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HaumeHoBaHHe HanpaBjeHusi: "Ecmecmeennonayynan HanpagienHo

cmb"’

HaumeHoBaHue pa3zena:
"EcTecTBeHHOHay4Has
HAMpPaBJIEHHOCTH"

[[ugppposas nabopamopus no
oKOonO2UU

Obecneyusaem npoeedenue y4ebH020 3KON02UHECKO20
MoHumopunaa uncmpymenmansHoimu memooamu. Habop
npumMensiemcs npu u3yveHuu IKoNo2uu, Guono2uL, XuMuu,
Peozpahuu u npupoodoeedenus, a makice ons
{unousudyansHblx uccnedo8anus u NPOeKMHo
OesmenbHocmu wKonbHuko8. Komniekmayus:
\becnposoonol MyTbMudamyuK NO IKON02UYECKOMY
monumopunzy ¢ 8-10 ecmpoenHvimu damyuxamu: JJamuux
Humpam-uonoe JJamuux xnopuo-uonos Jamuux pH ¢
Quanazonom usmeperus ne yxce yem om 0 0o 14 pH JJamyux|
enasxcrhocmu ¢ ouanazonom usmepenus 0...100% Jamwux
oceeujenHocmu ¢ OUanazoOHoM usmeperus He yoice yem om ()
0o 180000 nx Jamuux memnepamypel ¢ Ouanazonom
usmeperus ne yce wem om -20 0o +140C Jamyux
9NeKMPONPO8OOUMOCIU C OUANA30HAMU USMEPEHUS. He Ve
uem om 0 00 200 mxCm; om 0 9o 2000 mxCm; om 0 do
20000 mxCym Jamyuux memnepamypel okpyscaiowen cpedsl
c duanazonom uzmepenus ne yoice yem om -20 0o +50C
Omoenvrvie oamyuxku u Myrsmuoamyuxu. JJamyux 38yka ¢
GyHKyue unmespuposanus ¢ OUANA3OHOM UIMepeHun
wacmom He menee wem om 50 I'y 0o 8 kl'y; Jamuux
BAGXCHOCMU NOYBI C OUANA30HOM UIMEPEHUS. He YIiCe YeM
om 0 0o 50% JJamyuk oxkucu y2nepoda ¢ QuanaoHom
usmepenus He yoce yem om 0 oo 1000 ppm Mynemudamyux
onmuyeckol NTOMHOCMU U MYMHOCMU CO BCMPOEHHBIMU
oamyuxamu: JJamyux onmuyeckou nnomuocmu 470 um ¢
ouanazonom usmepenus om 0 0o 2 D Jamyux onmuyeckoi
nromuocmu 525 nm ¢ ouanazonom usmepenus om 0 0o 2 D
Tamuux onmuyeckoti nnomuocmu 630 Hm ¢ duanazoHom
{usmepenus om 0 0o 2 D [Jamuuk Mymnocmu pacmeopos ¢
OQuanasonom uzmepenus om 0 0o 200 NTU Akceccyapei:
Kabenv USB coeournumensnuiii (2 wm.) 3apsonoe
vempoticmeo ¢ kabenem miniUSB USB Aoanmep Bluetooth
4.1 Low Energy Cmepaicens 018 3aKkpenieHus 0amyukos 6
wmamuee Kpamxkoe pykogodcmeo no sxcniyamayuu
yughpoeoii nabopamopuu Ipozpammuoe obecneyenue
Memoouyeckue pexomenoayuu ne menee 20 pabom
Vnaxoexa Hanuuue pycckoaszelyHozo caiima nodoepicku,
Hanuyue 8udeoponuKos.
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lughposas nabopamopus
«Xumus» npogunenasn ons
neoazoza

(Obecnewusaem guitnonnenue a1abopamopuvix pabom no
XUMUU HA YPOKAX 68 OCHOBHOU WKONE U NPOEKMHO-
uccnedoeamenbekol 0esimenbHOCMU Y4 aujuxcs.
Komnnekmayus: Becnpo8oOHOU MyTbmudamyux no Xumuu ¢

4.00




Ne
n/n

HanmenoBanue
oGopynosanus (PBI1O)

KpaTkue npuMepHbie TeXHHYECKHe XapaKTePHCTHKH
(PBIIO)

Ampa. Il(onuqecrso

H3IMEpEeHHS

3-ms 6cmpoennvimu damuuxamu: JJamyux pH ¢ ouanazonom
usmepenus e yxrce wem om 0 0o 14 pH [Jamyux
BIEKMPONPOBOOUMOCIU C OUANA30HAMY UIMEPEHUA HE YIHCe
uem om 0 0o 200 mxCm; om 0 0o 2000 mxCm; om 0 do
20000 mxCm Jamuux memnepamypsbl ¢ OuanasoHom
usmepenus He yoce wem om -20 0o +140C Omoenvrvie
damyuxu: Jamyuux onmuyeckou nnomnocmu 525 um
Akceccyapwi: Kabeno USB coedunumenshoiti 3apaoHoe
yempoticmeo ¢ kabenem miniUSB USB Aoanmep Bluetooth
4.1 Low Energy Kpamkoe pyko8oocmeo no skchiyamayuu
yughposou nabopamopuu Habop nabopamopnoii ocHacmxu
ITpoepammuoe obecnevenue Memoouyeckue pexomenoayuu
He menee 40 pabom Hanuyue pycckoazeiuHo2o cauma
noodepocku Hanuuue sudeoponuxos.

Lughposas nabopamopus
«Dusuxa» npogunehan ons
nedazoza

Obecneyugaem 8biNOIHEHUE IKCHEPUMEHMOB NO MEMAaM
kypca gusuxu. Komnnexmayus: becnpogeoonoi
Mynemudamyuxk no gusuxe ¢ 6-10 6CMpPOEeHHLIMU
oamyuxamu: Lugpposou damyux memnepamypul ¢
Ouanazonom usmepenus ne yce yem om -20 0o 120C
[ughposoit damuux abconiomnozo 0asnesus ¢ OUana3oHoOM
usmepenus ne yoce wem om 0 0o 500 xlla Jamuuk
IMAZHUMHO2O0 NOIA C OUANA30HOM UIMEPEHUS He YIice YeM om
~80 00 80 mTn [Jamuuk nanpaxceHus ¢ ouanazonamu
usmepenusa He yace yem om -2 0o +2B ; om -5 0o +5B; om -
1000 +10B; om -15 0o +15B [Jamuuk moka ne yoice yem
om -1 00 +1A4 JJamuuk axcenepomemp ¢ nokazamensimu He
venee yem: +2 g; +4 g; +8 g Omoenvruie yempoucmea: USB
ocyunnozpagh ne menee 2 kanana, +/-10 B Axceccyapui:
Kabeno USB coedunumenvuulit 3apsaonoe ycmpoiicmao ¢
xabenem miniUSB USB Aoanmep Bluetooth 4.1 Low Energy
Koxcmpykmop 0ns npogedenus skchepumenmos Kpamkoe
pPYK080OCMB0 No sKCcniIyamayuu yugposoi nabopamopuu
ITpozpammuoe obecnevenue Memoouyeckue pexomenoayuu
(40 pabom) Hanuuue pyccrkoszeiuHo2o caiima noodoepicku
Hanuuue sudeoponuxos.
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[ugposas nabopamopus no
pusuonozuu (npogunvherii
Vpogers)

Obecnevugaem nposedenue ucciedo8anus no
(DYHKYUOHUPOBAHUIO HeNI08eYeCKO20 OP2aAHUIMA.
Komnnexmayusa: Becnposodnoil Mynemudamyux no
Gusuonozuu ¢ 5-10 scmpoenHbimu oamyukamu: Jamyux
apmepuanvrozo oasnenus (0...250 mm pm. cm.) Jamyux
NyIbCca ¢ OUanazoHom usmepenus He yaice yvem om 30 0o 200
Vo/mun Jlamyux memnepamypel mena ¢ OUanasoHom
usmepenus ne yoce yem om +25 oo +40C Jamvux
yacmomol ObIXAHUA C OUANA30HOM USMEPEHUSA HE YIiCe YeM
om 0 00 100 yuxnoe/mun Jlamuuk yckopexus ¢
nokazamenamu £2 g; +4 g; +8 g Omoenvhoie yempoucmea:
lamyux OKI ¢ OuanazoHom usMepeHus He yice 4em om -
300 oo +300 mB) Jamuuk cunomep ¢ OuanazoHom
usmepenua He yoice wem om 0 0o 40 H Jamvux
ocseuyeHHoCmy ¢ OUANA30HOM U3MepeHus He yaice yem om 0
00 180000 nk Axceccyapwi: Kabeno USB coedunumenvhuotil
3apsonoe yempoiicmso ¢ kabenem miniUSB USB Aoanmep
Bluetooth 4.1 Low Energy Kpamkoe pyxosoocmeo no
sxcnayamayuu yugposou nabopamopuu Ilpozpammuoe
obecneuenue Memoduveckue pexomenoayuu He menee 20
pabom Hanuwue pycckossviunozo caima nodoepicku
Hanuuue udeoponukos.
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Muxpockon yugposot

Tun muxkpockona: buonozuveckusi Hacadka muxpockona:
wmonoxynspias Hasnavenue: nabopamopueiti Memoo
uccnedosanua: ceemnoe none Mamepuan onmuxu:
lonmuueckoe cmexno Veenuuenue mukpockona, kpam: 64 —
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Ne

HaumeHoBanHne
o6opynoBanus (PBIIO)

Kpa'rlme NpHMEpPHLIE TEXHHYECKHe xapalcrepuc'rmcu
(PBITO)

Eaunuua
A - ll(o.nullecrao

H3MEpPEHHH

1280 Oxynapei: WF16x Obvekmusei: 4x, 10x, 40xs
(noonpyosrcunennoiii) Pegoneeepnas zonoska: na 3
obvexmusa Tun noocgemku: 3epKano wiu cemoouoo
Pacnonoosicenue nooceemku. 8epxmss u Hudicuss Mamepuan
kopnyca: memann llpedmemuniit cmonuk, mm: 90 Hemounux
numanus: 220 B/50 I'y Yucno mezanuxcenei: 1

HaumeHoBaHue HanpaBiaeHnus: " Texwnonozuyeckasa nanpasiennocms. POB

"

HaumeHoBaHue pasjena:
"TexHonoruyeckas
HampasaeHHocTh. POBO"

Aemonomublil pobom
MaHunyIsmop ¢ konecamu
BCEHANPABNEHH020
OBUNCEHUS

Vuebnas modens asmonomno2o mobuneHozo poboma c
wmanunyarssmopom. Mobunenwiit pobom donicen
npedcmasnsime cobou YemvlpexkoiecHyo niamgpopmy
scenanpasnennozo 0sudicenus. JJeucamenu becujemouneie 4
um, kamepa c yenom obzopa 120 2padycos ¢ 5 mn. B cocmas)
KoMniekma 0oncHo exooums: Mexanuyeckuil 3axeam
unghpaxpacnelii 1azep 2-x 0cegol NOOBEC AKKyMyIamop
0/1eca 6CeHanpasneHHo20 OBUNCEHUS. NPOZPAMMUPYeMblll
OHMPOINEP C BOIMONCHOCMBIO NPOZPAMMUPOBAHUS 8 Cpede
N0YHO-2pagutecKo20 muna u 8 co600Ho
acnpocmparsemvix cpedax paspabomku ¢ NROMOWbIo
eKCMOBO20 A3bIKA NPOSPAMMUPOBAHUS OAMYUK 36VKA
Vamyux cnedosanus runuu FPV pexcum 6oamodicnocms
VApaenenust ¢ MOOWIbHO20 yCmpoucmea yepes npuiodiceHue
npozpammuposanus na szeikax Python, Scratch a makoce
cucmema mexHu4ecKo20 3peHUs 0N ABMOMAMuUYecKo20
0BHapyicenus U pacno3HABanus 3a0anHblx 00beKmos 6
paboueii 3ome. [Toooepacka RaspberryPi nanuyue
IToddeparcka Arduino nanuvue IToooepacka Micro:bit
manuyue CMeHHbII MeXaHuyecKul 3axeam,
yCmanasugaemplii Ha NOOBUNCHYIO NIAMPOPMY CEepxy
nanuyue Mexanuyeckuil 3axeam, ycmanasnueaemMulii Ha
nepednIolo yacms ROOBUNCHOU NIAMPOPMbI HATUYUE
B0O3MOJICHOCMb MEHSIMb UHPPAKPACHYIO NYUKY HA
MexanuyecKull 3axeam Hanuyue
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Jlabopamopnueiii komniexc
017 U3YYEeHUA
pobomomexnuxu, 3D
MOOeNUPOBAHUA U
NPOMBIUNEHHO20 OU3AlHA

Komnnexc cocmoum u3 cbopro-paszboprozo 3D npunmepa,
pyuHozo 3D ckanepa u npocpammnozo obecneyenus no
pomozpammempuu. Coopro-pasbopuviii 3D npurmep.
Obnacme nevamu: 200 mm x200 mm x 200 mm
Maxcumansnasn ckopocme nevamu, cm3/4:> 30 Cxopocmb
nepemeyenus neyamaiowjeit 20108ku, mm/c:> 80 Tun
coemecmumozo ¢ 3D-npunmepom nnacmuka: PETG, SBS,
PLA, ABS Humepgheiic nookmouenus:USB Flash
Kanubposxa nnamgpopmer:Ilonyasmomamuyecka
Konuuecmeo conen na neyamarowjeii 2onoexe: om 1 wm
Munumansnas monyuna cnos: > 0.01 u < 0.05 mm
Tuamemp conna: > 0.3 u < 0.5 mm Maxcumanvras
memnepamypa nevamarowet 2onosku: > 250 zpao. C
Oxnaxcoernue 301l hewamu: [Jgyxcmoponnee
Maxcumanenas memnepamypa niamgopmet 012 neyamu: <
150 zpao. C Tun nnamgpopmer 0ns newamu: Ilooozpesaemasn
CHeMHAA HA 3AXCUMAX, ukcupyeman Ha niamgopme
Hanuyue zaxpeimozo xopnyca: Hem ®@opmam ghaitnos ona
nevamu: GCODE Tun ynpaenenus npunmepom: Ilanens
ynpagnenus ¢ oucnieem Ha kopnyce ycmpoticmea Tun
Hanpaenaouux: KOHCMpyKyuorusii npogune Pyunoit 3D
cxanep. Tounocme ckanuposanus: > 0.05 u < 0.1 mm
Cropocmb ckanHupoganus, MiH. movex/cex: > 2 @opmam
coxpanenus peaynomamog ckanuposanua. veml, ply, obj, stl
Boamoxcrhocme ckanuposanus 6 yseme: Ja Hanuyue

cencopHo2o 3xkpana: Hem Jnuna USB-npogoda:> 3 m

wm.
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Ne
n/n

HaumeHoBaHHe
obopynosanus (PBI1O)

KpaTkue npuMepHbIe TeXHHYECKHE XapPAKTEPHCTHKH
(PBIIO)

Ennuuna
H3MepeHHs

OJIHYECTBO|

Texnonoeus 3D-ckanuposanua:Onmuueckas 3azpysxa
npecemos(uabnonos) ckanepa:Hanuvue Pynkyuu
nocmobpabomxu: Obpesxa modenu, Pazoenenue modenu na
omoenvbHble yacmu, YoaneHue TUUHUX 21eMeHMO8,
Yoanenue omeepcmuil, coz0anue gpomopeanucmuyno
mexcmypbl, cpasrerue 3D modeneil medxcdy coboi,
u3MepeHue pasmepos Mooenell Ce4eHUAMU 8 PYYHOM
pexcume, saxcnopm cevenusi 6 XLS IIpoepammnoe
obecneyerue 0N Co30aHUA MOOenel Menmoodom
Gpomozpammempuu: Hanuyue Ynpagnenue nogopomHeim
cmonom no Wi-Fi: [Ja Munumanvroe paccmosanue
ckanupoganun: <25 cm

bazoswiit
pobomomexHuyeckuti Habop

Obpasosamenvhuiii HABOP doNKHCEH npedcmasnime cobol
Habop ons paspabomku nPopAMMUpyemMeIx Mooenei
asmonomHublx pobomos. B cocmae Habopa donichbl
6X00UMb. KOHCIMPYKMUBHbIE, COCOUHUMENbHBLE U
KpenesicHble 21eMeHmbl U3 NIACIMUKA U QTIOMUHUS - He
wmenee 100 wm, npozpammupyemulii KOHMPOINEpP - He MeHee
lwim, anexmpodsueameny NOCMOAHHO20 MOKA C KPYMAUUM
mMomenmom He menee 3,6 k2/cM - He MeHee 2 wim, OamYUuKu u
BIeKMPOHHbBIE KOMRNOHEHMbI- He MeHee 6 uim,
aKKyMynstmopHylo 6amapeio ¢ HanpaxjceHuem He mernee 6B u
lemrocmuio He menee 1500 mAu - He meHee | wm, 3apsdHOe
yempoiicmeo 0na akKymynamopHot 6amapeu - He mexee |
wem. IIpoepammupyemelii KOHmMponnEp OONHCEH COOEPICAMb.
nopmel 0N AHANO206bIX OAMYUKOE - He MeHee 3 uim, nopmul
s yugppogeix damuuxoe - e menee 3 wm, nopm onsn 12C
yempoticme - He meHee 1 wm, nopm Ona ceponpusod0s - He
WMenee 6 wum, nopm 0151 MOMOPOS - He MeHee 2 wm, nopm
015 9HK0OEpoe - He meHee 2 wum, obvem flash navsamu He
wmenee 32 kb. IIpocpammupyemblii KOHMpoanep OONHCeH
lobecneyusams 803MONCHOCMb NPOZPAMMUPOBAHUA POOOMOE
cpede bnoyno-epaguieckozo muna wiu 8 c60600HO
ACAPOCMPAHAEMBIX CPeOax paspabomKu ¢ ROMOUbIO
eKCMOB020 AZBIKA NPOSPAMMUPOSANUS. JJamyuru u
BIEKMPOHHBIE KOMROHEHMbI QONICHBE COOEPICAMb!
Vinvmpazgykoeoii 0amyux paccmoanus 0oniceH
lobecneyugame cobpanHyio MoOenb B03IMONCHOCIBIO
uzMepsame paccmosnue He Menee 4 mempos - He menee luim,
[Knonka-modyns dondicen obecnevusams cobpantyio Mooens
[BOZMOIICHOCTBIO ONPEDensimb HANCAMUL HA KHONKY - He
menee Twm, JJamuux yeema dondcen obecneyusame
lcobpanuyio MoOenb 803MONUCHOCMbIO ONpedenerus yeema
lobvexma, npednaznaven ona usmepenus RGB-
lcocmagnauux U yposHA 0C8eweHHOCmU, OAmMYUK OONHCEH
lcodepaicame ne menee 12 caemouyscmseumenvHolx
bremenmog - ne menee | wm, 3ymmep-mooyne QONHCeH
lobecneyusame cobpanKyio MoOOeb B03MONCHOCMbIO
lBOCnpOU36800UMb 38YKU, HOMUHANLHAA YACMOMA He MeHee
Ty, unmencusnocmo He mernee 80 0b- ne menee 1 wm, Wi-
IFi-M00yne dondicen obecneyusams 603MOACHOCMb
nookIoYenus cobpanneix pobomomexHuyeckux mooenet K
icemu, loT obnaxam u seb-cepsucam, paboyee Hanpad’ceHue
Wodyas - 3,3B, nopmoe 8600a 6b1600a MOOyas - He MeHee S -
e menee 1 wum, Munu-pene c paboyum HanpajiceHuem 8
Wuanazone om 3,3 0o 5B, nompebnsiemoim mokom 7ImA u
IMaKCUMATbHBIM KOMMYmMupyembim Hanpscenuem 28B
nocmosnnozo moxka/250B nepemenno2o moka, pecypc
yempoticmea He menee 50 moic. nepexniovenuil - e menee |
wm,; Bxodsawue 8 cocmag KOHCMPYKmMopa KOMROHEHMbl
DOoNNCHBL BbIMB COBMECIMUMbL C KOHCMPYKMUBHBIMU
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Ne
n/n

HaunmeHoBaHue
oGopynoBanus (PBITIO)

KpaTkue npuMepHbIe TEXHHYECKHE XaPAKTEPHCTHKH
(PBI1O)

Hnsuaiia [KOJIH‘!CCTBO

H3MepeHHusl

bemenmamu, a makdice obecneyugames 603MONCHOCMb
KOHCMPYKMUBHOU, annapamtoil u NpopamMmHol
coBMeCmuMoCmu ¢ KOMRIEKMYIWUMY U3 cocmasa Habopa.

[Habop ons 6eicmpozo
mpomomunuposanus
beKmpOoHHBIX yempolicme
Ha ocHoge 0OOHONIAMHO20
Komnelomepa

\O0HonRamubLll KOMRbIOMED: HaTUYUe, Kapma namsamu ¢
Mpedycmano8neHHol OnepayuoHHO CUCMEMOTL. Hauyue,
6ok numanua: Hanuyue, Komniekm xabenei ons
OOKNIOYEeHUA: Haluyue

wm.
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Obpazosamenvhbiii Habop
0151 U3YYeHUA
IMHO20KOMNOHEHMHBIX
pobomomexHuyeckux
cucmem u
MaHUnYISYUOHHBIX PpO6OMOS

O6pazosamenvhelli Habop 0ondicen Gvimv npeOHasHaven Ons
uzyyenHus pobomomexHuiecKux mexnono2uti, OCHO8
UHGHOPMAYUOHHBIX MEXHONO2UT U MEXHON02UL
NPOMBIULIEHHOT AGBMOMAMU3AYUU, A MAKHCE MEXHON02UT
NPOMOMUNUPOBAHUA U AOOUMUBHO20 hpou3eoocmea. B
cocmag Habopa OONHCHB! 8XO0UMb KOMPIEKMYIoujue u
ycmpoucmea, obnadaroujue KOHCmpyKmusHol, annapamnoi
U npoZpaMMHOU cogmMecmumocmolio Opy2 ¢ Opyeom. 1)
[Komniekm KOHCMPYKMUBHbIX S1eMeHMO8 U3 Memanna u
nracmuka 0ns c6opku Modenet MaHunyIAYUOHHBIX pobOmMoe
iC y2no8oil KUHeMamuKol, N10CKONapanienbHou
kunemamuxoi, Delta-kunemamuxoi. 2)
HnmennexmyanvHulii cepBOMOOYb ¢ UHMEZPUPOBAHHON
cucmemott ynpaenenus - ve menee 7um. Cepsomooyns
Qonoicen obnadams uUHMe2pUPOBaHHOU CUCMEMOl
yhpasnenus, obecneyugaioujeli 06pamuyIo ces3b i
KOHMPONL NAPAMempos - NONONCEHUE 6ad, CKOPOCMb
Bpawyenus, Hazpy3Ka npusoda, a makoice obecneyugaioujeil
iBO3MOICHOCE NOCTEO08AMENBHO20 NOOKIIOYEHUA OPY2 C
OpYy20M U YyNpasneHus cepeomMooyIsimu no
nocnedosamenvHomy nonyOyn1eKCHOMY ACUHXPOHHOMY
unmepchenicy. 3) Pobomomexnuyeckuil Kowmposunep,
npeocmasnsiowuil coboil MOOYIbHOE YCMpOLCMB0,
Koyarouee 8 cebsi 00OHONIAMHbIN MUKPOKOMNbIOMeED O
bINOTHEHUS CTIOJCHBIX GbIYUCTIUMENbHBIX ONnepayull,
nepugheputineli Konmponiep 0N YRPagneHus GHEuHUMU
yempolcmeamu u niamy pacuupenus Ons NOOKII0YeHus
sHewnux yempoiicms. Modynu pobomomexnuyeckozo
KOHMPONIEPa OONNCHB! 061A0aAMb 00HOBPEMERHOU
KOHCMPYKMUBHOMU, annapamHuou u RPOZpamMmHoU
icosmecmumocmsio Opy2 ¢ Opyzom. Pobomomexnuueckuii
KOHmpoNIEep 00NNHCeH YO0BNeMEopAMs MeXHUYECKUM
xapakmepucmuxkam: Kon-60 s0ep 6CMpoeHHO20
MuKpokomnviomepa - He MeHee 4, makmoegas yacmoma A0pa
- He menee 1,2 I'Ty, obvem O3Y - ne menee 512 Mb,
Hanuuue unmepcpeticos - SPI, 12C, 1-wire TTL, UART,
\PWM, yugppoevie - ne menee 16 wm u ananozosvie nopmel -
He Menee 8 uim Onisl NOOKNIOYEHUA BHEUHUX YCMPOUCME,
scmpoennblil MuKpoghor, a markxce WiFi unu Bluetooth ons
KOMMYHUKAYUU CO BHEULHUMU YCMPOUCMBAMU.
\Pobomomexnuyeckuti kKonmponnep donxcen obecneyusame
BO3MONCHOCIb NPOZPAMMUPOBAHUS C NOMOUBIO CPEOCME
azbikos C/C++, Python u ceob600no pacnpocmpansemon
cpeowt Arduino IDE, a maxaice ynpaeneHus Mooesimu
pobomomexnuyeckux cucmem ¢ nomowywio cpedsi ROS. 4)
[Ipocpammupyemoiii konmpoanep - e mexee lum.
[Ipocpammupyemviit KOHMpoOINEp OONHCEH NPeOCMasnims
coboil geryuciumenbHuiil MOOYIb, 061A0AIUUM YUPPOSLIMU
nopmamu - He MeHee 8 WM U AHANO208bIMU NOPMAMU - HE
menee 16 wm, unmepgheiicamu UART, I12C,SPI, TTL, a
maxoice Modynem becnposodrou ceasu muna Bluetooth unu
WiFi ona coz0anus annapamuo-npozpammHelx peuteruil u

""ymueix/cmapm’"-yempoiicms s paspabomku pewenui

wm.

6.00
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n/n

HaumeHoBaHHe
obopynosaunus (PBIIO)

KpaTKne NpHMEpPHbIE TEXHHYECKHE XaPAKTePHCTHKH

Enunnna
H3MEpEeHHs!

b(OJIH‘IeCTBO

(PBITO)
""Unmeprnem sewgeu"". 5) Ilnama pacuwiupenus
mpoepammupyemozo konmponnepa — ve menee lwm. Ilnama
pacwupenus dondcna obecneyusame 603MONUCHOCMb
NOOKNIOYEHUSL YHUBEPCANbHO20 BLIYUCTUMENLHO20 MOOYIS K
icemu nocpedcmeom unmepgetica Ethernet. [Inama
pacwupenus dondxcHa obaadame nopmamu 6600a-661600a
0N NOOKNIOYEHUS YUPPOBLIX U AHANO20BLIX YCMPOUCHE — He
menee 40 wum, unmepdgheiic SPI u 6oamoxcHocmelo
NOOKNIOYeHUA 8HewHel kapmol namamu. 6) Mooyne
MexHu4ecKo2o 3penus, npedcmasiaowull cobou
yempoucmeo Ha b6aze GulYUCIUMENbHO20
MUKPOKOHMPONNEPA U UNMEZPUPOBAHHOU KaMepbl,
lobecnevusailoujee pacno3HaGanue NPoCmenuux
u30bpadcenuti Ha Mooyne 3a cyem cobCmBeHHbIX

BIYUCTUMENBHBIX 603MOJICHOCMEU - He MeHee lum;
00y/1b MeXHUYecK020 3peHus 0onxceH obecneyusame
03MONCHOCMb KOMMYHUKAYUU C AHANOSUYHBIMU MOOYIAMU
ocpedcmeom wuHbl Ha base nocnedos8amenvHo20
Hmepgheuca ¢ yenvlo danvHeuuen nepedadu pesyibmamos
usMepeHun epynnsl MoOynell Ha ynpasisoujee
LIYUCTUMENbHOE YCMPOUCMB0, NOOKNIOYEHHOEe K OAHHOU
ure. Mooyne mexnuyecko2o 3peHus 0ondicen
becneyusams 803MONCHOCMb OCYUeCMBIAMb HACMPOUKY
00V MEXHUYECKO020 3PEHUA - HACMPOUKY KCRO3UYUU,
anarca 6eno2o, YBEMOPAIHOCMHBIX COCMABNAIOUJUX,
owadu obHapysHcusaemon obnacmu uzobpaxicenus,
Kpyanocmu 0bHapyscuéaemont obnacmu u3o6pasxcenus,
onodicenue obHapy’cusaemMix obnacmeil OMHOCUMENbHO
pye Opyea. Modyie mexHu4ecko2o 3peHus 00NHCeH
becneyueams 603IMO’CHOCMb HACMPOUKU HA
0HoBpemenHoe obHapydcenue He menee 10 paznuynbix
QUHOYHBIX 0O6bEeKMOo6 6 cekxmope ob3opa, 1ubo ne menee 5
ocmasHbix 00bEKmMo8, coCMoAwUx U3 He menee 3
aznuUYHBIX Zpaguyeckux npumumueos. Mooy
eXHUYECKO020 3peHus OONHCeH 0bnadams 6CMpPOEHHLIMU
unmepgpeiicamu — USB, UART, 1-wire TTL, I12C, SPI ona
KOMMYHUKAYUU CO 6HEULHUMU NOOKNIOYAeMbIMU
yempoucmeamu. 7) B cocmag Habopa 0ondcHel 6x00ums
Yugposvle uHGOpMayuoHHo-CceHCOPHBIE MOOYIU,
npedcmaensiowue cobou ycmpoiicmea Ha baze
npozpamMmMupyemo20 KOHMpOIIEepa U UIMepuUmenbHo20
onemenma. Lugppoeoii modyne donxcen obradame
chpoenubm MUKPOKOHMpPONnepom (makmoeas 4acmoma -
ne menee 16 MI'y, wuna oannvix — ne menee 8 Kbaiim),
unmepgeiicamu Ona NOOKNIOYEHUA K GHEUHUM
yempoucmeam: yugposwie u ananozoswie nopmel, 1-wire
TTL, pazvem muna RJ. Llughposoii modyne dondxcen
obecneyusams 803IMONCHOCMb KOMMYHUKAYUU C
aHanocUYHLIMU MOOYIAMU NOCPEOCMBOM WUNb Ha base
nocnedosamensro20 unmephetica ¢ yenvio oansHeluell
nepeoavu pe3ynbmamos usMepeHull 2pynnel Mooynel Ha
Vhpagnalouee 8uIvucIUmenbHoe yempoucmeo,
nookmouennoe k 0anHou wiune. B cocmae nabopa dondicno
X00UmMbs: Yudposou MoOYIb MAKMOBOL KHONKU — He MeHee
wm, yughposou MooynL ceemoouoda — e mexee Jum,
ugphposoi MoOYIL KOHYEEO20 Npepbléamens — He MeHee
Sum, yughposou modyne damuura yeema — ne menee lum,
yughposoit mooyne RGB ceemoouooa — ne menee lum. 8) B
cocmas nabopa dondicHel 6X00UMb 2nemenmsl OIA c60pKU
BAKYYMHO20 3aX8ama: 6aKyyMHAS NPUCOCKA — He MeHee
lwm, anexkmpomazHumubli Knanaum — He menee lum,




Ne
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HaumeHoBaHue
o6opyaosanus (PBIIO)

Kpancne l'lpHMeprle TE€eXHHYECKHE xapamepnc'ruku
(PBIIO)

Enununa
H3MEpeHHs

0J/IH4eCTBO

axyymuulli Hacoc — He menee lwm. 9) B cocmas nabopa
Donoicen 6x00UMb YyebHbIT KOMAIEK, 8KII0Yaloujull 8 cebs
yuebHoe nocobue, nabop bubnuomex mpexmephuix
D1eMeHmoB Ol NPOMOMUNUPOBAHUSL MOOenel
IMAHUNYIAYUOHHBIX POOOMOB, @ MAKIICe NPOZPAMMHOE
obecneuenue 0ns pabomet ¢ nabopom. Ilpozpammmoe
obecneyenue 00nNdCHO obecneyusams mpexmepHyio
leusyanuzayuro modenu ManunyIsyuorHozo poboma (c
V2080, NI0CKONAPAINENbHON U 0eNbma-KUHeMAamuKotl) 6
npoyecce pabomwi, obecneyusames nocmpoenue
NpoCMpancmeenHol mpaeKmopuu OBUNCeHUs
UCHOTHUMENbHO20 MEXaHUIMA MAHUNYIAYUOHHO20 poboma,
lBoamMooIcHOCMb 3a0anus NOCNE00BAMENbHOCU MOYeK 0N
NpOX0XCOeHUS Yepe3 HUX UCNOTHUMENbHO20 MeXaHU3IMa
wmanunyisyuonnozo poboma. Ilpozpammnoe obecnevenue
DONNCHO PYHKYUOHUPOBAMDb, KAK 8 OMOENbHOCMU 8 8UOe
cpedbl MOOenupo6anus, Max u 6 Pexcume MOHUMopuH2a 6
peanbHoOM 8pemMeHU npu ROOKTIOYeHUU Mooenu
Manunynsmopa nocpedcmeom pobomomexHueckozo
xkonmponnepa. [lpoepammroe obecneverue 0oNHCHO
obecneuusams 603MONCHOCMb NOCMPOEHUS 2PAPUKO8
Badannbix u mexkyujux 060bujenHsix KoopouHam
MaHUNYIAYUOHHO20 poboma, 2paghuxos 3HaveHul
cKopocme u YCKOpeHus, 2pagukos pacyemmolx 3HaveHull
nazpysku. Illpoepammuoe obecneyenue 00nHCHO NO3BONAMb
3a0agame NOCNe008amMenbHOCMb NEPEOBUNCEHUI
Manunysmopa nocpedcmsom Habopa komMano & bnouHo-
epaghuueckom unmepgeiice. Yuebnoe nocobue 0onHcHO
cooepacams mamepuansi no pazpabomke mpexmepHoix
Mooenett MoGUNbHBIX POBOMOB, MAHUNYAAYUOHHBIX POHOMOE
C PA3NTUYHBIMU MUNAMU KUHEMAMUKU (V210848 KUHEMAMUKA,
NNOCKO-NApannenbHas KUuHeMamuKxd, 0enbma-KuHeMamuxa,
SCARA unu puruasxcnas kunemamuka, niamgopma
Cmioapma u m.n.), uHCMpyKyuu no RPOeKMupo6anuio
pobomos, uncmpyKyuu u MemoOuKu ocyuyecmenenus
UHIICEHePHBIX PAcyemos npu NPOeKmupo6anuu (pacyemsi
HA2PY3KU U MOMEHMOE, pacyem MOuyHOCmu NPUsoos,
pacvem napamempos KUHeMAMUK U m.n.), UHCMpyKyuu no
paspabomke cucmem ynpasnenus 4 NPo2pammHo20
obecneyenus 0N ynpasnenus pobomamu, UHCMPYKYuu u
Memoouxu no pazpabomie cucmem ynpasieHus ¢
BIeMeHmamu UCKYCCMBEHHO20 UHMENNeKMa U MAUIUHHO20
06yyeHus.

\Habop ons 6vicmpozo
npomomunuposanus
D1eKMPOHHBIX yCmpolicme
Ha ocnoee
MUKPOKOHMPOLNEPHOU
nnamgpopmer co
lscmpoenHvim
uHmMepnpemamopom

\Muxpoxoumponnepras niamegopma co 8CmpoeHHbIM
unmepnpemamopom JavaScript: Hanuyue, KOMniexm
paduodemaneil: Hanuyue, n1AMA pACULUPEHUs: Haluque

wm.

8.00

\Habop ons beicmpozo
npomomunuposanus
bAeKMPOHHBIX yempoticme
Ha ocroge
IMUKDOKOHMPONNEPHOU
nramgpopmel

Mukpoxoumponnepuas nnamegpopma Arduino: nanuuue,
Komnnexm paduooemaneii U NPOBOOOE: HATUYUE, MAKEMHAA
nnama: Hanuque

8.00

\Obpazosamenvuniii Habop
018 U3YYEHUS MEeXHON02U
ceasu u loT

Obpazosamenvhsiit Habop npedHa3HayeH Oni u3y4eHus

ocroe npumenenua mexnonocui "Humeprem sewen" u cesasu
pobomomexnuyeckux cucmemax. B cocmae nabopa

Eon:»ceu BX00UMb KOMANEKM KOHCMPYKMUBHbBIX 21eMEHMO8

wm.

3.00
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KpaTKue NpHMEpPHbIE TEeXHHYECKHe XapaKTepHCTHKH
(PBIIO)

S IKOJIH‘ICCTBO

H3MepeHHs!

uz Memanna ona co6opru mooenu MobunbHo2o poboma c
Baxeamueim ycmpoucmeom. B cocmaeg nabopa doncen
BX00UMb KOMNIEKN KOHCMPYKMUBHBIX 21eMeHmMOo8 0
cOopku mooenu «ymHozo» 30anus. Bce komnnexmyiowue u
yempoucmea, 8xodawue 8 cocmas Habopa, 00NNCHbI Hbimb
coemecmumsl Opy2 ¢ Opy2OM KOHCMPYKMUBHBIM,
ONIEKMPUYECKUM, ANNApamHeiM U NPoOSPaAMMHbIM 0bpazom. B
cocmag Habopa O0NNCHO 6X00UMb: NPUBOD NOCMOAHHO2O
0Ka ¢ OAMYUKOM NONOJNCEHUA - He MeHee 2uim,
epeonpusoo bonvuloil — He MeHee 2um, cepeonpusoo

anviil — He menee 2uum, kamepa - He menee lum,
ipocpaMmMupyemviil Konmponnep — e menee lum,
KKYMYZIAMOop — He MeHee luum, 3apsaoHoe ycmpoucmeo — He
enee lwum. B cocmas nabopa dondicen 6Xx00umo KOMRIEKM
UHMENIeKMYAIbHbIX CEHCOPHBIX YCMPOUCME.
HumennekmyanbHvle CeHCOPHbIE YCmMPOUCMBa OONHCHbL
npedcmasnsime cobou yempoucmeo Ha 0CHOBe
BLIYUCTUMENLHO20 MUKPOKOHMPONNEPA U 6CMPOEHHO20
uzMepumenvbHozo anemenma. Humennexmyanenvie
cencopHble yCmpoucmea 00N’CHy! 001a0ams 6CMpPOEHHbIM
yughposvim u ananozoseim unmepghencom ons nepedayu
OaHHBIX, A MAKHCE 6CMPOEHHBIM NOCNE008AMENbHBIM
unmepgheiicom 0na obvedunenus opye ¢ Opy2om 6
cencophvie cucmemol. Komnnekm unmennekmyaioHoix
ICEHCOPHBIX YCmPOUCME 00NHCEH CO0epIHCamp — MOOYb
iceemoouoda — ne mernee 2uim, modyno RGB ceemoduoda —
He menee 2um, mooyne HK-0amuyuka nunuu — nHe meHee
Jwum, Modyne 36yK06020 uznywamens — ne menee lum,
MOOYNTb USMEPEHUs. MEMNEPAMypPbl U 61ANCHOCMU
OKpyorcalowei cpedwvl — He Menee luim, MOOYIb MAKmMosou
KHONKU — He MeHee 3uim, MoOynb 0amyuKka 0CeeujeHHoCmu —
He menee luum, M0oOyIb OemeKkmopa yposHs. ulyma — He
Mernee luim, MoOynb UsMepeHus 0aBneHUs. OKpY*caiouyen
cpedbl — He menee luim, MOOYb NOMENYUOMempPa — He
menee 2uim, MO0y OAMYUKa NONONCEHUA 8 NPOCMPAHCMEe
— He MeHee Tuum, MOOYIb KOHYEeB8020 npepviéameis — He
menee lwum. B cocmas nabopa dondicen 6x00umo
npoepammupyemoiil KOHmponnep — e menee luim.
[Ipocpammupyemuiii KOoHmponnep oondicen obecneyusams
8O3MONCHOCTb NPO2PAMMUPOBAHUA HA A3biKe JavaScript u
opeanuzayuu web-cepeepa obmena OGHHLIMU Yepe3
Humepnem. [Tpozpammupyembplii KoHmponnep 0onx4cex
obecneyusams 803MONCHOCHb NOOKNIOYEHUS. GHEULHUX
yempoticme ¢ nomougvio unmepgpeticos - GP10, UART, 12C,
I2S, SPI, 1-wire TTL, RS-485, CAN, Ethernet c noooepoicko
PoE

Komnnexm nonew u
copesHo8amenbHbIxX
oNeMenmos

[Komnnekm noneil u copeéHo8amenbHbiX 21eMeHmo8 OnA
nposedenus copesHo8anull ABMOHOMHBIX MOOUNbHBIX
o0bomos

wm.

1.00

Yemeipéxoceao yuebrviil
pobom- manunyrsamop ¢
MOOYTbHBIMU CMEHHBIMU
Hacaokamu

Vuebnoiti pobom-manunyiamop npedHasHayen ons 0C60eHUs
06Y4auumMucs 0CH08 pobomomexHuKy, Ons NOO20MOBKY
0byualowuxcs K BHeOPeHUI0 U NOCIEOYIOUleMY
UChonb308anU0 pOHOMOE 6 NPOMBIULIEHHOM NPOU3E00CMEE.
Konuyecmeo oceu poboma Manunyiamopa - yemwipe.
ITepemewyenue uHcmpymenma 6 npoCMpancmee no mpem
0CAM OONAHCHO YNPABTIAMbCA WLA20BLIMU OBUZAMENAMU.
Hanpsioicenue numanus uwiazosvix osuzamenei He 6onee 12
B. Cepeodsuzamens yemsaepmoil ocu O0NHCeH
obecneyusame nogopom uxcmpymenma. Yeon nosopoma
MAnunyIAmopa Ha OCHOBAHUY BOKPY2 6EPMUKANbHOU OCU He
wmenee 180 zpadycos. [ns onpedenenus RONOJICEHUA

wm.

1.00
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Ne
n/n

HaumeHoBaHHe
o6opyaosauus (PBIIO)

KpaTkue npaMepHbie TEXHHYECKHE XaPAKTEPHCTHKH

Eaunnua
(PBITIO) mmepemmll(m"weﬂ.n0

AHUNYIAMOPA NPU NOBOPOME BOKPY2 BEPMUKATLHOU OCU
ONIHCEH UCNONb308aAMbCA 3HK0OEp. Y2on nogopoma
aoHez0 nneya manunynamopa ne meree 90 zpadycos. Yzon
080poma nepednezo nieva manunyasmopa we menee 100
padycos. Jlns onpedenenus NON0NCeHUS 3a0He20 U
epeoHe20 niey MaHunyIAmopa O0AHCeH UCNONb308AMbCA
ppockon. Yzon nosopoma no wemeepmoii ocu He mexee 180
padycos. ondicna boims 803MONCHOCMb OCHAU EHUA
MEHHbIMU HACAOKamu (Hanpumep, depicamens KapaHoaua
u pnomacmepa, npucocka ¢ cepgodsguzamenem,
MeXaHuyeckoe 3axeamHoe yCmpoucmeo ¢ cepeoosuzamenem,
YCmpoucmeo ONs 1A3epHOU 2pasuposKU N YCmpoucmeo
ons 3D-nevamu). MunumanvHas KOMRIEKMAayus CMEeHHbIMU
Hacaokamu. nHeemMamuyeckul zaxeam (npucocka),
Mexanuyeckull 3axeam, Hacadka oepaicament Ons
Kapanoau a/mapkepa/pyyku, Hacaoka nepexooHux o
Kpenienusi COBMeCmuMblX KOHCMPYKMUBHBIX Oemane u
KOHCMPYKYuil, Hacaoka 1a3epHou 2pasuposku, nacaoxka 3D-
neyamu (0ns pabomer ¢ nnacmuxom PLA ¢ ouamempom
numu 1,75 mm). [onscen 6eime ocnawyen cepsonpueooom
011 NHEBMAMUYECKO20 U MEXAHUYECKO020 3ax8amos,
obecnequsalowum spaujeHue 3axeaieniozo 0bbexma 6o
BpeMs. nepemenyeHus, Nosopom nepemeujaemozo obvekma

oKpye sepmukanvHol ocu. [na obecneyenus
)VHKYUOHUPOBAHUA NHEEMAMUYECKO20 3aX8AMA O0NHCEH
biMb OCHAUjeH BCMPOEHHON 8 KOPNYC MAHUNYIAMOPA
omnoi. Jonscna 6oimes 803MONCHOCHIb ROOKNIOY EHUS
ONONHUMENbHBIX YCMpOUicma (Hanpumep, mpancnopmepa,
enbea 0NA hepemeujenust poboma, nynema ynpasnenus
UNa 0AHCOUCMUK, KaMepbl MAUUHHO20 3PEHUS,
lonmuyeckozo damyuxa, mooyns 6ecnposodHo20 docmyna).
\Pobom-manunynamop donxcen obecnevyusame nepemewyerue
Hacaoxku 6 npocmparcmee, GKMuGayuio Hacaoky,
BOIMOICHOCMb NOTYHEHUS CUSHAN0E8 OM KaMepbl U
DamuuK06, 603MOICHOCMb YNPABNEHUSL OONOTHUMENbHBIMU
yempoiicmeamu. Mamepuan xopnyca — anomunuil.
Tuamemp paboyeil 301b1 (be3 yuema HagecHo20
uHcmpymenma u yvemeepmoii ocu) ne menee 350 mm.
Humepgpetic nooxknovenun — USB. Jonocen umems
BO3MOJCHOCMb ABMOHOMHOU pAboOmMbl U GHEWHE20
vnpaenenus. [ns 6Hewnezo ynpagnenus 0ondxcer 6vimo
npedycmompen nynbm, ROOKOYaemvill K pobomy no
Bluetooth. Ynpaensiowuti konmponnep donxcen 6oime
coemecmum co cpedoii Arduino. Ynpasnawowui
KOHMPONNEP COBMECMUM CO CPeOOll NPOPaAMMUPOBAHUA
Scratch u sizvikom npoepammuposarnus C. Jonxcen
obecneyusams nNOGOPOM NO NEPELIM MPEM OCAM 8 3A0AHHbIU
V20N U Ha 3a0aHHbIIL Y201, NOBOPOM NO Yemeepmou OCU Ha
zadanmblil y2on, osudicenue 6 koopounamul X, Y, Z,
nepemewyenue Ha 3a0aHHOe PaccMoaHUe no KOOpOUuHamam
X, Y, Z, nepedauy 0annvix 0 mexyujem nonoxcenuu yenos,
nepeoayvy OanHblX 0 MeKyuux KOopoOuHamax uHCmpymenma.
[Tonowcen nodoepacueams nepemeyenue 8 0eKapmossix
KOOpOuHamax u y2nax nogopoma oceil, ¢ 3a0aHHoU
cKkopocmbio u yckopenuem. Tunvl nepemenjeHul 6
0eKapmosblx KOOpOuHamax: OBUNCEHUE NO MPAeKmopuu,
OBUdICEHUE NO NPAMOT MENCOY 0BYMA MOYKAMU,
nepenpuleusanue u3 mo4ku u mouky (nepexoc obvexma).
Kopnyc 0onsicen 6bims 8 3auyuuyennom ucnonnenue (kiacca
He nHuoice IP20).

Komnnexkm ona uzyyenus

Komnnexm ona pazpabomku u usyuenus mooene

wm,

1.00
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n/n

HaumeHoBaHHe
obopyaosauus (PBI1O)

KpaTkne npaMepHbIe TEXHHYECKHE XapaKTePHCTHKH
(PBIIO)

Eamne IKo.rm-lec'rBo
H3MEpeHHsl

ONepayUOHHBIX CUCmeM
peanbHo20 BpEMEHU U
cucmem ynpasnenus
a6MOHOMHBIX MOOUNbHBIX
pobomoe

npozpamMmupyemix agmoHOMHbIX MOOWIbHBIX POBOMOG.
Vuebnviui komnnexm 0ondicen no3eoname paspabameiéams
6204HO-MOOYNbHYIO KOHCMPYKYUIo MObUTbHO20 poboma. B
cocmas mobunbHo20 poboma 0onx*cHo 6xooums: IIpusod
sedyuyux konec - He menee 2uim. ITpueod oonxcen
npedcmaeiime cobol 21eKmpoMexanuieckyio cbopky Ha
oCHOGe O8uU2amens NOCMOAKHO20 MOKA, PedyKmopa,
Damuuxa nONONCEHUs. 6aIa U BCMPOEHHOU CUCMeMbl
ynpasienus. Cucmema ynpasierus npueooa 00nlCHa
lobecnewusame 603IMONCHOCMb 06bEOUHEHUA NPUBODOE C
nomouyvio nociedosamenvHo2o unmepgerca,
i803MOJCHOCMb 3A0AHUA NAPAMEMPOB KOHMYPO8
VApasneHus, ynpasiexHue 8paujeHuemM npusooa no CKopocmu
u nonodcerulo, Konmpone Hazpysku. [lpozpammupyemviii
konmponnep - He menee lwum. IIpoepammupyembviii
KoHmponnep dondcen obradams unmepeucamu - USB,
UART, TTL, RS485, CAN ons kommynukayuu c
MOOKIIIOYAEMBIMU GHEULHUMU YCMPOUCMBAMY, G MAKIHCE
YudposbLIMU U AHANO2068BIMU NOPMAMU 8800a/8b1800A.
\O0HonNamHbLl MUKpOKOMNbIOMED - He MerHee lwm.
O0HonNaMHBIE MUKPOKOMRbIOMEpP Q0NNCEH NPedCcmasisinb
coboil yempoiicmeo ¢ apxumexkmypou MUKponpoyeccopa
ARM, oonocen obnadams ne menee 2 8lNUCTUMENbHBIMU
wopamu ¢ makmosou yacmomou ne menee 11Ty, Jlazepnoiii
ckanupyrouuii oaneHomep - He menee lwm. Jlazeproii
ckanupylowuil OanbHomep 0ondxcer obecneyueame OUANA30H
usmeperus oanbHocmu 00 0b6vexkmos e menee 2.5 Mempos u
cexmop ckanupoganus He menee 360 yenosvix 2padycos.
Jamyux nunuu — ve menee 3 wm. Jlamuux 0onocen
obecneyusamos demexmuposanue TUHUU Ha KOHMPACMHOM
(hore u nepedasame OanHvie 6 NPOPAMMUPYEMbLU
KOHMPOILIEP O ee HaTu4uu nymem nepeoasu aHano208020
cucnana unu yughpoo2o cueHana, 1ubo nymem nepeoayu
yughpoeozo nakema danneix. Jamuuxa yeema — ne menee |
wm. Jlamyux 0ondicen panuyams y6emoeou ommeHoK
pacnonocenHo2o paoom ¢ Hum obvekma 6 RGB nomayuu u
obecnevusames nepedayy OGHHLIX 8 NPOZPAMMUPYEMblil

yugpoeozo nakema dannwvix. Maccus HK-0amuukoe - He
menee lwum. Maccue HK-0amyukos dondcer 6vimo
MpeOHasHaveH ONA OMCNEHCUBAHUS NUHUU OIS OBUNCEHUS
wmobunvrozo poboma. Maccus dondcen codepacame He
menee 6um HK-0amuukos, pacnonojcensix Ha 00Hou
nunuu. Cucmema mexnuveckozo 3penus - ne menee lum.
Cucmema mexnuueckozo 3peHun dondxcen obradame
COBMECMUMOCTBIO C PAZTUYHBIMU NPOZPAMMUDYEMbIMU
Konmponepamu ¢ homouvio unmepgeticog - TTL, UART,
12C, SPI, Ethernet. Cucmema mexnu4eckozo 3peHus
001CHA 0becneyu6ame 603MOACHOCTMb U3YHEHUA OCHOB
NPUMEHEHUA aneOPUMMOB MAUWUHHO20 0ByYeHus u
Hacmpouxu napamempos Heupocemeu. Cucmema
eXHUYECKO20 3PeHUs O0NAHCHA obecnequsams QYHKYUOHAN
aACNO3HABANUS PAINUYHBIX 2eOMemMPUYecKux 06bekmos no
abopy npu3Hakos, pacno3HaBanus 2paguieckux Mapkepos
una Aruco u 0p, pacho3Ha8aHUs MAccusos TUHUN U
IEMEHMOB 00PON*CHBIX 3HAK06 u pasmemku. Cucmema
npasneHuss MobunbHo20 poboma dONNHCHA NO3BONAMb
CYuyecmensimo aHanu3 oKpyxcaujelt 0bcmarnosku 6
ipoyecce 0BUNHCEHUA MOOUILHO20 pODOMA U OUHAMUYECKOM
eHeHUU oKpydAcalouelt 0bCmanoBKuU, 0Cyujecmenime

KOHmMpoanep o 3SHa4eHuu Kaxicoo2o yeemoeo2o Kanana 8 6uoe|

OpMUPOBAHUE KAPMbl IOKWILHOU 0OCMAHOBKU BOKPY2
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ll(o.nuqecrno

poboma u nokanuzayus nonodxcenus poboma na kapme,
nocmpoenue 2n0b6anbHo Kapmel OKPYHCAIOUe2o
npocmpancmea. Cucmema ynpaanenus mobuneHozo poboma
OONINHCHA NO3BONAMb OCYUECMBASAMb AHANU3 NIAHA/KAPMbl
OKpYJKcaiouje2o npocmpaxcmea, obuapyocenue
OKpyJIcaiouux 06vekmos, asmoHOMHoe NIAHUPOBaHUe
mapupyma u 06ve30a cCmamu4eckux u OUHAMUY eCKUX
npenamemeauit. Cucmema ynpaenenus mobunenozo poboma
ondcna obecneyusamo 803MONCHOCMb PAZMEMKY KAPbl
OKpYHCAIOu|e20 npocmpancmea Ha 30Kbl ¢ PA3NUYHBIMU
MpusHaKamu, 3a0agaemMuiMu noNb308amenem (30Hvl 3anpema
051 0BUNCEHUSA, O2panuyerus ckopocmu u m.n.). Cucmema
ynpagnenus MobunbHo2o poboma donxcra obecnevusame
l803MOdICHOCMb 3A0aHUS MOYEK U 30H HA Kapme
OKpY2ICcalouye2o npocmparncmea Ons asmoHOMHO20
nepemewyenun mexcoy Humu. Cucmema ynpagnenus
mobunbHozo poboma , eKoyalwas 8 cebs noocucmemsl,
akue Kak - cucmema ynpagienus 0gudcenuem poboma,
ucmema c6opa u 06pabomxu ceHcopHol ungopmayuu,
ucmemMa NOCMpPOEHUs Kapmul OKPYAHCAIouje2o
POCMPanCMEa u cucmema Hasu2ayuu, O0NHCHa bvime
eanu308ana Ha baze NPoOPaAMMUPyemMo20 KOHMporepa u
HONIAMH020 MUKPOKOMNbIOMEPA, @ MAKiCce YyCmpoicms,
00Awux 8 cocmas komnaekma. B cocmas komnnekma
ONIHCHO 8X00UMb NPOZpaMmHoe obecneyenue 0N
POZPAMMUPOBAHUS 8 MEKCMOBOM pedakmope Ha nodobuu
rduino IDE, npozpammupoeanuu ¢ noMoujbio CKpunmos Ha
wike Python, paspabomku cucmem ynpasnenus Ha OCHoge
OS. Taxk oice 8 cocnas KOMNIEKM Q0NHCHA BX00UMb
upmyansHas Mooenb MobunbHo2o poboma 6 eupmyansHom
KPYHCEHUU OIS MOORIUPOBAHUA AI20PUMMOB Cucmem
NpasNeHus ¢ NOMOWbI0 2paguyeckoll cpeoei.

O6pazosamenvheiit Habop

no 31eKMpOHUKe,

Bnekmpomexanuxe u
UKPORPOYeccopHOl
exHuKe

abop dondcen Gbimv npedHazHaveH ONIA NPoBeodeHUs
YebOHbIX 3aHAMUL NO UFYHEHUIO OCHOB MEXAMPOHUKU U
060MOmexHuKY, NPaKmMuyYecko20 npuMeHeHus bazoswvix
IEMEHM OB IN1eKMPOHUKY U CXEMOMEXHUKU, a MAKiCe
aubonee pacnpocmpanenou snemenmHo basvl u
CHOBHBIX MEXHUYECKUX PeuleHull, NPUMEeHSAEeMbIX npu
IPOEKMUPOBAHUYU U NPOMOMUNUPOBAHUU PASIUYHBIX
HOICEHEPHBIX, KUDEPHeMUYeCcKux u 6CMpausaemvlx CUCMEM.
cocmag Habopa OONHCHBL BX00UMb KOMIIEKMYIoujue u
cmpoiicmea, 0bradarujue KOHCMpPYKMUBHOL,
IEKMPUYECKOl, annapamuou U NPo2PamMmHol
oemecmumocmuio opye ¢ Opyeom. B cocmas nabopa
012ICEH 6X00UMb KOMRIEKM KOHCMPYKMUBHBIX 31EMEHMO8
Memanna 0ns cOopKku Makema ManunyisYuoHHo20
06oma u KOMNIEKM MemauIuy ecKux KOHCMPYKMUGHbIX
1eMeHmos 015 cbopku makema mobunvrozo poboma. B
ocmas Habopa ONHCHbL 8X00UMb NPUEOOA PAINUYHO20
una: MOMOPbL ¢ UHMEZPUPOBAHHBIM UNU BHEULHUM
amyuuKoM NONOANCEHUs. — He MeHee 2uum, cepeonpusod
onbUL Ol — He MeHee 4uim, cepeonpusod Mansiii — He MeHee
wm, npusoO ¢ BOIMONCHOCMbIO YNPABNEHUS 8 ULA208OM
edxcume — He menee 2uum. B cocmas nabopa 0onxcHel
X00Uumb 31emeHmel 018 cOOPKU BAKYYMHO20 3axeama:
aKYYMHAA NPUCOCKa — He mMeHee lum, 31eKmpoMacHumuulil
anan — ne menee luim, 8aGKYYMHbII HACOC — HEe MeHee
lwum. B cocmas nabopa 0onxcna 6xooums snemMeHmHas
aza 0151 nPOMOMUNUPOBAHUA: n1ama Ons bechaeyno2o
IPOMOMUNUPOBAHUS, KOMAIEKM NPOBOO0E PANUYHO20
una u ONuUHbl, KOMAIEKM Pe3UCmopos, KOMNIeKm

6.00
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c8emoou00086, cemucesmenmusiil uHoukamop, oucnneu KK-
imuna, KHonku — He MeHee Sum, nomerHyuomMempol — He
menee 3uum, ungpakpacuvli damyux - He mexee Juim,
VIbMPA38YKOBOLU OAMYUK - He MeHee 3utm, 0amyuk
memnepamypel - He MeHee luim, 0amyuk oceeujeHHoCmu -
e menee luum, modyne Bluetooth — ne menee lwum, mooyns
HK-npuemnuxa — ne menee luum, mooyne UK-nepedamuuxa
I8 6UOe KHONOYHO20 NyNbmMa ynpaenenus — lum,
akkymynsasmop — ne mexnee lwm, 3apadHoe ycmpoucmeo — He
menee luum. B cocmas nabopa 0ondicen 6x00umso
MYTbMUOamyuK Ol usMepexus memnepamypsl u
adcHocmu OKpyacaroujeli cpedbl — e menee Tum.
[ynemuoamyuk dondxicen obnadams 8CmMpoeHHbIM
UKPOKOHMpOInepom (makmosas yacmoma - He mexee 16
Y, wWuna OanHbix — He Menee 8 Kbaiim), unmepgeiicamu
15 ROOKNIOYEHUsL K BHEUHUM YCmpoucmeam: yugposvie u
Hanozoswie nopmei, 1-wire TTL, pasvem muna RJ. B
ocmae Habopa 0ondiceH 6X00UMb KOMNIEKM
HUBEPCANbHBIX 8bIYUCTUMENbHBIX MOOYIEN,
ipedcmaesnsioujux cobout bazosyio nramy, niany
acuiupenus Ons cemesozo 63auMo0elicCmeus u niamy
00KNIOYEHUA CUN0BOU Hacpy3Ku. Bxooauue 8 komniexm
cmpoucmea 0ondicHsl 06nadams 00HOBpeMeHHOU
OHCMPYKMUBHOU, NIEKMPUYECKON, annapamuou u
IPO2PAMMHOU COBMECMUMOCmbio Opye ¢ opyeom. basosas
ama yHueepcanbHo20o 6ol4UCIUMENbHO20 MOOYNIA OONNCHA
)pedcmasname cobou npoepamMmupyemuiii KOHmponnep 8
pede Arduino IDE unu ananoeuyneix c60600H0
acnpocmpansemvix cpeoax paspabomxu. bazosas nnama
onICHa 0bnadame 6cMpoeHHbIMU UHMepgeucamu ons
0OKNOYeHUS YUPPOBBIX U AHANO208bIX YCMPOUCTS,
cmpoennvimu unmepgevicamu USB, UART, 12C, SP1, 1-
ire TTL, Bluetooth, WiFi. [Inama pacuwupenus O0NxcHa
becneuusams 603MOHCHOCML NOOKTIOYEHUS
HUBEPCANbHO20 BLIYUCIUMENBHO20 MOOYIS K cemu
ocpedcmeom unmepgeiica Ethernet. Ilnama pacuupenus
ondkcHa obnadame nopmamu 6600a-8v1800a Oisl
0OKNIOYEHUA YUPPOBLIX U AHANO208bIX YCMPOUCTS,
unmepgpetic SPI u 603M0ACHOCMbIO NOOKNIOYEHUS GHEuH el
apmor navamu. Ilnama pacuiupenus Ons NOOKIIOYEHUA
U10601U HA2PY3KU OONNHCHA 0BeCneyuBams BOIMONCHOCMb
IPAMO20 ROOKMIOYEHUs. BHEULHEll CUN0BOU HAZPY3KU, A
akoice pe2ynupyemou Hazpy3ku nocpedcmaom PWM
unmepgetica. B cocmas nabopa dondicen 6xodume
npozpammupyemulii Konmposnep, obecneyugarouui
|803MOJICHOCMb OCYWjeCmEIsMb PA3pabomKy npoOSPaAMMHO20
K00a, UCNONL3YA UHCMPYMeHmaputi cped paspabomku
Arduino IDE u Mongoose OS u a3bik08 npozpammuposanus
C\C++, JavaScript. IIpoepammupyemviit Kowmponnep
Oonicen obradamo nopmamu OnR ROOKNIOYEHUs YuppossIxX U
ananozo8elx ycmpoucms, 6CMpoeHHbIMU
npo2pamMmMupyemMobiMu KHONKAMU U 31eKMPOMEXaHUeCKUMU
MOOYIAMU ONA OP2AHUZAYUU CUCIEMb! PYYHO20 YPABIEHUS,
BCMPOCHHBIMU NPO2PAMMUPYEMBIMU CEeMOOU0Oamu O
uHOUKayuu paboyezo pexrcuma, 6CMpoeHHbIMU
unmepghericamu USB, USART, 12C, SPI, I-wire TTL, ISP,
[Ethernet, Bluetooth, WiFi. B cocmas nabopa donicen
BX00UMb MOOYIb MEXHUYECKO20 3PEHUs , NPedCMABNAIOU UL
co00ll BbI4UCIUMENIBHOE YCMPOUCMEO CO BCMPOEHHBIM
MuKkponpoyeccopom (Kon-6o soep - He mexee 4um,
wacmoma sdpa e menee 1.2 I'Ty, o6vem O3Y - ne menee
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512Mb, obvem 6cmpoennoli namamu - ne menee 816),
UHMe2PUPOBAHHOU KaMepOoll (MAKCUMATbHOE Pa3peuleHue
lsudeonomoxa, nepedasaemozo no unmepgpeticy USB - ne
wmenee 2592x1944 eo.) u onmuyeckoti cucmemou. Mooyns
eXHUYECKO020 3peHus 0ondceH obradame
08MECMUMOCMbIO C PAZNUYHBIMU NPOZPAMMUDY EMBIMU
OHmMponepamu ¢ nomMowsio unmepgeiicos - 1-wire TTL,
UART, 12C, SPI, Ethernet. Modyne mexnuuecko2o 3peHus
ondicer obecneyugame 6bINONHEHUE BCEX USMEPEHUN U
BIYUCTEHUT NOCPEOCMBOM CODCMBEHHBIX BbIYUCIUMENbHBIX
03MOJCHOCMET BCMPOEHH020 Mukponpoyeccopa. Mooyne
eXHUYeCK020 3peHUst OONAHCeH 061a0ams 603MONCHOCMbIO
OMMYHUKAYUU C AHANO2UMHBIMU MOOYISIMU NOCPEOCMBOM
unvl Ha 6aze nocnedosamenbHo20 unmepgetica ¢ yenvio
anbHeliuel nepedayu pe3ynbmamos usMeperuil 2pynnol
o0ynell Ha ynpasisioujee 8blYUCIUMenbHoe YCmpoucmaso,
00KTI0YeHHoe K OanHou wiune. Modyns mexHuyeckozo
peHus 0onxcen obecnevwusams HaACMPOUKU PEHCUMOB
abomei - HacCMpoIKy skcno3uyuu, banarca benozo,
8eMOPAZHOCMHBIX COCMABIAIOUWUX, NIOUA0U
brapyorcusaemon obnacmu u306paxcenus, oKpyerocmu
brapyorcusaemott obnacmu u306padxcenus, NONoOXCeHue
bHapysrcusaemuix obnacmeil omuocumenvHo opye opya2a,
awunHoe obyvenue napamempos HelipoHHbIX cemeil Ons
brapysicenus 06vexmos, hopmy u 3ako0uposanvie
Havenus 0bHapyscusaemvix mapkepos muna Aruco,
asmepvl 0OHAPYICUBACMBIX OKPYICHOCMEl, KBAOPAMO8 U
PEY20NbHUKO8, Napamempos8 KOHMpPAcmHoCmu, pazmepos,
PUBUIHYL U NONOJICEHUs. pacho3Hasaemvlx tunull. Habop
oncen obecneyusames 03IMONCHOCMb pazpabomxu Mooenu
obunbrozo poboma, ynpasnsemot 8 FPV-pedcume
0Cpedcmeom npopammno2o obecneyenus ons
ePCOHAILHO20 KOMNbIOMEPA U MODUNLHBIX YCmpPOoUcme Ha
aze OC Android unu 10S, obecneyusarowjezo
03MOJCHOCMb YNPABIeHUA MODUTbHBIM pobomom u
CMPOEHHBIM MAHURYIAMOPOM ROCPEOCMBOM 2PaAphu4eckozo
unmepghetica, exnouaouum 6 ceba Habop KHONOK u
neperouamenet, Oxcoiicmuk, obaracme 012 omobpaxcenus
udeo. Habop donxcen obecheyusams 803MOHCHOCMb
3VUeHUA OCHOG pa3pabomKu NPO2PamMMHBIX U GnNApamHblx
OMNIEKCO8 UHIICEHEPHBIX CUCmeM, peuleHull 8 cgepe
""Humepnem seweii"", a maxoice pewenuil 6 obnacmu
pobomomexHuKU, UCKYCCMBEHHO20 UHMeNNeKma u
mawunnozo obyvenusn. B cocmas nabopa 0onsicHo 6xo0ums
nocobue no u3y4eHuio OCHOB ANEKMPOHUKU U CXEMOMEXHUKY,
pewenuil 6 cghepe ""Hnumepnem sewen"", pazpabomru u
npomomunuposanuio modeneti pobomos. B cocmas nabopa
D0N2ICHO 8X00UMb NOCObUE NO U3YYEHUIO OCHO8 pazpabomku
cucmem mexHuYecKo20 3peHUs U 31eMeHmoe
UCKyCCmBeHHO20 uHmennexma.

Obpazosamenvubiit Habop
no Mexanuxe, MexampoHuxe
pobomomexHuke

Obpazosamenvhviii Habop 0onxceH bvimb npedHazHayex ons
U3YYEHUA MEXAHUKU, MeXAMPOHUKYU U POBOMOMEXHUKU.
Obpazosamenvhbiii HABop npedHazHayex Ona paspabomxu
NpocpamMmupyemulx Mooeneu MexampoHHbIX CUCnmem u
MObUNLHBIX POBOMOB, OCHAWEHHBIX PAITUYHBIMU
MAHURYIAYUOHHBIMU U 3aX8AMHBIMU yempoucmeamu. B
cocmas Habopa 0onHCHO 8X00UMb: KOMINEKM
KOHCIMPYKMUBHBIX 27IEMEHMOB U3 MEMAING, KOMNIEKmM
KPEnéxCHbIX 21eMeHMo8, KoMniekm Ons cOopku 3axeamnozo
yempoticmea — He menee 1 wm., koneca ¢ npope3uHeHHbM
06000M — He meHee 2 wim., Koneca 6CeHanpasnesHo2o

wm. 3.00
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0BUNCEHUA -He MeHee 2 um., NPUBOO NOCMOSHHO20 MOKA C
UHMEe2PUPOBAHHOU CUCMEMOU YNPABHCHUA,
obecnequgaioujeti 06pammyIo C6:3b NONOHCEHUIO, CKOPOCMU
U Hazpyske - He MeHee 4 wm., 0amuuK TUHUU - He Menee 3
wim., 0amuuK paccmosHus — ne menee 1 wm.,
akkymynsimopras bamapes — ve menee 1 wm., 3apsoHoe
yempoticmeo — ne menee 1 wm. B cocmas nabopa dondicen
BX00UMb NPOSPAMMUDYEMbITl KOHMPOIEp,
obecneyusarowuli 603MONCHOCME OCYUyECMENIAMb
paspabomky npoepamMmHo20 K0O0a, UCRONb3YA
uncmpymenmapui cped paspabomku Arduino IDE.
ITpozpammupyemeiti Kormponnep 0ondcen obecneyugams
annapamuyio u npocPamMmHyIo COBMeCmumMocmsy ¢
onemeHmHou 6azoi, 6xooauel 8 cocmas Habopa.
[Tpozpammupyemeliti KOHmpoanep O0NHCeH COOePHCamb
cnedylouue unmepgeicel. yugposeie u aHano208ble NOpMul
— ne menee 50um, USB, USART, I12C, SPI, ISP, Bluetooth,
WiFi. IIpozpammupyemvlii Koumponnep 00N4CeH
lcooeparcams unmepghetic (015 NOOKNIOYeHUA NPUBoO0E6 U
Damyuxos pobomomexnuyeckozo Habopa), peanu308anHbIl
a 6aze wunel RS-485 — ne menee 12wm.
[Tpocpammupyemblii KOHMPOLTEP QONHNCEH COOPHCAMb
Cuno60U nopm 0N NOOKNIOYEHUS 6HEULHET HAZPY3KU UNU
mMomopoe — He menee 2uum. B cocmae nabopa dondicen
BX00UMb MOOYIb MEXHUYECK020 3peHus — He meHee luim.
Mooyne mexnuyecko2o 3peHus 0onxcen obecneyusams
1803MOJICHOCMb KOMMYHUKAYUU C AHANO2UYHBIMU MOOYIAMU
nocpedcmsom wiuHbl Ha 6aze NOCIEO06AMENbHO20
unmepgpeiica ¢ yenvio Oanvreuieli nepedayu pesynemamos
usMepeHul 2pynnsl Mooyael Ha ynpaeusioujee
BIYUCTUMENIbHOE YCMPOUCME0, ROOKNIOYEHHOEe K OAHHOM
une. Mooyne mexnuueckozo 3penusi 0onxiceH
becneyugams 803MONCHOCMb OCYUJECMENSAMb HACMPOUKY
00YNIA MEXHUYECKO20 3PEHUSt - HACMPOUKY IKCRO3UYUU,
aranca 6enozo, Y6eMopPAIHOCHIHBIX COCMABIAIOUUX,

owaou obrapyxcusaemon obnacmu uz00pasncenus,
Kpy2anocmu obxapyscusaemoi obracmu uzobpasicenus,
onodicenue obHapyscueaemMlx 06nacmen OMHOCUMENbHO
pye Opyea. Mooyne mexnuuecko2o 3peHus 0onxuceH
becneyugamo 803MOINCHOCMb HACMPOUKU HA
00HO08pemennoe obuapydicenue He menee 10 paznuyunbx

uHOYHBIX 06beKmos 6 cekmope ob3opa, 1ubo He menee 5
0CMAasHBIX 06bEKMO06, COCMOAWUX U3 He MeHee 3
A3NUYHBIX epaguyeckux npumumueos. Moodynb
eXHUYeCK020 3peHus 00nxHceH 0bnadame 6CMpoeHHbIMU
unmepgeiicamu — USB, UART, 1-wire TTL, I12C, SPI ona
KOMMYHUKQYUU CO HEULHUMU NOOKIIIOY AeMbIMU
yempoucmeamu.

Ob6pazosamenvuwiil
KOHCMpYKmMop ¢
KOMNIEKMOM 0amyuKkos

Obpazosamenvviit Habop dondiceH bvimpb NpeoHazHayeH Ons
U3YHEHUA OCHOB Pa3pabomku npo2pammupyemsix Mooenel
lasmonomMHbIX MObUNbHLIX pobomos. B cocmas nabopa
QONACHO BXOOUMb. KOMIIEKM KOHCMPYKMUBHBIX 2/IEMEHM08
U3 NIACMUKA, UHCIMPYMeEHM 0N pabombel ¢ KPenelicHolMu
KOMNOHEHmMamu, cepeonpusoo ¢ BCMpPOEHHOU CUCEMON
ynpasnenus, obecnevusaioujeit 06pamuylo céav
nonodicenulo, CKOpocmu u HazpysKke - He MeHee 4 wm., nynem
ynpaenenus — ne menee lwm, oamyux xacanus — He menee |
wm., 0amyuk yeema — He menee luum, Oamyux maKmuiovHo-
CEHCOPHBITL CO CBEMOOUOOHBIM MOOYIeM — He MeHee | wm.,
Kamepa ¢ 603MONCHOCMbIO 00HOBPEMEHHO20 OnpedeneHusn
HeCKONbKUX Yy8emoe — He Menee 1 wum., akKyMyIssmopHas

wm.

8.00
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bamapes — ne menee 1 wm. B cocmas nabopa dondicen
lexodums pobomomexnuyeckuii KOHmponnep — He Menee
Twum. Po6omomexnuyeckuii konmpoanep oondxcen obnaoame

cmpoennbim ysemuoim KK akpanom u ecmpoennsim
Enepuuounwu damuuxom. Pobomomexnuyeckuii
Konmponnep oonxcen umems He menee 12 nopmoe ons
NOOKIIOYEHUS. BHEUHUX YCMPOUICME U NOPM OIS YCIMAHOBKU
kapmul namamu. B cocmas nabopa oonsicen 6xo0ume
npozpammupyemelti konmponiep — ne mevee 1 wm.
[Tpozpammupyembiil KOKMPOIIEP OONHCEH NPEOCMABNIMb
coboul yempoiicmeo, obecneyusaioujee 803M0ONCHOCMb
ocywyecmensme pazpabomky npozpamMMHo20 K0oa,
ucnonvays uncmpymenmapui cped paspabomsu Arduino
IDE. Ilpozpammupyemulii KoHmponnep 00nNHceH
obecneyugame annapamuyio u NPoPamMmHyIo
coemecmumocms ¢ s1emenmHo 6azou, 8xooswel 8 cocmae
nabopa. IIpoepammupyemvlii KOHMpoIIep O0NNHCeH
cooeparcams cnedyroujue unmepgheticel: yughposeie u
ananozosvie nopmol — e menee S0wm, USB, USART, 12C,
SP1, ISP, Bluetooth, WiFi. IIpoepammupyemeiti konmponnep
Donokcen cooeparcams unmepghetic Ona NOOKNIOYEHUR
npueodoe u damuukos pobomomexnuyecko2o Habopa— ne
mernee 12 wm.

Haumenosanune Hanpasienusi: " Texnonozuyeckan nanpasnennocms. BHO"

HanmeHnoBanue paszaena:
"TexHonornyeckas
HanpasieHHocTb. BUO"

[IpedHasnaven 015 onpedeneHus ONMUYecKou NOMHOCMU,

Crnexmpogomomemp K03hhuyuenmos nponyckanus u KOHyeHmpayuu wm.

a3HO0BPA3HbIX PACMBOpPO8

1.00

[peonaznayervl 0N MOYHBIX USMEPEHUT MACCHI,

Ananumuyeckue ecol NO360ONAIOM KOHMPOAUposame UISMEHEHUA MACCHl C wm.

mounocmoio 0,1 me.

1.00

Yuebno-uccnedosamenvckas
nabopamopus buocucnanos
u HelipomexHono2un

B cocmae exooam: Cencop Tun | ne menee I wm.,
obecneyusaem 603MONCHOCMb pe2ucmpayuu CuzHana
DIeKMpUYECcKOll GKMUBHOCIU MbIULY (3NeKMPOMUOZDAMMB,
OMT). Pecucmpayus 0onxcHa ocyujecmensiemcs
HeunB8azueHo, cyxumu snekmpooamu. Boamookcrnocmeio
(pennieHust K pyKe Yenogexa, Ymo 0ONHCHO 0agams
03MOJICHOCMb PE2UCMPUPOBAMb INEKMPUYECKYIO
KMUGHOCMU MbluiYybl 8 0bnacmu, Had Komopoi
acnonazaemcs kpennenue. [Ipu Hanpajcenuu Moiuiysl
onicHa Geime 0becneyena 803MoN*CHOCMb HabNo0eHUA
yuHocmu cuexana (m.e. npucymemesue M), npu
accnabnenuu mviuysl - ee omcymemeue. Cencop Tun 2 e
enee | wm., obecneqyugaem 603IMONCHOCMb pe2ucmpayuu
Hana gpomonnemuzmozpammel (PI1I) onmuveckum
meM, 3a CHem U3MEHEHUS OMPA*CEHHO20 OM KPOBEHOCHbIX
0Ccy008 ceema, 00bem KOMOopbIX UBMEHAEMCs NOO
o30eticmeuem nynbcosoti gonnbl. Cencop doncen Goims
becneyern 803MOJICHOCMbIO KPENNEHUA K NOOYULeYKe nanvya
enogexa. Cencop Tun 3 ne menee I wm., obecnevusaem
03MOJNCHOCMb. PeSUCMPAY UL CUSHANA
nekmpokapouozpammel (IKI) ne unsazusnovim cnocobom;
ecucmpayuu I, II u IIl omeedenuil; nooknoyenusa
1IeKMPOO08 K CEHCOPY C NOMOUbIO COEOUHUMENbHbIX
1p080008, obopydosannwix TouchProof pazvemamu.

encop Tun 4 ne menee 1 wum. obecneyusaem
03MOJICHOCb. PE2UCMPAYUU CUSHANA KOHCHO-
anveanuyeckoli peaxyuu (KI'P), pecucmpayus komopozo
Cyujecmansiemcs Ha NOCMOSHHOM MoKe; NOOKIOYEHUR K
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Ne
n/n

HaumeHoBaHue
oGopynosaunusi (PBITIO)

Kpancue NpHMepHbIe TEXHHYECKHE XaPpAKTEPHCTHKH
(PBIIO)

EnuHanna
H3MEpPECHHSA

IRO.I“I‘ICCTBO

imeny uenogexa ¢ NOMOUbIO CYXuX 21eKmpooos,
NOOKNIOYEeHUEe KOMOPBIX K CEHCOPY OCYUeCmEnaemcs ¢
nomowywvio TouchProof pazvemos. Cencop Tun 5 ne menee 1
wm., obecnevusaem 603MONCHOCMb: PESUCTIPAYUU CUSHAIA
brekmpuyeckou akmugnocmu mosea (33I) ¢ nomowsio
CYXUX HEUHBAZUBHBIX INEKMPOO08; PecUcCmpayuu
DIeKMPUYECKOU aKMUBHOCMU PA3HBIX 00Nell M032a;
NOOKNIOYEHUS INEKMPOOOE K CEHCOpPY C NOMOUbIO
coeduHumenvHovIx NPo6000s, obopyoosareix TouchProof
pazvemamu; 3aKkpenienus 21eKkmpooos Ha NOGEPXHOCMU
eonoavl. Cencop Tun 6 ne menee 1 wum., obecnevusaem
03MOJICHOCMb: Pe2UCMPAYUU CUSHANA KONeDanus 2pyOHOll

emku (Cencop ObiIxanus); onpedeneHus 4acmomol
bIXAHUA. Yempoticmeo ons cbopa 0aHHBIX Om CeHCopos U
epedayu Ha NepPCoHANbHbII KOMNblomep obecneyusaem
03MOJNCHOCH COOPA OAHHBIX OM NOOKNIOYEHHBIX K HEMY
€HCOPOB U OMNPasKy noay4exnvix oanHslx Ha I1K.
00KNI0YeHue yenmpanoHo2o mooyas Kk IIK ¢ nomowwio
USB-kabena. Llenmpanvuviii MoOyib umeem He menee I wm,
: eanveanuueckyio uzonsyuio om I1K. LlenmpanvHoiti Mooy
becneyueaem 803MOACHOCMb OOHOBDEMEHHO20
00KmoYeHust 6nnome 00 4 cencopos. Kascowii uz 6x0006
eHmpanbHo20 MOOYIA UMeem 2aTb68aAHUYECKYIO USONAYUIO
(0becneyenue MeXCKAHANbHOU 2anb8aAHUYECKOU U3ONAYUU).
00KM0YeHue cencopos K Llenmpansnomy Mo0yio
CYUeCMEISIEMCA C NOMOUbIO CREYUANUIUP OBAHHBIX
azvemos muna LEMO, obecnevugaiowyux npaguioHocme
0OKMNOYEHUA PA3bEMA U CHUNICAIOUJUX PUCK CIYHAUHO20
ACAHUA PA3LeMO8 MOKONPOBOOAWUX Yacmell, A maKdsce
becnequsaruux 3auyumy om HecanKYUuoHUPOBAHHO20
00KNIOYEHUA K NPOU3BONbHelM yempoticmeam. Mooyne
«Knonka» ne menee 1 wm., obecneyusaem 603MONCHOCMb:
AzMemKU pecUcCmpupyemolx CUzHaN08 u Omme4ams He
eHee 3-X paznuyHelX Kame20puu cOCMOosSHU.
Yempoiicmso, 6xooawee 6 cocmas nabopamopu, 00NHCHO
becneyusamv 803IMONCHOCHb PESUCMPAYUU
apmepuanbHo2o 0aneHus.

HaumenoBanue HanpapjieHusi: "Komnvlomeprnoe u npesenmayuonnoe obopyoosanue’

HaumeHnoBaHue pasziena:
"KomrnbioTepHoe U
Mpe3eHTallHOHHOE
obopynosanue"

Drunyapm

Pazmep paboueii obnacmu: ne menee 700x1000 mm

wm.

2.00

Tenesicka 0na 3apAoKY U
XpaHeHus Hoymoykos

fmun kopnyca: meman; 803modxcHocme 6e30nacHo20
BaujuuyeHHO20 3aMKOM XPaHeHus HOymoOyKos: Hanuyue;
60IMOJICHOCMb 3aPAOKU HOYMOYKO0G8.: Hanuyue, n000epiHCKa
Hoymbykoe n.1.; naruyue poymepa Wi-Fi cmandapma
802.11n unu cospemennee: 1 wum. noddepacka Hoymbykoe
n.1; konuwecmeo Hoymoykos: om 15 wmyk, nododepaicka
Hnoym6yxoe n.1; Hanpsaoscenue numanus: 220B\50Iy;
ITompebnsiemas mowgHocms, Bm (maxcumym): 2500,
ITompebnsiemoiii mok, A (maxcumym): 12; Inuna wnypa
baexkmponumanua: om 2,5 mempa; 3auuma om
NepPeHanpaANCeHwsl, KOpomKo20 3aMbIKAHUA! Haluvue,
Koneca 018 nepedsudiceHus. ¢ mopmo3om: Hanuvue.

wm.

2.00

MDY mun 2

Tun ycmpoiicmea: Muozogynkyuonansroe ycmpoicmeo
(M®DY); [leemnocme nevams.: yeemnas; Popmam newamu:
ne menee A4; Tun ckanupo6anus:
npomsicHbl i/ nianuemnbill; BozmodcHocms CKAHUPOBAHUS

popmamax: ne menee A4; Cnocob nooxmoyvenus: LAN,
Wi-Fi, USB.

wm.
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HaumeHoBaHHe
oGopyaosauusi (PBI1O)

KpaTkue npumMepHbIe TEXHHYECKHE XaPAKTEPHCTHKH
(PBIIO)

Enununa h(
11 - 0JIHYECTBO

H3MepeHHsi

MDY mun 1

Tun yempoiuicmea: Muozogyynkyuonanenoe ycmpoucmso
(M®Y); Lleemnocme neyame. yeprno-benan, Texnonozus
neyamu: snekmpozpaguyeckan (1azepHan, ceemoouooHas);
Dopmam nevamu. He menee A4; Tun ckanuposanus:
npomadcHolll/ naanuwemnsiil;, Bozmodcnocms ckanuposanus

gopmamax: ne menee A4; Cnocob nooxniovenusn: LAN,
Wi-Fi, USB

1.00

Hoymbyx

Dopm-ghakmop: Hoymbyk; Pazmep ouazonanu: He mexee
15.6 oroimos; Paspewenue skpana: Full HD, Quad HD unu
Ultra HD; O6wuii o6vem ycmanognexsHou onepamusHo
namamu: He menee 8 I'baium; Maxcumanvuvii 0buuil
noooepacusaemvlli 06veM onepamusHol NamMamu: He MeHee
16 I'baum,; Ob6wvem SSD nakonumens: ne menee 240 I'batim;
\Becnposoonas cesasw: Wi-Fi; Konuuecmso ecmpoennbix 6
kopnyc nopmos USB: ne menee 2, u3 komopeix e menee |
Vonxcro beime USB eepcuu e nugce 3.0; Paspewenue 636-
kamepol, Mnukcens: ne menee 0.3; Bcmpoennviit mMukpoghon;
Knasuamypa ¢ packniaokoul u MapKupoeKou Knasuut
QWERTY/HIIYVKEH; IToddepacka cmandapmos
becnposoonoit ceszu: 802.11a/b/g/n/ac;
ITpouzsodumenvHocme npoyeccopa (3Havexue nNoKazamens
«CPU Mark» no mecmy «Laptop & Portable CPU
Perfomance» http://www.cpubenchmark.net/laptop.html): ne
menee 5000 edunuy, Hanuuue Manunyisamopa msiuts 6
Komnnekme: 0a, YcmanoeneHHas onepayuorHas cucmema c
epaghuyeckum nonb308amensCkumM unmepgpeiicom, ceedeHus
0 KOMOPOM BKIIOYEHbBL 8 eOUHBIU peecmp POCCULICKUX
NpoPamMM ONS SNeKMPOHHBIX BLIYUCTUMENbHBIX MAULUH U
6a3 dannelx, Ycemaroenenuwviit nakem ogucHozo
npozpammnozo obecneyeHus, COBMeCMuUMo2o ¢
VCMaHo8NeHHOU ONepayuoHHON CUCEMOT, C8e0eHUA O
KOMOPOM BKNIOYEHbI 8 eOUHBII PeeCmp POCCUTICKUX
npocpamm 0N INEKMPOHHBIX BbIYUCTUMENbHBIX MAULUH U
6a3 oanHblx.

wm.

30.00

HnmepaxkmugHblii KOMNNEKC
C gblyuCIUmMENLHHIM BIOKOM
U MOGUNbHBIM Kpennenuem

HnmepakmusHviil KOMINEKC € 8bIYUCIUMENbHBIM BIOKOM U
MOBUNBbHBIM KpeNnTeHUeM QONNHCeH COOMBEMCmME08ams
cnedyiowum mexnuyeckum mpebosarnuim: Pazmep
Ouazonanu: ne menee 74 dimos; Paspewenue sxkpana no
copuzonmanu: ne menee 3000 nuxceneii: Paspeuwenue
okpana no eepmuxanu: He menee 2100 nuxcenei;
[Toooepaicka paspewenus 3840x2160 nuxceneu (npu 60 I'y):
0a; Hanuvue scmpoenHou akycmuyeckoli cucmemsl. 0a;
Konuwecmeo mouex kacanus: ne menee 20; Boicoma
cpabamuiganus cencopa om nOGEPXHOCMU IKPAHA: He Gonee
3 munnumempos; Bpems omkauka cencopa Kacanus: e
6onee 10 murnucexyno, Bempoennvie pynkyuu
pacnoznasanus 06vekmos kacanus: oa; Konuvecmeo
NO0OEPIHCUBACMBIX CINULYCO8 OOHOBPEMEHHO: He MeHee 2,
Bozmooicnocms nookmovenus k cemu Ethernet npogoonvim
cnocobom: 0a; BoamodcHocms nOOKOeHuA K cemu
[Ethernet 6ecnposoonvim cnocobom (Wi-Fi): oa;
BO3MOJICHOCMb UCNONb308AHUA IAOOHU 8 KaYyecmae
uHcmpymenma cmupanus: oa; Hanuuue unmezpuposannozo
Damyuxa oceeuyeHHocmu 0Nl ABMOMAamMu4eckoll KoppeKyuu
liprocmu nooceemxu: 0a; Hanuvue ¢ghynkyuu 6ecnpogodnoi
nepedayu uzobpaxcenus ¢ yempoiicme na 6aze OC
Windows: 0a; Hanuuue ghynkyuu becnposodnoil nepedayu
obpasicenus ¢ yempoticme Ha 6aze OC MacOS: da;
anuyue yukyuu bechpoeodHol nepedayu u306paNcenus ¢
cmpoticmes na 6aze OC iOS: 0a; Hanuuue gpynxyuu
echpo8oOHOU nepedayu u306paNCeHus ¢ yempoucmes Ha
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HaumeHoBauue
o6opyaoBaunusi (PBI1O)

l(pa'rlcue NpHMeEpHbIE TEXHHYECKHE XapaKTEPHCTHKH
(PBIIO)

LA ll(onnqecrno

H3MepeHHs!

6ase OC Android: 0a; BozmodicHocme yoanenHozo
ynpaenenus u monumopunea: 0a; Hanuvue kpennenus 6
komnnekme: 0a;, Hanuvue choma Ha kopnyce 0na yCmaHO8KuU
DONONHUMENbHO20 GeIYUCIUMENbHO20 broKa: 0a;
MakcumanvHbiii nOOOeprcusaemvlli 06vem onepamueHol
Inamamu OONOTHUMENbHO20 BbIYUCIUMENbHO20 ONOKA: He
wmenee 8 I'6; Maxcumanbiulli nododepicueaemvili 06vem
HaKonumens OONOIHUMENbHOZ0 BLIYUCTUMENbHO20 DI0KA: He|
wmenee 128 I'6; Pazvem 015 NOOKNIOYEHUA OONOTHUMENbHO2O
lBbIYUCIUMENbHO20 BI0KA € KOHMAKMAMU 2NeKMPONUMAHUA
BLIYUCTUMENbHO20 DIOKa OM 8CMPOEHH020 610Ka NUMAHUA
UHMEPAKMUEHO20 KOMNIEKCA U KOHMAKMamu ons
nookatoyenus yughposozo sudeocucnana u USB ons
NOOKNIOYEHUS CEHCOPA KACAHUA: Hanuyue;
[TpouzgodumensHocms npoyeccopa OONOTHUMENbHO20
lebruucaumensnozo bnoka (3uavenue noxkazamenn « CPU
Mark» no mecmy «Desktop CPU Perfomancey
https://www.cpubenchmark.net/desktop. html unu no mecmy
«Laptop & Portable CPU Performancey
htips.//www.cpubenchmark.net/laptop.html): ne menee 7000
ounuy, Paspewenue na vixooe sudeoadanmepa
bIYUCTUMENbHO20 DOKA npu pabome ¢ UHMEPaKMuUBHsIM
komnnexcom: ne menee 3840 x 2160 nuxceneit npu 60 I'y;
Hanuyue y 00nonHumensHo20 8bI4UCTUMENbHO20 O10Ka
6ecnposoonozo modyas Wi-Fi ne nuxce 802.11a/b/g/n/ac;
MaxcumansHbiit yposens uiyma npu pabome
0ONONHUMENbHORO BbIYUCIUMENbHO20 OnoKa: He bonee 30
OFA; Hanuuue 8 KomMnnekme MOOWIbHO20 MEMANIUYECKO20
Kpenienus, obecneyugaiouyeco 03MONCHOCMb HANONLHOU
VCMaHO08KYU UHMEPAKMUBHO20 KOMNNEKCA, C NEPeOSUNCHOU
KonecHou 6a3ou u 603IMOACHOCMbIO uKCayuu Konec ons
UCKTNIOYEHUS HENPOU3BONbHO20 OBUNCEHUA,
Ipedycmanosnennas onepayuoHHas cucmema ¢
epaghuyeckum nonb308amMenbCKUM UHMepgeticom,
obecnequsaiowas pabomy pacnpocmpaneHHbix
0bpazosamenvHelx U 0OUJECUCTNEMHBIX NPUWIONHCEHUIL!
Hanuyue; OyHKYus 2paguyeckoz0 KOMMEeHMUpo8anus
Nn0Gepx NPouU3BONbHO20 U306PANCEHUS, 6 MOM Yucie om
husuyecku ROOKNIOYEHHO20 UCMOYHUKA BUOCOCUSHANA:
Hanuyue;, Humezpupogarnuiii 6 NONb306aMeNbCKULL
unmepcpeiic hynkyuonan npocmompa u pabomel ¢ ghainamu
ocHosHbIX hopmamoe ¢ USB- nakonumenei unu cemesozo
cepsepa: nanuyue;, Humezpuposanhvie cpedcmaa,
lobecnevugarowjue cnedyiowuil hynkyuonan: — cozoanue
IMHO20CMPAHUYHBIX YYEOHBIX 3aHAMULL C UCRONB30BAHUEM
MeOUAKOHMEHMA PasnuyHbX hopmamos, — co30anue
Haonuceu u KOMMEHMapues noGepx 3anyujeHHsIX
NpuNodCenUll, — PACRO3HABAHUE PUSYD U PYKONUCHO20
imexcma (pycckuil, anenuiickuil A3vlKu), — Haruyue
UHCIMPYMEHMOB PUCOBAHUS 2eOMEMPUYECKUX Pusyp U
unui. Bempoennvie (hynkyuu: — zenepamop Cayyaunvx
yucen, — KAIbKYIAMOp, — IKPAHHAR Knaguamypa, —
matimep, — pedakmop Mamemamuyeckux Gopmyi.
\DeKmpoHHble MaMeMamuyecKue UHCmpymMeHmel. —
YUPKYIb, — Y2ONbHUK, — NUHEUKA, — MPAHCROPMUP.
Peowcum «benoil 00CKu» ¢ 603IMOACHOCMbIO CO30AHUA
samemok, pucoeanus, pabomel ¢ mabnuyamu u cpagukamu:
nanuyue. Hmnopm ¢hainos ¢popmamos: PDF, PPT, PPTX

Haumenosauue nanpasjenusn: "Odopydosanue 018 00N0AHUMENbHBIX HANPAGAEHU

§~

HanmeHoBaHue paszena:
"XAWTEK"

Cmanox nazepnou pesxku ¢

wm.

ICmanox 018 2pagupoeku u pesku nazepom. JJondicex
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Ne HaumeHoBaHHe KpaTkHe npuMepHble TeEXHHYECKHE XapakTepucTukn | Eqnnuna C—
n/n| o6opyaoauus (PBITIO) (PBI1O) H3MepeHHsl
YUCTOBLIM NPOZPAMMHBIM  [RPEOYCMAampueams 03IMONCHOCMb 06pabomxu XpynKux
vhpasnenuem Mamepuanos, 8 mom yucne KepamuKky, Cmexkna, op2cmexia.
Mooyns gpunempayuu eo3dyxa 6 komniekme. Bcmpoennoe
so0siHoe oxnaxcoenue. Jlazep muna CO2. Pasmep pabouezo
cmona, mm: He menee 300*500. Mownocms nazepa, Bm: ne
menee 40. IToodepacusaemvie popmamer gaiina: JPG, PNG,
TIF, BMP, DXF, SVG, CR2.
5 IHaumeHoBaHue pasaena:
"DneKTpo3HepreTrka”
p HaumeHOBaHHe pa3aena:
"TEO-ASPO"
4 HaumeHoBaHue paszena:
IIHAHOII ;
HagaabHHK oTaeJia BOCIHTAHHUSA
H JO0MOJTHHTEJbHOIO 06])83083“"5!
AenapTaMeHTa 00pa3oBaTeIbHOMH MOJHTHKH

MHHHCTEPCTBA 00pa3oBaHMs 2
Besropo/ickoii 061acTu 4/%%
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B.A.My3bika



