MHUHUCTEPCTBO OBPA3OBAHUA
KAJIMHUHITPAACKOMU OBJIACTH

MMPUKA3

« A8 » WM 2022 rona Ne 165% /41

Kanunuurpan

06 yrBep:KaeHHH HHPPACTPYKTYPHOIO JIMCTA /ISl OCHALLEHHSI 000py/10BaHHEM,
pPacXoJHbIMH MaTePHAJIAMH, CPeJACTBAMH 00y4eHHs H BOCIIHTAHHS 1€TCKOro
TexHonapka «KBanropuym» Ha 6a3e o0meobpasoBaTe/ibHOH OPraHH3alHH B paMKax
peruoHaibHoro npoexkrTa «CoBpeMeHHas WK0JIa» HAIHOHAJIBLHOIO MPOEKTa
«O6pazoBanue» B Kanunuurpaackoii obnacru B 2023 roay

B nensx peanusauud Ha Tepputopur KammuuHrpanackoit o6iactu ¢penepaisHoro u
perMoHanbHoro  mpoektoB  «CoBpeMeHHas  IIKOJ@»  HALHOHAJIBHOTO  INPOEKTa
«O6pa3oBaHue», B COOTBETCTBHM C TIpHKa3oM MmuHucTepcTBa — 0Opa3oOBaHHA
Kanununrpazackoit obmactu ot 23.11.2022 Ne 1471/1 «O06 yTBepKIeHHH KOMILIEKCa MEP
(IOpOXHOM KapThl) IO CO3JaHMI0O U (QYHKUHOHHPOBAHUIO JETCKUX TEXHOMAPKOB
«KBanTopuym» Ha 6asze 06uieoOpa3oBaTeIbHBIX OpraHM3alMii (ejepalbHOrO IMPOEKTa
«CoBpeMeHHas WIKOJa» HalMOHalIbHOro npoekra «OGpasoBaHHe», MHCBMOM OI'AOY
«DoHx HOBBIX (opM pas3BuTHs oOpasoBanms» or 28.12.2022 Ne 100/2812-07
«O cOOTBETCTBHH MH(MPACTPYKTYPHBIX JIMCTOB eUHON TexHosnoruyeckod cpexe HITO»
NMpHUKa3blBalo:

1. VrBepauth MHGOPACTPYKTYPHBIA JIMCT JUIA OCHAIUEHHS 0OOpYIOBaHHEM,
cpencTBaMM OOy4eHHs M BOCIIHTAaHHMS JETCKMX TeXHOmapkoB «KpaHTOpHyM» Ha 6aze
06111e06pa30BaTeIbHON OpraHU3allii B paMKaX pernoHaibHoro mpoekra «CoBpeMeHHas
IKoNa» HauMOHaTbHOro mnpoekta «O6pasoBanue» B KanuHMHTpaackoi obmacth
B 2023 romy, pacroioKeHHbIX B ropojckom okpyre «l'opox KamuemHrpam» Ha Oaze
MYHHIMIAIBHOTO ~ aBTOHOMHOro  0011eo0pa3oBaTelbHOro  YYpeXIeHus  ropoia
KanunHuHrpaaa cpeaHedl obuieobpasoBaTeqbHON MWKOAbI Ne 56 ¥ MYHHLMIAIBHOTO
ABTOHOMHOTO 00Ie06pa3oBaTeNbHOr0 ydpexaeHus ropoja KanuHuHrpaga cpenHen
061meo6pa3oBaTebHOM KO Ne 57 COrIaCHO MPUIOKEHHIO K HACTOALIEMY NPHKA3Y.

2. KoHTpOJIb 32 UCIIOJHEHHEM HACTOSILETO MPHUKa3a OCTABJIA0 32 coboii.

3. IIpuka3 BCTyIaeT B CHIIy CO [IHsI MOANUCAHUS.

MuHKCTp 00pa3oBaHMs _ : |
KanuuuHrpazackoi obnactu \_#_________X C.C. Tpycenésa




[Ipunoxenue
K npukasy MuHHCTEepcTBa 00pa3oBaHuUs
Kanununrpajackoit obnactu

OT A8 X AQYUNe '/5.'55:/’/

UHO®PACTPYKTYPHBIA JUCT
JJIS1 OCHALEeHHs1 000pYA0BaHHEM, PACXOAHBIMH MaTepHAIaAMH, CPEACTBAMH
o6y4eHusi H BOCIUTAHMS JeTCKHX TexHonapkos «KBaHnTopuym» Ha Ga3ze
006ueo6pa3oBaTe/IbHbIX OPraHU3alNi B PAMKaX PErHOHAJIBHOI0 MPOEeKTa
«CoBpeMeHHasi HIK0/12» HAIHOHAIbHOr0 npoekTa «O6pa3oBanue»

MyHuLHMIIaTbHOE ~ aBTOHOMHOE obmeoOpa3oBarenbHOe  yUpEKIECHHE ropoja
Kanvuunrpaza cpeanss obmeobpasosarenbHas mkoia Ne 56

Ne HaumeHoBanue Enunnua
n/njo6opyaosanns (PBITIO) H3IMepeHus
HaumenoBanue Hanpasiaenus: "Texnonozuueckan nanpagiennocms. BHO "
anMeHOBaHHE pa3jiea.
| ["Texnonoruueckas
HanpasjeHHocTs. BHO"

Kpatkue npuMepHbie TexHu4yeckne xapaktepuctuku (PBI1O) b(onnqecrno

ITpednasnauen 01 OnpedeneHus ONMUYECKol RIOMHOCMIL,
Cnexmpogomomemp — KoIhpuyuenmos nponycKanus u KOHYeHMpayuu pasHooopasHolx wm 1.00
acmeopos

[Tpednasnauenst O MOYHBIX UIMEPEHUU MACCH, NO3BONAIOM
konmponuposame usmenenus maccel ¢ moyHocmoio 0,1 me.

"B cocmas exodam: Cencop Tun 1 ne menee | wm., obecnevueaem
80ZMOJICHOCb Pecucmpayuy CUZHANA INEKMPUHECKOU GKMUBHOCHIU
Wiy (snexmpomuozpammel, IMT). Pecucmpayus donsxcna
locyuyecmenaemes HeUHBAZUGHO, CYXUMU 31EKMPOOaMU.
\BoaMOJICHOCMBIO KpenneHus K pyKe 4elogeKd, 4mo 00NdicHo dasams
lBoaMOdICHOCHTB PEZUCMPUPOBANTb INEKMPUYECKYIO GKINUBHOCMU
Mblybl 8 o6nacmu, Had komopot pacnonazaemes kpennenue. Ipu
Hanpasicenuu Muludbl 0onxcHa Geimb obecneyena 803MONCHOCMb
Labniodenua nyunocmu cuenana (m.e. npucymemeue IMI), npu
paccnabnenuu motuiyel - ee omcymemeue. Cencop Tun 2 ne menee 1
um., obechenueaem 603IMONCHOCHTb PECUCMPAYUU CUZHANA
homonnemuzmozpammut (DITT) onmuueckum nymem, 3a cyem
UIMEHEHUS. OMPANCEHHO20 OM KPOBEHOCHBIX COCYO08 céema, 00vem
KOMOpbIX UIMEHSeMCs RO 8030elicmeuem nyibcogoil eontsl. Cerncop
Donoicen Boimb obecneuen 803MOICHOCMbIO KPEeRTeHUA K RoOyuleuke
nanvya wenosexa. Cencop Tun 3 ne menee | wm., obecnevusaem
l603MOJICHOCb: pezucmpayuu cuexiana snekmpokapouoepammot (IKT)
e uneazusHom cnocobom; pezucmpayuu I, II u Il omeedenuii;
nodKmoMeHUs 2NEKMPOO0E K CEHCOPY € NOMOUbIO COEOUHUMENbHBIX
nposodos, obopydosannvix TouchProof pazvemamu. Cencop Tun 4 ne
menee 1 wum. obecneuusaem 603IMONCHOCMb: PecUCMpayuu cusHana
KooicHo-2anvsanuyeckol peaxyuu (KI'P), pecucmpayus xomopozo
ocywecmensiemes Ha NOCMOAKHOM MOKe; NOOKIIOYEHUA K meiny
yenogeKa ¢ NOMOUbIO CYXUX 3MeKmpooos, NOJKTIOYEHIE KOMOPbIX K
cencopy ocywgecmensiemcs ¢ nomouyvio TouchProof pasvemos. Cencop
Tun 5 ne menee I wum., obecnevusaem 603MONCHOCMb. pe2ucCmpayuu
lcuznana snexkmpuueckon akmusrnocmu mosza (336) ¢ nomoyslo cyxux
HEUHBAZUBHBIX INEKMPOO0B; PeUCMpayuu S1eKMpu4eckou
lakmuanocmu pasnvix donell Mo32a; NOOKNIOYEHUA SNeKMPOO08 K
lcencopy ¢ noMowblo CoeOUHUMenbHbIX NPo8o006, 060pYAOBAHHBIX
TouchProof pazvemamu; 3aKkpennenus 31exmpooos Ha NOBePXHOCMU
eonosvt. Cencop Tun 6 e menee 1 wm., obecheyugaem 603IMONCHOCMb.

A nanumuyeckue eecsol wm 1.00

Vuebno-
uccnedogamenbCekas
itabopamopus
\BuocuzHano8 u
Hetipomexwnonozuil

wm 8.00




Ne
n/n

HaumeHnoBanue
oGopynosanus (PBI1O)

KpaTkune npuMepHbie TeXHu4Yeckne xapaktepuetuku (PBITO)

Eannauna
H3IMepeHHs

KonuvecTBo

pecucmpayuu cuenana konebanus epyouo knemru (Cencop dvixanus);
onpedenenus wacmomyi ObixanuA. Yempoucmeo ona cbopa 0annbix om
cencopos u nepedawu Ha nepcoHAbHbIL KoMnblomep obecnevusaem
lgoamooicnocme c6opa daHHBIX 0M NOOKIIOYEHHBIX K HEMY CEHCOPO8 U
omnpasky nonyuenneix danneix Ha I1K. ITodkniovenue yenmpanbroeo
modyas k [TK ¢ nomowwio USB-rkabena. Llenmpanouviii MoOyns umeem
e menee I wm, : 2anveanuueckyio uzonayuio om IK. Llenmpanohuiii
Modyne obecneyusaem 80IMONCHOCHL OOHOBPEMEHHO20 ROOKTIOY eHUA
eniome do 4 cencopos. Kaxcowiii us exodoe [lenmpansnozo modyns
uMeem 2anbB8aAHUYECKYI0 U30NAYUI0 (0becnevenue MeXCKanatbHol
eanveanuyeckou uzonsyuu). [lookniovenue cencopoé k Llenmpansromy
IMOQYII0 OCYUecmBIAenICa ¢ ROMOUBIO CREYUATUIUPOBAHHBIX PATHEMOE
muna LEMO, o6ecneuusarowjux npasuwibHocms ROOKIIOYeHUA pasbemMa
U CHUMICAIOWUX PUCK CAYHAUHO20 KACAHUS PATHEMOE MOKONPOBOOSUUX
wacmetl, a makoice 0becneyusanuux auumy om
HEeCanKYUOHUPOBAHHO20 NOOKIIOYEHUS. K NPOU3BONbHBIM YCMPOUCMEan.
\Modyne «Knonka» ne menee I wm., obecnequsaem 60IMONCHOCb:
[pasmemxu pecucmpupyemulXx CUSHAN08 U omMeuams He MeHee 3-x
paznuunbix Kamezopuu cocmoanul. Yempoiicmeo, 6xodsuee 6 cocmas
lnabopamopuu, 00ndcHO 0becneyugams 60IMONCHOCb PECUCMPAyUU
\apmepuanvnozo dagnexus. "

HaumenoBanne HanpasJaenus: "Ofopydosanue 01a 0onoanumensHyix nanpasienui"”

IHanmenoBaHKe pa3jena:
"’EO-ADPO"

VTazepHblit OansHoMep

Vlasepnbiil OanbrHoMep Onst UsSMEPEHUs paccmoanull Ons co30anus
mounbix 3D-modeneu nomenyenuil u opyeux 06vexmos

wm

5.00

ITpomusoyoapmbtii
nnanucem

[Tpomusoydapusiii mianuiem 018 npogedenus nonesslx pabom, 6 m. u.
cBopa dannbix Ha mecmuocmu. Juazonans skpana, OwiM. He MeHee
10,47

6.00

[Tonuzon ons bBI1JIA

Cemuamoe ozpasicoetue 30Hbl nonemos 3x3x3 mempa

wm

1.00

Vuebnas nemarnwan
pobomomexnuyeckasn
cucmema c CV kamepoii

"Dopm-thaxmop: yempoucmeo wiu Habop Ona cbopKy, Kawnan ceéa3u
VNpaBnenus CuCmemMol: Hanuiue, KOMIeKmopHble MOMOPbL: HATUYUe,
nonemHblIll KOHMPONNEP ¢ BOIMONCHOCMBIO RPO2PAMMUPOBAHUA!
Hanuyue, nOOOepIcKa ONMUYECKOU CUCMEMbl HABUSAYUU 8
nomewenuu. naruyue, mooyne Wi-Fi eudeoxamepor: naruiue, xamepa
lonmuYecKo20 NOMOKA: Haluvue, Nepe3apadsCcaeman aKKyMyIsmopHas
bamapes : Hanuuue, NPOZPAMMHOE RPUNONHCeHUe OIS
NpO2paMMUPOBAHUA U YRPABIEHUA, 8 MOM Hucne ONs CMApM@POHOs,
(DYHKYUS NPOZPAMMUPOBAHUA HECKONLKUX 1eMAiouux pobomos Ha
loOHoM yempoticmee: Haruvue Mampuynslii UHOUKAMOP ¢ MOOYIeM
Damuuka paccmosHus ¢ KpAcHbIMU U CUHUMU ceaemoouodamu 8x8 — 1
wum. Muxporxoumponnep: 08yxeadepHslii ¢ OMKPbIMbIM KOOOM
\Pacwupenue: 14-konmaxmuviit nopm pacuwiupenus (12C, UART, SPI,
GPIO, PWM, ucmounux numanus) Macca ne 6onee 90 2p
Markcumansnoe nonemuoe epems; we menee 13 munym"

wm

19.00

UTiobumenvckan
\MobunbHAA 6030YUIHAA
cucmema ¢
lBOIMOdICHOCHIbIO
8UZYAIbHO20 YNPGBTEHUA
lom nepeozo nuya

"/Tiobumenbexas MoBUNbHA BO30YUWIHAA CUCMEMA 0Nl NPOBeOeHUs
aspoghomocvémku mecmuocmu u omoensHulx 06vekmos Popm-
paxmop: yempoiicmeo wiu Habop 01a cOOpKU, Kanan céA3u
VNPABNEHUR CUCMEMOI: HANUYUE, MAKCUMANbHAS OQTLHOCTIb nepeday
Dannbix: He menee 2 kM, BecKonieKmopHbsie MOmMopsl. Hanuvue,
nonemHbIll KOHMpOInep: Hanuuue, ROOOEPHCKA ONMUYECKOU CUCHEMb
Lasueayuy 8 noMewjeruu; Hanuyue, Mooyt (homo/sudeoxamepel
paspewenuem ne menee 4K: nanuvue, Mooynb Hasueayuu
GPS/TTTIOHACC: nanuyue, nyjibm ynpasieHus. Hanuque,
axkymynamopras bamapes ¢ 3apAOHBIM YCMPOUCEOM - HATUYUe
npospammHoe npuodcenUe 0N NPOZPAMMUPOSAHUA U YNPABNEHUs, 6
{mom wucne onsa ecmapmeponos: nanuyue Maxc. paccmosinue noremda e
menee 18 km Emxoeme akkymyasmopa ne menee 3500 mAu
\Macca ne 6onee 570 2"

wm

3.00

IHasmeHOBaHHE pasziena:




Ne

n/njoGopyaosanus (PBIIO)

HaumeHoBanue

KpaTkne npumMepHbie TeXHH4YecKHe xapakTepucTuku (PBITIO)

Enunnna
H3MepeHHs

):KOJ'I HYECTBO|

I!I_[AHO"

Hanmenosatne pasjena:
"XAUTEK"

Tnacmux ons 30 nevamu

Tun nnacmura: PLA, monwuna numu; ne menee 1,75 mm

wm

30.00

130 npunmep yuebuuiii

Tun npunmepa: FDM, FFF, mamepuan (ocnosnou): PLA, konuuecmso
nevamarowux 20N060K: He MeHee 2, pabouuil cmon.: ¢ NoOoZPesoM,
pabouas obnacme (XYZ): om 180%180%180 mm, maxcumansHas
ckopocmb newamu. ne menee 150 Mm/cek, MUHUMATbHAR MONYUHA
cion: ne Gonee 20 Mkm, 3aKpeIMbILE KOPAYC. HANUYUE, OXNAHCOEHUE
30HbI neyamu: Hanuyue

wim

3.00

30 npurmep
npogheccuonanbrbiil

Tun npunmepa: FDM, FFF, mamepuan (ocrosnoi): PLA, konutecmso
nevamarowux 2onoeok: He mexee 1, paboyuii cmon: ¢ No0ozpesom,
pabouas obnacme (XYZ): om 300%300x400 mm, maxcumansnas
ckopocme nevamu: He menee 150 mm/cex, MuHUMaNbHAs MOMYUHA
cnos; He bonee 20 MM, 3aKpbIMBLIL KOpRYC: HANUYUE, OXaaxcoenue
BoHBI neyamu: Hanuyue

1.00

\Mnozoghynryuonansnas
lcmanyus ons
\mexanuyeckoil
obpabomku u
npomomunuposanus

Vuebuas Modyneras cmanyus 0oNHcHa obecneyueams 603IMONCHOCMb
UZVHeHUA He MeHee mpex MeXHON0SUl RPOU3600CMEa U0enull U
06pabomku Mamepuanos, a maxvice NPOMOMUNUPOBAHUA USOETU.
Yuebnan modynbnas cmanyus OONNCHA UMeNts CIeOVIOWUI cOCmas u
xapakmepucmuxu: Mamepuan xonempykyuu: anomunuii Konuuecmgo
wanpasnsiowux: ne menee 4 wm. Habop unmepgeiicos: - Ethernet, ne
wenee | wm. - USB, ne menee 2 wum. - MicroSD: nanuuue. - Modyne
becnposodnoii ceasu Wi-Fi: nanuvue. Ilanens ynpasnenus ¢ 5KpaHom:
wanuyue Tun ynpaenenus sxkpana: cencoproe Tun axpana: LCD-nanenv
\Lleemnocme axpana: yeemuou JJuazonans skpana: He menee 3,5
iotma IThamgpopma nodozpesaeman: nanuyue lnamgpopma ons 3D-
neyamu mazHumnas 2ubkas: Hanuvue Cosmecmumocms niamgopmel
ons 3D-newamu ¢ niameghopmoni nodozpesaemoni; nanuwue Cmennolil
mooyne 3D-nevamu: nanuyue Texnonozun 3D-newamu: FDM wnu FFF
Tuamemp conna: ne menee 0,4 mm Maxkcumanbras memnepamypa
nazpesa conna: ne menee 250 °C Maxcumanenas memnepamypa
nazpesa nodozpesaemon nnamgpopmer: e menee 80 °C Munumanenan
momyuna cros: ne bonee 50 mxm Makcumansnas momyuna cnos: He
wenee 300 mxm Cxopocme 3D-nevamu: ve menee 100 mm/c
Marcumansbiblil pazmep uz2onasnueaemMon Mooenu. He meree
200x210x200 mm IModdeprcusaemsie mamepuanst 0na 3D-nevamu:
PLA-, PETG-, TPU-, ABS-, PC-, Flex-nracmux [Juamemp numu
nnacmuxa: ne Gonee 1,75 mm Cerncop obHapydiceHus HUMU NIGCMUKA:
nanuvue CyHKYUs asmomamuyeckol kanubposxu: nanuiue Cmennulil
lrazeprerii Modyns: Hanuuue Mownocms nasepa: ne menee 1,6 Bm
Dyniyus nazeprozo 2pasuposanua; Hanuiue OYHKyus 1a3epHol pesku:
wanuyue Pazmepul paboyen obnacmu: He menee 200x200 mm
IToddepacugaemsie Mamepuansi: bymaza, KapmoH, 0epeeo, NNACMuUK,
koorca Cmennviti mooyne hpeseposanus ¢ HITY: nanuyue
\Maxcumansnasn ckopocms epaujenus winunoens. ne menee 8000 o6/mun
\Maxcumansuuiii Quamemp 3axcuma nampona: ve menee 4 mm @pesa:
anuyue @YHKYUS NIOCKOCMHO20 U 06BEMH020 hpe3epo6aHua.:
wanuuue IToddepacusaempie Mamepuansl.: 0epeeo, Mexkcmonum,
nnacmux Koorcyx saupumnsiii; Hanusue Ouku saupummueie ¢ Y@-
punempom: nanuvue Adanmep numanus: narnuyue Komninexm
3anacHblX (YHKYUOHAIBHBIX SNEMEHMOE. HATu4ue

um

5.00

'HanmeHoBaHHE pasaena:
"JnekTpo3HepreTHKa"

HauMeHoBaHHe HanpaBJieHnsi: "EcmecmseHHOHAYYHAA HARPABIEHHOCHIb

L

IHanmeHOBaHKe pas3jiena:
"EcTecTBEeHHOHaYYHas
[HarmpaBIeHHOCTh"

[ [ughposas nabopamopus

O6ecneyusaem spinonnenue 1abopamopnsix pabom no Xumuu Ha

« Xumus» npogunvras

wm

POKGX 8 OCHOBHOT WKONE U NPOEKMHO-UCCNE)06aMeNbCKol

4.00




Ne
n/n

HaumeHoBaHue
oGopyaosauus (PBI1O)

KpaTkue npumepHble TexHu4yeckne xapakrepuctukn (PBI1O)

Eaunnna
H3MepeHHs

].KD.I‘I HYECTBO|

oA nedazoza

Deamenvrocmu yuawuxcs. Komnnexmayus: Becnposodnoi
Mynsmudamyux no xumuu ¢ 3-ma 6cmpoenHeiMu damyuxkamu: JJamuux
pH ¢ duanazonom uzmepenus e yoce yem om 0 0o 14 pH JJamyux
S1eKMPONPOBOOUMOCMU ¢ OUARAZOHAMU UIMEpPeHUA He yoice yem om ()
00 200 mxCm; om 0 00 2000 mxCm; om 0 0o 20000 mxCm Jamuux
imemnepamypel ¢ duanazonom usmepenus He yoce yem om -20 0o
+140C Omoenvivie Oamyuuru: Jamuux onmuyeckon hromiocmu 523
nm Axceccyapel: Kabenw USB coedunumensnuiii 3apaonoe
yempoiicmeo ¢ kabenem miniUSB USB Aoanmep Bluetooth 4.1 Low
Energy Kpamxoe pykosodcmeo no akcniyamayuu yugposou
nabopamopuu Habop nabopamopnoii ochacmxu [Ipoepammnoe
obecnevenue Memoduueckue pexomenoayuu ne menee 40 pabom
\Hanuvue pyccrosizviunozo catima noddepcku Hanuvuue 6udeoponukos.

[[ugposas nabopamopus
«@usukar» npodunbHan
ons nedazoea

Obecneyusaen 6bINOTHEHUE IKCNEPUMEHINOB NO MEMAM KYPCa u3UKU.
\Komnnexmayus: Becnposoonoti mynemudamyux no gusuxe ¢ 6-10
scmpoennvimu damvuxawu. Lugppoeoii damyux memnepamypel ¢
Duanazonom uzmepenus e yoice vem om -20 0o 120C Hughposou
Damyux abeonomiozo 0agnenus ¢ OUanasonoM UIMEpeHus He yoce Yem
om 0 do 500 xlla Jamuux mazHumHo2o nojis ¢ QUana3oOHoM UsMepeHus,
e yorce vem om -80 0o 80 MTn [amuuk Hanpajcenus ¢ OUanazoHamu
{uzmepenus ne yoice vem om -2 0o +2B ; om -5 0o +5B; om -10 do
+10B; om -15 00 +15B Hdamuux moka He yce yem om -1 0o +14
[Tamuuk axcenepomemp ¢ nokazamensimu ne menee yem: £2 g; +4 g; +8
g Omoenvuvie yempoiicmea: USB ocywmnozpagh ne menee 2 kanana,
+/-10 B Axceccyapoi; Kabens USB coedunumensiebiit 3apsonoe
vempoiicmeo ¢ kabenem miniUSB USB Aoanmep Bluetooth 4.1 Low
Energy Koncmpyxmop ons nposedenus sxcnepumenmos Kpamkoe
pyKo800cmeo no sxcnryamayuu yugpoeou rabopamopuu
Ipozpammnoe obecnevenue Memoouueckue pexomenoayuu (40
pabom) Hanuuue pyccxkoaswiunozo catima noddepocku Hanuuue
lsudeoponuxos.

4.00

ughposan nabopamopus
no usuonocuu
(npoghunsHellt yposenn)

Ob6ecneuusaem nposedenue uccned08aHus No (PyHKYUOHUPOBAHUIO
yenogeveckozo opeanusma. Komnnekmayus: Becnposoonoi
MYTbMUOGMHUK RO PUIUONO2UU C 5-10 6CMPOCHHBIMU OAMYUKAMU:
Jlamuux apmepuanviozo oagnenus (0...250 mm pm. cm.) damuux
hyibca ¢ Ouanazonom usmepenus ne yoice yem om 30 0o 200 yo/mun
UTamyux memnepamypel mena ¢ OUANA30HOM UIMEPEHUs He Yice HeM
om +25 00 +40C Jamyux uacmomel ObIXaHus ¢ OUANA3oHoM
usmepenus e yoce vem om 0 0o 100 yuxnoe/mun Jamuux yckopenus ¢
noxkazamenamu =2 g; 4 g; =8 g Omoenvueie ycmpoucmea: [Jamyuk
KT ¢ duanazonom usmepenus He yoice yem om -300 0o +300 mB)
[Tamuux cunomep ¢ QuanasoHom usmepenus e ysice yem om 0 0o 40 H
[Tamuuk oceeujennocmu ¢ QUaNasoHoM usmepenus ne yice yem om () 0o
180000 nx Axceccyaper: Kabens USB coeounumenshuiii 3apsonoe
yempoiicmeo ¢ kabenem miniUSB USB Adanmep Bluetooth 4.1 Low
[Energy Kpamioe pyko8odcmao no akenuyamayuu yughposoi
1abopamopuu Ilpoepammnoe obecneuenue Memoouueckue
pexomenoayuu ne menee 20 pabom Hanuyue pyccrossvliHo20 caima
noddepacku Hanuuue gudeoponuxos.

wm

1.00

\Muxpockon yughposoii

Tun muxpockona: 6uonozuyeckuu Hacadxa muxpockona:
monokynapras Hasnavenue: nabopamopneiii Memoo uccnedosanus:
ceemnoe none Mamepuan onmuku: onmuyeckoe cmekno Yeenuvenue
mukpockona, kpam: 64 — 1280 Oxynapei: WF16x Obvexmugbi: 4x,
10x, 40xs (noonpyxcunenneiii) Pesonveepnan 2onoska: na 3
obvexmuea Tun nodceemiu; 3epxano unu cegemoduod Pacnonodcenue
nodceemxu: eepxuss u Huxcnaa Mamepuan kopnyca: memait
[Tpeomemnustit cmonuk, mm: 90 Hemounuk numanus: 220 B/50 Ty
Yucno mezanuxcenei: |

15.00

[{ughpoeas nabopamopus
no sxonozuu

Obecneuusaem nposedenue yHebH020 SKON02UHECK020 MOHUMOpUH2a
uncmpymenmanoHbimu memooamu. Habop npumensemcs npu usyyeHui
skonocuY, BUOTOZUN, XUMUY, 2602pagduu U nPUPOO00EedenUs, d MAKice

wm

5.00




n/n

HaumeHoBaHue
obopynosauns (PBI1O)

KpaTkue npamepHble TexHuueckue xapaktepuetuxu (PBITO)

Eannnua
H3MepeHHs]

)KO."I HYECTBO)

015 UHOUBUOYATBHBIX UCCAEO06AHUA U NPOEKMHOU QeamensHocmu
wkonvrukos. Komnnexmayua: becnpogodwnoii myremudamyux no
DKONOZUYECKOMY MOHUMOPUHZY ¢ 8-10 BCMPOEHHBIMU 0aMYUKaAMU!
Tamyux Humpam-uonoe JJamuux xnopud-uonoe Jamuux pH ¢
Quanazornom usmepenus e yyce vem om 0 do 14 pH Jamuux
eraxcrnocmu ¢ ouanazonom uzmepenus ... 100% Jamuuk
oceeuyenocmu ¢ OUanasoHoM usmepenus He yoice wem om 0 do 180000
e Jamyuux memnepamypel ¢ OUanazoHoM UIMepeHus He Yaice Yem om -
20 oo +140C Jamuux snexmponpogodumocmiu ¢ Ouanasonamu
uzmepenus He yorce yem om 0 00 200 mxCm; om 0 00 2000 mxCum; om 0
00 20000 MxCm Jamuux memnepanmypel okpysicaiowen cpeos ¢
Duanazonom uzmepenus ne yoice yem om -20 0o +50C Omoenvnbie
Oamuuru u myremudamyuxu: JJamyux 36yxa ¢ gynkyuet
UHMEZPUPOBAHUA C OUANAZOHOM USMEDEHUA YACMOm He MeHee Yem om
50 'y 0o 8 kIy; [Jamuuk enajxcHocmu nouesl ¢ OUANA30HOM UIMEPeHUA
e yoice yem om 0 0o 50% damyux okucu yenepoda ¢ Quanasonom
uzmepenus He yxce wem om 0 0o 1000 ppm Mynemudamuuk
onmuyeckoli RIOMHOCHU U MYMHOCIU CO 6CIMPOEHHBIMU OAMYUKAMIL
Tamuux onmuyecxoti nnomuocmu 470 HM ¢ OUanasoHom usMepeHus om
0 0o 2 D amuux onmuveckoi hiomHocmu 525 Hm ¢ ouanazoHom
wamepenus om 0 0o 2 D Jamuux onmuyeckot nnomuocmu 630 nm ¢
Quanazonom usmepenusi om 0 0o 2 D Jamvux mymuocmu pacmsopos ¢
Ouanazonom uzmepenus om 0 do 200 NTU Axceccyapui: Kabens USB
lcoedunumensueiii (2 wm.) 3apsonoe yempoticmso ¢ kabenem miniUSB
USB Adanmep Bluetooth 4.1 Low Energy Cmepaicenb 015 3aKkpenienus
Oamuuxoe 6 wmamuee Kpamrkoe pykogoocmeo no akchiyamayuu
yugpposoti nabopamopuu Ipozpammuoe obecneuenue Memoduveckue
pexomenoayuu ne menee 20 pabom Ynaxoska Hanuvue
VCCKOSZBINHO20 Caima nOO0eP’CKY, HANU4Ue BUOEOPONUKOS.

HaumvenoBanue Hanpasjenns: "Komnviomepnoe u npesenmayuonnoe obopyodosanue"

HanMeHOBaHHE pa3jiena:
"KommneroTepHoe 1
npe3eHTalMoHHOe
lobopynosaHue"

Humepaxmuerot i
Komnnexc ¢
[@oIYUCIUmMENbHBIM
BroxoM u MOBUTbHBIM
KpenneHuem

"HumepaxmueHsili KOMRIEKC C BbIYUCTUMETbHBIM BIOKOM U
MOBUTbHBIM Kpennenuem 00NHCEH COOMBEMCcmeosams Ciedyouum
mexnuyeckum mpebosanuam: Pasmep duazonanu: ne menee 74
Dioiivmos; Paspewenue sxpana no 2opusonmanu; ne menee 3000
nukceneii; Paspewienue sxpana no éepmuxanu. ne menee 2100
nukceneii; loodepoicka paspewenusn 3840x2160 nuxceneu (npu 60 I'y):
Va; Hanuuue sempoennoti akyemuveckoti cucmemel: 0a; Konuvecmeo
mouek kacanus: e menee 20; Boicoma cpabamuieanus cencopa om
nosepxnocmu skpana: ne bonee 3 murnumempos; Bpems omknuxa
cencopa kacanus: ne 6onee 10 munnucexyno; Bempoennoie ynkyuu
pacnosnasanus 06vekmoe kacanus: 0a, Konuuecmso
1000epIHCUBAEMbIX CIMUTYCOB OOHOBPEMENHO: He MeHee 2;
Bozmooicrocmb nookmiouenus k cemu Ethernet npogodnvim chocobom:
a; Boamoocnoems nookniovenus k cemu Ethernet becnposodnsim
cnocobom (Wi-Fi): 0a; BozMoscHOCMb UCNONb308aHUA IA0OHU 8
kavecmee uncmpymenma cmupanua: 0a; Haruuue unmezpupoeannozo
Damuuka oceeujeHHoCmU O ABMOMAMUYECKON KOppeKyuu ApKocmu
nodceemxu: da; Hanuvue hpynxyuu becnposoowoi nepedaiu
usobpasicenus ¢ yempoticms Ha baze OC Windows: da; Hanuuue
bynkyuu 6ecnposoOHol nepedadu u306padicenus ¢ ycmpoucme Ha baze
OC MacOS: da; Hanuvue gynxyuu becnpogoonoit nepedaiu
uzobpasicenus ¢ yempoticme na base OC i0S: da; Hanuuue gynxyuu
Gecnposodnoii nepedayu uzobpaxcenus ¢ yempoiicme na 6ase OC
Undroid: da; Boamodichocmpb yOQneHHo20 YNpasienus u MOHUmMopuhaa:
0a; Hanuvue kpennenus & komnaexme: oa; Hanuvue choma na kopnyce
0NA YCMGH06KU QONOTHUMENLHO20 BBIYUCIUMENbHO20 BI0KA: 0a;

um

\MarxcumanvHbiit noddepicusaempiii 06beM onepamueHou namamu

1.00




Ne HaumeHoBaHne Eannuua
n/n|o6opynosanus (PBIO) Kpatkue npuMepHbie TexHHYecKHe xapakTepucTuku (PBITO) ll(ouuqec"rau

HIMEPEHHH

DononnumensHozo eulyuciumensrozo bnoxa: we menee 8 I'6;
\Makcumansubiit noddepicusaemviii 06vem naKonumens
lDononHumMenbHo20 euryucIumensHozo bnoka: ne menee 128 I'é; Pasvem
01 ROOKNIOYeHUs OONOTHUMENBHOZO0 BblHUCIUMENbHO20 blloKa ©
OHMAKMaMy S1eKMpOnUMAaHUs BuIYUCIUMENbHO20 bioKka om
Ecmpoeuuoeo 610Ka NUMAHWA UHMEPAKIMUGHO20 KOMPNEKCA U
KoHmaxmamu o nooknoyeHus yugposozo eudeocucnanra u USB ons
modknovenus cencopa kacanus: Hanuyue; [IpousgooumensHocme
npoyeccopa OONOIHUMENBHOZ0 BLIYUCTUMENbHO20 ON10KA (3HAYeHUe
noxazamens «CPU Mark» no mecmy «Desktop CPU Perfomancen
https://www.cpubenchmark. net/desktop. html unu no mecmy «Laptop &
\Portable CPU Performance»
https://www.cpubenchmark.net/laptop.html): ne menee 7000 edunuy;
\Paspewenue na euixode sudeoadanmepa Gel4UCIUMENbHO20 DOKa Npu
pabome ¢ unmepakmusnbim Komniexcom: He menee 3840 x 2160
nukcenei npu 60 I'y; Hanuvue y dononnumensno2o ebt4uciumensHozo
6noka becnposodnozo mooyna Wi-Fi ne nuxce 802.11a/'b/g/wac;
Maxcumansuviii ypogens uyma npu pabome 0ONOTHUMENbHOZO0
leuryuciumensnozo 6roka: ne bonee 30 0bA; Harnuuue 6 komnnexkme
IMOBUTLHO20 MEMAILIWYECKO20 Kpenienus, obecnesusaiouyeco
lBOIMONHCHOCHIE HANOABHOU YCMAHOBKYU UHMEPAKMUGHO20 KOMNIEKCA, ¢
nepedsudicoll konecHoll 6a3oll 4 603MOJNCHOCTbIO PuKcayuu Konec s
CKTIOHeNUs HenpoU38oNbHO20 06udcenua; llpedycmanosnennasn
onepayuonHan cucmema ¢ 2paguieckum nob306amenbCKUM
unmepgeiicom, obecnevusaroujas pabomy pachpocmpanenHblx
06pazoeamensHlx U 06U eCUCIEMHBIX RPUNONCEHUN: HaTuYue;
Dyuryus 2paghuveckozo KOMMEHMUPOBAHUA NOBEPX NPOUBOTBHO20
u306padNcenun, 8 MoM Yucie om usutecku NOOKNOYeRHO20
ucmounuka sudeocucHana: nanuyue; Hnmespuposanneli 6
nonvz08amenvckuti unmepgetic (yHkyuonan npocmompa u pabomst ¢
paiinamu ocnoenuix popmamos ¢ USB- naxonumeneii unu cemesozo
cepaepa: nanuuue; Humezpuposannvie cpedcmea, obecneyusanujue
lcnedyrowyuii hyHKyuoHan: — cO30aHUE MHO2OCMPAHUYHBIX Y4 eOHbIX
zaHAmMuUll ¢ UCRONBL308AHUEM MEOUAKOHMEHMA PASTUYHBIX hopmamos,
\— cosdanue Haonucel u KOMMEHMApPUEs NOGEPX 3aNYUjeHHbIX
npunoscenull, — pacnosHagaHue Gusyp u PYKonucHo20 mexcma
(pyccKkuil, GH2NUTCKUT A36IKY), — HATUHUE UHCMPYMEHINOE PUCOBAHUA
beomempuyeckux ¢uzyp u nunuil. Bempoenuvie hynxyuu: —
enepamop cyuaunelx yucen, — KanbKyIamop, — SKpanHas
knasuamypa, — matimep, — peoaKmop MamemMamuyeckux popmyn.
\Dnekmponnele MamemMamuyeckue UHCmpyMeHmol, — YUpPKYb, —
yeonbHUK, — nunetika, — mpancnopmup. Pescum «Genoti dockun ¢
03MOJNCHOCMBIO CO30AHUA 3AMEMOK, PUCOanua, pabomel ¢
Enatinuszuu u epagpuxamu: narunue. Hmnopm gainos gpopmamos:
\PDF, PPT, PPTX"
Drunuapm \Pasmep paboueii ooracmu: we menee 700x1000 mm wm 2.00
Imun kopnyca: meman; o3modxcHocmb be30nACHO20 3AUULYEHHOZO0
B@MKOM Xpanenust HOymGYKOB: HaNuYue; 60IMONCHOCMb 3APAOKU
Hoymbykos: Hanudue, hodoepicka Hoymoykoe n.1.1.1.; nanuyvue
poymepa Wi-Fi cmanoapma 802.11n wru cospemennee: 1 wum.
nodoepoicka noymbykoe n.1.1.1.; konuwecmeo woymbykos: om 15
wmyxk, nododepaicka noyméyxos n.1.1.1.; Hanpascenue numanus: wm 2.00
220B\50Ty; ITompebnaeman mownocms, Bm (maxcumym): 2500;
[Tompebnsemviii mok, A (maxcumym): 12; Inuna wHypa
bexkmponumanus: om 2,5 mempa; 3awyuma om nepeHanpaiceHus,
kopomkozo 3ambikanus: Hanudue; Koneca ona nepedsudicenus ¢
mopMo30m: Hanuyue.
"Tun yempoticmga: Mrozoghyuxyuonansroe yempoiicmeo (MPY);
Llgemnocmb nevams: yeemnas,; @opmam nevamu: ne menee A4; Tun wm 1.00
CKaHUPOBaNUA; NPOMANCHBITY/ RIaHWemHbli; Boamodicnocms '
cxanuposanus 6 popmamax: ne menee A4; Cnocob nodkNoyeHus:

Tenexcka 0ns 3apAOKU U
xpaneHus HoymoyKoe

MDY mun 2
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KpaTkue npumMepHbie TexHu4eckne xapaktepuetuku (PBI1O)

Eaunuua
H3IMepeHHS
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LAN, Wi-Fi, USB."

MDY mun 1

"Tun yempoticmea: Muozodhynxyuonansroe ycmpoticmso (M®Y);
Llegemrocme newams: wepno-benas, Texnonozus nevamu:
brexmpozpaguveckan (nasepuas, ceemoouoduan), Popmam newamu.
e menee A4; Tun ckaHuposanus: NPOMANCHBLY NTAHUEMHBI,
\Boamooicrocme ckanuposanus 8 popmamax: ne menee A4; Cnocob
nooxkmovenua: LAN, Wi-Fi, USB"

1.00

"Dopm-thakmop: noymbyk,; Pasmep ouazonanu: ne menee 15.6
o10timos; Paspewenue skpana: Full HD, Quad HD unu Ultra HD;
Obufuii 06veM YCMaHoBneHHOU OnepamusHol namMamu; He meuee §
Fbatim; MaxcumaneHoiti 06wl noddepicusaemviit obvem
lonepamuerou navsamu: ne menee 16 I'baum, Obvem SSD naxonumens:
e menee 240 I'baiim; Becnpogoonas cenzw: Wi-Fi; Konuyecmeo

Hoymb6yx

cmpoentvix 8 kopnyc nopmos USB: ne menee 2, uz Komopbix He MeHee
1 donacro Geime USB sepcuu ne nusce 3.0, Paspewenue 636-kamepoi,
nurcens: ne menee 0.3; Bempoennviit mukpogon; Knasuamypa ¢
acknadkoti u mapkupoexoii knasuw QWERTY/HLYKEH; [Toddepacka
mandapmoes becnposoonou ceazu: 802.11a/b/g/n/ac;
'pousgodumensHocmes npoyeccopa (snavenue noxazamena « CPU

ark» no mecmy «Laptop & Portable CPU Perfomance»
ttp://www.cpubenchmark.net/laptop. html): ne menee 5000 eounuy;
anuyue MaHunyISMopa Molits 8 Komniekme: oa; Ycmanoenennas
onepayuoHHas cucmema c epaghuyecKum notb308amenbCKuM
Hmepegheticom, ceedenus 0 KOMopoM SKIOYeHbl 8 eOUHbII peecmp
OCCUTICKUX NPOZPaMM OIS 3NEKIMPOHHBIX GbIYUCTUMENbHBIX MAWUH U
as dannwlx; Yemarnosanennvili nakem ogucHo2o npoespammHozo
Gecnevenus, COBMECMUMOZ0 € YCMAHOBNEHHON ONEPayUoOHHOU
UcmeMot, céedeHus 0 KOMopoM EKNIOYENbL 8 eOUNbI peecmp
OCCUHCKUX NPOZPAMM O INEKMPOHHBIX GbIYUCTUMENbHBIX MAUIUH U
a3 OaHHBIX.

wim

30.00

HaumenoBanne nanpasiaenus: ""Texuonozuueckas nanpasiennocms. PO50"

HanmeHoBaHKe pa3zena:
"TexHonorudyeckas
HampasaeHHocTh. POBO"

VlaGopamophbiii
KomneKe Onst Usy4eHus
pobomomexnuru, 3D
IMOOenupoganus u
npomMblueHHo20
Ouzanna

"Komnnexc cocmoum u3 cbopro-pazboprozo 3D npunmepa, pyunozo
3D cxanepa u npoepammuozo obecneyenus no homozpammempuu.
C6opro-pasbopusiii 3D npunmep. Obnacme nevamu. 200 mm x200 mm
x 200 mm Maxcumansnas cxopocme nevamu, cm3/u:> 30 Ckopocmb
nepemewyenius nevamanoujen eonosku, mm/c:= 80 Tun cosmecmumoeo ¢
3D-npunmepom niacmuxa: PETG, SBS, PLA, ABS Humepgeiic
nooknouenun: USB Flash Kanubposka

nnamghopmer: Tonyaemomamuvecrkas Konuvecmeo conen na
nevamaioweti zonoexe: om 1 wm Munumansnas monuwuna cros: 2 0.01
u < 0.05 mm Juamemp conna: = 0.3 u < 0.5 mm Maxcumaneras
Ilnawnepamypa nevamarowjet conosku: = 250 epao. C Oxnaxcoenue
sonbl newamu: Jeyxemopounee Maxcumansnai memnepamypa
namghopmut ons nevamu:< 150 epao. C Tun niamgropmot 0n
nevamu: [Todozpesaemas CoeMHasA HA 3aXCUMAX, puKcupyemas Ha
miamepopme Hanuwue 3axpeimozo kopnyca: Hem @opmam gaiinos ons
newamu: GCODE Tun ynpasnenus npurnmepom. Ilanens ynpagienus c
Oucnneem na kopnyce yempoticmea Tun Hanpaensioujux:
koncmpyrkyuonnsiit npoghune Pyunoit 3D ckanep. Tounocme
exanuposanus: > 0.05 u < 0.1 mm Cropocmb CKaHUPOBAHUR, MIH.
Imouex/cex: = 2 @opmam coxpaHenus pe3yibmamos CKAaHUpOGanHuA:
vrml, ply, obj, stl Boamoscnocme ckanuposanus 6 yeeme: da Hanuvue
cencoprozo sxpana: nem Jnuna USB-nposooa:= 3 m Texnonozus 3D-
ckanuposanua: Onmuyeckan 3azpyska npecemos(uabnonos)

ckanepa: nanuvue Pynkyuu nocmobpabomku: Obpeska mooenu,
\Pasdenenue modenu Ha omoenbrbie yacmu, Yoanenue 1uuHux
baemenmos, Yoanenue omeepcmuil, cosoanue GomopeanucmuiHoi

wm

imexemypui, cpasmenue 3D modeneii meacdy cobou, usmepenue

3.00




Ne HaunMeHOBaHHe

Ennnnuaﬂ]K
n/nlo6opyaosanus (PBIO) Kpartkne npumepHbie TeXHHYecKHe XapakTepucTukn (PBI1O) 0JINYECTBO

HIMEPEHH

pazmMepoe Moodenell CeHeHUAMU 8 PYYHOM PeXNCUME, IKCROPM CeYeHutl &
XLS ITpozpammnoe obecneyenue Ons co30anus Mooenet Memooom
homozpammempuu: Hanuwue Ynpasnenue nosoponHelM CMONoOM no
Wi-Fi: la Munumansnoe pacemosrue ckanuposanus: <25 cm”
"Obpazoeamenvhbiii Habop dondcen npedcmasnams coboi nabop o
pazpabomku npozpammupyempix Mooenel asmoHomubix pobomos. B
cocmas Habopa OoNHCHbI 6X00UMb. KOHCMPYKMUBHbLE,
coeQuHumenbHble U KpenejcHole I1eMenmsl U3 nIacmuKa u amioMuHUsA -
e menee 100 wm, npoepammupyemviii Konmpoanep - ne menee luim,
baeKmpodsuzamen ROCMOAKHO20 MOKA C KPYMAUSUM MOMEHMOM He
meHee 3,6 ka/cM - He MeHee 2 um, OamyuKu u 31eKmpoHHble
KOMBOHeHmbI- He MeHee 6 wim, aKKyMynsmoprylo bamapeio c
Hanpsiicenuem ne meree 6B u emxocmoio e menee 1500 mAy - ne
Menee | wm, zapsdnoe yempoucmeo Ons akkymynamoproi 6amapeu -
e menee | wm. [Tpozpammupyemviti konmponnep dondicen
cooeporcamv; nopmel 018 GHATOZ0BBIX OAMYUKOS - He MeHee 3 uim,
nopmel 0na Yughposuix damyuxos - ne menee 3 wm, nopm ons 12C
vempoucms - He menee | wim, nopm 0ns cepeonpusodos - He menee 6
wim, nopm 0N MOMOpPOS - He Menee 2 wim, nopm ONis IHK0OEpoe - He
menee 2 wum, obvem flash navsamu ne menee 32 kb. ITpoepammupyembiil
KoHmponnep 0ondcen obecneyueams 603MONCHOCMb
npozpammuposanus pobomoe 6 cpede b1o4HO-2paPUYECK020 MUNA Wil
6 c80600HO pacnpocmpansiemMbix cpedax paspabomri ¢ ROMOubIO
imexcmosozo sazvika npozpammuposanus. JJamuuxu u s1eKmpontble
KoMROHEHMBl QONJICHBL codepaicamb.; Yabmpasgykosot damyux

\bazoeviil paccmosnus dondicen obecnewusans cobpanuylo mooens
pobomomexnuyeckuii  |BOIMONICHOCMBIO UIMEPAMb PACCMOAHUE He MeHee 4 Mempos - He wm 8.00
Habop wmenee Tum, Knonka-modyne donxcen obecnesueame coOpantyio

MOoOeTb 60IMONCHOCHbIO ONpedesimb HaXCAMUA HA KHONKY - He MeHee
Twm, Jamuux yeema dondxcen obecneyugame cobpanuyo Mooeis
603MOdICHOCBIO Onpedenenus yeema obvexma, nPeoHasHaven o
uzmepenus RGB-cocmasnaowux u ypoeHs 0ceeujeHHocmu, 0amyux
Donocen codepacams ne menee |2 ceemodyecmeumenbHuix 31eMeHmos
- ne menee I wm, 3ymmep-modyne dondxcen obecneyusames cobpanHyio
IMOOeNb 603MONCHOCHIBIO BOCRPOU3EO0UMb 36VKU, HOMUHATbHAA
wacmoma ne menee 4kly, unmencusnocme ne meree 80 05- ne menee |
wum, Wi-Fi-mo0yns 0ondicen obecneyugamo 803MONCHOCMb
nookniovenua cobpannvlx pobomomexnuyeckux mooenei k cemu, loT
o6nakam u eeb-cepaucam, paboyee HanpaceHue Mooyia - 3,3B,
nopmos 6600a év1800a MOOYNA - He MeHee 5 - He menee | wum, Munu-
pene c pabouum nanpsicenuem 6 duanazone om 3,3 9o 5B,
nompebisemuimM mokom 7 1MA u MakcuManbHulM KOMMYMUpyemim
nanpascenuem 28B nocmosannozo moka/250B nepemennozo moka,
pecypc yempoiicmea ne mernee 50 meic. nepexnioyenuil - e menee |
wm; Bxoosujue & cocmas KOHCmpYKmopa KOMROHEHmbl QONHCHb! Oblmb
coeMecmuMbl ¢ KOHCMPYKMUBHBIMU STEMEHMaMu, a MaKice
o6ecnevusams 60IMONCHOCMb KOHCMPYKMUBHOT, annapamo u
npo2paMMHOT COBMECMUMOCINY C KOMITEKMYIOUUMU U3 COCMasa

nabopa."
HabGop ona beicmpozo
NpOMoOMuURUPOEanUs .
P ;; OOnonIamHbIll KOMALIOMEP: HANUYUe, Kapma NaAMAMu ¢
91eKIMPOHHBI. - . =
P _— npedycmanoenexHo OnepayuoHHol CUCMeMotl., Hanuyue, 1Kk wm 8.00
cm 6 H ose .
pempoucm numanus: Hanuiue, Komniekm kabeneii Ons NOOKNOYEHUA: Halusue
OOHONNAMHO20
Komnbromepa
Habop ona 6eicmpozo
NP OMOMUNUpPOSanus
P P \Muxpokonmponnepnas niamgopma co 6cmpoeHHbIM
HHBIX : -
prekmpo unmepnpemamopom JavaScript: nanuvue, Komniekm paduooemanei: wm 8.00
yempoticme Ha 0CHo8e 3
. |wanuuue, nnama pacwiupenus. Hanuvue
IMUKDOKOHMPOITEPHOU

nnamghopmbl co




Ne HaumenoBanne

n/njo6opynosanns (PBI1O)

KpaTkue npumepHbie TeXHHUYecKHe XapakTepucTikn (PBITO)

Eananua
H3MEpeHHs

I.KOJ'“I‘IBCTBO

lsCmpoeHHbIM
uHmepnpemamopom

Habop ona buicmpozo
npomomunupoeanus
91eKMPOHHBIX
VCMpoUcmae Ha OCHOge
WMukpokonmponnepHo
nramghopmol

\Muxpoxormponnepras nnamgpopma Arduino: nanuvue, Komniekm
paduodemaneii u NPOBOO0E: HANUYUE, MAKEMHASL NMIAMA; HATUYUE

wm

8.00

Asmonomuulit pobom
Manunynamop ¢
Konecamu
8CeHanpasneno2o
OBUNCEHUA

Vyebuan modens asmonomHo20 MobwibHo20 poboma ¢
wmanunynamopom. Mo6unbnuii pobom dondicer npedcmasnime coboll
Y eMbIPEXKONECHYIO NIAMPOPMY BCEHANPABNEHHO20 OBUNCEHUA.
Teuzamenu becujemoynvie 4 wm, kamepa c yanom obzopa 120
epadycos ¢ 5 mn. B cocmas komnnekma 00A’CHO 6X00UMb!
\Mexanuveckuii 3axeam ungppaxpackwiii iazep 2-x ocegou nodeec
laKKYMYIAMOp Kojecd 8CeHanpasneHHo20 08UNCEHUA
Inpozpammupyemsil KOHMPOLNEP ¢ BOIMONCHOCHILIO
npocpammuposanus @ cpede bnouHo-2paghuveckozo muna u 8 c60600HoO
pacnpocmpansiemoix cpedax pazpabomKu ¢ ROMOWbIO MEKCMO8020
[43bIKa NPOZPAMMUPOBAHUA OAMYUK 36YKA 0aMUUK CAe0068aHUA TUHUU
\FPV pescum 803MONCHOCMb YAPABNEHUS ¢ MOBUIbHO20 yempoticmea
yepes npunodcenue npozpamMmuposanua Ha asvikax Python, Scratch a
Imakoice cucmema mexHuYecKko2o penus 0N asMmoMamuyecKozo
lo6Hapyscenus u pacnoznasanus 3a0aHHwIx 06vexkmos 8 paboyeil 30me.
IToddepacka RaspberryPi nanuvue Iloddepacka Arduino nanuvue
ITodoepxcka Micro:bit nanuvue Cmennbili mexanuyeckuil 3axeam,
VemarasnugaemMsiil Ha NOOGUNCHYIO Niamgopmy céepxy Hanuyue
\Mexanuyeckuii 3axeam, ycmaHaenueaemvili Ha NepeoHiolo 4acme
nodeuxcrou niamgopmer Hanuyue Boamodcnocmes mMeHsmb
UHGPAKPACHYIO NYVUIKY HA MeXAHUYeCKUN 3axeam Haluyue

4.00

Obpasosamensbiil
Habop 0na usyuenus
imexnonoeuu ceszu u loT

"Obpazoeamenvibiii HADOP NPeOHa3HAYen 0N U3Y"eHUs OCHOG
npumenenus mexnonozuil "Humepnem seweil” u ceasu e
pobomomexnuyeckux cucmemax. B cocmas nabopa donsicen 6xoouno
KOMPIEKN KOHCMPYKMUBHBIX 211eMEHMOo8 U3 Memania ona cbopxu
modenu mobunbHozo poboma ¢ 3axeamuvim yempoticmeom. B cocmas
Habopa 0ondcen 6x00UMb KOMAINEKM KOHCMPYKMUSHbIX 31eMeHmo6 0
lc6opru modenu «ymHozo» 30anua. Bce komniexmyroujue u
yempoiicmea, 6xodsuue 6 cocmag Habopa, dondicHsl beimp
coemecmumel Opye ¢ OpyeoM KOHCMPYKIMUBHBIM, NEKMPUYECKUM,
annapamnoim u npoepammubim obpazom. B cocmas nabopa 0014cHoO
Gx00UNTb.; NPUBOO NOCMOAHKO20 MOKA ¢ OAMYUKOM RONONCEHUA - He
wenee 2um, cepeonpusod Gonbuioil — He Menee 2uim, cepeonpusod
Mansiii — He MeHee 2um, kamepa - He menee lwum, npoepammupyemsiil
jconmponnep — He menee lwum, akkymynamop — ne menee lum,
sapsdnoe yempoticmeo — e menee luim. B cocmas nabopa donice
Bx00UMb KOMIIEKM UHMENNEKMYWIbHbIX CEHCOPHBIX YCMPOUCME,
Hnmennexmyanbhble CEHCOPHBLE YCMPOTICMEa Q0NdiCHB. NPedcmasisime
coboll yempoiicmeo Ha OCHO8e BbIYUCTUMENbHO20 MUKPOKOHMpOIepa
1 6CMPOEHHO20 USMEPUMENbHO20 Inemenma. HumennexmyanvHble
cencoprble yempoiicmea QondcHbl 061a0ams 6CMPOeHHbIM YUPPosolM
1 anano206biM unmepgheticom OnA nepedayu OGHHLIX, a MaKdice
lBempoenHbim nocnedosamensHeM unmepghencom Ons 00veouHenus
Opye ¢ Opyeom 6 cericophbie cucmembvl. Komniekm unmeniekmyansHoix
cencoprbix yempoiicme ondicen codepacams — Mooy c6emoouooa —
e menee 2um, modyne RGB ceemoduoda — ne menee 2uim, mooyne
HK-damyuka nunuu — He MeHee 3Juim, Mooyib 36YK08020 usnyiamenst —
e menee Tuim, MOOYAb USMEPEHUA MeMnepamypbl U 81aNCHOCMU
oKpyaIcatoueni cpedvl — ne menee luim, MoOdyns makmosou KHONKU — He
menee 3utm, MOOyTs 0aMuUKa oceeujennocmu — e menee luim, Mooy
Demexmopa yposHs wyma — He menee luim, MOOYIb UaMepeHusn
Daenenusn okpyscaroujeil cpedsl — e menee lwm, M0oOYIb
nomenyuomempa — He meree 2uim, MoOynb OAMHUUKA RONOHCEHUSA 8

wm

3.00
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Ne Haumenopanue
n/njobopyaosanus (PBI1O)

KpaTkne npumepHbie TexHH4YeckHe xapaktepuetukn (PBITO)

Eaununa
- - "jl(o.nuqecrao

H3IMEPEHH

npocmpancmee — He Menee lum, MOOYIb KOHYEE020 npepbléamens — He
wmenee lwm. B cocmae nabopa dondicen 6x00umo npocpammupyemuii
konmponnep — ne menee lum. I[Ipozpammupyemsiii konmponnep
Donmcen obecneuugans 03IMONCHOCHb NPOZPAMMUPOBAHUS HA A3bIKE
JavaScript u opeanusayuu web-cepsepa obmena 0anHeiMu Yepes
Humepuem. Ilpozpammupyemviii Konmponnep 0ondxcen obecneyusams
803MOJNCHOCMB HOOKNIOYEHUA BHEUWLHUX YCMPOTICME € ROMOU{bIO
unmepcpeiicos - GP10O, UART, 12C, 128, SPI, 1-wire TTL, RS-485, CAN,
[Ethernet ¢ noodepoickoti PoE."

\Komnnexm noneu u
lcopegHoBamenbHuIx
lsnemenmos

Komnnekm noneil U copeéHosamebHblX 31eMeHmMo8 014 Npo6edeHus
copeeHosanull aBMOHOMHBIX MOOWTbHBIX pobomMoe

wm

1.00

Yemuvipéxocesoi
vuebublll pobom-
IMAHURYIAMOp ¢
MOOVIbHBIMU CMEHHBIMU
Hacadkamu

"Vuebuviti pobom-manunynamop npeonasHayex Ons 0c6oeHus
obyyarouumucs ocHogé pobomomexnuKu, O NO020MosKU
obyuaiowuxcs Kk 6HeOPeHUIo U NOCeOYIoueMy UCNONbI06AHUIO
pobomoe 6 npomsiuiennom npouseodcmae. Konuvecmso oceli poboma
Manunyaamopa - yemvipe. [lepemeujenue uncmpymenma 6
npocmpancmee o Mpem OCAM OONNCHO YRPABIAMbCA UlAZ0GbIMU
Veuzamensamu. Hanpsowenue numanus wiazoewvix dguzameneii ne bonee
12 B. Cepsodsucamens yemeepmou ocu doadicen obecnevusanms
nogopom uncmpymenma. Yzon nosopoma Manunyismopa Ha
OCHOBAHUU BOKPYZ GepmukaibHou ocu He menee 180 epadycos. [lns
onpedenenus NONONCEHUA MAHUNYIAMOPA NPU NOBOPOME 80KpY2
gepmuKanbHOl 0CU OONNHCEH UCHONb306aMbCA 3HK00Ep. Yeon nosopoma
sadnezo nieva manunyramopa ne menee 90 epadycos. Yeon nogopoma
nepednezo nneva manunynamopa we menee 100 epadycos. [na
onpedeneHus NONOJNCEHUA 3a0He20 U hepedHe2o niey MaHunyaiamopa
Dondicen UCNONBL308aMBCA 2UPOCKon, Yaon nosopoma no uemsepmou
ocu ne meree 180 epadycos. Jonoicna Goime 603MONCHOCMb OCHAUJEHUSA
eMeNHBIMU HacaoKkamu (Hanpumep, depicament Kapanoawia wiu
(promacmepa, nPUCOCKaG ¢ CepeoOBUaMeneM, MEXAHUYECKOe
3ax6amHoe yempoucmeo ¢ cepeodsuzamenem, yenmpoucmeo 0as
NazepHo epasuposku wiu yempoiicmeo 0aa 3D-nevamu).
IMuHuMansHas KOMIIEKMAayus CMEHHbIMU HACAOKAMU:
nHeemamuyeckuil 3axeam (ApUCOCKa), Mexanuyeckull 3axeam, Hacaoka
Oepacamens O KapaHOaui@/MapKkepa/pydku, Hacaoka nepexoonux ons
KpenneHus CoBMeCmuUMbIX KOHCIPYKMUBHbIX Oemanet U KOHCMPYKyut,
nacaoxa nazepHoli 2pasupoexu, Hacaoka 3D-newamu (011 pabomoi ¢
mnacmuxom PLA ¢ duamempom numu 1,75 mm). Jonxcen bvime
ocHaujen cepeonpusodom Ol NHEEMAMUYECKo20 U MEXAHUYecKo2o
raxeamos, obecnevusalowuM BpaujeHe 3axeayennozo obvekma 6o
l6peMs nepemewyenus, nogopom nepemeuyaemo2o 0bvexma 60Kpy2
eepmuxansnoii ocu. [ns obecnevenus GyHKYUOHUpOBans
nHeeMamuieckozo 3axeama 0onxcen Goime OCHAUWEH BCMPOERHOU 6
kopnyc manunyismopa nomnoi. [lonxcna beimb 603MONCHOCb
nOOKIIOYeHUs OOROIHUMENbHBIX YCmPOoUcms (Hanpumep,
Impancnopmepa, penvca 015 nepemeujerus poboma, nyrema
Vrpaenenus muna OHCOUCMUK, Kamepbl MAUWUHHO20 3PEeHUA,
onmuueckozo damyuxa, Modyns becnpogodnozo docmyna). Pobom-
Manunysmop OonxceH 0becnevusame nepemeujenue Hacaoku 6
npocmpancmee, GKMUBAYWIO HACAOKHU, BOIMOICHOCHTL NOTYHEHUA
lcucHanoe om kamepol U OAMYUKOE, BOIMONCHOCHb YRPABIEHUA
DononnumensHuiMu yempoiicmsamu. Mamepuan kopnyca — amioMUuHUi.
Tuamemp pabouet 3onvi (Ge3 yuema HABECHO20 UHCMPYMeHmd U
wemeepmoi ocu) ne menee 350 mm. Humepgheiic nooknouerus — USB.
UTonsicen umems 803MONCHOCHb ABMOHOMHOU pabomel u HeutHe20
ynpaenenus. I 6Hewne20 ynpasnenus 0onxcen bvims npedycMompeH
nynem, nodkniouaemviii k pobomy no Bluetooth. Vnpasnsiowui

wm

konmponnep donicen Guimo coamecmum co cpedoit Arduino.
Vnpasnaiowuii KOHMpOIEep COBMECMUM CO Cpedol RPOPaAMMUPOEAHUA
cratch u azvikom npozpammuposanus C. Jonxcen obecneyusame

1.00




11

Ne

HaumeHoBaHHne

n/njo6opynosauns (PBITO)

KpaTkue npumepHble Texundeckue xapakrepuctiuku (PBI1O)

Eannnua

H3MepeHHs]

KonnuecTBo

nogopom nNo nepeviM mpem OCAM 6 3a0aHHBIN Y20 U HA 3A0AHHbLI Y20,
nogopom no wemeepmou 0cy Ha 3a0AHHBII Y201, OGUNCEHUE 8
koopounamel X, Y, Z, nepemewjenue na 3adannoe paccmosinue no
koopounamam X, Y, Z, nepedauy oanneix 0 mexkyujem nonoxicenuu
Venios, nepedayy OaHHbIX 0 MEKYUjux KoOpOUHAMax uHCmpymeHma.
[Tonoicen noddepHcUeams nepeMenjerie 8 0eKapmogsix KOopouHamax u
Vanax nogopoma ocel, ¢ 3adanHoll cKkopocmvlo u yekopenuem. Tunei
nepemewyeniii 6 0exapmoebix KOOPOUHAMAX: OBUNCEHUE NO
mpaekmopun, O8UdNCEHUE NO NPAMOTE MENCOY OBYMSA MOYKAMU,
nepenpuicusanue us mouku u moyky (neperoc obvexma). Kopnyc
Donoicen Boime 6 3auuleHHoM ucnoanenue (knacca ne nuxce 1P20)."

\Komnnexm Ons usyyenus
onepayuoOHHbIX CUCTEM
peanbHo20 8peMenU U
cucmem ynpasneHus

pobomo

aBMOHOMHBIX MOBUTBHBIXNEpE)AsaNs OAHHbBIE 8 RPOSPAMMUDYEMbIT KOHMPOTep 0 ee HANUYUU

"Komnaexkm 015 pazpabomku u u3yyeHus Mooenei npozpamMmupyemslx
A8MOHOMHBIX MODUNBHBIX pobomMoe. YuebHvlil KOMIIEKm O0NNCeH
nossonams pazpabameigams 6104HO-MOOYTBHYIO KOHCMPYKYUIO
wMobunerozo poboma. B cocmas mobunvrnozo poboma 0onxcno
axooums: IIpueod eedyujux konec - ne menee 2uim. Ilpusod dondcen
npedcmagnsime coboil NEKMPOMEXaHu4ecKylo cOopKy Ha ocHoge
Dguzamens NOCMOAHHO20 MoKd, pedykmopa, 0amyuxa RONOHCEHUs
barna u ecmpoennoii cucmemst ynpasnenus. Cucmema ynpasienus
npueoda donxcna obecneyugams 603MONCHOCHb 0OLEOUHEH U
PUBOO0E C NOMOWLIO NOCTEA08aAMENyHO0 uimepegelica,
0IMONCHOCHb 3G0AHUA NAPAMEMPOE KOHNYPOS YNPAGReHls,
I;npaw:enue épaujenuem npusooda no CKOPOCmMu 1 RONONCEHUIO,
conmpons nazpysku. [Tpoepavmupyemetii Konmpoanep - He mexee lwum.
[Tpozpammupyemulii Konmpoiep donxcer obnadams unmepgeicamu -
USB, UART, TTL, RS485, CAN 0nst kommyHukayuu ¢ nOOKm04aemoimMu
GH e HUMU YCMPOUCMEAMU, d MAKNHCe YUDPOSLIMU U AHATO208bIMU
nopmamu 6600a/861600a. DOHONTAMHBIT MUKPOKOMAbIOMED - He MeHee
Twum. Odnonramublii MUKPOKOMNBIOMED O0INCEH NPEOCMAasisimb
coboii yempoiicmeo ¢ apxumekmypoti mukponpoyeccopa ARM, doncen
obradamp He Menee 2 8bIHUCTUMENbHBIMU A0PAMU C MAKMOE0U
wacmomoii ne menee 1I'Ty. Jlazepubiil ckanupyrowuli 0ansHomep - He
menee lum. Jlazephuili ckanupyrowuii OatbHomep O0IHCeH
obecneyueame OUANAzon usMepenus daibHocmu 00 06beKmos He
Menee 2.5 Mempoa u cexkmop ckanupoganus He menee 360 yanosvix
padycos. Jamuuk nunuu — ne menee 3 wm. [Jamuux dondicen
o6ecnevusame demexmuposanue TUHUU HA KOHMPACMHOM ghone u

nymem nepedayu anano208020 CUSHAIA WK YUPPOEO20 CueHana, 1ubo
lnymem nepeoavu yugposozo nakema dannoix. JJamuuxa yeema — ne
venee | wm. JJamuuk Qondicen pasiuiamo Yeemosot ommeHoK
pacnonodcennozo paoom ¢ num obvekma 6 RGB nomayuu u
obecneyusams nepedavy OaHHbIX 8 NPOZPAMMUPYEMbLI KOHMPOINep O
3HAYEHUU KaNCO020 Y8emoso20 Kanana 8 sude yughpoeozo nakema
Wannvix. Maccus HK-damyuxoe - ne menee lwum. Maccue HK-
damuukos dondicen 6bimeb RPeOHA3HAYeH 0N OMCIENCUBAHUS TUHUU 015
Qsudcenus mobunbrHozo poboma. Maccue dondicen codepayicams He
wenee 6um HK-0amuukoe, pacnonojcensbix Ha 0OHOU TUHUU.
Cucmema mexnuueckozo 3penus - e menee lum. Cucnmema
mexnuyeckozo 3penus doadicer obnadames COBMECMUMOCIBIO ¢
DABIUMHBIMU APOZPAMMUDYEMBIMU KOHMPOIEPAMU ¢ HOMOU{bIO
unmepcgpeticos - TTL, UART, I2C, SPI, Ethernet. Cucmema
Imexnu4ecko2o 3peHus OONAHCHA obecnedusame 603MONCHOCIb U3V EHUs
0CHO8 NPUMeHeHUR AN2OPUMMO8 MAUUHHO20 0OYYeHUA U HACMPOUKU
napamempog netipocemeii. Cucmema mexHu4ecKo2o 3penus O0NNCHa
obecheyusams GYHKYUOHA! PACRO3HABAHUA PAZTUYHBIX
Peomempuyeckux 00bexmos no Habopy NPU3HAKOS, pacno3HABAHUA
Lpaghuyeckux Mapkepos muna Aruco u 0p, pacno3nHaganusi Maccusos
TUHULE U DReMeHmos dopoACHbIX 3Hakoe U pasmemku. Cucmema
Vnpasnenus MobwibH020 poboma O0NNCHA NO3BONANL OCYUECMBIAMb
ananuz okpysicaroweli 06cmanoeku 8 npoyecce OBUNCEHU MOOUTbHO20

wm

1.00
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Ne HaunmenoBanue
n/njoGopynosanus (PBI1O)

Kpatkne npumepHble TeXHH4YecKHe XapakTepucTukn (PBITO)

Eannnua
H3IMEepeHHs

KonuecTBo|

poboma u OUHaAMUYECKOM UIMEHEHUU OKpYXICalowelt 06cmanoery,
ocywjecmensme hopmuposanue kapmel 10KAN6HOU 06CMAHOBKU BOKPY2
poboma u 1OKau3ayus nONoNCeHus poboma na kapme, ROCMpoeHue
Lrobanbhou Kapmel okpyscaoujezo npocmparcmeaa. Cucmema
VYHpasienus MobwivHo2o poboma O0NNHCHA NO3BOAMb OCYIECMENSIMb
ananuz nIaHa@/Kapmel OKpyjcaioue2o npocmpancmed, obnapyscenue
okpyorcaloujux 06veKkmos, asmoHOMHOe RIAHUPOSAHIE MADUPYMA U
obbezda cmamuyeckux u ounamuveckux npensmemsui. Cucmema
ynpasnenus Mobunero2o poboma donxcHa obecneyusams
BOIMOJICHOCTTb PASMEMKY KAPMbl OKPYUCAIOU|e20 NPOCMPAHCmea Ha
30HBl C PAITUUHBIMU APUIHAKAMUY, 3a0a8aeMbIMU NONB30BAMENEM (30HbI
zanpema ona osudicenun, ozpanudenus ckopocmu u m.n.). Cucmema
vnpasnenus mobunbrno2o poboma oondxcna obecheyusams
BOIMONCHOCMb 3A0AHUS MOYEK U 30H HA KADME OKPYHCAIOU 20
mpocmpancmea 015 agmoHOMHO20 nepemMelyenis Mexcoy HuMU,
Cucmema ynpaenenus mobuwibnozo poboma , sxmoyaowas 6 cebs
nodcucmemvl, makue KaK - cucmema ynpasienus osudicenuem poboma,
cucmema cbopa u obpabomiu ceHcopHou uHgopmayuu, cucmema
MOCmMpoenust Kapnibl OKPYHCAIOU €20 nPOCmpancmea u cucmema
Hasuzayuu, 0ondicHa beimy peanu306ana Ha 6ase NPopamMmupyemozo
KOHmMpOANepa u 0OHONIAMHO20 MUKPOKOMALIOMepa, d Maxice
yempoiicms, 8x00AuUx 6 cocmas komniekma. B cocmae komniekma
QonxcHOo 8X00UuMb npoepammHoe obecneyenue Ona NPoePamMMupPoOEanus
e mexcmosom pedakmope Ha nodobuu Arduino IDE,
npospaMmuposaniu ¢ NOMOUbIO Ckpunmos Ha aseike Python,
paspabomku cucmem ynpaenenua na ocnoge ROS. Tax jce 6 cocmas
KoMPTEKm QONHCHA 6X00UMb BUPIMYATbHAS MOOENTb MOBWIbHO20
po6oma 6 uUPMYaIbHOM OKPYJICEHUN 0N MOORIUPOBAHUS AI2OPUMMOE
lcucmem ynpasnenusi ¢ ROMougbio epaghuieckon cpedst.”

Obpazosamenvhbiil
Habop 01 uzyveHus
MHO20KOMAOHEHIMHbIX
pOHOMOMEXHUYECKUX
cucmem u
MaHUNYIAYUOHHBIX
po6omos

"Obpaszosamenshbili Habop dondicen Obimb NPEOHAZHAYEH ONSL USVYEHUS
po6omomexnuyeckux mexnoio2ui, 0CHO8 UHPOPMAYUOHHBLX
mexnonro2UTi U MeXHON02Ull NPOMBIULTEHHOT agmoMamusayuu, a
Imarasice mexnono2uil NPOMOMUNUPOBAHUA U AOOUMUEHO20
npouzeodcmea. B cocmas Habopa 00niCHbl 6X00UMb KOMRAEKMYIOUUE
u yempoticmea, obnadaioujue KOHCMpyKmusHol, annapam1ou u
npozpammHon coemecmumocmvlo opye ¢ opyzom. 1) Komniexm
KOHCMPYKMUBHBIX 2IEMEHMO8 U3 Memanna u nnacmura ona coopru
IModenell MaHunyIAYUOHHBIX POBOMOE ¢ Yeno8ott KUHeMamuKol,
nnockonapannensrol kunemamuxot, Delta-kunemamuxoi. 2)
\HnmennekmyanbHblii cepeoMooyib ¢ UHMEZPUPOSAHHOU CUCTEMOT
wnpaenenus - ne menee 7uum. Cepsomodyns oondxcer obnadams
uHMez2pUPOBANHON CucmeMon ynpasienus, obecnevusaoujeu
o6pamuyto cesizb Wiu KOHMpONb NAPAMempos - NON0NCeHUe 8and,
lcxopocmb 6paiyenus, HA2PY3KA RPUBNOa, a makce obecneyusaiowjen
BOIMONCHOCMB NOCNEO08AMENLHO20 NOOKTIOHEHUA OpY2 C OPY2OM U
VYRpasnenus cepeoMooyIAMU NO NOCNED08AMENbHOMY NOTYOYNIEKCHOMY
acunxponnomy unmepeiicy. 3) Pobomomexnuveckuii konmponnep,
npedcmasnsiowuii coboil MoOynbHOE Yempoucmeo, eKiyaioujee 6 ceos
0OHONIAMHBLT MUKPOKOMAbIOMED 0N 6bINOIHENUS CTONCHBIX
lbiuucrumensHbiX onepayui, nepughepuinetii kKonmponnep ons
VAPAGNEHUS. GHEUHUMU YCMPOTICMBAMU U NAGMY PACUUPEHI Ol
nodkmoyenus eneuwnux yempoticms. Mooynu pobomomexuuyeckoz2o
konmpoanepa dondicrvl 061a0ams 0OHOEPEMEHHOU KOHCIMPYKMUBHOU,
annapamuon u RPOZPAMMHOT COBMECMUMOCMbIO OPY2 ¢ OPY2OM.
\PobomomexHuveckui KoHmponiep 001ceH YyOoenemeopsms
[mexnuyeckum Xapakmepucmukam: Kon-80 10ep 6cmpoeHHo20
MuKpokoMnslomepa - He MeHee 4, makmosas 4acmoma s0pa - He
menee 1,2 I'Ty, o6vem O3V - ne menee 512 M6, nanuuue unmepgheiicoe
L SPI, I12C, 1-wire TTL, UART, PWM, yucpposgvie - He menee 16 wm u
lananozosvie nopmei - e mexee 8 wim O ROOKTIOYeH W] GHEUHUX

wm

cmpoiicme, 6cmpoennsiii Muxpogon, a maxace WiFi unu Bluetooth
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Ne
n/ni

HaumeHOoBaHHe

ob6opyaoBanus (PBIIO)

KpaTkue npumepHbie TexHH4Yeckne xapakrepuctuku (PBI1O)

Eaunnua
H3MepeHHH

OJIHHECTBO|

05l KOMMYHUKAYUU CO BHEUWHUMU YCMPOUCMEAMU.
Pobomomexnuueckuli KOHmpoanep donceH obecneyugams
6 03MOJICHOCIB NPOSPAMMUPOBAHUSL C NOMOUYBIO CPEOCME A3bIKOE
C/C++, Python u ceobodno pacnpocmpansemoti cpedst Arduino IDE, aj
makoice ynpasneHus Mooenamu pobomomexHudecKux Cucmem ¢
nomouywio cpedvr ROS. 4) ITpozpammupyemvlii KOHmMpoanep - He meHee
lwm. ITpozpammupyemsiii KoHmponnep Oondicen npedcmasiimy cobot
by ucIumenbHbli MOOYb, 0ONA0AIOUUM YUDPOGLIMU NOPMAMU = HE
Menee 8 wm u anano2o8biMu Ropmamu - He meree 16 wim,
unmepgeticamu UART, I12C,SPI, TTL, a maxace modynem
6ecnposoonon ceazu muna Bluetooth unu WiFi ona cozoanus
annapamuo-npozpammublx pewienui u """"ymuvix/cmapm”"""-
yempoiicme o pazpabomku pewenuii """ Humeprem seweu”"""". 5)
IInama pacuiupenus npozpaMmMupyemozo KOHmpoinepa — He meree
lwm. IThama pacwupenus dondicna obecheyusams 603MONCHOCb
NOOKTIOY eHUA YHUBEPCATbHOZ0 BbIYUCTUMENBHO20 MOOYIA K cemu
nocpedcmeom unmepgpetica Ethernet. ITnama pacuupenus 0onicHa
o6nadame nopmamu 6600a-6b1800a 015t NOOKTIOYEHUA YUPPOBHIX U
ananozoewix yempoiicms — He menee 40 wm, unmepgpeiic SPI u
803MOACHOCMBIO NOOKNIOYEHUA 6HewHell kapmbl nhamamu. 6) Modyne
Imexnuveckozo spenus, npedcmasnatowuil coboll yempoticmeo Ha base
GBI UCIUMENbHO20 MUKPOKONMPONNEDA U UHMESPUPOGAHHOU KaMepbi,
lobecnenugaioujee pacno3Hasanue NPOCMeluux u306paxceHuti Ha
MOOYe 3a cuem COBCMBEHHbBIX BbINUCTUMENbHBIX 60IMOXCHOCME - He
penee Twim; Modyne mexnuuecko2o 3peHus donacen obecneuusanms
l803MO2ICHOCIE KOMMYHUKAYUU € QHANOZUYHBIMU MOOYIAMU
hocpedcmeom wurbl Ha Baze NOCIE00BaMeNbHO20 uNmepgenca ¢
yenvio danbHetiuen nepedayu pesynbmamos usMepenuii 2pynnol
MoOyneil Ha YNpasiAioujee GulYUCTUMENbHOE YCMPOUCME0,
nooknioyennoe k OanHol wune. Modyne mexnuuecko2o 3peHus 00NxHCeH
o6ecnevusams 03IMONCHOCb OCYUeCMBIAMb HACMPOUKY MOOYIA
MexHUYecK020 3peHus - HacMpouKy skcnosuyuu, baranca 6enozo,
1BEMOPAZHOCMHBIX COCMABTAIOWUX, W10 aA0U 0OHAPYHCUBAEMOT
obnacmu uzobpascenus, okpyanocmu obHapyxcusaemol obnacmu
uz06padicenus, nonodxcenue obHapyicueaemvlx obnacme
omnocumensio Opyz Opyea. Mooyiie mexnu4ecko2o 3peHus 00NKHCeH
obecneyusame 803IMONCHOCb HACMPOUKYU HA OOHOBPEMEHHOE
o6Hapyocenue ne menee 10 paznuunblx 0OUHOUHBIX 0OBEKMO8 8
cexmope 0630pa, Mubo He MeHee 5 cOCMABHbIX 00BEKMOB, COCMOAUfUX
U3 He Menee 3 paznuunblx 2paguieckux npumumueos. Moodyns
imexnuyeckozo spenua dondceH 06nadame 6CMpOeHHLIMU
unmepgpeiicamu — USB, UART, 1-wire TTL, 12C, SPI ons
oMMYyHUKaY U CO BHEWHUMU NOOKTIOYGemblmMu yempoiicmeamu. 7) B
cocmas nabopa 0oniCHbL BX00UMb YUPPOBbIE UHPOPMAYUOHHO-
cencoprbie Mooy, npedcmasnsiowue coboll ycmpoiicmea Ha base
popamMmMupyemMo2o KOHmMpOniepa u UsMepumebHo20 seMeHma.
[ [ughposoit MoOynb donicer 061a0amMb GCMPOEHHLIM
Mukpokonmponiepom (maxkmoeas yacmoma - we menee 16 MI'y, wuna
Dannsix — ve menee 8 Kéatim), unmeppeticamu 0na nooKmoueHus K
GHewHUM yempoicmeam: yughposvie u anano2osvie nopmel, 1-wire
TTL, pazvem muna RJ. L{ughposoii modyns dondicen obecnevusamo
0ZMONHCHOCTD KOMMYHUKAYUU C GHATOZUYHBIMU MOOYIAMU
ocpedcmeom wuHbl Ha baze nocedosameibHozo unmepgpetica c
enbio OanbHeliuell nepedayi pe3ynsmamos usMepeHuil 2pynnsi
MOOyneill Ha YAPABNAIouee BbIYUCTUMENbHOE YCMPOUCMEO,
oodKmiouenHoe Kk daunoll wune. B cocmas nabopa 0ondicHo 6x00ums.
yuhposotl MOy MAKMOBOT KHONKYU — He MeHee 3uim, Yugposou
00y1b c6eMOo0U0OA — He MeHee Jutm, Yugposou MoOyib KOHYEE020
pepbicGamensi — He Menee 3um, yughposoii Mooy OamyuKa yeema —
e menee lwum, yugposoii modyne RGB ceemooucda — ne menee lum.

) B cocmae nabopa QondicHbl 6X00UMb 31eMeHmMbl 01s cOOPKY
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6aKyyMHO20 3aX8ama: 8AKYYMHAA NPUCOCKa — He mewnee lwm,
brekmpoMazHumublil K1GNAH — He Menee lwm, 8aKyyMHbIU HACOC — He
wmenee luum. 9) B cocmae nabopa donicen 6x00umo yuebHoiu

oMnnekm, éKnloYalowuli 6 cebs yuebHoe nocobue, Habop Gubnuomex
Elpexmepﬁb:x 2MeMEHMoB O POMOMURUPOBAHUL Modenel
ManunyiayuonHelx pobomos, a maxce hpozpammnoe obecnevenue ona
pabomul ¢ Habopom. ITpoepammroe obecneyenue 00NHCHO
obecneuusams mpexmMepHyIo 8U3YATUIAYUIO MOOeTU
ManunyIAyuoHHo20 poboma (c yenosot, niockonapaiensHol u
Denbma-kunemamuron) 8 npoyecce pabomesi, obecneyusamns
nocmpoenue NpocmpancmEenHol mpaekmopuu O8UNCeHUs
UCHOTHUMETBHO20 MEXAHUZMA MAHUNYIAYUOHHO20 poboma,
603MOJICHOC 3a0aHUR NOCTE008AMENLHOCMU MOYEK 0N
npoxooicoeHus yepes HUX UCHOTHUMENbHO20 MeXanu3Ma
manunynayuonnozo poboma. lpoepammroe obecnevenue 0ONHCHO
PYHKYUOHUPOBAMY, KAK 8 OMOENbHOCMU 6 6U0E CPedbl MOOENUPOBAHUA,
Imax u 6 pexcume MOHUMOPUNHZA 6 PEQILHOM BPEMEHU npu
nOOKNIOYeHUU MODENU MAHUNYIIAMOPA NOCPEOCHIBOM
po6omomexnuyeckozo konmponnepa. Ilpospammnoe obecneyenue
002CHO 06ecnevusams 603MONCHOCMb NOCMPOEHUA 2PAPUKOE
zadannblx U mekyuux 0606ueHHbIX KOOPOUHam MaHunyasyuoHHo2o
po6oma, 2paghuxkos snauenutl CKOpocmet U YCKOPEHUR, 2paguxkos
pacuemnbix 3nauenuii nazpysku. llpospammnoe obecneyenue 00NHCHO
no3eonams 3a0a8ames ROCIEO08AMENbHOCb NEPEOBUNCEHUN
ManunyIamopa nocpedcmeom Habopa Komamo 6 brnouHo-epaghuieckom
unmepepetice. Vuefnoe nocobue 00nxicHo codepicams Mamepuanst no
paspabomke mpexmeprvix modenet MobunsHblx pobomos,
ManUunyIAYUOHHBIX POBOMOG € PABTUYHBIMU MUNAMU KUHEMAMUKU
(V21068 KUHEMAMUKA, NIOCKO-RAPANIENbHAS KUHEMAMUKQ, 0enbma-
kunemamura, SCARA unu puiuadicnas kunemamuxa, niamegopma
Cmioapma u m.n.), uHCMpyKyuu nO NPOEKMUPOSANUIo pobomos,
UHCTIPYKY UL U MEMOOUKU OCYIYeCMBAEHUS UHICEHEPHBIX paciemos npu
npoexmuposanuu (pacuemsl HAzpy3Ku U MOMEHMO8, paciem
MOWHOCMU NPUBOOOE, PACcyem nApaMempos KUHeMamurku u m.n.),
uHempyKkyuu no paspabomxe cucmem ynpasnenus u npozpamMmHozo
obecnedenus Ons ynpaenenus pobomamiu, UHCMPYKYuu u MemoouKu no
paspabomxe cucmem YRpAGNEHUs C 2NEMEHMAMU UCKYCCMBEHHO20
unmennexma u Mawiunnozo obyvenus."

ObpazoeamenbHblil
Habop no aneKmpoHuKe,
1exmpomexanuxe u
MUKpONpoyeccopHoll
mexHuKe

"Habop donxcen Goimb npedHasHayen Ons nposeoeHus yuebHuix
RAHAMUL NO UZVYEHUIO OCHO8 MEXAMPOHUKU U POBOMOMEXHUKY,
npakmuuecko2o npumexenus bazoswlx 3NEeMeHMos SNEKMPOHUKU U
lCxeMomexHuKY, a maxvce Haubonee pacnpoCMpanerHoil 31eMeHmHoU
6azbl U OCHOBHBIX MEXHUYECKUX PeuleHutl, IPUMEHAEMbIX NPU
IPOCKMUPOBANULL U RPOMOMUNUPOEAHUU PAZNUYHBIX UHDICEH EPHBIX,
kubepnemuyeckux u 6cmpausaemuix cucmem. B cocmas nabopa
DONHCHBL BXOOUMB KOMATEKmYloujue u yempoticmaa, obnadaroujue
KOHCMPYKMUSHON, S1EKMPUYECKOl, annapamHoll U NPOSPAMMHOU
coemecmumocmpio Opye ¢ Opyeom. B cocmae nabopa dondicen 6x00ume
KOMPTEKI KOHCMPYKIMUBHBIX 31EMEHMOB u3 Memania ons c6opku
MaKema MaHunyIAYUoHHo20 poboma u KOMANEKm MemaniuecKux
KOHCMPYKMUSHbIX 21eMenmo8 01 coopKu Maxema MobUIbHO20
poboma. B cocmas nabopa 0ondicHbl 6X00UMb NPUE0OA paTUYHO20
UNA: MOMOPHL C UHMEPUPOBAHHBIM UTU GHEULHUM OamYUKOM
onoxcenus — He menee 2uim, cepeonpusod bonbulol — He MeHee 4um,
epEonpuUBod Manblll — He MeHee 2uim, NPUB00d ¢ 0IMONCHOCTBIO
npasnenus 6 WazosoM pesxcume — He menee 2uim. B cocmas nabopa
ONAHCHBL 6XO0UMB 3MeMenmbl 01 cOOPKU 8AKYYMHO20 3axeama:
aKYYMHAS NPUCOCKA — He menee Tuim, 21ekmpoMazHumHbl i Knanam —
e menee lum, 6axyymuuiii nacoc — ne menee Iuum. B cocmas nabopa
01CHA 8X00UMb 2Nemenmuan 6aza ona NPOMOMUNUPOGAHUA. niama
15 BecnaedHoz0 npoOMoMUNUPOBAaNUs, KOMIIEKH RPOBOO0E

um

6.00
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pazTuuHO20 MUNA U ONUHB, KOMIIEKM Pe3ucmopos, KOMIIeKm
ceemoduodos, cemucezsMeHmublll unouxamop, oucnnei ’KK-muna,
KHONKU — He MeHee Suinm, NOMmeHYyuoMempsl — He Mexee Jwm,
unghpaxpacnelii 0amyuk - He Mexee 3um, y1bmpazeykosou 0am4uK - He|
menee 3um, damuux memnepamypbl - He meHee lum, damqux
loceewyennocmu - ve menee luim, modyne Bluetooth — ne menee lum,
wmodyns HK-npuemnuxa — ve menee lwum, modyns HK-nepedamuuxa 6
gude KHONOYHO20 NYIbMa ynpasnenus — lum, akkymyaamop — ne
venee lwm, sapadnoe yempotcmeo — ve menee lwm. B cocmas
Habopa 0ondcen BX00UMb MYToMUOam4uK 015 UsMepeHus
memnepamypui u 8NaNCHOCMU OKpYJIcalowjell cpedsl — He menee lum.
Mynsmudamyuk donxcen 0b1adames 6CMpOEHHbIM
Mukpokonmponnepom (maxkmosan yacmoma - e menee 16 My, wuna
Dannbix — ne menee 8 Kbaum), unmepgheticamu ons nOOKIIOYEHUA K
lenewnum yempoiicmeam: yughpossie u ananozoevie nopmel, 1-wire
TTL, pasvem muna RJ. B cocmag Habopa dondicen 6xo0ums KOMRIEKM
VHUBEPCATBHBIX GbIYUCTUMENLHBIX MOOYEN, NPEdCMABIAIOWUXx coboU
6azoeylo niamy, niamy pacuupenus Onsa cemego2o 83auModelicmeus u
nnamy nodkaouenus cuiogol Hazpy3ku. Bxooawue 6 komnnexm
yempoiicmea dondicHbl 061a0ams 00HOBPEMEHHOU KOHCIMPYKMUGHO,
baexmpuyeckoll, annapamxoil U NPO2PAMMHOL COBMECMUMOCbIO Opye
c Opyeom. Bazoeas niama yHueepcaibHo20 GbIYUCTUMENbHO20 MOOYIIA
Oonaicna npedcmasnime coboli NPospamMMupyemslii KOKMpoLiep 6
cpede Arduino IDE unu ananoeuineix c60600HO pacnpocmpaniemolx
cpedax paspabomku. bazosas nnama dondicna obradame
lecmpoentbi;Mu unmepghelicamu Ons NOOKIIOYeHUA YUuPposyix u
ananozosbix yempoticms, ecmpoennvimu unmepgeicavwu USB, UART,
[12C. SPI, 1-wire TTL, Bluetooth, WiFi. [Inama pacutupenus 00omicHa
obecneyusames 603IMONCHOCHb NOOKNIOYEHUA YHUBEPCATbHO2O0
BB UCTUMENBHO20 MOOYVISA K Cemu ROCpedcmeom unmepgeica
Ethernet. [Tnama pacwupenusi donxcna obradams nopmamu 66004d-
ab1600a 0N NOOKNIOYEHUS YUDPOBLIX U AHANO20BbIX YCMPOUCME,
unmeppetic SP1 u 803MOACHOCMBIO NOOKNIOYEHUS. 6HEUHEN Kapmbl
namamu. TTnama pacuupenus 011 NOOKTIOYEHUS CUTOB0U HAZPY3KU
DonoicHa obecheyusams 80IMONCHOCMb NPAMO20 NOOKIIOYEHUs
lHewHell cunogoti Hazpy3KY, a MAKNCe peyiupyemo Hazpy3Ku
nocpedcmeom PWM unmepdesica. B cocmas nabopa dondicer 6xo0ums
npozpammupyemolii KOHmponnep, obecneyusalouuil B03IMONCHOCMb
locyuyecmename paspabomyy npozpaMMHO20 KOOA, UCRONb3Ys
uncmpymenmapuii cped paspabomiu Arduino IDE u Mongoose OS u
viko6 npoecpammuposanusi C\C++, JavaScript. [Tpozpammupyemsii
E:Jrrmpomep donxcer obnadame nopmamu 018 ROOKNIOYeHUA
YUPOBIX U AHAIO208bIX YCMPOUCME, BCMPOEHHBIMU
ipOCPaAMMUPYEMBIMU KHORKAMU U INEKMPOMEX GHUYECKUMU MOOYNAMU
018 op2anu3ayu cucmembl pyYHO20 YAPasieHA, 6CMpoeHHbIMU
npozpaMMupyemMeiMu c6emoouodamu Ois UHOUKayuu pabouezo
pescuma, scmpoennvimu unmepgesicamu USB, USART, 12C, SPI, 1-
wire TTL, ISP, Ethernet, Bluetooth, WiFi. B cocmas nabopa 0onicen
X 00UMB MOOY/Ib MEXHUYECKO20 3PEeHUS , PedCcmasnaiouuil cobo
eIy uCIUMENDHOE YCMPOUCMBO CO 6CMPOEHHBIM MUKPORPOYECCOPOM
(kon-60 adep - ne menee 4wum, vacmoma adpa ne menee 1.2 I'Ty, obvem
03V - ne menee 512M6, 06vem scmpoenHo namMamu - He menee 81°6),
uHmMezpUpPOBAHHON Kamepoli (MAKCUMAIbHOE paspeuienue
leuoeonomora, nepedasaemozo no unmepgeiicy USB - ne menee
2592x1944 eo.) u onmuyeckon cucmemoti. Modyie mexnuveckozo
spenust Qoncen 061a0ame COBMECIMUMOCTbIO € PAZIULHBIMU
NpoZpaMMUpYeMbiMU KOHMPOIIEPAMU C NOMOUbIO UHmepdencos - I-
wire TTL, UART, 12C, SPI, Ethernet. Modynb mexnu4ecko2o 3peHus
Donicen obecnequsamy 8bINOTHEHUE 8CEX UIMEPEHUT U BbIYUCTeH U
nocpedcmeom cobCMEEHHbIX 8blHUCTUMENbHBIX 603MOJNCHOCHEN

Bcmpoennozo Mukponpoyeccopa. Mooy mexHu4ecK020 spenui
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Donoicen 0baradame 603IMONCHOCMBIO KOMMYHUKAYUU C AHATO2UYHBIMU
MOOYIAMU ROCPeOCMBOM Wbl HA Ba3e NocnedoBamenbHo20
unmepgheiica ¢ yenvio OarbHetulen nepeoayu pesyibmamos usMepeHuil
>pynnel MOOYIel Ha YAPABIAIouee 8bIYUCTUMENTbHOE YCMPOUCMEO,
nodkniouentoe k dannoli wune. Mooyne mexHu1ecKozo 3peHus O0NNCeH
obecneyusams HACMPOUKU PedcumMos pabonst - HACMPOUKY
skcnosuyuu, bananca 6en02o, YeemopazHOCMHbIX COCMABIAIOUJUX,
nnowadu obuapycusaemol obnacmu u306padcenus, okpyanocmu
lo6napysicusaemon obracmu u306paxXceHus, NONONCeHUe
obuapyscueaemplx 0bracmeii OMHOCUMENBHO Opye Opyaa, MAWUHHOe
oByuenue napamempos HetuponHbIX cemeli Ona obHapyscenus
06bexmos, (hopmy u 3aKo0UPOBaKHHbBIE 3HAYEHUA OOHAPYHCUBAEMBIX
mapkepos muna Aruco, pasmepei 06HAPYHCUBAEMBIX OKPYHCHOCTEN,
Keadpamos u mpey2oNsHUKO8, Napamempos KOHMPAcmMHOCMU,
pazmepos, kpueusHvl u nonodcenua pacnosHasaemvlx aunui. Habop
Dondicen obecneuugame 803MONCHOCb PAzpabomxku Mooenu
Wobunsnozo poboma, ynpasnsemoii 8 FPV-pexcume nocpedcmsom
npozpammuozo obecnedenus O NEPCOHATbHO20 KOMnbIomepa u
Wmobunbneix yempotiieme na 6aze OC Android wiu 10S,
loBecneyusaionye20 603MONCHOCMb YAPABNEHUA MODUTbHbIM POBOMOM U
l6CMPOEHHBIM MAHUNYIAMOPOM ROCPEOCMBOM 2PaPuiecko2o
unmepgheiica, axnouaOwum 6 cebs Habop KHONOK u nepeknoyamenet,
Dacoticmux, obaacme dna omobpadxcenus audeo. Habop donicen
loBecneyusame 60IMONCHOCMb UVYEHUA OCHO8 paspabomxu
Npo2pamMMitblX 1 aNNAPAMHbIX KOMRIEKCO8 UHHCEHEPHBIX CUCTEM,
pewenuii 6 cghepe """ Humeprem eewgen"""", a maxoice peuieHui 6
obracmu po6omomexHuKY, UCKYCCMBEHHO20 UHMenekma u
Mauunnozo obyyenus. B cocmag nabopa 0ondcHo 6xo0ume nocobue no
UZYUEHUIO OCHOB SNEKIMPOHUKU U CXEMOMEXHUKY, Pewlenull 6 cepe
" umepnem gewjent"""", pazpabomku u nPpOMOMUNUPOBAHUIO
wodeneii pobomos. B cocmas nabopa 0ondicHo 8xooums nocobue no
{uzynenuo ocnos paspabomku cucmem MexHUYeCcKo20 3PeHus U
1IeMEHmMOB UCKYCCMBEHHO20 UHMEILTeKma,

Ob6pazosamenvhblit
Habop no Mexanuxe,
Mexamponuke u
pobomomexnuke

"Obpazosamenvubtii Habop dondicen Goimb NPeOHAIHayeH 0N UIYYeHUA
Wexanuku, mexamponuxu u pobomomexnuxu. O6pasosamenshblil
Habop npednasHaven O paspabomKu RPOZPAMMUpYeMbIX Mooenen
Mexamponnblx cucmem U MobubHelX pOGOMOE, OCHAWEeHHbIX
PAZAUMHBIMU MAHURYAAYUOHHBIMU U 3GXEAMHBIMU yempolicmeamu. B
lcocmas nabopa 0oHCHO BXOOUMb. KOMNIEKIM KOHCMPYKMUBHBIX
IREMEHMO6 U3 MEMAINA, KOMAIEKM KPenéNCHbIX INeMeHMO8,
komnexm Ona c60pKU 3axX8amHoz0 yempoucmea — e menee I wm.,
Koneca ¢ npopezuHenHbiM 06odom — He menee 2 wm., Koneca
CeHanpPaBIeHH020 OBUNCEHUS. ~He MeHee 2 WM., NPUBOO NOCMOAHHO20
fnom C UHMeZPUPOBAHHONU CUuCMeMol ynpasnenus, obecnevusaioujen
oBpammyio ceA3b NONONCEHUIO, CKOPOCMU U HAZpY3Ke - He MeHee 4 wm.,
Oamuuk nunuu - He menee 3 wm., 0am4uK paccmoanun — ve menee |
wum., axkymynsmopras bamapes — He menee I wm., 3apaoroe
vempoticmeo — ne menee 1 wm. B cocmas nabopa donscen 6xo0umo
npozpamMmupyemolil KOoHmponaep, obecneyusaruuil B0IMONCHOCMb
locyuyecmensame papabomxy npoespamMmHo20 Kooa, UCNOTb3YA
uncmpymenmapuii cpeo paspabomiu Arduino IDE.
[Tpocpammupyemvlii KOHMponep 00JlCer obecnevusame annapamHyio
U NPOZDAMMHYIO COBMECTUMOCTb C S1emMenmHol 6asoil, 6x00Auel 6
cocmae nabopa. Ipozpammupyemsiii KOHMpPoanep OONNCeH
codepacame credyiouue unmepgeicsl; yugpoevle u aHaN0206ble
nopmut — e menee S0wm, USB, USART, 12C, SPI, ISP, Bluetooth,
WiFi. [Tpoapammupyemvili KOHMPOREpP O0IHCEH COOPHCAmMb
unmepeiic (011 ROOKNOYEHUA NPUE0DOE U OAMYUKOE
po6omomexnuyeckozo Habopa), peanu306anHbii Ha baze wiunvt RS-485
L ne menee 1 2um. Ipocpammupyemuiii KoHmponnep QonxceH

lcodepacamsp cunosol nopm 018 NOOKNIOYEHUA BHeWHel HA2PY3KU il

3.00
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momopoe — ne menee 2wum. B coemas nabopa 0ondicen 6xo0ums
modyne mexnuyuecko2o spenus — ne menee luim. Modyne mexnuueckozo
spenus dondcen obecneyusamb 603MONCHOCHL KOMMYHUKAYUL C
AHANO2UNHBIMU MOOYIAMU ROCPEOCMBOM WUHbL Ha baze
nocnedosamensrozo unmepdbetica c yensio daneHenuiel nepedaiu
e3)TbMmamos usMepeHull 2pynnet MoOYel Ha ynpasnsiioujee
Ebl YUCTUMENbHOE YEMPOUCMBO, NOOKNIOYEHHOE K OQHHOU WlHe.
Modyne mexuuueckozo 3penus dondxceH obecneyusams 60IMONCHOCTL

wxcnosuyuu, bararca 6eno2o, YEEMOPAIHOCMHbIX COCMABNAIOUUX,
nnowaou oBHapyIcusaemon 061acmu U30OPaANCEHUA, OKPYanocmu
o6Hapyscusaemon obnacmu uz06paxdcenus, nonoxceHue
o6napyscusaemvix obracmeil omuocumensHo opyz opyea. Modyie
mexnuuecko20 3penus donxcer 0becnevusamo 603MONCHOCMNb
nacmpotiku Ha o0HoépemenHoe obrapycenue ne menee 10 paznuunbix
00uHouHbBIX 06BeKmos 8 cexmope 063opa, 1ubo He meHee 5 cOCMasHbIX
06veKmos, COCMOAUUX U3 He MeHee 3 pasiuyHblX epaguieckux
npumumugos. Mooy mexnuyeckozo 3penus 0oncen obnadams
gempoennvimu unmepgeticamu — USB, UART, 1-wire TTL, I2C, SPI
0151 KOMMYHUKQYUU CO BHEWHUMU ROOKTIoYaembIMu yempoticmeavu. "

ocyugecmansims HACMPOUKY MOOVIS MEXHUYECKO20 3PEHU - HACMPOTIKY|

\O6pazosamenbibiil
KOHCMPYKmMop ¢
[KommeKmom o0amyuxkos

Obpazoeamensnoiil Habop doadicen Obinb NPEOHAsHAYeH ONA UZYYeHUus
ocHo8 paspabomKku npozpaMMupyemslX Modenet asmoHOMHbIX
WMoburbhbix pobomos. B cocmag Habopa 00niCHO X00UMb; KOMIIEKM
KOHCMPYKMUBHBIX 11EMEHMO06 U3 NIACMUKA, UHCMPYMEHm ONA pabomsl
c KpenescHbIMU KOMROHEHMAMU, CePEONPUBOO ¢ 6CMPOEHHOU
cucmemoti ynpasnenus, obecnevusaioujeli 06pamuyio céssb
NONOJNCEHUIO, CKOPOCMU U HAZPY3Ke - He MeHee 4 wm., nyibm
ynpaenenus — He Menee luim, damuuk Kacanus — e menee | wm.,
Damuuk yeema — He Menee lum, Oamuux MaKmuibHo-CeHCOPHbIN CO
c8emaOUOOHBIM MOOYIEM — He MeHee | wm., kamepa ¢ 603MONCHOCHBIO
00HOBpeMenH020 onpedenenus HeCKONbKUX YBemoe — He MeHee 1 wm.,
axikymynamopuas 6amapes — ne menee | wm. B cocmas nabopa
Donoicen exo0ume pobomomexHuveckuil koumponnep — ne menee lum.
Pofomomexnuyeckuii Konmponiep 0ondicer 061adams 6CMpPOEHHbIM
ysemnbiv KK sKkpanom u 6cmpoerHelM UHEPYUOHHBIM OGMYUKOM.
\Pobomomexnuyeckuti KoHmpounep 00AX4ceH umems He menee 12
nopmos 018 NOOKIIOYEHUR BHEWLHUX YCMPOUCME 1 nopm Ol
yemarnoexu kapmet navsimu. B cocmas nabopa donscen 6xooums
npozpammupyemvlii Konmponnep — e menee 1 wm. Ipozpavmupyemvii
Konmpoanep Oondcen npedcmasaame cobou ycmpoucmeo,
obecneuusaroujee 80IMONCHOCMb OCYUjecmeNsimb paspabomxy
Mpo2paMMHo20 K0OG, UCNOAB3YA UHCMPYMeRmapuii cped pazpabomxu
\rduino IDE. Ipozpammupyembiil KOokmponnep 0onicen obecneuusams
annapammuyIo u nPOSPAMMHYIO COBMECMUMOCMb ¢ 31emenmHoil basot,
lxoosyeii 6 cocmae nabopa. Illpozpammupyemsiil KOHMpoLIEp OONNCEH
lcodepaicame credyiowue unmepgheticol: yupposvie u anano206be
nopmei — ne menee 50wum, USB, USART, 12C, SPI, ISP, Bluetooth,
WiFi. [Ipozpammupyemulii KOHMpPoOIRep O0ANCEH cooepcams
unmepdhetic Ona NOOKNIOYeHUA NPUBOVOS U OAMHUKOS
obomomexnuyecko2o Habopa— He meree 12 wm,

uim

8.00

MyHuuunazpHoe

aBTOHOMHOE obmeobpa3oBaTenbHOE yupexaeHue
KanuuuHrpasa cpeanss obieobpasosarenbHas mkona Ne 57

ropoza

n/n

HanmeHoBaHHe

oGopyaosauus (PBI1O) (PBIT1O)

Kpa‘mne NpHMEpHbIe TEXHHYECKHE XapakTepHCTHKH

Enunuua
H3MepeHHd

IKonnuecTBO
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n/n

HaumMeHoBaHHe
o6opyaosauus (PBI1O)

KpaTkue npuMepHble TEXHHYECKHE XapaKTePHCTHKH
(PBIIO)

Enunnua
H3MepeHHs

KonuuecTBo

HanmenoBauue Hanpasaenus: "Texnonozuyeckan nanpasiennocmos, BH

IHauMeHOBaHHWE pa3aena;
"TexHonoruyeckas
HanpasieHHocTs. BUO"

Cnexmpoghomomemp

Ipednaznauen Ona onpedenenus Onmu4ecKou R1OmHoCmuy,
koaghghuyuernmos nponyckanus u KoHyenmpayuu
a3HoobpasHbIX pacmeopos

wm

1.00

Ananumuvecxkue gecol

[Tpednasznayensl ONA MOYHBIX USMEPEHUU MACChI, RO3BONAIOM
Konumponupogame usmenenus maccol ¢ moyrocmoio 0,1 me.

1.00

Vuebno-ucciedosamenvekasn
irabopamopusi GuocucHanoe u
HelupomexHonozut

"B cocmas éxoosm: Cencop Tun I ve menee 1 wm.,
obecnequsaem 803MONCHOCMb PECUCMPAyUU CUSHANA
AeKMPUYECKOU AKMUGHOCIU MBIUY (INEKMPOMUOZPAMMBL,
OMT). Pecucmpayus 00ondicHa ocyujecmensiemcs HeuH8asugho,
cyxumu anexmpoodami. BoamodichHocmelo kpenienus Kk pyKe
Yenogexd, 4mo OONJICHO Oasanms 603MONCHOCb
[pecucmpuposams 31eKmpudeckylo aKmugHoCMu Mbluilsl 6
obnacmu, Had komopol pacnonazaemces kpennenue. Ilpu
Hanpasceruu mMoluiysl 0onxcHa bvimb obecneyena
lsosmooicnocme nabniodenus nyyHocmu cuzHana (m.e,
npucymemeue SMT), npu paccnabnenuu moiuiyel - ee
lomcymemesue. Cencop Tun 2 ne menee 1 wm., obecneyugaem
603MONCHOCMB PESUCTPAYUU CUSHANA (HOMONTEMUIMOSDaAMMbI
(PIIT) onmuveckum nymem, 3a CHem UIMeHEHUL OMPaNCeHHO20
Om KpOBEHOCHBIX COCYO08 ceema, obbveM KOMOopbX UIMeEHAEMCA
noo so3deticmauem nynbcogol eonnel. Cencop dondicen Goimo
obecneyen 60IMONCHOCMbBIO KPeniieHus K nodyuieuke nansya
yenosexa. Cencop Tun 3 ne menee | wm., obecnevusaem
lsoamooicHocmp. pecucmpayuu cuznana 3nekmpoxapouozpammsl
(DKT) ne uneazusrvim cnocobom; pecucmpayuu I, IIu Il1
omeedenuil; NOOKTIOYEHUs I1eKmpPo008 K CEHCOpPY ¢ NOMOU{bIO
coedunumensHbix Npoeooos, obopydosannbix TouchProof
pazvemamu. Cencop Tun 4 ne menee | wm. obecneuusaem
lgo3MONICHOCMb, pecuCmpayu CUHANa KOJNCHO-2ANbEAHUY eCKOl
pearyuu (KI'P), pecucmpayua Komopo2o ocyujecmeisiemcs Ha
nocmosHHOM MoKe; NOOKTIOYEHUS K Mey Yelo8eKd C HOMOU{bIO
CyXux anexmpo0os, ROOKIIOYEHUE KOMOPbIX K CEHCOpY
ocywgecmensiemes ¢ nomowywvio TouchProof pasvemos. Cencop
Tun 5 ne menee I wm., obecneyusaem 603MONCHOCTb!
pecucmpayuu cuzHAna SNeKMpPUHecKoll akmueHoCmu Mo3ea
(D3I) ¢ noMowblo CYXUX HEUHBAIUBHBIX INEKMPOOOE;
pezucmpayuu s1ekMpuecKoll GKMUSHOCMuU pasHuix 0oneu
MO32a; NOOKTIOYEHUA INeKMPOO0E K CEHCOPY € ROMOU{bIO
coedunumensubix npoeodos, obopyoosannvix TouchProof
pazvemamu; 3akpenienus 31eKmpooos Ha ROBEPXHOCMU 2006bI.
Cencop Tun 6 ne menee 1 wm., obecneyugaem 603MOHCHOCHb!
pecucmpayuu cuznana konebanus spyorou knemku (Cercop
Dbixanus); onpedenenusn yacmomsi Obixanus. Yempoicmeso ons
c6opa OanHbIX OM CEeHCOPOB U Nepedau Ha NepCoHanbHbII
KoMnbiomep obecneyusaem 803MoXCHOCIb cBopa danHbix om
NOOKNIOYEHHBIX K HEMY CEHCOPOB U OMNAPABKY NOTYYEHHbIX
Dannwix na ITK. ITookmovenue yenmpansnozo mooyna k IK ¢
nomowsio USB-kabens. Llenmpanbuviii MoOOYie umeem He MeHee
] wm, : 2anveanuyeckyro uzonayuro om INK. Henmpanonviil
Modynb obecneuusaem 603MONCHOCHb 00HOBPEMEHHO20
nookmouenun enioms 0o 4 cencopos. Kaicoviii uz 6xo0do8
[[eHmpanbHo20 MOOYIA UMeent 2ab8aHUECKYIO USONAYUIO
(0becnevenue MeJCKaHaNbHOU 2aTbBAHUYECKOU USONAYUL).
[Todkniovenue cencopog k Llenmpansromy mooynio
ocyujecmensiemcs ¢ HOMOUbIO CREYUATUIUPOBAHHBIX PA3LEMOE
muna LEMO, obecnevugaiowjux npaguioHochs NOOKIIOYEHUS
AzLEMa U CHUNCAIOWUX PUCK CTYHALIH020 KACAHUA pa3beMos

8.00
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n/n

HaumeHoBaHHe
o6opynosanus (PBITO)

Kpatkse npumepHbie TEXHHYECKHE XapaKTePHCTHKH
(PBI1O)

Eavunua
H3MepeHHS

IKonuyecTBo

0KONPOBOOSWUX Yacmell, @ makdice 06ecneyusauux 3auumy
0mM HECAHKYUOHUPOBAHHO20 NOOKTIOYEHUA K NPOU3BONbHBIM
vempoucmeam. Mooyne « Knonka» we menee I wm.,
obecneuusaem 603IMONCHOCMb: PAIMEMKU PESUCPUPYEMbIX
CcuzHaNo8 U omMeuams He MeHee 3-X pasnuyHblx Kamezopuu
cocmosnuti. Yempoiicmeo, exodsujee 8 cocmas 1a6opamopuu,
dondicHo obecneyusanto 603IMONCHOCMb PECUCMPAyuU
apmepuanvrozo dasnenus."”

HaunmeHoBaHHE

HanpasJjenus: "O6opydosanue 011 OONONHUMEbHLIX HAnpasenui"”

HaumeHoBaHue pasjena:
"’EO-ADPO"

Ulazepublit dansHomep

Vlazepubiii danbHomep ONs UIMepeHus paccmoiHutl On
coszdanus mounvix 3D-modenei nomeugenuti u opyux 06vekmos

wm

5.00

[TpomusoydapHbelii nianuiem

ITpomusoydapubili nianuiem 01a npogedeHus nonegvlx pabom, 8
m. u. cbopa danneix Ha mecmuocmu. Juazonans 3kpana, Owum:
e menee 10,47

wm

6.00

[Tonuzon ons BITJ/IA

Cemuamoe ozpaxcoenue 30Hbl honemos 3x3x3 mempa

wm

1.00

Vyebrasn nemaiowan
pobomomexnuyeckan cucmema
c CV kamepoii

"Dopm-ghaxmop: ycmpoiicmeo unu Habop ona cbopxu, Kanan
CeA3U YNPABNeHUs CUcmeMoil. Hanuyue, KoiNeKmopHbie
\MomopeL; nanuyue, NONEeMHbIH KOHMPOINEP ¢ 60IMONCHOCMbIO
MpozpaMmuposanus; Hanuyue, nOOOEPHCKA ONMUYECKOU
lcucmemul Haguzayuu 8 nomewjenuu: Haruvue, mooyne Wi-Fi
GuOeokamepbl. HaNuyue, KaMepa onmuyecKozo NoMmoKd:
Hanuuue, nepe3apANCAeMas GKKYMYIAMopHan bamapes :
Hanuyue, NPoOZPAMMHOE NPUAONCEHUE OISl NPOZPAMMUPOBAHUA U
ynpaenenus, 6 mom yucie O CMapmgonos, GyHKyus
NpoCpaAMMUPOBAHUA HECKONBKUX NeMaiowux pobomos Ha 00HoM
yempoticmee: Hanuyue Mampuynusiil unouxamop ¢ Mooynem
Damyuxa paccmoanua ¢ KpacHsIMU i CUHUMU C8emo0u00amu
8x8 — I wm. Mukpoxornmponnep: 08yXwvaoepHblil ¢ OMKPbLIMbIM
kodom Pacuupenue: 14-konmaxmuviii nopm pacuupenus (12C,
UART, SPI, GPIO, PWM, ucmounux numanus) Macca ne 6onee
90 ep Maxcumansroe nonemroe épems: ve menee 13 munym”

20.00

UTiobumensvckas mobunbras
|8030yWHas cucmema ¢
603IMONCHOCbIO BU3YATLHOZ0
VRpagienus om nepeozo auya

"Tiobumenbckas MOBUNbHASL BOZ0VUIHAA CUCMEMA OISt
nposedenus aspodhomocLEMKU MECMHOCIIU U OMOETbHbBIX
obvekmoa @opm-ghakmop: yempolicmeo unu Habop ona coopKu,
Kanan ces3u YRpasneHus CUCmemMon. Hanuyue, MaKcuManoHas
Danbrocmy nepedauu OanHeIx: He MeHee 2 K,
beckonneKkmopHble MOMOPbL: HANUYUe, NONEMHbII KOHMpPOnnep:
Hanuyue, noOdepICKa ONMUYECKOU CUCmeMbl HABU2AYUY 6
nomewjenuu: namuvue, Mooyns homo/audeokamepul
aspewtenuem He menee 4K: nanuvue, Modyne nasusayuu
GPS/TTTOHACC: nanuyue, nyiom ynpagieHus. Hanuiue,
akkymynamopras bamapes ¢ 3apAOHbIM YCMpPOoUCmMEoM -
Hanuuue npozpamMmHoe RPUIONCEHUE O NPOZPaMMUPOBAHUA U
ynpaenenus, 8 mom wucne ons cmapmeponos: nanudue Maxe.
paccmosnue nonema ne menee 18 km Emrocmb
laxxymynamopa ne menee 3500 mAu___Macca ne 6onee 570 2"

wm

3.00

HaumeHOBaHuWe pasjiena:
"HAHO"

IHaumeHOBaHHe pa3zaena:
"XAWUTEK"

\Tnacmux 01 30 nevamu

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

15.00

130 npunmep yuebuuviii

Tun npunmepa: FDM, FFF, mamepuan (ocnosnou): PLA,
konuyecmao neyamaiowux 201080K: He Menee 2, paboyui cmon:
c nooozpesom, pabovas obnacme (XYZ): om 180% 180180 mm,
MakcumaneHas cxopocme newamu: He menee 150 mm/cex,
WunumansHas monuuna cnos: ne onee 20 MM, 3akpimoli

kopnyc: nanuuue, oxaaxcoenue 30Hbl neYamu. Hanuue

3.00

30 npunmep

szm npunmepa: FDM, FFF, mamepuan (ocnosnoi): PLA,

1.00
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HauwmeHoBanne

n/n| oGopynosanus (PBI1O)

KpaTKHB NPpHMEPHBIE TEXHHYECKHE XapPAKTEPHCTHKH
(PBIIO)

Eauuuua
H3MepeHust

KoJsinuecTBo|

npogheccuonanvhvlit

IKonMuYecmeo nevamarowux 2on06oK: He mexee I, pabovuii cmon:
¢ nodoepesom, pabouas obnacme (XYZ): om 300%300%400 mm,
WMakcumansHas ckopocms nedamu; He menee 150 mm/cex,
MUHUMATLHAA Monwuna cnos. He 6onee 20 mxm, 3aKpeimelil
[Kopnyc: Hanuyue, OXaaNcoeHue 30Hbl NeYamu; Hanuyue

\Mrozogynkyuonanbhas
cmanyus Ona MexaHuyeckol
obpabomku u
npomomunuposanua

Vuebnas modynenas cmanyus donxcra obecneyueams
[BO3MOACHOCMb UYHEHUA HE MeHee mpex MmexHoNo2uil
npouszeodcmea uzdenuii u 06pabomku Mamepuanos, a Maxkice
npomomunuposanus uzdenuu. Yuebnas MooynvHas cmanyus
doncHa uMems CredyIiouull COCMaes u Xapakmepucmuxu.
Mamepuan xoncmpyxyuu: amomunuii Konuvecmso
Hanpaenarowux: ne meree 4 wm. Habop unmepgheiicos: -
Ethernet, ne menee | wm. - USB, ne menee 2 wum. - MicroSD:
Hanuyue. - Modyne becnposodnoit cesizu Wi-Fi: nanuvue.
1anenv ynpasnenus c sxpanom. Hanuyue Tun ynpaanexus
oxpana: cencoproe Tun skpana: LCD-nanenv [lgemuocme
oxpana: yeemiuou Juazonans sxpana: ne menee 3,5 oouma
ITnamehopma nodozpesaeman: nanuuue linamegpopma ons 3D-
nevamu mazHumnas 2ubkas: Haruvue Cogmecmumocms
niamgopmel 0ns 3D-newamu ¢ niamgopmou nodozpesaemoi:
Hanuyue Cvennsii Modyns 3D-nevamu: nanuyue Texnonozus
3D-newamu: FDM unu FFF [Juavemp conna: ne meree 0,4 mm
\Makcumansnas memnepamypa nazpega conna: He menee 250 °C
Maxcumanbnas memnepamypa Hazpesa nooozpesaemon
nnamgpopmer: ne mernee 80 °C Munumanonas moiujuna cios. He
bonee 50 mim Makcumansnan monuuna cios: He menee 300
i Cropoeme 3D-nevamu: ne menee 100 mm/c Makcumanonbti
pasmep uszomasnusaemoli mooenu: ne menee 200x210x200 mm
Todoepacusaemoie mamepuans: ona 3D-newamu: PLA-, PETG-,
TPU-, ABS-, PC-, Flex-nnacmux Juamemp numu niacmuxa: ne
6onee 1,75 mm Cencop 0bHapyICenus HUMU AIACHMUKA. Hanuyue
Dynxyus asmomamuyeckol karubposku: Hanuuue CmenHblil
nasepublil MoOyns: Hanuyue Mowwocme nasepa: ne menee 1,6
\Bm @yukyus 1a3epHozo epasupoganua; Hanudue Cyuxyus
nazepron pesku: nanuyue Pazmepel paboueii obnacmu: ne meree
200x200 mm ITodoeprcusaemvie mamepuansl: bymaza, Kapmon,
0epeso, niacmuk, koxca CMerHbIl MOOYAb (hpe3eposanus ¢
YITY: nanuvue Makcumansnas ckopocnb 6pawjeHus WnuHoens.
ne menee 8000 ob/mun Makcumanbubiii uamemp 3axcuma
nampona. ne menee 4 mm @pesa: nanuvue CynKyus
NTOCKOCMHO20 U 06BEMHO20 (hpe3eposanus.; Hanudue
[Too0epoicusaemple mamepudisl. 0epeso, MeKCmonum, iacmuk
Koocyx saupumnviii: nanuyue Ouku 3auumnsie ¢ Y-
bunempom: nanuvue Adanmep numanua: nanudue Komniexm
3anacKbiX (PYHKYUOHANbHBIX INEMEHMOB. HANUYUe

5.00

HanmeHosaHHe pa3zena:
"DnekTposHepreTHka”

HaumenoBanue Hanpasiennsi: "Ecmecmeennonayunas nanpagiennocms "

HanmeHoBaHKe pasjena:
1 ["EcrecTBeHHOHAYYHas
HaMpaBJIeHHOCTE"

[{ughposan nabopamopus
«Xumus» npogpunenas ons
nedazoea

"Obecneyusaem avinonnenue nabopamopelx pabom no Xumuu
Ha ypokax 8 0CHOBHOU WIKONE U NPOeKMHO-UCCNe006amenbCKot
Deamenvnocmu yuaujuxca. Komnnexkmayus: becnposodnoi
MPIbMUOAMYUK HO XUMUU C 3-MS GCMPOCHHBIMU OAMYUKaAMU,!
Hamuux pH ¢ duanazonom uzmepenus ne yxce yem om () 0o 14
pH damuux anekmponposodumocmu ¢ QuanasoHamu UsMepenus
ne yorce wem om 0 0o 200 mxCm; om 0 do 2000 mxCm; om 0 do
20000 mxCwm Jamuux memnepamypel ¢ OUARA30HOM U3MepeHus
ne yoce wem om -20 0o +140C Omoenvnoie damyuxu. Jamvuk

onmuyeckoi niomuocmu 525 nm Axceccyaper: Kabene USB

wm

4.00
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n/n

HanmeHoBaHHe
oGopynosanus (PBI1O)

KpaTkue npumepHble TeXHHYECKHE XaPAKTEePHCTHKH
(PBI1IO)

Enununa h(
0IHYECTBO
H3MepeHHs

coedunumenshelli 3apsonoe yempoiicmeo c kabenem miniUSB
USB Aoanmep Bluetooth 4.1 Low Energy Kpamkoe
pyKogoACME0 NO IKCHTYamayuu yughposoi rabopamopuu
\Habop nabopamopnoiu ochacmxu ITpozpammuoe obecnevenue
\Memoduueckue pexomenoayuu ne menee 40 pabom Hanuvyue
yeckoazbivHo2o caima noddepcku Hanuvue eudeoponuxos.”

\ugpposas nabopamopus
i« Duzura» npogpunbras ons
nedacoza

"Obecneuusaem GuiNoIHEHUE IKCREPUMEHMOB NO INEMAM KYpCa
puzuxu. Kommnexmayus: Becnpogodnoi Mynemudamyux no
puzuxe c 6-10 ecmpoennvimu oamyukamu: Lugposon damuux
imemnepamypul ¢ OUanazonom uzmepenus He yace wem om -20 00,
120C Hugpposou oamuux abcontomnozo 0asienus ¢
Quanazonom uzmepenus ne yyce yem om 0 oo 500 klla [Jamuux
MAzHUMHO20 ROA € QUANRA30OHOM uzmepenua ne yoce yem om -80
00 80 mTn Hamuux nanpsascenua ¢ Ouana3onamu usMepeHus ne
vorce wem om -2 0o +2B ; om -5 do +5B; om -10 0o +10B; om -
15 0o +15B Hamuux moka He yxce wem om -1 0o +14 Hamuux
axcenepomemp ¢ noKazamensmu He Menee vem: =2 g; =4 g; £8 g
Omoenvnuie yempoticmea: USB ocyumnozpagh ne menee 2
kanana, +/-10 B Akceccyapei: Kabeno USB coedunumensHoiil
3apsonoe yempoucmao ¢ kaberem miniUSB USB Adoanmep
Bluetooth 4.1 Low Energy Koncmpykmop 0ns npogedenus
skcnepumenmos Kpamioe pykogodcmso no akcniyamayuu
yugpposou nabopamopuu Ipoepammuoe obecnevenue
\Memoouueckue pexomendayuu (40 pabom) Hanuuue
IVCCKOAZbIYHOZ0 catima noddepicku Hanuuue gudeoponuxos.”

4.00

[ughposas nabopamopus no
ihuzuonozuu (npoghunsuuiii
ypoeens)

"O6ecnevusaem nposedeHue UCCIed08aHUA NO
DYHKYUOHUPOBAHUIO YENOBEYECKO20 OP2aHUIMA.
Komnnexmayus: Becnpogoono MyIbmudamuyux no usuonozuu|
c 5-i0 ecmpoennbivu damyuxkamu: Jamyux apmepuaibHozo
Daenenus (0...250 mm pm. cm.) Jamyux nyreca ¢ OuanazoHom
uamepenus ne yoice wem om 30 0o 200 yo/mun Jamyux
lmemnepamypel mena ¢ OuanazoHoM UIMEPEHUsA He Yoice YeM om
+25 00 +40C Hamuux yacmomst ObIXAHUA ¢ OUANAZOHOM
uamepenus ne yoice uem om 0 do 100 yuxnos/mun JJamyux
yexopenus ¢ nokazamensimu =2 g; +4 g; +8 g Omaoenvnbie
vempoticmea: Jamyux KT ¢ Quanazonom usmepenus e ysice
yem om -300 0o +300 mB) Jamuux cuiomep ¢ OuanasoHom
usmepenus ne yoice wem om 0 0o 40 H Jamuux oceewyennocmu ¢
Ouanazonom usmepenun ne yyce vem om 0 oo 180000 ax
Axceccyapwr: Kabeno USB coedunumensuwlii 3apsaonoe
yempoiicmeo ¢ kabenem miniUSB USB Aoanmep Bluetooth 4.1
Low Energy Kpamkoe pykosodcmso no axcniyamayuu
yughpoeoiu nabopamopuu llpozpammuoe obecnevenue
Memoouueckue pexomendayuu ve menee 20 pabom Hanuvue
cckos3biuHo20 catima noddepacku Hanuuue sudeoponuxos. "

wm 1.00

Muxpockon yugpoeoi

Tun muxpockona: 6uonozudeckuti Hacaoka muxpocrona:
vonokynapras Haznavenue: nabopamopneiti Memoo
uccnedoganus: caenioe none Mamepuan onmuku: onmu4ecKoe
lcmexno Yeenuuenue mukpockona, kpam: 64 — 1280 Oxynsipoi.
WF16x Obvexmugnt: 4x, 10x, 40xs (noonpyscunennbiii)
\Pesonbsepuas 2onoska: va 3 obwexmusa Tun nodceemxu:
seprano wiu ceemoouod Pacnonoscenue nodceemku; 6epxsi u
wuoicnss Mamepuan kopnyca: memann IIpedmemuibiti cmonux,
vm: 90 Hemounux numanus: 220 B/50 I'y Yucno mezanuxceneil:
1

wm 15.00

ughposan nabopamopus no
BKON0ZUU

"Ob6ecneuusaem npogedenue y4ebHo20 IKON0ZUYECKO20
\WMOHUMOpUH2a UHCMpPYMeHmanbHoiMu Memooamu. Habop
npuMensemen npu u3y4eHuU SK0N02uY, bUoN02un, XUMUL,
Ceozpaghuu u npupodosedenus, a maKxce ONs UHOUBUOYATbHbIX
uccnedo8anua 1 NPOEKMHOU OeMenbHOCMU WKONbHUKOS.

\Komnnexmayus: bechpogodnol Mynemudamyux no

wm 5.00
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n/n

HanmeHoBaHHe
oGopynosanus (PBITIO)

KpaTkHe npuMepHbie TEXHHYECKHE XaPaAKTePHCTHKH
(PBIIO)

Eannuua ]K
H3IMepeHHs

OJTHYECTBO|

IKONOZUYECKOMY MOHUMOPUHZY C 8-10 6CMPOEHHBIMU
Damuuxamu: JJamyuk Humpam-uonoe Jamuux X10pud-uoHos
Tamyux pH ¢ ouanazonom usmepenus ne yoce wem om 0 0o 14
pH Jlamuuk enascnocmu ¢ ouanasonom usmepenus 0...100%
UTamyuk 0ceeujeHHoCmU ¢ OUaNa3OHOM USMEPEHUS HE Yoice YeM
om 0 00 180000 ax Jamuux memnepamypbl ¢ OUANasoHoM
uamepenus He yoice wem om -20 0o +140C Jamuux
DNeKMPOnPoOBOOUMOCIY ¢ OUANAZOHAMU UBMEPEHUS HE YIIce YeM
om 0 do 200 mxCm; om 0 0o 2000 mxCm; om 0 do 20000 mxCm
Tamyuk memnepamypbl OKpyxcaioujeli cpedvt ¢ QUanasonom
uzmepenus ne yoice wem om -20 0o +350C Omoenvrbie Oamuuxu
u Mynemudamyuru: Jamuux 38yka ¢ gpynxyuei
UHMESPUPOBANUS ¢ OUANAZOHOM UIMEPEHUSA YaCmOm He MeHee
vem om 50 'y 0o 8 kl'y,; Jamuux enaxcHocmu no4éwl ¢
Duanazonom uzmepenus ne yoce yem om 0 0o 50% Hamuux
okucu yznepoda ¢ duanazonom usmepenus e yice yem om () do
1000 ppm Mynemudamuux onmuyeckou nIomHOCMU U
MYmMHOCMU CO 6CMPOCHHBIMU OamyuKamu: Jam4uk onmuyeckou
nnomuocmu 470 um ¢ duanazonom usmepenus om () 0o 2 D
Ulamyux onmuveckou nnomuocmu 525 Hm ¢ Ouanasonom
usmepenus om 0 0o 2 D Jlamuux onmuyeckoi niomHocmu 630
HM ¢ duanazornom uzmepenusn om 0 oo 2 D [Jamyux mymrocmu
pacmeopoe ¢ ouanazonom uzmepenus om 0 0o 200 NTU
\rceccyaper: Kabeas USB coedunumenshotii (2 wm.) 3apaonoe
yempoticmeo ¢ kabenem miniUSB USB Adanmep Bluetooth 4.1
Low Energy Cmepoicens Ona 3akpenienus 0amyuxos 6
wmamuee Kpamxkoe pykogoocmso no aKChiyamayuu yughposou
abopamopuu ITpoepammuoe obecneuenue Memoouueckue
exomendayuu ne meree 20 pabom Ynarxoexka Hanuuue
VCCKOAZBIYHO20 Calima ROOOEPIHCKY, Hanuvue udeoponuxos.”

HawnmenoBanue Hanpasienusi: "KomnsiomepHoe u npesenmayuonnoe obopyoosanue"

HaumeHoBaHKe pa3jena:
"KoMmnbloTepHOE U
Mpe3eHTallHOHHOE
obopyaoBaHue"

Humepaxmugnblil KOMRIEKC ¢
GbiyucIumenbHbiM 6J10KOM U
MOBUNbHBIM KpenieHuem

"HrumepakmusHsiil KOMANEKC C BbIYUCTUMENbHBIM DIOKOM U
MOBUNBHBIM KpenteHueM 00NdiceH Coomeememeogams
cnedylouum mexnuieckum mpebosanusm: Pazmep ouazonanu:
He menee 74 dotimos; Paspewenue sxpana no 20puzonmanu: He
menee 3000 nuxceneii: Paspewenue s3xpana no 6epmukani: He
menee 2100 nuxceneii; IToddepacka paspeuwenus 3840x2160
nukceneti (npu 60 I'y): 0a; Hanuuue 6cmpoennon akycmuyeckou
cucmemsl: 0a; Konuuecmso mouek kacanus: e menee 20;
Bbicoma cpabamul8anusA CeHCOPa 0Mm NOGEPXHOCMYU IKPAHA! He
bonee 3 munnumempos; Bpema omrauka ceHcopa Kacaxvua: He
Gonee 10 munnucexynd; Bempoennvie (hyHKYuu pacnoznasanus
ob6vexmoe kacanus: 0a; Konuvecmso noodepicugaemvix
cmunycog ooHoepemenno: He menee 2; Boamookcnocme
noornovenus k cemu Ethernet nposodusim cnocobom: 0a;
\Boamooicroemsb nodknovenus k cemu Ethernet 6ecnposoonbim
lchocoBom (Wi-Fi): 0a; BoamoxcHocme UCnONb308aHUA 100N 8
Kauecmee uHCmMpyMenma Cmupanu. oa; Hanuuue
UHMEZPUPOBAHHO20 OAMHUKA OCBEWeHHOCMU O/
asmoMamuyecKol KOppexyuu S(pkocmu nooceemxiu. oa;
Hanuvue ¢hynxyuu 6ecnposoonoli nepedayu usobpasicenus ¢
vempoticme na 6aze OC Windows: da; Hanuuue gynkyuu
Gecnposodnoi nepedayu uzobpaicenus ¢ yempoucme Ha baze
OC MacOS: da; Hanuuue ¢hynkyuu 6ecnposodrou nepedaiu
usobpascenus ¢ yempoiicms na base OC iOS: 0a; Hanuvue
hynryuu 6ecnposodnoii nepedavu u306padNCenus ¢ yempoucme
na baze OC Android: da; Boamoscnocmb yoaneHHozo

wim

1.00
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Ne HaumeHoBaHHe
n/n| oGopynoeauus (PBIIO)

KpaTkne npuMepHble TeXHHYECKHE XapAKTEPHCTHKH
(PBI1O)

Eanunua h{
H3MepeHHs

OJIHYECTBO|

ynpaenenus u Monumopunza: oa; Hanuyue kpenienus 6
komnnexme: 0a; Hanuuue cnoma Ha xopnyce 01s YCmaHoexu
DonoanumensHo20 euivuCIUmMensHo20 6roka: 0a;
\Makcumanshbiti noddeporcusaemviii 0bvem onepamueHou
namamu doNOTHUMENbHO20 GbIHUCTUMETbHO20 DIOKA: HE MeHee
8 I'6; Maxcumansnblit noodepoicusaemslii 0bvem Hakonumens
DononHumenbHo20 eeivucIUmMenvHo20 broka: ne meree 128 I't;
\Pasvem 01t ROOKIOYEHUA OONOTHUMENbHO20 8bIYUCTUMENbHO20
6A0KA ¢ KOHMAKMamu 21eKMPOnUMaHus ol Y UCTUNENTbHOZ0
610Ka OM BCMPOEHHO20 DlI0KA NUMAHUA UHIMEPAKIMUBHO20
KoMnIeKca U KOHmaxmamu 0is ROOKIIOYeHUs YUppoeo2zo
lsudeocuenana u USB ona nodxniovenusn cencopa Kacauus:
manuuue; ITpoussooumensHocms npoyeccopa QONOIHUMENbHO20
ebruucaumensiozo 6aoka (anavenue noxazamens « CPU Mark»
no mecmy «Desktop CPU Perfomance»
\https://www.cpubenchmark.net/desktop. html wiu no mecmy
«Laptop & Portable CPU Performancey
\https.://www.cpubenchmark.net/laptop. html): ne menee 7000
leounuy, Pazpeuwenue na evixode gudeoadanmepa
lebtuucnumenvrozo 6noxa npu pabome ¢ UHMEPAKMUBHBIM
komnnexcom: ne menee 3840 x 2160 nuxceneii npu 60 I'y;
Hanuvue y 00nonHumenbHo20 8biuciumenvrozo baoka
Gecnposodnozo modyas Wi-Fi ne nuxce 802.11a/b/g/n/ac;
Makcumanbruiii ypogeHsb ulyma npu pabonie QOROTHUMENbH020
bivucnumenvrozo 6aoka: we 6onee 30 0bA; Hanuvue 8
KoMnieKme MOBWIbHO20 MEMAILIUYECKO20 KpenneHus,
obecneyusalonfezo 603IMONCHOCHb HANONbHOU YCMAHOBKH
UHMEPaKMUBHO20 KOMNIEKCA, C NepedsudCHOU KonecHou basou
U BOZMONCHOCMBIO UKCAYUU KONEC ONA UCKAIOYEHUS
Henpouseonbro2o dsuxcenun, [Tpedycmarnoenennasn
OnepayuonHas cucmema ¢ 2papuyeckum nonb308amenbCKuM
unmeppeticom, obecnevusarowas pabomy pacnpocmpanentsix
lo6pazosamenbHbiX U 00w ecUCEMHbIX NPUNONCEHUN. Hanuyue;
DyHKYuA 2pagduieckozo KOMMEHMUPOBAHUA ROBEPX
MpOU360ILHO20 UZ06PANCEHUS, 8 MOM HUCTE OM PUIUYECKU
INOOKNIOYEHHO20 UCTNOYHUKA BUOCOCUSHANA! HalUYUe,
\Hmezpuposannbiii 6 nNoAb3I06AMENbCKUN UuHMeppec
pynKyuonan npocmompa u pabomsi ¢ aiiamu OCHOBHbIX
popmamog ¢ USB- naxonumeneti unu cemegozo cepsepa:
nanuuue; Humezpuposannsle cpedcmea, obecnevusaioujue
cnedyiowuti (hyHKYUOHan: — cO30aHUe MHO2OCMPAHUYHBIX
YuebHbLX 3aHAMUL € UCRONL30BANUEM MEOUAKORmMeHmMa
paziudHbX hopmamos, — cosoanue Haonucel U KOMMeHmapues
nosepx 3anyujeHHbIX NPUNONCEHUN, — PACRO3HABAHUe Puzyp U
pyKonucrHo2o mekcma (pycckui, GH2NUUCKUY A3bIKUL), — HATuYUe
UHCMPYMEHIMOB PUCOBAHUA 2EOMEMPUYECKUX Yu2yp U NUHU.
Bcmpoentble hyHKYuu: — 2enepamop CAyHauHslx Jucen, —
KanbKyIAMop, — SKPaNHas Kiasuamypa, — maimep, —
pedaxmop mamemamuueckux opmyn. dnekmponbie
\Mamemamuyeckue uHCMpYMeRNIbl: — YUpPKYIb, — VZOIbHUK, —
nunetixa, — mpancnopmup. Pedicum «6enout docku» ¢
lsoamooicHOCMbIO CO30anUsA 3aMemOK, PUCO8ARUA, pabomel ¢
mabnuyamu u 2pagpuxamu; Haruvue. Hmnopm gaivios
hopmamos: PDF, PPT, PPTX"

Daunuapm

Pasmep paboueii obnacmu: ne menee 700x1000 mm

2.00

Tenexcka Ons 3apsaoxu u
xparenus Hoymoykos

Imun Kopnyca: meman; 803MOACHOCMb HE30NACHO20
SauUUIYeHHO20 3aMKOM XPAHeHUA HOyMBYKo8. Hanudue,
leoamoorcnocme 3apsadku HoymbyKos: Hanuvue, nodoepicka
woymébykos n.1.1.1.; nanuuue poymepa Wi-Fi cmanoapma
802.11n unu cospemennee: | uum. noodepxcka Hoymoykos
n.1.1.1.; konuwecmeo noymbykos: om 15 wumyk, noddepicka

2.00
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No
n/n

HaumeHopaHue
o6opynosanus (PBI1O)

KpaTkHe npuMepHbIe TeXHHYECKHE XapAKTEPHCTHKH
(PBIIO)

Eaunuua I](
A % O0JIHYECTBO|

H3MepeHHs

woyméykoe n.1.1.1.; Hanpsiscenue numanua: 220B\50Iy;
ITompebnseman mougnocme, Bm (maxcumym): 2500;
[ITompebnsemuiii mok, A (maxcumym): 12; [lnuna wnypa
onexmponumanus: om 2,5 mempa; 3awuma om
nepenanpadicenus, KOpomkozo 3ambikanua; nanuyue; Koneca
01 nepedsudICe s ¢ MOPMO30M. HATUYue,

MDY mun 2

"Tun yempoticmea: Mnozogynkyuonansuoe ycmpoucmeo
(M®Y); Lsemnocme nevams: yeemras, @opmam nevamu. He
wenee A4; Tun cxanuposanus.: RPOMANCHBIW NIAHUEMHbITL
\BoamodcHocmy cKanuposanus 6 popmamax: ne menee A4,
ICnocob nodxniowenun: LAN, Wi-Fi, USB."

1.00

MDY mun 1

"Tun ycmpoticmea: Muozoghynkyuonaisuoe ycmpoucmeo
(M®Y); Leemnocme newamv: yepro-6enas; Texnonozus
newamu: anexmpozpaguveckasn (nazepHas, c6emoouoOna);
Dopmam nevamu: ne menee A4; Tun ckanuposanus.;
npomsdcHbLl/ naanuiemnsili;, Boamodchocms cKanupoeanus 6
hopmamax: ne menee A4; Cnocob nooxnovenua: LAN, Wi-Fj,
USB"

wim

1.00

\Hoymbyx

"Dopm-ghaxmop: Hoymbyk; Pasmep duazonanu: ne menee 13.6
Diotimos; Paspewenue sxpana: Full HD, Quad HD wiu Ultra
HD; Obwuti 06vem ycmanosnenHol OnepamugHou Namamu: He
wmenee 8 batim; Maxcumansubiit 06uguti noddepicusaemolii
o6bem onepamusnol havsmu: ne menee 16 I'baiim; Obvem SSD
naxonumens: ne menee 240 I'baum; Becnposoonas céasw: Wi-
Fi; Konuuecmeo ecmpoennvix 6 kopnyc nopmoé USB: ne menee
2, uz komopeix He meree | donocro 6eimb USB eepcuu He Huice
3.0; Paspewenue 626-xamepel, Mnuxceno: ne menee 0.3;
Bempoennwiit mukpoghon; Knasuamypa ¢ packnaoxou u
wapkuposkori knasuw QWERTY/HIIVKEH; Todoepicka
cmandapmoe becnposoonou cessu: 802.11a/b/g/n/ac;
[[Tpouzeodumensrocms npoyeccopa (3navenue nokazamens
«CPU Mark» no mecmy «Laptop & Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop.html): ne menee 5000
eOunuy,; Hanuyue Manunyissmopa Melulb 6 Komniekme. 0a;
Vemanoenennan onepayuonnasn cucmema ¢ zpaguieckum
nonbzoeamenbekum urmepeticom, ceedenus 0 KOmopom
lBrAIOYEHbl 8 OUHBLU peecmp POCCUICKUX NPOZPAMM Os
OeKMPOHHBIX GBIYUCTUMETbHBIX MAWUH U 6a3 OaHHbIX;
Vemanosnennviii nakem oghucrnozo npoepammnozo obecnevenus,
coGMECMUMO20 € YCMAaHOBNEHHOU ONEPAYUOHHOT CUCeMOT,
ceedenus 0 KOMOpoM GKIIOUEHbI 6 EOUHBII Peecmp POCCUUCKUX
npozpamm O 31eKMPOHHBIX BLIYUCTUMENbHbIX MAWUH U 6as
Oannbix. "

wm

30.00

Haumenosanue Hanpapiaenusi: "Texnonozuueckan nanpagiennocms. PO5O"

HanMmeHOBaHKE pa3jena:
"TexHonoruueckas
HanpasiaenHocts. POBO"

UlaGopamopHbiti KoMriexkc Ons
uzyuenus pobomomexruru, 3D
IMOOenuposanun u
NPOMBIULTEHHO20 OU3AUHA

"Komnnexc cocmoum uz cboprno-pasboprozo 3D npunmepa,
pyunozo 3D ckanepa u npozpamMmHozo obecneyenus ho
pomozpammempuu. Céopro-pasbopueiii 3D npunmep. Obnacme
newamu: 200 mm x200 mm x 200 mm Maxcumansras ckopocms
nevamu, cm3/4:> 30 Cxopocmb nepemewjenus nevamarowjei
Lonoeru, mm/c:> 80 Tun coemecmumozo ¢ 3D-npunmepom
nnacmuxa: PETG, SBS, PLA, ABS Humepgeiic

nooxniovenun: USB Flash Kanubpoexa
nnamepopmer:[lonyasmomamuyeckan Konuvecmeo conen Ha
nevamatoweit zonoexe: om | wm MunumansHas monuuna cios.
> 0.0] u < 0.05 mm Juamemp conna: > 0.3 u < 0.5 mm
\Maxcumansnas memnepamypa nesamaioujei 2onosku: 2 250
epad. C Oxnaxcoenue 30Hbl nevwamu. /lgyxcmoponnee

wim

3.00
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Ne
n/n

HaumenoBaHmue
obopyaosauus (PBIIO)

KPBTKHB npnmepubte TeXHHYeCKHe xapampuc’rnkn
(PBIIO)

Ennnuua
H3IMepeHHs!

IKonuyecTBO

Maxcumanenas memnepamypa niamgopmot 018 nevamu; < 150
epad. C Tun nnamgbopmut ona newamu: Ilodozpesaemas
cvemuan Ha 3axcumax, Qurxcupyemasn Ha niamgpopme Hanuvwue
zakpeimozo kopnyca: Hem ®opmam ¢haiinoe ons nevamu:
GCODE Tun ynpasnenus npunmepom: Ilanens ynpaenenus c
Oucnneem Ha kopryce yempouicmea Tun Hanpasnslouux:
Konempykyuonnsil npoguns Pyunoti 3D exanep. Tounocme
cxanuposarus: > 0.05 u < 0.1 mm Ckopocme cKaHUposanus,
MK, movek/cex: = 2 Dopmam coxpaneHus pe3yibmamos
ckanupoeanus: vrml, ply, obj, stl BozmosjcHocme cKkanuposanus
le yseme: da Hanuuue cercoprozo skpana: nem [Inuna USB-
nposoda:> 3 m Texnonozusn 3D-ckanuposanus: Onmuveckas
3azpyaxa npecemos(uwabnonos) ckanepa: nanuuue Pynkyuu
nocmotpatomku: Obpeska modenu, Pazdenenue modenu na
omdenvubie wvacmu, Yoanenue nuwinux anemenmos, Yoanenue
lomeepcmuti, cozdanue ghomopeanucmudHon mexcmypol,
cpasrenue 3D modenei medcoy coboi, usmepenue pasmepos
Imodeneil cedenusMu 8 pyUHOM pedicume, skcnopm cevenuti 6 XLS
[[Ipozpammioe obecneweHue Ons cO30GHUA MOOENEl MEMoOoM
ihomoepammempuu: Hanuyue Ynpasnexue nOBOPOMHbIM CMOIOM
no Wi-Fi: la Munumanenoe paccmosnue ckanuposanusi: <25
em”

Bazoewiii pobomomexuuyeckuil
Habop

"Obpazosamenvibiii HAbGOp dondicen npedcmasnsime coboi
Habop 0na pazpabomku NPoZpamMmupyemplx mooenet
asmonomublx pobomos. B cocmae nabopa donicHbl 6X00UMb!
KOHCMPYKMUGHBIE, COCOUHUMENbHBIE U KPENEJICHbIE JTIeMEHMbl
uz nracmuxa u aniomunus - ve menee 100 wm,
npospammupyemviil KoHmpoaiep - we menee lum,
HIeKmpodeUZAMent NOCMOAHHO20 MOKA ¢ KPYMAUUM
Momernmom He menee 3,6 k2/cm - He Menee 2 wim, 0amyuxu u
NIeKMPOHHBIE KOMNOHEHMbI- He MeHee 6 wim, akkKyMyIsmopHylo
Gamapeio ¢ HanpadceHuem He Menee 6B u emxocmbio He MeHee
1500 MAu - ne menee I wm, 3apadHoe ycmpoucmeo ons
axkymynamopnoii 6amapeu - He menee | wm.
[Tpozpammupyemplii KOHMPOANEP GOIHCEH COOEPHCAMb. NOPHIbL
Ons ananozo6eix OAM4UKos - He menee 3 utm, nopmst Ons
yugpoewix damuukos - ne menee 3 wm, nopm onn 12C
yempoticme - ne mexee | uwim, nopm Ons cepeonpusooos - He
Menee 6 wm, nopm 018 MOMOPOE - He MeHee 2 wm, nopm Ons
bHK0Oepos - He menee 2 wum, obvem flash nawamu ne menee 32
B. ITpozpammupyemsiii KoHmponnep donicen obecnevusame
Eosmomcnocma npozpaMMmuposanus pobomog @ cpede 6nouHo-
bpaguueckozo muna uni 6 c60600HO pacNPOCMPaHAEMbIX
cpedax pazpabomku ¢ ROMOU{bIO MEKCMOB020 A3LIKA
npoepammupoganus. Jamyurku u s1eKmpoHHble KOMNOHEeHMbl
DonxcHbl codepacams: Yempazeykoo Oamuux paccmonHus
Donaicen obecheyugams cobpaniyio Mooenb 60IMONCHOCHIBIO
uzMepAmb paccmosHue He Menee 4 mempoe - He Menee Tum,
KHonka-modyis donoicen obecnevusams cobpannylo mooens
BO3MOJICHOCMbBIO ORPEOenimb HANCAMUS HA KHONKY - He MeHee
Twm, Jamuuk yeema donxcen obecneyusams cobpannyo
MOOETb 603MOJICHOCTMBIO ONpedeNenus yeema obvexkma,
npednasnaven ons usmepenun RGB-cocmagnsiowux u yposHs
oceeuyennocmu, damyuxk 00dHCeH co0epicams He menee 12
cGemouyBCMBUMENbHBIX 2NeMeHmo8 - ne menee | wim, 3ymmep-
MOO0YIb dondcen obecneyusame coOOPARHYI0 MOOeNb
lgoamooicHocmbio 80CHPOU3E00UMb 368K, HOMUHANbHAA
yacmoma ne menee 4xly, unmencusnocmo ne menee 80 0b- ne
venee I wm, Wi-Fi-wodyne donsicen obechenugams
l603MONHCHOCHL NOOKTIOUEHUS COBPAHHbBIX POBOMOMEXHUYECKUX
odeneii k cemu, loT obnaxav u seb-cepsucam, pabouee

wm

8.00
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n/n

HanmeHnoBaHnue
obopyaosauus (PBI1O)

KpaTche npumepnble TeXHH4YECKHe xapam‘epnc'mlcu
(PBIIO)

Eanunua
H3MepeHHs

IKonuuecTBo

Hanpsisicenue mooyas - 3,3B, nopmog 86oda 6v1600a MOOYAA - HE
venee 5 - ne menee | wm, Munu-pene ¢ pabouum Hanpaxcenuem
& duanazone om 3,3 0o 5B, nompebnaemeim mokom 71mA u
MAKCUMQTBHBIM KOMMYMUpYemsim Hanpaxcenuem 288
nocmosinnozo moxa/250B nepemennozo moka, pecypc
yempoticmea ne menee 50 myic. nepexniovenuil - e menee |
wim; Bxodsujue 6 cocmag KOHCMPYKMOpA KOMROHEHMbl
QonoicHbl Bblmb COBMECMUMBL € KOHCMPYKMUSHBIMU
bremeHmamu, a makaice obecneyusams 603MONCHOCHb
IKOHCMPYKMUBHON, annapamHoil U npozpammHol
cosmMecmumMocmu ¢ KOMRAeKmyowuMu u3 cocmasa Habopa."

Habop ona 6wicmpozo
npomomunuposanua
91EKMPOHHBIX YCmpolcms Ha
ocHOGe 0OHORNAMHO20
[komnblomepa

OdHonnamuwblll KOMAbIOMeEP: HANUYUE, KapMa naMamu ¢
npedycmanoenenHon onepayuonHol cucmemou. Haruvue, 610k
numanua; Hanuyue, Komuiekm Kabenel o0na ROOKIIOYeHUA:
Hanuyue

wim

8.00

\Hab6op ons bvicmpozo

NP OMOMURUPOEanus
9eKMPOHHBIX YCMPOUCMs HA
0CHOBE MUKPOKOHMPOILTEPHOU
niamgopmel co 6cmpoeHHsIM
uHmepnpemamopom

\Mukpokonmponnepras niamg@opma co 6CmpoeHHbm
unmepnpemamopom JavaScript: nanuviue, KOMIIeKm
paduodemaneii: Hanuyue, NIaMa PACUUPEHUs: Hanuiue

wm

8.00

\Habop ons beicmpo2o
Inpomomunuposanus
[9NeKMPOHHBIX YCMPOUCME Ha
loCHOBE MUKPOKOHMPONTEPHOU
naamehopmel

\Muxpoxonmponnepras mamgopma Arduino: nanuyue,
Kkomnnekm paduodemanei u nPoBOO0E. HaIUYUe, MaKemHas
nrama. Hanuvue

wm

8.00

\demoromubiil pobom
MaHunynAmMop ¢ Konrecamu
8CeHanpasnenHo2o OBUNCEHUA

Vyebnaa modens asmonomuozo mobuneHozo poboma c
wmanunynsimopom. Mobunsuubiti po6om dondxcen npedcmagiime
coboil uemblpexKonecrHylo niam@opmy 6cenanpasieHHozo
Qeuxcenus. Jeucamenu becuyemounvie 4 wim, kamepa c yaom
o63opa 120 2padycoe ¢ 5 mn. B cocmas komnnexma 0o1xucHo
lexodums: Mexanuveckui 3axeam uHgpaxpacwelii nasep 2-x
0Cesoll nOOBeC aKKyMyNAmop KOReca 6CeHanpasneHHozo
Q8UICEHUA NPOZPAMMUPYEMBbII KOHMPOLTEP C 603MONCHOCHbIO
npozpammuposanus 8 cpede noYHO-2paguuecko2o muna u 6
c80600H0 pacnpocmpansemplx cpedax pazpabomKu ¢ ROMOUbIo
ImeKcmosoz0 A3bIKA NPOZPAMMUPOBAHUA OAMYUK 36YKA OaMUUK
cnedosanua nunuu FPV pescum 603MoiCHOCMb YNPagneHus ¢
\MobwibHO20 yempolicmea Yepes npuiodcerue
npozpammuposanus Ha szeikax Python, Scraich a makowce
cucmema mexHu4eckozo 3penus 0Nl asMmoMamu4ecKozo
o6HapydCceHus U pacno3Hasanus 3a0anibix 00bekmos 6 paboyeu
sone. IToodepacka RaspberryPi nanuvue ITodoepaicka Arduino
wanuyue IToddepaera Micro: bit nanuvue Cymennbiii
Mexanuyeckull 3axeam, YyCMaHasiusaemolil Ha NOOBUNCHYIO
nramagpopmy caepxy nanuvue Mexanuyeckuii 3axeam,
YCMaHaBUEaeMslil Ha NEPEOHIOI0 HaCMb NOOBUICHOU
namepopmer Hanuuue BoamoscHocms Mensimo ungpakpachyio
nVULKY Ha MEXaHUYEeCKull 3ax6am Hanuyue

wm

4.00

O6pazosamenshbili Habop 015
UzVYenUs MeXHON02Ul CEA3U U
loT

"Obpazosamenvusiil HABOP NPeOHAsHAYeH ONIA U3YYeHUsl OCHOG
npumenenus mexnonozuil "Humepuem geujen” u céasu 6
pobomomexnuyeckux cucmemax. B cocmae nabopa oonsicen
EX00UMb KOMINEKM KOHCMPYKMUGHBIX 2N1eMEHMO8 U3 Memania
ons cbopru moderu MobuTeHO20 po6OMA ¢ 3aX6amMHBIM
yempoticmeom. B cocmaeg nabopa 0ondicen 6xo0ume KOMAIeKm
KOHCMPYKMUGHBIX 21eMEHMO8 ONfl COOPKU MOONU (YMHO20»
s0anus. Bee komnnekmyrowue u yempoucmea, exoosiue 8
cocmas nabopa, dondicbl Geimb COBMECMUMBbL Opy2 ¢ OpY2OM
KOHCMPYKIMUBHBIM, /1eKMPUYECKUM, ANNAPAMHBIM U
npozpammueim obpasom. B cocmas nabopa 0ondkcHo 6x00umb:

wm
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IKonuuecTBo

npuUBoO NOCMOAHHO20 MOKA C OAMYUKOM HONONCEHUS - HE MeHee
wm, cepsonpusod bonbuioit — He Menee 2uin, cepeonpueod
Mmanblii — He MeHee 2uim, Kamepd - He mexee [uum,
npocpaMmupyembiil KOWMponnep — He Menee lum, akKymynamop
— ne menee lwm, 3apsonoe yempoticmeo — ne menee luim. B
cocmas Habopa dondicer 6xo0umMs KOMWIEKM

UHMEANEKMY AIbHbBIX CCHCOPHBIX YCMPOUCME.
Humennexmyanvhvie ceHcoprbie ycmpotucmea 00oaxCHbl
npedcmagnsime cobou ycmpoucmeo Ha 0CHoge
BLIYUCTUMENbHO20 MUKPOKOHMPOINEPA U 6CMPOEHHO20
uamMepumenvHo20 anemenma. Humennexmyanvhoie cencopHbie
yempoticmea dondicHbl 001adans 6CMpPOEHHbIM YUPPOEbIM U
ananoz06uiM uHmMeppetcom Ona nepedai OGHHbIX, a Maxice
scmpoennbiM nocnedosamensHuM uHmepgercom ons
obvedunenus dpye ¢ Opyeom 8 cencopuvle cucmemsl. Komnnexm
UHMENTEKMYAIbHBIX CEHCOPHBIX YCMPOUCME QONNCEH
codepaicams — MoOyitb c6emoouoda — He mexee 2uim, Mooyns
RGB ceemoouoda — He menee 2uum, modyns HK-oamuurxa nunuu
— He menee Juim, MoOYTb 36YKOB02O UINTYHAMENA — He MeHee
Twm, modyne usmepenus memMnepamypul u 61aHCHOCHU
oxpyarcaiougeli cpedut — He Menee lwm, MoOyns makmosou
lKHONKU — He MeHee 3uim, MOOYIb 0amMYUKa OCBEUeHHOCTU — He
Wmenee Tuim, modyis demexmopa yposHa ulyma — ne mewee lwm,
MOOYTb usMepeHus 0asneHus OKpyJcalouel cpedbl — He Menee
Twm, Modynb nomenyuomempa — He menee 2utm, Modyie
Damuuka nonosicenus 6 npocmparcmee — He menee Tuum,
Modyb KOHYesozo npepeicamens — He menee luim. B cocmas
Habopa dondicen 6X00UNbL NPOZPAMMUPYeMbLU KOHMPOITep — He
wenee lwm. [Tpocpammupyembviii koHmpornep 0onxceH
lobecnevusams 803MONCHOCb RPOSPAMMUPOBAHUA HA A3bIKE
\avaScript u opzanuzayuu web-cepsepa obmena 0anHviMu yepes
\Humepnem. ITpozpammupyembiii KoHmponiep 001ceH
lobecneyusame 603MONCHOCHL ROOKNIOYEHUS 6HEUHUX
vempoticme ¢ nomouybio unmepgencos - GPIO, UART, 12C, 125,
\SPI, [-wire TTL, RS-485, CAN, Ethernet ¢ noodepackou PoE."

Komnnexm nonet u

\Komnnekm noneti u copeerHo8amenbHbiX I1eMEHMOE ONs

copesHosamenbHbLX 31eMeHmMOBNPOBEOEHUA COPEEHOBAHNTL ABMOHOMHBIX MOBUWIbHLIX poGomos

wm

1.00

Yemvipéxoceaoli yuebuvlil
pobom- marnunynamop ¢
IMOOYNBHBIMU CMEHHBIMU
Hacaokamu

"Vuebrviti pobOmM-ManunyIAMop NPEOHAIHa4er Ol 0C80eHUA
lobyuarowumucs ocHog pobomomexnuky, 01 NO020MOGKU
loByuarowuxcs Kk 6HeOPEeHUI0 U ROCIEOYIoWeMy UCROIb306AHUIO
pobomos 6 npomviutiennom npoussoocmse. Konuvecmeo oceil
poboma manunynamopa - yemsipe. Ilepemewjenue
uHCmpyMenma é nPoCMpPaHcmee no mpem ocim oNdCHO
YRpagnsmecs wazogeimu oeuzamenamu. Hanpsoicenue numanua
wazoewix Osuzameneti e Gonee 12 B. Cepsodsuzamens
yemeepmou ocu ooncen obecnevueams ROBOPOM
uncmpymenma. Yeon nosopoma MaHunyismopa Ha 0CHO8AHU
BoKpy2 sepmukansnoi ocu He menee 180 zpadycos. Ina
onpedenenua NONodCeHUs MAHUNYIAMOpA nPu NOBOPOMe BOKPY2
BepmuUKanbHOll 0CH QONNCEH UCNOTb306AMBCA IHKOOEP. Y201
nosopoma 3adnezo nieva manunynamopa re menee 90 epadycoe.
Veon nosopoma nepednezo nieya manunyramopa ne menee 100
epadycos. [ns onpedenenus nONONCEHUs 3a0He20 U nepeorezo
ey MaHunyIamopa AoNNceH UCRONb308aAMbCA 2UPOCKON. Y2on
nosopoma no wemeepmoi ocu we menee 180 apadycos. Jonsxicna
61 603MONCHOCMb OCHAUEHUA CMEHHBIMU HACAOKaMU
(Hanpumep, depacamens Kapanoawa unu romacmepa,
Inpucocka ¢ cepgodsuzamenem, MeXanuuecKoe 3axeanHoe
VCmpoticmeo ¢ cepeodsuzamenem, ycmpoucmeo ons 1aepHoi
epasuposku wiu yempoticmeo ona 3D-newamu). MunumansHas

um

KOMAIIeKMayua CMEHHLIMYU HACAOKAMU, NHEEMamuyecKull

1.00
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saxeam (npucocka), Mexanudeckuil 3ax6am, Hacaoka
Oeporcament ONs KApaHO AUl &/MAPKEPA/PYIKU, HACAOKA
nepexodnuK 0N KpenieHus COBMeCmuMbiX KOHCIMPYKMUBHbIX
Oemanetl u KOHCMPYKYul, HACAdKa 1azepHoli 2PABUPOBKI,
wacaoka 3D-newamu (0na pabomei ¢ nnacmuxkom PLA ¢
Ouamempom numu 1,75 mm). Jonoicen boimv ocuauyen
cepsonpusodOM 011 NHEEMAMUYECKO20 U MEXAHUYECKO20
2axeamos, obecneuugawumM BpaujeHue 3axeauenHo2o obvexma
60 8peMs nepemMelyeHus, N0Gopom nepemelyaemozo obvekma
lsokpye sepmukanvron ocu. [na obecheyenus
DYHKYUOHUPOBAHUS NHEBMAMUYECKO20 3aX6ama QoniceH Goimb
ocHauyen 6cMpoeHHoN 6 KOPNYC MAHURYIAMOPA NOMAO.
Jonoicha Gbime 803MONCHOCMb ROOKNIOYEHUA OONOTHUMENTbHBIX
yempoticma (Hanpumep, MpaxHcnopmepa, peabea ons
nepemeugenus poboma, nyibma ynpasnenus muna O*CouCmux,
KaMepbl MauiuHHO20 3PEHUS, ONMUYECK020 OamyuKa, Mooy
Gecnposodnozo docmyna). Pobom-manunyaamop 0oaxcen
lobecneuusame nepemeuyenue Hacaoky 6 NPOCMPAHCcMmee,
axmueayuto HacaoKu, 803IMONCHOCMb NOYHEHUS CUZHAN08 OM
camepbt U OamMYuKos, 603MONCHOCMb YNPABIEHUS
DononnumensrsiMu yempoticmeamu. Mamepuan kopnyca —
anomunui. Juamemp paboueii 30ubt (6e3 yuema HagecHo20
uncmpymenma u vemeepmotui ocu) ne menee 350 mm.
Humepghetic nookniovenus — USB. [Jondcen umems
6O3MOICHOCMb A8MOHOMHOU pabombl U 6HEWHe20 YRPasieH s,
JTns 6Hewtne2o0 ynpagnenus ooncer bvlms npedycMomper
nynem, nodkmouaemeiii k pobomy no Bluetooth. Ynpasnaowui
konmponnep donorcen Goime cogmecmum co cpedoi Arduino.
Vnpasnsiowuii Konmpoanep coeMecmum co cpeool
npozpammuposanus Scratch u asvikom npozpammuposanus C.
Tonoicen obecneyueams NOGOPOM N0 NEPELIM MPEM OCAM &
sadanHbill y2on u Ha 3a0arHbLil Y20l, NOBOpoOmM no Yemeepmoi
ocu Ha 3ad0annblil y2on, Osudcenue 8 koopounamet X, Y, Z,
nepemewjenue na 3adannoe paccmosnue no koopounamam X, ¥,
Z, nepedavy 0anHbX 0 MEKYUjeM NONONCEHUU Yeno6, nepeoayy
Dannbix 0 mexyuux koopounamax unempymenma. Jonscen
noddepocusame nepemeujenue 6 0eKapmosblx KOOpOUHamax u
yanax nogsopoma ocet, ¢ 3a0GHHOY CKOPOCMbIO U YCKOPEHUEM.
Tunwl nepemeugenuii 8 0eKapmMosblx KOOPAUHAMax: OsUNCeHUe
o mpaexmopuu, 0gudicenue no RPAMOo Mexcdy 0gyma
Imoukamu, nepenpelcuganue u3 MoyKu U moyxy (hepenoc
lobvexma). Kopnyc donsicen 6bimb 6 3aujuu{eHHOM UCRONHEHUe
(knacca ne Huice IP20)."

\Kommiexm Ona usyvenus
onepayuoHHbIX CUCHEM
peaibHo20 6pemenu u cucmem
ynpaeneHus agmoHOMHbIX
vobuwibHelXx pobomos

"Komnnexm Ons pazspabomxu u uydeHus mooenei
NP O2PAMMUDYEMBIX ABMOHOMHBIX MOBUNBHBIX pOBOMOS.
Vyebnuvitl Komniexm OONHCeH nO38oNAMs paspabamoleams
67104HO-MOOYTBHYIO KOHCMPYKYUIO MObUIbHO20 poboma. B
cocmas MobunbHo20 poboma donxcHo exodums: ITpusod
sedyuyux konec - ve menee 2wm. Ilpueod dondicen
npedcmaensime coboil 1eKMpoOMexanuyeckyio cOopky Ha ocHoge
Deucamens NOCMOAHHO20 MOKA, pedyKmopa, 0amuuka
nonoxcenus 6ana u 6CMPOEHHOU CUCMEMb] YRPABTEHUA.
Cucmema ynpasnenusn npusoda 0ondicHa obechequsams
60IMOAHCHOCTE 0OBEOUHEHUA NPUBOOOE C HOMOUYBIO
nocnedosamenbHo20 uHmMepghenca, 803IMONICHOCHIL 3a0AHUA
Inapamempos KOHMYpPo& ynpasneHus, ynpasnenue epaujeHuem
INpusoda no ckOPOCMU U NONOJICEHUIO, KOHMPOIb HA2PY3KU.
Tpoepammupyemsiii konmponnep - ne menee luim.
pocpammupyembiii KOHmponnep 0ondxcen obnadame
unmepepeiicavu - USB, UART, TTL, RS485, CAN ona
OMMYHUKQYUU C NOOKNIOYACMbIMU BHEULHUMU YCMPOUCHBAMU,

wm

1.00
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la makoice yugposLIMU U AHATO208LIMU NOPMAMU 6600a/8b16004.
Oononnamuelti MUKpoKomnviomep - ne menee lum,
OOHonIamHBLI MUKPOKOMAUBIOMED QONHCEH npedcmasnims
lcoboti yempoiicmeo ¢ apxumexmypou mukponpoyeccopa ARM,
donacen obradame He menee 2 BbINUCIUMENBHBIMU A0PAMU C
imaxmosoii yacmomoti ne menee 11Ty, Jlazeprviti ckanupyloujuil
dansromep - ne menee Twm. Jlazepuuiii ckanupyoujuti
Oanvromep dondcen obecheyuganms OUANA3OH UIMeEPEHUs
Oanenocmu 00 06vekmos He Menee 2.5 MEMPO8 U CeKmop
ckanuposanus ne menee 360 yenoewix epadycos. [Jamuux aunuu
— He menee 3 wm. Jamuux dondcen obecnevugams
Demexmuposanue TunuU HA KOHMPACMHOM (hoHe u nepedasams
lOanHblEe 8 npozpaMMupyemblti KOHMPOIIEP 0 ee HATUYUU nymem
nepedauu ananozo8020 cusHaNa Ul Yugpposozo cuzHana, 1ubo
nymem nepedauu yughposozo naxema danHwuix. [Jamyuxa ygema
. ne menee | wm. JJamuux 0onxicen pasnuyanto y6emosou
ommenok pacnonodcenno2o padom ¢ Hum obvexkma 6 RGB
Homayuu u obecneyusame nepedaiy OaHHbIX 8
npozpammupyemvlil KOHMpPOoiep 0 3HaAYeHUU Kaxcoo20
yBEMO6020 Kanana 6 eude yugposozo nakema oannvix. Maccue
HK-0amuukos - ne meree lwum. Maccue HK-damuuxoe dondxicen
Gb1mb NPeOHAZHAYeH ONA OMCNEHCUBAHUA TUHUU ONIA OBUNCEHUA
Mobunbnozo poboma. Maccue dondicen codepiicams He MeHee
6um HK-0amuuros, pacnonojcennbix Ha 0OHO TUHUU.
Cucmema mexnuueckozo 3penus - He menee luum. Cucmema
Imexnuueckozo 3penus donxcer 061adames COBMECIMUMOCTIBIO C
paznuuHbIMU NPOZDAMMUPYEMBIMU KOHMPOIIEPAMU ¢ NOMOU{bIO
unmepgpeiicos - TTL, UART, 12C, SPI, Ethernet. Cucmema
mexnuyeckozo 3perus QonJicHa obecneyusams 603MONCHOCHTb
U3YYEHUS OCHOB NPUMEHEHUA AI2OPUMMO8 MAWUHHO20 0OYYeHUA
u Hacmpoiiku napaviempos netipocemetl. Cucmema
|mexnuueckozo 3penusn dondicha obecneyusams yHKyuorHan
PACRO3HABAHUA PAZTUYHBIX 2EOMEMPUYECKUX 00bEKMO8 NO
Habopy npuzHaKos, pacno3HA8aHUA ZpaduyecKux MapKepos
{muna Aruco u Op, pacno3nABAHUA MACCUBOS NTUHUT U DNEMEHNO8
Dopodrcrblx 3Haxkos u pasmemru. Cucmema ynpasnenus
MoBUTbHO20 poboma doNCHA NO360IAMb OCYU|ECMBIIANb
ananuz oxkpyscaoujell 06Cmano8Kku & npoyecce OBUNCeHUs
MobunbHo2o0 poboma u OuHaMUYecKoM U3MeHeHUU
oKpyHcalouyeil 06CmanoBKU, OCYuecmsnams hopmMuposanue
kapmbl 10KanbHOU 06CMAHOBKU 60Kpy2 poboma u 10kanu3ayus
nonooscenun poboma na Kkapme, nocmpoeHue 2n1obanbHou Kapmel
okpyacarouyeco npocmpancmea. Cucmema ynpasnenus
MobunbHo20 poboma OonNcHa NO380AMb OCYUjeCMEIANb
ananusz Mana/Kapmel OKpYHCaloujezo npocmpancmed,
oBHapyJcenue OKpyHCaouux 06beKmos, asmoHoOMHOE
nranuposanue mapupyma u 06ve3da cmamuieckux u
Qunamuyeckux npenamemeui. Cucmema ynpasnenus
Mobunero20 poboma donxcHa 0becneyusams 80IMOACHOCNTb
pasmemky Kapmul OKpyHCcalowe2o RpOCMpancmed Ha 30Het ¢
PAZNUMHBLMU RPUSHAKAMU, 3A0ABAEMBIMU NON308AMENEM (30HbI
3anpema Ons 0BUNCEHUA, 02PAHUYEHUA CKOPOCMU U M.N.).
Cucmema ynpasnenus Mob6uneHo20 poboma 0oN’CHA
obecneuusans 803MOICHOCMb 3A0AHUA INOYEK U 30H Ha kapme
oKpysrcalowezo npocmpancmea Ons asMOHOMHO20 RepeMeuens
weacoy Humu. Cucmema ynpasienus mobunsno2o poboma,
srnovarowan 8 cebsa nodcucmemsl, MaKue KaK - cucmemda
ynpasnenus Ogudcenuem poboma, cucmema cbopa u obpabomxu
cencoproti unghopmayuy, cucmema nOCMpoOeHUs Kapmel
oKpyJcalouezo npocmpancmea u Cucmema Hagu2ayul, O0I’CHA

6Limb peanuzoeand Ha 6ase NPOpAMMUPYeM020 KOHmMpoiepa u
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0OHONAAMHO20 MUKDOKOMAbIOMEPA, 4 Makice YCmpoucms,
lexooawux 6 cocmas komnnexma. B cocmas komninexma 00nicHO
lexodums npozpammiuoe obecneyenue O NPOZPAMMUPOBANHUS 6
mexcmosom pedakmope Ha nodobuu Arduino IDE,
npozpammuposanuu ¢ NROMoWbIo CKpunmos Ha assike Python,
paspabomku cucmem ynpaenenus va ocnose ROS. Taxk dice 6
cocmae KoMniekm QONNCHA 6X00UMb BUPMYWILHAS MOOENTb
MobWIBHO20 pOBOMA 8 BUPMYATBHOM OKPYHCEHUU ONA
MOOETUPOBAHUA ANCOPUMMOB CUCHIEM YNPABTEHUS C HOMOUbIO
epaguveckou cpedu.”

Obpazosamencruiii Habop ons
Uy enun
MHO2OKOMNOHEHMHBIX
ipobomomexnuyeckux cucmem
U MAHUNYAAYUOHHBIX POBOMOE

"Obpazosamenbhbiit HaBop donicer bblmb NPedHazHayeH ons
usyueHus pobomomexHudeckux MmexHoN02ull, 0CHO8
UHGDOPMAYUOHHBIX MEXHON02UT U MEXHONOSUT NPOMbIULIEHHOU
aemomamuzayuu, a makyice MexHoN02ull nPOMOMUNUPOBAHUS U
adoumusnozo npousgodcmea. B cocmas nabopa 0ondichul
lexodums Komnnexmylowue u yempoiicmeaa, obnaoaroujue
IKOHCMPYKMUBHON, AnNApamuoil U RPOZPamMmHol
lcoamecmumocmyio Opye ¢ opyeom. 1) Komnnexm
KOHCMPYKMUGHBIX 21eMEHMO8 U3 MEMANNA U RAACMUKa 01
cbopKu Modenel ManunyIAYUOHHbIX pobomoe ¢ yanosoi
kunemamuxoli, nnockonapannensHot kunemamuxot, Delta-
kunemamuxoi. 2) Himennexkmyanohviii cepeomodyis ¢
UHMEeZPUPOBARHOT CUCMEMOT YNPABNEHUA - He MeHee Tuim.
Cepsomodyns dondicen 06aadams uHMezpupoSanHoU cucmemou
ynpasnenus, obecneyugarouyeli 0bpamuyio ces3e Wil KOHMpoe
napamempoe - nonodicerue 6and, CKOpOCMb 6paujenuA, Hazpyxa
npugoda, a maxice 06ecnevusaoujell 60IMONCHOCb
nocnedoaamenbHo20 NOOKNIOYEHUA Opye ¢ OPY2OM U YRpasieHus
lcepaoMody MU NO NOCIEO08aAMeNbHOMY NOTYOYRIEKCHOMY
acunxponnomy unmepegeticy. 3) Pobomomexnuyeckui
kKonmponnep, npedcmagaioujuii coboi MoOyibHOe YCMPOUCME0,
Knoyanujee 8 ceba 00OHONIAMHbLH MUKPOKOMAbIOmep OnA
Eunmneﬁm CNONCHBIX BINUCTUMENBHBIX ONepayul,
nepucheputinelll KOoHmMponnep ONA ynpasnenus 6HeuHuUMu
yempoticmeamu u niamy pacuiupenus 01 NOOKNoYeHus.
lenewnux yempoiicma. Modynu pobomomexnuueckozo
KoHmpOnAepa 00NJCHbL 061adams 00HOEPEMEHHOU
KOHCMPYKMUBHON, annapamuoll U Npo2pammHou
cosmecmumocmuio opyz ¢ Opyzom. Pobomomexnuyeckuii
[koumponnep donxcer yooenemeopams MEXHUYECKUM
xapakmepucmuxam. Kon-60 A0ep 6CMPOEHHO20
IMUKpOKOMNBIOMeEpa - He MeHee 4, makmosaa ¥acmoma s0pa -
ne menee 1,2 I'Ty, obvem O3Y - ne menee 512 M6, nanuvue
unmepgeticos - SPI, 12C, 1-wire TTL, UART, PWM, yugposvie -
e menee 16 wm u ananozoevie nopmel - He Mexee 8 wim O
HOOKTIOYEHUA BHEUHUX YCMPOUCME, 6CIPOEHHbITL MUKPOGOH, a
maxoce WiFi unu Bluetooth ons KOMMYHUKQYUU CO 6HEUWHUMU
yempoiicmeamu. PoGomomexnuyeckuil KOHmpoanep 00ndiceH
obecneuusamp 603MONCHOCTb NPOZPAMMUPOBAHUA C ROMOUbIO
cpedcme azvikos C/C++, Python u c60600mo
pacnpocmpansemot cpedel Arduino IDE, a makoice ynpaenenus
MoOoenamMu pobomomexHuecKUx Cucmem ¢ ROMOUYbIO Cpedbi
ROS. 4) ITpozpammupyembviii Kowmponnep - He menee lun.
[Tpozpammupyemvlii KOHMpoTep 00N’CeH npedcmasiime cobou
ebiuuCIUmenLHoLE MOOYb, 061a0aI0WUM YUDPOBHIMU NOpMAaMUl
- He MeHee 8 wm u aHano208LIMU ROpMamu - He Menee 16 wm,
unmepgpeticavu UART, 12C,SPI, TTL, a makoice mooynem
Gecnposodnoii cessu muna Bluetooth unu WiFi ons cozoanus
annapamuo-npozpavmubix pewsenui u """"ymuwix/cmapm """
yempoticme 0ns pazpabomxu pewenunt """"Hrnmeprem

gewgen""""". 5) llnama pacuupenus npozpammupyemozo

6.00
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kkonmponnepa — ne menee lwm. Ilnama pacwupenus 00IHCHA
lobecneyusame 803IMONCHOCIb ROOKIIOYEHUA YHUBEPCATbHO20
lGbINUCTIUMENnbHO20 MOOYIS K cemu nocpedcmeom unmepgpeiica
Ethernet. [Tnama pacwupenus dondxcna obrnadams nopmamu
8600a-661600a 0151 NOOKNIOYEHUA YUGPOBLIX U AHANO208bIX
yempoticmea — ne menee 40 wm, unmepgpeiic SPI1u
802ZMONCHOCMBIO NOOKNIOYEHUA BHEUHel Kapmyl namamu. 6)
Modynb mexnuuecko2o 3penus, npedcmasnalowuil cobou
yempoticmeo Ha 6aze 6bI4UCTUMENbHO20 MUKDOKOHMpONAepa u
uHmMeEZpUPOBaHHOU Kamepel, obecnevusaloujee pacno3nasanue
npocmetiuux uzo0bpasicenuil Ha Mooyne 3a cyem cobCmeeHHbIX
by UCTUMENBHBIX 603MONCHOCTMeN - He menee Twm, Modyne
Imexuuueckozo 3pernus dondcen obecneyusams 603IMONCHOCTb
KOMMYHUKAYUU C GHANOZUYHBIMU MOOYIAMU ROCPEOCMBOM W UHbI
Ha baze nocnedosamensHo20 UuNMepgelica ¢ yeavio danvHenuen
nepedauu pe3ynbmamos usMepenuil 2pyniel Mooyneu Ha
VApasAlou ee BolHUCIUmMensHoe yCmpoucmeo, NOOKIOYeHHOE K
Dannoii wune. Modyns mexHu4ecko20 3peHus Q0onxcen
obecheuusamop 803MONCHOCMb OCYUECMBNAMb HACMPOUKY
MOOVAS MEXHUYECKO20 3PEHUs = HACMPOUKY IKCROZULUY,
bananca 6en020, Y8EMOPAZHOCMHBIX COCMABTIOUUX, NIOWAOU
obHapyxcueaemoil obrnacmu u306padceHus, okpyanocmu
obuapysicusaemotl obracmu u306paxiceHus, nonodiceHue
obHapysicueaemblx obracmeii OMHOCUMENbHO Opy2 Opyea.
IModyne mexruveckozo 3penun 0ondicen obecnevusams
leosmoscHocme Hacmpotiku Ha 00HOBPeMENHoe 0BHapyicenue He
wenee 10 pasnuunsix 00uHOYHbIX 06BEKMOB 6 cexmope 0630pa,
ubo ne menee 5 cocmagHblx 06BEKMOB, COCMOAWUX U3 He
Menee 3 paznudnbix epaguieckux npumumugos. Mooyno
mexnuueckozo 3penus 0onxcen obradams 6CMpPOEHHBIMU
unmepgeiicavu — USB, UART, I-wire TTL, I12C, SPI ona

K OMMYHUKAYUU CO BHEWHUMU NOOKTIOYAEMbIMU YCMPOUCMBaMU.
7) B cocmas nabopa 0ondicHsl 6x00ums yugposvie
UHGOPMAYUOHHO-CEHCOPHBIE MOOYIY, npedcmagniiowue cobou
yempoticmed Ha base npozpammupyemMo20 KOHmponnepa u
usmepumensHozo snemenma. Llugpposoii modyne doncen
061adams 6cMpoeHHbIM MUKPOKOHMPOLTEPOM (maxkmosas
yacmoma - He menee 16 MTy, wuna oannvix — He menee 8
K6aiim), unmepdpeticamu 0na NOOKIOHEHUA K BHEUHUM
yempoiicmeam: yughpossle u ananozosvie nopme, 1-wire TTL,
pazvem muna RJ. Llughposoti modyns donoicen obecnevusame
8OZMONICHOCME KOMMYHUKAYUU € QHANOZUMHBIMU MOOYISAMU
nocpedcmaom wiunbl Ha 6ase NOCIe006GMENbHOZ0 unmepgeuca
¢ yenvio danvHeliuel nepedayu pesyrbmamos usmepenuil
pYRnbL MOOYNEN HA YNPABASIow ee 8bINUCTUMEeNbHOe
yempoiicmeo, ROOKMOYenHoe K Oannol wune. B cocmas nabopa
DonsicHo exo0ums. YuGposot Modyae MaKmogou KHONKU — He
Wenee 3wm, yughposoit MoOyIb caemoouoda — ne menee Juim,
Yughposoil MOOYIL KOHYEBO20 Npepbieamens — He Mexee 3uim,
yughposoii Modyns damuuxa yeema — ne menee lum, yugposou
wodyne RGB ceemoouoda — ne menee luum. 8) B cocmas nabopa
DonokcHbl BX00UMB 1eMennbl 05 cO0PKU 6AKYYMHO20 3aX6ama:
8aKYYMHAA NPUCOCKA — He Menee luim, sneKxmpomacHumHoli
knanan — e menee lwum, sakyymusili Hacoc — He menee lum. 9)
B cocmas Habopa dondkcer 6x00ump yyebHoli KoMniexm,
ercnouaiowuii 8 cebs yuebnoe nocobue, nabop bubnuomex
Impexmeprblx 31eMeHmos 01 RPOMOMUNUPOSaHUs Mooenel
MaHURYIAYUOHHBIX POBOMOG, @ MAKHCe NPOZPAMMHOe
obecneuenue ons pabomul ¢ nabopom. ITpozpammioe
obecneyenue 00NAUCHO obecnedueams MpexmepHyio

U3y anuzayuio MoOenu MaHUNYIAYUOHH020 poboma (¢ V210801,
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niockonapanienvHol U 0enbma-KuHeMamukou) 8 npoyecce
pabomei, obechewusams nOCMpoeHue nPOCMPaHCMBEHHOU
Impaekmopuu 08UdICEHUA UCHOTHUMENbHO20 MEXAHUIMA
MaHURYIAYUOHHO20 POBOMA, BOIMONCHOCMb 3A0aHUA
nocnedoeamenvHOCMU MOYeEK OISt RPOXOHCOCHUA Yepe3 HUX
UCHOTHUMETBHO20 MEXAHUIMA MAHUNYIAYUOHHO20 poboma.
[pozpammioe obecneuenue O0NINCHO PYHKYUOHUPOBAMb, KAK &
lomdensHocmu 6 sude cpedbl MOOENUPOBAHUA, MAK U 8 PedCUMe
MOHUMOPUH2A 8 PeanbHOM BPEMEHU NPYU NOOKIIOYeHUU Modenu
WManunyIamopa nocpedcmeom pobomomexHuieckozo
konmponnepa. IIpozpammuoe obecneuenue 00ANCHO
obecneyusanms 603MOJICHOCMb ROCMPOEHUA 2PAPUKO8 3GOAHHBIX
u mexyujux 0606ujeHHbIX KOOPOUHAM MAHUNYAAYUOHHO20
poboma, cpadhukos 3Ha4eHUll CKOPOCMeN U YCKOPeHUs,
bpaguros pacuemuelx sHavenuli nazpysku. Illpozpammnoe
obecneueHue OONHCHO NO3BONAMb 3A0A6aAMb
nocnedoeamenbHOCMb NEPEOBUNCEHUN MAHUNYAAMOPA
nocpedcmeom Habopa Komano & 6noyno-spaguyeckom
unmepdeiice. Yuebnoe nocobue 0ondicHo codepicams
vamepuansi no paspabomie mpexmepHbix Mooenei MobuIbHbIX
po6omos, MaHUNYNAYUOHHBIX POBOMOE C PAINUMHBIMU MUNAMU
KuHemamuxu (Venoeas KuHeMamuka, niocko-napaiiensta
kunemamuxa, denoma-kunemamura, SCARA wiu puruaxcna
kunemamuxa, niamegpopma Cmioapma u m.n.), UHCIMPYKYUU no
npoexmuposanuio po6omos, UHCMPYKYUU U MemoOUKu
ocyuecmenerus UHICEHEPHBIX Pacuemos npu NPOeKMupo6aniu
(pacuemsl HAzpy3KU U MOMEHMOS, paciem MoufHOCHU
Inpusodos, pacuem napamempos KUHeMamuxu u m.n.),
uHCMpYKyuU ho paspabomice cucmem ynpasnenus u
Inpozpammnozo obecneveHusn 0N ynpasnenus pobomami,
UHCMPYKYUU Ut MEMOOUKU NO pazpabomie cucmem ynpasneHus ¢
BeMenmamu UCKYCCmBEeHHO20 UHMENTeKma U MAUUHHO20
obyuenus. "

Obpazosameinshbtii Habop ho
2neKmpoHUKe,
a1eKkmpoMexanuKe u
MUKPONPOYECCOPHOT MEXHUKE

"Habop donicen Gbimo npeoHasHaven ons nposedenus yueoHvlx
SGHAMUE MO UZVYEHUIO OCHO8 MEXAMPOHUKY U pOBOMOMEXHUKY,
npakmuyecko2o npuMeHeHust Dazo6blx INeMeHMOo8 3NeKMPOHUKY
U CXeMOMeXHUKY, a makice naubonee pacnpocmpanentou
bnemenmioii 6azvl 4 OCHOGHBIX MEXHUYECKUX peulenut,
npuMenseMblX npU NPOEKMUPOSAHUU 1 RPOMOMUNUPOBAHUY
PAZIUUHBIX URIICEHEPHBLX, KUDEPHEMUYECKUX U 6CMPAUBAEMBIX
cucmem. B cocmae nabopa 0ondcHel 6x00umb KOMIIEKMyoujue
u ycmpoticmeaa, obnadatoujue KOHCMpPYKMUBHou,
neKmpuYeckol, AnNApamHol U POZPAMMHOT
cosmecmumocmeio Opye ¢ opyeom. B cocmae nabopa doncen
lexo0ums KoMnIEKmM KOHCHPYKMUBHbIX 31EMENMO8 U3 Memanna
0515 c6OpKU MAKeMa MAHUNYTAYUOHHO20 pobOMA u KoMNieKm
Memanuueckux KOHCMPYKMUBHbIX 31eMeHmOos Ons cOopku
markema mobunvrozo poboma. B coemas nabopa doncHel
lexodums npusoda paznuiHo20 Muna: MOMopbl ¢
UHME2PUPOBAHHBIM UNH BHEULHUM OAMYUKOM NOTONCEHUA — HE
menee 2uim, cepsonpueoo bonewoll — ne Menee 4um,
cepsonpusoo manviii — He MeHee 2uim, npugoo ¢
l603MOsKCHOCMBIO YRPABTEHUS 8 WLAZOBOM PeXNCUMe — He MeHee
2wim. B cocmag nabopa QondcHbl 6X00UMb 21emMenmel 0
lcBopKU 8AKYYMHO20 30X8aAMA. BAKYYMHAA NPUCOCKA — HE MEHEe
luim, anexkmpomazHumHblll K1anaH — He menee luim, 6aKyymHoli
nacoc — e menee lwm. B cocmas nabopa 0012cHa xo0ums
snemenmuan 6aza Ons nPOMOMUNUPOBAUA: niama ons
becnaeyrnozo NPOMoOMUnUPOBAHUA, KOMATEKM NPo8o006
paznuuno20 muna u OnuHbl, KOMANEKM PEIUCMOPOE, KOMIIEKM
ceemoouodos, cemucezmenmuulii unouxamop, oucrnieit XKK-

wm

6.00
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muna, KHORKU — He MeHee Sutm, nomeHyuoMempol — He MeHee
3uem, unghpaxkpacHviil damuuk - e Menee Juim, y1bmpaseykosou,
Damuyux - He Menee 3um, Oamuux memnepamypbol - He MeHee
Lwm, damyux oceewjenHocmu - ve menee luim, modyne
Bluetooth — ne menee lwm, mooyne HK-npuemnuxa — ne menee
Twm, mooyne HK-nepedamuuxa 6 6ude KHOROYHO20 nyiema
ynpaenenus — lwum, akkymynamop — ne mevee lum, 3apsadnoe
vempoticmgo — e menee lum. B cocmas nabopa oonicen
EX00UMb MYILMUOAMYUK O USMEPEHUA MEMNEPamypbl U
enaxcHoCcmu oKpyJcalouelt cpedsl — He menee luim.
Mynomudamuuk 0onxnceH 0b61adams 6CMpoeHHbIM
Muxkpoxonmponnepom (makmoean vacmoma - ne menee 16 MI'y,
wuna dannbix — ne mernee 8 Kbaiim), unmepgpeiicamu oan
NOOKMIOUEHUS K 6HEUIHUM YCmpolicmeam. yugpossie u
ananozoewie nopmei, 1-wire TTL, pasvem muna RJ. B cocmas
Habopa dondiceH 6X00UNb KOMIIEKIN YHUBEPCWIbHBIX
lsbiyucIumensHbx Moodyied, npedcmasnsiouux coboil bazoeyio
nnamy, niamy pacuupenus 0na cemegozo 83auMooelcmeus u
nnamy nodkmouenus cunosoi Hazpysku. Bxooawue 6 komniekm
yempoticmaa donicHbl 061a0amb 00HOBPEMEHHOU
[KoHCMpPYKMUSHOMU, 21eKMPUYECcKOl, AnNAPamHou u
npocpammuoii coemecmumocmuio opye ¢ opyeom. bazosan
nTama yHugepcatbHo20 BbIYUCTUMETbHOZ0 MOOYIA QONHCHA
npedcmagnsime coboil NPOZPAMMUPYEMbIl KOHmMponep 6 cpede
Arduino IDE unu ananozuunvix c60600H0 pacnpocmpansiemolx
cpedax paspabomku. bazosas nnama oondicna obnadame
GCmpoenbIMu unmepgelicamu O ROOKTIOYeHUA YUuPpoesix U
ananozoevix yempoiicms, ecmpoennsimu unmepgencamu USB,
UART, 12C, SP1, I-wire TTL, Bluetooth, WiFi. I[Inama
pacwupenus 0oNHCHa obecneuusams 60IMONCHOCTb
HOOKTIOYEHUA YHUBEPCATLHOZ0 BLINUCIUMENBHO20 MOOYIS K
cemu nocpedcmsom unmepghetica Ethernet. [lnama pacuwupenus
DonoicHa 061adams nopmami 8600a-6b1800a 015 NOOKNIOYEHUS
yugposvix u ananozoeelx yempoticme, unmepegeic SPI u
60IMONCHOCTbIO ROOKTIOY eHUA BHEWHEN KapMbl NAMSAMU.
[Thama pacuwiupenus Ona NOOKNIOYEHUA CUNOB0U HAZPY3KU
Donscna obecneyueans 0IMONCHOCHb NPAMO20 NOOKIIOYEHUA
gHewneli U080l HAZPY3KU, a MAKdce pecynupyemoi HazpysKu
nocpedcmeom PWM unmepgpetica. B cocmas nabopa donaicen
axo00umsb npozpaMmupyemelll KoHmponnep, obechevugarouui
BOIMOJICHOCMb OCYUjeCmBIsMmb paspabomxy npozpammHo20
Ko0a, uchonb3ya uncmpymenmapui cped paspabomiu Arduino
IDE u Mongoose OS u sizvikoe npozpammuposanus C\C++,
UavaScript. I[Tpozpammupyembili KOHmpoiep 0onxces obnadame
nopmamu 0s ROOKNIOHEHUA YUPPOBbIX U AHANO208bIX
YCmpotcme, 6CIMpPOeHHBIMU NPOZPAMMUPYEeMbIMU KHORKAMU Ul

D TeKMPOMEX AHUY ECKUMU MOOYIAMU ONIA OP2aNU3AYUU CUCTHEMB
pyuHO20 yRpasneHus, BCMpPOeHHbIMU NPO2PAMMUDY eMblMU
ceemoduodamu 0ns unoukayuu paboyvezo pexcuma,
ecmpoennvimu unmepcpeticamu USB, USART, 12C, SPI, 1-wire
TTL, ISP, Ethernet, Bluetooth, WiFi. B cocmas nabopa dondicen
l@x00ums MOAYIb MEXHUHECKO20 3PeHUs , RPeOCMABNAIOU U
lcobotl @bluuCTUmeENbHOE YCMPOUCMEO CO 6CMPOEHHbIM
MUKponpoyeccopom (Kon-eo adep - He Menee 4wum, yacmoma
lwopa ne menee 1.2 ITy, obvem O3V - ne menee 512M6, obvem
lecmpoennoll navamu - ne menee 8I°6), unme2puposanHol
amepoll (MAKCUM@IbHOE paspeulenue 8udeonomoka,
hepedasaemozo no unmepgpeiicy USB - ne menee 2592x1944 eo.)
u onmuyeckoti cucmemou. Mooyas mexHu4ecko2o speHus
Qonxcen obnaoame cOBMECMUMOCMbIO C PAITUYHBIMU
npozpamMmupyemMbiMu KOHMpPOoiepamu ¢ ROMOUbIO

IKo/in4ecTBO
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unmepgeticos - 1-wire TTL, UART, I2C, SPI, Ethernet. Modyne
mexHuuecko20 3penus 00NxHceH 06ecneyusams 6biNONHENUE 8Cex
uzMepeHull u BIuUCIeHUl ROCPedCmEoM COBCMEeHHbIX
[BBIMUCTUMENBHBIX GOIMONCHOCMEN 6CMPOEHHO20
muxponpoyeccopa. Modyne mexnu4eckozo 3peHust Q0NNceH
06nadans 603MOACHOCIMBIO KOMMYHUKAYUN € GHATOSUYHBIMU
Wodynsamu nocpedcmeom wunbt Ha base nocnedogamenvHozo
unmepeetica c yenvio danvhetiuei nepedaiu pesynbmamos
uzMepenuil cpynnsl MoOyIel Ha YRpasnaloujee GulNUCIUmenbHoe
vempoticmeo, nodxniovennoe k oannoll wiune. Mooyns
Imexnuueckozo 3penus dondicen obechevugames HACMPOUKU
pesrcumos pabomvl - Hacmpolky skcnosuyuu, bananca 6enozo,
YE6eMOpPaAIHOCMHBIX COCMABNAIOUUX, NTOUAOU
obHapyacusaemoi obracmu uz0bpadcenus, okpyanocmu
loBHapyxcugaemol obnacmu u306pax€ceHus, nonoJjceHue
lobHapyxcugaembix obracmeii omHocumensro opye opyaa,
Mawunnoe obyuenue napamempos HeupoHHbIX cemetl O
lobnapyocenus 06vekmos, hopmy u 3aKo0UPOSAHHbIE SHAYEHUA
lobHapyscusaemuix mapkepoe muna Aruco, pazmepoi
loBHapyJcusaemvix OKpyjICHoCme, Keadpamos u
impeyzoneHuKos, napamempos KOHMPACMHOCIMU, PA3MEPOs,
kpUBU3HBI U NOTONCEHUA PACNO3HasaemMbix aunui. Habop
Donsicen obecneyugams 803MONCHOCMb paspabomku modenu

obunbrozo poboma, ynpagnsemoti 6 FPV-pescume

0cpedcmeom NPOSPAMMHO20 obecnedenus O nepcoHatbHO2o

omnelomepa u mobwivbkblx yempoticme na baze OC Android
wiu [0S, obecnevusarouje2o 603MONCHOCMb YRPABIEHUA
06UIBHHIM POBOMOM U BCIMPOEHHBIM MAHUNYAAMOPOM
nocpedcmeom zpagpuueckozo unmepgeiica, BKNOYAIOUUM 6 CeOs
Habop KHONOK U nepexnoyamene, AHCoUCmux, obaacme ons
omobpaicenus sudeo. Habop donocen obecnevusamn
60IMOJICHOCTb UZYYEHUS OCHO8 paspabomKu npozpammHelx U
annapamnelx KOMAIEKCOB UHICEHEPHBIX CUCMEM, PeuleHul 6
chepe """"Humeprem sewjeii"""", a maxowce pewenui 8
obnacmu po6omMomexHuKy, UCKYCCMBEeHHO20 uHmennekma u
WMawunHozo 06yyenua. B cocmas nabopa 0013CcHO 6X00umMb
nocobue no uzy4eHulo 0CHOB S1eKMPOHUKYU U CXeMOMEXHUKU,
pewenui 6 chepe """"Hrumepnem sewein"""", paspabomxu u
npomomunuposanuio modeneii pobomos. B cocmas nabopa
0on21cHO 6x00UuMb NOCOGUE RO USYHEHUIO OCHOB PA3pabomKu
cucmem mexHuuecKko20 3peHUs U INEMEHIMO8 UCKYCCMBEHHO20
unmennexma.”

Obpazosamenvhbiii Habop o
Mexanuke, MexampoHuke u
pobomomexnuke

"Obpazoeamensiviii Habop dondicen bbime npedrasHaveH O
U3YYeHUS MEXAHUKY, MEXAMPOHUKY U pOBOMOMEXHUKU.
O6pazosamenshbiii Habop npednasnayen Ona paspabomxu
Npo2pamMmMupyemsix Mooeneu MexampoHHbIX CUCIeM U
WobwibHbIX po6GOMOS, OCHAUEHHBIX PAZTUYHBIMU
IMaHURYIAYUOHHBIMU U 3aX8amMHbIMU yempoucmeamu. B cocmas
Habopa 00NHCHO BX00UMb: KOMIIEKM KOHCMPYKMUBHBIX
EMEeNmOo8 U3 MEMania, KOMINEKM KPENEXCHBIX 31eMeHM o8,
KkoMAnexm Ona cHOpKU 3aXeamHo20 ycmpolicmea — He menee |
wim., Koneca c npopesuHeHHbIM 06000M — He MeHee 2 wm.,
Koeca 8CeHanpasneno20 OBUNCEHUS -He MeHee 2 WM., npugoo
nOCMOAHHO20 MOKA C UHMEZPUPOBAHHON CUCMEMOU YNPAaBNeHs,
obecnevusaioueli 0bPamHyIo C6A3b NONONCEHUIO, CKOPOCTU U
HazpysKke - e mexee 4 wm., damuyux TuHuU - He menee 3 wm.,
damyuk paccmosnus — He Menee | wim., akKyMynsmopHas
Gamapes — ne menee | wm., 3apaoKoe ycmpoucmeo — He MeHee
1 wm. B cocmag nabopa donxcen 6Xx00UmMb nPOZPAMMUPYeMbI
konmponnep, obecnesuaoujuil 60IMONICHOCMb OCYU{eCMENAMY

a3pabomKy npoPamMMHO20 KOOG, UCHONb3VA UHCMPYMEHMAapull

wm

3.00
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IKOJI HYECTBO

cped paspabomku Arduino IDE. ITpozpammupyembiii
Konmpoep donxcen obecnevusams annapamuyio u
NpO2PAMMHYIO COBMECMUMOCTb C aneMenmHou 6a30oi,
lexodsweit 6 cocmas nabopa. Illpoepammupyemuiii konmponnep
Doncen codepocams crnedyroujue unmepgheticel. yugpposoie u
ananozoevie nopmel — ne menee 50wm, USB, USART, I12C, SPI,
ISP, Bluetooth, WiFi. [Ipozpavmupyempiii KOHmMpoanep Q04ceH
codepacamp unmepdeiic (Ons NOOKNOYEHUL NPUBODOE U
Oamuukoe pobomomexnuveckozo nabopa), peanuzo6antslil Ha
6aze wiunot RS-485 — ne menee 12wm. [Tpoepammupyemsiii
KOHMPOLIEp QONACEH COOBPICAMb CUNOBOU nOpM 0N
MOOKNIOYEHUA GHEWHEN HAZPY3KU WU MOMOPOS — He MeHee 2uim.
B cocmas nabopa dondicer 6x00ums MoOyib MEXHUYECKO20
spenus — ne menee lum. Modyne mexnuuecko2o spenus 0ondlceH
obecneyusamos 603MONCHOCHb KOMMYHUKAYHU C GHANOZUYHBIMU
MOOQYIAMU NOCPEACMEOM WUHbL HA BA3e NOCTe008aMenbHO20
unmepghetica ¢ yenvio danbHetute nepedaiu pesyibmamoe
uaMepenuil 2pynnel MoOyIell Ha YNPAasNAlouee bIYUCTUMenbHOe
yempoticmeo, nodknioyenHoe k oannou wiune. Modyns
Imexnuyeckozo 3peHus dondicen 0Gecneyusames 603MOACHOCMb
ocyujecmensimes HACMPOUKy MOOYIA MeXHUYECK020 3peHUs -
Hacmpotiky sxcnozuyuu, 6aranca 6eno2o, Y6eMopasHOCMHBIX
cocmaansowux, nowaou obrapyxcusaemoil obracmu
uzobpasicenus, okpyenocmu oGHapyxcueaemon obnacmu
usobpascenus, nonodcenue 0bHapyxicueaemblx obnacmen
omHocumensho opye opyea. Modyinbs mexnuyeckozo 3peHus
Donoicen obecnevugams 803IMONCHOCMb HACMPOUKYU HA
oonoepemennoe obrapycenue e menee 10 paziuynbix
oounounvix 06vekmoe 6 cekmope obzopa, 1ubo He menee 5
cocmasHbix 06HEKMOB, COCMOAUUX U3 He MeHee 3 PasnuYHbIX
epagpuueckux npumumueos. Modyne mexHu¥ecKkozo 3penus
Donowcen obnadams ecmpoennvivu unmepgeticavu — USB,
UART, I-wire TTL, 12C, SPI 0na KoMMyHuKayuy co 6HeuHumMu
nodrnouaembimu yempoticmaamu. "

Obpazosamenbubii
IKOHCMPYKMOP € KOMRIEKMOM
Qamuuxos

"Obpazoeamenshblii Habop Ooncen Gblmb NPeoHasHayeH ons
uzyHeHus 0CHO8 pazpabomKu NPOPaAMMUPYeMblx Mooeneu
asmonomublx MobUnbLHBIX pobomoe. B cocmae nabopa donacro
lexo0unme: KOMAIEKM KOHCMPYKMUEHBIX SNEMEHMOB U3
nnacmuka, uHcmpymenm ons pabomsi ¢ KPeneXcHuiMu
KOMNOHEHMAMU, CeP8oOnpPUBOO C BCMPOEHHON CUCIMEMOT
ynpagnenus, obecnevusaroujeli 06pammylo ces3b NONONCEHUIO,
cKopocmu u HazpysKe - He MeHee 4 wim., nyjibm ynpasinenus — He
\menee lum, damyuk kKacanus — He Menee 1 wm., Oamyux yeema
L ne menee Tuwim, damuux MaKMuILHO-CEHCOPHBIT CO
ceemoduodneIM Modynem — He menee I wm., kavepa c
603MOICHOCMbIO OOHOBPEMEHHO20 ONPEOeNeHUs HECKONbKUX
yeemoe — ne menee | wm., akkymynamopras bamapes — He
wmenee | wm. B cocmas nabopa dondicen 8x00ums
pobomomexnuueckuil Konmponnep — e menee lum.
\Pobomomexnuyeckutl Konmponnep 0oiicen obnadams
lecmpoenuvim yeemuvim KK skpanom u sempoentsim
unepyuoHHoIM 0amyukom. Pobomomexnuieckui Konmponnep
Qonocen umems He Menee 12 nopmog 01 NOOKNIOHEHUS BHEUHUX
yempoticme u nopm 01 yemanoeéku Kapmel namamu. B cocmas
Habopa dondicen 6X00UMb NPOZPAMMUPYEMbITL KOHMPOIep — He
wenee 1 wm. ITpozpammupyemetli KOWmponiep 0oNdcen
npedcmasnsimes coboli yempoucmeo, obecnevusaioujee
80IMONCHOCHIL OCYUjeCmENAmb papabomxy npozpamMmMHozo
Kkoda, ucnonb3ya uncmpymenmapui cpeo paspabomxu Arduino
IDE. ITpozpammupyemvili KoHmpoanep 0onxcen obecnequsame
annapammyio u npozpaMMHYI0 COBMECMUMOCMb C 31eMeHMHOU
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basotl, exodawel 6 cocmas nabopa. Illpoepammupyemoiii

wugpposwie u ananozogsie nopmel — He menee S0wm, USB,
USART, I2C, SPI, ISP, Bluetooth, WiFi. [Ipoepammupyembiti
konmponnep dondcen cooepicame unmepgetic onsa
nOOKTIOYeHUs NPUBOOOE U 0AMHYUKOE POBOMOMEXHUYECKO20
nabopa— ne menee 12 wum."

konmponnep donoicen codeporcams cieoyloujue unmepgencol;




