OcHaienue 000pyA0BaHHEM, PACXOIHBIMHM MATEPHAJIAMH, CPEACTBAMHU 00yYeHUs] M BOCIIUTAHUA
C LEeJIbI0 CO3AaHUsA M (YHKUMOHUPOBAHUS LIEHTPOB 00Pa30BAHUsA €CTECTBEHHO-HAYYHOMI
U TexXHoJIorn4yeckoii HanpasJjaeHHocTeil LlenTpa «Touka poctay MKOY XMP «COI c. Kbk

(Cornacno Ilpunoxxenuto k npuka3zy JlenodpazoBanus u Hayku FOrper ot 11.12.2023Ne 10-11-3078
B PaMKax pErnOHaJIbHOTO MPOEKTa, 00ECIIEUNBAIOLIECTO JOCTIKEHHE LIeNIeH, ToKa3aTeNeil 1 pe3yibraTa
denepanbHOro nMpoekTa «CoBpeMeHHas IIK0JIa» HalMOHAIbHOTO TpoekTa «Ob6pazoBanue» B 2024 rony)
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n/n

HaumenoBaHue 000pya10BaHUs Enununa

KoanuecTBo

(PBIIO) Kpatkue npumepHbie Texandeckne xapakrepuctuku (PBITO) H3MepeHust

HaumenoBanue HanpaBieHus: ""Odopyoosanue 0na 06ueodpazoeamenbHyIX Op2aHu3auuil, He AGNAUUXCA MATIOKOMNIeKmHbimu'"

HaunmenoBanue pa3nena: "EcrecTBeHHOHAYYHASI HAIPABJIEHHOCTH'"

Lugposas rabopamopus no Qusuxe |+]A lamuux axcenepomemp ¢ nokazamensimu ne menee uem: £2 g; +4 g; +8 g Omoenvuvie

(yuenuueckas)

Obecneuusaem 6biNOIHEHUE IKCNEPUMEHMO8 No memam Kypca Gusuku. Komnrexmayus: becnpogoonoi
mynemudamuux no gusuxe ¢ 6-10 6cmpoenuvimu damuuxamu: L{ugposoti damyux memnepamypol ¢
Juanazonom usmepenus ne yace yem om -20 0o 120C Lughposoii damuuk abcontomuo2o 0asnenus ¢
OJuanazorom usmepenus He yace yem om 0 0o 500 klla Jamuux macnumnozo nous ¢ OUana3oHom
usmepenus ne yoce yem om -80 0o 80 mTn [Jamuuk nanpsicernus ¢ OUanazoHami usmMepeHus He yice uem
om -2 00 +2B; om -5 0o +5B; om -10 0o +10B; om -15 do +15B JJamuux moka He ywce yem om -1 00

lyempoticmsa: USB ocyunnoepagh ne menee 2 kanana, +/- 10 B Axceccyapui: Kabens USB
coedunumenvHulil 3apsonoe ycmpoiicmeo ¢ kabenem miniUSB USB Adanmep Bluetooth 4.1 Low Energy
Koncmpyxmop 0715 npogedenus sxcnepumenmos Kpamioe pykosoocmeo no sKChiyamayuu yughposou
lnabopamopuu Ilpocpammnoe obecnewenue Memoouueckue pexomenoayuu (40 pabom) Hanuuue
[pyccroszvlunoeo catima noddepaicku Hanuuue 6udeoponukos.

Lupposan rabopamopus no xumuu |uccredosamenvcroii Oesmensrocmu yuawuxcs. Komniexmayus: Becnpooonoti Mylbmudamuux no

(yuenuueckas)

Obecneuusaem 6bInoaHeHUE ﬂa6opamopnblxpa60m no Xumuu Ha ypokax 6 OCHOBHOU WIKOJIE U NpPOEeKmHo-

bumuu ¢ 3-msa ecmpoennvivu oamyuxamu: Jamyux pH ¢ ouanazonom uzmepenus ne yoice yem om ) 0o 14
pH Jamuyux snekmponpogodumocmu ¢ ouanazonamu

usmeperus He yoice uem om 0 00 200 mxCm; om 0 0o 2000 mxCm; om O 0o 20000 mxCm [Jamuuk
memnepamypbi ¢ OUANA30HOM usmepenus e yoce yuem om -20 0o +140C Omoenvuvie damuuxu: Jamuux
onmuueckoti niomuocmu 525 um Axceccyapwi: Kabeno USB coedunumenshulii 3apsaonoe ycmpouicmeo ¢
kabenem miniUSB USB Adanmep Bluetooth 4.1 Low Energy Kpamxoe pykosodcmeo no sakcniyamayuu
yugposoil nabopamopuu Habop nabopamopnoii ocnacmku I[Ipoepammuoe obecnewenue Memoouueckue
[pexomendayuu ne mernee 40 pabom Hanuuue pyccrosazviunozo catima noodepcku Hanuuue
6LOEOPONIUKOB.




Lupposas rabopamopust no buorocuu
(yuenuueckas)

Obecneuusaem 6binoIHeHUe 1AOOPAMOPHBIX PABOM HA YPOKAX NO OUOLO2UU 8 OCHOBHOU WKOE U
npOoeKmHO-UCCIe008amenbeKoll OesimenvHocmu yuauuxcs. Komnaexmayus: becnpogoonoii
ynrbmudamuux no buonocuy ¢ 5-10 8CMpPOeHHbIMU OaMyuKamu: Jamuux 61aicHOCmu ¢ OUanasoHOM
usmepenus 0...100% Jamuuk oceewgennocmu ¢ ouanazonom usmepenus ne yoice wem om 0 0o 180000 x
Tamuux pH ¢ ouanasonom usmepenus ne yoice uem om 0 0o 14 pH Jamuux memnepamypuol ¢
ouanazoHom usmepenus He yoice wem om -20 0o +140C JJamuux memnepamypul okpyscaioujell cpeobvl ¢
ouanazorom usmeperus He yoice wem om -20 00 +40C Axceccyapwi: 3apsonoe ycmpoiicmeo ¢ kabenem
miniUSB USB Aoanmep Bluetooth 4.1 Low Energy Kpamxoe pykosodcmeo no sxcniyamayuu yugposot
lrabopamopuu Lughposas sudeoxkamepa ¢ memanruueckum wmamueom, paspeuierue He menee 0,3 Mnukc
IIpocpammnoe obecneuenue Memoouueckue pexomenoayuu ne menee 30 pabom Ynaxoexa Hamuyue

[PYCCKOA3LIYHO2O Catima NoOOepIICKY, HATUYUE BUOCOPOTIUKO8

HaumeHnoBanue pa3gena: "JlonoJHuTeabHoe o6opyaoBanue’

ObpaszosamenvHulil HAOOP Oz
U3VUEHUS, MHO2OKOMNOHEHMHbIX
[po6omomexHuueckux cucmem u
MaHUNYIAYUOHHBIX pOOOMOE

Obpa3zosamenvHblil HAOOP V0NHCEH ObIMb NPEOHAZHAYEH OISl UZYUEHUsL POOOMOMEXHULECKUX
mexmnonozutl, 0CHO8 UHDOPMAYUOHHBIX MEXHOLO2ULL U MEXHOL02UL NPOMBILUTIEHHOU A8MOMAMU3AYUY, d
maxoice MexHoN02Ull NPOMOMUNUPOBAHUA U A0OUMUBHO20 NPOU3B0OCMEa. B cocmas nabopa oonsichvl
6X00UMb KOMIIEKMYIouue 1 ycmpoucmad, 061a0aiowue KOHCIMpPYKMUGHOU, annapamHoil u
npoepamMmHoll cosmecmumocmpio opye ¢ opyzom. 1) Komniexm KOHCMpYKMUGHbIX S1€MEHMO8 U3
Wmemanna u naacmuxa 0asi COOpKU Mooenel MaHUNYIAYUOHHBIX POOOMOG C Y2l080U KUHEMAMUKOL,
nnockonapannenvrou kunemamukot, Delta-xunemamuroil. 2) Humennexmyanvhwvitl cepeomooyis ¢
UHME2PUPOBAHHOT CUCMEMOU YNpaesieHus - He menee Tuim. Cepeomooyb 0oxnceH 061a0ams
uUHMezpUPOBAHHOL cUCEeMOUl YnpasneHus, obecneuugaioweti 00pamHyo c6sa3o Ui KOHMpOob
napamempog - noI0JCEHUe 64d, CKOPOCMb BPAUYEHUS, HA2PY3KA NPUE0Id, a maxaice obecneuugaioueti
B03MOICHOCMb NOCIEO08AMENLHO20 NOOKTIOUEHUS OpY2 € OPY2OM U YPABGIEHUS CEPEOMOOVIAMU NO
nOC1e0068aMENbHOMY NONYOYNIEKCHOMY ACUHXPOHHOMY unmepdgeiicy. 3) Pobomomexnuueckuii
KOHmpoANep, npedcmasiAowuli cobol MOOYIbHOE YCMPOUCMB0, KIoUarujee 8 ceds 0OHONIAMHbIU
MUKpOKOMNBLIOMED 0151 BLINOTHEHUS. CLOJNCHBIX BLIYUCIUMETLHBIX ONnepayull, nepugeputinbiii KOHMpoaLep
0151 YNpasneHus HeWHUMU YCMPOUCMEAMY U RAAMY PACUUPEHUs OIS NOOKTIOYEHUS 6HEUWHUX

vempoticms. Mooyau




[poOOmomexHuuecKko20 KOHMpOIepa OOMHCHbL 001a0amsb 0OHOBPEMEHHOU KOHCMPYKMUGHO,
annapamuoul u npoSPaAMMHOU COBMECUMOCTbIO OpYe ¢ Opyeom. Pobomomexnuieckuii KOHmpoiiep
00ICeH YO0BNeMEOPAmMb MeXHUYECKUM XapaKmepucmuKam: Koi-60 s10ep 6CmpoeHHo20
MUKpokomnwvlomepa - He menee 4, makmosas uacmoma a0pa - He menee 1,2 I'Ty, o6vem O3V - e menee
512 M6, nanuuue unmepepeiicos - SPI, 12C, 1-wire TTL, UART, PWM, yugposvie - ne menee 16 wm u
aHano2o6bie NOpmMbl - He MeHee 8 wm 018 NOOKIIOYEHUS BHEWHUX YCMPOTICING, 6CIMPOEHHbINE MUKPOQDOH,
a maxoice WiFi unu Bluetooth 0ns kommyrukayuu co eHewHumu ycmpoticmseamu. Pobomomexnuuecxuii
KoHmpoanep dondicer 06ecnedt8ams 603MONCHOCTG NPOSPAMMUPOSAHUSL C NOMOUBIO CPEOCE A3bIKOG
C/C++, Python u c60600H0 pacnpocmpansiemoii cpedwvt Arduino IDE, a makoice ynpasienus mooeisimu
[pobomomexnuueckux cucmem ¢ nomouvio cpeowvt ROS. 4) I[Ipocpammupyemvlii KOHmMpoaLep - e MeHee
Twm. Ilpoepammupyemviii KOHMPOLIEP OONNHCEH NPEOCMABIANMb COOOU BLIYUCTUMENbHBI MOOY /b,
001a0ar0WUM YUPPOSLIMU NOPMAMU - He MeHee 8 WM U AHAL0208bIMU NOpMamu - He MeHee 16 wim,
unmep@eticamu UART, 12C,SPI, TTL, a maxaice modynem becnposodnoi ceszu muna Bluetooth unu WiFi
0718 CO30aHUsL aNNaApamHoO-NPOSPAMMHBIX peuteHull u "yMHuIx/cmapm'-ycmpoticmes 0 paspabomxu
pewenui "Humepnem sewei”. 5) [nama pacuupenust npocpammupyemo20 KOHmpoiepd - He MeHee
Twm. Ihama pacuiupenus 0ondcHa 0becneyuéams 603MOACHOCIL NOOKTIOUEHUS YHUBEPCATLHO2O0
BLIUUCTIUMENLHO20 MOOYIISL K cemu nocpedcmeom unmep@etica Ethernet. Ihama pacwupenus 0onxcra
obnadams nopmamu 6600a-6b1800a 0Ji NOOKTOYEHUS YUDPOBLIX U AHANO208bIX YCMPOUCME - He MeHee
40 wm, unmepetic SPI u 603m00icHOCHIBIO NOOKTIOUEHUS 8HewH el Kapmul namsmu. 6) Mooy
MmexHuyecKko2o 3penus, npedcmasiAIowull coooll yCmpoucmeo Ha 6ase 8bl4UCIUMENbHO20
MUKpOKOHMPOATEPA U UHMESPUPOBAHHOU KaMePbl, 0Decneyusaiouee pacno3Haganie npoCmenuux
u300padicenuil Ha MoOye 3a cuem cOOCMBEHHBIX BLIYUCTUMENLHBIX 803MOJCHOCEl - He MeHee lwm;
\MoOoynb mexuuuecko2o 3peHust 00aiceH 00ecneyusamys 803MONCHOCHb KOMMYHUKAYUU C AHATOSUYHbIMU
MO0y IAMU ROCPEOCMBOM WUHBL HA Oa3e NOCIe008amenbH020 uHmepgetica ¢ yeavio oanvHeliuell
nepeoayu pe3yrbmanos UsMepenull epynnvl MoOyael Ha YNpasiaouee GolHUcIumenbHoe YCmpocmao,
nooxmouennoe k oannou wune. Mooynb mexnuyecko2o 3peHus 00axiceH 06ecneuusams 603MOICHOCMb
0CYWecmeIsNDb HACMPOUKY MOOYJISL MEXHUYEeCKO20 3PEeHUsl - HACMPOUKY dKCho3uyuu, barauca 6enozo,
1Y6eMOPA3HOCIHBIX COCMABTAIOWUX, NIOWAOU OOHAPYIHCUBACMOL OOIACHU U00PAdICEHUS, OKPY2TIOCU
06HapydIcUsaeMol 0oaacmu u300paNCceHUs, NOIOAICEHUE OOHAPYICUBAEMBIX 0DTACTEl OMHOCUMENTLHO
Opye Opyea. Mooynb mexuuueckozo 3peHust 00dceH 0becneuueams 603MOACHOCNG HACMPOUKU HA
00HOBpeMennoe 0bHapyicenue He menee 10 pasnuynblx 00UHOYHBIX 00BEKMO8 6 cekmope 0630pa, 1ubo
He MeHee 5 cOCMAaBHbIX 00HeKMOo8, COCMOAWUX U3 He MeHee 3 PaA3TUUHBIX 2PAPUUECKUX NPUMUMUBOE.
Mooynb mexuuuecko2o 3penust 00axcen obaaoame ecmpoennvimu unmepgpeticamu - USB, UART, 1-wire
TTL, 12C, SPI 015 kommynukayuu co snewnumu nooxouaemvimu ycmpoticmeamu. 1) B cocmas naopa
Q0IHCHBL 6X00UMb YUPpPosbie




UHDOPMAYUOHHO-CEHCOPHBLE MOOYIU, Npedcmasnawue coool ycmpolicmea Ha baze
NpoepaAMMUPYEeMO20 KOHMPOALEPA U usMepumensHoo snemenma. L{ughposoti mooynw doadicen odaadamo
6CIPOEHHBIM MUKPOKOHMPONNEPOM (makmosas yacmoma - e menee 16 MI'y, wuna oannvix - ne menee
8 Kb6aiim), unmepgheticamu 01 ROOKIHOUEHUSL K BHEWHUM YCMPOUCMEAM. YUDPOBbLE U AHATO208ble
nopmot, 1-wire TTL, pasvem muna RJ. Lfugpposoii modynb dondicen obecneuusams 603MONCHOCHIb
KOMMYHUKAYUU C AHATOUYHBIMU MOOYIAMU NOCPEOCTNBOM WUHBL HA DA3e NOC1e008AMeNbHO20
unmep@etica c yeavio oanvhetiuel nepedadu pe3yibmanmos usmepeHutl 2pynnovlt Mooyiel Ha
ynpaensiowee geluucaumensHoe yCmpoucmeo, noOKI0YeHHoe K OAHHOU wiune.

B cocmas Habopa 00HCHO 8X00UMb.: YUPPOBol MOOYIb MAKMOBOU KHONKU - He MeHee 3uum, yudposoi
MO0y c6emoouoda - He menee 3uim, Yyugdposoii MoOYib KOHYEBO20 Npepbisames - He Menee Jum,
Yudposoil Modyib damuuxa yeema - He menee lum, yugposot modyns RGB ceéemoouoda - He menee
Twm. 8) B cocmag Habopa 00mx#CHbI 8X00UMb dNleMeHMbl 01 COOPKU 8AKYYMHO20 3AX6AMA: BAKYYMHASA
npucocka - ne menee 1uim, d1eKMpOMASHUMHbBIL KIANAH - He MeHee [uim, aKyyMHblil HACOC - He MeHee
Twm. 9) B cocmag nabopa oondicen 6xo0umsv yueOHblil KOMINIEKM, GKI0UaAlowull 8 ces yuedHoe
nocobue, HaAOOP OUOIUOMEK MPEXMEPHBIX DIIEMEHMOE Ol NPOMOMUNUPOBAHUSL MOOe el
ManunyayuonHeix pobomos, a maxaice npospammuoe obecneuenue 0 pabomul ¢ HAOOPOM.
[Ipoepammnoe obecneuenue A0IICHO 0OeCne usans MpexmepHyio U3y anu3ayuio Mooeau
WManunynayuonno2o poboma (c yenoeou, nI0CKonapanienbHol U 0elbmaKuHeMamuroll) @ npoyecce
[pabomul, 0becneuusams nOCMpoeHue NPOCMPaHCMEEHHON MPAEKMOPUY OBUNCEHUSL UCHOTHUMENLHO2O
Mexanusma ManunyiAyuoHHo20 poboma, 603MOACHOCIb 3A0AHUA NOCIE008AMENbHOCIU MOYeK 05
pPOX0ICOeHUs Yepe3 HUX UCHOTHUMENbHO20 MEXAHUIMA MAHURYIAYUOHHO20 poboma. [Ipocpammmnoe
obecneuerie 00IHCHO PYHKYUOHUPOBAMD, KAK 8 OMOETbHOCMU 8 8Ude Cpedbl MOOENUPOBAHUS, MAK U 6
[pedicume MOHUMOPUHA 8 PEATbHOM BPEMeHU NPU NOOKIIOYEHUU MOOEU MAHUNYSAMOPA NOCPEOCNEOM
[pobomomexnuueckozo konmponiepa. Ilpoepammuoe obecneuenue 0024CHO 0becneuusams
603MOICHOCIb NOCMPOECHUSL 2PAPUKOE 3A0AHHBIX U MEKYUUX 000OUeHHBIX KOOPOUHAM
WManunyayuonro2o poboma, 2paguxos sHaweHuti ckopocmell U yCKopeHusl, 2paguros pacyemuuix
snauenuti naepysku. Ilpoepammmnoe obecneyenue O0INCHO NO3BOMANb 3A0ABAMb NOCIEO08AMETLHOCHIb
nepedsuiceHull MAHUNYIAMOPa NOCPeOCmeoM Habopa KOMAHO & 6i04HO-epapuyeckom unmepgelice.
Yuebnoe nocobue 0ondicno cooepaicams mamepuansl no paspabomre mpexmepusix Mooenell MOOUTbHbIX
[PO60MO8, MAHUNYNAYUOHHBIX POOOMOEG C PAIUYHBIMU MUNAMU KUHEMAMUKU (V2108451 KUHEMAMUKA,
nI0CKO-napanienabHas Kunemamuxa, oenoma-kunemamuxa, SCARA unu pvruasxcnas kunemamuxa,
nnamgopma Cmioapma u m.n.), UHCMPYKYU N0 NPOEKMUPOSAHUIO POOOMOB, UHCIMPYKYUU U MEMOOUKU
0CYWecmaIeHUsl UHIICCHEPHBIX PACYEO8 NPU NPOEKMUPOBAnUY (PACYembl HASPY3KU U MOMEHNO8,
pacuem MowHOCmU NPUBOA08, paciem Napamempos8 KUHeMaAmuKy u m.n.), UHCMpyKyuu no paspabomxe
cucmem YnpagieHus u npocpammHo20 0oecnedenus s ynpaeienus pooomamu, UHCMpYKyuu u
lMemoouku no paspabomie cucmem ynpasieHust ¢ AeMEeHMaMUu UCKYCCMBEHHO20 UHMELTeKMA U
Mawunno20 00y1eHus.




Yemuipéxocegoii yuebHulil pobom-
MAHUNYISAMOP ¢ MOOYLbHbIMU
CMEHHbIMU HACAOKAMU

Yuebnuiii pobom-manunynsamop npednaznauer 05 0C80eHUs 00YHAIOWUMUCA OCHO8 POOOMOMEXHUKU,
0711 ROO20MOBKU 0OYUAIOWUXCS K BHEOPEHUIO U NOCIEOYIOUEMY UCHOIb308AHUI) PODOMOE 6
npomvluiennom npouseoocmee. Konuuecmeo oceii poboma manunynamopa - uemuipe. Ilepemewjenue
UHCTNPYMEHNA 8 RPOCMPAHCMEE NO TPeM OCAM OOJICHO YAPAGTAMbCS UA208LIMU 08USAMETAMU.
Hanpsioicenue numanus wiazosuix osueamenei ne 6onee 12 B. Cepsodsucament uemeepmoii 0cu 00JiCeH
0becneuusams nOGOPOM UHCIMPYMEHMA. Y201 nogopoma MaHunyisimopa Ha OCHO8AHUU OKPY2
sepmuxanvroll ocu ne meree 180 epadycos. [nsa onpedenenus nonodxcenus MAHUnYyIamopa npu nogopome
BOKpY2 6ePMUKANLHOL OCU O0IICEH UCNONb308AMbCA IHKOOEp. Yeon nogopoma 3adnezo nieva
wmarnunyismopa ne menee 90 epadycos. Yeon nosopoma nepeonezo nieua manunynsmopa ve meree 100
epadycos. J[na onpedenenus nonodicenus 3a0He20 1 nepeone20 nieyd MaHunyIamopa O0NiCeH
1CNONB308AMbCA 2UPOCKon. Yeon nogopoma no yemsepmoii ocu ve menee 180 epadycos. Joricna 6vimo
B03MOICHOCb OCHAWEHUSL CMEHHBIMU HACAOKAMU (Hanpumep, Oepiicamenb Kapanoauida uiu
@dromacmepa, npucocka ¢ cepeoosucamenem, MexaHuyeckoe 3axeamHtoe yCmpoucmeo ¢
cepsoogucamenem, yCmpoucmeo Os 1a3epHol 2pasuposku uiu ycmpoucmeo ons 3D-neuamu,).
\Munumanbhas KOMRIEKMAayusi CMEHHBIMU HACAOKAMU. NHe6MAMUYeCKUll 3axeam (Npucocka),
Mexanuyeckuil 3axeam, Hacaoka depicamend 071 KapaHoauia/mMaprepa/pyuKi, Hacaoka nepexooHux OJis
Kpennienus coBMecmumblx KOHCMPYKMUBHbIX 0emaieti U KOHCMPYKYUll, HAcaoKa Na3epHol epaguposKu,
nacaoka 3D-neyamu (015 pabomsr ¢ nracmuxom PLA ¢ ouamempom numu 1,75 mm). [Jonowcer 6vimo
ocHawen cepeonpu8oooM 0/l NHHEBMATUYECKO20 U MEXAHUYECKO20 3aX8amos, 00echeuusauum
spaujenie 3axeaienno2o o0beKma 80 8peMs nepemeljenus, N08OPOm nepemeujaemozo 00beKma 60Kpy2
sepmuxanvhoil ocu. [{na obecneyenus QyHKYUOHUPOBAHUS NHEBMATUYECKO20 3aX6ama 00adiceH Obinb
ocHawer 6CMpoeHHoU 8 KOPNYC MAHUNYAAMOPA NOMNOU. JJonicHa Obimb 803MOICHOCb NOOKIIO YeHUs
OONOIHUMENTbHBIX YCIMPOUCE (Hanpumep, mpancnopmepa, peibca 0si nepemewjenus poooma, nyioma
ynpaenenus muna 04Ccoucmux, Kamepvl MAWUHHO20 3PEHUs, ONMUYECKO20 0amyuKa, MO0y
0ecnpogodnoco docmyna). Pobom-manunyisimop 0oaicen obecneuusams nepemeujeHue Hacaoku 6
npocmpancmee, akmusayuio HaAcaoKy, 03MOACHOCMb NOJYYEHUS CUSHANO8 O KaMepbl U 0amUUKO8,
B03MOICHOCMb YAPAGICHUS OONOTHUMENbHLIMU Yyempoticmeamu. Mamepuan Kopnyca - anoMUHUL.
Tuamemp pabouetii 30ubl (6€3 yuema HA8eCHO20 UHCMPYMeHma u yemeepmoul ocu) ve mernee 350 ymm.
[Uumepdetic nookmouenus - USB. JJonicen umenms 603MONCHOCHb ABMOHOMHOU PABOMbL U GHEUHE20
ynpaenenus. J{na eneuine2o ynpagienus 00adxicer Obims npedycmMompeH nyivm, noOKmouaembvlii kK pobomy
no Bluetooth. Ynpaensirowuii konmpoanep 0onxcen Ovims cosmecmum co cpedou Arduino. Ynpasnsiowuil
KOHMPONEp COBMECUM CO cpedoli npoepammuposanus Scratch u sazvikom npoepammuposarus C.
Jonocen obecneyusams nogopom no Nepebim mpem 0Csim 6 3a0AHHbIIL Y20 U HA 3a0aHHbII V20T,
HOBOPOM NO YemBepMmoll OCU HA 3A0aHHbII Y20.1, 08udiceHue ¢ koopounamul X, Y, Z, nepemewenue na
3a0annoe paccmosinue no xoopounamam X, Y, Z, nepeoayy

OaHHBIX 0 MeKyujeM NOJOACEHUU Y2108, Nepedaiy OaHHBIX 0 MEKYWUX KOOPOUHATHAX UHCTNPYMEHMA.
\{onocen nooodeparcusams nepemeyerue 8 0eKkapmosblx KOOpOUHamax u yenax nogopoma ocetl, ¢
3a0annoll ckopocmoio u yckopeuem. Tunvl nepemewjeHuti 8 0eKapmogulx KOOPOUHAMAX. O8UNCEHUe NO
mpaexmopuu, 08UICeHUe NO NPAMOU MeNCOY OBYMS MOUKAMU, NEPENPLICUGAHUE U3 MOYKU U TOYUKY
(nepenoc o6vexma). Kopnyc dondicen 6uimo 6 3awuuyerHom ucnoanenue (knacca ne Husce 1P20).




ObpaszosamenvHulil HAOOP NO
Mexanuxe, mexamponuxe u
[pobomomexnuke

Habop oonowcen bbimb npeoHasHayer 0isl npo8edeHUs y4eOHbIX 3aHAMUL NO U3YYEeHUI0 OCHO8
Mexamponuku u poO60MOMeXHUKU, NPAKIMUYECKO20 RPUMEHEHUsL OA308bIX DEMEHNO08 INEKMPOHUKU U
CXeMOMEXHUKU, a maxice Hauboiee pacnpoCcmpaHeHHOU IAeMeHMHOU OA3bL U OCHOBHBIX MEXHUYECKUX
pewenuil, npumMeHsAeMbiX Npu NPOEKMUPOBAHUL U NPOMOMUNUPOBAHUL PAZTUUHBIX UHICEHEPHDBIX,
KubepHemuyeckux u 6cmpaugaemvix cucmem. B cocmag nabopa 00.1icHbl 6X00UmMb KOMHIEKMYyIouue u
lyempoticmea, obradarouue KOHCMPYKMUBHOU, NeKMPUYECKOU, ANNAPAMHOL U NPOSPAMMHOU
coBMeCmuUMOCmbio Opy2 ¢ Opy2oM. B cocmag nabopa 0ondicen 6xo0ums KOMNIEKM KOHCIMPYKMUGHbIX
1eMEHMO8 U3 Memania Onsi COOPKU MAKema ManunyIaAYyuoHH020 poboma u KOMNAEKIN MeMAaIIu4eckux
KOHCMPYKMUBHBIX JJIeMeHMO08 015l COOPKU Makema MobunbHo2o poboma. B cocmas nabopa donorchol
BX00UMb NPUBOOA PATUYHOLO MUNA: MOMOPbI C UHINESPUPOBAHHBIM UU GHEUUHUM OAMYUKOM
nonodcenus - He MeHee 2uim, cepeonpusod 60abUIOT - He MeHee 4uim, cepeonpuUeo0 MAblil - He MeHee
2uim, npu6oo ¢ 803MOICHOCMBIO YNPABTEHUS 8 WAL0BOM pedcume - He Menee 2wum. B cocmas nabopa
O0JIJICHBL 6XO0UMb INeMEeHmbL 01 COOPKU 8AKYYMHO20 3AX6amMa: 6aAKYYMHASL NPUCOCKA - He MeHee lwum,
IeKMpOMAHUMHbBLL K1anaw - e menee luim, 8axyymuulil nacoc - ne mernee luim. B cocmae nabopa
O0JIJICHA 6X00UMb dNeMeHmHas 6a3a OJia NPOMOMUNUPOSAnUs: niama i becnaeyHozo
NPOMOMUNUPOSAHUS, KOMNIEKM NPOBOOOS PA3IUYHOL0 MUNA U ONUHBL, KOMNIAEKIN PE3UCOpO8,
KOMNIEKM C8eMOOU0008, ceMuceemMenmublil unouxamop, oucnieti JKK-muna, xnonku - ne menee Sum,
nomenyuomempul - He Menee 3uim, UHGPAKPACHbLIL OAMUUK - He MeHee 3 wim, YIbmpa3seyKoeou Oam4ux -
He Menee 3 wm, 0amuux memnepamypul - He menee luim, Oamuux oceeujeHHocmu - He menee lwim,
modyne Bluetooth - ne menee lum, mooyie UK-npuemnuxa - ne menee lum, mooyne UK-nepeoamuuka 6
6UOe KHONOYHO20 NYTbMA YRpaeienus - luim, akkymyasmop - ne menee luim, 3apsioHoe ycmpoiicmeo - ue|
Wmenee lwum. B cocmae Habopa 0onicer 6X00ums Myaibmuoamuuk s UsMepeHus memnepamypbl u
GILAIICHOCTU OKPYCaiouwell cpedvl - He menee lwm. Mynomudamuux 0oaxicen 001ad0ams CmpoeHHbIM
MUKDPOKOHMpOLIEpOM (makmosas uacmoma - He menee 16 MIy, wuna Oanusix - He menee 8 Koatim),
unmepgheticamu 0 NOOKIIOYEHUS K BHEUHUM YCMPOTUCMEAM. YUPPosble u aHano2oesie nopmel, I-Wire
TTL, pazvem muna RJ. B cocmag Habopa 0oncen 6Xx00Ums KOMIIEKM YHUBEPCATbHBIX GbIYUCTUMETbHBIX
Modyneil, npedcmagnarowux codo 6a308y10 niamy, niamy pacuuperust 0is Cemeso20 63auMOo0eticCmaus
1 naamy nOOKMOYeHUs CUNOBOU Haspy3Ku. Bxooswue 6 komnaexm ycmpoticmea 00adicHbl 001a0amy
00HOBPEMEHNOU KOHCMPYKIMUBHO, 2NEKMPUYECKOll, ANNAPaAmHOL U NPOSPAMMHOU COBMECMUMOCHBIO

opye ¢




opyeom. basosasa niama ynusepcanbho2o 6biuuciumensbHo20 Mooy OOJHCHA NPeOCmasams cooou
npoepammupyemviii konmpoanep 8 cpede Arduino WE wunu ananoeuunsix c60600n0 pacnpocmpansemvix
cpedax pazpabomku. bazosas niama donsxcna obnadams cmpoeHHvIMU Unmeppeticamu Os
HOOKTIIOUEHUs. YUPDPOBBIX U AHATO208bIX YCmpoticma, ecmpoenHvimu unmep@eticamu USB, UART, 12C,
SPI, 1-wire TTL, Bluetooth, WiFi. [Inama pacuupenus donscna obecneuusames 603MOHNCHOCHL
NOOKIOUeHUs] YHUBEPCATLHO20 GbIMUCIUMENLHO20 MOOYIA K cemu nocpedcmeom unmepgpetica Ethernet.
[Inama pacuiupenust 00axiCHA 061a0ams NOPMaAmMu 8600a- 8b1600a OJisi NOOKIIOUEHUS. YUPDPOBLIX U
ananozoewix ycmpoticms, unmepgetic SPI u 603Mo#cHOCMbIO NOOKIIOYEHUS GHEWHE Kapmbl NAMAMU.
[Inama pacwiupenust 013 NOOKIIOUEHUS. CUTOBOU HASPY3KU OOIHCHA 00eCneuusamsd 603MONUCHOCb
NpAMO20 NOOKNIOYEHUS HEWHell CUTIOBOT HAPY3KU, A MAKICe Pe2yIupyemoli Hazpy3Ku nocpeoCcmeom
PWM unmepdpetica. B cocmag nabopa 0onicer 6X00ums npocpamMmupyemulii KOHmpoep,
0becneuusaouyull B03MOICHOCHL OCYWEeCMEIIAMb Pa3padomKy npoespamMmHo20 Kood, UCHONb3Ys
uncmpymenmapuii cpeo paspabomxu Arduino WE u Mongoose OS u s13b1k08 npocpammuposanis
C\C++, JavasScript. Ilpoepammupyemvlii Konmpoanep 0ondicer 061adams nopmamu 0Jist NOOKIOYEHUs.
YUPPOBLIX U AHATO208bIX YCMPOUCME, 6CHPOEHHBIMU NPOSPAMMUPYEMBIMU KHONKAMU U
91eKMPOMEXAHULECKUMU MOOYIAMU OISl OP2AHUIAYUU CUCTEMbL PYUHO20 YNPABNEHUS, 6CIMPOCHHbIMU
npoSpamMMupyemblMu c8enmoouU00amu Os UHOUKAyUuU pabouezo pexcuma, 6CmpoeHHviMy unmepgeticamu
USB, USART, I12C, SPI, 1-wire TTL, ISP, Ethernet, Bluetooth, WiFi. B cocmas nabopa dondicen 6xooumso
MOOYIL MEXHUUECK020 3peHUsl, NPeOCmasiaiowull coooll 8bIYUCTUMETbHOE YCIMPOCTEO CO 6CMPOEHHBIM
MuKponpoyeccopom (kon-6o s0ep - He menee 4um, yacmoma aopa e meree 1.2 I'Ty, oovem O3V - ne
menee 512M6, o6vem scmpoennoi namsimu - He menee 8I°6), unmezpuposantoll Kamepoui
(MaxcumanvbHoe paspeulerue 6UOeonomoxa, nepedasaemoco no unmepgeticy USB - ne menee 2592x1944
€0.) u onmuueckou cucmemoil. Mooyib mexnuyecko2o 3penus 00aiceH 001a0ams COBMEeCMUMOCTBIO C
PABIUYHBIMU NPOSPAMMUPYEMBIMU KOHMPOIEpamu ¢ nomouvio unmepgheticos - 1-wire TTL, UART, 12C,
SPI, Ethernet. Mooynb mexuuueckozo 3peHus 00n2cel 006ecneuuams 6blNOIHEHUE 6CeX U3MePeHUT U
BbIYUCTICHUI NOCPEOCBOM COOCMBEHHBIX BLIUUCTUMENLHBIX BO3MOICHOCMEN 6CTNPOCHHO20
mukponpoyeccopa. Modyns mexHuuecko2o 3penust 00adCeH 001a0amsb 603MOAICHOCBIO KOMMYHUKAYUU C
aHANo2UYHBIMU MOOYIAMU NOCPEOCMEOM WUHBL HA Oa3e NOCIe008aAMeNbHO20 UHmMepgelica ¢ yenwio
OanvHetiuell nepedadu pe3yibmamos UsMepeHuil 2pynnvl MOOyJell Ha YRpasisiioujee 6blHuciumenbHoe
[yempoticmeo, nooknouennoe k 0aHHou wure. Mooynbs mexHuuecko2o 3penus 00adiceH obecheyusams
HACMPOUKU PEAHCUMO8 PAbOMbL - HACMPOUKY IKCRO3UYUlU, bananca 6e1020, Y8EmMopasHOCMHbIX
COCMABIAIOWUX, NAOWAOU OOHAPYICUBAEMOU 0ONACTU U300PANCEHUS, OKPY2IOCIU OOHAPYICUBAEMOLL
obacmu u300PaNCeHUsl, ROJIONHCEHUE OOHAPYHCUBAEMBLX 0D0IACMEN OMHOCUMENLHO Opye Opyed,
WMawunHoe 0Oyuenue napamempos HetlpoHHbIX cemetll 01l OBHAPYicenus 06beKmos, opmy u
3aK00UpOBanHbIe 3HAUEHUS OOHAPYICUBAEMBIX MAPKEPOE MUNA




Aruco, pasmepsl OOHAPYHCUBAEMBIX OKPYHCHOCTEU, KBAOPAMOS U MPey20IbHUKOS, NapamMempos
KOHMPACMHOCMUL, PA3Mepos, KPUBU3HbL U NOJONCEHUS. PACNO3HA8aeMbIX JuHull. Habop douicen
00ecneuusams 603MOICHOCHb PA3PAOOMKU MOOeNU MOOUILHO20 poboma, ynpaesisiemou 8 FPV- pexcume
nocpeocmeom npocpammHozo obecneuenus O NEPCOHANLHO20 KOMNbIOMEPA U MOOUTLHBIX YCMPOCME
na 6aze OC Android uau 10S, obecneuusarouseco 603moxcHOCMb YNpasienus MOOUIbHLIM POOOMOM U
6CMPOEHHBIM MAHUNYISMOPOM ROCPEOCMBOM 2paduuecko2o unmepgeiica, GKIOYaAUUM 6 ces Habop
KHONOK U nepexarouameneil, OHcoucmuK, ooiacms 0 omoopadxcenus eudeo. Habop dondxcen
06ecneuusams 603MONCHOCb U3YUEHUsl OCHO8 PA3PAOOMKU NPOSDAMMHBIX U ANNAPAMHBIX KOMIIEKCO8
UHOICEHEpHBIX cucmem, peutenull 6 cghepe "Hnmepnuem eewjeti ", a makoice pewenuil 6 ooracmu
[PO6OMOMEXHUKU, UCKYCCIMBEHHO20 UHMEIeKMA U MAUWUHHO20 00yyeHus. B cocmas Habopa 00nicHo
6X00UmMb nocodUe NO UYUEHUIO OCHO8 INEKMPOHUKU U CXeMOMeEXHUKY, peulenull 6 cghepe "Hnmeprem
sewell”, paspabomku u nPOMoOmMuUnuUposanuro mooenetl pobomos. B cocmas nabopa donicHo 6xooumo
nocobue no uzyueHur 0CHo8 paspabomKu CUCIEM MEXHUYECKO20 3PEHUs U INEMEHMO8 UCKYCCMBEHHO20
uHmeneKma.

Obpa3zosamenbHblli KOHCMPYKMOP 0I5l
npakmuku 6104H020
NPOSPAMMUPOBAHUS C KOMNIEKMOM
0amuuKos

[PobomomexnuuecKkull Habop NpeoHasHayeH Oisl U3yYeHuUss OCHO8 pOOOMOmMexXHUKU, demainetl, Y3106 U
Mexanusmos, HeoOXo0UMbIX O/t CO30anusi pobomomexHuyeckux ycmpoticms. Habop npedcmasnsem
0001l KOMNIEKM CIMPYKMYPHBIX NEMEHMO8, COCOUHUMENbHBIX SEMEHMO8 U SNeKMPOMEXHUYECKUX
Komnonenmos. Habop noseossiem npogooums sKCnepumMennvi no npeomenty Gusuxa, coz0aeams u
npoepammuposame cobupaemvle MOOenU, U3 KOMIOHEHMOS, BXOOAUWUX 8 €20 COCMA8, paboyue Mooenu
MOOUNLHBIX U CIMAYUOHAPHBIX POOOMOMEXHUYECKUX YCMPOUCME C A8MOMAMUSUPOBAHHBIM YRPAGTIEHUEM,
6 MOM YUCe HA KOLECHOM U 2YCeHUYHOM X00Y, 4 MAKIICe KOHCMPYKYULL, OCHOBAHHBIX HA UCNOIb308AHUU
[PA3IUUHBIX 6UO06 Nepeday (8 MOM HUCe YePBAUHbIX U 3y0uamelx) a makce puluazos. Bcmpoennvie
becnposoonvie cemesvle peurenus (Wi-Fi u Bluetooth), 6o3mooicnocms unmezpayuu ¢ 6ecniamusim
o6naunvim I10, obecneuusarom 603MOHCHOCTb NPUANUYECKO20 U3YYEHUsl IMEXHOA02ULl UHMepHemd gewyell
1 OCHO8 UCKYCCMEeHH020 unmennekma. Obecneuusaemcs 603MONCHOCHb 00bEOUHEHUSI HECKOIbKUX
[PobOMOo8, cobpantvix U3 NOOOOHBIX HADOPOS, & 2pYNNbL ¢ cemesbim e3aumoodeticmeuem. Ilpedycmompena
ONYUOHALHASL BO3MONCHOCHIb PACUUPEHUSL OONOIHUMETbHIMU KOMINOHEHMAaMU (He 6X00uuMU 6
CMAHOAPMHYI0 KOMNIEKMAYUIO), NO3GONAIOUWUMY UZYUAMb MEXHUYECKOe 3PEHUE U NPOMbIULIEHHYIO
ipobomomexuuxy. IIpedycmompena 603mMoxHcHOCHb pabomel HAGOPA ¢ OONOTHUMENbHLIMU OOIAYHbLMU
cepsucamu. IIpedycmompeHrvl MUHUMYM 08a NPOSPAMMUPYEMBIX KOHMPOJIEPA 8 NIACMUKOBbIX KOPNYCAX,
1O360ISIOUUX OOHOBPEMEHHO C030a8amb 2 8apUAHMA POOOMOE PAZIUYHOLO HAZHAYEHUS], UMEIOUUX
603MOICHOCIb PAOOMbL KAK 8 NONMOKOBOM PediCuMe, MAK U A8MOHOMHO; NO3GOISIOWUX Peaniu308aimb
00yUeHUe NPOSPAMMUPOBAHUIO 8 HECKOJIbKUX CPeOax pa3pabomKy Ha pA3IUYHbIX A3bIKAX (K npumepy, 8
cpeoax Mblock, Arduino IDE, na szwikax Scratch, C, Python, micro Python). Kax munumym ooun u3z
KOHMPOLIEPOS UMEen 6CIPOEHHYIO




onepayuonnyio cucmemy, écmpoennvie Wi-Fi u Bluetooth, nopm ons nooxkmouenus nocredosamensho
coeOuHsieMbIX GHewHUX yempoticms (ne menee 20 00Ho8pemento nookmouaemvix ycmpoicms). Kax
MUHUMYM 0OUH U3 KOHMPOJLEPO8 UMEE B03MONICHOCb OOHOBPEMEHHOU 3anucu He MeHee 8
npoepamMm,c 603MONHCHOCIbIO NepeKeHUs mexcOy Humu. Kak munumym ooun uz Konmponiepos
umeem noanoysemuviii oucniei (IPS), nossonsiowuii 6b1600ume danmnvie ¢ damuuxos é sude mabauy u
epaguxos, a maxdice coz0asamev 6CMpoeHHble 8 KOHMPoILIep gudeouspul. Konuuecmeo cencopos
UUCHOTHUMENLHBIX YCMPOUCME, 6CIPOEHHBIX 8 0OUH U3 KOHMPOLIepos, - He menee 10 wm.

Obwee

Kouuecmeo 1emMenmos 6 Habope He menee 400 wm., 6 mom uucie nooKmIOHaemvle MOOYIU. -
Bluetoothmooyas, - 0sotinoti damuux runuu, - yrempasgykoeou 0amuux paccmostus, - OAmuux
yeema, - 0AMUUK KACAHUS INEKMPOMEXanuiecku, - IR Mooyib, - MOMOp ROCMOSIHHO20 MOKA C
[pedyKmopom - He MeHee 2uim., - CepeoOnPUBO0, - NYIbN OUCMAHYUOHHO20 ynpasnenus IR. Habop
00/101CeH OblMmb YKOMNIEKIMOB8AH AKKYMYIAMOpHbIMY bamapesmu. IIpoepammuoe obecneuetue,
1cnoab3yemoe OJisi BPO2PAMMUPOBAHUSL

cobupaemvlx poOOMomexHU4ecKUx Mooeeti U yempoucme, 00IHCHO Oblmb OOCMYNHO 015 6ECNIAMHO20
crauusanust uz cemu Mnmepnem u nociedyroue2o ucnonb308anusL.

\Muxpockon yughposoii

Tun muxpockona: 6uonocuveckuii Hacaoka mukpockona: monoxyiapras Hasnavenue: nabopamopHviii
Memoo uccredosanus: ceemnoe nose Mamepuan onmuxu: onmuieckoe cmexkio Yeeuiuverue
murpockona, kpam: 64— 1280 Oxynaper: WF16X Obwexmusul: 4x, 10x, 40xs (noonpyoicunennwiii)
Pesonvsepras 2onoeka: Ha 3 obvexmusa Tun nooceemxu: 3epkano uau ceemoouod Pacnonooicenue
nooceemxu: eepxusis u HudxcHss Mamepuan kopnyca: memann Ipeomemmuwiti cmonux, mm: 90 Hcmounuk
numanus: 220 B/50 I'y Qucno meeanukceneii: 1

HaumenoBanue pa3nena: "KomnbioTepHoe odopyaoBanme"

\MHo20)yHKYUOHAILHOE YCMPOICEO
(npunmep, ckauep, Konup)

Tun ycmpoticmea: Muozogyuryuonanvroe ycmpovicmso (M®Y), Lleemnocms neuams: uepro-6enas,
Texnonoeus newamu: snexmpoepaguueckas (1azepuas, c6emoouoonas); Popmam newamu: He mMeHee

(A4, Tun cxanuposanusi: NPOMANCHBIU/NAAHWEMHBIN, BO3MOJCHOCMYb CKaHuposanus 6 popmamax: ne

Imenee A4; Cnocob nookmouenus: LAN, Wi-Fi, USB

Hoymbyx

Dopm-pamnop.: Hoymobyx, Pasmep ouaconanu: ne menee 15.6 orwtimos, Paspewenue sxkpana: Full
HD, Quad HD unu Ultra HD; Obwuii 06vem ycmaHo61IeHHOU OnepamusHotl namsamu: He meHee 8
[oaiim; MakcumanoHvlii 06wutl noooepicusaemvill. 00veM onepamusHol namsmu. He MeHee 16
\lbaiim; Obvem SSD naxonumens: ne menee 240 I'baiim,; Becnposoonas ceasv: Wi-Fi; Konuuecmeo
scmpoennvix 6 kopnyc nopmos USB: He menee 2, uz komopuvix ne menee 1 donxcro ovims USB sepcuu
ne nuocce 3.0; Paspewenue 636-xamepvi, Mnuxcenv: ne menee 0.3; Bempoenmuwviti Mukpo@om;
Knasuamypa ¢ packiaoxoii u mapxuposxoii kiaeuw QWERTY/HIIVKEH; IToddepaicka cmandapmos
becnposoonou ceasu: 802.11alblg/n/ac; IIpoussooumenvrnocme npoyeccopa (3nauenue nokazamens
«CPUMark» no mecmy «Laptop & Portable CPUPerfomance»
http://www.cpubenchmark.net/laptop.html): ne menee 5000 eounuy, Hanuuue manunyramopa moliub 6
Komniexkme: Oa; Ycmanoeiemnas onepayuonHas cucmema ¢ epaguueckum noib306amenbCKuM
unmepgeticom, ceedeHuss 0 KOMOPOM 6KIIOUEHbl 8 eOUHbll peecmp POCCUUCKUX NpocpamMm O
9IEKMPOHHBIX ~ GLIYUCTUMENbHBIX MAWUH U 643 OaHHLIX, Ycmanoenenuvlii naxem oQuUCHO20
NPOSPAMMHO20 0DeChedeHUs, COBMEeCMUMO20 C YCIMAHOBNEHHOU ONePAYUOHHOU CUCHEMO, C8OeHUs O
KOMOPOM 6KIIOUEHbL 8 €OUHDBII PEeCmp POCCULCKUX NPO2PAMM OJiA JIeKIMPOHHBIX

BULIYUCTUMENLHBIX MAWUH U OA3 OAHHDIX.
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