OBPA30BAHUE

HALINOHAJIbHBIE
NPOEKTbI
POCCHN

MUHUCTEPCTBO
TPOCBEIIEHHS
POCCUVCKOU
OEJTEPALTU

Ilepeuennb 000py10BaHNSA, PACXOHBIX MATEPHAJIOB, CPEACTB 00Y4eHHUS M BOCIIUTAHUS /ISl 00ecnedeHus
(GyHKIHOHUPOBAHUS LEHTPA 00PA30BaHMsI €CTECTBEHHO-HAYYHOI U TEXHOJIOTM4YeCKOil HANIPaBJIeHHOCTEH

«Touka pocra» Ha 6aze 'BOY OOII noc. UnbuveBcKuii

No HaumenoBanue Kparkue npuMepHble TEXHUYECKHE XaAPAKTEPUCTHKH KoumuectBo
o0opynoBaHusA CAUHHUL, /1.
H3M.
1. [Mudposas nabopaTtopus 1o ObecnieunBaeT BBINOJIHEHKE JJAOOPATOPHBIX PA0OT HAa yPOKax 10 OMOJIOIUH BOCHOBHOM 2 mr.

Oouonoruu (y4eHu4ecKas)

LIKOJIE ¥ TPOEKTHO-UCCIIEI0BATENBCKON 1€ATENbHOCTH YUaLUXCS.

Kommnekranus: becnpoBogHOM MyIbTHIATYUK 110 OMOJIOTHHU C 5-10 BCTPOSHHBIMH
JaTYNKAMU:

JaTuuk BiaxkHocTH ¢ nuanazonom usmepenus 0...100%

JlaT4rK OCBEMIEHHOCTH C Anamna3zoHoM udmepenus He yxe ueM oT 0 1o 180000 nx/laTtunk pH
C Iramna3oHoOM u3MepeHus He yxe yem ot 0 go 14 pH

JlaTunk TemnepaTypsl ¢ AMANa30HOM U3MepeHus He yxke yeM oT -20 go +140C latuux
TEMIIepaTypbl OKPY’KalOIIel CpeIbl ¢ AMana3oHoM u3Mepenus e yxe yeMot -20 1o +40C
Akceccyapsl:

3apsigHOE yeTpoicTBO ¢ Kabemem miniUSBUSB

Ananrep Bluetooth 4.1 Low Energy

KpaTkoe pykoBoACTBO MO 3KCIUTyaTaluu HUQPpoBoii 1aboparopuun

Hudposas Bugeokamepa ¢ METAJUIMYECKUM ILITATUBOM, pa3perienue He menee 0,3 Mnukc
[IporpamMmmHoe obecrieuenne

Mertoandeckue pekomeHaauuu He MmeHee 30 pabot YnakoBka

Hanuuue pyccKkos3pI9HOTO caifTa HoJAEpKKH, HATMYUE BUICOPOIUKOB.




Hudposas nadoparopus no
XUMHH (YUCHUYECKast)

ObecneynBaeT BBITIOJHEHHE Ja00PAaTOPHBIX pabOT MO XMMHH HA YPOKaX B OCHOBHOM
LIKOJIE ¥ MPOEKTHO-UCCIIEA0BATEIbCKON ACITENbHOCTH yuammuxcs. Kommiekranus:
BbecnipoBoHO# MyNBTHAATYUK 10 XUMUHU C 3-MsI BCTPOCHHBIMU AaTuukamu: Jlatuuk pH
C IMamna3oHoOM u3MepeHus He yxe yem ot 0 1o 14 pH

JlaTauK AJIEKTPOIPOBOIUMOCTH C TUana3zoHaMu u3MepeHust He yxe ueM ot 0 10200 MxCw;
ot 0 1o 2000 MxCwm; ot 0 10 20000 MKkCM

JaTuuk TemmepaTypsl ¢ JUana3oHOM U3MepeHus He yxke yeM ot -20 mo +140C
OTtnenpHbIE JATYUKU:

JaTuuk onTHYecKoi IIIOTHOCTH 525 HM

AKceccyaphr:

Kabens USB coennnuTenbHblit

3apsaHoe ycrpoiicTBo ¢ kaberem miniUSBUSB

Ananrep Bluetooth 4.1 Low Energy

KpaTkoe pykoBoACTBO 10 SKCILTyaTaluu uGpoBoi 1abopaTopuu

HaGop nmabopatopHoii ocHacCTKH

[IporpammHuoe obecrieueHue

Mertoandeckue pekomenaanuu He menee 40 pabot

Hannuue pycckosi3pIuHOTO caiiTa MoAIEpKKU

Hanuune Bueopoaukos.

[Mudposast nabopaTtopus 1o
¢busuke (yueHUUYECKast)

OOecnieunBaeT BBIMOIHEHNUE KCIIEPUMEHTOB 110 TeMaM Kypca (pHU3HKH.

Komrmekranus:

becnipoBogHOM MyIbTHIATYHK 1O (U3UKE C 6-F0 BCTPOCHHBIMUJATYUKAMHU:

[MudpoBoii naT4nK TeMIepaTypsl C TUaa3oHOM U3MepeHus He yxe ueM oT -20 10120C
[Mudposoii naTunk aGCOIOTHOTO IABJICHUS C TUANa30HOM U3MEpeHUs He yxe ueM oT 0 110
500 kIIa

JaTyrk MarHUTHOIO TOJISI C IMara3oHoM u3MepeHus Heyxe yeM oT -80 1o 80 mTxn
JlaTyuK HANpsDKEHUS C JUarna3oHaMy U3MEepeHHs He yKe ueM OT -2 110 +2B; ot -5 10 +5B; ot
-10 710 +10B; ot -15 no +15B Jlatuuk Toka He yxe yeMm ot -1 10 +1A

JlaT4uk akceaepoMeTp C Noka3aTeasiMU He MeHee ueM: £2 g; +4 g; +8 g OtnenbHble
ycrpoiictBa: USB ocrinorpad He menee 2 kanana, +/-10 B Axceccyapsi: Kabens USB
COCIUHUTEIIbHBIN

3apsaHoe ycrpoiicTBo ¢ kadbernem miniUSB USB Ananrep Bluetooth 4.1 Low Energy
KoncTpykTop 1t mpoBeieHUs SKCIIEPUMEHTOB

Kpatkoe pykoBOJICTBO IO 3KCIUTyaTanuu 1udpoBoii 1adboparopuun

[TporpamMmmHuoe obecriedeHne

Metomuueckue pekomenaammu (40 pador)

Hannuue pycckos3pI4HOTO CaiTanogAep:KKu

Hanvane BUaEOpoInKOB.




OO0pazoBaTenbHbII
KOHCTPYKTOp JUIS TIPAKTUKA
OJI0YHOTO TTPOTPaMMHUPOBAHHS
C KOMIIJICKTOM AaTYHUKOB

PoboroTexHuueckuii HabOp NpeqHa3HA4YeH sl U3yYEHHUs OCHOB pOOOTOTEXHMKH, JeTalleH,
y3JI0B U MEXaHU3MOB, HEOOXOJUMBIX AJISl CO3AaHUS pOOOTOTEXHUYECKUXYCTPOICTB.

Habop npeacraiser co00il KOMIUIEKT CTPYKTYPHBIX 3JIEMEHTOB,

COEMHUTEIBHBIX JIEMEHTOB U AIEKTPOTEXHUUECKUX KOMIIOHEHTOB.

HaGop no3BosnsieT NpoBOAUTH SKCIIEPUMEHTSHI 110 NIPeAMETy (hU3MKa, CO3aBaTh U
IPOTPaMMHUPOBATH COOMpPAEMBIE MOIEIH, N3 KOMIIOHEHTOB, BXO/ISIIUX B €T0

cocTaB, paboune MOJICITM MOOMIIBHBIX U CTAIIMOHAPHBIX POOOTOTEXHUYECKUX YCTPOUCTB C
aBTOMATH3HPOBAHHBIM YIPABJICHUEM, B TOM YHCIIC HA KOJIECHOM HUTYCEHUYHOM XOAY, a
TaKKe KOHCTPYKIHI, OCHOBAHHBIX Ha MCIIOJIB30BAHUHU PA3IMUHBIX BUIOB Iiepeaad (B TOM
YHcyIe YepBAYHBIX M 3y0UaThIX) a TaKKe pbluaroB. BcTpoeHHble OecripoBOIHBIE CETEBBIC
pemenus (Wi-Fi u Bluetooth), Bo3amoxHOCTs HHTErpannu ¢ OecruiatHbiM 001aunbiM [10,
o0ecreynBaoT BO3MOKHOCTb IPAKTUYECKOT0 N3yUeHHs TEXHOJIOIMHA MHTEpHEeTa Bellel u
OCHOBHMCKYCCTBEHHOI'O MHTeJIeKTa. ObecneunBaeTcss BO3MOXKHOCTb 00bEIMHEHUS
HECKOJIbKUX POOOTOB, COOPAHHBIX U3 MTOJIOOHBIX HAOOPOB, B TPYIIIIBI C CETEBBIM
B3aumoeiicteueM. Ilpenycmorpena onuoHagbHasi BO3MOXHOCTD PACHIMPEHUS
JIOTIOJTHUTEIHBIMUA KOMITOHEHTaMH (HE BXOASAIIMMHU B CTaHAaPTHYIO

KOMILIEKTAIIHIO ), TO3BOJISIOIIMMH H3Y4aTh TEXHUYECKOE 3pEHUE U TIPOMBIILICHHYIO
pobororexnuky. [IpegycmMoTpeHa BO3MOKHOCTh pabOThI HAOOPAC AOIOTHUTEILHBIMU
00JIaYHBIMH CEPBHUCAMH.

[IpenycMOTpeHBl MUHEMYM JIBa IPOrPAaMMHPYEMBIX KOHTPOJUIEPA B IIIACTUKOBBIXKOPITyCaXx,
MO3BOJISIOIIMX OJHOBPEMEHHO CO3/1aBaTh 2 BapHaHTa pOOOTOB PA3IUYHOIO HA3HAUCHHUS,
HMEIOIINX BO3MOXHOCTh Pa0OThI KaK B IOTOKOBOMPEXXHUME, TaK M aBTOHOMHO; MTO3BOJISFOIINX
peanu3oBaTh 00y4eHHE IPOrpaMMHUPOBAHUIO B HECKOJIBKUX CPeax pa3pabOTKu Ha
pa3nUYHbIX A3bIKax (Knpumepy, B cpenax Mblock, Arduino IDE, Ha si3pikax Scratch, C,
Python, micro Python).

Kak MUHIMYM OZIMH M3 KOHTPOJUIEPOB UMEET BCTPOSHHYIO ONEPAIIIOHHYIO CUCTEMY,
BcrpoenHbie Wi-Fi u Bluetooth, mopT ai1st HoaKiIr04eHUS TOCIIEA0BATEIHHO

COGIMHSIEMBIX BHEIIHUX yCTPOHCTB (He MeHee 20 OHOBPEMEHHO MOIKITI0YaeMBbIX
YCTPOHCTB).

Kak MUHHMYM OZIMH M3 KOHTPOJUIEPOB UMEET BO3MOXKHOCTh OJHOBPEMEHHOI 3aIncu He
MeHee 8 MporpaMM, C BO3MOXKHOCTBIO MEPEKITIOYEeHUS Mex 1y HuMu. Kak MUHUMYM oauH

13 KOHTPOJIIEPOB MMEET NOHOUBETHBIN muctuieit (IPS),

MO3BOJISIOIIMI BEIBOJUTD JAHHBIE C TATYUKOB B BUE TaOHIl ¥ rpa)uKoOB, a TAKXKE CO3aBaTh
BCTPOCHHBIE B KOHTPOJIJIEP BHJICOUTPHI.




KonndecTBo c€HCOPOB M UCTIOIHUTEIBHBIX YCTPONCTB, BCTPOSHHBIX B OJUH U3
KOHTpPOJIJIEPOB, - HE MeHee 10 miT.

OO011ee KOJIMYECTBO 3JIEMEHTOB B Habope He MeHee 400 mIT., B TOM YucIie
MOJKJIF0YAEMbIe MOYJIH:

- Bluetooth Moy,

- IBOMHOM JaT4YWK JIUHUU,

- YIBTPa3BYKOBOM JJaTUUK PACCTOSHMUS,

- IaTYMK 1IBETA,

- TaTYUK KacaHUs 3JIEKTPOMEXaHUUECKUil,

- IR moynb,

- MOTOP HOCTOSIHHOT'O TOKa C PEYKTOPOM — HE MeHee 2 HIT.,

- CEpPBOIPUBO/,

- IyJbT AUCTAHIIMOHHOTO ynpasieHus IR.

HaGop nomxkeH ObITh YKOMIUIEKTOBAH aKKyMYJIITOPHBIMU OaTapesiMH.
IIporpammHoe oOecrieyeHne, UCHOIb3yeMOe AJIs IPOrPaMMHUPOBAHUS COOUPAEMBIX
POOOTOTEXHUYECKUX MOJIENIEH U YCTPOMCTB, TOJHDKHO OBITH TOCTYITHO IS
0ecIUIaTHOTO CKauuBaHMA U3 ceTd VIHTepHeT 1 MOoCIeyIOIero UCTIO0Ib30BaHMs.

OO0pazoBaTeNbHbII HA0OP 10
MEXaHUKE, MEXaTPOHHUKE U
pOOOTOTEXHHKE

"HaGop nomxkeH ObITh IpeAHa3HAUCH AJIs TPOBEICHUS yUeOHBIX 3aHATUI 10 U3yUEHUIO
OCHOB MEXAaTPOHUKHU U pOOOTOTEXHUKH, TPAKTUUECKOT0 IPUMEHEHH0a30BbIX IEMEHTOB
2JIEKTPOHUKHU U CXEMOTEXHHKH, & TAK)KE HanOoJee pacpOCTPAHEHHOM 2JIEMEHTHOM 0a3bl U
OCHOBHBIX TEXHUYECKHUX PEUICHUH, IPUMEHSAEMBIX IIPU IPOEKTUPOBAHUU U
MIPOTOTHIMPOBAHUU PA3TUYHBIX HHKEHEPHBIX, KHOEPHETHUECKUX U BCTPAUBAEMBIX CHCTEM.
B cocraB Habopa [OKHBI BXOIUTh KOMIUIEKTYIOIIME U YCTpOicTBa, oOsanaromue
KOHCTPYKTUBHOM, JIEKTPUYECKOW, aNmapaTHOW M IPOrpaMMHONM COBMECTHMOCTBIO JPYr C
JPYTOM.

B cocraB Habopa JOKEH BXOJUTh KOMILIEKT KOHCTPYKTUBHBIX 2JIEMEHTOB U3METAILIA

111 COOPKM MaKeTa MaHUIYJIALIUOHHOTO POOOTA U KOMIUIEKT

METAJUINYECKUX KOHCTPYKTUBHBIX JIEMEHTOB 7151 COOPKH MakeTa MOOMJIBHOropo0oTa.

B cocraB Habopa AOMKHBI BXOAUTH IPUBOAA PA3IUYHOIO THIIA: MOTOPBI CUHTEIPUPOBAHHBIM
WX BHELIHUM JAaTYUKOM I10JIOKEHHs — HE MeHee 21T,

CEepBOINPHUBOJ OOJIBIION — HE MEHee 411T, CEPBONPUBO]I MaJIbIii — HE MEHee 21T, TPUBOJL C
BO3MO>KHOCTBIO YIIPABJICHUS B IIArOBOM PEXKUME — HE MEHEe 21IT.

B cocraB Habopa JOKHBI BXOAUTH 3JIEMEHTHI Ui COOPKHM BaKyyMHOT'O 3aXBaTa:BaKyyMHast
MIPUCOCKA — HE MEHee 11T, 3JIEKTPOMarHUTHBIN KilanaH — He MeHee 11T, BaKyyMHBIN HacoC
— He MeHee 1mT.

B cocraB Habopa 10KHA BXOJUTH dJIeMEeHTHas 0a3a JUIst IPOTOTUIIMPOBAHMSL: TIJIaTa s
OecraeuyHOro NPOTOTUIIMPOBAHNUS, KOMIUIEKT IIPOBOJIOB Pa3IMYHOTO

THUIA U JUINHBI, KOMIUIEKT PE3UCTOPOB, KOMIUIEKT CBETOINO0B, CEMUCETMEHTHBIN

1 mrT.




uHaukarop, aucioieil JKK-tuna, KHONKY — He MeHee SIIT, MOTEHIUOMETPBI — HE

MeHee 31T, nHGPaKPaCHBI JaTUUK - HE MEeHee 31T, yAbTPa3ByKOBOM IaTYHK - HEMEHEee
31T, JaTYUK TEMIIEPATyphl - HE MeHee 11T, JaTYUK OCBEILIEHHOCTH - HE

Mmenee lmr, moayns Bluetooth — we menee 1ir, moayns UK-npueMunka — He

menee 1, moayns UK-niepegaTurka B BUJe KHOOYHOTO MyJIbTa yIpaBiieHus — 11T,
AKKyMYJISITOp — HE MEeHee 11T, 3aps/IHOe YCTPOUCTBO — HE MeHee 11T.

B cocraB Habopa JOKEH BXOAUTH MYJIbTHAATYHK I H3MEPEHHS

TEMIEPATyphl U BIAKHOCTH OKPYKAIOIIEH cpelpl — He MeHee 1mT. MynbTHIAaTUHK 10JKEH
00J1a71aTh BCTPOSHHBIM MUKPOKOHTPOJIEPOM (TaKTOBas 4acToTa — He MeHee 16 M1, mmHa
naHHbIX — He MeHee 8 KOaiir), unrepdeiicamu U1t MOAKIIOUEHUS K BHEIIHUM yCTPOUCTBAM:
poBbIe 1 aHAIOTOBBIC TIOPTHI, 1-WireTTL, pazbem Tuna RJ.

B cocTaB Habopa 10JKeH BXOAUTH KOMIUIEKT YHUBEPCATbHBIX BHIYUCIUTEILHBIXMOTYIIEH,
MPECTaBIISIOMUX CO00H 0a30BYIO TUIATY, IJIATY PACIIUPEHUs Ui CETEBOTO
B3aMMOJICHCTBYS U TUIATy MOAKIIOUEHUS CUIIOBOM HAarpy3Kku. Bxozsimye B KOMIUIEKT
YCTPOICTBA JOKHBI 00J1a1aTh OJHOBPEMEHHON KOHCTPYKTUBHOM, SJIEKTPUIECKOM,
anmnapaTHOW M MPOrpaMMHOM COBMECTUMOCTBIO IpyT ¢ ApyroM. ba3osas miata
YHHUBEPCAJIBHOTO BBIYMCIUTEIFHOTO MOIYJIS JOJDKHA MTPEACTABIATHCO00M
porpaMMUpPyeMbIi KOHTposuiep B cpeae Arduino IDE wmu aHamoruaHeix

cBOOOIHO pacnpoCTpaHsIEMBIX cpefax pa3padoTku. bazoBas miara gomkHa00Ia1aTh
BCTPOCHHBIMH MHTep(dercaMu 1715l TOAKITIOUYCHUS ITU(PPOBBIX U AaHATIOTOBBIX

yCTpOUCTB, BcTpoeHubiMu uHTEpdeiicamu USB, UART, 12C, SPI, 1-wire TTL,

Bluetooth, WiFi.

[Tnarta pacmupeHus 1oHKHA 00€CTIeunBaTh BOZMOKHOCTD IOIKITIOYECHUS! YHUBEPCAITEHOTO
BBIYMCIIUTENILHOTO MOAYJIS K ceTH nocpeacTBom untepdeiicaEthernet. [Tnara

pacimpeHust JobKHa 00a1aTh MOPTaAMK BBOIA-BBIBOJIA JUTSI ITOIKITFOUEHUS HIU(PPOBBIX U
AQHAJIOTOBBIX YCTPOMCTB, HHTEpPeiic SPI 1 BO3MOKHOCTBIO MOAKIIOUEHUS BHEILIHEH

KapThl NaMSTH.

[Tnara pacmmpenns 11 MOIKITIOYSHHS CUIIOBON HArpy3KH TOJIKHA 00€CTIeYBaTh
BO3MOYXHOCTb TPSMOTO TTOKIFOUEHUS BHEIITHEH CHIIOBOM HATrpy3KH, a TAK)KE PETYIUPYyeMOn
Harpysku nocpenctsoM PWM untepoeiica.

B cocTaB Habopa 10omKeH BXOAUTH TPOTpaMMUPYEMbI KOHTPOJLIEP, 00ECTICUnBAIOIITUI
BO3MOYXHOCTH OCYIIECTBIIATH Pa3padOTKy MPOTPaMMHOTO KO/, HCTIONb3Ysl HHCTPYMEHTaPHIA
cpen paszpabotku Arduino IDE u Mongoose OS u si3bikoB mporpammupoBanus C\C++,
JavaScript. Ilporpammupyemblii KOHTPOJUIEPAOKEH 001a1aTh MOPTaMU AJIs1 IOAKITIOYESHUS
UM(POBBIX U aHAJIOTOBBIX YCTPOMCTB, BCTPOEHHBIMU MTPOrPaMMUPYEMBbIMUA KHOIIKAMU U
NEKTPOMEXaHUUYECKHUMH MOJTYJISIMU JIJIs1 OPraHU3alui CUCTEMBI PYYHOTO

YIPaBJIEHHs], BCTPOEHHBIMU IPOTPaMMHUPYEMBIMU CBETOAMOAAMH Il MHAWKALIUN




pabouero pexxuma, BctpoeHHbIMU HHTEpdeticamu USB, USART, 12C, SPI, 1-wireTTL, ISP,
Ethernet, Bluetooth, WiFi.

B cocTaB Habopa 10JDKEH BXOAUTH MOYJTb TEXHUIECKOTO 3pEHUS , MPEACTABIISIONINA COOO0M
BBIUUCIIUTENIFHOE YCTPOHCTBO CO BCTPOSHHBIM MUKPOTIPOLIECCOPOM (KOJI-BO SIAEP - HE MEHEe
4it, yactora siapa He menee 1.2 [T, oobem O3V - He mernee 512M0, 00beM BCTpOSHHOU
MamMsITH - He MeHee 81°0),MIHTerprupoBaHHON KaMepol (MaKkCUMaIbHOE pa3pellcHHe
BUJICOTIOTOKA, NepenaBaemoro o uurepdeiicy USB - ne menee 2592x1944 en.) u ontuueckoi
cucteMoi. Moysib TEXHUYECKOTO 3pEHUs JOKEH 00J1a1aTh COBMECTUMOCTBIO € PA3IMYHBIMU
MPOrpaMMUPYEMbIMH KOHTPOJIJIEpAMH ¢ TIOMOIIIbI0 HHTepdeiicos - 1-wire TTL, UART, I12C,
SPI, Ethernet. Moysib TEXHUYECKOTO 3pEHUS OJKEH 00ECIIeUnBaTh BHIMIOJIHEHUE BCEX
W3MEPEHU U BBIYUCICHUH MOCPEICTBOM COOCTBEHHBIX BEIUUCIUTEIBHBIX BO3MOKHOCTEH
BCTPOEHHOT'O0 MUKponporeccopa. Moayib TEXHUUECKOTO 3peHHs JOJDKeH 001a1aTh
BO3MOYKHOCTHEO KOMMYHHUKAIIMHUC aHAJIOTHYHBIMU MOJTYJISIMH ITOCPEICTBOM IIMHBI Ha 0a3e
MOCJIeIOBATEIBHOTO HHTEPdeiica ¢ 1elbIo NalbHEeHIIel nepeadn pe3yabTaToB U3MEPEHU I
TPYIIIBI MOTYJICH Ha YIPABISAIONIEE BEIYUCIUTEIHHOE YCTPOHCTBO, MOJKIIOYEHHOE K
JaHHOW muHe. Moysb TEXHUYECKOT0 3peHHs JOKEH 00ecrieunBaTh HAaCTPOHKHPEKUMOB
paboTHI - HACTPOUKY IKCIO3UIINH, OajaHca 6esIoro, IBETOPA3HOCTHBIX COCTABIISIONINX,
IoIaau oOHapyKMBaeMoil 001acTu U300pakeHus], OKPYTIIOCTHOOHAPYKUBAaeMOW 00J1acTH
n300pakeHHs, OJI0KEHHE 0OHAPYKUBAEMbIX 00J1aCTel OTHOCUTENIBHO APYT IPYTa,
MaIlIMHHOE 00y4eHHe apaMeTpoB HEHPOHHBIX ceTeil uid oOHapy)eHUs: 00bEKTOB, (hopMy U
3aKOJMPOBaHHBIC 3HAUCHHS O0OHAPYKUBAEMBIX MapKEPOB THIAa ATuco, pa3mMepsl
00HapyKMBAEMbIX OKPYXHOCTEH, KBAIPaTOB M TPEYrOJIbHUKOB, MAPAMETPOB KOHTPACTHOCTH,
pa3MepoB, KPUBHU3HBI M OJ0KEHUS PACIIO3HABAEMBIX JIMHHUH.

Habop nomken obecnieuynBaTh BO3SMOKHOCTD Pa3pabOTKH MOJENIN MOOUIBHOTOPOOOTA,
ynpasinsiemMort B FPV-pexime nocpecTBOM MporpaMMHOTO 00ecrieueH st st
MEePCOHAIBHOTO KOMITBIOTEpa U MOOHIbHBIXycTpoicTB Ha 6aze OC Android mmu 10S,
00€eCTeYnBaONIET0 BO3MOXHOCTD YIPaBJIeHUs] MOOMIBHBIM POOOTOM M BCTPOEHHBIM
MaHHITYJISTOPOM IOCpeAcTBOMIpadudeckoro nutepdeiica, BKIIOUAIOMNM B cedst Habop
KHOTIOK M MepeKIItovaTesiell, JHKOMCTHK, 001acTh 1st 0TOOpa)keHHs BUJIEO.

Ha6op nomxken obecrieuynBaTh BO3SMOKHOCTD U3yUEHHSI OCHOB Pa3pabOTKH

MIPOTPaMMHBIX M allIapaTHBIX KOMIUIEKCOB MHXEHEPHBIX CUCTEM, PEIICHUI Bcdepe
""NuTepHeT Bewe"", a Takxke peleHni B 001acTi poOOTOTEXHUKH, HCKYCCTBEHHOTO
MHTEJIJIEKTa U MATMHHOTO O0y4YEeHUsI.

B cocraB Habopa JOIKHO BXOAUTH IOCOOME MO U3YYEHUIO OCHOB JIEKTPOHUKH U
CXEMOTEXHUKH, petieHuii B chepe ""UnTepHer Bemen"", pa3paboTku u

IIPOTOTHIIMPOBAHUIO MOJIesIel pOOOTOB.

B cocraB Habopa JOIKHO BXOAUTH IOCOOME 10 U3YUEHUIO OCHOB Pa3pabOTKUCHCTEM
TEXHUYECKOTO 3PCHHUS M HIIEMEHTOB HCKYCCTBEHHOT'O MHTEIUIEKTA."




OO6pa3zoBaTeNnbHBIA HAOOP AJIS
W3YYCHUs
MHOTOKOMIIOHEHTHEIX
POOOTOTEXHUUECKUX CUCTEM U
MaHHITYJISIIHOHHBIX POOOTOB

"O6pa3oBarenbHbI HAOOP AOKEH OBITh MpeHA3HAUEH JJIs U3yUCHUS

POOOTOTEXHUYECKUX TEXHOJIOTUN, OCHOB MH()POPMALIMOHHBIX TEXHOJIOTHH 1

TEXHOJIOTHI IPOMBILLIICHHONW aBTOMAaTU3alllH, a TAK)KE TEXHOJOTHIA

MPOTOTUIIMPOBAHUS U aJIUTUBHOTO MPOU3BO/ICTBA.

B cocraB Habopa JOKHBI BXOAWTH KOMIUIEKTYIOINE U YCTPOMCTBA, 00JIa1at01me
KOHCTPYKTHUBHOM, aNmnapaTHOW U MPOTPaMMHON COBMECTUMOCTBIO IPYT C APYTOM.

1) KoMIIIeKT KOHCTPYKTHBHBIX JIEMEHTOB M3 METaJlIa U IUTACTHKA JIJIsl COOpKUMOeTen
MaHUTYJISIHOHHBIX POOOTOB C YIIIOBOM KHHEMATHKOM, TIOCKOTIApaJLICITIbHOM
kuHeMmatukoi, Delta-kuaematuxoii.

2) UnTteniekTyas bHbIi CEpBOMO/IYIIb C HHTETPHUPOBAHHOM CHCTEMOH yIpaBICHHUS -HE MEHEe
7.

CepBoMoyib OJKEH 00J1a/1aTh MHTETPUPOBAHHON CUCTEMOI yIpaBiIeHus,
obecreunBaroleif 00paTHYIO CBSI3b MJIM KOHTPOJIb IIAPaMETPOB - MOJIOKEHHUE BaJla,CKOPOCTh
BpALIeHUs1, Harpy3Ka MPUBOJA, a TAaKXKe 00ecreunBaroIeil BO3MOKHOCTHIIOCIE0BATEIILHOTO
MOJIKJIFOUEHUS IPYT ¢ APYTOM U YIPABIEHHs CEPBOMOIYIISIMUIIO MTOCIEA0BATEILHOMY
MOJTYAYTUIEKCHOMY aCHHXPOHHOMY UHTEpdeEiicy.

3) Po6oTOoTeXHUYECKHI KOHTPOJLIEP, MPEACTABISIOINN cOO0H MOTyIbHOE

YCTPOICTBO, BKITIOYAOIIEee B ce0s1 OHOIUIATHBII MUKPOKOMITBIOTED ISt

BBITIOJIHEHHS CIIOKHBIX BBIYUCITMTENBHBIX ONepaluii, mepudepritHbli KOHTPOILISP IS
yIpaBJIeHHs] BHEITHUMH YCTPONCTBAMH U TUIATY PACIIUPEHUS IS

MOJKJIFOUYEHUS BHEIIHUX YCTPOMCTB. Moynn poOOTOTEXHMUYECKOTO KOHTPOJIIIEPa0KHBI
o0y1ajaTh OJHOBPEMEHHON KOHCTPYKTHBHOM, annapaTHON U MPOrpaMMHOM COBMECTHMOCTBIO
JPYT C IPYTOM.

PoboToTexHnueckuii KOHTPOJUIEP AOJKEH yIOBICTBOPSTH TEXHUUECKUM

XapaKTepUCTHKaM: KOJI-BO SJI€p BCTPOEHHOIO MUKPOKOMITBIOTEPA - HE MEHEe 4,TakToBas
yacroTa sizpa - He menee 1,2 I'T, oobem O3V - He menee 512 MO, Hanuune uaTepdericon

- SPI, 12C, 1-wire TTL, UART, PWM, 1iidpoBbic — He MeHee 16 T U aHAIOTOBBIC MTOPTHI

- He MeHee § 1T s NOAKIYeHHUs BHEUTHUXYCTPOMCTB, BCTPOEHHBI MUKPO(DOH, a TaKxKe
WiFi wiu Bluetooth st koMMyHHKAIIMK CO BHEIIHUMH YCTPOHCTBAMH.
PoboToTexHruecKkmii KOHTPOJIEPIOKEH 00eCeunBaTh BO3MOKHOCTh

MIPOTPAMMHUPOBAHMS € TIOMOIIBIO cpeacTB A3b1k0B C/C++, Python u cBoboHO
pacnpocTtpansiemoii cpensl Arduino IDE, a Takke ynpaBienus MoaensiMu
POOOTOTEXHUYECKUX CUCTEM C omoInbio cpeast ROS.

4) IIporpamMmmupyemblit KOHTpouIep - He MeHee 11ut. [Iporpammupyemsrii

KOHTPOJIIEP JOJDKEH NPEACTAaBIATh COO0M BHIYMCIUTENbHBI MOYIIb,

oOamatomuM MU POBBIMU TIOPTAMH - HE MEHee 8 T U aHAJIOTOBBIMH TTOPTaMHU -

1 mrr.




He meHee 16 mr, uatepdeiicamun UART, 12C,SPI, TTL, a Takxe moxysiem
OecripoBoHOM cBs3u ThNa Bluetooth wimm WiFi mist cozmanus ammapatHo-

MPOrPaMMHBIX penieHu 1 ""yMHBIX/cMapT""'-yCTPOUCTB [Tt pa3pabOTKH perieHu
""NuTepHeT Bemen"".

5) ITnara pacmmpenust mporpaMMUPyeMOro KOHTposuiepa — He MeHee lmt. [TnaTa
pacimpeHust 10JKHa 00eCeYrBaTh BO3MOXKHOCTh MOAKIIOYEHUS YHUBEPCAIBHOTO
BBIYHCIIUTENLHOTO MOAYJISA K ceTu TocpenctBoMm unrepdeiica Ethernet. [1nara pacmmpenns
JI0JbKHA 0071a/1aTh TOPTAaMH BBOJIa-BBIBOA JUISI ITOAKITIOUEHUS [IM(PPOBBIX M aHATOTOBBIX
yctpoiicTB — He MeHee 40 mT, narepdeiic SPI 1 BO3MOXKHOCTBIO MOIKITIOYEHHS BHEITHEH
KapThl IAMSITH.

6) Moyib TEXHUYECKOTO 3peHHs, IPEICTABISIONINE CO00H ycTpoicTBO Ha Oase
BBIYUCIIUTEIFHOTO MUKPOKOHTPOJUIEPA U MHTETPUPOBAHHON KaMephl, 00ecrieurnBaroniee
pacro3HaBaHKe MPOCTEHIINX H300paKeHUI Ha MOAYJIE 33 CUETCOOCTBEHHBIX
BBIYHCIIUTEIbHBIX BO3MOXKHOCTEH - HE MeHee 1 1T;

Mozynb TEXHUUECKOTO 3pEHHUS TOJKEH 00eCTeunBaTh BOZMOKHOCTh

KOMMYHHKAIIUU C aHAJIOTUYHBIMU MOZYJISIMU TIOCPEACTBOM LIMHBI HA 0a3e MOCIeI0BATEILHOTO
uHTepdeiica ¢ Leabio TanbHEHIIEH nepenadn pe3yabTaTOBU3MEPEHUH TPYIITBI MOAYJIEH Ha
YIPaBJISIONIEe BHIYUCIUTEFHOE YCTPOUCTBO, MOAKIIOYEHHOE K JAHHOW IITHHE.

Moyib TEXHUYECKOTO 3pEHUS TOJDKEH 00ecTieynBaTh BO3MOKHOCTh

OCYIIECTBIISITh HACTPOUKY MOYJISl TEXHUUECKOTO 3PSHHS - HACTPOUKY

9KCHO3ULIMH, OanaHca 6e0r0, IBETOPA3HOCTHBIX COCTABIISAIONINX, IIOIAIH
0OHapyXUBaeMoOM 001acTi N300paKEHHMSI, OKPYTIOCTH OOHAPYKUBAEMOMN 00JIacTH
M300paxeHusl, NOJ0KEHUE OOHAPYKUBAEMBIX 00JIaCTEN OTHOCUTENBHO IPYT

Apyra.

Monynib TEXHUYECKOTO 3pEHHUs JOJKEH 00ecreunBaTh BO3MOKHOCTh HACTPOIKHU HA
OJTHOBpEMEHHOe oOHapyxeHue He MeHee 10 pa3muuHbIX OMHOYHBIX OOBEKTOB B CEKTOPE
0030pa, 1100 HE MEHEee 5 COCTaBHBIX OOBEKTOB, COCTOSIINX U3 HE MEeHee 3 Pa3InYHbIX
rpadUgecKuX MPUMHTHBOB.

Moyiib TEXHUYIECKOTO 3peHHsI TOJDKEH 00J1a/1aTh BCTPOSCHHBIMU HHTEpdeiicaMu —

USB, UART, 1-wire TTL, 12C, SPI myisi KOMMyHHKAIMU CO BHEITHUMU

MOJIKJTFOYAEMBIMU YCTPOHCTBAMH.

7) B cocTtaB Habopa J0JIKHBI BXOJUTH IUPPOBBIE HHOOPMAIIHOHHO-CEHCOPHBIEMO/IYJIH,
npecTaBisIomue co0oi ycTpoiicTBa Ha 6a3e MporpaMMHUPyeMOro KOHTpoJIIepa u
MN3MEPUTEIIBHOTO HJIEMEHTA.

[udposoit Moxynb KoKeH 001a/1aTh BCTPOSHHBIM MHUKPOKOHTPOJIJIEPOM (TaKTOBAs
gacToTa - He MeHee 16 MI'm, mmna nanHbx — He MeHee 8 Koaiit), natepdericamu mis
MOJKJIFOYCHUsI K BHEIIHUM yCTPOUCTBaM: IU(POBBIC U aHAIOTOBBIE MOPTHI, 1-wire

TTL, pazbem Tuma RJ.




udposoit MOxyb AOKEH 00eceunBaTh BO3MOXHOCTh KOMMYHHKAIIUU C aHATOTUIHBIMH
MOJyJISIMH TIOCPECTBOM IIIMHBI Ha 0a3e Mocie10BaTeIbHOr0 HHTEepdeiica ¢ Henbio
JaTbHENIeN neperadn pe3yabTaTOB U3MEPEHUI TPYIITBIMOAYIIEN Ha YIIPABIISIONIEE
BBIYHCIIUTEIBHOE YCTPONUCTBO, MOAKIIOUEHHOE K JAHHOM LIMHE.

B cocTaB Habopa M0JDKHO BXOIUTH: IIU(PPOBOI MOIYJIb TAKTOBOW KHOIIKMA — HE MEHee 31T,
un(poBOi MOAYJIbH CBETOAMOAA — HE MeHee 31T, U(POBON MOy KOHIIEBOTO IPEPHIBATENS —
He MeHee 31T, HU(POBO MOIYJIb AaTYMKa [[BeTa — HeMeHee 1T, udposoii Moayis RGB
CBETOMOIa — HE MeHee 1mT.

8) B cocraB Habopa JOKHBI BXOAUTH JIEMEHTHI [Tl COOPKH BAaKYyMHOT'O 3aXBaTa:BaKyyMHas
MIPUCOCKA — HE MEHEEe 11T, AJIeKTPOMAarHUTHBIN KilalmaH — He MeHee | 1IT, BAKYyMHBI HacocC —
He MeHee 11uT.

9) B cocTtaB Habopa J0IKEH BXOAUTh YI€OHbBIH KOMIUIEKT, BKJIIOYAIOIIUI B ceOs yueOHOe
nocobue, Habop OUOINOTEK TPEXMEPHBIX 3JIEMEHTOB JJISl IPOTOTUITMPOBAHUS MOJAETICH
MaHHITYJISIIHOHHBIX POOOTOB, a TAaKXkKe MPOrpaMMHOe o0ecTiedeHne UIst paboThl ¢ HAOOPOM.
[IporpammHoe o0OecriedeHne TOHKHO 00ECIeYNBATh TPEXMEPHYIO BU3YaIN3aIlUI0 MOJIEITN
MaHMIYJISAHOHHOT0 po0oTa (¢ yIriIoBOH, IIIOCKONApaUIEIbHOM U 1e1bTa-KHHEMAaTHKOM) B
nporecce paboTel, 00ecieunBaTh MOCTPOSHUE MPOCTPAHCTBEHHON TPACKTOPUH IBUKCHHUS
WCIIOJTHUTENFHOTO MEXaHU3Ma MaHHUITYJISIIIUOHHOTO po00Ta, BOZMOKHOCTH 3a/1aHUs
MOCIIEZI0BATEIHHOCTH TOUCKIJISI IPOXOKICHHUS Yepe3 HUX MCIIOTHUTEIHHOTO MEXaHN3Ma
MaHUTYJISIMOHHOTOpoOOTA. [IporpaMmHoe obecrieueHme T0MKHO GYyHKIIMOHUPOBATH, KaK B
OTIENBHOCTH B BUJIE CPEbl MOJCIUPOBAHUS, TAK U B PEKMME MOHUTOPUHIA B pEAIbHOM
BPEMEHHU IPH MOIKIIOYEHIUH MOJIEIIM MAHUITYJIATOPA TOCPEICTBOM POOOTOTEXHUYECKOTO
KoHTpoJuiepa. [IporpammHoe obecnieueHre JOKHO 00eCcTIeYBaTh BO3MOKHOCTh
MOCTPOCHUS TPAPHUKOB 33JaHHBIX U TEKYIIUX 000OIIEHHBIX KOOPMHAT MAHUITYJIILIUOHHOTO
poboTta, rpadMKOB 3HAYEHUI CKOPOCTEH M YCKOPEHUs, TPAQHKOB PACUETHBIX 3HAYCHU I
Harpys3Ku.

IIporpammHoe oOecrieyeHne JT0MKHO MO3BOJIATH 33/1aBaTh M0CIEI0BATEIbHOCTh
MepeIBIKEHII MaHUTTYJISITOPA TIOCPEICTBOM HabOpa KOMaH/I B 0J109HO-TpadhudecKoM
uHTepdeiice.

VY4ebHoe nmocobue J0IKHO COIepKaTh MaTepHalIbl IO pa3pabOTKe TPEXMEPHBIX MOoenei
MOOUIIBHBIX pOOOTOB, MAHUITYJIALIMOHHBIX POOOTOB C Pa3IMYHBIMHU TUIIAMU KHHEMATHKHU
(yrnmoBast KHHEMAaTHKa, TUIOCKO-TIapaljie/ibHasi KHHEMAaTHKa, JenbTa-kuHematuka, SCARA
WM phlYakHas KMHEMaTuka, miatdopma CTroapTa uT.I.), MHCTPYKIHUHU O
MPOEKTUPOBAHUIO POOOTOB, MHCTPYKLIMU U METOAMKH OCYIIECTBICHUS NHKEHEPHBIX
pacyeToB MpU MPOECKTUPOBAHUHU (pacyeThl HArPY3KH U MOMEHTOB,

pacdeT MOLTHOCTH MPUBOJIOB, pacyeT NapaMeTpOB KHHEMATHKH U T.I1.),




MHCTPYKILHUH 110 pa3paboTKe CHCTEM YIPaBICHU U IPOTPAMMHOTO 00eCTIeYeHUS IS
yrpaBieHus: poOOTaMH, HHCTPYKLUH U METOUKH TI0 pa3pabOTKe CUCTEM YIPABIICHHUS C
3JIEMEHTaMH HCKYCCTBEHHOT'O MHTEIIJIEKTAa U MAIIMHHOTO 00y4eHus."

KommnrsrorepHoe o6opymoBanme

7.

Hoyt0yx

dopm-dakTop: HOYTOYK;

Pa3zmep nuaronanu: He meHee 15.6 mroiimoB; Pa3penienue sxpaHa:

Full HD, Quad HD wunu Ultra HD;

OO0muit 00beM YCTAaHOBJIICHHOM ONIEpaTUBHOM MaMsATH: He MeHee 8 ['0aiT;

MaxkcuManbHBIN 00NN TOICPKIUBACMbBI 00hEM OTICPATUBHOW MaMSTH: HE MeHee 16
I'GaiiT;

O0weM SSD nakonurens: He menee 240 ['6aiiT;

becnipoBoanas cBsa3b: Wi-Fi;

KonngectBo BcTpoeHHBIX B Kopityc optoB USB: He MeHee 2, u3 KOTOphIX HeMeHee 1
nomxHo Ob1Th USB Bepcun He Hxke 3.0;

Pazpemenue B30-kamepsl, Mnukceins: He MeHee 0.3;

Bcerpoennsiit MukpogoH;

KnaBuaTypa ¢ packnaakoii 1 MapkupoBkoii kiasum QWERTY/MITYKEH;

IMoanepskka cTanaapToB OectpoBoHOM cBs3u: 802.11a/b/g/n/ac;

[TpousBomuTenbLHOCTH Nporieccopa (3Hauenue nokaszarens «CPU Mark» mo tecty

«Laptop & Portable CPU Perfomance»

http://www.cpubenchmark.net/laptop.html): ne menee 5000 eqummir;

Hanwmune manumynsTopa MbIib B KOMITJICKTE: J1a;

YcTraHoBNIEHHAs ONEPALMOHHAs CUCTEMA C rpaUuecKuM IM0JIb30BaTEIbCKUM HHTEpdeiicoMm,
CBEJICHHS O KOTOPOM BKJIFOYEHBI B €IMHBINA PEECTP POCCUNCKHUX TPOTPAMM ISl SJIEKTPOHHBIX
BBIYHCIUTENFHBIX MAIIMH 1 0a3 JaHHBIX; Y CTAHOBJICHHBIN MaKeT O()MCHOTO MPOrPaMMHOTO
o0ecreyeHns, COBMECTUMOIO CYCTaHOBJIEHHOM ONEpaliMOHHOM CUCTEMOM, CBEJIEHHS O
KOTOPOM BKJIFOUEHBI B €IMHBII PEECTp POCCUMCKUX MPOTrpamMM sl 3JIEKTPOHHBIX
BBIYHMCIIUTENBHBIX MAIUH U 023 TaHHBIX.

M®YV (nmpunrep, ckanep,
KOITUD)

Tun yctpoiictBa: MHOroyHKIIMOHATBEHOE YCTpOicTBO (MDY);
[IBeTHOCTD MeyaTh: yepHO-Oenas;

TexHonorus nevartu: snekTporpaduyeckas (JrazepHasi, CBETOIMOIHAsA);
®dopmar neyatu: He MeHee A4;

Tun ckaHUpOBaHUS: NPOTSHKHBIN/TTAHIIETHBIH;

BosmoxHOCTS ckaHupoBaHus B popmarax: He MeHee A4;

Cnoco6 nogximrouenus: LAN, Wi-Fi, USB

1 mrT.
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