JAEITAPTAMEHT OBPA3OBAHUA U HAYKH
XAHTBI-MAHCHUHCKOI'O ABTOHOMHOI'O OKPYTA - IOT'PBI

ITPUKA3

006 yTBepxkaeHNN HHGPACTPYKTYPHOTO JIUCTA IS OCHAIIICHUS
00111e00pa3oBaTeIbHBIX OpPraHU3aIli, PACIIONOKEHHBIX B CEIbCKOH MECTHOCTH H
MaJIbIX TOpoJiax, 000pyI0BaHUEM, PACXOIHBIMUA MaTepHalaMu, CPEICTBAMU
OOy4eHHMs U BOCTIMTAHUS C LIEJIBbIO CO3/1aHUs U (PYHKIITMOHUPOBAHMS [ICHTPOB
0o0pa30BaHUs €CTECTBEHHO-HAYYHON U TEXHOJOTHYECKON HalpaBIeHHOCTEH
«Touka pocta» B paMKax perHoOHAJIBHOTO MPOEKTa, 00ECIIEYUBAIOIIETO
JOCTIKEHUE LIeTIeH, moKa3aTeseil u pe3yibTaTta ¢peaepalbHOro IPOoeKTa
«CoBpemMeHHas IIK0JIa» HaIMOHAIBHOTO MpoekTa «O0pa3zoBanue» B 2023 rogy

22.12.2022 Ne 10-11-2996

XaHTeI-MaHcHulicK

B cootBercTtBUM ¢ pacniopsbkeHueM IlpaBurtenbcrBa XaHThI-MaHCHICKOTO
aBTOHOMHOTO OKkpyra — FOrpsl oT 5 utona 2019 roma Ne 356-pn «O peanuzanmu
B XaHTbI-MaHCHIICKOM aBTOHOMHOM OKpyre — HOrpe OTmenbHBIX MEpONpUSATHN
(denepaibHBIX TPOEKTOB HALUMOHAIBHOTO MpoekTa «OOpa3oBaHUE», C Y4YETOM
nucbMa (eAepanbHOT0 TOCYJAapCTBEHHOTO AaBTOHOMHOrO yupexaeHus «LleHTp
IIPOCBETUTENIbCKUX MHULIMATUB MHUHHCTEPCTBA IpocBelleHus Poccuiickoin
Oepneparun» ot 16 nmexadbps 2022 roma Ne 100/1612-08 «O cooTBeTCTBUM
UHOPACTPYKTYPHOTO JINCTA €MHOMN TexHonornueckoit cpeae HITO»,

ITPMKA3BIBAIO:

YT1BEepauThH UHOPACTPYKTYPHBIH JIACT IS OCHAIECHUSA
0011e00pa3oBaTeIbHBIX OpPraHU3alMi, PACHOJOKEHHBIX B CEIbCKOM MECTHOCTH
U MalbIX ropojiax, 0OOpyAOBaHHMEM, PACXOJHBIMH MaTepHallaMu, CpPEICTBaMH
OOy4eHMs] M BOCIHUTAHUS C LEIbI0 CO3JaHUs W (YHKIMOHUPOBAHUS IIEHTPOB
o0pa3oBaHUs €CTECTBEHHO-HAYYHOW M TEXHOJIOTMYECKOM HaIpaBJICHHOCTEH
«Touka pocTay B paMKax pErHOHANBHBIX MPOEKTOB, OOECIECUUBAIOLIUX
JNOCTH)KEHHME 1eJeil, TMoka3aTened u pesyibTata (enepasbHOro IMpOeKTa
«CoBpemMeHHas IIKOJa» HalMOHaIbHOro mpoekta «O6pazoBanue» B 2023 roay
COTJIaCHO MPHUJIOKEHUIO K HACTOAILEMY MPUKA3Y.

Hupexrop Jlenapramenra {ifn,  ROKYMEHT MOANMCAH A.A.[lpenun
».g._gf 3NIEKTPOHHOW NOANNCHIO
Ceptuduxar

00F185CEB74ECACAF4227A0DE9S875E62E
Bnanenen penun Anekceid AHaTOIbEBUY
[eiictuteneH ¢ 25.03.2022 no 17.06.2023



[TpunoxeHue K npuKazy

JenaprameHnTta o0pa3oBaHUs U HAYKH
XaHTeI-MaHCHHCKOT0 aBTOHOMHOTO OKpyra — FOrpsl
22.12.2022 Ne 10-11-2996

WHppacTpyKTypHBIN JUCT JUIs OCHAILIEHUS 001e00pa30BaTEIbHBIX OPraHu3alui,
PacMoJIOKEHHBIX B CETLCKON MECTHOCTH U MaJIbIX TOPOJIax, 000pyAOBaHUEM,
pacxoJHBIMH MaTepHallaMu, CPEACTBAMH OOYUESHHS U BOCITUTAHUS C EJIBIO
co3iaHus U GyHKIIMOHUPOBAHMSI LICHTPOB 00pa30BaHUs €CTECTBEHHO-HAYYHON U
TEXHOJIOTUYECKOW HampaBjIeHHOCTEN «Touka pocTay B paMKax PETMOHAIBHOTO
IIPOEKTa, 00ECIIEYNBAIOIIEr0 JOCTUKEHHE LIEIeH, TOKa3aTelel U pe3ysbTaTa
denepanbHOro npoekrta «CoBpeMeHHas! MIKO0JIa» HAIMOHAJIIBHOTO ITPOEKTa

«O06pazoBanue» B 2023 roay

Ne HaumenoBanue
n/n| odopynosanus (PBIIO)

Kpatkue npuMepHble TeXHHYEeCKHE XaPAKTEPUCTHKH
(PBIIO)

Eannunna
H3MepeHust

IKoJimuecTBO

Mmanoxkomnaekmuvimu''

HaumenoBanue HanpasJieHusi: ""Ooopyoosanue 01: 00uieo0pa3o6amenpHbIX OP2AHU3AUUIL, HE AGTAIOUUXCA

HaumeHnoBaHnue paznena:
1 "EctecTBeHHOHay4YHAas
HaNpaBIEHHOCTH"

{ugposas nabopamopus
no gusuxe (yuenuuecxas)

Obecneuugaem 6binoaHeHUe IKCREPUMEHMO8 NO MeMaM
Kypca guzuxu.

Texnuueckue xapakmepucmuxu O0ICHbI
coomsemcmeosamsv KTPY xoooe OKII/2 26.20.40.190,
32.99.53.130, 26.51.52.130, 26.51.43.119. IIpeomemnas
oOracme: Qusuxa Tun nonvsosamens: Obyuarowutics
\Komnnexmayus: Becnposoonoii mynemudamuux no
Qusuke c 6-10 scmpoennvimu oamyuxkamu: 1.Lugposoii
Oamuux memnepamypul ¢ OUANA30HOM USMEPEHUS He Ve
uem om -20 0o 120C 2.LJughposoii damuux abconomuozo
0aenenus ¢ ouanazonom uzmepeHnus He yice vem om () 0o
500 klla 3./[amuuk macnummno2co nojs ¢ OUana3oHoM
usmepenust ne yoice yem om -80 0o 80 mTn 4./Jamuux
HanpsajceHUs ¢ OUANA30HAMU USMEPEHUs. He Yoice YeM Om
-2 00 +2B; om -5 00 +5B; om -10 0o +10B; om -15 0o
+15B 5. /lamuux moxa ne yoice uem om -1 0o +14 6.
Vlamuuk axcenepomemp ¢ NOKa3amensimu He MeHee YeM.
+2 g +4 g; +8 g Omoenvnvie ycmpoticmea: USB
ocyunnoepag ne menee 2 kanana, +/-10 B Axceccyapol:
[Kabenv USB coedunumenvhulii 3apsaonoe ycmpoiicmeo ¢
kabenem miniUSB USB Aoanmep Bluetooth 4.1 Low
\Energy Koncmpyxmop 0na npogedenus 3Kxcnepumenmos
\Kpamkoe pykosodcmeo no skcniayamayuu yu@dposoti
\nabopamopuu IIpoepammnoe obecneuenue
\Memoouueckue pexomenoayuu (40 pabom) Haruuue
pycckosazbiuno2o catima nodoepaicku Hanuuue
8UOEOPOTUKOS.

21.00

[ [uppposas nabopamopus
no xumuu (yueHuyeckas)

Obecneuugaem @vblnoaHenue 1A60PAMOPHLIX pabom no
NuMUU HA YPOKAX 8 OCHOBHOU WKOJIe U NPOEKMHO-
1CCe008AMENbCKOU OesIMENIbHOCIU YYAUUXCSL.
Texnuueckue xapakxmepucmuki OOJIHCHbI
coomeemcmeosamev KTPY xoooe OKIII2 26.20.40.190,
32.99.53.130, 26.51.52.130, 26.51.43.119. [Ipeomemnas
obnacme: Xumusa Tun nonvzoeamens: Obyuarowuiics

HpeanﬂaeaeMble Munvl OAM4UKo8: Komnﬂekmauu}l:

21.00
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KpaTkue npuMepHble TEXHHYECKHE XaPAKTePUCTHKH
(PBIIO)

Eaxnnunna
H3MepeHust

IKoJtmuecTBO

\becnpo8oOHOU MyTbmMUOAMYUK NO XuUMuu ¢ 3-ms
ecmpoennvimu oamuuxamu. 1. Jamyux pH ¢ ouanaszonom
usmeperus ne yuce yem om 0 0o 14 pH 2. Jlamuux
D1IEeKMPONPOBOOUMOCIU C OUANAZOHAMU USMEPEHUsL HE
yoice wem om 0 0o 200 mxCm; om 0 oo 2000 mxCm; om 0
00 20000 mxCwm 3. [lamuux memnepamypsi ¢ OUana30HoM
usmepenust we yoce uem om -20 0o +140C Omoenvhvie
Oamuuxu: Jamuux onmuyeckoi niomuocmu 525 um
Urceccyapor: Kabenv USB coedunumenvuwiti 3apsionoe
yempoticmeo ¢ kaberem miniUSB USB Adanmep
\Bluetooth 4.1 Low Energy Kpamkoe pykxosoocmeo no
brenayamayuu yugposoi rabopamopuu Habop
nabopamopnoii ocnacmku IIpoepammnoe obecneuenue
IMemoouueckue pexomenoayuu ve meree 40 pabom
\Hanuuue pycckoasviunoeo cavima nodoepoicku Haruuue
6UOeOpOIUKO8.

[ugpposas nabopamopus
no ouonoeuu (yueHuseckas,)

Obecneuugaem 6bInoaHeHUe 1AOOPAMOPHLIX pabom Ha
ypoKax no 6uor02UL 8 OCHOBHOU WKOIE U NPOEKMHO-
1CC1e008aMENbCKOU OesTMEeNbHOCU YUAUUXC.
Texnuueckue xapakmepucmuKu OO0JIHCHbI
coomsemcmeosamb KTPY xooos OKII/[2 26.20.40.190,
32.99.53.130, 26.51.52.130, 26.51.43.119. [Ipeomemnas
oonacms. buonocus Tun nonvzosamens: Obyuarowutics
\Komnaexmayus: becnpogoonoii myarsmudamuux no
buonozuu ¢ 5-10 ecmpoennvimu oamuukamu. 1. Jamuuk
erasicnocmu ¢ ouanasonom usmepenus 0...100% 2.
Vlamuuk oceeuwjeHHOCIU ¢ OUANA30HOM UBMEPEHUs. He
yorce uem om 0 0o 180000 nx 3. Jamuuk pH ¢
Ouanasonom uzmepenus He yoice wem om 0 0o 14 pH 4.
VIamuux memnepamypsi ¢ OUaNA30HOM USMEPEHUs He
orce wem om -20 0o +140C 5. [Jamuux memnepamypul
OKpYIcatougeli cpedbl ¢ OUANA30HOM UBMEPEHUS He YIice
uem om -20 0o +40C Axceccyapul: - 3apsaonoe
yempoiicmeo ¢ kaberem miniUSB - USB Aoanmep
Bluetooth 4.1 Low Energy - Kpamxoe pyxogoocmeo no
brcnryamayuu yu@posot rabopamopuu - L{ughposas
BUOCOKAMEPA € MEMALTUYECKUM WUMAMUEOM,
paspewenue ne menee 0,3 Mnuxc - Ilpoepammmoe
obecneuenue - Memoouueckue pekomeHOayuu He MeHee
30 pabom - Ynaxoska - Hanuuue pycckos3vluHo2o caiima
no0deparcKuU, Haruyue 8UOeOPOTUKOS.

21.00

HanMeHoBanue pasjena:
" JlONOJIHUTENHHOE
obopynoBanue"

Ob6paszosamensubviil HAGOP
OJ11 U3YYeHUs.
IMHO2OKOMNOHEHMHbIX
pobomomexnuueckux
cucmem u
IMAHUNYIAYUOHHBIX
pobomos

Obpaszosamenvhblii HAOOP 0NHCEH ObIMb NPEOHAHAYEH
07151 uzyueHuss poOOMOMEXHUUECKUX MEXHON02ULL, OCHO8
UHGDOPMAYUOHHBIX MEXHONI02UL U MEXHOI02U
MPOMBIUAEHHOT AGMOMATNU3AYUY, A MAKICE MEXHOL02ULL
MpOMOMUNUPOBAHUs U AOOUMUBHO20 NPOU3BOOCMEA.
Texuuueckue xapaKxmepucmuku ¢ Y4emom noJI0NHCEHUL
IKTPY. B cocmag Habopa 00adicHbl 6X00Umb
KOMRIEKmylowue u ycmpoucmaa, obraoarouue
KOHCMPYKMUBHOU, annapamuol U npocpammHo
coemecmumocmuio opye ¢ opyeom. 1) Komnnexm
KOHCIMPYKMUGHBIX INEMEHIMO8 U3 MEMALLA U NAACTUKA
07151 cOOpKU MOOenell MAaHURYIAYUOHHBIX POOOMOS C
Venosoii kunemamuxou, nioCKONapaiieibHol
Kunemamuxot, Delta-kunemamuxou. 2)
\HnmennexmyanoHulli cepsomMooyiib ¢ UHMESPUPOBAHHOL
cucmemot ynpasienus - ve menee 7um. Cepeomooyns
Doa0icen 0bradams UHMeSPUPOBAHHOU CUCEMOT

7.00
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ynpasnenus, obecnewugaioweii 0oOpammyio céa3b Uil
KOHMPOIbL NApamMempos - HOJOACEHUE 8ald, CKOPOCHb
Bpawenus, Hazpy3Ka npueood, a MaK’ce
0becneuusaroujeli 603MONCHOCIb NOCIE008AMENbHO20
nooKkouerus opye ¢ Opy2oM U YNpaeieHus.
CepeOMOOYAAMU NO NOCAEO08AMENbHOMY

N0y OYNIEKCHOMY ACUHXPOHHOMY unmepgeiicy. 3)
\IPobomomexnuyeckuti KOHMpOLep, NPedCcmasisiouuti
0001l MOOYIbHOE YCMPOUCMB0, GKAIOYAUee 8 ceosi
0OHONIAMMBITL MUKPOKOMIBIOMED 0I5l 6bINOJHEHUS
CTIOJHCHBIX GbIYUCTUMENLHBIX Onepayull, nepugepuiinbiil
KOHMPONEp 05l YNPAGLEeHUs BHEUHUMU YCMPOUCMEAMU
U nAamy pacuuperust 01 NOOKIIOYeHUs GHEUHUX
yempoticms. Modynu pobomomexuuueckozo
KOHmMpoepa O0NHCHbI 001a0ams 00HOBPEMEHHOU
KOHCMPYKMUBHOU, annapamuou u npocpammHo
coemecmumocmuto opye ¢ opyeom. Pobomomexnuueckuii
KOHMPOALED O0NAHCEH YOOBNEMBOPAMb MEXHULECKUM
Xapaxmepucmuxam. Kon-60 10ep 6CMpPOEHHO20
WMukpokomnsiomepa - He MeHee 4, makmoeas yacmoma
s10pa - ne menee 1,2 I'Ty, o6vem O3Y - ne menee 512 Mo,
nanuuue unmepgeticos - SPI, 12C, 1-wire TTL, UART,
\PWM, yugpossie - ne menee 16 wm u ananozosvie
nopmoi - He menee 8 wm 0151 NOOKNIOYEHUS GHEUHUX
lycmpoticms, écmpoentbiti Mukpogor, a maxace WiFi unu
\Bluetooth 01 KoMMyHUKAYUU CO BHEUWHUMU
yempoticmeamu. Pobomomexnuyueckuil KOHmMpoJiep
Qondicen 0becneuusams 803MOICHOCb
MPOCPAMMUPOBAHUS C NOMOWBIO CPEOCHIE A3bIKOG
C/C++, Python u c60600H0 pacnpocmpansemot cpeosi
Urduino IDE, a makoice ynpasnenus mMooenimu
pobomomexnuuecKux cucmem ¢ nomowwio cpeovt ROS.
4) [Ipoepammupyemviti Koumpounep - He menee lwm.

U Ipoepammupyemviti KOHMPOINEP OOAHCEH NPEOCMABIAMD
cob01l 8blyUCIUMENbHBLI MOOYTb, 001A0AIOWUM
Yuppossimu nopmamu - He menee 8 Wm U AHAI0208bIMU
nopmamu - e menee 16 wm, unmepgeticamu UART,
U2C,SPI, TTL, a maxoice mooynem 6ecnpo8oOHOl C83U
muna Bluetooth unu WiFi ons co30anus annapammuo-
npoepammueix peuteruii u ""ymuvix/cmapm""-ycmpoiicme
0115 pazpabomxu pewenuit ""Humepnuem gewgei"". 5)

I Inama pacwupenus npoepamMmupyemoz0 KOHmpounepa —
ne menee lwim. Ilnama pacwupenus 00nx*CHA
0becneuusams 603MONCHOCMb NOOKNIOUEHUS
VHUBEPCANbHO20 GLINUCIUMENLHO20 MOOYIA K cemu
nocpeocmeom unmepdpetica Ethernet. Ilnama
pacuuperus 00nHCHa 061a0ams NOPMami 6600a-6bl800a
071 NOOKMIOUEH U YUPPOBLIX U AHANO208bIX YCHPOUCE —
ne menee 40 wm, unmepdpeiic SPI u 603modncnocmoio
nooKmouerus gHewHell kapmol navsmu. 6) Mooy
MexHUuecKo2o 3peHust, npeocmasisiouuii coooul
lyempoticmeo Ha basze 8bl4UCIUMENbHO20
WMuUKpoKoHmpoiepa u UHMezpupO8aHHO Kamepbl,
0becneuusaioujee pacno3Hasanue npocmetiuux
u3006pasicenuli Ha Mooyae 3a cuem coOOCMBEHHbIX
BLIUUCTUMENBHBIX BO3MOICHOCTEN - He Menee [wm;
IMo0oynb mexuuuecko2o 3peHus 00axNceH obecneuusams
803MOXHCHOCHIb KOMMYHUKAYUU C AHATOUYHBIMU
MOOYIAMU NOCPEOCMEOM WUHbL HA ba3e
nociedosamenvHo20 uHmepgeiica ¢ yeavio oanbHeuulel

nepedauu pe3ynbmamos usmepeHuti 2pynnvl Mooyael Ha
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ynpasisiowee 8blUCIUMeNbHOE YCMPOUCME0,
nooknouenHoe Kk OaHHou wune. Mooynb mexHuueckozo
BpeHus dondcen obecneuusams 603MONCHOCHLL
ocywecmensime HacmpouKy MoOYisk MEXHUYECK020
BpeHus - Hacmpouxy sKcno3uyuu, baranca H6enozo,
YBEMOPAZHOCMHBIX COCMABTAIOWUX, NIOWAOU
06Hapysrcusaemoli obracmu uz06padiceHus, OKpyerocmu
0OHapysrcusaemoti 00aacmu u306PaAd’CeHUsl, NOJLONCEHUE
0OHapysrcusaemulx obracmet OMHOCUMENbHO Opye Opyeq.
IMoOynb mexHuuecko2o 3peHus 00aiHCceH 0becneuusams
603MOICHOCHIL HACMPOTIKU HA OOHOBPEMEHHOE
o6Hapyscenue ne menee 10 pasnuunblx 0OUHOUHBIX
00vexmos 6 cexmope 0630pa, OO He MeHee 5
cocmasnbix 00beKmos, cocmosiuyux u3 He menee 3
paziuunbix epapuyeckux npumumusos. Mooy
ImexHuuecKo2o 3peHust Qoaicer 001ad0ams 6CMpPOEHHLIMU
uumepgeticamu — USB, UART, 1-wire TTL, I12C, SPI ona
KOMMYHUKAYUU CO BHEWHUMU ROOKTIOYAEMbLMU
yempoiicmeamu. 7) B cocmas nabopa 0ondicHbl 6X00umsp
yupposvle UHPOpMaYUOHHO-CEHCOPHbIE MOOY U,
npeocmasnsitowue coboil yempoiicmaa Ha baze
MpOSPAMMUPYEMO20 KOHMPOILIEPA U USMEPUMETLHO2O
baemenma. L{ughpoeoii modyaw dondcen obraoams
6CMPOEHHBIM MUKPOKOHMPOILEPOM (MAKMOB8AS YACMOMA
- ne menee 16 My, wuna dannvix — ne menee 8 Koaiim),
unmep@eticamu 05t NOOKIIOYEHUS K 6HeUHUM
yempoticmeam: yugposule u ananozcosvie nopmei, 1-wire
TTL, pasvem muna RJ. Llughposoii modynv dondicen
0becneuusams 803MONCHOCTb KOMMYHUKAYUU C
AHANOLUYHBIMU MOOYISIMU NOCPEOCHBOM WUHDBL HA 6a3e
nociedosamenvHo20 unmepgeiica ¢ yeivio OarbHeluel
nepedayu pe3yrbmamos uzmepeHull 2pynnvl Mooynei Ha
ynpasisiowee 8bl4UCIUMeENbHOE YCMPOUCME0,
nookatouennoe Kk 0annol wune. B cocmas nabopa
00121CHO 6X00UMb. YUPPOBOL MOOYIb MAKMOBOU KHONKU
— He menee Jwm, yu@posoii MoOOYIb c8emMoou0dd — He
Wmenee 3wm, yugposoii MoOyIb KOHYE8020 Npepbisamers
— He menee 3wm, Yyu@dposoil MoOyIb 0aMYUKA Yyeema — He
wmenee lum, yugposoii modyne RGB ceemoouooa — ne
wmenee lwum. 8) B cocmas nabopa 0012icHbl 6X00umb
bremenmol 015t COOPKU 8AKYYMHO20 3aX8AMA. 6aKYYMHAS
npucocka — He menee lwim, S1eKMPOMASHUMHbBIL KI1ANAH
— He menee lwm, 8akyymuwiil Hacoc — He menee lwum. 9)
\B cocmas Habopa 0oadicen 6Xx00umsv yueOHblll KOMNIEeKM,
erIIOUAOWUIL 8 cebsl yuebHoe nocobue, Habop dubIuomex
IMpexmepHbIX IIeMeHMO8 OJis RPOMOMUNUPOBAHUS
Modenell MaHunyIAYUOHHBIX POOOMO8, a MaKice
npoepammuoe obecneuenue 0 pabomvl ¢ HABOPOM.

[ Ipoepammmnoe obecneuerue O0NAHCHO 0Oecneuusams
ImpexmepHyIo U3y anu3ayuI0 MoOeiu MaHURYIAYUOHHO2O0
poboma (c yenogou, niockonapaiieibHol u oebma-
Kunemamuxotl) 6 npoyecce pabomul, 0becnedueans
nocmpoenue npocmpaHcmeeHHOU Mpaexmopuu
06UIICEHUSL UCNOTHUMETLHO20 MEXAHUZMA
MAHUNYIAYUOHHO20 POOOMA, 603MONCHOCHL 3A0AHUSL
nociedosamenbHOCMU MoOUeK 01 NPOXOHCOEHUs Yepe3
HUX UCTIOTHUMENLHO20 MEXAHUIMA MAHUNYISYUOHHO2O0
poboma. [Ipoepammnoe obecneuenue 00aNCHO
(QyHKYUOHUPOBAMY, KAK 8 OMOEILHOCMU 8 8UOE CPedbl
WModenuposanus, max u 8 pexcume MOHUMOPUH2d 6

eAJIbHOM 6peMEHU npu NOOKIIOUEHUU MOOeU
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MaHURYIAMOPA ROCPEOCMEOM POOOMOMEXHUYECKO20
Konmpoanepa. [Ipoepammnoe obecneuenue O0INCHO
0becneuusams 803MOINCHOCHIL NOCMPOEHUsL 2PAPUKO8
Badanublx U meKyuux o600UeHHbIX KOOPOUHAMm
MaHURYIIYUOHHO20 pOOOMA, 2PAhuK08 3HAYEeHUU
ckopocmell U YCKOpeHusl, 2paAghuKko8 pacuemmbix 3Ha4eHuil
Hazpysku. [lpoepammmnoe obecneuenue 00AHCHO
n036045Mb 3a0A8aMb NOCIEO08AMENLHOCTD
nepeosudceHUll MaHUNYISIMOPA NOCPEOCmEomM Habopa
KOMaHO 6 b0uHO-epaguueckom unmepgetice. Yuebnoe
nocobue O0NNHCHO COOePHCAmb MAMepuabl no
pazpabomie mpexmepHuix Mooeneti MOOUIbHLIX pOOOMO8,
MAHUNYIAYUOHHBIX POOOMOE C PABTUYHBIMU MUNAMU
KUHeMamuKu (yeno8as KUHeMamuKda, niocKo-
napanienvbHas KUHeMamuKa, 0eibma-KUuHeMamuxda,
ISCARA unu poruasicnas kunemamuxa, niamgopma
Cmioapma u m.n.), UHCMPYKYuu 1o NPOeKmMupPOBAHUIO
PO6OMO8, UHCMPYKYUU U MEMOOUKU OCYUeCMEICHUS
UHIICEHEPHBIX PACYEnO8 NPU NPOEKMUPo8aHuy (paciemol
Hazpy3KU 1 MOMEHMOB, pacyem MOWHOCHU NPUBODOS,
pacuem napamempos KUHeMamuKy u m.n.), UHCmpyKyuu
no paspabomie cucmem YnpagieHus u npoepammHo20
0becneuenus 0 ynpagienus pooomamu, UHCMpYKYuu u
WMemoouKu no paspabomxe cucmem ynpaesieHus ¢
DAEeMEHMAMU UCKYCCMBEHHO20 UHMELIeKMA U
Wawunno20 06yuenus.

Yemuvipéxocesoti yuebuwiil
pobom- manunysmop c¢
MOOYIbHBIMU CMEHHBIMU
Hacaoxkamu

Yuebnuuit pobom-manunynamop npeonasnauer 0
0Cc80eHUs 0OYUAOWUMUCT OCHO8 POOOMOMEXHUKU, OIS
n0020MOBKU 00YUAIOWUXCA K 6HEOPEHUIO U
nociedyrouemy ucnoib308anuo pooomos 6
NpOMbBIUIEHHOM NPOU3BOOCEe.

Texnuueckue xapakmepucmuku ¢ y4emom Noa0HCeHUll
IKTPY. Konuuecmeo ocetl poboma Manunyisnmopa -
uemvipe. llepemeujenue uHcmpymenma 8 NPoOCmMpancmee
no mpem o0camM OONHCHO YRPABTAMLCA WUAL08bIMU
0sucamenamu. Hanpsascenue numanus wazoesix
0eueameneti He bonee 12 B. Cepgoodsucameins
uemeepmotl ocu 00JIdiceH 0becneuudams no8opPom
uHCmMpyMeHma. Y2on nogopoma Manunyismopa Ha
OCHOBaHUU BOKPY2 8epMUKAIbHOU ocu He meHee 180
lepadycos. s onpedenenus noa0dCeHUus MaHunyIsmopa
npu nosopome 80Kpy2 6epMUKANLHOU OCU OOJIHCEH
1CNONIb308aMbCAL IHKOOED. Veon nosopoma 3a0nezo
naeya manunynamopa ne menee 90 epadycos. Yeon
nosopoma nepedrnezo nieva manunyasmopa we menee 100
lepadycos. s onpedenenus noaodicenust 3a0He20 u
nepeonezo nieu MaHUnYIAMopa OOJHCeH UCHOIb308AMbCS
leupockon. Yzon nogopoma no uemeepmoti ocu He MeHee
180 epadycos. [lonicha 6vimb 603MOANCHOCb OCHAUWEHUS
CMeHHbIMU Hacaokamu (Hanpumep, oepaicames
KapanOdawia unu gromacmepa, NPUCOCKa ¢
cepsoOsucamenem, MexaHuueckoe 3ax6amHoe
lycmpoticmeo ¢ cepgoodsucamenem, yCmpoucmeso 0is
\azepHou epasuposku uiu yempoticmeo o 3D-newamu,).
IMuHnumanbHas KOMIAeKMAayus CMEeHHbIMU HACAOKAMU.
nHesMamuyecKull 3axeam (MPUCocKa), MexaHuueckuil
Baxeam, nacaoxa oepacament 0
Kapanoaula/mapkepa/pyuKu, Hacaoka nepexooOnux s
KpenieHuss COBMeCmuMblX KOHCMPYKMUBHLIX Oemaiell U
KOHCMPYKYUll, HACAOKA J1A3ePHOL 2PABUPOBKU, HACAOKA

3D-newamu (03 pabomei ¢ nnacmuxom PLA ¢

7.00
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Ouamempom Humu 1,75 mm). JJonxcen dbvims ocHauyen
cep8onpuBo0OM 0151 NHEBMAMUYECKO20 U MEXAHUYECKO20
Baxeamos, obecneyusarwuM 8paeHie 3ax8a4eHH020
0Ovexma 80 8pems nepemewyers, N08opom
nepemewyaemozo 06veKma 80Kpy2 8epPMUKAIbHOU OCHU.
Vna obecneuenus: QYyHKYUOHUPOBAHUS NHEBMAMULECKO20
Baxeama Oonicer OblMb OCHAWEH 6CMPOEHHOU 8 KOPNYC

AHUNYTAMOPA NOMNOU. JJoN)CHA 6blMb 803MOMACHOCHb
nOOKIIOUEHUSL OONOIHUMENbHBIX YCMPOUCE (Hanpumep,
mpancnopmepa, peivbca 051 hepemeujeHusi poboma,
nyIbma ynpasieHust muna OXCoUCmuxK, Kamepul

AUIUHHOZ0 3PEHUsl, ONMUYECKO20 OAMYUKA, MOOYIsL
becnpooono2o docmyna). Pobom-manunynamop oondicen
obecneuusams nepemewerue HAcaoku 8 NPOCMpPancmse,
aKmMueayuro Hacaoku, B03MOHCHOCHb NOLYYEeHUs
cucHanog om kamepwvl 1 OAMYUKO8, 603MOHCHOCHIb
ynpasnenus OONOIHUMENbHIMU YCMPOUCMEAMU.
IMamepuan xopnyca — antomunuil. Juamemp paboueti
Bonbl (6e3 yuema HagecHO020 UHCIPYMeHma U 4emeepmot
ocu) ne menee 350 mm. Unmepdpetic nooxnouenus — USB.
VIonoicen umems 803MOHCHOCHIb ABMOHOMHOU pabomul U
6Hewnezo ynpasnenus. /s eHewnezo ynpasienus
0oa01ceH Dblmb NPedyCMOmMpPer Nyibm, HOOKIIOUAEMbLU K
pobomy no Bluetooth. ¥Ynpaenarowuii konmpoinep
0oa101cen bvimb coemecmum co cpedou Arduino.
Ynpasnaowuii koumponrep cosmecmum co cpedoti
npoepammuposanus Scratch u a3vikom
npoepammuposanus C. [Jonswcen obecneuusams nogopom
no nepeviyM mpem ocam 8 3a0aHHbIU Y20l U HA 3A0AHHbIL
V2o, nosopom no yemeepmotl 0cu Ha 3a0aHHbLIL Y2Ooll,
0sudicenue 6 koopounamol X, Y, Z, nepemenjenue na
Badannoe paccmosnue no koopounamam X, Y, Z,
nepeoauy OaHHLIX 0 MeKyujem NoN0AHCEeHUU Y208,
nepedayy OaHHbIX 0 MEKYWUX KOOPOUHAAX
uncmpymenma. J{onscen noooepircusams nepemeujeHue 8
0exapmosvix KOOpOUHAmMAX U yenax nosopoma ocell, ¢
BadanHOU cKOpocmuvio u yckoperuem. Tunwvi
nepemewyeHull 8 0eKapmoBvix KOOPOUHAMAX: OBUNCEHUe
no mpaexmopuu, 08udCeHue nNo NPAMOU Mexcoy 08yMs
moukamu, nepenpuvleusaniie U3 MoyKku u mouKy (nepeHoc
ob6vexma). Kopnyc dondicer 6vimo 6 3auUyeHHOM
ucnonnenue (kracca ne nudice IP20).

Ob6paszosamensubviil HAOOP
1o MexaHuxe,
Imexamponuxe u
pobomomexnuxe

\Habop dondicen 6vimb npedHaznaven 08 nposeoens
VueOHbIX 3aHAMUL NO U3YYEHUIO OCHO8 MEXAMPOHUKU U
pObOMOmexHuUKY, NPAKMU4ecKo20 NPUMeHeHUs 6a308bix
DIEMEHMO8 INEKMPOHUKI U CXEMOTNEXHUKU, A MAKIiCe
Haubosee pacnpoCcmpaneHtol diemMenmHol 6a3vl u
OCHOBHBIX MEXHUUECKUX PeUleHUTl, NPUMEHAEMbIX NPU
NPOEKMUPOBAHUY U RPOMOMURUPOBSAHUU PAZIUYHBIX
UHDICEHEPHBIX, KUOEPHEMUYECKUX U 6CTPAUBAEMBIX
cucmenm. Texnuueckue xapaKxmepucmuKy ¢ y4emom
nonoocenuti KTPY. B cocmag nabopa 0010icHbl 6Xx00ums
KoMIIeKkmylowue u ycmpotcmea, obaaoaroujue
KOHCIMPYKMUBHOU, d1eKMpUu4ecKol, annapamuou u
MpOSPAMMHOU COBMECTUMOCTBIO OpYe C OpyeoMm. B
cocmag Habopa 0onxceH 6X00Umsb KOMNIEKM
KOHCIMPYKMUGHBIX 2NEMEHMO8 U3 Memana 0t COOpKu
MaKkema MaHunyIayuoHHO20 poboma U KOMIIEKM
Memannuyeckux KOHCMPYKMUGHBIX JIeMEHMO8 015
coopru makema moburbHO20 poboma. B cocmas nabopa

0012iCHbL 8X00UMb npu@oda PasiudHoco muna.: Momopusl ¢

7.00
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UHMEZSPUPOBAHHBIM ULU BHEULHUM OAMYUKOM NOJIOHCEHUSL
— He menee 2uim, cepsonpuoo OOIbLULOL — He MeHee
dum, cepsonpugoo manvlii — He MeHee 2um, npueoo ¢
BO3MOJCHOCIBIO YAPABIEHUS 8 ULA20BOM PediCUMe — He
Wmenee 2uum. B cocmae nabopa 0ondicHbl 6x00ume
Baemenmol 051 COOPKU 8AKYYMHO20 3AX8aMA. 8AKYYMHA
npucocka — He mernee 1uim, 31eKMpOMAHUMHBLI KIANAH
— He menee lwm, 6akyymmwili Hacoc — He mernee lwum. B
cocmag Habopa 0dICHA 8X00UMb IleMeHmHas 6asa s
npomomunuposanus: niama 0as becnaeuHozo
npomomunupoeanus, KOMNJIeKm npo8ooos pa3iuiHo2o
muna u OnuHbl, KOMIIEKM Pe3UCopos, KOMNJIEeKm
c6emoou0008, cemuceeMeHmHblL UHOUKAMOP, Oucneli
VKK-muna, knonku — He menee Suim, nomeHyuomempvl —
He meHee 3uim, UHPAKPACHbIIL OAMYUK - He MeHee 3uim,
VIbmMpazeyKoseotl 0amuux - He MeHee 3wm, Oamyux
memnepamypul - He menee lwm, OamMyuK 0ceewjeHHOCmu
- He menee 1wim, mooyne Bluetooth — ne menee lwim,
wmooyne UK-npuemnuxa — ne menee lwm, mooyno UK-
nepedamyuxa 6 6ude KHONOYHO20 NYAbMA YAPAGIEHUS —
[wm, akkymynamop — ne menee lwm, 3apsoHoe
lycmpotiicmeo — ne menee lwum. B cocmas nabopa
00101CeH 8X00UMb MYIbMUOAMYUK OJIsL USMEPEHUS
memnepamypul u 81AHCHOCMU OKpYHcaloujell cpeobl — He
wmenee lum. Mynbmuoamuuk 0ondicen 001ad0ams
BCMPOEHHBIM MUKPOKOHMPOLLEPOM (MAKMO8As 4acmomd
- ne menee 16 My, wuna dannvix — ne menee 8 Koatim),
unmep@eticamu 051 NOOKIIOYEHUS K 6HeUHUM
yempoticmeam: yugposule u ananozcosvie nopmei, 1-wire
TTL, pasvem muna RJ. B cocmag nabopa oonicen
8X00UMb KOMNJIEKMN YHUBEPCATIbHBIX 8bIUUCTUMETLHBIX
Wooyneii, npedcmasnsowux cooou 6a3o8yro niamy,
nnamy pacuiuperus Os cemegozo 83aumMooelicmeus u
maamy nooKatOYeHUs CUI080U Hazpy3Ku. Bxoodsawue @
KOMNIeKm YCmpoUucmea 001#CHbL 001a0amb
0OHOBPEMEHHOU KOHCMPYKMUBHOU, 3JIeKMPU4ecKoll,
annapamuoil u NPOSPAMMHOU COBMECMUMOCMBIO OpYe C
Opyeom. bazoeas nnama ynugepcanbrozo
BBIYUCTUMENLHO20 MOOYIISL OONHCHA NPEOCMABIsAmMb CO001
npoepammupyemolii Konmpoanep 6 cpede Arduino IDE
WU AHATIO2UYHBIX CBODOOHO PACNPOCMPAHAEMBIX CPEOAX
paspabomxu. baszosas niama donxcnua obraoams
6cmpoennviMu unmepgeticamu 011 NOOKIIOUeHUs.
YUPPOBLIX U AHANLO206bIX YCMPOTICTNG, BCIPOESHHBIMU
unmepdpeiicavu USB, UART, 12C, SPI, 1-wire TTL,
\Bluetooth, WiFi. [Inama pacuupenust 004cHA
obecneuusams 03MOANCHOCb NOOKIIOYEHUS
VHUBEPCAIbHO2O 8bINUCTUMENILHO20 MOOYIISL K Cemu
nocpedcmeom unmepghetica Ethernet. [lnama
pacuupenus 00ndCHA 061adams NOPMamML 6600a-6b1800A
0151 NOOKIIOUeHUs: YUPPOBBIX U AHANO208bIX YCIMPOUCHE,
unmepdhetic SPI u 603mM02cHocmbIo NOOKIOUEHUS
eHewnell kapmol navamu. Ilnama pacwupenus ons
MOOKII0OUEHUs CULOBOU HAPY3KU OOJIICHA 0becneuusamo
B03MOXCHOCHb NPAMO20 NOOKNIOYEHUS BHeUHell CUN080U
Ha2pY3KU, a MaKice pecyiupyemon Hazpy3Ku
nocpeocmeom PWM unmepghetica. B cocmas nabopa
00.191CeH BX0O0UMb NPOSPAMMUPYEMBLL KOHMPOJLIED,
0becneuusarouull 603MOACHOCMb OCYUECMBIIAMY
pazpabomxy npocpamMmno2o Kood, UCnoIb3ysi

uncmpymenmapuil cped paspabomxu Arduino IDE u
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IMongoose OS u sizvikos npoepammupoganus C\C++,
JavaScript. Ilpoepammupyemulii KOHMpoOLIEP OO0NHCEH
001a0ams nopmamu 015 NOOKIIOYeHUs YUPPOsbIX U
AHAI0208bIX YCMPOTICME, 8CIPOEHHbLMU
npozpamMmupyemviMu KHONKAMU U
DAeKmMpoMexaHuyecKuMU MoOYIAAMYU OJis OP2AHU3AYUU
cucmembl pyuHO20 YNpasneHus, 6CMpOeHHbIMU
npocpamMmupyemMoiMu c6emoouo0amu Oas UHOUKAYUU
pabouezo pescuma, ecmpoennvimu unmepgeticamu USB,
USART, 12C, SPI, 1-wire TTL, ISP, Ethernet, Bluetooth,
WiFi. B cocmag Habopa 001dicen 6X00ums MOOYilb
mexHuuecKo2o 3peHust , NpedCmasisiowull cooou
BbIYUCIUMENIbHOE YCIPOICTNBO CO BCMPOEHHbIM
Mukponpoyeccopom (Koi-80 sdep - He MeHee 4um,
uacmoma s0pa He menee 1.2 I'Ty, o6vem O3V - ne menee
512M6, 0b6wem 6cmpoennoii namamu - He meree 810),
UHME2PUPOBAHHOU KAMEPOU (MAKCUMANbHOE pa3peuieHue
sudeonomoxa, nepedagaemozo no unmepgeticy USB - ne
Wmenee 2592x1944 e0.) u onmuyeckoii cucmemou. Mooynv
mexHuuecKo20 3peHus 00axceH 061adams
coBMECMUMOCTNBIO C PA3TUYHBIMU NPOSPAMMUDYEMBIMU
Konmpoaiepamu ¢ nomowwio unmepgeticos - 1-wire TTL,
UART, 12C, SPI, Ethernet. Mooyas mexnuueckozo 3penus
001101ceH 0becneuu8amy 8bINOIHEHUE 8CEX USMEPEHUL U
BbIYUCTIEHUL NOCPEOCHB8OM COOCMBEHHBIX
BBIUUCTUMENTLHBIX 803MONCHOCHIEU BCIPOEHHO20
Wmukponpoyeccopa. Mooynb mexunuueckozo 3penus
0o1101cen 061a0amb 803MOHNCHOCHBIO KOMMYHUKAYUU C
AHAO2UYHBIMU MOOYAAMU NOCPEOCBOM WIUHbL HA Oa3e
nociedosamenvHo20 unmepgeiica ¢ yeuvio OarbHeluel
nepedayu pe3yrbmamos uzmepeHull 2pynnvl Mooynei Ha
ynpasnaiowee goluuciumenbHoe yCmpocmaso,
nookatouennoe K oannou wune. Mooyns mexuuueckozo
Bpenus dondicen obecneuusamv HACPOUKU PENCUMOB
pabomol - HACMPOUKY IKCHO3UYUU, baranca 6enoeo,
1/86eMOPAZHOCMHBIX COCMABIAIOWUX, NAOUWAOU
0OHapysrcusaemori 00aacmu u306PAd’CEHUs, OKPY210Cmu
0OHapysrcusaemoti 001acmu U306PAd’CEHUs, NOLOANCEHUE
0OHapysrcusaemvlx obracmeri OMHOCUMENbHO Opye Opyed,
WMawunHoe 00yueHue napamempos HetipOHHbIX cemell Oisl
0OHapycenust 00veKmos, Gopmy u 3aK00UPOSaAHHbIe
BHaueHus1 OOHApyIHCUBaeMbIX Mapkepos muna Aruco,
pazmepvl OOHAPYHCUBAEMBIX OKPYIICHOCTEL, KEAOPAMO8
U MPeEY2ONbLHUKOS, NAPAMEMPO8 KOHMPACMHOCMU,
pazmepos, KpUBU3HbL U NOJLONCEHUSL PACHOZHABAEMBIX
unutl. Habop 0ondcen obecneuusams 603MONCHOCHL
paspabomxu mooenu MOOUILHO20 poboma, Ynpasnsiemou
6 FPV-pesicume nocpedcmeom npozpammHozo
obecneuerus 0 NEPCOHAILHO20 KOMNbIOMEPA U
Wmobunbhwix yempoticmes na 6aze OC Android unu 10S,
0becneuusaroOueco 603MONCHOCHb YAPABILEHUs
WMOOUTLHBIM POOOMOM U BCIPOEHHBIM MAHUNRYISIMOPOM
nocpedcmeom epagpuueckozo unmepetica, KIOUAIOUWUM
6 cebs1 HaAbOp KHONOK U nepexmoyamenetl, OHCOUCMUK,
obacms 0151 omoobpadicenus sudeo. Habop dondicen
0becneuusams 803MOHNCHOCMb U3YUEHUSL OCHO8
pazpabomu npoSPaAMMHBIX U ANNAPAMHBIX KOMIIEKCO8
UHOICEHEPHBIX cucmeM, pewenutl 6 cgpepe ""Humepuem
eewen"", a maxoice pewenutl 8 ooracmu
[pobomomexHuKu, UCKYCCMEEHHO20 UHMENIeKMA U

Wawunnozo obyuenus. B cocmas nabopa 00#CHO
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6X00UMb NOCOOUE NO UZYYEHUIO OCHO8 DNEKMPOHUKU U
cxemomexHuxu, pewenull 8 cgpepe ""Humepnem gewjeri"”,
paspabomxu u nPOMOMUNUPOBAHUI0 MOOeel pOOOMO8.
B cocmas Habopa 00a4CHO 8X00UmMsb nocodue no
U3VUEHUIO OCHOB PA3PADOMKU CUCTEM MEXHUYECKO20

BPEHUA U DNEMEHMOB8 UCKYCCMBEHHO20 UHmellleKkma.

Obpazosamenvibiil
KoHCmpyKmop s
npakmuxu 6104H020
npoSpamMmMuposanus ¢
KOMNIIEKMOM OamyUKo8

\IPobomomexnuueckuti HA6Op NpeOHA3HaueH Oisl U3YUeHUs
ocHo8 pobomomexnuku, demaineil, Y3108 U MEXAHUZMOS,
HE0OX0OUMBLX 0151 CO30AHUSL POOOMOMEXHUYECKUX
lycmpoticms.

TexHuyeckue XapaKxmepucmuky ¢ y4emom noA0HNCeHUl
\KTPY. Habop npedcmasisiem cobou Komniekm
CMPYKMYPHBIX 91eMEHMO8, COCOUHUMENbHBIX INEMEHMO8
U SIeKMmpomexHuyecKux Komnonenmos. Habop
no3eoiaem nposooums SKCnepUMenmovl No npeomemy
dusuka, cozoasams u npozpammuposams cooupaemvle
WMooenu, U3 KOMROHEHMO08, BX00AUUX 8 e20 COCMAS,
pabouue mooenu MOOUNLHBIX U CIHAYUOHAPHBIX
[pobomomexHuuecKux yCcmpoucms ¢
a8moMamu3upoBanHbIM YRpasieHuem, 8 mom yucie na
KOJIECHOM U 2YCEHUYHOM X00Y, d MAKIce KOHCMPYKYUl,
OCHOBAHHBIX HA UCNONBLIOBANHUU PASTUYHBIX BUOOE
nepeday (6 mom uucie YepeauHbIX U 3)OUAMbIX) A MaKice
pbiuazos. Bempoennvle becnpogoonvie cemegvle peuienus
(Wi-Fi u Bluetooth), sozmooicnocme unmezpayuu ¢
becniamuvim obnaunvim 10, obecnevwusarom
BO3MOJCHOCHIb NPAKMUYECKO20 U3YHUeHUS MEeXHONI02UlL
uUHmMepHema eewell U OCHO8 UCKYCCMBEHHO20
unmeniexma. Obecneyusaemcs 03MON*CHOCMb
00BeOuHeHUs: HECKOMLKUX POOOMO8, COOPAHHBIX U3
10000HbIX HADOPOB, 8 2PYNNbL C CEMEBLIM
63aumooelicmseuem. IIpedycmompena onyuonaibHas
803MOOICHOCIb pacuiupeHUsi OONOIHUMENbHLIMU
KoMnoneHmamu (He 6X00auumu 8 CMmaHoapmHyio
KOMNIEKMAayuio), NO38ONAIOWUMU UZYHANb MEXHUYECKOe
BpeHue U NPOMbLUIEHHYIO POOOMOMEXHUKY.

[ Ipedycmompena 803M024CHOCMb pabomul Habopa ¢
OonoaHumenbHbIMU 0OIAUHBIMU CEPBUCAMU.

[ Ipedycmompervl MUHUMYM 084 NPOSPAMMUPYEMBIX
KOHMpOJLIepa 8 niacmuKo8biX KOPNYcax, NO380MHOUUX
0OHOBpemeHHO co30asamb 2 eapuanma pobomos
PA3IUUH020 HA3HAYEHUS, UMEIOWUX B03MOHNCHOCTb
pabomul Kax 6 NOMOKOBOM pedicume, max U A8MOHOMHO;
n03601AI0UWUX Peanu308ams ooyueHue
NPOSPAMMUPOBANUIO 8 HECKOTILKUX Cpedax pazpabomku
Ha paznuunsix A3vIKax (kK npumepy, 6 cpedax Mblock,
Urduino IDE, na sizvixax Scratch, C, Python, micro
\Python). Kax munumym 00uH u3 KOHMpOLIepos umeen
6CMPOEHHYIO ONEePAYUOHHYIO cCucmeMmy, cmpoertbie Wi-
\F'i u Bluetooth, nopm 015 nookaroueHus
nocn1ed08amenbHO COeOUHAEMBIX 6HEULHUX YCMPOUCME
(e menee 20 00HOBPEMEHHO NOOKAIOYACMBIX
yempoticms). Kax munumym oOun uz Konmponiepog
LMeem 803MONCHOCHL 0OHOBPEMEHHOIL 3aNUCU He MeHee
8 npoepamm, ¢ 803MOHNCHOCMBIO NEPEKTIOUEHUSA MeHCOY
Humu. Kax Munumym 0OuH u3 KOHMpOoLIepo8 umeem
noanoysemuwiil oucnietl (IPS), nozeonsiowuil 6b1600ums
0anHble ¢ damyuKos 8 eude madauy u epapuxos, a
makoice co030a6amob 6CMPOEHHBLE 8 KOHMPOLILED
6udeoucpuvl. Konuuecmeo ceHcopog u UChOIHUMETbHBIX

CHPOUCMS, BCIMPOECHHBIX 8 0OUH U3 KOHMPOTIEPOS, - He

7.00
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menee 10 wm. Obugee Konuuecmso 1emMenmos 8 Habope
e menee 400 wm., 8 mom yucie nOOKIOUAeMble MOOYIU!
- Bluetooth mooyns, - 080UHOU OAMYUK TUHULU, -
V1bMpa38yKo8oll 0amuuK paccmoanus, - 0amyux ysemd, -
Oamuux Kacanus snekmpomexanudeckuti, - IR mooyis, -
Momop nocmoanHO20 MOKA ¢ pedyKmopom — He MeHee 2
wm., - cepeonpuBoo, - Nyabm OUCMAHYUOHHOZO0
ynpasnenus IR. Habop dondicen bblms YKOMNIEKMOBAH
axkymyaamopuvimu bamapesmu. Ilpoepammuoe
obecneuenue, UCNOIL3YEMOE Ot NPOSPAMMUPOBAHUSL
cobupaemuix pobomomexnuyeckux mooeiet u
lycmpoticms, 00a2CHO 6bimb 0OCMYNHO 01 6eCnIamHo20
ckayusanusa uz cemu Mnmepnem u nociedyrouezo
1CNOI6308AHUAL.

Muxpockon yugposoti

Texnuueckue Xapakmepucmuki OO0IHCHbI
coomeemcmeosamov KTPY ons kooa OKII/]2
26.51.61.110 Tun muxpockona: 6uonoeuveckuii Hacaoka
Wukpockona: moHokynapHas Hasnayenue:
\nabopamoprviii Memoo uccredosanus.: ceemuoe noie
Mamepuan onmuxu: onmuyeckoe cmexio Yeenuuenue
Wmuxpockona, kpam: 64 — 1280 Oxynaper: WF16x
Obvexmusnl: 4x, 10x, 40xs (noonpyscurenHuiii)
\Pesonbeepnas conoska: na 3 obvexmusa Tun nooceéemxis:
Beprano unu ceemoouod Pacnonosicenue nooceemku:
6epxHAs u HudCcHAA Mamepuan kopnyca: memaii

[ Ipeomemnviii cmonux, mm: 90 HUemounux numanus: 220
\B/50 I'y Qucno mezanuxceneti: 1

21.00

{ugposas nabopamopus
1o dKoN02UU

Obecneuugaem npogedeniie yuebH020 IKOI0SULECKO20
WMoOHUmMOpUHea uHcmpymenmanvusimu memoodamu. Habop
MpuMeHsAemcs npu U3yYeHuU dK0N02UU, OUOL02UU, XUMULL,
leeoepaghuu u npupodogederus, a maxaice 0/is
UHOUBUOYATLHBIX UCCIE008AHUS U NPOEKMHOU
OesmenbHOCmU WKOIbHUKOS.

Texnuueckue Xapakmepucmuku OO0HCHbL
coomsemcmeosamev KTPY ons kooose OKII/[2
26.20.40.190, 32.99.53.130, 26.51.52.130, 26.51.43.119.
\Komnaexkmayusn: becnpogoonoii myrsmudamuux no
PKOI02UYECKOMY MOHUMOPUHZY € 8-10 6CMPOEHHbIMU
Oamuuxamu: JJamuux Humpam-uonos Jamuux xiopuo-
uornog [amuux pH ¢ ouanaszonom usmepenus He yoice uem
om 0 0o 14 pH Jlamuux érasxcnocmu ¢ Ouana3oHom
usmepenus 0...100% [lamuuk oceewennocmu ¢
Ouanazonom usmepenus ne yoice wem om 0 0o 180000 x
VIamuux memnepamypsi ¢ OUaNA30HOM UMEPEHUsL He
yoice wem om -20 0o +140C Jamuux
DAEKMPONPOBOOUMOCIU C OUANAZOHAMU USMEPEHUS He
yaice wem om 0 0o 200 mxCm; om 0 oo 2000 mxCm; om 0
00 20000 mxCm [Jamuux memnepamypol OKpyicaioujeti
cpedsl ¢ duanazonom usmeperus He yoice wem om -20 0o
+50C Omoenvhvie oamuuru u Myrbmudamyuxu.: Jamyux
B8yKa ¢ (hyHKYUel UHMe2PUPOBAHUsL C OUANA30HOM
usmepenus wacmom He menee yem om 50 I'y do 8 kl'y;
VIamuux 61as3cHocmu nousvl ¢ OUANA30HOM U3MePeHUsl He
vorce uem om 0 0o 50% Jlamuuk okucu yanepooa ¢
Ouanazonom usmepenus ne yoice wem om 0 0o 1000 ppm
IMynemudamuux onmu4ecko niOmMHOCMU U MYMHOCMU
co 6cmpoenHbiMu damuyukamu. Jamuux onmuueckou
naomuocmu 470 Hm ¢ ouanazonom usmeperus om () 0o 2
\D Jlamuux onmuueckou niomiocmu 525 Hm ¢
Ouanazonom usmepenuss om 0 0o 2 D Jlamuux
onmuueckoil nnomuocmu 630 HM ¢ OuanazoHom

7.00
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HaunmenoBanue
odopynoBanus (PBITIO)

KpaTkue npuMepHble TEXHHYECKHE XaPAKTePUCTHKH
(PBIIO)

Eaxnnunna
H3MepeHust

IKoJtmuecTBO

usmeperuss om 0 0o 2 D JJamuux mymHocmu pacmeopos ¢
Ouanasonom uzmeperus om 0 0o 200 NTU Axceccyapul:
\Kabeno USB coedunumenvoiii (2 wim.) 3apsaonoe
yempoticmeo ¢ kaberem miniUSB USB Aoanmep
\Bluetooth 4.1 Low Energy Cmepoicens 015 3aKpenieHus
Oamuukos ¢ wmamuse Kpamkoe pykoeoocmeo no
brenayamayuu yugposoii nabopamopuu [Ipoepammmoe
obecneyenue Memooduueckue pekomenoayuu ne menee 20
padom Ynakoexa Hanuuue pyccroazviunozo caiima
no0depaicKu, Haruyue 6UOCOPOIUKOS.

IHanmeHoBaHue paznena:
"KomnbrorepHoe
o0opynoBanue"

Muozopyurkyuonansvroe
ycmpoticmeo (npunmep,
cKauep, Konup)

Texnuueckue xapakmepucmuku ¢ y4emom nOI0MHCEHUl
\KTPY, Tun
yempoticmea: Muo2ogyukyuonansHoe ycmpoiucmeo
(MDY),; Llsemuocme neuams: yepno-denas; Texnonoeus
nevamu: snekmpoepaghuueckas (1azepuas,
ceemoouoonasn); Dopmam newamu: ne menee A4, Tun
CKAHUPOBAHUSL: NPOMAICHBIU/NAAHUEMHBLIL,
\Bo3modicHoCcmb cCKaHuposanust 6 popmamax: He meree
44, Cnocob nookmouenus: LAN, Wi-Fi, USB

7.00

\Hoymoyx

Texnuueckue XapakmepucmuKy ¢ y4emom noa0HCeHull
IKTPY,CII 2.4.3648-20.

Dopm-pakmop: noymbyx; Pazmep ouazonanu: ne menee
15.6 orotimos,; Paspewenue sxpana: Full HD, Quad HD
wnu Ultra HD; Obwuii 06vem ycmanosieHHol
onepamusroli namamu. ne mernee 8 I'oaiim;
IMakcumanvusitl 00Ul N0OdepacU8aemblii 06veMm
onepamusHoii namamu. we menee 16 I'baiim;, Obwvem SSD
Haxkonumens: ne menee 240 I'baiim; becnpogoonas ces3b:
\Wi-Fi; Konuuecmeo écmpoennvix ¢ kopnyc nopmos USB:
He menee 2, u3 komopulx ne mernee 1 doncrno 6vimos USB
eepcuu e nudice 3.0, Paspewenue 830-kxamepboi,
Mnuxcens. ne menee 0.3; Bcmpoennutit Mukpoghon,
\Knasuamypa ¢ packaiaokou u MapKupoexoll Kiasuul
OWERTY/UL]YKEH; IToddepaicka cmandapmos
becnposoonoul ceszu: 802.11a/b/g/m/ac;

[ Ipouzsodumenvrocms npoyeccopa (3Hauenue
noxaszamens « CPU Mark» no mecmy «Laptop & Portable
CPU Perfomance»
http://www.cpubenchmark.net/laptop.html): ne menee
5000 edunuy, Hanuuue manunynamopa muluib 6
Komnaekme: oa, Ycmanoeiennas onepayuoHHas
cucmema ¢ epaguieckum noib306amenbCKum
unmepeticom, ceedenus 0 KOMOPOM BKIIOYEHbL 8
leOunblll peecmp pocCuticKUX npocpamm 0Jisl dAeKMpPOHHbIX|
BHIYUCTUMENTLHBIX MAUWUH U OA3 OAHHBIX,
Yemanoenennwviii nakem ogucrnozo npoepammmozo
obecneuerus, cOBMeCmMUMO20 ¢ YCMAHOGIEHHOU
onepayuonHoOl cucmeMoll, c6edeHusi 0 KOMopom
BKIIOUEHbI 8 eOUHDLIL peeCmp POCCULLCKUX NPO2PAMM OJisL

RAEKMPOHHBIX 8bIYUCTIUNMENbHBIX MAUWUH U 0a3 OanHbIX.

21.00

Mmanoxkomniekmusimu'"’

HaunmenoBanue HanpaBJyeHusi: ""Odopyoosanue 011 00uie00pa3o6amenbHbIX OP2AHU3AUUTL, AGTIAIOULUXCA

HanmenoBanue pasnena:
"EcTecTBeHHOHay4Hast
HAIPaBIEHHOCTH"

[ {ugpposas nabopamopus
no gusuxe (yuenuuecxas)

Obecneuugaem GblnoHe e IKCHEPUMERNO8 NO MeMaM
Kypca usuxu.

Texnuueckue xapakmepucmuku O0JIHCHDL

10.00
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n/n

HaunmenoBanue
odopynoBanus (PBITIO)

KpaTkue npuMepHble TEXHHYECKHE XaPAKTePUCTHKH
(PBIIO)

Eaxnnunna
H3MepeHust

IKoJtmuecTBO

coomeemcmeosamsv KTPY kooos OKIIN]2 26.20.40.190,
32.99.53.130, 26.51.52.130, 26.51.43.119. Ilpeomemnuas
obracme: Qusuxa Tun nonvsosamens: Obyuarowutics
\Komnnexmayus: Becnposoonoii mynemudamuux no
dusuke c 6-10 scmpoennvimu oamyuxkamu: 1.Lugposoii
Oamuyuk memnepamypol ¢ OUANA30HOM USMEPEHUSL HE YIHCE
uem om -20 0o 120C 2.LJugpposoii damuux abconomnozo
Oasnenus ¢ ouanazoHom usmeperus e ysce yem om () 0o
500 xlla 3. [Jamuuk macHumHo20 nojisi ¢ OUANA30HOM
usmeperust we yoce uem om -80 0o 80 mTn 4. /lamuux
HanpsiceHus ¢ OUANA30HAMU USMEPEHUsL He Yiice YeM Om
-2 00 +2B; om -5 00 +5B; om -10 0o +10B; om -15 oo
+15B 5. /lamuux moxa He yoce uem om -1 0o +14 6.
VIamuux axcearepomemp ¢ NOKA3aMensIMU He MEHEee YeM.:
+2 g +4 g; +8 g Omoenvruvle yempoticmea: USB
ocyunnocpag ne menee 2 kanana, +/-10 B Axceccyapui:
\Kabeno USB coedunumenvhblii 3apsonoe ycmpoicmeo ¢
kaberem miniUSB USB Aoanmep Bluetooth 4.1 Low
\Energy Koncmpykmop 02151 npogedens SKCnepumenmos
IKpamkoe pykxosoocmeo no saxcniyamayuu yu@dpoeoti
lnabopamopuu Ilpoepammmnoe obecneuenue
IMemoouueckue pexomendayuu (40 pabom) Hanuuue
pycckosa3biuno2o catima nodoepaicku Hanuyue
61L0EOPOTUKO8.

I ugpposas nabopamopus
no xumuu (yueHuyeckas)

Obecneuugaem 6bInoIHeHUe 1AOOPAMOPHLIX pabom no
NuMUU HA YPOKAX 8 OCHOBHOU WKOJIe U NPOEeKMHO-
1CC1e008aMENbCKOU OesIMeNbHOCU YUAUUXC.
Texnuueckue xapaKxmepucmuki OOIXHCHbI
coomeemcmesosams KTPY xoooe OKII2 26.20.40.190,
32.99.53.130, 26.51.52.130, 26.51.43.119. [Ipeomemnas
oonacms.: Xumusa Tun norvzosamens: Obyuaiowutics

[ Ipeononazaemvie munvt damuuxos: Komniekmayus:
\becnpo8OOHOU MYTbMUOAMYUK NO XUMUU C 3-M5
ecmpoennvimu oamuuxamu: 1. /lamuux pH ¢ ouanazonom
usmepenust ne yoice yuem om () 0o 14 pH 2. JJamuux
DAEeKMpONpo8OOUMOCIU C OUANAZOHAMU USMEPEHUS He
yoice wem om 0 0o 200 mxCm; om 0 do 2000 mxCm; om 0
00 20000 mxCwm 3. [lamuux memnepamypbi ¢ OUana30HoOM
usmepenus we yace yem om -20 0o +140C OmoenvHobie
Oamuuxu: /Jamuux onmuyeckou niomuocmu 525 um
Urceccyapor: Kabenv USB coedunumenvuwiti 3apsionoe
lyempoiicmeo ¢ kaberem miniUSB USB Aoanmep
\Bluetooth 4.1 Low Energy Kpamxoe pyxo8oocmeo no
brenayamayuu yugposot rabopamopuu Habop
\tabopamopnoil ocnacmku Ilpoepammnoe obecneuenue
\Memooduueckue pexomenoayuu ne menee 40 pabom
\Hanuyue pyccrosasviunoco caima noodepaicku Hanuuue
61L0€0PONUKO8.

10.00

[ {ugpposas rabopamopus
no buonoeuu (yuenusecxas)

Obecneuugaem 6binoaHeHue 1a00paAmopHbIX pabom Ha
ypoxax no buorocul 8 OCHOBHOU WKOIe U NPOEKMHO-
1CCe008AMENbCKOU OesIMENIbHOCIU YYAUUXCSL.
Texnuueckue xapakmepucmuki OOJIHCHbI
coomeemcmeosamev KTPY xoooe OKII2 26.20.40.190,
32.99.53.130, 26.51.52.130, 26.51.43.119. Ilpeomemnas
oonacms. buonocus Tun norvzosamens: Obyuaiowutics
\Komnaexmayus: becnpogoonoii myarsmudamuyux no
buonoeuu ¢ 5-10 ecmpoennuvimu oamuuxamu: 1. Jjamuux
erasicnocmu ¢ ouanazonom uzmepernus 0...100% 2.
Vlamuuk oceeujeHHocmu ¢ OUANA30HOM UMEPEHUsL He
yoice wem om 0 0o 180000 ax 3. Jamuuk pH ¢

Quanasonom uzmepenus He yoice wem om 0 0o 14 pH 4.

10.00
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n/n

HaunmenoBanue
odopynoBanus (PBITIO)

KpaTkue npuMepHble TEXHHYECKHE XaPAKTePUCTHKH
(PBIIO)

Eaxnnunna
H3MepeHust

IKoJtmuecTBO

VIamuux memnepamypsl ¢ OUAnA30HOM U3MePEHUs] He
yorce uem om -20 0o +140C 5. JJamuux memnepamypul
OKpYosIcaroueli cpedbl ¢ OUANAZ0HOM UIMEPEHUSL He YIice
uem om -20 0o +40C Axceccyapul: - 3apsaonoe
yempoticmeo ¢ kaberem miniUSB - USB Aoanmep
Bluetooth 4.1 Low Energy - Kpamkoe pykogodcmeo no
brenyamayuu yugposo rabopamopuu - L{ugposas
6UOeOKaMEPa ¢ MEMANTULECKUM WMATNUBOM,
paszpeutenue ne menee 0,3 Mnukc - [Ilpoepammmnoe
obecneuenue - Memoouueckue pexomenoayuu He MeHee
30 pabom - Ynakxoexa - Hanuuue pyccrosaszviunozo caima
no0ddepaicKu, Haruyue 6UOCOPOIUKOS.

IHanmeHoBaHue paznena:
"Kommprorepaoe
obopynoBanue"

Muozcopyurkyuonansvroe
ycmpoticmeo (npunmep,
ckanep, Konup)

Texnuueckue Xapakmepucmuki ¢ Y4emom nOI0NHCEHUl
\KTPY, Tun
yempoticmea: MuozogyukyuonansHoe ycmpoicmeo
(MDY),; Llsemuocme neuams: yepno-denas; Texnonoeus
newamu: snekmpoepaguueckas (nasepuas,
ceemoouoonas);, Dopmam nevamu: ne menee A4, Tun
CKAHUPOBAHUSL: NPOMAICHBIU/NAAHUEMHBLIL,
\BozmodicHocmy ckaHuposanust 6 oopmamax: He meree
44; Cnocob nooxmouenus: LAN, Wi-Fi, USB

5.00

\Hoym6yx

Texnuueckue xapakmepucmuky ¢ y4emom Noa0HCeHUll
IKTPY,CII 2.4.3648-20.

Dopm-gaxkmop. noymOyk,; Pazmep ouazonanu: He meHee
15.6 orwiimos; Paspewenue sxpana: Full HD, Quad HD
wnu Ultra HD; Obwuii 06vem ycmanoseieHHol
onepamusroli namamu. ne mernee 8 I'oaiim;
IMakcumanvubitl 00uull n0OdepacuUsaemvlii 06vem
onepamusHoli namsamu. we menee 16 I'baiim;, Obwvem SSD
naxonumens: e menee 240 I'bavim, Becnposoonas céa3v:
\Wi-Fi; Konuuecmeso ecmpoennvix ¢ kopnyc nopmos USB:
He menee 2, u3 komopulx ne mernee 1 doncrno 6vimo USB
eepcuu He nudice 3.0, Paspewenue 830-kxamepboi,
Mnuxcens. ne menee 0.3; Bcmpoennutit Mukpogon,
\Knasuamypa ¢ packaaokou u MapKupoexoul Kiasuul
OWERTY/HI]YKEH, IToodepacka cmandapmos
becnposoonoii cesizu: 802.11a/b/gInlac;

[ Ipouzsodumenvrocms npoyeccopa (3Hauenue
noxaszamens « CPU Mark» no mecmy «Laptop & Portable
CPU Perfomance»
http://www.cpubenchmark.net/laptop.html): ne menee
5000 eounuy, Hanuuue Manunyisamopa Mulils 8
Komniekme: da; Ycmanosnennas onepayuonnas
cucmema ¢ epagpuueckum noivL308amenbCKuM
unmepeticom, ceedenus 0 KOMoOpPoM BKIOYEHbL 8
leOunslll peecmp pocCuticKUx npocpamm 0Jisl IAeKMpPOHHbIX|
BBIYUCTUMETTLHBIX MAUWIUH U 043 OAHHBIX,
Yemanoenennvlii nakem ogucnozo npoepammuoco
0becneuerus, COBMECMUMO20 C YCMAHOGIEHHOU
onepayuorHoOU cUCmeMou, c8e0eHUst 0 KOMopoM
BKIIIOUEHbI 8 eOUHDLIL Peecmp POCCULLCKUX NPO2PAMM OJisL
DIeKMPOHHBIX BBINUCIUMETIbHBIX MAUIUH U 043 OQHHDIX.

10.00

HanmeHoBaHHe pa3nena:
" JIOTTOJTHUTEIILHOE
obopynoBanue"

ObOpaszoseamenviblii HAOOP
07151 U3YUEeHUs.
WMHO20KOMNOHEHMHbIX

Obpaszoseamenvhblii HAOOP 0JIHCEH OblMb NPEOHA3HAYEH
07151 uzyueHuss poOOMOMEXHUUECKUX MEXHON02ULL, OCHO8

UHGDOPMAYUOHHBIX MEXHOSI02UL U MEXHOI02U

5.00
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Ne HaumenoBanue Kparkue npumepHbIe TeXHUYeCKHe XapakTepucTuky | Eqnnnna
KonnuecTtso
n/n| o6opynosanus (PBITIO) (PBIIO) H3MepeHust
pobomomexnuyeckux NPOMBIUACHHOT AGMOMAMU3AYUU, d MAKICE MEXHON02UL
cucmem u NPOMOMUNUPOBANUS U AOOUMUBHO20 NPOUZBOOCHEA.
WManUnYIAYUOHHBIX Texnuueckue Xapaxmepucmuki ¢ y4emom HOA0HCEeHUT
pobomos IKTPY. B cocmag nabopa 0013tcHbl 8X00UMb

KOMARIeKmytoujue u ycmpolcmaa, obraoaroujue
KOHCMPYKMUBHOU, annapamuol u npocpammHo
coemecmumocmoio opye ¢ opyeom. 1) Komnnexm
KOHCIMPYKMUGHBIX IEMEHINO08 U3 MEMALA U NAACHUKA
0151 coOoprU MoOeell MAHUNYIAYUOHHBIX POOOMOE C
Venogou KunemMamukou, n10CKONApanienbHou
kunemamurou, Delta-kunemamukou. 2)
\HnmennexmyanvbHbili cepgoMoOyIb ¢ UHMEZPUPOBAHHOU
cucmemotii ynpagnenus - He menee 7um. Cep8omooyis
0o1101cen 0b1a0ams UHMeZPUPOBAHHOU CUCIEMOU
ynpaenenus, obecneuugaroujeti 0OpaAmMHyIO cé5a3b Ul
KOHMPOIb NApamempos - NOI0dCeHUue 8aud, CKOpOCHb
BpaleHus, Haspy3Ka npueoodd, a Maxice
0becneuusaroueli B03MOACHOCHIb NOCIEO08AMENLHOLO
nooxOUenUs Opye ¢ Opy2om U YRpasieHus.
cep8oMoOyIAMU NO NOCNIE008AMENLHOMY

N0y OYNIEKCHOMY ACUHXPOHHOMY unmepgeiicy. 3)
\IPobomomexnuieckuil KORMpoiep, npedCmasisiouuil
0001l MOOYIbHOE YCMPOUCMB0, GKIIOUAuee 6 ceos
0OHONIAMHBII MUKPOKOMNBIOMED O/l BbINOJHEHUS
(CLOJCHBIX BLIYUCTUMENbHBIX ONepayull, nepugeputinblil
KOHmMpOILIep 015 YNPAgieHUs: 6HeUHUMU YCMPOUCMEaAMU
1 niamy pacwiupeHust 0k NOOKIIOYeHUS GHEUHUX
yempoticms. Modyau po6omomexHuuecko2o
KOHmMpoLIepa O0NHCHbI 001a0amsb 00HOBPEMEHHOU
KOHCIMPYKMUBHOU, ANNAPAMHOU U NRPOSPAMMHOU
cosmecmumocmoio opye ¢ opyeom. Pobomomexnuueckuil
KOHmMpOep 001x4ceH YO08NeMBOPAMb MEXHUUECKUM
apaxkmepucmukam: Kon-60 s0ep CMpOeHHO20
WMuKpoxomnviomepa - He MeHee 4, MaKmosas yacmoma
siopa - ne menee 1,2 I'Ty, o6vem O3Y - ne menee 512 Mo,
Hanuuue unmepgeticos - SPI, 12C, 1-wire TTL, UART,
\PWM, yugpossie - ne menee 16 wm u ananozosvie
nopmul - He MeHee 8 wim 0151 NOOKIOYeHUsl BHEUHUX
lycempoticms, ecmpoentbiti Mukpoon, a maxace Wiki unu
\Bluetooth ons KoMMyHUKAYUU CO BHEUWHUMU
yempoticmeamu. Pobomomexnuyeckuii KOHmMpoaiep
0oao1cen obecneyusams 603MOHCHOCD
NpoSPAMMUPOBAHUS C NOMOWYBIO CPEOCME A3bIKOE
C/C++, Python u c60600H0 pacnpocmpansemot cpeosi
Urduino IDE, a maxoice ynpagienus Mooenisamu
pobomomexnuyeckux cucmem ¢ nomowwio cpeovt ROS.
4) Ilpoepammupyemviii KOHmposiep - He MeHee lwim.

[ Ipoepammupyemviti KOHMPOILIEP OOAHCEH NPEOCMABISAMb
0001l GbIYUCTUMENbHBIT MOOYIb, 00NA0AIOUIUM
yU@dPoBLLMU NOPpMAMU - He MeHee 8 Wm U AHAI0208bIMU
nopmamu - ne menee 16 wm, unmepgheticamu UART,
2C,SPI, TTL, a maxoice modynem 6ecnpo8oOHOU C853U
muna Bluetooth uau WiFi ons cozoanus annapammo-
mpoepammnuix pewtenuti u ""ymuvix/cmapm”"-ycmpoiicmes
0115 pazpabomxu pewenuii ""Humepnuem gewgei"". 5)

[ Inama pacwupenus npoepammupyemo20 KOHmpoiiepa —
ne menee lwm. Ilnama pacwupenus 00Nx*CHA
0becneuusams 803MOHCHOCMb NOOKTIOYEHUs
VHUBEPCAbHOO 8bINUCTUMENLHO2O0 MOOYIISL K Cemu
nocpedcmeom unmepdghetica Ethernet. [Inama

acuuperus O0IXHCHA 001a0ams NOPMAMU 6600A-6b1600d
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n/n

HaunmenoBanue
odopynoBanus (PBITIO)

KpaTkue npuMepHble TEXHHYECKHE XaPAKTePUCTHKH
(PBIIO)

Eaxnnunna
H3MepeHust

IKoJtmuecTBO

0151 NOOKIOYeHUs YUPPOBBIX U AHATO208bIX YCINPOUCTNG —
e mernee 40 wm, unmepdetic SPI u 8o3moarcHocmoro
nooKkmouerus HewHell kapmol navamu. 6) Mooy
IMexXHUYecKo2o 3penus, npeocmasiAowul coool
yCmpoiicmeo Ha 6ase 8bIMUCTUMENbHO20
WMUKDOKOHmMPOLEPA U UHMe2PUPOBAHHOU Kamepul,
0becneyusaiowee pacno3naganie nPoCmeiuiux
13006pasicenuli Ha MooyJe 3a cuem COOCMBEHHbIX
BLIYUCTUMENLHBIX B03MOJCHOCHEN - He Menee Twm;
IMooynb mexHuuecko2o 3penus 00ndHceH 0becneuusams
603MOINCHOCHI KOMMYHUKAYUYU C AHATOSUYHBIMU
00VIAMU NOCPEOCMEOM Wbl HA Dase
nociedosamenvHo2o unmepgelica ¢ yeavio oanvHeliulell
nepedauu pe3ynbmamos usmepeHutl 2pynnvt Mooynel Ha
ynpasnsiowee GuIHUCTUMEeNbHOE YCMPOCMeo,
nooknouerHoe Kk OaHHOU wute. Modynb mexHuuecko2o
Bperuss 00NdHCeH 06eCneuusamsd 603MONCHOCHTb
ocywecmenams HACMPOUKY MOOYIA MEeXHUUECKO2O0
BpeHus - HacmpouKy sKcno3uyuu, baranca oenozo,
YBEMOPASHOCIIHBIX COCMABNAIOWUX, NIOWAOU
ob6Hapysrcusaemoli odaacmu u300padzcenusl, OKpyenoCcmu
ob6Hapyscusaemol oodaacmu u300paxzcerus, NON0NHCeHUe
0OHapysrcusaemvix obracmeti OMHOCUMENbHO Opye Opyed.
IMoOye mexnuuecko2o 3perus 0oadicen obecnedusams
603MONHCHOCTIG HACMPOUKU HA OOHOBPEMEHHOE
06Hapyoicenue He menee 10 pasnuuHbIX OOUHOUHBIX
0Ovexmos 6 cexkmope 0630pa, OO He meHee 5
cocmagHbix 06beKM08, COCMOAWUX U3 He MeHee 3
pasauynbIx epaguueckux npumumugos. Mooy
mexnuuecko2o 3penus 00axcen 061a0ams 6CMpPOEHHbLIMU
unmepgeticamu — USB, UART, 1-wire TTL, I12C, SPI ons
KOMMYHUKAYUU CO BHEWHUMU NOOKTIOYAEMbIMU
yempoiicmeamu. 7) B cocmas nabopa 00ndicHbL 6X00umsp
Yugpposvle UHPOPMAYUOHHO-CEHCOPHBIE MOOYU,
npedcmasasiowue cooboll ycmpoucmea na 6asze
NPOSPAMMUDYEMO20 KOHMPOLNEPA U USMEPUINETLHOSO
bremenma. Lugposoii modyne doncen obradame
6CTPOEHHBIM MUKDOKOHMPOLIEPOM (MAKMOBAS HACMOmMA
- ne menee 16 My, wuna oannvix — ne menee 8 Koaiim),
unmep@eticamu 05t NOOKIIOYEHUS K 6HEUWHUM
yempoiicmeam: yugposuie u ananozogvie nopmol, 1-wire
TTL, pazvem muna RJ. LJughposoti modynv dondxcen
0becneuusams 603MONCHOCTb KOMMYHUKAYUU C
ananocudHLIMU MOOYAAMU NOCPEOCHEOM WUHbL HA Dase
nociedosamenvHo2o unmepgheiica ¢ yeuvio OaibHeluie
nepedayu pe3yrbmamos uzmepeHutl 2pynnvt Mooynei Ha
ynpasnsiowee GulNUCTUMENbHOE YCMPOCME0,
nookmouerHoe Kk OanHou wure. B cocmas nabopa
007121CHO 6X00UMb: YUPDPOBOL MOOYIb MAKMOBOU KHONKU
— He menee 3wm, yu@posoi MoOYib c6emoouodd — He
Wenee 3wm, yugpoeoii Mooy KOHYE8020 npepvleamers
— He menee 3wm, yu@dposou MoOyIb 0aMyUKA Yeema — He
wmenee lwum, yugposoit mooyre RGB ceemoduoda — ne
wmenee lwum. 8) B cocmag nabopa 0019icHbL 6X00UMb
bremenmul 015t COOPKU 8AKYYMHO20 3aX8AMA. 6AKYYMHAs
npucocka — He menee lwim, SneKMPOMASHUMHBIL KIANAH
— He menee lwm, 8akyymusiil Hacoc — ne mernee lwum. 9)
\B cocmas Habopa 00acer 86X00ums y4eOHblll KOMNIEKN,
erIOUArOWUIL 8 cebsl yueOHoe nocodue, Habop dubauomex
MpexmMepHbIX SIeMEHMO8 0151 NPOMOMUNUPOBAHUSL

Wmooeneii MaHuny]lﬂquHHblxpO60m06, a makoace
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npoepammuoe obecneuerue 0 pabomsl ¢ HABOPOM.

I Ipoecpammmnoe obecneuenue O0IHCHO 0becheuusams
IMpexmepHyIo 8U3yanu3ayuio MoOeIu MAHUnYIAYUOHHO20
poboma (c yenogou, nioCKOnapaiienbHoll u Oenbma-
KuHeMamuxoti) 8 npoyecce pabomul, obecnedusams
nocmpoenue npoCmpaHcmeeHHOU mpaekmopuu
08UICEHUA UCHOTHUMENLHO20 MEXAHUIMA
AHUNYTAYUOHHO20 POOOMA, BO03MOICHOCHL 3A0AHUSA
nocredosamenbHOCU Mo4eK 05l NPOXOAHCOeHUs Yepes
HUX UCNOTHUMETLHO20 MEXAHUSMA MAHUNYIAYUOHHO2O
poboma. IIpoepammmnoe obecneuenie 00NACHO
DyHKYUOHUPOBAMY, KAK 8 OMOENLHOCHU 6 8U0e CPedbl
WoOderuposarnus, max u @ pexcume MOHUMOPUH2A &
peanvHOM 8pemeHl npu NOOKIIOYEHUYU MOOeTU
WManunyaamopa nocpedcmeom pooomomexHu4ecKo2o
Konmpoanepa. Ilpoepammuoe obecneuernue O0HCHO
0becneuusans 603MONCHOCHIL NOCMPOEHUS. 2PAPUKOE
BadanubIX U MeKyuwux 0600UeHHbIX KOOPOUHAM
WManunyiayuonHo2o poboma, epagurkos 3HaveHul
ckopocmell u ycKkopenus, epaguros pacyemmsix 3HaueHull
naepysxu. Ilpoepammmnoe obecneuenue 00IHCHO
1036801AMb 3A0A6AMb NOCAE008ANENLHOCHb
nepeosudceHUti MaHURYIsIMopa nocpeocmeom Habopa
KOMaHO 8 bouHO-epaguueckom unmepetice. Yuebnoe
nocobue 00NHCHO COOepIHCamb Mamepuabl no
paspabomie mpexmepHuix Mooeeli MOOULIbHBIX pOOOMOS,
MAHURYIAYUOHHBIX POOOMOG C PASTUMHBIMU MUNAMU
Kunemamuxu (yenoeas KUHEMAmuKa, nioCKo-
napainenvHas KUHeMamuka, 0enbma-KuHeMamuxda,
ISCARA unu poruasicnas Kuhemamuxa, Raameopma
Cmioapma u m.n.), UHCMPYKYUY no NPOEKmMupO8aHuio
pobOMos, UHCMPYKYUU U MEMOOUKU OCYUYeCmETeH s
UHIICEHEPHBIX PACUenO8 NpU NPOeKMUPosanul (paciemaol
Hacpy3KU U MOMEHMO8, pacyem MOWHOCMU NPUB00s,
pacuem napamempos KUHeMamuKy u m.n.), UHCmpyKyuu
no paspabomke cucmem YnpasieHus u nPOSPAMMHOZO
0becneuenus 015 ynpasnenus pooomamu, UHCIMPYKYUU U
lmemoouku no paspabomxe cucmem YnpagieHus: ¢
DAEMEHMAMU UCKYCCMBEHHO20 UHMELIEeKMA U
WMawiunHo20 00yUeHus.

Yemuvipéxocegou yueOmbill
pobom- manunynamop c
MOOYIbHBIMU CMEHHBIMU
Hacaokamu

Yuebnuuit pobom-manunynamop npeonasnauer 0
0c60€eHUsL 0OYUAIOWUMUCS OCHO8 POOOMOMEXHUKU, OISl
10020mMOoBKU 0OYUAIOWUXCS K 6HEOPEHUIO U
nocnedyouemy ucnoib308aHuio poobomos 6
NpOMBIUIEHHOM NPOU3BOOCHEe.

Texnuueckue xapakmepucmuku ¢ y4emom Noa0HCeHUll
IKTPY. Konuuecmeo oceti poboma Manunyisnmopa -
uemvipe. Ilepemeujerue uHCMpyMeHma 6 NPOCMPAHCMEe
no mpem ocam OONIHCHO YRPABTAMbCS WAS0BbIMU
0sueamensmu. Hanpscenue numanus wiazoewix
0eucameneii ne 6onee 12 B. Cepgodsucamens
uemeepmotl ocu 00JdiceH 0becneuusams no8opPom
UHCMpYMeHma. Yeon nogopoma Manunyismopa Ha
OCHOBaNUU BOKDY2 8epIMUKATbHOU ocu He meHee 180
lepadycos. [{nsa onpedenenus NON0HCEHUA MAHUNYAAMOPA
npu nogopome 80KpY2 BEPMUKAILHOU OCU QONICEH
1ICNOIb308aMbCA IHKOOED. Y201 nosopoma 3a0He20
naeya manunynamopa e menee 90 epadycos. Yeon
nosopoma nepedrnezo nieva manunyasmopa we menee 100
lepadycos. s onpeoenerus noiodceHus 3a0He20 U

nepe()Hezo njaedy manunyaimopa 00J12ICEH UCNOTIb3068AMbCSL

5.00
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leupockon. Yzon nosopoma no uemeepmotl ocu He meHee
180 epadycos. [londxcHa 6bimsb 603MOHNCHOCMb OCHAWEHUS
CMeHHbIMU HacaoKkamu (Hanpumep, oepicamev
KapanOoawia unu gromacmepa, nPUcocKa ¢
cepsoosucamenem, MmexaHuieckoe 3axeamHoe
lycmpoticmeo ¢ cepgoosucamenem, yCmpoucmeso 04
\laseproll 2pasupoekuy unu ycmpoucmeo 01s 3D-newamu).
IMunuManbHas KOMIIEKMAYUsL CMEHHLIMU HACAOKAMU.!
nHeeMamuuecKull 3axeam (NPUCocKa), MexaHuieckui
Baxeam, Hacaoka depicamens O
Kapanoawia/mMaprepa/pyuKu, Hacaoka nepexoOHUK OJis
KpennieHuss Co6MeCmumblx KOHCMPYKMUGHbIX Oemainell u
KOHCMpYKYUll, HACAOKA 1a3ePHOIL 2PABUPOBKIL, HACAOKA
3D-newamu (0ns pabomet ¢ nnacmuxom PLA ¢
Ouamempom Humu 1,75 mm). JJonxcen dbvims ocHauyen
cep8onpuBo0oOM 015l NHEBMAMUYECKO20 U MeXAHUYEeCKO20
Baxeamos, obecneyusanwuM 8paeHIe 3axX8a4eHH020
0Ovexma 80 8pems nepemewjers, N08opPom
nepemewaemo2o 06beKma GOKpye 6ePMUKAILHOU OCU.
Vs obecneyenus QyHKYUOHUPOBANUS NHEBMAMUYECKO20
Baxeama Ooicen OblMb OCHAWEH 6CMPOEHHOU 8 KOPNYC
Wanunynamopa nomnoii. J{onxcna 0bims 603MOHCHOCHb
noOKIIOUEeHUSL OONOIHUMENbHBIX YCMPOUCE (Hanpumep,
mpancnopmepa, penvca 0isi nepemeweHuss poboma,
nynbma ynpaenieHuss muna 0X4CouCmux, Kamepsl
WMaWuHHO20 3perus, ONMU4ecKo2o Oamuyurd, Mooy
becnpooono2o docmyna). Pobom-manunynamop oondicen
obecneuusams nepemeujeHue Hacaoku 8 NPOCMPAHCmeae,
aKxmueayuro Hacaoku, 603MON’CHOCHb NOJLYYEeHUs
cueHanoe om Kamepvl U OAMUUKO8, BO3MONCHOCHLb
ynpasnenus 0ONOIHUMENbHLIMU YCMPOUCMBAMU.
\Mamepuan xopnyca — amomunutl. J{uamemp paboueti
Bonbl (6e3 yuema HagecHO20 UHCIPYMeHma U 4emeepmot
ocu) ne menee 350 mm. Unmepdpetic nooxnouenuss — USB.
VIonoicen umems 803MOHCHOCHb ABMOHOMHOU pabomsi u
6Hewne20 ynpasnenus. /s eHewne2o ynpasienus
0o1101ceH Oblmb NPedyCMompeHr nyavm, NOOKIYAEMbI K
pobomy no Bluetooth. ¥Ynpaenarowuii konmpoinep
0o1101cen Obimb cogmecmum co cpedotl Arduino.
Ynpasnaowuii koumponrep cosmecmum co cpedoti
npoepammuposanus Scratch u A3vikom
npoepammuposanus C. [onsxcen obecneuusams nogopom
10 nepevimM mpem 0CAM 6 3a0aHHbIU Y20l U HA 3A0AHHbLL
yeon, nosopom no wemeepmotri ocu Ha 3a0anHbLU Y2oll,
0sudicenue 6 koopounamul X, Y, Z, nepemeujerue na
Badannoe paccmosnue no koopounamam X, Y, Z,
nepedauy OAHHLIX 0 MeKyujeM NON0NHCEHUU Y208,
nepedauy OAHHLIX 0 MEKYUWUX KOOPOUHAMAX
uncmpymenma. onoicen noooepiicusams nepemeuieHue 6
0exapmosvix KOOpOUHAmMaAx u yenax nosopoma ocell, ¢
BadanHOU cKOpocmuvio u yckoperuem. Tunwvi
nepemeweHull 8 0eKapmogvix KOOPOUHAMAX: OBUdNCEHUe
no mpaexmopuu, 08udCeHUe NO NPIMOL MeHCAY 08YMsL
mouxamu, nepenpvieusanue U3 moyYKy u mouxy (nepenoc
ob6vexma). Kopnyc dondicer 6vimo 6 3auuyeHHOM
ucnonnenue (knacca ne nudice IP20).

Obpaszoseamenviblii HAOOP
no Mexawnuxe,
\mexamponuke u
pobomomexHuxe

\Habop dondicen bvimv npedHasnaven 0 nposedeHus
VueOHbIX 3aHAMUL NO U3YYEHUIO OCHO8 MEXATMPOHUKU U
pPO6OMOmMexHUKY, NPAKMU4ecKko20 NPUMeHeHUs: 6a306bix
DAEMEHMOB8 INEKMPOHUKU U CXEMOMEXHUKU, A MAKIHCE

Haubonee pacnpocmpanenHol d2nemMeHmHoU 6asvl U

5.00
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OCHOBHBIX MEXHUYECKUX peleHUll, NPUMEeHAeMbIX NPU
MpOeKmMupo8aHuY U RPOMOMURUPOBAHUU PASTUUHBIX
UHOICEHEPHDBIX, KUDEPHeMUYeCKUX U 6CMpausaemslx
cucmenm. Texnuueckue xapakmepucmuxu ¢ y4emom
nonoacenutt KTPY. B cocmag nabopa 0onxcHbl 6x00ums
KOMARIeKmytowjue u ycmpolcmaa, obraoaroujue
KOHCIMPYKMUBHOU, dJIeKMpUiecKou, annapamuou u
MPOSPAMMHOL COBMECMUMOCHbIO OpYe ¢ Opyeom. B
cocmas nabopa 0ondiceH 6X00Umb KOMNIEKM
KOHCIMPYKMUBHBIX DNEMEHMO8 U3 Memana 0 cOOpKu
aKema MaHunyIayuoHHo20 poooma u KOMNJIEKM
eMaNIUYeCKUX KOHCMPYKMUGHBIX JJIEMEHMO8 075
coopxu maxkema moburbHO20 poboma. B cocmas nabopa
00121CHbL 8X00UMb NPUBOOA PATUYHO20 MUNA. MOMOPYL C
UHME2SPUPOBAHHBIM ULU BHEUHUM OAMYUKOM NOJIOHCEHUS
— He menee 2uim, cepsonpuoo OONbLULOL — He MeHee
dum, cepsonpugoo mManblii — He MeHee 2um, npueoo ¢
BO3MOCHOCHIBIO YAPABIEHUS 8 ULA20BOM PedCUMe — He
Wmenee 2uum. B cocmae Habopa 00icHbL 6X00Uumb
bremenmul 0N COOPKU 8AKYYMHO20 3aX8aMA.; 8AKYYMHAA
npucocka — ne mernee 1uim, 1eKMpoOMAHUMHBLI KIANAH
- He menee lwm, sakyymuwiil Hacoc — He menee lwum. B
cocmas Habopa 00dCHA 8X00UMb dleMeHmHas 6asa OJis
npomomunuposanus; niama 01 OecnaeyHo2o
MPOMOMUNUPOBAHUS, KOMAIIEKIM NPOBOO08 PA3TUYHOZ0
muna u OnuHbL, KOMIAEKI PE3UCOPO8, KOMNIEKM
c6emoou0008, cemuceeMeHmHblL UHOUKAMOD, OUcniell
VKK-muna, knonku — He MeHee Suim, NOmeHyuomempvl —
He meHee 3uim, UHPAKPACHBIIL OAMYUK - He MeHee Suim,
VIbmpazeykosoll damuux - He Menee 3wum, 0amuux
memnepamypul - He Menee lwm, OamyuK oceewjeHHoCmu
- He menee lwum, mooynv Bluetooth — ne menee lwm,
Wmooyae UK-npuemnuxa — ne menee lwm, mooyno UK-
nepeoamyuxa 6 ude KHONOUHO20 NYIbMA YNPABIEHUS —
[wm, akkymyaamop — ne menee lwm, 3apsoHoe
lyempoticmeo — ne menee lwm. B cocmas nabopa
00.1101CeH 8X00UMb MYTbMUOAMYUK OJis USMEPEHUS
memnepamypbul u 81AHCHOCMU OKpYAHCcaloujell cpedbl — He
wmenee lum. Mynbmuoamuuk 0ondicen 001ad0amy
6CMPOEHHBIM MUKPOKOHMPOLLEPOM (MAKMOo8as 4acmoma
- He menee 16 My, wuna oannvix — ne menee 8 Koaiim),
unmepeticamu 0Jist NOOKIOUEHUS K 6HEUHUM
yempoiicmeam: yugpossie u ananozogvie nopmel, 1-wire
TTL, pasvem muna RJ. B cocmas nabopa oondicen
8X00UMb KOMNJIEKM YHUBEPCATIbHBIX 8bIUUCTUMENTLHBIX
mooyetl, npedcmasnsaowux coobou 6azosyro niamy,
namy pacuiupeHrusi Oiisi cemego2o 83aumMo0elicmeust u
namy nooKmoueHust Culo8ol Hazpysku. Bxooauue 6
KOMAIEKm YCMPOUCmea 00IHCHbI 001a0ams
0OHOBPEMEHHOU KOHCMPYKMUGHOU, 3JIeKMPUYECKoll,
annapamuoil u NPOSPAMMHOU COBMECMUMOCMbIO OpYe C
Opyeom. basoeas niama ynueepcanvHoco
BLIYUCTUMENLHO20 MO0V OONACHA NPEOCMABIAMb COOOU
npoepammupyemvii konmpoianep 8 cpeoe Arduino IDE
LU AHATIO2UYHBIX CBODOOHO PACNPOCMPAHAEMBIX CPEOAX
paspabomxu. bazosas niama donxcnua obradams
6cmpoennviMu unmepeticamu 011 NOOKAIOUeHUs.
UUPDPOBLIX U AHATIO208bIX YCIMPOUCIE, 8CIPOEHHBIMU
unmepdpeiicamu USB, UART, 12C, SPI, 1-wire TTL,

\Bluetooth, WiFi. [Inama pacuiuperus 0o1xcHa

obecneuusamop 803MONCHOCHb NOOKIIOUEHUS.
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VHUBEPCATLHO20 8bIMUCIUMENLHO20 MOOYIIA K Cemu
nocpedcmeom unmepghetica Ethernet. [lnama
pacuupenus 00axHcHa 061a0ams NoOpmamiu 6600d-6b18004
015 NOOKIOYeHUS YUPPOBBIX U AHALO208bIX YCIMPOUCMS,
unmepgetic SPI u 803M0*CHOCIBIO NOOKIIOYEHUSL
eHewnell kapmul namamu. [liama pacuwupenus ons
MOOKIIOUEeHUS CUNOBOT HAZPY3KU O0JINCHA 0DeCneyusams
603MOICHOCHIL NPAMO20 NOOKNIOYEHUS BHEWHEl CUI0BOT
Hazcpy3KU, a maKoice pecyiupyemon Hazpy3Ku
nocpedcmeom PWM unmepgbetica. B cocmae Habopa
0ondHCeH BXOOUMb NPOSPAMMUPYEMBLU KOHMPOJLIED,
0becneuusarowuil 03MONCHOCMb OCYWECTNBIAMb
paspabomxy npoecpamMmHo20 K0od, UCnoib3ys
uncmpymenmapuil cped paspabomru Arduino IDE u
IMongoose OS u szvikos npoepammuposanus C\C++,
JavaScript. Ilpoepammupyemvlii KOHMPOLIEP OONHCEH
001a0ams nopmamu 015 NOOKIIOYeHUs YUPPOBbIX U
AHAI0208bIX YCMPOTICME, 8CIPOEHHbIMU
npocpammupyemvimMy KHORKAMU U
DIEKMPOMEXAHUYECKUMU MOOYISAMU OTISL OPeAHU3AYUU
cucmembl pyuHO20 YNpasneHus, 6CMpoOeHHbIMU
npocpamMmupyemviMu cemoou0oamu Oist UHOUKAyuu
pabouezo pexcuma, ecmpoennvimu unmepgeticamu USB,
USART, 12C, SPI, 1-wire TTL, ISP, Ethernet, Bluetooth,
WiFi. B cocmag nabopa 0ondcer 6X00ums MOOYib
mexHuyecKo2o 3peHust , npedcmasisiowull cooot
BbIYUCIUMENILHOE YCIMPOLCNBO CO 8CHPOEHHbIM
Mukponpoyeccopom (Koi-80 sep - He MeHee 4uum,
uacmoma s0pa He menee 1.2 I'Ty, o6vem O3V - ne menee
512M6, 0b6vem eécmpoennoi namsamu - He meree 816),
UHMEZPUPOBANHOU KAMEPOU (MAKCUMATIbHOE pA3peuenue
suUOeonomoxa, nepedasaemozo no unmepgeticy USB - ne
Wmenee 2592x1944 e0.) u onmuyeckoii cucmemou. Mooynv
mexHuuecKo20 3peHus 00xceH 061adams
COBMECMUMOCTNBIO C PA3TUYHBIMU NPOSPAMMUDYEMbLMU
KoHmpoaepamu ¢ nomowwio unmepgeticog - 1-wire TTL,
UART, 12C, SPI, Ethernet. MoOynb mexnuueckoeo 3perus
001101cen 0becneuusams 8bINOIHEHUE 8CEX USMEPEHUL U
BbIUUCTIEHUL NOCPEOCBEOM COOCMBEHHBIX
BBIYUCTUMETTLHBIX 803MONCHOCHIEU BCIPOEHHO20
wmuxponpoyeccopa. Mooynb mexnuueckoz2o 3penus
0oao1cen 061a0ams 803MOHNCHOCHBbIO KOMMYHUKAYUU C
AHANOLUYHBIMU MOOYISIMU NOCPEOCHBOM WUHbL HA 6a3e
nociedosamenvHo20 unmepgeiica ¢ yeuvio OarbHeluel
nepedayu pe3yrbmamos uzmepeHutl 2pynnvl Mooynel Ha
ynpasnarowee gbluuciumenbHoe yCmpocmaso,
nookmouerHoe Kk OaHHou wure. Modynb mexHuyecko2o
Bperus Qodicer obecneuusams HACMPOUKU PENCUMOB
pabomul - HACMPOUKY IKCho3uyuu, baranca 6enoeo,
1/86eMOPA3HOCMHBIX COCMAGIAIOWUX, NAOUAOU
0OHapysrcusaemori 0oaacmu u306PaAdiCeHUs, OKpPY210Cmu
0OHapysrcusaemoti 001acmu U306PANCEHUs, NONOHCEHUE
0OHapydIcUBaeMbix obracmeli OMHOCUMENbHO Opye Opyed,
Mawunnoe 0byyenue napamempos HelupoHHbIX cemell 0Jis
oOHapydcenus 00beKmos, opmy u 3aK00UposanHvle
BHaueHus1 OOHApYIHCUBAEeMbIX Mapkepos muna Aruco,
pazmepol OOHAPYHCUBAEMBIX OKPYIICHOCTEL, KEAOPAMO8
U MPEY2ONbHUKOS, NAPAMEMPO8 KOHMPACMHOCMU,
pazmepos, KpueusHol U NOIONCEHUS. PACNO3ZHABAEMbIX
unui. Habop Ooonocen obecneuusams 603MOACHOCHb

azpabomru mooenu MoOUIbHO20 pobOMaA, Ynpasisiemou
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6 FPV-pesicume nocpedcmeom npozpammHozo
obecneuenus 0is NepCOHANLHO20 KOMNbIOMEPa U
Wmobunsubix yempoticms Ha 6aze OC Android unu 10S,
0becneuusarouje2o 603MONCHOCHb YNPAGIEHUs
WMOOUNLHBIM POOOMOM U 6CHPOEHHBIM MAHUNYAAMOPOM
nocpedcmeom epaguuecko2o unmepgelca, GKIOHAIOUUM
6 cebs1 HAbOp KHONOK U nepexmodamenetl, ONHCOUCMUK,
obracme 015 omobpadicenust sudeo. Habop donicen
0becneyusams 603MONCHOCHIL USYUEHUS OCHO8
pazpabomu npocpamMmHbIX U ANNAPATHBIX KOMNIEKCO8
UHOICEHepHbIX cucmeM, peuterull 6 cghepe ""Hnmepnem
eewen"", a marxoice pewenuii 6 obnacmu
pobomomexHuKy, UCKycCmeenHo20 uHmelekma u
Wawunnozo obyuenus. B cocmag nabopa 001#cHO
6X00UmMb nOCOOUE NO U3YUEHUIO OCHO8 INEKMPOHUKU U
cxemomexHuku, pewenull 8 cpepe ""Humepnem gewer"",
paspabomxu u nPOMOMUNUPOBAHUIO MOOeell POOOMOE.
B cocmas nabopa 00a%CHO 8X00Umb nocodue no
U3YYEHUI0 OCHOB Pa3PAbOMKU CUCeEM MEXHUYECKO20
BpeHus u d71eMeHmO8 UCKYCCIMBEHHO20 UHMENIeKMa.

Obpazogamenvhblil
KOHCMPYKMOP 05
npakmuxu O104HO20
npOSPAMMUPOBAHUSA C
KOMNIEKMOM 0amuuKo8

\IPobomomexnuyeckuti Habop npeoHa3Hayer OJis U3V4eHUs.
ocHo6 pobomomexnuku, demarnetl, Y3108 U MEXAHUZMOS,
HE0OX0OUMBLX 0151 CO30AHUSL POOOMOMEXHUYECKUX
lycmpoticms.

Texnuueckue XapaKmepucmuki ¢ y4emom HOI0NCEHUL
\KTPY. Habop npedcmasnsem cobou Komniekm
CMPYKIMYPHBIX 21eMEHMO8, COCOUHUMENbHBIX INEMEHNO8
U DlIeKMpPOMeXHU4ecKux kKomnonenmos. Habop
no3eoisiem npogooUms IKCHEPUMEHMbL NO NPeoMeny
dusuka, cozoasams u npoepammuposams cooupaemvle
Wodenu, U3 KOMIOHEHMO8, BXO0SUUX 8 €20 COCMAE,
pabouue mooenu MOOUNLHBIX U CIMAYUOHAPHBIX
pobomomexuuyecKux ycmpoucms ¢
a8MoOMaAmMu3UPOBAHHLIM YNPAGILEHUEM, 8 MOM YUCTe HA
KONIECHOM U 2YCEHUYHOM X00Y, d MAKICe KOHCMPYKYUL,
OCHOBAHHBIX HA UCNONBL30BAHUY PAZTULHBIX BUOOG
nepedau (8 mom yucie YepesayHbIX U 3y0UaAmblX) a maxoice
pbluazos. Bempoenivle 6ecnpogoonvle cemegule peuleHus
(Wi-Fi u Bluetooth), sozmooicnocme unmezpayuu ¢
becnaiamuvim obnaunvim 10, obecnewusarom
603MOINCHOCHI NPAKMUYECKO20 U3YUEHUSL MEXHOO2UL
unmepnema eeujell U OCHO8 UCKYCCMBEHHO20
unmennexma. Obecneyusaemcs 03MONCHOCHb
00BeOUHEeHUST HECKOILKUX POOOMOE, COOPAHHBIX U3
10000HbIX HADOPOB, 8 2PYNNbL C CEMEBLIM
63aumooeiicmeuem. [Ipedycmompena onyuonaibHas
603MONCHOCHIL PACUUPEHUST OONOTHUMETbHBLMU
KOMROHeHmamu (He 6X00AWUMU 8 CIMAHOAPIIHYIO
KOMIIEKMAayuio), RO380SIOWUMU U3VUANb MEXHUYECKOe
BpeHue U NPOMBIUIEHHYIO POOOMOMEXHUKY.

[ Ipedycmompena 803M024CHOCMb pabomvl Habopa ¢
QononHumenbHbIMU OOIAUHBIMU CEPEUCAMU.

[ Ipedycmompervl MUHUMYM 084 HPOSPAMMUDYEMbIX
KOHMPOLLEpa 8 NAACMUKOBbIX KOPHYCAX, NO3GOSIOUWUX
00HO8peMenHO co30asamb 2 sapuanma pooomos
PA3IUUHO20 HAZHAYEHUSL, UMEIOUUX BO3MOICHOCTIb
pabomul Kax 6 NOMOKOBOM pedicume, Max U AGMOHOMHO;
MO360ISOUUX Peanu308amsb 0OyueHUe
NPOSPAMMUPOBAHUIO 8 HECKOTLKUX Cpedax pa3pabomku
Ha paznuunbLx s36IKax (K npumepy, 6 cpeoax Mblock,

\Urduino IDE, na sizeixax Scratch, C, Python, micro
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\Python). Kax Munumym 0OuH u3 KOHMpOLIepos8 umeen
BCMPOEHHYIO ONepPayUuoOHHyI0 cucmemy, ecmpoentvie Wi-
\F'i u Bluetooth, nopm 015 nookatoueHus
nociedo8amenbHO COEOUHAEMBIX BHEUHUX YCIMPOTICINE
(e mernee 20 00HOBPEMEHHO NOOKAIOUACMBIX
yempoticms). Kax munumym oOun uz Konmponiepos
LMeem 803MONCHOCHL OOHOBPEMEHHOI 3aNUCU He MeHee
8 npoepamm, ¢ 603MOACHOCIBIO NEPEKIOUEHUS MENCOY
Humu. Kax Munumym oOuH u3 KOHmMpoiiepos umeem
noanoysemuwiti oucnietl (IPS), nozeonssowuil 6vi600ume
Oarnubie ¢ damuukos 8 sude madauy u 2papuros, a
makoice c030a6amob 6CMPOEHHbBLE 8 KOHMPOLILED
Budeouepuvl. Konuuecmeo ceHcopos u ucCnOIHUMETbHBIX
lycmpoticms, 6CmMpoeHHbIX 8 00UH U3 KOHMPOILIEPOs, - He
wmenee 10 wm. Obugee KoIuyecmso 1eMenmos 8 Habope
e menee 400 wm., 8 mom uucie nOOKIOUAeMble MOOYIU!
- Bluetooth modyns, - 0801HOU OAMYUK TUHULU, -

Y IbMpa38yKo80ll 0amuuK paccmoanus, - 0amyux yeemd, -
Oamuux Kacanus dnexkmpomexanudecxutl, - IR mooyns, -
WMOmMOp NOCMOSIHHO20 MOKA ¢ peOYKMOpoM — He MeHee 2
wim., - CepeonpuBoo, - NyIbm OUCMAHYUOHHOZO
ynpasnenus IR. Habop dondicen bblms YKOMNIEKMOBAH
axkymyasmopuwvimu bamapesmu. IIpoepammnoe
obecneuenue, UCnoIb3yeMoe 01 NPOSPAMMUPOBAHUSL
cobupaemuix pobomomexHuyeckux mooenei u
lycmpoticmas, 00AHCHO 6bimMb OOCMYNHO 071 OeCnIAMHO20
ckayusanus uz cemu Mnmepnem u nociedyrowezo
1CNOIb308AHUSL.

Muxpockon yugposoti

Texnuueckue Xapakmepucmuki OOJIHCHbI
coomeemcmeosamov KTPY ons kooa OKII/]2
26.51.61.110 Tun mukpockona. 6uonocuweckuii Hacaoka
Wukpockona: moHokynaApHas Hasnavenue:
iabopamopuwiti Memoo ucciredosanusi. ceemioe nojie
Mamepuan onmuxu: onmuyeckoe cmekio Yeenuuerue
wmuxpockona, kpam: 64 — 1280 Oxynaper: WF16x
Obvexmusnl: 4x, 10x, 40xs (noonpyscurenHulil)
\Pesonveepras conoska: Ha 3 obvexmusa Tun nooceemkis:
Bepkano unu cgemoouod Pacnonogicenue nooceemxu:
6epxHss u HudcHAA Mamepuan kopnyca: memain

[ Ipeomemnviii cmonux, mm: 90 Ucmounux numanus: 220
\B/50 I'y Qucno mezanuxcenei: 1

15.00

[ [uppposas nabopamopus
no aKono2uU

Obecneuugaem npogedenuie yuebH020 IKOI0SULECKO20
WMoHUmMOpUHea uHcmpymenmanvhvimMu memooamu. Habop
MpUMeHsemCst nPU U3yYeHUuU IKOI02Ul, OUOO2UU, XUMULU,
leeoepaghuu u npupodosedenuisi, a maxaice 0Jis
UHOUBUOYATLHBIX UCCIE008AHUSL U NPOEKMHOU
OesimenbHOCmU WKOIbHUKOS.

Texnuueckue xapaxmepucmuku OO0JICHbI
coomeemcmeosamo KTPY ons kooos OKII/[2
26.20.40.190, 32.99.53.130, 26.51.52.130, 26.51.43.1109.
\Komnnexkmayus: Becnposoonoii mynemudamuux no
DKOI02UYECKOMY MOHUMOPUHEY € 8-10 6CMPOEHHbIMU
Oamuurxamu: JJamuux Humpam-uoHos Jlamuux xiopuo-
uornog [amuuk pH ¢ ouanazonom uzmepenus He yoice 4em
om 0 0o 14 pH Jlamuux énaxcuocmu ¢ 0uanazoHom
usmepenus 0...100% Jlamuuk oceewjennocmu ¢
Ouanazonom usmepenust ne yoice yem om 0 0o 180000 ax
VIamuux memnepamypsi ¢ OUaNA30HOM UMEPEHUsL He
yoice wem om -20 0o +140C Jamyux
DAeKMpPONPOBOOUMOCIU C OUANAZOHAMU USMEPEHUS He
arce yem om () 0o 200 mxCm; om 0 0o 2000 mxCm; om 0
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00 20000 mxCm [Jamuux memnepamypul OKpysxcaioujeti
cpedsl ¢ duanazonom usmeperus He yoice wem om -20 0o
+50C Omoenvhvie damuuku u myromuoamyuxu. Jamuux
B8yKa ¢ hyHKYUel UHMeSpUPOB8aAHUs C OUANA30HOM
usmeperus wacmom e menee yem om 50 Iy do 8 kl'y;
VIamuux 61axcHoOCmu noussl ¢ OUANA30HOM UBMepeHUs He
yorce uem om 0 00 50% Jamuuk oxucu yenepoda ¢
Quanasonom uzmepenus He yoice wem om 0 0o 1000 ppm
IMynbmudamyuux onmuyecko nIOMmHOCIMU U MyMHOCMU
co 6cmpoennbiMu oamuuxamu. JJamuux onmuyeckot
nromuocmu 470 um ¢ ouanazonom uzmeperusi om ) 0o 2
\D Jlamuuk onmuueckou niom1ocmu 525 Hm ¢
Ouanasonom usmeperus om 0 0o 2 D Jlamuuk
onmuuyecxou nromuocmu 630 HM ¢ duanazoHom
usmeperus om 0 0o 2 D JJamuux mymHocmu pacmeopos ¢
Ouanasonom uzmepenus om 0 0o 200 NTU Axceccyapul:
\Kabeno USB coeounumenvhoiii (2 wm.) 3apsaonoe
yempoticmeo ¢ kaberem miniUSB USB Aoanmep
\Bluetooth 4.1 Low Energy Cmepoicens 05t 3aKpenieHus
Oamuuxos 6 wmamuse Kpamxoe pykogoocmeo no
brenryamayuu yugposou rabopamopuu Ilpoepammnoe
obecneuenue Memoouueckue pekomenoayuu He mernee 20
pabom Ynakoexa Hanuuue pycckoasviunozo caiima

noo0oeparcKuU, Haruyue 8UOeOPOIUKOS.




