynOBbIE HABBIKMA HAXOMASTCS Ha
CpelHeM ypoBHE (TIaHuUpyeT paboTy W cmocod €€ BBIMOTHEHHS TPHU TTOMOIIH
rejarora).

H - Hm3kwmii: He BiageeT NpueMamu paOOThI, 3HAHUSMU, YMEHUSIMH,
HaBbIKaMH. TpPYJOBbIE HABBIKM HAXOJSATCS HA HHU3KOM YPOBHE (IIOCTOSTHHO
HY’KJIa€TCS B IOMOIIM U KOHCYJIbTAIUAX TIe1arora).

CBonHasi Ta0JM1Ia YPOBHSI YCBOEHUsI MPOrpamMMmbl (rpynmna )
[lepBuunas [IpomexyTouHas Nrorosas
damunns,
JMarHOCTHKA JAarHOCTHKA JINarHOCTHKA

MMt peOeHKa (ceHTs0pB) (stHBapb) (mait)

OopadoTKa PEe3YJIbLTATOB THATHOCTHKH:

1. [ToncunThiBaeTCsl KOJWYECTBO IOJOKHUTEIBHBIX IIOKa3aTeledl B
KaXKJIOM CTOJIOMKE (BBICOKHMI U CPETHUI YPOBEHB ).
2. [Tony4yeHHbIe MOKa3aTeIN CKIAIbIBAIOTCS.
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3. Cymma genutcss Ha UACAIbHBIA pe3ysabTaT (KOJIMYECTBO rpad
YMHOKEHHOE Ha KOJIMYECTBO 00YYarOUIUXCH).

4, [TonyuenHoe uucno ymHoxkaercs Ha 100.
Hcnonb3ys MojdydyeHHbIE AaHHbIE, MOXHO CYAMTb O JUHAMUKE YCBOECHUS
MPOrPAMMBI.

Ceoanast Ta0siMua nokasareJiei JUATHOCTHKHU «Y CBOCHHE IIPOrPAMMbI»

['pynma Centa0pb SHBapp Maii

YI)OBCHI) TPYAOBLIX HABBIKOB, HABBIKOB Oﬁll_leHI/Iﬂ N KYJIbTYPHbI

nosejieHus (rpynna R roa 00y4eHus)
®amunus, | TpymoBbIC HABBIKU HasBpixku o01ieHns Kynbrypa noBeaenus
UM
peberKa CEeHTSIOph | STHBapb Mai CeHTSIOpb | sHBaph | Maill | ceHTsAOph | SHBaph Mait

KapTa caM00IleHKH M OIIEeHKH Ne1arorom
KOMIIETEHTHOCTH 00YV4AaI0IIerocs
OO6yuarorieMycsi  TpeJiaraloT  OIEHUTh 10  MATHOA/UIBHOW — IIIKaje
MOJIyYEHHBIE B Mpoliecce 00yueHUs 3HaHUs U yMeHus. Boimaercs O6aHK KapThl CO
CIEIYIOIIUMU OIPOCAMM:

1. OcBous1 TEOPUTUUECKHUI MaTepHUal Mo pa3jiesiaM U TEMaM MPOrpaMMbl
(MOTy OTBETHUTH Ha BOTIPOCHI T1€JIarora).

2. 3Halo crielraibHble TEPMHUHBI, UCIIOJIb3YEMbIC HA 3aHATUSIX.

3. Hayuwuiicss wucnosib30BaTh MOJYYEHHbIE HA 3aHATUSX 3HAHUS B
MPAKTUYECKOMN JESITEITbHOCTH.

4, YMeTh BBINOJHUTH NpakTHYECKUE 3ajaHus (yIpaKHEHHUs, 3aJayd,
OTIBITHI ), KOTOPBIE TACT MEIAror.

5. Hayuusicst caMoCTOSITEIbHO BBIMOJIHATH TBOPUYECKUE 3a1aHUS.

6. YMer BomiomaTbh CBOM TBOPUYECKUE 3aMbICIIBI.

1. Mory Hay4YuTh IPYrUX TOMY, Y4EMY HAY4YHUJICS CaM Ha 3aHSATHUSIX.

8. Hayuuncs corpynHuuath ¢ pebsTaMd B PEIICHHUH ITOCTaBJICHHBIX
3ajad4.

9. Hayuwics monmyyaTs nH(GOpMAIUIO U3 Pa3IMYHBIX HCTOYHUKOB.

10. Mowu nocTXeHHs B pe3yJbTaTe 3aHITHIA.

CTpyKkTypa BONPOCOB:

[TynakTel 1, 2, 9 — ONIBIT OCBOEHUST TEOPUTUIECKON WH(HOPMAIIHH.

[TyHKTBI 3, 4 — ONBIT NPAKTUYECKOU JIESITEIIBHOCTH.

IIyHKTBI 5, 6 — OIIBIT TBOPUYECTBA.

[TyHKTHI 7, 8 — OIIBIT KOMMYHUKAIIHH.

JlaHHYI0 KapTy 3amoJiHseT oOydYarolluiics, 3aTeM NeAaror, BRICTYNAoNUi B
KadecTBe dkcrepra. CamoolleHKa oOydaromierocss ¢ OLEHKa Iejarora
CYMMHUPYIOTCSA,  BBIUMCISETCS  CcpefHee  apumeThyeckoe MO  Kaxaou
XapaKTEPUCTHKE.

IIpaBuia nepeBoga 00y4arUXCHA HA BTOPOH Y4eOHBIH IoJ
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Ilo okoHYaHUM MEePBOro roga 00y4yeHusi MPOBOJAUTCS UTOIOBOE 3aHITHE B
(opMe n1enOBOWM  Wrpbl, BUKTOPUHBI, TIA€ OyAyT OCBEIIEHbl BOIPOCHI,
COOTBETCTBYIOLIME mporpamMme 1-ro roma oOydeHuss (popMy mnpoBeACHUS
UTOTOBOTO 3aHSATHsI BBIOUPAET MeAaror).

Ilo oxoHYaHMM BTOPOro roaa o0y4deHUsi MPOXOJUT UTOTOBOE 3aHATHE B
YCTHOW WM B MNHCbMEHHOM QopMax, r11e OyayT OCBEIIEHbl BOIPOCHI,
COOTBETCTBYIOIIME Mporpamme 2-x JjeT oOydeHus. g cmaum yYCTHOM dYacTu
MPUJIAraloTCs CIHUCKU TEM, KOTOpPbIE BKJIIOUEHBI B TEMAaTUYECKUN IJIaH IPOTPaMMBI
3a 2 rona oO0yuyenus. [luceMeHHas 4acTb MpeacTaBiIseT ¢ cOOOM TECT C BEIOOPOM
NPaBWJIBHOT'O BApUAHTA OTBETA.

IIpeamosiaraemslie pe3yJibTaThl 00y4CHUA

B pesynbTaTe ocBoeHMs TaHHOM 00pa30BaTEIbHON MPOrpaMMbl 0XKHIA€TCA,
YTO O0YYaIOIMIUICS CMOXKET BBIOJHUTD MOJHOCTBIO LUK CO3JaHUSI KOMIUIEKCHOM
TpEXMEPHOUM MOJIEIH Ha 3aJaHHYIO TEMY.

1 rox oOyueHus:

o0y4yaroimecs 10JKHbI 3HATh:

o MOHATUS YW TEPMUHBI HUHPOPMATUKM U  KoMmmbloTepHoro 3D
IPOCKTUPOBAHUS,

o TPEXMEPHBIC PEIAKTOPHI,

o OCHOBHBIE JJIEMEHTBI TPEXMEPHOU rpaduku;

o AJIEMEHTHI TEXHOJOTUU IPoeKTHpoBaHus B 3D cucremax;

o JTansbl co3anusa 00bEMHBIX Ten B Extrude.
o0yuyarommuecsi J0JKHbI YMeTh:

o NPUMEHATHh 3HAHUSI U YMEHUS NPU PeaNN3aliy UCCIIEI0BATENbCKUX U
TBOPYECKUX MTPOEKTOB;

o pabotats B cpene 3D MoaenupoBaHUs MCIOIb3YSl OCHOBHBIC TIPHEMBI
Y TEXHOJIOTMH IPH BBITIOJIHEHUU ITPOEKTOB TPEXMEPHOTO MOAECITUPOBAHUS;

o paboTaTh HHIWBHIYaJdbHO, B MAaJOil TpyNIe W Yy4acTBOBATH B

KOJUICKTHBHOM ITPOCKTE.
2 1o o0yueHms:
o0yuaroumecst 10JKHbI 3HATh:

o ATambl CO3JIaHUs TPOCKTOB OT UACH JI0 3aIUTHI TPOCKTA;

o OCHOBHBIE 00O0OIIEHHBIE METOABl paboThl ¢ uWHpOpMAIHEH C
UCIOJIb30BaHUEM Tiporpamm 3D mMonenupoBaHus;

o ocobennoctu penaepunra. Murepdeiic momyns «penmep» B Fusion
360;

o ocoOeHHOCTH cOOpOK 1 co3manus 3cku30B B Autodesk Fusion 360;

. OCHOBHBIC HACTPOMKHU JJIsl BBITIOJHEHUS neyaty Ha 3D npunHTepe.
o0y4Jaroniuecs J0J1KHbI YMeTh:

o co3maBath Mojaenu u 3D-o00bekThl B mporpamme «Autodesk Fusion
360», pelakTUpOBaTh UX, COXPaHATh U UCIOJb30BaTh UX B PA3JIMYHBIX paboTax;

o COCTAaBIIATH TIAH UCCIIEOBAHUS U UCIIOTH30BAaTh HABBIKU MTPOBEICHHUS

nccaegoBanusa ¢ 3D Moemblo;



o nevyaratb ¢ nomoupio 3D mpuHTEpa MoAenu, pa3pabOTaHHBIE I10
yeprexam;

L4 HUCIIOJIBb30BaTh 3HAHU,

IMOHCKa B MPOLECCCC pCaIn3alu IIPOCKTA,
L4 MMPOABJIATL TBOPUYUCCKUC HABBIKM WM HMHHIOWATHBY IIPHU pa3pa60TKe 151
3alIUTEC ITPOCKTA.

PABOYUU YYEBHbBIU IIJIAH
10 JOTIOJIHUTENIBHON 00111€00pa30BaTENbHON IPOrpaMMe TEXHUYECKON
HAIPABJICHHOCTHU C UCIIOJIb30BAHUEM KOMIBIOTEPHON TEXHUKH

«3D-MOAEJIMPOBAHUE»

IMMOJIYUCHHBIC 3a CYCT CaMOCTOATCIBbHOTO

Oo0uree
Ne TEMA 1 rox 2 rox KOJIMYECT
n/n o0y4yeHUs | 00y4eHus BO
4acoB
3HakoMCTBO ¢ TexHojoruert 3D —
1. . 15 - 15
nevyatu. YcrpoiictBo 3D-npunTepa.
Coznanue 3CKU30B B cpefie
% | Fusion 360 48 ] 48
3. ITpoekTupoBaHUE NMEPBBIX JE€TANICH ol - ol
4, Co6opku B mporpamme Fusion 360 - 54 54
5. Cpena peHaepuHT - 18 18
6. Axnumarus - 9 9
7. Coznanue 4epTexei - 12 12
3 HOI{FOTS)BK& neraned K reyatu. Ileyats i 21 21
126631 (S050%
9. HUrorosas arrecranus 3 3 6
BCEI'O 117 117 234
Conep:kaHue u3y4aemoro Kypca (234 gaca)
1-ii rox o0yuenus (117 yacoB)
KosnyecTBo yacos
Ne
u/n Tema 1 ron 2 rox
o0yueHus | 00y4eHHsl
1.  3nakomcTBO ¢ TexHosoruei 3D neuaru. Ycrpoiicteo 3D npunTepa
1 Texnuka 6e3omacaoctu. Mictopus pa3Butus 3 i
' 3D meuatu
Knaccuduxkanus 3D npuatepoB. Bumasl miactuka
2. U UX oco0eHHOCTH. [IpuMepsl u 1eMOHCTpaIHs 3 -
roToBbIX u3nenuid. [Ipaktudeckas pabora
3 VYerpoiictBo 3D npunTepa, Ha mpumepe 3 i
" | Hercules 2018
4, Pacnieuartka 3apanee cipO€KTHPOBAHHON MOJETU 3 -
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5. HroroBoe 3anaTue 3 -

UTOI'O: 15 -

Tema 1. 3HakoMcTBO ¢ TexHosorue 3D meuaru.
Yerpoiicto 3D npunTepa

Texnuka 6e3onacHoctu. Uctopus passurus 3D neuaru. O6mme TpedboBaHus
WHCTPYKIIMM 10 TEeXHUKe Oe3omacHocT Impu pabore Ha 3 D mnpuHtepe.
TpeboBanus Oe3omacHOCTH nepea HavyanoMm padboTel Ha 3D npunrepe. TpeOoBanus
6e3onacHocTi BO Bpems paboTsl Ha 3D mpuntepe. TpeGoBaHus 0Ge30macHOCTH
nocie okoHyaHusi paborsl ¢ 3D mpuntepom. Mctopust 3D neuaru. IlosiBnenue
tepmuHa 3D mneuvats. OOmwme npuHiUnel TexHoiorun 3D newatn. Cdepsl
npumeHenuss 3D neuatu. MutepecHbie daxthl 0 3D neuaru. Kakue npoOiemsl
cyuiecTByroT B 3D neuatu.

Knaccuduxanus 3D npuntepoB. OcHOBHBIE XapakTepucThku 3D-nipunTepa.
Hasnauenne. Texuonoruss mneuyatu. KoHcTpykTuBHble ocoOeHHOCTH 3D-
IPUHTEPOB.

Buner mactuka u ux ocobeHHoctu. [Ipumepbl M AeMOHCTpalusi TOTOBBIX
uznennii. OCHOBHbBIE XapaKTepUCTUKU Iuactuka s 3D neuatu. Marepuanst s
3D meuatu PLA, ABS, PETG, PET, PETT, Nylon, TPE, TPU, TPC, PC
(monukapbonar). Dk3otnueckue wmarepuansl s 3D mewatn Wood, Metal,
Biodegradable, bioFila, Conductive, Magnetic, Color-Changing.
[Mpodeccuonansusie MaTepuansl ais 3D meuaru Carbon Fiber, PC ABS, HIPS,
PVA, Wax, MOLDLAY, ASA, Polypropylene (PP), Polyoxymethylene (POM),
akpun win Plexiglas, Ceramic. IIpaktuueckas pabora.

YcrpoiictBo 3D npuntepa Ha npumepe Hercules 2018. HarpeBarenbHbli
AJIEMEHT, HaIpaBIAOUIME, KOHTpoiuiep, Kopnyc W T.n. [eranmu 3D-npunTtepa -
IKCTpyAEp, WIM TeyaTaromias ToJIOBKa, pabouyuil CTOJ, JUHEWHBIM M IIaroBBIN
JBUTATEH, (PUKCATOPHI, pama.

PacrnieuaTka 3apaHee CripoeKTUPOBAaHHON Mojeu. 3arpyska gcode daiina Ha
AIEKTPOHHBIN HOCHUTENb. BKIIOUEHHE U BBIKIIIOYEHUE MpHUHTEpA. 3alrpaBKa
¢unamenta. IlogroroBka crona k pabote. PasorpeB croma u corta. 3amyck
IeYaTH.

No KounuyecTBO 4acos
/i Tema 1roxa 2 rox
o0yyeHus1 | o0y4YeHuUs
2. Co3nanue 3¢ku3oB B cpeae Fusion 360
1 Coznanue ydetHoi 3anucu Autodesk 5 i
' Nurtepdeiic Autodesk Fusion 360

9 Komanasr cpenbl acku3npoBanus. OCHOBBI 5 i
CO3aHMS ICKHU30B

3 PucoBanue 2D-3CKH30B: reOMETPHUICCKHE 3 i
IIPUMHUTHBBI

4. | Ilpaktuueckas pabdorta: «PucoBaHue MpPOCTHIX 6 -
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r€OMETPUYECKUX  (QUIryp C  3aJaHHBIMU

rnapaMeTpaMmny
CamocrosrtenbHas padora: «IloBTopeHue

5. 3aJJaHHBIX SCKU30B MO MPOU3BOJIbHBIM 3 -
pazmepamy»

6 PucoBanme 2D-3CKH30B: CIIOKHBIE 3 )

reoMeTpudeckue Hopmsl
[IpakTuueckast pabora: «PrucoBaHue CIIOXKHBIX

/. | reoMerpuueckux (Quryp ¢  3aJaHHBIMHU 6 =
napaMeTpaMm»
8. | Pacmmpenus nanenu Sketch. 3 -

[IpakTuyeckast pabora: «IlocTpoeHue ICKU30B
9. | c MOMOUIBIO JOMOTHUTEIBHBIX HHCTPYMEHTOB 6 -
nanenu Sketch»

[TpakTrueckas padota: «OTpaboTKa TEXHUKHU
MOCTPOEHUS ICKU30B»

NUTOIO: 48 -

10. 6 -

Tema 2. Co3znanue 3ckn3oB B cpene Fusion 360

Coznanue yuetrHoi 3amucu Autodesk. Murtepdeiic Autodesk Fusion 360,
HacTpolika wuHTepdeica, H3y4YeHHEe OCHOBHBIX MHCTPYMEHTOB Ha IaHENH.
CraproBbiii  unHTepdeiic. Ilanens ganubpiX. [laHens KOHTEKCTO3aBUCHMBIX
UHCTPYMEHTOB (Tys0ap). bpaysep npoekra. Taiimmaiia (nmanenb uctopun). [lanens
Hapuranmu. ViewCube - BumoBas mpoekims cieHbl. HacTpoiiku mHpuiiokeHus
Autodesk Fusion 360. Hasurarus.

OcHOBBI co3nanus 3cku30B. PabGouas mockocts. Enunuibl u3MepeHwus.
[lonsiTue 3ckusza. M3ydyeHue OCHOBHBIX IpPYyNI HMHCTPYMEHTOB MOJEIMPOBAHMUS.
[Tonsitue pabounx oceit. [loHsaTre paboueil TOUKU. YCTaHOBKA CBS3EH MEXTY
sileMeHTaMu 3cku3a. Menro Sketch. KomaHasl cpeibl 3CKH3UPOBAHHUS.

PucoBanue 2D-3ckn30B: reomeTrpuueckue TMPUMUTUBBI. 3HAKOMCTBO C
MHCTpYyMEHTaMH co3faHus 2D-3cku30B. PucoBaHuEe MNPOCTBIX TEOMETPUYECKHUX
buryp c 3aaHHBIMH ITApaMeTPaMHu.

[Ipaktuueckas pabora: «PucoBaHHWE TPOCTHIX TEOMETPUUYECKUX (GUTYD C
3aIaHHBIMU TTapaMeTpaMm»

CamocrositenbHast  pabota:  «lloBTOpeHme  3aJaHHBIX  3CKH30B  TIO
MIPOU3BOJILHBIM pa3zMepamy.

PucoBanme 2D-3CKu30B: clokHBIE TeomeTpudeckue (opmbl. PucoBanme
CJIOHBIX TEOMETPUIECKUX (PUTYP C 3aJJaHHBIMH ITapaMeTpaMHu.

Pacmupennss manemn  Sketch. 3HakKOMCTBO ¢ TOMOJHUTEIHHBIMH
WHCTpyMeHTaMu nanemn Sketch.

[Ipaktueckass  paborta: «ITocTpoenue 3CKH30B c IIOMOILIBIO
JIOTIOJIHUTENbHBIX HUHCTPYMEHTOB maHenu Sketchy».

[IpakTuueckas padota: «OTpaboTKa TEXHUKHU MTOCTPOCHUS ICKHU30BY.
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KoJsn4yecTBO 4acoB

Ne
w/n Tema 1roxa 2 roxa
o0y4YeHus o0y4eHus
3. TBepaoreabHoe moaeauposanue. IlpoekTupoBanne nepBeIx AeTajleu.
[Ipuzmaruyeckue Teaa — MHCTPYMEHT
1. | Extrude. [Ipaktuueckas pabora «rpoBoit 3 -
KyOHK»
Tena Bpaienust — uHcTpyMeHT Revolve.
9 [Ipaktuueckas pabora «Bazay. 3 i
" | [Ipaktuueckas pabora «llaxmaTHas
burypa»
Tena co c10KHOU reoMeTpuen —
3. | unctpyment Loft. [Ipaktuyeckas pabora 3 -
«bamnsy. [Ipaktnyeckas pabora «Crakan»
Tena co c10KHOU reoMeTpuen —
4. | unctpymeHnT Sweep [IpakTuueckas pabora 3 -
«Kpyxka»
5 NucTpyMeHTH MOAM(PUKALINH. 3 i
| [IpakTyeckas pabora «Ctoa u Tabyper»
6 [Ipaktuueckas pabora «/[ByXKOMIIOHEHTHAs 3 i
MOJENb EIKN»
7 [TpakTrueckas padota «Jlu3aliHepckas 3 i
KpY>KKa»
8 [TpakTrdeckas pabota «BeipyOka s 3 i
NIEYEHbS»
9. | I[Ipaktuueckas pabora «O0beMHas 3Be371a» 3 -
10 [IpakTuueckas padora «Ilapamerpuueckas 3 i
" | KOpoOOUKa
11 [IpakTuueckas padora «IloacraBka non 3 )
KapaHJ1alln»
12. | Ilpaktdeckas pabora «Ckpemnkay 3 -
13, [IpakTrueckas padora «Haanuch mMoit 6 )
JTHOOUMBIN TOPOI»
14, [IpakTrueckas padota «PucoBanue no 3 )
KJIETOUKaM»
15. | [Ipaktuueckas padbora «Pakera» 3 -
16. | CamocrosTenbHas padora. 3 -
UTOI'O: 51 -

Tema 3. [IpoekTHpoBaHHe NEPBBIX AeTajeil
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[Mpusmarudeckue Tena — HMHCTpyMeHT EXxtrude. OCHOBHOW WHCTPYMEHT

co3aanus o0bEMHBIX Ten. [IpakTrueckas padota «rpoBoii KyOuK».

Tena Bpamenuss — uncTtpymeHT Revolve. Ilpaktuueckas pabora «Bazay.

[IpakTtuueckas padota «lllaxmatHas Gpurypar.

Tena co crnoxxHol reomerpueii — unctpymMent LoOft. [lpaktuueckas padota

«bamnsy. [Ipaktuyeckas padora «Crakan».

Tena co cnoxxHol reomeTpueit — UHCTpyMeHT Sweep. [IpakTuueckas pabora

«Kpyxka». 3HAKOMCTBO ¢ KOMaHI0i Sweep.

Nuctpymentsl Mmogudukanuu. [Ipakruueckas padota «Cron u Tabyper».
[IpakTtrnueckas padora «/{ByXKOMIIOHEHTHAs MOJIENb €K,
[Ipaktuueckas pabora «BeipyOka Jj1s1 IEUeHbsI».
[TpakTuueckast padbora «O0beMHas 3Be371a%.

[Ipaktuueckas pabora «IlapameTpuueckas KOpoOOUKay.
[Ipaktuueckas pabora «I[loacraBka moja KapaHamIm.
[Ipaktuueckas padora «Ckpenkay.

[Ipaktuueckas pabora «Hagnmuce Moii 1t0OUMBIN TOPOI».
[Ipaktuueckas pabora «PrucoBaHue Mo KieTOYKaM».
[Ipaktuueckas pabora «Pakera».

CamocrosiTenbHas padoTa.

KoinyecTBo yacos

Ne

w/n Tema 1 rox 2 rox

o0y4yeHus o0y4yeHus
Hrorosoe 3ansitue
1. HroroBoe 3ansarue 3 -
UTOIO: 3 -
2-oi roa ooyuenusi (117 u)
KoiunyecTBo yacos

No

/i Tema 1roxa 2 rox

o0yyeHus1 | o0y4eHHsl
4, Coopku B mporpamme Fusion 360

1. Pa6ota co coopkamu B Autodesk Fusion 360 - 3
2. Ocob6ennoctu coopok B Autodesk Fusion 360 - 3
3. [IpakTuueckas padota «lIupamuaka - 6
4, [IpeoGpazoBanue Te1 B KOMIOHEHTHI - 3
d. [TpakTrueckas pabota «I'py30BUYIOKY - 9
5 BcTaBka KOMIIOHEHTOB U3 OUOINOTEKU i 9

' CTaHJAPTHBIX YJIEMEHTOB
1. [IpakTuueckas padora «Criuaep» - 9
8. Hanoxenue cO0pOYHBIX 3aBUCUMOCTEMN - 3
Q. [IpakTuueckast pabora «Karamynbra - 9
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HUTOIO:

54

Tema 1. Coopku B mporpamme Fusion 360

Pabota co coopkamu B Autodesk Fusion 360.
Ocob6ennoctu coopok B Autodesk Fusion 360.
[Ipaktuueckas pabora «I[lupamuakay.
[IpeobpazoBaHue T€J1 B KOMIOHEHTHI.
[Ipaktuueckas padora «I'py30BUUOK.

BcTaBka KOMIOHEHTOB M3 OMOJIMOTEKH CTaHAAPTHBIX 3JICMCHTOB.

[Ipaktuueckas pabora «Crnuaep».
Hanosxenne cO0pOYHbBIX 3aBUCUMOCTEH.
[Ipaktuueckas pabora «KaramymnbTay.

Ne

KoandecTBO 4acoB

/i Tema 1roxa 2 roxa
o0yyeHus | o0yueHust
5. Cpena peHaepuHr

OOmue cBeICHUS O Cpejie PeHICPUHTA.

1. Ocob6ennoctu penaepunra. Matepderic Momys - 3
«pennep» B Fusion 360
Uctounuku ceeta. OOMayHblid PEHACPUHT.

2. Pabota ¢ Tekctypamu. Co3naHue TEKCTYP. - 6
M3meHeHne CyniecTBYIONIUX TEKCTYP
[IpumeHeHue TeKCTyp K CBOMM I'OTOBBIM

3. pabotam. Co3gaHue peHIEePHOTO N300paKEHUS. - 9
[TyGmukanmst
UTOIO: - 18

Tema 2. Cpena pengepuHr

OOmue cBeaeHUs O Cpele pEeHIEpUHra.

Wurepdeiic momyns «penaep» B Fusion 360.
Uctounuku cBeta. O0naunbiii penaepunr. Pabora ¢ tekcrypamu. Co3nanue
TEKCTyp. MI3MeHeHune CymecTBYIOMUX TEKCTYP.
[IpumeHeHne TEKCTYp K CBOMM TOoTOBBIM paboram. Co3gaHWE PEHIIEPHOTO
n3o0paxenus. [ly6aukamusi.

Oco0Oe€HHOCTH pEHCPUHTA.

KoaundyecTBO 4acos

Ne
u/n Tema 1rox 2 roxa
o0yyeHusi | oOyuyeHus
6. AHNMaNus
1. Pabouast 06acTs MOIyNIsl aHUMAITIU 3
2 Packanposka. Co3nanue 1eicTBHil. 3

praBJIeHI/Ie BHIOM KaMCPBI.
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3. [Ty6nukanus aHuManum

HUTOIO:

Tema 3. AHUMaNUsA

Pabouas o6mactb MOyl aHUMALIUU.
PackanpoBka. Co3nanue neicTBUi. YIIpaBiIeHHE BUAOM KaMeEpBhI.

[TyOnukarnus aHumManuu.

No KonnuecTBo yacos
. /;[ Tema 1roxa 2 roxn
o0y4yeHusi | o0y4eHus
7. Co3nanme yeprexei
1. Cpena odopminenus yeprexeit. CtaHaapThl. - 3
5 Coznanue deprexeld K MpaKTHUECKOW pabdote i 9
«['py30BHUOK»
UTOI'O: - 12

Tema 4. Co3nanue yeprexei
Cpena odopminenus yeprexeit. CtangapThl.
Coznanue 4epTexeit K mpakTuaeckoi padbore «[ py30BHUOKY.

No KoandecTBO yacoB
w/n Tema 1 rox 2 rox
o0yueHusi | o0y4eHus
8. IToaroroska nerajeu k meyatu. Ileuats u3aeaus.
1 OCHOBHBIC HACTPOUWKHU JJIsI BBITTOJTHEHUS TIeYaTH ] 3
' Ha 3D npunTEpeE.

2. Cnaiicepsl. [loaroroBka x reyaru. - 3

3. [leyats 3D monenu. - 3
CamocTtosaTenbHass paboTa HaJ MPOSKTOM I10

4. CO3JJaHHUI0 TPEXMEPHON MOJENIU IJii UTOTOBOM - 12
aTTECTaIIMU.
HUTOI'O: - 21

Tema 5. IloaroroBka geraJse k neuaru. [leuars n3nenuns.
OcHOBHbIE HACTPOMKHU /1JI BBIMOJHEHHS nieyaTu Ha 3D nmpuHTepe.
Crnaiicepsl. [logroroBka k mnedaru.

Ileuats 3D moxemnu.

CamocTosTenbHasi paboTa HaJl IPOEKTOM MO CO3/IaHUI0 TPEXMEPHOI MOJEIN

JUIS UTOTOBOM aTTECTAIlNH.

Ne

Tema
n/n

KoanuecTBO 4yacos

o0y4eHust

1roxa

2 roxa
00y4eHust
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9. HTorosoe 3ansitue
2. Hrorosoe 3aHsATHE - 3
HUTOI'O: - 3
CIIUCOK JIMTEPATYPBI IJIs1 ITIEJAT'OT A

1. Bonwmakor B.I1. OcuoBel 3D-monenupoBanus/B.11. bonbmakos, A.JIL.
Bboukos.-CII6.: [Tutep, 2013.-304 c.

2. bycke. M. «3D MogepupoBanue, CHApsKEHHME W aHMMalus B
Autodesk»

3. Hmwutpuit I'oppkoB. Cryaus 3d-newatn ¢ Hyns - M3gartensctBo 3D-
Print- nt.ru, 2015 .

4. Kanecca 3., ®onna K., JIzennapo M. [doctynnas 3D mnedars: mms
HayKu, oOpa3oBaHusi W YycToluMBOro pas3Butusi - WM3natensctBo CraHims
TpéxmepHou nevatu, 2014 r. - 194 c.

5. TepaotenbHoe MojaenupoBanue M 3D-neyats.7 (8) Kiacc: yueOHOE
nocob6ue/ JI. I'. Konocos. — M.: BUHOM. Jla6opartopus 3Hanui, 2017.

6. 3D-neuvats. MopgenupoBanue MeroaoM HamasieHuss (FDM). B.
Komapos, Metonunueckoe nocodbue. Cankr-Iletepoypr 2019 r.

JJIEKTPOHHBIE PECYPCBbI

1. I[I/ICTaHHI/IOHHHﬁ KypC «CucTeMbl ABTOMATU3UPOBAHHOTI'O
IPOCKTUPOBAHUsA Ha caiire openedu.ru.

2. WWW.Sense.com

3. www.grapher.com

4, www.wanhao.com

5. https://3dtoday.ru/wiki/ - sauukinonenus 3D neuatn

CIIMCOK JIMTEPATYPHBI UISA OBYYAIOIIUXCA

1. Yuebnble mocodust o0pa3oBatesibHOro nmopraia autodesk.com

2. TBepnotenbHOEe MoaenupoBanne u 3D-medats.7 (8) Kimacc: yueOHOE
nocobue/ JI. I'. KonmocoB. — M.: BUHOM. JlaGoparopus 3nanui, 2017.

3. https://3dtoday.ru/wiki/ - sanukinonenus 3D neuyarw.

4. 3D-neuats. MonenupoBanne wmetoaoM HaruraBieHus (FDM). B.
Komapos, Metonnueckoe nocobue. Cankr-Iletepoypr 2019 r.
o. Hmutpuii ['opekoB. Ctynus 3d-nedatu ¢ Hynsa - UzmarensctBo 3D-

Print- nt.ru, 2015 r.
CIIUCOK JIMTEPATYPHBI 1JI51 POJIUTEJIEN

1. 3D-neuats. MonenupoBanne wmetogoM HaruaBieHus (FDM). B.
Komapos, Metoandeckoe nocodue. Cankt-IlerepOypr 2019 r.

2. https://3dtoday.ru/wiki/ - sanukinonenus 3D neuatu

3. VYuebHbie nocobus oOpa3zoBarenbHOro noprana autodesk.com
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4, TBepnotenbHoe MoaenupoBanue W 3D-nedarts.7 (8) kiacc: yueOHOe
nocobue/ JI. I'. KonocoB. — M.: BUHOM. JlaGoparopusi 3HaHUM,
2017.

5. Hmutpuii ['opekoB. Ctyaus 3d-nedatu ¢ Hyna - M3narensctBo 3D-
Print- nt.ru, 2015 r.

[Tpunosxenue 1

1. O0mme TpedOBaHMA MHCTPYKUUM MO TeXHHMKe 0e30MaCHOCTH NPHU
padore Ha 3D-npuHTepe

1.1. K camoctosarenbHoit pabote ¢ 3D-mpuHTEpOM ITOMYCKAKOTCS JIHUIIA,
nocturmue 18 JieTHEro Bo3pacTa M MU3YUYMBIIHE HACTOSIIYI0 WHCTPYKIHMIO TPU
pabore Ha 3D —npunHTeEpeE.

1.2. Bo Bpemsi paboTel Ha 3D—mpuHTEpE BIUSIOT CICAYIOIIME OMACHbIE U
BpeHbIC (haKTOPHI:

— UCTIapeHus TUIACTHKA;

— TEMIIepaTypa;

— Iy M.

1.3. IIpu pabote Ha 3D—TipuHTEpE HE NOMYCKAETCS PACIIOIOKEHHE pabouero
MecTa B TIOMENIEHUSX 0€3 HaJu4yusl eCTECTBEHHONW WM HCKYCCTBEHHOM
BEHTUJISIIUU.

1.4. Jns 3amuThl MJIACTUKAa HA KATYyIIKE OT MPAMBIX COJHEYHBIX Jy4yei
JOJKHBI TIPETYCMATPUBATBCA COJHIIE3ALIUTHBIE YCTPOMCTBA (IITOPHI, IUIEHKA C
METAJUTM3UPOBAHHBIM TOKPHITHEM, DPETYJIHPYEMBIE >KAIO3U C BEPTHUKAIHHBIMU
MaHeJsIMH | JIp.).

1.5. B mnomemennn kabuHera W Ha paboyeM MecTe HEOO0XO0IUMO
HOJIICP>)KUBATH YACTOTY U MOPSIOK, TPOBOJIUTH CUCTEMATHYECKOE MIPOBETPUBAHUE.

1.6. OG0 Bcex BBIABICHHBIX BO BpeMs pabOThl HEHCIPABHOCTAX
000opy10BaHUS HEOOXOAMMO COOOIIATh YIUTEIO, B ClIydae TOJOMKH HEOOXOIMMO
OCTaHOBUTH PAbOTY /10 YyCTPAHEHHUS aBApPUUHBIX OOCTOATEIHCTB.

1.7. Tlpu oOHapyXeHMH BO3MOXXHOW  OIACHOCTH  NPEIYyNpPEIUThH
OKPYXAIOIUX ¥ HEMEIJIEHHO COOOIINUTD MPEINO0I1aBaTelio;

1.8. Copepxxarb B YHCTOTE pabodyee MECTO M HE 3arpoMOXKaaTh €ro
MMOCTOPOHHUMHU TIPEIMETAMHU.

2. TpeGoBaHus 0e30MaCHOCTH Mepe HaYaJoM padoThl Ha 3 D-npuHTepe

2.1.  OcMmoTtperp u yOeAWThCS B  HCOPABHOCTH  0OOPYyIOBaHUSA,
ANEKTPONpOBOJKU. B ciyuae oOHapyXeHUs HEUCHpaBHOCTEH K paboTe He
npuctynatb. CooOMWUTh 00 3TOM M TOJBKO MOCJE YCTPAHEHHUS HEMOJaJA0K U €ro
paspenieHus IpUCTynuTh K padoTe.

2.2. IlpoBepuTh HamuuWe W HAAEKHOCTh 3ALIATHOTO  3a3€MJICHUSA
000pyI0BaHUS.

2.3. IIpoBEpPUTH COCTOSIHUE JICKTPUUECKOTO ITHYPA U BUJIKU.

2.4. IlpoBepuTh HCHOPABHOCTb BBIKJIIOUATEIEH MW JAPYTUX OPraHoB
ynpasiieHus: 3D—npunTepom.
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2.5. Ilpu BBIABIEHUU JIOOBIX HEUCHPABHOCTEH, MPUHTEP HE BKIIOYATH U
HEME/IJIEHHO MOCTaBUTh B U3BECTHOCTD MPEINOAABATENS 00 3TOM.

2.6. TmwaTtenbHO NPOBETPUTH NoMenieHue ¢ 3D—npunrepom, yOeauThCs, 4To
MUKpPOKJIMMAT B MOMENIEHUU HAaXOAUTCA B JAOMYCTUMBIX Mpeaenax: Temmeparypa
BO3/lyXa B XOJIOJHBIN nepuoa roga — 22—24°C, B Teruibiil nepuoj roga — 23-25 °C,
OTHOCHUTEJIbHAS BIAXKHOCTh Bo3ayxa 40—-60%.

3. TpeGoBanus 6e3omacHoCTH BO Bpemsi padoThl Ha 3 D —npunTepe

3.1. Bxmrouaiite u BbIKIIOYaWTe 3D-NpUHTEP TOJABKO BBIKIIIOYATENSIMU,
3anpeniaeTcsi IPOBOAUTH OTKIIIOUEHHE BHITACKUBAHUEM BUJIKU U3 PO3ETKHU.

3.2. 3anpemiaercs CHUMAaTh 3allUTHBIE YCTpPOMlCTBA ¢ 0OOpPYyIOBaHUSA U
paboTtaTh 6€3 HUX, a TAK)KE TPOraTh HArPEThI SKCTPYAEP U CTO.

3.3. He pnomyckate k 3D-npuHTepy MNOCTOPOHHUX JIMI, KOTOpBIE HE
y4acTBYIOT B pabore.

3.4. 3anpemaeTcs mnepeMelmiatb M NEPEHOCUTh 3D—IpuUHTEp BO BpeMs
NEeYaTH.

3.5. 3anpemaerca Bo BpeMsi paboThl 3D-npuHTEpa MUTH PAJIOM KaKre—Iu00
HAIUTKU, TPUHUMATH TTHIILY.

3.6. 3ampemaercs a0060e (HU3MUECKOE BMEMIATEIHCTBO BO BpPEeMsi pabOThHI
3D-mpunTEpa, 3a UCKIOYEHHUEM SKCTPEHHOW OCTAHOBKHM NMEYATH WJIM aBapHIHOTO
BBIKJIFOUEHUSI.

3.7. 3anpeniaeTcs OCTaBIATh BKIOYEHHOE 000pyi0oBaHuE O€3 MPUCMOTpa.

3.8. 3ampemaeTcs KiIacTh NpeaMeThl Ha Win B 3D—npunTep.

3.9. Ctporo BbINOJHATH OOLIME TPEOOBAaHUS MO 3JIEKTPOOE3OMACHOCTH U
HOXapHOH 0€30MacHOCTH, TPEOOBAaHUS TaHHOM MHCTPYKIUU 110 OXpaHe Tpynaa Npu
pabote Ha 3D—mpuHTEpE.

3.10. CamocrosiTenbHO pa3dupaTh W NPOBOAUTH pPeMOHT 3D-mpuHTEpa
KaTErOpUYeCKH 3ampemaercs. OTH pabOThl MOMKET  BBIIOJHATH  TOJBKO
CHELMAJIHCT.

3.11. CymmapHOoe BpeMs HENOCPEeACTBEHHOW padoThl ¢ 3D—mpuHTEpOM B
TEUYCHHE pabouero JHsS JOKHO ObITh HE Oosiee 6 4acoB.

5. TpeGoBaHusi 0€30ACHOCTH MOCJI€ OKOHYAHUSA PAadOTHI
¢ 3 D-npunTepom

4.1. Otxkmounts 3D-mpuHTEp OT BIEKTPOCETH, ISl 4YEro HEOOXOIUMO
OTKJIIOYUTH TyMOJiep Ha 3aJIHEM 4acTH, a MOTOM BBITAIIUThH LITEICEIbHYIO BHIKY
13 PO3ETKHU.

4.2. CHATh U MPOTEPETh CTOMUK 3D—mpuHTEpa, OCTHIBIIMNA 1O KOMHATHOU
TeMIepaTypbl, YUCTON BJIAKHON TKaHBIO, JJMOO MPOMBITH MPOTOYHOW BOAOM U
BBITEPETh HACYXO. Y CTAHOBUThH CTOJIMK OOPATHO.

4.3. Yopate pabouee mecto. OOpe3ku miacTuka u Opak yopaTh B OTIACIbHBIN
MaKeT JJisl NepepadOTKH.

4.4. TmaTenpHO MPOBETPUTH NTOMEIIEHUE ¢ 3D—puHTEpOM.
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[Tpunoxxenue 2
HcTopusi pasBuTHA 00HEMHOM NEYATH

Hcropus 3/I-medyaTu HACUMTHIBAET YK€ HECKOJIBKO IECATWICTHN, OJHAKO
OCHOBHOM TE€XHOJOTMYECKUN BCIIECK MPUILENICS JHIIb Ha nocyienuue 10 aer.

Pa3paboTka 1eneBbIX TEXHOJIOTMYECKUX PEIICHUN U CHEeUaIn3UPOBAHHOTO
000pyAOBaHUs, OCHACTKH U MaTE€pUalOB B 00JIACTH OOBEMHOM MEYaTH HAYAIHCh
emie B KoHue 70-x roaoB mpomnuioro Beka. [lpu sTom, mnepBbie 00pa3ibl
o0opyaoBaHUs U MaTepuanoB g 3D-neyaTu nosBuiIUCh yxe B 80-X rogax.

B 1981 rony Xwugeo Komama, corpyaHuk ~ MyHHUIIUTIATBEHOTO
IPOMBIIIEHHOTO UCCIe10BaTeNbckoro MHCTUTYTa B Haroe (Slmonust) uzodpen asa
HOBBIX METO/Ia M3TOTOBJCHHUS TPEXMEPHBIX MoOjeNed U3 IUIACTUKA W
PEaKTOIUIACTOB, BHICTYMABIIMX B KAUECTBE OTBEPAUTEIS.

16 utons 1984 rona ¢paniysckue yuenoie Anen Jle Meator, Onusbe Jle
Butre u Kan Knox Auape nojanu 3asBKy Ha PErMCTpAIMIO MATEHTAa Ha MPOIECC
crepeonurorpaguu. K coxxaneHuro, TaHHbIN MaTEHT BCKOpe ObUT MPHOCTAHOBJICH
xommanusmu General Electric Company (teneps Alcatel-Alsthom) u CILAS (The
Laser Consortium) mo mpuyYuHE, YTO HHTEPECHO: «H3-3a OTCYTCTBHUS JEJIOBOM
NEPCIEKTUBBI.

[TpumeyarenbHO, YTO BCEro 3 HENEIN CIYCTS Ha IPYyroM Oepery ATIaHTHKU
Yak Xamn (komnanuu 3D System Corporation) moman cBoii COOCTBEHHBIN HMATEHT
Ha CHUCTEMY cTepeosiuTorpaduueckol oOpadOTKH, B KOTOPOM CIIOM JT0OABISIUCH
MyTeM OTBEPXkACHHS (HOTOMOTMMEPOB MPHU MOMOIIH YIHTPAPHOIETOBBIX CBETOBBIX
nazepoB. Xami 0003HAYMII ATOT MPOLIECC KaK “‘CHCTEMY JJIS CO3JaHus TPEXMEPHBIX
00BEKTOB MyTeM (OPMHUPOBAHUS Y HUX CTPYKTYPHI MOMEPEYHOTO CEUCHUS.

daktruecky, BkiagoM Yaka Xamia B MUPOBYIO HHIYCTPHUIO OO0OBEMHOMU
neyaTu sBiIseTcs co3ganue ¢dopmara ¢ainoB STL, paspaboTka »i1eMEeHTOB
nporpaMMHoro ootecnedeHuss 3D-medyaTu W psAna  KIIOYEBBIX AJIEMEHTOB
TE€XHOJIOTUYECKUX PEIICHUI B BOMPOCE UCIIOIb30BaHUS MAaTEPUAIIOB.

[lepBoie 00pasmpl OO0OpymOBaHMS OBUIM KpailHE TPOMO3JKHMH, a cam
npouecc 37-mevyaTtd OCTaBIsl OYEHb MHOTO BOMNPOCOB K CKOPOCTH pabOThl U
KauecTBy MpoToTUNupoBaHusd. M3meHuts 3ty cutyanuio pemun Ckort Kpawm,
koTopbiii B 1988 romy paspabotan Texnonoruto u 30 oktsaops 1989 roma moman
3asiBKy Ha TATEHT H300peTeHus, 0003HAUYEHHOTO KakK: ammapaT IS CO3/aHUS
TPEXMEPHBIX 00BEKTOB METOJIOM MOCIOWHOTO HAIJIABJICHHUS.

Tyt crnemyeT ynoMsiHyTh emie OauH MHTepecHbI gakt o 3D-meuatu: cBOit
MyTh B 00JIACTH NTaHHOW TEXHOJOTHHW, HBIHE BEChbMa COCTOSTEIBHBIA YETOBEK U
MIPU3HAHHBIN AKCEPT UHAYCTPUU OOBEMHOM MEYaTH U aJJUTUBHBIX TEXHOJIOTHUH,
Kpamn Hawan ¢ TOro, 4ro pemui HKCOOJIb30BATH TOPAYMM KJIEEBOW IHCTOJIET,
YTOOBI CAENaTh MAJIEHBKOrO JIATYIIOHKAa B KAaY€CTBE UIPYLIKU sl COOCTBEHHOM
J0YEepH.
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TexHnonorusi, Koropyro pazpaboran Kpamn nonyunmna  Ha3BaHuUE
«MmojJienupoBanue MetojgoM HamuiaBieHuss (FDM)» u Ha ceromHsmHuil JeHb
ABIIAETCS caMOW ucnonb3yemMoi TtexHojorue 3D-meuatu. Cam pa3zpaboTyuk
MPUCTYIWI K €€ IPOMBIIUIEHHOMY OCBOCHHUIO B TOM k€ 1989 rony, yupenus miis
ATUX IeJIel (BMEeCcTe ¢ Cympyroi) OJIHOTO M3 HBIHENIHUX JIMJIEPOB UHIYCTPUU —
komnaHuto Stratasys. Coi nepsbiii 3a-ipuntep (3D Modeler) komnanus npozaana
B 1992 rony.

Cam Ttepmun 3/I-meyath (3d— printing) Bnepsbie mosiBuics B 1993 roay u
(mepBoHAYaJIbHO) OTHOCHUJICS K TEXHOJIOTMM HAHECEHUs IOPOIIKOBOTO CJIOS C
UCIIOJIb30BAHUEM  CTAHJIAPTHBIX M CTPYHHBIX  TI€YATAIOMIUX  TOJIOBOK,
pa3paboTaHHbIX B MaccauyceTckoM TexHoJioruueckoM uaerutryre (MIT).

K 1993 rogy oTHOCcHTCS M €lle OJHO, BECbMa BaXXHOE MJISI WHIYCTPUHU
00BEMHOM neyaTH, COOBITHE — B 3TOM T'0Jly Obljla OCHOBaHA M Hayaja CBOIO paboTy
xommanus Solidscape, mpejacraBuBIas Ha PHIHOK BBICOKOTOYHOE 00OpYIOBAaHHUE
3D-neuaTn, padoTaroiiee Mo TEXHOJIOTUHU “Touka K Touke” (“dot-on-dot™).

TexHoMOTMU aAANTUBHOTO MPOU3BOJACTBA, MPEIHA3HAYCHHBIC IS CTICKAHUS
WIHM TUIABKKM MaTepHUasioB (HAampUMeEp, CENEKTUBHOE JIa3epHOE CIEKaHUe, MPsiMOoe
METAJTNYECKOE JIA3epHOE CIIEKAaHUE U CEJIEKTHUBHOE Jla3epHoe criekaHue) B 80-X u
90-x roma mpouUIOro BeKa OBUIM M3BECTHBI I10OJ, CBOMMH COOCTBEHHBIMHU
Ha3BaHUsIMU. B TO Bpems Bca MeTamiooOpaboTKa OCYIECTBISIaCh METOaMH,
HbIHE MMEHYEMBIMHU, KaK «HEaJAJAUTHUBHbIC» (JIUThE, IITAMIIOBKA, MEXaHWYECKas
oOpabotka). He rnsas Ha TO, 4TO AJii ATUX METOJOB XapakTepHa TiIyOoKas
aBTOMAaTH3allis TEXHOJIOTHYECKHUX MpolieccoB (Hampumep, ctanku ¢ UIIY) unes
IBUXKYIEHCS paboyelt TOJIOBKH, IEpEMENIAIONIEHCs B TPEXMEPHOM MPOCTPAHCTBE
U TnpeobOpasytomield padodee chiphbe W (WIM) Marepual B 3aJaHHyr (opMmy, B
METaI000paboTKe MPUMEHSANIACh JIHIIb B MPOIEccaX, YAAISIOMUX <JTUITHEE)
(Hanpumep, ¢pesepoBaHne). YUUTHIBAS STO OOCTOSATEIBCTBO, KiIacCHUpUKAIUS
JAHHBIX METOJOB B KauecTBE aJJUTHUBHOTO MPOM3BOJCTBA, OCIAPUBAETCS
pa3pabOTYMKaMHU TEXHOJOTHYECKUX pPEIICHUN, OCHOBAaHHBIX Ha J00aBICHUU
marepuanoB. Tak, k cepegune 90-x rogoB B YamuBepcutere CtdHdbopaa u
VYuuepcutete Kapueru-Memioyn Obii pa3pab0oTaHbl HOBBIE METOBI OCAKICHUS
MaTepuagoB: MHUKPOKACTUHI U pachblieHHe MarepuaioB. Co BpEMEHEM CBOE
pa3BHUTHE TMOJYYHIM HE TOJHKO TEXHOJIOTMH OOpaOOTKH, HO M CAMH MaTepHUabl,
UCIOJb3yEeMble B 3A-m€4aTH. OTO MO3BOJWIO CYIIECTBEHHO MPOABUHYTH
WHYCTPUU U PACIIUPUTH BO3MOXKHYIO T€OMETPUIO TIOTy4aeMbIX O0HEKTOB.

3HaMEeHaTeNbHOW JaTO B MHUPOBOM MCTOpUM 31-mieyaTu siBasiercs 29 mas
2008 roma. B aTOT neHp mosiBuics mepBbiii 3D-mpuHTEp, CMIOCOOHBIA YACTHYHO
pacrmeuatath caMm ce0Os. MamuHa, mnody4uBInas ©Ha3Banue Darwin, Obuta
pa3paborana B pamkax mnpoekta RepRap (cokpamenue ot Replicating Rapid
Prototyper — camMoBOCITPOU3BOISIIMICS MEXaHU3M I OBICTPOTO W3TOTOBIICHUS
MPOTOTUIIOB),  OCHOBaHHOTO  OapuaHoM  boyspom  u3  yHHBepcuTeTa
bara (Bath University). IIpoekT ObLT BIiepBbIc aHOHCHPOBAH 3a 3 TOAa J0 3TOTO B
BHJC  WJACH, MOpeamnoiaraBiied — co3manue  3d-mpuHTEpa,  CIIOCOOHOTO
BOCIIPOM3BOJUTH caMoro ce0si. [lpu 5ToM, KIIOYEBBIM MPUHLMUIIOM IIPOEKTa
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ABWJIOCh TO YCJIOBHE, YTO BCA TE€XHHYECKas JOKYMEHTalus MO0 O0OpYIOBaHHIO U
nporpaMmHoe oOecrneueHue st 3D-medatd OJKHBI HAaXOJUTHCS B CBOOOIHOM
JOCTyIIE.

Kpaiine BaxkHoe coObITHE [ OOIIEMHUPOBOW HHIAYCTPUHU aAJTUTHBHBIX
TexHoJiorui ceepmmiaock B 2010 rogy — Korja OKOHYATEIbHO HUCTEKIN CPOKH
JEUCTBHS MATEHTOB YK€ YIMOMSHYTBIX KOMIaHuK-niepBonpoxoaunes 3D System u
Stratasys. 2T0 OOCTOSITENBCTBO OTKPBUIO JBEpU Il IIMPOKOTO Kpyra
CPABHUTEJIBHO HEOOJBIIMX KOMIIAHUWA M YACTHBIX JIMI, PUHYBIIMXCA M300pETaTh
HOBBIE pelleHuss U oOopyaoBanue B oOnactu mneyatd 3D. B urore ueHsl Ha
00opy/10BaHHE MNOLUIM BHHU3, a caMO O0OpyIOBaHUE, MaTepuaibl U TEXHOJIOIMU
cTayii 6oJiee HaJeKHBIMU U () PEKTUBHBIMHU.

Hauunas ¢ 2010 roma uHAaycTpus aJAUTHUBHBIX TEXHOJOTHMH pa3BUBAETCS
€lBa JIW HE B T€OMETPUUYECKOW MPOrPECCHH, COBEPIICHCTBYS TEXHOJOTUYECKUE
pelIeHMsl, OCHOBHOE W BCIIOMOraTellbHOe OOOpyAOBaHME, a TaKXkKe, MPOHMUKAs B
HOBBIE c(hepbl MPOU3BO/ICTBA, OM3HECA U OOILIECTBEHHOM KU3HU.

Kaxkue npo6remsl cymectBytoT B 3D neuatu

Camble OCHOBHBIE TTPOOJIEMBI:

. KayeCTBO HAaIle4aTaHHbBIX MOJEJIEH, 1alIeKOE OT COBEPIICHCTBA

. HEBBICOKAsi CKOPOCTh IMeyaTh Mojesield (MOAXOAMUT Il MPOTOTHUIIOB,

HO HE TIO3BOJISIET ONIEPATUBHO MPOU3BOJAUTH MTAPTUU U3/EIIHM.
[Tpunoxenue 3

ABS niactuk

AKPWIOHHUTPUJI-0YTAAUEH-CTHPOJI

(ABC) 3anumMaeT BTOpO€ MECTO MO MOMYJSPHOCTH cpeau HutTed miuga 3D
neuatu nocie PLA. YUrto kacaetrcsi cBoicTB Marepuana, ABS Ha camom pnene
ymepeHHo mnpeBocxoauT PLA HecMoTps Ha TO, 4TO NHe4YaTh HA HEM HECKOJIBKO
cioxkHee. HMMeHHo 1o »Toil mpuunHe ABS BcTpewaeTcs BO MHOTHX
IPOMBIIIJICHHBIX, OBITOBBIX U MOTPEOUTENHCKUX TOBapax, Bkitouas LEGO!

M3nemust n3 ABC oTaudaroTcsi BBICOKON IPOYHOCTBIO M CIOCOOHOCTHIO
IPOTUBOCTOATh BBICOKUM TEeMIEpaTypaMm, HO HYXHO IIOMHHUTb O BBICOKOI
temmneparype 3D medatw, CKIOHHOCTH K JAeQopMamnuul TpU OXJIKICHUU U
HEMPUATHOM 3amaxe BO BpeMsa medaTd. OO0s3aTenbHO TMedaTadTe B XOPOIIO
MPOBETPUBAEMOM TMOMELIEHUHU. I3-32 BBICOKOM TOKCUYHOCTH 3alpelleHo
HCIIOJIb30BaTh B padoOTe C IE€THbMHU.

TexHu4eckne XapaKTepUCTUKH

. Temneparypa mnaBnenus — 175-210°C

. Temneparypa pasmsraenus — 100°C

. Temneparypa skcruryataruun — -40+80°C

ILirockr:

. Xoporiee coyeTaHWE TPOYHOCTH W YOPYTOCTH  TO3BOJISIET

WCMOJIB30BATh €r0 JJIsl U3rOTOBICHUS MEXAHUYECKUX HM3/EJINN, PACCUMTAHHBIX Ha
JOJITHI CPOK SKCILTyaTalluH.

. [vpoknii  nWana3oH  MUCHOJb3YEMBIX  TEMIEpPATyp  MO3BOJISET
AKCIUTyaTUPOBATh U3JIECJIHS U3 HETO B TEXHUYECKUX LENAX.
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. [IpoctoTa MexaHuueckoi 0OpabOTKH, B KOMIUIEKCE C XUMUYECKUM
CIJIaKUBAHUEM (oTIaBIIEHUEM) MIOBEPXHOCTH («arieToHOBOM O0aHm»)
pPacTBOPUTEISIMU THUIA allETOHA, MMO3BOJSIOT AENaTh AEKOPATUBHBIE U3JEIUS WU
KOpIyca ¢ BBICOKUM Kau€CTBOM MOBEPXHOCTH.

MuHychI:

. [Inox0 mnepeHoCUT BO3JAEHUCTBUE YIBTPA(PHOIETOBOrO H3ITYUYEHUS,
JKEJITEET HA COJIHEUHOM CBETE.

. He n1o06UT CKBO3HAKOB IIPH ME€YATH.

. N3-3a OTHOCUTENBHO BBICOKON yCaJAKU CKIOHEH K PACCIOCHUIO

. B nporuiecce neuatu o0pa3oBbIBaeTCS HEMPUATHBIX 3aMax.

. Hetanu u3 ABS nactuka Bsi3kHe M TUI0XO MOJAAIOTCS MEXaHUYEeCKON
oOpaboTke.

. TsKeNo CKIenBaroTCs AeTalu.

. N3nenust 1onro OCTHIBAIOT, YTO HE MO3BOJISIET PUCOBATh PYUYKOM

BEePTUKAIBHBIC JINHUH.

Korna ucnonn3oBatb ABS miacTuk?

ABS mmactuk mnpodeH, CrocoOEH BBIJCPKHUBATH BBICOKUE HATPY3KH H
TEMIIEPaTypy, YMEPEHHO THOKHUH.

Hanpumep - dexmibr a5 TenedoHOB, M3HOCOCTOMKHUE UTPYIIKH, PYUKH IS
UHCTPYMEHTOB, KOMIIOHCHTHI aBTOMOOMJIBHOM OTJEIKHA U KOPITyCa.

PLA niactuxk

IMoaumonounas kucjaora (PLA, moanakTux)

SBnsiercss caMbIM MONYJAPHBIM TUIIOM HUTeW miisg 3D medaTtw, ero 4acrto
cpaBHuBatoT ¢ ABC miactukom.

[Ipexxne Bcero, ¢ HUM Jerko pabortarb. PLA wumeer Oonee HH3KYIO
Temrneparypy mnedatu, dyem ABS wu He pedopmupyercs. Eme onHum
OPEUMYIIECTBOM ucIonb3oBaHusi PLA sBnsercs TO, 4TO OH HE BBIACISIET
HENPUITHBIN 3amax BO BpeMs MedyaTh. DTo OuopasnaraeMblii Tepmoruiactuk, PLA
Oonee DJKOJIOTMYEH, 4YeM OOJBIIMHCTBO TUMOB HUTed i1 3D meuatu oH
IPOU3BOAUTCA U3 KYKYPY3HOTO Kpaxmasa UM CaXapHOI'0 TPOCTHHUKA.

TexHuyeckne XapaKTepUCTUKH:

. Temneparypa mnasnenus — 175-180°C

. Temneparypa pasmsraenus — 50°C

. Temneparypa skcruryataimu uznenuit — -20+40°C

ILirockr:

. He nmaer ycaaku mpu meyaTd, YTO TIO3BOJIIET TOJNYYHUTh TOYHOE
COOTBETCTBHE PAa3MEPOB HANEYATAHHOTO M3JIENHsI CMOJICTUPOBAHHOMY.

. He Ooutcs CKBO3HSKOB Tpu Te4aTH, Npu OOTyBE TO3BOJISICT
M3TOTABIMBATH BEPTUKAIBHBIC JIETAIIH.

. Hertoxcuyen. Bo Bpemsi medatu mpusATHO W HECHITBHO MTaXHET.

. TBepabli, MPOYHBINA U CKOJIB3KHM, IIUPOKUAN AUANIA30H MPUMEHEHHUIM.

. [TpousBoamTCs u3 HATypaJTbHBIX KOMITOHEHTOB, MOJXKET

HCIIOJIB30BATHCA IJI KOHTAKTA C IIMIINCBLIMHU IIPOAYKTAaMMU.

23



. buopasmaraemslii, BellM M3 JAHHOTIO IUIACTUKAa HE HAHOCAT Bpena
OKPYKAIOIIEU CpELE.

MuHychI:

. [log Bo3meiicTBHEM BO3ayxa W yiabTpaduoiera, Kak H 000
HaTypaJbHBIM Marepuan, cO BPEMEHEM CTaHOBUTCA 0oJiee XPYNKUM, BCIEICTBHE
4Yero He PEeKOMEHAYETCS JUIsl JOJITOBPEMEHHOTO NPUMEHEHHs NpHu OOJIBIIKUX
(¢u3nueckux Harpy3kax WIM HCIOJb30BaHUA 0€3 3allUTHOrO TMOKPHITHS Ha
OTKPBITOM BO3JYyXE.

. Huzkas temmneparypa pasmsruenus (50°C) — B cajloHe MallIMHBbI,
OCTaBJICHHOM Ha COJIHIE B KapKUH JI€Hb, JIETKO pa3MAryaeTcs U noTepsieT Gopmy.

. VY3kuii TeMnepaTypHbIil 1uana3oH ucrnonb3oanus (-20 — +40°C).

. Breicokas TBEpIOCTh IUIACTHKA 3aTPYIHSET €ro MEXaHUYECKYIO
00paboTKy.

Koraa ucnoas3zoBats PLA miacruk?

[lo cpaBHeHuro c¢ apyrumMu Tunamu Huted PLA  sgBnsercs Xpynkuwm,
u30eraiiTe ero MCIOJIb30BaHUS NPU M3TOTOBIEHUM MPEIMETOB, KOTOpPHIE MOTYT
U3rudaThCsi, CKPYyYMBAThCS WM TMajgaTh - OTO 4YeXJbl s TelnedOoHOB,
U3HOCOCTOMKHUE UTPYLIKU UM PYYKH ISl UHCTPYMEHTOB.

Hns  Bcex npyrux npumenennit PLA  oOecneumBaer  xopoinue
AKCIUTyaTallMOHHbIE cBoMcTBa. OOBIYHBIE — 3TO MacTep MOJEIN, WIPYIIKH,

ITPOTOTHIIHI.
[Ipunoxenne 4

YcrpoiictBo 3D-nnpunTepa

B OCHOBHOM MNpHHTEPHI TPEXMEPHOM MEYATH COCTOAT W3 OJMHAKOBBIX
JeTalIel U M0 YCTPOMCTBY MOXO0KHM HAa OOBIYHBIE MPUHTEPHL. [ JTaBHOE OTIMYNEe —
oueBuaHOe: 3D-npuHTEp MeyaTtaeT B TPeEX IUIOCKOCTAX, U KPOME IIUPUHBI U
BBICOTHI MOSABIISIETCS TTyOUHA.

Bort u3 xakux geraneit cocrout 3D-npuHTEp, HE CUNTAs KOPITyCa:

. SKCTPYAEP, WIM IEUYaTaolasi roJIoBKa — Pa3orpeBaeT MOBEPXHOCTD,
C TOMOIIBID CHCTEMBI 3aXBaTa OTMEpPAET TOYHOE KOJHWYECTBO MaTepHalia H
BBIJIABJIMBACT IMOJYKHUIKHHN TIACTUK, KOTOPBIM MOJIAETCS B BUJE HUTEM;

. pabouuit cronm (ero eme HasbBalOT paboyeil muaThopMon WU
MOBEPXHOCTBIO IS TI€YaTH) — HA HEM TpuHTep (QopMuUpyeT neramu u
BBIpAIIUBACT U3ECIUS;

. JIMHEWHBIN M IIArOBBIM JIBUTATEIN — MPUBOJAT B ABHKECHHUE JIETANH,
OTBEYAIOT 32 TOUHOCTh U CKOPOCTH I€YaTH;

. buKCcaToOpbl — MaTYUKU, KOTOPHIE OMPEEISIOT KOOPIUHATHI IEYaTH U
OTPaHUYMBAIOT TOABWKHBIC neTanu. HyXHbI, 4TOOBI MPUHTEpP HE BBIXOIWI 3a
npezensl pabodero CTolia, U JIeNaloT nevath 0ojee akKypaTHOW;

. paMa — COEJMHSIET BCE DJIEMEHTHI IPUHTEPA.
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IKCTPYAEP

LLUATOBbIV

__ IMHEMHBIN
ABUMATENb

PURCATOP

Cxema 3D-nipunrepa.

IIpunrepsr FDM

Bce pasnooOpasme OBITOBBIX 3D-TIPUHTEPOB CBOAUTCA K OYECHb MaJIOMy
KOJIMYECTBY BapHAHTOB: KaK JBHUKETCS CTOJI, KaK JIBMYKETCS IeYaTarolias rojiosa u
KaK OCYIIECTBIISETCS Mojjaya TIacTHKA, KAaKUe TUTAaCTUKA MOYKET MCTIOb30BaTh.

1. Ctoa

Hemnonorpeaemsbie cronbl yectapenu. CToa MOXKET ObITh TEKCTOJIUTOBBIN WU
ATIOMMHUEBBI ¢ HarpepaTelieM. AJIIOMUHHUMA 3HAYMTEIBHO TsDKElIee, MEHee
MOABEPIKEH HM3rudaM W JIydIlle pachpenelisseT TEIIo IO CBOCH MOBEPXHOCTH. B
Ka4eCTBE MOKPBITUS CTOJIA YaCTO UCIIOIB3YIOT:

* I'magkoe CTEKIO/3epKayio, IOJUMEPHOE IIOKPBITHE JJIsA  aJre3uH,
MarHuTHBbIE ChEMHBIE CTOJIBI.

He Bce miacTuku HaAEKHO JHMIHYT K IOKPBITHIO Topsyero croja. Ha
CETOJIHSIIHUKN JIeHb, HamOoyiee 3 (PEKTUBHBIM COYCTAaHUEM SBIISICTCS I€YaTh II0
CTEKJITHHOM MMOBEPXHOCTH C TIPHUMEHEHHUEM KJiesl (CITMPTOBBIC U BOJHBIC PACTBOPHI
IIBA, I1BIT niau bd2).

2. IkcTpyaep

DKCTpyJep YCIOBHO JEIUTCSA Ha IEYaTAIONIIYIO TOJIOBY M CHCTEMY I0JIadu
(bunep). Gunep TsKENbIN, IEUAIOLIAs TOJIOBKA JIETKasl.
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* DKCTpyJep BBINOJHEHHBIA €IUHBIM OJIOKOM C (PUIAEPOM— HaA3BIBACTCS
Direct — npsimast mojia4a — BBIIIE TOYHOCTH MMOIaYHM MaTepHaa, Jy4iie padoTa ¢
ANACTUYHBIMU (UIIAMEHTaMH, HUXKE CKOpPOCTh medatu (Oosbplue BHOpauuid u3-3a
TTOJIBMYKHOM MAacCHhI).

e DKcTpylep ¢ pasaenabHbIM (umepoM — HasbiBaeTcss Bowden —
paszenbHas mojaya — HUIKE TOYHOCTh IMOJa4yu (PUIIAMEHTOB, Jydllle MEXaHUKa
(MeHbIIe BUOpanuii MpH TOM Ke CKOPOCTH).

OyHKIMS TIeYaTH HECKOJIBKMMHU MaTepuajlaMu KpaTHO YTSDKENSeT |
YCIOXKHSAET DKCTPyAep U TEeM YCWIMBAeT JepeKThl MpH T[eYaTh, HHOTIa
3HAYUTEIBHO YMEHbLIAeT pabouyio o0sacTh. MHOrga 3HAYUTENBHO YBEIUYHUBAET
CTOUMOCTb.

3. Kunemaruka 3d-npuHrtepa.

Prusa. Mnaue <«JIppIrocToiy - »*aproHHOE€ Ha3BaHHE H3-32 OCOOEHHOCTHU
IBUXKEHUS cToiia o ocu. Camast XJIMnKas pama, camas 0oJiblias MoABMKHAs Macca
(cton ¢ peranpro). OTcroa caMple OOJbIIMEe BUOpAIMKM BO BpeMsl IeYaTH, OT TOTO
HUXKE CKOPOCTh MedaTH, YeM y JAPYruX cucteM. HamMeHee KOMMIAKTHBIM pa3mep
IpUHTEPA.

Ultimaker. Cucrema ¢ omyckarmmumcsi CTOJIOM M TeUaTarolIed roJIOBON
MOJBUKHON B JBYX ocsix. YacTo MMeeT 3akpbhITyl0 Kamepy Imeudatu. Hmeet
MEHBIIYI0 TOJIBIDKHYIO Maccy M 0ojiee BBICOKYIO KECTKOCTh pambl. KadecTBo
U3JIEJINA U CKOPOCTH IeyaTu Bbllie. VCOab3yOT pa3Hble MPUBOIHBIE MEXAHU3MBI
neyaTarolen roJoBblL.

Jeabra-npunTep. CaMasi BBICOKAsE CKOPOCTh MEYATH MPHU MPOYUX PABHBIX.
3HAUMTENIBHO OINEPEkKAET, NEKAPTOBBI KWHEMATHUKH 33 CUET HETOJBHKHOTO CTOJIA.

Ckapa-pooor. IlogBuxHnas pyka. Mano npumenum Kk FDM, HO OTIMYHO
AKCILUIYaTUPYETCS ¢ UHBIMU UHCTPYMEHTAMU JUIS1 aJINTUBHBIX I€CTBU.
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ITpunoxenue 5

Hutepdeiic Autodesk Fusion 360

Autodesk Fusion 360 — atro CAIIP HoBoro mokosenus. [IporpammHbIit
MPOAYKT MpeAcTaBisieT coboi cpeactBo 3D-mpoexkTupoBaHusi U pa3pabOTKU
U3JIeTTUI Ha OCHOBE 00JIaYHBIX TEXHOJOTUN, B KOTOPOM COYETAIOTCSI BOZMOKHOCTH
COBMECTHOU paboThl, HU(PPOBOro MPOCKTUPOBAHUS U MEXAaHUYECKOH 00paOOTKU B
OJIHOM TaKeTe.

Bxorouaer B ce6st Mogyu:

. CAD (CAIIP) - cucreMa aBTOMAaTHYECKOrO MPOECKTUPOBAHMUS.
[To3BonsieT co3naBaTh TMOKO peNaKTHUPyeMble KOHCTPYKIIMH, C OYE€Hb OOJIBLION
J0JIeil aBTOMaTU3UPOBAHHOCTH 3TOT'0 CO3/IaHU.

. CAM - mpouece (u I10) moaroroBku aetasu moja oOpabOTKy Ha
CTaHKax C YHUCJIOBBIM MpOrpaMMHbIM yrpasiienueM (UITY).
. CAE - pacuér u cumynanus GU3NIECKUX MPOIECCOB, YUUTHIBAEMBIX

Ipy TPOSKTUPOBAHWUU W3Aenui. Hampumep, aHanu3 HanpsoKeHUs, KMHEMATHKH,
OTHEYIIOPHOCTH U JIp.

Fusion 360 mMoeT BBINIOJHATL PECYpCOEMKHE Orepalu B o0Jjiake, BKIOYas
PEHIEPUHT, MOJICIIMPOBAHNE, ONITUMHU3AINIO0 ()OPMBI i TCHEPATUBHBIN qU3aiiH. ITO
Oo3HayaeTr, uro paboTa HAJ CJIOXKHBIM MPOIYKTOM MOXET He TpeboBaTh
BBICOKOIIPOU3BOIUTEIIBHOTO 000pyI0BaHUA, T.K. BCE  PECYpCOEMKHE
oTiepalliy BHITIOJIHAIOTCS B 00JIaKe.

Ocnosbl u naTepdeiic Fusion 360

Workspaces B Fusion 360 BbI MOXeTe MEpPEKIIOYATHCS MEKIY IICCTHIO
pasnu4HBIMUA pabouumu mpoctpaHcTBaMu. Kaxmoe pabodee mpocTpaHCTBO UMEET
CBOM HA0Op MHCTPYMEHTOB M () YHKITHIA:

. IIpoexkTUpoBaHMe: Jii OTPUCOBKH TPEXMEPHBIX MOJEIEH U
IIOBEPXHOCTEN C MCIOJIb30BAHMEM JCKU30B, BBIIABIMBAHUMN, BPALICHU U MHOTHUX
Ipyrux cranaapTHbIx HHCTpyMeHTOB CAITIP.

. Busyanu3zanus: co3ganue  (GOTOPEAUTHCTUYHBIX  BU3YyalU3aIHMA
JeTaliell 1 KOHEYHBIX TPOAYKTOB
. AHUMAIUAA: aHUMUPYEeMble COOpKH, YTOOBI YBUIETh, paOOTAIOT JU

OHM JIOJDKHBIM 00pa3oM WU MPOJEMOHCTPUPOBATh (YHKIMOHATIBHOCTh W
paboTOCTIOCOOHOCTh KOHEYHOTO TIPOYKTA OTCHIIMATBHBIM KIUEHTaM.

. MopenupoBaHue: KOMIIBIOTEPHAS WH)KEHEPUA [JI BBIIIOJHECHUS
Pa3TUYHBIX AaHAIW30B HANPSOHKEHUH W HArpy30K B KOHCTPYKIUSIX, YTOOBI
yOeIUTHCS, YTO OHU MOTYT pabOoTaTh B 3aJaHHBIX YCIOBUSIX IKCIUTyaTaIlluN

. IIpou3BOACTBO: ABTOMATU3UPOBAHHOE MIPOU3BOACTBO (CAM)
MOATOTOBKA K MPOU3BOJICTBY JE€Tajl€il C UCIOJB30BAHUEM PA3TUUYHBIX HHUPPOBBIX
WHCTPYMEHTOB, TakuX Kak ¢pezepubie ctanku ¢ UITY, toxkapusie ctanku c UITY,
Ja3epHbIe U TUPoaOpa3uBHbBIEC CTAHKHU.

. Yeprex: cozgaHue pabounx yepTexken KOHCTPYKLIUI
JUIS U3TOTOBJIEHUS JETalle B TPAJAMIMOHHOM PYYHOM MEXAHUYECKOM LEXE WIN
1151 conpoBoXKaeHuss G-koaa JyIsl eTaiei, o0padoTaHHBIX Ha cTaHkax ¢ UITY.
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Pabouas o6Omacte Fusion 360 pas3geneHa Ha CeMb OCHOBHBIX DPAa3feliOB:
MaHelb WHCTPYMEHTOB, IMaHEIh NPUJIOKEHUH, HaBUTallMs, BpEMEHHas IIKaia,
Opay3ep, KyO MpOCMOTpa U MEHIO.

< A New Project ca” LA 42 " 3= gn
= P OIS 30 HeS+ BN 0 =
=)o ' et | e | B
6
keren] B °
1. ITanenn JAHHbIX. Ilo3BossieT BSaI/IMOI[ef/'ICTBOBaTB C IIPOCKTaMH,

COXpaHsATh MX, OTPbIBaTh. [loMydaTh WM MPEIOCTABIATH MyOIUIHBIN TOCTYH MPU
paboTe B KOMaH/JIE.
2. IManessb ynpapjienus npuioxkenuem Fusion 360

# K- H - ~-

[Tanens nannabix (Data Panel) - ckpbiBaeT/moKka3bIBaeT MaHeNb JaHHBIX
File - ocHOBHOE MEHIO TPOrPaMMBI

Save - coxpaHseT MPOCKT

Undo, Redo - oTMeHa 1 BO3BpaT MOCJCIHETO ACHCTBHS

HaHeJ'IB MPUIIOKEHUS TIO3BOJIET MOJIb30BATENI0 OTKPHIBAThH CYIIECTBYIOIINE
MIPOEKTHI, CO3/]aBaTh HOBBIE, COXPAHITH MPOEKTHl BPYUYHYIO M MOJIYy4aTh JOCTYI K
MIAHEJHN TaHHBIX.

[lanens JaHHBIX — 3TO MPOCTPAHCTBO, B KOTOPOM IU3AaWHBI MOTYT OBITH
COXpaHEHbl M OPraHu30BaHbl B ymOOHOM uisi Hapurauuu ¢opmare. Ilanens
JAHHBIX TIO3BOJIIET CO3/laBaTh MAIKH IMPOEKTa IO dTamaM, a TaKXke MECTO, TIIe
MO>KHO HaWTH 00pa3libl AeTaneil U yueOHbIe TOCOOHs.

3. IMaHe b KOHTEKCTO3aBHCHMBIX HHCTPYMeHTOB (TynOap) Fusion

el AN S

360

SOLID SURFACE SHEET METAL ASSEMBLE TOOLS

wo- Q@GO @ PODSIT

CREATE ™ MODFFY ¥ CONSTRUCT ~ INSPECT ¥ INSERT ¥ SELECT~
[TaHenb MHCTPYMEHTOB COACPKHUT BCE HHCTPYMEHTHI M (DYHKIIUU JOCTYITHBIC B
paboueil 0o01acTH. DTH WHCTPYMEHTHI IIOMOTAIOT CO37aBaTh M HM3MEHATH 3D-
MOJIENIH, TTIOBEPXHOCTH JIeTajeil u cOOPOK.
4, Bpay3sep (ayTaaiinep) Fusion 360
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4 9 [l ple vi_[O]
A Q Document Settings
I;l Units: mm
D B3 NamedViews
D @ E1 orign

Bbpay3ep conepXUT Bce KOMIIOHEHTBI, JJEMEHTBI, Tela, OSCKU3bl MU
CTPOUTENIBHYIO F€OMETPUI0 MpoekTa. bpaysep nmpuHumaer GopMy IpeBOBUIHOM

CTPYKTYPHI.
S. Taiimnaiin (maHeab UCTOPUN).

Mebry DOEBEFREGIOIORImEARGPIBABALL L AR R

ConepXUT XpOHOJOTHIO BCEX omnepanuil ¢ aeranamu. [103BonsieT MHTEPaKTUBHO
B3aMMOJICHCTBOBATh C IIaraMu (MEHSITh MECTaMU, BHOCUTb WM3MeHeHHs ). Jo0yro
byHKIMIO WK 1M1a0JI0H MOXXHO W3MEHUTh, IICIKHYB MPABOM KHOMKOW MBIIIM Ha
BPEMCHHOW IKajiie. BpeMeHHas mikajga TakKe MOXKET OBbITh HUCIIOJIb30BaHa IS
MOMCKA 3TOr0 KOHKPETHOTO 11abJjIoHa B JiepeBe Opaysepa.
6. HaBuramusa Fusion 360
el W Q- B @ e
[Tanens HaBUTAIMU COAECPKUT BCE MHCTPYMEHTHI JIJI1 MOBOPOTA, IEPEBOJIA U
W3MEHEHUS BU3YaIbHOTO CTHJISI MOJieNd. ECTh Takke BapuaHThI pa30UTh XOJICT HA
NoApa3ielibl, KaXbli U3 KOTOPBIX YKa3bIBAE€T HA CBOM CTUJIb MOJEIIH.
1. View Cube Ky6 npocmorpa Fusion 360 - BugoBast poeKIUs CIICHBI,
BLITIOJIHEHHAsE B BHUJE  HWHTEPAKTHBHOTO  Kyba, KOTopas  IO3BOJISET
OpPUEHTHUPOBATHCA BO BBIOMOPTE (BUAOBOE MpocTpaHCTBO) OTBeyaer 3a
MHTEPAaKTUBHOE TO3UIIMOHUPBOBaHWE. MOKHO BBIOMpATh U3MOMETPHUYECKHE BHJIBI
(3a yrael u péOpa KyOa), a Tak ke oInpeaeEéHHbIe MPOCKIUU (CBEpXYy, CHH3Y,
cOoky). Kuomka ¢ momMoM BepHET BBIONOPT B H3HAYAJIBHOE IIOJIOKCHHE IO
MHPOBBIM OCSIM.
Boimagaromuii cnucok moa ViewCube. ColepXuT AONOJHUTEILHbBIC
BHUJIOBBIC HACTPOMKH, TAKUE KaK BUJ KaMepbl, yCTAHOBKA JOMAIIHEH MO3ULIUKU WIIH
ONPEICIIEHHBIX MPOCKIIUNA U3 TEKYILETO BUAA
Go Home

v/ Orthographic
pEFSCC‘C?!‘-‘C‘
Perspective with Ortho Faces
Set current view as Home P
Reset Home

- Set current view as 3

Reset Front
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Menro Fusion 360

MeHI0 — 3TO BCIUIBIBAIOIIEE MEHIO JIJIi KOHKPETHOM CHUTYyallld, KOTOPOe
COJICP)KUT YacTO HCMOJb3yeMble (YHKIIMHU, K HEMY MOXXHO TMOJYYUTh OCTYTI,
HICJIKHYB MTPaBOM KHOMKOW MBIIITN HAa MOJEIIHN WJIM Ha XOJICTE.

OyHKIIUK, 0TOOpakaeMble B MEHIO, OTIPEJICIISIIOTCS TeM, YTO HaXXUMAETCS U
Kakas pabodas oOJacTh aKTMBHA B JIaHHBIK MOMEHT. OJTO MEHIO IOMOTacT
YBEJIUYUTh CKOPOCTh U YI00CTBO MOJICTUPOBAHUSI.

Ocooennoctu Fusion 360 g5 3D-nmeuatn

Dopmbl

FORM
—| - R L B A al
@80 @¢ ¢ I o’

CREATE ¥ MODIFY ¥ SYMMETRY ¥ UTILTES ~
OnemeHT QopMbl, 0003HA4YCHHBIA (UONETOBHIM KyOOM, TO3BOJISAET
co3laBaTh CIIOKHBbIE oOpraHudeckue ¢GopMmbl. DTO OTKPBIBAET HOBOE pabouee
MPOCTPAHCTBO, KOTOPOE HMMEET MIUPOKUU CHEKTp (YHKIMH Al CKYJIBIITHHTA
CIOXHBIX (opM. DTa QPYHKIUSA UACATBHO MOAXOIUT ISl CO3AAHMS OPTaHMYECKHUX
Y XyJ0KECTBEHHBIX Mojeiei 1y 3D-neyaTu.

IToBepxHOCTH
SOLID SURFACE SHEET METAL TOOLS

7YY & G ¥

0 "
CREATE ¥ MODIFY ¥

NHCTpyMEHTBI 118 pPENAaKTUPOBAHUS  IOBEPXHOCTEM  ITO3BOJISIOT
MOJIB30BATENII0 PEMOHTUPOBaTh Mojenu it 3D-newatu. IloBepxHocTm MoOryT
OBITH 3aMKHYTBI, BEITSIHYTHI, CABUHYTHI, YTOOBI H3MEHUTH ()OPMY JETAIIH.
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[Ipunoxxenue 6

IIpoexT Fusion 360
OTO0 OCHOBHas pabodas eIuMHULA IPOM3BOACTBEHHOro mpouecca. [Ipoekr

MOXXET COJIepXaTh JeTalu (IU3aifHbI), a TaK K€ WHUIMATUBHBIC T'PYIIIHI JIIOJEH,
COBMECTHO paboTarolue HaJl HUM.

YToOBI cO3/1aTh POEKT, HY’KHO PACKPBITh MaHENb JaHHbIX

JEE 8 < o

S0LID SURFACE
o | g W ]
CREATE *
BBIHaIIaIOI_HI/Iﬁ CIIUCOK COPTHPOBKU:
Bacx
ALL PROJECTS w New Project
All Projects

 Data
Joined by Me

Pinned
Cwned by Me

Shared with Me  yua

at you've recently been working on

All Projects - Bce IpOeKTHI.

Joined By Me - npucoeIuHUINCh KO MHE.

Pinned - mpukperiéHubie MPOEKTHI (4acThie).

Owned By Me - coOCcTBEHHBIE TPOEKTHI.

Shared With Me - mpoekTsI, KOTOPBIMH CO MHOM ITOIEIIUIIHCE.

My Recent Data - mocnenHue HUCMONb30BaHHBIE (AMIBI. ITO MOTYT OBITH
oOy4arolue ypoKH, TU3aitHbl, TPOEKTHI, TPUMEPHI.

Samples - 3To mpuMepbl AU3aHHOB, KOHCTPYKIIUH, CHMYJISIIIHA.

Cunss xHorika New Project mo3BosieT co3aTh HOBBIM MPOCKT C YKa3aHHEM
HazBaHus. [locne co3manus oH mosiBUTCS B crucke. [locne cozmanus mpoekTa B
HEro MOKHO BOWTH JIBOMHBIM KJIMKOM M MPOJI0JDKATH padoTYy.

Emé onun crioco6 co3aaHusi MpoeKTa, 3T0 COXPAaHUTh TEKyIui nu3aid. [Ipu
BBIXOJIE TMAJIOTOBOTO OKHA BBHIOPATh HOBBIM MPOEKT U yKa3aTh €ro Ha3BaHHUE.

CrpykTypa IpoeKTOB

[Tocne cozmanus MPOeKTa M BXOJa B HETO, Mbl MOXKEM YBHUJIETh Pa3/ICIbl:

Data People

m Mew Folder {5}

M  npoext

&

Data - BkJIto4aeT Bce JaHHbIE TPOCKTA.
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People - mronu, paboTaromye Hal MPOSKTOM.

Upload - 3arpy3ka KOHTEHTa B IIPOCKT.

New Folder - co3nate TeMaTu4eckuii KaTaaor BHYTPU POCKTA.

Settings - HACTPOHKK OTOOPAKEHHSI.

3enénas kHomka Pin mo3BoseT 3aKpenuTh IPOEKT, YTOOBI OBICTPO MOTY4YaTh
JOCTYTI K aKTUBHBIM TIPOEKTaM.

[locne co3manus mepBOTO au3aiiHA, B TAHETW JAHHBIX TOSBISETCS HOBas
cymHocTh. [lo IIKM Ha kapTouke AeTanu, OTKPBIBAETCSI MEHIO, TI€ MOXHO
BBIOpaTh pa3HbIe OMIIUH B3aUMOJICHCTBUS C JACTAJIbBIO.

>

vazw|

P mawuska_Component8

Insert into Current Design
W Antepoc New Drawing from Design
Share Public Link
Bl

Import New Version

Open Viv|

Rename

P Anexcan,
Move
Copy Vi

Delete

P amsaiHe| Add to Offiine Cache
Create Milestone
WTw|

Y nanute 1U3aiiH MOXKHO U3 TOW K€ IMaHEIHU JaHHBIX.

UtoObl ynanuTh MPOEKT, €ro CHayaida HYyXHO 3aapxuBupoBarh: [IKM mo
npoektry — Archive. ApXHMBHBIE MPOEKTHl MOXXHO HAMTH B 00JIAYHOM CEpBHCE,
NOCTYIl K KOTOPOMY MOYHO IMOJIYYUTh U3 IIAHEJIM HACTPOEK, KIUKHYB I10 UMEHU
yuéTHOM 3amucu W BeIOpaB - My Profile. B o6maunom mpodune MoxHO
BOCCTAHOBUTH IIPOEKT WIM YAAIUTH €r0 OKOHYATEIIBHO.

NpoeKT
Rename
Archive
yue6a EstheFhis-Project

ABTOHOMHBIM PEXHUM TI03BOJISICT MPOJOKATh paboTy 0e3 mocryma K
UHTEPHETY, TP 3TOM TEPAIOTCS Cieaytonue QyHKIIUN:

Co3znanue KaTajoroB MPOEKTOB

KoamupoBanue ¢aitnos

3arpyska (aitnon

ABTOHOMHBI PEXKHUM aBTOMATHYECKH BKJIIOYACTCS TMPU  OTKIIOYCHUU
WHTEpHETa WM MpoPHIaKTHIeCKUX paboTax cepBrucoB Autodesk. Ho MoxeT OBITH
BKIIFOYEH W BPYYHYIO, C T[IAHEIHW HACTPOEK, KIUKOM TI0 HWKOHKE 4YacoB W
MepeKIIIoUeHuEM TyMOIepa.

[To cyTu, aBTOHOMHBIN PEeXUM HE HECET OCOOBIX OrpaHUYCHUUN - JTaHHBIC O
MPOEKTEe OYayT aBTOMATHYECKH 3alHCHIBATHCS W TPH 3aKPBITUU MPOTPaMMBI. A
CUHXPOHM3AIHs ¢ 00JaKOM MPOU3OUAET yXKe IMOCHe Mepexofa B OHIANH-PEIKUM.
OpnHako, MBI TepsieM BO3MOXHOCTH pabOTaTh ¢ BEPCHUSMH TMPOCKTOB, a TaK JKE
3arpyaTh OTIEIbHBIC JIEMEHTHI TIPOEKTA.
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IIpunoxenune 7
IIpakTnuyeckas padora «CrtoJ 1 Tadyper»

1. Cosznaanm HoBeil cketdy CREATE SKETCH
2. Coznaém oobexT Box uz mento CREATE ¢ pasmepamu: 60x80x10

3. Ha mnoBepxHocTH cTojla c03MaéM OSCKM3 OCHOBAHMUS HOXKKH C
pasmepamu 8x8
4, [Tpumensiem K ATOMY ACKU3Y WHCTPYMEHT

CREATE/RECTANGULAR PATTERNE. Jlns sToro cHavana BeiielsseM Bce 4

CTOPOHKI 3CKHN34a, BaﬂaéM [MapaMeCTpbl 1 KOITUPYCM:
© RECTANGULAR PATTERN

Objects [} Sselected X

Distance Type  hpp Extent v

Suppress
Quantity 2 <
Distance -50.00 mm v

Direction Type h One Direction v
Quantity 2 S

Distance -40.00 mm -

Direction Type R One Direction v

5. Hasxumaem Ha xHonku OK, a 3atem Ha FINISH SCATCH.

6. [IpumensieM ko Bcem Hoxkam HHCTpyMeHT EXTRUDE wu3 meHio
CREATE:
© EXTRUDE
Start b+ profie Plane v

Direction IR one side -
Extent H Distance v
Distance 40.00 mm -

Taper Angle 0.0 deg -

Operation . Join v

i ] OK Cancel
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7. BeigenuM Bech CTON M MEPEBEPHEM €ro € MOMOIIbI0 MHCTPYMEHTA
MOVE (IIKM)

8. Co3naguM 3CKU3 TPSMOYTOJIbHMKA IOCEPEIMHE CTOojda pa3MepoM
40x60.

9. [IpumenuM Kk cozganHOMYy NpsAMOyroibHUKY nHcTpyMenT EXTRUDE
u3 meHto CREATE ¢ mapameTrpamu:

© EXTRUDE

Profile R 1 selected B4

Start I—' Profile Plane v
Direction h One Side v
Extent H Distance v
Distance -3 mm -
Taper Angle -25 deg v
Operation n Cut -

10. 3Bagare Matepuan crosa mMoxkHo B meHio MODIFY / PHYSICAL
MATERIAL. B oTkpeIBIIEMCS OKHE B35Th TIOHPABUBIIMICS MaTepual M
MepeTaluTh Ha CTOJL.

Crtoi rotos!

1. Hanomobue CTONEUTHUIIBI
co3daauM CcuaeHbe myia Tadypera, B
KOTOpPOE BKJIIOYMM 3CKH3 OCHOBaHUU

HOMEK:
2. Co3znagum OMOPHYIO |
IJIOCKOCTh TApAICIBbHYI0 CHJIICHBIO :
Tabypera, qyepe3 MEHIO | — =)
20{00
CUNSTRUCT / OFFSET PLANE:
&
3. Ha 370l onopHO# MJIOCKOCTH
CO3MaJMM OCKHU3 MPSMOYTOJbHUKA
qyTh OOJIBIIIEC, YeM CHJIEHbE TabypeTa
C 3CKM3aMH OCHOBAHUS HOXKEK ) A
GE T
4. Ocranoch €O31aThb HOXKHU.
JUigs  3TOro MNPUMEHMM K KaXJIOH <R >
uactpymenr LOFT w3  wmeHio a
CREATE
=z Pro!le!\
P . P
=> * ===
e
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[Ipunoxenue 8

IIpakTnueckas padora «Baza»

1. Co3naem HOBbIM cketu Create Sketch

F Autodesk Fusion 360 (Education License)
# B v o
SOLID SURFACE

DESIGN ~ |'_7_.|_ QI :\0 '

CREATE ¥

<+« BROWSER Ll

2. Hcnonw3ys unctpyment Line u Fit Point Spline cozmaem kouTyp
Oyayiieit Ba3sl. KOHTYp T0KEH OBITh 3aMKHYT.

F Autodesk Fusion 360 (Education License)
& N av o
SOLID SURFACE

DESIGN ~ kD @ (\/

<« BROWSER
PRCA@ (unsaved) [O]
D ## Document Settings
D B Named Views
D '- Origin

3. 3aKkpbIBa€M CKETY.
4, Hcnonws3zys wHcTpymeHT Revolve nemaem pasBepTky CO31aHHOTO

panee ckerya Ha 360 rpamycos, s yero BeiOupaem Profile — coznanubiii panee
cketd, AXIS — OCh BOKpPYT KOTOpOi OynmeT MpoxoauTh BpamieHue, 1ype —Angle,

Angle — 360 rpan.
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© REVOLVE

X

Profie [ 1 selected

X 1 selected

< Angle

x

Axis

360.0°
n By One side
n (T New Body

OK Cancel

S. ITocne ykazaHHBIX AEHUCTBUU MBI MOJIYYUM TBEPAOTEIBHYIO MOJEIb,
HO HaM HY)XHO 3aJaTh TOJIIIMHY Ba3bl, Ui 3TOTO MbI OyIEM HCIIOJIb30BAThH
unctpyment Shell, nanee Beionpaem nosepxuoctn(faces) u ronmuny (thickness).

SOLD SURFACE SHEET METAL TOOLS
=il WSS 4 o—=a kb 71
DESIGN ~ A iI == - L, (Y =
7 & e . ) (1.
CREATE ¥ MODIFY ~
« BROWSER e
© SHELL

— :

Tangent Chain (94

Inside Thickness 2mm -
2 ~  Direction By insice v
o oK | | cancel |

6. Baza rorosa.
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IIpunoxenne 9

IpakTnueckas padora «/IByXKkoMmoHeHTHAsI MO/IeJIb €J10UKMW»

1. CosnaauMm HOBBIN ckeTy Create Sketch
2. Hcnionb3ys unctpyment Line u Spline co3naem xoutyp enku. Kontyp
JoJKeH ObITh 3aMKHYT. BoicoTa 150 MM, OTBepcTre 11si BCTaBKU 75MM/2MM.

3. Hcnonb3ys unctpyment Extrude, mpumaem tonmuny.
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4, Co3naauM KONHUIO CKeTda, ¢ 3axkaTod kimapwmied Shift BeiOupaem
AIIEMEHTHI (PUTYpHI, KOTOphIe HE0OX0oauMoO ckomupoBaTh. [IKM BeiOupaem Copy,
co3jaeM HOBBIN ckeTdy 1 HaxkuMaem ITIKM Paste.

5. B HOBOM ckeTde, JOPUCOBBIBAEM OTBEPCTHE BBEPXY EJIOUKH.
Hcnonw3ys uactpyment Extrude, npugaem Tonmuny.

6. JInist coeIMHEHUs] KOMITOHEHTOB IPUMEHUM UHCTPYMEHT JOint.

5.0 milimeter ~

7. I[BYXKOMHOHGHTHEUI MOACIIb CIIOYKH rorona!
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IIpunoxenue 10

IIpakTnueckas padora «BbipyOka Aj1s1 HeYeHbsD)

Mpr OyneM W3rOTaBIMBATH MOJENb, [0 HAPUCOBAaHHOMY J3CKH3y WJIH
TOTOBOMY H300paKeHUIO.

1. Otkpoem u3zobpakenue B mporpamme Insert — Canvas, BeiOupaem
n300paxeHue.

2. CosznaguMm HOBBIN ckeTy Create Sketch.

3. Hcnone3ys urctpymentsl Line, Fit Point Spline mam 3-Point Arc
co3gaeM KOHTYp Hamiero n3obpaxenusi. KoHTyp g0mkeH ObITh 3aMKHYT.

4, Hcnonw3ys uactpyment Extrude, npunaem BeicoTy Ha 1,5 MM.
5. HNuctpymentom Thicken mpunaem tommunaer 3-5 M.
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Pattern »

A MWirror
&# Thicken

6. BrxorrounM BUIUMOCTB cKeT4a, BhIOEpeM ero U BbijaBuM Ha 10-12 mm.

7. Huctpymentom Thicken npugaem tommuasr 1 M.

8. CkpyriauM MOBEPXHOCTH Ha Bepxyiike momenu. Muctpymentom Fillet
BBIOCPEM OCTpBIEC TPAHU M CKPYTJIMM Ha 3 MM.

9. Huctpymerntom Chamfer no6aBum dacky.

@ CHAMFER

Edges k 7 selected B

Tangent Chain @

Chamfer Type 4|7_—| Two distances v
Distance 0.8 millimeter v
Distance 3.0 milimeter -
(i ] oK Cancel

BripyOka 1151 Ie4eHbs TOTOBA.
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IIpunoxenue 11

IIpakTuyeckas padora «Pakera»

1. Co3maeM HOBBIM 3CKu3. [l TOCTPOEHHMS KOpIyca pakeThl
ucnoan3yem uHcTpyMenThl Line u 3-point Arc, Revolve.
F Autodesk Fusion 360 (Education License)
I Sl P untited:
== | DLIAQN A Y E
sormm =
D " Cocun Arc »| /" 3-PointArc
D Named) o gon ¥ /" Center Point Arc Conates unatel
D | o > Ellipse ="~ TangentArc Seloot the'sin
4 © M sk Slot » the arc.
e [} Spiine »
7\ Conic Curve
i g
17" Fit Curves to Mesh Section /
A\ Mirror
3:3 Circular Pattern
[ sketch Dimension D /
I
‘x
2. Co3mamuM WILTFOMHHATOP B KOPITYCE DPAKEThl, JISI Yero CO3daIuM

HOBBIM 3CKH3 B TOW K€ MPOEKIMH, YTO W Kopiyc pakeTol. Mcmomp3zyem Center
Diameter Circle u uactpyment Extrude B 2 cTopoHBLI.
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© EDIT FEATURE

Profile R 1 selected 4

Start b Profie Piane v
Direction M Symmetric v
Extent H Distance v

un
Measurement  fut E

Distance 75.00 mm v
Taper Angle 0.0° v
Operation E Cut v

P Objects To Cut

[ ] oK | | Cancel

3. Co3naauM XBOCTOBOE OINEpEeHUE pakeTbl. HOBBIM ACKU3 B IIOCKOCTH
NEPHEHAUKYJISIPHOM TUIOCKOCTH 3CKHM3a Kopiyca pakeTel. Mcmombdyem Te ke
MHCTPYMEHTHI, YTO U ISl IOCTPOCHUS KOPITyCa PAKETHI.

J1ist 3a1aHus TOJIIMHBI ONIEPEHHUS UCIIOIb3yeM HHCTpyMeHT EXxtrude.

© EDIT FEATURE

Start |-‘ Profile Plane v
Direction &y one side -
Extent H Distance v
Distance 6 mm -
Taper Angle 00° -
Operation (& New Body -

(i) \' OK Cancel

6 mm v,

o
I[Hf[ TOTO I-IT06I:.I YBCINYUTh KOJIMYCCTBO XBOCTOBOI'O OIICPCHUA UCIIOJIb3YyCM
unctpyment Circular Pattern.

© EDIT FEATURE

Pattern Type () Bodies v

83 v o ]

S " e
Axis [} 1selected X OESch —2 @ _(\_l AB "_"
Type © Ful -

+« BROWSER

Suppress @

vvvw

Quantity 3

(i} OK Cancel

v

[ sketen Dimension [3
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4, Ocranoce caenars comno. Co3maeM HOBBIM ACku3. Mcnonb3ys
uHctpymeHT Line m Revolve cosmagum corno. [yis 3agaHust TONIIMHBI COIUIA
ucnonb3yeM moaudurarop Shell.

SoLD SURéACE SHEET METAL TOOLS
=l o—a 4 &l = —~
DESIGN ~ 7l - = - 9 . - [ L ﬁ ” [ E
He&®e i Ve ) 5 74 =
CREATE ¥ MODIFY ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ INSERT
<4 BROWSER el
PRA® _(unsavea) [O]

D % Document Settings
D @ NamedViews

D Wl Origin
4 © [ Bodes
Slle) el © EDITFEATURE
B
Slly)iEon2 Faces/Body - 1 sefected IS
© (D Boays
@ (0 Bodys Tangent Chain
© [0 Bodrs Inside Thickness | 3mm
Direction By inside

L Sketent
o oK Cancel |
1 Sketch2 °
Sketehd
It sketchs
x

5. Pakera rorosa. Bel Moxerte PACKpPACUTL YdaCTHU PAKCTBI HCIIOJIB3Y:A
KoMaHay Apperance.

E A ion 360 (Education License)
L] a4 v oA~ |
SoLD SURFACE SHEET METAL
== — [
DESIGN + |,l_/1|- gl () I @
CREATE
<« BROWSER el
4 o (=T ©

D £ Document Settings
D i@ Named Views

<fl Texture Map Controls
Properties
SaveAs STL
Copy
Cut
X Delete

Display Detail Control
© Showride

Selectable/Unselectable

Opacty Control »
80 solate

Find in Window

Bcernma cymectByer, kKak MHHUMYM €III¢ OJMH CIOCOO clellaTh JTaHHYIO
MOIenb!
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[Ipunoxenue 12

Cpena opopmienus yeprexkeid. CTanaapTbl

MoxHo co3gatb 2D-ueprexx Ha ocHoBe mpoekta Fusion 360 wu
AKCIOPTUPOBATH TOKYMEHTaIUI0 Mojienu B popmatax PDF.

UepTtex, CO3MaHHBIN Kak MPOU3BOJHBIA JIOKYMEHT MOJENH, OTOOpakaeTcs
Ha MaHEJH JIaHHbIX B KAU€CTBE YHUKAIBHOTO 3JIEMEHTA aKTUBHOT'O MPOEKTA.

1. OTKpo#TE MPOEKT.

2. B pasnene Design BeiOepuTe co3aHue YepTerka Ha OCHOBE MPOCKTA.
Design — Drawing — From Design. Co3maem deptexx mo cranmaptry ISO,
ycTaHaBiuBaeM (Qopmar yeprexka A3, a B KadecTBe CTaHaapTa OQpOpMIIECHUS
BbIOMpaem [SO.

| Teno-Ko...rawingv3 x | @ Teno-Ko...onentv21 O X I 12

MU o-o@aE @B W = b

SKETCH ¥ CREATE ~ MODFY~ = ASSEMBLE™ = CONSTRUCT® = INSPECTY | INSERTY
MODEL [ el —
o - Komno [0} |® CREATE DRAWNG ‘
PATCH f ‘
iment Settings ¥ Reference
SHEET META o Ry
RENDER Origin v Destination
ANIMATION — Oawhy G -
piction Template From Scratch
SIMULATION wka: 1 | standard
CAM : mm -
Bobuiluka:3
orawiNG  » | FromDesign
)2 e
D g 5 From Animation l ) o OK Cancel
P @ () bobuuxa? | \} — _
1.4 Ce3naemuepmexdnolcradnapny,
D @ (J Ocrosaanue:t \ ——
3. BBI6epI/ITe ”Ipe6yeMI>Ie mapamMCTpbl B AHUAJIOTOBOM OKHC CO3JaHHA
qcpTeiKa.

B pasnene ccbuiok BeIOEpUTE TMOJMHYHO COOpPKY IJIsi €€ OTOOpaXeHus B
gyeprexe. Ecmn  3TOT mapamerp He 3a7aH, MOXHO BbIOpaTh OTHEIbHBIC
KOMITOHEHTHI UJTU TeJla JJIsl BKIFOUEHUS B HOBBIU (haii uepTexa.

B pasmene HasHaueHws BBIOEpPHTE MapaMeTphl depTexa, I[abioHa,
CTaHaapTa, CAMHUI] U3MEPEHHS U pa3Mepa JUCTA.

4, Hcnonp3yiiTe MHCTPYMEHTHI B pab0odeM MPOCTPAHCTBE UEpTEka IS
pa3MelIeHUs] B HEM BUJIOB U aHHOTALIUM.
d. Co3naBaTh 4YepTEX U TOJBKO C HCIOJIB30BAHUEM 3JIEMEHTOB ACKHU3a

WK TIOBCPXHOCTHBIX TCJI HCBO3MOKHO. ‘—IepTem HC 6yz[eT 3aI10JIHATBHCA
ABTOMATHYCCKH.

6. PacnieuaraiiTe nny SKCIOPTUPYHUTE YEPTEK.
10 HE
LS~ TABLES ™ OuUTPUT =

= Qutput PDF

POF|

| 3

| % output Dwie
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[Ipunoxenue 13

Ba3oBble mapamMeTpsbl neyaTu

Tonmmua caos Layer Height - tommuua cios - 3T0 TpeOoBaHHE K
AeTanu3auu Mojaenu. ToNIIMHY ¢I0si MOXKHO BeIOMpaTh B uHTepBaie 20-80% ot
JMaMeTpa COIlIa, YeM TOHBIIE CJION - TeM OoJiee TagkuMu OyAyT CTEHKH U OoJiee
MEJIKAe JeTald YAacTcs BOCHpou3BecTH. Ho W Bpems Te4aTH MpPU DTOM
yBEIMYHUBACTCS KpaTHO. Uem Toie cioi - TeM ObIcTpee mueT medatb. Kpome
BHEIITHETO BHUAA, W3JeiIHe U3 Oojiee TOJCTHIX HUTEH BBIJICPKUBACT OOJIBIIHEC
Harpy3ku. Ho mpu 3TOM, onTHManbHass MEXKCIOWHAs MPOYHOCTh JOCTHTaeTCs Ha
tonuuHe ciog ot 20 1o 50% nuametpa cora.

ToamuHa cTEeH

Wall thickness, Top/bottom layers — oTBeuaroT 3a KOJIMYESCTBO JIMHUK
CTEHOK. JTO TpeboBaHME K MPOYHOCTHU. YacTo ObIBaeT HEAOCTATOYHO 2 JIMHUH,
YTOOBI TTOJIYYUTh JJOCTATOUHO MPOYHBI JICTAIIH.

3anmojiHeHHEe

Infill - 310 TOXE mapamerp IS YCIENIHOW MEeYaTH TOPU3OHTAIBHBIX
nmoBepxHocTeel. M oT yacTu BIWSET HA MPOYHOCTH JETadu. 3arMoJHEHUE MOXKHO
BBIKJIFOYUTL BOBCE, €CIU TPeOOBaHUS K H3JACIHMIO TOTO MO3BOJAIOT. M3aenue B
onvH ToJICTBI CJIOW B HEKOTOPBIX CJydasx YyxKe o0JagaeT JI0CTaTOYHOM
MIPOYHOCTHIO.
infill = 0 mo Bo3MoKHOCTH,
*0- 20% - 6a30BO€ 3HAUEHME 3aII0JIHEHHS 111 OOJBIIMHCTBA 3a]1a4,
*20-40% -nis U3, OoABEPraroIIMXCsl 3HAUUTEIIbHBIM Harpy3Kam,
*40-80% -nnsa OYenp npOYUHBIX U3ACHH,
*80-100%- mpu HEOOXOIUMOCTH
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[Tpunoxxenue 14
IMocToOpabdoTka

TemsioBass  o0Opadorka. Hexortopeie nactuku, Hanpumep PLA
MPUOOPETAIOT OOJBITYI0 MOHOJIUTHOCTbD, IPOYHOCTH BOJAOHEIIPOHUIIAEMOCTb M1OCIIE
CIIEKaHUsl CJIOEB Ha TEMIEpaType OKOJIO Hayaja pasMArdyeHus — TeMIepaType
pekpuctammzanuu - 70C.

Kpome TOro, nokambHBIM HarpeBOM MOXHO THYTh U JehOpMUPOBATH
OTZEJIbHbIE YacTH oTneyaTka. Crenarb yrojok M3 IJIOCKOM JETalld, HalpuMmep.
Taxoil yromok OyaeT 3HaYUTENIbHO MPOYHEEe, YEM HaleuyaTaHHBIM ¢ COOJII0IeHUEM
(bopMBI.

Xumuyeckasi 00padoTka

Banna u3 pacTtBopuTEns OEHCTBYET HA MOBEPXHOCTH IJIACTUKOBBIX AETale
pasmsryaronle, Criaxuparome. B 1memom getanb CTaHOBUTCS NpOYHEE U
MOHOJIUTHEE. [IpUMEHSIOT MeTOoJ OKYHaHUsT W METOJ MapoBoM OaHM B
repMeTudHoOM Tape. [logxoasue pacTBOPUTENN B MAMATKE K MJIACTUKAM.

OxyHnanue. /[etanb OKyHaIOT B paCTBOPUTENL HA HECKOJIBKO CEKYH]I, 3aTEM
owvicTpo cymat ¢ nomonisto ¢dena. s IIJIA okyHaHHe BBI3BIBACT HU3JIUIITHUE
HAIPSKEHUS B HApY>KHOM CJIO€ M MOKET MPHUBECTU K pacTpeckuBaHuio. llone3Ho
n30eraTh riayooKoi MPONMUTKH PACTBOPUTEIIEM.

IlapoBas 0ans naer Oojiee KaYeCTBEHHBIM pe3ylbTaT, HO TpeOyeT OoJbIie
BpemMeHu. HeOomplioe KOMMYECTBO pacTBOpUTENSE B TEPMETUYHOM  Tape
pPa30rpeBaroT 10 TEMIEPATYP HIDKE TEMIIepaTyphbl KUIEHUST PACTBOPUTENS (YTOObI
HE JIOMYCTHUTH MOSBIICHUSI POCHI KOHJIEHCATa). 3aTeM B Tapy OMYyCKaloT miatdopmy
c oOpabaTeiBaeMoOl neTaibio. M ocTaBiIsAOT HAa HECKOJbkOo MUHYT. Hampumep 15
MUHYT. Jlanee neTaib 10CTAIOT U CylIaT.

AOpa3uBHasi 00padoTKa

[IpoBoauTcs Haxkmakom, HaadwisiMu U T. 1. PLA mKkypuTcs MOKPBIM JTydliie
kypka. Crauana 220, 3atem 400.

Oxpacka

OOBIYHO OKpacKka BBHITIONHSAETCS TMOCJE OMIKYPUBAaHHS U MOJUPOBKU. YacTo
TpeOyeTcst mo0upaTh 0COOCHHBIE MAaTEPHUAIIBI JJIS YCIEITHOTO OKPAIINBaHU.

46



[Mpuoxenne 15

Tepmunosnorus 3D-neuatu

AJJINTUBHBbIE TEXHOJOTHMM — TEXHOJOTHHU CO3/JaHMS HU3JENIUsS METOIOM
noOaBiieHUs1 MaTepuaa. SIBisercs ajabTEepPHATUBOM METOJY OTKAaJbIBaTh JIUIIHEE.
3D-neyaTh — 3TO YaCTHBIN clydaidl aJIUTUBHBIX TEXHOJIOTUH.

FDM — Fused deposition modeling — MonenupoBaHue METOIOM
HaIUIaBJICHHs — CIUIABJICHHUE BBIJABIMBIMBAEMOTr0 PACIIaBICHHOTO MOJIUMEpA.

SLA — Stereolithography — Crepeonutorpadus — doTonoauMepusanus
KHUJKOTO TIOJIMMEpa C HCIOJIb30BaHUEM yIbTpaduoeToBOro Jjasepa Ju0OO
cBeToauoaamu. BerpedaroTes: BapuaHThI.

SLS — Selective laser sintering — ceyieKTUBHOE Jla3epHOE CIICKAHHE —
NOCJIOMHHOE CreKaHHWe MOpollKa (MIACTUKOBOTO WJIM METANIMYECKOr0) MOUTHBIM
J1a3€pOM.

Okcrpyaep — extruder — wyacte 3d-mpuHTepa, mojaroiias marepuail B
TpeOyeMOM KOJIMYECTBE ISl TIeYaTu JETaIH.
duaament — filament — wmarepuan ais BbIJABIWBAaHUS/HATUIABICHUS

gepe3 IKCTpyaep. OOBIUHO TIIIACTUKOBAS HUTb.

Caaiicep — slicer — IIporpammHoe obOecriedeHue s pacueTa JBHKCHUH
IKCTpyAepa U 00BEMOB IMOJIa4YH TIJIACTHKA.

Como — xanuOpoBaHHasl AeTallb SKCTPYIepa, JJIs BBIXOJa TUHUH TIJIAaCTUKA
HYKHOTO JIHaMeTpa.

PerpakT - BTATMBaHKE (QHJIaMEHTa B COIUIO, JIsl CBOOOHOTO MEepeMEIeHuUs
IKCTpyAEpa K CAeAYyIomIei 00J1acTh MeYaTHu.

IMonaep:kkM - onopsl AJis1 BO3MOKHOCTH HalleyaTtaTh MOJICNIM C BUCSIIIUMHU B
BO3/yXe djieMeHTaMu. [loaaep Kk neyaTaroTcsi OJHOBPEMEHHO C CaMOi MOJIEIIbIO.

O0ayB — oxJ1aXxeHUE TOJHKO YTO HAIEYaTaHHOIO y4acTKa.

KoHueBuk — KOHIIEBOW BBIKJIIOYATENb, pabOTAIONIMN KaK OTpaHUYUTENb
NepeMEIIEHUsI IO OCH.
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