WHpacTpyKTypHbIW NINCT

HaumeHoBaHune
Ne n/n KpaTkne npumepHble TeXHMYECKUE XapaKTepUCTUKU Konuuectso
obopyaoBaHusa
H ve pasgena:"EcTecTBeHHOHay4HbI Npodunb"

1. Lincoposasi na6opaTopusi| O6ecneunsaeT BbINONHEHME NabopaTopHbIX PaBOT MO XMMWM Ha YPOKax B OCHOBHOIA LLIKONE 1 MPOEKTHO-UCCeA0BaTeNbCKOM AATeNbHOCTY yualmxes. Komnnektaums: BecnposoaHoi MynbTUAATYNK N0 XMMWM C 3-Msi BCTPOEHHLIMM JaTunkamm: [aTumk 4wt
«Xumus» npocounbHas  Ansa|pH ¢ AnanasoHom namepeHust He yxe yem oT 0 Ao 14 pH [laTumnk anekTponpoBOAVMOCTM C Anana3oHamMu n3MepeHust He yxe vyem ot 0 4o 200 mkCwm; oT 0 o 2000 mkCwm; oT 0 o 20000 MkCm [laTumk TemnepaTypbl C ANANa30HOM U3MEPEHUS He yxe
neparora yem ot -20 go +140C OtpgenbHble aaTumku: [laTumk onTudeckon nnoTHocTu 525 Hm Akceccyapbl: Kabenb USB coeauHuTenbHblii 3apsigHoe ycTpoiicTeo ¢ kabenem miniUSB USB Apantep Bluetooth 4.1 Low Energy KpaTtkoe pykoBOACTBO Mo

akcnnyaTtauumn umdposon nabopatopun Habop naGopaTopHoii ocHacTku NporpamMmmHoe obecnevyeHne MeToanyeckue pekoMeHaaumn He meHee 40 paboT Hanuune pycckosiabluHOMO caiiTa noaaepxku Hanuuve Buaeoponmkos.

2. Lincposas na6opatopusi| O6becneunBaeT BbINOMHEHWE 3KCNIEPUMEHTOB MO TeMaM Kypca usuku. Komnnektaums: becnpoBogHon MynbTuaaTyuk no dusmnke ¢ 6-t0 BCTPOEHHbIMU AaTumkamu: LincpoBon aaTtumk TemnepaTtypbl C AnanasoHoM U3MEpPEHUs He yxe Yem oT -20 go 120C 4wt
«®uanka»  npocdunbHas  Ans|Lincdposoit aaTumMk abComMioTHOrO AaBNeHNsi C AanasoHoM U3MepeHUs He yxe Yem oT 0 Ao 500 klMa [laTuuk MarHuTHOro Mors C AManas3oHOM M3MepeHUsi He yxe Yem oT -80 4o 80 MTn [laTuuk HanpskeHUs C AManasoHamMu U3MEpEHMs He yXe Yem oT -2
neparora [o +2B ; ot -5 go +5B; ot -10 go +10B; ot -15 go +15B [laTumk Toka He yxe 4Yem oT -1 fo +1A [laTuvk aKkcenepomeTp C nokasaTtensiMu He MeHee Yem: 2 g; +4 g; +8 g OTaenbHble ycTpoiicTBa: USB ocuunnorpad He MeHee 2 kaHana, +/-10 B

Axceccyapbl: Kabenb USB coeanHWUTenbHbIN 3apsigHoe ycTpoicTBo ¢ kabenem miniUSB USB Apantep Bluetooth 4.1 Low Energy KoHCTpykTop Ansi npoBefeHUst akcnepumeHToB KpaTkoe pykOBOACTBO MO akchnyaTauuu uudposoi naGopatopuu
MporpammHoe obecneyeHne MeTtoauyeckune pekomeHgauuu (40 pabot) Hanmuune pycckosiablYHOTO caita noaaepxkv Hanvume Buaeoponmkos.

3 Liucdposass  nabopatopuss  no|O6ecneunBaeT npoBeAeHWe UCCIEA0BaHNS NO (PyHKLMOHMPOBAHMIO YenoBeYyeckoro opraHuama. Komnnekrauus: ecnpoBoaHOM MynbTUAATYMK MO PU3NONOTUK C 5-10 BCTPOEHHBIMW AaTumkamu: [laTunk apTepuanbHoro gasnenus (0...250 Mm pT. cT.) 1wT
cbusnonorumn (npocbunbHbIN| [aTuvk Nynbca ¢ AnanasoHoM uamepenus He yxe dem ot 30 Ao 200 ya/muH [laTumnk TemnepaTypbl Tena ¢ AnanasoHoM U3MEPEHUs He yxe YeM oT +25 fo +40C [laTumk YacToTbl AblXaHUs C Auana3oHOM U3MepeHust He yxe Yem oT 0 Ao 100 LMKNoB/MUH
YPOBEHb) [laTunk yckopeHus ¢ nokasatensamu +2 g; +4 g; +8 g OtaensHele ycTpoiictea: datuunk OKI ¢ ananasoHom nsmepeHus He yxe yem ot -300 ao +300 MB) [laTumk cunomep ¢ ananasoHOM usmepeHus He yxe Yem ot 0 4o 40 H [laTumk ocBeLLeHHOCTN ©

[nanasoHOM u3MepeHus He yxe Yem ot 0 o 180000 nk Akceccyapbl: Kabenb USB coeauHuTenbHbli 3apsigHoe ycTpoiicTBo ¢ kabenem miniUSB USB Apantep Bluetooth 4.1 Low Energy KpaTkoe pykoBoAcTBO Mo akcnnyaTauuu uudgposoit
na6opatopuu MporpammHoe obecneyeHne MeTtoaudeckne pekomeHpauumn He meHee 20 paboT Hannune pycckossblMHOrO canTa nogaepxku Hanuuve Buaeoponukos.
4 Mukpockon undposoi Tun mukpockona: Guonornyeckuii Hacagka MUkpockona: MOHOKynsipHasi HasHaueHne: nabopaTtopHelii MeToa uccnefosaHus: cBeTnoe nore MaTepuan ONTUKM: ONTUYECKOE CTEKNo YBeruueHue MuKpockona, kpaT: 64 — 1280 Okynsipbl: WF16X, 15 wr
O6bekTuBbl: 4X, 10X, 40xs (NOANPYXUHEHHbIN) PeBonbBepHas ronoeka: Ha 3 obbekTvBa TUN NOACBETKMU: 3epkaro unu ceetoanos PacnonoxeHne NOACBETKU: BEPXHSS U HWKHAS MaTepuan kopnyca: meTann MpeameTHbINn cTtonuk, Mm: 90 UcTouHMK
nuTaHus: 220 B/50 Mu Yuecno meranukcenei: 1

5 Linchposasi naboparopusi no ObecreunsaeT npoBeaeHne y4e6HOrO 3KONOrMYECkoro MOHUTOPUHIA MHCTPYMEHTaMbHBIMKU MeToaaMn. HaBop NpUMEHSETCS MU U3y4eHUM 3KOMormM, G1oMnorK, Xumnm, reorpaciii 1 NPUPOZIOBEAEHNS!, a Takke AN UHANBUAYaNbHbLIX UCCNEA0BaHUs 1 5wt
aKororum NPOEKTHON [EATENBHOCTY LIKONbHNKOB. KoMnnekTaums: 5ecrnpoBoAHON MyNbTUAATYNK MO SKONOTMYECKOMY MOHUTOPUHTY C 8-10 BCTPOEHHBIMM AaTuMkami: [laTynk HUTPaT-MOHOB [laTunk XNOpnAa-1oHoB [aTumnk pH ¢ AnanasoHOM M3MEPEHUs He ke Yem

oT 0 go 14 pH [JaTtuuk BnaxHoCTU ¢ AnanasoHoM uamepenus 0...100% [aTuvk OCBELUEHHOCTW C AManasoHOM M3MepeHusi He yxe dem oT 0 go 180000 nk [aTuvk TemnepaTypbl C AWana3oHOM U3MEPEHUst He yxxe Yem oT -20 go +140C [datumki
3NeKTPONPOBOAUMOCTY C ANaNa3oHaMM N3MEPEHNs He Yxe YeM oT 0 Ao 200 MkCMm; oT 0 Ao 2000 MKCM; oT 0 Ao 20000 MKCM [laTumk TemMnepaTypbl OKpyXatoLLelt Cpe/ibl C AMana3oHOM U3MepeHUs He yxe Yem oT -20 Ao +50C OTaenbHble AaTunki 1
MyrbTUAATYMKN: [laTunk 3ByKa C DyHKLMEN MHTErpUPOBaHUA C NanasoHOM U3MEPEHMs YacToT He MeHee YeM oT 50 Iy Ao 8 kIL; [laTumk BNaXHOCTM NOYBkI C AUaNa3oHOM U3MEPEHUs He ke YeM oT 0 Ao 50% [laTumk OKUCK yrnepoaa ¢ AnanasoHoM
13MepeHus He yxe Yem oT 0 Ao 1000 ppm MynbTaaTYMK ONTUHECKON MNOTHOCTU U MYTHOGTM CO BCTPOEHHBIMW AaT4Mkami: [JaT4uk ONTUYECKO NAOTHOCTU 470 HM C AManasoHOM uaMepeHust oT 0 1o 2 D [laTumk onTMYEckon NROTHOCTK 525 HM C
[ANanasoHoM namepeHunsi ot 0 A0 2 D [laTymk ONTMYECKoM MNOTHOCTU 630 HM C AManas3oHOM namepeHust ot 0 Ao 2 D [laTymk MyTHOCTM PacTBOPOB C [nana3oHoM u3mepeHusi oT 0 ao 200 NTU Akceccyapel: KaBenb USB coeanHUTenbHbIRA (2 LWT.),
3apsiaHoe ycTporcTeo ¢ kabenem miniUSB USB Agantep Bluetooth 4.1 Low Energy CTepxeHb Ans 3akpenneHus AaT4nkoB B WwTaTuee KpaTkoe pykoBOACTBO MO 3KCnnyaTauuu umdgposon nabopatopuu MporpammHoe obecnevenne MeTtoanyeckue
pekomeHaumm He MeHee 20 paBoT Ynakoska Hanuune pycckossbIYHOMO caitTa NoAAepkKu, Hannune BUaEOpONNKoB.
H ve paszgena: "TexHonornuyeckuin npoguns.POBO."

6 NaGopaTopHbIi  komnnekc Ans|Komnnekc coctout u3 cbopHo-pasbopHoro 3D npuHTepa, py4Horo 3D ckaHepa 1 nporpammHoro obecneveHusi no dotorpammeTpun. C6opHo-pasGopHelit 3D npuHTep. O6nacte nevatn: 200 Mm x200 MM x 200 MM MakcumanbHasi CKOPOCTb nevatw, 3wr
nayyeHnsi  poBotoTexHukn, 3D|cm3/4:> 30 CkopoCTb NepeMeLLeHnst nevaTatoLeit ronosku, mm/c:z 80 Tun coemectumoro ¢ 3D-npuHTepom nnactuka: PETG, SBS, PLA, ABS UnTepdelic noakniovenns:USB Flash Kanubposka nnatcopmbl:MonyasTomaTtuyeckas Konuyecteo conen
MofenMpoBaHus 1[Ha nevaTatolien ronoske: oT 1 Wt MuHUManeHas TonumHa cnosi: = 0.01 u < 0.05 Mm [inameTp conna: 2 0.3 1 < 0.5 MM MakcumankHas TemnepaTypa nevaratoleii ronosku: = 250 rpaa. C Oxnax/aeHne 30HeI neyvaTn: [1ByXxcTopoHHee MakcumansHas
NPOMBILLNEHHOTO An3aiHa TemnepaTypa nnatgopmsl Ans nevatn:< 150 rpag. C Tun nnatdgopmel Ans nevatu: Mogorp c Ha ukcupyemas Ha nnatcopme Hanuume 3akpbitoro kopnyca: Het ®opmat cainos ans nedatv: GCODE Tun ynpasnexus

npuHTepoM: MaHerb ynpaBneHus C AUCNIEEM Ha Kopnyce yCTponcTBa TN HanpaBmsoLMX: KOHCTPYKLUMOHHEIM Npodune PydHoit 3D ckaHep. TOYHOCTb ckaHMpoBaHmus: = 0.05 1 < 0.1 MM CkOpOCTb CKaHUPOBaHUs, MMH. Todek/cek: = 2 dopmat
COXpaHeHUs pe3ynbTaToB ckaHuposaHus: vrml, ply, obj, stl BoamoxHOCTb ckaHupoBaHusi B uBeTe: [la Hanuune ceHcopHoro akpaHa: HeT [inuHa USB-nposopa:2 3 m TexHonorus 3D-ckaHupoBaHusi:OnTudeckas 3arpyaka npeceToB(luabnoHoB);
ckaHepa:Hanuume ®yHkumn noctobpaboTkn:O6peaka moaenu, PasgeneHne mMoaeny Ha oTAenbHbIE YacTW, YAaneHue NULLHUX dNEeMeHTOB, YaaneHue oTBEpCTUN, co3aaHue ¢roTopearicTUHHON TEKCTypbl, cpaBHeHvne 3D mopeneit mexay cobon,
n3MepeHue pasMepoB MoAenei CeYeHWsIMU B PYHHOM pexume, aKCnopT cedeHuin B XLS MporpammHoe obecneveHne Ans cosgaHus moaenei mMetoaom oTorpaMMeTpuu: Hanuume YnpaeneHue noBopoTHeIM cTorniom no Wi-Fi: Ja MuHumansHoe
DAcCTOsiHWE CKaHUDOBaHUA: <25 cm

7 BasoBbiit poGoToTexHuyeckuit| O6pasoBaTenbHbIii HAGOP AOMkKeH NpeAcTaBnATbL coboit HaGop Ans pa3paboTku NporpaMMupyeMbix Mogenei aBTOHOMHbIX po6oToB. B coctaB Habopa AOMKHLI BXOAUTL: KOHCTPYKTUBHBIE, COEAVHUTENbHBIE U KPEMEXHbIE 3NEeMEHTbl U3 nnacTuka u 8wt

HaGOp aniomMuHus - He MeHee 100 wT, I'IpOI'paMMI/IpyeMbII;i KOHTpOnnep - He mMeHee 1LUT, anekTpoasuraten NOCTOAHHOrNO Toka C KpyTAWUMM MOMEHTOM He MeHee 3,6 Kr/cm - He meHee 2 WT, AATYUKU U INEKTPOHHbIE KOMMOHEHTbI- HEe MeHee 6 wT,
aKKyMYNATOPHYI0 6aTapelo ¢ HanpshkeHeM He MeHee 6B 1 eMKoCTbio He MeHee 1500 MAY - He MeHee 1 LT, 3apsiAHOe YCTPOCTBO [N1s akKyMynsTOpHOii 6aTapeu - He MeHee 1 wT. MporpamMmMuUpyeMblil KOHTPONNep AOMKEH CofepXaTh: MopTel ANs
aHanoroBbIX AaTYMKOB - HE MeHee 3 wT, nopThl AN Lll’ld)pOBbIX AATYMKOB - HE MeHee 3 wT, nopt ana 12C yCTpOI;ICTB - He MeHee 1 T, NOpT AnA CepBoOnNpUBOAOB - HE MeHee 6 T, NOpT Ans MOTOPOB - HE MeHee 2 WwT, NOpT AN 3HKOAEepOoB - He MeHee 2
wt, o6bem flash namaTn He meHee 32 KbB. MporpaMMUpyembiii KOHTPONNep AoMKeH oBecneynBaTh BO3MOXHOCTb MPOrpaMMUpOBaHNs poGOTOB B cpeae GrnoYHo-rpacpuyeckoro TMNa unm B CBOG0AHO pacnpocTpaHAeMbiX Cpefjax pa3paboTki ¢ MOMOLLbIO|
TEeKCTOBOro s3blka NporpaMMmnpoBaHns. ,ElaT‘lI/IKVI N 3NEKTPOHHbIE KOMMOHEHTbI AOMKHbI CoAepXaTtb: yﬂpraSByKOBOVI AATYUK PacCTOAHUA OOMKEH obecneunBaTtb COGpaHHyIO Mozenb BO3MOXHOCTbIO U3MEPATb PacCTOAHNEe He MeHee 4 MeTpoB - He
MeHee 1LLIT, KHOI'IKB-MO,ELyJ'Ib AOIMKEeH obecneunBartb COGPZHHyIO Mozenb BO3MOXHOCTbIO OnpeaenAaTb HaXaTua Ha KHOMKY - He MeHee 1LUT, HBTHMK useTa gormkeH obecneuyvBatb COﬁpaHHyIO MoAenb BO3MOXHOCTbIO onpefeneHns useta OG'beKTa,
npegHasHa4eH aAnsa namepeHus RGB-COCTaBJ‘IﬂIOLLLVIX 1 YPOBHSA OCBELLEeHHOCTU, AaTYUK [IOIMKEH coaepxaTb He MeHee 12 CBETOYYBCTBUTESbHbBIX 3N1EMEHTOB - HE MeHee 1 wrT, 3yMMEp-MOﬂyJ'Ib AOMKeH obecneunBaTb COGpaHHyIO Mofesnb BO3MOXXHOCTbHO|
BOCNPON3BOANTL 3BYKW, HOMUHANbHas Yactota He MeHee 4K|—u, WHTEHCMBHOCTb He MeHee 80 [ZlE- He MeHee 1 wrT, Wi-Fi-MOlZlyJ'Ib AOIMKEH o6ecneunBaTb BO3MOXHOCTb NOAKNKYEeHUs COﬁpaHHbIX pDGOTOTeXHVNeCKMX MO/JeJ'IEIZ K cetu, loT o6nakam v Be6-
cepsucam, paboyee HanpsbkeHue mogyns - 3,3B, nopToB BBOAA BbiBOAA MOAYNs - He MeHee 5 - He MeHee 1 WT, MuHu-pene ¢ pabounm HampskeHMeM B AuanasoHe ot 3,3 Ao 5B, noTpebnsiembiM TokoM 71MA U MakCUManbHbIM KOMMYTUPYEMbIM
HanpsbkeHnem 28B noctosiHHoro Toka/250B nepemMeHHOoro Toka, pecypc yCTpOﬁICTBa He meHee 50 TbiC. I'IepeKJ'IIOHEHVIﬁ - He MeHee 1 wT; BXO/ZLS!LL[ME B COCTaB KOHCTPYKTOPa KOMMOHEHTbI JOMKHbI 6bITb COBMECTUMBI C KOHCTPYKTUBHbIMU 3n1eMeHTaMu, a
Tarke obecneumsaTb BO3MOXHOCTb KOHCprKTVIBHOIZ, al'll'lapaTHOl:i n I'IpOI'paMMHOIZ COBMECTUMOCTU C KOMMNNEKTYIOLWUMU U3 cocTaBa Haﬁopa.

8 HaGop ans BbicTporo|OgHONNATHbIA KOMMNBIOTEP: HANUYKUE, KapTa NamsaT C NPeayCTaHOBNEHHOW ONEPaLMOHHON CUCTEMOI: Hanuume, BGoK NUTaHWS: Hanuuue, KOMMNEKT kabenen Ans NOAKMIYEHUs: Hannune 8 wT
NPOTOTUNUPOBAHWUSA 3NEKTPOHHbIX|
yCTpONCTB Ha ocHoBe:
04HONNaTHOro KoMnbloTEPa

9 Ha6op ans BbicTporo| MUKpokoHTponnepHas nnatcopma co BCTPOEHHbIM MHTeprnpeTaTopoM JavaScript: Hannune, KOMNNeKT paguofeTaneii: Hanuuue, nnata paclUMpeHus: Hanuune 8wt
NPOTOTUNUPOBAHUSA INEKTPOHHbIX
YCTPOWACTB Ha OCHOBE
MWKPOKOHTPOMNEPHOIA
nnatopmMbl  CO  BCTPOEHHBLIM
VHTepnpeTaTopom

10 HaGop ans BbicTporo| MukpokoHTponnepHas nnatcgopma Arduino: Hanuume, KOMMNEKT paguoaeTaneii M NPOBOAOB: HAanNWuMe, MakeTHas nnarta: Hanuuve 8 wT
NPOTOTUNUPOBAHUSA 3NEKTPOHHbIX|
yCTpONCTB Ha ocHoBe:

MUKPOKOHTPOMNEpHO
nnarchopmb!

11 ABTOHOMHbI pobot| YuyebHas mopens aBTOHOMHOrO MobunbHoro pobota ¢ MaHunynsTopom. MobunbHbI po6OT AomKeH NpeAcTaBnsATh COBON YeTbIpexXKonecHyto NnaTgopmy BCeHanpaBneHHOro ABwkeHus. [Buratenu GeclueTouHble 4 WT, kamepa ¢ yrnom o63opa 120 4 wt
MaHunynaTop ¢ Korlecamu(rpazlycos ¢ 5 Mn. B cocTae KOMMnekTa [I0MKHO BXOAUTL: MexaHuyeckuin 3axsaT MHdpakpacHbIi nasep 2-x 0CeBoi NOABEC akKyMyMsSTOp Koneca BCEHaNpPaBleHHOro BWKEHNs NPOrpaMMMPYeMbIii KOHTPOMNEP C BO3MOXHOCTbIO NPOTrPaMMUPOBaHNS B

BCeHanpasfeHHOro ABMKeHUs

cpeae 6104HO-Tpachyeckoro Tuna 1 B CBOGO/IHO PacnpoCTpaHsSeMbIX cpefax pa3paboTki C NOMOLLbIO TEKCTOBOrO si3bika NPOrPaMMMPOBaHUst AATUMK 3ByKa AATUMK CIIE0BAHUS MHUM FPV PeX1M BO3MOXHOCTb YpaBNeHns ¢ MOGUILHOTO YCTPOACTBa
4Yepes NpUroxeHne NporpaMMMpoBaHK s Ha sisbikax Python, Scratch a Takke cMCTEMa TEeXHUYECKOro 3PEeHNst ANsi aBTOMATUYECKOro 0GHapy)eHUs 1 pacriosHaBaHus 3afjaHHbIX 06bekToB B paboueit 3oHe. Moaaepxka RaspberryPi Hannune Moanepxka
Arduino Hanuuve Moaaepxka Micro:bit Hanuune CMeHHbI MexaHUYeckuii 3axBaT, yCTaHaBnNMBaeMblii Ha NOABWKHYIO NnaTdopmy cBepxy Hanuume MexaHWuyeckuii 3axBaT, yCTaHaBNIMBaEMbI Ha NEPEAHIO YacTb NOABWKHON NNaTopMbl Hannune!

B03MOXHOCTb MEHATL MHMDAKDACHVIO NVLLKY Ha MeXaHW4eCkuii 3axBaT Hanuime
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O6pasoBatenbHblili  Habop Ans
V3YYEHUS TEXHOMOTUA CBA3U U
loT

O6pa3zoBaTenbHbiit HAGOP NPeHa3HaueH ANs U3y4EHNs OCHOB MPUMEHEHMS TEXHOMOTWIA "VIHTEPHET Beluen" 1 CBS3n B pOBOTOTEXHNYECKUX cucTemax. B cocTas HaGopa AOMKeH BXOAUTE KOMANEKT KOHCTPYKTUBHBIX ANIEMEHTOB U3 MeTanna Ans cGopku
mMozaenu MobuneHoro pofoTa ¢ 3axBaTHbIM YCTPONCTBOM. B cocTaB HaGopa [OmKeH BXOAUTL KOMMIEKT KOHCTPYKTUBHBIX 9MIEMEHTOB ANsi CGOPK/ MOZIENU «YMHOTO» 3aHus. Bce koMnnekTyiolme 1 yCTPOcTBa, BXOASLIME B COCTaB HaBopa, AOMKHbI
6bITb COBMECTVMbI APYT C APYFOM KOHCTPYKTUBHbIM, 3NIEKTPUYECKUM, annapaTHbIM 1 nporpamMmHbIM o6pasom. B cocTas Habopa AOMKHO BXOAWTL: NPUBOA MOCTOSIHHOTO TOKa C AATYMKOM MOMOXEHNS - He MeHee 21T, cepBonpuBoz G6onbLLOi — He MeHee
21T, CepBONPUBO/ Manbiii — He MeHee 21T, KamMepa - He MeHee 1T, NPOrpamMMUPyEeMbIit KOHTPOINEP — He MeHee 1T, aKKyMynsTOp — He MeHee 11T, 3apsiaHoe YCTPONCTBO — He MeHee 1wT. B cocTas HaGopa AOMKEH BXOAUTL KOMMNEKT
MHTENNeKTyanbHbIX CEHCOPHbIX YCTPONCTB. IHTENNEKTyarbHbIe CEHCOPHbIE YCTPOMCTBA A0MKHbI NPEACTaBNATL COGOI YCTPOMCTBO HA OCHOBE BbIYMCIIMTENBHOTO MUKPOKOHTPOMNEPa 1 BCTPOEHHOTO M3MEPUTENBHOTO aNieMeHTa. VIHTennekTyanbHble
CEHCOPHbIE YCTPOCTBA OMKHbI 0611a4aTh BCTPOEHHBIM LM(POBBLIM 11 @HANOTOBLIM MHTEPCHENCOM A11S Nepeaayn AaHHbIX, a Takke BCTPOEHHbIM NOCNeAoBaTeNbHBLIM MHTEP(ECOM N1 0GbeaHEHUs APYT C IPYFOM B CEHCOPHbIE CUCTEMBI. KomnnekT
MHTENNeKTyanbHbIX CEHCOPHbIX YCTPOWNCTB A0MMKEH COAEPXaTh — MOyIlb CBETOANOAA — He MeHee 2T, Moaynb RGB ceetoavoaa — He MeHee 2wT, Moaynb VMK-aatunka nuHumM — He MeHee 31T, MOAynb 3BYKOBOTO U3MyyaTens — He MeHee 1T, Moaynb
M3MepeHMsi TeMnepaTypbl 1 BNAXHOCTU OKPYXKaloLLEil Cpeabl — He MeHee 11T, MOZlyNb TaKTOBOW KHOMKM — He MeHee 3LUT, MOJyIb aT4MKa OCBELEHHOCTU — He MeHee 11T, MolyNb AETEKTOPa YPOBHS LyMa — He MeHee 1T, MOAyrb N3MEePEeHNst
[QiaBNeHNst OKpyXKatoLLelt cpeibl — He MeHee 11T, MOAYMb NOTEHLMOMETPa — He MeHee 21T, MOAYb JaTuuka MOoSIoKEeHUs B NIPOCTPAHCTBE — HE MeHee 11T, MOAyNb KOHLIEBOTO NpepbiBaTens — He MeHee 1wT. B cocTaB HaGopa [omkeH BXOAUTL
nporpaMMuUpyeMblil KOHTPOSNEp — He MeHee 1wT. MporpaMmMuUpyembiii KOHTPONNEP [OMKeH 0GecneumBaTe BO3MOXHOCTL NPOrPaMMMPOBaHNs Ha si3bike JavaScript u opraHusaumum web-cepeepa o6MeHa jaHHbIMY Yepe3 ViHTepHeT. Mporpammupyembii
KOHTpONNep aomkeH obecneynsaT BOIMOXHOCTb NOAKMIOYEHWNS BHELHINX VCTDOWCTB C NOMOLLLIO uHTepdeiicos - GPIO. UART. I12C. I12S. SPI. 1-wire TTL. RS-485. CAN. Ethernet ¢ nonnepxkoit PoE

3wt
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Komnnekr nonew
COpPEBHOBATEbHbIX ANIEMEHTOB

=

KomnnekT nonen n copeBHOBaTENbHbIX 3MEMEHTOB Af15 NPOBEAEHNS1 COPEBHOBaHWI aBTOHOMHbIX MOGUITbHBIX POBOTOB

1wr
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YeTbipéxoceBoii y4ebHbI po6oT-
MaHUNYNATop  C  MOAYNbHbIMU
CMEHHbIMU Hacaakamm

Y4eBHbI POBOT-MaHUNYNATOP NPeAHa3HaueH ANs OCBOEHWUS OGY4YaloLMMMCH OCHOB POGOTOTEXHUKW, AMNs MOATOTOBKM OGYYAIOWMXCS K BHEAPEHMIO U MOCreayloWeMy UCnomnb3oBaHNio poGOTOB B MPOMBILINEHHOM MPOM3BOACTBE. KonuuecTso oceit
po6oTa MaHunynsTopa - YeTbipe. lNepemelleHne UHCTPYMEHTa B NPOCTPaHCTBE MO TPEM OCAM [OMKHO YNpaBMsTbCA WaroBbiM1 ABUratensmu. HanpsbkeHue NUTaHus Wwarosbix ABuratenen He Gonee 12 B. Cepsogsuraters YeTBEPTON OCK AOIKEH
o6ecneynBaTh NOBOPOT MHCTPYMEHTA. YTOmN NOBOPOTa MaHUNYNSTOpa Ha OCHOBaHUM BOKPYT BEPTUKAmNbHOI OCU He MeHee 180 rpadycoB. [Ans onpeaenieHnst NONOKeHUs MaHNMyNsaTopa npy NOBOPOTE BOKPYT BEPTUKAmLHOI OCH [JOMHKEH UCMOMNb30BATLCS
3HKofep. Yron noBopoTa 3afHero nneva MaHunynsTopa He meHee 90 rpadycos. Yron foBOpOTa MepefHero nneya MaHunynstopa He mexee 100 rpagycoB. [INs onpeAeneHus MonoXeHUst 3a4HEro U nepeaHero nney MaHunynsTopa [OmKeH
UCMonb30BaTLCA TMPOCKOMN. Yron MoBopoTa Mo 4eTBepTol ocu He MeHee 180 rpaaycoB. [lomkHa GbiTb BO3MOXHOCTb OCHALL c H (Hanpumep, AepxaTenb kapaHaala wnu dromacTtepa, npucocka C cepeoaBuraTenem,
MeXaHUYeCKkoe 3axXBaTHOe YCTPOWCTBO C CEPBOABUraTeNeM, YCTPONCTBO ANs Na3epHOl rpaBUpOBKY UMK yCTPOCTBO Ans 3D-nevyat). MUHMMAanbHas KOMMNEKTAUMs CMEHHBIMI HacafkaMu: MHEBMATUYECKWUiA 3axBaT (MpUcocka), MexaHUYecKkuii 3axear,
Hacaaka Aepxartenb Ans kapavaalla/Mapkepa/pyykv, Hacaaka NepexofHnK ANs KPEnmeH!s COBMECTUMBIX KOHCTPYKTUBHBIX A€Taneil U KOHCTPYKUMIA, Hacaaka NasepHoi rpaBupoBku, Hacagka 3D-nevatu (ans pa6oTel ¢ nnactukom PLA ¢ auameTpom
HUTK 1,75 MM). [lomkeH GbiTb OCHALLEH CEPBONPUBOAOM AMNS MHEBMATUHECKOTO U MEXaHMYECKOro 3axXBaToB, 0GEeCneyMBaloLM BpalleHe 3aXBaYeHHOro 06bekTa BO BPeMsi NepeMelleHIsi, TOBOPOT nepemelaeMoro obbekTa BOKpyr BEPTUKaNbHOM
ocu. Ans oGecneyennsi (hyHKUMOHMPOBAHNS MHEBMATUYECKOTO 3axBaTa JOMmkeH BbiTb OCHALLEH BCTPOEHHOI B KOPNYC MaHUNyrsTopa nomnoii. [lomkHa GbiTe BO3MOXHOCTL NOAKMIOHEHNS IONONMHUTENbHBIX YCTPOCTB (HanpuMep, TpaHcnopTepa, penbca
Ans nepemelleHus poGoTa, NynbTa ynpasieHus TUna JXKONCTUK, Kamepbl MALUMHHOTO 3PEHNS, ONTUYECKOTO AaTunka, MoAyns GeCpoBOAHOO AOCTyna). PoBGOT-MaHNNynsTop AOMmKeH oGecneynBaTh NnepeMeLleHe Hacaaky B NMPOCTPaHCTBE, aKTUBALIMIO,
Hacaaku, BO3MOXHOCTb MOMYYEHNst CUTHAIOB OT KamMepbl 1 AATYNKOB, BO3MOXHOCTb YrpaBMeHst JONOMHUTENbHBIMI YCTPOUCTBaMU. MaTepuan kopnyca — anioMuHuii. [lnametp paGoyeit 3oHbl (6€3 yyeTa HaBECHOTO MHCTPYMEHTA U YETBEPTO OCH) He
meHee 350 MM. WHTepdberic noakniouenus — USB. [lomkeH UMeTb BO3MOXHOCTb aBTOHOMHOM paboTsl 1 0 ynp: . Ana 0 ynp: [OmKeH GbiTb NPeAyCMOTPeH NynbT, NoAkmioYaeMblid k po6oTy no Bluetooth. Ynpaenstowmii
KOHTPOMNMEP [OMKeH 6biTh COBMECTUM CO cpefoi Arduino. YNpaBnstoLLmii KOHTPOMEP COBMECTUM CO CPEAOV NporpaMM1poBaHns Scratch u sa3sikom nporpammmupoBaHus C. [lomkeH ofecneynBaTb NOBOPOT NO NEPBLIM TPEM OCSIM B 3a[aHHbIA yron 1
Ha 3a/jaHHbIN Yros, MOBOPOT MO YETBEPTON OCK Ha 3a[aHHbIA Yron, ABWKEHUE B KOOpAWHATHI X, Y, Z, NepeMelyeHmne Ha 3a4aHHoe paccTosiHue Mo koopauHatam X, Y, Z, nepeaady faHHbIX O TEKYLLEM MOMOXEeHUN YITIoB, nepeaayy AaHHbIX O TEKyLNX
KOOpAMHAaTaX MHCTPYyMeHTa. [JomkeH noaaepkusaTh NepemelleHne B 1ekapToBbIX KOOpAUHATAaX 1 yrrax NnoBopoTa ocel, C 3alaHHON CKOPOCTbIO U yCKOpeHUeM. Tunbl nepeMellieHuii B AekapToBbIX KOOPAMHATAX: ABVKEHE MO TPAaeKTOpUK, ABKEHUE
10 NPAMOit MeX/y ABYMS TOUKaMU, NepenpbIrMBaH1E U3 TOUKM 1 TOUKy (NepeHoc obbekTa). Kopnyc 1omkeH 6biTh B 3aLLMLLEHHOM WCTOMNHEHNe (knacca He Hike IP20).
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Komnnekt ans u3ydeHus
OnepaLMOHHbIX cucrem
peanbHOro BPEMEHU W CUCTEM
ynpasneHus ABTOHOMHbIX
MOBUIbHBIX poGoTOB

KomnnekT ans paspaboTkv 1 U3ydeHus Mofenein nporpaMmMmpyemMblx aBTOHOMHbIX MOGUIbHBIX POBOTOB. Y4eBHbI KOMMNEKT JOMmKeH No3BoNsATL paspabaTbiBaTe 61104HO-MOAYMBbHYIO KOHCTPYKLUMIO MOBUnbHOro poGoTta. B coctas MobuneHoro po6oTta
AOMKHO BXOAUTL: MPUBOA BEAYLNX KOMEC - He MeHee 2\T. MPUBOA AOMKEH NPEACTaBNsATL COBON AMEKTPOMEXAHNYECKYIO CGOPKY Ha OCHOBE ABUraTessi MOCTOSIHHOMO TOKA, PeAyKTOpa, aT4HMKa NOSOKEHNs Bana U BCTPOEHHON CUCTEMbI yNpaBeHs..
CucTeMa ynpaBneHusi Npusoja AoMKkHa 0GecrneynBaTb BO3MOXHOCTb 0GbEANHEHNSI NPUBO/OB C MOMOLLIO MOCNEN0BATENLHOTO MHTEPdECa, BOIMOXHOCTL 3aAaHIs NapamMeTpoB KOHTYPOB yNpaBreHus, yNpaBneHue BpalleHeM Nprsoja Mo CKopocTu
1 MOMOXEHMIO, KOHTPOMb Harpy3ku. MporpamMMUpyeMbiit KOHTPONNEP - He MeHee 1iWT. MporpamMMUpyeMblii KOHTpoMnep AomkeH obnapath uHTepdercamu - USB, UART, TTL, RS485, CAN [nsi KOMMYHUKALWM C MOAKMIOYAEMBIMIA BHELUHAMMN
YCTPOMCTBaMM, @ Takke LM(POBLIMU 1 aHANOroBLIMI NOPTaMu BBOAA/BbIBOAA. OAHOMNATHBI MUKPOKOMMLIOTEP - He MeHee 1WT. OAHONNATHBIA MUKPOKOMNLIOTEP [AOSMKEH MPEACTaBNATL COGOM YCTPOMCTBO C apXUTEKTYpOi MukponpoLeccopa ARM,
AonxeH obnagatb He MeHee 2 BbIYUCINTENbHLIMW SAPaMW C TaKTOBOW YacToToii He MeHee 1MTU. JlazepHbIii ckaHMpyOWWA AankHOMep - He MeHee 1wWT. JlasepHbIi ckaHMpyloWKiA AanbHoMep AoMmkeH obecneynsaTh AManasoH U3MepeHns AanbHOCTH
[0 OBBLEKTOB He MeHee 2.5 METPOB W CEKTOP CKaHUPOBaHUS He MeHee 360 YrnoBbiX rpafycoB. [aTuvk NMHUM — He MeHee 3 WT. [laTumk [OmKeH ofecneunsaTb AETEKTUPOBAHME NIMHUM HA KOHTPACTHOM (hOHE U nepeaaBaTb AaHHble B
NpOrpaMMUpyembiii KOHTPOMMEP O € HanM4uU1 NyTem nepeaadn aHanoroBoro cUrHana unn LMdpPoBOro curHana, Nnéo nytem nepefaqn LMPOBOro NakeTa AaHHbIX. [laTuMka uBeTa — He MeHee 1 WT. [laTunk [OMKEH pasnuyaTh LBETOBOM OTTEHOK
PaCMoNOXEHHOro PSAOM C HUM o6bekTa B RGB HoTaumun 1 obecneunBaTh nepefady AaHHbIX B MPOrPaMMUPYEMbIit KOHTPONMEP O 3HAYEHWUM KaXaoro LIBETOBOTO KaHana B BuAe UNPOBOro nakeTa AaHHbIX. Maccus MK-natumkoB - He MeHee 1wT.
Maccue VIK-gatunkos gomxeH 6biTb npeal ansa otcs NUHUM Ans MobuneHoro po6oTa. Maccus gomkeH coaepxaTtb He MeHee BT VIK-4aTunkoB, pacnonoXeHHbIX Ha OAHON NuHUM. CucTema TeXHMYECKOro 3peHus - He
MeHee 1WT. CUCTEMa TEXHUYECKOTO 3peHWsi [OMKeH obnajaTtk COBMECTMMOCTHIO C P nporpammupy KOHTpOMnepamu C nomoLublo UHTepdeicos - TTL, UART, 12C, SPI, Ethernet. CucTemMa TEXHUYECKOTO 3PEHUsI AOMDKHA
o6ecneunBaTb BO3MOXHOCTb U3Y4EHMSI OCHOB MPUMEHEHWSI anropyUTMOB MaLLMHHOTO 0BYYEHMs! U HACTPOKW NapaMeTpOB HerpoceTeil. CUCTeMa TEXHUHECKOTO 3PEHUs JOMKHa oGecneunBaTh (hyHKLUMOHAN PACcro3HaBaHNs PasfiNYHbIX FEOMETPUHECKMX|
0GbeKToB Mo HaBopy MPU3HAKOB, PAcno3HaBaHWsi rpaciMyeckx Mapkepos Tuna Aruco W [p, PacriosHaBaHWs MacCUBOB MMHMA W SMEMEHTOB AOPOXHbIX 3HAKOB M pasMeTku. CucTema ynpaeneHusi MOGUIbHOrO poGoTa [OrKHa MO3BOMSTH,
OCYLLECTBNATL aHanu3 okpyxatoLeir o6CTaHoBKM B NpoLEecce ABWKEHWUs MOGUNbHOrO poboTa U AMHAMUYECKOM U3MEHEHUW OKpyXatoLien 06CTaHOBKM, OCYLLECTBNATL (hOPMUPOBaHWE KapTbl NIOKanbHOM 06CTaHOBKM BOKpYr po6oTa 1 nokanusauus
nonoxenusi po6ota Ha kapTe, MOCTPOeHWe rNoGanbHOM KapTbl OKpyXatolwero npocTpaHcTea. Cuctema ynpasrneHusi MobunsHoro poboTa AomkHa MNO3BOMSATHL OCYLLECTBNSTb aHanuad nnaHa/kapTbl OKpYXaloero npocTpaHcTea, obGHapyxeHue
OKpY>aloLnX 06bEKTOB, aBTOHOMHOE NMaHMpoBaHWe mapLupyTa u obbeaaa cTaTUYeCKUX U AUHAMUYECKUX NpensTcTBuil. Cuctema ynpasneHus MoGunbHoro poGoTta AomkHa obecneunBaTb BO3MOXHOCTb Pa3MeTKy KapThl OKPYXatoLero NpocTpaHcTea
Ha 30Hbl C pas3ni npi nonb3oBaTenem (30Hbl 3anpeTta Ans ABUKEHWUS, OrPaHUYEHUst CKOPOCTU U T.n.). CucTema ynpaeneHus MobunbHoro poboTa AomkHa obecneynBaTe BOZMOXHOCTb 3aaHusi TOYEK U 30H Ha kapTe
OKpY>aloLLero NpocTpaHcTBa Ans aETOHOMHOI’O nepemeLLeHns Mexay HuMu. Cuctema ynpasrieHus MoBunbHoro po6ota , BkNlovatowas B cebs noacucTeMbl, Takue Kak - cucTema ynpaeneHust ABuWxeHuem pobota, cuctema cbopa u obpaboTku
CEHCOPHOIN UHhOPMaLIUK, cUCTEMA NOCTPOEHUS KapThbl OKPYXaloLero NpoCcTpaHCTBa U CUCTEMA HaBUrauum, formkHa GbiTe peanusoBaHa Ha 6ase NporpaMMMpyeMoro KOHTPOMepa 1 OAHONIATHOrO MUKPOKOMILIOTEPA, @ TakkKe YCTPOWCTB, BXOASLUWX B
cocTaB komnnekTa. B coctaB KoMnnekra [OMKHO BXOAUTL NporpammMHoe obecrnedeHne Ansi NporpaMMUpoBaHusi B TEKCTOBOM pefaktope Ha nofgobuv Arduino IDE, nporpaMMUpOBaHWM C NOMOLLBIO CKPUNTOB Ha sidblke Python, paspaGoTtku cuctem
ynpaBeneHus Ha ocHoBe ROS. Tak e B COCTaB KOMMNMEKT JOMKHa BXOAUTbL BUPTyanbHas MoAens MoBUnLHOro poboTa B BUPTYanbHOM OKPYXKEHWW ANS MOAENUPOBaHWS anropuTMOB CUCTEM YNpaBneHUs C NOMOLLbLIO rpaduieckor cpeabl.
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O6pasoBaTtenbHblii Habop Ans
M3y4EHNS MHOTOKOMMOHEHTHBIX
POBOTOTEXHMHYECKNX CUCTEM 1
MaHUNYNSLMOHHBIX POGOTOB

O6pa3zoBaTenbHbiit HaBop AOMKeH BbiTb NPpeAHa3HauYeH ANs U3yYeHUsi POBOTOTEXHUYECKUX TEXHOMOMN, OCHOB MH(OPMALIMOHHBIX TEXHOMOTMA U TEXHOMOTUIA NPOMBILLTIEHHO aBTOMATM3aLMK, @ Takke TEXHOMOTUIA NPOTOTUNNPOBAHMUS U aAAUTUBHOTO
npoussoAcTBa. B coctas Habopa AOMKHbI BXOAWTL KOMIIEKTYIOLME W YCTPOICTBA, OBNaaatoLme KOHCTPYKTUBHOM, annaparHoii U NporpaMMHONM COBMECTUMOCTbIO IpYr C APYroM. 1) KOMMEKT KOHCTPYKTUBHBIX SIEMEHTOB U3 MeTasia 1 nnactuka ans
cGopku Moaeneit MaHUNYMALMOHHLIX POGOTOB C YINOBOW KWHEMATWKOW, miockonapannenbHoi kuHematukoi, Delta-knHematvkoit. 2) MHTennekTyanbHbli CEpBOMO/YIb C UHTErPUPOBAHHOM CUCTEMOIA ynpaBneHns - He MeHee 7wT. CepBomoaynb
AomkeH o6naaaTe MHTErPUPOBAHHON CUCTEMOI YNpaBneHus, obecrneynBaloLLeil 0GpaTHYI0 CBS3b UM KOHTPOML NAapaMeTPOB - MONOXEHUE Bana, CKOPOCTb BPALLEHNs, Harpyaka NpUBoaa, a Takke 06ecneynBaloLLEei BO3MOXHOCTL MOCNeA0BaTENBLHOTO,
NOAKMIOYEHNA APYr C APYrOM W yNpaBneHns CepBOMOAYNAMMU NO NocrefoBaTenbHOMY MONyAynnekCHOMY acUHXPOHHOMY MHTepdeiicy. 3) PoBGOTOTEXHUYECKMi A KOHTPONNep, NpeacTaBnaAlwniA coboit MoaynbHOe YCTPOICTBO, BKovarolee B cebs
OHOMNATHbIA MUKPOKOMMBIOTEDP [N BbINOMHEHWUS CIOKHBIX BbIYUCTIUTENbBHBIX ONEpaunit, NepudepuitHbIi KOHTPONNEP ANS YNpaBieHUst BHEWHWMM YCTPOACTBAMM W NnaTy PacluMPeHns ANs NOAKMIOYEHWs BHEWHMX YcTpoicTs. Moaynu
POBOTOTEXHUHECKOrO KOHTPOMNepa AoMKHbI 061aaaTe OAHOBPEMEHHON KOHCTPYKTUBHOW, annapaTHoii 1 MporpaMMHO COBMECTUMOCTLIO APYr C APYroM. POBOTOTEXHUYECKMA KOHTPONNEp AOMKEH yAOBNETBOPATL TEXHUYECKM XapakTepucTikam: Kor-
BO siiep BCTPOEHHOTO MUKPOKOMMbIOTEPA - He MeHee 4, TakToBasi YacToTa siapa - He meHee 1,2 [Ty, o6bem O3Y - He meHee 512 M6, Hanuune uHTepdencos - SPI, 12C, 1-wire TTL, UART, PWM, undpoBble - He MeHee 16 LT 1 aHanoroBbIe nopTb -
MeHee 8 LT [1N15 NOAKMIOYEHNS BHELHUX YCTPOCTB, BCTPOEHHBIA MUKPOOH, a Takke WiFi nnu Bluetooth 515 KOMMYHMKaLMM CO BHELIHMMM YCTPOCTBaMN. POGOTOTEXHNUECKMIA KOHTPOMNMEP AOMKEH 0GECneYnBaTh BO3MOXHOCTE NPOrpaMMUPOBAHIAS C
nomoLblo cpeacTs si3bikoB C/C++, Python n cBoBoaHo pacnpocTpaHsiemoit cpefpbl Arduino IDE, a Takke ynp: MO, po6oTo KUX CUCTEM C Momolbio cpeabl ROS. 4) lNporpaMMupyemblii KOHTponnep - He MeHee 1wWT.
MporpamMmupyeMblit KOHTPOMep JOIMKEH NPeCTaBATb COBOI BbINCIUTENbHBIN MOAYMb, 06nafalowmnm LnMdpoBLIMU NOPTaMU - He MeHee 8 LUT 1 aHanoroBbIMK NopTamu - He MeHee 16 wT, nHTepdeiicamm UART, 12C,SPI, TTL, a Takke moaynem
BecnpoBogHoii cBs3u Tuna Bluetooth unu WiFi ans cosgaHns annapaTHO-MPOrpaMMHbIX PeLLeHni 1 ""yMHbIX/CMapT""-yCTpOrUCTB Ans paspaboTku pelleHuin "HTepHeT Belwein™. 5) Mnata paclumpeHns NporpaMMMpyeMoro KOHTpornepa — He MeHee
1wr. MnaTta paclmpeHns JomkHa obecneynBaTb BOIMOXHOCTb MNOAKIIOHEHNS YHUBEPCANBHOTO BLIMUCTIMTENBHOTO MOAYIS K CETU NOCpPeCcTBOM UHTepderica Ethernet. MnaTa paciumpeHns AomkHa obnafaTe NopTamu BBOAA-BLIBOAA AMNS MOAKMIOYEHUS
LiMchpOBBIX U @aHAMOroBbIX YCTPOWCTB — He MeHee 40 WT, uHTepdeinc SP1 1 BO3MOXHOCTBIO MOAKIIOYEHUS BHELLHE KapTbl NamMaTh. 6) Moaynb TEXHUYECKOro 3peHus, NpeCcTaBnsiowmii coboi yCTPONCTBO Ha 6a3e BbIYUCIIMTENBHOTO MUKPOKOHTpOIepa
M VHTErpupoBaHHOM kamepel, 0GecneynBaioLLee pacro3HaBaHne NpOCTerLNX N30BPaKeHUA Ha MOAYNE 3a CYET COBCTBEHHbIX BbIYUCITUTENBHLIX BO3MOXHOCTEN - He MeHee 1WT;  Mogyrb TEXHUYECKOTO 3pEHNst AOMKEH 0GecneumBaTh BO3MOXKHOCTL
KOMMYHUKaLIAM C aHaNOrMYHbIMI MOAYNSIMU NOCPECTBOM LKHBI Ha Ga3e NOCNeAoBaTeNbHOMO NHTepdeNca C Lienbio AanbHeliler nepeaayin peaynbTaToB U3MEepPEeHuii rpynbl MOAYIel Ha yNpaBnsioLee BbIYUCIINTENBHOE YCTPONCTBO, NOAKMIOUEHHOE K
AaHHoM WuHe. Moaynb TEXHUYECKOro 3peHUs [JorkeH obecneunBaTtb BO3MOXHOCTL OCYLLECTBIATL HACTPONKY MOYNSt TEXHUHECKOTO 3PEHNS - HAaCTPOIIKY BKCMo3uLuK, 6anaHca 6enoro, LBETOPa3HOCTHLIX COCTaBMSIOWMX, NMOWaAn oGHapyXBaemon
obnacTn nsobpaxeHus, OKpyrnocTn obHapyxmsaemoii obnacti nsobpaxerus, nonoxeHne obHapyxvsaembix obnacTeit OTHOCUTENbHO Apyr Apyra. Moaynb TeXHUYECKOro 3peHus [omkeH obecneynBaTh BOSMOXHOCTb HACTPOMKN Ha OAHOBPEMEHHOE
oGHapyxeHue He MeHee 10 pasnuUyHbIX OAMHOYHBIX OGBLEKTOB B cekTope 0630pa, NGO He MeHee 5 COCTaBHbLIX OGBLEKTOB, COCTOAWMX W3 HE MeHee 3 Pa3nuuHbIX rpadMuyecknx MPUMUTUBOB. Mogynb TEXHUYECKOrO 3peHUst AOSKEH oBnapath,
BCTPOEHHbIMU UHTepdeiicamm — USB, UART, 1-wire TTL, 12C, SPI anst kommy UMM co MOAKIHO! ycTpoiicTBamu. 7) B coctaB HaGopa A0MmKHbI BXOAUTb LIMPOBbIe MH(POPMALIMOHHO-CEHCOPHbIE MOAYNN, NpeACcTaBnstoLme cobomn
ycTpoiicTBa Ha 6a3e NPOrpaMMMPYEMOro KOHTPOINepa U U3MepUTENbHOTO dreMeHTa. Lindposoit mMoaynb JomkeH obnafaTb BCTPOEHHBIM MUKPOKOHTPOMNEPOM (TakToBas YacToTa - He MeHee 16 MIU, WuWHa AaHHbIX — He MeHee 8 KGawT),
MHTepdericamn Ans NOAKMIOYEHMUS K BHELLHWM YCTPONCTBaM: LMPOBLIE U aHanoroBble nopTel, 1-wire TTL, pasbem TUna RJ. LincpoBoii Moaynb fomkeH oGecneqnsaTe BO3MOXHOCTb KOMMYHUKALIMW C aHAMOrM4YHBIMU MOZYSISIMMA NOCPEACTBOM LUNHBI Ha
6ase nocnefoBaTeNbHOrO UHT fica C Lenbio AanbHeliller nepeaadn pesynbTaToB U3MEpEeHUid rpynnbl MOAYNEN Ha YNpaBnsiolee BbIYUCIINTENBHOE YCTPONCTBO, NOAKMIOHEHHOE K AaHHOI WiHe. B coctaB HaBopa [OMKHO BXOAWUTL: UMPOBOI
MOAYIb TaKTOBOW KHOMKM — He MeHee 3wWT, unpoBoii MOAynb CBETOAMOAa — He MeHee 3T, LundpoBoii MOAYb KOHLEBOro npepbiBaTens — He MeHee 3WT, UMGPOBOA MOAYNb AaTuuKa LBeTa — He MeHee 1wT, uncposoii mogyne RGB ceeToanoaa —
He MeHee 1wT. 8) B cocTa Habopa AOMKHBI BXOAUTL dNEeMeHThI Anst CGOpKI BakyyMHOTO 3axBaTa: BakyyMHasi IPUCOCka — He MeHee 1T, SNeKTPOMArHUTHBIV KnanaH — He MeHee 11T, BaKyyMHbI HAcoC — He MeHee 1wT. 9) B coctas HaGopa AomKeH
BXOAUTL Y4eGHbIil KOMMNEKT, BKNiovalowmii B cebs yuebHoe nocobue, HaGop GUGNMNOTEK TPEXMEPHBIX BNEMEHTOB A MPOTOTUNMPOBAHUS MOAENe MaHWUMyMALUMOHHBIX POGOTOB, a Takke MporpaMmHoe ofecniedenne Ans paboTel ¢ HaGopom.
MporpamMmHoe obecneyeHne AOMKHO obecneunBaTb TPEXMEPHYIO BU3yanu3aumio MOAEN MaHuUnynsLUMOHHOro po6oTa (C YrnoBoii, NrockonapannensHoi 1 AenbTa-kuHeMaTuKoil) B mpouecce paGoTel, obecneynsaT NOCTPOEHNE NPOCTPAHCTBEHHOM
TPaAEKTOPUM [BVKEHWUA UCTMIONMHUTENBHOTO MeXaHW3Ma MaHWMynsLUuoHHOro poboTa, BO3MOXHOCTb 3afaHWs MOCNeoBaTeNnbLHOCTU TOYEK AN MPOXOXAEHWA Yepe3 HUX WCMOMHUTENbHOrO MexaHM3Ma MaHUNynsLMoHHoro po6ota. lMporpammHoe
obecrneyeHne [OMKHO (HYHKLIMOHMPOBATb, Kak B OTAENLHOCTU B BUAE Cpefsl MOAENMPOBaHUS, Tak U B PEXMME MOHUTOPUHIA B peanbHOM BpPEMEHU NpW MOAKMIoYEHUM MOAENM MaHUnynsTopa nocpefcTBOM POGOTOTEXHUYECKOTO KOHTponnepa.
MporpammHoe obecneyeHne JOMKHO obecneumBaTb BO3MOXHOCTb NOCTPOEHUS rPacMkoB 3afiaHHbIX M TEeKyLMX 0BOBLIEHHBIX KOOPAVHAT MaHUMYNALUMOHHOTO poboTa, rpacukoB 3HAYEHUI CKOPOCTEN 1 YCKOPEHWS, rpachkoB PacUEeTHBLIX 3HAUEHUi
Harpysku. MporpaMmHoe ofecneyeHne AOMKHO NO3BOMNSATL 3aAaBaTh MOCNEAOBATENLHOCTL NEPEABIKEHMUI MaHMNYNsSTOpa NOCPeACTBOM Habopa komaHz B 6royHo-rpacuieckom MHTepdeiice. YdyebHoe nocobue [OMKHO CoaepxaTb MaTepuans! no
NAANARNTKA ThAXMENHKIX MOnenai MoRUNkHKIX NOROTOR MAHUNVAGIIMOHHKIX NOROTOR ¢ NAAMN! TUNAMU KUHEMATUKN (VINORAS KUHAMATUKA NNOCKO-NANANNANKHAS KUHAMATUKA NENhkT: Tuka SCARA unu ni KUHeMATUKA
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O6pasoBaTtenbHblii  Habop  no
ANEeKTPOHMKE, 3NeKTpoMEeXaHuKke
W MUKPOMPOLIECCOPHOI TEXHUKe

Habop pomkeH 6biTb NpegHasHayeH Ans NpoBeAeHUs y4eBHbIX 3aHATUI MO U3YYEHMIO OCHOB MEXaTPOHWKM U POBOTOTEXHUKM, NPAKTUHECKOrO NPUMeHeHNs 6a30BbIX AMEMEHTOB 3NIEKTPOHWKM U CXEMOTEXHUKM, a Takke Haubonee pacnpocTpaHeHHo
9rEeMEHTHO 6a3bl U OCHOBHBIX TEXHUYECKUX PELUEHWN, NPUMEHAEMBIX NPU MPOEKTUPOBAHUM U MPOTOTUMMPOBAHUN Pa3NUYHBIX MHXEHEPHBIX, KUBEPHETUYECKUX W BCTpaMBaeMblx cucTeM. B cocTaB Habopa AOMKHbI BXOAWTb KOMMMEKTyoLME 1
ycTpoiicTea, obnajarolme KOHCTPYKTMBHOW, SMEKTPUYECKO, annapaTHOi M NPOrpaMMHOM COBMECTUMOCTbIO ApYr C ApyroM. B coctaB Habopa AOMKeH BXOAUTb KOMMMEKT KOHCTPYKTWUBHbLIX 3MEMEHTOB M3 MeTanna Ans cBopku MmakeTta
MaHUNYNAUMOHHOTO PoBoTa 1 KOMMMEKT MEeTanNYeckUX KOHCTPYKTUBHBIX AreMEHTOB Ans cBopkn MakeTa MobunbHoro po6ota. B cocTas HaBopa AOMKHBI BXOAUTL NPUBOAA Pa3NNYHOTO TUMNA: MOTOPbI C UHTETPUPOBAHHBIM UMM BHELLHUM AATHMKOM
TNONOXEHNs — He MeHee 2LUT, CepBONpUBOA BONbLLOK — He MeHee 4LuT, CEpPBONPUBO/ Manblit — He MeHee 21T, MPUBOJ C BO3MOXHOCTBIO YNpaBleHus B LIAroBOM pexume — He MeHee 2WT. B cocTaB HaBopa AOMKHbI BXOAWTL ANEMeHTbI Ans cGopku
BaKyyMHOrO 3axBaTa: BakyyMHas Npucocka — He MeHee 1T, aNeKTPOMarHuUTHLIN KnanaH — He MeHee 1T, BakyyMHbIii Hacoc — He MeHee 1wT. B cocTaB Habopa [oMmkHa BXoAWUTb dnemMeHTHas 6asa ans npoToTUNMpoBaHUA: nnata Ans 6ecnaeyHoro
NPOTOTUNNPOBAHMS!, KOMMNEKT NPOBOAOB PA3NNYHOIO TUNA W ANMHLI, KOMMNEKT PE3UCTOPOB, KOMMNEKT CBETOAMOMOB, CEMUCErMEHTHBIN MHAMKaTOp, Aucnneit XK-Tuna, KHOMKM — He MeHee 5WIT, NOTEHLMOMETPbI — He MeHee 31T, HPaKpacHLIN faTumK
- He MeHee 3WT, yNbTpasByKOBOM AATYMK - HEe MeHee 3LUT, AaTYMK TeMnepaTypbl - He MeHee 1T, AaTYMK OCBELLEHHOCTM - He MeHee 1wT, moaynb Bluetooth — He meHee 1wT, moaynb MK-npuemHuka — He meHee 1wT, moaynb MK-nepeaatyuka B Buae
KHOMOYHOTO NynbTa yrpaBneHns — 1T, akkyMmynsTop — He MeHee LT, 3apsiHOe YCTPOIACTBO — He MeHee 1wWwT. B coctas Habopa [OMKeH BXOAUT MyNbTUAATUYMK ANA U3MEPEeHUs TeMnepaTypbl U BNaXHOCTU OKpYXalolen cpeabl — He MeHee 1wwT.
MynbTugaTumk gomkeH obnaaate BCTPOEHHLIM MUKPOKOHTPOINEPOM (TaKToBasi YacToTa - He MeHee 16 MIL, WinHa AaHHbIX — He MeHee 8 KbaliT), uHTepdeiicamm Ans NOAKIIOYEHNs K BHELLHUM YCTPOCTBaM: LMdPOBLIE U aHarorosble NopThl, 1-wire
TTL, pasbem Tvna RJ. B coctas Habopa A0mKeH BXOANTL KOMMNEKT YHUBEPCAnbHbIX BHIYMCTIMTENbHBIX MOZyrei, npeacTaBnsiowmx coboit 6a3osyto NnaTty, NnaTty pacluMpeHust Ans CETEBOro B3aUMOAEHCTBIA W NNaTy NOAKMIOYEHNS CUIOBOI Harpy3ki.
Bxogsime B KOMMMEKT yCTPOWCTBA AOMKHLI 06naaaTh OAHOBPEMEHHOW KOHCTPYKTUBHOW, SMEKTPUYECKOM, annapaTHOW W MporpamMMHON COBMECTUMOCTbIO ApYr C ApyroM. BasoBas nnarta yHUBEPCAmnbHOMO BBIMUCTIUTENBHOTO MOAYINS ACMKHA
npeacTaBnsATL coboil NporpamMmMuUpyemblii KoHTponnep B cpefe Arduino IDE unu aHanornyHbix cBOGOAHO pacnpocTpaHsieMbix cpefax paspaboTtku. basosas nnaTta gomkHa obnagatb BCTPOEHHLIMW WHTepdecamMi AN NOAKMIOHEHUA LUGDPOBBLIX U
aHaroroBbIX YCTPOWCTB, BCTPOEHHLIMU UHTepdeiicamn USB, UART, 12C, SPI, 1-wire TTL, Bluetooth, WiFi. MnaTa paclumpenus fomkHa obecneunBaTh BOIMOXHOCTb NOAKMIOUEHUS! YHUBEPCANbHOTO BbIYMCIIUTENLHOTO MOAYNS K CETU MOCPEACTBOM
uHTepdeiica Ethernet. Mnata paclupenus AomkHa obnagate NopTamu BBOAA-BbIBOAA ANs NOAKMIOYEHNS LMGPOBLIX U aHANOroBbIX YCTPOMCTB, MHTepdeiic SPI 1 BO3MOXHOCTbLIO MOAKMIOYEHUS BHELIHel KapTel namsTu. Mnata paclumpenust ans
NOAKIMIOYEHUS CUMOBOIA Harpy3ku JoMMkHa obecneunsaTb BOIMOXHOCTb MPSIMOrO MOAKMIOYEHUS BHELHEN CUMOBOI Harpyski, a Takke perynupyemoi Harpysku nocpeactsom PWM uHTepdbeiica. B cocTar Habopa [oMmkeH BXOAUTL MPOrpamMmupyembiii
KOHTponnep, o6ecneynBaioLuii BO3MOXHOCTb OCYLLECTBNIATL pa3paboTKy NPOrpamMMHOro Kofa, UCToNb3yst MHCTPYMEeHTapuii cpef paspaboTku Arduino IDE u Mongoose OS u s13bikoB nporpammupoBanus C\C++, JavaScript. porpaMmupyembiit
KOHTpOMMep AoMmkeH obnagate NopTamu 4515 NOAKMIOYEHUs LMPOBLIX U aHAMOroBbIX YCTPONCTB, BCTPOEHHLIMU MPOrPaMMUPYEMbIMIA KHOMKaMM U 3MEKTPOMEXaHNYECKUMN MOAYNAMM AN OpraHU3aLi CUCTEMbI PYYHOTO YNIpaBneHWs, BCTPOEHHLIMU
nporpaMMupyemMbiMi CBETOAMOAAMU ANS WHAMKALUMM paBoyero pexuma, BCTPOEHHbIMU WHTepdeiicamm USB, USART, 12C, SPI, 1-wire TTL, ISP, Ethernet, Bluetooth, WiFi. B coctaB Habopa [OMmKeH BXOAWUTb MOAYNb TEXHUYECKOTO 3peHus ,
NpeACTaBnsIoLLMIA COGON BLIYUCAUTENBHOE YCTPOCTBO CO BCTPOEHHLIM MUKPOMPOLIECCOPOM (KOM-BO sifep - He MeHee 41T, yacToTa sapa He MeHee 1.2 ITu, o6bem O3Y - He MeHee 512M6, 06bem BCTPOEHHON NamsTh - He MeHee 8I6),
VHTErpupoBaHHOI kamepon (MakcumarnbHoe paspelueHne BUAEOonoToka, nepefaBaeMoro no uHTepdency USB - He meHee 2592x1944 ef.) U onTUYecKoii cucTemoit. Mogynb TEXHUYECKOro 3peHust 4omkeH obnaaaTe COBMECTUMOCTbBIO C Pa3finyHbIMU
nporpaMMupyeMbIMi KOHTPOMMepamn C MoMoLblo WHTepdeiicoB - 1-wire TTL, UART, 12C, SPI, Ethernet. Moaynb TEXHW4YECKOro 3peHus AOMmkeH oBecrneunBaTb BbINMOMHEHWE BCEX W3MEPEHWI W BbIYUCNEHWUI MOCPEACTBOM COBGCTBEHHbIX
BbIYNCTINTENBHBLIX BO3MOXHOCTEN BCTPOEHHOMO MUKponpoLeccopa. Moaynb TeXHUYECKOro 3peHns JomKkeH 06naaaTh BO3MOXHOCTBI0 KOMMYHUKALIMU C aHANOMMYHBIMU MOAYNSIMM NOCPECTBOM LUMHBI Ha 6a3e NocneaoBaTenbHOro NHTepdeica ¢ Lenbio
fanbHenllel nepeaayn pesynbTaToB N3MEPEHWI rPynMbl MOAYNeN Ha ynpasnsioliee BbIYUCIIUTENBHOE YCTPOCTBO, NOAKIIOUEHHOe K AAaHHON WnHe. Moaynb TEXHUYECKOro 3peHust AormkeH obecrneunBaTh HAaCTPOMKM PEXUMOB paboThl - HACTPOMKY
akcnoanumy, GanaHca 6enoro, LBETOPA3HOCTHBLIX COCTABMAIOLIMX, NNOLIAAM OBHapyx1BaeMoii 0bnacT n3oBpaxeHnsi, okpyrnocTi obHap; o obnacti n3o6p usi, noroxeHue oBHapyxuBaeMblx oBnacTeii OTHOCUTENLHO Apyr Apyra,
MallMHHOEe 06yyeHne napamMeTpoB HEMPOHHBIX CeTelt Ans oBHapyxXeHUs 06bEKTOB, hopMY U 3aKOAMPC o6Hap MapkepoB TuMa Aruco, pasmepbl 06HapyX1BaeMbIX OKPY)KHOCTEA, KBaIpaToB W TPEYroNbHUKOB, NapameTpoB
KOHTPACTHOCTY, Pa3sMepoB, KPUBM3HbI W MOMOXEHUs pacno3HaBaeMblx NHWA. Habop fomkeH obecneunBaTb BOIMOXHOCTb paspaboTkm mMoaenm mobunbHoro po6ota, ynpaensemon B FPV-pexume nocpecTBOM NporpamMmMHoro obecneveHus ans
NEePCOHAmNLHOrO KOMMbIOTepa U MOBUNbHBIX yCTpoiicTB Ha 6aze OC Android unm 10S, o6ecneynBaloLLEro BO3MOXHOCTb yNpaBrieHnst MOBUMbHBIM POGOTOM 1 BCTPOEHHLIM MaHWMYNSTOPOM NOCPEACTBOM rpaduyeckoro nHTepdeiica, BKIoYaloWmUM B
cebs Habop KHOMOK 1 nepekmoaneneM [PKOMCTUK, obBnacTb Ans oTo6paxeHns Bugeo. HaGop AormkeH obGecneunBaTh BO3MOXHOCTb U3yYEHWUst OCHOB pa3paboTki NPOrpaMMHbIX W annapaTHbIX KOMMSIEKCOB MH)KeHele:IX cuCTeM, pelleHuii B ccepe
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O6pasoBaTensHbin  Habop Mo
MexaHuke, MexaTpoHuke n
poBoToTexHuke

O6pa3soBaTernbHbii HAGop AOMKEH 6bITb npefgHasHayeH Ans U3yveHus MexaHukn, MexaTpoHuku n po6oToTexHuku. O6pasoBaTernbHbI HaBop NpeAHasHaveH Ans pa3paboTku NporpaMmMuUpyemMbix Moaeneit MexanOHHbIX cucTeM 1 MOBUNbHBIX poGOTOB,
OCHAaLLEHHbIX Pa3NUYHbIMKU MAHUNYNALWOHHBIMU U 3aXBaTHbIMU yCTpOMCTEaMI/I. B coctas Haﬁopa AOIMKHO BXOAUTb: KOMNMNEKT KOHCTPYKTUBHbBIX 3N1IEMEHTOB U3 MeTanna, KoMnnekT erﬂe)KHbIX BNeMEeHTOB, KOMMNMEKT Ans C60pKVI 3axBaTHoOro yCTpOIACTEa
— He MeHee 1 LWT., Koneca ¢ Npope3nHeHHbIM 06040M — He MeHee 2 LUT., Korneca BCeHanpaeneHHoro ABWKEHWS -He MeHee 2 LUT., NPUBOA NMOCTOSIHHOTO TOKa C MHTErpupoBaHHON CUCTEMO ynpaBneHus, obecneynsatoLen oGpaTHYo CBA3b NONOXEHWMIO,
CKOPOCTU W Harpyske - He MeHee 4 WT., AAaTYMK NIMHWK - HE MeHee 3 LT., JaT4YMK PaccTosiHUS — HE MeHee 1 WT., akkyMynsTopHas Gatapes — He mMeHee 1 WT., 3apsigHOe YCTPOMUCTBO — He MeHee 1 wT. B coctaB HaGopa AOMKEH BXOAWTb!
nporpaMmMupyembIii KOHTponnep, o6ecnevnBaloLLmMii BO3MOXHOCTb OCYLLECTBNATL pa3paboTky NporpaMMHOro Koga, UCMonb3ysi UHCTpYMeHTapui cpef pasdpaboTku Arduino IDE. MporpammMmupyembiii KOHTponnep fomkeH obecneunBaTte annapartHyto u
nporpaMmHyto COBMECTUMOCTb C anemMeHTHol 6asoi, Bxoasiuen B cocTae Habopa. MporpaMmMupyemblii KOHTPONep AOMKEH CoaepxaTb crneaytowme UHTepdenchl: LMpoBbIE U aHanorossle NopTel — He MeHee 50wT, USB, USART, I12C, SPI, ISP,
Bluetooth, WiFi. Mporpammupyembilit KOHTPONNEP AOIMKEH coaepx)aTh UHTepdEeNnC (ANs NoaKIIIoYeHUs NMPUBOAOB U AaTYMKOB poGoTOTEXHUYeckoro Habopa), peanu3oBaHHbI Ha 6ase WiHbl RS-485 — He MeHee 12wWT. MporpaMMUpyeMmbilii KOHTpoNNep
[OMKEH coflepxaTb CUMOBOM NOPT AN NOAKMIOYEHWUsI BHELHEN Harpy3ku unm MOTOPOB — HE MeHee 2WT. B coctaB HaGopa AOMKEH BXOAUTH MOAYMb TEXHWYECKOrO 3peHUst — He MeHee 1wwT. Mogynb TEXHWYEeCKOro 3peHust JormkeH obecneunsarTh|
BO3MOXHOCTb KOMMYHWKaLMW C @HanorM4YHbIM1M MOAynsMy NOCPEACTBOM LUMHBI HA 6a3e nocnefoBaTenbHOro UHTepdenca ¢ Lenbio AanbHenllein nepegayn pesynsTaToB U3MepeHuii rpynmbi Mogynein Ha ynpaensiowee BblYUCIUTENbHOE YCTPOCTBO,
NOAKMIOYEHHOE K AaHHOW LumMHe. Mogynb TEXHUYECKOro 3peHust formkeH o6GecneumBaTh BO3MOXHOCTb OCYLLECTBNSATL HACTPOVKY MOAYMNS TEXHUYECKOTO 3PEHUS - HACTPOIiKY akcnoauummn, 6anaHca 6enoro, LBETOPa3HOCTHBIX COCTaBNSIOLWMX, Nowaan
oBHapyxvBaemoi o6nacTv n3obpaxeHusi, okpyrnocTu oGHapyxuBaemoii obnacT n3obpaxeHus, NonoxeHme oGHapyxMBaeMbix 06nacTen OTHoCUTENLHO Apyr Apyra. Moaynb TEXHUHECKOTO 3peHUst AomMKeH obecneynBaTb BOZMOXHOCTb HACTPONKY Ha
onHospemeHHoe oBHapyxeHue He MeHee 10 pasnuyHbix o,qMHouthx o6bekToB B cektope 0630pa, NMMGO He MeHee 5 cocTaBHbIX oﬁbeKmB COCTOSILMX M3 HE MEHee 3 PasfnyHbIX rpacuyeckux NPUMUTUMBOB. Mogynb TEXHUYECKOTO 3pPEHUst AOMKEH
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O6pasoBaTenbHbIin KOHCTPYKTOP
C KOMNMEKTOM AaT4ynKkoB

O6paaoaa1eanbm Habop gonmeu 6bITh NpeaHa3HayYeH ANst U3y4eHWst OCHOB pa3paboTku NporpaMMupyeMbix MOAENen aBTOHOMHbIX Moﬁmnhnhlx po6oToB. B coctaB HaGopa AOMKHO BXOAWTL: KOMMMEKT KOHCTPYKTUBHBLIX 3MEMEHTOB U3 MnacTuka,
MHCTPYMEHT Ansi paboTel C KPENEeXHbIMIA KOMMOHEHTaMU, CEpBONPUBO/ C BCTPOEHHO CUCTEMOII ynipaBrieHusi, obecneunBaloiert 06paTHYIO CBA3b MOMOXKEHMIO, CKOPOCTW W Harpy3ke - He MeHee 4 WT., NynbT ynpaBneHns — He MeHee LT, AaTumK
KacaHus — He MeHee 1 WT., [aTyuk LBETa — He MeHee 1IIT, AAaTYMK TaKTUIMbHO-CEHCOPHBI CO CBETOAMOAHBLIM MOAYNeM — He MeHee 1 LWT., Kamepa C BO3MOXHOCTbIO OJJHOBPEMEHHOTO OMpeeneHns HECKONMbKMX LBETOB — He MeHee 1 wrT.,
akkymynsitopHast 6atapest — He MeHee 1 wT. B cocTtaB Habopa [omkeH BXOAUTb POGOTOTEXHUYECKMN KOHTPONNEp — He MeHee 1wT. POBOTOTEXHUYECKUI KOHTPOMMEep AOMKeH 06nafaTe BCTPOEHHbIM LBETHbIM XK aKpaHOM W BCTPOEHHBIM
MHEPLIMOHHBIM JaT4MKOM. POBOTOTEXHUYECKUIA KOHTPONMEP AOIMKEH UMETb He MeHee 12 NOpTOB ANs NOAKMIOYEHNS BHELIHNX YCTPOCTB W MOPT ANs YCTAHOBKM KapThl NamsaTu. B cocTaB HaGopa AOMKeH BXOAUTL NPOrpaMMUPYeMbiii KOHTPOMMEP — He
meHee 1 wrT. porpammupyemblit KOHTPONMEp AOIMKEH NPEeACTaBnsTb COGOA YCTPOWCTBO, OGECMEYMBaloOLLEEe BO3MOXHOCTb OCYLIECTBMISTL pa3paboTKy MPOrpaMMHOTO KOA@, MCMOMb3ys WHCTPyMeHTapuit cpef paspaGotku Arduino IDE.
MporpamMMupyeMbiit KOHTPONNEp AOMKeH oGecneynBaTh annaparHyio 1 NPOrPaMMHYK0 COBMECTUMOCTh C AMIeMEHTHOW Ga3oii, Bxoasileil B coctas Habopa. MporpaMMupyeMelii KOHTPOSINEp AOMKEH CoAepXaTh creaylolme nHTepdencel: Ludposbie 1
aHanorosble MopThl — He MeHee 50wT, USB, USART, I12C, SPI, ISP, Bluetooth, WiFi. MporpaMmupyembiii KOHTpomnnep AOMKEH CoAepXaTb MHTepdeic ANns NOAKIIOHEHNS NPUBOAOB U 4aT4NKOB PoBOTOTEXHUYECKOTro Habopa— He MeHee 12 wT.
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HaumeHoBaHue pasaena: "TexHonoruyeckuit npocduns. BUO".
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CnektpocoTomeTp

MpesHa3HayeH Ans onpeaeneHms ONTUYECKOM NAOTHOCTM, KOI(MULIMEHTOB NPONYCKaHWS 1 KOHLIEHTPALIMM Pa3HOOBPa3HbIX PacTBOPOB
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AHanuTnyeckmne Bechl

MpeaHasHayveHbl ANs TOYHbIX M3MEPEHU MacChl, NO3BOMSIOT KOHTPONMPOBATL N3MEHEHWSt MACChl C TOYHOCTbIO 0,1 M.
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YuebHo-nccneaosatensckas
nabopatopusi  GuocurHanos  u
HeMpoTeXHOMNorm

B coctas BxoasT: CeHcop Tun 1 He MeHee 1 wWT., oGecneynBaeT BOIMOKHOCTb PETUCTPaLMU CUTHANa JNEKTPUYECKON aKTUBHOCTM MbILLL, (3nekTpomMmuorpamMmel, AMF). PerucTpauusi OMmKHa OCYILECTBIISIETCS HENHBA3MBHO, CYXMMM 3NEeKTPOAaMM.
BO3MOXHOCTBIO KPENMeHnsi K pyke 4YeroBeka, YTo [OMKHO [1aBaTb BO3MOXHOCTb PErMCTPUPOBATbL SNEKTPUYECKYIO aKTUBHOCTM MbILbl B 0GNACTU, HaJ KOTOPOW pacrionaraeTcs kpenneHue. Mpu HanpsikeHUM Mbillbl AOMKHA GbiTb obecnedeHa
BO3MOXHOCTb HabnoaeHnst nyyHocTu curHana (T.e. npucytcteue OMI), npu paccnabnexun mbilwusl - ee otcytcTBue. CeHcop Tun 2 He MeHee 1 wT., obecneymBaeT BO3MOXHOCTb perncTpauuu curiana gotonnetuamorpammel () ontudeckum
nyTeM, 3a C4ET U3MEHEHUsI OTPAKEHHOTO OT KPOBEHOCHBIX COCY/I0B CBETA, 06BEM KOTOPbIX M3MEHSIETCS MO/, BO3AENCTBMEM NYTbCOBOM BOMHLI. CEHCOp I0MKeH BbiTh 0GecrneyeH BO3MOXHOCTLI0 KpenneHus K noayluedke nanbua Yenoseka. CeHcop Tun
3 He MeHee 1 wT., obecneynBaeT BO3MOXHOCTb: PErucTpaumun curHana anekTpokapavorpamMmbl (3KI) He WHBa3MBHLIM crocobom; perucTpauum |, |l u Il OTBeAEHNI; NOAKMIOYEHNS SMEKTPOLOB K CEHCOPY C MOMOLLBIO COEAMHUTENbHBIX NPOBO/AOB,
oGopyaoBaHHbIx TouchProof pasbemamu. CeHcop Tun 4 He MeHee 1 WT. 06ecneynBaeT BO3MOXHOCTL: PErMCTPaLMK CUrHana KoXHo-ranbeaHuyeckoin peakumn (KI'P), perucTpalusi KoToporo OCYLLECTBISETCS Ha NOCTOSIHHOM TOKE; MOAKMIOYEHWs! K Teny,
4ernoBeka C MOMOLLBIO CYXVX 3MEKTPOAOB, NOAKIIOUEHNE KOTOPbIX K CEHCOPY OCYLLECTBISETCS C noMolubio TouchProof pasbemos. CeHcop Tun 5 He MeHee 1 WT., 0GecneunBaeT BOIMOKHOCTb: PErMcTpaLmi CUrHana anekTpUiIeckor akTMBHOCTU Mo3ra
(33M) ¢ NOMOLLBLI CYXMX HEMHBA3MBHBLIX 3NEKTPOAOB; PErMCTPaLIMN 3MEKTPUYECKON aKTUBHOCTU PasHbIX AONel Mo3ra; MOAKMIOYEHUs 3MEKTPOIOB K CEHCOPY C MOMOLLbI0 COeANHUTENbHLIX NPOBOAOB, 060pyaoBaHHLIX TouchProof paswemamu;
3aKpenneHus ANEKTPOZIOB Ha NOBEPXHOCTM ronoBbl. CeHcop Tun 6 He MeHee 1 LWT., 0GecneynBaeT BOBMOXHOCTb: PErUCTPaLINM CUrHana koneGaHust rpyaHo kneTku (CEeHCop AblXaHWs); OnpefeneHnst YacToThl AblxaHusi. YCTPOUCTBO Anst c60pa AaHHbIX:
OT CEHCOPOB 1 Nepefiadn Ha NepcoHarnbHLIM KOMMNbITEP 06GecneUnBaeT BO3MOXHOCTL CBOPa AaHHbIX OT MOAKMIOHEHHBIX K HEMY CEHCOPOB M OTNPaBKY NOMy4YeHHbIX AaHHbIX Ha MK. MoakmnioueHmre LeHTpanbHoro Moayns k MK ¢ nomowbio USB-kabenst.
LieHTpanbHbIit MONb UMEeT He MeHee 1 WT, : ranbBaHudeckylo usonsumio ot MK. LieHTpanbHbIit Mofynb 06ecneunBaeT BO3MOXHOCTb OfHOBPEMEHHOTO MOAKMIOUEHUs BNAOTL 10 4 CeHCcopos. Kaxabii U3 BXxofoB LleHTpankHoro moayns umeet
ranbBaHU4ECkyto U30NsLMio (0BecneyeHne MexKaHanbHON ranbBaHUYECKon n3onsLMm). MoaKMoYeHNe CEHCOPOB K LieHTpanbHoMy MOAYIo OCYLLECTBASETCS C NOMOLLBIO CrieLMan1apoBaHHbix pasbemMos Tuna LEMO, obecneunBaiolnx npaBunbHOCTL
NOAKIIOYEHMUS Pa3bema 1 CHKAIOLMX PUCK CAYYaHOTO KacaHUsi pa3beMOoB TOKOMPOBOASILLMX YacTel, a Takke 06eCcreunBaloLnX 3alnTy OT HEeCaHKLIMOHMPOBAHHOTO MOAKIIOHEHMS K MPOU3BOMBHEIM YCTpocTBaM. Moaynb «KHonka» He MeHee 1 wr.,
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HaumeHoBaHue pasgena: "KomnbioTepHoe n npe3eHTaunoHHoe o6opyaoBaHue”
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WHTepakTUBHbIA ~ KOMMANEeKC  C!
BbIYNCANTENbHBIM  GrIOKOM 1
MOBUNbHBIM KpenneHem

VIHTEPaKTUBHBIN KOMMMEKC G BbIYUCTIUTENbHBIM BIIOKOM 11 MOBUIbHBIM KpEnneHeM AOMKeH COOTBETCTBOBATH CEAYIOLNM TEXHUIECKUM TpeGoBaHNAM: Pa3mep AuaroHanu: He MeHee 74 [110MOB; PaspelleHme akpaHa Mo ropu3oHTanu: He MeHee 3000
nukceneit: PaspelleHne skpaHa no BepTukanu: He MeHee 2100 nukcenen; Moaaepxka paspelenns 3840x2160 nukcenei (npu 60 Mu): Aa; Hanuune BCTPOEHHOW aKycTMYeckoi cucTembl: Aa; KonmyecTBo Touek kacaHusi: He MeHee 20; BeicoTa
cpabaTbiBaHusi CEHCOpa OT NOBEPXHOCTM 3KpaHa: He Gornee 3 MUNIMMETPOB; Bpems oTKnMKa ceHcopa KacaHusi: He Gonee 10 MUNMUCEKYHA; BCTpoeHHbIE (hyHKLMK pacnosHaBaHUsi OGLEKTOB kacaHus: Aa; KonuiecTBO noaaepkuBaeMbIX CTUMYCOB!
OfIHOBPEMEHHO: He MeHee 2; BO3MOXHOCTL NoAKNoYeHMs k ceTn Ethernet npoBoaHLIM cnocobom: Aa; BoaMoxkHOCTL noakmioueHns k cetn Ethernet 6ecnposoaHeIM criocobom (Wi-Fi): aa; BOo3MOXHOCTL UCMONb30BaHMS NafioHN B KAYECTBE MHCTPYMEHTa
CTUpaHusa: Aa; Hannune WHTErpMpoBaHHOMO AaTyMka OCBELUEHHOCTW ANS aBTOMaTUHYECKOi KOppeKkLmMn SIpKoCTU noacseTku: Aa; Hanuuve dyHkumm 6ecnpoBoaHoit nepeaayn usobpaxeHus ¢ ycTpoicTs Ha 6ase OC Windows: aa; Hanuune dyHkummn
BecnposoaHoii nepeayn n3obpaxeHus ¢ ycTpoicTs Ha 6ase OC MacOS: ga; Hannuune cdyHkuun 6ecnposoaHoil nepeaayn nsobpaxeHus ¢ ycTpoiicte Ha 6ase OC iOS: aa; Hanuune dyHkummn 6ecnposoaHoi nepeaaydn n3obpaxeHns ¢ yCTPOicTB Ha
6a3e OC Android: Aa; BO3MOXHOCTb yaneHHOro ynpasmneHus U MOHUTOPUHa: Aa; Hanuuue kpennexusi B komnnekTe: Aa; Hanuuuve crnota Ha koprnyce ANst YCTaHOBKM AOMOMHUTENBHOMO BbIMUCAUTENbHOTO 6rioka: fa; MakcuMarbHbIi NoAfepK1BaeMbli
obbem onepaTMBHOVM NamsATU AOMOMHUTENLHOMO BbIMUCANUTENbHOrO Grioka: He MeHee 8 [6; M: HbIA noaAer N 06bem HakonuTens AOMONHUTENLHOrO BbiMMCAMTENbHOrO Groka: He MeHee 128 6; Pasbem Ans nogkniouveHuns
[I0MOMHUTENBHOTO BbIYMCIIUTENBHOTO G110Ka C KOHTAKTaMM 3MIEKTPONUTAHUSI BBIYUCTIMTENBHOO 6l0Ka OT BCTPOEHHOTO 6110Ka NUTaHNsi MHTEPaKTUBHOrO KOMMNEKCA W KOHTaKTaMu ANt NOAKIIOYEHUs LMcPOBOro BUAeOCUrHana n USB Ans NoaKNioYeH!s
ceHcopa kacaHwsi: Hanuuue; MpousBoauTenbHOCTL MpoLeccopa AOMNOMHUTENBHOMO BblYMCIUTENbHOTO Groka (3HaveHne nokasatens «CPU Mark» no Tecty «Desktop CPU Perfomance» https://www.cpubenchmark.net/desktop.html unu no Tecty!
«Laptop & Portable CPU Performance» https://mww.cpubenchmark.net/laptop.html): He meHee 7000 eanHuu; PaspelueHne Ha BbixoAe BuAeoafanTepa BblMUCIUTENbHOMO Groka npu paboTe C MHTEPaKTUBHBIM KOMMNEKCoM: He MeHee 3840 x 2160
nukcenei npu 60 Mu; Hanuune y AononHWUTENbHOro BblMMcnMTENbHOro Gnoka GecnposoaHoro moayns Wi-Fi He Huxe 802.11a/b/g/n/ac; MakcumanbHbIi ypoBeHb Lyma npu paboTte AOMOMHUTENbHOMO BblYUCIUTENbHOMO Grnoka: He Gonee 30 ABA;
Hanuuve B KOMnMekTe MOBUMBHOTO METAMNNMYECKOro KpenneHusi, 06ecneunBaioLero BO3MOXHOCTb HAMOMbHOM YCTAHOBKN WHTEPAKTUBHOTO KOMMMeEKca, C NEpPeBUKHON KONecHon 6a30il U BO3MOXHOCTBIO (UKCALWM KOMEC AMS WCKMIOYEHUs
HEMPOM3BOMLHOTO [BIKEHNS!; MPeayCTaHOBNEHHas OnepaLMoHHasi cUcTeMa C rpacnyeckuM Nomb3oBaTenNbCKUM UHTepdeicoM, obecneunsalolias paboTy pacnpocTpaHeHHbIX 06pasoBaTenbHbLIX U OBLLECUCTEMHBIX MPUMOKEHNIA: Hanuume; PyHKUMS
rpacnieckoro KOMMEHTUPOBaHUSI NOBEPX MPOU3BOMBHOTO U30BPaXKEHNS, B TOM YMCTIE OT (M3NYECKU NOAKMIOYEHHOTO UCTOMHMKA BUAEOCUTHANA: Hannume; MHTErpupoBaHHbIil B NONb30BATENbLCKUM MHTEPEC (yHKUMOHAN NpocMoTpa 1 paboTel ¢
(aitnamu ocHOBHbIX hopmaTos ¢ USB- HakonuTenen Unm ceTeBoro cepeepa: Hanuume; MHTerpupoBaHHble cpescTea, obecrieunBalowve CreayloLmii yHKUMOHaN: — CO3/jaHNe MHOTOCTPaHNUYHbIX YHEBHBIX 3aHSTUA C UCMOMNb30BAHNEM MEAUAKOHTEHTA
pasnuuHbIX (hOPMaToB, — CO3AAHME HAfMMCEN U KOMMEHTApUEB NOBEPX 3amyLUEHHBIX MPUNOXEHUA, — Pacro3HaBaHUe Uryp U PYKOMMCHOTO TEKCTa (PYCCKUM, aHTMIMMCKMIA Si3bIKK), — HanM4mMe UHCTPYMEHTOB PUCOBAHMUS FEOMETPUYECKUX Uryp U
NMHUIA. BCTPOEHHBIE (hYHKLMW: — reHepaTop CriyqaitHbiX Y1cen, — Kanbkynsitop, — SkpaHHas knaeuaTypa, — TaiMep, — PefakTop MaTeMaTuieckix hopmys. NEKTPOHHbIE MaTEMaTUYECKUE UHCTPYMEHTBI: — LIMPKYSlb, — YTOMbHUK, — MUHENKa, —|
TpaHcnopTup. Pexum «6enoit 4OCKU» C BO3MOXHOCTBLIO CO3/aHusi 3aMeTOK, pUcoBaHusi, paboTel ¢ Tabnuuamu v rpadukamu: Hanuumre. MimnopT dannos copmatos: PDF, PPT, PPTX

24

dnnnyapt

Pasmep paboueit obnactu: He meHee 700x1000 Mm
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Tenexka Ans 3apsaaku 1
XpaHeHUs HoyTOYKoB

Tun kopnyca: MeTan; BO3MOXHOCTb 6e30MacHoro 3alLMLLEHHOTO 3aMKOM XpaHeHUsi HOYTOYKOB: Hanuuue; BO3MOXHOCTb 3apsiiku HOYTOYKOB: Hanuune, noanepxka HoyToykos n.1.1.1.; Hanuune poyTepa Wi-Fi ctangapTta 802.11n nnu coBpemeHHee: 1
WT. noaaepkka HoyToykoB n.1.1.1.; konnyecTBO HOYTOYKOB: OT 15 WTYK, NoAAepx)ka HoyToykos n.1.1.1.; HanpsikeHue nutaHus: 220B\500L; MoTpebnsiemas MOLWHOCTL, BT (Makcumym): 2500; MoTtpebnsemsiit Tok, A (Makcumym): 12; [nuHa WwHypa
aMeKkTponuUTaHus:: oT 2,5 MeTpa; 3aluuTa OT nepeHanp: , KOPOTKOrO : ; Koneca ansi nepeB/xeHNs ¢ TOPMO3OM: Hanmuume.
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M®Y tun 2

Tun yctpoiicTea: MHorodyHKUMOHansHoe yctpoicTeo (MOY); LiBeTHocTb nevatb: upeTHas; dopmat nevatn: He meHee A4; Tun CKaHUPOBaHWS: MPOTSHKHbIA/MNAHLWETHBLIA; BO3MOXHOCTL ckaHupoBaHusi B chopmatax: He meHee A4; Cnocob
noakntodenus: LAN, Wi-Fi, USB.
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M®Y tun 1

Tun ycTpoiicTea: MHOrodyHKUMOHansHoe ycTpoiicTeo (MAY); LiBeTHOCTb nevaThb: YepHo-6enas; TexHomnorus nevatn: dnekTporpaduueckas (nasepHasi, ceeTognoaHas); dopmar neuatu: He MeHee A4; TN CKaHUPOBaHUA: MPOTSKHLIA/MNAHLWIETHBIN;
Bo3MOXHOCTb CkaHVpoBaHus B chopmaTtax: He MeHee A4; Cnoco6 noakntoyenus: LAN, Wi-Fi, USB
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Hoyt6yk

®dopm-chakTop: HoyTOYK; Pasmep AvaroHanu: He meHee 15.6 Atorimos; PaspelueHune akpana: Full HD, Quad HD unu Ultra HD; O6Lwwit 06bem ycTaHOBNEHHOW onepaTuBHOI NaMsTU: He MeHee 8 [6aiT; MakcumanbHbIii 06LLmii noaaepX1BaeMbln 06beM
onepaTuBHON NamsTi: He MeHee 16 GaiiT; O6bem SSD HakonuTens: He MeHee 240 M6aiiT; BecnpoBoaHas cBs3b: Wi-Fi; KonuuecTBo BCTPOEHHbIX B kOpryc nopToB USB: He MeHee 2, 13 KOTOpbIX He MeHee 1 JoMmkHO GbiTe USB Bepcum He Hinke 3.0;
Paspeluenne Bab-kamepbl, Mnukcenb: He MeHee 0.3; BCTpoeHHbiil MukpodhoH; KnasuaTypa ¢ packnaakoit U mapkupoBkoil knasuw QWERTY/MLIYKEH; Mopaepxka craHpaptos GecnposoaHoii cesau: 802.11a/b/g/n/ac; MpoussoautensHoCTb
npoueccopa (3HaveHue nokasatens «CPU Mark» no tecty «Laptop & Portable CPU Perfomance» http://www.cpubenchmark.net/laptop.html): He meHee 5000 eauHuL; Hanuuve maHunynstopa Mblllb B KOMNNeKTe: Aa; YCTaHOBNEHHas onepauuoHHas
cuctema ¢ rpaduyeckuM nosb3oBaTenbCkM UHTepencoM, CBEAEHNSI O KOTOPOM BKITHOMEHbI B €AWHBLIA PEecTp POCCUNCKUX MPOrpaMM Afsi 3MEKTPOHHbLIX BbIMUCIUTENbHBIX MaLMH U 6a3 AaHHbIX; YCTaHOBMNEHHbLIM NakeT OUCHOTO NPOrpaMMHOro!
obecneyeHuns, COBMECTUMOrO C YCTaHOBNEHHOW ONepaLMOHHO CUCTEMON, CBEAEHUSI O KOTOPOM BKIKOYEHBI B €AWHBIN PEECTP POCCUICKUX NPOrpamMM Ans ANEKTPOHHBIX BIMUCIUTENBHBIX MaLLUH 1 6a3 AaHHbIX.
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MnacTtuk ans 3a neyatn

Twn nnactuka: PLA, TonwmHa HUTK: He meHee 1,75 Mm
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34 npuHTEp y4eBHbIi

Tun npuntepa: FDM, FFF, matepuan (ocHoBHo#A): PLA, KOnM4eCTBO nevaTaroLux ronoBok: He MeHee 2, pabounii cTon: ¢ noaorpeBoM, paboyas obnactb (XYZ): ot 180x180x180 MM, MakcumanbHas CKOPOCTb nevatu: He MeHee 150 mm/cek,
MWHUManNbHas TOMWWHA CNOoA: He Gonee 20 MKM, SGKDbITbIﬁ Kopnyc: Hanuyue, oxnaxaeHue 30Hbl NevaTu: Hanuyne
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34 npuHTep NpodeccroHarnbHbIR
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Tun npuHtepa: FDM, FFF, matepuan (ocHoBHOI): PLA, KOonn4ecTBO nevaTaroLLmx rofoBok: He MeHee 1, paGounii cTon: ¢ nogorpesoM, paboyas o6nacts (XYZ): ot 300%300%400 MM, MakcumarnbHasi CKOPOCTb neyaTu: He MeHee 150 mm/cek,
MWHMManbHas TonuwmMHa Cnos: He Gonee 20 MKM, 3aKDbITbIPI Kopnyc: Hanuyue, oxnaxaeHue 30Hbl NeYyaTu: Hanvyne
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CTaHOK na3epHow peaku ¢
YUCNOBLIM NPOrpaMMHbIM
ynpasneHvem
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CTaHOK AN rpaBUPOBKY U pe3ku nasepoM. [IomkeH npeaycMaTpyBaTh BO3MOXHOCTL 06paboTku Xpynkux MaTepuarnos, B TOM YiUCNe KepaMuku, cTekna, opretekna. Moaynb dunbTpauum Bo3ayxa B komnnekte. BctpoeHHoe BogsiHoe oxnaxaeHue. Jlasep
Tuna CO2. Pa3mep paboyero ctona, Mm: He meHee 300*500. MowHocTh nasepa, BT: He meHee 40. MopaepxvBaemble chopmaTthl daina: JPG, PNG, TIF, BMP, DXF, SVG, CR2.

1lwr




