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HHOACHUTEJBHAA 3AIINCKA

JomnonuurensHas oOmieobpazoBatenbHas —oOliepa3BuBamomas mnporpamma  «3D-
MO/IeJIMPOBAaHNe» COCTaBJIeHA B COOTBETCTBUH ¢ TpeboBanusMu denepanbHOro 3akoHa OT
29.12.2012 1. Ne273-®3  «O6 o6pazoBanuu B Poccuiickoii ®Denepanuu», MpUKa3a
MunucreperBa npocsenieHus Poccuiickoit @enepamun PO ot 27.07.2022 1. Ne 629 «O06
yrBepxaeHuu [lopsaka opranu3ay U OCYIIECTBICHHUS 00pa30BaTeIbHON IEATEIHHOCTH 110
JOTIOJTHUTEBHBIM 00111€00pa3oBaTebHBIM IporpaMMam», mnucbMa MuHOOpHayku P@ ot
11.12.2006 r. Ne 06-1844 «O IlpumepHbIX TpeOOBaHUAX K MPOrpaMMaM JOMOJHUTEIHLHOTO
oOpazoBanus jnereit», mucbma MunoOpHayku P® ot 18.11.2015 1. Ne 09-3242 «O
HampaBlieHUW  HUH(OpManMU» BMECTE C€  METOAMYECKUMHU  PEKOMEHAALUSMU  I10
IIPOEKTUPOBAHUIO JIOTIOJTHUTEIbHBIX o011epa3BUBAIOIINX porpamm (BKiIIOYAS
Pa3HOYPOBHEBbBIE IPOTPAMMBI).

Hanpagsiiennocts nporpammsel — 3D-moaenpoBanme. /lannas nporpamMma HampaBiieHa Ha
obyuyenne nereitl0-15 mer ¢ menpo mpoOyauTh y 00yUYaIONMIMXCS WHTEPEC K COBPEMEHHBIM
texHosorusm. [Iporpamma HanpasieHa Ha popMHpOBaHKE HHTEPECA K HAYYHO-TEXHUIECKOMY
pa3BuTHIO THYHOCTH. OOyUueHue 1o JaHHOW IPOrpaMMe CO3AaeT OIaronpUATHBIC YCIOBHS IS
pa3BUTUSI HABBIKOB OOBEMHOTO, IPOCTPAHCTBEHHOTO, JIOTMYECKOTO MBIIUICHHS |
KOHCTPYKTOPCKHE CITIOCOOHOCTH.

KOMIIVIEKC OCHOBHBIX XAPAKTEPUCTUK TPOI'PAMMBbI

IlostHoe Ha3BaHUeE JlononnurenbHas 001Iepa3BUBaroIas IporpaMmma
«3D-moaenupoBaHue»

ABTOp nporpamMmmsl HBanos M. A.

JlaTa co3naHus 2025 T.

HanpasienHoctn €CTECTBEHHOHAyYHast

YpoBeHb nporpaMmbl 0a30BbIi

Bujx nporpamMmmbi Mo (pULIpOBaHHAS

Azpecat nporpamMmsl Jnsa obyqaromuxcsa 14-17 ner. Ilpu npueme B rpynmy Juis

3aHaTuil no IIporpamme cnenuanbHbI 0TOOP OOyUaroLUUXCS
HE IPOBOJUTCH.

SA3bIk 00y4eHust pycCcKui
O0BéM yacoB 34 gacoB, U3 HHUX:
NPOrpamMMblI -17 4. TeopeTnyeckue 3aHATUS;
-17 4. npakTHYEeCKUE 3aHATHS.
Cpok peanm3zanuu 1 ron
Pexum 3ansaTHi 3aHsTHs NpoBOIATCA | akageMHuecKoMy yacy B Hexento. B

Cllyyae OpraHM3alUU  AIKCKYPCHHM  IPOJOJIKUTEIBHOCTb
3aHATHS MOKET ObITh yBEJIMUYEHA B 3aBUCHUMOCTHU OT LieNed U
3aja4  MeponpusaTus. PexkomeHayemass  HaIMOJIHSEMOCTb
rpynnsl 12-15 genosek.

Henu u 3axa4n Heab nporpammsbI:

NPOrpamMMbI PackpeITHe MHTENNEKTYaIbHOTO U TBOPYECKOIO MOTEHIIANA
JeTel C  HCIOJb30BAaHHMEM BO3MOXKHOCTEH  IMPOrpaMm
TPEXMEPHOI'0 MOJIEIIMPOBAHUS U IPAKTHYECKOE IPUMEHEHHE
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o0yJaromuMuCs 3HAHUU Uil Pa3pabOTKU M BHEAPCHUS
TEXHHYECKHUX MTPOCKTOB.

AKTYaJlbHOCTH POrPaMMBbl:

AKTYaJIbHOCTh MPOTPAMMBI OOYCIIOBJICHA TpeOOBaHHSAMH OOIIECTBAa HA BOCHUTAHHE
cnermanuctoB B ITchepe.

[TporpaMmMa opueHTHpOBaHa HA JETEW CPEIHErO HIKOJIBHOIO BO3PACTA.

Pa3BuTHe HHTEIIEKTYaIbHOIO U TBOPUYECKOTO MOTEHIMANIA TUYHOCTH, 00y4YaIOLIerocs
IIPU OCBOEHUHU JIAHHON MPOrpaMMbl, IMPOUCXOJUT, MPEUMYIIECTBEHHO, 3a CYET CO3JaHUE
YCIIOBUH AJI1 MOTUBALIMU, TIOJTOTOBKU U MPOPECCUOHATBHON OPUEHTALINY IKOJIbHUKOB.

IHeparoruveckas nesaecooOpa3sHOCTb

[Iporpamma  «3D-monenupoBaHKe»  OTBEYAET  COBPEMEHHBIM  TpeOOBaHUSAM
00pa3oBaHMs U BO3PACTHBIM 0COOCHHOCTSIM o0yuatonuxcs 7—10 ser, obecrieunBas 11e10CTHOE
MIPEJICTABICHUE O TEXHUUYECKOM mporpecce. [lemarorndeckas menecooOpa3sHOCTh MPOTPaMMBbl
3aKJII0YAETCs B CICAYIOIIMX aCIEeKTaxX:

1. CooTBeTcTBHE BO3PACTHBIM OCOOEHHOCTSM O0YYarOIINXCS.

Obyuarommecs 14—17 net aktuBHO U3y4aroT 3D-MoznenupoBanue, 001aJal0T BEICOKON
MM03HABATEILHONW aKTUBHOCTBIO U CTPEMSITCS K IMTPAKTUYECKOMY OCBOEHUIO 3HaHui. [Iporpamma
CTPOUTCS Ha JOCTYIHBIX M YBJIGKATEIBHBIX (opMax paOOThI: HAOIIONCHUSX, TBOPUECKUX
3aJlaHUSAX, PKCIIEPUMEHTaX, YTO COOTBETCTBYET €CTECTBEHHBIM MHTEpecaM OOydaroluxcs U
crnoco0cTByeT 3¢ (HheKTUBHOMY 00YUEHUIO.

2. ®opMHpOBaHUE LIETOCTHON KAPTUHBI MUDA.

[Iporpamma moMoraer JAeTsM YBUIETh B3aUMOCBSI3b TEXHHUYECKOTO IMporpecca,
YeNoBeKa U 00IIeCTBa, pPa3BUBAET JOTMUECKOE U CUCTEMHOE MbIluieHue. MHTerpamnus 3nanuit
U3 pa3HbIX obOyacTeil cnocoOCTBYeT (OPMUPOBAHUIO Y OOYUAIOIIMXCS HAYYHOTO B3IUIAAA HA
MHUP U €0 3aKOHBI.

3. Hcnonp30Banue esATeIbHOCTHOTO MOJX0/a.

[Iporpamma BKJIIOYAET MPAKTUYECKUE 3aHSATHS, KOTOPHIE CIIOCOOCTBYIOT aKTUBHOMY

BOBJICYUCHUTIO 06yqa101u1/1xc;1 B 06pa3OBaTCJIBHBII71 mponecc.

OTtianvuTenbHbIE 0cO0EHHOCTH NporpamMmbl «MHUp BOKPYT Hac»

OTnMYuTENBHON 0COOCHHOCTHIO JTAHHOW MMPOTPAMMEI SIBIISIETCS TO, YTO MPH PealTu3aluu
y4eOHOT0 IJIaHa MPOTpaMMBbl IUIAHUPYETCS TPAKTUYECKass paboTa ¢ KOMITBIOTEPOM H TeYaTh
3D mojeneil, BBIMOJHEHNE TBOPUECKUX 3aJaHUM.



Ilenarornyeckne NpUHUMIBI NPOrpaMMbl «MHP BOKPYT Hac»

I. [IpuHIUI TPAaKTUKO-OPUEHTUPOBAHHOCTH.

bonpumias 4acTe 3aHATHHA BKJIIOYAET IPAKTHYECKYHO ACSITEIBHOCTH: JKCIIEPUMEHTSI,
HaOJI0CHUs, TBOPYECKUE 3aJaHMsl, YTO IOMOIaeT IETAM IPUMEHATh 3HAaHUS B pealbHOU
KU3HMU.

2. [IpuHOAII aKTUBHOCTH U CAMOCTOSITEIIbHOCTH.

OOyuaronyecs He TOJBKO IOJY4alOT 3HAHMSA, HO M AaKTHBHO Y4YacTBYIOT B HX

I[O6BIBaHI/II/IZ HCCICOAYIOT, 3a1al0T BOIIPOCHKI, ACJIA0OT BBIBOABI, ITPOBOAAT OIIBITHI, pa60Ta10T

Metoabl 00yuenust no nporpamme «3D-monenupoBanue»

1. MeTtoz HaOIIOAEHHA.

DTO MOMOraeT pa3BUTh Y HUX BHUMAaHUE U CIIOCOOHOCTh 3aMey4aTh Ba)KHbBIE JETallu,
KOTOPBIE YaCTO OCTAIOTCS HE3aMEUCHHBIMH.

2. Meroa sKkCiepUMEHTHUPOBAHMSL.

B mnporpamme uCHONB3YIOTCS pa3IUYHbIE AKCIEPUMEHTHI, KOTOpbIE AT JIETAM
BO3MOXXHOCTh CaMOCTOSITEIbHO MPOBEPSTHh THIOTE3bl, HAOIIOAATh 3a pe3ylIbTaTaMH CBOMX
JIEHCTBHIA.

3. MeTton urpsl.

Urposas hopma o0ydeHUs] aKTUBU3UPYET OOYUaIOIIUXCS, J1eJaeT MPOIecC MO3HAHUS
YBIIEKATENBHBIM U IOCTYMHBIM. VICIIONIB3YIOTCS KaK MOABMKHBIE UTPBI, TaK U JUIaKTHYECKUE,
HACTOJIbHBIEC UTPHI,

4. MeTo/1 IpOEKTOB.

B pamkax I[Tporpammel oOydaromuecs MOTyT paboTaTh HaJ Pa3iIMYHBIMH MTPOEKTAMHU.
DTO MOMOTaeT pa3BUTh y OOyYaromuxcs yMeHue paboTaTh B KOMaHE, TUIAHUPOBATh CBOIO
NESATEILHOCTD U MPEJICTABISATh PE3YJIbTATHl B BUJIE TBOPUECKUX padoT.

5. Meto1 TBOpYECKUX 3aIaHHIA.

OOyyaronuecs BBITOIHSAIOT pa3TUYHbIE TBOPUESCKUE 3aJaHUSI: PUCYIOT, JIETIAT, AeTal0T
MOJIETIKU, CO3/Ial0T MOJIETH. DTO pa3BUBAET UX KPEaTUBHOCTh, BOOOpPAKEHHE U CIIOCOOHOCTh
MIPEACTABIIATh U MHTEPIPETUPOBATH 3HAHUSI UE€PE3 UCKYCCTBO.

6. Meton oOcyxaeHus 1 pediekcuu.

BaxxHbIM 371eMEHTOM SIBISIETCS] OOCYKACHHUE TOTO, UTO 00yJaroIIMecs y3Halu, KaKk OHH

MOTYT IMPUMCHUTH OTU 3HAHUA B CBOEH JKU3HH, KAKHUC BBIBOJbBI CACIAIN W3 IMPOBCACHHBIX



HAOJIOACHUH M OKCIIEPHUMEHTOB. Peduiekcusi momoraer mydine ycBawmBaTh Marepual Hu
3aKPCIUIATDH MMOJYYCHHBIC 3HAHUA.

7. Metoa npobieMHOTro 00ydeHusl.

3anaroTcs BOMPOCHI M MPOOJIEMBI, KOTOPbIE O0YYaOUIHecs JOJDKHBI PEIIUTh CaMH C
MOMOIIIBI0 HM3y4aeMOro Marepuaiga. OTO CTUMYJIHPYET aKTUBHOE MBIIIICHUE, Pa3BUTHE
AHATUTUYECKUX CITIOCOOHOCTEH 1 yMeHue paboTaTh ¢ HH(pOpMaIHEH.

8. Meroa HarasiAHOCTH.

Hcrionb3yroTest pa3iinyHble BU3YAIbHBIC MaTepPHAIIbL: IPE3CHTAIIMN, KAPTHHBI, CXEMBI,
MoJiesii. Bu3yanbHbIE 3JEMEHTHI TIOMOTAIOT JCTSM JIydllie MOHSATh W YCBOUTH Yy4YCOHBIH

Marepuall.

OtH MCTOABI ITO3BOJJIAIOT o0ecneyuThb AKTHBHOC, 3aWMHTCPCCOBAHHOC W OCO3HAHHOC
yqacTtue O6yan-OH_II/IXC5I B y‘le6HOM nmponecce, pa3BuBATb HUX YMCHHA W HABBIKH YCPE3

MIPaKTUYECKYIO U TBOPUYECKYIO JIE€ATENbHOCTD.

O:xupaembie pe3yabTaThl

JInyHOCTHbIE pe3ynbTaThbl:

- KPUTHYECKOE OTHOLIEHHE K MH(POPMALIUN U N30MPaTEIbHOCTb €€ BOCIIPUATHS;

- OCMBICIIEHHE€ MOTUBOB CBOUX JCUCTBUH IIPU BBIIIOJTHECHUU 3aJaHUM;

- pasBUTHE JHOO03HATEIBHOCTH, COOOPA3UTENLHOCTH TPU  BBINOJHEHUU
Ppa3HOO0pa3HBIX 33JaHUN PA3IUYHOTO XapaKTepa;

- pa3BUTHE BHUMATEIBHOCTH, HACTOMYMBOCTH, LIEIEYCTPEMIICHHOCTH, YMEHUS
[IPEOI0JIEBATh TPYAHOCTH;

- pa3BUTHE CaMOCTOSATEIBLHOCTH CYXICHUHN, HE3aBUCUMOCTH U HECTAHIapTHOCTH
MBIILJIEHUS;

- BOCIIUTAHHUE YYBCTBA CIIPABEIJIMBOCTH, OTBETCTBEHHOCTH;

- dbopmMHupoBaHHE  KOMMYHUKAaTHBHOM  KOMIETEHTHOCTM B OOIICHUH
U COTPYAHUYECTBE CO CBEPCTHUKAMU;

- (GbopMUpOBaHHE OCHOB  OSKOJOTMYECKOM  KYJIbTYPbl  COOTBETCTBYIOIIEH
COBPEMEHHOMY YPOBHIO DKOJIOTMYECKOIO MBIIUICHUs, Pa3BUTUE OIBITA DKOJIOTMYECKHU
OPUEHTUPOBAHHOHN pe(IeKCUBHO-OIIEHOYHOW M MPAKTUYECKON JESITEIIBHOCTH B JKM3HEHHBIX
CUTYyaLUsX.

MeranpeameTrHbie pe3yabTaThbl:
- PeaynamusHsle yHUsepcarnbHble yyebHbie delicmaus:

- yMEHHEe MPUHUMATh U COXPaHATh Y4eOHYIO 33/1a4y;
- YMEHHE IUIAaHUPOBATHh  IIOCJIENOBATEIBHOCTh  IIArOB  arOpUTMA  JJIA
JNOCTHKECHHUS LICIIH;

- YMEHHE CTaBUTh 1eldb (CO3JaHHE TBOPYECKOW pabOThI), IUIAHUPOBATH
JOCTYDKCHHE DTOM 1IEIH;



- YMEHHE OCYILIECTBIISITh UTOTOBBIN U MOIIATOBBIN KOHTPOJIb;

- CIOCOOHOCTH a/IeKBaTHO BOCIIPUHUMATh OLIEHKY Ie/larora i CBepCTHUKOB;

- YMEHHE pa3andarh CIoco0 U pe3yabTaT IeHCTBUS;

- YMEHUE BHOCUTh KOPPEKTUBBI B JCUCTBUS B CIy4ae PACXOXKACHUS pe3ybTara
pelIeHus 3a/1a4yu Ha OCHOBE €€ OIICHKH U Y4eTa XapaKTepa C/IeJIaHHbIX OLIHOO0K;

- YMEHHE B COTPYTHUYCCTBE CTABUTH HOBBIC YUCOHBIC 3a1a4H;

- CIIOCOOHOCTh ~ MPOSIBJISITH ~ [MO3HABATENBHYI0 HWHUIMATHBY B  y4eOHOM
COTPY/IHUYECTBE;

- YMEHHE OCBaWBaTh CIOCOOBI pEeHIeHHs] MPoOJeM TBOPYECKOTO XapakTepa B
KU3HEHHBIX CUTYaLUsIX;

- YMEHHUE OLICHUBATh MOJIYYAIOIINIICS TBOPYECKUM MPOIYKT U COOTHOCHUTH €r0 ¢
M3HAYAIBHBIM 3aMBICIIOM, BBHITIOJTHSATH MO0 HEOOXOJUMOCTH KOPPEKIUU JTHOO MPOIyKTa, OO0
3ambIcia.

- [MosHasamernbHbie yHUBEpcasnbHble yuyebHble delicmaus

— YMEHHE OCYIIECTBIIATH MOUCK MHPOPMAITUH;

— YMEHHE OPHEHTHUPOBATHCS B PA3HOOOPA3HH CITIOCOOOB PEIICHUS 33]1aY,

— YMEHHE OCYIIECTBISATh aHAIN3 OOBEKTOB C BBIICICHHEM CYIICCTBCHHBIX U
HECYIIECTBEHHBIX MTPH3HAKOB;

— YMEHUE MPOBOJIUTH CPABHEHHE, KITACCU(PHUKAIIHIO 110 3aIaHHBIM KPUTEPHUSIM;

— YMEHHUE CTPOUTD JIOTHYECKHE PACCYKACHUS B (POpPME CBSI3U MPOCTHIX CYXKICHUMN
00 00BEKTE;

— YMEHHUE YCTaHABJIMBATh aHAJIOTHH, IPUIMHHO-CJICICTBCHHBIC CBSI3H;

— YMEHHUE MOJICIMPOBaTh, MPEOOPa30BbIBATE OOBEKT U3 YyBCTBEHHOU (DOpMBI B
MO/JIETIb, TJIC BBIJCIICHBI CYIIECTBEHHBIC XapaKTEPUCTHKU O0BHEKTA;

- YMEHHE CHHTE3UPOBATh, COCTaBJIATH II€JI0O€ U3 dYacTeld, B TOM YHUCIIEC
CaMOCTOSITEIILHOE JOCTPAUBAaHUE C BOCIIOJHEHUEM HEIOCTAIOIINX KOMIIOHEHTOB.

- KommyHukamueHble yHusepcanbHbie yyebHble delicmeus

- YMEHHE apryMEHTHPOBATh CBOIO TOUKY 3PCHHUS;
- YMEHHE BBICITYIINBATh COOECETHNKA U BECTH JIUAJIOT;
- YMEHHE TUIAHUPOBATh y4eOHOE COTPYIHHUYECTBO C IEJaroroM-HaCTABHUKOM H
CBEPCTHMKAMMU: ONPENENTh e, PYHKIUI y4aCTHUKOB, CIIOCOOOB B3aUMO/IEHCTBHS;

- YMEHHE OCYILECTBIIATH IOCTAHOBKY BOIIPOCOB: MHUIIMATUBHOE COTPYAHUYECTBO
B IIOUCKE U cOope nH(popMalny;

- YMEHHE C JIOCTaTOYHOM IOJIHOTOM M TOYHOCTBIO BBIpa)KaThb CBOM MBICIH B
COOTBETCTBHH C 3a7[a4aMH U YCIOBUSMH KOMMYHHUKAIINH;

KoMneTeHTHOCTHBI MOJAX0J] pealu3allid MpOorpaMMbl IO3BOJSET OCYIIECTBUTh
dbopMupoBaHue y oOOydarmIerocs Kak JIMYHOCTHBIX, TakKk W TPOQeCcCHOHAIBHO-
OPUEHTHPOBAHHBIX KOMIIETEHLIMH dYepe3 HCMoyib3yeMble (OpMBI U METO/Bl OO0ydeHHH,
HAIIEJICHHOCTh Ha IPAKTHUECKUE PE3YIIBTATHI.

B npouecce 0byueHus no nporpamme y obyuatowierocs GopMupyoTcs:

YHHUBepcaJbHbIe KOMIIETCHIIUM:

- yMeHHe paldoTaTh B KOMaHie B o0meM putMme, 3¢G(GEeKTUBHO pachpesenss
3a/1a4y;

- YMEHHE OPUEHTUPOBATHCA B MH()OPMALIMOHHOM MIPOCTPAHCTBE;

- YMEHHUE CTaBUTh BOIPOCHI, BBIOMpaTh Hanbosee 3 (peKTUBHbIE peleHus 3a1a4
B 3aBUCHUMOCTH OT KOHKPETHBIX YCIIOBUM;

- IIPOSIBJIEHUE TEXHUYECKOTO MBIIUICHUS, [TO3HABAaTEIIbHON JEATEIBHOCTH,
TBOPUYECKON MHUIIMATUBBI, CAMOCTOSATEIHHOCTH;
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- CIOCOOHOCTH TBOPYECKH peIIaTh TEXHUUYECKUE 3a]auu;

- CIOCOOHOCTh TMPABWJIBHO OPraHM30BBIBATH pabodyee MECTO M Bpems s
JNOCTH>KEHHSI TIOCTABJICHHBIX LIEJICH.
NnpeAMeTHbIE pe3yJbTaThI:

B pe3ynbraTe 0cBOEHHS MPOrpamMmbl, 00y4arOUTUECs T0JKHBI 3HAMb:

-OCHOBBI TCXHUYCCKOT'O YCPUCHUA U paGOTbI B CUCTCMAaX TPCXMEPHOI'0o MOACTIUPOBAHUA,

-OCHOBBI PabOTHI C MpOrpaMMaMH JIJIsl TPEXMEPHOTO MOAECTUPOBAHUS;

-IIpoLIeCcC U3TOTOBJICHUS AeTanelt Ha 3D-npunrepe;

B pe3ynbraTe 0cBOSHHS MPOrpamMmbl, 00y4arOUIUECs TOJKHBI yMents:

-Hay4dyaTCcANPUMEHATbU3YYEHHbIEUHCTPYMEHTbINPUBLINO/THEHUNHAYYHO-TEXHUYECKUNX

NPOEKTOB;

B pesynbTaTe 0CBOCHHS MPOrpaMMbl, 00yJaroITUecs JOJKHBI 6/1a0€emb:
— npuHTepom ana 3D-neyatun

— 3D ckaHepom

@ opMbI KOHTPOJISI Pe3yJIbTATHBHOCTH 00Pa30BaTEIbHOIO MpoIecca

Cucrema OTCIEKUBAHHS, KOHTPOJS M OLEHKH PE3yJbTaTOB OOYYCHHUs MO TAaHHOH
IIporpaMMe UMeET TPU OCHOBHBIX KPUTEPHUS:

1. HagexxHOCTh 3HaHUH M YMEHUH — IPEIoIaraeT yCBOCHHE TEPMUHOIIOTHH, CIIOCOO0B
U TUIIOBBIX pelieHuii B cgepe_3D MonenupoBaHus.

2. CchopMHpPOBAaHHOCTh JTUYHOCTHBIX KAYECTB — OMPEICNIICTCS KaK COBOKYITHOCTH
LIEHHOCTHBIX OpHeHTalMi B cepe 3D MoaenupoBaHus.

3. T'oToBHOCTH K po10IKEHUIO 00ydueHus B cpepe 3D MoaenupoBaHus— onpeaensercs
KaK TOTOBHOCTb CO3/1aBaTh MPOEKTHI.

Crnoco0bl onpeaesieHUsi pe3yJIbTATUBHOCTH peaju3aluy NporpaMmMsl U opmbl
NMO/ABEACHNS HTOTOB PeaJu3alui NPOrpaMMBbl

B mpouecce oOyueHuss HpoBOASTCS pa3Hble BUIbl KOHTPOJISI PE3yJbTaTUBHOCTU
YCBOEHUS ITPOrPaMMHOT0 MaTepHala.

Texkymmii KOHTPOJIb TPOBOJUTCS Ha 3aHATHIX B BUAE HAOMIOJEHUS 3a ycCIeXaMu
KaX/10T0 00ydYaromerocsi, mpoueccoM (GOpMHpPOBaHUS KOMMETEHIMH. TeKkyliuii KOHTpOJb
YCII€BAEMOCTH HOCUT 0€3 OTMETOUHBIN XapaKTep U CIY>KUT JIJIsl ONIPEIeTIeHUS] IEAarornyeckux
IPUEMOB M METOAOB Ul MHIMBUIYaJbHOI'O TMOJAXOJa K KaXAOMYy oOydarouiemycs,
KOPPEKTUPOBKU IIaHA PabOTHI C TPYIIION.

Ilepnoanyecknii KOHTPOJIb IPOBOAUTCS MO OKOHYAHMM M3YUEHUsS KaXIO0H TEMBI B

BHUJIE€ TIPEACTABICHUS MPAKTUUYECKUX pE3yIbTAaTOB BBINOJHEHUs 3anaHuil. KoHKpeTHbIe
MPOBEPOYHBIC 3aJaHusl pa3pabaTbiBaeT TMEJaror ¢ Y4Ye€TOM BO3MOKHOCTH TPOBEIACHUS
MPOMEXKYTOUYHOTO aHaiau3a Tporecca ¢GopMupoBanus KommeTeHIui. [lepuoamaeckuit
KOHTPOJIb POBOJUTCS B BUJIE TECTUPOBAHUS.

IIpome:kyTOUHBIN KOHTPOJIb — OLIEHKA YPOBHS U KaUYeCTBA OCBOCHUSI 00yUatoIIUMUCS
JIOTIOJTHUTENBHON  00I1eo0pa3oBaTenbHONM  00IIepa3BUBAIOIIE MPOrpaMMbl IO  UTOram
U3y4YEeHUs pa3zielia, TEMbl WM B KOHIE ONPEEICHHOTO eproaa 00yueHHUsL.

dopmaMu KOHTPOJISt MOTYT OBITh: MIEIarornyeckoe HabJIOCHUE 33 XO/IOM BBITIOJTHEHUS
MPaKTUYECKUX 3aJaHui Nefarora, aHajanu3 Ha KakJI0OM 3aHSITHH KauyecTBa BBIIIOJIHEHUs padoT U
PUOOPETEHHBIX HABBIKOB OOIIECHUS, YCTHBIM U MUCHMEHHBIN OINPOC, BHIIOJIHEHUE TECTOBBIX
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3aJlaHuii, 3a4yeT, KOHTPOJIbHAas paboTa, TPE3CHTALMs [POCKTOB, AaHAIU3  y4acTHs,
00y4aroIerocsi B MEpOIpUsATHIX

Hroropasn aTTrecTanus — IIPOBOAWTCA B KOHIEC yqe6Horo roga C LCJIbKHO OLCHKH
KadecTBa OCBOCHUHA O6y‘IaIOH_[I/IMI/ICH HOHOHHHTGHBHOﬁ O6H.[€O6p330BaT€J'II>HOI‘/'I
O6H.[€p33BHB310H.[CI>i IIporpaMmsal I1OCJIE€ 3aBEPIICHHUA €€ NU3YUCHUSA B IIOJTHOM obneMme.

B mpouecce mnpoBeneHuss HUTOTOBOM AaTTECTAalMM OLIEHUBAETCS PE3YJIbTaTUBHOCTD
OCBOCHMS IIPOIPAMMBI.

Kputepuu onieHuBaHus puBeeHbI B Tabmunax 1 u 2.

Tabmuma 1
Kpurtepun ouennBanus c¢popMrupoBaAaHHOCTH KOMIIEeTEH N
YpoBeHb OnucaHue NOBEAEHUYECKUX NPOSIBICHUM
1 ypoBeHns - OOyyaromuiicst He BIaJeeT HABBIKOM, HE MOHMUMAET €ro0 BaYKHOCTH, HE
HEJIOCTATOYHBIN MIBITACTCS €r0 MPUMEHSTh U Pa3BUBATh.

2 ypOBEHb — OOyyaromuiicss HaXOAUTCS B MPOIECCE OCBOSHUS JAaHHOTO HAaBBIKA.
pa3BHUBaIOIIMICS OOyyaromuiicss TOHUMAET BaKHOCTh OCBOEHMSI HaBBIKOB, OJIHAKO HE
Bcerzia 2((EeKTUBHO MPUMEHSET €ro B MPAKTHKE.

3 ypoBeHb — OO0yuarmuiics MOJTHOCTHIO OCBOWII JAHHBIN HaBBIK.

ONBITHBIN OO6yyaromuiicst 3¢ (heKTUBHO MPUMEHSET HaBBIK BO BCEX CTAaHAAPTHBIX,

110JIb30BaTENb TUTIOBBIX CUTYaIUAX.

4 ypoBeHb — Oco00 BBICOKas CTETIEHb PAa3BUTHS HABBIKA.

MPOABUHYTHIN OO0yuarommiicss CrnocoO6eH TPUMEHATh HABBIK B HECTAaHIAPTHBIX

M0JIb30BaTENb CUTYaIUSX WINA CUTYaIUsIX HOBBIIIEHHOMN CII0KHOCTH.

S ypoBEeHb — VYpoBeHb pa3BUTHS HABBIKA, IPU KOTOPOM OOYUAIOIIHIICS CTAHOBHUTCS

MacTepCTBO aBTOPUTETOM M HKCIEPTOM B cCpefe CBepcTHHKOB. OOywaromuics
CrocoOeH mnepenaBaTh OCTAIbHBIM HEOOXOJUMbIE 3HAHUSI M HABBIKU
JUIsl OCBOCHHMSI M pa3BUTHUS JAHHOTO HaBBIKA.

Tabanuya 2

KpuTepun oueHMBaHMA YPOBHA OCBOEHUA NPOrpaMmmbl

YpoBHH OCBOECHUS

IPOrPaMMBbI Pesynbrar

BrIcoknii ypoBeHb OO6yyaromuecs 1eMOHCTPUPYIOT BHICOKYIO 3aHHTEPECOBAHHOCTD B yUEOHOH,
OCBOCHMS IIPOrPAMMBI |[I03HABATEILHON U TBOPUYECKOU JAEATEIIBHOCTH, COCTABIIAIOIIECH COepKaHUE
nporpammel. Ha UTOroBOM TECTUPOBAHMM ITOKA3BIBAIOT OTIMYHOE 3HAHWE
TEOPETUYECKOr0  MaTrepuaja, IMPAKTUYECKOE MPUMEHEHUE  3HAHWU
BOIUIOIIAETCS B KAUECTBEHHBIN MPOAYKT




Cpennuii ypoBeHb

OCBOCHUA IIPOrpaMMbI

OOyyaromuecss JAEMOHCTPUPYIOT JOCTATOYHYIO 3aMHTEPECOBAHHOCTH B
y4eOHOM, MMO3HABATEIHHOM M TBOPYECKOW JCATEIHHOCTH, COCTABIISIOIICH
cojepxaHue mnporpaMmbl. Ha HMTOroBoM TECTUPOBAaHUHU IOKA3bIBAIOT
XOpolliee 3HAaHUE TEOPETUUYECKOT0 MaTepuaia, MPaKTUYeCKOe MPUMEHEHUE
3HAHUH BOIUIOIIAETCS B TPOJYKT, TPEOYIOIINN HE3HAYUTEIBHON T0pabOTKH

Huskuit ypoBeHb

OCBOCHMS IIPOrPAMMBI

OOyuaromiyecs 1€MOHCTPUPYIOT HU3KUHM ypOBEHb 3aMHTEPECOBAHHOCTU B
yueOHOM, MO03HaBATEIbHOW U TBOPUECKOM IEATEIIBHOCTH, COCTABIISIOLIEH
colepkaHue ImporpaMMbl. Ha HMTOroBoM TECTMPOBAaHUHM IIOKa3bIBAIOT
HEJI0OCTaTOYHOE 3HAHUE TEOPETUYECKOro MaTepHaia, IpakTuueckas pabora
HE COOTBETCTBYET TPEOOBAHUAM

YueOHO-TeMAaTHUYECKHI IJIaH

B TOM YHCIIC
Koin-Bo dopma
Ne HaumenoBanue pasneina, MOJyJIsl, TEMbI MPaKT
i 4acoB, Teopus | o arTectanuu/
BCETO KOHTPOJISA
1 |Texnuka 0e3onacHocTu. Beenenmue. 1 1 Otsetsl
00y4Yarommxcs B
1.1 |BBomnoe 3ansitue i
rpoiiecce
2
N3yuyeHne 0OCHOB TEXHHYECKOT0 5 5 Anajora
YyepueHust
NunuBuyanbHbl
2.1 BBenenue 1 1 € 3aJaHusl
%) MuHU-TIPOEKT
' Pa3BuTHE HOBBIX TEXHOJOTHI. 1 1
3agaun v npobaemMbl pasBUTUA TEXHONOTUN Pesynbratsl
2.3 |B cOBpeMeHHOI KM3HW. 1 1 BBINTOTHCHH A
WHIUBUIYAIbHBIX
04 N3yuenne 0CHOB TEXHUUYECKOTO YEPUCHHUSI. . . U TPYIIITOBBIX
: 3aJaHuN
Buabl U34enuii U KOHCTPYKTOPCKUX
2.5 |pokymeHTOB. OBLLME ONpeaeneHus. 1 1 1 pyrue B
3aBHUCHUMOCTH OT
3 3HaKkoMcTBO ¢ nporpammoii o 3D- 18 11 7 e
MOJEJTMPOBAHHUIO Bameun
3.1 |lIpaBuna opopmiIeHHs YEPTEKEN. 1 1 [IpOrpaMMBbI
32 |3HaKOMCTBO C POTrpaMMOii 1 1
Tunbl 4OKYMeHTOB. Tunbl ¢pannos.
33 |OCHOBHbIE KOMMOHEHTbI MPOTPaMMbL. 1 1
NHTepodelic.
34 KonTtekcTHbie MeHI0. [ TaBHOE MEHIO 1 1 1
" |maHenmu MHCTPYMEHTOB.




O6buwme npuembl paboTbl. KomnakTHanA

3.5 |naHenb. MaHenb CBOWCTB.
3.6 |VIHCTpyMeHTaNbHAs MaHEb.
3.7 |TecroBoe 3ananne—2D-3cKus.
3.8 |Heprex.2D-MozennpoBanue.
3.9 |Odopmienue yeprexa.
3.10 |IlapameTpbl TEKYIIETO YepTERKA.
Mcnonb3oBaHne Buaos.. NonyyeHne
3.11 |n306paskeHna B pasHbix macliTabax.
312 TecroBoezaganue-2D-uepTeKIoMoIemu.
313 |Herans. 3D-MozenupoBanue.
Pabouee npocTpaHcTBO. [lepeBo moaenm.
314 KomnaKTHas naHenb. MaHenb CBOMCTB.
OCKU3.
315 |BcmomorarenbHas reomeTpus.
Co3zmanre MOJIECIH C IIOMOIIBIO OTIEPAITH
3.16 |BblOaBIMBaHME U BbIPE3aTh
BBIJIaBJIUBAHUCM.
317 JloTIOJTHUTETBHBIE JIEMEHTHI: (DaCKH,
) CKpYTJICHUS.
3.18 |TecroBoesananue-3D-00bEKTIIO MOZIENH.
4 [3D-neuyarbTpexMepHbIXMO/eJIeH
3D- neyaTb TPEXMEPHbIX MOAESNEN.
Teopwua: 3D- npuHTep. NMpmnmeHeHne 3D-
NPUHTEPOB B Pa3/inyHbIX chepax
1 |uenoseueckoii geatenbHOCTU. TeXHMKa
6e3onacHocTu npu pabote ¢ 3D-
NPUHTEPaMU.
3HakomcTBOCMOAeNnbio3D-npuHTEpa.
2 |NporpammHoe obecneyeHue.
3 [TeuaTpniepBoit3D-monenu.
4 [Toctpoenue 3D-monenu, no
COOCTBEHHOMY 3aMBbICITY.
5 Coznanue UHIUBUIYaTbHOTO TBOPYECKOTO
MIPOEKTA.
Bbibop npoekTa. Cbop nHdbopmaLum no
6  |Teme BbIBPAHHOrO NPOEKTA.
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Co3aanue HHIUBUIYAJIBHOTO

4 4

TBOPYECKOr0 MPOeKTa
W3roroBnenue neranei nmpoekra Ha 3D 1 1
MIPUHTEPE.
CHopKa KOHCTPYKLUNI ans
WMHOMBUAYANIbHOTO TBOPYECKOTO NPOEKTA. 1 1
MoAaroToBKa AOKYMEHTALMUKU MO
WHOMBUAYANbHOMY TBOPYECKOMY NPOEKTY. 1 1
JleMoHCTpanus 1 3anuTa 1 1
HHAWBUAYAJIBHOI'O IIPOCKTA.

Hroro 34 17 17
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Conep:xkanue Ilporpammbi

Ne Haumenoanue pasnena, | Kon-Bo
/1 MOJLYJIsI, TEMBI 4acoB,
BCEro Copnep:xaHue 3aHITUS
1 TexHuka 0e30aCHOCTH.
BBenenmne. 1
1.1 Co0mroaTh IpaBuiia TEXHUKH 0€30MaCHOCTH U
BBoanoe 3anaTue 1 TUTUEHUYECKUE PEKOMEHIAIUN TIPU
ucnoab3oBanuu cpeacts UKT.
2 HN3yyeHnue ocHOB
TEeXHHUYECKOT0 YepUeHusl 3
2.1 Bgenenue 1 YyawmiicAa no3HaKOMUTBCA C UCTOPUEN MALLMHHOWN
rpaduKkn
2.2 | Pa3BuTue HOBBIX 1 O3HaKOMIICHHE C BO3MOKHOCTSIMH
TEXHOJIOTHH. KOMITBIOTEPHOH rpaduku
3amauu u IpoOIEMBI .
23 | passumis TexHoNOrHIA B 1 TexHomorueu NPOSKTHPOBAHHS C IOMOLLbIO
. CPEICTB KOMITBIOTEPHOH TpaduKu
COBPEMEHHOM KU3HHU.
N3yuenne ocHOB VYyamuiics Oyaet pa3BUBaTh MPOCTPAHCTBEHHbBIE
2.4 | TEXHUYECKOTO YEPUCHUS. 1 NIpe/ICTaBIICHHS, HAOI0IaTEIbHOCTD, TJ1a30MeD,
W3MEPUTEIIbHBIC HABBIKU
-aHAIM3UPOBaTh (OPMY MIPEAMETA 110 YEPTEKY,
Bunbr uznenuit u - HarJITHOMY U300paXeHHI0, HaType U
5 | KOHCTPYKTOPCKHX | MPOCTEUIIINM pa3BEPTKaAM,
) nokyMmeHToB. OO0riue - BbINOJIHATb rEOMETPUYECKNE
ONPEICIICHUS. NoCTPoeHMA, HeobxoaMmble Npu
BbIMNO/IHEHUN YepTEKEN;
3HAKOMCTBO €
3.1 | nporpammoii no 3D- 18
MOIeJTHMPOBAHUIO
31 [IpaBuiia opopmienus 1 VYyamuiicss 103HaKOMHUTCSI C TUIIAMH IOKYMEHTOB
) YEPTEIKEH. U TUnamu (aiiaon
39 3HaKOMCTBO C 1 VYyamuiicss H03HaKOMHUTCS C IPOTPaMMO i
' IPOrpaMMoi co3nanus 3D-mozenei
Turnsl 1OKyMeHTOB. THIIbI
33 (aiinoB. OCHOBHBIE 1 VYyamuiicsi TO3HAKOMHUTCSI OCHOBHBIMHU
’ KOMITOHEHTBI TPOTrPaMMBI. KOMITOHEHTaMHU TTPOTpaMMbl U UHTEpdeiicom
WnTepdeiic.
KonTekcTHbIE MEHIO. N
34 | TaBHOE MEHIO H HAHEIH 1 Vyamuiics TO3HAKOMHTCS ¢ KOHTEKCTHBIM MEHIO
Y TJIABHBIM MEHIO C TIaHEJIbI0 HHCTPYMEHTOB
WHCTPYMEHTOB.
OO6mwme mpueMbl paboTHI. Yyawmica no3HakKomMuKTCa € 0bLWmMmm npnemamm
3.5 | KomnakTHas naHens. 1 paboTbl B Nporpamme
Ilanenb CBOMCTB.
36 WNHcTpymeHTabHAsS 1 VYyamuiics T03HAKOMHUTCA ¢ OOIIMMH NTPUEMaMHU
) TTaHEeb. paboThI B TpOrpaMme
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TectoBoe 3aganne—2D-

Yyaluminca no3HakoMUTCA C OCHOBaMU

3.7 | oCKHu3. AsymepHoro(2D) moaennpoBaHus
06beKToB
Yeprex. 2D- Yyawmmca no3sHakoOMMUTCA C OCHOBAMM
33 MOJCIIMPOBAHUE. ABymepHoro(2D) moaennpoBaHus
' 06beKToB
3.9 | Odopmienne yepresa. O¢opmiIeHHE TPOCTOTO YepTexka
310 [TapameTpsl TeKyIIero N3yyenue u koppekius napamMeTpoB CO3JaHHOTO
' 4epTeKa. yepreka
Hcnonb30BaHue BUIOB.
3.11 | [lonyuenue nzodpaxxeHus
B pa3HBIX MaclTadax.
TectoBoe 3amanne-2D-
3.12 TectoBoe coznanue 2D-moxenu
YepTeX M0 MOJICIH.
313 Hetanb. 3D- Co3zanue npeacTaBiIeHus: O CO3aHUI
) MOJICJTUPOBAHUE. 3Dmopenu
PaGouee nmpocTpaHCTBO.
€pEeBO MOJIEIIH. .
3.14 Jlep g Pabota ¢ mporpammoii juist 3D-MoaenupoBaHus
KomnakTHas nanensb.
[Tanenb cBOMCTB. DCKU3.
315 Bcenomorarenbhas N3yyenne reoMeTpruecKuX 3HaYCHHMA
' TCOMETPHS. CO3JJaHHOM MOJIeTH
Coznanue mozenu ¢
316 | MOMOUIbIO OnepanyH N3ydenne GyHKIINY BBIIABITUBAHUE B
' BBIJIaBIIMBAaHUE U BBIPE3aTh nporpamme
BBIJIABJINBAHUCM.
JlomonHUTEIbHBIE
N3ydeHne NOMONMHUTEIBHBIX JIEMEHTOB
3.17 | anemeHThI: (ackw,
MIPOTPaMMBI
CKPYTJICHUS.
TectoBoe 3anpanue 3D-
3.18 5 Coznanue 3D-monenn
00BEKTIO MOJIEIIH.
4 3D-neyaTh TPpeXMepHbIX
Mo/1es1el
3D- nedath TpeXMEPHBIX
Mmozaeneit. Teopus: 3D-
npuHTtep. [I[pumenenue o
Yyawmiica nsyyat npumeHeHue 3D-npuHTEpoB B
3D-npuHTEpOB B o
Pa3IMYHbIX chepax YeNoBeYECKOM
4.1 | pa3nuuHbIX cepax
o [eATeNbHOCTH
YeII0OBEYCCKON
nesTenbHOCTH. TeXHUKa
6e301macHOCTH MpH padboTe
¢ 3D-npuHTEpamu.
3HaKOMCTBO C MOJIEJIBIO "
Pabota c 3D-NnpMHTEPOM M TEXHUKOW
3D-npunTepa.
4.2 6e3onacHocTu npu paboTe ¢ 3D-npuHTEpPOM.
[IporpammHuoe
obecrnieueHue.
[Teuars nepBoit 3D-
4.3 P Pabota ¢ monensio 3D-nipuHTEpa
MOJIETIH.
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[TocTpoenue 3D-monenu,
4.4 | mo coOCTBEHHOMY 1
3aMBbICITY.

Pabota nporpammHabiM o6ecniedeHuem aiis 3D-
IeuaTtu

Co3pnanue
4.5 | ©HAUBUIYAILHOTO 1
TBOPYECKOI'0 MPOEKTA.

Co3naHue npakTH4eCKOro npeacraBiacHus o 3D-
neyaTu

Br16op npoexra. Coop
4.6 | uHGOpPMAIIIH TIO TEME 1 Co6op uapopManmH 1Mo pazpadboTke
BBIOPAHHOTO MTPOEKTA.

Co3nanue
5 UHAUBUAYAJIBHOIO 4
TBOPYECKOI0 MPOEKTAa

Usrorosnenne neTaneﬁ IleyaThr KOMIIOHEHTOB JJIAA U3TrOTOBJICHUA

5.1 1
npoekTa Ha 3D-nipuHTEpe. IIPOEKTA
COopka KOHCTPYKUUHN 1Jis
5.2 | MHIUBUAYAIBHOTO 1 KoHcTpykTHBHAs cOOpKa MpoeKTa
TBOPYECKOTO ITPOEKTA.
[ToaroroBka
53 | AOKyMEHTAlMH 110 1 Coznanue nokiaaa o crnocodax co3aaHus
WHJIMBUIYAIBHOMY POEKTa
TBOPYECKOMY IPOEKTY.
JleMoHCTpanus u 3anura
54 WHJIUBULYAIBHOTO 1 Cnaua npoekTta
MIPOCKTA.
Hroro 34

BOCIHIUTATEJBHAA JEATEJIBHOCTDb

1. IleneBoii - neyb, 3a1a4M, LeJeBble OPHEHTHPBI BOCIIMTAHUSA

[lenpro BOCIUTaHUS SABISAETCSA PA3BUTHUE JIMYHOCTH, CAMOOIIPEIEIECHUE U COL[UAIN3alUs 1eTen
Ha OCHOBE COLMOKYJIBTYPHBIX, JYXOBHO-HPABCTBEHHBIX LIEHHOCTEN U NPUHATHIX B
poccuiickoM OOIIeCTBE MTPaBUJI U HOPM MOBE/ICHUS B MHTEpEcax YelIoBeKa, CEMbH, 0011IeCTBa
U TocyapcTBa, (JOpMHUPOBAHKE YYBCTBA MATPUOTU3MA, TPAKIaHCTBEHHOCTH, YBAXKEHUS K
namsTu 3aluTHUKOB OTedecTBa U nojasuram I'epoeB OTedecTBa, 3aKOHY U MTPaBO-TIOPSIIKY,
YeJI0OBEKY Tpy/la U CTaplieMy MOKOJEHHIO; B3aUMHOTO YBaXKE€HUS; OEPEKHOI0 OTHOIIECHHUS K
KYJIbTYPHOMY HACJEINIO U TPAJIULUAM MHOTOHALIMOHAIILHOTO Hapoaa Poccuiickoit
®denepaunu, Ipupoae U okpysxkarouei cpene (Peaepanbubiil 3akoH 0T 29.12.2012 Ne 273-D3
«O06 obpazosanuu B Poccuiickoit denepanuny, cT. 2, . 2). Llens BocnutarensHOMI
JesITebHOCTH KOHKPETHOM JIOMOJIHUTENILHON 00IIepa3BUBAOIEH POrpaMMBbl ONIpeeNIIeTCst
U COOTBETCTBYET HAIIPaBJICHHOCTH, MPO(UITIO MPOrpaMMBbl COOTBETCTBYIOIIEH
HaIIpaBJIECHHOCTH IPOrPAMMBI M IPUOPUTETHBIM HAIPABICHUEM JIEATEIIBHOCTH YUPEXKICHUS
JOTIOTHUTEIFHOTO 00pa3oBaHus nere (Hampumep, LlenTpa BHemkopHOM padoTsl, [{enTpa
JIETCKOT0 TBOpUECTBa U JIp.). [IpuMep: TypucTHyeckne moXo/bl IO MaMITHBIM MECTaM
MYHHMIMIIAJIBHOTO OKpYTa.
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BocnurarebHas 1eATEJIbHOCTh

IleneBoii:

Heabio BocnuTaTeabHON AESATENLHOCTH IPOTrPAMMBI SIBIISETCS (HOPMUPOBAHKE Y
obOyuvaroruxcst 14-17 neT HEeHHOCTHOT'O OTHOIICHHUS K 3J0pOBOMY 00pa3y KU3HHU, GU3HIECKOU
KYJIbTypE, CHOPTHUBHOM 3THUKE M 0€3011acHOMY MOBEJICHHIO B TOPOJICKON Cpejie.

3agaum: YcBOeHHE HOPM CIIOPTUBHOW AUCHUILIMHBI, MpaBuil yecTHOM urpel (Fair Play) u
yBa)KEHHS K HACTaBHUKaM U CBepCcTHHKaM. POpMUPOBAHME ONbITA IPEOI0JIEHUS TPYAHOCTEH,
pa3BUTHS BOJIM, HACTOWYMBOCTU U OTBETCTBEHHOCTH 33 CBOM JIEHCTBUS HA TPEHUPOBOYHOMN
ougasake. [lonydyeHue onbiTa KOMaHIHOTO B3aUMOIEHCTBUS, B3aUMOIIOMOIIN U
9KOJIOTMUYECKOT0 CO3HAHUS MPH 3aHATHUIX HA OTKPBITHIX IJIOLIA/IKAX.

He.]'leBbIe OPHUEHTHUPLI IJIA IPpOorpamMmm TeXHU4YeCKOoM HanpaBJIC€HHOCTH:

HeHeBHe OPUCHTHPBLI ITPOTpaMM TEXHUYECKOM HAITPAaBJICHHOCTHU — 3TO INIAHUPYCMbIC
PE3YyIbTAaThI O6y‘lCHI/I${, KOTOPBIC Q)OpMHp}IIOT y 06yqa10m1/1xc51 HHXCHCPHOC MBIIIJICHHUC,
HCCICA0BATCIIbCKHNEC HABBIKH 1 YCTOﬁqHBLIﬁ HHTCPEC K HaquO—TeXHquCKOﬁ n
HHHOBaHHOHHOﬁ JACATCIIbHOCTH.

BxirouaroT Tpu OCHOBHBIE I'PYIIIBI PE3YJIbTaTOB:

e JIuyHocTHBIE: Pa3BuTHE IO3HABATEIBHOIO NHTEPECA K TEXHUYECKOMY TBOPYECTBY,
HCTOPHUM TEXHUKH, A TAK)KE OCO3HAHHUE JOCTHKEHUM OTEYECTBEHHON U MUPOBOM
HayKHU.

e MeranpeamerHbie: @opMuUPOBaHNE HABBIKOB IIPOCKTHOM E€ATEIBHOCTH,
KPUTHUYECKOIO MBIIIJIEHHSI, YMEHHs pad0TaTh B KOMaH/I€ ¥ peliaTh HeCTaHAApTHBIE
VH)KEHEPHBIE 3a7a4H.

e IIpeamernbie: OcBoeHME 6a30BbIX 3aKOHOB (PU3UKH, MATEMATUKH, THPOPMATHKH, a
TaK)K€ OBJIaJICHUE MPAKTUYECKUMHU HaBbIKaMH (KOHCTPYHPOBAaHUE, MOJICIIMPOBAHHE,
MIPOrpaMMHUPOBAHHUE).

2. CopepikaresbHbIN - GOPMBI M METOAbI BOCIIMTAHUSA

OcHoBHO# (hOopMOif BOCTIUTaHHS B O0yYEHHUS JIeTeH B CHCTEME JOTIOTHUTEIHFHOTO
oOpa3oBaHus ABIsETCS yueOHOe 3aHsATHe. B X0/1e yueOHBIX 3aHATHH B COOTBETCTBUU C
MPEAMETHBIM M METANPEIMETHBIM COJIEPKaHUEM ITPOTrpamMM OOYJAFOIITHECS: YCBAUBAIOT
“H(pOpMAIIHIO, UMEIOIIYI0 BOCTIUTATEIPHOE 3HAUCHHE; TIOTYYaOT OMBIT IeATeITLHOCTH, B
KOTOPOU POPMHUPYIOTCSI, IPOSIBISIFOTCSI U YTBEPKAAOTCSI [IGHHOCTHBIE, HDABCTBEHHBIC
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OPUEHTAIINH; OCO3HAIOT ce0sI CIIOCOOHBIMU K HPAaBCTBEHHOMY BBIOOPY; YUaCTBYIOT

B OCBOCHHMH U (POPMHUPOBAHIH CPE/IbI CBOCTO JMYHOCTHOTO PAa3BUTHSI, TBOPYECKOM
camopeanu3auuu. [lonyuenne napopmanuu 06 OTKPHITHAX, U300PETEHUSX, TOCTHKCHUSX B
HaYKe U CIIOPTE, O XYI0KECTBEHHBIX MPOU3BEICHHUSIX U apXUTEKTYPE, O TPAJAULHIX
HApOJHOTO TBOPYECTBA, 00 NCTOPHUECKUX COOBITHIX; U3yuyeHHE Ouorpaduii aesrenei
POCCHICKOW 1 MUPOBOM HAYKH U KYJIbTYPBI, CIOPTCMEHOB, ITyTEIICCTBEHHUKOB, TE€POEB U
3amuTHUKOB OTEYecTBa M T. JI. — MCTOYHUK (POPMUPOBAHUS Y JeTel chepbl HHTEPECOB,
TUYECKUX YCTAHOBOK, IMYHOCTHBIX IMO3UIUI U HOPM TOBeIeHHs. BaxkHO, 4TOOBI 1eTH He
TOJIBKO TIOJTy4YaJli 3TH CBEICHHS OT TeJarora, HO ¥ CaMu OCYIIECTBIISUIN padoTy ¢
uHpopManuei: mouck, coop, 00padoTky, oOMeH u T. 1. [IpakTHueckue 3aHATUs AeTei
(TPEeHUPOBKH, PENETUIMU, KOHCTPYHPOBAHKE, MTOJATOTOBKA K KOHKYPCaM, COPEBHOBAHHSIM,
TYPUCTHYECKHUM I10XO0JIaM, BBICTABKAM, YUaCTUE B JUCKYCCHUSIX, B KOJJICKTUBHBIX TBOPUECKHUX
JieNiax ¥ Mpoy.) CIOCOOCTBYIOT YCBOCHHUIO U MPUMEHEHHIO PaBHII IOBEACHUS U
KOMMYHUKAIMH, (OPMUPOBAHHIO TO3UTUBHOTO U KOHCTPYKTHBHOTO OTHOLICHUS K COOBITHSM,
B KOTOPBIX OHU Y4aCTBYIOT, K YWIEHAM CBOETO KOJJICKTHBA.

YuacTHe B MPOEKTAX H UCCIAEI0BAHUSIX CIOCOOCTBYET (DOPMHUPOBAHUIO YMEHHUH B 001aCTH
1[eJIeTIoaraHus, IaHUPOBaHUs U peIeKCUU, YKPEIUIIeT BHYTPEHHIO TUCIUILTUHY, TaéT
OMBIT TOJATOCPOYHON CUCTEMHOM JAESATEIbHOCTH.

B KOJIEKTHBHBIX HIPAX MPOSBISIOTCS U PA3BUBAIOTCS JIMUHOCTHBIE KA4eCTBA!
SMOIIMOHAIBHOCTh, AKTUBHOCTH, HAIIEIEHHOCTh Ha YCIEX, TOTOBHOCTh K KOMaHIHON
JeSTeNbHOCTH U B3auMonoMoIy. UToroBsie MeponpusTis: KOHIIEPThI, KOHKYPCHI,
COpPEBHOBAHMS, BHICTABKH BBICTYIUICHHSI, IPE3EHTAIIMH [IPOCKTOB U UCCIIEIOBAHHUIH,
TYpUCTUYECKHE CIETHI — CHOCOOCTBYIOT 3aKPEIJICHUIO CUTYAIMH YCIeXa, pa3BUBAIOT
pedaekCuBHBIE U KOMMYHHKATUBHBIE YMEHHS, OTBETCTBEHHOCTh, OJIarONMPHUSTHO
BO3JICHCTBYIOT Ha YMOLIMOHANIBHYIO Cepy AeTel.

3. OpraHu3alMOHHBIH - YCJIOBHS OPraHU3AIUM BOCIIMTAHUSA, B TOM YHcJIe 0co0bIe
YCJI0BHS € Y4€TOM CO/iep KaHUs NMPOrPaMMbl, KOHTHHIC€HTA JIeTel; AaHAJIN3 pPe3yJIbTATOB
BOCIIUTAHUSA

— MeJarornyeckoe HalMIoAeHNE, B IPOIIECCe KOTOPOro BHUMAHUE Me1aroron
COCpE0TauMBAETCs Ha MPOSBICHUH B IEATEIILHOCTH JIETEH U B €€ pe3ynbTaTax
ONpeNIeEHHBIX B JAHHON MPOrpaMMe 1IeJIEBBIX OPUEHTUPOB BOCIIUTAHUSA, & TAKXKE Ha
mpoGyeMax ¥ TPYJHOCTSAX JOCTHKEHHUSI BOCIIUTATENbHBIX 33/1a4 MPOTPaMMBIL;

— OIICHKY TBOPUYECKHUX U MCCIIE0BATENbCKUX PAabOT U MPOEKTOB IKCIIEPTHBIM
cO00111eCTBOM (IIeAaroru, poAUTEIH, Ipyrue o0ydaromuecs, IpUuriialéHHbIe BHEIIHUE
AKCTIEPTHI U JIP.) C TOUYKH 3PEHUS JOCTHKEHHS BOCTIUTATEIBHBIX PE3yIbTAaTOB, TOCKOJIBKY B
WHIUBUIYATBHBIX
TBOPYECKUX U MCCIIEIOBATEILCKUX Pab0Tax, MPOEKTax HEM30EKHO OTPAKAIOTCS TMIHOCTHBIE
PE3yNbTaThl OCBOCHUS MTPOTPAMMEBI i TMYHOCTHBIE Ka4ecTBa KaKI0TO peOEHKa;

— OT3bIBBI, UHTEPBHIO, MATEPHAIBI PEQIICKCHH, KOTOPHIE MPEIOCTABISIIOT
BO3MOXXHOCTH JIJISl BBISIBIICHUS U aHAIIM3a MIPOJBMIKCHUSI IeTeH (MHINBUAYAIBHO U B TPYIITIE B
1[€JI0M) 110 BEIOpaHHBIM I[EJIEBHIM OPHUEHTHPAM BOCIIUTAHUS B TIPOIECCE U TIO UTOTaM
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pcainnsanuu nporpaMmabl, OOCHKHW JIUMYHOCTHBIX PE3YJIIbTATOB YUaCTHUA z[eTeﬁ B ACATCIBHOCTHU

110 IpOrpamme.

KanenapHblii iian BOCUTATEIbHOM PadoThI

No HazBanue Cpoku ®opwma npoBenenus | Ilpaktuueckuii pe3yabraT U
/o coOBITHS, WH(POPMAIIMOHHBIA MTPOAYKT,
MEpOIIPUATHS WUTFOCTPUPYIOLIUHN YCIIEIIHOE
JIOCTH>KEHHE 1IeJIU COOBITUS
1 |HA3yuyenue ocHoB |B Teuenun Teopernueckoe ®oTO- U BUACOMATEPHUAIIBI C
TeXHHUYECKOr 0 roja 3aHATHE BBICTYIUICHUEM JIeTeH
yep4eHust
2 |3HaKOMCTBO C B teuenun Teopernueckoe ®doTo- U BuAeoMaTepuabl ¢
NPorpamMmoii 1o roaa 3aHATHE BBICTYIUICHUEM JI€TEN
3D-
MO/1eJIMPOBAHMIO
3 [(3D-meuarnb B teuennu Pabora ¢ 3D- doTO- ¥ BUICOMATEPUAIIBI C
TPpexXMepPHbIX roja MIPUHTEPOM BBICTYIUICHUEM JIeTeH
MojaeJiei
4 |(Co3panue B Teyenun Pabora Hag ®DoTO- ¥ BUJIEOMATEPUAIIBI C
HHAUBHAYAJBHOIO| Troja COOCTBEHHBIM BBICTYIUICHUEM JIeTel
TBOPYECKOT0 MIPOEKTOM U €r0
NMpoeKTa 3aImTa
MeTtoauueckoe odecnieyenne [lporpammbi
O6mme TpedoBaHus 0€30MACHOCTH
K [IPOBEJICHUIO 3aHATUN N0 IOTIOTHUTEIHLHOMY 00pa30BaHHUIO
v [lepen xaxapIM 3aHATHEM TIEATOT MPOBOAUT HHCTPYKTAXK MO O€30MacHOMY
MOBEJIEHUIO.
v B mporecce 3anatuii o0ydaromuecs T0KHBI HAXOIUTHCS O] TOCTOSTHHBIM

HaOII0IEHUEM B3POCIIOTO.

v

Hcnonp3yembie MaTepuaibl B 000pyIOBaHHE TOJDKHBI COOTBETCTBOBATH CAHUTAPHO-

TUTUCHUYCCKUM HOpMaM U OBITH O€30IIaCHBIMH JJIA 06yqa}0umxc;[.

Memoouueckoe conposodicoerue 3ansamul
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1. «TexHuKa 6e3onacHocTu. BBegeHue» (14.)

Teoperndeckoe 3ausaTue(14.) «BBoanoe 3ansiTue»

enb padboTel: M3yunTh TEXHUKA OE3011aCHOCTH, YCTPOUCTBO M Ha3HaueHue y3y10B 3D
IpUHTEpA.

Xona paboThl

3anucarb TEMY 3aHATUSA

3anucarpb 1eNnb padoThI

W=

W3yunth TeopeTHdecKuii MaTepuan

4. OTBETUTH HA BOMPOCHI
WucTpykuus no oxpane tpyna npu padore ¢ 3D-npuntepom
1.06mume TpeboBaHUs HHCTPYKITUH 110 TEXHUKE O€30TaCHOCTH IpH padorte Ha 3 D —mpuHTEepe
1.1. K camocTosTenbHOl padote ¢ 3D-npuHTEpOM JOMYyCKalOTCA JIHIa, JocTurmue 18
JIETHETO BO3pPAcTa M U3YUYHMBIINE HACTOAILYIO MHCTPYKIUIO TIpU pabome Ha 3 D —npunmepe .
1.2.Bo Bpems pabothl Ha 3D—TipuHTEpe HA YeIOBEKa BIUAIOT CIAEAYIOIINE ONacHbIE U
BpelHbIC (PaKTOPHI:
— MCIapeHus MIaCTHKA;
— TEeMIepaTypa;
— IIyM.
1.3. ITpu pabote Ha 3D—mpuHTEpE HE JOIMYCKAETCS PaCIOIOKEeHUEe paboyero Mecra B
MOMeIeHUsAX 0e3 HaJIUuus €CTECTBEHHOMN WJIM UCKYCCTBEHHON BEHTHJIALINU.
1.4. Jlnd 3ammThl IJIaCTHKA HA KATYIIKE OT MPSAMbBIX COJTHEYHBIX JIyYeil TOIKHBI
MpelyCMaTPUBATHCS COMHIE3AIUTHBIE YCTPONCTBA (IITOPHI, TUIEHKA C METAITTU3UPOBAHHBIM
MTOKPBITUEM, PETYIUPYEMBIE JKaTI03U C BEPTUKAIBHBIMH ITAHETSIMU U JIP.).
1.5. B nomeniennn kabuHeTa ¥ Ha pabouyeM MecTe HE0OX0IUMO MOIEPKUBATh YUCTOTY U
MOPAJIOK, IPOBOJIUTH CUCTEMAaTUYECKOE ITPOBETPUBAHUE.
1.6. O60 Bcex BBISBICHHBIX BO BpeMsl pabOThI HEUCTIPABHOCTSAX 000pyI0BaHUS HEOOXOIUMO
JIOJIO’KUTh PYKOBOJIUTEINIO, B CIy4ae MOJOMKH HEOOXOAUMO OCTaHOBHUTH paboTy 10
yCTpaHEHUs aBapuiHbIX 00cTOsTENbCTB. [Ipy 0OHapyKeHUH BO3MOXKHOU OMMACHOCTH
NPeSYIpPeIUTh OKPYKAIOLINX U HEMEIJICHHO COOOIIUTh PYKOBOIUTENIO; COAEPKATh B
qHUCTOTE paboyee MECTO U He 3arPOMOKAATH €ro0 MOCTOPOHHUMHU MPEIMETaMHU.

2. TpeboBanus 6€30MaCHOCTH Mepes] HadasioM padoTel Ha 3 D —mpuHTEpe
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2.1. OcMOTpeTh B YOSTUTHCS B UCIIPABHOCTH 000PYI0BaHUS, DJICKTPOIIPOBOIKHU. B cirydyae
oOHapy>KeHHsI HEUCTIpaBHOCTEH K padote He mpuctynath. CooOMMUTE 00 3TOM U TOJIBKO MOCIIEe
yCTpaHEHUs HEMONA/I0K M €r0 pa3pelieHus MPUCTYIUTh K paboTe.

2.2. I[IpoBepuTh HaIMUMeE U HAAEKHOCTD 3ALUTHOTO 3a3eMJICHHs 000PY10BaHHUS.

2.3. I[IpoBepUTh COCTOSHUE IEKTPUUECKOTO IIHYPA U BHIIKH.

2.4. IIpoBepUTh UCIIPABHOCTH BBIKJIIOYATENIEH U APYTUX OPraHoB ynpasiieHus 3D—
IIPUHTEPOM.

2.5. Ilpu BbIsIBIIEHUH JTHOOBIX HEMCIIPABHOCTEH, MPUHTEP HE BKIIKOYATh U HEMEIEHHO
IIOCTaBUTh B U3BECTHOCTh PYKOBOJIUTEIS 00 3TOM.

2.6. TmarenbHO NPOBETPUTH NoMelleHue ¢ 3D-TipuHTEpOM, YOEIUTHCS, YTO MUKPOKIMMAT B
MIOMEILEHUU HaXOJUTCS B AONYCTUMBIX IIpe/ieax: TeMIepaTypa Bo3ayXxa B X0JIOAHbII
nepuoj roga — 22-24°C, B Temibii nepuoj rojga — 23—25° C, oTHOCUTEIbHAS BIAKHOCTh
Bo3ayxa 40—-60%.

3. TpeOGoBanwmst 6€30maCHOCTH BO BpeMs padoTel Ha 3 D —mpuHTEpe

3.1. Bxurouaiite u Beikitouaiite 3D—puHTEp TOJIBKO BBHIKIIOYATENSAMU, 3aIPELIACTCS
IIPOBOJIUTH OTK/IIOUEHHE BBITACKUBAHUEM BUJIKU U3 PO3ETKH.

3.2. 3ampenaercss CHUMaTh 3alllUTHBIE YCTPOHUCTBA ¢ 000py10BaHUsA U paboTaTh 06€3 HUX, a
TaK)K€ TPOTaTh HArpeThIl AIKCTPYAEP U CTOJIHK.

3.3. He nomyckatb k 3D—npuHTEpy MOCTOPOHHUX JIMII, KOTOPHIE HE YYaCTBYIOT B paboTe.
3.4. 3anpenaercs nepemMeiaTh ¥ NEPEHOCUTh 3D—TIpUHTEP BO BpeMs II€UaTH.

3.5. 3ampeniaercs Bo Bpems paboThl 3D-MpUHTEpa NUThH PSIIOM KaKHe—InO0 HAMUTKH,
MPUHUMATD TTHIIY.

3.6. 3anpemniaetcs r060€ Prznyeckoe BMEaTeIbCTBO BO BpeMsi uX padboTel 3D—-mnipuHTepa,
32 UCKJIFOUEHHEM HKCTPEHHON OCTAaHOBKU MeYaTH UM aBaPUHHOTO BBIKIIIOYECHHUS.

3.7. 3ampeniaercsi OCTaBJIATh BKIOYEHHOE 000py0BaHue 0€3 IpUCMOTpa.

3.8. 3amperniaeTcs KJIacTh MpeAMETHI Ha WU B 3D—mipunTep.

3.9. CTporo BBINONHATH 001IME TPEOOBAHUS MO AINEKTPOOE30MACHOCTH U MOKAPHOH
6e30macHOCTH, TpeOOBaHUS JAaHHOU uHcmpykyuu no oxpare mpyoa npu pabome na 3D—
IIPUHTEPE.

3.10. CamocTosTenbHO pa3dupaTh U MPOBOIUTH peMOHT 3D—TIpuHTEpa KaTeropuuecku
3anpeniaercs. 3T padoThl MOXKET BBIIOJIHATH TOJIBKO CIIEIIUAIIHCT.

3.11. CymmapHoe BpeMs HEOCpeACTBEHHOM paboThl ¢ 3D—npuHTEpOoM B TeueHHEe pabodero
IIHS TOJDKHO OBITEH He Oosiee 6 4acoB.

4.TpeboBanusi 6€30MaCHOCTH 1OCIIe OKOHYaHUs paboThl ¢ 3 D —mpuHTEpOM
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4.1. Otxirounth 3D—TIpUHTED OT DJIEKTPOCETH, JIS YETO HEOOXOAMMO OTKIIIOUUTh TyMOJIEep
Ha 3a/IHeH YacTH, a MOTOM BBITALIUTD HITENICENbHYIO BUIKY U3 PO3ETKH.

4.2. CHATB ¥ IPpOTEPETH CTOJMK 3D—MpuHTEPa, OCTHIBIINN JO KOMHATHON TEMIIEPATYPHI,
YUCTON BIaKHOW TKaHbIO, TMOO0 MIPOMBITH IPOTOUHON BOJIOH U BBITEPETh HACYXO.

VY CTaHOBUTH CTOJIMK OOpPaTHO.

4.3. Yopatp pabouee mecto. OOpe3ku miacTuka u Opak yoparb B OTJENbHBINA HAKeT JUIs
nepepadoTKH.

4.4. TwareabHO MPOBETPUTH TOMENIEHUE ¢ 3D—npuHTEPOM.

2. «M3yyeHMe OCHOB TEXHMYECKOro YyepyeHua» (54.)

Teopernueckoe 3auaTue(l4.) «BBeaenue»

Ienp ypoka: 3HaTh onpeaeneHue u npumeHenue 3J[ rpaduku 1 TpeXMepHOro
MO/JIJIMPOBaHUsL, IporpamMmsl Jutst padotsl ¢ 3 /1 rpadukoi;

3anauu:

Obpaszoseamenvhas: TTO3HAKOMHUTHCS C dTariaMu noxydeHus 31 nzodpaxeHus,
MIPOrpaMMHBIMH MTAKETaMH, TIO3BOJISTIOIIUMHE CO3/1aBaTh TPEXMEPHYIO rpaduKy.
Passusatowasn: pa3BuTie UHTEpeca K NpeaAMETY; pa3BUTHE CIOCOOHOCTh aHAIU3UPOBATh U
0000111aTh, 1eJ1aTh BEIBOILI.

Bocnumamenvhas: BOCIUTaHNE aKKypaTHOCTH, TOYHOCTH, CAMOCTOSITEIIHHOCTH;

310poBbe coeperaroias: coOI0JeHUE CAaHUTAPHBIX HOPM IIPHU paboTe C KOMIIBIOTEPOM,
co0JII0/ICHHE TPAaBUJI TEXHUKH 0€30I1aCHOCTH, ONTUMAaJIbHOE coueTaHue (opM 1 METOJIOB,
MPUMEHSEMBIX Ha YPOKE.

X0/ YPOKA

OpraHn3annOHHBIA MOMEHT.

Coo0b1ienne TeMsl 1 Lielel ypoka.

W3yuenune HoBOro Marepuaia. (yJamiecs 3alucbiBalOT MaTepUai B TETPaab CAMOCTOSATEIBHO
0 X0y OOBSICHEHHUS)

3D - tpéxmepHas rpaduka

TpéxmepHas rpaduka - pasjiesn KOMIbIOTEPHOH IpaduKH, COBOKYITHOCTh IPUEMOB U
MHCTPYMEHTOB (KaK MpOrpaMMHBIX, TaK M alnapaTHbBIX ), IpeHa3HAYeHHBIX IS

n300pakeHus 00bEMHBIX OOBHEKTOB.
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TpéxmepHoe n3o0pakeHue Ha MIOCKOCTU OTINYAETCS OT ABYMEPHOIO TEM, YTO BKJIIOYAET
MMOCTPOEHUE T€OMETPUUYECKON TPOECKLIUH TPEXMEPHOU MOJIENN CLIEHBI HAa INIOCKOCTh
(HampuMmep, FKpaH KOMIIBIOTEPA) C IOMOIIbIO CIELMATU3UPOBAHHBIX [TPOTrPAMM.
TpexmepHas MOENb
Mogenb MOXET KaKk COOTBETCTBOBATh 00BEKTAM U3 PEaIbHOTO MHpa (aBTOMOOUIIH, 3AaHUS,
IUTaHEeTa, KOMETa), TaK M OBITh TOJHOCTBIO a0CTPAKTHOM (IIPOEKIIHS YETHIPEXMEPHOTO
dpakraina).
[Ipumenenue
o TpéxmepHas rpaduka akTUBHO PUMEHSETCS JIUIs CO3/IaHUS N300pakeHU Ha
IJIOCKOCTH 3KpaHa WY JIMCTA ME€YaTHOM NPOJYKLIHU B HAYKE U IPOMBILIIEHHOCTH,
HaIpUMep B CHCTEMax aBTOMaTU3aluu NpoeKTHIX padot (CAIIP; mist coznanus
TBEPAOTEJIbHBIX AIEMEHTOB: 3[JaHUil, IeTajlell MalllMH, MEXaHU3MOB), apXUTEKTYPHOU
BU3YalIHM3aIiu (CI0JIa OTHOCUTCS U TaK Ha3bIBaeMasi «BUPTYaIbHAsl apXEOJIOTHS»), B
COBPEMEHHBIX CUCTEMAX MEAUIMHCKON BU3yaJIn3al1u.
e (Camoe mMpPOKOe MPUMEHEHHUE - BO MHOTUX COBPEMEHHBIX KOMITBIOTEPHBIX UTPax.
e Takxe Kak 2JeMEeHT KHHeMarorpada, TeJIeBUACHUSI, TeYaTHON MpoayKiuu.(31
MyIbThL 31 GunbMbL, 31 GOTO U KapTHUHBI)
[IporpamMmmMHoe obecrieueHue
[IporpaMMHBbI€ MaKeThl, MO3BOJISIOUINE CO3/]aBaTh TPEXMEPHYIO IpaUKy, TO €CTh
MOJIETUPOBATh OOBEKTHI BUPTYaIbHOW PEAIbHOCTH U CO3/1aBaTh HA OCHOBE 3TUX MOJeNen
n300pakeHus], OUeHb Pa3HOOOPa3HBI.
JIunepamu B 3TOH 001aCTH ABISIOTCS KOMMEpPUYECKHE POAYKThI, TAKHE KaK:
Autodesk 3D Studio Max
Autodesk Maya
Autodesk Softimage
Maxon Computer Cinema 4D
Blender Foundation Blender
Side Effects Software Houdini

Maxon Cinema 4D

TpexmepHoe n300pakeHne Ha MITIOCKOCTH.

Mooenuposanue - co3ganue TPEXMEPHON MaTEMaTHIECKON MOJIETHN CIIEHBI U 0OBEKTOB B HEH.
Texcmypuposanue - Ha3HAYEHHE MIOBEPXHOCTSIM MOJIENIEH PaCTPOBBIX MIIM MPOLIETYPHBIX
TEKCTYyp (MOoapa3yMeBaeT TaKKe HACTPOUKY CBOMCTB MaT€pPHAIIOB - MPO3PAYHOCTb,

OTpa)keHHUs, IEPOXOBATOCTH U TIP.).
21



Ocsewenue - yCTaHOBKA U HACTPOIKA MCTOUHMKOB CBETA.
Anumayust (B HEKOTOPBIX CITydasix) - IPUIAHUE IBIKEHUS 00BEKTaM.
Hunamuueckas cumynayus (B HEKOTOPBIX CIy4asix) - aBTOMATUYECKUNA pacyeT
B3aUMOJICHCTBUSI YaCTHUL, TBEPIBIX/MATKHUX TEJ U IIP. C MOJEIUPYEMBIMU CUIIAMU
I'paBUTALIMHU, BETPA, BEITAIKUBAHMS U JIP., @ TAKXKE JIPYT C IPYTOM.
Penoepune (Bu3yanuzaiusi) - OCTPOSHUE MPOCKIIUU B COOTBETCTBHH C BEIOpaHHOU
¢bu3nIecKoil MOJIENbIO.
Bv1600 nonyuennozo uzobpasicenuss Ha yCTpOMCTBO BBIBOJIA - AUCIIIEH WIIM IIPUHTED.
TpexmepHsble quciien
Tpéxmepnsle, miu crepeockonunyeckue aucried, (3D displays, 3D screens) - aucruien,
MOCPENICTBOM CTEPEOCKOTTMYECKOTO I KaKOTO-TT00 Ipyroro s ¢eKxTa co3aaromme
WUTIO3UIO PEATbHOT0 00bEMA Y IEMOHCTPUPYEMBIX N300paskeHH.
B Hacrosiee Bpems noaasistoniee 60IbIIMHCTBO TPEXMEPHBIX M300paKeHUH MTOKa3bIBACTCS
IIPH IOMOIIM CTEPEOCKONNYEcKOro 3¢dekra, kak Hanboee JErKOro B peaan3aliu, XOTs
WCIIOJIH30BAHUE OJHOM JIMIIb CTEPEOCKONINHU HETIb3sl Ha3BaTh JOCTATOUYHBIM 11 00BEMHOTO
BOCHIpUATH. YesoBeuecKui 1i1a3 Kak B 1ape, Tak U B OJUHOUYKY OJUHAKOBO XOPOLIO
oTiInyaeT 00bEMHbBIE 00BEKTHI OT INIOCKUX U300paKeHUH.
[IpocmoTp ponuka «Mcropust co3ganust TpeXMepHOU rpadukm»
Kunorearpsi ¢ 3D
Vcnonb3oBanue st 0003HaUYEHUS CTEPEOCKOMUYECKUX (PUIBMOB TEPMUHOB «TPEXMEPHBII»
i «3Dy cBS3aHO € TeM, UTO IPU MPOCMOTPE TAKUX (PUIBMOB y 3pUTENs CO3MaETCs MILTIO3US
00BEMHOCTH M300paXKEHHUS, OUTYIIEHUE HATHYHS TPETHET0 U3MEPEHUS - TITyOHMHBI 1 HOBOM
Pa3MEpHOCTH MIPOCTPaHCTBA yke B 4D.
Ha ceroansuauii nens npocMoTp ¢uiibMoB B popmate «3D» cTanm oueHb NomyasspHbIM
SIBIICHHEM.
OCHOBHBIE HCIIOJIb3YeMbIE B HACTOSIIEE BPEMsI TEXHOJIOTHH MTOKa3a CTEPEOPHIEMOB:

e Dolby 3D

e IMAX3D
OuskynbTMHUHYTKA (1 MUH)
Lemu binonnAI0m 08UdCEHU NO MEKCMY.
Bnox u Beiox!
Pa3 — npucenu!
J1Ba — npuscranu!
Tpu — HarHyUCB!

W nocranu 10 HOCKA OJJHOM PYKOMA.
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YeTbipe — HarHyIUCH!

N nocranu 1o HOCKA Ipyron pyKomu.

3D-nipunTEp
e  VYCTpOHCTBO, UCIIOJNIB3YIONIEE METO CO3JaHus (PU3UUECKOT0 OObEKTa Ha
OCHOBE BUPTYaJIbHOU 3D-moxaenu.
e 3D-meuyaTh MOXKET OCYIIECTBISITHCS PA3HBIMH CIIOCO0AMU U C UCIIOJIb30BaHUEM
pa3IMYHbIX MaTepUaIoB, HO B OCHOBE JIOOOT0 U3 HUX JICKHUT MPUHIIUIT
MOCIIOWHOTO CO31aHus (BhIpAIIMBAHNS ) TBEPIOTO OOBEKTA.
3akpernieHue MpoIEHHOro MaTepuaa:
B yem oTinuune TpexmepHoil rpauKu OT ABYMEPHOTO H300paxeHus?
HazoBute npumeps! 311 Mojieei.
UYro Takoe peHaepuHI?
['ie mpuUMEeHSIOT TpeXMEpHBIE H300paKeHUs?

Kakoii npuHimn neyatu Gpu3nueckoro o0beKTa JIexHuT B ocHoe 3D neuatu?

Teopernueckoe 3auaTue(14.) «Pa3sBuTHe HOBbIX TEXHOJOTHIi.»

Hcropus 3D MopenupoBaHus: OT NEPBBIX IIaroB 1O COBPEMEHHBIX TEXHOJIOTHH

3D MozaenupoBaHue CTaI0 HEOTHEMIIEMON YacThI0 MHOYKECTBA OTpaciel, BKI0Yast
apXUTEKTYpY, KUHO, BUIEOUTPHI U IPOMBILIUICHHBIHN 1u3aifiH. C MOMEHTa CBOETO MOsBICHUS
9Ta TEXHOJIOTHUS IPOILIA IOJITUH ITYTh, IPETEPIIEB 3HAUNTENIBHBIE U3MEHEHUS U
YCOBEpPILEHCTBOBaHUSA. B 3TOM cTatbe Mbl pacCMOTpPUM HcTOpHI0 3D MoaenupoBanusi, €ro
pa3BUTHE U BIMSHUE HA COBPEMEHHOE OOIIECTBO, a TAK)KE MO3HAKOMHUMCS C BO3MOXKHOCTAMU
oOy4eHwus.

[lepssie maru B 3D MonenupoBanuu

Ucropus 3D monenupoBanus HaunHaetcs B 1960-x rogax, Korja nosBUJIMCH IEPBbIE
KOMIIbIOTEpHBIE rpaduyeckre cucreMbl. OMHUM U3 MMOHEPOB B 3TOI obsactu 6611 ViBaH
Cazepnienn, kotopbiit B 1963 romy paspabdoran Sketchpad. Ota mporpamMmma mo3Boisisia
10JIb30BATENISIM PUCOBATh U MAHUIYJIUPOBATh I'paUueCKUMU 00BEKTaMHU Ha SKpaHe
kommnbioTepa. Sketchpad cunraercs nmpeamecTBEHHUKOM COBPEMEHHBIX rpauuecKux
uHTEep(EICOB U MOTOKMIIA HAYAJI0 Pa3BUTHIO KOMIIBIOTEPHON IpaduKu.

B 1970-x romax Hauanock akTUBHOE pa3BUTHE alnropuT™MoB s 3D monenupoBanus. OiHuM

M3 3HAYUTCIBHBIX )IOCTI/I)KCHI/II\/'I OTOro nepruoaa CTajIo CoO3aaHrue METOJa MOJUTOHAJIBHOI'O
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MOJIETTUPOBAHUS, KOTOPBIN MO3BOJISLI MPEACTABIATH TPEXMEPHBIE OOBEKTHI C TTOMOIIIBIO
IJIOCKUX MHOTOYTOJIBHUKOB. JTO OTKPBITUE CTAJI0 OCHOBOM JIJIsl AalibHEHIIero pa3sutus 3D
rpaduKu ¥ MOJICITUPOBAHUSI.

DBoJIOLMS TeXHOJIOru B 3D MoenupoBaHnuu

C xonua 1970-x u go Hadana 1990-x ronos 3D mMonenupoBaHue Mpoao0JIKaio pa3BUBATHCS
Onarosaps yJay4dIlIeHUIO BEIYHCIUTEIbHBIX MOITHOCTEH KOMIIBIOTEPOB U MOSBICHUIO HOBBIX
IIPOrpaMMHBIX perieHuit. B 3To Bpemst Obutn pazpaboTansl Takue nporpammsl, kKak AutoCAD
u 3D Studio, KOoTOpbIE CTaI NOMYJISAPHBIMU CPEIU APXUTEKTOPOB U TU3aHHEPOB.

Baxxnble sTansl B pa3Butuu 3D MoeIupoOBaHUs:

e 1980-€ roapl: MosIBIEHMUE MEPBBIX KOMMEPUYECKUX ITporpaMm Juist 3D moaenupoBaHus,
Takux kKak Alias.

e 1990-e roapl: pa3BUTHE TEXHOJIOTUN PEHIEPUHTa, TakNX Kak Ray Tracing, koTopsie
MO3BOJIMITH CO3/1aBaTh 00Jiee pealuCTUUHbIE H300paKEHUS.

e 2000-e roapl: MOSBICHNUE POTPAMMHOTO 00ECTICUEHHSI C TIOJIEPKKOH (PrU3HIecKoro
penaepunra (Hampumep, V-Ray), 4To 3HaUUTENHHO YAYUIIUIO Ka4e€CTBO
BHU3yaJIU3alUH.

CoBpeMeHHbIE TEXHOJI0TUU 3D MoeMpoBaHus UCIIOJIb3YIOT CIIOAKHBIE AITOPUTMBI U METO]IbI
IUTSL CO3JIaHMsI PEaTUCTUYHBIX 00BEKTOB. B mocieanue roapl HabI0aeTcs pocT
MOMYJISIPHOCTH TEXHOJIOTHH TOMOJHEHHON M BUPTYaJIbHOM pealbHOCTH, KOTOPBhIE OTKPHIBAIOT
HOBBIE TOPU3OHTHI JU1s ipuMeHeHus 3D rpaduxu.

CoBpeMEHHBIE TEXHOJIOTUN U UX IIPUMEHEHUE

Ceronns 3D MozaenupoBaHue HaXOAUT CBOE IPUMEHEHHE B CAMBIX PAa3JIMYHBIX cepax:

1. ApxutexTopsl Ucnoyb3ytoT 3D Mozenu A BU3yalnu3aluu 3JaHUi 1 UHTEPhEPOB,
TaKUM 00pa3oM KJIMEHT Jy4lle MpeJICTaBIIseT MPOEKT A0 Hayalla CTPOUTENILCTBA.

2. Cozpanue cnenddexToB U aHUMAIUK B (pUIbMax HEBO3MOXKHO 6e3 3D
MozenupoBanus. [lonmynspueie 6mokb6acTeps! yacTo ucnoiabdytor CGI (computer-
generated imagery) Jy1sl CO37JaHUs BIICUATIISIONIUX CIICH.

3. Pa3pabotka urp TpedyeT co31aHusi TPEXMEPHBIX MOJETICH MepCoHaXel, OKpY>KEeHHs U
00beKkTOB. COBpEMEHHBIE UTPOBbIE JIBMXKKH MTO3BOJISIOT CO3/1aBaTh
BBICOKOKAUECTBEHHYIO rpauKy B pealbHOM BPEMEHH.

4. UmxeHepsl u au3aitHepsl ucnonb3yoT 3D MoaenupoBanue i pa3pabOTKH HOBBIX
IIPOJYKTOB, YTO MO3BOJISET COKPATUTh BPEMS HA IPOTOTUIIMPOBAHNE U TECTUPOBAHNUE.

IIpumeps! ucnonb3oBanusd 3D MoaenupoBaHus:
o (Co3nmanue MpOTOTUIIOB aBTOMOOMIIEH ¢ ncrnonb3oBanneM CAD-cucrem.
o PazpaloTka MeIULIMHCKUX MOJENEN JUIsl XUPYPru4eCKON MPaKTHKH.
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Hcnonp3oBanue 3D neyaTu 11l IPOU3BOJACTBA JETaJEH U KOMIIOHEHTOB.

Teoperndeckoe 3auaTue(14.) «3agauy 1 npodJaeMbl Pa3BUTHS TEXHOJIOTHIi B

COBPEMEHHOH KM3HHU.»

HeKOTOPLIe 3ala'viM pa3BUTUA TEXHOJIOTHIl B COBpeMeHHOﬁ JKHU3HU:

OnTumu3zanus nporeccoB. TexXHOIOrHH MOMOTal0T PEryIupoBaTh NpoOIeMbl BO BCEX
00JacTax AeSITeTbHOCTH, PACIIUPSAIOT BHYTPEHHUE U MEXKAYHAPOIHBIC CBS3H.
Co3nanue HOBBIX pabounx MecT. [loBcemecTHOE HCTOIB30BaHNE HH(POPMAITHOHHBIX
TEXHOJIOTUH CIIOCOOCTBYET MEepeKBaTU(PUKALUU KaJPOB U CHHKEHUIO YPOBHS
0e3paboTHIIbI.

Brnusinue Ha MequuHy, oOpa3oBaHKe U IPABOOXPAHUTENbHBIE OpraHbl. BHeapeHue
TEXHOJIOTUH B 3TU cepbl IPUBOIUT K 00Jiee KaYeCTBCHHON paboTe CTPYKTYp U Ooee
rITyOOKOMY B3aMMOJICHCTBHIO C HACEJICHUEM.

DTUYecKue 1 SKoJoruueckue acnekTbl. C pa3BUTHEM TEXHOJIOTHI BOSHUKAIOT HOBBIE

OTHYCCKHEC U SKOJIOITHMYCCKHUEC BOIIPOCHI, KOTOPLIC Tpe6y}0T BHHMMaHHA U OCMBICIICHH .

HeKOTopble l'lpOﬁ.]'leMbl pPa3sBUTUA TEXHOJIOTHIl B COBpeMeHHOﬁ JKHU3HU:

YcrapeBanue TexHonoruid. MHpopMalnoHHble TEXHOJIOTUN YCTapEeBatOT U
3aMEHSIOTCSI HOBBIMH, 00JIee COBPEMEHHBIMH.

ITpo6nema BbIOOpa onpeaenéHHON TexHOI0ruU. Ha pbIHKe npencTaBiieH MupoKuit
CIEKTp pelIeHUH, pa3padOTaHHBIX Pa3INYHBIMU IPOU3BOAUTENSAMU IO Pa3HbIM
MPUHILIMIIAM, aPXUTEKTYypaM U (PYHKIIMOHAIBHBIM BO3MOKHOCTSIM.

[udposoe HepaBeHCTBO. YacTh HaceneHHs OCTAETCS OTCTPAHEHHOM OT HOBEHIIINX
TE€XHOJIOTUYECKUX JOCTHKECHHUMN.

HexBaTka KkBanmuuIupoBaHHBIX CHENHUATUCTOB. MHOTHE poccCUiiCKe BBITYCKHHKH,
o01as1ast BBICOKOKBAJIM()UIIMPOBAHHBIMU 3HAHUSIMU, IPEANIOYUTAIOT paboTaTh 3a
PYyOEKOM, UTO HEraTUBHO CKA3bIBACTCS HA PA3BUTHU TEXHOJIOTHUECKOM CepHI.
Cnabas TexHMYecKast OCHAIIEHHOCTh 00pa30BaTeNbHBIX yupexaeHuil. bonee uem B
30% cenbCcKUX LIKOJI HET JOCTyNa K MHTEPHETY WM UCIIOJIb3YEeTCsl yCTapeBIlee
o0opynoBaHue, 4yTo Jenaer o0yuyeHne nHpopMaTHKE U MPOTPaMMHUPOBAHUIO

HEd(PPEKTUBHBIM.

Teopernueckoe 3ansgTne(14.) «M3yueHue 0CHOB TEXHHYECKOT0 YePUYEHHUA»
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OCHOBBI TEXHMYECKOI'0 YepYeHHUs!

[IpakTHyeckn BO BCEX TEXHUYECKHUX JAUCHUILTMHAX BOSHUKAET HEOOXOIMMOCTh N300paskeHUs
00BEKTOB, JIeTalIel U T.II., KOTOPbIE Obl UNTAIKUCh U PACIIO3HABAINCH BCEMH OJMHAKOBO.
ViMeHHO 1151 9TUX LIeJiel cylIecTBYIOT YHU(DUIIMPOBAHHbBIE YEPTEKHU U MPaBUIIa UX
HCIIOJIHEHUSI.

1. ®opmatsl

Bce yepTexu BHIIONHAIOTCS Ha IMcTax Oymaru crannaptHoro ¢popmara. opmatel TUCTOB
OyMmaru onpeaeNsroTcs pa3MepamMu BHEIIHEH paMKH yepTexa. OHa MpOBOAUTCS CIUIOUTHON
TOHKOM JiHUEH (Tonmmua ~ 0,4 MM). JIMHUS paMKu YyepTeka MPOBOJIUTCS CILTOIIHON
TOJICTOM OCHOBHOM JIMHKEN Ha pAacCTOSHUU 5 MM OT BHelIHel pamku. CiieBa aj1s IOAIIMBKY
octapisitoT noine mupuHor 20 mm. CtangaptoM (I'OCT 2.304 — 68) ycTaHOBIIEHBI
0003HAYEHUS U COOTBETCTBYIOIIME UM pa3Mepbl CTOPOH (GOpMATOB, KOTOPBIE MIPUBEACHBI B
tabmume 1.1.

Tabmura 1.1

O6o3HaueHue popmara

A0 Al A2 A3 A4

(841x1189) (594x841) (420x594) (297x420) (210x297)

Kpome yka3aHHBIX HCIIONIB3YIOT Takke opMaThl KpaTHbIE CTaHAapTHBIM. Hanpumep 3anuch
A2xX3 03Ha4aeT, YTO JIMCT UMEET pa3Mep TPEX MOCIEI0BATEIBHO YIOKEHHBIX JIUCTOB
cTaHzapTHoro gopmara A2.

2. OcHOBHas HaJIUCh

OcHOBHas HAJJMUCh YepTeXkKa pacroiaraeTcs B IpaBoM HUKHEM yriy (opmara. Dopma,
pa3Mepsl U cojiepkanue rpad OCHOBHOM HAJIMUCH YCTAaHABIUBAIOTCS JICUCTBYIOIIMMHU
cragnaptamu ('OCT 2.104-2006). B ocHOBHOIi Haamucu 00s13aTENbHO YKa3aHO:
HaMEHOBaHME U3Jeusl, 0003HaUeHHE YepTeka, MaTepuall 1eTajld, HAMMEHOBaHUE
MPeANPUATHSI-U3TOTOBUTENS UEPTEKA.

B neBom BepxHeM yriy ueprTexa, B pamke pazmepoMm 14x70 MM. 3anuceiBaeTcs 0003HaYCHHUE
4yepTexa, nopepHyToe Ha 180°.

3. Macmraosl

N300paxeHune npeaMera Ha YepTeke MOKET ObITh BHIIIOJIHEHO B HATYPaIbHYIO BETUUYHHY,
YMEHBIIIEHHBIM UM YBETUYEeHHbIM. OTHOIIIEHNE BCEX JTMHEMHBIX pa3MepoB N300paxKeHUs
npeaMeTa Ha 4yepTeke K MX HaTypallbHOM BeIMYMHE HA3bIBAETCS MACIITA0OM B COOTBETCTBUU

¢ aeiicrByrommmu 'OCT 2.302 — 68.
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N300paxeHnue npeaMera Ha YepTeKe B MaclliTabe yBEIMUEHUS WIM YMEHbIIICHUS HE
MpeycCMaTpUBAET IeJIeH ONpeIeNieHUs ero pa3MepoB, MO3TOMY, HE3aBUCUMO OT MaciiTada
M300paKeHUsl, pa3Mephl Ha YePTEKe IMPOCTABIICHEI ICHCTBUTENbHBIE. MacmTad B OCHOBHOM
HaJMCcH YepTexa obo3Havaercs rmo tumny 1:1; 1:2; 2:1 u 1. 1. Macmra0Obl n300paxeHus,
OTJIMYAIOLIMECA OT YKa3aHHOI'O B OCHOBHOM HA/MKCH YEPTEXaA, YKa3bIBAIOT HEIIOCPEICTBEHHO
MOCJIe HA/IIMHUCH, OTHOCSIIIEHCS K JAaHHOMY H300paxkeHuto, o tumy: A (1:10), A — A (2:5).

4. JIuauun

OCHOBHBIMU 3JIEMEHTaMH JIFO00T0 YepTexka SIBISIFOTCS IMHUU. B 3aBUCHMOCTH OT UX
Ha3HAYEHUS] OHU UMEIOT COOTBETCTBYIOIIHME TUIT U TOJIIUHY. 300pakeHus mpeIMeTOB Ha
YepTeKe MPEICTaBIAI0T COOOH coueTaHne JMHUN pa3auuHbix TunoB u TomuwH (I'OCT 2.303
—68).

CroirHasi TOJCTasi OCHOBHAS JIMHUS MPUHSATA 32 ucxoaHyto. Ee Tommuna S BeiOupaercs B
npezaenax ot 0,6 1o 1,5 mm. Mcxoas U3 TONIIUHBI CIUIOIIHOW TOJICTOM OCHOBHOM JIMHUH,
BBEIOMPAIOT TOJIIIMHY OCTAIBHBIX JIMHHM.

CrmutonrHasi TosicTast IMHUS OCHOBHAs. TOMNIIMHA JIMHUY 110 OTHOLIEHUIO K TOJIIIMHE OCHOBHOM
nuHud - 0,6...1,5 MM S. OCHOBHOE Ha3HAYEHUE: JIMHUHU BUAUMOrO KOHTYpA; JIMHUU IIEpexoaa
BUJIUMBIC; TUHUH KOHTYpa CeueHus (BBIHECEHHOTO U BXOJSIIETO B COCTaB pa3pesa).
CmutonrHast Toukasi. ToJHa JIMHUY 110 OTHOIIEHHUIO K TOJIIIMHE OCHOBHOM JIMHUH -

o1 S/3 1o $/2. OcHOBHOE Ha3HAUYEHUE: JUHUU KOHTYpa HaJIO’)KEHHOTO CEYEHUS; JIMHUN
pa3MepHbIE U BBIHOCHBIE; TMHUU IITPUXOBKU; TMHUU-BBIHOCKHU; MTOJKU JTUHUI-BBIHOCOK U
MOIYEPKUBAHUS HAIUCEH; TMHUU ATl N300pakeHUs TOTPAaHUYHBIX JeTajel
(«oOcTaHOBKaY); IMHUM OTPAaHUYEHHUS BBIHOCHBIX AJIEMEHTOB Ha BUAX, pa3pe3ax U CEUCHUSX;
JIMHUY TIepexo/ia BooOpaxkaembie (CIeIbl TIIOCKOCTEH, TMHUU MTOCTPOSHUS XapaKTEPHBIX
TOYEK MPU CHEIHUATBHBIX MTOCTPOSHUSX).

CmutontHast BoHUCTast. TONIIMHA TUHUY IO OTHOIIEHUIO K TOJIIIMHE OCHOBHOM JIMHUH -

ot S/3 1o S/2. OcHOBHOE Ha3HAUCHUE: TUHUU OOPBIBA; TMHUHU Pa3rpaHUUCHUS BUIA U pa3pesa.
[lITpuxoBas. TonHA JUHUY IO OTHOIIEHUIO K TOJIIIUHE OCHOBHOM JIMHUU -

ot S/3 10 S/2. OcHOBHOE Ha3HAYEHUE: TUHUU HEBUJIMMOIO KOHTYPA; IMHUU [Iepexo/ia
HEBUJIUMBIE.

[ tpuxnmyHKTHpHAS TOHKAs. TOJIMHA JIMHUY 110 OTHOIIEHUIO K TOJIIITUHE OCHOBHOM JIMHUU -
oT S/3 110 S/2. OCHOBHOE Ha3HAYEHHUE: JINHUU OCEBBIE U LIEHTPOBBIC; JIMHUU CEYEHUN,
SIBJISIFOLIIMECS. OCSIMU CUMMETPHUU ISl HAJIOKEHHBIX MM BBIHECEHHBIX CEUCHUI.

[ tpuxnyHKTUpHAs yToiieHHas. TomurHa JIMHAY 110 OTHOUIEHUIO K TOJIIIMHE OCHOBHOM

nuHuN - ot S/3 1o (2/3) S. OcHOBHOE Ha3HAUEHUE: TMHUHU, 0003HAYAIONINE TOBEPXHOCTH,
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MOJIeKAITNE TEPMOOOPaOOTKE MU TIOKPBITHIO; IMHUU TSI H300payKEHUS SJIEMEHTOB,
PAacIIONIOKEHHBIX MePe] CEKYIEH MITOCKOCThIO («HAJIO0XKEHHAS TIPOCKIIHS).
PazomknyTas. TosniuHa JMHUY IO OTHOIIEHHUIO K TOJILIMHE OCHOBHOM JIMHUU - OT S 10 1,5 S.

OCHOBHOE Ha3HAUYCHHUE: JTUHUU CC‘ICHHﬁ, JJIMHHBIC JINHUNU 06pBIBa.

Teopernueckoe 3auaTue(14.) «Buabl n3aenii 1 KOHCTPYKTOPCKHX JTOKYMEHTOB. O01ue

onpeacJIcHudA.»

N3penne — enquHuna MPOMBINUIEHHONW NIPOAYKIIMH, KOJIMYECTBO KOTOPOM MOMKET
HCYMCIATHCS B IITYKaX WK K3EMIUISIpax. B KOHTEKCTE KOHCTPYKTOPCKON JOKYMEHTAIUU
U3JICJIEM CUMTAETCs JIF0O0H MpeMeT U Habop MPEeIMETOB MPOU3BOCTBA, MOJIEKALINX
U3TOTOBJIEHUIO Ha NIPEANIPUATHH.
Hekortopsie BubI n31€1MI:
e Ilo KOHCTPYKTUBHO-(PYHKIIMOHAIBHBIM XapaKTEPUCTUKAM:
o Jeranb (M3roTaBIMBAETCS, KaK IPaBUIIO, 0€3 NpUMEHEHUs COOPOUHBIX
OTIepaIIHii ),
o cOopouHas equHHIA (BKIIOYAET B ce0sl COCTaBHBIE YACTH, COSAMHEHHBIC
MeX1y co00l COOPOYHBIMU ONEPALIUSMU);
o KOMIUIEKC;
o  KOMIIJIEKT.
o [lo Ha3zHauyeHuto:
o H3/eIue OCHOBHOTO MPOU3BO/ICTBA;
0 H3JEIHUe BCIIOMOraTeIbHOIO IPOU3BO/ICTBA.
o [Ilo pa3pabortke:
o Hu3Aenue coOCTBEHHOM pa3paboTKH;
o 3aMMCTBOBAaHHOE WU3JIEIIHE;

KOOIIepUpOBaHHOE U3zienue (1o pa3paboTke);

O

o TOKYIHOE U3/ENHNE.
e [Ilo cranmaptuzanuu:

o OpUTMHAJIBHOE U3/EIHE;

o YHU(UIUPOBAHHOE U3JIEINIUE;

o CTaHAApTHOE U3JIEIHE.
o [Ilo ctpykrype:

o crneuu(UIUPOBAHHOE U3/IEITHE;
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o Hecrenu(pUIMPOBAHHOE U3/IEITHE.
o [lo 3aBepmIEHHOCTH POU3BOJICTBA:

o mnoxydadbpukar;

o 3aroToOBKa;

o 3azen (He3aBepUIEHHOE IPOU3BOJICTBO);

o TOTOBOE M3JeNHe (3aBEPIIEHHOE TPOU3BOCTBO).
KoHcTpyKkTOpCKHE TOKYMEHTHI Pa3IeNsioT Ha rpaduyeckue (4epTexn) U TEKCTOBBIE,
KOTOpBIE B OT/IECILHOCTH MJIM B COBOKYITHOCTH OMPEIEINISIOT COCTaB U YCTPONCTBO U3EIHS U
coJiep>KaT HeOOXOAUMBbIE JaHHbIE JJIsl €r0 pa3pabOTKU, U3TOTOBIICHUS, KOHTPOJIS, TPUEMKH,
HKCIUTyaTallii U PEMOHTA.
Hexkotopsie BUIbI KOHCTPYKTOPCKUX JTOKYMEHTOB:

e Ueprex — rpaduueckuil KOHCTPYKTOPCKUM JOKYMEHT, OMpe eSO
KOHCTPYKLHMIO U3JICIHS U COIEPIKAIUI CBEIeHUs, HEOOX0UMbIe AJis pa3padoTKH,
H3TOTOBJICHUS, KOHTPOJIA, MOHTAXXa U SKCILTyaTallui U3JCJIMA, BKIIIO4Yas €ro pcMoOHT.

e TekcTOBbIE KOHCTPYKTOPCKHE TOKYMEHTBI — CO/IepKaT HH(OpMaIiio 00 U3Iennuu B
BU/JIE TEKCTOB, KOTOPBIE MOTYT OBITh MIpe/ICTaBICHBI B (hopMe TabIull, nepeuneit u
T. 1. (cnenuduKanuy, BeIOMOCTH MOKYIHBIX W31, TEXHUYECKUE YCIOBUS,
ITIOSACHUTCJIBHBIC 3aIlUCKH U T. I[.).

e OCHOBHOI KOMILIEKT KOHCTPYKTOPCKUX IOKYMEHTOB — KOMIUIEKT KOHCTPYKTOPCKHUX
JOKYMEHTOB, OTHOCSIILIUXCSL K JAHHOMY M3/1eIHI0 B 11esioM. KoHCcTpyKkTOpcKue
JOKYMEHTBI COCTaBHBIX YacTell B OCHOBHOM KOMIUIEKT JOKYMEHTOB U3JIENINs He
BXOIAT.

o [loJHBIN KOMIUIEKT KOHCTPYKTOPCKUX JIOKYMEHTOB — KOMIUIEKT KOHCTPYKTOPCKHX
JOKYMEHTOB, COCTOSIIIIUI U3 OCHOBHOTO KOMILIEKTa KOHCTPYKTOPCKHUX JTOKYMEHTOB Ha
JAHHOE U3JIeJINE U OCHOBHBIX KOMIUIEKTOB KOHCTPYKTOPCKUX JIOKYMEHTOB Ha BCE €T0
COCTaBHBbIC YaCTH, HpI/IMeHéHHBIC 10 CBOUM OCHOBHBIM KOHCTPYKTOPCKHUM

AOKYMCHTaM.

3. «3HaKoMCTBO c nporpammon no 3D-mogennposaHmio» (184.)

Teopernueckoe 3anaTne(14.) «IIpasuia opopmiaeHus yeprekeid.»

Hemu:
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O6pazoBatenpHas (HOPMUPOBATH TEOPETHUECCKUE 3HAHUS O TPAPUISCKUX U300pAKEHUAX, UX
BUJIAX M POJIH B Nepeaayd HH(OpMAIIHH;

Pa3BI/IBaIOH_[a$I Pa3BUBATH IO3HaBaTEIbHbBIN HHTCPEC, JIOTUICCKOC U KPUTUYCCKOC MBIIIIJICHUC,
HaBBIKH aHATMTHYECKOW JCSITEIBHOCTH; (HOPMUPOBATH KYJIBTYPY TPYy/la, pa3BUBATh
ACTETUYECKUHN BKYC;

BocnuraTensHasi BOCIHUTHIBATH TPYIOII00HE, OEPEKITUBOCTD, aKKYPaTHOCTb,

OTBCTCTBCHHOCTD 3a PC3YJIbTAThI CBOCH JACATCIIBHOCTH.

ITJIAH-KOHCIIEKT (45 mun)

1. OpranuzanoHHOE Ha4yaso ypoka. (2 MuH)
[TpuBercTBHE, Y4eT NPUCYTCTBYIOINX, IIPOBEPKA TOTOBHOCTH K 3aHATHIO, IPOBEPKA HATMYHUS

MaTCpHaIOB.

2. Tewma, nenu, motuBanus. (1 MuH)
Ho6peiit nenb. Cerogus Bel y3naete: kakue (opMaThl TUCTOB OyMaru UCIOIb3YIOT IS
BBITIOJTHCHUS YePTEkKEH, KaKue MacIITaObl IPUMEHSIOT IS Tpaduueckux n300pakeHUi.
Brl HayunTeCh: BBIMOIHATH BHYTPEHHIOI PAMKY M OCHOBHYIO HAJITUCh YEPTEKA,
WCIIOJIH30BaTh MACIITA0 MPU BBHITTOJTHEHUH YEPTEKEH.

3. Axryanuzanus 3HaHUN
Kak BbI cunTaere, Kakoro pasmepa Oymara MmoaxoIuT JJIsl BEITIOTHEHUS YepTexeit?

Cy1ecTBYIOT JIM CTaHAAPTHI JUIsl ONPEEIICHUs ee pa3mepa’?

4. BaeneHue HOBBIX 3HAHUI
Kak BaM y»e W3BECTHO, IIPU BBIIOJHEHUU M 0(OPMIICHUH YepTekeil pyKOBOACTBYIOTCS
€IMHBIMU TPaBUIIAMH, 00513aTEIbHBIMU JUIsl BCEX NPEANPUITUNA, OpraHU3alui, y4eOHbIX
3aBeneHui. [loaToMy uepTexu u3Iennii Hemb3s MO-Pa3HOMY YUTATh WM BHIIOJIHSATS.
YepTeku JOIKHBI IOHUMATh BCE CIIELIMATIUCTBI, KOTOPBIE YYaCTBYIOT B U3TOTOBJIEHUH U
pemonTe uzaenuit. [IpaBuia BeINOIHEHUS U 0(OPMIICHUS YepTexXel 00bEeJMHEHBI B €IMHYIO
cucteMy KoHCTpykTopckoi gokymernTaruu (ECK/I). B mpouecce n3yuenus yepaeHus
BBIOY/IETE€ 3HAKOMUTBHCS C PA3IMYHBIMU CTaHAapTaMH (HalpUMep, Ha MacIITa0bl, TUHUH
gyepTexka, hopmatsl, mpudTel u ap.). KaxxaoMmy crannapty nprcBanBaeTcst CBOl HOMep M rofj
peructparmu (Hanpumep, OCT 2.109-73 ECKl. OcHOBHBIE TpeOOBaHHS K YEPTEKAM).
[ToznakomumMmcs ¢ ocHoBHBIMM cTanaaptamu ECKJI, ycTaHaBnuBaronumMuy npasuia
o(OpMITEHUS YEPTEIKEH.
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1) ®opmartsl JINCTOB YEPTEKEM.
Jlnst ynoOcTBa XpaHEHHS YePTEk e UX BBITIOIHSIOT Ha JIMCTaX OyMaru OmnpeielIeHHOTO
pa3Mepa, HazbpiBaeMoro gpopmatoM. @opmar JucTa OnpeaeseTcs pa3MepaMu ero CTOPOH.
Crangaptom 'OCT 2.301-68 ECK]I. ®opmaThl YCTaHOBJIEH Psifi OCHOBHBIX U
JOMOTHUTENBHBIX (hopMaToB (puc. 12). @opMaThl TUCTOB OMPEACISAIOTCS pa3MepamMu
BHEIIIHEH paMKu 1 0003HaYaI0TCs 3ari1aBHOM OykBol A u mudpoil. Ha ypokax uepdyeHus Bbl
Oynere ucnoiib3oBaTh hopmat A4, pazmepsl cTopoH kotoporo210 x 297 mm wnm A3 ¢
pazmepamu420 x 297 mm.

2) OcHoOBHas HaJIMUCh YepTexka (ITamm).
Kaxnpiii yepTerxx opopMIisieTcsi paMKON 1 OCHOBHOM HaANuCh0. PaMka orpaHMYMBaeT mose
yepTexa. Ee mpoBOAST CIIONIHOM TOJICTOM JTUHUEH Ha paccTOsTHUM 20 MM OT JIEBOM IpaHULIbI
(dbopmaTa ¥ Ha pacCTOSIHUU 5 MM OT BEpXHEH, HIDKHEH U npaBoi rpanuil (puc. 13). B nmpaBom
HIDKHEM YIi1y hopmaTa HaJl paMKOH pa3MeIaroT OCHOBHYIO Haamuch. @opmy, pa3Mepsl u
cojiepkaHue oCHOBHOU Haanucu ycranaBiauBaeT ctangapt ['OCT 2.104-68 ECK/I.
OcHoBHbIE HaANKUCH. [[7151 IPOU3BOACTBEHHBIX YEPTEKENW OCHOBHASL HAJIIUCh BBITJIAIAT
cienyromuM odpazom (puc. 14).
J1st yaeOHBIX yepTexei pa3Mepbl OCHOBHOM HAAMKUCH CTAHAAPTAMU HE PETJIaMEHTUPYIOTCSI.
OcHoBHast HAAMUCh Y4€OHOT0 YepTeka, KOTOPYIO BBHIIIOJHSAIOT HA YPOKaX YepUCHUsI, UMEET
pa3Mepsl, yKazaHHbIE Ha pUCyHKe 15. PaMka OCHOBHOM HaJIMCH TAK)KE BBIIOIHIETCS
CILIOIIIHOM TOJICTOW JIMHUEM.
B ocHOBHOI HaANuCcH 4YePTEKHBIM LIPUPTOM (€r0 MBI pACCMOTPUM T03)KE)yKa3bIBACTCSL:
HauMEHOBaHME W3JeHsl, (HaMUIINs yJallerocs U yuuTens, Aata MpUeMKHU YepTexka, MaciuTad
n300pakeHus1, 0003HaUEHNE MaTepraia JIeTally, IKoJIa M KJIacc, HOMep 3aJaHus (puc.
16).bykBbI 1 1Pl B OCHOBHOM HAJIITUCH, KaK U HA BCEM YEPTEXKE, BHITOTHSIIOT YEPTEKHBIM
mpudrom.

3) Macmra0sl.
YacTo He0OX0AMMO BBIMOJIHUTH YEPTEXKU OONBIINX MIIM MEJIKUX AeTanel. bonbiume no
pasmepam JieTaau HeBO3MOKHO N300pa3uTh Ha JIMCTEe Oymare, He yMEHBIIIUB UX pa3Mephl B
HECKOJIbKO pa3. Taxke yepTeu MEIKUX JeTanei TPYAHO BBIMOIHUTH 0€3 YBEINYEHHS X
pasmepoB. Takum 06pa3om, H300paKeHNE JETAIH Ha YEPTEKAX MOKET OBITh OOJBIIE WIN
MEHbIIIE, YeM cama JieTaib. [Ipo Takoe n300pakeHne ToBOPSIT, YTO OHO BBITMOJIHEHO B
macmTabe. Korna 10 mummumerpoB Ha Oymare paBHO 10 MUJUITMMETpaM BETUYHUHBI 00BEKTA,

TO UepTexk umeet MacTad HaTypasibHOM BennuuHbl (1:1). [Ipu n3o0pakeHnn KpymHbIX
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JIETAJICH MOJIB3YIOTCS MAcIITA0OM YMEHBIIICHHS, MEJIKUX — MacIITaboM yBeTHYeHHs (PHC.
17).
[TomuuTe! I1pu ucnonb3oBaHNK MaciiTaba yMEHBIIEHUS MM YBETMYCHUSI H3MECHSETCS
TOJIBKO BETTMYHMHA N300pakeHUsl 00bEKTa, a UMCIOBbIC 3HAUECHHUS pa3MEpOB BCera
YKa3bIBalOTCA HATypallbHbIE (IeiicTBUTENbHbIC). BennunHel yria ocratorcs 6€3 n3MeHeHUs
npu 1r0060M Macirabe.
O6o3nauenue Macimradba. Macmrad 3anuchiBaeTCsl B OCHOBHOW HA/AMUCH B CHIEIIMATIBHON
rpade (cm. puc. 16). Ecau onHO 13 n300pakeHUi Ha 4epTeKe BHIMOIHEHO HE B TOM
Maciitade, KOTOpbIil yka3aH B OCHOBHOW HAJAMKCH, HAJl STUM HU300pakeHUEM 3aMUChIBAIOT
MacmTal: yKa3plBalOT HETIOCPEACTBEHHO MOCIe HAAMUCH, OTHOCSIIEHCS K N300pakeHUIo,
Hanpumep: A—A (1:1); b (5:1); A (2:1).

4) IlpudTsr.
Bb1 yxe o0patuian BHUMaHKE, YTO H300pakKeHUS Ha YepTekax BCeraa COMPOBOXKIAIOT
HajanucsMu. Bee HaanmucH Ha yepTekax TOIDKHBI OBITh BHITOJHEHBI YEPTEKHBIM MIPUPTOM.
BykBBI 1 THPBI 4EPTEIKHOTO MPUPTA OTIMYAIOTCS OT TEX, KOTOPHIMH BbI OOBIYHO MHUIIIETE.
IpudT (oT HeM. Schrift) — 3To pucyHok, HauepTanue OykB Kakoro-iubo andasura, Hudp u
3HakoB. LlpudTel yepTexkHbIC MpeIHA3HAYCHBI TS BBIMOJIHEHUS HAAMUCEH, HauepTaHUsI
YCIIOBHBIX 3HAKOB M Pa3MEPHBIX YHCEI Ha YePTekKax.
[IpaBuiia BbIMOTHEHUS YepTEKHBIX MpupTOB onpenenstorcs crangaprom 'OCT 2.304-81
ECK/. lpudts! ueprexxupie. CTaHAapT ycTaHABIMBACT HaUepTaHUE, pa3Mephl BYX BHJIOB
OYKB PYCCKOI'0, JATUHCKOT'O M IPEYECKOTro aj(aBUTa — MPOMUCHBIX (3arJIaBHBIX) U
CTPOYHBIX, a TAK)KE apabCKUX U PUMCKUX IU(PP U HEKOTOPBIX 3HAKOB IS YCIIOBHBIX
0003HaYEHUI Ha YepTEKeE.
HIpudt MoxeT ObITH BBHINOIHEH C HAKJIOHOM 75° 1 0e3 Hak/IoHa. YToJ HaKJIOHa OYKB U (P
MO>KHO OCTPOUTH € TIOMOIIBIO IBYX YIOJIbHUKOB. B TeTpaau B KJIETKY HY>KHBIA yroJl MOXKHO
MOJTyYHTh, IPOBEIS AUArOHAIIb IPSMOYTOJIbHUKA, 00pa30BAaHHOTO YETHIPbMS KJIETKAMHU.
Odopmiss yepTex, Ipy 3a0THEHUH OCHOBHOM Hajnucu rpady «HanmeHnoBanue paboThi»
BBINOJIHAIOT pa3mepoM mmpudra 7 (puc. 28). Bee ocranbhbie rpadpl OCHOBHOM HaMHUCH
3aIoJIHAIOT pa3MepoMm mpudra 5.

Pa3mepnl Ha yepTeke Takke BBIIOTHSIIOT pa3MepoM mmpudra 5.

5. Tlonsenenue UTOTOB (6 MUH)
1. OObsicHHTE, AJIS YETO Ha YePTEKe BHITOTHSIIOT OCHOBHYIO HAJIITUCH.

2. Kakwue cBeieHHs yKa3bIBaIOTCSl B OCHOBHOM HAJIMUCH Y9€OHOTO YepTexa?
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3. Kak BbI cunTaere, ¢ Kakoi IeJIbIO C JIEBOM CTOPOHBI hopMaTa paMKa BRIUEPUMBACTCS Ha
paccrosinuu 20 MM OT Kpast?

4. JIns yero HeoOX0 UMbl MacIITaOb1?

5. Bnuser nu macmTa® Ha YMCIIOBBIC 3HAUYCHUSI pa3MEPOB, YKa3aHHbIC Ha uyepTeke? CBoM

OTBET OOOCHYHTE.

Teoperndeckoe 3auaTue(14.) «3HAKOMCTBO C IPOrPaMMoOi»

[epBbie maru B Blender: yctanoBka 1 HacTpoiiKa nporpaMmbl
Hauano pa6otsi ¢ Blender — 510, moxainyi, caMblif TPOCTO# 3Tal BCEro Iporecca 00yIeHus
3D-moznenupoBanuto. [IporpaMma noaHOCThIO GecriaTHa U IOCTYIIHA JUIsl BCEX OCHOBHBIX
oIepalMOHHBIX cucTeM. JlaBaiiTe pazbepeMm Mpolece yCTaHOBKM M HadyalbHOM HACTPOMKH 1iar
3a MIaroM:
1. 3arpy3ka nocnenneit Bepcun Blender
o Tlocerute opunmanbublii caiiT blender.org u nepeitaure B pasaen "Download”
e BriGepure Bepcuro ans Barieii oneparuonHoi cucremsl (Windows, macOS unu
Linux)
e CkauaiiTe ycTaHOBOYHBIN (haits (Ha MoMmeHT 2025 rosia akTyaiabHas CTaOMIbHAS
Bepcus — Blender 4.1)
2. YcTaHOBKa POrpaMMbl
e Jlna Windows: 3amycTute ckayaHHbIN .exe (a1 U ciaelyiTe HHCTPYKLIUAM
YCTaHOBIIIMKA
e Jlna macOS: otkpoiite .dmg ¢aitn u neperamure MKoHKY Blender B manky
Applications
e Jlna Linux: Bocnosb3yiTech MaKeTHBIM MEHEKEPOM Balllero AUCTPUOYTUBA WIH
CKa4aHHBIM apXHBOM
3. IlepBblii 3a11yCK ¥ HACTPOWKaA IMapaMETPOB
ITocne ycranoBku 3amycture Blender. Bac BcTpeTuT cTapTOBBIi 3KpaH ¢ HECKOJIBKUMHU
3aroTOBJICHHBIMH MpoekTaMu. Beioepurte onmuro "General" my1s cTaHAapTHON CIIEHBI C
Kybom. &3

Hepe;l Ha4YaJlOM aKTHUBHOT'O MOACIIMPOBAHUA CTOUT HACTPOUTE MMpOTrpaMMy IMOA CBOW HYXIBI:
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[TapameTp

PexoMennyemoe 3HaueHue I'ne nactpouth

English (myst ymobnoro movcka uHbopMaryu B

SA3pik uHTEpDeEiica Edit — Preferences — Interface

UHTEPHETE)

Edit — Preferences — Save &

ABTOCOXpaHEHHE Kaxnapie 5-10 munyT

Load
Tema unTepdeiica Light/Dark (1o komdopry) Edit — Preferences — Themes
Hactpoiika Industry Compatible (ay1s mepexona ¢ npyrux 3D-

KJIaBHUIII

Edit — Preferences — Keymap
IpOrpaMm)

4. TIpoBepka CUCTEMHBIX TPeOOBaHUI
Blender nocraTouHo TpeboBaTelieH K pecypcaM KOMITBIOTepa, OCOOCHHO €CITH BbI TUTAHUPYETE
paboTaTh CO CIIOXKHBIMU MOJIEJISIMU WJIH PEHACPUHTOM. MUHUMATbHBIE TPEOOBAHUS JIJIs
KOM(OPTHOH pabOTHI:

e 64-6uTHBII nporeccop ¢ moaaepkkoit SSE2

e 81I'b oneparusnoit namstu (16 I'b pexomennoBano)

e Buneokapra c 2 I'b VRAM u noanepxxkoit OpenGL 4.3

e JKenarensHo SSD-HakonuTens A ObICTPOI 3arpy3ku MPOEKTOB
Ecnu y Bac BO3HUKAIOT MPOOIIEMBI C TIPOU3BOIUTEIHHOCTHIO, MOYKHO OTKITIOYHTH HEKOTOPBIS
BU3yasbHbIE 3 deKThl B HacTpolikax nporpammel (Edit — Preferences — System).
Anekceit Bepuaus, npenoaasarens kypca 3D-monenupoBanus Korna st Topko HauMHAI
pabotats ¢ Blender, mporpamma nokasajiach MHE HEBEPOSATHO CII0KHOM. [ToMHIO cBOM
MEpBBIN 3aIyCK — 5 MPOCTO 3aCThUI NEpe]] 3KPaHOM, He TOHUMasI, YTO JAeNaTh aajbiie. Yepes
JIBa Yaca MOMbITOK CO3/1aTh MPOCTEHUIYIO MOJEIb 51 ObLI rOTOB Bc€ Opocuth. Ho nmoTom s
HallleJl OTJIMYHBINA COBET: HaYaTh C MOJHOM NepeycTaHOBKH U HACTPOMKHU BCEX MapaMeTpoB,
OyKBabHO "¢ yuCTOro NUCTa". S 3aHOBO YCTAaHOBUJI IIPOrpaMMy, MOTPATHII Yac Ha
MPaBIWJIbHYIO HACTPOMKY MHTepdeiica U ropsuux KiIaBHUIl Mo cedst. DTO KapAUHAIbHO
M3MEHUI0 MoH onbIT! Teneps s Bcerjia COBETY0 CBOMM CTYJIEHTaM: HE CIIEIINTE HBIPSTH B
MO/JICJIMPOBaHME, TOTPATHTE BpEMsI Ha HACTPOHKY KOM(pOPTHOM paboueil cpebl.
Nurepdeiic Blender: ocBauBaem pabouee mpocTpaHCTBO
[TepBoe 3nakoMcTBO ¢ uHTEpdeiicom Blender MmoxkeT BrI3BATh JIETKOE TOJIOBOKPYKCHHE —

MHOECTBO TMaHEeJIeH, KHOIIOK M OMIIMKA CO3/Ial0T BIIeUaTIeHNE HEBEPOSITHOM ciioskHOoCcTH. HO
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He nmaHukyiTe! PazbepeM oCHOBHBIC 37IeMeHThI HHTep(deiica, 4TOOBI BbI MOTJIH YBEPEHHO

OpUEHTUPOBATHLCS B Iporpamme. U

OcHoBHBIe 00nacTu nHTEpdeiica:

3D Viewport (3D-0kHO0) — riaBHast pabovasi 0071acTh, TJI€ TPOUCXOAUT

MOZACIIMPOBAHUC U MAHUITYJIAIIUHU C 00BbEeKTaMHU

Properties Panel (Ilanens CBOMCTB) — COEPIKUT HACTPONKH JIJIs1 BHIOPAHHBIX

O6’b€KTOB, MaTC€pHraJioB U CIICHBL

Outliner (CTpykTypa) — 0TOOpakaeT HepapXHUECKyI0 CTPYKTYPY BCeX 0OBEKTOB B

CIICHC

Timeline (BpemeHHas 1mkana) — MCIOJIb3yeTCs Il aHUMaIlUH

Tool Shelf (ITanens THCTPYMEHTOB) — COACPKHUT UHCTPYMEHTHI PEIaKTUPOBAHHUS

Hapuranus B 3D-nipoctpanctse: YMeHue KoM(pOPTHO MepeMeniaThCsi B TPEXMEPHOM

MIPOCTPAHCTBE — KIJIFOUEBOW HaBBIK 1isi paboThl B Blender:

[evictue Coueranue kinaBu/MpIIb AnbpTepHaTuBa
Cpenusisi KHOIIKA MBIIIH
Bpamenue Buna Alt + JIKM
(3akaTh W ABUTATh)
Shift + cpennss kHonka _
[TanopamupoBanue Shift + Alt + JIKM
MBIIIN
[Tpubnuxenue/otTnanenue IIpokpyTka KoJsieca MbIIIN Ctrl + cpenHsis KHOTIKA MBILIH (BBEPX/BHU3)
Mesro View WM 3HAUOK OCH B ITPABOM
Bun cnepenu/cooky/cBepxy Numpad 1/3/7 _
BEPXHEM YIIIy Viewport
Iepexmoyenue ' _ '
Numpad 5 Menio View — Perspective/Orthographic

nepcreKTHBa/opTorpadus

Bo160p 1 MaHUTTYISIUU C OOBEKTAMHU:

Bri6op oObekTa: mpaBblif kiuk Ha 00bexTe uian JIKM B HoBBIX Bepcusx Blender

[Tepememenue oobekTa: knapuma G (0T crmoBa "grab")

Bpamenue o6bekTa: knaBuma R (ot cioBa "rotate")

MacmrabupoBanne oObeKTa: Kiapuia S (0T cioBa "scale")

OFpaHI/ILICHI/IC 110 OCAM: HAXXMUTC X, Y unu Z nocie akTuBaluu HHCTPYMCHTA
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e TouHoe u3MeHeHNE: BBEAUTE YUCIOBOE 3HAUECHUE TTOCIIE€ aKTUBAIIMM HHCTPYMEHTA
Hacrpoiika pabouero mpoctpanctsa: Blender no3Bosnsier HacTpauBaTh HHTEp(EIiC 10 Bamemy
BKycy. Bbl moxere:

e PazienuTh OKHO: IpaBBIi KJIIMK Ha TpaHuile OkHa — Split

e OOBEIMHUTH OKHA: TIPABBIA KJIMK Ha TpaHulie — Join

e M3MeHUTH TUI OKHA: HICJIIKHYThH 10 UKOHKE B JICBOM BEPXHEM YTy KaXJI0r0 OKHA

e CoxpaHHTh HACTPOUKU PabOUEro MPOCTPAHCTBA: B BEPXHEU YaCTH dKpaHa HAKMUTE

"+" It cCO31aHKs HOBOTO paboyero MpoCTPaHCTBA

Teopernueckoe 3anaTue(14.) « Tunbl JokyMeHTOB. Tunel ¢aiinos. OCHOBHbIE

KOMIIOHEHTHI nporpamMmsbl. UuTepdeiic.»

Pexxumebt padoter: B Blender cymecTByeT HECKOIBKO PEXKUMOB PaOOTHI, IEPEKITIOYATHCS
MEXy KOTOPBIMH MOKHO Yepe3 MEHIO B BEpXHEM JIEeBOM yriry 3D-0KHa MK C TOMOIIBIO
kiaBuiy Tab:

e Object Mode: pabota c 00beKTaMH Kak C IeTbHBIMH CYIIIHOCTSIMH

o Edit Mode: penaktupoBanue CTpyKTypbl 00beKTa (BEpILUHBI, peOpa, TpaHu)

e Sculpt Mode: "nenka" 00beKTa KaK U3 TIMHBI

o Texture Paint: pucoBaHMe Ha TEKCTYpax 00beKTa

o Weight Paint: HacTpolika BIMSAHHS KOCTEN Ha MEUI IPX aHUMALIUH
JIJ11 HOBUYKOB KPUTHYECKU BaXKHO HAYUUThCS Mepekitodarbest Mexay Object Mode u Edit
Mode (xnaBuma Tab), Tak kak 60JIBIIMHCTBO ONEPALUNA MOJAETUPOBAHUS IPOUCXOAUT
umenHo B Edit Mode.
bazoBble HHCTpYMEHTHI JUTsl MosienupoBaHus B Blender
OCBOUWB HaBHUTAIMIO U OCHOBHI HHTEp]eiica, mopa MepexouTh K CAaMOMY HHTEPECHOMY —
WHCTpyMeHTaM MojenupoBanus. B Blender cymecTByeT MHOKECTBO clIOCOOOB cO31aTh U

MOI[I/I(bI/II_II/IpOBaTB 3D-06’BCKTLI, HO JJIs1 HAYMHAKOIIHUX BAXKHO COCPCAOTOYNUTHCA HAa 0a30BBIX

MHCTPYMEHTaxX. 9%
[TpumuTHBBEI — cTpouTenbHbie O110ku 3D-MonenupoBanus: Blender mpensaraer Habop
rOTOBBIX ()OpM, Ha3bIBAEMbIX IPUMHUTHBAMHU, KOTOPBIE CIy)KAT OCHOBOM JJIsi 00JI€e CIIOKHBIX
MOJIENEH:

e Ky06 (Cube) — yHuBepcanpHas OCHOBA JIJII MHOTHX OOBEKTOB

e Cdepa (UV Sphere/Icosphere) — uaeanbHa i KpyriablX 00bEKTOB

o Huwmnnap (Cylinder) — nmoaxoauT 11 TpyO4aThIX 3JIEMEHTOB
36



e IInockocts (Plane) — ncmomnb3yeTcst AJig cO31aHUsI TOBEPXHOCTEH 1 OHOB

e Top (Torus) — kombIieoOpa3Has popma sl pa3InIHBIX JIECMEHTOB
Jl06aBUTh IPUMUTHB B CIIeHY MO>KHO uepe3 MeHio Add (Shift+A) nnm nanens HHCTPYMEHTOB.
[Tocne no6aBieHus NIPUMHUTHBA Cpa3y MOSBISETCS MEHIO TapaMETPOB, IJI€ MOXKHO HACTPOUTh
pasMep, KOJIMYECTBO CETMEHTOB U JApyTrue CBOICTBA.
WucTpyMeHTs TpancopMaun: T HHCTPYMEHTHI MO3BOJISIIOT U3MEHSTh CYIIECTBYIOIINE
O0OBEKTHI M COCTABIIAIOT OCHOBY MPOIIECCa MOICTHPOBAHUS:

e Extrude (E) — "BrimaBnuBaHue" BHIOPAHHBIX AJIEMEHTOB, CO3/IaHUE HOBOM T€OMETPHH

e Inset (I) — co3nanue "BHyTpeHHEH" KONMUU BRIOPAHHBIX TpaHEH

o Bevel (Ctrl+B) — ckpyrieHue ocTpbIX yrioB

e Loop Cut (Ctrl+R) — nob6apiieHre HOBBIX JTUHUI pa3pe3a

o Knife (K) — cBobGomHOE pa3pe3aHne MOBEPXHOCTH

e Subdivide — yBenuueHue neTanu3aiy BbIOPaHHBIX JIEMEHTOB
Bri6op u padota ¢ kommonentamu Mera: B pexume pepaktupoanus (Edit Mode) monens
COCTOMT U3 TPEX TUIIOB KOMIIOHEHTOB:

e Bepmunsl (Vertices) — TOYKH B MPOCTPAHCTBE

o Pé&opa (Edges) — nuHuuM, COCAUHSIONINE BEPIIMHbI

e I'panu (Faces) — noBepXHOCTH, OrpaHHUYEHHBIE pEOpamMu
[lepexntouaTbess MEXY peXUMaMH BbIOOpa 3TUX KOMIIOHEHTOB MOXHO € TIOMOIIbIO KHOTIOK
B BepXHEW MaHeNI! WK KIABUII:

e 1 — BBIOOp BepIIMH

e 2 — BBIOOp pEOED

e 3 — BBIOOp rpaHeit
Mapuna CokonoBa, 3D-xynoxxHuk Moii nepBblif cepbesHblii mpoekT B Blender — kpecno s
WHTEPbEPHON BU3YyaTH3aIllUU — MPEBPATHIICS B HACTOSIIMH Kommap. S Havana ¢ ky0a,
MIBITAsICh CO3/IaTh CIIOXKHBIE POPMEBI Cpasy, 6e3 yeTkoro rmiaHa. Pe3ynpraT? 3amyranHas
TOTIOJIOTUSI M HEECTECTBEHHBIE Je(OpMAIUH NPH MOMBITKE BHECTH AK€ MUHUMAaJIbHbIE
n3MeHeHus. [lepenoMHbII MOMEHT POMU30ILIEN, KOI'/1a I OCBOMJIAa MOAYJIbHBIN IOJIXO/.
BMmecTo paboThl ¢ eTUHBIM MelIeM, 51 pa30uiia Kpecao Ha JJOTHYECKHEe KOMIIOHEHTHI: KapKac,
CHUJIEHbE, IOJVIOKOTHUKH, CIIUHKY. J{J1s1 Ka)10i 4acTu s UCHOJIb30Bala Haubosee
noaxoauuii npumuTuB. Kapkac HaunHasncs ¢ 0ObIYHBIX UJIMHAPOB, CUJIEHBE — C Ky0a, a
JIEKOPaTUBHBIE 3JIEMEHTHI — M3 TOPOB. biaroaaps 3ToMy ONBITY s MOHSIA 30JI0TOE MPABUIIO
3D-monenupoBanus: "Haumnail ¢ mpocroro, asuraiics K cioxxkHomy". Tenepb 3To Moit

rJIaBHBIN npuHIMO padboTsl B Blender.
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MoaudukaTopsl — MOIIb HENPSAMOTo MojenpoBanus: Moaudukatops! B Blender —
HACTOSIIAsl Marus, MO3BOJISIONIAS TPUMEHSTH CI0XKHbIE 3 (HEeKThl 0e3 H3MEHEHUS HCXOJHON
T€OMETPHH:
e Subdivision Surface — crinaxuBaHue MOAEIU IyTEM yYBEIUUYECHUS YUCIIAa TOJTUTOHOB
e Mirror — 3epKkanbHOE OTpakKeHHUE TeoMeTpUH (MAeaabHO ISl CHMMETPUYHBIX
MOJIEJIei )
e Array — co3/iaHHe MHOKECTBEHHBIX KON 00BEKTa 10 33JaHHOMY MaTTePHY
e Boolean — BbinonHeHUe onepanuii 00beAMHEHNS, BEBIYUTAHUS WM TIEPECCUCHUS
00BEKTOB
e Solidify — npuganue TOIIIUHBI TOBEPXHOCTIIM
MoaudukaTopsl IpUMEHsIOTCS Yepe3 nanens Properties — Modifiers. KiroueBoe
MPEUMYIIIECTBO MOIU(UKATOPOB — UX HEpa3pyILIAOIIUNA XapaKTep, MO3BOJISIONIHIA
AKCIIEPUMEHTUPOBATh U BHOCUTh U3MEHEHHUsI Ha JTI0O0M 3Tarie padoThl.
TexHukn onTMH3aIMK pabovero mpoiecca:
e Hcnonp3oBaHue 3epKaIbHOTO MOJCITUPOBAHUS: aKTUBUPYITe Mirror Mmoaudukarop
JUISL CAMMETPHUYHBIX 00BEKTOB
e Pabota c pedepencamu: n1o6aBsTe H300pakeHus B kauectBe Gona (Add — Image —
Background) aiist TouHOCTH MOIETTUPOBAHUS
e Crou M KOJUIEKIIMHU: OPTaHU3YHTE CIOXKHBIE CIIEHBI C TOMOIIBIO KOJUIEKIHH (depes3
Outliner)
o CHonuHr (npuBs3ka): ucnonesyiire Shift+Tab amns ToUHOro NMO3UIMOHUPOBAHNUS
HIIEMEHTOB
o IlponopiuoHanbHOE pelakKTHPOBaHKE: aKTUBHPYITE KiaBuieil O 1isl JIaBHOTO
M3MEHEHMSI OKPY’KaIoIe reoMeTpHH
Co3naem nepByto 3D-mozens B Blender: npaktukym
Teopust — 3T0 XOPOIIIO, HO TOJIBKO MPAKTHKA IIOMOYKET BaM 3aKPEMUThH MTOJTyYeHHbBIC 3HAHUSI.
JlaBaiiTe co3maauM MpOCTYIO, HO UHTEpecHYI0 3D-M0o1eb KPYKKHU, UCTIOJIh3YsI OCHOBHBIE
MHCTpyMeHTHI Blender. DTOT npoekT uaeaneH A1 HOBUYKOB U IO3BOJIUT BaM OCBOUTH
KITIOUEBble KOHIENIMH MojenupoBanus. (&)
[ar 1: TToaroroBka npoekta
1. Cosnaiite HoBbIii TpoekT B Blender (File — New — General)
2. VYnanurte ctaHAapTHBIN KyO (BblzenuTe ero u Haxmure X — Delete)
3. Jlo6aepre nmmuaap (Shift+A — Mesh — Cylinder)
4

B nosiBuBIIEMCS MEHIO TapaMeTpoB ycTaHoBUTe: Vertices = 32 (s Oosnee rinaakoi

¢bopmbl)
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Iar 2:
1.
2.

lIar 3:

ITar 4:

e A e R

9.
[Iar 5:
1.
2.
3.
4.

dopMUpOBaHUE TEJIa KPYKKHU

[Tepeiiaute B Edit Mode (Tab)

Brienure BepxHHe BEPUIMHBI HWIMHIpPA (HAXMUTE | 715 pexkrMa BIOOpa BEPILUH,
3areM B Ui npsiMOyroiabHOTO BbIACTICHUS)

Macmrabupyiite BepXHH€e BEpIIMHBI HEMHOTO HapyKy (S — HEMHOTO YBEJIUYHUTH —>
Enter)

BriGepure HIKHIE BepiIuHbI U 1égérement ymeHbIUTE UX (S — HEMHOTO
yMeHbIuTh — Enter)

Bri6epuTe Bce BepmmHb (A) ¥ MpUMEHUTE MponopiuoHaibHoe peaaktupoBanue (O)
BriaenuTe BepuIMHbI B CEpEeIMHE IMJIMHAPA U ClIerKa CMeCTUTE uX Hapyxy (G — Z —
nepeMeIanTe ¢ MPOKPYTKON KOJIeca MBIIIH [ PETYTHPOBKH BIIASHUS )

Coznanue TONIUHBI CTEHOK

Bepuurecs B Object Mode (Tab)

B manenu Properties naiiqute Briianky Modifier Properties (MkoHKa ¢ rac4HbIM
KJIIOYOM)

Haxmute Add Modifier — Solidify

Ycranosure 3Hauenue Thickness = 0.05 (uau gpyroe 1o Baiuiemy BKYycCY)

Brorounte ormmmro "Fill Rim" mis co3manus riaakoro kpas

Coznanue pydyku KpyKKH

Bepuurecs B Edit Mode (Tab)

BriOepure pexxuM BoaeneHus rpaneit (3)

BriGepuTte rpans Ha O0KOBOI CTOPOHE KPYXKKH, T/Ie OyIeT pyuka

Haxxmure I niis cozpanus snementa Inset u HaCTpoTe NOAXOAIINNA pa3Mep
Beinenure cozaHHy0 BHYTPEHHIOO I'paHb U HakmuTe E 11 BbIiaBIMBaHUSA
HeMmHOro BBITSHUTE BBIJIaBIMBaHUE HAPYXKY

[ToBTopuTe BoinaBnuBanue (E) u nosepuute (R) mst coznanus usruba pydxku
[Iponomxaiite KOMOMHUPOBATH BhIIABIMBAHKE U BpalleHue, popmupys C-obpazHyro
PYy4IKy

JU1st TOCNeIHETO CerMEHTa BbIJIaBUTE U HANpaBbTe 00PATHO K KPYXKKE

CrnaxxuBanue 1 (pUHAIbHBIE IITPUXH

Bepuurecs B Object Mode (Tab)

Ho6assTe Mmogudukarop Subdivision Surface (Add Modifier — Subdivision Surface)
Ycranosure ypoBeHbs Viewport = 2, Render = 3

[TpaBerit kmuk Ha Mogenn — Shade Smooth tst crinakuBaHUs MOBEPXHOCTEH
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5. Tlpum HeoOxomumocTu n106aBbTe MoaupuKaTop Bevel ¢ HeOoMbIIMM 3HAUCHHEM IS
CKPYTJICHHUS OCTPBIX KpacB
[ar 6: ba3oBble MaTeprabl
1. B manenu Properties HaiiguTe Bkiaaky Material Properties (nxoHka B Buje cepsbl)
Haxxmute "New" 115 co3ianusi HOBOro matepuania
Hazosure ero "Cup Material"

B nacrtpoiikax Base Color BeiOepuTe 1IBET AJIS KPY>KKH

A

Ycranosute 3HaueHne Roughness okoino 0.2-0.3 s kepaMudeckoro Buaa

6. Moxere yBenuunth Metallic 1o 0.1-0.2 ms npumanus rasHieBoro dddexra
[ITar 7: IIpoBepka pe3ynpTara

1. Haxwmure Z B 3D viewport u BeiOepute "Render Preview" st mpocmoTpa

MIPUMEPHOT0 (PUHATBLHOTO pe3yJibTaTa
2. Bpamaiite Moienb, IpoBEpsis €€ CO BCEX CTOPOH
3. Ilpu HEOOXOIUMOCTH BEPHUTECH K MPEBIIYIIHNM IIaram JJisi BHECEHUS
KOPPEKTUPOBOK

4. Coxpanute Bairy padoty (Ctrl+S)
[Tozapassito! & Bbl co3nanu cBoro nepByro nojiHoueHHyto 3D-monens B Blender. Ota
KpPY’KKa, XOTb U MPOCTasi, JTEMOHCTPUPYET HECKOIBKO BaKHBIX TEXHUK MOACITUPOBAHUSA:
paboTy ¢ NMpUMUTHBAMHU, MOU(UKATOPAMHU, BbIIaBIUBAHUEM, HHCETAMHU U MaTepHalaMu.
He 3naete, kyna qBuraThes qanbliie mocjiae ocBoeHus 0a30BbIX HaBBIKOB B Blender? Tect Ha
npodopueHTannio oT Skypro moMoXeT ONnpeIeTUTh Ballll CHIIbHBIE CTOPOHBI U
MOTEHIIMaIbHbIe HANIpaBIeHUs pa3BuTHs B Mupe 3D-rpaduku. Beero 3a 5 MUHYT BBI
MOJIyYHTE TIEPCOHANbHBIE PEKOMEH IAIMU O HauboJee MOAXOASIINX CIISIUATU3AIMIX — OT
MOJICIIMPOBAHNUS IIEPCOHAXKEN 10 apXUTEKTYPHOU BU3yanu3auuu. IHBecTUpyHTE 5 MUHYT
CEero/iHsI, YTOOBI YETKO CIUIAaHUPOBATh CBOW MPO(eCCHOHAIbHBINA MyTh!
Pecypchl 111 coBepiieHCTBOBaHUS HaBBIKOB B Blender
Blender — oOmmpHas mporpamma, 1 OBJaJIeHHE €10 TOX0Ke Ha H3y4YeHHUE HHOCTPAHHOTO
SI3BIKA: TPEOYETCSl TOCTOSTHHAS TIPAKTHKA W HOBBIE UCTOYHUKH 3HaHU. K cuacTsio,

coobmrecTBo Blender coznano MHOXkECTBO BHICOKOKAUE€CTBEHHBIX PECYPCOB AJIs AaJIbHEHIIIETo

obOyuenus. =5
Odunmanbabie 00yJaronme pecypcehl:
e Blender Manual — odunuanbHas JOKyMEHTAIUs C MOAPOOHBIM OMMCAHUEM BCEX
(GYHKIIUI 1 HHCTPYMEHTOB
e Blender YouTube Channel — xanain ¢ opuimaaibHbIMU Y4€OHBIMH MaT€pUaIaMu OT

koMauabsl Blender
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o Blender Cloud — mnaTtHas matdopma ¢ mpopecCuoHAIBHBIMA KypcaMu OT
pa3paboTIUKOB
o Blender Demo Files — oTKpbITbIE IPOEKTHI )1 U3Y4Y€HUs (AOCTYIIHBI HA

opHUIIHaTEHOM CaTe)

Teopernueckoe 3anaTue(14.) «KoHTeKCTHbIE MeHIO. I J1aABHOE MEHIO H IAHEJIH

HHCTPYMEHTOB.»

Konrekctueie meHio B Blender n3mMeHs0TCS B 3aBUCIMOCTH OT BEIOPAHHOTO PEXUMA PaOOTHI
U THIa 00bEKTa. DTO MO3BOJISAET OBICTPO MOIYYATh JOCTYI K HanOOJIee YaCTO UCTIONb3YEMbIM
(GYHKIHSAM ¥ HHCTPYMEHTaM, HE OTBJICKAsCh OT OCHOBHOM paOOTHI.
I'maBHOE MEHIO HAXOAUTCS B BepXHel yactu uHtepdeiica Blender u comepxut Bce OCHOBHbBIE
KOMaHJIbl ¥ QYHKIUHU nporpamMmbl. C ero HOMOIIBI0 MOYKHO 3arpy3UTh, COXPAaHUTh WIIH
HA4aTh HOBBIA IPOEKT, COPOCUTH HACTPONKH, PEHACPUTH MPOCKT U HAUTH JOMOTHUTEIHHYIO
MH(OPMAIIHIO IO TTPOrpamMMe.
[Tanenb HHCTPYMEHTOB PACIOJIOKEHA clieBa OT paboueii obmactu. OHa COAEPIKUT OCHOBHBIC
MHCTPYMEHTHI sl paboThI ¢ 00BEKTaMH, TaKHE KaK NepeMeIIeHue, BpalleHHe,
MacmTabupoBaHue u apyrue. [laneias HHCTPYMEHTOB MOKHO HACTPaWBAaTh: JTOOABISATH UITH
YIQJIATh HUHCTPYMEHTBI, U3MEHATh UX MOPSAJOK WIH CO3/1aBaTh COOCTBEHHBIE HAOOPHI
MHCTPYMEHTOB JJISl pa3IMyYHbIX 3a]1ay.
Hexkotopsie coueTanus KiaBuill, KOTOpPhIE CBsA3aHbI ¢ paboToil ¢ uHTepdeiicom Blender:

e T — OTKpBITH WM 3aKPBITH TTAHENH CIIEBA;

e N — OTKpBITh WU 3aKPHITH MMaHEb CIIPaBa;

e Q — OTKpBITh MEHIO U30PaHHBIX HUHCTPYMEHTOB;

e Space (mpo6en) — BBIOPATH OJHO U3 TPEX ACHCTBUMN: TPOUTPATh AaHUMAIIUIO, BHI3BATh

MEHIO, B KOTOPOM JYOIHPYIOTCS HHCTPYMEHTHI B ITAHENHN CIIEBA, UM aKTHBUPOBATh

IOUCK UHCTPYMCHTOB.

Teopernueckoe 3augaTne(14.) «Qoume npuemMs! padooTsl. Komnaktuag naneisn. [laneap

CBOMCTB.»

PaGouas o0macTe — 1eHTpanbHas 4acTh HHTep(delica, rae MPOUCXOIUT OCHOBHAS paboTa.
31ech co3maroT U penaktupytoT 3D-monenu. Pabouas 061acte MOXKET OBITH pa3/ieneHa Ha
HeckoJibko 0koH, Hanpumep 3D Viewport, Timeline u Shader Editor.
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Hexkotopsie npuémsl paboTsl ¢ paboueii 001acThIO:

o Ilepemenienue kamepsl. 151 3TOro UCOIB3YIOT CPEAHIOIO KHOMIKY MBIIIHN (KOJIECHKO).
Uro0b! BpaliaTh KaMepy BOKPYT CLIEHBI, HY’)KHO Ha)XKaTh U yJepKUBaTh Konécuko. Jlis
MaHOpaMUpPOBaHus — yaepkuBath Shift u HaxaTh KOJIECHUKO.

o Ilepexmtouenue Mexay Bugamu. s 3Toro ucnosb3yroT kiaBumu Numpad: Bua
cBepxy — Numpad 7, Bux cniepenu — Numpad 1, Bug cooky — Numpad 3.

o Oynkuus Fly/Walk Navigation. [To3BonsieT mepemeniarbes 1o CIieHe, KakK B
Buaeourpe. st akTuBanuu 3Toil GyHKIIMK HY)KHO HaxaTh Shift+F u ucmonas3oBarh

kinaBumd WASD 115t mepeMeliienusi, a Mbllllb — JJI YIPABJICHUS HAIIPABICHUEM.

ITanenb MHCTPYMEHTOB PacIOIOKEHA cIeBa OT paboueit o6nacTu. OHa COEPKUT OCHOBHBIC
MHCTPYMEHTHI JUIs pabOThI ¢ 00BEKTaMH, TaKUe Kak epeMelIeHIe, BpallleHHe,
MacutabupoBanue u Apyrue. [laHeas HHCTPYMEHTOB MOXKHO HACTPauBaTh: JOOABIIATH HIIH
YAQAIATb HHCTPYMCHTBI, USMCHATH UX IMMOPAJO0K HUJIM CO31aBaATh coOCTBEHHBIE Ha60pI)I
HHCTPYMEHTOB JUIA pa3IMYHBIX 3a1a4.
HexoTopblie npuémbl paboThI C TaHETbIO HHCTPYMEHTOB:
o KontekctHble MeHI0. OHU U3MEHSIOTCS B 3aBUCUMOCTHU OT BBIOPAHHOIO PEeXHUMa
paboThI 1 THIA 00BEKTA. ITO MO3BOJSET OBICTPO MOTYYATh AOCTYI K HaNOOJIEee 4acTo

UCIOJIb3YeMbIM (DYHKLIHSM U MUHCTPYMEHTaM, HE OTBJIEKasCh OT OCHOBHOM paboTHI.

[Tanenbs CBOMCTB HaXOAMUTCS clipaBa OT paboueit 061acTu. 31ech MOKHO U3MEHSTh
napaMmeTpsl 00bEKTOB, MAaTEPHAJIOB, PEHAEPUHIa U APYTUX acleKTOB cleHbl. [laHens cBoiCTB
pasz/iesieHa Ha HECKOJIbKO BKJIA/I0K, KaXAasi U3 KOTOPhIX OTBEYAET 3a ONpPEeAEIEHHYIO
KaTE€ropuI0 HaCTPOEK.
Hexotopsie mpuémsbl paboThI ¢ MaHEIbIO CBOMCTB:
o [lepexmouenue Mexay Bkiaaakamu. s storo ucnonb3yroT Ctrl+Tab u
Ctrl+Shift+Tab.
o (CBopaunBaHuE U pa3BOpauyMBaHUE 3arojoBka na"enu. s aroro ucnonssyror JIKM
HAa 3aroJI0BKE MaHEI!.
e l3menenue macurtaba nanenu. J{is storo ucnomns3ytot Ctrl+3axaryio CKM,
Numpad- u Numpad+.

e COpoc Bcero macmTaba. /i sToro ucnonszyror Home.
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Teopernueckoe 3auaTne(14.) « MHCTPYMEHTAJLHAS NaHEDb.>»

[TaHens MHCTPYMEHTOB

[Tanens MHCTPYMEHTOB pacIoyIo)KeHa cieBa OT paboueil oosactu. OHa CONEPHKUT OCHOBHBIE
MHCTPYMEHTBHI JU1sl paboThl ¢ 00BEKTAMHU, TAKHE KaK [IEpEMEILEHUE, BpalLllCHHE,
MacmTabupoBaHue U Apyrue. Bel MoxkeTe HacTpanBaTh NaHelIb HHCTPYMEHTOB B
3aBHCUMOCTH OT BalIMX NoTpedHocTel. Hanpumep, BbI MokeTe 100aBUTH UIIH YIAIUTh
MHCTPYMEHTBI, U3MEHUTh UX MOPAJOK WIH CO3/1aTh CBOM COOCTBEHHbIE HAOOPbI
MHCTPYMEHTOB JJISl pa3IM4YHbIX 3a]1a4.

[Tanens HHCTPYMEHTOB TAKXKE MOAICPKHUBAECT KOHTEKCTHBIE MEHIO, KOTOPbIE N3MEHSIOTCS B
3aBHCHUMOCTH OT BBIOPAHHOTO pEXHUMa paboTHI M TUIIA 00BEKTA. DTO MO3BOJSET OBICTPO
NOJIy4yaTh JOCTYH K HauOoJee 4acTo UCIO0Ib3yeMbIM (DYHKIMSM U HHCTPYMEHTaM, He

OTBJICKAsICh OT OCHOBHOM pa6OTbI.

IIpakTuueckoe 3ausaTue(l4.) «TecTtoBoe 3aganue—2D-3ckns.»

[Tnockocts mocTpoenus 2d sckuza
Cyl1ecTBYIOT ClIEyIOIIMEe BUbI IUIOCKOCTEH JIJIsl CO3JaHUS SCKU30B.

1. IInockoctu XY, YZ, XZ npocTpaHCTBa IPOEKTUPOBAHUS.

2. JlroOble rpaHy CYLIECTBYIOUINX TBEPAOTEIbHBIX OOBEKTOB.

3. CnenuaibHble paboyne MI0CKOCTH, IPEABAPUTEIBHO IOCTPOECHHBIE CPEICTBAMU
cuctembl. HoBy10 pabouyro II0CKOCTh MOXKHO TOCTPOUTD, UCIOJIb3YsI TpaHu, pedpa,
BEPLIMHBI TBEPAOTENbHBIX 00BEKTOB, CO3/IaHHBIE paHee pabouKe MIOCKOCTH, OCH U
TOYKH, a TAKXKE OCH U INIOCKOCTU CUCTEMBI KOOPAHMHAT.

B nauane paGoThI 110 CO3aHUIO0 HOBOH JI€TANIN MJIOCKOCTHIO ACKM3a OOBIYHO CTAHOBUTCS
mwiockocTh XY. B nanbHeiiiem, B kauecTBe MIIOCKOCTH 3CKU3a MOXKET ObITh BbIOpaHa J1r00as
rpaHb CYLIECTBYIOIIEH AETaIN WK paboyast IIIOCKOCTh, PACIIOI0KEHHAs B IPOCTPAHCTBE
MIPOU3BOJIEHBIM 00pazoM.

CriocoObl MOCTPOSHMSI TEOMETPUUECKUX IJIEMEHTOB

Mo’KHO HCTI0B30BaTh J1Ba CIIOCO0a MOCTPOCHUS FIEMEHTOB (TOUEK U JIMHUI) ICKU3a.

1. Hcnonp3oBaHUE CTaHAAPTHBIX HMHCTPYMEHTOB IIOCTPOEHUS FEOMETPUUECKUX
IIPUMHUTHBOB: OTPE3KOB MPSAMBIX, AYT, OKPY’KHOCTEH, MHOIOYTOJIbHUKOB U T.JI.

2. TlpoeuupoBanue pedep, BEpUINH, KOHTYPOB UMEIOIIMUXCS JAeTa’iei Ha IIIOCKOCTb
3CKM3a ¢ HOMOIIBI0 CTHIN JUHAN dCKA3a
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CyliecTByeT ABa CTUJIA JIMHUM 3CKHU3a: OCHOBHOM M BCITIOMOTaTEIbHbIM.

e OcHo6HOU cmub NCTIONB3YETCS ISl IOCTPOEHUS TEX JIEMEHTOB 3CKM3a, HA OCHOBE
KOTOPBIX OyzieT (OpMHUPOBATHCS A€TANb, HAIPUMED, JIs1 IOCTPOCHUS KOHTYpa
BbI1aBNMBaHusA. OCHOBHOM CTHIIb OTOOpa)aeTcs Ha IKPaHE YTONIIEHHON JTMHUEH.

e BcnomoecamenvHulii cmunib UCTIONB3YETCS ISl IOCTPOCHUS BCIIOMOTATeNbHBIX JTMHUM.
JIuHUM, TOCTPOEHHBIE TAKUM CTUJIEM, HE YYaCTBYIOT B OIIPEJIEIIEHUN [€OMETPUHN IS
(dhopMUpOBaHHS TPEXMEPHBIX 00BbEKTOB. Ha 3kpaHe oHM 0TOOpaXaroTCs B BUIC
YTOHYEHHBIX IITPUXOBBIX JTUHUI.

Hanpumep, npu noctpoeHuu Tena BpaleHus: KOHTYP MOKET ObITh TOCTPOESH OCHOBHBIM
CTHJIEM, a OCh BPALLEHUS BCIIOMOIaTeabHbIM. crionp30BaHne CTUIIEH YIIPOLIAET CUCTEME
Autodesk Inventor ananus 3cku3a, 1 KOHTYp A moctpoenust 3D moznenu Oyner
OTIPEETATHCS aBTOMATUYECKHU.

Z[J'ISI CO3aHHA BCIIOMOTI'aTCIIbHBIX JIMHAM HeO6XO,I[I/IMO HaXXaTb KHOIIKY

«KoHcTpyKuus» ~~ Ha maHenM UHCTPYMEHTOB «Dopmary.

Hanosxenue orpaHuyeHui Ha 3J1€MEHTBI 3CKH3a

IIpu co3nanum 3cKM3a Ha €ro JIMHUM HAKJIa(bIBAIOTCSl OTpaHUYEHUs (CBSA3H, 3aBUCUMOCTH)
(aHrI. constraint), ypoLAIOIIUE JaJIbHEHIINE 1EICTBUS 10 YTOUHEHHUIO U U3MEHEHUIO
reoOMCTpHHU. TaK, HAIIpUMCEP, YKA3bIBACTCA, YTO KOHCYHBIC TOUKHU ABYX CMCIKHBIX OTPE3KOB
JIOJKHBI COBIAJATh, OTPE3KH JTOJDKHBI OBITh MapajuleIbHbl UIIH MEePIEeHIUKYIISPHBI,
TOPU30HTAJIBHBI WM BEPTUKAIbHBI, OKPY>KHOCTH JIOJIKHBI OBITh KOHIIEHTPUYHBI U T.I1. DTO
MO3BOJISIET COXPAHTh (POPMY, LIETOCTHOCTh, HEPA3PBIBHOCTh UCXOIHBIX KOHTYPOB IIPH
HU3MCHCHUH UX OTACIBHBIX pa3sMEpPOB.

Oransl co3JaHus CKU3a

PaboTa 1o nmocTpoeHuro 3ckn3a pa3druBaeTcst Ha HECKOJIBKO 3TAIOB, Ha KaXKIOM M3 KOTOPBIX
MIPOUCXOUT MOCTENEHHOE YTOUHEHUE Pa3MePOB U POPMBI ICKU3A.

1. IlepBoHauanbHO CO37AOT NPUOIMKEHHYIO (POPMY KOHTYPOB 3CKH3a C HIOMOILBIO
«MBIIIMY. B mpoliecce co3aanus 3cku3a Ha OOJIBIIYIO YAaCTh €r0 JIEMEHTOB
aBTOMATUYECKU HAKJIa/bIBAIOTCS OTPAHUUYEHUS.

2. 3arem HaKJIaJAbIBAOT JOITOJHHUTECIBHBIC OTPAHUYCHNA HAa DJICMCHTBI OCKH3a,
CBSI3BIBAIOIIME BCE TEOMETPUUECKUE IJIEMEHTHI B OJJHY KOHCTpyKIuto. [locie atoro
nepeMeIeHre OTICIbHBIX 3JIEMEHTOB HE JI0JKHO MPUBOJIUTH K HCKPUBIICHUIO (POPMBI
JCKU3a.

3. Ha 3axirouuTenbHOM 3Tare 3a/1al0T pa3Mepsl (pa3MepHbIe OTPaHUYCHHUS),

oOeceunBaroIie OKOHYATENBHEINA B DCKU34a.
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IIpakTHueckoe 3ausaTue(l14.) «Yeprexk. 2D-MoxeupoBanue.»

Co3znanue uepTexa JiyIsi MO
[Tocne coxpaHeHUs] MOJICITH CO3/1a€M aCCOMATHBHBIN uepTek. OTMETUM HEKOTOPbhIE
0CcOOEHHOCTH CO3/1aHus YepTexa «Bamy.

Ilocne BcTaBKM MOJCIU B YCPTCIK HGO6XOI[I/IMO MMPpaBUJILHO PACIOJOXUTH ACTAJIb. ILJISI 9TOI0

=
MOYXHO BOCITOJIb30BaThCsl KOMaHA0U [IpoekyuorHblil 6u0 Ha MHCTPYMEHTAIbLHOM MaHEeNIN

AccoyuamusHvle 6uobvl = | Pe3ynbrar HECKOJIBKUX MTOCIEA0BATENbHBIX UCIIONb30BAaHUMA ATON
KOMaH/IbI JJa€T PacIoI0KEeHHE BaJla, IPH KOTOPOM IITOHOYHBIN Na3 00palieH K

HaOmonarento (puc. 1).

Pucynox 1

3areM YAQUTAKOTCA HCHYXHBIC BUIbI U BBITIOJIHAIOTCSA CECUCHUA, MCCTHBIC Pa3pcC3hbl. C03I[aIH/IM

o Iy
ceueHusi A—A u b—b. Jlns 3TOro Ha HUHCTpyMeHTalnbHOU nanenu Obo3nauenus - .. |, BBIOUpaem

i .
KOMaHI[y Jlunus ceuenus —‘lr' N HpI/I 9TOM BUA JOJIXKECH 6BITB aKTUBHBIM. B ITAaHCJIN CBOUCTB
HY)KHO BLI6paTB THUII I/I306pa)KeHI/I$I, nonyquHoro HpI/I IIoOMOIIIHn YKa3aHHOﬁ CCKYH_ICI\/'I

IIIIOCKOCTH, 3TO I/I306pa)KeHI/Ie MOXET OBITh KaK pa3pe3oMm, Tak U CCHCHUCM. I[J'ISI

| B

BBITIOJTHSIEMOT0 YepTexka 11eJ1IeCO00pa3HO BBIMOIHATH cedeHus! © . Takyke HYyKHO OTKIIOYHUTH

[5]
MPOEKIIMOHHYIOCBSA3b MEK/1y OIIOPHBIM BUJOM U CEYEHUEM JUTSE CBOOOTHOTO
pa3MerneHus ceueHuid. B pe3ynbTare BBIIOJIHEHHSI TUX ACHCTBUN MOJIYIHM HEOOXOIUMBIS

ceuenus (puc. 2).
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Pucynox 2
Co3magum MecTHBIHN pa3pes Ui Toro, 4ToObl OKa3aTh oTBepcTue. [ 3Toro Hapucyem

3aMKHYTBIM KPUBOJIMHEWHBIN KOHTYP U HA MHCTPYMEHTAIbHON NIaHeNu Accoyuamugnbie

[

AKTUBHBIM. BblsienseM NOCTPOEHHBIN KPUBOJIMHENHBIN KOHTYP M YKAa3bIBA€M IIJIOCKOCTb,

&= , IIPX 3TOM BU JOJIZKCH OBITH TAKXKE

suovl * =\, BIOEpEeM KOMaHyMecmublil paspes
KOTOPOM BBIITOJIHSIETCS. MECTHBIN pa3pe3. B 1aHHOM ciydae ee MOKHO yKa3aTb BEPTUKAIBHO
yepe3 HeHTp ceueHusiA—A (puc. 3). Ha pucynke 4 noka3zaH pe3yabTaT — IVIABHBIA BUJ

C MCCTHBIM pa3peC30M.

M S e
=B ¢

U MA
Pucynox 3
Pucynok 4
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[Tocne momyueHus Bcex M300pa)keHUI pacCTaBUM HEOOXOAMMBIE pa3MEphI U 3aMIOJHUM

OCHOBHYIO HQJIMKCh (pHC. 5).
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Pucynok 5
8.7 BeInosiHeHHE MOJIENIM U IBYMEPHOTO YepTeka U3 Mojaenu aetanu tTumna «Ocky
IIpennonaraercs oTpaboTKa KOMaH]| CO3JaHHsI TPEXMEPHBIX JIEMEHTOB BpallleHus, paboTa ¢
6ubnuorekamu (puc. 6 u Tabd.).
OTtpabatbiBatoTcs:

e komaHbl Co30ams 8paweHuem N Buipezamo epawenuem;

e 3HAKOMCTBO c Oubanorexamu nakera «Kommacy;

e co3/1aHue OMOIMOTEUHBIX IBYMEPHBIX U TPEXMEPHBIX 3JIEMEHTOB;

e CO3JIaHUs U300paKEHUN YepTeKel 10 MOJEISAM (CO3/1aHNe MECTHBIX pa3pe30B U

ceueHui).
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Tabauya — OchogHble pazmepubl Oemanu

D Di |(D» |Ds |L L |L |Ls |[Ls |Ls Mac-

BapuanTel
Pazmepsl, MM mrab

1,13,22 10 |16 |25 |MI10 [125 |40 |30 |20 (60 [10

2,16,28 15 |20 |30 |[M16 (130 (30 |30 |35 |55 |14

3,12,23 20 |26 |38 |MI16 (135 (30 (42 |25 |60 |18 #
4,19,25 25 (32 |42 |M24 (140 |30 |45 |20 |62 |22
5,20,27 30 |38 |50 |M30 (145 (30 |45 |20 |70 |28
6,11,29 35 (43 |55 |M30 (155 |20 |60 |20 |70 |36
7,17,24 40 |50 |62 |M36 (210 (35 |66 |40 (90 |45
8,15,30 45 (58 |70 |M42 |220 (40 |60 |40 (100 |50 o

9,18,26 50 (62 |75 |M42 (250 |50 |75 |40 [115 |52

10,14,21 |55 |67 |80 |M48 |270 (60 |75 |45 |130 |56

IIpakTnueckoe 3auaTue(14.) «OdopmiaeHue yeprexa.»

emu:

3aKPENUTh 3HAHUS yJalUXCs 0 TeMe: «HepTEKHbIE HHCTPYMEHTBI, MaTEpUaibl U
MPUHA/IIE)KHOCTH U UX IPUMEHEHHEY;

JaTh y4alMMCs MOHATHE O MpaBUiIax 0(hOPMIIEHUS YepTeKa, KOTOPbIE BHITOIHIIOTCS
COIJIACHO MPUHATHIM U AEUCTBYIOLIUM rOCYJapCTBEHHBIM cTaHAapTaM EIMHON cucTeMsl
KOHCTpYKTOpcKo# nokymenTanuu — ECK/I;

MMO3HAKOMUTH C MOHATHEM O ctanfaprax ECK/I;

MMO3HAKOMUTH C MOHATHAMH «(hOpMaT» U «OCHOBHAS HAJIITUCHY;

HAy4UTh IPUMEHSATH cornnacHo crangapraM ECK/I nuHun geprexa, KOTOpble UMEIOT Pa3HOE
Ha3HAYEHHUE U IPUMEHEHNUE;

pa3BUBaTh MPOCTPAHCTBEHHOE MPEJCTABIEHUE U POCTPAHCTBEHHOE MBILILICHUE;

BOCIIMTAaTb TOYHOCTH U AKKYPATHOCTE B ITIOCTPOCHUN qepTemeﬁ.
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3amaun:

Oo6yuaromias: [ToBTopeHue, 3aKkperuieHne IPoiICHHOTO MaTepuaia U YCBOSHUE HOBBIX
3HaHUM 110 JTAaHHOW TeME.

Pa3BuBaromas: pa3BuTHe NPOCTPAHCTBEHHOT'O BOOOPAKEHUS, IOTUYECKOTO MBIILICHUS,
TBOPYECKOTO NOAXO0/a K PELIECHUIO TIOCTABICHHOW 3a/1a4u;

BocnurarensHasi: BOCIUTaHHE y yYalIUXCs HHTEpeca K MPeIMeTy, J0OPOCOBECTHOTO

OTHOIICHHS K TPYYy U aKKYPaTHOCTH B BBITIOJIHEHUH IrpaudecKux padorT.

®opma (Tun) ypoka: ypoK 3aKperyieH!s] U U3y4eHHe HOBOTO MaTepHara.

O6opynoBanue 1 MOCOOUS:
JIist yauTens: MHTepaKTUBHASI TOCKA, IIPOCKTOP, KOMITBIOTED, TUIAKATHI, IIPE3CHTAIIHUS.
Jns yganmxcsi: yaeOHUK «HepueHuey», u ap., YepTEKHbIC MPUHAIICIKHOCTH, padoyast

TCTpadb, KAPTOUKU-3aAaHU .

MeTOI[BI, IMPpUEMBI ITPOBCACHUS YpOKa: ITPE3CHTAl U, O6’[>$ICH€HI/IC, BBIINIOJIHCHUC 3aJaHU.

[Inan ypoka:

OpranuzanroHHbIH MOMEHT (1 MuH.)

[IpoBepka gomariHero 3agaHusi — BU3yaibHo (1 MuH.)

Coobmienne TemMbl ypoka, 1esei ypoka (1 muH.)

[ToBTOpeHMe MpoiaeHHOTrO MaTepuana — GPOHTATLHBIN OMPOoC (5 MUH.)
N3ydenue HoBoro Marepuana (25 MuH.)

®uskyabTMHUHYTKA (1 MUH.)

3akperuieHue MPORAEHHOr0 MaTepHala 1o KapToukaM-3a1aHusaM (5 MUH.)
Uror ypoxka. (3 MuH.)

Homaninee 3aianue. (3 MHH.)

Xox ypoka

I. Oprann3anvoHHBII MOMEHT.

II. ITpoBepka qomalIHero 3aJjaHus — BU3YyaJabHO.

III. Coobmienne Temsl, TIeNIei ypoka.

(cnaiin 3)

IV. IloBTOpEHNME MPOIIEHHOTO MaTepraa.
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— OTBCTUTH Ha BOIIPOCHI, OIIPCACINUTE IO NPEACTABIICHHBIM PUCYHKaM ITIPaBHUIJIBHO

BBIIIOJTHEHHBIN PUCYHOK JieTany, (ciaain 4)

Yuurtens: npexae YeM NPUCTYIUTh K U3YUEHUIO HOBOI TeMBbI, OTBEThTE, MOKaIyHCcTa, Ha
CJIETYIOIIHE BOTPOCHI.

Bonpocwvl na nosmopenue

1.Haszoeume uepméxcuvie uHCmpymeHmuol, Mamepuaivl U NPUHAOIEHCHOCIU, KOMOpble
NPUMEHAIOMCSL 0151 BbINOIHEHUSL Yepmedicd.

2.Kax nooecomosums k pabome uepméxncuwvlil Yyupkyiv?

Kax nposoosim um dyeu oxpyscrnocmeti?

3./[ns ueeo Hyscna peticwiuna?

4.Kax noocomosumu x pabome xapanoau?

5.Kaxue 6visarom xapanoawu no meépoocmu?

6.Kak npasunbrho noocomosums pabouee Mecmo 0Jisl yepyeHus?

OTBeThI yyamuxcs.

V. U3yuyeHnue HOBOro Marepuala.

VYuutens: Tema ypoka ceroHs ABiIsIeTCs NPOJOJDKEHUEM U3ydeHUs TeMbl « TexHuka
BBITIOJTHEHUS YepTekel U npaBuia ux ohopmieHus». PaccMoTpuM U BBIICHUM, KakHe

IpaBHjia IPUMCHAKOTCA MTPU BBIITOJIHCHHUU YCPTEIKA.

Kaxx1p1i1 4epTExXHBIN TOKYMEHT BBIIIOJIHIETCS 10 €IMHBIM IIpaBUiIaM — CTaHaapTaM. B Hamei
CTpaHEe MPUHATHI U AEUCTBYIOT FOCYIapCTBEHHbBIE CTaHAAPThl ENMHON KOHCTPYKTOPCKOU

nokymenTaruu — ECKJI. Uto xe takoe ctanmapt? (Cnaiiast 5, 6)
CrannapThl YCTAaHOBJICHBI HE TOJIBKO HA KOHCTPYKTOPCKUE JOKYMEHTHI, HO M Ha OT/C/IbHBIC
BHJIBI IPOJIYKITMH, BBITYCKAEMbIE HAIIMMH MPEANPUATUIME. ['ocyapcTBEHHBIE CTaHIaPThI

(I'OCT) oGs3aTenbHBI 17151 BCEX MPEANPHUATUN U OTASIBHBIX JIUIL.

Kaxxiomy cranmapTy nprucBauBaeTcsi CBOM HOMEDP € OAHOBPEMEHHBIM YKAa3aHUEM I'0J1a €r0

pErucCTpanum.

CTaHI(apTBI BpEMsA OT BpCMCHHU IICPECMATPHUBALOT. OTO CBS3aHO C Pa3BUTHEM TCXHUKU U

COBEPIIICHCTBOBaHNEM MHKeHepHOU rpaduku. (Cnaiizg 7)
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Yuutens: UepTeku BRIMOIHSAIOT HA JTUCTaX onpeaenénnoro pasmepa. Cranmaprom (I'OCT
2.301-68%)
DOPMAT — uepmédxncuwiii aucm dymacu onpeoeiéHno2o

pasmepa, Ha KOMopoM GbINOJHAIOMCS YepMedCU U Opyeue KOHCMPYKMopcKue 00KyMeHmbl.

YCTaHOBJICHBI ()OPMATHI JTUCTOB, KOTOPBIC 0OBOAST TOHKOM TMHUEH. B
0011e00pa3oBaTeNbHBIX YICOHBIX 3aBEICHUSX MONB3YIOTCS (popMaToMm, pasMepbl KOTOPOTO
297 x 210 Mm.

Ero obo3nauaror A4.

POPMATE
TN CSE O AR S T K CRA L SR T

Y]

FLUH A3

&
Rt B B i) 1208 b B

(Cnaiiger 8, 9)

Yuurens: Kaxabli 4epTex oQopMIIIeTCs paMKoii, KOTopasi orpaHuduBaeT ero nose. (Craiin

10)

Yuurens: Ha YCPTEIKAX B IPABOM HUIKHEM YIJIY pacriojiaraloT OCHOBHYIO HAaJAIINUCh. CDOpMy,

pa3mepsl u coaepkanue e€ ycranasnusaet ctanaapt (I'OCT 2.104-68%). (Cnaiig 11)

Ha y‘~I€6HBIX MIKOJIBHBIX YEPTCIKAX OCHOBHAA HAAIINCH BBITTIOJIHACTCS B yr[pOHIéHHOM BUJC.

(Cnaiin 12)

VYuutens: Ha mpousBoctBe, cornacHo ['OCT 2.301 — 68, muctel hopmaTta A4 pacnonararot
TOJILKO BEPTHKAIBHO. B yueOHBIX 00111e00pa30BaTeIbHBIX 3aBEACHHIX UX UCIIONB3YIOT KaK

BEPTHKAIBHO, TaK ¥ TOpU30HTANBHO. (Cnaiias 13, 14)
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VYuuTens: Ipy BHITOTHEHUN YEPTEKEN IPUMEHSIOT JTUHUU PA3IUYHON TOJILIUHBI U
HauepTanus. Kaxnaas nuHus nMeer cBo€ HazHaueHue. [locmoTpure Ha aBa U300pakeHus
(Cnaiig 15). Ha Bam B3ruisi1, Kakoil U3 3TUX U300pakeHuil noustHee st yreHusi? (OTBEThI

YYaIIuXCs).

VYuurtens: pacCMOTPUM JIMHUU, KOTOPbIE IPUMEHSIOTCS ISl BbIIIOJIHEHUS yepTexei. (Ciaapl

16, 17)

VYuurens: 41 TOro, 4ToObl M300paxKeHne ObLIO BCEM MOHATHO, TOCYIapCTBEHHBIN CTaHAAPT
yCTaHaBJIMBAET HAUEPTaHUE JIMHUN U yKa3bIBa€T UX OCHOBHOE HA3HAYEHME I BCEX
YepTeKeil MPOMBIIUIEHHOCTH U CTPOUTENBCTBA. PaccMoTpuM Oosiee moapoOHO Ha3HAUYEHUE U

IIPUMCHCHHUC OTUX JIMHUH.

1. OCHOBHAA CMAOLWHAA TOACTAA TUHMA

TonumMHa cNACWHO W OCHOBHOW AMHMMK (5) BpiBupaeTca B

[ npegenaxot0,5 go 1.4 mm
; MpumenseTca gnsa 306 paXKeHna ENAMMOro KOHTYPa
b npegmeta, oQPOPMAEHHMA PAMKKN NONA YepTea M rpad
OCHOBHOH HagnueH
BHMMBIA HOHTYP NPEAMET
* . OCHOBHAR HAAMMCH
\ /T E:

CIUIOHIIHASA TOJICTAS OCHOBHASA JIMHUA
TonmuHa crutoniHoi ocHOBHOM nuHUHM (S) BeIOMpaercs B npenenax ot 0,5 1o 1,4 mm
[Tpumensiercs s n300paXxkeHnss BUAMMOTO KOHTYpa mpeaMeTa, 0opOopMIIEHUS! paMKH OIS

gyepTeka U rpad OCHOBHOM HaANUCH

- e Ay

I 1 E—

IITPUXOBASA JINMHUA

Tonmmua nuauu ot S/3 mo S/2.
JlnmuHy mTpUxa BRIOUPAIOT OT 2 10 8 MM, pacCCTOSIHHE MEX/Y IITpUXamMu oT 1 10 2 MM

[Tpumensiercst st n300pakeHUsI TMHUM HEBUIMMOTO KOHTYpa MpeaMeTa.
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CIIUIOHIHAA TOHKA S JIUHU S
TonmuHa TOHKOM JImHUA OoT S/3 1o S/2
[IpumeHsieTcs UIsi HAaHeCEHUS BBIHOCHBIX M Pa3MEPHBIX JIMHUH, HAHSCCHUS I TPUXOBKH,

IMPOBCACHUA IT0JIOK JIMHUH - BBIHOCOK

A0 F BN LRI

Tt o 8 = R

LITPUXITYHKTHUPHASA TOHKAS JINMHUA

TonmuHa MTPUXITYHKTUPHOU JHUU OT S/3 1o S/2

HpI/IMeHHeTCH AJIs1 OCCBBIX U LICHTPOBLIX JIMHAM

ENL STEETENE T NEE NPT )

FUETEH HEIE L

160 5 K O IR 1 - HE T L ETT P
e .

CINUTOIIHA A BOJIHUCTAS JIMHUA

Tommuua BomHUCTOH TUHUA OT S/3 10 S/2

[Tpumensietcst st n300paskeHUsI IMHUM 00pHIBA, pa3rpaHUYCHUS BUA U pa3pe3a

LRI A
- .-

EALA-IEE A T L

I e L e LT

R T TERTT TR

)

PA3OMKHVYTAZ JIMHUA
TonmuHa pazoMkHyTOM TUHUM OT S0 1,58
[Ipumensiercs 1uist n300paXkeHUI MecTa CeKyIlel IIOCKOCTH MPHU MOCTPOSHUH CEUEHUI U

pa3pe3oB
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IITPUXITYHKTUPHA TOHKAS C IBYMSI TOYKAMU JIMHU S
Tonmuua nuauu ot S/3 1o S/2

[Tpumensiercs s n300pakeHNs TMHUAN cTuOa Ha pa3BEPTKAX

ke T g 5T

CIUIOIIHASA TOHKAS C U3JIOMOM JIMHUA
Tonmuua nuauu ot S/3 1o S/2

[Tpumensiercs 1uist ©300paXKEHUS ATUHHBIX TMHUN 00pbIBa

(Cnaiiner 18, 19, 20, 21, 22, 23, 24, 25)

VI. ®u3KynpTMUHYTKA.

(Cnaiin 26)

VII. 3akpenneHue npoiieHHOro Marepuarna.

Y4autens: BeCh MaTepHrall ypoka Mbl ITPOIIH, JlaBaiiTe IIpOBEpUM CG6$I, KaK MBI €T0 YCBOWJIH.

Yuurens pa3naér kaprouku-3aganus. ([Ipunoxxenue 1). Pabota paccunrana Ha 5 MUHYT.

JafaHn e HanWcaTte Ha3EaHn A AHHHIA.

VIII. Utor ypoxa.

Yuurtens BU3yallbHO MPOBEPSET BHIMOJIHEHHE 3a/1aHUi, OLIEHUBAET TE€X, KTO XOPOIIO paboTal.

OKOHYATECILHBIN PE3YIbTAT MPOBCPKU BLIITOJHCHUSA 3aJaHui 6yJICT 0OBSIBIICH HA CJICAYIOHIEM

ypOKe.
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IX. JlomamiHee 3agaHue.
(Cnaiipg 27).
VYyuutensb: 3anuiuTe, NoXKaayicra, JoMallHee 3aJaHue B JHEBHUKAX.

Vuurens: YPOK OKOHYECH, CHaCI/I60, J0 CBUJaHU:.

Teopernueckoe 3ausgaTue(14.) «IlapaMeTpbl TEKYIIET0 YepPTeKa.»

[TapameTpsl yepTexka BKIIOYAIOT TpeboBaHus K odopMiIeHHIO popmaTa, pa3MepoB, TEKCTa U
YCIIOBHBIX 0003HAYCHHA. DTH MapaMeTphl PETIaMEHTHPYIOTCSI CTaHAAPTaAMHU, HAIPHUMeED,

I'OCTamu cepun 2.300.

Huxe npuBenens! npaBuiia opopmiieHus: pa3Hbix 3aeMeHToB yepTexa mo ['OCT.

L

u

T
1
J

b1

o
1 e

>

117
1

N R

1. Kegueaowase poduges 2mm
2 ',3.:1:»4::» den capalon

Mk02.06.00.02

E

- Buna

i I
= a@._ﬁa s

- ) i

®opmar
e Bri6op dopmara 3aBucHuT OT 00BEMa U CIOKHOCTH HHGopMaruu. Hampumep:
o @opmar A4 — U1 MeNKUX AeTanell 1 HeOONbIINX CXeM, pa3Mepbl —
210%297 Mm.
o ®opmar A3 — s yepTexen CpeaHel CIoXKHOCTH, pazMep — 297x420 mm.
o ®opmar AO0 — a1 MacIITaOHBIX MPOEKTOB U CIOXKHBIX CUCTEM, pa3Mep —
841x1189 mm.
o Pamka orpanuunBaeT mnosie A yepTeka, MMEET OTCTYIBI OT KpaéB iucra. Hanpumep,

10 JIEBOMY Kparo OTCTynaroT 20 MM, C OCTAJIbHBIX CTOPOH — IO 5 MM.

Pasmepsl
o JluneliHble pa3Mepbl MIPUBOIAT B MIJLTUMETpax, 0e3 0003HaAUCHHS €AMHULIBI
U3MEPEHMUS.
e VYrioBble pa3Mephl YKa3bIBAIOT B Ipajycax, MUHYTaX, CEKyHaX ¢ 0003HaUeHUEM

€TMHUIBI U3MEPCHUS.
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TexkcT

Kaxxnp1ii pazmep HaHOCAT Ha YEPTEKE TOJIBKO OJUH pa3, MOBTOPSATH €T0
HEZOIyCTUMO.

PazMepHble TMHUN TPEANOYTUTEIFHO HAHOCUTD BHE KOHTYpa U300pakeHus, He
JOIIYCKAeTCs UCII0JIb30BaTh JIMHUU KOHTYPA, OCEBbIE, LIECHTPOBBIE U BBIHOCHBIE JINHUU
B KaU€CTBE Pa3MEPHBIX.

Pa3mepsl, oTHOCAIIMECS K OJHOMY T€OMETPUUECKOMY JIEMEHTY, PEKOMEHYETCs
IpyNIUpPOBaTh B OTHOM MECTE, pacroJjaras X Ha TOM H300paKeHUH, Ha KOTOPOM

reoMETprUICCKasa (bopMa JaHHOT'O 2JICMCHTA II0Ka3aHa HauoOoJIee MOJIHO.

TexHuyeckue TpeOOBaHUS — TEKCTOBAS 3aITUCh B TIPABOM HIDKHEM YTITy YepPTEKa,
KOTOpasi BKIIFOYACT JOTOTHUTEIHHYIO HH(POPMAIIHIO, HE TTIOKa3aHHYIO B rpaduvIecKon
yactu yeptexa. Permamentupyercs OCTowm 2.316-2008. B TpeboBanusix
yKa3bIBAIOT, HAIPUMED:
o TpeboBaHUS sl MaTepualla, aHajlora MaTepHaia, 3aroTOBKH,
TepMOOOpPabOTKH;
o TMapaMmeTpbl OTKIOHEHHUS Pa3MepOB, GOPMBI U B3AUMHOT'O PACIIOIOKECHHUS

HOBerHOCTCﬁ, MacCcChbl 1 11p..

VYcnoBHabBIE 0003HAUECHUS

YcnoBHble 0003HaUeHUS (3HAKH, JTMHUU, OYKBEHHBIE U OyKBEHHO-IIM(PPOBBIE
0003HaYeHMS) MPUMEHSIOT 0€3 pa3bsCHEHUS UX Ha YepTexke U 0e3 yKazaHus Homepa
crangapta. VckimroueHne — yciIoBHbIE 0003HAYCHHS, B KOTOPHIX IMPETYCMOTPEHO
YKa3bIBaTh HOMEP CTaHApPTa.

JlonmyckaeTcst IPUMEHSTh YCIIOBHbIE 0003HAaUYEHUs, HE IPEAYCMOTPEHHbBIE B
CTaHJapTaX, — B 3TOM CIIy4yae UX pa3bsCHAIOT B TEXHUUECKUX TPEOOBAaHUAX YepTexkKa.
PazmMeps! yciioBHBIX 0003HAUYEHUI, HE YCTAHOBIIEHHBIX B CTAH/IAPTaX, yCTAHABIUBAIOT
MCXO/IS U3 HATJISITHOCTH U SICHOCTH YePTEKa M BBITIOIHSIOT OJIMHAKOBBIMH TIPH

MHOT'OKpPaTHOM ITOBTOPCHHWHU.

IIpakrnueckoe 3ausaTue(14.) «Mcnoan3oBanue sBuaoB. [Hogyuenue n3oopaxkeHuss B

pAa3HbIX MacIITA0aX.»

Hcnons30BaHue BUIOB B YCPUCHUU ITO3BOJIACT IMOJTYy4YaTh I/1306pa)KCHI/I$I B pa3HbIX

MaciTabax 0e3 pydHoro rnepecyéra pasMepoB. DTO CBSI3aHO C TEM, YTO KaX bl BUJT UMEET
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MacmTad — KO3 OHUIIMEHT, KOTOPBIM aBTOMATHYECKH YIYUTBIBACTCS TIPH CO3aHUH O0BEKTOB
B 9TOM BHUJIE.

[Tpumep: 1 pa3MenieHns YepTexa KOHCTPYKIMH ¢ oomeit ymuoi 1500 MM Ha mucte
dbopmata Al Tpebyercs HauepTuTh e€ B Macirade 1:2,5. [lpu TpaguiinoHHOM YepUYCHHUH TS
MOJIy4YEHUSI TAKOTO YMEHBIICHHOT'O N300paKeHHsI IPUIILIIOCH Obl BPYYHYIO JI€JIUTH MapaMeTphI
Ka)KJJOTO F€OMETPUUYECKOI0 JIEMEHTA Ha 2,5, a IpU IPOCTAaHOBKE pa3MEpPOB — TAKKE
BPYYHYIO BIHCHIBATh JICHCTBUTENILHBIC 3HAUEHUS B pa3MepHbIe HaamucH. B cucreme ¢
BHUJIAMHU MOXHO Cpa3y co37aTh BUJ ¢ MaciiTaboM 1:2,5 u 4epTUTh B HEM, BBOJSI HATYypaibHbIE
reoMeTpuyeckre pasmepsl. MacirabupoBanue n3oopaxenus (yMeHblIeHUE B 2,5 paza)

MMPOU3BOJAUTCA CHCTEMOM aBTOMAaTHYECKHU.

B xaxom 6o macw rabe ne Bnnonanocs Kiobpaxenne, passmeps: ha
YOPTONE NANOCRT JOHCTOATOAMNNE, Yrnoswe PajMepw ne
HIMENAOTER.

nr-r

[IpaBuna

e Ilpu co3nanuu HOBOTrO YepTeka aBTOMAaTHUECKH (POPMHUPYETCS CUCTEMHBIN BUJT C
Macmrabom 1:1, mapamMeTpsl KOTOPOTO U3MEHUTH HEBO3MOXKHO. Ecnu TpedyeTcs
co3JlaTh U300pakeHue B MaciiTabe, OTIIMYHOM OT 1, He0OOXOAMMO CHavaja co31aTh
HOBBIH BHJI C HY’)KHBIM MacIITa0OM.

e Ecamn macmta® HeoOX0IMMO U3MEHUTD, H300paKeHHE HE HYKHO BHIYEPUHMBATh
3aHOBO, IIEPECUNTHIBAsI pa3Mepbl — MOTPeOyeTCs JINIIb U3MEHEHUE MaciuTaba BUaa, B
KOTOPOM 3TO N300pa)kKeHUE PACIIONOKEHO.

o He pexomenayercs pa3meIiaTh B pa3HbIX BHJIaX HU300paKeHUs, KOTOPbIe HAXOAATCS B
HEIMOCPENCTBEHHON MPOEKIIMOHHOM CBSI3H.

[IporpamMmmMHoe obecrieueHue
Jlnist paboThI C BUJAMH U MaclITabaMH MU YePUEHUH UCTIONb3YIOTCS, HATPUMED, CUCTEMBI
aBTOMaTH3MpoBaHHOro npoektupoBanus (CAIIP). Hanpumep, B mporpamme «KOMITAC-3D»
MOJKHO:

e Co3aatb HOBBIN BUJI C HYKHBIM MacIiTaboM. MoOHO BbIOpaTh U3 CTaHAAPTHBIX

MaciTaboB WIIH 3aJ1aTh CBOM.
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e M3meHuThs MacmTabd BHIa — Ha)KaTh NMPABOM KHOIMKOW MBITITM HAa BUJI, IEPEHTH B
«Macmtab» 1 U3BMEHUTH Ha IPYroi Macmrao.

° I/ICHOJIBSOBaTL aCcCoOMaTUuBHBIC BUJAblI — BHbI, CBA3aHHBIC C CYLLIeCTByIOIL[eﬁ
MOJICIIBIO (JIeTabto i cOopkoii). [Tpu nu3mMeHeHnn GopMbl, pa3MEPOB U TOTIOJIOTHH

MOACIN U3MCHACTCA U I/I306pa)KCHI/Ie BO BCEX CBSA3aHHBIX C HEM BUJax.

IIpakTnueckoe 3auaTue(l4.) «TecToBoe 3amanne-2D-uepTek 10 MOJAEIN.)

Cozpnatb 2D-ueptéx no 3D-moaenu moxkHo B mporpammax CAIIP, nanpumep «Komnac 3Dy
i AutoCAD. 17151 3TOro UCnonb3yroTces clieluanbHble HHCTPYMEHTHI, KOTOPBIE TO3BOJISIOT
peoOpa3oBaTh TPEXMEPHYIO MOJIEIb B IBYMEPHOE H300pakeHne (IIPOESKITHIO).
B Komnac 3D
Anroput™m co3ganus yeprexa mno 3D-monenu:
1. OtkpoiTh 3D-Mozens B «Kommnacey.
2. Co3pgatb HOBBINM JOKYMEHT «UepTex.
3. B MeHIo Ha HOBOM uepTexe HaxaTh «BcraBka»y — «Bupa ¢ mogenu» —
«CTaHapTHBIE. .. ».
4. B oTkpbIBIIEMCS OKHE BBIOpaTh 3D-MOa€mh, KOTOPYIO HYXKHO TiepeBecTd B 2D, u
Haxatb «OK».
5. B MmeHro cHu3y Haxath «CxeMay, BBIOpaTh HyKHbIE BUABI U HaXXaTh «OK».

6. KnukHyTh Ha mose ueprexa.

Baxxno: nporpamma oTKpbIBaeT ¢aiinibl Apyrux GopmMaTtoB TpEXMEPHBIX MOJENEH, HO
KeJaTeJIbHO, YTOOBI MOJielNb Obl1a BeioiHeHa B «Komnace 3D».
B AutoCAD
g cozganust 2D-npoekuu o 3D-moznenu B AutoCAD ucnonb3yercss KomaHia
«[TJIOCKCHUMOK» (_ FLATSHOT). Anropurm:
1. B npoctpaHcTBe MOJenu copueHTupyiite 3D-Moaenb, Hapumep, A7 HOTydEHUs
TUTOCKOM MIPOEKIMH BUJIA CBEPXY PACIOIOKHUTE MOJIENIb COOTBETCTBYIOLIMM 00pa3oM.
2. 3anycture koManny «[IJIOCKCHUMOKY.
3. B nosBuBIIEMcs OKHE BbIOepUTe criocod popmupoBaHus npoekuuu: «BcTaButh B
BHUJIE HOBOT'O OJIOKa» UM « DKCIOPTHPOBATH B (aitmy». Bapuant «3amMeHUTH
CYIIECTBYIOIIUI OJ0K» MpeHa3HauEeH /sl OOHOBJICHUS YK€ CYLIECTBYIOIINX OJIOKOB

IIpru USMEHCHUH MOJICIIN.
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4. B paznene «©@OHOBbIE JTUHUMY YCTAHOBUTE I[BET U TUI JIUHUM JIJI1 BUAMMBIX KOHTYPOB

IMpOCKI MU, B pasaciic «lIlorameHHbIC TUHUNY — BHUIHUMOCTD U MapaMCTPbI CKPBITHIX
JIMHUH] IMPOCKIHH. Ilo YMOJTYaHUIO BCC IMHHUU — CIIJIOIIHBIC.
ITocne nHaxkaTus kaonku «OK» YKaXXUTE TOYKY BCTAaBKH 6.]'IOKa, MacmTa0bl Mo ocaM X

u Y ¥ yroi rnoBoporTa.

PesynbraT: mpoekuus OyneT BCTaBICHA B IPOCTPAHCTBO MOAEIHU B BHJIE OOBIYHOTO 0JI0Ka,

KOTOpHﬁ MOXHO IIEPEMECTUTH B HY’)KHOC MCCTO YEPTEKA, PACHIICHUTD U I[Opa6OTaTB IIpu

HEOOXOINMOCTH.

Teopernueckoe 3auaTue(14.) «Jleraan. 3D-MoaeupoBanue.»

3D-moaenupoBaHre — 3TO MPOLECC CO3/IaHUS TPEXMEPHBIX 00BEKTOB B BUPTYAIBHOM

IMPOCTPAHCTBEC C TIOMOLIBIO CIICHUAIU3UPOBAHHOIO ITPOrPpaMMHOT O obOecrieueHus.

HonyquHHe MOZCIIN MOTYT OBITH KaK p€aluCTUYHBbIMU, TaK U CTHJIIN30BaHHbBIMMU.

Ob6nacTu mpuMeHeHus:

ApxuTekTypa U Iu3aiiH — CO3JaHu€e IUIAHOB 3aHUH U UHTEPHEPOB.

Kuno u urpst — co3nanue cnendpPpexTon v HU(POBBIX MEPCOHAKEH.
Meauuynaa — 3D-Moz€enu 4eI0BEYECKUX OPTaHOB M CUCTEM IIOMOTalOT BpayaM B
MIOATOTOBKE K ONEPALIUSM.

[Ipon3BoICTBO — MPOEKTHPOBaHUE JieTaslell U COOPOUHBIX EMHHMII.

HayuHble nccnenoBanus — BU3yalld3alysl JaHHBIX, YTO IOMOTAET B aHAIM3E U

HHTCpHpETALIUN PE3YJIbTATOB SKCIICPUMCEHTOB.

Metonasl

Hexotopsie moaxoas! k 3D-MoAenMpOBaHUIO:
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[TonuronaabHOE MOJIETMPOBAHIE — OOBEKTHI COCTOST U3 MOJIUTOHOB (Yale —
TPEYTOIBHUKOB WM KBAJIOB). VICTIONB3yeTCs MPU CO3/IaHUU UTPOBBIX MOJICIIEH,
HU3KOIIOJIMTOHAILHOU Tpa)UKu, apXUTEKTYPHBIX AJIEMEHTOB.

CKyABOTHHT — MOJIENb «1e(POpMHUpPYETCs» KUCTAMU, 100aBift0TCs netanu. Maeanen
JUIS OpraHn4ecKux (GopM: MEePCOHAXKEH, KUBOTHBIX, CIIOXKHBIX TEKCTYp (MOPILUHBI,
MYCKYJaTypa).

NURBS-monenupoBanue — 0ObEKTHI CO3IAI0TCS ¢ TOMOIIBIO KpuBBIX (Non-Uniform
Rational B-Splines). YacTo UCIOIB3YIOT ISl TOYHOTO MOJICITUPOBAHUS
MIPOMBIIIIJICHHBIX JIeTalel, aBTOMOOMIIEH, IOBEUPHBIX YKPAIICHHH.
[Tapamerpuueckoe (CAD)-monenupoBaHiue — OCHOBAHO Ha CO3/IaHUU JIETAJICH 110
napamerpam (NIyOuHa, paauyc, JnHa). BaxkHO 1715 MHKSHEPHH, MTO3BOJISIET TOYHO

HaCTpanBaTb pa3sMCPhbI 00BEKTOB H JIETKO BHOCUTH U3MEHEHHS.

[Iporpammsl

st 3D-MoaenupoBaHus UCTIOIB3YIOT, HATPUMED:

Blender — OecrutaTHOE U OTKPBITOE IPOTPAMMHOE 00ECIICUCHHUE, MTOIICPKUBACT BCE
ATaIlbl MPOIEcca, OT MOACIUPOBAHNUS 10 PEHICPHHTA U aHUMAIUH.

Autodesk 3ds Max — nporpamma jiiist 3D-mMoieupoBaHust 1 aHUMALWU,
HCIIOJIB3YETCS B APXUTEKTYpPE U UTPOBOM UHIYCTPHUHU.

ZBrush — mporpaMMma, OpueHTHpPOBaHHAsI HA CKYJIBIITYPHOE MOJICIIMPOBAHHUE,

nomyJisgpHa Cpean XyJ0XKHUKOB 11O IIEPCOHAXKAM W KOHICTITYAJIbHOMY ,I[H3al>iHy.

Teopernueckoe 3auaTue(14.) «Padodee npocTpancTno. JlepeBo Mmoaean. Komnakruas

naneJab. [1aHeanb cBOWCTB. DCKU3.»

B nporpamme «KOMITAC-3D» ecTb 3neMeHTHl HHTEp(dElica, CBsI3aHHbIE ¢ Pa0OUNM

MMpOCTPAHCTBOM, ACPCBOM MOICIIH, KOMIAKTHOM IIaHCJIbIO, ITAHCIIBIO CBOMCTB M 3CKH30M.

PabGouee MMPOCTPAHCTBO — OCHOBHOC NNPOCTPAaHCTBO OKHA IIPOrpaMMBbI, B KOTOPOM

MIPOM3BOIATCS MAHUITYJISIIIMN ¢ MojelisiMu. [Ipu co3ganum HOBOM feTanu pabodast 00J1acTh

mycTasi, 0ToOpakaeT TOJIbKO 0a30BbIe IOCKOCTH XY, XZ u YZ.

N300pakeHus 21eMeHTOB pabouero nmpocTpaHcTBa nmporpammsl Kommnac 3D: JlepeBo mozenu,

KomMnakTnas nanens, Ilanens cBoiicTB, DCKu3:
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JepeBo Mmoaenu

JlepeBo Mojenu — rpadudeckoe MpeacTaBieHne Habopa 00BEKTOB, COCTABIIAIONIMX MOIETh
(meranp umm cOopky). KopHeBoit 00beKT — caMa MOJIeIb.
OcoOeHHOCTH:
e OOBEKTHI PacIoiaraloTcs B IEPEBE COMIACHO MOPSIKY CO3/IaHHSI WIIH TPYIITUPOBKE TI0
THTIaM B 3aBHCUMOCTH OT BBIOPAHHOTO BapHaHTa OTOOPaKCHHS.
e B nepere n3o0paxkaroTcss 0003HaUCHUS Hadajaa KOOPIUHAT, ITIOCKOCTH, OCH, 3CKH3BI,
OTIEpAllMU U yKa3aTeIh OKOHUYAHUS TOCTPOCHUS MOJICIIH.
e DcKkwu3, 3a/IciICTBOBAaHHBII B JIF000I omepaliiu, pa3MeIIaeTcsl Ha «BETBU» JepeBa,
COOTBETCTBYIOIIEH ATON ONEpaIlnH.

Kommakraas manenn
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KomnakTHas nmanens — BepTUKaAJIbHAS MAHEINb, [0 YMOIYAHHUIO PACIIOI0KEHHAS B JIEBOU
9acTH OKHA IporpamMmbl. OObeTUHSET MTAHETTH HHCTPYMEHTOB ISl CO3/IaHUS U
PEMAKTHPOBAHUS MOJIENICH, YePTEIKEH WITH PIIEMEHTOB CTICIIH(PUKAIUH.
OcoGenHocru:
e Mexay naHeiasiMyu HHCTPYMEHTOB MOKHO IEPEKII0YATHCS ¢ TOMOILBIO CHEIUATbHBIX
KHOTIOK.

e (CocTaB KOMINAKTHOM ITAHEIU 3aBUCHUT OT THIIA AKTUBHOTO AOKYMCHTA.

Ilanens cBOMCTB

[Tanenb cBOHCTB — 0TOOpakaeT BKIIAIKU C HACTPOWKAMH M CBOHCTBAMHU, TOCTYITHBIMU JIJIsI
PEIAKTHPOBAHUS TIPU BHIMIOJTHECHHH KOMaH I (co3aanusl onepanuii). Hampumep, npu
PUCOBAHHMH OTpPE3Ka Ha STOM MaHEH MOSBJISIOTCS OIS JIJIs BBOIa KOOPMHAT €r0 HayaabHOM
Y KOHEYHOH TOYEK, JTMHBI, YIJIa HAKJIOHA U PACKPBIBAIOLIUICS CITUCOK THITOB JIMHUIA,
KOTOPBIMH OH MOXET OBITh OTOOPaXKEH.

OcoOeHHOCTH:

e [laHensb CBOMCTB MOXKET OBITh 3aKpEIlJICHA BO3JIC JII0OOOro Kpast KIMEHTCKOM 00J1acTh
IJIABHOT'O OKHA MPOrpaMMBbl WK IUIaBarOIIeH (B HCAKTUBHOM COCTOSIHUM CKPBIBACTCS
3a rpaHuLEel TJIaBHOTO OKHA).

Ocku3
Dckn3 — 00BEKT TPEXMEPHOTO MOACTUPOBAHNS, CO3/IaHHBII CPEACTBAMU YEPTEHKHO-
rpaduueckoro pegaktopa. Mcmnonb3yercs A pa3HbIX IeNeid, HanmpuMep: 3a1aHue GOopMBI
CCUCHUS TeJIa WM IMOBEPXHOCTH, 33]JaHIE TPACKTOPUH TICPEMEIICHUS CCUCHHSI, 3a/IaHNe
TMTOJIOKCHUS DK3EMILIIPOB MAaCcCHBA.
OcoOeHHOCTH:

e DCKH3 MOXKET COJIepKaTh OJIHY MU HECKOIBKO I[EMOYeK 00BEKTOB — KOHTYPOB.

e  KoOHTYpBI MOT'YT OBITh 3aMKHYTHI WJIH PA30MKHYTHI, IEPECEKATHCS IPYT C IPYTOM.

o OI[I/IH H TOT K€ OCKHU3 MOXKCET UCIOJb30BATHCA B HCCKOJIBKUX PAa3JIMYHBIX OINCpalniaX.

Teopernueckoe 3augaTne(14.) «BenomorareJnLHas reoMeTpus»

BcnoMorarenpHas TCOMETPUA — O3TO COBOKYITHOCTb '’COMCTPHUYCCKUX IJICMCHTOB, KOTOPBIC
HCIIOJIB3YIOTCS B IIPOLECCC CO3AaHUS FCOMCTpH‘ICCKOfI MOACIHN U3OCIINA, HO HE ABJIAIOTCA

3JIEeMEHTaMU 3TOM Mojenu. Takue 31eMeHThl TOMOTaloT MPU MOCTPOEHUU OCHOBHOM
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Tr€OMETPHUH, KOTJa HAHECEHUE Pa3MEPOB W 3aBUCUMOCTEHN HE TAET 0KUIAEMOTO
pe3yJibTarta.

TepMuH «BcrioMorarenbHasi FEOMETPHS UCIOIB3YETCSI B HOPMAaTUBHO-TEXHUUECKOM
nokyMmeHnTanuu, Hapumep, B [OCT 2.052-2006 «Eaunas cucrema KOHCTPYKTOPCKOM
JOKYMEHTAIMH. DJIEKTPOHHAS MO/IeTb u3enus. OO1ue moa0KeHUs.

Bunasr

HekoTopsie BU1bl 00BEKTOB BCIIOMOTaTEIbHON T€OMETPHUU:

e Paboune 3meMeHThl — IJIOCKOCTH, OCU M TOUKH, [TOJIy4€HHBIE U3 T€OMETPUU MOJIEIIH,
00BEKTOB 3CKHM3a U CYIIECTBYIOUINX pabouux 3neMeHToB. Hampumep, MOXKHO co31aTh
pabouyro MIOCKOCTh, KOTOPAs SIBJISAETCS CMEIIEHUEM OT TPaHu MOICIIH.

e OrpanuuuBarolye JIMHUU — 33JJal0T TPAEKTOPHUIO BBITSATUBaHMs pedpa, 0003HauaroT
KOHTYp | 33/1al0T pa3Mepbl OyayIiero pedpa.

e  KOHTpOJIbHBIE TOYKH U MIPUCOEAUHUTEIBHBIE TOUKH.

OcoOeHHOCTh 0OBEKTOB BCIIOMOTaTEIbHON I'€OMETPUN — HEACCOIIMATUBHBIN XapaKTep: OHU
TOYHO OTPa)KalOT FEOMETPUIO «POAUTENS» B MOMEHT POXKJIEHUS, HO HE UMEIOT
aCCOLIMaTUBHOM CBA3U C HUM.

[Ipumenenne

BcenomoratenbHas reoMeTpHs UCIIOIb3YETCsl B Pa3HbIX 3a7a4dax, HalpuMep:

o Co3gaHue 3CKHU30B — MTOMOTaeT YIPOCTUTDH CIOKHYIO CXEMY ICKH3a, 00JIErYuTh
pean3anuo uieu.

o Pa3MmenieHue 21€eMEHTOB MOJIENHN B ITpoLiecce €€ CO3JaHus WM IPOELIUPOBAHUE
CIIPAaBOYHOM I'€OMETPHUU B ICKU3.

e ®dopmupoBaHHE reOMETPUUECKHUX U pa3MEPHBIX 3aBUCUMOCTEN — BCIIOMOTaTeNbHbIE
3JIEMEHTHI MOTYT Y4acTBOBaTh B (JOPMUPOBAHUH 3aBUCUMOCTEH, KOT1a OOBIYHOM
Tre€OMETPUH MOJIEIN HEOCTATOYHO /ISl CO3/IaHUs WM Pa3MELICHHsI HOBBIX
3JIEMEHTOB.

Opnaxo BcrioMoraTelibHasi FTeOMETpUsI HE y4acTBYET B CO3JaHUM TBEPAOTEIbHON T€OMETPUU
— OHa MOXET MPUBA3BIBATLCS K OCHOBHON I'€OMETPUU TOJIBKO B paAMKax 3CKHM3a, B KOTOPOM
ObuIa CO3aHa.
NHCcTpymeHTsI
B nnxenepHbix nmporpammax (Hampumep, SolidWorks, Autodesk Inventor) nns paGotsl ¢
BCIIOMOTaTEIbHOIN reOMETpUEN HCIIONb3YIOTCSI, HAIIPUMeEp:

o IIpeobpa3oBaHne 0ObEKTOB 3CKH3a B BCIOMOTaTeNbHYIO0 T€OMETPHIO — B HEKOTOPBIX

MpOrpaMMax 3TO MOXHO CAeNIaTh BPYUHYIO WJIH C TOMOUIbI0 HHCTPYMEHTOB 3CKHU3A.
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o IlepexmoueHne MexX Iy reOMETPUEN ICKU3a U BCIIOMOTaTeIbHON T€OMETpUEH — B
HCKOTOPLIX IMpOorpamMmmMax MOXHO IIECPCKIOYATHCA MCKAY 3TUMU TUIIAMH IT'COMCTPHUH.

e 3ajaHue NPOCIUPOBAHUS T€OMETPUHU KaK BCIOMOTAaTEILHON reOMETPHH 110
YMOJYaHHUIO — B HEKOTOPBIX MIPOrpaMMax €cTh MapaMeTp, KOTOPbIi MO3BOISET
KKl pa3 Mpy IpOCIUPOBAHUU T€OMETPUU OHA IIPOCIIUPYETCS KaK

BCIIoOMOrarcjibHass rcoMETpus.

IIpakTHueckoe 3ausaTue(l14.) «Co3aanne Moaeau ¢ NIOMOILIO ONePAIIMH BLIIABJIHBAHNE

H BbIPE€3aTh BbLJIABJIUBAHUECM.»

B nporpammax 3D-monenupoBanus (Hanpumep, «Kommac-3D») ecTh onepamuu
«BrinaBnuBanue» U «BpIpe3aTh BBIIABIMBAHHEM», KOTOPHIE MTO3BOJISIOT CO3/1aBaTh 3JIEMEHTHI
MOJICTIM ¥ BBIPE3aTh MX. DTH KOMAH/IbI JOCTYITHBI B Pa3HBIX KOHTEKCTAX: JIJISl TOCTPOCHUS
HOBOTO TeJla WX BbIpe3aHusi JopMOooOpa3yIoIIero dJIeMEHTa.

BrinasnuBanne

Hcnone3yetcs ans co3nanus HOBOro teia. Hekotopbsie 0cCOOEHHOCTH OTepaluu:

e BbI30B KOMaH[bI: MHCTpYMEHTANIbHAS 001acTh — «TBEpIOTETLHOE MOICTUPOBAHUE)
— «DJIeMEHTHI Teaay — «JJIEMEHT BEIJABIIUBAHUS.

e 3ajaHue mapamMeTpoB: MOXKHO YKa3aTh C€UYEeHUE (ICKU3bI, TPaHU, TPOCTPAHCTBEHHBIE
KpuBbIe, pEOpa), HAPABIAIOMNNA 00BEKT (ECTTH CEUSHUEM SIBISIETCS ICKU3 UITU
TJI0CKAasl TPaHb, AaBTOMATUYECKU BBIOUPACTCS TIEPBBIN YKa3aHHBIA ICKU3).

e Hampagienne u riryOMHA BBIIABITUBAHUS: DJIEMEHT MOXET BBIJJABIIMBATHCS B OJHOM
HaIMpPaBIIEHUH U B JIBYX MMPOTUBOMOIOKHBIX HANIPABIEHUSX, INTyOWHA BbIIaBIUBAHUS
MOJKET ONPEAENATHCS PA3IUYHBIMU CIIOCOOAMH.

e 3aBepIlieHUE OIEPAIIH: JIJIS 3aBEPIICHUS TTOCTPOSHUS DJIEMEHTA BBIABITHBAHS

HYKHO Ha)KaTh KHONKY «Co371aTh 0OBEKTY.

Bripes3aTh BhIJaBIMBaHHEM
[To3BossieT BrIpe3atTh u3 netanu GopMooOpa3yIOIIN JIEMEHT — TEJIO BbIIaBIIMBAHUSI.
HexoTopbie 0coOeHHOCTH OTepaIum:

e BbI30B KOMaH[bI: HHCTpYMEHTANIbHASA 001acTh — «TBEpIOTENEHOE MOACTUPOBAHUE)

— «DIIEMEHTHI Teaay — ((BLIpC3aTL BbIAABJIMBAHHUCM».
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e YcTaHOBKa MapaMeTpOB: MOYKHO BbIOpaTh HaNpaBJIEHUE BbIIABIMBAHUSA (IPSMOE,
o0paTHoe, B IBYX HAIIPABICHUIX MM OT CPEIHEH MIOCKOCTH), IIIyOuHY
BbI/IaBJIMBaHNUs (Ha pacCTOSHUE, /10 BEPIUIMHBI, YEPE3 BCIO JETAIIb).

e 3aBeplleHHUE OIepaliK: [10CIIE BBIIIOIHEHUS Ollepaluy B rpadudeckoil odbaactu
HOSIBJISICTCSI BEIPE3aHHBIN 3JIEMEHT, B [lepeBe nocTpoeHus: oroOpaxkaercst onepanus
BBIJJaBJIMBAHHUs C IUKTOTPaMMOM «BbIpe3aHHBINA 2JIEMEHT».

Baxno: komanga AOCTYIIHA, €CJIU BBIACIICH OJJUH 3CKH3.

Teopernueckoe 3anaTue(14.) «J/lomogHUTEIbHbIE 3J1€MEHThI: (l)aCKI/I., CKPVYIJICHUSA.»

@dacku U CKpYTJIEHUs! — JIOTIOJIHUTENIbHBIE 3JIEMEHThI B KOHCTPYUPOBaHUHU JAeTalel, KOTopble
paznuyarotes 1o ¢popme, GyHKIMU U IpuMeHeHuto. O6a UCHOoIb3YIOTCS AJIs CO3JaHUs
IJIAJIKAX KPa€B, HO BBIMIOJHAIOT Pa3HbIE 3aJauH.
®dacku
dacka — 3TO CKOILIEHHAasi KPOMKa UJIM HAKJIOHHAs! TIOBEPXHOCTh Ha BHYTPEHHEH UK
BHEIIIHEH MOBEPXHOCTH WM B0JIb KpoMKH. Co3aaércs myTéM pa3pe3aHust HeOObILIOW YacTh
MaTepHaa 1o He0OX0AUMBIM YTIIOM.
OyHKIMH (Hacok:
e YcTpaHeHHe OCTpPbIX Kpa€B — (hacku MpeToTBPAILAIOT TOPE3bl MU LaparuHbI.
o CopeiicTBue cO0pke — (hacKku BBITOJIHAIOT POJIb HAMIPABIISIOLINX, [TOMOTal0T
COIPSATa€MbIM JIETaJISIM JIErye BBIPaBHUBATHCA U IUIABHO CKOJIB3UTh BMECTE.
e VYjaneHue 3ayCeHIEB — IIPOU3BOICTBEHHBIE ITPOLECCH] YACTO OCTABIISAIOT MEIIKNE
OCTpbI€ 3ayCEHILIbl Ha KPOMKaX, CO3/1aHHe (haCKu — METOJI UX yJaleHHs.
e 3ammra KpOMOK — OCTPBIE Kpasi XpYIKHE U MOABEP/KEHBI MOBPEKIACHHUSIM OT
HE3HAYUTENIbHBIX yIapoB, (hacka ynaiseT 3TOT TOHKUH Kpaii, ienas yroia oosee

IIPOYHBIM.

OcobenHocru:

e OObIYHO (packu CHUMAIOTCS MO YIiioM 45°, HO MOTyT OBITh U Apyroro yria (30 umu
60°) um acuMMETPUYHBIMHU.

o  ®dackW, BHINOJIHEHHBIC HA BHEIIHUX U BHYTPEHHUX MOBEPXHOCTAX JETATIH, CUUTAIOTCS
OTJENBHO (J1aXKe eClIM Y HUX OJJMHAKOBbIE KaTeThl) U TPYHIHUPYIOTCS C pa3MepaMu
COOTBETCTBYIOIIMX TTOBEPXHOCTEH.

Cxkpyrienus
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CkpyriaeHue — 3T0 3aKpYIJIEHHBIN YOI WM KPOMKA, KOTOpasi COEAUHSET 1BE
noBepxHocTu. CriaakuBaeT yrou, 100aBiisist paguyc.
QYHKINU CKPYTJICHUN:

e YMeHbIIIEHUE KOHIIEHTPAIMH HAPSHKEHUH — CKPYTJICHUS] TOMOTal0T pABHOMEPHO
pacnpeeNnuTh HanpsbKeHUE Mo KpasiM M yIiiaM JIeTajll, YTO CHUKAET BEPOSATHOCTD
pacTpecKHBaHUS WIN Pa3pyLICHUs] COSAMHEHUH U3-3a UX 3aKPYTJIEHHOCTH.

o [loBbllIeHne MPOYHOCTH — CKPYTIICHUS CHIDKAIOT BEPOSITHOCTh PACTPECKUBAHUS HITH

paspyuieHus COeAMHEHUN U3-3a UX 3aKPYIJIEHHOCTH.

OcoOeHHOCTH:

e BrI0op paauyca 10/mKeH OaTaHCHPOBATh MEX/y PABHOMEPHBIM PacIipe/ie/IeHUEM
HAIMPSOKEHHUS M TEXHOJIOTHYHOCTBIO, IPU 3TOM 00JIe€ BBICOKHE PaJUyChl MOTYT
YCHIJINTh, HO YCIIOKHUTh OCHACTKY M YBEJIHUYHUTh BPEMS, 3aTpaunBacMoe Ha
00paboTKy.

o Pa3HI)I€ MaTCpI/IaJII)I MOFYT HOTpe6OBaTI) CIICIUAJIBHBIX BUJI0B CprrJIeHI/IFI, T-ITO6I>I

MNpeaAOTBPATUTL XPYHKOC pA3pPYHICHUC UIIN YCTAJIOCTh.

IIpakTnueckoe 3ausaTue(l14.) «TectoBoe 3aganue 3D-00LEeKT O MOETIN)

Coznanue 3D-o0nekTa o monenu (3D-MoaenupoBaHue) — 3TO MPOIecC CO3TAHU
TPEXMEPHOTO MPECTABICHUS 00bEKTa WIJIM MOBEPXHOCTU C TTIOMOIIBIO CIEITHATH3NPOBAHHOTO
nporpamMmmMHoro obecrneuenus. Llenbs — pa3paboTarh BU3yalIbHBIN 00pa3 )KeJlaeMoro 00beKTa,
UCIOINB3YS TPEXMEPHBIE KOOPIUHATHI (X, Y, Z).

[Ipouecc BkIOYaeT coznanue 0a30Boil popmbl 00BEKTa, TEKCTYPHUPOBAHUE, OCBEIICHUE U

PEHACPHUHT. MOI[CJ'II/I MOT'yT OLITH KakK CTaTU4YHBIMU, TaK U JUHAMHUYHBIMU.

Pyunblie MeTobI
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Hns 3D-MoaenupoBaHus HCIOJIB3YIOT MPOrpaMMBbl, HAIIPUMED:

Blender — noanep:xuBaeT Bce ATanbl CO3/1aHUs MOJIEICH, BKIIOUas MOACIMPOBAHUE,
TEKCTYPUPOBAHUE, PEHIACPUHT U aHUMAILIHIO.

Autodesk Maya — nipodecCHOHAIBHBI HHCTPYMEHT JIJIS1 CO37[aHUsl aHUMAllUX U
BH3YaJIbHBIX 3P HEKTOB.

3ds Max — MHCTpYMEHT JJIsi BU3yaJli3alliy U MOJICTUPOBAHUS, TONYJSPEH CPpeIn

APXUTEKTOPOB U JIN3aHHEPOB.

HCKOTOPBIG MCTOJAbI MOACIIMPOBAHH:

[MonuronaabHOE — CO3JaHUE OOBEKTOB C UCIIOIb30BAaHUEM IIOJUTOHOB
(TpeyroJpHUKOB U YETHIPEXYTOJIbHUKOB).

HYPBC-MmonenupoBanrie — KCMOJIb30BaHUE KPUBBIX U MTOBEPXHOCTEH JIJIsi CO3/IaHUS
AKX GopM, TOAXOJUT ISl OOBEKTOB C IIJIABHBIMU JIMHUAMH, TAKUX KaK
aBTOMOOWJI U TIEPCOHAXKHU.

CKyJIBITHHT — MOJICTHPOBAHUE ITYTEM «ICTIKM» 00BEKTa, KaK U3 TJIMHBI, [I03BOJISICT

CO31aBaTb BBICOKOACTAJIU3UPOBAHHBIC MOJACIIN.

Heiipocern

st cozmanust 3D-00bEKTOB Tak)Ke UCIIONIB3YIOT OHJIAMH-CEPBHUCH HA OCHOBE HEMpOCETEN.

Hamnpumep:

KAEDIM — aBromartuuecku renepupyetr 3D-monenu u3 2D-u3o0paxeHuit nim
TEKCTOBBIX OITMCAHUM.

Luma Al — no3BossieT co3gaBaTh TPEXMEPHBIE CLIEHBI U OOBEKTHI HA OCHOBE
dotorpaduii KM BUICO3AMUCEH.

Tripo — MHCTpYMEHT i1 TeHepanuu 3D-moaenei 3 TeKCTOBBIX ONMCAaHUH,

aHAJIM3UPYET BBEIEHHBIN TEKCT U GOPMUPYET TPEXMEPHBIE OOBEKTHI.

BaxxHo: kauecTBO CreHEepUPOBAHHBIX MOJIETIEH MOKET BapbUPOBATHCA, U MHOTIa TpeOyeTcs

JOIIOJITHUTCIIbHAA ;[opa60TKa B CIICHUATIU3UPOBAHHBIX IPpOTrpaMMax.

4. «3D-neyatb TPeXmepHbIX moaenen» (64.)
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IIpakTuuyeckoe 3ausaTue(14.) «3D- neyars TpexMepHbIx Moaeeii. Teopusi: 3D-

npunTep. Ilppmenenue 3D-NpUHTEPOB B Pa3JIHYHbBIX cQ)epax YyeJ0BeYEeCKOH

aeaTeabHoCTH. Texnuka 0e30macHOCTH pu padorte ¢ 3D-npuHTEpaMmn»

3D-meyaTts — 3TO TEXHOIOTUS CO3JaHus 00BEMHBIX U3AEINN METOLOM IOCIONHOr0

HapalMBaHus 00bEKTOB Ha OCHOBE IU(POBOI MOJEIH.

3D-nipuHTEp — 3TO YCTPOUCTBO [yt 3D-TIeuaT, KOTOpOE MO3BOJISET CO3/1aBaTh O0BEMHBIS

TpéXMepHBIC 00BEKTEI HYTeM MOCJIeAOBATEIbHOIO0 HAHECEHUS CIIOEB MaTrcpuraia 110 3aiaHHbIM

U (POBBIM TPEXMEPHBIM MOECIISIM.

Hexotopsie chepbl mpumenenust 3D-npuHTEpOB:

[IpombinieHHOCTh. M3roToBIeHNE 3amyacTei st BOCCTAHOBIICHUS
paboTocrnocoOHOCTH y3JI0B U MeXaHu3MOB. Co3aHue MPOTOTUIIOB OYAyITUX AeTalleH,
reyaTh €AMHUYHBIX SK3EMILISIPOB MU 3aI1yCK MEJIKOCEPUHHOTO IPOU3BOICTBA.
Menununa. Co3nanne UMIUIAHTATOB U yCTPOIMCTB, IPUMEHSIEMbIX B MEIUIIMHE.
Hamnpumep, BxKUBIEHHE TUTAHOBBIX TA30BBIX M YETIOCTHBIX UMILUIAHTATOB,
IJIACTUKOBBIX TpaxXeaJIbHBIX IIKH.

CrpoutenbCcTBO. Y MEHbIIEHUE TPY103aTpaT U TPaBMaTU3Ma CTPOUTEIICH, CHUXKEHUE
pPacxoJI0B CTPOUTEIBHBIX MaTEPUATIOB U CPOKOB MTOCTPONUKH JTOMOB.

O6pazoBanue. Co3nanne MakeTOB M HATJIAIHBIX MOCOOUI JIJIst AETCKUX CaJIOB, KO,
BY30B.

Kocmoc u aBuanus. Co3gaHue BBICOKOTEXHOJIOTHYHBIX alllapaToB U KOMIUIEKTYIOIIHUX
JUISl KOCMUYECKUX CTaHIWM, PAKET, CaMOJIETOB.

briT. 3roToBiienne 31eMeHTOB MeOEIbHOU PYpHUTYPHI, YKpallleHUH!, TTOICTaBOK JIJIst
O UCHBIX MPUHAATICKHOCTEH, MPHUILETIOK AJIst O€Ibsl, IETCKUX UTPYIIEK U APYTUX

IIPEIMETOB.

Hexotopsie Mepsl Oe3omacHocTH TIpu padoTe ¢ 3D-npuHTEpOM:

Bentwsiius. [lomemenune, rae yctanosieH 3D-nipunTep, T0KHO XOPOIIIO
IpoBETpUBaTHCS. B mporiecce neyatu MOTyT BBIACIATHCS Maphl U 3araXxu, 0COOEHHO
IIPU UCIIOJIB30BAHUH HEKOTOPBIX MaTEpUaJIOB.

OnektpruecTBO. 3D-npuHTEp ClleyeT MOAKII0YATh K 3a36MIIEHHOW PO3ETKE, a
QJICKTpHUYECCKas IMMPOBOAKA JOJPKHA OLITH B HCIIpaBHOM COCTOSAHHH.

OOyuenue. Cnenyer BHUMATEIbHO U3YYUTh HHCTPYKLIMIO IPOU3BOIUTENS TIEpeT

IMOAKJIIFOYCHUEM 1 HAaYaJIOM pa6OTLI IIpUHTCpA.
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Marepuansl. Micniosb30BaTh cieayeT TOJAbBKO T€ MaTepuabl, 1JIs KOTOPBIX
npenHasHaueH 3D-npunrep. XpaHuTh MaTepualbl CIEAYET B CyXOM TEMHOM MECTE U
BHE JIOCATaEMOCTH JI€TEN U )KUBOTHBIX.

Kontposb 3a padotoii 3D-nipunTepa. [locine Havana nevaTtu HeIb3sl OCTABIIATh
npuHTEp 0€3 MPUCMOTpPa U HY>KHO IMOCTOSHHO HAOII0AaTh 3a MPOLIECCOM, YTOOBI Cpa3y
OOHapYKUTh JHOObIC HEIITATHBIC CUTYAIUH.

Cpencrta noxxkaporyuienus. Ciaenyer UMeTh 01 PyKOH OrHETYIIUTENb, [IOTOMY YTO
ANEKTPOHUKA U ITACTUKOBBIE MaTepUaibl MOTYT ObITh HCTOYHUKAMU BO3TOPaHHUSI.
VYxonx 3a npuntepom. OuncTKa U mpodre padoTel ¢ 3D-npuHTEpOM ClleIyeT
IIPOU3BOJIUTH B COOTBETCTBUM C MHCTPYKLUAMU Ipon3Boautens. [lepen tem kak
MIPOU3BOIUTH OOCTYKHBAHNE, HY’)KHO YOCIAUTHCS, YTO IPUHTEP OTKIIOUYEH OT PO3ETKH

QJICKTPOIIUTAHHA.

IIpakTnueckoe 3auaTue(14.) «3HAKOMCTBO ¢ MoaeabIio 3D-nipunTepa. [IporpamMmMuoe

ob0ecreyeHue.»

3D-npuntep ZENIT — BBICOKOTEXHOIOTUYHOE YCTPOUCTBO JIJIsl TOYHON U CTaOMIbHOMN
neyaty. [loaxoaut 1y MCoap30BaHus B IPOTOTUIIMPOBAHUH, IPOU3BOJICTBE, JU3ANHE U
00pa3oBaTeNbHbIX IPOEKTAX.

HekoTtopsie XxapakTepuUCTUKH:

Texnonorusa nedatu: FDM, uto oGecrnieunBaeT BbICOKYIO TOUHOCTh U CTAOMIIBHOCTb.
[MognepxuBaembie matepuansl: ABS, FLEX, PLA, Rubber.

Bo3moxHOCTE BEICOKOTEMIIEpATypHOM neyaTu: 10 260 °C.

[Tone meuatu: 240%215%220 mm.

Huametp Huth: 1,75 mm.

Tonmuna cinos: perynupyercs B npeaenax S0 M.

Cuctema B0300HOBJIEHH IIeyaTH: paboTa MPOJI0JIKUTCS C TOTO MECTa, TJe OHa
OCTaHOBUWJIACH, 1aXKE B cllyyae nepedoeB ¢ MUTaHUEM.

Cuctema aBTOMaTHYECKON KaTMOPOBKHU: YIIPOIIAET HACTPOIKY Nepes HauaaoM
paboTHI.

Ckopoctb nieatu: 710 350 mm/u.

WuTepdeiico! nogkmouenus: SD, USB.

[IporpammHuoe obecnieuenue: RepetierHost, Slic3r.

Pasmepsr: 460%360%370 mm.

Bec: 20 xr.

Crpana npousBoactsa: Poccus.

B xommiekranuto Bxoaar: 3D-npuntep, 110, gepxkarenu a1 KaTymku, KaTylIka miacTuka,
CeTeBOU IIHY, IHYP 17 noakaodeHus k [1K, momatka njst CHITHSI MOAETH, IUHIIET, HA00p
JUTSI OYMCTKH COTLIA.
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3D-npuntep Maestro Piccolo — ycTpoicTBO 17151 TedaTH 00BEMHBIX U3CIIUN 110 TEXHOJIOTHH
FDM/FFF. lloaxoaut aiist oOpa3oBaTeNbHBIX IIeNeH, A joMa U oduca. Ha HEM MOKHO
neyararb (PUrypKHU, CYBEHHUPBI, A€TaIN KOPIYCOB, UTPYIIKU, MEJIKHE OBITOBBIE ITPEIMETHI.
Hekotopsie xapakTepuUCTUKHU:

e Pasmepsnl: 355%345%390 MmM.

e Bec: 13 kr.

e Marepuan kopiyca: aTlOMUHHUEBBIH CILIaB.

e Bayrpennss namsats: 16 6.

e 3aKpbIThIH KOPITYC: Ja.

o KanuOpoBKa CTOJICHIHULIBL: TTOJTyaBTOMATHYECKas.

e KommuectBo 3kcTpyAepos: 1.

e Marepuan qis neuatu: PLA, ABS, PC, PETG u npyrue.

e Jluametp mutH: 1,75 Mmm.

e Jlunametp comua: 0,2; 0,3; 0,4; 0,5; 0,6; 0,8; 1; 1,2 mm.

e Jlucruiei: uBeTHoM, 3,5 mrorima, IPS, 480%320.

o [Tlorpebasiemas momuocTh: 150 (360) BT.

e SI3bIK ympaBieHHs: PyCCKUIL.

HekoTopsie ocobeHHOCTH:
e MOXET OBITh CHA0XKEH JATYMKOM TI0JJaYH MaTepHasa, KOTOPBIH COOOITUT IPH OOpHIBE
HUTH U MIPEIOTBPATUT 3aCOPEHUE COILIA.
e paboraet ¢ nporpammoit MAESTRO WIZARD, kotopast TOCTaB/IsSIeTCS B KOMIUICKTE.

IIpakTnueckoe 3ausaTne(l14.) «Ileuatn nepBoii 3D-mMoaen.»

[TeuaTs mepBoit 3D-MoaenMM BKITIOUAET HECKOIBKO ATAMOB: CO3AaHue IUGPOBOMA MOIEIH,
MOJITOTOBKY K IeYaTH, HACTPOHKY MapaMeTpoB MeYaTu U, B HEKOTOPBIX CIydyasiX, KAIHOPOBKY
3D-npunTepa. [Ji1 HOBUYKOB PEKOMEHAYETCsl HAaUMHATh € POCTBIX MOZEJEH, YTOObI OCBOUTH
OCHOBHBIE HHCTPYMEHTBI U MPUHIUIIBI paOOThI C MPOrPaMMHBIM 00ECIIEUEHUEM.
[IporpamMmMHoe obecrieueHue
Jlia cozganust 3D-monenu Ui nevaTy UCIOJb3YI0T CENUAIN3UPOBAaHHOE IPOIPAMMHOE
obecnieuenne — craaiicepsl. Onu cozpatoT G-koa ans 3D-npunTepa, pa30ouBalOT MOAETH HA
cnou. Hekotopeie mporpaMMsl J1sl ClanucepoB:

e Cura — noaxomut it npuHTepoB Ultimaker, HO MOXET UCIIOJIB30BATHCA U C

YCTPOMCTBAMHU JPYTUX IMPOU3BOAUTENEH.
o PrusaSlicer — nmeer mmpokwuii BbIOOp HaCTpanBaeMbIX MMAPAMETPOB, TO3BOJISET

YCTaHAaBJIMBATE JOMOJIHUTCIBHBIC ITOAACPKKH.

Hacrpoiiku
Hexkotopsie napameTpsl, KOTOPbIE HY’>KHO HACTPOUTB:
e Tommuna cost — onpenenseTr Ka4eCcTBO U CKOPOCTh IedaTu. Yem TOHBLIE CII0HU, TEM
Oosiee neTaM3UPOBAHHON OyIEeT MOZEIb, HO 3TO TAKXKE YBEIMYUT BpeMs IeYaTH.
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e 3anonuenue (infill) — yka3bIBaeT, HaCKOIBKO TUIOTHOM OYJET BHYTPEHHSSI CTPYKTYpa
Mojiend. bosee mIoTHOE 3amonHeHue JeacT MOIeNb IPOYHEee, HO TAKXKE YBEIUYHBAET
pacxoa Marepuala ¥ BpeMs IeqaTy.

o [lomnepxku (supports) — HEOOXOAUMBI JJIs TICYaTH HABUCAIOIIUX YaCTEH MOJICIH,

IIOMOT'aroT IpEAOTBPATUTD z[eQ)opMaumo BO BpCM IICYATH.

Marepuaiibl
Jlist mepBoii 3D-niewatn yacTo ucnodb3yroT PLA (nmonunaktua) — OuopasiaracMblid v
NErKuil B meyaTH, MOAXOIUT JIJIs HaunHaoumX. Takke MOKHO pacCMOTPETh:
e PETG (nonmstunentepedTanaT-riinkoib) — YHUBEPCATbHBINA MaTepual,
coueTaroimuii mpouyHocts ABS u npocrory neuatu PLA.
e ABS (akpunoHUTPUIOYTATUESHCTUPOIT) — MPOYHBII U TEPMOCTOUKHI, TPUMEHSIETCS

JUIS CO37aHus (PYHKIIMOHAIIBHBIX JeTalleH.

Kamubposka

[lepen nepBoii mevaTbi0 HEOOXOAUMO OTKATUOpPOBaTh 3D-pUHTEP. ITO MO3BOIHUT MPABUIBHO
HACTPOUTH MIATHOPMY, YTOOBI IKCTPYIEP MEepEeMeaics MapajiesibHO TIOCKOCTH CTOJIa 0
ocsaM X u Y. HekoTopsle 3Tansl KamuOpOBKHU:

e BrIlpaBHUBaHUE NIEUYAaTHOTO CTOJIa — PYYHAsl PETYJIMPOBKA BUHTOB UJIM MEXaHU3MOB
1oJ1 TIIATPOPMOH, UCTIOIB30BAHNE KAIMOPOBOYHOTO JIMCTA OyMard MM LIymna JUls
IIPOBEPKH 3a30pa MEXKY COIUIOM M MIOBEPXHOCTHIO.

e Hactpoiika 3xcTpyepa — npoBepka MEXaHHUYECKOW YacTH, KaTuOpOBKa HATSHKEHUS
MPYXUHBI TPUKUMHOTO MEXaHU3MA.

o IIpoBepka TeMiepaTypsl I€4aTd — ONTHMAalbHAasl TEMIIEPATypa 3aBUCUT OT THIIA

(I)I/IJ'IaMeHTa N CKOPOCTH 3KCTPY3HUU.

IIpakTnueckoe 3auaTue(14.) «Illocrtpoenue 3D-Moaeau, o COOCTBEHHOMY 3AMBICY.»

[Toctpoenne 3D-moenu Mo COOCTBEHHOMY 3aMbICITy — 3TO MPOLIECC CO3AAHUS TPEXMEPHBIX
00BEKTOB C UCIOIB30BAHUEM CITEITHATU3NPOBAHHOTO MPOTPaMMHOT0 obecriedeHust. Takoi
MOJIX0JT TIO3BOJISIET Peain30BaTh UJIEU B PA3IMYHBIX 00JIACTAX: OT MPOCTHIX HopMm (KyOBl,
cdepbl) 10 CIOKHBIX 00BEKTOB (aBTOMOOWIIH, 3/1aHUs, TIEPCOHAXKH ).

Drarbl

Coznanne 3D-Moaenu 1o COOCTBEHHOMY 3aMBICITY BKJITFOYAET HECKOJIBKO ITAIOB:
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[Toaroroska u mmanupoBanue. Hy)kHO HalTH N300paKeHUS, YEPTEIKU UITH
dotorpadun 06bEKTa, KOTOPHIH OYyAET MOJICTUPOBATHCS, — 3TO TTOMOXKET JTY4Ie
MOHATH ero (hopMy U aetanu. Ecinu HeT roToBhIX pedepeHcoB, MOXKHO HAPUCOBATh
KOHIIENT-apT — MPOCTOM 3CKU3, KOTOPBI AacT olIiee MpeicTaBIeHHe O TOM, Kak
OyZeT BBITTISACTh MOJECIb.

Co3nanue 6azoBoii popmbl. HaunHaroT ¢ mpocThix reomeTpudeckux Gopm (KyOsl,
cdepbl, MUITUHAPHI), KOTOPBIE CIIY>)KaT OCHOBOH JiJist MoJienu. Mcrons3yioT
HWHCTPYMEHTBI IPOrPaMMBI JJIsl U3MEHEHHsI IPUMUTHBOB U CO3TaHUsI 0a30BOM (popMbI
o0BEeKTa.

Jeranuzanus u TekctypupoBanue. Korna 6a3oBast popma rotosa, 100aBISIIOT MEIKHE
neTany (BBIEMKH, BBICTYIIBI) U CO3/IaI0T TEKCTYPBI, KOTOPBIC MIPUAAFOT MOACITU
PEATMCTUYHBIN BUJIL.

OdunanpHas IpoBepka 1 3kcnopt. [IpoBepsoT Mo1enbh Ha HATHYKE OLIUOOK
(mepecekatromecs MOJIUTOHbI, HEMPABUIBHBIE HOPMAJN) U ONITUMH3UPYIOT €€ JUIs
WCIIOJIB30BaHUS B MPOEKTE. DKCIOPTUPYIOT MOJIENb B HY)KHOM popMmare (Harpumep,

JUISL BUJICOUTP 4acTo ucnoib3ytoT ¢popmatel FBX unu OBJ).

[Tporpammuoe obecnieueHme

Jnia cozganust 3D-mozenelt HCHOMB3YIOT CEUATN3UPOBAHHbIE IPOTPaMMBbl, KOTOPbIE

MO3BOJIAOT CTPOUTH MOJECJIb C HYJIA UJIN Ha Oaze CYIICCTBYIOMIUX 00BECKTOB. HCKOTOpHe

BapHUaHThI:

Blender — 6ecninaTHast mporpamMma ¢ OTKPBITBIM KOAOM, MOJAEPKUBAET
MOJIETUPOBAHUE, CKYJIBITHHT, TEKCTYPHUPOBAHUE, aHUMAIUIO, PEHEPUHT .

Autodesk Maya — npoMBIIUIEHHBIN cTaHAAPT B KHHO U AAA-reliMJeBe, I1aTHasi, HO
C aKaJIEMUYECKUMU JIMLIEH3USIMH VISl CTYIEHTOB.

ZBrush — mig uudpoBoii CKyJIbITYpPHI.

3ds Max — Juist apXUTEKTYpHOI BU3yalU3allUH.

IIpakTuueckoe 3augarue(14.) «Co3ganue MHIMBWIYAJILHOI0 TBOPYECKOI0 MPOEKTA.»

Ortansl

HCKOTOpBIe 9Tallbl CO3JaHuA 3D-MOZ[€J'II/II

Br160p TeMbl mpoekTa — omnpeielieHne MpeIMeTa Wik KOHIENIINU, KOTOPYIO HY>KHO
BU3YyaJIM3UpPOBATh (Hampumep, Medenb, UTPYLIKU, apXUTEKTypa, IEPCOHANKH).
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HccnenoBanue u BqoxHoBeHHEe — cO0p pedepeHcoB (M300paKeHUM, YEPTEIKEH,
IIPUMEPOB NPEIMETOB), KOTOPbIE MOT'YT BJOXHOBUTH HA CO3JaHUE ITPOEKTA.

Co3nanue 3cknu30B — rpy0Oble HAOPOCKH ueu Ha Oymare Win B TpaguuecKux
penakropax.

3D-moaenupoBaHue — co3aHue 0a30Boi MoieH (TIPOSKTUPOBAHUE OCHOBHBIX OPM
U pa3MepoB), neTanu3anus (100aBIeHUE AeTaleH, TEKCTYp U MaTepUAJIOB).
[IpoToTunupoBanue — ecnu ianupyercs 3D-nevaTs, MpoBepKa KOPPEKTHOCTH
MoJieNn (HarpuMep, yIpOIIeHHEe TeOMETPUH, ONTHMHU3ALIUS IS TICYaTH).
MakeTupoBaHuE U MTPE3CHTAIM — CO3/IaHue (PMHAIBHOTO MaKeTa, IPEe3CHTAIHS
MpoeKTa (CJIAiABI HITH TTOCTEP C OMMCAHUEM IPOEKTa, IPOoIIecca U MOTYyYSHHOTO

pe3yibTaTa).

IpakTnyeckoe 3anaTne(14.) «Boidop npoexra. Coop nHdopmanum no reme

BBLIOPAHHOI'Q NIPOEKTA.»

3D-MOI[€J'II/IpOBaHI/Ie — 9TO IIpoHeCC CO3JaHus TpéXMepHHX 00BEKTOB C IIOMOIIBIO

CIICHUAJIBHBIX ITPOTPpAaMMHBIX CPCACTB. Takwue MOZACIIN MOT'YT MCIIOJIb30BATHCA JIAA

BU3yalin3allun I/II[ef/'I, IMPOTOTUIIUPOBAHUA TPOAYKTOB HUJIN IJI1 HAYYHBIX ueneﬁ, Harmpumep,

CUMYJISIONUU U aHAJIN3a.

Br100op npoekTa MoKeT OBITh CBsI3aH C Pa3HBIMU c(epaMu, Iae npuMeHstoT 3D-

MOZCIIMPOBAHUC. OT KWHOUMHAYCTPUU U BUACOUTP 10 apXUTCKTYPhl U MCAUIIUHBI.

[Ipouecc coznanus 3D-mMoaenu A IKCIEPUMEHTATBHOTO MTPOEKTA BKIIIOUAET HECKOJIBKO

OTaIlOB:

1.

Onpenenenue 1enu. Hy)xHO 4€TKO MOHATB, JUIs 4ero HyxHa 3D-Mofens u kakue
3aJ]auu OHA JIOJDKHA PelaTh.

C6op unpopmanuu. Heobxoanmo rccnenoBars 00bEKT, KOTOPBINA OyAyT
MoOJIeIMpoBaTh. B Hab0Op JaHHBIX MOTYT BXOJIUTH (hOTOrpaduu, 4epTEkKH, ONUCAHUS U
JpyTUe MaTepUabl.

Coznanue xapkaca Mojenu. HyxHo HadaTh ¢ 6a30BOH CTPYKTYphl MOJEIH,
OTIPENIENTUTH €€ OCHOBHBIE AJIEMEHTHI M ITPOTTOPIIHH.

Heranuzanus. Heo6xoaumo 100aBUTh 1eTalu MOAEH, TaKUe KaK TEKCTYpHI U IIBET.
DTO0 MOMOKET clieaTh e€ OoJee pealuCTUIHOM.

TectupoBanne moaenu. HyHo mpoBepuTh, Kak MOJIeTh OYJIET UCIIOJIb30BaTHCS B
KOHTCKCTC IMPOCKTA, U MPOBECTU HGO6X0)II/IMI)IG CUMYIIAIH.
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6. Bmsyamuzamus. Heobxoaumo co3nate peHaepunr 3D-mMonenu ais npeacTaBieHus

PE3YJIbTaTOB MPOCKTA.

5. «Co3aaHue UHAMBUAYAIBHOIO TBOPUYECKOro npoekTa» (4u.)

6.

IIpakTnueckoe 3ausaTue(l14.) «M3rorosjieHue nerajei npoekra Ha 3D-npunrepe.»

Nsrorornenue aeraneit npoekra Ha 3D-npuntepe (3D-nevars, aiIMTUBHOE TPOU3BOJICTBO)
— MPOLIECC CO3/1aHus TPEXMEPHBIX 00BEKTOB Ha OCHOBE IU(PPOBOI Moaenu. B otinuuune ot
TPaJAULIMOHHBIX METOI0B MEXaHUYECKOTO MPOU3BOICTBA (dpe3epoBKa, pe3ka), 3D-nevars He
yaajsieT MaTepual, a 100aBIISeT €ro ClIoi 3a ClIoeM.

[Ipouecc BKItOYaeT HECKOIBKO 3TAIOB:

1. TlpoextupoBanue — cosnanue 3D-yepTexa 00beKTa ¢ TOMOIIBIO POTrPamMm
aBToMaTu3upoBaHHOro npoektupoBanus (CAD) niu 3D-ckaHepos.

2. TlpenBapurenpHas 10pabOTKa — MOCIH AHAUIU3UPYIOT B TOTOBAT K 3D-meuatw,
YCTPaHSIOT HETOYHOCTH.

3. TleuaTh — MalIvMHa BBIMOMHIET HHCTPYKIUU U3 IU(GPOBOTO YePTEXKa, YTOOBI
MOCTPOUTH OOBEKT MOCTENEHHO, cIoH 3a cioeM. Ecnu y uznenus cinokHasi reomeTpus,
€ro 3JIEMEHTHI IIeYaTaloT M0 OTAEIBbHOCTH, 3aTEM COOMPAIOT.

4. TlocroOpaboTka — 00BEKT AOpadaTHIBAIOT MEXaHUYECKMMH UHCTPYMEHTAMH,

MOBBIIAKOT €T0 BU3YaJIbHOC KAa4CCTBO, YIYyUIIAOT (1)YHKLII/IOH€L]'ILHOCTB.

Texnomornn
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CylecTByeT HECKOJIBKO TexHooruii 3D-nevatu, Hanpumep:
o FDM (mevars miIacCTUKOBBIMU HUTSIMU) — HUCHOJB3YET (PHIAMEHT — IIACTUKOBYIO
HUTbH, KOTOPAs TUIABUTCS U MOCIOWHO HAHOCUTCS Ha I1aThopmy.
e SLA (ne4arb cMOJI0#1) — paboTaeT ¢ POTOnoIMMEPHON CMOJION, KOTOpast
3aTBepAeBaceT MO/ BO3/ICHCTBUEM Jia3epa WK yIbTPa(HOIETOBOTO CBETA.
e SLS (nmeyars nopoiikaMu) — paboTaeT ¢ NOPOIIKOBBIMU MaTepHUalaMu, KOTOPbIE

CIUTABJISIIOTCA JIA3€POM B €AMHYIO CTPYKTYDPY.

O6opynoBanue
Jlia 3D-neyatu nenosb3yroT 3D-NpuHTEPBI — YCTPOICTBA, KOTOPBIE CO3JAI0T TPEXMEPHBIE
0OBEKTHI, TOCIOWHO TeYaTasi uX U3 ClielualbHOro Marepuaia. Hexoropsie Tumsl 3D-
IIPUHTEPOB:
e JIns nomalHero uCnoJib30BaHus — IIPOCTBIE YCTPONUCTBA C HEBBICOKOM
IIPOU3BOUTENBHOCTHIO U IIOHATHBIM YIIPABICHUEM.
o IlepconanbHbIE — OTIMYAIOTCS JTYYIIUM Ka4eCTBOM IIeUaTH U Ooiee BBICOKOH
CKOPOCTBI0, YaCTO UCIOJIb3YIOTCS B CTYUAX IU3alHA, MH)KEHEPHBIX MACTEPCKUX.
o IIpodeccuonanpHbie — radapuTHble MOJENHU C BHICOKOH MPOU3BOAUTEIBHOCTBIO,

MHO>XCCTBOM HACTPOCK U AOINOJTHHUTCIbHBIMHA ONIIIUAMM.

ITporpammHoe obecrieueHue
Jlia cozganust 3D-mopnenei aiig nedatu Ha 3D-npuHTEpE HCMIONB3YIOT ClIEUANIbHbBIE
porpaMMbl — «ciaiicepb». Onu co3narot STL-gaiin, no koropomy UAET Mevarb.
BonbmmHcTBO 3D-NpUHTEPOB NOCTABISAETCS C MPEAYCTAaHOBIEHHBIMU ITPOrpaMMaMu, HO HE
BCEr/a.
Marepuaisl
Jlig 3D-nieyaty UCTIONIB3YIOT pa3IMyHble MaTepHalibl, BHIOOP 3aBUCUT OT TpeOOBaHUMN
npoekra. Hanmpumep:
e ABS (akpunoHUTPUI-OyTaUEH-CTUPOIT) — MPOYHBIN U YCTOWYMBBIH K yaapam
IJIACTHK, YaCTO UCHOJb3YETCs B IPOMBIIIJIEHHOCTH.
e PETG (nonmstunentepedranar-rivkoib) — MIPOYHbIA, THOKUN U JIETKO IeyaTaeTcs,
00J1aaeT BRICOKOW YCTOMYMBOCTHIO K XUMUYECKUM BO3JACHCTBHUSM.
o Tlonmmamun (HEHIOH) — HMCIIONB3YETCS AT CO3JJaHUs TPOUHBIX M THOKUX JeTajei,

oGnanaeT BBICOKOI CTOMKOCTBIO K HU3HOCY U XUMHUYCCKUM BO3JICHCTBUSM.
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IIpakTHueckoe 3ausaTHe(14.) «COOpKa KOHCTPYKIMI NJISI HHIUBHIYAJILHOI'0

TBOPYECKOI'0O IIPOCKTA.»

COopka KOHCTPYKUHUHN Ui MHAUBUAYAIBHOTO TBOPUYECKOTO MTPOEKTA BKIIOYAET HECKOJIBKO
3TafoB, BEIOOP MaTEpUaIoB, MOAOOP HHCTPYMEHTOB U OPOPMIIEHHE TEXHOJIOTUYECKOM
nokymeHTaruu. Llens — co3nate u3nenue, KOTOpoe COOTBETCTBYET TPEOOBAHUSIM IMPOCKTA!
(bYHKI_[I/IOHaJIBHOCTI/I, 3CTCTUYHOCTH, DKOHOMHWYHOCTHU U T. 1.
Drarnsl
e Pazpabotka KoHCTpyKIMH. CO3/1al0TCA ICKU3bI U YEPTEHKHU U3EIHUs, ONPEACITIOTCS
pa3Mepsl U popma. M0OKHO UCTIONB30BATh TOTOBBIE MOO0HBIC U3 ICITHSI,
MIPOAHATM3UPOBATh UX U BHIOpATh HanOOJIee MOAXO MUK BapUaAHT.
e Usrorosnenue aerasneil. [leTanu KOHCTPYKIIUU U3TOTaBIMBAIOTCS COTJIACHO YepTEkKaM
u cnenudukanusaM. Mcnonap3yroTes pa3Hble TEXHOJIOTUU 00pabOTKH MaTepUaIIOB:
na3epHas peska, ppesepoBka UITY, neyars Ha 3D-nipuHTEpax u Ipyrue METOIBI.
o CoOopka. [Tociie TOTOBHOCTH BCEX COCTABIISIOMINX HAYMHACTCS COOPKA M3IEIHS.
Oco0oe BHUMaHUE yJensieTcss TOUHOCTH COeIMHEHUS AeTaseil.
e Ornenka. Eciau TpebyeTcs, u3enue OTACIbIBAIOT: NUTH(YIOT, KPaCsT, JaKUPYIOT,
IIOJIUPYIOT.
e Tectuposanue. [IpoBepstoT pabOTOCIIOCOOHOCTH, YI0OCTBO UCIIOIB30BAHMS,

BHEIIHUM BU]I.

IIpakTuueckoe 3augarue(14.) «I1oaroroBka J10KyMeHTAIMHU M0 HHAUBUAYAJILHOMY

TBOPYECCKOMY IPOCKTY.»

[Ipy noAroToBKE JOKYMEHTALMH 10 NHINBUIYAIBHOMY TBOPYECKOMY ITPOEKTY
PEKOMEHYETCS CIEN0BATh CTPYKTYPE, KOTOPAsi BKIKYAET CIECAYIOIINAE Pa3IeIIbl:
1. Tutynbuelii auct. Ha HEM yka3piBatoT HazBaHue mpoekra, DO obydaromerocs,
knace, DO pykoBoauTesi, TOJ BBIIOJIHEHUS paOOTHI.
2. Copepxanue. BkiroyaeT HaMMEHOBAaHHE BCEX Pa3JIEOB C YKa3aHUEM HOMEPOB
CTPAHMI], HA KOTOPBIX PA3MELIAETCS MaTEepHUal.
3. Baenenwue. 3anumaer 1-2 ctpanuibl. B 310l yacTH aBTOp 000CHOBBIBAET BHIOOP TEMBI
IIPOEKTA, OTPAKAET €T0 aAKTYaJIbHOCTb, IOKA3bIBAET HAYUYHYIO HOBU3HY,

TEOPETHYECKYIO M TIPAKTUIECKYIO 3HAUUMOCTh padoThl. Takxe hopMymupyeT 1einb U
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3a/lauM UCCIIeI0BaHUs, YKa3bIBa€T METO/Ibl, KOTOPBIE UCIIOIB30BATIUCH PU
pa3paboTke mpoeKTa.

4. OcnoBHas yactb. CocTout u3 1-2 pasznenos (10-15 crpanui). ConepxaHre OCHOBHON
4acTU JOJHKHO TOYHO COOTBETCTBOBATh TEME U MOJTHOCTHIO €€ pacKpbIBaTh. B Hei
OMHCBIBAIOT HH(OPMAIHIO, COOpaHHYIO U 00padOTaHHYIO 00 yJAFOIIIMCH,
XapaKTEPUCTUKY METOJIOB PEIICHUS MPOOJIEMbI, CPAaBHUBAIOT CTaphbie U
MIpeIoiaracMble METOIbI PEIICHUS, 00OCHOBBIBAIOT BRIOPAHHBIN BapUAHT PEIICHHSL.

5. 3axmoueHue. 3anuMaet 1-2 crpaHulbl. B 3TOM yacTu aBTOp MPUBOAUT BBIBOJIBI, K
KOTOPBIM MPHUIIEN B Mpoliecce aHalIu3a coopaHHOro Marepuana. XKemaTenabHO
MOAYEPKHYTh CAMOCTOSITEIbHOCTh, HOBU3HY, TEOPETUUYECKOE U MPAKTUUECKOE
3HA4YE€HHE PE3yIbTaTOB.

6. Crnucok HCIONb30BAaHHOM JIUTEpaTyphl. Bkitoyaetr He MeHee 3 HCTOUHUKOB.
Odopmnsiercs B coorBercTBuM ¢ TpeboBanusmu ['OCTa.

7. Ilpunoxenus. B HUX MOMEMAIOT JONOJIHUTEIBHBIE MATEPUAIIBI, KOTOPHIE

CIIOCOOCTBYIOT JIy4YIIEMY TOHUMAHUIO TIOJY9EHHBIX aBTOPOM PE3yIbTAaTOB.

IIpakTnueckoe 3auaTue(14.) «/leMoOHCTpALIUSA U 3AIIUTA HHINBHAVAJLHOTO MPOEKTA.)

Z[eMOHCTpaLII/ISI TFOTOBOT'O ITPOCKTA U €0 OUCHUBAHUC.
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