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HHosicHuTeABbHAS 3aIIMCKA

HanpaBieHHOCTB I0MIOJIHUTENBHOMN 00111€00pa30BaTeIbHON IPOrPAMMBI
«KneBep-kBagpo»: TEXHHYECKAS.

AKTYaJIbHOCTH NIPOrPAMMBbI 3aKJII0YAE€TCA B TOM, UTO OHA HAlleJICHA HA PELICHUE
3a7a4 onpeneneHHbix B Ctpareruu pa3sutus Bocniutanusi B Poccuiickoit denepanuu Ha
nepuoa a0 2025 roga ot 29 mas 2015 r. Ne 996 — p, HanpaBieHHBIX Ha (HOPMUPOBAHUE Y
JeTel 3HaHUM U HABBIKOB, HEOOXOAUMBIX ISl pa0OThl ¢ OECIMIOTHBIMUA aBHAITMOHHBIMU
cucreMamu (BAC). Ilpeanonaraer nonmoJHUTENBLHOE OOpa3oBaHUE JeTei B 0O0JacTH
KOHCTPYUPOBaHUs, MOJICTIUPOBAHUS U OCCITUIIOTHOM aBUAIIUU.

3anycTuTh B HE0O KBaJIPOKOIITEP — 3TO HHTEPECHO U MO3HaBaTeaIbHO. OTHAKO, TOMUMO
pa3BJICUCHUH, UCIIOJIb30BAHUE OCCIUIOTHBIX JIETATEIbHBIX alnapaToB OTKPBIBAET MEpe;]
IIKOJIbHUKaMU ~ Oe3TpaHMYHbIE HCCIICIOBATENIbCKUE, TIO3HABaTEJbHBIE U Yy4YCOHBIC
BO3MOXHOCTH:

*  U3y4YCHHUE OCHOB POOOTOTEXHUKH U aBUOHUKHU;

* 3HAKOMCTBO C YCTPONCTBOM U MPUHIIUIIOM paOOThI KBAJIPOKOMITEPA;
* OCBOCHHE MPUEMOB MUJIOTUPOBAHUSI;

* ajanTanus OeCIMJIOTHUKOB JIJIsl PEIICHUS MOCTAaBJICHHBIX 3a1a4

*  UW3Y4YEHHE OCHOB IIPOTPAMMHUPOBAHUS.

A Kpome 3TOro, C MOMOIIbIO KBaJIPOKONTEPOB MOKHO MPOBOJIUTH Tropasno Oonee
POJYKTUBHBIE YPOKHU MO OOLIECTBO3HAHUIO U OMOJIOTHH, BEAb MOSIBISIETCS BO3MOKHOCTD
B3IJIIHYTh Ha TPUBBIYHBIE BEIM COBEPIICHHO C JAPYroro pakypca. becnuioTHHKH C
KaMepoil Mo3BOJIST, K IPUMEPY, U3ydaTh TPYAHOIOCTYITHYIO MECTHOCTh U HAOJIIOAATh 3a
KUBOTHBIMU B €CTECTBEHHOW cpene ooOutanus. M3ydnB TOHKOCTH paboOTHl ¢
OCCITUIIOTHUKOM, YYEHHK MOXET BBIOpaTh CBOW MaJIbHEHIIUN IyTh OOYYECHHS B
CamapckoM HallMOHAJIBHOM HCCJIEIOBATENIBCKOM YHHBEPCUTET HMMEHU aKaJIeMHUKa
C.I1.Koponesa. B wactHocTH LleHTp OECIIUIOTHBIX CUCTEM — HAYYHO-TIPOU3BOACTBEHHOE
NOApa3AeeHUE NHCTUTYTa aBUAIMOHHON TEXHUKHU MO CIAEAYIOIUM HAIPABICHUSIM:

1. pa3paboTka v MPOU3BOJICTBO OCCIIMIIOTHBIX aBUAITMOHHBIX CHCTEM;

IPOBEICHNE HAyYHO-UCCIIEIOBATEIBCKUX PadoT;

IIPOBEJICHNE aHAIM3a TIOBEPXHOCTH U co3aanue 3D Mozeneir MecTHOCTH;
npoBeieHre adpohOTOCHEMKH U MOHUTOPUHTA;

oOydeHHe OnepaTopoB U TEXHUKOB OCCIMIIOTHBIX BO3YIIIHBIX CY/IOB;

o gk~ w

oOpazoBarenpHasi MporpaMMa JIOMOTHUTEILHOTO MPO(heCCHOHATBHOTO
oOpa3oBanus (TOBbIMICHUS KBaTUGUKauu) «OCHOBBI YIIpaBICHUS
OCeCTIIOTHBIMHU JICTATEIPHBIMHA aIlIIapaTaMU TUTIA KBAIPOKOTITED C
MAaKCHMaJIbHOM B3JI€THOU Maccoil 30 KT 1 MEHEe».

[Iporpamma pa3zpaboTaHa Ha OCHOBAHUH CIICAYIOIIMX HOPMATUBHBIX JOKYMEHTOB:
° ®denepanbHblii 3ak0H 0T 29.12.2012 Ne 273-D3 «O06 obpazoBanuu B Poccuiickoit
denepanumny;



e  Vka3 lIpe3unenta Poccuiickoii @enepannu «O HAIMOHAIBHBIX LEISAX PA3BUTHUS
Poccniickont @enepanun Ha nepuon 10 2030 rogay;

e  Konuenuus pa3BUTUS JONOJIHUTENbHOrO oOpazoBanus g0 2030 rona
(yrBepxnena pacnopsoxkenueM llpaBurensctea PO ot 31.03.2022 Ne 678-p);

e  Crparerus pa3sutus BocnuTanus B Poccuiickoit @enepannu Ha niepuon 1o 2025
roja (yrBepxkzaeHa pacrnopsikenueM IlpasutenscrBa Poccuiickoit @enepanuu ot 29.05.2015
Ne 996-p);

e  Ilnan meponpusaTuil o peanuzauuu B 2021 - 2025 rogax Ctpareru pa3BuTus
Bocniutanus B Poccuiickoit denepanuu Ha nepuoa 10 2025 roaa (yTBEpKIE€H pacropsiKeHUEM
[IpaBurennctBa Poccuiickoit @enepanuu ot 12.11.2020 Ne 2945-p);

e Jlpukaz MunucrtepctBa oOpa3oBaHusi W Hayku Poccuiickoit denepanuu ot
23.08.2017 Neo 816 «OO0 ytBepxkaeHuu Ilopsiaka NpUMEHEHHS OpraHu3alUsIMHU,
OCYIIECTBIISIIOIIUMU  00pa30BaTENbHYIO  JI€ATEIBbHOCTb,  DJIEKTPOHHOrO  OOy4YeHHs,
JUCTAaHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJOTUHA TMpHU pealu3aluu  o0pa30BaTEIbHBIX
IpOrpaMm»;

e  [Ipuka3z Munucrepctsa npocseuieHus Poccuiickoit @enepaunu ot 27 urois 2022
r. No 629 «O0 ytBepxkaenuu [lopsnka opraHu3anuy W OCYHIECTBICHHUS 00pa3oBaTeNbHOMN
JEeSTENbHOCTH 1o JOTIOJTHUTEIbHBIM o011eo0pazoBaTeIbHBIM
nporpaMMam»;

e Jlpukaz MunucrepctBa mnpocseuieHuss P® ot 03.09.2019 Ne 467 «OO06
yTBepkaeHnn lleneBoli Monenu pa3BUTUS PETHOHAIBHBIX CUCTEM JIOIOJHHUTEIBHOTO
o0pa3oBaHus JeTei;

e JlocraHoBieHue IJIaBHOrO TrOCYIapCTBEHHOIO CaHUTApHOro Bpada Pd or
28.09.2020 No 28 «O6 ytBepxnaennu CII 2.4.3648-20 «CaHUTapHOATIUIEMHOIOTHIECKUE
TpeOOBaHMS K OpraHU3alUsAM BOCIHUTAaHUS M OOY4YEHMsI, OTIbIXa U O3OPOBJICHUS JETEH U
MOJIOAECIKI;

e  Crpareruss couMaIbHO-?KOHOMHUYECKOTO pa3BuTus Camapckoil o00jgacTH Ha
nepuon a0 2030 roga (yrBep:xkaeHa pacnopsbkenuem [IpaButensctBa Camapcekoii 0061acTu oT
12.07.2017 Ne 441);

e  [Iucemo MunucrepcTBa oOpa3zoBanus U Hayku PD ot 18.11.2015 Ne 09-3242 «O
HanpasieHUU HHpopMmanum» (¢ «MeToANYEeCKUMU PEKOMEHAAIMSIMH 0 MPOEKTUPOBAHUIO
JOTIOJTHUTENBHBIX 00IIepa3BUBAIOIIMX TPOrpamMM (BKJII0UYasl pa3HOYPOBHEBBIE IPOIPAMMBI)»;

e Ilucekmo wmuHHCTEpcTBa O0OpazoBaHuss u Hayku Camapckoil oOjactu oOT
30.03.2020 Ne MO-16-09-01/434-TV (¢ «MeTonn4ecKuMHU peKOMEHIAMSIMH I10 TIOJITOTOBKE
JOTIOJIHUTENIBHBIX 0011e00pa30BaTeabHbIX O0IIEPa3BUBAIOLINX MPOTPAMM K MPOXOKICHHUIO
IPOLEAYPHl 3KCIEPTU3bl (A0OPOBOIbHON cepTUUKALNN) [ TTOCIETYIOIEro BKIIOUEHUS B
peectp o0pa3oBaTeNbHBIX MPOTPaMM, BKIIFOUEHHBIX B cucteMy [1D/IO0»)



Hogu3zna miporpaMMbl COCTOMT B TOM, YTO OHa pa3zpaboTaHa ¢ yd4€ToMm
COBPEMCHHBIX TEHJICHIMI B OOpa30BaHUM [0 NPUHIUILY OJOYHO-MOIYJIBHOTO
OCBOCHUSI MaTepHUalia, YTO MAKCUMAJIBHO OTBEYAET 3alPOCy COLMYyMa Ha BO3MOKHOCTh
BBICTPaWBaHUs peOEHKOM MHIUBHIYaIbHOW 00pa30BaTEIIbHOM TPACKTOPHUH.

OmauuyumensHoli  0COOEHHOCMbIO TIDOTPAMMBI  SIBIISICTCS ~ NPUMCHEHUE
KOHBEPI'€HTHOT'O TIOJX0J1a, TO3BOJIIONIETO BBHICTPAWBaTh OOYYCHHUE, BKIIOUAIOIICE B
ceOs DJIEMEHTBI HECKOJIbKHX HAIPAaBICHHOCTEH.

Ileoazozuueckasn uenecooOpasnocms HACTOSIIEH TPOTPAMMBI 3aKIIFOYACTCS B
TOM, YTO IOCJE €€ OCBOCHHS OOydaroIluecs: MoJydaT 3HAHHWS U yYMEHHUsS, KOTOpPBIC
MO3BOJIAT UM TIOHSATh OCHOBBI YCTPOWMCTBa OCCIMIIOTHOTO JICTATEIBHOIO armapara,
HPUHIMITBI PabOThI BCEX €ro CHCTEM W WX B3aUMOJCHCTBHUS, a TaKXKE YIPaBICHUE
BIUTA. Hcnonb3oBaHue pas3aMuHBIX HHCTPYMEHTOB pasButus SOft-skills y nmereit
(urpompakThka, KOMaHIHas paboTa) B COYETAHMU C pa3BuTHEM Yy Hux hard-
koMmrereHiuit (workshop, tutorial) mo3BonuT chopmupoBath y peGeHKa IETOCTHYIO
CHUCTEMYy 3HAHHWM, YMEHMH W HaBbIkOoB. Hacrosiimas mporpamMma COOTBETCTBYET
OOIIEKYJIbTYPHOMY  yYPOBHIO ~ OCBOCHHMS W  MPEIIOJiaracT  YJAOBJICTBOPCHHUE
MO3HABATEJILHOIO MHTEPECca 00yUaIoIIerocs, pacliupeHnue ero nHHOPMUPOBAHHOCTH B
o0sacTi OECHUIIOTHBIX JIETATENBFHBIX aIlapaToB W CHCTEM, a TakXke oOoraiieHue
HaBbIKaMU OOIICHUS M MPHOOPETCHUE YMEHHI COBMECTHOM JIESITEIbHOCTH B OCBOCHUH
POTPaMMBH.

Heabo nporpammel gBiseTcs (POPMUPOBAHUE Yy OOYUAIOMIMXCS YCTOMUMBBIX
soft-skills u hard-skills mo crmemyromnum HampaBieHHSIM: MPOEKTHAS ICATCIBHOCTD,
TEOpHUsl PEIICHUS H300peTaTeNbCKUX 3ajad, paboTa B KOMAaHIE, a’dpoJWHAMUKA U
KOHCTPYHUPOBaHUE OECIUIOTHBIX JIETATEIbHBIX allapaToB, OCHOBBI PAIUOAICKTPOHUKH
U CXEMOTEXHHUKH, MPOTPaMMHUPOBAHUE MUKPOKOHTPOJUIEPOB, JIETHAS SKCILIyaTalus
BAC (GecnmmiioTHBIX aBHAITMOHHBIX cucTeM). [Iporpamma HampaBieHa Ha pa3BHUTHE B
pebeHKke WHTEepeca K TNPOEKTHOH, KOHCTPYKTOPCKOW W MpeanpUHUMATEIHCKON
NEeATENbHOCTH, 3HAUUTEIBHO PACIIUPAIONIEN KPYro30p U 00pa30BaHHOCTh PEOEHKA.

3apaum nporpamMmmbl

eocnumameJibHble 3a0aiu

~ chopMHpOBaTh KOMMYHHKATUBHYIO KyJIbTypy, BHHMAaHHE, YBAKECHHE K
JOJISIM;

~ BOCTIMTATh TPYIOTIOOME, pa3BUTh TPYIOBBIC YMEHHS M HaBBIKH, PACIITUPUTD
MOJINTEXHUYECKUN KPYTro30p ¥ YMEHHUE TUIAaHUPOBATh pa0dOTy MO pean3aliuy 3aMbIca,
MpEeABUJICHUE Pe3yJIbTaTa U €ro JOCTUKEHUE,

~ chopMupoBaTh CHOCOOHOCTH K IPOJYKTUBHOMY OOIIIEHUIO U COTPYAHUYECTBY
CO CBEPCTHUKAMU U B3POCJIBIMU B MIPOLIECCE TBOPUECKOU JIEATEIIBHOCTH.



oopazoeamenvHble 3a0ayu

~ chopMupoBaTh |y O0OyYalIMXCS YCTOWYMBBIE 3HaHUS B  00JIACTH
MOJEIUpPOBaHus U KOHCTpynpoBanus bAC;
"~ pa3BUTh y 00yYaroIIMXCcsl TEXHOJIOTMYECKUE HABBIKM KOHCTPYHUPOBAHMUS;

~ chopMupoBaTh y 00Yy4YalOMIMXCs HABBIKM COBPEMEHHOI'O OpraHU3allMOHHO-
SKOHOMUYECKOTO MBIIIICHUS, 00ECIeUNBAIOIINX COIMATbHYIO aanTalllio B YCIOBUIX
PBIHOYHBIX OTHOILICHUH.

paseuesarouiue 3a0auu

[l nmoaacpiKarb CaMOCTOATCIIBHOCTD B yqe6H0-H03HaBaT€HBHOﬁ ACATCIIBHOCTH,
[l Pa3BUTH CIIOCOOHOCTH K caMopcain3aluu u I_IeJICYCTpeMJ'IéHHOCTI/I;
[ C(I)OpMI/IpOBaTB TCXHHUYCCKOC MBIIIJICHUC U TBOp‘IeCKI/Iﬁ Ioaxoa K pa60Te;

B Pa3BUTh HABBIKU Hay‘IHO-HCCHGHOB&TQHBCKOﬁ, I/IH}KGHCpHO-KOHCTPYKTOpCKOﬁ
)51 HpOGKTHOﬁ ACATCIIBHOCTU,
[] PaciupuTh ACCOMUATUBHBIC BO3MOKHOCTHU MBIIJICHUA

Bospacm oemeii, yuacmeyrowux 6 peanuzayuu npozpammot: 13 — 17 ner

Oco0OeHHOCTBIO JIeTe ATOro BO3pacTa SBIAETCA TO, YTO B ITOT MEPUOJ
POUCXOJUT TJIaBHOE B Pa3BUTUU MBIIUICHUS — OBJAJEHUE MOAPOCTKOM IPOIECCOM
oOpa3oBaHus TOHSATUH, KOTOPBIM BEAET K BhICIHICH (QopMe HHTEIUIEKTYalIbHOM
JeSTENBHOCTH, HOBBIM crioco0aM mnoBenenns. OyHkins oOpa3oBaHus MOHATUN JICKUT B
OCHOBE BCEX MHTEJUICKTYaJIbHBIX U3MEHEHUM B 3TOM Bo3pacte. Jljis Bo3pacta 13 — 17 et
XapaKTepHO T'OCIOJICTBO JETCKOTO COOOIIECTBAa HaJ B3POCIBIM. 371€Ch CKIIAIbIBACTCS
HOBasl collMaabHas cuTyanus pa3putus. MneansHas ¢popma — To, 4TO peOEHOK OCBAMBAET
B 9TOM BO3pAacCTe, C YEM OH peajbHO B3aUMOJICHCTBYET, — ’TO00IACTh MOPAJIBLHBIX HOPM,
Ha OCHOBE KOTOPBIX CTPOATCS COIMalbHBIE B3auMOOTHOIIeHUs. OOIIeHne CO CBOMMU
CBEpCTHUKAMHU — BEIYIIMI THUIl JESITEJIbHOCTH B 3TOM Bo3pacte. VIMEHHO 371ech
OCBAaMBAIOTCS HOPMBI COI[MATIBHOTO MMOBEICHUS, HOPMBIMOPAJIH.

Cpoku peanuzauyuu npozpammsl: TporpamMMa paccuutaHa Ha 1 roxm, 1 wdacs
Hezemo, Bcero 34 yaca.

Dopmwt 00yuenus:

- 3aHATHE;

- JIGKIUS;

- MpaKkTU4IecKas paboTa;

- 3al[UTa MPOCKTA.

Dopmbl opzanuzayuu 0eameabHOCmu: TpynnoBas

Hanoansemocms epynn: 12 qenosex



Ilnanupyemble pe3yJbTaThbl:

Ilpeomemmnuie:
npuoOpereHre  OOydYalolMMHCS  3HAaHUW B 00JaCTM  MOJEIUPOBAHUS U
KoHcTpyupoBaHus bAC;
3aHATUS TI0 HACTOSIIEH MporpamMme MOMOTyT oOydarmmumcs chopMUpoBaTh
TE€XHOJIOTUYECKHUE HABBIKH;
c(hOpMUPOBAHHOCTh HABBIKOB COBPEMEHHOTO OPraHU3alMOHHO- SKOHOMHYECKOTO
MBIIIUICHUS, O0OEeCIeYnBaroIias COIUAIbHYIO aJaNnTaliil0 B YCIOBUAX PBIHOYHBIX
OTHOLICHUH.
Memanpeomemnuie:
c(hopMUPOBAHHOCTH y oOydJaromuxcs CaMOCTOSITETLHOCTH B  y4eOHO-
MO3HABATEILHOM JEATEILHOCTH;
pa3BUTHE CIIOCOOHOCTU K CaMOPEaTU3alMU U 1EJIeYCTPEMIIEHHOCTH;
c(hopMHUPOBAHHOCTH y OOydJaromuxcsi TEXHUYECKOTrO MBIIUICHUS U
TBOPUYECKOI0 MOAX0/a K padbore;
Pa3BUTOCTh HABBIKOB HAYYHO-HCCJICIOBATEILCKON, HHKEHEPHO-
KOHCTPYKTOPCKOW U MTPOCKTHOM ACATEILHOCTH y 00yUYarOIINXCS;
pa3BUTHIE ACCOIMATUBHBIE BO3MOYKHOCTH MBILUICHHS Y 00 y4aroImnXcs.
JIuunocmmnuwie:
c(hOpMHPOBAHHOCTh KOMMYHUKATHUBHOM KyJIbTypbl O0O0y4arouluxcsi, BHHUMaHUE,
yBaKEHHE K JIIOISM;
pa3BUTHE TPYAOIIOOUS, TPYJOBBIX YMEHUW U HABBIKOB, IIUPOKUN MONTUTEXHUUYECKUM
Kpyrosop,
c(hOpMHPOBAHHOCTh YMEHHUS IUIAHUPOBATH pPAabOTy MO peanu3aldyd 3aMbICIa,
CIIOCOOHOCTH MPEABUACTH PE3yJIbTaT U JOCTUTaTh €ro, MPU HEOOXOIUMOCTH BHOCUTD
KOPPEKTHUBBI B TIEPBOHAYATIBHBIN 3aMBICEIT;
c(hOpMHUPOBAHHOCTb CIIOCOOHOCTH K MPOAYKTUBHOMY OOIIEHUIO U COTPYIHUYECTBY CO
CBEPCTHUKAMHU U B3POCJIBIMH B IIPOLIECCE TBOPUECKOM IEATEIBHOCTH.

Y4eOHbIi IJIaH

Ne Ha3Banue monyJisi Kounue
MOIYJIsl CTBO
4acoB

Bcero

Teopust MynbTUPOTOPHBIX cCTEM. OCHOBBI 5

ynpasieHus. [1on€Tel HAa cuMynsiTOpE.

COopka W HACTpOWKa  KBaJpOKOITEpa. 10

VY4eOHbIe TONETHI.

Hacrpoiika, yctanoBka FPV — o6opynoBanus 5

PaGora B rpynnmax HaJg HUHXEHEPHBIM 13

MIPOEKTOM

HTOroBsiii KOHTPOJIL 1

Uroro: 34




Kpumepuu OUEHKU 3Hanuﬁ, ymelmﬁ U HABDLIKO6 Npu 0C60€HUKU NPOZPpAMMblL

[Ipumensiercs 3-x OajipHas cUCTEMa OLEHKH 3HAHUM, YMEHHUI M HABBIKOB 00YYaOIIUXCS
(BBIOESIETCS TPU YPOBHS: HUKE CPEHETr0, CPEAHUM, BBILIE CPEIHETO).
YpoBeHb OCBOEHHMSI MPOrpaMMbl HUXKE CpelHEero — peOEHoK oBnaaen Menee yeM 50%

3HAHMM, YMEHUH M HaBBIKOB, HUCIBITBIBAET CEpPbE3HbIE 3aTPyAHEHHUS MpH paboTe ¢
y4eOHBIM MaTepUaIOM.

Cpennuii ypoBeHb OCBOCHHS MPOTpaMMbl — 00BEM YCBOCHHBIX 3HAHUU cocTaBisieT 50-
70%. PabGoraer ¢ y4eOHBIM MaTEepHaJOM C TOMOIIBIO TEJarora, yJI0BIECTBOPUTEIBLHO
BJajieceT nHGopMaIme.

YpoBeHb OCBOEHHMsI MPOrpaMMbl BbIIIE CpefHero — y4vamuiics osnazen Ha 70-100%

y4eOHBIM IIJJTaHOM, paboTaeT ¢ y4yeOHbBIMH MaTepuajaMyd CaMOCTOSATEIbHO, YMEET
NPUMEHSTH NOJYYEHHYI0 HH(POPMAIIMIO Ha MPAKTUKE.

q)OPMbl KoHmpoJjia Kauecmea 06pa3oeameﬂbuozo npovyecca:

cobecenoBaHUE

HaOJTIOIEHUE
UHTCPAKTUBHOC 3aHSATHE

TCCTUPOBAHUC
BBIIIOJIHCHHUEC TBOPYCCKUX 3aﬂaHI/Iﬁ

CTpykTypa nporpamMmsl

Jlannast oOpas3oBaTenbHas NporpaMma SBISE€TCA BBOJHBIM MOIYJEM W
U3y4yaeTcss B TeueHHWE TmepBoro yueOHoro roma. OOydammuecs BBIMTOIHIIOT
NPAKTUYECKUE 3aHATHS, IPOBOASTCS JBE KOHTPOJIBHBIX pa0OTHI BO BpeMs ayIUTOPHBIX
3aHsATUd. [lo OKOHUAaHMM Kypca MPOMCXOIUT 3allUuTa MPOEKTHON padoThl. BBOAHBIIM
MOJIYJTh HACTOSIICH MPOrpaMMBbl aHATIOTHYEH Tt Bo3pacToB 13-17, pa3inudasich TOIBKO
COOTHOUIEHHUEM MPAKTUYECKUX U TEOPETUUECKUX 3aHIATUI; YeM cTapiie o0yJaromuecs,
TeM OOJIbITIIE HAYMHAET MPAKTUUECKasi YacTh MpeodIagaTh HaJ TEOPETHICCKOM.

dopma MPOBEACHUS 3aHATHI «JICKIIUW» TOAPAa3yMEBaET TaKyto (hopMy 3aHSITHH,
B IpOIIecCe KOTOPHIX MPOUCXOMUT pa3BuThe T.Ha3. SOft-skills (TeopeTnuecknx 3HaHMM
¥ KOTHUTHBHBIX TPUEMOB) 00yUaIOINXCsl, & UMEHHO:

® TEXHOJIOTUS M300peTaTeNbCKoi pa3MUHKHU U Joruka TPU3;
® IPOTUBOPEYHUE KaK OCHOBA U300PETCHUS;
® HJcaJbHbI KOHEYHBIN PE3YJIbTAT;



ANTOPUTM MTPOCKTUPOBAHMSI TEXHUICCKON CUCTEMBI;

KOMaH/1000pa30BaHuE;

paboTa B KOMaH/IE;

JMYHAs OTBETCTBEHHOCTh M TAM-MEHEKMCHT;

IIPOEKTHAsSI ACATCIBHOCTD;

IPOYKTOBOE MBIIILICHHE;

YHUBEPCAJIbHAS MTUPaMUIa TPOTrpecca;

TUTAHUPOBAHWE U MIOCTAaHOBKA COOCTBEHHOT'O AKCIIEPUMEHTA;

dopma MpoBEACHUS 3aHATUH «IPAKTUYCCKHUE 3aHATHS» MOAPA3yMEBACT TaKYIO

dopMy 3aHATHH, B IMpOIECCe KOTOPBIX MPOMCXOAuT pasutue T.Ha3. hard-skills
(HaBBIKOB M YMEHMIT) 00y4aloIKXCsl, 8 UMEHHO:

e paboTa C MPOCTHIM HHCTPYMEHTOM (OTBEPTKA, TTACCATHXH);
e pabota ¢ obopynoBanriem hi-tech-niexa (maiika, 1a3epHasi pe3ka);
e pabora ¢ mporpamMMHBIM oOecriedeHneM (HaCTpOWKa JIETHOTO KOHTpOJUIepa

KBaJPOKOIITEPA, MPOEKTUPOBAHUE PaMbl KBaJPOKONTEPA);



COJEPKAHME ITPOI'PAMMBI

1 rox oOyueHus

Ne HaumenoBan Coaep:xanne
n/n e TeMbI TeMbI
1 2 3
Y CTpoiCcTBO MYJABTUPOTOPHBIX CUCTEM. OCHOBBI
Teopust MyJIbTHPOTOPHBIX CUCTEM. KOHCTPYKIHMH MYJIbTUPOTOPHBIX CUCTEM. [IpuHIIMTIBI
OcHosbl ynpasiaenus. Ilonérsl Ha cumyasaTope. | YIPaBICHUA MYJIbTUPOTOPHBIMH CHCTCMAMH.
1. BBOgHAs neKuus 0 COAEpKAHUU Kypca. Anmnaparypa pagnoynpaBieHus : IPUHIIUIL JICUCTBHUS, O0IIee
2. [lpyHUMIBI yIIpaBIeHUS yCTpOUCTEO.
H CTpOEHHE TexHuka 6€30MacHOCTH MpU PadOTE ¢ MYILTUPOTOPHBIMU
MYJIBTUKOIITEPOB. cucreMaMu.
3. Texauka 0e30MacHOCTH II0JIETOB 9JI€KTpOHHBI€ KOMITOHCHTBI MYJIBbTHPOTOPHBIX
4. OCHOBBI EKTPHHUECTBA. CHUCTEM: IPUHIIMITBI PaOOTHI, 0011Ie€ YCTPOUCTRBO.
Mony Jlutuii- monuMepHsie JIuTUI-NOJIMMEPHBIE aKKYMYJIATOPBI U UX 3aPSIHBIC
b AKKYMYJISTOPBL. YCTPOWCTBA: YCTPOMCTBO, IPUHIUII AEUCTBUS, METOIbI
. 3a
1 5. TIpAKTHUECKOE 3AHSTHS ¢ JHTHI- PAIKHU/pa3psIKu/XpaHeHUs/ 0aTaHCUPOBKHU

MOJINMEPHBIMH aAKKYMYJISITOPAMHU
(3apsinka/paspsaka/banaHcUpOBKa/XpaHEHN

e)

6. TexHosiorusa manku. Texauka 0€30IMacHOCTH.

7.O0y4deHue maike.
8.Ilon€Tel HA cumymATOpE.

9. BGCKOHHGKTOpHBIe ABUTaTCIIN U
PETYJIIATOPBI UX XO44. IInater Pa3BOJAKH
IIUTaHHA.

aKKyMYJISITOPOB, Oe30macHasi pabota ¢ 000py10BaHUEM.

[1aiika 3JIEKTPOHHBIX KOMIIOHEHTOB: IPUHIIUIIBI [TAWKH,
oOydJeHmne maiike, maifka 3J1eKTPOHHBIX KOMIIOHEHTOB
MYJIBTAPOTOPHBIX CUCTEM.

[Tonéter HA cumynsITOpE: 00yUeHne monéTam Ha
KOMIIbIOTEPE, MTPOBEJCHUE YUECOHBIX MOJETOB HA
CUMYJISATOpE.

beckoeKTOpHbIE ABUTATENN U UX PETYISATOPHI X04a:

YCTPONCTBO, MPUHITUIIBI UX (YHKIIMOHUPOBAHMUS, TTalKa
JIBUTATEJICH U PETYJISITOPOB.
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10.
11.

ITatika ESC, BEC u cuimoBoi yacTH.
COopka paMbl KBaIpOKOIITEpa.
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[TnaTel pa3BoAKM NUTAHUs: 001I€e YCTPOHCTBO,
XapaKTEPUCTHUKH, TAHKA PETYJIATOPOB U CUIIOBBIX IIPOBOJIOB
K IUTaTaM Pa3BOJKH MUTAHUS.

Mony
Jb

CoOopka u HacTpoOiiKa
KBaJIpoKonTepa. YueOHbIe MOJIETHI.

1. Yupasienue IIOJIETOM
MYJIbTUKOIITEPA. [TpunIun
(YyHKIIMOHUPOBAHMUS NOJIETHOTO
KOHTpoJlIepa u arnmapaTypbl
yIIPaBJICHUS.
2. OcHOBBI HaCTPOMKU

IOJIETHOTO  KOHTpOJUIEpA C  IOMOUIBIO
KOMIIBIOTEPA. Hactpoiika ~ Anmapatypsl
yIIPaBJICHUS.

3. Hacrtpoliku nmosi€ THOro KOHTpOJUIEpa.

4. IHCTpyKTax MO TEXHUKE O€30MaCHOCTH
MOJIETOB.

5. IlepBbie yueOHBIC MONETHI:

«B3AET/TIOCAIKAY, KyIep KaHUE HA
3a/IaHHOU BBICOTEY, IEPEMEILICHUS
«BTEpE-HA3AY,

«BIJIEBO-BIPaBO». Paz0op aBapuitHBIX CUTYaIIUN.

9. BeinoJiHeHHE TTOJIETOB: «TOYHAS ITOCaaKa
Ha YJAJCHHYIO TOUKY», «KKOpOOOUKa,
CYCITHOKY,

[1onE€THBINA KOHTPOJUIEP: YCTPOUCTBO MOJETHOTO
KOHTpOJUIEpa, TPUHIIMIIBI €r0 (QYHKIIMOHUPOBAHUS,
HACTPOMKa KOHTPOJUIEPA C IOMOIIBIO KOMIIBIOTEPA,
3HaKOMCTBO C IPOIPaMMHBIM 00€CIIEYEHUEM I HACTPOUKH
KOHTpOJLIEpa.

HNHucTpyKTaX mepes mepBbIMU YUeOHBIMU TTOJIETaAMU.
[TpoBeneHre yueOHBIX TTOJIETOB B 3aJie, BHIIOJIHEHNE
3aJTaHUM:

«B3NET/MIOCAIKAY, «yACp)KaHUE Ha 3aJIaHHOU BBICOTEY,
«BIIEpENI-HA3a/1», «BJIEBO-BIIPABO», TOUYHAS MOCAIKA
Ha yJaJECHHYIO TOUYKY,

«Kop060q1<a», «YCJIHOK», KBOCBbMCPKa», ((3MCﬁK3>), «obner

0 KPYTYy».
Pa30op aBapuiiHBIX CUTYyAITHH.
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«BOCBMEPKA», «3MEUKAY,
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Hacrpoiika, ycranoBka FPV — o6opynoBanus.

1. OCHOBBI BUJCOTPAHCIISIUN.
[Ipumensiemoe o6opyaoBaHuE,

OCHOBBI BUACOTPAHCIIALIMU IIPUHIOMIIBI IICpEaAaAIn
BUJICOCHUTHAJIA, YCT‘pOfICTBO N XapaKTCPUCTUKHU

. MPUMEHSIEMOTO 000pYyI0BaHUS.
Mony ero HaCTPOMKa. P Py
Jb YcraHoBKa, NMOAKIKOYEHUE U HACTPOUKA
2. YcTaHOBKa U TIOJIKJTFOYCHHE
3 . BUJI€0000PYI0BaHUS HA MYJbTUPOTOPHBIC CUCTEMBI.
paauonpuEéMHUKA U
[TunoTupoBanue ¢ ucnosibzoBanuem FPV- o6opynoBaHus.
BUIC0000PYIOBAHMUS.
3. IImnotupoBanue c
UCIoJIb30BaHueM FPV-
o0opy1I0BaHMUS.
PaboTa B rpynnax HaJl MH:KEHEPHBIM NPOEKTOM. | PaGoTa Ha/ HHKCHEPHBIM [POCKTOM: OCHOBBI
1. [puHuune! co3nanus IUTAHUPOBAHUSA MTPOEKTHOM paboThl, paboTa HaJ MPOEKTOM B
WH)XEHEPHOH MPOSKTHOMN pabOTHI. COCTaBE KOMaH/IbI.
Mony 2. OcnoBbl 3D-nievyatn u 3D-MoaeIMpOBaHUS. OcHoBbl 3D-nieyatu U 3D-MoAeNpPOBAHUS:
Jb 3. Pabora B rpymnmax HaJ HHXCHEPHBIM IpoekToM | TPHUMCHICMOC 000py10BaHHE U IIPOrPAMMHOE
4 o0ecrnieyeHue.

«becrimnorHas aBHallMOHHAas CUCTCMa».

4. TloaroroBka mpe3eHTaluu
COOCTBEHHOM TIPOEKTHOMU
paboTHL.

[TpakTuyeckas paboTa B rpyImax HaJ HHKCHEPHBIM
IIPOEKTOM I10 TeMe «becnunoTHas aBUallMOHHAsI CUCTEMAY.

HOI[FOTOBKa H IIPOBCACHUC IIPC3CHTAIUH I10 IIPOCKTY.
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METOANMYECKOE OBECHHEYEHHUE ITPOI'PAMMMbI

IIpuémsbr
METO/BI JMaaKkTu4ecK Texuuueck Popme
Pa3jien uiu Tema nporpaMmmbl DopmblI . oe nojaBexeH
N OpraHu3anuu ui
3aHATHI OCHAIIleHH us
o0pa3oBaTe/ibHO MaTepuaa
e HTOIOB
ro npoiecca .
3aHATHII
Teopis Tlexums, becema mo Teme 3anucu B TeTpaasx HuTepakTnBHA Honcr na
MYJBbTHPOTOPHBIX JIUCKYCCHS, A vp X, p CUMYIIATOPE
CHCTEM 3aHATHA, CIIPaBOYHBIN s TOCKa,
. MPaKTHYECK 0e3 omunboK
06 3AHSTIE WHAMBHTyabHas matepuan u3 [10 HOYTOYK c I10, IO THDOBAL
OcHOBBI ynpaBJieHusl. pabota ¢ I1O TS TIOJICTOB RC-mynbT P
IMo1éThI HA cUMYJISITOPE. v
Jleknus Huc U 110 HNaTepakTuBHag TectoBie
Coopka u ek CC’I/ISI Pa6ora B rpynmnax, 6o TfeyK 21001(2? HOVIGVE MOJIETHI Ha
HaCTpoiika )rI[ axznqec;oe WHIMBUTyaJIbHAS or E BO;HHﬁ o » HOYTOYK COOCTBEHHOPYY
KBajJpokonrepa. p pabora ¢ [1O P ’ HO cOOpaHHOM
3aHSTHE, marepuai u3 [10 KBAJIPOKOIITED, KBAPOKOIITEPE
YueOHbIe MOJIEThI. workshop JUTS TIOJICTOB RC-mynbT P p
NutepakTruBHas
Jlexmust . 0CKa, HOYTOYK C
u . I[HCI? CC,I/ISI Pabota B rpynmnax, CnpaBOYHBIN IIEIO » HOYTOY Brinonnenue
F;\C/Tpo?;ca, ycTaHOBKA I axznqec;(oe WH]IUBUyaJIbHAsS Marepuan u3 [10 KBa,’I[ OKOLITe OJIETOB C
— 00OpyrOBaHMS p pabora ¢ I1O JUTSL IOJIETOB P P, FPV-
3aHSTHE, ouku mist FPV- e
workshop nosetoB, FPV- ont Py
MOMYIb
Merton 3ana4, Hoyt0yk,
Pabora B rpynnax Haq s
METOJI KEHCOB, PaGora B rpymmax 3anucu B TeTpasix WHTEPAKTUBH 3amuTa IpoeKTa
HHKEHEPHBIM
paboTta B as Jocka
MPOEKTOM.
rpymmax
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Cnucok JiuTepaTypbl, peKOMEH/I0BAHHBII Me1aroram 1Jsi OCBOCHUA
AAHHOT'0 BU/A AeATEeJIbHOCTH

OcHoOBH
as

benunckas FHO.C. Peanuszanusi THIOBBIX MaHEBPOB YETHIPEXBUHTOBOT'O
BeproseTa. MonoaeKHbI Hay4YHO-TEXHUYECKUU BeCTHUK. MI'TY nm.
H.D. baymana. DnextpoH. xxypH. 2013. Ned4. Pexum noctymna:

http://sntbul.bmstu.ru/doc/551872.html (nata oopamenuns 31.10.2016).

I'ypesioB A. E. MonenupoBaHue yrnpaBieHHs KBaAPOKOITEPOM
Nuxenepnniit BectHuk. MI'TY um. H.D. baymana. DnektpoHn. xypH. 2014
Ne8 Pexxum moctyma: http://engbul.bmstu.ru/doc/723331.html (nata
obpamenus 31.10.2016).

Edumos. E. [Iporpammupyem kBajgpokontep va Arduino: Pexxum mocrymna:

http://habrahabr.ru/post/227425/ (nata ob6pamenus 31.10.2016).

I/IHCTI/ITYT TPaAaHCIIOPTA U CBA3U. OCHOBEI AOPOANHAMUKU U TUHAMUKHU
nosieta. Pura, 2010. Pexxum noctymna:
http://www.reaa.ru/yabbfilesB/Attachments/Osnovy_ajerodtnamiki_Riga
.pd

f (nara obpamenus 31.10.2016).
KanatnukoB A.H., Kpumenko A.IL., TkaueB C.b. Jlonyctumelie

IPOCTPAHCTBEHHBIE TPACKOPHUH OECITUIOTHOTO JIETATEILHOTO anmapara B

BEPTUKAJIBHOM IIJIOCKOCTH.

MapteiHoB A.K. DKkcniepuMeHTanbHas a3poiuHaMuKa. M.:
['ocynapcTBeHHOE M31aTENHCTBO 0OOPOHHOM MpoMbIiieHHOCTH, 2018.
479 c. 13. Mupomnuk W1.B. Teopust aBToMaTH4eCKOTO yIpPaBICHUS.

JInneninbie

cuctemsl. CII6: [Turep, 2015. 337
Hayxka u o6pazoBanue. MI'TY um. H.D. baymana. Onextpon. xypH. 2012.

Ne3. Pexxum moctyma: http://technomag.bmstu.ru/doc/367724.html
(mata oopamienust 31.10.2016).
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JlomoTHMTEIbHASA

Penaxuusa Tom's Hardware Guide. FPV - mynsTuKOITEPHI: 0030D
TEXHOJIOTUU U kene3a. 25 utons 2014, Pexxum nocryna:
http://www.thg.ru/consumer/obzor_fpv_ multicopterov/print.html (zara
obpamenus 31.10.2016).

Alderete T.S. “Simulator Aero Model Implementation” NASA Ames
Research Center, Moffett Field, California. P. 21. Pexxum mpoctymna:
http://www.aviationsystemsdivision.arc.nasa.gov/publications/hitl/rtsim/T
0

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 Systems, 2016. Pp. 3255-3260.
Dikmen I.C., Arisoy A., Temeltas H. Attitude control of a quadrotor. 4"
International Conference on Recent Advances in Space Technologies,
2018. Pp. 722-727. 4. Luukkonen T. Modelling and Control of
Quadcopter. School of Science, Espoo, August 22, 2017. P. 26. Pexum
nocryma: http://sal.aalto.fi/publications/pdf- files/eluull_public.pdf (zata
oOpareHus

31.10.2016).
LIPO SAFETY AND MANAGEMENT: Pesxuu noctyna;

http://aerobot.com.au/support/training/lipo-safety (/lara

obpamenus 20.10.15)

Murray R.M., Li Z, Sastry S.S. A Mathematical Introduction to Robotic
Manipulation. SRC Press, 2014. P. 474.

Zhao W., Hiong Go T. Quadcopter formation flight control combining MPC
and robust feedback linearization. Journal of the Franklin Institute.
Vol.351, Issue 3, March 2014. Pp. 1335-1355. DOI:
10.1016/j.jfranklin.2013.10.021


http://www.thg.ru/consumer/obzor_fpv_%20multicopterov/print.html
http://www.aviationsystemsdivision.arc.nasa.gov/publications/hitl/rtsim/Toms.pdf
http://www.aviationsystemsdivision.arc.nasa.gov/publications/hitl/rtsim/Toms.pdf
http://www.aviationsystemsdivision.arc.nasa.gov/publications/hitl/rtsim/Toms.pdf
http://sal.aalto.fi/publications/pdf-
http://aerobot.com.au/support/training/lipo-safety

o1 -

Jlexumu ot «Konrep-3kcnpecc
https://youtu.be/GtwG5ajQJIvVA?t=1344
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Cnucok JUTEPATyphbl, peKOMeHIIOBaHHOﬁ YyalmuMmcsd, 1Jisl yCremHoro
OCBOCHMA IAaHHOH 00pa30BaTe/IbHOM NIPOrPAMMBbI
1 Jlexuum ot «KomTep-sKkcmpece
https://youtu.be/GtwG5ajQJvA?t=1344
https://www.youtube.com/watch?v=FF6z-bCo3T0
http://alexgyver.ru/quadcopters/

Cnucok JIuTepaTypbl, pEKOMEHIOBAHHON POAMTE/ISIM B LHEJSX PaCIIMPEeHUA
AUANA30HA 00Pa30BaTEIbLHOI0 BO3/IeiiCTBHS U IOMOIIH POAUTENAM B
00y4yeHHMH ¥ BOCIIMTAHUM peOeHKa

1 Tlon6opka xypnanoB «lllkona nis poauTenein» oT U31aTeNbCKOTO A0Ma
MI'T1Y

«IlepBoe cents6ps» nmoxa pexn. C.ConoBeitunka

https://drive.google.com/open?id=0B_zscjiLrtypR2dId1p0T1ZGLWM
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