MHUHUCTEPCTBO OBPA3OBAHUA
KAMYATCKOI'O KPAS

ITPUKA3

29.01.2024 Ne 63
r. [lerponaBioBck-KamuaTckuit

00 yrBep:kaeHnu HHPPACTPYKTYPHOIO JIUCTA
JJIS1 CO31aHMS 1IeTCKOro TexHonapka « Kpanropuym» Ha 0a3e
o0meoOpasoBaTebHOM opranusannu B Kamuarckom kpae B 2024 roay

B cootBeTcTBMM € METOJMYECKUMU PEKOMEHJALUUSIMU IO CO3JAaHUI0 U
(YHKIIMOHUPOBAHUIO  JIETCKUX  TexHomapkoB  «KBanTtopumym»  Ha  0ase
00111e00pa3oBaTeNbHBIX ~OpraHu3anuid  (MMCbMO MUHHUCTEPCTBA MPOCBEILICHUS
Poccuiickoit  ®enepaumu ot  30.11.2023 Ne TB-2357/02 «O HanpaBieHuu
METOJMYECKUX  pEKOMEHJAalMi»), mpukazom  MuHHCTepcTBa  00Opa30BaHUS
Kamuarckoro kpas «O co3manum jaetrckoro TexHomapka «KBantopuym» Ha 0ase
o0mreobpaszoBarenbHOM opranu3aiuu B Kamuarckom kpae B 2024 roay» ot 14.11.2023
Ne 1086, mmcemom MunuctepctBa oOpaszoBanust Kamuarckoro kpas «O
NPEIOCTABICHUN 3aKIIOYCHHs] O COOTBETCTBHHM HHMPACTPYKTYpHOTO JUCTa» OT
15.01.2024 Neo 24.24/104 u nucemoM OPI'AY «lleHTp NpOCBETUTENCKMX UHULIMATUB
MunucrepctBa npocsemienusi  Poccuiickoin  ®@enpepanun» «O  COOTBETCTBUHU
HH(PpaCTpyKTYypHOTo JucTa eauHoi TexHojorudeckor cpeae HIIO» ot 23.01.2024

Ne 100/2301-10
ITPMKA3BIBAIO:

1. YTBepauTh MHGPACTPYKTYPHBIA JHUCT JUIsl CO3[aHUs AETCKOTO TEXHONapkKa
«KBanTopunym» B 2024 roay Ha 0aze MYHHUIUITAIBHOTO
OroKeTHOro  001eoOpazoBaTenbHOro yupexnaeHus «Cpeassiss mkona Ne 7y
ITerponasioBck-Kamuarckoro ropoackoro okpyra B paMkax (peepajbHOro MpoeKTa
«CoBpeMeHHasi 1IKOJIa» HalMOHaJbHOro mpoekta «OOpa3oBaHUE» COIJIACHO
IIPUJIOKEHUIO K HACTOSILIEMY IIPUKA3Y.
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2. KoHTpob 3a HCIIOJHEHNEM HACTOSIIIETO MPHKa3a BO3JI0KUTh Ha HaYaJIbHHKA
otjena oomero oopazosanus ConomoBHuK M. H.

Munuctp o Y\ A.IO. Kopotkosa
JIOKYMEHT IIOJIIIMCAH

. DJIEKTPOHHOM I1OJITUCEIO

Ceprudpurxar 00BBF4F72FDE379F722FBF5C299FCA087F
Buanenenn KoporkoBa Asekcanapa IOpseBna
LI[el‘/'ICTBI/ITeneH ¢ 23.05.2023 mo 15.08.2024




[Ipunoxenue k npukazy MuHucrepcrsa
oOpazoBanusi KamuaTckoro kpas

OT 59012024 W 43

HNupacTpyKTypHBIii JIUCT

Ne
n/
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HaumeHnoBanue
obdopynoBanus (PBIIO)

KpaTlme MNPUMEPHBIC TCXHUYCCKUE XaPAKTEPUCTUKHA
(PBIIO)

Ennnunna
H3MEpPEeHHUs

IKoJimuecTBO

HaunmenoBanue HanpasyeHusi: ""EcmecmeeHHoOHayuHaA HANPAGIEHHOCHY

144

HanmeHoBaHue pasnena:
"EcTecTBeHHOHAaYy4Has
HaIPaBJIEHHOCTD"

[ {uppposas nabopamopus
«Xumusy npoghunvhas ons
nedazoea

Obecneuusaem guinoaneHue 1abopamopusix pabom no
buMUY HA YPOKAX 8 OCHOGHOU WKOE U NPOEKMHO-
UCCe008amenbekoll 0esimenbHOCHU YHauUuxcsl.
[Komnnexkmayusa: Becnpogoonoti myremudamuux no xumuu
c 3-ma ecmpoennvimu oamuuxamu.: Jamuux pH c
Ouanazonom usmepenus ne yoice yem om 0 oo 14 pH
V{amyux 31ekmponpoeoouMocmu ¢ Ouana3oHamu
usmepenust we yace uem om 0 0o 200 mxCm; om 0 0o 2000
mxCm; om 0 0o 20000 mxCm [Jamuux memnepamypsi ¢
Ouanazorom usmepernus He yoice wem om -20 0o +140C
Omoenbhbie damuuruy: JJamyux onmu4eckoil niomHoCmu
525 um Axceccyapoi: Kabeno USB coeounumensvhuiii
Bapsaonoe ycmpoticmeo ¢ kabenrem miniUSB USB Aoanmep
Bluetooth 4.1 Low Energy Kpamkoe pykogoOocmeo no
brenayamayuu yugposoii rabopamopuu Habop
lnabopamoprou ocnacmku Ilpoepammuoe obecneyerue
Memoouueckue pexomenoayuu ne menee 40 pabom
Hanuyue pycckoaszviunoeo catima noodepcku Hanuuue
6110€0PONIUKO8.

4.00

{ughposas nabopamopus
« Duzuxa» npopunvhas ons
neoazoza

Obecneuugaem @blnoaHeHUe IKCNEPUMEHNO8 NO MeMAM
Kkypca gusuxu. Komnrekmayus: Becnpogoonoti
Mynbmudamyuk no Qusue ¢ 6-10 6CMpOEHHbIMU
Oamuuxamu: Llugposoi oamuux memnepamypol ¢
ouanaszoHom usmepenus e yoice wem om -20 oo 120C

[ [ugpposoii damuuk abconomnoeo 0asieHus ¢ OUAna30HOM
usmepenus ve yace yem om 0 oo 500 xlla Jamuuk
\MaeHUMHO20 NOJIAL C OUANA30HOM USMEPEHUS] He Ve Yem
om -80 0o 80 mTn [Jamuuk HanpadxceHus ¢ OUana3oHamu
usmepeHus He yxce yem om -2 0o +2B ; om -5 0o +5B; om
-10 00 +10B; om -15 0o +15B Jlamuux moka ne yoice uem
om -1 00 +1A4 [amuuk axcenrepomemp ¢ nokazamensimu He
menee uem: 2 g; +4 g; £8 g Omoenvhuvle yempoiicmesa:
USB ocyunnoepagh ne menee 2 kanana, +/-10 B
Arceccyapoi: Kabeno USB coedunumenvuwiii 3apsionoe
vempotiicmeo ¢ kabenem miniUSB USB Adanmep Bluetooth
4.1 Low Energy Koncmpykmop 0nst npogedetus
brcnepumenmog Kpamxoe pykogodcmeo no sxcniyamayuu
yugposoii r1abopamopuu [lpoepammuoe obecneuenue
Memoouueckue pexomenoayuu (40 pabom) Hanuuue
pyccroasviunoeo catima nodoepacku Hanuuue
610COPONIUKOS.

4.00

[ {upposas nabopamopust no
usuonocuu (npoghunvroli

yposeHs)

Obecneuusaem npogedenue uccied08anus no
DYHKYUOHUPOBAHUIO YEN08EHEeCKO20 OP2AHUIMA.
Komniekmayusi: becnpo8oonot My1bmuoamyux no
puzuonozuu ¢ 5-10 6cmpoenHviMu oamuukamu. Jlamuux
lapmepuanvrozo oasnenus (0...250 mm pm. cm.) [lamuux
nynvca ¢ ouanazonom usmeperus He yoce yem om 30 0o

200 yo/mun [{amuux memnepamypwvl mena ¢ OuanazoHom

1.00
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usmepenust we yoce uem om +25 0o +40C Jamuux
uacmomul ObIXAHUSL C OUANA30HOM UBMEPEHUSL HE Yice YeM
om 0 0o 100 yuxnos/mun [Jamuuk yckopenus ¢
nokazamensimu £2 g; +4 g; +8 g OmoenvHuie ycmpoiicmea:
{amuux IKI ¢ duanazonom usmepeHus: e yice uem om -
300 0o +300 mB) [Jamuux cunomep ¢ OuanasoHom
usmepenus ve yxce yem om 0 oo 40 H [Jamuuxk
oc8eleHHOCMU ¢ OUANA30HOM U3MepeHUsl He Yice yem om ()
00 180000 ax Axceccyapwi: Kabenv USB coedunumenvibiii
Bapsionoe ycmpoticmso ¢ kabenrem miniUSB USB Adanmep
Bluetooth 4.1 Low Energy Kpamkoe pykosoocmeo no
brenryamayuu yugposou rabopamopuu Ilpoepammmuoe
obecneuenue Memoouueckue pekomenoayuu ne meree 20
pabom Hanuuue pycckosazpiunozo catma noooepiicKu
Hanuuue 6u0eoponuxos.

IMuxpockon yugposoti

Tun muxkpockona: buonocuyeckui Hacaoka muxpockona:
wmonoxynapuas Hasnauenue: nabopamopusiii Memoo
uccredoganus: ceemiaoe noie Mamepuan onmuxu.
onmuueckoe cmekio Yeenuuenue Mukpockona, kpam: 64 —
1280 Okynapor: WF16x Obvexmusoi: 4x, 10x, 40xs
(noonpyaicunennwiii) Pesonveepnas conosxka: Ha 3
00vexmuga Tun noocgemxu: 3epKano uiu c6emoouoo
\Pacnonodicenue noocgemxu.: 6epxHss u HuxcHas Mamepuan
kopnyca: memann Ilpeomemuviii cmonux, mm: 90
Ucmounux numanus: 220 B/50 I'y Yucno mecanuxceneii: 1

15.00

PKoJI02UU

[ ugpposas rabopamopus no

Obecneuugaem npogedenue yiebHo20 IK0I0SULEeCKO20
\MonumopuHea uncmpymenmanbiovimu memodamu. Habop
MpUMEHAemCs npu U3YYeHUU IKOL02UU, OUOTOSUU, XUMUL,
ceocpaguu u npupodoeedenus, a makice Ois
UHOUBUOYATLHBIX UCCLE008AHUS U NPOEKMHOU
OesmenbHOCMU WKOAbHUK08. Komniekmayus:
becnpo8oOHOU MYyTbMUOAMYUK 1O IKOAOSULECKOMY
\moHumopuney ¢ 8-10 scmpoenuviMuy oamyuxamu.: Jlamuux
Humpam-uonos Jlamuux xnopuo-uonog Jamuux pH c
OuanazoHom usmepenus ne ysice uem om 0 0o 14 pH
Vlamuuk enaxchocmu ¢ ouanazonom usmeperus 0...100%
Viamuux oceewjennocmu ¢ OUana3oHOM UMepeHust He yice
uem om 0 0o 180000 ax Jamuux memnepamypwi ¢
Ouanazorom usmeperus He yoice wem om -20 0o +140C
lamuyuk 31eKmponpoeooumMocmu ¢ OUAnRA30HAMU
usmepenus ve yace uem om 0 0o 200 mxCm; om 0 0o 2000
mxCm,; om 0 0o 20000 mxCm [Jamuux memnepamypoi
OKpYoHcatougeli cpeobl ¢ OUANA30HOM USMEPEHUsL He Yice
uem om -20 0o +50C Omoenvuvie oamuyuku u
mynbmudamyuku: JJamuux 38yka ¢ ynkyueu
UHmMe2PUPOBAHUSL C OUANA30HOM USMEPEHUS YACMOM He
wmenee wem om 50 I'y 0o 8 kl'y; Jlamuuk enasxchocmu nouswl
c ouanazonom usmeperusi He yace uem om 0 0o 50%
Vlamuux oxucu yenepooa ¢ Ouana3oHom usmMeperusi He yoice
uem om () 0o 1000 ppm Mynemuoamyux onmuueckot
nIOMHOCIU U MYMHOCMU CO BCIPOEHHbIMU OAMYUKAMIU:
VIamuux onmuueckoui niomnocmu 470 um ¢ ouanazonom
usmeperuss om 0 0o 2 D JJamuux onmuyeckou niOmMHOCMU
525 Hm ¢ ouanazonom usmeperuss om 0 0o 2 D JJamuux
onmuueckoti niomuocmu 630 HM ¢ OUana3oHoOM UMepeHUs
om 0 0o 2 D Jlamuux MmymHocmu pacmeopos ¢ Ouana3oHom
usmepenust om 0 0o 200 NTU Axceccyapwi: Kabeno USB
coeounumenvHulll (2 wm.) 3apsaonoe ycmpoucmeo ¢
kaberem miniUSB USB Aoanmep Bluetooth 4.1 Low
Energy Cmepoicens 075t 3aKpenieHus OamuuKos 6

wmamuse Kpamxoe pykogo0cmeo no sKcniyamayuu

5.00
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yugposoii 1abopamopuu [Ipoepammnoe obecneuenue
Memoouueckue pexomenoayuu we meree 20 pabom
VYnakoexa Hanuuue pycckoaszvluno2o caiima noooepicKu,
Hanuuue 8UACOPOIUKOS.

HaumenoBanue HanpasJieHusi: ""Texuonocuueckas nanpasiennocms. PO60O"

HanmeHOBaHME pa3ena:
""TexHOJIOTHYEeCKast
HampasyieHHOCTh. POBO"

VIabopamopnwiil KoMnIeKc
0151 U3yYeHUs.
pobomomexnuxu, 3D
Wmooenuposanus u
NPOMBIUIEHHO20 OU3ATUHA

[Komniexc cocmoum u3z coopro-pasdoopnoeo 3D npunmepa,
pyunoco 3D ckanepa u npoepammuoco obecneyenus no
pomoepammempuu. Coopno-pazbopnuiii 3D npunmep.
Ob6nacmo nevamu: 200 mm x200 mm x 200 mm
Maxcumanvras ckopocms newamu, cm3/4:> 30 Ckopocms
nepemewenus nevamaioujel 2onosku, mm/c:> 80 Tun
cosmecmumozo ¢ 3D-npunmepom naacmuxa. PETG, SBS,
\PLA, ABS Humepgeiic nookmouenus: USB Flash
Kanubpoexa nramghopmot:[lonyasemomamuueckas
Konuuecmeo conen na newamaroujeii 20106ke: om 1 wm
Munumanvras moawuna cnos: > 0.01 u < 0.05 um
VIuamemp conna: > 0.3 u < 0.5 mm Maxcumanvras
memnepamypa neyamarowjetl eonosku: > 250 epad. C
Oxnasicoenue 30Hbl neyamu. J{gyxcmopontee
Maxcumanvhas memnepamypa niamgopmol 0s nevamu: <
150 epao. C Tun nramgpopmel 0ns nevamu:
1lo0oepesaemasi coeMnas Ha 3aHCUMAX, PuUKCUpyeMast Ha
nramepopme Hanuuue 3axpvimoeo xopnyca: Hem @opmam
paiinos ons newamu: GCODE Tun ynpaenenus
npunmepom: Ilanens ynpasnenus ¢ oucnieem Ha Kopnyce
ycmpoticmea Tun Hanpagnaowux: KOHCMpPYKYUOHHbLL
npogunv Pyunoti 3D ckanep. Tounocmsb cKanupoganus. >
0.05 u < 0.1 mm Cropocms CKAHUPOBAHUS, MIIH.
mouex/cex: > 2 @opmam coxparenus pe3yibmamos
ckanuposanus: viml, ply, obj, stl Bozmoscnocmo
ckanuposanus 6 yeeme: [a Hanuuue ceHcopHo20 IKpama:
mem J[nuna USB-npogooda:> 3 m Texnonoeus 3D-
ckanuposanus:Onmuyeckas 3azpy3xa
npecemos(uiabnonos) ckanepa.nanuiue Oynxkyuu
nocmobpabomxu.: Obpesxa mooenu, Pazdenenue mooenu Ha
omoenbHbie yacmu, Yoanenue 1uuHux 31eMeHmos,
Yoanenue omeepcmuii, coz0anue pomopeanucmuyrou
mexcmypbl, cpagrenue 3D moodeneti medxcoy cobotl,
u3MepeHue pazmepos MOOeiell CeUeHUsMU 8 PYUHOM
pesicume, sxcnopm cevernuti 8 XLS [Ipoepammmuoe
0becneueHue 0 CO30AHUL MOOeell MemoooMm
(pomocpammempuu: Hanudue YnpaegieHue nosopomHuiM
cmonom no Wi-Fi: [la Munumanvnoe paccmosanue
ckanuposanus: <25 cm

wm.

3.00

\bazoswiii
pobomomexnuueckuil Habop

Obpazosamenvhblil HADOP O0JCEH NPEOCMAasisimG coO01U
Habop 05 pazpabomku nPocPaMMUpyemsix mooeetl
aemonoMHbIX pobomos. B cocmas nabopa 00nxcHbl
BX00UMb. KOHCIPYKMUBHbIE, COCOUHUNENbHbLE U
KpeneoicHble InNeMeHmbl U3 NIACMUKA U ATIOMUHUSL - He
wenee 100 wim, npocpammupyemulii KOHMPOJLIEP - He MeHee|
[wm, snekmpoosucamenu NOCMOSHHO20 MOKA C KPYMAWUM
Womenmom ne menee 3,6 k2/cm - He menee 2 wm, OamuyuKu
U S1eKMPOHHbBIe KOMNOHEHMbI- He MeHee 6 i,
AKKYMYTAMOPHYIO bamapero ¢ HanpsiceHuem He MeHee 6B
u emxocmoio ne menee 1500 mAy - ne menee 1 wm,
BapsoHoe ycmpoucmaeo 0Jisk akKyMyIssmopHou bamapeu - He
wmenee 1 wm. I[lpoepammupyemviii KOHMPOALEP OOANCEH
lcodepoicamsb: nopmul 01 AHATI0208bIX OAMYUKOE - He

8.00
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\mernee 3 uim, nopmel 0151 YUPPOBbIX OAMUUKOE - HEe MeHee
3 wm, nopm ons I2C yempoiicma - He menee 1 wim, nopm
0J151 Cep8onpuso00s - ne meree 6 wim, nopm OJisi MOMOpPOE -
He menee 2 wm, nopm 071 IHKOOepos - He menee 2 wm,
oovem flash namamu ne menee 32 kb. I[Ipoepammupyemviii
KOHMPpOLLEep 00NICeH 00eCneuu8anb 03MONCHOCHLb
npoepammuposanus pob6omos 6 cpeoe 6104HO-
epaghuueckozo muna unu 6 c60600HO PaACHPOCPAHIEMbIX
cpedax paspabomku ¢ NOMOUbIO MEKCMOB020 A3bIKA
npoepammuposanus. JJamuuxu u 91eKmpoHHble
KOMNOHEHMbI QONNCHBL COOEPICamb: Y 1bmpaseykoeot
0amuux paccmosiHusi 00JIdiceH 00ecneuusams COOPaAHHYIO
MOOeNb 803MOINCHOCMBIO UBMEPSAMb PACCMOAHUE He MeHee
4 mempog - ne menee lwm, Knonka-modyne donowcen
0bOecneuusams COOPAHHYIO MOOENb B03MONCHOCTNBIO
onpedensimb HadNCAMusi Ha KHONKY - He MeHee lwm,
lamuuk yeema O0ondiceH obecneyusams cOOPAHHYIO MOOelb
603MOICHOCTIBIO ONpedesleHUs Yygema obbekma,
npeonasnauen ona usmepenus RGB-cocmasnaowux u
VDOBHSL OC8EUEHHOCU, OAMYUK QOIINCEH COOEPICANb HE
\menee 12 ceemouyscmeumenbHulx d1eMeHmos - he menee |
wim, 3ymmep-mo0yib 00HCeH 00ecneuu8ams COOPaAHHYIO
MOOeNb 8O3MOINCHOCMBIO BOCNPOU3BOOUND 38VKUL,
HOMUHATbHASL Yacmoma He menee 4Kkl Yy, unmencusnocmy
e menee 80 0b- ne menee 1 wm, Wi-Fi-mo0yne oonoicen
0Oecneuu8ams 603MONCHOCHb NOOKIIOYEHUSl COOPAHHBIX
pobomomexnuueckux mooenei k cemu, loT obnakam u 6ed-
cepsucam, pabouee Hanpaxcerue mooyis - 3,3B, nopmos
6600a 8616004 MOOYJIA - He MeHee 5 - He MeHee I wim,
Munu-pene c pabouum HanpsadxceHuem 8 ouanazome om 3,3
00 5B, nompebasemvim moxkom 71mA u maxcumanvHuim
KoMMymupyemvim Hanpsicenuem 28B nocmosinnozo
moxa/250B nepementozo moka, pecypc ycmpoucmea He
menee 50 moic. nepexnioueHuil - he menee 1 wm, Bxooswue
6 COCMas KOHCMPYKMOPAa KOMROHEHMbL O0IHCHbL ObIMb
coOBMeCmUMbL ¢ KOHCIMPYKIMUGHBIMU JIeMEHMamu, d
maxoice obecneyusams 603MONCHOCHb KOHCMPYKMUBHOU,
annapamuoil u nPO2PAMMHOU COBMECTNUMOCIU C
KOMIJIEKMYIOWUMU U3 COCMasa Habopa.

\Habop o5 bvicmpoeo
npPOMOMUNUPOBAHUs
D1EeKMPOHHBIX YCMPOUCE HA
0CHOBE OOHONAAMHO20
KoMNnblOmepa

OOoHonamublil KOMIBIOMED: HAIUYUe, Kapma namsimu ¢
npedycmanosieHHol OnepayuoOHHOL CUCIEMO.: Haluyue,
010K NUMAanUA.: Haauyue, KOMHiekm kabeneiu 0Jis
noOKAIOUeHUs: HalUYUe

8.00

\Habop ons bvicmpoeo
npOMoOmMunUpoBanus
DIEKMPOHHBIX YCMPOUCME HA
OCcHOge
WMUKPOKOHMPOLTEPHOU
naam@opmvl co 6CMPOEHHBIM
unmepnpemamopom

Muxpoxoumponnepnas niamegopma co 6CmpoeHHbIM
unmepnpemamopom JavaScript: nanuyue, KOMHAEKM
paouodemaneii: nanuuue, niama pacuuperus: Haruyue

8.00

\Habop ons 6vicmpoeo
npOMOMUNUPOBAaHUs
BIEKMPOHHBIX YCMPOUCE HA
OCHOBe
MUKDOKOHMPOILIEPHOI
naamagopmol

Muxporxoumponrepras niamgopma Arduino: nanudue,
Komniekm paouodemaineil u Npo80008: HAUYUe,
\Makemuas niama: naiudue

8.00

\demonommulil pobom
\ManunyIsImop ¢ Koiecamu
6CeHanpagneHHozo
08uUICEH S

Yuebuas modenv asmonommnozo moburbHo2o poboma c
wmanunynssmopom. Mobunshwitl pobom Oondicen
npedcmagisnms cobou YemuvlpexKoIecHyio niamgpopmy
6cenanpasiennozo osudicenus. Jleueamenu becuemounvie 4

4.00
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wim, kamepa ¢ yenom ob6zopa 120 epadycos ¢ 5 mn. B
cocmas Komniekma 00NCHO 6x00umv: Mexanuyeckuti
Baxeam ungpakpacHelil 1azep 2-x ocedol noogec
AKKYMYIAMOP KONeCa 8CeHANPABLEeHHO20 OBUICEHUS
npocpammupyemulii KOHMPOIIEP C BO3MONCHOCNBIO
npocpamMmMuposanus @ cpeoe O104HO-2paPuiecKkoco muna u
6 C60000HO PACNPOCMPAHAEMBIX Cpedax paspabomKu ¢
nOMOWBI0 MEKCMOB020 A3bIKA NPOSPAMMUPOBAHUS OAMUUK
BgyKa damuuk caedosanus aunuu FPV pescum
BO3MOHCHOCTG YNPABLEHUS ¢ MOOUTILHO2O YCPOTICIEA
uepe3 npunodiceHue NPopaAMMUposanis na asvikax Python,
IScratch a maxoice cucmema mexHuuecko2o 3penus s
aemomamuyecko2o 0OHaApylcenus u pacno3HaaHus
Baoanublx 00bekmos 6 pabouetl 30ne. I1od0epoicka
RaspberryPi nanuuue [lodoepoicka Arduino naruuue
I1oooepaicka Micro:bit nanuuue CmeHHbIL MeXAHUYECKUT
Baxeam, ycmanaenueaemulii Ha NOOBUICHYIO NAAMPOpPMY
ceepxy nanuuue Mexanuueckuil 3axeam, yCmaHasIuGaeMulil
Ha nepeoHIor Yacms NOOBUIHCHOU NAAMGPOPMbI HaTUYUe
BO3MOACHOCIb MEHAMb UHPPAKPACHYIO NYUIKY HA
\Mexanuueckuli 3axeam Haludue

Obpazosamenvhbiil HAOOP
07151 U3YUeHUsA MeXHON02Ul

cesazu u loT

Obpaszosamenvhulil HADOP NPEOHA3HAUEH OIS UYYECHUSL
0cH06 npumenenuss mexunono2uu "Unmepnem eeweti" u
ces13U 6 pobomomexHuieckux cucmemax. B cocmas nabopa
00JIdHCEH BXOOUMb KOMNIEKM KOHCMPYKIMUGHBIX DJIEMEHNO8
U3 Memania 0 COOPKU MoOenu MOOUIbHO20 poboma ¢
zaxeammuwvim ycmpoicmeom. B cocmas nabopa dondicen
6X00UNb KOMIILEKIM KOHCMPYKMUGHBIX JJIeMEHMO8 015
cOopKU MOOenU «YMHO20» 30anusl. Bce komniexmyowue u
yempotiicmaa, exoosauue 8 cocmas Habopa, 004CHbL OblMb
cosmecmumpl Opye ¢ OpyeoM KOHCMPYKMUBHBIM,
baeKMpuYecKuUM, annapamubim i RPOSPaAMMHbIM 0OPA3OM.
B cocmas Habopa O0NICHO 8X00UMb. NPUBOO NOCTNOSHHOZO
MoKa ¢ 0amuuKoM noL0dICenUst - He MeHee 2um,
cepeonpusod 60160l — He MeHee 2wm, cepeonpusoo
Wanwlii — He Menee 2uim, kamepa - He menee luim,
npoepammupyemulii KOHmMpoiep — e mernee lum,
akKymynsamop — ne menee luim, 3apsonoe ycmpoucmeo —
e menee lwum. B cocmas nabopa dondicen 6xooumo
KOMNJIEKIM UHMELEKIMY AbHBIX CEHCOPHBIX YCMPOUCMS.
HnmeniexmyanbHbie CeHCOPHble YCMPOUCMEAa OONNCHbL
npedcmagisms coboll YCmpoucmeo Ha 0CHOGe
BLIUUCTUMENLHO20 MUKPOKOHMPOLLEPA U 6CHPOEHHO20
usMepumenbHo2o snemenma. MnmeniexmyanbHole
cencopuble yCmpoucmea 00aiCHbl 001A0aMmb 6CMPOEHHBIM
YUPDPOBLIM U AHATIO208bIM UHMEPPEUCOM 01 nepedayu
OAHHBIX, a MAKIHCE BCMPOCHHBIM NOCTIE008AMENbHbIM
unmep@eiicom 015 06veOuHeHUss Opye ¢ OPYeoM 6
cencopnuvie cucmemol. Komniekm uHmeniekmyanibHoix
ICEHCOPHBIX YCMPOUCME Q0NHCEH COOEPACAMb — MOOYIIb
ceemoouoda — ne menee 2uim, mooyie RGB ceemoouooa —
He menee 2uim, mooyne UK-oamuuka aunuu — e MeHee
3uim, MOOYIb 386YK068020 U3LyHamers — e meHee lwim,
MOOYIb USMEPEHUS. MEMRePAmYpPbl U 61AICHOCIU
OKpYoscatouell cpeobl — He MeHee 1uim, Mooy MaKmosou
KHONKU — He Menee 3uim, MoOYIb OamyuKd 0C8eUeHHOCMU
— He menee luim, MOOyIb OemeKkmopa YpOGHs uyma — He
\menee lum, MoOynb usmepenus 0agneHus OKpyrcaioujelt
cpedvl — ne menee luim, MOOYIb NOMEHYUOMEMPA — He
enee 2um, MOOY1b OamMUUKA NOTONCEHUSL 8

npocmpancmee — He MeHee Imm, MO()y]Zb KOHYEBO20

3.00




6

=

HaumenoBanue

obdopynosanus (PBIIO)

KpaTlme NPUMEPHBIC TEXHUYCCKUE XaAPAKTEPUCTUKHU
(PBIIO)

Eannunna
H3MEpPEeHUs

IKoJimuecTBO

npepvieamens — ne menee luim. B cocmag nabopa dondicen
6X00UMb NPOSPAMMUPYEMbLTL KOHMPOLEp — He MeHee 1um.
I Ipocpammupyembviti KOHMpPoLLep OONHCEH 0becneuu8ams
BO3MOIICHOCIL NPOSPAMMUPOBAHUA HA A3biKke JavaScript u
opeanuzayuu web-cepsepa odmena oaHHbIMU Yepe3
HUnmepnem. [Ipoepammupyemulii KOHMpOJIEP OO0NHCEH
0becneuueamsd G03MONCHOCMb NOOKNIOUEHUS GHEUHUX
yempoticme ¢ nomowvto unmepgpeticos - GPIO, UART,

2C, 12S, SPI, 1-wire TTL, RS-485, CAN, Ethernet ¢
nooodeporckoti PoE

\Komnnexm noneti u
COPEBHOBAMENbHBIX
bremenmos

[Komniiekm noaetl u copeeHo8amenbHbix I1eMeHMOs sl
npoeedenst COPeBHOBAHUT ABMOHOMHBIX MOOUbHBIX
000mMos

1.00

Yemwvipéxocesoii yuebHbiil

pobom-manunynamop c¢

MO()yJZbelMM CMEHHbIMU

Hacaokamu

Yuebnoii pobom-manunynsimop npeonaznaven Oist
0CB0€EHUSL 00YHAIOUWUMUCI OCHO POOOMOMEXHUKU, OISl
n0020mMOoBKU 0OYUAIOWUXCS K 6HEOPEHUIO U NOCAEOVIOWEM)
UCHONL308AHUIO POOOMOE 8 NPOMBIULLEHHOM
npoussodcmee. Konuuecmeso ocell poboma Manunyisimopa
- uemvipe. [lepemewenue uHcmpymenma 6 npoOCMpancmee
no mpem ocsim OONACHO YIPAGISIMbCS ULALOBLIMU
Osucamensimu. Hanpsoicenue numanust ula2oewix
Osueameneii ne 6onee 12 B. Cepsodsucamenv uemeepmotl
ocu 00J1dICceH 0becneuu8ams NOGOPOM UHCMpyMenma. Yeon
nOBOPOMA MAHUNYISIMOPA HA OCHOBAHUU BOKDY2
cepmurxanvrol ocu He menee 180 epadycos. Jns
onpeodenenusi NOL0AHCEHUS MAHUNYAMOPA NPU NOBOPOMe
BOKpY2 8ePMUKANLHOU OCU OONNCEH UCHOTb308AMbCS
brKOOep. Yeon nosopoma 3a0He20 nieua MaHUNYIMopa
ne menee 90 epadycos. Yzon nosopoma nepednezo nieva
wmanunynamopa we menee 100 epadycos. [lna onpedenenus
nonodicenust 3a0He20 U nepeone2o nied MaHunyIsmopad
00JIdICEH UCNONIb308AMBCSL 2UPOCKON. Y201 nO8OPOMA no
uemeepmoti ocu He menee 180 epadycos. [onxcna bvimo
BO3MOICHOCTD OCHAUEHUSI CMEHHBIMU HACAOKAMU
(Hanpumep, deporcamens Kapanoaula uiu gromacmepa,
npucocka ¢ cepsoogueamenem, MEXAHUYECKOE 3AX6AMHOe
VCmpouicmeo ¢ cepgodgueamenem, yCmpoucmeo 0is
nazepHou epasuposku unu yempoicmeo oas 3D-neuamuy).
MunumanbHas KOMIAEKMAYUS CMEHHLIMU HACAOKAMU.
MHeBMAMUYeCKULl 3aX6am (MPUCOCKA), MEXAHUHECKULL
Baxeam, nHacadka oepocameind Ot
Kapanoawa/mapkepa/pyyKku, Hacaoka nepexoOHUK Oiis
KpenieHus: COBMeCmuMblX KOHCMPYKMUGHbIX Oemaietl u
KOHCMPYKYUll, HACAOKa 1a3ePHOll 2pABUPOBKU, HACAOKA
3D-neuamu (011 pabomul ¢ niacmukom PLA ¢ ouamempom
mumu 1,75 mm). [ondcen 6vims ochawjen cepsonpusooom
0/151 NHEBMAMUYECKO20 U MEXAHUYECKO20 3aX8amo8,
0becneuusaIouUM BpaueHIe 3aX6a4eHH020 00beKma 60
BpeMsL nepemewyenus, NoBOPoOm nepemeuiaemozo odvexma
6oKpye sepmuxanvhou ocu. /s obecneyenus

(DY HKYUOHUPOBAHUSL NHEEMAMUYECKO20 3aX6AMA OONINCEH
ObINb OCHAUEH 6CIPOEHHOU 8 KOPIYC MAHUNYISMOPA
nomnot. JJonicHa 6bims 803MONCHOCHIL NOOKIIOUEHUS
OONOIHUMENbHBIX YCMPOUCME (Hanpumep, mpaLcnopmepa,
penvca 0nst nepemewenus poboma, nyibma ynpasieHus
muna OXNcotCmuK, Kamepvl MAUUHHO20 3DeHUs,
onmuuecko2o0 0amuuxa, Mooyisi 6ecnposooOH020 0OCMYna).
\Po60m-Manunyasimop 0oaicen obecneuugams
nepemewyene HACaoKu 8 NPOCMPAHCMeEe, AKMUBAYUIO
HACAOKU, BO3MOICHOCTG NOLYUEHUSI CUSHANO8 OM KAMepbl

u ()amlluKOG‘, BO3MOINCHOCHb YNPABIEHUS

1.00
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OonoaHumenvviMu ycmpoticmsamu. Mamepuan xopnyca —
antomunuti. JJuamemp paboueii 30nul (be3 yuema Ha8ecHo2o
uUHCmMpYMeHma u yemeepmoti ocu) ne menee 350 mm.
Hnmepgeiic nookmouenuss — USB. JJondicen umems
603MOICHOCHIL ABMOHOMHOU PAbOMbL U 6HEUIHE2O
vnpasnenust. /[ns enewne2o ynpasienus 00aicen oblmo
npedycmompen nyivm, HOOKI0UAeMblil K pob6omy no
Bluetooth. Ynpasnatowuii konmpoaiep 0ondxceH bbims
lcosmecmum co cpedoul Arduino. Ynpasnsrowuil
KOHMPOLLEP COBMECHUM CO CPeOOl NPOSPAMMUPOBAHUSL
Scratch u sazvikom npoepammuposanus C. Jorcen
0becneuusams HOBOPOM NO NEPELIM MPEM OCIM 8
Badanmwill Y201 U HA 3A0AHHbLI Y20i, HOBOPOM NO
uemeepmoul OCuU Ha 3A0AHHbIL Y201, 08UNCEHUE 8
Koopounamul X, Y, Z, nepemewenue Ha 3a0antoe
paccmosnue no koopounamam X, Y, Z, nepedauy 0auHwix 0
ImeKyuem noiodceHuU yeios, nepedaiy OaHHbIX 0 MeKyuUx
KoopouHamax uHcmpymenma. [lonxcen noooepicueams
nepemewerue 8 OeKapmogulx KOOPOUHAMAX U Yerax
nosopoma ocet, ¢ 3a0aHHOU CKOPOCMBIO U YCKOPEHUEM.
Tunvl nepemewenuti 8 0eKApmMoBuIX KOOPOUHAMAX:
0gudICeHIle N0 MPAEeKMOopUL, 08UICEHUE NO NPAMOL MEHCOY
08YMsL MOUKAMU, NEPENPLIZUBAHUE U3 MOYKU U TNOUKY
(neperoc obwvexma). Kopnyc 0onicen Obimov 6 3aujuilyeHHOM
ucnonnenue (kiacca He Hudice IP20).

[Komnaexm 0ns uzyuenust
onepayuonnbIX cucmem
peanvroco gpemenu u
cucmem ynpaeieHus
A6MOHOMHBIX MOOUNLHBIX
pobomos

[Komniexm 0ns pazpabomku u uzyderus mooenel
npocpamMmMupyemvix ad8MmMoHOMHBIX MOOUTLHBIX POOOMOE.
Yuebuwiii komnnexm 0ondicen no3gonsame papabamuléams
0J10YHO-MOOYILHYIO KOHCIPYKYUIO MOOUIbHO20 poboma. B
lcocmag mobunbHO20 poboma 00a*CHO 6x00ums: Ilpusod
sedyuux Konec - He menee 2uim. Ilpusood dondwcen
npedcmagname cooOU INEeKMPOMEXanuieckyro COOpKy Ha
0CHOBe O8u2amenst HOCMOSAHHO20 MOKdA, pedyKmopd,
DamuuKra nOIOACeHUs: 6a1a U CMPOEHHOU CUCMEMbl
vnpaenenus. Cucmema ynpasieHus npueooa 00oaxcHa
0becneuusanmsd 803MONCHOCHb 00bEOUHEHUSL NPUBOO0E C
nomMowbI0 nocIe008amenvHo20 unmepgelica,
BO3MOIICHOCL 3A0AHUS NAPAMEMPOE KOHMYPO8
VApaeieHus, ynpagieHue spaujeHuem npueood no
CKOpOCIU U NOJIOHCEHUI, KOHMPOJIb HASPY3KU.

I [pocpammupyemvolii KOHMPOAep - He MeHee luim.

I Ipoepammupyemulii KOHmMpOJLIep 00aXHCeH 0O1adams
uumepgeticamu - USB, UART, TTL, RS485, CAN ona
KOMMYHUKAYUY ¢ NOOKTIOYAEMbIMU GHEUHUMU
yempoticmeamu, a makdice yudposviMu U aHai0208bIMU
nopmamu 6600a/svieooa. OOnoniamHulil
Wmukpoxomnviomep - e meree luwm. OOHONAAMHbBIL
IMuUKpOKOMIbIOmMED 00JICEH NPeOCmasisims Co001
ycmpoticmeo ¢ apxumexmypou muxponpoyeccopa ARM,
Doicen 0bnadams He MeHee 2 blYUCTUMENbHBIMU SA0PaAMU
c makxmoeou wacmomoti e menee 11'Ty. Jlazepnuiii
ckanupyrowutl darbHomep - He meree lwm. JlazepHoiii
ckanupyrowuil danrbHomep 00xCeH 0becneuugamas
OUaAnazoH usmepeHusi 0aIbHOCMU 00 00bEKMO8 He MeHee
2.5 mempos u cekmop ckanuposanus e mernee 360
Ven08bix 2padycos. Jlamyuk iuHuy — ne menee 3 wm.
Vlamuux 0onocer obecneuueams OemeKmuposane TuHulY
Ha KOoHmpacmHom one u nepedasams OaHHbLE 8
npoepammupyemulii KOHMPOIEP O ee HATUYUU Nymem
nepedauu ananoeo8020 cueHana un yu@dposozo cueHaud,

liubo nymem nepedauu yupposo2o naxema OaHHLIX.

1.00
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VIamuuka yeema — ne menee 1 wm. Jlamuux 0onsicen
pasnuuame yeemosol OMMEHOK PACHOLONCEHHO20 PIOOM C
Hum obvexma ¢ RGB nomayuu u obecneyusams nepedawy
OAHHBIX 8 NPOSPAMMUPYEMBLI KOHMPOILED O 3HAYEHUU
Kadc0020 Y8emo8o20 Kanaua 6 sude yughpoeo2o nakema
Oannwvix. Maccue UK-oamuuxos - ne menee luwum. Maccus
UK-0amuuxos 0onxcer bbimsb npeOHasHayeH 0s
OMCeAHCUBAHUS TUHUU 051 OBUICEHUSL MOOUTLHO20
poboma. Maccus dondicer cooepaicams e menee 6um K-
0amuuKo8, pacnonodceHuvix Ha 0onou aunuu. Cucmema
mexnuuecrkozo 3penus - ne menee lwum. Cucmema
mexHuuecKo2o 3perus 00IxceH 001adams
COBMECMUMOCMbBIO C PAZTUYHBIMU NPOSPAMMUDYEMBIMU
Kommpoanepamu ¢ nomouvro unmepgeticog - TTL, UART,
I2C, SPI, Ethernet. Cucmema mexHuuecko2o 3peHus.
0JIHICHA 0DECneYUsams 603MONCHOCHb U3YUEHUsL OCHOB
MpUMeHeHUs. ANeOPUMMO8 MAWUHHO20 00YYeHUs. U
Hacmpotiku napamempog netipocemeil. Cucmema
ImexHuuecKko2o 3penus Q0IICHA 0becneuusams QyHKYUOHAT
pacno3nasanus pasiutuHbIx 2e0Mempuieckux 00beKmos no
HaOOPy NPU3HAKOS, PACNO3HABAHUSL 2PAPDUUECKUX MAPKEPOE|
muna Aruco u 0p, pacno3HasaHust MACCUBO8 TUHUL U
DeMeHmos 00podICHbIX 3HaK06 U pazmemku. Cucmema
Vrpasnenuss MooUuIbHo20 poboma OONNHCHA NO36OIAMb
OCYWecmanamey aHau3 oKpyjicaioueli 06CcmanosKu 6
npoyecce 08udICEHUsL MOOUTLHO2O POOOMA U OUHAMUYECKOM
U3MEHeHUU OKPYACcalowell 00CMAaHOBKU, OCYUeCmEIsNb
hopmuposanie Kapmol I0KAILHOU 0OCMAHOBKU BOKPY2
poboma u noxanuzayus nonodicenus poboma Ha kapme,
nocmpoenue 2100aIbHOT Kapmbl OKPYHCAIOUe20
npocmpancmea. Cucmema ynpasienus MOOUIbHO20
poboma OonicHa NO360NAMb OCYUECMBIIMb AHATU3
naana/kapmol OKpyscaroue2o npoCcmpancmed,
0OHAPYIHCEHUE OKPYICATOUUX 0OBEKMO8, ABMOHOMHOE
naanuposane Mapupyma u 06ve30a Cmamuieckux u
Ounamuueckux npenamemeuti. Cucmema ynpagnenus
MobuUbHO20 poboma 0onCHA obecneuusams
603MOINCHOCHID PASMEMK) KAPMbL OKPYAHCAIOUE20
MpOCMPAHCMBEa HA 30HbL C PAZIUYHBIMU NPUSHAKAMU,
BadasaemviMu noab3068amenemM (30Hvl 3anpema O

08uUdICe U, 0epanuyenus ckopocmu u m.n.). Cucmema
VnpaeneHus MOOUIbHO20 poboma 00NAHCHA 0becneuusams
603MOJICHOCTb 3A0AHUsL MOYEK U 30H HA Kapme
OKPYIHCAIOUIe20 NPOCMPAHCMEA OJis ABMOHOMHO20
nepemewenus meancoy numu. Cucmema ynpasienus
MobuULHO20 poboma, sKOHaArOWaAs 8 cebsi NOOCUCTEMb,
maxue Kax - cucmema ynpagieHus osudlcenuem poboma,
cucmema coopa u 06pabomxu ceHCoOpHoU UHPopMayuu,
cucmema nocmpoeHust Kapmol OKPYHCAIOUe20
npocmpancmea u cucmema Hasueayull, OOINCHA Gblmb
peanusosana na 6aze nPoOPAMMUPYEMO20 KOHMPOILEPA U
OOHONIAMHO20 MUKPOKOMNbIOMEPA, 4 MAKICE YCMPOUCME,
6X00sUUX 6 cocmag Komniekma. B cocmag komniexma
002CHO 8X00UMb NPOSPAMMHOE 0becneuenue Oisl
MpoCPaMMUpOBanUsi 8 MEKCMo8OM pedaKkmope Ha noooouu
Arduino IDE, npoepammuposanuu ¢ NOMOWbI0 CKPURMOE
Ha si3vike Python, paspabomiku cucmem ynpagieHus Ha
ocnoge ROS. Tax sice 6 cocmag KoMnAeKm 00NHCHA
6X00UMb UPMYATbHASL MOOETb MODUTLHO20 pOOOMA 6

BUDINY ATLHOM OKPYIHCEHUU O MOOEAUPOBAHUS
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aneopumMo8 cucmem ynpaeieHust ¢ NOMOUbIO
epachuueckoui cpeovl.

013 U3YYeHUs
WMHO2OKOMNOHEHMHBIX
pobomomexnuueckux

pobomos

Obpazosamenvhblil HAOOP

cucmem U MaHunyisAyuOHHoblx

ObpaszosamenvHulil HADOP 00JJICeH OblMb NPEOHA3HAYEH
0J15 U3YYEeHUsL POOOMOMEXHUYECKUX MEXHOL02Ul, OCHO8
UHDOPMAYUOHHBIX MEXHOLO2UTL U MEXHOL02UTL
MPOMBIUIEHHOT ABMOMAMU3AYUU, 4 MAKICE MEXHOA02ULL
MpOMOMUNUPOBAHUs U A0OUMUBHO20 NPOU38oocmea. B
cocmag Habopa 00HCHBL 8XOOUMb KOMNIEKmMYyouue u
yempoticmaa, obradaroujue KOHCMpPYKIMUHoll,
annapamuou u npoeSpAMMHOU COBMECTNUMOCIBIO OPYe C
opyeom. 1) Komniekm KOHCMPYKMUBHBIX INEMEHMOB U3
\memanna u niacmura 0jist COOpKu mooeneu
MAHURYISIYUOHHBIX POOOMOEB C YeN080U KUHEMAMUKOLL,
nockonapannenvHou Kunemamuxou, Delta-xunemamukoil.
2) UnmennekmyanoHbvlil cepeoMOOYilb C UHMESPUPOBAHHOU
cucmemoti ynpasnenus - ne menee 7um. Cepeomooyns
Dodicen 0bnadams UHMeZPUPOBAHHOU CUCTIEMOU
Vapasnenust, obecneuusaioweil OOPaAmmyIo c6s3b uwiu
KOHMPOIb NApPAMempos - NONOINCEHUE 8ald, CKOPOCHLb
6paujenisl, Hazpy3Ka npugoodd, a maxaice obecneuugaiouen
603MOIAICHOCTB NOCLEO08AMENLHO20 NOOKTIOYEHUSL OpYe C
OpY2OM U YNpasieHus: cepeomMoOVIAMU HO
nocnedogamenbHoOMy NOLYOYNIEKCHOMY ACUHXPOHHOMY
unmepgeiicy. 3) Pobomomexnuueckuii KoumpoJiep,
npedcmasgnsowuil cooou MoOYIbHOE YCMPOUCMEO,
sKIIOYAIOWee 8 ce6sl 0OHONIAMMHBIN MUKPOKOMNbIOMeED 075
GLNOJIHEHUSL CLONCHBIX GbIYUCTIUMENbHBIX ONepayull,
nepugeputinblii KOHMPOJEP OISl YAPAGIEHUS. BHEUHUMU
yempoticmeamu u niamy pacuupenust Oisi NOOKIOYEeHUs
eHewHux yempoticms. Modynu pobomomexnHuyecko2o
KOHmMpoepa 00N#CHbI 001a0amsb 0OHO8PEMeHHO
KOHCMPYKMUBHOLL, annapamuoil u npocpamMmHol
cosmecmumocmvio opye ¢ opyeom. Pobomomexnuueckutl
KOHMPOLLEP O0NIHCEH YOOBNEMBOPSMb MEXHULECKUM
Xapakmepucmuxam: Koi-60 s0ep 6CIMpoeHHO20
\MuKpokomnviomepa - He MeHee 4, maKkmogas acmoma
si0pa - ne menee 1,2 I'Ty, o6vem O3Y - ne menee 512 Mo,
Haruuue unmepgeticos - SPI, 12C, 1-wire TTL, UART,
\PWM, yugposvie - He menee 16 wim u ananozosvie nopmoi
- He Menee 8 wm 071 NOOKIOYEHUsL BHEUHUX YCMPOTICS,
ecmpoentbiti Mukpogon, a maxxce WiFi unu Bluetooth ons
KOMMYHUKAYUU CO BHEWHUMU YCIMPOUCMEAMU.
\Po6omomexHuueckuti KOHMpoaiep 00xceH 0becneuugams
BO3MOAICHOCHID NPOZPAMMUPOBAHUSL C NOMOUWBIO CPEOCME
s13b1k06 C/C++, Python u c60600H0 pacnpocmpansemori
cpeowt Arduino IDE, a maxoice ynpaenenus mooensimu
pobomomexnuueckux cucmem ¢ nomowwpto cpedst ROS. 4)
I Ipocpammupyemvolii KOHMponep - He Menee lwim.
IIpocpammupyembviti KOHMPOLLEP OONAHCEH NPEOCTNABIAND
cO001l BbIYUCTUMENBHBII MOOYIb, 00IAOAIOUUM
yupposuiMu nopmamu - He Menee 8 Wm U AHAI0208bLMU
nopmamu - ne meree 16 wm, unmepgeticaviu UART,
I2C,SPI, TTL, a maxaice mooyrem 6ecnpo8oOHOU C8A3U
muna Bluetooth unu WiFi ona co30anus annapamuo-
npoepammueix pewrenuti u ""ymuvix/cmapm""-ycmpoiicme
015 paspabomxu pewenuil ""Unumepnuem gewgei"". 5)
Inama pacwupenus npocpamMmupyemo2o KOHmpoiiepa —
ne menee lwm. [Inama pacwupenus donxicHa
0becneuusanmsd 803MONCHOCHb NOOKIIOUEHUS
VHUBEPCANLHO20 8bIHUCTUMENLHO20 MOOYIISL K Cemu

nocpedcmeom unmepdgheiica Ethernet. [lnama pacwuperus

6.00
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Ne HanmenoBanmne Kparkue npuMepHbie TEXHUYECKHE XapakTepucTukn | ExmHuma
n/n| odopyaoBanus (PBITIO) (PBITO) H3MEpPEeHUs
00J1ICHA 001A0ams ROPMAMU 8600A-6b1600A OJisl
NOOKIIOUEHUS YUPDPOBBIX U AHATO20BLIX YCINPOUCHE — He
menee 40 wm, unmepgeiic SPI u 6ozmooicrnocmoio
nooKmouenus @HeHell kapmel namsamu. 6) Mooy
IMeXHUUecKo20 3penust, npedcmasisowuil cooot
VCmpoticmeo Ha H6aze blYUCIUMENbHO20
MUKDPOKOHMPOLIEPA U UHMESPUPOBAHHOT KaMePbL,
0becneuusaiowee pacno3nagane NPOCMeutuiux
U300padicenuli Ha Mooyie 3a cuem coOOCMEEeHHbIX
BLIUUCTUMENbHBIX BO3MONCHOCMEN - He MeHee lum;
Modynb mexnuuecko2o 3penus 00dceH obecneuusams
BO3MOICHOCTD KOMMYHUKAYUU C AHALOSUUHBIMU MOOYIAMU
nocpedcmeom wiunbl Ha 6aze NoCIe008amMeNbHO20
unmepdetica c yenvio oanvHelulel nepedayu pesyibmamos
usMepenutl 2pynnvl MOOYIell Ha YNpasisouee
GbLUUCTUMENbHOE YCMPOUCMEO, NOOKTIOYEHHOE K OAHHOU
wiune. Mooyib mexHuuecko2o 3peHust Q0NICeH
0becneuueantb GO3MONCHOCHIL OCYUECBIISIMG HACMPOUKY
MOV MEXHUYECKO20 3PEHUsL - HACMPOUKY IKCROZUYUL,
bananca 6en020, Y8EMOPA3HOCMHBIX COCMABTAIOUUX,
naowaou oouapyicusaemou ooracmu u30opadfcens,
OKpY2noCcmu 06HapydIcusaemoll 06acmu u30opadcenus,
nonodicenue ooHapycusaemvlx ooracmel OMHOCUMENLHO
Opye Opyea. Modynb mexHuueckoeo 3peHust O0JIHCeH
0Oecneuueams 803MONCHOCHb HACMPOUKU HA
00HOBpemenHoe obHapydicerue He menee 10 paznuunvix
0OUHOUHBIX 00BEKMO8 8 ceKmope 0030pa, 1ubo He MeHee 5
cocmasHbix 00beKmos, COCMoAuUX U3 He MeHee 3
pasnuunbix epapuyeckux npumumugos. Mooy
ImexHuuecKko2o 3penusi 0ouicer 001a0ams GCMpPOEHHbIMU
unmepeticamu — USB, UART, 1-wire TTL, I12C, SPI oas
KOMMYHUKAYUY CO BHEUWHUMU ROOKTIOYAeMbIMU
ycmpoticmeamu. 7) B cocmas Habopa 00dICHbL 8X00UNb
Yupposvle UHPOPMAYUOHHO-CEHCOPHBIE MOOY U,
npedcmasnsowue coboll yempoucmea Ha baze
npocpamMmMupyemo2o KOHmpoiepa u usmMepumenbHo2o
baemenma. L{ugposoii modynw dondxcen obradamo
6CTPOECHHBIM MUKPOKOHMPOLLEPOM (MAKMOBAsL HaCmomd -
He menee 16 MIy, wuna oannvix — ne menee 8 Koatim),
unmepeticamu 051 NOOKIIOYEHUs K GHEUHUM
yempoticmeam: yughpogwle u ananoz2osvie nopmel, 1-wire
TTL, pazvem muna RJ. L{ugpposoti modyns dondicen
0becneuusansd G03MONCHOCHb KOMMYHUKAYUU C
(AHANOLUYHBIMU MOOYISAMU NOCPEOCMEOM WUHbL HA Oa3e
nociedosamenvHo20 unmepghelca ¢ yeuvio OaibHeuLel
nepedauu pe3yibmamos usmMepeHuti 2pynnvl Mooynel Ha
VApasnsaouee GbIYUCIUmMeNIbHOe YCMPOUCMEO,
nookmouenrnoe Kk 0aHHoU wiune. B cocmas nabopa oonicno
6X00Umb. YUPPOBOU MOOYIb MAKMOBOU KHONKU — He MeHee
3wm, yugpoeoii MooyIb cgemoouoda — He menee Jwm,
YUpPOBOIL MOOYIb KOHYEBO20 NPEPLIEAMEIsL — He MeHee
3wm, yugposoii Mooy damyuxa ysema — He menee luim,
yugposoii mooyro RGB ceemoouooa — ne menee luum. 8)
B cocmag Habopa O0IICHbL BX00UMb INEMEHMbL 0I5
COOpKU 8aKYYMHO20 3aX6ama. 6aAKYYMHASL NPUCOCKA — He
\Wenee lwim, anekmpomazHummublil Kianau — He menee luim,
6axyymMHulil Hacoc — He menee lwum. 9) B cocmas nabopa
00JIHCEH 8X00UMb YUeOHbIll KOMIIEKM, SKIIOYAIOWULL 6
cebs1 yuebHOe nocobue, Habop OBUOIUOMEK MPEXMEPHBIX
bremenmos 0k nPOMOMUNUPOBAHUS MOOeell
MAHURYISIYUOHHBIX POOOMOS, A MAKIHCE NPOSPAMMHOE

IKoJimuecTBO
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obecneuenue 0 pabomvi ¢ Habopom. [Ipoepammnoe
0bOecneueHue 00IHCHO 0becneyusams MmpexmepHyo
BU3YATUZAYUIO MOOENU MAHUNYIAYUOHHO20 poboma (¢
V210801, NIOCKONAPANLENbHOU U 0elbMaA-KUHEMAMUKOL) 6
npoyecce pabomol, obecneuusams NOCMpoeHUe
NPOCMPAHCMBERHOT MPAEKMOPUL OBUICEHUSL
UCHONIHUMENbHO20 MEXAHUIMA MAHUNYISIYUOHHO20 poboma,
603MOAICHOCHIL 3A0AHUSL NOCIEO0BANENLHOCIU MOYEK OISl
npOX0NCOeHUS Yepe3 HUX UCNOTHUMENTbHO20 MEXAHUIMA
Wmanunyasiyuonnozo poboma. Ilpoepammnoe obecneuenue
OO0JIHCHO PYHKYUOHUPOBAMNb, KAK 8 OMOEIbHOCMU 8 8U0e
cpedbl MOOenuposanusl, Max u @ pexscume MOHUMOPUHad 8
peanvHom epemenu npu NOOKIIOYEHUU MOOeIU
\Manunyisimopa nocpeocmseom pobomomexHuyecKo2o
konmpoanepa. [lpoepammnoe obecneuenie OOINCHO
0becneuusanb 803MONCHOCHb NOCMPOEHUsL 2PAPUKO8
BaO0aHHbIX U MEKYUWUX 0000UeHHBIX KOOPOUHAM
IMAHURYISIYUOHHO20 poboma, 2paghuKos 3HAYeHUll
ckopocmell U YCKOpeHusl, 2pahuKo8 pacuemuvlx 3Ha4eHuil
Haepysxu. [Ipoepammnoe obecneyenue 00MHCHO NO36OTIAMb
Badasame nocie008amenbHOCHb NepPed8UIHCEHU
\Manunyisimopa nocpeocmseom Habopa KOMaHo 8 bI0YHO-
epaguueckom unmepetice. Yuebnoe nocobue OONNHCHO
co0epoicams mamepuansvl no pazpabomke mpexmepHoix
mooeneil MOOUTLHBIX POOOMO8, MAHUNYIAYUOHHBLX
poOOMOG ¢ pa3IUUHbLIMU MUNAMU KUHEMATUKY (VeN106as.
KuHeMamuxa, nioCKO-napaiileibHask KUHEMAmMuKd, 0eibmad-
kunemamura, SCARA unu pvruadicnas Kunemamuxa,
nramgpopma Cmioapma u m.n.), UHCMPYKYuu no
npOeKmMUpoBanUI0 POOOMOE, UHCMPYKYUU U MEMOOUKU
OCYWeCmBeHUs UHIICEHEPHBIX PACYeno8 npu
npoexmuposanuy (pacuemul HAepY3KU U MOMEHMOS,
pacuem MowHOCmu RPUBOO08, paciem napamempos
KUHeMamuKu u m.n.), UHCMpyKyuy no paspabomie cucmem
VAPABNeHUs. U NPOSPaMMHO20 obecneyerus: OJisl YRpaeieHus
pobomamu, uncmpykyuu u Memoouxu no papabomre
cucmem yYnpagieHus ¢ d1eMeHmamu UCKyCCMEeHH020
UHmMENeKMA U MAUWUHHO20 00YYEeHUSL.

Obpazosamenvhuiil HADOP HO

D1eKMpPOHUKe,
DaeKmpomexanuxe u
MuUKponpoyeccopHol
mexnuke

[Habop donowcern 6bimob npedHasHayeH 08 NPo8eoeHUs
VUEOHBIX 3aHAMULL NO U3YHEHUIO OCHO8 MEXAMPOHUKU U
pobomomexHuKu, NPaKmMuuecKko20 npumeHeHus: 6a306bix
DIEMEHMO8 INEKMPOHUKU U CXEMOMEXHUKU, a MAKIICe
Hauboiee pacnpocmpanenHol dieMeHMHol 6a3vl u
OCHOBHBIX MEXHUYECKUX PeuleHUtl, NPUMEHAEMbIX NpU
NPOEKMUPOBAHUL U RPOMOMURUPOSAHUU PASTIUYHBIX
UHIICEHEPHBIX, KUOEPHEMUYECKUX U BCIPAUBAEMBIX
cucmem. B cocmas nabopa 00nx#CHbL 6X00UMb
KoMniekmylowue u ycmpoticmaa, oonaoaioujue
KOHCMPYKIMUBHOU, dJIeKMPU4ecKou, annapamuou u
MPOSPAMMHOTL COBMECIMUMOCTIBIO OpYe ¢ OpyeoM. B
lcocmag Habopa 00dHCceH 6X00UMb KOMIIEKM
KOHCMPYKMUGHBIX JeMEHMO8 U3 Memasiia st cCOOpKu
\MaKkema MaHURYISYUOHHO20 POOOMA U KOMIIEKM
\MemanIuyeckux KOHCMpPYKMUGHbIX J1eMeHMOo8 07l COOpKU
makema moburbHo2o poboma. B cocmag nabopa 0019cHbl
6X00UMb NPUBOOA PAZIUYHO2O MUNA: MOTOPbL C
UHMESPUPOBAHHBIM ULU GHEUHUM OAMYUKOM HOTONCEHUS —
He menee 2uim, cepeonpusod O6obuiol — He MeHee duim,
cepsonpusood manvlil — He MeHee 2uim, nPueood ¢
BO3MOIICHOCIBIO YNPABIEHUSL 8 UWA20BOM Pedcume — He

Wmernee 2uum. B cocmas nabopa 0onicHbl 6x00umo

6.00
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bremenmol 015t COOPKU BAKYYMHO20 3aX6ama. 6aKyyMHAS
npucocka — ne menee lwim, S1eKMPOMASHUMHBILL KIANAH —
He menee lwim, 6akyymHuwili Hacoc — He menee lwm. B
lcocmag Habopa O0HCHA 8XOOUMb NeMeHmHasl 6a3a O
npomomunuposanus: niama s 6ecnaeuHo2o
npomMomunupoBanus, KOMNJIEKm nposoo008 PA3IULUHO20
muna u OnuHbl, KOMIIEKIN PE3UCHOPO8, KOMIILEKM
c6emoou0008, cemuceeMeHmublll UHOUKAMOP, Oucniel
VKK-muna, KHONKU — He MeHee Suim, nomenyuomempsl — He
\Wmenee 3um, uHGPaKpacHlil 0amyux - He MeHee 3uim,
VIbMpPa38yKo8oU OamuUK - He menee 3uim, 0amuyux
memnepamypul - He MeHee lwim, 0amuuK 0c8eweHHoCmu -
e menee lwm, mooyno Bluetooth — ne menee luim, modyne
UK-npuemnura — ne meree 1uim, mooyne UK-
nepedamuuxa 6 6ude KHONOYHO20 NYIbMA YAPAGTIEHUSL —
[wm, akkymynsamop — He menee luim, 3apsionoe
yempoticmeo — e menee lwum. B cocmae Habopa dondicen
6X00UMb MYTbMUOAMYUK O/l USMEPEHUSL MEeMNepamypbl U
6IIAXNCHOCMU OKPYJHcarowell cpedvl — He menee luim.
Mynemuodamuux 0onxceH 061a0ame 8CMpPOEHHbIM
MUKPOKOHMPOLTEPOM (MAKmMo8as yacmoma - He menee 16
My, wuna oannvix — e menee 8 Kbatim), unmepgheticamu
07151 NOOKTIOYEHUS. K 6HEUHUM YCMPOUcmeam: yughposvie u
ananocosvie nopmei, 1-wire TTL, pazvem muna RJ. B
cocmas nabopa 0ondicen 6Xx00UMb KOMNJIEKM
VHUBEPCANIbHBIX GbIYUCUMENbHBIX MOOYIell,
npedcmagnaowux cobotl 6az08y0 NAAmy, niamy
pacwupenust O cemego2o 83auMOoOeucmeus. U Niamy
nooKIOUeHUs CUN0BOU HA2PY3KU. Bxodswue 6 komniexm
yempoticmea 00dcHbl 001a0amsb 00HO8PEMeHHOU
KOHCMPYKMUBHOLL, JJIeKMpU4ecKoll, annapamHou u
NPOSPAMMHOTL COBMECMUMOCMbIO Opye ¢ Opyeom. bazosas
nIama YHUBEPCAIbHO20 GbIYUCTUNENbHO20 MOOYIISL OONIHCHA
npedcmagisims cobou NPoepaMMUPyemblil KOHMPOILLep 8
cpede Arduino IDE unu ananocuunvix c60600HO
pacnpocmpansemuvix cpedax paspabomru. bazoeas niama
0019ICHA 001a0amb 8CMPOeHHbIMU UHmMepeticamu O
nOOKIOUEHUS. YUPDPOBBIX U AHATIO208bIX YCIPOUCMSE,
scmpoennvimu unmepgevcamu USB, UART, 12C, SPI, I-
wire TTL, Bluetooth, WiFi. Ilnama pacuuperus 00nx#cHA
0becneuusantb GO3MONCHOCHIL NOOKIIOYEHUS
VHUBEPCANLHO20 GbIHUCIUMENBHO20 MOOYIISL K Cemu
nocpedcmeom unmepgpeiica Ethernet. [Inama pacwupenus
00121CHA 001a0amb NOpMamu 8600a-8v1800a OJisl
nOOKIIOUEHUS YUPDPOBBIX U AHATO20BbIX YCIMPOUCME,
unmepgetic SPI u 603M02CHOCMbIO NOOKIIOYEHUSL 6HEWHEl
Kapmul namsamu. Tliama pacuwupenus 0ns nOOKNIOYeHUs
CUI0601L Haz2pY3KU QONAHCHA 0DEeCne Usams 603MONCHOCHIL
MPAMO20 ROOKIIOHEHUS. BHEeWHEl CULOBOU HAZPY3KU,
maxoice pez2ynupyemoi Haepysku nocpeocmeom PWM
uumepgetica. B cocmas nabopa oondicen 6xooums
npocpamMmupyemulii KOHMPOJAEP, 00eCneUU8aIoUULl
603MOIICHOCHIL OCYWeCMEISAMb PA3PAOOMKY
MPOCPAMMHO20 KOO, UCHONb3YSL UHCIPYMEHMAaPUil cpeo
paspabomku Arduino IDE u Mongoose OS u a3vik06
npoepammuposanus C\C++, JavaScript.

[ Ipoepammupyemvlii KOHmMPOJLIEp O0INHCEH 00adams
nopmamu 0151 NOOKNIOYEHUs. YUDPOBIX U AHATIO208bIX
yempoiicme, 6CmpoeHHbIMU NPOSPAMMUPYEMbIMU
KHONKAMU U S1eKIMPOMEXAHUYECKUMU MOOYAMU 0I5l

opcaHU3AyUU CUCTEMbl PYHYHO20 YNPABIIeHUA,
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BCTNPOEHHBIMU NPOZPAMMUPYEMBIMU CEEMOOUOOaMU 0I5l
uHOUKayUY paboyezo pexrcuma, 6CmpoeHHbIMU
unmepdpeticavu USB, USART, 12C, SPI, 1-wire TTL, ISP,
[Ethernet, Bluetooth, WiFi. B cocmaeé nabopa dondicen
6X00UNb MOOYIb MEXHUYECKO20 3PEHUsl, NPeOCM AUl
cob0ll bluUCIUMENbHOE YCMPOUCTBO CO 6CHMPOECHHbIM
Imurponpoyeccopom (kon-60 s0ep - he menee 4wm,
uacmoma s0pa He menee 1.2 I'Ty, o6vem O3V - ne menee
512Mb6, 06vem scmpoennol namamu - He menee 816),
UHMESPUPOBANHOU KAMEPOU (MAKCUMATbHOE PA3peuenue
su0eonomoka, nepedasaemozo no unmepgeticy USB - ne
wmenee 2592x1944 ed.) u onmuueckou cucmemou. Mooy
mexHuuecko2o 3penus 0oaicen 0o1a0ams
COBMECUMOCMbBIO C PAZTUYHBIMU NPOSPAMMUDYEMBIMU
KoHmpoanepamu ¢ nomowpro unmepgeticog - 1-wire TTL,
UART, I2C, SPI, Ethernet. MoOynb mexHuuecko2o 3peHus
OodIcer 0becneuu8anms GbINOIHEHIE 8CeX USMEPEHUL U
BLIUUCIEHUL NOCPEOCTNBOM COOCMBEHHBIX GbIYUCTIUNETbHBIX|
603MOICHOCIEN BCMPOEHH020 MUKponpoyeccopa. Mooy
mexHuuecKo2o 3penusi 0oaicer 001a0ams B03MONCHOCIbIO
KOMMYHUKAYUU C AHATIO2UYHBIMU MOOYJISIMU NOCPEOCIBOM
wuHbL Ha Oaze nocied08amenbHo20 unmepgelica ¢ yeivio
OanvHelulell nepedadu pe3yibmamos usmepeHuil 2pynnsl
\MoOyel Ha ynpaesisoujee GblNUCIUMENbHOE YCMPOUCMEO,
nookmouerHoe Kk 0anHou wure. Modyis mexnHuueckozo
Bpenus dodicen obecneyusams HACMpPOUKU PeICUMO8
pabomel - HACMPOUKY KCho3uyuu, baranca 6enozo,
YEMOPAZHOCMHBIX COCMABISTIOWUX, NIOWAOU
0OHapyCcUBaemMoll 0baacmu u300padtcenus, OKpy2i1oCcmu
0OHapyicusaemoll obaacmu U300paxicenus, NOI0NHCeHUe
0OHapyHcUBaemMblx 0baacmetl OMHOCUMENbHO Opye Opyed,
Mawunnoe 0byuenue napamempos HeUpoHHbIX cemetl 015
0OHApPYICEHUsT 00DEKMO8, POPMY U 3aKOOUPOBAHHbBLE
BHAUEHUs. OOHAPYIICUBAEMBIX MAPKEPO8 mMuna Aruco,
pasmepvl 0OHAPYIACUBAEMBIX OKPYIHCHOCTEN, KEAOPAMO8 U
mpey20bHUKO8, NApaMempo8 KOHMPACMHOCIU, PA3Mepos,
KPUBU3HBL U NONIOJICEHUSL PACNO3HABaeMbIX Aunul. Habop
00J1iCeH 0becneyusams 803MONCHOCb PA3PAOOMKU
mooenu MoburbHo2o poboma, ynpagnsemoti ¢ FPV-
pearcume nocpedcmeom npospammno2o obecneyenus Oist
nepCoOHANbHO20 KOMNbIOMEPA U MOOUTILHBIX YCIPOLUCHE HA
oaze OC Android unu 10S, obecneuusaroujeco
BO3MOAICHOCTL YNPAGLEHUS MOOUTLHBIM POOOMOM U
6CTNPOEHHBIM MAHUNYISIMOPOM HOCPEOCBOM
epaguueckoeo unmepgheiica, skmouarOwum 6 cedst Habop
KHONOK U nepexouamenetl, OAHCOUCMUK, 0oaacms st
omobpaxcenus eudeo. Habop donxcen obecneuusamo
BO3MOJICHOCL U3YUEHUsL OCHO8 PA3PADOMKU NPOSPAMMHBIX
U ANNAPAMHBIX KOMNILEKCO8 UHICEHEPHBIX CUCTIEM,
pewenuil ¢ chepe ""Humepnem geweni"", a maxoice
pewenuii ¢ obnacmu po6OMoOmMexXHUKU, UCKYCCMEEHHO20
UHMeLIeKma U MawuHHo20 o0yyenus. B cocmas nabopa
00IHCHO 8X00UMb NOCOOUE NO UYYEHUIO OCHO8
DAEKMPOHUKYU U CXEMOMEXHUKU, peweHull 8 cihepe
""Humepuem sewen"", pazpadbomku u
npomomunuposanuio mooenet pobomos. B cocmas
Habopa OONINHCHO 6X00UMb NOCOOUE NO U3YHEHUIO OCHOG
paspabomku cucmem mexHu4ecKo20 3peHus U 2NeMeHmos

UCKYCCMBEHHO20 URmMeEIeKma.
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Ne HanmenoBanmne KpaTkue npumMepHble TeXHHYeCKHe XapakTepucTukn | Eqnnuna
n/n| odopyaoBanus (PBITIO) (PBITO) H3MEpPEeHUs
ObpaszosamenvHulll HADOP 00JJICeH OblMb NPEOHA3HAYEH
0J151 U3YYEeHUs MEXAHUKU, MEXAMPOHUKYU U POOOTNOMEXHUKIL.
Obpazosamenvhbiil HaOOp npednasHayen O paspabomKu
npoepaMMUpyemblx MoOeell MEXampOHHBIX CUCTEM U
MOOUTLHBIX POOOMOB, OCHAWEHHBIX PASTUYHbIMU
MAHUNYIAYUOHHBIMU U 3AXE6AMHbIMU YCmpoticmeamu. B
lcocmag Habopa OOIHCHO BXOOUMb: KOMNLEKM
KOHCIMPYKIMUBHBIX DNIEMEHINO8 U3 MEManid, KOMNIAeKm
KDEnéxCHbIX dIeMeHMo8, KOMNIeKm 05 COOPKU
Baxeamnozo ycmpoiicmea — He menee 1 wm., Koneca ¢
npopesunenHbiM 06000M — He Menee 2 wm., Koneca
BCEHANPABNIEHHO20 OBUNCEHUS -He MeHee 2 Wm., NPUeoo
nOCMOAHHO20 MOKA ¢ UHMEZPUPOSAHHOU CUCEMO
ynpaenenus, obecneuusaroujeli 0OpAmHyIo cea3b
MONIOJICEHUI0, CKOPOCIU U HASPY3Ke - He MeHee 4 wim.,
Oamuuk TuHUY - He Menee 3 wim., 0amyuK pacCmosHUsL — He
menee 1 wim., akkymyasmopHas 6amapes — He meHee |
wim., 3apsaoHoe ycmpoiicmeo — He meHee 1 wm. B cocmas
Habopa 0o1dcer 8X00UMb NPOSPAMMUDYeMbL KOHMPOJLTep,
0becneuusalowull B03MONCHOCMb OCYWeCMBIAMY
paspabomky npocpammmo2o Kood, UChoIb3ysi
uncmpymenmapuil cped paspabomxu Arduino IDE.
lIpoepammupyembviti KOHMPOLLEp O0NACEH 0beCneuu8ams
annapamuyio u npopamMMHyIo cO8MeCmMuUMOCb ¢
baemenmuou 6aszou, 6xo0suell 8 cCocmag Habopa.
IIpocpammupyembviti KOHMPOLIEP OONACEH COOEPIAHCAND
credyrowue unmepgericol. yugpoguvle u aHAI0208ble
nopmot — ne menee 50wm, USB, USART, I12C, SPI, ISP,
Oobpazosamenvuviil Habop no \Bluetooth, WiFi. I[Ipoepammupyemsiii KOHMpoaiep 00H#CeH
\Mexanuke, mexamponuke U \cooepaicams uHmepghetic (011 noOKIOUeHUs NPUBOO08 U wm. 3.00
pobomomexnuke 0amuuKo8 pobomomexHu4ecko2o Habopa), pearu308anHbulil
Ha Oaze wiunvl RS-485 — ne menee 12wim.
Ipoecpammupyembviti KOHMPOLLEP OONACEH COOEPIACAND
cun0801 nopm 01 NOOKMOYEHUs 6HewHell HAPy3KU U
lmomopos — ne menee 2um. B cocmag nabopa dondicen
6X00UMb MOOYIb MEXHUYECKO20 3peHUs — He Menee luim.
Modynb mexnuueckoeo 3penus 00adceH obecnevusams
BO3MOHCHOCTIND KOMMYHUKAYUU C AHATIOSUYHBIMU MOOYISAMU
nocpedcmeom wuHbL Ha Oaze NOCIE008AMENLHO2O
unmep@eiica c yenvio OanvHelulell nepedayu pe3yrbmanmos
u3Mepenull pynnsl MOOyIell Ha YNpasisiowee
BbIUUCIUMENbHOE YCIMPOUCMB0, NOOKIIOYEHHOE K OGHHOU
wiune. Mooy mexHuueckoeo 3peHus 00XHCeH
0becneuusamsv 603MOHCHOCHb OCYIECMBIANMY HACPOUKY
MOOY/IT MEXHUYECKO20 3PEHUs - HACMPOUKY IKCROZUYUU,
bananca Henozo, Y8emMopasHOCMHBIX COCMABIAIOUIUX,
nowaou ooHapyicusaemoll 00aacmu u306padicenus,
OKPY2I0CMU OOHAPYAHCUBAEMOLL 0ONACMU U300PAdICEHUS,
nonodcerue 0OHapyHCUBaeMpix 061acmell OMHOCUMETbHO
Opye Opyea. Modyib mexHuueckoeo 3peHus O0IHCeH
0becneuusams 603MOACHOCHIb HACMPOUKY HA
0O0HO8peMenHOoe 0OHapydicenue He menee 10 pasauynbix
0OUHOUHBIX 0OBEKMO08 8 ceKmope 0030pa, 1ubo He MeHee 5
cocmagHbix 06beKmMo8, COCMOAWUX U3 He MeHee 3
pasnuunbix epapuyeckux npumumugos. Mooy
mexHuuecko2o 3penus 00nxcen 061a0ams 8CMpOeHHbIMU
unmepgeticamu — USB, UART, 1-wire TTL, I2C, SPI ons
KOMMYHUKAYUY CO BHEUHUMU NOOKTIOYAEMbIMU
CMpOotCmMEamu.

IKoJimuecTBO

=
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ObpazogamenvHulii
KOHCIMPYKMOP ¢
KOMNAEKMOM 0am4uUKo8

ObpaszosamenvHulll HADOP 00JJICeH OblMb NPEOHA3HAYEH
0J151 U3YUeHUs OCHO8 PA3pAbOMKU NPOSPAMMUPYEMBIX
mooeneil asmoHoMHbIX MOOUTbHBIX pobomo8. B cocmas
HAbOPpa OONNCHO 6X00UMb. KOMNILEKH KOHCMPYKMUGHbIX
beMeHmOos U3 NIACMuKa, UHCIMpyMeHm 0Jist pabomsl ¢
KDENeHCHbLMU KOMIOHEHMAMU, CEPEONPUBOD C 6CIPOEHHOT
cucmemoii ynpagnenus, obecneuugaroweli 06pamHyI0 3o
MOLOACEHUIO, CKOPOCTU U HAZPY3KE - He MeHee 4 wim.,
nynem ynpaenenus — He menee luim, 0amuux Kacamus — e
Wmenee I wm., 0oamuux yeema — He menee lum, 0amuux
IMaKmuIbHO-CEHCOPHBIL CO CBEMOOUOOHBIM MOOYIEM — He
\menee 1 wm., kamepa ¢ 603MOACHOCHIBIO OOHOBPEMEHHO2O0
onpeoenenusi HeCKOIbKUX YBEMos — He MeHee 1 wim.,
axkymyaamopuas bamapes — ne menee 1 wm. B cocmag
Habopa dondicen 6x00Ums pOOOMOMEXHULeCKUL
Konmpoinep — He menee lum. Pobomomexuuyeckuii
KOHmponep 0ondcer 061a0ame 8CMpPOEHHbIM YBEIMHBIM
VKK aKpanom u 6cmpoenHbiM UHepYUOHHbIM OAmYUKoM.
[Po6omomexHuueckuti KOHMpPoLep O0NHCeH UMeMb He
\menee 12 nopmos 0151 NOOKIOUEHUs BHEUIHUX YCIPOUCME U]
nopm 05t ycmaHoexku kapmol namsamu. B cocmas nabopa
007121CeH BX0OUNMb NPOSPAMMUPYEMBLI KOHMPOJLIEp — He
menee 1 wm. IIpocpammupyemviii KOHMPoLLEP OONHCEH
npeocmaegisime cobou ycmpoticmeo, obecneyusaioujee
BO3MOICHOCL OCYWeCMEIAMb PA3PAOOMKY
MpoSPaAMMHO20 KOO, UCHONb3YS UHCIPYMEHMAaPUil cped
pazpabomku Arduino IDE. [Ipozpammupyemviii
KOHmMpOLLep 00NICer 0becne ueams annapammyio u
MPOSPAMMHYIO COBMECMUMOCHTb C JIeMEHMHOU 6a301,
exooawell 8 cocmaeg Habopa. I[Ipoepammupyemvlii
KOHmMpOoIIep 00a4HCceH co0epicams ciedyouue
unmepdheticol. yupposwvle u ananoeoevie NOPMvL — He MeHee
50wm, USB, USART, 12C, SPI, ISP, Bluetooth, WiFi.
I Ipoecpammupyembviti KOHMPOLLEP OONACEH COOEPIAICAND
unmepgetic 0 NOOKIOYEHUs RPUBOO0E U OAMUUKO8
obomomexnuuecko2o Habopa— ne menee 12 wm.

8.00

HaumenoBanue HanpasJeHusi: " Texnonocuueckas nanpasnennocmev. BUO'"

HaumenoBaHnue pazaena:
"TexHonmoruueckas
HamnpasyieHHOCcTh. B1O"

Cnexmpoghomomemp

[ IpednasHauen 01 onpedeneHusi ORMUYEeCcKoll NJIOMHOC,
KO3 huyuenmos nponyckanus u KOHYeHmpayuu
A3HOOOPA3HBIX PACMBOPO8

1.00

Ananumuueckue eecwvl

I Ipeonasnayenvl 015t MOYHBIX USMEPEHUL MACCL,
n03605110M KOHMPOIUPOBANb USMEHEHUSL MACChL C
mounocmuio 0,1 me.

1.00

Yuebno-uccneoosamenvcras
lnabopamopus 6uocueHanos u
HelupomexHon02ul

B cocmas éxoosm: Cencop Tun 1 ne menee I wm.,
0becneuusaem 603MOHCHOCHb PE2UCPAYUU CUSHATA
BIeKmpu4ecKoll aKmMugHOCIU MblldY (INEKMPOMUOSDAMMbL,
OMT). Pecucmpayus 00124CHA OCYUWECMBISIeMCS
HeUHB8A3UEHO, CYyXuMu dekmpodamu. Bosmoscnocmoio
Kpenienus K pyKe ueio8exa, 4mo O00aHCHO 0a8ambs
BO3MOIACHOCTD PEUCHPUPOSAMb DNEKMPULECKVIO
aKMUBHOCIU MbLLUYDBL 8 0OLACTU, HAO KOMOPOU
pacnonazaemcs kpennenue. [Ipu HanpsiceHuw Mblulybl
001CHA ObIMb 0becneyeHa 603MOHCHOCb HADIF0OeHUs
nyynocmu cuenana (m.e. npucymemeue IMI), npu
paccrabrenuu moiuysl - ee omcymemsue. Cencop Tun 2
He menee 1 wm., obecneuugaem 603MOHCHOCTIb
pecucmpayuu cuenana pomoniemuzmoepammol (PIII)

onmuvecKum nymem, 3a cuem USMeHeHUs ompaxiCeHHoco

15.00
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0 KPOBEHOCHBIX COCYO08 c8emd, 00beM KOMOPbIX
U3MeHsemcs noo gosoelicmeuem nyabcosot 60ansl. Cencop
Oondicer bbimb obecneyen 603MONCHOCMbIO KpeNnieHus K
nooyuweuxe nanvya yenosexa. Cencop Tun 3 ne menee I
wim., obecneuugaem 803MONCHOCMb: Pe2UCMPAYUY CUSHALA
baexmpoxapouozpammel (OKI) ne unsazusHvim cnocobom,
pecucmpayuu I, I u 11l omeedenuii; nookmouenus
D1eKMpPO008 K CeHCOPY € NOMOWBIO COCOUHUMENbHBIX
npo6000s, obopydosannvix TouchProof pasvemamu.
Cencop Tun 4 ne menee 1 wm. obecneuusaem
BO3MOXCHOCIb. PE2UCMPAYUU CUSHANIA KOHCHO-
eanveanuueckoil peaxyuu (KI'P), pecucmpayus Komopozo
oCyWecmenaemcs Ha NOCMOAHHOM MOKe; NOOKNIOYEHUs K
meny yenoeexa ¢ NOMOWbIO CYXUX NeKMpPoo0s,
nOOKIIOUeHUe KOMOPBIX K CEHCOPY OCYUWEeCMENAeNCsl C
nomowwro TouchProof pazvemos. Cencop Tun 5 ne menee
[ wm., obecneuugaem 8603MONCHOCMb: PESUCPAYUU
cuenana anexkmpuyeckoul akmusrocmu mosza (33I) ¢
MOMOWBIO CYXUX HEUHBAZUBHBIX DNEKMPOO08; pecUCmpayuu
DAeKMpUYecKou aKMUBHOCMU PAa3HblX 00J1ell MO32d,
MoOKIIOUeHUs DIEKMPOO08 K CEHCOP) C NOMOUbIO
coeouHumenbHbIX nPo6o008, 0bopydosannvix TouchProof
pazvemamu,; 3aKpensieHust 1eKmpooos Ha HOBEPXHOCMU
eonoswt. Cencop Tun 6 ne menee 1 wm., obecneuusaem
BO3MOICHOCD. PESUCTNPAYUY CUSHALA KOAeOAHUS! 2PYOHOU
knemiu (Cencop Ovixanus), onpeoeneHus 4acmomol
Ovixanus. Ycmpoiicmeo 01 c6opa OaHHbIX OM CEHCOPO8 U
nepedauu Ha NepPCOHATbHYBIL KOMNbIOMeED 0becneuusaem
B03MOXCHOCHb COOPA OAHHBIX OM NOOKTIIOUEHHbIX K HeMmy
ceHCcopo8 u omnpasKy noryyeHHvix oanusix Ha I1K.
Ilooknrouenue yenmpanoHo2o mooyas k 11K ¢ nomowwio
USB-kabens. [lenmpanvhuiii MOOyib umeem e menee 1
wm, : eanveanuyeckyio uzonsyuio om IIK. Llenmpanvuviii
MO0y 0becneyusaem 603MONCHOCHL OOHOBPEMEHHO20
nooxmouenus enioms 00 4 cencopos. Kaowcowiii uz 6x0006
[{enmpanbno2o MOOYs uMeem 2a1b8aAHUYECKYIO U3OTAYUIO
(0becneuenue MeHCKAHATLHOU 2aNb8AHUYECKOU U30NAYUL).
[lookarouerue cencopos k Llenmpanoromy mooyno
0CYUIeCmEIAemcs ¢ HOMOWbIO CHeYUATUIUPOBAHHBIX
pazvemos muna LEMO, obecneuusarowux npasuivHocmy
MOOKIIOUeHUs pA3beMa U CHUNCAIOWUX PUCK CLYYALIHO20
Kacanus pasvemos moKonposooauux acmeti, a maxdice
0bOecneuUsaroOuWUx 3auumy om HeCaHKyuOHUPOBAHHO20
MOOKII0UeHUs K NPOU3BONbHLIM Yempoticmeam. Mooy
«Knonkay ne menee 1 wim., obecneuusaem 603MONCHOCHD!
pazmemxu pecucmpupyemvix CUZHAI08 U OMMeuams He
\MeHee 3-X pasnuyHbIX Kame2opuu COCMOAHUI.
Yempoticmeo, exoosauee 6 cocmag nabopamopuu, 00AHCHO
0Oecneuu8ams 603MONCHOCHb Pe2UCPayUU
lapmepuanbro2o dasnerus.

HaumenoBanue HanpaJjieHusi: "KomnvromepHoe u npezenmayuontoe 0bopyoosanue'

HanmeHoBaHue pasnena:
"KommnbroTepHoe u
MPE3EHTAIMOHHOE
obopynoBanue"

HHmedemuGHbllJ Komnjekc
C 8bIUUCTUMENbHBIM OIOKOM
U MOOUNBHBIM KpenjeHuem

HHmepaxmueHwlil KOMNIEKC C BbIYUCTUTNENbHBIM OJIOKOM U
MOOUTbHBIM KpenNieHUueM 00HCeH COOMBEMCmME08ams
credyrowum mexuuueckum mpebosanuam: Pasmep
Ouazonanu: e menee 74 owimos; Paspewienue sxpana no
ecopuzonmanu. ne menee 3000 nuxcenei: Pazpewenue
bxpana no eepmuxanu: He menee 2100 nuxceneti,

1.00
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Iloooepoicka paspewerus 3840x2160 nukceneii (npu 60
y): 0a, Hanuuue 6cmpoeHHOU aKycmuyecKkol CUCembl.:
0a,; Konuwecmeo mouek xacanus: ne menee 20; Bvicoma
cpabampieanusi ceHcopa om nOGEPXHOCHU IKPAHA. He
bonee 3 muniumempos, Bpems ominuka cencopa Kacanusi:
e bonee 10 munnucekyno, Bcmpoenuvie pyuxyuu
pacnosnasanust 06vekmos kacanus: da; Konuvecmeo
noooeparcusaemvbix CMULYCo8 0OHOBPEMEHHO. He MeHee 2;
IBosmooicHocmb nooxkmoyenus k cemu Ethernet npogoonvim
cnocobom: da; Bosmosrcnocms nookatoyenus Kk cemu
[Ethernet 6ecnposoonvim cnocobom (Wi-Fi): oa;
IBO3MOICHOCHb UCHOIB308AHUS TAOOHU 6 Kauecmee
uncmpymenma cmupanus: oa; Hanuuue
UHMESPUPOBANHO20 OAMYUKA OCBECUJEHHOCU OISl
lasmomamuseckoll KOppeKyuu sprocmu n0OC8emK: 0d;
Hanuuue @ynkyuu 6ecnpo8ooHoll nepeoayu u300paxicenus
c ycmpoticme na 6aze OC Windows: oa; Hanuuue @pynkyuu
0ecnpo8oOHOl nepedayu U300paXicenus ¢ yCmpoucms Ha
oaze OC MacOS: da;, Hanuuue ¢pynxyuu 6ecnpogooHoii
nepeoauu usobpasicenus c ycmpoticms na 6aze OC iOS:
0a; Hanuuue gpynxyuu becnpooonoti nepedayu
uzobpasicenust ¢ ycmpoticme nHa 6aze OC Android: oa;
IBO3MOANCHOCHb YOANEHHO20 YNPAGLEHUS U MOHUMOPUH2A.:
0a, Hanuuue xpennenus ¢ komniexme. oa, Hanuuue croma
Ha Kopnyce O YCMAaH08KU 0ONOIHUMENbHO20
guIyUCIUMENbHO20 ONoKa: 0a; MakcumanvHbill
noodoepoicusaemviti 00veM ONePamuHoOU NAMAMU
OONOIHUMENLHOLO BLIYUCTUMENLHO20 OI0KA: He MeHee 8
"6, Makcumanvhwiil noodepaicusaemvlil 00bem HAKOnumes
OONONHUMENBHO20 BbIYUCIUMENbHO20 ONI0KA: He MeHee [28
'6; Pazvem 014 nookuioueHusi OONOAHUMENAbHO20
BLIUUCIUMENLHO20 OI0KA ¢ KOHMAKMAMU dAEKMPONUMAanus
BLIUUCTUMENBHO20 OI0KA OM 6CMPOEHHO20 OIOKA NUMAHUSL
UHMEPAKMUBHO20 KOMNIEKCA U KOHMAKMAMU 0I5l
nookmouenus yugposozo sudeocuenana u USB ons
NOOKIIOUEHUSL CEHCOPA KACAHUSL: HATUYUE,

I IpoussooumenbHOCMb npoyeccopa OONOIHUMENbHO20
sbluUCIUMENbHO20 O10Ka (3Hauenue nokasamens « CPU
Mark» no mecmy «Desktop CPU Perfomance»
https://www.cpubenchmark.net/desktop.html unu no mecmy
«Laptop & Portable CPU Performancey
https://www.cpubenchmark.net/laptop.html): ne menee
7000 eounuy, Paspewenue na gvixode dudeoadanmepa
BLIUUCAUMENLHO20 OI0KA NPpU pabome ¢ UHMEPAKMUBHBIM
Komniexcom: He menee 3840 x 2160 nuxceneti npu 60 I'y;
Hanuuue y 00noanumenbHo2o bluUCIUmMenbHo20 O10Ka
becnpo6oonoeo mooyas Wi-Fi ne nuoice 802.11a/b/g/n/ac;
Maxcumanvulil yposens wiyma npu pabome
OONOIHUMENbHO20 B8bIYUCIUMENbHO20 O10KA: He bonee 30
0bA; Hanuuue 6 komniexme moOUIbHO20 MEMANTUYECKO20
Kpenienust, 06ecneuu8aiowe20 803MONCHOCIb HANOIbHOU
VCMAaHOBKU UHMEPAKMUBHO20 KOMNIIEKCA, ¢ NEPEOBUICHO
KosiecHotl 6a30u U 803MOHCHOCIbIO puKcayuu Koiec 04
UCKTIOYUEHUSL HEeNPOU3BOTILHO20 OBUICEHUSL,

I Ipedycmanoenennas onepayuonHas cucmemda ¢
epaghuueckum nonv308amenbCKum unmepheicom,
0becneuusaiowas pabomy pacnpocmpaHeHHbIx
06PA308aMENLHBIX U 0OUJECUCTIEMHBIX NPULOIHCEHULL:
Hanuuue, QyuKyus epapuyeckozo KOMMEeHMUposanus
noBepx NPoU36016HO20 U30OPAICEH U, 8 MOM YUCTE OM

husuyecku nOOKIIOUEHHO20 UCMOYHUKA 8UOCOCUSHANA.!
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Hanuuue, Mnmezpuposannulii 6 NOIb308AMeENbCKULL
unmep@eiic YHKYUOHAN npocmompa u pabomsi ¢
atinamu ocrosHwix gpopmamos ¢ USB- naxonumenet unu
cemesoeo cepsepa: nanuuue, Unmezpuposannuie
cpedcmea, obecneuusarougue credyiouwuil PyHKYUoHan: —
cO30anUe MHO20CMPAHUYHBIX YUeOHbIX 3AHAMUL C
UCHONIb308AHUEM MEOUAKOHMEHMA PA3TUYHBIX (hopMamos,
— co30aHnue Haonucell U KOMMeHmMapues nogepx
BanywenHbix NPUNOdICEHU, — Pacno3Hasanue uayp u
pyKonucrnozo mexcma (pycckuil, AueauiCKull a3viKu), —
Hanuuue UHCMPYMEHINO8 PUCOBANUSL 2COMETNPUYECKUX
pueyp u unull. Bcmpoennvie ynkyuu: — eenepamop
CAYUAUHBIX Yucen, — KATbKYIAmop, — dKPAHHAS
Kiasuamypa, — matimep, — peoaxKmop Mamemamuieckux
opmyn. DnekmporHvie MamemMamuyecKkue UHCMpYMeHmMbL:
— YUPKYIIb, — Y2ONbHUK, — JUHEUKA, — MPAHCROPMUP.
Peotcum «6enol 00CKU» ¢ B03MOHCHOCIBIO CO30AHUS
Bamemox, pucosanusi, pabomsi ¢ mabaUYamu u
epaguxamu: nanuyue. Hmnopm ¢aiinos popmamos: PDF,
\PPT, PPTX

Daunuapm

\Pasmep paboueui oonacmu: ne menee 700x1000 mm

2.00

Teneocka 0ns 3apsoKu u
parenus HOymoyKos

mun Kopnyca: mMemai; 803MOHCHOCHb 6E30NACHO20
BawuUeHHO20 3aMKOM XpaHeHus HOYMOYKo8: Hanuyue;
BO3MOICHOCTD 3APAOKU HOYMOYKOB: HAIUYUE, HOOOEPICKA
Hoymoyxkog n.1.; nanuyue poymepa Wi-Fi cmanoapma
802.11n unu cogpemennee: 1 wm. noodepicka HOymoyKkos
n.1,; konuuecmeo HOymoykog: om 15 wmyk, noodepaicka
Hoymoykoe n.1; Hanpsocenue numanus: 220B\501y;
Ilompebasemasn mowHocms, Bm (maxcumym): 2500
Ilompebasemviti mox, A (maxcumym): 12; Inuna wnypa
brexkmponumanua: om 2,5 mempa; 3awuma om
nepeHanpaiCeHus, KOPOMKO20 3AMbIKAHUSA: HATUYUe,
[Koneca 0151 nepedsudicerust ¢ Mopmo30M. Haaudue.

wm.

2.00

MDY mun 2

Tun ycmpoiicmea: MHo2oyHKYUOHAbHOE YCIMPOTICTNGO
(MDY),; [[eemnocmob nevamn: ygemuas, Popmam nevamu:
me menee A4; Tun cxanuposanus:
npomsiicHbill/naanuwemublil; Bozmosicnocms ckanuposanus
6 popmamax: He menee A4; Cnocob nooxmouenus: LAN,
Wi-Fi, USB.

1.00

MDY mun 1

Tun ycmpoucmea: Muo2o@yHKyuoHaIbHOE YCMPOUCMEO
(M®DY),; Llsemnocmo neuams: uepno-6enas,; Texnonocus
newamu: snekmpocpaghuueckas (lazepras,
ceemoouodnas); @opmam nevamu: e menee A4; Tun
CKAHUPOBANUSL: NPOMAICHBIL/NIAHULEMHbBLLL
BO3MOMMCHOCIb CKAHUPOBAHUsL 6 hopmamax: He meHee A4
Cnocob nooknouenusi: LAN, Wi-Fi, USB

1.00

\Hoym6yx

Dopm-gpaxkmop. noymoOyk,; Pasmep ouazonanu: ne menee
15.6 owiimos, Paspewenue sxpana: Full HD, Quad HD
wnu Ultra HD; Obwuii 06vem ycmano8ieHHoU
onepamusHol namsamu: He mernee 8 I oaim,
Maxcumansrwiti 06wl nodoepcusaemulii 06vem
onepamusHou namsamu. He mernee 16 I'oaiim; Obvem SSD
Haxonumens: e menee 240 I'bavim; becnposoonas ces3b.:
Wi-Fi; Konuuecmso ecmpoennvix 6 kopnyc nopmog USB:
He meHee 2, uz Komopuix He meree 1 dondicHo bvims USB
sepcuu He Hudce 3.0; Paspewenue 36-kamepol, Mnukceny:
e menee 0.3; Bcmpoennwiii mukpoghon,; Knasuamypa c
packnaoxoii u mapruposxoii knaeuws QWERTY/HI]YKEH;
Ilo00epoicka cmanoapmos 6ecnpo8oOHOU CBA3U.
802.11a/b/g/n/ac; Ilpoussodumenvrnocms npoyeccopa

(3nauenue noxazamens « CPU Marky no mecmy «Laptop &

30.00
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\Portable CPU Perfomancey
http://www.cpubenchmark.net/laptop.html): ne menee 5000
eounuy, Hanuuue manunyissmopa mviuib 6 Komniekme. 0d,
Yemanoesnennas onepayuonnas cucmema c epaguueckum
nOb306AMENbCKUM UHMEPPELICOM, C8EOCHUs O KOMOPOM
GKIIOUEHBI 8 eOUHDBILL Peecmp POCCUICKUX NPOSPAMM OJis
DIEKMPOHHBIX GLIYUCIUNEILHBIX MAWIUH U 0Q3 OAHHBIX,
Yemanoesnennviii nakem ogucno2o npoepammHo2o
0becneyuenust, COBMeCmuUMo20 ¢ YCMaHOBNCHHO
ONePAYUOHHOT CUCMEMOU, C8e0eHUsL 0 KOMOPOM GKIIOUEHbI
6 eOUHBLIL peecmp POCCUTICKUX NPOSPAMM OISl DNeKIMPOHHBIX|
GLIUUCTUMENbHBLX MAWUH U 643 OAHHBIX.

HaumenoBanue HanpasJieHusi: ""Odopyodosanue 0151 00nOJTHUMETbHBIX HAN,

pasnenuil”

HauvenoBanue pasjena:
"XANTEK"

[ Tnacmux onsa 30 newamu

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

107.00

Mnocoghynkyuonanrvnas
Ccmanyust 015l MEXAHUYeCKoll
oopabomku u
nPOMOMURUPOBAHUS

Yuebnas modynvnas cmanyus oondicna obecneuusamo
BO3MOJICHOCHb U3YUEHUs He MeHee mpeX MexXHON02Ull
npouszeodcmea uzdenuii u 06paboOmKu Mamepuanos, a
maxoice npomomunuposanus uzdenul. Yueonas
MOOYIbHASL CIMAHYUS OONIHCHA UMEMb CIeOVIOWUIL COCMAas u
xapaxmepucmuxu: Mamepuan KOHCMPYKYUU: amiOMUHUL
Konuuecmeo nanpagnaiowux: e menee 4 wm. Habop
unmepgeiicos. - Ethernet, ne menee 1 wum. - USB, ne menee
2 wm. - MicroSD. nanuuue. - Mooyns 6ecnpogooHoul cesnsu
Wi-Fi: nanuyue. Ilanens ynpagnenus ¢ 5kpaHom: Hanuyue
Tun ynpasenenus sxpana: cencoproe Tun sxpana: LCD-
nanens Llgemnocmo sxkpana: yeemuou JJuaconans sKpaua:
He menee 3,5 Owtima Ilnamgpopma nodoepesaemas:
Haruuue Ilnamgopma ona 3D-newamu macnumnasn eubkas:
Hanuuue Cosmecmumocms naam@opmor oas 3D-newamu ¢
nramgpopmotii nodoepesaemoii: naruuue CmeHHbLL MOOYIb
3D-newamu: nanuuue Texunonoeun 3D-newamu: FDM unu
FFF Juamemp conaa: ne menee 0,4 mm Maxcumanonas
memnepamypa naepesa conna: ne menee 250 °C
Makcumanvhaa memnepamypa Hazpesa no0ozpesaemou
nramgpopmor: He menee 80 °C Munumanvruas monwuna
cnosi: ne bonee 50 mxm Makcumanvhas moawuna cios: He
wmernee 300 mxm Cropocme 3D-neuamu: He menee 100 mm/c
Maxcumanvrulil pazmep U320MagIUBAEMOU MOOETU: He
wmernee 200x210x200 mm Iloodepacusaemvie mamepuanvl
o 3D-nevamu: PLA-, PETG-, TPU-, ABS-, PC-, Flex-
nracmuk JJuamemp numu niacmuka: He oonee 1,75 mm
Cencop obHapysiceHus Humu niacmuxa: Haauyue QyuKyus
aemomamuueckou kanubposku: Haiuyue CmeHHbIl
nazepHulil MOOYIL: Hatuyue MowHocms nasepa: He MeHee
1,6 Bm ©QyHKyus 1a3epHo20 2pasuposanus.; Haiudue
Dynryus nazepHotl pesxu: nanuyue Pazmepol pabouell
oonacmu: ne menee 200x200 mm Iloodepacusaemvie
\mamepuanvl: Oymaza, Kapmow, 0epeso, NIACmuUK, Kodlcd
Cmennblil MoOyb (hpezeposanus ¢ IV : naruyue
Maxcumanvras CKOpocmys 8paujeHus WNUHOEIS: He MeHee
8000 06/mun Makcumanvhvii ouamemp 3axcuma NAmpoHa:
He menee 4 mm Dpesa: Haruyue QYHKYUS NIOCKOCMHO20 U
00vemHo20 peseposanus: Hanudue [loodeparcusaemvie
\mamepuanvl: depego, mexcmoaum, niacmux Koowcyx
Bawummsiil: Haruue Ouku 3auumusie ¢ YO-cpurompom:
Hanuuue Adanmep numanus: nanudue Komniexm
BanacHvIX GYHKYUOHATLHBIX DNEMEHMO8. HAIUYUe

4.00

HaumenoBanue paznena:
"DnexTpo3HepreTuxa”
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Ne HaumenoBanue
n/n| obopynosanus (PBIIO)

KpaTlme NPUMEPHBIC TEXHUYCCKUE XaAPAKTEPUCTUKHU
(PBIIO)

Enununa

IKoJimuecTBO
H3MepeHust

3 HanmMeHnoBaHue pasjena:
"TEO-ADPO"

HaumeHnoBanue pasaena:
"HAHO"




