OBPA30BAHUE

HALINOHA/IbHBIE
NPOEKTbI
POCCHN

MUHUCTEPCTBO
[TPOCBELIEHUS
POCCUMCKOU
OEJIEPALTUY

Ilepeyennb 000pyI0BaHUSA, PACXOAHBIX MATEPHUAJIOB, CPECTB 00YUYeHHsI M BOCIIUTAHUS JIJI51 o0ecredeH st
(pyHKIIMOHMPOBAHMS LIEHTPAa 00Pa30BAHMS €CTECTBEHHO-HAYYHON M TEXHOJOTHYECKO HANIPABJIEHHOCTEN «TOYKA POCTa»
Ha 0aze 'BOY COIII c. I'epacumoBka

No HanmenoBanmue Kpatkue npuMepHbIe TEXHHYECKHAE XaAPAKTEPUCTHKH KoumuectBo
o0opynoBaHus eUHUI, e]l.
H3M.
EcTecTBeHHOHAYYHAs] HAIPABJIEHHOCTH
1. [udposas nadboparopus 1o OO0ecrieunBacT BBITIOJHEHHE Ja00OPATOPHBIX padOT HA YPOKax MO OMOJIOTHH B 2 1IT.
Ouonoruu (y4eHUUECKas) OCHOBHOMH IIKOJIE ¥ IPOCKTHO-HCCIIETOBATEIILCKON JIESITETbHOCTH YIalHXCSI.
Komrutekranusi: becnpoBoaHON MyJIBTHIATYHK IO OUOIOTUH C 5-F0 BCTPOSHHBIMHU
JAaTYNKAMH:

JlaTunk BIakHOCTH ¢ Auana3zonom u3mepenus 0...100%

JlaTuuk OCBEIIEHHOCTH C Tuana3zoHoM u3Mepenus He yxe yem ot 0 qo 180000 nx
Hatuuk pH ¢ auamasonom usmepenus He yxe yem ot 0 go 14 pH

JlaTuuk TemnepaTypsl ¢ AMana3oHoOM U3MepeHus He yxe yem oT -20 go +140C
JlaT4uK TeMmeparypbl OKpYy>Kalollel Cpebl ¢ AMara30HOM HU3MEPEHUs He yKe YeM
ot -20 no +40C

Akceccyaphr:

3apsiHOE yCTpOocTBO ¢ Kabenem miniUSB

USB Ananrep Bluetooth 4.1 Low Energy

Kpartkoe pykoBoJCTBO 1O 3KCILTyaTaruu 1udpoBoii madboparopun

[udposast BUgEOKaMepa ¢ METAIUIMIECKUM IITATHBOM, pa3pernieHue He menee 0,3
Miukc

ITporpammMHoe oGecnieueHne

Mertoandeckue pekomeHannu He meree 30 padot

YmakoBka

Hannume pyccKOs3pIYHOTO CaiTa MOAASPKKH, HAINYHE BUICOPOIIHKOB.




[udpoas naboparopus 1o
XUMUH (yueHHUYECKasT)

OO0ecrieunBaeT BBITIOTHEHHE Ja00PAaTOPHBIX pabOT MO XMMHH Ha YpOKax B
OCHOBHOM IIKOJI€ U TIPOEKTHO-UCCIIEI0BATEIBCKOM IEATEIBHOCTH yUaIuXcsl.
Kommnekranus:

BecnipoBoHO# MyJIBTHIATYMK IO XUMHUH € 3-MsI BCTPOSHHBIMH JaTYHKAMU:
Jatunk pH ¢ nuanazonom uaMmepenus He yxxe yeM ot 0 no 14 pH

JlaT4HK 3IEKTPONPOBOUMOCTH C TUAIa30HaMH U3MepeHust He yxe yeM ot 0 10
200 MxCwm; ot 0 1o 2000 mxCwm; ot 0 1o 20000 MxCm

JlaTyuk Temmeparypsl ¢ AMana3oHoOM u3MepeHus He yxe yeM ot -20 no +140C
OtnenbHBIC TaTYHKH.

JlaT4MK ONTHYECKOU IJIOTHOCTH 525 HM

Akceccyapsr:

Ka6exr USB coennunTenbHbINH

3apsHoe yCTpoicTBO ¢ kKabemem mMiniUSB

USB Ananrep Bluetooth 4.1 Low Energy

Kpartkoe pykoBoCTBO 1O 3KCIUTyaTamuu 1udpoBoii madboparopun

Ha6op nabopaTopHoii ocHacTKH

[IporpammHuoe obecrieuenue

Metoandeckue pekomeHaannu He meree 40 padot

Hannune pyccKOSI3pIYHOTO caiiTa MOAIEPHKKHI

Hannuue BU1€0pOIIHKOB.

[udposas nadboparopus 1o
¢busuke (yaeHu4ueckas)

ObecnieuynBaeT BBINMOJIHEHUE YKCIIEPUMEHTOB 110 TEMaM Kypca (hU3HKH.
Kommnekranus: becpoBoaHO#M MyIbTHIATUYUK 1O PU3UKE C 6-10 BCTPOCHHBIMU
JTaTYNKAMU:

[udpoBoii aTYMK TEMIIEPaTyphI C TUAMA30HOM H3MEpEHHs He yke ueM oT -20 110
120C udpooii gaTunk aOCONMIOTHOTO JAABJICHUS C TUATIA30HOM U3MEPEHUS HE
yke yem oT 0 1o 500 kIla J[aTyrk MarHuTHOTO MOJIS C IUANIA30HOM U3MEPEHHS HEe
yxe ueM oT -80 1o 80 mTn [laTunk HanpspKeHUs ¢ AMana3oHaMH U3MEPEHUs He
yke 4em oT -2 1o +2B; ot -5 1o +5B; ot -10 no +10B; ot -15 mo +15B JlaTunk
TOKa HE yke 4eM OT -1 mo +1A JlaTumk akcenepoMeTp ¢ ToKa3aTelsiMi He MEHee
yeMm: £2 Q; 4 ¢; +8 g OtnenpHbie ycTpoiictBa: USB octmmtorpad He MeHee 2
kanana, +/-10 B Akceccyapsl: Kabeiap USB coeauHuTenbHBIN 3apsaHoe
yctpoiicTBo ¢ kabenem miniUSB USB A nantep Bluetooth 4.1 Low Energy
KouncTpykrop ans npoBeaeHus sxkcrepuMenToB Kpatkoe pykoBOJICTBO 1O
sKcIUTyaTanuu nudposoit tabopatopun [IporpaMmmuoe obecrieueHue
Meroanueckue pekomeranuu (40 pabot) Hanuume pycckos3bI4HOTO caiita
noaaepkku Hannume BUIeoposInKoB.




Kommsroreproe o0opyioBaHme

4. HoyTt6yk dopm-pakTop: HOYTOYK; 2 mir.
Pasmep nuaronanu: He meHee 15.6 m10HMOB,;
Paspemienue skpana: Full HD, Quad HD wu Ultra HD;
OOuwmii 00beM yCTaHOBJIEHHOW OIepaTUBHOM MaMATH. He MeHee 8 [ 6aiiT;
MaxkcuManbHBIN 00NN TOICPKIUBACMBI 00BEM ONIEPATUBHOM MaMSTH: HE
MmeHee 16 ["'0aitt;
O0weM SSD makonurens: e menee 240 I'0aiiT;
becnipoBonas cBsa3b: Wi-Fi;
KonndectBo BcTpoeHHBIX B Kopiryc mopToB USB: He MeHee 2, 13 KOTOPBIX He
Menee 1 momkao ObITE USB Bepcuu He Hke 3.0;
Pa3pemenne B36-kamepsl, Mnukcens: He meHee 0.3;
Berpoennsiit MukpogoH;
Knasuatypa ¢ packnaakoii n MapkupoBkoii knasuur QWERTY/MILIYKEH;
[Moxneprxka crangapros OecripoBoaHoit cesi3u: 802.11a/b/g/n/ac;
[TpousBoauTeIpHOCTH Mpolieccopa (3HaueHue mokaszarens «CPU Marky mo tecty
«Laptop & Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop.html): ve meree 5000 eaunui;
Hanuuue manunynsaropa Mplillib B KOMIUIEKTE: 1a;
YcTaHoBIeHHAs ONepalMOHHAs CUCTEMA € TpaUIEeCKUM MOJIb30BATEIbCKUM
uHTepdeiicom, cBeIeHUS 0 KOTOPOM BKIIFOUEHBI B €IMHBII PEECTP POCCUICKUX
MIPOrPaMM JJIsl JJIEKTPOHHBIX BBIUMCIUTEIBHBIX MAIINH U 0a3 TaHHBIX;
YcTaHoBIEHHBIN MakeT O(UCHOTO MPOTPAMMHOTO 00ECTIEYEHHsI, COBMECTHUMOTO C
YCTaHOBJIEHHOM ONEPAIMOHHON CUCTEMOMN, CBEAEHUS O KOTOPOM BKIIFOUEHHI B
€IMHBII PEeCTp POCCUICKUX MPOTPaMM ISl DJIEKTPOHHBIX BEIYUCIUTEITHHBIX
MalIMH U 033 TaHHBIX.

5. M®YV (npunTep, cKaHep, Tun ycrpoiictBa: MHOTOQYHKIIMOHAIBHOE YCTpoiicTBO (MDY); 1 .

KOIIHUD)

IIBeTHOCTB IEUaTh: UepHO-OEas;

TexHonorus nevaTu: anexTporpaduueckas (JlasepHasi, CBETOANOIHAS);
®dopwmar nevyatu: He MeHee A4,

Tun ckaHUPOBaHUS: MPOTSHKHBINA/TIAHIICTHBIH;

Bo3MmokHOCT ckaHupoBaHUA B popMarTax: He MeHee A4;

Crnoco6 noaxirouenus: LAN, Wi-Fi, USB




Texnonozuueckasn HanpaejieHHocms

6. OO6pazoBaTeNbHbIHI
KOHCTPYKTOP JUIsl IPAKTUKU
6JI0YHOTO MPOrPaMMHUPOBAHUS
C KOMIUIEKTOM JIaTYUKOB

PoGotoTrexHuyeckuii HabOp MpeaHA3HAYECH TS U3YYEHHsI OCHOB POOOTOTEXHUKH,
JeTanei, y3J0B U MEXaHU3MOB, HEOOXOIUMBIX ISl CO3JJaHUsT POOOTOTEXHHUECKUX
YCTPOMCTB.

HaGop npexacrasnser co60il KOMIUIEKT CTPYKTYPHBIX 3JIEMEHTOB,
COCAMHUTENBHBIX AJIEMEHTOB U AJIEKTPOTEXHUYECKHX KOMIIOHEHTOB.

Ha6op no3Bosnser mpoBOANUTE 3KCIIEPUMEHTEHI 110 MPEIMETY (H3HKa, CO31aBaTh U
IPOTPaMMHUPOBATh COOMPAEMBIE MOJIENH, 13 KOMIIOHEHTOB, BXO/ISIINX B €T0
cocTaB, paboyre MOJENIM MOOUIIBHBIX M CTAIIHOHAPHBIX POOOTOTEXHUUECKUX
YCTPOKMCTB C aBTOMATU3UPOBAHHBIM YIPABICHUEM, B TOM YHUCIIE HA KOJIECHOM H
TYCEHHMYHOM XO/JTy, @ TAKXKe KOHCTPYKLIUI, OCHOBAHHBIX Ha UCIIOJIb30BaHUU
pa3IUYHBIX BUIOB Hepenad (B TOM YKCIIe YEPBIYHBIX U 3y0UaThIX) a TAKKE
poeraaro. Berpoennsie OecripoBoubie cetesbie pemenus (Wi-Fi u Bluetooth),
BO3MO>KHOCTh MHTErpaiuu ¢ 6ecruiatabiM o6aunbeiM [10, obecnieunBaror
BO3MOKHOCTh PAKTHYECKOTO U3YYEHUS TEXHOJIOTHI MHTEPHETA BEIIel H OCHOB
HCKYCCTBEHHOTO MHTeIUIeKTa. OOecreunBaeTcsi BO3MOKHOCTh OObEAMHEHHS
HECKOJIBKUX pOOOTOB, COOPaHHBIX U3 MOJOOHBIX HAOOPOB, B TPYIIIBI C CETEBBIM
B3auMmoeiictBueM. [Ipenycmorpena oniroHanbHast BO3MOXXHOCTh PACIIMPEHHUS
JOTIOJIHUTEIbHBIME KOMITOHEHTaMH (HE BXO/SIIIUMHU B CTAHIAPTHYIO
KOMIUTEKTAIIMIO), TIO3BOJISFOIIMMHU H3Yy4aTh TEXHHYECKOE 3PCHUE U
IIPOMBIIIJIEHHYI0 poOoTOTeXHUKY. [IpenycmoTpeHa BO3MOXXHOCTE paboThl Habopa
C JJONOJTHUTEIBHBIMU O0JIAYHBIMU CEPBUCAMH.

[IpenycMoTpeHbl MUHHMYM JIBa POrPAMMHPYEMBIX KOHTPOJUIEPA B TUIACTUKOBBIX
KOpIIycax, MO3BOJISIOIINX OJHOBPEMEHHO CO3/1aBaTh 2 BapUaHTa pPOOOTOB
Pa3IMYHOrO HA3HAYCHUS, UMEIOIINX BO3MOKHOCTH PaOOTHI KaK B IIOTOKOBOM
peXUMe, TaK 1 aBTOHOMHO; MTO3BOJISIOIINX PEaTM30BaTh 00ydYeHUe
POrpaMMHUPOBAHUIO B HECKOJILKUX CpeliaX pa3paOd0TKH Ha Pa3IMYHBIX S3bIKax (K
npumepy, B cpeaax Mblock, Arduino IDE, na s3eikax Scratch, C, Python, micro
Python).

Kak MUHHMYM O/IMH M3 KOHTPOJUIEPOB UMEET BCTPOSHHYIO ONEPAIHOHHYIO
cuctemy, Bcrpoennsie Wi-Fi u Bluetooth, mopt asst moaxmrodeHust
MOCJICIOBATENIbHO COSIMHAEMBIX BHEIIHUX YCTpOUCTB (He MeHee 20
OZIHOBPEMEHHO IMOKIFOYaEMbIX YCTPOUCTB).

Kak MUHIMYM 0/1MH U3 KOHTPOJUIEPOB UMEET BO3MOXKHOCTH OJJHOBPEMEHHOM
3aIlMCH HE MeHee 8 mporpamm, ¢ BO3MOKHOCTBIO TIEPEKIIIOYCHUS MEKIY HUMHU.
Kak MHHUMYM OJIH M3 KOHTPOJIJICPOB MMEeT MOHOIBETHBIN quciuiei (IPS),
MO3BOJISIOIIMI BRIBOJUTD JaHHBIC C JATYUKOB B BUE TAOIHII M rpauKOB, a TAKKE
CO3/1aBaTh BCTPOCHHBIE B KOHTPOJIJIEP BUICOUTPHIL.




KonmaecTBo ceHCOPOB M MCTIOTHUTEILHBIX YCTPOHCTB, BCTPOCHHBIX B OJTUH U3
KOHTPOJUIEPOB, - He MeHee 10 mir.

OO1mee KoIM4YeCcTBO 31eMeHTOB B HaObope He MeHee 400 mT., B TOM 4uciie
MTOJIKJTF0YaEMbIE MOTYJIH:

- Bluetooth momy:s,

- IBOMHOM IaTYMK JIUHUH,

- YIBTPa3ByKOBOM JaTUHK PACCTOSHUS,

- JIaTYMK I(BETA,

- TATYMK KaCaHUs JICKTPOMEXaHUYCCKUH,

- IR Mmomyb,

- MOTOP TIOCTOSTHHOTO TOKa C PeIYKTOPOM — HE MEHee 2 IIT.,

- CepPBOIIPHUBO/I,

- IMyJIBT AMCTAHIIMOHHOTO yripaBiieHus IR.

Hab6op nomkeH ObITh YKOMILICKTOBaH aKKyMYJISITOPHBIMU OaTapesiMH.
[TporpaMMHOe oOecriedeHre, UCTIOIb3yeMOoe JIJIsl IPOTPAMMHUPOBAHMS COOUPACMBIX
POOOTOTEXHUYECKUX MOJIETCH U YCTPOUCTB, TOJKHO OBITH JOCTYITHO IS
OeCIJIaTHOTO CKaYMBaHMsI U3 ceTH MIHTepHET U MOCIeAYIONIEro HCII0JIb30BaHN.

Oo6pasoBaTenpHbIN HAOOP 110
MEXaHUKe, MEXaTPOHHUKE U
poOOTOTEXHUKE

"Habop nomkeH ObITh MpeHa3HAueH I IPOBEIEHHs yUeOHbIX 3aHATHH 110
M3yYEHHUIO OCHOB MEXaTPOHUKHU M POOOTOTEXHUKH, TPAKTUIECKOTO MPHUMEHEHHS
0a30BBIX 3JIEMEHTOB MJIEKTPOHUKH U CXEMOTEXHHKH, a TAK)Ke Hanbosee
pacrpoCTpaHEHHOM AIIEMEHTHOW 0a3bl 1 OCHOBHBIX TEXHHUYECKUX PEIICHUH,
MPUMEHSEMbIX TP MIPOEKTUPOBAHUN U MPOTOTUIHPOBAHUH PA3TMYHBIX
WHKEHEPHBIX, KHOEPHETUYECKUX U BCTPAUBAEMBIX CUCTEM.

B coctaB Habopa 10KHBI BXOJUTH KOMILIEKTYIOIIKE U YCTPOMCTBa, 00a1at011ue
KOHCTPYKTHUBHOM, 3JIEKTPUUYECKOH, alllapaTHON U POrpaMMHON COBMECTUMOCTBIO
APYT C JPYTOM.

B cocraB Habopa JOKEH BXOJUTH KOMIIEKT KOHCTPYKTHBHBIX 3JIEMEHTOB U3
MeTajuIa sl COOPKU MaKeTa MaHUITYJIALIMOHHOTO POOOTa M KOMIUIEKT
METAJUINYECKUX KOHCTPYKTHUBHBIX 3JIEMEHTOB JJIs1 COOPKH MaKeTa MOOUIBHOTO
pobora.

B cocraB Habopa JOKHBI BXOAUTH MPUBOA PA3IMYHOTO THUIA: MOTOPHI C
WHTETPUPOBAHHBIM WJIM BHEITHUM JATYMKOM TIOJI0XKEHUS — HE MEHee 21T,
CEepBONPHUBOJ OOJNBINION — HE MeHee 41T, CEPBONPUBO MaJIblii — HE MeHee 21T,
MIPUBOJI C BOBMOKHOCTBIO YIIPABJICHHUS B IIATOBOM PEXXHME — HE MEHEe 2IIT.

B cocraB Habopa JOKHBI BXOAUTH 3JIEMEHTHI JUIs COOPKHM BaKyyMHOT'O 3aXBara!
BaKyyMHasl IpHcOCKa — He MeHee 11T, 3JIeKTpOMarHuTHbIHM KJIallaH — He MeHee
lmT, BakyyMHBIH Hacoc — He MeHee 1.

B cocraB Habopa H0DKHA BXOJUTH dJIEMEHTHAs! 0a3a JUIst IPOTOTHITHPOBAHHS:
Iata Juist 6ecraeyHoro NpOTOTUITMPOBAHUS, KOMIUIEKT POBOJIOB PA3ITUYHOTO
TUIA U JJTMHBI, KOMIUIEKT PE3UCTOPOB, KOMILIEKT CBETOIMO/IOB, CEMUCETMEHTHBIN

1 .




nHaukarop, aucrei XXK-tuna, KHOIKYM — HE MEHee SIIT, MOTEHIIMOMETPBI — He
MeHee 3T, HHPPAKPACHBIA JaTIYUK - HE MeHee 3T, YIbTPa3BYKOBOH TaTYHK - HE
MeHee 31T, JaTYUK TeMIIepaTyphl - He MeHee 1T, 1aTYuK OCBEIICHHOCTH - He
menee lmt, Mmoayns Bluetooth — ve menee lint, momyns MK-npuemuunka — He
Mmenee lmr, moxyns MK-nepenaTurka B BUJie KHOTIOYHOTO MyJIbTa YIPaBICHUS —
1T, akkyMynaTop — He MeHee 1T, 3apsiiHOe YCTPOICTBO — HEe MeHee 1imT.

B coctaB Habopa 10iKeH BXOAUTh MYJIbTUAATYUK JJIs1 U3MEPEHUS

TEMIIEPaTyphl M BIAKHOCTH OKPYXKAIoIIe cpenbl — He MeHee 1mt. MynbTuaaTdnK
J0JDKEH 00J1a1aTh BCTPOCHHBIM MUKPOKOHTPOJUICPOM (TaKTOBAst 9aCTOTA - HE
MmeHee 16 MI', muHa nanHbIx — He MeHee 8 Kbaiit), natepdeiicamu s
MOJKIJTFOYEHHS K BHEITHUM yCTPOHCTBaM: IIU(POBBIC U aHAIOTOBBIE TTOPTHI, 1-wire
TTL, pa3zbpem Tumna RJ.

B coctaB Habopa 10JKeH BXOAUTh KOMIUIEKT YHUBEPCAIbHBIX BHIYMCIUTENbHBIX
MOJyJIeH, IPEACTABIAIOMUX cO00I 0a30BYIO IUIATY, IUIATY PACIIUPEHUS [T
CETEBOI0 B3aMMOJICUCTBUS U IJIaTy NOJAKIIOUEHUS CUJIOBOM Harpy3ku. Bxoasmue
B KOMIUIEKT YCTPOICTBA JOIKHBI 00J1aJaTh OAHOBPEMEHHON KOHCTPYKTUBHOM,
3JIEKTPUYECKOM, anmapaTHOM U MPOrpaMMHOIl COBMECTUMOCTBIO IPYT C APYTOM.
bazoBast miara yHHBEpCaTbHOTO BEIYUCITUTEIHHOTO MOJTYJIS JOJDKHA TIPEICTABIAT
co0o# mporpaMmmupyeMblii KOHTposuiep B cpeae Arduino IDE wuin aHamoruaHbIx
CBOOOJTHO pacmpoCTpaHsieMbIX cpefax pa3padoTku. ba3zoBas ruata qomkHa
o0yazaTe BCTPOCHHBIMU HHTEp(deiicaMu s MOAKITIOYEeHUS TU(POBBIX U
aHAJIOTOBBIX YCTPOKCTB, BcTpoeHHbIME nHTepdeiicamn USB, UART, 12C, SPI, 1-
wire TTL, Bluetooth, WiFi.

[Inara pacimpenus A0MKHA 00eceunBaTh BO3MOKHOCTD MMOIKIIFOUEHUS
YHUBEPCATHHOTO BEIUMCIIUTEIHLHOTO MOJTYJISI K CETH MOCPECTBOM HHTEpdeiica
Ethernet. [Tinara pacuMpeHus J0JKHA o0J1aaTh nopTaMu BBOJA-BbIBOJA AJIS
MOJIKITFOYEHUS IU(PPOBBIX U AHAIOTOBBIX YCTPOUCTB, HHTEpdeiic SPIl n
BO3MO>KHOCTBIO TIOJIKITFOYCHUS BHEIITHEH KapThI TAMSITH.

[Tnara pacmmpenus 11 TOIKITIOYSHHSI CUIIOBOM HArpy3KH JIOJDKHA 00eCTIeYnBaTh
BO3MOYKHOCTb MPSIMOTO MOJIKIFOUEHUS BHEIITHEH CHIIOBOM HArpy3KH, a TaKkkKe
perynupyemMoit Harpy3ku rocpeactsoM PWM unTepdetica.

B cocraB Habopa JODKEH BXOJUTH IPOTPaMMHUPYEMBbI KOHTPOJLIED,
o0ecrneurBaoIuii BO3MOKHOCTh OCYIIECTBIISATh pa3pabOTKy MPOrpaMMHOI0 KO/a,
UCTIONB3Ysl HHCTpYMeHTapuit cpex paspaborku Arduino IDE u Mongoose OS u
s13bIKOB TiporpammupoBanust C\C++, JavaScript. [TporpamMmmupyemMsbiii KOHTPOILIEP
J0JbKEeH 00J1a1aTh IOPTaMHU IS TTOAKITFOUEHUS IIM(PPOBBIX M aHATIOTOBBIX
YCTPOMCTB, BCTPOCHHBIMU IPOTPAMMHUPYEMBIMU KHOTIKAMU H
AJIEKTPOMEXAHMYECKUMH MOIYJISIMH ISl OPTaHU3aIUN CHCTEMBI pyYHOTO
YIpaBJIEHHUs], BCTPOCHHBIMU IPOTPAMMHUPYEMBIMU CBETOAMOIAMH JUIS HHIMKAIHH




pabouero pexxuma, BctpoeHHbIMU HHTEpdericamu USB, USART, 12C, SPI, 1-wire
TTL, ISP, Ethernet, Bluetooth, WiFi.

B cocraB Habopa J0KEH BXOUTH MOYJIh TEXHUYECKOTO 3PEHHS
MIPECTABIISIOMUI cO00M BEIUMCIUTENFHOE YCTPOMCTBO CO BCTPOCHHBIM
MHUKpOIMporeccopoM (KOoI-BO saep - He MeHee 41T, yacTora siapa He menee 1.2
I'Tu, 06bem O3Y - He MeHee 512M6, 00beM BCTPOEHHOM MaMsTH - He MeHee 81°0),
HUHTETPUPOBAHHON KamMepoil (MakCUMAaIbHOE pa3pelleHHe BUICOMOTOKa,
nepenaBaemoro 1o uarepdeiicy USB - He menee 2592x1944 en1.) u onTrudeckoi
cucteMoi. MolyJTb TEXHUYECKOTO 3PEHHSI TOJDKEH 00J1a/1aTh COBMECTUMOCTBIO €
Pa3NUYHBIMH IPOTPAMMUPYEMBIMH KOHTPOJIEPaMH ¢ IOMOIIbIO HHTEpdeiicoB - 1-
wire TTL, UART, 12C, SPI, Ethernet. MoyJib TEXHHYECKOTO 3pEHUS TOJIKECH
o0ecreynBaTh BHIIIOJHEHUE BCEX U3MEPEHUH U BRIYUCICHUN TIOCPEACTBOM
COOCTBEHHBIX BBIUMCIUTEIBHBIX BO3ZMOXXHOCTEH BCTPOSHHOT'O MUKPOIIPOLIECCOPA.
Moayib TEXHUYECKOTO 3pEHHS JODKEH 00J1a1aTh BO3MOKHOCTHE) KOMMYHUKAIHH
C aHAJIOTMYHBIMHA MOAYJIAMU MOCPEACTBOM HIMHBI HA 6a3e II0CJICA0BATCIBHOTO
uHTepdeiica ¢ LenbIo AanbHEHIel nepeaadn pe3yabTaToB U3MEPEHUN TPYTIIbI
MOZyJIEH Ha YNPaBJISAIOLIEE BHIYUCIUTEIbHOE YCTPOUCTBO, OIKIFOUEHHOE K
JaHHOW mMHe. MoIyIh TEXHUYECKOTO 3peHHsI JOJDKEH 00ecneuynBaTh HaCTPOHKH
PEKUMOB PaOOTHI - HACTPOUKY IKCIIO3HIINH, OaiaHca Oes1oro, IIBETOPA3HOCTHBIX
COCTABIISIOUINX, TUIOIIAAN OOHApY)KUBAaeMOI 00JacTH H300pakeHUs!, OKPYTIOCTH
oOHapyXK1UBaeMoi 00:1acTH U300paskeHHs, OJI0KEHNE 0OHAPYKUBAEMBIX
o0JacTeil OTHOCUTENBHO APYT IpyTa, MAIMHHOE 00YYEeHHE TTapaMeTpoB
HEHPOHHBIX CeTeH /Ui OOHApYKeHUsT 00BEKTOB, (POPMY U 3aKOTMPOBAHHBIC
3Ha4YeHUs1 OOHAPYKMBAEMBIX MapKepoB TUMa Aruco, pazmepbl 00HapyKUBAEMbIX
OKPYKHOCTEH, KBaJPaTOB M TPEYrOJbHUKOB, ITAPAMETPOB KOHTPACTHOCTH,
pa3MepoB, KPUBU3HBI U MTOJO0KEHUS PACIIO3HABAEMBIX JTUHUH.

Habop nomxken obecrnieunBaTh BO3SMOXKHOCTH Pa3padOTKH MOIETH MOOMIEHOTO
poborta, ynpasisiemoit B FPV-pexunme mocpenctsom

MPOTPaMMHOTO 00ECTICYeHHMSI [Tl IEPCOHATBHOTO KOMITHIOTEPa M MOOMITBHBIX
ycrpoiict Ha 6a3e OC Android wiu 10S, obecrieunBaroero BO3MOKHOCTh
yIpaBJIeHUs] MOOMIBHBIM POOOTOM M BCTPOSHHBIM MaHHITYJIITOPOM ITOCPEACTBOM
rpaduueckoro uHTEpdeiica, BKIFOYAIOIUM B ce0s Ha0Op KHOIOK U
NepeKIroYaTeNel, PKOMCTUK, 00JacThb sl OTOOpaKEHUS BUJIEO.

HaGop nomken obecrieynBaTh BO3SMOKHOCTD U3yUEHHSI OCHOB pa3paboTKu
IMPOrpaMMHBIX U alllapaTHbIX KOMIUICKCOB MHKCHCPHBIX CUCTEM, peIHeHI/Iﬁ B
chepe ""NuTepHer Bemel™", a Takke pemeHN B 06J1aCTH poOOTOTEXHUKH,
HUCKYCCTBECHHOT'O MHTCJIJICKTAa U MAlIMHHOT' O O6y‘leHI/I$I.

B cocraB Habopa JOKHO BXOAUTH MTOCOOHE MO U3yUEHHUIO OCHOB 3JIEKTPOHUKHU H
CXeMOTEeXHUKH, penieHnid B chepe ""MHTEepHET Bemei'"", pa3paboTku u
POTOTHIIMPOBAHHIO MOJIeNIel pOOOTOB.




B coctaB Habopa M0JKHO BXOJUTH TIOCOOME TI0 U3YYECHUIO OCHOB Pa3padOTKH
CHCTEM TEXHUYECKOTO 3PEHHS M DJIEMEHTOB HCKYCCTBEHHOTO HHTEIUICKTA."

O6pasoBarenbHbIN HA0OpP VIS
U3Y4CHHUS
MHOTOKOMIIOHEHTHBIX
POOOTOTEXHUUECKHX CUCTEM U
MaHUIYJIALIUOHHBIX pOOOTOB

"O6pazoBartenbHbIi HA0OP JOJKEH ObITH ITPEeTHA3HAYCH U1 U3yUCHHUS
POOOTOTEXHUYECKUX TEXHOJIOTHH, OCHOB MH(OPMALIMOHHBIX TEXHOJIOTHH 1
TEXHOJIOTMI IPOMBIIIJIEHHOW aBTOMATH3al1H, a TAKKE TEXHOJIOTHI
MPOTOTUIIMPOBAHUSA U alTUTUBHOI'O IPOU3BOICTBA.

B cocraB Habopa JODKHBI BXOAUTH KOMIUIEKTYOIUE U YCTPOMCTBA, 00JIanaromme
KOHCTPYKTUBHOM, anmapaTHOW U MPOrpaMMHON COBMECTUMOCTBIO PYT € APYTOM.
1) KoMIuiekT KOHCTPYKTHBHBIX JIEMEHTOB M3 METAJLIA U ITACTHKA JIJIsl COOPKU
MOJIeIell MaHUITYJIIMOHHBIX POOOTOB C YIJIOBOW KHHEMATHKOM,
IUTOCKOTAPAJUICIIbHOM KnHeMaTrKo#, Delta-kunematukoi.

2) UHTemiekTyaibHblil CEpBOMO/IYIIb C HHTETPHPOBAHHOMN CHCTEMOM yIIPABICHHUS -
HE MEeHee /IIT.

CepBOMOAYJIb TOJKEH 00J1aaTh HHTETPUPOBAHHON CUCTEMOH YITpaBJICHUS,
obecrieynBaronieil 00paTHYIO CBSA3b WM KOHTPOJIb IIAPAMETPOB - MOJIOKEHUE Baja,
CKOpPOCTb BpallleHHs, Harpy3Ka IMpUBO/a, a TaKke oOecreunBaromieid BO3MOKHOCTb
MOCJIE0BATENBHOI0 OAKIIOYEHHS IPYT € APYTrOM U YIPABICHUS CEPBOMOIYISIMU
IO MOCJIEIOBATEIBLHOMY MONYAYIUIEKCHOMY aCHHXPOHHOMY MHTEpdeiicy.

3) PoboToTexHMUECKHI KOHTPOILIEP, MPEACTABISIONIA COO0# MOIYIbHOE
YCTPOMCTBO, BKIIIOYAIOIIEE B Ce0s1 OJTHOTIATHBI MUKPOKOMIIBIOTED JUIS
BBITIOJTHEHUSI CJIOKHBIX BBIYMCIUTENLHBIX ONeparuii, nepudepritHbIii KOHTPOILIEP
JUTS yIPaBJICHHS] BHEITHUMH YCTPONCTBAMH W TUIATY PACIIUPEHUS IS
MTOJIKJTFOYEHHS BHEIITHUX YCTPOUCTB. Moy poOOTOTEXHHYECKOTO KOHTPOJLIEpa
JOJDKHBI 00J1a1aTh OJJHOBPEMEHHOIN KOHCTPYKTHUBHOM, ammapaTHON U
MIPOrPaMMHOM COBMECTUMOCTBIO APYT C IPYTOM.

PobGoTorexHnueckuit KOHTPOJUIEP AOJKEH YIOBIETBOPATH TEXHUUECKUM
XapaKTepUCTUKAaM: KOJI-BO siZiep BCTPOEHHOI'O MUKPOKOMITBbIOTEPA - HE MEHee 4,
TaKTOBas 4acToTa sifpa - He meHee 1,2 ['T, o6bem O3Y - He menee 512 MO,
Hasmuue uarepdeticos - SPI, 12C, 1-wire TTL, UART, PWM, niudpossie - He
MeHee 16 T 1 aHaIOrOBhIe MOPTHI - HE MEHEe 8 MIT JUISl MOAKIIOUEHUST BHEITHUX
YCTpPOMCTB, BCTpOeHHBINH MUKpo(doH, a Takxke WiFi mm Bluetooth mst
KOMMYHHKAIIMH CO BHEITHUMH YCTpoiicTBamu. POOOTOTEXHUYECKUIT KOHTpOIUIED
JI0JDKEH 00ecreyuBaTh BO3MOXKHOCTD IIPOTPAMMHUPOBAHHS C TIOMOIIBIO CPEJICTB
s361k0B C/C++, Python u cBob6oaHO pacnpoctpansiemoii cpenst Arduino IDE, a
TaK)Ke€ YIPaBJICHUS MOJIEISIMU POOOTOTEXHUYECKUX CUCTEM € TIOMOILBIO CPEJIbI
ROS.

4) IIporpamMmmupyemblii KOHTpoILIEp - He MeHee 1T. [Iporpammupyembiit
KOHTPOJIIEP JOHKEH MPEACTABIATh COO0M BHIYMCIUTENbHBIA MOTYJIb,
oOnanaronM mu(poBBIMU IOPTAMH - HE MEHEe 8 T U aHAJIOTOBBIMU TIOPTAMH -

1 mrT.




He meree 16 mr, uaTepdeiicamun UART, 12C,SPI, TTL, a takke Moxynem
OecripoBoHOM cBsi3u TN Bluetooth mim WiFi mist cozmanus anmapatHo-
MPOrPaMMHBIX pelieHH U ""yMHBIX/cMapT""'-yCTpOMCTB [T pa3paboTKH
pemenuit ""UuTepHeT Bemen"".

5) [Inara pacurpeHus: NporpaMMHpPyeMOro KoHTposuiepa — He menee lmT. [Inarta
paciupeHust 1o KHa 00eCIeYBaTh BO3MOKHOCTh MOAKIIOUEHUS YHUBEPCATBHOTO
BBIYHUCIIUTEIHLHOTO MOYJIS K ceTu nocpenctBom unrepdeiica Ethernet. [1nara
pacimupeHust JoJKHa 00J1a1aTh TOPTaMH BBOIA-BBIBOAA JUIS TTOAKIIFOUEHUS
IU(POBBIX U aHAJOTOBBIX YCTPOUCTB — He MeHee 40 mit, uarepdeiic SPI u
BO3MO>KHOCTBIO TIOJKIFOYEHHS BHEIIHEW KapThl aMSATH.

6) Moy TEXHUYECKOTO 3pEHHSI, TPEICTABIISIONINIA cO00H yCTpOMCTBO Ha Oaze
BBIYHCIIUTEILHOIO MUKPOKOHTPOJUIEPA U MUHTETPUPOBAHHOM KaMepBI,
o0ecrevynBarolee pacro3HaBaHue MPOCTEUIINX H300paKEHU Ha MOJIYJIE 32 CYET
COOCTBEHHBIX BBIYMCIUTENbHBIX BO3MOKHOCTEH - HE MeHee 111T;

Moyib TEXHUYECKOTO 3peHUs T0JKEH 00eceynBaTh BO3MOKHOCTh
KOMMYHHKAIIMH C aHAJIOTUYHBIMU MOJYJISIMU TIOCPEICTBOM LIMHBI Ha 0aze
MOCJIeI0BATEIHLHOTO HHTEpdeiica ¢ LeNblo NalbHENIIeH nepenadn pe3yibTaToB
M3MEpEHUH TPYIIIBI MOTyJICH Ha YIPaBISIONIee BHIYUCIUTEILHOE YCTPOMCTBO,
MOJKIJIFOYEHHOE K TAaHHOW IIIHHE.

Moysib TEXHUYECKOTO 3pEHUS I0JIKEH 00eCeYnBaTh BO3MOKHOCTh
OCYIIECTBIATh HACTPOUKY MOJYJISl TEXHUUYECKOIO 3pEHUS - HACTPOUKY
HKCIO3UIINH, OanaHca 06e10r0, IBETOPA3HOCTHBIX COCTABIISIOMINX, TUIONIAIN
oOHapyk1BaeMoi 001acT N300pakeHus1, OKPYTIOCTH OOHApPYyKUBAEMOIl 00J1aCTH
n300paxeHusl, MOJI0KEHUE OOHAPyKUBAEMbIX 0071acTell OTHOCUTEIBHO APYT
apyra.

Moyib TEXHUYECKOTO 3pEHUs I0JKEH 00eCcTieunBaTh BO3SMOKHOCTh HACTPOMKHI
Ha OJTHOBpeMeHHOe oOHapyxkeHHne He MeHee 10 pa3IuYHBIX OAMHOYHBIX 0OBEKTOB
B CEKTOpe 0030pa, MO0 HE MEHEE 5 COCTAaBHBIX OOBEKTOB, COCTOSIIIINX U3 HE MEHEE
3 pa3nuYHBIX rpadUIeCcKUX MPUMUTHBOB.

Moaysb TEXHUYECKOT0 3peHHS JODKEH 00J1a1aTh BCTPOSCHHBIMU HHTEpdelicamu —
USB, UART, 1-wire TTL, I12C, SPI myist KOMMyHHKAITIK CO BHCITHUMU
MOJIKJIFOYaEMBIMU YCTPOHCTBAMH.

7) B coctaB Habopa J0KHBI BXOAUTH HU(POBBIE HHPOPMALIMOHHO-CEHCOPHbIE
MOJIYJIH, IPEJCTABIIAIONINE COOOH yCTpoiCTBa Ha 6a3e MporpaMMHUpPyEeMOro
KOHTpOJUIEPa U U3MEPUTEIIBHOTO HJIEMEHTA.

udpoBoit MOayTh T0JKEH 00J1aaTh BCTPOCHHBIM MUKPOKOHTPOJIEPOM
(TakToBas yactora - He MeHee 16 MI'1, mmHa 1aHHBIX — He MeHee 8 KOaliT),
uHTepdeiicaMu U NOJKITIOUEHHS K BHEITHUM YCTPOHCTBAM: IU(PPOBBIE U
aHayioroBsie opThl, 1-wire TTL, pazsem tuma RJ.




[Mudposoit MOAyIb AOKEH 00eCeYuBaTh BO3ZMOXHOCTh KOMMYHHKAIIUH C
aHAJIOTHYHBIMHU MOJTYJISIMH ITOCPE/ICTBOM IIMHBI Ha Oa3e Mmocie10BaTeIbHOro
uHTEepdeiica ¢ nenbpo JanbHEeHIel nepe1ayn pe3yIbTaTOB U3MEPEHHA TPYIIITbI
MOJTyJIeH Ha YHPaBIISIONIEe BEIUUCIUTENFHOE YCTPOUCTBO, TOAKIIOYEHHOE K
JTAaHHOM IIIMHE.

B coctaB Habopa 10KHO BXOIUTH: U(PPOBON MOJYJIb TAKTOBOM KHOIIKU — HE
MeHee 3T, mudpoBoil MOAYJIb CBETOAMOAA — HE MeHee 31T, uppOBOH MOIYIIh
KOHIIEBOTO IIpephIBaTellsi — HEe MeHee 31T, UPPOBOH MOAYJIb 1aTYHNKA I[BETA — HE
menee lmT, udposoit Mmoayss RGB cBeroanona — He menee 1mt.

8) B coctaB Habopa MOHKHBI BXOAUTH 3JIEMEHTHI JJ1s1 COOPKU BaKyyMHOTO 3axXBaTa:
BaKyyMHasl IPHCOCKa — HE MEHee 11T, 3JIeKTPOMarHuTHBIHN KJIallaH — He MeHee
luit, BaKyyMHBIN Hacoc — HE MeHee 11IT.

9) B coctaB Habopa TOIKEH BXOAUTH YU€OHBIH KOMIUIEKT, BKIFOYAIOIIUI B ce0s
yuebHoe nmocobue, Habop OUOIMOTEK TPEXMEPHBIX SJIEMEHTOB IS
IIPOTOTUIHPOBAHUS MOJIeJIeN MaHUITYISILIUOHHBIX pOOOTOB, a TAKXKe IPOrpaMMHOE
oOecniedenue a7 paboThl ¢ HAOOPOM.

ITporpamMHoOe o0ecniedeHne 10KHO 00eceunBaTh TPEXMEPHYIO BU3YyaIU3aLUI0
MO/IEJI MAaHUMYJISIIMOHHOTO po0oTa (C YIiIOBOH, TUIOCKOMIAPAJIEIbHON U JIeNIbTa-
KHHEMAaTHKOI1) B Iporiecce padoThl, 00ecTiednBaTh IOCTPOCHHUE
MIPOCTPAHCTBEHHOH TPACKTOPUH JIBMYKEHUS HCIIOJTHUTEIBHOTO MEXaHU3Ma
MaHHITYJIIIHOHHOTO po00Ta, BO3MOKHOCTH 3a/IaHHSI ITOCIIEI0BATEIEHOCTH TOUEK
JUISL IPOXOYK/ICHUS Yepe3 HUX MCIIOJHUTEIBHOTO MEXaHU3Ma MaHUITYJISLIUOHHOTO
pobGorta. [IporpammHoe oOecrieueHre JOKHO (PYHKIIMOHUPOBATh, KaK B
OTAEIBbHOCTU B BUJIE€ CPEbl MOIEIUPOBAHUS, TAK U B PEKMME MOHUTOPUHIA B
peaIbHOM BPEMEHH MPH MOAKIIOYEHUN MOJIEIH MaHUITYJIATOPA HOCPEACTBOM
poboToTexHHnUecKoro KoHTposuiepa. [Iporpammuoe odecrieueHue J0JIKHO
obecneynBaTh BO3MOXKHOCTb IIOCTPOEHUS IpahuKOB 3a1aHHBIX U TEKYIIUX
0000IIeHHBIX KOOPAMHAT MaHUITYJISIIHOHHOTO po00Ta, rpauKOB 3HAYCHUN
CKOpOCTEH 1 YCKOpEHHsI, TpaIKOB PACUETHBIX 3HAYCHUN HATPy3KH.
[TporpamMHoOe obecriedeHne T0KHO MO3BOJISATH 3a1aBaTh MOCIEI0BATEIEHOCTh
NepeABIKEHUI MaHUITYJIITOPA IOCPECTBOM HabOpa KOMaH/ B OJIOYHO-
rpaduyeckom nHTEpdeiice.

VYuebHoe nocodue 10KHO coiepKaTh MaTepHallbl 10 pa3pabOTKe TPEXMEPHBIX
MoJiesiell MOOMIIBHBIX POOOTOB, MAaHUITYJIILIUOHHBIX POOOTOB C pa3IMYHBIMU
TUIIAMU KHHEMAaTHKH (yIJ10Basi KHHEMaTHKa, INIOCKO-TIapaliebHas KHHEMATHKa,
nenbTa-knHematuka, SCARA nnm pbluaxkHas KuHeMaTuka, miargopma Crioapra u
T.I1.), UHCTPYKIIHU 110

MIPOEKTHPOBAHUIO pOOOTOB, MHCTPYKIIUU M METOAUKH OCYIIECTBICHHS
WH)KCHEPHBIX PACUYETOB TPH MPOCKTUPOBAHNH (pacyeTsl HArPY3KH U MOMEHTOB,
pacyeTr MOIIHOCTH MPHBOJIOB, pacyeT IMapaMeTPOB KHHEMATHKH U T.I1.),




MHCTPYKIIMH 110 Pa3pabOTKe CUCTEM YIIPABICHUS U IIPOTPAMMHOTO 00eCTIeYeHHS
IUIsL yIIpaBIeHUS] pOOOTaMH, MHCTPYKIIMU W METOJMKH 110 pa3paboTKe CHCTEM
YIIPABICHUS C JIEMEHTaMH UCKYCCTBEHHOTO MHTEIUICKTA U MAIIMHHOTO
oOyueHnus."

KommerorepHoe o6opynoBanue

9.

HoyTt6yk

®dopM-(akTop: HOYTOYK;

Pasmep nuaronanu: He MeHee 15.6 aroiimMoB,;

Pasperrenne sxpana: Full HD, Quad HD wmu Ultra HD;

OOmwmii 00beM yCTaHOBJIEHHOW OIEpaTUBHOM MaMATH. HEe MeHee 8 [ 6aiiT;
MaxkcuManbHbIH 001Mi ToAepKUBAaeMbIii 00BeM ONepaTUBHON MAMATH: HE
MmeHee 16 ["'0aitt;

O0weM SSD makonurens: e menee 240 I'0aiiT;

becnipoBonas cBsa3b: Wi-Fi;

KonnuectBo BcTpoeHHBIX B Kopiryc mopToB USB: He MeHee 2, 13 KOTOPBIX He
Mmenee 1 nomkHo ObiTh USB Bepcuu He Huxe 3.0;

Paspemenue B36-kamepsl, Mnukcens: He meHee 0.3;

Bcerpoennsiit MukpodoH;

Knasuatypa ¢ packnaakoii n MapkupoBkoii kmasuur QWERTY/MILIYKEH;
[Moxnepxka cranmaproB 6ecripoBoHOi cBsizu: 802.11a/b/g/n/ac;
[TponsBoauTenpHOCTH Mporeccopa (3HaueHue mokaszarens «CPU Marky mo tecty
«Laptop & Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop.html): ve menee 5000 eaunmui;

Hanuvne MaHUTTyISITOpA MBI B KOMILICKTE: /1a;

YcTaHoBIeHHAs ONepalMOHHAs CUCTEMa € TpaUIEeCKUM MOJIb30BATEIbCKUM
uHTepdeiicom, cBeIeHUS O KOTOPOM BKJIFOUEHBI B €IMHBII PEeCTp pPOCCUICKUX
MPOrpaMM JJIsl SJIEKTPOHHBIX BBIUMCIUTEIBHBIX MAIIUH U 0a3 TaHHBIX;

Y cTaHOBIEHHBIHN aKeT O(PHCHOTO IPOrPaMMHOT0 00ECIIEUeHHUsI, COBMECTUMOTO C
YCTaHOBJIEHHOM ONEPAIMOHHON CUCTEMOMN, CBEAEHUS O KOTOPOM BKIIFOUEHHI B
€IMHBIN PEECTP POCCUICKHUX MPOTPAMM ISt

3JIEKTPOHHBIX BBIYMCIUTEIBHBIX MAIINH U 0a3 JaHHBIX.

1 mT.

10.

M®V (mpunTep, ckaHep,
KOIIHUD)

Tun ycrpoiicta: MuorodyHkiuonaisHoe ycrpoiictso (MDY);
[IBeTHOCTD ME4aTh: YepHO-Oenas;

TexHonorus mevyaru: eKTporpaduyeckas (1a3epHasi, CBETOIHOIHAS);
®opmar nevaru: He MeHee A4,

Tun ckaHUPOBAHMS: TPOTSHKHBIN/TITAHIIIC THBIIH;

BosmoxxHOCTE cKkaHMpoBaHus B popmarax: He MeHee A4,

Crnoco6 nonxirouenus: LAN, Wi-Fi, USB

1 mT.




