MHWHHNCTEPCTBO OBPABOBAHUS U HAYKU
TAMBOBCKOM OBJIACTU

IMMPUKA3
1741 2023 Ne 3764

. Tam60B

00 yrBepkgenyny MHGPACTPYKTYPHOrO JIUCTA JJISI CO3NAHMS JETCKOr0
TexHonapka «Ksanropuym» B 2024 rogy Ha 6ase 061,e06pasoBaTe/ILHONM
opranusamyy . Muaypurcka Tam00BCKOM 00/1aCTH

Ha ocHoBammyM mnmcbmMa  3aMeCTUTENSI  IEHEpPaJbHOIO  IMPEKTOpa
@OT'AY «lleHTp TIPOCBETUTENbCKMX WHUIMATUB MUHUCTEPCTBA MPOCBEILEHMS
Poccuiickoit @emepauyu» A.C. Bocrpukosa or 15.11.2023 Ne 100/1511-05
«O cooTtBeTcTBMM MHOPACTPYKTYPHOTO JIMCTA €OMHOJM TEXHOJIOTMUECKOM Cpeme
HIIO»mpukasbiBaio:

1. VYrBepoutb WH(PACTPYKTYPHBIM JIMCT [JIT CO3LAHUSI IETCKOro
rexHonapka «Ksantopuym» B 2024 romy Ha 6ase xopmyce Ne 1 MyHMUMIIAIBHOTO
610[KeTHOTO 00611e06pa3oBaTeIbHOTO YupexaeHus «CpepHsist

obuieobpasoBarenpHas mkona Nel9» r. MuuypmHcka TamboBckoit obmactu B
pamvkax (emepanbHoro npoekra «COBpeMeHHast IIKOIa» HAMOHAJIbHOIO MPOEKTa
«O6pa3oBaHye» COIIACHO IPUIOKEHUIO.

2. PexomenpmoBaTh HauaJIBHMKY VIIPaBIEHMS HApPOLHOrO 06pa3oBaHMS
agvuHucTpaumu r. Muuypuacka TamboBckoi obmactu (Knnvkuh):

2.1. opranusoBaTh paBoTy 10 OGBSBIEHMIO 3aKYIIOK TOBapoB, pabor, yciyr
IJIs  CO3maMMsi [OeTCKOro rexHomapka «KBaHTOpuMymM» B COOTBETCTBUM C
MH(DPACTPYKTYPHBIM JIMCTOM;

2.2. opraHu3oBarh paboTy HO 3aKJIIOUEHUIO KOHTDPAKTOB (JOTrOBOPOB, COIVIa-
LIEHYIT) [T0 UTOraM 3aKyIIOYHbIX [TPOLIELYD;

2.3. obecrieunTsb Hajauuue B MYHUIIMIIAIBHOM OIOIKETHOM
obuieobpasoBatesibHoM  yupexxnenuyu «Cpepusas o6ileobpasoBarefbHas ILIKOJA
Nel9» r. Muuypuncka TamboBckoit obiacTu 6asoBoro Habopa obopymosaHus,

CpefcTB OOyueHMS] M BOCIIMTaHMS, YTO SBJIAETCS OGA3aTENbHBIM YCIOBMEM MIJIS
cosnanusa Ha 6Gase 0OumieoOpasoBaTesNbHONM OpraHU3alMy AETCKOrO TEXHOMAapKa

«KBantopuym». i
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HbpacTpyKTypHbBIN JUCT

ITPMJIOKEHUE
VTBEPKXJIEH
IIPMKAa30M MMHMCTEPCTBA 0Opa3soBaHMs

1 HayKu Tamb0oBCKOM 061aCTU
ot 17.11.2023 Ne 3168

IJISL CO3maHusl JeTCKoro texHomnapka «Ksauntopmym» B 2024 romy Ha 6a3e
MYHUIIUIIAIbHOT'O OI03KETHOTO 00111e00pa3oBaTebHOIO yupeskaenus: « CpemHsst
ob11ieobpaszoBaTesibHas 11KoJia Ne19» r. Muuypusrcka Tamb6oBckoi ob1actu B
paMKax (emepasabHoOro npoekra « CoBpeMeHHas IIIKOJ1a» HallMOHAJIbHOTO IIPOeKTa

XUMHH, Teorpaduu U MIPUPOIOBEICHUS, & TAKKE TS
WHUBUTyATbHBIX UCCICAOBAHUS U MTPOCKTHOM
JeSTeNbHOCTH IIKOIBHUKOB. KoMrmekrarus:
becnpoBogHON MyJTbTUIATYKK IO 3KOJIOTHYECKOMY
MOHUTOPUHTY C 8-10 BCTPOCHHBIMH JATYHKAMHU:
JlaTuuk HUTPAT-UOHOB;

JlaTuuk XJIIOpUA-NOHOB,;

Hatunk pH ¢ nuanazonom n3mepenus e yxe yeM ot 0
1o 14 pH;

JlaTuuk BIaKHOCTHU C TUATIA30HOM H3MEpPEHUS
0...100%;

JlaT4rK OCBEMIEHHOCTH C TUAMla30HOM M3MEPEHUS HE
yxe ueM o1 0 go 180000 nk;

JlaTurk TemMIepaTypel C TUama3oHoM U3MEPEHUS He
yxe geM ot -20 go +140C,;

JaT4uK 37eKTPONpOBOAUMOCTH € AUana3oHaMu
n3Mmepenus He yxe uyeM ot 0 1o 200 MxCwm; ot 0 1o
2000 mxCwm; ot 0 10 20000 MKCwMm;

JaTuuk TemMnepaTypbl OKpyKaroueil cpesl ¢
JMana3oHoM u3MepeHus He yxe ueM oT -20 no +50C
OTaenpHBIC JATYNKH U MYJIBTHIATIUKHA:

Jatuuk 3ByKa ¢ QyHKIMEH HHTETPUPOBAHHUS C
JIMANa30HOM U3MEPEHUS YacTOT He MeHee ueM oT S50
I'm no 8 xI'1;

JlaTumk BIa)XHOCTH TIOYBHI C IUANIA30HOM U3MEPEHUS
He yxe ueM ot 0 1o 50%;

JaTurk OKUCH yriieposa ¢ AMana3oHOM U3MEpPEHHUS He
yxe geM ot 0 o 1000 ppm;

MynbTHAATIUK ONTHIECKOH MIOTHOCTH U MyTHOCTH
CO BCTPOCHHBIMH JATUYUKAMHU:

Jatuuk onrudeckoii miotHocTH 470 HM ¢ IHana30HOM

«O6paszoBanue»
Enununa KonunuecTtBo

HaumenoBanue
No KpaTkue npumepHbIe TEXHUYECKIE XapaKTEPUCTUKNA | U3MEPEHHS
i 00opyIOBaHUS (PBIIO)

(PBIIO)
HaumenoBanmne HanpasJienns: «O0opynoBaHue 1JIs1 OCHOBHBIX HallpaBJIeHUID)
HaunmenoBanue pazgena: «EcrecTBeHHOHay4YHbI PoduIiby

1. Hudposas OO0ecrieunBaeT MPOBEACHUE YIYCOHOTO 3KOJIOTHUSCKOTO IIT. 4

nmabopaTopus IO | MOHHTOPUHTA HHCTPYMEHTAIBHBIMU MeTotaMu. Habop

HKOJIOTUN MIPUMEHSETCS TIPY U3yYEHUH SKOJIOTHH, ONOIIOTHH,




n/m

HammenoBanmne
00opyIoBaHUS
(PBIIO)

KpaTkune npumepHbIe TEXHUYECKHE XapaKTePUCTUKH
(PBIIO)

Ennnuna
H3MEPCHUS

Konunuectso

m3mepenus ot 0 1o 2 D;

JlaTuuk onTHYecKol IMIOTHOCTH 525 HM C IHana30HOM
mmepenns ot 0 1o 2 D;

HaTtuuk ontuueckoi mwioTHocTH 630 HM ¢ AMANa3z30HOM
m3mepenus ot 0 1o 2 D;

JlaTauk MyTHOCTH PacTBOPOB C TUATIA30HOM
m3mepenust ot 0 1o 200 NTU,

AKkceccyapsl:

Ka6ens USB coemunuTeNbHEIH (2 1IT.);

3apsgHOEe yeTpoicTBO ¢ kKabemeM miniUSB;

USB Anantep Bluetooth 4.1 Low Energy;

CreprxeHb 15 3aKpeTUIeHNs] TaTINKOB B IITATUBE;
KpaTkoe pykoBOACTBO 1O 3KCILTyaTaIriu mu(poBoi
Jnaboparopuu;

[IporpamMMHoe obecrnieueHwe;

Mertomuueckne pekoMeHaannu He MeHee 20 pador;
YnakoBka,

Hanuuue pyccKoS3pIYHOTO CaiiTa MO ICPIKKH,
HaJIMYUE BUICOPOIUKOB.

Mukpockon
U pPOBO

Tun MUKpOCKOTIa: OMOIOTHIECKUH;

Hacanka MuKpOcCKoIa: MOHOKYJISIpHAs;
Haznauenwue: 1abopaTopHBIiA;

MerTopx uccnenoBaHus: CBETIIOE MOJIe
Marepwuan ONTUKU: ONTHYECKOE CTEKIIO;
YBenuuenue MUKpockorna, kpart: 64 — 1280;
Oxyisaps: WF16x;

O06mbexTuBbl: 4%, 10x, 40xs (HoANPYXKUHEHHBIH);
PeBonbBepHas rosoBka: Ha 3 0OHEKTHBA;

Tun noacBeTKu: 3epKano Uik CBETOAUOL,
Pacniono)xenue noaCBETKU: BEPXHAS U HUKHSAS,
Marepuain kopriyca: MeTaJlI,

[IpeameTHsIii cTonuk, MM: 90;

Ucrounuk nmuranus: 220 B/50 I';

UYucno Meranukceneil: 1

IIT.

11

Iudposas
naboparopus 1Mo

¢duznonorun
(npodunbHbIA
YpOBEHB)

OO6ecnieunBaeT MPOBEACHUE UCCIIESIOBAHUS TI0
(hyHKIIMOHUPOBAHHIO YEJIOBEUECKOTO OPTaHU3Ma.
Kommnekranust:

BecnipoBoiHOM MyIbTHAATYHK 11O (PUZUOIIOTHU C 5-10
BCTPOCHHBIMH JaTYUKaMU: J[aTuuk apTepuaanLHOTO
nasienus (0...250 MM prt. cr.), JlaTank mynbca ¢
JMana3oHoM u3MepeHus He yxe ueM oT 30 1o 200
ya/MuH, JlaT4MK TeMIepaTyphl Tela ¢ TUana3oHoM
n3MepeHus He yxe ueM ot +25 no +40C, laTunk
YaCTOTHI ABIXaHUS C TUANIA30HOM U3MEPEHUS HE YKe
yeM oT 0 10 100 1iukii0B/MuH, JJaT4uk yCKOPEHUS ¢
ToKazaTeisiMi +2 g; +4 g; +8 g;

Otaenbuble yerpoiicta: Jatuuk OKI' ¢ nuanazonom
mMepernust He yxxe ueM oT -300 mo +300 mB), latuuk
CHJIOMED C TNana30HOM H3MepeHus He yxe yem ot ()
1o 40 H, JaTunk OCBEIIEHHOCTH C JUANIA30HOM
u3Mepenus He yxxe ueM ot 0 go 180000 nk;
AKceccyapsl:

Kabens USB coequHUTENBHBII;




n/m

HammenoBanmne
00opyIoBaHUS
(PBIIO)

KpaTkune npumepHbIe TEXHUYECKHE XapaKTePUCTUKH
(PBIIO)

Ennnuna
H3MEPCHUS

Konunuectso

3apsgHOE yeTporcTBO ¢ KabemeM miniUSB;

USB Ananrep Bluetooth 4.1 Low Energy;

KpaTkoe pykoBOACTBO 1O 3KCILTyaTaItui nu(poBoOi
naboparopuu,

[IporpamMmmHuoe obecniedeHue ;

Mertoaudeckue pekoMeHaauu He Mmeaee 20 pador;
Hanuuue pyccKoS3pIYHOTO CaiiTa MO ICPIKKH;
Hanwnuue BUICOPOIIMKOB.

Iudposas
nmaboparopus

«Duzukay
npoduiIbHas
I megarora

ObecneunBaeT BBIIOJIHEHUE HKCIIEPUMEHTOB 110 TEMaM
Kypca (pHu3uKy.

Kommnexranusa: becripoBonHOM MyTbTHAATYHK TIO
(u3uKe ¢ 6-10 BCTPOSHHBIMH JaTYUKAMHU:

HudpoBoii naT4nk TeMITEpaTypsl C AUATTA30HOM
n3MepeHus He yxe ueM ot -20 g0 120C;

Hudporoii naTunk abCOIIOTHOTO AABICHUS C
JIuana3oHoM uzMepenus He yxe uem oT 0 no 500 klla;
JlaT4uK MarHuTHOTO IOJIS C AUANIA30HOM U3MEPEHHUS
He yxe yeM oT -80 1o 80 mT;

JaTuuk HanpsDKEHUS ¢ AMana30HaMU U3MEPEHHS He
yxe ueM oT -2 10 +2B ; ot -5 o +5B; ot -10 g0 +10B;
ot -15 1o +15B ;

JaTtunk Toka He yxe ueM oT -1 1o +1A ;

JaTyuk akcenepoMeTp ¢ OKa3aTeNsIMH HE MEHee YeM:
g g g

OTtnenbHBIE YCTpOIICTBA:

USB ocmmiorpad He MeHee 2 kaHauna, +/-10 B;
AKceccyapsl:

Kabens USB coeuHATENBHBII;

3apsigHOE yeTpoiicTBo ¢ kadesnem miniUSB;

USB Ananrep Bluetooth 4.1 Low Energy;
KoHcTpykTOp /U1 IPOBEICHNS SKCIIEPUMEHTOB
KpaTkoe pykoBOACTBO 110 3KCILTyaTalu nudpoBoi
naboparopuu,

[IporpammMHoe obecnieueHue;

Mertonuueckne pexomenaanuu (40 pador);

Hannune pycckos3pI4HOTO caiita moAJIepKKH;
Hannune BUICOPONHKOB.

IIT.

Iudposas
naboparopusi
«Xumus»
npoduiIbHas
JUTS TieJlarora

ObecrieunBaeT BHINIOIHEHNE JIAOOPATOPHBIX PadoOT MO
XUMHUH Ha YPOKaX B OCHOBHOM IITKOJIE W MPOEKTHO-
HCCIIEAO0BATENBCKON AESTENBHOCTH YUaITUXCSL.
Kommmrexkranms:

becnipoBogHON MYJTETHIATINK IO XUMHUU C 3-Ms
BCTPOEHHBIMHU JaTYNKAMHU:

Hatuuk pH ¢ nuanazonom usmepenus He yxke uyeM ot 0
1o 14 pH;

JlaT4rK 2IIeKTPOIPOBOAMMOCTH C AHara30HaAMHU
n3Mepenus He yxe uyeM ot 0 1o 200 MxCwm; ot 0 1o
2000 MxCwm; ot 0 10 20000 MKCwMm;

JlaTurk TeMIepaTyphl C TUaa3oHoM U3MEpPEHUs He
yxe ueM ot -20 go +140C;

OTaenbHBIC JATYUKY:

JlaTuuk onTHYecKoi IJIOTHOCTH 525 HM;
AKceccyaphl:




n/m

HammenoBanmne
00opyIoBaHUS
(PBIIO)

KpaTkune npumepHbIe TEXHUYECKHE XapaKTePUCTUKH
(PBIIO)

Ennnuna
H3MEPCHUS

Konunuectso

Kabens USB coenuHUTENBHBII;

3apsgHOe ycTpoicTBO ¢ Kabemem miniUSB;

USB Ananrep Bluetooth 4.1 Low Energy;

KpaTkoe pykoBOACTBO 0 3KCILTyaTalu udpoBoi
naboparopuu,

Hab6op mabopaTopHO# OCHACTKY ;

[IporpammMHoe obecrieueHue ;

Metoandeckue pekoMeHaanuu He menee 40 pador;
Hanuuue pycckosi3pIYHOrO caiTa HOIIEPKKHY;
Hanuune BuaeopoaukoB.

HaumenoBanue pasaena: «Texnonornyeckuii npodpuins. PObO»

O0pa3oBaTelibH
BIN
KOHCTPYKTOP C
KOMILJICKTOM
JATYUKOB

O6pazoBaTenbHBI HA0Op MpeaHa3HAYEH IS
H3yUYCHHS OCHOB Pa3pabOTKH MPOTrPaMMHUPYEMBbIX
MojIeTiell aBTOHOMHBIX MOOHIIBHBIX POOOTOB.

B cocraB Habopa HOHKHO BXOJUTh: KOMILIEKT
KOHCTPYKTHUBHBIX DJIEMEHTOB U3 IJIACTHKA,
HHCTPYMEHT AJIsl paOOThI C KPENEeKHBIMU
KOMIIOHEHTaMU, CEPBOIIPUBOJI ¢ BCTPOCHHON CUCTEMOU
yTpaBiieHHs, 00ecieunBaroliei 0OpaTHyIO CBS3b
MOJIOKEHUIO, CKOPOCTH M Harpy3Ke - 4 IIT., MyJbT
yrnpasieHus — 11T, JaT4uK KacaHus — 1 IUT., AATYUK
nBeTa — lmT, 1aTYMK TAKTUIIBHO-CEHCOPHBIH CO
CBETOJIMOTHBIM MOJTyJieM — 1 mIT., Kamepa C
BO3MOHOCTBIO OJTHOBPEMEHHOTO ONPE/IEICHUS
HECKOJIbKUX IIBETOB — | MIT., aKKyMYJIATOpHAs
Oarapest — 1 mrT.

B cocraB Habopa BXOOUT poOOTOTEXHUUYECKHUN
KOHTpoJuiep — lmr.

PobotoTexunyeckuii KOHTpoJUIEp 00JIa1aTh
BcTpoeHHBIM I1BeTHBIM JKK 3KpaHOM U BCTPOEHHBIM
HWHEPLHOHHBIM JaTYHKOM.

PoboroTrexunyeckuii KOHTpoJuIep UMETh 12 TOpTOB
JUTSL TIOAKITIOYCHHUS] BHEIITHUX YCTPOMCTB U MOPT JUIS
YCTAHOBKH KapThl MaMSITH.

B cocraB Habopa BXOOUT NpOrpaMMHUpPyEMBIH
KOHTposuiep — 1 mT.

[IporpaMMupyemsbIii KOHTPOJUIEP TMPENCTABISATH COOOM
yCTpOICTBO, 00ecTIeYnBaroIIee BO3SMOKHOCTh
OCYIIECTBIIATH pa3paboTKy MPOrpaMMHOT0 KO/a,
WCTIONB3YSl HHCTPYMEHTAPHUH cpes pa3padoTKu
Arduino IDE.

[IporpaMMupyemblii KOHTpoJJIEp OOeceYnBaTh
anmapaTHYIO U IPOTPaMMHYIO COBMECTHMOCTE C
AJIEMEHTHOW 0a30ii, BXOASIIEH B COCTaB Habopa.
[IporpaMMupyemsblii KOHTPOJIEP COAEPKATh
ciemyrome nHTEpPeichl: MdPOBLIC U aHATOTOBBIC
moptel — 50mT, USB, USART, 12C, SPI, ISP,
Bluetooth, WiFi.

IIporpamMupyeMbIii KOHTPOJIEP COMEPKAThH
uHTepQeic s MOAKIIOUSHHS IPUBOJOB U TaTYUKOB
poboToTexHnueckoro Habopa— 12 .

IIT.




Ennnuna KomnnuectBo
Hanmenosanne
No KpaTkune npumepHbIe TEXHUIECKIE XapaKTEPUCTUKNA | U3MEPEHHS
w 00opyIoBaHUS (PBIIO)
(PBIIO)
7. | Ob6pazoBarensH | OOpazoBaTenbHBIA HAOOP JOKEH OBITH MpeJHA3HAYCH IIT. 3
BIif HAOOP IO IUTS N3YYEHUST MEXaHUKH, MEXaTPOHHUKH H
MEXaHUKe, poboroTexanku. OOpa3zoBaTEIHHBIA HAOOP
MEXaTPOHUKE M | MpeJHa3Ha4YeH AJs pa3paOdOoTKH MPOrpaMMHUPYEMbIX
pPOOOTOTEXHUKE | MOAETIEH MEXaTPOHHBIX CUCTEM U MOOHMIIBLHBIX

poOOTOB, OCHAIIEHHBIX Pa3THYHBIMH
MaHHITYJISIIIMOHHBIMU M 3aXBaTHBIMU YCTPOUCTBAMHU.
B cocraB Habopa JOMHKHO BXOJUTH: KOMILIEKT
KOHCTPYKTHUBHBIX 3JIEMEHTOB M3 METAJIa, KOMILIEKT
KpEen&XHbBIX IIEMEHTOB, KOMILIEKT /sl COOpKH
3aXBaTHOI'O yCTPOWCTBA — HE MeHee | IIT., KoJieca ¢
MIPOPE3NHEHHBIM 000JI0M — HE MeHee 2 MIT., KoJieca
BCEHAIPAaBIICHHOTO JABIDKEHUS -HE MEeHee 2 MIT.,
MIPUBOJ] TOCTOSHHOTO TOKAa C MHTETPUPOBAHHOM
CHCTEMOH ympaBieHus, o0ecreunBaromieil 00paTHyro
CBSI3b TTOJIOKEHUIO, CKOPOCTH M Harpy3Ke - He MeHee 4
WIT., JATYUK JIUHHUY - HE MeHee 3 MIT., JaTYhK
paccTosHUS — HE MeHee | IIT., aKKyMyJIATOpHas
Oarapest — He MeHee | 1IT., 3apsAHOe YCTPOHCTBO — HE
MeHee 1 wir.

B cocraB Habopa T0KEeH BXOIUTH IPOTPaMMHUPYEMBbIi
KOHTpOJIIEp, 00eCTIeYNBAIOIINN BO3MOKHOCTh
OCYIIECTBJIATH pa3paboTKy MPOTPaMMHOTO KOJIa,
WCTIOJB3YSl HHCTPYMEHTAPHH cpesl pa3paboTKH
Arduino IDE. TIporpamMmupyemblii KOHTPOJLIEP
JOJDKEeH 00eCneurBaTh anmapaTHyIo U IPOTPaMMHYEO
COBMECTHUMOCTH C DJIEMEHTHOI 0a30i, BXOIAILEH B
cocraB Habopa.

[IporpamMmupyembiii KOHTPOJLIEP OIHKEH CONEPIKATh
clenyroImuye nHTepQeiicel: mudpoBbie U aHATOTOBEIE
noptel — He MeHee 50T, USB, USART, 12C, SPI, ISP,
Bluetooth, WiFi. ITporpaMMupyembiii KOHTPOJLIEP
JIOJDKEH CoJiepKaTh HHTepdeic (1S MOAKITIOUeHUS
MIPHUBOJIOB U JIATYNKOB POOOTOTEXHUYECKOTO Habopa),
peann3oBaHHbIN Ha Oa3e muHbl RS-485 — He MeHee
12mr. [IporpamMmmupyeMblil KOHTPOIIEP JOKEH
coJiep>KaTh CUIOBOW HOPT /ISl MOJKIIOUEHHS BHEIIHEH
Harpy3Ky WJIK MOTOPOB — HE MEHee 2IIT.

B cocraB Habopa 10mKeH BXOIUTH MOIYJIb
TEXHUYECKOTO 3peHUs — He MeHee 1mT. Moaynb
TEXHUYECKOTO 3pEHHs T0JDKEeH 00ecneunBaTh
BO3MOXHOCTh KOMMYHHUKAITUH C aHATOTUIHBIMA
MOJIYJISIMH TIOCPEJCTBOM IIMHBI Ha Oase
MOCJIe/IOBaTENILHOTO HHTEpdeiica ¢ eNbio
JaJbHEHNIIEeH ITepesadn pe3yabTaTOB U3MEPEHUI
IpYIIBI MOJYJEH Ha yIPaBIIOIIEe BEIYUCIUTENLHOE
YCTPOWCTBO, MOJAKIIOYEHHOE K TaHHOW IIMHE.
Moy TEXHUYECKOTO 3peHHs JOKEH 00ecTieunBaTh
BO3MOHOCTb OCYIIECTBIISITh HACTPOMKY MOZYJIS
TEXHUUYECKOT0 3PEHUS - HACTPOUKY IKCIO3UIINH,
Oayranca 0eroro, IBETOPa3HOCTHBIX COCTABIISIONIIX,
IJTOMA TN OOHAPYKUBAEMOH 001aCTH H300paKCHISI,
OKPYTJIOCTH O0HapyKHBaeMOH 00J1acTH M300pasKeHHS,




n/m

HammenoBanmne
00opyIoBaHUS
(PBIIO)

KpaTkune npumepHbIe TEXHUYECKHE XapaKTePUCTUKH
(PBIIO)

Ennnuna
H3MEPCHUS

Konunuectso

TIOJIOKEHUE O0HAPYKUBAEMBIX 00JIACTeH
OTHOCHTEIHHO APYT ApYTa.

Monynib TEXHUIECKOTO 3peHHS JOKEH 00ecTieunBaTh
BO3MOXKHOCTh HACTPOIMKH Ha OJTHOBPEMEHHOC
oOHapyxeHue He MeHee 10 pa3IMYHBIX OJMHOYHBIX
00BEKTOB B cEKTOpe 0030pa, THO0 HE MeHee 5
COCTaBHBIX 00BEKTOB, COCTOSAIINX U3 HE MEHEE 3
Pa3IUYHBIX TPAPUIESCKUX IPUMHUTHUBOB.

Momyb TEXHUYECKOTO 3peHHUs JODKEH 00Ia1aTh
BCTpoeHHbIMU HHTEp(eiicamu — USB, UART, 1-wire
TTL, 12C, SPI nns kOMMyHHKallUX CO BHEIITHUMHU
MTO/IKJTFOYAEMBIMHU YCTPOHCTBAMH.

O0pazoBaTenbH
BIii HA0OP IO
JNEKTPOHUKE,
3NIEKTPOMEXaHU
Ke U
MHUKPOTIPOLIECCO
PHOI TEXHUKE

Habop momxen ObITH IpeHA3HAYECH [T TIPOBEICHUS
yUeOHBIX 3aHATHH [0 U3yYECHHUIO OCHOB MEXaTPOHHUKU
1 poOOTOTEXHUKH, MPAKTUIECKOTO MPUMEHEHUS
0a30BBIX JIEMEHTOB IEKTPOHUKH U CXEMOTEXHHKH, &
Tak)Ke HanOoJiee pacIpOCTPAHEHHOH 2IIeMEHTHOM
0a3bl 1 OCHOBHBIX TEXHUYECKUX PELICHUH,
MIPUMEHSIEMBIX NIPH IPOCKTUPOBAHUU U
MIPOTOTUIIMPOBAHUHN PA3IMYHBIX MHKCHEPHBIX,
KHOEPHETUYECKUX U BCTPAUBAEMBIX CHCTEM.

B cocraB Habopa JOKHBI BXOAUTH KOMIUIEKTYIOIINE U
ycTpoiicTBa, 00J1a1at0mye KOHCTPYKTUBHOM,
3IEKTPUYECKON, alllapaTHON U MPOrPaMMHOMN
COBMECTHMOCTBIO JIPYT C IPYTOM.

B cocraB Habopa 10JKEH BXOIAUTH KOMIUIEKT
KOHCTPYKTHBHBIX 3JIEMEHTOB U3 MeTaJlj1a AJ1s1 COOPKHU
MaKeTa MaHHITYJISIIMOHHOTO POOOTA U KOMIUIEKT
METAJUINYECKUX KOHCTPYKTHBHBIX 3JIEMEHTOB IS
cOOpKHM MakeTa MOOMIIBHOTO poOOTa.

B cocraB Habopa TOMKHBI BXOAUTH MPUBOA
Pa3IMYHOrO THUIA: MOTOPBI C MHTETPUPOBAHHBIM WIIH
BHEIIHUM JaTYHKOM IOJIOKEHHS — HE MeHee 21T,
CEpBOINPHUBOA OOJBLION — HE MEHEee 41LT, CEPBONPHBOA
MaJblii — HE MEeHee 21T, TPUBOJ C BO3MOKHOCTHIO
YIPaBJIEHHA B IIIArOBOM PEXUME — HE MEHEE 21IIT.

B cocraB Habopa AOJKHBI BXOAUTH 3JIEMEHTHI IS
cOOpKHM BaKyyMHOT'O 3aXBaTa: BAKyyMHas ITPHCOCKA —
He MeHee 11T, 3JIeKTPOMarHUTHBIN KIlalaH — He MEeHee
1T, BAaKyyMHBIN HacOC — HE MeHee 11IT.

B coctas Habopa omKHA BXOJUTH dI€MEHTHAs 0aza
JUTSL IPOTOTUIIMPOBAHUS: TIaTa JUIs OecracyHOro
MIPOTOTUIIMPOBAHUS, KOMIIJIEKT MPOBOJIOB PA3IMYHOIO
TUIA U JUINHBI, KOMIUIEKT PE3UCTOPOB, KOMIUIEKT
CBETOJINOJIOB, CEMUCETMEHTHBIN MHAUKATOP, AUCIUIEH
KK-tuma, KHONIKM — HE MEHEe SIUT, MTOTEHIIUOMETPHI —
He MeHee 31T, MHPpaKpacHbIN JaTUUK - HE MEHEe
3mT, yapTpa3ByKOBOH JaTUWK - HE MEHee 31T, TaTIHK
TEMIIEpaTyphl - He MeHee 11T, JaTYUK OCBEIEHHOCTH
- He MeHee 1T, moaynb Bluetooth — He menee 1,
moxyns MK-ipuemunka — He meree 1mr, moayns K-
nepeaaTyvka B BUIe KHOIIOYHOTO ITyJIbTa YIIPAaBICHUS
— 1mT, akKyMyJIsaTOp — HE MeHee 11T, 3apsiiHoe

IIT.
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YCTPONCTBO — HE MeHee 11iT.

B cocraB Habopa K0DKEH BXOIUTHh MYJIbTUAATIMK IS
HU3MEpPEHHs TEMIIEPATYPhl U BIa)KHOCTH OKpY>KaroIei
cpensl — He MeHee 11T. MynbTUAATUNK T0JKEH
00ajgaTh BCTPOSHHBIM MUKPOKOHTPOJIEPOM
(TakToBas gactora - He MeHee 16 MI 11, mmHa TaHHBIX
— He MeHee 8 K6aiiT), untepdeiicamu s
MOJKJIIOUEHHS K BHEITHUM YCTPOWCTBaM: HUPPOBBIE U
aHajoroBsie mopthl, 1-wire TTL, pa3sem trma RJ.

B cocraB Habopa H0JKEH BXOAUTH KOMIUIEKT
YHHUBEPCAIbHBIX BEIYUCIUTENBHBIX MOTYJIEH,
MIPEICTaBISIFOIINX co00it 0a30ByIO IJIATy, IJIATY
paciMpeHus Al CETEeBOI0 B3aMMOJIEHCTBUS U TUIATY
NOAKJIKOYEHUS CWIIOBOM HArpy3ku. Bxondmue B
KOMIUIEKT YCTPOHCTBA IOJIKHBI 001a1aTh
OJTHOBPEMEHHOI KOHCTPYKTUBHOM, 3JIEKTPUUECKOM,
arapaTHON U IPOrpaMMHOM COBMECTUMOCTBIO IPYT C
JPYTOM.

basoBas miara yHMBEpCaIbHOTO BHIYUCIUTEIBHOTO
MOJyJIsl JOJDKHA MPEICTABISATh COO0M
porpaMMUpyeMbIi KOHTposuiep B cpene Arduino IDE
WM aHAJIOTMYHBIX CBOOOIHO PAaCIPOCTPAHIEMBIX
cpenax pa3paboTku. bazoBas miata nomkHa o0nagath
BCTPOCHHBIMU MHTep(eiicaMu UTsl OAKIIOYCHNUS
IU(PPOBBIX U AaHAIOTOBBIX YCTPOWMCTB, BCTPOCHHBIMU
unrepdeiicamu USB, UART, 12C, SPI, 1-wire TTL,
Bluetooth, WiFi.

[Tnara pacmmpenus A0JKHA 00eCIIeYnBaTh
BO3MOXHOCTb MOJKIIOYEHHSI YHUBEPCAIILHOTO
BBIYUCIUTEIHLHOTO MOYJISl K CETH OCPEICTBOM
untepdeiica Ethernet. [Tnara pacmmpenus gomxaa
o0aaTh TOPTaMK BBOJIA-BBIBOJIA JUTSI TIOKITIOUYCHUS
IU(POBBIX U aHAIOTOBBIX YCTPOHCTB, nHTEepdeiic SPI
¥ BO3MOKHOCTBIO TTOJIKITIOYSHHS BHEITHEW KapThI
MaMsTH.

[Inarta pacmmpenus Ass MOAKIIOUEHHUS CHIIOBOM
Harpy3KH JOJDKHA 00€eCTIednBaTh BOZMOKHOCTD
MPSIMOTO NOJKJIFOUYEHNS BHEIIHEN CUIIOBOM Harpy3KH,
a TaKKe PeryaupyeMoi Harpy3ku rnocpeacrsoM PWM
uHTepdeiica.

B coctaB Habopa OMMKEH BXOIUTH IIPOTPaMMHUPYEMBIH
KOHTPOJIIEP, 00eCTIeUNBAIOIIUI BO3MOXKHOCTD
OCYILECTBIIATH Pa3pabOTKy MPOrpaMMHOIO KOJa,
WCTIONB3YSl HHCTPYMEHTAPHUH cpes pa3padoTKu
Arduino IDE u Mongoose OS 1 s13b1K0B
nporpammupoBanust C\C++, JavaScript.
[IporpaMMupyeMblii KOHTpOJIJIEP TOJDKEH 00Ia1aTh
MOPTaMH JUTS HOAKIIIOUCHNS IU(PPOBBIX U aHAJIOTOBBIX
YCTPOWCTB, BCTPOEHHBIMH MTPOrPaMMHUPYEMBIMU
KHOTIKaMH U 3IEKTPOMEXaHUIECKUMHU MOIYJISIMH IS
OpraHu3alllu CUCTEMbI PYYHOI'O YIIPABIICHHUS,
BCTPOEHHBIMU NIPOrPaMMUPYEMbIMH CBETOANOIAMU
JUIsl MTHOUKAIMK paboydero peskuMa, BCTPOSHHBIMH
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unrepdeiicamu USB, USART, 12C, SPI, 1-wire TTL,
ISP, Ethernet, Bluetooth, WiFi.

B cocras Habopa TOMMKEH BXOUTh MOIYJIb
TEXHUYECKOTO 3PEHUS , IPEACTABISAIOMINN cOOO0i
BBIYUCIUTEIHHOE YCTPOMCTBO CO BCTPOCHHBIM
MHKPOIIpoIieccopoM (KOJI-BO sIACp - HE MEHee 4111T,
yacrora sinpa He MeHee 1.2 [T, oobem O3V - He
MeHee 512M6, 00beM BCTPOCHHOW aMATH - HE MEHEe
81°0), nHTErpUpOBaHHON KaMepoil (MaKCUMaIbHOE
paspeleHue BUICOIOTOKA, TIepeaaBaeMoro 1o
untepdeticy USB - He menee 2592x1944 en.) u
ONTHYECKOU crucTeMOoil. Moayib TEXHUYECKOTO 3pEHUs
JOIDKEH 0071a/1aTh COBMECTHMOCTBIO C Pa3IHIHBIMA
MPOTPaMMHUPYEMBIMH KOHTPOJIIEPAMU C ITOMOIIBIO
unrepdeiicos - 1-wire TTL, UART, I12C, SPI,
Ethernet. Moaynb TEXHUYECKOTO 3pEHUS JTOJDKEH
o0ecreynBaTh BBITIOIHEHHE BCEX N3MEPEHUHN U
BBIYUCIICHUN TIOCPEACTBOM COOCTBEHHBIX
BBIYHCIUTEIHFHBIX BO3MOXXHOCTEH BCTPOSHHOTO
MUKpoTporieccopa. Momyiib TEXHUYECKOTO 3pSHHS
JIOJDKEH 0071aaTh BO3MOKHOCTBI0 KOMMYHUKAIIAHN C
AHAJIOTUYHBIMU MOJYJISIMH ITOCPEACTBOM IIIMHBI HA
0ase mocie0BaTeNbHOro HHTEpdEiica ¢ IeNbIo
JaJbHEMIIEN IIepeaadn pe3yJbTaTOB U3MEPEHUN
IPYIITBI MOJYJIEH Ha YIPABISIONIEe BEIYACIUTENEHOE
YCTPOMCTBO, MOAKIIOYEHHOE K JaHHOH IKHe. Moaynb
TEXHUYECKOTO 3pEHUS TOJDKEeH 00ecreunBaTh
HACTPOWKHU PEKUMOB PabOTHI - HACTPOHKY
AKCITO3UINH, OallaHCca OeII0T0, IBETOPA3HOCTHBIX
COCTaBJISIONINX, IUIOMAAA O0OHAPY)KHBaeMOI 00JIacTH
M300paKeHUs, OKPYTJIOCTH OOHAPYKUBAEMON 00J1acTH
n300paKeHHs, TTOJIOKEHHE OOHAPYKHUBAEMBIX
o0JacTell OTHOCHUTENBHO IPYT JApyTa, MallliHHOE
oOydueHue mapamMeTpoB HEHPOHHBIX CeTell s
oOHapyxeHUs: 00bEKTOB, (OPMY H 3aKOJIUPOBAHHEIC
3Ha4YeHUs] 0OHAPYKUBAEMbIX MapKEPOB TUMa Aruco,
pa3Mepsl OOHAPYKUBAEMBIX OKPY>KHOCTEH, KBaIPaTOB
U TPEYTOJILHUKOB, TTApaMETPOB KOHTPACTHOCTH,
pa3mMepoB, KPUBU3HBI U TOJIOKEHHUS PACIIO3HABAEMBIX
JIMHUH.

Hab6op momxen obecriednBaTh BO3MOKHOCTh
pa3paboTKu MOJIeTTH MOOMIIFHOTO poboTa,
ynpasisiemol B FPV-pexume nmocpeactsom
MPOTPAMMHOT'0 00ECIIEUEHHUS JJIsl TIEPCOHATTLHOTO
KOMIThIOTEPA U MOOHMIILHBIX YCTPOHCTB Ha 6a3e OC
Android i I0OS, 06ecieunBaromero BO3MOXHOCTD
ynpasieHHS MOOMIBHBIM pOOOTOM M BCTPOCHHBIM
MaHHITYJISITOPOM [TOCPEJICTBOM IpaduiIecKoro
uHTEpdeiica, BKIIOYAOUIMM B ce0s1 HA00p KHOTIOK U
MepeKIrouaTeNel, JKOUCTHUK, 00IaCTh AJIs
OTOOpaKECHUS BHIIEO.

Ha6op momxen o0ecnieYnBaTh BO3MOKHOCTh U3YICHHUS
OCHOB Pa3pabOTKH MPOrpaMMHBIX U alllapaTHBIX




Ennnuna KomnnuectBo
HaumenoBanue
No KpaTkune npumepHbIe TEXHUIECKIE XapaKTEPUCTUKNA | U3MEPEHHS
w 00opyIoBaHUS (PBIIO)
(PBIIO)
KOMIUIEKCOB WHKCHEPHBIX CUCTEM, PELICHHI B chepe
""MuTepHeT Bemel"", a Takke penieHui B 001acTH
pOOOTOTEXHUKH, ICKYCCTBEHHOT'O MHTEIUIEKTA U
MAalIMHHOTO O0YYCHHS.
B cocraB Habopa JOMHKHO BXOJUTH OCOOHE IO
M3YYEHHUIO OCHOB JIEKTPOHUKH M CXEMOTEXHUKH,
peuienuii B cepe ""MHTepHeT Bemei"", pa3paboTku u
MIPOTOTHUITUPOBAHUIO MOJIENIeH pOOOTOB.
B cocraB Habopa J0KHO BXOIUTH MTOCOOHE TI0
M3YYEeHUIO0 OCHOB Pa3pa0OTKU CUCTEM TEXHUYECKOTO
3pEHUS M AJIEMEHTOB UCKYCCTBEHHOT'O MHTEJIICKTA.
9. | O6pazoBatenbH | OOpa3oBaTeNbHBIA HAOOP AODKEH OBITh MPEIHA3HAYCH IIT. 6
BIif HA0OD TS JUTSL I3YYEHUST POOOTOTEXHUYECKUX TEXHOIIOTHH,
W3yYCHUS OCHOB MH(OPMAIIMOHHBIX TEXHOJIOTHI U TEXHOJIOTHid
MHOTOKOMITOHE | TIPOMBIIUICHHOM aBTOMATH3aI[UH, & TAK)KE TEXHOJIOTUH
HTHBIX MIPOTOTHUITUPOBAHUS U aJJIATUBHOTO ITPOU3BOCTBA.
poboroTexnuue | B cocraB HaOOpa MOMMKHBI BXOIUTH KOMILIEKTYOIINE H
CKUX CUCTEM U yCcTpoiicTBa, 00a1a0Ie KOHCTPYKTUBHOM,
MaHUMNYJSIIAOH | anmapaTHON M MPOrPaMMHONW COBMECTUMOCTEIO IPYT C

HBIX pOOOTOB

IPYTOM.

1) KoMIuIeKT KOHCTPYKTHBHBIX JIEMEHTOB U3 MeTajia
W TIACTHKA JUIsl COOPKH MO MaHUTYJ ISIIIMOHHBIX
poOOTOB C YIIIOBOW KHHEMATHKOM,
IUTOCKOTIapayielbHON KiHeMaTnkoii, Delta-
KUHEMAaTUKOH.

2) NnTennexTyaibHBIH CEPBOMOIYIH C
HWHTETPUPOBAHHOM CUCTEMOH YIpaBJICHUs - HE MEHEE
71T,

CepBoMoOzynb AOKEH 00J1a1aTh HHTETPUPOBAHHOM
CHCTEMOH yIpaBieHus, o0ecrieunBaroiieil 00OpaTHyIO
CBSI3b WJIM KOHTPOJIb [TAPaMETPOB - MOJIOKEHHUE Baa,
CKOpPOCTbH BpallleHusl, Harpy3Kka MPHUBOA, a TAKKeE
o0ecreynBaroel BO3MOXKHOCTh ITOCIIEI0BATENBHOTO
MIOJIKJIFOUEHHS IPYT C APYTOM U YIIpaBJICHUS
CEPBOMOIYJISIMU TI0 TIOCJIEIOBATETLHOMY
MOJYAYIUIEKCHOMY aCHHXPOHHOMY MHTEpQENCy.

3) PoGoToTeXHUYECKHIT KOHTPOJLIED,
TIPEACTABIISIIOIINI CO00M MOAYIHLHOE YCTPOUCTBO,
BKITIOYaroIee B ce0sl OTHOIIATHBIH MHUKPOKOMIIBIOTED
JUISL BBITIOJTHEHUS CJIOKHBIX BBIYHCIUTENBHBIX
orepanwii, nepruepuifHbIN KOHTPOJIIEp IS
yIpaBJieHUS BHEIITHUMU YCTPOUCTBAMH U TLIATY
pacmupeHns i NOIKIIIOUEHNS BHEIIHUX YCTPOMCTB.
Monaynu poOOTOTEXHHYECKOTO KOHTPOJIIEPa T0JKHBI
00JaaTh OJHOBPEMEHHON KOHCTPYKTUBHOM,
anmnapaTHON M MPOrpaMMHOW COBMECTUMOCTBIO PYT C
JIPyTOM.

PoGoToTexHuYecKmii KOHTPOJIIEP JOJIKEH
YIIOBJIETBOPATh TEXHUYECKUM XapaKTEPUCTUKaM: KOJI-
BO s/Iep BCTPOEHHOTO MUKPOKOMITBIOTEPA - HE MEHEE
4, TakTOBas yacToTa sijapa - He Menee 1,2 I'T'1, 00bem
O3Y - He menee 512 MO, Hanuune uaTepdeiicos - SPI,
12C, 1-wire TTL, UART, PWM, mudpossie - He MecHee
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16 mT 1 aHaOTOBBIE MOPTHI - HE MEHEe § IIT AJIA
MNOAKIOYEHUS BHEITHUX YCTPOICTB, BCTPOEHHBIN
MukpodoH, a Takke WiFi mim Bluetooth ms
KOMMYHHKAIIUU CO BHEIIHUMH yCTPOHCTBAMHU.
PoboToTrexanyecknii KOHTPOIUIEP AOJKECH
obecrnednBaTh BO3MOKHOCTh IIPOTPAMMHPOBAHUS C
moMoIibio cpeacts s3bp1koB C/C++, Python u cBoGo1HO
pacnpoctpansemoii cpeapl Arduino IDE, a takke
YIpaBIeHUS MOAEISIMU POOOTOTEXHUIECKIX CHCTEM C
nomo1ubto cpeasl ROS.

4) IIporpamMmmMupyemblit KOHTPOJUIEP - HE MEeHee 11IT.
[IporpamMmmupyemMblii KOHTPOJUIEP TOJKEH
MIPEICTaBISTh COO0M BRIYUCIUTEIHHBIN MOIYJIb,
o01aaronM U(POBEIMH ITOPTAMU - HE MEHEe 8 IIT
Y aHAJIOTOBBIMHU MIOPTaMH - HE MeHee 16 T,
natepdeiicamu UART, [12C,SPI, TTL, a Taxxe
MOJIyJIeM OeCIIpoBOAHOM cBsi3u Tuma Bluetooth win
WiFi aiist co3nanus anmapaTHO-MPOrpaMMHBIX
pemreHuit u """ yMHBIX/cMapT""'-yCTPOUCTB AJIS
paspaboTku pemennit ""MaTepHeT Bemen"".

5) [Inara pacmupeHust mporpaMMUpPyeMOro
KOHTpoJuiepa — He MeHee lmT. [lnara pacmmpenus
JIOJDKHA 00ecTieunBaTh BO3MOXXHOCTh TIOAKITFOUCHUS
YHUBEPCAITBHOTO BEIYUCIUTEIBHOTO MOJYJISI K CETH
nocpezacTBom unTepdeiica Ethernet. [Tnara
pacmmpeHus JoKHA 00J1aaTh MOPTaMHU BBOIA-
BBIBOJIA JIJISI TIOAKITFOUEHUS IU(PPOBBIX M aHAIIOTOBBIX
ycrpoiictB — He MeHee 40 T, narepdetic SPI n
BO3MOXKHOCTBIO TTOIKJIFOUSHHSI BHEIITHEH KapThl
TaMsITH.

6) Moaynb TEXHHUECKOTO 3pEHUs, MPEACTABISIOIINN
€000 yCTpOWCTBO Ha 0a3¢ BHIYUCIUTEIBLHOTO
MUKPOKOHTPOJIIEPA U HHTETPUPOBAHHON KaMephl,
o0ecrnednBaroIee paco3HaBaHUe MPOCTEHIIINX
M300paKeHHI Ha MOYJIE 3a CUET COOCTBEHHBIX
BBIYMCIUTEIBHBIX BO3MOXKHOCTEM - HE MeHee 11IT;
Monysb TEXHUUECKOTO 3pEeHUs JOKEH 00ecreuynBarhb
BO3MOXHOCTh KOMMYHUKAITUH C aHATOTUIHBIMA
MOJYJISIMH TIOCPEJCTBOM IIMHBI Ha Oase
MOCJIeI0BaTeNIFHOTO HHTepdeiica ¢ Lenbio
JaJbHEHNIIEeH ITepe1adn pe3yabTaTOB U3MEPEHUI
IPYIITBI MOJYJIEH Ha YIPABISIONIEe BBIYACIUTENLHOE
yCTPOICTBO, MOJKITIOYEHHOE K JaHHOH IINHE.
Moysib TEXHUYECKOTO 3pEHUS TOJKEH 00ecrieunBaTh
BO3MOXHOCTB OCYIIIECTBIISITh HACTPOUKY MOMIYJIS
TEXHUYECKOTO 3PEHHUS - HACTPOIMKY IKCIIO3UIINY,
Oananca 0esoro, IBETOPA3HOCTHBIX COCTABIISIFOLINX,
IJTOMIATH OOHAPYKUBAEMOH 00IaCTH H300paKCHHSI,
OKPYTJIOCTU OOHApYKHBaeMOH 00JacTH M300paskeHHS,
MOJIOKEHNE 0OHAPYKUBAaeMBIX o0nacTeit
OTHOCHTENHHO APYT ApyTa.

Moy TEXHUYECKOTO 3peHHs JOKEH 00ecTieunBaTh
BO3MOXHOCTh HACTPOHKH HA OAHOBPEMEHHOE
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oOHapyxeHue He MeHee 10 pa3IHyHBIX OJMHOYHBIX
00BEKTOB B CEKTOpe 0030pa, THO0 HE MeHee 5
COCTaBHBIX 0OBEKTOB, COCTOAIINX U3 HE MEHee 3
Pa3IUYHBIX TPapUIESCKUX TPUMHUTHUBOB.

Moysib TEXHUYECKOTO 3PSHUS JOKEH 00J1aaTh
BcTpoeHHBIMU MHTEpdeiicamu — USB, UART, 1-wire
TTL, 12C, SPI nns kOMMyHUKalUK CO BHEIIHUMHU
MTOJIKJIFOYAEMBIMHU YCTPOHCTBAMH.

7) B cocraB Habopa DOKHBI BXOIUTH ITU(GPOBHIC
nH(OPMAITMOHHO-CEHCOPHBIE MOTYJIH,
MPEICTaBJISIOIINE COOOM yCTPOHCTRBA Ha Oa3e
MIPOTPaMMHUPYEMOTO KOHTPOIIIEpa ¥ NU3MEPUTEIHEHOTO
JJIEMEHTA.

HudpoBoii MOy TOKEH 0071a1aTh BCTPOCHHBIM
MHUKPOKOHTPOJIJIEPOM (TaKTOBasl 4acTOTa - HE MEHee
16 MI'n, mmHa maHHBIX — He MeHee 8 KOaiT),
uHTepdericaMu IS MOAKITIOUCHUS K BHEITHUM
ycTpoiicTBaM: (POBbIE U AHAIOTOBBIE TOPTHI, 1-Wire
TTL, pazpeMm Tuna RJ.

Hudporoit Moayh MoMmKeH 00ecneYnBaTh
BO3MO>KHOCTh KOMMYHHKAIIMU C aHAJIOTUYHBIMH
MOJIYJISIMU TIOCPEJICTBOM IIIMHEI Ha 0a3e
MTOCIIEI0BATENLHOTO HHTEp(deiica ¢ mepio
JaJbHEMIIEN IIepeaadn pe3yJbTaTOB U3MEPEHUN
IPYIIBI MOJYJICH Ha YIPABJISIONISE BRIYUCIUTEILHOES
YCTPOWCTBO, MOKIIOYEHHOE K IAaHHOW IIHHE.

B coctas Habopa IOMHKHO BXOAHUTE: TUGPOBON MOIYIIb
TAKTOBOW KHOIIKU — HE MEHee 31T, IIUPPOBOH MOIYJIb
CBETOJINO/Ia — He MeHee 31T, IUPPOBOI MOIYIIb
KOHIIEBOTO TIpephIBaTess — He MeHee 31T, TU(ppPOBOM
MOJIyJIb JJaTYMKa I[BETa — HE MeHee 11T, 1udpoBoi
moayns RGB cBetonunona — He menee 1mmT.

8) B cocraB Habopa MOIKHBI BXOIUTH AIEMEHTHI JJIs
cOOPKH BaKyyMHOI'O 3aXBaTa: BAKYyMHasl IPHCOCKA —
He MeHee 11T, 3JIeKTPOMAarHUTHBIN KilalaH — He MeHee
1T, BAaKyyMHBIN HacOC — HE MeHee 11IT.

9) B coctaB Habopa NOKEH BXOAUTD Y4E€OHBIH
KOMILIEKT, BKJIIOUArOIIUi B ce0st yueOHOE mocodue,
HaOop OMOIMOTEK TPEXMEPHBIX JIEMEHTOB JJIst
MIPOTOTHUITUPOBAHUS MOJIEIICH MaHUITYIISIIMOHHBIX
pob6OTOB, a TaKXKE MPOTrpaMMHOE 0OecTIeUeHHE IS
paboThI ¢ HAOOPOM.

[IporpamMmmHoe obecniedeHure TOKHO 00eCTIeYnBaTh
TPEXMEPHYIO BH3YAITU3AIMIO MOJIEITH
MaHUTYJSIIHOHHOTO Po0oTa (C yrioBoii,
IJIOCKOMApalIeIbHON | JeNThTa-KHHEMAaTHKO ) B
rporecce paboThl, 00eCIIEUNBATh TIOCTPOCHUE
MIPOCTPAHCTBEHHON TPAEKTOPUH IBIKEHUS
HCTIOJTHUTEILHOTO0 MEXaHU3Ma MaHUITYJISIITHOHHOTO
po0oTa, BO3MOXKHOCTG 3aJaHUs TTOCIIEI0BATEIIEHOCTH
TOYEK JUIA MTPOXOKICHUS Yepe3 HUX MCIIOIHUTENEHOTO
MEeXaHM3Ma MaHUTYJSIIMOHHOTO PoOoTa.
[TporpamMmmMHoe oOecriedeHre TOIKHO
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(YHKLIIMOHUPOBATH, KaK B OTJEIILHOCTH B BUJIE CPE/IbI
MOJICJINPOBAHMSA, TaK U B PEKUME MOHUTOPHHTA B
peasbHOM BPEMEHH NPH MOJKITIOUCHUN MOAETH
MaHHITYJISITOPa IOCPEACTBOM POOOTOTEXHHYECKOTO
KoHTpoJuiepa. [IporpamMHoe obecrieueHue JOIKHO
obecreunBaTh BO3MOXKHOCTH ITOCTPOCHUS TpahKOB
3aJJaHHBIX U TEKYIIUX 0000IIEHHBIX KOOPIUHAT
MaHUIMYJSIHOHHOTO po00Ta, TpaKOB 3HAUCHHUI
CKOpOCTEH U YCKOpeHHs, IpaMKOB PACUETHBIX
3HaYeHUI Harpy3ku. [IporpaMMHoe obecriedeHne
JIOJKHO TIO3BOJISITH 3a/1aBaTh MOCIEA0BATEILHOCTD
NEepeaBIKCHUH MaHUITYIIATOpa TOCPEICTBOM Habopa
KOMaH/ B O1iouHO-Tpaduueckom naTepdherice.
VYuebHoe mocobue JOHKHO COACPKATh MaTepHalIbl 10
pa3paboTKe TPEXMEPHBIX MOJIENeH MOOUIIBHBIX
po6OTOB, MAHUIYJISILUOHHBIX POOOTOB C Pa3INYHBIMU
TUIIAMH KHUHEMaTHUKU (yFJ’IOBaSI KHMHEMAaTHuKa, IJIoOCKO-
napajienbHasi KHHeMaTuKa, JelbTa-KHHeMaTHKa,
SCARA wnnm prryaskHasi KHHEMaTHKa, miatdopma
CrroapTa 4 T.11.), THCTPYKLMH 110 IPOESKTUPOBAHUIO
pOOOTOB, MHCTPYKIIMK U METOJUKH OCYIIICCTBICHHUSI
WH)XEHEPHBIX PAcYETOB IIPH NPOESKTUPOBAHUN
(pacueTsbl Harpy3K1 1 MOMEHTOB, PacieT MOIIHOCTH
MIPUBOJIOB, pacyeT MapamMeTpoB KWHEMATHKH U T.I1.),
HMHCTPYKIUH 110 pa3pabOTKe CUCTEM YIIPABJICHUS U
MIPOTPaMMHOI0 O0ECIICUEHHS JJIsl YIPABICHUS
poboTamMu, HHCTPYKLMK U METOAMKH IO pa3paboTke
CHCTEM YIPaBIICHUs C 3JIEMEHTAMH UCKYCCTBEHHOTO
WHTEJUIEKTa ¥ MAITMHHOTO 00YYeHUsl.

10.

Komruiekr s
W3yYCHUS
oTepaIMOHHBIX
CHCTEM
pealbHOTO
BPEMEHH U
CHCTEM
YIpaBICHHS
aBTOHOMHBIX
MOOMJIIBHBIX
poboTOB

KomrutexT st pa3paboTku 1 u3ydeHus Mozelneit
MPOTPaMMHUPYEMBIX aBTOHOMHBIX MOOHJIBHBIX
poOOTOB.

Y4eOHBIH KOMIUIEKT JOJKEH TO3BOJISATh
pa3pabatbiBaTh OJIOYHO-MOIYJIBHYIO KOHCTPYKLIUIO
MoOmiIbpHOTO poboTa. B coctaB MoOMIBHOTO poboTa
JOJKHO BXOJIUTb:

[IpuBon Benymux komuec - He MeHee 2mT. [IpruBox
JOJDKEH MPECTABIATh COOOH AIIEKTPOMEXaHUYECKYTO
cOOpKY Ha OCHOBE JIBUTATEINS MOCTOSHHOTO TOKA,
penyKTOpa, TaTYMKa MOJIOKEHUS Bajla U BCTPOSHHON
cucTeMbl ynpasieHus. Cucrema ynpasieHHs IPUBOIA
JOJHKHA 00ecTieurnBaTh BO3SMOXXHOCTh OObETNHEHHS
MIPUBOJIOB C TOMOIIBIO NTOCIIEA0BATEIBHOTO
uHTepdeiica, BO3MOKHOCTD 33aHUs TAPaAMETPOB
KOHTYPOB yIIPaBJICHHUS, YIIPABICHUE BPAIICHUEM
MIPUBOJA [0 CKOPOCTHU U MOJIOKEHUIO, KOHTPOJIb
Harpy3KH.

[IporpamMmmMupyemblii KOHTpOJUIEp - HE MeHee 1miT.
[IporpamMmMupyemMblii KOHTPOJUIEP TOJDKEH 00J1a1aTh
untepdeticamu - USB, UART, TTL, RS485, CAN st
KOMMYHHKAIIUY C TTOAKII0YaeMBbIMU BHEIITHUMHU
yCTpOHCTBaMHU, a TakxKe MU(PPOBHIMHU U aHATIOTOBBIMHU
MOPTaMu BBOJA/BBIBOJIA.

IT.
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OHOMIATHRIN MUKPOKOMITBIOTED - HE MeHee 11T.
OmHOIUTATHRIA MUKPOKOMITBIOTED JOKEH
MIPEICTaBISTh COO0M YCTPOWCTBO C apXUTEKTYPOU
MuKponpoueccopa ARM, nomkeH obnaaaTh HE MEeHee
2 BBIUYMCTUTENBHBIMU SIPAMH C TAKTOBOM 4aCTOTOM HE
menee 11T

JlazepHbIif ckaHUPYIOLIUN AaTbHOMED - HE MeHee 11IT.
JlazepHblil CKaHUPYIOLUN JATBHOMED JOJDKEH
o0ecrnednBaTh AUANa3oH H3MEPEHUs TATbHOCTH JI0
00BEKTOB HE MeHEE 2.5 METPOB U CEKTOP
cKaHupoBaHUs He MeHee 360 yIrIIoBBIX IPaTycoB.
Jatunk nuHUN — He MeHee 3 mT. JaTunk TomKeH
obecrneunBaTh I€TEKTUPOBAHUE JTMHIH Ha
KOHTpacTHOM (OHE W TiepeiaBaTh JaHHBIC B
MIPOrpaMMHUPYEMBI KOHTPOJUIEP O €€ HATUYUH ITyTeM
repeIayn aHAIOTOBOTO CUTHAJA WITH [H(POBOTO
cUrHaia, Ju0o myTeM nepenadn HudpoBoro nakeTa
JAHHBIX.

Jatumka niBeta — He MeHee 1 mT. JIaTyuK JOIDKeH
pa3IrYaTh [BETOBOW OTTEHOK PACIIONIOKEHHOTO PAIOM
¢ HuM o0bekTa B RGB HoTanum u obecrieunBaTh
repeiavyy JaHHBIX B POTPAMMUPYEMBI KOHTPOILIEP O
3HAYEHUH KaKIOTO [[BETOBOTO KaHalla B BUJIC
IU(pPOBOTO MaKeTa JaHHBIX.

Maccus UK-gatunkos - He MeHee lmrr. Maccus UK-
JATYNKOB JOJDKEH OBITh TTpeIHa3HAYCH IS
OTCIIE)KMBaHUS JIMHUU IS IBUKEHHSI MOOUIIBHOTO
pobota. MaccuB TOJKEH coiepKaTh He MeHee 61T
HK-naTtynkoB, pacrnoiaoKEeHHbIX HA OJTHOM JIMHUU.
Cucrema TEXHHUYECKOTO 3peHUs - He MeHee 11IT.
Cucrema TEXHHUYECKOr0 3peHUs T0JDKEH 001a1aTh
COBMECTUMOCTBIO C Pa3IMYHBIMH MPOTPAMMHUPYEMBIMHU
KOHTPOJIIEpaMH C ITIOMOIIbI0 HHTEpdeiicoB - TTL,
UART, 12C, SPI, Ethernet.

Cucrema TEXHHYECKOTO 3peHHs T0JDKHA 00eciednBaTh
BO3MO>KHOCTb U3yU€HUSI OCHOB MPUMEHEHUS
QITOPUTMOB MAIIMHHOTO O0YYEHUSI M HACTPOUKH
rapaMmeTpoB Helipocereld. CucTeMa TEXHUYECKOTO
3peHUs I0JDKHA 00ecTieYnBaTh (DYHKITMOHAT
pacro3HaBaHUsl Pa3IMYHBIX T€OMETPUUECKUX
00BEKTOB 110 HAOOPY MPU3HAKOB, PaCTIO3HABAHUS
rpadMuecKuxX MapKepoB TUIa Aruco u Jp,
pacrio3HaBaHUsI MACCUBOB JIMHUU U 3JIEMEHTOB
JIOPOYKHBIX 3HAKOB U Pa3METKH.

Cucrema ynpasieHusi MOOMIBHOTO po0OTa TOJDKHA
MO3BOJISITH OCYIICCTBIISITh AHATIU3 OKPY>KAIOIIEH
00CTaHOBKH B IIPOLIECCE ABHKEHUS MOOHIHHOTO
po0oTa M TMHAMUYECKOM H3MEHEHNU OKPYKaromeit
00CTaHOBKH, OCYIIECTBIATH (DOPMHUPOBAHUE KAPTHI
JIOKAJILHOM 00CTaHOBKH BOKPYT p0o0O0Ta U JIOKATH3AIHS
TTOJIOXKEHHUS Po0OTa HA KapTe, IMOCTPOCHUE TII00ATEHOM
KapThI OKPY>KaIOIIETo mpocTpancTea. Cucrema
ynpasjieHusS MOOMIBHOTO pOOOTA JTOJKHA TTO3BOJISITh
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OCYILECTBIIATH aHAJHN3 MJIaHa/KapThl OKPYKAFOIIETO
MIPOCTPAHCTBA, OOHAPYKEHHIE OKPYKAOIIHUX 00OBEKTOB,
aBTOHOMHOE ITAHMPOBAHKUE MapIIPyTa M 00be31a
CTaTUYECKUX U TUHAMUYECKUX NpensTcTBhid. Cucrema
ynpasieHHS MOOMIBHOTO po0OTa TOTKHA
o0ecneynBaTh BO3MOKHOCTH Pa3METKy KapThl
OKpY’KaroIllero MpoCTPaHCTBa Ha 30HBI C Pa3IHYHBIMH
MpU3HAKaMU, 33]]aBa€MBbIMH TI0JIb30BaTEIEM (30HBI
3ampeTa JUIs ABIKEHHS, OTPaHHIECHUS] CKOPOCTH U
T.11.). Cuctema ympasieHus MOOMIIBHOTO poboTa
JOJKHA 00ecTieyrBaTh BO3MOKHOCTD 3aJIJaHHS TOYEK U
30H Ha KapTe OKPYKAIOIIETO IPOCTPAHCTBA IS
aBTOHOMHOTO ITepeMenIeHus Mex 1y HuMu. Cucrema
yTmpasiieHHS MOOMIIFHOTO po0OOTa , BKIIOYAIOMIas B
ce0sl TIOACUCTEMBI, TAKHE KaK - CHCTEMa yIPaBICHHS
IBIOKEHHEM poOoTa, cucteMa coopa u 00paboTKH
CEHCOpHOH MH(OpMAIINH, CUCTEMA ITOCTPOCHHUS KapThl
OKPY>KarOIIEro IIpOCTPaHCTBA U CUCTEMA HaBUTAlUH,
JOJDKHA OBITH peain30BaHa Ha 0asze
MPOrpaMMHUPYEMOT0 KOHTPOJUIEPa H OJJHOIIIATHOTO
MHUKPOKOMITBIOTEPA, & TAKIKE YCTPOUCTB, BXOJSIINX B
COCTaB KOMILIEKTa.

B coctaB KoMITIEKTa JOIDKHO BXOJUTH IPOrPAMMHOE
oOecriedeHue Ui NpOorpaMMHUPOBaHUSI B TEKCTOBOM
penaktope Ha nogoouu Arduino IDE,
MPOrpaMMHUPOBAHIH C IOMOIIBIO CKPHIITOB HA SI3BIKE
Python, pa3paboTku cuctem yrpaBieHHs Ha OCHOBE
ROS. Tax e B cocTaB KOMIUIEKT JOJKHA BXOAUTH
BUpTYyaJIbHAsl MOJIENIb MOOMIIBHOTO po0OOTa B
BUPTYaJILHOM OKPYKEHHUH JUTS MOCINPOBAHUS
AJITOPUTMOB CUCTEM YIIPABJICHUA C IIOMOIIBIO
rpadUuecKor Cpesibl.

11.

UeTtsipéxoceBoit
yueOHbIl poOoT-
MaHHITYJISITOP C
MOJYJIbHBIMU
CMEHHBIMU
HacaJIKaMH

Y4eOHbIi poOOT-MaHUITYISATOP TpeaHA3HAUCH IS
OCBOEHHS 00YYaIOLIMMHUCS OCHOB POOOTOTEXHUKH, IS
IIOATrOTOBKHN 06y11a}om1/1xcsl K BHCAPCHUIO U
MOCTIETYIOIEMY UCIIOIb30BAaHUIO POOOTOB B
MIPOMBIIIJICHHOM NPOHU3BOACTBE.

KomnmuecTBo oceii po60Ta MaHUTIYIISTOPA - YETHIPE.
[Nepemenienre MHCTPYMEHTA B IPOCTPAHCTBE 10 TPEM
OCSIM JTOJDKHO YIPABIISATHCS MATOBBIMY JIBUTATEIISIMH.
Hamnpspxenne muTaHus MaroBbIX ABUTATENEH He Ooee
12 B.

CepBoaBHTaTeb YeTBEPTON OCH JOJKEH
o0ecreynBaTh MOBOPOT HHCTPYMEHTA.

YT0J1 TOBOPOTa MAHUITYJISITOPA HA OCHOBAHUU BOKPYT
BepTUKaIbHOM ocu He MeHee 180 rpamycos.

st onpeaenenys MONI0KEHU MaHUITYIISITOpa IPH
[IOBOPOTE BOKPYT BEPTHKAIHLHOW OCH JOJDKEH
HCIIONTE30BATHCS SHKOEP.

VYrois noBOopoTa 3a{HETO TIeYa MaHUITYJISITOpa HE
menee 90 rpamycoB.

Y01 moBOopoTa MEpEaHEro Iieda MaHUITYIATOpa He
menee 100 rpagycos.

IT.




n/m

HammenoBanmne
00opyIoBaHUS
(PBIIO)

KpaTkune npumepHbIe TEXHUYECKHE XapaKTePUCTUKH
(PBIIO)

Ennnuna
H3MEPCHUS

Konunuectso

st onpeaeneHus MONI0KEHHS 3aHETO U MIEPeHEro
IJIeY MaHUITYJIATOPa JODKEH HCTIOb30BaThCS
TUPOCKOIL. YTOJI TOBOPOTA 110 YETBEPTON OCH HE MEHEe
180 rpagycos.

JomxkHa OBITh BO3MOXXHOCTh OCHAILICHHUSI CMEHHBIMHU
HacaJKamu (HampuMep, Aep)KaTenb KapaHaalia Hin
¢dromacrepa, MPUCOCKaA C CEPBOJIBUTATEIIEM,
MEXaHMYECKOE 3aXBAaTHOE YCTPOICTBO C
CEpBOJIBUraTeeM, YCTPOUCTBO AJIS 1a3€pHOU
TPaBHPOBKH HITH YCTPOicTBO 1y 3D-meuaTn).
MunuManbHas KOMIUICKTallusA CMCHHBIMU HaCaaKaMU:
ITHEBMATHYECKHN 3aXBaT (IPUCOCKA), MEXaHUIECKUAN
3axBaT, HaCaJKa IepKaTelb s
KapaHjaiia/Mapkepa/pydku, HacaaKa MepexXoqHHUK s
KpCIUICHHA COBMCCTHUMbBIX KOHCTPYKTHUBHBIX I[eTaJICﬁ u
KOHCTPYKUUH, HacaIKa JIa3epHOI I'PaBUPOBKU,
Hacanka 3D-mevatu (a1 pabotel ¢ mactukom PLA ¢
JuamMeTpoM HUTH 1,75 MM).

JlomkeH OBITh OCHAIIIEH CEPBOTIPUBOIOM TSI
ITHEBMATHYECKOTO I MEXaHUYECKOTO 3aXBaTOB,
o0ecreYrBaloIMM BpalleHNe 3aXBaYCHHOTO 00bEKTa
BO BpeMs MepeMeNIeHHs, TOBOPOT MEPEMENAEMOT0
00BeKTa BOKPYT BEPTUKAIBHON ocH. [ obecrieueHus
(YHKIIMOHUPOBAHUS THEBMAaTHYECKOTO 3aXBaTa
JIOJDKEH OBITh OCHAIIIEH BCTPOSHHOH B KOPITYC
MaHUTYJISATOPa TOMIIOH.

JlomkHa OBITh BO3MOXHOCTbH TTOIKITFOUEHUS
JIOTIOTHUTEBHBIX YCTPOUCTB (HaIpumep,
TpaHCIIOPTEPA, peibca s IepeMeIIeHns poooTa,
ITyJIbTa YIPaBICHUS TUTIA JPKOMCTHK, KaMEPhI
MallMHHOT'O 3p€HUSA, ONITUYUCCKOr0 AaT4yrKa, MOJYJIsA
0ECIPOBOHOTO JOCTYIIA).

Pob6oT-MaHUTIyISATOP NOIDKEH 00ECTIEYHBATh
nepeMeleHne HacaJKki B IPOCTPAHCTBE, aKTHBAIIUIO
HacCcaJlKu, BOSMOXXHOCTB ITOJTY4YC€HUA CUTHAJIOB OT
KaMepbl U 1aTYNKOB, BO3SMOXKHOCTh YIPABICHUS
JIOTIOJTHUTEJIEHBIMHU YCTPOHCTBAMH.

Marepuan kopiyca — amoMuHui. uamerp paboueit
30HBI (0€3 yueTa HaBECHOTO MHCTPYMEHTA U YeTBEPTOH
ocu) He MeHee 350 mm. UHTEpdeiic moaKmoYeHus —
USB.

JlomkeH uMeTh BOBMOXKHOCTh aBTOHOMHOW PaOOTHI U
BHEIIHETO yrpasiieHus. J{Jsi BHEIIHETO yIpaBIIeHUS
JOJIKEH OBITH npeaAyCMOTPEH ITYJIbT, nolen}oqaeMmﬁ K
poGoty o Bluetooth.

VYnpaBnsronyii KOHTPOJUIEP J0IKEH OBITh COBMECTUM
co cpenoit Arduino.

Ypapisionii KOHTPOJUIEP COBMECTUM CO CPEIOU
nporpaMMupoBanus Scratch u s3pIKOM
nporpamMupoBanus C.

JlomkeH obecrieunBaTh MOBOPOT IO MEPBBIM TPEM
OCSIM B 33JIaHHBIM YTOJ ¥ Ha 3aIaHHBIN YTroJI, TOBOPOT
0 YETBEPTOM OCH Ha 3aJaHHBIN YTOJI, IBU)KEHHUE B
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koopauHatel X, Y, Z, nepeMelieHUe Ha 3aaHHOe
paccrosiHue no koopauHatam X, Y, Z, nepenady
JaHHBIX O TEKYIEM IOJIOKEHUH YTIIOB, IEpeaady
JAHHBIX O TEKYIIMX KOOPJIWHATaX UHCTPYMEHTA.
JomkeH noaaepkuBaTh epeMelieHne B 1eKapTOBBIX
KOOPAMHATAX M yIJIax OBOPOTA OCEH, C 3aJaHHOMN
CKOpPOCTBIO M YCKOPEHHEM.
Tunsl nepemenieHuil B 1eKapTOBBIX KOOPAWHATAX:
JBVDKECHHE TI0 TPAEKTOPHH, IBIKEHHE MO MPSIMON
MEXy IByMs TOUKaMH, NEPEIPBITUBAHNAE U3 TOUKHU U
TOYKY (TIepeHOC 00BEKTA).
Kopryc momxen ObITh B 3aIMIIEHHOM UCIOJTHEHUE
(xmacca "e Hke 1P20).
12. | Komrmiekr KommuiexT noseit 1 copeBHOBATENbHBIX 3JIEMEHTOB IIT. 1
noJielt u JUTSL IPOBEJICHHSI COPEBHOBAHUN aBTOHOMHBIX
COpPEBHOBATEIbH | MOOMIIBHBIX POOOTOB.
BIX 3JIEMEHTOB
13. | O6pa3oBarensH | OOpa3oBaTeIbHBIN HAOOP MPEAHAZHAYUCH TSI IIT. 3
bIii HAOOp IS M3y4eHHUsI OCHOB MpUMEHEeHUs TexHosoruit "nTepHer
U3YYECHUS Bemieil" U cBsI3U B pOOOTOTEXHUYECKHX crcTeMax. B
TEXHOJIOTHH cocTaB Habopa TOJKEH BXOJUTH KOMITJIEKT
cBs3u U loT KOHCTPYKTHUBHBIX DJIEMEHTOB U3 MeTaJljIa JJisi COOPKU

MOJIETT MOOHMIILHOTO PO0OTa C 3aXBATHBIM
YCTPOHCTBOM.

B cocTaB Habopa JI0JHKEH BXOUTh KOMITICKT
KOHCTPYKTHUBHBIX 3JIEMEHTOB JIJIs1 COOPKH MOJIEITH
«YMHOTO0» 3IaHUS.

Bce koMIUIEKTYIOIIME U YCTPOHCTBA, BXOIAIINE B
coctaB HabOPa, JIOJKHBI OBITH COBMECTHUMBI JIPYT C
JPYTOM KOHCTPYKTHUBHBIM, DIIEKTPUICCKHM,
anmnapaTHBIM U POrPaMMHBIM 00pa3oM.

B coctaB Habopa JIOJHKHO BXOAMTD: MIPUBOJ
ITOCTOSTHHOT'O TOKA C JIATYMKOM IOJIOKEHUS - HE MEHee
21T, CEPBONPHUBOA OOJIBLION — HE MEHEe 21T,
CEPBOIIPHUBOJ MaJIbIii — HE MEHee 21T, KaMepa - He
MeHee 11T, nporpaMMHUPyEeMbIii KOHTPOJIEP — HE
MeHee 11T, akkyMyJIsaTop — He MeHee 11T, 3apsiiHoe
YCTPOUCTBO — HE MeHee 11IT.

B cocraB Habopa J0HKEH BXOAUTH KOMIUICKT
VHTEIJICKTYaIbHBIX CEHCOPHBIX YCTPOWCTB.
WHuTennexTyanbHble CEHCOPHBIE YCTPOUCTBA JIOJKHBI
MIPEACTABIISITH COOOM YCTPOMCTBO HA OCHOBE
BBIYHUCIUTEIHLHOTO0 MUKPOKOHTPOJLIEpA ¥ BCTPOSHHOTO
M3MEPUTEIHLHOTO AIeMeHTa. HTeIIeKTyanbHbIe
CEHCOPHBIE YCTPOMCTBA JODKHBI 00J1a1aTh
BCTPOCHHBIM I (PPOBHIM U aHAIOTOBBIM HHTEpQeiicoM
JUTSL TIEpeIavy JAHHBIX, a TAK)KE BCTPOCHHBIM
MOCJIe/IOBATEILHBIM HHTEPPEHCOM st 00beINHEHHUS
IPYT C IPYTOM B CEHCOPHBIE CHCTEMBI.

KOMIUIEKT HHTEIICKTyalbHBIX CEHCOPHBIX YCTPOWUCTB
JIOJDKEH COJIEPKaTh — MOJIYJIb CBETOIMO/Ia — HE MCHEE
2mt, Moxyis RGB cBeTommona — He MeHee 21T,
monyns MK-naTunka nuHuM — HE MeHee 31T, MOAYJIb
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3BYKOBOT'O M3JIyyaTelsd — He MeHee 11T, MOAyb
M3MEPEHMSI TEMIIEPATYPHI U BIAXKHOCTH OKPY KaIOIIeH
cpensl — He MeHee 11T, MOAyJIb TAKTOBOW KHOTIKH —
He MeHee 31T, MOAYJb JaTYMKa OCBEIIEHHOCTH — HE
MeHee 11T, MOy b I€TEKTOpa YPOBHS IIyMa — HE
MeHee 11T, MOyl I3MEPEHUs TaBICHUS
OKpY>Karolen cpelbl — He MeHee 11T, MoTyb
MIOTEHLIMOMETpa — HE MEHee 21T, MOJYJIb JaTYhKa
IOJIOXKEHHUS B IPOCTPAHCTBE — HE MeHee 11T, MOIyIIb
KOHIIEBOTO TIpephIBaTess — He MeHee 11mT.

B cocraB Habopa T0KEH BXOIUTH IPOrPaMMHUPYEMBbIi
KOHTpPOJUJIEp — HE MEHee 11IT.

[IporpamMmmupyemMblii KOHTPOJUIEP TOJKEH
o0ecreynBaTh BOBMOKHOCTh MTPOTPaMMHUPOBAHUS Ha
si3pike JavaScript u opranuzaiu web-ceppepa ooOMeHa
JaHHbIMU yepe3 UnTepuer. IIporpammupyemMslit
KOHTPOJIIEP JOJKEH 00eclieunBaTh BO3MOKHOCTD
IIOJAKJIIOYCHUSI BHECHITHUX YCTpOﬁCTB C IOMOIIIBIO
unrepdeiicos - GP10, UART, I12C, 12S, SPI, 1-wire
TTL, RS-485, CAN, Ethernet ¢ mognepxkkoii PoE.

14.

ABTOHOMHBIN
poboTt
MaHUIYJISITOP C
KOJIECAMH
BCEHAIPAaBIICHH
Or0 JIBHKEHUS

Y4eOHast MOJIC)Ib aBTOHOMHOT'O MOOUJIBHOTO po0oTa ¢
MaHUITYJISITOPOM.

MoOuibHBII poOOT JOIKEH NPECTABISATE COOOH
YETHIPEXKOJIECHYIO IIaT(GOPMY BCEHANPABICHHOTO
JBIKEHUS.

JBurarenu OecuieTouynble 4 1T, KaMepa ¢ YoM
0030pa 120 rpamycoB ¢ 5 mri.

B cocTaB koMIIeKTa JODKHO BXOIUTh:
MeXaHNYECKHUI 3aXBaT

nH(ppaKpaCHBIA Ja3ep

2-X 0CEBOM MOJBEC

AKKYMYJIITOP

KOJIeca BCEHAPABICHHOTO IBHKEHHUS
MIPOrPaMMHUPYEMBIA KOHTPOJLIEP C BO3MOKHOCTBIO
MIPOrpaMMHUPOBAHUs B cpejie 0JI0UHO-TpadUIecKoro
TUTIA B B CBOOO/IHO paclpOCTPpaHIeMbIX Cpeiax
pa3paboTKH C MMOMOIIBIO TEKCTOBOTO SI3bIKA
IPOrpaMMHUPOBAHUS

JATYMK 3BYKa

JATYUK CIIEIOBAHUS TUHUN

FPV pexunm

BO3MO>KHOCTbH YIPABJICHHS ¢ MOOHJIBHOTO YCTPOMCTBA
yepe3 MPUIoKEHUE

porpaMMupoBaHus Ha si3bikax Python, Scratch

a TaKKe CUCTeMa TEXHUYECKOIO 3PSHHUS IS
ABTOMAaTUYECKOT0 OOHAPYKECHUS U PaCIIO3HABAHUS
3aJlaHHBIX 00BEKTOB B paboOyveii 30HE.

IMonneprxka RaspberryPi nanuuue

IMonnepxkka Arduino Haguune

[Monnepxka Micro:bit Hanuyue

CMeHHBIM MEXaHUIECKUH 3aXBaT, YCTaHABIUBAESMBII
Ha MTOABIXKHYIO IIATHOPMY CBEPXY HAIMUHE
MexaHudecKkuil 3aXBaT, yCTaHABIUBAEMbII Ha
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MEPEHIO0 YaCTh MOABWKHON MIIATPOPMBI HATUINE
Bo3MoXkHOCTh MEHSITh MH(PAKPACHYIO IMYIIKY Ha
MEXaHMUYECKUH 3aXBaT HaJIMIUe
15. | HaGop nns MuxkpokoHTposuiepHas mnardgopma Arduino: Hamuuue, IIT. 8
OBICTpPOTO KOMIUIEKT paguoeTaneil 1 IpOBOAOB: HAJMYHE,
IPOTOTHUIIMPOBA | MAKETHas IUIaTa: HAIN4Ke
HUS
3NEKTPOHHBIX
YCTPOMCTB Ha
OCHOBE
MHUKPOKOHTPOJLT
epHOM
m1aTopmel
16. | Habop mns MukpoKOHTpoILIepHas TuaTdhopMa co BCTPOSHHBIM IIT. 8
OBICTpOro uHTEepIperaTopoM JavaScript: Hamnume,
IPOTOTHUIIUPOBA | KOMIUIEKT paluoAeTaleii: HAINIHE,
HUS IUIaTa paclIMpeHUs: HaJTnuue
ANEKTPOHHBIX
YCTPOMCTB Ha
OCHOBE
MHUKPOKOHTPOJLT
epHOM
IaT(opMbI Co
BCTPOCHHBIM
WUHTEPIIPETATOP
oM
17. | HaGop mns OJHOMIATHBIN KOMIIBIOTEDP: HATTUYHE, LLIT. 8
onIcTpOro KapTa NaMsATH ¢ IPELyCTaHOBIEHHOHN ONepaluOHHON
MPOTOTHIIMPOBA | CUCTEMOW: HATMYHE,
HUS OJIOK MUTAaHUS: HAJTHYHE,
3JIEKTPOHHBIX KOMIUIEKT Kabeei Ui NOAKIIOYESHHUS: HaTnIHe
YCTPOMCTB Ha
OCHOBE
OJTHOILTATHOTO
KOMITBIOTEPA
18. | bazoBsrit O6pazoBaTenbHbI HA0OP JOHKEH NPECTABIATh IIT. 8
poboTtoTexHuue | codoit Habop aiIst pa3paboTKH MPOrpaMMHUPYEMBIX

cKuii Habop

MoJIeJIell aBTOHOMHBIX po0oToB. B coctaB Habopa
JIOJDKHBI BXOJIUTh: KOHCTPYKTHUBHEIE, COEIMHUTEIHHBIC
U KPEeTEeKHBIE 3JIEMEHTBI U3 TUIACTHKA U aJIFOMUHUS -
He MeHee 100 mT, mporpaMMHUpyeMBIii KOHTPOJUIED -
He MeHee 11T, 3JIeKTPOABUraTeN! MOCTOSHHOTO TOKA C
KpYTSIIMM MOMEHTOM He MeHee 3,6 Kr/cM - He MeHee 2
LIT, JaTYMKU U JJIEKTPOHHBIE KOMIIOHEHTHI- HE MEHEe
6 1T, aKKYMYJISITOPHYIO OaTapero ¢ HalpsHKeHUEM He
meHee 6B u emkxocTtrio He meHee 1500 MAY - He MeHee
1 1T, 3apsAHOE YCTPOMCTBO AJISl aKKYMYJISITOPHOU
Oarapeu - He MeHee | mT.

IIporpammMupyemMbIii KOHTPOJJIEP AOJAKEH COAEPKATh:
TIOPTHI [T aHAJIOTOBBIX JTATYMKOB - HE MeHee 3 1T,
MOPTHI U HUQPPOBBIX IaTYMKOB - HE MEHEe 3 IIT,
opt st I12C ycTpoicTB - He MeHee | mIT, TopT IS
CEPBOIPHUBOIOB - HE MeHee 6 IIT, MOPT JAJIsl MOTOPOB -
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HE MeHee 2 1T, MOPT JJIs SHKOAEPOB - HE MEHee 2 IIT,
o0wem flash mamaru He menee 32 kb.
IIporpamMmmupyeMblii KOHTPOJUIEP TOJKEH
o0ecreyrBaTh BO3MOKHOCTD TPOTPaMMHUPOBAHUS
poOOTOB B cpeze OI0YHO-TPadUIECKOr0 THIIA HITH B
CBOOOTHO pacIpOCTPaHAEMBIX Cpelax pa3pabOTKH C
ITOMOIIBI0 TEKCTOBOTO A3bIKAa IPOrPaMMHUPOBAHMSL.
JaTyuKu 1 3J€KTPOHHBIE KOMIOHEHTHI JOIKHBI
cozepXaTh: YJIbTPa3ByKOBON JATUUK PACCTOSHUS
JOJDKEeH 00ecreurnBaTh COOpaHHYI0 MOJIEITh
BO3MO>KHOCTBIO U3MEPATH PACCTOSHUE HE MeHee 4
METpPOB - He MeHee 1T, KHonka-Moaynb T0KEeH
obecrnedunBaTh COOpPaHHYIO MOJETh BO3MOKHOCTBIO
OTIpeeNATh HaXKaTHsI Ha KHOIIKY - He MeHee 11T,
JlaTuuk 11BeTa I0JHKEH 00eCeurnBaTh COOPaHHYO
MOJIeTTh BO3MOKHOCTBIO OIPE/IEIICHNUS I[BETa OOBEKTa,
npegHasHayeH ams usmepenus RGB-cocrapnsaommx u
YPOBHS OCBEIIIEHHOCTH, AaTYHK JOJDKEH COAEPKATh He
MeHee 12 CBeTOUYBCTBUTENbHBIX AJIEMEHTOB - HE
MeHee | T, 3ymMMep-MOayiIh TOKEeH 00ecreunBaTh
COOpaHHYIO MOJIETb BO3MOKHOCTBIO BOCIIPOM3BOJUTH
3BYKH, HOMUHAJIbHAS YacTOTa He MeHee 4kl T,
HHTEHCUBHOCTD He MeHee 80 nb- He menee 1 mr, Wi-
Fi-Moaynb nomkeH obecednBaTh BOSMOKHOCTE
MTOJIKJTFOUCHHS COOPaHHBIX POOOTOTEXHUUECKUX
Mojeneil k cety, loT obnakam u BeO-cepBrCcaM,
pabodee HanpspKeHUE MOayIA - 3,3B, mopToB BBOAA
BBIBOJIa MOJTYJIA - HE ME€Hee 5 - He MeHee 1 mT, MuHu-
pere ¢ pabo4ynM HampsbKEHHEM B Uara3oHe ot 3,3 1o
5B, noTpebnseMbiM TokOM 71 MA 1 MaKCHMaJbHBIM
KOMMYTHpPYEMBIM HanpsokeHueM 28B mocTosHHOTO
Toka/250B nepeMeHHOT0 TOKa, pecypc YCTPOMCTBa He
meHee 50 ThIC. MepeKIoueHui - He MeHee 1 1T;
Bxonsmme B cocTaB KOHCTPYKTOPa KOMITOHEHTBI
JIOJKHBI OBITH COBMECTUMBI C KOHCTPYKTHBHBIMH
3JIEMEHTaMH, a TaKKe 00ecTIeYnBaTh BO3MOKHOCTD
KOHCTPYKTHUBHOM, allapaTHO U MporpaMMHON
COBMECTHMOCTH C KOMITJIEKTYIOITUMH U3 COCTaBa
Habopa.

19.

JlaGoparopHblit
KOMILIEKC ISt
U3y4CHHS
POOOTOTEXHUKH,
3D
MO/JICITUPOBAHHUS
u
HPOMBIIIICHHOT
0 nu3aiiHa

Komrutekc cocrout u3 coopHO-pazdbopHoro 3D
npuHTEpa, py4Horo 3D ckaHepa U MPOrpaMMHOTO
obecriedeHus 1Mo GoTorpaMMeTpHH.
Co6opno-pazbopusiit 3D npunTep.

O6nactp mevaru: 200 MM x200 MM x 200 MM
MaxkcuManbHasi CKOpocThb Tiedat, cM3/4:> 30
CKOpOCTh TIEpEMEIIICHUS TIeUaTarOIICH TOJIOBKU, MM/C:
>80

Tun coBmecTrMoro ¢ 3D-pUHTEPOM IIIACTHKA:
PETG, SBS, PLA, ABS

UnTtepdeiic noaxmoyenus:USB Flash

Kamubposka mrardopmer:IlomyaBTomMaTnueckast
KonunyecTBo conen Ha neyararomieil roynoske: ot 1 mr
MunumaneHas TonumHa ciosti: > 0.01 u < 0.05 mm

IIT.
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Huamertp comta: > 0.3 u < 0.5 MM

MakcumanbHas TeMreparypa rneyaTarolieil TOJI0BKU:
> 250 rpan. C

Oxnax/ieHue 30HbI eyatu: J{ByXCTOpOHHEe
MaxkcuManbHasi TeMIeparypa miaT(opMsl AJs eYaTH:
<150 rpan. C

Tun mnatdopmer ans nevatu: [logorpeBaemast
CheMHasl Ha 3aKuMax, (uKcHupyemas Ha miatdopme
Hanuuue 3akpeitoro kopnyca: Her

®opwmar ¢aiinos ams nedatu: GCODE

Tun ynpasnenus npunrepom: Ilanens ynpasnenus ¢
JMCIIIEEM Ha KOPILyCce yCTPOHCTBa

Tun HampaBIAIONUX: KOHCTPYKIIMOHHBINA TIPOGUITH
Pyunoii 3D ckanep.

Tounocts ckanupoBanus: > 0.05 u < 0.1 MM
CKOpOCTh CKAaHMPOBAHHS, MITH. TOYEK/CEK: > 2
®dopmat coxpaHeHHUs pe3yNbTaTOB CKAHUPOBAHHUSA:
vrml, ply, obj, stl

Bo3moxxHOCTE cCkaHupoBaHUs B 1BeTe: Jla

Hanuune cencopHoro skpaHa: HET

Jmaa USB-ipoBoga:> 3 M

Texnonorust 3D-ckanupoBanus:OnTnueckas
3arpy3ka npeceroB(I11a0JIOHOB) CKaHepa:HATHYIHE
Oyukimn noctodpadbotku: Odpe3ka MOIeIH,
Paspnesnenne Moznenu Ha OTIENBHBIE YACTH, Y JAJICHHE
JIMIIHUX 3JIEMEHTOB, Y aJieHne OTBEPCTHH, CO3AaHuUE
(hoTopeanucTUUHON TEKCTYPHI, cpaBHeHHE 3D
MoJIeNIeit Mex 1y co00M, M3MEepEeHUe pa3MepoB
MOJIeJICH CEYEHUSIMH B PYYHOM PEXHUME, SIKCIOPT
ceyenuii B XLS

[IporpamMmmHoe oOecniedueHue ISl CO3aHus MOeTei
METOZOM (pOTOrpaMMETpUU: HATUIHE

VYnpasnenue moBopoTHeIM ctosioM 1o Wi-Fi: [la
MuHUMaIbHOE PacCTOsIHUE CKaHUPOBaHUS: <25 cM

HaumenoBanmue pazjena: « TexHojgornueckuii mnpoQpuisb.

BUO»

20.

Yye6Ho-
MICCIIEJIOBATENHC
Kas
naboparopust
OMOCHTHAJIOB U
HEHpPOTEXHOJIOT
ui

B cocras BxozsT:

Cencop Tum 1 He menee 1 mT., obecieunBaeT
BO3MOXHOCTH PETHCTPALIMH CUTHAJIA 3IEKTPHUECKON
AKTUBHOCTH MBI (3JIEKTpOMHUOTpamMmbl, OMI).
Perucrpanust 1omKHa OCyIECTBISIETCS HEMHBA3UBHO,
CYXHMMH 3JIEKTpoJaMU. BO3MOKHOCTBIO KpeTieHHs K
PYKe 4eJIOBeKa, YTO JTOJDKHO AaBaTh BOZMOKHOCTD
PETUCTPUPOBATH IIEKTPUUECKYIO AKTHBHOCTH MBIIIIIHI
B 00J1aCTH, HaJ KOTOPOH pacroyiaraeTcs KperjeHue.
[Ipu HanpsKeHUK MBIILBI TOJDKHA OBITH 00ecreueHa
BO3MOKHOCTH HAOJIOIEHNS ITyYHOCTH CUTHaIA (T.€.
npucytctere OMI), ipu pacciabICHHH MBITIIIH - €€
OTCYTCTBHE.

Cencop Tum 2 He Menee 1 mT., obecieunBacT
BO3MO>KHOCTh PETUCTPAIIUH CUTHAJIA
¢doromnernzmorpammsl (OIII") onTruueckum myTtem, 3a
CUET U3MEHEHHS OTPAKEHHOT'O OT KPOBEHOCHBIX
COCY/IOB CBETa, 00BEM KOTOPBIX H3MEHIETCS MO

mT.
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BO3JICHCTBHEM IMyJILCOBOM BOJHBI. CEeHCOpP JTOJIKEH
OBITH OOecTIedeH BO3MOKHOCTBIO KPETIIICHHS K
MTOIYIIIEYKE TIabI[a YEIOBEKa.

Cencop Tumn 3 He menee 1 mT., obecieunBacT
BO3MO>KHOCTb: PETUCTPALIMU CUTHAJIA
anexTpokapauorpammsl (OKI') He HHBA3HBHBIM
cnocobom; peructpanuu I, I1 u 11l orBenenui;
MOJKIIOUEHHS AIIEKTPOIOB K CEHCOPY € TIOMOIIBIO
COETUHUTEIHHBIX ITPOBOIOB, 000PYIOBaHHBIX
TouchProof pazremamu.

Cencop Tum 4 He MmeHee 1 mT. oOecnednBaeT
BO3MOXKHOCTb: PETUCTPALIMU CUTHAJIA KOKHO-
ranpBanndeckoit peakuuu (KI'P), perucrpanus
KOTOPOTO OCYILIECTBIISIETCS HA IOCTOSIHHOM TOKE;
MOJIKITFOUEHHS K Ty YeIOBEeKa ¢ TOMOLIBIO CyXHX
AIEKTPOJIOB, MOAKIIOYEHIE KOTOPBIX K CEHCOPY
ocymecTBisiercs: ¢ momomipio TouchProof pazpemos.
Cencop Tumn 5 He MeHee 1 miT., oOecrieunBacT
BO3MOXKHOCTb: PETUCTPALIMU CUTHAIIA IIEKTPHUIECKOI
aktuBHOCTH Mo3ra (D3I') ¢ MOMOIIBIO CYyXHUX
HEWHBA3UBHBIX 3JICKTPOJIOB; PETUCTPALIUN
ANEKTPUIECKON aKTUBHOCTH PA3HBIX JOJIEH MO3Ta;
MTOIKITFOUEHHSI AJIEKTPOJIOB K CEHCOPY C TTOMOIIBEO
COCIUHUTEIILHBIX ITPOBOIOB, 000PYI0BaHHBIX
TouchProof pazbremamu; 3akperyieHus AJIEKTPOIOB Ha
ITOBEPXHOCTH TOJIOBBI.

Cencop Tumn 6 He MeHee | 1wT., oOecrieunBaeT
BO3MOXHOCTb: PETHCTPALlUH CUTHAJIA KOJIeOaHHs
rpyaHoit kietkn (CeHcop IbIXaHusl); OTPEeNCTICHHS
YacTOTHI JIBIXaHUSI.

YcTpoiicTBO A1 cOOpa JaHHBIX OT CEHCOPOB U
nepeiayy Ha MePCOHAIbHBIN KOMITBIOTEP
obecrnieunBaeT BO3MOXHOCTh cOOpa TaHHBIX OT
MTOJIKJIFOUEHHBIX K HEMY CEHCOPOB U OTIIPABKY
nonydeHHsixX JaHHbix Ha 11K, IToakmouenue
neHTpaigbHoro moayis k I1K ¢ momomsro USB-
kabenst. LleHTpanbHbIi MOLyI> IMEeT He MeHee | T, :
ragbBaHuveckyto uzossinuto ot [1K. I{entpanbHblit
MOJIyJIb 00€CTIIeunBaeT BO3MOXHOCTh OJHOBPEMEHHOTO
MOAKJIIOYEHUS BILIOTH 10 4 ceHcopoB. Kaxaplit u3
BX0J10B [leHTpaibHOro MOIYJIsi UMEET
rajibBAHHYECKYIO H30JIAIUIO0 (00ecriedenune
MEXKaHAJIbHOW rallbBaHUYEeCKON M30IISIUH).
ITonkntouenue cencopoB k LleHTpaibHOMY MOJTYJIHO
OCYIIECTBIISIETCS C TOMOIIBIO CIIEIHATH3UPOBAHHBIX
pazwemoB tuna LEMO, obecnieunBarommx
MIPaBUJILHOCTD MOJIKITIOYCHUS Pa3beMa U CHIDKAIOIIINX
PHCK CITy9aifHOTO KacaHHUs pa3beMOB
TOKOTPOBOIAIINX YACTEH, a TAKIKE 00SCIICUNBAIOIIIIX
3aIUTY OT HECAHKITMOHUPOBAHHOTO TIOIKIIOUYCHUS K
MIPOM3BOJIBHBIM YCTPOHCTBAM.

Mopyns «KHomkay He MeHee 1 mT., obecrieunBacT
BO3MOXKHOCTb: Pa3METKH PETHCTPUPYEMBIX CUTHAJIOB U




Ennnuna KomnnuectBo
HaumenoBanue
No KpaTkune npumepHbIe TEXHUIECKIE XapaKTEPUCTUKNA | U3MEPEHHS
w 00opyIoBaHUS (PBIIO)
(PBIIO)
O0TMeUaTh HEe MEHee 3-X pa3InYHBIX KaTeropuu
COCTOSIHHUM.
YeTpoicTBO, BXOIAIIEE B COCTAB JTaOOpaTOpHH,
JIOJDKHO 00€CIIeuYnBaTh BO3MOXKHOCTh PETUCTPAIIUU
apTepUaIbLHOrO IABJICHUS.
21. | Ananutuueckue | [IpeaHa3HaueHBI A1 TOYHBIX U3MEPCHHI MACCHI, IIT. 1
BECHI MTO3BOJISIIOT KOHTPOIUPOBATh H3MEHEHHUS MAaCCHI C
TOouyHOCTEIO 0,1 MT.
22. | Cunektpodorom | IIpemnazHaueH Ass onpeAeIeHUs] ONTHYECKON IIT. 1
eTp IDIOTHOCTH, KO (DHAIIMEHTOB POIYCKaHUS 1
KOHIICHTPAI[MK Pa3HOOOPa3HbIX PACTBOPOB
HaumenoBanue pasjgesa: «XauTexk»
23. | MHoro¢pyHKIHO | YueOHas MOAyJIbHAS CTaHIMUS JOJDKHA 00CCIICYMBATh IIT. 3
HaJbHAS BO3MOXKHOCTh M3YY€HHUS HE MEHEE TPEX TeXHOIOTHI
CTaHIIHS JIS MIPOM3BOCTBA U3JIENHIA U 00padOTKH MaTepHAIIOB, &
MEXaHUYECKOMN TaKX€E MPOTOTUNUPOBAHUS U3IEIIHM.
00palboTKH U Y4eOHas MOyIbHAsS CTAHIMS TOJIKHA UMETh
MPOTOTUTIUPOBA | CIEAYIOIINN COCTaB M XapaKTEPUCTUKH:
HUA Marepuan KOHCTPYKLUU: aTFOMUHUN

KonugecTBo HampaBisionux: He MEHee 4 IIT.
Ha6op unTepdeiicos:

- Ethernet, He menee 1 mmT.

- USB, He MeHee 2 1mT.

- MicroSD: Hanuuue.

- Monyne 6ecripoBogHO# cBs3u Wi-Fi: Hanmndwme.
[Tanens ynpaBieHuUs ¢ IKPAaHOM: HAJTUIHE

Tun ynpasieHus 3KkpaHa: CEHCOPHOE

Tun skpana: LCD-nanens

[BeTHOCTH AKpaHa: IBETHOM

Juaronans skpaHa: He MeHee 3,5 aroiima
[Inardopma momorpeBaemas: HalHINE
[Mnardopma mis 3D-neyatn MarHuTHAs THOKAsT:
HaJM4uue

ComecTrMocTs maTdopmsl st 3D-nevatn ¢
1aTopMOi TOJ0rpeBaeMOii: HaTHINE

CmennsIil Moynb 3D-TiedaT: HaTu4ne
Texnonorus 3D-neuatu: FDM wmu FFF

Huametp coruta: He meHee 0,4 MM

MakcuMalnbHas TeMIepaTypa HarpeBa collia: He
menee 250 °C

MakcuManbHas TeMIepaTypa HarpeBa IoJ[orpeBaeMoit
mwiatgopmel: He MeHee 80 °C

MuHuManspHas TOMITHA CIIos: He 6omee 50 MM
MakcumanbHast ToMmuHA cios: He MeHee 300 MKM
Ckopocts 3D-nieuatu: ve menee 100 mm/c
MakcuManbHEIN pa3Mep U3roTaBIMBACMON MOJICITH: HE
menee 200x210x200 mm

[MognepxuBaembie matepuansl Aiig 3D-neuatu: PLA-,
PETG-, TPU-, ABS-, PC-, Flex-utactux
JuamMeTp HUTH IIacTHKA: He 60mee 1,75 Mm
CeHcop o0HapyXEHUS HUTH IUIACTHKA: HATUIHC
OyHKIHS aBTOMAaTHYECKON KaTHOPOBKY: HATHIUE
CMeHHBIN Ja3epHBI MOIYIh: HATMIHE
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MormHocTs na3epa: He menee 1,6 Bt

@DyHKIMS 1a3epHOTr0 IPaBUPOBAHUS: HATTMUHUE
OYHKIUS Ta3€PHON PE3KU: HATMUHE

Pasmepsr paboueii oosactu: He MmeHee 200x200 MM
[onnepxuBaemble MaTepHaibl: Oymara, KapToH,
JIepeBo, IJIACTUK, KOXKa

CwMmennsblil Moaysb ¢pesepoBanus ¢ UITY: Hanmuue
MaxkcuManbHas CKOpOCTh BpalllEHUs IIMUHAETS: He
menee 8000 o06/mMuH

MakcumanbHblil AUAMETP 3aKUMa NaTPOHA:

HEe MeHee 4 MM

®pesa: Hanu4uue

QOYHKIHS TUIOCKOCTHOTO ¥ 00beMHOTO (hpe3epoBaHUS:
HaJu4uue

[HonnepxuBaeMble MaTepHabL:

NepEeBO, TEKCTOJINT, IIIACTHK

Koxxyx 3amuTHeIi: HaTUYHe

Ouku 3amuTHEIe ¢ Y O-punbpTpom: Hanu4me
ApanTep NUTaHUA: HAJTMYUE

KommnexT 3anacHpIX GyHKIMOHAIBHBIX JJIEMEHTOB:
HaJIu4yue

24,

HaGop ¢pe3

KommuectBo ¢pe3: He meHee 10 mrT.

25.

Dpe3epHblid
CTaHOK
yaeOHBIN

Hasnauenwue: 00paboTKa MOJICIIbHBIX BOCKOB,
IUTACTHKOB, IPEBECHHBI

TuI: ¢pesepHslii cranok ¢ UITY,

KOJIMUECTBO Oceii: He MeHee Tpex (XYZ),
MaKCUMaJIbHOE KOJIMYECTBO OOOPOTOB B MUHYTY: HE
menee 7000

26.

31 mpuHTEp
npodeccuoHab
HBII

Tun npunrepa: FDM, FFF,

matepuan (ocHOBHOM): PLA,

KOJIMYECTBO II€YaTAIOIINX I'OJ0BOK: HE MeHee 1,
paboyuwmii CTOM: C IMOOTPEBOM,

pabouas ob6macts (XYZ): ot 300x300x400 mMm,
MaKCUMaJbHasi CKOPOCTh neuatu: He MeHee 150
MM/CEK,

MHUHHMaJbHas TOJIINHA CjI0s: He 0ojiee 20 MKM,
3aKPBITHIN KOPITYC: HATAYHE,

OXJIQXKJCHHE 30HBI IICYaTH: HATMIHE

27.

311 mpuHTEp
y4eOHBIN

Tun npunrepa: FDM, FFF,

matepuan (0cHOBHOM): PLA,

KOJIMYECTBO NeYaTaloLUINX rOJOBOK: HE MEHee 2,
pabouwuii cTON: ¢ MOAOTPEBOM,

pabouas ob6macts (XYZ): ot 180x180x180 mMm,
MaKCHMaJbHAast CKOPOCTh IevyaTu: He MeHee 150
MM/CEK,

MUHUMAJIbHAsS TOJIIMHA CJos: He Oosee 20 MKM,
3aKpPBITHIN KOPITYC: HAIMYHE,

OXJTXKJICHHUE 30HbBI TICUATH: HAJTHUNE

IIT.

28.

ITmactux mst 34
IeYaTu

Twun nnactuka: PLA, Tonmmnaa HuTH: He MeHee 1,75
MM

T,

150
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29.

YTror

Il mepeHoca pucyHka ¢ TpaHcdepHoi OyMaru Ha
IUTATy, TIaJKas MOJIMPOBAHHAS TOBEPXHOCTH:
HaJINYHE,

aporeHepaTop: HeT

IIT.

30.

Tpancdepnas
Oymara

Haznauenwue: mis NepeHOoCa puCyHKa IJIaThl Ha
CTCKIIOTCKCTOJIUT

IIT.

100

31.

CTEeKI0TEKCTON
AT

Tum: FR4-1, Pazmep: e menee 100*100 mm

IIT.

103

32.

ITasnpHas
CTaHIIUA

®den: pabouas Temnepatypa, °C: ot 100 go 480,
MasuIbHAUK: pabodast remmnepatypa, °C: ot 200 o 480
MomHoCTh nasimpHuKa: He MeHee 50 BT,
Kepamuueckuii HarpeBaTeNb: HATUYUE

HauMeHnoBanue pa3aena: «KOMHBIOTepHOC H NMPE3CHTALIMOHHOE 060pyzlonalme»

33.

M®V tun 1

Tun yctpoiictBa: MHOTO(QYHKIIMOHAIBHOE YCTPOMCTBO
MDY);

L[BeTHOCTD IIEUaTh: YEPHO-OENas;

TexHomorus nmevyaru: 3iekTporpaduyeckas (J1azepHasi,
CBETOAMOIHA);

®opmMmar neyatu: He MeHee A4;

Tun ckaHUpPOBaHUS: MPOTSHKHBIHN/ TNIAHIICTHBIN;
Bo3MmoxHOCTH CkaHMpOBaHUs B (hopMarax: He
MeHeeA4;

Crioco6 noaxmouenus: LAN, Wi-Fi, USB

IIT.

34.

MO®V tum 2

Tun yctpoiictBa: MHOrOQyHKIIMOHAIEHOE YCTPOWCTBO
MOY);

[IBeTHOCTB NIEYaTh: [IBETHAS;

®opwmar nevatu: He MeHee A4;

Tun ckaHUPOBAHUS: MPOTSHKHBIH/TNIAHIICTHBIN;
Bo3moxkHOCTB CkaHMpOBaHUs B (hopMmarax: HE
MeHeeA4;

Cnoco6 noaxmrouenus: LAN, USB.

35.

Onaunyapt

Pasmep paboueit oomactu: He meree 700x1000 Mmm

IT.

36.

Hoytb6yx

®dopMm-hakTop: HOYTOYK;

Pasmep nuaronanu: He meHee 15.6 q10MMOB;
Paspemenune sxpana: Full HD, Quad HD wiu Ultra
HD;

OO0t 00beM yCTaHOBIIEHHOW OTIEPATUBHOM MaMSTH:
He MeHee 8 ['0aliT;

MakcumanbHbBIH 00IITHH TOAAePKUBAEMBIN 00BEM
OTIEepaTUBHOM mamsTh: He MeHee 16 ['0aiiT;

O6wem SSD nakonutens: He MeHee 240 I'OaiiT;
BecrtipoBoanas ces3n: Wi-Fi;

KomnmuecTBo BeTpoeHHBIX B Kopiryc mopTtoB USB: He
MeHee 2, U3 KOTOPhIX He MeHee 1 gomkHo ObiTh USB
Bepcuu He HIke 3.0;

Pazpenrenne B30-kamepsl, Mimkcens: He MeHee 0.3;
Bcerpoennsiit MukpodoH;

KnaBuatypa ¢ packiaakoil 1 MapKHUpOBKOH KIIaBHII
QWERTY/MLYKEH;

ITogmepxka cTaHAApTOB OECIIPOBOIHON CBS3H:
802.11a/b/g/n/ac;
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[IpousBoauTeNnbHOCTH TpoOLIECCOpa (3HAUEHHUE
nokazarenst «CPU Mark» o Tecty «Laptop &
Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop.html): He meHee
5000 equHwIL;

Hanwmane manumynsiTopa MBIIb B KOMIUIEKTE: /1a;
YcraHoBneHHAs OTIepallMOHHAS CHCTEMA C
rpadUUeCcKUM IMOJIb30BATEILCKUM HHTEpEcoM,
CBEZICHHUS O KOTOPOM BKITIOUEHBI B €IMHBIA PEecTp
POCCHICKHX TPOTPAMM IS AIEKTPOHHBIX
BBIYUCIIUTCIIbHBIX MAIllUH U 633 JaHHBIX
YcTaHOBIEHHBIH MakeT OQPUCHOTO MPOTPAMMHOTO
obecrnedeHus, COBMECTIMOT'O C YCTAaHOBJICHHOM
OTIEPALMOHHON CHCTEMOM, CBEJICHHS O KOTOPOM
BKJIFOYEHBI B €JUHBIM PEECTP POCCUMCKUX NTPOrpaMM
JUTSE DIIEKTPOHHBIX BBIYUCIUTENFHBIX MAITUH 1 0a3
JAHHBIX.

37.

Tenexka s
3apAIKA U
XpaHEHUs
HOYTOYKOB

THUI KOpITyca: MeTall;

BO3MOHOCTbH 0€30I1aCHOIO 3aILUIIEHHOT0 3aMKOM
XpaHEeHUs! HOYTOYKOB: HAJIMYUE;

BO3MOYHOCTB 3apsiIKi HOYTOYKOB: HaJIM4IHE,
MoJiIep’KKa HOyTOYKOB 1.2.5.1.;

Hanmuue poyrepa Wi-Fi cranmapra 802.11n nnu
coBpeMeHHee: | mT. moanaepxka HoyTOykoB 1m.2.5.1.;
KOJIMYECTBO HOYTOYKOB: OT 15 1ITYK, OA/IEpKKa
HOYTOYKOB 1.2.5.1.;

Hanpspkenue nuranust: 220B\50T 1

[MoTpebnsemas MOIIHOCTH, BT (Makcumym): 2500;
[ToTpebnsemsrii TOk, A (MakcumyMm): 12;

JnuHa mHypa 31eKTPONUTaHus: OT 2,5 METpa;
3amuTa OT NepeHarpsLKeHUs], KOPOTKOTO 3aMBbIKaHUA:
HaJINYHE;

Koueca 11 nepeiBuKeHUs ¢ TOPMO30M: HAJIMUHE.

38.

MHTEepakTUBHBI
H KOMIIJIEKC C
BBEIYHCIIATEILHEI
M OJIOKOM U
MOOMIIBHBIM
KpeIICHUEM

MHTepaKTUBHBIN KOMIUIEKC C BEIYUCIUTEIBHBIM
0JIOKOM 1 MOOMITEHBIM KPETICHUEM JOKECH
COOTBETCTBOBATH CIIEAYIONINM TEXHHUECKUM
TpeOOBAHHSIM:

Pasmep nuaronanu: He MeHee 74 MIONMOB;
Pa3pemenne sxpana no ropusontanu: He menee 3000
MUKCETeH:

Pa3pemenne sxpana no Beprukanu: He MeHee 2100
MMUKCEJIEH;

[Monnepxka pazpemenns 3840x2160 nukceneit (mpu
60 I'mm): na;

Hanuuue BCTpOEHHOM aKyCTHUYECKON CUCTEMBL: 1;
KomnunuecTBo Touek Kacanus: He MeHee 20;

BricoTta cpabatbiBaHUS CEHCOpA OT TOBEPXHOCTH
JKpaHa: He 0ojiee 3 MUJUTUMETPOB;

Bpewmst oTkiika cencopa kacanus: He 6omee 10
MUJUTUCEKYH]T;

Berpoennsbie (hyHKITNME paciio3HaBaHUS 00BEKTOB
KacaHus: 1a;

KonuyecTBo noanep >xuBacMbIX CTUIIYCOB

IIT.
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OJHOBPEMEHHO: HE MEHee 2;

BosmoxnocTs noaxmouenus k cetu Ethernet
MIPOBOIHBIM CIIOCOOOM: [1a;

BosmoxHocTs nogxmouenus k cetu Ethernet
OecnpoBoaHBIM criocobom (Wi-Fi): na;
B03MOKHOCTB MCIIOTB30BaHUS JTaJJOHH B KAYECTBE
WHCTPYMEHTA CTUPAHUSL: 113,

Hanuune nHTErpupOBaHHOTO JaTYMKa OCBEIICHHOCTH
TUTSL aBTOMAaTHYECKOH KOPPEKIMHU SIPKOCTH TIOJICBETKH:
na;

Hannune Qpynkimm 6ecripoBoHOI epeaayn
n300paxeHus ¢ ycrpoicTs Ha 6aze OC Windows: na;
Hanmuawne Qynkunm 6ecripoBOIHOM mepenadn
nzobpaxkenus ¢ ycrpoicts Ha 6aze OC MacOS: na;
Hannune Qpynkimm 6ecripoBoHOI nepeaayn
n300paxenus ¢ ycrpoicts Ha 6aze OC 10S: na;
Hannune Qpynkimm 6ecripoBoHOI nepeaayn
nzobpaxkenus ¢ ycrpoicts Ha 6aze OC Android: na;
B03MOXHOCTB yIaJIeHHOTO YIIPaBICHHS U
MOHHTOPHHTA: [1a;

Hanuuue kperuieHus B KOMIUIEKTE: J1a;

Hamame cnora Ha KopIryce JUIst yCTaHOBKH
JOTIOJIHUTEIILHOTO BBEIYHCIUTEIBEHOTO OJIOKA: 11a;
MakcumanbHBIH TOIEPKUBAEMBIN 00BEM
OTIEPaTUBHOU MaMSTH JOTOITHUATEILHOTO
BBIYHCIIUTEIBHOTO OioKa: He MeHee 8 1'0;
MakcruMaNbHBIHN MOAIEPKUBAEMBINA 00hEM
HAKOTIUTEJIS TOTIOJIHUTEIBHOTO BEIYMCIUTEIBHOTO
010ka: He meHee 128 I'0;

Pazbem Ju1s MOIKITIOYEHNS JOTIOJTHUTEILHOTO
BBIYUCIUTEIHHOTO 0JIOKA C KOHTAKTAMHU
ANIEKTPONUTAHHS BEIYUCIUTEIBHOTO OJIOKA OT
BCTPOEHHOTO OJIOKA MUTaHUSI HHTEPAKTUBHOTO
KOMILJIEKCA U KOHTAKTaMH IS TIOIKITFOUCHHS
nudposoro BuneocurHana u USB miis moaKTFOYeHIS
CeHcopa KacaHWsl: HAINYHKE;

[Ipon3BoaUTENBHOCT IPOLIECCOPA TOTIOIHUTEIBHOTO
BBIYUCIIMTENLHOTO OJ10Ka (3HaueHHe mokazarenst «CPU
Mark» o tecty «Desktop CPU Perfomance»
https://www.cpubenchmark.net/desktop.html niu o
tecty «Laptop & Portable CPU Performance»
https://www.cpubenchmark.net/laptop.html): He meHee
7000 emyHMIL;

Paspemienne Ha BeIXOZIe BUIe0aianTepa
BBIYUCIIMTEILHOTO OJI0Ka TIpH paboTe ¢
MHTEPAaKTHBHBIM KOMIUTIEKcoM: He MeHee 3840 x 2160
MUKCENeH

mipu 60 I'm;

Hannune y 1omonHUTENHHOTO BEIYUCIUTEIHHOTO
6noka 6ecripoBogHOro Moxyist Wi-Fi He Hike
802.11a/b/g/n/ac;

MakcumanbHBIN ypOBEHB IITyMa MpH padoTe
JOTIOJTHUTEIFHOTO BBIYHCIUTENLHOTO OJI0Ka: He Oosee
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30 nbA;

Hannune B koMIuIekTe MOOMIIBHOIO METAJIIIMYECKOTO
KpEIICHHs1, 00€CIeYNBAIOIIETO BO3MOKHOCTD
HATIOJILHOW YCTAaHOBKH MHTEPAKTUBHOTO KOMILIEKCA, C
MepeABIKHON KOJIeCHO! 06a301 U BOBMOKHOCTBIO
(ukcanuu Kojec Al UCKIIOUEHHS HEIPOU3BOJIBHOIO
JBIKEHMUS,

[IpenycranoBneHHas onepanoHHas CCTEMa C
rpauIeCKUM T0JIb30BaATEIILCKUM HHTEPhEHCOM,
obecneunBatomas paboTy pacpoCTpaHEHHBIX
00pa3oBaTeIbHBIX ¥ 00IECHCTEMHBIX MPUIIOKECHHMA:
HaJIN4HE;

OyHKIMs rpaduecKoro KOMMEHTUPOBAHHUS TIOBEPX
MIPOU3BOJIHLHOTO U300paKEHHUSI, B TOM YHCIIE OT
(U3NYECKU MOAKIIOYEHHOTO HCTOYHHKA
BUJICOCUTHAJIA: HAINYHE;

WuTerpupoBanHslii B OJIB30BaTEIbCKUN HHTEPhEIC
(hyHKITMOHA ITPOCMOTpa 1 PaboTHI ¢ (aiinamu
OCHOBHBIX opmatoB ¢ USB- Hakonureneit mimu
CETEBOIr0 CepBepa: HAJIMUUE;

WuTerpupoBaHHbie CpeicTBa, 00ECIICUHBAIOIIIEC
cleayomui GyHKIOHAT:

— CO3JIaHHE MHOTOCTPAHUYHBIX YUEOHBIX 3aHATHH C
HCTIOJIb30BaHUEM MEHAaKOHTEHTA Pa3IMIHBIX
¢dhopmaros,

— CO3JlaHMe HaIHCeH 1 KOMMEHTapHeB MOBEPX
3aITyICHHBIX IPUIIOKEHUH,

— pacrno3HaBaHue GUTYp U PYKOITUCHOTO TEKCTA
(pycckuii, aHTTTUICKUH SI3BIKH ),

— HaJIM4ue UHCTPYMEHTOB PHCOBaHMS
reoOMeTPHUYECKUX (PUTYp U TUHHH.

Berpoennsie GpyHKINN:

— TeHepaTop CIIyYaiHbIX YUCET,

— KaJlbKyJATOP,

— DKpaHHas KJIaBHaTypa,

— Taimep,

— penakTop MaTeMaTH4eCKUX (hopmy.
DJIEeKTPOHHbBIE MATEMAaTUYECKUE HHCTPYMEHTBI:

— LHPKYJIb,

— YTOJIbHUK,

— JIMHEHKa,

— TPaHCIIOPTHP.

Pesxxum «Oenoit 1ocku» ¢ BO3SMOXKHOCTBIO CO3IaHuUs
3aMETOK, pUCOBAHUs, pabOTHI C TAOIUIIAMHU U
rpaduKamMu: HaJlM4ue.

Wmmnopr daiinos popmaros: PDF, PPT, PPTX




