OcHauenne 000py10BaHMEM, PACXOAHBIMU MAaTEPUAJIAMHU, CPEACTBAMU 00y4CHUS U BOCIIUTAHUS
€ eJbI0 CO31aHUA U GYHKIMOHMPOBAHUS LIEHTPOB 00PA30BAHUA €CTECTBCHHO-HAYYHOMH
U TeXHoJorn4eckon HanpasjeHnHocrteil llenTpa «Touka poctay MKOY «Ymbunckas COI»

(Cornacuo Ipunoxenuto k npukasy Jlenodpasosanus u Hayku FOrper ot 11.12.2023Ne 10-11-3078
B PaMKaX pPEerHOHAIBHOTO MPOEKTa, 00ECIeUNBAOLIETO JOCTIKEHHE IIeTIeH, ToKa3aTeneil U pe3yinbraTa
¢benepanpHOTrO poekTa «COBpEeMEHHAas IIKO0JIay» HAIMOHAIBHOTO npoekTa «Oopa3oBanue» B 2024 roxy)

HaumeHoBanue 000pya0BaHus Enunnna

KoaunuecTBo

(PBIIO) KpaTkue npumepHble TexHH4eckue xapakrepuctuku (PBIIO) H3MEPeHus

HaumeHoBanune HanpasJjieHusi: ""Odopyoosanue 0111 00uie00pa306amenbHyIX OP2AHU3AUUIL, He AGTIAIOUUXCA MATIOKOMNIeKmHbIMu "

HaumenoBanue pa3gena: "EcrecTBeHHOHAYYHAs] HAIIPABJIEHHOCTD'

Llugpposas rabopamopusi no usure |+14 JJamuux axcenepomemp ¢ nokazamersimi He meree vem: £2 g; £4 g; £8 g Omoenvuvle

(yuenuueckas)

Obecneuugaem 6binoIHeHUE IKCNEPUMEHMO8 NO memam Kypca gusuku. Komnnexmayus: becnpogoonou
yabmudamyux no gusuxe ¢ 6-10 gcmpoennvimu damuuxamu. Lugposoii damuux memnepamypul ¢
Juanazonom uzmeperus ne yoice yem om -20 0o 120C Lughposoii damuuk abcomomnoeo 0agieHus ¢
Ouanaszonom usmeperus e yoce yem om 0 0o 500 xlla Jlamuuk mazHumHo20 nois ¢ OuanazoHom
usmeperus He yoice uem om -80 00 80 mTr [Jamuuk Hanpssicenus ¢ OUana3oHamu U3MEPEHUs He Yice Yem
om -2 00 +2B; om -5 0o +5B; om -10 0o +10B; om -15 0o +15B Jlamuuk moka He yoice uem om -1 0o

lyempoticmea: USB ocyunnozpag ne menee 2 kanana, +1- 10 B Axceccyapwi: Kabeno USB
coeounumenvhwiil 3apsoroe ycmpoticmeo ¢ kaberem miniUSB USB Aoanmep Bluetooth 4.1 Low Energy
\Korncmpyxkmop 051 npogedenust sxcnepumenmos Kpamkoe pykosoocmeo no skcniyamayuu yugposotl
liabopamopuu Ipoepammnoe obecneuenue Memoouueckue pexomendayuu (40 pabom) Hanuuue
Ipycckoszbiuno20 calima noodepcku Hanuuue sudeoponuros.

Lugpposas nabopamopus no xumuit |yccredosamenvckoii desmenvrocmu yuawuxcs. Komniexmayus: Becnpooduoii myrsmudamuux no

(yuenuueckas)

Obecneuusaem vlnoneHue /za60pam0pnblx pa6om no Xumuu Ha ypoKax e OCHOBHOU WiKOJIe U NPOEeKmMHO-

xumuu ¢ 3-ms cmpoenHvimMu damuuxamu.: Jamyux pH ¢ ouanazonom usmepenust ve yoice wem om () 0o 14
pH Jamuux snexkmponposodumocmu ¢ ouanazonamu

usmepenus He yoice uem om 0 00 200 mxCm; om 0 0o 2000 mxCm,; om 0 0o 20000 mxCm [Jamuuk
memnepamypbi ¢ OUANa3oHoM usmeperust ve yoce wem om -20 0o +140C Omoenvuvie oamuuxu: Jamuux
onmuyeckoil niomuocmu 525 um Axceccyapwi: Kabenv USB coedunumenvubiii 3apsonoe yempoiicmeo ¢
rkabenem miniUSB USB Aoanmep Bluetooth 4.1 Low Energy Kpamxoe pyko6odcmeo no sxcniyamayuu
yugposoii rabopamopuu Habop rabopamoproii ocnacmxu Ipoepammnoe obecneuenue Memoouueckue
[pexomendayuu ne menee 40 pabom Hanuuue pycckoasviunoeo cavma nodoepocku Hanuuue
61L0COPONUKOB.




[[ugposas nabopamopus no buonozuu
(vuenuueckas)

Obecneuusaem vinoHeHue 1AO0PAMOPHLIX pabOM HA YPOKAX NO OUON02ULU 8 OCHOBHOU WKOTIE U
npoekmHo-ucciedosamensckoil desmenvrhocmu yyawuxcs. Komnrexmayua: becnpogoonoti
Wyremudamuux no 6uonouu ¢ 5-10 6CmpoeHHbiMu oamuuxamu. JJamuux enaxcHocmu ¢ OUana3oHom
usmepenus 0...100% Jamuuk oceewennocmu ¢ ouanazonom uzmepenus ne yoice yem om 0 oo 180000 sk
\Vamuuk pH ¢ ouanazonom usmepernus ne ysce wem om 0 oo 14 pH [amuux memnepamypoi ¢
Ouanasornom usmeperust He yce yem om -20 do +140C Jamuux memnepamypsi okpyscaroueli cpeosl ¢
OJuanazonom usmeperust He yoice yuem om -20 0o +40C Axceccyapul.: 3apsionoe ycmpoicmeo ¢ kabenem
miniUSB USB Aoanmep Bluetooth 4.1 Low Energy Kpamkoe pykogodcmeo no skcniyamayuu yugposot
liabopamopuu Lughposas eudeoxamepa c memaniuueckum wmamuom, paspeuwenue ne mernee 0,3 Mnuxc
IIpocpammnoe obecneuenue Memoouueckue pexkomenoayuu e menee 30 pabom Ynaxoexa Haruuue

[Py CcCKos3bIUHO20 catima NOOOePIHCKU, HAUYUE BUOEOPOIUKO8

HaumenoBanmue pa3aena: "JlonoanureabHoe o0opynoBanue'

ObpazosamenvHulil HAOOP OA
U3YUEHUSL MHO2OKOMNOHEHMHbIX
[pobomomexHuueckux cucmem u
MAHURYIAYUOHHBIX POOOMOE

ObpazosamenvbHblil HAOOP 00AXHCEH ObIMb NPEOHAZHAYEH OIS U3YUeHUsE POOOMOMEXHULeCKUX
MmexHon02utl, 0CHO8 UHOPMAYUOHHBIX MEXHOA02ULL U MEXHOIO2UT NPOMBIULTIEHHOU AGMOMAMU3ayuL, d
maxaice MexHoI02ULl NPOMOMUNUPOBAHUS U AOOUMUBHO20 NPOU3800CcmEd. B cocmas Habopa 00dicHbl
6X00UMb KOMIEKMYouue U yempoucmea, oonadarouue KOHCmMpYKMUSHOU, annapamuou u
NPOZPAMMHOU COBMECUMOCIbIO Opye ¢ Opyeom. 1) Komniekm KOHCMpPYKMUGHbIX DNEMEHMO8 U3

emanna u nIACmuKa 0isi COOpKU Mooeaell MaHunyIsyUOHHbIX POOOMOS C Y2l06801U KUHEMAMUKOL,
niockonapannenvrou kunemamurot, Delta-kunemamuxoi. 2) Humennexmyanvuviii cepomooyis ¢
UHMEe2PUPOBAHHOL cucmeMoll ynpasieHus - He menee 7um. Cepgomodyib 0oicen 0baadams
UHMEZPUPOBAHHOU CUCTNEMOU YNPaseHus, obecneuugaioweli 00pamHyio césa3b Ui KOHMpPOb
napamempos - noJoJiceHue 8ad, CKOPOCMyb 8PAUJeHUs, HA2PY3KA NPUBOOaA, a maxdice obecneyugaioueli
603MOIICHOCTNE NOCIE008AMENLHO20 NOOKTIOYEHUsL OpYe C OPY20M U YNPAGLEHUS CEPEOMOOYTIAMU NO
nociedosamenbHoOMy NOLYOYNIEKCHOMY ACUHXPOHHOMY unmepdeticy. 3) Pobomomexnuueckuil
KOHmMPONep, NPeocmasiawuli cobol MoOyabHOE YCMPOUCmE0, sKuiodalouee @ cebs 0OHONIAMHbILL
WMurpoxomnwvromep 07151 bINOIHEHUSL CTIONCHBIX 8bIHUCTUMETLHBIX ONepayull, nepugeputinbiii KOHMpPoLep
071 YNpaenenus. GHeWHUMU YCIMPOUCMEaMU U NIAmy pacuupenus 01 NOOKIOYeHUs BHeUHUX

lvempoticme. Mooynu




[pobomomexHuuecko20 KOHMPOANEPa OOANHCHBL 001A0AMb 0OHOBPEMEHHOU KOHCIMPYKMUBHO,
annapamuotl u nPOSPAMMHOT COBMECMUMOCHBIO Opye ¢ Opyeom. Pobomomexnuyeckuii KoHmpoinep
dondicer YOo8nemaopsans MexXHU4eckKumM XapaKmepucmuKkam: Koi-60 10ep 6CHMpoeHHO20
Wmukpoxomnviomepa - He menee 4, makmosas yacmoma 20pa - ve menee 1,2 I'Ty, oovem O3V - ne menee
512 M6, naruuue unmepeeiicos - SPI, 12C, 1-wire TTL, UART, PWM, yugposvie - ne menee 16 wim u
ananoeoevie nopmol - He mMenee 8 wim OJis NOOKNIOYEHUSI GHEUIHUX YCMPOUICME, GCMPOEHHBI MUKDODOH,
a maxoce WiFi unu Bluetooth ons kommynukayuu co enewnumu ycmpoticmeamu. Pobomomexnuyueckuii
KOHMPOJIEep 00IdHCeH 00eCneyusams 603MOXCHOCb NPOSPAMMUPOSAHUS C NOMOWBIO CPEOCTNE A3BIKOG
C/C++, Python u c60600n0 pacnpocmpansiemoti cpeowvt Arduino IDE, a maxaice ynpaenenust MoOeisimu
[pobomomexnuueckux cucmem ¢ nomowwto cpedvt ROS. 4) Ipoepammupyemvlii KOHMPOILEp - He MeHee
Twm. Ilpoepammupyemvlii KOHMPOLIEP OONHCEH NPEOCMABIAMb COOOU 8bIYUCTUMENbHBIL MOOYIb,
001a0aI0WUM YUPDPOBLIMU NOPMAMU - He MeHee 8 WM U AHA0208bIMU ROPMAMU - He MeHee 16 wm,
unmepcpeticamu UART, I2C,SPI, TTL, a maxoice modynem 6ecnpogoonoii cesizu muna Bluetooth unu WiFi
0J151 CO30anUsL ANNAPaAmMHO-NPOSPAMMHBIX peuteHull u "ymuvix/cmapm"-ycmpoiicmes 05 paspabomku
pewenuti "Unmepnem eewen”. 5) [lnama pacwuperusi npoepammupyemo2o KOHmpoiiepa - He MeHee
Twm. IThama pacwupenus 00IHCHA 0Oecneyusams 603MOHCHOCMb NOOKIIOUEHUS YHUBEPCATbHOZO
BHIUUCTUMENILHO20 MOOYJISL K cemu nocpedcmeom unmepetica Ethernet. [lnama pacuuperus: 0ondicHa
001a0ams nopmamu 8600a-6b1600a 0JisL HOOKIIOYEHUS YUDPOBBIX U AHAIO208bIX YCMPOUCTE - He MeHee
40 wm, unmepgetic SPI u 603mocHOCMbIO NOOKTIOUEHUS BHeWHel kKapmbl navamu. 6) Moodyne
MexHuYecKo20 3perus, npeocmasiawull cooot yCmpoucmeo Ha 6asze 6blHUCIUMENbHO20

UKPOKOHMPOLNEPA U UHMeZPUPOBAHHOU KamMepbl, obecneuusaiowee pacno3Hasanue npocmeiuiux
u3006padicenuti Ha MoOyJe 3a cuem COOCMBEHHBIX GbIYUCIUMENLHBIX B03MONCHOCIEN - He MeHee uim;
IMoOye mexHuuecko2o 3perust O0IHCEH 00eCneYUBaAmd 803MOICHOCHb KOMMYHUKAYUY C AHATIOSUYHBIMU
WMoOdysmu nocpedcmsom wunsl Ha base nociedosamenbHo2o uHmepgelica ¢ yenvro oanrbHelulell
nepeoauu pesyibmamos usMepeHull 2pynnsl MoOyiell Ha YRpasisiiowee 6bluUcIUmenbHoe YCmpoucmeso,
nookoueHHoe Kk 0anHou wune. Mooyib mexHuuecKozo 3perust 00uiceH 0becneyusams 603MOHCHOCHb
ocywecmensims HACMPOUKY MOOYIISL MEXHUYECKO20 3PEHUsL - HACMPOUKY 3KCRo3uyuu, bananca benoeo,
YBEMOPASHOCMHBIX COCMAGIAIOUUX, NIOWAOU OOHAPYIHCUBAEMOU 0ONACHU U306PANCEHUS, OKPY2IOCMU
0OHApydICUBaAEMOll 00NIACMU U300PANCEHUS], NOJONCEHUE 0OHAPYICUBAEMbIX 0OIACMEN OMHOCUMENbHO
Opye Opyaa. MoOdynb mexHuuecko2o 3peHus 00JdNCeH 0becneuusans 603MONCHOCTb HACMPOUKY HA
00HOBpeMeHHoe 0OHapyceHue He MeHee 10 pasnuuHblX 00UHOUHBIX 00BEKMO8 8 ceKkmope 0030pa, b0
He MeHee 5 cocmagHblx 06beKmos, COCMOAWUX U3 He MeHee 3 Pa3IUUHbIX 2PAGUUECKUX NPUMUMUBOS.
\Mooyas mexnuuecko2o 3penus douicer obradams ecmpoennvimu unmepgeticamu - USB, UART, 1-wire
TTL, 12C, SPI 055 kommynukayuu co snewmnumu nooxkmovaemvimu ycmpoticmseamu. 1) B cocmag nabopa
00/10ICHBL 6X00UMb YUPDPOBbLE




UHGOPMAYUOHHO-CEHCOPHBIE MOOYIU, Npedcmasisiowue coboll ycmpoiicmea Ha 6aze
npoZPAMMUPYEeMO20 KOHMPOLNEPA U UsMepUmebHo2o snemenma. Llughposoii modyns dondxcen obnadams
6CTPOEHHBIM MUKPOKOHMPOLNEPOM (Makmoseas uacmoma - He menee 16 MI'y, wiuna oannvix - He MeHee
8 Kb6aiim), unmepgeticamu 0151 ROOKTIOUEHUS! K GHEWHUM YCMPOUCMBEAM: YUPDPOsble U AHAN0206ble
nopmot, 1-wire TTL, pasvem muna RJ. Llughposoii modyab dondicen obecheuusanms 603MONCHOCHb
KOMMYHUKAYUU C AHATIOZUYHBIMU MOOYIAMU HOCPEOCMBOM UUHBL HA Oa3e NOCIe008aMeNbHO20
unmepdgetica ¢ yenvlo oanvbHelwell nepedayu pe3yabmanos usMepeHutl 2pynnvl MoOyiel Ha
lVhpasnsiroujee bluUCTUMENILHOE YCMPOUCIE0, NOOKIIOYEeHHOe K OAHHOU WUHe.
B cocmae Habopa 00NNCHO 6X00Umb: YUPPOBOT MOOYIb MAKMOBOU KHONKU - He MeHee 3uim, Yugposoil
WModyb ceemoouoda - ne menee Juim, yuppogot MoOyib KOHYE8020 npepvléamers - He MeHee Juim,
Yupposoil Modynb damuuka yeema - He menee lwm, yughposou modyms RGB cgemoouooa - ne menee
Twm. 8) B cocmas nabopa 001cHbL 6X00UMb 31eMeHmyl 0I5t COOPKU 8AKYYMHO20 34X68aMA. 8AKYYMHAS
npucocka - He menee luim, 21eKMPOMASHUMHbII KIANAH - He MeHee [uim, 8aKyyMHbIl HACOC - He MeHee
Twm. 9) B cocmas nabopa donicer 6xo0umo yueOHblil KOMIICKM, GKI0UAouuUll 6 cebs yuebHoe
nocobue, Habop OGUOIUOMEK MPEXMEPHBIX DEeMeHMO8 O]l NPOMOMUNUPOBAHUSL MOOenell
WManunynayuonHsix pobomos, a makace npozpammuoe obecneyerue 0 pabomvl ¢ HADOPOM.
[Ipocpammnoe obecneuerue O0INHCHO 0beCneuusams MPexMePHYI0 GU3VANIUZAYUIO MOOeU
AHUNYTAYUOHHO20 poboma (¢ yenogou, NIOCKONAPALIeIbHOU U OelbMAKUHEMAMUKOL) 8 npoyecce
[pabomul, obecneuusames nocmpoerue NPOCMPAHCMEEHHON MPAEKMOPUU OBUNCEHUSL UCTLOIHUMETBHO2O0
eXAHUZMA MAHUNYTAYUOHHO20 POOOMA, 603MONCHOCMb 3A0AHUSL NOCIE008AMENLHOCU MOYeK OISl
NPOX0JICOeHUs Yepe3 HUX UCHOTHUMENbHOZ0 MEXAHUZMA MAHUNYIAYUOHHO20 poboma. IIpoepammHoe
o0Oecneuerue 00IHCHO QYHKYUOHUPOBAMb, KAK 8 OMOENIbHOCU 8 8Ude CPedbl MOOETUPOBAHUS, MAK U 6
[pedicuMe MOHUMOPUHZA 6 PedIbHOM BPeMeHU NPU NOOKIIYEHUU MOOEU MAHUNYISMOPA NOCPEOCMBOM
[pobomomexnuueckozo konmponepa. [Ipoepammuoe obecneueHue 00INCHO 0OecneuUusams
803MOJICHOCMb NOCMPOEHUS 2PAPUKO8 3A0AHHBIX U MEKYUUX 0000UeHHbIX KOOPOUHAM
WarnunyiayuorHo2o poboma, epapuros 3HaveHuli CKOpocmell U YCKOPeHUsl, 2PAQUKO8 PACHENHbIX
3Hauenuu nazpysku. [Ipoepammuoe obecneyenue 00NNCHO NO3BONAMb 3A0A8AMb NOCIEO08AMELbHOCHb
nepedsudicenull MAHUNYISIMopa nocpedCmeom Habopa KOMAaro 8 6104UHo-epapuyeckom unmepgeiice.
Yyebrnoe nocodue 0onncno cooepaicams mamepuaivt o pazpadbomke mpexmepusix Mooeetl MOOUIbHbIX
[P060MO8, MAHUNYIAYUOHHBIX POOOMOE C PAZIUYHBIMU MUNAMU KUHEMAMUKY (Y206as KUHEMAMUKd,
niocKo-napanienvHas Kunemamuka, oenoma-kunemamuxa, SCARA unu puiuadcHas KunemMamuxa,
niamgpopma Cmroapma u m.n.), UHCMPYKYUU RO RPOEKMUPOBAHUIO POOOMOS, UHCIPYKYUU U MEMOOUKU
OCYUeCMEIIeHUsl UHIICEHEPHBIX PACYEMO8 NPU NPOSKMUPOSAHUY (DACYembl HAZPY3KU U MOMEHMOE,
Ipacuem mowHOCmMU NPUBOA0E, paciem NApamempos KUHEMAMUKY U m.n.), UHCMpYKYuu no paspabomre
cucmem ynpagienust U NPOSPAMMHO20 obecneyenust OISl YRpasienusi pOOOmamu, UHCMpPYKYUU u
Wmemoouku no paspabomke cucmem Ynpasienust ¢ S1eMeHmMamu UCKYCCMBEHHO20 UHMEIeKma U
WawunHo2o 0byuenus.




Yemuipéxocesoul yueOHwlil pobom-
AHUNYTSIMOP € MOOYIbHbIMU
CMEHHBIMU HACAOKaMU

Yuebnwviii pobom-manunynsmop npednaznauen 0Jis 0C80eHUsL 0OYUAIOWUMUCS OCHO8 POOOMOMEXHUKU,
07151 NHOO20MOBKU 0OYUAIWUXCA K BHEOPEHUIO U NOCIeOVIOUWeMy UCHOIb308AHUI0 POOOMOE 8
npomviuiennom npoussoocmee. Konuuecmeo oceti po6oma manunynamopa - uemsipe. Ilepemewenue
UHCMPYMEHMA 8 NPOCMPAHCIMEE NO MPeM OCAM OOIHCHO YNPABIAMbCA ULA208bIMU 08ULAENAMU.
Hanpsioicenue numanus wazosvix osueamenei ne bonee 12 B. Cepsoosucamens uemeepmoti ocu 00aiceH
0becneyusams NOBOPOM UHCMPYMEHMA. Y20 no8opoOmMma MaHunyIsiMopa Ha OCHOBAHUU BOKDY2
sepmuranvrol ocu He menee 180 epadycos. /[ns onpedenenust noI0dICeHUss MAHUNYSIMOPA RPU NOBOPOME
BOKPY2 BePMUKANLHOU OCU OOJIHCEH UCNONb308AMBCS IHK0OED. Yeon nosopoma 3a0He20 nieda
Wwanunynsmopa ne menee 90 epadycos. Yeon nosopoma nepednezo nieva manunynamopa ne meree 100
epadycos. [lns onpedenerusi noI0A#CeHUsA 3a0He20 U NepeoHe20 Nied MAHUNYIAMopa 00NHCeH
UCNONBL306AMbCSL 2UPOCKON. Yeon nosopoma no uemsepmoii ocu ne menee 180 epadycos. Honicna 6vimo
BO3MOICHOCTIG OCHAWEHUS. CMEHHBIMU HACAOKAMU (Hanpumep, 0epacamenb Kapanoaua uu
dromacmepa, npucocka ¢ cepeoosuzamenem, MexaHuieckoe 3axXeamHoe yYCmpoucmeo ¢
cepgoosucamenem, yCmpoucmeo 0714 Aa3ePHOll 2pAsUPOSKYU UL YCmpoticmeo 01a 3D-newamu).
MunumanbHas KOMALEKMAYUS CMEHHBIMU HACAOKAMU. NHEBMAMUYeCKUll 3axX6am (Npucocka),
WMexanuuecku 3axeam, Hacadka depaicamens 05t KAPaHOAUa/MapKepa/PyuKu, HACaoKa nepexooHux OJisi
KpenieHus COBMeCmUMbIX KOHCIMPYKMUGHbIX 0emarneil U KOHCMPYKYull, HACAOKa NA3ePHOT 2PABUPOBKU,
nacaoka 3D-newamu (0ns pabomei ¢ nnacmuxom PLA ¢ ouamempom numu 1,75 mm). Jonocen 6vimo
OCHawen cepeonpusoooM OJisi NHEBMAMUYECKO20 U MEXAHUYECKO20 3aX8amo8, 00eCneyusaouum
payerue 3aX8aAUEeHHO20 00bEKMA B0 BPEMSL NEPEMEUeHUs, NOBOPOM NEPEMEUAeMo20 00bEeKmMAa BOKPY2
sepmukanvrou ocu. /s obecneuenus QyHKYUOHUPOBAHUS NHEEMAMUYECKO20 3aX6ama 00XHCeH Obimb
OCHauen 6CMpPOeHHOTl 8 KOPNYC MAHUNYIAMOPA NOMAOU. JJONHCHA ObiMb 603MONCHOCHb NOOKIIOYEHUS.
00NOIHUMENbHBIX YCMPOUICME (Hanpumep, MpaHcnopmepa, peabea OJisl nepeMewjeHis poboma, nyisma
Yapaenenus muna ONCoUCmuK, Kamepvl MAWUHHO20 3PEHUsl, ONMUYECK020 OamyuKd, MOOYIsL
becnpoeooHozo docmyna). Pobom-manunynamop 001xceH obecneyusams nepemeijeHue Hacaoxu 6
npocmpancmee, aKmueayuio Hacaoku, 603MONCHOCMb NOJYYEHUs! CUSHATIO8 O KAMEPbl U OAMYUKOS,
6O3MOJICHOCTIb YNPAGTeHUs: OONOTHUMENbHbIMU yempoticmeamu. Mamepuan kopnyca - amioMuHul.
\uamemp paboueti 30Hb1 (63 yuema HA8eCHO20 UHCMPpyMeHma u yemeepmoti ocu) He meree 350 mm.
Unumepgetic nooknrouenus - USB. Jonicen umems 803MOMCHOCb A8MOHOMHOU pabombl U GHEUIHE20
ynpaenenus. [ enewne20 ynpasnenus 00124ceH Obimb nPedycMompeH nyibi, NOOKIIYAemMblil K pobony
no Bluetooth. Ynpasnaowuii konmponnep 0oaxicer Ovims coemecmum co cpedoil Arduino. Ynpasnsowuil
KOHMPOJIEp COBMECIUM CO Cpedoti npoepammuposanus Scratch u sizvikom npoepammuposarus C.
\onocen obecneuusams nOGOPOM NO NEPEbIM MPEM OCAM 6 3A0aHHDBIL Y20Il U HA 3A0AHHbIIL Y201,
nogopom no uemeepmou 0Cu Ha 3a0aKHbIL V2o, 0sudiceHue 6 koopounamul X, Y, Z, nepemeiyenue Ha
3adannoe paccmosiue no koopounamam X, Y, Z, nepedauy

OaHHBIX 0 MEKVIEM NOJONACEHUU Y08, Nepedayy OAHHbIX 0 MeKYUUX KOOPOUHAMAX UHCTNPYMEHmMA.
\onoicen noddepoicueams nepemeujenue 8 OeKapnoebix KOOPOUHAMAX U Y2iax nogopoma ocet, ¢
3a0annoil ckopocmuio u yckopenuem. Tunvl nepemeujerutl ¢ 0ekapmosbix KOOPOUHAMAX: OGUINCEHUE 1O
mpaexmopuu, O8UdICeHUe RO NPIMOU MeHCOY O8YMsL MOUKAMU, NEPENPLIZUBAHUE U3 MOYUKU U MOYKY
(nepenoc obwvexma). Kopnyc dondicen 6ubimo 6 3awuuyerHom ucnoanenue (knacca ne nudice 1P20).




ObpazosamenvHulil HAOOP NO
exaHuKe, MexampoHuKe u
[pobomomexHuxe

[Habop oonoicen 6bimb npeonasHaven 05t Bposedenus yueOHbIX 3aHAMULL N0 U3YUEHUIO OCHO8
Wmexamponuku u pooomomexHuKy, NPAKMUYECK020 npumMeHeHus 6a308bIX INEMEHMO8 INeKMPOHUKU U
CXeMOmMexXHUKY, a makce Hauboiee pacnpoCMpaHenHoll I1eMeHMHOU 0a3bl U OCHOBHBIX MEXHUYECKUX
[petuenuil, npumeHsemMbix npu NPOEKMUPOSAHUY U NPOMOMUNUPOBAHUU PASIUYHBIX UHHCEHEPHDIX,
KubepHemuyeckux u 6cmpausaemvix cucmem. B cocmag nabopa 0onxcHvl 6x00ums KomMnieKmynouue u
lyempoticmea, 0bnadaioujue KOHCMPYKMUBHOU, IAEKMPUYECKO, annapamHoil U npoepammHoll
coemecmumocmuio opye ¢ opyeom. B cocmas nabopa donicen 6xo0ums KOMIAEKN KOHCIPYKIMUBHBIX
91eMEHMO8 U3 Memania 0 COOPKU MAKema MaHUnYIAYUOHHO20 poOOMA U KOMNIEKN MEeMAIIUYeCKUX
KOHCMPYKMUBHBIX 31eMeHMO08 011 COOPKU MaKkema MoouibHo2o poboma. B cocmas nabopa oondchvl
6X00UMb NPUEOOA PA3TUYHO20 TMUNA: MOMOPbLL C UHMEZPUPOBAHHBIM UL BHEUHUM OAMYUKOM
nonodcenus - He MeHee 2uim, cepeonpusod D0ILUIOT - He MeHee 4um, cepeonpuU800 MAblil - He MeHee
2uim, npueoo ¢ BO3MONCHOCIBIO YNPABIEHUS 8 WIA2080M pedcume - He MeHee 2uum. B cocmae nabopa
00IXHCHBL BXOOUMb dNIeMeHMbL 0I5t COOPKU 8AKYYMHOO0 3aX8ama: 8aKYYMHASL NPUCOCKA - He MeHee [wm,
91eKMPOMASHUMHBII KIANaH - he MeHee luim, 8aKyyMHulil Hacoc - He Menee lwm. B cocmas nabopa
00N2ICHA 6X00UMD DNIeMEeHMHAs 6a3a 015l NPOMOMURUPOBAHUA: NIAMA 01 becnaeyHoz2o
nPOMOMUNUPOBAHUSL, KOMIIEKM NPOBOO08 PAZIUYHO20 MUNA U ONUHbL, KOMIIEKM Pe3UCOPOS,
KOMNIEKM C8eMOOU0008, CeMUCE2MEeRMHbIL UHOUKamop, oucniei KK-muna, knonku - He menee Sum,
nomeHyuomMempul - He MeHee 3uim, UHGPAKPACHBIL OaMYUK - He MeHee 3 wim, yIbmpazeyKoeol 0amuux -
re menee 3 wim, 0amuux memnepamypul - He Menee lwim, damuux oceewjeHnocmu - He mernee luim,
00yib Bluetooth - ne menee Iwim, modyns UK-npuemnuka - ne menee lwm, modyns UK-nepedamuuxa 6
6LUOe KHONOUHO20 NYAbMA Ynpasierus - luim, akKymyasamop - e meHee lwim, 3apsaoHoe yempoucmeo - He
Wmenee luwim. B cocmae nabopa dondicen 6x00ums Mynbmudamuux OJis UsMepeHus memnepamypul u
GrIadCHOCMU OKpYJcaroweli cpeovl - ne meree lwim. Myrsmudamuuk 0ondicen 061a0ams 6CmpoeHHbIM
Wmuxpoxonmponnepom (maxkmoeas vacmoma - He menee 16 MI'y, wiuna oanHwix - He menee 8 Koaiim),
unmepeiicamu 0151 ROOKIOUEHUS K GHEUHUM YCMPOLCMEAM: Yupposble u aHaio208bie nopmel, 1-wire
TTL, pasvem muna RJ. B cocmag Habopa 00adicer 6X00uns KOMIAEKM YHUBEPCALbHbIX GblUUCTUMETbHBIX
Wmoadynetl, npedcmasasiiouux coooti 6a306y0 niamy, niamy pacuuperus Oisi Ceme8o2o 63auUmMo0eticmsus
U naamy ROOKIIOYEHUs: CUN0BOU HA2PY3KU. Bxoosuwue 6 Komniexm ycmpoticmea 00icHbl 001adanbs
00HOBPEMEHHOU KOHCMPYKMUGHOU, JNEKMPUYECKOU, ANNapamHoll u npocpamMmHoOl COBMECMUMOCMbIO
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Opyeom. Bazosas niama yHU8epcanbHo20 bIYUCIUMENbHO20 MOVl O0NICHA NPeOCasiams coool
npozpammupyemviii Konmpoanep 6 cpede Arduino WE wau ananoeuunwvix c60600no pacnpocmpansiemvix
cpedax paspabomxu. bazosas niama domicna obaadams gcmpoeHHbIMu unmepgheticamu 0is
NOOKIIOYEHUs. YUPPOBYIX U AHATIO208bIX ycmpoticma, ecmpoennbimu unmepgeticamu USB, UART, 12C,
SPI, 1-wire TTL, Bluetooth, WiFi. ITrama pacuupenus donsxicna obecneuusams 603MOHCHOCHb
1OOKIIOUEHUSL YHUBEPCATIbHO20 GLIYUCTUMENbHO20 MOOYTISL K cemu nocpedcmeom unmepetica Ethernet.
[Inama pacuupenus 00aiCHA 001a0amb NOPMAMU 6800d- 8b1600A 015 NOOKTIIOYEHUS YUDPOBLIX U
ananoeoewix yempoticms, unmepgetic SPI u 603M0CHOCHbIO NOOKIOUEHUS. GHEWHEU KAPMbL NAMSIMU.
[ Inama pacuuperus: 01 NOOKIHOYEHUs CUTO0BOU HASPY3KU QO0IHCHA 00eCnedu8ams 603MO*CHOCHb
NPAMO20 NOOKIIOYEHUs BHEWHell CUNOBOU HASPY3KU, A MAKHCe Pe2yIupyemMoll Hazpy3Ku noOCpeocmeom
PWM unmepdpetica. B cocmag nabopa donicer 6x00ums npocpammupyemulii KOHmpoep,
06ecneyusarowuil 803MONCHOCTIL OCYWECMEIAMb PAPADOMKY NPOSPAMMHO20 KOOA, UCHONb3YS
uncmpymenmapuii cpeo paspabomxu Arduino WE u Mongoose OS u 5136108 npoepammuposanis
C\C++, JavasScript. Ilpoepammupyemoiii KOHmMpoiep 00ndiceH 001adamos nopmamu OJist NOOKIOYEeHUs
YUDPOBLIX U AHATIO2Z08bIX YCMPOUICMS, BCMPOEHHBIMU NPOSPAMMUPYEMbIMU KHONKAMU U
91EKMPOMEXAHUYECKUMU MOOYIAMU OJisl OP2AHUZAYUU CUCEMbL DYUHO2O0 YRPABIEHUS, 8CMPOEHHbIMU
npozpammupyemvimu c6emoouodamu st UHOUKAYUY paboue2o pexrcuma, CMpoeHHbIMU UHmepgheticamu
USB, USART, 12C, SPI, 1-wire TTL, ISP, Ethernet, Bluetooth, WiFi. B cocmag nabopa 0oiicer 6xo0ums
00Y/1b MEXHUUECKO20 3PeHUsL, NPeOCMABIAIOWUL COOOU BbIYUCTUMENbHOE YCIMPOUCTEO CO 8CMPOEHHbIM
uKponpoyeccopom (koi-6o adep - He menee 4wum, uacmoma aopa e meree 1.2 I'Ty, oovem O3V - ne
enee 512Mb, obvem 6cmpoennoli namamu - ve menee 81°0), unmezpupoeanHol Kamepot
(MakcumanbHoe paspeuierue U0eonomokda, nepedasaemozo no unmepgeticy USB - ne menee 2592x1944
€0.) u onmuyeckou cucmemoil. Mooyib mexHuueckozo 3penus 00HceH 001a0ams COBMECMUMOCIbIO C
|PaBIUMHBIMU RPOSPAMMUPY EMBIMU KOHMPOJACPAMU ¢ noMoujbio unmepgeticos - 1-wire TTL, UART, 12C,
SPI, Ethernet. Mooy mexuuuecko2o 3perus 00IHCeH 00ecneyusams 8biNoJHeHUe 6CeX U3MepeHUll U
GbIYUCTICHUL NOCPEOCMBOM COOCMEEHHDBIX 8bIUUCIUMENBHBIX B03MOICHOCMEN 6CIMPOEHHO20
Wmukponpoyeccopa. Mooy mexHuuecko2o 3peHust O0IHceH 061a0ams 03MONCHOCIBIO KOMMYHUKAYUU C
AHAIOZUYHBIMU MOOYIAMU NOCPEOCIBOM WUHBL Ha Da3e Nocie008amenbHo20 uHmepgeiica ¢ yeivto
OanbHeliwell nepedayu pesyibmamog UsMepeHuil Zpynnsl Mooyiell Ha YRPAeIsouee 6oluUCIUMeNbHOe
lyempoticmeo, nodknwuenHoe Kk OaHHOU wiuHe. Mooy mexHuuecko2o 3peHust 00JdIceH 06ecneyueams
HACMPOUIKU PEAHCUMO8 PabOombl - HACMPOUKY IKCNO3UYUU, 6ANAHCA 6020, YEEMOPAZHOCMHBIX
cocmasnaowux, NIOWaoU 0O6HAPYICUBAEMOL 0ONACIU U30OPANCEHUS, OKPY2TOCIU OOHAPYICUBAEMOU
0O1acmU U300PAdNCEHUSA, NONONCEHUE OOHAPYICUBAEMBIX 00ACHeEl OMHOCUMENbHO Opye Opyea,
WMawunnoe 0byuerue napamempos HelpoOHHbIX cemeti 0 0OHAPYHCeHUsE 00bEKMOo8, Gopmy u
3aK00UPOBAHHbLE 3HAYEHUSL ODHAPYICUBAEMBIX MAPKEPO8 MUNA




Aruco, pasmepul 0OHAPYHCUBAEMBIX OKPYHCHOCHIEN, KBAOPAMOS U MPEY2ONbHUKOS, NAPAMEempPOos
KOHMPACMHOCMU, pA3MeP08, KPUSU3HBL U NOLONHCEHUS pacno3Hasaemblx aunull. Habop donxcen
0Oecneuusams 603MOACHOCTb PAPAOOMKU MOOenU MOOUTLHO20 poboma, ynpasnsemoti ¢ FPV- peoscume
1noCpeOCcmeom npocpamMMHO20 0becneyenus O NePCOHALHO20 KOMNbIOMEPA U MOOUTbHBIX YCHPOUCME
na 6aze OC Android uau 10S, o6ecneuusarouseco 603modxcHocmpb ynpasienusi MOOUIbHLIM POOOMOM U
6CMPOEHHBIM MAHURYTSIMOPOM NOCPEOCMBOM 2Paghuuecko2o unmepgeiica, eKuouawum 6 ceds Habop
KHONOK U nepexnioyameneti, 0OACOUCmuK, oonacms 0 omoobpaicenus eudeo. Habop donoicen
0becneyusams B03MONCHOCHIb U3YUEHUs OCHO8 PA3PAOOMKU NPOSPAMMHBIX U ANNAPATHBIX KOMNIEKCO8
UHDICEHEPHBIX cucmeM, peuteHutl 6 cpepe "Hnmeprnem seweil ", a makoice peuienui 6 ooaacmu
[po6OomOmexHuKU, UCKYCCMBEHHO20 UHMENNEKMA U MAWUHHO20 0byuenus. B cocmae nabopa oondxcro
6X00UMb NOCOOUE NO UYUEHUIO OCHOB INEKMPOHUKU U CXeMOMEXHUKY, pewienull 8 cepe "Humepnem
sewell”, paspabomku u NPOMOMURUPOBAHUIO MoOdeiell pobomos. B cocmag Habopa 00IHCHO 6X00UMb
nocobue no u3y4eHur 0CHO8 paspabomKu CUCIEM MEXHUYECKO20 3PEHUS U INEMEHMO8 UCKYCCIMBEHHO20
UHMeIeKma.

ObpazosamenvHulll KOHCMPYKMOP 05
npakmuxu 6104H020
NPOSPAMMUPOBAHUS C KOMNIIEKINOM
damuukos

Pobomomexnuyeckuil HAOOp npeOHA3HAaueH Oisl U3YYeHUs OCHO8 POOOMOMEXHUKY, Oemdaell, Y3108 U

eXAHUZMO8, HeOOX0OUMBLX OISt CO30aHUs pobomomexHudeckux ycmpovcmes. Habop npedcmasnsem
000Ul KOMIIEKM CIPYKIMYPHBIX SJIEMEHMO8, COCOUHUMETbHBIX INEMEHMO8 U INeKMPOMEXHUYeCKUX
Komnonenmog. Habop noseosnsem npogooums IKCnepumeHnsl no npeomenty Qusuxa, co30asams u
npoepammuposams cobupaemvie MoOenU, U3 KOMROHEHMO8, BXO0AUUX 8 €20 cOCmas, pabodue Mooeiu

OOUNLHBIX U CIMAYUOHAPHBIX POOOMOMEXHUYECKUX YCIMPOUCME C A8MOMAMUIUPOBAHHBIM YRPABIEHUEM,
6 MOM HlUCle HA KONECHOM U 2YCeHUYHOM X00Y, d MAK#Ce KOHCMPYKYULL, OCHOBAHHbIX HA UCNOIb308AHUU
|pasznuuHbIX 61006 Nepeday (8 MOM YUCIE YEPESYHBIX U 3Y0UAmbIX) a makdice puiuazos. BcmpoenHvie
becnposooHvle cemesvle peutenusi (Wi-Fi u Bluetooth), o3mooicHocms unmezpayuu ¢ 6ecniamuusim
o6naunvim 10, obecneuusarom 603MONCHOCb NPUANUYECKO20 U3YUEeHUs MEXHON02UT UHMepHema eelyell
U OCHOB UCKyccmeeHHo2o unmennexkma. Obecneuusaemcs 03MONCHOCHb 00bEOUHEHUSL HECKOTbKUX
[pobomos, cobpanHbIX U3 NOOOOHBIX HAOOPOS, 6 2pYNNblL ¢ cemesbiM 83aumoleticmsuem. Ilpedycmompena
ONYUOHATLHAS B03MOJICHOCTb PACUUPEHUSL OONOTHUMENbHBIMU KOMNOHEHMAMU (He 6X00AUWUMU 8
CMaHOApPmMHYI0 KOMIIEKMAYUIO), NO360JAWUMU U3YHAMb MEXHUYECKOe 3peHUe U NP OMBIUIEHHYIO
[pobomomexnuky. [Ipedycmompena 603MoICHOCIb pabomvl HAOOPA ¢ OONOIHUMENbHLIMU 0OAYHBIMU
cepsucamu. IIpedycmompervl MUHUMYM 084 NPOSPAMMUPYEMBIX KOHMPOLIEPA 8 NIACMUKOBbIX KOPNYCaXx,
1n0380AIOUWUX OOHOBPEMEHHO €030a8amb 2 6apUAHmMA POOOMOE PAZIUYHOZ0 HAZHAUEHUS, UMEROUUX
603MOJICHOCTIL PAbOMbL KAK 8 NOMOKOBOM pedicuMe, MAK U Ad6MOHOMHO, NO38OIOUUX Peau306amb
00yueHe NPOSPaAMMUPOBAHUIO 8 HECKOILKUX CPEOax pazpabomKiL HA PA3IUYHbIX A3bIKAX (K npUMEDY, 6
cpeoax Mblock, Arduino IDE, ua siswikax Scratch, C, Python, micro Python). Kax munumym ooun uz
KOHMPOIIEPOS UMeent GCHPOCHHYIO




onepayuonnyio cucmemy, ecmpoennvie Wi-Fi u Bluetooth, nopm ons nookmouenust nocneoosamenvho
coedunaemvix sHewtHux ycmpoticme (e menee 20 00nospemenno nooknoyaemvix ycmpoticms). Kax
WMUHUMYM OOUH U3 KOHMPOINEPOB UMEENt B03MOHCHOCTL OOHOBPEMEHHOU 3anucu He MeHee 8 npoepamm,
C 803MOINCHOCTBIO NEePeKoYeHs MexcOy Humu. Kak munumym ooun uz Konmponnepos umeem
noanoyeemnwiit oucnaet (IPS), nozsonaowuil 661600ums oannvie ¢ damuukos 6 eude mabuy u
epaduros, a maxace co30a8amv 6CMpPOeHHble 8 KOHmMpoep sudeouspuvl. Konuuecmso cencopos u
UCHOIHUMENLHBIX YCIPOUCS, BCIMPOEHHBIX 8 00UH U3 KOHMPOJIEpos, - He mernee 10 wm. Obwee
KOIUUeCm80 dnemenmos 6 Habope ne menee 400 wm., 6 mom uucie nooknouaemvie mooyau: - Bluetooth
WMOoOyib, - 080UHOU 0amyUK JUHUU, - YIbIMPA3EYKOBOU 0aMUYUK PACCMOSHUS, - OAMYUK Y8emd, - OamyuK
Kacanusi anekmpomexanuieckuti, - IR Mooyiv, - MOMOp NOCMOSAHHO20 MOKA C peOYKMOPOM - He MeHee 2
wm., - cepeonpusoo, - Nyibm oucmanyuonnozo ynpasienus IR. Habop dondicen 6blmsb yKOMNIEKMOBaH
axkkymyasmopHeimu 6amapesmu. Ilpoepammnoe obecneuenue, Ucnonbsyemoe 0 NPOSPAMMUPOBAHUS
coOUpaembix pobOMoOmexXHUYeCKux mooeiel U yCmpoucma, 00IHCHO Obimb 00CMYNHO 071 OeCHAAMHO20
crauusanus uz cemu Mumeprem u nociedyowe2o ucnonb306aHus.

Muxpockon yugposoti

Tun muxpockona. 6uonoeuveckuii Hacaoka muxpockona: monoxyaapras Hasnauenue: nabopamopHoiii
Memoo uccredosanus: ceemnoe none Mamepuan onmuku: onmuueckoe cmexkio Yeenuuerue

uxpockona, kpam: 64— 1280 Oxynsaper: WF16X O6wvexmueoni: 4x, 10x, 40xs (noonpyaicurenmwlii)
PegonbgepHas 201068ka: Ha 3 o6vekmuga Tun nooceemku: 3epkano uiu céemoouod Pacnonoscenue
nooceemku: 6epxHsia u HudicHss Mamepuan kopnyca: memainn [peomemuwiti cmonux, mm: 90 Hemournuk
numanus: 220 B/50 I'y Qucno meeanukceneii: 1

HaumenoBanue pa3nena: ""Komnblotepnoe odopynoBanue"

\MHozogyHKyUOHAIBHOE YCMPOICEO
(npunmep, ckauep, Konup)

Tun ycmpoiicmea: Muozoghynkyuonanvroe ycmpoticmeo (M®Y), [[eemnocms neuams: ueprHo-denas;

Tun cKaHuposanust: NPOMANCHbIU/MAAHWEMHbIL, BozModcHocmby ckanuposanust 6 popmamax: e menee
|44, Cnoco6 nooknmouenusa: LAN, Wi-Fi, USB

Texnonoeus neuamu: snekmpozpaguueckas (1azepHas, ceemoouoonas); Popmam nevamu: He menee A4;

\Hoymbyk

Dopm-ghamnop: noymoyk, Pazmep ouazonanu: He menee 15.6 owiimos; Pazpewenue sxpana: Full HD,
Quad HD unu Ultra HD,; Obwuii 06vem ycmanoeieHHOU onepamuerol namsimu. He menee 8 I'oaiim,
\Maxcumanbuwiti 06wt noddepacusaemulii 006vem onepamugnol namsamu. He menee 16 I'oaiim,; Obvem
SSD naxonumeins: ne menee 240 I'baiim,; Becnposoonas ceaszw: Wi-Fi;

\Konuuecmeo ecmpoernwvix 6 kopnyc nopmog USB: ne menee 2, uz komopuix ve meHee 1 0010cHO 6bimb

[Knasuamypa ¢ packradkoii u mapxupoexoii knasuws QWERTY/HITYKEH; IToddepacka cmandapmos
6ecnposoonoi ceszu. 802.11alb/g/n/ac; Ipoussooumenvrhocms npoyeccopa (3navenue noxazamens
«CPUMarky no mecmy «Laptop & Portable CPUPerfomance»

http://www.cpubenchmark.net/laptop.html): ue menee 5000 eounuy; Haruuue

Wanunynamopa miuts 6 KOMIIEKMe. 0d;, YCmManoe1enuas onepayuornas Cucmema ¢ epaguueckum
1101b308aMENLCKUM UHMEPPEUCOM, C8e0eHUsL O KOMOPOM BKIIOYEHbL 8 eOUHBIIL peecmp POCCUTICKUX
npocpamm 015 INeKMPOHHBIX GbIYUCTUMETLHBIX MAWUH U 643 0aHHbIX, YemanoseneHHbvlil nakem
0uCcH020 npoepamMmno2o obecneyensl, COBMeCmumMozo ¢ YCMaHo8IeHHOU ONePAYUOHHOU CUCIEMOT,
ceedenUsi 0 KOMOPOM GKIIOUEHbI 8 eOUHBLIL PeecTnp POCCUTICKUX NPOSPAMM 05l INEKIMPOHHBIX
GbIUUCTUMELHBIX MAWUH U 643 OQHHBIX.

USB sepcuu ne nuoice 3.0; Paspewenue 636-kamepol, Mnuxcens: ne menee 0.3; Bcmpoenuviti MUuKpogon,
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