MUWHVICTEPCTBO ObPA3OBAHIMA M1 HAVKH
KAPAUYAEBO-YEPKECCKOHM PECITYBJIVKA

[TPUKA3
« ﬁg »ﬁ2021 roaa No ag«z

r. Hepkecck

«00 yTBep:KIeHNH TepedHsi 000py10BaHuA
U cpelcTB 00y4eHHs JJIsl CO3MaHHUS JETCKOIro
texHonapka «Ksantopuym» B 2021 rogy»

B nensx peanusanpy Ha Tepputopuu KapadaeBo-Uepkecckoll Pecy6muku
HaIMOHAILHOTrO Tpoekra «ObpasoBanue» B paMKax (efepalsHoro npoekra «Co-
BpeMEHHas IITKOJIa», B COOTBETCTBUH C MEPOIPUATHAMHU JOPOKHOM KapThl IO CO-
30aHMI0 ¥ (QYHKIIMOHWPOBAHHUIO NETCKUX TexHomapkoB «KBaHTOpmym» Ha 0ase
ob1reobpazoBaTenbHBIX oprarusanuil B 2021 roxy, a Taxke Ha OCHOBaHHH ITHChMa
Ne 1137 ot 07.04.2021 r. ®I'AOY OIIO «Axamemus Munnpocseienus Poccrm
«O cornacoBaHuy HHPPACTPYKTYPHOTO JIUCTA AJISL CO3aHMs Ie€TCKOro TEXHOIMapKa
«KBantopuym» B 2021 rony,

[TPUKASBIBAIO:

- 1. YTBepouTh TiepedeHb OOOPYIOBAaHMs, PACXOMHBIX MAaTE€pPUaliOB, CPEICTB
oOyuenus u BocnuTanms s ocHameHwst MBOVY «l'umuasug Ne 19» r.Hepkeccka
IpY CO3IaHMM JOeTCKoro TexHomapka «Keantopmym» B 2021 romy coriacHo mpu-
JIOXKEHUIO.

2. KoHTpos UCTIONHEHUS TIpUKa3a BO3JIOXKUTE Ha bekmxkesy @.b., 3amectu-
Tens Munmctpa obpasoBanus u Hayku KapauaeBo-Uepkecckoil Pecrybnuku, Ky-
PUPYIOLIETO TAHHOE HAIPaBJICHUE.

Munuctp W.B.Kpasyenko
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[Ipunoxenue

I[Tepedyens 060PyXOBAHNS, PACXOIHEIX MATEPHATIOB, CPeJCTB O0YUEHNsI 1 BOCIIN-
TaHW U CO3IaHnsA AeTcKoro rexnomnapka «Ksartopuym» B 2021 romy
Ha 6a3ze MBOVY «'mmuazus Ne 19» r.Hepxeccka

Ne Haumenosanue KpaTkure npuvepHble TEXHHYECKHE XapaKTe- Eaunnna Konu-
n/n oGopynoBaHuUs puctuxu (PBIIO) U3MEPEHHA | YECTBO
(PBIIO)
1. "OBOPYJOBAHMUE JJI51 OBS3ATEJbHBIX HATIPABJIEHUN"
1.1 KoMunwoTepHoe ¥ Ipe3eHTalOHHOE 000pyI0BaHHE
1.1.1 Mo6unpaas Hanoah- | COBMECTHMOCTb C MOHOOJIOMHBIM MHTEPAKTHB- | LT 1
Has CTOlKa HBIM yCTpOHCTBOM. MaxkCHMaslbHBIH BEC, BBIACD-

JHBaeMbI Kpernenvem: He MeHee 60 kr

1.1.2 Monob6109HOE HH- HurepakTHBHBIA MOHOOJOYHBIA AMCIIIeH, aua- | 1T 1
TEPaXTHBHOE YCTPOl- | TOHaNb dKkpaHa: He meHee 65 NIOMMOB, pasperre-
CTBO HEe oKpaHa: He MeHee 3840x2160 mmkcenei,

BCTPOEHHAs aKkycTHdeckas cucTeMa: Tpedyercs,
KONMYECTBO  OJHOBPEMEHHO  PACNO3HABAEMBIX
KacaHu¥ CeHCOpHBIM 3KkpaHoM: He Mmenee 20 ka-
caHuil, BeicOTa cpabaTbiBaHUs CEHCOPA SKpaHa: He
6oiiee 3 MM OT MOBEPXHOCTH 3KPaHa, BCTPOCHHLIE
dyHKIMM pacro3HaBaHusd 00beKTOB kacaHus (Iia-
nen wniau OesbGarapeinblil cTuiyc): TpebyroTes,
KOJIMYECTBO IMOJCPKHBAEMBIX 0e30aTapeHbIX
CTHNYCOB OJHOBPEMEHHO: He MEHee 2 IuT., BO3-
MOXCHOCTh MCIOJB30BaHHUs JaJOHU B KauecTBe
HHCTPYMEHTa CTHpaHus NHO0 WIHOPHPOBAHHA
KacaHWit 5KpaHa JamoHbio: Tpebyercs HMurerpu-
POBaHHBIM JATYHMK OCBELLUEHHOCTY AJI aBTOMATH-
4eCKOH KOPPeKUUH SPKOCTH [OACBETKN: TpedyeT-
¢ Hanvuue QyHKUUM rpapuyeckoro KOMMEHTH-
POBaHUs MOBEPX MPOM3BOJILHOrO M300paKEeHHs, B
TOM YHCIE OT (PU3NYECKH MOJKIHYEHHOIO MC-
TOYHHKA BUAeocurHana: Tpebyerca Murerpupo-
BaHHble (QYHKIMK BBIBOJA M300paXKeHMH C IKpa-
HOB MOOHIIBHBIX YCTpOMCTB (Ha mnatdopme pac-
npoctpareHHsXx OC), a TaKwKe ¢ BO3MOXKHOCTbIO
HHTEPAKTHBHOTO B3aHMOACHCTBUA (YNpaBIEHHUS)
C YCTPOMCTBOM-UCTOYHMKOM: Tpebyetcs Hure-
IPApOBAHHEIYl B I0JB30BATENILCKAN HHTepdelic
(ysKupoHan npocmorpa ¥ pabotsl ¢ (akinamu
ocHoBHBIX (opmaros ¢ USB-HakomuTeneii wunu
ceTeroro cepeepa: Tpedyetcs Iomaepikka BCTpo-
€HHBIMH CpELCTBAMH AHCTAHIMOHHOIO YrpaBie-
HUA pabouuMK napameTpaMmi yCTpoiicTsa depes
BHEIHWE cucTembl: Tpebyercs IlpemycTaHOBIEH-
Has OnepanMoHHAs cucrema ¢ rpadUyecKum
nonb3oBareNbckuM uHTEpdeiicom, obecrnednsa-
olas paboTy pacnpocTpaHeHHBIX 00pa3oBaTellb-
HBIX ¥ OOIIECHCTEMHbBIX MPUIOKEHUI: TpebyeTcs
WnTerpupoBatHble CpefcTBa, obecrnevyHBaroline
cienyolii QyHKUMOHAN: CO3JaHHEe MHOTOCTpa-
HHYHBIX YPOKOB C HCIIONb30BAHHEM MEAMAKOH-
TEHTA Pa3iIN4HbBIX (OPMATOB, CO3RAHNE HaLmucel
W KOMMEHTapHeB [10BEPX 3allyllEeHHbIX NPHIOKE-
HUl, pacro3HaBaHue QUIyp U PyKOMNHUCHOTO TEK-
cTa (pycckuit, aHriauiicknil A3bIKM), HAJIHYKE HH-
CTPYMEHTOB PHUCOBaHUS I'E€OMETPHUECKUX (HIYD
W JIVHWH, BCTPOEHHbIE ()YHKLMH: FEHEPATOp CIIy-
YaHHbIX YHCEJ, KaJbKYJISATOP, 3KPAHHAs KiaBua-




Typa, TailMep, PEIaKkTop MaTeMaTHuecKux (op-
MyJ1, 3NEKTPOHKbIE MATEMATHUECKHE HHCTPYMEH-
TBI: IMPKYJIb, YTONBHHMK, jMHENKa, TPaHCHOPTHUD,
pexxuM "Oenmol gockH" ¢ BO3MOMKHOCTHEO CO3Ja-
HHsl 3aMETOK, PUCOBaHKA, paboThl ¢ TabIHIAMH 1
rpaduxamy, uMmmopt ¢ainos Qopmaror: *.pdf,
* ppt

@ungapT Ha TpEeHo-
re

Pazmep paboueil obmactu: He menHee 700x1000
MM. JlakupoBaHHAs MarHuTHas NOBEPXHOCTH CYy-
XOTO cTHpaHuA. PamMka 13 aHOJHPOBAaHHOIO A0~
MuHHEA. Peryaupyemasn BoicoTta ot 105 no 182 cm.

Jiigy

Tenexxka mig 3apsaKu
U XpaHeHUs HOyTOy-
KOB

Poyrep WiFi

Tur xopiryca: METal;, BO3MOXKHOCTE O€30I1acHOro
3AIUUINEHHOT0 3aMKOM XpaHeHUs HOYTOYKOB:
HalK4Ke, BO3MOXHOCTb 3apsiiAKd HOYTOYKOB:
Hallgue, rnojjepxka HoytOykos m.l.l1.1; nanu-
gyue poytepa Wi-Fi cranmapra 802.11n wmm co-
BpeMeHHee: | wT. noaaepxka HOyToykoB m.1.1.1;
KOJIMUECTBO HOYTOYKOB: OT 15 LuTyK, noanepixka
HoyTOykos 1n.1.1.1; HanpsxeHwe nuTaHUsA:
220B\50T'; IMoTpebisiemMas MOIIHOCTb, BT (Mak-
cumym): 2500; Ilotpebnsemslit Tok, A (Makcu-
myMm): 12; [inuHa WHypa 3JeKTPOIHTAHUS: OT 2,5
MeTpa; 3amura OT NepeHaNpsHKEHNs, KOPOTKOro
3aMBIKaHWA: Halaue; Koneca s nepeaBmKeHus
C TOPMO30M: HaJINIHE.

mT

Jlazeproe MOV s
IIBETHOH IeyaTH

Tun ycrtpoiictBa: M®VY; LBETHOCTL: LBETHOMH,
dopmar Oymaru: A3/A4 CxopocTb neyatu: He
MeHee 25 cTp/mMuH (4/0 A4), He MmeHee 25 cTp/MHH
(uBetH. A4)  ABTOMAaTrHyecKkas [IBYCTOPOHHAS
re4ars: ecTh; KOAMYecTBO CTpaHMil B Mecsll He
meHee 40 000; VerpoiicTtBo aBTOmogayM OPHIH-
HaJIOB: IBycTOpoHHee; OObEM NoTka nogaun Oy-
Maru: He meHee 250 nuct

MOV tun 1

Tun ycrpoiictsa: MOV (pyHKUMH neyaTy, KOIH-
POBaHMs, CKAHUPOBAHUA);

@opmat Oymaru: He MeHee Ad;

IIBeTHOCTB: TepHO-OenbIil;

TexHoJsiorus nevaTy: nasepHas

MaxcumalnbHOe paspelieHne neyaTy: He MeHee
1200x1200 Touex;

Hurepdeticer: Wi-Fi, Ethernet (RJ-45), USB.

T

Hoyt6yx

Dopm-paktop: HoyTOyK; JKecTkas, HEOTKIOUae-
Mas KJIaBHAaTypa: Hajuue; Pycckas packnajka
KJIaBHATYphl: Hajauuwe; JlmaroHais 3kpaHa: He
menee 15,6 proitmoB; PaspelreHue sxpaHa: He
mernee 1920x1080 nwukceneii; Komuuectso simep
npoLeccopa: He mMeHee 4; KojiuecTBO MOTOKOB:
He MeHee 8; DaszoBas TakToBas yacToTa Mpollec-
copa: He Menee | I'Tu; MakcumanbHas TakToBas
4acToTa Ipoueccopa: He MeHee 2,5 ITw; Kawm-
aMaTh Ipouneccopa: He meHnee 6 Mo6alit; O6bem
YCT@HOBJICHHOH OnepaTHBHON NamaTH: HE MeHee
8 I'Gaiit; OObem noanep:kuBaeMoli onepaTHBHOM
naMaTH (I8 BO3MOXKHOCTH paCUIMpeHHs). He
Mmenee 24 [6aiit; O0nem Haxonutens SSD: He
menee 240 I"0aiit; Bpems aBroHoMHOMN paboThl OT
OaTapen: He McHee 6 uacoB. Buewnuii uutepdeiic
USB cranpapra He Hike 3.0: He MeHee Tpex CBO-
Oonueix; Brewnuit untepdelic LAN (Mcnons3o-
BAHME NEPEXOJHUKOB He NPENYCMOTPEHO): HallU-
qane; Hannune monyne#t u uatepgelicos (Hcronb-
30BAHHE MEPEXOZHUKOB HE TIPEIYCMOTPEHO):
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VGA, HDMI; Becnposonnas cssizp Wi-Fi: Hamu-
une ¢ nopaepxxkoi cranmapra IEEE 802.11n unu
coBpeMenHee; Web-kamepa: Hanmuuue, Manumy-
nsrop "MeIb': Hanwawe; IlpemyCTaHOBNGHHAs
OnepaLoHHas CHCTeMa ¢ rpapHueckuM MOJIB30-
BaTeNbCKUM  HHTepdelicom, obecneurBarolLas
paboTy pacnpocTpaHeHHbIX 00pa3oBaTEIbHBIX K
O0LIECUCTEMHBIX NPHIIOKEHUH: HalMYue.

1.2

EcrecTBeHHOHAYYHBIH PO uIL

1.2.1

IMudposas maboparo-
PUA IO XUMHU 1S
YUUTENS

ObecrnieurBaeT BBHINIONHEHUE HabOPaTOPHBIX pa-
60T TIO XMMHH Ha YpOKax B OCHOBHOH LIKOJE
HPOEKTHO-KUCCIEA0BATENLCKOM JIESITENIBHOCTH
yuamuxcs. Kommnexktauus: becnpoBogHON MyJib-
THAATYUK M0 XMUMUH C 4-MsT BCTPOSHHBIMH JaT4H-
kamMu: Jaramk pH ¢ auamasoHoM U3MEpeHHA He
yxe geM oT O mo 14 pH JlaTuuk BRICOKOU TeMTIe-
parypbl (TepMornapHslil) ¢ AWara3oHOM H3Mepe-
HHUA He yxke yeM oT -100 no +900C HaTtuux snek-
TPOIPOBOAMMOCTH C AMANAa30HAMH U3MEPEHUA HE
yxe gem ot 0 ne 200 MxCwm; ot 0 o 2000 mxCwy;
ot 0 mo 20000 mkCwum [laTumk TeMIIepaTypsl Ija-
THHOBBIH C AKANAa30HOM H3MEPEHHs He Y)Ke ueM
oT -30 mo +120C OtmensHble paTyuku: JaTdux
ONTHIECKOM IUIOTHOCTH 525 HM AKceccyapsl:
Kaberr USB  coeguHuTenbHBIA — 3apsngHOE
yctpolicto ¢ kabesnem miniUSB USB Ananrep
Bluetooth 4.1 Low Energy Kparkoe pykoBoAcTBO
TI0 3KCITyaTtauru uudposoit nadboparopsu Habop
nmaboparopHolf ocHacTku [Iporpammuoe ofecme-
yeHue MeTonHYecKue PeKOMEeHIALWH He MeHee
40 pabor Hanuuue pycCKOA3BIMHOIO caiiTa moi-
Jepxkr Hanuuue BUICOPOTIUKOB.

T

1.2.2

Iudposas maboparo-
pus «Du3uKa» npo-
¢$huybHas I Henaro-
ra

1JI no guzrke IpodIbHOrO YPOBHSA BKIIOYAET
24 quppOoBBIX AATYUKA, TOAKAOYAEMBIX HETIO-
cpencTseHAO k USB-nopry ObecneunBaeT Bbl-
NIOJTHEHHE IKCTIEPUMEHTOB 10 TeMaM Kypcea (-
3uku. Kommnekranus: becnposoaHoil MyabTH-
JATYHK 0O (PHU3MKE ¢ 6-10 BCTPOCHHBIMU AaTHMKA~
mu: HudpoBoit paTunk TeMneparypsl ¢ Auanaso-
HOM H3MepeHus He yxe uem oT -20 no 120C
Hudposoit faTuuK abCOMIOTHOTO AABASHUS C
JMana3zoHoM u3aMepeHus e yxe dem ot 0 no 500
«Ila JaTuuk MarHuTHOTO NOJIS C AHANa3oHoM
n3MepeHus He yxe gem oT -80 no 80 mTn
JaTyuk HanpsDKEeHUs ¢ AMana3oHaMy U3MepeHus
HE YX€e 4yeM 0T -2 1o +2B ; ot -5 5o +5B; o1 -10
no +10B; ot -15 no +15B

Jarauk ToKa He yxe ueMm oT -1 no +1A

JaTymk aKceslepoMeTp ¢ 0KazaTeNIMH He MeHee
yem: =2 g; +4 g; +8 g

OtaernbHBIE yCTpOHCTBA!

USB ocuumorpad He menee 2 kanana, +/-100B
Axceccyapsl:

Kabens USB coenuHuTensHbii

3apsnHoe yerpolicto ¢ kabenem miniUSB

USB Apanrep Bluetooth 4.1 Low Energy
KoncrpyxTop misi npoBeieHus 3KCIEPUMEHTOB
Kparkoe pykoBoACTBO 110 3KCIutyaTauny nudpo-
BOI1 tabopaTopun

IIporpammuoe obecneuerue

Mertonuyeckue pekomennauun (40 pador)
Hanuuue pycckoA3bluHOro caiita o jIepiku

mT




Hannuue BUREOPOIMKOB.

1.2.3

udposas saboparo-
p¥A 110 (HU3HOIOTHH
(npo¢uaBHEIA ypo-
BEHD)

.O0ecrieurnBaeT NPOBEACHUE HCCIIEA0BAHUS 1O

G YHKUHOHAPOBAHHIO HEJI0BEYECKOr0 OPraHu3Ma.
KommzexTauust: becipoBogHOH MyNBTHAATYHK 110
($U3NOIOTHH C 5-F0 BCTPOEHHLIMY JaT4HKaMU:
Jaruux aprepuansoro fasneHus (0...250 MM pr.
CT.)

JlaTyuK TyJbca C AHANa30HOM U3MEPEHHA HE YXKe
gem ot 30 mo 200 ya/mMuH

JlaTunK TeMOepaTypsl Tea ¢ JHana3’oHOM H3Me-
peH¥s He ke ueM oT +25 no +40C

JlaTuyk 4acTOTh AbIXaHHs C AHANA30HOM H3Me-
penus ne yxe ueM ot 0 1o 100 uukios/mMun
JlaT4uK yCKOPEHUs C TIOKasaTenaMu =2 g; +4 g;
+8 g

OTrmencHbIE YCTpOHCTRA:

Iatauk OKI™ ¢ zrana3oHOM H3MEpEeHUs He yKe
yeM 0T -300 mo +300 MB)

Haruuk pH ¢ A1ana3soHOM U3MEPEHHUS HE YXKE UeM
ot 0 1o 14 pH

Iarumx cunomep ¢ AHaNa3sOHOM H3MEPEHHs He
yxe gem oT -40 1o 40 H

JlaTuuk OCBELUESHHOCTH C AHANa30HOM U3MEPEHHS
He yxke 4em oT 0 xo 180000 ax

Axceccyapst:

Kabens USB coeauHUTENbHbL

3apanHoe ycTpoiicTro ¢ kabemem miniUSB

USB Anantep Bluetooth 4.1 Low Energy
KoHCTPpYKTOP 1151 IPOBEASHHUS 3KCIIEPUMEHTOB
KpaTkoe pyKOBOICTBO 110 IKCILTyaTauun uudpo-
BOl 1abopaTopun

[porpamMmHOe obecrieveHye

MeTtoauueckue pekomeHaauny He Meree 20 pa-
Got. Hanuune pyccKoA3bIHOIO caliTa NOAAePKKH
Hanu4ue BUACOPONMKOB.

OT

124

Mukpockort mudpo-
BOH

Turn MHKpockorna: Guonoruueckuit Hacanka mMuk-
pockona: MoOHOKysspHas Hasnauenue: jabopa-
TopHbli MeTon HccnenoBaHMA: CBETOE TIOJE
Marepuall ONTHKM: ONTHYECKOE CTEKNO YBelH-
yeHHe MUKPOCKoma, kpat: 64 — 1280 Oxynapsr:
WF16x O6bektunsl: 4%, 10X, 40xs (nonmpyxu-
HEHHbIN) PeBosibBepHas roj0BKa: Ha 3 00beKTHBA
THn DOLCBETKH: 3epKalio Wik cBeTogHond Pacmo-
JIOYKEeHHE II0JICBETKM: BEPXHsAA M HWXHAA MaTe-
pHai Koprryca: MeTann [IpeAMeTHbIH CTONHK, MM:
90 Wcrounnk nutaHus: 220 B/50 I'm Yucno me-
ranakcenefi: 1

mT
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1.2.5

Hudposas naboparo-
P IO SKOJIOTHU

ObecneunBaet MpoBeAcHUE YUEOHOIO 3KOIOTUYE-
CKOTO MOHHTOPUHIE MHCTPYMEHTajJbHBIMU METO-
namu, HaGop npuMeHseTcs NpH W3y4eHHH DKOJIO-
ri, OHOJIOTHH, XMMUY, TeorpaguH U NIpHPOLOBe-
JEHUs!, a TaloKe Il MHAMBHAYAJIbHbIX HCCIIEN0-
BaHMA Y NPOEKTHOH HEATENbHOCTH IIKOJBHHKOB.
Komnnekranus: becrnpoBoAHOH MyABTHAATIHK 110
IKOJIOTHYECKOMY MOHMTOPHUHIY C 8-10 BCTPOEH-
HbIMH JaTUUKaMU:
JlaTuMK HUTPaT-HOHOB JIaTHHMK XJIOPUL-HOHOB
Harunk pH ¢ nuamazonom u3MepeHus He yxKe 4eM
ot 0 o 14 pH JlaTuuK BJIaXXHOCTH ¢ JHANI&a30HOM




n3mepenns 0.100% JaTuwk OCBEILEHHOCTH ¢
[OHana3oHoM u3MepeHust He yxe uem oT 0 70
180000 nx JaTdyuk TemiepaTypbl ¢ Auana3oHOM
u3MepeHus He yxe ueMm oT -20 go +140C [atuuk
SIEKTPONIPOBOAMMOCTH € JHaNa3oHaMK H3Mepe-
Hus He yxe 9eM oT 0 1o 200 mxCwm; ot 0 go 2000
MkCMm; ot 0 1o 20000 mxCwm [laTunk Temmepary-
PBI OKpyXKawowiei cpelipl ¢ IUarna3oHOM H3Mepe-
Hus He yke yem oT -20 no +50C OtnenpHble pat-
UK

Jarunk 3Byka ¢ (yHKUMedl WHTErPUPOBAHHA C
JIAANIa30HOM M3MEPEHHS YacTOT HE MEHee YeM OT
50 Tu mo 8 xI'y; Jaruuk BJIAYKHOCTW IOYBEL C
IHaTa30HOM H3MepeHHs He yxe 4eMm ot 0 go 50%
JlaTiuK KHCIOpozAa ¢ IMara3oHOM H3MEPEHHs OT
0 no 100% Jlatuux ONTHYECKOW IJIOTHOCTH 525
M [atunk omrwdeckod mimotHocTH 470 HM
Jatunk TypOUIUMETp ¢ AWANa30HOM H3MEpEHHs
He yxe uem oT 0 go 200 NTU [aruuk oxucu yr-
JIepoJa ¢ AWATIa30HOM H3MEPEHHs He yiKe UeM OT
0 Ji (o) 1000 ppm
Akxceccyapel: Kabens USB coeannuTensHslil (2
wT.) 3apsaHoe ycTpoiicTBo ¢ Kabenem miniUSB
USB Apantep Bluetooth 4.1 Low Energy
CrepkeHb [Uid 3aKpeTieH!s JaTUUKOB B WITATHBE
Kparkoe pyKOBOACTBO TO IKCIUTyaTaluu HU(po-
Boli nabopartopun IlporpamMmHoe obecreueHue
Meroauueckre pexkomeHzauun He meHee 20 pa-
6oT. Ynakoska. Hanuune pyccKosi3bIHHOTO calita
TIOAJIEPIKKHY, HAJIMUHE BHIECOPOJIHKOB.

1.3 "TexHosiornueckuii npoduas. POBO"

131 ABTOHOMHSBIH poboT YuebHasi MOJie/lb @aBTOHOMHOTO MOOWJIBHOrO po- | IIT
MaHHWITYJIATOp ¢ Kojle- | 60Ta ¢ MaHumynsitopoM. MoOuibHEIE  poboT
CaMu BCEHanpaBleH- | JOJDKEH HPelCTaBNisTh COOOH UYeTHIPEXKOJIECHY!O

HOTO ABHOKCHUA

maTgOopMy BCEHaNpaBjieHHOTO ABMXeHUs. [[Bu-
raTeny OecIIeTouHbie 4 1T, KaMepa ¢ YoM 06-
30pa 120 rpagycoB ¢ 12 mn. B cocTas KOMIIEKTa
JOJDKHO BXOAWTh: Mexannueckuit 3axsar uH(Qpa-
KpacHBIH Ja3ep 2-X 0CeBOH MOABEC aKKyMYJATOP
KoJieca BCEHalpaBeHHOTO [BWKEHUS TIporpaM-
MUpPYeMbiil KOHTPOJIJIEP € BO3MOXHOCTHIO IIPO-
rpaMMHpPOBaHUA B cpene OJI0YHO-rpadprIecKoro
TUNZ U B CBOOOJHO PacnpOCTPaHAeMbIX cpenax
pa3paboTKA C MOMOLIBIO TEKCTOBOTO SI3bIKa TPO-
TPaMMHPOBaHUS [aTYUMK 3BYKa JATHWUK CAENOBaA-
mua nuHMY FPV pexum BO3MOXHOCTH ynpasine-
HUS ¢ MOOGUABHOTO YCTpO¥cTBa Yepes MPHIIONKe-
HUE TIPOrpaMMMpoBaHus Ha a3sikax Python,
Scratch a Taxike cucTeMa TEXHHYECKOTO 3PEHUs
Ul aBTOMaTHYeCKOro OOHapyKeHHs M pacro3Ha-
BaHHKA 3aJaHHbIX 00beKkTOB B pabouel 3oxe. [Toa-
nepikka  RaspberryPi  wanuuwe  Ilommepxka
Arduino nanuuue IMopnepxka Micro:bit Hamyue
CMeHHbill MexaHuueckuii 3axBar, yCTaHaBJIUBAe-
MBI} Ha NOJABHIKHYIO T1aT(QOpMY CBEPXY HalIMYHe
MexaHndeckHii 3aXBaT, yCTaHaBAiWBaeMblll Ha
TIEPEJHIO0 YacTh TOABWIKHON TIAT(OpMbI HalH-
uyHe BO3MOXKHOCTH MEHATH MH(PAKPACHYIO MyLi-

Ky Ha MEXaHUYECKUI 3aXBaT HAJIMIHE




1.3.2

IIporpammuslii- an-
HapaTHLIN KOMIIIEKC
10 POOOTOTEXHHKE

KomMmeroTepusnpoBaHHas cucTeMa Aas TPEeHH-
POBKH H [POBEICHHUS JKCMEPUMEHTOB A7sf obpa-
3OBAHHS U IOBBIMIEHNS KBalM(UKALHK B 00J1aCTH
INEKTPOTEXHUKH M JJISKTPOHUKW M LUPPOBBIX
TEXHOJIOTHI MOZYNb KOHTPOJBHO- H3MEPUTEIh-
Heill uHTepdeiic Habop conpotusnenuit pasnuy-
HBIX HOMHHAJIOB Ha revaTHol miate Habop mpo-
BOJIOB Y MepeMbluex Y HEBEPCaibHBII MOLYJIb I
TIOAKIIOUEHUS 3KCHEPUMEHTANBHBIX KapT K KOH-
TPOJBHO-H3MepHTENbHOMY — uHTepdelicy Kype
o0ydeHus: DKClIepUMEHTalbHas KapTa ¢ JIornye-
CKUMHU JeMEHTaMU DKCNepUMEHTalbHast KapTa ¢
JK-tpurrepom [TporpammMHoe obecnieueHue Kypcea
Coneprxanne Kypca: bazoBbie JIOTHYECKHE CXEMbI
Tabnunel nepexofoB, O0O3HAUEHHE Ha CXEME,
noruyeckude (QyHKUHY U LUKIOIPaMMbl JIOTHYE-
CKUX 3JeMeHTOB bynesa anrefpa ODKcrepuUMeH-
TaJbHOE MOATBEPHACHHE (YHKUMI Y 3aKOHOB
Byna Jloruueckue 3JIEMEHTBI B TEXHOJIOTHH
NAND u NOR MHHUMH3AUHMS TOTHUECKUX CXEM
¢ nomouipo kapt Kapro [IpuHumn pabotsl Tpur-
repa MccnepoBanme JK-tpurrepa (craTuueckuil u
JUHAMHYECKHH BXOIHOH CcurHan / MOTakTOBbIH
pexxum) Hccneposanne HMC cuetunka Ilowuck
OmMbOK

mT

1.3.3

3apsagHoe yCTpO-
CTBO

3apagHoe YCTPOMCTBO AJIA 3apsaiku aKKyMyJsd-
TOpHOIt 6atapeu 0azoBoro Habopa

T

1.3.4

YIBpTpa3sByKOBOH
natauk 6a30Boro po-
6OTOTEXHUIECKOTO
Habopa

YabTpa3ByKoBOH JaTUWK AOCJKEH OBITh JNEKTPU-
YEeCKH M KOHCTPYKTWBHO COBMECTHM C JJIEMEHTa-
MH M ycTpolicTBamu 0a30BOro pobOTOTEXHHUE-
ckoro Habopa. YIbTpasByKOBOH HATYMK JOJDKEH
ofecneuuBaTh PeXHUM MOMCKA aKTUBHbBIX YJBTpa-
3BYKOBBIX H3nyuatesneil. COBMECTUMOCTh C 3Ie-
MeHTaMu 6a30B0T0 poboToTeXHHIecKoro Habopa

T

1.3.5

Jatunk nBeta Ga3o-
BOTO pOOOTOTEXHIYE-
ckoro Habopa

Harunk 1Bera AOMKEH OBITh 2JIGKTPUYECKH U
KOHCTPYKTHBHO COBMECTHM C JJIEMEHTaMH H
ycTpoiicTBamMu  6a30BOro  poOOTOTEXHHUYECKOIO
Habopa. JlaTuuk LiBeTa JO/DKEH pasfanyarbh A0 7
pa3nu4HbBIX OTTEHKOB 1BeTOB. COBMECTHMOCTB C
oneMeHTamMy  0a30Boro  poSOTOTEXHMYECKOro
Habopa

mT

1.3.6

Pecypcnrsriit poboto-
TEXHUUECKUH Habop

PecypcHsbiit poboroTexHu4ecKuii Habop HODKEH
COAEPXKaTh IJIACTHKOBbIE KOHCTPYTHBHBIE 3JI€-
MEHTBI, 3JIEMEHThl MEXaHUHYECKUX Iepead, Koje-
Ca ¥ JUCKH, COBMECTHMbIE C 2/leMeHTamMu 0a30B0-
ro poboTOTeXHHUECKoro Habopa

T
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1.3.7

Bazogrrit poboToTex-
Hugeckuit Habop

OOpa3oBaTelbHbI KOHCTPYKTOP AOKEH INIpeA-
CTaBIIATE cob0ii Habop nna paspaboTku nporpam-
MHpPYEMBIX MOIEnel aBTOHOMHBIX poboTOB. B
cocTaB Habopa JOJKHO BXOAWTH! KOMIUIEKT KOH-
CTPYKTUBHBIX 3JIEMEHTOB W3 IUIACTHKAE, MPOrpam-
MHUDYEMBLH KOHTPOJIEp - He MeHee T, cepeo-
NpUBOA - HE MeHee 30T, JaTHUKKW - HE MEHee
3wr. [Iporpammupyemsiit KORTPOJUIED LOIKEH
COJEPKATh: MOPThi ISl NOAKJIIOYEHHS BHEIIHHX
YCTpOHCTB - He MeHee 8IUT, BCTPOEHHBLH 3KpaH,
KOMMYHHUKaLMOHHble HHTepdelicsl - WiFi uin
Bluetooth. IIporpammupyembiit KOHTpOIIEP HO0J-
XKeH 00ecnedrBaTh BOIMOKHOCTL IPOrpamMmMHpo-
BaHMA pOOOTOB B cpene OnouHo-rpadUuecKoro
TUI& WIK B CBOOOZHO PacrpOCTpaHIeMbiX cpelax
pa3paboTKK C MOMOIIBIO TEKCTOBOTO SI3bIKA IPO-

T
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rpaMMHPOBAHKS. BXO#AllMe B COCTaB KOHCTPYK-
TOpa KOMIIOHEHTB! TOJKHBI OBITH COBMECTHUMEI €
KOHCTPYKTHBHBIMH 3JIeMeHTaMH, a Taioke ofec-
MEeYMBATE BO3MOMKHOCTb KOHCTPYKTHBHOM, amma-
PaTHOM W HPOrpamMMHOIN COBMECTHMOCTH C KOM-
TUICKTYIOIAMU M3 cocTaBa Habopa.

1.3.8

HaGop st OprcTporo
[IPOTOTHIINPOBAHA
JIEKTPOHHBIX
YCTPOMCTB Ha OCHOBE
OJIHOTLIATHOTO KOM-
MBIOTEPA

MaxcumanbsHbiH
Habop I KOHCTPYH-
poBaHuA pobOTOB €
OJIHOTUIATHBIM KOM-
IBIOTEPOM Ha YpOKax
TEXHOJIOTHH

OmHOIIaTHBIN KOMIIBIOTEP: HAJIWYWE, KapTa ma-
MATH C Hpe}.'[}’CTaHOBJ'ICHHOfI OHCpaIlIfIOHHOI\;I cu-
CTEMOI: Hauyue, 0JI0K MNUTaHWA: HajHuue,
KOMIDIEKT Kabeleil ANg NOAKIOUEHUA: HATHYHKE

T

mT

1.3.9

Ha6op st 6sicTporo
MIPOTOTHIIHPOBaHHUS
9JIEKTPOHHBIX
YCTPONCTB Ha OCHOBE
MHKPOKOHTPOJLIED-
HOH mnatdOpMEl €O
BCTPOCHHBIM HHTEP-
IPETATOPOM

O6pa3oBaTenbHEIH
KOHCTPYKTOp A
m3ydeHwns: po0oTo-
TEXHHMKH Ha OCHOBE
YHHMBEPCANLHBIX TIPO-
rpaMMHPYEMBIX KOH-
TPOJUIEPOB U MHHH-
KOMIIBIOTEPOB

O6pazoBaTtesbHbIN
Habop WIS H3YUEHHU
YIPaBJIAIOIIEHN dJIEK-
TPOHHUKH y9eOHBIX
MPOMBIIIEHHBIX PO-
6oTOB

CrapToBeIit Habop 110
poboToTexnuke "Oc-
HOBBI KOHCTPYHPOBa-
Hust poboTOB"

MUKpOKOHTpOIepHas MnaTdopma €O BCTPOCH-
HBIM HHTepIpeTaTopoM JavaScript: Hanuuue,
KOMTIIEKT paJuoieTalleil: HalnTIHe,

IUiaTa paclUUpeHH: HaJlIue

T

T

oIt

W

Habop st 6erctporo
TIPOTOTUITMPOBAHUS
3TEKTPOHHBIX
YCTPOHCTB Ha OCHOBE
MHUKPOKOHTPOJLIED-
HOH mIaT(opMEl

MUKpPOKOHTpOJUIEpHAs Arduino:
HAIAITE,
KOMIUIEKT pajuonetanell W NpoBOJLOB: HAIWYHE,

MakeTHas mjara. Hajln4ne

mathopma

mT

1.3.11

O6pazoBaTenbHbIA
HabOp [UiT U3ydeHus
TEXHONOT Uit CBSI3H U
IoT

OGpa3zoBarenbHplii  HaOop TNpeHasHadeH i
W3y4deHHs] OCHOB NIPUMEHEHHs TexXHosoru# "HH-
TepHeT BemlelW" W cBs3W B PODOTOTEXHUYECKUX
cucteMax. KomrmiexkT npeaHasHauyeH Ans paspa-
6OTKH MOJENIH TIpOrpaMMHpyemMoro MoGHIbHOTO
pobora, obnanaroliero BCTPOEHHOM cUCTEMOMH
ynpaBiieHus, 00ecrneynBarollero BO3MOXXHOCTE
pacipeeNeHHOr0 YIpaBJeHus rpynoi podoTos.
B coctaB Habopa AOMKHO BXOAUTH: NMPHBOX IIO-
CTOSIHHOTO TOKa C JATYHKOM ITOJIOXKEHHS - He Me-
Hee 20T, KOMIUIGKT HHTEJUIEKTYalbHbIX AaTYH-
KOB, kamepa - He MeHee 1ulT, MporpamMMupyeMsiii

mT
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KoHTposuIep. Bcee ycTpolicTBa, BXOAsAwHE B CO-
cTaB Habopa MOMKHBL ObITH KOHCTPYKTHBHO, ali-
NapaTHO K IPOrpaMMHO COBMECTUMBI APYT C OpY-
roM. IIporpaMMHpyeMblH KOHTpOJJIep NOJDKEH
ofecrneunBaTs BOIMOXKHOCTb TIPOrPaMMHUpOBaHHS
Ha A3wike JavaScript u opranusamuu web-cepsepa
obMmeHa naHHBIME yepe3 WHreprer. [Tporpammu-
PYEMBIH KOHTpOIEp HOJDKEH 00ecreynBaTs BO3-
MOXHOCTD IIONKMIOYEHMS BHELIHUX YCTPOMHCTB €
momowelo uHTEpdelicos - GPIO, UART, 12C,
SPI, TTL, RS-485, Ethernet ¢ nopnepxkoit PoE
(cucTema ImMTAHHA, OCYILECTBIsIeMas 4epes Mpo-
BOJHOH ceTeBoi mHTepdeiic, no3poasiomas U3o-
JIAPOBAHHO 3aNUTHIBATh YCTpokcTea). Kommiekr
UHTENNIEKTYalbHBIX CEHCOPHBIX YCTPOMCTB CO-
IepXKUT - WHOPAKPACHBI} HATUMK, JHKOAEp, OaT-
THK PaCcCTOAHMA, AATUUK OPHEHTAUWM B IIPO-
CTpancTBe. HMHATeNneKTyanbHble AaTUMKU T0JIKHBI
NPERCTABIATE cOO0H YCTPONCTBO Ha OCHOBE BbI-
YHCIUTETLHOI0 MHKPOKOHTPOJIAEpa W BCTPOEGH-
HOTO U3MEPHTENLHOrO 3neMeHTa. VHTemnekTy-
anbHBle JaTYMKY J0JKHb! 0671a1aTh BCTPOSHHBIM
UMQPOBBIM M AHAJOTOBbLIM uHTepdelicoM ans
Tiepefayy JaHHbBIX, a TaKKe BCTPOSHHBIM IOCIE-
IoBaTelbHbIM MHTEpdeiicoM ansi ofbeanHeHuUs
OPYT C IPYTOM B CEHCOPHbIE CUCTEMBI.

1.3.12 | KoMrmmexT noneii u Komnnexr nojielt # COpesHOBATENbHLIX JMEMEH- | LIT
COPEBHOBATENBHBIX TOB JJIS IPOBEACHUS COPEBHOBAHUN aBTOHOMHBIX
3IIEMEHTOB MOOHIIBHBIX POGOTOB H COPEBHOBAHKM

1.3.13 | Yerwp&xocenoit VueOHbIH poOOT-MaHUIYIATOP ACHKEH OBITh | 1T

y4eOHEIi poGoT- Ma-
HHIYJIATOp C MO-
IOyJBHBIMH CMEHHBI-
MH HacaIKkaMiu

TMpeAHA3sHaYeH Mg OCBOGHHs OO0YYalOLUMHUCS
OCHOB pOOOTOTEXHMKY, AJIs NMOATOTOBKH 0f0ywa-
IOWMXCA K BHEAPEHHIO MU MOCHEAYIOLEMY HC-
NIOJIB30BAHUIO pOOOTOB B NPOMBILLUIEHHOM TIPOU3-
Bogactee. Tun poGoTa-MaHUMYNATOpA ~— YEThI-
péxoceBoil: Tpebyercs cooTsercTBHe. JomKkHA
ObITh  BO3MOXKHOCTH  OCHAILEHHS  CMEHHBIMU
HacagxaMy (Hanpumep, JepKartenb Kapaujaia
WiH (ioMacTepa, ITHEBMATHYECKAA IPUCOCKA,
33XBaTHOE YCTPOWCTBO, yCTpOHCTBO AN Jasep-
HOH TIpaBHpOBKH uAW ycrpolictee i 3D-
neyatn). Marepuan kopIyca —amoMunHmil: TpeGy-
eTcsi cooTBeTCTBHE. uamerp paboueii 30HbI (Ge3
Y4eTa HaBECHOTO MHCTPYMEHTa M UeTBEepTOH ocu)
He MeHee 340 mMm. ToYHOCTb NOULIHOHHPOBAHUS
ne Oomee 0,2 mm. Matepdeiic nomknrodenus —
USB, Bluetooth: tpe6yetcs coorsercTsre. Jloi-
’KEH WMETbL BO3MOXKHOCTb aBTOHOMHON paboThl u
BHEIUHETO YNpaBIeHHUA: TpeOyeTCsi COOTBETCTBHE.
Vopasnarowuii KOHTPONJIED AOJIKEH OBITH COB-
MeCTHM €O cpeoll Arduino: TpebGyercs cooTBer-
CTBHE. YIPaBNAOMWNNA KOHTPOJIIED NOJDKEH OBITh
COBMECTUM CO  Cpegod  nporpaMMUpOBaHUs
Scratch, s3bikoM nporpammupoBanus C u o6sau-
HBIMH cepsucaMu Tpebyerca. Jlomken momzep-
XKUBAThL INMEPEMEIIEHYE B LEKaPTOBBIX KOOPIHMHA-
Tax ® yrnax rosopora ocel, ¢ 3ajaHHOH Ckopo-
CTBIO M yCKOpeHueM. PoGoT-manunynstop mon-
eH ObITb yKOMANEKTOBAH KaK MUHUMYM CIELY-
IOLMMHE CMEHHBIMM Hacaikami: NMHEeBMaTHYECKas
IPUCOCKE, 38XBATHO® YCTPOHCTEO.




1.3.14

Kommnext mia usy-
YEHUA ONEPaoH-
HBIX CHCTEM peasibHO-
ro BpEMEHH U CHUCTEM
yIIpaBICHYS aBTO-
HOMHBIX MOOWIBHBIX
poboToB

KommexT ans pa3paboTKH H H3yUeHHs Mozeleh
IPOrpaMMHPYEMbBIX ~ ABTOHOMHBIX ~ MOOHIBHBIX
po6oToB. Y4eOHb1l KOMIUIEKT JOMMKEH TI03BOJISTD
pa3pabatbiBaTh OOYHO-MOAYNLHYHO KOHCTPYK-
HHI0 MOOIIEHOTO podoTa. B cocTaB MOOMABHOIO
po6oTa HOKHO BXOEMTL: IIpHBOA BEIYLIMX KO-
jiec - He Menee 2mrt. [IpuBOA HOMKEH NpeacTas-
aaTh co00# sneKTpoMexaHHueckylo cbopky Ha
OCHOBE JBUTATEJIA [IOCTOSHHOIO TOKA, PEAYKTOpa,
JaT4HKa ITOJIOKEHHs Baja, CUCTeMa YNpPaBJeHHUs
NpHBOAA JIOJKHA 00ecneyuBaTh BO3MOXKHOCTh
o0beIHHEeHHS TIPHBOJIOB ¢ MOMOLLBIO [10C/IEN0Ba~
TelbHOre uHTepdeiica, BO3MOMXKHOCTE 3aJaHKA
[apaMeTpoB KOHTYPOB YIPABJIEHHMs, YNpaBIeHIe
BpallleHHeM IIPHBOJAA [10 CKOPOCTH K TIOJIOKEHHIO,
KOHTPONTb HAarpy3kH. IIporpamMmupyembiii KOH-
Tpomnep - ue MmeHee lurr. [Iporpammupyemslii
KOHTpOJUIED JAOMKeH o6nanath uHTepdercaMmu -
USB, UART, TTL, RS485, CAN s KOMMYHH-
KalHM ¢ ITOAK/HOYAEMbIMH BHEIUHUMH YCTPOH-
CTBaMH, a Takke UU(POBbIMM M @HAJOrOBBIMU
nopramMu BBONA/BbIBOAA. OAHOMIATHLIH MHKpPO-
KOMITBIOTED - He MeHee 1T, OfHOMIaTHBIA MUK-
POKOMIBIOTEP  [OMKEeH [PEeACTaBnATh CoOOH
YCTPOMCTBO € apxXUTEKTYpOH MUKPOMpOLEeccopa
ARM, poimken obnamath HE MeHee 2 BBIUMCIIHU-
TENbHLIMY SAPaMH C TaKTOBOH 4acTOTOH HE Me-
nee 1w, Jla3zepHelfl ckaHUpyOLIMI JajibHOMED -
He menee luur. JlazepHblit ckaHMpYIOLIUH Hab-
HOMED NoJDKeH obecneunBaTh AHANA30H U3MEpe-
HES JATBHOCTH IO 00BbEKTOB HE MEHEE 2.5 METPOB
M CEKTOp CKaHHPOBaHMs He MeHee 360 yIIOBLIX
rpamycos. JaTtauk TUHUM — He MeHee 3 wT. [Jlat-
YUK J0JDKeH 00ecneunBaTh NETEeKTHPOBAHME JIK-
HHH Ha KOHTPAcTHOM (OHE M nepenasath AaHHBIE
B [POrpaMMHKPYEMbIH KOHTPOJIIEP O €€ HallHUnH
MyTeM Oepeladu aHajoroBoro curdana, uudpo-
BOTO CHCHaja W ryTeM repenaiu uUudpoBoro rna-
KeTa JaHHbIX. JlaTdrika 1Beta — He MeHee 1 T,
Jaradk OO/DKEH pa3fiudaTh LBETOBOH OTTEHOK
DACIION0KEHHOTO psiaoM ¢ Hum obbexta B RGB
HOTauu W obecneunmBaTh Nepefady IaHHBIX B
NPOrpaMMHUPYeMBbIli  KOHTPOJLIED O 3HAUEHHH
KaX[0ro IBETOBOTO KaHala B BUAE LU(POBOTO
naketa AadHbIX. Maccus HMK-patunkos - He Mme-
mee lmr. Maccus HMK-matuukoB nomxeH OblTh
MpefHa3Ha4deH Uit OTCJEKHMBAHMA JIMHUM IS
IBIKEHHUsT MOOUNBHOTO poboTta. Maccus JOIDKEH
conepkars He meHee 6mT MK-nat4yukos, pacro-
JIOYKEHHBIX Ha O[HOM nuHuM. ChcTemMa TeXHHYe-
CKOTO 3peHus - He MeHee 1mT. CHcTeMa TeXHUYE-
CKOTO 3peHust IoJDKeH obixanaTs COBMECTHMO-
CTBIO C Pa3NUYHBIMH HPOTPAMMHUPYEMBIMHM KOH-
TpojulepaMu ¢ Momolubto HHTepdehcos - TTL,
UART, 12C, SPI, Ethernet. CuctemMa TEXHUYECKO-
ro 3peHHs AOKHA 06ecrneyuBaTbh BO3MOKHOCTh
W3YYEHHMA OCHOB [PUMEHEHHUs airOpHTMOB Ma-
HIKHHHOTO OOy4eHHs ¥ HacTpoilku napaMeTpoB
Helipocerell. Cucrema TEXHHYECKOrO 3pEHHS
HOJKHA obecneuuBaTh (YHKLHOHAN Pacro3HaBa-
HUSL Pa3AMUHBIX TEOMETPUUECKHX OODBEKTOB IO
Habopy NpU3HAKOB, PAacTO3HABAHUS IPaUUecKnX
MapKepoB THra Aruco W [p, pacro3HaBaHus Mac-
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CUBOB JIMHHUI H 3JIE€MEHTOB AOPOIKHEIX 3HAKOB H
pasmeTkd. CucTeMa ynpaBjeHHs MOOHIIBHOTO
poboTa HoMKHA NO3BOMATH OCYINECTBIIATH AHATHA3
OKpy>KaroIielt 06CTaHOBKH B fIpoLecce ABHKEHHS
MOOWIBHOTO pof0oTa ¥ AMHAMHYECKOM H3MEHe-
HUH OKpyKawouel o0CcTaHOBKH, OCYILECTB/ATH
¢dopMupoBaHHe KapThl JOKaJbHOH 0OCTaHOBKH
BOKPYT po6oTa U JIoKalu3aLus nonoxeHua pobo-
Ta Ha KapTe, MOCTpoeHue To0aJbHON KapThl
OKpY’Kalollero npocrpadcTsa. Cuctema ynpasie-
Hug MoOunbHOro pofora JOJKHA TIO3BONSITH
OCYILIECTBIIATL aHaJIU3 N1aHa/KapThl OKPYXKatoLle-
TO TPOCTPAHCTBA, OOHApYKEHHE OKPYKAIOLIUX
0OBEKTOB, aBTOHOMHOE [UIAHWPOBaHKE MapLIpyTa
1 00be3ga CTAaTUYECKHMX M AMHAMMYECKHX IIpe-
marctBuil. CucreMa yInpaBieHHS MOGHILHOTO
poGota momkHa ofecrneyHBaTh BO3MOIKHOCTB
pasMeTKy KapThl OKPYKatOUIETO IIPOCTPAHCTBA Ha
30HBI ¢ Pa3NMYHbIMHU MPHU3HAKAMH, 3a4aBaeMbIMU
TI0JIb30BaTesieM (30Hb! 3amnpera Ui [IBIGKCHHA,
OrpaH{4eHHUsA CKOPOCTH W T.0.). CUcTeMa ynpas-
JeHuss MOOWIBHOrO poboTa goimkHa obecrieuu-
BaTh BO3MOKHOCTH 3aJaHHs TOUEK U 30H Ha KapTe
OKPY)KaloIlero NpOCTPAHCTBA M ABTOHOMHOIO
repeMetieHs Mexay Humi. Cuctema ymnpasiie-
HUA MoOuipHOro pofora , Bkmouarowas B ceds
TIONCUCTEMBI, TaKHe KaK - CUCTeMa YIIPaBIEHHS
JBIXeHUEeM poboTa, cuctema cbopa u o0pabdoTku
CEHCOPHOHM HH(POPMALHH, CHCTEMA MOCTPOCHHS
KapThl OKPY)KAIOLEro MPOCTPAHCTBA M CHUCTEMa
HaBHIalluW, NOJDKHa ObITh peaiu3oBaHa Ha Oase
TIPOrpaMMHpPYEMOr0 KOHTPOIIEpa U OAHOIIATHO-
Io MUKPOKOMIIBKOTEPE, & TaKKe YCTPOHCTB, BXO-
JAOIMX B COCTaB KOMIUIeKTa. B COCTAB KOMIUIEKTa
JOJDKHO BXOIUTE NPOrPaMMHOE ObecrieueHue 1t
IPOrPaMMHPOBAHKS B TEKCTOBOM pPEHAKTOpe Ha
nogobuu Arduino IDE, nporpamMMmMupoBaHHH C
NOMOILBIO CKPUNTOB Ha s3bike Python, paszpaboT-
KW CHCTeM yIpaBJjieHusi Ha ocHoBe ROS. Tak e B
COCTaB KOMILIEKT JODKHA BXOAWTb BUPTyajibHAasA
MOZedbs MobmibHOro poboTa B BUPTYaIbHOM
OKDYKE€HUM ~JUIT MOJIEAUPOBAHMSA aNTOPUTMOB
CHCTEM YIIPABJIEHHS C NOMOWBIO rpauueckoi
Cpebl.

1.3.15

O0pazoBaTenbHbIi
Habop It M3ydeHHA
MHOTOKOMITOHEHTHBIX
POGOTOTEXHUYESCKIX
CHCTEM W MaHUILYJI-
HHOHHEIX pOOOTOB

OGpasoparenpHbili  KOMIUIEKT — J0/MKeH  ObITh
NpeAHa3Ha4YeH ANs U3Yy4eHHUs PODOTOTEXHHUECKHX
TEXHOJIOTHH, OCHOB HH()OPMALHOHHBIX TEXHOI0-
THH KM TEXHOJIOTMH [POMBILIIIEHHOH aBTOMaTH3a-
LI{H, 4 TAKXKE TEXHOJIOrMi NMpOTOTHMUPOBAHUS W
aJMTUBHOTO NPOM3BOJACTBA. B cocTas koMmiekTa
JOJDKHO BXOAWTL: 1) MHTennextyanbHblil cepBo-
MOJIyNb C MHTSIPHPOBAHHON cHCTEMOM yripaBie-
HHs, NO3BOJAOWEH O0BENHHATL CEPBOMOJYJIH
JpYr ¢ ApPYroM MO [OCIEHOBATENbHOMY WHTEp-
delicy - He menee 6wT; 2) PoSoTOTeXHHUECKHH
KOHTPOJUIEP MOZY/IbHOTO THUNA, NPEACTABASIOLINT
co00ol OZHOINIATHLIN MHKPOKOMITBIOTED C OTiepa-
LMOHHOM cuctemoi Linux, o6beanHeHHbIH ¢ ne-
pudepuiiHbIM KOHTPOJISPOM C TIOMOIIBIO TUIATHI
pacmnpenus. PoboTtoTexHuueckHH KOHTpoJiep
JOKEH YAOBJETBOPATH TEXHMYECKUM XapaxTe-
PHUCTHKaM: KOJI-BO siJiep BCTPOEHHOTO MHKPOKOM-
TBIOTEPA - He MeHee 4, TaKToBasg 4acToTa Anpa -




we meree 1,2 I'Tn, o6bem O3V - He menee 512
M6, manuume wuurepdeiicos - SPI, 12C, TTL,
UART, PWM, undpoBble 0 aHAJIOTCBLIE IIOPThI
JUT TONKIIOYEHHS BHEIHMX yCTPOMCTB, a TakkKe
WiFi wim Bluetooth m18 xoMMyHMKaLMM CO
BHEIIHHUMHK yCTpoicteamH. PoOOTOTEXHHYECKHH
KOHTpOJIIEp HOMKeH obecrieunBars BO3MOXKHOCTh
[POTPaMMUPOBAHKS € TIOMOLIBIO CPEICTB S3BIKOB
C/C++, Python u ¢BOGOIHO pacrmpocTpaHseMo
cpensl Arduino IDE, a Takie ympaBieHHd MOJe-
ISMH POOOTOTEXHHYECKHX CHCTEM C [MOMOIIBIO
cpenst ROS. 3) BeraucnutenbHblii MOIYIbL €O
BCTPOEHHBIM MHKPOKOHTPOANEPOM, OONaNaoiim
ou(pPOBEIME B AHAJIOrOBBIMH  TOPTamy  BBO-
Jd/BbIBOJIA, & TakiKe MOIyJeM OecrnpoBOAHOM CBs-
3u tuna Bluetooth unn WiFi ans cozganus anma-
paTHO-NPOrpaMMHLIX pelLeHHH H "ym-
HEIX/cMapT"-yCTpOHCTB A pa3paboTKu peteHuH
"HurepHer Belleid"- He Menee 1T, Brruncau-
TeNbHBI MOAYNb NOJKEeH obecrneunBaTh OAHO-
BPEMEHHYI0 BO3MOXKHOCTH MNOAKMOYEHHA CHIIO-
BOYW HArpy3kd KW KOMMYHHKALMH [TOCPEACTBOM
cetu Ethernet 3a cueT BCTPOGHHBIX CPEACTB WM
MOAKMIOYAEMBIX nepudpepuiinpix muar. 4) Moaynb
TEXHUYECKOTO 3PEeHus, NPeAcTaBiBuomni coboh
YCTPOUCTBO Ha 0a3e BLIUMC/IWTENBHOr0 MHKPO-
KOHTpOJIEpa U HHTErpUpOBaHHOM Kamepsl, obec-
NeuyBAIOIIee PACIOo3HABaHKe POCTeHINX H300-
paXeHH# Ha MOAYJe 3a CueT COOCTBEHHBIX BbI-
YHCIHTENbHEIX BO3MOKHOCTEH - He MeHee 1T,
5) KoMIUIeKT KOHCTPYKTHBHBIX O3JIEMEHTOB K3
MeTaiia [t cOOpKd MOZAEAN MaHHIyNATOPOB C
TUIOCKO-TTapasuie/ibHON 1 YTIOBOW KMHEMATHKOH -
me Medee lmT; 6) KoMmjiekT 3JeMEHTOB i
cBOpKM BaKyyMHOTO 3axBaTa - He MeHee lmr.
O6pasoBaTefbHblil  POOOTOTEXHUYECKHH — KOM-
KT AOJDKEH coaepxars Habop OuOIMMoTEK
TPEXMEPHBIX MOZeneit Aid NMPOTOTHIMPOBAHHS
Mojelell MOOWIbHBIX W MaHUTYMALMOHHBIX PO-
GOTOB pPa3fWYHOrO THMA. B cocTas KoMIIEKTa
NOJDKHBI BXOOHTb WHCTPYKLUHM H METOAUIECKUE
VKa3aHusA M0 pa3padoTKe TPeXMEpPHLIX MOZeneit
MOOHIBHEIX pOGOTOB, MaHMIYNALMOHHBIX poo-
TOB ¢ PasJIMYHBIMK THIGMH KUHEMaTHKY (yrioBas
KriHeMaTHKa, MJIOCKO-TapaniesyibHas KuHeMaTHKa,
nenbra-kuHematika, SCARA  mau  phluaxHas
knHemaTrka, ratropma Crioapra u T.0.). Obpa-
30BaTENbHBIM  pODOTOTEXHUYECKHH — KOMIUIEKT
LOJDKEH CONepIKaTh MHCTPYKLMM [0 NMPOEKTHPO-
BaHMi0 poOOTOB, UHCTPYKIHU M METOOMKH OCY-
IECTBJICHHS. HHXKEHEPHbIX PAacyeTOB NpH NPOEK-
THPOBaHWY (pacyeTs! Harpy3Ku ¥ MOMEHTOB, pac-
YeT MONIHOCTH [pPWBOAOB, PAacyeT MNApaMeTPOB
KHHEMATHKH W T.I1), MHCTPYKLMM TI0 paspaboTke
CUCTEM YTpaBIeHHs W MPOrpaMMHOro obecneue-
HUs JUisl yrpaBieHus poboTaMu, UHCTPYKUWHA U
METOIHUKH TIO pa3paboTKe CHCTEM YIIpaBieHHA C
3JIeMEHTaMH HMCKYCCTBEHHOrO MHTENIEKTa W Ma-
MIHHHOTO 00y4YeHUs.

1.3.16

O6pa3zoBaTenbHEIH
Habop 10 AIIEKTPOHU-
K€, JIIEKTPOMEXaHHKE
¥ MHKPOIPOLIECCOP-

Komnnexr anst u3ydeHuss OCHOB JIEKTPOHHKH H
poBOTOTEXHHKH Ha ypoke Texuosnoruy. Habop
OOJDKeH OBITb MpefHa3HadeH IS TPOBEASHHs
yueOHBIX 3aHITHH 110 JTEKTPOHHKE M CXEMOTEeX-

T




HOU TEXHUKE

HUKe ¢ LEJbI0 U3yyeHHs HanOonee pacmpocTpa-
HeHHON aJsiemenTHOM 0a3bl, NpUMeHAeMON s
HHKEHEPHO-TEXHITIECKOTO TBOPYECTBA yIaUIUXCS
W paspaboTky yueGHbIx Monenelt poboros. HaGop
NOIKEH II03BOJIATH y4aluuMcs Ha TIPAKTHKE
OCBOWTH OCHOBHbBIE TEXHONOTHH MPOEKTHPOBAHHA
POBGOTOTEXHIIECKHX KOMIUIEKCOB Ha TIPUMEPE
y4aebHpIX MoznensH pobOTOB, @ TakKe U3YIHTh
OCHOBHbIE TEXHHUECKHEe pelleHus B obmacT# Ku-
GepHEeTHUECKUX M BCTpamBaeMblX cucteM. B co-
CTAB KOMIIIEKTA HO/KEH BXOAUTL Habop KOH-
CTPYKTMBHBIX 3/1@MEHTOB Uil COOpKH MakeTa
MaHHOYAAHIHOHHOTO po60Ta, KOMIICKT MEeTalliu-
YECKUX KOHCTPYKTHMBHBIX 3JIEMEHTOB A/t COOpPKU
MakeTa MoOHIbHOTO pofoTa H T.1. B coCTaB KOM-
[UIEKTa BXOAMT Habop 3NIEKTPOHHBIX KOMIIOHEH-
TOB JJI W3Y4EHUS OCHOB 3JIEKTPOHMKH H CXEMO-
TEXHHKH, a TAKKe KOMIUICKT MPHBOAOB W AaT4M-
KOB Pa3sNMYHOTO Tuma and paspaboTku poboro-
TEXHHUYECKUX KOMIIIEKCOB. B cocTaB KOMILIEKTa
JIOJDKHO BXOHMTh: MOTOPBI C SHKOAEPOM - HE Me-
Hee 21T, CepBONPUBOJ GOJBLION - HE MEHee 41T,
CepBOMPMBOA Majlblii - He MeHee 2WIT, MH(pa-
KPAacHBI [aT4MK - He MeHee 31T, yJbTpasBykKo-
BOM HATUMK - He MeHee 3IUT, JaTYMK TeMIlepaTy-
phl - He MeHee 11UT, AaT4MK OCBEIUEHHOCTH - HE
MeHee 1T, HAGOp 3JEKTPOHHBIX KOMIOHEHTOB
(pe3rCTOPBI, KOHASHCATOPLI,CBETOAMOLBI Pa3IHy-
HOrO HOMHHANA), KOMIUIEKT NPOBOAOB Ana Gecria-
€YHOTO MPOTOTUIHPOBaHMA, IfaTa GecrnaeqyHoro
[POTOTHNHPOBAHUSA, AKKYMYJATOp M 3apAiHOe
YCTPOUCTBO, . B cOCTaB KOMIIEKTa JODKEH BXO-
JHTh [IPOTPaMMHUPYEMbIH KOHTPOJUIE, NMporpam-
mupyemslii B cpege Arduino IDE win ananormd-
HBIX CBOOOMHO paciipoCTpaHAEeMbIX Cpejax pas-
pabotki. IIporpaMMupyemMbiii KOHTpOJUIEp LOJ-
*eH obJlafath NopTaMy Ajis NOAKIOYEHHS Lup-
POBBIX ¥ aHANOCOBbIX YCTPOHCTB, MHTEppehcamu
TTL, USART, 12C, SPI, Ethernet, Bluetooth unu
WiFi. B cocTaB KOMILIeKTa LO/UKEH BXOAUTD MO~
Oydb TEXHHYECKOTO 3PEHHA , MPEACTaBAAOLLAN
c060if BEIYUCNUTENLHOE YCTPOHCTBO €O BCTPOEH-
HEIM MHKPOTPOLECCOPOM (KOA-BO AMEp - He Me-
Hee 4nIT, yacToTa siapa He MeHee 1.2 Ty, obbem
O3V - He menee 512M6, 06beM BCTPOSHHOH ma-
MSTH - He MeHee 81°0), MHTErpuMpOBaHHOH Kame-
poii (MakCHMajbHOE paspelleHHe BHICOMOTOKa,
nepenasaemMoro no uutepdeticy USB - He MeHee
2592x1944 en.) u onTuueckod cuctemod . Mo-
IyRb TEXHWYECKOTO 3peHHs OOJbkeH obnanath
COBMECTUMOCTBIO C PasNiUyHBIMH [TPOTPaMMHpPY-
eMBIMH KOHTpPOJUIEDAMH C TIOMOLIBIO MHTEpdEd-
cos - TTL, UART, 12C, SPI, Ethernet. Monyns
TEeXHUYECKOTO 3PEHHUS AOMKEH UMETHL BCTPOCHHOE
NporpaMMHOe 00ECTieHeHHe Ha OCHOBE Olepany-
OHHOI cHcTeMbl Linux, nossossouee ocyecTs-
JIATL HACTPOHKY CHCTEMBI MALUUHHOIO O0yuYeHHs
MapaMeTpoB HEMpPOHHbIX ceTelt [/ 00HapyKeH T
0OBEKTOB, OTPeNENICHHA MX MapaMeTpoB U Jallb-

‘geimedt  mpentupukauud. KoMIleKT IOJKEH

obecreuyBarth BO3MOXXHOCTb H3YHYEHHS OCHOB
pa3pabOTKK TIPOrpamMMHbIX ¥ anapaTHBIX KOM-
TNEKCOB HHMKEHEPHbLIX CHCTeM, pelueHuil B cdepe




"WnTepHeT BelueH”, a Takke peLieHuit B obmactu
POBOTOTEXHUKH, HCKYCCTBEHHOTO KHTENIEKTa U
MaIIMHREOTO 00yueHusl.

1.3.17

O6pasoBaTenbHbIN
HabOp 110 MEXaHHKE,
MEXaTpOHHUKE U PO-
GoTOTEXHHKE

O6pasoBatelbHblil Habop JOMKEH ObIThH MpenHa-
3HAUYeH MJIs M3YUSHHS MEXaHWKH, MEXATPOHUKH U
poGortorexuuki. Obpa3oBaTenpHsli Habop Tipe-
HasHadeH A Pa3paboTky IpOrpaMMHUpyeMbiX
Mozienrell MeXaTPOHHBIX CHCTEM U MOOHIBHBIX

‘po60OTOB, OCHALIEHHBIX Pa3AWUYHBIMH MaHHMOYyJis-

NWOHHBIMH H 3aXBaTHBIMH yCTpoilctBamu. B co-
craB Habopa HOIKHO BXOAWTL: KOMIUIEKT KOH-
CTPYKTHBHBIX DJIEMEHTOB U3 MeTanna; Kommext
A cOOpKM 3axBaTHOro ycrpoicrsa, Cepsompu-
poa - He Menee 4wTt; CepBONPHBOL AOJDKEH
HMETh BCTPOEHHBIH AATUMK MOJNOXKEHHA - IHKO-
nep. Cucrema ynpaBieHuts CEPBONPHUBO/IA AOJDKHA
ofecneurBarh HWH(POPMALHIO O MOJOXKEHKWH BRI~
XOIHOTO Balia, HArpy3Ke, Temrepatype. B cocras
KOMIUIEKTA JO/KEH BXOANUTH POOOTOTEXHHUECKHH
KOHTpOJUJIEp, [porpaMMupyemelii B cpene
Arduino IDE. PoGoTOTEXHHUECKHI KOHTpOJIED
IOJDKEH TIPeNCTaBATh MOLYNbHOE YCTPOHCTBO Ha
faze TMpPOrpaMMUPYEeMOro KOHTPOJUIEpa W mepu-
¢epuiiHOro KOHTpoJUIEpa. YCTPOHCTBA, BXOAS-
LiKe B COCTaB pobOTOTEXHNYECKOrO KOHTPOJLTEDa,
JOJDKHBL OBITE COBMECTHMBI APYT ¢ APYTOM KOH-
CTPYKTHBHBIM, 3JEKTPHUECKHM W [POrpaMMHBIM
o6pazoM.PoboToTexHHUECKHH KOHTpOJUIep ROJI-
KeH o0ecreunBaTh COBMECTHMOCTE C YCTpOH-
cTBamMu (CEpPBOIPHBOAB! W JATUMKH), BXOJALIHMU
B cocTaB 06pa3oBaTebHOIO KOHCTpYKTOpa. Po-
OOTOTEXHHYECKUH KOHTpOJIAEp AOKEH YAOBJE-
TBOPATH CHEAYIOLHMM TEXHHUECKMM XapakTepH-
ctvkam: KosnuuecTBO 1OpPTOB i IOIAKIHOUEHUS
BHEIIHUX HHPPOBBIX W AHAIOTOBBLIX YCTPOWCTB,
wt: He Menee 10 Iloptet USB w1 nporpammupo-
BaHng, T - He MeHee 1 Murepdeiic USART, wr -
He Meree 2 Murepdeiic 12C, wT - He menee 1 Hn-
tepdeiic SPI, wr - He meree 1 Unrepdetic Wi-Fi,
T - He meHee 1 Mutepdeiic Bluetooth, wT - ne
menee | Untepodetic [SP, wr - He menee 1 Komnu-
4ecTBO HHTEPdelcoB And YNpaBeHHA ABUraTe-
JISTMEL TIOCTOSHHOTO TOKa, WIT - He meHee 2 Hu-
TepGelichl 1 MOAKNIOYEHHA YCTPOHCTB 0a30B0-
ro pobOTOTEXHUUIECKOro Hadopa, WT - HE MEHEe
12 B cocTaB KOMIUIEKTa J0/KEH BXOAMTL MOAYJb
TEXHHUECKOr0 3peHus. Moaynb TEXHHYECKOro
3peHust JOJDKEH INpPeACTaBNsaTh COOOH BhIYMCHH-
TENbHOE YCTPONCTBO €O BCTPOEHHLIM MHKPO-
KOHTPOJIJIEPOM, HHTEIPUPOBAHHOH TenekaMepo
M ONTHUECKOM cucTeMOH. Moayab TeXHUYECKOro
3peHus A0DKeH 00ecneunBaTh BBIIONHEHHE BCEX
W3MepeHHH ¥ BbIUHCIEHHH TIOCPescTBOM COD-
CTBEHHBIX  BBIUMCAMTENbHBIX  BO3MOMKHOCTEH
BCTPOEHHOTO MHKPOKOHTpoiiepa. Monyib Tex-
HHYECKOI0 3pEHHsI J0JDKESH YIOBJIETBOPATH TeX-
HIYECKUM xapakrepuctikam: Koi-Bo rpajauuii
HBETOBOM MamuTpsl, Wt - He Menee 65536 Kon-Bo
pasau4HEIX 00bEKTOB , OOHAPYKHBAEMBIX OJHO-
BPEMEHHO B cekTope o03opa momyns, wT - He
menee 10 Umrepdeiic UART, wr - He menee 1
Hurepdeiic 12C, wr - He menee 1| HMurepdeiic
SPI, wr - He menee | KomMMyHHKaLUOHHBIA MH-

mT
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Tepdelic Tuna 3 pin LA CBA3M MO TIOCHCHOBA-
TenbHOM muHe - He Menee 2 O0pa3oBaTesbHbIN
Habop NpeAHa3sHadeH M3YYEHHS IIPHHUMIIOB
(YHKUHOHUPOBAHKSA H NPAKTHUECKOrO fPHMEHe-
HMA 31EeMEHTHOH 0a3bl MexXaTpoHHBIX W poboTo-
TEXHHUECKHK CHCTEM, @ Talkke OCHOBHBIX TEXHH-
YECKHX PeHieHdd pH NPOEKTHPOBaHKH poboTOB.
B cocTaB KOMILIEKTA IOMKHBI BXOAUTL Oubimno-
TEKH TpPEXMEpHbIX MOJENeil KOHCTPYKTHBHBIX
3JIEMEHTOB A [POEKTHPOBAHHA U IPOTOTHIIU-
POBAHMS JIEMEHTOB KOHCTPYKUMH K MEXaHU3MOB,

1.3.18

O6pazoBaTeabHBIH
KOHCTPYKTOp C KOM-
IJIEKTOM JaTYUKOB

OG6pa3oBaTebHbI KOHCTPYKTOP HOJDKEH IMpei-
cTaBaATh c000if Habop WA pa3paboTky Nporpam-
MHUpPYEMBIX MOjelell aBTOHOMHBIX poboToB. B
cocTas Habopa NOMKHO BXOAUTH! KOMIJIEKT KOH-
CTPYKTHBHBIX 3JIEMEHTOB M3 IUIACTHKE, NPOIpaM-
mupyembiii koutponnep ¢ XKK skpanom - He me-
Hee 11T, CEPBONPUBOL - He MeHee 410T, NaTYUKU
- He MeHee 7WT, koJeco Tvma "omni" - He MEHee
21017, KOMIIEKT U1 COOPKH TYCEHWYHBIX TPAKOB,
KOMIIIEKT s cOOpKM  LENHBIX  nepenad.
B cocras KOMIUIEKTa HOMKEH BXOHNTE PoGOTO-
TEXHUYECKHH KOHTPOJUIEp, NPOrpaMMUpYeMEIH B
cpene Arduino IDE. PoboToTexnu4eckuil KOH-
TpOmNep JOMUKEH TIPefCTaBNATL  MOIYJBHOE
ycTpoiicTBO Ha 6ase NpOrpaMMHPYeMOTrO KOH-
Tpoiiepa B nepudepriiHOro  KOHTpoepa.
VerpoifcTBa, BXogslyde B cOcTaB POBOTOTEXHM-
4eCKOT0 KOHTPOMIepa, JAO/DKHEl OBITh COBMECTH-
MBI APYT € APYTOM KOHCTPYKTHBHBIM, 3JIEKTPHYe-
CK¥M H TIpoTpaMMHbIM 06pazoM. PoGoToTexHi e~
CKHI KOHTpOMNJIEP LOMKeH 00ecneunBaTh coBMe-
CTHUMOCTH ¢ YycTpoiicTBamyu (CEpBONPHUBOABI U
JNATYNKH), BXOASLIUMH B COCTaB 00pa30oBaTeNbHO-
ro KOHCTpPYKTOpa.
Po6oToTeXHHUeCKUit KOHTpPONIEp AOJDKEH YHO-
BJIETBOPATL CIEIYIOLIUM TEXHHYECKMM XapakTe-
pPHCTHKaM:

Komi4yecTBO MOpTOB JU1sl MOAKAIOUEHHA BHEUTHHX
1 (POBBIX U AHAJIOTOBBIX YCTPOHCTB, LUT: HE
menee 10

[Moptei USB an1d porpaMMHUpOBaHHUA, LT - He
MeHee 1

Unrtepdeiic USART, wr - He meHee 2

Hnrepdeiic 12C, wiT - ne menee |

Hutepdeiic SPI, Wt - He menee 1

Unrepdetic Wi-Fi, wr - e meHee |

Hutepdeiic Bluetooth, mr - e menee 1
Unrepdetic ISP, wt - ve Menee 1

Konuuecteo uHTepelicoB st ynpasiaeHus JBH-
raressMy NOCTOSHHOIO TOKa, LT - HE MEHeE 2
Hurepdeiics! ans noAKIOUEHUs YCTPOICTE 6330~
BOTO poBOTOTEXHHYECKOro Habopa, LT - HE Me-
Hee 10

BXopdiiye B COCTaB KOHCTPYKTOPA KOMIIOHEHTE!
JOJDKHBI OBITh COBMECTUMBI C KOHCTPYKTHBHEIMH
aNeMEHTaMH, a Takke 00ecTieuBaTh BO3MOXK-
HOCTh KOHCTPYKTHBHOH, annapatHoif u mpo-
IPaMMHOH COBMECTUMOCTH ¢ KOMILIEKTYOIHMH
U3 cocTasa Habopa.

mT

Texnonaornueckni npoduis. bUO




1.4.1 CnexrtpodoTomerp [lpepHa3HadeH [ig OTpPEAENEHHs ONTHYECKOi | mT 1
IAOTHOCTH, KO3(Q(UUMEHTOB TNPOMYCKaHUI MU
KOHUEHTPAMH pa3sHooOpasHbIX PacTBOPOB
1.4.2 AHanmuTtudeckue Bechl | IIpennasHadensl A TOUHBIX U3MEPEHHH Maccel, | IUT 1
[O3BOJISTIOT KOHTPOJNHMPOBATh H3MEHEHHs! MACCH C
TouHOCTEIO 0,01 MT,
143 YuebHo- VY4eOHO-TIPOCKTHEIH KOMIUIEKC B ofnactd OHo- | mT 15
HCCIIEe0BATEIbCKAS CHTHAJIOB YeJiOBeKa W HelpoTexHoNorui Monys
naboparopus 6uo- anexTpoMuorpamMmsl, CEHCOp 3MEKTPOKAapIHO-
CHUTIHAJIOB U Helipo- rpaMmbl, Moayns onTuueckol (oroneTuMo-
TEXHOIOTHI rpammel, CeHcop anekTpoasuedanorpammel, Mo-
Iyfb KOXKHO-TajibBaHWHYECKOH peakuun. MeTomu-
yeckoe Iocobue mns npoBeleHMs He meHee 11
naboparopHelx pabot. [lporpamMmHoe obecrieve-
HUe JUIsI BU3yalu3uallii U aHajli3a CUTHAJIOB.
2. OBbOPYAOBAHUME JJIS JOITOJHUTEJIBHBIX HAIIPABJIEHNUU
2.1 XAUTEK
2.11 3n npuatep yaebusiit | Tun npunrepa: FDM, FFF, marepuan (ocuos- | mr 2
Hoit): PLA, KOJMYECTBO Me4aTatOLIUX TOJIOBOK:
He MeHee 2, pabounii cToN: ¢ nojaorpesoM, pabo-
yag obnacts (XYZ): ot 180x180x180 mm, max-
CUMajlbHAsg CKOpPOCTb Iedatu: He MeHee 150
MM/CeK, MUHHAMaNbHAA TONLIMHA cros: He Gosee
20 MKM, 3aKpbITBIH KODITyC: HaJM4ue, OXJIAXJe-
HHE 30HBI Ne4aTH: HaJNYHe
2.1.2 Ha6op dpe3 KonruecTso (pes: He meHee 10 wrT. Habop 1
2.1.14 | IasanpHas cTaHUEAA @en: pabouas temneparypa, °C: ot 100 no 480, | mT 3
TIasuTbHUK: padouas Temmneparypa, °C: ot 200 10
480 MomHocTs nasasHuka: He MeHee 50 BT, Ke-
paMuHecKUi HarpeBaTeb. Hajlld1e
2.1.3 TInactux nms 31 rie- Tun mmactuka: PLA, TojaiiMHa HHTH: He MEHee | IOT 60
qaTH 1,75 MM
2.14 - BrITsKHAg cucTemMa HasradeHue: NOTNOIUEHNHE AblMa ¥ BPEOHBIX BE- | IUT 1
JUIA Ia36pHOTO CTaH- | LIECTB IPH PE3Ke/TPaBHPOBKE, MPOU3BOIAUTENb-
ka puABTpYrOmas HOCTh: He MeHee 300 m3/u, punbTpyrouye 3Je-
MEHTbH!: HAJIHYHE.
2.1.5 3o npunTep npodec- | Tun npusrepa: FDM, FFF, marepuan (ocHo- | mr 1
CHOHAIbLHBIN HOM): PLA, KOJMYECTBO ME4aTAlOUUX TI'OJIOBOK:
He MeHee |, pabounii cTon: ¢ nogorpesom, pabo-
qas obnacts (XYZ): ot 305%305%300 MM, Mak-
cUMajibHas CKOpOCTb neuatu: He MeHee 150
MM/CEeK, MHHMMAaNlbHas TOAILMHA cjloA: He Gojee
20 MKM, 3aKpBITBIH KOpPMycC: HajlM4uHe, OXJaxIe-
HHE 30HBI NIEYATH: HATHUHE
2.1.6 ®pe3epHsli cTaHok ¢ | Hasmauenue: 06paGoTka MONENbHBIX BOCKOB, | IT 1
YITY yqe6Hbrit TITaCTHKOB, NPEBECHHBI, LUBETHBIX META/UIOB THIL
GopIION C TpUHAT- (pesepusIii cranok ¢ U1V, konuuecTso oceif: He
JIEKHOCTAMHU MeHee TpexX (XYZ), MakCUMajibHOE KOJHYECTBO
06opoToB B MEHYTY: He MeHee 15000, apTomaTu-
deckas CMeHa MHCTPYMEHTA: Hauuue
2.1.7 CraHok nazepHoit CraHoK AJIA rPaBHPOBKH M pe3ku naszepom. Jlon- | mT 1

PE3KH C YUCTIOBBIM
IIPOTPaMMHBIM
yIIpaBIeHHEM

JKEH ITpeJyCMaTpUBaTh BO3MOXHOCTb 06paboTKu
XPYIIKUX MaTepHaloB, B TOM HYMCJIE KEPaMUKH,
cTeKna, oprerexaa. Moayns GpuibTpauyy Bo3nyxa
B KOMIUIEKTe. BCTPOGHHOE BOISTHOE OXJIKASHHE.
Jlazep tuna CO2. Pasmep pabouero crona, MM: He
meree 300*500. MomHocTb Jiazepa, Br: He menee
40. TMonnep:xuBaembie ¢opmarsl ¢alina: JPG,
PNG, TIF, BMP, DXF, SVG, CR2.




MuorogyHKIHO-
HaNbHAS CTAHIHS JULSL
MexaHmgeckolf obpa-
6OTKH U IPOTOTHITH-
POBaHIKA

Vae6Has MOLYJIbHAS CTAHLNA AOKHA ofecneyu-
B4Th BO3MOXKHOCTb H3YUEHHUs HE MEHee TPeX TeX-
HOJIOrMiA TIPOM3BOACTBA H3MefUd U 00paboTKH
MaTepyajioB, a TaKxKe NPOTOTHIMPOBAHWI U3Jie-
n@it.  Ydebras MOAy/bHAs CTAHUHA [OJDKHA
KMMETh CIEIYIOMMH COCTAaB M XapaKTEPHCTHKH:
Martepnran KOHCTPYKLHH: AJTIOMWHHH
KonuuecTBo HanpasiAolLiuX: He MeHee 4 WiT.
Habop nutepdeliicos:

- Ethernet, He MeHee 5 LUT.

- USB, e menee 2 wT.

- MicroSD: nanuuwue.

- Monayns GecrniposonHoi casu Wi-Fi: Haninyue.
[Tanennb ynpaBieHUs C 3KPaHOM: HajlnIue

THI ynpaBieHMs IKpaHa: CEHCOPHOES

Turn sxpana: LCD-nanens

1lseTHOCTH 9KpaHa: LBETHOM

Jnarosans 3xpaHa: He MeHee 3,5 mokiMa
[Inatdopma nogorpesaeMas: HaTH4YHUe
Inardopma wis 3D-nedaTu MarHuTHasS THOKAS:
HaJTU4YHe

CosmecTuMOCTDb Tmathopmbl Ad 3D-neuaru ¢
wiaThopMoit IOAOrpEBaeMOii: HaltnYKe

CMendbIil Mofyab 3D-newaTu: HajaduKne
Texnonorus 3D-neuatu: FDM nunu FFF

NuameTp comyia: He meHee 0,4 MM

MaxkcumaabHas TeMepaTypa Harpesa CoIia: He
menee 250 °C

MaxkcuMasipHas TeMrepaTypa Harpesa nojorpe-
Baemoii miargopmsl: He MeHee 80 °C
MuHUManbHas TONIHHA cllos: He Gosee 50 MKM
MaxkcumMalibHas TonHa ciosi: He menee 300
MKM

CxopocTs 3D-nevaru: He metee 100 mm/c
MakcumanbHbll pazMep H3roTaBIMBaeMoi Moze-
i me menee 200x210x200 mm
MoapepxuBaemble MaTepuansl aas 3D-nevaTu:
PLA-, PETG-, TPU-, ABS-, PC-, Flex-nmacTk
IuameTp HUTH TUIaCTHKa: He Goee 1,75 MM
Cexcop oOHapyKEHHsI HUTH [IIACTHKA: HANU4NE
OYHKUHS aBTOMATHIECKO} KanuOPOBKH: HATHIHE
CMeHHbIH Ta3epHbIH MOLYJIb: HANWYHe
MotnHocTb Jiazepa: He MeHee 1,6 BT

OYHKLMA 1A3epHOTO MPAaBHPOBAHMNA: HAJIMYNE
OYHKIA JIA3EPHOH PE3KU: HATTMINE

PasMepsl paboueii obnactu: He Menee 200x200
MM

TMonnepxuBaeMble MaTepyanbl: Oymara, KapToH,
IEpeBo, MTACTHK, KOXKa

CMenHBI MOy b dpeseposanus ¢ UITY: Hamm-
qr1e

MakcHManbHas CKOPOCTh BPAICHUs [UMTAHAENIS:
ne Menee 8000 o6/MuH

MaxkcumalbHbil AMaMeTp 3a)K1Ma NaTpoHa: He
MeHee 4 MM

Ope3za: HaU4uKe

QYHKUHUS TWIOCKOCTHOTO U 00beMHOro (pe3epo-
BaHHA: HAIHYHE

TognepxuBaeMble MaTepUabl: AEPEBO, TEKCTO-
JIUT, TACTUK

Koskyx 3alUTHBIH: HamuiKe

Quxu 3awuTHEIe ¢ Y O-QUnbTpoM: Hauuue
AfanTep NUTaHUA: HalMUKE

T




KomiekT 3amacHbpIx (b}/HKLIHOHaJTLHI)IX JJIEMCH~
TOB. HATMIHUC

2.1.9 Dpe3epHbIi CTaHOK Hasnavenue: 06paboTka MOJEIbHBIX BOCKOB, mT 1
yueOHBIH TTACTHKOB, IPEBECHHbL
Tum: (pezepHslit ctadok ¢ UITY,
KOJIM4YeCTBO oceil: He Menee Tpex (XYZ),
MaKCUMaJIbHOE KOUHUECTBO 000POTOB B MHHYTY:
He MeHee 7000
2.2 I'EO-ADPO
221 TIporpammuo- [IporpaMMHO-annapaTHblil kommiexc Ha Oasze | mr 1
anmapaTHeIA KOM- MIAHNIETHOrO KOMIIBIOTepa And yrnpasnenusa bBC
IUIEKC JUIS THIOTHPO-
BaHH OECTIMIIOTHOTO
BO3IYITHOTO CyJHa
222 ITpoTHBOYAapHBIIH [IpoTHBOYAApHBIH MUIAHIIET A1 MPOBEAEHUA TO- | IUT 2
IUTAHILET JIeBBIX paboT, B T.4. cOOpa HaHABIX Ha MECTHOCTH
223 Jroburenbckas Mo- Jhoburenbckas mMoOWnbpHAs BO3AYLIHAS CHCTeMa | LUT 2
GuibHAsA BO3LYIIHAS | I/ [IPOBEREHUs adpOPOTOCHEMKU MECTHOCTH U
CHCTEMAa C BO3MOX- OTZENbHBIX 00BEKTOB
HOCTHIO Br3yansHoro | ®opm-daxrop: ycTpoicTBo UK Habop mis cbop-
YIIpaBAEHHUS OT Iep- KM, KaHaji CBSI3H yIIPaBACHHUs CUCTEMON: HaNUMe,
BOTO JIMLA MaKCHManbHasg NaJIbHOCTh Mepefaud AaHHLIX: HE
MeHee 2 KM, OECKOJUIEKTOPHBIE MOTODEL: HalK-
uHe, TIONeTHBIN KOHTPOJJIEp: HaJiWuue,
MOAAEPKKa ONTHYECKOH CHCTEMbl HaBHTALlAM B
MOMEILEHHH: Hajiuue, Moayib (oTo/ BHIEOKA-
Mepbl paspewieHueM He Menee 4K: Hamuyue,
monynb Hasuraimu GPS/TJIOHACC: nHanmuuue,
MyAbT YOPaBICHHs: HAIWYHE, aKKyMyJIATOPHas
GaTapest ¢ 3apalHbIM YCTPOHCTBOM - HAJIAYME
NpPOrpaMMHOe [PHUIOKEHUE Ul POrpaMMUPOBa-
HHA M YIPaBJCHWs, B TOM 4HCie At cMaptdo-
HOB: Hanuuue Makc. paccTosHWE [0JeTa HE Me-
Hee 18 kM EMKOCTH akkyMmynaTropa He MeHee
3500 MAg Macca He Oojiee 570 T
22.4 Be6-THC Hoctyrn k Be6-I'MC ¢ nporpamMMHbiM ofecmeue- | wIT 1
HueM 1714 c0opa AaHHbIX
225 Hocryn x uahopma- [pemycTaBOBIEHHBIH AOCTYN K HH(OPMALMOHHO- | T 3
[WOHHO- KOHCYJIbTa- KOHCYJNBTAIlOHHO# 00pa3zoBaTenbHON OHMANH-
LIHOHHOY 00pa3oBa- cpere, (BKIOYas KOMIUIEKCHOE HH(OpMaLMOHHO-
TEJXbHOH OHNalH- MeToAnueckoe obecrietenye peanusauun 6a3oBoi
cpene YaCTH TIPOrPAMMEI)
22.6 YueOras netaromas Dopm-dakrop: ycTpoicTBo nau Habop At cOop- | wT 14
poboToTexHUdeCKas KM, KaHasi CBSI3W YNPaBJICHNS CHCTEMON: Hanu4ue,

cucteMa ¢ CV xame-
poit

KOJIEKTOPHBIE MOTOPBL: HaJuuyue,
TIONETHEIY KOHTPOJUIEP C BO3MOXKHOCTBEO MPO-
rpaMMHUpPOBAHASA: HAJlHUHe, MOJJAEPXKKa ONTHUE-
CKOH CHUCTEMBI HaBWTaLMH B NMOMEWIEHUH: Halu-
que, MoAysbs Wi-Fi BujeokaMepsl: HalHuue, Ka-
Mepa OINTHYECKOro IMOTOKAa: HANHYMe, [epe3aps-
KaeMas akkymyJisTophas Oartapes Hanp4ue,
TIPOrpaMMHOE NPWIOKEHHE s porpaMMHUpoBa-
HUA ¥ yNpaBJieHUs, B TOM 4Yucie A cMapTdo-
HOB, (YHKUHS TPOrpaMMHPOBAHUS HECKOIBKHX
JeTarolux poboToB Ha OJHOM YCTpolicTBe: Hanu-
ype . MaTpuuHblif HHAKMKATOP C MOAY/IEM AaT4H-
Ka PacCTOSHUA ¢ KPACHBIMH W CHHMMH CBETOLHO-
gamu 8x8 — 1 wr. MUKPOKOHTpOJUIEP: ABYXb-
SAAEPHBIA C OTKpbITHIM kogomPacwinpenue: 14-
koHTakTHBIH nopT pacunpenus (12C, UART, SP],




GPIO, PWM, wncroynunx nuranus) Macca He 60-
nee 90 rp

MakcyManbHOE TIONETHOE BpeMs: He Menee 13
MHUHYT

2.2.7 Tlosmron s BITJIA | CeTyaToe OrpaykACHHE 30HbI NOJETOB 3X3X3 MeT- | IUT. 1
pa
DIeMeHTHI Afis Tpac- ILT. 1
Chl
22.8 Ulratus co chepuue- | llltaTus ana GoToannaparypbl mT 1
CKOY FONOBKOM
229 3epkanbHbii potoan- | Poroannapat AN CHEMKM CQEPUYECKHX I@HO- | IIT 1
napat + 0OBEeKTUB pam, HaseMmHO#M (OTOrpaMMeTpUd M MPEJAMETHOH
CHEMKH
2.2.10 | TIporpammuoe o6ec- | IO mia goTorpammerpuyeckodl 00paboTku HaH- | T 10
meueHue s Goro- HBIX TIPEAMETHOH H a3po(oTOCHEMKM C IENBIO
rpaMMeTpHUIecKoi MOAydYeHHA TPEXMEpHLIX Mojeneil, opTodoTo-
06paboTkn IUIaHOB, UU(PPOBLIX MOAEIeH MECTHOCTH B Dellb-
eda
2.3 O6mee obopynoBaHue
2.3.1 HanonsHas Mo6Uib- COBMECTUMOCTS ¢ MOHOOJIOUHBIM WHTEPAKTHB- | IOT 6
Has CTOMKa 1JIs UH- HBIM YCTPOHCTBOM
TepaKTHBHBIX JOCOK MaxkcuMmainpHbiii BeC, BhiIEpKMBaeMbIi Kperie-
W YHHBEPCAIbHOE Huem: He MeHee 60 kr"
HACTEHHOE KpeIlye-
HUe
232 MoH0610YHOE HH- HurepakTHBHBI MOHOONOUHLIA AMCIUIEH, fHaro- | WT 6

TEPaKTHBHOE YCTPOH-
CTBO

HaJlb 3KpaHa: He MeHee 05 NoHMOB, paspellenue
skpana: He Menee 3840x2160 mukcened, BCTpO-
eHHas aKycTHyeckas cucTeMa: TpeOyeTcs, KONH-
9eCTBO OJHOBPEMEHHO Paciio3HaBaeMBblX KacaHui
CEHCOPHBEIM 3KpaHOM: He MeHee 20 xacaHui, BbI-
cota cpabaThiBaHKs CeHCOpa 3KpaHa: He boiee 3
MM OT IIOBEPXHOCTH 5KpaHa, BCTPOCHHbIE (yHK-
MM paclo3HaBaHust 00BEKTOB KacaHus (manel,
nnu Ge3barapeliHblil cTuiyc): TpeOyroTCa, KOJIH-
YECTBO NOAACPIKABaeMbiX 0e30aTapeHHbIX CTHIIY-
COB OJHOBpPEMEHHO: HE MeHee 2 IUT., BO3MOXK-
HOCTh MWCIIOJIb30BAHH|A JIAAOHU B KAYeCTBE MWH-
CTPYMEHTA CTHUpaHKs MO0 MTHOPMPOBAHHUS Kaca-
HUH SKpaHa naloHbto: Tpedyerca MnTerpuposaH-
HbII AaTUMK OCBEIIEHHOCTH AJIST aBTOMATHYECKOH
KOppeKUuy  SpKOCTH  [OACBeTKM:  Tpebyercs
Hanunuue ¢yHkuny rpaduyeckoro KOMMEHTHPO-
BaHUsl [OBEPX MPOW3BONLHOrO H300paKeHUs, B
TOM 4MCNEe OT (UM3NYECKH MOAKIOYEHHOIO HC-
TOYHMKA BHAeocurHama: Tpebyercst MHTerpupo-
BaHHble (YHKUHY BbIBOJR M300paXkeHu# ¢ dxpa-
HOB MOOHJBHBEIX ycTpoicTs (Ha niatdopme pac-
mpocTpadeHHEIX OC), a TalKe ¢ BO3MOKHOCTbIO
MHTEpaKTHBHOTO B3aumojelicTeus (ynpasjeHus)
¢ ycrpoifcTBOM-HCTOUHKHKOM: Tpebyerca Hure-
TPUPOBAHHBI B IMOJB30BATENLCKHI HATEpdEHc
¢ynxunonan npocMotpa u paboTel ¢ Oaiinamu
OCHOBHEIX ¢opmato ¢ USB-nakonurtenedt wiu
ceTeBOTO ceprepa: Tpebyetcs Ilopaepxka BCTPO-~
eHHBIMU CPEICTBaMH AWCTaHLUOHHOTO yNpaslie-
HUsA pabouumy napaMeTpamy yCTpOHCTBa Hepes
BHelHue cucTembl: Tpedyetcsa IIpexycTaHOBIIEH-
Hajg onepaluoHHas cucTemMa ¢ rpaduuecKuMm
MOJIb30BaTeNhCkM  uHrepdeiicoM, obecneyunna-




omas paboTy pacHpocTpaHeHHsIX 00pa3oBaTellb-
HBIX W OOUIECHCTEMHBIX MPHNIOKeHUit: TpeSyeTcs
HuterpupoBanHble cpeicTBa, 00ECHEUHBAOIIME
clefytolnl QyHKIHORAM: CO3JaHHe MHOTOCTpa-
HUYHBIX YPOKOB € HCIONB30BAHUEM MEIHAKOH-
TEHTa PasjHYHEIX (OPMATOB, CO3AaHUE HALIUCEH
H KOMMEHTApUEB TOBEPX 3aMyLIEHHBIX NPUIIOKE-
HHH, pacnosHasaHue QUryp ¥ pyKONMCHOTO TeK-
CTa (PYCCKUH, aHIUHCKUH SI3bIKK), HATWUHE UH-
CTPYMEHTOB PHCOBAHMA T€OMETPUUECKUX (UTYD
¥ JIHHUE, BCTPOEHHBIE YHKLMHA: I'eHepaTop Cuy-
YaiiHBIX 4YMCEN, KaNbKyIATOP, 3KpaHHAs KilaBHa-
Typa, TailMep, PenakTop MaTeMaTHYecKux (op-
MyJI, SICKTPOHHBIE MATEMaTHUECKYe HHCTPYMEH-
TbL: [UPKYJib, YTOJNLHYK, NHHEHKA, TPaHCIOPTHD,
pexuM "Geofl mocku" ¢ BO3MOMKHOCTBIO CO3Ja-
HUS 3aMeTOK, PHCOBaHMsA, paboTsl ¢ TabauuamMu 1
rpadukamu, uMnopt ¢aiinos QGopmaros: *.pdf,
* ppt




