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PECIIYBJUKA KPbIM
MUHUCTEPCTBO OGBPA3OBAHUS, HAYKH U MOJIOJIEXKHA

(MUHOBPA3OBAHMUS KPbIMA)
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r. Cumdepomnosnb

006 yTBep:kIeHHH TTepeYHsI 000py/I0BaAHMS, PACXOAHBIX MATEPHAJIOB, CPE/ICTB
00yuyeHHs] H BOCIIUTAHUSA IJisl CO3IaHUS U oOecneueHUus] PyHKLIHOHUPOBAHHUS
B 2024 roay HeHTpPOB 00pa3oBaHUS €CTECTBEHHO-HAYYHOH U TeXHOJIOTH4YeCKOH
HanpaBJeHHocTeld «Todyka pocTa» B 001e00pa3oBaTe/IbHbIX OPraHH3alHUAX,
pPacioJIOsKEHHBIX B CeJIbCKOH MECTHOCTH H MaJibIX rOpoax, B paMKax
tdenepanbHoro npoexkra «CoBppeMeHHas MIKO0JIA» HAIIMOHAJBHOIO IIPOEKTA
«O06pa3oBaHue»

B cootBerctBuu ¢ 1. 2 Komiuiekca mep («JopoxHas kapTa») MO CO30aHUIO U
(yHKLIMOHUPOBAHUIO B 00IIe00pa3oBaTeIbHBIX OpraHU3aLUsIX, PACIIONIOKEHHBIX B
CeIIbCKOM MECTHOCTM M MaJIbIX TopojiaX, LEHTPOB oOpa30BaHUSA €CTECTBEHHO-
Hay4HOH W TEeXHOJIOTMYECKOW HampabBieHHocTed «Touka pocra» MeTomudeckux
pPEeKOMeHIAIMi 10 CO3MaHui0 U (YHKIIMOHMPOBAHUIO B 001Ie00pa30BaTENbHBIX
OpraHU3alMsIX, PACIIONIOKEHHBIX B CEIbCKOM MECTHOCTU U MaJIbIX TOPOJax, [IEHTPOB
o0pa3oBaHUs CCTECTBEHHO-HAYYHOM W  TEXHOJOTMYECKOd  HamlpaBlIEHHOCTEMH

HallpaBJIEeHHBIX MMHCBMOM MHHUCTEepCTBa OpocBelleHus: Poccuiickoii @enepanuu
NoTB-2356/02 ot 30.11.2023 «O HampaBJICHUU METOAUYECKUX PEKOMEH AN

ITPUKA3BIBAIO:

1. YTBepauTh mepedyeHb O0OpYIOBaHMUS, PACXOAHBIX MaTEpPHajOB, CPEICTB
OOydYeHHMs M BOCIHUTAHHUS [JIis co3naHus M obecredeHus (YHKIMOHMPOBAHUS B
2024 romy IEHTPOB OOpa30BaHUs ECTECTBEHHO-HAYYHOH M TEXHOJIOTHYECKOM
HanpasiieHHocTel «Touka pocra» B 00meo0pasoBaTeNbHBIX OpraHU3alUsIX,
PACIIONIOKEHHBIX B CEJIBCKOW MECTHOCTH M MallbIX ropoaax (MHQpPacTpyKTypHBIH
JIACT) COTJIACHO TIPUIIOXKEHUIO (TIpUiaraeTcs).

2. KoHTpoJIh 3a UCIIOJIHEHHEM HaCTOSIIEro MpHKasa BO3JIOXKHUThH Ha MEepBOTO

3amectutens muHuctpa JIeBoBy C.H.

MuHucTp B.B. Jlappuk




Ipunoxenne

K nprkasy MuHucTepCcTBa o0pazoBanus,
HayKn 1 Mosozesku Pecry6iuxu Kppiv
OTLY, SR 210 No 7Y E

Ilepevens oGopymoBanus, PACXOIHBIX MaTePHAJIOB, CPENCTB 00ydeHus 1
BOCIIUTAHMSA AJIA CO3TAHUSA H 00ecledyeHns byHKIHOHMpPOBaHUS LHEHTPOB
o0pa3zoBaHus €CTECTBEHHO-HAYYHOH H TEXHOJIOTHYeCK O HanpasjeHHocTell «Touka
pocTay B 001meo0pazoBaTeIbHBIX OpraHu3aluAX, PACHOJ0KEHHBIX B CEJIbCKOM
MECTHOCTH H MaJIBIX FOpoax (nadpacTpykTypHBIii JIHCT)

Ne Hanmenosanne Kpartkue npumepnsie Texnnyeckie XapakrtepucTuku | Equnnnya
0/n| oGopysoBaHust (PBITIO) (PBIIO) H3MepeHust
Hanmenosanue HanpagJjeHust: "Odopyodosanue ona 00ue0bpazoeamensubix Op2QHU3AYUIL, HE AGNAIOWUXCA
MANOKOMIACKIMHbIMU "'

Kosmyecrs

& |

HanvenoBanwe paspena:
1 "EcrecTBeHHOHayqHAS
HaIpaBJICHHOCTh"

Obecneuusaem suinonnenue OKCHepUMeHmos no memam
ypea Gusuru. Komnnexmayus.: becnposodnoii
YIeMmudamuuk no gusure ¢ 6-10 GCIMPOCHHBIM Y
Oamuuramu: Lugposoii damyux memnepamypel ¢
OuanasoHom usmepenus ne Yorce yem om -20 0o 120C
[[upposoii damuux abeonomnozo dagnenus ¢ ouanasonom
usmepena He yoice wem om 0 0o 500 kIa Jamuux

GEHUIMHO20 NONAL C QUANAZOHOM USMEDEHUS. He Yoice yem
om -80 0o 80 mTn Jamyux HAnpAdCenus ¢ OuanasoHamu
LSMepeHUs He yoice yem om -2 00 +2B; om -3 do +35B; om -
L[ugposas nabopamopus nol0 do +] 0B, om -15 00 +15B Jamyux moxa e Yyoice yem 165.00
Pusuxe (uenuueckas) om -1 0o +14 Hamuux akcenepomemp ¢ NOKA3amensimu . '
He Menee uem: £2 g; x4 g: £8 g Omdenvuvie ycmpoiicmea:
USB ocyunnozpagh ne menee 2 kanana, +/-10 B
rceccyapui: Kabens USB coedunumensnoiii 3apaonoe
ycmpoticingo ¢ kabenem miniUSB USB Aoanmep Bluetooth
4.1 Low Energy Konempyrxmop ons nposedenus
orcnepuyenmos Kpamioe pykogodcmeo no j
prenTyamayuu yug)posoii nabopamopiu Ipoepammuoe
obecneuenue Memoduueckue pexomendayuu (40 pabom)
Hanuuue pyccroasviunozo caiima noddepoicku Hanuuue
610eopoKos.
Obecneyusaem guinonnene nabopamopneix pabom no
CUMUL HA YDOKAX 8 OCHOGHOLU UIKOIIE U NPOCKINTHO-
1LCCe008amenbCKotl desmenviocmi YHQuuxcs.
Komnnexmayus: Becnposodnoii MYToMUOamuuK no Xumuu
¢ 3-ms 6CmpoentviMu damyuamy: Hamuurx pH ¢
Ouanasonom usmepenus ne yoice wem om 0 0o 14 pH
[ amuur snexmponposodumocmu ¢ duanasonam
usmeperus e yoice uem om 0 0o 200 mxCm; om 0 do 2000
mkCx; om 0 0o 20000 mxCwm Jamyur memnepamypei ¢
Ouanasonom usmepenus ne yoice vem om -20 0o + 14 oc utm 165.00
Omoenviole damuuru: Jamyur onmuyeckori niomuocmu
D25 Hv Axceccyapui: Kabens USB coedurumensruiii
3apsdroe ycmpoiicmso ¢ kaberem miniUSB USB Aoanmep
Bluetooth 4.1 Low Energy Kpamkoe pyrxosodcmeao no
PKCnIyamayuu yugposoli nabopamopuu Habop
nabopamoproii ocnacmru Ilpozpammuoe obecnevene
Memoouueckue pexonendayuu ne menee 40 pabom
Hanuvue pyccroaswiunoeo caiima nodoepoicku Hanuuue

6LUOeoponkos.

Lugposas nabopamopus no
WuMuy (Yuenuueckas)
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[ ugpposas nabopamopus no
ouonocuu (yueHuyeckas)

Obecneyusaem evinoHenue 1a00PaAMOPHbLIX pabom Ha
ypokax no 6uonozuu 8 0CHOBHOU WKOIE U NPOEKMHO-
UcCe008amenbCKoll OesmenbHOCIMU Y4auuxcs.
[Komnaexmayus: becnposoonoti mynemudamuux no
ouonocuu ¢ 5-10 6CMpoeHHbLIMU OamyuKamu. Jamuux
enascnocmu ¢ ouanasonom usmepenus 0...100% Jamuuk
0ceeueHHoCmuU ¢ OUANA30HOM UBMEPEHUsL He Yice Yem Om
0 0o 180000 ax [Jamuux pH ¢ ouanaszonom usmepenus ve
vorce uem om 0 0o 14 pH Jlamuux memnepamypul ¢
Ouanazonom usmepenus He yoce wem om -20 do +140C
Vlamuux memnepamypbi okpyscaiowyeti cpeobl ¢
Ouanazonom uzmepenus He yoice uem om -20 0o +40C
Ukceccyapol: 3apsonoe ycmpoticmeo ¢ kabenem miniUSB
USB Aoanmep Bluetooth 4.1 Low Energy Kpamxoe
pyK0600CmE0 no IKCHAyamayuu yugposot rabopamopuu
[ugpposas sudeokamepa ¢ MEMANTUYECKUM ULMAMUBOM,
paspewenue ne menee 0,3 Mnuxc Ilpoepammnoe
obecneuenue Memoouueckue pekomenoayuu ne meree 30
pabom Ynakoexa Hanuuue pycckoasvlunozo caiima
n000epIHCKU, Haruuue 8UOeOPOIUKO8

165.00

HanmeHnoBaHMe pa3mena:
" JlonOJIHUTENBHOS
o0opynoBanue"

Obpazosamenvhblii HAOOP
0151 U3YUEeHUs
MHO20KOMNOHEHMHbIX
pobomomexuuyeckux
cucmem u
MAHURYISIYUOHHBIX
pobomos

Obpazosamenvhvlil HAOOP 00HCEH ObIMb NPEOHA3HAYEH
071 U3YYeHUss pOOOMOMEXHUYECKUX MexXHOL02Ul, OCHO8
UHPOPMAYUOHHBIX MEXHOLO2UL U TNEXHOL02UT
NPOMBIULEHHOU A8MOMAMU3AYUU, A MAKIHCE MEXHON02UL
NPOMOMURUPOBAHUS U AOOUMUBHO20 NPOU3600cmea. B
cocmag Habopa OONICHBL BXOOUNb KOMIAEKMYIOUUE U
yempoticmea, obradaiouue KOHCMPYKMUGHOLl,
annapamuoul u NPOSPAMMHOU COBMECTNUMOCTbIO OpYe C
Opyeom. 1) Komniekm KOHCMPYKMUBHBIX dNEMEHMO8 U3
\Wemania u niacmuka 0 cOOpKu mooenetl
WMAHURYIAYUOHHBIX POOOMOE C Y2N080U KUHEMAMUKOL,
niockonapainienvHoll kunemamukou, Delta-kunemamuxoil.
2) UnmennekmyanoHblil cepeoMOOYilb ¢ UHMESPUPOBAHHOU
cucmemoti ynpasienus - ne menee 7um. Cepomooyv
0os1cer 0b1a0ams UHMeSPUPOBAHHOU CUCTNEMOLL
ynpasnenus, obecneuusaroueri 0OPAMHYIO C8A3b UIU
KOHMPOIb NAPAMEMPO8 - NOIOHCEHUE 8ald, CKOPOCHb
epawenus, Hazpy3Ka npueooa, a makxice obecnevusaioujel
603 MOXCHOCIb NOCIE008AMENLHO20 NOOKNIOUEHUS OpYe C
Opy2oM U ynpaegieHusi cep8omMoOYIamMU HO
nocnedosamenbHOMy NOLYOYNAEKCHOMY ACUHXPOHHOMY
unmepgeiicy. 3) Pobomomexnuueckuii KOHmMpoJiep,
npedcmasnsarowull coool MOOYIbHOE YCMPOUCMEO,
sKrIIOUarOWee 6 cebsi 0OHONIAMHbBIN MUKPOKOMIbIOmep OJis
6bINOTHEHUS CTIOJCHBIX 8bIYUCTIUMENbHbIX ONepayull,
nepugepuiinbiti KOHMpoILep 0 YNPAsLeHUst 6HEUHUMU
ycmpoticmeamu u naamy pacuiupenuss 0si NOOKIOYEeHUs.
eHewHux ycmpotiicms. Mooynu pobomomexHuyeckozo
KOHMPOLIepa 00aACHbl 001A0amb 00HOBPEMEHHOU
KOHCIPYKMUBHOU, annapamHou U npocpammHou
coemecmumocmbio Opye ¢ opyeom. Pobomomexnuueckuii
KOHMPOJLIEP O0NAHCEH YOO0BNeMBOPANb MEXHULECKUM
xapakxmepucmukam: Koi-60 50ep CMpPOEHHO20
Wukpokomnsiomepa - He MeHee 4, makmosas uacmoma
si0pa - ne menee 1,2 I'Ty, o6vem O3V - ne menee 512 Mo,
nanuyue unmepgeiicos - SP1, 12C, 1-wire TTL, UART,
PWM, yugposvie - ne menee 16 wm u anano2osvle nopmol
- He MeHee 8 wm 07151 NOOKTIOYEHUS BHEUHUX YCIPOTICME,
scmpoennblll Mukpogon, a maxace Wiki unu Bluetooth ons
KOMMYHUKAYUU CO BHEUHUMU YCIPOLICIBAMIUL.
\Pobomomexnuyeckuti KOHMpowLep 00AdNCeH 0becneuusans

55.00
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BO3MONCHOCTD NPOSPAMMUPOBAHUSL C NOMOWBIO CPEOCE
lz301k06 C/C++, Python u c60600H0 pacnpocmpansiemont
cpeovt Arduino IDE, a makowce ynpasnenust MoOensimu
pobomomexnuueckux cucmem ¢ nomoupto cpedsvi ROS. 4)
[ Ipoepammupyemviii Konmpoinep - He menee luim.

[ Ipoepammupyemviti KOHMpPoLLEp OONACEH NPEOCMABIAMb
C00011 8bIYUCTUMENbHBIN MOOYIIb, 001A0AIOUWUM
yupposvimu nopmamu - He MeHee 8 wm u aHaI0208bILMU
nopmamu - ne mernee 16 wm, unmepgeiicamu UART,
I2C,SPI, TTL, a maxoice mooynem 6ecnpo8ooHoll Ce:3U
muna Bluetooth unu WiFi ons co30anus annapammo-
npoepammubix peuterun u "ymuvix/cmapm'-ycmpoiicme
ons pazpabomru pewenuti "HUnmeprnem sewenr”. 5) Ilama
pacuupenus npocpamMmMupyemMo20 KOHmpoiiepa — He MeHee
Lwm. [Inama pacwupenus 0ondxicna obecnevusams
603MOIICHOCTL NOOKNIOYEHUS YHUBEPCATILHOZO0
BBLIUUCTUMENLHO20 MOOYJISL K CEMu NOCPEOCTNEOM
unmepgeiica Ethernet. [Inama pacwupenus 00nxCHA
0b1a0ame nopmamu 6600a-6b1600a Ol HOOKIIOYEHUS.
yu@dpoBvIX U AHA0208b1X Ycmpoticme — He mernee 40 wim,
unmepgetic SPI u 603M02CHOCIbIO NOOKIIOYEHUS 8HeWH el
Kapmul namsimu. 6) MoOynb mexuuuecko2o 3penus,
npedcmasnarowull coooll ycmpoucmso Ha basze
BBIUUCTUMENbHO20 MUKPOKOHMPOILEPA U
UHmMezpUpOBaAKHOL Kamepbl, obecneuusaiouee
pacnosnasanue npocmeriuux u300pasicenuli Ha mooyne 3a
cuem coOCMBEHHbIX BbIYUCTUMENbHBIX BO3MONCHOCMEN - HE
wmenee lum;, Moodynb mexuuuecko2o 3peHus O0aANceH
0becneuusams B03MONCHOCMb KOMMYHUKAYUU C
AHATOSUYHBIMU MOOYISIMU NOCPEOCHBOM WUHbBL HA 6a3e
nociedosamenbHo20 unmep@etica ¢ yenvio oanvheluiel
nepedauu pe3yibmamos usMepeHutl 2pynnsl MoOyiel Ha
Vnpasisiowee GbIYUCIUMeNIbHOe YCMPOUCMEO,
noOKIOUeHHoe K OanHou wiune. Modynb mexHuuecko2o
Bpenus dondIceH 0becneuusams 603MONCHOCHTb
ocywecmanames HacmpouKy MOOYJisk MEXHUYECKO20 3PeHUs.
- HaCMpOUKy 9KCnosuyuu, banarca 6enozo,
YY6EMOPAZHOCMHBIX COCMABISIOWUX, NIOUAOU
oOHapycusaemou ooracmu u306padcenuss, OKpPyei1oCcmu
oOHapycusaemou ooracmu u306padcenuss, NOI0NHCEHUe
0OHapydcugaemvlx obracmer OMHOCUMENTbHO Opye Opyed.
IMoOyne mexHuueckoeo 3penus 00Ix#ceH 0becneuugams
603MOIANCHOCTI HACMPOUKU HA 0OHOBPEMEHHOE
o0OHapyscenue ne menee 10 pasnuunblx 0OUHOUHBIX
00bekmos 6 cexkmope 00630pa, OO He MeHee 5 COCMABHbIX
00bEKMOs, COCMOSUUX U3 He MeHee 3 PA3IUYHbIX
epaghuueckux npumumueos. Modyab mexnuyecko2o
Bpenus 0ondcen 061adams 6CMPOEeHHbIMU UHmMeppeticamu
— USB, UART, 1-wire TTL, I2C, SPI 01151 KoMMYyHUKayuu co
GHeWHUMU NOOKAIOUAeMbIMU Yyempolicmeamu. 7) B cocmas
Habopa 0012HCHBL 6X0OUMb YUPPOBbIE UHPOPMAYUOHHO-
cencoprble MOOYIU, npedcmasisowue coool Yycmpoucmea
Ha 6aze nPo2pAMMUPYEMO20 KOHMPOILIepd U
usmepumenbHozo snemenma. Llugposoti modyns dondicen
0061a0aMmb 6CMPOEHHLIM MUKDOKOHMPOLIEPOM (MAKMOBAs.
uacmoma - He menee 16 MI'y, wuna oannvix — ne menee 8
[Koaiim), unmepeticamu 01 ROOKNIOUEHUS] K 6HEUHUM
yempoticmeam: yugposuie u ananozosvle nopmol, 1-wire
TTL, pasvem muna RJ. [{ugppogoti mooynv 0ondicen
0bOecneuusams 803MONCHOCMb KOMMYHUKAYUU C
AHANO2UYHBIMU MOOYAAMU NHOCPEOCMBOM WUHBL HA Oa3e
nocredosamenvHoco unmepgelica ¢ yenvio darvheliulell
nepedauu pe3yrbmamos usMepeHutl 2pynnovl Mooyiet Ha
ynpasisiowee 8blYUCIUmMenIbHoe YCmpOoucmao,
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noOKIOUeHHOe K OaHHOU wuHe. B cocmas nabopa 00onicHo
6X00Umb. YUPPOBOU MOOYIb MAKMOBOU KHONKU — He
Wmernee 3um, yugpoeoii Mooy ceemoouoda — He MeHee
Jwm, yughpoeoii MoOyIb KOHYEB020 NPEPLIBAMENs — He
Wmernee Jum, yugpoeoi Mooy damuuka yeema — He
wenee lum, yugposoii mooyie RGB ceemoouoda — ne
mernee luum. 8) B cocmas nabopa 00n#CHbI 8X00UMb
bremenmbl 015t COOPKU 8AKYYMHO20 3AX8aMA. 6aKYYMHAS
npucocka — He menee lwim, 2NeKMPOMASHUMHbBLI KIANAH —
He menee lwm, eaxyymublil Hacoc — He meHee Twm. 9) B
cocmae Habopa 00xHCeH 8X00UMb Y4eOHbIll KOMNIEKM,
erIIOUarOWUll 8 cebst yuebnoe nocodue, Habop OubIUOMeK
IMpexmepHbIX d1eMeHmOo8 01 RPOMOMUNUPOBAHUSL
\modenel MaHURYIAYUOHHBIX POOOMOB, a MAKIICE
npoepammuoe obecneyerue 0t pabomul ¢ HADOPOM.

I Ipoepammmoe obecneuenue 00ICHO obecneuusams
Impexmepuyio U3yaIU3aAYUI0 MOOeIU MAHUNYIAYUOHHOO
poboma (c yenogoii, niocKonapaiienvHou u Oenbma-
KUuHeMamuKotil) 8 npoyecce pabomul, obecneuugamas
nocmpoenue npoCmpancmeeHHO MPAeKmopul OGUICEHUS.
UCHOTHUMENbHO20 MEXAHUIMA MAHUNYISYUOHHO2O0
poboma, 803MOAHCHOCIb 3A0aHUS NOCIE008AMENbHOCTU
mouex OJisl BPOXOANCOEHUS Yepe3 HUX UCHOIHUMENbHO20
\MexanuzmMa ManunyIsyuonHozo poboma. Ilpoepammnoe
0becneuenue 00INICHO PYHKYUOHUPOBAMb, KAK 6
omoenvbHOCmU 6 8UOe CPedbl MOOCTUPOSAHUS, MAK U 8
pearcume MOHUMOPUHEA 8 PEAbHOM BPEMEHU NPU
NOOKIIOYEeHUU MOOENU MAHURYISIMOPA NOCPEOCIBOM
pobomomexnuyeckoeo konmpoanepa. Ilpoepammnoe
0becneuenue 00IHCHO 0becneyusams 803MONMCHOCHb
noCmpoeHust 2papuKo8 3a0aHHbIX U MEKYUUX
0000UieHHbIX KOOPOUHAM MAHUNYIAYUOHHO20 pobOma,
epaghuxoe snavenuil ckopocmeti u yCKopenust, 2papuros
pacuemnvlx 3navenutl nazpysku. Ipoepammuoe
0becneueHue 00HCHO NO3BOIAMb 3A0A8AMb
10CIe008AMENLHOCHIL NEPEOGUICEHUTI MAHUNYISIMOPA
nocpedcmeom Habopa KOMano 8 6J104UHO-2paguieckom
unmepgetice. Yuebnoe nocobue 00124cHO cooepiicams
Wmamepuanvl no pazpabomie mpexmepuvix mooenel
MOOUILHBIX POOOMOB, MAHUNYISAYUOHHBIX POOOMOE C
paziuuHbIMU MUNAMU KUHEMAmuKy (y2no6as KUHeMAamuKa,
NI0CKO-NAPANIENbHASL KUHEMAMUKA, 0elbMa-KUHEMAMUKd,
ISCARA unu pvruasicnas kunemamuxa, niamgpopma
Cmioapma u m.n.), UHCMPYKYul no NPoeKmupo8aHUI0
pPo60MO8, uHCMPYKYUU U MEMOOUKU OCYULeCEILeHUS.
UHIICEHEPHBIX PACUENO8 NPU NPOEKMUPOSAHUU (PaAcHembl
Ha2pY3KU U MOMEHMO8, paciem MOWHOCMU NPUBOJOS,
pacuem napamempos KUHeMamuky u m.n.), UHCMpyKyuu
no paspabomke cucmem YNpagieHus u NPoepamMmHoO20
0becneyenusi 0is ynpagieHus pooomamu, UHCMpYKyuu u
lMemoouxu no paspabomie cucmem ynpaeieHus ¢
bAeMEeHmMAaMU UCKYCCMBEHH020 UHMELIEKMA U MAWUHHO20
0Oyuenus.

Obpaszosamenbhbiil
KoHCmpyKmop 0
npakmuku 0104H020
npoSPaMMUpo8anus ¢
KOMNIEKMOM 0amyuKos

\Pobomomexnuueckuti Habop npeoHasHaweH OJist U3yueHuUs:
0CHO8 pobomomexHuku, demanetl, Y3106 U MEXAHUIMOS,
He0OX0OUMBIX OJisL CO30AHUL POOOMOMEXHUYECKUX
vempoucme. Habop npedcmagnsem cobou komniekm
CIMPYKMYPHBIX 2NEMEHMO08, COCOUHUMETIbHBIX INeMEHMO8 U
brekmpomexuuueckux komnonenmos. Habop nozeonsem
npoBOOUMb IKCNEPUMEHMBL NO NpedMemy usuxa,
€030a6amb U NPOSPAMMUPOBATL COOUpaemble MOOEnU, U3
KOMNOHEHMO8, 8X00AWUX 8 €20 COCTas, paboyue Mooeau
MOOUTLHBIX U CMAYUOHAPHBIX POOOMOMEXHUYECKUX
yempoticms ¢ asmomamusuposaHHbIM YRpAasieHueM, 8

55.00
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mom uucie Ha KONECHOM U 2yCeHUUHOM X00Y, d MAaKHce
KOHCPYKYUU, OCHOBAHHBIX HA UCNOIb308AHUU PA3TUUHBIX
611006 nepedat (8 MOM HUC/Ie YePEUHBIX U 3Y0UamblX) a
maxkoice pvluazos. Bempoennvle becnposoonvle cemegule
pewenust (Wi-Fi u Bluetooth), 603mooichocms unmezpayuu
c 6ecniamuvim obnaunvim 110, obecneyusarom
603MOINCHOCTID NPAKMUYECKO20 U3YYEHUsT MEeXHOTO2ULL
unmepnema eeujell U OCHO8 UCKYCCMBEHHO20 UHMEILIeKMA.
Obecneuugaemcs 603MOHCHOCHb 00bEOUHEHUs HECKOIbKUX
pobomos, cobpannbix U3 NOOOOHBIX HAOOPOS, & 2PYNNbL C
cemesblm 3aumooeiicmeuem. Ilpedycmompena
ONYUOHATLHASL BO3MOICHOCTD PACULUPEHUS
O0NOIHUMENLHBIMU KOMROHEHMAMU (He 8X00AUWUMU 8
CManOapmHy10 KOMIAEKMAYUIO), NO3GONAIOUWUMU U3YYATb
mexnHuyeckoe 3penHue U nPOMbIULIEHHYI0 POOOMOMEXHUKY.
[ Ipedycmompera 803MOACHOCMb pabomul Habopa ¢
00NOIHUMENbHBIMU OOIAUHBIMU CEPEUCAMU.

[ Ipedycmompervl MUHUMYM 08a NPOSDAMMUPYEMbIX
KOHMPOLIEPA 8 NIACMUKOBbIX KOPHYCAX, NO3GOISIOUUX
0OHOBpeMeHHO co30asamb 2 gapuanma pobomos
pPaziuuH020 HAZHAYEHUSL, UMEIOUUX BO3MONCHOCHLb
pabomul kax 6 NOMOKOBOM pedicume, MaK u AGMOHOMHO;
HO360ISTIOWUX PEANU3068AMb 0OYUEHUe NPOSPAMMUPOBAHUIO
6 HECKOIbKUX Cpedax pazpabomKu Ha PaziuiHblX A3bIKaX
(x npumepy, 6 cpedax Mblock, Arduino IDE, na sizbikax
Scratch, C, Python, micro Python). Kax munumym ooun u3
KOHMPOLIEPO8 UMeen BCMPOECHHYIO ONEPAYUOHHYIO
cucmemy, scmpoennvie Wi-Fi u Bluetooth, nopm ons
NOOKIIOUEHUS. NOCIEO08AMENLHO COCOUHAEMBIX GHEUHUX
vempoticme (ne menee 20 00HO8PeMEHHO NOOKIIOYAEMbIX
yempoticma). Kak Munumym 0OuH u3 KORMpOLIepo8 umeem
603MOANCHOCTI OOHOBPEMEHHOU 3aNUCU He MeHee 8
npoOSPaMM, ¢ 603MONCHOCHIBIO NEPEKTIOUEHUS. MENCOY
Humu. Kax MUHumMym 0OuH u3 KOHMpOJLIEPO8 umeem
noanoysemuslil oucniell (IPS), noszeonsiowuti 6b1600umy
OanHble ¢ 0amuUKos 8 sude mabauy u epapuxos, a makaice
co30asamv 6CMPOEHHbIE 8 KOHMPOJLIED BUOEOUSDDI.
[Konuuecmeo ceHcopos u UCnOIHUMENbHbIX YCMPOICS,
6CTNPOEHHBIX 6 OOUH U3 KOHMPOILIEPO8, - He MeHee 10 wm.
Obwee Koauuecmao dnemenmos 8 Habope re menee 400
wim., 8 mom uuciie nookmoyaemvle mooyau: - Bluetooth
MOOYIIb, - OB0UHOU OAMYUK TUHUU, - YIbMPA3EYKOBOU
damuux paccmosanus, - 0amyuK ygemd, - 0AM4UK Kacauus
barexmpomexanuueckuil, - IR Mooyne, - momop
NOCMOSIHHO20 MOKA ¢ PeOYKMOPOM — He Menee 2 wm., -
Cepeonpusoo, - Nyibm OUCMAHYUOHHO020 ynpagieHus IR.
[Habop 0onoicen Obimsb YKOMNIEKMOBAH AKKYMYISMOPHbIMU
bamapesmu. [Ipoepammmnoe obecneuenue, UCnoib3yemoe
07151 NPOZPAMMUPOBAHUSL COOUPAEMBIX
pobomomexnureckux mooenel u yCmpoucma, 00IHCHO
6b1mMb OOCMYNHO 011 OeCHAAMHO20 CKAYUBAHUSA U3 cemU
Unmeprem u nociedyioue2o ucnoib306aHus..

Yemuvipéxocegou yueOmbill
pobom- manunynamop c
MOOYIbHBIMU CMEHHBIMU
Hacaokamu

Yuebnwii pobom-manunynamop npeonaznaven ons
0CBOEHUS 0OYUAIOWUMUCS OCHO8 POOOMOMEXHUKU, OIS
n0020MOGKU 00YHAIOWUXCS K BHEOPEHUIO U NOCIe0YIOUeMY
UCNONB30BAHUIO POOOMOE 8 NPOMBIULTIEHHOM
npoussoocmee. Konuuecmeo oceii po6oma manunyisimopa
- uemvipe. [lepemewenue uHCMpyMeHma 6 NPOCMPAHCIBe
1O mpem 0CAM OOANHCHO YRPAGTAMbCA WUA20BbIMU
Osueamenamu. Hanpsascenue numanus wazosuvix
0sucamenetil ne 6onee 12 B. Cepsoogucamens yemeepmoi
ocU 00IdCeH 0becneyusams NOGOPOM UHCMpPpYMeHma. Yeon
1n080POMA MAHUNYAAMOPA HA OCHOBAHUU BOKPY2
sepmukanvrol ocu He menee 180 epadycos. /s
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onpeodenenus NOA0AHCEHUS MAHUNYAMOPA NPU NOBOPOMe
BOKpY2 BEPMUKANLHOU OCU OONHCEH UCNOTb30BAMbCS
bHKOOep. Yeon nogopoma 3a0uez0 niewa Manunysmopa
He menee 90 epadycos. Yeon nosopoma nepednezo nieua
Wwanunyasmopa ne menee 100 epadycos. /[na onpedenenust
non0JICenUs 3a0He20 U nepedHe2o niey MaHunyistmopa
004CEH UCNONB308AMBCA 2UPOCKON. Yeon nogopoma no
uemeepmotl ocu He menee 180 epadycos. [lonxcna 6vims
B03MOXCHOCIb OCHAUeHUS CMEHHbIMU HACAOKAMU
(Hanpumep, Oepacamens Kapanoauia uiu romacmepa,
npucocka c cepgoosuzamenem, Mexanuieckoe 3axeamuoe
yempoticmeo ¢ cepgodguzamenem, yCmpoucmeo 0is
taseprou epasuposku unu yempoucmeo 0as 3D-nevamu).
MunumanbHas KOMIAEKMAYUSL CMEHHLIMU HACAOKAMU.
nHeeMamu4ecKull 3axeam (RPUcocKa), MexanuiecKuil
zaxeam, Hacadka depocamens OJisi
Kapanoawia/mapkepa/pyuKu, Hacaoka nepexooHux OJis
KpenieHus COBMeCmUmMblX KOHCMPYKIMUBHbIX 0emaell U
KOHCMPYKYULL, HACAOKA 1A3ePHOl 2PA8UPOBKU, HACAOKA
3D-neuamu (0ns pabomet ¢ nnacmuxom PLA ¢
Ouamempom numu 1,75 mm). [Jorxcen dbbims ocHaujeH
cep8onpuUBoOOM OISl NHEBMAMUYECKO20 U MeXAHUYEeCKO20
Baxeamos, obecneuusarOWUM 8paleHe 3ax8a4eHHO20
06vbexma 80 6pemsi nepemeyensl, No8opom
nepemewaemozo 06vexma 60Kpye eepmuKanvholl ocu. /s
0becnedenus: PyHKYUOHUPOBAHUSL NHEEMAMUYECKO20
Baxeama OondiceH OblMb OCHAWEH BCMPOEHHOU 8 KOPNYC
\manunyissmopa nomnotl. JJoaxicna 6vims 603MOAICHOCHb
noOKII0UEHUsT OONOHUMETbHBIX YCMPOUCME (Hanpumep,
mpaxcnopmepa, penvca 0 nepemewjerus poboma,
nyIbma ynpasieHus muna 0X4CoOucmuK, Kamepvl
MAWUHHO20 3peHUs, ONMUYecKo20 0amuuKd, Mooyis
becnpogoonoeo docmyna). Pobom-manunynamop oonicen
0becneuugamv nepemeujerie HAcaoku 8 NPOCMpanHcmse,
AKMUBAYUIO HACAOKU, BO3MONCHOCHb NOLYYEHUSI CUSHALO8
om Kamepvl U OAMUUKO8, BO3MONCHOCMb YAPAGIEHUS
Oononnumenvuvimu ycmpoticmsamu. Mamepuan xopnyca —
anomunutl. Juamemp paboueti 30uvt (be3 yuema
HaBeCcH020 UHCMPYMeHma u yemeepmoii ocu) ne meree 350
wim. Uumepdgbeiic nookmouenus — USB. Jlonicen umems
603MOXCHOCHb ABIMOHOMHOU PAOOMbL U BHEUIHE20
ynpaenenus. [{nsa eneuine2o ynpasieHus 00axceH Oblmo
npedycmMomper nyavm, NOOKIYAeMblli K pobomy no
Bluetooth. Ynpaersiowuii konmponnep donicen bvimo
coemecmum co cpedoti Arduino. Ynpasnsaowui
KOHMPOJLIEP COBMECUM CO CPeOOU NPOSPAMMUPOBAHUSL
Scratch u sizvikom npoepammuposanus C. [onxcen
0becneuusams noBOPOM HO NEPEbIM Mpem OCAM 8
BadauHwvlll Y2oa u Ha 3a0aHHbII Y201, ROBOPOM NO
uemeepmotrl 0Cu Ha 3a0aHHbLI Y20, 08UdICeHUe 8
koopounamul X, Y, Z, nepemewjenue na 3a0anmoe
paccmosnue no koopounamam X, Y, Z, nepedauy oannwix o
meKywem noIodACeHul yenos, nepedaiy OaHHbIX 0 MeKyUjux|
Koopounamax uncmpymenma. Jonsicen noooepoicusams
nepemeujerue 8 0eKapmosblx KOOPOUHAMAX U yenax
nosopoma ocetl, ¢ 3a0aHHOL CKOPOCMbBIO U YCKOPEHUEM.
Tunvl nepemewjeHull 8 0eKapmMosblx KOOPOUHAMAX.
0gudICenle no Mpaekmopuu, 08UdCeHUe NO NPIMOU MEAHCOY
08YMsL MOUKAMU, NEPENPBIZUBAHUE U3 TNOYKU U TOYKY
(nepenoc obvexma). Kopnyc dondicen 6vimo 6
Bawuwennom ucnoanenue (kracca ne nuoice IP20).

Obpaszoseamenviblii HAOOP
1O MexaHuxe, MexampoHuke
u pobomomexHuxe

\Habop oonicen bvimsb npednasnaven 015 npogedeHus
VUeOHbIX 3aHAMULL NO U3YYEHUIO OCHO8 MEeXAMPOHUKU U
pobomomexnuxy, npakmu4ecko20 npumeHerus: 6a308bix
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DIeMEHMO8 INEKMPOHUKY U CXEMOMEXHUKUL, a4 MAKICe
Hauboee pacnpocmpaneHHol d1eMeHmMHOU 6a3bl U
OCHOBHBIX MEXHUUECKUX PeUeHUl, NPUMEHAEMbIX NPU
NpOeKmMupO8aHUU U NPOMOMURUPOBAHUU PA3TUYHBIX
UHIICEHEPHBIX, KUOEPHEMUYECKUX U BCIPAUBAEMBIX
cucmem. B cocmae nabopa 00ndicHbl 6X00Uumb
KoMAAeKmyowue u ycmpoicmaa, obradarouue
KOHCIMPYKIMUGHOU, 2JIeKIMPUYECKOU, annapamHoul u
NPOSPAMMHOU COBMECMUMOCTBIO OpYye ¢ OpyeoM. B
cocmae HAOOpa 001XHCEH BX0OUMb KOMNAEKM
KOHCMPYKMUBHBIX 9TeMEHMO8 U3 Memaila 0asi cOopKu
\Makema MaHURYIAYUOHHO20 POOOMA U KOMIIEKM
\MemanIuueckux KOHCMpYKMUGHLIX dIEMEHmO8 0t COOPKU
\Wmaxema mobunvrHozo poboma. B cocmas nabopa 00nicHbl
6X00UMb NPUBOAA PASIUYHOLO MUNA. MOTOPbL C
UHMESPUPOBAHHBIM ULU GHEULHUM OAMYUKOM NOTONCEHUSL —
He MeHee 2uim, cep8onpusod 6oabuol — He MeHee 4wm,
cep8onpusood Mabllli — He MeHee 2um, npueoo ¢
B03MOXCHOCIBIO YNPABTIeHUS 8 ULA208OM PediCuMe — He
\mernee 2uum. B cocmas nabopa 0onicHbl 6x00ums
baremenmol 0211 COOPKU 8AKYYMHO20 3AX8AMA. 8AKYYMHAS
npucocka — He meHee lwim, 31eKMpoOMACHUMHBII KIANAH —
He menee lwim, 8aKyymHulil Hacoc — He menee lwm. B
cocmae Habopa 00IAHCHA 6XOOUMb dlleMeHmMHAs 6a3a OJis
NpOMOMUNUPOBAHUA. NAAMA 015 OECnAeyHO20
NPOMOMUNUPOBANUST, KOMNIEKIM NPOBOO0E PAZIULHOZO
muna u O1UuHbl, KOMNIEKM Pe3UCmopos, KOMNIEKM
c6emoouU0008, cemMucecMenmHulil UHOUKAmop, Oucniell
UKK-muna, kHonKu — He MeHee Suim, nomenyuomempol —
He menee 3uim, UHQPAKPACHbII OAMYUK - He MeHee 3uim,
VIbMpaA38yKOB8OL OamyUK - He MeHee Juim, 0amyux
memnepamypbl - He MeHee lum, OamMyuK 0C8eweHHOCMU -
He menee 1wim, mooyae Bluetooth — ne menee lwim, mooyis
UK-npuemnuka — e menee lwm, mooyne UK-
nepedamuyuxa 6 6ude KHONOYHO20 NYIbMd YRPAGIEHUs —
lwm, akkymyaiamop — ne menee lwm, 3apsaonoe
ycmpoticmeo — ne menee lwum. B cocmas nabopa oonoicen
6X00UMb MYTbMUOAMYUUK OIS USMEPEHUS MeMNnepamypsl u
6radNCHOCIU OKpYIHCatoujeli cpedvl — ne menee lwm.
Mynemudamuux 0012cer 0061adams 6CMpoeHHbIM
WMUKPOKOHMPOIEPOM (MAKMOo8as wacmoma - He menee 16
My, wuna oannvix — He menee 8 Kbatim), unmepgeticamu
0J15 NOOKTIIOYeHUS K 6HEWHUM YCIMPOCcmeam: yugpossvie u
ananoeosvie nopmsi, 1-wire TTL, pazvem muna RJ. B
cocmae Habopa 001dCeH BX0OUMb KOMNAEKM
VHUBEPCANBHBIX 8LIYUCTUMETbHBIX MOOYIIEl,
npedcmasaaiowux coboi 6a308yio niamy, niamy
pacwupenus 051 cemesozo 83auUMo0eUcmausi u niamy
nOOKII0UEHUs. CULOBOU Haepy3Ku. Bxoodswue 8 Komniexm
lycmpoticmea 0012chbl 001a0amsb 00HOBPEeMEeHHOU
KOHCIPYKMUBHOU, dIeKMPUYecKoll, annapamHoul u
NPOSPAMMHOU COBMECHMUMOCIbIO Opye ¢ Opyeom. bazoeas
nama yHUEepCcanbHO20 GbIYUCTUMENbHO2O MOOYIIs
DonoicHa npedcmagnams cobou npoSPAMMUPYeMbILL
konmpoinep 6 cpede Arduino IDE unu ananocuunvix
C80000HO PACRPOCMPAHAEMBIX CPEOAX pa3padomkil.
\bazosas niama 0o%cHa 061a0ams 6CMPOEHHbIMU
unmepeticamu 0151 NOOKIOUEHUs YUPDPOBLIX U
AHANI0208bIX YCMPOTICNE, 8CMPOEHHbIMU UHMepdeticamu
USB, UART, I2C, SPI, 1-wire TTL, Bluetooth, WiFi.

I Inama pacuuperus 00nx#cHa 0becnedusams
603MOXHCHOCIb NOOKTIOUEHUS YHUBEPCATIbHO2O
BHIUUCIUMENLHO20 MOOYIISL K Cemu ROCPeOCmEoM
unmepgeiica Ethernet. [Inama pacuwupenus 001iCHA
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o0ba0ame nopmamu 6600a-6vbl600a Ot NOOKIIOYEHUSL
Yu@dposwvIX U aHano206wlx ycmpoticms, unmepgetic SPI u
B03MOICHOCTBIO NOOKTIOYEHUS, BHEWHEU Kapmbl RAMM.
[ Inama pacuupenus 0ns1 NOOKIIOYEHUS CUIOBOU HAZPY3KU
0012CHa 0Decneyusams 603MONCHOCTG NPAMO20
NOOKIIOYEHUS! 6HEWIHEU CULOBOU HASPY3KU, d AKICE
pezynupyemoii Haepysku nocpedcmeom PWM unmepgetica.
B cocmas Habopa 00nicen 6X00Ums NPOSpamMmupyemblii
KOHmMpOJLIep, 0becneyusaouuil B03MO*CHOCMb
ocyuecmenamos paspabomKy npoepamMmHo20 Kood,
ucnow3ya uncmpymenmapuil cpeo paspabomru Arduino
IDE u Mongoose OS u A3b1K08 npocpammuposanus
C\C-++, JavaScript. Ilpoepammupyemviti KOHmMpoiiep
Doadicen obnadams nopmamu 071 ROOKIIOUEHUS. YUPPOBbIX
U aHano208vIX YCMPOUCME, 6CMPOEHHLIMU
npoSpamMmMupyemMuiMy KHONKAMU U J1eKMPOMEXAHULECKUMU
Wooynamu 0na opeanu3ayuu cucmembvl pyuHo20
VIpaegienus:, 6CMpOeHHbIMU NPOSPAMMUPYEMbIMU
ceemoouodamu 0 UHOUKAYUY paboye2o pexcumd,
ecmpoennvimu unmepgetcamu USB, USART, I12C, SPI, 1-
wire TTL, ISP, Ethernet, Bluetooth, WiFi. B cocmas
HaboOpa 001%ceH 6X00UMb MOOYlb MEeXHUYECK020 3PeHUst
npedcmagnarowull coooll BbIYUCTUMENbHOE YCMPOUCMEO
CO BCMPOEHHBIM MUKPONPOYECCOpoM (KON-60 s10ep - He
Wmenee 4uum, uacmoma siopa ne menee 1.2 I'l'y, o6vem O3V
- e menee 512Mb, 06vem 6cmpoeHnol namamu - He MeHee
8I0), unmezpupo8aHHol Kamepou (MAKCUMAlIbHOE
paspewenue sudeonomoxa, nepeoasaemozo no
unmepgeticy USB - ne menee 2592x1944 e0.) u
onmuueckoti cucmemou. MoOynb mexnuueckozo 3pemnus
dondiceH 0b1adams COBMeCMUMOCIbIO C PA3TUYHBIMU
npocpammupyembiMu KOHMPOLIepamu ¢ NOMOUIbIO
unmepdeticos - 1-wire TTL, UART, 12C, SPI, Ethernet.
IMoOyne mexHuueckoeo 3peHus 00Ix#ceH 0becneuugams
BbINOTHEHUE 8CeX USMEPEHUIL U 8bIYUCTIEHUL NOCPEOCTNBOM
COOCMBEHHBIX BLIYUCTUMENLHBIX 803MONHCHOCTEL
scmpoenno2o mukponpoyeccopd. Mooyib mexuuiecko2o
Bpenus dondcen 001a0ams 803MONCHOCIBIO
KOMMYHUKAYUU C AHATIOZUYHBIMU MOOYISIMU HOCPEOCTBOM
wiuHbl Ha baze Nocie008amenbHo20 uHmepghelica ¢ yeuvio
OanvHeliulell nepedadu pe3yabmamos usmMepeHull 2pynnul
Wooynell ha ynpagisauee 8bIYUCIUMETbHOE YCIMPOUCIBO,
noOKIIOUeHHOe K OaHHOU wiune. Mody1b mexHuuecko2o
BpeHus 0o1dcer 0becneuugams HACMpPOUKU PEXCUMO8
pabomol - HACMPOUKY IKCno3uyuu, baranca 6enoeo,
YBEMOPAZHOCMHbBIX COCMABIAIOWUX, NIOUWAOU
oOHapycusaemou ooracmu u300padcenuss, OKpyei1oCcmu
oOHapycusaemol 0baacmu u306paNcenUs, RO CEHUEe
oOHapyocusaeMvix obracmel OMHOCUMENbHO Opye Opyed,
WMawunnoe 00yuenue napamempos HeupoHHbIX cemeti 015
oOHapycenus 00beKmos, hopmy u 3aK00UpPOsaHHbIE
BHaueHus 0OHapydicugaemvlx mapkepos muna Aruco,
pasmepvi 06HAPYIHCUBAEMBIX OKPYICHOCHET, K8AOPAMO8 U
mpeyeoibHUKO8, NapamMempo8 KOHMPACMHOCMU,
pasmepos, Kpueu3sHsl U NOAONCEHUS. PACNOZHABAEMBIX
iunutl. Habop dondicen obecneuuams 603MONCHOCHb
paspabomku modenu MoOUIbHO20 poboma, ynpaeisemol 6
FPV-pearcume nocpedcmseom npoepammnozo obecneuenus
0J151 NEPCOHANBHO20 KOMNbIOMEPA U MOOUTLHBIX
yempoticme na 6ase OC Android unu I10S,
0becneuusarouleco 803MOACHOCMs YNPABIeHUs MOOUTbHBIM
pobomom u 6cmpoeHHbIM MAHUNYATNOPOM NOCPEOCEOM
epagpuueckoco unmepeiica, sxnouaowum 6 cedst Habop
KHONOK U nepexnouameineil, O’CoUCmuxK, 0b1acmo 0
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omobpancenust suoeo. Habop dondicen obecneuusamo
B03MOICHOCTL U3YYEHUS OCHO8 PA3PAOOMKU
NPOCPAMMHBIX U ANNAPATNHBIX KOMNAEKCO8 UHIICEHEPHBIX
cucmem, pewienuti 6 cpepe "HUnmepnem seweni”, a maxoice
pewenuii 6 obnacmu pooOMomexHuKu, UCKYCCMEEHHO2O0
unmennekma u MawunHo2o ooyuenus. B cocmas nabopa
00XHCHO 8X00UMB NOCOOUE NO UYYEHUIO OCHO8
DIEKMPOHUKI U CXEMOMEXHUKU, peuleHull 6 cghepe
"Humepnem eewetl”, paspabomku u npOMomunuposanuo
Wmooeneii pobomos. B cocmae nabopa dondicHo 6xooume
nocodue no u3yueHuI0 0CHO8 pa3pabomKu cucmem
MEXHUYECKO20 3PEHUSL U INEMEHMO8 UCKYCCMBEHHO20
unmeniekma.

Habop OI'D/ETD (Pusuxa)

B Habop 6x00sm He MeHee 5 KOMNIEKMOos, 8KIouaiowue 6
mom yucie creoyrouue usmepumenbble npUcnocoOIeHus
U yuebHoe 060pyoosanue. * 6ecbl INEKMpPOHHbIE *
U3MepUMenbHuIL YUTUHOD * YUTUHOPBL: CIATLHOU,
ANIOMUHUEBDLU, NIACTUKOBYLIL * OUHAMOMEMPbL * OPYCKU
OIIOKU * 2pY3bl * NPYICUHBL * UCTIOYHUK NUTNAHUS
NOCMOSIHHO20 MOKA * COOUParowas u pacceusaouidst
VIUH3bL * BOLIMMEMD * AMAEPMEMP * WMAMUS

55.00

Habop OI'D/ETD (xumust)

B Habop éxooam eecvl 1abopamopHyie snekmpontsie 200
e, cnupmoexra 1a6opamopHas, 60pOHKA KOHUYECKAs,
nanouxa cmexaanuasn, npooupka I1X-14 (10 wmyx),
cmaxan evicokuil ¢ Hocukom BH-50 ¢ memxoul (2 wmyku),
yuaunop usmepumensroiii 2-50-2 (cmexnsaunotil, ¢
npumepmou Kpuluilkotl), wimamue 0Jist npooupox va 10
eHE30, 3a0icUM NPOOUPOUHDIL, Wnameb-10dceuka (3
wimyki), HAbop GAAKOHO8 OJisl XPAHEeHUSL PACMBOPO8 U
peaxmueos (06vem praxona 100 mn - 5 komniekmog no 6
wmyk, obvem ¢aaxona 30 mn - 10 xomniekmos no 6
wmyx), yunrunop usmepumenshuiil ¢ Hocuxom 1-500 (2
wimyku), cmaxan vicoxutt 500 ma (3 wmyku), Habop
eputetl 05t Mblmbsi NOCYObl (epud 0151 Mblmbsl nPOOUPoOK - 3
wimyku, eput OJisk MblMbsl KOO - 3 wimyku), xaram Oenvii
/6 (2 wumyku), nepuamxu pe3uHogvle XumuiecKue
cmotikue (2 wmyKu), ouKku 3auumHole, Guibmpol
oymancuvie (100 wmyx), eoprouee ons cnupmosox (0,33 1).
B cocmas Habop 6x008m peakmugul. artOMUHUL, Jiceneso,
CONAHASL KUCTIOMA, MEMULOPANIIC, peHonghmaneun,
amMMUaK, nepoxcud 6000pooa, Humpam cepebpa u opyaue;
6 0bwell crnoxcHocmu - 44 pasnuyHeix eewecms,
UCNONIL3YEMbIX OISl COCMABIeHUs KOMNLEKNO8 PEeaKmu8o8
npu npogedenu IK3AMEHAYUOHHBIX IKCNEPUMEHNO8 IO
Kypcy wikonbHou xumuu. Pexomendyemcsa gpopmuposame
Habop OI'D/ETD, nozeonaowuit npogoounms
npakmuueckue 3a0anus npu NPoseoeHuU 0oue2o
e0CYO0apcmeenHo20 IK3AMeHa NO XUMUU C UCHONIb308AHUEM
coomeemcmayowell 1a60pamopHol Nocyobl, peaKmusos,
yuebno-0emoncmpayuonno2o obopyoosanus. Ilpu
hopmuposanuu pexomendyemcsi yuumuléams
haxmuueckyro nompedHocms 00paA308aMeENbHBIX
opeanuzayuil.

55.00

IHanmeHoBaHue pazena:
"KomnbrorepHoe
o0opynoBanue"

Muozcopyurkyuonanvroe
ycmpoticmeo (npunmep,
ckaHep, xonup)

Tun ycempoiicmea.: MuoeogynrkyuoranbHoe ycmpoicmeo
(MDY); Llsemnocme neuamn: uepno-benas, Texnonoeusn
nevamu: snekmpozpaguueckas (nazepuas,
ceemoouoonas); @opmam nevamu: ve menee A4; Tun
CKAHUPOBANUSL. NPOMSIIHCHBIU/NAAHUEIHLIL,
IBO3MOXMCHOCMb CKAHUPOBAHUA 8 popmamax: He meHee A4,

Cnoco6 nooxmouenus: LAN, Wi-Fi, USB

55.00
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\Hoymoyx

Dopm-pakmop: Hoymbyk, Paszmep ouazonanu: ve meHee
15.6 oroumos; Paspewenue sxpana: Full HD, Quad HD
wnu Ultra HD; Obwuii 06vem ycmarnoenieHHou
onepamusHoll namsamu. He mernee 8 I'oaim,
Maxcumanvhviil 00wul no0deprcUsaemvlii 06vem
onepamusHoil namsamu. we menee 16 I'oatim; Ob6vem SSD
Hakonumens. ne menee 240 I'oaiim; Fecnpogoonas cé:3b:
Wi-Fi, Koauuecmso ecmpoennvix ¢ kopnyc nopmoé USB:
He MeHee 2, u3 Komopuix He meHee 1 dondxcro ovims USB
sepcuu He nudice 3.0, Paspewenue 630-kamepbi,
Mnuxcens: He menee 0.3; Bempoennwiii mukpoghon,
[Knasuamypa ¢ packnadkou u MapKupoekou Kiaguul
OWERTY/HI][YKEH; IToooepaicka cmandapmos
becnposoonoil cesizu: 802.11a/b/gInlac;
IpouszsooumenvHocmv npoyeccopa (3HaveHue noKazamesis
«CPU Mark» no mecmy «Laptop & Portable CPU
\Perfomance» http://www.cpubenchmark.net/laptop.html):
He menee 5000 eounuy,; Hanuuue manunynamopa molutd 6
Komniekme: 0a; YcmanogneHnas, Onepayuonnas cucmema
C epaghuueckum noiv3oeamenbCkum unmepgheicom,
Cc8e0eHUsl 0 KOMOPOM BKIIOYEHbL 8 COUHBLIL peecmp
poccutickux npo2pamm Oiist INeKMpPOHHbIX
GLIUUCTUMENbHBIX MAWUH U 6a3 OAHHbIX, Ycmanoenennblil
nakem oghucHo20 NPOSPAMMHO20 0becneyenus,
COBMECMUMO20 € YCMAHOBIAEHHOU ONePAYUOHHOT
cucmemoti, ceedeHls1 0 KOMOPOM BKNIOUEHbL 8 eOUHbILL
peecmp poccutickux npocpamm OJist d1eKmMpOHHbIX
BbIUUCTUMENbHBIX MAWUH U 043 OAHHBIX.

165.00

MaANOKOMRAEeKMHbIMu'"'

HaumenoBanue nHanpasiieHusi: ""Odopyoosanue 0nsa 00ueod0pa3o6amebHblX Op2aHu3auuil, AGAAIOUUXCA

HanmenoBanue pasnena:
"EcrecTBEeHHOHAy4YHas
HanpaBJIEHHOCTh"

[ [ugpposas nabopamopus no
pusuke (yuenuueckas)

Obecneuugaem blnoHeHUe IKCNEPUMEHNO8 NO MeMaAM
kypca @usuxu. Komniekmayus: Becnpogoonoii
Wyremudamuux no Qusuxe ¢ 6-10 6CMpPOEHHbIMU
Oamuuxamu: Lfughposou oamuux memnepamypol ¢
Ouanazonom usmepenus ne yaice wem om -20 0o 120C

[ {upposoii damuuk abconomno2o 0asieHus ¢ OUaAna3oHoOM
usmepenus e yorce yuem om 0 oo 500 xlla Jlamuux
WMazHUMHO20 NOJIAL C OUANA30HOM USMEPEHUS He Ve YeM
om -80 0o 80 mTx JJamuux nanpsicenusi ¢ OUanazoHamu
usmepenus ne yoice uem om -2 0o +2B; om -5 0o +5B; om -
10 0o +10B; om -15 0o +15B J[Jamuuk moka ne ydice yem
om -1 00 +1A4 [amuuk axcerepomemp ¢ noxazamensamu
He menee yem: +2 g; +4 g; +8 g Omoenvuvie ycmpoiicmea:
USB ocyunnocpag ne menee 2 kanana, +/-10 B
Ukceccyapor: Kabenv USB coedunumenvuwiii 3apsonoe
yempoticmeo ¢ kabearem miniUSB USB Aoanmep Bluetooth
4.1 Low Energy Konucmpyxmop ons npogedenus
brcnepumenmos Kpamixoe pyko6oocmeo no
brcnryamayuu yugposou rabopamopuu Ilpoepammnoe
obecneuenue Memooduueckue pexomenoayuu (40 pabom)
Hanuuue pyccrosaszviunoco caima noodepaicku Hanuuue
610EOpONUKOB.

34.00

[ [ugppposas nabopamopus no
umuu (yueHuueckas)

Obecneuusaem ebinoiHeHue 1a00pamopHuIX pabom no
XUMUU HA YPOKAX 8 OCHOBHOU UWIKOIE U NPOEKMHO-
Ucced08amenbCkoi OesimeibHOCHU YHAUWUXCsl.
[Komniexmayus: BecnpogooHotl Myibmudamyux no Xumuu
c 3-ms 6cmpoennviMu oamyuxamu. Jamyux pH ¢
Ouanazonom uzmepernus He yoice uem om 0 0o 14 pH
Vlamuux 91eKmponpogoouMocmu ¢ OUaAna3oHAMU
usmepenust ne yorce uem om 0 0o 200 mxCm, om 0 0o 2000

wxCm; om 0 0o 20000 mxCm Jlamuuk memnepamypui ¢

34.00
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Ouanazonom uzmepenus He yoice wem om -20 do +140C
Omoenvbrbie damuuxu: [Jamyux onmuyeckol nI0mHOCmu
525 um Axceccyapwi: Kabeno USB coedunumenvhbiii
Bapsionoe ycmpoticmeso ¢ kaberem miniUSB USB Aoanmep
Bluetooth 4.1 Low Energy Kpamkoe pyxosoocmeo no
brenyamayuu yugposou nabopamopuu Habop
lnabopamopnoii ocnacmxu IIpocpammnoe obecneuenue
Memoouueckue pekomenoayuu ne meree 40 pabom
\Hanuuue pycckoasviuno2o caima noodepacku Hanuuue
610E0pONUKO8.

[ [ugpposas nabopamopus no
ouonocuu (yueHuyeckas)

Obecneuugaem 8vinoiHeHue 1a00pamopHbIX pabom Ha
ypokax no 6uonozuu 8 0CHOBHOI WKOIE U NPOEKMHO-
UccIe008amenbCKoll OesmenbHOCIMU Y4auuxcs.
[Komnaexmayus: Becnpoeoonoil myrsmudamuux no
ouonoeuu ¢ 5-10 6cmpoennviMu oamuuxamu: Jamuux
enasicnocmu ¢ ouanazonom usmepenus 0...100% Jamuuk
oCc6eujeHHoCmu ¢ OUANa30HOM USMEPEHUsL He Yice Yem Om
0 0o 180000 ax Jamuux pH ¢ ouanaszonom uzmepeHus He
vorce uem om 0 0o 14 pH JJamuux memnepamypul ¢
Ouanazonom usmepenus He yoice uem om -20 do +140C
Vlamuux memnepamypbi okpyscaowyeti cpeobl ¢
Ouanazonom usmepernus He yoce uem om -20 0o +40C
Akceccyapel: 3apsaonoe ycmpoiicmeo ¢ kabenem miniUSB
USB Aoanmep Bluetooth 4.1 Low Energy Kpamkoe
pyKosoocmeo no axcnayamayuu yugposot rabopamopuu
[ ugpposas sudeokamepa ¢ MEMANTUYECKUM UMAMUBOM,
paspewenue ne menee 0,3 Mnukc [Ipoepammunoe
obecneuenue Memoouueckue pexomenoayuu He meree 30
pabom Ynaxosxa Hanuuue pycckosasviunozo cauma
n000epIHCKU, Haruuue UOeOPOIUKO8

34.00

HanmeHnoBaHHe pa3nena:
" JlonoJIHATENBbHOS
o0opynoBaHue"

Ob6paszosamenvubviil HAOOP
OJ11 U3YYeHUs.
IMHO2OKOMNOHEHMHbIX
pobomomexnuueckux
cucmem u
MAHUNYAAYUOHHBIX
pobomos

Obpazosamenvhvlii HADOP 00MHCEH ObIMb NPEOHA3HAYEH
071 U3YYeHUss pOOOMOMEXHUYECKUX MeXHOL02Ul, OCHO8
UHDOPMAYUOHHBIX MEXHOLOSUL U TNEeXHOTIO2UL
NPOMBIULEHHOU A8MOMAMU3AYUU, A MAKI’CE MEeXHOL02UL
NPOMOMUNUPOBAHUS U AOOUMUBHO20 NPOU3Bodcmad. B
cocmae HaOopa OONAHCHLL BXOOUMb KOMNJEKMYylowue u
ycmpoticmea, obaadaiowjue KOHCMPYKMUGHOL,
annapamuoil u NPOSPAMMHOU COBMECTNUMOCMbIO OpPY2 C
Opyeom. 1) Komniexm KOHCMPYKMUBHBIX INEMEHMOB U3
Wemanna u niacmuxa 0as cOoOpxu mooeneu
WMAHURYIAYUOHHBIX POOOMOE C Y2N080U KUHEMAMUKOL,
niockonapaiienbHol kunemamukotl, Delta-kunemamuxoil.
2) UnmennekmyanoHvlil cepeoMOOYilb ¢ UHMESPUPOBAHHOU
cucmemoti ynpasnenust - ne menee 7uim. Cepomooyib
Qondicen 0bnadams UHMe2PUPOBAHHOU CUCTIEMOU
ynpaenenus, obecneuugaroujeti 0Opamuyio ces3b unu
KOHMPOIb NAPAMEmMpo8 - NOJI0HCEeHUe 8ald, CKOPOCHb
epawenus, Hazpy3Ka npueooa, a makxice obecneyusaouel
803MOXHCHOCIb NOCIE008AMENbHO20 NOOKIIOUEHUS OpYe C
Opy20M U YNpagieHus: cepeomMoOVIaAMU NO
nociedosamenbHOMY NOLYOYNIAEKCHOMY ACUHXPOHHOMY
unmepgeticy. 3) Pobomomexnuueckuii KOHmMpoJiep,
npedcmasnsarowull coooll MOOYIbHOE YCMPOUCMEO,
sKrIIOUarOWee 6 cebsi 0OHONIAMHbBIN MUKPOKOMIbIOmep OJis
6bINOTHEHUS CTIOJCHBIX BbIYUCTIUMENbHbIX ONepayutll,
nepugheputinbii KOHMpOoIep O/ YAPAGIEHUs BHeUHUMU
yempoticmeamu u niamy pacuupenus st NOOKIIOYeHUs
eHeunux ycmpoticms. Modyau pobomomexnuieckozo
KOHMpOJLIepa 00aXCHbl 001A0amb 00OHOBPEMEHHOU
KOHCMPYKMUBHOU, ANNapamHiou U npocpammHoLl
coemecmumocmuio opye ¢ opyeom. Pobomomexnuueckuii

17.00
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KOHmMpOLIEp 00NAHCEH YOOBIEMBOPAMb MEXHUYECKUM
xapakmepucmukam. Koi-60 10ep 6CMpOeHHO20
MuKkpoxomnviomepa - He Menee 4, makmosas uacmoma
si0pa - ne menee 1,2 I'Ty, o6vem O3V - ne menee 512 Mo,
nanuuue unmepgeiicos - SP1, 12C, 1-wire TTL, UART,
\PWM, yugposvie - ne menee 16 wim u ananozosvie nopmol
- He Menee 8 wim 01 NOOKIIOYEHUs BHEUHUX YCTNPOLICINS,
scmpoennbiti Mukpogon, a maxxce WiFi unu Bluetooth ons
KOMMYHUKAYUU CO BHEUHUMU YCIPOUCTNBAMU.
\Pobomomexnuueckuti KOHMpoaLep 00xceH 0becneuugams
603MOXHCHOCHb NPOSPAMMUPOBAHUS C NOMOUBIO CPEOCE
lz3b1k06 C/C++, Python u c60600H0 pacnpocmpansiemon
cpeowt Arduino IDE, a makowce ynpasnenust MoOensimu
pobomomexnuueckux cucmem ¢ nomowwpto cpedsi ROS. 4)
[ Ipoepammupyemviil Konmpoinep - He menee luwim.

[ Ipoepammupyemviti KOHMpPoLLEP OONACEH NPEOCMABIAMb
C0001 GbIUUCTUMENbHBIN MOOYIlb, 00NA0AIOUWUM
yugdposvLMU NOpMAMU - He MeHee 8 wm U AHATI0208bIMU
nopmamu - ne mernee 16 wm, unmepgeticamu UART,
I2C,SPI, TTL, a maxoice modynem 6ecnpo8ooHOll C8:3U
muna Bluetooth unu WiFi ons co30anus annapammo-
npocpammusix peuwierul u "ymusix/cmapm'-ycmpoiicme
ona paspabomku pewenuti "HUnmepnem sewenr”. 5) Ilama
pacuupenus npozpammupyemoco KOHmpoiepa — He MeHee,
lwm. [Inama pacwupenus 001x#cHa obecneuusams
603MOIICHOCTL NOOKTIOYEHUSL YHUBEPCATILHO2O0
BbLIUUCTUMENLHO20 MOOYJIAL K CEmu NOCPEOCTNEOM
unmepdetica Ethernet. I[lnama pacuupenus 0ondicha
0b1a0ame nopmamu 6600a-6vbl800a OJisi NOOKIIOYECHUSL
yu@dpoBLIX U AHA0208b1X Ycmpoticme — He mernee 40 wm,
unmepgetic SPI u 603M02CHOCIbIO NOOKIIOYEHUSL 8HEeWH el
Kapmoel namamu. 6) Modynb mexHuuecko2o 3peHus,
npedcmasnarowuli coooll ycmpoucmeo Ha basze
BLIUUCTIUMENIbHO20 MUKPOKOHMPOILEPA U
uHmMe2pUPOBAHHOL Kamepsbl, obecneuusaioujee
pacnosnasanue npocmeuuux u306padicenuli Ha Mooye 3a
cuem coOCMBEHHbIX 8bIYUCTIUMENILHBIX 803MONCHOCMEU - He|
wmenee luum;, Mooynb mexuuuecko2o 3peHus O0aNCeH
0becneuu8ams 603MOHCHOCHb KOMMYHUKAYUU C
AHANOSUYHBIMU MOOYAAMU HOCPEOCMBOM WUHbL HA ba3e
nociedosamenbHo20 unmep@etica ¢ yenvio oanvheluiel
nepedauu pe3yrbmamos usmepeHutl 2pynnsl Mooynell Ha
ynpasisowee 8bluucIUmenbHoe yCmpoucmeo,
noOKI0UeHHoe K OanHou wiune. Modynb mexHuuecko2o
BpeHust dodcer 0becneuugams 03MONCHOCHD
oCyuecmensams HacmpouKy MOOYis MeXHUYeCKo20 3peHusl
- HACMpOUKY dKCnosuyuu, bananca 6enozo,
1Y8EMOPAZHOCMHBIX COCMABIAIOWUX, NIOWAOU
oOHapycusaemou ooracmu u300padcenuss, OKpPyei1oCcmu
oOHapycusaemou ooracmu u300padcenuss, NOI0NHCEeHUe
oOHapydcuBaemMvix obracmel OMHOCUMENbHO Opye Opyea.
IMoOynb mexHuueckoeo 3perus 00IdCceH 0becneuugams
603MOJCHOCHb HACMPOUKU HA OOHOBDEMEHHOE
0OHapyicenue e menee 10 pasnuyHbIX 0OUHOUHBIX
00bekmos 6 cexkmope 0630pa, 1bO He MeHee 5 COCMABHBIX
00vbexmos, cocmosuux uz He menee 3 pasnuyHbIX
epaguueckux npumumugos. Mooyie mexnuueckozo
Bpenus 0ocel 061ad0ams 6CMpPOeHHbIMU UHmMeppeticamu
— USB, UART, 1-wire TTL, I2C, SPI 01151 KoMMyHUKayuu co
GHeWHUMU NOOKAIOUAeMbIMU yempoilicmeamu. 7) B cocmas
Habopa 00HCHBL 6X0OUMb YUPPOBbIE UHPOPMAYUOHHO-
ceHcopHble MOOYU, npedcmasgiawue coboll ycmpolcmaa
Ha Oase npozpamMmupyemozo KOHmpoiiepa u
usmepumenvHozo snemenma. Llugposoti modynv dondicen
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0671a0aMb BCMPOEHHBIM MUKPOKOHMPOLIEPOM (MAKMOBASL
uacmoma - He menee 16 MI'y, wuna oannvix — ne menee 8
\Koaiim), unmepgeticamu 0Jist ROOKIIOUEHUS K 6HEUHUM
yempoticmeam: yugpogvie u ananozogvie nopmot, 1-wire
TTL, pazvem muna RJ. L{ughposoti modyns dondicen
0becneuusamy 803MONCHOCMb KOMMYHUKAYUU C
AHANO2UYHBIMU MOOYAAMU NOCPEOCMBOM WUHBL HA Oaze
nociedosamenvHo2o unmep@etica ¢ yeavio oanvHeliuieti
nepedauu pe3yibmamos usMepeHutl 2pynnol Mooyiel Ha
ynpasisiowee 8blYUCIUmenbHoe YCmpoucmeo,
noOKII0UeHHOe K OaHHOU wuHe. B cocmas nabopa 0oncHo
6X00Umb. YUPPoBOU MOOYIb MAKMOBOU KHONKU — He
Wernee 3um, yugpoeoii Modyib c6emoouoda — He MeHee
Jwm, yughpoeoii Moy KOHYEB020 Npepvisamens — He
Wmenee 3um, yugpoeoi Mooy damuuka yeema — He
wenee lum, yugposoii mooyie RGB ceemoouoda — ne
wmenee luum. 8) B cocmas nabopa 00nicHbl 6X00UmMb
bremenmol Oist COOPKU 8AKYYMHO20 3AX8AMA. 6AKYYMHAS
npucocka — He menee luwim, 2NeKMPOMACHUMHbBIL KIANAH —
He menee lwim, eakyymublil Hacoc — He menee lum. 9) B
cocmae HaOOpa 00KCeH BX0OUMb YUeOHbIll KOMIIEKN,
sKrIOUarOWUll 8 cebs yuebrnoe nocodue, Habop bubaUOmex
IMpexmepHbLX J1IeMeHMO8 0715 RPOMOMUNUPOEAHUSL
modenell MaHURYIAYUOHHBIX POOOMOB, a MAKICEe
npocpammuoe obecneyerue 0Jisi pabomol ¢ HADOPOM.

[ Ipoepammmoe obecneuenue 00IAHCHO obecneuusams
MpexmepHyIo U3y AIUIAYUIO MOOETU MAHUNYISAYUOHHO2O0
poboma (c yenoeot, niockonapaiienbHou u oebma-
KUHeMamuKoll) 8 npoyecce pabomul, 00ecneuusams
nocmpoenue npoCmpancmeenHol mpaekmopull O8UNICEHUs.
UCHOTHUMENbHO20 MEXAHUIMA MAHUNYISYUOHHO2O0
poboma, 803M0HCHOCIb 3A0aHUs NOCIE008AMENbHOCTU
mouex OJisl BPOXOANCOEHUSL Yepe3 HUX UCHOJIHUMENbHO20
\MexaHuzmMa ManunyIsiyuonHo2o poboma. Ilpoepammmoe
0becneuenue 00NACHO PYHKYUOHUPOBAMb, KAK 8
omoenvbHoCcmu 6 8ude cpedbl MOOeTUPOBANUsL, MAK U 8
pearcume MOHUMOPpUHEA 8 PeAbHOM BPEMEHU NPU
nOOKIIOUEeHUY MOOEU MAHUNYISAMOPA NOCPEOCTNEOM
pobomomexnuueckoeo konmpounepa. Ilpoepammnoe
0becneuenue 00HCHO 0becneyusams 803MOHCHOCb
noCmpoenust 2papuKo8 3a0aHHbIX U MEKYUUX
0000UieHHBIX KOOPOUHAM MAHUNYISAYUOHHO20 poboma,
epaghuxoe snavenuil ckopocmeti u YCKopenust, 2papuros
pacuemnwlx 3navenutl naspysku. Ipoepammmnoe
0becneuerue 00IHCHO NO3BOIAMb 3A0A8AMb
n0Ce008AMENbHOCHb NEePEOBGUNICEHUTE MAHURYISIMOPA
nocpedcmeom Habopa KoMano 8 6IOYHO-epadhuueckom
unmepdeiice. Yuebnoe nocodue 00nHCHO codeparcams
Wmamepuanvl no pazpabomie mpexmepuvix mooenel
WMOOUTLHBIX POOOMOB, MAHUNYIAYUOHHBIX POOOMOE C
paziuuHbLLIMU MUNamu KUHeMamuky (yenoeas KUHeMamuxd,
NnI0CKO-NAPANIENbHASL KUHEMAMUKA, 0elbMA-KUHEMAMUKA,
ISCARA unu pviuasicnas kunemamuxa, naam@opma
Cmioapma u m.n.), UHCMPYKYulL no NPOeKmupo8aHUIo
Po60OMO8, uHCMPYKYUU U MEMOOUKU OCYUIeCEILEHUS.
UHIICEHEPHBIX PACUENO8 NPU NPOEKMUPOSAHUU (pacHembl
Hazpy3Ku U MOMEHMO8, paciem MOWHOCMU NPUBOJ0S,
pacuem napamempos KUHeMamuky u m.n.), UHCMpyKyuu
no paspabomke cucmem YNpagieHus u NPoepamMmHoO20
0becneuenus 01 ynpasienus pooomamu, UHCMPYKyuu u
lmemoouxu no paspabomie cucmem ynpasieHust ¢
DIeMEeHmamu UCKYCCMBEHHO20 UHMELIEKMA U MAWUHHO20
0Oyuenus.
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Yemuipéxocesotil yuebHbili
pobom- manunynamop c
MOOYIbHBIMU CMEHHBIMU
Hacaokamu

Yuebnoii pobom-manunynsimop npednaszuaven 0is
0CB0€EHUsL 0OYHAIOWUMUCI OCHOB POOOTNOMEXHUKU, OIS
n0020MOBKU 00YYAIOWUXCSL K 6HEOPEHUIO U NOCTIEOVIOUEMY
UCHONBL30BAHUIO POOOMOE 8 NPOMBIUIEHHOM
npouseodcmee. Konuwecmeo oceii poboma manunyismopa
- uemvipe. I[lepemewenie uncmpymenma 6 npoCmpancmee
nO mpem 0csimM O0JINCHO YAPAGTISIMbCSL UA208bIMU
Osucamensimu. Hanpsiicenue numanust wia2oeulx
Osuzcameneli He bonee 12 B. Cepgodsucamens uemsepmoti
ocu donicen obecneuusams NOGOPOM UHCMpyMeHma. Yo
nOBOPOMA MAHUNYISAMOPA HA OCHOBAHUU BOKDY2
sepmuxanvHoll ocu He menee 180 epadycos. s
onpeodenenus NOA0ANCEHUS MAHUNYAMOPA NPU NOBOPOMe
BOKpY2 BEPMUKANLHOU OCU OONNCEH UCNOTb308AMbCS
bHKOOep. Yeon nogopoma 3a0nez0 niewa Manunyismopa
He menee 90 epadycos. Yzon nosopoma nepednezo nieva
wmanunynamopa ne menee 100 epadycos. [[na onpedenenus
nos0JICenUs 3a0He20 U NEPeOHe20 Niey MAHURYISIMOpa
00JIJICeH UCNOIb308AMBCSL 2UPOCKON. Y2011 nO8OpOma no
uemeepmotl ocu He menee 180 epadycos. [Jonxcna 6vime
603MONCHOCTD OCHAUEHUSL CMEHHBIMU HACAOKAMU
(Hanpumep, depaxcamens Kapandawa uiu gromacmepa,
NpUCOCKA ¢ CepeOOsULaAmMeNeM, MEXAHUYECKOe 3aX8AMHOe
yempoticmeo ¢ cepgodguzamenem, yCmpoucmeo 0is
taseprou epasuposku unu ycmpoucmeo 0as 3D-newamu).
MunumanrbHas KOMIAEKMAYUSL CMEHHLIMU HACAOKAMU.
nHesMamuieckull 3axeam (NpUcocKa), MexaHuieckuu
zaxeam, Hacadka depacamens OJisi
Kapanoawia/mapkepa/pyuKu, Hacaoka nepexooHuUx OJis
KpenieHust COBMeCHUMbIX KOHCIPYKMUGHbIX demaJiell u
KOHCIMPYKYULL, HACAOKA NA3EPHOU 2PABUPOBKU, HACAOKA
3D-neuamu (0ns pabomet ¢ nnacmuxom PLA ¢
Ouamempom numu 1,75 mm). [Jorxcen dbvims ocHaugen
CepBONPUBOOOM 05t NHEBMAMUYECKO20 U MEXAHUYECKO20
Baxeamos, obecneyusarOWumM 6paujeHUe 3axX6aUEHHO20
06bexma 8o 6pemsi nepemeyensi, No8opPom
nepemewaemozo 0b6vexma 60Kpye eepmuKanbioll ocu. /s
0becnedenus: YyHKYUOHUPOBAHUSL NHEEMAMUYECKO20
zaxeama OodiceH OblMb OCHAWEH BCTPOEHHOT 8 KOPNYC
\Manunyissmopa nomnotl. J[oaxicha 6vims 603MOANCHOCHIb
NOOKIIOUeHUs OONOIHUMENbHBIX YCMPOUCME (Hanpumep,
mpancnopmepa, peibca 015 nepemeuyerus poboma,
nyIbma YnpasieHust munda 0J4Coucmux, Kamepol
MAWUHHO20 3peHUsl, ONMUYECKO20 0amyYUKa, MOOYsl
becnpogoonoeo docmyna). Pobom-manunynamop oonicen
0bOecneuusamo nepemMeujenue Hacaoku 8 NPOCMpancmee,
AKMUBAYUIO HACAOKU, BO3MONCHOCHIb NOLYYEHUsSI CUSHALO8
om Kamepvl U OAMUUKO8, BO3MONCHOCMb YRPAGIEHUS
OononnumenvuviMu ycmpoticmsamu. Mamepuan xopnyca —
amomunutl. Juamemp paboueti 30uvt (be3 yuema
HasecH020 uHCMpyMenma u yemeepmoii ocu) ne meree 350
wm. Uumepepetic nookmouenus — USB. Jlonoicen umems
603MOANCHOCTID ABMOHOMHOU PABOMbL U GHEUHE20
vnpasnenust. J{is 6HewHe20 YNpasienus 00IAHCeH Oblmb
npedycMomper nyibm, HOOKIOYAEMbll K pobomy no
Bluetooth. Ynpasnsiowuii koumpoinep 00aiceH Ovims
cosmecmum co cpedoii Arduino. Ynpaensiowuil
KOHMPOLIEP COBMECUM CO CPEOOU NPOSPAMMUPOBAHUSL
Scratch u sizvixom npoepammuposanus C. [onxcen
0becneuugams HOBOPOM N0 NEPELIM MPem OCIM 8
BadauHwvll Y20a U Ha 3a0AHHBLIL Y20, NOBOPOM NO
uemeepmotl 0cu Ha 3a0aHHBLI Y201, 08UdICeHUe 8
koopounamul X, Y, Z, nepemewjenue na 3a0anmoe
accmosinue no koopounamam X, Y, Z, nepedayy 0annuix o
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meKyujem noaiodceHuy yenos, nepedayy OaHHbIX 0 MeKyuux
Koopounamax uncmpymenma. Jlonicen noooeporcuseams
nepemewenue 6 0eKapmoewvix KOOPOUHAMAX U Yenax
nogopoma ocetl, ¢ 3a0aHHOU CKOPOCMbIO U YCKOPEHUEM.
Tunvl nepemewyenuti 8 0eKApmMOBbIX KOOPOUHAMAX:
08uUdICEHIEe O MPAEKMOPUU, 08UNCEHUE NO NPIMOL MENCOY
08YMsL MOUKAMU, NEPENnPBIZUBAHUE U3 TMOYKU U TOYKY
(neperoc obwvexma). Kopnyc oonicer 6v6ims 8
Bawuwennom ucnonanenue (kracca ne nuoice IP20).

Obpazosamenviblii HAOOP
1o MexaHuxe, Mexamponuke
u pobomomexHuxe

[Habop oonoicen 66ime npedHasHayeH 0 NPo8eoeHUs
VueOHbIX 3aHAMULL N0 U3YYEHUIO OCHO8 MeXAMPOHUKU U
pobomomexHuKu, NPAKMUYECKO20 NPUMeHeHUs DA308bIX
D1eMEeHMO8 2NeKMPOHUKU U CXEMOMEXHUKU, d MAKICe
Haubonee pacnpocmpaneHtol d1emMeHmHou 6a3vl u
OCHOBHBIX MEXHUUECKUX PeUeHUl, NPUMEHAEMbIX NPU
NpOeKmMupO8aHUU U NPOMOMURUPOBAHUU PAZTUYHBIX
UHIICEHEPHBIX, KUOEPHEMUYECKUX U BCIPAUBAEMBIX
cucmem. B cocmag nabopa 00.121cHbl 6X00UMb
KoMAAEKmyowue u ycmpoucmaa, obradaroujue
KOHCIPYKMUGHOU, dJIeKIMPUYECKOU, annapamHoul u
NPOSPAMMHOL COBMECMUMOCbIO OpYye ¢ Opyeom. B
cocmae HabOpa 00XHCEH BX0OUMb KOMNIAEKM
KOHCMPYKMUBHBIX 9I1eMEHMO8 U3 Memaiia 01 cOopKu
lMakema MaHURYIAYUOHHO20 PpOOOMA U KOMIIEKM
\WMemaniuueckux KOHCMpPYKMUBHBIX d1eMEHMO8 O COOPKU
makema mobunvno2o poboma. B cocmag nabopa 0014cHbl
6X00UMb NPUBOAA PAZIUYHO2O MUNA: MOMOPbL C
UHME2PUPOBAHHBIM UNU BHEUHUM OAMUUKOM NOLOHCEHUA —|
He meHee 2uim, cep8onpusod 6060l — He MeHee dwm,
cep8onpuso0 Mavllli — He MeHee 2um, npueoo ¢
B03MOXCHOCIBIO YNPABTIEHUS 8 ULA208OM PediCuMe — He
mernee 2uum. B cocmas nabopa 0onicHbl 6x00ume
bremenmol 011 COOPKU 8AKYYMHO20 3AX8AMA. 8AKYYMHAS
npucocka — He menee lwim, 1eKMpOMACHUMHbLI KI1ANAH —
He menee lwim, 8aKyyMHblil Hacoc — He meHee lwm. B
cocmae Habopa O0IHCHA 6XOOUMb dJleMeHMHAs 6a3a OJis
NpOMOMUNUPOBAHUA. NIAMA 015 OECNAeYHO20
NPOMOMUNUPOBAHUSA, KOMAAEKM NPOBOO08 PAZIUYHOSO
muna u ONUHbl, KOMNIEKM Pe3UCmMopos, KOMNIEKm
c6emoouU0008, cemucecMenmHblil UHOUKAmop, Oucniell
VKK-muna, kHonku — He Menee Suim, nomeHyuomempul —
He menee 3uim, UHPAKPACHBII OAMYUK - He MeHee 3uim,
VIbMpa38yKo8oll 0amuux - He Menee Juim, 0amuux
memnepamypbl - He MeHee lum, OamMyuK 0C8eWeHHOCMU -
He menee wm, mooyis Bluetooth — ne menee luum, moodyns
\UK-npuemnuka — ne menee lwm, modyne UK-
nepedamuuxa 6 guoe KHONOYHO020 NYIbMa YAPAGLeHUs. —
Twm, axxymyasamop — ne menee lwim, 3apsonoe
yempoticmeo — ne menee lwum. B cocmas nabopa oonoicen
6X00UMb MYTbMUOAMYUK ONISL USMEPEHUS MeMNepamypbl u
eadiCHOCIU OKpYIHCatoujeli cpedvl — He menee lwm.
Mynbmudamuux 00axcen 001a0ams 6CMpPOEHHbIM
MUKPOKOHMPOIEpOM (MAKmMoeas wacmoma - He meHee 16
My, wiuna oannvix — He menee 8 Kbatim), unmepgeticamu
0J151 NOOKTIIOUEHUS K 6HEUWHUM YCMPOUCmMeam: yugpossvie u
ananozosvie nopmet, 1-wire TTL, pazvem muna RJ. B
cocmae Habopa 00AHCEH BX0OUMb KOMIAEKM
VHUBEPCANBHBIX 8LINUCTUMETbHBIX MOOYIIEl,
npedcmasasiowux coboi 6a308yio niamy, niamy
pacuupenus 015 cemeso2o 63auUMO0eCmsus u niamy
NOOKNIIOUeHUA CULoB8oll Haspy3Kku. Bxooawue 6 komniexm
ycmpoticmea 0012cHbl 001a0amsb 00HO8PEeMeHHOU
KOHCMPYKMUBHOU, dJIeKMPULECcKoll, annapamuo u
NpoSpPAMMHOL cO8BMeCMUMOCTbIO Opye ¢ Opyeom. bazosas
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naama yHUuepcaibHo20 8bIHUCTUMENbHOZ0 MOOYIIS
0onoicHa npedcmagnams cobou npoSPAMMUPYEMbITL
konmposnep 6 cpede Arduino IDE wnu ananocuynoix
c60600HO PACNPOCMPAHSIEMbIX CPEOax pa3pabomkil.
bazoeas naama 00AHCHA 001A0AMb BCMPOECHHLIMU
unmepgeticamu 05t NOOKIOYeHUs. YUPPOsbiX U
AHAN0208bIX YCMPOTICE, 6CIMPOEHHbIMU UHMepPeticamu
USB, UART, I2C, SPI, 1-wire TTL, Bluetooth, WiFi.

[ Inama pacuupenus 0ondCHa 0becneyusams
603MONCHOCTL NOOKTIOYEHUSL YHUBEPCATILHO2O0
BLIUUCTUMENLHO20 MOOYJISL K CEMu HOCPEOCEOM
unmepgeiica Ethernet. [Inama pacwupenus 001iCHA
0b1a0ame nopmamu 6600a-6vbl800a Ot NOOKIIOYEHUSL
Yu@dposvIX U aHan0206wlx ycmpoticme, unmepgetic SPI u
BO3MOICHOCTBIO NOOKTIOYEHUS! 6HEUIHel KApmbl NAMSIMU.
[ Inama pacuupenus 015t NOOKIIOYEHUs. CUNOBOU HAZPY3KU
00N12CHa 0Decneyusams 603MONCHOCTIG NPAMO20
NOOKIIOYEHUs! 6HEeUIHel CULOBOUL HAZPY3KU, d MAKICe
peaynupyemoii Haepysku nocpedcmeom PWM unmepgetica.
B cocmas Habopa 0onicen 6Xx00Ums NPOSPaAMMUpyemblil
KOHmpoiep, 00ecneuusauwuil 603MONCHOCHLb
ocywecmeansame papabdomiy npocpamMMHO20 Kood,
Ucnob3ya uncmpymenmapuil cpeo paspabomru Arduino
IDE u Mongoose OS u A3b1K08 npocpammuposanus
C\C++, JavaScript. Ilpoepammupyemviii KOHmpoiiep
Donicen obnadams nopmamu 0711 ROOKIIOYeHUst YUPPOBbIX
U AHAO208bIX YCMPOUCNE, BCTPOCHHbIMU
npoSpamMMupyemMbiMy KHONKAMU U JJ1eKMPOMEXAHULECKUMU
WMOdyAMU 0I5t OpeAHU3AYUU CUCEMbL PYHUHO20
VIpasienust, 6CMpOEHHbIMU NPOSDAMMUPY EMbIMU
ceemoouooamu 0 UHOUKAYuY paboye2o pexcumd,
scmpoennvimu unmepgeiucamu USB, USART, 12C, SPI, 1-
wire TTL, ISP, Ethernet, Bluetooth, WiFi. B cocmag
Habopa 001%cer 6X00UMb MOOYIb MEeXHUYECKO20 3PeHUs.
npedcmasaaiowull cooou 8bIYUCIUMENLHOE YCIMPOUCTBEO
CO BCMPOEHHBIM MUKPONPOYECCOpoM (KON-60 s10ep - He
Wmenee 4um, wacmoma si0pa ve menee 1.2 I'Ty, 06vem O3V
- e menee 512Mb, 06vem 6cmpoennol namamu - He Menee
816), unmezpupoannoll Kamepou (MaKxcumaibHoe
paspewtenue 6udeonomoxa, nepedasaemo2o no
unmepgeticy USB - ne menee 2592x1944 €0.) u
onmuueckoti cucmemou. MoOynb mexnuueckozo 3pemnus
dondiceH 0b1adams coOBMeCmMUMOCIbIO C PA3TUYHBIMU
NPOSPAMMUPYEMBIMU KOHMPOLIEPAMU C HOMOUBIO
unmepdeticos - 1-wire TTL, UART, 12C, SPI, Ethernet.
MoOyns mexnuuecko2o 3penust O0NIICEH 00eCnewusams
6bINONIHEHUE BCeX USMEPEHUL U 8bIYUCTEHULL ROCPEOCTNBOM
COOCMBEHHBIX BLIYUCTUMENBHBIX B03MONCHOCEN
6cmpoenno2o mukponpoyeccopa. Mooyib mexuuiecko2o
BpeHus 0odcer 001a0ams 803MOHCHOCMBIO
KOMMYHUKAYUY C AHATIOZUYHBIMU MOOYISIMU HOCPEOCMEOM
wiunbl Ha Hase nocied08amenbHo20 unmepgeica ¢ yeivio
Oanbretiueli nepedadu pe3yibmamos usMepeHull 2pynnol
WMoOyell Ha ynpasnsiowee GbIYUCIUMENbHOE YCMPOUCME0,
noOKIIOUeHHOe K OaHHOoU wiuHe. Modynb mexHUuuecKko2o
BpenUst D0NdICEH 0DeCneyusamy HACMPOUKU PENCUMO8
pabomol - HACMPOUKY IKCno3uyuu, baranca 6enoeo,
YY6EeMOPAZHOCMHBIX COCMABIAIOWUX, NIOWAOU
oOHapycusaemou ooaacmu u306padlcenus, OKPY2ioCcmu
oOHapycusaemou ooaacmu u300padcenuss, NOI0HCEHUe
oOHapyocusaemMuix obracmell OMHOCUMENbHO Opye opyea,
\MawunHoe 06yuenue napamempos HeupoOHHbIX cemeti OJisl
ooHapycenus 00beKmos, hopmy u 3aKk00UpPosanHble
BHAueHUs. 0OHAPYIHCUBAEMBIX MAPKEPO8 mMuna Aruco,
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pasmepvi 0OHAPYICUBAEMBIX OKPYIICHOCTEN, KEAOPAMO8 U
mpey201bHUKO8, NAPAMEMPO8 KOHMPACMHOCHU,
pazmepos, KpususHbl U NOJOINHCEHUSI PACHOZHABAEMBIX
unui. Habop oondicen obecneyusams 603MOACHOCHIL
paspabomku modenu MobunbLHO20 pObOMaA, yNpasisaemoll 8
FPV-pesicume nocpedcmeom npoepammuoco obecneuenus
07151 NePCOHANLHO20 KOMNbIOMEPA U MOOUTIbHBIX
vempoticme na 6asze OC Android unu 10S,
00ecneuusaIone20 803MONCHOCHb YIPAGIEHUSL MOOUTLHBIM
pobomom u 6CMpoOeHHbIM MAHUNYSMOPOM ROCPEOCMEOM
epaguyeckoeo unmepghetica, sknouaOWUM 8 cebs Habop
KHONOK U nepexiouamenceii, O’coucmux, oonacmo 0is
omobpancenusi uoeo. Habop donsicen obecneuusameo
B03MOJICHOCTL U3YYEHUS OCHO8 PA3PAOOMKU
NPOCPAMMHBIX U ANNAPATNHBIX KOMNAEKCO8 UHIICEHEPHBIX
cucmem, pewenuti 6 cpepe "HUnmepnem seweni”, a maxoice
pewenuii 6 obracmu pobOMoOmMexHuKU, UCKYCCMEEHHO20
unmenekma u MawunHo2o ooyuenus. B cocmas nabopa
00XHCHO 8X00UMB NOCOOUE NO UYYEHUIO OCHO8
DIEKMPOHUKI U CXEMOMEXHUKU, PeuleHull 6 cghepe
"Humepnem eewetl”, paspabomku u npOMomMunuposanuo
mooeneii pobomos. B cocmae nabopa dondicHo 6xooume
nocodue no u3yHeHuIo 0CHO8 papabomru cucmem
MEXHUYECKO20 3PEHUsL U INEMEHMO8 UCKYCCMBEHHO20
unmeniekma.

Obpazosamenvhblil
KOHCMPYKMOP 05
npakmuku O104HO20
npOSPAMMUPOBAHUSL C
KOMIIEKMOM 0amuuKog

\Pobomomexnuueckuti Habop npeoHazHawer OJisk U3y4eHus.
0CHO8 pobomomexHuKu, 0emanetl, Y3108 U MEXAHUIMOS,
He0OX0OUMBIX OJisL CO30AHUsL POOOMOMEXHUYECKUX
ycmpoticms. Habop npedcmaeisem co60ii KOMNIeKm
CMPYKMYPHBIX JJIeMEHMO8, COCOUHUMENbHBIX INEMEHMO8 U
bexmpomexnuyeckux Komnonenmos. Habop nosgonsem
npoB8OOUMb IKCHEPUMEHMbL NO NpeoMemy Qu3uKa,
co30asamo U NPOSPAMMUPOBAMb COOUpaeMble MOOEIU, U3
KOMIOHEHMO8, 6X00UUX 8 €20 COCMA8, pabouue Mooelu
MOOUILHBIX U CIIAYUOHAPHBIX POOOMOMEXHUUECKUX
VCmpoticme ¢ agmomMamusupo8anHbiM YNpAaeieHuem, 6
oM yuciie Ha KONECHOM U 2YCEHUUHOM X00Y, 4 MaKice
KOHCIPYKYULL, OCHOBAHHBIX HA UCNOTb306AHUU PAZTUYHBIX
611006 nepedat (6 MoM HUC/Ie YEePEIUHBIX U 3YOUambIX) a
maxkoice pvluazos. Bempoennvle becnposoonvle cemegule
pewenus (Wi-Fi u Bluetooth), 6o3mooicnocmo unmeepayuu
c becnnamuovim obnaunvim 110, obecneyusarom
603MOANCHOCTID NPAKMUYECKO20 UYYEHUST MEXHOIO2UTL
unmepHema eeujell U OCHO8 UCKYCCMBEHHO20 UHMEILIeKMA.
Obecneuugaemces 603MONCHOCHb 0ObEOUHEHUST HECKOIbKUX
pobomos, cobpannbix U3 NOOOOHBIX HAOOPOS, 8 2PYNNbL C
cemesblm s3aumooeiicmeuem. Ilpedycmompena
ONYUOHATLHASL BO3MOICHOCTD PACULUPEHUS
00NOTHUMENbHBIMU KOMNOHEHMamu (He 8X00auumu 8
CManOapmHylo KOMIAEKMAYUIo), NO36ONTIOUWUMU U3YYATb
mexHuYecKkoe 3peHue U NPOMbIULIEHHYI0 POOOMOMEXHUKY.
[ Ipedycmompena 603M0HCHOCMb pabomvl HAOOPA ¢
00NOIHUMENLHBIMU OONAUHBIMU CEPEUCAMU.

[ Ipedycmompervt MUHUMYM 084 NPOSDAMMUPYEMbIX
KOHMPOLIEPA 6 NIACMUKOBbIX KOPRYCAX, NO380JISIOUUX
0OHOBpeMeHHO co30asamb 2 gapuanma pooomos
Pa3IUUH020 HAZHAYEHUSL, UMEIOUSUX BOZMONCHOCHLb
pabomul Kax 6 NOMOKOBOM pedicume, MmaK U AGMOHOMHO;
NO36ONSIOUWUX PEANU308AMb 0OYYEHUEe NPOSPAMMUPOBAHUIO
6 HECKOIbKUX Cpedax pa3padomKu Ha Pa3iuidHbIX S36IKax
(x npumepy, 6 cpedax Mblock, Arduino IDE, na szvikax
Scratch, C, Python, micro Python). Kax munumym ooun u3
KOHMPOLIEPO8 UMeen GCIMPOEHHYIO ONEePAYUOHHYIO
cucmemy, ecmpoennvie Wi-Fi u Bluetooth, nopm oas
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NOOKIIOUEHUS. NOCIE008AMENLHO COCOUHAEMBIX GHEUHUX
vempoticme (He menee 20 00HO8PEMEHHO NOOKTIOHAEMbIX
yempoticma). Kax munumym oOur u3 KOHMpoiiepos umeem
B03MOICHOCTL OOHOBPEMEHHOU 3anucu He MeHee 8§
npoCPamMm, ¢ 603MOACHOCHIBIO NEPEKTIOUCHUS MENCOY
Humu. Kax Munumym oOuH u3 KOHMpoiiepos umeem
noanoysemuslil oucniell (IPS), noszeonsiowuil 6b1600umb
Oanuble c 0amuuKos 8 8ude mabauy u epapurkos, a maxice
coz0asams 6cmpoennbie 8 KOHMPOJLIEDP GUAEOUSDbI.
[Konuuecmeo ceHcopos u UCnOIHUMENbHbIX YCMPOCMS,
6CMPOEHHBIX 8 0OUH U3 KOHMPOLIEpOs, - He menee 10 wm.
Obwee Koruuecmso snemenmos 6 Habope we menee 400
wim., 8 mom uucie nooknoyaemvle mooyau: - Bluetooth
WMOOYIb, - OB0UHOU OAMYUK TUHUU, - YIbMPA3EYKOEOU
0amuuK paccmosinus, - Oam4ux yeemd, - OamyuK KacaHusl
baexmpomexanuveckut, - IR MoOyib, - MOmMOp
HOCMOAHHO20 MOKA C PEOYKMOPOM — He menee 2 wm., -
Cepeonpusoo, - Nyibm OUCMAHYUOHHO20 ynpagieHus IR.
[Habop 0onoicen Obimb YKOMNIEKMOBAH AKKYMYISMOPHbLMU
bamapesimu. [Ipoepammnoe obecneuenue, UCnoab3yemoe
07151 NPO2PAMMUPOBAHUSL COOUPAEMBIX
pobomomexHuueckux mooenel u ycmpoucme, OOJIHCHO
ObImMb QOCMYNHO 011 DeCHAAMHO20 CKAYUBAHUS U3 CemU
HUnmeprem u nocnedyoue2o ucnoib306aHus..

Habop OI'D/ETD (Pusuxa)

B Habop 6x00sm He MeHee 5 KOMNIEKMOos, 8Kuouaiowue 6
mom yucie credyroujue usmepumenbHuble NpUcnocodIeHus
u yuebHoe 060pydosanue. * 6ecul INEKMpPOHHbIE *
U3MepUMenbHuIlL YUTUHOD * YUAUHOPBL: CIATILHOU,
ANIOMUHUEBDLU, NIACTUKOBbLIL * OUHAMOMEMPbL * OPYCKU
OIIOKU * 2pY3bl * NPYICUHBL * UCTOYHUK NUTNAHUS
NOCMOSIHHO20 MOKA * COOUPAarowas u pacceusaiouidst
VIUH3bL * BOILIMMEMD * AMAEPMEMP * WMAMUS

17.00

Habop OI'D/ETD (xumus)

B Habop éxooam gecvl 1abopamopHyle snekmpontvie 200
e, cnupmoexa 1a6opamopHas, 60POHKA KOHUYECKAs,
nanouxa cmexaanuasn, npooupka I1X-14 (10 wmyx),
cmaxan evicokuil ¢ Hocuxom BH-50 ¢ memxoul (2 wmyku),
yurunop usmepumenshoiii 2-50-2 (cmexnsaunotil, ¢
npumepmou Kpululkott), wimamue 0 npooupox na 10
eH€30, 3a2icUM NPOOUPOUHDBLI, Wnamenb-10xceuxa (3
wimyki), HAbop GAAKOHO8 OJisl XPAHEHUSL PACBOPOS U
peaxmueos (06vem paaxona 100 mn - 5 komniekmog no 6
wmyk, obvem gaaxona 30 mu - 10 komniekmos no 6
wmyx), yuarunop usmepumenshuiil ¢ Hocuxom 1-500 (2
wimyku), cmaxan gvicoxutt 500 ma (3 wmyku), Habop
eputetl 05t Mblmbsi NOCYObl (epud 0151 Mblmbsl nPOOUPOK - 3
wimyku, eput OJist MblMwvsl KOO - 3 wimyku), xaram Oenvli
/0 (2 wmyku), nepuamxu pe3uHogsvle Xumuieckue
cmotikue (2 wmyKu), ouKu 3auumHsle, Guibmpbl
oymancuvie (100 wmyxk), coproyee ons cnupmosox (0,33 7).
B cocmas Habop 6x005m peakmugul. artOMUHUL, Jiceneso,
CONAHASL KUCTIOMA, MEMULOPANIIC, penonghmaneun,
aMMUAK, NEPoKCcUd 8000pooa, HumMpam cepebpa u opyaue;
6 0bwell crnoscHocmu - 44 paznuyHeix sewecms,
UCNONIL3YEMbIX OISl COCMABIIeHUs. KOMNIEKNO8 PEaKMUB08
npu npogedenul IK3aAMEHAYUOHHBIX IKCHEPUMEHMO8 NO
KypCy wKonbHoU xumuu. Pexomendyemces gpopmuposame
Habop OI'D/ETD, nozeonaowuit npogooums
npakmuueckue 3a0anus npu NPoseoeHuu 0oue2o
e0CYO0apcmeenHo20 IK3AMeHa NO XUMULU C UCHONIb308AHUEM
coomeemcmayowel 1a60pamopHoll NOCyobl, peaKmueos,
yuebno-0emoncmpayuonno2o obopyoosanus. Ilpu
opmuposanuy peKxomMeHOyemcs yuumoi8ams
axmuueckyro nompedHocmb 00pA308aMENLHBIX

opeanuzayuil.

17.00




HaumenoBanue
obdopynosanus (PBIIO)

KpaTKne NPpUMEPHbIC TEXHUYCCKHE XaPAKTEPUCTUKH
(PBIO)

Eannuna
H3MepeHust

IKostmuecTBO

HaumMeHoBanue pasjena:
"KommnbrotepHoe
o0opynoBanue"

Mnozogynxyuonanvhoe
yempoticmeo (npunmep,
cKauep, Konup)

Tun ycmpoiicmea: Mnozoghynkyuonanonoe ycmpoucmeo
(MDY); Llsemnocme neuamn: uepno-benas, Texnonoeus
newamu: dnexmpozpaguyeckas (nazepuas,
ceemoouoonas); @opmam nevamu: ne menee A4; Tun
CKAHUPOBAHUA: NPOMAHCHBIU/NIAAHUEMHBII,
IBO3MOXNCHOCb CKAHUPOBAHUA 8 hopmamax: He MeHee A4,
Cnoco6 nooxnmouenus: LAN, Wi-Fi, USB

17.00

\Hoym6yx

Dopm-paxkmop: Hoymbyk, Pasmep ouazonanu: ve meHee
15.6 owiimos; Paspewenue sxpana.: Full HD, Quad HD
wunu Ultra HD; Obwuii 06vem ycmarnoeieHHOU
onepamusHoll namsamu. He mernee 8 I'oaim,
Maxcumanvhiil 00wul n0OdeprcUsaemvlii 06vem
onepamusHoul namsamu. ve menee 16 I'oatim;, Ob6vem SSD
Haxonumens. ne menee 240 I'baiim, becnpoeoonas cés3b:
Wi-Fi; Koauuecmeo ecmpoennvix ¢ kopnyc nopmos USB:
He menee 2, uz Komopuix ne menee 1 0onxcno 6vimo USB
sepcuu He Hudice 3.0; Paspeuwenue 826-kamepul,
Mnuxcens: He menee 0.3; Bempoennviii mukpoghon,
\Knaguamypa ¢ packiaokou u MapKupoKou Kiasuu
OWERTY/UL]YKEH; Ilodoepacka cmandapmos
becnposoonoti cesizu: 802.11a/b/gInlac;

[ IpouszsooumenbHocms npoyeccopa (3HaveHue noKa3amelis
«CPU Mark» no mecmy «Laptop & Portable CPU
\Perfomance» http://www.cpubenchmark.net/laptop.html):
e menee 5000 eounuy, Hanuuue manunynsmopa moiuts 6
Komniexme: da; Ycmanoenennas onepayuontas cucmema
c epaghuneckum nonv3oeamenbckum unmepgheicom,
Cc8e0eHUst 0 KOMOPOM BKIIOUEHBL 8 COUHbLIL peecmp
poccutickux npo2pamm Oiist INeKMpPOHHbIX
GLIUUCTUMENbHBIX MAWUH U 6a3 OAHHBIX, YCcmanosneHHblil
nakem oQuCHO20 NPOSPAMMHO20 0Decneyenus,
COBMECUMO20 € YCMAHOBIEHHOU ONEePAYUOHHOTL
cucmemot, cgedeHust 0 KOMOPOM GKIOHUEHbL 6 eOUHDBLIL
peecmp poccutickux npocpamm OJist d1eKMpPOHHbIX

BLIUUCTUMEIbHBIX MAUUH U 643 OAHHBIX.

34.00




