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I. OCHOBHBIE XAPAKTEPUCTUKH [TPOI'PAMMBI

1.1.I1losicHuTEeIBLHAS 3AlIHCKA

JHauHas obuieobpaszoBaresbHas o0uiepa3BuBaroILas [porpaMmma
JICTIOJIHUTENILHOIO 00pa30oBaHus JleTell MMeeT TEeXHUYECKYK) HalpaBieHHOCTb.
[Ipenrnonaraer  AOMNOMHUTENbLHOE o0pa3oBaHue nerei B obsactu
aBUaMOJe/IUPOBaHUS U OECIIMIOTHON aBUALIUH.

[Iporpamma HampasjeHa Ha (opMUpOBaHUE Yy JAeTed 3HAHUNH U HaBbIKOB,
HE0OXOAUMBIX 11 paboThl ¢ 0€CUNOTHEIMU ABUALIMOHHBIMU CUCTEMAMHU.

[Iporpamma no3BoJisieT co3iaBarh OJAronpUsTHbIE YCIOBUS /ISl Pa3sBUTHS
TeXHUYECKUX CIIOCOOHOCTEH LIKOJILHUKOB.

[IporpamMma OpHeHTMpOBaHa Ha JIOMOJHUTEIbHOE 00pe30BaHME YdalUXCs
Cpe/IHero U cTapllero LKoJbHOro Bo3dpacra (13 - 18 ner).

OnuceiBaeMas oOpa3zoBarelibHas NporpamMma HHTEPECHa TEM, YTO
uHTErpupyeT B cebe JIOCTHXKEHUS] COBPEMEHHbIX U MHHOBALMCHHbBIX HarpaBieHui
B vajioi OeCIUJIOTHON aByalyu.

3aHUMasCh [10 JaHHOH Iporpamme, 00y4aroUMecs JOJDKEbI IOy YU Th 3HAHUS
¥ YMEHHs, KOTOpble€ IO3BOJISIT MM IOHSTH OCHOBBI YCTPOACTBAa OECIMJIOTHOIO
JIETATENILHOIO  amrapara, [pUHUMIBL  paboThl BCEX €rd CUCTEM M HX
B3aUMOJEUCTBUSL.

[lporpammoii MpejycCMOTPEHO MpoBe/leHHe KOMOMHMPOBAHHbIX 3AHATHUM:
3aHSTUSL COCTOSIT M3 TEOPETUYECKOM M IMpaKTHUecKo# wacrteii, npuuém Oosbluee
KOJIMYECTBO BPEMEHHU 3aHUMAET IPaKTHYECKas 4acTh.

[1py npoBeeHHUH 3aHATUI TPAJULIMOHHO UCIIONL3YIOTCS TPU (POPMBbI pabOThL:

e JIeMOHCTpALMOHHAs, Korja OO0yyarolMecs ClYIaloT OObACHEHHUS

riejarora ¥ Ha0JIIOAAIOT 3a JIeMOHCTPALIMOHHBIM 3KPAHOM WJIM SKpaHaMu
KOMITLIOTEPOB HA YUEHUUECKUX pabouuX MecTax;

e (poHTanbHas, Korga o0ydarollMecs CHHXPOHHO paloTalT MOA

yIpaBJIeHUEM [1e/1arora;

e CaMOCTOSTENIbHasA, Korga o0y4alouiuecss BbIIOJHAKT UHIUMBULYyallbHbIE

3aJ1aHUs B T€YEHUE YAaCTHU 3aHATHUS UJIU HECKOJIBbKUX 3aQHSATUI.



1.2.1lenb 1 3aaa4u nporpaMmal

Llenbio nmporpamMmel sBjsieTcs GopMUpOBaHUE y 00YHaIOUMXCS YCTOMYUBbIX
3HAHHH MW HaBbIKOB 110 TaKUM HANpaBJCHMUAM, KaK: ad’pojMHAMHUKA U
KCHCTPYUpPOBaHUE OecrnuI0THbIX JleTaTesbHbIX arnnaparos, OCHOBbI
PeUOSIEKTPOHUKH U CXEMOTEXHUKH, MPOrpaMMUpPOBaAHME MUKPOKOHTPOJLIEPOB,
néTHas skenyatauus bAC.

[TIporpamma HamnpasjieHa Ha pa3BUTME B pebdeHKe MHTEepeca K [POEKTHOH,
KCHCTPYKTOPCKOM M MPEeANPUHUMATENbCKOW  JEATE/IbHOCTH, 3HAYUTEJIbHO
pecumpsitolieil Kpyrozop u o6pazoBaHHOCTb peOeHKa.

OCHOBHBIMU 3aJja4aMHU JIaHHON POrpamMMbl SIBJISFOTCS:

* PasButue y Jzereil BOOOpa)keHMs, IPOCTPAHCTEEHHOI'O MbIIJICHMUS,
BC CIIMTAHUE MHTEepeca K TeXHUKE U TEXHOJIOIHSAM.

«  Bocnuranue TpyaomoOus, pa3BUTUs TPYLOBbIX YMEHUH KU HABBIKOB,
péClLIMpEHUE TOJUTEXHUYECKOr0 Kpyrozopa, yMEHHUs IIIaHMpOBaTb padoTy IO
pecanuzalMu  3amblcila, TpeABMJAETh pe3yjbTaT W JOCTHUraTh €ro, Ipu
HeOOXO0AMMOCTU BHOCUTh KOPPEKTUBBI B [I€pBOHAYaJIbHbIA 3aMbICEll.

* [loBbIlIEHHE CEHCOPHON YYBCTBUTE/ILHOCTH, PA3BUTUE MEJIKOM MOTOPHUKHU U
Ck HXpOHM3aLMK padoTbl 00EHMX pyK 3a cyeT oOydyeHMs [HJIOTUPOBAHUS U
azpOCHEMKHU C OECIMIIOTHBIX JIeTaTe/IbHbIX alapaTos.

¢ (O3HakoMJleHHE JETEH C JYXOM Hay4YHO-TEXHHUYECKOIO COpPEBHOBAaHMUS,
pe3BUTHE yMEHMS IIJIaHMPOBATb CBOM JEHCTBUS C YUETOM OAKTOpa BPEMEHHU B
o(icTaHOBKE C 2JIEMEHTAMU KOHKYPEHLMH.

+ OOyueHue pAeTell MNPOEKTHPOBAHUIO, COOpPKE M I[IPOrpaMMHUPOBAHUIO
O¢CITMJIOTHBIX JIETaTeJIbHBIX allllapaToB, MCIOJb30BAHUID COBPEMEHHBIX CPEICTB
AETOMAaTHUYECKOI0 KOHTPOJIS U yIIpaBJICHUs [Ulst CO3AaHus hHTe iekTyanbHbIX BAC.

. BbipabGorka HaBBIKOB MUJIOTUPOBaHMsl OECHUIIOTHBIX JIETATEIbHbBIX
arraparos.

« Camopeanuzalus JUYHOCTH 00yUaOLEerocs.

 PaspuTHe TBOPUECKUX CIIOCOOHOCTEN 00yyaroerocs



2. CTPYKTYPA ITPOI'PAMMBI

2.1. O6beM nporpaMmbl U BH/bl y4eGHOH paGoTsl

JanHas obpa3zoBaresbHas NporpaMma U3yyaeTcs B TeueHue urepauuu. [lo

OFOHYaHHIO KypCa IIPOHUCXOOUT 3alluTa HpOGKTHOI:I paGOTbI.

Bux yueOHo# paboThbl Bcero 4acos
£ yIUTOPHBIE 3aHATUS BCEro, B TOM 12
yucne:
Jlexuuu 19

N

[ [pakTUyeckue 3aHATUS

B T.4. IpOeKTHas padbora 17
E bl TeKyLIEro KOHTPOIs 4
yCIIEBaEMOCTH

O0beM yueOHOM nporpaMMbl 72

L




2.2. Copep:xxkaHue nporpamMmmel

Ne n/n HaumeHoBaHue TeMbl ConepxaHue o0yuenus
1 2 3
baok Teopusi MyJbTHPOTOPHLIX | YCTPOMCTBO ~ MYJIBTMOIOTOPHBIX  CHCTEM.
1. cucreM. OCHOBbBI  KOHCTPYKLHM  MYJIBLTUPOTOPHBIX
OcHOBBI ynpaBJleHHs. CUCTEM. [TpunLHIIB] yI1paBJeHuUs
MYJbTUPOTOPHBIMU CUCTEMAMH.
BBojHas jgexuus o Annapartypa paauoylldaBieHUs: [PUHLMI
collep)KaHuu Kypca. JlelicTBUsL, oblliee yCTpOiCTRO.
[IpuHUMIIbL YIIpaBIeHUs U Texnuka Oe3omacHocTd Hpu  pabore ¢
CTpOEHHE MYJIBTUKONTEPOB. | MYJIbTUPOTOPHBIMU CUCTEMAMMU.
OCHOBBI TEXHHKH DeKTPOHHbIE KOMIIOHEHTbI
0e301acHOCTH MOJIETOB MYJbTUPOTOPHBIX CHUCTEM: NPUHLMIIBL
OcCHOBBI 3J71€KTpUYECTBA. padoThl, 00111ee YCTPONCTBO.
JluTuii-nosuMepHble JluTuii-rosiuMepHble  aKKyMYyJISSTOpbl W HX
AKKyMYJISITOPBI. 3apsi/iHble YCTPOMCTBA: YCTPOUCTBO, IIPUHILHMII
[IpakTuyeckoe 3aHATUS C JleMCcTBUS, METO/1bl
JUTUH-TIOJUMEPHBIMU 3apsiIKU/paspsiiku/xpanerus/ OanaHCUpOBKU
aKKyMyJIsiTopaMu aKKyMyJisiTOpoB, OescracHas  pabora ¢
(3apsinka/paspsiaka/banancy | 000py10BaHUEM.
POBKa/XpaHEHHE) ITalixa 3JIEKTPOHHBIX KOMIIOHEHTOB:
TexHonorus nanku. NPUHLKIbBL [akiky, obydyeHue mnaike, naika
TexHuka 6€3011aCHOCTH. 3J1IEKTPOHHBIX KOMITOHEHTOB
7. OOyueHue namke. MYJIbTUPOTOPHBIX CUCTEM.
Biaok | COopka n HacTpolKa [Tos€rHbiii KOHTpPO.1J1Ep: YCTPOHCTBO
2 KBaJpoKonrepa. MOJETHONO KOHTPOJINEPA, MNPUHLUIBLI €ro

YyeOuble MoJETHI.

(GYHKLIHOHUPOBAHMUS, HACTpOMKa
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Ynpasienue nojaéTom

MynbTUkonTepa. [puHuun

(GyHKLUMOHUPOBAHHUS [1OJETHOTO

KOHTpOJUIEpaA U alaparypbl

ylpaBJIeHHUs.

s

2

beckoJuiekTopHbIe
JIBUraTeNIU U PEryJsiTOPbl UX
xoa. [1narel pasBoaku

[THTaHH5.

. Cbopka pambl

KBajpakonrepa.

. Ilatixa ESC, BEC u cuinoBoit

YaCTH.

OCHOBBI HACTPOKHU
MOJIETHOrO KOHTpOJLIEpa C
MTOMOLIBIO KOMIIbIOTEpA.
Hacrponka Annapartypsl
yIpaBieHUs.

Hactpoiiku nos€tHoro
KOHTpOJLIEpPA.

WMHCTpyKTaX MO TEXHUKE
0e30I1aCHOCTH I10JIETOB.
IlepBble yueOHbIE [10JIETHI: -
«B31ET/IIOCAAKAY,
«yJepraHue Ha 3a]aHHOM
BbICOTE», IEPEMELLECHMUSI
«BIIepe/I-Ha3a/ly, «BJIEBO-
BrpaBo». Pazdbop aBapuiHbIX

CUTYyaLHH.

KOHTpOJIepa € MOMOLIBIO  KOMIBIOTEpA,
3HAKOMCTBO C MpOrpaMvHbIM oOecreueHneM
JUIsE HACTPOMKH KOHTpCIJIepa.

beckomnexkropuble  gBUratend @ M HX
PEryisTOpbl X04a: YCTPONUCTBO, IPUHIUITBI UX

(QYHKUMOHMpPOBAHMSI, Naiika JaBUrareliedl u

peryJisiTopoB.
[Tnarsl pa3BoAKU MMUTAHUS: obO1ee
YCTPOUCTBO, XapaKTepUCTUKH, rnamnka

PEryJsiTOPOB U CUJIOBBLIX [IPOBOJOB K [1aTaMm

pPa3BOAKH INUTAHHS.

WMucTpykTaxk mnepen IEpBbIMM  yUeOHBIMH
[0JETaMU.

'Hposeﬂeﬂne yueOHbIX [M0JETOB B 3ale,
BbIIIOJIHEHME  3ajaHui:  «B3jaét/riocamka»,

«yAep)KaHue Ha 3alaHHON BbICOTE», «BIIEpE-
Haza/1», «BJIEBO-BIIPABO», «TOYHAs [10Ca/1Ka Ha
YJJEHHYIO TOYKY», «KKOpOOOUKa», KUETHOK,
«BOCbMEpKa», «3MeHKay, «00JIeT 0 Kpyry».

Pa30op aBapuiHbIX cuTYaLU.




8. BrlnosHeHue noaéTos:
«TOYHAs [10caaKa HA
yAQJIEHHYIO TOUKY»,
«KOpOOOUKa», «4ETHOKY,
<(BOCbMepKa)), <<3MeﬁKa>),

«00seT 1o Kpyry.

baok

PaGora B rpynnax Haj
MHKeHEePHbIM IPOEKTOM.
1. IlpuHuuMnbl cozanus

UHXKEHEPHOM IPOEKTHOM
paboThl.

2. Pabora B rpymnmax Haj
MH)KEHEPHBIM [IPOEKTOM
«becrniunorHas aBuanoHHas
cUCTeMay.

[ToaroroBka npeseHraluu

cOOCTBEHHOMH MPOEKTHOMU

paboThl.

Pabora HaJl HH)KEHEePHEIM [IPOEKTOM: OCHOBbI
[UIAHUPOBAHUsL MPOEKTHOH padoThl, padoTa
Ha/l [IPOEKTOM B COCTaBE KOMaH/Ibl.
[lpaktnueckass pabora B rpynmnax Haj
UH)KEHEPHbBIM POEKTOM no Teme
«becnunoTHas aBHallMCHHAS] CUCTEMAY).
[ToaroroBka u mpoBefieHue Mpe3eHTaluU 1o

[IPOEKTY.




3. KOMIVIEKC OPI'AHM3ALIMOHHO-ITEJATOTMYECKIUX YCJIOBUIA

3.1 KanengapHo-remaTuueckoe NaHupoBaHue

O0bem yacoB

Popma KOHTpOS

Ne ni/mt HaumeHoBaHue TeMbl Bcee | Teop| Ilp
ro |Msi |akr
yac UK
0B a
1 2 3 4 5 6
baok Teopust MyJJbTHMOTOPHBIX CHCTEM. 17 7 10 | Ilpakruyeckas
1. OcHoBbl ynpasJieHusl. pabdora
L. BBojaHnas nexuus o cofaepxkanuu Kypea. | 2 2
2 [TpuHuMne! ynpaBjieHus: U CTpOeHUE 3 |2 |
MYJBbTHUKOITEPOB.
3 OCHOBBI TEXHHUKH 0€30MaCHOCTH 1 1 [TpakTuueckas
OJIETOB. paboTa ¢
- OcHoBbI 251ekTpuyecTsa. JluTui- 1 1 3apsiAHbIMU
[IO0JIUMEPHbIE aKKYMYJISITOPBI. YyCTpOMCTBAMH.
[IpakTrueckoe 3aHsATUSI C IUTUH-
[IOJIUMEPHBIMU aKKYMYJISITOpaMHU [laiixa npoBoaOB.
(3apsinika/paspsaka/OanaHcUpoOBKa/XpaH
eHue)
§ Texnosorus naku. TexHuka 2 2
0eoI1acCHOCTH.
6 OOyueHue naike. 10 10
Baok | Coopka m HacTpolika KBaJgpokonrepa. [IpakTuueckas
29 5 24
¥ Y4yeOHble M0NETHI. pabora
1. z 1 1 Cobopka u
YnpasiieHue 1noaérom 5
HacTpoiKa
MYJIBTHUKOIITEpA.
KBaJpoKoIITepa.




10.

[puuuun GyHKunoHUpoBaHus
MOJIETHOIO KOHTpOJUIepa U
anrapaTtypel yrpaBJIeHUs.
beckonnexTopHble qBUraTen U
peryiasTopsl UX XoAa.

I1naTel pa3BOAKMU IIUTAHUSI.

Cobopxka pambl KBaApOKOIITEPA.
[Tatixa ESC, BEC u cunoBoii 4yacTy.
OCHOBBI HACTPOHKH MOJETHOIO
KOHTpOJIJIEpa € TOMOLLBIO
KOMIIBIOTEPA.

Hacrtpolika Annaparypsl ylpasJeHuUsl.
Hacrpoliku mos€THoro KOHTposLIepa.
HMHucTpyKkTax mo TeXHUKe
6e3011aCHOCTH I10JIETOB.

[lepBble yueOHbIE TOJIETHI:
«B3JET/TI0CA/IKAY, KYIEepKaHUe Ha
3alaHHOM BBICOTEY, IIepEMELIEHHUS
«BMEpeA-Ha3a1», «BIEBO-BIPABOY.
Pa30op aBapuiiHbIX CUTyalLMH.
BrironHeHue nojaéToB: «TouHast
Mocajika Ha yAaJleHHYIO TOUKY»,
«KOpOOOUKa», «UETHOKY,

«BOCbMEpKay, «3Meiika», «o0ser no

KpPYTy».

o

YyebOHble MoNETHI.

baok

3.

Pabora B rpynnax HaJi HH;KeHePHbIM

IPOEKTOM.

17

11

Ilpakrnyeckas

padora
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[puHLMIBL cO31aHUs MHXKEHEePHOH

1 2
IIPOEKTHOM paboThl.
OCHOBBI HHKEHEPHOI'O
2, 5 CamocrosiTeibHa
poeKTUpoBaHUsl. JKU3HEHHBIH LUK
3. 2 sl NOAIOTOBKA
NpPOEeKTa U U3Jeus
rpynnoBbix
Pabora B rpynnax Hai MHKEHEPHbIM
4. 1 HMHIKEeHEePHBIX
npoexktoM «becnunoTHas
IPOEKTOB.
aBUALMOHHAS CUCTEMay.
IloproroBka npeseHrauuu
2
COOCTBEHHOM NPOEKTHON pabOThI.
baok
KourpoJib 3Hanmii -

11



3.2 YcaoBus peajiu3aluy NporpamMmmel.

[Tepeuenp HEOOXOAUMOrO MaTepUAILHO-TEXHUYECKOTO 00ECIIeUSHHS:

Ne HaumenoBanue Hasnauenne/kparkoe
n/n onucanue pyHKuMoHaa
o0opyaoBaHusi
1 | V4yeOHoe (00si3aTe/ibHOE) 00OpYAOBaHHE
(OcHoBHOM HaOop (pama, 3ar4acTi, MOTOPSI, Habop nst cOopku
i 1 I pOIIeJIepbl, PEryJIsiTOPbI, TIOJETHBIM KBaJIPOKOINTEpa
" | OHTpPOJLIEP, paAuoaIaparypa, 3apsaiaka,
€ KKYMYJISITOPBI )
Fommnekr gns FPV-noneros (kamepa, Kommuiexr 115 noneTos ot
1.2 | EmgeonepeaaTyrkK, BUACONPUEMHUK, AHTEHHbI, | [IEPBOrO JULa
MOHUTOPYHMK, OaTapeiKu. )
FomruiekT aJist u3yueHust OCHOB Komnuekr 114
[aIMO3JIEKTPOHUKH U MTPOrpaMMHUPOBAHUS IpOrpaMMHpOBaHUsl KonTepa
1.3 | MUKPOKOHTPOJIEPOB (OOPTOBOM KOMIIbIOTED,
[azuoMoieM, BUIeOKaMepa, 31eKTPOHHUKaA,
110)
I{BappokonTep Konrep anst HavyaabHOTO
1.4 3HAKOMCTBA, OTPabOTKH a30B
MUJIOTHPOBAHUS
KBangpokonTep ¢ poTokamepoi Ha Konrep asst obyueHue
1.5 | rupocTaOuIM3MpPOBAHHOM [10JBECE a’pOCHEMKE, HACTPOIKe U
obcnyxuBaruio BAC
Houseprorian Kongepronnau ajs o0yueHust
18 HaCTpoOMKe, 0OCIYKUBAHUIO U

skcrutyaratu bAC

HNEPCIEKTUBHBIX TUIIOB
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(Doroxamepa

@oToxamepa /sl YCTAHOBKH

7
Ha KOHBEPTOILIaH
Vyeodnass BAC camosierHoro tuna bAC nns obydyenus azam
1.8 NUJIOTHPOBAHHUA OECTIMIOTHBIX
CaMOJIETOB
FBazpokontep ¢ 3 gormn. akkymyJisiTopamu, Konrep miist otpaborku
1.9 | rom. 3apsaKkoi U 3alIUTON BUHTOB HaBBIKOB [IM.1I0TUPOBAHUS,
IIPOBEAEHUA adPOCHEMKHU
FPyuka nns 3D-nieuaru 3HAKOMCTBO C PUHLIMIIAMH
1.10 3D-nevaru
2 | KomnsiorepHoe obopyaoBanue
2.1 | Hoytbyk pabora B KJiecce
2.2 | Mbiub
” 3 Tenexka nis 3apsiku ¥ XxpaHeHust HoytOykoB | Tym0Oa aist XpaHeHus
' 3apsiiKi HOYTOYKOB
MDYy MHoro-dyHkUMoOHanbHOE
2.4 y
YCTPOHCTBO
2.5 | CereBo# yAJIMHUTEIIb CeTeBoM yiI UHUTEb
3 | IlpesesTaunoHHoe o0opyaoBaHue
LED nanensb rojavya MHPpOPMaLIMOHHOTO
e MaTepuasa
3.2 | HacreHHoe kperieHue kperuienue LED nanesu
lHTepaKTUBHBIA KOMIUIEKT MHTepakTHBHbII KOMILIEKT
nocka quarodans 87" /221
33 cm, hopmar 16:10 ¢

YABTPAKOPOTKOMDOKYCHBIM

IPOEKTOPOM

13




[MoOunbHbBIN cTeH

HanonbsHas MoOubHas

34 CTOMKA JUIsl HHTEPAaKTUBHbIX
JIOCOK
4 | Pacxoanble MaTepHAbI H 3alIaCHbIE YACTH
5 | Mebeanb
5.1 | Kommuiext mebenu
5.2 | CBeTUIbHUK HACTOJIbHBIN raj0reHOBbIH Jlamna ranorenosast gul0
5.3 | Kop3unsl ans mycopa
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3.3. Ilnanupyemble pe3ybTaThbl 0CBOEHMUSI IpPOrpaMmbl

ObpasoBatenbHas nporpamMma  jaer Kaxjaomy obyuaroumemycs 10
pe3yibTaraMm ee NpPOXOXKIAEHHMs OBJIa/leTh BCEMU 3asBACHHBIMU KOMIIETEHIIMSAMU U
BBIIOJIHATE [POEKTHYIO paboTy 110 CO3AaHMIO OECNMIOTHONH aBMALIMOHHOM
cucembl. DOpMOH  OTYETHOCTH SIBJSIETCS  YCIELIHOE BEIOJHEHHE BCEX
MpacTHYECKHX 3ajiad, [OCIeAyIollas 3aumTa COOCTBEHHOID pealM30BaHHOIO
[IPO2KTa, a TakKe yvyactue B roHkax “Drone Racing”. [lpennonaraercs, 4yro, ajs
YAy 1lleHUss KOMMYHHKATHBHBIX HaBbIKOB M [IOBBILIEHHS CO3HATEILHOCTH,
NO/1D0CTOK JIOJKEH 3amucaTh TAK)KE KpaTKyrO BUJI€O-TIPE3eHTAlHIO COOCTBEHHOIO
Npo:KTa M pa3sMecTUTh e€ Ha caiite TexHomapka «KBanrTopuym» s ee

npe,1oCraBJiICHUA Ha 06U.LCCTB€HHO€ 06C)/'H(,D,€HH€ BCEM JKEJI1alOILl ¥ M.

3.4. Cnocodbl n opmMbl NPOBEPKH PE3yAbTATOB 0CBOCHHS IPOrPAMMbI
Bupbl koHTpOIIS:
® BBOJIHbIM, KOTOPbIN IIPOBOJAUTCS I1€pe]| Ha4YaloM pabOTEl U IpeJHAa3HAYEH
JUTSL 3aKPENJIEHUs] 3HaHUM, YMEHUM M HABBIKOB I10 IIPON/IEHHBIM T€MaM;
® TEKyLMH, NPOBOAUMBIA B XOJ€ Y4YEOHOIO 3aHATUs M 3aKperuIsiFOLIM
3HAHMs 110 IaHHOM TeMe;

® UTOrOBbIN, IPOBOAMMBIN [10C/IE 3aBEPLICHUS BCell yueOH0H NporpamMmbl.

@Dof Mbl TPOBEPKU PE3YJILTATOB:
e HaOJIIOJeHHE 3a 1IeTbMHU B IIpoliecce padoThbl;
® COpPEeBHOBaHUS,

® HWHAMBHUAYAIbHbLIC H KOJIJIEKTHUBHBIC TCXHUHYECKHUE IIPOCKTHI.

@Dop Mbl [10ABEIEHUS UTOTOB:
e BLINOJIHEHHE MMPAKTHYECKUX 110J1E€TOB (BU3yalbHbIX U ¢ FPV);
e mpakTH4ecKue paboTbl N0 COOpPKE U PEMOHTY KBaJpPOKOIITEPOB;
e TBOpYECKOE 3a7aHusl ([I0ArOTOBKA [IPOEKTOB U €r0 IPEe3eHTaLM)

Kcurpoasnas pabdora
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KoHTposbHasS paboTa COCTOMT U3 TEOPETHYECKMX BOIPOCOB M PACCUNUTAHA HA
OJIHD ayIUTOPHOE 3aHSITHE.

Bomnpockl K KOHTPOJILHOM pabore:

1. YCTpoHCTBO MYJbTUPOTOPHbBIX CHCTEM.

2. llpuHUHUNBI ynpaBieHUsT MYJbTUPOTOPHBIMU CHCTEMAMMU.

3. JIMTHH-TIONIMMEPHBIE  AKKyMYJSTOPbl U MX 3apslHble yCTpOiCTBa:
YCTPOMCTBO, IPUHLUMIT ASHCTBUS, METOAbl 3apsaKu/pa3psiku/XpaHeHus/
OaJaHCHPOBKH aKKyMYyJIITOPOB, Oe3onacHas padora ¢ 060pya0BaHHEM.

4. llon€rHbli KOHTPOJLIEP: YCTPOMUCTBO MOJETHOIO KOHTPOJLIEPA, MPUHLIMIIbI
ero (yHKIIMOHUPOBAHHUS

S. [lpuHUHMIIBI HACTPOHKU KOHTPOJLIEPA € [IOMOLIBLIO KOMITbIOTEPA

6. BeckosuleKTOpHBIE JBUraTeld U UX PeryiasTopbl Xola: YCTPOUCTBO,
NPUHLUIBL UX QYHKIIMOHUPOBAHUS, [1ailKka ABUraTesel U peryasiTopos.

7. Ilnarbl pa3Bojku nuTaHus: obliee yCTPOMCTBO, XapakTEepUCTHKU, raika
pEryJissiTOpOB U CUJIOBbLIX POBOJIOB K IJIaTaM Pa3BOAKU (IUTAHMSL.

8. OCHOBbI  BUAECOTPAHCISILMM: [PUHUMIIBL  Ilepefayy  BUJIEOCHUTHAla,
YCTPOMCTBO U XapaKTePUCTUKU ITPUMEHSIEMOro 000py 10EBaHUsL.

9. YcraHoBKa, MNOAKIKOYEHHE M HACTpOMKa BUJIE0000PYI0BaHUs Ha
MYJIbTUPOTOPHbIE CUCTEMBI.

10.OcHOBBI MUKPOJIEKTPOHUKM U NPOrPaMMUPOBaHUS MUKPOKOHTPOJIIEPOB:
YCTPOUCTBO M IPUHLMII ACHCTBUS MUKPOKOHTPOJUIEPOE, XapaKTEPUCTUKH
MCII0J1b3YEMBIX MUKPOKOHTPOJUIEPOB U UX JATYUMKOB.

11.0OcHoBel 3D-nieuatu u 3D-moaenupoBanust: npuMensieMoe 000py10BaHUE U
nporpaMMHoe obecriedeHue.

12.0cHoBbI iporpammupoBanusi. CTpyKTypa si3blKa, OCHOBHbIE ONIEPATOPBI.

13.0OcHoBHble nepudepuiiHbie yCTpoHCcTBa MUKPOKOHTPOILIEPOB.

14.Crioco0bl peanu3aluy MoJeTHbIX 3a7a4 U nporpaMm. [lpumeps! mojaeTHbIX

3a7a4d v aJiIrOpuTMbl UX pea/iu3alii.
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Hrorosas pabora

WMrorosas  KOHTpOnb  0Oy4aroUMXCsl  ITPOBOAMTCS

10

pe3yliibTaram

BbINIOJTHEHHS NPAKTUHECKUX 3a/laHiil ¥ 3alUMThl IPOEKTOB (MpaBuiia BbIOOPa TEMbI

U M MMEDP IIPOEKTa IPe/ICTaBIeHbl B pHilokeHne Nel ).

—

© X N v s W

[IpakTudeckue 3ananus:
Pabota ¢ 3apsiiHbIMK YCTPOHCTBAMM.
Ilaiika npoBOIOB.
Iloser Ha cumyssTope.
COopka u HacTpolika KBaJApaKoITepa.
YueOHblH noJer.
YcraHoBKa BU1€0000pY10BaAHUS.
ITosier «or nepsoro nuuay.
[IporpamMmMupoBaHue KOHTPOJIEPOB.

Peanuzaius BbIOpaHHOM [10JETHON 3a1a4uu
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3.5. Cniucox aurepaTypoi

Ne i/t

Haumenosanue

OcHoBHAas

benunckas 10.C. Peanusanus THIIOBBIX MAHEBPOB YETHIPEXBHHTOBOTO
BeproJieTa. MosoaexkHbli HayqHo-TexHHuuecKui BectHuk. MI'TY um. H.D.
baymana. DnextpoH. xxypH. 2013. Ne4. Pexxum nocryna:

http://sntbul.bmstu.ru/doc/551872.html (zata obpamenus 31.10.2016).

I'ypesinoB A. E. MozenupoBaHue yrpasieHus: KBaJipoKOIITEPOM
Mnxenepusiit BectHuk. MI'TY um. H.D. baymana. Dnex1pon. xyph. 2014
Ne8 Pesxxum nocryna: http://engbul.bmstu.ru/doc/723331.html (mara
obpauenus 31.10.2016).

Edumos. E. [Iporpammupyem kBagpoxorntep Ha Arduino: Pexxum nocrymna:

http://habrahabr.ru/post/227425/ (nara obpauenus 31.10.2016).

WHcTuTyT TpaHcrnopra U cBsi3u. OCHOBbI @9POJIMHAMUKY 4 JIMHAMUKH
nosniera. Pura, 2010. Pexxum nocryna:
http://www.reaa.ru/yabbfilesB/Attachments/Osnovy_ajerodtnamiki Riga.p
df (mara obpaienus 31.10.2016).

Kanatnukos A.H., Kpumenko A.I1., Tkaues C.b. [lonyctumble
IPOCTPAHCTBEHHbIE TPAeK- TOPUM OECIMIOTHOrO JeTaTe/1bHOrO arapara B
BepTUKAJIbHOM 1tockocTy. Hayka u oOpa- 3oBanue. MI'TY um. H.D.
baymana. DnekTpoH. xxypH. 2012. Ne3. Pexxum gocryna:

http://technomag.bmstu.ru/doc/367724.html (nata obparuzuus 31.10.2016).

MapteinoB A.K. DxcriepumenTanibHas aspojuHamuka, M.:

["ocynapcTBeHHOE M3aTeIbCTBO 0OOPOHHOM MPOMBILLIEHHOCTH, 1950. 479
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¢. 13. Mupounuk U.B. Teopust aBromatrueckoro ynpaniieHust. JIuneiinsle

cuctemsl. CI16: [Turep, 2005. 337

JononuurensHas

Penaxuust Tom's Hardware Guide. FPV- mysibrukonrepsi: 0630p

TEXHOJIOrMHU U kesie3a. 25 uions 2014. Pexum nocryna:
http://www.thg.ru/consumer/obzor_fpv_multicopterov/p-int.html

(raTa obpawenus 31.10.2016).

Alderete T.S. “Simulator Aero Model Implementation” NASA Ames
Research Center, Moftett Field, California. P. 21. Pexxum nocryna:
http://www .aviationsystemsdivision.arc.nasa.gov/publications/hitl/rtsim/To

ms.pdf (nara oOpamenus 31.10.2016).

Bouadi H., Tadjine M. Nonlinear Observer Design and Sliding Mode
Control of Four Rotors Helicopter. World Academy of Science,
Engineering and Technology, Vol. 25, 2007. Pp. 225-229 11. Madani T\,
Benallegue A. Backstepping control for a quadrotor helicopter. IEEE/RSJ
International Conference on Intelligent Robots and Systeras, 2006. Pp.

3255-3260.

10

Dikmen I.C., Arisoy A., Temeltas H. Attitude control of a quadrotor. 4th
International Conference on Recent Advances in Space Technologies, 2009.
Pp. 722-727. 4. Luukkonen T. Modelling and Control of Quadcopter.
School of Science, Espoo, August 22, 2011. P. 26. Pexxun. ocryna:
http://sal.aalto.fi/publications/pdf-files/eluull public.pdf (naTa obparienus
31.10.2016).

L]

LIPO SAFETY AND MANAGEMENT: Pexxum nocryrie:
http://aerobot.com.au/support/training/lipo-safety (/lata odpaueHus

20.10.15)
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12

Murray R.M., Li Z, Sastry S.S. A Mathematical Introduction to Robotic
Manipulation. SRC Press, 1994. P. 474.

13

Zhao W., Hiong Go T. Quadcopter formation flight control combining

MPC and robust feedback linearization. Journal of the Frenklin Institute.

Vol.351, Issue 3, March 2014. Pp. 1335-1355. DOI:
10.1016/} jfranklin.2013.10.021
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IpunooicenueNel

IlpaBuaa BbiGOpa TeMbI POEKTA

Crioco6bl perieHust npodsieM HAYMHAIOIMMHU MCCIEN0BATIIAMU BO MHOT'OM
3aBIHCAT OT BbIOpaHHON TeMbl. Hago momoub JeTsiM HalTH BCe IIYTH, BELYLIME K
AOC MKEHHUIO LIEJIM, BbIIEIUTL O0LIENPUHATbIE, 00LEU3BECTHbIC U HECTAHAPTHBIE,
aJlbepHAaTUBHbIE; ClIe1aTh BbIOOP, OLEHUB 3(PPEKTUBHOCTh KaXJ10ro Crocoba.

IIpaBuio 1. Tema nosmkHa ObITh HHTEpPECHA peOeHKY, 10/:KHA YBIIEKATh €ro.
HMccnenoBarensckas padora s3(p(PeKTUBHA TONLKO HA J0OPOBOJILHONH ocHOBE. Tema,
HaB:i3aHHas YYECHUKY, Kakod Obl Ba)KHOH OHa HM Kaszalach B3POCIBIM, HE AAcT
N0JKHOTO 2 dexTa.

IlpaBunao 2. Tema jgomxHa ObIThH BBIMOJHMMA, pElIEHHS €€ JOJIKHO ObITh
I0JI123HO y4acTHHKaM MccieoBanus. HaronkHyTs peOeHka Ha Ty UIEH0, B KOTOPOH
OH MAaKCHUMaJIbHO peajM3yeTCsl KaK MCC/e/0BaTe/b, PAaCKpOeT JIy4lliWe CTOPOHBI
CBOCTO MHTEJUIEKTA, I1OJIyYUT HOBBIC IOJI€3HblC 3HAHUS, YMEHUS M HABbIKH, —
Ccllo'KHasi, HO HeoOXoAuMasl 3aj1a4a JUId rejarora.

IIpaBuao 3. Tema po/mkHa ObITh OpPUIMHANIBHOM € 3JIEMEHTaMU
HEO KMIaHHOCTH, HEOOBbIMHOCTH. OpUIHMHAIBHOCTL Clle/lyeT IIOHMMAaTh, Kak
Cr10>00HOCTh HECTAaHAAPTHO CMOTPETh Ha TPaJAULIMOHHBIE IIPEAM2ThI U SIBJICHUS.

IIpaBuio 4. Tema pomxHa ObITh Takod, 4yTOObI paCora Morna ObITb
BbII OJIHEHA OTHOCHUTEIbHO OblcTpo. CrnocoOHOCTL JOJNr0 KOHLEHTPUPOBATH
coO:TBEHHOEe BHHMaHHE Ha OJHOM O0O0bekTe, T. €. JOJIFOBPEMEHHO,
[leJ12yCTpeMIIEHHO paboTaTh B OJHOM HaIpaB/IeHUH, Y LIKOJIbHHKA OrpaHUYEHHa.

IIpasuno 5. Tema pomxkHa 66Tk JocTyIHONH. OHA 0JKHA COOTBETCTBOBATH
BO3DACTHBIM OCOOEHHOCTSIM JleTei. DTO KacaeTcsi He TOJLKO BblOOpa TeMbl
uce.1e10BaHus, HO ¥ (POPMYJIMPOBKU M 0TOOpa Marepuaa A ee pewenus. OqHa u
Ta :€ pobeMa MOXKET pellaThCsl pa3HbIMU BO3PACTHBIMHU IPYIITAMM Ha Pa3JIMYHbIX
sTaliax 00y4eHHusl.

IlpaBuao 6. Coueranue xelaHui 1 Bo3MoxKHOCTeN. BpiOupast Temy, niegaror
JIOJKEH yuecTh Haju4ue TpedyeMblX CPeLCTB U MaTEepUalloB — UCCIIE0BATEIbCKOM

0assl. Ee oTcyTcTBHE, HEBO3MOKHOCTL COOparh HEOOXOAMMbIC JaHHbIC 00bIYHO
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[IPUBOAAT K MIOBEPXHOCTHOMY PELICHHIO, IOPOXKAAIOT "1ycTocioBue"”, ITo Mewiaer
Pa3EUTHIO  KPUTHUYECKOrO  MBIIUJIEHHS, OCHOBaHHOIO Ha  J0Ka3aTelIbHOM
UCC.IEJOBAHUU U HA/IEXKHBIX 3HAHUSIX.
IpzBuio 7. C BIOOPOM TEMBI HE CTOUT 3aTATUBATh. BOJBLIMHCTBO yYalIUXCs HE
MMEOT MOCTOSIHHBIX MPUCTPACTUH, UX UHTEPEChl CUTYaTUBHEL. [l03TOMY, BhIOHpast
TeMy, IeHCTBOBATH ClIeAyeT ObICTPO, I0KA MHTEPEC He yrac.
IIpumepbl TeM NPOEKTOB

. MozenupoBaHue KBaJpoKonrepa.
. IlpoexTupoBaHue noJjera Haj TPACCON C NPENATCTBUSIMHU.
=. IlporpammupoBaHye aBTOHOMHOIO B3jleTa U OCAJKH KBaJ[POKOIITEepa.
¢. Bupneo Hapeska nosietoB Bokpyr KBanropuyma.
£. Opranusanys FrOHKU KBaJpOKONTEPOB.
¢. IlpumeHeHue kBagpoKonTepoB B ['eokBaHTyMe.
/. IlpoekTnpoBaHue KBaJpOKOIITEPa-TPACIIOPTUPOBILIMKA.
¢. ABTOHOMHBIM IOJIET [10 33JaHHON TPAEKTOPHH.
0, Co3paHue MOMOLIHUKA JJIsl [IperoaBaresisi Ha KOHTPOJIbHbIX paboTax.

1 0. Kagpoxonrep - nyuiuuii apyr PoObokBanTyma.
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