MHUHUCTEPCTBO OBPA3OBAHUS 1 HAYKHA
MYPMAHCKOM OBJIACTH

IIPUKA3
Jfﬂ%%%f/ No /f

r. MypmaHckK

OG yTBeprkAeHNH HHPPACTPYKTYPHOro JHCTA OCHALKEHHS LIeHTPOB
006pAa30BAHHA €CTECTBEHNO-HAYYHOI H TEXHOJIOrHYecKOH HanpaBJeHHOCTeH
«Touxa pocra» B MypmaHckoi obaactu B 2024 roxy

B coorsercTBMM ¢ nyHkToM 2 Kommiekca Mep («HIOPOXHOH KapThl»)
IO CO3JaHMI0O M (YHKIHOHHPOBaHMIO B 00LIcOOpa3OBaTENbHBIX OpraHM3alMiIX,
PACIIONOXEHHBIX B CEIBCKOH MECTHOCTH M MaJlBIX rOpoJax, LUEHTPOB 0OpasoBaHIs!
eCTEeCTBeHHO-HAYYHOH M TexHonorudeckoit HampasiaeHHocTed «Touka pocta»
B Mypmanckoli ofnactu B 2024 romy, YTBepKAeHHBIM NpHKasoM MuHHCTEpCTBa
ofpasoBanus M Haykd MypmaHckoii ofmactu ot 30.11.2023 Ne 1881
«O6 opraHu3aIli¥ MEpONPUATHI IO CO3NaHMIO M (yHKuMOHMpoBaHMiO LleHTpoB
06pa30BaHis eCTECTBEHHO-HAYUHOR H TeXHOJOTHIeCKOH HampaBleHHOCTel «Touka
pocta» B Mypmarcko# obnactu B 2024 romy», ¢ y4eTOM MHCBMA (henepalbHOTO
TOCYZIAPCTEEHHOTO aBTOHOMHOTO yUpexKaieHus «LIeHTp MPOCBETHTENCKUX MHHIYMATHB
MunmcTepersa npocsewenust Poceuiickolt Gexepaunu» or 17.01.2024 Ne 100/1701-10
0 COOTBETCTBHHM HH(PACTpyKTYPHOIO JIACTA SIMHOM TEXHOJOTHYECKOH cpese HITO
NpHKa3bIBAIO:

yTBEpPAUTL [puiaraeMblii MH(PACTPYKTYPHBIH JMCT OCHAIIEHHS LEHTPOB
0Gpaz0BaHKA ECTECTBEHHO-HAYYHON ¥ TEXHOIOrHYeCKoH HanpasieHHocTel «Touxa
pocta» B 2024 roxy Ha Gase ofieoSpasoBaTeNbHBIX opraHuzauuit MypmaHcKo#
obnacty B pamkax QefepanbHoro npoekra «COBpeMEHHAN LIKOJA» HANKHOHAIBHOTO
npoekta «ObpazoBaHue.

MunueTp J.H. Ky3neuogra



YTBEPX/IEH

nprukazoM MUHUCTEpCTBA 00pa30BaHUS
U Hayku MypmaHcKoi o6siactu

ot 23.01.2024 Ne 89

NuppacTpyKTypHBIN JTHCT

OCHAIIleHH S LEHTPOB 00Pa30BAHUSA €CTeCTBEHHO-HAYYHOI U TEXHOJIOTHYeCKOi

HanpasjeHHocTeld «Touka pocta» B 2024 roay Ha 0a3e 001eo0pazoBaTeIbHbIX

opranusanuii MypmMmaHckoi 00J1acTi B paMKax (pe1epajbHOro nNpoexKra
«CoBpeMeHHasl IIK0JIa» HAMOHAJIBHOIO NpoekTa «O0pa3oBanue»

n/n

HaumenoBanue
obdopynosanus (PBI1O)

KpaTlme NMPUMEPHBIC TCXHUYCCKHE XAaPAKTCPUCTUKH
(PBIIO)

Eannnna
H3MepeHust

KonnuecTBo

HauMeHoBaHue HanpaBjaeHus: «0oopyoosanue 01 00uieodpazoeamenpHvlX Op2anu3ayuil, He AGNAIOUUXCA

MATOKOMNIEKMHbIMU

HanmenoBanue paznena:
«EcTecTBEeHHO-Hay4Has
HanpaBJICHHOCTBH»

Lugposas nabopamopusa
no usuxe (yuenuuecxas)

Obecneyusaem 6vinoIHeHUE IKCNEPUMEHMO8 NO MeMaM
Kypca ¢usuxu. Komnnexmayus: becnposoonoii
MYToMUOAMUUK 1O Qu3suKe ¢ 6-10 BCIMPOEHHbIMU OAMYUUKAMU:
Lughposoii damyux memnepamypuvl ¢ OUANA30HOM UsMepeHus
He yoice wem om -20 0o 120C Lugposoui damuux
abconomHo20 0asneHUs ¢ OUANA30HOM USMEPEHUs He Yoice
yem om 0 0o 500 xlla Jlamyux maenumnozo noas ¢
ouanazonom uzmepenus e yoice uem om -80 0o 80 mTn
Hamuux nanpsasjcenus ¢ ouanazoHamu usMepeHus He yice
yem om -2 0o +2B; om -5 0o +5B; om -10 0o +10B; om -15
0o +15B [lamyux moka ue yaxce uem om -1 0o +1A4 Jamuuk
axcenepomemp ¢ nOKasamenAMu He menee yem: =2 g; +4 g;
+8 g Omoenvhvle ycmpoticmea: USB ocyunioepagh ne menee
2 xkanana, +/-10 B Axceccyapul: Kabeno USB
coeouHUmenbHulll 3apsioHoe yCmpoucmeo ¢ kabenem
miniUSB USB Aoanmep Bluetooth 4.1 Low Energy
Konempyxkmop ona nposedenus sxcnepumenmog Kpamkoe
PYKOBOOCBO NO KCHIAyAmayuu yupposoi 1abopamopuu
Ipocpammmoe obecneyenue Memoouueckue pexomeroayuu
(40 pabom) Hanuuue pycckoazvblyHo20 calima noo0epicKu
Hanuuue sudeoponuxos

39.00

Lughposas nabopamopus
no xumuu (yueHuueckas)

Obecneuusaem gvinoHeHue 1aOOPAMOPHBIX pAbOM O XUMUU

Ha YPOKAX 8 OCHOGHOU WKOAE U NPOEKMHO-
uccnedo8amenbCKol 0essmensbHOCIMU yHauuxcsl.
Komnaexmayus: becnpogoonoti Myismuoamyux no Xumuu ¢
3-ms ecmpoennvimu damuuxamu: Jamyux pH ¢ ouanazonom
usmeperus e yoce uem om 0 oo 14 pH JJamuux
INEKMPONPOBOOUMOCU C OUANAZOHAMU USMEPEHUS HE YIice
yem om 0 00 200 mxCm; om 0 0o 2000 mxCm; om 0 0o 20000
mrCm [amuux memnepamypsi ¢ OUanasoHom usmeperus: ne
yace uem om -20 do +140C Omoenvuvie damyuku: Jamuux
onmuyeckou naomuocmu 525 nm Axceccyapuvi: Kabeno USB
coeOuHumenbublll 3apsionoe ycmpoucmeo ¢ kabenem
miniUSB USB Aoanmep Bluetooth 4.1 Low Energy Kpamkoe
PYKOBOOCMBO NO IKCHIYamayuu yugdpoeou 1abopamopuu
Habop nabopamopnoii ocnacmxu Ilpoepammuoe

39.00




n/n

HaumeHnoBanue
ob0opynosanus (PBI1O)

KpaTkue npuMepHble TEXHUYECKHE XaPAKTEPUCTHKH
(PBIIO)

Exununa
H3MepeHus

KonngecTBo

obecneuenue Memoouueckue pexomenoayuu He menee 40
pabom Hanuuue pyccKosazblyH020 caima no00epiCKu
Hanuuue sudeoponuxos

Lugpposas nabopamopus
no buonozuu
(vuenuueckast)

Obecneuusaem gvinoneHue 1ab0pamopHvix pabom Ha
YpoKax no Ouon02UU 8 OCHOBHOU WIKOJIe U NPOEKMHO-
uccne008amenbekol 0esimenbHOCMU Y4auuxcsl.
Komnaexmayus: becnpogoonot myaemuoamuux no 6uoro2uu
¢ 5-10 6cmpoennviMu damyuuxkamu. JJamuuk 1anicHocmu ¢
ouanaszonom uzmeperus 0...100 % [Jamuux oceewjennocmu ¢
ouanaszonom uzmepenus He yoice wem om 0 0o 180000 ax
Jlamuux pH ¢ ouanazonom usmepernus ne yoice wem om () 00
14 pH Jlamuux memnepamypsi ¢ OUanazoHoM UMepeHust He
yarce uem om -20 0o +140C [Jamuux memnepamypol
OKpysicarouyeti cpedvl ¢ OUANA3ZOHOM USMEPEHUsL He Yice YeM
om -20 0o +40C Axceccyapul: 3apsioHoe ycmpoucmeo ¢
rkabenem miniUSB USB Aoanmep Bluetooth 4.1 Low Energy
Kpamxkoe pyxosoocmeo no sxcniyamayuu yughpoeoii
aabopamopuu L{ugposas eudeokamepa ¢ MemaiiuyecKkum
wmamueom, paspeuterue ne menee 0,3 Mnuxc [Ipoepammnoe
obecneyenue Memoouueckue pekomenoayuu e menee 30
pabom Ynaxosxa Hanuuue pyccrosnzviunozo catima
N000ePIHCKU, HAIUYUE BUOCOPOTIUKOS

39.00

HanmenoBanue paznena:
«JlomonHUTENBEHOE
o0opyoBaHue»

Obpa3zosamenvHuill HAOOP
018 U3YUeHUs:
MHO2OKOMNOHEHNHbIX
PoOOMOmexXHUUecKux
cucmem u
MAHUNYTAYUOHHBIX
pobomos

ObpaszosamenvHulil HAOOP D0NICEH ObIMb NPEOHA3HAYEH OIS
uzyueHus pooomomexHuieckux mexHoa02ul, OCHO8
UHDOPMAYUOHHBIX TMEXHONOSUTL U MEXHONO2UT
NPOMBILUTIEHHOU A8MOMAU3AYUY, A MAKIHCE MEXHOIOUI
NPOMOMUNUPOBAHUA U AOOUMUBHO20 NPOU3800Ccmsd. B
cocmag Habopa OONHCHBL 6XOOUMb KOMNIEKMYIouue U
yempoticmea, 0oaadaiowjue KOHCMPYKMUGHOU, annapamHou
U NPOSPAMMHOT COBMECMUMOCMbIO OpYe ¢ OpyeoMm. 1)
Komnnexm KoHCmpyKmuHvIx 21eMeHmo8 u3 Memania u
naacmuxa 0t cOOpKu Mooeetl MAHUnyIYUOHHbIX pOOOMO8
C y2n1060U KUHEMAMUKOT, NA0CKONAPANeNbHOU
Kunemamuxot, Delta-kunemamuxotl. 2) UnmennexmyanbHulii
€epBoOMO0YIb C UHMEZPUPOBAHHOU CUCTNEMOTL YRPABTEeHU - He|
menee 7 uwim. Cepeomodyns dondicen obaradamo
UHMeZPUPOBAHHOT CUCEMOT ynpasieHus, obecnedugaroueli
06pamuyIo c643b UIU KOHMPOTb NAPAMEMPO8 - NOTOHCEHUE
8ad, CKOPOCHb 8PALYEHUS, HASPY3KA NPUB0OA, A MAKIiCe
obecneyusaroujeti 603MONCHOCHb NOCAE008aMENbHO20
NOOKIIOYeHUs Opye C OPY20M U YNPABIEHUsL CeP8OMOOVIAMU
N0 NOCIe008AMENbHOMY NOAYOYHAEKCHOMY ACUHXPOHHOMY
unmepgeiicy.

3) Pobomomexnuyeckuti KOHmMpoJiep, npeocmasissiouuil
€000l MOOYIbHOE YCMPOUCMB0, 8KAtUauee 8 cebs
OOHONIAMHBIY MUKPOKOMNBIOMED 0I5l 6bINOTHEHUS CLOMHCHBIX
BLIUUCIUMENILHBIX Onepayuli, nepugeputinblii KOHmMpoiep
OJI51 YNPAGIeHUS, GHEWHUMU YCIPOTCMEAMU U NAANTY
pacuuperus 018 NOOKIIOUEHUsL BHEUHUX Y CINPOLICNS.
Moodyau pobomomexnuuecko2o KOHMPOIEPA OOANHCHDYL
06nadams 00HOBPEMEHHOU KOHCIMPYKMUGHO, AnnapamHou u
NPOSPAMMHOT COBMECUMOCTIBIO OPYe € OPY2OM.
Pobomomexnuueckutl KOHmMpoJIep O0AAHCEH YO0BIEHEOPAMb
MEXHUYECKUM XAPAKMEPUCTIUKAM. KOI-60 S0P 6CIPOEHHOZ0
MUKDOKOMNIbIOMEPA - He MeHee 4, makmosas wacmoma s0pa

- ne menee 1,2 I'Ty, obvem O3V - ne menee 512 M6, nanuuue

13.00
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Exununa
H3MepeHus
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unmepgpeticos - SPI, 12C, 1-wire TTL, UART, PWM,
yugposvle - He menee 16 wm. u aHano2o08vie NOPMbL - He
Menee 8 wim. O/l NOOKNIOUEHUs. BHeUHUX YCHPOUCMS,
6cmpoerHblil MUKpo@or, a maxxce WiFi unu Bluetooth ons
KOMMYHUKAYUU CO HEWHUMU YCMPOUCMBAMU.
Pobomomexnuueckuii konmposiep 0ondicen obecneyusams
B03MOICHOCTIL NPOZPAMMUPOSAHUSL C HOMOWBIO CPEOCE
sazvikoe C/C++, Python u 6060010 pacnpocmpansiemonl
cpeovt Arduino IDE, a makoice ynpasnenus Mooeisimu
pobomomexnuyeckux cucmem ¢ nomouvio cpeovt ROS. 4)
Ipoepammupyemwiti konmpounep - ne menee 1 wm.
IIpozpammupyemulii KOHmMPOLLEP OONAHCEH NPEOCAGISND
OO0 BLIYUCIUMENbHBLI MOOYJIb, 001A0AIOUWUM YUPDPOSLIMU
nopmamu - He mMenee 8 wm. u aHano208bIMU HOPMAMU - HE
menee 16 wm., unmepgpeticamu UART, I12C,SPI, TTL, a
maxaice Mooyiem becnposoonoll ceszu muna Bluetooth unu
WiFi onst co30anusi annapamuo-npocpammHbIX Peulenuti u
KYMHBIX/CMAPM»=YCMpPOLcms Oist pazpabomKu peuieHutl
«Unmepnem seweri». 5) [lnama pacwupenus
NPOSPaAMMUPYEMO20 KOHmpoiepa — he menee 1 wm. [lnama
pacuupenus 00IHCHA 00eCneuusams 603MOHCHOCTb
NOOKMOUEHUS YHUBEPCATLHO20 BLIMUCTUMENLHO20 MOOYIIA K
cemu nocpeocmeom unmepgetica Ethernet. Ilnama
pacuuperust O0JdHCHA 001adams NOPMamL 6600a-8bl800a Ois]
NOOKMIOUEHUA YUPPOBBIX U AHATIO208bIX YCMPOUCE — He
menee 40 wm., unmepghetic SPI u 6o3moancnocmovio
nOOKIIOYeHUs 6HeuiHell kapmul navsimu. 6) Mooy
MEXHUYECKO20 3peHuUs, RPedcmasisouuti coootl
YCmpoucmeo Ha 6ase BLINUCTUMETbHO20 MUKPOKOHMPOLIEpa
U UHMeSPUPOBAHHOLL Kamepbl, obecneyusaoujee
Ppacnosnasanue npocmeiuux u300paxceHuil Ha mooyie 3a
cuem coOCMBEHHBIX GbIHUCTUMETLHBIX B03MONMCHOCTHET - He
menee 1 wim.; Mooynb mexHuyecko2o 3peHust 00ax4ceH
obecneuusams 803MOHNCHOCb KOMMYHUKAYUU C
AHANOSUYHBIMU MOOYIAMU NOCPEOCHEOM WiUHbL Ha base
nociedosamenvpHo2o unmepetica ¢ yeivo oanvHetiuler
nepeoauu pe3ynbmamos usmepeHuil 2pynnsl Mooyie Ha
YApasisiouee olHUCIUMENbHOe YCMPOUCBE0, HOOKIIOUEHHOe
K OanHoU wiune. MoOynb mexHuuecko2o 3peHus 00axHceH
o0becneuusams 803MONCHOCHIL OCYIECTNEIANMb HACTPOUKY
MOOYNIsL MEXHUUECKO20 3PEHUsL - HACMPOUKY IKCNO3UYUL,
bananca 6eno2o, YEEMOPAHOCHIHBIX COCMABTAIOUUX,
naoWaou 0OHapyHcUBaeMoll 001acmu U306padzcetus,
OKpyenocmu ooHapysHcusaemoll obaacmu u300paxtceHus,
NONOJHCEHUEe OOHAPYHCUBAEMBIX 00NIACTel] OMHOCUMETbHO
opye opyea. Moodynb mexHuuecko2o 3peHus 00axHceH
obecneuusams 803MONCHOCb HACMPOUKU HA
00HOo8peMeHHOoe 0OHapyicerue He meHee 10 paznuynbix
0OUHOYHBIX 00BLEKMO8 6 cekmope 00630pa, 1bo He MeHee 5
COCMABHBIX 00BEKMO8, COCMOAUUX U3 He MeHee 3 PASTUUHbIX
epaguyeckux npumumueos. Mooynb mexHu4ecKo2o 3peHus
oonicer 0bnadams ecmpoennvimu unmepgeticamu — USB,
UART, 1-wire TTL, I2C, SPI 053 kommyHuxkayuu co
BHeWHUMU NOOKIoYaemMbilMu ycmpoticmeamu. 7) B cocmas
Habopa O0NHCHBL 8X00UMb YUPDPOBblE UHDOPMAYUOHHO-
CEHCOpHbIE MOOYIIU, NPeOCmAssiowue coOoll YCmpolcmea
Ha 6a3e npospamMmupyemo20 KOHMpoiiepa u
usmepumenbHo2o snemenma. Lugposoit mooyb donoicen
0bnadams 6CMPOEHHBIM MUKPOKOHMPOILIEPOM (MAKMOBAS.
yacmoma - ne menee 16 MI'y, wuna oannvix — e menee 8
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HaumeHnoBanue
ob0opynosanus (PBI1O)

KpaTkue npuMepHble TEXHUYECKHE XaPAKTEPUCTHKH
(PBIIO)

Exununa
H3MepeHus

KonngecTBo

Kbaiim), unmepgeticamu 015 NOOKAIOYEHUSL K BHEUHUM
yempoticmeam: yugpogvie u ananoz2osvle nopmeol, 1-wWire
TTL, pazvem muna RJ. L{ugpposoii modynw dondwcen
obecneyusams 603MONCHOCTIG KOMMYHUKAYUU C
AHANO2UYHBIMU MOOYIAMU NOCPEOCHEOM Wb HA base
nocae0o8amenbHo2o0 uHmepghelica ¢ yeavto oanrbHeluiel
nepeoauu pe3yivbmamos usmepeHuti 2pynnot Mooyietl Ha
Ynpasisiouee elHUCIUmenbHoe YCmpoucmeo, noOOKIOYeHHoe
K OanHoU wuHe. B cocmae nabopa 0onicno éxooums:
yugposotl MoOyb MAKMOBOU KHONKU — He MeHee 3uim.,
yugposotl Modyib c8emoouoda — He mernee 3uwim., yuppoeou
MOOYIb KOHYe8020 npepvieames — He MeHee 3um.,
yugposoti Mooy damuuxa yeema — He menee 1 wm.,
yugpposoti moodyne RGB ceemoouooa — ne menee 1 wim.

8) B cocmas Habopa 0012cHbl 6X00UMb 1eMeHmbl OIS
CcOOPKU 8aKYYMHO20 3AX8aMA. 8AKYYMHASL NPUCOCKA — He
Mmenee 1 wim., 1eKmpomMacHUmMubIl K1anam — He menee 1 wm.,
8akyymmuwiill Hacoc — He menee 1 wm. 9) B cocmag nabopa
00JI2HCeH BX00UMb YUeOHbILL KOMIIEKN, GKIIOYAIOWUll 8 cebsl
YyuebHoe nocobue, HAbop OGUOIUOMEK MPEXMEPHBIX
INeMeHmMOo8 OJid NPOTNOMUNUPOBAHUSL MOOe el
MAHUNYIAYUOHHBIX POOOMOS, 4 MAKIHCE NPOSPAMMHOE
obecneyenue 05t pabomvl ¢ Habopom. [Ipoepammmoe
obecneuenue 00IHCHO oDecneuusams mpexmepHyIo
BU3VANUZAYUIO MOOENU MAHUNYTAYUOHHO20 poboma (¢
Y2l080U, NI0CKONAPANIENbHOU U 0elbMa-KUHEMAmUKo) 6
npoyecce pabomvl, 0becneuusams NOCMpoeHue
NPOCMPAHCMBEHHOU MPAeKMOPUU OBUIHCEHUSL
UCNOTHUMENLHO20 MEXAHUBMA MAHURYTAYUOHHOZ0 poboma,
B03MONHCHOCTL 3A0AHUS NOCAE008AMENLHOCHIU TOYEK O
NPOXOAHCOCHUSA Hepe3 HUX UCHOTHUTNETbHO20 MEeXAHUMA
MaHunyasayuonnozo poboma. Ilpospammmnoe obecneuenue
O0JIHCHO PYHKYUOHUPOBAMD, KAK 6 OMOETbHOCTIU 8 8U0e
€pedbl MOOETUPOBANUA, MAK U 8 PeXCUMe MOHUMOPUH2A 8
PeanvHOM 8peMeHU npu NOOKIOUeHUU MoOeau
MAHUNYAAMOPA NOCPeOCmMEOM POOOMOMEXHUHECKO20
Koumponiepa. llpoepammuoe obecneyenue O0IHCHO
obecneuusams 803MONCHOCb NOCMPOEHUS SPAPUKO8
3A0AHHBIX U MEKYUUX 0000 eHHBIX KOOPOUHAM
MAHUNYTAYUOHHO20 pOOOMA, SPAPUKO8 SHAUEHUL CKOpOCmell
U YCKOpeHUs, epapuros pacyemHsix 3Ha4eHull Haspy3Ku.
Ipocpammuoe obecneyerue OOIHCHO NO3BONAMb 3A0A8aMb
N0Ce008aMeIbHOCHb NEPeOSUNCEHUL MAHUNYIAMOPA
nocpedcmeom Habopa KoOMAHo 8 6104YHO-2paguieckom
unmepdetice. Yuebnoe nocodue 00JAHCHO COOEPIHCAmb
Mamepuansl no paspabomxe mpexmepHsix mooeneu
MOOUTbHBIX POOOMOE, MAHUNYTAYUOHHBIX POOOMOE C
PA3TUYHBIMU THUNAMU KUHEMAMUKY (V2108451 KUHeMAamuKd,
NIOCKO-NAPANIETbHAS, KUHeMAMUKA, OelbMa-KUHeMamuxa,
SCARA unu pvruasicnas Kunemamuxa, niamgopma
Cmroapma u m.n.), UHCmMpYKyuy no npoeKmupo8aHuio
PobOMOs, UHCMPYKYUU U MEMOOUKU OCYYeCMETIeHUs.
UHIICEHEPHBIX PACYemOo8 npu NPOeKMUpoOsaHuy (pacyemol
HA2PY3KU U MOMEHTNO8, PACien MOWHOCU NPUBOO0S,
pacyem napamempos KUHeMAamuKy u m.n.), UHCMpyKyuu no
paspabomxe cucmem ynpagieus: U nPocpamMmHo20
obecneuenus 015 ynpasieHus pooomamu, UHCIMpPYKYuu u
MeMmoOuKU no paspabomke cucmem YnpasieHus ¢
INEMEHMAMU UCKYCCMBEHHO20 UHMELNEeKMA U MAUWUHHOSO
00yuenus
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Ob6pazosamenvhblii HabOP
nO MexaHuxe,
Mexamponuke u
pobomomexHuxe

Habop dondicen bbims npednasnauen 0t npogedeHUs
VUEOHbIX 3aHAMULL NO USVYEHUIO OCHO8 MEXAMPOHUKU U
pobomomexHuKl, NPAKMU4ecKo20 NPUMeHeHUs 6a306bIX
INeMEeHMO8 INEKMPOHUKYU U CXEMOMEXHUKU, A MAKICe
Hauboee pacnpoCmpaneHHo 21eMeHMHOU 0a3bl U OCHOBHBIX
MEXHUYEeCKUX peuenuil, nPpUMeHaeMbiX npu HPOEeKMUposaHuu
U NPOMOMUNUPOBAHUYU PASTUUHBIX UHICEHEPHDBIX,
Kubepnemuueckux u 6cmpausaemvix cucmem. B cocmag
Habopa 00NCHbL BXOOUMb KOMNIEKMYIowue 1 yCmpocmed,
obnadaroujue KOHCMPYKMUGHOU, INEKMPUUECKOT,
annapamuou u nPoPAMMHOU COBMECMUMOCMbIO Opye ¢
opyeom. B cocmas nabopa 0o12cer 6xo0ums KOMIIEKM
KOHCIPYKMUBHBIX INEMEHTNO08 U3 MeMania 0as cOOpKU
Makema MaHunyIayuoHHo20 poboma u KOMHIeKm
MEMANTUYECKUX KOHCMPYKMUBHBIX 2NEMEHMO08 05 COOPKU
Maxkema mMobunbHo2o poboma. B cocmas nabopa 0oicHbl
6X00UMb NPUEOOA PA3IUYHO20 MUNA. MOMOPbL C
UHMEeSPUPOBAHHBIM UTU SHEUHUM OaMHUUKOM NOTOHCEHUS —
He MeHee 2 wim., cepsonpueoo OOIbLUOU — He MeHee 4 wim.,
cepsonpusoo mavlil — He Menee 2 wm., RPpUsoo ¢
BO3MOHCHOCTBIO YNPABNEHUA 8 WLACOBOM PedCUMe — He MeHee
2 wm. B cocmag Habopa 0012cHbL 6X00UMb dJieMeHmbl OJis
CcOOPKU 8AKYYMHO0 3aX8AMA: 6AKYYMHAA NPUCOCKA — He
MmeHee 1 wim., I1eKmpoMazHUMHbIL KIanan — He mMetnee 1 wm.,
8aKyYMHbIU Hacoc — He menee 1 wim. B cocmas nabopa
O0JIHCHA BXOOUMb ITIeMeHmHAs basza O
NPOMOMUNUPOBAHUA: NAAMA O becnaeynoco
NPOMOMUNUPOBAHUS, KOMNIEKN NPOB0O08 PA3TUYHO20 MUNA
U ONUHBL, KOMIIEKM PE3UCTOPO8, KOMNIEKM C8eMOoOU0008,
cemucezmeHmuull unouxamop, oucnieu JKK-muna, knonku —
He MeHee 5 wm., NOMmeHYUoOMempuvl — He MeHee um.,
UH@paxpacHvlli 0amuux - He Menee 3Jwm., YIbmMpasgyKoseoll
O0amuuK - He Menee 3 wim., OAMUUK MeMnepamypbul - He MeHee
1 wm., damuux oceewgennocmu - He menee I wm., Mooy
Bluetooth — ne menee 1 wim., modyne UK-npuemnuxa — ne
menee 1 wim., modynv HUK-nepedoamuuka 6 8ude KHONOYHO20
nyavma ynpasnenus — 1 wim., akkymyasmop — He menee |
wm., 3apsaonoe ycmpoucmeo — He meHee 1 wm. B cocmag
Habopa 00aHCceH 6X00UMb MYTbMUOAIMHYUK OISl USMEPEHUsL
memnepanypbl U 6IAACHOCU OKPYHcatoweli cpeovl — He
menee 1 wm. Mynemudamuux dondxcer obaradams
BCPOCHHBIM MUKPOKOHMPOLIEPOM (TNAKMOBAsL YACMOMA -
ne menee 16 My, wuna dannvix — ne menee 8 Koaiim),
unmepdheticamu 015t NOOKIIOYEHUS. K BHEUHUM
yempoiicmeam: yuppossie u anano2osvle nopmel, 1-Wire
TTL, pazvem muna RJ. B cocmag nabopa oondicen 6xooumo
KOMNIEKM YHUBEPCATILHBIX 8bIUUCTUMENHBIX MOOYIell,
npedcmasnanuwux coboil 6a308yo naamy, niamy
pacuupenus 01 cemegozo 83auMo0eticmeuss u niamy
NOOKIIOYeHUs. CUN0B0U HASPY3KU. Bxooswue 8 Komniekm
YCMPOUCmaa O0NHCHbL 001a0ams 00HO8PEMeHHOU
KOHCMPYKIMUBHOU, 1eKMPUYecKoll, annapamHou u
NPOSPAMMHOU COBMECTNUMOCTIBIO Opye ¢ Opyeom. bazosas
NAGMA YHUBEPCATLHOSO 8bIUUCTUNMENTLHO20 MOOYIA OONHCHA
npedcmasnsams coboll NPoSPaAMMUPYeMblil KOHMPOJIED 8
cpede Arduino IDE unu ananocuunsix c60600HO
pacnpocmpansemvix cpedax paspabomiu. bazoeas nnama
00ICHA 061a0amb 6CMpoeHHbIMU UHMepghelcamu Os
NOOKTIOUEHUS. YUPPOBBIX U AHATIO208bIX YCIPOUCE,

ecmpoennvimu unmepgpeticamu USB, UART, 12C, SPI, 1-wire
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TTL, Bluetooth, WiFi. ITnama pacwupenus donxicna
obecneuusams 603MOACHOCHIL NOOKIIOYEHUS YHUBEPCATIbHO20
BbIYUCTUMENTLHO20 MOOYJISL K Cemu NOCPedCneom
unmepetica Ethernet. [Inama pacwupenus 0oaicHa
001a0ams nopmamu 8600a-6b1600a 0Jis1 NOOKIHOUEHUS
Yu@dposwvix u ananoeosvix ycmpoicms, unmepgetic SPI u
B03MONCHOCHIBIO NOOKTIOUEHUSL 6HEWHEU Kapmbl NAMSIMU.
IThama pacuupenus 015 NOOKIIOYEHUS CUTOBOU HASPY3KU
00J12CHA 0DeCne U8ams 803MOACHOCTG NPAMO20
NOOKIIOYEHUS. 6HEUHell CUNOBOLL HAZPY3KU, d MAKICe
peaynupyemoil Haepy3ku nocpeocmeom PWM unmepgpeiica. B
cocmas Habopa Q0NHCeH 6XO0UMb NPOSPAMMUDY EMbILL
KOHMpOJIEp, 06ecneuuaiouull 603MOACHOCHLb
ocyuecmensims paspadbomy npoepamMmMHO20 KoOd, UCTONb3Ys
uncempymenmapuii cpeo paspabomxu Arduino IDE u
Mongoose OS u szvixoe npocpavmuposanus C\C++,
JavaScript. I[Ipoepammupyemblii KOHMPOALEP OONHCEH
0b1a0ams nopmamu 05t NOOKOUEHUS. YUDPOBbIX U
AHAN0208bIX YCMPOUCMS, 6CIPOEHHBIMU
NPOSPAMMUPYEMBIMU KHONKAMU U INEKMPOMEXAHUYECKUMU
MOOYIAMU ONIAL OP2AHUZAYUU CUCIEMBI PYUHO20 YNPAGTEHU,
BCMPOEHHBIMU NPOSPAMMUPYEMBIMU CEETMOOUOOAMU OIS
uHOUKayuu paboyezo pesicumd, 6CHpOeHHbIMU
unmepcpeiicamu USB, USART, 12C, SPI, 1-wire TTL, ISP,
Ethernet, Bluetooth, WiFi. B cocmas nabopa oonicen
BX00UMb MOOYIb MEXHUYECKO20 3PeHUs , NPeOCmAasIAowull
€000l 8bIUUCTUMENLHOE YCHPOUCTNBO CO 8CMPOEHHbIM
MuKponpoyeccopom (Ko1-60 s0ep - He MeHee 4 wm.,
yacmoma s0pa He menee 1.2 I'Ty, o6vem O3Y - ne menee
512Mb, obvem 6cmpoennoii namsimu - He menee 810),
UHMeSPUPOBAHHOU Kamepoll (MAKCUMATbHOE paspeuieHue
8UO0EONOMOoKa, nepedasaemozo no unmepgeticy USB - ne
menee 2592x1944 ed.) u onmuyeckou cucmemotl. Mooynw
MEXHUYECKO20 3peHUs Q0NHCEH 001a0aMmb COBMECTNUMOCTBIO
€ PA3TUUHBIMU NPOSPAMMUDYEMBIMU KOHMPOATEPAMU C
nomowio unmepgeticos - 1-wire TTL, UART, 12C, SPI,
Ethernet. Mooyne mexuuueckozo 3sperus 00adicen
obecneuusamy GbINOIHEHUE BCEX USMEPEHUN U BLIYUCTEHUL
nocpedCcmeoM cOOCMBEHHBIX BLIYUCTUMETbHBIX
B03MOICHOCTEL 6CMPOEHHO20 MUKponpoyeccopa. Mooy
MEXHUYECK020 3peHUs 00aHCeH 001a0amy 803MOHCHOCTNBIO
KOMMYHUKAYUU ¢ AHATOSUYHBIMU MOOYIAMU NOCPEOCMEOM
WUHBL Ha Oa3ze NocIe008amenbHo20 uHmepghelica ¢ yenvio
danvHetiuell nepedadu pe3yibmamos usmepeHuti 2pynnsi
Mooynell Ha ynpasiaujee 8blYUCIUmenbHoe YyCmpoicmeo,
nookmoyenHoe Kk OaHHoU wune. Mooynie mexHuuecko2o
3perus 00IHCceH 0becneyusanms HACMPOUKU PeHCUMO8
pabomul - HACMPOUKY IKCRO3UYUY, baranca oenoeo,
YBEMOPA3HOCMHBIX COCMABTAIOWUX, NAOWAOU
oOHapyscusaemotl 0o1acmu U300paAX*CceHUs, OKPY2I10CHU
obHapyscusaemotl obracmu U300pazceHus, NOI0HCeHUe
oOHapyscusaemvix obracmeti OMHOCUMENLHO Opye Opyea,
MauwiuHHoe 0byuenue napamempos HeupoOHHbIX cemetl 05
oOHapycerus 00vekmos, popmy u 3aK00Upo8aHHbie
3HAueHUs 0OHApYdICUBaeMbiX Mapkepos muna Aruco,
pasmepvl 0OHAPYHCUBAEMBIX OKPYICHOCHEN, K8AOPAMO8 U
MpeyeoNbHUKO8, NAPAMempos KOHMPACMHOCHIU, PA3MEPO8,
KPUBU3HDL U NOJIONCEHUS PACTIO3HAB8aeMbIX TuHUl. Habop
00dICeH 0becneyus8amy 803MONICHOCHb PA3PADOMKU MOOeU
MobunbHO20 poboma, ynpasniemou 8 FPV-pexcuue
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nocpeocmeom nPOSPaAMMHO20 obecneyeHust s
NePCOHANIbHO20 KOMAbIOMEPA U MOOUBHBIX YCMPOUCME HA
baze OC Android unu 10S, obecneuusarouiezo 603M0ACHOCTIb
VAPAGIEHUSL MOOULHBIM POOOMOM U BCHPOEHHbIM
MAHUNYISIMOPOM HOCPEOCMBOM 2paguueckozo unmepgetica,
BKIIOUAIOUWUM 6 CeOsL HADOP KHONOK U REPEKoYameret,
Ooicoticmux, obaacme 015 omoopavicenus eudeo. Habop
00/19ICeH 06eCneyUsamsd 603MOICHOCTIb U3YUEHUsL OCHO8
Paspabomxu npoePaMMHbBIX U ANNAPAMHBIX KOMNIEKCO8
UHDJICEHEPHbIX cucmeM, peuleHull 6 cpepe «Hnumepnem
sewyeil», a makoice peuwleHutl 6 ooaacmu pobomomexHuUKy,
UCKYCCMBEHHO20 UHMENIEKMA U MAWUHHO20 00yyeHus. B
cocmas Habopa QONHCHO BXOOUMb NOCOOUe NO U3YUEHUIO
OCHO8 INEKMPOHUKU U CXEMOMEXHUKU, peuleHull 8 cghepe
«HAnumepnem eewjei», pazpabomxu u RPOMOMURUPOSAHUIO
Mmodenetl pobomos. B cocmas Habopa 00JICHO 6X00ums
nocobue no uzyHeHuio OCHO8 paspabomxu cucmem
MEXHUYECKO20 3PEHUS U DJICMEHINOE UCKYCCMEEHHO20
unmenieKkma

Ob6pazosamenvhbiii
KOHCIPYKMOp 071
NPAKMuKY 6I04H020
NPOSPAMMUPOBAHUS C
KOMNIEKMOM 0amyuKog

Pobomomexnuueckuii nabop npednasnauen 0Jist U3y4eHus.
0CHO8 pODOMOmMeXHUKU, Oemaiet, Y3108 U MEXAHUIMOB,
HeobX00UMbIX OJs1 CO30AHUSL POOOMOMEXHUYECKUX
yempoticms. Habop npedcmasnsiem co6ou komniekm
CIPYKMYPHBIX 9NEMEHMO8, COCOUHUMETbHBIX DNIEMEHMO8 U
INEKMPOMEXHUYEeCKUX KoMnonenmos. Habop noseonsem
nPOBOOUMb IKCHEPUMEHMbL N0 NpeoMemy uzuxa,
€030a6amb U NPOSPAMMUPOBAM CODUpaembvle MOOeaU, U3
KOMNOHEHNO8, 6X00AUUX 8 €20 COCMA8, pabouue Mooeiu
MOOUTLHBIX U CIAYUOHAPHBIX POOOMOMEXHUYECKUX
VCMPOUCME ¢ A8MOMAMUUPOBAHHBIM YNPAGIEHUEM, 8 MOM
yucne Ha KOJeCHOM U 2YCEeHUYHOM X00Y, a MAaKice
KOHCMPYKYULl, OCHOBAHHBIX HA UCHONb308AHUU PAZTIUYHBIX
81006 nepedau (8 Mom ducie 4epeaunbIX U 3y04amsix) a
makaice peluazos. Bempoennvie 6ecnposoonvie cemesvle
pewenus (Wi-Fi u Bluetooth), o3modcrnocms unmezpayuu ¢
becniamuvim obnaunvim I10, 0becneuuaiom 603MOACHOCHLL
NPAKMUYECKO20 U3YYEeHUsI MEXHON02UL UHMEPHema eewetli U
0CHO8 UCKyccmeenHo2o unmeniekma. Obecneuusaemcs
B03MONCHOCHL 0OBEOUHEHUSI HECKOTILKUX POOOMOS,
COOPAHHBIX U3 NOOOOHBIX HADOPOS, 68 2PYNNbL C CEMEBbIM
e3aumodeticmauem. [Ipedycmompena onyuoHaioHas
B03MONCHOCHTL PACULUPEHUSL OONOTHUMETLHLIMU
KOMNOHeHmamu (He 6xo0auuMy 8 CMaHOApmHyI0
KOMNIEKMAayuio), RO360II0OUUMU U3YHAMb MEXHUYEeCKOe
3peHue u npomMbluLIeRHy10 pobomomexnuxy. Ilpedycmompena
803MOCHOCMb Pabombl HAOOPA ¢ OONOIHUMETLHBIMU
obnaunvimu cepgucamu. Ilpedycmompensvl Munumym 08a
NPOSPAMMUPYEMBIX KOHMPOLIEPA 8 NIACIMUKOBbIX KOPHYCAX,
N0360AIOUUX 0OHOBPEMEHHO CO30a8amy 2 8apuanma
POOOMOE Pa3IUIHO20 HAZHAYEHUSL, UMEIOUUX BOZMOICHOCTID
pabomvl Kaxk 6 NOMOKOBOM pedicume, MAaK U A8NOHOMHO,
NO360ISIIOUUX PEeANU308aMb 0OYUEHUE NPOSPAMMUPOBAHUIO 8
HECKOIbKUX CPedax paspadomku Ha PA3IUYHbIX A3bIKAX (K
npumepy, 6 cpeoax Mblock, Arduino IDE, na aseikax Scratch,
C, Python, micro Python). Kax munumym oOuH u3
KOHMPOJIEPO8 UMeen 6CIPOEHHYI0 ONePAYUOHHYIO CUCHIEMY,
ecmpoennvie Wi-Fi u Bluetooth, nopm 015 nookarouenus
NOC1e008aMENbHO COCOUHSEMBIX GHEUHUX YCMPOUCME (He
Mmenee 2() 00HO8peMeHHO ROOKIOYaemblx yempoticms). Kax
MUHUMYM OOUH U3 KOHMPOJLIEPO8 UMEEN 03MONCHOCHIb
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00HOBPEMEHHOU 3anucu He MeHee 8 npozpamm, ¢
B03MOICHOCIIBIO NEPeKIIOUeHUsL MedicOy Humu. Kak munumym
00UH U3 KOHMPOIEPOS UMeen! NOTHOYBEeMUbIU OUCN.IEl
(IPS), nozeonsowuii 8b1600Umsb OAHHbIE C OAMYUKOE 8 GUOE
maobnauy u epaguxos, a maxice co30a8amy CMPOEHHbIE 6
Koumpoanep gudeouepul. Konuwecmeo cencopos u
UCNOTHUMENLHBIX YCINPOUCTE, 6CHPOEHHBIX 8 OOUH U3
KOHmMpoanepos, - ne menee 10 wm. Obuee konuuecmso
anemenmos 6 Habope ne mernee 400 wm., 6 mom uucie
nookmouaemvie Mooyau: - Bluetooth modynw, - 08otiHOU
0amuuK TUHUL, - YIbMPA38YKOGOU OAMYUK PACCMOAHUS, -
0amuuK yeema, - OAM4UK KACAHUs INeKMPOMEXAHUeCKUl, -
IR M00ynb, - MOMOP NOCMOSHHO20 MOKA C PEOYKMOPOM — He
MeHee 2 wim., - Cepeonpusoo, - Nyibm OUCMAHYUOHHO20
ynpasnenus IR. Habop donicer 6vbimb YKOMNIEKMOBAH
akkymyassmopueimu bamapesimu. Ilpoepammmoe
obecneyenue, UCNOL3YEMOE O NPOSPAMMUPOBAHUSL
cobupaemvix pobOmMomexHu4eckux Mooeneil u yCmpoucms,
00J12HCHO ObIMb OOCMYNHO 015l 6ECNIAMHO20 CKAYUBAHUSL U3
cemu HUnmepnem u nociedyowezo Uchoib308anus

Yuebnas nabopamopus no
HelpomexHono2uu

B cocmae éxoosim: Cencop Tun 1 ne menee 1 wm.,
obecneuusaenm 03MONCHOCHIL PESUCTHPAYUL CUSHAA
INEKMPULECKOUl AKMUBHOCTU MbIULY (DNEKIMPOMUOSPAMMbI,
OMT). Pecucmpayus 00#CHA OCYuecmeniemcs
HeUHBA3UBHO, CYXUMU INEKMPOOamuU. JJOnHCHA UMEmbC
BO3MOIHCHOCTIG KPENAeHUsA K PYKe Yel08eKd, YO OOMHCHO
0a8ams 803MOHCHOCHIL PEUCPUPOBAMb DNEKIMPUYECKIO
AKMUSHOCIU MbILUYBL 8 00IACTU, HAO KOMOPOU
pacnoaazaemces Kpenaeuue. Ilpu nanpsaxceHuu Moluiyol
00J191CHa ObIMb 0Oecneyena 803MONCHOCMb HAOIOOeHUs
nyuyHocmu cuenana (m.e. npucymemeue IMI'), npu
paccrabnenuu mviuysl - ee omcymemeue. Cencop Tun 2 ne
Menee I wim., obecneuusaenm 603MONCHOCb pecUCMpayuu
cuenana omonnemusmocpammel (PIII) onmuueckum
nymem, 3a cyem UsMeHeHUs OMPA*CEeHHO20 OM KPOBEHOCHbIX
€oCcy008 ceema, 00vem KOMOPbIX USMEHAemcs NoO
8030eticmauem nyivcogotl 60aHvl. Cencop 0ondicet Obimb
obecneuen 803MOHCHOCHIBIO KpeniieHusa K nodyuieuxke naivya
yenosexa. Cencop Tun 3 ne menee I wim., obecneuusaem
B03MONHCHOCTIL PESUCTNPAYUY CUSHANA
anekmpoxapouozpammsl (OKI) ne uneasusHvim cnocobom,
pecucmpayuu I, 11 u Il omeeoenuu. Cencop Tun 4 ne menee 1
wm. obecneuugaem 603MONCHOCb: PESUCTPAYUL CUSHAA
KoocHo-2anveanudeckoli peakyuu (KI'P), pecucmpayus
KOMOPO20 OCYUecmensiemcs Ha NOCMOAHHOM MoKe;
NOOKTIOUEHUs K ey Yel08eKd C HOMOUIbIO CYXUX
anekmpo0os. Cencop Tun 5 ne menee 1 wm., obecneuugaem
BO3ZMOICHOCTD: PESUCIPAYUL CUSHALA DTIeKMPUYECKOl
akmusrocmu mo3zea (D3I) ¢ nomowwlo Cyxux HeuH8a3UBHBIX
INEKMPOO08, PecUCmpayull JNeKMpULecKol akmueHOCmu
pasuwix dozeti mozea. Cercop Tun 6 ne menee 1 wm.,
obecneuusaen 0IMONCHOCYb: PeSUCMPayul CUSHAIA
Konebanus epyonou kiemxu (Cencop Ovixanus);, onpeoeneHus
yacmomsl ObIXaHUsA. Ycmpoticmeo 011 cOopa OaHHbIX Om
CEHCOPO8 U nepedaill Ha NEPCOHATbHBIL KOMNbIOMED
obecneuusaem 03MOANCHOCHb COOPA OAHHBIX OM
NOOKTIOUEHHBIX K HEMY CEHCOPO8 U OMNPABKY NOTYYEHHbIX
Oannuvix Ha IIK. [looknouenue yenmpanvioco mooyas k 1K
00ICHO ocywecmensimsbcs ¢ nomowwvro USB-kabens.
Yempoiicmeo 0ns coopa dannvix 0oadicHo umems
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eanvsanuueckyro uzonayuro om I1K, obecneyusamo
B03MOJCHOCIb 0OHOBPEMEHHO20 NOOKTIOYEeHUS 8NI0Mb 00 4
cencopos. Kaoicowtil uz exooos Yempoticmea ons coopa
OAHHBIX OOJIHCHO UMEMb 2ATbEAHUYECKVIO U30TSAYUIO
(0becneyenue MeNCKAHATLHOU 2aNbEANUYECKOU U30TAYUL).
THooxnouenue cencopoe k Yempoiicmay 0 coopa OanHbIX
OCYyuecmensiemcst ¢ NHOMOWbIO CREYUATUZUPOBAHHBIX
pazvemos muna LEMO, obecneuusaioujux npaguibHOCMs
NOOKNIOYEHUS. PA3bEMA U CHUNCATOUWUX PUCK CTLYHATIHO20
KACAaHusl pazbemMos moKonpogoosyux yacmetl, a maxoice
0becneyusarowux 3auumy om HeCaHKYUOHUPOBAHHO20
NOOKIIOYEHUs. K NPOU3BOTbHBIM ycmpoticmeam. Modynw
«Knonka» ne menee 1 wim., obecneuusaem 603MONCHOCHID!
pazmemxu pecucmpupyemvix cuenanos. Koruwecmso
pazmedaemvbix COCMOSHULL CUSHANIA OONINHCHO ObiMb He MeHee
3-x paziuunvix kKamezopuil. Ycmpoticmeo 05 pecucmpayuu
apmepuanvbrozo oaeienus he mernee 1 wm. Memoouueckoe
nocobue, Komopoe 00JNCHO codepacamsb He meHee 30
aOOPAMOPHLIX/NPAKMUHECKUX/OEMOHCMPAYUOHHBIX paOOm

Lugposas nabopamopusa
no 2K0N02UU

Obecneyusaem npogederie y1edH020 IKOI0SUYECKO20
MOHUMOPUHEA UHCMPYMEHMAaTbHLIMU Memodamu. Habop
NPpUMEHAemcs Npu U3yyeHuu IKOA02Ul, OUOT02UU, XUMUL,
eeozpaghuu u npupooosedenst, a maxice s

UHOUBUOY ATLHBIX UCCTE008AHUSA U NPOEKINHOU OesimeTbHOCMU
wikonvHuxos. Komnaiexmayus: becnpogoonotl
MYTLIMUOAMYUK HO IKOJIOSULECKOMY MOHUMOPUHZY C 8-10
6CMPOEHHBIMU 0amyuKamu: Jamuux numpam-uonoe Jlamuux
xnopud-uonog Jamuux pH ¢ ouanazonom uzmepenus ne yoice
uem om 0 0o 14 pH Jlamuux eénasicnocmu ¢ ouanazonom
usmepenus 0...100 % [Jamuux oceewjennocmu ¢ OUanazoHom
usmepenust ne yoice uem om 0 oo 180000 nx [Jamuux
memnepanypbl ¢ OUana3oHoOM usmepeHnus He yxce yem om -20
0o +140C [lamyux 31ekmponpo8ooumocmu ¢ OUana3oHamu
usmeperus e yace yem om 0 0o 200 mxCm; om 0 0o 2000
MrCm; om 0 0o 20000 mxCm [Jamuux memnepamypsbi
oKpysicaroujeti cpedvl ¢ OUANAZ0HOM USMEPEHUsL He Yice YeM
om -20 0o +50C Omoenvhvie Oamuuxy u MyIbmuoamyuxu.
Hamuuxk 38yxa ¢ ¢pynkyueli uHmezspuposanus ¢ Ouana’oHom
usmepeHus yacmom ne menee yem om 50 I'y oo 8 kl'y;
Lamuuk éradxcnocmu nougsl ¢ OUANA30HOM UBMEPEHUsL He
yarce wem om 0 00 50 % Jlamuux okucu yenepooa ¢
ouanazonom uzmepenus He yosce wem om 0 0o 1000 ppm
Mynemudamuux onmuueckou NAOMHOCMU U MYMHOCMU CO
BCMPOEHHBIMU OamyuKamu. Jamuux onmuyeckou
nromuocmu 470 um ¢ ouanazorom usmeperus om 0 0o 2 D
Jlamuux onmuueckotl niomuocmu 525 HM ¢ OUAna3oHom
usmeperus om () 0o 2 D JJamuux onmuyeckou niomHocmu
630 Hm ¢ ouanazorom usmeperus om 0 0o 2 D Jlamuux
MYMHOCIU PACBOPO8 ¢ OUANAa3oHom usmeperus om 0 00
200 NTU Axceccyapei: Kabenv USB coeounumenvhulii (2
wm.) 3apaonoe ycmpoticmeo c kaberem miniUSB USB
Aoanmep Bluetooth 4.1 Low Energy Cmepaicens 014
3akpennenus damyukos 6 wmamuse Kpamkoe pykosoocmeo
no skcnayamayuu yugposotil rabopamopuu Ilpoepammnoe
obecneuenue Memoouueckue pekomenoayuu He meree 20
pabom Ynaxoexa Hanuuue pycckoazvluno2o caima
Nn000epIICKU, HAUYUe BUOCOPOIUKOS

13.00

Lughposas nabopamopus
no guzuonozuu
(npogunvHblil yposeHy)

Obecneuusaem npogedenue uccied08anus no
DYHKYUOHUPOBAHUIO UENI08EUECKO20 OP2AHUMA.
Komnnexmayus: becnpogoonoti mynsmudamyux no
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Qusuonocuu ¢ 5-10 scmpoernviMu Oamyuxamu: Jamuux
apmepuanvrozo oasaenus (0...250 mm pm. cm.) lamuux
nyavca ¢ OuanazoHom usmeperust ve yoice uem om 30 0o 200
yO/mun [amuux memnepamypsl meaa ¢ OUana3oHoMm
usmepenust ve yoice uem om +25 do +40C Jamuux uacmomuol
ObIXaHUsL ¢ OUANA30HOM usmeperus He yoice wem om 0 0o 100
yuxnoe/mun [lamuux yckopenus ¢ nokazamensimu £2 g; +4 g;
+8 g Omoenvuvie ycmpoticmea: Jamuux IKI ¢ duanasonom
usmepenust ve yoice uem om -300 do +300 mB) Hamuux
cunomep ¢ ouanasonom uzmepenus He yice wem om ) 0o 40 H|
Jlamuuk oceewennocmu ¢ OUanazonom uzmMepenust He yoice
yem om 0 0o 180000 ax Axceccyapol: Kabenv USB
coeduHUmenbHbL 3apsonoe yempoucmeo ¢ Kabeiem
miniUSB USB Aodanmep Bluetooth 4.1 Low Energy Kpamkoe
PYKOBOOCHBO NO IKCHIYamayuu yu@hpoeoi iabopamopuu
Ipoepammnoe obecneuenue Memoouueckue pexomenoayuu
ne menee 20 pabom Hanuuue pycckosizviunozo catima
noodoepoicku Hanuuue sudeoponuros

HanmenoBanue paznena:
«KomnproTepHoe
o0opy/oBaHue»

Mmnozogynkyuonanvroe
ycmpoticmeo (npunmep,
cKamep, Konup)

Tun ycmpoiicmea: MnozodhyHKyuoHaibHoe yCmpoucmeo
(M®Y); lleemnocmo newams: ueprno-benas, Texnonozus
nevamu. snekmpozpaghuieckas (1azepuas, c6emoouoOHas);
Dopmam neyamu: He mernee A4, Tun ckanuposanus:
NPOmMsICHBIL/ NAaHwemublil; Bozmosicnocms ckanuposanust 6
dopmamax: ne menee A4, Cnocob nookmouenus: LAN, Wi-
Fi, USB

13.00

Hoymbyx

Dopm-paxmop: noymoyxk, Pazmep ouazonanu: ne menee 15.6
orotimos; Paspewenue sxpana: Full HD, Quad HD unu Ultra
HD; Obwuii 06vem ycmanoeneHHoU onepamugholl RAMsImu.
ne menee 8 I'batim; Maxcumanvhoiil 06uuil
no00epIHCcUBaeMbLiL 0OBEM ONEPAMUBHOL RAMAMU: HE MeHee
16 I'6aum; Obvem SSD naxonumens: ne menee 240 I'baum;
bBecnposoonas cesasw: Wi-Fi; Koruuecmso ecmpoennvix 6
xopnyc nopmos USB: ne menee 2, uz komopuix ne metee 1
oonrcno bvime USB eepcuu ne nuoice 3.0; Paspewenue 636-
Kamepwl, Mnuxcens: ne menee 0.3; Bcmpoennuiii Mmuxpogou;
Knasuamypa ¢ packnaokou u Mapkupoekou Kiasuuu
OWERTY/HI]YKEH; IToddepaicka cmandapmos
becnposoonoti cesizu: 802.11a/b/g/m/ac;
Ipoussooumenvrocms npoyeccopa (3HaueHue noKazamensi
«CPU Mark» no mecmy «Laptop & Portable CPU
Perfomance» http://www.cpubenchmark.net/laptop.html): ne
menee 5000 eounuy,; Hanuuue manunynamopa muiuud 6
KOMRIIeKme: 0a; YcmanoenenHas onepayuoHHas cucmema ¢
epaguueckum nonv308amenbCKum uHmepgeticom, c6edeHus o
KOMOPOM BKIHOUEHbL 8 eOUHBIL peecmp POCCUNICKUX
npoepamMm O IAEKMPOHHBIX BLIYUCTUMETbHBIX MAWMUH U 643
Oauuwix; Ycmarnoenennvlil nakem oQucHo2o npoepamMmHo20
obecneuenuss, COBMECMUMO20 € YCMAHOBNEHHO
ONEPayUOHHOU CUCTHEMOIL, C8EOEHUsL O KOMOPOM BKIIOUEHbL 8
€O0UHBLIL peecmp POCCULICKUX NPOSPAMM O/ 31IeKIMPOHHBIX
BLIYUCTUMENLHBIX MAUWUH U 0A3 OAHHBIX

39.00
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HaumeHoBanue HanpaBieHusi: «Qdopyoosanue 013 00ue00pazoeamenbuvlX OPAHU3AYUTL, AGTAIOULUXCA

MATTOKOMNIAEKMHbIMU

HaumenoBanue pasacia:
«EcTecTBeHH O-Hay4dHas
HaIpaBJICHHOCTH»

Lugpposas nabopamopus
no Qusuxe (yueHuyeckas)

Obecneuusaem 8blnoHeHUe IKCNEPUMEHIOE NO MEMAM
kypca gusuxu. Komnrexkmayus: becnposoonoi
MYTLMUOAMYUK NO Pu3suKe ¢ 6-10 BCMPOEHHBIMU OAMYUKAMU.
Lugposou damuux memnepamypul ¢ OUaAnNA30HOM UIMEPEHUs.
He yorce uem om -20 0o 120C Lugpposoit oamuux
abconommo20 0asienusi ¢ OUAna3oHOM UMepeHUs. He Yice
yem om ) 0o 500 xlla [Jamuux maznumnoz2o nous ¢
ouanazonom uzmepenus ne yoice wem om -80 0o 80 mTn
Jlamuuk nanpsidicenus ¢ OuanazoHamu usmMepenus He yoice
uem om -2 0o +2B; om -5 0o +5B; om -10 0o +10B; om -15
0o +15B Jlamuux moka ne yaxce uem om -1 0o +1A4 Jamuuk
axceiepomemp ¢ NOKA3amensimu e mernee wem: =2 g; +4 g;
+8 g Omoenvhvle ycmpoticmea: USB ocyuniocpagh ne menee
2 kanana, +/~-10 B Axceccyapul: Kabeno USB
coeduHumenvbubill 3apsionoe ycmpoucmeo ¢ kabenem
miniUSB USB Aoanmep Bluetooth 4.1 Low Energy
Koncmpyxmop onsa nposedenus sxcnepumenmos Kpamxoe
PYKOBOOCHBO NO IKCHAYAmayuu yupposoil iabopamopuu
IIpoepammnoe obecnewenue Memoouueckue pexomenoayuu
(40 pabom) Hanuuue pycckos3vlunozo caima noooepicku
Hanuyue sudeoponuxos

6.00

Lugposas nabopamopusa
no xumuu (yueHuveckas)

Obecneyusaem evinoHeHue 1AOOPAMOPHBIX pAOOM NO XUMUU
Ha YpOKAx 8 OCHOSHOU WKOJIe U NPOEKIMHO-
UCCIe008amenbCKoll OesmenbHOCMU Y4aAujUXcs.
Komnnexmayus: becnpogooHotl myasmudamuux no Xumuu ¢
3-ms 6cmpoennvimu damyuxamu: Jamuux pH ¢ duanazonom
usmepenust ne yoice uem om 0 0o 14 pH JJamyux
INEKMPONPOBOOUMOCTIU C OUANAZOHAMU USMEPEHUSL HEe YIHCe
yem om () 00 200 mxCm; om 0 0o 2000 mxCm; om 0 0o 20000
mxCwm [lamuux memnepamypel ¢ OUAnNa3oHoM UsMepeHus He
yarce uem om -20 0o +140C Omoenvrvie damyuxu. JJamuux
onmuueckou niomuocmu 525 um Axceccyapwi: Kaben» USB
coeouHUmenbHulll 3apsioHoe yCmpoucmeo ¢ kabenem
miniUSB USB Aoanmep Bluetooth 4.1 Low Energy Kpamkoe
PYKOBOOCMBO NO HKCHIyamayuu yu@posoii 1abopamopuu
Habop nabopamopnoii ocnacmxu Ipoepammmoe
obecneuenue Memoouueckue pekomenoayuu He meree 40
pabom Hanuuue pyccKoazblyHO20 calima no00epiHCKu
Hanuuue sudeoporuxos

6.00

Lughposas nabopamopus
no buonozuu
(vuenuueckas)

Obecneuusaem gvinoHeHue 1a00PAMOPHLIX pabom Ha
YpoKax no 6uon02uu 8 OCHOBHOU WIKOJIe U NPOEKMHO-
uccne008amenbCKol 0essmensbHOCIMU yuauuxcsl.
Komnaexmayus: Becnpogoonoti Mynsmuoamyux no ouoaioeuu
¢ 5-10 6cmpoennbiMu oamuuxkamu. JJamuuk 1aicHocmu ¢
ouanazonom uzmeperus 0...100 % [Jamuux oceewjennocmu ¢
ouanazorom uzmepenus He yoice wem om 0 0o 180000 ax
Jlamuux pH ¢ ouanazonom usmeperus e yice uem om ) 00
14 pH Jlamyux memnepamypbel ¢ OUAnazoHoM usmepeHus He
yace uem om -20 0o +140C Jamuux memnepamypbi
oKpysicarouyetl cpedvl ¢ OUANAZOHOM USMEPEHUsL He Yice YeM
om -20 00 +40C Axceccyapwi: 3apsonoe ycmpoiicmeo ¢
kabenem miniUSB USB Aoanmep Bluetooth 4.1 Low Energy
Kpamxkoe pykosoocmeso no sxcniyamayuu yugposoi
aabopamopuu Llugposas eudeokamepa ¢ MemaniuyecKkum
wmamusom, paspeuterue e menee 0,3 Mnuxc IIpoepammmnoe

6.00
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obecneuenue Memoouueckue pexomenoayuu He meree 30
pabom Ynaxoska Hanuuue pycckosizviunoco catima
N000ePIICKU, HAIUYUE BUOCOPOTIUKOS

HaumeHoBanue pa3szena:
«JlOTONHUTETBHOE
000pyIOBaHUE»

Obpazosamenvhblii HabOP
018 U3yueHus:
MHO2OKOMNOHEHMHBIX
PpobOmomexHuecKux
cucmem u
MAHUNYTIAYUOHHBIX
pobomos

Obpaszosamenvhbiil HADOP O0ACEH ObIMb NPEOHA3HAUEH OJis
uzyueHus poOOmomexHueckux mexHon02ul, OCHO8
UHDOPMAYUOHHBIX MEXHONO2UU U MEXHONO2UT
NPOMBILUTIEHHOU A8MOMAMU3AYUY, A MAKIHCE MEXHONIOUI
NPOMOMUNUPOSAHUS U AOOUMUBHO20 NPOU3E00Cmed. B
cocmas Habopa OONIHCHBL BXOOUNb KOMIIEKMYIOWUe U
yempoticmaa, 06aadaiouyue KOHCMPYKMUGHOU, annapamHot
U NPOSPAMMHOU COBMECMUMOCIbIO Opye ¢ Opyeom. 1)
Komnnexm KoHCmpyKmueHuvIx 91eMenmos us Memaind u
niacmuka oisi COopKu Mooeell MAHUNYJIAYUOHHBIX POOOMO8
C Y2080l KUHEMAMUKOU, NIOCKONAPALIeNbHOU
kunemamuxotl, Delta-kunemamuxoii. 2) Humennexmyanvhulii
€epeoMO0YIb C UHMEZPUPOBAHHOU CUCTHEMOT YRPABIEHU - He|
menee 7 wim. Cepeomodyns dondicen obaradamo
UHMESPUPOBAHHOL CUCTEMOT YNPABIeHUsl, obecneyusarouell
06pamuyIo c643b UIU KOHMPOTb NAPAMEMPO8 - NOTONHCEHUE
8ana, CKOPOCmy 8paujeHUs, HAePy3Ka NPUB0Oa, a Maxice
obecneuusaroweli 603MOHNCHOCMb NOCTEO08AMETLHO20
NOOKMIOUeHUs OpYe ¢ OPY2OM U YRPABGIEHUS CEPEOMOOYIAMU
nO NOCIe008aMENLHOMY NOAYOYHACKCHOMY ACUHXPOHHOMY
unmepepeticy. 3) Po6omomexnuueckuii Konmpoiep,
npedcmasnsowull codoil MoOyIbHOE YCMPOUCMEO,
srIIOUAIOWee 8 cebs OOHONIAMHBIL MUKPOKOMNbIOMED 015
BLINOAHEHUS CLONHCHBIX BLIYUCTUMETLHBIX Onepayul,
nepugeputinblii KOHMpoanep Oas YNpaeieHus HeuHuUMU
yempoticmeamu u naamy pacuupenus 0nia NOOKIOYeHUs
sHewHux ycmpoticms. Mooyau pobomomexHuueckozo
KOHMPOIEPA OONAHCHBL 001a0amb 0OHOBPEMEHHOL
KOHCMPYKIMUBHOU, annapamuo u npozpammHou
coemecmumocmuio opye ¢ opyeom. Pobomomexuuueckuii
KOHMPOJIEp 00NHCeH YOOBIeME0PANb MEXHUHEeCKUM
Xapaxmepucmukam: Koi-60 10ep 8CIMpPOeHHO20
MUKPOKOMNbIOMEPA - He MeHee 4, maKmosas 4acmoma A0pa
- ne menee 1,2 I'Ty, 06vem O3Y - ne menee 512 M6, nanuuue
unmepqeticos - SPI, 12C, 1-wire TTL, UART, PWM,
yugposvle - He menee 16 wm. u aHanozo8vie NOpMol - He
MeHee 8 wim. 0151 NOOKIIOYeHUs. BHEUWHUX YCIPOLICMS,
ecmpoennbli MUKpoghon, a maxace WiFi unu Bluetooth ons
KOMMYHUKAYUU CO HEWUHUMU YCIMPOUCMBAMU.
Pobomomexnuueckuil koumpoep 0oaxceH obecneyusams
B03MONHCHOCTG NPOSPAMMUPOBAHUS C HOMOUWBIO CPEOCNE
azvikoe C/C++, Python u ce0600n0 pacnpocmpansemotl
cpeovt Arduino IDE, a makaice ynpasienus mooeasimu
pobomomexnuueckux cucmem ¢ nomouvro cpeosvt ROS.

4) Ilpoepammupyemviii Konmpoep - He meHee 1 wim.
Tpoepammupyemvlii Konmpoanep 001H#CeH npedCmasiims
CO001Ul BbIYUCTUMENbHBII MOOYIb, 001A0AIOWUM YUPDPOBLIMU
nopmamu - He mMeHee 8 wm. u AHAI0208bIMU NOPIMAMU - HE
menee 16 wm., unmepgpeticamu UART, 12C,SPI, TTL, a
maxaice Mooyiem becnpogoonoll ceazu muna Bluetooth unu
WiFi ons co30anusi annapamuo-npocpammHbIX peulenuti u
KYMHBIX/CMAPM»-YCMPOUCME 0151 pa3paAbOMKU peuleHuUll
«Humepnem seweti». 5) Ilnama pacuuperus

npospammupyemoz0 konmpoianepa — ne menee 1 wm. Ilnama

3.00
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pacuupenus 00aAHCHA 00eCneyusams 603MOHCHOCHb
NOOKMIOYEHUs. YHUBEPCANLHO20 BLIYUCTUMENLHO20 MOOYIIA K
cemu nocpeocmseom unmepetica Ethernet. Ilnama
pacuupenus 00IXICHA 001a0ams NOPMAMU 6600A-6b1600A OJisl
NOOKMIOUEHUA YUPPOBYIX U AHATIO208bIX YCMPOUCIE — He
menee 40 wm., unmepgpetic SPI u 6o3modicHocmoio
NnoOKIOUeHUsl BHewHell Kapmol namsamu. 6) Mooy
MEXHUYEeCK020 3penus, npeoCcmasiAiowull cooou
YCmpoucmeo Ha 6ase LINUCTUMENbHO20 MUKPOKOHMPOLIEpa
U UHMeSPUPOBAHHOU Kamepbl, obecneyusaioujee
pacnosnasanue npocmeliuux u300paxcenuil Ha Mooyie 3a
cuem coOCMBEHHBIX GbIYUCTUMENLHBIX B03MONCHOCET - He
menee 1 wim.; MoOynb mexuuueckozo 3penus 00ax4cen
obecneuusams 603MONCHOCb KOMMYHUKAYUU C
AHANOSUYHBIMU MOOYIAMU NOCPEOCHEOM WiUHbL Ha base
nocre0osamenbHo20 unmepghelica ¢ yeavio oanrbHeluen
nepeoauu pe3ynbmamos usmepeHuti 2pynnovt Mooyieti Ha
YHpasisiouee elHUCIUmMeNbHOe YCMPOUcmeo, NOOKIIOUeHHOe
K Oannou wune. Mooynb mexHuuecko2o 3peHus 00NHceH
0becneuusams 803MONCHOCb OCYUECTNENAMb HACTPOUKY
MOOYNISL MEXHUUECKO20 3PEeHUs. - HACMPOUKY IKCNO3UYUU,
bananca 6enoeo, Y8EMoOPAHOCHHBIX COCMABTAIOUUX,
naowaou 0oHapysicusaemol 0oiacmu u300pasicenus,
OKpy210cmu 00HAPYAHCUBAEMOUL 0OIACMU U306padICeHUs,
NONoJHCeHUe 0OHAPYIHCUBAEMBIX 0ONIACTEl] OMHOCUMETLHO
opye opyaa. Modynb mexHuuecko2o 3peHust 00IHCeH
obecneuusams 803MONCHOCb HACMPOUKU HA
00HO8peMeHHoe obHapyicenue He MeHee 10 paznuuHbix
00UHOUHBIX 0OBLEKMO8 8 CeKmope 0630pa, b0 He meHee 5
COCMABHBIX 00BbEKMO8, COCMOAWUX U3 He MeHee 3 pa3IUUHbIX
epaduyeckux npumumueos. Mooynb mexHuyeckoz2o 3peHus
oonrcer 0badame ecmpoennvimu unmepgeticamu — USB,
UART, 1-wire TTL, I12C, SPI 0ns xommyHuxayuu co
BHeWHUMU NOOKTIoYaemMblMu yempoticmeamu. 7) B cocmas
Habopa 00NHCHBL 6X00UMb YUDPOBbLE UHDOPMAYUOHHO-
ceHcopuble MOOYIU, npedcmasisiowue coboil yempocmsa
Ha 6a3e npospamMmupyemo20 KOHMpoanepa u
uzmepumenvHo2o snemenma. Lugpoesoi modynw doncen
0bnadams 6CMpPOEHHBIM MUKPOKOHMPOIIEPOM (TNAKMOBAL
yacmoma - ne menee 16 MIy, wuna oannvix — ne menee 8
Kbaiim), unmepgeticamu 0 NOOKIOUEHUsL K GHEUHUM
yempoticmeam: yuppogsvle u aHano2ogsie nopmol, 1-wire
TTL, pazvem muna RJ. L{ughpoeoii modynwb dondicen
obecneuusams 803MONCHOCb KOMMYHUKAYUU C
AHANIO2UYHBIMU MOOYIAMU NOCPEeOCTNBOM UUHBL HA Oase
nociedosamenpHo2o unmepetica ¢ yeivlo oanbHetiuel
nepeoauu pe3yibmamos usMepeHuil epynnsvl MooyJel Ha
VApasisiouee olHUCIUMENbHOE YCMPOUCIBO, NOOKIOYEHHOe
K OanHoll wiune. B cocmae nabopa 0ondicno exooums:
yughposotl MoOy1b MAKMOBOL KHONKU — He MeHee 3 uim.,
yugposoti Modynb ceemoouoda — He Meree 3 wm., yupposot
MOOYIb KOHYeB020 npepvleamens — He MeHee 3 wim.,
yughposoti MoOdynv damyuxa yeema — He meree 1 wm.,
yughpogoti moodyns RGB ceemoouooa — ne menee 1 wm.

8) B cocmas Habopa 001icHbL 8X00UMb I1eMeHMbl OJisl
COOPKU 8AKYYMHO0 3aX8AMA: 8AKYYMHAS NPUCOCKA — He
Menee 1 wim., 21eKMpOMASHUMHbLI KA1ANaH — He MeHee 1 wm. |
8aKyymHblll Hacoc — He menee 1 wm. 9) B cocmas nabopa
0019iCeH 8X00UMb YUeOHbII KOMIIEKM, 8KIIOYAIOWUN 8 ce0s
yuebHoe nocobue, HAOOp OUOIUOMEK MPEXMEPHBIX
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NEeMEHMO8 0151 NPOMOMUNUPOBAHUsL MOOelell
MAHURYTAYUOHHBIX POOOMOB, 4 MAKIHCEe NPOSPAMMHOE
obecneuenue 0t pabomol ¢ Habopom. Ilpoepammuoe
obecneuerue OOJINCHO 0OECNeUUsams MpPexmepHyo
BUZYATUZAYUIO MOOETIU MAHUNYTAYUOHHO20 poboma (¢
V210801, NI0CKONAPAIENbHOU U 0e/IbMa-KUHEMAMUKOU) 6
npoyecce pabomul, 0becneuusams NOCMpoeHue
NPOCMPAHCMBEHHOU MPAEKMOPUL OBUINCEHUSL
UCNOTHUMENbHO20 MEXAHUIMA MAHUNYAYUOHHO20 pObOma,
B03MONCHOCHIb 3A0AHUSL NOCEO08AMENLHOCIIU TMOYEK OJIs
NPOXOIAHCOCHUS. Yepe3 HUX UCNOTHUMETbHO20 MEXAHUIMA
Manunyasyuonno2o poboma. Ilpoepammnoe obecneyenue
OO0JIIICHO PYHKYUOHUPOBAMb, KAK 8 OMOEIbHOCMU 8 8U0e
Ccpeodbl MOOETUPOBAHUSL, MAK U 8 PEACUME MOHUMOPUH2A 8
PEANbHOM 8peMeHU NPU NOOKIIOYEHUU MOOeTU
MAHUNYISIMOPAa NOCPedCcmaom pooomomexHuU4ecKo2o
xkoumpoanepa. Ilpoepammmnoe obecneuenie OOIICHO
obecneyusams 803MOICHOCTIL NOCMPOEHUsL 2PAPUK08
3A0AHHBIX U MEKYUUX 0000UeHHBIX KOOPOUHAM
MAHUNYIAYUOHHO20 pobOmMA, 2papuKos 3HaueHuli CKkopocmeu
U YCKOpeHUsl, 2paAhuKo8 pacuemuoix 3HAYeHUll Hazpy3KuU.
IIpoepammnoe obecneuenue OONIHCHO NO3BONSMb 3A0A6AMb
N0C1e008aMeNbHOCMb NEPedBUINCEHUL MAHUNYIIMOPA
nocpeocmeom Habopa KOMAHO 6 OIOUHO-2PAPULECKOM
unmepdetice. Yuebnoe nocodue 00AHCHO COOepPAHCaAmb
Mamepuanbl no papabomke mpexmepHuix Mooeetl
MOOUTLHBIX POOOMOB, MAHUNYTAYUOHHBIX POOONOE C
PA3IUYHBIMU MUNAMU KUHEMAMUKY (Y2l108dsi KUHEMAMUKA,
NIOCKO-NApANIeNbHAsl KUHEMAMUKA, 0elbma-KUHeMAmuKda,
SCARA unu pviuasicnas Kunemamuxa, niamg@opma
Cmioapma u m.n.), UHCMpyKyuu no npoeKmupo8anuio
POOOMOS, UHCIPYKYUU U MEMOOUKU OCYUeCMEICHUS
UHIICEHEPHBIX PACUENO8 NPU NPOEKMUPOSaHUU (paciemol
HA2py3KU U MOMEHMO8, pacyen MOuWHOCHU NPUBOO0S,
pacuem napamempos KUHEMAmuKy u n.n.), UHCMmpyKyuu no
paspabomie cucmem ynpasienusi u npoSPamMmHo20
obecneyenusi 0L YRpasieHust po6omamu, UHCMpYKyui u
MemOOUKY No paspabomie cucmem YnpasieHusi ¢
INEMEHMAMU UCKYCCNBEHHO20 UHMEIeKMA U MAUUHHO2O
o0Oyuenus

Obpas3zosamenvhuill HAOOP
no Mexauuxe,
MexampoHuKe u
pobomomexHuke

Habop donowcen bvims npednasnaven 0as npogedeHus
VUEOHbIX 3aHAMULL NO USVYEHUID OCHO8 MEXAMPOHUKU U
POOOMOmMeEXHUK, NPAKMUYECKO20 NPUMEHEHUS 6A308bIX
INEMEHMO8 INEKMPOHUKU U CXEMOTNEXHUKU, d MAKHCe
Hauboee pacnpoCmpaHeHHO SeMeHMHOU 0a3bl U OCHOBHBIX
MEXHUYECKUX peueHull, NPUMeHAeMbIX NPU NPOEeKMUPOBAHUU
U RPOMOMURUPOBAHUYU PAZTUUHBIX UHICEHEPHDIX,
KubepHemuueckux u 6cmpaueaemvix cucmem. B cocmag
Habopa O0NHCHBL 6X00UMb KOMIIEKMYIowue U YCmpoLcmad,
obaadarouue KOHCMPYKMUGHOU, 3/1eKMpUuiecKkol,
annapamuoll u NPOSPAMMHOLU COBMECMUMOCTBIO Opye €
opyeom. B cocmas nabopa dondxicern 6xo0ume KomnieKkm
KOHCIPYKIMUBHBIX S1eMEHINO8 U3 Memaiia s cOopKu
MaxKema MaHunyIayuoHHO20 poboma u KOMHIEKM
MEMANTUYECKUX KOHCMPYKIMUBHBIX NEMEHMO8 075 COOPKU
Maxema mModunbHo2o poboma. B cocmas nabopa 0ondicHbl
6X00UMb NPUEOOA PAIUYHOL0 MUNA. MOMOPbL C
UHMNE2PUPOBAHHBIM UTU HEUHUM OaMHYUUKOM NOTONCEHUs —
He MeHee 2 uim., cep8onpusoo 60bulol — He MeHee 4 wim.,
€epeonpusoo manvlii — He MeHee 2 Wm., NPUsoo ¢

3.00
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B03MOJICHOCBIO YNPABNEHUA 8 WLA20BOM PediCUMe — He MeHee
2 wm. B cocmag Habopa 001icHbl 6X00UMb 3ieMeHmbl OJis
cOOpKU 8aKYYMHO20 3aX8AMA: 6AKYYMHAA NPUCOCKA — He
MmeHee 1 wim., 31eKmpoMacHUMHbIL K1anan — He mernee 1 wm.,
6aKyYMHbIL Hacoc — He menee | wm. B cocmae nabopa
O0JIHCHA BXOOUMb INeMeHMHAs basa O
NPOMOMUNUPOSAHUA: Niama O becnaeyHo2o
NPOMOMUNUPOBAHUS, KOMNIEKM NPOBOO08 PA3IUYHO20 MUNA
U ONUHBL, KOMIIEKM PE3UCTOPOS, KOMNIEKM C8emO0U0008,
cemuceeMeHmublll uHOuKamop, oucniei KK-muna, knonku —
He MeHee 5 wm., NOMeHYUOMempbl — He MeHee Sum.,
UHpaKpacHvlii 0amuux - He meHee 3um., YIbmpaszeyKoeou
O0amuux - He menee 3wm., OaMuUK memMnepamypbl - He MeHee
1 wm., oamuux oceewgennocmu - ne mernee 1 wim., Mooy
Bluetooth — ne menee 1 wm., modyne UK-npuemnuxa — ne
menee 1 wm., modyns UK-nepedamuura 6 6uoe KHONOYHO20
nyasma ynpasnenus — 1 wim., akkymyasmop — ne menee 1
wm., 3apsionoe ycmpoiicmeo — ne meree 1 wm. B cocmag
Habopa 00aHCeH 6XO0UMb MYTbMUOATNYUK 0151 USMEPEHUs]
memnepanypbl U 61ANCHOCIU OKpydHcaiowyeli cpedvl — He
menee 1 wm. Mynvmudamuyux donicen 0biadamo
BCMPOEHHBIM MUKPOKOHMPOLIEPOM (TNAKMOBASL YACMOma -
ne menee 16 MI'y, wuna oannvix — ne menee 8 Koatim),
unmep@eucamu 0si NOOKIOYEHUSI K GHEULHUM
yempoticmeam: yugposvie u ananozogsie nopmol, 1-wire
TTL, pazvem muna RJ. B cocmas nabopa 0ondicen 6xo0ums
KOMNIEKM YHUBEPCATbHBIX 8bIUUCTUMENbHBIX MOOYIell,
npedcmasnarowux coboti bazosyio niamy, naamy
pacuupenus O cemesozo 83aumMo0eticmeus u niany
NOOKMIOUEHUs CUN0BOU Haepy3Ku. Bxooawue 6 komniexm
yempoticmea 001%4CcHbl 001a0ams 0OHOBPEMEHHOU
KOHCMPYKIMUBHOU, IIeKMPUIeCcKOol, annapamHou u
NPOSPAMMHOTU COBMECTNUMOCTBIO Opye ¢ Opyeom. baszosas
NAAMA YHUBEPCATLHOZO 8bIUUCIUENTLHO20 MOOYIA OONHCHA
npedcmasisims o601l NPOSPAMMUPYeMblli KOHMPOLIep 8
cpede Arduino IDE unu ananocuunsix c60600HO
pacnpocmpansemvix cpedax paspabomxu. bazoeas nnama
00J121CHA 006Iadamy 6cMpoerHbIMU UHmepeticamu Os
NOOKMIOUEHUS YUPPOBYIX U AHATO208bIX YCMPOUCMS,
ecmpoennvimu unmepgpeticamu USB, UART, I12C, SPI, 1-wire
TTL, Bluetooth, WiFi. Ilnama pacuiuperus 00#cHA
0becneuusams 603MONCHOCHIL NOOKIIOUEHUS YHUBEPCATTbHOZO
BLIYUCTUMENLHO20 MOOYJIA K Cemil HOCPeOCmEoM
unmepdetica Ethernet. [lnama pacwupenus donicua
001a0ams nopmamu 8600a-661800a 0Ji NOOKIHOUEHUS
yupposwvix u anano2ogwvix ycmpoticms, unmepgetic SPI u
B03ZMONHCHOCTBIO NOOKTIOUEHUS GHEUH el Kapmbl NAMAMU.
Inama pacwupenus 0 NOOKIOYEHUS. CULOBOT HASPY3KU
00IXHCHA 0beCneyU8amy 803MONCHOCTb NPAMOSO
NOOKMIOUEHUs, BHeUHell CUL0BOU HASPY3KU, d MAK’Ce
peayaupyemoti Haepy3ku nocpeocmgeom PWM unmepgpeiica. B
cocmas Habopa 001HCeH 8X00UMb NPOSPAMMUDY eMbIU
KOHMPOJIEP, 00ecneuus8arouuli 603MOHCHOCHIb
ocywecmenims paspadbomKy nPoePAMMHO20 K0Od, UCTIONb3YSL
uncmpymenmapuii cpeo paspabomxu Arduino IDE u
Mongoose OS u szvikos npocpammupoganus C\C++,
JavaScript. [lpoepammupyemuiii KoHmpoanep 00adiceH
001a0ams nopmamu 051 HOOKIOYEHUs. YUPPOBbIX U
AHAT0208bIX YCMPOLUCME, 6CIPOCHHBIMU
NPOSPAMMUPYEMBIMU KHONKAMU U DJIeKIMPOMEXaAHUYeCKUMU
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MOOYIAMU OISt OPLAHUZAYUY CUCEMbL PYUHO20 YRPAGIEHUS,
6CMPOEHHBIMU NPOSPAMMUPYEMBIMU CEEMOOUOOAMU OISt
uHOuUKayuu paboyezo pescuma, 6CHpoeHHbIMU
unmepcpeiicamu USB, USART, 12C, SPI, 1-wire TTL, ISP,
Ethernet, Bluetooth, WiFi. B cocmas nabopa donorcen
BX00UNb MOOYIIb MEXHUUECKO20 3PEeHUsL , NPEOCMABIAIOWULL
€000 8LIYUCTUMENLHOE YCTNPOUCHBO CO 6CIPOECHHbIM
MUKponpoyeccopom (Kon-60 s0ep - He MeHee 4 wim.,
yacmoma s0pa e menee 1.2 I'Ty, obvem O3V - ne menee
512M6, obvem eécmpoennou navsimu - we meree 810),
UHMESPUPOBAHHOU KAMEPOU (MAKCUMATbHOE paspeuienue
sudeonomoka, nepeoasaemozo no unmepgeticy USB - ne
menee 2592x1944 ed.) u onmuueckou cucmemotl. Mooy
MEXHUYECK020 3peHusi 00IdICeH 001a0amyb COBMECMUMOCTBIO
C PA3IUYHBIMU NPOZPAMMUDY EMBIMU KOHMPOLIEPAMU C
nomowwio unmepeeiicos - 1-wire TTL, UART, 12C, SPI,
Ethernet. Mooynb mexuuuecko2o 3penust 00nicet
obecneyusams 8bINOJIHEHUE 6CeX USMEPEHULL U BbIYUCTCHULL
nOCPeOcmeom coOCMBEHHBIX BbIYUCTUMENbHBIX
B03MOANCHOCHIEL BCTNPOEHHO20 MUKponpoyeccopa. Mooy
MEXHUYECKO020 3peHusi 00adIcer 001a0ams 603MONCHOCTNBIO
KOMMYHUKAYUU C AHATLOSUYHBIMU MOOYISMU NOCPEOCMBOM
wWuHbl Ha base nociedo8amenvbHo2o unmepgelica c yeivio
Oanvhetiuell nepeoasu pe3yibmanos UsMepeHutl 2pynnul
MOOYIIell Ha YRpassiioujee blHUCTUMENbHOE YCIMPOLUCTMEO,
nooxoYenHoe Kk 0annou wure. Moodynb mexHuyecko2o
3peHust Q0dICeH 0becne ugams HACMPOUKU PENCUMO8
pabomvl - HACMPOTIKY IKCno3uyuY, bananca 6eno2o,
YBEMOPAZHOCMHBIX COCAGIIOWUX, NIOUWAOU
0OHapysicusaemou 0baacmu u300pasicerust, OKpy2rocmu
0OHapysicusaemou 0baacmu u300paicenust, NOI0NCeHUe
0OHapysicusaemMuvix obacmell OMHOCUMENbHO Opye opyed,
MawunHoe 06yUeHUe RapaMempos HeUpOHHbIX cemeti s
0OHapysicenusi 00beKmos, hopmy u 3aK00UposaHHvle
3HayeHUst 0bHapydIcusaemvix Mapkepos muna Aruco,
pazmepuvl OOHAPYIHCUBAEMBIX OKPYICHOCMEL, K8AOPAmos u
mMpey2oIbHUK08, NApaMempo8 KOHMpPACcmHOCHU, PA3MePOs,
KPUBU3HbL U NOTONHCEHUSL pACNO3HA8aeMblx unuil. Habop
00J191Cer 06ecnedu8ams 603MONCHOCIb Pa3padbomKu Mooeiu
MobubHO20 poboma, ynpaeisiemoui ¢ FPV-pecume
nocpeocmeom npoepamMmHo2o obecneyerus Ois
NEPCOHATLHO20 KOMNbIOMEPA U MOOUTLHBIX YCIMPOUCME HA
oaze OC Android unu 10S, obecneuusarouje2o 603M0ACHOCMD
VIpasieHusi MOOUIbHbIM POOOMOM U 6CIMPOEHHBIM
MAHURYIAMOPOM nocpedcmeom paghuyeckozo unmepgeiica,
BKIIOUAIOWUM 8 Cebsl HabOP KHONOK U nepexatyamenet,
oarcoticmux, 0baacme 01 omobpadicerus udeo. Habop
00JIdICeH 00eCneuUu8ams 803MONCHOCHb USYYEHUSI OCHO8
Paspabomxu npoOSPAMMHBIX U ANNAPAMHBIX KOMIIEKCO8
UHDICEHEPHBIX cucmeM, pewienull 6 chepe <Hnmepnem
sewel», a maxaice pewieHull  0oaacmu pooomomexHuKy,
UCKYCCMBEHHO20 UHMEIEKMA U MAWUHHO20 00yyenus. B
cocmas Habopa OOIHCHO BXOOUMb NOCOOUE NO U3YUEHUIO
OCHOB INEKMPOHUKYU U CXEMOMEXHUKU, PEUeHUll 6 chepe
«Hnmepnem geweil», pazpabomxu u npomMomunupO8aHUIO
Mmodeneti pobomos. B cocmas Habopa 0012CHO 8X00ums
nocobue no uzyueHuro 0CHO8 paspadbomKu cucmem
MEXHUYECKO20 3PEHUS U INEMEHNO8 UCKYCCIMBEHHO20
unmeieKkma
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Habop OI'S/ETD (xumus)

B nabop exooam secwvl nabopamoprvie s1ekmponnvie 200 e,
CRUPMOBKA A6OPAMOPHAsL, BOPOHKA KOHUYECKAS, NAOYKA
cmexksinnas, npooupka I1X-14 (10 wm.), cmakan evlcokuil ¢
Hocuxom BH-50 ¢ memxout (2 wm.), yununop
usmepumenvruiii 2-50-2 (cmekisnnblil, ¢ npumepmot
KpbluwKouL), wmamue 0151 npobupox Ha 10 ene30, 3axcum
npooupouHbLll, wnamenb-nodiceyxa (3 wm.), Habop GraKkoHo8
0J151 XpaHeHusl pacmeopos u peakmusos (0o6vem grarxona 100
M - 5 komnaexkmos no 6 wim., oovem ¢aaxkona 30 ma - 10
KOMRIIEKIMOS no 6 wm.), YUIUHOp USMEPUMENbHbLIL C HOCUKOM
1-500 (2 wm.), cmaxan evicoxuti 500 ma (3 wm.), Habop
eputetl 015l Mblmbsi NOCYObl (eput 051 Mblmbst NPOOUPOK - 3
wim., epwi 0151 mblmbsi Koao - 3 wm.), xanam benvtii x/0 (2
wim.), nepuamKu pe3uHosvle Xumudeckue cmotxue (2 wm.),
ouku 3auumnsle, Gurompol Oymadicuvie (100 wm.), eopiouee
ons cnupmosok (0,33 n). B cocmae nabop éxoosim peaxmugvl.
ATIOMUHUL, JHCee30, CONAMAS KUCOMA, MEMUTOPAHIIC,
henongpmaneun, aumuax, neEPoKCUO 8000pP0OA, HUMPAM
cepebpa u opyeue; 6 obuell crodcHocmu - 44 paziuuHvix
seuyecms, UCNONb3YeMblx OJis COCMABNEHUSL KOMIIEKIMO8
Peaxkmue08 npu npo8eoeHuUU HK3AMEHAYUOHHBIX
IKCNEPUMEHMO8 O KYPCY WKObHOU Xumuu. Pexomendyemcs
dopmuposamos nabop OI' 3/EID, nozeonsiowuii npoeooums
npakmuieckue 3a0aHus npu npoéeodeHuy 0ouezo
20CY0apCmeenHo20 IK3AMeEHA NO XUMUU C UCHOTIb308AHUEM
coomeemcmayroweti 1a60pamopHotl NOCyObl, PeaKmueos,
YuebHO-0eMOHCMPayUuoHHo20 06opyoosanust. Ilpu
opmuposanuu pekomeHOyemcs yuumvleans Gaxmuyeckyo
nompeOHOCHb 00PA308AMENLHBIX OP2AHUZAYUL

3.00

Yuebnas nabopamopus no
HelpomexHono2uu

B cocmag exooam: Cencop Tun 1 ne menee 1 wm.,
obecneuusaent 803MONCHOCb PeSUCTNPAYUYU CUSHANA
INEKMPUYECKOU aKMUBHOCHU MbLUY (IEKMPOMUOSPAMMDbI,
OMT). Pecucmpayus 00ax4CHA OCYuecmeisiemcs
HeuHBAa3U6HO, CyxXumu dekmpooamu. [ondxicna umemscs
B03MOJICHOCb KPENIeHUs K pYKe Yel06eKd, 4mo 00JICHO
0aB8amuv 603MOANCHOCHb PESUCHPUPOBAMb INEKMPULECKVIO
AKMUSHOCIU MBIUUYBL 8 0OIACTU, HAO KOMOPOU
pacnonazaemcs kpenaenue. IIpu Hanpajicenuu Moluiyol
00191CHA ObIMb 0Oecneyena 803MONCHOCMb HAOTOOeHUs
nyuyHocmu cueHana (m.e. npucymemeue IMI'), npu
paccrabrenuu mviuysl - ee omcymcemeue. Cencop Tun 2 ne
menee 1 wim., obecneyusaem 603MOACHOCHb PeUCPAYUU
cuenana pomonnemusmocpammel (QIII) onmuueckum
nymem, 3a cuyem usMeHeHUss OMPAHCEHHO20 OM KPOBEHOCHbBIX
cocy0os cgema, 06vem KOMOpbIX USMEHAEMCs N0O
6030eticmauem nyivcogotl 60Hul. CeHcop dondiceH Ovbimb
obecneyen 603MOACHOCHbIO KpenieHusl K nooyueuke nansya
yenogexa. Cencop Tun 3 He menee 1 wim., obecneuusaem
B03MOICHOCHIb PESUCMPAYUU CUSHAA
anekmpoxapouozpammsl (OKI) ne unsazusnvim cnocobom,
peeucmpayuu I, I1 u Il omeeoenuu. Cencop Tun 4 ne menee 1
wim. obecneuugaenm GO3MONCHOCHb: PeUCMPAYUU CUSHANA
KoocHo-2anveanudeckol peakyuu (KI'P), pecucmpayus
KOMOPO20 0CYuecmeusiemcs Ha NOCMOSHHOM MoKe;
NOOKNIOYEHUs. K METY YeN08eKa C NOMOWbIO CYXUX
anexmpo0oos. Cencop Tun 5 ne menee 1 wim., obecneuugaem
BO3MOJICHOCIb. PE2UCPAYUU CUSHALA INIEKMPULECKOU
akmusrocmu mozea (D3I) ¢ nomowblo cyxux HeuH8a3UBHbIX
INEKMPOO08; pecucmpayuu I1eKmMpudecKol aKkmugHoCmu
paznvix doaeti mosea. Cencop Tun 6 ne menee 1 wim.,

3.00
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obecneyusaem 603MOACHOCTb. PESUCPAYUL CUSHALA
Konebanus epyonou kiemxu (Cencop Ovixanus), onpeoeneHus
yacmomol ObIXaHUs. Ycmpoticmeo 0711 coopa OanHbIX om
CEHCOpO8 U nepedayu Ha NePCOHANbHbIL KOMAbIOMED
obecneyusaem 603MOACHOCTL cOOPA OAHHBIX OM
NOOKNIOYEHHBIX K HEMY CEHCOPO8 U OMNPABKY NOTYYEHHbIX
Oannuvix Ha IIK. Tlooxknouenue yenmpanviozo mooyas k IHK
00ICHO ocywecmensimpcst ¢ nomowwvto USB-kabens.
Yempoiicmeo onst coopa dannwbix 00a2CHO umMems
eanveanuueckyio uzoasyuio om I1K, obecneuusamo
B03MONCHOCHIL OOHOBPEMEHHO20 NOOKTIOYEHUsL 8NI0Mb 00 4
cencopos. Kaoicowtil uz exooos Yempoticmea ons coopa
OAHHBIX OOJINHCHO UMEMb 2AIbEAHUYECKYIO U30TSIYUIO
(0becneyenue MeNCKAHATLHOU 2aNb8AHUYECKOU US0IAYULL).
THooxniouenue cencopos k Yempoiicmey 015 cOopa 0aHHbIxX
0CYUecmensiemcst ¢ NHOMOWbIO CREYUATUZUPOBAHHBIX
pazvemos muna LEMO, obecneuusaioujux npasuibHOCms
NOOKNIOYEHUS. PA3HEMA U CHUNCATOUUX PUCK CTLYHATIHO20
KACAaHusl pazbemMos mokKonpogoosiux yacmetl, a maxoice
0becneyusaowux 3auumy om HeCaHKYUOHUPOBAHHO20
NOOKIIOYEeHUsI K NPOU3BOTIbHbIM ycmpoticmeam. Modynb
«Knonka» ne menee 1 wim., obecneuusaem 603MONCHOCHID:
PAa3MemKU pecucmpupyemulx cuenanos. Koruuecmeo
Pasmedaemvbix COCIMOSHULL CUSHANA OONIIICHO OblMb He MeHee
3-x paziuunvix kamezoputl. Ycmpoiicmeo 05 pecucmpayuu
apmepuanbHozo oaenenusi he menee 1 wm. Memoouueckoe
nocobue, komopoe 00IHCHO codepaicamsb e menee 30
1ab0PAMOPHBIX/APAKMUYECKUX/OEMOHCTNPAYUOHHBIX pabom

Lugposas nabopamopusa
no 2K0N02UU

Obecneyusaem npogederie yuedHO20 IKON0SULECKO20
MOHUMOPUHEA UHCMPYMEHMATbHLIMU Memodamu. Habop
NPpUMEHAEMCs NPU U3YHeHUU IKON02UY, OUOTO2UY, XUMUL,
eeozpadui u npupoO08edeHUs, a maKice oA
UHOUBUOYAILHBIX UCCIEO08AHUS U NPOEKMHOUL 0esimenbHOCU
wxonvHuxos. Komniekmayusa: becnpogooHoti
MYTLMUOAMYUK HO IKOLOSULECKOMY MOHUMOPUHZY C 8-10
6CMPOEHHBIMU 0amyUKamu: Jamuux numpam-uonog JJamuux
xnopud-uonos Jamuux pH ¢ ouanazonom uzmepenus ne yoice
uem om 0 0o 14 pH Jlamuuxk énasicnocmu ¢ OuanazoHom
usmepenus 0...100 % Jamuux oceewjennocmu ¢ OuanazoHom
usmeperus e yace uem om 0 oo 180000 nx Jamyuk
memnepamypbl ¢ OUAna3oHOM usmepeHus ne yoice yem om -20
0o +140C [lamyux 31eKkmponpo8ooumMocmu ¢ OUAna3oHamu
usmeperus ue yace yem om 0 0o 200 mxCm; om 0 0o 2000
mrCm; om 0 0o 20000 mxCm [Jamuux memnepamypsi
OKpysicarouyeti cpedvl ¢ OUANAZ0HOM UBMEPEHUsL He Yice YeM
om -20 0o +50C Omoenvrvle Oamuuxy u MyIbmMUOamyuKiy.
Jamuuxk 38yka ¢ ¢hynkyueri unmezpupoganus ¢ OUAna3soHoM
usmepenus yacmom He menee yem om 50 I'y 0o 8 kl'y;
Jamuuk éraxjcnocmu nougsl ¢ OUANA30HOM UBMEPEHUs. He
yarce wem om 0 00 50 % Jlamuux okucu yernepooa c
ouanazonom uzmepenus He yoice wem om 0 0o 1000 ppm
Mynemudamuux onmu4eckou RIOMHOCMU U MYIMHOCMU CO
BCMPOEHHBIMU OamuUKamu. JJamuux onmuyeckou
nromuocmu 470 um ¢ ouanazorom usmeperus om 0 0o 2 D
Jlamuux onmuueckoti niomuocmu 525 Hm ¢ OuanazoHom
usmepenus om () 0o 2 D JJamuux onmuyeckou niomHocmu
630 Hm ¢ ouanazornom usmeperus om () 0o 2 D Jlamuux
MYMHOCMU PACMBOPO8 ¢ OUANAa3oHoM usmeperus om 0 0o
200 NTU Axceccyapwei: Kabens USB coedunumenvhblii (2
wm.) 3apsaonoe ycmpoiicmso c kaberem miniUSB USB

3.00
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Aoanmep Bluetooth 4.1 Low Energy Cmepowcers 0ns
3akpennenus damyukos 6 wmamuge Kpamkoe pykosoocmeo
no sxcnayamayuu yugposoii nabopamopuu Ilpoepammmoe
obecneyenue Memoouueckue pekomenoayuu e menee 20
pabom Ynaxoska Hanuuue pycckosizviunoco catima
N000ePIICKU, HAIUYUE BUOCOPOTIUKOS

HaunmenoBanue pasnena:
«KomnbroTepHoe
000pyIOBaHUE»

MHnozogynxyuonanvroe
yempoticmeo (npunmep,
cKanep, Konup)

Tun yempouicmea.: MuoeoyuxyuonanvHoe ycmpoucmeo
(M®Y),; lleemnocmo newams: ueprno-benas, Texnonozus
neyamu: 31eKkmpospaguyeckas (1a3epHas, c6emoouoOHas),
Dopmam neuamu: e menee A4, Tun ckanuposanus:
npomsIcHbI/ naanwemublil; Bozmosicnocms ckanuposanus 6
dopmamax: ne menee A4; Cnocob nooxkmouenusi: LAN, Wi-
Fi, USB

3.00

Hoymb6yx

@opm-gpaxmop: noymbyk; Pazmep ouazonanu: ne menee 15.6
ooumos; Paspewenue skpana: Full HD, Quad HD unu Ultra
HD; Obwuii 06vem ycmanogieHHot OnepamueHou NAMsImu.
ne menee 8 I'batim; Maxcumanvroiil 06wuil
noooepiicusaemolii 06veM ONepamueHol NAMIMU. He MeHee
16 I'6aum; Obvem SSD naxonumens: ne menee 240 I'baium;
Becnposoonas ceaze: Wi-Fi;, Konuuecmeo écmpoennuix 6
xopnyc nopmos USB: ne menee 2, uz komopuix ne metnee 1
oonarcno ovime USB eepcuu ne nuoice 3.0; Paspewenue 636-
Kamepwl, Mnuxcens: ne menee 0.3; Becmpoennuiii Mmuxpogou;
Knasuamypa c packnaokoii u mapkuposxoti kraguui
OWERTY/UI]YKEH; Iloddepacka cmandapmos
becnposoonoti cesizu: 802.11a/b/g/m/ac;
IIpoussooumenvrocms npoyeccopa (3HaveHue nokasameis
«CPU Mark» no mecmy «Laptop & Portable CPU
Perfomance» http://www.cpubenchmark.net/laptop.html): ne
menee 5000 eounuy,; Hanuuue manunynamopa mvlus 6
KOMnIeKme: 0d; Ycmanoenennas onepayuoHHas Cucmema c
epaguyeckum noIb306amesbCKUM UHmMep@eticom, c8edeHUs o
KOMOpOM 8KII0UEHbL 8 eOUHBIL peecmp POCCUTICKUX
npoepamm O IAEKMPOHHBIX BLIYUCTUMETbHBIX MAWMUH U 6a3
Oaumwix; Ycmarnoenennulil nakem ogucHo2o npoepammHo2o
obecneuenus, COBMeCmUMO20 ¢ YCMAHOBIEHHO
ONEPayUOHHOU CUCTHEMOIL, C8EOEHUSL O KOMOPOM BKIIOUEHbL 8
€O0UHBLIL peecmp POCCULICKUX NPOSPAMM O/ JIeKIMPOHHBIX
BLIYUCTUMENHBIX MAUWUH U OA3 OAHHBIX

6.00




