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Haume

HOBaHUe HanpasJienusi: "bazoeas (o6a3amenvnasn uacmep)"

HanmenoBanue paznena: "EcTecTBeHHOHay4YHasi HAIIPaBJICHHOCTD"

(L [ugpposas nabopamopust
no gusuxe

Obecneuusaem GbInoIHeHUe IKCNEPUMEHIO8 NO MeMaM Kypcd
usuxu. Komnnexmayus.: becnposoonoii mynemudamuux no
usuxe ¢ 6-10 scmpoennvimu damuuxamu: Lfughposou damuuk
memnepamypul ¢ OUANA30HoM usmepenusi ne yaice yem om -20 0o
120C Hugposoii damuux abconomno2o 0asienust ¢ OUanazoHoM
usmepenust we yoice uem om 0 0o 500 xlla Jamuuk maenumnozo
noss ¢ ouanasonom uzmepenus He yoice yem om -80 0o 80 mTn
VIamuuk nanpsiicenusi ¢ OUana3oHamu usMeperust ne yice 4em
om -2 00 +2B; om -5 0o +5B; om -10 0o +10B; om -15 0o +15B
V]amuux moxa ne yoice wem om -1 0o +1A4 Jamuux
axcenrepomemp ¢ noxkasamensamu He Menee yem: +2 g; +4 g, £8 g
Omoenvhvie ycmpoticmea: USB ocyunnozpagh ne menee 2
kanana, +/-10 B Axceccyapul: Kabenv USB coedunumenvhulii
3apsionoe ycmpotiicmeo ¢ kabenem miniUSB USB Aoanmep
\Bluetooth 4.1 Low Energy Koncmpyxmop 0ns npogedenus
brcnepumenmos Kpamixoe pykogoocmeo no dKCniyamayuu
yugposoti iabopamopuu [Ipoepammnoe obecneuenue
Memoouueckue pexomenoayuu (40 pabom) Haruuue
VCCKOSI3bIUH020 caiima noddepacku Hanuuue sudeoponuxos.

[{ughposas rabopamopus
no xumuu

Obecneyusaem binoIHeHUe 1AOOPAMOPHBIX PAOOM NO XUMUU HA
VpoKax 6 OCHOBHOU WiKoe U NPOEKMHO-UCCTIE008AMENbCKO
OeamenvHocmu yuawuxca. Komnnexmayua: becnposooHoii
WYILMUOamuuK no Xumuu ¢ 3-ms 6CIMpOeHHBIMU OAMYUKAMU:
VIamuux pH ¢ ouanazonom usmepenus ne yce yem om 0 oo 14
pH Jamuux snexmponposooumocmu ¢ OUAna3oHamu usmepeHus
e yoice wem om 0 00 200 mxCm; om 0 0o 2000 mxCm; om 0 0o
20000 mxCm Jamuux memnepamypsi ¢ OUAna3soHom usmeperus
He yarce uem om -20 0o +140C Omoenvrbie Oamyuku. Jamuuk
onmuyeckoti nromuocmu 525 um Axceccyapei: Kabeno USB
coedunumenvHulii 3apsaonoe ycmpoticmso ¢ kabenem miniUSB
USB Aoanmep Bluetooth 4.1 Low Energy Kpamkoe
pYK080OCmB0 no sxcnayamayuu yugdposou nabopamopuu Habop
itabopamopnoii ocnacmxu Ilpoepammuoe obecneyenue
IMemoouueckue pekomenoayuu He menee 40 pabom Hanuuue
YCCKOA3bIUHO20 calima noddepicku Hanuuue sudeoponukos.

[ ugpposas nabopamopus
no buonozuu

\Lugpposas nabopamopus no buorocuu (yueHuveckas)
Obecneuugaem vlnoHeHUe 1aO0PAMOPHLIX pAbOm HA YPOKAX
no 6uos02UU 8 OCHOBHOU UWIKOE U NPOEKNHO-
LccnedosamenseKkoll oesmenvHocmu yyawuxca. Komniexmayus:
\becnposodHoll MynbMuUOAMUUK no buoroUU ¢ 5-10
G6CMpOeHHBIMU damyuKamu: [lamuux 61ajcHocmu ¢ OUana3onom
usmepenus 0...100% [Jamuux oceewennocmu ¢ ouanazoHom
usmepenus ne yace yem om () oo 180000 nx Jamuux pH ¢
Ouanazonom uzmepernus He yoice wem om 0 0o 14 pH Jlamuuk
memnepamypul ¢ OUANA30HOM usmepeHus ne yce yem om -20 0o
+140C Jamyux memnepamypsl okpysicarowel cpeosl ¢
Ouanazonom uzmeperus He yoice uem om -20 0o +40C
Urceccyapul: 3apadnoe ycmpoticmeo ¢ kabenem miniUSB USB
\doanmep Bluetooth 4.1 Low Energy Kpamkoe pyxosodcmeo no
brenayamayuu yughposou rabopamopuu L{ugpposas
BUOCOKaAMEPa ¢ MEMATIUYECKUM UWMAMUBOM, PA3peuleHie He

wenee 0,3 Mnuxc Ilpoepammnoe obecnewenue Memooduueckue
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pexomenoayuu ne menee 30 pabom Ynaxosxa Hanuuue
VCCKOSI3bIYHO20 CAUMa NOOOePICKU, HATUYUE UOCOPOTUKOE.

Hamvmenosanue pasnena: "Kommnprorepaoe o0opymoBanue"

IM®Y (npunmep, ckanep,
Konup)

Tun yempoucmea.: MuoeopyHKyuonanbHoe ycmpoucmeo
(MDY),; lleemnocmo neuams: ueprno-denas, Texnonocusn
neuamu: snexmpoepaghuueckas (azepHas, c6emoouoonas);
Dopmam neuamu: e menee A4, Tun ckanuposanus:
npomsidicHblll/ naanwemublil;, Bozmooicnocms ckanuposanus 6
hopmamax: ne menee A4; Cnocob nooxnouenus: LAN, Wi-Fi,
USB

\Hoymoyx

Dopm-gpaxmop: noymbyk; Pasmep ouaconanu: ne menee 15.6
Orotimos,; Paspewenue sxkpana: Full HD, Quad HD unu Ultra
\HD; Obwuii 06vem ycmano6ieHHOU OnepamueHol NamMsImu. He
wmenee 8 I'oaim, Maxcumanvbuslil 00uuLl n00OepICUBAEMbIL
0bvem onepamuenol namamu: e menee 16 I'oaium, Obvem SSD
naxonumens.: ne menee 240 I'6atim,; Becnposoonas cesasv: Wi-Fi;
\Konuuecmeo ecmpoennulx 6 kopnyc nopmos USB: ne menee 2, uz
Komopwix He menee 1 doncno ovime USB éepcuu ne nuoice 3.0;
\Paspewenue 630-kamepwl, Mnukcenn: ne menee 0.3;
\Becmpoennwitl mukpoghon, Knasuamypa ¢ packnaokou u
Wapruposkoti krasuw QWERTY/ULIYKEH; Ioodepaicka
cmandapmos becnposoonot cessu.: 802.11a/b/gInlac;

[ IpouszeooumenvHocms npoyeccopa (3Havenue nokazamens
«CPU Mark» no mecmy «Laptop & Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop.html): ne menee 5000
eounuy, Hanuyue manunyismopa mvluts 6 KoMniekme: o0d,
Yemanoenennas onepayuonnas cucmema c epaguueckum
noab306amenbckum uHmeppecom, ceedenusi 0 KOomopom
BKIIOUEHBL 8 €OUHbILL peecmp POCCULICKUX NPoSpamm Oist
DAEKMPOHHBIX BLIYUCIUMENLHBIX MAWMUH U OA3 OAHHBIX,
Yemanoenennuiii nakem ogucnozo npoepammnozo obecneuenus,
COBMECTNUMO20 € YCMAHOBNIEHHOU ONePAYUOHHOU CUCMEMOL,
c8e0eHUsI 0 KOOPOM BKTOYEHbl 8 eOUHbI peecmp POCCULICKUX
npocpamm 0Jist SEKMPOHHBIX GbIYUCTUMETbHBIX MAUUN U 6a3

OaHHbIX.

HaumeHoBanue HanpaBjeHus: "/[ononnumenvnoe o6opyoosanue’’

HaunmenoBanue paszzena: "KomnbrotepHoe obopynoBanue”

HamvmenoBanue pasnena: "TexHorgornyeckas HapaBJICeHHOCTH"

Obpa3zosamenvHbill HAOOP
015 U3yueHus
MHO20KOMNOHEHMHBIX
pobomomexHuecKux
cucmem u
MAHUNYTAYUOHHBIX
pobomos

"Obpazoeamenvibviii HAOOP dodicer Oblmb NPeOHA3HAUeH sl
U3yUeHUs POOOMOMEXHUHECKUX MEXHON02UL, OCHO8
UHDOPMAYUOHHBIX MEXHOIO2UL U MEXHOIOSU NPOMBIULTEHHOU
asmomamuzayul, a MaKxHce MexXHoOL02Ull HPOTMOMURUPOSAHUSL U
a0oumueno2o npouzgoocmea. B cocmas Habopa 00cHbI
6X00UMb KOMNJIEKMYyowue u ycmpotcmaa, obnaoaoujue
KOHCMPYKIMUBHOU, annapamuotl u npozpammHou
coemecmumocmuto opye ¢ opyeom. 1) Komnaexm
KOHCIPYKMUBHBIX INeMEHMO8 U3 MEMAnla U NiacmuKa O
coopKu mooenetl MAHUNYIAYUOHHBIX POOOMOE C Y2n080U
KUHeMamuKo, niocKkonapaiiervHou Kunemamuxou, Delta-
Kunemamuxou. 2) HumeniexmyanvHblii cepgomMooyis ¢
UHIESPUPOBAHHOU CUCTEMOTL YNPABNICHUSA - HE MeHee TUlm.
Cepsomodynb 0odcen 001a0ams UHMESPUPOBAHHOU CUCEMOU
ynpaenenus, obecneuugaroweti 0OpamuyIo C643b Ui KOHMpPOIb
napamempos - noI0NHCeHue 8ad, CKOPOCb BPAUEHUS, HASPY3KA
npueooda, a makdice obecneuusauyeli 603MONCHOCIb
nociedo8amenbHo20 NOOKIOUeHUs Opye ¢ OPY2OM U YAPABIeHUs
cepeoOMOOYIAIMU NO NOCAEO0BAMETLHOMY NOTLYOYNLEKCHOMY
acunxpounomy unmepeticy. 3) Pobomomexuuueckuii
KoHmposiep, npedcmasnanwuil coboi MoJyIbHOe YCMPOUCmE0,
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srIOUArOWee 8 cesi OOHONJIAMHBLI MUKPOKOMNbIOmep OJis
GLINONHEHUS CLOMACHBIX BLINUCTUMENbHBIX ONepayul,
nepugeputinbiii KOHMpoLep ONA YNPAGIeHUs BHeUHUMU
yempoticmeamu u naamy pacuupenus o nOOKIOYeHUs
eHewHux ycmpoticms. Moodynu pob6omomexnuieckozo
KOHmMpoanepa 0oaicHbL 001a0ams 0OHOBPEMEHHOU
KOHCMPYKIMUBHOLL, ANNAPAMHOU U NPOSPAMMHOU
coemecmumocmoio Opye ¢ opyeom. Pobomomexuuueckuii
KOHmMpOJIEp 00NHCEH YOOBNeMEOPAMb MEXHULECKUM
kapaxmepucmuxam: Ko-80 A0ep 6CMPOEHHO20
WMuKpoxomnviomepa - He MeHee 4, maKmoeas 4acmoma sA0pa - He
wenee 1,2 I'Ty, o6wvem O3Y - ue menee 512 M6, nanuuue
unmepgeticos - SPI, 12C, 1-wire TTL, UART, PWM, yugposvie -
He menee 16 wm u ananoeoevie nopmul - He Menee 8 wm O
MOOKMIOUEHUs, BHEWHUX YCIMPOLICME, 6CIPOEHHbII MUKPODOH, a
maxoice WiFi unu Bluetooth 0nsi kommyHuKkayuu co HEWHUMU
yempoticmsamu. Pobomomexnuueckuti KOHMpoanep 00axceH
0becneuusams 803MONCHOCb NPOSPAMMUPOBAHUA C NOMOUYBIO
cpedcms sizvikoe C/C++, Python u c60600H0
pacnpocmpansemoii cpedwl Arduino IDE, a maxaice ynpaenenus
Wodenamu pobomomexHuteckux cucmem ¢ NOMowblo cpedsl
IROS. 4) Ilpoecpammupyemviii Konmpoiunep - He menee luim.
Ipocpammupyemblii KOHMPOIEp 00NHCEH NPEOCMagamy coo0u
BLIYUCTUMENTLHBLI MOOYTb, 00AA0AIOUUM YUDPOBLIMU NOPIMAMU
- He Menee 8 wim u anano2o8viMu nopmamu - He meree 16 wm,
unmepgpevicamu UART, 12C,SPI, TTL, a makace modynem
becnposoonot ceszu muna Bluetooth unu WiFi ons cozoanus
annapamno-npozpammusix pewenuil u ""ymuvix/cmapm""-
lyempoiicmes onsa paspabomiu pewenui ""Humepnem sewen”.
5) [Inama pacwiupenus npospammupyemoco KOHmpoiepa — He
wenee lwim. Ilnama pacuiupenus 00axcHa obecneuugams
BO3MONHCHOCTING NOOKMIOYEHUS YHUBEPCATLHO20 BLIYUCTUMETLHOLO
Wodyus k cemu nocpedcmeom unmepetica Ethernet. Ilnama
pacuupenus 00dCcHa 061a0ams NOPMAMU 6600d-6b1600a OJisL
MOOKMIOUEHUA YUPPOBBIX U AHAO208bIX YCIPOUCTNG — He MeHee
40 wm, unmepetic SPI u 603mooicHOCmbIO NOOKTIOUEHUS
eHewnell kapmul namamu. 6) Mooy mexHuuecko2o 3penus,
npedcmasnsiowutl codoil yempoticmeo Ha base
BLIYUCTUMENLHO20 MUKPOKOHMPOLTEPA U UHMESPUPOBAHHOT
Kamepbl, 0becneyusaiowee pacno3HABaAHUe NPOCMetiuux
U3006pasiceHull Ha Modye 3a cuem coOCMEEHHbIX
BLIYUCTUMENHBIX 803MOXMCHOCHEl - He Menee Tuim, Mooy
MeXHUYecKo20 3peHus 00NHCeH 00ecneuusamy 803MONCHOCMY
KOMMYHUKAYUU ¢ AHATOSUYHBIMU MOOYIAMU NOCPEOCMEOM ULUHDL
Ha baze nociedosamenbHO20 uHmepghetica ¢ yeavlo danrbHeluenl
nepedauu pe3ynbmamos usmepeHuil 2pynnvl Mooyiel Ha
ynpasnsaowee sblvUCIUMETbHOE YCINPOUCME0, NOOKTIOUEHHOe K
Oanuoll wiune. MoOy1b mexHuuecko2o 3peHus 00aHceH
0becneuusams 803MONCHOCHIL OCYUECTNEIANb HACIPOUKY
MO0V MEXHUYECKO20 3peHUs - HACPOUKY IKCHO3UYULU,
bananca 6en020, YEEMOPAHOCMHBIX COCMAGTAIOWUX, NIOWAOU
0OHapyscusaemotl obracmu U300padtcerus, OKpy21oCcmu
0OHapyscusaemotl obracmu U300paxzceHus, NOI0HCeHUe
0OHapysrcusaemvix obracmeti OMHOCUMENLHO Opye Opyed.
IMo0Oynb mexuuueckozo 3penus 00axceH obecneyusams
BOZMOCHOCTG HACTPOUKU HA OOHOBPEMEHHOE OOHAPYICEHUE He
wenee 10 pasnuynbix 00OUHOUHBIX 00BEKMO8 8 CeKmope 0030pa,
11160 He MeHee 5 cOCABHbIX 00bEKMO8, COCMOAWUX U3 He MeHee
3 paznuyunbix epaghuneckux npumumusos. Mooy
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mexHuYecKo2o 3peHus 00HCeH 001a0ams 6CMpPOEHHbIMU
unmepgeucamu — USB, UART, 1-wire TTL, 12C, SPI ons
KOMMYHUKAYUU CO BHEWHUMU NOOKTIOYAEMbIMU YCMPOUCMBAMU.
7) B cocmas nabopa 0onxchbl 6Xx00ums yugposule
UHDOPMAYUOHHO-CEHCOPHBLE MOOYIU, NPeOCMABIsAwUe cOboU
lyempoticmsa Ha base npospammupyemozo KOHmpoiepa u
uzMepumenvHo2o snemenma. Llugposoti Mmooy dondicen
0bna0amv 6CMpPoenHbIM MUKPOKOHIMPOLIEPOM (IMAKMOBAsL
uacmoma - ne menee 16 MI'y, wuna oannvix — ne menee 8
\Kbavim), unmepgheiicamu 015t NOOKIIOUEeHUSL K GHEUHUM
lyempoiicmeam: yugposwvle u ananrozoewvie nopmet, 1-wire TTL,
pazvem muna RJ. LJugpposoti Mmooy donicen obecneyusamo
BO3MONCHOCHIL KOMMYHUKAYUU C AHATOUYHBIMU MOOYIAMU
nocpedcmeom wiuHbL Ha base nocie008amebHo2o uHmepgelica
c yenvio danvHeliwell nepedayu pe3yibmamos usmepeHuil
lepynnvl MoOyJiell Ha Ynpasisoujee GblNUCIUMEIbHOe
lycmpoiicmeo, nookoyentnoe k 0aHHouU wiune. B cocmae nabopa
O0JIIICHO 8X00UMb. YUDPOBOU MOOYIb MAKMOBOU KHONKU — He
Wenee 3wm, yugpogoii MoOdyL c6emoou0da — He Menee Juim,
Yupposotl MoOYIb KOHYEB020 npepvleames — He Menee Juim,
yupposotl Modyib damuuxa yeema — ne menee luim, yugpogoii
modyns RGB ceemoouooa — ne menee lwum. 8) B cocmas
HabOPa O0NHCHBL 6XO0UMb dNleMenmbl 01t COOPKU BAKYYMHO20
Baxeama: 6aKyymMHas npucocka — He menee lwim,
DAEKMPOMACHUMHDLIL KIANAH — He MeHee [uim, 6aKyyMHblll HACOC
— ne menee lwum. 9) B cocmae nabopa donicer 6xooumo
yuebHbIll KoMIIeKm, GKIOYarwWull 8 cebs yuebnoe nocodue,
HabOp OUOIUOMEK MPEXMEPHBIX INEMEHMO8 0I5l
npomomunuposans Mooeieti MaHUnYIAYUOHHbIX pOOOMos, a
maxaice npoepammHoe obecneuenue 0Jisi pabomul ¢ HAOOPOM.

[ Ipoepammmuoe obecneuenue 0OMICHO 0becneuusams
IMpexmMepHyIo 8U3YATU3AYUI0 MOOENU MAHURYISAYUOHHO20 pobOmA|
(C y2n080ii, NIOCKONApanienbHol 1 0elbma-KUHeMamuKou) 6
npoyecce pabomul, 0becneuu8ams NOCMpoeHUe
MPOCMPAHCMBEHHOT MPAEKTNOPUYU OBUICEHUSL UCHOTIHUMETbHOO0
WMexanuzma MaHunyIssyuoHHO20 pOOOMA, 603MONCHOCb 3A0AHUS)
nociedosamenbHOCMU MoYex OJisi HPOXONCOEHUsL Yepe3 HUX
UCNOTHUMENbHO20 MEXAHUIMA MAHUNYAYUOHHO20 POOOMA.

[ Ipoepammmuoe obecneyenue 00MICHO PYHKYUOHUPOBAMD, KAK 6
lomoenvHOCMU 6 8Ude Cpedbl MOOeTUPOBAHUs, MAK U 8 PedcUMe
MOHUMOPUH2A 8 PEATLHOM BPEMEHU NPU NOOKIOYEHUU MOOeIU
WMaHunysmopa nocpeocmeom pobomomexHu4ecKo2o
konmpoanepa. Ilpoepammmnoe obecneuenie OOIANCHO
0becneyusams 603MOACHOCH HOCHPOCHUsL 2PAPDUKO8 3A0AHHBIX
U mexyuux 06006ueHHbIX KOOPOUHAT MAHUNYISIYUOHHO20
poboma, epaghuxos 3Havenuil cCkopocmet u YCKopeHus,
lepaghuxos pacuemmnvix snavwenuil nazpysxu. Ilpoepammmnoe
0becneuerue OONIHCHO NO3B0IAMb 3A0A8AMb
noc1e008amenbHOCHb NEPEOSUNCEHULI MAHUNYIAMOPA
nocpedcmeom Habopa KOMAHO 8 6104YHO-2paguiecKkom
unmepgeiice. YuebHoe nocodue 00124CHO codepaicams
Wamepuansl no paspabomxe mpexmepHvix Mooenel MoOOUIbHbIX
PO6OMO8, MAHUNYIAYUOHHBIX POOOMOE C PAZTUYHBIMU MUNAMU
KUHeMamuxu (Yer06as KUHEMAmuKa, nioCKO-NapaiieibHas
Kunemamuxa, oenoma-kurnemamura, SCARA unu pvruadsxicras
Kunemamuxa, niamgopma Cniroapma u m.n.), UHCMpPYKYuu no
MPOEKMUPOBAHUIO POOOMOS, UHCMPYKYUU U MEMOOUKU
OCyUIeCcmeneHUst UHICEHEPHBIX PACYemOs8 NPU NPOEeKMUPOBSAHUU
(pacuemol Ha2py3KU U MOMEHMO8, PACHEm MOWHOCHU NPUBOO0E,
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pacuem napamempoe KUHEMAmuKy u m.n.), UHCMpYKYuu no
paspabomie cucmem ynpagienust i NPOSPAMMHO20 0OeCneueHuUs:
071 ynpaeieHust poobomamu, UHCMPYKYuu U MemoouKy no
paspabomxe cucmem ynpagieHust ¢ d1eMeHmamu
LCKYCCMBEHHO20 UHMENIeKMA U MAWUHHO20 00yyeHus."

Yemuwipéxocesoti yuebHuili
pobom- manunyasmop ¢
MOOYIbHBIMU CMEHHBIMU
Hacaokamu

Yuebnviti pobom-manunynsimop npeonasnaver 0 0C80eHUs
0OyUarOWUMUCT OCHO8 POOOMOMEXHUKY, OJisl NOO2OMOBKU
06yuaIowuxCca K 8HeOPeHUI0 U NOCIeOYIOueMy UCTIONb308AHUIO
pobomos 6 npomvluineHHom npouzsoocmee. Konuvecmeo oceii
poboma manunynamopa - vemvipe. Illepemewjenue
UHCIPYMeHMa 8 NPOCMpPancmee no mpem 0Csam O0JIHCHO
ynpasnamocs wazoebimu 0gueamenimu. Hanpsocenue numanus
uiazoewix 0sueameneil He bonee 12 B. Cepgoodsucamers
uemeepmoii ocu 00IHCeH 0becne usams nogoPoOm
uHCmMpymMenma. Y201 nogopoma MaHunyisAmopa Ha OCHO8AHUU
6OKpYe 6epmuKaibHou ocu e menee 180 epadycos. s
onpeoenenus NON0NHCEHUA MAHUNYIANOPA NPU NOBOPOME BOKPY2
GEPMUKANLHOU OCU 00NHCEH UCTIONB308AMbCA IHKOOED. Y20l
nosopoma 3aouezo nieua manunynamopa ne menee 90 epadycos.
Yeon nosopoma nepeonezo nneua manunynramopa ne menee 100
lepadycos. [{na onpedenenus noioxcenus 3a0He20 U nepeonezo
ey MAHUnYIAMOPa OONHCEH UCTIONB308AMBCA SUPOCKON. Yol
nosopoma no wemsepmotl ocu ne menee 180 epadycos. Jlomicna
ObIMb 603MOHCHOCHIb OCHAWEHUS CMEHHBIMU HACAOKAMU
(Hanpumep, depacamens KapaHoaula uiu gromacmepa,
mpucocka ¢ cepgoosucamenem, MeXaHUUecKoe 3axXeamHoe
lycmpoticmeo ¢ cepsodsuzamenem, yCmpoucmeo Ot 1a3epHoll
lepasuposku unu ycmpoticmeo 0as 3D-newamu). Munumanvras
KOMNIAEKMAyUs CMEHHbIMU HACAOKAMU. NHeBMAMUYeCcKUll
Baxeam (npucocka), mexanuueckuii 3axeam, HAcaoka
Oepoicamens 0Jisl KapaHOawa/Maprepa/pyyKu, Hacaoka
nepexoOHuK 05l KpenaeHusi COBMeCmuMbIX KOHCMPYKINUBHBIX
Oemaneii U KOHCMPYKYUil, HACAOKA 1a3ePHOU 2PABUPOBKU,
Hacaoka 3D-nevamu (013 pabomel ¢ nracmuxom PLA ¢
Ouamempom Humu 1,75 mm). JJonsxcen 6vims ocHauyen
CepBONpUBOOOM O NHEBMATUYECKO20 U MEXAHUYECKO20
Baxeamos, obecneuusarOWumM payerHue 3axXeaUeHH020 00beKma
60 8peMs nepemelyeruss, NO8OPom nepemenaemozo oovexma
6oKpYe 6epmukanvHol ocu. [{na obecneuenus
DYHKYUOHUPOBAHUA NHEEMAMUYECKO20 3AX8AMA OONHCEH ObIMb
OCHaujen cmpoenHoll 8 KOPNYC MAHUNYAAMOPA NOMNOU.
VonoxcHa Obimb 803MOACHOCTL HOOKIIOUEHUS OOROTHUMETbHBIX
lycmpoticms (Hanpumep, mpancnopmepa, peavca 0Jis
nepemewyenus poboma, nyivma YnpasneHus muna OHCoUCmux,
Kamepbl MAUWUHHO20 3PEHUS, ONMUYECKO20 OAMYUKd, MOOYIA
becnpogoono2o docmyna). Pobom-manunynamop oondxcer
0becneuusams nepemeujerue Hacaoku 8 NPOCMpPanHcmae,
AKMUBAYUIO HACAOKU, B03MONCHOCTIL NOTYUEHUS CUSHATIO8 O
Kamepbl U 0AMUUK08, B03MOHCHOCHIb YIPAGIEHUL
OonoanumenvHviMu ycmpoiicmeamu. Mamepuan kopnyca —
amromunuil. Juamemp pabouyeii 30ubl (be3 yuema HA8eCHO20
UHCMpYMeHma u yemseepmoti ocu) ve meree 350 ymm.
\Humepdgbeiic nooknrouenus — USB. Jloncen umems
BOZMOMCHOCTG ABMOHOMHOUL pAbOMbL U BHEUHE20 YIPAGIEHUSL.
V[ enewine2o ynpasienus 00adicet Oblmb npedycMompeH
nynem, nookmouaemsiti K pobomy no Bluetooth. Ynpasnaowuil
KOHmpoanep 0ondicen bbimsb cosmecmum co cpedotl Arduino.
Ynpaensrowuii konmponnep coemecmum co cpedou

npocpammuposanus Scratch u azvikom npoepammuposarus C.




Ne n/m

HaunmeHnoBanue
obopynosanus (PBI1IO)

KpaTkue npuMepHble TEXHUYECKHE XaPAKTEPUCTHKH
(PBIIO)

Exununa
H3MepeHus

Koa-Bo

VIonowcen obecneuusams nOGOPOmM No NEpebLM mpem OCIM 8
Ba0anHblIl Y2or U Ha 3a0aHHbIL Y20, NOBOPOM NO YemEepmou
ocu Ha 3a0anmubIll yeon, ogudicerue 8 koopounamol X, Y, Z,
nepemewenue Ha 3a0annoe paccmosnue no koopounamam X, Y,
\Z, nepedayy OaHHBIX O MEKYUeM NOLOAHCEHUU Y208, Nepedayy
OAHHBIX O MEKYUUX KOOPOUHAMAX UHCMpYyMeHma. Jloncen
noododepoicusams nepemeujeHue 6 OeKapmossblx KOOPOUHAMAX u
venax noeopoma oceti, ¢ 3a0aHHOU CKOPOCMbIO U YCKOPEHUEM.
Tunvl nepemewyenuli 8 0eKApMOBbIX KOOPOUHAMAX. OBUNCEHUE NO)
mpaexmopuu, 08udceHue No NPIMOU MeHCOY O8YMs MOYKAMU,
nepenpuleuganie U3 mouku u mouxy (neperoc obvexma). Kopnyc

aO/lJIC@H 6blmb 6 3auUyeHHoOM UCNOJIHeHUe (KJILICCG He HUsce
IP20).

Ob6pazosamenvhblii HAOOP
no mexanuxe,
Imexamponuke u
pobomomexnuxe

"Habop oondicen bblms npednaznayen 0Jist nPo8edeHust yueOHbIX
Banamuil no u3y4eHUI0 0CHO8 MEXAMPOHUKYU U POOOTNOMEXHUKU,
npakmuyecko2o npuMeHeHus: 6a308bIX INEMEHMO8 INEKMPOHUKU
U cxeMoOmexHuKy, a maxce naubonee pacnpocmpanHeHHol
DremenmHol 6a3zvl U OCHOBHBIX MEXHUYECKUX pelueHul,
MpUMEHAEMBIX NPU NPOEKIMUPOSAHUY U NPOMOMUNUPOBAHUU
PA3TUYHBIX UHIHCEHEPHBIX, KUDEPHEMUYECKUX U BCIPAUBAEMbIX
cucmem. B cocmag Habopa 00axcHbL 6X00UMb KOMNIEKMYylowue
u ycmpoticmea, oonaoaroujue KOHCMpYKMUHo,
DIeKMpUYECKol, annapamHuol u nPocPaAmMmHOL
coemecmumocmuio opye ¢ Opyeom. B cocmas nabopa doncen
6X0O0UMb KOMNIEKT KOHCHMPYKMUBHBIX 2JEMEHNO08 U3 Memaid
07151 COOPKU MAKema MAHUNYTAYUOHHO20 POOOA U KOMAIIEKM
Memaniuieckux KOHCMpYKMuGHbIX d1eMeHmos 0l COOPKU
Wakema mobubHo2o poboma. B cocmas nabopa 00nicHbl
6X00UMb NPUEOOA PATUYHO20 MUNA. MOMOPbL C
UHTESPUPOBAHHBIM UTU HEUHUM OaMHUUKOM NOTOHCEHU — He
Wenee 2um, cepgonpugod 6obulol — He Menee 4uim,
cepeonpusoo manvlii — He MeHee 2uim, HPUBOO C BO3MONCHOCIBIO
ynpasnenus 6 uiazo6om pesxcume — ne meree 2uim. B cocmas
HAbOPA OONHCHBL 6XOOUMb dNIeMelmbl 0Jis COOPKU BAKYYMHO20
Baxeama: 6aKyymHas npucocka — He meree lwum,
DIEKMPOMACHUMHBIL KIANAaH — He MeHee luim, 8aKyyMHblil HACOC
— He menee lwum. B cocmag Habopa donxcha xooumas
bremenmuas 6asa 01 NPOMOMUNUPOSAHUSL: NAAMA OIS
Oecnaeyno2o NPOMOMUNUPOBAHUSA, KOMNIEKI NPOBOO08
Pa3IUYHO20 MUNA U OTUHBL, KOMHIAEKIN Pe3UCMOPO8, KOMNIEKM
c8emoou0008, cemuceemeHmubiti uHouxamop, oucnieti KK-
muna, KHONKY — He MeHee Suim, NOMeHYUOMempbl — He MeHee
3wm, ungpaxpacuwiti damyux - He MeHee 3uim, YIbmMpazeyKo8ou
OamuuK - He MeHee 3uim, Oamuux memMnepamypul - He MeHee
[wm, oamyuk oceeweHHocmu - He MeHee 1uim, Mo0yib
Bluetooth — ne menee Iwum, mooyne UK-npuemnuxa — ne menee
[wm, modyne UK-nepedamuuxa 6 8ude KHONOUHO20 Nyabma
ynpasnenus — lwum, akkymyaamop — ne meree lwum, 3apsioHoe
lycmpoticmeo — ne menee lwm. B cocmas nabopa 0ondcen
6X00UMb MYTbMUOAMUUK OIS USMEPEHUS INEMNePamypbl U
6I1AXCHOCMU OKPYJIcarowell cpedvl — He MeHee lum.
IMynomudamuuk 0odiceH 061a0ams 6CMPOEHHBIM
WMukpoxkonmpoanepom (makmosas yacmoma - He menee 16 My,
wuHa daunslx — He menee 8 Koavim), unmepgeiicamu ons
MOOKMIOUEHUS. K GHEWHUM YCIMPOUCMEam: yugposvie u
ananozoevle nopmel, 1-wire TTL, pazvem muna RJ. B cocmas
Habopa 0ondHcen 6X00UMb KOMNJIEKIN YHUBEPCAIbHBIX
BLIUUCIUMENIbHBIX MOOYIIel, NPedCmasiiouux coooi 6a3o8yio

nnamy, niamy pacuupenus sl Cemeso2o 83aumMo0eicmeus u
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namy noOKIOYeHUs CUNOBOU Haspy3Ku. Bxooswue 8 Komniekm
lycmpoticmea donichbl 061a0ams 0OHO8PEMEHHOU
KOHCMPYKIMUBHOLL, IIeKMPU1ECKOU, annapamuou u
NPOSPAMMHOU COBMECMUMOCMbIO Opye ¢ Opyeom. Baszosas
nama yHugepCanbHO20 GbIMUCTUMENLHO20 MO0V QOIICHA
npedcmasnsims co60l NPOSPAMMUPYEMblll KOHMPOILIEDP 8 Cpede
Urduino IDE unu ananocuunvix c60000HO pacnpoCmpaHsiemblx
cpedax pazpabomru. bazoeas niama oonocna obradame
6CMpOoeHHbIMU URmMepeticamu 0l ROOKTIOYEHUsL YUDPOBLIX U
ananoeosvix ycmpoiicms, scmpoenuvimu unmepgeticamu USB,
UART, 12C, SPI, 1-wire TTL, Bluetooth, WiFi. Ilnama
pacuupenus 00CHA 06ecne usansd G03MONCHOCHIb
MOOKIIOYEHUS. YHUBEPCATILHOZO GIMUCTIUMENLHO20 MOOYVIIS K
cemu nocpeocmeom unmepgpetica Ethernet. [lnama pacuupenus
00IDICHa 0611a0amb nOPMamu 6600a-6b1600a OJis1 NOOKIHOYEHUS.
Yu@dposvIX U aHano2osvix ycmpoticms, unmepgetic SPI u
BO3MONCHOCHIBIO NOOKTIOUEHUSL 6HEWHEU Kapmbl NAMSINU.

[ Inama pacuupenus 015 NOOKIIOYEHUS CUTLOBOU HASPY3KU
00I2ICHA 0beCneuusams 603MOACHOCHL NPIMO20 NOOKIIOYEHUs!
GHeW el CUL0BOU HASPY3KU, d MAKICE Pe2yIupyeMoll Hazpy3Ku
nocpedcmeom PWM unmeppetica. B cocmas nabopa 0onowcen
BXOOUNb NPOSPAMMUPYEMBILL KOHMPOILTED, 0DeCneyusaouuil
BO3MOINCHOCHIb OCYWECMBIAMb PA3PAOOMKY NPOSPAMMHOO0
KOO, UChONL3YsSL UHCMPYyMeHmapuil cped paspadbomxu Arduino
IDE u Mongoose OS u s3zvixos npocpammuposanusi C\C++,
VavaScript. ITpoepammupyemvitl KOHmpoep 00diceH 001adams
nopmamu 0715 NOOKTIOUEHUsI YUDPOBLIX U AHATIO208bIX
lycmpoticms, 6CmpoeHHbIMU RPOSPAMMUPYEMbIMU KHORKAMU U
DAEKMPOMEXAHUYECKUMU MOOYTIAMU OJisl OP2AHU3AYUU CUCTHEMbL
PYUHO20 ynpasienust, 6CIMPOEHHbIMU NPOSDAMMUPYEMbIMU
ceemoouodamu 05 uHOUKayuu pabouezo pelcuma,
ecmpoennvimu unmepgpeticamu USB, USART, 12C, SPI, 1-wire
TTL, ISP, Ethernet, Bluetooth, WiFi. B cocmas nabopa donicen
6X00UMb MOOYIb MEXHUUECKO20 3PeHUs , NPe0Cmasiaowull
06011 bIUUCTUMENLHOE YCTPOUCTBO CO 6CHPOECHHbIM
Wukponpoyeccopom (Koi-60 sioep - ne menee 4uim, vacmoma
siopa ne menee 1.2 I'Ty, obvem O3V - ne menee 512M6, o6vem
6cmpoennoll navsimu - He metnee 8I0), unmezpuposannoll
Kamepou (MaKxcumanbHoe paspeuileHue 8uoeonomoxda,
nepedasaemozo no unmepgeticy USB - ne menee 2592x1944 e0.)
1 onmuyeckou cucmemotl. Mooynb mexHuuecko2o 3peHus
0o121ICer 0611a0aAMb COBMECTMUMOCIBIO C PA3TUYHbIMU
MpOSPAMMUPYEMBIMU KOHMPOJIEPAMU C NOMOULBIO
unmepceticos - 1-wire TTL, UART, 12C, SPI, Ethernet. Mooyno
IMeXHUUeCKo20 3penusi 00aICeH 00eCne usamy 8bINOHEHUE BCeX
U3MepeHUll U 8bIYUCTIEHULL HOCPeOCTNBOM COOCINBEHHBIX
BLIUUCTUMETLHBIX B03MONCHOCMEN 6CMPOECHHO20
Wukponpoyeccopa. Modynb mexHuuecko2o 3peHust Q0aiCeH
061a0amb B03MONCHOCTIBIO KOMMYHUKAYUU C AHATIOSUYHBIMU
Mooy amu nocpedcmeom wiuHbl Ha 6ase NOCie008aMeIbHO20
unmepgetica c yeavio oanvHelulell nepeoayu pe3yibmamos
u3Mepenull 2pynnvl MOOyJiell Ha YNpasisioujee GbIYUCTUNENbHOEe
lycmpoticmeo, nookarouernHoe Kk dannot wune. Mooy
IMexXHUUecKo2o 3penusi Q0aICeH 00eCne usans HaACMpPOUuKU
pesicumos pabomul - HACMPOUKY KCRO3UYUL, baranca 6e102o,
YGEMOPAZHOCMHBIX COCMAGTSIOWUX, NIOWAOU OOHAPYICUBAEMOTL
0O1acmu u3006padicenst, OKPY210Cmu 0OHAPYHCUBAEMOL
0O1acmu u3006padiCceHUsl, NONOANCEHUE OOHAPYIHCUBAEMBIX
ob1acmeti omuocumenbHo 0pye Opyaa, MauwuHHoe 00yyeHue
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napamempog HetupoHHbIX cemell Ol OOHAPYIICeHUs 00bEKMOo8,
bopMmy U 3aK0OUPOBAHHBIE 3HAYEHUSL OOHAPYICUBACMBIX
Wapkepoe muna Aruco, pazmepsbi 0OHAPYICUBAEMBIX
OKpYsICHOCMET, K8AOPAMOB U MPEY2ONbHUKOS, NAPAMEMPOs
KOHMPACMHOCMU, PA3MEPOS, KDUBU3HBL U NOONCEHUS.
pacnosnasaemvix nunuil. Habop oonocen obecneuusams
603MOJCHOCb PA3PAOOMKU MOOeIU MOOUILHO20 poboma,
ynpasnsemoti 6 FPV-pesicume nocpedcmeom npoepammnozo
0becneyenusi 01 NEPCOHANLHO20 KOMNLIOMEPA U MOOUIbHBIX
yempoticme na 6aze OC Android unu 10S, obecneyusaioujeco
BO3MOINCHOCIb YRPABIEHUS MOOUTLHLIM POOOMOM U
BCTPOEHHBIM MAHUNYTIIMOPOM NOCPEOCHBOM 2PAPUHECKo20
unmep@etica, SKuIOUAIOWUM 6 ce0sl HADOP KHONOK U
nepexmouamereti, OXHCOUCMuUK, 001acms 0151 OMOOPANCEHUSL
suoeo. Habop donocen obecneuusams 603MONCHOCMb U3YUEHUS
0CHO8 pazpabomK NPOSPAMMHBIX U ANNAPAMHBIX KOMNIEKCO8
UHOICeHepHbIX cucmem, peuterull 6 cgepe ""HUnumepnem sewyeni””,
la maxoice pewrenuil 8 0oaacmu poOOMOMexHUKH,
UCKYCCBEHHO20 UHMEIEKINA U MAWUHHO20 00yyenus. B
cocmaes Habopa O0NIHCHO 8X00UMb NOCOOUE NO UZYHEHUIO OCHOS
DIEKMPOHUKU U CXeMOmeXHUKU, peutenutl 6 cghepe ""HUnmeprnem
sewen"", paspabomxu u npoMmomunupo8anuio mooenetl
pobomos. B cocmae nabopa 00miCHO 6x00ums nocodue no
U3YUEHUIO OCHOB PA3PAOOMKU CUCTIEM MEXHUUECKO20 3PEeHUsL U
beMenmo8 UCKyccmeenno2o unmeiniekma.”

Obpa3zosamenvHblli
KOHCmMpYyKmop 07is
Mpakmuku 6104H020
NPOSPAMMUPOBAHUS C
KOMNIEKMOM 0amyuKog

\IPobomomexnuueckuii Habop npeoHasHayeH O U3y4eHus OCHO8
pobomomexHuxu, demanet, Y3106 U MEXAHUIMO8, HeoOX0OUMbIX
07151 co30anust pobomomexnudeckux ycmpovcms. Habop
npedcmasnaem cobou KOMNIEKM CIMPYKIMYPHBIX 2I1eMEHMO8,
COeOUHUMENLHBIX ITNEMEHMO8 U INEKIMPOMeEXHUUECKUX
Komnonenmos. Habop no3eoasiem npogooums sxcnepumennisl no
npedmemy Quauxa, co30asamo u NPOSPAMMUPOLATNL
cobupaemvle Mooenu, u3 KOMNOHEHMO8, BXO0AUUX & 20 COCTNAS,
padouue mooenu MOOUTLHBIX U CTNAYUOHAPHBIX
PoOOMOmMexXHUUeCKUx yCmpocme ¢ agmomMamusupoO8aHHbIM
ynpasnenuem, 8 mom yucie Ha KOAECHOM U 2YCEeHUYHOM X00Y, d
makoice KOHCMPYKYutl, OCHOBAHHBIX HA UCTIONL3068AHUU
PA3IUYHBIX 81008 Nepeday (8 MoM Yucie YepesyHbIX U
ByOuameix) a maxace pvryazos. Bempoennvie becnposoonvie
cemesvie pewenus (Wi-Fi u Bluetooth), éozmoorcnocms
unmezpayuu c becniamuvim obaaunvim 110, obecneuusarom
BOZMONHCHOCTG NPAKMUYECKO20 U3YYeHUs MEeXHON02Ul
UHmMepHema gewell U OCHO8 UCKYCCMEEHHO20 UHMENIeKnd.
Obecneuusaemcs 803MOHCHOCHb 00beOUHEHUsL HECKOIbKUX
pobomos, cobpanubix u3 n0O0OHBIX HAOOPOE, & 2PYNNbLL C
cemesvim g3aumoodeticmeuem. [lpedycmompena onyuoHaibHas
BO3MONHCHOCTG PACUUPEHUA OONOTHUMETLHVIMU KOMNOHEHMAMU
(He 6x00AUUMU 8 CIAHOAPMHYIO KOMIIEKMAYUL0),
MO38ONAIOWUMY UZYYAMb MEXHUUECKOe 3peHUe U
npomvlunenHyo pobomomexnuxy. Ilpedycmompena
603MOACHOCMb PabOmbl HAOOPA ¢ OONOIHUMETLHBIMU
oOraunviMu cepgucamu. Ilpedycmompenvt MunuMym 08a
NpoepAMMUPYEMbIX KOHMPOJIEpa 8 NIACMUKO8bIX KOPHYCAX,
n03680AI0UUX OOHOBPEMEHHO C030A8amb 2 8apuanma pooomos
PA3IUYHOCO HASHAYEHUS, UMEIOUYUX BO03MONCHOCTL PAOOMbL KAK
6 NOMOKOBOM pedcume, MaK u ABNMOHOMHO, HO360IAIOUUX
peanuzoeamsv 00yueHue NPOSPAMMUPOBAHUIO 8 HECKOTILKUX
cpedax pazpabomKu Ha Pa3TUYHbIX A3bIKAX (K npumepy, 8 cpeoax

Wblock, Arduino IDE, na sizvikax Scratch, C, Python, micro
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\Python). Kax munumym 0OuH u3 KOHMPOALEPO8 umeem
BCIMPOEHHYIO ONEPAYUOHHYIO cucmemy, ecmpoentvie Wi-Fi u
\Bluetooth, nopm 0111 noOKOUeHUSA NOCIE008AMETLHO
coeduHsembIX 6HewHUX ycmpoticms (He menee 20 00HO8peMEHHO
nookmouaemvix ycmpoticms). Kax munumym oourn u3z
KOHMPOIEPOB UMeen 803MONCHOCHb OOHOBPEMEHHOU 3aNUCU He
Wenee 8 npocpamm, ¢ 803MOICHOCHBIO NEPEKTIOYEHUSL MENCOY
Humu. Kax Mmunumym 0OuH u3 KOHMpoiiepos umeem
noanoyeemnuwil oucniel (IPS), nossonarowuil 661600ums OarHvle
c 0amuuxos 6 sude mabauy u cpaguxos, a makice co30a8ams
s6cmpoentvie 8 KOHmpoJiep sudeoucpsl. Konuvecmso cencopos u
UCNOTHUMENLHBIX YCINPOUCTS, 6CHPOEHHBIX 8 OOUH U3
Kommpoanepos, - ne meree 10 wm. Obwee kKoruuecmso
baemenmos 6 Habope ne mernee 400 wm., 6 mom uucie
nookmouaemvie mooynu: - Bluetooth modynw, - 0801HOU damuux
ViunULY, - YIbMPA36YKOBOU OAMYUK PACCMOSAHUL, - OaMYUK
yeema, - OAMYUK KACAHUSL deKmpomexanuyeckutl, - IR Mooyis, -
WMomop nocmosiHHo20 MoKa ¢ pedyKmopom — He meHnee 2 wim., -
cepeonpusoo, - nyivm oucmanyuonno2o ynpasnenus IR. Habop
Qomicen OblMb YKOMNAEKMOBAH AKKYMYIAMOPHbIMU ODAMApesimu.
[ Ipoepammmnoe obecneuenue, ucnonbzyemoe os
MPOSPAMMUPOBAHUSL CODUPAEMBIX POOOMOMEXHUYECKUX MOOeel
U yempotcme, 0014CHO Oblmb OOCMYNHO 0151 OECNIAMHO20
ckayusanus u3 cemu Mumeprnem u nocieoyiouje2o
UCNONb30BAHUSL.

HammenoBanue pasnena: "EcTecTBeHHOHAayYHAs! HAIIPABJIEHHOCTD"

IMuxpockon yughposoii

Tun muxpockona: ouonocuveckuii Hacaoka muxpockona:
Wwonokyspnas Haznauenue: nabopamophuiii Memoo
uccredosanusl: ceemuoe noie Mamepuan onmuxu: onmudeckoe
cmexno Yeenuuenue muxpockona, kpam: 64 — 1280 Okynapoi:
WF16x Obvexmuewi: 4x, 10x, 40xs (noonpysrcunennulii)
\Pegonbeepras 2onogka: na 3 ob6vexmusa Tun nooceemxu.
Bepkano uiu cemoouod Pacnonosicenue nooceemku: epxHsis u
HuoicHsist Mamepuan xopnyca: memann I[Ipeomemuuiii cmonux,
wm: 90 Hemounux numanus: 220 B/50 'y YQucno mezanukceneii.
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