MMWHUCTEPCTBO HAYKHU 1 BBICIHIEI'O OBPA30OBAHUA
POCCHUMCKOMN ®EJEPAITUN
CDez{epaanoe rocygapCTBEHHOC 6IOL[>K6TH06 O6p830BaTeJIBHOG YUPEKACHUC
BEBEICIIIETO 06paBOBaHI/IH
«BopoHeXCKui TOCYy1apCTBEHHBIN TEXHUUECKUN YHUBEPCUTETY

VTBEPXJIATO

N.o.nexana dhaxkyaprera iHGOPMaILMOHHBIX
TEXHOJIOTUN U KOMI )7

i 0e3011acCHOCTH
3. bpenuxun/

PABOYASI ITPOTPAMMA JTVICIIATE]

«ITporpammuoe obecrieueHmne BAC)

Hanpagaenue noaroroku 09.03.02 MudopManioHHbIE CUCTEMBI X TEXHOJIOTHU

HpO(pl/lJ'lb I/IHd)ODMaLII/IOHHBIe CHUCTEMBI U TEXHOJIOTHH HI/I(bDOBI/ISaL[I/II/I

Kpanudukanus BoIMyCKHHKA OakagaBp

HopmaTuBubiii nepuoa o0ydyenunss 4 rona

®opma 00yyeHHs] OYHAas

I'ox nayana noaroroBku 2022
ABTOp IIPOTpaMMBI p M.B. ITapuHoB

N.o. 3aBegyrommero Ka(benpoﬁ e

CUCTEM

aBTOMAaTU3UPOBAHHOTO ==

IPOEKTUPOBAHKS ///
=

UH(DOPMAITMOHHBIX CUCTEM = i ILIO. I'yceB
=

PyxoBomutens OITOIT (’Z:‘) A ”/7/\ J.B. IBanoB

Boponex 2024



1. HEJIM U 3AJAYN TN CHUATIVINHBI
1.1 Heap nucuuniauabl: QopMUPOBaHUE Y O0YYAIOIIUXCS TEOPETHUECKUX
3HAHUM M MPAKTHYECKUX  HABBIKOB  IPUMEHEHMS CIIEHUAIN3UPOBAHHOIO
IPOrpaMMHOr0 o0ecreueHus A HacTpoiku u ynpasieHus BAC.
1.2 3agaun ocBOeHHUS TUCHUILINHBI:
o CdopmupoBaTh LIEJIOCTHOE mpencTaBieHue 00 ocoOeHHocTaXx BAC kak
IIPOTPaMMHO-ANNAPATHOW CUCTEMBI;
e U3yunth OCHOBHBIE THUIIBI TporpamMMmHOro obecneuenus bAC u cnenudpuky
UX IPUMEHEHUS IS pa3nuuHbIX TUIIOB BITJIA;
e [lomyunTh MpakTUYECKUE HABBIKM PAOOTHI C MPOTrPaAMMHBIM 00€CTIEUEHUEM
JUISL pelIeHuUs] LIMPOKOro Kpyra 3anad npumenenns bAC.

2.MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOII
Hucuunnuna  «lIporpammuoe oOecneuenne bBAC»  oTHOocHTCH K
JUCIHUIUIMHAM 4acTH, GOpPMUPYEMOIl yuacTHUKaMU 00pa30BaTeIbHBIX OTHOLICHHIA
(muctmmvHA 110 BRIOOPY) Os10Ka B1.

3. IEPEYEHbD IINIAHUPYEMBIX PE3YJIbTATOB OBYUYEHUA 110
JUCHUIIJIMHE
[Tportecc wm3ydenus: aucummuiuabl «IIporpammuoe obGecrneuenne BACH
HampaBlieH Ha POpPMHUpPOBAHHUE CIEAYIONTUX KOMITETEHITHIA:
IIK-1 - CrniocobeH BBINOJHATH PadOTHI MO CO3JaHHUI0 (MOAU(DUKALMKN) U
COTPOBOXKACHUIO HWH(GOPMAIMOHHBIX CHCTEM M PECYpPCOB IS  Pa3iIMYHBIX
PUKJIATHBIX 001acTel.

Pe3yabTarsl 00yyeHuns, XapaKTepu3ylolue

Komnerenuus
c(hOpMHUPOBAHHOCTH KOMIIETEHIIMHU
[TK-1 3HaTh TUIBI TpOrpaMMHOro obecneuenus At BAC
YMeTh KOHPUTYypUpOBaTh OECIIUIIOTHBIE JIETATEIbHBIC
anmnaparsl

Bnaners HaBbikamMu 0a30BOr0 MPOTPaMMUPOBAHUS
paznuuHbix THIOB BAC

4. O BEM JUCHUIIJIMHBI
Obmas Tpynoemkocth AuctumuimHel «lIporpammuoe obecneuenune BAC»
COCTaBIISET 4 3.€.
Pacrnipenenenue Tpy0€MKOCTH AUCHHUIUIMHBI 10 BUJAM 3aHATHI
ouyHasi gopma o0yueHust

. Bcero | CemecTpsl
Buet yaeO6HO# paboThI 4ACOR 2
AyAUTOpPHBIE 3aHATHS (BCEro) 72 72
B ToMm uncie:
Jlexmu 36 36
[Tpaktnueckue 3austus (113) 36 36
CamocrosiTesibHasi padoTa 72 72




BI/I,Z[I)I HpOMC)KYTO‘IHOﬁ aTTCCTAllHUH - 3a4€T C

OILICHKOM

OO6m1ast TPy 10€MKOCTb:

AKaJCMHNYCCKHUEC 4aChbl
3a4.CH.

144
4

144
4

5. COAEPKAHUE JUCLUATIIAHBI (MOY.JIST)
JUCHUIIJINHBI

5.1

Conep:xanue

pasaesioB

TPYA0EMKOCTH 10 BUIAM 3aHSATHIA

ouyHasi gopma o0yueHust

H

pacmnpenesienne

Ne
/1t

HaumeHoBaHue TeMbI

CopeprxaHue paszena

Jleknn

[Ipax
3aH.

CPC

Bceero,
qac

1

BAC Kak
MIPOTpaMMHO-aIIapaTHast
crucTeMa. OcobeHHOCTH
OpraHU3allMy U YIPaBICHUS
BAC.

Tumer BAC, knaccugukanus BAC.
IIporpamMmupyeMsble U IPOrpaMMHBIE CHCTEMEI B
cocrase BAC. [IpuHIMIIBI IPOrPaMMHOTO
ynpasieHusi. OCOOEHHOCTH yIpaBJIeHUs,
9KCIUTyaTaIUH ¥ 00CTy>KHBaHHS
MIPOrpaMMHO-ANIMAPATHBIX CUCTEM.

12

24

Amnanus [IPOTPAMMHOTO
obecrieuenust g1 BAC.
00630p ocHOBHBIX THITOB [1O
s BAC.

Tuns! nporpamMuoro obecneuenus. [IporpaMmmuoe
obecrniedeHue JuIst HaCTPOUKH JIeTaTeIbHBIX aIlllapaToB
Pa3IMYHOrO Ha3HAYEHUs, IPOrpaMMHOE 00ecIIeueHre
aBTOIMJIOTA, IPOrPaMMHOE OOecIeYeHUe JUIs
Ha3eMHbIX CHCTEM YIPABJICHUS H 00ecIeYeHHs,
nporpamMMHoe obecreueHue Uit GOpMHUPOBAHUS U
YIpaBJICHHUs OJICTHBIM 3a/laHUEM, IIPOrPaMMHbIE
HHTEPEHCHL.

12

24

OcHoBHbIE MIPUHIUIIBL
HaCTPONKHU u
MIPOTPaMMHOTO YIIPaBJIEHUS
MYJIBTHPOTOPHBIX
6GECTMIOTHBIX JIETATENBHBIX
anmnapatoB. Mcnonb3oBaHue
cnenuanusuposanHoro I1O
JUISL UX BBIIOJIHEHHUS.

OCHOBHBIE IPUHIUITEI HACTPOUKU MYIETHPOTOPHOT'O
6ECTMIOTHOTO MYJIBTUPOTOPHOTO JIETATENBHOTO
anmapara. Mcnone3zoBanue Betaflight, ArduPilot,
INAV. KonduryprupoBanue 31eKTpogBHUraTeei,
HMHEPLUAIBbHOMN CUCTEMBI YIIPABIIEHUS, HACTPOMKA
yTIpaBJIEHUs JIETaTeIbHBIM aNnapaToM, HaCTPOHKa
CIEUANBHBIX PEXUMOB, HACTPOHKa BU3yaJIbHOH
nH(opMaIMy Ha SKpaHe MIIOTa U JPYTUe HACTPOHKH.

12

24

OCHOBHBIE MIPUHIIMIIBI
HaCTPOMKHU u
MIPOTPAMMHOTO YIPABICHHS
OCCIMUIIOTHBIX JICTATEIBHBIX
arnmnaparoB CaMOJIETHOTO
Tumna, Bkmodas VTOL wu
KOHBEPTOILIAHBI.
Hcnonp3zoBanue
cnenuanusuposanHoro I1O
JUUISL MX BBITIOJTHEHHMS.

OCHOBHBIE IPUHIIMITBI HACTPOUKH OECIHIOTHBIX
JIeTaTeNbHBIX allapaToB CaMOJIECTHOTO THUIIA, BKIHOYAs
VTOL u xousepromiansl. Mcnons3oBanue Betaflight,
ArduPilot, INAV. Koundurypuposanune
JJIEKTPOBUTATEIICH, HHEPIUAIbHONW CHCTEMEI
YIIpaBJIeHHs], HACTPOHKa yIIPaBICHHUS JIETAaTEIbHBIM
anmapaToM, HacTPOHKa CIEHAIBHBIX PEXHIMOB,
HacTpolika BU3yaJIbHOH HH(pOPMaUK Ha SKpaHe
MIUJIOTA U APYTHE HaCTPOMKH.

12

24

[IporpamMmuoe obecrieueHue
it GopmupoBaHHMS U
YIIpaBIeHHs TIOJIETHBIM
3a1aHueM

[punmumne! ynpasienust BIUIA ¢ ucnons3oBannem
MIOJIETHOI'O 3a/laHus. Vcnoabp30BaHKue pa3IudyHbIX
HaBUTallMOHHBIX cucTeM. [lnaHupoBaHKe NOJIETHOTO
3amanus. PaboTa ¢ 1MojeTHEIM 3aaHueM B
MissionPlanner.

12

24

Hcnonp3zoBanue
MIPOrPaMMHBIX
HnHTEp(QelcoB i
B3aNMOJICHCTBHUS c
TIOJIETHBIM KOHTPOJIIEPOM.

[IporpaMmubie HHTEPPENHCH B OECITUIOTHBIX
aBHALMOHHBIX CHCTEMAaX.

12

24

HUtoro

36

36

72

144

5.2 Ilepeyenb J1a00OPATOPHBIX PadOT
He npenycMoTpeHO y4eOHbIM TIaHOM




6. IPUMEPHAS TEMATUKA KYPCOBBIX ITPOEKTOB (PABOT)
N KOHTPOJIBHBIX PABOT

B

COOTBCTCTBHHN C y‘{C6HBIM IJIaHOM OCBOCHHEC JUCHUIIIIMHBI

HE

IpeaycMaTpUBaeT BBINOJHEHUE KYpCOBOrO MpoekTa (padoThl) MM KOHTPOJIbHOU

paboThI.

7. OHEHOYHBIE MATEPHAJIBI V1A IPOBEAEHUA
HNPOMEXYTOUYHOU ATTECTAIIUU OBYYAIOIIUXCA 11O

TV CHUTLIAHE

7.1. Onucanue nmokasarejieili 1 KpuTepueB OLCHUBAHUS KOMIICTEHIUM
HA PA3JIMYHBIX 3Tanax ux opMupoBaHUsA, ONIMCAHHUE IIKAJ OLlCHUBAHUSA

7.1.1 JTan TeKyumero KOHTPOJIs

Pe3ynprarel TEKyIIEro KOHTPOJISI 3HAHWW W MEKCECCHOHHOM aTTeCTaluu
OLICHUBAIOTCS 110 CIEAYIOLIEH CUCTEME:

«aTTEeCTOBaHY;

«HE aTTECTOBaH.

K Pe3yabTaThl 00y4eHus, K
OMIIC- Xapakrepusyouue HTECPHH
— c q)‘l: pyu pl:m ;’HHTCTB ouglmmllonml ATTecTOBaH He aTrTecroBan
KOMIIETEHIIUH
TIK-1 3HaTh THITBI Tect Brimonnenue pador B|  HeBoimonHeHue
MIPOTPaMMHOTO CPOK, paboT B CpOK,
obecrieuenus st BAC MPeyCMOTPEHHBIN B |[PEyCMOTPEHHBIN B
paboumx mporpammax pabouux
IIpoTrpaMmMax
Ymets Tect Brimonnenue pador B|  HeBeimonmHeHue
KOH(UTYpUpPOBAThH CPOK, paboT B CpPOK,
OCCIUIOTHBIC [IPEeAyCMOTPEHHBIN B |IPEyCMOTPEHHBIH B
JIeTaTeNbHbIe pabouux mporpaMmmax pabdounx
anmnaparhbl porpamMmax
Buagets HaBbIKaMu Tect Bemmonaenue pabor 8| HeBbimonHeHue
6azoBoro CPOK, paboT B CpOK,
[IPOrPaMMHUPOBAHHS [IPEeAyCMOTPEHHBIN B |IPEyCMOTPEHHBIH B
pasnuusbix TUnos bBAC pabounx mporpammax pabounx
porpamMmax

7.1.2 JTan npoMe:KyTOYHOI0 KOHTPOJISI 3HAHUM

Pe3ynbTarhl MpOMEKyTOYHOTO KOHTPOJISl 3SHAHHM OLIEHUBAIOTCS B 8§ ceMecTpe
JU1s OUHOM (POpMBI 00yUEHHUSI IO YeThIpeX0alIbHON CUCTEME:

KOTJIMYHOY;

«XOPOIIIOY;

«YAOBIIETBOPUTEIHHO,

«HEYJIOBJIETBOPUTEIHLHO.

K Pe3yabTaThl 00yyeHnus, K

oMIIe- XapakTepu3yloiue HTEPUHU

Terms | ¢ q)gpM" p‘:m aynnl:cn, OHEHHBEHHH OTin4yHO Xopowo Yaosa. Heynosa.

KOMIICTCHIINH

IIK-1 3HaTh TUIIBI Tect Brinonnenue | Boinonnenue | Boimonnenue B tecre
IPOrpaMMHOTO tecta Ha 90- | Tecta Ha 80- | Tecra Ha 70- | menee 70%
obecrieueHus JUIs 100% 90% 80% IIPaBUJIBHBIX
BAC OTBETOB
Ymers Pemenue 3anaun IIponemonctp | Ilponemonctp | 3amaun He
KOH(QHUTYpHPOBATh |CTAHIAPTHBIX pelieHsl B MpOBaH HUpOBaH pelieHbl
OecImIIOTHEIE MIPAKTHIECKUX TIOJTHOM BEPHBIA X0 | BEpHBINA XOX
JeTaTeNbHBIC 3amad o0beMe U | pelIeHHs BCeX, | peIIeHus B
anmaparsl MIOJyYCHBl | HO HE MOJTy4YeH | OoJpIImHCTBE




BEpHbIE BEpHBIN OTBET 3amay
OTBETHI BO BCEX
3amadax
Bnanets HaBbikamu |Perienue 3anaun IIponemonctp | [Iponemonctp | 3anauu He
6a3oBoro TIPUKIIATHBIX peIIeHBI B UpOBaH UpOBaH peTIeHBI
MPOTPaMMHPOBAHIS [3a/1a9 B TIOJTHOM BEPHBIN X0 | BEpHBIA XOX
Pa3NIUYHBIX THIIOB |KOHKPETHOM o0beMe M | pelIeHHs BCeX, | peIIeHus B
BAC MIpeAMETHO I MIOJIYICHBI | HO HE MoydeH | OOJIBITMHCTBE
obiactu BEpHEIC BEPHBIH OTBET 3amad
OTBETHI BO BCEX
3aauax

7.2 llpumepHblii NepedYeHb OLEHOYHBIX CpeACcTB  (THIOBBIE

KOHTPOJIbHbIE 33/IaHUSl WM HHbIE MATePHAJIbl, HEOOXOAUMBbIE JJIsl OLEHKH
3HAHU, YMEHHU I, HABBIKOB U (WJIH) ONbITA 1eATEIbHOCTH)

7.2.1 llpumepHbIi epevYeHb 3aJaHUi 1JIA NOATOTOBKH K TECTUPOBAHUIO
1. TIO nJyist HACTPOMKHK KBaJpOKONTEPA:

+Betaflight

Qt creator

Lift off

2. 11O nnsa nactporiku BITJIA camoneTHoro Tumna

Qt creator

+MissionPlanner

Lift off

3. B xakoM paszjzienie HacTpauBarOTCs BU3YyalIbHbIC JIAHHBIC HA dKpaHE MUIoTa
Receiver

Motors

+OSD

4. B kakoM pa3zjielie HaCTPauBaIOTCSl HAMIPABIICHUS BPALIEHUSI BUHTOB
Receiver

+Motors

OSD

5. B xakom paszjesne HacTpauBarOTCs YIIpaBJIeHHUE Ta30M

+Receiver

Motors

OSD

6. CKOJIbKO BUHTOB UMEET T€KCAKOITEP

4

+6

8

7. Kak Ha3pIBaeTCs JIETATENBHBIA amnIiapaT CaMOJIETHOTO THIA, WMEKIIUN

JOTOJHUTENBHBIA MYJIbTHPOTOPHBIN MOJIYJIb JIJISl B3JIETA U TOCA/IKU?

+VTOL

KOHBEPTOILIAH

YEPTOJIET

8. Uto cTporo HeoO6xoaumo i nnekTpudeckoro bITJIA
Gps MoayIib

IIpueMHuK curHana

+Perymarop



9. JlomomuuTenbHas 3HaKoBasg W rpaduueckas uHOpManus Ha SKpaHe

IMJIOTAa 0To6pa>1<aeTc;1 Ha :

3HaThb.

Tonbko nudpoBIX cucTeMax

DJI Google 2

+Ha nmro0bIx sKpaHax nuioTa

10. K kakomy tuny BIIJIA oTHOCUTCSA OKTOKONTEP?
CamouneTHbli THI

VTOL

+MyJIbTUPOTOPHBIN TUI

7.2.2 IlpuMepHbIii NepeveHb 3aJaHNH I pellleHUs] CTAHAAPTHBIX 3a/1a4
1. B Betaflight moxHO 3a1aTh

+JIMMUTBI HANPSKEHUS U1 IPUHATHS PELLICHUN

MaxkcumansHoe gomycrumoe KV

Tox aBapHiTHOTO OTKJIFOUEHHUS PETYIATOPA

2. MAVLINK - 310

Konduryparop

S3BIK IpOrpaMMHUPOBAHUS

+IIpoTokon

3. THCC "eoOxoauMm Ui

JIro0bIX MONETOB

+1loneToB B aBTOMaTHYECKOM PEKUME

IloneToB B py4HOM pexume

4. Jlns koHpurypupoBanus B KoMaHaHOUW cTpoke Betaflight Heo6xomumo

C

Python

+513bIKK TPOTPaMMUPOBAHUS HE TPEOYIOTCS

5. IlonetHwiit koHTpOIep 405 moakirovaeTcss ajis KOHPUTYPUPOBAHUS K

ITIK nocpencTBoM:

+USB

Ethernet

RS232

6. Kakoit BIIJTA He MOXeT mpOJOJKUTh HOPMAJIBHBIN IMOJET MPHU MOTEPE

OJHOTO ABUTATEIA?

Camoner

Oxrokonrep

+KBaapokonrep

7. lonetusiii koHTpOsep f405 He MOKeT OBITH HACTPOEH MOCPEACTBOM:
Tenedona

+Crnenuuanu3upoBaHHOIO  IUIaHUIeTa-KOH(puUryparopa Uil  HOJETHOrO

KOHTpOJIJIEpa

[lepcoHaIbHOTO KOMITBIOTEPA;
8. HacTpoliky KOHQUrypaluu cieyeT NpOBOAUTD C:
VY cTaHOBIEHHBIMU BUHTAMU



+C n1eMOHTUPOBAHHBIMU BUHTAMU

JIroOoli BapraHT AOMYCTHM;

9. Hactpoiiky koHbUTrypanuu ciaeayeT IpoBOIUTh C:
YcranoBieHHOM Oarapeeit

C nemoHTHpOBaHHOM OaTapeeit

+JIr000i1 BapuaHT JOMYCTHUM;

10. dns mudposbix cucrtem Bugeo OSD koHburypupyercs B:
OUpPMEHHON YTUIUTE OT NPOU3BOJUTENSI CUCTEMBI BUIEO
+CTaHnapTHOM KOH(pUTYypaTope

O06a BapuaHTa JOMYCTHUMBIL

7.2.3 llpumepHbIii IepeYeHb 3aJaHNI /151 pelleHUs NMPUKJIAAHbIX 32/1a4

1. OGHOBUTH TIporpamMmMHOe obecniedeHue st mpuemHnka ELRS

[Ipu nmpaBunbHOM perieHun oToOpaxkaromiasics Bepcust [10 u3zmensiercst Ha
MOCJIEJTHIONO, & YCTPOMCTBA MOTYT CBSI3aThCSl IPYT C IPYTOM.

2. OueHuTh HAIMYKME KOPPEKTHOTO ymnpaiieHus Mexay BIIJIA u HazemHoOU
cTaHIMeN 0e3 OCYIIECTBICHUS MOJIeTA.

[IpaBunpHOE pelieHue: OTKPBITh BKJIAJAKYy HACTPOMKM TMpPUEMHUKA B
KOH(UTrypaTtope U Mmoka3aTh, 4YTO peakiys Ha JPOHE COOTBETCTBYET BO3JACHCTBUIO
Ha OpraHbl yIpaBJiIeHHUS.

3. OcymectBuTh 3anmyck U octaHoB jnsurareneit BIIJIA mocpenctBom
IpOrpaMMHOTO UHTEpdeiica.

Bapuant pemenus:
command=MAV_CMD ARM_ AUTHORIZATION REQUEST

target system=system id of arm authorizer

target component=component id of arm authorizer.

4. CpopmupoBath nosieTHoe 3aaaHue B MissionPlanner

BapuanTt pemenus:

FLIGHTPLAN MTIAL SETUP CONFG/TUNING  SMULATION  TERMMAL  HELP DONATE = [ e CONNECT

G 5ES 2%

5. OnpenenuTh HapaBJICHUE BPAILICHHS JBUTATEIICH:

[IpaBunbHOE pemieHue: Ha BKIaAKe MOTOpPOB OCYHIECTBUTh TECTOBOE
BktoueHrne motopoB CO CHATBIMU BUHTAMMU unu BbINOJHUTE AaHATOTUYHbBIE
neicTBus komanaon APM c nynbra.

6. HacTpouts 3KkpaH nusoTa.



Bapuant pemenus:

- L LI SIFAE 690
(16" 8l 9.9 . 42.00;:

Ci0iW  VWDOIL TR GE

e o ]

7. Hactpouts pexxumbl B Betaflight
Bapuanrt pemenus:

AR AUXL Y o

Min: 900 1 | i I | | |
Max: 1200 ! !

900 1000 1200 1400 1500 1600 1800 2000 2100

CHEE AUX2 ¥ o

Min: 900
o w | ! !

BEEPER

AUX3 v o

Min 1300 | | I |
Add Link Max: 2100 S 4l o sptehie i .

Range

AUX4 ¥ o

Min: 1300 | | § | ‘
max2100 |0 j e L e
00 1000 200 0 1500 160 2000

FLIP OVER AFTER e (%]
AUX3 ¥
CRASH .

Min: 1800 \ ‘ | | I ‘ ‘

8. Hactpouts 006paTHbIN OpsAA0K BpamieHus MoTopoB B Betaflight
Bapuant pemenus:

QUAD X b

Metor dwrecoon is reversed

FS

2

T

w
£

9. 3amenuts bind ¢pa3y elrs npueMHukKa.

BapuanT pemenusi: BOWTH 1o OecnpoBOJHON ceTh B web-uHTepdeiic mo
anpecy 10.0.0.1 u 3aMeHUTH (hpa3y B COOTBETCTBYIOIIEM I0JIE

10. OGHOBUTH MUKPOIPOTPAMMY B MTOJIETHOM KOHTPOJIIEPE.

Bapuant pemieHusi: OTKpbITH NporpaMMy KOH(Urypatop, BbIOpaTh



KoHTpoJiep, B pexxume DFU 00HOBUTH MUKPOTIPOTpAMMY .

7.2.4 TlpumepHbIi TNepeYeHb BONMPOCOB /ISl MOATOTOBKH K 3a4eTy ¢
OLICHKOM

1. OcobenHoctH anmnapaTHo-iporpamMmMHoro yrpasienus bAC.

2. Ocuosusle Tuns! 110 gas BAC.

3. OcHoBHble TUIb U Ki1accudukarus bAC.

4. lpunnuns! nporpamMmmHoi koHpuryparuu BITTA.

5. OcHoBbl koHpUrypupoBanus BITJIA MynbTHPOTOPHOTO THIIA.

6. OcHoBbl koHGuUrypupoBanus bIIJIA camonernoro tumna.

7. OcobeHHOCTH PaOOTHI C MOJIETHBIM 3aJaHUEM.

8. [1O nnst ympaBieHUs MOJETHBIM 3aIaHUEM.

9. Ilporpammuslie ipoTokoibl 1isi BAC.

10. Hactpotika PID perynsitopos BITIA.

7.2.5 IlpumepHbIi NIepevYeHb 3aaHUI JJI5 MOATOTOBKH K IK3aMeHY
He npenycMoTpeH y4eOHbIM IIJIaHOM.

7.2.6 MeTtoauka BBICTABJICHHU S OLICHKH npu NMpoOBeJeHNH
NMPOMEKYTOUYHOM aTTeCTAUN

DK3amer nposooUmcs no mecm-ounemam, Kaxicowvlli U3 KOMopwvlx COOepHCUM
10 6onpocos u 3aoauy. Kadxcowiii npasunivbHulii omeem HA BONPOC 6 mecme
oyenusaemcs 1 odaniom, 3aoaua oyenusaemcs 6 10 6annos (5 d6annos eeproe
peuienue u 5 6annoe 3a eepHulil omeem). MakcumanvHoe KOIULeCmeo HAOPAHHBIX
oannos — 20.

1. Oyenkxa «Heyooenemeopumenvno» cmagumcs 6 ciyuae, eciu CHyOeHm
Habpan menee 6 6ANLI08.

2. Oyenka «YoosenemseopumenbHoy cmasumcs 6 ciyuae, eciu CmyOeHm
Habpan om 6 0o 10 b6annos

3. Oyenxa «Xopouioy cmasumcsi 8 caydae, eciu cmyoenm Haopan om 11 0o
15 6annos.

4. Oyenxa «Omauynoy cmasumcs, eciu cmyoewm nHabpar om 16 0o 20
bannos.)

7.2.7 I1acniopT OLIEHOYHBIX MaTEPHAJIOB

Ne /i KoHnTponupyemsle pa3aens! (TEMbI) KOHTpOIJi(IiIlI[)yeMoﬁ HanmenoBanue o1ieHO4YHOTO
IUCIUILIINHEI cpenicTBa
KOMIICTCHIIN N

1 BAC xak nporpaMMHo-anmapaTHas CHCTEMa. TIK-1 Tect
OcobGeHHOCTH opranu3aiyy 1 ynpasienus BAC.

2 Ananm3 nporpamMmHoro obecriedenus 1t BAC. T1IK-1 TecT
00630p ocHoBHBIX THIOB [10 s BAC.

3 OcHOBHBIE IPUHIIUIIBI HACTPO¥iKK U TIporpamMmHoro |TTK-1 TecT

YIpaBJIeHUs! MyJIbTHPOTOPHBIX OECITHIOTHBIX
JIeTaTeNbHBIX ammnaparoB. Vcnonbs3oBanne
crenuanusupoadHoro 110 1y1s uX BbIIOIHEHUS.

4 OcHOBHBIE IIPUHIMIIBI HACTPOKKH U porpaMmuoro ([TK-1 TecT
yhpaBieHHUs1 OECIIMIIOTHBIX JICTaTEIbHbIX aNapaToB
camoJieTHOro tuia, Bkiaodas VTOL u
KOHBepTOILUIaHbl. Mcnonp3oBanue
cnenuanusupoanHoro 10 171 ux BHIIONTHEHHS.




5 I[Iporpammuoe obecnedenue s popmuposanus u |[TK-1 Tect
YIIPaBJICHHUS OJICTHBIM 33/laHUEM

6 Hcnonk3osanue nporpaMMHeix uatepdeiicos nia  |[TK-1 TecT
B3aMMOJICHCTBHS C MOJIETHBIM KOHTPOJUIEPOM.

7.3. Mertoauyeckue MaTepHaJbl, OINpeleJAIHe NPOUeAyPbI
OlleHMBAHMS 3HAHUI, YMEeHM i, HABBIKOB U (MJIH) ONBITA AeATeJIbHOCTH

TecTupoBaHue OCyIIECTBISIETCS, JIMOO MpPU TOMOIIM KOMIBIOTEPHOM
CHUCTEMbI TECTHPOBaHUA, JUOO C HMCIOJIb30BAHUEM BBIJIAHHBIX TECT-3aJIaHUM Ha
OymaxxHoM Hocutene. Bpems tectupoBanHusi 30 MuH. 3aTeM OCYIIECTBIISIETCS
poBepKa TeCTa 3K3aMEHATOPOM M BBICTABISETCA OLIEHKA COIJIACHO METOIUKU
BBICTaBJICHUS OLICHKU NP MPOBEICHUU TPOMEKYTOUHOM aTTeCTAINH.

Pemenne craHmapTHBIX 3aJad  OCYIIECTBISETCS, JUOO MpU TMOMOIIU
KOMIBIOTEPHON CUCTEMBI TECTUPOBAHMUS, INOO C UCTIOIB30BAHUEM BBIIAHHBIX 3a7a4
Ha OyMaxHOM HocuTene. Bpems pemenus 3agad 30 MuH. 3aTeM OCYIIECTBISETCS
IPOBEpKA pEICHUs 3aJad 3K3aMEHAaTOPOM U BBICTABIISIETCS OLEHKA, COIJIACHO
METO/IMKH BBICTaBJIEHUS OLICHKU TP MPOBEJECHUU IPOMEKYTOUYHOM aTTECTALIMH.

Pemenne mnpukinagHbIX 3a7ad  OCYIIECTBISETCS, JUOO TMpH MOMOIIU
KOMIBIOTEPHON CUCTEMBI TECTUPOBAHMUS, INOO C UCTIOIB30BAHUEM BBITAHHBIX 3a7a4
Ha OyMakHOM HocuTelne. Bpems pemenus 3agay 30 MuH. 3aTeM OCYIIECTBISETCA
poBepKa pElIeHUs 3aJad 3K3aMEHaTOPOM U BBICTABIISIETCS OLIEHKA, COTJIACHO
METOJIMKH BBICTaBJICHUS OLICHKU MIPU MPOBEJECHUU TPOMEKYTOUHOM aTTeCTAIUH.

8. YYHEBHO METOANYECKOE U UTHOOPMALIMOHHOE
OBECIHHEYEHUE JUCHHUIIJINHBI)

8.1 Ilepeuenp y4eOHOIl JMTEpaTypbl, HEOOXOAUMOW AJISI OCBOCHHA
AUCHHUILINHBI

bana6anos, II. B. IIporpammupoBanune O€CHUIOTHOTO JIETATEIHHOTO
amnmapaTta MyJbTHPOTOpHOTO Tuma : yuebHoe mocooue / I1. B. banabanos, A. T
Husun, M. A. JliobumoBa. — TamboB : TamOoBCkui TrocyaapCTBEHHBIH
TexHuueckud ynusepcurer, ObC ACB, 2023. — 85 c¢. — ISBN
978-5-8265-2689-7. — Tekct : snmekTpoHHbli // LludpoBoit 0OpazoBaTenbHbBIN
pecypc IPR SMART : [caiiT]. — URL: https://www.iprbookshop.ru/141076.html
(mata obparmenus: 04.07.2024).

KosznoBa, A. T. OCHOBBI pUMEHEHUsT OECITUIIOTHBIX aBUAIIMOHHBIX CHCTEM :
yaebHoe nocooue s CITO / A. T. Koznosa, A. B. McaeB. — Caparo, Mockga :
[Ipodob6pazoBanue, Aii [Tu Ap Meaua, 2024. — 89 c. — ISBN 978-5-4497-3283-5.
— Texkct : anexTponHsiit // I{udpoBoii o6pazoBatenbHbIil pecypc IPR SMART :
[catit]. — URL: https://www.iprbookshop.ru/141701.html (mara oOGpamenus:
25.07.2024).

8.2 Ilepeyenr HHG(pOPMANMOHHBIX TEXHOJIOTMil, HMCIOJIb3yeMbIX INpPH
OCylleCTBJIEHUM 00pa30BaTeIbHOTO Mpolecca MO AUCHHUILVIMHE, BKJIIOYAS
nepevyeHb  JIMIEH3MOHHOT0 NPOrPaMMHOIO  olecledyeHUsi, pPecypcoB
UHGPOPMANMOHHO-TEJIEKOMMYHUKALUOHHOH ceTH «MHTepHeT», COBpeMeHHBbIX

npogecCHOHAIBHBIX 023 JaHHBIX U HHPOPMANMOHHBIX CMIPABOYHBIX CHCTEM:
Windows 10, Betaflight, MissionPlanner, INAV, Visual Studio Code.




9. MATEPUAJIBHO-TEXHUYECKAS BA3A, HEOBXOIUMAS IJIsA
OCYHWECTBJIEHUS OBPA3OBATEJIBHOI'O ITPOLECCA
Jist  mpoBeleHUs  JIEKIMOHHBIX — 3aHATUA  HEO0XOoauMa  ayaAuTOpus,
OCHAIIIEHHAsI IPOEKTOPOM.
[IpakTUueckue 3aHATUS IPOBOJATCS B KOMIIBIOTEPHOH J1aDOpaTOPHH.

10. METOINYECKUE YKA3ZAHUA J1JISA OBYYAIOLHIUXCA ITO
OCBOEHHIO JUCHUIIJIMHBI (MO YJIS)

[To mucuummuue «IIporpammuoe oOecriedenue bBAC) dWTAIOTCS JIEKIUH,
MIPOBOJIATCS MPAKTUYECKHUE 3AHSATHS.

OcHOBOM M3y4YeHUs] JUCHUUIUIMHBI SIBISIOTCA JIGKIUH, HA KOTOPBIX
U3JIaraloTcs HauboJiee CYIECTBEHHbBIE U TPYAHBIE BOIPOCHI, a TAKKE BOIPOCHI, HE
HaITIeIINIe OTPAKEHUS B YIeOHOU JTUTEpATYPE.

[IpakTHyeckue 3aHATHS HAIpaBICHbl Ha MPUOOPETECHUE MPAKTUUYECKHUX
HaBBIKOB KoH(purypupoBanuss BAC. 3aHsATuA NPOBOAATCA IIyTEM pEIICHUs
KOHKPETHBIX 3a]1a4 B Ay IUTOPUH.

Buj yueOHbIX

N J1eATebHOCTh CTYICHTA
3aHITUN

Jlekuust Hanucanne KoOHCIIEKTa JIEKIMI: KPAaTKO, CXEMATHUYHO, IMOCIEA0BATEIBHO
(buKcUpoBaTh  OCHOBHBIE  TOJIOXKEHHs, BBIBOABI,  (DOPMYIHPOBKH,
0000IIeHNs; TIOMeYaTh BaXKHBIC MBICITH, BBIJCIATH KIIOUEBBIC CIIOBA,
TepmuHbl. [IpoBepka TEPMHUHOB, MOHSTHH C MOMOIIBI SHIUKIONEANH,
CJIOBapel, CHpPABOYHUKOB C BBHINUCHIBAHUEM TOJIKOBAaHUN B TeTpaib.
O6o3HaueHue BONPOCOB, TEPMUHOB, MaTepuajga, KOTOPbIE BBI3BIBAIOT
TPYIAHOCTH, TIIOMCK OTBETOB B pPEKOMEHAyeMou muteparype. Ecmu
CaMOCTOSITENILHO HE YyJAaeTcss pa3o0paThCs B MaTepuaine, HEoOXOAMMO
chopMyIUpOBaTh BOMPOC W 33JaTh NPENOAABATENI0 HA JICKIUU WU Ha
MIPAKTUYECKOM 3aHSATUU.

[Ipaktnueckoe |KoHCHEKTHpOBaHME PEKOMEHAYEMBIX HCTOUYHUKOB. PaboTa ¢ KOHCIEKTOM

3aHATHE JEKIWH, MOATOTOBKA OTBETOB K KOHTPOJBHBIM BOIPOCaM, MPOCMOTP
peKOMeHIyeMoi muTeparypsl. lIpociaymmBanue ayauo- 1 BUAECO3aUCEN 110
3aJJaHHOI TeMe, BBIIIOJHEHHUE PacuyeTHO-TpapUUecKuX 3aJaHui, peleHue
3a/1a4 110 AJITOPUTMY.

CamocrostensHas |CaMocTosATeNnbHAs paboTa CTYIEHTOB CIIOCOOCTBYET TIIyOOKOMY YCBOCHUS
pabora yuyeOHOro Marepuana ¥  pa3BUTHIO HAaBBIKOB  camMo0Opa30BaHUS.

CamocrosiTenbHas paboTa MperoiaraeT CIeAyIoIINe COCTaBISIOMINE:

- pabota ¢ TekcTamMM: y4eOHHKaMH, CHpPAaBOUYHUKAMH, JIOTIOJHUTEIHLHON

JUTEPaATypOH, a TaKKe MPOpadOTKa KOHCIIEKTOB JICKITUH;

- BBITMOJIHEHHUE JIOMAITHUX 33/I1aHUH U PacyeToB;

- paboTa HaJl TEeMaMH JJIs1 CAMOCTOSITEIBHOTO U3yUCHUS;

- yuacTue B paboTe CTyIeHUYEeCKUX HayYHBIX KOH(EPEHIINH, OMMMIIHaT;

- HOJrOTOBKA K MPOMEKYTOYHON aTTECTAIHH.

[TogroroBka Kk |['OTOBHTBHCS K NMPOMEKYTOYHOH aTTECTALMH CIEAYyeT CHCTEMAaTHYECKH, B
POMEKYTOUHOM [TedueHue Bcero cemectpa. MIHTEHCHBHAs MOJATOTOBKA JOJKHA HAYaThCs HE
aTTecTaluu MO3JTHEE, YEM 33 MECSII-TIOITOpa 10 MPOMEXKYTOUYHO! aTTecTanuy. J(aHHbIe
nepes 3a4eTOM C OLICHKOU TpH JHS 3P (PEKTUBHEE BCETO UCIOIB30BATD JUIS
MOBTOPEHUS M CHCTEMaTH3alluy MaTepHaa.
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