PECIHYBJUKA KPbIM
MUHUCTEPCTBO OBPA3ZOBAHUS, HAYKHN U MOJOAEXKHU

(MUHOBPA30OBAHHUSA KPBIMA)
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OO0 yTBep:KIeHHH NepeyHsi 000py10BaHH, PACXOAHBIX MATEPHAIOB, CPEACTB
00y4eHHsi U BOCIIMTAHMS NPH CO3JaHUH AeTCKHX TexHonapkoB «KBaHTOpHYM»
Ha 0a3e o6ueoGpa3oBaTe/bHBIX OpraHu3aluii B paMmkax ¢eaepansbHOro
npoekTa «CoBpeMeHHAas KO0JIa» HAHOHAJIBHOIO npoekTa «O0pasoBaHue»
B 2024 roay

B cootserctBuH ¢ 1. 2 «Komrutekc Mep (IOpoXHas KapTa) IO CO3JaHHIO U
(QYHKI[MOHMPOBAHMIO  OETCKMX  TexHomapkoB  «KBaHTopmym»  Ha  0Oase
0011e00pa30BaTENBHBIX OpraHu3alyiiy MeToJuYeCKUX peKOMEHIAIMHI 10 CO3IaHUI0
¥ GYHKIMOHMPOBAaHHMIO JNETCKMX TexHomapkoB «KBaHTOopuym» Ha 0ase
0011e00pa30BaTEebHbIX OpraHM3alliii, HalpaBleHHbIX NMUCEMOM MUHHUCTEPCTBA
npoceemenust Poccuiickoit ®@eneparuu  NeTB-2357/02 ot 30.11.2023 «O
HaMpaBJIeHUH METOAMYECKUX PEKOMEH AN

IMPUKA3BIBAIO:

1. VTBepauTh mepedeHb 000OpyHOBaHUSA, PACXOAHBIX MaTepuajloB, CPEICTB
00yueHMs U BOCIMTAHMS IIPU CO3IaHUM JNETCKUX TeXHOMapKoB «KBaHTOpHYyM» Ha
6aze  0OwIe0Opa3oBaTeNbHBIX  OpraHu3aiuii  (MHQPACTPYKTYpHBIA  JIKCT)
(puaraeTcs).

2. KoHTponas 3a WCIONHEHHEM HACTOSAIIEro IpHKasa BO3JIOXKUTH Ha
3amectutens Muauctpa JIsBoBy C.H.

MunucTp B.B. JlaBpuk




[Ipunoxenue

K Ipukasy MuHuctepcta 00pa3oBaHus,
Hayku 1 Monojexu Pecrybnuku Kpbim

ot/H- % 1Y Ne

204

Ilepeyenn 06opynoBaHHs, pACXOAHBIX MATEPHAJIOB, CPEICTB 00yUeHHS U
BocnuTaHus npu cozaanuu llIkonbHbIxTexHONApKOB «KBaHTOPpHYM» Ha 6a3e
MBOY «AJTHUHCKAS CPEAHSSA ITKOJIA Ne 2 «IIIKOJIA BY AYIIEI O»

MYHHUITUIIAJIBHOI'O OEPA3OBAHMSA T'OPOICKOM OKPYT SJITA

PECITYBJIMKH KPBIM

NudpacTpyKkTypHbIH JHCT

HaunmenoBaHue
obopynosanus (PBI1O)

KpaTkune npuMepHble TeXHHYECKHE XapaKTEePHCTHKH
(PBI1O)

Eannuua
H3MepeHHs]

KosndyecTBO

HaumeHoBanue HanpasJennsi: "EcmecmeeHHOHAYYHAA HANPAGICHHOCHb "

HanmeHoBaHue pa3nena:
"EcTecTBeHHOHAayUHas
HanpaBJIeHHOCTb"

Lughposas nabopamopus
«Xumusy npogpunvhas 0as
neoazoza

Obecnevugaem GvinonHeHue 1a6opamopHuIxX padon no
XUMUU HA YPOKAX @ OCHOBHOU UIKOE U NPOEKMHO-
1ccned08amenseKoll 0esamenoHoCu Y aujuxcs.
Komnnexmayusi: becnpogodHoil Mynemudamuux no Xumuu
c 3-ms gempoennuivu Oamyurkayu: Jamuuxk pH ¢
Ouanazonom uzmepenus He yoce yem om 0 0o 14 pH
V[amuuk 21eKmponpogoouMocmu ¢ OUanazoHam
usvepenus He yoice yem om 0 0o 200 mxCu; om 0 0o 2000
wkCwm; om 0 0o 20000 mxCxm Jamyux memnepamypsl ¢
Ouanazonom usmepenus He yce yem om -20 do +140C
OmoenvHole damyuxy: Jamyux onmu4eckoil R1omHocmu
3525 um Axceccyaper: Kabens USB coedunumensHelil
3apsdnoe yempoiicmeo ¢ kaberem miniUSB USB
\d0anmep Bluetooth 4.1 Low Energy Kpamkoe
PYKOBOOCHIBO NO KCHAYyamayuy yugposo jabopamopuu
Habop n1abopamoproii ochacmku Tlpoepavmuoe
obecnevenue Memoduueckue pexomenoayuu He menee 40
pabom Hanuuue pycckoaszeruHoeo caitima noooepicku
Hanuuue 6udeoponuxos.

um

4.00

L[ugpposas nadbopamopusi
« Duzuxa» npounvnas ons
neoacoca

Odecneuugaem GulNONHEHUE IKCHEPUMEHITIOB 1O INeMam
Kypca Qusuku. Komnaexkmayusa: becnposooroi
WYALMUOamyuK no usuxe ¢ 6-10 6CIMPOCHHLIMU
Oamuurxavu: LJugpposott oamuuk memnepamypol ¢
Ouanazonom uzmepenus ne yoice yem om -20 oo 120C
[[ugpposoti damuux abconomHozo 0aneHus ¢
Ouanazonom usmepenus ne yoce yem om 0 0o 300 klla
Vlamuux MazHumHo20 nos ¢ OUana3oHoOM U3MepeHus He
yoice wem om -80 0o 80 mTn Jamuuk HanpsiiceHus ¢
Ouanazonavu usmepenus He yxce yem om -2 0o +2B ; om
-3 00 +3B; om -10 00 +10B; om -15 0o +15B Hamuux
moxa re yace uem om -1 0o +14 Hamuuk axcenepomemp
¢ nokazamensiyu He menee wem: £2 g; +4 g; 8 g
Omoenvuwie yempoiicmea: USB ocyunnozpagh ne venee 2
kanana, +/-10 B Axceccyapu: Kabeno USB
coedunumenvruill 3apsoHoe ycmpoucmeo ¢ kadenem
miniUSB USB Aoanmep Bluetooth 4.1 Low Energy
Koncmpykmop 0151 POGe0eH st IKCNepUMennog
Kpamioe pykogodcmao no sxcniyamayui yugposoi
nabopamopuu [Ipoepammuoe obecnederue
Memoouueckue pexomendayuu (40 pabom) Hanuvue
pyccKkoszbiuHo2o cauma noodepoicku Hanuvue

6110 e0p ONUKOB.

uim

4.00




\Lugpposas nabopamopus no
pusuonocuu (npoghunvrulii

yposens)

Obecneuusaem npogedeHue UCCied08anus N0 QYHKYUOHUPOBAHUIO
uenogeueckozo opeanusma. Komniexmayus: Becnpogoownoil
WMyabmudamyux no uznonocul ¢ 5-10 BCMPOEHHLIMU OAMYUKAMU.
V]amuux apmepuanvrozo oasrenust (0...250 mm pm. cm.) Jamuux
nynvca ¢ ouanazonom usmeperus He yace yem om 30 0o 200 yo/mun
Vlamuux memnepamypsl mena ¢ OUANA30HOM USMEPEHUS He Yoice Yem
om +25 00 +40C [Jlamuux wacmomul ObIXanus ¢ OUANA30HOM
usmepenus ne yaxce yem om 0 do 100 yuxnos/mun lamyux yckopeuus ¢
nokasamenamu =2 g; 4 g; +8 g Omoenvuvie ycmpotvicmaa: [Jamuux
OKT ¢ ouanazorom usmepenus He yoice uem om -300 0o +300 mB)
V[amyuk cunomep ¢ ouanazoHom usmeperus He yce yem om 0 oo 40 H
Vlamuux oceewenHocmu ¢ OuanazoHom usmeperust He yoice yem om () 0o
180000 nx Axceccyapor: Kabeno USB coedunumenvuwiii 3apsionoe
vempotcmeo ¢ kaberem miniUSB USB Adanmep Bluetooth 4.1 Low
Energy Kpamkoe pykosoocmeo no sxcniayamayuu yughpogoti
nabopamopuu Ilpoepammnoe obecneuenue Memoouyeckue
pexomendayuu ne menee 20 pabom Hanuuue pycckoszviuno2o catma
noooepoicku Hanuuue sudeoponuxos.

wm

1.00

\Mukpockon yugposoti

Tun muxpockona. buonozsuweckuii Hacaoka muxpockona:
wonoxynapnas Hasnauenue: nabopamopuwiii Memoo uccrnedosanus:
ceemioe none Mamepuan onmuxu. onmuieckoe cmexio Yeenuuenue
mukpockona, kpam: 64 — 1280 Oxynapei: WF16x Obvexmugol: 4x, 10x,
40xs (noonpyoicunennwiti) Pegonveepras eonoska: nHa 3 oovexkmuga Tun
nodceemku: 3epKano umu cgemoouood Pacnonooicenue nooceemxu:
6epxHas u HudxcHsas Mamepuan kopnyca: memann Ilpeomemusitl
cmonuk, mm: 90 Hcmounux numanus: 220 B/50 I'y Qucno
Wwecanuxcene. [

wm

15.00

\Lugposas rabopamopus no
oKON0CUU

Obecneuusaem npogedenue y4ebH020 IKOI02UHEeCKO20 MOHUMOPUHEA
uncmpymenmanvhbimu memooamu. Habop npumensemcs npu usyuenuu
bKOIO2UU, OUOIOUU, XUMULU, 2e02Padhuul U RPUPOOOBEOEHUs, d AKICE
07151 UHOUBUOYATBLHBIX UCCE008AHUS U NPOEKMHOU OesIMeNbHOCMU
wikonvHuxkos. Komnnexmayus: Becnposoonoti myremudamuux no
DKOI02UYECKOMY MOHUMOPUH2Y C 8-10 8CMPOCHHbIMU OAMYUKAMIU:
V[amyux hrumpam-uonos Jamuuk xnopuo-uorog Jamuux pH c
Ouanazonom usmepenus He yoice uem om 0 0o 14 pH Jlamuux
eradicnocmu ¢ ouanasonom usmepernus 0...100% Jamuux
oceeueHHOCMU ¢ OUana3oHoM usmeperus e yce yem om 0 0o 180000
ik Jlamuux memnepamypul ¢ OUANA30HOM USMEPEHUS He Ve Yem Om -
20 0o +140C [lamuuk 31eKmponpo8oouUMocmiu ¢ OUAna3oHaAMuU
usmepenus ne yorce uem om 0 0o 200 mxCm; om 0 0o 2000 mxCm; om 0
00 20000 mxCm [Jamuux memnepamypsl OKpyucaioujeli cpeowvl ¢
Ouanazonom usmepenus me yaice uem om -20 0o +50C OmoenvHole
Oamuuxu u myremuoamuuky: Jamuux 36yka ¢ Qynkyue
UHME2PUPOBAHUSL C OUANA30HOM USMEPEHUS YACMOM He MeHee YeM Om
50 'y 0o 8 kly,; JJamuux enasxchocmu nousbl ¢ OUANA30HOM USMEPEHUsL
He yoce yem om 0 0o 50% Jlamyuk okucu yanepooa ¢ OuanazoHom
usmepenusi ne yace uem om 0 0o 1000 ppm Mynemuoamuux
OnmMuYecKol NIOMHOCMU U MYMHOCMU CO 6CMPOEHHbIMU OAMYUKAMU.
V[amyux onmuueckou niomuocmu 470 HM ¢ OUANA30HOM U3MepeHusi Om
0 00 2 D Jlamuux onmuueckoti niomuocmu 525 um ¢ Ouanazonom
usmepenust om 0 0o 2 D Jlamuux onmuueckoii niomuocmu 630 um ¢
ouanazonom usmepenus om 0 0o 2 D Jlamuux mymuocmu pacmeopos ¢
ouanazonom usmepenuss om 0 0o 200 NTU Axceccyapuvi: Kabeno USB
coedunumenvuwiil (2 wim.) 3apsaonoe ycmpoticmeo c kabenem miniUSB
USB Aoanmep Bluetooth 4.1 Low Energy Cmepoicensv 0ns 3aKpenieHus
Oamuuxos 6 wmamuge Kpamxoe pykogoOcmeo no 9KkCniyamayuu
yugposou nabopamopuu I[Ipoepammuoe obecneuenue Memoouueckue
pexomendayuu ne menee 20 pabom Ynaxoexa Hanuuue
YCCKOSA3BIYHO20 Calima NOO0epICKU, HATUHUE BUOCOPOTUKOS.

UL

5.00

HaumenoBanue HanpaJenusi: ""Texnonozuueckas nanpasnennocms. PO60O"

IHanmeHnoBaHue pazaena:
"TexHOoJIOrTHUecKas
HanpasyieHHOCTh. POBO"

Viabopamopnwiti komniexc 0as
usyuenus pooomomexnuku, 3D

[Komnaexc cocmoum uz coopno-pazoopnozo 3D npunmepa, pyunoeo 3D
CcKanepa u npocpamMmMHO20 obecneyenusi no (pomozpammempuu.

Coopro-pazoopnuiil 3D npuumep. Odracms newamu: 200 mm x200 mm

wm

3.00




Wmodenuposanus u
npoMbIULIEHHO20 OU3aUHA

e 200 mm Maxcumanvuas ckopocmov neyamu, cm3/4:> 30 Ckopocms
nepemewjenus newamaroujen 201068ku, mm/c:> 80 Tun coemecmumozo ¢
3D-npunmepom nnacmuxa: PETG, SBS, PLA, ABS Humepgeiic
nooxnouenusi: USB Flash Kanubposka

naamgopmoi: [lonyaemomamuueckas Konuuecmso conen na
neuamaroweil eonoske: om I wim Munumanvras moawuna cros: > 0.01
u < 0.05 mm JQuamemp conna: > 0.3 u < 0.5 mm Maxcumanvnas
memnepamypa nevamaioweii 2onosku: > 250 epad. C Oxnadxcoenue
BoHbl neyamu: J{gyxcmopounee Makcumanvras memnepamypa
nramegopmel 0na newamu:< 150 epaod. C Tun nnamgopmut 015 nevamu:
Iloooepesaemas CbeMHAs HA 3aHCUMAX, QuKkcupyemas na niamgopme
Hanuuue 3akpvimozo kopnyca: Hem ®@opmam ¢paiinosg ona neuamu:
GCODE Tun ynpaenenust npunmepom: Ilanens ynpasnenus ¢ oucnieem
Ha kopnyce ycmpoticmea Tun Hanpasisiouux: KOHCMPYKYUOHHBIL
npogune Pyunoti 3D ckanep. Tounocme cxanuposanusi: > 0.05 u < 0.1
m Cropocmb ckanuposanus, MaH. movex/cex: > 2 @opmam
coxpanenus pe3yibmamos ckanuposanus.: vrml, ply, obj, stl
\Bozmoorcnocms ckanuposanus 6 yeeme: Ja Hanuuue cencopnoeo
brpana: nem [Jnuna USB-npogooa:> 3 m Texunonoeusn 3D-
ckanuposanus: Onmuyeckas 3azpyska npecemos(uadionos)
ckanepa:namuuue Qynxkyuu nocmoobpabomxu.: Obpesxa mooenu,
\Pazoenenue mooenu Ha omoeavHble yacmu, Yoanrenue TumHux
bremenmos, Yoanenue omgeepcmuil, coz0anue ¢omopearucmuyHou
mexcmypsl, cpasrenue 3D modeneii medcdy cobotl, usmepenue
pazmepos mooeneii ceyeHuAMU 8 PYUHOM pexcume, IKCNOPM CedeHUll 8
XLS IIpoepammuoe obecneuenue 0iist CO30aHUSI MOOENEU MEMOOOM
domoepammempuu: Hanuuue Ynpaeienue nosopomuvim cmoiom no Wi-
\Fi: [la Munumanvnoe paccmosinue ckanupoganus: <25 cm

\bazoswitl pobomomexHuyecKull
Habop

Obpazosamenviblil HADOP O0IICEH NPedcmasisimes coboll Habop OJis
pazpabomku npoepammupyemuix Mooenell dgMoHOMHbIX pobomos. B
cocmag Habopa OONIICHBL BXOOUMb. KOHCIMPYKIMUGHDBIE,
CoeOuHUmENbHbLE U KPENEeCHble DNEMEHMbL U3 NIACHUKA U AIOMUHUSL -
ne menee 100 wm, npoepammupyemulii KOHMpoJep - He menee lwm,
bexmpoosueamenu NOCMOSHHO20 MOKA C KPYMSAUWUM MOMEHMOM He
lmenee 3,6 ke/cm - He MeHee 2 wim, OamYUKY U 31eKmMpPOHHbLe
KOMNOHEeHmbl- He MeHee 6 wm, akKyMyIsmopryio 6amapero ¢
Hanpsoicenuem ne menee 6B u emxocmoio ne menee 1500 mAu - ne
Wmenee 1 wm, 3apsaonoe yCmpoucmeo 01 aKKyMyasmopHol bamapeu -
e menee 1 wm. [lpoepammupyemvlii KOHMPOLLEDP OONNHCEH
coOdepcamb: NOpMbl 01 AHANO208bIX OAMYUKOE - He MeHee 3 wim,
nopmul 0151 Yyuhposvix damuuros - e meree 3 wm, nopm oas 12C
ycmpoticme - ne menee 1 wim, nopm 051 cep8onpusodos - He meree 6
wim, nopm Ol MOMOPOS - He MeHee 2 uim, nopm 0/ IHKOOepO8 - He
Wmenee 2 wm, obvem flash namamu ne menee 32 kb. [Ipoepammupyemviii
KOHmMpOLIEp 00AHCEeH 00eCneuusams 603MONCHOCHLb
npocpamMmupo8arus po6omos 8 cpede 610UHO-ePaPUUecKk020 Munda uiu
6 C60000HO PACNPOCMPAHAEMBIX Cpedax paspadoOmKu ¢ NOMOUbIO
IMEeKCmMOo8020 A3bIKA NPOSPAMMUPOSAHUSL. JlamuuKy u 21eKmpoHHbLe
KOMNOHEHMbL 00INHCHBL COOEPHCAMb. YIbmpa38yK0o8ol 0amyux
paccmosnus dondxicen obecnewusams COOPAHHYIO MOOETb
603MOINCHOCTBIO UBMEPSNb PACCMOSIHUE He MeHee 4 Mempos - He MeHee
Twm, Knonka-mooyav donicen obecneuusams coOpannyio mooens
6O3MONCHOCTBIO ONPEOESINb HANCAMUSL HA KHONKY - He Menee [wim,
V[amuuk yeema donicen obecneuusams cOOPAHHYIO MOOEb
603MOJCHOCIbIO OnpedeneHus yeema 00beKma, NPeOHA3HaAYeH 05
usmepenusi RGB-cocmagnaowux u ypogHsa oceeueHHoCmu, 0amuux
ondicer cooeparcams He menee 12 c6emoyy8cmeumenbHbix d1eMeHmMos -
e menee 1 wm, 3ymmep-modyns 0oadicen obecneuueams cOOPAHHYIO
Modenb B03MOINCHOCMBIO BOCNPOU3BOOUND 38VKUL, HOMUHATLHAS
uacmoma ne menee 4kly, unmencusnocmo ne menee 80 0b- ne menee 1
wm, Wi-Fi-mo0yns donoicen obecneuusams 603MO*CHOCHIb
noOKII0UeHUs. COOPanHbIX pobomomexnuieckux mooeneu k cemu, loT
obnakam u 8eb-cepsucam, pabouee Hanpsicenue mooyas - 3,3B,
nopmoe 66004 6b1800a MOOYIA - He MeHee 5 - He menee | wm, Munu-
pene ¢ pabouum nanpsoicenuem ¢ ouanaszone om 3,3 0o 5B,
nompebasiembim mokom 7 1mMA u MaKcumanibHblM KOMMYMUpyemvim

UL

8.00




rnanpsoicenuem 28B nocmosinnozo moka/250B nepemennoco moxa,
pecypc yempoticmea He menee 50 moic. nepexnouerull - ne menee I
wm,; Bxoosiwyue 6 cocmag KOHCIMPYKMopa KOMNOHEHMbl O0NCHbL ObInb
COBMECMUMbL C KOHCTNPYKMUBHBIMU DIEMEHMAMU, d MAKICEe
0becneuusamsd 803MONCHOCHb KOHCIMPYKIMUBHOT, ANNAPaAMHOIL U
NPOCPAMMHOL COBMECIMUMOCIIU C KOMNIIEKMYIOWUMU U3 COCIABA
Habopa.

\Habop ons bbicmpoco
npomomunuposanus OoHoniamublil KOMAbIOMED: HAAUYUe, Kapma namsmu ¢
91EKMPOHHBIX YCMPOTUCMS Ha npedycmanosieHHol OnepayUoOHHO CUCMEMOLL: Hanuyue, 010K wm| 8.00
0CHOBE OOHONIAMHO20 numanus: Haiuuue, KOMIIEeKm Kabenei 0si NOOKIIOYEHUS: HATUYUe
Komnviomepa
\Habop ona bvicmpoco
npomomunuposanus
onexmponbLx yempoiicme Ha \Muxpoxoumponnepnas nﬂam(.j)olpma €O 8CMPOEHHBIM y
ocHoBe MUKpOKOHMpOTIEPHOTI unmepnpemamopom JavaScript: nanuuue, xomniexm paouodemanei. |wm| 8.00
Hanuyue, NAAMA pACUUPEHUs. HATuYue
naam@opmvi co 6CMpoOeHHbIM
unmepnpemamopom
\Habop o bbicmpozo
npomomunuposanus o
onexmponbLx yempoiicme Ha MquOKOHmpqﬂﬂepHaﬂ nfzal.nqbopma Arduino: nanuyue, 1.<0Mnfzel<m uml 8.00
. |ppaduodemaneii u nPOBOO0E: HAIUYUE, MAKEMHA NIAMA. HAAUYUe
0CHOBE MUKPOKOHMPOIILEPHO
niamegopmol
Yuebnasn mooenv asmonomnozo mobunvro2o poboma c
Wmanunynsimopom. Mobunvrbii pobom Oondcer npedcmagiims coool
UEeMbIPEXKONIECHYIO NAAMPOPMY BCEHANPAGIEHHO20 OBUICEHUSL.
V[sucamenu becwemounvie 4 wm, kamepa c yenom oozopa 120 epadycos
c 5 mn. B cocmag komnnexma 0ondicho exooums: Mexanuyeckuil
Baxeam uHGPaKpacHulil 1azep 2-x 0cesoll no08ec akKyMyJIsImop Koleca
BCEHANPABNEHHO20 OBUINCEHUSI NPOSPAMMUPYEMbBIL KOHMPOILIED C
603MOIAICHOCTBIO NPOSPAMMUPOBANUS 8 CPede OIOYHO-2papuYecKo2o
muna u 6 c60O0OHO PACNPOCMPAHAEMBIX CPEOax paspabomxu ¢
\demonomHblll pobom HOMOWbIO MEKCMOB020 A3bIKA NPOSPAMMUPOBAHUS OAMYUK 36YKA
WManunyismop ¢ Konecamu Oamuux credoganus aunuu FPV peacum eozmoscnocms ynpaenenus ¢ uum) 4.00
6CEHANPABIEHHO20 OBUINICEHUS MOOUILHO20 YCMPOICMEA Yepe3 NPULONCEHUE NPOSPAMMUPOBAHUS HA
lsisvicax Python, Scratch a makoice cucmema mexHuuecko20 3penust Ojist
A6MOMAMUYLECKO20 OOHAPYIICEHUS U PACNO3HABAHUSL 3AOAHHBIX
00vexmos 6 pabouetl sone. [loooepacka RaspberryPi nanuuue
[IToooepoicka Arduino nanuyue Iloodepacka Micro:bit nanuyue
CMeHHbIT MeXaHUuecKUull 3axX6am, YCMAaHasIueaemblll Ha HOOBUNCHYIO
naamgopmy ceepxy nanuuue Mexanuueckuii 3axeam,
yemanasnusaemsili Ha NEPEOHION YaACMb NOOBUICHOU NAAMPOPMbl
Hanuyue Bozmosicnocmos mensimo uHpaxpacHyro nywky na
\mexanuyeckuil 3axeam Hanuyue
ObOpaszosamenvhblil HADOP NPEOHAZHAYEH OISl UYYEHUSI OCHOB
npumenenus mexnonozuii "HUnumepnem seweir” u ceszu 8
pobomomexnuueckux cucmemax. B cocmae nabopa oonsicen exooumo
KOMNIEKM KOHCIPYKMUGHBIX DNEMEHMO8 U3 Memania 0isi COOpKu
modenu MobuILHO20 pobOmMa ¢ 3aX6aMHbIM YCmpolucmeom. B cocmas
HaboOpa 001CceH 6X00UMb KOMIIEKM KOHCIMPYKIMUBHBIX 3JIeMEHMO08 OJis
cOOpKU MoOenu «yMHO20» 30anus. Bce komniekmyowue u
yempoucmea, exoosujue 6 Cocmas Habopa, 00ICHbL ObiMb
cosmecmumbl Opye ¢ Opy2oM KOHCMPYKMUBHbIM, INEKMPULECKUM,
Annapammbim u nPOSPAMMHBIM 06pazom. B cocmag nabopa 0ondicho
Oobpazosamenvhbiii HAOOP 014 6X00UMb. NPUBOD NOCMOAHHO20 MOKA C OAMYUKOM NOJOINICEHUSL - He uml 3.00

usyuenus mexnonocuti céasu u 1oT

Wmenee 2um, cep8onpugoo 601buiol — He MeHee 2uim, cep8onpuoo
\maneiti — ne Menee 2uim, Kamepa - He MeHee 1um, npocpammupyemblii
Konmponep — He menee lwim, akkymyasamop — He menee lwim,
Bapsonoe ycmpoticmso — ne menee luum. B cocmas nabopa oondicen
B6X00UMb KOMNAEKIN UHMELNEKMYAIbHBIX CEHCOPHBIX YCMPOTCE.
HnmenniexmyanbHbie CEHCOPHbIE YCMPOUCBA OOINCHL NPEOCTNAGIAMb
cobOU YCMPOUCMB0 HA OCHOBE GIYUCTUNENLHO20 MUKPOKOHMPOIIEPA U
BCTNPOEHHO20 USMEPUMENbHO20 dNiemenma. Unmennekmyanvhvie
ceHcopHble YCMPoUucmea 00aCHbL 001A0AMb 8CMPOEHHbIM YUPDPOBbIM
U anano2oeviM unmepghericom 0 nepedayl OAHHbIX, A MAKICe
6CMPOEHHBIM NOCIe008AMENLHBIM UHMEPDEUcOM 018 00beOUHEeHUs




Opye ¢ Opyeom 8 ceHcophble cucmemvl. Komniekm uHmeniekmyaibHbix
CEHCOPHBIX YCMPOUCME O0JINHCEH CO0ePI’CaAmb — MOOYJIb C8emMOOU00d —
He menee 2uim, mooyib RGB ceemoouoda — e menee 2uim, mMooyib
UK-0amuuka aunuu — He menee 3um, MOOYb 36YKOB020 UZTYYAMENs —
He menee [uim, MOOYIb UsMepeHUs meMnepamypbol U 61AHCHOCMU
oKpycarouseli cpedvl — ne MeHee 1uim, Mo0yib MaKmogo KHONKU — He
lmenee 3wm, Modyab damuuxa oceewyeHHOCmu — He Menee luim, Mooyib
OemeKxmopa ypoeHs, uwiyma — ne menee luim, MoOyib usmepeHus
Oasnenus oKpyscarouell cpedvl — He MeHee lwim, MOOy1b
nomenyuomempa — He meree 2uim, MoOYib OAMYUKA HOTIONCEHUSL 8
npocmpancmee — ne menee luim, MOOYIb KOHYEBO20 NPEPLIBAMEISL — He
lmenee luum. B cocmas nabopa O0ondicen 6x00ums npocpammupyembiii
Koumponnep — ne menee lwm. Ilpoepammupyemviii KOHmMpoLLep
0on121cen 0becneuu8ams 803MONCHOCMb NPOSPAMMUPOBAHUS HA A3bIKE
JavaScript u opeanuzayuu Web-cepsepa o6mena dannvimu uepes
HUnmeprnem. [Ipocpammupyemvlii KOHMPOJLIEp Q0AHCEH 0DeCneyusams
603MONCHOCTD NOOKNIOYEHUS GHEWHUX YCMPOUICNE ¢ NOMOWBIO
unmepgpeiicos - GP10, UART, 12C, 12S, SPI, 1-wire TTL, RS-485, CAN,
[Ethernet ¢ noodepaickou PoE

\Komnaexm noneii u
COPEBHOBAMNENbHBIX DTIEMEHMO08

\Komnaexm noneti u COpPeBHOBAMENIbHbIX DJ1E€EMEHMO6 ons npoeeaeﬂuﬂ
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Yemuvipéxocesotl yuebuviii pobom-,
Wmarunyismop ¢ MoOyIbHbLIMU
CMEHHbIMU HACAOKAMU

Yyebnvii pooom-manunynsmop npeonasnauer 0iis 0C80EHUs
00YUAIOWUMUCA OCHO8 POOOMOMEXHUKU, 05 HOO20MOBKU
00yUaoWuxXcs K 6HeOPeHUIo U ROCIe0YIoujeMy UCHOIb308AHUI0 POOOMOE
6 npombluLIeHHOM npousgoocmee. Konuuecmeo oceil poboma
\Wmanunynamopa - uemsipe. Ilepemewenue uncmpymenma 6
npocmpancmee no mpem ocam O0NHCHO YAPABIAMbCA UlA2O8bIMU
Osucamensimu. Hanpsioicenue numanusi uiazoswlx ogueameneii He 6oiee
12 B. Cepgoosuzamenvb uemsepmotl 0cu 00IHCeH 00ecneuueams
nogopom uHCmpymenma. Y201 nogopoma MaHunyissmopa Ha 0CHOBAHUU
6OKpY2 6epmuKranbHoll ocu He menee 180 epadycos. [[na onpedenenus
NON0dMCEHUS MAHUNYIAMOPA NPU NOBOPONIE BOKPYE 8ePIMUKANLHOU OCU
001CEH UCNOIL308AMbCS IHKOOED. Y201 nogopoma 3adHe2o nieua
Wmanunynsmopa ne menee 90 epadycos. Yeon nogopoma nepednezo
nieua manunyisimopa ne menee 100 epadycos. /lna onpedenenus
non0dCeHUsl 3a0He20 U nepedHe20 Nied MAHUNYIAmopa O0IXHCeH
UCNOIL308AMBCSL 2UPOCKON. Y201 nosopoma no uemeepmoti ocu He
wmenee 180 epadycos. Joncna 66imb 603MOICHOCHb OCHAUCHUS
CMeHHbIMU HacaoKamu (Hanpumep, oepicamenb Kapanoauia uiu
romacmepa, npucocka ¢ cepgoodgucamenem, MeXaHUYECKOe 3aX6amHoe
ycmpoticmeo ¢ cepgoosucamenem, yCmpoucmeo 0 1a3epHoll
epasuposxu unu ycmpoticmeo 011 3D-nevamu). Munumanvhas
KOMNIEKMAYUsL CMEHHbIMU HACAOKAMU: NHEBMATNUYECKULL 3AX6AMm
(npucocka), mexanuueckuil 3ax6am, HACAOKA depicamens O
Kapanoawa/maprepa/pyuKi, HAcaoKa nepexooHux Oisl KpenieHus
COBMECMUMBIX KOHCIPYKMUBHBIX 0emaJiell U KOHCIMPYKYUll, Hacaoka
naseprou epasuposku, Hacaoka 3D-neuamu (0ns pabomel ¢ niacmukom
\PLA ¢ ouamempom numu 1,75 mm). Jonoscen bvims ocHaugen
cepsonpuBoOOM 0Jisi NHEBMAMUYECKO20 U MEXAHUYECKO20 3aX6aAmos,
0becneuusaIoOwUM BpaujeHIe 3aX8a4eHH020 00bEKMA 60 PeMst
nepemewensi, NOBOPON nepemeujaemozo 00beKma 60Kpy2
sepmuranbHol ocu. /s obecneuenus yHKYUOHUPOBAHUS
NHEEMAMUYECKO20 3aX6ama O0NNCEH OblMb OCHAWEH 6CMPOEHHOU 8
KOPNYC MAHURYISIMOPA NOMNOU. [[0NICHA 6blMb 603MOAICHOCHTD
NOOKIIOUeHUs OONOHUMENbHBIX YCMPOUCME (Hanpumep,
mpancnopmepa, penvca 0 nepemeujenus poboma, nyivma
VApasieHuss muna OHCOUCMUK, Kamepbl MAUUHHO20 3DeHUs,
onmuuecko2o damuuxa, Mooyisi becnposodnozo docmyna). Pobom-
\WManunyissmop 0oadicen obecneyusams nepemewyerue Hacaoku 6
npocmpancmee, akmueayuio Hacaoku, 603MONCHOCb NOTYUEHUS
CUSHANI08 OM KAMePbl U 0aMYUKO8, B03MONHCHOCb YAPABLEHUS
donoaHumenvHuiMu ycmpoticmsamu. Mamepuan kopnyca — antOMUHUU.
VIuamemp paboueii 30nvl (be3 yuema HABECHO20 UHCMPYMEHMA U
uemesepmoti ocu) He menee 350 mm. Humepgheiic nookmouenus — USB.
V[onocen umems 603MOHCHOCHb ABMOHOMHOU pAbOMbl U 8HEUHe20
ynpasnenus. [{na enewine2o ynpasieHus 00axceH Oblmb npedycMompeH

UL

1.00




nynvm, nookaouaemvlll k pobomy no Bluetooth. Ynpasnsrowuii
KOHMpOJLIEep 00CeH Dblmb cogMecmuM co cpedotl Arduino.
Ynpaensowuii konmponnep cosmecmum co cpedou nPoepAMMUPOBaAHUsL
Scratch u sizvikom npoepammuposanus C. Jordcen obecneyusamo
1n0BOPOM NO NEPBLIM MPEM OCSIM 8 3A0AHHBIIL Y20 U HA 3A0AHHbLIL Y2Oll,
n0BOPOM NO Yem8epMOoll OCU HA 3A0AHHDBIU Y20, 08UdCEHUE 6
Koopounamol X, Y, Z, nepemewyenue na 3a0anHoe paccmostue no
Koopounamam X, Y, Z, nepedayy 0aHHbIX 0 MeKyuiem noL0MCeHUU
Venos, nepedauy OaHHbIX O MEKYWUX KOOPOUHAMAX UHCIMPYMEHMA.
V[onorcen nodoeparcusams nepemeujeHue 8 0eKapmoauix KOOpOUHAmMax u
verax nosopoma ocetl, ¢ 3a0aHHOU CKOPOCbIO U YcKopeHueMm. Tunvl
nepemewenull 8 0eKapmosblx KOOPOUHAMAX: OGUIICEHUE NO
mpaexmopuu, 0gudicenue no nPAmMol Medxicoy 08yMs MOUKAMU,
nepenpuvieuganue Uz MoyKu u mouky (nepenoc oovekma). Kopnyc
Donoicen Oblmb 6 3auuLeHHOM UCROIHeHuUe (Kiacca He Huoice IP20).

\IKomniexm 0118 uzyuenus
onepayuonnbIx cucmem
peanvroco epemenu u cucmem
ynpaenenus agmoHOMHbIX
WMobunbHbIX pOOOMOB

[Komnaexm 01 paspabomku u uzyueHus Mooeiet NPOSPaAMMUPYemMvix
(A8MOHOMHBIX MOOUTLHBIX POOOMOG. YueOHblll KOMNIEKM 00JHCEH
103601Mb Pa3padamvleams O104HO-MOOYIbHYIO KOHCPYKYUIO
moburbHO20 poboma. B cocmag mobunvhozo poboma 00IAICHO
exooums. I[Ipugoo eedywux Konec - He meree 2wim. IIpusoo dondicen
npedcmaenims coOoll 1eKMpPOMEXAHUYECKYI0 COOPKY HA OCHO8e
O0guzameinsi NOCMOSAHHO20 MOKA, PeOYKMOopa, OAmuyuKa noI0H#CeHUs 8aid
u 6cmpoenHoll cucmemul ynpagienus. Cucmema ynpagieHus npugood
0oaoiCHA 0Decnedusams 803MONCHOCHb 00beOUHEHUSI NPUBOOOE C
nomoubio nociedosamenbHo20 unmeperica, 803MOHCHOCHb 3A0AHUSL
napamempos KoHmypos ynpagneHus, ynpaeieHue epawjeHuem npueood
no cKopocmu U NONOJCEHUIO, KOHMPONL Hazpy3Ku. [Ipozpammupyemuoiii
Konmponnep - ne menee lwm. I[Ipoepammupyemsiti KoHmpoinep
Oonicen obnadams unmepgetcamu - USB, UART, TTL, RS485, CAN
0J151 KOMMYHUKAYUU C NOOKTIOUACMbIMU GHEWHUMU YCMPOUCMEAMU, a
makoice Yu@dposviMU U AHAIO208bLIMU NOPMAMU 86004/6b1600A.
Oononramubitl MUKpoKomnviomep - He menee 1wm. OOHonrammblil
MuKpoKomnsiomep 00IXHCEH NPedCcmasisims coboll YCmpoucmeao ¢
apxumexmypoii mukponpoyeccopa ARM, dondicern obnadamo ne menee 2
BLIUUCTUMENbHBIMU A0PAMU ¢ MAKMOBOU yacmomotl He meree 11Ty.
Ulazepubiii ckanupyrowuil oanvHomep - e menee lwm. JlazepHulii
CKaHupytowuti 0anbHomep 00JAHCeH 00ecneuusams OUana3oH Usmepens,
OanbHoCmU 00 00bEKMOo8 He MeHee 2.5 Mempoe u cexmop
ckanuposanus ne menee 360 yenosvix epadycos. Jlamuux aunuu — e
Wenee 3 wm. Jlamuux dondxcen obecneuusams 0emeKmuposanue TuHUU
Ha KOHMPACMHOM (oHe U nepedagams OaHHblE 6 NPOSPAMMUPYEMbLL
KOHMpOJLIEp O ee HATUYUY NYyMmeM nepedayu ananio208020 CUSHANA ULU
yugpogozo cucnana, 1bo nymem nepedayu yughpogozo nakema
Oannvix. [Jamuuka yeema — ne menee 1 wm. JJamuux oondicen
paznuuame y6emosol OMMEHOK PACNONIONCEHHO20 PAOOM C HUM
o6vexma 6 RGB nomayuu u obecneuusams nepedayy OaHHLIX 8
npocpamMmupyemvlii KOHMPOJLLep 0 3HAYEHUU KAANCO020 YBEen 08020
Kanana 6 suoe yu@poeozo nakema oannwvix. Maccue UK-oamuuxog - ne
wmenee lwm. Maccue UK-0amuuxos 0onicen Obimsb npedHasHavern oas
OmMCaeHCUBAHUA TUHUY OJIA O8UNCEHU MOOUTbHO20 poboma. Maccus
0osoicen cooepacams He menee 6um UK-0amyuxos, pacnonodicenHvix
Ha oonoul iunuu.  Cucmema mexHu4ecko2o 3penus - He menee lum.
Cucmema mexHuuecko20 3peHus 00axceH 061a0ams cOBMeCmMUMOCMbIO
C PA3TUYHBIMU NPOSPAMMUPYEMBIMU KOHMPOJLIEPAMU C HOMOWBIO
uumepgeticoe - TTL, UART, I12C, SPI, Ethernet. Cucmema
MEeXHUYECK020 3PEeHUsL O0NNCHA 00eCneuusams 603MONCHOCb U3YUEHUs
0CHO8 NPUMEHEHUS AN2OPUMMO8 MAUUHHO20 00YYEHUs U HACMPOUKU
napamempos netipocemeti. Cucmema mexHu4ecko2o 3peHust O0IHCHA
0becneuusams QYHKYUOHAL PACNO3HABAHUS PASTIUYHBIX
eeomempuyeckux 00veKmos no Habopy NPU3HAK08, pacno3HABAHUS
epaguyeckux mapkepos muna Aruco u op, pacho3HABAHUS MACCUBO8
\TUHUIL U DTIeMeHMO08 00POAHCHBIX 3HAKO08 U pazmemky. Cucmema
ynpasnenuss MoOUILHO20 po6OMA O0NHCHA NO3BONAMb OCYUeCMBTIAMb
aHanu3 oKpysrcaroueli 06CcmaHo8Ky 8 npoyecce O8UNCEHUS MOOUTLHO20
poboma u ouHamMuyecKom usmeHenuu OKpyicarowet 00CmaHosKu,
ocywecmsnams hopmuposanue Kapmol JOKAIbHOU 0OCMAHOBKU 80KPY2
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poboma u rokaruzayus ROIONCeHUss poboma Ha Kapme, HOCMpoeHue
lenobanvHoll kapmul okpyscaiouje2o npocmparcmea. Cucmema
ynpaeaenus MoounbHo20 poboma O0NNCHA NO3E0IAMb OCYUeCHEIIAMb
ananu3 naana/kapmoel OKpysHcalowe20 npocmpancmed, 0oHapyicenue
OKpYAUCAIOUUX 00BLEKMO8, ABMOHOMHOE NIAHUPOSAHUE MAPWPYMA U
00ve30a cmamuyeckux u Ounamuyeckux npenamemeuil. Cucmema
ynpagaenus MoobunbHo20 poboma 001dCHA obecneuuams
BO3MOICHOCTIb PASMEMKY KAPMbl OKPYHCAOUe20 NPOCMPAHCIEA Ha
BOHBL ¢ PA3TUYHBIMU NPUSHAKAMU, 3A0A8AEMbIMU HOTb308AMENEM (30Hb
Banpema 015 08udicenus, oepanuienus ckopocmu u m.n.). Cucmema
ynpagnenusi MOOUILHO20 poOOMA O0NAHCHA 0DecneyUusams
603MOHCHOCTIDG 3A0AHUA MOYEK U 30H HA Kapme OKPY#CaAiowe20
npocmpancmea 05l A8MOHOMHO20 Nepemelyersl Melcoy HUMU.
Cucmema ynpaenenus MoouIbHo2o poboma , sKuOHaOwas 8 ceds
nodcucmemvl, maxkue Kax - CUCmema ynpasieHus 0sudxicenuem poboma,
cucmema coopa u 0opabomku CeHCOPHOU UHGOpMayUU, cucmema
nOCMpoeHUs Kapmul OKPYIHCAIOWe20 NPOCMPAHCINGaA U CUcmemd
Hagueayuu, 00IHCHA ObIMb Peanru308ana Ha 6aze NPoPAMMUPYEMO20
KOHMPOAIEepa U OOHONIANMHO20 MUKDOKOMNbIOMEPA, a MAaKice
yempoticme, 6xo0swux 6 cocmas Komnaekma. B cocmag komnnexma
00IXHCHO 8X00UMb NPOSPAMMHOE 0Decnederue 01 NPOPaAMMUPOBAHUS
6 mexcmogom pedaxmope Ha nooobuu Arduino IDE,
NPOSPAMMUPOBAHUY C NOMOWBIO CKPUNMOE Ha A3biKe Python,
paspabomku cucmem ynpasnenus Ha ocHose ROS. Tax sce 6 cocmag
KOMNAEKIN OONIHCHA 8XOOUINb SUPTY ATIbHAS MOOENb MOOUTLHO2O
poboma 6 supmyanbHOM OKpYHceHUU O MOOETUPOSAHUS AN2OPUMMO8
cucmem YnpasieHus ¢ HOMOwbI0 2paghuieckoll cpeobl.

Ob6paszosamenvhbiil HAOOP Ois
U3VUEHUS MHOZOKOMNOHEHMHbIX
POOOMOmMeEXHUNECKUX CUCTEM U
MaAHUnYIAYUOHHBIX POOOMO8

Obpazosamenvhblii HADOP 00JCEH ObIMb NPEOHAZHAYEH O] UYYEHUS.
pobomomexnuyeckux mexHor02uil, 0CHO8 UHPOPMAYUOHHBIX
MexHoL02Ull U MEXHOL02UT NPOMBIUAEHHOU A8MOMAMU3AYUL, d AKICE
MmexHon02Ull NPOMOMUNUPOBAHUSL U A0OUMUBHO20 NPOU3BOOCEd. B
cocmae HAOOPA OONAHCHBL BXOOUMb KOMNJLEKMYIowue U yCmpoucmed,
0b1a0arouue KOHCMPYKMUSHOU, ANNAPaAmHOU U NPOSPAMMHOU
coemecmumocmuio Opye ¢ opyeom. 1) Komnnexm koHcmpykmueHbIx
bIeMeHmos uz Memaiuina u RAacmuKa 0s cOoOpKu mooenel
WMAHURYIAYUOHHBIX POOOMOG C Y2N080U KUHEMAMUKOL,
niockonapannenvuol kunemamuxotl, Delta-kunemamuxoil. 2)
[HumennexmyanoHbvlll cepeoMOOYIb ¢ UHMESPUPOBAHHOU CUCMEMOT
ynpasenenus - ne menee 7um. Cepgomooyasb 0oadicer 0o1adams
UHMeSPUPOBANHOL CUCIMEMOU YRPAasLenus, 0becneuusaiouen
0OpaAmMHYIO C68513b UNU KOHMPOJb NAPAMEMPOS - NOIOICEHUE 8Ald,
cKopoCmb 8pawenus, Hazpy3Ka npueooa, a makdice obecneuugaroujell
603MOXCHOCHb NOCE008AMENbHO20 NOOKIIOUEHUS Opye ¢ OPY2OM U
VIpagieHusi cepgomMoOYIsaMU NO NOCIe008AMENbHOMY NOJLYOYNIEKCHOMY
acunxpornnomy unmepeticy. 3) Pobomomexnuueckuii konmpoiunep,
npedcmaesnsarowull cooot MOOYIbHOE YCMPOUCME0, 8KAOYarWee 6 ceos
0OHONIAMHBIL MUKPOKOMABIOMED 0151 GLINOJIHEHUSL CLONCHBLX
GLIUUCTUMENILHBIX Onepayutl, nepu@deputinblil KOHMpoiep Ol
VIpasneHuss HeWHUMY YCMPOUCMBAMY U NIAMY PACUUPEHUS OISl
nooKaI0UeHUs 6HewHUX yempotcma. Mooyiu podomomexHuueckozo
KOHMPOLIEePa 00aACHb 001A0aMb 0OHOBPEMEHHOU KOHCIMPYKMUBGHOU,
annapamuou u nPOSPAMMHOU COBMECMUMOCTBIO OpYe C OPY2OM.
IPobomomexnuyeckuti KOHMpPoaiep 00aNCeH YOO0BIeMEOPAmb
MexXHUYeCKUM XapaKmepucmukam. Koji-60 10ep 6CMpOeHHO20
WMuKpokomnsiomepa - He MeHee 4, makmosas uacmoma s10pa - He MeHee
1,2 [Ty, obvem O3Y - ne menee 512 M6, nanuyue unmepdpeticos - SPI,
12C, 1-wire TTL, UART, PWM, yughposvie - ne menee 16 wm u
ananozoevie nopmol - He menee 8 wim 0Jis NOOKMOHUEHUs. BHEUHUX
yempoticme, ecmpoennwiti Mukpogon, a maxsxce WiFi unu Bluetooth ons
KOMMYHUKAYUU CO BHeWHUMU ycmpoticmeamu. Pobomomexnuyeckutl
KOHMPOJLIEp 00IXHCEH 0becneyus8ams 603MOHCHOCHIb
npoepammuposanusi ¢ nomoupio cpedcms sazvikoe C/C++, Python u
c6000010 pacnpocmpansiemotl cpeovt Arduino IDE, a maxoice
VnpagieHuss Mooeaamu poooOmMomexHU4ecKux cucmem ¢ NOMoubIo
cpeovt ROS. 4) I[pocpammupyemviii Koumpoanep - He menee lwm.
Ipozcpammupyemvitl KOHMpoALEp O0NNCEH NPEOCMABIAMb OO0l
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BbIYUCTUMENTLHBLU MOOYb, 001A0AIOUWUM YUPDPOBBIMU ROPMAMU - HE
Wenee 8 wm u ananozosvimu nopmamu - He Menee 16 wim,
unmepgpeticamu UART, I12C,SPI, TTL, a makoice mooynem
becnposoonotl cesizu muna Bluetooth unu WiFi ons coz0anus
annapamuo-npocpammusix pewenuii u ""ymuoix/cmapm""-ycmpoiicme
ons pazpabomku pewenuti ""Uumepnem seweni”". 5) [lnama
pacuupenus npocpamMmupyemMo2o Konmpoiepa — ne mexnee luim.

I Inama pacuupenus 00IAHCHA 0Oecne u8ans G03MONCHOCHLb
NOOKIIOUEHUS! VHUBEPCANLHO20 8bIHUCTUMENLbHO20 MOOYIISL K Cemu
nocpeocmeom unmepgetica Ethernet. [lnama pacuwupenus 001x4CHA
0b1a0ame nopmamu 8600a-6b1800a 0151 NOOKAIOYEHUs YUPDPOBYIX U
aHan0208b1x ycmpoticms — He meHee 40 wm, unmepgpetic SPI u
603MOJICHOCBIO NOOKIIOUEHUs 6HewHel kapmul namamu. 6) Mooy
MexHUYecKo20 3peHust, NpedCmasisiowuti cooou ycmpoucmeo Ha base
BBLIUUCTUMENHO20 MUKPOKOHMPOILEPA U UHINESPUPOBAHHOU KAMEDbI,
0becneuusaiouee pacno3HaABaHe NPOCMeUUx U300padicenull Ha
modyne 3a cuem coOCMEEHHbIX GLIYUCTUMENbHBIX 603MONCHOCTEN - He
\wenee luum; Mooynb mexnuuecko2o 3penus 0oadxcen obecneqyusams
603MOANCHOCTD KOMMYHUKAYUU C AHATOSUYHBIMU MOOYISMU
nocpedcmeom wiuHbl Ha Oase nociedo8amenbHo20 unmepgetica c
yenvio OanbHeliuell nepedayu pe3yibmamos usMepenul 2pynnsl
WModyell Ha ynpasnsiouee GblUCTUMELbHOE YCMPOLCMEO,
NOOKIIOUeHHOe K OAHHOU wiuHe. MoOy1b mexHUuYecKo2o 3peHus 00HCeH
0Oecneuusans 803MONCHOCHb OCYUECIEIISING HACMPOUKY MOOYIS
IMexHUYecKo20 3peHuUst - HaCMPOUKY KCRo3uyuu, baianca 6enozo,
Y8EMOPAZHOCMHBIX COCMABTAIOWUX, NIOWAOU OOHAPYICUBAEMOL
obnacmu uz0bpadicenus, OKpyaiocmu 0OHapyIcusaemoli ooracmu
u300padicenus, noaoNceHue 0OHAPYIHCUBAEMbIX obracmel
omHocumenvHo opye opyea. Mooyib mexHuuecko2o 3peHusi 00MHCeH
0becneuusansd 803MONCHOCHb HACPOUKU HA 0OHOBDEMEHHOE
oOHapyocenue He menee 10 paznuunbvix 0OUHOUHBIX 0OBEKMOE 6
cexmope 0630pa, b0 He MeHee 5 COCMABHBIX 00bEKMO8, COCMOSUUX
U3 He Menee 3 pasnuuHbLX 2paghuuecKux npumumueos. Mooy
IMEeXHUYECK020 3peHuUst Q0ICeH 00a0aAmb 6CMPOEHHbLIMU
unmepgeticamu — USB, UART, 1-wire TTL, I2C, SPI ons
KOMMYHUKAYUU CO BHEWHUMU NOOKTIOYAeMblMU ycmpoticmeamu. 7) B
cocmae Habopa O0NHCHBL 6X00UNb YUDPOEbLe UHPOPMAYUOHHO-
cencopHble MOOYIU, Npedcmagisioujue cobol ycmpoucmea Ha base
NpOSPaAMMUPYEMO20 KOHMPOJIEPA U USMEPUMENLHO20 dIIeMEHMA.
{upposoit modyb dondicer 061a0ams CMPOCHHBIM
MuKpoxonmpoanepom (maxmoeas uacmoma - ne menee 16 MI'y, wuna
Oanubix — He menee 8 Koaiim), unmepgeticamu 0151 NOOKIOUeHUs K
GHEWHUM YCMPOTUCMEAM: Yyudposwvle u anaio2oevie nopmet, 1-wire TTL,
pazvem muna RJ. Llugpposou modyns oondcen obecneuusamo
603MONCHOCTID KOMMYHUKAYUU C AHATOSUYHBIMU MOOYISMU
nocpedcmeom wiuHbl Ha Oase NOCaIe008amMeNbHO20 uHmepgeliica ¢
yenvio OanbHeliuell nepedayu pe3yibmamos UsMepenull 2pynnvl
Modynell Ha ynpasnsiouee GblNUCTUMENbHOE YCMPOUCMEO,
nookaouenHoe Kk 0anHol wune. B cocmas Habopa 00CHO 8X00UMb !
YUDPoBOU MOJYIL MAKMOBOU KHONKU — He MeHee 3um, Yyu@dposotl
Mooynb ceemoouoda — ne menee Jwum, Yu@dpPoBol MooYIbL KOHYEBO20
npepvieameisi — He menee 3um, yu@dposoi Moodyab 0amyuxa yeema —
He menee lwim, yugposoii modyns RGB ceemoouoda — ne menee Iwim.
8) B cocmag Habopa 0012cHbL 6X00UmMb 31eMeHmbl 015t COOPKU
6AKYYMHO20 3aX6aMA:; 6aKYYMHAS NPUCOCKA — He MeHee [uim,
DAEKMPOMASHUMHBLIL KIANAH — He MeHee [uim, 8aKyyMHblil HACOC — He
wmernee luum. 9) B cocmas Habopa 0ondicen 6x00umy yueOnblil
KoMnIeKm, Kouarowull 6 cebs yuebnoe nocobue, Habop budruomex
IMpexmMepHbIX d1eMeHMO8 071 RPOMOMUNUPOSAHUs. MOOeel
MAHURYISIYUOHHBIX POOOMOS, A MAKdCce npospammuoe obecneuenue Os
pabomwi ¢ nabopom. Ilpocpammmuoe obecneyenue O0NIHCHO
0becneuusams mpexmepHyIo 6U3YaAIU3AUUIO MOOEIU MAHUNYISYUOHHO2O
poboma (c yenosoil, niockonapaiieaibHol u 0eibma-KUuHeMamuKkou) 8
npoyecce pabomvl, 0becneyusams HOCMpoeHue NPOCMPAHCMEEHHO
mpaexmopuu 08UNCEHUs UCHOTHUMENbHO20 MEXAHUIMA
WMaAHURYISYUOHHO20 pOOOMA, BO3MONCHOCHIL 3A0AHUSL




1n0CIe008AMENLHOCIIU MOYEK OISl NPOXONCOCHUS YePe3 HUX
UCHOTHUMENbHO20 MEXAHUIMA MAHUNYIAYUOHHO20 pOOOmA.
IIpoepammmoe obecneuenue 00NHCHO PYHKYUOHUPOBAMb, KAK 8
omoenbHOCmU 8 8Ude CPedbl MOOCTUPOBAHUS, MAK U 8 PENCUME
\WMoHUmopuHea 6 peanbHom epemenu npu NOOKIIOYEeHUU MOOeIU
WManunyissmopa nocpeocmseom pobomomexHuuecko20 KOHmpoiepd.
Ipoepammmoe obecneuenue O0INCHO 0becneuusams 03MONCHOCHIb
nocmpoenus 2paghuxos 3a0aHHbIX U MEeKYUUX 0000UeHHbIX KOOPOUHAM
WMAHURYISAYUOHHO20 poboma, 2paghuKoe 3HAUeHUL CKOPOCmel U
Vckopenusi, epapuros pacuemmulx snavenuil Hazpysku. IIpoepammmoe
0becneueHue 00IHCHO NO3BONAMb 3A0A8AMb NOCAEO08AMENbHOCb
nepeosudICenUll MAHUNYIAMOpa NoCpedCcmeom Habopa KOMAaHo 8
bouHo-epaguueckom unmepeiice. Yuebnoe nocobue O0NHCHO
codepoicams Mamepuasl no paspabomke mpexmepHovix mooeneu
MOOUTLHBIX POOOMOE, MAHUNYIAYUOHHBIX POOOMOE C PASTUYHBIMU
munamu KUuHeMamuxy (Veio8as KUHeMamuKd, Ni10CKo-napaiieibtas
kunemamuxa, oervma-xunemamura, SCARA unu pviuasicnas
Kunemamuxa, niamgopma Cmioapma u m.n.), UHCMpPYKYuu no
nPOeKMUpPOBAnUI0 POOOMOS, UHCIPYKYUL U MEMOOUKU OCYUWEeCMEIEHUs
UHIICEHEPHBIX PACYEnO8 NPU NPOEKMUPOSAHUU (PACHembl HAZPY3KU U
MOMeHmOos, pacuem MOWHOCMU NPUBOAOE, pacyem Napamempos
KUHEMAMUKU U M.N.), UHCMPYKYUlU RO pazpabomke Cucmem ynpagieHus
U npocpamMmuo2o obecnedenusi OJis YRpagieHus. poOoomamu,
UHCMPYKYUU U MEMOOUKU HO PA3PAOOMKe CUCEM YRPAGLEHUS. C
beMeHmamu UCKyCCmEeHH020 UHMENIeKMA U MAUUHHO20 00YYeHUsl.

Obpaszosamenshbviil HAOOP No
DIeKMPOHUKeE, DNEKIMPOMEXAHUKE
U MUKPORDOYECCOPHOU MeXHUKe

\Habop oonoicer 6bimb npedHasHayeH 0isi NPO8eOeHUs y4eOHbIX
BaHAMuUL NO U3YUEHUIO OCHO8 MEXAMPOHUKU U POOOTNOMEXHUK,
NPAKMU1ecKo20 npuUMeHenust 6a308biX INEMEHMO8 INEKMPOHUKU U
CXeMomexHuKu, a maxoice Haubonee pacnpoCmpaHeHHOt NEMEeHMHOT
0a3bl U OCHOBHBIX MEXHUYECKUX PeUeHUll, NPUMEHSIEMbIX IPU
NpPOEeKMuUpo8aHUU U NPOMOMUNUPOBAHUU PASTUYHBIX UHIHCEHEPHDIX,
KubepHemuuecKux u ecmpaugaemvix cucmem. B cocmas nabopa
00CHBL BXOO0UMb KOMIJIEKMYIOWUe U Yycmpoucmed, obnadarouue
KOHCIPYKMUGHO, dJIeKMPUYECKOlU, annapamHol u RpocpamMmHOU
coemecmumocmolo Opye ¢ opyeom. B cocmas nabopa 0ondicer 6xo0umo
KOMNAEKM KOHCMPYKMUBHBIX 2NeMEHMO8 U3 Memaiia 0is cOopKu
\WMakema MaHURYIAYUOHHO20 pOOOMA U KOMNJEKM MEeMAIIUYecKUx
KOHCTNDYKMUBHBIX 2IEMEHMO8 OJist COOPKU MAKemMd MOOUTLHO2O
poboma. B cocmas Habopa 001CHbL 8X00UMb NPUBOOA PATULHOZO
muna: Momopwvl ¢ UHMeZPUPOBAHHBIM UTU BHEUHUM OAINYUKOM
n010JICeHUsl — He MeHee 2uim, cep8onpusod O6oabuol — He MeHee 4um,
cep8onpusoo manviii — e Menee 2uim, nPpUBoO C 803MONCHOCMBIO
ynpaenenus 6 wiazosom pexcume — He menee 2uum. B cocmas nabopa
00ICHBL 6XO0UMb dTIeMeHMbl OJisk COOPKU 8AKYYMHO20 3AX6AMA:
6AKYYMHAS NPUCOCKA — He MeHee um, 371eKmpoMAacHUmHbII KIANnaH —
He menee lwm, eakyymuvlil Hacoc — He menee lwim. B cocmas nabopa
00CHA 6X00UMDb dNleMeHmMHAs 0a3a O/ NPOMOMURUPOBAHUSL: NAAMA
0711 becnaeunoeo NPOMOMUNUPOBAHUSL, KOMIIEKI NPOBOO08
paziuuno2o muna u OnuHbl, KOMIIEKM PE3UCTNOPO8, KOMIIEKNM
c6emoou0008, cemuceemenmuulil uHouxamop, oucniei JKK-muna,
KHONKU — He MeHee Suim, nomeHyuomempuvl — He MeHee 3um,
UHDPAKPACHBLI 0aMYUK - He MeHee Juim, YIbMmpPa3eyKoeol Oamuux - He
Wmenee 3um, damuux memnepamypul - e menee luim, damuux
oceeweHnocmu - He menee lum, mooyne Bluetooth — ne menee lwim,
wmooyne UK-npuemnuka — ne menee lum, mooynos UK-nepedamuuxa 6
6UO0e KHONOYHO20 NYLbMa YNpaeieHus — luim, akKkymyasimop — He MeHee
[wm, 3apsioHoe ycmpoticmeo — He menee lwm. B cocmas nabopa
002HCEH 8X00UMb MYTLMUOAMYUK OJis USMEPEHUS. IEMNEPAMmYPbl U
sradcHOCMuU OKpyJicaroweli cpedvl — ne menee lwm. Mynvmuoamyux
0o11cer 061a0amv 6CMPOEHHbIM MUKPOKOHMPOLLIEPOM (MAKMOBAs
uacmoma - He menee 16 MI'y, wuna oannvix — ne menee 8 Koaiim),
unmepgeticamu 051 NOOKTOYEHUSA K GHEUHUM YCMPOUCMEAM.:
yugposvie u ananozogvie nopmot, 1-wire TTL, pazvem muna RJ. B
cocmag Habopa 0012ceH BX00UMb KOMNIEKM YHUBEPCATbHBIX
BHIYUCTUMETLHBIX MOOYel, NPedCMAsaaIouuUx cooot 6a308yio niamy,
naamy pacuupenus Ois cemegozo 3auUMo0eucmseus U Naamy
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NOOKIIOYeHUs CUNOBOTL Ha2py3KU. Bxodsuue 6 komniexm ycmpoticmea
0021CHBL 001A0aMb 0OHOBPEMEHHOU KOHCIMPYKMUBHO,
DAEKMPUYEcKoll, annapamHoll U nPOSPaAMMHOL COBMECMUMOCIbIO OpY2
c Opyeom. Bazosas niama yHueepcanbHO20 bIYUCIUMENbHO20 MOOYIIS
00121CHA NPeOCMAaBNAms COO0U NPOSPAMMUPYEMblll KOHMPOILTIED 8
cpede Arduino IDE unu ananocuuhnsix c600600HO pacnpocmpaHsemvix
cpedax paspabomxu. bazoseas niama dondcrna obradams 6cmpoeHHbIMU
unmepgeticamu 015 NOOKIIOYeHUs YUPPOBLIX U AHANO208bIX
yempoticma, scmpoenuvimu unmepgpeticamu USB, UART, 12C, SPI, -
wire TTL, Bluetooth, WiFi. Ilnama pacuupenus 001#cHA
0becneuusams 803MONCHOCHb NOOKIIOYEHUS. YHUBEPCATIbHOZ0
BHIUUCIUMENILHO20 MOOYIIA K cemu nocpedcmeom unmepgetica Ethernet.
[ Inama pacuuperus 00xHCHA 061a0ams NOPMAamu 6600a-6bl800a OJis
NOOKIIOUEeHUS. YUPDPOBBIX U AHAN0206bIX ycmpoticms, unmepgetic SPI u
BO3MOJICHOCTBIO NOOKTIOYEHUs 6HeulHel kapmul namsimu. [lnama
pacwupenust 0t ROOKIIOUEHUsL CUNOBOU HAZPY3KU OONICHA
0becneuusams 803MONCHOCMb NPSMO20 NOOKTIOYEHUSI 6HEUWHEU CUT0BOU
Hazpy3Ku, a maxoice pe2yaupyemou Hazpysxku nocpeocmeom PWM
unmepgeiica. B cocmas nabopa oondicen 6xo0ums npocpammupyemvlii
KOHmMPOILep, 00eCneuusauwull B03MONCHOCHb OCYUeCMEIISING
pazpabomxy npocpamMmHo20 K00d, UCHONb3YSI UHCMPYMEHMAapUll cpeo
paspabomxu Arduino IDE u Mongoose OS u s1361k08
npoepammuposanus C\C++, JavaScript. [Ipocpammupyemblii
KOHMpOJLIep 00ceH 0bradams nopmamu 0Jisk HOOKIIOYeHUs YUPposblx
U AHATO208bIX YCMPOUCME, BCIPOECHHBIMU NPOSPAMMUPY EMbIMU
KHONKAMU U JIeKMPOMEXAHUYECKUMU MOOYAAMU 0I5l OP2AHU3AYUU
cuCmeMbl pYUHO20 YRPAGICHUS, 6CIPOEHHBIMU NPOSPAMMUPYEMBLMU
c6emoouodamu Oist UHOUKAYUY paboyezo pexicumd, 6CmpoeHHbIMU
unmepdgpeticamu USB, USART, 12C, SPI, 1-wire TTL, ISP, Ethernet,
Bluetooth, WiFi. B cocmag Habopa 00axiceH 6x00ums MoOy.b
IMEXHUYECK020 3PeHUst , NPeOCMABIIOWUL OO0 GbIMUCIUMETbHOE
VCmpoticmeo co 6CmpoeHHbIM MUKPORPOYECCOPOM (KOL-60 510ep - He
mernee 4uum, uacmoma saopa ne menee 1.2 I'Ty, ob6vem O3V - e menee
512M6, ob6vem ecmpoennou namsamu - we menee 816),
UHMeSPUPOBAHHOT KAMEPOU (MAKCUMATIbHOE PA3PeueHUe
sudeonomoxa, nepedasaemozo no unmepgeticy USB - ne menee
2592x1944 e0.) u onmuuecxoti cucmemoui. Mooyib mexuuyeckozo
Bpenus dondcen 0061a0ams COBMECMUMOCIbIO C PA3TUYHBIMU
NpoSpamMmMupyemMbiMy KOHMpOLIepamMU ¢ HOMOwbIo unmepgeticog - 1-
wire TTL, UART, I12C, SPI, Ethernet. Mooyib mexuuueckozo 3penus
Oondicen obecneyusams bINOIHEHUE 8CeX UBMEPEHUN U BbIUUCTEHUL
nOCPeOCmEoM COOCMBEHHBIX BLIYUCIUMENLHBIX 603MONCHOCHET
6Cmpoenno2o Mukponpoyeccopa. Mooyib mexHuuecko2o 3peHust
Doicer 061a0amb 803MONCHOCHBIO KOMMYHUKAYUU C AHALOSULHBIMU
WMOOYIAMU ROCPEOCBOM UUHBL HA 6a3e NOC1ed08AmMeNbHO20
unmepgeiica ¢ yeavio OanvbHelulell nepedayu pe3yIbmamos usmMepeHul
epynnel MOOyR€ll Ha YRPasIsouiee 8bIYUCIUMENbHOE YCIMPOUCME0,
nookatouennoe Kk 0annou wiune. Mooynb mexHuueckoeo 3penust O0ICeH
obecneuusamov HACMPOUKU PEACUMOB PAOOMbl - HACMPOUKY
brcnozuyuu, baranca 6en020, YGEMOPA3HOCMHBIX COCMAGISIOUUX,
niowaou ooHapyicusaemol 06aacmu U300paANCceHUs, OKPY2IoCmu
oOHapycusaemon ooracmu u300padcenuss, NOI0NHCeHUe
0OHapydcugaemvlx obracmell OMHOCUMENbHO Opye Opyad, MAUWUHHOE
0Oyuenue napamempos HeUpPOHHbIX cemell OJisk OOHAPYHCEHUsL
00beKmos, ghopmy u 3aK00UPOBAHHbIE 3HAUEHUS OOHAPYIHCUBACMBIX
mapkepos muna Aruco, pazmepvl 0OHAPYHCUBAEMBIX OKPYICHOCIET,
K6aOPAmMos u mpey201bHUK08, NApamempos KOHMpacmHocmi,
pazmepos, KpususHsl U NOIONHCEHUs: pacho3nasaemvix aunul. Habop
Dondtcen obecneyusams 803MOHCHOCTNG PA3PAOOMKYU MOOeIU
WmoburbHo2o poboma, ynpasisiemotl ¢ FPV-pescume nocpedcmeom
npocpammno2o obecnedenust OJist NePCOHANLHO20 KOMNbIOMePa U
mobunbhvix yempoticme na b6aze OC Android unu 108,
0becnenusaloueco 03MONCHOCIb YNPAGLEHUSI MOOUTbHBIM POOOMOM U
6CTPOEHHBIM MAHUNYISIMOPOM NOCPEOCHIBOM 2PAPUYEcKO20
unmepdetica, 6KmOHAIOWUM 8 cebsi HaDOPp KHONOK U nepexayamernct,
Ooicoticmux, obaacme a5 omobpadicenust sudeo. Habop dondicen




0becneuusams B03MONCHOCMb U3YYEHUSI OCHO8 PA3pabomKu
NPOCPAMMHBIX U ANNAPATNHBIX KOMNIEKCO8 UHNCEHEPHBIX CUCTIEM,
pewenuil 6 cgpepe ""Hnumeprem eewert"", a maxoice pewienuii 6
obacmu poOOMOmMexHUKU, UCKYCCMEEHHO20 UHMELNEKMA U MAWUHHO20
0Oyuenus. B cocmas nabopa 0012CHO 8X00Uumb nocobue no U3YYeHUIO
0CHOB 2IeKMPOHUKU U CXeMOMeXHUKU, peutenutl ¢ cpepe ""Hnmepnem
eewei"", paspabomxu u npomomunupoganuio mooeneti pobomos. B
cocmae HAOOPa OONAHCHO 8XO0UMb NOCODUE NO U3YUEHUIO OCHO8
pazpabomku cucmem mexHu4ecKko20 3peHust U INEMeHMos

UCKYCCMBEHHO20 UHmMeJllleKma.

ObpazosamenvHulil HAOOP NO
lMexaHuKe, MexampoHuke u
[pobomomexruke

Obpazosamenvhblii HADOP 00HCEH ObIMb NPEOHA3HAYEH 01 U3YYeHUs
\exanuku, mexamporuku u pobomomexuuxu. ObpasosamenbHbili HAOOP
npeonaszuauer 0 paspabomki npocpamMMUpyemsix mooenell
lMexamponubix cucmem u MOOUTLHBIX POOOMOS, OCHAWEHHbIX
paznuyHLIMU MAHUNYTAYUOHHBIMU U 3AX6AMHbIMU Ycmpoticmeamu. B
cocmag Habopa O0NINCHO 6XOOUND. KOMNIEKM KOHCMPYKIMUGHbIX
DIEeMEHMO8 U3 MEMALIA, KOMIIAEKN KPENENCHBIX DNEMEHMO8, KOMNIEKM
0151 COOPKU 3AX8AMHO20 YCmpoUucmea — He Menee 1 wim., koneca ¢
npopesuHeHHbIM 00000M — He MeHee 2 wm., KOleca 6CeHanpasileHHo20
08udICe s -He MeHee 2 wim., NPUB0O NOCMOAHHO20 MOKA C
UHMEe2PUPOBAHHOL CUCTNEMOT YNpAsieHUs, obecneuusaoujeti
0OpamMHYIO C853b NOLOANCEHUIO, CKOPOCMU U HAZPY3Ke - He MeHee 4 wim.,
Oamuux TuHuY - He MeHee 3 wm., OamYUK paccmosiHus — He meree |
wim., akKymynamopHas bamapes — ne mernee 1 wim., 3apsoHoe
yempoticmeo — He menee 1 wm. B cocmae nabopa 0ondicen 6xooumao
npocpammupyemviti KOHMpoiiep, 06ecneuu8aroujull 603MOHCHOCHb
ocywecmenams pazpabomyy npocpamMmMHO20 K0Od, UCHOb3YS
uncmpymenmapuii cped paspabomxu Arduino IDE. Ilpoepammupyemviti
KOHMPOILTEP 00NANCEH 0DeCneuus8ams annapammuyio U npoepamMmmyio
cO8MECMUMOCb ¢ INeMeHmHOU 6a30t, 6xo0awell 8 cocmas Habopa.

[ Ipoecpammupyemulii KOHMPOJLIEP O0NAHCEH COOePIAHCAMb CAeOYIoujUe
unmepgeiicol: yugposvie u ananoeogvle nopmul — He menee 50wm,
USB, USART, I12C, SPI, ISP, Bluetooth, WiFi. IIpoepammupyemviii
KOHMPOJLIEP O0NAHCEH CoO0eprcamyb unmep@etic (018 ROOKIOUeHUs.
NpuU80008 U OAMUUKO8 pOOOMOMEXHUYeCKo20 Habopa), peanu308aHHbll
Ha Oase wunvl RS-485 — ne menee 12wm. Ipoepammupyemvlii
KOHmMPOJLIEep O0NIICEH COOepIHCAmb CUNOBOU NOPM O/ HOOKIIOUEHUs.
GHeW el HasPY3KU UIU MOMOPOos8 — He MeHee 2wum. B cocmae nabopa
001CeH 8X00UMb MOOYIb MEXHUYECKO20 3peHUs. — He MeHee lum.
Modynb mexnuuecko2o 3penust O0ACEH 00eCneyusams 603MONCHOCTIb
KOMMYHUKAYUY C AHATIOZUYHBIMU MOOYISIMU HOCPEOCMBOM WUHbL HA
6aze nociedosamenvHo2o unmepgetica ¢ yeavio darvHeliuel nepedaiu
pe3ynbmamos usmeperuil 2pynnvl MOOyiell Ha Ynpasiauee
BLIUUCIUMENIbHOE YCMPOLUCMB0, NOOKIIOYEHHOE K 0aHHOU wuHe. Mooy
MexXHUYecK020 3peHust 00NHCEH 00eCneyU8amy 603MONCHOCHb
oOCyUecCmenams HacCmpouKy MOOYJIsi MEeXHUYECKO20 3DEeHUs. - HACMPOUKY
brCcnozuyuu, 6aranca 6enoeo, YemopasHOCMHBIX COCMABIAIOUWUX,
nowadu 0o6Hapy’cu8aemol 0bacmu U300pPadcerus, OKpPYy2ioCcmu
oOHapycusaemon ooracmu u306padcenuss, NOI0NHCEHUe
0OHapycusaemMubix obracmel OMHOCUMENbHO Opye opyea. Moodyrb
MexHUYecK020 3peHus 00xHceH 0becneuu8ams 603MOHCHOCHIb
HACMPOUKU HA 00HOBPeMeHHoe 0OHapycenue He menee 10 paziuunvix
0OUHOUHBIX 0OBEKMO08 8 ceKmope 0030pa, b0 He MeHee 5 COCNABHBIX
00beKmos, cocmosuux u3 He Menee 3 pasiuyHbIX epaguyeckKux
npumumueos. Modynb mexHuueckoeo 3peHus 00diceH 001a0ams
ecmpoennvimu unmepgevicamu — USB, UART, 1-wire TTL, 12C, SPI 0na
KOMMYHUKAYUU CO BHEUWUHUMU NOOKIOUAEMbIMU YCIPOUCMEAMU.
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ObOpaszosamenvhblil KOHCMPYKMOP
C KOMNIEKMOM OamuuKo8

Obpazosamenvhvlii HADOP 00ICEH ObIMb NPEOHAZHAYEH O/ U3YYEeHUs.
0CHO8 Pa3pabomK RPOSPAMMUPYEMBIX MOOeNel AGMOHOMHbIX
WMobunbHbIX pobomMos. B cocmas nabopa 0ondicHo 6xo0ums: KOMAAEKM
KOHCMPYKMUBHBIX DNEMEHMO8 U3 NIACTUKA, UHCTPYMEHM 015 pabombl
C KDENexNCHbIMU KOMROHEHMAMU, CEPEONPUBOO C BCMPOEHHOU
cucmemotl ynpaeienusl, obecneuusaroujeli 0Opammylo césa3b
NONI0JNCEHUI0, CKOPOCU U HAZPY3Ke - He MeHee 4 wim., ny1bm
ynpasienus — ne menee lwm, damuux kacanus — He menee 1 wm.,
Oamuux yeema — ne menee luim, Oamuux MaKkmMuibHO-CEHCOPHbLIL CO
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C6emMOOUOOHBIM MOOYTIeM — He MeHee 1 wm., Kamepa ¢ 803MOHNCHOCMbIO
00HOBPEMEHHO20 ONpedeneHUs HECKONbKUX 18emos — He Menee 1 wim.,
akKymynamopuasn bamapes — ne menee 1 wm. B cocmae nabopa
00121CEH 8X00UMb POOOMOMEXHUYEeCK ULl KOHmpPOLep — He Menee [uwim.
\Pobomomexnuyeckuti KOHmMpoaiep 00JdHceH 061a0ams 6CMpPOEeHHbIM
yeemmvim KK dKpanom u 6cmpoenHbimM UHEPYUOHHBIM OAMYUKOM.
\Pobomomexnuueckuti KOHMpoJiep 00dceH umems He menee 12
nopmog 071 NOOKNIOUEeHUS GHEUWHUX YCMPOUCME U NOpM OJiA YCIMAHOBKU
Kapmel namamu. B cocmas nabopa 0ondcer 6xo0umeo
npozpammupyemslii KoHmpoianep — He menee 1 wm. [Ipoepammupyemviti
KOHMPOJLIEp 00NAHCEH NPEOCmAasisimy COO0U YCMpPOUCME0,
o0becneuugaroujee 603MOHCHOCHb OCYIECMBIAMb PA3PAOOMKY
NpoCpamMmMHO20 K0OA, UCNONb3YS UHCIPYMENMaputi cped paspabomKu
Arduino IDE. IIpoepammupyemolii Konmpoaiep 00Jicen obecneuusams
Annapammyio u NPOPAMMHYIO COBMECMUMOCTMb C dNeMEHMHOU Oa301,
6xoo0swell 6 cocmas Habopa. [Ipoepammupyemviii KOHMPOLIEDP QONIHCEH
coOdepoicams credyowue unmeppeicsl. yu@dposvie u AHAI0208ble
nopmut — ne menee 50wm, USB, USART, 12C, SPI, ISP, Bluetooth,
WiFi. IIpoepammupyemvlii KOHMPOIEP OOIHCEH COOEPIHCANb
unmepgelic 01 NOOKAIOYEHUsL NPUBOOO08 U OAMUUKO8
0bomomexnu1ecko2o Habopa— He menee 12 wm.

HaunmenoBanue

HanpasJienusi: '"Texnonozuueckas nanpasiennocmo. BUO"

HanmenoBaHme pasmena:
1"TexHomornueckas
HanpasyieHHOCTh. BI1O"

Cnexmpoghomomemp

[ IpeonasHauen 015 onpedeneHus ONMUYecKoll nIOMHOCMIL,
KO3 DuYyLUEeHMO8 NPONYCKAHUA U KOHYEHMPAYUU PASHOOOPASHBIX
pacmsopos
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\Ananumuyeckue eecol

HpedHa:?Ha'—teHbl 07151 MOYHBIX u3M€p€Hu12 maccenvl, no360Jis1iom
KOHmMpoJaupoeanib U3SMEHEHUS MACCbl C MOYHOCMbIO 0,1 Me.
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Yuebno-uccneoosamenvcas
\labopamopust buocuenanos u
HelipomexHono2uti

B cocmas exoosam. Cencop Tun 1 ne menee 1 wim., obecnewusaem
603MOIICHOCTD PESUCMPAYULU CUSHATIA INEKMPUYECKOU AKMUBHOCTHU
Wty (anekmpomuocpammot, IMT). Pecucmpayus 001xcha
OCYWecmensemcs HeUH8A3UBHO, CYXUMU DNIEKMPOOAMU.
IBO3MOJICHOCHbIO KpenieHus K pyKe Yello8eKd, Ymo 00INCHO 0d8amb
603MOCHOCHIb Pe2UCMpUpPO8amy NeKMPULECKYI0 AKMUSHOCHU
WMbluiybl 6 0bnacmu, Had Komopou pacnoaazaemcs kpennenue. Ilpu
HanpsiceHuu Mbludlybl OO0NINHCHA ObIMb 00ecneyena 603MONHCHOCHb
HaO00enus nyunocmu cueHana (m.e. npucymemeue IMI), npu
paccnabnenuu moiuyol - ee omcymcemesue. Cencop Tun 2 ne menee |
wim., obecneuusaem 603MONCHOCHb PEUCMPAYUL CUSHATA
domonnemusmozpammel (DIII) onmuyeckum nymem, 3a cuem
UBMEHEHUSL OMPAINCEHHO20 0N KPOBEHOCHBIX COCYO08 céemd, 00bem
KOMOPBIX UMEHAeMCst H0O 8030elicmaueM nyibcosotl goatvl. Cerncop
Dondicer Obimb 0becneuer 603MONCHOCIbIO KpenieHus K nodyueyke
nanvya uenogexa. Cencop Tun 3 ne menee 1 wm., obecneuusaem
603MOJICHOCIb: pecucmpayuu cueHaa dnekmpoxapouozpavmol (OKT)
He uneasuguviM cnocobom; peeucmpayuu I, I u Il omeedenuii;
NOOKIIOUEHUS 2IeKMPOO08 K CEHCOPY € NOMOUWBIO COCOUHUMEIbHBIX
npo6o00s, obopydosannvix TouchProof pazvemamu. Cencop Tun 4 ne
Wenee 1 wm. obecneuusaem 603MONCHOCMb. PESUCPAYUY CUSHATA
KooicHo-eanveanuyeckou peaxyuu (KI'P), pecucmpayus komopoeo
ocywecmeansaemcs Ha NOCMOSIHHOM MOKe; NOOKNIOYEHUs. K Mey
UeNI08eKA ¢ NOMOUWBIO CYXUX DNEKMPOO08, NOOKIIOUEHUE KOMOPIX K
cencopy ocywecmensiemcsi ¢ homowgvio TouchProof pasvemos. Cencop
Tun 5 ne menee 1 wm., obecneyusaem 603MONCHOCb. PE2UCMPAYUU
cuenana snekmpudeckol akmugnocmu mosea (D31I) ¢ nomowpio cyxux
HEeUHBAUBHBIX INEKMPOO08, PESUCPAYUU INEKMPULECKOU
AKMUBHOCTNU PA3HBIX 0JIel MO32d; NOOKNIOYEHUs DNIEKMPOO08 K
CEHCOPY C NOMOWBIO COCOUHUMENLHBIX NPOBOA0E, 0O0PYOOBAHHBIX
TouchProof pasvemamu; 3aKpenienus 51eKkmpo0os Ha NOGEPXHOCMU
eonosul. Cencop Tun 6 ne menee 1 wim., obecnequgaem 03MOHCHOCHID!
pecucmpayuu cuenana konebanus epyorou kiemku (Cencop ovixanus);
onpeodenenus wacmomul ObIXaHUsl. Ycmpoucmeo ons coopa OaHHbIX Om
ceHcopos u nepedayu Ha NEPCoHANbHbIN KOMNblomep obecneyusaem
603MOXCHOCIb COOPA OAHHBIX OM NOOKTIOUEHHBIX K HEMY CeHCOPO8 U
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omnpasky nonyuennvix oannwix Ha IIK. [looxnouenue yenmpanbno2o
wmooyns k IIK ¢ nomowwro USB-kabens. [lenmpanvusiti MOOyis umeem
e menee 1 wim, . eanveanuyeckyo uzonsayuro om IIK. [lenmpanvuoiii
M0y 0becneuusaem 603MONCHOCHb OOHOBPEMEHHO20 NOOKMIOYEHUS.
eniomo 00 4 cencopos. Kasucowlii uz 6xo0006 Llenmpanoho2o mooyis
UMeem 2anb8AHUYECKYIO U30NAYUIO (0Decneyenue MeNCKAHATbHOU
eanveanuyeckoii uzonayuu). Iookmouenue cencopos k L{enmpanvnomy
MOOYII0 OCYyuecmeIsiemcs ¢ ROMOWbLIO CREYUATUSUPOBAHHBIX PA3HEMOE
muna LEMO, obecneuusaiowux npaguibHOCMb NOOKIIOYEHUS PA3bEMd
U CHUIICAIOWUX PUCK CTIVYATIHO2O KACAHUSL PA3ZHEMO8 MOKONPOBOOSUYUX
uacmeti, a makdice 00eCne UBAIOUUX 3AUUNY OM
HeCanKYyuOHUPOBAHHO20 NOOKIIOYEHUS K NPOU3BOTIbHBIM YCIMPOUCMEAM.
Mooyne «Knonka» ne menee 1 wm., obecneyusaem 603MONCHOCHb.
pazmemxu pecucmpupyemuvix CUsHAI08 U ommeyams He menee 3-x
paziuunbix Kamezopuu cocmosHull.  Ycempoticmeo, éxoosaujee 6 cocmas
lnabopamopuu, 00IACHO 0becneuusams 603MOAICHOCNG PeCUCMPayuu
apmepuanbHo2o d0asieHusl.

HaumenoBanue nanpasiieHusi: ""Komnviomepnoe u npezenmayuonnoe ooopyoosanue’’

HaumeHnoBanue paznena:
l"KOMHLIOTepHOG u
[IPE3EHTAllHOHHOE
oOopynoBanue"

HHmepaKmueHbllZ KoMmnjiekc ¢
ebLuUCIUMETbHBIM OOKOM U
MoOUILHBIM KpenjieHuem

HnmepaxkmueHbvliil KOMNIEKC C GbIYUCTUTNENbHBIM OJIOKOM U MOOUTbHbIM
KpenieHuem O0JIdHCeH COOMBEMCmMBE08ams CledyIouUM MexHUYeCKUM
mpebosanuam: Pasmep ouaconanu: ne menee 74 owiimos, Paspewenue
bxpana no eopuzonmanu: ne menee 3000 nuxceneii: Paspewenue
brpana no eepmuxanu: e menee 2100 nuxcenei,; Iloodepoicka
paspewenus 3840x2160 nukceneii (npu 60 ['y): 0a; Haruyue
6cmpoennol akycmuueckol cucmemsl: oa, Konuuecmeo moyex
Kkacanus: ne menee 20; Boicoma cpabamvleanus cencopa om
nogepxnocmu dkpana: ne bonee 3 murrumempos; Bpems omxauxa
cencopa kacanusi: He boaee 10 munnucexyno; Bempoennvie ghynxyuu
pacnosnasanusn obvekmos kacanus: oa, Konuuecmeo
n000epIHCUBAEMBIX CIUTLYCO8 OOHOBPEMEHHO: He MeHee 2,
\BozmooicHocms nookmouenus k cemu Ethernet npogoousim cnocobom:
0a,; Boszmoocnocms nookmouenus k cemu Ethernet 6ecnpogoousim
cnocobom (Wi-Fi): 0a; Boamoscnocms ucnonb308anus 1a00HU 6
Kauecmee uHcmpymenma cmupanus: oa;, Haruuue unmeepuposantoco
Oamuuka oceeujeHnocmu OJis A8MOMAMUYECKOU KOPPEKYUuL APKOCMU
nooceemxu: oa;, Haruuue gynxyuu 6ecnposoonoti nepedauu
usobpasicenust ¢ ycmpoticms na 6aze OC Windows: oa; Haruuue
dyHkyuu 6ecnpo8ooHoll nepedayu u306paxicerHus ¢ ycmpoucme Ha oase
OC MacOS: oa; Haruuue gynxyuu 6ecnposoonoil nepedayu
uzobpasicenus ¢ yempoticma na 6aze OC iOS: oa, Hanuuue gpynkyuu
0ecnposoonol nepedauu uzoopaicenus ¢ ycmpoticms na 6aze OC
Android: da; Bosmoocnocms yoaneHHO20 ynpagieHusi U MOHUMOPUHEA.!
O0a; Hanuuue kpennenus 6 komniekme: oa, Hanuuue cnoma na xopnyce
0J15 YCMAaHOBKU OONONIHUMENbHO20 GbIYUCTUMENbHO20 OI0KA. 0d;
Maxcumanvhviti no0Oepacusaemvill 00bem OnepamueHOU NAMAMU
0ONOTHUMENbHO20 BbIYUCIUMENbHO20 ONI0Ka: He menee 8 [0,
IMaxcumanvuslii n00OepacuUsaemvlii 06vem HaKonumens
00NOTHUMENbHO20 BbIYUCIUMENbHO20 ONIoKa: He menee 128 [6;, Paszvem
015 NOOKNIIOYeHUS OONOIHUMENbHO20 8bINUCIUMENbHO20 OI0KA C
KOHMAaKmMamu 21eKmponumanust GbIYUCIUMENbHO20 OII0KA om
6CMPOEnH020 O10KA NUMANUSL UHMEPAKIMUBHO20 KOMNILEKCA U
Konmaxmamu 0 ROOKIO4eHUs yugposozo sudeocuenana u USB oas
NOOKIIOUeHUs. CeHcopa Kacanus: nanuyue, [Ipoussooumenbnocme
npoyeccopa 00NOIHUMENLHO2O 8bIYUCTUMENbHO20 OI0KA (3HAUeHUe
noxazamens « CPU Mark» no mecmy «Desktop CPU Perfomancey
https://www.cpubenchmark.net/desktop.html unu no mecmy «Laptop &
\Portable CPU Performance»
https.//www.cpubenchmark.net/laptop.html): ne menee 7000 eounuy;
\Paspewenue Ha 8blxo0e Udeoadanmepa Gbl4UCIUMENbHO20 OI0KA NPU
pabome ¢ unmepaxmusHviM Komniekcom. ne menee 3840 x 2160
nuxceneti npu 60 'y, Hanuuue y 00noaHumenbHo20 8bl4UCIUMENbHO20
b10ka becnposoonozo modyas Wi-Fi ne nusce 802.11a/b/g/n/ac;
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Maxcumanvhulil yposens uiyma npu pabome 0ONOIHUMENbHO20
eviuucIumenvHo2o onoka: He bonee 30 0bA; Hanuyue 6 komniexme
MOOUILHO2O MEMANTUYECKO20 KPENneHUsl, 00ecneuuaowezo
BO3MOJICHOCTD HANONLHOU YCINAHOBKU UHMEPAKIMUBHO20 KOMNILEKCA, C
nepeosUdNCHON KOIECHOU 6a30U U 603MONCHOCMbIO (DUKCayuu Kouec Ois
UCKTIOYeHUsI HeNPOU380IbHO20 Osudicenus,; IIpedycmarnosnennas
onepayuonnas cucmema ¢ 2paQuyeckuM noIb308AMeENbCKUM
unmepdheticom, obecneuugaiowds pabomy pacnpoCcmpaHeHHbIX
06paz0samenbHbIX U 0OUeCUCEMHBIX NPUTONCEHUIL: Haauyue,
DynKyus 2paghuuecko2o KOMMEHMUPOBAHUS NOBEPX NPOU3BOILHO20
u300padicenus, 6 MOM 4ucie om Guauiecku HOOKIOUEHHO20 UCHOYHUKA
suoeocucHana: namuyue; Hnmezpuposaniulii @ NOJIb308AMENbCKULL
unmepgeiic QYHKYUOHaL npocmompa u pabomsi ¢ Qauiam OCHOGHbIX
dopmamoe ¢ USB- nakonumeneii unu cemegozo cepgepa: Haaudue;
Hnmezpuposannvle cpedcmaa, obecnewugaiowue ciedyrouull
DYHKYUOHAN: — CO30aHUE MHOZOCIMPAHUYHBIX YHEOHbIX 3AHAMUL C
UCHONb30BAHUEM MEOUAKOHMEHMA PA3TUYHBIX (hOpMAmMOo8, — co30aHue
Haonucetl u KOMMEHMAapues NOBEPX 3anyWeHHbIX NPULONCEHUL, —
pacnosznasanue ghueyp u pyKonucrno2o mexcma (pyccKkutl, AH2IUNCKULL
S13bIKU), — HATUYUE UHCIPYMEHMO8 PUCOBAHUS 2e0MEeMPULECKUX husyp
u auHuil. Bempoennvie Qynkyuu: — 2enepamop CiyuaiuHblx yucen, —
KATBKYIAMOP, — IKPAHHASL KIAGUAMYPA, — Maumep, — pedaKmop
\mamemamuueckux popmyn. NeKmpoHHble MAMEeMAMU4ecKue
UHCIPYMEHMbL: — YUPKYIIb, — Y2OJLbHUK, — JUHEUKd, —
mpancnopmup. Pescum «6enoti 00CKu» ¢ 603MOACHOCIBIO CO30AHUSA
Bamemox, pucosanus, pabomsi ¢ MabIUYaAMU U epapuramu. Hanuyue.
HUmnopm ¢haiinos popmamos: PDF, PPT, PPTX

Dnunuapm

\Pasmep paboueti obnacmu: ne menee 700x1000 mm

uim
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Teneoicka 0ns 3apA0KU U Xpauerus
HOYymMOyK08

mun Kopnyca: Memai,; 603MOHCHOCHb 6E30NACHO20 3AUUUEHHO20
BaMKOM Xpanenus HOymoyKog: Hanuuue; 603MOHCHOCTb 3aPAOKU
HOYMOYK08: HAUUUE, NOOOEPIHCKA HOYMOYKO8 N.1.; Hanuyue poymepa
Wi-Fi cmanoapma 802.11n umu cogpemennee: 1 wim. noodepaicka
HOYymOyKog n.1; konuuecmeo Hoymoykos: om 15 wimyk, noodepaicka
Hoymoykoe n.1; Hanpsisicenue numanusi: 220B\50I'y; Ilompebnsemas
WmowrHocms, Bm (maxcumym): 2500, [lompebasiemvlit mox, A
(makcumym): 12; [Jnuna wnypa snekmponumanus: om 2,5 mempa,
Bawuma om nepenanpsaicenus, KOPOMKO20 3aMbIKAHUA. HATUYUE,
[Koneca ons nepedsudicenus ¢ mopmo30M: Haruyue.

2.00

MDY mun 2

un ycmpoticmea: Muozogynkyuonansrnoe ycmpoucmeo (M®@Y);

[ [eemnocmb neyamn: ygemuas, DPopmam nevyamu: ne menee A4; Tun
CKAHUPOBANUSL: RPOMSICHbIU/NAaHWemHbI, Bozmooicnocmo
ckanuposanus 6 popmamax: ne menee A4; Cnocob nookuouenus:
LAN, Wi-Fi, USB.

uim
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MDY mun 1

Tun ycmpoiicmea: Muozeogyuxyuonanohoe ycmpoucmeo (M®DY);
[[eemnocms neuamn: yepno-denas; Texnonozus neyamu:
baexmpozepaguueckas (nasepras, céemoouoonas);, Popmam nevamu:
He menee A4; Tun cKaHUPOBAHUSL: RPOMSAICHBIU/NIAHULETNHDLU,
Bozmoorcnocmy ckanuposanust 6 popmamax: ne menee A4; Cnocob

nooxnouenus: LAN, Wi-Fi, USB

UL
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\Hoymoyxk

Dopm-gakmop. HoymOyk, Pazmep ouazonanu: ne menee 15.6 0wtimos;
\Paspewenue sxpana: Full HD, Quad HD unu Ultra HD; Obwuii 06vem
yCmanosnenHoll onepamugHoll namamu: He mernee 8 I oaium,
Maxcumanvusiii 06uuLl n0O0epICUBAEMbIIL 00bEM ONEPAMUBHOL
namamu: ne menee 16 I'oaiim; Obvem SSD naxonumens: ne menee 240
[ '0aum,; Becnposoonas ceazv: Wi-Fi; Koauuecmgo ecmpoenHvlx 8
kopnyc nopmos USB: ne menee 2, us komopulx ne menee 1 001cHo
ovimv USB eéepcuu ne nugice 3.0, Paspewenue 630-kamepst, Mnuxcenn:
He menee (.3; Bempoennoiil mukpoghon,; Knasuamypa ¢ packiadkou u
mapruposkoii knasuw QWERTY/HULIYKEH, [Toddepacka cmandapmoe
becnposoonotl cesizu: 802.11a/b/g/n/ac; [Ipouszsodumenvrocmo
npoyeccopa (3Hauenue nokazameisi « CPU Marky» no mecmy «Laptop &
\Portable CPU Perfomancey
http://www.cpubenchmark.net/laptop.html): ne menee 5000 edunuy;
Hanuuue Manunyisimopa mvlidb 6 KOMniekme: od, Ycmanosnennas
onepayuonnas cucmema ¢ 2papuyeckuM noIb308AMENbCKUM
unmepeticom, ceedenusi 0 KOMOPOM BKIIOUEHbL 8 eOUHBLU peecnp
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poccutickux npocpamm OJist SNEKMPOHHBIX GbIYUCTUMETLHBIX MAUUH U
a3 dannvix;, Ycmanosnennulii nakem oQucHo2o npoepammHo2o
0becneuenss, COBMeCmumMo20 ¢ YCHAHOBIEHHOU ONepayuoHHOU
cucmemoti, ceedetusi 0 KOMOPOM BKIIOUEHbl 8 eOUHBIU peecmp
poccutickux npocpamm 0iist dNEKMPOHHBIX GbILUCTUNETbHBIX MAUUH U
0a3 dannvix.

HaumeHoBaHue HanpaBJieHusi: "O6opydoganue 01 00nonHUmMENbHLIX HARPasaeHu "

(==

Hauvenosanue pasjena:
"XAUTEK"

[ Inacmux ons 30 neuamu

Tun naacmuxa: PLA, monwuna numu: ne menee 1,75 mm

uim

50.00

30 npunmep npogeccuonanvrwl

Tun npunmepa: FDM, FFF, mamepuan (ocnosnoti): PLA, konuuecmso
neuamarowux 2010680K: He MeHee 1, pabouuti cmoa. ¢ nodoepesom,
pabouas obnacmo (XYZ): om 300%300%400 mm, maxcumanoHas
ckopocmy neuamu: He menee 150 Mm/cex, MUHUMATLHAS MOUWUHA
cnos: He 6onee 20 MKM, 3aKpbIMblil KOPNYC: HATUYUE, OXIAAHCOeHUe
BoHbL neuamu: Hanuyue

1.00

CmaHok 1a3epHot pe3Ku ¢
YLUCILOBbIM NPOSPAMMHBIM
ynpaenenuem

Cmanox 07151 2pasuposku u pesku 1asepom. Jondicen npedycmampusams
603MOANCHOCTL 0OPADOMKU XPYIKUX MAMEPUATIO8, 8 MOM YUCITE
Kepamuxu, cmexaa, opecmexia. Mooyns durempayuu 6030yxa 6
Komniiexme. Bcmpoennoe 600sinoe oxaascoenue. Jlazep muna CO2.
\Pasmep pabouezo cmona, mm: ne menee 300*500. Mowrnocmo nazepa,
Bm. ne menee 40. Iloodepaicusaemvie popmamul paiira: JPG, PNG,
TIF, BMP, DXF, SVG, CR2.

uim
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\MHnocoghynkyuonaneHas cmanyus
0/1 MexaHuuecKkol 0opabomku u
npomomunuposanus

Yuebnas mooynvuas cmanyus 0ondicna obecneuugams 603MONCHOCHIb
U3YYeHUs He MeHee mpex MexXHOI02Ull NPOU3800CMEa U30eaull u
0Opabomku Mamepuaios, a MaxKice NPOMOMUNUPOBAHUS U30eTULL.
Yyebnasn mooynvnas cmanyus oondcua umems credyouuii cocmas u
xapaxmepucmuxu.: Mamepuan koncmpykyuu: amomunuii Koruwecmeso
Hanpasiarowux. ne menee 4 wm. Habop unmepdeticos: - Ethernet, ne
wmenee 1 wm. - USB, ne menee 2 wm. - MicroSD: nanuuue. - Mooynw
becnposoonot ceasu Wi-Fi: nanuuue. Ilanens ynpasnenus ¢ skpanom:
nanuyue Tun ynpasnenus dxpana: cencopuoe Tun sxpana: LCD-nanens
[ [eemnocmb 3kpana: yeemnou Jluazonans dxpana: ne menee 3,5 owiuma
I Tnamgpopma nodoepesaemas.: nanuuue Inamgpopma onst 3D-nevamu
Wmaenumnuasn eubkas.: namdue Coemecmumocmov niameopmul 01 3D-
nevamu ¢ niamgopmotl noooepesaemou: Haauyue CMeHHbIL MOOYTb
3D-nevamu: nanuyue Texnonoeus 3D-newamu: FDM unu FFF
VIuamemp conna: ne menee 0,4 um Maxcumanvnas memnepamypa
Haepesa conna: ne menee 250 °C Makcumanvuas memnepamypa
Hacpesa nodocpesaemotit niamegopmol: He menee 80 °C Munumanvuas
monwuna cios: He bonee 50 mkm MaxkcumanbHas monwuHa cios: He
wmenee 300 mxm Cropocme 3D-neuamu: ne menee 100 mm/c
Maxcumanvhviil pazmep u320magiu8aemMol Mooeiu. He MmeHee
200x210x200 mm Tloodeporcusaemvie mamepuanvt 0 3D-newamu:
PLA-, PETG-, TPU-, ABS-, PC-, Flex-niacmux /Juamemp numu
naacmuxa: e 6onee 1,75 mm Cencop obnapyicenuss Humu niacmuxa:
Hanuuue QynKkyus aemomamudeckoli Kanubposxu: Hanuuue CmeHHbil
naseprbvlil MOOYIb: Hatuyue Mownocme nasepa. He menee 1,6 Bm
DynKyus 1a3epHO20 epasuposanus: Hanuyue QyHKYUA T1a3ePHOU Pe3KU:
Hanuuue Pazmepwl paboueii obnacmu: He menee 200x200 mm
[Ilo00epoicueaemvle mamepuanvl: bymaza, KApmoH, 0epeso, NIACMUK,
Kooca Cmennulll MOOyb Ppeseposanus ¢ YI1Y: naruuue
Maxcumanvuas ckopocms epawenus wnunoens.: ne menee 8000 o6/mun
Maxkcumanvhviii Ouamemp 3axcuma nampona. ne menee 4 um ®Ppesa:
Hanuuue QYyHKYUs NIOCKOCMHO20 U 00beMHO20 (hpe3eposanus; Haruuue
IlooO0epotcusaemvle Mamepuanvl: 0epeo, MeKCHOAUM, NIACMUK
[Koorcyx 3awgummsiii: nanuuue Ouxu sauumuule ¢ YP-punvmpom:
Hanuuue Aoanmep numanua: naruuue Komnnexm 3anacnoix
DYHKYUOHATbHBIX DNCMEHINOS. HANUYUEe

uim
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HaumenoBanue pasnena:
"DnexTpo3HepreTuka

W

HaumenoBanue pasnena: "['EO-
ADPO"

Ny

HauMmenoBaHue paszacia:

"HAHO"




Ilepeuens 060py10BaHMS, PACXOAHBIX MATEPHAIOB, CPEACTB 00y4YeHUSs U
BocnuTtanus npu cozganum HlkoabHbixTexnonapkoB « KBantopuym» Ha 6a3ze
MBOY I'OPOJA KEPYU PECITYBJIUKH KPBIM "HIKOJIA Ne 26 UMEHU

IF'EPOS COBETCKOI'O COIO3A 4. T. JOEBA"

NHppacTpyKTYypHBIH JTHCT

Ne
n/n

HaumeHnoBanue
odopynoBanus (PBI1O)

KpaTIme NMPUMEPHBIC TEXHUYCCKHUE XaPAKTEPUCTUKH
(PBIIO)

Ennnnna
u3MepeHust

KoanuecTBo|

HaumenoBanue HanpaBieHusi: "Ecmecmeennonayunan Hanpasiennocms'"

IHanMeHoBaHMe pazaena:
"EcrecTBEeHHOHay4YHas
HanpaBJIEHHOCTH"

\Lugpposas nabopamopus
«Xumusiy npogunvhas ons
neoazoza

Obecneuugaem 8binoiHeHue 1a00paAmMopHbIX pabom no
XUMUU Ha YPOKAX 8 OCHOBHOU WKOJIe U NPOEeKMHO-
1CCe008amenbCKoll OesmenbHOCHU Y4auuxcs.
\IKomnnexmayus: BecnposoOdnoti mynemudamuux no xumuu
c 3-ma 6cmpoennvimu damuuxamu: [Jamyux pH ¢
ouanazorom usmepenus ne yice wem om 0 0o 14 pH
V]amuux s1exmponpogooumMocmu ¢ OUanasoHamu
usmepenus ne yorce yuem om 0 0o 200 mxCm; om 0 0o 2000
mrxCm,; om 0 0o 20000 mxCm Jlamuux memnepamypui ¢
ouanazonom usmepenus ne yaice uem om -20 0o +140C
Omoenvhble Oamyuuku: JJamuux onmuyeckol niomHocmu
525 um Axceccyapui: Kabeno USB coedunumenshbiii
3apsionoe ycmpoticmeo ¢ kaberem miniUSB USB
\doanmep Bluetooth 4.1 Low Energy Kpamkoe
[PYKOBOOCMBO nO IKCHAYyamayuu yugposou rabopamopuu
\Habop nabopamopnou ocnacmxu Ilpoepammnoe
obecneuenue Memooduueckue pexomenoayuu ne menee 40
pabom Hanuuue pycckossviunozo cauma noooepiicKu
\Hanuuue sudeoponuxos.

4.00

[{ugpposas rabopamopus
«DQu3uka» npo@uivhas Os
nedacoza

Obecneuugaem 6binoaHeHUue IKCNEPUMEHMNOB NO MeMaAM
kypca gusuxu. Komniexkmayus: Becnpoeoownou
Wynemudamuux no gusuxe ¢ 6-10 6CMPOEHHLIMU
Oamuuxamu: Lfughposou oamuux memnepamypol ¢
Ouanazonom uzmepenus He yoice uem om -20 0o 120C
\Lughposoii damyux abCcorrOmMHo20 0A6IeHUsL C
Ouanazonom uzmepenus He yoice wem om 0 0o 500 klla
V]amuux MazHUmMHO20 NOJisL ¢ OUANA30HOM USMEPEHUS He
orce uem om -80 0o 80 mTn [lamuux nanpsiicenus: ¢
ouanazonamu usmepenus He yoice yuem om -2 0o +2B ; om
-5 00 +5B; om -10 0o +10B; om -15 0o +15B Jlamuux
moxa me yoice yem om -1 0o +1A4 Jlamuuk axcenepomemp
Cc nokazamenimu He menee vem: +2 g; +4 g; +8 g
Omoenvuvie yempoticmea: USB ocyunnocpagh ne menee 2
kanana, +/-10 B Axceccyapei: Kabeno USB
coedunumenvHulil 3apsaonoe ycmpoucmeso ¢ kabenem
miniUSB USB Aoanmep Bluetooth 4.1 Low Energy
\IKoncmpykmop 0713 npogedenust IKCnepumMenmos
IKpamxoe pykogoocmeo no skcniyamayuu yugposou
nabopamopuu Ilpozpammmnoe obecneuenue
\IMemoouueckue pexomenoayuu (40 pabom) Haruyue
pycckoazviyHozo catima noodepoicku Hanuuue
610eOPONUKOS.

4.00

\Lugposas nabopamopus no
Gusuonocuu (npoghunvhviii

yposenn)

Obecneuusaem npogedeHue UcCied08anusl no
DYHKYUOHUPOBAHUIO YeTI08eHeCKO20 OP2AHUIMA.
\IKomnaexmayus: becnpoeoonoil myremudamyux no
pusuonozuu ¢ 5-10 6cmpoenHviMu oamyuxkamu.: Jamuux

apmepuanvrozo oasnenus (0...250 mm pm. cm.) Jlamuux

1.00




Ne HaumeHoBaHue KpaTkue npuMepHble TeEXHHYECKHE XapakTepucTuk | Enununmna
n/n| obopyaoBanus (PBIIO) (PBIIO) HM3MEpeHHus
nyasca ¢ ouanazonom usmepenus He yce uem om 30 0o
200 yo/mun [Jamuux memnepamypvl mena ¢ Ouana3oHom
usmepenust ve yace uem om +25 0o +40C Jamuuk
uacmomol ObIXAHUS C OUANAZOHOM UBMEPEHUSL He Yoice YeM
om 0 0o 100 yuxnos/mun [Jamuuk ycxopenus ¢
nokasamensimu £2 g; 4 g; £8 g Omoenvhvie
vempoticmea: Jamuux OKI ¢ ouanazorom usmepenus He
orce uem om -300 0o +300 mB) Jamuuk curomep ¢
Ouanasonom usmepenus He yoce uem om 0 0o 40 H
V]amuux oceéeweHHOCmU ¢ OUANA30HOM U3MEPEHUs] He
yorce uem om 0 0o 180000 ax Axceccyapei: Kabeno USB
coeounumenvhwill 3apsiOHoe YCmpoucmeo ¢ kabeiem
miniUSB USB Adanmep Bluetooth 4.1 Low Energy
\IKpamxoe pyko8oocmeo no sKchiyamayuu yugposou
nabopamopuu Ipoepammnoe obecnevenue
\Memoouueckue pekomenoayuu ne menee 20 pabom
\Hanuuue pyccrosazviunoeo catima noodepoicku Hanuuue
610E0pONUKO8.

IKoJtmuecTBO

=

Tun mukpockona: 6uonroeuveckuti Hacaoka muxpockona:
Wonokynapras Hasnauenue: nabopamopnuiti Memoo
uccredosanus: ceemnoe none Mamepuan onmuku:
onmuueckoe cmekio Yeenuuenue Mukpockona, kpam. 64
— 1280 Oxynapvr: WF16x Obvexmusvi: 4x, 10x, 40xs
\Mukpockon yugposoti (noonpyoicunennwiii) Pegonveepras conoska: Ha 3 wm 15.00
o0vexmusa Tun nooceemxu: 3epkaio Ui c8emoouoo
\Pacnonoocenue noOOC8emKU. 8epXHAA U HUMHCHAA
\Mamepuan xopnyca: memann IIpeomemuuviti CIMOIUK, MM:
90 Ucmounuk numanus.: 220 B/50 I'y Yucno
Wecanukceneil: 1

Obecneuusaem npogedenue yuebH020 IKOJI02UUECKO20
WMoHumopurea uncmpymenmanvHolmu memoodamu. Habop
npuUMeHsemcs npu U3yueHul SK0I02UU, OUOI02UY, XUMUL,
eeocpaghuu u npupodogedenus, a makice OJis
UHOUBUOYAILHBIX UCCLE008AHUSL U NPOEKMHOU
OessmenbHoCmu wKoIbHUuKo8. Komniexmayus:
\Ibecnpo8oOHOI MyTLMUOAMHYUK NO IKOIOSUYECKOMY
WMoHumopuney ¢ 8-10 6cmpoenHviMu damuukamu. Jamuux
HuUmMpam-uonos Jamyux xaopuo-uonog Jamuux pH c
Ouanazonom usmepenus ne ysice wem om 0 oo 14 pH
V[amuux eénrasicnocmu ¢ ouanasonom usmepenus 0...100%
V]amuux oceewjenHoCmu ¢ OUaNA30HOM UBMEPEHUsL He
oice wem om 0 do 180000 ax Jamuux memnepamypwi ¢
Ouanazonom usmepenus e yoice uem om -20 0o +140C
V]amuux 91eKkmponpogooumMocmu ¢ OUana3oHamu
usmepenus ne yoice yem om 0 0o 200 mxCm; om 0 0o 2000
mxCm; om 0 0o 20000 mxCm Jamyux memnepamypul
oKpYoHCatougeli cpedbl ¢ OUANA30HOM USMEPEHUsL He Yoice wm 5.00
uem om -20 0o +50C Omoenvhvie OamuuKku u
Wyromudamuuxu. Jlamuux 38yka ¢ oynkyueu
UHmMe2PUPOBAHUS C OUANA30HOM USMEPEHUS YACMOM He
Wmenee uem om 50 I'y 0o 8 kl'y,; Jlamuuk eéraxcnocmu
nousbl ¢ OuanazoHom usmepenus ne yxce yem om 0 0o
50% Jlamuuk oxucu yenepooa ¢ OuanazoHom usmepenus
He yoice wem om 0 do 1000 ppm Mynemuoamuuk
onmuyeckoll NIOMHOCMU U MYMHOCMU CO 6CMPOEHHBIMU
oamuuxamu. Jamuux onmuueckou niomuocmu 470 um ¢
Ouanaszonom uzmepenus om 0 0o 2 D [lamyuk
onmuueckoll niomuocmu 525 HM ¢ OuanazoHom
usmepenusi om 0 0o 2 D Jlamuux onmuyeckoul niomHocmu
630 nm ¢ ouanazonom usmepenuss om 0 0o 2 D Jlamuux
WMymnocmu pacmeopog ¢ ouanaszonom uzmepenus om 0 0o
200 NTU Axceccyapwi: Kabenv USB coedunumenvuwiii (2
wm.) 3apsonoe ycmpoticmeo ¢ kabenem miniUSB USB
\Uoanmep Bluetooth 4.1 Low Energy Cmepoicens o

\Lugpposas nabopamopusi no
BKOM02UU
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sakpennenus oamuuxos 6 wmamuee Kpamkoe
PYKOBOOCMBO NO dIKCHIyamayuu yu@dposot 1abopamopuu
[ Ipoepammnoe obecneuenue Memoouueckue
pexomenoayuu ne menee 20 pabom Ynaxoexa Hanuuue
pyccKos3bIuHo20 calima no00epIICcKU, Haauydue
61O0COpONUKO8.

HaumenoBanue HanpaBJeHusi: ""Texnonocuueckas nanpasnennocms. PO60O"

HaumeHnoBanue paznena:
"TexHONMOTHYECKAs
HanpasieHHocTh. POBO"

VlabopamopHhuiii komniexc
0J151 U3YUEeHUs
pobomomexnuku, 3D
Imoodenuposanus u
NPOMBIUIEHHO20 OU3ATIHA

\IKomnnexc cocmoum u3s coopro-pazboprozo 3D
npunmepa, pyunoeo 3D cxkanepa u npocpamMmHozo
obecneuenus no pomozpammempuu. CoopHo-pazoopHbiii
3D npunmep. Obnacmo nevamu: 200 mm x200 mm x 200
wm Maxcumanohas ckopocms newamu, cm3/4:> 30
Cropocmb nepemeujerus nedamaioujell 20J106Ku, MM/C.>
80 Tun coemecmumozco ¢ 3D-npunmepom nracmuka.
\IPETG, SBS, PLA, ABS Humepgeiic nooxniouenus: USB
\Flash Kanubpoexa niamgpopmor:I[lonyasmomamuueckast
\Konuuecmso conen na neyamarowjeti 2onoske. om 1 wm
\Munumanvuas monwuna cuos: > 0.01 u < 0.05 mm
V[uamemp conna: > 0.3 u < 0.5 mm Maxcumanvnas
memnepamypa nevamarouetl 2onosku: > 250 epad. C
Oxnasicoenue 30Hbl neyamu. J{gyxcmopontee
\MakcumanvHas memnepamypa niamegopmel 0
nevamu:< 150 epao. C Tun naamgopmol 015 nevamu.
\lloooepesaemas cvemnas Ha 3axicumax, puxcupyemas Ha
naamgopme Hanuuue 3axpvimozo kopnyca: Hem
@opmam ¢haiinog ons newamu: GCODE Tun ynpaénenus
npunmepom: Ilanens ynpagnenus c oucnieem Ha Kopnyce
yempoticmea Tun Hanpagnaowux: KOHCMPYKYUOHHbLL
npoguns Pyunoti 3D ckanep. Tounocms ckanupoganus: >
0.05 u < 0.1 mm Cropocmsb CKAHUPOBAHUS, MJIH.
mouex/cex: > 2 @opmam coxparerus pe3yibmamos
ckanuposanus: viml, ply, obj, stl Bozmosxcnocme
ckanuposanus 6 yeeme: Jla Hanuuue cencoprnoeo sxpaua:
nem [nuna USB-npogooa:> 3 m Texnonoeus 3D-
ckanuposanusa: Onmuueckas 3azpyska
npecemos(uabronos) ckanepa:naiuuue Oyukyuu
nocmobpabomru.: Obpeska modenu, Pazoerenue modenu
Ha omoenbHble yacmu, Yoanenue TUWHUX 91eMEHMO8,
Yoanenue omseepcmuil, cozoanue gpomopeanucmuynou
mexcmypwl, cpasnenue 3D mooeneti medicdy coooll,
UzMEpeHUe pazmepos MOOeiell CeUeHUsMU 8 PYUHOM
peorcume, axcnopm cevenuii 8 XLS [Ipoepammmnoe
0Oecneuenue 0151 CO30aHUsL MOOeIell MemoooM
pomoepammempuu: Hanuuue Ynpaeienue nosopoOmHvLM
cmonom no Wi-Fi: [la Munumansroe paccmosnue
ckanuposanus: <25 cm

3.00

\bazoguwiil
[pobomomexnuueckuti Habop

Obpasosamenvbhbiil HaOOP 0JVICEH NPeOCMABIAMb COO0U
Habop 011 paspabomKu npoSpamMMupyemvix mooeiel
ABMOHOMHBIX pOOOMOS. B cocmas nabopa 0012icHbl
6X00UNb. KOHCMPYKMUGHbIE, COCOUHUMETbHBLE U
KpenesicHvle dNeMenmbl U3 NIACTUKA U aIOMUHUSL - He
Wmenee 100 wm, npoepammupyemvlii KOHMpPOJLiep - He
Wenee lwim, anexmpooguzamen HOCMOAHHO20 MOKA C
Kpymswum MomeHmom He mernee 3,6 ke/cm - e meHee 2
wim, 0amyuKy U SNeKMpPOHHbIE KOMNOHEHMbI- He MeHee O
wim, aKKyMyIsamopHylo 6amapero ¢ HanpsadceHuem me
Wmenee 68 u emxocmoio ne menee 1500 mMAy - ne menee 1
wim, 3apsoHoe YCmpocmeo 0jis AKKYMYISAmMOPHOU
bamapeu - ne menee 1 wm. IIpoepammupyemviii
KOHmMpOJLIep 00dICeH COOepIICAmb. NOPmbl OJis

AHan0206b1X 0AMYUKOE - He Menee 3 wm, nopmul 0Jis

8.00
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yugposwvix damuuros - He mernee 3 wm, nopm oas 12C
lyempoticms - ne menee 1 wim, nopm 0 cepOnPUB0A08s -
He Menee 6 wm, nopm 0151 MOMOPOS - He MeHee 2 wim,
nopm 0Jis1 9HK00epos - He menee 2 wm, obvem flash
navamu He menee 32 kb. Ilpoepammupyemuoii
KoHmponep 00adHCeH 0becneuusams 603MONCHOCHIb
npocpammuposanusi pob6omos 8 cpede 6104HO-
epaguyeckoeo muna unu 8 c60O0OHO pACnPOCMPAHAEMBIX
cpedax paspabomKu ¢ NOMOWbI0 MEKCMOB020 A3bIKA
npocpammuposanus. Jamuuxu u 21eKmpoHHble
KOMNOHEHMbI O0NHCHBL COOepHCAmb. YIbmpa3eyKo8ou
damuux paccmosinusi Q0diceH 0becneuusams COOPaAHHYIO
MOOenb B03MOINCHOCBIO USMEPAMb PACCIMOsANUE He MeHee
4 mempos - ne menee lum, Knonka-mooyns dondncen
0becneuusams coOpaHHyI0 MoOelb 603MONCHOCHIBIO
onpeodensimy Haxcamusi Ha KHONKY - He menee [wm,
Vlamuux yeema oondicen obecneyusams cOOPanmyio
MoOenb 803MOACHOCMBIO Onpedesenus yeema 0Ovekma,
npeonazuauen 0 usmeperuss RGB-cocmasnsaowux u
Vpo6Hs 0ceeujeHHOCmU, 0aMYUK OOINHCEH COOEPAHCAMb He
Wmenee 12 cgemouy8cmeumenbHbix 21eMeHMos - He MeHee
[ wm, 3ymmep-mooyne dondicer obecneuusams
COOPAHHYI0 MOOEb B03MONCHOCTBIO 80CHPOUZBOOUND
36VKU, HOMUHATLHAS Yacmoma He menee 4kl 1y,
unmencuernocmo He menee 80 0b- ne menee 1 wm, Wi-Fi-
IM00YIb OoNdHCer 0Decneuusams 803MONCHOCMb
HOOKIIOUeHUsL COOPANHBIX POOOMOMEXHUYECKUX MOOeell
K cemu, loT obnaxam u 6eb-cepsucam, pabouee
Hanpsicenue mooyas - 3,3B, nopmog 6600a 6vi800a
Wooyns - e menee 5 - ne mernee 1 wm, Munu-pene ¢
pabouum Hanpsoicenuem 8 ouanasore om 3,3 0o 5B,
nompebnsaemvim moxom 71mA u makcumanrbHuim
KOMMYmupyemuvim Hanpsidcenuem 28B nocmoannoz2o
moxa/250B nepemenno2o moka, pecypc ycmpoucmea He
Wmenee 50 moic. nepexnoyenutl - He menee I wm,
IBxoosiuue 6 cocmas KOHCMPYKmMopa KOMHOHEHN1b
007ICHBL ObIMb COBMECTNUMbL C KOHCHPYKIMUBHBIMU
Daremenmamu, a maxdce 0oecnedu8ams 603MOHCHOCHb
KOHCIMPYKMUBHOU, annapamHou U npocpammHou
co8MeCmMUMOCIU ¢ KOMNJIEKMYIOWUMU U3 COCMAasa
Habopa.

\Habop 0na bvicmpoeo
npomomunuposanus
9/1EeKMPOHHBIX YCMPOUCME
Ha 0CHOBe 0OOHONAAMHO20

OOHONIAMHBIN KOMNBIOMED: HANUYUe, KApma RAMAmu ¢
npedyCcmanosieHHON ONepayuoHHO CUCTNEMOIL: HaluyUe,
010K numanua: Hanuyue, Komniekm Kabeneu Ons
nooxmouenus: Hanudue

wm 8.00

Komnwiomepa
\Habop ona bvicmpoeo
npomomunuposanus
DIEKMPOHHBIX YCMPOTUCME
0 oCHOGe \Muxpoxonmponnepuas niamgopma co 6CmpoeHHbIM

. unmepnpemamopom JavaScript: nanuyue, KOMNIEKM wm 8.00
MUKPOKOHMPOLIEPHOLL .

paduodemanei: nanuyue, NAAMA PACUUPEHUS HATUYUE
niamgopmul co
6CTNPOEHHBIM
unmepnpemamopom
\Habop ona bvicmpozo
npomomunuposanus .
P P . \Mukpoxonmponnepuas niamgopma Arduino: nanuuue,
DIEKMPOHHBIX YCMPOUCMS .
KoMnaeKkm paduodemanei U npo8o0o08: Haluyue, wm 8.00

Ha ochose

. Wakemnas niama: Haruuue
MUKPOKOHMPOIIEPHOU
nramgopmul
\demonomHbLL poOOm Yuebnas modens asmonomnoco mobunvHo2o poboma ¢
Wanunyaamop ¢ xonecamu  manunynamopom. Moounvhwiit pobom 0oaxicen um 4.00
6CEHANDABNIEHH020 npedcmasnsamos coO0U YemvblpexKoLecHyI0 naamegpopmy '

OsUdICeHUs 6CcenHanpaeiieHHoco O08UIICCHUL. ﬂeueameﬂu 6ecmem01mble
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4 wm, kamepa c yerom o63opa 120 epadycoé ¢ 5 mn. B
cocmag KomMniekma 00aAHCHO 6x00ums. Mexanuueckuil
Baxeam ungpaxpachwil 1azep 2-x 0cesoll nodsec
AKKYMYNIAMOP KOleCa 6CEHANPABNIEHHO20 OBUICEHUS
npocpammupyemuiii KOHMPOILEP € B03MONCHOCHBIO
npoepammuposanus 6 cpede 6I0UHO-2paPuUecKo2o munda
1t 8 CGOOOOHO PACNPOCMPAHAEMBIX Cpedax paspabomKu ¢
HOMOUbIO MEKCMOB020 A3bIKA NPOSPAMMUPOBAHUS
damuux 38yka damuux creoosanus aunuu FPV pescum
603MOIICHOCTL YNPAGLEHUS. C MOOUTILHO20 YCMPOUCMEa
uepes NPUNLOJNCEHUE NPOSPAMMUPOBAHUS HA SI3bIKAX
\Python, Scratch a makoice cucmema mexHu4ecKo20 3peHus.
011 ABMOMAMUYECKO20 OOHAPYIHCEHUS. U PACHOZHABANUS
Badannbix 06vekmog 6 paboueti 30ne. Iloodepaicka
\IRaspberryPi nanuuue Iloodepoicka Arduino nanuuue
\llo00eparcka Micro:bit nanuuue CmeHHbIU MEXAHUYECKUT
3axeam, yCmanagaueaembvill Ha NOOSUICHYIO NAAMPOPMY
ceepxy Hanuuue Mexanuueckuil 3axeam,
lycmanagiusaemulii Ha NePeOHIl0 YaCnb NOOGUICHOL
nramgopmol Hanuuue BozmMoicHOCIb MeHsmMb
UHpPakpachyio nywKy Ha MEXAHUYeCKUll 3axX6am Haluyue

Obpaszosamenvbhbiil HAOOP
07151 U3YUeHUs MEeXHONO02Ull

cesizu u loT

Obpazosamenvhvlii HADOP NPeOHA3HAYEH OJi U3YYeHUs.
0cHO6 npumenenust mexuono2ui "Humepnem eewenr” u
653U 8 pobomomexnHudeckux cucmemax. B cocmas
Habopa 00IceH 6X00UMb KOMIIEKM KOHCPYKIMUBHbIX
DremMenmos uz memanna 0ns cOOPKU MOOeNU MOOUILHO2O
poboma c 3axeamuvim ycmpoticmeom. B cocmas nabopa
00191CeH 6X00UMb KOMNIEKM KOHCMPYKIMUGHIX
DemMenmos 0 cOOpPKU MOOenU «YMHO20» 30anus. Bece
KoMnaeKmyowue u yCmpoucmed, 6xo0sauue 6 Cocmas
HaOopa, 00NKHCHBL ObIMb COBMECTUMBL OpY2 C OPY2OM
KOHCMPYKMUBHBIM, JIeKMPUIecKUM, Annapamusim u
npozcpammubim 0bpazom. B cocmas nabopa donicno
6X00UMb. NPUBOO NOCMOSHHO20 MOKA ¢ OAMYUKOM
nonodcenus - He MeHee 2uim, cep8onpusoo OOIbUWION — He
Wenee 2uum, cepeonpusod manviii — He mernee 2um,
Kamepa - He MeHee 1um, npospammupyemulii KOHMpPOJiEp
— He menee lwm, akkymynsimop — ne menee lwm,
Bapsonoe ycmpoticmeo — He menee lwm. B cocmas
Habopa 0ondIceH 6X00UMb KOMNIEKM UHMELIEKMYAIbHbIX
ceHcopHbIX yempoticme. HnmennekmyanvHble ceHCOpHble
lycmpoticmea 00icHbL npedCcmasiams coooil YCmpoucmseo
Ha OCHOGe BLIYUCIUMENIbHO20 MUKPOKOHMPOILEPA U
6CMPOEHHO20 USMEPUMENLHO2O dTIeMEeHMA.
\UumennexmyanvHble CEHCOPHBLE YCMPOUCTEA OONHCHBL
001a0amb 6CMPOEHHBIM YUDPOBLIM U AHALO20BbIM
unmepgeticom 01 nepedauu OAHHbIX, A MAKHCe
6CMPOEHHBIM NOCIE008AMENLHBIM UHMEPGheicoM 015
00Bedunenust Opye ¢ Opy2om 6 CEHCOPHblEe CUCTEMDL.
\IKomniiekm unmennexmyanbHbiX CeHCOPHBIX YCIMPOICTE
0o7101cel cooeparcamsb — MoOYIb C8EMOOU00A — He MeHee
2wm, mooynrs RGB ceemoouoda — ne menee 2uim, mMooyiv
\IMK-0amuuxa nunuu — e MeHee 3uim, MoOYib 36YKOB020
usnyuamens — He menee luim, MoOyib usmMepeHus
memnepamypbl U GIAACHOCIU OKpYIHCcaroujell cpedvl — He
Wmenee lwim, MoOyIb MAKmosol KHONKU — He menee 3wm,
MoOyabL damuuKa oceewjeHHocmu — He menee lwm,
Moodyab demexkmopa yposHs wyma — ne menee luim,
WMOoOyab usMeperust 0asieHus OKpyicaroueli cpeovl — He
Wenee lwum, MoOy1b nomenyuomempa — He meree 2uim,
MO0YIb OamyuKa NoI0HCeHUs 8 NPOCMPAHCIEe — He
menee luim, MoOyIb KOHYEB020 Npepbisameni — He MeHee
lwm. B cocmag nabopa 0oaxcen 6Xxo00umo
npocpammupyemsviti KOHMmpoiep — He menee lum.

3.00
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[ Ipocpammupyemvlil KOHMPOJLEP O0NAHCEH 0becneyusans
603MOJICHOCTIb NPOSPAMMUPOSAHUSL HA 3biKe JavaScript u
opeanuzayuu web-cepeepa obmena OanHbIMU Yepes3
\Urmepnem. [Ipoepammupyemviti KOHMPOLLEP OOAIHCEH
0becneuusams 803MONCHOCMb NOOKIIOYEHUS. GHEULHUX
lyempoticme ¢ nomougvio unmepeeticos - GP10, UART,
12C, 12S, SPI, 1-wire TTL, RS-485, CAN, Ethernet ¢
nodoepaickou PoOE

\Komnaexm noneti u
copesHO8amenbHbIX
biemenmos

\Komniexm noneii u copegHO8amMeNbHbIX INEMEHMO8 OJlsl
nposedeHUst COPeBHOBAHUIL ABMOHOMHBIX MOOUTbHBIX
0b0mos

1.00

Yemvipéxocegou yuedmbill
pobom- Manunyasmop ¢
MOOYIbHBIMU CMEHHBIMU

Hacaokamu

Yyebnoii pooom-manunynamop npeonasznauen 0
0Cc80eHUs 00YYAIOUWUMUC OCHO8 PODOMOMEXHUKY, O
n0020MOGKU 00YHAIOWUXCS K 6HEOPEHUIO U
nociedyrouemy Ucnoab308anuio pobomos 6
npomwlunenHom npouzsoocmee. Konuuecmeo oceti
poboma manunysmopa - yemvipe. Ilepemewenue
UHCMpYMEHma 6 npocmpancmee no Mmpem 0CAM OOJIHCHO
ynpaensimocs wazosvimu osueamensimu. Hanpsicenue
numanus wazoewix osucamerell He bonee 12 B.
Cepsoosucamens 4emgepmotl OCU O0JHCeH 0Decneuusams
nosopom uHCmpymeHma. Y201 nogopoma MaHunyisimopa
HA OCHOBAHUU BOKPY2 6EPMUKANLHOU OcuU He meHee 180
epadycos. [lns onpedenenus NOLOACEHUS MAHUNYIAMOPA
npu nosopome 80Kpye 8epMUKAIbHOLU OCU OOIHCEH
UCNONb308AMBCS dHKOOED. Y20l nogopoma 3a0Hezo
nneua manunynamopa ne menee 90 epadycos. Yeon
nogopoma nepednezo nieva manunyasmopa ne mernee 100
epadycos. s onpedeneHus NOL0diCeHUst 3a0He20 U
nepeone2o niey MaHunyIamopa O00Jx#CeH UCHONIb308AMbCA
eupockon. Yzon nogopoma no uemeepmoti ocu He MeHee
180 epadycos. [JonxcHa 66imb 803MOMCHOCMb OCHAWEHUSL
CMEHHbIMU HacaoKamu (Hanpumep, depicamens
Kapanoawa unu gromacmepa, nPUcocKa ¢
cepsodsucamenem, Mexanuieckoe 3ax8amHoe
lycmpoticmeo ¢ cepgodsucamenem, yCmpoucmso 0Jis
\lazeprotl epasuposxu uiu ycmpoucmeo 0 3D-nevamu).
IMunumanohas KOMIIEKMAayust CMEHHbIMU HACAOKAMU:
nHesMamuiecKull 3axeam (MpUcocka), MexaHuyeckuil
Baxeam, nacadxa depaicamens 015
Kapanoawia/maprepa/pyuKu, Hacaoka nepexooHUx OJis
KpenieHust CO6MeCmumblX KOHCMPYKMUGHbIX Oemanetl u
KOHCMPYKYUlL, HACAOKA J1a3ePHOU 2PABUPOBKU, HACAOKA
3D-neuamu (0ns pabomet ¢ nnacmuxom PLA ¢
Ouamempom numu 1,75 mm). Jondxcen bvims ocHaujeH
cepsonpUBOOOM OJisi NHEEMAMUYECKO20 U MEXAHULECKO20
3axeamos, obecneyusauum 6paujeHue 3axX6a4eHHO20
00vbeKma 8o epemst nepemeujerus, N0opPom
nepemewaemozo 0b6vekma 6oKpye sepmuKanbioll ocu. /s
0becneuenus: YPyHKYUOHUPOBAHUSL NHEEMAMUYECKO20
3axeama 0ondicen OblMb OCHAWEH 6CMPOEHHOU 8 KOPNYC
Wmanunyiamopa nomnoui. Jonxcua Obimb 603MOHCHOCHb
1n0O0KII0UEHUST OONOIHUMENbHBIX YCMPOUCmE (Hanpumep,
mpancnopmepa, penvca 0Jisl nepemewjerus poboma,
nya1bma ynpasneHus muna 04CoucCmux, Kamepbol
WMAUWUHHO20 3peHust, ONMUYECK020 OamuuKd, MoOYis
becnpogoonoeo docmyna). Pobom-manunynsimop oondicen
0becneuusams nepemMeujerHue HAcaoku 8 NPoCmMpancmee,
AKMUBAYUIO HACAOKU, BO3MONCHOCMb NOLYHYEHUS. CUSHALO08
om Kamepsl U OAMUUKO8, 603MOHCHOCb YAPABLEHUs
donoanumensHuiMu ycmpoicmseamu. Mamepuan kopnyca
— amomunutl. JJuamemp paboueti 30uvl (be3 yuema
HasecHo20 UHCIMPYMEHA U Yemeepmoli ocly) He MeHee

350 mm. Humepgpeiic nooxniouenus — USB. Jlonowcen
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HaumenoBanue

obdopynosanus (PBIIO)

KpaTKne NPpUMEPHbIC TEXHUYCCKHE XaPAKTEPUCTUKH
(PBIIO)

Exununa

H3MepeHust

IKoJtmuecTBO

UMemb 803MONCHOCTNG ABMOHOMHOU PAOOMbL U 6HEUIHELO
ynpaenenus. [{ns enewne2o ynpaeienus 00axicen ovimo
npedycmompen nyivm, NOOKIOYAeMblli K pobomy no
Bluetooth. Ynpaersiowuii konmpoanep donsicen bvimo
coemecmum co cpedoii Arduino. Ynpasnsowui
Konmpoanep cosmecmum co cpedoti NPOSPaAMMUPOBAHUS
Scratch u asvikom npoepammuposanus C. Jonswcen
0bOecneuusams HOBOPOM NO NEPELIM MPeM OCIM 8
3a0aHHbII Y20 U HA 3A0AHHbIL Y201, NOBOPON HO
uemeepmoll OCU Ha 3A0AHHbIL Y201, 08UIICEHUE 8
Kkoopounamel X, Y, Z, nepemewjerue Ha 3a0annoe
paccmosnue no xoopounamam X, Y, Z, nepedauy oanHvix
0 meKyujem noaodceHulU y2ios, nepeoayy OaHHLIX 0
meKkyuux KoopouHamax uncmpymenma. Jondicen
nodoeporcusamos nepemeujerue 8 0eKapmogvlx
KOOPOUHAMAX U YeIax no8opoma ocell, ¢ 3a0aHHOU
cxopocmulo u yckopenuem. Tunvl nepemewjeHuil 6
0eKapmoguix KOOPOUHAMAX. O8UMNICEHUE NO MPAEKMOPUL,
08uUdICEHIE MO NPAMOLU MeAHCOY 08YMS MOUKAMU,
nepenpuvieuganue uz MouKu U mouky (nepeHoc 00vekma,.
\Kopnyc donoicen 6bims 6 3auuyeHHOM UCNOTHEHUe
(xnacca ne nuoice IP20).

\IKomniexm 0118 uzyuenus
onepayuonnvlx cucmem
peanvo2o epemenu u
cucmem ynpaenenus
(A6IMOHOMHBIX MOOUTLHBIX
pobomos

\Komnnexm 05 paspabomiu u uzyuenus mooesnetl
npocpamMMUpyemoixX a8MOHOMHBIX MOOUTLHBIX POOOMO8.
Yuebnwiti komnnexm 0ondicen no3gonsime papabamvléams,
OI0UHO-MOOYILHYIO KOHCMPYKYUIO MOOUTLHO20 pOOOmA.
1B cocmag mobunbHo2o0 pob6oma O0INCHO 6X00UMb !

[ Ipu6oo sedywux konec - He menee 2wum. [Ipusoo doaicen
npedcmasiamos coOOU INEKMPOMEXAHUYECKYIO COOPKY HA
OCHOBe dsucamens NOCMOSHHO20 MOKA, pedyKmopa,
0amuuKa noLoAHCEHUsL 8AA U BCMPOEHHOU CUCEMbL
ynpaenenus. Cucmema ynpasnenus npusooa O0NNHCHA
0Oecneuugams 603MONCHOCHb 00bEOUHEHUsL NPUBOOOE C
nomoubio nociedosamenvHo2o unmepdetica,
603MOJCHOCHb 3A0AHUL NAPAMEMPOE KOHIMYPO8
ynpasnenus, ynpagnenue spaweHuem npueood no
CKOpOCmU U NOLOJICEHUIO, KOHMPOTb HASPY3KU.

[l Ipoepammupyemuoiii Konmpoanep - e menee lum.

([ Ipoepammupyemviii Konmpounep 0oaxiceH 001a0amo
unmepgeticamu - USB, UART, TTL, RS§485, CAN ons
KOMMYHUKAYUU ¢ NOOKTIOYAEMbIMU BHEUHUMU
lycmpoticmeamu, a maxoice yu@dposuiMu U AHAIO208bIMU
nopmamu 6600a/6v1600a. OOHonIamHbLl
Wmukpoxomnsiomep - ne menee lum. OOnonrammulii
MuKpoxomnwviomep 0012CeH NPeoCcmasiams coool
yempoticmeo ¢ apxumexmypou Mmukponpoyeccopa ARM,
Dondicen obnadams e MeHee 2 8bIYUCTUMENbHBIMU
slopamu ¢ maxmosou uacmomoiui ne menee 11Ty.
Viazepuwiii ckanupyrowuil 0arbhomep - e menee lwm.
Vlazepuwiii ckanupyrowuil 0aibHomep O0JICEH
0Oecneuusams OUAnA3oH usMepeHus: OdIbHOCMU 00
06bekmos He menee 2.5 Mempos u ceKmop CKaHupoBanus
He menee 360 yenogulx epadycos. Jlamuux aunuu — He
Wmenee 3 wm. Jamuux dondcen obecneuusamo
Demexmuposanue TUHUU Ha KOHMPACMHOM (hoHe U
nepedasamuv 0aHHble 6 NPOSPAMMUPYEMBII KOHMPOLTED O
ee Hanuyuy nymem nepeoayu aHai0208020 CUSHANA UTU
yugposozo cueHana, 1bo nymem nepeoayu Yu@ppoeozo
naxkema Oanuvix. [{amuuxa yeema — ne meree 1 wim.
V]amuux 00adCeH pasiudams Y8emosol OmmeHoK
pacnonodscennozo padom ¢ Hum oo6vekma 6 RGB nomayuu
1 obecneuusamov nepedavy OAHHLIX 8 NPOSPAMMUPYEMbILLL
KOHMPOJLIEp 0 3HAYEHUU KAHCO020 YBEMO0B020 KAHANA 8
6uoe yughposozo naxema oannvix. Maccus UK-oamuuxos
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- ne menee luwm. Maccus UK-oamuuros 0onicen bvimo
npeoHasHaven O OMCAEHCUBAHUSL TUHUU OTIsL OBUIICEHUS
mobunsrozo poboma. Maccus dondicen codepocams He
menee 6wum UK-0amuuxos, pacnonodceHHvlx Ha 00HOU
nunuu.  Cucmema mexHu4ecKo2o 3penust - He menee lum.
Cucmema mexHu4ecko2o 3penust 00aiceH 001a0ams
COBMECUMOCIBIO C PA3TIUYHBIMU NPOZDAMMUDYEMbIMU
KoHmpoiepamu ¢ nomowvto unmepgheticos - TTL, UART,
I2C, SPI, Ethernet. Cucmema mexHuuecko2o 3peHusl
0012ICHA 0DeCneyUsams 603MONCHOCTG U3YYEHUsL OCHO8
NpUMEHEHUs. AN2OPUMMO8 MAUUHHO20 0OVYeHUsl U
Hacmpotiku napamempog neupocemeti. Cucmema
MexXHUYeCcK020 3peHust O0INHCHA 0Decneyusams
DYHKYUOHAN PACNOZHABAHUS PAZTULHBIX 2€0MEMPULECKUX
06beKmos no Habopy NPUHAKOE, PACHOZHABAHUSL
epaghuueckux maprepos muna Aruco u Op, pacno3Ha8anus
Maccue06 TuHULl U S1eMEHMOE8 OOPOIHCHBIX 3HAKOS U
pazmemxu.  Cucmema ynpasienust MOOUIbHO20 poboma
00JIIICHA NO36015IMb OCYWECMBTISIMb AHANU3
OKpYJICaloueli 06CcmanosKu 8 npoyecce OBUNCEHUS
MobunbHO20 pobOMa u OUHAMUYECKOM USMEHEeHUU
OKpYJICatoweli 06CMano8KU, OCYWeCmesimoy
hopmuposanue kapmul 10KATHOU 0OCMAHOBKU BOKPY2
poboma u noxanuzayus noaoAHcenust poboma Ha Kkapme,
nocmpoenue 2100aIbHOT Kapmbl OKPYIHCAIOUe2o
npocmpancmea. Cucmema ynpasnenust MOOUILHO20
poboma 001XCHA NO3BONAMb OCYUWLECMEISIND AHAIU3
naana/Kapmol OKpYJHCaiouje2o npocmpancmad,
0OHapyIHCeHUe OKPYICAIOUUX 0OBEKMO8, ABMOHOMHOE
NIAHUPOGAHUE MAPUPYMA U 00bE30d CMAMUYECKUX U
Ounamuueckux npensmemeuti. Cucmema ynpagneHus
lmobunbHo20 poboma dondicrHa obecneyusams
603MOIANCHOCTID PA3MEMKY KAPNibL OKPYAHCATOUE20
NPOCMPAHCMEa HA 30HbL C PASTULHLIMU NPUSHAKAMU,
sadasaemvimu nonvzogamenem (301wl 3anpema Ot
0gudicenus, oepanudenus ckopocmu u m.n.). Cucmema
ynpaenenus MoOUIbHO20 poboma 0NICHA 0becnevueanms
603MOICHOCTb 3A0AHUSL MOYEK U 30H HA Kapme
OKpYJICAIOWe20 NPOCMpancmed OJist A8MOHOMHO20
nepemewenus mexcoy numu. Cucmema ynpagnenust
WmobunbHo20 poboma , sKkmouarOwas 6 cebs nOOCUcmeMmbl,
makie Kax - cucmema ynpaeienus Osudxicenuem poboma,
cucmema coopa u 0opabomku ceHCOpHOU UHpopmayuu,
cucmema nOCMpoOeHUst Kapmvl OKPYACAIOWE20
npOCMPAancmea u Cucmema Hagueayuu, O0INHCHA Oblmb
peanuzosana nHa 6ase nPoOSPAMMUPYEMO20 KOHMPOIIEPA U
0OHONIAMHO020 MUKDOKOMNbIOMEPA, A MAKAHCE
lycmpoticms, 6x00suux 6 cocmaes Komniekma. B cocmas
KoMNIeKma O0IACHO BXOOUMb NPOSPAMMHOEe obechneyeHue
07151 NPOZPAMMUPOBAHUSL 8 MEKCTOBOM PeOAKmMope Ha
noodobuu Arduino IDE, npoepammuposanuu ¢ nomowsbio
ckpunmog na ssvike Python, pazpabomxu cucmem
ynpasnenus na ocnose ROS. Taxk dice 6 cocmae komniexm
00JICHA 6X00UMb BUPMYATbHASL MOOEb MOOUTLHO20
poboma 6 BUPMYANILHOM OKPYIHCEHUU 051 MOOETUPOBAHUS
AncOpUMMOE cucmeMm YnpaesieHus ¢ HOMOWbIO
epaguyeckotl cpeovl.
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Obpazosamenvhvlil HADOP 00HCEH ObIMb NPEOHAZHAYEH
07151 usyUeHUs POOOMOMEXHULECKUX MEXHON02UlL, OCHO8
UHPOPMAYUOHHBIX MEXHOIOSUTL U MEXHONO2ULL

NP OMBIULIEHHOU ABIMOMAMUAYUY, A4 MAKICE MEXHONOULL wm 6.00

Obpazosamenvhblil HADOP
0J151 U3YUEeHUs.
MHO2OKOMNOHEHTNHbIX

pobomomexHuyeckux

npPOMOMUNUPOBanUs U A0OUMUBHO20 NPouU3eoocmad. B
cucmem u MaHUNYIAYUOHHBIX|

cocmas Habopa OONANCHBL BXOOUMb KOMNAEKMYIOWuUe U
pobomos

yempoticmea, obaadarowue KOHCMPYKMUGHOU,
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annapamuoil u npoepamMMHOL COBMECMUMOCHbIO Opye C
Opyeom. 1) Komniexm KOHCMPYKMUBHBIX DIEMEHNO8 U3
Wmemanna u niacmuxa 0as coopxu mooenel
WMaHunyIsYUOHHBIX POOOMOE C Y2080l KUHEMAMUKOL,
nrockonapanienvHou kunemamukot, Delta-kunemamuxou.
2) UnmennekmyanoHvlil cepeoMOOYib C UHMESPUPOBAHHOU
cucmemoti ynpaenenus - He menee 7um. Cep8omooyis
Qoadicer 0b1a0ams UHMe2PUPOBAHHOU CUCTIEMOU
ynpasnenus, obecneuusarouseli 0GpAmMHYIo Ce53b ULU
KOHMPOIb NApamempos - NoI0HCeHue 8ad, CKOpOChb
BpaweHs, Hazpy3Ka NPueood, a MaxKice
0becneuusalouelt B03MONCHOCMb NOCIE008AMENLHOLO
nooKII0UeHUs: Opye C OpY2OM U YNPABTEeHUs.
CEPBOMOOYIAMU 1O NOCAEO08AMENbHOMY
nOIYOYNIEKCHOMY ACUHXPOHHOMY unmepgeticy. 3)
\IPobomomexnuseckuil KORmpoiep, npedCmasisiouull
c0001l MOOYIbHOE YCmMPOUCME0, 8KIOUAWee 6 ceos
OOHONIAMHBIL MUKPOKOMNbIOMED Ol BbINOIHEHUS.
CILOJICHBIX BBIYUCTUMENbHBIX ONnepayutl, nepugeputinbli
KOHMpOJLIep OJisl YAPAGAEHUsL BHeUHUMU YCIMPOUCMEAMU U
niamy pacuwiupenust 05 NOOKIOYeHUsl BHEeUHUX
yempoticms. Modyau pobomomexuuueckozo
KOHMPOJLIepa O0IHCHbL 001a0amb 00HOBPEMEHHOU
KOHCIMPYKMUBHOU, annapamHot U npocpammHou
coemecmumocmuio opye ¢ opyeom. Pobomomexnuyeckuii
KOHmMPOLIEP 00NANCEH YOOBILEMBOPMb MEXHUUECKUM
Xapaxmepucmukam: Koi-60 s0ep 6CMpOeHHO20
MuKpoxomnwviomepa - He mMenee 4, makmosas yacmoma
siopa - ne menee 1,2 I'Ty, o6vem O3V - ne menee 512 Mo,
Hanuyue unmepgeiicos - SPI, 12C, 1-wire TTL, UART,
\IPWM, yugpposvie - ne menee 16 wm u ananozogvie nopmol
- He Menee 8 wim O/ NOOKIIOYEHUs. BHEUHUX YCTNPOLICINS,
scmpoentbiti Mukpogor, a maxxce WikFi unu Bluetooth
0/151 KOMMYHUKAYUU CO BHEUHUMU YCTNPOLCTNEAMU.
\IPobomomexHuyeckuli KOHMPOIREP O0NHCEH
0Oecneuusams 8603MOHCHOCHb NPOSPAMMUPOBAHUSA C
nomowvio cpeocms sizvikoe C/C++, Python u c60600H0
pacnpocmpansemou cpeovt Arduino IDE, a maxoice
ynpaenenus Mooensimu pooomomexHu4ecKux Cucmem ¢
nomowvio cpedvt ROS. 4) [Ipoepammupyemoiii
KonmpoJiep - ne menee lwm. [Ipoepammupyemviii
KOHMPOJLIEep 00NAHCEH NPEOCMAsIsimb COO0
BLIUUCITUMENbHBLI MOOYIb, 001a0arOUWUM YUDPOBLIMU
nopmamu - He MeHee 8 WM U AHAL0208bIMU HOPMAMU - HE
wmenee 16 wm, unmepgeiicamu UART, I12C,SPI, TTL, a
maroice moodynem becnpogoonou cesizu muna Bluetooth
wnu Wiki ons coz0anus annapamuo-npocpammHbix
pewenuii u ""ymnvix/cmapm""-ycmpoticme ons
paspabomxu pewenun ""Unmepuem sewgen"". 5) [lnama
pacuupenus npOZpAMMUPYemMo20 KOHMpOoLiepd — He
wenee lwum. Ilhama pacwupenus 0ondicHa obecneuusamo
603MOJCHOCIb NOOKTIOUEHUS YHUBEPCATIbHO2O
BHIUUCTTUMENILHO20 MOOYIISL K Cemu ROCPeOCmBOM
unmepgeiica Ethernet. [Inama pacwupenus 00niCHA
0O1a0ame nopmamu 6600a-6vl800a Ot NOOKIIOYEHUSL
YU@DPOBLIX U AHATI0208bIX YCcmpoticme — He MeHee 40 wm,
unmepgetic SPI u 603M024CHOCHbIO NOOKIIOYEHUS
eHewnell kapmol namamu. 6) Mooynb mexnuuecko2o
Bpenust, npedcmaegasiowull coootl yCmpoucmaeo Ha basze
BLIUUCIUMENLHO20 MUKPOKOHMPOILEPA U
UHMe2PUPOBAHHOL KaMepbl, obecneuusaroujee
pacno3nasanue npocmeuuiux u300padx3ceHulli Ha Mooyie 3da
cuem coOCMBEHHbIX 8bIYUCTIUMETbHBIX 803MONCHOCMEN -
He menee lwim;  MoOynb mexnuuecko2o 3peHust 00uiCeH
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0becneuusamy 803MONCHOCMb KOMMYHUKAYUU C
AHANO2UYHBIMU MOOYIAMU NOCPEOCMEOM WUHbL HA 6a3e
nociedosamenvHo20 unmep@enica ¢ yenvio oaibHelulel
nepedauu pe3yrbmamos usmepeHuti 2pynnevl Mooyiet Ha
ynpaensiouee 8bI4UCTUMENbHOE YCMPOUCTEO,
nooxouerHoe Kk danHoul wune. Modynb mexHuuecko2o
3penust Oondicen obecneuusams 603MONCHOCHTb
oCcywecmeanames HacmpouKy MoOYJisk MEXHUYECKO20 3DeHUs.
- HACMPOUKY dKCno3uyuu, baianca H6enozo,
YY6EMOPAZHOCMHBIX COCMABISIOWUX, NAOUAOU
0OHapyscugaemoll 06aacmu U300paAXCceHUs, OKpPy2i10Cmu
0OHapydICU8aemMoll 001acmu U300paAdNCeHUsl, NOJIONCEHUE
0OHapydcusaemvix obracmer OMHOCUMENbHO Opye Opyed.
IMooynb mexHuyecko2o 3penust 00aiceH 0becneuueanms
603MOIICHOCTD HACMPOUKU HA OOHOBPEMEHHOE
oOHapyscenue ne menee 10 pasnuyHbIX 0OUHOUHBIX
06vexmos 6 cekmope 0b630pa, b0 He menee 5
cocmagnbix 00bEeKmMos, COCMOosUX U3 He MeHee 3
paznuunbix epaguueckux npumumueos. Mooy
ImexHuuecko20 3penust QoaIcer 061ad0ams 6CMpOEHHbLIMU
unmepgeticamu — USB, UART, 1-wire TTL, I2C, SPI ons
KOMMYHUKAYUU CO BHEUHUMU NOOKTIOYAeMbIMU
yempoticmeamu. 7) B cocmas nabopa 0onichbl 6x00umo
yupposvie UHPOPMAYUOHHO-CEHCOPHbIE MOOYU,
npedcmasnsirowue cobol ycmpoicmea Ha basze
npoSpamMmMupyemozo KOHMpOIIEpa U UsMepUmenbHo20
baemenma. L{ugposoii Mmooy doncen obradame
6CTNPOEHHBIM MUKPOKOHMPOILEPOM (MAKMOBAs Hacmoma
- He menee 16 MI'y, wiuna dannvix — ne menee 8 Koaiim),
unmepgeticamu 05t NOOKIIOYEHUS. K GHEUHUM
lyempoticmeam: yugposvle u anano2oswie nopmot, 1-wire
TTL, pazvem muna RJ. L{ugpposoii modyns doidwcen
0Oecneuusams 803MONCHOCMb KOMMYHUKAYUU C
AHANO2UYHBIMU MOOYIAMU NOCPEOCMBOM WUHBL HA baze
nociedosamenvHo2o unmep@etica ¢ yeivio oaibHetulel
nepedauu pe3yibmamos usmMepeHull 2pynnvt Mooyet Ha
ynpasnsiiouee 8bI4UCTUMENbHOE YCMPOUCMEO,
nookatouenHoe Kk 0annou wune. B cocmas nabopa
00JCHO 6X00UMB. YUPPOBOT MOJYIb MAKMOBOU KHONKU
— He menee 3wum, yugposou Mooyib c6emoouoda — He
Wmenee 3wm, yugposoil MoOyIb KOHYEBO20 NPepbleamels
— He meHee 3wum, yugpogou MoOyIb 0amyuUKa yeema — He
Wmenee Iwm, yugposoii modyns RGB ceemoouoda — ne
wenee Iwum. 8) B cocmas nabopa 0ondicHbl 6X00ums
baemenmol 015t COOPKU 8AKYYMHO20 3AX8AMA. 8AKYYMHAS
npucocka — ne menee lwim, 31eKMPOMASHUMHBLL KIANAH —
e menee lwim, eaxyymuwiii Hacoc — e menee lwm. 9) B
cocmas Habopa 00axCeH 8X00UMb YYeOHbIN KOMNAEKM,
srIIOUaOWUIL 8 cebs yuebHoe nocobue, Habop bubaUOmeK
IMmpexmepHbIX 21eMeHmMOo8 07 RPOMOMURUPOBAHUSL
WModeneit MmanunyIsyuoHHbIX pob0omos, a maxaice
npozpammuoe obecneyerue 07 pabomul ¢ HADOPOM.
\lIpoepammmuoe obecneyerue 00NICHO 0Oecneuugams
Impexmepnyio eu3yanu3ayuI0 MoOOeIu MaHURYJISYUOHHO2O
lpoboma (c yenoeotl, RI0OCKONApaiieibHol u 0eibma-
KuHeMamuxotil) 8 npoyecce pabomul, 00ecneuudams
nocmpoenue npoCmpancmeeHHol MmpaeKmopuu
0BUIICEHUS UCNOTHUMETbHO20 MEXAHUIMA
MaHUNYISAYUOHHO20 POOOMA, 603MONCHOCHb 3A0AHUSL
nociedosamenbHOCHU MOYeEK 051 NPOXOHCOEHUsL Yepe3
HUX UCNOTHUMENbHO20 MEXAHUIMA MAHUNYISYUOHHO2O
poboma. [Ipozpammnoe obecneueHnue 00HCHO
DyHKYUOHUPOBAMDb, KAK 8 OMOETLHOCMU 8 BUdE CPedbl
WModenuposanus, max u 8 pexcume MOHUMOPUH2ad 6
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Ne HaumeHoBaHue KpaTkue npuMepHble TeEXHHYECKHE XapakTepucTuk | Enununmna
n/n| obopyaoBanus (PBIIO) (PBIIO) HM3MEpeHHus
peanvHoMm epemeny npu NOOKIIOYEHUU MOOenU
WManunyasamopa nocpeocmeom pobomomexHuiecko2o
Konmpoanepa. Ilpoepammnoe obecneyenue 00aHCHO
0becneuusams 803MONCHOCMb NOCMPOEHUsL 2pAPUKO8
3adannbix U MmeKyuux 06006 eHHbIX KOOPOUHAM
WManunyisayuonHo2o0 poboma, epaghukos sHaueHu
cKopocmell U YCKOpeHUsl, 2pAghiuKko8 pacHemuvlx 3Ha4eHUll
Hazpysku. Ilpoepammmnoe obecneuenue 00MHCHO
n0360151Mb 3a0a8aMb NOCIEO08AMENLHOCb
nepeosudcenull MAHUNYIAmMopa nocpeocmeom Habopa
KOMaHO 8 O104HO-epaguyeckom unmepgetice. YuebHoe
nocobue 00IACHO coOepICaAmb MAMEPUAbL NO
paspabomie mpexmepHuix mMooenet MOOUIbHLIX poOOMOa8,
WMaHUNYIAYUOHHBIX POOOTNOEG C PAIUYHBIMU MUNAMU
Kunemamuxu (yen08as KUHeMamuxd, niocKko-
napanienvHas KUHeMamuka, 0eibma-KuHeMamuxd,
ISCARA unu poluasicnas Kunemamuxa, niamepopma
Cmioapma u m.n.), UHCMPYKYul no NPoeKmupo8aHUIo
[PO6OMO8, UHCMPYKYUU U MEMOOUKU OCYUeCMEIEHUS
UHIICEHEPHBIX PACYEnO8 NPU NPOEKMUPOSAHUU (pacyembl
Hazpy3Ku U MOMEHMO8, paciem MOWHOCMU NPUBOJ0S,
[pacuem napamempos KuHeMamuKy u m.n.), UHCMpyKyuu
no paspabomke cucmem YNpagieHust U NPOSPAMMHO20
0becneuenus 0 ynpagieHus pooomamu, UHCMpPYKYuu u
lMemoouku no paspabomke cucmem YnpagieHus ¢
DIeMEHmMAaMU UCKYCCMBEHHO20 UHMELIEKMA U MAWUHHO20
00OyueHus
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\Habop oonicen Obims npednasnauer 0Jis npo8eoeHus
VuebHbIX 3aHAMULL RO U3YYEHUIO OCHO8 MEXAMPOHUKU U
[pobomomexHuKy, npaKmu4ecKo20 npumMeHerust 6a308bix
DIEMEHMO8 INEKMPOHUKU U CXEMOMEXHUKU, d MAKIICe
Hauboee pacnpocmpanerHoll 2neMeHmHol 6a3ol U
OCHOBHBIX MEXHUYECKUX PeUteHUl, RPUMEHSIEMbIX NPU
npOeKMUPOBSAHUY U RPOMOMURUPOSAHUU PAZTULHBIX
UHIICEHEPHBLX, KUOEPHEMUYECKUX U 6CIPAUBAEMBIX
cucmem. B cocmag Habopa 00.121cHbl 6X00UMb
KoMnieKkmylowue u ycmpoucmaa, ooaadaioujue
KOHCIPYKMUGHOU, dNIeKMPUYECKol, annapamHoul u
NpOSPAMMHOU COBMECMUMOCMBIO OpYe ¢ Opyeom. B
cocmae Habopa 00XHceH 8X00UMb KOMNAEKM
KOHCTNDYKMUBHBIX 2IEMEHMO8 U3 Memana 0is COOpKU
lMakema ManunyIAyUOHHO20 pOOOMA U KOMNJLEKM
Memaniuyeckux KOHCMpPYKMUGHbLX 1eMEHMO8 Oisi
Obpaszosamenshblil HAOOP nolcbopKu makema mobunbnozo poboma. B cocmas nabopa

DIeKmpoHUKe, Q0JIIHCHBL 6X00UMb NPUBOOA PAZTULHOZ0 MUNA: MOMOPbL C

DaeKmpomMexanuxe u UHMeSPUPOBAHHBIM UNU GHEULHUM OAMYUKOM NOTONCEHUS. wm 6.00
WMUKponpoyeccopHol — He menee 2um, cep8onpusod boabLUIOU — He MeHee duum,

mexnuke cep8onpusoo manvlil — He mMenee 2uim, npudoo ¢

B03MOXCHOCIBIO YNPABTIEHUS 8 UA2080M pediCume — He
Wmenee 2uum. B cocmas nabopa 00n2iCHbL 6X00UMb
Dremenmbl 015t COOPKU 8AKYYMHO20 34X8amMa. 6aKyyMHAS
npucocka — He menee lwim, 31eKMpPOMASHUMHBILL KIANAH —
He menee lwm, 8aKyymMHblil Hacoc — He meHee lwm. B
cocmae Habopa 00IACHA 8X0O0UMb dlleMeHmHas 0a3a Oz
NPOMOMUNUPOBANUS. NAAMA 0151 beCnaeyHo2o
NPOMOMUNUPOBAHUS, KOMIIEKIM NPOBOO0E PATULHOZ0
muna u OnUHblL, KOMIIEKM Pe3UCMOPO8, KOMNIEKMN
c6emoou00086, cemucesMeHmHbLL UHOUKAMOP, OUCHiel
VKK-muna, KHonku — He Menee Suim, nomeHyuomMempbl —
He menee 3uim, UHEPPAKPACHBII OamuuK - He MeHee Jum,
VIbmMpaszgyKoeol 0amuux - He MeHee Jum, 0amyuux
memnepamypul - He MeHee lum, OamyuK oceewjeHHOCmu -
e menee lwm, mooynv Bluetooth — ne menee lwum,
wooyaw UK-npuemnuxa — ne menee luum, mooynv UK-
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nepedamuyuxa 6 6ude KHONOYHO20 NYIbMA YNPAGIEHUs —
Lwim, akkymynamop — ne menee lwm, 3apsionoe
yempoticmseo — ne menee lwm. B cocmas nabopa 0onceH
6X00UMb MYTbMUOAMYUK OJI1 USMEPEHUs meMnepamypul U
eradCHOCMU OKpYJHcaroweti cpedvl — He menee 1uim.
\Mynemudamuuk dondicen 001a0ams 6CMPOEHHbIM
WMUKPOKOHMPOLIEpOM (MAKMOBASI YACMOMA - He MeHee
16 MT'y, wuna oannvix — ne menee 8 Koaiim),
unmepgeticamu 0151 NOOKIOYEHUS K 8HEUHUM
lyempoticmeam: yugposuie u ananozosvie nopmei, 1-wire
TTL, pasvem muna RJ. B cocmag Habopa dondicen
BX00UMb KOMNIEKM YHUBEPCATIbHBIX GbIYUCTUMETbHBIX
Wmooyneu, npedcmasnsiiowux cobot 6azo8yo naamy,
naamy pacuupenus 0 Cemegozo 83auMo0eticmsus u
niamy nooKmoYeHUs CUN080I Haspy3Kku. Bxooswue 6
KoMIIeKm YCmpocmea 00aiCHbL 001a0amy
00HOBPEMEHHOU KOHCMPYKMUBHOLUL, INEeKMPULECKOL,
annapamuoil u NPOSPAMMHOU COBMECTNUMOCTbIO OpY2 C
Opyeom. baszosas nnama ynueepcanvroeo
BLIUUCTIUMENLHO20 MOOYIISL O0IHCHA NPeOCMasiamsb cobotl
npozpammupyemolii Konmpoinep 6 cpeoe Arduino IDE unu
AHANO2UYHBIX C80O0OHO PACPOCIPAHAEMbIX CPe0ax
paspabomxu. bazosasn niama doaxcHa obradamo
6CmpoenHbiMU unmepgheticamu st NOOKAIOYEHUs!
YUPPOBLIX U AHANO208bIX YCMPOTICNG, BCTNPOEHHBIMU
unmepgpeiicamu USB, UART, 12C, SPI, 1-wire TTL,
\Bluetooth, WiFi. Ilnama pacwuperus 00J4CHA
0becneuusams 803MONCHOCHb NOOKIIOYEHUS
[VHUBEPCANIbHO20 BBIMUCTUMENLHO20 MOOYIIA K cemu
nocpeocmeom unmepgeiica Ethernet. Ilnama pacuupenus
donoicHa 001adams nopmamu 6600a-661600d 015
NOOKIIOUeHUS. YUPPOBBIX U AHANO208bIX YCIPOLCMS,
unmepgetic SPI u 603M04CHOCHIBIO NOOKIIOYEHUS.
eHewnell kapmul namamu. Ilnama pacwupenus ons
NOOKNIIOUeHUS CUTOBOU HASPY3KU OONHCHA 0Decneuusams
BO3MOXCHOCIb NPAMO20 NOOKIIOYEHUS BHeUHell CUN080U
Ha2pY3KU, 4 MAKdice pecyiupyemou Hazpy3Ku
nocpeocmeom PWM unmepdbetica. B cocmaeé nabopa
00.7191CceH BXOOUMb NPOSPAMMUPYEMBLI KOHMPOJLIED,
0Oecneuu8aroujull 603MONCHOCHb OCYIeCMBIAMb
[paspabomy npoepamMmHoco Kooda, UCnOIb3Ys
uncmpymenmapuii cped paspabomxu Arduino IDE u
IMongoose OS u sizvikoe npocpammupoganus C\C++,
JavaScript. IIpozpammupyemviii KOHmpoiep 00NCeH
0O1a0ame nopmamu 0151 NOOKIIOYEHUs. YUDPOBLIX U
(AHANI0208bIX YCIPOUICING, 6CMPOEHHBIMU
npocpamMmupyemMbiMy KHORKAMU U
DIEKMpOMEeXanuieckumu MOOYISAMU 0I5t OP2AHUZAYUU
cucmembl pyuHO20 YNpagieHus, 6CMpoeHHbIMU
npoepamMmupyemvimu c6emoouooamu 0Jisk UHOUKAYUU
pabouezo pescuma, ecmpoennvimu unmepgeticamu USB,
USART, I12C, SPI, 1-wire TTL, ISP, Ethernet, Bluetooth,
WiFi. B cocmag Habopa 0ondicen 8Xx00ums MOOYib
MexXHUYecK020 3peHust , Npedcmasisiouull cooo
BLIUUCTUMENBHOE YCIMPOUCIBO CO 6CMPOEHHBIM
Mukponpoyeccopom (Kon-6o sioep - He menee 4wm,
uacmoma si0pa ne menee 1.2 I'Ty, o6vem O3V - e menee
512M6, 06vem 6cmpoennol namamu - e menee 8106),
UHMEe2PUPOBAHHOU KAMEPOUl (MAKCUManbHoe paspeuletue
suOeonomoxa, nepedasaemozo no unmepgeticy USB - ne
Wmenee 2592x1944 eo.) u onmuueckoui cucmemotl. Mooyno
MmexHuuecKo2o 3peHus 00xceH 061adams
COBMECMUMOCTBIO C PA3TUYHBIMU NPOSPAMMUDYEMBIMU
Konmpoanepamu ¢ nomowvio unmepgeticos - 1-wire TTL,




Ne HaumeHoBaHue KpaTkue npuMepHble TeEXHHYECKHE XapakTepucTuk | Enununmna
n/n| obopyaoBanus (PBIIO) (PBIIO) HM3MEpeHHus
UART, I12C, SPI, Ethernet. MoOyib mexnuuecko2o 3perust
0odicen 0becneuusams GbINOIHEHUE BCEX UBMEPEeHUL U
BbIUUCTEHUL ROCPEOCTNBOM COOCIMBEHHbIX
BLIUUCTUMENBHBIX BO3MONCHOCMEN 6CMPOEHHO20
muxponpoyeccopa. Mooyne mexnuueckozo 3penus
00191cer 001A0aMmb 603MONCHOCBIO KOMMYHUKAYUU C
AHANO2UYHBIMU MOOYAAMU NOCPEOCMBOM WUHBL HA baze
nociedosamenvHozo unmep@etica ¢ yenvio oanvHeluiel
nepedauu pe3yrbmamos usMepeHutl 2pynnovl MoOyiel Ha
ynpassiouee 8bl4UCTUMENbHOE YCIMPOUCMEO,
nooxnouenHoe k 0anHol wune. Modynb mexHuuecko2o
3penus 0ondcen obecneuusams HACMPOUKY PENCUMO8
pabomvl - HACMPOUKY dKcnozuyuu, baranca 6en02o,
1Y6EMOPAZHOCMHBIX COCMABIAIOWUX, NIOWAOU
0OHapyrcUBaeMoll 0Oacmu U300PAdNCEHUs, OKPY2IOCMU
0OHapyscUsaemoll 00a1acmu U300padicenusl, NOJONCEHUe
0OHapyIcUBaeMbix 0bacmeri OMHOCUMENbHO Opye Opyed,
Mawunnoe 00yueHue napamempos HeUpOHHbIX cemeil st
0OHapydiCceHUs 00vbeKmos, popmy u 3aK00UpPO8aHHbIE
BHAUeHUs: 0OHAPYICUBAEMBIX MapKepos muna Aruco,
[pazmepol OOHAPYIHCUBAEMBIX OKPYICHOCMEN, K8AOPAMOS U
Impey2oibHUKO8, NApaMempo8 KOHMPACMHOCMU,
pazmepos, KpUsU3Hbl U NOLOANCEHUSL PACHOZHABAEMbIX
nunuil. Habop oonocen obecneuusams 603MONCHOCHb
paspabomxu mooenu MoouUILHO20 poboma, ynpasiiemoi 6|
FPV-pescume nocpedcmeom npoepammuoco obecneuenus
07151 NEPCOHANLHO20 KOMNbIOMEPA U MOOUTbHBIX
yempoticme na 6aze OC Android unu 10S,
0becneuusaIoneco0 03MONCHOCIG YNPAGLEHUS
IMOOUIBLHBIM POOOMOM U 8CIPOCHHBIM MAHUNYISIMOPOM
nocpedcmeom epaghuueckozo unmep@eiica, GKIUAOUUM
6 cebsi HAbOp KHONOK U nepeKyamenetl, OHCOUCMUK,
obracme 015 omobpavicenus sudeo. Habop dondcen
0Oecneuusams 803MONCHOCMb UZYUEHUSL OCHOS
paspabomxu npoSpamMMHBIX U ANRAPAMHBIX KOMIIEKCO8
uHoICeHepHbix cucmem, peutenuti 6 cpepe ""Hnmepnem
seweti"", a maxoice pewienuii 8 obacmu poooOmMoOmexHuKuy,
UCKYCCMBEHH020 UHMENIEKMA U MAUUHHO20 00yyenus. B
cocmae Hadopa 00NAHCHO 8X00UMb ROCOOUE NO U3YUEHUIO
OCHOG DJIeKMPOHUKYU U CXEMOMEXHUKU, peuenull 8 cgepe
""Unmepuem sewei"", paspabomxu u
npomomunuposanuto mooenel pobomos. B cocmas
Habopa 00HCHO 8X00UMb NOCOOUEe NO UYYEHUIO OCHO8
paspabomxu cucmem mexHu4ecko20 3peHust U JIeMEeHmOo8
UCKYCCMBEHHO20 UHMeNLeKmA.

Obpaszosamenvbhbiil HAOOP 0IICEH DblMb NPEOHA3HAYEH
0J151 U3YUEHUsL MEXAHUKU, MEXAMPOHUKU U
pobomomexnuxu. Obpasosamenvivlii HAOOP
npeonasnaven s paspadomyu npoSPaAMMUpPYemvlx
WMoOenell MexampoHHbIX CUCTEeM U MOOUTLHBIX POOOMO8,
OCHAWEHHBIX PAZTUYHBIMU MAHUNYISYUOHHLIMU U
Baxeamnvimu ycmpoucmeamu. B cocmas nabopa 00icHo
6X00UMb. KOMNJEKIN KOHCIMPYKIMUGHBIX DJIEMEHNO08 U3
Obpazosamenvhbiil HAGOP NOMEMALA, KOMNILEK KPENENCHBIX DNEMEHMO8, KOMNIEKM
mexanuxe, MexampoHuke u |0751 COOPKU 3aX8AMHO20 YCmMpolcmea — He MeHee 1 wim., wm 3.00
pobomomexnuxe Koleca ¢ npope3suHeHHbiM 00000M — He MeHee 2 wim.,
Koleca 6CeHanpasieHno20 0BUNCEHUs -He MeHee 2 wim.,
NpU6oO NOCMOAHHO20 MOKA € UHMESPUPOBAHHOU
cucmemoul ynpasienus, obecneuusaioujett 0opammyio
C6513b NOJIOJICEHUIO, CKOPOCMU U HA2pY3Ke - He MeHee 4
wm., OamuyuK TuHUY - He menee 3 wm., Oamyux
paccmosinus — He menee 1 wm., akKyMyIsamopHas
bamapes — ne menee 1 wm., 3apsaoHoe yCmponucmeo — He
wenee 1 wm. B cocmae nabopa 00.19icen 6Xx00umbo
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Ne HaumeHoBaHue KpaTkue npuMepHble TeEXHHYECKHE XapakTepucTuk | Enununmna
n/n| obopyaoBanus (PBIIO) (PBIIO) HM3MEpeHHus
npocpammupyemulil KOHMPOLEP, 00eCneHu8aIowull
B03MOIICHOCTL OCYWEeCMEIsING PA3PAOOMKY
NpoCPamMMHO20 KOOA, UCNONb3YS UHCIPYMEHMAaputi cpeo
paspabomxu Arduino IDE. Ilpoepammupyemolii
KOHmpOLIep 00NdHCeH 0becneuusams annapammuyio u
NPOCPAMMHYIO COBMECIUMOCTb C dlleMeHmHou 0a30tl,
exo0awell 8 cocmag nabopa. [lpoepammupyemviii
KOHMpOJLIEep 00CeH codepacams credyroujue
unmepdheticol. Yyupposvle u ananlo2oevie NOPNblL — He
wenee 50wm, USB, USART, I2C, SPI, ISP, Bluetooth,
WiFi. I[Ipoepammupyemvlii KOHMPOALEp OONHCEH
codeporcamv unmepghetic (0151 NOOKOHeHUsl NPU0008 U
Damuukos pobomomexnuuecko2o nabopa),
peanusosannvlil Ha 6aze wiunvl RS-485 — ne menee 12wm.
\lIpoepammupyemviil KOHMPOJLIEP OONICEH COOEPIHCAMND
CU0601L NOpM OJisk NOOKIIOYEHUsL BHEWHEU HASPY3KU UIU
mMomopoe — ne menee 2wm. B cocmas nabopa 00icen
6X00UNb MOOYIb MEXHUYECKO20 3PeHUsl — He Menee luim.
IMoOyne mexnuuecko2o 3penus 00adceH 0becneuusanms
603MONCHOCTD KOMMYHUKAYUU C AHATOSUYHBIMU
Mooy iamu nocpedcmeom wiuHbl Ha base
nociedosamenvHo2o unmep@etica ¢ yenvio oanvheluiel
nepedauu pe3yrbmamos usMepeHull 2pynnol MoOyneil Ha
ynpasnsiouee 8bI4UCTUMENbHOE YCMPOUCMEO,
nooxouennoe Kk OanHou wune. Modyib mexHuuecko2o
3penus 0ondcen obecneuusams 603MOACHOCHTb
ocywecmenames HacmpouKy MOOYJisk MEXHUYECKO20 3PEHUs.
- HACMPOUKY IKCno3uyuu, baianca H6enozo,
1Y6EMOPAZHOCMHBIX COCMABIAIOWUX, NIOWAOU
0OHapydcugaemol 0oaacmu U300paAdNCeHUs, OKpPY2L0CHu
0OHapyscugaemoll 061acmu U300padtcenus, NOJI0NHCEHUe
0OHapydcugaemvlx obracmel OMHOCUMENbHO Opye Opyed.
IMoOynb mexnuueckoeo 3penus 00niceH 0becneuusanms
603MONCHOCTD HACMPOUKU HA OOHOBPEMEHHOE
oonapyocenue He menee 10 paznuunbix 0OUHOUHBIX
00BeKmos 6 cekmope 0630pa, 1bo He meHee 5
cocmagnbix 06bEKMos, COCMOoSWUX U3 He MeHee 3
paznuunblx epaguueckux npumumusos. Mooy
mexnHuuecko2o 3penust 00aCeH 061a0amsb 6CMpPOEHHLLMU
unmepgeiicamu — USB, UART, 1-wire TTL, I2C, SPI ons
KOMMYHUKAYUU CO BHEUHUMU NOOKIOYAeMbIMU
CIMPOUCMBAMU.
Obpaszosamenvhbiil HAOOP 0IICEH DblMb NPEOHA3HAYEH
0/151 U3YUEeHUsL OCHO8 PA3PABOMKU NPOSPAMMUPYEMBIX
Mooenetl agmoHOMHbIX MOOUTLHBIX poOOMO8. B cocmas
Habopa OONINCHO 6X0OUNb. KOMNIEKM KOHCIPYKMUGHBIX
DAEeMEeHMO8 U3 NIACMUKA, UHCIPYMeHm OJist pabombl ¢
KD enejcHbIMU KOMINOHEHMAMU, CePEONPUBO0 C
6CMPOEHHOU cucmeMoll ynpaesnenus, obecneuugarouert
0OPAMHYIO C8513b NOLONCEHUIO, CKOPOCU U HAZPY3KE - HE
menee 4 wm., nyrbm ynpagienus — He menee lwim,
. damuux Kacanus — He MeHee 1 wm., 0amuux yeema — He
Obpaszoseamenviblii .
concmpykmop ¢ menee Twm, damuux MakmuibHO-CEHCOPHBLIL CO un 8.00
conTeRmON damULKoe c6emoOu0OHbIM MOOYieM — He MeHee | wim., kamepa ¢
B03MONCHOCTBIO OOHOBPEMEHHO20 ONPeeneHUs.
HeCKONbKUX Yeemos — ne Menee 1 wm., aKKyMyasimopHast
bamapesi — ne menee 1 wm. B cocmas nabopa oonsicen
6X00UMb POOOMOMEXHUYECKUTI KOHMPOLEP — He MeHee
Twm. Pobomomexnuueckutl KOHmMpoJiep O0JiCeH
06na0ame ecmpoennvim yeemuvim KK sxpanom u
6CTPOEHHBIM UHEPYUOHHBIM OAMYUKOM.
IPobomomexnuueckuii KOHMpOIep O0NNHCEH UMEMb He
Wenee 12 nopmoes 015 NOOKTIOYEHUS BHEUHUX YCIMPOUCME
U nopm 031 ycmanosku kapmel namsimu. B cocmas
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HaboOpa 00IHCeH 6X00UMb NPOSPAMMUPYeMbLiL
Koumponnep — ne menee 1 wm. Ilpoepammupyemoiii
KOHmpoLep 00NAHCeH NPeOCmasisims cOO0t YCmpolcmao,
0becneuusaloujee 603MOACHOCHb OCYWECMBIAMb
paspabomxy npoepamMmHoOzo Kood, UCHONb3YS
uncmpymenmapuii cped paspabomxu Arduino IDE.

[ Ipoepammupyemblii KOHmMpoOLLEp O0NNHCEH 0becneuu8ams
annapamuyio u npoepamMMHyio COBMECMUMOCHb C
aremenmuol 6asot, 6xooawell 8 cocmag Habopa.
\[Ipoepammupyemblii KOHMPOLLEP OONAHCEH COOEPIHCANTL
credyrowue unmepdeticol: yu@posule U AHAI0208ble
nopmot — ne menee 50wm, USB, USART, 12C, SPI, ISP,
\Bluetooth, WiFi. IIpoepammupyemulii KOHmMpOJLIEp
Donoicen cooepaicams unmepetic 0isi NOOKIOYeHUs
NpU60008 U 0aMUUKO8 pOOOMOMEXHULECK020 HAbOpa— He
wenee 12 wim.

HaumenoBanme HalnpaBJCHUS: "Texnonozuueckasn HAnpaej1eHHOCnb.

BHoO"

HaumeHnoBanue paznena:
"TexHomornueckas
HanpasyieHHOCTh. BI1O"

Cnexmpoghomomemp

I Ipeonasnauen 0 onpedenenus onmu4eckol
naomHoCmu, KO3QGuyuenmos nponycKanus u
KOHYeHmpayuu pasHooOPAsHbIX PACMEopos

1.00

\Ananumuyeckue secol

[ Ipeonasnauensvl 0151 MOYHBIX USMEPEHULL MACCHI,
10360.110M KOHMPOAUPOBAMb USMEHEHUS MACCHI C
mounocmoio 0,1 me.

1.00

Yuebno-uccneoosamenvcras
liabopamopust buocuenanos
U HellpoOmexHoI02Ull

\B cocmag éxooam: Cencop Tun I ne menee 1 wm.,
0bOecneuugaem 603MONCHOCHb Pe2UCMPAYUY CUCHALA
D1eKMpUYecKoll aKMUEHOCMU MblLLY
(2nexkmpomuoecpammot, IMI). Pecucmpayus dondicua
0CYUjecmensaemcs HeUH8A3UBHO, CYXUMU INEKMPOOAMU.
\Bo3modcHOCmbIO KpenieHus K pyKe uenosexd, Ymo
00JIIHCHO 0A8AMb BO3MONCHOCHIL PESUCMPUPOBAMD
DIeKMPUYECKYIO AKMUBHOCMU MbIULYbL 8 00AACMU, HAO
Komopotl pacnonazaemcs kpennenue. [lpu nanpsowcenuu
Wbluiybl 00IHCHA DbIMb 0OecneueHa 803MONCHOCHb
HaOI00eHUsL NYYHOCMU CUCHALA (M.e. NPUCYMCMEUe
OMT'), npu paccrabnenuu Mbluybsl - ee OMmcymcmaue.
Cencop Tun 2 ne menee 1 wm., obecneuugaem
B03MOXCHOCIb pecucmpayuu cCuzHana
homonnemusmozpammel (DIII) onmuveckum nymem, 3a
cuem usMeHeHUs OMPaNCeHHO20 OM KPOBEHOCHbIX
cocy0oe ceema, 06vem KOMopvlx U3MeHAemcs noo
6030eticmauem nyabcosoll 6oanvl. Cencop 0oacen Obimy
0becneuer 603MOHCHOCMbIO KpenieHus K nooyueyke
nanvya uenosexa. Cencop Tun 3 ne menee 1 wm.,
0Oecneuugaem 603MONCHOCHb: Pe2UCPAYUL CUSHANA
oaexmpoxapouoepammol (OKI) ne uneasusnvim
cnocobom,; pezucmpayuu I, Il u III omeedenuii;
NOOKIIOUeHUS 2IEKMPOO08 K CEHCOPY € NOMOWBIO
coOeOuHUMeNbHBIX NP060008, 060pydoeanuvix TouchProof
pazvemamu. Cencop Tun 4 ne menee 1 wm.
0bOecneuugaem 603MOHCHOCIb: pe2UCTIPAYUL CUSHANA
KooicHo-eanveanudeckou peaxyuu (KI'P), pecucmpayus
KOMOpPO20 0CYuecmeanaemcsa Ha NOCMOAHHOM MOKe;
NOOKNIIOUeHUS K ey Yel08eKd C NOMOUbIO CYXUX
D1eKMpPOo008, NOOKIIOYEHUE KOMOPLIX K CEHCOPY
ocywecmensemcs ¢ nomowwto TouchProof pazvemos.
Cencop Tun 5 ne menee 1 wm., obecneuugaem
B03MOCHOCHb. pe2UCMPAaYUl CUSHANIA INeKMPUYECKOT
axmusnocmu moszea (D3I) ¢ nomowvio cyxux
HEeUHBA3UBHBIX INEKMPOO08; PECUCMPAYUU
DIeKMpUYEcKol AKMUBHOCTU PA3HBIX 00ell MO32d,

nOOKIIOYeHUS. 3]161(771]90006 K CeHcopy ¢ nomouvbro

8.00




Ne HaumeHoBaHue KpaTkue npuMepHble TeEXHHYECKHE XapakTepucTuk | Enununmna
n/n| obopyaoBanus (PBIIO) (PBIIO) HM3MEpeHHus
coeQunumenvuvlx npoeodos, obopyoosanuvix TouchProof
pazvemamu, 3aKpenienus 21eKmpoo08 Ha NOBEPXHOCTU
eonoswl. Cencop Tun 6 ne menee 1 wm., obecneuusaem
BO3MOJICHOCTb. PE2UCTNPAYUY CUSHALA KOLeOAHUS!
epyonot knemru (Cencop Ovixanus), onpeoenenus
uacmomul ObIXaHusl. Ycmpoucmeo 0si coOopa OaHHbIX OMm
CEHCOPO8 U nepedayu Ha NePCOHAbHLIL KOMAbIOMED
0becneuugaem 603MOHCHOCHb cOOPA OAHHBIX OM
HOOKIIOUEHHbIX K HEMY CEHCOPO8 U OMNPABKY NOJYYEHHbIX
Oanuvix Ha IIK. Tlooxntouenue yeHmpanbHo2o Mooyisa K
ITK ¢ nomowvio USB-kabens. LlenmpansHuiii MoOyib
umeem He menee 1 wim, : 2anIb8AHUYECKYIO U30IAYUIO OM
[IK. LlenmpanvHulti MoOyIb 0becneuusaem 603MONCHOCHIb
0OHOBPEMEHH020 NOOKIOUeHUs 8NJI0Mb 00 4 ceHcopos.
\Kaorcowiti uz 6x00086 Llenmpanbrozo Mooy umeem
2anb8aAHUYecKyIO U30AAYUIO (0ObecneueHue MeNCKAHANIbHOL
eanveanuyeckou uzonayuu). Iookmouenue cencopos K
\L[enmpanbHoMy MOOYIIO OCYWEeCMBIAEMCS C HOMOWbIO
cneyuanuzupoganusvix pazvemos muna LEMO,
0OecneuusaIOuUX NPABUILHOCHL NOOKIOUEHUsL PA3beMda U
CHUDICAIOWUX PUCK CTLYUATIHO20 KACAHUSL PAZHEMO8
IMoKONPOBOOsIYUX Hacmell, a MaKice 00ecneuusauux
Bawumy om HeCanKYuOHUPOBAHHO20 NOOKTIOYEHUS K
npouszeonbHuiM yempoiicmeam. Mooyas «Knonkay ne
Wmenee 1 wm., obecneuugaem 03MONCHOCb: PAZMEMKU
pecucmpupyempix CUSHANO8 U OMMe4amb He MeHee 3-X
PaznuuHbIX Kame2opuu cocmosiHull.  Ycmpoticmeo,
6X005Uee 6 cocmas 1abopamopuu, O0JIAHCHO
0becneuusams 803MONCHOCHb PESUCTPaYUU
apmepuanvro2o dasnenust.

IKoJtmuecTBO

=

HaumenoBanue HanpasJenusi: ""Komnviomepnoe u npezenmayuonnoe ooopyoosanue’

HanmenoBanue pasnena:
"KommnbroTepHoe 1
Mpe3eHTallnOHHOE
oOopynoBaHue"

\HnmepakmueHbvlil KOMIIEKC C 8bIYUCTUMENbHBIM OI0KOM
U MOOUNLHBIM KPENJIeHUEM QOINCEH COOMBEMCMBO8AMb
credyiowum mexuuieckum mpebosanusim: Pazmep
Ouaconanu: ne menee 74 owiimos, Paspewienue sxkpana no
eopusonmanu. ne menee 3000 nuxceneu: Pazpewenue
bxpana no eepmuxanu: ne menee 2100 nuxcenei,
\lToooeporcka pazpewenus 3840x2 160 nuxceneil (npu 60
\'y): 0a; Hanuuue 6cmpoeHHol akycmu4eckol cucmembl.
0a; Konuuecmeo mouex kacanus: e menee 20; Bvicoma
CPAbAMbIBAHUsL CEHCOPA OM NOBEPXHOCIMU IKPAHA: He
bonee 3 munumempos, Bpems omxnuxa cencopa
Kkacanus: ne bonee 10 murnucexyno; Bempoennuvle
DYHKYUU pACNO3HABAHUSA 00BEKMO8 KACAHUA: Od;
\Unmepaxmuenulii komniexc |Koauuecmeo noddepacusaemvix cmuiycos

C BLIYUCTUNENLHBIM OIOKOM |00HOBPEMEHHO: He MeHee 2; Bo3MOX*CHOCTb NOOKII0UEeHUs wm 1.00
1 MOOUNbHLIM KpenaeHuem |k cemu Ethernet npogoonvim cnocobom: oa;
\BozmooicHocmb nookmovenust k cemu Ethernet
becnpoeoouvim cnocobom (Wi-Fi): oa,; Bosmooicnocmo
UCNONb308AHUSL IAOOHU 8 KAYEeCHBe UHCIPYMEHMA
cmupanusa: 0a, Haruuue unmezpuposannozo oamuuxa
ocseuyennocmu 0 A8MOMAMUYECKOU KOPPEKyuu
sipkocmu nodceemku: oa, Hanuyue gpynrxyuu
becnpo8oOHOll nepedayu U306padicenus ¢ yCmpoucmes Ha
baze OC Windows: doa; Hanuuue ¢pynxyuu decnposooHoii
nepedauu uzobpasicenus ¢ yempoticma Ha o6ase OC
MacOS: oa;, Hanuuue gpynxyuu 6ecnpogoonoil nepedadu
uzobpasicenus ¢ yempoticms na 6aze OC iOS: oa;,
\Haruuue ¢ynxyuu 6ecnpooonoil nepedadu
uzobpasicenus ¢ ycmpoticms na 6ase OC Android: oa;




No HaumeHoBaHue Kpatkue npuMepHble TeXHUYecKHe XapakTepucTuku | Equnnna
n/n| obopyaoBanus (PBIIO) (PBIIO) HM3MEpeHHus
\Bo3MOdICHOCb YOANeHHO20 YRPAGIEHUs U MOHUMOPUH2A.!
0a, Hanuuue kpennenus 6 komniexme: 0a, Hanuuue
croma na Kopnyce 05 YCMaHo8KU OONOTHUMENbHO20
sbluUCIUMENbHO20 O10Ka: 0a; MakcumanbHblil
nooodeporcusaemvill 00beM ONePaAMUEHOU NAMAMU
0ONOHUMENLHO20 BLIYUCTUMENLHO20 OI0KA: He MeHee 8
\I'0; Makcumanvusitli noooepaircusaemviti 00vem
Haxonumenss OONOIHUMENbHO20 GbIMUCTUMENbHO20 OIOKA.!
ne menee 128 I'6; Paswem 014 nooknouenus
00NOTHUMENBHO20 BLIYUCIUMENbHO20 DIIOKA C
KOHMAaKmamu 31eKmponumanus bl4UCIUMenIbH020 OI0KA
0mM 8CMPOEHH020 OIOKA NUMAHUSL UHMEPAKMUBHO20
KOMNIeKca U KOHMAKmamu 011 NOOKI0YeHUs yughpoeozo
suoeocucrnana u USB 0ns noOKouenus cencopa Kacanusi:
Hanuyue, [Ipoussooumenvrnocms npoyeccopa
O0NOIHUMENLHO20 8LIYUCTUMENBbHO20 O0KA (3HAYeHUe
nokasamenst « CPU Marky» no mecmy «Desktop CPU
\Perfomancey https://'www.cpubenchmark.net/desktop.html
wunu no mecmy «Laptop & Portable CPU Performance»
https://www.cpubenchmark.net/laptop.html).: ne menee
7000 eounuy, Paspewenue Ha 8vixo0e gudeoadanmepa
BbIUUCTIUMENbHO20 OI0KA NPU pabome ¢ UHMEPAKMUBHBIM
Komnnexcom: ne menee 3840 x 2160 nuxceneti npu 60 I'y;
\Hanuuue y 00noaHumenbHo20 blyucIumenbHo2o 010Ka
becnposoonoeo mooyas Wi-Fi ne nuoice 802.11a/b/g/n/ac;
IMaxcumanvuvlii yposens wiyma npu pabome
0ONOHUMENLHO2O BLIYUCTUMENbHO20 O0Ka: He 6oaee 30
0bA; Hanuuue 6 komniexme MobUIbHO20
lMemannuyecko2o Kpenienus, 0becneuusaone2o
603MOJCHOCHb HANOILHOU YCMAHOBKU UHMEPAKMUBHOZO
KoMnaeKca, ¢ nepedsudCHOL KOJIeCHOU 0a3oul u
603MOXCHOCIBIO (puKcayuu Konec 0t UCKIIOYEHUs
HenpouseonbHo20 dsudcenus, IIpedycmarnosnenuas
OnepayuoHHas cucmema ¢ epaguyecKum
noIb308aMeENbCKUM UHmMepghelicom, 0becneuusarouast
lpabomy pacnpocmpaneHHbIX 00pa308amenbHbIX U
0OWecucmemubix npunodcenuti: nanuvyue, OyHxyus
epaghuuecko2o KOMMEHMUPOBANUSL NOBEPX NPOU3BOTLHOO
u300padicenusi, 6 MOM 4ucie om QuuecKu
NOOKIIOUEHHO020 UCMOYHUKA GUOCOCUSHANA: HATTUYUE,
\Humezpupoeannblii 8 no1b308amenbCKUll UHmMepghetic
yHKYUOHA npocMompa u pabomul ¢ PAIamMu OCHOBHbIX
opmamos ¢ USB- nakonumeneii unu cemegozo cepgepa:
Hanuuue, Mnmezpuposanuvle cpedcmaa,
obecneuugarouue credyiouuil PYHKYUOHAL: — CO30aHUe
WMHO20CMPAHUYHBIX YUeOHBIX 3AHAMUL C UCNOIb308AHUEM
WMeduaxonmenma pasiuyHuix opmamos, — co30anue
Haonucetl U KOMMEHMAapues no8epx 3anyueHHbIxX
NpUIOdICEeH Ui, — pAcno3Haganue Gueyp u pyKonucHoz2o
mexcma (PyccKkul, aHeIUuCKul A3bIKW), — HATudue
UHCIPYMEHMO8 PUCOBAHUSL 2€0OMEMPULECKUX huyp U
iunuil. Bempoennvle gynkyuu: — eenepamop ciyuaimsix
yucen, — KAAbKYJISAmMop, — 9KPAHHAS KI1asuamypd, —
maiimep, — pedakmop Mamemamuieckux Gopmys.
DeKmpoHHble MameMamuiecKue UHCMpyMeHmbl. —
YUPKYTIb, — Y2ONbHUK, — JUHEUKd, — MPAHCOPIMUP.
\Peotcum «benotl O0OCKU» ¢ B03MOHCHOCMbBIO CO30AHUSA
3amemox, pucosanus, pabomsi ¢ madbauyamMu u
epaguxamu. naruyue. Umnopm ¢aiinos ¢popmamos:
\PDF, PPT, PPTX

IKoJtmuecTBO

=

Dunvapm \Pazmep paboueti oonacmu: ne menee 700x1000 mm wm 7.00

mun Kopnyca: Memani, 8603MOHCHOCHb 0e30NACHO20
BauuyeHHO20 3aMKOM XPaHeHUs HOYMOYKO8. Haaudue, wm 2.00
603MOOCHOCIb 3apAO0KU HOYMOYKO8: HAUYUe,

Tenesicka 0ns 3apsoKu u
Xparenust HOymoyKkog




=

HaumenoBanue

obdopynosanus (PBIIO)

KpaTKne NPpUMEPHbIC TEXHUYCCKHE XaPAKTEPUCTUKH
(PBIIO)

Exununa

H3MepeHust

IKoJtmuecTBO

nodoepoicka noymoykog n.1.; nanuuue poymepa Wi-Fi
cmanoapma 802.11n unu cogpemennee: 1 wm.
noooepoicka Hoymoykos n.1; konuuecmeo HOymoOyKkog: om
15 wmyxk, nodoepoicka Hoymoykos n.1; Hanpsisicernue
numanusi: 220B\500'y,; Ilompebasiemas mownocmos, Bm
(maxcumym): 2500; Ilompebnsemvii mok, A (maxcumym):
12; [Tnuna winypa snekmponumanus: om 2,5 mempa,
Bawuma om nepenanpsiicenusi, KOPOMKO20 3AMbIKAHUSL:
Hanuyue, Koneca 0nist nepedguicerust ¢ mopmo30M:
Hanuyue.

MDY mun 2

Tun ycmpoiicmea.: Muo2oynxkyuonansHoe ycmpoicmsao
(MDY); [{semnocms neuams: ysemuas, Dopmam
neuamu: ne menee A4; Tun cxanuposanus:
npomsidicHbll/Naanwemunblil; Bosmooicnocme
cxanuposanus 6 popmamax: ne menee A4; Cnocod
nooknrouenusn: LAN, Wi-Fi, USB.

1.00

MDY mun 1

Tun yempoticmsa: Mno2ogynkyuonaibrHoe ycmpoiucmeo
(M®DY), [leemnocms neuams: uepno-oenas, Texnonozus
nevamu: snekmpozpaguueckas (azepras,
ceemoouoonas); opmam newamu. ve meree A4; Tun
CKAHUPOBANUSL: NPOMSIICHBIU/NIAHUENHbLIL,
IBO3MOJICHOCb CKAHUPOBAHUSL 6 hopmamax: He MeHee
A4, Cnocob nookmouenus: LAN, Wi-Fi, USB

1.00

\Hoymoyx

Dopm-pakmop: Hoymoyk, Paszmep ouazonanu: He MeHee
15.6 oroumos; Paspewenue sxpana: Full HD, Quad HD
wnu Ultra HD; Obwuii 06vem ycmanoeieHHoU
onepamusHou namamu. ne meree 8 I'oaim;
\Makcumanvusiti 00wull no0deparcusaemulii 00vem
onepamusnou namamu: ne mernee 16 I'oaiim, Obvem SSD
rnaxonumens: ne menee 240 I'bavim,; Becnposoonas cea3v:
Wi-Fi; Koauuecmeo ecmpoennvix ¢ kopnyc nopmog USB:
He menee 2, uz kKomopuix He menee 1 dondxcro ovims USB
sepcuu He Hudice 3.0; Paspewenue 826-kamepul,
\Mnuxcenv: ne menee 0.3; Bcmpoennulii Mmukpogon;
\Knasuamypa ¢ packiaokou u MapKuposKo Kiagui
OWERTY/HI][YKEH; IToddepaicka cmandapmos
becnpogoonotl cesizu: 802.11a/b/g/n/ac;

\l Ipouszsooumenvrocms npoyeccopa (3Hauexue
noxazamens « CPU Marky no mecmy «Laptop & Portable
CPU Perfomance»
hitp://www.cpubenchmark.net/laptop.html): ne menee
5000 eounuy,; Hanuuue manunyiamopa mvlisv 6
Komnaexme: 0a;, YcmanoeienHas onepayuorHas cucmema
C epaguueckum noIb306aMenbCKUM UHMeppeticom,
ce6edeHUs1 0 KOMOPOM BKIIIOUEHbL 8 eOUHDBLI peecmp
[poccutickux npoepamm 0is 31eKmMpOHHBIX
BLIUUCTUMENbHBIX MAWUH U 043 OAHHBIX,
Yemanoenennviii nakem oghucroz2o npoepammuozo
0Oecneuenus, COBMeCmuMO20 ¢ YCMAHOBIEHHOU
onepayuoHHol cucmemoll, c8e0eHUsl 0 KOMopom
BKII0UEHBL 8 eOUHBII peeCmp POCCUNICKUX NPOSPAMM OISl
D1eKMPOHHBIX BLINUCIUMENLHBIX MAUWIUH U OA3 OAHHDIX.

30.00

HaunmeHoBaHnue HanpaBJieHusi: ""Obopydosanue 0ns 0ononnumenbHovlX HanpasieHui'"

"XAUTEK"

[HanmenoBaHue paznena:

ynpaenenuem

CmaHoK 1a3epHot pe3Ku ¢
YLUCTOBbIM NPOSPAMMHBIM

Cmanox 07151 2pasuposku u pesku 1azepom. Jonicen
npedycmampugams 803MOACHOCTb 0OPAOOMKU XPYNKUX
WMamepuanos, 8 mom yucie Kepamux, Cmekida,
opecmerxna. Mooyne gunvmpayuu 6030yxa 6 Komniekme.
\IBecmpoennoe 600sinoe oxnascoenue. Jlazep muna CO2.
\Pasmep pabouezo cmoaa, mm: He menee 300*500.
\Mownocms nasepa, Bm: ne menee 40. Iloodepocusaemvle
dopmamer gaiina: JPG, PNG, TIF, BMP, DXF, SVG,

CR2.

1.00
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HaumenoBanue
obdopynosanus (PBIIO)

KpaTKne NPpUMEPHbIC TEXHUYCCKHE XaPAKTEPUCTUKH
(PBIIO)

Exununa

H3MepeHust

IKoJtmuecTBO

\[Inacmux ons 30 neuamu

Tun nnacmuxa: PLA, monwuna numu: He menee 1,75 mm

wm

50.00

30 npunmep
npogeccuonanvHulil

Tun npunmepa: FDM, FFF, mamepuan (ocnoenoul): PLA,
KOIUYEeCME0 nevamalouux 201060K: He Menee 1, pabouuil
cmon: ¢ nodoepesom, pabouas ooracme (XYZ): om
300%300%400 mm, MmMakcumarbhas CKOpOCmMb neuamu: He
Wmenee 150 mm/cex, MUHUMATbHAS MOTWUHA CILOSL: HE
bonee 20 MM, 3aKpbImblil KOPRYC.: HATUYUE, OXTANCOCHUE
BoHbL newamu.: narudue

1.00

\Mnozog)ynkyuonanvhas

obpabomku u
npomomunuposanus

cmanyust 015l MeXanuuecKkotl

Yuebnasn mooynenas cmanyus oonscna obecneyusamo
BO3MOJICHOCIb U3YYEHUS He MeHee MpPex MeXHOA02Ul
npouzeo0cmea uzoenuti u 06pabomKy Mamepuanos, d
makoice npOMOMUNUPOBAHUs U30enull. Yuebnas
WMOOYIbHAA CIAHYUA OONIHCHA UMeMb CIedYIowull COCMas
u xapakmepucmuku: Mamepuan kKoHcmpyKyuu:
aniomunuti Konuuecmeo nanpagnaowux: ne menee 4 wm.
\Habop unmepgeiicos. - Ethernet, ne menee 1 wm. - USB,
He menee 2 wm. - MicroSD: nanuuue. - Mooyno
becnposoonotl cesisu Wi-Fi: nanuuue. [lanens ynpasnenus
c akpanom: Hanuyue Tun ynpasienus sKpana.: ceHCopHoe
Tun sxpana: LCD-nanenv LJgemnocms sxpana. yeemuoii
V[uazonans sxpana. ne menee 3,5 owiima Ilnamgopma
nodoepesaemasn: nanuuue Ilnamgopma ona 3D-nevamu
Wacnumnas euokas: naruuue Co8MeCmuMocms
niamegopmel 0 3D-nevamu ¢ nramgpopmou
nodoepesaemoti: nanuyue CmeHHblll MOOYIb 3D-nevamu:
nanuuue Texnonoeus 3D-nevamu: FDM unu FFF
VIuamemp conna: ne menee 0,4 mm Maxcumanvnas
memnepamypa Hazpega conna: ne mernee 250 °C
\Makcumanvuas memnepamypa Hazpesa nodozpesaemou
namgpopmor: ne menee 80 °C Munumanvras morwuna
cnos: ne 6onee 50 mkm Makcumanbhas moawuna cios: He
wmenee 300 mxm Crkopocms 3D-neuamu. ne menee 100
Wm/c MaxkcumanbHblil pasmep u3e0masiueaemol MooeiL:
e menee 200x210x200 mm Iloooepoicusaemvie
wmamepuanet 0na 3D-newamu: PLA-, PETG-, TPU-, ABS-,
PC-, Flex-nracmux Juamemp numu niacmuka: ne 6oiee
1,75 mm Cencop obHapyscenuss Humu naacmuxa: Hanudue
DYHKYUA ABMOMAMUYECKOU KATUOPOSKU. HATUYUE
Cmennvlil 1asepuviti MoOyas: Haaudue Mownocmo
\nasepa: ne menee 1,6 Bm @yukyus nazepnoeo
epasuposanus: Hanudue QyHKYUA 1a3epHOLL Pe3KU.
nanuyue Pasmepul paboueii oonacmu: ne menee 200x200
wm Tloooepoicusaemvie mamepuanvi: 6ymaza, KapmoH,
Oepeso, nnacmux, kodxca CmenHbill MOOYIb pe3eposanus
c YI1V: nanuuue MaxcumanbHuas ckopocms 6paujenus
winunoeins: He menee 8000 06/mun Maxcumanorolii
Quamemp 3adxcuma nampoua: ne menee 4 um ®Ppesa:
Hanuyue QyHKYUsL RIOCKOCMHO20 U 00bEMHO20
dpezeposanus: nanuuue Ilooodeporcusaemvle Mmamepuanvl:
Oepego, mexcmoaum, naacmux Koocyx 3auyummbiil:
nanuuue Ouxu sawummusie ¢ YO-chunompom: nanuvue
\doanmep numanus: nanuuue Komniexm 3anacuvix
DYHKYUOHANBHBIX JNeMeHmO8. Hanudue

3.00

[HanmenoBaHue paznena:
"DnexTpo3HepreTuka”

HaumenoBanue pasnena:
"T'EO-ADPO"

HanmenoBaHue paszacia:
"HAHO"




