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MHUHHUCTEPCTBO OBPA3OBAHUSA U HAYKH
Xabaposckoro kpas
(Muno6pnayxn XabapoBckoro kpas)
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6 npHoOpeTeHNH 000pyI0BaHMs, [cho,uﬁbrx MaTepHajioB, CPEICTB OOydYeHHS
M BOCITMTaHHA B paMKaX peali3alliki MEPONIPUATHH MO CO3AAaHMIO W (YHKIIMOHH-
pOBaHHIO B 001I€06pa3oBaTeIbHBIX OpPraHH3allMsX, PaCIOIOKEHHBIX B CEIbCKOM
MECTHOCTH H MalbiX TOpOjiaX, UEHTPOB O00Opa3soBaHMs eCTeCTBEHHOHAyYHOH
U TEXHOJIOrMYECKOH HampaBleHHOCTel "Touka pocra" B pamkax (emepaibHOro
mpoekra "CoBpeMeHHas mkona" HaUMOHATBHOTO mpoekTa "OB6pa3oBaHue"
B 2022 rogy

Bo wucnonHenuwe pacnopskenust IIpaButensctBa XaGapoBckoro Kpas
oT 23 pekabps 2020 r. Ne 1372-pn "O koHueniuuu (MEPONPHATHAX) 1O CO3JAHUIO
¥ (yHKIMOHHUPOBAHHIO B 00111€00pa30BaTeIbHEIX OPraHH3alHsAX, PACTIOIOKEHHBIX
B CEJIbCKOW MECTHOCTH H MaJbIX Topojax, LUeHTPOB 00pa30oBaHHsS eCTeCTBEHHO-
HayYHOW M TeXHOIIOMMYeCKo# HampaBneHHocTell "Touka pocra" B pamkax dene-
panbHoro mpoekta "CoBpeMeHHas mKona" HalMOHANBHOTO mpoekTa "O6pasosa-
aue" B 2021 — 2023 rogax", cornmameHus MexIy MHHHCTEPCTBOM MPOCBEIICHHS
Poccuiickoit Oenepaunu u [IpaBuTenscTBoM XabapoBCKOro Kpas 0 IpeIoCTaBIe-
HUM cyOcuauii u3 QpenepansHoro Gromkera GromkeTy XabapoBCKoro Kpas Ha pea-
musauuio GesnepanbHoro npoekta "CoBpeMeHHas mIKosa" HAlMOHATIBHOIO MPOeKTa
"ObpasoBanne" B pamkax rocyaapcTBeHHON mporpammel Poccuiickoit ®enepammu
"PassuTue obpasobanus” ot 27 gekabps 2021 r. Ne 073-09-2022-861:

1. YTBepauTh npunaracMele:

1) nepedeHb oGopynoBaHMsA, PacXOAHBIX MAaTEPHATIOB, CPENCTB O0y4eHHs
Y BOCIIMTAHUS IS OCHAIEHHs OJHOIO LEHTPa €CTECTBEHHOHAYYHON M TEXHOJO-
rU4ecKol HampasienHocTed "Todka pocta" B 06meo6pa3oBarebHBIX OpraHH3a-
IMAX, PaCcTIOIOKEHHBIX B CEJIbCKOM MECTHOCTH M MallbIX ropojax kpas B 2022 ro-
ny (nanee — UndpacrpyxrypHsiii auct, Llentp "Touka pocra");

2) mepeyeHs 06meoOpa3oBaTeNbHBIX OpraHM3alMii — momyyarenell Kom-
IIEKTOB 000pyI0BaHKs, PACXOMHBIX MaTEPHAIOB, CPEICTB OOYYEHHS H BOCITHTA-
HHs Ul OCHALICHHS OOHOIO LIEHTPAa €CTeCTBEHHOHAYYHOM M TEXHOJIOTHYECKOM
Hanpap/eHHOCTeH "Touka pocra" B 001Ie00pa30BaTENBHEIX OpraHM3alHsX, pac-
[OJIOKCHHEIX B CEJIbCKOM MECTHOCTH M MallbIX ropojax kpas B 2022 roxy (nanee —
ITepedyens nomyuareneit).

2. Ympasnenuio npaBoBoif paGoTsI H OpraHU3aLMK TOCYAAPCTBEHHBIX 3aKy-
[IOK COBMECTHO C YNpaBlIeHHEM 0011iero 06pa3oBaHUsI OPraHW30BaTh OCYIIECTBIIE-
HHE 3aKYNOK 00OpyNOBaHHsA, PACXOIHBIX MaTepHaIOB, CPEACTB OOYUEeHHS H BOC-
MHTaHHS C y4E€TOM J0CTaBKH Kaxzaomy Llentpy "Touka pocta" cornacho Ilepeunto
nosry4arenei, MubpacTpykTypHOMY NHCTY M TeXHWYECKHM XapaKTEePUCTUKaAM
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06OpyI0BaHMs B COOTBETCTBHH C METOJMYECKMMM peKOMeHJauusmMu MuHucrep-
cTBa mpocBselnenus Poccuiickolt ®egepalny, pacrnops)keHHeM MHHHCTEPCTBA 00-
pa30BaHKs U HaykH Kpas oT 9 anpeinst 2015 r. "O6 opraHu3aLiy 3aKyToOK TOBapoB,
paboT, yCIyr s TOCYAapCTBEHHBIX Hy)XKJ MHHHCTEPCTBA 00pa3soBaHHs H HayKH
Xabaposckoro kpas".

3. KoHTposib 3a BBINOJIHEHWEM HACTOSIIETO PACIOPSKEHUA BO3JIOKHUTE HA 3a-
MECTHTEIIS] MHHHCTpA.

MunucTp B.I'. Xne6uukoBa




YTBEPXJIEH

pacropspKeHHeM
MUHHCTEPCTBA
00pa3oBaHus M HAYKH
abapoBCKOTro Kpas

or"\Vo"  OL 2022 . Ne 11§

ITEPEYEHD

000pyHOBaHus, PACXOHBIX MATEPHAIIOB, CPEJICTB 00Y4YEHHS H BOCITHTAHHS
JUIA OCHALLEHHs OHOIO LIEHTPA €CTECTBEHHOHAYYHON U TEXHOJIOTHIECKOH
HanpasieHHocTe# "Touka pocTa" B 0611€00pa3oBaTeIbHBIX OpraHU3aLHsX,
PacMoI0XEHHBIX B CEJIbCKON MECTHOCTH M MalbIX ropojax kpas B 2022 rogy

Enu- Komnu-
No | HaumenoBanue Kpatkue npuMepHbIe TEXHHYECKHE HHIIA e
n/n | obopymoBaHHs XapaKTePUCTHKH u3Me- | oo
peHus
1 2 3 4 5

1. HauMmenoBanwue paznena: "baszoBas (o06s3aTessHas 4acTh)"
1.1 HaumeHoBanue HanpasieHusd: "EcTecTBeHHOHAay4YHasA HAIIPaBJICHHOCTSE"

1.1.1. LludpoBas na- obecrnedyrBaeT BEBINOTHEHHE OKCIEPU- IIT 42
Ooparopusi 1O MEHTOB I10 TeMaM Kypca Qu3nku. Kom-
¢uszuke (y4e- meKkTauusi: OecipoBOAHOHN MYJIbTHIAT-
HUYecKas) YUK MO (U3HKe C 6-10 BCTPOSHHEIMH

JaTYAKaMH: OUPPOBOH NaTYUK TeMIle-
paTypbl C AMana3oHOM H3MEpEeHHs He
yxe geMm ot -20 go 120 C; uudposoit
JaTYUK aOCOFOTHOIO JAaBJICHHUS C AHa-
Ia30HOM HM3MEpEeHHs He YXKe 4YeM OT
0 mo 500 kIla; naT4MK MAarHUTHOTO IOJIA
C AMana30HOM M3MEepeHHs He y)Ke YeM
ot -80 1o 80 MTn; faT9uK Hanps KEeHUS
C IMana3oHaMy H3MepeHHs] He y)Ke UeM
oT -2 no +2B; ot -5 no +5B; ot -10 o
+10B; ot -15 no +15B; natuuk TOoKa He
yxe 4eM ot -1 1o +1A; natyuk axcene-
POMETp C MOKa3aTeIIMA HE MEHEee 4YeM:
+2 g; ¥4 g; £8 g. OTaensHble yCTpOH-
ctBa: U ocuwuiorpadp He MeHee
2 kaHana, +/-10 B. Akceccyapsl: Kabensb
USB  coenuHMTeNnBHBIH;  3apsgHOE
ycrpoicTBo ¢ kabenem miniUSB; USB
Anantep Bluetooth 4.1 Low Energy.
KOHCT’p}/I{TOE IUISL TIPOBEACHUS JKCIIe-
pUMEHTOB. KpaTkoe pyKOBOJCTBO IO
3KCIUTyaTallMu IupoBod nabopato-
puu. IIporpammuoe obecnieuenune. Me-
Toanueckre pekoMeHaauuu (40 pabor).
Hanuuue pycckosi3bIMHOrO caiTa mnoj-
NEPIKKH, HATUYHe BUIEOPOITHKOB
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1.1.2. Iludposas na-

Oopatopusi 10
XUMUH (YICHH-
Yyeckas)

1.1.3. Iludposas na-

1.2,

Oopatopust 1O
Ounosoruu
(yueHngeckas)

HaumeHoBaHue Hanpasinenus: "KomneioTepHoe o6opyaoBanue"

obecneunBaet BeINOJHEHUE TabopaTop-
HBIX paboT M0 XMMHM Ha YpoKaX B OC-
HOBHO# LIKOJIE€ M MMPOEKTHO-HMCCIE10Ba-
TEJIbCKOM JIESATEbHOCTH  y4al[UXCs.
Kommnekrauus: OecripoBOIHOH MyIib-
THAATYUK N0 XMMHH C 3-Ms BCTpPOEH-
HBIMHM JaTyukamy; aatauk pH ¢ nuana-
30HOM H3MepeHHs He yxe 4eM oT 0 mo
14 pH; maTtyuk 30€KTPONPOBOAUMOCTH
C AMana3oHaMU U3MEpeHHs He yKe 4eM
ot 0 10 200 MxCwm; ot 0 10 2000 MxCwm;
ot 0 no 20000 MxCmM; naT4uk TeMiepa-
TYpPBI C JHANa30HOM H3MEPEHHUS He YxKe
yem oT -20 mo +140 C; oTnensHBIe Oat-
YHKH: JaTYAK ONTHYECKOH IUIOTHOCTH
525 uMm. Akceccyapsl: kaberns USB co-
COUHUTENBHBIN; 3apsaaHOe YCTPOMCTBO
¢ kabemem miniUSB; USE anrep
Bluetooth 4.1 Low Energy. Kpatkoe py-
KOBOJCTBO IO 3KCIUTyaTaluud Lupo-
Boi nabopatopun. Habop nabopatop-
HOW ocHacTKu. [IporpammHoe oGecre-
yeHHe. MerosMyecKkue peKOMeHaluu
ne meHee 40 pabor. Hanuyue pyccko-
A3BIYHOrO CaiTa TMOICPXKKH, HaIHIHe
BUIECOPOJIUKOB

oOecredrBaeT BHITIOTHEHHE NabopaTop-
HBEIX paboT Ha ypokax mo Ouoioruu
B OCHOBHOH 1LIIKOJI€ U MPOEKTHO-HCCIEe-
JOBATEJIbCKOM  NEATEIBbHOCTH  yd4a-
mmxcs. Komrmuexrauus: 6ecipoBogHOM
MYJbTHJATYUK 10 OHoOnOruu ¢ 5-10
BCTPOCHHBIMH  JaTYMKaMM; JaT4MK
BJIQKHOCTH C AHMAla30HOM H3MEpEeHHs
0 — 100%; paTt4yuK OCBELIEHHOCTH
C AMana30HOM H3MEpEHHUsl HE yXKe YeM
ot 0 go 180000 nk; natyuk pH ¢ nuana-
30HOM U3MepeHHs He yxe 4em oT 0 1o
14 pH; natyuk TeMmmepatyphl ¢ Auamna-
30HOM H3MEPEHH He YxKe YyeM oT -20 1o
+140 C; natuuk TeMnepaTypbl OKpy»a-
IOLIeH cpelibl ¢ ANara30HOM U3MEpPEHHUs
He yxe yeM oT -20 no +40 C. Axceccy-
apbl: 3aps/IHOE YCTPOMCTBO ¢ KabeieM
miniUSB; USB Apanrep Bluetooth 4.1
Low Energy. KpaTkoe pyKkoBOIACTBO I1O
sKcIUTyatauud nudpoBoi 1abopaTo-
pHH]?JHH(prBaH BHIEOKaMepa ¢ MeTall-
JTHYECKMM I[UTATHBOM, pa3pelleHUEe He
menee 0,3 Mnukce. [Iporpammuoe obec-
nedyeHue. MeToauueckue peEKOMEH[a-
nu He MeHee 30 paboT. Ymakoska.
Hanuuue pyccKOsI3BIYHOTO caiTa IoJ-
NEPKKH, HATHIUE BUIEOPOTHKOB
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1.2.1.

L2.2.

2.1
2.1.1.

M®Y  (npun-
TEp, _ CKaHep,
KOITHP)

HoyTtOyx

HaumenoBanue HanpasieHus: "JlomoaHuTensHOE 000pynoBaHue"”

THIl YCTPOHCTBA: MHOIOQYHKIHOHATIb-
Hoe ycTpoiictBo (M®YV). LIBeTHOCTH
nevaTy: 4YepHo-0enasi; TEXHOJIOrus Ite-
4aTH: dJIeKTporpadudeckas (J1azepHas,
CBETOAMOHAs ); GOopMaT rneyaTu: He Me-
Hee A4. Tun cxkaHUpOBaHHS: MPOTSK-
HBI/NIaHIIEeTHEIH; BO3MOXHOCTB CKa-
HHUpOBaHHUA B ¢opmarax: He MeHee A4.
Sg%coﬁ nonaknovyenus: LAN, Wi-Fi,

¢opm-dakTop: HOYT?R; pasmep auaro-
HaJli: He MeHee 15.6 moiMOB; paspe-
mreHue 3kpana: Full HD, Quad WU
Ultra HD; o6mmii 06beM ycTaHOBJIEH-
HOM OIlIepaTUBHOW IIaMSATH: HE MEHee
8 I'6aliT; MaKCUMAaJIBHBIN OOIIMI IMOA-
nepXUBaeMbli 00BEM ONepaTHBHOIM Ta-
MsaTH: He MeHee 16 I'Gaiit; 066sem SSD
HAaKOIIUTE/IA: HE MEeHee 2{16 I'6aiiT; Gec-
npoBoaHas cBsa3b: Wi-Fi. Konudectso
BCTPOEHHBIX B Kopriyc noptoB USB: He
MeHee 2, M3 KOTOpBIX HE MEHee
1 nomxno ObITe USB Bepcun He HuXKe
3.0. Paspemenne B30-kaMepsl, MIHK-
cenb: He MeHee (.3; BCcTpoeHHBIN MUK-
podoH; KIaBHaTypa C pacKIagKoH
g Ma&?—?osmﬁ kiasumr QWERTY/
ULTY . llopnepxka craHzapToB
OecnipoBoanoii cBa3u: 802.11a/b/g/n/ac;
MPOU3BOAUTEIBHOCTD npoleccopa
(3nauenue nokasarens "CPU Mark" no
TEC "Laptop & Portable CPU
Perfomance”  http://www.cpubenchm
ark.net/laptop.htmtg): He Mmenee 5000
eIMHHUL; HalW4de  MaHHIYIATOpa
MBIIIb B KOMILIEKTE: Ja. Y CTaHOBIIECH-
Has OINepalMOHHas CHCTeMa C rpaduye-
CKHM TIOJIb30BaTeIbCKUM HHTepdei-
COM, CBEJIEHHS O KOTOPOM BKJIIOYEHBI
B ©IWHBIA pPEECTp POCCHUCKHUX IIpO-
rpaMM JUisl 3JICKTPOHHBIX BBIYHCIIH-
TeJIbHBIX MalllMH M 0a3 JaHHBIX; ycTa-
HOBJIEHHBI MakeT oQuCHOro mpo-
rpaMMHOr0 oOecrne4YeHus, COBMECTHU-
MOTr'O C YCTAHOBIICHHOW OTE€PAllMOHHON
CHCTEMOH, CBEJIEHHUS! O KOTOPOM BKJIIO-
YeHbl B €IMHBIA PeecTp POCCHUUCKHX
IpOrpaMM JUIs SJeKTPOHHBIX BEIYHCIIH-
TEJIbHBIX MallliH 1 6a3 JaHHBIX

mT
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HaumeHoBanue HanpaBieHus: "TexHoIOrHuecKkas HanpaBJIeHHOCTh"

OGgaSOBaTenb—
HBIA HaboOp 11
H3Y4eHHS MHO-
FOKOMITOHEHT-

oOpazoBarenbHbIH HA00p J0/KeH ObITh
NpefHa3Ha4YeH i M3y4eHus poboTo-
TEXHUYECKHX TEXHOJOTHH, OCHOB HH-
(hopMaLMOHHBIX TEXHOJIOTHH W TEXHO-
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HBIX pOoDOTO- JIOTMM NPOMBILIIEHHOH aBTOMaTH3a-
TEXHHYECKHX  LIMH, a TaKX€ TEXHOJIOTHH MPOTOTUIIH-
CHCTEM M Ma- pOBAHHUA U aJJIMTHBHOTO IIPOU3BO/ICTBA.
HUITYJISILAOH- coctaB Habopa IO/DKHBI BXOIHTh
HBIX pOOOTOB  KOMIUIEKTYIOLIHE M YCTpOHCTBa, 00a-

Haromne KOHCTPYKTHBHOM, annapaTHoO#
¥ IPOrPaMMHOM COBMECTUMOCTBIO JPYyT
¢ apyroM. 1) KoMmiekT KOHCTpYKTHB-
HBIX 3JIEMEHTOB M3 METaJUIa U TUIACTHKA
st cOOpKM MoJeneld MaHUITy ISILUOH-
HBIX POOOTOB ¢ YIJIOBOHM KMHEMATHKOM,
IUIOCKOTIapajlieIbHOH  KUHEMaTHKOM,
Delta-kunemaTuxoii. 2) HHremnexrty-
aJTbHBIA CEPBOMOLYJIb C HHTETPHPOBaH-
HOM CHUCTEMO# ymnpaBlIeHHUsS — HE MEHee
7 wr. CepBOMOAYJIb JO/KEH 001a1aTh
HHTETpUPOBAHHOM CHCTEMOH YIIpaBiie-
Hus, obecneduBaromei oOpaTHYO
CBSI3b WJIM KOHTPOJIb TTAPAMETPOB — TO-
JIOKeHHe Baja, CKOPOCTh BpAIEHHUS,
Harpyska IIpHUBOJa, a Takke obecredu-
BalOIle BO3MOXHOCTb 110C/IeI0BaTENb-
HOTO TMOJKIIOYEHHS JAPYyr € JpYrom
U yIpaBJICHUS CEPBOMOIYIIAMH IO IIO-
CJIEZIOBATEIbHOMY  IOJIyAYTUIEKCHOMY
acHHXpOHHOMY HHTepdeiicy. 3) Pobo-
TOTEXHHYECKHH KOHTPOJUIEp, IpeX-
cTaBsiFoUMA ~ co00d  MOAyJIbHOE
YCTPOHCTBO, BKIIOUatouiee B cebs of-
HOIUTAaTHBIH MHUKPOKOMIIBIOTEP IS BbI-
TIOJTHEHHS CIIOKHBIX BBIYHUCITUTEIIBHBIX
onepanuid, nepudepuidHbBId KOHTPOJI-
nep 1A yOpaBeHHS  BHEITHHUMH
YCTPOHCTBaMH M IIAaTy pacIIMpEeHHs
JUTS MO JKTIOYEHHUS BHELIHUX
ycrpoiictB. Moxynu pobGoTtoTexHUYe-
CKOro KOHTpoJUIepa NO/DKHBI 001agaTh
OJHOBPEMEHHOM KOHCTPYKTHBHOM, am-
NapaTHOH W MPOrpaMMHOH COBMECTH-
MOCTBIO ApPYyT ¢ ApyroM. PoGoToTexHu-
YE€CKUH KOHTPOJUIEp JAOJDKEH YAOBIIE-
TBOPSATH TEXHHYECKHM XapaKTePHUCTH-
KaM: KOJI-BO siiep BCTPOSHHOTO MHKpO-
KOMITbIOTEpPa — He MeHee 4, TaKToBas
yacTtoTra fapa — He MeHee 1,2 ITm,
oowseM O3Y — He MeHee 512 MO, Hanu-
gyue uHtepdeiicoB — SPI, 12C, 1-wire
TTL, 1) , PWM, nudposbie — He
MeHee 16 mT. ¥ aHaTOroBbIC IOPTHI — HE
MeHee 8 IUT. AJis MOAKIIOYEHHUs BHell-
HUX YCTPOHMCTB, BCTPO€HHBIH MHKpPO-
doH, a Taxke WiFi wiu Bluetooth s
KOMMYHHKALHH CO BHEIIHUMH YCTPOH-
crBamMu. PoboToTEXHUYECKHI KOHTPOJI-
Jep nomkeH obecredyuBaTh BO3MOK-
HOCTh IIPOTrPaMMHUPOBAHUS C TTIOMOIIEIO
cpenctB a3b1k0B C/C++, Python u cBo-

OIHO  PpaclpoOCTPaHseMOd  cpenbl
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Arduino IDE, a Takxe ynpasnenus Mo-
NenssMU pOOOTOTEXHUYECKUX CHCTEM
¢ nomoeio cpeast ROS. 4) Iporpam-
MHPYEMBIl KOHTpPOJIEp — HE MeHee
1 mrT. ITporpaMMupyembiii KOHTPOJLIED
NI0JKEH NPeACTaBIATh COOOH BEIYUCIIH-
TENIBHBIA MOIyINb, 00Nafgaromum Iud-
POBBIMM TIOPTAMHU — HE MeHee § IIT.
U aHAJIOTOBBIMHU INOPTaMH — HE MeHee
16 mr., uarepdeiicamu UART, 12C,
SPI, TTL, a Taxxe MoaysieMm Oecrpo-
BoaHOM cBs3u Tna Bluetooth unu WiFi
IVl CO3[]aHusi annapaTHO-IporpamMM-
HBIX pelieHuit U "yMHBIX/CMapT"
CTPOMCTB UL ﬁ‘msgaﬁorxﬂ peleHuH
HTepHeT Bewen". 5) [Inara pacmmupe-
HUS [IPOrPaMMHPYEMOro KOHTpOJUIepa
— He MeHee | mrT. [lnara pacumpenus
IOJDKHa o0ecrednBaTh BO3MOXHOCTH
MOAKITIOYEHHs] yHHBEPCATBHOTO BBIYHC-
JIATENBHOTO MOIYJA K CETH MOCpes-
ctBoM wuHTepdeiica Ethernet. ITnara
paciiupeHust obkHa o6nanate mop-
TaMH BBOJa — BBIBOJA JJIs MOAKIIIOYE-
HUS  IMOPOBBIX W  aHAJOTOBBIX
CTpOWCTB — He MeHee 40 1wT., HHTEP-
ﬁ:enc SPI 1 BO3MOXHOCTBIO HOJKITIOYE-
HUS BHEILIHeW KapTel namsatd. 6) Mo-
OyJb TEXHUYECKOIO 3peHHs], IpeacTaB-
JSIOIIMKA co0OM ycTpoiicTBO Ha 0ase
BBIYUCIUTETFHOI0 MUKPOKOHTpOJLIEpa
¥ MHTETPHpPOBaHHOW KaMmepsl, obecre-
YMBAIOIEE pacllO3HABaAHHWE IPOCTEM-
IIUX U300pa’keHUH Ha MOJyJIe 3a CYeT
COOCTBEHHBIX BBIYHCIMTENBHBIX BO3-
MOXHOCTeH — He MeHee 1 mT. Moayns
TEXHUYECKOI0 3pPEHHUA NOJDKeH obecre-
4YUBaTh BO3MOXXHOCTb KOMMYHHKaLIUH
C aHAJOTHYHBIMH MOJYJISIMH TIOCpeJ-
CTBOM IIMHB! Ha 0a3e mocnenoBaTellb-
HOrO MHTepgeiica ¢ Lebi0 JalbHew-
1Ieif epeauu pe3ybTaToB U3MEPEHHH
rpyNIbl MOAYJIeH Ha yIpaBIsAIOLIee Bbl-
YUCITUTENBHOS YCTPOMCTBO, MOIKITHO-
4YeHHOE K [JaHHOW IIWHE. Mo,ugm;. TeX-
HUYECKOro 3peHus J0JDKeH odecrevu-
BaTb BO3MOXXHOCTb  OCYILECTBIISTH
HACTPOMKY MOMIYJS TEXHUYECKOro 3pe-
HUS — HaCTPOMKY 3KCIO3ULIMH, OanaHca
6enoro, IBETOPa3HOCTHBIX COCTABJIAIO-
KX, TUTOLaaAn OOHapyXuBaeMoi 00-
nactu u300pakeHus, OKpyriIocTd oOHa-
pyXuBaeMOH oOnactu H300pa)KeHus,
noJioxkeHHe oOOHapy>kuBaeMbIXx oO0a-
CTeil OTHOCHTENLHO Ipyr apyra. Mo-
Jylb TEXHHYECKOTO 3PEHHs JOIDKEH
o0ecrne4rBaTh BO3MOXHOCTh HaCTpOH-
KH Ha OJHOBPEMEHHOE 0OHapyKEeHUE He
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MeHee 10 pa3Iu4HBIX OAWHOYHEIX 00B-
€KTOB B ceKTope 0030pa, 1H00 He MmeHee
5 cocTaBHBIX OOBEKTOB, COCTOSIIMX H3
He MeHee 3 pa3IWYHBIX rpahHUIeCKHUX
OPUMHTUBOB. MoOAyiae TEXHHYECKOro
3peHuss JO/DKeH o0sanaTh BCTPOEH-
HeIMU uHTepdeiicamu — USB, UART,
1-wire TTL, 12C, SPI nns xoMMyHuKa-
MU CO BHEIIHHMH TOJKIHOYaEeMBIMH
ycrpoiicteamu. 7) B cocraB Habopa
NIOJKHBI BXOAUTB IM(pOBbIe HHPOpMa-
LIHOHHO-CEHCOPHBIE MOJYJIH, IPELCTaB-
asomue coboil ycrpoiictBa Ha Oase
IPOrpaMMHUPYEMOro KOHTPOJLIepa U U3-
MEPHUTEIBHOro 3neMeHTa. lludpoBoit
MOJyJIb IOJKEH 00/1a1aTh BCTPOSHHBIM
MHUKPOKOHTPOJUIEPOM  (TakToBasi 4a-
CTOTa — He MeHee 16 I, IIMHA JaH-
HBIX — He MeHee 8 KOa#T), uHTEepdeii-
caMH sl MOAKIIOYEHHUS K BHELIHHM
YCTPOMCTBaM: LM(POBbIE W aHAJIOro-
Bble mopThl, 1-wire TTL, pazseM THIa
RJ. LIHE%pOBOfI MOZYJNb JODKEeH obec-
MeYnBaTh BO3MOMKHOCTH KOMMYHHKa-
MU C QHAJOTMYHBIMH MOJIYJISIMH IIO-
CPeICTBOM IIMHEI Ha 0ase mociemoBa-
TEJIBHOTO0 MHTepdeiica ¢ LeIblo Halib-
HeHIle# nepefavd pe3ylbTaTOB H3Me-
PEHUMN IpyIIbl MOIYJIEH Ha YIIpaBIIflO-
oiee BBIYHCIUTEIBHOE YCTPOWCTBO,
MOAKJIIOYEHHOE K JaHHOH mmHe, B co-
cTaB Habopa JO/DKHO BXOAMTH: LU(PO-
BOM MOZYJIb TAKTOBOM KHOIIKH — HE Me-
Hee 3 1WT., TMPPOBOH MOYJIb CBETOIH-
0Ja — He MeHee 3 IT., UHPPOBOH Mo-
Iyl KOHIIEBOTO TIpEPhIBATES — HE Me-
Hee 3 mWT., IM(POBOM MOIYJIbL JaTYHKA
BeTa — He MeHee | mT., HHppoBOH MO-
ayne RGB cBerommona — He MeHee
1 . 8) B cocTaB Habopa 10JKHBI BXO-
OUTH JJIEMEHTHI I COOpPKH BaKyyM-
HOrO 3aXBaTa: BaKyyMHas IIPHCOCKa
— He MeHee | WT., DJIeKTPOMarHUTHhIA
KJlanaH — He MeHee | mT., Ba HBIH
Hacoc — He MeHee | mT. 9) B cocraB
Habopa J0mKeH BXOTUTh yUeOHBIH KOM-
IUIeKT, BKIIOYAIOMHUNA B cebs yyeOHOe
nocoGue, HAGOP OMOIHOTEK TpexMep-
HBIX 3JIEMEHTOB I MPOTOTUIIMPOBa-
HUASL MOJeJIed MaHMIYJISALHOHHBIX pO-
00TOB, a TakXxe IporpaMMHoe obecrie-
yeHHe s paboTel ¢ Habopom. Ilpo-
rpaMMHOe oOecIiedeHHe JTODKHO o0ec-
NeYuBaTh TPEXMEPHYIO BH3YaTH3ALMIO
MOZENIM MaHHUITYJSIHHOHHOrO poboTa
(c  yrioBoH, IUIOCKONapaLIeasHOR
Y [IeJIbTa-KMHEMATUKOM ) B IpoIecce pa-
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"

YetrIpexoce-
BOK  yueOHBbIH
poboT- MaHu-
IyJIATOP C MO-
IyITbHBIMH
CMEHHBIMH
HacaJKaMH

00TEI, 00ecrieunBaTh NMOCTPOCHHE IPO-
CTPaHCTBEHHOM TPAEKTOPHH JABUKEHHUS
UCTIOTTHUTEIBHOTO MEXaHU3Ma MaHHITY-
JISIMUOHHOTO poboTa, BO3MOXKHOCTD 3a-
JaHHs [10C/IEJ0BATEIbHOCTU TOYEK A
NIPOXOXKICHUSI Yepe3 HUX MCIIOTHHUTEb-
HOIO MeXaHW3Ma MaHWITYJISIIHOHHOTO
pobota. [lporpammuoe obecredenue
NODKHO (YHKIIMOHHPOBATh, KaKk B OT-
JEIBHOCTH B BHZIE€ CpPe/ibl MOJIeNIupOBa-
HHMS, TaK U B PEXKUME MOHHTODHHIA
B peaTbHOM BpPEMEHH IIPH TMOIAKIOYe-
HUM MOJEIH MAaHHUITYJSITOpa IOCpe-
CTBOM pOOOTOTEXHHYECKOTO0 KOHTPOJ-
nepa. IlporpamMmHOe oOecreyeHHe
JOOJDKHO ofecreyuBaTh BO3MOXHOCTh
MOCTPOEHUs I'paUKOB, 3aJaHHBIX H Te-
KyIIMX 0000IIeHHBIX KOOPAHHAT MaHH-
MyJASLMOHHOTO poboTa, rpaduKoB 3Ha-
YeHHH CKOPOCTEH M YCKOPEHHS, rpadu-
KOB PAacYeTHBIX 3HA4YEHWH HarpysKu.
[IporpamMHOe obecriedeHne IOKHO
MO3BOJISATH 3aJaBaTh IOC/IEIOBATE b~
HOCTh MEPeJBUKEHUH MAaHUILYJIATOPa
IOCPECTBOM Habopa KOMaH[
B noqno—rpacgnqecxom uHTEpdeiice.
YyeOHoe nmocodue OODKHO COAepikaTh
MaTepHalbl 10 pa3paboTKe Tpexmep-
HBIX Mozened MOOWJIBHBIX pOOOTOB,
MaHHUITYJISLIUOHHBIX POOOTOB € paziuy-
HBIMH THUIIAMH KHHEMAaTHKH (yTJoBas
KHHEMaTHKa,  IJIOCKO-NapasuiebHast
KWHEMAaTHKa, JeNIbTa-KHHEMaTHKa,
SCARA unu peluaxkHas KHHEMaTHKa,
nnatdopma CTroapra M T.1I.), HHCTPYK-
LIMH 110 IPOEKTUPOBAHUIO pOOOTOB, HH-
CTPYKLIMH ¥ METOAMKH OCYILECTBICHHS
HWH)XXEHEPHBIX pacyueTOB IIPH IPOCKTH-
poBaHHH (pacyeTs! Harpy3KH U MOMEH-
TOB, pacyeT MOIIHOCTH IIPHBOJOB, pac-
4eT IapamMeTpoB KHHEMAaTHKH M T.IL.),
HHCTPYKLUHH IO pa3paboTKe cHCTEM
yIIpaBJICHUA U IIPOrpaMMHOro obecre-
YeHHs U yIpaBlIeHus poboTamu, WH-
CTPYKLIMM H METOAMKH 10 pa3paboTke
CHCTEM YNpaBJIEHHS C 3JIeMEHTaMU HC-
KyCCTBEHHOIO HMHTEJUIEKTa M MAIllHiH-
HOro oOyveHus

y4eOHBIH poOOT-MaHUITYJIATOP NpeaHa- IIT

3Ha4eH /I OCBOEGHHUS O0YyJaloUIUMHUCH
OCHOB pOOOTOTEXHHKH, Ui MOArO-
TOBKH OOY4YalOIUMXCA K BHEIPECHHUIO
¥ MOCIEeAYIOLIEMY HCIIOIE30BAHHUIO PO-
0OTOB B NPOMBILUIEHHOM MPOU3BOJI-
crBe. KonnuecTBo oceli poboTa MaHH-
nmyasTopa — 4eTelpe. [lepemelnenne uu-
CTPYMEHTa B IPOCTPAaHCTBE IO TPEM
OCSIM JOJDKHO YIIPABIIATECH IIAarOBLIMH

14
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ABUTATEJSIMH. HamnpshkeHHe NHTaHHS
IIaroBeIX JABHUrarteneit He Gonee 12 B.
CepBoBuraTens 4eTBEPTOH OCH JOJ-
’KEH o0ecrne4YuBaTh MOBOPOT HHCTPY-
MEHTa. YToJl MOBOPOTa MaHHITYJIATOpa
Ha OCHOBAaHUU BOKPYI BEPTHKAIBHOM
ocu He meHee 180 rpamycos. Jlnis onpe-
JlelleHlsl TOJIOKEHHsS MaHMITYJISTOpa
IIpY IIOBOPOTE BOKPYT BEPTHKAIBHOM
OCH IOJDKEH MCIIONBb30BaThes IHKOMAEP.
Yrous noBopoTa 3aHero njieda MaHHITy-
natopa He MeHee 90 rpamycoB. Yron
TIOBOPOTA IIEPEIHEro Iuiedya MaHUITyJIs -
Topa He MeHee 100 rpagycoB. s
ONpEele/eHHsT IIOJIOKEHHSA  3aJHEro
U TIepeHero Iuied MaHUIyJIaTopa J0J1-
’KE€H HCIIO0JIb30BATHECS THPOCKOM. YTOJ
[IOBOPOTa I10 YE€TBEPTOH OCH HE MeHee
180 rpanycoB. JJomkHa OBITE BO3MOX-
HOCTh OCHAIIEHUsI CMEHHBIMH Hacal-
KaMM (HampuMep, Jep)kaTelb KapaH-
Jamia WiIM - QuomacTtepa, IIPHUCOCKa
C CepBOJBHUIaTelIEM, MEXaHUYECKOE 3a-
XBaTHOE YCTPOHCTBO C CEpBOJIBHraTe-
JIeM, YCTPOHCTBO JJIA JIa3€PHOM IpaBH-
POBKM MM YycTpodcTBo s 3D-me-
4yaTi). MUHHMaJIbHAs KOMILIEKTAIHs
CMEHHBIMU HacaJKaMH: ITHEBMaTHYe-
CKHM 3axBaT (IpHCOCKa), MeXaHWye-
CKHMM 3axBaT, HacaJka Jep)KaTenpb IS
KapaHjama/MapKkepa/pydykd, HacaJka
NEPEeXOOHHUK ISl KPEIICHHS COBMECTH-
MBIX KOHCTPYKTHUBHBIX JIeTallell U KOH-
CTPYKLIMH, HacaJka Ja3epHOH IpaBH-
OBKM, Hacagka 3D-medatu (mns pa-
gOTI:pI ¢ rutactukoM PLA ¢ nuamerpom
HUTHU 1,75 MMm). JlomxkeH OBITh OCHAILIEH
CEpBOIIPHUBOAOM UL THEBMAaTHYECKOTO
¥ MEXaHM4YeCKOro 3axXBaToB, obecreyu-
BAIOLI[MM BpallleHHe 3aXBa4€HHOro 00b-
eKTa BO BpeMs IIepeMEILEeHH s, TOBOPOT
nepeMelnaeMoro o0beKTa BOKpYT Bep-
TUKaIbHOW ocu. Jlna obecnevyeHus
(GYHKIIMOHHPOBAHHS [THEBMATUYECKOrO
3axBaTa JOJDKEH OBITh OCHAILEH BCTPO-
€HHOH B KOpIIyC MaHMIyJISTOpa IOM-
noi. JlomkHa ObITh BO3MOXXHOCTH IOJ-
KITIOYeHHA JOTIOJTHUTEIBHBIX
YCTPOHCTB (Hampumep, TPaHCIOPTepa,
penbca i TepeMelleHus poboTa,
IIyJIbTa YIPABJICHHS THMNA [DKOUCTHK,
KaMmepbl MAlIMHHOTO 3pEHHsl, OINTHYE-
CKOro JaTyuka, Monyns OecmpoBon-
HOoro pnoctyna). Pobor-manumynstop
no/keH obecnieunBaTh IepeMeleHHe
HacaJKd B IMPOCTPAHCTBE, aKTHBAI[HIO
HacaJKHd, BO3MOXHOCTb IOJyYEeHHS
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2.1.3.

OGpasosarens-
HBIH Habop 1o
MEeXaHHKe, Me-
XaTPOHHKeE

u pobororex-
HHUKE

CHUTHAJIOB OT KaMephl U TaTYHKOB, BO3-
MOXHOCTb YNPaBJIEHHS JIOMOJHUTEb-
HBIMH ycTpoHcTBaMH. Matepuan Kop-
myca — amroMuHui. [{nameTp paGouei
30HBI (0e3 y4yeTa HaBECHOIO HHCTpY-
MEHTa M 4YETBEpTOH OCH) He MeHee
350 mm. HHTrepdeiic noakmoyYeHHs
— USB. /lojokeH MUMeTh BO3MOXXHOCTB
aBTOHOMHOM pabOTBI W BHENIHEro
ynpasieHus. [|1si BHemHero ympasiie-
HUS JOJDKEH OBITh MpPeAyCMOTpPEH
MyJIbT, NOAKIIOYaeMBIH K pobory mo
Bluetooth. Ynpasasrommii koHTpomLIEp
NOKeH OBITh COBMECTHM CO CpPEIOH
Arduino. VYnpaBisrOmuii KOHTpPOJLIEP
COBMECTHM CO CpeIoH MpOrpaMMUpOBa-
Hus Scratch u s13p1KOM TporpamMMupoBa-
uus C. Jlomken obecriednBaTs MOBOPOT
[10 IEPBBIM TPEM OCSIM B 33/IaHHBIH YTOI
M Ha 3a/IaHHBIH yTroJl, MOBOPOT IO YeT-
BEPTOH OCH Ha 3aJaHHBIN YTOJ, ABHKE-
HHe B KoopauHatel X, Y, Z, mepemelie-
HHE Ha 3aJJaHHOE pacCTOSHHUE [0 KOOp-
auHataM X, Y, Z, nepegaqyy AaHHBIX
0 TEKyIIeM IIOJIOKEHHUH YTIOB, Ilepe-
Jady JaHHEIX O TeKYIIHX KOOpAHMHATax
MHCTpyMeHTa. Jlo/DKeH mojaepXXuBaTh
nepeMeIleHie B [IeKapTOBBIX KOOpIH-
HaTaX M yriax [oBOpoTa Ocel, C 3a1aH-
HOH CKOPOCTBIO M YCKOpeHHeM. THIIbI
nepeMelleHHi B JIeKapTOBBIX KOOpIH-
HaTax: JBHKCHHUE I10 TPACKTOPHH, JIBH-
KEeHHe MO MPSAMON MEeXIY ABYMS TOY-
KaMH, T[epenpbiriBaHHEe W3 TOYKH
U TO4YKy (mepeHoc obbvekra). Kopmyc
JOJDKeH OBITh B 3aIUIIIEHHOM HCIIOJHE-
Hue (knacca He HuKe [P20)

Habop NOmKeH OBITh peAHa3HAYEH IS
NpoBe/IeHNs yueOHbIX 3aHATUH 10 H3Y-
9YEHHIO OCHOB MEXaTPOHHUKH M poboTO-
TEXHUKH, MPAKTUUECKOr0 NPUMEHEHHUS
0430BBIX  3JIEMEHTOB  DJIEKTPOHUKH
U CXEMOTEXHHKH, a TaKkKe Haubosee
pacrnpoCTpaHEHHOH 3JeMeHTHOH Ga3bl
M OCHOBHBIX TEXHHYECKHX pELUCHHIA,
NPUMEHSEMBIX TNPH IPOSKTHPOBAHUH
U IPOTOTUNHPOBAHWM PAa3HYHBIX WH-
)KEHEPHbIX, KHOEpHETHYECKUX U BCTpa-
MBaeMBIX CHUCTeM. B coctaB Habopa
JOJKHBI  BXOIOUTh KOMIUIEKTYIOLIHE
W yCTpOUCTBA, 00/1a/jar01ie KOHCTPYK-
TUBHOH, 3JIEKTPUYECKOMH, ammapaTHOH
U [IPOrpaMMHOHN COBMECTHUMOCTBIO IpYT
¢ Zpyrom. B cocraB nHaGopa qomkeH
BXOJIUTH KOMIUIEKT KOHCTPYKTHBHBIX
3]IEMEHTOB U3 MeTalla JUisi COOPKH Ma-
KeTa  MaHUOYISALUHOHHOrO  pobora

mT

23
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¥ KOMIIJIEKT METAJUIMYECKMX KOHCTPYK-
THUBHBIX 3JIEMEHTOB JJis cOOpPKU MakeTa
MobunsHOro pobora. B coctaB Habopa
JOJDKHBI BXOJIMTH [IPUBO/IA Pa3IMYHOr0
THIIa: MOTOPEI C HHTETPUPOBAHHBIM HITH
BHEITHUM JAaTYUKOM TIOJIOXKEHUS — HE
MeHee 2 IT., CepBONPHBOA OOJBIION
— He MeHee 4 1IT., CepBONPHUBO MaJIbIH
— He MeHee 2 IUT., IPUBOJ C BO3MOXKHO-
CTBIO YIPABJIEHUS B LIArOBOM pPEeXKUME
— He MeHee 2 mrT. B cocrae Habopa
NOJDKHBI ~ BXOJMUTH  DJIEMEHTHI  JUJIs
cOopKkM BaKyyMHOro 3axBaTa: BaKyyM-
Has IPHCOCKa — He MeHee | IIT., AJeK-
TPOMarHWTHBIM KJanaH — HE MeHee
1 mT., BaKyyMHBI Hacoc — HE MeHee
1 mT. B cocraB Habopa HOKHA BXO-
IWTH 3JIEMeHTHas 6a3a U1 IPOTOTHUITH-
pOBaHHUs: IIaTa Ans OecrnaeqyHoro nmpo-
TOTHIIUPOBAaHHs, KOMIUIEKT MPOBOJOB
pa3IUYHOr0 THUIA M JUITMHBI, KOMIUIEKT
PE3UCTOPOB, KOMILIEKT CBETOAHO/IOB,
CEMHCErMEHTHBIN MHIMKATOP, AUCIUIEH
XK-Tumna, KHONKA — HE MeHee 5 miT.,
MIOTEHI[HOMETPEI — He MeHee 3 IIT., UH-
(pakpacHslil JaTYMK — HE MeHee 3 WiT.,

TBTPA3ByKOBOH OAaTYHK — HE MeEHee

WIT., JATYAK TEMIIEPATYPHI — HE MEHee
| WIT., AaTYUK OCBELIEHHOCTH — HE Me-
Hee 1 mrT., Mmoxayns Bluetooth — He Me-
Hee | mT., mogyns UK-npuemHuka — He
meHee | mrt., Mmoayns MK-nepenaruuka
B BHJE KHOIIOYHOIO IIy/IbTa YIIpaBlle-
HUA — | IIT., aKKyMYJISITOp — HE MEHee
| mIT., 3apsiiHOE YyCTPOHCTBO — HE MEHee
1 wr. B coctaB Habopa [0JIKEH BXO-
OUTh MYNBTUOATYUK IS U3MEpEeHUs
TEMIIEPATYpPbl U BIAXKHOCTH OKPYIKalo-
meH cpeasl — He MeHee 1 mT. MynpTu-
JaTYMK JOJDKEH 00/1agaTh BCTPOSCHHBIM
MHKPOKOHTpOJUIEpOM  (TakToBasi u4a-
crora — HE MeHee 16 1, IUMHA JaH-
HbIX — He MeHee 8 Kb6aiiT), nHTEepdeii-
cCaMH Ul TIOAKITIOYEHUS K BHEIIHHM
yCTpOMCTBaM: LM(MPOBEIE W aHaJOro-
Bble nopThl, l-wire TTL, pa3sbpem THMma
RJ. B cocraB Habopa g0mkeH BXOAUTH
KOMILIEKT YHHBEPCAIbHBIX BBIYMCIIH-
TeJIbHBIX MOAYJIEH, MpeICTaBISIOIINX
co6oii 6a30ByIO MIaTY, IIaTy paciiupe-
HUA JUIS CETEeBOTO B3aMMOJAEHCTBHUS
U IUIaTy NOAKIIOYEHHS  CHJIOBOM
Harpy3kd. Bxopsiue B KOMIUIEKT
YCTPO#CTBa J0JDKHBI 0671a/aTh OQHO-
BPEMEHHOM KOHCTPYKTHBHOM, 3JIEKTPH-
YeCKOH, anmapaTHOM M MporpaMMHOM
COBMECTHMOCTBIO IpYT ¢ Apyrom. baso-
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Basi IUIaTa YHUBEPCAIbHOIO BBIYMCIIU-
TEJIBHOTO MOIYJs IOOJDKHA IIpE/ICTaB-
naTe cO000H MpOorpaMMHUpYeMbIH KOH-
TpoJuiep B cpeae Arduino IDE wnu ana-
JOTUYHBIX CBOOOIHO 6pacnp00Tpang-
MBIX cpejax paspabotku. bazoas
IjiaTa J0/KHa 00agaTh BCTPOSHHBIMH
HUHTepdeiicaMd Ui MOJKIIOYEeHHUs
IM(POBBIX U AHAJIOTOBBIX YCTPOMCTB,
BCTPOCHHBIMH HHTepdeiicamu USB,
UART, I2C, SPI, 1l-wire TTL,
Bluetooth, WiFi. Ilnata pacmmpenus
no/kHa obecrneduBaTh BO3MOXXHOCTH
MOJK/TFOYEHHS] YHUBEPCATBHOTO BEIYHC-
JIATEIBHOTO MOJYJsi K CETH MOCpe]-
ctBom uHTepdeiica Ethernet. ITnarta
pacluMpeHus JoKHa obiamate Tmop-
TaMH BBOJa-BBIBOJA /ISl MOAKJIIOUEHUS
IM(POBEIX U AHAIOTNOBBIX YCTPOHCTB,
uHTeppeic SPI u BO3MOXHOCTBIO MO~
KIFOYCHHs] BHEIIHEW KapThl NaMsTH.
[Inara pacumpenus Jisi NOAKIOYEHHUS
CHJIOBOH Harpys3KH JOJDKHa obecriedu-
BaTh BO3MOXXHOCTb IPSIMOTrO MOIKIIO-
4YEeHMsS BHEIIHeHd CHIOBOM Harpysku,
a TaKkXkKe perylupyeMoil Harpysku Io-
cpeactsom PWM unTepdeiica. B co-
cTaB Habopa JI0JKeH BXOUTh IPOrpaM-
MHPYEMBbIH KOHTPOJLIEP, 00eCTIeunBaro-
IIMH BO3MOXXHOCTB OCYIIECTBIIATH pa3-
paboOTKy NMporpaMMHOI0 KOJa, HCIIOIb-
3ysi HHCTPYMEHTapHi cpeJl pa3paboTKu

duino IDE u Mongoose OS u s1351K0B
nporpammupoBanusi C\C++, JavaScript.

pOrpaMMHpyeMbIii KOHTpOJUIEP IOJI-
KeH 0011a1aTh NOPTaMH I MOOKITFOYe-
HAS _1MQPOBBIX M @HAJOrOBBIX
YCTPOWCTB, BCTPOSHHBIMH IIPOrPaMMH-
PYEMBIMH KHOIIKaMH U 3JIeKTPOMEXaHHU-
YECKUMHU MOAYJSMH JUIS OpraHu3alliu
CHCTEMBI PYYHOTO YIIPaBIEHUS, BCTPO-
€HHBEIMH IIpOTPAMMHPYEMEIMH CBETO-
JUOJIaMH I MHIUKALUK pabodero pe-
)KMMa, BCTPOEHHBIMH HMHTepdercaMu
USB, USART, I2C, SP1, 1-wire TTL,
ISP, Ethernet, Bluetooth, WiFi. B co-
craB Habopa JO/DKEH BXOAUTh MOIYJIb
TEXHUYECKOTrO 3peHHs, IpeACTaBIIAIO-
MK cobo¥ BBEIYHCIMTENBHOE YCTpPOMH-
CTBO CO BCTPOEHHBIM MUKPONPOLECCO-
poM (KOJI-BO Aep — HE MEHee 4 IIT., 4ya-
cToTa sapa He meHee 1,2 [T, oObeM
O3V — He menee 512 M6, 066eM BcTpo-
€HHOH mamaTu — He MeHee 81°0), uHTe-
IrPUPOBAHHON KaMepol (MaKCHMalIbHOE
pa3pelleHrne BUOEOIIOTOKA, IepeaaBae-
Moro 1o wHTepgeiicy USB — He menee
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2592x1944 en.) U oNnTHYECKOH CHUCTe-
MO#. Moayiae TEXHHYECKOro 3peHHs
JNO/DKeH o001anaTte COBMECTHMOCTBIO
C Ppa3IMYHBIMH [POrPaMMHUPYEMBIMH
KOHTPOJUIEPaMH C TIOMOIIBIO HHTEp-
%eﬁcon — 1-wire TTL, UART, I2C, SPI,

thernet. Moy TexHWuYeckoro 3pe-
HUA JI0JDKEH OOeCHevMBaTh BBINOJTHE-
HUE BCEX WM3MEPEHUM M BBIUMCIEHHUH
MIOCPEACTBOM COOCTBEHHBIX BBIYHCIIH-
TEJIBHBIX BO3MOXHOCTEH BCTPOCHHOI'O
MHKpoIporieccopa. Moayns TexHude-
CKOI'0 3peHHus JOMKEeH 00JialaTh BO3-
MO>XHOCTbIO KOMMYHHKAaI[UU C aHaJo-
TUYHBIMH _ MOIYISMH IIOCPEICTBOM
IIMHBI Ha 0a3e mocie0BaTeIbHOTO WH-
Tep(eiica ¢ LenblO AadbHeHInel mepe-
Ja4d pe3ynbTaTOB M3MEPEHHH IPYTIIIbI
MOJIyJIe Ha YNpaBJsIONIee BBIYMCIIH-
TeJIbHOE YCTPOHCTBO, IOJAKIIOYEHHOE
K JaHHOM muHe. Moay b TEXHUYECKOT0
3peHHS JOJDKEH obecrieuuBaTh
HACTPOMKH PEKNMOB paboThI
— HaCTPOMKY JKCIO3MULHMHU, OanaHca Oe-
JOro, LIBETOPAa3sHOCTHBIX COCTaBIISAIO-
mMX, miouaau obHapyXuBaeMoi 00-
71acTH U300pakeHUs, OKpYTJIOCTH 00OHa-
pyXuBaeMo#i o001acTH H300paXkeHus,
MoJI0XKeHHWe oOHapy)XHUBaeMbIx oO0na-
CTed OTHOCHTEIBHO ApPYyr npyra, Ma-
IIMHHOE oOy4deHue napamMeTpoB
HEHPOHHBIX ceTed i OoOHapyXeHHs
00BeKTOB, rgopmy ¥ 3aKOJUPOBAaHHbIE
3HAa4YeHUs 00HapyXKMBaeMBIX MapKepoB
tuna Aruco, pasMmepbl 0OHapyXHBae-
MBIX OKPYXHOCTEH, KBaJpaToB U Tpe-
YrOJIbHHKOB, MTAPaMeTPOB KOHTPACTHO-
CTH, pa3MepOB, KPUBH3HBI U MOJOKEHHS
pacrno3HaBaemblx JuHUA. Habop mon-
)KeH obecreynBaTh BO3MOXKHOCTE pas-
paboTku Mojenu MoOuIbHOro pobora,
ynpasnsemo B FPV-pexxume nocpen-
CTBOM IPOTrpaMMHOro ofecredeHus
IUIsi IEPCOHAIBHOTO KOMITBIOTEPA U MO-
OwibHBIX ycTpoiictB Ha 06aze OC
Android umu 10S, obecneunsaromero
BO3MOXXHOCTB YIIPaBJICHHUS MOOUIIBHBEIM
poGOTOM M BCTPOEHHBIM MaHHITYJISTO-
POM TIOCPENCTBOM IpadU4YecKoro HH-
Tepdelica, BKIIOYAIOIMM B ce0st Habop
KHOIIOK H IepeKJIroYaTeliel, JHKOUCTHK,
obnacte s  OTOOpa)KEHHS BHIEO.
Habop nomxen obecrieynBaTh BO3IMOX-
HOCTb M3Y4YE€HHs OCHOB pa3paboTKu
POTPaMMHBIX U alMapaTHBIX KOMITIEK-
COB MH)XEHEPHBIX CHCTEM, peLICHHH
B chepe "HHTepHer Bewiei", a Takke
pelieHuid B 00J1aCTH pOOOTOTEXHUKH,
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2.14.

Oﬁgaaosa'renb-
HBIA KOHCTPYK-
TOp JUIs TMpak-
THKH OJIOYHOTO
IPOTpaMMHPO-
BaHUS C KOM-
IUIEKTOM  JaT-
YHUKOB

HCKYCCTBEHHOI'O MHTEJJIEKTa ¥ MAllNH-
Horo oOyueHus. B coctaB HaGopa
JOJDKHO BXOOHUTH NOCOOHME IO H3yde-
HHIO OCHOB 3JIEKTPOHHKH H CXEMOTEX-
HMKH, peleHui B chepe "HHTepHeT Be-
meH", pa3paboTKH W NPOTOTHIIHPOBA-
HUIO Mozenei pobGotoB. B cocras
Habopa MOKHO BXOAMTH IOCOOHE IO
M3y4YEHHID OCHOB pa3pabOTKH CHCTEM
TEXHHUYECKOTO 3PSHHSA U JIEMEHTOB HC-
KyCCTBEHHOI'O HHTEJUIEKTa

pobGoToTexHuueckuii Habop npeaHa3Ha-
YeH JUIs M3yYeHHs OCHOB poOOTOTEX-
HHUKH, JeTajell, y3JI0B U MEXaHH3MOB,
HEOOXOAMMBIX Ul co3/laHusi poOoTo-
TEXHUYECKUX ycTpoiicTB. Habop npen-
CTaB/IAeT COOOM KOMILIEKT CTPYKTYp-
HBIX 3]IEMEHTOB, COEJHHUTEIIbHBIX dJie-
MEHTOB H 3IEKTPOTEXHUYECKUX KOMIIO-
HeHTOB. Habop mo3BoisieT MpoBOAWTH
3KCIIEPUMEHTHI 10 Tpeamery (u3HKa,
CO3/1aBaTh U IMPOrpaMMHUPOBATh COOH-
paeMble MOJIeNIH, U3 KOMIIOHeHTOB, BXO-
JAIIMX B €ro cocTas, pabo4yne MozIenu
MOOMJIBHBIX U CTAalMOHApHBIX POOOTO-
TEXHUYECKHX YCTPOHCTB C aBTOMAaTH3H-
POBaHHBIM YIpABJICHHEM, B TOM YHCIIE
Ha KOJECHOM H TYCEHHYHOM XO.Iy,
a Tak)Ke KOHCTPYKLUH, OCHOBaHHBIX Ha
MCII0JIb30BaHHH PA3/IUYHBIX BHUIOB IIe-
penad (B TOM 4YHCIIE YEPBSIYHBIX U 3y0-
4aThIX) @ TaKXKe per4aros. BerpoeHHbIe
6ecnpoBoaHble ceTeBble pemeHus (Wi-
Fi u Bluetooth), Bo3MoXHOCTE HHTEpa-
nquu ¢ OecrmatHeiM oOmaunbiM [0,
00ecreyuBalOT BO3MOXKHOCTh IPaKTH-
9ECKOT0 M3Y4YEHHs TEXHOJOIMH HHTEp-
HeTa Belled U OCHOB HCKYCCTBEHHOIO
uHTe/1ekTa. ObecnedrBaeTCcss BO3MOXK-
HOCTBh OObEMHEHHNSI HECKOJILKUX PO0O-
TOB, COOpaHHbIX M3 MOJOOHBIX Habo-
POB, B I'PYINIBI C CETEBBIM B3aUMOICH-
ctBueM. [IpemycMoTpeHa omnuuoHalb-
Hasi BO3MOXXHOCTb PaclIMpeHHs OO~
HUTEIBHBIMH KOMIIOHEHTaMH (HE BXO-
IAIMMH B CTaHIApTHYIO KOMILIEKTa-
IMI0), TTO3BOJISIONIMMH H3y4YaTh TEXHU-
YECKOE 3PEHHE U NMPOMBILLIEHHYIO PO-
borotexHuky. I[lIpenycmorpena Bos-
MOKHOCTh paboTsl Habopa C JOMOIHH-
TEIbHBIMH  OOJa4YHBIMH  CEpBHCAMHU.
[TpemycMOTpeHBI MHHHMYM [Ba IIpO-
rpaMMHpYeMbIX KOHTpOJUIepa B ILIa-
CTHKOBBIX KOpIIycaX, MO3BOJISIOIINX
OJJHOBPEMEHHO CO3/aBaTh 2 BapHaHTa
poOOTOB pasIUYHOrO Ha3HAYEHHUS, HME-
IOLIUX BO3MOXXHOCTh paboThI KakK B I10-
TOKOBOM peXHMe, TaK H aBTOHOMHO;

97
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3:1.

3.1.1.

MO3BOJISIOLIMX pealu30BaTh OOyUEHHE
IIPOrpaMMHPOBAHHIO B  HECKOJIBKHX
cpenax pa3paboTKH Ha pa3jiMYHbBIX A3bI-
kax (k mpumepy, B cpemax Mblock,
Arduino IDE, Ha s3eikax Scratch, C,
Python, micro Python). Kakx Murumym
OJIMH M3 KOHTPOJIEPOB HMEET BCTPOEH-
HYIO OINEPALlMOHHYIO CHCTEMY, BCTpPO-
eHHsle Wi-Fi u Bluetooth, mopr s
MOJKIIFOYEHHUST TOCEA0BAaTEeIEHO CO-
eMHAEMBIX BHEIIHHX YCTPOMCTB (He
MeHee 20 OOHOBpPEMEHHO IOIKIIOYae-
MBIX ycTpoicTB). Kak MHHHMYM oquH
M3 KOHTPOJIJIEDOB HMEET BO3MOXKHOCTE
OJITHOBPEMEHHOM 3allMCH HE MeEHee
8 mporpamMM, ¢ BO3MOXHOCTBIO Tiepe-
KIIFOYEHHA Mex Ay HUMH. Kak MUHUMYM
OJIMH M3 KOHTPOJUIEPOB MMEET IOJIHO-
usetHbl aucrei (IPS), mossossiro-
U BBEIBOAWTE HaHHBIE C HATYHKOB
B BUJe Tabnui u rpaduKoB, a TaKxke co-
3/1aBaTh BCTPOEHHEIE B KOHTPOJLIEP BH-
meourpsl. KoinuecTBO CEHCOPOB M MC-
MOJHUTENBHBIX YCTPOHCTB, BCTPOEH-
HBIX B OJJMH U3 KOHTPOJIIEPOB, — HE Me-
Hee 10 mT. Ob1Iee KOIHYECTBO TEMEH-
TOB B Habope He MeHee 400 wIT., B TOM
qucie NOJIK/IIOYaeMble  MOJIYJIH:
— Bluetooth Moy 716, — IBOHHOMN JAaTYHK
JIMHHH, — yIBTPa3BYKOBOM JIaTHUK pac-
CTOSIHUA, — IaTYUK LBETa, — JaTYUK Ka-
caHus dJIeKTpoMexaHudeckuh, — IR mo-
Ay7b, — MOTOP MOCTOSHHOTO TOKa C pe-
OYKTOpOM — HE MeéHee 2 IIT., — CepBO-
npuBoaA, -— JBT JHUCTaHLIHUOHHOTO
ynpasnenus IR. HaGop momxen ObiTh

KOMILIEKTOBAaH  aKKyMYJISTOPHBIMH

arapesiMu. [IporpammHoe obecrneye-
HHE, UCII0Ib3yEeMOe ISl IPOrpaMMHUpO-
BaHUS COOMpaeMBIX pOOOTOTEXHHYE-
CKMX MojeneH Hu ycgpoﬁcra, OOJDKHO
6bITb AOCTYIIHO OJiA OCCIINIaTHOIO CKa-
9uBaHUA U3 ceTH MHTepHeT U nocieny-
IOLIEro UCMOJIb30BAHHS

Haumenopanue paszgena: "baszoBast (o0s3aTenbHas 4acTh) (MaJOKOMILIEKT-

Has mKoja)"

HaumenoBanue HamnpasieHus: "EcTecTBeHHOHayuHas HampaBjeHHOCTh
(ManoOKOMIUIEKTHAs IIKoJja)"

Lludposas na- oGecreduBaeT BBIMOIHEHHE SKCIEPH- IIT

Oopatopust 1o
buszuke (ydge-
HUYeckas) (Ma-
JIOKOMILIEKT-
Has IIKoJIA)

MEHTOB 110 TeMaM Kypca Qpu3nku. Kom-
MIIeKTalus: 6ecrpoBOJHON MYJIBTHAAT-
YUK [0 (QU3HKE C 6-F0 BCTPOEHHBIMH
JaTYUKaMH: QUPPOBOM JaTHUK TeMIle-
paTypel ¢ OMaNa30HOM HM3MEpEeHHs He
yxe 9em ot -20 no 120 C; undposoii
JaTYMK abCONMIOTHOTO NaBJICHHMS C Jua-
Ma30HOM H3MEPEeHUs He YKe ueM

18
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3.1.2. Hudposas na-
Ooparopus 1o
XUMHH (y4eHH-
yeckas)

3.1.3. Lludposas na-
OopaTopusi 110
Ouosorun
(yueHH4deckas)

ot 0 no 500 klla; matyuk MarHUTHOrO
noJjis ¢ JUana3’oHOM H3MEpPEHHs He yxKe
yeM oT -80 no 80 mTn; maTuuk Hanps-
KEHUs C JMana3oHaMU U3MEpPEHHS He
yXxe 4eM oT -2 110 +2B; ot -5 10 +5B; ot
-10 no +10B; ot -15 no +15B; maTuuk
TOKa He yXe 4eM oT -1 1o +1A; natyuk
aKCceJIepoMeTp C MOKa3aTelsiMH He Me-
Hee yeM: £2 g; +4 g; 8 g. OtnensHele
ycrporictea: USB ocuunnorpad He Me-
Hee 2 KaHana, +/-10 B. Akceccyapsl: ka-
6enp USB coeuHUTENBHEII; 3apsaaHOe
yCTpPOHCTBO ¢ KabeneM miniUSB; USB
Anantep Bluetooth 4.1 Low Energy.
KOHCTpYKTOE IUIs TIpOBE/IEHUSI SKCIIe-
puMeHTOB. Kparkoe pyKOBOJACTBO IIO
JKCIUTyaTalMd UudpoBoit saboparto-
pun. IIporpamMmmHoe obecrnieuenue. Me-
ToAH4YeCKHe pekoMmeraauuu (40 pabor).
Hanuuue pycckosi3pIMHOrO caifTa moj-
IEePKKH, HUTHYHE BHACOPOTHKOB

obecnieunBaeT BbINOIHEHHE TabopaTop-
HBIX paboT 1o XMMHH Ha YpoKaX B OC-
HOBHOH WIKOJIE ¥ NPOEKTHO-KUCCIIe/10Ba-
TEIbCKOM  JI€ATEIbHOCTH  yYalIUXCH.
KoMmnnekrauus: OecripoBOogHOH MyJib-
THAATYUK N0 XMMHHU C 3-Msi BCTpOEH-
HBIMH JIaTYiKaMH; naTyuk pH ¢ quana-
30HOM M3MepeHHs He yxe yeM oT 0 110
14 pH; mat4uk 371eKTponpoBOIUMOCTH
C IMara3oHaMHu W3MEepeHHs He y)Ke YeM
ot 0 1o 200 MxCwm; ot 0 1o 2000 MxCwm;
ot 0 mo 20000 MKCM; IaT4YUK TeMIepa-
TYPBI C IMATIA30HOM U3MEPEHHS HE YKe
yeM oT -20 no +140C; oTnenbHble OaT-
YUKH: JATYHK ONTHYECKOH IUIOTHOCTH
525 M. Akceccyapsl: kabens USB co-
€MHHUTEIIbHBIN; 3apsHOE YCTPOHCTBO
¢ kxabenem miniUSB; US% 1X,uarrrep
Bluetooth 4.1 Low Energy. Kpatkoe py-
KOBOACTBO IO 3KCIUTyaTallWH _IHdpo-
BoH naboparopun. Habop naﬁoga'rop-
HOM ocHacTku. [Iporpammuoe oOecne-
yeHue. Meroaudeckie peKOMEHIalHH
He MeHee 40 pa6or. Hanuuue pyccko-
A3BIYHOr0 CaiTa NMOJANEPXKKH, HATHIHE
BHJIEOPOJTHKOB

oOecrieduBaeT BBINIOJHEHHE TabopaTop-
HBIX paboT Ha ypokax mo OHOJIOrHM
B OCHOBHOH ILLIKOJIE U MPOEKTHO-HCCIIe-
NOBaTeNbCKOM  JeATeNIbHOCTH — ydva-
muxcs. Kommexraius: 6ecripoBoHOiM
MYJIBTHAATYUK IO OHONOTHH ¢ 5-10
BCTPOSHHBIMH  JaTYHKaMH, JaT4HK
BIQXXHOCTH C JHAITa30HOM H3MEpEeHHs
0 — 100%; pmatyvk OCBELIEHHOCTH
C JMana3oHOM M3MEpPEHHs He yKe YeM

T

18
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32,

3.2.1.

322,

ot U mo 180000 nk; naryuk pH ¢ auana-
30HOM M3MepeHHUs He yxe 4yeM oT 0 10
14 pH; maTduk TemmepaTyphl ¢ aHamna-
30HOM M3MepeHHus He yxe 4yeM ot -20 10
+140C; nat4Mk TeMnepaTypsl OKpyxKa-
IOLIEH Cpelbl C AHana3oHoM U3MepeHus
He yxe deM ot -20 no +40C. Akceccy-
aphl: 3agjmﬂoe YCTPOHCTBO ¢ Kabeiem
miniUSB; USB Ananrtep Bluetooth 4.1
Low Energy. KpaTkoe pykoBoaCTBO 110
3KCIUIyaTallMd LU(poBoi sabopato-
pun. Llupposas BuzeokaMepa c MeTal-
JTHUYECKHM ILITAaTUBOM, paspellleHHe He
Menee 0,3 Mnukc. [TporpamMmmHuoe obec-
neyeHue. Mertonudyeckre pekoMmeHa-
uu He Menee 30 pabor. Ymakoska.
Hanuuue pyccKOsA3BIMHOrO caiTa Mmoja-
IEep>KKH, HATHIUEe BUICOPOIUKOB

HaumeHnoBanue HanpaBnenus: "KommneioTepHoe 000pyoBaHHE (MaIOKOM-
MUIeKTHas 1KoJja)"

M®V (nmpuH- THI YCTPOMCTBA: MHOTO(YHKIHOHAb-
TEep, CKaHep, Hoe ycTpoicTBo (M®VY). LIBeTHOCTH

KOITHP)

Hoytbyx

ne4yaTH: 4YepHo-Oenas; TeXHOJOTHs Ie-
yaTH: 3JeKTporpaduyeckas (j1azepHasd,
cBeTOAMOHAs ); popMaT neyaTu: He Me-
Hee A4. Tunm cxkaHUpOBaHHA: MPOTK-
HBIW/TUIaHIIETHBIN, BO3MOXHOCThH CKa-
HUPOBaHHS B popMarax: He MeHee A4.
83%006 noakmouenus: LAN, Wi-Fi,

dhopm-dakTop: HOf’TGg/I(; pa3mep auaro-
Halnu: He MeHee 15.6 mroliMoB; paspe-
meHue 3kpana: Full HD, Quad WIH
Ultra HD; o6muit 060beM ycTaHOBIIEH-
HOM OINEpaTUBHOM MaMATH: HE MeHee
8 I'6aifT; MaKCHMaIBHEIN OOIMH Mmoj-
Jep’KHBaeMblii 00beM onepaTHBHOM a-
MATH: He MeHee 16 I'GaiiT; o6vem SSD
HaKOIIUTEIA: HE MeHee 24(5 ["Gaiit; Gec-
nposoaHas c¢BA3b: Wi-Fi. Konuyectso
BCTPOEHHBIX B KopIityc noptoB USB: He
MeHee 2, U3 KOTOphIX HE MeHee
1 nomxHo 66iTe USB Bepcuu He HHXKe
3.0. Pazpewenue B3G-xamepsl, Mnuk-
cenb: He MeHee 0.3; BeTpoeHHbIH MHK-
podoH; KIaBHAaTypa C PpacKIaIKOM
g Ma KHI_FOBKOfI knaBum QWERTY/
I/[LIVIEE . Ilogmepxka cTaHIapTOB
OecripoBoaHoii csizu: 802.11a/b/g/n/ac;
NPOU3BOUTENIEHOCTh npomneccopa
(3Hauenue nokaszarens "CPU Mark" no
TeC “LaPtop & Portable CPU
Perfomance http://www.cpubench
mark.net/]aptOp.htmISJ: He MeHee 5000
€IMHHUL]; HaJIM4YHEe  MaHHITYJISATOpa
MBIIIb B KOMIUIEKTE: Ja. YCTaHOBJIEH-

T 9
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HavansHuk ynpaBneHus
ob1ero odpazoBaHus

Has OlepallioOHHasl CHCTeMa C rpaduye-
CKMM [I0JIb30BaTe/IbCKUM HUHTepdeii-
COM, CBEIEHUS O KOTOPOM BKIIOYEHBI
B CIWHBIH PEecTp POCCHHCKUX TMpo-
rpaMM Ul DJE€KTPOHHBIX BBIYUCIIH-
TEJIBHBIX MaIlWH M 0a3 JaHHBIX; ycTa-
HOBJIEHHBIH IakeT OQHCHOrO Mpo-
IPAMMHOrO OO€CII€YeHHs, COBMECTH-
MOr0O C YCTaHOBIIEHHOH OIepaliOHHOM
CHCTEMO#, CBEICHHS O KOTOPOM BKJIIO-
YeHBl B CIUHBIH PEECTP POCCHICKHX
MpOrpamM JUisl SIeKTPOHHBIX BEIYHCITH-
TEJBHBIX MalllMH ¥ 6a3 JaHHBIX

M

E.B. Marapxyk
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