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JEINAPTAMEHT OBPA3OBAHUS U MOJIOJEXXHOM MOJTUTUKA
XAHTBI-MAHCUHCKOI'O ABTOHOMHOI'O OKPYTA — IOI'PbI

ITPUKA3
OO0 yTBep)KaeHUH HH(PACTPYKTYPHOTO JIUCTA JIsl OCHAILIECHUS
0011e00pa3oBaTeIbHbIX OPraHU3alui, pacloIOKEHHBIX B CEIbCKON
MECTHOCTH M MaJIbIX TOpoAax, 000py10BaHUEM, PACXOAHBIMU MaTepHalIaMHu,
cpencTBaMu OOyYEHHs U BOCIIUTAHUS C LEIbIO CO3/IaHUA U
(GYHKIIMOHUPOBAHUS LIECHTPOB 00Pa30BaHUS €CTECTBEHHO-HAYYHOU U
TEXHOJIOTUYECKOW HamnpaBiaeHHOCTEN «Touka pocTa» B paMKax
PErMOHAIILHOTO MTPOEKTa, 00ECIEUNBAIOIIEr0 JOCTHKEHHE LIETIEH,
noKasarteliel u pe3yJibrara enepanbHoro npoekra «CoBpeMeHHas IIKOJIa»
HalMOHaNbHOTrO npoekrta «Obpa3oBanue» B 2022 rogy

13.01.2022 10-I1-17

XaHTeI-MaHCcHIicK

Bo wucnonnenue nyHkra 3 Kowmmekca mep («IOpOXKHOM KapThl») IO
CO3JaHMI0 U (PYHKIIMOHUPOBAHUIO LICHTPOB 00pa30BaHUsl €CTECTBEHHO-HAYYHOM
M TEXHOJOrMYeCcKOil HampaBieHHOocTell «Touka pocTa», YTBEPKIAECHHOTO
pacnopspkenueM [IpaBurenbcTBa XaHThI-MaHCHIICKOTO aBTOHOMHOTO OKpyra —
Orpst ot 5 utong 2019 roga Ne 356-pn «O peanuzanuu B XaHTbI-MaHCUHCKOM
aBTOHOMHOM OKpyre — FOrpe oTaenbHbIX MeponpusaTuil heaepaabHbIX TPOEKTOB
HallMOHaJIbHOrO mpoekTa «OOpazoBaHue», ¢ y4yeToM NHCbMa (enepabHOTO
rocyapCTBEHHOTO ABTOHOMHOTO 00pa30BaTeNbHOTO YUpEKACHUS
JOTIOJIHUTENBHOTO MPOECCHOHAIBLHOTO 00pa3oBaHus «AKaaeMusl peaan3aliu
roCy/IapCTBEHHOM TOJUTHUKUA M MPO(EeCcCHOHAIBHOTO pa3BUTHA PaOOTHHUKOB
oOpazoBanusi MunucTepcTBa mpocBenieHusi Poccuiickorr ®enepamuu ot 20
nexadps 2021 roma Ne 4890 «O cooTBeTcTBUM MHGPACTPYKTYpPHOrO JHCTa
earnHou TexHosiornueckon cpene HITOy,

[TPUKA3BIBAIO:

YT1BEpAUTH HH(PPACTPYKTYpPHBIN JIUCT JUTSt OCHAIICHUS
0011e00pa30BaTeNbHBIX OPTaHU3AIUH, PACTIONOKEHHBIX B CEIBCKON MECTHOCTH



U MaJbIX ropojax, o0OpylOBaHUEM, PACXOJHBIMU MaTepHuajlaMH, CPEACTBaMU
0oOyuYeHHUs1 U BOCIIUTAHUS C LIEJBIO CO3/1aHUs U (YHKIIMOHUPOBAHUS LIEHTPOB
oOpa3oBaHMsI E€CTECTBEHHO-HAYYHOM W TEXHOJOTMYECKOW HaINpaBIEHHOCTEH
«Touka pocta» B paMKax pPErHOHAIBHBIX MPOEKTOB, O0OECIEUYUBAIOLIUX
JOCTIDKEHUE 1iesiel, IokasaTened M pesynbraTa (efepalbHOro IMpPOEKTa
«CoBpeMeHHas IIKOJIa» HaIlMOHaIbHOTO MpoekTa «ObpazoBanue» B 2022 roxy.

AOOKYMEHT NOANUCAH
3NEKTPOHHOM NOANUCHIO

Ceptudukat
6BCO6BC2746EC69D2E82DFBB39D142389152F0A2
Bnapenew, OpeHuH AneKkceit AHaToNbEBUY

Jlupextop JlenapTaMeHTa ji A.A.Jlpenun




IIpunoxxenue k npukasy
JlenaprameHTa 00pa30BaHUs U MOJIOJSKHOW NOJIUTUKU
XaHTel-MaHCcHIICKOro aBTOHOMHOT0 okpyra — FOrpel

« »

2022 r.

Ne

WNHupacTpyKTypHBIN JUCT JUIsl OCHAILIEHUST 001Ie00pa30BaTEIbHBIX

OpraHU3alii, PacOJ0KEHHBIX B CEJIBCKOM MECTHOCTH U MaJIbIX TOPOJAX,

000py1I0BaHUEM, PACXOJAHBIMU MaTepUaIaMU, CPEICTBAMHU O0yUEHUS U

BOCIIUTAHUSA C IEJIbIO CO3JIaHMs M (DYHKIIMOHUPOBAHUS IICHTPOB 00pa30BaHuUs
€CTECTBEHHO-HAYYHOU U TEXHOJIOTHYECKOW HanpaBiaeHHocTen « Touka pocTray B

paMKax perHOHAJIBHOTO IIPOEKTa, 00ECIIEUNBAIOIIEr0 JOCTHKEHHAE LENIEH,
NoKa3aTelen u pesyibTara peaepanbHoro npoekra «CoBpeMeHHas IIK0JIay

HaIMoHaJIbHOTO MpoekTa «O0pa3oBanue» B 2022 roay

HaumenoBanue
odopynosanus (PBIIO)

KpaTkue npuMepHbIe TEXHUYECKHE
xapaktepuctuku (PBI1O)

Ennnnna
H3MeEpPEeHust

IKoJIH4ecTBO

HaumenoBanue nanpasJienusi: ""bazosasn (o6azamenvuasn uacmsp)"

IHanmeHoBaHue pa3aena:
"KomnbroTepHoe u
Mpe3eHTal[MOHHOE
obopymoBanne"

Hnmepaxmuguwiii
KoMNIeKC ¢
6bIUUCTUMENHBIM OIOKOM
U MOOUTILHBIM KpeneHuem

U nmepakmueHulli KOMNIEKC C BLIYUCTUMETbHBIM
OIOKOM U MOOUTLHBIM KPeNneHUeM O0IHCeH
COOmMBEmMcme08ams ciedylouumM mexHu4ecKum
mpebosanusam: Pasmep ouaconanu: ne menee 74
O10timo8; Paspewienue 5kpana no 2opusonmani.: He
wmenee 3000 nuxceneii: Paspewenue sxpana no
eepmukanu: ne menee 2100 nuxceneu; Ilooodepacka
paspewenusn 3840x2160 nuxceneu (npu 60 I'y): da,
\Hanuuue 6cmpoennoll akycmuueckou cucmemsl. o,
IKonuuecmeo mouek kacanus: ne menee 20; Bvicoma
cpabamvieanus ceHcopa om nOGEPXHOCMU IKPAHA. He
bonee 3 munrumempos, Bpemsa omkauka cencopa
Kkacanus: ne 6onee 10 muniucekyno, Bcmpoenuvie
dyHKYUU pacnosHaganus 00beKmMos Kacanus: od,
IKonuuecmeo nodoepocusaemvix CHuLyCcos
00HO8pemenno: He menee 2; Bosmooicnocmo
nooxnouenus k cemu Ethernet npogoonvim cnocobom:
0a,; Bosmooxcnocms nooknouenus k cemu Ethernet
becnpoeoouvim cnocobom (Wi-Fi): oa; Bosmoosicnocmo
UCNOIb308aHUA TAOOHU 8 Kauecmee UHCIPpYMeHma
cmupanua: da; Hanuuue unmezpuposannozo oamuuxa
0csewennocmu 0Jisk A8MOMAMUYECKOL KOPPEeKyuu
siprocmu nodceemxu: oa, Hanuyue ¢hynxyuu
becnpo8oOHOll nepedayu u306padicenus ¢ yCmpoucme
Ha 6aze OC Windows. 0a; Hanuuue @pynxyuu
becnpo8oOHOI nepedayu u306padicenus ¢ yCmpoucme
na 6aze OC MacOS: oa; Hanuuue ¢pynxyuu
becnpo8oOHOll nepedayu u306padicenus ¢ yCmpoucme
na 6aze OC iOS: 0a; Hanuuue @pynxyuu
becnposoonoll nepedayu u300padiceHus ¢ yCmpoucme
ra 6aze OC Android: 0a;, Bozmodscnocmob y0aneHnozo
ynpaenenus u moHumopurea: oa; Hanuuue kpennenus
6 kKomniexkme: oa, Hanuuue cnoma na xopnyce ons
yCmanosKku 0ONOTHUMENbHO20 8bIYUCTIUMENbHO20

broka: da; MaxcumansbHolil nodOepacusaemvlii 0b6vem

1.00




Ne HaunmeHnoBanue Kparkue npuMepHbIe TeXHUYECKHE Eaununa
n/n| o6opyaoBanus (PBI1O) xapakrepuctuku (PBIIO) H3MepeHust
onepamueHoli namsimu OONOIHUMENTbHO2O
sbluUCIUMENbHO20 ON10KA: He Menee 8 10,
IMaxcumansrviii no0deparcusaemvili 00vem
Haxonumens OONOAHUMENLHOZO BLIYUCTUMETLHOO
onoxa: He menee 128 I'6; Paszvem 015 nooxkoyenus
00NOIHUMENLHO20 BLIYUCTUMENLHO20 OLOKA C
KOHmMakmamu 21eKmponumaniisl BbIYUCIUMENbHO2O
bI0Ka OM 6CMPOEHHO20 OIOKA NUMAHUS
UHMEPAKMUBHO20 KOMNIIEKCA U KOHMAKMAMU 015l
nooxnouerus yugposoeo suoeocuznana u USB ona
MOOKIIOHEHUs. CEHCOPA KACAHUS: Hanuyue;

[ IpoussooumenbHoCmb NPoOYeccopa OONOIHUMETLHOO
BbIUUCIUMENbHO20 OII0KA (3HAYeHUe NOKA3ameTis
«CPU Mark» no mecmy «Desktop CPU Perfomance»
https://www.cpubenchmark.net/desktop.html unu no
mecmy «Laptop & Portable CPU Performance»
hitps://www.cpubenchmark.net/laptop.html).: ne menee
7000 eounuy, Paspewenue na gvixooe
sUOeoadanmepa 8bIYUCIUMENbHO20 O10KA Npu pabome
C UHMEePaKMUBHbIM KoMnaeKcom: He menee 3840 x
2160 nuxceneti npu 60 I'y; Hanuuue y
00NOIHUMENLHO2O BLIYUCTUMENLHO20 OLOKA
becnpogoonoeo modyas Wi-Fi ne nuoce
802.11a/b/g/n/ac; Makcumanvrolii ypogens uyma npu
pabome OONOIHUMENLHO20 BLIYUCIUMENLHO20 ONIOKA:
He bonee 30 0bA; Hanuuue 6 komniexme mMoOUIbHO2O
\WMemannuueckoeo Kpenienus, 0becneuusaowezo
603MONCHOCTD HANONLHOU YCTNAHOBKU
UHMEPAKMUBHO20 KOMNIIEKCA, C NEPEOBUNCHOT
KoNIeCcHOt 6a301l U 603MONCHOCMBIO (PUKCAYUU KOIeC
/151 UCKTIIOUEHUsL HENPOU3BOTIbHO20 OBUNCEHUSL,

[ Ipedycmarnoeientas onepayuoHHas, CUCmeMma ¢
epaghuueckum noab308amenbCKum unmepheicom,
0b6ecneuusaiowas pabomy pacnpocmpaHeHHbIxX
0OpazosamenbHbIX U 0OUEeCUCEMHBIX NPUTLOICEHUIL:
Hanuyue, QyuKyUs 2pAPuUUecKo20 KOMMEHMUPOBAHUSL
nogepx NPOU360ILHO20 U30OPAIICEHUS, 8 MOM HUCTE
om pusuuecku NOOKNIOYEHHO20 UCTOYHUKA
sudeocucHana: nanudue; Mnmezpuposannulii 6
nonv308amenbCekull unmepgetic Qynkyuonan
npocmompa u pabomol ¢ Paiamu OCHOGHHIX
popmamos ¢ USB- naxonumeneil unu cemegoeo
cepsepa: nanuvue, Unmezpuposanmvie cpedcmea,
obecneuugarouue credyiouull YHKYUoHan: —
CO30aHUe MHO2OCMPAHUYHBIX YYUeDOHBIX 3AHAMULL C
UCnONb308AHUEM MEOUAKOHMEHMA PA3IUYHBIX
popmamos, — cozdanue Haonucell U KOMMEHMAPUes
nOGEPX 3aNYUCHHBIX NPUTLOICEHUL, — PACNO3HABAHUE
ducyp u pykonucnoeo mexcma (pycckuil, AHeauicKuil
S3bIKU), — HAAUYUE UHCIPYMEHMO8 PUCOBAHUSL
ceomempuueckux gueyp u aunuil. Bcmpoennvie
DynKyun: — 2enepamop CIyYauHbIX yucen, —
KATBKYISAMOp, — IKPAHHAs Kiaeuamypda, — maumep,
— pedaxmop mamemamu4eckux Gopmyi.
DexmpoHHble MAMEMAMUYecKUe UHCTPYMEHMbL: —
YUDPKYILb, — Y2ONbHUK, — JUHEUKA, — MPAHCTLOPIUP.
\Pesrcum «6enotl 00CKUY ¢ B03MONCHOCMBIO CO30AHUS
Bamemox, pucosanust, pabomsi ¢ mabdIUYaAMU U
epagurxamu: nanuuue. Munopm ¢aiinos popmamos:

IKoJ1HuecTBO
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Ne HaunmeHnoBanue Kparkue npuMepHbIe TeXHUYECKHE Eaununa
n/n| o6opyaoBanus (PBI1O) xapakrepuctuku (PBIIO) H3MepeHust
\PDF, PPT, PPTX
Drunuapm \Pasmep paboueti obnacmu: He menee 700x1000 mm wm 7.00
mun Kopnyca: memai, 803MOMCHOCMb O€30NACHO20
BawjuyenHo20 3aMKOM XpaHeHusi HOymoyKog:
Hanuuue; 603MONCHOCHD 3aPAOKU HOYMOYKO8:
Hanuuue, noddepocka Hoymoykos n.1.1.1.; naruuue
poymepa Wi-Fi cmanoapma 802.11n uiu
coepemennee: 1 wim. noooepoicka Hoymoykoe n.1.1.1.;
Teneoxcka 0nst 3apsoKu U [KoaUuecmso Hoymoykog: om 15 wmyxk, nodoepoicka
xparerus HOYMOYKo8 Hoymoykoe n.1.1.1.; Hanpsocenue numanus:
220B\50I'y, I[lompebasieman mownocms, Bm
(makcumym): 2500, [Tompebrsemviii mok, A
(makcumym): 12; [{nuna wHypa 31eKmponumanus.; om
2,5 mempa,; 3awuma om nepenanpaicerus,
Kopomkoeo samvikanus. narudue;, Koneca ons
nepeosudicets ¢ MOPMO30M: HATUYUE.

Tun ycmpoiicmea: Mnozoghynxyuonanvhoe
yempoiicmeo (M®Y),; Lleemnocmo nevamn: yeemuas,
Dopmam neyamu: ne menee A4; Tun cxanuposanus.:
mpomsiicHbitl/naanwemublil; Bozmooicnocme
cxanuposanus 6 popmamax: ne menee A4; Cnocod
nooxmouenus: LAN, Wi-Fi, USB.

Tun ycmpoiicmea.: Muoeopynxkyuonanvroe
vempoticmeo (M®Y),; Lleemrnocms newams: uepHo-
benas; Texwonoeus newamu: snekmpoepaguyeckas
(naseprnas, ceemoouoonas); Popmam nevamu: He
wmenee A4, Tun ckanuposanus.
mpomsicHblil/naanwemnsiti, Bozmooicnocme
cxanuposanus 6 popmamax: ne menee A4; Cnocod
nooxnouenus: LAN, Wi-Fi, USB

Dopm-ghakmop: noymbyx, Pazmep ouazonanu: ne
wmenee 15.6 ootimos; Paspewenue sxpana: Full HD,
Quad HD unu Ultra HD,; Obwuii 06vem
ycmanosnenHoll onepamugHol namamu: He meHee 8§

[ oavum, MaxcumanvHulil 00WULi NOOdeparcUBaeMblLL
00vem onepamusHol namamu: He meree 16 ['batim;
O6vem SSD naxonumens: ne menee 240 I'baum;
\becnpogoonas cessw: Wi-Fi; Koauuecmeso
ecmpoennvix 6 kopnyc nopmog USB: ne menee 2, uz
Komopwix He menee 1 doncno 6vime USB eéepcuu ne
ruoice 3.0; Pazpewenue 830-kamepul, Mnuxcenv: ne
wmenee 0.3, Bcmpoennviii mukpoghon, Knasuamypa c
PACKIaoKoU U MAPKUPOBKOU KIAGULL
OWERTY/HI][YKEH; IToodepaicka cmandapmos
Hoymbyx becnposoonotl cesizu: 802.11a/b/g/n/ac; wm 30.00
I Ipousgooumensrocms npoyeccopa (3Hauerue
noxazamenss « CPU Marky» no mecmy «Laptop &
\Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop. html): ne menee
5000 eounuy, Haruuue manunynsmopa mvliub 6
Komniekme: 0a, YcmanoeneHHas onepayuoHHas
cucmema ¢ epaguueckum noIb308amenbCKUM
unmepeticom, ceedenuss 0 KOMOPOM BKIIOUEHbL 8
eOUunbIll peecmp POCCULICKUX NPOSPAMM 0715
DIEKMPOHHBIX BLIYUCTIUMENbHBIX MAWUH U O0a3
Oannvix;, Ycmarnosenennviti nakem ogucnozo
npocpamMmHo2o obecneyenus, coemMecmumozo ¢
ycmanosnenHol onepayuoHHOU CUCmemotl, c8e0eHUs o
KOmMopoMm 8KII0UeHbL 8 OUHDBII PeeCmp POCCUTICKUX

IKoJ1HuecTBO
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HaumenoBanue
ooopynoBanus (PBIIO)

Kpatkue npuMepHble TeEXHUYECKHE
xapakrepuctuku (PBIIO)

Eannnna
H3MepeHust

IKoJ1HuecTBO

npocpamm Ot JNEKMPOHHBIX GbIUUCTUMETbHBIX
Wawun u 6a3 OaHHbIX.

IHanmeHoBaHue pa3nena:
"EcTecTBEeHHOHAYUHBIH
npodue"

{ugposas nabopamopus
«Xumusy npogunvhnasn ons
nedazoea

Obecneuusaem gvinoneHue 1a00pamopusix pabom no
WUMUU HA YPOKAX 8 OCHOBHOU WKOE U NPOEKMHO-
uccnedo8amenbekol OesimenrbHOCHU YHaWUXcsl.
[Komnaexmayus.: Becnpogoonotl Myabmuoamuux no
umuu ¢ 3-ma ecmpoenHviMu oamuuxamu. Jamuux pH
c ouanazonom usmepenus ve yxce yem om 0 oo 14 pH
V[amyux 31eKmponpogooumMocmu ¢ OUAnA3oHamu
usmepenus ne yxce yem om 0 0o 200 mxCm; om 0 0o
2000 mxCm,; om 0 0o 20000 mxCm Jamuux
memnepamypul ¢ OUANA30HOM U3MEPEHUS He Yiice YeM
om -20 0o +140C Omoenvrvle oamuuxu: Jamuux
onmuueckou niomuocmu 525 Hm Axceccyapbl:
IKabeno USB coedunumenvuwiii 3apsionoe ycmpouicmeso
c kabenem miniUSB USB Aoanmep Bluetooth 4.1 Low
[Energy Kpamkoe pykosoocmeo no sxcniyamayuu
yugposou nabopamopuu Habop nabopamoproti
ocnacmku Ilpoepammnoe obecneyerue
IMemoouueckue pexomendayuu ne menee 40 pabom
\Hanuuue pycckoa3pluHo20 caima noooepicKu
\Hanuuue 6u0eoponuxos.

4.00

{ugposas nabopamopus
«Dusuxay» npoghunvrasn ons
nedazoea

Obecneuugaem blnoIHeHUe IKCNEPUMEHNO8 NO
memam Kypca gusuxu. Komniekmayus:
Ibecnpo8oOHO MyIbmMUOAmMuuUK no Qusuxe ¢ 6-10
scmpoennvimu oamuuxamu.: L{ughposoii damuux
memnepamypbol ¢ OUANA30HOM USMEPEHUS He YIice YeM
om -20 0o 120C Lugposoii damuuk abconomno2o
Oasnenus ¢ Ouana3oHoM usmepenus He yoce uem om 0
00 500 xlla Jlamuux macHumno20 nous ¢ OUANA30HOM
usmepenust ve yace yem om -80 oo 80 mTn Jamuuk
HanpsioiceHus: ¢ OUANA30HAMU USMEPEHUsL He Yoice YeM
om -2 0o +2B ; om -5 0o +5B; om -10 0o +10B; om -
15 0o +15B Jamuux moka He yoice yem om -1 0o
+1A4 Jlamuuk axcenepomemp ¢ NOKA3AMENIMU He
Wmenee yem: £2 g; +4 g; £8 g Omoenvuvie
vempoucmesa: USB ocyunnoepagh ne menee 2 kaunana,
+/-10 B Axceccyapwi: Kabenw USB coedunumenvhvlil
Bapsonoe ycmpoticmeo ¢ kabenem miniUSB USB
Uoanmep Bluetooth 4.1 Low Energy Koncmpyxmop
01151 nposedenus sxcnepumenmos Kpamxoe
pyKo600cmeo no skcniyamayuu yugposou
lnabopamopuu Ilpoepammuoe obecneuerue
IMemoouueckue pexomendayuu (40 pabom) Hanuyue
pyccrosazviuno2o catima noooepoicku Hanuuue
6UOEOPONUKOB.

4.00

[ {ugpposas rabopamopus
no ¢usuonocuu
(npoghunvuwiil yposenn)

Obecneuusaem npogedenue ucciedo8anus no
DYHKYUOHUPOBAHUIO YENI08EHECKO20 OP2AHUZMA.
[Komnaexmayus.: becnpooonoi myibmudamuux no
usuonocuu ¢ 5-10 6cmpoeHHbLIMU OAMYUKAMU
VIamuukx apmepuanvrozo dagrenus (0...250 um pm.
cm.) Jlamuux nyavca ¢ OUanazoHom usmepeHus He
vorce wem om 30 0o 200 yo/mun Jlamuux
memnepamypul mena ¢ OUANA30HOM U3MepPeHUs He
vorce uem om +25 do +40C Jamuuk uacmomul

ObIXauus ¢ OUANazoHoOM UBMEPEHUSL He Yaice 4em om 0

1.00
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HaumenoBanue

ooopynoBanus (PBIIO)

Kpatkue npuMepHble TeEXHUYECKHE
xapakrepuctuku (PBIIO)

Eannnna
H3MepeHust

IKoJ1HuecTBO

00 100 yuxnos/mun JJamuuk yckoperus c
noxazamensimu 2 g; +4 g; £8 g Omoenvuobie
vempoucmea: Jamuux KT ¢ ouanazonom usmepenusi
e yorce uem om -300 0o +300 mB) [Jamuux cunomep ¢
Ouanazonom usmepenus ne yice yem om 0 00 40 H
{amyuk oceewjeHHocmu ¢ OUAnA30HOM UsMepeHUs He
vorce uem om 0 0o 180000 nx Axceccyapwi: Kabenw
USB coedunumenvusiil 3apsaonoe ycmpoiicmeo ¢
kabenem miniUSB USB Aoanmep Bluetooth 4.1 Low
[Energy Kpamkoe pyko8oocmeo no skcniyamayuu
yugposoi rabopamopuu I[Ipoepammuoe obecneuenue
IMemoouueckue pexomendayuu ne meree 20 pabom
[Hanuuue pycckoA3bINHO20 calima no0OepI*CKu
Hanuyue 8u0eoponuxos.

Muxpockon yughposoii

Tun muxpockona: buonoeuueckuti Hacaoka
wmukpockona: monoxynapnas Hasnauenue:
nabopamoprulit Memoo ucciedosanusi. ceemioe noie
Mamepuan onmuxu.: onmuieckoe cmexio Yeeiuvenue
wmukpockona, kpam: 64 — 1280 Oxyaapei: WF16x
Obvexmusnl: 4x, 10x, 40xs (noonpyosicunennwiii)
IPegonbgepras eonoska: Ha 3 obvexmusa Tun
nooceemkiu: 3epkano uiu c8emoouoo Pacnonodxcenue
nooceemku: 8epxHas u HudxcHA1 Mamepuan kopnyca:
wemann Ipeomemnvwiii cmonuk, mm: 90 Hemounux
numanus: 220 B/50 I'y Yucno meeanukcenei: 1

15.00

[ {ugposas nabopamopus
no sxonozuu

Obecneuusaem npogederue yuebHO20 IKOI02UYECKO20
WMOHUMOPpUH2A UHCIPYMEHMATLHBIMU MEMOOAMU.
IHabop npumensiemcs npu uzyueHuu 9K0102ul,
buo02UY, XUMUU, 2e02papuu u nPUPOO08edeHUsl, a
maroarce 0151 UHOUBUOYANLHBIX UCCTEO0BAHUSL U
npoeKmHoll OesimenbHOCMU WKONbHUKOS.
[Komnaexmayus.: becnpooonot mynibmudamuux no
DKOI02UYECKOMY MOHUMOPUH2Y C 8-10 6CMPOEHHbIMU
Oamuuxamu: JJamuux Humpam-uonos lamuux
ropuo-uonos Jamuux pH ¢ ouanaszonom usmepenus
He yorce uem om 0 0o 14 pH /lamyuk enasichocmu ¢
ouanasonom usmepenus 0...100% lamuux
0ceeweHHOCMU ¢ OUANA30HOM USMEPEHUsL He Yoice YeM
om 0 0o 180000 ax /Jamuux memnepamypul ¢
ouanazonom usmepenus ne yace wem om -20 oo +140C
V[amyux 31exmponpogooumocmu ¢ OUanasoHamu
usmepenus e yorce uem om () 0o 200 mxCm; om 0 0o
2000 mxCm,; om 0 0o 20000 mxCm Jamuux
Imemnepamypul OKpyscaroueli cpeosl ¢ OUANA30HOM
usmepenus: ve yace uem om -20 0o +50C Omoenvruvle
Oamuuxu u Myrbmuoamuuxu: /Jamuux 36yka ¢
dyHKYUel UHMe2pUPOBaAHUsL C OUANA30HOM USMEPEHUS
uacmom ne menee wem om 50 'y 0o 8 kl'y, Hamuux
6/1aJICHOCIU NOYBLL C OUANA3ZOHOM UBMEDPEHUS. He Yice
uem om 0 0o 50% Jlamuuk oxucu yenepooa c
Ouanazonom usmepenus ne yace wem om ) 0o 1000
ppm Mynvmuoamuux onmu4ecko RAOMHOCMU U
WymHocmu co 6cmpoeHHbiMU oamyuxkamu: lamyux
onmuueckou nromuocmu 470 Hm ¢ ouanasonom
usmepenust om 0 0o 2 D Jlamuux onmuueckoi
nromuocmu 525 um ¢ ouanazonom usmeperus om 0 0o
2 D Jlamuux onmuueckoti nromrocmu 630 Hm ¢
Ouanazonom uzmepenus om 0 0o 2 D [amuyuk

WMymuocmu pacmeopos ¢ uanazonom uzmeperus om 0

5.00
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00 200 NTU Axceccyapvr: Kabenv USB
coedunumenvhwil (2 wm.) 3apsaonoe yempoucmeo ¢
kaberem miniUSB USB Aoanmep Bluetooth 4.1 Low
[Energy Cmepoicenb 0151 3aKpenieHus OamiuKos 6
wmamuse Kpamxoe pyko8oocmeo no sKcniyamayuu
yugpposou nabopamopuu Ipoepammnoe obecnevenue
IMemoouueckue pexomendayuu ne menee 20 pabom
Vnakoexa Hanuuue pycckoszviunozo catima
n000eparcKU, Haruyue 8UOeOPOTUKOS.

HanMeHoBaHue pa3nena:
" TexXHOIOrnYeCKui
mpo¢mis. POBO"

VlabopamopHulil KOMNIEKC
07151 U3yUeHuUst
pobomomexwnuxu, 3D
lmooenuposanus u
MPOMBIULIEHHO20 OU3ATIHA

IKomnnexc cocmoum u3 coopro-pazboproco 3D
npunmepa, pyunoeo 3D ckanepa u npocpamMmHozo
obecneuenus no pomoepammempuu. CoopHo-
pazbopruiii 3D npunmep. Obaracme nevamu: 200 mm
200 mm x 200 mm Maxcumanvnas ckopocms neuamu,
em3/u:> 30 Ckopocme nepemeweHusi neuamaioujeii
eonosxu, mm/c:> 80 Tun coemecmumozo ¢ 3D-
mpunmepom naacmuka: PETG, SBS, PLA, ABS
\Unmepdpeiic nookmouenus: USB Flash Karubposka
nramgopmut: Ilonyasmomamuueckas Koruwecmeso
conen Ha neuamaroweli 2onoeke: om I wm
Munumanvras moawuna cnos: > 0.01 u < 0.05 um
VIuamemp conaa: > 0.3 u < 0.5 mm Maxcumanvras
memnepamypa neyamarowjeti 2onosku: > 250 epad. C
Oxnasicoenue 30Hbl neyamu. Jjgyxcmopontee
Maxcumanvras memnepamypa naam@opmvl s
nevamu:< 150 epao. C Tun niamgpopmwl 015 nevamu.
Ilo0oepesaemas coemuas Ha 3aHCUMAX, PuKCUpyemast
Ha niamgopme Hanuuue 3axpvimoeo kopnyca: Hem
Dopmam ¢haiinog ons newamu: GCODE Tun
vnpaenenusi npunmepom: Ilanens ynpasnenus c
Oucnieem na kopnyce yempoucmea Tun
HanpasiAOWUX. KOHCMPYKYUOHHBIN npoguis Pyunot
3D cxanep. Tounocms cxanuposanus: > 0.05 u < 0.1
v CKOpOCMb CKAHUPOBAHUS, MIH. MOYeK/ceK: > 2
Dopmam coxpanenus pe3yibmamos CKAHUPOBAHU.
vrml, ply, obj, stl BosmoosicHocmsb ckanupoganus 6
yeeme: /la Hanuuue cencoproeo sxkpana: nem [[nuna
USB-nposooda:> 3 m Texnonoeus 3D-

ckanuposanusa: Onmuueckas 3azpyska
npecemos(uabronos) ckanepa:naiuuue Oyukyuu
nocmobpabomku: Obpeska modenu, Pazoenenue
Wooenu na omoenvHvie wacmu, Yoanrenue nuwnux
baemenmos, Yoanenue omgepcmuii, co30anue
pomopeanucmuynoil mexcmypol, cpaguerue 3D
Wooenetl medicdy cobou, uzmeperue pasmepos mooenell
CeueHUsMU 8 PYYHOM pedicume, IKCHOPI CEeYeHUll 6
XLS Ilpoepammnoe obecneyenue 0is co30anus
Wmoodeneii memoodom pomocpammempuu. Haiuyue
VYnpasenenue nosopomuvim cmonom no Wi-Fi: Jla
Munumanvroe paccmosiHue ckanuposanus: <25 cm

3.00

I Ipocpammmbiii-
annapamubwiii KOMALEKC O
pobomomexHuxe

IKomnvlomepusuposannas cucmema 071 MPeHUpOsKU U
nposedenus IKCnePUMeHmo8 0ist 06pa308anus u
nosviuienus keanuguxayuu 8 ooracmu
DAeKMPOMEXHUKU U INEKMPOHUKU U YUPPOBbIX
mexnonozuti Cocmag: Moodyns KoHmpobHoO-

usmepumenvHolll unmepetic -He menee 1 wm.

1.00
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\Bcmpoennuiii npoyeccop Humepgeiic USB, ckopocmo
nepeoauu dannvix ne menee 12Mboum/cex Hnmepgetic
WLAN 2,4 I'Ty, IEEE 802.11 b/g/n llluna ons
MOOKIIOUEHUSL DKCHEPUMEHNATbHBIX Kapm Bbixooul:

[ Ipoepammupyemviii anano2oswiil 6vixo0, +/- 10B,
0.2A, DC-5MTy, pazvemst BNC u 2mm 8 pene 24B
nocmosnnozo moxa / 14, uz nux 4 pene na 2 mm
pazvemax 16 6um yugposvie 8b1x00bl, U3 HUX 8 6UM
Ha 2 mm pasvemax, TTL / CMOS, maxmosas yacmoma
0 - 100 kl'y, max. nanpasxcenue +/- 15 B Bxoodwl: ne
Wenee 4 ananozosvix ougghepenyuanbubix 6x00a ¢
nonocoii nponyckanua 10 My, max. nanpsascenue
100B, uacmoma onpoca 100MSample, 9 duanasonos
usmepenuil, 06vem namamu 4 x 8K x 10 6um, BNC (2
6x00a) u 2-mm pazvemvl (4 6xo0a) e menee 2
aHAN0208bIX 6X00a 0151 UBMEPEHUS MOKA, MAX. CUId
moka 5 A, wacmoma ouckpemuzayuu 250 KSample, 2
Ouanaszona uszmepenutl, paspeuterue 12 6um, pasvemol
Pym 16-6um yughposvle 8bixo0vwl, u3 Hux 8 bum Ha
Pmm-pazvemax, TTL / CMOS, maxmogas uacmoma 0—
100xly, ousnexmpuueckas npoyHocms +/- 15B
\BupmyanvbHble uncmpymenmul. *  He menee 2 x VI
eonommemp, 2 x VI amnepmemp: AC, DC, 9
ouanazonoe om 100mV 0o 50V, TrueRMS, AV ¢ ne
wmenee 1 x VI usmepumens mowpocmu: 9 Ouanaszonog
om 100 mB 0o 50B. =  ne menee 1 x VI 2-xananvhoiii
amnepmemp.: AC, DC, 2 duanazona 300 mA u 3 4,
TrueRMS, AV«  ne menee I x VI 2-xananvnwiii
sonommemp. AC, DC, 9 ouanazonos om 100mV oo
50V, TrueRMS, AV ne menee 1 x VI 2/4-
Kananvuslll ocyuniocpag: nonoca nponyckauus 10
MTy, 25 spemennvix ouanazonos om 100
Hc/pazdenenue 0o 10 c/pazdenenue, 9 ouanazonos
Hanpsiocenusi om 20 mB/paszoenenue oo 10
\B/pasoenenue, mpuzeep u npempueep, pesxcum XY u Xt,
ynkyus kypcopa, pyukyus dobasnenus u
ymHodcenus 0na 2 kananog. © e mernee 1 x VI
lananuzamop cnekmpa: 9 OuUana3zoHo8 HanpaXceHus om
100 mB 00 50 B, ouanazon 6xoonvix wacmom om 3 I'y
00 I MI'y, omobpasicenue 60 epemennol oonacmu.
e menee 1 x VI nrommep ouacpamm boode: 9
Ouanaszonoe nanpsaxcenusi om 100 mB 0o 50 B,
Ouanaszon wacmom om 1 I'y 0o 5 MI'y, omobpadicenue
60 8DeMEHHOU 001acmU U OUASPAMMA TOKATbHOU
Kkpueoti. *  He menee 1 x VI pecynupyemvulii ucmouHux
nocmosinnozo nanpsicenuss 0 - 10 B DC »  ne menee
[ x VI cenepamop ¢pynkyuii: 0,5 I'y - 5 MIy, 0 - 10 B,
CuHyC, NPAMOY20NIbHUK, MPEY2OIbHUK, *  He MeHee |
i VI npoepammupyemviti cenepamop, 1 x VI

[ 'enepamop umnynvocog * ne menee 1 x VI 16 x
yugposot 6vix00, 1 x VI 16 x yughposoti 6xoo, 1 x VI
16 x yughposoii 6x00 / 6b1x00: omobpadicenue
080UUHBIX, UECTNHAOYAEPUUHBIX, OeCAMUYHBIX U
socomepuunbIX yugp Habop conpomuenenuti
PA3IUYHBIX HOMUHANO8 HA neyamHou naame -1 wm. *
ne menee 6 wiynmos: 2x 1 Om, 2 x 10 Om 2 x 100 Om
IHabop nposodos u nepemviuex -1 wm. * ve menee 28
npoeo0os, wmekep 2 mm * He menee 10 nepemviuex,

wmexep 2 mm/5S mm Ynusepcanohwiii MoOyib 0nsl
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MOOKIIOYeHUs. IKCREPUMEHMANLHBIX KAPL K
KOHMPOIbHO-U3Mepumenvhomy unmepdgpetcy -1 wm.
UHa0208bLIl BLIX00 PUKCUPOBAHHO20 HANPANCEHUS 5
B, 1A (ene30a 2 mm) * He MeHee 2 aHano2o8bix 8bix00d
uxcuposannoeo nanpsixcenus +/- 15 B, 14 (enezoa 2
WMMm) © He MeHee 3 pe2yiupyemMbiX aHaI0206bIX 6bIX00d
+/- 20 B, 14, DC-150 I'y (2ne30a 2 mm ) Kypc
0Oyuenus: DKChepUMeHMAIbHAsL Kapma ¢
l02UYeCKUMU INEMEHMAMU HATUYUE
Drcnepumenmanvhas kapma ¢ JK-mpueeepom
Hanuyue Ilpoepammnoe obecneuenue Kypca OOINCHO
obecneuums credyrougee cooepocanue bazosvie
lnocuueckue cxemvl Tabauyvl nepexodos, 0b603nHaueHuUe
Ha cxeme, nocudeckue QYHKYUY U YUKI0ZPAMMbl
lnoeuueckux snemenmos bynesa ancebpa
Dxcnepumenmanvroe noomeepicoerue GyHKYul u
Baxonog byns Jlocuueckue snemenmsl 6 mexHoI02UU
INAND u NOR Munumu3zayus 102utecKux cxem ¢
nomowsio kapm Kapno Ipunyun pabomer mpuzeepa
HUccnedosanue JK-mpueeepa (cmamuueckuii u
OuHamuyeckuil BX0OHOU CUSHAT / NOMAKMOBbll
eorcum) Hccnedosanue UC cuemuura Iouck owubox

bazoswiii
pobomomexnuueckutl
Habop

Obpazosamenvrulii HAOOP 00IHCEH NPEOCMABIAMb
co601l Habop 013 paspabomKu NPOSPAMMUPYEMbIX
Wooenell asmonoMHbIX pobomos. B cocmas nabopa
0074CHBL 8X00UMb. KOHCMPYKMUGHDYLE,
coeOunumenvhvle U KpenexicHvie INeMeHmbl U3
maacmuxa u amomunus - He menee 100 wm,
mpozpammupyemuiii Konmpoanep - ne meree luim,
baexmpoosueament NOCMOAHHO20 MOKA C KPYMAWUM
momenmom ne menee 3,6 ke/cm - ne menee 2 wim,
Oamuuxu u 371eKmpoHHble KOMHNOHEeHMbl- He MeHee 6
wim, aKKyMyJasimopHyo 0amapero ¢ HanpsJjceHuem He
Wwenee 6B u emxocmyio ne menee 1500 mAy - ne menee
[ wm, 3apsioHoe YCmpoucmeo 05t AKKYMYIAMOPHOU
bamapeu - ne menee 1 wm. IIpoepammupyemuvlii
KOHmMponep 00%ceH co0epicamy: nopmol 05
AHATI0208bIX 0AMYUKOE - He MeHee 3 wim, nopmbl 014
yugposvlx damuuros - ne mernee 3 wm, nopm oas 12C
ycmpoticme - ne menee 1 wm, nopm 0ns
cep8onpuso0os - ne meree 6 wim, nopm 0Jist MOMOPO8
- He MeHee 2 wm, nopm 018 IHKOOepos - He menee 2
wim, obvem flash namamu ne menee 32 kb.

[ Ipoepammupyembiil KOHMPOLLED OOANHCEH
0becneuugams 603MONCHOCHL NPOSPAMMUPOBAHUS
pobomos 6 cpede b10uHO-2paPULecKO20 MUNa Uil 8
c60600HO pacnpocmpansemvix cpedax papabomki ¢
MOMOWbIO MEKCMOB020 S3bIKA NPOSPAMMUPOBAHUSL.
Vlamyuxu u 21eKkmpoHHble KOMNOHEHMbl O0AHCHDYI
cooepoicamsv: Yavmpazeykoeou 0amuux paccmosHus
00101cen 0becneuusams COOPAHHYI0 MOOenb
603MOXHCHOCBIO UBMEPAMb PACCMOAHUE He MeHee 4
mempog - ne menee lum, Knonxa-mooynv 0ondxicen
0becneuusams cOOPAHHYIO MOOENb 8O3MONCHOCHIBLIO
onpedensimos Haxscamusi Ha KHONKY - He MeHee 1wim,
V]amuux yeema O0onicen obecneuusams cOOPAHHyIO
WMooenb 603MOACHOCbIO ONpedeieHUs Yeema
06vexma, npeonasHaver 05 usmepenus RGB-

cocmasiiiowyux U ypoeHs oceeernocmu, oamuux

8.00




pacnpocmpansemvix cpedax paspabomxu ¢ HOMOUbIO
MeKcmoBo2o s13blKka NPOZPAMMUPOBAHUSL OAMYUK 36VKA
Oamuux creoosanus aunuu FPV pescum
603MONCHOCTD YNPAGLEHUSL C MOOUTILHO20
yempoticmea uepes npuiodicenue nPocPAMMUPOBaAHUsL
Ha szvikax Python, Scratch a maxoce cucmema

IMEeXHUYeCKO20 3PEeHUsl 0151 ABMOMAMUYECKO20

HaumeHoBaHue Kpatkue npuMepHble TeEXHUYECKHE Eaununa
IKosimyecTBo)
n| obopynoanus (PBIIO) xapakrepuctuku (PBIIO) H3MepeHust
Qondscen cooeporcams He meree 12
c6emoyy8CmeumenbHblx d1eMeHmos - He MeHee 1 wim,
Bymmep-modyns dondcen obecneuusams cOOPaAHHYIO
Modenb 803MOINCHOCMBIO BOCNPOU3BOOUNMb 36VKU,
HoMuHanbHaa wacmoma He menee 4xkly,
unmencusnocmo ne menee 80 0b- ne menee 1 wm, Wi-
Fi-moodynb donorcen obecneuusamv 603mo2icHoCmb
NOOKIIOUeHUS COOPAHHBIX POOOMOMEXHUYECKUX
wooeneti k cemu, loT obnakam u 6eb-cepsucan,
pabouee nanpsicenue mooyaa - 3,3B, nopmoe 8800a
6616000 MOOYIA - He Menee 5 - He menee 1 wim, Munu-
pene ¢ pabouum HanpsadxiceHuem 8 ouanazone om 3,3 00
5B, nompebasemvim mokom 71mA u maxcumanibHuim
KomMmymupyemvim Hanpscenuem 28B nocmosinnozo
imoxa/250B nepemennozo moka, pecypc ycmpoticmea
e menee 50 mulc. nepexnouenuil - He menee 1 wm,
IBxooswue 6 cocmas KOHCMpPYKMopa KOMROHEHNbl
00NIIHCHBL ObIMb COBMECMUMbL C KOHCTNPYKIMUBHBIMU
baemenmamu, a maxdice 0becneuu8ams 603MONCHOCHD
KOHCMPYKMUBHOU, annapamuol u npocpammHoll
coemecmumMocmu ¢ KOMNJIEKMYWUMU U3 COCMAasd
Habopa.
[Habop ons 6vicmpozo . )
pomomunuposaus OOHONIAMHBIN KOMNbIOMED: nanutue, Kapma
onexmponHLx yempoiicme pamsmu ¢ f1pedycmaH06ﬂeHHou onepguuonﬂou um 8.00
i ocHOse 0OHomamoso [ CHEMEMOU: Hanu e, ONIOK nUMaHus: Hanuyue,
Komniekm xabenetl Ot NOOKMOUEHUsL: HaAUdue
Komnvlomepa
Habop ons 6bicmpozo
npOMOMUnNUPOBaAHUs
brexkmponnwix ycmpoticms |MukpoKoHmpoiepHas niam@opma co 6CmpoeHHbIM
Ha ocrose unmepnpemamopom JavaScript: naiuuue, KOMNieKm 8.00
MUKDPOKOHMPOLIEPHOU paouodemarneii. naruyue, NIAMA PACUUPEHU. wm '
nrameopmol co Hanuuue
6CMpoenHbIM
uHmepnpemamopom
[Habop ons 6vicmpozo
[IPOMOMUNUPOSARLA IMuxpokoumponnepuas niamgopma Arduino:
BAEKMPOHHBIX YCMPOUCme .
a ocHose Hanuuue, KOMNIeKm paouodemanell U NPO8o00E: wm 8.00
pokonmponiepHoi Hanuuue, MaKemHas naama: Haluyue
naamgopmol
Yuebnas modens agmonomno2o MoouILHO20 poboma ¢
wanunynsimopom. Mobunvhwiti pobom Oocen
npedcmagnams coO0U YemvblpexKoLecHyI0 NAamegopmy
6cenanpagneHno2o 0guxceHus. [{eueamenu
becugemounvie 4 wm, kamepa c yeiom o63opa 120
epadycos ¢ 5 mn. B cocmag komniexma 001icHO
exooums. Mexanuueckuil 3axeam uHgpaxkpacHwlii
\Aemonommwitl pobom liazep 2-x ocesoil noosec akKymyasimop Koiecd
\MAHUNYIAMOP € KOAecamu |BCEHANPABIIEHHO20 O8UNCEHUS. NPOSPAMMUDYEMbLU um 400
6CceHanpasieHHoeo KOHmMpoLep ¢ 803MONCHOCIBIO NPOSPAMMUPOBAHUS 8
08udICeH s cpede bouno-epagpuueckoeo muna u ¢ c60600HO




Ne HaunmeHnoBanue Kparkue npuMepHbIe TeXHUYECKHE Eaununa
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0OHapyHCeHUsA U pACNO3HABAHUA 3A0AHHBIX 00bEKMO8
6 paboueti 3one. [loodepoicka RaspberryPi nanuuue
\lloooepoicka Arduino nanuuue Iloodepacka Micro:bit
Hanuuue CMeHHbII MexaHuyecKull 3axeam,
ycmanasnueaemulii Ha HOOBUICHYIO NAAMPOPMY
ceepxy nHanuuue Mexanuueckuu 3axeam,
ycmanaenueaemulil Ha nepeonior Yacms NOOBUNCHOU
nramegopmel Haruuue BozmooscHocms meHAmMb
UHPPAKPACHYIO NYWKY HA MeXAHUYeCKUll 3aX68am
Hanuuue

Obpazosamenvhblil HAOOP NpedHa3HAUeH O
U3yyeHuss OCHO8 npumeHeHus mexronoz2uii "Humepnem
seweil” u ceazu 6 pobomomexuuveckux cucmemax. B
cocmae Habopa 001x4ceH 8X00UMb KOMNAEKM
KOHCMPYKMUGHBIX 2EMEHMO08 U3 MEemAaia Oisi COOPKU
modenu moburbHo20 poboma ¢ 3ax6amHbLM
yempoticmeom. B cocmas nabopa 0oJidicer 6Xx00umo
KOMNIEKM KOHCMPYKMUGHBIX dIeMEHmMO08 Oisi COOPKU
Wmodenu «ymnozo» 30anus. Bee komniexmyrowue u
yempotcmaa, exoosauue 8 cocmag Habopa, 00IAHCHDYI
bbImb cogMecmuMbl Opye ¢ OpY2OM KOHCIMPYKMUBHBIM,
DIeKmMpuYecKum, annapamHsim i npocPAMMHbIM
obpazom. B cocmag Habopa 001xcHO 6x00Ums.: npugoo
noCmosAHHO20 MOKA ¢ 0aMYUKOM NONONHCEHUs - He
Wmernee 2uim, cepsonpueod Oonvbuiol — He menee 2uim,
cepeonpuso0 manvlii — He Menee 2uim, Kamepa - He
Wmenee lwm, npoepammupyemviii KOHMPOLLEp — He
Wmenee lwum, akkymyassmop — ne mernee lwm, 3apsaoHoe
yempoticmeo — ne menee lwum. B cocmas nabopa
00191CEH BXOOUMb KOMNLEKIN UHMEIEKIMYANbHbIX
cencopnuvix ycmpoticme. HnmeinekmyanbHule
cencopHble ycmpolicmea 00ICHbL NPedCmagiams
06011 yCmpoUcmeo Ha OCHO8e GbIYUCTUMENLHO20
ObpazoeamenvHulii HAOOP |MUKPOKOHMPOILIEPA U 8CIPOEHHO20 USMEPUMENTbHO20
0151 uzyueHust mexnono2uti pPaemenma. Mumenniekmyanvhvie CeHCOpHble wm 3.00
cesizu u loT yempoticmea 00ncHbl 061a0ams 6CMPOEHHbIM
yudposviM u ananoeo8vim uHmepgheucom s
nepedauu OaHHbIX, a MAKHCE BCMPOEHHbIM
nociedosamenbHoIM UHMep@eucom 011 00beOUHeHUs
0pye ¢ Opyeom 8 cencopHule cucmemol. Komniexm
UHMENNeKMY ANbHBIX CEHCOPHBIX YCMPOUCME O0AHCEH
cooepaoicams — MOOYIb CBEMOOU0OA — He MeHee 2uim,
wmooyne RGB ceemoouoda — ne menee 2uim, mMooyib
UK-0amuuxa nunuu — He menee 3uim, MoOyib
B8YK0B020 Usnyuamens — He menee lwm, mooyib
UMEpPeHUs: MeMNepamypuvl U GIANCHOCHIU
oKpyarcarougeti cpedvl — ne menee luim, Mooyib
Imaxmoeoti kHonku — ne menee 3uim, MOOYIb OAMYUKA
oceeweHnocmu — He meHee 1uim, MOOyIb Oemekmopa
Vpoemst wiyma — ne menee luim, MOOYIb UsMepeHus.
0asnenus oxpyacaroujeli cpeovl — ne menee lwm,
WooynL nomenyuomempa — ne menee 2uim, mMooyib
0amuuKra nONOACEHUs: 6 NPOCMPAHCINBE — He MeHee
lwm, MoOYIb KOHYEBO20 Npepbleameis — He MeHee
lwm. B cocmas nabopa oonicen 6xo0umop
npozpammupyemoiii Konmpoaiep — He mernee luim.

[ Ipoepammupyempiil KOHMPOLLED OOANCEH
0becneuugams 603MONCHOCHb NPOSPAMMUPOBAHUS HA
s13vike JavaScript u opeanuzayuu web-cepeepa obmena

IKoJ1HuecTBO
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Oanuvimu uepes Hnmepuem. Ilpoepammupyemuvlii
KOHmMpONNEp 00N)CEH 0DECneyUsams 03MOACHOCID
MOOKMIOYEHUs, 6HEUWHUX YCINPOLICING C HOMOUWBIO
unmepgeiicos - GP10, UART, 12C, 12S, SPI, 1-wire
ITTL, RS-485, CAN, Ethernet ¢ nodoepoickoii PoE

\Komnaexm nonetl u
copesHOBameNbHbIX
bremenmos

[Komniexm noneti u cOpe6HOBAMENbHBIX INEMEHMO8
07151 NPOBEOEHUsL COPEGHOBAHULL AGMOHOMHBIX
WobubHbIX pOOOMOE

1.00

Yemuvipéxocegotl yuedHbill
pobom- manunyaiamop c
MOOYIbHBIMU CMEHHBIMU

Hacaokamu

Yuebnoii pobom-manunynsimop npeonaznaven Ois
0Cc80eHUs 00YYAIOUWUMUC OCHO8 PODOMOMEXHUKY, O
n0020MOGKY 00YHAIOWUXCA K 6HEOPEHUIO U
nociedyrouemy ucnoab308anuio pooomos 6
npomvliunenHom npouzsodcmee. Koauuecmeo oceti
poboma manunynamopa - yemvipe. Ilepemewjerue
UHCMPYMEHmA 8 NPOCMpancmee no Mmpem oCam
00IIHCHO YNPABIAMBCA UWAL0BLIMU O8USAMENAMU.
\Hanpsioicenue numanust wiazosvlx ogueameneli He
6onee 12 B. Cepsodsueamens uemeepmotul ocu
0ondKcen obecneuusams nOGOPOM UHCMpymenma. Yeon
nosopoma ManunyiAmMopa Ha OCHOBAHUU BOKPY2e
sepmuxanvroll ocu He menee 180 epadycos. [{ns
onpeodenienus NOLOAHCEHUSL MAHUNYIAMOPA NPU
nosopome 80Kpy2 6epMuUKAIbHOU OCU OOANHCEH
UCNOIb308aMbCA IHKOOED. Yeon nosopoma 3a0He2o
nneua manunyiamopa He meree 90 epadycos. Yeon
nosopoma nepednezo nieua MAHUNYIAMopd He MeHee
100 epadycos. /s onpedenenust norodicenus 3a0He20
U nepedHezo niey Manunyasmopa 00NCeH
UCno1b308amMbCsl 2UPOCKOn. Yeon nosopoma no
uemeepmotl ocu ne menee 180 epadycos. Jlondxicua
6bIMb 803MONCHOCHb OCHAUJEHUS CMEHHBIMU
Hacaokamu (Hanpumep, oepaicament KapaHoauia uiu
promacmepa, npucocka c cepgoosucamenem,
WMexanuueckoe 3axeamuoe YyCmpoucmeo ¢
cepsodsucamenem, ycmpoucmeo 0iisi 1a3epHOU
lepasuposku unu ycmpoticmeo 011 3D-nevamu).
IMunumanbHas KOMRAEKMAYUS CMEHHBIMU HACAOKAMU.
nHeeMamuueckuil 3axeam (NPUCOCKa), MexaHuyeckuil
Baxeam, nHacaoxa depaicamens 0s
Kapanoawa/maprepa/pyuKu, HAcaoka nepexoOHUK Oiist
KpenneHuss CoOBMeCmuMbIX KOHCMPYKMUSHLIX Oemaieti
U KoHCmMPYKYULl, HACAOKA 1A3ePHOU 2PABUPOBKU,
rnacaoxka 3D-neuamu (01a pabomut ¢ niacmuxom PLA
c ouamempom numu 1,75 mm). [lonicen Ovimo
OCHauen cep8onpuBo0OM 0t NHEEMAMUYECKo20 U
lMexanuuecko2o 3axeamos, 00ecneuu8arouum
6paweHIe 3aX8aUeHH020 00beKMa 60 8peMsl
nepemewenst, NOBOPOM nepemewaemozo 0oveKma
6OKpY2 6epmuKanbHou ocu. /s obecneuenus
DYHKYUOHUPOBAHUA NHEBMAMUYECKO20 3AX8AMNA
0o11cen Obimb OCHAUjeH 8CMPOEHHOU 8 KOPNYC
Wmanunynamopa nomnou. /lonicna 6vimo

603 MOXHCHOCIb NOOKNIOUEHUSA OONOJIHUMENbHBIX
ycmpoticme (nanpumep, mpancnopmepa, peavca 0s
nepemewenus poboma, nyibma ynpagieHus muna
0oicoticmux, Kamepbl MAUWUHHO2O 3DEHUS,
onmuuecko2o damuuxa, Mooyisi 6ecnpo8oOHO20
Oocmyna). Pobom-manunynamop donowcen

obecneuusamo nepemewjernue HACAOKU 6

1.00
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npocmpancmee, akmugayuio HAcaoKu, 03MOICHOCHIb
noIyueHus CUCHANO8 OM KaMepbl U OamMUUKOS,
603MOJICHOCTb YNPAGLEHUSE OONOIHUMETbHBIMU
yempoticmeamu. Mamepuan kopnyca — aniomMuHuil.
V[uamemp paboueil 30ubl (be3 yuema HagecHo2o
UHCMpYyMeHma u uemeepmoti ocu) He meree 350 mm.
\HUnmepdpeiic nooxkmouenus — USB. Honowcen umems
603MOANCHOCTIL ABMOHOMHOU PABOMbL U GHEUHE2O
vnpasnenust. J{is 6HeuwHe20 Ynpasienus 00axHceH Oblmb
npedycmompen nyivm, NOOKIOYAeMblli K pobomy no
Bluetooth. Ynpasnarowuii konmpoanep donsicen 6oimo
coemecmum co cpedoii Arduino. Ynpasnaowui
KOHmMpOLLEp COBMeCmUM Co Cpedol
npocpammuposanus Scratch u s3vikom
npoepammuposanus C. Jorxcen obecneyusamo
nosopom no nepeviM mpem oCsim 6 3a0AHHbII V2Ol U
Ha 3a0anHbliL Y20, NOBOPOM NO YeMBEPMOL OCU HA
Badaunwlil yeon, osudicenue 8 koopounamuvl X, Y, Z,
nepemewyenie Ha 3a0aHHOE PACCMOIHUE NO
Koopounamam X, Y, Z, nepedauy OaHHbIX 0 meKyuiem
non0dCEHUU Y208, nepedayy OaHHbIX O MeKYUUX
KoopOounamax uncmpymenma. Jlonicen
nooodepoicusame nepemeujerue 8 OeKapmosbix
KoopOuHamax u y2nax nogopoma oceil, ¢ 3a0aHHOU
ckopocmuio u yckopenuem. Tunvl nepemewjeHuil 6
0eKapmoguIX KOOPOUHAMAX. OBUICEHUE NO
Impaexkmopuu, 08uiceHUe RO NPIMOU MENCOY O8YMS
mouxamu, nepenpvieuganue uz MoyKu u moyKy
(nepenoc obwvexma). Kopnyc oonicen 6vimo 6
Bawuwennom ucnoanenue (kracca ne nudice IP20).

peailbHoco 6pemMenHu U
cucmem ynpaeieHusl

pobomos

[Komnnexm 015 usyuenus
onepayuonnbix cucmem

A6MOHOMHBIX MOOUNLHBIX

[Komnaexm ons pazpabomku u uzyyeHus mooeneu
NpoSpaMMUpyemvix a8MOHOMHBIX MOOUTLHBIX
pobomos. Yuebnvlii Komniekm 00ndiCeH NO360Mb
paspabamoieams 610UHO-MOOYIbHYIO KOHCIMPYKYUIO
WmobunvHoeo poboma. B cocmag mobunvroeo poboma
0oaoicHo 6x00ums: IIpusood eedyuux Kouec - He MeHee
Rwm. IIpusoo dondxcen npedcmasisims coboll
DIEeKMpOoMexanuieckyo cOOpKy Ha OCHO8e 0GU2amens
nOCMOANHO20 MOKA, PEOYKMopa, 0amuuKa
nONI0JICeHUs 6ANA U 6CIMPOEHHOT CUCIEMbl
ynpasnenus. Cucmema ynpasieHus npueooa O0INCHA
0becneuusams 603MOICHOCHb 00bEOUHEHUs NPUBOO0E
c noMOWbIO NocIe008amenbHO20 unmepgelica,
B03MOJICHOCIG 3A0AHUSA NAPAMEMPOE KOHMYPO8
Vnpasienus, ynpagienue epawjenuem npusooda no
CKOpOCMU U NOLOICEHUIO, KOHMPOTb HACPY3KU.

I Ipocpammupyemolii KOHmponep - He Menee luim.

[ Ipoepammupyemplii KOHMPOJLIEP OOJICEH 001aAdamy
unmepeticamu - USB, UART, TTL, RS485, CAN oas
KOMMYHUKAYUY C NOOKTIOYUAEMBIMU GHEUHUMU
ycmpoticmeamu, a makdice yupposvimu u
AHAN0208bIMU NOPMAMU 6800a/8bI600A.
Oononiamuwiil MUKpOKOMARbIOmMep - He Menee [uim.
OO0HONAAMHBII MUKPOKOMNBIOMED O0IHCEH
mpedcmaegname cobou ycmpoucmeo ¢ apxumexmypou
wmuxponpoyeccopa ARM, donocen ob1adams He menee
2 gbluucaUmenbHbIMU A0pPaMU ¢ MAKMOBOU YACMOMOU
e menee 11Ty. Jlazepuvitl cKanupyrOwuli 0aIbHOMED -

e menee lwm. Jlazepnolil ckanupyroOwuil 0aibHOMED

1.00
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Donoicen obecneyusams OUANA30H USMEPEHUS
OanbHoCcmu 00 00vbeKmos He MeHee 2.5 mempos u
cekmop ckanuposanus ne menee 360 yenosvix
epadycos. JJamuuk aunuu — e menee 3 wm. [Jamuux
0ondrcen obecneuueams OemeKmuposane JUuHUY Ha
KoHmpacmuom Qone u nepedagams OanHvie 6
npocpamMmupyemulii KOHMPOIEP O ee HATUYUY NymeMm
nepedauu anano2068020 CUSHALA ULU YUPDPOBO2O
cuenana, 1bo nymem nepedayu yugdposozo nakema
Oannwix. Jamuuxa yeema — ne menee 1 wm. Jamuux
00I2ICeH Pa3IUYams Y8emogoil OMmMeHOK
pacnonoscento2o padom ¢ hum obvekma 6 RGB
HOmayuu u obecneuusams nepeoayy OAHHbLIX 8
mpocpammupyemulii KOHMPOIAEP O 3HAYEHUU KAIHCO020
Yy6emogo2o Kanana 6 suoe yupposozo naxema
Oannvix. Maccue UK-0amuuxos - ne menee lwm.
Maccue UK-0amuuxoe doncen 6oimb npeOHasHAYeH
0J151 OMCAEHCUBANHUSA TUHUYU OJISL OBUIHCEHUS MOOUTILHO2O
poboma. Maccue dondicen cooepacams He MeHee Ouim
IUK-0amuuxos, pacnonodiceHHbIX Ha 0OHOU JTUHUU.
Cucmema mexHuuecko2o 3penust - He Menee lum.
Cucmema mexHuuecko2o 3peHus 00axceH 0onaoams
COBMECMUMOCMBIO C PA3IUYHBIMU
mpocpamMmMupyemMbiMu KOHMPOLEPAMU C ROMOUBIO
unmepgpeiicos - TTL, UART, 12C, SPI, Ethernet.
Cucmema mexHu4ecko2o 3peHust OOIHCHA
0becneuusams B03MONCHOCMb UZYUEHUSL OCHO8
MpUMEHEHUs ANOPUMMO8 MAUUHHOZ0 0OYYeHUs. U
Hacmpotiku napamempog neupocemeti. Cucmema
mexHuuecKo2o 3penus 00IICHA 0becneuueams
(DYHKYUOHAN PACNO3ZHABAHUS PAZTUYHBIX
ceomempuueckux 06beKnmos no HAbopy NPU3HAKOE,
pacnosnasanus epaguueckux maprkepos muna Aruco u
0p, pacno3nHagamust Maccugo8 TUHUIL U INEMEHMO8
0oposichblx 3naxos u pazmemxuy.  Cucmema
ynpaegnenusi MOOUILHO20 pOOOMA OONAHCHA NO3BOJIAMD
OCYWecmanamsy aHaIu3 OKpyscaiouell 06CmanosKu 6
npoyecce 08udICeHUss MOOUTLHO20 POOOMA U
OUHAMUYECKOM UBMEHEHUU OKPYIICatoulels
06CMAanHOBKU, 0CYWecmeIsimsb QopMuposanue Kapmol
IOKALHOU 0OCMAHOBKU 80KPYe poboma u
loKanusayus nosodcenus poboma Ha Kapme,
nocmpoenue 2100aNbHOT Kapmbl OKPYHCAIOUe20
npocmpancmea. Cucmema ynpagneHust MOOGUILHO2O
poboma onCHA NO360IAMb OCYUECMEIISIMb AHAU3
nIana/Kapmol OKPYJICaOuje20 npocmpancmed,
0OHapydIcenUe OKPYICAIOUUX 00BEKMO8, ABMOHOMHOE
nAAHUPOBAHUE MAPUPYMA U 00be30a CMAMUYecKux u
Ounamuuecxux npensmcemeuil. Cucmema ynpaenenus
WoburbHo20 poboma dondicHa obecheuusams
603MOAICHOCTID PAMEMKY KAPMbl OKPYAHCATOUE20
NPOCMPANCMEa Ha 30HbL C PASTULHLIMU NPUSHAKAMU,
BadasaembiMu noib308amenemM (30Hvl 3anpema O
06udICenust, opanuyenus ckopocmu u m.n.). Cucmema
ynpaegnenusi MOOUILHO2O pOOOMA O0NIHCHA
0Oecneuusams 803MONCHOCMb 3A0AHUSL MOYEK U 30H
Ha Kapme OKpys#caiouie2o npocmpancmed Ois
laemonomHo2o nepemewerus mexcoy Humu. Cucmema

ynpasiernus MOOUNLHO20 p060ma , BKIIoYaroud: 6
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cebs nodcucmemul, maxue Kax - CUCeMAa YRPAGLeHUs]
0suoicenuem poboma, cucmema coopa u obpabomku
cencoproul unghopmayuu, cucmema ROCMPOEHUs.
Kapmbl OKpydHCcarowe2o npoCmpancmea u cucmema
Hasueayuu, 001dCHA ObIMb pearu308ana Ha base
MpoSPaAMMUPyemMo20 KOHMpPOoLiepa 1 0OHONIAMHO20
MuKpoxomnviomepa, a maxice yCmpoucmes, 6xo0auux|
6 cocmas komniexma. B cocmas komniekma 00NCHO
6xX00UmMb npozpammHoe obecnevenue O
npOSPaAMMUPOBANUS 8 MEKCMOBOM PedaKmope Ha
noooouu Arduino IDE, npoepammuposanuu c
nomowbo ckpunmoe na sizvike Python, paspabomku
cucmem ynpaenenus Ha ochose ROS. Tax dice 6
cocmag KoMniekm OOMACHA BXOOUMb BUPIYATbHAS
Wooenb MoOUILHO20 pobOmMA 6 GUPMYATILHOM
OKpYIHCEHUU 0151 MOOETUPOBAHUSL ACOPUINMOB CUCTEM
ynpasienust ¢ nRoMowblo epaghuueckou cpeobi.

07151 u3yyeHust
MHOLOKOMNOHEHMHBIX
pobomomexHuueckux
cucmem u
MAHUNYIAYUOHHBIX
pobomos

ObpaszoeamenvHulii HAOOP

Obpazosamenvhulil HADOP 00CeH ObIMb
mpeonazuayen 0Jis u3yieHuss pOOOMoOmexHULecKux
mexHono2ull, 0CHO8 UHMOPMAYUOHHBIX MEXHOLO2ULL U
ImexHon02Ull NPOMBIULIEHHOU A8MOMAMU3AYUL, d
Imaxoice mexHoI02Ul NPOMOMUNUPOBAHUSL U
la0oumuenoeo npouzeoocmea. B cocmas nabopa
00NIIICHBL 6X0O0UMb KOMIIEKMYIOWUEe U YCMpoUcmad,
obnadalowue KOHCMPYKMUGHOU, ANNAPAMHOU U
MpocpamMmMHOU COBMECTNIUMOCTNBIO OpYe ¢ Opyeom. 1)
IKomniekm KOHCMPYKIMUGHBIX DJIEMEHIMO8 U3 MemAaJid
U nracmuka 0nst cCOOpKU Mooenel MaHUnYIAYUOHHbIX
po60mos ¢ yenosou KuneMamuxot,
maocxonapanienvrou kunemamuxot, Delta-
Kunemamurou. 2) Humennexmyanvhviil cep8oMo0Yib
C UHmMe2PUPOBAHHOTU CUCIEMOLL YRPAGIEHUS - He MeHee
7wm. Cepsomodyns dondcer obradams
UHMESPUPOBAHHOT CUCMEMOU YRPAGTICHUS,
0becneuusaiouelt O6GpAMHYIO C653b U KOHMPOJlb
napamempos - noIodCeHUe 8ald, CKOPOCHb GPAUEHUS,
Hazpy3ka npueooa, a makdce obecnewusaiouiel
603MOAICHOCTB NOCAEO08AMENLHOZ0 NOOKIIOYEHUS
Opye ¢ Opyeom u ynpasieHusi cepeomMoOyIIMU no
nocnedosamenbHoMy nOLYOYNIEKCHOMY ACUHXPOHHOMY
unmepgeiicy.  3) Pobomomexnuueckuii KOHmMpoJuiep,
npedcmasaaiowull coool MOOYIbHOE YCMPOUCMEO,
srIIOUAIOWEe 8 CeOsi OOHONIAMHbLL MUKDOKOMAbIOMED
07151 GLINOTHEHUSL CTLONCHBIX BLIYUCTUMETbHBIX
onepayuil, nepugepuiinslil KOHmMpoiep OJis
VIpasienus: 6HeUWHUMU YCMPOUCMEAMU U NLAMY
pacwupenust 0Jist ROOKIIOUEHUsL BHEUWHUX YCMPOTIC.
IMooynu pobomomexHuuecko2o KOHMPOLIEPa OOJIHCHBL
0b1a0amb 00HOBPEMEHHOU KOHCIPYKMUBHOU,
annapamnou u nPoeSpaAmMMHOLU COBMECTNUMOCIbIO OpYe
c Opyeom. Pobomomexnuyeckuii KonHmponiep 00JdiceH
V0081IeMBOPSIMb MEXHUYECKUM XAPAKMEPUCTIUKAM.
KO1-60 510€p 6CMPOEHHO20 MUKPOKOMNBLIOMEPA - He
Wmenee 4, makmosas yacmoma s0pa - we menee 1,2
[Ty, oovem O3Y - ne menee 512 M6, nanuuue
unmepgeticos - SP1, 12C, 1-wire TTL, UART, PWM,
yupposvie - ne menee 16 wm u aHan0208ble ROPMbL -
He menee 8 wim 015t NOOKTIOYEHUST BHEUIHUX

yempoucme, scmpoenuviti Mukpogon, a makce WiFi
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wunu Bluetooth ons KommyHUKayuu co BHeWHUMU
yempoticmeamu. Pobomomexuuueckutl Konmpoinep
0ond1cen 0becneuusams 803MONCHOCHIb
MPOSPAMMUPOBAHUSL C NOMOWBIO CPEOCHIE A3bIKOG
C/C++, Python u c60600H0 pacnpocmpansiemon
cpeowt Arduino IDE, a makowce ynpasnenust MoOensimu
POOOMOmMexXHUYeCKUX cucmem ¢ NOMOubIO cpedbl
ROS. 4) IIpoepammupyemvlii KOHMPOJLIED - He MeHee
Lwm. [Ipocpammupyemvlii KOHMPOTAEP OONIHCEH
npedcmaesnams coO0l 8bIYUCTUMENbHBLL MOOYTb,
obaadarouwum yu@dposvimu nopmamu - He menee 8 wm
U anano2oeviMu nopmamu - He menee 16 wm,
unmepgeticamu UART, I2C,SPI, TTL, a makasce
Wooynem becnpogoonoil ceszu muna Bluetooth unu
WiFi ons cozoanus annapamuo-npocpammHbix
pewenuit u ""ymuoix/cmapm""-ycmpoticme ons
paspabomku pewenui ""Unmeprem seweri”". 5)

I Inama pacuupenus npocpamMmupyemozo
Konmpoanepa — ne menee lwm. Ilnama pacwupenus
DoaocHa obecnedusams 803MOHNCHOCb NOOKIIOYEeHUs
VHUBEPCAbHO20 GIMUCIUMENbHO20 MOOYIS K Cemu
nocpedcmeom unmepqpetica Ethernet. [Inama
pacwupenus dondcrua obradams nopmamu 6800d-
661600a 071 NOOKNIOUEHUSI YUDPOBLIX U AHALO20BbIX
yempoticme — ne menee 40 wm, unmepgetic SPI u
B03MOICHOCTBIO NOOKTIOYEHUS, 6HEWHEU Kapnibl
namamu. 6) MoOynb mexuuueckoeo 3penusi,
npedcmasnsowuil cobou ycmpoticmeo Ha basze
BLIUUCTUMENLHO20 MUKPOKOHMPOALEPA U
uHmezpUpoBanHoll Kamepul, obecneuusaiouee
pacnosnasanue npocmertiuux u300paxicenull Ha
Wmodyne 3a cuem coO6CMEEHHbIX GbIUUCTUMETbHBIX
s03MO0ICHOCMeEl - He menee lwm;  Modynb
ImexnuuecKko2o 3penusi Qoacer 0becne usans
603MONCHOCTD KOMMYHUKAYUYU C AHATOSUYHBIMU
WMOOYIAMU ROCPEOCMBOM WUHBL HA ba3ze
nocredosamenvrnoz2o unmepgheiica c yeivio
Oanvreliuleli nepedadu pe3yibmamos usmepeHuil
epYnnbl MOOYIEU HA YRPAGISIOuee 8bl4UCTUMENbHOE
ycempoticmeo, nooxknoyennoe K 0annou wiune. Mooyno
mexHuuecKko2o 3penusi 0oadicer 0becneuusams
603MOANCHOCTID OCYWEeCMEISINb HACMPOUKY MOOYIS
MeXHUUeCK020 3peHusl - HACMPOUKY IKCNO3UYUL,
bananca 6eno2o, Y8EMOPA3HOCMHbIX COCMABTAIOWUX,
nowadu oonapysicugaemoll obracmu u300padicenus,
oxpyenocmu o6Hapyxicueaemorl obracmu
U300padicenus, NOL0ANCeHUe 0OHAPYIHCUBAEMBIX
obracmeti omuocumenvHo opye opyea. Mooy
ImexnuuecKko2o 3penusi 0oaicer 0becne usams
603MONCHOCTD HACMPOUIKU HA OOHOBPEMEHHOE
oonapyocenue He menee 10 pasnuunvix 0OUHOUHBIX
00BeKkmos 6 cekmope 0630pa, b0 He meHee 5
cocmagnbix 06bEeKMos, COCMOosWUX U3 He MeHee 3
paziuunbix 2papuyeckux npumumugos. Mooy
ImexHuueckoeo 3penus 0odicer 001adamo
ecmpoennvimu unmepgpeticavu — USB, UART, 1-wire
TTL, I2C, SPI 0551 KOMMYHUKAYUU CO BHEWHUMU
nookmouaemvimu ycmpoticmeamu. 7) B cocmas

Habopa donicHbl 6x00umb Yupposvle




No HaumenoBanue Kparkue npuMepHbIe TEXHHYECKHE Eaunnna
n/n| o6opyaoBanus (PBI1O) xapakrepuctuku (PBIIO) H3MepeHust
uUHpOPMAYUOHHO-CEHCOPHbIE MOOYIU,
npedcmasnsiowue coboii yempoucmea Ha 6aze
MPOSPAMMUPYEMO20 KOHMPOLNEPA U USMEPUMETLHO2O
baemenma. L{ugposoii mooyiws dondxcen obradame
6CTNPOEHHBIM MUKPOKOHMPOLLEPOM (MAKMOBASL
uacmoma - He menee 16 MI'y, wuna oannvix — ne
wenee 8 Kbaiim), unmepgheticamu 0isi NOOKIIOUEHUS K
GHEWHUM YCMPOUCMBAM. YUDPOSbLE U AHANO208blE
nopmut, 1-wire TTL, pasvem muna RJ. Lfugposoii
W00y dondcer obecnedu8ams 803MONCHOCHD
KOMMYHUKAYUU C AHATIO2UYHBIMU MOOYISMU
nocpedcmeom wiuHbl Ha OA3e NOCAIE008AMENLHO20
unmepdgeiica ¢ yenvio oanvbHeluleli nepeoayu
pe3yIbmamos usmepeHuil pynnvl Mooyneu Ha
Vrpasisiowee BblYUCIUmMenIbHOe YCMpOUCmeo,
nookmouennoe k dannou wiune. B cocmas nabopa
00HCHO 6X00UMB. YUPDPOBOU MOOYIL MAKMOBOU
KHONKU — He MeHee 3uim, yugposot Mooy
ceemoouooa — ne mernee 3uim, yugposou Mooyib
KOHYes020 npepvieamens — e MeHee 3uim, yu@posotl
Wooyne damuuka ygema — He meree lwm, yugposoti
wmooyne RGB ceemoouoda — ne menee luum. 8) B
cocmae Habopa 00AHCHBL 6XOOUMD dlleMeHMbl OJis
COOpKU 8AKYYMHO20 3AX8aMA: 8AKYYMHASL APUCOCKA —
He menee 1wim, S1eKmpoMacHUmHbLLL KIANaH — He
wmenee lwm, eaxyymusiii Hacoc — ne menee lum. 9) B
cocmae Habopa 0oceH 8X00umb YueOHbIll KOMNIEKM,
erIIOUarOWULL 8 cebst yuebroe nocodue, Habop
bubIUOMEK MPEXMEPHBIX INEMEHMO8 OISl
mpomomunuposanus mooeneti MaHunyIsYyUOHHbIX
pobomos, a makdice npoecpammtoe obecneuerue Ois
pabomvl ¢ nabopom. Ilpoepammnoe obecneuerue
00NIIICHO 0Decneyusams mpexmepHyio eU3YaIU3AYUIO
Wooenu ManunyIayuoHHo20 poboma (¢ y2uosoti,
nI0CKONAPANIENbHOU U Oe/lbMA-KUHEMAMUKOLL) 8
npoyecce pabomvi, 0becneyusams nOCMpoeHue
NPOCMPANCMBEEHHO MPAEKMOPUU OBUINICEHUSL
UCHOTHUMENbHO20 MEXAHUIMA MAHUNYISYUOHHO2O0
poboma, 803MONHCHOCTL 3A0AHUS
1n0CIe008AMENLHOCHIU MOYEK OISt NPOXOACOEHUS Yepe3
HUX UCNOTHUMENbHO20 MEXAHUIMA MAHUNYISAYUOHHOZO
poboma. [Ipoepammuoe obecneyerue OONHCHO
DyHKYUOHUPOBAMDY, KAK 8 OMOEIbHOCIU 8 8UOe CPedbl
WModenuposanusi, max u @ pexcume MOHUMOPUH2A 8
peanbHoM epemenu npu NOOKIOYEeHUU MOOeIU
WMAHURYISIMOPA ROCPEOCMEOM POOOMOMEXHUYECKO20
konmpoanepa. Ilpoepammmnoe obecneuenie OONIACHO
0becnenusams 803MONCHOCb NOCMPOEHUsL 2pAPuUKos8
Badaunvlx U meKyuux 0600uenHbIX KOOpouHam
WManunyisayuouHo2o poboma, epaguxos 3HayeHull
ckopocmeti u YCKOpeHusl, 2paghukos pacuemuvix
Brauenutl naepysxu. IIpoepammnoe obecneyenue
002CHO N03601AMb 300A8AMb NOCAEO08AMENbHOCTb
nepeosudiceHUtl MaHUNYIAMOpPa NOCPeoCcmeom Habopa
Komano 6 bouHo-epaguueckom unmepdetice.
Yuebnoe nocobue donicno cooepaicamo mamepuansl
no paspabomke mpexmepuvix Mooenei MOOUIbHBIX
PO6OMO8, MAHUNYIAYUOHHBIX POOOMOE C PASIUYHBIMU
munamu Kunemamuxu (y2no6ast KUHeMAamuka, ni0CKo-
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No HaumenoBanue Kparkue npuMepHbIe TEXHHYECKHE Eaunnna
n/n| o6opyaoBanus (PBI1O) xapakrepuctuku (PBIIO) H3MepeHust
napanienbHas KUHeMamuKa, Oenbma-KUHeMamuKd,
ISCARA unu poruasicnas kunemamuxa, niamgopma
Cmroapma u m.n.), UHCMPYKYuU no NPoeKmupo8anuio
PoOOMO8, UHCMPYKYUU U MEMOOUKU OCYUIeCELEHUS
UHOICEHEPHBIX pACYemOo8 NpU NPOeKmupo8aHuu
(pacuemovl Hacpy3Ku U MOMEHMOB, paciem MOWHOCMU
npu600086, pacuem napamempos KUHeMamuKy u m.n.),
UHCMPYKYUU RO paspabomxe cucmem ynpagieHus u
npocpammuo2o obecneyenus O ynpasieHus
pobomamu, uHcmpyKyuu 4 MemoOouxy no paspabomre
cucmem ynpagnenus ¢ d1emMeHmamu UCKyCCmeeHH020
UHmMeLIeKma U MAWUHHO20 00YYeHUs.

\Habop oonoicern 66ime npedHasHayeH 0 NPO8eoeHUs
VuebHbIX 3aHAMULL N0 U3YYEHUIO OCHO8 MeXAMPOHUKU U
[poboOmomexHuKy, NPAKmMu4ecKko2o NPUMeHenus
0a306b1X 91EMEHMOB INEKMPOHUKU U CXEMOMEXHUKU, d
makoice Hauboaee pacnpoCmpaneHtol d1eMenmHou
6a3bl U OCHOBHBIX MEXHUYECKUX peuenull,
mpumMensemMblx nPU NPOEKMUPOSAHUY U
MpOMOMUNUPOBAHUY PA3TUYHBIX UHICEHEPHDIX,
KubepHemuueckux u ecmpausaemvix cucmem. B
cocmae HaOOpPa OONAHCHBL BXOOUMb KOMNJIEKMYowue u
yempoticmea, obradaroujue KOHCMPYKMUGHOLL,
baekmpuyecKkol, annapamHou u RPOSPaAMMHOL
coemecmumocmuio Opye ¢ opyeom. B cocmas nabopa
00191CeH 8X00UMb KOMNIEKM KOHCMPYKIMUGHIX
beMenmos uz memania 0 cOOpKU MaKema
WMAHURYIAYUOHHO20 pOOOMA U KOMNILEKM
Wemaniuueckux KOHCMpPYKMUGHLIX I1eMeHmMO8 Ol
coopku maxkema mobunbrHo2o poboma. B cocmas
Habopa 00IJHCHBL 6XOOUMb NPUBOOA PAZTUYHO20 MUNA.:
Womopvl ¢ UHMe2PUPOBAHHBIM UTU BHEUHUM
0amuuKom nonodiceHuss — He MeHee 2uim, cepeonpueoo
ObpaszoeamenvHulii HAOOpP DOIBLULOL — He MeHee 4uim, Cep8onpPUBO0 MAlbLil — He
10 371eKMpoHUKe, Wernee 2uim, npusoo ¢ 603MON’CHOCHBIO YNPABTECHUS 8
baexmpomexanuxe u wuiazo8om pesicume — He menee 2wum. B cocmag wm 6.00
MuKkponpoyeccopHo Habopa 0oCcHbL 8X00UMb d1eMermyl 0k COOPKU
mexnuke BAKYYMHO20 3AX6aMA: 6AKYYMHASL NPUCOCKA — HE
Wenee luim, a1eKMpoMasHUMHbII KIANAH — He MeHee
[wm, eaxyymuulil Hacoc — He meHee lwm. B cocmas
Habopa 0012CcHA 6X00Umb d1eMenmuan 6aza 0s
npomomunupoganus.; niama 0aa becnaeyHozo
NPOMOMUNUPOBAHUSA, KOMALEKM NPOBOO0E PA3TUYHO20
muna u OnuHbL, KOMNIEKM PE3UCMOPO8, KOMNIEKM
c6emoou0008, cemucesMeHmMHbLL UHOUKAMOP, OUChHiell
VKK-muna, knonku — He meHee Suim, nOmeHyuomempul
— He menee Jwm, UHGPAKPACHBIL 0aMYUK - He MeHee
3wm, yrempaszeyko8ou 0amuux - He MeHee 3um,
Oamuux memnepamypul - e menee lwm, 0amuux
oceewyennocmu - ne menee luim, mooyaw Bluetooth —
e menee 1wm, mooyns UK-npuemnura — ne menee
Twim, modyre UK-nepedamuuka 8 8ude KHONOYHO20
nyibma ynpasienust — luim, akkymyasimop — He memee
lwim, 3apsonoe ycmpouicmeo — ne menee lum. B
cocmae Habopa 001ceH BX00UMb MYIbMUOAMYUK OJis
UBMEPEHUs: MEeMNEePAmypbl U GILANCHOCIU
oKkpyacaroujetl cpedvl — He MeHee lwim.
IMyremudamuux 0onxcer 061a0amo 6CMpPOEHHbIM
WuKpoKoumpoiepom (MaKkmosedas 4acmoma - He
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Ne HaunmeHnoBanue Kparkue npuMepHbIe TeXHUYECKHE Eaununa
n/n| o6opyaoBanus (PBI1O) xapakrepuctuku (PBIIO) H3MepeHust
wmenee 16 MI'y, wuna oannvix — ne menee 8 Koavim),
unmepgeticamu 015 NOOKAIOYEHUS K BHEUHUM
yempoticmeam: yughpogeie u anano2ogvle nopmol, 1-
wire TTL, pazvem muna RJ. B cocmas nabopa
00191CeH BXOOUMb KOMNLEKIN YHUBEPCATIbHBIX
GLIUUCTUMENILHBIX MOOYIIEl, NPedCmAasIIouuUx cooot
bazosyio naamy, niamy pacuupenus 0isi Cemeso2o
83aUMOOelicm8Us U NAAMy NOOKIIOYEHUsL CUTO0B8OU
Hazpysku. Bxoosawue 6 komniekm ycmpoticmsa
0o01CHBL 001A0aMb 0OHOBPEMEHHOU
KOHCIPYKIMUGHOU, 2JIeKMPUYECKOU, annapamHoul u
NPOSPAMMHOL COBMECMUMOCTNBIO OpY2 C OPY2OM.
ibazosas niama yHu8epcaIbHO20 8bIYUCIUMENbHO2O
WMOOYIst Q0NINHCHA NPEOCMABIsIMb COO0U
npoepammupyemoiii kKonmpoanep 6 cpede Arduino IDE
WU AHATO2UUHBIX CBODOOHO PACHPOCIPAHAEMBIX
cpedax paspabomxu. bazoeas niama 0ondicHa
0b1a0ame 6cmpoeHHbIMU Uunmepgeticamu OJist
noOKmoUenus Yupposwix U AHANO208bIX YCIPOUCMS,
ecmpoennvimu unmepgheticamu USB, UART, 12C, SPI,
1-wire TTL, Bluetooth, WiFi. Ilnama pacwuperus
DoaocHa obecnedusams 803MOHNCHOCHL NOOKIIOYEeHUs
VHUBEPCANLHO20 8bIHUCIUMENbHO20 MOOYIISL K Cemu
nocpedcmeom unmepgpetica Ethernet. [Inama
pacwupenus 0oaicHa 0baadams NOpmamu 6600a-
6616000 07151 NOOKIOUEHUSL YUDPOBIX U AHATIO208bIX
yempoucms, unmepgetic SPI u 603moicHocmoio
mookmouenus eHewHetli kapmel namamu. Iliama
pacwupenust 0ist NOOKIIOYEHUsL CULOBOU HAZPY3KU
0ondicHa obecnedusams 803MONCHOCb NPAMO20
MOOKIIOUeHUS HeUIHell CUI0B8OU HAZPY3KU, d MAKice
peaynupyemoii Haepysku nocpeocmeom PWM
unmepgeiica. B cocmas nabopa oonicen 6xooumso
npocpammupyemviti KOHMpoiep, 0becneuusarouull
603MOJCHOCIb OCYUIeCMEIAMb PA3PAOOMKY
NPOSPAMMHO20 KOOA, UCNONb3YA UHCIMPYMEHMAPUTL
cpeo pazpabomxu Arduino IDE u Mongoose OS u
1361K06 npoepammuposanus C\C++, JavaScript.
[ Ipoepammupyemulii KOHMpoOJIEp 00HCEH 0OAA0AMb
nopmamu 0151 NOOKIOYEHUSE YUDPOBHIX U AHANO2OBIX
ycmpouicme, 6cmpoeHHbIMU NPOSPAMMUPYEMbIMU
KHONKAMU U 2IeKMPOMEXAHUYECKUMU MOOYIAMU O
Opeanuzayuy cucmemsl pyuHO20 YNpasieHus,
6CMPOEHHBIMU NPOSPAMMUPYEMBIMU C8EMOOUOOAMU
01 UHOUKAYUY PabO1e2o pexcuMd, 6CIMpOeHHbIMU
unmepcgpeiicamu USB, USART, 12C, SPI, 1-wire TTL,
ISP, Ethernet, Bluetooth, WiFi. B cocmag nHabopa
0oaoHCceH 8X00UMb MOOYIb MEXHUYECKO20 3PeHUs
npedcmasaaowull coO0U BbIYUCTUMENTLHOE
yempoucmeo co 8CmpoeHHbIM MUKPORPOYECCOPOM
(x01-80 510ep - He menee 4wum, yacmoma a0pa He
wmenee 1.2 I'Ty, o6wem O3V - ne menee 512Mb6, o6vem
ecmpoennol namamu - ne menee 810),
UHME2PUPOBAHHOU KAMEPOU (MAKCUMATbHOE
paspeuwienue 6u0eonomoKa, nepeoasaemozo no
unmepgpeticy USB - ne menee 2592x1944 ed.) u
onmuueckoil cucmemou. Mooyns mexuuueckozo
BpeHus: dondcer 061a0ameb COBMeCMUMOCHbIO C
A3TUYHBIMU RPOSPAMMUDYEMBIMU KOHMPOJLIePaMU C
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nomowbio unmepdgeiicos - 1-wire TTL, UART, 12C,
ISPI, Ethernet. Mooy mexHuuecko2o 3penust O0NNHCEeH
0becneuusams GbINOIHEHUE BCEX UIMEPEHUL U
BbIUUCTEHUL ROCPEOCTNBOM COOCIBEHHbIX
BLIUUCTUMENBHBIX 803MOICHOCMEN 6CHIPOEHHO20
wmuxponpoyeccopa. Mooyibs mexHuyeckozo 3peHust
0on21cer 061a0aMmb 603MONCHOCBIO KOMMYHUKAYUU C
aHANOUYHBIMU MOOYISAMU NOCPEOCHEOM WUHbL HA
baze nocnedosamenbHo2o unmepgetica c yeivro
OanvHeliuleli nepedadu pe3yibmanmos usmepeHuii
epYnnbL MOOYIE HA YNPAGISIIOUee 8bIYUCTUMENIbHO
yempoticmeo, nookuouenHoe K OaHHou wure. Mooy
Imexnuuecko2o 3penusi Qoaicer 0becne usans
Hacmpouxu peaicumos pabomsl - HACMPOUKY
brcnozuyuu, baranca 6enoeo, YeemopasHOCMHbIX
cocmagnsaowux, niowaou obHapyicusaemoll obracmu
u300pasicenus, OKpyarLocmu 0OHAPYIICUBAEMOT
06acmu uz0bpasicenus, nosodlceHue
0OHapyscugaemvix odracmell OMHOCUMENbHO OPYe
Opyea, MawuHHOe 00yYeHUe NapPAMempo8 HEUPOHHbIX
cemeitl 0151 OOHAPYJHCeHUs 00beKmMo8, opmy u
BaxoOUposanHvie 3HAUEeHUsL OOHAPYIHCUBAEMBIX
Wmapkepos muna Aruco, pazmepvl 0OHAPYIHCUBAEMBIX
OKpYJICHOCIEl, K8AOPAMO8 U MPEY2OTlbHUKOS,
napamempos KOHMpACMHOCMU, PA3MePO8, KPUBUZHDL U
nonooicenus pacnosnaeaemvlx aunui. Habop ooncen
0becneuusams B03MOACHOCHb pa3pPadOmMKU MOOeIU
WmobunvbrHoeo poboma, ynpasnsaemotul ¢ FPV-pescume
nocpedcmeom npoepammnozo obecnevenust 0s
nepconanbHo2o Komnvlomepa u MOOULLHBIX
vempoucme na 6aze OC Android unu 10S,
0OecneuusaIoue2o0 803MONCHOCIb YNPAGLEHUS.
WMOOUILHBIM POOOMOM U 6CIPOEHHBIM
WManURYIsIMOPOM HOCPEOCmBOM 2papuuecko2o
unmepgeiica, BKIOUAIOWUM 8 ceb51 HAbOP KHONOK U
nepexouamernetl, 0HCOUCMUK, 00aacmb Ol
omobpancenus suoeo. Habop oondicen obecneuusameo
603MOICHOCTb U3YYEHUSI OCHO8 PA3PAOOMKU
NPOSPAMMHBIX U ANNAPAMHBIX KOMNIEKCO8
uHOICEHepHbIX cucmeMm, peutenutl 6 cpepe ""Hnmepnem
seweni"", a maxoice pewenuii 8 ooacmu
po6OMoOmexHuUKuU, UCKYCCMBEHHO20 UHMELLIeKMA U
Wawunnozo obyuenus. B cocmag nabopa 001cHo
6X00UMb NOCOOUE NO U3YUEHUIO OCHOB INEKIMPOHUKU U
cxemomexuuxu, pewernutl 6 cipepe ""HUnmeprem
ewei"", paspabomku u NPOMOMUNUPOBAHUIO
Wooeneii pobomos. B cocmag nabopa 0ondicHo
6X00UMb NOCOOUE NO USYYEHUIO OCHOB8 PA3PAOOMKU
cucmem mexHuuecKko20 3penUst U INEeMEHMO8
UCKyCcCmBenHo20 uHmenieKma.

Obpasoseamenvhbiii HAOOP
no mexawnuxe,
Imexamponuxe u
pobomomexnuxe

Obpaszosamenvhblii HAOOP O0dCEH DbIMb
npeoHasHaven st U3yyeHust MEXAHUKU, MeXampoHuKu
u pobomomexnuxu. Qbpazosamenvhvlil HAOOP
npeonasnaven s paspadbomru npoSPaAMMUpPYemvlx
WoOeneil MexampoHHbIX CUCTEM U MOOULbHBIX
PO6OMO8, OCHAUWEHHBIX PAZTUYHBLMU
WMAHURYISIYUOHHBIMU U 3AX6AMHBIMU YCIPOUCMEAMU.
B cocmas Habopa 00MHCHO 6X00UMb. KOMNIEKM

KOHCMPYKMUBHBLIX dJ1E€MEHMO8 U3 Memajlid, KOMNJIeKm
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KDEnéxCcHbIX 1eMeHmo8, KoMNieKkm 0Jid COOpKU
Baxeammnozo ycmpoiicmea — ne menee 1 wm., Koneca c
npopesunenHbiM 06000M — e menee 2 wm., Kojeca
6CEHANPABNIEHHO20 OBUNICEHUS -He MeHee 2 wim.,
MpUBOO NOCMOSIHHOZ0 MOKA C UHMEZPUPOBAHHO
cucmemoii ynpaenenusi, obecneuugaroujeri 00pammuyo
C8513b NONIOJICEHUIO, CKOPOCMU U HaZpY3Ke - He MeHee 4
wm., OamuyuK TUHUU - He menee 3 wm., Oamqux
paccmosanus — ne meHee 1 wim., AKKyMYIAmMOpPHAL
bamapes — He menee 1 wim., 3apaoHoe ycmpoucmeo —
He menee 1 wm. B cocmag nabopa dondxcern 6xo0umo
npocpammupyemsiti KOHMpoiep, obecnedusarouuli
B03MOXCHOCINb OCYUIeCMBIAMb PA3pPaAdbOMKY
MpoSPaMmMHO20 KOO, UCHONb3YSL UHCIPYMEHMAaPULl
cpeo paspabomku Arduino IDE. Ilpoepammupyemblii
KoHmpoanep 0oaicer 0becneuusams annapammyio u
MPOSPAMMHYIO COBMECMUMOCIb C eMeHMHOL 6a301l,
exo0syelt 6 cocmas Habopa. [lpoepammupyemoiil
KOHmpoanep 0onxcer codepicams ciedyrouue
uHmepgelicol: yupposvie u aHAI0208ble NOPMbL — He
Wwenee 50wm, USB, USART, 12C, SPI, ISP, Bluetooth,
WiFi. IIpoepammupyemvlii KOHMPOAEDP OONHCEH
codeparcams unmepdghetic (07151 NOOKIOUeHUs NPUB0008
U 0amuuKos pobOMOmMexHU4ecKko2o Habopa),
pearuzosannvili Ha baze wunvl RS-485 — ne menee

[ 2wm. IIpoepammupyemviil KOHMPOJIEP OONICEH
codeparcams cuno8ol nopm 0Jist ROOKIOUEHUS.

GHeW el Haspy3KU UlU MOMOPO8 — He MeHee 2um. B
cocmae Habopa 00ceH 8X00UmMb MOOYilb
mexnuueckozo 3penusi — ne menee luim. Mooyne
ImexHuyecKkoeo 3peHus 00HCeH 0becneuueams
603MOXCHOCHb KOMMYHUKAYUU C AHATIOSUYHBIMU
WMOOYIAMU ROCPEOCBOM WiUHbL HA ba3e
nocredosamenvHo2o unmep@etica ¢ yenvio
OanvHeliuteli nepedayu pe3yabmanmos usmepeHuil
epynnsl MoOyiell Ha YRpasiaouiee blyUCIUMeNbHOe
ycmpoticmeo, nooxknoyennoe K 0annou wiune. Mooyno
mexHuyecko2o 3peHust 00xceH obecneuusamas
BO3MOXCHOCIb OCYUeCMBIAMb HACMPOUKY MOOYIS
MeXHUYecKo20 3peHusi - HACMPOUKY IKCNO3UYUL,
bananca 6enoeo, Yy8emopasHOCMHbLIX COCMABNAIOUWUX,
nowadu oonapysicugaemotl obracmu u300padicenus,
OKpyenocmu 0OHapyicugaemou ooracmu
U3006padicerUsl, NONOAHCEHUE OOHAPYICUBAEMBIX
obracmeti omnocumenvro opye opyea. Mooy
ImexHuyecKoeo 3peHus 00HCeH 0becneuugams
603MOJICHOCHb HACMPOUKU HA OOHOBDEMEHHOE
oonapyocenue He menee 10 pasnuunbvix 0OUHOUHBIX
00BeKkmos 6 cekmope 0630pa, b0 He meHee 5
cocmagnvlx 00beKmMos, COCMOAWUX U3 He MeHee 3
paziuunbix epapuyeckux npumumugos. Mooy
mexHuyecKo2o 3peHus 00xcer 001a0ams
ecmpoennvimu unmepgheticamu — USB, UART, 1-wire
TTL, I2C, SPI 055t KOMMYHUKAYUU CO BHEWHUMU
noOKIIOHaeMblMU YCmMpOouCmeamu.

Ob6pazosamenvhblil
KOHCIMPYKMOpP ¢
KOMNIEKMOM OAMYUKO8

Obpasosamenvhbiil Habop doaicen Oblmb
mpedHasHayeH 01 u3yueHusi OCHO8 pa3pabomKu
npoepammupyemvix Mooeetll AsMOHOMHBIX MOOUTLHBIX

0bomos. B cocmae nabopa dondicHo exooums.
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KOMAAEKM KOHCMPYKMUBHBIX 2NeMEHMO8 U3
nracmuka, uHcmpymenm 0 pabomol ¢ KPenelCHblMu
KOMNOHEHmMAMU, CEPBONPUBOD C BCIMPOEHHO
cucmemoii ynpaenenusi, obecneuugaroujeri 00pammuyo
C6813b NOJIOJICEHUI0, CKOPOCIU U Ha2py3Ke - He MeHee 4
wm., nynivm ynpaeienus — ne menee lwim, 0amyux
Kacanus — He menee 1 wim., 0amuux yeema — He MeHee
[wim, oamuyux MmaxKmuibHO-CeHCOPHbIL CO
c6emoouoOHbIM MOOYIeM — He MeHee 1 wim., kamepa ¢
B03MOXHCHOCIBIO OOHOBPEMEHHO20 ONpedeneHUs]
HeCKOIbKUX Yeemos — e menee 1 wim.,
lakkymynamoprasn bamapes — He meree 1 wm. B
cocmae Habopa 00axHceH 8X00UMb
pobomomexnuyeckuti KOHmpoiep — He meree Iwim.
IPobomomexnuueckuti KOHmpoiep 00JIdHCeH 001adams
scmpoennvim yeemuvim KK sxparom u ecmpoennvim
uUHEpYUOHHBIM OamuuKkom. Pobomomexnuueckul
Konmponnep 0oadicen umems He meHee 12 nopmos 014
MOOKIIOYeHUs BHEWHUX YCMPOUCME U Nopm OJis
yemanosku kapmel namamu. B cocmas nabopa
0o01CEH 8X00UMb NPOSPAMMUDPYEMbILI KOHMPOLLEep —
ne menee 1 wim. I[lpoepammupyemviti Koumpoanep
Ooaoicen npedcmasisims co601l yCmpoicmeo,
0becneuugarouyee 603MONHCHOCHb OCYUECMBIAMb
pazpabomxy npocpamMmHo2o Kood, UCNOIb3ysl
uncmpymenmapuii cped paspabomxu Arduino IDE.

[ Ipoepammupyemviti KOHmMpoLLEp O0JHCEH
0becnewusams annapammuyio u nPOSPAMMHYIO
cosmecmumocmeo ¢ s1emMeHmuol 6a3ou, 6xoosuell 8
cocmag nabopa. IIpoepammupyemvlii KOHMpoiep
QoadiceH cooepaicams credyoujue uHmepghelcol:
yugpogule u ananozogvle nopmel — He meree 50wm,
USB, USART, 12C, SPI, ISP, Bluetooth, WiFi.

[ Ipoepammupyembiil KOHMPOLLED OOAHCEH
codeparcamv unmepgheiic 0 NOOKIIOYEHUsL NPUBOOO8
U damuuKos poboOmMOmMexXHU4eCcKo20 HAbopa— He MeHee
12 wm.

IHanmeHoBaHue pa3nena:
" TeXHOJIOTUeCKHiA
npoduis. BUO"

Cnexmpoghomomemp

[ Ipeonasnauen ons onpedeieHusi ONMUYECKou
nromHocmu, Ko3pduyuenmos nponycKanus u
KOHYeHmpayuu pazHooOpa3HbIX PpAcmEopos

1.00

Ananumuueckue eecol

[ Ipeonasnauensl 011 MOUHBIX USMEPEHULL MACCYL,
n0360.110M KOHMPOAUPOBANb USMEHEHUS MACCHI C
mounocmoio 0,1 me.

1.00

Yuebno-
UCCIe008amenbCKasl
lnabopamopus buocucHanios
U HeupomexHoI02uil

B cocmas éxoosm: Cencop Tun 1 He menee 1 wm.,
0becneuugaem 603MONCHOCHb PE2UCMPAYUU CUCHALA
baeKmpuyecKkol akmusHOCmMY MblulY
(onexkmpomuozpammel, IMT'). Pecucmpayus dondicua
oCyuecmensemcs HeUH8A3UHO, CYXUMU
brekmpooamu. Boamosicnocmovio Kpenienus K pyke
uenoseKa, umo O0NINCHO 0AB8AMb B03MONCHOCHIb
pecucmpuposamv dIAeKMPUECcKyio AKmMuUeHOCmMu
Wbluybl 8 0baacmuU, HAO KOMOPOU PACNONA2AemC s
Kkpennenue. Ilpu nanpscenuu mviuysbl 00IAHCHA ObIMb
0becneuena 603MOANCHOCNb HAOTIOOEHUSL NYUHOCTU
cuenana (m.e. npucymcemeue IMT), npu paccrabrenuu

wmotuyel - ee omcymemeue. Cencop Tun 2 ne menee 1

15.00
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wim., obecneuugaem 803MOHNCHOCb pecUCmpayuu
cuenana pomonnemuzmoepammol (PIII) onmuueckum
mymem, 3a cuem usMeHeHUus OMpPaNCEeHHO20 OMm
KPOBEHOCHBIX COCYO08 c8emd, 00beM KOMOPbIX
U3MeHsemcs OO 8030eiCmeueM nyabCoBOU 60IHbI.
Cencop Oonorcen Ovims 0becneyen 603MONHCHOCHILIO
Kpennenust K nodyweuxe nanvya yeiosexa. Cencop
Tun 3 ne menee 1 wim., obecneuugaem 603MOHCHOCID:
pecucmpayuu cuenana snexkmpoxapouozpammul (OKT)
He uneasugHvim cnocobom; pezucmpayuu I, I u 111
omeedenull;, NOOKIIOUEHUS ITeKMPOO08 K CEHCOPY C
NOMOUBIO COCOUHUMENLHBIX NPOBOO0SE,
obopyoosannvix TouchProof pasvemamu. Cencop Tun
4 ne menee 1 wm. obecneuusaem 603MOANCHOCHb!
pecucmpayuy cCUSHaNa KOHCHO-2aNb8AHUYECKOU
peaxyuu (KI'P), pecucmpayus komopozo
ocyujecmensaemcs Ha NOCMOAHHOM MOKe;
mookmouenus Kk meny yenogexka ¢ NOMowbio Cyxux
D1eKMp0008, NOOKIIOYEHIUE KOMOPBIX K CEHCOPY
ocyuecmengemces ¢ nomowvio TouchProof pazvemos.
Cencop Tun 5 ne menee 1 wim., obecneuusaem
BO3MOXCHOCIb: pecucmpayuy CUeHALA
baexmpuyeckou akmugnocmu mo3zea (931 ¢
nOMOWBIO CYXUX HEUHBAZUBHBIX INEKMPOO08;
pecucmpayuu 2AeKmpuiecKol akmueHOCMU PasHbixX
0osetl Mo32a; NOOKTIOYEHUS DTIEKMPOOO8 K CEHCOPY C
MOMOWBIO COCOUHUMENLHBIX NPOBOO0VE,
obopyoosannvix TouchProof pazvemamu,; sakpenienusy
bekmpo0os na nosepxuocmu 2o108vl. Cencop Tun 6
He menee 1 wm., obecneuugaem 03MONCHOCTIb!
pecucmpayuu cueHania Koiebanus 2pyOHol KiemKu
(Cencop Ovixanus), onpedenenus 4acmomol ObIXAHUSL.
Yempoticmeo ons coopa dannvix om cencopos u
nepedayu Ha NepPCOHANbHYII KOMNbIOMED
0becneuugaem 603MOHCHOCHb cOOPA OAHHBIX OM
NOOKNIIOUEHHBIX K HEM) CEHCOPO8 U OMNPABKY
noayuennvix oannvix Ha IIK. Ilooknoyenue
yenmpanvrnoeo mooyas k I1K ¢ nomowwto USB-kabens.
[ [enmpanvHolii MOOYIbL UMeem He MeHee | wm, :
canveanuueckyio usonsyuio om IK. Llenmpanvuwiii
Wooynb obecneuusaem 03MOHCHOCY
0OHOBPEMEHH020 NOOKIIOUeHUs. GNLOMb 00 4
cencopos. Kaswcowitl uz 6x0006 Llenmpanvioco mooyns
UMeem 2anb8aAHUYECKYI0 U30aAYUI0 (0becneyerue
WMeNCKAHATbHOU 2ab8AHUYECKOU US0NAYULL).
looxknrouenue cencopos k Llenmpanvromy mooynio
oCcyuecmensaemes ¢ NOMOWbI0 CHeYUATUIUPOBAHHBIX
pasvemos muna LEMO, obecneyusarowux
npasunbHOCMb NOOKTIOYEHUS PA3beMA U CHUNCAIOUWUX
pUCK CIyuatino2o Kacanus pazvemos
MoKonpoooaAwux yacmet, a maxx#ce
0becneuusaroOwux 3auumy om HeCaHKyuoHUPOBAHHO20
NOOKNIOUEHUS K NPOU3BOTIbHBIM YCIPOUCTNEAM.
IMooyne «Knonkay ne menee 1 wm., obecneyusaem
603MOCHOCIb: PASMEMKU PEUCTPUPYEMBIX CUSHATIO8
U ommeuams He MeHee 3-X pasuyHbIX Kamezopuu
cocmosanutl.  Ycmpoiicmeo, 6xoosuee 6 cocmas
lnabopamopuu, 001ACHO 0becneyusams 603MONCHOCMb

ecucmpayuu apmepuaibHoco oaeenusl.
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HanmeHoBaHue HanpaBJjeHusi: ""Obopydosanue 0151 00NOAHUMETbHBIX HANPABICHUT

"

HanMeHoBaHue pa3nesna:
" XaiiTek"

I Tnacmux ons 30 neuamu

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

78.00

30 npunmep yuebHwiil

Tun npunmepa: FDM, FFF, mamepuan (ocnoewnotl):
IPLA, konuuecmso nevamarowux 201080K: He MeHee 2,
pabouuii cmon: ¢ nodoepesom, pabouas ooracme
(XYZ): om 180x180%180 mm, maxcumanvhas
ckopocmy newamu: ne menee 150 mm/cex,
WMunuManrbHas monwuna cios: e 6oaee 20 mrm,
Bakpelmblil KOPRYC: HATUYUE, OXLAICOEHUE 30HbL
newamu: Hanuuue

3.00

30 npunmep
npogeccuonanvhbiil

Tun npunmepa: FDM, FFF, mamepuan (0cHo6HOU):
IPLA, xonuuecmeo neuamaiowux 201080K. He menee I,
pabouuti cmon. ¢ nodocpesom, pabouas obracme
(XYZ): om 300%300%400 mm, maxcumanvras
ckopocmy newamu: ne menee 150 mm/cex,
WMuHuManvHas moawuna cuos: e boaee 20 mMim,
Bakpwimolil KOpNyc: HATUYUE, OXJANHCOeHUE 30HbL
mevamu: Hanudue

1.00

DpesepHblil CMAHOK
yuebdHblL

\Haznauenue: 06pabomxa mooeibHuLX 80CKO8,
nacmukos, opegecutvl mun: Qpes3epuili CMaHoK ¢
Y1V, konuuecmeo oceli: He meHee mpex (XYZ),
MaKkcumanbHoe Koauuecmso 0bopomos 8 MUHymy: He
wenee 7000

1.00

Habop ¢pes

\Konuuecmeo gppes: ne menee 10 wm.

1.00

Dpezepruviii cmanok ¢ Y11V
yuebHblll 60ILULOT C
NPUHAONEHCHOCIAMU

IHasnayenue: 06pabomxa mMooeibHbIX 80CKO08,
niacmuko8, Opegecumsl, YBEMHBIX MEMALI08 MUN.
ppezepnwiii cmanok ¢ UI1Y, xonuuwecmeo oceli: He
wmernee mpex (XYZ), makcumanvroe Koauuecmso
0bopomoe 6 munymy. ne menee 15000,
lasmomamuyeckas cmMena UHCIMPYMeHma. Haaiuiue

1.00

MHozogynxyuonanvras
cmanyust 0ns
Imexanuueckou 0opabomxu
U RPOMOMUNUPOBAHUSL

Yuebnas moodynvnas cmanyus oondicna obecnevusamo
BO3MOXCHOCIb U3YYEHUs He MeHee mpeX MeXHON02U
npoussoocmaea uzdenuil u 00pabomKu Mamepuaios, a
makoice npomomunuposanus uzoenuti. Yueouas
WMOOYIbHASL CIMAaHYUs OOJIHCHA UMEMb C1edYIowull
cocmag u xapakmepucmuxu: Mamepuan
Korcmpykyuu: anromunutl Konuuecmgo
Hanpasnsarowux: ne menee 4 wm. Habop
unmepgeiicos: - Ethernet, ne menee 1 wm. - USB, ne
wmenee 2 wm. - MicroSD: nanuuue. - Mooy
becnposoonoii ceészu Wi-Fi: nanuuue. Ianens
ynpaenenus ¢ skpanom: Hanuyue Tun ynpaenenus
brxpana: cencopnoe Tun sxpana: LCD-nanens
[{eemnocme 3xpana: yeemuou [luazonans skpana: He
wmenee 3,5 owuma I[namgopma nodoepesaemas:
nanuyue Inamgpopma ons 3D-nevamu macnumuas
euoxas: naruuue Coemecmumocms niamgopmul 01s
3D-neuamu ¢ nnamgopmou nodozpesaemoii. Haruue
Cmennwiti MoOyie 3D-newamu: nanuuue Texnonozus
3D-nevamu: FDM unu FFF JJuamemp conaa: ne
wmenee 0,4 mm Makcumanvnas memnepamypa Hazpesa
conna: ne menee 250 °C Maxcumanvuas
memnepamypa nacpeda nooozpesaemoui niamg@opmul.
e menee 80 °C MuHumanbHas moawuna cios. He
bonee 50 mxm Makcumanvuas moayuHa cios: He
wmenee 300 mxm Cxopocmv 3D-newamu: ne menee 100

2.00
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wm/c MakcumanbHelll pasmep u3eomasiusaemou
modenu: ne menee 200x210x200 mm
\lloooeporcusaemvie mamepuanvt onsi 3D-neuamu:
PLA-, PETG-, TPU-, ABS-, PC-, Flex-nracmux
VIuamemp numu naacmuxa: ne 6onee 1,75 mm Cencop
06Hapyscenuss numu niacmuxa. Hanuyue QyHkyus
aemomamuueckou karubposku.: naruyue Cmennblil
nazepuviii MoOyas: Haruwue Mownocmo nasepa: ne
Wmenee 1,6 Bm @ynxyus 1a3epHo2o epasuposanus:
Hanuyue Oynkyus aazeproll pe3ku. Haauuue Pazmepbi
paboueti oonacmu: ne menee 200x200 mm
Iloooepoicusaemvle mamepuanvl: bymazd, KApmMoH,
Oepeso, niacmuk, koxca CMeHHbIl MOOYIlb
dpeszeposanus ¢ YITY: nanuuue Makcumanvhas
ckopocmb epawgerus winundens: He mernee 8000
06/mun MakcumanbHblil Ouamemp 3axcuma nampoHa:
ne menee 4 mm @pesza: nanuuue Cynkyus
MIOCKOCHO20 U 00BEeMHO20 (Ppe3eposanust: Haruuue
Iloo0epoicusaemvle mamepuanvl: 0epego, MeKCMoaum,
maacmux Koowcyx sawummnuiii: nanuuue Ouku
Bawumusie ¢ YO-gurompom: nanuuue Aoanmep
numanus: naruuue Komniexm 3anacnuix
(DYHKYUOHANbHBIX DNEMEHMOS. HATUYUEe

HanmenoBanue pasnena:
"DnekTpo3Hepreruka”

HanmenoBanue pasnena:
"['EO-ADPQO"

[ [TupoxoyeonbHblil
oovexmus "duwan”

O6vexmus 01 CoéMKU cheputeckux naHopam

2.00

BepranvHulil
pomoannapam +
0O0vexmus

Domoannapam 015 CbéMKU Chepuyeckus NAHOPaM,
HazemHol homospammempuu u npeoMemHol CbEMKU

5.00

HaHopaMHa}z 20J106Ka

I lanopammuas 20106Ka 015t CoéMKU Chepuyeckux
nanopam

2.00

[ [Imamue co cghepuueckoti
on06K01

[ [Imamue dns pomoannapamypoi

2.00

I Tonueon onst BITJIA

Cemuamoe oepasicoenue 30Hbl nosemos 3x3x3 mempa

1.00

Yuebnas nemarowasn
pobomomexnuueckas
cucmema ¢ CV kamepotu

Dopm-Gakmop. yempoucmeo uiu Habop 015 cOOpKu,
KaHan cesA3U YNpagieHus CUCmemMol: Haiudue,
KOJLIEKMOpHbIe MOMOPbL: HATUYUE, NONETNHbII
KOHMPOIEP € B03MONCHOCHIBIO NPOSPAMMUPOBAHUSL:
Hanuyue, nNO00epICKA ONMUYECKOU CUCEMbl
Hasueayuu 8 nomewjeHuu: Hamyue, Mooyab Wi-Fi
6UOCOKAMEPDL. HAUYUE, KAMEPA ONMUYECKO20
nomoka: nanuuue, nepe3apaHcaemasl
AKKYMYIAMOPpHAs bamapes : Haiudue, npocpammHoe
npunodicenue 0iisl NPOSPaAMMUPOSAHUA U YRPABTIEHUS, 8
mom uucne 0ns cmapm@onos, Qyuxyus
npoSPaMMupo8anus HeCKOJIbKUX Iemaruux pooomoe
Ha oOHoM ycmpoticmee: Hanuuue Mampuunvitl
UHOUKAMOP ¢ MOOYAeM OamuUKa pacCmosiHUsL ¢
Kpachvimu u cunumu ceemoouodamu 8x8 — 1 wm.
Muxpoxoumponnep: 08yXvsa0epHbill C OMKPbIMbIM
Kooom Pacwupenue: 14-konmakmuuiii nopm
pacwupenus (I2C, UART, SPI, GPIO, PWM,
ucmounux numanus) Macca ne 6onee 90 ep
Maxcumanvroe nonemnoe gpemsa: ne menee 13 munym

20.00

VIrooumenvckas MoouibHas
6030yWHAs cucmema ¢

VItobumenvbckas MoOUIbHASL 8030VULHAS CUCTHEMA OS5

nposedenus aspodomocvEMKU MECHOCU U

4.00




=

HaumenoBanue

ooopynoBanus (PBIIO)

Kpatkue npuMepHble TeEXHUYECKHE
xapakrepuctuku (PBIIO)

Eannnna
H3MepeHust

IBO3MOMNCHOCMbBIO

BU3YATIbHOCO YNPA6IEHUS

lom nepeoco auya

omoenbHbIX 00beKmos Dopu-
paxmop: ycmpoucmeo unu Habop 0151 COOPKU, KAHAL
C8A3U YNPpasieHusi CUCIEMOU. HAuYuUe,
WMakcumansras 0anbHOCMb nepedayu OAHHbIX. He
menee 2 kM, OecKoaneKmopHvle MOMOpbL. HATUYUE,
nosemHblll KOHMpoIEp: Haauuue, nOOOepPI’CKA
onmuyeckoll cucmembvl HABULAYUU 8 NOMEUJeHUU.!
Hanuuue, MoOyab (homo/sudeoxkamepsl paspeuieHuem
He menee 4K: nanuyue, MoOyIb Hasueayuu
GPS/[TIOHACC: nanuuue, nyiom ynpagneHus.
Hanuyue, akKyMyIssmopHas bamapest ¢ 3apsoHbIM
yempoticmeom - Harudue nPocpamMMHOE NPULOICEHUE
07151 NPO2PAMMUPOBAHUSL U YAPABTEHUSL, 8 MOM YUCTe
0n cmapmeonos: nanuuue Maxc. paccmosnue
monema ne menee 18 km Emxocmo
axkkymynamopa ne mernee 3500 mAu  Macca ne
bonee 570 2

IHanmeHoBaHue pazaena:

"HAHO"

IHanmeHoBaHue pazaena:
"O6mmee obopymoBanue"

IKoJ1HuecTBO




