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MHOOPMATHUKA @ KBAHTOPHNYM

BeBepeHue

[eTtckne TexHonapku WKonbHbIM «KBaHTOprMym» Ha Hase obLeobpasoBaTesibHbIX OpraHu-
3aumi (nanee — wKonbHbIM «KBaHTOPUYM») co3faHbl C Lenblo opraHW3auuyM obpasosaresib-
HOW [eATeNbHOCTH B cchepe obLLero v LONOHUTEIbHOTO 06pa3oBaHus, HanpaeneHHON Ha Co-
34aHuWe YCNOBWUIM ANs paclUMpeHUs copepykaHus obuiero obpasosanus. Mpu pabore B LWKoNb-
HoM «KBaHTOpuyMe» y ydalwmxcs pasBMBAIOTCA €CTeCTBEHHO-Hay4YHas, Marematudeckas,
MH(OPMALMOHHAsA FPAMOTHOCTH, (hOPMUPYETCA KPUTUYECKOE U KPEATMBHOE MbiLUEHWE, CO-
BEPLLEHCTBYIOTCS HaBblKM €CTECTBEHHO-HAYYHOW HaNPaBIEHHOCTH, a TaKXKe MOBbILLAETCA Kade-
CTBO 0bOpasoBaHus.

Llenb n 3apauu:

* peanusauua OCHOBHbIX 06LLe06pa3oBaTesibHbIX MPOrpaMM Mo y4ebHbIM npeamMeTam
€CTeCTBEHHO-HAyYHOW HanpPaB/NEHHOCTHU, B TOM YKUC/IE B PaMKax BHEYPOUHOM AeATeIbHO-
CTU 0ByyvatoLLMXCS;

* pa3paboTka U peann3auus pasHOYPOBHEBbIX LOMOJIHUTENbHbIX 06LWEe0bpa3oBaTebHbIX
NpPOrpamm ecTeCTBEHHO-HaY4YHOMN HaNpPaBIEHHOCTH, @ TaKXKe MHbIX NPOrpamMM, B TOM YMC-
Ne B KaHUKYNAPHbINA Nepuoga;

* BOBJ/IEYEHME YYALLMXCS U NeJarorMyecknx paboTHUKOB B MPOEKTHYIO AeATENbHOCTb;

* opraHv3auus BHey4ebHOW LeATeNbHOCTU B KAHUKY/APHbIA nepuoa, paspabotka v pea-
NU3aumsa COOTBETCTBYIOLMX 0bpasoBaresibHbIX MPOrpaMMm, B TOM YUC/E /18 narepei, op-
raHWM30BaHHbIX 0Opa3oBaTe/IbHbIMU OPraHU3aUMAMU B KAHUKYNIPHbIA NEPUOS;

* noBbleHne NpocheCcCMoHaNbHOro MacTepCcTBa Neaarortiyecknx paboTHUKOB LKOJSIbHOMO
«KBaHTOopryma», peanusyowmx OCHOBHbIE U JOMOJSIHUTENbHbIE 06w eobpasoBaTesibHble
Nporpammbi.

CozpaHve wkonbHoro «KeaHTopuyma» Ha 6ase obuieobpasoBartesibHOW OpraHu3auuu
npeanonaraeT Ucrnosb3oBaHue npuobpetaemoro obopynosaHus, cpeacts obyyeHns u Bocnu-
TaHUA AN yrnybnéHHOro 0CBOEHWA OCHOBHbIX 0Bpa3oBaTesibHbIX MPOrpaMM OCHOBHOIo obLe-
ro u cpegHero obuiero obpa3oBaHus, BHEYPOUHOM AEATENbHOCTH, MPOrPaMM AOMOSTHUTEIbHO-
ro obpa3oBaHus, B TOM Y1C/ie eCTECTBEHHO-HAYYHOW M TEXHUYECKOW Hanpas/ieHHOCTEN.

Co3zpaHue wkonbHoro «KeaHTopryma» npeanonaraet pas3sutue obpasosaresibHol UHdpa-
CTPYKTYpbl 06LLe0bpa3oBaTe/ibHOW OpraHu3auMu, B TOM Yuc/e ocHalleHue obuieobpasosa-
TENbHOW OpraHu3aLmu:

+ obopynosaHueM, cpeacTsaMu obyyeHUs M BOCMMTAHWUA ONSA PacLUMPEHUs BO3MOXHO-
CTeN M3yyeHus (B TOM 4YMC/ie IKCMEPUMEHTANIbHOIO) NPeaMeToB, KypCOB, AWMCLMIIMH
(Mopynen) ecTeCcTBEHHO-Hay4HOM M TEXHMYECKOW HarpaB/eHHOCTEN NpW peanusauuu
OCHOBHbIX 06Le0bpa3oBaTenbHbIX U AOMNONHUTENbHBIX 06LWeobpa3zoBaTeNbHbIX NPO-
rpamm;

» obopynosaHueM, cpeacteamu obyyeHus M BOCNWUTAHMA OJ1S HAYaNbHOrO 3HAKOMCTBA
0byyaloLWMXCA C NPOEKTUPOBAHMEM U KOHCTPYMPOBaHUEM poBOTOB, 0ByYeHUss OCHO-
BaM KOHCTPYMPOBAHMS U NPOrpaMMUPOBAHUSA, NMPUHLMMOB (DYHKLMOHUPOBAHUA U OC-
HOBbl pa3paboTKM MHHOPMALMOHHBIX CUCTEM U anmnapaTHO-NPOrPaMMHbIX KOMMIEKCOB
MT. 4.;

* KOMMbIOTEPHbIM, NPE3EHTALMOHHbIM U UHbIM 0BOPYAOBaHMEM, B TOM YMUC/E AJ1S peanu-
3aLMmn Nporpamm JOMNOHUTENbHOrO 06pasoBaHWs eCTeCTBEHHO-HAaYYHON M TEXHUYECKOM
Hanpas/eHHOCTEN.
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MuHMManbHO HeobxoauMble PyHKLMOHANbHbIE U TEXHWYECKUE TPebOoBaHUSA U MUHUMASb-
HOEe KOMMYeCcTBO 0OOpYAOBaHUSA, MepedyeHb PACXOAHbIX MaTtepuanoe, CPeACTB OOydYeHWs W
BOCMWUTaHUA AN OCHALLEHUSA WKonbHOro «KBaHTopuymas onpegensiotca PernoHanbHbiM Ko-
opavHatopoM c y4étom [lpuMepHoro nepeuyHss obOpymOBaHWA, PACXOAHbIX MaTtepuasnos,
CpeacTB 0OyYeHUs 1 BOCMUTAHWUA B LeNSX CO3AaHMUA LETCKOro TeXHoMNapKa WKobHbIA «KeaH-
TOPUYM».

HopmaTtusHas 6a3a

®DepepanbHbik 3akoH or 29.12.2012 Ne 273-D3 (pea. ot 31.07.2020) «O6 obpasosaHmu
B Poccuickon ®@epepaumnmn» (c uam. u gon., sctyn. B cuny ¢ 01.09.2020). — URL:

http: / /www.consultant.ru/document /cons_doc LAW 140174 (mata  obpauieHus:
28.09.2020).

Macnopt HauuoHanbHoro npoekta «Ob6pasosaHue» (yTB. npesuanymom Coseta npu [pe-
3npeHte P® no crtparterMyeckoMy pasBUTUIO M HaUMOHA/IbHbIM MPOEKTaM, MPOTOKON OT
24.12.2018 Ne 16). — URL.:

http: / /www.consultant.ru/document /cons_doc LAW 319308/ (mata o6pauieHus:
10.03.2021).

locynapcteeHHas nporpamma Poccuiickon @epepaunmn «Passutue obpasosaHusa» (YTeep-
xpeHa [MoctaHoenenunem [lpaeutensctea PP ot 26.12.2017 Ne 1642 (pen. ot 22.02.2021)
«06 yTBEpPXKAEHUM rocyaapcTeeHHoW nporpammbl Poccuiickon Menepaunn «Passutne obpa-
30BaHUA».

http: / /www.consultant.ru/document /cons _doc LAW 286474 /cf742885e783e08d938
7d7364e34f26f87ec138f / (narta obpauiermsa: 10.03.2021).

MpodeccroHanbHbiM cTaHpapT «llegaror (neparornyeckas neAaTeNlbHOCTb B OOLUKOJIBHOM,
HayasbHOM 06LLeM, OCHOBHOM obuieM, cpeaHeM obuiem obpasosaHuu), (Bocnutartesnb, yuu-
Tenb)» (pea. ot 16.06.2019 r.) (Mpukas MuHucTepcTBa Tpyaa M counanbHoM 3awutel PO ot
18 oktabpsa 2013 r. Ne 544H, c “3MeHeHUAMU, BHECEHHBIMU NpuKaszoM MuHucTepcTea Tpyaa
u cousawmtol PO ot 25 nekabpsa 2014 r. Ne 11151 u ot 5 aBrycrta 2016 r. Ne 422H). — URL:

http: / /knmc.centerstart.ru/sites /knmc.centerstart.ru /files /ps pedagog red 2016.
pdf (nara obpawenus: 10.03.2021)

MpodeccuoHanbHbi cTaHaapT «lleparor gononHutenbHoro ob6pasoBaHua aeTen U B3poc-
nbix» (Mpukas MuHucTepctBa Tpyaa v coumanbHoM 3awutel PO ot 5 mas 2018 r. Ne 298H
«06 yTBep>kaeHUM npodeccroHanbHoro ctaHgapTa «leparor gononHuTenbHoro obpasosaHus
aeten n B3pocnbix»). — URL:

https: / /profstandart.rosmintrud.ru /obshchiy-informatsionnyy-blok /natsionalnyy-
reestr-professionalnykh-standartov /reestr-professionalnykh-standartov /index.
php?ELEMENT ID=48583 (nata obpawenus: 10.03.2021).

(depnepanbHblii rOCYAapCTBEHHbIM 0Opa3oBaTe/ibHbIM CTaHAAPT OCHOBHOMO obLiero obpaso-
BaHuA (YTBepxkaeH npukasom MuHuctepctea obpasosaHus v Hayku Poccuiickon Depepaumm
ot 17 pekabps 2010 r. Ne 1897) (pea. 21.12.2020). — URL:

https: / /fgos.ru (gata o6pawenus: 10.03.2021).

MdepepasbHbliit rocynapCTBEeHHbIM 0bpa3oBaTesibHbIM CTaHAAPT cpeaHero obuwiero obpaso-
BaHua (YTBepaéH npukasom MuHuctepctea obpasosaHus u Hayku Poccuitickon Pepepaumnn
ot 17 mas 2012 r. Ne 413) (pea. 11.12.2020). — URL:

https: / /fgos.ru (nara obpauienus: 10.03.2021).

MeToanyeckme peKoMeHAALMKU MO CO34aHUI0 U (DYHKLUMOHUPOBAHUIO AETCKUX TexHonap-
KoB «KBaHTOpMyM» Ha 6Gase 0b6uieobpa3oBaTtesibHbIX opraHusaumni (YTeep)aeHbl pacrnopsxe-
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Huem MuHucTepcTea npoceeweHua Poccuiickon Mepepaumnm ot 12 sHeaps 2021 r. Ne P-4). —
URL:

http: / /www.consultant.ru/document /cons_doc LAW 374695/ (mata o6pauieHus:
10.03.2021).

MeTtoanyeckne pekomeHAALMKU MO CO3AaHUI0 U (DYHKLMOHMPOBAHWUIO LLEHTPOB LM POBOro
obpazosanusa «IT-ky6» (YTBepkaeHbl pacnopsixeHnem MuHuctepctea npoceelleHuns Poccuin-
ckon ®epepaumnu ot 12 aHeapsa 2021 r. Ne P-5). — URL:

http: / /www.consultant.ru /document /cons doc LAW 374572/ (pata obpalleHus:
10.03.2021).

MeToanuyeckne pekoMeHAaLUK Mo CO3AaHUI0 U hYHKLMOHMPOBaHHWIO B 06LweobpasoBaresib-
HbIX OpraHM3aLMsaX, PacroSIOXKEHHbIX B CE/IbCKOM MECTHOCTU U MasblX ropofax, LeHTpoB 06-
Pa3oBaHUs eCTeCTBEHHO-HAy4YHOM M TEeXHOJIOrMYecKon HanpaeneHHocTer («Touka pocTas)
(YtBepxxpeHbl pacnopskeHvem MwuHuctepctBa npocseweHus Poccuiickon ®epepauuun ot
12 anuBapsa 2021 r. Ne P-6). — URL:

http: / /www.consultant.ru/document /cons_doc LAW 374694/ (mata obpauieHus:

10.03.2021).

CTpyKkTypupoBaHue MarepuasioB

CopeprkaHune obyyeHuns MOXKET ObiTb MPEACTaBIEHO CledyloWMMK pasaesiaMu:

— XaMTek

— reovHdopMaTrKa,

— HAHOTEXHOMOMUM,

— 3HepreTuKa,

— aspomopenupoBaHue.

[nsa kaxkgoro pasgena noarotoesieHbl fabopatopHble paboTbl C HEOOXOAMMbIM TeEOpEeTHYE-
CKUM MaTtepuanoMm, 3aaHUAMU U YKa3aHUAMU K UX BbINOJSIHEHUIO. TaKKe UMeloTCs AuaaKTUYe-
CKMe marepuasnbl obLuer HanpaBNeHHOCTH, KOTOPbleé MOXHO WMCMOJ/b30BaTh MPU MOArOTOBKE
npenogasaresien U y4almnxcs K 3aHATUAM, NP BbINOSHEHUKU NabopaTopHbIX pabor.
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OcCHOBHbIE NOHATUA U TEPMUHDbI

LlikoneHelli «KBanmopuym» — 310 chepepanbHas CeTb AETCKUX TEXHOMAPKOB
«KBaHTOpHyM» Ha 6ase obueobpasoBaTesibHbIX OpraHusaumi, chopMUpoBaH-
Hasa B pamkax npoekrta «CoBpeMeHHas LiKona.

3D-npuHmep — CTaHOK C YMC/IOBbIM NPOrPaMMHbIM YNpaB/ieHUEM, Peanusyto-
LMK TONbKO aaaUTUBHbIE OMepaLmu, T. €. TONbKO A06aBNAOLWMI NOpLUUKM MaTepu-
ana K 3aroTtoBke.

lpozpamma Mapinfo — reorpacduyeckaa MHbopmaumnoHHaa cuctema (FMNC),
npegHasHadeHHas Ans cbopa, XpaHeHUsi, OTOOpaXKeHWs, pPesaKTUPOBaHUA
M aHanM3a NPOCTPAHCTBEHHbIX AaHHbIX.

HaHnoob6bekm — noboi MatepuasibHblii 0ObEKT, Y KOTOPOro KONMYECTBO MpU-
MOBEPXHOCTHbIX aTOMOB CPABHWMMO WU MPEBbILLAET KOMIMYECTBO aTOMOB, HaXO-
aAwmxca B obbéme. HaHOOObEKTOM HasbiBalOT OObLEKT C pa3MepoM MeHee
100 HM xoTa 6bl B 1 M3 3-x npoctpaHcTBeHHbIX u3MepeHun. 100 HM — anuHa
BOJHbI Ae bponns pna anektpoHa B n/n.

HaHomexHono2ua — HayyHas [UCUMMIMHA, M3y4Yalowass 3aKOHOMEPHOCTU
B MOJly4eHUU 06PabOTKMU U NPUMEHEHUS HAHOMATEPHUASIOB.

JHepaus — oblas KonMyecTBeHHas Mepa pPasfiMyHbiXx GOpPM ABUKEHUS Mare-
pun. Pasnuyalor s3Heprvio MexaHU4YecKyto, TEMIOBYIO, CONIHEYHYIO, 3MEeKTpUYe-
CKYl0, TMApPAB/IMYECKYIO, AAEpPHYIO (aTOMHyio), xumuyeckyto U ap. Nockonbky
YacTb 3HEPruu BCerga MoXeT 6bITb NpeBpalLeHa B paboTy, SHEPrMI0 MOXKHO pac-
cMaTpMBaTh Kak CnocoBHOCTb coBepLuaTb pabory.

JHepaemuKa — TOMIMBHO-3HEPreTMYECKU KOMIJIEKC, OTPaC/b HAPOAHOIO XO-
3AMCTBaA, OXBaTblBalOLWAA SHEPreTUYecKne pecypchbl, BbipaboTKy, npeobpasosa-
HWe, nepejayy U UCNONb30BAHME PA3/IMYHBIX BUAOB 3HEPrUU. JHepreTMka pas-
LEenseTca no BUAAM 3HEPTrUU Ha 3/IEKTPO3IHEPreTUKY, TEMJIO3HEPTeTUKY, rMapo-
3HEpPreTUKy, BETPO3HEPreTUKY, aTOMHYIO SHEPTreTUKY U T. A.
nekmposHep2emuka — Beaywas OTpacinb 3HepreTuku, obecneyuBaroLias
3NeKTpUdUKaLMIO HAPOAHOrO XO3ANCTBA.

TennosHep2aemuka — OTpPac/b 3HEPreTUKW, 3aHUMAIOLLASACA NpeobpazoBaHu-
€M TenoTbl B Apyrue BUAbl SHEPIUM, IMaBHbIM 0OPA30OM B 3MIEKTPUYECKYIO U Me-
XaHWYecKy'o.

TudposHep2emuka — oTpac/b 3HEPreTUKK, 3aHMMaroLascs npeobpasoBaHu-
€M rMapaB/IMYECKON SHEPrvU, IMaBHbIM OOPA30M B 3/IEKTPUYECKYIO.
BemposHep2emuka — oTpac/b 3HEPreTuku, cBAsaHHas ¢ paspaboTkon merto-
[0B M CPeacTB ANa npeobpasoBaHus 3HEPruM BeTpa B MEXaHUYECKYIO U 3NEKTPU-
YECKyto 3Hepruto.

JHepaemuyecKue pecypcbl — NPUPOAHbIE UCTOYHUKU SHEPTUU, KOTOPbIE MOXK-
HO NpeBpaLLaTb B 3HEPTUIO pasnnyHbIX BUAOB. B Tom uncne:

B0306H0BnsEeMbIE PECYpPCbI — TaKWe, 3anacbl KOTOPbIX MOCTOSHHO BOCMPOM3-
BOAATCA (rupgpoaHepropecypcbl, 3Heprua ConHua, BeTpa, NMpPWIMBOB, reoTep-
MasnbHas v ap.);

He B0306HOBnsEeMbIE pecypCbl — TaKue, 3amnacbl KOTOPbIX HE UMEIOT UCTOUYHM-
KOB MOMOJIHEHMS U YMEHbLUAOTCA C X noTpebneHvem (yronb, HedTb, NpUpPoOA-
HbIW ras, roptoune ciaHubl 1 ap.).

Okpyxarowasa cpeda — COBOKYMNHOCTb NPUPOAHbIX, TEXHOMEHHbIX U COLMab-
HbIX YC/IOBUI CyLLLECTBOBaHMSA YeioBeYecKoro obuiecTsa.
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MHOOPMATHUKA @ KBAHTOPHNYM

OnucaHne matepuanbHO-TEXHUYECKOMU Oas3bl
WKONbHbIK «KBaHTOpUYM»,

ncnoJsibayemoro ajisa peaanauuvum 06pa3OBaTeJ1beIX nporpammm

B cocTas ueHTpa wKonbHbI «KBaHTOPMYM» MO passMyHbIM LOMOSHUTE/NbHBIM HaMNpPaB/eH-
AM BXxoamT obLiee v cneunannsMpoBaHHoe obopynoBaHue.

Cnucok obwero o6opynoBaHus

Hoym6yk.

TexHUUYECKME XapaKTEepPUCTUKHU:

YKECTKas, HEOTK/IIOYaeMas KnaBuarypa: Halnuue;

pyccKas packnagKka KnaBuatypbl: HaM4Ke;

AvaroHasb 3KpaHa: He MmeHee 15,6 aloMMoB;

paspelueHure 3KkpaHa: He MeHee 1920% 1080 nukcenew;

KOJIMYECTBO fLep npoueccopa: He MeHee 4;

KOJIMYECTBO NOTOKOB: He MeHee §;

6a3oBas TakToBasa YacTtoTa npoueccopa: He meHee 1 [Tu;

MaKcMMasnbHas TaKTOBas YacToTa npoueccopa: He meHee 2,5 M;

K3LW-NamMATb npoueccopa: He MeHee 6 Mbair;

06bEM YCTaHOB/IEHHOW OMepPaTUBHOW NamaTh: He MeHee 8 [GaWT;

06bEM noaaepKMBaeMON OnepaTMBHOM MaMATH (418 BO3MOXKHOCTU pacLUMPEHUs): He
MeHee 24 [6airT;

06béM HakonuTens SSD: He meHee 240 [6aiiT;

BPeMs aBTOHOMHOW paboTbl oT 6atapeu: He MeHee 6 yacos;

BeC HoyTOyKa C yCTaHOBJ/IEHHbIM aKKyMynaTopoM: He Gonee 1,8 kr;

BHelwHu nHtepdeinc USB ctaHpgapra He Huxke 3.0: He MeHee Tpéx cBOOOAHDIX;
BHeLHu nHTepderc LAN (Mcnonb3oBaHue NepexofHUKOB He NPeanyCcMOTPEHO): HaslMuMe;
Hannuue moaynen u uHTepchencos (MCcnonb3oBaHMe NEPEXOAHUKOB He NPefyCMOTPEHO):
VGA, HDMI;

6ecnposoaHas ceasb Wi-Fi: Hannumne ¢ nognepyxkown craHaapta IEEE 802.11n wnm co-
BpEMEHHee;

Beb-Kamepa: Hanuuue;

MaHWNYNATOP «Mbilb»: HAJIMYME;

npenycTaHoOB/eHHaa onepaLuoHHaa cucteMa C rpacmyeckMM MoJsib30BaTeNbCKUM WH-
TepdeincomM, obecneumparoLlas paboTty pacnpocTpaHEHHbIX 0bpasoBarTesibHbIX M obLe-
CUCTEMHbIX NPUIOXKEHUI: HaNM4Ke.

Puc. 1. Bua HoyTOyKa
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M®Y mun 1 (¢pyHkyuu neyamu, konupoBaHus, ckaHupoBaHus).

TexHUUYECKHe XapaKTEPUCTUKMU:

— dopmar bymaru: He meHee A4,

— LBETHOCTb: YepHO-6enbii;

— TexHOJIorusa nevaru: fasepHas;

— MaKcuManbHoe paspelueHue neyatu: He meHee 1200 1200 Touek;
— uHTepdencol: Wi-Fi, Ethernet (RJ-45), USB

—
ﬂs

Puc. 2. Bup MHorocyHKLMOHaIbHOIO YCTPOMCTBA

M®Y mun 2.

TexHU4YeCcKHe XxapaKTEepPUCTUKMU:

— UBETHOCTb: LBETHOM;

— dopmar bymaru: A3 /A4;

— CKOpOCTb nevatu: He MeHee 25 ctp./MuH (4/6 Ad), He meHee 25 cTp. /MuH (uBeTH. Ad);
— aBTOMaTM4ecKas ABYCTOPOHHAS neyatb: ecTb;

— Konun4yecTBo cTpaHuy, B Mecsu He meHee 40 000;

— YCTPOMCTBO aBTOMNOAAYU OPUTMHANIOB: ABYCTOPOHHEE;

— 06béM notka nogauun bymaru: He meHee 250 nucros.

Puc. 3. Bug MHOrohyHKLMOHaNBHOMO YCTPOWCTBA

8 B conepkanue
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MoHoboyHoe uHmepakmuBHoe ycmpolicmBo.

TexHUUYECKME XapaKTEepPUCTUKHU:

MHTEPaKTMBHbIN MOHOBIOUYHbIN AUCMIEN, AMaroHanb 3KpaHa He MeHee 65 aOMMOB;
paspelueHue akpaHa: He meHee 3840%2160 nukcenen;

BCTPOEHHasA aKycTMYecKas cuctema: Tpebyertcs, KONMYECTBO OAHOBPEMEHHO pacrno3Ha-
BaeMbIX KaCaHWM CEHCOPHbIM 3KpaHOM: He MeHee 20 KacaHui;

BblCcOTa cpabatbiBaHMsA ceHCcopa 3KpaHa: He 6onee 3 MM OT NOBEPXHOCTH 3KPaHa;
BCTPOEHHble (YHKLMM pacno3HaBaHWs 0ObEKTOB KacaHusa (nanew unu GesbarapenHbii
cTunyc): Tpebytotcs;

KOJIMYECTBO MOAAepPIKMBaEMbIX He3bataperHblX CTUIYCOB O4HOBPEMEHHO: He MeHee 2 LuT.;
BO3MOXHOCTb MCMOJ/Ib30BaHUSA IAJIOHN B KA4YeCTBE MHCTPYMEHTa CTUpaHUA IMbO MrHo-
PUPOBaHMUA KacaHWi 3KpaHa NafoHblo: Tpebyetcs;

MHTErPUPOBaHHbIA JATYMK OCBELLEHHOCTM A/ aBTOMATMYECKOM KOPPEKLMUU SPKOCTH
noaceeTku: Tpebyercs;

Hanuume yHKUMK rpacMyeckoro KOMMEHTUPOBAHUSA MOBEPX NPOM3BOJILHOMO M300paXke-
HUWS, B TOM YMCiie OT (PU3NYECKM NOAK/IOYEHHOrO MCTOYHUKA BuaeOoCHrHana: Tpebyercs;
MHTErpuMpoBaHHble (yHKUMKU BbiBOAA M30OparKeHUd C 3KPaHOB MOBOW/IbHBIX YCTPOWCTB
(Ha nnardopme pacnpocTtpaHeHHbix OC), a Takke C BO3MOXHOCTbIO MHTEPAKTUBHOIO
B3aumMopencTena (yrnpaeneHus) c yCTpoMCTBOM-UCTOUYHUKOM: TpebyeTcs;
MHTErPUPOBaHHbIA B NOJb30BaTe/IbCKUM MHTEpdeNC dyHKLUMOHAN npocMoTpa M paborTbi
c harnamu ocHoBHbIx hopmaros ¢ USB-Hakonutenei unu cetesoro cepsepa: Tpebyetcs;
NoAAEpP’KKa BCTPOEHHbIMW CPeACTBaMM AUCTAHLMOHHOIO ynpassieHus pabounMu napa-
MeTpaMu YCTPOWCTBA Yepes BHELLHWE CUCTEMbI: TpebyeTcs;

npefyCcTaHOB/IEHHAA OMepauMoHHaa cucTemMa C rpadUyecKkMM Mosb30BaTeIbCKUM WMH-
Tepdeincom, obecneumearoLlas paboTty pacnpocTpaHEHHbIX 0bpasoBaresibHbIX M obLe-
CUCTEMHbIX NPUIOXKeHUI: TpebyeTcs;

MHTErpuMpOBaHHble CpeacTBa, obecneyuBalolmMe crneayowmii GyHKUMOHaAN: co3haHue
MHOTOCTPaHMYHbIX YPOKOB C MCMOJIb30BAHWEM MELMAKOHTEHTA Pa3/iMyHbiX hopMaTos,
co3faHue HaanuMcen 1 KOMMEHTapuUeB NMoBepPX 3amnyLLEHHbIX NPUIOXKEHWH, pacno3Haea-
HWe Uryp U pyKonuMCHOro Tekcta (pyCCKWM, aHITIMUCKUI A3bIKK), HAMYME UHCTPYMEH-
TOB PUCOBAHUS FTEOMETPUYECKUX DUTYP U NIUHUW;

BCTPOEHHble (DYHKLMW: reHepaTop C/ly4anHbIX YUCEes, KalbKyATOp, SKpaHHAsA Knaeuary-
pa, TaMMep, pefakTop MaremaTuyeckux copmyn;

3/IeKTPOHHbIE MaTeMaTUYeCKUe UHCTPYMEHTbI: LMPKY/b, YrOJIbHUK, IMHENKA, TPAHCNOp-
TUP, PEXMUM «Benon NOCKU» C BO3MOXKHOCTbIO CO3[aHWsA 3aMeTOK, PUCOBaHUsA, paboTbl
c Tabnuuamu u rpadmkamu, umnopt dannos dopmaros: *.pdf, *.ppt.

KBAHTOPHMYM

Puc. 4. Bug MOHO6/104HOTO MHTEPAKTUBHOIO YCTPOMCTBA

B conepxaHue 9
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TexHUUYECKMEe XapaKTEePUCTUKM:
— pa3smep pabouei obnactu: He meHee 700% 1000 mm.

Puc. 5. Bug ®nunyapra

Mo nporpamme «XAUTEK» HeobxoauMo cnepyouee obopyaoBaHue.

CmaHok nazepHol pe3Ku ¢ 4uc10BbiM NPO2PAMMHbLIM
ynpaBneHuem.

TexHUYeCKHe xapaKTEPUCTUKHU:

— CTaHOK As FPaBUPOBKU WM PE3KU JIa3epOM [OJIKEH
npeaycMarpyeaTb BO3MOXHOCTb 0OPaboTKMU XPYMKUX
mMatepuanoB, B TOM 4YMC/le KepaMWKW, CTeKna, opr-
CTeKkna;

— Mogaynb puNbTPaLumn Bo3ayxa B KOMMEKTE;

— BCTPOEHHOE BOAAHOE OXJIaXKAEHUE;

— nasep tvna CO2;

— pa3smep pabouero crona, Mmm: He meHee 300%500;

— MOLHOCTb nasepa, BT: He meHee 40; a'd

— nopaepkueaemble cdopmartebl danna: JPG, PNG, TIF,
BMP, DXF, SVG, CR2.

Puc. 6. Bug ctaHka nasepHoro

BeimsikHas cucmema 051 103epHO20 CMAHKQA,
¢unempyrousas.

TexHMYeCKne XapaKTepPUCTUKMK:
— npowu3ssoauTenbHocTb: He meHee 300 m3 /y;
— dunbTpyloLLMe 3NEMEHTbI: HaNIMuKe.

Puc. 7. Bup, BbITA>XHOW CUCTEMDI

B conepkanue
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MHozogyHKkyuOHANLHAS cMAHUUS
08 mexaHuveckol obpabomku u npomomunupoBaHus

TexHU4YeCcKHe XxapaKTepPUCTUKHU:

YyebHas mopynbHas CTaHUMs OO/KHa obecneynBarb BO3MOXHOCTb M3y4yeHUs He MeHee
Tpex TeXHOOrMi NPOU3BOACTBA U3AeNNA U 0OPabOTKM MaTepUanos, a TaKKe NPOTOTUNMPOBA-
HUA u3genui. YuebHaa moaynbHas CTaHUMA LOMKHA UMETb C/IedyloLMi COCTaB U XapaKTepu-

CTUKMH:

martepuan KOHCTPYKLUKU: anioMUHUNK;
KOJIMYECTBO HanpaensloLWMX: He MeHee 4 wr.;
Habop uHTepdencos: Ethernet, He meHee 5 wr., USB, He MeHee 2 wrT., MicroSD: Ha-
nnyue;

moaynb 6ecrnipoeoaHon ceasun Wi-Fi: Hannuue;

naHesb yNpae/ieHUs C 3KPAHOM: HaJiMuue;

TWN yNpaB/ieHUA 3KpaHa: CEHCOPHOE;

TN 3KkpaHa: LCD-naHens;

LIBETHOCTb 3KpaHa: LiBETHOW;

AMaroHasb 3KpaHa: He MeHee 3,5 alonma;

nnarcopMa noforpeBaemMas: Halmuue;

nnarpopma ana 3D-nevatn marHuTHas rubkas: Hanuume;

coBMecTMMOCTb nnardopmsbl ans 3D-nevatn ¢ nnatopmMoi NnoforpeBaeMon: Hannuue;
CMeHHbIM Moaynb 3D-neyatu: Hanuuue;

TexHonorua 3D-neuvatu: FDM unu FFF;

Avametp conna: He meHee 0,4 mm;

MaKcMManbHas Temneparypa Harpesa conna: He meHee 250 °C;

MaKcMMasnbHas Temneparypa Harpesa nogorpesaemMoi nnarchopmbl: He MeHee 80 °C;
MUHMMasIbHaA ToNWwmHa cnos: He 6onee 50 MKM;

MakcumasibHas TonwmHa cnos: He meHee 300 MKwm;

ckopocTb 3D-neuyartu: He meHee 100 MM /c;

MaKCUMasbHbIM pa3mep usrotaenveaemon mogenu: He meHee 200210200 mm;
noppep>kvaemble Matepuansl ana 3D-newatn: PLA-, PETG-, TPU-, ABS-, PC-,
Flex-nnactuk;

AMaMETP HUTU NnacTuKa: He 6onee 1,75 mm;

CEHCOop OOHapYXKeHUA HUTU NIACTUKA: HaIMuKE;
(bYHKLMA aBTOMATUYECKOMN KaNIMOPOBKM: HaNnuue;
CMEHHbIV NasepHbIi MOAY/b: HANUYKeE;

MOLLHOCTb fla3epa: He meHee 1,6 Br;

(byHKUMSA Na3epHOro rpaBMpPOBaHNUSA: HaNNUKE;

(byHKUMS Na3epHOM PE3KU: HANNYUW;

pa3mepbl paboyen obnactu: He meHee 200X 200 mm;
noadep’kuBaemble Martepuansl: bymara, KapToH, aepe-
BO, NJIACTHK, KOXa;

CMeHHbIM Mopynb pesepoBanus ¢ HIY: Hannuue;
MaKCMMasbHasi CKOPOCTb BPALLEHWUS LUNUHAENS: He Me-
Hee 8000 06 /MuH.;

MaKCMManbHbIM AMaMeTp 3aXMMa MaTpoHa: He MeHee Puc. 8. Bun

4 mm; MHOrogyHKLMOHaNbHOM
¢bpesa: Hannuume; CTaHUMK AJ1A MEXaHUYECKOM
(DYHKLMA MIOCKOCTHOrO U 0bbeMHOro hpesepoBaHus: 06paboTkm
Hanunuue; ¥ NPOTOTUMNMPOBAHUS
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— nopnepXkuBaemble Matepuasbl: AePEBO, TEKCTONUT, MNACTHUK;
— KOXYX 3aLUMTHbIN: HaNn4ue;

— OYKM 3awuTHble ¢ YD-punbTpoM: Hannuue;

— ajanTep NUTaHUA: HaNuUdue;

— KOMMNEKT 3anacHbiX (yHKLMOHA/IbHbIX 3/1EMEHTOB: Hasnvue.

®pesepHoili cmaHok ¢ YIMTY yyebHoil 6016wol ¢ NPUHAONEXHOCMAMU

TexHUYECKMe XxapaKTEePUCTUKHU:

— HasHadeHue: 06paboTKa MofesbHbIX BOCKOB, M/aCTUKOB, APEBECUHbI, LBETHbIX META/I/IOB;
— Tun: dpe3sepHbIv ctaHok c YI1Y;

— KONMYecTBO oceM: He MeHee Tpex (XYZ);

— MaKcMMasnbHOe KO/IM4ecTBo 060poToB B MUHYTY: He MeHee 15000;

— aBTOMAaTU4eCKasi CMEHA UHCTPYMEHTA: Hanu4vu1e.

Puc. 9. Bun dpesepHoro ctaHka

®Dpe3sepHbili cCMaHOK yyebHbil

TexHUUYECKHe XapaKTEPUCTUKMU:

— HasHayeHue: 06paboTka MoaesibHbIX BOCKOB, NIACTUKOB, APEBECUHDI;
— Tun: pesepHbIr ctaHok ¢ YIY;

— KOJ/IM4eCTBO oceW: He MeHee Tpex (XYZ);

— MaKcMMasnbHOe Ko/IM4ecTBo 06opoTos B MUHYTY: He MeHee 7000.

Puc. 10. Bup ¢pezepHoro crtaHka
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3D-npuHmep npocheccuoHaneHsIl

TexHUUYECKME XapaKTEepPUCTUKHU:

™n npuHtepa: FDM, FFF;

matepuan (ocHoBHoM): PLA;

KOJIMYECTBO NeyaraloLLmX rosloBok: He MeHee 1;
pabounit CTon: C NOJOrPeBoOM;

pabouas obnactb (XYZ): ot 300%300%400 mm;
MaKCMMasibHasi CKOpPOCTb MeyaTu: He MeHee
150 MM /cek;

MWUHMMasbHas ToNWMHa cnos: He 6onee 20 MKM;
3aKpbITbIM KOPMYC: HaNM4Ke;

OX/laXKAEHWEe 30HbI NeYaTu: Hanuuue.

3D-npuHmep y4ebHoil

TexHU4YeCcKHe XxapaKTepUCTUKHU:

matepuan (ocHoBHoM): PLA;

KOJIMYECTBO MevaraloLLmX ro/loBoK: He MeHee 2;
pabounii CTon: C NOJOrPeBoOM;

pabouas obnactb (XYZ): ot 180% 180% 180 mm;
MaKCMMasibHas CKOpPOCTb Me4yaTh: He MeHee
150 MM /cek;

MWUHMMasbHas ToNWMHa cnos: He 6onee 20 MKM;
3aKpbITbIM KOPMYC: HaNM4Ke;

OX/Ia’KAEHWE 30HbI NeYaTu: Hanuuue.

lNaaneHasa cmaruus

TexHU4YeCcKHe XxapaKTepPUCTUKMU:

heH: pabouas Temneparypa, °C: or 100 go 480;
nasnbHUK: paboyas temneparypa, °C: ot 200
no 480;

MOLLHOCTb NasisibHUKa: He meHee 50 Br;
KepaMUYeCKUi Harpeeartesib: Halnuue.

B conepkanue
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Puc. 11. Bup 3D-npuHTepa

Puc. 12. Bupg, 3D-npuHTepa

Puc. 13. Bup nasnbHOM cTaHuuu
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KBAHTOPMYM UHOOPMATUKA

Mo nporpamme «leouHpopmaTuka» BXogUT cnepyrowee o6opyanoBaHme.

Jllobumensckas mobunbHas Bo30ywHas cucmema
¢ Bo3moxHocmeto BusyansHozo ynpabneHus om nepBozo nuua

Jliobutenbckasa MobunbHas BO3ayllHas cUCTeMa AA NpoBeaeHUs a3spodOTOCHEMKU MeCT-
HOCTU U OTAENbHbIX OOBEKTOB.
TexHUUYEeCKMe XxapaKTEepPUCTUKHU:

thopM-haKTop: YCTPOMCTBO MM Habop AnsA COOpKHU;

KaHas CBA3M YNpaBNeHUs CUCTEMOW: HaMuMe;

MaKCHMasibHas fanbHOCTb Nepefayn AaHHbIX: He MeHee 2 KM;
6eCKONIEKTOPHbIE MOTOPbI: HA/IMUYKE;

NONETHbIN KOHTPOJINIEP: HANINYKE;

nopaep KKa onTUYECKOW CUCTEMbl HABUraLMu B MOMELLEHWUMN: HANIMYHKE;
mMoZaynb oTo /BuAEOKaMepbl paspeLleHneM He MeHee 4K: Hanuuue;
mogynb Haeuraummn GPS /TTIOHACC: Hanunuwe;

NyNbT yNpaBaeHus: Hasnuue;

aKKyMynsaTopHas 6atapes C 3apsaHbIM YCTPOUCTBOM: Ha/IMUKE;

NporpaMMHoe NPUIOXKEHUE A NPOrpPaMMUPOBAHUS U YNpaBieHWUs, B TOM Yucie s

CMapT(gOHOB: HaNU4ue;

MaKc. paccTosHue nosneta He MeHee 18 km;
€MKOCTb akkymynatopa He MeHee 3500 MAY;
Macca He 6onee 570 r.

Puc. 14. Bug niobutenbckot MOOUIbHOWM BO3AYLIHOM CUCTEMDI

YuebHas nemarowas pobomomexHuyeckas cucmema ¢ CV kamepol

TexHuuyeckue XapPpaKTepUCTUKHU:

dhopM-aKTop: YCTPOUCTBO MK Habop ana cbopku;

KaHasn CBA3M yrpaB/IeHUs CUCTEMOW: HaJMUKE;

KOJIJIEKTOPHbIE MOTOPbI: Ha/lMuKeE;

MONETHbIA KOHTPONEP C BO3MOXHOCTbIO MPOrpaMMMPOBaHUA: HaslMuKe;
noaAep’KKa ONTUYECKOW CUCTEMbI HABUTaLMK B NOMELLEHWUN: HANIMYKE;
mopynb Wi-Fi;

BUAEOKaMepbl: HaIn4ue;

Kamepa OnTUYECKOro noToKa: Hajndue;

nepesaps>kaeMas aKKyMmynsTopHas b6atapes: Hannuue;

nporpaMmMHoOe npuioxeHue ana nporpaMmmMmpoBaHnAa U ynpasJjieHUA, B TOM 4YUCne onAa

cMapT¢OHOB;

B conepkanue
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— yHKUMA NPOrpaMMUPOBaHMSA HECKOJIbKMX NeTalolmux poboToB Ha OOHOM YCTPOWCTBE:
Hanu4ue;

— MaTpU4HbIA MHAMKATOP C MOAY/IEM AATYMKA PACCTOSHUA C KPACHbIMU U CUHUMW CBETO-
amopgammn 8X8 — 1 wr.;

— MUKPOKOHTPOJIEP: ABYXbAAEPHbIVA C OTKPbITbIM KOAOM;

— pacwupenue: 14-koHTakTHbIM nopT pacwupenus (12C, UART, SPI, GPIO, PWM, wucTou-
HWUK NUTaHKA);

— macca He 6onee 90 rp.;

— MaKcuMasbHOe NoJsIeTHOe BpeMs: He MeHee 13 MUHYT.

Puc. 15. Bug y4ebHoM netaowei poboToTeXHUHECKOW CUCTEMDI
c CV kamepoii

lMonueaox ons BI1JIA

Certyaroe orpaxkaeHue 30Hbl nonetos 3X3x3 meTpa.

Puc. 16. Bug nonuroHa

B conepxaHue 15
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lpomuBoydapHeil nnaHwem

TexHUuecKMe xapaKTEepPUCTUKHU:
lNpoTMBOynapHbIM NnaHwWweT Ans NpoBeAEeHUs MONEBbIX pa-
60T, B T. 4. cOOpa AaHHbIX HA MECTHOCTM.

GPS /noHacc- npuemHuk (HaBuzamop)

TexHunueckune xapaktepuctuku: GPS-npuémHuk ans opuen-
TUPOBaHWA Ha MECTHOCTM M C BO3MOXHOCTbiO cbopa reonpo- P
I:r =Y f A1

CTPaHCTBEHHbIX [JaHHbIX. e

GARMIN

Puc. 18. Bug GPS/
MOHACC- npremMHuka

LIImamuB co cgpepuyeckol 20108kol

TexHUYeCcKHe xapaKTEPUCTUKHU:

— wrTaTtuB gns oTtoannaparypbl;

— naHopaMHas ronoBKa;

— naHopaMHas rosioBKa As CbeéMKU cepuyeckmx lNaHo-
pam.

Puc. 19. Bup, wratmea
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MHOOPMATHUKA @3 KBAHTOPHNYM

3epkanoHsiti pomoannapam + o6vekmuB

TexHU4YecKue xapaKTepUCTUKHU:
doToannapar onsa cbEMKM chepuyeckux naHopam, HasemMHoW GoTorpamMmeTpun U npeg-
METHOW CbEMKMU.

Puc. 20. Bug doTtoannapara

LLlupokoyzoneHell 06vekmuB Fisheye

TexHMYeCKMe XapaKTepUCTUKU: OObEKTUB AN CbEMKU chepu-
YeCcKMX naHopam.

Puc. 21. Bug obbekTuBa

JlazepHoil OaneHomep

TexHuyecKkne xapaKTEPUCTUKKU: Nla3epHbIA AanbHOMEp ANs W3-
MepPeHUs PacCTOsHWM AnA co3faHua TouHbix 3D-mopeneit nome-
LLEeHWHM M apyrux oObeKToB.

Puc. 22. Bup nasepHoro
JanbHoMmepa
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MHOOPMATUKA

Mo nporpamme «HaHoTexHONOrMM» BXOAUT cnepytlouee obopyaoBaHue.

Memannoepacpuqeckuli Mukpockon
uccnedoBamesnibCKo20 Knacca

TexHuuecKkne xapakTepUCTMKU: 0BnacTb nNpuMeHeHus
MMKPOCKONa — aHanu3 MUKPOCTPYKTYP Henpo3payHbix
0ObEKTOB, MeTa/yIMYecKux pgetanen, ¢oTowabnoHos,
onpenesieHne BeSIMYMHbI U PaCMONOXKEHUA 3EpeH MeTan-
na, KOHTPOJIb COCTOSIHUA CTPYKTYPbl MOBEPXHOCTHOIO C/10A
nccnepyemoro obbekTa, BbisB/IeHWE MUKPOLEdEKTOB, Bbi-
ABneHve nedeKToB KpUCTaniMyeckoro ctpoeHuns. Metoapi
MCCeJOBaHWI: OTPaXKEHHbIW CBET, CBET/IOE Nosie, TEMHOE
none, nonapusaumsa, ANK koHTtpact

Cmepeomukpockon

TexHuuyeckue XapaKTepUCTUKHU:

CTepeoMUKpoCcKon cuctembl [peHa ans maHunyns-
UMK ¢ obbekTamu, npenaposasnbHOM paboTbl, oue-
HOYHOro NPOCMOTPA;

KpaTHOCTb TpaHcdoKauuu: He meHee 1:7,8;
pabouee paccrtosHue: He MeHee 110 mm;
CBETOAMOAHbBIN KOJIbLLEEBOW OCBETUTESb: HAUYHeE;
uBeTHas uMdpoBas Kamepa: Hanuuue;
nporpamMHoe obecrneyeHune: Hannuue;

pabouas CTaHUMA: HanMume.

Kamepa ons mukpockona C-Mount

TexHU4YeCcKHe XxapaKTEepPUCTUKMU:

usetHon CMOS ceHcop: Hanuuue;
marpuua: He meHee 1/2.3»;
nHTtepceiic: USB 2.0;

nuTtaHue: 5 B.

@omoannapam 014 3kcnpecc-¢pomozpagupoBaHus
8 nabopamopuu

TexHU4YeCcKHe XxapaKTEepPUCTUKMU:

18

paspelleHre matpuubl: He meHee 20 Mn;
peXKuMbl OKYCUPOBKK: aBTOMATUYECKWUI, PYHHOM;
TanMMep: Hanuuue.

*. .0

Puc. 23. Bug mukpockona

Puc. 24. Bup ctepeomukpockona

Puc. 26. Bug dotoannapara

B conepkanue
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AHanumuyeckue Beceol

TexHWYecKne XapaKTepUCTUKU: NpefHasHayeHbl [ns
TOYHbIX M3MEPEHUN Maccbl, MO3BOJIAIOT KOHTPOJIMPOBATbH
n3MeHeHnsa maccbl ¢ ToyHocTbio 0,01 Mr.

Puc. 27. Bun Becos

JlabopamopHsie Becobi

TexHuuyeckne XapakKTepuCTtnkKu: npegHasHad4eHbl OnA
TOYHbIX M3MepeHMl;'1 MacCCbl, NO3BONIAIOT KOHTPOJZINPOBATb
MU3MEHEeHUs Maccbl C TOYHOCTbO 1 Mr.

Puc. 28. Bug secos

lomozeHuzamop BepxHenpuBoOHbIl

TexHUYecKMe xapaKTepPUCTUKHU:

— rOMOreHMU3aTop C repMeTUYHbIMU NPOBUPKaMK;

— nepemelunBaHue, AWCMeprupoBaHWe, romoreHu3a-
LUMS M NepeManbiBaHUsA C MOMOLLbIO OJHOM CUCTe-
Mbl — BO3MOXHOCTb NepeMeLlnBaTb NECTUKOM, PO-
TOpP-CTaTOPOM, CTEKNAHHbIMA W MeTaN/IM4eCKUMHU

LIapUKamu;
— XMMMWYECKM CTOMKanA nnactMacca; 3
— USB-uHTepdeic ana ynpaBneHus U LOKYMEHTUPO- —
BaHUS; )
— NoAAO0H ANA 3aluTbl OT NpoTeYeK XXUAKOCTU Puc. 29. Bug romoreHusartopa

JAucmunnsmop nabopamopHeil

TexHWYecKne XapaKTEPUCTUKU: AUCTUINATOP 3NEKTPU-
YeCKUW AN NOJyYeHWUs IOUCTUNIMPOBAHHOW BOAbl AJ1S
Hy)XA nabopaTtopuMu aBTOMATU3UPOBAHHbIW, MPOTOYHbIM.
MpounseogutenbHocTb OT 3 1/4ac, EMKOCTb Baka-HaKonu-
Tens ot 6 n.

Puc. 30. Bup auctunnatopa

B conepxaHue 19
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Ynempa3zBykoBas molika

TexHUUYECKMEe XapaKTEePUCTUKM:

— npenHasHayeHa AJ/18 OYMCTKM 0OpasLoB, a Takke
HebonblWMX NabopaTopHbIX MPeaMeToB, yNbTpas-
ByKOBas npobonogrotoska obpasuos;

— aHanorosoe ynpasJieHUe;

— [AByX4YacTOTHas Y/nbTpasByKOBas MOMKa — BO3-
MOXXHa MHTEHCHMBHasA M BepexkHas YMCTKa B OAHOM
Mopenv;

— umMdpoBOMn aucnien oTobpakaeT yCTaHOBNEHHbIE
U TeKyLLMe 3HaYeHUsl NapamMeTpoB;

— BO3MOXHOCTb Harpesa ot 30 go 80°C;

— OTK/IlOYEHUE Harpesa MpU OTCYTCTBUM JKMIAKOCTU Puc. 31. Bua moviku
B BaHHe;

— o06paboTKa ynbTpasByKOM HauyMHAETCs aBTOMATMYECKW MOC/e AOCTUXKEHUA 3ajaH-
HOW TeMneparypbl;

— KOpMYC MOWKM BbINOJIHEH U3 HEP>KaBEIOLLEWN CTaNn, YCTOMYMBOM K KaBUTaLLMM;

— 06bEM BaHHbI OT 2 /1.

Knacc y4ebHsbix 30H00Bbix npogpunomempoB (c C3M)

TexHWUeCKMe XapaKTEPUCTUKWU: BU3yasiM3auusi TBEPAOTESIbHbIX MWUKPO- M HAHOCTPYKTYP
c nomouwpto C3M; obpaboTka 1 KonmyecTseHHbin aHanus C3M nsobparkeHui.

Puc. 32. Bup knacca
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Llenmpugpyaa

TexHUUYECKME XapaKTEepPUCTUKHU:

MWHU UeHTpudyra ana 3agad MUKpoguasTpauum
1 pasgeneHus B paboyem guanasoHe

(no 6000 06 /MuH);

BMecTuMoCTb, mn: 8% 2,0;

TanMmep, aBTOMaTM4eCKoe OTKPbITUE KPbILLKK;
3alUMUTHASA KpbILKa.

MazHumHasa mewanka ¢ nodoepeBom

TexHU4YecKHe xapaKTepUCTUKHU:

npegHasHadyeHa ans paboTt ¢ XKMAKOCTAMM, Npo-
LleccamMu pacTBOPEHMUs, MPUrOTOBNEHUSA OJHO-
POAHbIX CYCMEH3UN U 3MYSIbCUM, LUTATUB B KOM-
MnaeKTe, MHCTPYMEHT NMPOBOMNOArOTOBKM;
AvanasoH HarpeeaHusa Temneparyp: 50—500°C;
Makc. 06bém (H,0): 5 n

HaepeBamenoHas nnumka

TexHUYeCKHe xapaKTEepPUCTUKHU:

NAWTKa HarpesatesbHas naboparopHas c UHAU-
Kauuen Temnepatypbl U BO3MOXXHOCTbIO perynu-
POBKM Temneparypbl;

MHCTPYMeHT Npo60onoaroToBKu;

AManasoH HarpeBaHua Temneparyp, °C: 50—500;
MakKc. 06bém, n: 10;

cKkopocTb HarpeBsa, K/MuH: 5;

HarpeBaTefibHasA NnacTMHa, Matepua: Kepamuka.

B conepkanue

Puc. 33. Bup ueHtpudyru

Puc. 34. Bug marHMTHOM MeLLanku

N

Puc. 35. Bug nnutku
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BoodsHasa 6aHs

TexHUUYECKME XapaKTEePUCTUKHU:

npefHasHayeHa as1a peleHus 3aaady TepMo-
CTaTMpOBaHWA, He TpebyloWmnX BbICOKOM
TOYHOCTM NOAAEPKAHUA TeMMepaTypbl U O4-
HOPOAHOCTU TEMMEepaTypHOro nons B pabo-
yeM obbeme;

npuMeHseTcsa ONnA TepMocTaTMpoBaHua ob-
pasuoB U npob B cTakaHax, konbax u apy-
ron naboparopHon nocyae;

AManasoH perynMpoBaHusa Temmneparypbl,
°C: +5 — +200;

0ObEM BaHHbI, 1 8.

CywuneHell wkag

TexHWMueCKMe XapaKTEPUCTUKK: NnabopaTtopHbii
CyWWNbHbIA WKad ANA Harpesa, BbICYLIMBAHUSA
M TennoBon o6PabOTKM pas3nMYHbIX MaTepuanos
B BO3OYyWIHOW cpefe npu Temnepatypax [0
+350°C.

UcmoyHuk numaHus 1abopamopHsil

TexHUYeCKHe xapaKTEPUCTUKHU:

22

npegHasHayeH 4518 NPOBeAEHUSA OMbITOB No
(bu3nKe 1 INeKTPOXUMUMU;

KayeCTBO BbIXOOHOrMO TOKa MO3BO/SAET WC-
MoJIb30BaTb €r0 B MUKPO3/IEKTPOHMKE;
BbIxogHoe HanpsixeHue go 30 B;

BbIXOAHOM TOK A0 5 A;

3almTa OT NeperpysKu U NepenostoCoBKMU;
3N1EKTPOHHOE OTKJIIOYEHUE HArpy3KM;
BbICOKasi CTabWNbHOCTb M Masibli YPOBEHb
nynbcauuu;

nfaBHas yCTaHOBKA BbIXOAHbIX NapaMeTpoB
perynatopamu 'PYBO /TOYHO.

MHOOPMATUKA

Puc. 36. Bug 6anu

Puc. 38. Buag uctoyHuka nutaHus

B conepkanue
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MHOOPMATUKA @@ KBAHTOPUYM
®

TexHUUYECKME XapaKTEepPUCTUKHU:

— npefHasHayeH Ans onpepeneHvs Mnokasarenen
NPefioM/IeHUA  HearpeccuMBHbIX  MPO3PayHbIX
YXMOKOCTEW U pacTBOPOB;

— [ManasoH M3MepeHus: nokasarena npesiomne-
Hus (nD) ot 1,2 po 1,7 maccoBoi Jonu cyxux
BewlecTs (caxapos3bl) B pacteope ot 0 go 100 %.

Puc. 39. Bug pedpaktometpa

Cocyo vbtoapa

TexHuuyeckne xapakTtepucTuku: cocyn [btoapa
npeaHa3HayeH 4N1A ASIMTeNIbHOro XpaHeHUs, TpaHcnop-
TUPOBAHWUA U UCMOMNb30BAHUA HEOONbLUMX KONMYECTB
»Xuakoro asota. BmectumocTb He meHee 10 n.

Puc. 40. Cocyp, Optoapa

MydpensHas neds

TexHHMYECKMe XapaKTEPUCTUKHU:

— naboparopHas MydesibHas neyb 4s noaroTos-
KM Npob B XMMWUYECKOM aHasu3e, NpoBefeHus
HarpeBa, 3aKasiku U 0bXura Matepuanos B BO3- —
AyLHOW cpene npu Temnepatypax go +1000°C;

— 061béM paboyer kamepbl, He MeHee n: 5.

Puc. 41. Bug neuun
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Mo nporpamme «JHepreTuka» BXOAUT cneayowee obopyaosaHue:
Y4ebHbil Habop 015 npakmukymoB8 «AnemepHamuBHas s3Hepeemuka. Bce 8 00Hom»

Cocras Habopa:

— naHenb ¢ conHevHbiMu Gatapeamu 0.5 B, 840 MA: He meHee 1 wT.;

— naHenb C conHeyHbiMu batapesmu 1.5 B, 280 MA: He meHee 1 wr.;

— naHenb c conHeyHbiMu batapesamu 2.5 B, 420 MA: He meHee 1 wiT.;

— WHXXeHepHas nnargopma s COOPKM INEKTPUYECKMX Lieneit: He MeHee 1 wrT.;

— Mozy/b NOACBETKU: He MeHee 1 wr.;

— Mogay/b NOTEHUMOMETP: He MeHee 1 wT.;

— MOAy/b C Nbe303/IEMEHTOM (3yMMepoM): He MeHee 1 WrT.;

— MOAY/Nb C NATPOHOM U JIaMMNOYKOM: He MeHee 1 wT.;

— Mopynb MoTop 6e3 peaykTopa: He MeHee 1 wrT.;

— Habop UBETHbIX AMCKOB /151 AEMOHCTPALMM OMTUYECKMX UIMIIO3UIA: Hannuue;

— Habop NnacTuH s 3aTeMHEHUsi MOAYIEN C COMTHEYHbIMK BaTtapeaMu: Hannuue;

— Mopynb-koHaeHcatop 5@, 5.4B — He meHee 1 wrT.;

— Habop BETPOBOro potopa: Ha/nuue;

— BEeHTUNATOp: He MeHee 1 WrT.;

— BETPOBOW YeTbipex/IonacTHOM poTop B cbope: Hanuuue;

— BeTpoBas TypbuHa: He MeHee 1 wr.;

— reHepaTtop C Py4YHbIM NPUBOLOM: HaJIMYME;

— Mogenb asToMobuns: He MeHee 1 Wr.;

— 3NeKTpoasuraresnb Ansa Momenu asTomobuns, paboTtaloLmii OT TOMIMBHOW BOAOPOAHOM
AYEUKU: HaNnuue;

— Moaynb AN U3MEPEHUS TOKA U HanpsXKEHUS: Hanuuue;

— MOAyNb MUTAHKA: HaNK4YuKe,;

— USB-nogkntoyeHve gns npsmMoro NoAK/Io4YeHUs K KOMMbIOTepy: Hanuyue.

Puc. 42. Bup Habopa
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Moodesns 2ubpudHozo aBmomobusns

TexHUYecKne XxapaKTEpUCTUKU: ONSA WU3YYEHUS U
NPOrpamMMMPOBaHUA PA3/IUYHBIX PEXXMMOB PaboTbl M-
OPUOHON CUCTEMDBI; KOHAEHCATOP-aKKyMynATOpHas 6a-
Tapes — TOM/IMBHbIN 3/1IEMEHT CO COOPOM [aHHbIX Ha
cTeHpe.

Puc. 43. Bug aBTomob6uns

KoHcmpykmop 015 usyyeHust 31eKmpoHUKU
U 3Hep2emuKu

TexHUYeCcKne XxapaKTepUCTUKU: NOCTPOEHUE CUCTEM
JHEProMeHe;KMEHTa, B TOM YMUC/ie 3/IEKTpOnuUTaHue
YCTPOUCTB OT BO30OHOBMAEMbIX UCTOYHUKOB 3HEPruu
yepes uHTepdenc USB.

Puc. 44. Bup koHcTpyKTOpa

Komnnekm nosicHaowul ¢pusuyeckue
U XuMuyeckue ocHoBbl pabomel UCMOYHUKOB
3Hepauu U 3/1IeMeHMbI MEXAHUKU

TexHuuyeckne XaPaKTEPUCTUKHN. IKCMEPUMEHTbI NO
3HepFOCHa6>KeHMi0 Moaenu 3ﬂeKTpOMO6M}'I$I C ncnosb-
30BaHMEM He MeHee 4eTbipex pa3/indHbiX UCTOYHUKOB
ANNIEKTPOIHEPIUN.

JlabopamopHsIli UCMOYHUK NUMAHUS

TexHUYeCKMe XapaKTEePUCTUKU:

— Ha/Muue He MeHee ABYX KaHasos,

— MaKCuMMasibHOe BbIXOAHOE Hanps>KeHWe: He Me-
Hee 30 B;

— MaKCMMaJibHbI BbIXOOHOW TOK He MeHee 5 A.

Puc. 46. Bug uctoyHuKa nutaHus
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leHepamop Bo0opoda 0159 3apsAOKu
Memasno2uopuoOHbix Kapmpuoxel

TexHU4YecKHe XxapaKTEepPUCTUKMU:

— nonyyeHve BOAOPOAA M 3apajKa MeTaiIornapuaHbiX
KapTpuaxew;

— MPOM3BOAMTENbHOCTb Bogopoda: He meHee 50 mn1/MuH;

— uuctoTa Bogopoaa He MeHee 99,999 %.

Umumamop Bempa

TexHU4YecKHe XxapaKTEepPUCTUKHU:

— CO3[aHMe BO3AYLIHbIX MOTOKOB A/1A 3KCMEPUMEHTOB
B 0611aCTM BETPO3HEPreTUKM;

— Hanu4yve He MeHee NATU CKOPOCTEN BpaLLEHUSA pPOTO-
pa 1 nynbTa AUCTaHLMOHHOIO yNpaBieHUs;

— BO3MOHOCTb U3MEHEHMA HamnpaBieHUsA NOTOKa BO3-
Ayxa v 3anycka 6e3 pacceuarens.

l/lmumamop cosiHeyHo20 cBema

TexHU4YecKHe XxapaKTEepPUCTUKMU:

— BO3MOXHOCTb HaMOJIbHOM Y HACTOJIbHOM YCTAaHOBKM;

— BO3MOHOCTb MMMUTAUMM 3aTeHeHusA (nacMypHbIn
A€Hb);

— WCMNONb30BaHWE rasioreHOBbIX rPeoLLMX Namn.

Hucmunnamop

TexHWYecKne xapaKTepUCTUKU: NoNyYyeHue AUCTUNIUPO-

BaHHOMW BOAbl; MPOU3BOAUTENIBHOCTb: He MeHee 1 1 /u.

26

MHOOPMATUKA

Puc. 47. Bug reHepartopa

Puc. 48. Bup vmutatopa

q

Puc. 49. Bug nmutatopa

Puc. 50. Bug ouctunnsatopa

B conepkanue
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lazoaHanuzamop Bodopoda

TexHUUYECKME XapaKTEepPUCTUKHU:

MaKCMMasibHOE KOJIMYECTBO KaHasoB: He MeHee 4;
pabounit gmanasoH temneparyp: ot —40°C go 60°C.

Puc. 51. Bup razoaHanusartopa
Bogopoga

YuebHoll Habop 015 npakmukymoB « TepmanbHas sHepaus»

Ha6op Bkniouaer:

MOAY/b FMAPABIMYECKON TYypOUHbI, He MeHee 1 wwiT.;
Habop A/1A yCTaHOBKM Moayns TypbuHbl, He MeHee 1 wrT.;

MoAy/b MaHOMeTp, He MeHee 2 6ap;

MOAy/b MaHOMeTp, He MeHee 4 6ap;

BMYCKHOM pa3beM, He MeHee 1 WwrT.;

Habop ana obecneyeHus NoToKa, AMamMeTp He MeHee 4 MM 1 He Gonee 5 mm;

Habop ansa obecnedyeHus NOToKa, AMameTp He MeHee 8 MM u He Bonee 9 mMm;

Habop ana obecneyeHuns NoToka, AuamMeTp He MmeHee 12 MM u He 6onee 15 mMm;
aNtOMUHUEBBIN KENC A5l XPaHEHUA U TPAHCMOPTUPOBKK Habopa, He MeHee 1 wT.;
ACUHXPOHHBIN reHepaTtop, He MeHee 1 WT.;

MoZy/b AN U3MEePEeHUA TOKa U HanpsiXeHus, He MeHee 1 WT.;

moay”nb Jlamna, He MeHee 1 wrT.;

moaynb CU, 2MA, KpacHbIi, He MeHee 1 wrT.;

MOZy/Nb CUrHaNbHbIM, He MeHee 1 WT.;

mMoay/nb MoTop 6e3 peanyKTopa, He MeHee 1 wr.;

UHXXeHepHasa nnatgopma ans cOOpPKM 3NeKTPUHECKUX Lenen Manas, He MeHee 1 wr.;
mopy”nb Pesuctop, He meHee 1 wrT.;

npoTo4yHasa Kamepa, He MeHee 1 wrT.;

Habop LBETHbIX AUCKOB A/ UIIO3KUK, He MeHee 1 wT.;
Habop coeaMHUTENbHbIX 3/1IEMEHTOB, He MeHee 1 wiT.;
BOAOMEp C gucnneem, He meHee 1 wr.;

XOMYT, He MeHee 2 WrT.;

MHCTPYKUMA Mo 6e30MacHOMY MCMO/b30BAHUIO KOM-
NMOHEHTOB Habopa U HadYa/lbHOMY 3Tarny BBOAA B 3KC-
nnyarauuto, He meHee 1 Wwr.;

BKNAAbILL CO CXEMOM pa3MeLLEeHUs KOMMNOHEHTOB Ha-
6opa, He MeHee 1 wrT.;

TKaHeBbIM wnaHr 12 /18 mm, anvHa He meHee 0,2 m;

CoeauHUTENbHbIM NPOBOA YepHbIK, He MeHee 50 cwm; [
COEeAMHUTENbHBIM NPOBOJ KpacHbIi, He MeHee 50 cm;
COeONHUTENbHbIM NPOBOJ YePHbIN, He MeHee 25 cm. Puc. 52. Bug yyebHoro Habopa
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Xautek (ABAUTUBHDbIE TEXHONIOIUM)

Llenbio u3yyeHusa paHHOW NporpaMmMmbl ABNAETCA:

— nony4YeHWe OCHOBOMOAraloLWmMX 3HaHUMA O NPUMEHEHUN HOBEMNLLIMX TEXHOIOMUH;

— 3HaKOMCTBO C AOCTUXKEHWUAMU B 06NACTU afAUTUBHBIX TEXHOMOTUIA;

— pasBuTME KOMMETEHUMM yuyawerocs B 061acTM BbICOKMX TEXHONOMMM, B YACTHOCTM
3D-neyatut, CNOCOBCTBYIOLLMX CTAHOBNEHUIO TBOPHYECKOW JIMYHOCTH;

— dopMHUpoBaH1e yMeHU paboTbl C BbICOKOTEXHOMOMMYHBIM 060PYAOBaHHUEM;

— pasBuTHE MHTEpeca K U30bpeTaTenbCTBy, MHXEHEPUM MOCPEACTBOM KEMCOBOW CUCTEMDI
0b6y4eHUs 1 NPOEKTHO-UCCIe[0BATENbCKON AEATENIbHOCTU YYaLLMXCS.

NMnaHupyemblie pe3ysibTaTbl 0OCBOEHUA NPOrpamMmbl

,D,J'IFI AOCTUXKEHNA nocTaBfieHHOM uesn nnaHnpyetca oCTuxKeHue JIMYHOCTHbIX, MeTanpen-

MEeTHbIX U NpeaMEeTHbIX Pe3y/ibTaTOB.

28

JInyHOCTHBIE:

— dopmMurpoBaHue NpodeccroHanbHOro caMoonpenenieHus, 03HaKOMJIeHUEe C MUPOM NpPo-
theccuit, cBA3AHHbIX C NPUMEHEHUEM aAAUTUBHBIX TEXHOJIOTMIA B NPOMBILLIEHHOCTH;

— dopMHpoBaHUe yMeHUsi paboTaTtb B KOMaHAE;

— pasBuTME BHMMATENIbBHOCTU, HACTOMYMBOCTH, LLeSIeYCTPEMSIEHHOCTH, YMEHUSA Npeoaone-
BaTb TPYAHOCTH;

NpeameTtHble:

— ¢hopmMupoBaHMe NOHATUM O pas3nnyHbiXx KomnoHeHTax 3D-npuHtepa Ultimaker u nnat-
dopmbi-cnacepa Cura 3D (nporpammHble 610KM MO pasgenam, MCMONHUTESbHbIE
YyCTPOMCTBA, KHOMKW yNpaBieHUs U T. A.);

— dhopMUpOBaHME OCHOBHbIX MPUEMOB UCNONb30BaHUA nnatdopmbi-cnancepa Cura 3D;

— ¢opMUpoBaHMe OCHOBHbIX NPUEMOB Mcnonb3oBaHua 3D-npuHTepa Ultimaker.

MeTtanpegmeTHble:

— o0cBOeHMe cnocoboB peLleHns NpobieM TBOPYECKOIO XapaKTepa B KMU3HEHHbIX CUTya-
umnax;

— opMHpoBaHKe yMEHUI CTaBUTb Liesib — CO3[4aHWe TBOPYECKOW paboTbl, NiaHWpoBa-
HUe LOCTUXXEHUs 3TOM Lenn, Co3haHue BCnoMorartesibHbIX 3CKU30B B npoLecce paboTb;

— UCMnonb3oBaHWe cpeacTB MHPOPMALMOHHBIX U KOMMYHUKALMOHHbIX TEXHOOMUI ANA pe-
LUEHUSA KOMMYHMKATUBHbIX, MO3HABATE/IbHbIX M TBOPYECKMUX 3a4ay;

— opmMurpoBaHU1e KylbTypbl UCMONb30BaHWUA aAAUTUBHBIX TEXHONIOTUIM B KU3HM;

— ¢dopmMrpoBaHME HABbIKOB aHann3a U CaMOaHaNu13a;

— opMHpoBaHKe yMeHUsI apryMeHTUPOBATb CBOKO TOYKY 3peHUs Ha Bbibop cnocobos pe-
LLIEHUS NOCTaBNEHHOW 3aaauMu.
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@ KBAHTOPMYM UHOOPMATUKA

®MDopmbl KOHTpONA

Bo Bpems npoBepeHus Kypca npeanosiaraeTcs TeKyLW MM, NPOMEXXYTOUHbIM U UTOrOBbIA KOH-
TPOJib.

TeKyLni KOHTPONb NMPOBOAMUTCS HA KaXKAOM 3aHATUM C LeNblo BbiSIBEHUSA NMPaBUIIbHOCTU
NMPUMEHEHUS TEOPETUYECKUX 3HAHMKM Ha MpPaKTUKe. ITOT BUA KOHTPONSA MOXKET ObiTb peannso-
BaH MNOCPEACTBOM cCrefylolmx popM: HabnogeH1e, MHOUMBUAYaNbHble Beceapl, TECTUPOBaHHWE,
TBOpYEeCKue paboTbl, MpaKTUYecKue paboTbl, KOHTPOJIbHbIE BOMPOCHI U T. 4.

[MpoMeXXyTOUHbIM KOHTPOJIb MPOBOAMTCA B PaMKax NPOMEXKYTOYHOM aTTecTalmu nocne usy-
YEHWA HECKOJNIbKUX MoAyfier B BUAE MOArOTOBKM M 3alLMTbl TBOPYECKMX (MPOEKTHbIX) pabor,
COpPEBHOBAHWM U COCTSA3AHWUM.

NMpumep copeBHOBaHUA «APXUTEKTOP NPOCTPAHCTBA»

Lenb: onTMMuanpoBaTb pacrnofioXeHue TPexXMepHOM MOogenu, 3anporpaMMuMpoBaTh
3D-npuHTEp Ha 3anycK neyatu, MPOBECTU NeYaTb B KpaT4anilne CPOKH.

KomaHgbl coctonT Tonbko U3 1 yyacTtHuKa.

MNpaeuna n noacyeT OYKOB:

1) 3agaya cocTouT B TOM, YTOObI NONYUYUTb TPEXMEPHOE HaneyaTaHHOe U3fesiMe B Kpardyau-
LLIKE CPOKMU;

2) MakcumasnbHoe BpeMs — 5 MuH;

3) nobepuTenem CTaHOBUTCA KOMaHAa C Jly4LMM BPeMEHEM.

Tect no Teme «ApauTHUBHbIE TexHOoNoruu. basoebie noHATHA»
(kypcuBom BeideneHol npaBunsHele omBemei)

1. Oreu-usobpetatenb TpexmepHoM neyatn?
A) Yak Xunn

B) Xonn HukcoH

B) Dkek Mn. KeHegu

N Hukona Tecna

2. [ata nosienenus nepsoro 3D-npuHTtepa?
A) 1987
b) 1988
B) 1905
r) 1986

3. MNepBas TexHoNOrMa aganTUBHOrO NoctpoeHus — 3D-nevatn?
A) FDM
b) SLA
B) SLM
N SLS

4. [arta nosieneHusa tepmuHa «3D-nevartb»?
A) 1988
B) 1986
B) 1995
I 2005
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5. B kakux cchepax ucnonbsytotcs 3D-npuHTepbi?
A) Cenbckoe x0351CTBO

B) ABnactpoeHue

B) Bo Bcex nepeyqucneHHbix

) AsTomobunectpoeHue

Mpv npoBefeHUn UTOroBoOKM aTTectauum B popmMe NPOeKTHOW paboTbl 3aaaHNe OPUEHTUPO-
BaHO Ha MHAMBKWAYaNbHOE UCMONHEeHWe. 3aluTa MTOroBOro NpoeKTa NPoxXoAuT B hopMe npea-
cTaB/ieHns obyyaloLLMMC TEXHUYECKOro 3ajaHuns Ha NPOEKT, paboTatolero Koga, OTBETOB Ha
Bonpockl npenogasarens. O6cyxaeHue ¢ ydawmmMmucs JOCTOMHCTB U HELOCTAaTKOB NPOEKTa.

Mopynb 1