MUHUCTEPCTBO OBPA3OBAHUS KHPOBCKOII OBJIACTH

PACIIOPSIDKEHUE

Ne d%g

r. Kupos

06 yrBepxaennn HHPPACTPYKTYPHBIX JHCTOB AJist cozaanus B 2024 roay
ACTCKAX TexHonapkos «KBaHnTopuym» na Gase o6meo6pazoBaTebHbIX
OpraHu3auui

Ha ocHoBanuu nucema MununcreperBa  mpocsemenns  Poccuiickoi
®epepanuu ot 30.11.2023 Ne TB-2357/02 «O HaIPaBJIEHUH METOJIMYECKHUX
pPeKOMeHIanui»

I. YTBepauTh cormacoBanHbie C DejepanbHbIM  TOCYAAPCTBEHHBIM
ABTOHOMHBIM  y4pexJIeHUEeM  «lleHTp  NpOCBETUTENBLCKHX  WHUIMATHR
MunucreperBa npocsemenus Poccuiickoit ®eziepaunu» HHPPACTPYKTYPHBIE
JACTBL Juist cosfanud B 2024 rojy HETCKUX TeXHONAPKOB «KBanTopuym»
Ha 6ase 06meoOpa3oBaTeNLHLIX OpraHH3aIuii:

1.1. MyHuLMnANIEHOTO O10/KETHOr O o611eo6pazoBaTenLHOr0
ydapexaenus «Jluueit ropona Kuposo-Yenenka KupoBckoit 06macTimy coracto
npunoxeHuro No 1.

|2, MynuuunansHoro 001eodpazoBaTebLHOrO ABTOHOMHOI'0
yapexaenus «JIunei Ne 21» ropona Kuposa cormaco MPHIIOKEeHUIO No 2,
1.3. MyHumnansHoro O10/KEeTHOTO obuleobpazoBarebHOr0O

yapexaenus «Cpeansst o6uieo0pazoBaTesnbHas mkoiga Ne 25y ropojaa Kupoga
COrnacHo Ipunoxenuro No 3.

2. Kourpons 3a BBIIIOJTHEHUEM pacropsiKeHHs BO3JI0KHUTE
Ha 3aMecTUTels MUHICTpa 00pasosanus Kuposckoii o6nactu Boponknuy E.C.

Mumnuctp o6pazosanus
Kuposckoii o6iactu 7 O.H. PriceBa

/



IIpunoxenne Nel

VTBEPXIEH

pacropspKeHHeM MUHHCTEPCTBA
obpasoBanus Kuposckoii o6actu

e 149

OoT

A

HHO®PACTPYKTYPHBIN JIUCT

st cospanust B 2024 roay 1eTckoro TexHonapka «KBantopuym» Ha 6ase
MYHHUHNATLHOrO 610/13KeTHOT0 061e06pa3oBaTebHOr0 yuapexaenus «JIuueii ropoaa

Kuposo-Ueneuxa Kuposckoii 061acTi»

No Hanmenosanue
n/n_o6opynoeanus (PBIO)

Kparkue npumepnbie Texunveckne XapaKTepHCTHKH
(PBITO)

Exnnnua
H3MepeHs

Konnuecer

~

B0

HaumeHoBanne HalpaBJIeHHs: "ECHIECI‘HBEHHOH(l_}"HMU? nanpaes.ienno

chb'’

Haumenosanue pasaena:
| ["EcTecTBeHHOHAYYHAas
HAIPaBJIEHHOCTh"

Lluhposan rabopamopusn
"Numus" npochunenas dns
nedacoca

Obecnevusaem euinonnenue aabopamopioix patom no
NUMUU HA YPOKAX 6 OCHOGHOT WIKOIE U NPOCKINHO-
HCCACOOGAMENLCKOTI deAmensHOCMU yuanguxes.
Kownnexmayus: Becnpoeoonoii mymsmudamuur no xumuu ¢
3= empoennviu damyuuxamu: Jamuwux pH ¢ duanazonon
usmepenus ne yoce vem om 0 0o 14 pH Janvu
PNIEKMPONPOSOOUMOCINY € OUARAZOHAMU UIMEPEHUR HE YIICe
weat om () do 200 mxCar; om 0 9o 2000 yuxCu: om 0 do
20000 vkCwm Jamuux memnepamypet ¢ duanazonom
usmepenus ne yoice uem om -20 do +140C Omoenvusie
Oanmyuru: Jamuuk onmuyyeckoli nromuocmu 525 uwv
drceccyape: Katens USB coedunmensupiii Sapaonoe
vempoiicmeo ¢ kaGerem miniUSB USB Adanmep Bluetooth
4.1 Low Energy Kpamkoe pykogodcmeo no IKCHIYamayuu
yugposoii nabopamopuu Habop Aabopamopron ocuacmiu
[pozpanmuce obecnevene Memoduyeckue PeKoMeHOayuu
ne menee 40 pabom Hamuuue pyceroszsiunoeo catima
1oddepaicku Hanuue sudeoponuxos.

uem.

4.00

[ugpposas nabopamopus no
huzuonozuu (npoghunenei
VPOBeHb)

Obecnevusaem nposedenue uccnedocanus no
DYHKYUOHUPOBANIIO HENOBEYECKO20 OPeaHUIMA.
[Komnnexmayusi:  Becnposodnoii mynemudamuuk no
pusuonozuu ¢ 5-10 cmpoennvivu damuuramu: Jamuvu
apmepuanenozo oagnerus (0...250 v pm. em.) Jamvux
MyIbea ¢ Quanazonom usmepenus ne yce vem om 30 0o 200
vo/mun Jamuuk mesnepanmyps: mena ¢ Ouanazonom
usmepenus ne yoce wem om +25 do +40C Hamuux
HACMONbl ObIXANUS ¢ OUARAZOHOM USMEPEHIUS HE VIHCE Yem
om 0 0o 100 yuxnos/yun Jamuux yekopenus ¢
roxkazamensyu £2 g7 4 g; =8 g Omoenvnsie yempoiicmea:
lamuuk IKT” ¢ duanazonom uzmepenus ne yowce wesm om -
300 oo +300 mB) Jamuux CUNOMED € OUANAZOHOM
usmepenust ne yoce wem om (0 0o 40 H Jamuuk
OCEEIYEHHOCINU € QUANAZOHOM U3Mepenus He yace vem om ()
00 180000 ax Axceccyaper: Kabens USB coedunumensuorii

uim.

Bapsiduoe yempoticmso ¢ kabenem miniUSB USB A danmep

1.00
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HaumenoBanue

obopynosanus (PBIIO)

Kpatkune npumepHbie TeXHUYECKHe XapAKTEPHCTHKH
(PBIIO)

Eaununa
H3MepeHus

IKosinuecTBO

Bluetooth 4.1 Low Energy Kpamxkoe pyko8oocmeo no
brcnayamayuu yugposot rabopamopuu [Ipocpammuoe
obecnewenue Memoouueckue pexomendayuu ne mernee 20
pabom Hanuuue pycckosazpluno2o caima noooepiucKu
Hanuuue 6u0eoponuos.

neoazoca

([ [uppposas nabopamopus
"@uzuxa" npogunvras ons

Obecneuusaem GuinoHe e IKCREPUMEHNO8 NO eMAM
kypca Qusuxu. Komnaiexmayus: Becnpogoonot
Mynbmudamyux no guszuxe ¢ 6-10 6CMpoeHHbIMU
oamuuxamu: Llugposoii oamuux memnepamypovi ¢
Ouanazonom uzmepenus He yoice wem om -20 0o 120C

[ {ugpposoii damuuk abcontomno2o 0asieHus ¢ OUana3oHoM
usmeperus ve yace yem om 0 oo 500 xlla Jamuuk
\MacHUMHO20 NOJIA ¢ OUANA30HOM USMEPEHUS] He Ve Yem Om
-80 0o 80 mTn [Jamuuk nanpsascenus ¢ OUana3oHamu
usmepenus ve yace yem om -2 0o +2B ; om -5 0o +5B; om -
10 0o +10B; om -15 0o +15B Jlamuux moxa He yoice uem
om -1 0o +1A4 Jamuux axcenepomemp ¢ nokazamensimu He
Wmenee yem: £2 g; +4 g; £8 g Omoenvubie ycmpoticmaa:
USB ocyunnoepagh ne menee 2 kanana, +/-10 B
Uxceccyapol: Kabenv USB coedunumenvuulil 3apsionoe
yempoticmeo ¢ kabenrem miniUSB USB Adanmep Bluetooth
4.1 Low Energy Koncmpykmop 015 npogedenus
brcnepumenmog Kpamkoe pykogoocmeo no sxcniyamayuu
yugposou nabopamopuu [Ipoepammuoe obecneuenue
Memoouueckue pexomenoayuu (40 pabom) Hanuuue
pyccrosazviuno2o catima noodepoicku Hanuuue
610E0PONUKO8.

4.00

IMuxpockon yugposoti

Tun muxpockona: buonozuueckuii Hacaoka muxpockona:
Wwonokyaapnas Hasnauenue: nabopamopnuiii Memoo
uccreooganus. ceemaoe noie Mamepuan onmuxu.
onmuueckoe cmekio Yeenuuenue Mukpockona, kpam: 64 —
1280 Okynapor: WF16x Obvexmuswl: 4x, 10x, 40xs
(noonpyacunennuiii) Pegonveepnas eonoexa: na 3
ob0vekmusa Tun noocgemxu: 3epKrano uiu c6emoouoo
\Pacnonosicenue nooceemxu. 6epxmss u HudcHsas Mamepuan
kopnyca: memann [Ipeomemuviti cmonux, mm: 90 Ucmounux
numanus: 220 B/50 I'y Yucno mecanuxcenei. |

7.00

PKOoJI02UU

L [upposas rabopamopust no

Obecneuugaem npogedenue yuebH020 IKOI02UYECKO20
WMOHUmMOpUHea UHCMPYMeHmMATbHbIMU Memodamu. Habop
npuUMeHsemcs npu u3yueHul SK0I02UU, OUOI02UY, XUMUL,
eeoepaghuu u npupodosedenus, a makice OJist
UHOUBUOYATLHBIX UCCIEO08AHUSL U NPOEKMHOU
OesamenbHOCMU WKOIbHUKO8. Komniexmayus:
\becnpo8oOHOU MYTbMUOAMYUK O IKOLOSULECKOMY
lWoHumopuney ¢ 8-10 6cmpoenuvimu oamuuxamu.: JJamuux
Humpam-uonoe Jlamyux xaopuo-uonog Jamuux pH c
Ouanazonom uzmeperus He yoice uem om 0 0o 14 pH
V{amuux enasicnocmu ¢ ouanasonom usmepenus 0...100%
V[amyuk oceewjeHHOCMU ¢ OUANA30HOM U3MEPEHUsL He Yiice
uem om 0 0o 180000 nx Jamuux memnepamypoi ¢
ouanazonom usmepenus ne yoice uem om -20 0o +140C
V[amyux 31eKkmponpogooumMocmu ¢ OUANA30HAMU USMEPEHUS]
re yoice wem om () 0o 200 mxCm; om 0 0o 2000 mxCm; om 0
00 20000 mxCm J{amuux memnepamypsi okpyicaioujeii
Ccpedbl ¢ OuanazoHom usmepenus ne yace wem om -20 0o
+50C Omoenvuvie damyuxu u myromuoamyuxu. Jamuux
B8yKa ¢ pyHKYUel UHMeSpuUpos8anus ¢ OUANa30HOM
usmepenust yacmom e meree uem om 50 I'y 0o 8 kl'y,

5.00




Ne HaumeHnoBanue Kparkue npuMepHbie TeXHHYeCKHe XapakTepucTuku | Exunnna

n/n|_oGopyaosanus (PBIIO) (PBIIO) nameperus | O HHECTEO

=

V[amyux 61a24cHOCMU NOYBbL C OUANAZOHOM USMEPEHUs He
vorce wem om 0 0o 50% Jlamuuk okucu yenepooa c
Ouanaszonom usmepenus He yoce uem om 0 0o 1000 ppm
Mynvmuodamyux onmuyeckoti nIOMHOCIMU U MyMHOCHU CO
8CTMPOEHHBIMU OamuuKamu: JJamuux onmuyeckou
nomuocmu 470 um ¢ ouanazonom usmeperusi om 0 0o 2 D
Vlamuux onmuueckoul niomuocmu 525 Hm ¢ OUanazoHom
usmepenust om () 0o 2 D [lamuux onmuueckoi niomuocmu
630 um ¢ ouanazonom usmepenuss om 0 0o 2 D Jlamuux
lWymHocmu pacmeopos ¢ ouanazonom usmeperus om 0 0o
200 NTU Axceccyapwi: Kabenv USB coedunumenvhuiii (2
wm.) 3apaonoe ycmpoticmeo c kabeirem miniUSB USB
\Yoanmep Bluetooth 4.1 Low Energy Cmepowcenv 04
Bakpennenus oamuuxos ¢ wmamuge Kpamkoe pyxogoocmeo
no sxcnayamayuu yugposou nabopamopuu Ilpoepammnoe
obecneuenue Memoouueckue pexomenoayuu He meree 20
pabom Ynarxosxa Hanuuue pyccroszviunoeo catima
1000eporcKU, Hanudue UOeoPONUKO8.

HaumenoBanue HanpaBJeHusi: ""Texnonozuueckas nanpasnennocms. PO60O"

HanmeHoBaHue pazaena:
1 ["TexHonoruyeckas
HanpasieHHocTs. POBO"

[Komnaexc cocmoum us cooprno-pazoopnoco 3D npunmepa,
pyunozo 3D ckanepa u npoepammuoco obecneyenus no
domoepammempuu. Cooprno-pazbopwiti 3D npunmep.
Obnacme newamu: 200 mm x200 mm x 200 mm
Maxcumanvhasn ckopocms neyamu, cm3/u:> 30 Ckopocme
nepemewjenus newamarouen 20108ku, mm/c:> 80 Tun
coemecmumozo ¢ 3D-npunmepom niacmuka: PETG, SBS,
\PLA, ABS Humepdgeiic nookmouenus: USB Flash
Kanubpoesxa nramgopmor:[lonyagmomamuuecrkas
[Konuuecmeo conen Ha neyamaioujetl 2onoske. om 1 wm
Munumanvras moawuna cnos: > 0.01 u < 0.05 mm
VIuamemp conaa: > 0.3 u < 0.5 mm Maxcumanvras
memnepamypa newamaioweii 2onosku. > 250 epao. C
Oxnasicoenue 30Hbl neyamu. J{gyxcmopontee
Maxcumanvuas memnepamypa naamgopmoel 01 newamu: <
150 epao. C Tun nnamgbopmul onst neyamu: [loooepesaemas
CveMHas Ha 3axcumax, uxkcupyemas Ha niamgopme
\Hanuuue 3axpvimozo kopnyca: Hem ®@opmam ¢aiinog ons
neyamu: GCODE Tun ynpaeienus npunmepom: Ilanens
ynpaenenus ¢ oucnieem Ha kopnyce ycmpoticmaa Tun
HANpasIIOWUX: KOHCIMPYKYUOHHBLI npodurs Pyunou 3D
ckanep. Tounocmov ckanuposanus: > 0.05 u < 0.1 mm
Cropocmb ckanuposanus, Man. mouex/cex. > 2 @opmam
coxpanenus pe3yibmamos ckanupoganus: viml, ply, obj, stl
\BozmooicHocmb ckanupoganus 6 yeeme. [a Hanuuue
cencoprozo sxkpana. Hem [nuna USB-npoeoda:> 3 m
Texnonoeusn 3D-cxanuposanun: Onmuueckas 3azpyska
npecemos(uiabionos) ckanepa:naruuue OyHKyuu
nocmobpabomxu: Obpeska mooenu, Pazoerenue modenu na
omoenvuble yacmu, YoaneHue MUuHUX 3/1eMeHmMo8,
Yoanenue omseepcmuil, cozoanue gpomopeanucmuynou
mexcmypwl, cpasnenue 3D mooeneti medicdy coool,
usMepeHue pazmepos Mooeiell ceueHuamu 8 pyuHoM
peocume, sxcnopm cevenutl ¢ XLS IIpocpammuoe
0becneueHue 015 CO30aHUA MOOeell Memooom
bomocpammempuu: Hanuvue Ynpasnenue nogopomHuim

VlabopamopHblii Komniekc
0151 usyyeHus
pobomomexnuku, 3D
mooenuposanus u
MpOMBLULEHHO20 OU3AUHA

wm. 3.00
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HaumenoBanue

obopynosanus (PBIIO)

Kpatkune npumepHbie TeXHUYECKHe XapAKTEPHCTHKH
(PBIIO)

Eaununa
H3MepeHus

IKosinuecTBO

cmonom no Wi-Fi: [Ja Munumansnoe paccmosanue
ckanuposanus: <25 cm

\bazoebiii

pobomomexnuyeckuii Habop

ObpazosamenvHblil HAOOP 00HCEH NPedCmasams coool
HaOop 0714 pa3pabdomKu NPOSPaAMMUPYeMbIX MOOeell
agmonHoMHbIX po6OMOo8. B cocmas nabopa 0ondicHvl
6X00UMb. KOHCMPYKIMUBHbIE, COeOUHUMENbHbBIE U
KpeneosicHble d1eMeHmbl U3 NAACIUKA U AIOMUHUS - He
wmenee 100 wm, npoepammupyemulii KOHMPOJLIEpP - He MeHee
[wim, anekmpoosueamenu NOCMOAHHO20 MOKA C KPYMAWUM
\momenmom He menee 3,6 ke/cm - He MeHee 2 wim, 0amyuKu u
D1eKMpPOHHbIE KOMNOHEHMbI- He MeHee 6 wim,
AKKYMYIAMOPHYIO bamapero ¢ HanpsadxceHuem He mekee 6B u
emrocmoto ne menee 1500 mAu - ne menee 1 wim, 3apsaoHoe
VyCmpoucmeo 01 akKymMyasamopHou bamapeu - He menee |
wim. Ilpoepammupyemviii KOHMPOLLEP OOAAHCEH
coOeparcamyv: nOpmol 01 AHANO208bIX OAMYUKOE - He MeHee
3 wm, nopmei 011 YuPGPOBLIX 0aMUUKOS - He MeHee 3 wm,
nopm ons I2C ycmpoticmeé - ne menee 1 wm, nopm 0is
CepeOnpuUB0008 - He Menee 6 wm, nopm 015t MOMOPOS - He
Wernee 2 wim, nopm 05t 9HKOOEPOs - He MeHee 2 uim, 00vbem
flash namsmu ne menee 32 kb. [Ipoepammupyemuotii
KOHMPOJLIEp 00NAHCEH 0DECneyu8ams 603MOHCHOCHIb
npocpammuposarusi pob6omos 8 cpede 6104HO-
epaguyeckoeo muna unu  c60OOOHO PACNPOCMPAHAEMBIX
cpedax paspabomKu ¢ NOMOWbI0 MEKCMOBO20 A3bIKA
npozpammupogarus. Jamuuxu u 21eKmpoHHble
KOMROHEHMbI OOJIHCHBL COOePHCAmb. YIbmpa38yKo8ol
0amuuK paccmosiHusi 00adCeH 0becneuusams coOpanHyIo
WMoOenb 803MOHNCHOCMBIO UMEPAMb PACCMOANUE He MeHee 4
Wmempog - ne menee lwum, Knonxa-mooynv 0ondicen
0becneuu8ams cOOPAHHYIO MOOENb 8O3MONCHOCHIBIO
onpedenams Hax3camus Ha KHONKY - He MeHee [wim, /lamyuk
yeema 0odiceH obecneuusams COOPAHHYIO MOOETb
603MOJCHOCIbIO OnpedeneHus yeema obveKma,
npeonaszuauen 0ns usmeperusi RGB-cocmasnsaowux u
VpOBHA 0C8eljeHHOCMU, OAMYUK OOJINHCEH COO0ePAHCaAMb He
Wmenee 12 ceemouyscmeumenbHuIx 21eMeHmos - He meHee 1
wim, 3ymmep-mo0yib 00IdHCeH 0becneuusams cOOPaHHYI0
MoOenb 803MOANCHOCBIO BOCHPOU3BOOUNMb 36)KU,
HOMUHANbHAA uacmoma He meHee 4klYy, unmeHncusHocms He
menee 80 0b- ne menee 1 wm, Wi-Fi-mooyne dondcen
0Oecneuusams 8603MOHCHOCHb NOOKIIOYEHUS COOPAHHBIX
pobomomexnuueckux mooenei k cemu, loT obnaxam u 6eo-
cepgucam, pabouee nanpsicenue mooyas - 3,3B, nopmos
6600a 6b1600a MOOYJIs - He MeHee S - ne menee 1 wm, Munu-
pene ¢ pabouum Hanpsdcenuem ¢ ouanazone om 3,3 00 5B,
nompebnsemoim moxom 71mA u makcumanrbHuim
KOMMYmupyemuvim Hanpsidcenuem 28B nocmoannozo
moka/250B nepemennozo moka, pecypc ycmpoucmea He
mernee 50 molc. nepexniouenull - He menee 1 wm, Bxooswue
6 cocmae KOHCMPYKmMopa KOMROHEHMbl O0JIHCHbI OblMb
coeMecmuMbl ¢ KOHCIPYKIMUBHBIMU dTeMEeHMamu, a Maxice
0becneuusams 803MOHCHOCHb KOHCIMPYKIMUBHOL,
annapamuoil u NPOSPaAMMHOL COBMECMUMOCU C
KOMNIEKMYIOWUMU U3 COCMAsa Habopa.

7.00

\Habop ons bvicmpoco
npomomunuposanus

brekmpoHHbIX yempolcme

OOHOnIAMHBIN KOMNbIOMED: HAlUYUe, KApma namsamu ¢
npeoyCcmanos1eHHOU ONepayuoOHHOU CUCMeEMONL: Hanuyue,

O10K nUMAHUsL: HaIu4ue, KoMniexkm xabeneu ons

7.00




ceszu u loT

coemecmumbl Opye ¢ Opy2oM KOHCIMPYKMUGHBIM,
DAEKMPUYECKUM, ANNAPAMHBIM U NPOSPAMMHBIM 00pazom. B
cocmag Habopa 00IACHO 8XOOUMb: NPUBOOD NOCMOAHHOZ0
Moka ¢ 0amuyuKoM ROLONCEHUs. - He Menee 2um,
cep8onpusoo 6o1bLUON — He MeHee 2uim, Cep8ONnPUoO
Wmanvlil — He menee 2uim, kamepa - He menee lwm,
npozpammupyemvlii KOHmpoiiep — He menee lwm,

axkymynamop — He menee lwum, 3apsaoHoe ycmpoucmeo — He

HaumeHnoBanue Kparkue npuMepHbie TeXHHYeCKHe XapakTepucTuku | Exunnna
Konnuecrso
n| obopynosanus (PBIIO) (PBIIO) H3MepeHust
Ha OCHOBE OOHONIAMHO20  [NOOKIIOUEHUS: HATUYUE
Komnvlomepa
\Habop ona bvicmpoeo
npomomunuposanus
DIEKMPOHHBIX YCIPOTICNG
a ocHose Mukpoxonmponiepuas niamepopma co 6CMpoeHHbIM
. unmepnpemamopom JavaScript: nanuyue, KOMHIEKM wm 7.00
UKPOKOHMPOLIEPHOU .
paouodemaneii: nanuyue, NIAMA PACWUPEHUA: HATUYUE
namegopmol co
6CMpPOeHHbIM
UHmMepnpemamopom
\Habop ons bbicmpozo
npomomunuposanus .
P P . Muxpokoumponnepnas niamgopma Arduino: Hanuuue,
D1EKMPOHHBIX YCMPOUCE .
KoMmnaekm paduodemaineil U NPO80008. HalUuUe, MAKemHas wm 7.00
Ha ocnose
. naama: Haiudue
MUKPOKOHMPOINEPHO
nramegopmol
Yuebnasn mooenv asmonomnozo mobunvro2o poboma c
Wmanunynsmopom. Moounvrbii pobom OondceH
npeocmagisime coO0l YembIPexKoIeCHYI0 NAamg@popmy
6cenanpasnennozo osudxcenus. [leusamenu becuemounvie 4
wim, kamepa c yerom o63opa 120 epadycos ¢ 5 mn. B
cocmag KoMniekma 00aACHO 6x00ums. Mexanuueckuil
Baxeam uH@pakpacHulil 1azep 2-x 0cesoll noogec
AKKYMYNIAMOP KOJeCa 6CEHANPABIEHHO20 OBUICEHUS
npozpammupyemulii KOHMPOLEP € BO3MOICHOCBIO
npocpamMmuposanus 6 cpede 610UHO-2papuyeckoco muna u
. 6 C60000HO PACNPOCMPAHAEMBIX Cpedax paspadomKu ¢
\demonommulil pobom- pacnpocmp P pasp
HOMOWBIO MEKCMOB020 A3bIKA NPOSPAMMUPOBANHUS OAMYUK
WManunyisamop c koiecamu
Beyka damuux creoosanus tunuu FPV peocum wm 3.00
6cenanpasnennozo .
EYN— 603MOJICHOCIb YNPAGLEHUS C MOOUTILHOZ20 YCMPOUCMEa
uepes npunodiceHue npopamMmuposanus na asvikax Python,
Scratch a maxoice cucmema mexHuecko2o 3penust 0s
AGMOMAMUYECKO20 OOHAPYIHCEHUS U PACNOZHABAHUS
Badaunvix 06vexmos 8 paboueli 30ne. [loodepaicka
RaspberryPi nanuuue Iloooepoicka Arduino nanuuue
Iloooepaoicka Micro:bit nanuuue CmeHHbII MeXAHUYECKUL
Baxeam, ycmanaeiusaemulil Ha NOOBUICHYIO NAAMPOPMY
ceepxy Hanuuue Mexanuueckuii 3axeam, yYCmMaHasIu8aemMbvlii
Ha nepedHIo Yacms NOOBUICHOU NAAMGOPMbI HATUYUE
\BO3MOICHOCHb MEHAMb UHDPAKPACHYIO RYWIKY HA
\Mexanuueckuil 3axeam Haruvue
ObpaszosamenvHblil HAOOP NPeOHA3HAYEH OISl U3YUEHUS
0CcHO8 npumenenusi mexuonoaui "Humepnem seweil” u
c6s3U 6 pobomomexnuveckux cucmemax. B cocmae nabopa
001)1CeH BX00UMb KOMNIEKN KOHCMPYKIMUBHBIX EMEHMO8
U3 Memanna oas cOOpKU MOOeau MoOUILHO20 poboma ¢
Baxeamuwvim ycmpoiicmeom. B cocmae nabopa 0onicen
BX00UMb KOMNIEKIM KOHCMPYKMUGHBIX DJIEMEHMO8 05
Ob6pazosamenvbubiil HAOOP  |cOOPKU MOOENU «YMHO20» 30aHus. Bce komniexmyiowue u
0151 U3YYEeHUsL MEeXHONIo2Ul  [yCMPOiCMEd, 6X00suue 8 COCMas Habopa, OO0IIICHbL OblMb wm 3.00
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\menee luum. B cocmas nabopa Oondicer 6x00ums KOMNLeKm
UHMENTEKMY AIbHbIX CEHCOPHBIX YCMPOLUCME.
HnmeniexmyanbHbie CeHCOPHble YCMPOUCMEa OONIICHbI
npedcmaensime coOoll YCMpoucmeo Ha 0CHOGe
BLIUUCTUMENHO20 MUKPOKOHMPOLIEPA U 6CHPOEHHOZO
usMepumenvHo2o snemenma. MnmeniexmyanvbHoie
CEeHCOpHBLE YCMPOUCMEA OO0NNCHBL 001a0aAMb BCMPOEHHbIM
YU@DPOBLIM U AHATL0208bIM UHMEPEUCOM 0TI nepedayu
OAHHBIX, @ MAKIHCE BCMPOCHHBIM NOCAe008AMENbHbIM
unmepgeticom 013 06vedunerus opye ¢ Opy2om 8
cencoprule cucmemvl. Komniekm uHmeiieKmyanibubix
CEHCOPHBIX YCMPOUCME O0IHCEH COOEPAHCAMb — MOOYb
ceemoouooa — ne meree 2uim, mooyis RGB ceemoouoda —
He menee 2wim, Mooynie UK-0amuuka aunuu — ve MeHee
Swm, MOOYb 36YK06020 Usnywameins — He menee lum,
MO0y USMEPEHUsL MEMNePamypbl U 6LANCHOCMU
oKpYCcaloweli cpedvl — ne menee 1uim, Mooyib maKkmoeoi
KHONKU — He menee 3uim, MOOYIb 0amYUKA OCEEUJeHHOCTIU —
He menee 1uwim, MOOYIb 0emeKmopa ypOGHs uyma — He
Wmenee lum, MOOYIb usMepenust 0asienus oKpyicaoujel
cpedol — He menee 1uwim, MOOYIb NOMEHYUOMEMPA — He
\menee 2um, MOOYIb OamMUUKA NOIOICEHUSL 8 NPOCMPAHCIEE
— e menee luim, MOOYIb KOHYEB8020 Npepbleamelis — He
lmenee luum. B cocmas nabopa oonicen 6xooumo
npocpamMmupyemulil KOHMpoLep — e MeHee lum.

[ Ipoepammupyemviti KOHmMpoLLep O0NAHCEH 0becneuu8ams
603MOAICHOCTIL NPOSPAMMUPOBAHUS HA A3biKke JavaScript u
opeanuzayuu web-cepsepa obmena OanHvIMU Yepes
HUnmeprnem. [Ipocpammupyemvlii KOHMPOIEP OONNCEH
0becneuusams 803MONCHOCMb NOOKIIOYEHUS. GHEULHUX
yempoticme ¢ nomowwio unmepeticos - GP10, UART, 12C,
12S, SPI, 1-wire TTL, RS-485, CAN, Ethernet ¢ noodepaickoil
\PoE

\Komnnexm noneti u
copegHoBamenbHbIX
biemenmos

[Komniiekm noieil u copeeHo8amenbHblX J1eMeHMO8 Ois
npoGedeHUsl COPeBHOBAHUTL ABNMOHOMHBIX MOOUTLHBIX
0b0mos

1.00

Hacaokamu

Yemuvipexocesotl yuebHbill
pobom-manunyisamop ¢
MOOYIbHBIMU CMEHHBIMU

Yyebnvii pobom-manunynsimop npeonaszuauen 0
0Cc60eHUs 00YYAIOUUMUC OCHO8 PODOMOMEXHUKY, O
n0020MOGKY 00YHAIOWUXCS K BHEOPEHUIO U NOCIe0YIOueMy
UCNONIL308AHUI0 POOOMOE 8 NPOMBIULIIEHHOM NPOU3BOOCIEE.
[Konuuecmeo oceti poboma Manunyiamopa - yuemsipe.

I lepemenjernue UHCMPYMeHMA 8 NPOCMPAHCMEe NO Mmpem
0CAM OONHCHO YNPABIAMBCA ULAL0BLIMU O8USAMENAMU.
\Hanpsioicenue numanus wiaeosuix ogueamerei ne boaee 12
B. Cepgoosuecamenv wemeepmoul oc O0JHCEH
0becneuugams nosopom uncmpymenma. Y2on nogopoma
MaHUNYIsIMOpa Ha OCHOBAHUU BOKPY2 GEPMUKATIHOL OCU He
wmenee 180 epadycos. [[na onpedenenus nonrodicenus
\WMaHunyisimopa npu nogopome OKpy2e 6ePMUKAIbHOU OCU
00JIDICEH UCNOIL308AMbCS IHKOOep. Yeon nogopoma
Baonezo nieua manunynsimopa ne menee 90 epadycos. Yeon
nosopoma nepedre2o nieda manunyasmopa we menee 100
epadycos. s onpedenenus noLodICeHUst 3a0He20 U
nepeone2o nied MaHunyIaAmopa O0JHCeH UCHONb308AMbCS
eupockon. Yeon nosopoma no uemseepmotl ocu ne menee 180
epadycos. [onscna 6bims 803MOHNCHOCb OCHAWEHUS
CMeHHbIMU HacaoKamu (Hanpumep, oepacamenb Kapanoauia

unu ghromacmepa, npucocka ¢ cepgodsucamenem,

1.00
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lMexanuueckoe 3axeamuoe yCmpoucmeo ¢
cepsodsuzamenem, ycmpoucmeo 0isl 1a3epHOU SpaAsUposKY
unu ycmpoticmeo 011 3D-newamu). Munumanvras
KOMNIeKMayust CMEHHbIMU HACAOKAMU: NHEBMAMUYECKUTI
Baxeam (Mpucocka), MexanudecKull 3axeam, Hacaokd
Oepoicamens 0I5t KAPAHOAULA/MAPKEPA/PYUKU, HACAOKA
nepexoOHUK 015t KPENnieHUsi COBMECHUMbIX
KOHCTNPYKMUBHBIX 0emanell U KOHCIMPYKYUll, HAcaoka
nazepuoll epasupoeki, Hacaoka 3D-neuamu (015 pabomul ¢
nracmuxom PLA ¢ ouamempom numu 1,75 mm). [Honocen
ObIMb OCHAUEH CepBOnPUBOOOM 01 NHEBMAMUYECKO20 U
lMexanuueckozo 3ax6amos, obecneuusarOwum epaujerue
BaxeaueHHo20 0ObeKMa 60 8peMsa nepemeuieHus, NosopPom
nepemewyaemoco ob6veKma 80Kpye 6epmuKaIbHou ocu. s
obecneuerus PyHKYUOHUPOBAHUS NHEBMAMUYLECKO20
Baxeama OondiceH OblMb OCHAWEH BCTPOEHHOT 8 KOPNYC
\manunyissmopa nomnotl. JJoaxicha 6vims 603MOAICHOCHb
noOKII0UEHUsT OONOHUMETbHBIX YCMPOUCME (Hanpumep,
mpancnopmepa, penvca 0 nepemeujenis poboma, nynvma
VIpasieHuss muna O4COUCmuK, Kamepbl MAUUHHO20 3DeHUs.,
onmuuecko2o 0amuuxa, Mooyisi 6ecnposoOH020 00CIYNa).
\Pobom-manunynamop 0oxceH obecneuugams
nepemewjerue HAcaoku 8 NPOCMpPAHCmee, AKMUBayUI
Hacaoku, 603MOACHOCHb NOJYHEHUS CUCHALO8 OM Kamepbl U
0amuuKos, 603MONCHOCHb YNPAGIEHUSL OONOTHUMENbHLLMU
ycmpoticmeamu. Mamepuan xopnyca — amoMuHuilL.
V[uamemp paboueil 30ubi (63 yuema Ha6ecHO20
UHCMpYMeHma u uemeepmoti ocu) He menee 350 yum.
Unmepdgeiic nooxmouenus — USB. Honocen umems
B03MOXHCHOCIb ABMOHOMHOL pAOOMbL U HEUHE20
ynpaenenus. [{na neuine2o ynpasieHus 00axceH Oblims
npedycmMompen nyivm, NOOKIOUAeMblll K pobomy no
Bluetooth. Ynpasnawowuii konmpoanep 0ondicer bbims
coemecmum co cpedoti Arduino. Ynpasnsaowui
KOHMPOJLIEp COBMECHUM CO CPedOU NPOSPAMMUPOBAHUSL
Scratch u sizvikom npoepammuposarnus C. Jonowcen
0becneuusams no8OPOM nO NEPEbIM Mpem OCAM 8 3A0AHHbIL
V20l U Ha 3a0aHHbLIL Y2071, NOBOPOM NO YemEePmOoU OCU HA
Badaunwlil yeon, osudicenue 8 koopounamuol X, Y, Z,
nepemeujerue Ha 3a0aHHOe PACCMOAHUE N0 KOOPOUHAMAM
X, Y, Z, nepedayy 0annvix 0 mexkyujem nojiodceHuu yenoes,
nepeoayy OaHHBIX 0 MEKYWUX KOOPOUHAMAX UHCINPYMeHmd.
V[onoicen noodeparcusams nepemeujerue 8 0eKapmoesulx
KOOPOUHAMAX U Yeax no8opoma ocell, ¢ 3a0aHHOU
ckopocmbio u yckoperuem. Tunvl nepemeujeruti 6
0eKxapmogulx KOOPOUHAmMax: O8UdICeHue no MmpaeKmopull,
08uUdICEHIE NO NPSAMOL MeNCOY 08YMsL MOUKAMU,
nepenpuleuganie U3 mouku U mouKy (nepeHoc 0o6veKma,).
[Kopnyc 0onoicen bbimb 6 3aujuiyyeHHOM UCHOIHeHue (Kiacca
re nuoice IP20).

[Komnaexm 0ns uzyuenust
onepayuonnvix cucmem
peanbHo2o epemenu u
cucmem ynpaenenust
A6MOHOMHBIX MOOUNLHBIX
pobomos

[Komnaexm 015 pazpabomku u uzyyenus mooeneu
NPOSPaAMMUPYEMBIX ABMOHOMHBIX MOOUTLHBIX POOOMOS.
Yuebnuwiii komniexm 0ondicen no3eoams paspadbamuleams
O104HO-MOOYILHYIO KOHCMPYKYUIO MOOUTLHO20 poboma. B
cocmas MoouILHO20 poboma doadHCHO 8x00ums: Ilpusoo
sedywux Konec - He menee 2uim. Ilpusoo donicen
npedcmagisims cobol INeKMPOMEXAHULECKYIO COOPKY Ha

ocHose dsucamensi ROCMOSHHO20 moka, pedmeopa,

1.00
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0amuuKa nONOAHCEHUSL 8ANA U BCIMPOEHHOU CUCeMbL
ynpaenenus. Cucmema ynpagieHusi npugooa 00IHCHA
0becneuusams 803MONCHOCHb 00bEOUHEHUS NPUBOOOS C
HOMOWbIO NOCIEA068AMENbHO20 UHmMep@eltica,
603MOIICHOCTL 3A0AHUSL NAPAMEMPO8 KOHMYPO8
ynpaenenus, ynpasienue spaujeHuem npusooa no cKopocmu
U NOJOJICEHUIO, KOHMPOTL Hacpy3Ku. [Ipoepammupyembiil
Konmponnep - ne menee lwim. [Ipoepammupyemviii
Konmpoiep dondicer obnadams unmepgeticamu - USB,
UART, TTL, RS485, CAN 0na kommyHuxayuu c
NOOKIIOUAeMbIMU BHEWHUMU YCIMPOUCIBAMU, A TAKHCE
YudpPOBLIMU U AHATO208bIMU NOPMAMU 88004/8b1800A.
OOHOnIAMHBINL MUKDOKOMNbIOMED - He MeHee [wm.
OOHONIAMHBIN MUKDOKOMNBIOMED 00IXHCEH NPeOCmasiamy
c06011 YCMpPOUCmB0 ¢ apXumexmypou MUuKponpoyeccopa
ARM, dondicen obnadamo ne menee 2 8bI4UCTUMENLHBIMU
slopamu ¢ maxkmogot yacmomotui e menee 11Ty. Jlazepuwiii
CcKaHupytowuti oanvHomep - e menee lwm. Jlazepnwiii
CKanupyrowull 0anrbHoMep 00dCeH 0becneuusams OUana3ox
usMepenust danbHocmu 00 06veKmoe8 He menee 2.5 Mempos u
cexmop ckanuposanus He meree 360 yenosuvix epadycos.
VIamuuk nunuu — He menee 3 wm. Jlamuuk 0ondcen
0becneuugams 0emexKmuposanue JUHUU Had KOHMPACMHOM
hone u nepedasams danHvle 8 NPOSPAMMUDYEMbILL
KOHMpOJLIep O ee HATUYUY NYymeM nepedayu AHAI0208020
cueHana unu yugposoeo cucnana, 1bo nymem nepeoaiu
yugpposoeco naxema oannvix. [Jamuuxa yeema — ne menee |
wim. Jlamuux 0ondicen paziuianms yeemoeol OMmmeHoK
pacnonoxcennozo psdom ¢ Hum oovexma 6 RGB nomayuu u
obecneuugams nepedauy OaHHbIX 8 NPOSPAMMUPYEMBILLL
KOHMPOLNEP 0 3HAYEHUU KAACO020 YBEMOBO2O KAHAA 6
sude yugposoeo nakema dannvix. Maccus UK-odamuuxos -
He menee lwm. Maccus HK-0amuukos oonoicern 6bimo
npeonazHauen 0Jisk OMCAHCUBAHUS TUHUU O OBUNCEHUS
mobunvrHo2o poboma. Maccug oonicen cooepaicams He
mernee 6um UK-0amyuxos, pacnonojiceHHbIx Ha 0OHOU
iunuy.  Cucmema mexHu4ecko2o 3penus - He menee lum.
Cucmema mexHuuecko20 3peHus 00axceH 0onaoams
COBMECMUMOCIBIO C PA3TUUHBIMU NPOSPAMMUDYEMBIMU
KoHmpoJiepamu ¢ nomowwio unmepgheicos - TTL, UART,
I2C, SPI, Ethernet. Cucmema mexHu4ecko2o 3penusl
0oaocHa 0becnedusams 803MOHNCHOCMb U3YUEHUSI OCHO8
npuUMeHeHUs AeOPUMMOB8 MAUUHHO20 00YYeHUs U
Hacmpoiiku napamempos Hetipocemeii. Cucmema
MexHUYecK020 3peHust 00INCHA 0becneyusams QYHKYUOHAT
pacnosznasanus pasiuiuHbLx 2e0MempUYecKux 00beKmos no
HaboOpy NPU3HAKO8, PACNO3HABAHUS SPAPUYECKUX MAPKEPOS
muna Aruco u Op, pacno3HA8AHUL MACCUBOS TUHULL U
reMenmos 00podicHbIX 3HaK08 u pasmemku. Cucmema
ynpasienus MOOUILHO20 POOOMA DOJIHCHA NO360ISIMb
OCYWeCmBsmb aHAIU3 OKpYsIcaloueil 06CmanosKku 6
npoyecce 08UdHCEHU MOOUTLHO20 POOOMA U OUHAMUYECKOM
UBMeHeHUU OKPYICaowell 0OCMAHOBKU, OCYUWeCmEIsinD
opmuposanue Kapmol I0KAILHOU 0OCMAHOBKU BOKPY2
poboma u noxanuzayus nonodcenusi poboma na kapme,
nocmpoenue 21o0aIbHOU Kapmbl OKPYHCAOUe2o
npocmpancmea. Cucmema ynpasienuss MoouibHo2o poboma

00121CHA NO380IAAMb ocyuecmeisiinb aHaius nﬂaHa/Kapmbz
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OKpYJICAIOUe20 RPOCMPancmed, obHapyIceHUe
OKpYIHCAIOUUX 0OBEKMOB, ABMOHOMHOE NIAHUPOBAHUE
\Wmapwpyma u 06ve30a cmamuyeckux u OUHAMUYECKUX
npensmcmeuil. Cucmema ynpasienus MOOUIbHO20 poboma
00N121ICHA 0Decneyusams 603MOACHOCHIb PAZMEMK) KApHibl
OKpYIHCAIOUje20 NPOCMPAHCMEA HA 30HbL C PA3TULHLIMU
npusHaKamu, 3a0a8aemMbiMu NOIbL308AMENEM (30HbL 3anpema
0711 0gudICeHUsl, oepanudenus ckopocmu u m.n.). Cucmema
VIpasienuss MOOUIbHO20 poboma 00HCHA 0Decneyusams
603MOICHOCTIb 3A0AHUsL MOYEK U 30H HA Kapme
OKpYJICAlOuje20 nPOCmMpancmea OJisk A8MOHOMHO20
nepemewenust mexcoy numu. Cucmema ynpagnenus
WMobunbHO20 poboma , 8xIOYAOWAA 8 CeO NOOCUCTNEMbI,
makie Kax - cucmema ynpaeienus 0sudxicenuem poboma,
cucmema coopa u 0opabomku ceHCOpHOU unpopmayuu,
cucmema nOCMpPOeHUst Kapmvl OKPYICAIOWe20o
NPOCMPANCmMEa u cucmema Hagueayuu, 00IICHA OblMb
peanuzosana na 6aze nPoPAMMUPYEMO20 KOHMPOLepa U
0OHONIAMHO20 MUKPOKOMNBIOMEPA, 4 MAKICE YCMPOUCMS,
6X005UUX 8 cocmas Komniekma. B cocmae komniexma
00IXHCHO 8X00UMb NPOSPAMMHOE 0Decnederue Ois
NPOSPaAMMUPOBANUSL 8 MEKCMOBOM PEOaKmope Ha no0oouu
Arduino IDE, npoepammupoganuu ¢ NOMOWbH0 CKPUNMO8 HA
si3bike Python, paspabomku cucmem ynpaeienus Ha OCHOGe
ROS. Taxk sce 6 cocmag Komniekm OO0IHCHA 6X00UMb
GUPIYAbHASL MOOETb MOOULLHO20 POOOMA 6 GUPIYATbHOM
OKPYIHCEHUU 0151 MOOETUPOBAHUSL ANCOPUINMOB CUCTEM
VIpasienust ¢ NOMOwbIo epaguueckou cpeobi.

Obpaszoseamenvhviii HAbOP

07151 U3yUeHus
MHO20KOMNOHEHMHBIX
pobomomexHuyeckux
cucmem u

WMAHRUNYJIAYUOHHbIX po60m06

ObpaszosamenvHblil HAOOP D0dIcCeH ObIMb NpedHA3HaweH 05
U3yYeHus pobomomexHUYecKUx mexHoN02ull, 0CHO8
UHPOPMAYUOHHBIX MEXHOLO2UL U NEXHOL02UT
NPOMBIULEHHOU A8MOMAMUZAYUU, A MAKHCE MEXHON02UL
NPOMOMUNUPOBAHUS U AOOUMUBHO20 NPOoU3Boocmaa. B
cocmae HAOOPa OONAHCHBL BXOOUMb KOMNJEKMYowue u
yempoticmea, obradaroujue KOHCMPYKMUBHOU, ANRAPAMHOU
U NPOZPAMMHOU COBMECHUMOCIbIO Opye ¢ Opyeom. 1)
[Komnekm KOHCMPYKIMUGHBIX 3JIeMEHMO08 U3 Memaiid u
nracmuka 0 cOOpKU Mooenell MaHURYIAYUOHHBIX pOOOMO8
C Y21060U KUHEMAMUKOU, NI0CKONAPAIeNbHOU
Kunemamuxou, Delta-kunemamuxoil. 2)
HnmeniexmyanbHbill cepeoMoOYib ¢ UHMESPUPOBAHHOU
cucmemoti ynpasienus - ve menee 7um. Cepeomooyb
0os1cer 061a0amv UHMeSPUPOBAHHOU CUCTNEMOUL
ynpaenenus, obecneuusaroueti 0OPAMHYIO C8A3b UIU
KOHMPOJIb NAPamMempo8 - NOJI0ACeHUe 8ald, CKOPOCHb
6pawenusl, Hazpy3Ka npueood, a makdice obecneyusaroujeti
603MOJCHOCIb NOCIE008AMENbHO20 NOOKIIOUEHUS. OpYe C
OpyeoM U ynpaeieHus: cep8omMoOYIamMU no
nocnedosamenbHOMy NOLYOYHAEKCHOMY ACUHXPOHHOMY
unmepgeticy. 3) Pobomomexnuueckuii KOHmMpoJiep,
npedcmasasiowull coool MOOYIbHOE YCMPOUCMEO,
srIIOUAIOWee 8 ceOsl OOHONIAMHBIL MUKPOKOMIbIOMED 05
BbINOTHEHUS CTIONHCHBIX BbIYUCTUMENbHBIX ONepayull,
nepugepuiinbiti KOHMpOoILep 01 YNPAGLeHUs. GHEeUHUMU
ycmpoticmeamu u naamy pacuiupenuss 0si NOOKIOYEeHUs.
eHeunux ycmpoticms. Modyau pobomomexnuieckozo
KOHMPOJLIEePa OONIHCHbL 001a0amb 00HOBPEMEHHOU

KOHCIMPYKMUGHOU, annapamHou U nPocPaAMMHOL

6.00
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coemecmumocmuio opye ¢ opyeom. Pobomomexnuueckuti
KOHMPOJLIEP O0NAHCEH YO08IeMBOPANb MEXHUYECKUM
xapakxmepucmuxam: Koi-60 A0ep CMpPOEHHO20
MuKpoxkomnviomepa - He MeHee 4, makmosas yacmoma sao0pa
- ne menee 1,2 I'Ty, o6vem O3Y - ne menee 512 Mo,
nanuuue unmepgeiicos - SP1, 12C, 1-wire TTL, UART,
\PWM, yughposvie - ne menee 16 wim u ananozosvie nopmel -
He meHnee 8 wm 0151 NOOKIIOYEeHUS] GHEUWHUX YCMPOUCMS,
ecmpoennbiti Mukpo@on, a maxaxce WiFi unu Bluetooth ons
KOMMYHUKAYUU CO BHEUWHUMU YCIPOUCTNEAMU.
\Pobomomexnuueckuti KOHMpoaLep 00IHCeH 0becneuugams
603MOXHCHOCIb NPOSPAMMUPOBAHUS C NOMOUBIO CPEOCTE
1301k06 C/C++, Python u c60600H0 pacnpocmpansemoti
cpeowt Arduino IDE, a makawce ynpasnenus mooenimu
pobomomexnuueckux cucmem ¢ nomowuipto cpedsvi ROS. 4)
[ Ipoepammupyemviil Konmpoinep - He menee luim.

[ Ipoepammupyemviti KOHmMpoLLEp OONACEH NPEOCMABIAMb
C0001 GbIYUCTUMENbHBIN MOOYIlb, 00AA0AIOUSUM YUPDPOBLLMU
nopmamu - ne meHee 8 WM U AHANI0208bIMU NOPMAMU - HE
wenee 16 wm, unmepgeticamu UART, I2C,SPI, TTL, a
maxoice Mooynem becnpogoonou cesasu muna Bluetooth unu
WiFi 0ns co30anusi annapamuo-npocpamMmHbIX peuleHutl u
""ymnwix/cmapm"""-ycmpoticms 015 paspabomxu pewieHull
""Uumepuem eewei"". 5) [lnama pacwupenus
npocpammupyemoco Konmpoaiepa — He menee lwm. [lnama
pacuuperus 0ondxcHa obecneyusams 803MONHCHOCHb
NOOKIIOUEHUS! VHUBEPCATLHO2O 8bIYUCTUMENILHOZ0 MOOYIISL K
cemu nocpeocmeom unmepgetica Ethernet. Ilnama
pacwupenus 0oadicha 0061a0ams NOpMamu 6600a-8bl800d
07151 NOOKTIOYEHUSL YUPPOBLIX U AHATO206bIX YCMPOUCE —
e menee 40 wm, unmepetic SPI u 603mozncnocmopio
nooka0ueHus 6HewHell kapmol namamu. 6) Mooy
MexXHUYecK020 3peHUsl, RPedCmasisiiouull cooot
yempoucmeo Ha 6aze 8bl4UCIUMENbHO20
MUKDOKOHMPONIEPA U UHMEZPUPOBAHHOU KAMEDbI,
0becneuugaroujee pacno3HA8aHe nPoCmeuux
u3006padiceHull Ha Mooye 3a cuem coOCMBEHHbIX
BHIUUCTTUMETILHBIX 803MONCHOCME - He MeHee wm;
Modyns mexnuuecko2o 3penus 00dCeH 0becneyusams
603MOANCHOCTD KOMMYHUKAYUU C AHATOSUYHBIMU MOOYISAMU
nocpedcmeom wiuHbl Ha 6ase nocie008amenNbHO20
unmepdeiica c yenvio danvHeliutell nepeoaiu pe3yibmamos
usMepenuil epynnovl MoOyiell Ha Ynpasiaouee
EbIUUCTUMENIbHOE YCMPOLUCMB0, NOOKIIOYEHHOE K OAHHOU
wiune. Mooy mexnHuuecko2o 3perusi O0JHCeH
0Oecneuugams 603MONCHOCHb OCYWECMBIISINb HACMPOUKY
MOV MEeXHUUeCK020 3peHUs - HACMPOUKY IKCNO3UYUL,
bananca 6enoeo, YemopasHOCMHBIX COCMAGIAIOUUX,
niowadu 0oHapydicusaemotl 06aacmu u306padicerus,
OKpyenocmu 0oHAPYICUBAEMOL 00IACMU U300PAdICEHUS,
nonodcenue ooHapyxcusaemvix oonacmeti OMHOCUMENLHO
Opye Opyea. Mooynb mexuuyeckozo 3penust 00aHCeH
0becneuusams 803MONCHOCHb HACMPOUKU HA
00HoBpementoe obnapydicenue ne menee 10 paznuunvix
00UHOUHBIX 00BEKMO8 6 cekmope 0030pa, b0 He MeHee 5
COCMAaBHbIX 00BLEKMOB, COCMOSWUX U3 He MeHee 3
paznuunbix epapuyeckux npumumugos. Mooy

"

IMEeXHUYeCKO20 3PEeHU odoncen obnadamo BCMPOEHHbIMU




Ne HaumeHnoBanue Kparkue npuMepHbie TeXHHYeCKHe XapakTepucTuku | Exunnna
n/n| odopynoBanus (PBIIO) (PBIIO) H3MepeHust
uumepgeticamu — USB, UART, 1-wire TTL, I2C, SPI ons
KOMMYHUKAYUY CO BHEUHUMU NOOKTIOYAEMbLMU
yempovcmeamu. 7) B cocmas nabopa 001xcHbl 6X00ums
yugposvle UHPOPMAYUOHHO-CEHCOPHBLE MOOYIIU,
npedcmasnsirowue coboll ycmpoicmea Ha baze
NpoCPaMMUpyemo2o KOHMpPOIEpa U UsMepumenbHo20
baemenma. L{ugposoii Mmooy dondxcen obradame
B6CTNPOCHHBIM MUKPOKOHMPOILEPOM (MAKMOBAs YACMOMA -
e menee 16 MIy, wuna dannvix — ve menee 8 Kbatim),
unmepgeticamu 0151 NOOKIIOYEHUS K 8HEUHUM
yempoticmeam: yugposvie u anano2ogvie nopmet, 1-Wire
TTL, pazvem muna RJ. LJugpposoii modyns dondicer
0bOecneuusams 803MONCHOCMb KOMMYHUKAYUU C
AHATOSUYHBIMU MOOYISIMU NOCPEOCMEOM WUHbBL HA 6a3e
nociedosamenbHo20 unmep@etica ¢ yenvio oanvHeluiel
nepedauu pe3yibmamos usmMepeHull 2pynnvl Mooyel Ha
VIpasisiowee 8blYUCIUmMenIbHoe YCmpoucmeo,
noOKIIoUeHHOe K OaHHOU wuHe. B cocmas nabopa 00ocHo
6X00Umb. YupposoL MoOyib MAKMOBOU KHONKU — He MeHee
3wm, yugpoeoit Modyib céemoouooa — e menee Jum,
Yupposol MoOYIb KOHYEB020 NPePbIEAMEes. — He MeHee
3wm, yugposoii Mooyrb damuuxa yeema — He menee lum,
yugposou mooyns RGB ceemoouooa — ne menee luum. 8) B
cocmae HaOOPa O0NAHCHBL BXOOUMb dlleMeHmbl 05k COOPKU
6AKYYMHO20 3AX6aMA: 6aAKYYMHAS NPUCOCKA — He MeHee
[wm, 21eKkmpomacHumubl Kianau — e menee lwm,
6aKyymuulil Hacoc — He menee lwm. 9) B cocmas nabopa
00.7191ceH 8X00UMb YueOHbLIL KOMNIEKM, BKII0YAIOwUll 8 ceOsl
yuebnoe nocobue, Habop OUOIUOMEK MPEXMEPHBIX
Da1eMenmos 051 NPOMOMuUnUPoOSanUs mooenetl
\MAHURYTSYUOHHBIX POOOMOS, 4 MAKI’CE NPOSPAMMHOE
obecneyenue 01 pabomul ¢ nabopom. Ilpoepammmnoe
0becneuenue 00IHCHO 0becneyusams mpexmepHyo
BUZYATUZAYUIO MOOETU MAHUNYIAYUOHHO20 poboma (¢
V2110801, NIOCKONAPANIENbHOU U OelbMa-KUHEMAMUKOU) 6
npoyecce pabomvi, 0becneyusams nOCMpoeHue
NPOCMPAHCMBEHHOU MPAEKMOPUU OBUNCEHUS
UCHOTHUMENBbHO20 MEXAHUIMA MAHUNYISAYUOHHO20 poOOoma,
603MOAICHOCTL 3A0AHUSL NOCIEO0BAMENLHOCTNU MOYEK OISl
NPOXONCOCHUS Yepe3 HUX UCHOTHUMENbHO20 MEXAHUSMA
Wmanunyasyuonnozo poboma. Ilpoepammnoe obecneuenue
0012HCHO PYHKYUOHUPOBAMD, KAK 8 OMOETbHOCMU 8 8Ude
Cpedbl MOOETUPOBAHUSL, MAK U 6 PENCUME MOHUMOPUHEA 8
peanvHom epemenu npu NOOKIOHEeHUU MOOeIU
WMAHURYISIMOpa ROCPeocmeom pobomomexHudecKo2o
konmpoinepa. [lpocpammnoe obecneyenue OOINCHO
0Oecneuusams 803MONCHOCHb NOCMPOCHUsL 2PAPUKO8
BaOaHHBIX U MEKYUWUX 0000UeHHBIX KOOPOUHAM
MAHURYISAYUOHHO20 pOOOMA, 2PAPUKOE 3HAYEHUTI
cropocmell U YCKOpeHUsl, 2paghukos paciemuvlx 3Ha4eHuil
Hazpysku. [Ipoepammmnoe obecneuenue OOaHCHO NO36OSMb
Badasame nocne0o8amenbHOCHb neped8UNCeHU
MaHunyisImopa nocpeocmeom Habopa Komamo 8 61o4Ho-
epagpuueckom unmepetice. Yuebnoe nocodue 00aHCHO
coOepoicams Mamepuavl no paspabomke mpexmepHbix
Wooeneil MOOUTbHBIX POOOMOS, MAHUNYIAYUOHHBIX POOOMOE
C PazIUYHLIMU MUNAMU KUHEMATUKY (Yel08ds. KUHeMamuKa,
NI0CKO-NAPANNENbHASL KUHEMAMUKA, 0elbid-KUHEeMAmuKa,
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ISCARA unu pvruasicnas Kunemamuxa, niamgpopma
Cmroapma u m.n.), UHCMPYKYuu no NPOeKmupo8anHuio
pobomos, uHCMpyKyuY U MEMOOUKU OCYUjecmeneHus
UHIICEHEPHBIX PACYemO8 Npu NPOEKMUpOsaHull (pacuemaol
HA2pY3KU U MOMEHMO8, PACYem MOWHOCMU NPUBOIOS,
pacuem napamempos KunemMamuxy u m.n.), UHCMpYKyui no
paspabomxe cucmem ynpaenenus u npospamMmHo20
obecneyenus 015 ynpagienuss poobomamu, UHCMPYKYuu u
\Memoouxu no paspabomxe cucmem YnpagieHus ¢
BreMenmamu UCKyCCmeeHHO20 UHMeNNeKmMA U MAWUHHO2O
0OyueHus.

no 21eKmpoHuxe,
baexmpomexanuxe u
Wukponpoyeccopnou
mexnuke

Obpaszosamenvhviii HAbOP

[Habop oonoicen 66ime npedHasHayeH 0 NPo8eoeHUs
VueOHbIX 3aHAMULL N0 U3YYEHUIO OCHO8 MeXAMPOHUKU U
pobomomexHuKu, NPAKMUYECK020 NpUMeHenUs 6a308bIx
DIeMeHMO8 2NeKMPOHUKU U CXeMOMEXHUKU, d MAKdHce
Hauboee pacnpocmpanerHHol 21eMeHmMHOU 0a3bl U
OCHOBHBIX MEXHUUECKUX PeUeHUl, NPUMEHAEMbIX NPU
NpOEeKMupO8aHUU U NPOMOMURUPOBAHUU PA3TUYHBIX
UHIICEHEPHBIX, KUOEPHEMUYECKUX U 6CTNPAUBAEMBIX CUCTIEM.
B cocmas nabopa 00aicHbl 6X00UMb KOMIIEKMYIOuue U
yempoticmea, obradaiouue KOHCMpPYKMUGHOLl,
DIeKMpUYEcKol, annapamHou U npocpamMmHoOu
coemecmumocmuio Opye ¢ opyeom. B cocmas nabopa
DoaoiceH 8X00UmMb KOMNAEKN KOHCMPYKMUBHBIX INeMEHIO08
U3 Memania 0 cOOPKU MaKema MAHURYIAYUOHHOSO
poboma u KomMnIeKm Memaiiudeckux KOHCMpPYKIMUGHbIX
baremenmos 0 coopku maxkema MoouIbHo20 poboma. B
cocmas Habopa O0NANCHBL BXOOUMb NPUBOIA PAZTIULHO2O
muna: Momopwl ¢ UHMeZPUPOBAHHBIM UTU BHEUHUM
0amuuKoMm NONONHCEHUs — He MeHee 2uim, cepeonpueoo
601bUL0T — He MeHee 4um, cepBOnPUBO0 MAbILL — He MeHee
2uwim, npugoo ¢ 803MOHNCHOCMBIO YNPABLEHUS 8 UUAL0BOM
peoicume — ne menee 2uum. B cocmas nabopa oondicnvl
6X00Umb 21eMeHmbl 0151 COOPKU 8AKYYMHO20 3aX8aMA.
6AKYYMHAS NPUCOCKA — He MeHee um, 31eKmpoMacHUmHbLU
Kianau — He menee luim, 8aKYYMHbIN HACOC — He MeHee
[wm. B cocmas nabopa 0ondicHa 6x00ums 21eMeHmMHAs.
baza 0151 nPOMOMUNUPOBARUSL. NIAMa 018 DecnaeyHo20
NPOMOMUNUPOBAHUSA, KOMIAEKM NPOBOO08 PAZTUYHO20
muna u O1uHbl, KOMNIEKM Pe3UCMOPO8, KOMNIEKM
c6emoou0008, cemuceemenmuulil uHouxamop, oucnieti JKK-
muna, KHONKU — He MeHee Suim, NOMeHYyuoMempbl — He
Wmenee 3um, ungpaxkpacuwlii oamuux - He Menee Juim,
VIbMPA38yKOB0U 0AMYUK - He MeHee Jum, 0amyux
memnepamypbl - He MeHee lum, 0amyuK 0C8eweHHOCMU -
He menee 1wim, mooyab Bluetooth — ne menee lwim, Mooy
\UK-npuemnuka — ne menee lum, mooyne UK-nepedamuuxa
6 6UOe KHONOYHO20 nyIbma ynpasienus — lwm,
akKymynsmop — He meHee lwm, 3apsaoHoe ycmpoucmeo — He
mernee luum. B cocmae nabopa oonicen 6xooumso
Wyremuoamuux 0s usmMepeHus memnepamypul u
eradNCHOCIU OKpYIHCatoujeli cpedvl — He menee wm.
Mynbmudamuux 00axcen 001a0ams 6CMpPOEHHbIM
WMuKkpoxonmponiepom (maxmosas yacmoma - He menee 16
MTy, wuna oannvix — ne menee 8 Koaum), unmepgheticamu
0J15 NOOKNIIOYEHUS K 6HEWHUM YCMPoticmeam: yugpossie u
ananoeosvie nopmei, 1-wire TTL, pazvem muna RJ. B

cocmae Habopa 00IXCeH BX0OUMb KOMNIEKM
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VHUBEPCANbHBIX 8bIYUCTUMENTbHBIX MOOY e,
npeocmasiaowux coboll 6a308yro niamy, niamy
pacwupenus 015 cemeso2o 63auUMO0eCmsUs U niamy
NOOKIIOUeHUs. CUNOB0IL HA2pY3KU. Bxoosawue 6 komniexm
yempoticmea 00nicHbl 001a0amb 00HO8PEMEHHOU
KOHCIPYKMUBHOU, dNIeKMPUYECKolU, annapamHoul u
NpPOCPaAMMHOL COBMECMUMOCHbIO Opye ¢ Opyeom. bazoeas
NAAMA YHUBEPCANbHO20 8bIYUCTUMENbHO20 MOV OONICHA
npedcmagisims cobol NPOSPAMMUPYEMbIL KOHMPOILTIED 8
cpede Arduino IDE unu ananocuunvix c600600HO
pacnpocmpansemuix cpedax paspabomxu. bazosasn niama
QoadcHa 001adams 8CmpoeHnbIMU uHmep@eticamu O
NOOKNIIOUeHUS YUPPOBBIX U AHANO208bIX YCIPOLCMS,
ecmpoennvimu unmepgeticamu USB, UART, 12C, SPI, 1-
wire TTL, Bluetooth, WiFi. Ilnama pacuupernus 0014cHa
0b6ecneuusamsd 803MONCHOCHb NOOKIIOYEHUS
VHUBEPCAbHO20 GLIMUCTUMENLHO20 MOOYIS K Cemu
nocpedcmeom unmepeiica Ethernet. [lnama pacwupenus
QodicHa 001ad0ams nopmamu 6600a-6vi600a OJisl
NOOKIIOUEHUS. YUPDPOBBIX U AHALO20BbIX YCMPOUCMS,
unmepgetic SPI u 603M02CHOCIMbIO NOOKIIOYEHUSL 8HeWH el
kapmoel namamu. Iliama pacuuperus 015 NOOKIIOYEHUs
CUI080U HAZPY3KU OONIHCHA 00eCneyus8amb 603MOHCHOCHb
NPAMO20 ROOKIHOYEHUs 6HeWHell CUNOBOU HAZPY3KU, d
maxoice pe2ynupyemotl Hazpysku nocpeocmeom PWM
unmepgeiica. B cocmas nabopa oonicen 6xooumso
npocpammupyemolil KOHmpoJiep, obecneuudaruuil
B03MOXCHOCIb OCYWeCMBIAMb PA3PAbOMKY NPOZPAMMHOZO
K00d, UCNOIL3YSL UHCINPYMEHMAapUll cpeod paspabomxu
Urduino IDE u Mongoose OS u a3b1K08 npoepammuposanus
C\C++, JavaScript. Ilpoepammupyemviii KOHmpoiiep
Doaicen obradams nopmamu /11 ROOKIIOUEHUS. YUPPOBbIX
U AHATI0208bIX YCMPOTICME, 8CMPOEHHbLMU
npocpaMMUPYEMBIMU KHONKAMU U 9NeKMPOMEXAHULeCKUMU
WMOOyIAMU 01 OpeAHU3AYUU CUCEMbL PYUHO20 YAPAGIEHUS,
6CIMPOEHHBIMU NPOSDAMMUPYEMBIMU C8EMOOU0OAMU OISt
UHOUKAYUY PabOUe2o pedcuMd, 6CIpOeHHbIMU
unmepcpeiicamu USB, USART, 12C, SPI, 1-wire TTL, ISP,
Ethernet, Bluetooth, WiFi. B cocmas nabopa 0onicen
6X00UMb MOOYIb MEXHUYLECKO20 3PEHUsL , NPeOCMasIaouulL
0001l 8bIYUCTUMENBHOE YCMPOUCIEO CO 8CMPOEHHBIM
muxponpoyeccopom (kon-6o sidep - He menee 4wum,
uacmoma s0pa ne menee 1.2 I'Ty, o6vem O3Y - ne menee
512M6, 0b6vem ecmpoennou namsimu - we menee 81°6),
UHME2PUPOBAHHOU KAMEPOU (MAKCUMATbHOE pa3peuleHue
6UO0CONOMOoKa, nepedasaemo2o no unmep@eiicy USB - ne
Wmenee 2592x1944 e0.) u onmuyeckou cucmemoti. Mooy
MexHUYecKo20 3peHust 00dceH 061adams
COBMECMUMOCIBIO C PA3TUYHBIMU NPOSPAMMUDYEMBIMU
Konmpoanepamu ¢ nomowbio unmepgeticos - 1-wire TTL,
UART, 12C, SPI, Ethernet. MoOy1b mexnHuueckoeo 3penus
0oadicen obecneyusams 8bINOIHEHUE 8CeX UBMEPEHUN U
BbIUUCTIEHUL NOCPeOCINB8OM COOCIMBEHHBIX BbLIYUCTUMENbHBIX
603MOANCHOCIE BCMPOEHN020 MUKponpoyeccopa. Mooy
MexHUYecK020 3peHust 00HceH 001a0amsb 803MONCHOCHILIO
KOMMYHUKAYUY C AHATIOSUYHBIMU MOOYISAMU NOCPEOCHBOM
wiuHbl Ha base nocredosamenbHo20 unmepgheica c yeivio

Oanvretiwetl nepedaiu pe3yibmamos UsmepeHuti 2pynnol




Ne HaumeHnoBanue Kparkue npuMepHbie TeXHHYeCKHe XapakTepucTuku | Exunnna
n/n| odopynoBanus (PBIIO) (PBIIO) H3MepeHust
Modynell Ha ynpasnsiouee GbluUCTUMENbHOE YCMPOLCMEO,
noOKII0UeHHOoe K OaHHOU wune. Modynb mexHuueckoz2o
BpeHUst Q0NICEH 0Decneuusams HACMpPOUKU PEXNCUMO8
pabomul - HacMpoUKy dKcno3uyuu, baianca 6enoeo,
1Y6EeMOPAZHOCMHBIX COCMABIAIOWUX, NIOWAOU
06Hapyrcusaemoli obracmu uz00padlceHus, OKpy21ocmu
0OHapydICUBAEMOL 00AACHU UZ0OPANCEHUS, NOJIONHCEHUE
0OHapydcusaemvix obracmer OMHOCUMENbHO Opye Opyea,
\WMawunHoe o6yuenue napamempos HeupoOHHbIX cemeti OJisl
0OHapyCceHUs 00vbeKmos, Popmy u 3aK00UpPOBaHHbIE
BHAueHUs1 OOHAPYIHCUBAEMBIX MAPKePO8 muna Aruco,
pazmepvl 0GHAPYICUBAEMBIX OKPYIICHOCTEL, KEAOPAMO8 U
IMpey2oabHUKO8, NAPAMEMPO8 KOHMPACMHOCMU, PA3MeEPO8,
KpUGU3HBL U NOJIOJICEHUsL pacno3nagaemulx aunutl. Habop
QondiceH obecneyusams 803MON’CHOCTG PA3PAOOMKU MOOeNU
WmoburbrHoeo poboma, ynpasnsaemotl ¢ FPV-pescume
nOCPEOCmMEOM NPOSPAMMHOZ0 0becneyenus O
NepPCOHANbHO20 KOMNLIOMEPA U MOOUTILHBIX YCIMPOLUCME HA
6aze OC Android unu 10S, obecneuusaioue2o
603MOICHOCTD YNPAGLEHUS MOOUIHBIM POOOMOM U
6CTIPOEHHBIM MAHUNYSIMOPOM HOCPEICMBOM 2PAPUUECKO20
unmepgeiica, 8KIOUAIOWUM 8 ceb5 HADOP KHONOK U
nepexouamernetl, OHCOUCMUK, 06aacms 051 OMoOpaAd*CeHUs
suoeo. Habop oonwcen obecneuugams 603MONCHOCHD
U3yUeHUsT OCHO8 pa3pabomKU NPOSPAMMHBIX U ANNAPAMHBIX
KOMNIIEKCO8 UHIICEHEPHBIX CUCMEM, peulenull 8 chepe
""Uumepnem eewen"", a maxoice pewenuii 6 oonacmu
pobomomexHuKuy, UCKyCCmeeHHo20 UHMeLIeKma u
Wmawunnozo obyuenus. B cocmag nabopa 0ondicno 6xooums
nocooue no u3yHeHuI0 0CHO8 ANEKMPOHUKU U
cxemomexnuxu, pewenutl 6 cpepe ""HUnmepnem eewen””,
paspabomku u npomomunuposanuio mooeiei pooomos. B
cocmae HAOOPa O0NAHCHO 8X0OUNMDb ROCOOUE NO U3YYEHUIO
0CHO8 pa3pabomKu cucmem MmexHU4ecKo20 3PeHust U
bIEeMEHMO8 UCKYCCMBEHHO20 UHMETIEKMAL.

IKosinuecTBO
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Obpazosamenvhvlii HADOP 00HCEH ObIMb NPEOHA3HAYEH 05
U3yUeHUsE MEXAHUKU, MEXAMPOHUKU U POOOMOMEXHUK.
Obpazosamenvhulil HAOOP NPeOHA3HAYeH 071 pa3pabomKu
NPOSPAMMUPYEMBIX MOOELEU MEXAMPOHHBIX CUCIEM U
MOOUILHBIX POOOMOB, OCHAUEHHBIX PA3TUYHBIMU
WMAHURYIAYUOHHBIMU U 3AX6ATMHBIMU ycmpoticmeamuy. B
cocmag HaboOpa 00IAHCHO 8XOOUMb: KOMNIIEKIN
KOHCTPYKMUBHBIX 2IEMEHMO8 U3 MEMAild, KOMNIEKM
KDEnéNCHbIX DNIeMEHMO08, KOMNAEKM 05t COOPKU 3aX8AMHO20
yempoticmea — He menee 1 wim., Kolleca ¢ npope3uHeHHbIM
O6pazosamenvuviil HAGOP  |06000M — He MeHee 2 WM., KOLeca 6CEHANPABIEHHO20

no MexanuKe, MexampoHuKe [D8UICEHUs -He MeHee 2 um., NPUB00 NOCMOHHO20 MOKA C wm. 3.00
1 pobomomexnuke UHMeSPUPOBAHHOT CUCMEMOU YAPABTCHUS,
obecneuusaiouelt OGpAMHYIO C653b NOJONCEHUIO, CKOPOCMU
u Hazpyske - He MeHee 4 wim., OamuuUK IUHUY - He MeHee 3
wim., damuux paccmosnus — He menee 1 wm.,
akKymyaisamophas bamapest — ne menee 1 wm., 3apsonoe
ycmpoticmeo — ne menee 1 wm. B cocmae nabopa 0odicen
6X00UNb NPOSPAMMUPY MBI KOHMPOJLIED,
0becneuusaIowUll 603MONCHOCHb OCYWYECTBTIMb
pazpabomxy npocpamMmHo2o Kood, UCNOIb3Ysl
uncmpymenmapuii cped paspabomxu Arduino IDE.
Ipozcpammupyemviti KOHMpoLLEp OONACEH 0DeCcne u8ams
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Annapammyio u nPoepPamMMHYIo COBMECMUMOCHb C
baremenmuoll 6asou, 6xooawell 8 cocmag Habopa.

I Ipocpammupyemviti KOHMPOLLEP OONNHCEH COOEPICANTL
credyiowue unmepgericel: yughposvie u AHAIO208bLE NOPIIbL
— ne menee 50wm, USB, USART, 12C, SPI, ISP, Bluetooth,
WiFi. I[Ipoepammupyemulii KOHMPOLEP OOJINHCEH
codeparcamv unmepgheiic (01 NOOKIIOUeHUs: NPUBOJ0s U
0amuuKos pobomomexHuyecko2o Habopa), pearu308anublil
Ha 6ase wurnbl RS-485 — ne menee 12wm.

I Ipocpammupyemviti KOHMPOLLEP OONACEH COOEPICANNb
CU0601L NOpM OJisk ROOKIOYEHUsL BHEUWHEN HAZPY3KU UIU
momopos — ne menee 2uum. B cocmag nabopa dondicen
6X00UMb MOOYIb MEXHUYECK020 3peHUss — He MeHee [wim.
IMoOyne mexHuuecko2o 3perus 0oadicen obecneuusams
603MOANCHOCTD KOMMYHUKAYUU C AHATOSUYHBIMU MOOYISLMU
nocpedcmeom wuHbl Ha 6aze noci1ed08amenbHO20
unmepgetica c yeavio oanvHeluel nepedayu pe3yibmamos
uzMepenull epynnsvl MoOyiell Ha Ynpasisaouee
BHIYUCTUMENILHOE YCIMPOUCMB0, NOOKTIOUEHHOE K OQHHOU
wiune. Mooyns mexnuuecko2o 3peHust 0IHCeH
0Oecneuusams 803MONCHOCHIL OCYUIECBTISIMb HACMPOUKY
MOV MEXHUYECKO20 3PEHUs - HACPOUKY IKCROZUYUL,
bananca 6eno2o, YBEMOPA3HOCMHBIX COCMAGISIOUUX,
niowadu ooHapyicusaemotl 0oacmu u300padicenus,
OKpyenocmu 0OHapyHcU8aemMo 001ACmuy U300PANHCEHUS,
noJodicenue 0OHAPYICUBAEMBIX 0OIACMEN OMHOCUMETLHO
Opye Opyea. MoOynb mexuuuecko2o 3penust 00NCeH
0becneuusansd G03MONCHOCHb HACMPOUKU HA
00HO06pemennoe obnapydicenue e menee 10 paznuunvix
0OUHOYHBIX 00BEKMO8G 8 cekmope 0030pa, b0 He MeHee 5
cocmagubix 00bEKMOs, COCMOSWUX U3 He MeHee 3
paziuunvix epapuyeckux npumumugos. Mooy
MexHUYecKo20 3peHust 00dceH 001adams 6CMpPOEHHbLMU
unmepgeticamu — USB, UART, 1-wire TTL, I2C, SPI ons
KOMMYHUKAYUU CO BHEUWHUMU NOOKIOYAeMbIMU
ycmpoticmeamu.

Obpazosamenvhblil
KOHCIMPYKMOpP ¢

KOMNIEKMOM OamM4UuUKos

Obpazosamenvhvlii HADOP 00HCEH ObIMb NPEOHA3HAYEH 05
U3yUeHUsE OCHO8 pa3pabomKU NPOSPAMMUPYEMbIX MOOeLell
A8MOHOMHBIX MOOUNLHBIX pobomos. B cocmae nabopa
00IHCHO 6XOOUMb: KOMNLEKM KOHCIMPYKMUBHBIX JIEMEHMO8
U3 NAACMUKA, UHCIPYMERM 0/ pabOmbl ¢ KPENeNCHbIMU
KOMNOHEHMAMU, CEPEONPUBOO C 6CHPOEHHOU CUCTNEMOU
ynpasnenus, obecneuusaroueri 06pAmMHyIO C6s3b
NONI0JICEHUI0, CKOPOCMU U HAZPY3Ke - He MeHee 4 wm.,
nyibm ynpasieHus — He menee lum, 0amuux Kacanus — e
\menee 1 wm., damuux yeema — ne menee lum, damuux
MAKMUILHO-CEHCOPHBILL CO C8eMOOUOOHBIM MOOYIEM — He
\menee 1 wim., kamepa ¢ 603MONCHOCHBIO OOHOBDEMEHHO20
onpedenenus HeCKOIbKUX Y8emos — e Menee 1 wim.,
axkymynsamopuas bamapest — ne menee 1 wm. B cocmas
Habopa 0012ceH 8X00UMb POOOMOMEXHUYECKUU
Konmponiep — ne menee luim. Pobomomexnuueckuii
KOHmMpOJLIep 00diceH 001a0amb GCINPOEHHBIM YGEMHbIM
VKK sKxpanom u 6cmpoeHHbiM UHePYUOHHBIM OAmMYUKOM.
\Pobomomexnuyeckuti KOHMpOoLLEp O0ANCEH UMEMb He
menee 12 nopmog 0151 NOOKIOUeHUs. 6HEUUHUX YCMPOUCTNG U
nopm 05 ycmanosKku kapmel namamu. B cocmas nabopa

00121CEeH BXOOUMb NPOSPAMMUPYEMbLIL KOHMPOJLIED — He

8.00




Ne HaumeHnoBanue Kparkue npuMepHbie TeXHHYeCKHe XapakTepucTuku | Exunnna
n/n| odopynoBanus (PBIIO) (PBIIO) H3MepeHust
Wwenee 1 wm. IIpocpammupyemviii KOHMPOLIEP OONICEH
npedcmaesiams coool ycmpoiicmso, obecneyusaioujee
BO3MOJICHOCTL OCYWECMEISMb PA3PAOOMKY NPOSPAMMHO20
K0OA, UCNONb3YS UHCIPYMEHMapuil cped pa3pabomku
Arduino IDE. IIpoepammupyemulii KOHmMpoaiep 00NiCeH
0becneyusamsv annapamuyo u npoSPamMMHyIO
COBMECTNUMOCb C dNeMeHMHOU 6a301l, 8x00:uell 6 COCMAg
Habopa. Iipospammupyemulii KOHKMPOREP O0NACEN
codeparcams credyrouue unmepgeticol: yugposuie u
ananozosvie nopmel — ve meree 50wm, USB, USART, 12C,
\SPI, ISP, Bluetooth, WiFi. IIpoepammupyemulii KOHmMpoiep
OoadiceH cooeparcams unmepetic 051 NOOKIOYeHUs
NpuU80008 U 0AMUUKO8 POOOMOMEXHUYeCKo20 Habopa— He
wenee 12 wm.

HaumenoBanue HanpasJienusi: '"Texunonozuueckas nanpasaennocmo. bUHO"
HanmenoBanue pasnena:
1 "TexHomorndeckas
HanpasieHHocTs. B1O"

IKosinuecTBO

=

[ Ipeonasnauen ons onpeoenreHus ONMUYecKol NIOMHOCMU,
Cnexmpoghomomemp KO3 UYyLUeHMO8 nPponyCKanusi U KOHYEeHMpayuu wm. 1.00
paznoobpasnvix pacmeopos

B cocmas éxooam: Cencop Tun 1 ne menee I wm.,
0becneuugaem 03MONCHOCMb PESUCIPAYUY CUSHALA
DIEKMPUYECKOU aKMUBHOCHIU MbIUUY (INEKMPOMUOSDAMMDbI,
OMT'). Pecucmpayus 00nx#CHA OCYUiecmensemcs
HeUuHBA3UBHO, CYXUMU deKmpooamu. Bosmoacnocmoro
KpenjieHus K pyKe ueio8eKd, Ymo O0IHCHO 0a8amb
603MOCHOCHb Pe2UCMPUPOBAMb INEKMPULECKVIO
axmueHoCmu Muluiybl 8 00IACMU, HAO KOMOPOU
pacnonacaemcs kpennenue. Ilpu nanpsocenuy Moluiyol
0oaoCHa ObIMb 0becneyeHa 603MOHCHOCHb HADII0OEeHUS
nyuynocmu cuenana (m.e. npucymemaue OMI'), npu
paccrabnenuu motuysl - ee omcymemaue. Cencop Tun 2 ne
\wenee 1 wm., obecneuugaem 803MOHCHOCIb Pe2UCMPAYUU
cuenana pomonnemuzmoepammol (PII) onmuueckum
nymem, 3a cuem usMeHeHUs: OMpPANHCEeHHO20 OMm
KpOBEHOCHBIX COCY008 c8ema, 00beM KOMOPbIX USMEHAemcs
noo o30eticmsuem nyibcosoul 60Hbl. Cencop 00aiceH
Yuebno-uccnedosamenvcrasnpvims obecneuer 603MONCHOCHbIO KpenieHUs: K NoOyueyKe
lnabopamopus 6uocuenanos nanrvya yenogexka. Cencop Tun 3 ne menee 1 wim., wm. 5.00
U HelPOMexXHON02UlL 0becneuugaem 603MONCHOCHb: Pe2UCPAYUL CUSHANA
brexkmpoxapouocpammol (DKT) ne ungazusnvim cnocobom,
pecucmpayuu I, I1 u Il omgedenuil, nookuroyeHus
DIEKMPOO08 K CEHCOPY ¢ NOMOWbIO COCOUHUMENbHBIX
np060008, obopydosannvix TouchProof pazvemamu.
Cencop Tun 4 ne menee 1 wm. obecneuusaem
B03MOXCHOCIb: pe2UCPAaYUU CUSHANIA KOHCHO-
eanveanuyeckou peakyuu (KI'P), pecucmpayusi komopoeo
oCcyuecmensiemcs Ha NOCMOSHHOM MOKe, NOOKIIOYeHUs. K
mesny uenoseKa ¢ NOMOUbIO CYXUX 3NIeKMpPoO0s,
NOOKIIOUeHUE KOMOPBIX K CEHCOPY OCYWeCMEIAemcs ¢
nomowwio TouchProof pazvemos. Cencop Tun 5 ne menee 1
wim., obecneuugaem 03MOICHOCHb: PeSUCMPAYUU CUSHANA
brekmpuyeckoi akmusnocmu mozea (33I) ¢ nomowvio
CYXUX HEUHBAUBHBIX INEKMPOO08,; pecucmpayuu
DIeKMpuUYecKol aKMUHOCMU PAa3HblX 00ell Mo32d,
NOOKIIOUeHUS 2IeKMPOO08 K CEHCOPY € NOMOWbIO
coedunumenvHuix nposo0os, 06opyodosanuvix TouchProof




Ne HaumeHnoBanue Kparkue npuMepHbie TeXHHYeCKHe XapakTepucTuku | Exunnna
n/n| odopynoBanus (PBIIO) (PBIIO) H3MepeHust
pazvemamu; 3aKpenyienHuss 1eKkmpooos Ha HOBEPXHOCMU
conoswl. Cencop Tun 6 ne menee 1 wm., obecneuusaem
BO3MOJICHOCb. PE2UCTNPAYUY CUSHALA KOAeOaHUsL 2PYOHOT
knemxu (Cencop Obixanus), onpeoeyienust Yacmomul
Ovixanusi. Yempoiicmeo 0nst coopa OaHHbIX OM CEHCOPO8 U
nepeoaul Ha NepCoHANbHBII KOMNbIOmep obecneuusaem
603MOHCHOCTNG COOPA OAHHBIX OM NOOKTIOUEHHBIX K HEMY
CeHCOpO6 U OMNPABKY noyyenuvlx Oannvlx na I1K.
ITooxniouenue yenmpanvno2o moodyns k I1K ¢ nomowwio
USB-kabens. L{enmpanshuiii MoOyis umeem He meree 1 wim,
: eanveanuueckyio uzonayuio om IK. [Jenmpanvusiti MoOyis
0becneuusaem 603MOICHOCb 0OHOBPEMEHHO20
NOOKIIOUeHUs 8Nn1omb 00 4 cencopos. Kaswcowiil uz 6x0006
[{enmpanbro2o MOOYA UMeem 2aib8aAHUECKYI0 U30IAYUIO
(0becneuenue MeHCKAHATLHOU 2aNb8AHUYECKOU U30TAYUL).
Ilooxntouenue cerncopos k Llenmpanvromy mooynio
0CYWecmenaemcs ¢ NOMOWbI0 CREeYUATUIUPOBAHHbIX
pasvemos muna LEMO, obecneyusarowjux npasuibHoCcmy
NOOKIIOUEHUS. PA3bEMA U CHUICAIOWUX PUCK CIYYATIHO20
Kacanus pazvemos MmoKOnpoeoOAWUX Yacmell, d MaKice
0Oecne usaIowWUX 3auumy om HeCanKYUOHUPOBAHHO20
NOOKIIOHUEeHUS. K NPOU3BObHBIM yCmpoticmeam. Mooyab
«Knonkay ne menee 1 wim., obecneuusaem 603MOACHOCHb.
pasmemxu pecucmpupyemuix CUZHAI08 U OMMeamsy He
\menee 3-X pasnuinbIX Kame2opuu CoCMOSHUIL.
Yempoiicmeo, exooawee 6 cocmag nabopamopuu, 00ax4CHO
0becneyusamsv 603MOHCHOCHb PE2UCPAYUU
apmepuanbHo20 0asieHus.

IKosinuecTBO

=

HaumenoBanue Hanpanenusi: ""Koumnviomepnoe u npezenmayuonnoe ooopyoosanue’’

HanmeHoBaHue pa3aena:
"KommberotepHoe u
Mpe3eHTaIl[MOHHOE
obopymoBanue"

\Hnmepaxmuénbvlii KOMIIEKC C 8bIYUCTUMENbHBIM OJIOKOM U
WoOUNbLHBIM KpennieHueM 00IdHCeH COOMBEMCIB08AMb
cnedyrowum mexunuueckum mpebosanuam: Pasvep
Ouazonanu: He menee 74 owimos; Paspewenue sxpana no
copusonmanu. ne menee 3000 nuxceneii: Pazpewenue
bxpana no eepmuxanu: He menee 2100 nuxceneti,
[loooepoicka paspewenus 3840x2160 nuxceneii (npu 60 'y):
0a, Hanuuue ecmpoennol akycmuueckou cucmemsl. 0d;
Konuuecmeo mouex kacanusi.: He menee 20; Boicoma
cpabamwleéanus cencopa om no8epXHOCMU IKpaHa: He bosee
3 munaumempos, Bpemsa omKIuUKa ceHcopa Kacanus.: He
\Unmepaxmusnulii komniexc (ponee 10 muniucexyno, Becmpoenuvie ghpynkyuu

C 8bluUCIUMENbHBIM DIOKOM [PACNO3HABAHUA 00beKmMOo8 Kacanus: da, Koruuecmso wm. 4.00
1L MOOUTLHBIM KpEnaeHUeM  [1000ePAHCUBAEMBIX CIMULYCO8 0OHOBPEMEHHO. He MeHee 2,
\BozmooicHocms nookmouenus k cemu Ethernet npogoonvim
cnocobom: da; Bosmoosxcnocms nookmouenus k cemu
[Ethernet 6ecnposoonvim cnocobom (Wi-Fi): oa;
IBO3MOJICHOCb UCNOIb308AHUS IAOOHU 8 KAYeCmee
uHcmpymenma cmupanus. 0a, Hanuuue unmezpupoeannozo
damuuxa oceeweHHOCmuU 015 A8MOMAMUYECKOL KOPPeKyuu
siprocmu nodcgemxu: oa, Hanuuue gpynxyuu becnposoonou
nepedauu uzobpasicenuss ¢ ycmpoucme na baze OC
Windows: 0a, Hanuuue ¢ynxyuu 6ecnposoonoil nepedadu
uzobpasicenusi ¢ ycmpoticms na 6aze OC MacOS: oa;
Hanuuue ¢hynxyuu becnposoonoul nepedauu u300pajicenus ¢




=

HaumenoBanue

obopynosanus (PBIIO)

Kpatkune npumepHbie TeXHUYECKHe XapAKTEPHCTHKH
(PBIIO)

Eaununa
H3MepeHus

vempotcme na 6asze OC iOS: oa, Hanuyue gpynkyuu
becnpo8ooHoll nepedayu U300paxicenus ¢ yCmpoucmes Ha
baze OC Android: oa; BosmoscHocms yoanenHo2o
ynpasienust u monumopunea: oa; Hanuuue kpennenus 6
Komniexme: da; Hanuuue cnoma na xopnyce 0iis ycmanosKku
00NOIHUMENLHO2O 8LIYUCTUMENbHO20 O0KA: 0a;
Maxcumanvhviii nOOOepacusaemvili 00vbem OnepamusHoU
namsamu OONOIHUMENLHO20 BbIYUCTUMENbHO20 OI0KA: He
wmenee 8 I'6;, MaxcumanvHblii noodepoicugaemulii 06vem
Haxonumesi OONOJIHUMENIbHO20 GbIYUCIUMENbHO20 DIOKA:
ne menee 128 I'6; Paswem 014 nooknouenus
00NOIHUMENLHO20 BLIYUCTUMENLHO20 OOKA ¢ KOHMAKMAMU
DIEKMPOnUMAnUs GEIYUCTUMENbHO20 OIOKA OMm
6CMPOEHH020 OI0KA NUMANHUSL UHMEPAKMUGHO20 KOMMWIEKCA
U KOHMaxmamu 071 NOOKIIOYEHUs. YudpPo8o2o 8UOEOCUSHANA
u USB 0111 nookmiouenus cencopa Kacanus: Hanuuue;

I IpouszsooumenbHocms npoyeccopa OONOIHUMENbHO2O
sbluUCIUMENbHO20 O10Ka (3Hauenue nokazamens « CPU
Marky» no mecmy «Desktop CPU Perfomance»
https:/www.cpubenchmark.net/desktop. html uiu no mecmy
«Laptop & Portable CPU Performance»
https://www.cpubenchmark.net/laptop.html): ne menee 7000
eounuy,; Paspewenue na svixode sudeoadoanmepa
BLIUUCTUMENbHO20 OJIOKA NPU pabome ¢ UHMePAKMUGHbIM
Komniexcom: He menee 3840 x 2160 nukceneu npu 60 I'y;
Hanuuue y 00noaHumenbHo20 blHUcIumenbHo20 010Ka
6ecnposoonoeo mooyas Wi-Fi ne nuoice 802.11a/b/g/m/ac;
Maxcumanvhulil yposens uiyma npu pabome
00NOTHUMENBHO20 8bIYUCIUMENbHO20 ONIoKa: He bonee 30
0bA; Hanuuue 6 komniekme MOOULILHO20 MEMATLIULECKO2O0
Kpennienust, 06ecneuusanye2o 603MONCHOCHb HANOIbHOU
VCmarno6Ku UHMepaKmugHo20 KOMIAEKCA, ¢ NEPEOBUINCHOL
KOJIeCHOU 0A301l U B03MOICHOCBIO UKCayuu KoJec Ol
UCKIIOUeHUST HENPOU3BOTILHO20 OBUICEHUSL,

I Ipedycmarnoeienas onepayuoHHas, CUCHeMa ¢
epaghuueckum noavzosamenbckum unmeppeicom,
0becneuusaiowas pabomy pacnpocmpaHeHHbIX
0OpaA306aMENLHBIX U 0OUECUCEMHBIX NPUTLOIHCEHULL
Hanuyue, QynKyus 2paguuecko2o KOMMEeHMUPOBaHUsL
1n0BEPX NPOU3BOTLHO2O U30OPAINCEHUS, 8 MOM HUCIE OM
pusuyecku NOOKIIOUEHHO20 UCMOYHUKA BUOCOCUSHATIAL:
Hanuyue, Mnmezpuposannulii 6 n01b306amMenbCKull
unmepeiic GyHKyuonar npocmompa u pabomul ¢ gauvramu
ocrosnbix hopmamos ¢ USB- nakonumenetl unu cemesozo
cepsepa: nanuvue, Unmezpuposanmvie cpedcmea,
0becneuugarougue credyiouull PYHKYUOHAL: — CO30aHUe
MHO20CMPAHUYHBIX YUEOHbIX 3AHAMULL C UCNONb308AHUEM
WeduakoHmenma pasiuyHbix popmamos, — co30anue
Haonucetl u KOMMEHMAPUes NOEPX 3anyWeHHbIX
NPULOJICEHUT, — PACNO3HABAHUEe Pucyp U PYKORUCHO20
mexcma (PyccKull, aHeIUUCKUl A3bIKW), — HATudue
UHCTPYMEHMOB PUCOBAHUSL 2OMEMPULECKUX huyp U
iunull. Bcmpoennvie ghynxyuu: — cenepamop Cay4aunvix
yucen, — KaIbKyIsmop, — KPaAHHAsS KIaeuamypd, —
mavmep, — peodaKxmop Mamemamuieckux Qopmyi.
DeKmpoHHble MameMamuieckue UHCMpyMeHmbl. —
YUPKYIb, — Y2ONbHUK, — JUHEUKd, — MPAHCOPIMUP.
\Peoicum «6enoil 00CKU» ¢ 803MONCHOCMbIO CO30AHUS

IKosinuecTBO
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HaumenoBanue

obopynosanus (PBIIO)

Kpatkune npumepHbie TeXHUYECKHe XapAKTEPHCTHKH
(PBIIO)

Eaununa

H3MepeHHUst

IKosinuecTBO

BaMemox, pucosanus, pabomel ¢ MaOAUYAMU U SPAPUKAMU:
Hanuuue. Umnopm ¢aiinos popmamos: PDF, PPT, PPTX

Drunuapm

\Pasmep paboueii oonacmu: He menee 700x1000 mm

2.00

paneHus Hoymoykos

Teneoicka 0nst 3apsoKu u

mun Kopnyca.: Mema,; 603MONCHOCHb De30NACHO20
BawUEHH020 3AMKOM XPAHEHUsi HOYMOYKO8: Haiudue;
603MOXCHOCIb 3aPAOKU HOYMOYKOG: HAuYUue, NOO0ePIHCKA
HOymoykoe n.1.; nanuyue poymepa Wi-Fi cmanoapma
802.11n unu cospemennee: 1 wm. noddepcka HOymoyKos
n.1,; konuuecmeo noymoykog: om 15 wmyk, noddepoicka
Hoymoykoe n.1; Hanpsisicenue numanus: 220B\501y;
llompebasemasn mowHocms, Bm (maxcumym): 2500;
llompebasemviti mox, A (maxcumym): 12; Inuna wnypa
baexmponumanus: om 2,5 mempa; 3awuma om
nepenanpsidicenusl, KOPOMK020 3aMbIKAHUSL: HAluYue,
[Koneca onst nepedsudicenusi ¢ mMOpMO30M. HAUYUE.

1.00

WMDY mun 2

Tun ycmpoiicmea.: MuoeopynxkyuoranbHoe ycmpocmeo
(MDY); [semunocms neuams: ysemuas, Dopmam
neyamu: ne menee A4; Tun ckanuposanus.
npomsicHbL/Naanwemnblil, Bosmooicnocms ckanuposanus
6 popmamax: ne menee A4; Cnocob nooxmouenus: LAN,
\Wi-Fi, USB.

1.00

WMDY mun 1

Tun ycmpoiicmea: Mnozoghynkyuonanonoe ycmpoucmeo
(M®Y), [{eemnocms newamso: yepuo-oenas, Texnonoeus
neuamu: dnexmpozpaguueckas (1a3epHas, c6emoouoOHds,);
Dopmam neyamu: ne menee A4; Tun ckanupoganus:
npomsaNCHbIl/NAAHWemHbIL, Bosmoocnocms ckanuposanus
6 popmamax: He menee A4, Cnocob nooxnouenus: LAN,
\Wi-Fi, USB

1.00

\Hoymoyx

Dopm-pakmop: Hoymbyk, Paszmep ouazonanu: we meHee
15.6 oroumos; Paspewenue sxpana: Full HD, Quad HD unu
Ultra HD; Obwuii 06vem ycmano8ieHHOU OnepamueHol
namsmu: ne menee 8 I'oaiim,; MaxcumanvHolil 0owul
nodoeporcusaemulii 00veM ONepamuHoOll NAMAMU. He MeHee
16 I'6atim; O6vem SSD naxonumena: ne menee 240 I'6avim;
\becnposoonas cesizv: Wi-Fi; Konuuecmeo ecmpoennvix 6
kopnyc nopmos USB: ne menee 2, uz komopulx He meree 1
0010 6vimv USB éepcuu ne nugice 3.0, Paspewenue 636-
Kkamepwl, Mnuxcens: ne menee 0.3; Bempoennuiii mukpoghon,
\Knaguamypa ¢ packniaokou u MapKupoKou Kiasuu
OWERTY/HI][YKEH; IToddepaicka cmandapmos
becnpogoonotl cesizu: 802.11a/b/g/n/ac;

[ IpouzgooumensHocms npoyeccopa (3Havexue noxazameis
«CPU Mark» no mecmy «Laptop & Portable CPU
\Perfomance» http.//www.cpubenchmark.net/laptop.html): ne
wmenee 5000 eounuy, Hanuuue manunynamopa mviib 8
Komnaexme: 0a;, YcmanoseieHHas onepayuonHHas cucmemd ¢
epagpuyecKum norb306amenbCKuM unmepgeticom, ceedenis
0 KOMOPOM BKIIOYEHDL 8 COUHBII PeeCmp POCCUUCKUX
npozpamm OJist INEKMPOHHBIX BLIYUCTUMENbHBIX MAWUH U
06az Oanuvlx, YcmanosnenHwlil nakem oQpucHozo
NpOSPAMMHO20 0becneyers, COBMeCuUmMo2o ¢
VCMAano61eHHOU ONEPAYUOHHOU CUCMEMOLL, C8EOeHUsL O
KOMOPOM GKIHOUEHBL 8 COUHDILL PEeCmp POCCULICKUX
npozpamm OJist INEKMPOHHBIX BLIYUCTUMENbHBIX MAWUH U
6a3 OaHHbIX.

30.00

HaumeHnoBanue HanpasJieHusi: ""Odopyoosanue 011 00nOJTHUMETbHBIX HAN,

paenenuit”’

"XAUTEK"

HanmenoBaHue paznena:




HaumenoBanme
obopynosanus (PBIIO)
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Kpatkune npumepHbie TeXHUYECKHe XapAKTEPHCTHKH
(PBIIO)

Eaununa
H3MepeHus

IKosinuecTBO

[ Inacmuk ons 30 nevamu

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

uwm.

21.00

30 npunmep yuebHoviil

Tun npunmepa: FDM, FFF, mamepuan (ocHoernoti): PLA,
KOUYeCmeo neyamarouux 201060K: He MeHee 2, paboyuti
cmoa: ¢ noooepesom, pabouas ooracme (XYZ): om
180%180%180 Mm, MaAKCUMATLHASL CKOPOCTb NeYamu: He
Wmenee 150 mm/cex, MUHUMATLHAS MOIWUHA CNOSL: He bonee
20 MKM, 3aKpLIMBLL KOPRYC: HATUYUE, OXAAACOEHUE 30HbL
neuamu: Hanuyue

1.00

Cmanok 1a3epHoli pe3ku ¢
UUCTOBbIM NPOSPAMMHBIM
ynpasnenuem

Cmanok 015 epasuposku u pesxu nazepom. [oasxcen
npeoycMampueams 603MOACHOCIb 00PAOOMKU XPYNKUX
\Mamepuanos, 6 mom yucne Kepamuku, Cmexid, opecmexid.
Mooyne gunvmpayuu 6030yxa 8 komniexme. Bcmpoennoe
s00siHOe oxnadcoenue. Jlazep muna COZ2. Pazmep paboue2o
cmoaa, um: He meree 300*500. Mownocme naszepa, Bm: He
menee 40. Iloooepocusaemvie popmamer paiira: JPG,
PNG, TIF, BMP, DXF, SVG, CR2.

1.00

HanmenoBanue pasnena:
"DnekTpo3Hepreruka”’

3 HanmenoBanue pasnena:
"['EO-ADPO"

HanmenoBaHue pazaena:
"HAHO"




[Tpunoxenue Ne 2

YTBEPXJIEH

pacriopsiKeHHeM MUHHCTEPCTRA
obpasopanus Kuposckoii 061acti

N L4

OT (1 AP 2071

NHOPACTPYKTYPHBINH JIUCT

AJst cos3nanus B 2024 rogy aerckoro Texnonapka «KBanropuym» na 6aze
MYHHUHNIAJIBHOT0 00meo6pa3oBaTe IbHOr0 AaBTOHOMHOTIO yupexiaenns «Jumeit Ne 21»

ropoaa Kuposa

Ne Haumenosanue
n/n| obopyaopanus (PBI1O)

KpaTRHBHpﬂMCpHHCTPXHHHCCK“EXapaKTepHCTHKH

Eannnua

(PBITO) H3IMEPEeHIis

KOJ]]I‘ICCTBJ

HaumenoBanne nanpapnenus:

"Ecmecmeennonayunas nanpagaennocmn"

HanmenoBanne pasnena:
I |"EctecTBenHoHayHas
HalpaBneHHOCTS"

Luposas radopamopus no
BKOT02UN

Obecneuusaem nposedenue yuebnozo sxonozuieckoso
MOHUmMOpUKea uncmpymenmansnevu smemooamu. Hatop
MPUMEHACIMCA NPU UIVUeHuU IKOT02UL, GUON02UM, XuMUl,
ceocpadhuu u npupodosedenus, a maxaice ois

UHOUBUOY ANbHBIX UCCACOOBAHUS U NPOCKMHOT
OesmensHOCHI WKOIbHIKOE. Kovnnexmayus:
becnpogodnoit myasmudamqux no IKONOEUMECKOMY
MOHUMOPUHZY € 8-10 sempoentviyu damyuxamu: [lamuuxk
Humpam-uonos Jamuux xropud-uonos Jamuux pH ¢
Quanazonom usmepenus ne yoice wem om ) do 14 pH
Hamuur erasenocmu ¢ duanazonom uzmepenus 0... 100%
amunk ocgewyennocmu ¢ ouanazonom uIMEepenus ne yoe
em om 0 0o 180000 1k amuux memnepamyper ¢
Quanazonom usmepenus He yoce wem om -20 do + 140C
amyux snexkmponposodusocmu ¢ duanazonamu
usmepenus ne yoce uem om 0 do 200 mxCwm; om 0 do 2000
mrCa: om 0 do 20000 axCar Janmvuur mennepamypoi
OKpYJICaioneli cpedst ¢ QUanasonom usMepenus He yice
wem om =20 0o +50C Omdenvuste damuuxu u
vyaremudamyuku. Jamuuk sgyka ¢ dyuxyued
HHMEZPUPOBARUS ¢ QUANAZOHOM UIMEPEHUA YACIOM He
metiee vem om 30 [y 0o 8 kMy; Jamuuk enaxenoemu nouast
¢ duanazonom ussmepenis e yoce vem om 0 0o 50%
amuux okucu yerepoda ¢ duanazonom UIMEpenust ne yoice
wes om 0 0o 1000 ppm Mynsmudamuur onmuveckod
PACHIHOCINU U MYITHOCIT CO BCIMPOCHHBIMU DAY UKAMI:
[amuux onmuyeckou nnomuocmu 470 um ¢ duanazonom
usvepenun om (0 do 2 D Jamuux onmuveckoi niomnocm
525 uw ¢ duanazonom usmepenus om 0 do 2 D Jamuux
onmuyeckoi nnomuocmu 630 v ¢ duanazonom ussepenus
om () do 2 D Jamyuk symuocmu PACMBOPOE ¢ QUANAZOHOM
uzmeperus om () 0o 200 NTU Akceccyaper: Kabens USB
coedunumensnbiii (2 wim.) 3apsonoe yempoiicmeo ¢
rxabenem miniUSB USB Adanmep Bluetooth 4.1 Low

uem
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[Energy Cmepoicetsb 015 3aKpenieHus 0amuuKos 8
wmamuee Kpamkoe pykosoOcmeo no skcniyamayuu
yugposotu nabopamopuu I[Ipoepammuoe obecneuenue
IMemoouueckue pexomendayuu ne menee 20 pabom
Ynaxosxa Hanuuue pycckoasviunozo catima noooepaicki,
Hanuuue UOeopoIUKOS.

([ [uppposas nabopamopus
"Xumus" npopunvras ons
nedazoea

Obecneyusaem evinoHenue 1a00PaAMOPHLIX pabom no
XUMUU HA YPOKAX 8 OCHOGHOU WKOE U NPOEKMHO-
Uccne008amenbCKoll OesmenbHOCIU Y4auuxcsl.
[Komnaexmayus: becnpogoonoi My1emuoamyux no xumuu
c 3-ma ecmpoenHviMu oamyuxamu. Jamyux pH ¢
Ouanazonom usmeperus He yce ywem om 0 0o 14 pH
Vlamuux 91eKkmponpogoouMocmu ¢ OUana3oHamu
usmepenus ve yxce uem om 0 0o 200 mxCm; om 0 0o 2000
WxCm,; om 0 0o 20000 mxCm Jamuuxk memnepamypsi ¢
Ouanasonom uzmepenus He yoice wem om -20 do +140C
Omoenvhble damuuxu: Jlamuux onmuyueckol niomHocmu
525 um Axceccyapwi: Kabeno USB coedunumenvbiti
Bapsionoe ycmpoticmeo ¢ kaberem miniUSB USB Aoanmep
Bluetooth 4.1 Low Energy Kpamkoe pykosoocmeo no
brenyamayuu yugposoii rabopamopuu Habop
nabopamopnoii ocnacmxu Ilpoepammnoe obecneuenue
IMemoouueckue pexomenoayuu we menee 40 pabom
\Hanuuue pycckoasviuno2o caiima noodepacku Hanuuue
610E0pONUKO8.

4.00

([ [upposas nabopamopus
"@uszuxa" npogunvras ons
nedazoea

Obecneuugaem binoHeHUe IKCNEPUMEHMOB NO MeMam
kypca gusuxu. Komnrekmayus: Becnpogoonoii
Wyremudamuux no Qusuxe ¢ 6-10 6CMpPOEHHbIMU
oamuuxamu: Lfughposoi oamuux memnepamypol ¢
Ouanazonom usmepenus ne yaice wem om -20 0o 120C

[ {upposoii damuuk abcomomno2o 0asieHus ¢ OUana3oHoM
usmepenus ne yorce uem om 0 oo 500 xlla Jlamuux
\WMazHUMHO20 NOJIAL C OUANA30HOM USMEPEHUS He Ve Yem
om -80 0o 80 mTx JJamuux nanpsoiceHusi ¢ OUanazoHamu
usmepenusi He yce uem om -2 0o +2B ; om -5 do +5B; om
-10 0o +10B; om -15 do +15B Jlamuux moxa He yoice uem
om -1 0o +1A4 JJlamuux axcenepomemp ¢ noKa3amensimu He
Wmenee uem: +2 g; +4 g; +8 g OmoenvHule ycmpoiicmea.
USB ocyunnoepagh ne menee 2 kanana, +/-10 B
Uxceccyapol: Kabenv USB coedunumenvuulii 3apsionoe
ycmpoticmeo ¢ kabearem miniUSB USB Adanmep Bluetooth
4.1 Low Energy Koucmpyxmop ons npogedenus
brcnepumenmog Kpamkoe pykogoocmeo no sxcniyamayuu
yugposoi rabopamopuu Ilpoepammnoe obecneyenue
IMemoouueckue pexomenoayuu (40 pabom) Haruyue
pyccroszviunozo catima noodepoicku Hanuuue
610EOpONUKO8.

4.00

[ [upposas rabopamopust no
usuonocuu (npoghunvuwiil

ypogetnv)

Obecneuusaem npogedenue ucciedo8anus no
DYHKYUOHUPOBAHUIO YENI08EHECKO20 OP2AHUZMA.
\Komnrexmayus: becnposoonoii mynemudamuux no
usuonozuu ¢ 5-10 ecmpoennviMu oamuukamu. Jamuuk
apmepuanvrozo oasnenus (0...250 mm pm. cm.) Jamuux
nynvea ¢ ouanazonom usmepenust we yoice yem om 30 0o
200 yo/mun Jlamuux memnepamypvi meia ¢ OUAna3oHom
usmepenust ne yoice yuem om +25 oo +40C Jamuux
uaComyl ObIXAHUS C OUANA30HOM UMEPEHUsL He Ve Yem
om 0 0o 100 yuxnos/mun JJamuux yckopenus ¢

noxasamenamu =2 g; +4 g; +8 g Omoenvuvie ycmpovicmaa:

1.00
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VIamyux OKI ¢ ouanazonom usmepeHus He yice yem om -
300 0o +300 mB) Jamuuk cunromep ¢ ouanasoHom
usmepenus ve yxce yem om 0 do 40 H [Jlamuux
0C8eujeHHOCMU ¢ OUaNA30HOM UBMEPEHUsl He Yice Yem Om
0 0o 180000 ax Axceccyapor: Kabeno USB
coeOunumenvuwlil 3apsioHoe ycmpoucmeo ¢ kabenem
miniUSB USB Adanmep Bluetooth 4.1 Low Energy
[Kpamxoe pykosodcmeo no sxcniyamayuu yu@pogou
nabopamopuu Ilpocpammnoe obecneuenue Memoouueckue
pexomenoayuu ne menee 20 pabom Hanuuue
pyccrosazviunoco catima noddepoicku Haruuue
6UO0E0pONUKO8.

IMuxpockon yugposoti

Tun muxpockona: buonozuseckui Hacaoka muxpockona:
Wmonoxynapnas Hasnauenue: nabopamopnviii Memoo
uccredoganus. ceemaoe noie Mamepuan onmuxu.
onmuueckoe cmekio Yeenuuernue Mukpockona, kpam: 64 —
1280 Oxynsipwr: WF16x Obvexmuguvl: 4x, 10x, 40xs
(noonpyacunennuiii) Pegonveepnas eonoexa: na 3
obvexmusa Tun nodceemku: 3epraio il c6emoouoo
\Pacnonooicenue noocgemru: 6epxusisn u nudicnsas Mamepuan
kopnyca: memann [Ipeomemmuviti cmonux, mm: 90
\Hcmounux numanus: 220 B/50 I'y Yucno mecanuxcenei: 1

15.00

HaumenoBanue HanpasJjenusi: '"Texnonozuueckas nanpasiennocmes. PO60"

HamMmeHnoBaHme pazaena:
"TexHomornyeckas
HanpasyieHHOCTb. POBO"

ObpaszoeamenvHulii HAOOP NO
D1eKmpoHuKe,
brexmpomexaHuxe u
WMUKponpoyeccopHoll
mexHuxe

[Habop oonoicen 66ime npedHasHayeH 0 NPO8eOeHUs
VueOHbIX 3aHAMULL N0 U3YYEHUIO OCHO8 MeXAMPOHUKU U
pobomomexHuKu, NPAKMUYECcK020 NPUMeHeHUs: DA308bIX
DIeMEHMO8 NIeKMPOHUKU U CXEMOMEXHUKU, d MAKdce
Haubonee pacnpocmpaneHtol d1emenmHuou 6azol u
OCHOBHbLIX MEXHUUECKUX PeUeHUll, NPUMEHAEMbIX NPU
NpPOEeKMuUpO8aHUU U NPOMOMUNUPOBAHUY PA3TUYHBIX
UHIICEHEPHBIX, KUOEPHEMUYECKUX U 6CIPAUBAEMBIX
cucmem. B cocmag nabopa 0012CHbL 6X00Uums
KoMnIeKmylowue u ycmpoucmaa, ooaadaioujue
KOHCIPYKMUGHOU, dJIeKIMPUYECKOU, annapamHoul u
NPOSPAMMHOTL COBMECMUMOCbIO Opye ¢ Opyeom. B cocmas
Habopa 0o1cer 6X00UMb KOMIIAEKM KOHCIPYKIMUBHBIX
breMenmos uz Memaiuna 0is cOopKu makema
WMAHURYIAYUOHHO20 pOOOMA U KOMAIAEKM MEeMAlIUdecKux
KOHCMPYKMUBHBIX IT1eMEHMO8 015 COOPKU MaKema
WoburbHo2o poboma. B cocmas nabopa 0024iCHbL 6X00UMb
npuU80Oa paziuyHo20 Muna.: MOmopsvl C UHMeESPUPOBAHHBIM
WU BHEUWHUM OAMYUKOM NOJIONHCEHUs — He MeHee 2um,
cep8onpusoo 601vLUON — He MeHee 4uim, cep8onpueoo
Wanvlil — He MeHee 2uim, NPUBoO ¢ B03MONCHOCBIO
ynpaegnenus 6 uiazo8om pexcume — He menee 2uim. B
cocmae Habopa O0NAHCHBL 6XOOUMDb dlleMeHmbl 0Ji COOPKU
6AKYYMHO20 30X8aMa: 6aKYYMHASl NPUCOCKA — He MeHee
[wm, 21eKkmpomasHumubl Kianau — e menee lwm,
6aKyyMHblil Hacoc — He menee lwm. B cocmas nabopa
0o0iCHa 6X00UMb dNleMeHmHas 6a3a O
NpOMOMUNUPOBAHUA. NAAMA 015 OeChAeyHO20
NPOMOMUNUPOBAHUSA, KOMNIEKM NPOBOO08 PA3TUYHO20
muna u ONUHbL, KOMNIEKM Pe3UCmopos, KOMHIeKm
c6emoouU0008, cemucecMenmHulil UHOUKAmop, Oucniell

VKK-muna, KHONKU — He MeHee Suim, NOMeHYuoMempsbl — He
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Wernee 3um, ungpaxkpacHvlil Oamyux - He menee Juim,
V1bMpaA38yKo8oLl OamuuK - He Menee Juim, 0amyux
memnepamypbl - He Menee lwm, damuux oceewenHocmu -
He menee 1uim, modyne Bluetooth — ne menee lwim, Mooy
\UK-npuemnuka — ne menee lwm, mooyno UK-
nepedamuyuxa 6 6ude KHONOYHO20 NYIbIMd YRPAGIEHUs —
[wm, akkymynamop — He menee lwm, 3apsionoe
ycmpoticmeo — ne menee lum. B cocmas nabopa 0onoicen
6X00UMb MYTLIMUOAMYUK OISl USMEPEHUsL MeMNepamypbl u
eradicHocmu oKpysicaioweli cpedvl — ne menee luim.
Myremudamuux 0onxceH 061a0amsv 8CMPOEHHbIM
\WMUKpOKOHmMpOATepoM (makmoeas yacmoma - ne menee 16
My, wuna oannvix — e menee 8 Kbatim), unmepgeticamu
071 NOOKNIOYEHUs K GHEUHUM YCMPoucmeam: yughposeie u
ananozosvie nopmeoi, 1-wire TTL, pazvem muna RJ. B
cocmag Habopa 00dCceH 6X00UMb KOMNIEKM
VHUBEPCANIbHBIX GLINUCIUMENLHBIX MOOYIEl,
npedcmasnsowux cobol 6azoeyro niamy, niamy
pacuupenus 015 cemegoeo 63auUMo0elicmeus u niamy
NOOKNIOUeHUs CUN0B8OIL Hazpy3Ku. Bxooawue 6 komniexm
yempoticmea 00ncHbl 061a0ams 00HO8PEeMeHHOU
KOHCIPYKMUGHOU, dJIeKMPUYECKOU, annapamHoul u
NpoCPamMmMHOL cosmecmumocmuio opye ¢ opyeom. bazosas
nAama yHUGepCaibHo20 8bIYUCTUMENbHO20 MOOYIA OONICHA
npedcmagiaims cobol RPOSPAMMUPYEMbIT KOHMPOILTIED 8
cpede Arduino IDE unu ananocuunvix c600600HO
pacnpocmpansemvix cpedax paspabomru. bazosas niama
00191CcHa 001a0amb BCMpPOeHHbIMU URmMepgheticamu s
NOOKNIIOUEHUs YUPPOBBIX U AHANOL0EbIX YCIPOUICMS,
ecmpoennvimu unmepgpeticamu USB, UART, 12C, SPI, I-
wire TTL, Bluetooth, WiFi. ITrama pacuupenus donxcna
0becneuusams 603MOICHOCHb NOOKIIOYEHUS
VHUBEPCANLHO20 GBIHUCIUTNENLHO20 MOOYIISL K Cemu
nocpeocmeom unmepgetica Ethernet. Ilnama pacuuperus
dondicHa 001adams nopmamu 6600a-661600d 0Jis
NOOKIIOUEeHUS, YUPPOBBIX U AHANO208bIX YCMPOUCS,
unmepgetic SPI u 603M00CHOCMbIO NOOKIIOUEHUS 6HEUHEl
kapmul namsamu. [lnama pacwupenust 0 ROOKIOUEH U
CUNOBOLL HAZPY3KU OOJIICHA 00ecneuusams 603MOICHOCIb
NPAMO20 NOOKTIOUEHUS GHEUHEll CUTI0BOU HA2PY3KU, d
maxoice pezyiupyemot naepysku nocpeocmeom PWM
unmepdeiica. B cocmas nabopa 0odicen 6xo0uman
npoepammupyemvlil KOHmpoiep, obecneuusarouuil
B03MOJICHOCTL OCYWEeCMEISIMb PA3PAOOMKY
NpoCPaAMMHO20 KOOA, UCNONb3YS UHCIPYMEHMAaputi cpeo
paspabomxu Arduino IDE u Mongoose OS u si3vik08
npoepammuposanus C\C++, JavaScript.

[ Ipoepammupyemplii KOHMPOJLIEP O0NJICEH 0O1a0ams
nopmamu 0151 NOOKIIOYEHUS. YUPDPOBbIX U AHAIO20BbIX
ycmpoticme, 6CmpoeHHbIMU RPOSPAMMUPY eMbIMU
KHONKAMU U JIeKIMPOMEXAHUYECKUMU MOOYIAMU OISl
Op2AHU3AYUU CUCTEMbL PYYHO20 YNPAGIeHUS,
6CTNPOEHHBIMU NPOZPAMMUPYEMBIMU CEEMOOU0OaMU Ol
uHOuUKayuu pabouezo pexcuma, 6CmpoeHHbIMU
unmepgpeticavu USB, USART, 12C, SPI, 1-wire TTL, ISP,
[Ethernet, Bluetooth, WiFi. B cocmag nabopa dondicen
6X00UMb MOOYIb MEXHUYECKO20 3PEHUSL ,

npedcmagasowuil coooll 8bIYUCTUMENLHOE YCIMPOUCME0 CO
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6CTPOEHHBIM MUKPONPOYECCOPOM (KOT-60 510€p - He MeHee
dwm, wacmoma s0pa ne menee 1.2 I'Ty, o6vem O3V - ne
lmenee 512M6, 06vem 6cmpoenHol namamu - He MeHee
8I0), unmezpupo8aHHoll KaAMEPOU (MAKCUMATbHOE
paspeutenue 6udeonomoxa, nepedasaemozo no
unmepgeticy USB - ne menee 2592x1944 e0.) u
onmuyeckotl cucmemou. Modyne mexuuueckoeo 3penus
00n191Ccer 001A0amb COBMECMUMOCMbBIO C PA3TUYHBIMU
npoSpamMmMupyemMbiMu KOHMpOLIepamMu ¢ HOMOUbIO
unmepdeiicos - 1-wire TTL, UART, 12C, SPI, Ethernet.
IMoOyne mexHuuecko2o 3peHus 001x#ceH 0becneuugams
6bINONIHEHUE BCeX USMEPEHUL U 8bIYUCTEHULL ROCPEOCTBOM
COOCMBEHHBIX GLIYUCTUMENBHBIX B03MOICHOCMEN
6cmpoenno2o mukponpoyeccopa. Mooyib mexuuuecko2o
BpeHus: dondcer 001a0amsd 803MOACHOCHBIO
KOMMYHUKAYUU C AHATIOZUYHBIMU MOOYISIMU HOCPEOCMBEOM
wiunbl Ha Dasze nociedo8amenbHo20 unmepgeica c yeivio
OanvHeliulell nepedauu pesyibmamos usMepeHull 2pynnvl
MoOdynell Ha ynpasnsaouee GblNUCIUMENbHOE YCMPOUCMEO,
noOKIOUeHHOe K OaHHOU wune. Modyib mexHUuuecko2o
BpeHUst D0NICEH 0DeCneyusams HACMpPOUKU PENCUMO8
pabomol - HACMPOUKY IKCho3uyul, baranca 6enoezo,
Y6EeMOPAZHOCMHBIX COCMABSIOWUX, NIOWAOU
0OHapycugaemol 00aacmu u300padscerus, OKpy1o0cmu
0OHapyCU8aemoll 061acmu U300padtcenus, NOI0NHCEHUe
0OHapycugaemvlx obracmet OMHOCUMENbHO Opye Opyad,
\MawunHoe 06yuenue napamempos HeupoOHHbIX cemeti OJisl
0OHapydcenus 06veKmos, Popmy u 3aK00UPOSaAHHbIE
BHAueHus 0OHapyIcusaemvlx Mapkepos muna Aruco,
paszmepvl 06HAPYICUBAEMBIX OKPYIHCHOCHEN, KEAOPAMO8 U
IMpey2onbHUKO8, NAPAMempO8 KOHMPACMHOCMU, PA3MEPO8,
KpUBU3HBL U NONIOJCEHUsI PAChO3Hagaemblx aunull. Habop
QondiceH obecneyusams 603MON’CHOCTNL PA3PADOMKU
Wmooenu mobunbHo2o poboma, ynpagnsemoti 8 FPV-
percume nocpedcmeom npocpammHo2o obecneyenus Oist
NepPCOHANLHO20 KOMNLIOMEPA U MOOUTILHBIX YCMPOUCMS HA
6aze OC Android unu 10S, obecneuusaroujeco
603MOANCHOCTD YNPAGLEHUS MOOUIBHBIM POOOMOM U
6CTNPOEHHBIM MAHUNYISIMOPOM HOCPEOCMBOM
epaguuecrkoeo unmepdhetica, sknouaOwum é cebst Habop
KHONOK U Nepexiouamenceii, O’coucmuxk, obiacmo 0Jis
omobpadcenus eudeo. Habop donicen obecnewusamo
603MONCHOCTL U3YYEHUS OCHO8 PA3PABOMKU NPOSPAMMHBIX
U ANNAPAMHBIX KOMIILEKCO8 UHICEHEPHBIX CUCTEM,
pewenuii 6 cgpepe ""Hnumeprem gewerr"", a maxoice
pewenuii ¢ obnacmu poboMoOmMeXHUKU, UCKYCCHMEEHHO20
unmenekma u MawunHo2o ooyuenus. B cocmas nabopa
00CHO 6X00UMB NOCODUE NO UYYEHUIO OCHO8
DAEKMPOHUKU U CXEMOMEXHUKU, PeuleHUll 8 cghepe
""Uumepnem eewen"", pazpabomru u
npomomunuposanuio mooeset pobomos. B cocmas nabopa
00JIXCHO 8X00UMB NOCOOUE NO U3YUEHUIO OCHO8
pazpabomku cucmem mexHuuecko20 3penust U INEeMeHmMos
UCKYCCBEHHO20 UHMENLeKMA.

Obpaszoseamenvhbiii HAOOP

07151 u3yUeHus

WMHO20KOMNOHEHMHbIX
060MOMEXHUYeCKUX

OOpaszosamenvhblil HAOOP Q0dCEH DbIMb NPEOHAZHAYEH
07151 U3yUeHust pO6OMOMEXHUYECKUX MEXHONIO02ULL, OCHO8
UHDOPMAYUOHHBIX MEXHONO2UT U TNEXHON02UTI

npOMleJleHHOL‘i asmomamusayuu, a makKkaiHce mexHono2Ul

wm

6.00
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cucmem u MaHunyiAyuOHHblxX

pobomos

NPOMOMUNUPOBAHUA U AOOUMUBHO20 NPOU3BOOCMEd. B
cocmae HAOOPA OONAHCHBL BXOOUMb KOMNJEKMYyowue u
yempoticmea, obaradaroujue KOHCMPYKIMUBHOL,
annapamuou U RPOZPaAMMHOU COBMECTUMOCTbIO OPY2 C
Opyeom. 1) Komnnexm KoHCMpPYKMUGHbIX S1eMEHmMO8 U3
\Wemanna u niacmuka 0ist cCOopKu mooenei
WMAHURYIAYUOHHBIX POOOMOS C Y2080 KUHEMAMUKOL,
nrockonapanienvHol kunemamurot, Delta-kunemamuxou.
2) Unmennekmyanshlil cepeoMoOYib C UHMESPUPOBAHHOU
cucmemoti ynpagnenusi - He menee 7uim. Cepgomooyio
Qoadicen 0b1adams uHmMe2pUPOBAHHOU CUCTIEMOU
ynpaesnenus, obecneuugaroueti 0Opamuyio cea3b uiu
KOHMPOIb NAPAMEmMpo8 - NOI0HCeHUe 8ad, CKOPOCHb
epawenus, Hazpy3Ka npusooa, a makdxice obecneuusaroujeti
603MOXHCHOCIb NOCIE008AMENbHO20 NOOKIIOUEHUS OpYe C
OpY20M U YNpageHus: cep8oMOOVIAMU NO
nocnedosamenbHOMy NOLYOYHAEKCHOMY ACUHXPOHHOMY
unmepgeiicy. 3) Pobomomexuuueckuii KOohmpoJuiep,
npedcmasnsrowull co60il MOOYIbHOE YCMPOUCMEO,
srI0OUAIOWee 8 ceOsi 0OHONIAMHbIN MUKPOKOMAbIOmeED O7is
6bINOTHEHUS CTIONHCHBIX BbIYUCTUMENbHBIX Onepayull,
nepugheputinbiii KOHMpoJIep O/ YNPAGLeHUs BHeUHUMU
yempoucmeamu u niamy pacuwiuperust 0si NOOKIoYeHUs
sHeutnux ycmpoticms. Mooyiu podbomomexHuueckozo
KOHMPOJLIepa O0NIHCHbL 001a0aMb 0OHOBPEMEHHOU
KOHCIMPYKMUGHOU, annapamHo U npoSpamMmHoOL
coemecmumocmyvio opye ¢ opyeom. Pobomomexnuueckuii
KOHmMPOLIEP Q0NACEH YOOBILEMBOPSMb MEXHUYECKUM
xapakmepucmukam. Koi-60 s0ep 6CMpoeHHO20
MuKpoxomnviomepa - He MeHee 4, makmoesas yacmoma
si0pa - ne menee 1,2 I'Ty, o6vem O3V - ne menee 512 Mo,
nanuyue unmepgeticos - SP1, 12C, 1-wire TTL, UART,
\PWM, yugposvie - ne menee 16 wim u ananozosvie nopmol
- He menee 8 wim 011 NOOKIIOYEHUs. BHEUHUX YCINPOLICINS,
ecmpoennbiti Mukpogon, a maxxce WiFi unu Bluetooth ons
KOMMYHUKAYUU CO GHEUWHUMU YCIPOUCTNBAMU.
\Pob6omomexnuueckuti KOHMpoaLep 00IHCeH 00ecneuugams
603MOXCHOCHb NPOSPAMMUPOBAHUS C NOMOUBIO CPEOCE
ls13b1k06 C/C++, Python u c60600H0 pacnpocmpansemon
cpeovt Arduino IDE, a maxoice ynpagnienus mooenisamu
pobomomexnuneckux cucmem ¢ nomowwto cpedvt ROS. 4)
I Ipoepammupyemviil Konmpoinep - ne menee luim.

[ Ipoecpammupyemolii KOHMPOJIEP O0AHCEH NPEOCNABIAMb
c0001 BbIYUCTUMENbHBIN MOOYIlb, 00NA0AIOUWUM
Yu@dposvLMU NOPMAMU - He MeHee 8 wm U AHATI0208bIMU
nopmamu - ne menee 16 wm, unmepgheticavu UART,
I2C,SPI, TTL, a maxoice moOynem 6ecnpo8oOHOU C8A3U
muna Bluetooth unu WiFi ons co30anus annapammo-
npoepammubix pewrenuii u ""ymuvix/cmapm”"-ycmpoiicms
o0ns1 paspabomiu pewenui ""Unumepnuem eeweii"". 5)

I Tnama pacuupenus nPOZPAMMUPYEMO20 KOHMPOLIepd —
He menee lwm. [lnama pacuwupenust 0onicHa
0Oecneuusams 803MOHCHOCMb NOOKIIOYEHUs
VHUBEPCANbHO20 8bIYUCIUMENLHO20 MOOYIIA K Cemu
nocpeocmeom unmepgpeiica Ethernet. Ilnama pacuwupenus
dondicHa 001adams nopmamu 6600a-6vi600a 0Jisl
NOOKIIOUEHUS. YUPDPOBLIX U AHANO206bIX YCMPOUCIE — He

wernee 40 wm, unmepgeiic SPI u 603moocHoOCmbI0
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NOOKIIOUeHUs 8HeuiHell Kapmel namamu. 6) Mooyne
IMEeXHUYECK020 3peHust, Npedcmasisiowuti coootl
yempoticmeo Ha baze blYUCIUMenTbHO20
WMUKpOKOHMPOATEpa U UHMESPUPOBAHHOU KaMepbl,
0becneuusaiouee pacno3nasanie nPoCmeuutux
uz0bpasicenull Ha Moodyne 3a cuem coOOCMEEHHbIX
BLIUUCTUMENbHBIX 803MONCHOCMEN - He MeHee [uum,
Modyns mexnuueckoeo 3penus 00dceH 0becneyusams
B03MOICHOCTD KOMMYHUKAYUU C AHATOSUYHBIMU MOOYISAMU
nocpedcmeom wiuHbvl Ha OA3e NOCAIe008AMENbHO20
unmepgeiica c yenvio OanvHeliulell nepeoayu pe3yibmamos
uzMepenuil 2pynnvl MoOyiell Ha Ynpasnsiouee
BbIULCAUMENBHOE YCIMPOUCME0, NOOKTIOUEHHOE K OAHHOU
wiune. Mooyib mexHuuecko2o 3peHust Q0IICeH
0Oecneuusams 803MONCHOCHIL OCYUIECBTISIMb HACMPOUKY
MOV MEXHUYECKO20 3PeHUs - HACPOUKY 9KCROZUYUU,
bananca 6enozo, YBEMOPA3HOCMHBIX COCNAGTSIOUUX,
nowaou ooHapydicueaemol obnacmu u30opadicenus,
OKpYy2nocmu 0OHApYICUBAEMOTL 001aCIU U300PaAdICEHUs,
nonodicenue 0OHApyIHCUBaeMbIX 0bIaCmel OMHOCUMENbHO
Opye Opyea. MoOynb mexnuueckozo 3penus 00aHCEH
0Oecneuusans 603MONCHOCHL HACMPOUKU HA
00HOBpeMmenHoe obHapydicenue e Menee 10 paznuunvix
0OUHOUHBIX 0OBEKMO08 8 cekmope 0b3opa, 1bo He MeHee 5
CcoCmagHbix 00bEKMos, COCMOSWUX U3 He MeHee 3
paznuunsix epapuyeckux npumumueos. Mooy
MexHu4ecKo2o 3peHust O0IHCeH 001a0amsb 6CMpPOEHHLLMU
unmepgeticamu — USB, UART, 1-wire TTL, I2C, SPI ons
KOMMYHUKAYUY CO BHEUHUMU NOOKTIOYAeMbIMU
ycmpoticmeamu. 7) B cocmas nabopa 00aicHvl 6X00umby
yupposvie UHGOPMAYUOHHO-CEHCOPHbIE MOOYU,
npedcmasasiowue coboll ycmpoucmea na baze
NPOSPAMMUPYEMO20 KOHMPOJIEPA U USMEPUMETbHO20
baremenma. Llugposoit modyns dondicen obradamo
6CTPOEHHBIM MUKPOKOHMPOLLEPOM (MAKMO8As YaCmoma -
e menee 16 MIy, wuna oannvix — ne menee 8 Koatim),
unmepgeticamu 051 NOOKTIOYEHUS. K GHEUHUM
yempoticmeam: yugpogole u anano2osvle nopmel, 1-wire
TTL, pazvem muna RJ. [Jughposoti modyins dondicen
0becneuusams 803MONCHOCMb KOMMYHUKAYUU C
AHANOSUYHBIMU MOOYISMU NOCPEOCMEOM WUHBL HA 6a3e
nociredosamenvhoco unmepgeiica ¢ yeavio darvheliulell
nepedauu pe3yibmamos usmMepeHull 2pynnvt Mooyei Ha
ynpasisiowee GbIYUCIUMENbHOe YCMPOUCMEO,
noOKIIOUeHHOe K OaHHOU wiuHe. B cocmae nabopa 0onocho
6X00Umb.: YuPBPoeol MoOYIb MAKMOBOU KHONKU — He MeHee
3wm, yughposoii MoOyb cgemoouooa — He MeHee 3wim,
YUpPoBOU MOOYIIL KOHYEBO20 NPEPLIEAMEIs. — HE MEHee
3wm, yugpoeoii Mooynb damuuxa yeema — He menee lwm,
yugposoit modyro RGB ceemoouoda — ne menee lwum. 8) B
cocmas Habopa 00NANCHBL BXOOUMb dNeMeHMbL /il COOPKU
6AKYYMHO20 3AX6aMA.; 6AKYYMHAS NPUCOCKA — He MeHee
lwim, snexmpomazHummuslii Kianau — He meree lwim,
6aKyymuulil Hacoc — He menee lwm. 9) B cocmasé nabopa
00.7191CceH 8X00UMb YueOHbLL KOMNIEKM, BKII0YAIOWUll 8
cebs1 yuebHoe nocodue, Habop OUOIUOMEK MPEXMEPHBIX
DeMenmos 0 nPOMOMUNUPOBAHUs MOOeell

MaHunyﬂﬂbluOHHblxp060m06‘, a makKakce npoepamMmHoe




=

HaumenoBanue

obopynosanus (PBIIO)

Kpatkune npumepHbie TeXHUYECKHe XapAKTEPHCTHKH
(PBIIO)

Eannuna
H3MepeHus

IKosinuecTBO

0becneuenue 05 pabomol ¢ Habopom. IIpoepammmuoe
0becneuenue 00IHCHO 0becneyusams mpexmepHyo
BUZVATUZAYUIO MOOENU MAHUNYIAYUOHHO20 poboma (¢
V2110801, NAOCKONAPANIENbHOU U Oe/lbMd-KUHEMAMUKOU) 6
npoyecce pabomul, obecneuusams HOCmMpoeHue
npocmpancmeenHol mpaeKmopuu O8UNHCEHUs
UCHOTHUMENLHO20 MEXAHUSMA MAHUNYIAYUOHHO20 poboma,
603MOCHOCTG 3A0AHUSA NOCTE008ANENLHOCIU MOYEK O
NPOXOHCOEHUs Yepe3 HUX UCTIONHUMENTbHO20 MEXAHUIMA
Wmanunyaayuonnoeo poboma. Ilpoepammmuoe obecneyenue
00IHCHO QYHKYUOHUPOBAMD, KAK 8 OMOEIbHOCIU 8 8Ude
Cpeobl MOOETUPOBAHUSL, MAK U 8 PeXCUMe MOHUMOPUH2A 8
peanvHoM 6pemeHu npu ROOKIIOYEHUY MOOeaU
\WManunyaamopa nocpedcmeom pobomomexHu4ecKo2o
Kowmpoanepa. Ilpoepammmnoe obecneueHie OONHCHO
0becneyusams 03MOHCHOCH NOCMPOEHUS 2PAPUKOS
BadauHvIX U MeKyuux 0600ueHHbIX KOOPOUHAMm
MaHUnyIAYUOHHO20 pobOMa, epaPuros sHaueHull
cKopocmell U yCKOpeHus, epaguKos pacuemuvix 3Ha4eHull
naspysku. IlIpoepammmnoe obecneuenue 00IHCHO NO3BONAMY
Badasamsv nocie0o06amenbHOCHb NePedBUNCEHUL
\MaHunyisImopa nocpeocmeom Habopa KOMaHo 6 OI0UHO-
epaguyeckom unmepdpetice. Yuebrnoe nocobue 0013#cHO
cooeparcams mamepuavl no paspabomke mpexmepHuix
lmooeneli MOOUNbHBIX POOOMOS, MAHUNYIAYUOHHBIX
POOOMOB ¢ pasTUUHBLIMU MUNAMU KUHEMAMUKY (Vel08as.
KUHeMamuxa, NA0CKO-NAPALIeNbHas KUHEMAMUKA, 0erbma-
rkunemamuxa, SCARA unu pvruasicnas kunemamuxa,
naamgopma Cmioapma u m.n.), UHCMPYKYuu no
npOEeKmMupo8anuio pobomos, UHCMPYKYUU U Memoouxu
0CYUjecmenenus UHHCEHEePHBIX pacyemos npu
NPOEKMUposanuy (pacyemsl Hazpy3Ku U MOMEHMOS,
pacuem mowHOCMU NPUBOA0OS, pacyem napamempos
KUHeMamuKy u m.n.), UHCMPYKYuu no paspabomke cucmem
VApagienus u nPOSPaAMMHO20 obecneueHus O YnpasieHus
pobomamu, uncmpykyuu u MemoOuxu no papabomre
cucmem YnpasieHus ¢ S1eMeHmMamu UCKYCCMEEHHO20
UHMEIeKMA U MAUWUHHO20 00YYeHUs.

Yemuvipéxocesotl yuebHbill

pobom-manunyasamop ¢

MOOlebelMM CMEHHbIMU

Hacaokamu

Yuebnvii pooom-manunynsimop npeonaszuaven 0
0C60€eHUs 00YHAIOUWUMUCI OCHOG POOOMOMEXHUKU, O
10020MOBKU 00YUAIOWUXCA K BHEOPEHUIO U NOCAE0VIOueMy
UCNONBL30BAHUIO POOOMOG 8 NPOMBIUIEHHOM
npoussoocmee. Konuuecmeo oceli poboma manunynamopa
- wemvipe. Ilepemewjenue uncmpymenma 6 NpOCMpaHcmee
1O Mpem 0csAM O0JIAHCHO YNPABIAMbCI UWA20BLIMU
Osucamensimu. Hanpsiicenue numanus wiazoeuix
Osucamenetl ne bonee 12 B. Cepgoosucamens uemeepmol
ocu donicer obecneuusams NOBOPOM UHCMpyMeHma. Yeon
n0BOPOMA MAHUNYIAMOPA HA OCHOBAHUU BOKDY2
sepmuxanvHoll ocu He meree 180 epadycos. [ns
onpeoenenus NoA0AHCEHUs MAHUNYIAMOPA NpU NOBOPoOme
BOKPY2 BEPMUKANLHOU OCU OONINCEH UCNONb306AMbCS
bHKOOep. Yeon nosopoma 3a0nezo niewa MaHunyismopa ne
menee 90 epadycos. Yeon nosopoma nepednezo nieva
wmanunynamopa ne menee 100 epadycos. /[ns onpedenenus
nONI0JICeHUA 3a0He20 U nepeoHe2o niey Manunyismopa
00J19CeH UCNONIL308ANBCA 2UPOCKON. Y201 nogopoma no

uemeepmotl ocu He menee 180 epadycos. Jlonxcna Ovimo

1.00
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603MONCHOCTD OCHAUEHUSI CMEHHBIMU HACAOKAMU
(Hanpumep, depocamens kapandauia uiu romacmepa,
npucocka ¢ cepeoosuLamenem, MexaHuueckoe 3axX8ammoe
yempoticmeo ¢ cepgodguzamenem, yCmpoucmeo 0is
taseprou epasuposku unu ycmpoucmeo oas 3D-nevamu).
MunumanrbHas KOMIAEKMAYUSL CMEHHLIMU HACAOKAMU.!
nHeeMamu4ecKull 3axeam (RPUCocKa), Mexanuieckuil
zaxeam, Hacadka depocamend OJisi
Kapanoawia/mapkepa/pyuKu, Hacaoka nepexooHUK OJis
KpenieHust COBMeCUMbIX KOHCIMPYKIMUGHbIX Oemaneli u
KOHCIPYKYULL, HACAOKA TA3EPHOL 2PABUPOBKU, HACAOKA
3D-neuamu (0ns pabomet ¢ niacmuxom PLA ¢ ouamempom
Humu 1,75 mm). [onoicen 6vimov ochauiern cep8onpugooom
07151 NHEBMAMUYECKO20 U MEXAHUYECKO20 3AX8AMO8,
0OecneuusaIOuUM 8pauieHIe 3aX8aAUEHHO20 00BEKMA 60
8peMsL nepemeyens, NoBopom nepemeusaemozo 0bveKxma
6oKpye sepmuxanvrou ocu. /s obecnevenus
DYHKYUOHUPOBAHUSL NHEEMAMUYECKO20 3AX6AMA OONNCEH
ObIMb OCHAWEH BCIPOEHHOU 8 KOPIYC MAHUNYSAMOPA
nomnot. JJonicna Ovims 603MOACHOCHb NOOKIIOYEHUS.
00NOIHUMENbHBIX YCMPOUCME (Hanpumep, mpancnopmepa,
penvca onst nepemewenus poboma, nyibma ynpasieHus
muna 02cotCmuK, Kamepvl MAUUHHO20 3PEHUs,
onmuuecko2o 0amuuxa, Mooyisi 6ecnposoOH020 00CIMYNa).
\Pobom-manunynamop 0oxceH obecneuugams
nepemewenue HacaoKku 8 NPOCMPAHCMEE, AKMUBAYUIO
HACAOKIU, BO3MONCHOCHb NOLYHEHUSL CUSHALO8 OM KAMEPbl
U 0amuUK08, B03MOICHOCTIG YNPAGLEHUS
OononnumenvubiMu ycmpoticmsamu. Mamepuan xopnyca —
anomunul. JJuamemp paboueti 301l (6e3 yuema Ha8eCHO20
uHCmMpyMeHma u uemeepmoti ocu) He menee 350 yum.
Unmepdeiic nooxmouenus — USB. Honocen umems
603MOIANCHOCTIL ABMOHOMHOU PAGOMbL U HEUHE20
vnpasnenust. /s HewHe20 ynpasienus 00aicer bblmo
npedycmMomper nyavm, NOOKIYAeMblli K pobomy no
Bluetooth. Ynpasnawowuii konmpoanep 0ondicer bbims
coemecmum co cpedou Arduino. Ynpaenarowuii
KOHMPOLIEP COBMECUM CO CPEOOT NPOSPAMMUPOBAHUSL
Scratch u sazvixom npoepammuposanus C. [oncen
0becneuusams HOBOPOM NO NEPELIM MPem OCAM 8
BadauHvlll Y2on U HA 3a0aHHbLU Y20], NOBOPOM NO
uemeepmotrl 0CuU Ha 3a0aHHbLI Y201, 08UdICeHUe 8
koopounamul X, Y, Z, nepemewjenue na 3a0anmoe
paccmosnue no koopounamam X, Y, Z, nepedauy daunwix o
mexyuem noa0NCeHU Y208, nepedayy OaHHbIX 0 MEeKYUIUX
Koopounamax uncmpymenma. [lonicen noooepacusams
nepemewenue 6 0eKapmoebix KOOPOUHAMAX U Yenax
nogopoma oceil, ¢ 3a0aHHOU CKOPOCMbBIO U YCKOPEHUEM.
Tunvl nepemewyenull 6 OeKapmosblx KOOPOUHAMAX:
0gudICenle no Mpaekmopuu, 08UdCeHUe NO NPIMOU MEAHCOY
08YMsL MOUKAMU, NEPENPbIZUBAHUE U3 TNOYKU U TOYKY
(nepenoc obvexma). Kopnyc oondicen bvimo 6 3auuyyeHHOM
ucnoanenue (xnacca ne nuoice IP20).

\Komniiexkm noneti u
copesHoamenbHbIX
bremenmos

[Komniekm nozeti u copesHO8AmMeNbHbIX J1eMEHMO08 OJisL
npo6edeHUst COPe6HOBAHUL AGMOHOMHBIX MOOUILHBIX
060mos

1.00

Obpaszoseamenviviii HAOOP
071 u3yueHuss mexHono2ull

ObpaszosamenvbHblil HADOP NPeOHa3HaAYeH OISl U3YUEHUS

ocHo6 npumenenust mexuvonozui "Hnmepnem eewent” u

3.00
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ceszu u loT

ces3uU 8 pobomomexnHudeckux cucmemax. B cocmas nabopa
0oa01CeH 8X00UMb KOMNAEKI KOHCMPYKMUBHBIX 91eMEHMO8
U3 Memania 0 cOOPKU MoOeau MoOUIbHO20 poboma ¢
Baxeammuvim ycmpoucmeom. B cocmae nabopa donicen
6X00UMb KOMNAEKM KOHCMPYKMUGHBIX DJIEMEHMO8 05
cOopKu Modenu «ymHo20» 30anusi. Bce komnaexmylowue u
yempoticmea, 6xooawue 8 cocmag Habopa, 00aHCHbL ObiMb
cosmecmumbl Opye ¢ Opy2omM KOHCIPYKMUGHBIM,
DIeKMpuYecKuM, annapamubim i RPOSPaAMMHbIM 0OPA3OM.
B cocmas Habopa 00NHCHO 6X00UMb. NPUBOO NOCMOAHHO20
moxa ¢ 0amuuKom NOJONHCEHUs - He MeHee 2uim,
cepsonpugood 6oabLUION — He MeHee 2uim, cepeonpueoo
Wanvlii — He meHee 2uim, Kamepa - He MeHee lwim,
npocpammupyemsiti KOHMpoiiep — He menee lum,
akKymynamop — He menee lwm, 3apsaoHoe ycmpoucmeo —
ne menee lwm. B cocmag nabopa 00vicen 6xoo0umso
KOMNIIEKM UHMELLEKMYAIbHbIX CEHCOPHBIX YCMPOLCME.
HUnmeniexmyanbHbie CeHCOPHbIE YCMPOUCBA OONICHbI
npedcmaesnams coO0U YyCmMpOoUCmeo Ha 0CHO8E
BbIUUCTUMENHO20 MUKPOKOHMPOLIEPA U 6CHPOECHHOZO0
usMepumenbHo2o snemenma. Mumeniexmyanvhvle
CeHCOpHble YCMPOUCMEa O0IHCHbL 001A0AMb 8CMPOEHHbIM
yu@dposvIM U aHAI0208bIM UHMEDPDelicoM 01 nepedayu
OaHHBIX, A MAKHCE BCMPOEHHBIM NOCAEO008AMETbHBIM
unmepgeticom 011 06vedunerus opye ¢ Opy2om 6
cencopHble cucmembl. Komniexm unmeniexmyanbusix
CEHCOPHBIX YCMPOUCME O0INCEH COOEPAHCAMb — MOOY b
ceemoouooa — ne menee 2uum, Mmooy RGB ceéemoouooa —
e menee 2uim, mooyiv UK-oamuuxa 1unuu — He mMenee
3wm, MoOoyns 36yK06020 uziyuamens — ne menee lwm,
WMoOYIL UsMeperus memnepamypul U 81AHCHOCIU
oxpydicalowyeli cpedvi — He MeHee lwm, MoOYIbL MAKMOBOLU
KHONKU — He MeHee 3uim, MOOYib 0am4uKa 0C8euwjeHHOCMU
— He menee lum, MOOYIb OemeKmopa ypPoGHs uyma — He
Wmernee lum, MoOyIb UsMepeHus 0asienus OKpydcauel
cpeovl — He menee lwm, MOOYIb NOMeHyuoMempa — He
Wmernee 2uim, MoOyIb 0aMYUKA NOOINHCEHUS 8
npocmpancmee — He menee lum, MoOyIb KOHYEB020
npepvieamens — He menee lwm. B cocmas nabopa dondicen
6X00UMb NPOZPAMMUPYEMbLI KOHMPOIEp — He MeHee
Lwm. [Ipocpammupyembviii KOHMPOALEDP OONINCEH
0becneuu8ams 8603MONCHOCHb NPOSPAMMUPOBAHUSA HA
s13bixe JavaScript u opeanuzayuu web-cepgepa oomena
Oanuvimu uepes Unmeprnem. Ilpoepammupyemvlii
KOHMPOJLIEp 00NAHCEH 0OECNeyU8amb 603MONCHOCIDb
NOOKIIOUEHUS. GHEUHUX YCMPOUCME C NOMOUBIO
unmepdeiicos - GP10, UART, 12C, 12S, SPI, 1-wire TTL,
RS-485, CAN, Ethernet ¢ noodepoickou POE

\Aemonommulll pobom
WManunyismop ¢ Korecamu
6cenanpasnennozo
08udsCeHU

Yuebnas mooenv agmonommozo mobunvrozo poboma ¢
wanunynsimopom. Mobunshulil pobom dondiceH
npedcmaesiams coO0U 4YemvblpexKoLecHyI0 naamegpopmy
6cenanpagnenno2o osudicenust. [eueamenu 6ecujemounvle 4
wm, kamepa c yenom o63zopa 120 epadycos ¢ 5 mn. B
cOCMag KOMNIEKmMa 00IHCHO 8x00umv: Mexanuyeckul
Baxeam ungpaxpacHulii 1azep 2-x ocegou nodgec
AKKYMYTIAMOP KONeCa 6CEHANPABIEHHO20 OBUNCEHUSL
npocpamMmupyemulii KOHMpOLEp € 603MOICHOCHBIO

npocpammuposanus 6 cpede bI0UHO-2paPuyecKo2o muna u

wm 4.00




mooenuposanus u
NPOMBIUAEHHO20 OU3ATHA

Oxadicoenue 301bl neyamu: Jlgyxcmoponmee
Maxcumanvras memnepamypa RAam@opmv Oist newamu: <
150 epao. C Tun niamgopmol 0ns newamu:
ITodoepesaemas coeMHas HA 3AACUMAX, PUKCUPYEMAsL HA
nramgopme Hanuuue 3axpvimozo xopnyca: Hem @opmam
daiinos ons newamu: GCODE Tun ynpasnenus
npunmepom: Ianens ynpasienus ¢ oucnieem Ha Kopnyce
yempoticmea Tun Hanpasisiowux. KOHCMpPYKYUOHHbLI
npogune Pyunou 3D cxanep. Tounocmuv ckanuposauus: >
0.05 u < 0.1 mm Cxopocms CKaHUPOBAHUSL, MIH.
mouex/cex: > 2 @opmam coxpaneHuss pe3yibmamos
ckanuposanus: viml, ply, obj, stl Bozmooicnocms

HaumeHnoBanue Kparkue npuMepHbie TexXHU4YecKHe XapakTepucTuku | Exununna
KosimuecTBo|
n| obGopynoBanus (PBIIO) (PBIIO) H3MepeHust
6 C60000HO PACNPOCMPAHACMBIX Cpedax paspadomKu ¢
NOMOUIBLIO MEKCIMOBO20 A3bIKA NPOSPAMMUPOBAHUSA OATNYUUK
Beyka damuuk credosanus runuu FPV peocum
B03MOJICHOCTL YNPAGLEHUSI C MOOUTILHOZ0 YCMPOUCmea
uepes NPUNOdHCEHUe NPoPamMmMuposanus na sizvikax Python,
Scratch a maxoice cucmema mexuuuecko2o 3penus s
A6MOMAMUYECKO20 0OHAPYIHCEHUSL U PACNO3HABAHUSL
Badanublx 00bekmos 6 paboueli 30He. I1o00epoicka
RaspberryPi nanuuue Iloooepoicka Arduino nanuuue
IToooepoicka Micro:bit naruyue CreHHbLL MeXaHUYeCKUll
Baxeam, yCmanasnusaemblil Ha NOOBUNCHYIO NAAMPOPMY
ceepxy nanuuue Mexanuyeckuil 3axeam, yCmaHA8IU8AEMbLIL
Ha nepedHIo Yacms NOOBUNCHOU NAAMGOPMbI HATUYUe
IBO3MOXNCHOCHb MEHAMb UHPPAKPACHYIO RYWKY HA
\Wexanuueckuil 3axeam Hanuyue
\Habop ona bvicmpoeo
IPOMOTMUNUPOSAIA Muxpoxoumpoanepuas niamegopma Arduino: naruuue,
DIEKMPOHHBIX YCMPOUCME HA .
cnose KOMNIeKm paouodemaineti u npo8oo00s: HAIUYUE, MAKEeMHAs wm 8.00
MUKPOKOHMPOLTEPHOU raama. nautue
namgpopmol
\Habop ons bbicmpozo
npOMOMUNUPOBAHUs
DreKkmpoHHbIX yempoticme Ha |MuKkpokoumpoiepras naameopma co 6CmpoeHHbIM
ocHoge unmepnpemamopom JavaScript: Hanuyue, KOMIIEKM wm 8.00
WMUKDOKOHMPOJLIEPHOL paouodemaneii: Haruyue, NIAMA PACWUPEHUS: HATUYUE
namegopmul co 6cmpoenHbiM
uUHmMeEpnpemamopom
\Habop ons bvicmpoeo . )
hpomomunuposanus Oononramubiil KoMMblomep: Hatuue, Kapma 1V1.aMﬂmu c
oekmpOHHbIX yempoticme Ha npedycmaHoeﬂ.eHnou OMepayUoHHOL CuCmeMoli: Hanuuue, un 8.00
D CHO6E OOHOMAAMIO20 610K nUMaHUs: Hanuyue, Komniekm xkabenetl Os
cormviomepa NOOKNIOUeHUA. Hanudue
[Komnaexc cocmoum us coopno-pazoopnoco 3D npunmepa,
pyunoeo 3D ckanepa u npoepammnozo obecnedenus no
domoepammempuu. Coopro-pasdoprviii 3D npunmep.
Obnacme newamu.: 200 mm x200 mm x 200 mm
Maxcumanvhas ckopocms neuyamu, cm3/u:> 30 Ckopocme
nepemewjenus nevamarouen 20108xku, mm/c:> 80 Tun
coemecmumozo ¢ 3D-npunmepom naacmuka: PETG, SBS,
\PLA, ABS Hnmepdgeiic nooxkmouenusi: USB Flash
Kanubpoexa nramgpopmol:[lonyagmomamuuecrkas
Konuuecmeo conen na newamaioweii 2onoske: om 1 wim
Viabopamopnwiil komniexc — |Munumanvruas moawuna cros: > 0.01 u < 0.05 mm
0117 usyyeHus VIuamemp conaa: > 0.3 u < 0.5 mm Maxcumanvras
pobomomexnuxu, 3D memnepamypa newamaioweii eonosku. > 250 epao. C wm 3.00




=

HaumenoBanue

obopynosanus (PBIIO)

Kpatkune npumepHbie TeXHUYECKHe XapAKTEPHCTHKH
(PBIIO)

Eannuna
H3MepeHus

IKosinuecTBO

cranupoeanus 6 yeeme: Jla Hanuyue cencoprnozo sxpaua:
nem Jnuna USB-nposooa:> 3 m Texnonoeus 3D-
cranuposanusi: Onmuueckas 3azpy3rka
npecemos(uabnonos) ckanepa:nanudue Oyuxyuu
nocmobpabomxu. Obpesxa moodenu, Pazoerenue moodenu na
omoenvbHbie uacmu, Yoanenue 1uuHux 91eMeHmos,
Yoanenue omeepcmuii, cozoanue pomopeanucmuurou
mexcmypoi, cpagnenue 3D moodenei medcdy cobotl,
U3MepeHue pasmepos Mooenell Ce4eHUsIMU 8 PYUHOM
peorcume, axcnopm cevenuii 8 XLS [Ipoepammmuoe
0becneueHue 0115 CO30AHUL MOOeell MemoooMm
omoepammempuu: Hanuyue Ynpaeienue nosopomHbIM
cmonom no Wi-Fi: [Ja Munumansnoe paccmosnue
ckanuposanus: <25 cm

\bazoewiii

pobomomexnuueckuti Habop

Obpazosamenvrulil HAOOP 00HCEH NPedCmasams coool
HaOOop 0714 paspadomKu NPOSPAMMUPYeMbIX MOOeell
agmonoMubIX pobomos. B cocmas nabopa 0ondicHvl
6X00UMb. KOHCMPYKMUBHbBIE, COeOUHUMEbHbIE U
KpenescHble d1eMeHmyl U3 NAACIUKA U AIOMUHUSA - He
wmenee 100 wm, npoepammupyemulii KOHMPOJLIEP - He MeHee|
lwm, snekmpooguecament NOCMOAHHO20 MOKA C KPYMAWUM
Womenmom ne menee 3,6 k2/cm - He mernee 2 wm, OamuyuKy
U 91eKMPOHHbBIE KOMNOHEHMbI- He MeHee 6 wm,
AKKYMYIAMOPHYI0 6amapero ¢ Hanpsdicenuem He menee 6B
u emxocmoio He menee 1500 mAy - ne menee 1 wm,
BapsaoHoe ycmpoucmeo 01 AKKyMYJIsAmMOopHoU bamapeu - He
wmenee 1 wm. Ilpoepammupyemviii KOHMPOLLEP O0IHCEH
coOeporcamsb: NOpmMbl 018 AHANO208bIX OAMYUKOE - He
Wenee 3 wim, nopmel 0151 YUPPOBIX 0AMUUKOS - He MeHee
3 wm, nopm ona 12C ycmpoiicms - ne menee 1 wm, nopm
07151 CepBonpuso0do08 - He meree 6 wm, NoOpm 01 MOMOPO8 -
He menee 2 wim, nopm 05l IHKOOEPOs - He MeHee 2 wm,
oovem flash namsmu ne menee 32 kb. [Ipoepammupyemoiil
KOHMPOJLIEp 00NAHCEH 0OECneyU8amb 603MONCHOCHIDb
npocpammuposanusi pob6omos 8 cpede 6104HO-
epaguyeckoeo muna unu  c60O0OHO PACNPOCMPAHAEMBIX
cpedax paspabomKu ¢ NOMOWbI0 MEKCMOBO20 A3bIKA
npozcpammupogarus. Jamuuku u 21eKmpoHHble
KOMNOHEHMbI QOJIHCHBL COOEPHCAmMb. YIbmpa3gyKo8ou
0amuuK paccmosiHus 00adCer 0becneuusams coOpanHyIo
WMoOenb 803MOHNCHOCBIO UMEPAMb PACCIOsANUE He MeHee
4 mempog - ne menee lwm, Knonxa-mooynv dondxcen
0becneuusams cOOPAHHYIO MOOeNb 8O3MONCHOCHIBLIO
onpedensime HaXNCamusi Ha KHONKY - He meHee [wim,
V]amuuk yeema donicen obecneuusams cOOPAHHYIO MOOEb
603MOCHOCIbIO OnpedeneHus yeema obvekma,
npeonasuaven oas usmepenus RGB-cocmasnsrowux u
VPOBHSL 0C8eUeHHOCMU, OAMYUK OOJINCEH COO0ePIAHCaAMmb He
Wmenee 12 ceemouyscmeumenbHbIxX 31eMenmos - He meHee |
wm, 3ymmep-mo0yne doadicen obecneyusams coOPaHnyio
MoOenb 803MOHNCHOCMBIO BOCHPOU3BOOUMb 38VKU,
HOMUHANbHAA uacmoma He meHee 4kl Yy, unmencusHocmo
e menee 80 0b- ne menee 1 wm, Wi-Fi-mooyaw donicen
0Oecneuusams 8603MOHCHOCHb NOOKIIOYEHUS COOPAHHBIX
pobomomexnuueckux mooenei k cemu, loT obnaxam u 6eo-
cepgucam, pabouee nanpsicenue mooyas - 3,3B, nopmos
6600a 6b1600a MOOYJIs - He MeHee 5 - He MeHee | wm,

Munu-pene ¢ pabouum HanpsidceHuem 6 ouanazone om 3,3

8.00
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00 5B, nompebasemvim moxom 71mA u maxcumanrbHbim
KoOMMymupyemviym Hanpsaxcenuem 28B nocmosnHozo
moxa/250B nepemerHno20 MoKa, pecypc yCmpoucmsa He
Wmernee 50 moic. nepexniouenuil - He menee 1 wm, Bxooswue
68 COCMAas KOHCMPYKMOPA KOMROHEHMbL OONIHNCHBL ObIb
COBMECMUMbBL C KOHCIPYKMUBHBIMU eMeHmamu, a
maxkoice 0becneyusams 603MOAICHOCIb KOHCMPYKMUGHOT,
annapamuou U NPo2PaAMMHOU COBMECIMUMOCIU C
KOMIIEKMYIOWUMU U3 cocmasa nabopa.

\Komnaexm 015 uzyuenus
onepayuonnvix cucmem
peanvro2o epemenu u
cucmem ynpaeienus
A8MOHOMHBIX MOOUTLHBIX
pobomos

\Komnnexm onsi paspabomu u uzyuenusi mooeneu
NpoSpAMMUDYEMBIX ABIMOHOMHBIX MOOUTLHBIX POOOMOE.
Yuebnoii komnnexm donsrcen nosgoaams paspabamueiéams
OJI04YHO-MOOYIbHYIO KOHCIPYKYUIO MOOUIbHO20 poboma. B
cocmag MobUIbHO20 poboma d0aHCHO 6x00ums: [Ipusoo
sedyuux Konec - ne meree 2uim. Ilpueod dondwcen
npedcmaesnims coO0ll 1eKMpOMeXaHuyecKyio cOOpKy Ha
0CHOBe O8u2amenst HOCMOSIHHO20 MOKA, pedyKmopd,
0amuuKa NONOAHCEHUS 8ANA U 8CMPOEHHOU CUCMEMbl
vnpasnenust. Cucmema ynpagnenus npusood 00IiCHA
0becneuusamsd 803MOACHOCHb 00bEOUHEHUSL NPUBOOOE C
HOMOWbIO NOCIEA068AMENbHO20 UHmMepeltica,
603MOXCHOCHIb 3A0AHUSL NAPAMEMPO8 KOHMYPO8
Vnpaenenus, ynpasierue spaujeruem npusood no
CKOpOCU U NOIONACEHUIO, KOHMPOJIb HAZPY3KU.

[ [poepammupyemulii KOHMponep - He Menee luim.

I Ipoepammupyemplii KOHMPOJLIEP OONHCEH 001A0AMb
unmepgeticamu - USB, UART, TTL, RS§485, CAN oaa
KOMMYHUKAYUU C NOOKTIOYAeMbIMU GHEUHUMU
yempoticmeamu, a makice yudposviMu U aHaL0208bIMU
nopmamu 6600a/6v1600a. OOHONIAMHBLI
mukpoxomnvromep - ne menee lum. OOHoniamHulil
MuUKpoKomMnbvromep 00a%CeH NPeoCmasisims cooot
ycmpoticmeo ¢ apxumexmypou muxponpoyeccopa ARM,
Oondicen obnadamo e MeHee 2 8bIYUCTUMENbHBIMU A0PAMU
c maxmosoii uacmomotu ne menee 117Ty. Jlazepnviii
cKkanupyowul oanrbHomep - He menee lwm. Jlazeprviil
CKauupyowul 0anrbHomep 001X4CeH 0becneyusams
Ouanaszon usmepeHusi OAIbHOCMU 00 00beKMO8 He MeHee
2.5 mempos u cekmop ckanuposanus e meree 360
Venoguix epadycos. Jamuuk iuHuu — He MeHee 3 wim.
V[amuyux dondicen obecneyusams OemeKmuposanue TuHuY
Ha KonHmpacmuom ¢ome u nepedasams OaHHbvle 8
npocpamMmupyemsili KOHMpoiep 0 ee HaIUuduu nymem
nepeoayu aHano206020 CUZHANA UNU YUPPOBO2O CUSHAIA,
liubo nymem nepedauu yughposoeo nakema OAHHLIX.
V[amuuka yeema — ne mernee 1 wm. Jamuux oondxcen
paznuuame Y6emosol OMmMeHOK PACNONONCEHHO20 PAOOM C
Hum 06vekma ¢ RGB nomayuu u obecneyusams nepedauy
OaHHBIX 8 NPOSPAMMUPYEMbITI KOHMPOJLIEP O 3HAYEHUU
KaAICO020 18EeM0oB020 KAHANA 8 U0e YUPPOB02o nakema
Oannvix. Maccus UK-0oamuuxos - ne menee lwm. Maccus
U K-0amuuxoe 0oadicen Obimb npeorasnayet Ois
omcaexcusanus IUHUY O OBUNCEHUS MOOUTILHO2O
poboma. Maccus dondicen cooepacams e menee 6um UK-
0amuuxos, pacnonoxcenuvix Ha o0Hou aunuu. Cucmema
mexuuyecxkozo 3penus - He menee lwm. Cucmema
mexnuuecko2o 3penus 0oadicen 061a0ams

COBMECMUMOCBIO C PAZTIUYHbIMU NPOCDAMMUPYEMbIMU

1.00
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KoOHmpoLiepamu ¢ nomowvro unmepgheticos - TTL, UART,
I2C, SPI, Ethernet. Cucmema mexHuuecko2o 3peHus
0oaocHa 0Decnedusams 803MONCHOCb U3YUEHUSI OCHO8
NpUMEHEHUs. AN20PUMMO8 MAUUHHO20 0OVYeHUs U
Hacmpotiku napamempog neupocemeti. Cucmema
MEeXHUYeCcK020 3peHust O0NHCHA 0Decneyusams PYHKYUOHAL
pacno3nasanus pasiuuHbIX 2eoMempUYEcKUx 00beKmos no
HaOOpY NPU3HAKO8, PACNO3HABAHUS 2PAPUYECKUX
Wmapkepos muna Aruco u 0p, pacno3HaBaHUusL MACCUBOS
\TUHUIL U DTIEMEHN08 OOPONHCHBIX 3HAKO8 U PA3MEMKU.
Cucmema ynpasienus MoOUIbHO20 poboma 00NHCHA
103601AMb OCYWECMEIAMb AHAIU3 OKPYIHCarouel
0OCcmarnosKu 8 npoyecce 08UNHCEHU MOOUTLHO20 poboma u
OUHAMUYECKOM U3MEHeHUU OKpYJcarowell 00CmMaHo8KUY,
ocyuecmenams Gopmuposarue Kapmol 10KAIbHOU
06CMAanoBKU BOKpY2 poboma u 10KAIU3AYUSL NOLOICEHUS
poboma na kapme, nocmpoenue 2100aIbHOL Kapbl
oxpyacarouje2o npocmpancmea. Cucmema ynpasieHusl
MOOUILHO2O POOOMA VONICHA NO3BONAMb OCYIYECMBIIAMNb
aHanu3 NAAHA/Kapmel OKPYIACAIOWe20 NPOCMpancmaa,
OOHApYIHCEHUE OKPYICAIOUWUX 00BEKMO8, ABMOHOMHOE
NIGHUPOBAHUE MAPWPYIMA U 00be30a CINAMUYeCcKUX u
Ounamuueckux npenamemeuil. Cucmema ynpasienus
WMobunbLHO20 poboma 0ondcHa obecneuusams
B03MOXCHOCIb PA3MEMK) KAPMbl OKPYHCAIOUe20
NPOCMPAHCINBA HA 30HbL C PA3TUYHBIMU NPUSHAKAMU,
BadasaembiMu noab3oeamenem (30Hvl 3anpema O
0gudicenus, oepanudenus ckopocmu u m.n.). Cucmema
ynpaenenuss MoOUIbHO20 po6oma 00NXHCHA 0becneyusams
B03MOXCHOCIb 3A0AHUA MOYEK U 30H HA Kapme
OKpYAHCatOuje2o npocmpancmed OJisk AgMOHOMHO20
nepemewjenus mexcoy Humu. Cucmema ynpaenenus
WMobunbHO20 poboma , 8KIOUAOWAs 8 CeOsl ROOCUCTEeMb,
maxue Kax - cucmema ynpasienus 08udicenuem poboma,
cucmema coopa u 0opabomku ceHCOpHOU uHpopmayuu,
cucmema noCmpoerust Kapmul OKPYICAIOUE20
npocmpancmea u cucmema Hagueayuu, 00I4CHA Obimb
peanuzosana Ha 6aze NPOSPAMMUPYEMO2O0 KOHMPOILEPA U
0OHONIAMHO20 MUKPOKOMNbIOMEPA, d MAKHce YCMpPoLUcms,
6X005UUX 8 cocmas Komniekma. B cocmas komniekma
00121ICHO 8X00UMb NPOSPAMMHOE 0becneuenue Oisl
NpPOSPAMMUPOBAHUS 8 MEKCIOBOM pedaKmope Ha nodobuu
Urduino IDE, npocpammuposanuu ¢ nOMowbio CKpUnmos
Ha si3vike Python, paspabomku cucmem ynpagieHus Ha
ocnose ROS. Tak dice 6 cocmag KOMIIEKM 00NCHA
6X00UMb GUPMYAbHAS MOOETb MOOUIbHO20 pOOOMA 6
BUPMYAIBHOM OKPYAHCEHUU 0151 MOOEIUPOBAHUSL
AneopUMMO8 cucmem YnpasieHus ¢ NOMOWbIO
epaguyeckotl cpeowl.

Obpaszosamenvbhbiil HAOOP 0IICEH DblMb NPEOHA3HAYEH
07151 U3yHeHUs OCHO8 pa3pabOMKU NPOSPAMMUDYEMBIX
moodenell agmoHOMHBIX MOOUTLHBIX pOOOMO8. B cocmas

ObpazosamenvHulii HAOOPA O0NINHCHO 8XOOUMb. KOMNIEKIM KOHCMPYKIMUBHBIX
KOHCIMPYKIMOpP ¢ beMenmos uz niacmuKa, uHCmpymenm ojis pabomsl ¢ wm 8.00
KOMNIEKMOM OamyuKo8 KDEnedjCHbIMU KOMINOHEHMAMU, CEPEONPUBOD C BCMPOEHHO

cucmemot ynpaeneHnus, obecnevusaroujeli 00OpamHyIo césasn
nonodcenUr0, CKOpoCmu U Hazpy3Ke - He MeHee 4 wm.,
ny1bm ynpaeienus — He menee lum, 0am4ux Kacamus — e
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Wmenee 1 wm., damuux yeema — ne menee lwm, oamuux
MaKmuiIbHO-CEHCOPHDBIIL CO C8eMOOUOOHBIM MOOYIeM — He
\Wmenee 1 wim., kamepa ¢ 603MOACHOCIBIO OOHOBDEMEHHO2O
onpedenenus HecKOIbKUX Yeemos — ne menee 1 wm.,
axkKymynsamopnas bamapes — ne menee 1 wm. B cocmag
Habopa 001ceH 6X00UMb pOOOMOMEXHUUECKUL
Konmpoanep — ne menee luwm. Pobomomexuuyeckuii
KOHMpOEp 001HCeH 001a0aMb 6CMPOEHHBIM YGEMHbIM
VKK sxpanom u 6cmpoennbim UHepYuoHHbIM OamMUUKOM.
\Pobomomexnuyeckuti KOHmMpoaiep O0JdHCeH UMemb He
lmernee 12 nopmos 01151 NOOKIOUEHUs BHEUHUX YCIMPOUCME U
nopm 0 yCMaHoeKu kapmel hamamu. B cocmaeé nabopa
00124CEH BXOOUMb NPOSPAMMUPYEMbLE KOHMPOJLIEP — He
wenee 1 wm. Ilpoepammupyemviii KOHMPOLLEP O0IHCEH
npedcmaesiims coooll ycmpoiicmso, obecneyusaioujee
603MOHCHOCTIL OCYUWECMETIAMb PASPADOMKY
NPOZPAMMHO20 KOOA, UCTIONb3YSA UHCIMPYMEHMAapUll cpeo
paspabomru Arduino IDE. [Ipoepammupyemoiil
KOHMPOJIEp 00IdHCeH obecneuueams annapammyio u
NPOSPAMMHYIO COBMECIUMOCHb C DNeMEeHMHOU 6a301l,
exo0awell 8 cocmag nabopa. [lpoepammupyemvoiii
KOHMPOJLIEp 00NAHCEH cO0epAcamyb credyroujue
unmepgelticol. yupposvie u ananro2o8vie NOPMblL — He MeHee
50wm, USB, USART, 12C, SPI, ISP, Bluetooth, WiFi.
Ipocpammupyemviti KOHMPOALEP OONACEH COOEPICAND
unmepgeiic 01 NOOKIOYEHUs NPUBOO08 U OAMUUKO8
pobomomexnuueckozo nabopa— ne menee 12 wm.

pobomomexnuxe

Obpaszosamenvublii HAOOP NO
\Mexanuxe, MexampoHuke u

ObOpaszosamenvhblil HAOOP O0NdCEH DbIMb NPEOHAHAYEH
07151 U3YUEHUsL MEXAHUKU, MEXAMPOHUKYU U POOOTNOMEXHUKUL.
Obpaszosamenvhblil HAOOP NPeOHA3HayeH 0 paspabomKu
NpOSPaAMMUPYEMBIX MOOELE MEXAMPOHHBIX CUCEM U
MOOUILHBIX POOOMOB, OCHAWEHHBIX PA3TUYHBIMU
WMAHURYISAYUOHHBIMU U 3AX6AMHBIMU ycmpolicmeamu. B
cocmag HaboOpa O0IACHO 8XOOUMb: KOMNIIEKM
KOHCIPYKMUBHBIX 2NEMEHMO8 U3 MEMALLd, KOMNIEKM
KDenéiCHbIX dNIeMEHNO08, KOMNIIEKM Oist COOPKU
Baxeamno2o ycmpoiicmea — ne menee 1 wm., koneca ¢
npope3uHeHHbiM 00000M — He MeHee 2 wim., Koecd
6CEHANPABNIEHHO20 OBUIICEHUS -He MeHee 2 wm., npueod
HOCMOSHHO20 MOKA C UHMEZPUPOBAHHOL CUCEMOT
ynpasnenus, obecneuusaroueri 06pamHyIo c6s3b
NON0JICEHUI0, CKOPOCMU U HAZPY3Ke - He MeHee 4 wm.,
Oamuux TuHuY - He MeHee 3 wm., OamYUK pacCmoOsHUS — He
Wmenee 1 wm., akkymyasmophnas bamapes — ne menee 1
wim., 3aps0Hoe yempoiicmeo — He menee 1 wum. B cocmag
Habopa O0IICEH 8X00UMb NPOSPAMMUPYEMbLI KOHMPOLED,
0OecneuusaIoOuUIl 603MONCHOCHb OCYUWECMEISMb
pazpabomxy npocpamMmHo20 Kood, UCHOb3YSL
uHcmpymenmapuii cpeo paspabomxu Arduino IDE.

[ Ipoepammupyemviti KOHmMPOALEp OONHCEH 0becneuueams
aAnnapammyio u nPoepPamMMHYIO COBMECMUMOCHb C
bremenmuoil 6azotl, 6xooawell 8 cCocmag Habopa.

[ Ipoecpammupyemulii KOHMPOIEP Q0NAHCEH COOEPAHCAND
credyiowgue unmepericol: Yyu@dposvie u aHanl0206bie
nopmut — ne menee 50wm, USB, USART, 12C, SPI, ISP,
Bluetooth, WiFi. I[Ipoepammupyemvlii Koumpoinep 00aHCeH
codeparcamv unmepghelic (0151 NOOKII0UeHUsl NPUBOJ0s U

Damuurxos pobomomexHuuecko2o Habopa), peanru308aHHbIl

3.00
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Ha Oase wunvl RS-485 — ne menee 12wm.

I Ipoepammupyemviti KOHMPOLLEDP OONACEH COOEPICAND
CU0601L NOPM OJisk ROOKIOYEHUsL BHEWHEN HAZPY3KU UTU
lmomopos — ne menee 2uim. B cocmas nabopa 0ondicen
6X00UNb MOOYIb MEXHUYECKO20 3peHUs — He MeHee luim.
Modyns mexnuueckoeo 3penus 00dceH 0becneyusams
B03MOICHOCTD KOMMYHUKAYUU C AHATOSUYHBIMU MOOYIAMU
nocpedcmeom wuHbl Ha 6aze NoC1e008ameNbHO20
unmepgetica c yeavio oanvHeluel nepedayu pe3yibmamos
uzMepenuil 2pynnvl MOOyiell Ha Ynpasnsiouee
GbIULCAUMENbHOE YCMPOUCMBO, NOOKTIOYEHHOE K OAHHOU
wiune. Mooyib mexHuuecko2o 3peHust O0IiCeH
0becneuugams 803MONCHOCHL OCYUECBTIAMb HACMPOUKY
MOV MEXHUYECKO20 3PEHUs - HACMPOUKY IKCHOZUYUL,
bananca 6eno2o, YBEMOPA3HOCMHBIX COCMAGISIOUUX,
niowaou ooHapydcusaemot 0oaacmu u306pasicenus,
OKpYy2nocmu 0OHApYICUBAEMOTL 001aCIU U300PAdCEHUS,
nosodicenue 0OHApPyHCUBAEMbIX 0OIACMEl OMHOCUMENTLHO
Opye Opyea. Mooy mexHuuecko2o 3penust Q0IAHCEH
06ecneuusamsd 803MONCHOCHb HACMPOUKU HA
00HOBpeMmenHoe obHapydicerue e Menee 10 paznuunblx
OOUHOUHBIX 0OBEKMO08 8 ceKmope 0030pa, 1ubo He MeHee 5
Ccocmagubix 00bEKMos, COCMOSWUX U3 He MeHee 3
paziuunsix epapuyeckux npumumueos. Mooy
IMexHUYeCcK020 3peHust Q0ICeH 001a0ans GCHPOEHHbLIMU
uumepgeticamu — USB, UART, 1-wire TTL, I2C, SPI ons
KOMMYHUKAYUU CO BHEUHUMU NOOKIOYAeMbIMU
ycmpoticmeamu.

HaumenoBanue nanpasJiienusi: '"Texnonozuueckas nanpasinennocmo. bUO"

HanmeHoBaHue pa3aena:
1 ["TexHomoruyeckas
HanpasieHHocTs. B1O"

[ Ipeonasnauen ons onpeoenreHus ONMUYECKol NIOMHOCMU,
Cnexmpoghomomemp KO3 huyLUeHmos nponycKanusi U KOHYeHmMpayuu wm 1.00
A3HO0OPAZHBIX PACMBOPO8

[ Ipeonasnauenvl 011 MOUHBIX USMEPEHULL MACCL,
Unanumuueckue 6ecvl 103601A10M KOHMPOAUPOBAMb USMEHEHUs. MACCh C wm 1.00
mounocmoto 0,1 me.

B cocmas éxooam: Cencop Tun 1 ne menee I wm.,
0becneuugaem 603MONCHOCHb PE2UCMPAYUY CUCHALA
DIeKmpuYecKol aKMUEHOCIU Mbluy (IAEKMPOMUOSDAMMDL,
OMT). Pecucmpayus 001dcHa ocyuyecmsisemcs
HeuHBA3UBHO, CYXUMU dNeKmpooamu. Bosmosxcnocmoio
KpenjieHus K pyKe uesogexd, Ymo O00IHCHO 0a8amb
B03MOXHCHOCIb Pe2UCMPUPOB8AMb INEKMPULECKVIO
axmueHoCmu Muluybl 8 00IACU, HAO0 KOMOPOU
pacnonacaemca kpennenue. Ilpu Hanpasxcenuy Muiuiyvl
00194CHA ObIMb 0becneyeHa 803MOHCHOCHb HADIIOOEeHUS
nyunocmu cuenana (m.e. npucymcemeue SMI), npu
paccnabnenuu moiuysl - ee omcymemsue. Cerncop Tun 2 ne
Wmenee 1 wm., obecneuugaem 603MONCHOCHb PE2UCMPAYUU
cuenana pomonnremuzmozpammol (OIII) onmuyeckum
nymem, 3a cuem usMeHeHUs: OMPAN’CEHHO20 OMm
KDOBEHOCHBIX COCYO08 c8ema, 00vbeM KOMOPbIX
usMeHnsiemcs noo 8030eticmauem nyibcogol oaHvl. Cencop
0oadtceH Oblmb 0becneuer 603MOHCHOCIbIO KpenJieHUs K
noodyueuxe nanvya wenogexa. Cencop Tun 3 ne menee 1
wim., obecneuugaem 803MOHNCHOCMb. Pe2UCMPAYUU CUSHALA

Yuebno-uccneoosamenscras
\tabopamopus dbuocueHanos u
Helipomexnono2uil

wm 8.00
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baexkmpoxapouozpammsl (OKI) ne unsasusnoim cnocooom,
pecucmpayuu I, I u II] omeedenuii; nookmouenus
91eKMPO008 K CEHCOPY € NOMOWDBIO COOUHUMNENbHBIX
npo60008, obopydosannvix TouchProof pazvemamu.
Cencop Tun 4 ne menee 1 wm. obecneuusaem
B03MOJICHOCTD. PESUCIPAYUU CUSHALA KOJICHO-
eanveanuyeckoii peakyuu (KI'P), pecucmpayus xomopozo
ocywecmenaemcs Ha NOCMOSAHHOM MoKe; NOOKIIOYEHUs K
meny uenoseKka ¢ NOMOWbIO CYXUX dNEKMPOO0as,
NOOKIIOUeHUe KOMOPLIX K CEHCOPY OCYWeCEIAemcs C
nomowvio TouchProof pazvemos. Cercop Tun 5 ne menee 1
wim., obecneuugaem 803MONCHOCb: Pe2UCMPAYUY CUSHANA
barekmpuyeckotl akmusHocmu mosza (I3I) ¢ nomouyvio
CYXUX HEUHBA3UBHLIX INEKMPOO08,; pecucmpayuu
DIeKMpUYecKol aKMUBHOCU PA3HBIX 0Iell MO32d,
HOOKIIOYEHUSL INEKMPOOOE K CEHCOPY C HOMOWbIO
coeQunumenvbHblx npoeo0os, obopyoosanuvix TouchProof
pazvemamu; 3axpennienust 1eKkmpooos Ha NOBEPXHOCMU
conoewt. Cencop Tun 6 ne menee 1 wm., obecneuusaem
603MOJICHOCTb. PE2UCTNPAYUY CUSHALA KOAeOAHUsL 2PYOHOT
kiemxu (Cencop Ovixauus), onpeoenienus 4acmomul
Ovixanus. Yempoiicmeo 051 coopa OaHHBIX OM CeHCOPO8 U
nepedayu Ha NepCoOHAIbHYIL KoMNblomep obecnedugaenm
603MOXHCHOCIb COOPA OAHHBIX OM NOOKIIOUEHHBIX K HeMY
CeHCOpOo8 U OMNPABKy noyuenuslx oannvix Ha T1K.
ITooxkarouenue yenmpanono2o mooyis k IIK ¢ nomowwro
USB-kabens. L{enmpanvuoiii Mooyie umeem ne meree |
wm, : eanveanuyeckyio usoasyuio om K. Llenmpanvuvi
Wooynb obecneuusaem 03MOHCHOCMb OOHOBPEMEHHO20
nooKa0UeHUs 6N10Mb 00 4 cencopos. Kasicowlii u3 6x0006
[ [enmpanbHo2o MOOYA umMeem 2anb8aAHUYECKYIO US0NAYUIO
(0becneuenue MeNCKAHANLHOU 2aNbBAHUYECKOU U30AYUU).
[looknrouenue cencopos k Llenmpanoromy modynio
0CYUeCmenaemcs ¢ NOMOWbI0 CHeYUATUIUPOBAHHBIX
pazvemos muna LEMO, obecneuusarowux npaguibHocms
NOOKIIOUeHUS pA3beMd U CHUNCAIOUUX PUCK CTIVYAUHO20
KACaHus pazvemos MmoKOnPo8oOsSWUX Yacmetl, d Maxice
0becneuusarOwux 3auumy On HeCaHKYUOHUPOBAHHO20
nOOKII0UEHUs. K NPOU3BOIbHBIM Ycmpolcmeam. Mooy
«Knonka» ne menee 1 wim., obecneyusaem 603MONCHOCb!
pazmemxu pecucmpupyemvix CUSHAIO08 U OMMeUamsb He
lmenee 3-X pasnudnbiX Kame2opuu COCMOSHUL.
Yempoticmeo, éxooswee 6 cocmas rabopamopuu, O0ANCHO
0Oecneuusams 603MOICHOCHb Pe2UCIPaYUU
apmepuanrbHo20 0aBNIeHUs.

HaumenoBanue Hanpasiienusi: ""Komnovromepnoe u npezenmayuonnoe ooopyoosanue’’

HaunmenoBanue pasnena:
"KomnerorepHoe u
Mpe3eHTallMOHHOE
obopynoBanue"

\HUnmepaxmugnvlil KOMIIEKC C BbIYUCTUMENbHBIM OIOKOM U
WMOOUTLHBIM KpenieHUueM 00ICEeH COOMEEMCNE08aAMb
credyrowum mexnuieckum mpebosanuam: Pasmwep
Ouaconanu: ne menee 74 owiimos, Paspeuwienue sxkpana no
eopusonmanu. ne menee 3000 nuxcenei: Paspewenue
brxpana no eepmuxanu: ne menee 2100 nuxceneii,
IToooepoicka paspewenus 3840x2 160 nuxceneil (npu 60
y): 0a, Hanuuue 6cmpoennol akyCmuyeckol CUCeMbl.

HHmepaKmuenblﬁ Komnjekc
C 8bLUUCTUMENLHBIM OIOKOM
U MOOUNBHBIM KpenjieHuem

wm 4.00
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oa; Konuuecmeo mouex kacanus: ne menee 20; Bvicoma
CPabamvl8anusl CEHCOPa oM NOBEPXHOCMU IKPAHA: He
bonee 3 muniumempos; Bpemsi omkiuka cencopa Kacanusi:
He bonee 10 munnucexyno;, Bempoennvle ¢hynkyuu
pacnosnasanust 06vekmos kacanus: oa; Konuvecmeo
1n000epIHCUBAEMBIX CIUTYCO8 OOHOBPEMEHHO: He MeHee 2;
\Bozmoarcnocms nookuiouenus k cemu Ethernet nposoonvim
cnocobom: 0a, BozmooicHocmes noOKIOYeHUs K cemu
[Ethernet 6ecnposoonvim cnocobom (Wi-Fi): oa;
\BO3MOIICHOCHIb UCHONB3068AHUS TAOOHU 6 KAYecmee
uncmpymenma cmupanust: oa; Hanuuue
UHMESPUPOBAHHO20 OAMYUKA OCEEUCHHOCMU OIS
a8mMoMamu4ecKkol KOppeKyuu Sprocmu noOCemKu: 0d;
Hanuuue ghyHkyuu 6ecnpo8ooroll nepeoayu u3oopaxicenus
c ycmpoticms Ha baze OC Windows: oa; Haruuue ¢pynxyuu
6ecnpo8oOHOl nepedauu u306padicenus ¢ yCmpoucme Ha
6aze OC MacOS: oa, Haruuue ¢pynxyuu 6ecnposoonoi
nepedayu uzobpasicenus ¢ yempoucms va 6ase OC iOS:
0a; Hanuuue ¢hynxyuu 6ecnpoeoonoti nepedayu
usobpasicenust ¢ ycmpoticme nHa 6aze OC Android: oa;
1BO3MOINCHOCHb YOANEHHO20 YNPAGLEHUS U MOHUMOPUH2A.:
0a, Hanuuue kpenienus ¢ komniexkme: da, Haruuue cnoma
Ha Kopnyce 07 YCMAaHO8KU OONOJIHUMENbHO20
bluUCIUMENbHO20 O10Ka: 0a; MaxkcumanbHblil
nodoeparcugaemvill 00beM ONePaAmuEHOU NAMAMU
00NOHUMENLHO2O BLIYUCTUMENLHO20 O0KA: He MeHee 8
6, Makxcumanvhwiil noodeparcusaemvlil 00vem
Haxonumeisi OONOJIHUMENIbHO20 GbIYUCIUMENbHO20 DIOKA:
ne menee 128 1'6; Pasvem 013 noOKnioueHus
00NOHUMENLHO2O BLIYUCTUMENHO20 OLOKA C
KOHMAKMAamMu 21eKmponumanus GbIYUCIUMENbHO20 OI0KA
0m 8CMPOEHH020 OIOKA NUMAHUSL UHMEPAKMUBHO20
KOMAIEKCa U KOHMAaKmamu 0isi NOOKIOYeHUs YUPBpoeozo
suoeocuenanra u USB 0na nooknrouenus cencopa kacanus.
Hanuyue, [Ipoussooumensrnocms npoyeccopa
OONOTHUMENBHO20 BLIYUCIUMENbHO20 ONIOKA (3HAYEeHUe
nokasamenst « CPU Marky» no mecmy «Desktop CPU
\Perfomance» https://www.cpubenchmark.net/desktop.html
unu no mecmy «Laptop & Portable CPU Performance»
hitps://www.cpubenchmark.net/laptop.html).: ne menee
7000 eounuy, Paspewenue na 8vixode gudeoadanmepa
BbLIUUCIUMENLHO20 OI0KA NPpU pabome ¢ UHMePaAKMUGHbIM
Komniexcom: ne menee 3840 x 2160 nuxceneti npu 60 I'y;
Hanuuue y 00noaHumenbHo20 blHUCIUmMeNbHo20 O10KA
0ecnpoeoonozo mooyas Wi-Fi ne nuxce 802.11a/b/g/n/ac;
Maxcumansulil yposens uiyma npu pabome
00NOIHUMENLHO20 8LIYUCIUMENbHO20 Ol0KA: He 6onee 30
0bA; Hanuuue 6 komniekme MOOUIbHO2O MEMALIULECKO2O
KpenJieHust, 06ecneuusae2o 603MONCHOCHbL HANOIbHOU
VCmaHno6Ku UHMepaKmueHo20 KOMIAEKCA, ¢ NEPEOBUINCHOL
KoecHOU 6A30U U BO3MOICHOCTNBIO huKcayuu Koec 0
UCKTIOUEHUST HENPOU3BOTILHO20 OBUNCEHUSL,

I Ipedycmanoenenas onepayuoHHas, CUCmemd ¢
epagurecKum noab308amenbCKuM unmepgheticom,
0becneuusaiowas pabomy pacnpocmpaHeHHbIxX
06pazo6amenbHbIX U 00UeCUCHEMHBIX RPUTLONHCEHUN:
Hanuyue, QynKyus epaguuecko2o KOMMEeHMUPOBaHUs.

11oeepx npou3BoJabHOcO M306pa9fC€Huﬂ, 6 MOM ducie om
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pusuuecku NOOKIIOUEHHO20 UCOYHUKA BUOEOCUSHANA:
Hanuyue; MnmezpuposanHulil 8 NOIb308aMENbCKUL
unmepgeiic pynKyuonan npocmompa u pabomsi ¢
Gatinamu ochosnvix popmamos ¢ USB- naxonumeneti unu
cemegozo cepgepa: Hanuuue, Hnmezpuposannvie
cpedcmea, obecnevusarouue ciedyrOwUll QYHKYUOHAL: —
CO30aHUe MHO2OCIPAHUYUHBIX Y4EeOHBIX 3AHAMULL C
UCNONb308AHUEM MEOUAKOHMEHMA PA3TUYHBIX (hopMamos,
— coz0anue naonucetl u KOMMEHMAapues noepx
BanyujenHvlX NPUIONHCeHUll, — PACNO3HAsanue Guzyp u
pyKonucHozo mekcma (pyccKuil, AHeIUUCKULL A36IKU), —
Hanuuue UHCMPYMEHMO08 PUCOBAHUS 260 MEeMPULECKUX
dueyp u nunuil. Bempoennvie Qyukyuu: — cenepamop
CYYAHBIX YlUCel, — KANbKYIAMOp, — IKPAHHAS
Kiasuamypa, — maimep, — pedaKmop Mamemamuyeckux
dopmyn. Dnekmponnvie MAMmemMamuiecKue UHCMpyMeHmbl.
— YUPKYIb, — Y2ONbHUK, — JUHEUKd, — MPAHCOPIUP.
\Peoicum «6enoii 00CKu» ¢ 03MONCHOCMbIO CO30AHUS
Bamemox, pucosanusi, pabomsi ¢ mabdaUyamu u
epauramu: namuuue. Hunopm ¢aiinos popmamos: PDF,
\PPT, PPTX

Dnunuapm

\Pasmep paboueti oonacmu: He menee 700x1000 mm

2.00

Tenedxcka 0nst 3apsaoKu u
panenus HOymoyKkoe

mun Kopnyca.: Mema,; 603MOACHOCHb DE30NACHO20
BaWUEHHO20 3AMKOM XPAHEHUsl HOYMOYKO8: Haaudue;
603MOXCHOCIb 3APAOKU HOYMOYKO8: HAluYue, N000epIHCKA
Hoymoykog n.l.; nanuyue poymepa Wi-Fi cmanoapma
802.11n unu cospemennee: 1 wm. noodepicka HOymoOyKo8
n.1; konuuecmeo HOymoykog: om 15 wmyk, noooepoicka
Hoymoykoe n.1; Hanpsiicenue numanus: 220B\501y;

[ lompebasemasn mownocms, Bm (maxcumym): 2500;

[ lompebasemviii mox, A (maxcumym): 12; J{nuna wnypa
baexmponumanus: om 2,5 mempa; 3awuma om
nepeHanpsdiceHust, KOpOMK0O20 3aMbIKAHUSL: HAluYue,
[Koneca 0ns nepedgudtceruss ¢ mopmo3oMm: Hanuyue.

2.00

WMDY mun 2

Tun yempoiicmsa.: Mno2opynkyuonaibrHoe ycmpoiucmeo
(M®Y),; [{eemuocms neuams: ysemuasn, Qopmam nevamu:
Hne menee A4; Tun ckxanuposanus.:
NpOmMANCHBI/NAAHWEMHBIL, Bo3mosicHocmb ckanuposanus
6 popmamax: He menee A4; Cnocob nooxknouenus: LAN,
Wi-Fi, USB.

1.00

WMDY mun 1

Tun ycmpoiicmea.: MuoeoynkyuonansHoe ycmpoicmeo
(M®DY), [leemnocmb neuamn: uepno-denas, Texnonozus
nevamu: anekmpozpaguueckas (nazepuas,
ceemoouoonasn);, opmam nevamu: ne menee A4; Tun
CKAHUPOBAHUSL: NPOMANCHBIL/NAAHUEMHBLL,
\BO3MOXMCHOCMb CKAHUPOBAHUA 8 hopmamax: He MeHee A4,
Cnoco6 nooxmouenus: LAN, Wi-Fi, USB

2.00

\Hoym6yx

Dopm-paxkmop: noymoyk, Pazmep ouazonanu. ne menee
15.6 oroumos; Paspewenue sxpana: Full HD, Quad HD
wnu Ultra HD; Obwuii 06vem ycmanoeieHHou
onepamusHoll namamu. He mernee 8 I'oaim,
Maxcumanvhuviil 00wul nO0deprcU8aemblii 06vem
onepamusHoul namsamu. He mernee 16 I'oatim; Obvem SSD
Haxonumens. ne menee 240 I'oaiim,; becnpogoonas ces3n:
Wi-Fi; Konuuecmeso ecmpoennvix 6 kopnyc nopmos USB:
e menee 2, uz Komopulx ne menee 1 0onxcrno 6vimo USB
sepcuu ne nudice 3.0, Paspewenue 630-kamepwvi, Mnuxcenn:

e menee 0.3, Bcmpoennwiti muxpogon, Knasuamypa c

30.00
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packnaoxoii u mapxuposkoii knasuw QWERTY/UI]YKEH;
IToo0epoicka cmanoapmoe 6ecnpo8oOHOU C8A3U:
802.11a/b/g/m/ac; IlpousgooumenvHocms npoyeccopa
(3nauenue noxazamens « CPU Mark» no mecmy «Laptop &
\Portable CPU Perfomancey
hitp://www.cpubenchmark.net/laptop.html): ne menee 5000
eounuy, Hanuyue manunyiamopa mvlile 6 Komniekme: 0d;
Yemanoenennasn onepayuonnas cucmema c epagpuueckum
nOIb306aMeNLCKUM UHMEPDELCOM, ceedenUss 0 KOMOPOM
BKIIOUEHbI 8 eOUHDBIL peecmp POCCUTICKUX NPOSPaAMM O
D1EKMPOHHBIX 8bIYUCTUNENLHBIX MAWUH U OA3 OAHHBIX;
Yemanoesnennviii nakem ogpucrozo npoepammnozo
0becneyenust, COBMeCmumMoco ¢ YCMaHOBNEeHHO
ONePaAYUOHHOU CUCEMOU, C8EOeHUs O KOMOPOM BKIIOUEHbl
6 eOUHBIIL peecmp POCCUICKUX NPOSPAMM OISl DNIeKMPOHHBIX|
BLIYUCTUMETLHBIX MAWUH U 643 OAHHBIX.

HaumenoBanue HanpasJiieHusi: ""Odopyoosanue 011 00nOJTHUMETbHBIX HAN,

asrenuit"’

HaI/II\iI’eHOBaHI/Ie pasznena:
"XAUTEK"

lasnvnasn CMAaryuA

Den: pabouas memnepamypa, °C: om 100 oo 480,
nasnvuux: pabouas memnepamypa, °C: om 200 0o 480
Mownocms nasnvnura: ne menee 50 Bm, Kepamuyeckuii
Hacpesamens: HAIUYUE

5.00

U Inacmux ons 30 newamu

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

50.00

30 npunmep yueOHbIll

Tun npunmepa: FDM, FFF, mamepuan (ocnosnou): PLA,
KOIUYeCmeo neyamarouux 20jl060K: He MeHee 2, paboyutl
cmon: ¢ nooozpesom, pabouas obnacms (XYZ): om

180 x180%180 mm, makcumanoHas CKOpocmsb neuamu. He
menee 150 mm/cex, MUHUMATbHASL MOJIWUHA CTOSL. He boTlee
20 MKM, 3aKpbIMbIL KOPNYC: HATUYUE, OXIANCOCHUE 30HbL
nevamu: Hanuyue

2.00

IMnozoghynrxyuonanvhast
cmanyust 0k MeXanuyeckoll
0bpabomxu u
npOMoOmMunUpo8aHus

Yuebnasn mooynvnas cmanyus oonscua obecneuugams
B03MOXCHOCIb U3YYEHUs He MeHee mpeX MexXHON02Ul
npoussoocmaea uzoenuii u 00pabomxKu Mamepuaios, a
maxoice NPOMOMURUPOBAnUsL u30enull. Yuebnas mooyivHasn
cmanyus 00IAHCHA UMEMb CLeOYIOWULL COCAs U
xapaxmepucmuxu: Mamepuan KOHCMPYKYUU.: amiOMUHUL
[Konuuecmeo nanpasisiowux: ne menee 4 wm. Habop
unmepgeiicos: - Ethernet, ne menee 1 wim. - USB, nHe menee
2 wm. - MicroSD: nanuuue. - Mooynb becnpogoomotl cesasu
Wi-Fi: nanuuue. Ilanens ynpasnenust ¢ 2KpaHom: Haiudue
Tun ynpaenenus skpana: cencoproe Tun sxpana: LCD-
nanensv Lleemnocmo sxpana: yeemuou /Juaconans sKkpana.
e menee 3,5 owuma Inamgopma noooepesaemast:
nanuyue Inamepopma ons 3D-nevamu macnumnas eubkas:
nanuyue Cosmecmumocms naam@popmol 015 3D-nevamu ¢
naamgopmoui nodoepesaemoti: naruyue CmMeHHbIL MOOYIb
3D-nevamu: nanuuue Texnonozus 3D-newamu: FDM unu
FFF Jluamemp conaa: ne menee 0,4 mm Maxcumanvnas
memnepamypa nazpeea conia: e menee 250 °C
Maxcumanvuas memnepamypa Hazpesa no0oepesaemou
naam@opmoi: ne menee 80 °C Munumanvuas monwuna
cnosi: He 6onee 50 mrxm MakcumanvHas MoawuHa cios: He
wmenee 300 mxm Crxopocmv 3D-nevamu: ne menee 100 mm/c
Maxcumanvhvill pazmep u320magiu8aemMol Mooeu. He
wmenee 200x210x200 mm TToodepaicusaemvie mamepuavl
o 3D-newamu: PLA-, PETG-, TPU-, ABS-, PC-, Flex-

naacmux Jfuamemp numu niacmuxa. we oonee 1,75 mm

1.00
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Cencop obnapyscenuss Humu niacmuxa: Haauuue Qynkyus
aemomamuieckou karubposku: namuyue Cuennblii
nazepuviii MoOyab: Haruwue Mownocme nasepa: ne menee
1,6 Bm @yukyus n1azepro2o epasupo8aHus: Haiudue
Dyukyus nazeproil pesxu: Haaudue Pasmepvl pabouei
oonacmu: ne menee 200x200 mm Iloodeparcusaemvie
\mamepuanvl: bymaza, Kapmow, 0epeso, NIACMUK, Kolcd
Cmennvlil MoOynw ¢pezeposanus ¢ IV : naruuue
Maxcumanvras ckopocmyv 8paujeHus WNUHOES: He MeHee
8000 06/mun MaxcumanvHolii Ouamemp 3axHCUMA NAMPOHA:
e menee 4 mm @Ppesa: naruuue OynKyus NI0CKOCMHO20 U
00vemHo2o peseposanus: Harudue Ilodoepocusaemvie
\Wmamepuanwl: 0epeso, mexcmoaum, niacmux Koowcyx
Bawummoiil: Hanuuue Ouku 3awummusie ¢ YO-cpunomponm:
Hanuyue Aoanmep numanus: nanudue Komniexm
BAnacHvlX PYHKYUOHATLHBIX DNEMEHMO8: HATUYUEe

HanmenoBaHue pazaena:
"DnexTposHepreTuka’

HanmenoBaHue pa3nena:
"T'EO-ADPQO"

HanmeHoBaHue pazaena:
"HAHO"

IMynvomumemp

ugpposoii, c asmomamuueckum 8bib60pom npeoenos
U3MepeHUs, U C UsMepeHuemM memnepamypol, Hauuvue
mepmonapbel U KOMNJIeKma npogooos. Buvibop npedenos
usmepenus - agmomamuyeckuti Juanazone usmepenus
nocmosinno2o nanpsicenuss B 1000 Juanazone uzmepenus
nepemennozo néanpsicenuss B 1000 Juanazone
usmepenust nocmoauroz2o moxka A 10 Juanazone
usmepenusi nepemenno2o moxa A 10 Paspsaonocms wikanvl
Wmyremumempa omcuemos omcuemos B 4000 Pexxcum
«npozeonkay - ecmv uKcuposanue pe3yibmamos
usmepenuii DATA HOLD - ecmb

2.00

Hcmounux numanusl
lnabopamoprulii

[ Ipeonasnauen o1 npogedeHus ONbIMO8 No Pusuxe u
baexmpoxumuu. Kauecmso abixo0no2o moxa no3eonsem
UCNONBL308AMDb €20 8 MUKPOIIEKMPOHUKe. Bvixoonoe
Hanpsoicenue 00 30 B, avixoonoti mok 0o 5 A. 3awuma om
nepezpy3Ku u nepenotoCco8Ku NeKmpoOHHOe OMKIIOYUEHUEe
Hazpysku. Beicokas cmabunbHocms u Manwlil yposeHs
nyabcayuti Ilnasnas ycmanogka 6bix0OHbIX NAPAMEmpos
ecynrssmopamu I’ PYBEO/TOYHO

2.00

[ numa HacpesamelbHas

Hasznauenue: nazpesanue eeujecms 8 1ooou
mepmocmouxou émxocmu Mamepuan niamgopmoi:

CmexKjloKepamuxka

3.00




[Ipunosxkenue No3

YTBEPXJIEH

pacropskeHHEM MHHHCTEPCTBA
oOpasoBanus Kuposckoii o6nactu

Ne 144

oT U1 MAF 702

HH®PACTPYKTYPHBIN JIUCT

Adisi cospanus B 2024 roay aerckoro TexHonapka «KsaHtopuym» na 6aze
MYHHUHMITATBHOI 0 6X0/12KeTHOr0 0611e06pPa30BaTEILHOrO yupexaenus «Cpeauss
obmeodpasoBaTeibHas mKoaa No 25 ropoaa Kupoga

Ne Haumenosanne
u/nj _obopyroBauns (PBITO)

Kpatkue npumepnsie rexnnueckie xapakrepueriin
(PBIIO)

Exnnnna
H3MepeHust

Kosnuectso

HaumenoBanue nanpasienns: "Ecmecmeennonayunan nanpaeienno

cmp"’

HaumeHosanue paszena:
I ["EcrecreeHHOHAY HAs
HarnpasleHHOCTS"

Llupposas naGopamopus no
WTRTETT

Obecneyusaem euinonnenie aabopamopnvix pabom no
NUMUU HA YPOKAX G OCHOGHOU UIKOAE U NPOEKINHO-
UCCIIAOBAMENLCROT OeAMENbHOCI VIaUyUXCsL,
Komnaexmayua: Becnposodnoi synsmudamaur no xumuu
¢ 3-ms gempoenuvivu damuukamu: Jamuux pHe
Quanazonom usmepenus ne yoice yem om 0 0o 14 pH
amyuk snekmponposodusocmu ¢ duanazonamu
usmepenud ne yace uem om 0 do 200 mxCum; om 0 0o 2000
MeCa; om 0 do 20000 sxCar Jamyux memnepamypst ¢
Quanasonom usmepenus ne yace yesm om -20 0o + 140C
OH'?()E.:'.'b?'IbIC" ()(THT‘H.'KU.' ﬂamlnm ORMUYECKOn MIAOMHOCHTH
325 ny Axceceyaper: Kabens USB coedunumensnorii
3apsionoe yempoiicmeo ¢ katerem miniUSB USB Aoanmep
Bluetooth 4.1 Low Energy Kpamkoe PYKOBOOCMED hO
IRenayamayu yughposoii nabopamopuu Hatéop
1abopamopnol ocnacmu lpoepamvmmoe oGecnevenue
Memaouveckue pexosenoayuu e menee 40 pabom
Hamwue pycckoaserunoco catima noodepacku Hanuuue
51D COPOTUKOE.

uim

4.00

[ [uhposas naGopamopus no
puzure

Ofecnevusaem auinonenue IKCREPUMEnmos no memanm
wypea dusuku. Komnaekmayus: Becnposodnoii

MYILIRUA QYUK NO Ghusuke ¢ 6-10 sempoentvimu
Pamuukamu: Lughposoi damuux mexmepamypyt ¢
Juanazonom usmepenus ne yoce wesm om -20 do 120C
Lughposoit damuuk abecomoninoeo dasienus ¢ duanazonom
usmepenus ne yuce wem on () do 500 klla Jamvux
MAZHUMHO20 MO C QUANAZOHOM UIMEPEHUS He YIkce Yem
om -80 0o 80 T amuux HARPANCEHUS ¢ OUAnazonamit
uiMepenua ne yoce yem om -2 do +2B ; om -5 do +3B; om
-10 00 +108; om -15 0o +15B JJamuuk mora ne yorce uem
om -1 0o +14 Jamuux axcerepoyemp ¢ nokazamenamu ne
vienee wem: £2 gr =4 g; £8 g Omoensuuie yempoiicmaa:
USB ocyunnozpagh ne menee 2 kanana, +/-10 B
keeceyapel: Kabens USB coeounumensuuiii 3apsonoe

wm

4.00
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Kpatkune npumepHbie TeXHUYECKHe XapAKTEPHCTHKH
(PBIIO)

Eannuna

H3MepeHHUst

IKosinuecTBO

vempoticmeo c kabenrem miniUSB USB Adanmep Bluetooth
4.1 Low Energy Koncmpykmop 0ns npogedenus
brcnepumenmog Kpamkoe pykogodcmeo no skeniyamayuu
yugposoii nabopamopuu Ilpoepammmnoe obecneuenue
Memoouueckue pexomendayuu (40 pabom) Harnuuue
pyccrosazviuno2o catima noodepoicku Hanuuue
610COPONUKO8.

pusuonocuu

[ [uppposas rabopamopust no

Obecneuusaem npogedenue Uccied08anus no
DYHKYUOHUPOBAHUIO YENOBEYECKO20 OP2AHUZMA.
[Komnaexmayus.: BecnpogooHot Mynbmudamyux no
puzuonozuu ¢ 5-10 6CMPoOEeHHbIMU damuuKkamu. JJamyux
apmepuanvrozo oasnenus (0...250 mm pm. cm.) Jamyux
nyrbca ¢ ouanazoHom usmeperus ne yace yem om 30 0o
200 yo/mun Jamuux memnepamypul meaa ¢ OuanazoHom
usmepenus ve yace yem om +25 0o +40C Jamuuk
uacmomol ObIXAHUSL C OUANA3Z0HOM UBMEPEHUSL He YIice YeM
om 0 0o 100 yuxnos/mun [Jamuuk ycxopenus ¢
noxazamenamu £2 g; +4 g; +8 g Omoenvuvie ycmpoticmaa:
VIamuukx DKI ¢ duanazonom usmepenuss ne yice yem om -
300 0o +300 mB) [Jlamuux cunomep ¢ ouanazoHom
usmepenus ve yoice yuem om 0 0o 40 H [Jamuux
OCceeueHHOCMU ¢ OUANA30HOM U3MePEeHUsL He Yiice Yem Om
0 0o 180000 ax Axceccyapur: Kabenv USB
coeOunumenvuwlil 3apsaoHoe YCmMpoucmeo ¢ kabenem
miniUSB USB Adanmep Bluetooth 4.1 Low Energy
Kpamxoe pyrogoocmeo no skcniyamayuu yupposou
lnabopamopuu Ilpoepammnoe obecneuenue Memoouueckue
pexomendayuu ne menee 20 pabom Hanuuue
pyccrosazviyno2o catima noododepoicku Hanuvue
6110€0PONUKOS.

1.00

IMukpockon yugposot

Tun mukpockona: 6uonocuveckuti Hacaoka muxpockona:
Wwonokyaapnas Hasnauenue: nabopamopnuiti Memoo
uccreooganus. ceemaoe noie Mamepuan onmuxu.
onmuueckoe cmexkno Yeenuyenue Mukpockona, kpam: 64 —
1280 Okyaspor: WF16x Obwvexmussi: 4x, 10x, 40xs
(noonpyacunennsiil) Pesonveepnas 2onosxa: na 3
obvexmusa Tun nodceemku: 3epKaio Uil C8emoouoo
\Pacnonodicenue noocgemku: 6epxuas u nudicnas Mamepuan
kopnyca: memann [lpeomemnviii cmoaux, mm: 90
\Hcmounux numanus: 220 B/50 I'y Yucno mecanuxceneii: 1

15.00

PKOoJI02UU

[ [upposas rabopamopust no

Obecneuusaem npogedenue yuebH020 IKOI02UYECKO20
WoHUmopuHea uncmpymenmanvuovimu memooamu. Habop
npuUMeHsAemcs npu U3yueHul IK0I02UY, OUOI02UU, XUMUL,
leeoepapuu u npupodosedenus, a maxice 015
UHOUBUOYATLHBIX UCCIEO0BAHUSL U NPOEKMHOU
OesamenbHOCMU WKOIbHUKO8. Komniekmayus:
\becnpo8oOHO MyTbMUOAMYUK NO IKOAOSUHECKOMY
WoHUmMOpUH2Y ¢ 8-10 6CMpoeHHbIMU damyuKamu: JJamuux
Humpam-uoros [Jamuuk xaopuo-uonog Jamuuk pH ¢
Ouanazonom uzmeperus He yoice uem om 0 0o 14 pH
Vlamuux enasicnocmu ¢ ouanasonom usmepenus 0...100%
V[amuuk oceewjeHHOCMU ¢ OUANA30HOM U3MEPEHUsL He Yoice
uem om () 0o 180000 nx Jlamuux memnepamypui ¢
Ouanazonom usmepenus we yoice wem om -20 0o +140C
V[amyux 31eKkmponpogooumMocmu ¢ OUanasoHamu
usmepenust ne yoice uem om 0 0o 200 mxCm; om 0 0o 2000
mxCm; om 0 0o 20000 mxCm [lamuuk memnepamypol

OKpYAHCcatoujeli cpeodbl ¢ OUANA30HOM UBMePeHUs He Yoice

5.00




Ne HaumeHnoBanue Kparkue npuMepHbie TexXHU4YecKHe XapakTepucTuku | Exununna
n/n| odopynosanus (PBIIO) (PBIIO) H3MepeHust
uem om -20 0o +50C OmoenvHvle damuuKu u
yremudamuuxu: JJamyuk 38yKa ¢ QpyHxyuetl
UHMEe2PUPOBAHUS C OUANA30HOM USMEPEHUS YACMOM He
menee uem om 50 I'y 0o 8 kl'y, Jamuuk enaxcnocmu nouevl
c duanazonom usmeperusi ve yace uem om 0 0o 50%
Viamuux oxucu yenepooa ¢ OuanasoHom usmepeHust He yoice
uem om 0 0o 1000 ppm Mynemuodamuux onmuueckou
NAOMHOCIU U MYMHOCIU CO BCIMPOEHHLIMU OAMYUUKAMU.
VIlamuux onmuueckou niomuocmu 470 Hm ¢ ouanazonom
usmepenuss om 0 0o 2 D Jlamuuk onmuuecKkoti niomHocmu
525 um ¢ ouanazornom usmeperus om 0 do 2 D Jlamuux
onmuueckot niomuocmu 630 HM ¢ OUANA30HOM UMepeHUs
om 0 0o 2 D Jlamuux MmymHOCmu pacmeopos ¢ Ouana3oHom
usmepenust om 0 0o 200 NTU Axceccyapui: Kabero USB
coeOunumenvubiil (2 wm.) 3apsaonoe ycmpoucmeo c
kabenem miniUSB USB Adanmep Bluetooth 4.1 Low
[Energy Cmepowcensb 01 3aKpenieHus 0amuukos 8
wmamuee Kpamkoe pykogoocmeo no sxcniyamayuu
yugpposou nabopamopuu Ipoepammnoe obecnevenue
IMemoouueckue pexomenoayuu ne menee 20 pabom
Ynaxoska Hanuuue pyccrkosaszviunozo catima noooepoicki,
Hanuuue 81U0eopoOIUKO8.

HaumenoBanue HanpasieHusi: ""Texnonozuueckas nanpasiennocmes. PO60"
HamMmeHoBaHMe pazaena:
1 "TexHomorndeckas
HanpasyieHHOCTb. POBO"

IKosinuecTBO

=

[Komnnexc cocmoum u3 coopuo-pazboproco 3D npunmepa,
pyunozo 3D ckanepa u npoepammuoco obecneyenus no
domozcpammempuu. Coopro-pazdopruiii 3D npunmep.
O6nacme neuamu. 200 mm x200 mm x 200 mm
Maxcumanvhas ckopocms nevamu, cm3/4:> 30 Ckopocmo
nepemewenus newamaioujel 20106xku, mm/c:> 80 Tun
coemecmumozco ¢ 3D-npunmepom naacmuka: PETG, SBS,
\PLA, ABS Humepdgeiic nookmouenus: USB Flash
Kanubpoesra niamgpopmur:[lonyagmomamuuecrkas
[Konuuecmeo conen na newamaroujeti 20106ke: om 1 wm
Munumanvras moawuna cnos: > 0.01 u < 0.05 um
VIuamemp conna: > 0.3 u < 0.5 mm Maxcumanvrasn
memnepamypa nevamarougetl 2onosku: > 250 epad. C
OxnasicoeHue 30Hbl neyamu. J{gyxcmopontee
Maxcumanvras memnepamypa naam@opmvl st nevamu: <
150 epao. C Tun naamgpopmovt 01 newamu:
Iloooepesaemas CbeMHAs HA 3aHCUMAX, QUKCUpYeMds Ha
niamgpopme Hanuuue 3axpvimoeo kopnyca: Hem @opmam
aiinos ons newamu: GCODE Tun ynpaenenus
npunmepom: Ilanens ynpagnenus c oucnieem Ha Kopnyce
vempoucmea Tun Hanpaesrouwux: KOHCMPYKYUOHHbLI
npogunv Pyunoti 3D ckanep. Tounocms ckanupoganus: >
0.05 u < 0.1 mm Cropocmb cKaHUPOBAHUS, MIH.
mouex/cex: > 2 @opmam coxpanerus pe3yibmamos
cxanuposanus: viml, ply, obj, stl Bozmoosicnocme
ckanuposanus 6 yeeme: [a Hanuuue cencoprozo sxpana:
rnem /[nuna USB-npogooda:> 3 m Texnonoeusn 3D-
ckanuposanusa: Onmuueckas 3azpyska
npecemos(uabnonos) ckanepa:naiuyue OyuKyuu
nocmoodpabomxu: Obpesxa mooenu, Pazdenenue mooenu na
omoenvhble yacmu, YoaneHue TUUHUX dTIeMEHMO8,
Yoanenue omseepcmuil, cozoanue pomopeanucmuunou

VlabopamopHulii Komniekc
07151 U3yUeHus
pobomomexnuxu, 3D
mooenuposanus u
MpOMBLULEHHO20 OU3AUHA

wm 3.00
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Eannuna
H3MepeHus

IKosinuecTBO

mexcmypsl, cpasnenue 3D mooeneii medxcdy coboll,
usMepeHue pazmepos Mooeiell CeueHuUsMU 8 pYYHOM
peorcume, saxcnopm cevenuii 8 XLS IIpoepammmuoe
0becneuenue 05 cO30anus Mooeetl Memooom
domoepammempuu: Hanuuue Ynpaeienue nosopoOmHvLM
cmoaom no Wi-Fi: Jla Munumanvruoe paccmosnue
ckanuposanus: <25 cm

\bazoebiii

pobomomexnuueckuti Habop

Obpazosamenvhblil HADOP 00JICEH NPeOCmAassms cobol
Habop 0J1 pazpabomKu NPOSPAMMUPYEMBIX MOOeAel
ABMOHOMHBIX p0OOMOS. B cocmas nabopa 00124cHbl
6X00UMb. KOHCMPYKMUBHbBLE, COeOUHUMEbHbIE U
KpenesCcHble 1eMeHmbl U3 NAACTIUKA U ATIOMUHUSA - He
lmernee 100 wm, npoepammupyemviti KOHMPOILEp - He MeHee|
[wm, snekmpoosueamenu NOCMOSHHO20 MOKA € KPYMAWUM
Womenmom ne menee 3,6 k2/cm - He mernee 2 wm, OamuyuKy
U 91eKMPOHHbIE KOMNOHEHMbI- He MeHee 6 wm,
AKKYMYTIAMOPHYIO bamapeio ¢ HanpsiceHuem ne menee 68
u emxocmuio ne menee 1500 mAu - ne menee 1 wim,
BapsoHoe ycmpoiicmeo 05l akKyMyIsamopHol bamapeu - He
wmenee 1 wm. I[Ipoepammupyemviti KOHmMpOALEpP OOANCEH
co0eporcamb: NOpMbl 01 AHANO208bIX OAMUUKOE - HE
Wernee 3 wim, nopmel 01 YUPPOBbIX OAMYUKOE - He MeHee
3 wm, nopm ons 12C ycmpoticms - He menee 1 wum, nopm
0713 cep8onpuBo008 - He menee 6 wim, NOpm 05k MOMOPOS -
He MmeHee 2 wm, nopm OJid SHKOOepos - He MeHee 2 wm,
oovem flash namamu ne menee 32 kb. I[Ipocpammupyemviti
KOHMPOJLIEp 00NXHCEH 0DeCneyu8ams 603MOHCHOCHIb
npoepammuposanus pobomog é cpede H04HO-
epaghuueckozo muna unu 6 c60600HO PACRPOCPAHAEMBIX
cpedax paspabomKu ¢ NOMOWbIO MEKCMOBO20 S3bIKA
npocpamMmuposanus. JJamuuxu u 31eKmponHbie
KOMNOHEHMbI O0JIHCHBI COOEPHCAmMb. YIbmpa38yKo8ou
0amuuK paccmosiHus 00adNCeH 0becneuusams coOpanHyIo
MoOenb 803MONCHOCBIO USMEPAMb PACCIOsHIE He MeHee
4 mempog - ne menee lum, Knonka-mooyns 0ondicen
0becneuugams COOPAHHYIO MOOETb BO3MONCHOCHILIO
onpedensamy HAX}Camusi Ha KHONKY - He MeHee lwim,
V[amyuk yeema dondicen obecneuusams cOOPAHHYIO MOOeib
603MOCHOCIbIO OnpedeneHls yeema odveKma,
npeonasnaven 01s usmepenuss RGB-cocmasnsrowux u
VpPOBHA 0C8eweHHOCMU, OAMYUK OOJIHCEH COO0ePHCaAmb He
lmenee 12 ceemouy8cmeumenbHbix 21eMenmos - ne menee |
wm, 3ymmep-mooyib 00aCeH obecneuusams COOPanHyIO
MoOenb 803MOHNCHOCMBIO BOCHPOU3BOOUMb 38VKU,
HOMUHANbHAS yacmoma He MeHee 4kl Yy, uHmeHcusHoCmb
e menee 80 0b- ne menee 1 wm, Wi-Fi-modyaw donicen
0Oecneuugams 603MONCHOCHb NOOKTIIOYEHUS. COOPAHHBIX
pobomomexnuueckux mooenei k cemu, loT obnaxam u ed-
cepsucam, pabouee nHanpsidcenue mooyas - 3,3B, nopmos
6600a 6b1600a MOOYJIS - He MeHee 5 - He MeHee | wim,
Munu-pene ¢ pabouum nanpsicenuem 8 ouanasone om 3,3
00 5B, nompebasemvim moxkom 71MA u maxcumanvuvim
KOMMymupyemvim Hanpsdicenuem 28B nocmosinnozo
moxa/250B nepemennoco moxa, pecypc yCmpoucmea ne
menee 50 moic. nepexnioyenull - He menee 1 wm, Bxooswjue
6 cocmas KOHCMpPYKmMopa KOMROHEHMbI O0JIHCHbI OblMb
COBMECMUMbL C KOHCIPYKMUBHLIMU dNeMEHMAMU, d

makoice obecneuusams 603MONCHOCHDb KOHCmpmeuSHOL‘Z,

8.00




ceszu u loT

cOOpKU MoOenu «yMHO20» 30anus. Bce komniekmyowue u
yempoucmea, exoosujue 6 Cocmas Habopa, 00IICHbL ObIMb
coemecmumbl Opye ¢ Opy20M KOHCMPYKMUGHbIM,
baekmpuyecKum, annapamHsiM U nPOSPAMMHBIM 00PA30M.
B cocmas Habopa 00AHCHO 6X00Umb: NPUBOO NOCHOSAHHO20
MoKka ¢ OamMuuKoOM RONONCEHUs. - He Menee 2um,

HaumeHnoBanue Kparkue npuMepHbie TexXHU4YecKHe XapakTepucTuku | Exununna
Konnuecrso
n| obGopynoBanus (PBIIO) (PBIIO) H3MepeHust
annapamHol u npoSPaAmMMHOL COBMECHMUMOCTU C
KOMRIEKMYIoWUMU U3 cocmasa nabopa.
\Habop ona bvicmpozo .
Oononnammublii KOMRbIOMED: HAAUYUe, KapMma NAMAMU C
npomomunuposanus . . .
. npedycmanoeieHHOl OnepayuoHHOU CUCIeMOU: Hatuyue,
DAEKMPOHHBIX YCMPOUCME HA . wm 8.00
010K nUMaHUs: Hanudue, KOMniekm Kabeneu 0s
ocHoge 00HONIAMHO020
NOOKIIOUEHUS: HATUYUe
Komnvlomepa
\Habop ons bbicmpozo
npomomunupoeanus
bekmponHbx yempoticms na|Mukpokonmpoaiepnas niamegopma co 6CmpoeHHbIM
ocHoge unmepnpemamopom JavaScript: naiuuue, KOMNieKm wm 8.00
MUKPOKOHMPONNEPHO paouodemaneil. nanuvue, NAAMA PACWUPEHUs: HATUYUE
nramgopmul co 6CMpPOEHHbIM
unmepnpemamopom
\Habop ona bvicmpozo
npomomunuposanus .
P P . Muxpokoumponnepnas niamgopma Arduino: nanuuue,
DAEKMPOHHBIX YCMPOUCMS HA .
cHose Komnaekm paduodemaineil U BPO80008. HAUYUE, MAKEMHAs wm 8.00
. naama: Haiuuue
MUKPOKOHMPONLEPHO
namegopmol
Yuebnas modens aemonomno2o modbubHo20 poboma ¢
wanunynsimopom. Mobunvhwiti pobom OonceH
npeocmagisimes coO0l YeMbIPEXKOAECHYIO NAAMPOPMY
6cenanpasnenno2o osudxcenus. [leuzamenu becuemounvie 4
wim, kamepa c yerom o63opa 120 epadycos ¢ 5 mn. B
cocmag KoMnieKma 00IHCHO 8x00umsv: Mexanuyeckuil
Baxeam ungpaxpacHulil 1azep 2-x ocesoll noogec
AKKYMYNIAMOP KOleCa 6CEHANPABIEHHO20 OBUICEHUS
npocpammupyemulii KOHMpOLEP € 603MONCHOCHIBIO
npocpammuposanus 6 cpede 60UHO-2papuyeckoco muna u
. 6 C60000HO paACNPOCMPAHAEMBIX Cpedax paspadomru ¢
\demonomHwlll pobom pacnpocip P pazp
HOMOWbIO MEKCMOB020 S3bIKA NPOSPAMMUPOBANHUSL OAMYUK
\Wanunynamop ¢ korecamu
BgyKa damuuk caiedosanus aunuu FPV pescum wm 4.00
6cenanpasnennozo .
DStioicers 603MOJICHOCIb YNPAGLEHUS C MOOUTILHO20 YCMPOUCmea
uepe3 npunodCceHue NPoSPaAMMUPO8anUs Ha A3bikax Python,
IScratch a maxoice cucmema mexHuecko2o 3penus s
ABMOMAMUYECKO20 OOHAPYIHCEHUSL U PACNO3HABAHUS
Badanublx 00bekmos 6 pabouell 30He. I1o00epoicka
RaspberryPi nanuuue Ilodoepoicka Arduino nanruuue
Iloooepoicka Micro:bit Hanuyue CreHHbLL MeXaAHUYECKUll
Baxeam, ycmanaeausaemulil Ha NOOBUICHYIO NAAMPOPMY
ceepxy Hanuuue Mexanuueckutl 3ax6am, YCMAHAGIUGAEMDbIL
Ha nepeoHIol Yacmb NOOBUNCHOU NIAMPOPMbL HATUYUE
\BO3MOINCHOCHb MEHSAMb UHDPAKPACHYIO RYWKY HA
Wexanuueckuil 3axeam Hanuyue
ObOpazosamenvHblil HAOOP NPeoHasHayeH OISl U3YYeHUs
0cH08 npumenenusi mexuonoaui "Humepnem seweil” u
cea3U 8 pobomomexHudeckux cucmemax. B cocmas nabopa
00121CEH BXOOUMb KOMNIEKM KOHCMPYKMUGHBIX 1eMEHMO08
U3 Mmemania 0/ COOPKU MoOenu MOOUIbHO20 poboma ¢
Obpazosamenvubiil HAOOp  axeamuvim ycmpoiicmeom. B cocmas nabopa donoicen
0151 U3YUeHUsL MEeXHONO2ULl  [BXOOUMb KOMNIEKM KOHCMPYKIMUGHBIX NeMEHMO8 OJisl wm 3.00
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cepsonpugood boabLUION — He MeHee 2uim, cepeonpueoo
Wanvlii — He meHee 2uim, Kamepa - He MeHee lwim,
npocpammupyemsiti KOHMpoiep — He menee lum,
aKKyMyasamop — ne menee lwim, 3apsioHoe yCmpoucmeo —
He menee lwm. B cocmas nabopa dondicen 6xooums
KOMNAEKmM UHMENNEeKMY ANbHbIX CEHCOPHBIX YCMPOUCMS.
HnmenniexmyanbHbie CeHCOPHbIE YCMPOUCEA OONHCHBI
npedcmaensims coOoll YCMpoUucmeo Ha 0CHOGe
BLIUUCTIUMENLHO20 MUKPOKOHMPONNEPA U 6CIPOEHHO20
usmMepumenbHozo snemenma. Mumeniexmyanvhvie
CeHCOpHble YCMPOUCMBa O0IHCHbL 001A0AMb 6CMPOEHHbIM
yudposvIM U aHaAI0208bIM UHMEPDelicoM 01A nepedayu
OaHHBIX, A MAKIHCE BCIMPOEHHBIM NOCAE008AMENbHBIM
unmepgeticom 011 06vedunerus opye ¢ Opy2om 8
cencopHble cucmemsl. Komniexm unmeniexmyanvusix
CEHCOPHBIX YCMPOUCME Q0JIICEH CO0ePIHCAMb — MOOYb
ceemoouooa — ne mernee 2uum, Mmooy RGB ceéemoouooa —
He menee 2uim, mooyae MK-0amuuka tunuu — ne MeHee
Swm, MoOyns 36yK06020 uziyuamens — ne menee lwm,
WMoOYIL UsMepenus memnepamypul U 81AHCHOCHU
OKpYHCcatoujeli cpedbl — He MeHee 1uim, MooyIb Makmogoi
KHONKU — He MeHee 3uim, MOOYib 0amuuKa 0C8eujeHHOCmu
— He menee lwm, MOOYIb OemeKmopa ypoGHs uyma — He
Wernee lum, MoOyIb UsMeperus 0asienus OKpydcaruel
cpeovl — He meHee [wim, MOOYIb NoOMmeHyuoMempa — He
Wernee 2uim, MoOYIb 0aMYUKA NOONHCEHUS 8
npocmpancmee — ne menee luim, MoOyIb KOHYEBO20
npepvieamens — He menee lwum. B cocmas nabopa dondicen
6X00UMb NPOZPAMMUPYEMbIL KOHMPOIEp — He MeHee
lwm. [Ipocpammupyemvliii KOHMPOALEDP OONINCEH
0becneuu8ams 8603MOHCHOCHb NPOSPAMMUPOBAHUSA HA
s13b1Ke JavaScript u opeanuzayuu web-cepgepa oomena
Oanuvimu uepes Unmeprem. Ipoepammupyemuvtii
KOHMPOJLIEp 00NAHCEH 0OECNeyU8amb 603MONCHOCHIb
NOOKIIOUeHUS GHEUHUX YCIMPOICIE ¢ NOMOWbIO
unmepdeticos - GP10, UART, 12C, 12S, SPI, 1-wire TTL,
RS-485, CAN, Ethernet ¢ noooepaickou PoE

\Komnnexm noneti u
copesHoBamenbHbIX
biemenmos

[Komniiekm noieil u copeeHo8amenbHbIX JIeMEHMO8 Ois
npoGedeHUsl COPeBHOBAHUTL ABNMOHOMHBIX MOOUTIbHBIX
pobomos

1.00

Hacaokamu

Yemuvipéxocesotl yuebHbill
pobom- ManHunyamop ¢
MOOYIbHBIMU CMEHHBIMU

Yuebnwiii pobom-manunyiamop npeonasnaven 0s
0C80eH U 00YYAIOUWUMUC OCHO8 POOOMOMEXHUKU, O
1n0020MoBKU 00YUAIOWUXCS K BHEOPEHUIO U NOCIEOYIOUeMY
UCHONBL308AHUIO POOOMOE 8 NPOMBIUIEHHOM
npouzeodcmee. Konuwecmeo oceii poboma MaHunyismopa
- uemvipe. [lepemewjenue uncmpymenma 6 NPOCMpPaHCmee
nO mpem 0CsM OOJIHCHO YAPAGISIMbCSL UA208bIMU
Osucamensimu. Hanpsiicenue numanust wa2o8uix
Osucamenetl ne bonee 12 B. Cepgoosucamens uemeepmoul
ocu dondicer obecneuugams NOGOPOM UHCMpyMenma. Yzon
nOBOPOMA MAHUNYIAOPA HA OCHOBAHUL BOKDY2
sepmukanvHol ocu He menee 180 epadycos. /s
onpedenenusi NOA0INCEHUSE MAHUNYTIIMOPA NPU ROBOPOME
BOKDY2 BEPMUKANLHOU OCU OONINCEH UCNOTb30BAMbCS
bHKOOEp. Yeon nosopoma 3a0ne2o nieya MaHunyIAmMopa we
menee 90 epadycos. Yeon nosopoma nepeonezo nieva
wmanunynamopa ne menee 100 epadycos. /[ns onpedenenus

1010JICEeHUsL 3a0He20 U nepe()Hezo njieuy manunyaimopa

1.00
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004CEH UCNONB308AMBCA 2UPOCKON. Yeon nosopoma no
uemeepmotl ocu He menee 180 epadycos. Jlonxcna 6vims
B03MOXCHOCIb OCHAUeHUS CMEHHbIMU HACAOKAMU
(Hanpumep, Oepoicamens Kapanoauia uiu gromacmepa,
NPUCOCKA ¢ CepBO0sULAmMENeM, MEXAHUYECKOe 3aX6AMHOe
yempoticmeo ¢ cepgodguzamenem, yCmpoucmeo 0is
iaseprou epasuposku unu ycmpoucmeo 0as 3D-nevamu).
MunumanbHas KOMIAEKMAYUSL CMEHHLIMU HACAOKAMU.
nHeeMamuiecKull 3axeam (RPUcocKa), Mexanuieckuil
Baxeam, Hacaoka depocamend Osl
Kapanoawia/mapkepa/pyuKu, Hacaoka nepexoOHUxK OJisl
KpenieHus COBMeCmumMblX KOHCIMPYKMUBHbIX OemaJell u
KOHCMPYKYULl, HACAOKA 1A3ePHOl 2PABUPOBKU, HACAOKA
3D-neuamu (0ns pabomet ¢ nnacmuxom PLA ¢ ouamempom
Humu 1,75 mm). [ondicen 6bimsv ochaujer cep8onpugooom
0/151 NHEBMAMUYECKO20 U MEXAHUYECKO20 3AaX8AMO8,
0becneuusaIouwUM BpaueHIe 3aX8a4eHHO20 00bEKmMA 60
8peMsL nepemeyens, NoBOpPoOm nepemeuiaemozo 0bveKxma
6OKpye sepmuxanvhou ocu. /s obecneyenus
DYHKYUOHUPOBAHUSL NHEEMAMUYECKO20 3AX6AMA OONNCEH
ObIMb OCHAWEH 8CMPOEHHOU 8 KOPNYC MAHUNYIAMOPA
nomnotl. JJoaxcna 6v6ims 803MOACHOCHb NOOKIIOYEHUS.
0ONOTHUMENbHBIX YCMPOUCMe (Hanpumep, mpancnopmepd,
penvca 0ns nepemewenuss poboma, nyibma ynpaeieHus
muna 0X4CotUCmuK, Kamepsbl MAUUHHO2O 3PEHUS,
onmuuecko2o 0amuuxa, Mooyisi 6ecnposoOH020 00CMYNa).
\Pobom-manunynsimop 0oaicen obecneuusanms
nepemewenue Hacaoku 6 NPOCMPAHCMEe, AKMUBAYUIO
HACAOKU, BO3MONCHOCHb NOLYHEHUSL CUSHALO8 O KAMEDbl
U 0amuUK08, B03MOICHOCTIG YNPAGLEHUS
Oononnumenvuvimu ycmpoticmsamu. Mamepuan xopnyca —
anomunul. JJuamemp paboueti 301l (6e3 yuema Ha8eCHO20
UHCMPYMEHma u uemeepmotu ocu) He meree 350 ym.
\Unmepdpeiic nookmouenus — USB. Honowcen umems
603MOXCHOCHb ABIMOHOMHOU PAOOMbL U BHEUHE20
ynpaenenus. [ eneuine2o ynpasieHus 00axiceH Oblmo
npedycmMomper nyavm, NOOKIYAeMblli K pobomy no
Bluetooth. Ynpasnawowuii konmpoaiep 0ondicer bvims
coemecmum co cpedou Arduino. Ynpasnarowuii
KOHMPOLIEP COBMECMUM CO CPEOOU NPOSPAMMUPOBAHUSL
Scratch u saizvixom npoepammuposanus C. [onicen
0becneuusams noBOPOM nO NEPEbLIM Mpem OCAM 8
BadauHvlll Y20a U HA 3A0AHHBLU Y20], NOBOPON NO
uemeepmotl OCU Ha 3a0AHHbLIL Y2011, OBUNCEHUE 6
koopounamol X, Y, Z, nepemewyernue na 3a0anuoe
paccmosnue no koopounamam X, Y, Z, nepedauy daunwix o
meKywem noroACeHUul yenos, nepedaiy OaGHHbIX 0 MeKyujux
Koopounamax uncmpymenma. [lonicen noooepaicusams
nepemeujerue 8 0eKapmosblx KOOPOUHAMAX U Yenax
nogopoma ocetl, ¢ 3a0aHHOU CKOPOCMbIO U YCKOPEHUEM.
Tunwvl nepemewenutl 8 0eKAPMOBLIX KOOPOUHAMAX:
0gudICenle nO Mpaekmopuu, 08UdCeHUe NO NPIMOU MeAHCOY
08YMsL MOUKAMU, NEPENPBIZUBAHUE U3 TNOYKU U TOYKY
(nepenoc obvexma). Kopnyc oondicer b6vimo 6 3auuyyeHHoM
ucnoanenue (knacca ne nuoice IP20).

\Komnnexm ons uzyuenus
onepayuoHHbIX cucmem
eabHO20 8peMeHU U

[Komnaexm 01 pazpabomku u uzyyeHus mooeneu
NpOCPaAMMUPYEMBIX ABMOHOMHBIX MOOUTLHBIX POOOMOS.

Yuebuwiti komnnexm 0ondicen no3goams paspadbamvléams

wm

1.00
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cucmem ynpaejieHusl

pobomos

ABMOHOMHBIX MOOUTLHBIX

OJI04UHO-MOOYIbHYIO KOHCIPYKYUIO MOOUTbHO20 poboma. B
cocmag MobUIbHO20 poboma O0aHCHO 6x00ums: I[Ipugoo
sedyuux Konec - ne meree 2uim. Ilpusood dondwcen
npedcmagisims coOoll INEKMPOMEXAHULECKYIO COOPKY Ha
0CHOBe O8u2amenst NHOCMOSHHO20 MOKA, pedyKmopd,
0amuuKa nOIOACEHUs 8ANA U BCIPOEHHOU CUCMEMbl
vnpasnenust. Cucmema ynpagnenus npusood 00aiCHA
0becneuusansd 803MONCHOCHb 00bEOUHEHUSL NPUBOOOE C
HOMOWbIO NOCIEA068AMENbHO20 UHmMepelica,
603MOXCHOCIb 3A0AHU NAPAMEMPOE KOHMYPO8
ynpaesnenus, ynpasienue spaujeruem npusood no
CKOPOCTU U NOJONACEHUIO, KOHMPOLb HASPY3KU.

I Ipoepammupyemvlii KOHmMpoOJiep - He MeHee [wm.

[ Ipoepammupyemplii KOHMPOJLIEP OONHCEH 001A0AMb
unmepgeticamu - USB, UART, TTL, RS§485, CAN oaa
KOMMYHUKAYUY € NOOKTIOYUAEMbIMU GHEUHUMU
yempoticmeamu, a maxice yudposvimu U aHaL0208bIMU
nopmamu 6600a/6v1600a. OOHONIAMHbLI
mukpoxomnvromep - ne menee lum. OOHonIamMHbLL
WuKpokomnviomep O0ANHCEH NPEOCMAasisimG co00U
ycmpoticmeo ¢ apxumexmypoi muxponpoyeccopa ARM,
dondicen obnadams He MeHee 2 bIYUCTUMENTbHBIMU A0PaAMU
c maxmosoii uacmomotu ne menee 117Ty. Jlazepnviii
cKkanupylowul oaibHomep - He menee lwm. Jlazeprviii
CKanupyowul 0anrbHomep 001xCceH obecneyusams
Ouanaszomn usmepeHusi OAIbHOCMU 00 00beKMO8 He MeHee
2.5 mempoe u cexkmop ckanuposanus ne meree 360
Venoguix epadycos. JJamuuk 1uHuu — He MeHee 3 wim.
Vlamuux donicen obecneuugams 0emeKmupo8aHue IUuHUY
Ha KoHmpacmHoMm gone u nepedagamsv OaHHble 8
npocpamMmupyemslii KOHMpoiep 0 ee HaIUuduu nymem
nepeodauu anano206020 CUSHALA ULU YUPPOBo2o cucHald,
liubo nymem nepedauu yugpoeoeo nakema OAHHLIX.
V[amuuka yeema — ne mernee 1 wm. Jamuux oondicen
paznuuame y6emosol OMMeEHOK PACHONIOHCEHHO20 PAOOM C
Hum obvekma 6 RGB nomayuu u obecneuusame nepedauy
OaHHBIX 8 NPOSPAMMUPYEMbILI KOHMPOJLIEP O 3HAYEHUU
KA2ICO020 148em0o8020 KAHANA 8 8uU0e YUPPOB02o nakema
Oannvix. Maccus HK-0amuuxos - ne menee lwm. Maccug
U K-0amuuxoe 0oadicen 6bimb npeonasHayer s
omcaexcusanus IUHUY OJisl OBUHCEHUS MOOUTILHO2O
poboma. Maccus dondicer cooepacams e menee 6um UK-
0amuuxos, pacnonoxcenuvlx Ha o0Hou aunuu. Cucmema
mexHuuecko2o 3penust - He menee lum. Cucmema
MexHUYecKo20 3peHust 00dceH 061adams
COBMECMUMOCTIBIO C PA3TUYHBIMU NPOSPAMMUDYEMBIMU
KoOHmpoiepamu ¢ nomowwto unmepgeticos - TTL, UART,
I2C, SPI, Ethernet. Cucmema mexHuuecko2o 3peHust
0ondicHa 0becnedusams 603MONCHOCb U3YUEHUSI OCHOB
npuUMeHeHUs. AeOPUMMOB8 MAUUHHO20 00YYeHUs U
Hacmpotiku napamempos neupocemeti. Cucmema
MexHUYecK020 3peHust 00IHCHA 0becneyusams QYHKYUOHAT
pacnosnasanusa pasiuiHbIX 2eoMempuyecKux 00beKmos no
HaOOpy NPU3HAKO8, PACNO3HABAHUS 2PAPUYECKUX
mapkepos muna Aruco u 0p, pacno3HasaHusL MAcCuso8
VIUHUL U SIEMEHMO8 OOPOICHBIX 3HAKOS U PA3MEMKU.
Cucmema ynpaeneHus MOOUIbHO20 pOOOMA OONAHCHA

110360J15Mb OCYWEeCmeEiimsb analu3 OKPnyCCUOWéIZ
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0OCcmarnosKu 8 npoyecce 08UNHCEHU MOOUTLHO20 poboma u
OUHAMUYECKOM USMEeHeHUU OKpYJcarowell 00CmaHo8KuY,
ocyuecmenames Gopmuposanue Kapmsol 10KAIbHOU
06CMAHOBKU BOKPY2 pobOMA U TOKATUZAYUSL NOLONHCEHUS
poboma na kapme, nocmpoenue 2n00aIbHOl Kapnivl
oxpyarcarowje2o npocmpancmea. Cucmema ynpaeieHusl
MO6OUILHO2O POOOMA VOMIHCHA NO3BOAMb OCYIYECTBIIAND
aHanu3 NAAHA/Kapmel OKPYACAOwWe2o nPOCmpancmad,
0OHapyIHCEHUE OKPYIAICATOUUX 00BEKMOB, ABMOHOMHOE
NIGHUPOBAHIE MAPWPYMA U 00be30a CINAMUYecKux u
Ounamuueckux npenamemeuil. Cucmema ynpasienus
WMobunbHO20 poboma 0odCcHA obecneuusams
BO3MOXCHOCIb PA3MEMK) KAPMblL OKPYHCATOUe20
NPOCMPAHCINBA HA 30HbL C PA3TUYHBIMU NPUSHAKAMU,
Badasaembimu noib3068amenem (30Hvl 3anpema O
0gudicenus, oepanudenust ckopocmu u m.n.). Cucmema
VIpasienuss MOOUIbHO20 poboma 00HCHA 0Decneyusams
B03MOJCHOCIb 3A0AHUS MOYEK U 30H HA Kapme
OKpYHCaAIOuje2o npocmpancmed Ojisl AgMoHOMHO20
nepemewjenus mexcoy Humu. Cucmema ynpagnenus
WobunbHo20 poboma , 8KIOUAOWAA 8 ceOs NOOCUCTIEeMb,
maxue Kax - cucmema ynpasienus 0sudxicenuem poboma,
cucmema coopa u 0opabomku ceHCopHOU unpopmayuu,
cucmema nocmpoerusi Kapmul OKPY#CAIOUe20
npocmpancmea u cucmema Hagueayuu, 00IHCHA Obimb
peanuzosana Ha 6aze NPOSPAMMUPYEMO20 KOHMPOLLepa U
0OHONIAMHO020 MUKPOKOMNBIOMEPA, d MaKdice YCmpoLucms,
6X005WUX 8 cocmas Komniekma. B cocmas komniekma
0012ICHO 8X00UMb NPOSPAMMHOE 0becheuenue Oisl
NpOSPAMMUPOBAHUS 8 MEKCMOBOM pedaKmope Ha nodobuu
Arduino IDE, npocpammuposanuu ¢ nNOMOWbIO CKPUNMOS
Ha s3vike Python, paspabomku cucmem ynpagneHus Ha
ocrnose ROS. Taxk sice 6 cocmag Komniekm 00AHCHA
6X00UMb BUPMYATbHAS MOOETIb MOOUIbHO20 poOOmA 6
BUPMYATLHOM OKPYAHCEHUU 0151 MOOENUPOBAHUSL
aneopummos cucmem YRpasieHus ¢ NOMOWbIO
epaguyeckotl cpeowl.

Obpazosamenbhbill HAOOP

0151 usyyeHust
IMHO2OKOMNOHEHMHbIX
pobomomexHuueckux

cucmem U ManunyiAyuOHHblx

pobomos

Obpazosamenvhvlii HADOP 00MHCEH ObIMb NPEOHA3HAYEH
071 U3YYeHUss pOOOMOMEXHUYECKUX MeXHOL02Ul, OCHO8
UHPOPMAYUOHHBIX MEXHOLO2UL U EXHOL02UT
NPOMBIULEHHOU A8MOMAMU3AYUU, A MAKHCE MEXHON02UL
nPOMOMUNUPOBAHUS U AOOUMUBHO20 NPOU3BOOCMEAd. B
cocmae HaOOpPa OONAHCHLL BXOOUMb KOMNJEKMYyowue u
ycmpoticmea, obaadaiowue KOHCMPYKMUGHOL,
annapamuoil u NPOSPAMMHOU COBMECTIUMOCTbIO OpYe C
Opyeom. 1) Komnnexm KOHCMPYKMUBHBIX 31€MEHMO8 U3
\Wemania u niacmuka 0ist cCOOpKu mooeneil
WMaHURYIAYUOHHBIX POOOMOG C Y2080l KUHEMATUKOLL,
niockonapaiienbHol kunemamukotl, Delta-kunemamuxoil.
2) UnmennekmyanoHvlil cepeoMOOYilb ¢ UHMESPUPOBAHHOU
cucmemoti ynpasienus - ne menee 7um. Cepsomooyv
0os1cer 061a0amv UHMeSpUPOBAHHOU CUCTNEMOUL
ynpasnenus, obecneuusaroueli 06PAMHYIO C853b UIU
KOHMPOIb NAPAMEMPO8 - NOIOHCEHUE 8ald, CKOPOCHb
epawenus, Hazpy3Ka npueooa, a makxice obecneyusaouel
603MOXHCHOCIb NOCIE008AMENbHO20 NOOKIIOUEHUS OpYe C
OpY2oM U ynpasieHus: cepeomMoOyasiMu no

nocne006amenbHoMy NOAYOYNIEKCHOMY ACUHXPOHHOMY

6.00
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unmepdgeiicy. 3) Pobomomexnuyeckuii KOHmpoJiep,
npedcmasnarowuli coooll MoOyIbHOE YCMPOUCME0,
srIIOUarOWee 8 cebsi 0OHONIAMHBIN MUKPOKOMNbIOMeD O
BbINOTHEHUS CTIOMHCHBIX BbIYUCTUMENbHBIX ONepayull,
nepugeputinblii KOHmMpoaLep O YRPAGIeHUs GHEUHUMU
yempoticmeamu u niamy pacuupenus Oisi NOOKIIOYeHUs
sHewHux ycmpoticms. Mooynu pobomomexuuueckoz2o
KOHMPOJLIEPa OONIHCHBL 001a0AMb 0OHOBPEMEHHOU
KOHCIPYKMUBHOU, annapamHou U npocpammHou
coemecmumocmuio opye ¢ opyeom. Pobomomexnuueckuti
KOHMPOJLIEP O0NAHCEH YO08IeMBOPANMb MEXHULECKUM
xapaxmepucmuxam. Koi-60 A0ep 6CMpPOEHHO20
WMukpokomnsiomepa - He MeHee 4, makmosas uacmoma
10pa - ne menee 1,2 I'Ty, o6vem O3Y - ne menee 512 Mo,
nanuyue unmepgeiicos - SP1, 12C, 1-wire TTL, UART,
\PWM, yugposvie - e menee 16 wim u ananozosvie nopmoi
- He Menee 8 wim 015t NOOKIIOYUEHUsL 6HEULHUX YCTPOTICING,
ecmpoennbiti Mukpogon, a maxxce WiFi unu Bluetooth ons
KOMMYHUKAYUU CO BHEUUHUMU YCIMPOUCMEAMU.
\Pobomomexnuyeckuti KOHMpPOoaLep 00ANCeH 0becneuusanms
603MOXCHOCHb NPOSPAMMUPOBAHUS C NOMOUBIO CPEOCE
l1301k06 C/C++, Python u c60600H0 pacnpocmpansemoti
cpeowt Arduino IDE, a maxowce ynpasnenus mooenimu
pobomomexnuueckux cucmem ¢ nomowwto cpeosi ROS. 4)
[ [poepammupyemulii KOHMponep - He Menee luim.

[ Ipoepammupyemplii KOHMPOJLIEP OONNHCEH NPEOCMABAMb
CcOO0U BbIYUCTUMENLHBIU MOOYIb, 001A0AI0UUM
yupposvimu nopmamu - e Menee 8 wim u aHaI0208bIMU
nopmamu - ne menee 16 wm, unmepgeticamu UART,
I2C,SPI, TTL, a maxaice mooynem 6ecnpo8ooOHOU 83U
muna Bluetooth unu WiFi ons cozdanus annapamHo-
npoepammusix peutenuii u ""ymuvix/cmapm""-ycmpoiicme
onsa paspabomku pewenuti ""Humepnem gewerr"". 5)

[ Inama pacuwuperus npocpammupyemo20 KOHmpoiiepa —
e menee lwm. Ilnama pacuupenus 00niCHA
0Oecneuugams 8603MONCHOCHb NOOKIIOYeHUs
VHUBEPCATLHO20 8bIHUCIUMETbHO20 MOOYIIS K Cemu
nocpeocmeom unmepgeiica Ethernet. Ilnama pacuupernus
00191CHA 001a0amb NOPMAMU 8600A-8b1600A 051
NOOKIIOUEeHUS. YUPDPOBLIX U AHALO20BbIX YCMPOUCIE — He
wmenee 40 wm, unmepgeiic SPI u 603m0cHOCMbIO
nooKka0ueHus eHewnell kapmol namamu. 6) Mooy
MexHU4ecKo2o 3penust, NPeocmassiowuti coootl
yempoucmeo Ha 6aze 8blUUCIUMENbHO20
MUKDOKOHMPOIEPA U UHME2PUPOBAHHOU KAMEDbI,
0becneuugaroujee pacno3Ha8anue nPoCmeuuux
u306pasiceHull Ha ModyJe 3a cuem coOCMBEHHbIX
BLIUUCTTUMETIHBIX 603MONCHOCMEN - He MeHee wm;
IMoOynb mexHuueckoeo 3perus 00diceH 0becneuugams
603MOANCHOCTD KOMMYHUKAYUU C AHATOSUYHBIMU MOOYISMU
nocpedcmeom wiuHbl Ha 6ase NOCiIe008amMeNbHO20
unmepdeiica c yenvio danvheliutell nepeoai pe3yibmamos
usMepenuil epynnovl MoOyiell Ha Ynpasiaouee
BHIYUCIUMENILHOE YCIMPOUCMB0, NOOKIOYEHHOE K OaHHOU
wiune. Mooyib mexHuuecko2o 3peHust O0IHCeH
06ecneuusamsd B03MOACHOCHb OCYIECBIIAMNb HACMPOUKY
MO0y mexHuuecko2o 3peHus - HACMpPOUKY I9KCHOZUYUU,

bananca 66]1020, UBEMOPA3IHOCMHBIX COCMABIIAIOWUX,
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niowaou ooHapyicugaemotl 0oaacmu U300padxcenus,
OKpYy210Cmu 0OHAPYHCUBAEMOLL 0ONACU U300PAdCEHUS,
noodicenue 0OHAPYICUBAEMBIX 0OIACMEN OMHOCUMETLHO
Opye Opyea. Mooy mexnuuecko2o 3penust O0INHCEH
06ecneuusansd B03MONCHOCHL HACMPOUKU HA
00HOBpemenHoe obuapydicenue ne menee 10 paznuunvix
0OUHOYHBIX 00BEKMO8G 8 cekmope 0030pa, b0 He MeHee 5
coCmagHbix 00bEKMOs, COCMOSWUX U3 He MeHee 3
paznuunvix epapuyeckux npumumueos. Mooy
IMexHUYecK020 3peHust Q0IICeH 001a0ams 6CMpOEeHHbLLMU
unmepgeticamu — USB, UART, 1-wire TTL, I2C, SPI ons
KOMMYHUKAYUU CO BHEUHUMU NOOKTIOYAeMbIMU
vempoucmeamu. 7) B cocmas nabopa 0ondicHbl 6X00ums
yugposuvle UHDOPMAYUOHHO-CEHCOPHBLE MOOYIIU,
npedcmasnsaowue coboll ycmpoicmea Ha base
npoSpamMMupyemozo KOHMpOIIEpa U UsMepuUmeirbHo20
baemenma. Llugposoit modyns donicen obradamo
B6CTNPOEHHBIM MUKPOKOHMPOILEPOM (MAKMOBAS HACMOMA -
e menee 16 MI'y, wuna oannvix — He menee 8 Koaiim),
unmepgeticamu 015 NOOKAIOYEHUS K BHEUHUM
yempoticmeam: yugpogole u ananozosvle nopmel, 1-wire
TTL, pazvem muna RJ. L{ugpposoii modyns dondicen
0Oecneuusams 803MONCHOCMb KOMMYHUKAYUU C
AHATOSUYHBIMU MOOYIISIMU NOCPEOCHBOM WUHbL HA 6a3e
nociedosamenbHo20 unmep@etica ¢ yenvio oanvHeluiel
nepedauu pe3yibmamos usMepeHutl 2pynnol MoOyiel Ha
yIpasisiowee 8blYUCIUmMenIbHOe YCMpOUCmeo,
nookatouennoe Kk 0anHol wune. B cocmas nabopa 00dicHO
6X00Umbs. Yupposol Mooy MAKmMo8ol KHONKU — He MeHee
Swm, yugposoii Moodynv ceemoouoda — He menee Jwim,
Yupposou Modyb KOHYEBO20 NPepbLEAmes — He MeHee
Swm, yughposoii modynv damyuxa ygema — ne menee lwm,
yugposou moodyns RGB ceemoouooa — ne menee luum. 8) B
cocmae HAOOPa O0NAHCHBL BXOOUMDb dNleMeHmbl OJi COOPKU
6AKYYMHO20 3aX6AMA: 6AKYYMHAS NPUCOCKA — He MeHee
[wm, 21eKkmpomacHumubl Kianau — e menee lwm,
6aKyymHulil Hacoc — He menee lwm. 9) B cocmae nabopa
0001CeH 8X00UMb Y4eOHbIl KOMIIEKM, BKIIOYAIOWUTLL 6
cebst yuebnoe nocobue, Habop OUOIUOMEK MPEXMEPHbIX
D1eMenmos 051 NPOMOMuUnUPoOSanUs mooenetl
\MAHURYTSAYUOHHBIX POOOMOS, A MAKI’CE NPOSPAMMHOE
obecneyenue 015 pabomul ¢ habopom. [Ipoepammnoe
0becneuenue 00NICHO 0becneuusams mpexmepHyIo
6U3YAIUZAYUIO MOOEIU MAHURYISYUOHHO20 poboma (¢
V210601, NIOCKORAPAIENbHOU U 0ebMa-KUHEMAMUKOLL) 6
npoyecce pabomvi, 0becnevusams nOCMpoeHue
NPOCMPAHCMBEHHOU MPAEKMOPUU OBUNCEHUS
UCHOTHUMENBbHO20 MEXAHUIMA MAHUNYISAYUOHHO20 POOOmA,
603MONCHOCTID 3A0AHUSL ROCIEO0BAMENbHOCIIU MOYEK Qs
NPOXOANCOEHUSL Yepe3 HUX UCHOTHUMETbHO20 MEXAHUSMA
Wmanunyasiyuonnozo poboma. I[lpoepammnoe obecneuenue
0012HCHO PYHKYUOHUPOBAMD, KAK 8 OMOETbHOCMU 8 8Ude
Cpedbl MOOETUPOBAHUSL, MAK U 6 PENCUME MOHUMOPUHEA 8
peanvbHom epemenu npu NOOKIIOYEeHUU MOOeIU
WManunyIsImopa nocpeocmeom pobomomexHuyecKo2o
Konmpoanepa. Ilpoepammnoe obecneyenue 00IHCHO
0becneuusamy 803MONCHOCMb NOCMPOEHUsL 2PAPUKO8

BaOaHHbIX U MEeKyuux 0000UeHHBIX KOOPOUHAM
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n/n| odopynosanus (PBIIO) (PBIIO) H3MepeHust
MAHURYISYUOHHO20 poboma, 2paghuKos 3HaYeHul
ckopocmetl U YCKOpeHUsl, 2paghuKko8 pacHemuvlx 3Ha4eHul
Hazpysku. TIpoepammnoe obecneuenue OOaHCHO NO36OISMb
Badasamsv nocied08amenbHOCHb NePedsUINCEHUL
WMaHunyistmopa nocpeocmeom Habopa KOMaHo 6 OIOUHO-
epaguueckom unmepeiice. Yuebrnoe nocobue 001x#CHO
codepoicams Mamepuasl no paspabomke mpexmepHbix
modeneli MOOUTLHBIX POOOMOE, MAHUNYTIAYUOHHBIX
pPobOMOG ¢ pasIuUHbLLIMU MUNAMU KUHEMATUKY (Ye08ds.
KuneMamuxa, ni0CKO-napaileibHas KUHeMAmuKa, 0eibma-
kunemamuxa, SCARA unu pvluadichas KuHemMamuxa,
nramgopma Cmioapma u m.n.), UHCMPYKYUU no
npOeKmMUpoBaAnUI0 pOOOMOS, UHCIPYKYUL U MEMOOUKU
OCYUecmeieHUs. UHIICEHEPHBIX PACYemO8 npu
npoexmuposanul (pacuenvl HA2py3Ku U MOMEHMO8,
pacuem mMowgHOCmMU PUBOO08, PACHem NAPAMEMPOs
KUHEMAMUKU U M.N.), UHCMPYKYUY no pazpabomke cucmem
VIpasieHus u npoepammno2o obecneyenusi OJis ynpagieHus
pobomamu, uHCMpPYKYuu U MemooOuKu no paspabomke
cucmem ynpaeienus ¢ S1eMeHmamu UCKYCCMEEHHO20
unmenekma u MauuUHHO20 00YYeHUsL.

IKosinuecTBO

=

[Habop oonoicen 6bime npedHasHayeH 0 NPo8eoeHUs
VUeOHBIX 3aHAMULL RO USVUEHUI) OCHO8 MEXAMPOHUKU U
pobomomexuuku, npaKkmuyecko2o NPUMeHeHUus 6a306bIx
BIeMEHMO8 INeKMPOHUKYU U CXEMOMEXHUKU, 4 MAKHCe
Hauboaee pacnpoCmpanerHol 3neMeHmHoU 6azvl u
OCHOBHBIX MEXHUYECKUX PeeHUll, NPUMEHAEMbIX npu
NpOEKMupOSanuy U NPOMOMUNUPOBAHUU PASTUUHBIX
UHIHCEHEPHBIX, KUDEPHEMUYECKUX U BCIMPAUBAEMBIX
cucmem. B cocmas nabopa 00n1iCHbL 6X00Uums
KoMneKmylowue u ycmpoucmaa, ooaadaoujue
KOHCIPYKMUBHOU, dNIeKMPUYECKOol, annapamHoul u
npocpaMMHOU coeMecmumMocmyio opye ¢ opyeom. B cocmag
Habopa 0o1%cer 6X00UMb KOMIIAEKM KOHCIPYKIMUBHBIX
bremenmos uz memaina 015 cOOpKU MaKema
\MarunyaayuonHo20 poboma u KOMNJIeKn MemaiiuieckKux
KOHCIMPYKMUBHBIX 2NEMEHMO08 015t COOPKU MaKema
ObpaszoeamenvHulii HAOOP no mModurLHO20 poboma. B cocmas nabopa 001#cHbL 6X00UMb

baeKxmpoHuKe, npUEOOa PA3IUiHO20 MUNA: MOMOPbL ¢ UHMEZPUPOBAHHBIM

bexkmpomexanuxe u WU BHEWHUM OAMYUKOM NOLONCEHUsL — He MeHee 2um, wm 6.00
WMukponpoyeccopHou cepgonpusoo 601bUoN — He MeHee 4uim, cep8onpueoo

mexnuke Wmaneiti — ne menee 2uim, npueoo ¢ 603MONCHOCbIO

ynpaeneHus 8 uiazo8om pexcume — e menee 2uim. B
cocmas Habopa OONANCHBL BXOOUMDb dNeMeHMbL O/ COOPKU
6AKYYMHO20 3aX8aMa: 6AKYYMHAS NPUCOCKA — He MeHee
[wm, 21eKkmpomasHumubl Kianau — e menee lwm,
6aKyyMHblil Hacoc — He menee lwm. B cocmas nabopa
00121CHA 6X00UMb dNleMenmHasn baza o
npOMOMUNUPOBaHUs. Niama oas OecnaeyHo2o
NPOMOMURUPOBAHUS, KOMILEKM NPOBOO08 PAZTUYHOSO
muna u ONUHbl, KOMNIEKIM Pe3UCMOopos, KOMNIEKm
c6emoouU0008, cemucecMenmHulil UHOUKAmop, Oucniell
VKK-muna, knonku — ne menee 5uim, nomeHyuomempul — He|
Wmenee 3um, ungpaxkpacuwlii oamuux - He Menee Juim,
VIbMPA38yKO60U 0aMYUK - He MeHee Juim, 0amyux
memnepamypul - He MeHee lum, OamyuK 0ceeweHHOCmu -
e menee luim, modyne Bluetooth — ne menee lwim, Mooy
\UK-npuemnurxa — ne menee lwm, mooyno UK-
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nepedamuuxa 6 uoe KHONOYHO20 NYIbMA YNPAasieHus —
Lwim, akkymynsamop — ne meree lwim, 3apsionoe
yempoticmeo — ne menee luim. B cocmas Habopa 0ondicen
6X00UMb MYTbMUOAMYUK OJI1 USMEPEHUs MEeMRepamypul u
eradCHOCMU OKpYJHcaroweti cpedvl — He menee 1uim.
Mynemudamuux 002cer 0061a0ams 6CMpoOeHHbIM
WMuKpoKoumpoanepom (maxmoeas wacmoma - ne menee 16
My, wuna oannvix — He menee 8 Kbatim), unmepgeticamu
07151 NOOKTIOUEHUSL K GHEUHUM YCMPOUcmeam: yughposvie u
ananozosvie nopmet, 1-wire TTL, pazvem muna RJ. B
cocmae HAOOpa 00XHCeH BX0OUMb KOMNAEKM
VHUBEPCANbHBIX 8bIYUCTUMENTbHBIX MOOY e,
npeocmasiawux coboll 6a3o08yro niamy, niamy
pacuiuperus 01 cemesoeo 63auUMO0elCmsus u niamy
NOOKIIOUeHUs CUNOBO1 Hacpy3Ku. Bxooawue 6 komniexm
ycmpoticmea 0012chbl 001a0ams 00HO8PEMeHHOU
KOHCIPYKMUBHOU, dNIeKMPUYECKOlU, annapamHoul u
NpOSPaAMMHOLL COBMECMUMOCIbIO Opye ¢ Opyeom. baszosas
NAAMaA YHUBEPCANLHO20 GbIYUCTUMENbHO20 MOV OONICHA
npedcmasnams coO0U NPocpPaMMUpPyeMulil KOHMPOJLIED 8
cpede Arduino IDE unu ananocuunvlx c60600HO
pacnpocmparsemuix cpedax paspabomku. bazosas niama
QoadicHa 001adams 8CmpoeHubIMU uHmep@eticamu O
NOOKIIOYeHUS YUPPOBBIX U AHANO208bIX YCIPOLCMS,
ecmpoennvimu unmepgevcamu USB, UART, 12C, SPI, 1-
wire TTL, Bluetooth, WiFi. IInama pacuwupernus 001#CHA
06ecneuusamsd 803MONCHOCHb NOOKIIOYEHUS
VHUBEPCANbHO20 GLIMUCTUMENLHO20 MOOYIIS K Cemu
nocpeocmeom unmepgpetica Ethernet. Ilnama pacuwupenus
00191CHA 001a0amb NOPMAMU 8600A-8b1600A 051
NOOKIIOYeHUS. YUPDPOBBIX U AHALO20BbIX YCMPOUCMS,
unmepgetic SPI u 603M00CHOCMbIO NOOKIIOYEHUS GHEUHEl
Kapmoel namamu. Iliama pacuuperus 015 NOOKIIOYEHUs
CUI080U HAZPY3KU OOJNINCHA 00eCneyu8amb 603MONCHOCHD
NpPAMO20 ROOKIHOUEHUS. 6HEWHell CUNOBOU HAZPY3KU, d
maxoice pe2ynupyemotil Hazpy3sku nocpeocmeom PWM
unmepgeiica. B cocmae nabopa dondicen exooumo
npozpammupyemviti KOHMpoiep, 0becneuusarouull
603MOICHOCTL OCYWeCMEISING PA3PAOOMKY
NPOSPaAMMHO20 KOOA, UCNONb3YSL UHCIPYMEHMApUti cpeo
paspabomru Arduino IDE u Mongoose OS u s1361k08
npocpammuposanus C\C++, JavaScript.

[ Ipoepammupyemulii KOHMpoJIep 00dHCeH 0OaAAd0amb
nopmamu 0/ NOOKIHOUEHUSI YUPDPOBLIX U AHALO20BbIX
yempoucme, 6CmpoeHHbIMU NPOSPAMMUDYEMbIMU
KHONKAMU U 9NEKMPOMEXAHULECKUMU MOOYIAMU OJisL
OpeaHuzayUU CUCEMbl PYUHOSO YINPAGIEHUS,
6CIMPOEHHBIMU NPOSDAMMUPYEMBIMU CEEMOOUOOAMU OISl
UHOUKAYUY PabOUe20 pedcuMa, 6CIMpPOeHHbIMU
unmepgpeticamu USB, USART, 12C, SPI, 1-wire TTL, ISP,
[Ethernet, Bluetooth, WiFi. B cocmas nabopa donicen
6X00UNb MOOYIb MEXHUYECKO20 3PEHUsL ,
npedcmasasiowull coO0U 8bIMUCIUMENLHOE YCIMPOUCBO CO
6CTNPOEHHBIM MUKPONPOYECCOPOM (KON-60 510€p - He MeHee
dwm, yacmoma sopa ne menee 1.2 I'Ty, o6vem O3Y - ne
Wmenee 512M6, 06vem 6cmpoerHol namsamu - He MeHee
810), unmezpupo8aHHoll KAMEPOU (MAKCUMATbHOE

aspeuleHue 6”0601’[011101(‘61, nepe()aeae/woeo no
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unmepgeticy USB - ne menee 2592x1944 eo.) u
onmuueckoti cucmemou. MoOynb mexnuuecko2o 3penus
dooiceH 061a0ams CO8BMeCMUMOCIBIO C PA3TUYHBIMU
NpocpaAMMUpPYEeMbIMU KOHMPOIAEPAMU C NOMOUBIO
unmepgeiicos - 1-wire TTL, UART, I12C, SPI, Ethernet.
Modyns mexnuueckoeo 3penus 00dceH 0becneyusams
GLINONHEHUE BCEX USMEPEHUI U 8bIYUCTIEHUL] HOCPEOCINBOM
COOCMBENHBIX BLINUCTUMETLHBIX B03MONACHOCET
scmpoennoco mukponpoyeccopd. Mooyib mexuuueckozo
BpeHuss 0odcer 061a0ams 803MOMCHOCMBIO
KOMMYHUKAYUY C GHATIOSUYHBIMU MOOYIAMU HOCPEOCMBOM
WwiuHbL Ha Oaze NoCc1e008amMenbHO20 uHmepdghelica ¢ yeuvio
Oanvhetiuweli nepedaiu pe3yibmamos UsmepeHuti 2pynnel
\Wmodynel na ynpasnaouee GblUCIUmenbHoe YCMpoCcmao,
nooKIUeHHoe K OanHoul wune. Modynb mexHuuecko2o
Bpenus 00ndIceH 0Decneyusams HacCMpoOUKU PelNCUMO8
pabomul - HacmMpouKy 3Kcno3uyuu, baianca 6enoeo,
YY6emMOPAZHOCMHBIX COCMABIIAIOWUX, NIOWAOU
0OHapyrcUsaeMoll 0bracmu u300padlceHust, OKpy2iocmu
0OHapyHCUBaEMOl 00AACMU UZ00PAdCEHUS], NOJIONCEHUE
0OHapydcugaemvlx obracmet OMHOCUMENbHO Opye Opyad,
\WMawunnoe 06yuenue napamempos HeupoHHbIX cemet OJisl
0OHapyceHUs 00vbeKmos, popmy u 3aK00UpO8aHHbIE
BHAUEHUs 0OHAPYIHCUBAEMBIX MAPKePO8 muna Aruco,
pasmepvl 0OHAPYICUBAEMBIX OKPYIHCHOCHEN, KBAOPAMO8 U
mpey2onbHUKO8, NapamMempo8 KOHMPACMHOCMU, PA3MepPO8,
KpUGU3HbL U NONIOJCEHUsI pAcno3Hagaemulx aunutl. Habop
00121Ccer 0becnevu8ams 603MONCHOCb PA3PAOOMKY
Wmodenu mobunvrozo poboma, ynpasisemou 6 FPV-
peaicume nocpedcmeom npoepammno2o obecneyenus s
NepcoHanIbHO20 KOMNBbIOMEPA U MOOULLHBIX YCIMPOLICE HA
6aze OC Android unu 10S, obecneuusaiouie2o
BO3MOICHOCTG YNPAGLEHUS MOOUILHBIM POOOMOM U
BCTNPOECHHBIM MAHUNYIAMOPOM HOCPEOCMEOM
epaguyeckoeo unmepdbetica, sknouarOwumM 8 cebs Habop
KHONOK U nepexoyameneil, O’CoUCmuK, obaacmy 0714
omobpascenus guoeo. Habop dondicen obecneuusamo
BO3MOJICHOCTG U3YYEHUS OCHO8 PA3PAOOMKU NPOSPAMMHBIX
U ANNApamHbIX KOMNIEKCO8 UHICEHEPHBIX CUCTHEM,
pewenuti 6 cghepe ""Unmepnem sewgen"", a maxoice
pewenuii 6 obracmu pobOMoOmMexHUKU, UCKYCCMBEHHO20
unmennekma u MawunHo20 odyuenus. B cocmas nabopa
00HCHO 8X00UMB NOCOOUE NO U3YUEHUIO OCHO8
DIEKMPOHUKY U CXEMOMEXHUKU, peuleHUll 8 cihepe
""Unmepuem sewei"", paspabomku u
NPOMOMURUPOBanuI0 mooeieti pobomos. B cocmae nabopa
00ICHO 6X00UMb NOCOOUE NO U3YHEHUIO OCHO8
paspabomxu cucmem mexHuuecko2o 3penus U 21eMeHmos
UCKYCCMBEHHO20 UHMEeNIeKma.

Obpaszosamenvublii HAOOP NO
\Mexanuke, MexampoHuke u
pobomomexnuxe

Obpaszosamenvbhbiil HAOOP 0IICEH DblMb NPEOHA3HAYEH
07151 U3YUEHUsL MEXAHUKU, MEXAMPOHUKU U POOOTMOMEXHUKUL.
Obpaszosamenvhblil HAOOP NPeOHA3HaAYeH OJisl pa3pabdoOmKu
NpOSPaAMMUPYEMBIX MOOELE MEXAMPOHHBIX CUCEM U
MOOUILHBIX POOOMOE, OCHAWEHHBIX PA3TUYHBIMU
MAHURYISAYUOHHBIMU U 3AX6AMHBIMU YCMpoucmeamu. B
cocmag HabOpPa 00IAHCHO 8XOOUMb: KOMNIIEKM
KOHCTNPYKMUBHBIX 2IEMEHINO08 U3 MEMAld, KOMNIEeKm

ernéDfCHblx IJIEMEHN OB, KOMNJIEKM o5t C60pKLI

3.00
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BaxeamHozo ycmpoiicmea — He menee 1 wm., Koneca ¢
npope3uHeHHbIM 00000M — He MeHee 2 wim., Koaeca
BCEHANDABNIEHHO20 OBUNCEHUSA -He MeHee 2 WM., NPUEOO
NOCMOAHHO20 MOKA C UHMeSPUPOSAHHOU CUCIEMOU
ynpasienust, obecneuugaiowel 0opamuyio cesise
NON0JICEHUI0, CKOPOCMU U HASpY3Ke - He MeHee 4 wm.,
OamuuK TuHUY - He MeHee 3 wm., OamyYuUK pacCmosHus — He
\menee 1 wm., akkymynsamopnas 6amapes — He menee 1
wim., 3apsionoe ycmpoiicmeo — He menee 1 wm. B cocmag
HabOpa 00HCeH 6X00UMb NPOZPAMMUDYeMbILL KOHMPOLED,
0becnequsarouull 603MONCHOCHb OCYUeCMBIANMb
paspabomky npoepamMmHo2o Kood, UCNnoab3ys
uncmpymenmapuii cped paspabomxu Arduino IDE.

[ Ipoepammupyembiii KOHmMPOLIEP O0ANHCEH 0becneyusanms
annapamuyro u npocpamMMHYIO COBMECHUMOCIb C
bremenmuol 6asou, 6xoosuel 8 cocmas Habopa.

[ Ipoepammupyemulii KOHMPOIEP OONACEH COOEPIAHCAMD
credyiowue unmepeticel: yughposvie u aHAIO208bLe
nopmot — ne menee 50wm, USB, USART, 12C, SPI, ISP,
Bluetooth, WiFi. [Ipoepammupyemviii KOHMpoiEp O0JIHCeH
codepacams unmepghetic (011 NOOKIOUeHUs NPUBo008 u
damuuxos pobomomexHu4ecko2o Habopa), peanru308aHHbIl
Ha O6ase wunbl RS-485 — ne menee 12wm.

[ Ipoepammupyemblii KOHMPOJLIED OOINHCEH COOEPIHCAMb
CUI080U NOPM 07151 NOOKIIOYEHUsL 6HeWHell HA2PY3KU ULU
lmomopoe — ne menee 2uum. B cocmae nabopa dondxcen
6X00UNb MOOYIb MEXHUYECKO20 3PeHUst — He MeHee [uim.
Modynb mexnuuecko2o 3penus 00dCeH 0becneyusams
603MOANCHOCTD KOMMYHUKAYUU C AHATOSUYHBIMU MOOYISAMU
nocpedcmeom wiuHbl Ha 6ase NoCciIe008ameNbHO20
unmepgeiica ¢ yeuvio Oanvbhelutell nepeoayu pe3yibmanmos
usMepenuli epynnsvt MoOyaell Ha Ynpassouee
BLIUUCIUMENIbHOE YCMPOLUCMB0, NOOKIIOYEHHOE K OAHHOU
wiune. Mooy mexHuuecko2o 3perust Q0NHCeH
0Oecneuugams 8603MONCHOCHb OCYWECMBIANb HACMPOUKY
MO0V MEeXHUUeCKo20 3peHUs - HACMPOUKY dKCNO3UYUL,
bananca 6enoeo, Yy8emopasHOCMHbBIX COCMABIAIOWUX,
niowadu ooHapydicusaemor obaacmu u306padicerus,
OKpYy2nocmu 0OHapyHcUeaemMotl 0bacmu u300padcenus,
nonoxcenue ooHapyxcusaemvix obnacmeri OMHOCUMENLHO
Opye Opyea. Mooy mexHuuecko2o 3penus 00IHCeH
0becneuusams 803MONCHOCHb HACMPOUKU HA
00HoBpemennoe obnapydicenue ne menee 10 paznuunvix
0OUHOUHBIX 0OBEKMOG 8 ceKmope 0030pa, b0 He MeHee 5
CcOCmMAagHbIX 00BEKMO8, COCOSWUX U3 He MeHee 3
paznuynbix epaguueckux npumumusos. Mooyie
MexHUYecKo20 3peHust 00dCeH 001adams 6CMpPOEHHbLMU
unmepgeticamu — USB, UART, 1-wire TTL, I2C, SPI ons
KOMMYHUKAYUU CO BHEUWHUMU NOOKTIOYACMbIMU
ycmpoticmeamu.

OOpaszosamenvhblil HAOOP Q0dCEH DbIMb NPEOHAZHAYEH
07151 U3YUEHUsL OCHOB PA3PABOMKU NPOSPAMMUPYEMBIX
moodenell agmoHOMHBIX MOOUTLHBLIX pOOOMO8. B cocmas
Habopa OONJICHO 6X00UNb. KOMNJIEKM KOHCMPYKIMUGHIX 8.00
beMenmos U3 NIAcCmuKa, UHCmpymeHnm 071 pabomwl ¢ '
KDenejCHbIMU KOMINOHEHMAMU, CEPEONPUBOD C ECMPOECHHO
cucmeMmot ynpasienust, obecnequsaoweti 00pamuyio cessb
NONI0JICENUI0, CKOPOCMU U Ha2pY3Ke - He MeHee 4 wm.,

Obpaszosamenviblil
KOHCIMPYKIMOpP ¢
KOMNJIEKMOM OamyuKo8
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ny1em ynpagnenus — He meHee luim, damuux Kacanus — He
Wmenee 1 wm., damuux yeema — ne menee lwm, damuux
MaKmMuiIbHO-CEHCOPHDBIIL CO C8eMOOUOOHBIM MOOYIeM — He
\menee 1 wim., kamepa ¢ 603MOACHOCHIBIO OOHOBDEMEHHOZO
onpeodenenus HeCKObKUX YBemos — He meHee 1 wm.,
axkymynamopuas bamapes — ne menee 1 wm. B cocmag
Habopa 001CceH 6X00UMb pOOOMOMEXHUYECKUL
Konmponep — He menee lwm. Pobomomexnuueckuil
KOHmpOLLep 00adHCeH 001A0amb 6CMPOEHHBIM YEENHbIM
VKK 5Kpanom u 8cmpoeHHbIM UHePYUOHHBIM OAMYUKOM.
\PobomomexHuueckuti KOHMpoiep 00HCeH UMeMb He
lmernee 12 nopmos 0151 NOOKIOUEHUs BHEUHUX YCIPOLCTNE U
nopm 014 yCmaHos8Ku kapmul namamu. B cocmas nabopa
00IHCEH 8X0OUMb NPOSPAMMUPYEMbLLL KOHMPOILIEp — He
wenee 1 wm. Ilpoepammupyemviii KOHMPOLLEP O0IHCEH
npedcmaesnams coOOU ycmpolicmeo, obecneuugaroujee
603MOJICHOCTL OCYWEeCMEISING PA3PAOOMKY
NpOSPAMMHO20 KOOA, UCHONIL3YS UHCIMPYMEHMAapull cpeo
paspabomxu Arduino IDE. [Ipoepammupyemoiil
KOHmMPOLTIEp 00NAHCEH 0DeCcneuusams annapammuyio u
NPOSPAMMHYIO COBMECMUMOCTb C JIleMEeHMHOLL 6301,
exo0awell 8 cocmag nabopa. [lpoepammupyemviii
KOHMPOJLIEp 00NAHCEH cO0epAcamyb credyroujue
unmepgelicol: yupposvie u AHALIO0208ble NOPMbL — HEe MeHee
50wm, USB, USART, 12C, SPI, ISP, Bluetooth, WiFi.

[ Ipoepammupyemblii KOHMPOJLIED OOIHCEH COOEPIHCAMb
unmepgeiic 015 NOOKIOYEHUsL NPUBOO08 U OAMUUKOS
pobomomexnuueckoeo nabopa— ne mernee 12 wm.

HaumenoBanue nanpasJiienusi: '"Texnonozuueckas nanpasinennocmo. bUO"

HanmeHoBaHue pa3aena:
1 ["TexHomoruyeckas
HanpasieHHocTs. B1O"

[ Ipeonasnauen ons onpeoenreHus ONMUYECKol NIOMHOCMU,
Cnexmpoghomomemp KO3 huyLUeHmos nponycKanusi U KOHYeHmMpayuu wm 1.00
A3HO0OPAZHBIX PACMBOPOS

[ Ipeonasnauenvl 011 MOUHBIX USMEPEHULL MACCL,
Unanumuueckue 6ecvl n0360.110M KOHMPOAUPOBAMb USMEHEHUS MACCHI C wm 1.00
mounocmoto 0,1 me.

B cocmas éxooam: Cencop Tun 1 ne menee 1 wm.,
0becneuugaem 603MONCHOCHb PE2UCMPAYUY CUCHALA
DIeKmpuYecKol aKMUEHOCIU Mbluy (IAEKMPOMUOSDAMMDL,
OMT). Pecucmpayus 001dcHa ocyuyecmsisemcs
HeuHBA3UBHO, CYXUMU dNeKmpooamu. Bosmosxcnocmoio
KpenjieHus K pyKe uesogexd, Ymo O00IHCHO 0a8amb
B03MOXCHOCIb Pe2UCMPUPOBAMb INEKMPUUECKVIO
axmueHoCmu Muluybl 8 00IACU, HAO0 KOMOPOU
pacnonacaemcs kpennenue. Ilpu Hanpasxcenuy Muluiybl
00194CHA ObIMb 0becneyeHa 803MOHCHOCHb HADIIOOEeHUS
nyunocmu cuenana (m.e. npucymcemeue SMI), npu
paccnabnenuu moiuysl - ee omcymemsue. Cerncop Tun 2 ne
Wenee 1 wm., obecneuugaem 603MONCHOCHb Pe2UCMPayUU
cuenana pomonnremuzmozpammol (OIII) onmuyeckum
nymem, 3a cuem usMeHeHUs: OMPANCEHHO20 OMm
KDOBEHOCHBIX COCYO08 c8ema, 00vbeM KOMOPbIX
usMeHnsiemcs noo 8030eticmauem nyibcogol oaHvl. Cencop
OondtceH Oblmb 0becneuer 803MOHCHOCIbIO KPenjieHus K
noodyueuxe nanvya wenogexa. Cencop Tun 3 ne menee 1
wim., obecneuugaem 803MONCHOCb: Pe2UCMPAYUU CUSHANA

Yuebno-uccneoosamenscras
\tabopamopus dbuocueHanos u
Helipomexnono2uil

wm 15.00
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baexkmpoxapouozpammsl (OKI) ne unsasusnoim cnocooom,
pecucmpayuu I, I u II] omeedenuii; nookmouenus
91eKMpPO008 K CeHCOPY € NOMOUBIO COCOUHUMETbHBIX
npo60008, obopydosannvix TouchProof pazvemamu.
Cencop Tun 4 ne menee 1 wm. obecneuusaem
BO3MOJICHOCTD. PESUCTIPAYUU CUSHALA KOJICHO-
eanveanuyeckoii peakyuu (KI'P), pecucmpayus xomopozo
ocywecmenaemcs Ha NOCMOSAHHOM MoKe; NOOKIIOYEHUs K
meny uenoeeKa ¢ NOMOWbIO CYXUX 2NeKMpPooos,
NOOKIIOUeHUe KOMOPLIX K CEHCOPY OCYWeCEIAemcs C
nomowvio TouchProof pazvemos. Cencop Tun 5 ne menee 1
wim., obecneuugaem 803MONCHOCb: Pe2UCMPAYUY CUSHANA
barekmpuyeckotl akmusHocmu mosza (I3I) ¢ nomouyvio
CYXUX HEUHBA3UBHLIX INEKMPOO08,; pecucmpayuu
DIeKMpUYecKol aKMUBHOCU PA3HBIX 0Iell MO32d,
HOOKIIOYEHUSL INEKMPOOOE K CEHCOPY C HOMOWbIO
coeQunumenvbHblx npoeooos, obopyoosarnuvix TouchProof
pazvemamu; 3axpennienust 1eKkmpooos Ha NOBEPXHOCMU
conoewt. Cencop Tun 6 ne menee 1 wm., obecneuusaem
B03MOJICHOCTb. PE2UCTNPAYUU CUSHALA KOAeOAHUS 2PYOHOU
kiemxu (Cencop Ovixauus), onpeoenienus 4acmomul
Ovixanus. Yempoiicmeo 05 coopa OAHHBIX OM CEHCOPO8 U
nepedayu Ha NepCoOHAIbHYIL KoMNblomep obecnedugaenm
603MOXHCHOCIb COOPA OAHHBIX OM NOOKIIOUEHHBIX K HeMY
ceHcopo8 u omnpasxKy noayueHusvlx 0annvix Ha I1K.
ITooxkarouenue yenmpanono2o mooyis k IIK ¢ nomowwro
USB-kabens. L{enmpanvuoiii Mooyie umeem ne meree |
wm, : eanveanuyeckyio usoasyuio om K. Llenmpanvuvi
Wooynb obecneuusaem 03MOHCHOCMb OOHOBPEMEHHO20
nooKa0UeHUs 6N10Mb 00 4 cencopos. Kasicowlii u3 6x0006
[ [enmpanbHo2o MOOYA umMeem 2anb8aAHUYECKYI0 U30NAYUIO
(0becneuenue MeNCKAHANLHOU 2aNbBAHUYECKOU U30AYUU).
looxknrouenue cencopos k Llenmpanvromy mooynio
0CYUeCmenaemcs ¢ NOMOWbI0 CHeYUATUIUPOBAHHBIX
pazvemos muna LEMO, obecneuusarowux npaguibHocms
NOOKTIIOUEHUS PA3beMA U CHUNCAIOWUX PUCK CTLYHAUHO20
KACaHus pazvemos MmoKOnPo8oOsSWUX Yacmetl, d Maxice
0becneuusarOwux 3auumy On HeCaHKYUOHUPOBAHHO2O
nOOKII0UEHUs. K NPOU3BOIbHBIM Ycmpolcmeam. Mooy
«Knonka» ne menee 1 wim., obecneyusaem 603MONCHOCb!
pazmemxu pecucmpupyemuvix CUsHAI08 U OMMEYamb He
lmenee 3-X pasnudnbiX Kame2opuu COCMOSHUL.
Yempoticmeo, éxooswee 6 cocmas rabopamopuu, O0ANCHO
0Oecneuugams 603MONCHOCMb PE2UCPAYUU
apmepuanrbHo20 0aBNIeHUs.

HaumenoBanue Hanpasiienusi: ""Komnovromepnoe u npezenmayuonnoe ooopyoosanue’’

HaunmenoBanue pasnena:
"KomnerorepHoe u
Mpe3eHTallMOHHOE
obopynoBanue"

\HUnmepaxmugnvlil KOMIIEKC C BbIYUCTUMENbHBIM OIOKOM U
WMOOUTLHBIM KpenieHUueM 00ICEeH COOMEEMCNE08aAMb
credyrowum mexunuieckum mpebosanuam: Pasmep
Ouaconanu: ne menee 74 owiimos, Paspeuwienue sxkpana no
eopusonmanu. ne menee 3000 nuxcenei: Pazpewenue
brxpana no eepmuxanu: ne menee 2100 nuxceneii,
IToooepoicka paspewenus 3840x2 160 nuxceneil (npu 60
'y): 0a, Hanuuue 6cmpoeHnol aKkyCmuyeckol Cucmembl.

HHmepaKmuenblﬁ Komnjekc
C 8bLuUCTUMENbHBIM OIOKOM
U MOOUNBHBIM KpenjieHuem

wm 1.00
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oa; Konuuecmeo mouex kacanus: ne menee 20; Bvicoma
CPabamvl8anusl CEHCOPa oM NOBEPXHOCMU IKPAHA: He
bonee 3 muniumempos, Bpems ominuka cencopa Kacamusi:
He bonee 10 munnucexyno;, Bempoennvle ¢hynkyuu
pacnosnasanust 06vekmos kacanus: oa; Konuvecmeo
1000epIHCUBAEMBIX CIUTYCO8 OOHOBPEMEHHO: He MeHee 2;
\Bozmoarcnocms nookuiouenus k cemu Ethernet nposoonvim
cnocobom: 0a, Bozmooicnocms nooxaouenus Kk cemu
[Ethernet 6ecnposoonvim cnocobom (Wi-Fi): oa;
\BO3MOIICHOCHIb UCHONB3068AHUS TAOOHU 6 KAYecmee
uncmpymenma cmupanust: oa; Hanuuue
UHMESPUPOBAHHO20 OAMYUKA OCEEUCHHOCMU OIS
a8mMoMamu4ecKkol KOppeKyuu Sprocmu noOCemKu: 0d;
Hanuuue ghyHkyuu 6ecnpo8ooHou nepedauu u300paxicenus
c ycmpoticms Ha baze OC Windows: oa; Haruuue ¢pynxyuu
6ecnpo8oOHOl nepedauu u306padicenus ¢ yCmpoucme Ha
6aze OC MacOS: oa; Haruuue ¢ynxyuu 6ecnposooHoi
nepedayu uzobpasicenus ¢ yempoucms va 6ase OC iOS:
0a; Hanuuue ¢hynxyuu 6ecnpoeoornoti nepedauu
usobpasicenust ¢ ycmpoticme nHa 6aze OC Android: oa;
1BO3MOINCHOCHb YOANEHHO20 YNPAGLEHUS U MOHUMOPUH2A.:
0a, Hanuuue kpennenus ¢ komniexme: oa, Hamuuue cnoma
Ha Kopnyce 07 YCMAaHO8KU OONOJIHUMENbHO20
bluUCIUMENbHO20 O10Ka: 0a; MaxkcumanbHblil
nodoeparcugaemviil 00vbeM ONePaAMUBHOU NAMAMU
00NOHUMENLHO2O BLIYUCTUMENLHO20 O0KA: He MeHee 8
6, Makxcumanvhwiil noodeparcusaemvlil 00vem
Haxonumeisi OONOJHUMENIbHO20 GLIMUCIUMENbHO20 DIOKA:
ne mernee 128 I'6; Pa3zvem 015 noOKIOYEHUs
00NOHUMENLHO2O BLIYUCTUMENHO20 OLOKA C
KOHMAKMAaMu 21eKMpoOnUmanusi GbIMUCTUMENbHO20 OI0KA
0m 8CMPOEHH020 OIOKA NUMAHUSL UHMEPAKMUBHO20
KOMAIEKCa U KOHMAaKmamu 0isi NOOKIOYeHUs YUPBpoeozo
suoeocuenanra u USB 0na nooknrouenus cencopa kacanus.
Hanuyue, [Ipoussooumensrnocms npoyeccopa
OONOTHUMENBHO20 BLIYUCIUMENbHO20 DIIOKA (3HAYEHUe
nokasamenst « CPU Marky» no mecmy «Desktop CPU
\Perfomance» https://www.cpubenchmark.net/desktop.html
unu no mecmy «Laptop & Portable CPU Performancey
hitps://www.cpubenchmark.net/laptop.html).: ne menee
7000 eounuy, Paspewenue na 8vixode gudeoadanmepa
BbLIUUCIUMENLHO20 OI0KA NPpU pabome ¢ UHMePaAKMUGHbIM
Komniexcom: ne menee 3840 x 2160 nuxceneti npu 60 I'y;
Hanuuue y 0onoaHumenbHo20 blHUCIUMENbHO20 OIOKA
0ecnpoeoonozo mooyas Wi-Fi ne nuxce 802.11a/b/g/n/ac;
Maxcumansulil yposens uiyma npu pabome
00NOIHUMENLHO20 8LIYUCIUMENbHO20 Ol0Ka: He bonee 30
0bA; Hanuuue 6 komniekme MOOUIbHO2O MEMALIULECKO2O
KpenJieHust, 06ecneuusae2o 603MONCHOCHbL HANOIbHOU
VCmaHno6Ku UHMepaKmueHo20 KOMIAEKCA, ¢ NEPEOBUINCHOL
KoecHOU 6A30U U BO3MOICHOCTNBIO huKcayuu Koec 0
UCKTIOUEHUST HEPOU3BOTILHO20 OBUICEHUSL,

I Ipedycmanoenenas onepayuoHHas, CUCmemd ¢
epagurecKum noab308amenbCKuM unmepgheticom,
0becneuugaiowas pabomy pacnpocmpaHeHHbIX
06pazo6amenbHbIX U 00UeCUCHEMHBIX RPUTLONHCEHUN:
Hanuyue, QynKyus epaguuecko2o KOMMEeHMUPOBaHUs.

11oeepx npou3BoJabHOcO u3o6pa9fceHu}z, 6 MOM ducie om
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pusuuecku NOOKIIOUEHHO20 UCOYHUKA BUOEOCUSHANA:
Hanuyue; MnmezpuposanHulil 8 NOIb308aMENbCKUL
unmepdgelic pyHKyuoran npocmompa u pabomei ¢
Gatinamu ochosnvix popmamos ¢ USB- naxonumeneti unu
cemegozo cepgepa: Hanuuue, Hnmezpuposannvie
cpedcmea, obecneyusarouue ciedyrOWUl QYHKYUOHAL: —
CO30aHUe MHO2OCIPAHUYUHBIX Y4EeOHBIX 3AHAMULL C
UCNONb308AHUEM MEOUAKOHMEHMA PA3TUYHBIX (hopMamos,
— coz0anue naonucell u KOMMEHMAapues noepx
BanyujenHvlX NPUIONHCeHUll, — PACNO3HAsanue Guzyp u
pyKonucHozo mekcma (pyccKuil, aH2IUUCKU A3bIKU), —
Hanuuue UHCMPYMEHMO08 PUCOBAHUS 260 MEeMPULECKUX
dueyp u nunuil. Bempoennvie Qyukyuu: — cenepamop
CYYAHBIX YlUCeln, — KANbKYAAMOp, — IKPAHHAS
Kiasuamypa, — maimep, — pedaKmop Mamemamuyeckux
dopmyn. Dnekmponnvie MAMmemMamuiecKue UHCMpyMeHmbl.
— YUPKYIb, — Y2ONbHUK, — MUHEKA, — MPAHCROPMUD.
\Peoicum «6enoii 00CKu» ¢ 03MONCHOCMbIO CO30AHUS
Bamemox, pucosanusi, pabomsi ¢ mabdaUyamu u
epauramu: naruuue. Hmnopm ¢aiinos popmamos: PDF,
\PPT, PPTX

Dnunuapm

\Pasmep paboueti oonacmu: He menee 700x1000 mm

2.00

WMDY mun 2

Tun ycmpoiicmea.: MuoeogynkyuonanbHoe ycmpoucmeo
(MDY); Llsemnocme neuams: yeemuas, @opmam nevamu:
e menee A4; Tun ckanuposanusi:
npomANCHbI/NAaHWemHbIL, BosmoscHocme ckanupoganus
6 popmamax: He menee A4, Cnocob nooxknouenus: LAN,
\Wi-Fi, USB.

1.00

WMDY mun 1

Tun ycmpoiicmea.: MuoeopynrkyuonanbHoe ycmpoucmeo
(M®Y), [leemnocms newams: yepuo-oenas, Texnonocus
newamu: dnexmpozpaguueckas (azepuas,
ceemoouoonasn);, opmam nevamu: ne menee A4, Tun
CKAHUPOBANUSL: NPOMSIICHBIU/NIAHWEMHLIL,
\BO3MOXMCHOCb CKAHUPOBAHUS 8 hopmamax: He MeHee A4,
Cnoco6 nooxnmouenus: LAN, Wi-Fi, USB

1.00

HaumenoBanue HanpasJieHusi: ""Odopyoosanue 011 00noJaHUMEIbHBIX HAN

paejieHuu

"

HaI/II\:IJeHOBaHI/Ie pasznena:
"XAUTEK"

Inacmuk ons 30 nevamu

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

59.00

30 npurnmep yueOHbIll

Tun npunmepa: FDM, FFF, mamepuan (ocnoernotui): PLA,
KOIUYeCmEo Neyamarouux 201060K: He MeHee 2, pabouuil
cmon: ¢ noooepesom, pabouas obnacms (XYZ): om

180 x180%180 mm, makcumanbHas cKOpOCmMsb ne4amu: He
Wmenee 150 mm/cex, MUHUMATIbHASL MOTWUHA CLOs1: He bosiee
20 MKM, 3aKpLIMBLL KOPUYC: HAAUYUE, OXTANCOEHUE 30Hbl
nevamu: Hanuyue

3.00

30 npunmep
npogheccuonanvublii

Tun npunmepa: FDM, FFF, mamepuan (ocnosnoii): PLA,
KOIUYEeCMB0 Newamalouux 201060K: He Menee 1, pabouuil
cmon: ¢ noooepesom, pabouas ooaacmv (XYZ): om
300%300%400 mm, MAKCUMATLHASL CKOPOCHb NEYAU. HE
menee 150 mm/cex, MUHUMATbHAS. MOJIWUHA CLOSL: He DoTlee
20 MKM, 3aKpLIMbLIL KOPRYC: HATUYUE, OXAANCOCHUE 30HbL
newamu: Hanuuue

1.00

IMHozoynkyuonanvhas
cmanyus O MEXaHuuecKkoul
obpabomku u
npoOmMoOMuUnUpoOSaHs

Yuebnas mooynvnan cmanyus oondcna obecneuusamo
603MOJICHOCTb U3VUEHUs HE MEeHee MPex MeXHON02UlL
npou3ze00cmea uzoenutl u 06pabomkyu Mamepuanos, d
makoice NPOMOMUNUPOBAHUs U30enull. Yuebnas MoOyIbHas
cmanyusi 00IHCHA UMemb CeOVIOWUL COCMA8 U

3.00
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xapaxmepucmuxu.: Mamepuan KOHCMPYKYUU: arrOMUHU
[Konuuecmeo nanpasnaiowux: He menee 4 wm. Habop
unmepgeiicos: - Ethernet, ne menee 1 wim. - USB, ne menee
2 wm. - MicroSD: nanuuue. - Mooynb becnpogoonotl cesasu
Wi-Fi: nanuuue. [lanens ynpaenenus ¢ 5KpaHom: Hanudue
Tun ynpaenenus sxpana: cencoproe Tun sxpana: LCD-
nanens Llgemnocmye sxpana: yeemmuoii /Juazonans skpana:
He menee 3,5 owtima Ilnamgopma noooepesaemas:
Hanuyue Inamepopma ons 3D-newamu macnumuasn eubras.
Hanuuue Cosmecmumocmov naamegopmel 0 3D-nevamu ¢
niamegopmoii noooepesaemoti: Hanudue CMeHHbIl MOOYIb
3D-nevamu: nanuuue Texnonoeus 3D-newamu: FDM unu
FFF Jluamemp conaa: ne menee 0,4 mm Maxcumanvnas
memnepamypa nazpeea conna: ne mernee 250 °C
Maxkcumanvhas memnepamypa Hazpesa no0ocpesaemou
nramgopmor: ne menee 80 °C Munumanvras moruuna
cnosi: He 6onee 50 mxkm Maxcumanvhas moawuna cios: ne
wmernee 300 mxm Cropocme 3D-neuamu: ne menee 100 mm/c
Maxcumanvhvii pazmep u320magIu8aemMol Mooeuu.: He
wmenee 200x210x200 mm Iloodepaicusaemvie mamepuansi
ona 3D-nevamu: PLA-, PETG-, TPU-, ABS-, PC-, Flex-
nracmux /fuamemp numu niacmuxa: He 6onee 1,75 mm
Cencop obHapyscenus Humu naacmuxa: Haauyue OyHKyus
aemomamuueckou karubpogxu. naruuue CmeHHbll
lnasepHblil MOOYIL: Haruyue MowHocms nasepa: He MeHee
1,6 Bm Qynxyus nazeprozo epasuposanus: Haiudue
Dyukyus nazeproil pesxu: naaudue Pasmepvl pabouei
oonacmu: ne menee 200x200 mm I[loodepaicusaemvie
\Wamepuanvl: 6ymaza, Kapmou, 0epeso, NIACMUK, Koxcd
Cmennviil MoOynv (hpezeposanus ¢ IV : naruuue
Maxkcumanvhas ckopocms 8pawjeHus WNUHOENA: He MeHee
8000 06/mun MaxcumanvHolil Ouamemp 3axHCUMa NAMPOHA.
ne menee 4 um @pesa: nanuuue QyHKYUs NIOCKOCHHO20 U
00vemHo2o ppeseposanus: Hanudue [lodoepoicusaemvie
Wmamepuanvl: depego, mexcmoaum, naacmux Koowcyx
Bawumnsiil: Hanuuue Ouxu 3auummusie ¢ YO-cunomponm:
Hanuuue Aoanmep numanus: naruuue Komnnexm
BanacHvix YHKYUOHATLHBIX J1eMEHMO8. HAuYUe

ynpasnenuem

Cmanox 1a3epHoil pe3ku ¢
UUCTOBbIM NPOSPAMMHBIM

Cmanox 015 2pasuposku u pesku iazepom. Jonicen
npedycMampusams 603MONCHOCIb 0OPAOOMKU XPYNKUX
\Mamepuanos, 8 mom yucie Kepamuku, Cmexid, Opecmexid.
Mooynv unbmpayuu 6030yxa 8 komniexme. Bcmpoennoe
6oosHoe oxnaxcoenue. Jlasep muna COZ2. Pasmep pabouezo
cmona, mm. ne menee 300*500. Mownocmo aasepa, Bm: ne
menee 40. IToooepocusaemvie hopmamer gaiina: JPG,

PNG, TIF, BMP, DXF, SVG, CR2.

1.00

"OnexTpodHepreruka’

IHanMeHOBaHKE pazaeia:

"TEO-ADPO"

IHanMeHOBaHKE pazaeia:

"HAHO"

IHanMeHOBaHKE pazaeia:




