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HHmepakmueHuiti KOMNIEKC C BLIYUCTUMETbHBIM
OI0KOM U MOOUTLHBIM KPENIEHUEM OONNCEH
coomeemcmeosams creo0yioujuM mexHu4ecKum
mpebosanusm: Pasmep ouaconanu: ne menee 74
Orotimos, Paspewienue 3Kpana no 20pu30HmMan. He
wmenee 3000 nuxceneii: Paspewenue sxpana no
sepmuxanu: He menee 2100 nukceneti; Iloooepaicka
paspewenus 3840x2160 nuxceneii (npu 60 I'y): oa;
\Hanuuue 6cmpoerHol aKycmu4ecKol cucmemsl.: od;,
[Konuuecmgo mouek kacanus: ne menee 20; Boicoma
cpabamuleanus cencopa om no8epXHOCMU IKPAHA: He
bonee 3 muniumempos, Bpems omxnuxa cencopa
kacanus.: we 6oaee 10 murnucexyno; Bempoennvlre
DYHKYUU PACNO3HABAHUS 00BEKMO8 KACAHUA: Od;
[Konuuecmeo nodoepaicusaemuvix Cmuycos
0OHOB8peMeHHO. He MeHee 2, BozmooicHocmy
nooxnouenus k cemu Ethernet npogoonvim cnocobom:
0a; Boszmoocnocme nooknouenus k cemu Ethernet
becnpogoonvim cnocobom (Wi-Fi): oa;
IBO3MOJNCHOCb UCNOIL308AHUS IAOOHU 8 KAYecmee
uHcmpymenma cmupanus. oa, Hanuyue
UHMeSPUPOBAHHO20 OAMYUKA OCEEUEHHOCU OISl
A8MOMAMUYECKOU KOPPEKYUU APKOCTU NOOCEEMKU!
0a, Hanuuue gynxyuu 6ecnpooonoii nepedaiu
uzobpasicenus ¢ ycmpoticma na 6aze OC Windows:
0a, Hanuuue ¢ynxyuu 6ecnpooonoli nepedadu wm 1.00
uzobpasicenus ¢ yempoticma na 6aze OC MacOS: da;
\Hanuuue ¢hynkyuu becnpogoorou nepeoauu
usobpasicenus ¢ ycmpoticms Ha baze OC iOS: oa;
\Hanuuue ¢hynkyuu becnpogoorou nepeoauu
usobpasicenus ¢ ycmpoticmes Ha baze OC Android: oa;
1BO3MOJNICHOCHb YOANEHHO20 YNPAGIEHUS. U
monumopunea: oa, Hanuuue xpennenust 6 komniexme:
0a, Hanuuue cnoma na xopnyce 015t yCmaHo8Ku
0ONOTHUMENbHO20 B8bIYUCIUMENbHO20 ONI0KA: 04,
IMaxcumanvuslii n00Oepaicusaemviii 06vem
onepamusHoU NAmMAMU OONOTHUMENbHO20
sbluUCIUMENbHO20 ON10Ka: He menee 8 10,
Maxcumansrvii no0depacugaemviii 06vem
Haxonumensi OONOIHUMENbHO2O GbIYUCTUMETbHO2O
6roxa: ne menee 128 I'6; Pazvem O nooknroueHus
0ONOTHUMENBHO20 BLIYUCIUMENbHO20 OIIOKA ¢
KOHMAKmMamu 371eKmponumanus GblYUCIUMeNIbHO20
OI0Ka Om 6CMPOEHH020 OI0KA NUMAHUS
UHMEPAKMUBHO20 KOMNIIEKCA U KOHMAKMAMU 015l
nookatouenus yugposozo sudeocuenana u USB ons
NOOKNIOUeHUS ceHcopa KACaHUuA: Haauyue;

I IpousgooumenbHocms npoyeccopa OONOIHUMENbHO20
BbLIUUCIUMENbHO20 OII0KA (3HAYEHUe NOKA3amelis
«CPU Mark» no mecmy «Desktop CPU Perfomance»
https://www.cpubenchmark.net/desktop. html unu no

[Humepaxkmugnwiii
KOMNIEKC ¢
BbIUUCTUMENbHBIM OIOKOM
U MOOUTLHBIM KPEnJieHUeM
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mecmy «Laptop & Portable CPU Performancey
https://www.cpubenchmark.net/laptop.html).: ne menee
7000 eounuy, Paspeuierue Ha 8bixo0e
sUOC0adanmepa blHUCIUMENbHO20 OI0KA NpU
pabome ¢ unmepaxmueHvLM KOMIIEKCOM: He MeHee
3840 x 2160 nuxceneu npu 60 I'y; Hanuuue y
O0NOHUMENLHO20 BLIYUCTUMENLHO20 O0KA
becnpooonoeo Mooy Wi-Fi ne nuowce
802.11a/b/g/m/ac; Makcumanvhwlil yposens wiyma npu
pabome 0ONOIHUMENBHOLO BbIYUCTUMENLHO20 OIOKA!
e bonee 30 0bA; Hanuuue 6 komnaexme mMoOunbHo20
\Memaniuyecko2o Kpenienus, 06ecneuu8aone2o
603MONCHOCTD HANOLLHOU YCIMAHOBKU
UHMEPAKMUBHO20 KOMNIIEKCA, C NEPEOBUINCHOT
KOeCHOU 6A301 U 603MONCHOCTBIO PUKCAYUU KOTLeC
07151 UCKTIOUEHUSL HENPOU3BOTbHO20 OBUIICEHUS,

I Ipedycmanoenennas onepayuoHHas, CUcmemda ¢
epaghuueckum nonv3osamenbckum unmeppeicom,
0becneuusaiowas pabomy pacnpocmpaHeHHIx
06pa306amMeNbHbIX U 0OUECUCTEMHBIX NPUTLOIHCEHUN:
Hanuyue, QyuKyUs 2papuuecKo2o KOMMEHMUPOBAHUsL
nOGePX NPOU3BONLHO20 U30OPAINCEHUS, 8 MOM HUCTE
om usuuecku NOOKIIOYEHHO20 UCHIOYHUKA
suoeocucnana: namuuue; Hnmezpuposanmulii 6
nob308amenbCKUll unmepgetic Gynkyuonan
npocmompa u pabomel ¢ Paiamu OCHOGHbBIX
dopmamoe ¢ USB- naxonumenetl unu cemesozo
cepsepa. nanuyue, Mnmezpuposannvie cpedcmsa,
obecnequsalowue credyiowull PyHKyuonan: —
CO30aHUe MHO2OCPAHUYHBIX Y4eOHbIX 3AHAMUL C
UCNONb308AHUEM MEOUAKOHIMEHMA PAZTUYHBIX
dopmamos, — cozoanue HaOnucel U KOMMEHMApPUes
nOGEPX 3ANYULCHHBIX NPUTLOACEHUT, — PACNOZHABAHUE
ueyp u pykonucrhoeo mexkcma (pycckutl, QHeIUtLCKul
S13bIKU), — HAMUYUE UHCTPYMEHMO8 PUCOBAHUSL
ceomempuueckux gueyp u aunui. Bempoennoie
DyHKYUU: — 2eHepamop CLYYAUHBIX YlUcel, —
KATBKYNIAMOP, — IKPAHHASL KIAeuamypda, — maumep,
— pedaxkmop mamemamuieckux Gopmyi.
DeKmpoHHbIE MAMEMAMUYECKUe UHCMPYMEHMbl. —
YUDKYIIb, — Y2ONbHUK, — TUHENKA, — MPAHCROPIUD.
\Peotcum «6enou 00CKU» ¢ 803MOHCHOCTNBIO CO30AHUS
Bamemox, pucosanusi, pabomsl ¢ madaUyamu u
epagurxamu: nanuuue. Mmnopm ¢gaiinos popmamos:
\PDF, PPT, PPTX

Drunuapm

\Pazmep paboueti obnacmu: He menee 700x1000 ym

7.00

Teneswcka 0 3apsaoKu u

xpanenus HOymoyKos

mun Kopnyca: Memai; 603MONICHOCMb 0e30NACHO20
BauueHHO20 3aMKOM XPAHEHUsI HOYMOYKO8:
Hanuuue, 603MONCHOCIb 3APOKU HOYMOYKOS.
Hanuuue, noodepicka Hoymoykos n.1.1.1.; naruuue
poymepa Wi-Fi cmanoapma 802.11n unu
cogpemennee. 1 wm. noodepoicka noymoykog n.1.1.1.;
KoAUYecmeo Hoymoykos: om 15 wmyxk, noodepaicka
noymoykoe n.1.1.1.; Hanpsoicenue numanusi:
220B\50I'y, [lompebnsemasn mowrnocms, Bm
(maxcumym): 2500, [lompebrsemviii mox, A
(maxcumym): 12; J[nuna winypa snexmponumanus: om

2,5 mempa; 3awuma om nepeHanpsdcerus,

2.00
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KOPpOMKO20 3aMbIKAHUA. HAluvue, Koneca ons
nepedeuofceyuﬂ C MOPMO30M. HAIUHUE.

MDY mun 2

Tun ycmpotiicmea.: MuoeopynxyuonanvHoe
vempoticmeo (M®Y),; L]semnocms neyamo:
yeemnuas, @opmam neuamu: ne menee A4; Tun
CKAHUPOBANUSL: NPOMSIICHBIU/NAAHWEIMHBLIL,
\BO3MOIICHOCHb CKAHUPOBAHUSL 8 hopMamax: He MeHee,
44, Cnocob nooxmouenus: LAN, Wi-Fi, USB.

1.00

MDY mun 1

Tun ycmpoiicmea: Mnozoghynkyuonanvhoe
vempoticmeo (M®Y),; Lleemnocms newams: uepHo-
oenasn; Texuonozus neuamu: s1eKmpozpaguueckas
(nasepHas, ceemoouoonas); Popmam nevamu: He
wenee A4, Tun ckanuposanus.:
NPOMANCHBIU/NAAHWEemHbIL, Bosmosxcnocms
ckanuposanus 8 popmamax: He menee A4; Cnocob
nooknouenus: LAN, Wi-Fi, USB

1.00

\Hoymoyx

Dopm-pakmop: Hoymoyk, Paszmep ouazonanu: He
Wmenee 15.6 oroumos; Paspewenue sxpana: Full HD,
Quad HD unu Ultra HD; Obwuii 06vem
ycmanosenenHol onepamuHol namamu.: He meHee 8
oaim,; Maxcumanbhblii 00wuLl NOOOEPIHCUBAEMbILLL
00vem onepamusHol namsamu: He menee 16 I'batim;
O6vem SSD naxonumens: ne menee 240 I'oatim;
\becnpogoonas ceasw: Wi-Fi; Koauuecmeso
ecmpoennvix 8 kopnyc nopmog USB: ne menee 2, uz
Komopuix ne meree 1 dondcrHo bvims USB eepcuu ne
Huoice 3.0; Paspewenue 630-kamepsi, Mnuxcens: ne
wmenee 0.3; Bcmpoenuwiii muxpogon,; Knaguamypa c
pPackiaoKkoll u MapKuposKol Kiaeui
OWERTY/HI][YKEH; IToooepaicka cmandapmos
6ecnposoonotl cesizu: 802.11a/b/g/n/ac;

I Ipousgooumensrnocms npoyeccopa (3nauerue
noxazamens « CPU Mark» no mecmy «Laptop &
\Portable CPU Perfomance»
hitp://www.cpubenchmark.net/laptop.html): ne menee
5000 eounuy,; Haruuue manunynsmopa mvliub 6
Komnaekme: 0a;, YCmaHoeieHHasi OnepayuoHHAs.
cucmema ¢ epaguueckum noIb308amenbCKUM
uHmepgeiicom, ceedenuis 0 KOMopoMm 6KIHOYEHb 8
eOUHbLIL peecmp POCCULCKUX NPOSPAMM OJis
D1eKMPOHHBIX BLIYUCTUMENLHBIX MAUWIUH U OA3
Oannbix; Ycemanoenenuwill nakem ogucHozo
NpocpamMmHo20 obecneuenus, coemMecmumozo ¢
VCTMaHOBIeHHOU ONEPAYUOHHOU CUCTEMOT, C8EOCHUS
0 KOMOPOM BKIIOYEHDL 8 eOUHBII PeeCmp POCCULCKUX
npocpamm OJisl INeKMPOHHBIX BbIYUCTUMENbHBIX
Wawun u 6a3 OaHHbIX.

30.00

HanmenoBanue pasnena:
"EcTecTBeHHOHAY4HBIH
npoguis"

[ [ugppposas nabopamopus
«Xumusay npoguivhas 0ns
nedazoza

Obecneuusaem guinoinenue 1a60pamopuvix pabom
O XUMUU HA YPOKAX 8 OCHOBHOU WKO.JIe U NPOEKMHO-
Uccned08amenbekoll OesimenrbHOCHU YHaWUXcsl.
\Komnrexmayus: becnposoonoii mynemudamuux no
beumuu ¢ 3-ma ecmpoennvimu oamuukamu: Jamuux pH)
c ouanazonom uzmepenus ne yace wem om 0 0o 14 pH
Vlamuux 51eKmponpogoouMocmu ¢ OUana3oHamu

usmepenus e yorce uem om 0 0o 200 mxCm; om 0 0o

4.00




=

HaumeHnoBanue

obopynosanus (PBIIO)

KpaTkue npuMepHble TeXHHYECKHe
xapakrepuctuku (PBIIO)

Eannunna
H3MepeHus

KosmmuecTBo|

2000 mxCm; om 0 0o 20000 mxCm [Jamuux
memnepamypul ¢ OUaAna3oHOM U3MePeHUs. He Yiice uem
om -20 0o +140C Omoenvhuvle damuuxu. Jamyux
onmuueckou niomuocmu 525 Hm Axceccyapbi:
[Kabenvo USB coedunumenvuwiti 3apsionoe
yempoticmeo ¢ kabenrem miniUSB USB Aoanmep
Bluetooth 4.1 Low Energy Kpamkoe pykosoocmeo no
brenyamayuu yugposoi nabopamopuu Habop
lnabopamopnoii ochacmxu IIpoepammnoe
obecneuenue Memoouueckue pekoMeHOayuu He
menee 40 pabom Hanuuue pycckosasviunoco catima
nodoepacku Hanuuue sudeoponuxos.

neoazoza

[{ugppposas nabopamopus
« Dusukay npogdhunoras 0ns

Obecneuugaem blnoIHeHUe IKCNEPUMEHNO8 NO
memam Kypca ¢usuku. Komniexmayus.
\becnpo8oOHOU MyTbmMUOAMYUK no Qusuxe ¢ 6-10
scmpoennbimu damuukamu. L{ugpposoti damuux
memnepamypuvl ¢ OUaAnAa3oHOM UMePeHUs. He Yoice Yem
om -20 0o 120C L{ugpposoii damuux abconomno2o
Oasnenus ¢ OUana3oHoM usmepenus He yoce uem om 0
00 500 xlla Jlamuux macHumno20 nojs ¢ OUANa30HOM
usmepenust ve yoice yem om -80 0o 80 mTn [Jamuux
HanpssjceHUs: ¢ OUANA30HAMU USMEPEHUs. He Yoice YeM
om -2 0o +2B ; om -5 0o +5B; om -10 0o +10B; om -
15 0o +15B [damuuk moka He yoce uem om -1 0o
+14 Jlamuuk axcenepomemp ¢ NOKA3AMENAMU He
\menee uem: +2 g; +4 g; £8 g OmoenvHobie
vempoucmea: USB ocyunnoepagh ne menee 2 kanana,
+/-10 B Axceccyapwi: Kabeaw USB coedunumenvhuvlil
Bapsionoe ycmpoticmeo ¢ kaberem miniUSB USB
\doanmep Bluetooth 4.1 Low Energy Koncmpykmop
05151 nposedenus sxcnepumenmos Kpamxoe
PYKOBOOCHB0 NO IKCHIyamayuu yu@posotl
lnabopamopuu Ilpoepammmnoe obecneuenue
Memoouueckue pexomenoayuu (40 pabom) Hanuyue
pyccrosazviunozo catima noodepoicku Hanuuue
610E0pONUKO8.

4.00

no gusuonocuu

[ [ugppposas nabopamopus

(npogunvHblil yposeHs)

Obecneuugaem npogedenue ucciedo8anus no
DYHKYUOHUPOBAHUIO YENOBEUECKO20 OPLAHUZMA.
\Komnrexmayus: becnposoonoti myremudamuux no
dusuoao2UU ¢ 5-10 BCMPOEHHBIMU OAMYUUKAMU.
VIamuuk apmepuanvrozo dagrenus (0...250 um pm.
cm.) Jamuux nyisca ¢ OuanazoHoM usmepeHus e
yorce uem om 30 0o 200 yo/mun Jamuux
memnepamypbl meia ¢ OUaAna3oHOM UMEPEHUsL He
yoice uem om +25 0o +40C Jamuux wacmomwl
ObIXAHUA ¢ OUANA30HOM UsMepenus He yce yem om
00 100 yuxnoe/mun [Jamuux yckopenus ¢
noxkazamensamu +2 g; +4 g; £8 g Omoenvuvie
vempoticmea. Jamuux KT ¢ ouanazonom usmepenus
He yoice uem om -300 0o +300 mB) [lamuux cunomep c
Ouanazonom uzmepenus He yoice wem om 0 0o 40 H
Vlamuux oceéewyenHocmu ¢ OUana3oHoM U3MepeHUs He
yorce wem om 0 0o 180000 ax Axceccyapwi: Kabenw
USB coedunumenvhuiil 3apsionoe ycmpoucmeo ¢
kabenem miniUSB USB Aoanmep Bluetooth 4.1 Low
[Energy Kpamxoe pykosodcmeo no skcniyamayuu
yugposou rabopamopuu Ilpoepammuoe obecneyenue

Memoouueckue pexomendayuu ne menee 20 pabom

1.00
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[Hanuuue pycckosazbluHo2o caima noooepicKu
Hanuuue 810eopoaukos.

Muxpockon yugposoti

Tun muxpockona: buonoeuueckuti Hacaoka
muxpockona.: monokynspnas Hasnauenue:
lnabopamopruliit Memoo uccredogarnusi. ceemuoe noje
Mamepuan onmuku: onmuueckoe cmekio Yeeauuenue
wmukpockona, kpam: 64 — 1280 Oxyaapwi: WF16x
Obvexmusnl: 4x, 10x, 40xs (noonpyosicunenHwlii)
\Pegonbeepras 2onoska: na 3 obvexmuea Tun
nooceemKu: 3eprano uiu ceemoouod Pacnonooicenue
nooceemku: 6epxmsisi u HudicHss Mamepuan xopnyca:
\wemann Ilpeomemnvwiii cmonuk, mm: 90 Hemounux
numanus: 220 B/50 I'y Yucno mecanuxcenei. |

15.00

{ugppposas nabopamopus

1o 9KoJ02uu

Obecneuusaem npogedenue yuebHO20 IKOI02UYECKO20
\MOHUMOPUH2A UHCTPYMEHMATLHBIMU MEMOOaMU.
\Habop npumensemcs npu uzyueHuu 3K0102utl,
buon02UY, XUMUU, 2e02padpuu u RPUPOO08edeHUs, a
maxkoice 0Jis UHOUBUOYATLHBIX UCCe008AHUSL U
NpOEeKMHOL 0eslmeNbHOCMU WUKONbHUKOS.
[Komnaexmayus.: becnpooonoi mynibmudamuux no
DKONI02UYECKOMY MOHUMOPUHRY C 8-10 6CIMPOEHHbIMU
Oamuuxamu: JJamuux numpam-uonos [lamyux
ropud-uonos Jamuux pH ¢ ouanaszonom usmepenus
He yorce wem om 0 0o 14 pH Jlamyuk enasichocmu ¢
ouanasonom usmepenus 0...100% amuux
0C8eUeHHOCMU ¢ OUANA30HOM USMEPEHUs. He Yoice YeM
om 0 0o 180000 nx [Jamuux memnepamypul ¢
Ouanazonom usmeperus He yice yem om -20 0o
+140C [Jamuux 21eKkmponpo8oouUMocmu ¢
Ouanazonamu uzmepenus He yoice yem om () oo 200
wxCm; om 0 0o 2000 mxCm; om 0 0o 20000 mxCm
V[amyux memnepamypbl oOKpyscaroueli cpeovl ¢
Ouanazonom usmepenus ne yaice wem om -20 0o +50C
Omoenvibie 0amuuKy U Myibmuoamyuxu.: Jfamuux
B8yKa ¢ PyHKYUEl UHMeSPUPOBAHUsL C OUANAZ0HOM
usmepenust uacmom He menee uem om 50 I'y oo 8 kly;
V[amuyux e1asicHocmu noyY8bl ¢ OUANA30HOM USMepPeHUs]
He yoce yem om 0 0o 50% Jlamuuk okucu yanepooa ¢
Ouanazonom uzmepernus He yoice wem om 0 0o 1000
ppm Mynvmuoamuux onmuuecko RIOMHOCMU U
WymHocmu co 6cmpoennbiMu oamyuxkamu: Jlamyux
onmuueckou nromuocmu 470 Hm ¢ ouanazonom
usmepenust om () 0o 2 D Jlamuux onmuuecxoi
naiomuocmu 525 Hm ¢ ouanazonom uzmepenus om ()
00 2 D Jlamuux onmuyeckou nromunocmu 630 um ¢
Ouanazonom uzmepenus om 0 0o 2 D [Jamuuk
WMymHOCMU pacmeopos ¢ OUANA30HOM U3MepeHUst Om
0 00 200 NTU Axceccyapwi: Kabeno USB
coeounumenvrulil (2 wm.) 3apsaonoe ycmpoicmeo ¢
kabenem miniUSB USB Aoanmep Bluetooth 4.1 Low
[Energy Cmepoicenb 0151 3aKpenieHust 0amiuKos 8
wmamuse Kpamxkoe pykogoocmeo no sxcniyamayuu
yugposoi rabopamopuu Ilpoepammmuoe obecneyenue
Memoouueckue pexomenoayuu ne menee 20 pabom
Ynaxosxa Hanuuue pyccxkosazviunoco catima
1000epoIcKU, Hanudue UOEOPOIUKO8.

5.00

HaumeHnoBanue paszzena:

" TeXHOIOTHYECKUIA
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npodmas. POBO"

VlabopamopHwiii KomnaeKc
0151 U3YUEeHUs.
pobomomexnuxu, 3D
lmooenuposanus u
NPOMBIULEHHO20 OU3ATIHA

[Komnnexc cocmoum u3 coopro-pazboptoco 3D
npunmepa, pyunoeo 3D cxkanepa u npocpamMmHozo
obecneuenus no pomoepammempuu. CoopHo-
pazbopruiii 3D npunmep. Obracme newamu. 200 mm
200 mm x 200 mm Maxcumanvnas ckopocms neuamu,
cm3/u:> 30 Ckopocme nepemeujerus neuamaroweni
eonosxu, mm/c:> 80 Tun coemecmumozo ¢ 3D-
npunmepom naacmuxa: PETG, SBS, PLA, ABS
\Unmepdeiic nookmouenus: USB Flash Karubposka
nramegopmei:Ilonyasmomamuueckas Konuuecmao
conen Ha neuamaroweli 2oioeke: om I wm
Munumanvras moawuna cios: > 0.01 u < 0.05 um
V[uamemp conna: > 0.3 u < 0.5 mm Maxcumanonas
memnepamypa nevamarouetl 2onosku: > 250 epad. C
Oxnasicoenue 30Hbl neyamu. J{gyxcmopontee
Maxcumanvras memnepamypa naam@opmol s
nevamu:< 150 epaod. C Tun niamgopmul 015 newamu.
IToOoepesaemas coeMuas Ha 3aAHCUMAX, PuUKCUpyemast
Ha niamgpopme Hanuuue 3axpvimoeo kopnyca: Hem
Dopmam ¢paiinos ons newamu: GCODE Tun
ynpaenenusi npunmepom: Ilanens ynpasnenus c
Oucnieem na kopnyce ycmpotvicmea Tun
HANpasIAWUX. KOHCMPYKYUOHHBIN npoduns Pyunotl
3D cxanep. Tounocms ckanuposanus: > 0.05 u < 0.1
v CKOpOCmb CKAHUPOBAHUS, MIH. MOYeK/ceK: > 2
Dopmam coxpanenus pe3yibmamos CKAHUPOBAHU.
vrml, ply, obj, stl Bosmooicnocms ckanupoeanusi 6
yeeme: /la Hanuuue cencopnoeo skpana: nem [[nuna
USB-nposooda:> 3 m Texnonoeus 3D-

ckanuposanua: Onmuueckas 3azpyska
npecemos(uabnonos) ckanepa:naiuyue Oyuxyuu
nocmobpabomru.: Obpesxa modenu, Paszoenenue
Wooenu na omoenvHvie wacmu, Yoanienue nuunux
bremenmos, Yoanenue omgeepcmuii, co30anue
domopeanucmuynoll mexcmypul, cpaguerue 3D
mooenetl medcdy cobou, usmepenue pasmepos
WMoOenell ceueHusMU 8 PYUHOM pedcume, SKCHOP
ceuenuii ¢ XLS [Ipoepammnoe obecneuenue 0
co30anust MoOenell Memooom PomozpammempuiL;
Hanuuue Ynpasnenue nogopomusim cmoiom no Wi-Fi:
Vla Munumanvhoe paccmosinue ckanupoganus: <25
cm

3.00

[ Ipoepammmbiti-
annapammvlii KOMIIEKC No
pobomomexnuke

[Komnvlomepusuposannas cucmema 0Jisi MpeHuposKu
U npoeedenUs IKCNepUMEHmMOo8 01 00PA308aHUA U
nosviuienus Keanuguxkayuu 8 0oaacmu
DIeKMPOMEXHUKU U INEKMPOHUKU U YUPPOBbIX
mexnonozuti Cocmas: Mooyne KoHmponsHo-
usmMepumenvHulll uHmepetic -He menee 1 wm.
\Becmpoennwiii npoyeccop Unmepgpeiic USB, ckopocmo
nepedauu oannwlx He mernee 12Moum/cex Unmepgetic
WLAN 2,4 [Ty, IEEE 802.11 b/g/n Illuna ons
NOOKNIIOUeHUSA IKCNePUMEHMANbHbIX Kapm Bbixoobi:

[ Ipoepammupyemulii aHano2oswiil 8uixo0d, +/- 10B,
0.2A, DC—-5MTy, pazvemot BNC u 2mm 8 pene 24B
nocmosinnozo moka / 1A, uz nux 4 pene na 2 mm
pasvemax 16 bum yugposwvie 8vix00bl, U3 HUX 8§ OUM
Ha 2 mm pazvemax, TTL / CMOS, maxmosas

1.00
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uacmoma 0 - 100 xkl'y, max. Hanpssxcenue +/- 15 B
IBxo0bl: He MeHee 4 ananozoswix oupgpepenyuanrbHbix
6xo0a c nonocou nponyckanus 10 MI'y, max.
Hanpsiocenue 1008, vacmoma onpoca 100MSample, 9
Ouanaszonos usmepernuil, 06vem navsmu 4 x 8K x 10
6um, BNC (2 exo0a) u 2-mm pazvemul (4 6xo0a) ne
Wmenee 2 anano2o6wix 6x00a OJisi usMepenust moxd,
max. cuna moka 5 A, vacmoma ouckpemuszayuu 250
\KSample, 2 ouanasona uzmepenuil, pazpewierue 12
oum, pazvemsl 2um 16-6um yugposvie 861x00b1, U3
Hux 8 oum na 2mm-pasvemax, TTL / CMOS,
maxmosas uacmoma 0—100xkly, ousnexmpuueckas
npounocme +/- 15B BupmyanbHble uHcmpymeHmsi. *
He menee 2 x VI eonemmemp, 2 x VI amnepmemp: AC,
\DC, 9 ouanazonos om 100mV oo 50V, TrueRMS, AV
ne menee 1 x VI usmepumens mowpocmu: 9
ouanaszonos om 100 mB 0o 50B. «  ne menee 1 x VI
2-xkananvhoiii amnepmemp: AC, DC, 2 ouanaszona 300
wmA u 3 A, TrueRMS, AV s  ne menee 1 x VI 2-
kananvHulll éonommemp: AC, DC, 9 ouanazonog om
100mV 0o 50V, TrueRMS, AV s ne menee I x VI
2/4-kananvublil ocyunioepag: noIOCA NPONYCKaHUs.
10 MT'y, 25 epemennvix ouanazonos om 100
Hc/pazoenenue 0o 10 c/pazdenenue, 9 ouanazonos
Hanpsiocenusi om 20 mB/paszoenenue oo 10
\B/pasoenenue, mpuzeep u npempuzep, pexcum XY u
\Xt, hynryus kypcopa, pynxyus dobasnenust u
ymHOMICEHUR ON1sl 2 KaHanos. ©  He menee [ x VI
ananusamop cnekmpa: 9 OUAna3oHo8 HaANPANCeHUs
om 100 mB 0o 50 B, ouanazon 6xoonvix uacmom om 3
'y 0o 1 MI'y, omobpadicenue 80 8pemennou ooracmu.
*  wuemenee 1 x VI nnommep ouacpamm booe: 9
Ouanaszonoe nanpsaxcenusi om 100 mB 0o 50 B,
Ouanaszon wacmom om 1 I'y 0o 5 MI'y, omobpadicenue
60 8DEeMEHHOU 001acmu U OUASPAMMA JIOKATbHOU
Kkpueou. *  He menee 1 x VI pecynupyemviii ucmounux
nocmosinno2o nanpsicenust 0 - 10 B DC »  ne menee
[ x VI cenepamop ¢hynkyuii: 0,5 I'y - 5 MIy, 0 - 10 B,
CcuHyC, NPAMOY20JbHUK, MPEY2ONbHUK, *  He Menee |
x VI npoepammupyemoiii eenepamop, 1 x VI

[ "enepamop umnynvocog *  He menee 1 x VI 16 x
yugposoti evixo0, 1 x VI 16 x yugposoii 6xoo, 1 x VI
16 x yugposoii 6x00 / 66ix00: omobpadicenue
0BOUUHBLX, WECTNHAOYAMEPUYHBIX, OeCAMUYHBIX U
socomepuunbIX yugp Habop conpomusnenuti
PasIuyHbIX HOMUHANO8 HA neyamHou naame -1 wm.
He menee 6 wiynmos: 2x 1 Om, 2 x 10 Om 2 x 100 Om
\Habop nposodos u nepemviuex -1 wm. * ne menee 28
npo60008, wmexep 2 mMm * He menee 10 nepemviuex,
wmexep 2 mm/5S mm Yuueepcanohwlil MoOYIb sl
NOOKNIIOUeHUS IKCNEePUMEHMANbHBIX KAPM K
KOHMPOILHO-UMepUmensHomy unmepgeticy -1 wm. ©
\AHA10208b11 8bIX00 PUKCUPOBAHHO20 HANPANCEHUS 5
B, 14 (cne30a 2 mm) * ne menee 2 aHAI0208bIX BbIX00A
uxcuposannoco nanpscenus +/- 15 B, 14 (enezoa 2
Wm) * He MeHee 3 pecylupyembIX aAHAI0208bIX BbLIX00A
+/- 20 B, 14, DC-150 I'y (cne30a 2 mm ) Kype

0Oyuenus: DKCnepuUMeHmManIbHas Kapma ¢
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lT02UteCKUMU dNIeMEeHMAMU Haauyue
Oxcnepumenmanvuasn kapma ¢ JK-mpueeepom
Hanuuue IIpoepammuoe obecneuerue Kypca OO0NHCHO
0becneuums crnedyrouee cooepoicanue bazosuie
noeuueckue cxemor Tabauyvl nepexodos, obosnaueHue
Ha cxeme, o2uyeckue QYHKYUU U YUKI0ZPAMMbl
lnoeuueckux snemenmog bynesa ancebopa
DKCnepuUMeHmanbHoe NOOmeepicoeHue QyHKYuil u
Baxonoe bynsa Jlocuueckue snemenmol 8 mexHonr02uu
INAND u NOR Munumuszayusi 102uveckux cxem ¢
nomowvio kapm Kapno Ilpunyun pabomsl mpuzeepa
\Uccnedosanue JK-mpuecepa (cmamuueckuii u
OuHamuyeckull BX0OHOU CUSHA / NOMAKMOBbll
eacum) Hccnedosanue UC cuemuura Iouck ouubdok

\bazoewlii
pobomomexnuueckuil
Habop

Obpazosamenvhblil HAOOP 00HCEH NPeOCMABIAmMb
co601l Habop 0113 paspabomKu NPOSPAMMUPYEMbIX
Wmooeneli agmonomMHbIX pobomos. B cocmas nabopa
00IHCHBL XO0UMb. KOHCMPYKMUGHDYLE,
coeOuHumenvhvle U KpenexicHvie 1eMeHmbl U3
nracmuka u anomunus - ve meree 100 wm,
npocpammupyemslii KOHmpoanep - He meree luim,
brexmpoosucament NOCMOAHHO20 MOKA C KPYMAWUM
Womenmom ne menee 3,6 k2/cm - He menee 2 wm,
OamuuKu u 371eKmpoHHble KOMHNOHEeHMbl- He MeHee 6
wim, akKyMyJasimopHyo 6amapero ¢ HanpsajceHuem He
Wmenee 6B u emxocmyio ne menee 1500 mAy - ne menee
| wm, 3apsoHoe YCmpPOoUucmeo 015 AKKYMYIAMOPHOU
bamapeu - ne menee 1 wm. Ilpozpammupyemolii
KOHMPOLTIEP OONACEH COOEPACAND. NOPMbL OISl
AHAN0206bIX OAMUUKOEG - He MeHee 3 wm, nopmul O7is
yugposvix damuuros - He mernee 3 wm, nopm o 12C]
ycmpoticme - ne menee 1 wm, nopm 0ns
cep8onpuso0os - e meree 6 wim, nopm 0Jisi MOMOPOs
- He menee 2 wim, nopm 07151 9HKOOepos - He MeHee 2
wim, obvem flash namamu ne menee 32 kb.

[ Ipoepammupyembiil KOHMPOLLED OOAHCEH
0becneuugams 603MONCHOCHb NPOSPAMMUPOBAHUSL
pobomos 6 cpede br0uHO-2papuueckoco muna uiu 8
c60000HO pacnpocmpansemvix cpedax papabomki ¢
NOMOUYBIO MEKCMOBO20 A3bIKA NPOSPAMMUPOBAHUS.
V]amyuxu u a1ekmpoHHble KOMNOHEHMbL O0ANHCHDYI
cooepoicamsv. Yavmpazeyko8ou 0amuux paccmosHus
0os1cen obecneuusams COOPAUHYI0 MOOeTb
B03MOXHCHOCBIO UBMEPAMb PACCMOsAHUE He MeHee 4
lmempog - ne menee luim, Knonka-mooyns 0onicen
0becneuugams COOPAHHYIO MOOETb BO3MONCHOCTIBIO
onpedensimy HAdNCamusi Ha KHONKY - He MeHee lwim,
V]amuux yeema O0onicen obecneuusams cOOPAHHYIO
MOoOeb 603MONCHOCbIO ONpedeieHUs Yeema
06vexma, npeonasnaven 0as usmepenus RGB-
COCMABNAIOWUX U YPOBHA OCBEUJeHHOCTU, OAMYUK
0osicen cooeparcams He menee 12
C6eMOYy8CMBUMENbHBIX DIIeMEHMO08 - He MeHee 1 wim,
3yMmep-mo0yb 0oadcen obecneuusams COOPAHHYIO
MoOenb 803MOHNCHOCMBIO BOCHPOU3BOOUMb 38VKU,
HOMUHANbHAA yacmoma He meHee 4kl 1y,
unmencuenocmo e menee 80 0b- ne menee 1 wim, Wi-

Fi-mooyns donocen obecneuusamo 603modcHocmo

8.00




6CeHanpasIeHHo2o
OsudICeHUs

MeKcmo8o20 A3bIKA NPOZPAMMUPOBAHUA OAMYUK
3gyKa damuux credosanus tunuu FPV peocum
603MOJCHOCIb YAPAGIEHUSL C MOOUTLHO20
yempoucmea uepes npunodicerue npocpammupo8ans
Ha sizeikax Python, Scratch a maxoice cucmema
MexHUYecK020 3peHust 0Jisk AGMOMamuieckKo20
0OHAPYICEHUS U PACNO3HABAHUS 3A0AHHBIX 00BbEKMO8
6 paboueitl 3one. Iloooepoicka RaspberryPi nanuuue
[[Toooepoicka Arduino nanuuue Iloodepacka Micro:bit
Hanuuue CMeHHbIl MexaHuyecKull 3axeam,
ycmaHnasnusaemulil Ha NOOBUICHYIO NAAMPOpMY

ceepxy nanuuue Mexanuueckuii 3axeam,

HaunmeHoBanmue KpaTkue npuMepHble TEXHHYECKHE Eannuna
KonuyectBo
1| odopyaosanus (PBIIO) xapakrepuctuku (PBIIO) H3MepeHust
NOOKIIOUeHUs COOPAHHBIX POOOMOMEXHUYECKUX
mooeneti k cemu, loT obnakam u 6e6-cepsucam,
pabouee nanpsicenue mooyaa - 3,3B, nopmoe 8800a
6616000 MOOYIsL - He MeHee 5 - He menee | wim, Munu-
pene ¢ pabouum Hanpsdcenuem 6 ouanazone om 3,3
00 5B, nompebnsemoim moxom 7ImA u
\MaKcumanbHbIM KOMMYmupyemoim Hanpsiscenuem 28B
nocmosuno2o moxa/250B nepemennozo moka, pecypc
ycmpoticmea ne menee 50 mulc. nepexniouenul - He
menee 1 wm, Bxoosiuue 6 cocmag KOHCMPYKmMopa
KOMNOHEHMbL OOIICHBL ObIINb COBMECIUMbL C
KOHCTPYKMUGHBIMU DJIEMEHMAMU, d TAKICE
0becneuusams 803MONCHOCHb KOHCMPYKIMUGHO,
annapamuo u nPoOSPAMMHOL COBMECMUMOCIU C
KOMNIEKMYIOWUMU U3 cocmasa nabopa.
[Habop o015 bvicmpoeo . i
pomomunuposans Oononiammublil KOMRbIOMED. nanwiue, Kapma
snexmponsLx yempoiicms pamsimu ¢ npedycmanosieHHOU OnepayuoHHOU un 8.00
1a ocHose oonomamioee CUEMEMOU: Hanwe, 010K numanus: nauyue,
Komniexm Kabeneu 0/t NOOKIIOYEHUs. Haaudue
Komnviomepa
\Habop ons 6bicmpoeo
nPOMOMUNUPOBAHUs
bexmponnblx ycmpoticms |MukpoKoHmpoiiepHas niamg@opma co 6CmpoOeHHbIM
Ha ochoge unmepnpemamopom JavaScript: naruuue, KOMNJIEKM un 8.00
MUKPOKOHMPOLLEPHOU paouodemaneil: Hanuyue, nIAMA PACUUPEHU. '
naamgopmol co Hanuyue
6CTPOEHHBIM
unmepnpemamopom
[Habop o015 6vicmpoeo
IIPOMOMUNUPOSANIA Muxpoxoumpoanepnasn nramgopma Arduino:
DIEKMPOHHBIX YCMPOTCME .
a ocHoGe Hanuyue, KOMWIEKM paouodemanei U npogooos: wm 8.00
pokonmpontepHoi Hanuyue, MaKemuasi niama: Haauyue
niamegopmol
Yuebnas modens asmonomno2o mooubHO20 poboma
c manunyismopom. Mobunvuwiti podbom 0ondicen
npedcmaenims coOol YemvlpexKoIeCHYI0 Niam@opmy
6cenanpagienno2o ogudicenus. Jeueamenu
becugemounvie 4 wm, kamepa c yenom ob6sopa 120
epadycos ¢ 5 mn. B cocmae komniiekma O0IANCHO
6xoo0ums. Mexanuueckuii 3axeam unppakpacrHwiii
lnazep 2-x 0cesoti no08ec akKymyIsamop Koecd
6CEHANPABIEHHO20 OBUNCEHUSI NPOSDAMMUPYEMbILL
KOHMPOILIEDP ¢ 603MONCHOCHIBIO NPOSPAMMUPOBAHUS 6
\demonomuulil pobom cpede 6i10uno-2paguuecko2o muna u 8 c60600HO
\MAHURYISIMOP ¢ KOecamu  [pacnpoCmpansieMblx cpedax papadomxu ¢ NOMOWbIO un 400




Ne HaumenoBanue Kparkue npuMepHble TeXHUYECKHE Enununa
n/n| obopynoBanus (PBIIO) xapakrepuctuku (PBIIO) H3MepeHust
yemanaenueaemulil Ha nepeorior Yacnv NOOGUINICHOL
nramgopmol Hanuuue Bo3mMoNCHOCb MeHsMb
UHpPaKpacHyio NYWKY HA MEXAHUYECKULL 3aX6am
Hanuyue

Obpazosamenvhblil HADOP NPeOHA3HaAUeH OJis
U3yUeHUs: OCHO8 npuMeHeHus mexnonoeui "Unmeprem
eewei”" u ceszu 6 pobomomexHueckux cucmemax. B
cocmag Habopa 001dIceH 6X00UMb KOMNIEKM
KOHCTNDYKMUBHBIX 2IEMEHINO08 U3 MEmauld Ojis
cOopru Mooenu MOOUIbHO20 pOOOMA € 3aX6AMHBIM
yempoticmeom. B cocmas nabopa 0onidcer 6xo0ums
KOMNIIEKIM KOHCIPYKMUGHBIX INEeMEHMO08 Oisi COOPKU
lmodenu «ymHo2o» 30anusl. Bee komniekmyiowue u
yempoticmaa, exoosauue 8 cocmag Habopd, 00IHCHYI
ObImMb coMecmUMbL OpYye ¢ Opyeom
KOHCTPYKMUBHBIM, JIeKMPULECKUM, ANNAPAMHbIM U
npoepamMmusim 00paszom. B cocmag nabopa 0014cHO
6X00UMb. NPUBOO NOCMOAHHO20 MOKA € OAMYUUKOM
nonodcenus - He MeHee 2ulm, cep8onpusoo 60IbUOU —|
He MeHee 2uim, cep8onpusod MAablii — He MeHee 2uim,
Kamepa - He MeHee 1um, npospammupyemulil
Konmpoiiep — He Menee lwim, akkymyaismop — He
lmernee lwm, 3apsiOoHoe ycmpoticmeo — He menee luim.
B cocmas Habopa 0onicen 6Xx00ums KOMNLEKm
UHMENNEKMY AIbHbIX CEHCOPHBIX YCMPOLUCMS.
[HnmeniexmyanbHbie CeHCOPHble YCmpOolucmad
002CHBL nPedCcmagisims coO0U YCmpoUucmeo Ha
OCHOBE BbLIYUCTUMETLHO20 MUKPOKOHMPOLIEPA U
BCTNPOEHHO20 USMEPUMENLHOZ0 dNIEMEHMA.
HnmenniexmyanbHbie CeHCOPHbIe YCMPOUCmaed
0001CHBL 001A0AMb ECIMPOEHHBIM YUPPOBHIM U 3.00
aHan0208bIM UHMeEPPelicom 015 nepedauu OaHHbIX, d ’
makoice 6CMpOeHHbIM NOCIEA08AMETbHBLM
unmepgeticom 011 06vedunerus opye ¢ Opyeom 8
cencopnvle cucmemvi. Komnniexkm

UHMENTEKMY AIbHbIX CEHCOPHBIX YCMPOUCME QOJINCEH
coOdeparcamsb — MOOYIb c6emoou00a — e MeHee 2uim,
Wmoodyae RGB ceemoouoda — ne menee 2uim, mMooyio
UK-0amuuxa nunuu — He meHee 3uim, Mooyib
36yK06020 U3NYyUamens — He Menee luim, MoOYib
U3MepeHUst MeMNEPAmypbl U GIANCHOCU
oxpydicalouseli cpedvl — He Menee luim, MoOYIb
Maxkmogoul KHONKu — He MeHee 3um, MoOyab 0amuuxa
oceewjeHnocmu — He meHee 1uim, MoOyiIb Oemekmopa
VpoesHs wiyma — He menee luim, MOOYIb U3MepeHs.
Oasnenus oKpyscarouell cpedvl — He MeHee lwim,
WMoY nomenyuomempa — ne menee 2uim, MoOyib
0amuuKa ROONCEHUs 8 NPOCMPAHCIEE — He MeHee
[wim, MOOYIb KOHYEB020 Npepvleameinsi — He MeHee
[wm. B cocmae nabopa oonoicen 6xooumo
npocpamMmupyemulil KOHMpoLep — e MeHee 1um.

[ Ipoepammupyemolii KOHMPOJIEP OONAHCEH
0becneuusams 803MONCHOCIb NPOSPAMMUPOBAHUSL HA
li3vice JavaScript u opeanuzayuu web-cepeepa
oOmena dannvimu wepez Unmepnem.

[ Ipoepammupyemolii KOHMPOJIEP OIAHCEH
0Oecneuusams 803MONCHOCHL NOOKIIOYUEHUS. GHEULHUX
yempoticme ¢ nomougvio unmepgeticos - GPIO,

KosmmuecTBo|

=

Obpazosamenvhbill HADOP
OJ151 UBYUEHUST MEXHOTI02ULL
ceszu u loT




=

HaumeHnoBanue

obopynosanus (PBIIO)

KpaTkue npuMepHble TeXHHYECKHe
xapakrepuctuku (PBIIO)

Eannunna

H3MepeHust

KosmmuecTBo|

UART, 12C, 12S, SPI, 1-wire TTL, RS-485, CAN,
[Ethernet ¢ noodepaickou PoE

\Komnaexm noneti u
COpEeBHOBAMENbHBIX
biiemenmos

[Komnaexm noneti u cOpeeHOBAMENbHbIX INEMEHINO8
0151 NPOBEOeHUsL COPEEHOBAHULL ABIMOHOMHBIX
WobuLHLIX POOOMOS

1.00

Yemuvipéxocesou yuedmbill
pobom- manunysmop ¢
MOOYIbHBIMU CMEHHBIMU

Hacaokamu

Yyebnoiui pobom-manunynsimop npednasznaven 0is
0CB0€EHUsL 0OYUAIOUWUMUCS OCHOB POOOTNOMEXHUKU,
0/151 LOO20MOBKU 00YHAIOWUXCSA K 6HEOPEHUIO U
nocnedyrouemy UCnoab308aHuio pobomos 6
npomvluienHom npouzsoocmee. Konuuecmeo oceti
poboma manunyasimopa - wemvipe. Ilepemewenue
UHCIMPYMEHMA 8 NPOCMPAHCMEE N0 MPEM OCIM
O0JIHICHO YNPAGISAMbCS ULA2OBLIMU OBUSAMETISIMUL.
Hanpsiolcenue numanust wlazoevlx 0gueameneli He
oonee 12 B. Cepsodsucamens uemsepmoii ocu
Ooicen obecneuueans NOGOPOM UHCHPYMEHMA.
Yeon nosopoma manunynsimopa na ocHoanuu 80Kpye
sepmukanvHou ocu He menee 180 epadycos. [na
onpeodenenusi NOA0NCEHUs. MAHUNYIAMOpa npu
nogopome 8OKpY2 6EPMUKANLHOL OCU O0IHCEH
UCNONB308AMBCS dIHKOOED. Y201 nogopoma 3a0He20
nneya manunynamopa uwe menee 90 epadycos. Yeon
n08OPOMA nepedne2o niedwa MAHUnYIsImopa He MeHee
100 epadycos. [na onpedenenus norodicenus 3a0He20
U nepedHe20 niey MAHunyIssmopa OOINCEH
UCNONBL308AMBCS 2UPOCKON. Y201 nogopoma no
uemeepmoti ocu He menee 180 epadycos. JJonxcna
ObINL BOZMOINCHOCHIL OCHAUECHUSL CMEHHBIMU
Hacaokamu (Hanpumep, 0epaicamens Kapauoauia uiu
romacmepa, npucocka c cepgoosuzamenem,
lMexaHuueckoe 3axeamuoe yCmpoucmeo ¢
cepgodgueamenem, yCmpoucmeo 018 1d3epHotl
epasupoexu uau ycmpoticmeo 0as 3D-nevamuy).
MunumanbHas KOMIAEKMAYUSL CMEHHLIMU HACAOKAMU.
nHeeMamu4ecKull 3ax6am (RPUCOCKa), MeXaHu4ecKuil
Baxeam, nHacadka depocamend Oisi
Kapanoawia/mapkepa/pyuKu, Hacaoka nepexooHuUx Ois
KpenieHust COBMeCHUMbIX KOHCIMPYKMUGHBIX Oemaliel
U KOHCMPYKYULL, HACAOKA TA3EPHOT 2PABUPOBKL,
nacaoxka 3D-neuamu (01a pabomut ¢ niacmuxom PLA
c ouamempom numu 1,75 mm). Jloaxcen 6vimo
ocHawen cepsonpusoo0om OJist NHeBMAMU4eCcKo2o u
lMexanuuecko2o 3axeamos, obecneyusaruum
Bpauerue 3ax6a4eHH020 00bEKMA 60 BPEMsL
nepemewenus, N08OPOM nepemeuiaemozo 0ovekma
6OKpYe sepmuranvbrou ocu. /s obecneyenus
(DYHKYUOHUPOBAHUSL NHEEMAMUUECKO20 3AX6AMA
Ooicer Oblmb OCHAWEH CMPOEHHOL 8 KOPNYC
Wmanunyisimopa nomnotl. Jloncna ovimo
603MOANCHOCTID NOOKTIOYEHUST OONOTHUNEIbHBIX
yempoticme (Hanpumep, mpancnopmepa, peivbead Ois
nepemewenus poboma, nyibma ynpaesieHus muna
0orcoticmux, Kamepvl MAUWUHHO20 3PEHUs,
onmuuecko2o oamyuxa, Mooyasi 6ecnpo8ooHo20
0ocmyna). Pobom-manunyasmop 0ondicen
0becneuusamo nepemeujerue Hacaoku 8
npocmpancmee, akmugayuio Hacaoku, 03MOICHOCHIb

NOJIYYerUAd CUCHAN06 Om Kamepobl U ()amqukoe,
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603MOJICHOCIb YNPAGLeHUsi OONOIHUMENbHBIMU
ycempoticmeamu. Mamepuan xopnyca — amoMuHuiL.
V[uamemp paboueii 3016l (6€3 yuema HA8ECHO20
uHCmMpyMeHma u uemeepmoti ocu) He meree 350 mm.
\Unmepdeiic nooxkmouenus — USB. Honowcen umems
603MOHCHOCTID AGIMOHOMHOU pAOOMbL U BHEUHE2O
ynpaeaenus. [[nsa enewne2o ynpasieHus 00ax4ceH
ObIMb NPEOYCMOMpeH NYabim, NOOKIIOUAEMbIIL K
pobomy no Bluetooth. ¥Ynpasnsirowuil konmpounep
QonosceH Obimb cosmecmum co cpedoii Arduino.
Ynpasnaowui koumponnep cosmecmum co cpedoii
npocpammuposanus Scratch u sA3vikom
npoepammuposanus C. [Jonicen obecnewugamo
n0BOPOM NO NEPBLIM MPEM OCAM 8 3A0AHHBII Y20 U
Ha 3a0anHblll Y2071, NOBOPOM HO YemEepmotl OCU Ha
BadauHwlll yeon, osudicenue 8 koopounamuol X, Y, Z,
nepemewyenue Ha 3a0aHHOe pacCmosaHue no
Koopounamam X, Y, Z, nepeoavy oanuvix o mexywem
NON0JICEHUU Y208, NEPedayy OAHHbIX O MEKYUUX
KoopOuHamax uncmpymenma. Jondicen
noddeparcugams nepemewjerue 8 0eKapmosbix
KOOPOUHAMAX U yenax nogopoma ocetl, ¢ 3a0aHHOU
ckopocmulo u yckopenuem. Tunwvl nepemewjenuii 6
0eKxapmoguix KOOPOUHAMAX: O8UICEHUE NO
mpaexmopuu, 08udxiceHue N NPAMOU MeHCOY 08YMsL
MmouKkamu, nepenpuleusanue U3 MoKy u MoKy
(nepernoc obvexma). Kopnyc donoicer 6vimo 6
Bawuwennom ucnonanenue (kracca ne nudice IP20).

peailbHoco epemenu u
cucmem ynpaeienust

pobomos

[Komnaexm 0ns uzyuenus
ONepayuoOHHbIX cucmem

ABIMOHOMHBIX MOOUILHBIX

[Komnaexm ons pazpabomku u uzyyeHus mooeneu
NpocpAMMUPYEMBIX ABMOHOMHBIX MOOUNLHBIX
pobomos. YuebHvlil KOMIIEKM 00AHCEH NO360IAMb
pazpabamuieams 6104HO-MOOYILHYIO KOHCIPYKYUIO
WmobunvHo2o poboma. B cocmas mobubHo2o poboma
0oaoicHo 6x00ums: IIpusood eedyuux Konec - He MeHee
2wm. IIpusoo dondxcen npedcmasisims coooll
DIeKmpomMexaHuyeckyo cOopKy Ha OCHO8e 08uamers
NOCMOAHHO20 MOKA, pedyKmopa, 0amuuxa
NON0JNCEeHUs 8allA U 6CMPOEHHOU CUCHEMbl
vnpaenenusi. Cucmema ynpaeieHusi npugooa 00IHCHA
0becneuu8ams 803MOHCHOCHb 00bEOUHEHUs NPUBOO08
C noMowbIo Noc1e008amenbHo20 uHmepgelica,

803 MOXHCHOCIb 3A0AHU NAPAMEMPOE KOHMYPO8
ynpaenenus, ynpasienue spaujeruem npusooda no
CKOPOCIU U NOLOACEHUIO, KOHMPOJIb HACPY3KU.

[ Ipoepammupyemulii KOHMponep - He Menee luim.

[ Ipoepammupyemplii KOHMPOJLIEP O0ICEH 00IA0amMb
unmepgeticamu - USB, UART, TTL, RS§485, CAN onn
KOMMYHUKAYUU C NOOKTIIOYAEMbIMU BHEUHUMU
yempoucmeamu, a maxice Yyupposvimu u
AHANI0208bIMU NOPMAMU 88004/8b1800A.
Oononiamuwlil MUKpOKOMHbIOmep - He Menee luim.
O0HONAAMHBII MUKPOKOMNBIOMED O0IHCEH
npedcmasnams coO0U YCMpOUCmeo ¢ apXumeKmypoul
wmuxponpoyeccopa ARM, donsicen obradamo ne menee
2 8bluUCIUMENbHBIMU A0PAMU C MAKINOBOU YACMOMOU
e menee 11Ty. Jlazepuuiii ckanupyowuti 0anbHomep
- He menee lwm. Jlaseprulil ckanupyowuii OarbHomep

Donoicen obecneyusams OUANA30H USMEPEHUsL

1.00
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OanbHocmu 00 00beKmo8 He meHee 2.5 Mempos u
cekmop ckanuposanus ne menee 360 y2noevix
epadycos. JJamuuk nunuu — He menee 3 wm. Jamuux
Oondicen obecneuueams OemeKmuposanue JUuHUY Ha
KOHMPACMHOM (OHe U nepedasams OaHHbie 6
npocpamMmupyemulii KOHMPOLEP O ee HATUYUY nymem
nepeodauu ananlo206020 CUSHANA ULU YUPDPOBO2O
cuenana, 1bo nymem nepeoayu yughpogoz2o nakema
Oannvix. [Jamuuxa yeema — ne menee 1 wm. [Jamuux
00JIJICEH PABIUYAMb YEEMOBOU OMMEHOK
pacnonoscento2o padom ¢ hum obvekma 6 RGB
HOmayuu u obecneuusams nepeoayy OAHHbLIX 8
npoSpamMmMupyemulil KOHMPOLEP 0 3HAYEHUU KAXHCA020,
Y6emogo2o Kanana 6 gude yupposo2o naxema
Oanuvix. Maccus UK-0oamuuxos - He menee lwm.
Maccue UK-0amuuxoe doncen 6oimb npeoHA3HAYeH
0J151 OMCAEAHCUBAHUS TUHUYU OJISL OBUINCEHUS
Wobunvrozo poboma. Maccug oonicen codepiicams
e menee 6um UK-0amyuuxos, pacnonojicentvlx Ha
oonou aunuy. Cucmema mexHu4ecKo20 3peHus - He
menee luum. Cucmema mexHuuecKo20 3peHus.
dondiceH 0b1a0ams cOBMeCMUMOCIbIO C PA3TUYHBIMU
NPOSPaAMMUPYEMBIMU KOHMPOLIEPAMU C HOMOUBIO
unmepgeticos - TTL, UART, 12C, SPI, Ethernet.
Cucmema mexHuuecKo20 3peHust O0INCHA
0Oecneuusams 803MONCHOCMb UZYYEHUSL OCHO8
NpUMEHEeHUs AN20PUMMO8 MAUUHHO20 00YYeHUs U
Hacmpotiku napamempos neupocemeti. Cucmema
IMexHuYecKo2o 3peHust O0INHCHA 0Decneyusams
DYHKYUOHAT PACNOZHABAHUS PA3TUYHDBIX
lceomempuueckux 00bekmos no HAbopy NPU3HAKOS,
pacnosnasanus epaguueckux mapkepos muna Aruco
U Op, pACnO3HABAHUSL MACCUBOE JIUHULL U INEMEHMOS
0opodichblx 3Haxos u pazmemxuy.  Cucmema
ynpaegnenusi MOOUILHO20 pOOOMA O0NHCHA NO3BOJIAMD
OCYUeCmamb aHAIU3 OKPYHCaioueil 06CmManosKu 6
npoyecce 08udCeHUs MOOUTLHO20 poboma u
OUHAMUYECKOM U3MEHEHUU OKPYIIcaloujel]
06CMAHOBKU, OCYWeCmEIAmb QopMUposanue Kapmol
I0KALHOU 0OCMAHOBKU 8OKpYe poboma u
lnoKanuzayus norodcenust poboma Ha Kapme,
nocmpoenue 2100aIbHOT Kapmbvl OKPYHCAIOUe20
npocmpancmea. Cucmema ynpasnenust MOOUILHO2O0
poboma donicHA NO360AMb OCYUECMBIISIMb AHAU3
nIAHA/KApmMbl OKPYIHCAIOUe20 NPOCmMpancmad,
OOHApyJICeHUe OKPYICAIOUUX 00BEKNO8, ABNOHOMHOE
NIAHUPOBAHIUE MAPUPYMA U 00BE30a CMAMUYeCcKUx U
Ounamuueckux npensmemeuti. Cucmema ynpagieHus
WobunbHO20 poboma 0ondicHa obecneuusams
603MONCHOCTID PAZMEMKY KAPMbl OKPYAHCATOUE20
NPOCMPAHCMEA HA 30HbL C PASTULHLIMU NPUSHAKAMU,
BadasaembiMu nob308amenem (30Hvl 3anpema O
0sudicenus, oepanudenus ckopocmu u m.n.). Cucmema
ynpasienusi MOOUILHO20 pOOOMA OONIHCHA
0becneuusams B03MONCHOCMb 3A0AHUSL MOYEK U 30H
Ha Kapme OKpy#caiouie2o npocmpancmed Ois
A6MOHOMHO20 nepemewenus medncoy Humu. Cucmema

ynpaeiernus MOOUTLHO20 po6oma , BKJIr04arnuas 6
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cebs nodcucmemsvl, maxkue Kax - CUCmema ynpaeieHus
OsuodiceHuem poboma, cucmema coopa u oopabomxu
cencopHou uHgopmMayu, cucmema ROCMpPOEHUs.
Kapmul OKpYJHcarouje2o npocmpancmed u CUcmemda
Hagueayuu, 00IICHA ObIMb peanuzosana Ha dasze
npoSpamMmMupyemozo KOHmpoiepa u 0OHONAAMHOZ0
\MuUKpoKOMnbIOmEpPd, a MAaKdice YCMpoUcma,
6x00aWUX 8 cocmas komniekma. B cocmas
KOMNIIEKMA OOJAHCHO BXOOUMb NPOSPAMMHOE
obecneyenue 015t NPOSPAMMUPOBAHUS 8 MEKCTNOBOM
peoaxmope Ha nodobuu Arduino IDE,
NPOSPAMMUPOBAHUL C NOMOUBIO CKPUNINOG HA A3bIKE
\Python, paspabomku cucmem ynpagieHus Ha 0CHOge
ROS. Tax sce 6 cocmag Komniekm O0IHCHA 6X00UMb
8UPMYAIbHASL MOOETb MOOUTLHO20 POOOMA 8
BUPTYATLHOM OKPYICEHUU OIS MOOETUPOBAHUSL
aneopummo8 cucmem ynpasneHus ¢ HOMOUbIO
epaguueckotl cpeowl.

Obpazosamenvhblii HAOOP

01 U3YYeHUs
IMHO2OKOMNOHEHMHBIX
pobomomexnuueckux
cucmem u
MAHUNYIAYUOHHBIX
pobomos

Obpazosamenvhulil HADOP 00JICeH ObIMb
npeoHasznaven 05 uzyienus pooomomexHuiecKux
mexnono2utl, 0CHO8 UHHOPMAYUOHHBIX MEXHOIOSUL U
IMexHOL02Ull NPOMBIUIEHHOT A8MOMAMU3AYUL, A
IMmakoice mexHoao2utl NPOMOMUNUPOBAHUSL U
a00umueHozo npouzeoocmea. B cocmae nabopa
O0NIIICHBL 6X0O0UMb KOMIIEKMYIOWUEe U YCmMpolucmed,
06nadalouwue KOHCMPYKMUGHOU, ANNAPAMHOU U
NPOSPAMMHOL COBMECMUMOCTbIO Opye ¢ Opyeom. 1)
[Komniekm KOHCMPYKIMUGHBIX DJIEMEHMO8 U3 Memalid
u naacmuka 0ist COOpKu Mooenel MaHunyIssyuOHHbLX
po6omos ¢ yenosou KunemMamuxot,
niockonapaiienvhol kunemamuxotl, Delta-
Kunemamuxou. 2) HnumennekmyaibHulil cep8oMooyib
C UHMEZPUPOBAHHOU CUCIEMOLL YAPABIEHUSL - He
mernee 7um. Cepsomodynb 0ondicen obradams
UHMESPUPOBAHHOT CUCMEMOT YRPABTICHUS,
0becneuusaiouelt OOPAMHYIO C653b UL KOHMPOILb
napamempos - NOIOMNCeHUe 8ald, CKOPOCHb
6pauenusl, Ha2py3Ka nPuBodd, a MaKdice
0becneuusaiouell B03MONCHOCMb NOCIE008AMENLHO2O
nooKa0UeHUs Opye ¢ OPY2OM U YNPAGIeHUs
CePBOMOOYISIMU IO NOCAEO08AMENbHOMY
nOIYOYNIEKCHOMY ACUHXPOHHOMY unmepgeticy. 3)
\Pobomomexnuyeckuti KOHMpPoaLep, NPeoCmasIsaoWul
coO0U MOOYIbHOE YCMPOLCEO, 8KAUalowee 8 ceos
0OHONIAMHBLIL MUKPOKOMINBIOMED OJIs 6bINOIHEHUS.
CILOJICHBIX GBIYUCTUMETbHbIX ONEPAYULL,
nepupepuiinblii KOHMpoJLEp OJist YRPAGIEHUS
GHEWHUMU YCIMPOUCMEAMU U NIATY PACUUPEHUS OISl
nOOKIIOHeHUs. 6HeWHUX Yempoticms. Mooyiu
pobomomexnuuecko2o KOHMpOLePa OONNCHbL
001a0amb 00HOBPEMEHHOU KOHCIMPYKMUBHOU,
annapamuou u npPoSPAMMHOU COBMECMUMOCBIO OpYe
c Opyeom. Pobomomexuuyeckuii koumpoanep 00nxicen
V0081€mE0psSIMb MEXHUYECKUM XAPAKMEPUCTIUKAM.
KOJI-80 510€p 6CMPOEHHO20 MUKPOKOMNBLIOMEPA - He
Wmenee 4, makmosas yacmoma sopa - we menee 1,2
[Ty, obvem O3Y - ne menee 512 M6, nanuuue

unmepdeiicos - SPI, 12C, 1-wire TTL, UART, PWM,

6.00
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yugpposvle - ne menee 16 wm u aHan0208ble NOPMbL -
He MeHee 8 wm 0151 NOOKIIOYEHUs BHeUHUX
yempoticma, 6cmpoenubitl MuKpogoH, a makce WiFi
unu Bluetooth 0ns kKoMmyHuKayuu co 6HewHuMU
yempoticmeamu. Pobomomexuuueckutl Konmpoinep
0o121Ccen 0becneuusams 803MONCHOCHLb
NpOCPaAMMUPOBANUSL C NOMOWYBIO CPEOCS S3bIKO
C/C++, Python u c60600H0 pacnpocmpansiemon
cpeovt Arduino IDE, a makowce ynpasnenus MoOensimu
pobomomexnuyeckux cucmem ¢ NOMOubIO cpedbl
ROS. 4) IIpoepammupyemvlii KOHMPOJLIED - He MeHee
Lwm. [Ipocpammupyemvlii KOHMPOTAEP OONIHCEH
npeocmaesnams coO0l GbIYUCTUMENbHBII MOOYb,
obaa0arouwum Yyu@dposvimu nopmamu - He meHee 8 wm
U anano2oeviMu nopmamu - He menee 16 wm,
unmepgeiicamu UART, I2C,SPI, TTL, a makace
Woodynem becnposoonotl ceszu muna Bluetooth unu
WiFi 0ns cozoanusi annapamuo-npocpammHbix
pewenuit u ""ymuoix/cmapm""-ycmpoticme 0ns
paspabomxu pewenui ""Unmepnem seweri”". 5)

[ Irama pacuupenus nPO2PAMMUPYEMO20
Konmpoanepa — we menee lwm. [lnama pacuwupenus
0oaocHa 0becnedusams 803MONCHOCb NOOKIIOYeHUs
VHUBEPCAIbHO20 GIMUCIUMENbHO20 MOOYIS K Cemu
nocpedcmeom unmepgetica Ethernet. [lnama
pacwuperus dondcna obradams nopmamiu 6800d-
661600a 0J151 ROOKIIOUEHUS. YUPPOBLIX U AHALO20BbIX
yempoticme — ne menee 40 wm, unmepetic SPI u
603MOICHOCTBIO NOOKTIOYEHUS, GHEWHEU Kapnibl
navamu. 6) Mooynb mexnuueckoeo 3penus,
npedcmasnaowull cooou yCmpoucmeo Ha base
BBIUUCTUMENLHO20 MUKPOKOHMPOILEPA U
uHmMeZpUPOBAHHOU Kamepbl, obecneuugaioujee
pacnosnasanue npocmerivux u300paicenull Ha
WModye 3a cuem coO6CMEEHHbIX GbIUUCTUMETbHBIX
603MO0CHOCM el - He menee lwm;  Modynw
IMexHUYeCcK020 3peHust O0JIICeH 0becneuueams
603MOANCHOCTID KOMMYHUKAYUU C AHATOSUYHBIMU
WMOOYIAMU NOCPEOCBOM WUHbL Ha Da3e
nocredosamenvbHoco uHmepgeliica ¢ yeavio
Oanvreliuleli nepedadu pe3yibmamos usmepeHuil
epynnvl MOOYIel Ha YRPAGIsioujee 8bl4UCTUMENbHOE
ycmpoticmeo, nooknoyeHnoe K 0anHou wiune. Mooyno
IMexXHUYeCK020 3peHust O0JINCeH 0becneuueams
603MONCHOCTD OCYWeCMEISING HACMPOUKY MOOYIS
IMEXHUYECK020 3PEeHUsL - HACMPOUKY SKCROZUYULU,
bananca 6eno20, Y8EMOPA3HOCHMHbIX COCMABIAIOWUX,
nowadu ooHapydicusaemotl 0oiacmu u300padicenus,
OKpY2nocmu 0GHaApYHcUBAEMOTL 00IaACTU
u300padicenusi, Noa0NCeHUe OOHAPYIHCUBAEMBIX
obracmeti omuocumenvHo opye opyea. Mooy
IMexHUYecKo2o 3peHust Q0NICeH 0becneuueams
603MONCHOCTD HACMPOUKU HA OOHOBPEMEHHOE
oonapyocenue He menee 10 pasnuunvix 0OUHOUHBIX
00BeKmos 6 cekmope 0630pa, 1bo He meHee 5
CcOCmMagnbix 00bEKMos, COCMOSUX U3 He MeHee 3
paznuunbix epapuyeckux npumumugos. Mooy

mexHuYecko2o 3peHust 00adceH 061adame
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scmpoennvimu unmepgeticamu — USB, UART, 1-wire
TTL, I2C, SPI 055 KOMMYHUKAYUU CO BHEWHUMU
nooxnouaemvimu ycmpoticmeamu. 7) B cocmas
HabOpPa OOIHCHBL BXOOUMb YUPPOGbLE
UHPOPMAYUOHHO-CEHCOPHBIE MOOYU,
npedcmasnsirowue coboll ycmpoicmea Ha baze
NpOCPaAMMUPYEMO20 KOHMPOIIEPA U USMEPUMETLHOO0
baemenma. L{ugposoii Mmooy dondxcen obradame
BCTNPOEHHBIM MUKPOKOHMPOILEPOM (MAKMOBAS.
uacmoma - He menee 16 MI'y, wuna oanuvix — ne
lmenee 8 Kbatim), unmepgbeticamu 011 NOOKIIOYEHUS K
GHEWHUM YCMPOUCMEAM. YUDPOSbLE U AHANO208blE
nopmut, 1-wire TTL, pasvem muna RJ. Lugpposoii
WM00YIb dodICer 0becneuu8ams 8603MONCHOCHDb
KOMMYHUKAYUU C AHATIO2UYHBIMU MOOYISMU
nocpedcmeom wuHbl Ha 6aze Noci1ed08amenbHO20
unmepgeiica ¢ yenvio oanbHeluleli nepeoayu
pe3ynbmamos uzmepenuti epynnvl Mooyieu Ha
yIpasisiowee 8blyUCIUmenIbHoe YCmpoucmeo,
nooKoueHHoe Kk OanHOU wune. B cocmas nabopa
00AHCHO 8X00UMDb. YUPDPOBOU MOOYIL MAKMOBOU
KHONKU — He MeHee 3um, yugposol Mooy
ce6emoouooa — ne mernee 3uim, yugposou Mooyib
KOHYE8020 npepvleames — he MeHee 3uim, yu@posot
Mooyne damuuka yeema — He meree lwm, yugposoti
mooyae RGB ceemoouoda — ne menee luum. 8) B
cocmag Habopa OONICHBL BXOOUMb dNEMEHMbL 0I5l
COOPKU BAKYYMHO20 30X8AMA: AKYYMHASL NPUCOCKA —
He menee 1uim, S1eKmpoMacHUmMHbLLL KIAnan — He
Wmenee lwm, eaxyymuslii Hacoc — ne menee lum. 9) B
cocmas Habopa 00aiceH 6X00Uumbs yueOHblil
KoMnaeKm, eKuouarowull 8 cebs yuebnoe nocoobue,
HaOOp OUOIUOMEK MPEXMEPHBIX IIEMEHMO8 Oisl
nPOMOMURUPOBAHUSL MOOEILell MAHUNYISIYUOHHBIX
pobomos, a makdice npoepammuoe obecneverue Ois
pabomvl ¢ nabopom. Ilpoepammuoe obecneuerue
00NIIICHO 0Decneyusams mpexmephyio eU3YaIU3AYUIO
Mooenu ManunyIayuoHHo20 poboma (¢ y2nosoti,
N10CKONApaiebHoll 1 0elbma-KUHeMamuro) 6
npoyecce pabomoi, 0becneyusams nOCMpoeHue
NPOCMPAHCMBEHHOU MPAEKMOPUU OBUNCEHUS
UCHOTHUMENbHO20 MEXAHUIMA MAHUNYISAYUOHHO2O0
poboma, 603M0xHCHOCb 3A0AHUS
nocnedo8amenbHOCMU MoyeK Oisi NPOXOHCOEHUs.
uepes HUX UCNOTHUMENbHO20 MEXAHUIMA
manunysiyuonno2o poboma. I[lpocpammmnoe
obecneuenue 00IAICHO PYHKYUOHUPOBAMb, KAK 6
omoenvHOCMU 8 8UOe CPedbl MOOETUPOBAHUs, MAK U 8
pesrcume MoHUmMOPpUHZA 8 PEAIbHOM 8PEMEHU NPU
nOOKIIOUEeHUU MOOETU MAHUNYISIMOPA NOCPEOCTNEOM
pobomomexnuueckoeo konmpoanepa. Ilpoepammuoe
0becneuenue 00HCHO 0becneyusams 803MOHCHOCb
nOCMpoeHUs. 2papuKo8 3a0aHHbIX U MEKYUUX
0000UjeHHbIX KOOPOUHAM MAHUNYIAYUOHHO2O
poboma, epaghuxos 3uavenuli ckopocmeul u
VCKopenus, 2papuros pacuemtblx 3HAUEHUL HA2PY3KU.
IIpoepammroe obecnedenue OONINCHO NO3GOISAND

Badasame nocie008amenbHOCHb NePedBUINCEHU
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\Wanunyasmopa nocpedcmaom Habopa KOMAHo 8
bn0uHO-epaguyeckom unmepgpetice. YuebHnoe
nocobue 00NIAHCHO COOePHCAMb MAMEPUATbL N0
paspabomxe mpexmepHvix Mooenel MOOUTLHBIX
pobomos, ManunyIAYUOHHBIX POOOMOE C PATUUHBIMU
Mmunamu KUHeMamuxy (y2n06as KuHeMamuxd, njiocko-
napannenvHas KUHeMamuxda, 0erbma-KuHeMamuxd,
ISCARA unu poluasicnas kunemamuxa, niamepopma
Cmioapma u m.n.), UHCMPYKYUU no npoeKmupo8anuio
pobomos, uHCMpyKyuY u MEMoOOUKU OCyujecmeneHus
UHIHCEHEPHBIX PACHENO8 NPuU NPOEKMUPOSAHUU
(pacuemul Hazpy3Ku U MOMEHMO8, PACYen MOWHOCMU
npuB0008, pacyem napamempos KUHeMamuxKy u m.n.),
uUHCMPYKYuu no paspabomxe cucmem ynpagieHus u
npoSPAMMHO20 0becneueHus OA YnpaeieHus
pobomamu, uncmpykyuu u Memoouxu no paspadomke
cucmem YnpasieHus ¢ dIeMeHmamy UCKyCCHMEEHHO20
unmen1eKkma u MAuuHHo20 o0yyeHusl.

1o 371eKMpoHUKe,
barexmpomexanuxe u
WukponpoyeccopHoli
mexHuxe

Obpazosamenvhvlii HAOOP

\Habop donicen 6bimb npednasHaueH 01 RPpo6edeHUst
V4UeOHbIX 3aHAMULL NO UZYUEHUIO OCHO8 MEXAMPOHUKU
U pOOOMOMEXHUKL, NPAKMUYECKO20 NPUMEHEHUS.
0a308bIX INEMEHMOB INEKMPOHUKU U CXEMOMEXHUKL,
a maxoice Hauboee pacnpoCmpanerHol deMeHMHOU
6a3bl U OCHOBHBIX MEXHUYECKUX pelleHUll,
npUMeHseMbIX NPU NPOEKMUPOBAHUY U
NPOMOMUNUPOBAHUY PA3TUUHBIX UHHCEHEPHDIX,
KubepHemuueckux u ecmpaugaemvix cucmem. B
cocmag Habopa O0NICHBL BXOOUMb KOMIIEKMylouue u
yempoticmea, obaradaioujue KOHCMpPYKMUGHoll,
DIeKmpUYecKol, annapamHou U nPpocpamMmHoU
cosmecmumocmoio opye ¢ Opyeom. B cocmasé nabopa
00121CEH BX00UMb KOMNILEKM KOHCMPYKIMUGHIX
bremenmos uz memania 0 cOOPKU MaKema
MAHURYIAYUOHHO2O0 pOOOMA U KOMAAEKM
\Memaniuueckux KOHCMpPYKMUGHBIX 31eMeHMO8 OJisl
cOopxu makema mMobuibHo2o poboma. B cocmas
HaOOPa OOHCHBL BXOOUMb NPUBOOA PAZTUYHOZO
muna: Momopwl ¢ UHMe2PUPOBAHHBIM UTU BHEUIHUM
0amuuKom NONONCeHUsL — He MeHee 2uim, cepeonpueoo
001bUL0T — He MeHee 4um, cepBonpuUsoOd MAblll — He
Wenee 2uim, npusoo ¢ 603MOHCHOCIBIO YNPABIEHUSA 8
wazoeom peaxcume — He menee 2wm. B cocmas
HabOpa 00IJHCHBL 6X0OUMb dlleMeHmbl 015 COOPKU
6AKYYMHO20 3AX6aMA: 6AKYYMHASL NPUCOCKA — HE
Wmernee luim, 31eKMpPOMASHUMHbLI KIANAH — He MeHee
wm, eakyymHulil Hacoc — ne menee lwim. B cocmas
HaboOpa 00INCHA 8X0OUMb leMeHmHas 6a3a s
npOMOMUNUPOBAHUs. NIAmMa 01 OecnaeyHo2o
NPOMOMUNUPOBAHUS, KOMNIEKM NPOBOO08
paznuuno2o muna u OuHblL, KOMIIEKM Pe3UCnopos,
KOMNAEKM C8emMOOU0008, CeMUCEMEHTNHbIL
unouxamop, oucniei JKK-muna, knonku — ne menee
Swm, nomenyuomempul — He Menee Juim,
ungpaxkpacuviii 0amuux - He mernee Jum,
VIbMPA38yKOB0U 0AMYUK - He MeHee Jum, 0amyux
memnepamypul - He menee lwim, oamuux
oceeweHnocmu - He menee lum, mooyne Bluetooth —

e menee luim, Mmooy UK-npuemnuxa — He menee
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Lwim, mooyne HK-nepedamuyuxa 6 ude KHONOYHO20
nyibma ynpasienust — luim, akKymyasimop — He MeHee
lwim, 3apsionoe ycmpoticmeo — He meHee luim. B
cocmae Habopa 00NAHCEH BX0OUMb MYTbMUOAMYUK OJIs
U3MepeHUst MeMNEPamypbl U GIANCHOCU
oKpydicalouyeli cpedvl — He MeHee luim.
Mynemudamuux 0o2cer 0061adams 6CMpoOeHHbIM
WMUKpOKOHmMPOATEpOM (MAKMOBAs YACMOmA - He
wenee 16 MI'y, wiuna oannvlx — ne menee 8 Koaiim),
unmepgeticamu 0151 NOOKTIOYEHUS K GHEUHUM
yempoticmeam: yugpogwle u anano2ogvle nopmel, -
wire TTL, pasvem muna RJ. B cocmas nabopa
00JI2ICEH BX0OUMb KOMNLEKM YHUBEPCATIbHBIX
BHIUUCIUMENLHBIX MOOYIIel, NPe0CmaIaouux cooot
bazosylo niamy, niamy pacuupenust Oisi Cemeso2o
3auMoOelicmeus u nAamy nOOKIOYEHUs CUTI0BOU
Hazpysku. Bxoodsuwue 6 komnaexm ycmpoiicmea
00.191CHbl 00100aMmb 00HOBPEMEHHOU
KOHCIPYKMUGHOU, dNIeKMPUYECKOU, annapamHoul u
NpOCPAMMHOLU COBMECMUMOCBIO OpY2 C OPY2OM.
baz06as nAAMA YHUBEPCANLHOLO GbIYUCTUMENILHO20
MO0V O0NIHCHA NPEOCMAsIAmb OO0l
npozpammupyemslii Konmpoinep 6 cpeoe Arduino IDE
WU AHATOSUYHBIX CBOOOOHO PACHPOCTPAHAEMbIX
cpedax paspabomxu. bazosas niama dondxcna
0b1a0ame 6cmpoeHHbIMU UHmepgeticamu O
NOOKIIOUEHUS. YUPDPOBBIX U AHALO20BbIX YCMPOUCMS,
ecmpoennvimu unmepgetcamu USB, UART, 12C, SPI,
1-wire TTL, Bluetooth, WiFi. Ilnama pacuupenus
QondicHa obecnedusams 803MOHNCHOCb NOOKIIOYEHUs
VHUBEPCAbHO20 GLIMUCTUMENLHO20 MOOYIIS K Cemu
nocpeocmeom unmepgpetica Ethernet. Ilnama
pacwuperus dondcua obradams nopmamu 6800d-
661600a 0/15 NOOKIIOUEHUS. YUDPOBBIX U AHANO20B8bIX
vempoucma, unmepgetic SPI u 603mo2icHocmoro
nooKIO4eHUs HewHell kapmol namamu. Iliama
pacwupenust 0Jist ROOKIIOUEHUsL CULOBOU HAZPY3KU
00NI2ICHA 0DECneYUBams 603MOAICHOCTID NPIMO20
NOOKNIOUeHUS HeUHel CUN0BOU HASPY3KU, d MAKHCe
peacyrupyemoii naepysxu nocpedocmeom PWM
unmepgeiica. B cocmas nabopa oonicen 6xooumeo
npoepammupyemolil KOHmpoJiep, obecneuudaruuil
603MOICHOCTL OCYWeCMEIsING PA3PAOOMKY
NPOSPAMMHO20 KOOA, UCNONb3YSL UHCIPYMEHMAaPULL
cpeo paspabomku Arduino IDE u Mongoose OS u
1361068 npoepammuposanust C\C++, JavaScript.

[ Ipoepammupyemplii KOHMPOJLIEP O0NJICEH 001adamy
nopmamu 015t NOOKIIOYEHUS. YUPDPOBHIX U AHANO208bIX
yempoticme, CmpoenHbIMU BPOSPAMMUDY EMbIMU
KHONKAMU U JIeKMPOMEXAHUYECKUMU MOOYIAMU OISl
Op2anU3AYUL CUCTEMbL PYYHO20 YNPAGLEeHUS,
6CTNPOEHHBIMU RPOSPAMMUPYEMBIMU CEETNOOUO0OAMU
07151 UHOUKAYUU PabOUe20 pedicuma, GCMpOeHHbIMU
unmepdgpeticamu USB, USART, I12C, SPI, 1-wire TTL,
ISP, Ethernet, Bluetooth, WiFi. B cocmag nabopa
0oadiceH 6X00umb MOOYIb MEXHUYECKO20 3DEeHUs
npedcmagiowuil coooll 6bIYUCTUMENLHOE

yCmpoucmeo co 6CMmpoeHHbIM MUKPONPOYECCOPOM
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(xon1-60 A0ep - He meHee 4um, uacmoma A0pa He
wmenee 1.2 I'Ty, o6wem O3Y - ne menee 512Mb6, o6vem
ecmpoentol namamu - He menee 810),
UHMeSpUPOBAHHOU KAMEPOU (MAKCUMATbHOE
paspeutenue 6udeonomoxa, nepedasaemozo no
unmepgeticy USB - ne menee 2592x1944 e0.) u
onmuueckotl cucmemou. Modyne mexuuueckoeo
Bpenus 00adIceH 001a0amy COBMECMUMOCMbIO C
PA3IULHBIMU NPOSPAMMUPYEMBIMU KOHMPOILEPAMU C
nomowbio unmepgeiicos - 1-wire TTL, UART, 12C,
ISPI, Ethernet. MoOyib mexHuueckoeo 3peHus 00IHCeH
0becneuusams 8biNOIHEHUE 8CEX USMEPEHUL U
BbIUUCTIEHUL NOCPeOCNB8OM COOCIBEHHBIX
BHIUUCTIUMENILHBIX 803MONCHOCEU BCTNPOEHHO20
mukponpoyeccopa. Mooynb mexHuuecko2o 3perus
00191Ccer 001A0aMmb 803MONCHOCBIO KOMMYHUKAYUU C
aHano2UMHBIMU MOOYISAMU NOCPEOCHBOM WUHBL HA
basze nocnedogamenvbHo20 unmepgetica ¢ yewio
OanvHeliutell nepedayu pesyibmamos usmepeHul
epynnsl MoOyell Ha YRPasiAlouee bIYUCTUMENbHOE
yempoticmeo, nookuouenHoe K OaHHou wiune. Mooyne
MexHUYecKo20 3peHust 00IXHCeH obecneyusams
HACMpOUKU pexcumos pabomul - HACMPOUKY
brcnosuyuu, 6ananca 6enoeo, YeemopasHO CMHBIX
COCmMAagnAWUX, NIOWAOU 0OHAPYICUBAEMOT
obaacmu u306padicenus, OKpyerocmu
0OHapycusaemot 0oaacmu u306padiceHus,
nonosicenHue ooHapycusaemvix ooiacmetl
omHocumenvbHo opye opyaa, MauuHHoe oOyuenue
napamempog HelupoHHbIX cemeli 0 0OHAPYIHCEeHUs
00beKmMo8, hopmy u 3aK00UposaHvle 3HAYECHUS
0OHapyscusaemvlx Mapkepos muna Aruco, pazmepoi
0OHAPYHCUBAEMBIX OKPYICHOCEL, KBAOPAMO8 U
mMpeyeoibHUKO8, NApaAMempos KOHMPACMHOCMU,
pazmepos, Kpueu3sHsl U NOAOHCEHUS PACHOHABAEMBIX
iunuil. Habop dondicen obecneuuams 603MONCHOCHIb
paspabomku moodenu MoburbHO20 poboma,
ynpaensemoti ¢ FPV-pesicume nocpedcmeom
npocpamMmHo2o obecneyens 0 NePCoOHANIbHO20
Komnvlomepa u Moounbhblx ycmpoticme na baze OC
Undroid unu 10S, obecneuusarouieco 603M0HCHOCD
ynpaenenuss MOOUNLHLIM POOOMOM U 8CIPOEHHBIM
MAHURYISIMOPOM NOCPEOCMBOM 2paPuuecKo2o
unmepgeiica, BKIOUAIOWUM 8 ceb51 HAbOP KHONOK U
nepexouamernetl, 0AHCOUCMUK, 00aacmb O
omobpasicenus suoeo. Habop dondicen obecneyusamo
603MOCHOCIb U3YYEHUsL OCHO8 PA3PAOOMKU
NPOSPAMMHBIX U ANNAPAMHBIX KOMIIEKCO8
UHOICEHePHbIX cucmeM, peuteHull 6 cgepe
""Uumepnem eewen"", a maxoice pewienuii 6 oonacmu
pobomomexHuKuy, UCKyCCmeeHHo20 UHMeLIeKma u
Wmawunnozo odbyuenus. B cocmas nabopa 0ondicHO
6X00UNb NOCOOUE NO UZYUEHUIO OCHOB INEKIMPOHUKU U
cxemomexuuxu, peuwienuil 6 cpepe ""HUnmepnem
seweni"", pazpabomxu u NPOMOMUNUPOBAHUIO
Wmooeneil pobomos. B cocmag nabopa 0onicHo
6X00UmMb NOCOOUE NO U3VHEHUIO OCHO8 PA3PAOOMKU
cLcmem MmexHU4ecKko20 3peHUs U 1eMeHMOo8

KosmmuecTBo|
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UCKYCCMBEHHO20 UHmMeJlleKma.

Obpazosamenvhbill HAOOP
no Mexanuxe,
Imexamponuke u
pobomomexnure

OpazosamenvbHbili HAOOP 001XCEH DblMb NPeOHA3HAYEH,
01 U3YYEeHUs MEXAHUKU, MEXAMPOHUKU U
pobomomexnuku. ObpaszoeamenvHuiii HAOOP
npeonasnauen 0 paspadbomKu npopaAMMUpyemolx
moOenetl MexampoHHbIX cucmem u MOOUTbHBIX
pobomos, ocnawennvix paznuiuHbIMU
WMAHUNYIAYUOHHBIMU U 3AX6ATNHBIMU YCIMPOUCMBAMU.
B cocmas Habopa 00a#CHO 6X00UMb: KOMNAEKM
KOHCMPYKMUGHBIX INEMEHIMO8 U3 MEeMAaiid, KOMAAEKm
KDEnéNCHbIX DNIeMEenmOo8, KOMNAEKm 015 cOOpKU
Baxeamnozo ycmpoiicmea — ne menee I wm., koneca c
npopesunenHsiM 00000M — He Menee 2 wim., Koaeca
6CeHanpasIeHHo20 OBUNCEHUS -He MeHee 2 wim.,
npUEOO NOCMOAHHO20 MOKA C UHMESPUPOBAHHOU
cucmemot ynpasienus, obecneuusaiowel 0opammyio
C653b NOJIOJICEHUI0, CKOPOCIU U Ha2py3Ke - He MeHee 4
wim., 0amuux TUHUY - He MeHee 3 wm., 0amyuK
paccmosanus — ne menee 1 wm., AKKyMyIsAmMopHas.
bamapesi — He menee 1 wim., 3apsaoHoe YCmMpoucmeo —
ne menee I wm. B cocmas nabopa oondicen 6xo0umo
npocpammupyemulii KOHMpOLEp, 00ecneuu8arouul
BO3MOJICHOCTG OCYWECMEISMb PA3PAOOMKY
npoSpamMmHO20 K0OA, UCNONb3YS UHCIPYMEHMAapul
cpeo paspabomku Arduino IDE. [Ipoepammupyemvlii
KOHmMpOLEp 00NdHCeH 0becneuusams annapamuyio u
NPOSPAMMHYIO COBMECIUMOCb C dNEMEHMHOU OaA30l,
exoosyel 6 cocmas Habopa. [Ipoepammupyemoiil
KOHMPOJIEP OOIHCEH COOePIHCamb Credyioujue
unmepdeticol: yughposuvle u aHaro2oevle NOPMvl — He
wenee 50wm, USB, USART, 12C, SPI, ISP, Bluetooth,
WiFi. IIpoepammupyemviti KOHMPOLLEP OONNHCEH
codepacamv unmepgheic (0151 NOOKIOHeHUs NPUBOO08
U 0amuuKos poOOMOMexXHU4ecKko2o Habopa),
peanuzosannbili Ha Oaze wiunvl RS-485 — ne menee

[ 2wm. [Ipoepammupyemvlii KOHMPOALEP OONHCEH
codeparcamyb CUI0BOU ROPM O/l NOOKIIOYEHUSL
6HewHel Ha2py3KU Ul MOMOpo8 — He MeHee 2uum. B
cocmag HaboOpa 001XCeH BX00UMb MOOYIlb
mexuuueckozo 3peHus — ne menee lum. Mooyno
IMexHu4ecKo20 3peHus 00JdiCeH 00ecneuuams
603MOIICHOCID KOMMYHUKAYUU C AHANOULHBIMU
MOOYIAMU ROCPEOCMBOM WUlbl Ha Da3ze
nociedogamenvHo2o unmepdenca c yeivio
OanvHeliutell nepedayu pe3yibmanos usmepeHuil
epynnel MoOYel HA YRPAGISIouee 8bIYUCTUMENIbHOE
yempoticmeo, nookuouenHoe Kk 0anHou wiune. Mooy
IMexXHUYecKo20 3peHust O0NdHCeH 0becneuus8ams
BO3MOJICHOCL OCYWECMEISIMb HACMPOUKY MOOYA
MEXHUYECKO20 3pEeHUsL - HACMPOUKY IKCHOZUYUU,
bananca 6enozo, Y8EMoOPa3HOCMHBIX COCMAGTAIOUUX,
niowaou oonapycusaemol obaacmu uz0opaicenus,
OKpyenocmu obHapyIcusaemoul ooracmu
u300pasicenus, nosodceHUe OOHAPYIHCUBACMBIX
obracmeti omuocumenvHo opye opyeda. Mooy
IMexHu4ecKo20 3peHusl 00diCeH 0becneuusams
603MOICHOCTE HACMPOUKU HA OOHOBPEMEHHOE

o6Hapyscenue He menee 10 pasnuunblx 00UHOUHBIX
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00vbexmos 6 cekmope 0630pa, 1bo He mMeHee 5
cocmagubix 00bEKMos, COCMOSIUX U3 He MeHee 3
paziuunvix epapuyeckux npumumugos. Mooy
MexHU4ecKo2o 3peHust 00HceH 001adams
scmpoennvimu unmepgpeticavu — USB, UART, 1-wire
TTL, I2C, SPI 05151 KOMMYHUKAYUU CO BHEWHUMU
HOOKIIOUAEMbIMU YCMPOUCMEAMU.

Obpazosamenvhbiil
KOHCIMPYKMOp ¢

KOMNIEKMOM OamM4UKO8

ObpazosamenvHulil HAOOP 00JJICeH ObIMb
npeoHasHaven sl u3yyeHus OCHO8 paspabomxu
npocpammupyemvix mooeneti agnmoHOMHbIX
mobunvbHbix pobomos. B cocmas nabopa oondicro
6X00UMb. KOMNAEKN KOHCMPYKIMUBHBIX 9TEMEHMO8 U3
niacmuka, uHcmpymenm Ojis pabomsl ¢ KpenedcHblMu
KOMROHEHMAMU, CePBONPUBOO C BCIMPOEHHOU
cucmemot ynpaegneHus, obecnevusaroujeli 00pamHyo
C8513b NOJIOJCEHUIO, CKOPOCMU U HAZPY3Ke - He MeHee 4
wim., nynvm ynpaeienus — ne menee lwim, 0amyux
Kacanus — He mMenee 1 wim., damuux yeema — He meHee,
[wim, oamuux maxkmuabHO-CeHCOPHbIL CO
c6emoOuUOOHbIM MOOYemM — He Menee | wm., kamepa ¢
803 MOXHCHOCIBIO OOHOBPEMEHHO20 ONpedeneHuUs
HeCKOIbKUX Y8emog — e Meree 1 wim.,
akKymynamopHas 6amapes — He menee | wm. B
cocmae Habopa 00nKHCeH BX0OUMb
pobomomexnuueckuti KOHMpoiep — He menee luim.
\Pobomomexnuueckuti KOHMpoiep 00xceH 061adams
scmpoentbim ysemuwvim KK 3Kpanom u 6cmpoenHvim
uHepYUOHHBLIM Oamuukom. Pobomomexnuueckuti
KOHMpOJLIEp 00JdiCeH UMemb He MeHee 12 nopmos oas
NOOKIIOUEHUS! GHEWHUX YCIMPOUCME U NOPM O
ycmanoeku kapmul namsimu. B cocmas nabopa
00.7191CeH BX0OUMb NPOSPAMMUPYEMbLL KOHMPOJLIED —
He menee 1 wm. IIpoepammupyemviii KOHmMpoiLep
Dondicen npedcmasnsaims coboll yCmpoucmeo,
0becneuugarougee 603MONHCHOCHb OCYUIECMBIAMb
paspabomky npoepamMmHo2o Kood, UCNoab3ys
uncmpymenmapuii cped paspabomxu Arduino IDE.

[ Ipoepammupyembiil KOHMPOLLED OOAHCEH
0becneuugamv annapamuyro u npPOSPAMMHYHO
cosmecmumocmo ¢ s1eMeHmuol 6a3ou, 6xoosuell 8
cocmag nabopa. IIpoepammupyemvlii KOHMpoiep
Qodicen cooepaicams cledyioujue uHmepericol:
yugposvie u ananoeoevie nopmel — ne menee 50wm,
USB, USART, 12C, SPI, ISP, Bluetooth, WiFi.

[ Ipoepammupyemblil KOHMPOLLED OOANHCEH
codepacamv unmepgheiic 01 NOOKIIOYEHUsL NPUBOO08
U 0amuuKos pobOMOMEeXHUUeCKo20 HAbopa— He MeHee
12 wm.

8.00

" TeXHOJIOTHYECKUI
npoduis. BMO"

IHaumenoBaHuE paszacia:

Cnexmpoghomomemp

[ Ipeonasnauen 0 onpedeneHus ONMUYecKol
naomHocmu, KOIQGuyuenmos nponycKanus u
KOHYeHmpayuu pasHooOpasHuIX pacmeopos

1.00

Ananumuueckue eecol

[ Ipeonasnauenvl 0151 MOUHBIX USMEPEHULL MACCYL,
10360I5I0M KOHMPOIUPOBAMb USMEHEHUSL MACCDL C
mounocmoto 0,1 me.

1.00

Yuebno-

B cocmas éxooam: Cencop Tun 1 ne menee I wm.,

15.00
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ucce006amenbCKas 0becneuugaem 603MOHCHOCHb Pe2UCMPAYUY CUSHALA

lnabopamopus 6uocuzHanos8
U HeUpOmMexXHOI02UL

DreKkmpuyecKol akmusHOCMU MblluLY
(21exkmpomuocpammot, IMI'). Pecucmpayus oonscua
oCyujecmenaemcsa HeUH8Aa3UHo, CYXUMU
baexmpooamu. Bosmooicnocmbio kpenienus K pyke
uenogeKd, Ymo O0MNHCHO OABATNb BO3MOICHOCHIL
peaucmpuposams sneKmMpuUYecKyio akmueHoCmu
WMbluybl 6 0O1ACMU, HAO KOMOPOU PACNONA2Aemcsl
kpennenue. Ilpu nanpsicenuu mvluiysbl 00INICHA OblMb
0becneuena 803MONCHOCMb HAOIIOOEHUs NYYHOCTU
cuenana (m.e. npucymcemeue SMI'), npu
paccrabnenuu moiuysl - ee omcymcmsue. Cencop
Tun 2 ne menee 1 wm., obecneuugaem 803MOHCHOCHb
peaucmpayuu cueHaia Gomoniemusmocspammol
(DIIT) onmuyeckum nymem, 3a ciem UMeHeHUs
OMPadiCenHo2o om KpO8eHOCHbIX COCY008 ceema,
06beM KOMOPbIX USMEHAEMCs N0 8030elicmaeuem
nynvcoeoil onnbl. Cencop 0ocer bvimb obecneuen
B03MOCHOCMBIO KpenieHus K nooyuieuke naisya
uenogexa. Cencop Tun 3 ne menee 1 wm.,
0becneuugaem 603MONCHOCHb: PeUCPAayULL CUSHANA
barexmpoxapouozpammsl (OKT) ne uneazugHwvim
cnocobom; pecucmpayuu I, Il u III omeedenuii;
NOOKIIOUeHUS 2IeKMPOO08 K CEHCOPY € NOMOWbIO
COeOUHUMENbHBIX NPOB0O0S, 000PYOOBAHHBIX
TouchProof pazvemamu. Cencop Tun 4 ne menee 1
wim. obecneyusaem 03MONCHOCMb. Pe2UCMPAYUU
cuenana Kodcno-eanveanuyecxkou peaxyuu (KI'P),
peaucmpayus Komopoeo ocywecmeisiemcs Ha
NOCMOAHHOM MOKe; NOOKTIOYEeHUs K MeNy Yel08eKd C
NOMOWBIO CYXUX INEKMPOO08, NOOKIIOUEHUE KONOPbIX
K cencopy ocywecmensemcs ¢ nomouvio TouchProof
pasvemos. Cencop Tun 5 ne menee 1 wm.,
0becneuugaem 603MONCHOCHb: Pe2UCPAYUL CUSHANA
baexmpuyeckou akmugnocmu mozea (931 ¢
MOMOWBIO CYXUX HEUHBAZUBHBIX INEKMPOO08;
peaucmpayuu 31eKmpuieckoll akmueHOCMU PA3HBIX
Oonell Mo32a,; NOOKIIOUeHUsl JTIeKMPOO08 K CEHCOPY C
NOMOUBIO COEOUHUMENLHBIX NPOBOO0E,
0bopyoosannvix TouchProof pazvemamu,
Bakpenenus 1eKmpooo8 Ha NOBEPXHOCTU 20108bI.
Cencop Tun 6 ne menee 1 wm., obecneuugaem
BO3MOXCHOCIb: pe2UCmpayu CUSHANA KOAeOaHUs
epyonot knemxu (Cencop Ovixanus), onpedenenus
uacmomul ObIXaHus. Ycmpoucmeo 015 coopa OaHHbIX
om ceHcopos u nepedayu Ha NepcoOHANbHBIN
KoMnblOmep obecneyusaem 603MONCHOCHb cOOPA
OaHHBIX OM NOOKIIOYEHHBIX K HEMY CEHCOPO8 U
omnpagky nomyuennvix 0anuvix Ha I1IK. Ilooxknouenue
yenmpanvrno2o mooyas k IK ¢ nomowwio USB-
Kkabens. [Jenmpanvuwiii MoOyab umeem He menee |
wm, : eanveanuyeckyro uzoaayuio om IK.

[ [enmpanbHoulil MOOYTb 0Oecneyusaem 803MONCHOCHb
00HOBPEMEHN020 NOOKTIOYEHUSL BNI0Mb 00 4
cencopos. Kaoicovii uz 6x0006 Llenmpanviozo mooyns
uMeem 2anb8aAHUYECKYI0 U30AAYUI0 (0becneyerue
MeNCKAHATbHOU 2ab8AHUYECKOU U30NAYULL).

looxniouenue cencopos Kk Llenmpanvrnomy mooywo
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OCyWecmansemcs ¢ NOMOUWbIO CREYUATUIUPOBAHHBIX
pazvemos muna LEMO, obecneuusarouux
NPABUILHOCTbL ROOKIOUEHUSL PA3bEMA U CHUICATOUSUX
puck cryuaiinoeo Kacaumus pazvbemos
MOKONPOBOOSWUX Yacmell, d MAKiCe
0Oecneuusarowux 3auumy om
HeCaHKYUOHUPOBAHHO20 NOOKIIOYEHUSL K
npouseonvHbiM yempoticmeam. Moodynv «Knonkay ne
Wmenee 1 wm., obecneyusaem 603MONCHOCHIb:
pazmemxu pecucmpupyemvlx CUSHAI08 U OMMeYamb
He MeHee 3-X pasIuyHbX Kame2opuu COCMOSHUIL.
Yempoiicmeso, exoosuyee 6 cocmag nabopamopuu,
00IIICHO 0Decneyusams 603MONICHOCHTb Pe2UCTPAYUL
apmepuanibHo2o dasienus..

HaumeHnoBanue HanpaBjeHusi: "Obopyoosanue 013 00noaHUmMENbHbIX HANPABIEHU

u

HanmeHnoBaHMe pa3mena:
"' XanTek"

lasnvnas cmarnyus

Den: pabouas memnepamypa, °C: om 100 oo 480,
nasnvuux: pabouas memnepamypa, °C: om 200 do
480 Mownocmb nasivhuxa: ne menee 50 Bm,
[Kepamuueckuil Hacpesamens. Haluyue

5.00

Cmexniomexcmonum

Tun: FR4-1, Pasmep: ne menee 100*100 mm

100.00

Tpancghepnas dymaca

\Hasnauenue: ons nepeHoca pucyHka njiamsl Ha
CMEKJIOMEKCMOoJIum

30.00

Ymroe

V151 nepenoca pucynka ¢ mpaucgeproii Oymazu Ha
niamy, 21a0Kas NOAUPOBAHHAS NOBEPXHOCND!
Hanuuue, Napoz2eHepamop: Hem

1.00

EMKocmb 015t mpagneHus
naam

V{15 mpaenenus neuamHvix niam 6 pacmeope
I0pHO2O dcene3a, 8030YWHbLI HACOC: HaTUYUe,
Hazpesamensb HCUOKOCHU C NOOOePIHCaAHUEM
HOCMOSHHOU MeMnepamypul: Haauyue

1.00

[ Tnacmuk ons 30 newamu

Tun naacmuxa: PLA, monwuna numu: ne mernee 1,75
Wm

50.00

30 npunmep yueonwvlll

Tun npunmepa: FDM, FFF, mamepuan (0cHo6HOU):
IPLA, konuuecmso neuamarouux 201080K. He MeHee 2,
pabouuii cmon: ¢ nodoepesom, pabouas obracme
(XYZ): om 180x180%180 mm, maxcumanrvras
ckopocmb neuamu. ne menee 150 mm/cex,
WMUHUMATLHASE MOAWUHA clos: He boaee 20 MKM,
Bakpvimolil KOpNyc: HATUYUE, OXJAHCOEHUE 30HbL
nevamu: Hanuyue

3.00

30 npunmep
npogeccuonanbHbiil

Tun npunmepa: FDM, FFF, mamepuan (0cHo6HOU):
IPLA, konuuecmso neuamarouux 201080K. He MeHee 1,
pabouuii cmon: ¢ noooepesom, pabouas 0boiacme
(XYZ): om 300%300%400 mm, maxcumaioHas
ckopocmb neuamu. He meree 150 mm/cex,
WuHUManbHAsE monwuHa ciosi: He bonee 20 MK,
Bakpvimblil KOpHyc: HATUYUe, OXAaHCOeHUe 30Hbl
nevamu: Hanuyue

1.00

DpesepHulil CMAHOK
yuebHbILL

Hasnauenue: 00pabomxa mooeibHulX 80CKO8,
NIaAcCmuKo8, Opesecunvl mun. )pe3epuslii CMaHox ¢
YI1y, xonuuecmaso oceli: ne menee mpex (XYZ),
\MakcumanbHoe Koauuecmeo 060pomos 6 MUKymy: He
wmenee 7000

3.00

\Habop ¢pes

[Konuuecmeso ¢hpes: ne menee 10 wm.

1.00

yuebnbltl 6ONbUIOL C

Dpezepnuviii cmanox ¢ YITY

Hasnauenue: 00pabomxa mMooeibHbLX 80CKOB,

nj1acmuKkoe, dpeeecqul, UBEMHbIX Memajlllos mun.

1.00
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npunaaﬂewcﬂocm;mu

dpesepnwiii cmanok ¢ UI1Y, xonuuwecmso oceli: He
\wmenee mpex (XYZ), maxcumanbrHoe KOIUUECmE0
0bopomoeg 6 munymy: He meree 15000,
A6MOMAMU4eCcKas CMeHa UHCIMPYMEHma. Hanuyue

\Mnozoghynrkyuonaivras
cmarnyus 0
Wmexanuueckoii 06pabomxu
U NPOMOMUNUPOBAHUS

Yuebnas mooynvnas cmanyus oondcna obecneuusamo
B03MOJCHOCIb U3VYEHUs He MeHee mpeX MexXHON02Ul
npou3600cmea uz0enutl u 06pabomku Mamepuaios, d
makoice NPOMOMUNUPOBAnUs U30eaull. Yuebnas
WMOOYIbHASL CMAHYUS OONIHCHA UMemb CIeQVIOWUll
cocmag u xapakmepucmuxu: Mamepuan
KoHcmpykyuu: arromunuil Konuvecmso
Hanpasisarowux. He menee 4 wm. Habop
unmepdgeiicos: - Ethernet, ne menee 1 wm. - USB, ne
menee 2 wm. - MicroSD: nanuuue. - Mooy
becnpogoonotl ceasu Wi-Fi: nanuuue. Ianens
ynpaenenus ¢ skparom: Hanuyue Tun ynpaenienus
bxpana: cencopnoe Tun sxpana: LCD-nanens
I{eemnocmos sxpana: yeemmuou [Juazonans skpana: He
Wmenee 3,5 owima [lnamgpopma nodoepesaemas:
Hanuyue Iliampopma ons 3D-newamu maecnumuas
eudras: naruuue Coemecmumocms naamgopmol s
3D-neuamu ¢ nnamgopmou nooozpesaemoii: Haruyue
Cmennvlii Modyav 3D-nevamu: nanuyue Texnonozus
3D-nevamu: FDM unu FFF JJuamemp conaa: ne
wmenee 0,4 mm Makcumanvnas memnepamypa Hazpesa
conna: ne menee 250 °C Maxcumanvnas
memnepamypa Hazpesa nooocpesaemou niamgpopmoi:
e menee 80 °C MunumanbHas moawuna cios. He
bonee 50 mxm Maxcumanbnas moayuna cios: He
wmenee 300 mxm Cxopocmv 3D-newamu: ne menee 100
m/c MaxkcumanoHulii pazmep uz2omagiusaemo
wooenu: ne menee 200x210x200 mm

[ To0oepoicusaemvie mamepuanvl 0a 3D-newamu:
PLA-, PETG-, TPU-, ABS-, PC-, Flex-niacmux
V[uamemp nHumu niacmuxa: ve 6oaee 1,75 mm Cencop
0OHapydicenus HUMuy niacmuxa: Hamuyue Qynxyus
agmomamuueckou Karubpogku. nanuuue CMenHblll
naseprblil MOOYIL: Hanuyue MowHocme nasepa: He
wenee 1,6 Bm @yuxyus 1a3epno2o epasuposanus.
Hanuuue OyHKyus 1a3epHoul pesku: Hanudue Pazmepol
paboueii oonacmu: ne menee 200x200 mm
[To0oepoicusaemvie mamepuanvl: 6ymaza, KApmoH,
Oepeso, niacmuk, koxca CMeHHblll MOOYIb
dpeszeposanus ¢ YITY: naruuue Makcumanvhas
ckopocmb 8paugerus winunoens: He menee 8000
00/mun Makcumanvhslill Ouamemp 3axcuma NAmpoHa:
Hne menee 4 um @pesa: nanuuue Oynkyus
NIOCKOCMHO20 U 00bEMHO20 pe3eposanus: Haauyue
[[loo0epoicusaemvle mamepuanvl: 0epeso,
mexcmonum, niacmuk Kooicyx sawumnvlil: Hanuyue
Ouku 3awumusle ¢ YD-purvmpom: naruyue
\Uoanmep numanusa: naruuue Komnnexm 3anacnvix
DYHKYUOHANBHBIX SeMEeHmMOo8. Hanudue

5.00

Cmanok 1a3epHotl pe3xu ¢
UUCTOBIM NPOSPAMMHBIM
ynpasienuem

Cmanox 015 2pasuposku u pesku 1azepom. Jonicen
npedycmampugams 603MOANCHOCHbL 00paboOmKU
XpYRKUX MAMepuanos, @ mom Yucie Kepamuxu,
cmekaa, opecmexna. Mooynws purempayuu 6030yxa 6

Komniexkme. BCMPO@HHO@ B00SIHOE OXJIAJNCOCHIUE.

1.00
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Vlazep muna CO2. Pasmep pabouezo cmona, Mm: He
mernee 300*500. Mowrnocms nazepa, Bm: ne menee
40. IToooepacusaemvle popmamet hatina: JPG, PNG,
TIF, BMP, DXF, SVG, CR2.

HaumenoBanue paznena:
"DnexTpo3HepreTuka

HaumenoBanue paznena:
"T'EO-ADPO"

HaumenoBanue paznena:
"HAHO"

HaumenoBanue paznena:

"O61ee obopynoBanue"




