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Haumenoeanue pazoena:
"EcmecmeenHoHayuHAasA
HANpPAaeIeHHOCMb
(manoxomnnekmuasn wkona)"
1. [udpposast  maboparopuss  no | ObecrieunBaeT BHINOIHEHNE J1a00paTOPHBIX pabOT HA YpOKax Mo OMOJIOruu B IT. 2
Ouosioruu (yueHHYECKas) OCHOBHO IIIKOJIE Y IPOEKTHO-NUCCIIEN0BATENBCKON AEATEIBHOCTH yUaIIUXCS.
Kommexrarusi: becipoBogHOM MyThTHAATIUK TIO OMOJIOTHH C 5-10 BCTPOSHHBIMHU
JATYUKAMMU:
JaTunk BraxxHocTH ¢ auanazonoM n3mepenus 0...100%
JlaTurK OCBEIIEHHOCTH C JUaIa30HOM u3MepeHus He yxxe ueM oT 0 go 180000 ik
Hatunk pH ¢ nuamazonom u3mepenus He yxe yem ot 0 1o 14 pH
JlaTuuk TeMneparypsl ¢ JuanazoHoOM u3MepeHust He yxke ueM oT -20 no +140 C
JlaTuuk TemMIepaTypbl OKpYKaroLIEH Cpesibl C AMana30HOM U3MEpPEHNUs
He yxe ueM ot -20 1o +40 C
AKceccyapsl:
3apsnHoe ycTpoiicTBo ¢ kaberneMm miniUSB
USB Apantep Bluetooth 4.1 Low Energy
KpaTkoe pykoBOACTBO 10 3KCIUTyaTaluu HUQPPOBO 1TabopaTopuu
Hudposas BumeokaMepa ¢ METAUTHYECKUM IITATUBOM, pa3penieHue He mexee 0,3
Mrukc
[IporpamMmmMHoOe obecrieuenne
Metoanyeckue pekomenaanuu He meree 30 padbot
YmakoBka
Hanunuue pycckosi3pI4HOTO cailTa MoAAepKKU, HAJIMYUE BUIEOPOIUKOB.
2. ITudposast  naboparopuss  no | ObecrieunBaeT BHINOJIHEHNE J1a00PaTOPHBIX pabOT O XUMHUH HAa YPOKaX B OCHOBHOM HIT. 2




XUMUH (yICHUIECKas )

IIKOJIE ¥ MPOEKTHO-MCCIIEI0OBATEIILCKON IEATETLHOCTH YUAIIHXCS.
Komrmnekranus:

becnipoBoHOM MYIBTHAATYHMK TTO XUMHUH C 3-MSI BCTPOCHHBIMH JTATYMKAMH:
Hatuuk pH ¢ nuanazonom n3mepenus He yxe uem ot 0 1o 14 pH

JlaTuuK 3IeKTPONpPOBOAUMOCTH € JUarazoHaMu u3MepeHus He yxe uem ot 0 1o 200
MKCM; oT 0 1o 2000 MxCwMm; ot 0 10 20000 MkCwMm

JlaTuuk TemnepaTypsl ¢ JUana3oHOM U3MepeHHs He yxe ueM oT -20 go +140 C
OtaenbHBIC TaTYUKH:

JlaTunk oNTHYECKOM INIOTHOCTH 525 HM

AKkceccyapsl:

Kabenp USB coenmHHUTEIbHBIN

3apsigHOE yCTpoCTBO ¢ Kabeaem miniUSB

USB Anantep Bluetooth 4.1 Low Energy

KpaTkoe pykoBOJCTBO 10 3KCIUTyaTaluu HupoBoi 1abopaTopuu

Ha6op nabopaTopHoii ocHacTKH

[IporpamMmmMHOe obecrieueHne

MeTtoauueckue pekoMmenaanuu He meree 40 pabot

Hanuure pycckos3pIMHOTO caiTa Mo Iep kKU

Hanuune Buaeoponnkos.

[udpoBast  maboparopus
¢duzuke (yaeHHIECKast)

oo

ObecrieunBaeT BBHITIOIHEHUE SKCIIEPUMEHTOB IO TEMaM Kypca (GU3UKH.
Komruiekramnms:

BecnipoBogHOM MyTBTHAATUUK TTO (PU3UKE C 6-10 BCTPOSHHBIMH JATYNKAMH:
[udposoit naTuuk TeMIepaTypsl ¢ JUANIa30HOM U3MEPEHHS He yxke ueM oT -20 1o 120
C

Hudposoii gaTyuk aGCOTOTHOTO JaBICHHS C JUAMa30HOM U3MEPEHUS HE yXKe YeM OT
0 mo 500 xIla

JlaTunk MarHUTHOTO TIOJIS C TMANa30HOM M3MepeHus He yxke 4eM oT -80 mo 80 mTn
JlaTuuk HAMIpsKEHUS ¢ AUana3oHaMU U3MEPEHHs He YKe ueM oT -2 1o +2 B; ot -5 no
+5B; or-10 1o +10 B; oT -15 10 +15 B

JlaTunk ToKa He yxke 4em oT -1 10 +1 A

JlaT4uk akceaepoMeTp ¢ TOKa3aTeasIiMu He MeHee ueM: +/- 2 ¢; +/-4 g; +/-8 ¢
OTtnenpHbIE yCTPOWCTBA:

USB ocuumnorpad He menee 2 kanana, +/- 10 B

AKceccyapsl:

IIIT.




KabGens USB coenuHuTe ILHBIN

3apsHoe ycTpoiicTBO ¢ kabeneM miniUSB

USB Apantep Bluetooth 4.1 Low Energy

KoHcTpyKTOp AT TPOBEICHUS SKCIIEPUMEHTOB

KpaTkoe pykoBOJCTBO 10 3KCIUTyaTanuu HudpoBoi 1abopaTopuu
[IporpamMmmMHoOe obecrnieueHue

Meroandeckue pekomeHaanuu (40 pador)

Hanuuue pyccKOsI3bIMHOTO caiiTa MmoIIePKKU

Hanuuue Buieoponnkos.

Haumenoeanue paszoena:
"Komnviomepnoe o0oopyoosanue
(manoxomniexkmuaa wikona)'"

Hoyt6yx

®opm-dpakTop: HOYTOYK; Paszmep nuaronanu: He MeHee 15.6 mioiimoB; Pazpemenue
skpana: Full HD, Quad HD wmm Ultra HD; O6muit 00beM ycTaHOBIEHHOM
OTepaTUBHOM MaMsATH: He MeHee § ['6aiiT; MakcuMaabHBIN OOIIHiA
MOJI/IepXKUBaeMblii 00beM onepaTUBHOM mamsTh: He MeHee 16 ['6aiiT; O6bem SSD
Hakomnutelsi: He MeHee 240 ['6aiiT; bectipoBonnas cBsa3b: Wi-Fi; Komnuectso
BCTPOCHHBIX B Kopiyc nmopTtoB USB: He MeHee 2, U3 KOTOPBIX HE MeHee | JOJIKHO
ob1Th USB Bepcun He Huxke 3.0; Pasperienue B30-kamepsl, Mnukcens: He menee 0.3;
Berpoennsiit Mukpodon; KimaBuatypa ¢ packiaakoi 1 MapKUPOBKOM KIaBHUII
QWERTY/MIYKEH; IMoxnepxkka cTaHIapTOB GECIIPOBOHOI CBA3M:
802.11a/b/g/n/ac; Ilpon3zBoauTenLHOCTD Ipolieccopa (3HaueHue nokazarens «CPU
Mark» o Tecty «Laptop & Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop.html): He menee 5000 equnui; Hanmane
MaHUIYJISATOpa MBIIIb B KOMIUIEKTE: a; Y CTAaHOBJIEHHAs ONEpAallMOHHAs CUCTEMA C
rpaduuecKuM MoJIb30BaTeIbLCKUM UHTEep(dercoM, CBEIEHUSI O KOTOPOM BKIJIFOUEHHI B
€IMHBIN PeecTp POCCUHUCKHUX MPOTPAMM JUIS JIEKTPOHHBIX BEIUMCIUTEIHLHBIX MAIIUH
u 06a3 TaHHBIX; Y CTAHOBJICHHBIN MAaKeT O()UCHOTO MPOTPaMMHOT0 00eCTIeYeHHS,
COBMECTHMOI'O C YCTAaHOBJIEHHOW ONEPallMOHHON CUCTEMOM, CBE/IEHUSI O KOTOPOM
BKIIIOUEHBI B €JIUHBIN PEeCTp POCCHICKUX MPOrpaMM JJIsl DIIEKTPOHHBIX
BBIUMCIIMTEILHBIX MAIIMH U 0a3 TaHHBIX.

M®V (npunTtep, CKaHep, KOIup)

Tun ycrpoiictBa: Muorodyukimonansaoe ycrpoiicteo (M®Y); LlBeTHOCTH meyaTh:
yepHo-Oenast; TexHonorus neyatu: 3JeKTporpaduueckas (Ja3epHasi, CBETOJUOAHAL);
®dopmar neuatu: He MeHee A4; Tun ckaHUPOBAHUS: MPOTSHKHBIN/TIAHIIIECTHBIN;




Bo3MoxkHOCTh ckanupoBaHus B popmaTax: He MeHee A4; Criocod MOIKITIOYCHHUS:
LAN, Wi-Fi, USB;

HanmenoBanue HanpapJieHusi: "' JlonojiHuTEe 1bHOE 000py10BaHue"

Haumenosanue pasoena:
"EcmecmeenHonayunas
HanpaeieHHocms "’

1. Muxkpockor 1udpoBoit

Tun MuKkpockora: OMoJIOTHUECKUI

Hacanka mukpockona: MOHOKYJIsipHast
Hasnauenwue: mabopatopHbIii

Meroa ucclie[oBaHus: CBETIIOE TOJIe
Matepuan ONTHKU: ONITUYECKOE CTEKIIO
YBennueHne MUKpockora, kpat: 64 - 1280
Oxkynsaper: WF16x

Oo0nwexTuBsl: 4x, 10x, 40xs (moaNIpy>KUHEHHBII)
PeBonbBepHas rojgoBka: Ha 3 0ObEKTHBA

Tun moACBETKU: 3epKaJIO UM CBETOIUO]]
Pacrniono)xeHne moICBeTKH: BEPXHAS U HUKHSISA
Marepuan kopmyca: MeTasil

[IpeameTHslit cTonuk, Mmm: 90

NcTtounuk mutanus: 220 B/50 I'y

Uucno meranukcenei: 1

2. HaGop OI'D no xumuu

B nHabop BxoasT Beckl 1abopaTopHble 1ekTpoHHble 200 T, ciupToBKa JabopaTtopHas,
BOPOHKA KOHUYECKas, Majlouka cTekisiHHas, npodupka [1X-14 (10 mryk), crakan
BbIcOKUH ¢ HocukoM BH-50 ¢ meTkoil (2 mTyku), HUIMHAP U3MEpUTEIbHbIH 2-50-2
(CTEKJISIHHBIH, ¢ IPUTEPTON KPBILIKOI), IITATUB JUIst TpoOupok Ha 10 ruesn, 3axum
pOOUPOYHBIH, HINaTeNb-10euKa (3 MTyKK), HA0OP (HIAKOHOB JUIsI XpAaHEHUS
pacTBOpOB U peakTHBOB (00BbeM (iiakoHa 100 it - 5 KOMIUIEKTOB 10 6 MITYK, 00beM
¢maxona 30 mi - 10 KOMIIEKTOB 10 6 IITYK), LMIMHIP U3MEPUTEIIBHBIA C HOCUKOM 1-
500 (2 mrykm), ctakad Beicokuit S00 Mt (3 mTykn), HAOOp epieid 1Isl MBIThS TTOCYIbI
(ep1r AJ1s1 MBIThSI IPOOUPOK - 3 IITYKH, €PIL AJIS MBIThsI KOJIO - 3 IITYKN), XanaT OeJblii
x/0 (2 WTYKH), IEPUYATKU PE3NHOBBIC XUMHUECKUE CTOMKHUE (2 MITYKH), OYKH
3anuTHele, GuIbTpbl 6ymaxusie (100 mryk), roprouee 1u1st ciuptoBok (0,33 ).

B cocraB Habop BXOAAT peaKTUBBL: AIFOMUHUI, KeJe30, COJIsTHAs KMCIIO0Ta,
METHJIOpaHXK, peHosndranent, aMMuaK, MEPOKCHI BOIOPOIa, HUTPAT cepedpa u




JIpYyTrUe; B 00IIEH CII0KHOCTH - 44 pa3IMYHbBIX BEIIECTB, HCTIOIb3YEMbIX JIJIs
COCTaBJICHUS! KOMILJIEKTOB PEAKTUBOB MPHU MTPOBEACHUU IK3aMEHAITMOHHBIX
AKCTICPUMEHTOB I10 KypCY IIKOJIHbHOU XUMUHU.

Haumenoesanue pazoena:
"Texnonozuueckasn
HanpaeieHHocmy'"

OOpa3zoBarenbHblii  HaOop  uIs
W3YYeHHUsI MHOTOKOMIOHEHTHBIX
pPOOOTOTEXHUYECKHX CHCTEM U
MaHHUMYISAHUOHHBIX pOOOTOB

OO6pa3zoBartenbHbIi HAOOP JOKEH OBITH MPEIHA3HAYEH JJISI U3YYEHUS
POOOTOTEXHUYECKUX TEXHOJIOTUMN, OCHOB UH(POPMALIMOHHBIX TEXHOJIOTUN U
TEXHOJIOTMI IPOMBIIIJIEHHOW aBTOMATHU3alUH, & TAKXKE TEXHOJIOTUI
MPOTOTUIIMPOBAHUSA U aAIUTUBHOTO MPOU3BOACTBA. B cocTaB Habopa AOMKHBI
BXOJIUTh KOMILUIEKTYIOIINE U YCTPOICTBA, 00JIaatoNue KOHCTPYKTUBHOM,
arnmapaTHOW U MPOTPAMMHON COBMECTUMOCTHRIO JIpyT ¢ ApyroMm. 1) Komriekt
KOHCTPYKTHUBHBIX 3JIEMEHTOB U3 METaJuIa U IJIacTUKa AJisi COOpKU MoJeneit
MaHHITYJISITUOHHBIX POOOTOB € YIJIOBOM KMHEMAaTHKOH, TUIOCKOIIApaJlIeIbHON
kuHeMaTukol, Delta-kunemarukoid. 2) MHTeIeKTyaabHbIA CEPBOMOIYIb C
WHTETPUPOBAHHON CUCTEMOM ynpaBieHHUs - He MeHee 71T. CepBOMOAYJIb TOKEH
001aaTh MHTETPUPOBAHHON CHCTEMOH YIIpaBIeHHs, 00ECIIEUNBAOIIEH 0OpaTHYIO
CBS3b WM KOHTPOJIb NAPAMETPOB - MOJ0KEHUE Bajla, CKOPOCTh BpAIlCHUs, HATPy3Ka
IIPUBO/IA, a TAK)KE 00ECIIeYNBAIOIIEH BO3MOKHOCTbD I10CJIEI0BATEILHOTO
MOAKJIIOYEHUS IPYT C IPYrOM U YIIPaBJIEHUS CEPBOMOAYIISIMU IO MOCIEA0BATEIBHOMY
MOJTYAYTUIEKCHOMY aCHHXPOHHOMY HHTepdeiicy. 3) PoGoToTexHHYecKii KOHTpoILIEp,
MIpeICTaBISAIONINI cOO0H MOIyTFHOE YCTPOMCTBO, BKITFOUAtOIIee B ce0sl OTHOTIIATHBIN
MUKPOKOMIIBIOTEP AJIs1 BHIIIOJTHEHUSI CJIOKHBIX BBIYMCIUTEIBHBIX ONEPALH,
nepudepuiHbIif KOHTPOJUIEP [ YIpaBlIeHUs BHEITHUMH YCTPOMCTBAMHU U TUIATY
pacmMpeHus s NOJKIIOYEHHs BHEIIHUX YCTPOMCTB. Moyl pOOOTOTEXHUYECKOTO
KOHTpOJIIEpa TOJKHBI 00J1a/1aTh OJTHOBPEMEHHOM KOHCTPYKTUBHOM, anmapaTHON U
MIPOrpaMMHOIN COBMECTUMOCTBIO JIpYT ¢ ApyroM. PoboToTexHn4eckuii KOHTposuiep
JIOJIKEH YIOBJIETBOPATh TEXHUUYECKUM XapaKTEPUCTUKAM: KOJI-BO 1P BCTPOCHHOTO
MUKpPOKOMIIbIOTEPA - HE MeHee 4, TaKToBast yacToTa siapa - He Menee 1,2 I'T'i, o0bem
O3V - He menee 512 M6, nannuue untepdeiicos - SPI, 12C, 1-wire TTL, UART,
PWM, nudpossle - He MeHee 16 1T 1 aHaJIoroBbIE OPTHI - HE MEHEee 8 LIT JJIs
MOJIKJIIOYEHHUS BHEITHUX YCTPOMUCTB, BCTPOEHHBIH MUKPO(OH, a Takxe WiFi nin
Bluetooth a1 koMMyHUKalMK cO BHEITHUME yCTpoiicTBaMu. Po6oTOTEXHUUECKHit
KOHTPOJUIEP JOJDKEH 00ecrednBaTh BO3MOKHOCTh IPOTPAMMHUPOBAHUS C TOMOILBIO

mT




cpencts s3p1k0B C/C++, Python u cBoOoHO pacnipoctpansemoit cpeasl Arduino IDE,
a TaK)Ke YIPABJICHUS MOJCISAMU POOOTOTEXHHUECKUX CUCTEM C TIOMOUIBIO CPEJIBI
ROS. 4) IIporpammupyemsiii KOHTpoOJIIEP - HEe MeHee | mT. [Iporpammupyemblii
KOHTPOJUIEP TOJDKEH MPEACTABISATE COOOM BEIYUCIUTEIBHBIA MOYIIb, 00718 TafOIIIHM
1M(GpOBBIMU IOPTAMHU - HE MEHEE § IIT U aHAJOTOBBIMU MIOPTaMH - HE MeHee 16 T,
untepdeiicamu UART, 12C,SPI, TTL, a Taxke MoaysieM OSCIIPOBOIHOM CBSI3U THIIA
Bluetooth wimm WiFi qist co3ganust anmapaTHO-IPOrpaMMHBIX PEIICHUN 1
""'yMHBIX/cMapT""-yCTpOICTB it pa3paboTku pemenuii ""MaTepHeT Bemei"". 5)
[Inara pacumpenus mporpaMMHpPyeMOro KOHTpoiiepa - He Menee lmr. [nara
pacimMpeHus 10JKHA 00ecieunBaTh BO3MOKHOCTD MOAKIIIOUEHUS] YHUBEPCATIBHOTO
BBIUUCIIUTENILHOIO MOJYJISl K ceTH nocpeacTBoM untepgeiica Ethernet. Ilnara
pacimmpeHus 10JKHA 001aaTh MOPTaMU BBOA-BbIBOAA JIJISl TIOJKITIOYECHUS
IU(POBBIX U aHAJIOTOBBIX YCTPOICTB - He MeHee 40 1T, natepdeiic SPI u
BO3MO>KHOCTBIO TIOJIKJIFOUEHUS BHEIIHEN KapThl HaMATH. 6) Moyllb TEXHUYECKOTO
3peHMsl, IPEACTABIAIOMNN COO0H yCTpOHCTBO Ha 0a3e BEIYMCIUTEIHLHOIO
MHUKpPOKOHTPOJUIEpA M MHTEIPUPOBAHHON KaMepbl, 00ecTieunBaroliee paclo3HaBaHue
MPOCTEHUIINX U300paKEeHUH Ha MOJTyJIe 3a CUET COOCTBEHHBIX BBIYMCIUTEIBHBIX
BO3MOKHOCTEH - He MeHee 1mT; Moynb TEXHHUECKOTO 3pEHUs JOIKEH
o0ecrieyuBaTh BO3MOKHOCTh KOMMYHHUKAIIUH C aHAJIOTUYHBIMU MOYJISIMU
MOCPEJICTBOM LIMHBI Ha 0a3e MmociiejoBaTelbHOro nHTepdeiica ¢ 1enpro qanbHenen
Nepeiauy pe3ysIbTaTOB U3MEPEHNH IPYIIBI MOLYJIEN HA YIPABIAIOLIEE
BBIYUCIIUTEIBHOE YCTPOMCTBO, MOJKIIOYEHHOE K JaHHOW mMHEe. Moayib
TEXHUYECKOTO 3PEHUS TOJIKEH 00eCTIeYnBaTh BO3MOKHOCTD OCYIIECTBIATH HACTPOHKY
MOJYJII TEXHUYECKOTO 3pEHHS - HACTPOMKY SKCIO3ULIMH, OanaHca Oeoro,
LBETOPA3HOCTHBIX COCTABIIAIOIINX, TUIONAIN OOHApYKMBaeMOM o0IacTu
M300paXeHUs1, OKPYTIIOCTH OOHAPYKUBAEMOM 001aCTH N300paKEHUS, TTOJIOKEHNE
oOHapy>KUBaeMbIX 00J1acTell OTHOCUTEIBHO APYT Apyra. Moayib TEXHHYECKOTO
3peHus JOHKEeH 00ecreunBaTh BOZMOKHOCTh HACTPOMKN Ha OJJHOBPEMEHHOE
oOHapyxeHue He MeHee 10 pa3IuYHbIX OJJUHOYHBIX 00BEKTOB B CEKTOpE 0030pa, 100
HE MEHee 5 COCTaBHBIX O0OBEKTOB, COCTOALINX U3 HE MEHEE 3 Pa3InYHbIX rpaPUuIecKux
MPUMUTHBOB. MOYIIb TEXHUUECKOTO 3pEHHsI TOJHKEH 00J1aaTh BCTPOCHHBIMU
unrepdeiicamu - USB, UART, 1-wire TTL, 12C, SPI nis koMmMyHHKAIUU CO
BHEIIHUMH TOJIKIII0YaeMbIMH ycTpoiicTBamu. 7) B coctaB Habopa JOIKHBI BXOJAUTH
1 poBbie THPOPMAITMOHHOCEHCOPHBIE MOJTYIH, MPEACTABIAIONINE COOOM




yCcTpoiicTBa Ha 6a3e MPOrpaMMHUPYEMOro KOHTPOJUIEpa U U3MEPUTENIBHOTO 2JIEMEHTA.
udposoit MOy JOHKEH 00J1aJaTh BCTPOCHHBIM MUKPOKOHTPOJIEPOM (TaKTOBas
yacToTa - He MeHee 16 MI'1, muHa naHHbIX - He MeHee 8 KOaiiT), narepdeticamu st
MOJIKIFOYCHHUS K BHCITHUM YCTPOHCTBAaM: IU(POBBIC U aHAIOTOBbIC TIOPTHI, 1 -Wire
TTL, pasbem tuna RJ. [ludposoit Moayns gomkeH 00ecredruBaTh BO3MOKHOCTh
KOMMYHHUKAIUHU C aHAJIOTUYHBIMUA MOJYJISIMH MIOCPEICTBOM IIMHBI Ha Oa3e
MOCIIeIOBATENILHOTO UHTEpdeiica ¢ 1eNblo JanbHEHIeH nepeaaun pe3ynbTaToB
M3MEPEHUH TPYIIBI MOAYJICH Ha YIPABISAIONIEE BRIYUCIUTEIILHOE YCTPOHCTBO,
MOJKIIIOUEHHOE K JIaHHOM muHe. B cocTaB Habopa H0IKHO BXOAUTH: TUGPOBOI
MOJIyJIb TAKTOBOM KHOIIKH - HE MEeHee 3 MIT, I(PpOBOI MOTYIIH CBETOIMO/IA - HE
MeHee 3 mrT, U poBOH MOTYIh KOHIIEBOT'O MPEPHIBATENS - HE MeHee 3 1T, nudpoBoi
MOYJIb AaT4MKa I[BeTa - He MeHee | mT, mudpoBoit Moayias RGB cBeroauona - He
Menee lmT. 8) B coctaB Habopa AOMKHBI BXOAUTD AJIEMEHTHI JIJ1s1 COOPKH BaKyyMHOTO
3axBaTa: BaKyyMHasi IPUCOCKA - HE MEHee 11T, 3JIEKTPOMarHUTHBIN KJIamaH - He
MeHee 1T, BakyyMHBIN Hacoc - He MeHee 1mT. 9) B coctaB Habopa qoMKeH BXOIUTh
y4eOHBINH KOMITJIEKT, BKITIOYAIONINH B ce0s1 yueOHOe mocooue, Habop Oubamorex
TPEXMEPHBIX JIEMEHTOB ISl HPOTOTUIHPOBAHUS MOJIEIEH MaHUITYISALIMOHHBIX
poOOTOB, a TaKkke MporpaMMHoOe obecrieueHue aist pabotsl ¢ Habopom. [IporpamMmmuoe
obecredyeHne JOMKHO 00ECTIeYNBATh TPEXMEPHYIO BU3YAIU3AIHIO MOJIEIH
MaHHITYJISIIMOHHOTO po00Ta (C YIrIOBOM, MIOCKOTAPAIITIEIFHON U JIebTa-
KHMHEMAaTHUKOK) B mpoiiecce paboThl, 00ecrieunBaTh NOCTPOSHUE MPOCTPAHCTBEHHOM
TPACKTOPHUH JIBHYKEHUS UCIIOTHUTEILHOTO MEXaHN3Ma MaHUIYJISILIHOHHOTO po0oTa,
BO3MO>KHOCTbH 33JIaHUsI OCIEA0BATEIbHOCTU TOUEK JIJIsI MPOXOKACHUS Yepe3 HUX
HCIIOJIHUTEJIBHOTO MEXaHW3Ma MaHUIYISIMOHHOTO poboTa. [Iporpammuoe
obecredeHne JOHKHO (YHKIIMOHUPOBATh, KaK B OTIEIBHOCTH B BUAC CPEIbI
MOJIETUPOBAHUS, TaK U B pEKHME MOHUTOPHHTA B PEaIbHOM BpEMEHU MpHU
MOAKJIFOUEHUHU MOJIEIN MaHUIYJISTOpA IOCPEACTBOM POOOTOTEXHUUECKOTO
koHTposuiepa. [IporpaMMHoe obGecnieueHne 10KHO 00ecreynBaTh BO3MOKHOCTD
MMOCTPOCHHS TPAPHUKOB 33TAHHBIX U TCKYITUX 000OIIEHHBIX KOOPAMHAT
MaHUIYJSIIUOHHOTO po60Ta, rpadMKOB 3HAUEHUN CKOPOCTEHN U YCKOpPEHUs, rpaduKoB
pacueTHBIX 3HAYCHUH Harpy3ku. [IporpamMmmHoe obecriedeHne TOMKHO MO3BOJISATh
3a/1aBaTh NOCIEA0BATEIHLHOCTD MEPEABMKCHUN MaHUTTYJISITOpPA TOCPEICTBOM Habopa
KoMaH]I B OjouHOrpadgudeckoM uHTEepderice. YuedHoe mocodue J0IKHO COAepKaTh
MaTepHalbl IO pa3paboTKe TPEXMEPHBIX MOIeNieli MOOMIIBHBIX POOOTOB,




MaHHITYJISIMOHHBIX POOOTOB € Pa3IMYHBIMHU THIIAMU KHHEMATHKH (yTrJIoBast
KMHEMAaTHUKa, IIJIOCKO-TIapasulielibHasi KWHEMaTuKa, efbra-kunematuka, SCARA unu
phlYaKHas KHHEMaTHKa, matd@opma CTroapTta v T.11.), HHCTPYKIUH 110
MIPOSKTUPOBAHHUIO POOOTOB, MHCTPYKIIMU U METOIAMKHU OCYIIESCTBICHHS HHKEHEPHBIX
pacyeToB MpU MPOSKTUPOBAHUU (pacyeThl HATPY3KU U MOMEHTOB, pacueT MOIHOCTH
MIPUBOIOB, pACUET MapaMeTPOB KUHEMATUKHU U T.I1.), MHCTPYKIIUHU IO pa3padoTKe
CUCTEM YMpaBICHUS U MPOTPaMMHOI0 obecriedeH sl sl yIpaBleHus: poboTamu,
WHCTPYKIIUU U METOJMKH TI0 pa3pabOTKe CUCTEM YIIPABJICHUS C JIEMEHTaMHU
HCKYCCTBEHHOT'O MHTEIJIJIEKTA M MAIIMHHOTO O0YYeHHSI.

OObpa3zoBarenbHbli  HAOOD
MEXaHUKe,  MeXaTPOHHKE
pPOOOTOTEXHUKE
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Ha6op nomkeH ObITh MpeAHa3HAYEH AJIs IPOBEICHUS YUCOHBIX 3aHATHIA 1O
U3YYCHHUIO OCHOB MEXATPOHUKH U pOOOTOTEXHHUKH, IPAKTUYECKOIO IPUMEHEHUS
0a30BbIX AJIEMEHTOB JIEKTPOHUKU M CXEMOTEXHHUKH, a TaKKe Hanboee
pacnpoCTpaHEHHOU JIEMEHTHOM 0a3bl 1 OCHOBHBIX TEXHHUECKHUX PEIICHUH,
IPUMEHSEMBIX IIPU IPOEKTUPOBAHUH U IPOTOTUIIMPOBAHUN PA3ITMUHBIX
MH)KEHEPHBIX, KHOEPHETUUECKUX U BCTpauBaeMbIX cucteM. B coctaB Habopa
JIOJDKHBI BXOAUTH KOMILICKTYIOUIME U YCTPOICTBa, 00J1aAa01ie KOHCTPYKTUBHOM,
JJIEKTPUYECKOM, allllapaTHON U IPOTrPAMMHOM COBMECTUMOCTBIO IPYT ¢ Apyrom. B
cocTaB Habopa JI0JKEH BXOAUTh KOMILJIEKT KOHCTPYKTUBHBIX 3JIEMEHTOB U3 METaJlIa
JUI COOPKHM MakeTa MaHUIYJIALIMOHHOTO po0O0Ta U KOMIUIEKT METANIMYECKUX
KOHCTPYKTHUBHBIX JIEMEHTOB JJIsi COOpKH MakeTa MOOMIBHOTO poboTa. B cocran
Ha0opa JT0JKHBI BXOJIUTH ITPUBO/A PA3IIMYHOTO THUIIA: MOTOPHI C UHTETPUPOBAHHBIM
WJIM BHELTHUM JIATYMKOM I10JIOKEHHUS - HE MEHee 21T, CEpBONPUBOJ OOJIBIION - HE
MeHee 41T, CEpBONPUBOJL MaJIbIi -HE MEHEE 21T, IPUBOJ C BO3MOYKHOCTBIO
yIIpaBJIEHUs B IIArOBOM peXHMMe - He MeHee 2mT. B cocTaB Habopa JOKHBI BXOAUTh
3JIEMEHTHI 17151 COOPKU BaKyyMHOT'O 3aXBaTa: BaKyyMHasl IPUCOCKa - HE MeHee 11T,
AJIEKTPOMAarHUTHBIN KJIallaH - HE MeHee 11T, BaKyyMHBIM Hacoc - He MeHee lT. B
cocTaB Habopa JJ0JKHA BXOAUTH 3JIEeMEHTHast 0a3a Jilsl MPOTOTUIIMPOBAHUS: I1J1aTa
JUTst 0€CaeyHOTo NPOTOTUIUPOBAHUS, KOMIUIEKT IIPOBO/IOB PA3JIMYHOTO TUIIA U
JUIMHBI, KOMIIJIEKT PE3UCTOPOB, KOMIUIEKT CBETOAMO0B, CEMUCETMEHTHBIN
uHauKatop, aucruied XKK-tuna, KHONKH - He MeHee S5 T, MOTEHIIMOMETPHI - HE
MeHee 3 T, MHPpaKpacHbI JaTYMK - HE MeHee 3 IIT, yAbTPa3ByKOBOM JIaTUHK - HE
MeHee 3 HIT, AaTYUK TeMIEpaTyphl - He MeHee |1IT, TaTYMK OCBEIIEHHOCTH - HE
menee 1T, Moxynb Bluetooth - He menee 1T, Monyns MK-npuemnuka - He MmeHee
lt, monyns MK-niepenaTurika B BUJIe KHOIIOYHOTO MyJIbTa yIpaBiaeHus - 1,




aKKyMYJISITOp - HE MeHee 11T, 3apsiiHoe YCTPOMCTBO - HEe MeHee 1mT. B cocTas
Habopa JOJKEH BXOAUTh MYJIbTUAATUUK I U3MEPEHUS TEMIIEPATYPHI U BIAXKHOCTH
OKpYXaroleu cpenbl - He MeHee 11T. MyIbTHIaTYMK JT0JKEH 001a1aTh
BCTPOCHHBIM MHUKPOKOHTPOJIEPOM (TaKTOBasi yacToTta - He MeHee 16 MI'1, mmna
TaHHBIX - He MeHee § Kbaiit), unrepdeiicamu 7151 MOAKIIOYECHUS K BHEITHUM
ycrpoiicTBaM: nudpoBsie U aHAIOTOBBIC MOPTHI, 1-wire TTL, pa3sem tumna RJ. B
cocTaB Habopa JI0JDKEH BXOAUTh KOMILJIEKT YHUBEPCAIbHBIX BHIUNCIUTEIBHBIX
MOJTyJIeH, TPEACTABISIIOMNX co00i 0a30BYIO IJIATY, TUIATY PACIIUPEHUS IS
CETEBOI'0 B3aMMOJCICTBUSA U IJIATy NOAKIOYEHUSI CUIIOBOM HAarpy3ku. Bxoasiue B
KOMIUIEKT YCTPOICTBa TOJKHBI 001a1aTh OTHOBPEMEHHON KOHCTPYKTHUBHOM,
JJIEKTPUYECKOM, allllapaTHON U MPOTrPAMMHOM COBMECTUMOCTBIO JIPYT € APYTOM.
ba3oBast nnaTa yHMBEepCaIbHOTO BHIYUCIUTEIBHOTO MOIYJIS TOJKHA IPECTABIATh
co0oit mporpammupyemblit KoHTpoiuiep B cpene Arduino IDE wnu anHanmoruusbsix
CBOOOJIHO paclpOCTpaHsIeMbIX cpefax pazpabotku. bazosas miara qomkHa o0nagaTh
BCTPOEHHBIMU WHTepdeiicamMu It MOAKIIOUEHUS ITU(PPOBHIX U aHAIOTOBBIX
ycTpoiicTB, BcTpoeHHbiME uHTepdeiicamu USB, UART, 12C, SPI, 1-wire TTL,
Bluetooth, WiFi. ITnara pacmmpenus 1omKkHa o6ecriednBaTh BO3SMOKHOCTD
MOJIKJIFOUEHUS] YHUBEPCAIBHOTO BRIYUCIUTEIHLHOIO MOIYJIS K CETH OCPEACTBOM
untep(eiica Ethernet. [Tnara pacmmpenus qomkHa 06agaTh MOpTaMu BBOAA-
BBIBOJIA JJIs MTOJIKJIFOUEHUS IIUPPOBBIX M aHAJIOTOBBIX YCTPOHCTB, nHTEpdeiic SPI n
BO3MO>KHOCTBIO MOAKIIOYEHUS BHEIIHEHW KapThl naMaTU. [lnaTa pacimpenus 1ist
MOJIKJIFOUEHUS] CUJIOBOM Harpy3ku JOHKHA 00ecTieYuBaTh BO3MOXKHOCTD IIPSIMOTO
MOAK/IIOYEHUS BHEIIHEH CUIIOBOM HATPY3KH, & TAKXKE PETYIMPYEMON HATPy3KU
nocpenctBoM PWM untepdeiica. B coctaB Habopa J0KEH BXOIUTh
IpOTrpaMMHUPYEMBIIl KOHTPOJIIEp, 00ECTIeUNBAIOLIHI BO3MOXXHOCTH OCYIIIECTBIISTh
pa3zpaboTKy MPOrpaMMHOI0 KOJa, UCIIOJIb3Ysl MHCTPYMEHTapHii cpes pa3paboTKu
Arduino IDE u Mongoose OS u si3p1k0B niporpammupoBanust C\C++, JavaScript.
[TporpaMMupyembliif KOHTPOJIEP TOJDKEH 001a1aTh MOPTAMHU ISl TOAKIIOYSHUS
UG POBBIX U AHAIOTOBBIX YCTPOUCTB, BCTPOSHHBIMU MTPOTPAMMHUPYEMBIMH
KHOIIKaMU U 3JIEKTPOMEXaHUYECKUMH MOIYJISIMH JIJIsl OPTaHU3ALMN CUCTEMBI
PYYHOTO yIpaBJI€HUs, BCTPOCHHBIMU MTPOTPaMMHUPYEMBIMUA CBETOMOAMHU JIJIst
WHIUKAIMKM pabodero pexxuma, BcrpoeHHpIMU nHTepdericamun USB, USART, 12C,
SPI, 1-wire TTL, ISP, Ethernet, Bluetooth, WiFi. B coctaB Habopa m0/1KeH BXOIUTh
MOJIyJIb TEXHUYECKOTO 3PEHHUS , TPEICTABISIOMINN OO0 BHIYHCIUTENBHOE




YCTPOMCTBO CO BCTPOEHHBIM MUKPOIPOLIECCOPOM (KOJI-BO siiep - HEe MeHee 41T,
yacrota sifpa He meHee 1.2 I'T, o6vem O3V - e menee 512M6, 00beM BCTPOCHHOM
naMsTH - He MeHee 81°0), HHTerpupoBaHHON KaMepol (MaKCHMaJIbHOE pa3peIicHue
BUJICONIOTOKA, NepeaaBaemoro 1o uarepdeiicy USB - He menee 2592x1944 en.) u
ONTHUYECKOM cucTeMoil. Molyllb TEXHUYECKOTO 3pEHUS JOJKEH 001a1aTh
COBMECTHUMOCTBIO C Pa3IMYHBIMU IPOTPAMMHUPYEMBIMU KOHTPOJITIEPAMH C TTOMOIIBIO
untepdeiicos - 1-wire TTL, UART, 12C, SPI, Ethernet. Moxyns TexHU4YECKOTO
3peHHsI TOJHKEH 00ECTIeYNBATh BHIIOJHEHHE BCEX U3MEPEHUI U BRIYMCICHHN
MOCPEACTBOM COOCTBEHHBIX BBIYUCIUTEIBHBIX BO3MOXKHOCTEH BCTPOSHHOTO
MUKponporeccopa. MotyIb TEXHUYECKOTO 3pEHUS JODKEH 001a1aTh
BO3MO>XHOCTHIO KOMMYHHUKAIIMU C aHAJIOTMYHBIMUA MOAYJISIMH TTOCPEICTBOM ITUHBI HA
0a3e mocienoBaTeNbHOTO HHTEp(elica ¢ Leblo JalbHEHIIIeH epe1auu pe3yabTaToB
U3MEPEHUH IPyNIbl MOAYJIEH Ha yIPaBIIAIONIEe BHIYUCIUTEIBHOE YCTPOHCTBO,
TOJKJTFOYEHHOE K JAHHOW MMHE. MOy b TEXHHYECKOTO 3PSHHS JOIDKEH
o0ecrieunBaTh HACTPOUKH PEKUMOB paOOTHI - HACTPOUKY IKCIIO3UINH, OaaHca
0e10r0, IBETOPA3HOCTHBIX COCTABJISIONINX, TUIOMIAIN OOHAPYKHBaeMOM 00J1acTh
U300pakeHMsI, OKPYTJIOCTH OOHAPYKUBAEMON 00JIaCTH U300pakeHUsl, OJIOKEHHE
00HapY>XMBaEMBIX 00JIaCTeH OTHOCUTENIBHO JAPYT IPyra, MaliuHHOE 00y4deHne
napaMeTpoB HEHPOHHBIX ceTel sl 0OHapyKeHHsI 00BEKTOB, (OpMY U
3aKOJMPOBAaHHBIC 3HAYECHUS OOHAPY)KUBAEMBIX MaPKEPOB THIIA ATUCO, pa3Mephl
00HapyKUBaeMbIX OKPYKHOCTEH, KBaJIpaTOB U TPEYTrOJIbHUKOB, TAPAMETPOB
KOHTPAaCTHOCTHU, Pa3MEPOB, KPUBU3HBI U TIOJIOKEHUS pacrio3HaBaeMbIX JuHuid. Habop
JIOJDKEH 00ecreynBaTh BO3MOXKHOCTD Pa3pabO0TKU MOAETH MOOUIBHOTO po0oTa,
ynpasisiemoit B FPV-pexxume mocpecTBoM mporpaMMHOTO 00€CTICUSHHST ISt
NEPCOHAIBHOTO KOMITBIOTEpa M MOOMIIBHBIX ycTpoiicTB Ha 6aze OC Android uim
I0S, obGecneunBaroIiero BO3MOKHOCTh YIIPaBICHUS MOOUIBHBIM POOOTOM U
BCTPOCHHBIM MaHHITYJIITOPOM TIOCPEICTBOM Tpaduueckoro nHTepdeiica,
BKJIIOYAIOILIUM B ce0s HAOOp KHOTIOK U TIepeKIIouaTeNe, JKONCTHK, 00J1acTh s
otoOpaxxeHus Buaeo. Habop nomkeH obecneunBaTh BOZMOKHOCTh H3yUEHUSI OCHOB
pa3paboTKu MPOTPaMMHBIX U alapaTHBIX KOMIUIEKCOB MHKEHEPHBIX CUCTEM,
pemenuii B cepe ""MHTepHeT Bemeil"", a Takke perieHnit B odbaactu
POOOTOTEXHUKH, UCKYCCTBEHHOT'O MHTEIIJIEKTA U MAaIlIMHHOTO 00y4yeHus. B coctas
Habopa JOJIKHO BXOJUTh MOCOOME MO U3YYEHHUIO OCHOB 3JIEKTPOHUKU U
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CXEMOTEXHHKH, pemeHuid B cepe ""MHTepHeT Bemen"", pa3paboTKu 1




MMPOTOTUITUPOBAHUIO MO,Z[GJ'IGI\/'I pO6OTOB. B cocras Ha60pa JOJIDKHO BXOIUTH nocooue
M0 U3y4CHUIO OCHOB pa3pa60TKH CUCTEM TCXHUYCCKOI'O 3pCHUSA U 3JICMCHTOB
HNCKYCCTBCHHOI'O MHTCJIJICKTA.

OO0pa3zoBaTenbHbIl  KOHCTPYKTOP
JUIS IIPAKTUKHU 6J104HOTO
IIPOrPaMMHUPOBAHHUS c
KOMIUIEKTOM JaTYNKOB

PoGoToTexnHuueckuii HabOp nperHa3zHaueH JUIsl U3YYeHHUs] OCHOB POOOTOTEXHUKH,
neTajeH, y3JI0B 1 MEXaHU3MOB, HEOOXOAUMBIX JJISI CO3/IaHMsI POOOTOTEXHIHUECKUX
ycrpoiictB. Habop npezcrapiseT co00il KOMIUIEKT CTPYKTYPHBIX 3JIEMEHTOB,
COCJIMHUTENBHBIX 3JIEMEHTOB U 3JIEKTPOTEXHHYECKUX KOMIIOHEHTOB. Habop
MO3BOJISIET IPOBOIUTH SIKCIIEPUMEHTHI 110 MPeAMETY (pHU3UKa, CO37aBaTh U
MIPOTPaMMHPOBATH COOMPAEMbIE MOJICIH, 13 KOMITOHEHTOB, BXO/ISIINX B €T0 COCTAB,
paboune Moaen MOOUIIBHBIX M CTAI[MOHAPHBIX POOOTOTEXHUYECKHX YCTPOUCTB C
aBTOMaTU3MPOBAHHBIM YIIPABJICHUEM, B TOM YUCIIE HA KOJIECHOM U T'YyCEHUYHOM XOJY,
a TaK)Ke KOHCTPYKIIMA, OCHOBAHHBIX HA UCTIOJIb30BaHUH pa3IMYHBIX BUIOB Iepeaady (B
TOM YHCJI€ YEPBAYHBIX U 3y0UaThIX) a TAK)Ke pplyaroB. BctpoeHHble GecipoBOAHbIE
ceteBble pemenus (Wi-Fi u Bluetooth), Bo3MoXHOCTh HHTETpaIyK ¢ OECTIATHBIM
ob6mauneiM [10, o6ecnieunBarOT BO3MOKHOCTD MTPAKTHUECKOTO U3YYCHHS TEXHOJIOTHUI
WHTEpHETa Bellel 1 OCHOB HCKYCCTBEHHOT0 HHTeIuIekTa. O0ecnieunBaercs
BO3MOKHOCTh OObEAMHEHUS] HECKOJIBKUX POOOTOB, COOPAHHBIX U3 MOT00HBIX
HaOOPOB, B IPYIIIEI C CETEBBIM B3aUMOIeCTBHEM. [IpenycMoTpeHa onroHanbHast
BO3MOKHOCTb PaCIIMPEHUs JONOIHUTEIbHBIMUA KOMIIOHEHTaMH (HE BXOJSALIMMU B
CTaHJAPTHYIO KOMILJICKTALINIO), TO3BOJISIOUIMMHU U3y4aTh TEXHUYECKOE 3PEHUE
MIPOMBIIIIEHHYIO poO0TOTEXHUKY. [IpeaycMoTpeHa BO3MOXKHOCTb paboThI Habopa ¢
JIOTIOJTHUTEIHHBIMH 00JJauHBIMU cepBUCAMU. [IpeycMOTpeHBl MUHUMYM 1B
IPOrpaMMHPYEMBIX KOHTPOJUIEpA B IUTACTUKOBBIX KOPITyCax, MO3BOJISIOIINX
OJTHOBPEMEHHO C03/1aBaTh 2 BapuaHTa POOOTOB PA3JIMYHOTO Ha3HAYCHHUS, IMEIOIIIX
BO3MOKHOCTb pabOThI KaK B IOTOKOBOM PEXXUME, TaK M aBTOHOMHO; TIO3BOJISIFOILUX
peanu3oBaTh 00y4eHHE POTPAMMUPOBAHUIO B HECKOJIBKUX Cpellax pa3padoTKu Ha
pa3IMyHbIX fA3bIKaxX (K mpumepy, B cpeaax Mblock, Arduino IDE, Ha s3pikax Scratch,
C, Python, micro Python). Kak MuHMMYM 01IMH U3 KOHTPOJJIEPOB UMEET BCTPOCHHYIO
OTepaLMOHHYIO cucteMmy, BctpoeHHble Wi-Fi u Bluetooth, mopT muist monkmodeHns
MIOCJIEJIOBATENbHO COEIMHAEMbIX BHEITHUX YCTPOUCTB (He MeHee 20 0JTHOBPEMEHHO
MOJIKJII0YaeMBIX YCTpOUCTB). Kak MUHMMYM OZMH U3 KOHTPOJJIEPOB UMEET
BO3MOKHOCTh OJTHOBPEMEHHOH 3aIiCH HE MeHee § MporpaMm, ¢ BO3SMOXHOCTBIO
NEPEKITI0YCHUsI MeXTY HUMU. Kak MUHUMYM OJTMH U3 KOHTPOJUIEPOB UMEET
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notHOUBETHBIN auctuieit (IPS), mo3Bossttomumii BHIBOJUTE JaHHBIE C TATYNKOB B BHJIC
TaOJIUI ¥ TPaUKOB, a TAKXKE CO3/1aBaTh BCTPOSCHHBIC B KOHTPOJLJIEP BUICOUTPHI.
KonnyecTBo CEHCOPOB M UCIIOJIHUTEIBHBIX YCTPONUCTB, BCTPOCHHBIX B OJMH U3
KOHTPOJUIEPOB, - He MeHee 10 mT. O0I1ee KOIU4IecTBO 3JIEMEHTOB B HAOope HE MEeHee
400 wT., B TOM YUCIIe MOAKIIoYaeMble Moaynu: - Bluetooth Moy, - aBOiHOMN
JATYUK JTUHUH, - YIBTPA3BYKOBOM TaTUYMK PACCTOSHUS, - JATYHK I[BETA, - JATUYUK
KacaHus dJIeKTpoMeXaHudeckuii, - IR Moaymb, - MOTOp MOCTOSHHOTO TOKa €
PEIyKTOPOM — HE MEHEE 2 MIT., - CEPBONPHUBO/I, - MYJIBT TUCTAHIIMOHHOTO YIIPABIICHUS
IR. HaGop nomkeH ObITh YKOMILJIEKTOBAH aKKyMYJISITOPHBIMU OaTapesMu.
[IporpammMHuoe obecnieueHne, UCIoIb3yeMOe JIJIsl TPOrPaMMHUPOBAHUS COOUPAEMBIX
POOOTOTEXHUUYECKUX MOJIENEH U YCTPOICTB, TOMDKHO OBITH JOCTYITHO ISt
OECIUIATHOTO CKaYMBaHUs U3 ceTh VIHTepHET M MOCIeNYIONIET0 NCIIOIh30BaHMUS.




