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1. IMosicHUTEIBLHASA 3ANIMCKA

Hannast pabouasi mporpaMma peaqn3yercs Ha OCHOBE CIEAYIOIIUX HOPMATHBHO -
MPABOBBIX JOKYMEHTOB:

1. Yuebnsiii mman MBOY «Opaunckas COIL».
OOpaszoBaTenpHas  MporpaMMa  JIOMOJHHUTEILHOTO  oOpasoBanus MbBOY
«Opaunckas COIL»

3. ®enepanbHblid 3aKk0H 00 obpa3oBanuu B Poccuiickoit deaeparuu Ne 273-D3 ot
29.12.2012 rona;

4. Tlpukaza MunuctepctBa obpazoBanus u Hayku P®D ot 29 asrycra 2013 rona
Nel1008;

5. CaHurtapHO - snuaemMuonornyeckue npasuia 1 Hopmatusbel Can [IuH 2.4.4.3172-
14(3apeructpupoBano B Muntocre Poccuu 20 aBrycra 2014 r.Ne 33660)

[IporpamMmma cocraBieHa Ha OCHOBE aBTOpckod mnporpammbl MBYJIO «/lom
nerckoro TBopuecTBa» MO «bapbllieBckuil paiioH» YJIbSIHOBCKOW 00JacTH
«becnuIIoTHBIE NIeTaTeNbHBIE anmnapaTbl» BBOAHBIA MOIyIb. ABTOP-COCTABUTEIb
Kysunna U.C.

CoBpeMEHHOE COCTOsSIHME 00IIecTBa TPeOYeT MHTEHCUBHOTO Pa3BUTHS NEPEIOBBIX
HAyKOEMKHUX HWH)KEHEPHBIX IUCLUIUIMH, MAacIITaOHOTO BO3POXKIEHUS NPOU3BOJACTB U
riyOOKON MOJEpHM3AllMM HAay4YHO-TEXHHYECKOM ©0a3bl. B cBsI3u ¢ 3TUM paHHAA
MH)XEHEpHasi MOJTrOTOBKA MOAPOCTKOB MO NPOQUIbHBIM TEXHUYECKUM IHUCUUIUIMHAM,
JaybHelas nmpodeccruoHallbHas OpUEHTALNUS B CEKTOPhl MHHOBALIMOHHBIX MPOU3BOJICTB
0COOEHHO BaXkKHA.

B nacrosimee BpeMsi oTpaciib OeCHMIOTHBIX JieTarenbHbIX ammapatoB (BITJIA)
ABJISIETCA  OTHOCUTEIBHO HOBOM, HO YK€ CTaja O4YE€Hb NEPCHEKTUBHOM W
ObicTpopasBuBaroleiics. OgHo u3 raaBHbix npeumyiliects BIIJIA — wuckimoueHue
YeJI0BEUECKOro (pakTopa MpH BBHIMOJIHEHUHM MOCTABJIEHHOM 3a7auM, KOTOPbIH OCOOEHHO
CKA3bIBAECTCS B ONACHBIX JUIS KW3HU 4enoBeka 3amadax. Ouenp ckopo BIIJIA cranyr
HEOTHEMJIEMON YacThbIO IOBCEIHEBHOW >XM3HU: Mbl Oynem wucmnosb3oBaTh bBIIJIA He
tonbko B CMU wu pasBnekarenbHOl cdepax, HO M B NPOBEACHUH BO3IYIIHOIO
MOHHMTOPHUHIa OOIIECTBEHHON M MPOMBIIUIEHHON O€30MacHOCTH, YYacTHE B MOMCKOBO-
CIIacaTeJIbHBIX OIEpaLMAX, METEOPOJIOTHYECKUE HUCCIIEIOBAHMS, Pa3BeIKa, MOHUTOPUHT
CEJIbCKOXO3SIMCTBEHHBIX YTOJUH, TOCTaBKa rpy30B, KUHeMarTorpadus, n300pa3uTenbHOe
HCKYCCTBO, 00y4YeHHE 1 MHOTO€ Jpyroe. JJonoJHUTeNIbHOe pOOOTU3NPOBAHHOE HABECHOE
00Opy/IOBaHUE TO3BOJISIET JOOUTHCS BBICOKOTO YPOBHS TOYHOCTH HU3MEPEHHH U
ABTOMATHU3AaLIMM BBINIOJIHEHUS ITOJIETHBIX ONEpaLvi.

CratucTuka mpuBOJIUT JaHHbIE — HA OJHOTO MpoduiabHOro crenuanucta B bBITJTA-
CTPOUTEIBCTBE MPUXOAUTCS OOJee NECATH CIEHUATMCTOB B CMEXKHBIX HAIMpPaBICHUSIX
(XMMHUYECKHE TPOU3BOJCTBA, HOBBIE MaTepUalibl, CUCTEMBbl CBSI3M M mpouee). Takum
oOpa3omMm, MOAroToBKa crnenuanuctoB B oTpaciu  BITJIA-ctpoutenscTBa  sBiIsIETCA
BAKHEHUILIEN 3a7a4ell HE TOJIBKO OIEPEXKAIOIIEr0 TEXHUYECKOIO pPa3BUTHUS, HO U
HKOHOMHUYECKOMN CTAOUIILHOCTH.



HanpagieHHOCTH NPOrpaMMBbl: TEXHUYECKAS.

AKTYaJIbHOCTbD JIONOJHUTEIBHOM 00111e00pa3zoBaTeNbHOM 0011Iepa3BUBaAIOILIEH
nporpaMMsbl «becnuaoTHbIE ackDy B TOM, YTO OHA PeaTu3yeT NOTPeOHOCTH
o0y4Jaroumxcsi B TEXHHYECKOM TBOPUYECTBE, PA3BUBAET MHKEHEPHOE MBIIIIJICHUE,
COOTBETCTBYET COLMAIIBHOMY 3aKa3y OOLIECTBA B MOATOTOBKE TEXHUYECKH IPAMOTHBIX
CHELUATUCTOB.

AKTyanbHOCTh OECHUJIOTHBIX TEXHOJOTUH M POOOTOTEXHUKH OUYEBHIHA — 3TO
HOBOE CJIOBO B HAyK€ M TEXHHUKE, CIIOCOOHOE MpeoOpa3uTh MPUBBIYHBIA MHp YK€ B
Oonmmxaiiiiee necaruierne. B HacTosiee BpeMs Ha0JI01aeTCsl TOBBIIIICHHBI HHTEpEC K
OecnIOTHOW aBHAllMM KaK MHHOBAIIMOHHOMY HANpPaBJICHUIO Pa3BUTHUSI COBPEMEHHOU
TEXHUKH, XOTS MCTOPHUS Pa3BUTHS ITOTO HampaBlieHUs Haudainach yxe Oonee 100 et
TOMY Ha3al. Pa3zBuTHEe COBPEMEHHBIX U MEPCIIEKTUBHBIX TEXHOJIOTUNA MO3BOJISET CETONHS
OECHMIOTHBIM JIETATEJIbHBIM allapaTaM YCIEIIHO BBIOJHATh Takue GyHKIUU, KOTOPhIE
B IIPOIIJIOM OBUIA UM HEJOCTYITHBI WJIM BBITTOJHSIIUCH IPYTUMU CUJIAMHU M CPEJICTBAMHU.

brarogapsi yBeJIWYEHHIO BO3MOYKHOCTEW M TOBBIIICHUIO JIOCTYITHOCTH JAPOHOB,
MOTEHIMAJ UCIOJIb30BAHMS UX B Pa3HbIX c(hepax IKOHOMHUKU CTPEMUTEIBHO PACTET. DTO
CO3JaJI0 HEOOXOAMMOCTh B HOBOW MPOQECCUU: Oneparop OECHUIOTHBIX aBUAIIMOHHBIX
cucteM (BAC). MIMeHHO MO3TOMY Ba)XHO MPaBUJIIBHO MOJATOTOBUTH U COPHUEHTHPOBATH
OyIylIHX CIELHAINCTOB, KOTOPHIM MPEACTOUT KUTh M pPaboTaTh B HOBYIO 3IOXY
MOBCEMECTHOTO TPUMEHEHUSI OECITMIIOTHBIX JIETATENIbHBIX AMMAPaTOB U POOOTOTEXHUKHU.

Hacrosimias oOpasoBaTenbHas mporpaMma rmo3BoJII€T HE TOJBKO MOIYYUTh PEOEHKY
WHXCHEPHbICE HABBIKM  MOJICIMPOBAHUS,KOHCTPYUPOBAHUSA, MNPOTrPaMMUPOBAHUS U
skcrutyataiun - BIIJIA, HO W TOArOTOBUTH OOYy4YalOIIMXCA K IUIAHUPOBAHUIO H
opraHuzanuu pabOThl HAJ Pa3HOYPOBHEBBIMU TEXHHUYECKUMHU TPOEKTAMU, a TaKKE
HalleJIMBAaeT Ha OCO3HAHHBIM BHIOOPB JalbHEUIIEM BHUAA ACSATEIBHOCTH B TEXHUYECKOM
TBOPYECTBE WIH npodeccuu: UHXEHEP-KOHCTPYKTOP, WHKEHEP-TEXHOJIOT,
MpOEeKTUPOBIIUK, Tporpammuct BITJIA, onepatop BITJIA.

HoBu3Hna Hacrosiieil 00pa3oBaTeIbHON MPOrpaMMbl 3aKJIF0UYAETCS B TOM, YTO OHA
UHTETPUPYET B ce0€ JTOCTHMXKEHHUS COBPEMEHHBIX W HMHHOBAIMOHHBIX HAIpPaBJICHUM B
Majoil OecnuiaoTHOM aBHalMH. B OCHOBE mNporpamMMmbl -  KOMIUIEKCHBIM TMOJIXOJ B
noAroToBke oOydaromuxcsd. CoBpeMeHHbI onepaTop OeCHUIIOTHBIX JIETATEIbHBIX
anmnapaToB JIOJDKEH BIJIQJIeTh MPOQPECCHOHAIIBHOM TEPMHUHOJOTHUEH, pa30upaThCcsi B
COOpPOUYHBIX YEPTEKAX arperaToB M CHCTEM OECHUJIOTHBIX JIETATEIbHBIX amnmnapaTos,
MMETh HAaBBIK MO MWIOTUPOBAHUIO B JIFOOBIX MOTOJHBIX YCIOBUSIX, COOPKE U MOYHMHKE
BITJIA.

[Ipy M3roToBIEHMH MOJAENEH MOAPOCTKU CTAJIKHUBAKOTCSA C PELIEHHEM BOIPOCOB
a’pOMHAMUKH, MTHHOPMAIIMOHHBIX TEXHOJIOTUH, OHU UCIIOIB3YIOT HMHKEHEPHBIN TTOIX0/T
K PEIICHUIO BCTPEUAOIIUXCSI TPOOIIEM.

Ileparornyeckasi 1ej1eco000pa3HOCTh MPOrPaMMbl B TOM, YTO OHA HAaIpaBiieHa
Ha pa3BuUTHE B peOEHKe HHTEepeca K MPOEKTHOH, KOHCTPYKTOPCKON |
MPEAIPUHUMATEIIBCKON AEATENbHOCTH, 3HAYUTEIBHO PACIHIUPAIONIEH Kpyro3op H
oOpa3oBaHHOCTh  WIKOJAbHUKA.  CoJepkaHWe  MpOrpaMMbl  HampaBieHO  Ha
poheCCUOHAIBHYI0 OPUEHTAIMI0 OOYYalolUXCd W MOTHBALMIO JIJII BO3MOXKHOTO
MPOJOJIKEHUST OOy4YeHHUsT B OOBEIMHEHUSX JTOMOJHUTENIbHOTrO oOpazoBaHusi BITJIA,
Janee B By3ax M HoOCIeQyloled padoTbl Ha MNPEAIPUATHSAX MO CHEHUATBHOCTSM,
CBSA3aHHBIM C POOOTOTEXHUKOU U aBUACTPOUTEIIHCTBOM.



He.]'[b: q)OpMI/IPOBaHI/Ie HayaJIbHBIX 3HAHUU U HHXXCHCPHBIX HABBIKOB B obnactu
IMPOCKTUPOBAHUA, MOACIUPOBAHHA, MW OKCIIyaTalluKh CBCPXJICTKHUX JICTATCIbHBIX
AUCTAHIIMOHHO IMUJIIOTUPYCMBIX JICTATCIIbHBIX allllapaToB.

3agaun:

1. ChopmupoBaTh 3HaHHSI OCHOB TCOPUU TIOJIETA, TPAKTHYCCKUX HABBIKOB

JMCTAHIIMOHHOTO YTIPABJICHUSI KBAJIPOKOIITEPOM.

2. OOy4HuTh OCHOBHBIM MpHEMaM COOPKH, SKCIUTyaTaIluy OCCIMIOTHBIX JIETATEIhHBIX
CHCTEM.
CdopmupoBaTs HaBbiku TToTHpOoBaHus BITJIA B pexxuMe aBuacumyJsitopa.
CdopmupoBaTh YMEHHS U HABBIKM BU3YaJIbHOTO IMUJIOTHPOBAHUS OECIUIOTHOTO
JIeTaTeNIbHOTO afnmnapara.

@

Bospact o0yuarommuxcesi: 5-8 kiacc
YciaoBus HaOopa aeTed B KOJUIEKTHB: 110 JKEJIIAHUIO
HanoJssiemocts B rpynmnax cocrasJjsier — 10-15 genosexk.

Cpok peanu3zauuu nporpammsbl: 16 yacos, 1 yac B HEAEmI0
@opMbI OPraHM3aluu AesiTeJbHOCTH 00Y4YAIOIUXCS: TPYNNoBas, UHAUBUIyaTbHAS,

WHIUBUTy JIbHO-TPYTIIOBasi U (POHTATIHHAS.

Metoabl oO0yuenmsi: keiic-meton (case-study), «mo3roBoit mrypm» (Brainstorming),
METOJl IPOEKTOB, MPAKTUYECKUH.
®opMbI POBeeHNS 3aAHATHI: TEOPETUUECKOE U3JIOKEHUE MaTepuaia, MPakTUIECKoe
3aHATHE.
Oxuaaembie pe3yJibTaThl:
1. ¥V olOyuaromuxcs OyayT copMHUpoOBaHBI yMEHUS W HaBBIKM JUCTAHIIMOHHOTO
yIpaBieHHUs] OECTMIIOTHBIM JIETATEIbHBIM aIllapaToOM.
2. OOyuvaromuecs OBJIAJICIOT OCHOBHBIMH IpHEMaMu COOpPKH, MPOrpaMMUPOBaHMUS,
AKCIUTyaTaluy OECIMIIOTHBIX JIETATENbHBIX CUCTEM.
3. CpopmupoBaTh yMEHUS U HABBIKM BU3YAJIbHOT'O MUJIOTHUPOBAHUS OECHUIOTHOIO
JIETATENBHOTO arlrapara.

Crnoco0bl ompeaeneHus1 Pe3yJIbTATUBHOCTH: II€aroruyeckoe HaOJ0JEHHE, OIpoc,
IIPaKTUYECKOE 3aIaHNE.
dopMa noaBeIeHUsI UTOTOB PEATU3ALNHU IPOTPAMMBI:
® BbINIOJIHEHHE MPAKTUYECKUX MOJNETOB (BU3YAJIbHBIX U B PEXKUME aBUACUMYJISITOPA);
® [IpaKkTUYECKHe paboThl O COOPKE, U PEMOHTY KBaJPOKOINTEPOB.

2.Y4ueOHO-TeMATHYECCKHH IJIAH:

Ne | HammenoBanue | Kou- | @opma padorsl | Ucnoabdyemoe | Ilnanupyembie
II/m TeMbI BO o0opynoBaHMe | MpeAMETHbIE
(pazaeJa) 4acoB pe3yJabTaThl

1 OO6y4ueHue 4 ['pynmogas, I1K, npoekTop. [Tonnmanue




YIPABJICHUIO
BILJIA.

dbpoHTaTBHAS

KBanpakonrepsl
dji tello,
y4eOHbIN

cMapTdoH

HPUHITUITA
pabotsl BITJIA,
€r0 COCTaBHBIC

JacTH

2 Hactpoiika
JIETHOTO
KOHTpOJIIepa
KBaJIPOKOIITEPA.

I'pynmosas,
VHJMBUAYAJIbHAS

KBagpakonrepsl
dji tello,
y4COHBIN

cMapThoH

OO0yueHue
YIIPaBJICHUS
BITJIA ¢
IIOMOIIIBIO
MOOMJILHOTO
MIPUJIOKCHUS.
YMmenue
YIPaBJIATh
BITJIA

3 | IIpoexTupoBanue

TOHOYHOM TPaCCHI.

['pynmoBas

IIK, mpoekTop.

Ymenue
paboTaTh B
rpymnmax,
COCTaBJICHHE
TpaccCHhl,
CO3/1aHue
Pa3IMYHbBIX
IPEISITCTBUI

4 Konkypc.

NunuBuayansHas

[TK, mpoekTop.

YMeHue
cOOpKH,
MOAKJIIOYCHUS
U yTIPaBIICHUS
BITJTA
Pa3sITUIHBIMH
cnocobaMu

3.ConepxkaHue NporpamMmbi:

Tema 1. OOyuenue ynpaBieHU0 O€CIUIOTHBIM JIeTaTeNbHBIM annaparoM. COopka

paMbl MOJIEIIH.
Teopus.

beckoneKkTopHbIE IBUTATENN U UX PETYJIATOPBI X0a: YCTPOMCTBO, MPUHIIUIIBI UX
¢bynkuronupoBaHus. [1naTsl pa3Boku NMUTaHUA: 00IIEEe YCTPOUCTBO, XapAKTEPUCTUKH.

[IpakTuKa.

OO6yuenue ocHoBam yrpasieHus: bITJIA

Tema 2. HacTpoiika J€THOrO KOHTPOJUIepa KBaIPOKOITEPA.

Teopwus.

3HAKOMCTBO € MOJIETHBIM KOHTPOJUIEPOM: YCTPOMCTBO MOJIETHOIO KOHTPOJUIEPA,
MPUHIUIBI €r0 (PYHKIIMOHUPOBAHUS, HACTPOIIKa KOHTPOJIEpA C MOMOIIbIO KOMITbIOTEPA,
3HAKOMCTBO C MPOTPaMMHBIM 00€CIIeUeHUEM ISl HACTPOMKH KOHTPOJUIEepa.

[IpakTukKa.




[Tpogomkenue paboTbl Hajg COOPKOM KBagpOKONTepa. YCTAaHOBKA JBHUTraTeleH,
MOJIETHOTO  KOHTpoJulepa, HacTtpolika mnoJeTHOro KOHTpOJiepa KBAaJAPOKONTEpa.
OOyuenne pabore Ha cumyssTope. TecToBble 3amycku KBaapokonTepoB. OOydeHue
YOPaBICHUIO KBAJAPOKONTEPOM. YTpaBICHHE KBAIPOKONTEPOM: «B3IET/TIOCATKAY,
«yJIep:KaHUE Ha 33IAHHOM BBICOTE», «BIEPEI-HA3AD), «BIIEBO-BIIPABO», KTOYHAS MTOCAIKA
Ha YJAJICHHYIO TOYKY»,«KOPOOOUKa», «UEITHOK», «BOCBMEPKaA», «3MEWKa», «00JIeT 1O
Kpyry». Paz0op aBapuitHBIX CUTYyaIIHA.

Tema 3. [IpoekTHpoBaHNE TOHOYHOM TPACCHI.

Teopus.
3HAKOMCTBO C MPUHIUIIAMH OCTPOEHUSI Tpacc.

[IpakTuKa.
3anmycku kBajapokontepoB. HacTpoiika u npoOHbIie noneTsl. [Ipogomkenue padoTsl

110 IMOBBIICHHUIO MAaCTCPCTBA ITNJIOTHPOBAHUS.

Tema 4. Konkypc

IIpoBeneHre TOHOYHBIX COPEBHOBAHMM Cpeayd KOMAaHZ, JOIYILIEHHBIX K
COPEBHOBAHMAM, B TOJETHOM cuMyJsstope. TakTthueckas 60prOa M TMOJNETHl B pamMKax
COpPEBHOBAHMU.

4. Meroauyeckoe o0ecrie4eHue NPOrpamMmbi:
HNuctpykuus o coopke, cnpaBouHblil Mmatepuan u3 [10 mis noneTos.

5. MaTepuaJIbHO-TeXHHYECKOe o0ecreveHue.

Ha 3aHaTHax ucnosb3yroTes:

. JEMOHCTpPAallMOHHAs A0CKa— | mryka;
. kBaapokontep DJI Tello — 3 mTyku;
. kBagpakonrep DJI GO — 1 myxka.

. Hoyt6ykxu HP Laptop — 10 mtyk






5. Cnucok jqurepaTypsbi:

. benunckas FHO.C. Peanuzanusi TUIOBBIX MAHEBPOB YETHIPEXBUHTOBOI'O BEPTOJIETA.

Mononexnblii HaydyHO-TexHWYeckuil BecTHUK. MITY wum. H.D. baymana.
DJIEKTPOH.JKYPH. 2013. Ne4., Pexxum JoCTymna:
http://sntbul.bmstu.ru/doc/551872.html.
I'ypesinoB A. E. MogaenupoBaHue ynpaBieHHUs KBaapokonTepoM WHKeHepHbIN
BecTHUK. MI'TY um. H.O. baymana. Onexkrpon.xypH. 2014 Ne§ Pexxum nocryna:
http://engbul.bmstu.ru/doc/723331.html.

. Edumos.E. [TIporpammupyem KBajipokonTepHaArduino: Pexummocryma:

http://habrahabr.ru/post/227425/.
HuctutyT TpancnopTa u cBsizu. OCHOBBI a3pOAMHAMUKH U JIMHAMUKY TIoneTa. Pura,
2010. Pexum nocryma:

http://www.reaa.ru/yabbfilesB/Attachments/Osnovy_ajerodtnamiki_Riga.pdf.

5.

KanatnukoB A.H., Kpumenko A.Il., TkaueB C.b. JlonmycTumbie NpOCTPaHCTBEHHBIC
TPaeKOPUUOECTIUIIOTHOTO JIETATEIBHOTO afiapaTa B BEpTUKAIBHOMN MIIOCKOCTH.
Hayka u obpazoBanue. MI'TY um. H.D. baymana. Dnekrpon.xypH. 2012. Ne3.
Pexxum noctymna: http://technomag.bmstu.ru/doc/367724.html.

MapteiHoB A.K. DOkcnepumeHTtanbHas a’poauHamuka. M.: T'ocymapcTBeHHOE
M3J1aTeNIbCTBOOOOPOHHOMIPOMBIIIIIEHHOCTH, 1950.479¢.13 . Mupowmnukl.B. Teopus
aBTOMatu4eckoro ynpasieHnusd. JIuneinsie cucremsl. CI16: ITutep, 2005. 337.

JlonoiHUTEIbHAS JIUTEepaTypa

. Penakuus Tom'sHardwareGuide. FPV- MynbrukonTepbl: 0030p TEXHOJOTHH U

xKenesa. 25 WIOHS 2014. Pexum OCTyTa:
http://www.thg.ru/consumer/obzor_fpv_multicopterov/print.html
AldereteT.S. “Simulator Aero Model Implementation” NASA Ames Research

Center, Moffett Field, California. P. 21. Pexxum JOCTyTa:
http://www .aviationsystemsdivision.arc.nasa.gov/publications/hitl/rtsim/Toms.pdf
Dikmen I.C., Arisoy A., TemeltasH. Attitude control of a quadrotor. 4th
International Conference on Recent Advances in Space Technologies, 2009. Pp.
722-727. 4. LuukkonenT. Modelling and Control of Quadcopter. School of Science,
Espoo, August 22, 2011.P. 26. Pexummoctyna:http://sal.aalto.fi/publications/pdf-
files/eluull public.pdf

Jlexmum ot «Konrep-akcnpeccy https://youtu.be/GtwG5ajQIvA?t=1344
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