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HacTtosilwas gokymMeHTaumst MoXeT ObITb UCNOoMb3oBaHa TONMbKO ANS NOAAEPXKU paboTocnocobHOCTH
NPOAYKTOB, YCTAHOBIEHHbIX Ha ocHoBaHuu goroBopa ¢ OO0 «CTPATYC». [JokymeHTaums MoXeT
ObITb NepegaHa Ha OCHOBaHUKM AOroBopa, Mo KOTOPOMY npou3BoauTcs (Npovssoaunace unu bypet
NPON3BOAMTLCS) YCTaHOBKA MPOAYKTOB, WM ABHO BbipaxeHHoro cornacuss OO0 «CTPATYC» Ha
ncnonb3oBaHWe AaHHOW AOKyMeHTauuu. Ecnu gaHHbIM 3K3eMnnsap AOKyMeHTauuu nonasn K Bam
Kaknm-nnbo umHbiM oGpasom, noxanyincra, coobwmte o6 atom B OO0 «CTPATYC» no agpecy,
npvBeAEHHOMY HUXE.

Bce npumepbl, NnpuBeAeHHbIe B JOKYMEHTaUUKN (B TOM YUCHe MPUMeEPbl OTYETOB U 3KPaHHbLIX OpM),
cocTaeneHbl Ha ocHoBaHuK TectoBor 6asbl OO0 «CTPATYC». Jlioboe coBnageHne MMeH, hamunmi,
Ha3BaHWA KOMMaHWN, GaHKOBCKMX PEKBU3UTOB W OPYroM MHGOpMauuM C peanbHbiIMU AaHHbIMK
ABNSAETCH CryYanHbIM.

Bce BcTpevalomecs B TEKCTE TOProBble 3HAKN U 3apermcTpMpoOBaHHbIE TOProBblE 3HAKW SABMSIOTCS
COBCTBEHHOCTbIO UMX BradenbueB W UCMOMb30BaHbl  WUCKYUTENBHO Ans  MAEeHTUdMKaumm
nporpaMmMHoOro obecneyeHns nnn KoOMNaHuin.

[laHHasi JOKYMEHTaUMsA MOXET He OoTpaXaTb HEKOTOPbIX Moaudmkaumii nporpaMMHOro obecneyeHms.
Ecnn Bbl 3amMeTvnuM B OOKYMEHTaUMM OWMOKM MMM OneyaTky unum npepnonaraete Ux Hanuuuve,
noxanywncrta, coobwmte 06 atom B OO0 «CTPATYC».

Bce wumyllectBeHHble aBTopckne npasa coxpaHsTca 3a OO0 «CTPATYC» B COOTBETCTBUM C
AEVCTBYOLWUM 3aKOHOOATENLCTBOM.

© 000 «CTPATYC», 2024

00O «CTPATYC»

119607, r. Mockea, BH.Tep.r. MyHuumnansHbIn okpyr PameHku, 6-p PameHckun, 4. 1
Ten.: +7 (931) 604-34-33

OnekTpoHHas noyta: sim@uavprof.com
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1. Obwme cBeaeHus

Mpoaykt UAVPROF Drone Simulator: Professional — nporpamma ummtaumm nonétos anst odyvyeHms u
oTpaboTkn HaBblkoB onepatopamn BBC (6ecnvnotHoe BO3gylIHOE CyOoHO, Aanee —[OpoH) B

©e3onacHon u KOHTpoONMpyemMoun cpeae.
[ns paboTbl ¢ NPOAYKTOM MUCMOMb3yeTcs rpaddnvecKnii Nonb30BaTENbCKNN NHTEPdENC.
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2. Havyano pabortsbl

3anyctute NO ogHMM 13 cnocobos:

e OBaXObl HAXKMUTE NEBON KHOMKOW MbILLM HA MKOHKY NPUMOXeHNsa Ha paboyem cTone;
e HaXXMUTE NpaBov KHONKoW Mbiwn Ha ¢hann localhost.sh 1 BLIGepuTe 3anycTUTb Kak nporpammy;
e B TEPMUHANEe BbIMOMHUTE CKPUNT B AUpeKkTopun auctpmbytmea:

./localhost.sh

I'IpM nepBoOM BXoAe B OTKpbIBLLUEMCA OKHE aBTOpM3aunn nobasbTe nonb3oBaTtens. [ngd a1oro:

1. B none [lo6aBneHue nonb3oBaTens BBeAUTE UMs HOBOIrO Nonb30BaTensi.
2. Haxkmute Ha 3HaK «+».

HoBbin nonb3oBatene Oyget gobaeneH. Buibepute nonb3oBatens B none Amsa nonb3oBatensa u3
pacKpbIBaOLLErocsi CnMcKa 1 HaXXMuTe Ha KHoMKy Bontu.

UAVPROF

Vs nonbaosatens
[lo6agnextte nonsaosatens
48

v

Wudopmauuns

Beixop

%
% i
o

Puc. 1. NasHas cmpaHuya

YUToObl BbINTU, HAXXMUTE Ha KHOMKY BbixopA.
Jlokanuaaumto npoaykTa Bbl MOXETE BbliOpaTh 13 pacKpbIBaKOLLLErocs Cnmncka B OKHe aBTopu3aunn.
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3. IHTepdenc

I/IHTepd)eﬁc npoayKTa No3BONAET HacTpamBaTb U BbINONMHATL pa3find4Hble MUCCUN.

y HeKOTOpre AJIEMEHTDI I/IHTGp(bGVICB MOryT BU3yalibHO OTNIMYaTbLCA OT OMUCaHHbLIX B
OOKyMeHTaLuu.

| yl [ocTynHble ans Bbibopa KapThbl U PEXUMbI 3aBUCST OT BEPCUM.

3.1. ObLwunn cueHapuin NCNOsrb30BaHUS

B obwem Bmae pabota B UHTepence BbIrMSANT crieqyowmm obpasom:

1. ABTOpMK3aums.
2. Bbibop 1 HacTporika MUCCUMU:
« Bbibop pexuma;
« Bbibop kapThbl;
« Bbibop muccuu;
« Bbibop apoHa;
e 3anyck muccun.

3. BblnonHeHve 3agaHus.
4. OKOH4YaHUE MUCCUW.

3.2. Bbibop 1 HacTpomnka Muccum

lMonb3oBaTenbLckmi MHTep(*)eVIC COCTOMUT M3 criefyrouwmnx OCHOBHbIX 3J1IEMEHTOB!

1. Bknagku:
o Pexum;
o Bbibop KapThl;
Bbibop OpoHa;
HacTpoiiku;
CratucTuka;
« Hasag — Bo3BpawyaeT Ha npeabiayLyo opmy.
2. naBHasa obnacTb: B 3TOW YacTM OKHa OToBpaxatoTca AOCTYNHble ANnsi Bblbopa CyLLHOCTU U
JENCTBUA C HAMWU;
3. MNMoackasku.

DRONE SIMULATOR
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1 Pexum: PydHon BeiGop KapThl Buibop Apoka Hacrpoitkn Craructuka

BasoBbi Mofy b 1. OCHOBbI ynpasneHus. TymaH

[ HaXwiTe Ha u306paxeHie, uTob BLI6paT

Puc. 2. Obwuli 8ud none3o8ameribCKk020 UHMepgelica

3.2.1. Beibop pexuma

Ha Bknagke 4OCTYNHbI criedyoLwme pexxumsl NMNOTMPOBaHUS (B 3aBUCMMOCTU OT BEPCUN):

Py4yHOn — 0By4YeHne ocHOBaM NUOTMPOBAHUS;

BbicTaBka — Muccumn gns oTpaboTKmM pyyHOro ynpaeneHus;

®oTO — HacTpoWka aBToMaTU4eckoro nonéTHoro 3agaHus ans APC (aspodoTocheMKN);

Arpo — HacTponka aBTOMaTM4YeCcKoro NnonéTHoro 3agaHus ansa obpaboTkm Nons ¢ arpoKynsTypown
peakTnBamu;

A3poroHka — mmnccum ans otpaboTkm NPUEMOB a3POrOHKM.
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Pexum: PydHon BeiGop KapThl Buibop Apoka Hacrpoitkn Craruetuca

BoicTaBka

®oto

Arpo

FPV BasoBbit Mogynb 1. OCHOBbI yripaBJieHUs

[ HaXwiTe Ha U306paeHite, 4ToBs! BLIBPTS KapTy

Puc. 3. Pexxumbi

Dy UToObl M3MEHUTb pexuMm, nepengute Ha dopmy «Bbibop KapTbl» M TOMbKO Mocne
3TOr0 U3MEHUTE PEXnM, BbiOpaB M3 packpbIBaOLLErocs cnucka.

3.2.2. Beibop kapThbl

YT1oObl Nepentn k BbIOGOPY KapTbl, HAXMWUTE Ha BKNagky «Bblbop kapTbi». B OTKpbIBLUEMCA MEHIO
BblbepuTe KapTy, rae TpebyeTcst BbIMOMHUTL MUCCUIO: ANst 3TOrO PacnofoXUTE €ro Nno LEHTPY OKHA U
HaXXMUTE Ha €€ n3obpaxeHue.

[na npocMoTpa [OOCTYMNHbIX BapuaHToB Nnbo HaxumanTe Ha kHonku Hasap wnu Oanee, nu6o
nucTanTe Kapycernb C M306paXeHUsIMU C MOMOLLbIO MbILLIK.
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Pexum: PydHon BeiGop KapThl Buibop Apoka Hacrpoitkn Craruetuca

BasoBbirt Mogynb 1. OCHOBbI yripaBJieHUs

[ HaXwmiTe Ha U306paeHite, 4ToBs! BLIBPTS KapTy

Puc. 4. Bbibop kapmbi

3.2.3. Beibop muccun

Mocne Bbibopa kapTbl Bblbepute mMuccuio. Ha kapte moxeT ObiTb Gonee ogHOM MUcCUK: B 3TOM
cny4yae HyxHyto BblbepuTe C MOMOLLbIO NepeknoyaTens B NpaBon Yactu opMbl.

Dy KHonka BbiGpaTb MUCCUIO HeaKTMBHaA OO Tex nop, noka He 6GyaeTt BbibpaH OPOH
(cooTBeTCTBYIOLLAA NOACKA3Ka 3eMeHOro LBeTa oTobpaXkaeTcst Hag KHOMKOW).

3.2.4. Bblbop ApoHa

Ona Bbibopa apoHa nepengute BO BkNagaky Bbibop apoHa. B neBow 4actn okHa pacnonoXeHbl
KapTO4KMN C N300pakeHNaAMMN OOCTYMHbIX APOHOB (B COOTBETCTBUM C Bepcuen npoaykTta). [Npu Beibope
noaceevmBaeTcs (MoneToBbIM KapToyka ¢ n3obpakeHnem ApoHa, a B NpaBoKr YacTun oTobpaxatoTcs
€ro XxapakTepucTumku.
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Pexum: PydHon BEIGOp KapThl Bifop poka Hacrpoitkn Craruetuca

Bribop opoHa

Agras T10

Tun: Cesbek EHHBIF
MaKcuManbHas B3neTHas Macc:

Paamep:

MakcumanbHas CKOpPOCTb noneta rnpu pacnbiieHsnun: 7 Mfc
MakcumanoHas TOPWU3OHTaNbHaA CKOPOCTb: 1
MaKcuManbHas RONyCTHMaR CKopOCTh BeTpa: 8

PeKoMeH/lyeMas BLICOTa NoNIeTa Hafi Ky/bTyp

EmkocTb 6atapen: 9 Au
MakcumanbHoe Bpemsi noneta: Jo
06bem baka: &7

MaKcuManbHiii pacxop, paBoueit xuakocTw: 1.8 a/m

BuibpaTh Moge L

) HaXMUTe MapKep, 4To6bI BbIGPATS APOH

Puc. 5. Bbibop dpoHa

Mocne BbIGOpa HaXxxMUTE Ha KHOMKY BbliGpaTh Moaens.
3.2.5. 3anyck Mmuccum
HaxmuTe Ha kHonky BbiGpaTb muccuto.

Dy Cpasy nocrne 3aBepLUeHUsi MUCCUM KHOMKa BbliGpaTb MUCCUIO MOXET He cpaboTarb,
NOAOXANTE HECKONbKO CEKYH U HaXXMUTE €€ MOBTOPHO.

3.3. BbinonHeHue 3agaHus

Mocne 3anycka MUCCnn Bbl MOXXeTe NPUCTYNUTb K BbINONMTHEHUIO 3aJaHun.
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Puc. 6. OkHO 8blInorHeHuUs1 3a0aHusi

B okHe BbINonHeHusi 3agaHnst oTobpakaroTcs crieayroLlme aremMeHTbl:

1. BepTukanbHas naHenb MHCTPYMEHTOB C KHOMKaMMU:
. — BKMOYEHME B1aa ¢ Kamepbl annapata (gpoHa). MoXHO 3anyCTuTb HaXkaTUeM Ha KnasuLly
F1;
. u— BKIMOYEeHMe B1aa OT TpeTbero nuua (Habnogarens). MoXHO 3anyCcTuTb HaXxaTueM Ha
knaeuwy F2. Ina npnbnmxeHnsa n yganeHms ncnonbadynte knasuwm W n S nnm Konécmko Mol
« [ — v rmasamu nunora (F4);

Ecnu HaxaTb NeBoi KHOMKOW MbILUM Ha 06racTb OkHa, CBOBOAHYIO OT NOACKA30K M
—y naHenu MWHCTPYMEHTOB, TO YyKasaTeflb MblM MponadéT, U CTaHeT AOCTYMHO
LY BpalleHne Kamepbl ABWXKEHWEM MbIlM (ecnv 3TO JonycKaeT TeKyluii Bug).

MoBTOpHOE HaxaTue NEBOIN KHOMKN MbILL BO3BPALLAET yKasaTerb MbILLK.

+ [E] — mmhm-uzobpaxenns c kamep annapara;
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. =—cy>|<eHMe/pacmV|peHme Bugumon obnactum (F8).

None 3agaHun.

Mone noackasok 1 npegynpexaeHui. KpacHbIM TEKCTOM BbIBOAATCS NpeaynpexaeHns npu
HapyLLeHUN yCrioBuin TekyLlero 3agaHus. XKénTblM TEKCTOM BbIBOAUTCS NOAcKaska 06 ynpasneHun.
LiBeTHOe usobpaxeHune c kKamepbl annapara.

Kapta rny6uHbl ¢ kKamepbl annapara.

'pacbmnyeckasn nogckaska ynpasneHus.

w N

o oA

y ,D,J'IFI OOCTYNHOCTHU pa60TbI C ropa4ymmMm Knasuiamm HeOGXO[J,VIMO nepel7|T|/1 B OKHO C
3anyLweHHbIM NMPOoAYKTOM — HarnpumMep, HaXXatb Ha 3aroyioBOK OKHa.

OKOHYaHue Muccum

Mocne BLINOMHEHNA 3a4aHuUs OTKpbIBaeTCcA MogaribHOE OKHO. B 3aBUCMMOCTN OT MUCCUM OKHO MOXET
ObITb I/IHd)OpMaLI,VIOHHbIM NN cogepxatb I'IO,EI,pOGHbIe AaHHble O pe3dynbraTtax BbIMOJIHEHNA MUCCUN.

12 13 61 &) UAVPROF
A4

DRONE SIMULATOR



UAVPROF Drone Simulator
WHcTpykums no akcnnyatauyum

4. Pexxum «Py4yHon»

OO6y4yeHne ocHoBaM NUMOTUPOBaHMSA 3anoxeHo B «basoBom moayne 1». Pexum cocTtouT U3 Kapr,
COOTBETCTBYHOLLMX Pa3HbIM MNOroAHbLIM YCIOBUSIM:

OcHoBbI ynpaBneHus;

OcHoBbl ynpaBsneHus. Betep;

OcHoBbl ynpaeneHus. Tymas;

OcHoBbl ynpasneHus. HouHon pexum;
OcHoBbl ynpaBneHus. HouHon pexum. TymaH.

Pexum: Pysitoi Bei6op KapTsl Buibop apora Hacrpoiti Crarucruca

BasoBbiv Moaynb 1. OCHOBbI ynpaBneHus. TymMaH

[ HaxXwiTe Ha u306paxcerite, 4ToGbl BbI6paTh KapTy

Puc. 7. OcHosel yripasneHus. TymaH

Ha kaxxgon kapTe 4OCTYNHbI criegytowmne MMCCumn:

B3nér-nocapgka;

TaHrax;

KpeH n pbickaHue;

3akpenneHue 6a30BbIX ANEMEHTOB PYYHOrO yrNpaBneHus.
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Pexum: PydHon BEIGOp KapThl Buibop Apoka Hacrpoitkn Craruetuca

BazoBbii Mogynb 1. OCHOBbI yripaBJ/ieHUs

Mwuccum mogyns

Baner-nocapka
TaHrax
KpeH 1 pbickaHbe

3akpenneHue 6a3oBbiX ANEMEHTOB PyYHOr0 yNpaBNeHNA

Undpopmayns:

MoaxoAswme APOHbI

o111

Agras T10 Mavic 3 Matrice 300 Evo2 Matrice 30

[2) HaxmuTe MapKep, UTobbl BIGpaTL MIACCHIO

Puc. 8. Muccuu modynsa

[1ns BbINOHEHNA MUCCUNA:

APODN =

BbibepuTe KapTy.

Bbibepute muccuio. Bkrounte cCOOTBETCTBYHOLUI NepPEKNOYaTENb B NpaBon Yactn hopmsl.
HaxxmuTe Ha Bknagky «Bbidoop apoHa». OTkpoeTcst dopmMa Co CMMCKOM OPOHOB.

Bbibepute oanH 13 noaxodsaLmMx APOHOB U HAXXMUTE Ha KHOMKY BbliGpaTbk mogenb (nogpobHee cMm.
B pasgene «Bblbop apoHay). Nocne BbibOpa ApoHa cucteMa BEPHET Bac Ha popmy, roe
BblOpaHHasi Moaernb ApOoHa BblAENUTCS 3enéHon pamkon. CTaHET akTUBHA KHoMka BblopaTtb
MUCCHUIO.

HaxxmuTe Ha KHOMKy BblGpaTb Muccuio.
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Pexum: PydHon BEIGOp KapThl Buibop Apoka Hacrpoitkn Craruetuca

BazoBbii Mogynb 1. OCHOBbI yripaBJ/ieHUs

Mwuccum mogyns

Baner-nocapka
TaHrax
KpeH 1 pbickaHbe

3akpenneHue 6a3oBbiX ANEMEHTOB PyYHOr0 yNpaBNeHNA

Undpopmayns:

MoaxoAswme APOHbI

- EEEER

Agras T10 Mavic 3 Matrice 300 Evo2 Matrice 30

[2) HaxmuTe MapKep, UToBbl BIGpaTL MIACCHID

Puc. 9. Bbibop muccuu. basossili Mmodyrisb 1

4.1. BbinonHeHWe 3agaHuin

Mpw BbINONHEHWUN 3a[aHWI OPUEHTUPYETECH Ha rpadyeckme NoacKasku 1 ykasaTtenu.

Xéntaa cTpenka ykasbiBaeT TpebyemMoe HanpaereHue OBWMXKeHMsi (COOTBETCTBYHOLLEE 3afjaHue C
TEKCTOM 3€eMnE€HOro LBeTa BbICBEYMBAETCA B JNIEBOM HWXHEM yriy). Jlyd B Hagup OT ApoHa
(HMCXoasWasa NMHMS) OKpaLleH B XENTbIN uBeT. Mpn HapylweHun yCnoBun 3afaHusa nyd B Hagup OT
OPOHa OKpalUMBaeTCaA B KpacHbIl LBET; B MNpPaBOM HWKHEM YINy MUraeT KpacHbIi TeKCT
npeaynpexaeHusl.

Ha TpeHupoBoyHOM nnowaake ectb 30HbI A, B, C 1 D. Kaxxgaa moxeT npuHuMmaTh Cnegyowmi LBeT:

e XENnTblN (HEeNTpanbHbIN);

e 3eneHbln (Mpu JOCTMXKEHUN YCITOBUS);
e KpacHbI (Npy HapyLleHUn YCNoBus).
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MponeTute B 30HY

B TUTE Ha B 06l NeTeTb

Puc. 10. BbinonHeHue 3adaHusi

[na ycnewHoro BbINOMHEHUSA crnegynuTe 3ernéHoMy TeKCTy B

none 3ajaHun Cc Yy4éTOM
npegynpexaeHvii, BO3HMKaLWUX B None NoAckas3ok 1 NpeaynpexaeHui.

OKoH4YaHue muccum

Mocne yCneLwHOro BbiNOJTHEHNA 3a4aHUA OTKPOETCA MOOallbHOE OKHO:

Puc. 11. KoHeuy muccuu
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5. Pexxkum «BbicTaBka»

Pexxum coctouT m3 cneaywumnx KapTt (3aBI/ICI/IT OT Bepcum npo,u,yKTa):

« [locTtaBka anTeykn nepBour nomMoLLm (C oby4yeHnem, AeHb, HOUb, TYMaH);
o OXOTHUK 3a WapukaMmn (4eHb, HOYb);
o [OHKM B NPOMBILLIIEHHOW 30HE (AEHb, HOYb, TYMaH).

5.1. [locTtaBka anTe4vykn NnepBon NOMoLLm

N5 BbINOAHEHNA MUCCUNA:

1. BbibepuTte kapty.
2. HaxmuTe Ha Bknagky «Bbibop apoHa» n BbibepuTe apoH (noapobHee cMm. B pasgene «Bbibop

OpoHay).

—y Mpun BbINONHEHUM MUCCUM «[lJoCTaBka anTeykyM NepBON MOMOLLM» AOCTYNEH TONbKO
| Yy apoH Matrice 300.

Mocne BbIGoOpa opoHa cucTemMa BEPHET Bac Ha opmy, rae BblibpaHHas Moaenb ApOHa BblAENUTCS
3enéHon pamkon. CTaHeT akTMBHa kHoMka BbibpaTb Mmuccuto.

3. HaxxmuTe Ha kHonky BbibpaTb muccuto.

Pexum: BeicTasia BEIGOP KapThl BLiGOp ApoKa HacTpoiti Craructuea

[ocTaBKa anTeyku nepeow noMoLuu. C obyyeHnemM

\ ” 4 Bawa yenb - cnacTu TYpPUCTKY, o6paTuslyiocs B cnyxOy cnaceHua.
- ’ 3 - .
P y - ‘ 2 E& 300pOBbe B OMaCHOCTH, 1 OHa HYXAACTCA B HEMEA/IEHHOM
. - " # K M@/ MHCKO NOMOLLM, O/IHAKO, &6 TOUHOE MECTONONOKEHHE HEUIBECTHO.
] - . ‘
. Wcnonbays BBC, oBHapybTe TYPUCTKY B OHOM U3 NaNaTouHbIX narepeit
Ha ee NpefiroNaraeMoM MapLUPYTe W A0CTaBbTe efi anTeuKy nepsoit
nomou.

B BaLem pacriopsXeHyM My I5TUPOTOP C aNTewKoi B FPy30BOM OTCeKe.
I'\oroponwrecb 0KazaTb NOMOLLb TYPUCTKE.

WHdopmaums:
HauHiTe 0CEaWEATH Ga30EbIe SEMEHTb! YNIPAEEHH GECTMNIOTHEIM NETATENbHbIM NMapaToM &
Py MPOBOSHOM NIONMTOHE. /LA HOBHYKOB PEKOMEHAYETCA NIPOXOANTL MHCCHH B
pexw & QGroundControl.

TMoaxoasiMe APOHbI

Matrice 300

BbIOpaTe MUCCHIO

) Haxwure MapKep, 4ToG BbI6paTs MtccHio

Puc. 12. Bbibop muccuu. [Jocmaeka anmeyku

BbinonHeHne 3agannn

3agaHue B Muccnn — obHapyXMTb MECTO, Kyda HeOOXOAMMO OOCTaBUTb anTeyky NepBov MOMOLLN, U
JOCTaBUTb eé€.

I'IpM BbINOMHEHWN 3a4aHWI opueHTunpyeTecCb Ha rpacbmquKme NOACKA3KN U yKasaTernu.
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Xéntas cTpenka ykasbiBaeT TpebGyemoe HanpaBreHue OBWKEHWs (COOTBETCTBYyHOLLee 3ajaHue C
TEKCTOM 3eEHOr0 LiBETa BbICBEYMBAETCS B TEBOM HWDKHEM YrT1y).

Ilyy B Hagup oT ApoHa (Hucxoaswasa NUHWS) OKpalleH B XEnTblin uBeT. [pn HapyleHun ycnosui
3aJaHns Nyy OKpaLUMBAETCH B KPaCHbIW LIBET; B NMPABOM HWKHEM Yriy BO3HWKaAET MUraloLMn TEeKCT
npeaynpexaeHus.

Hanpaenante ApoH NO YyKasblBalOWWMM HanpaeneHne [OBWKEHUS >KENTbIM CTpenkaMm 4Yepes

0003Ha4eHHbIE KpacHble 0bnacTn Ha MapLipyTe (Mpy NPonéTe Yepes3 HMX OKpaLLMBaKOTCA B 3eMNEHbI
LBeT).

KénTtas CTpelika — YyKasaTtellb HanpabBlieHUA OBUWXEHUA — MOXET He 0T06pa)KaTbC$|
_ M3-3a yrra HaklioHa ApOoHa Wi HanpaelneHuAa OpoHa. YT1oO6hI YBUOETb CTPEJIKY,
y; M3MEHUTE YroJy1 HaKroHa n/vnn HanpaslieHne — pacnonoXxumte APOH TakKuM o6pa30M,
4yTOObI CTpeJyika nonagana B obnacTtb BUOUMOCTUN KaMepbl (OCTaHOBVITer n
NOKPYTUTECDH, o6paT|/|Te BHUMaHME Ha BepX OKHa).

Mpy oBHapyXeHnn Lenun npusemnuTe poH B 0603Ha4YeHHOE 3eNéHbIM KPYyromMm MecTo:
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a Betep

UAVPROF _ﬁ‘l?‘ C i

A43m/s

2PTUKaNbH

Puc. 13. lNpusemneHue dpoHa

5.2. OXOTHUK 3a LWapuKamm

,D,J'IFI BbINOJTIHEHNA MUCCUN:

AWM=

Bbibepute kapry.

Bbibepute muccuio. Bkntounte COOTBETCTBYHOLLMI NepeknovaTens B NpaBoi YacTn (oopMbl.
Haxmunte Ha Bknagky «Bbibop apoHax». OTkpoeTcs hopmMa CO CMMCKOM APOHOB.

BbibepurTe oanH 13 Nogxoaawmx OpOHOB M HAXMUTE Ha KHOMKY BbiGpaTb Moaens (nogpobHee cm.
B pasgene «Bbibop apoHax). MNocne Bbibopa ApoHa cuctema BEPHET Bac Ha hopmy, rae
BbibpaHHasi Modenb ApoHa BblAennTcs 3enéHomn pamkon. CTaHeT akTMBHa KHoMNka BbibpaTb
MUCCHUIO.

HaxmuTe Ha kHonky BeiGpaTb Mmuccuto.
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Pexum: BeicTaska BEIGOp KapThl Buibop Apoka Hacrpoitkn Craruetuca

OXOTHMK 3a Wwapukamu. [leHb

T .
'l Ny < o 4 5 ) Muccum moayns
& ! ¥ g & g ¥

Balua 3anaya netarh Ha OTKPLITOM TPEHUPOBOUHOM MOMUIOHE U cBUTL
3a/1aHHOE KONIMUECTBO WapPUKOB Kak MOXHO GbicTpee.

Balua 3anava netarb Ha OTKPLITOM TPEHUPOBOUHOM MOMMIOHE U COUTL
MaKCUMasibHOe KOIMUECTEO LaPHKOB 3a OTBEEHHOE BPEMS.

WUndopmaums:
HTbl YIDaBeHHS: GECTMNOTHbIM NIeTaTe NbHIM aNNapaTom B
. AR HOBHUKOE PEKOMEHAYETCA NPOXORNTD MACCHH &

MoaxoAswme APOHbI

™

NCCUIO.

[2) HaxmuTe MapKep, UToBbl BIGpaTL MIACCHID

Puc. 14. Beibop muccuu. OXOmHUK 3a Wwapukamu

BbinonHeHne 3agaHuin

3agaHne B Mmccnmn — cbuTb 3agaHHOEe KONMYEeCTBO LLHapnKoB KakK MOXXHO 6bICTpee nnnm MakcmmMmaribHoe
KONMnM4yecTBO LLApUKOB B oTBeaEHHOoe BpeEMA.

Llenn — wapwkn — okpalleHbl B (OMONETOBLIN LIBET.
Jlyd B Hagmp oT ApoHa (HUcxoasdLast MMHNS) OKpaLLEeH B XXEMThIN LIBET.

Mpy HapyLweHun yCnoBuiA 3agaHus fyy B Hagup OT ApOHa OKpaLUMBaETCs B KPACHbIV LiBET; B NPaBOM
HDKHEM YTTy BO3HUKAET MUTaOLLMIA TEKCT NPeaynpexaeHus.

B npaBoOM BEPXHEM YyrIy 0To6pa>|<aeTc;| Taﬂmep 3alaHn4a 1N Xo4 ero BbiNOJTIHEHUA.
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- ‘ © o0:32
. Qo210

Puc. 15. BoinonHeHue 3adaHus. OXOMHUK 3a wapukamu

Koneu muccum

Mocne yCneLwHOro BbiNOJIHEHNA 3a4aHUA OTKPOETCA MOOallbHOE OKHO!
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MNobepa

© o00:36
© 1010

eLiHO ClToa
IIeHHBIMK 34

Puc. 16. Koneuy muccuu

5.3. [OHKM B NPOMBbILLUIIEHHON 30HE

,D,J'IFI BbINOJIHEHNA MUCCUN:

PO~

BbibepuTe kapTy.

BbibepuTe muccuio.

Haxmunte Ha Bknagky «Bbibop apoHax». OTkpoeTcs bopmMa CO CMMCKOM APOHOB.

BbibepuTe oavH U3 NOAXOAALMX OPOHOB U HAXXMUTE Ha KHOMKy BbiGpaTb moaenb (nogpobHee cwm.
B pasgene «Bbibop apoHax). MNocne Bbibopa ApoHa cuctema BEPHET Bac Ha hopmy, rae
BblGpaHHasi Mogenb ApoHa BblAenutca 3enéHon pamkon. CTaHeT akTuBHa KHonka BbiopaTb
MUCCUIO.

Haxmunte Ha kHonKy BbibpaTb Muccuio.

Pexum: BoicTaBka BuiBop KapThl Buibop apoHa Hactpoiiku CratucTuka
[OHKM B MPOMBbILL/IEHHON 30He. [1eHb

Onucanre Muccnn
MorpyauTech B TEXHOMOrNYHyI0 aTMOC(epy 3aBoAa No HedTenepepatoTke
¥ NPUMUTE BbI30B CKOPOCTH.

Bac »AeT KPYroBas Tpacca C KOHTPONbHBIMM BOPOTaMU 1 6ECTIOLUAAHEIM
CYEeTYNKOM BPEMEHN.

MponeTwnTe Tpu Kpyra, nsberas NPensaTCTBUIA Ha cBoeM NyTw. Mokaxure
CBOE MacTepCTBO B ypaBNeHin i yCTaHOBUTE HOBbIi pekopp!

MoaxoAswMe APOHbI

Agras T10 Matrice 300 Evo2

BbIGpaTL MACCHIO

) Haxwure MapKep, 4ToG BbI6paTs MtccHio

Puc. 17. Bbibop muccuu. [OHKU 8 MPOMbILUIEHHOU 30HE
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BbinonHeHne 3agaHun

Mpwy BbINONHEHUN 3aaHUN OpUEHTUpPYeTeChb Ha rpadmyeckue NOACKaskm 1 ykasaTternwu.

Jlyd B Hagmp oT gpoHa (Hucxogsdiliasi NMMHWUS) OKpalleH B XENTbiA UBeT. [1py HapyLleHun ycnosumn
3afaHua ny4 B HagMp OT OPOHa OKpaLUMBAETCHA B KPACHbLIM LBET; B NPABOM HWKHEM YrIy BO3HMKAET
MUraloLWmMn TEKCT NpeaynpexaeHus.

XénTas nuHus o6o3HavaeT Tpebyemblin MapLUPYT ABWKEHMSI.

Bopota, kotopble HeoOXxoaMMO nponeTeTb, OKpaweHbl B 3enéHbid uBeT. [lpn HapyweHum
HanpaBneHus Mponérta BOpOTa OKpalMBaKTCA B KpacHbin useT. Cnegywowme N0 MapLupyTty
BOpoTa — xéntble. [NpongeHHbIe COrnacHo 3aJaHuio BOPOTa OKPaLLUMBAKOTCS B KPaCHbIM LBET C ABYX
CTOPOH.

B npaBoOM BEPXHEM YIIy 0To6pa>i<aeTc;| Taﬁmep 3aaHn4d 1N Xoa ero BbinoJTIHEHUA.

CnepyiTe yKasaHHOMY MapLipyTy W NPONeTUTe
Tpaccy Kak MOXHo BbicTpe

BsnetuTe Ha BbICOTY 5 M 1 yaepxueanTe eé

P

Puc. 18. BeinonHeHue 3adaHusi. [OHKU 8 NpOoMbIWIeHHOU 30He

,D,J'IFI yCneLwHOoro BbiNnoJIHEHUA 3adaHUA CﬂeﬂyVITe no 0603HaquHomy MapLIpyTYy.
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KoHneu muccum

Mocne YCNEeLWwHOro BbIiNOJIHEHNA 3aA4aHUA OTKPOETCA MOOallbHOE OKHO:

Puc. 19. KoHeu muccuu
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6. Pexxum «doto»

OcHoBHas uenb Muccmm — oTpaboTka HaBbIKOB MUNOTOB MO HACTPONKE aBTOMAaTU4YECKOro NosIETHOro
3apaHua anga BINJ1A Ha ocHoBaHWUKM 3aaaHuS.

[1ns BbINOHEHUA MUCCUN B A@HHOM pexunme:

1. BbibepuTte kapty.

Pexum: doto Beibop KapTel Buiop aporia Hacrpoiikn Cratucruka

ADC TecT 1

) HaXMuTe Ha U30ODaXKeHHe, 4To0kI ELIGDAT KapTy

Puc. 20. Pexxum «@omo»

2. O3HakombTeCh C 3agaHuem B 6rnoke MHdopmauums.
3. Haxmute Ha Bknaaky «Bbibop gpoHa» v BbibepuTe apoH (nogpobHee cMm. B pasgene «Bbibop

OpoHax).

| yl Mpwn paboTe B pexmume «PoTO» 4OCTYNEH Tonbko ApoH Matrice 300.

Mocne BbIGopa ApoHa cuctema BepHET Bac Ha dhopmy, rae BolbpaHHass MOAenb ApOoHa BblAenuTCS
3enéHon pamkon. CTaHeT akTMBHa KHomMka BbibpaTb Muccuio.

4. HaxxmuTe Ha kHoMNKy BelibpaTb muccuio.
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Pexuu: DoTo BuiGOp KapTbI Bui6op Apota Hacrpoiiku

Puc. 21. Bbibop muccuu. ®omo

UAVPROF Drone Simulator
WHcTpykums no akcnnyatauyum

Cratuctuka

OnucaHme Muccum

A®C noaconHeuHoro rons. I oe nepexp:

InMKG. Yron HaknoKa: He Gonee 3° Kawepa Ha annapare

Mopxoasiume APoHbI

3 "

Matrice 300

) HaxXwmiTe MapKep, 4ToGbl BLIGpaTs MAcCCHio

5. BbINonHMTE HACTPOMKY UCMNONb3yeEMON HA3EMHON CTaHLUUKM ynpaBneHus.

6. BbinonHute muccutio.

OKOHYaHue Muccum

Mocne 3aBepLieHnd NONETHOro 3adaHusi U BbINONTHEHUS MUCCUM BbIBOOATCS pe3ynberathbl C LLBETOBOW

nereHaon:
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KoHel Mmuccum

CTaTUCTHUKa MWUCCUMN

Mnowags Nong:

CpoenaHo ¢oTorpaguin

HopmanbHb: 53

C npeebllWeHWeM yrna HaknoHa: (0

C npeebllwennem GSD: O

3a npegenamu nccnegyemoil oBnacti: O

Bcero:

Mnowagk NOKPLITUA

HopmManbHoe NoKpbiTHE:
M3nuwHee NoKpeITHE:
HepocTaTouHoe NoKpbITHE:

CTBYET NOKPbITHE!

Puc. 22. Koneuy muccuu. Ycniex. Pexxum ®omo

MopanbHoe OKHO CoaepXXuT nsobpaxeHne KapTbl NPOM3BEAEHHOIO NOKPbLITUS U pa3aensbl:

« CTaTncTnka MUCCUU;
« CagenaHo cotorpadcui;
 lnowagb nokpbITUA
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KoHel Mmuccum

CTaTUCTHUKa MWUCCUMN

Mnowags Nong:

CpenaHo ¢oTorpagui

HopManbHbBI

C npeeblWEHWEM YrNa HaknoHa: |

C npeebllwenuem GSD: 7

3a npegenamu nccnegyemoil obnacTu:

Bcero:

Mnowagk NOKPLITUA

HopmManbHoe NoKpbiTHE:
M3nuwHee NoKpeITHE:
HepocTaTouHoe NOKPbITHE:
OTcyTCTBYET NOKPLITHE:

BHe yuacTka AQC:

Puc. 23. Korneuy muccuu. Heycnex. Pexum ®omo
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7. Pexxum «Arpo»

ﬂﬂﬂ BbINOJTIHEHNA MUCCUN B OAHHOM peXnme:

1. Bbibepute kapTy.

Pexum: Apo BbIGOP KapTbl BbiGop Apotia HacTpoiikn CratucTuka

®epmepckoe X0381CTBO 1

) HaxmTe Ha U30GpaKeH e, 4ToGk! BbIGPATS KapTy.

Puc. 24. Pexxum «Azpox

HaxmuTe Ha Bknagky «Bbibop gpoHay. OTkpoeTcst dopma Co CNMCKOM LPOHOB.

Bbibepute oanH 13 NnogxodsLumx OPOHOB U HAXXMUTE Ha KHOMKY BbiGpaTbk mogens (nogpobHee cMm.
B pasgene «Bbibop apoHay). Nocne Bbibopa ApoHa cucteMa BEPHET Bac Ha popmy, roe
BblOpaHHasi Moaernb ApOoHa BblAeNUTCs 3enéHon pamkon. CTaHET akTUBHA KHoMka BbiopaTtb
MUCCUIO.

w N
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Pexum: Arpo Bui6Op KapTbI Bui6op Apota Hacrpoiiku Cratuctuka

OnucaHue Muccun

TpoBeAUTe AECHKaLMIO NOACONHEHIKE C pUMeHeHIeM BBC.

eCHKaLMS - OFIIH U3 OCHOBHBIX MPUEMOB YBENMUEHUS YPOXKAIMHOCTH NOACONHEYHNKE. OH
0CHOBbIBAETCA Ha XMMUYECKOM BbICYLIMBAHUM PACTEHW, YTO MO3BONAGT CHNSUTb NOTEPH,
YCKopWTb YGOPKY, CAenaTb NPoLecc NocTo6paboTky CeMsH MeHee 3aTpaTHbiM 1 Gonee
PaBHOMEPHBIM.

Monxoasime APOHSI

) HaxXwmiTe MapKep, 4ToGbl BbIGpaTL MAcCCHiO

Puc. 25. Bbibop muccuu. Aepo

4. HaxxmuTe Ha KHoMKy BbibpaTb muccuio.
5. B oTkpbiBLLECHA bopMe «uapoysen»:
e BbICTaBbTE 3HAYEHME KOnMyecTBa BOAbI (MepeTarnBas nonsyHoK Ui BBOAS 3HAYEHWE B Mnone ¢
KraBmnartypbl);
e BblOepuTe peakTuB:
= BblbepuTe peakTuB: HaXXMUTE Ha N300paXKeHNe KaHUCTPbl — OTKPOETCHA OKHO ANs Bblibopa
peakTuBa; NpU HaBedeHWM yKa3aTens MbllUN Ha peakTUB OTKPOETCH OKHO C MHdopMaumnen
(cneuundmkaumnen peakTnea):

PacTeOpHbIN Bak

KOHLEHTpaLms 57% KoHUeHTpaLms

x L E— H 4

CymMmapHan
CkopocTh BBC:

BhicoTa noneTa lNoproToBka pacTeopa

Ob6bem baka: & o Boga °

Agras T10
PEAKTHME 1 PEAK 2 AKTKHB 3 PEAKTHMB 4 PEAK

depmMepcKoe Xo03AMCcTBO 1

PeakTne [« ]
KynbTypa:

Mrowaab nons

Hopma eHeceHWA paboyero pacTeopa: a ‘"§
MapaMeTpbl PachbifeHWs ®
¥

WHcexTy

[ecuKanT Pern

OecukaHt Mone

Puc. 26. Bbibop peakmuea

= YK@XUTE KONMMYECTBO peakTuBa (nepetsirmBante nonsyHoK Unm BBOAUTE 3Ha4YEHUE B None C
KnasmaTtypbl);
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e YKaXuTe napameTpbl pacnbinenns (MMbo BbiCTaBbTE 3HAYEHME C MOMOLLIbIO NOM3yHKa, NTMbo
3aganTe YnMcroBoe 3HaJYeHNE):

PacTBOpHEIN Bak

P ‘”1 KOHLeHTpaLms 8% KOHLEHTpaLWa

e~ TE-TEp

CropocTb BBC:

CymMMapHas

BoicoTa noneta MoaroToBka pacTeopa

OBbeM Gaka: & / Bopa [-] 15
AECHKAHT NMONE PEAKTHE 2 PEAKTHME 3 PEAKTHE 4 PEAKTHB 5

JecuKaHT
Mone

Mnowanb nons:

Hopma eHecenuA paGoyerc pacTeopa:

MapameTpbl pacrbineHus

o N Wucektvumael lepbuunasl ®ynrnumasl JecukaHTb!

CMEeLlaTe M HA43Th MIACCHAKD

Puc. 27. BeicmaerneHue napamempos

e HaXXMUTE Ha KHOMKY CMellaTb U Ha4aTb MUCCHUIO.
6. BbInonHMTE HACTPOVKY NCNONb3yEMON HA3EMHOW CTaHUMK YNpaBreHus.
7. 3anyctute BbinonHeHve muccun B QGroundControl.
8. BbinonHuTte muccuio.

OkOH4YaHue Muccum

Mocne 3aBeplUeHMsSt NONETHOrO 3aaHns U BbIMOMTHEHNUS MUCCUM BbIBOOAATCS pe3ynbTaTthl C LIBETOBOM
nereHaon:
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KoHel Muccuu

CTatucTUKa MUCCUUA
KyneTypa:
Mnowans nons:
ObpaboTaHHas nnowagb

HopmaneHbIA NponMe:
HepocTaTouHbli NPONWE
M3BBITOYHBIA NPOMKMB:

3a npegenamu Nons:

CpepaHuit pacxof arpoXMMUKaToB

Puc. 28. Korneu muccuu. Pexxum Azpo

MopanbHoe OKHO COLOEPXKUT KapTy nponnea U CTatTUCTUKY C pasgenamum:

o CTtatuctmka muccuu;
o ObOpaboTaHHas nnowlaap;
o CpegHui pacxoq arpoXMMmNKaToB.
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8. Pexxum « A3poroHka»

Pexxum coctouT m3 cnegyrownx KapT:

« Tpacca (aeHb, HoYb, BETEP, TYMaH, HOYb C TYMaHOM);

« LIKkonbHbIN cnopT3an (4eHb, HOYb);
« BosayuiHaga Tpacca (AeHb, HoYb, BETEP, TYMaH, HOUb C TYMaHOM).

8.1. Tpacca

N5 BbINOAHEHNA MUCCUNA:

1. BbibepuTte kapty.

2. HaxmuTe Ha Bknagky «Bbibop apoHa». OTkpoeTcst dopmMa Co CMMCKOM OPOHOB.

3. BbibepuTte nogxoaswmi ApoH 1 HaXXMuTe Ha KHornky BelbpaTtb Mmogenb (nogpobHee cM. B pasgene
«Bbi60op apoHax). MNMocne Bbibopa gpoHa cucTema BEPHET Bac Ha opMy MUCCUK, rae BblbpaHHast
MOZernb OpOoHa BblAENUTCS 3enéHon pamkon. CTaHeT akTMBHA kHoMnka BbiGpaTb muccuio.

4. HaxxmuTe Ha KHOoMKy BblbpaTb muccuio.

Pexum: FPV BbIGOP KapTh BbiGop Apona HacTpoitkn CrarvcTika

FPV Tpacca

Onucaxne Muccun

FPV Tpacca

Wndopmaums:
FPV Tpacca

Monxoasie APOHS!

FPVFSD FPV F5X

Bbi6parts myccrio

(&) Haxmue Mapkep, 4Tobb! BEiGpaTh MiAccHio

Puc. 29. Bbibop muccuu. Tpacca

BbinonHeHne 3apaHumn

Mpwn BbINONHEHUN 3a4aHUN OpUeHTUpyeTech Ha rpadoruyeckue NoACKaskn 1 ykasaTternu.

XénTtas nuHMa o6o3HavaeT Tpebyemblt MapLlpyT ABWXKeHUs. 3enéHbiMU cTpernkamMmyM 06Go3HaYeHo
HanpagneHve ABUKEHUS.

Bopota, KkoTopble Heobx0OAMMO MponeTeTb, OKpalleHbl B 3enéHbii  LuBeT. [pu HapylleHuu
HanpaBneHusi nponéTa BOpOTa OKpalUMBalTCs B KpacHbll uBeT. Crepylowme Mo MapLlipyTy
BOpoTa — xénTble. [MpoifieHHble COrnacHo 3afaHnio BOpOTa OKPAaLLMBAKOTCS B KPACHLIN LBET C ABYX
CTOPOH.

B npaBoM BepxHeM yrny oTobpaxkaeTcs Tanmep 3afaHusl U XOf, ero BbINOSHEHUS.
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Puc. 30. BeinonHeHue 3adaHus. Tpacca

,D,J'IFI yCneLwHOoro BbINOJIHEHNA 3aaHUA cnep,yl7|Te no 0603HaquHomy MapLUpyTYy.

KoHel, mmnccum

Mocne yCneLwHOoro BbiNOJIHEHNA 3a4aHUA OTKPOETCA MOAallbHOE OKHO:

Puc. 31. Koneuy muccuu
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8.2. LUkonbHbIN cnopT3arn

,D,J'IFI BbINOJIHEHNA MUCCUN:

1. BbiGepute kapry.

2. Haxxmute Ha Bknagky «Bbibop gpoHay. OTkpoeTcst oopma CO CMUCKOM LPOHOB.

3. BbibepuTe noaxoasimnn ApoH U HaXXMUTE Ha KHoMKy BbliGpaTb Mogenb (nogpobHee cM. B pasgene
«Bbi6op apoHay). MNMocne Bbibopa ApoHa cucTeMa BEPHET Bac Ha hopMy MUCCUN, rae BblOpaHHas
MoZAenb ApOoHa BbliAENUTCS 3enéHon pamkon. CTaHeT akTMBHa kHoMka BbibpaTb Mmuccuto.

4. HaxmuTe Ha kHonky BeibpaTb Muccutio.

Pexum: FPV BEIGOP KapThl BLiGOp ApoKa HacTpoiti Craructuea

FPV WKoNbHbIN criopT3an

N ST
OnucaHue MUccum

FPV wikonsHeiii criopTaan

WUndopmaums:

FPV wkonsHsif cnopraan
ToAXoAAILMe APOHBI

FPVFSD FPVF5X

) HaxwHre MapKep, 470G BbI6paTs MtccHIo

Puc. 32. Bbibop muccuu. LLIkonbHbIO criopm3an

BbinonHeHne 3agannn

Mpw BbINONHEHWM 3a4aHWUIA OPUEHTUPYETECH Ha rpadouyecKkne NoAcKaskmM 1 ykasaTesnu.
YKéntas nuHns o6osHavaeT TpebyemMbli MapLLPYT OBUKEHUS.

B OHeBHOM pexume BOpOTa, KOTOpble HEOOXOAMMO MpONieTeTb, OKpalleHbl B 3enéHbin uBeT. [pu
HapyLeHUn HanpasrneHus Nponéta BopoTa OKPalMBAKTCA B KpacHbI UBeT. B HOYHOM pexume
OPUEHTUPYMNTECH Ha XENTYIO NIMHNIO MapLUpyTa.

B npaBoOM BEPXHEM YyrIy 0To6pa>|<aeTc9| Taﬁmep 3aaHn4a 1N Xoa ero BbiNOJTIHEHUA.
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Puc. 33. BbinonHeHue 3adaHusi. LLIKonbHbIl criopma3arn

8.3. BosaywHasa tpacca

[ns BbINOAHEHNA MUCCUNA:

1. Boibepute kapTy.

- Mpu BbIGOPE MUCCUN C OTKMOYEHHBLIMU CTOMKHOBEHMSIMW C TpyboWn B mpouecce
y nonéta MOXHO BblfieTaTb 3a npeaenbl rpadmyeckor 3oHbl TpyObl U Bo3BpaLLaTbCs
- obpaTHo, He pa3bueasichb.

2. HaxxmuTe Ha Bknagky «Bbibop gpoHa». OTkpoeTcst doopma CO CMUCKOM OPOHOB.

3. BbibepuTe noaxoasLwun ApoH U HaXKMUTe Ha KHOMKY BbibpaTb Mogenb (nogpobHee cMm. B pasgene
«Bbi6op apoHay). MNMocne Bbibopa ApoHa cucTeMa BEPHET Bac Ha hopMy MUCCUn, rae BolbpaHHas
MOZernb OpOoHa BblAENUTCS 3enéHon pamkon. CTaHeT akTMBHA kHoMnka BbiGpaTb muccuio.

4. Haxxmnte Ha kHoMnKy BbibpaTb muccuio.
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Pexum: FPV BEIGOp KapThl Buibop Apoka Hacrpoitkn Craruetuca

FPV Bo3ayuiHas Tpacca

Mwuccum mogyns

O CTONKHOBEHMA C TPyGOoil OTKNKYEHbI (TPeHUPOBKa)

@ CronkHosenus c Tpy6oii BKMoUeHb!

WUndopmaums:
FPV B03yuHan Tpacca

MoaxoAswme APOHbI

3 g

i

L 4
FPVFSD

[2) HaxmuTe MapKep, UToBbl BIGpaTL MIACCHID

Puc. 34. Bsibop muccuu. Bo3dywHas mpacca

BbinonHeHne 3agaHuin

Mpwn BbINONHEHMM 3aaHNIA OPUEHTUPYETECH Ha rpaduyeckme NoacKasku n ykasaTenw.

XKéntass nuHuMst ob6o3HavaeT Tpebyembll MapLIpyT OBWKEHUS. 3enéHbiMM cTpernkamm 0603HayYeHo
HanpasneHue OBUWKEHNS.

Bopota, koTopble HeobGxoaMmo nponeTeTb AN nporpecca BbIMOMHEHWS MWUCCUMM, OKpalleHbl B
3enéHbin uBeT. [pn HapylweHuM HanpaBneHust Nponéta BOpOTa OKPAaLUMBAKTCHA B KPaCHbIN LIBET.
BHyTpu Tpybbl HEOBXOAMMbIE N5 NPONETa BOpOTa — KonbLa GUp30BOro LBeTa.

B npaBom BepxHeM yrny oTobpaxaeTcsa TavMmep 3adaHus U XO4 €ero BbINOMHEHUS — KONMYeCTBO
NPOVAEHHbIX BOPOT 1 BMPLO30BLIX KOMeL,.

,D,J'IFI yCneLwHOoro BbINOJNTHEHNA 3aaHUA cne/J,y|7|Te no 0603HaquHomy MapLUpyTYy.
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9. Ctatuctuka

Ha dopme oToGpaskaeTcs cTaTucTKa — NPOrpecc nonb3oBatens:

Pexum: Pysitoii BeiBop KapTs Bui6op apora Hacrpoiin Crarncruca

[Mporpecc nons3oBarens

0Obujas cTaTUCTUAKA WcTopusa nonéros

Bpems
saBepuwenns

Bcero spemenn & cumynsTope: 0,14 4 Ve
MpoiaeHo Muccuil 3a Bcé Bpemsa: 6

Craryc

=]
o
°
=

« ycnewno: 4
+ HeycnewHo: 7

PeiiTuHr nobep:

Jro6umblit gpoH

8688

{ Kpewuphickanse

Mogens: £
TN&THBIX vac 9 —

o)
L

|

Baner-nocanka

0

Jobumas muceus

Hazeauue Muccun: 3akpersieHmne 6a308bix 3/1EMEHTOB PYYHOrO yNpasieHus
Mpoxoxpaerwit: 3

[ OTcnexwBaiiTe CEOM NPOFPECC TPEHHPOBOK

Puc. 35. Cmamucmuka

Mporpecc nonb3osaTens oTobpaxkaeTcsa No pasaenam:

1. Obwasa cTaTucTuka:
« Bcero BpemeHun B cumynaTope;
« [MporigeHo muccuin 3a BCE BpeMs:
= YCMELLHO;
= HEYCMNELHO;
o PenTuHr noben.
2. JIlobumbI OpOH — OPOH, KOTOPLIN NCMONb30Bar Nonb3oBaTenb Hanbonee 4acTo Npy NPOXOXAEHUN
MWUCCUIA;
JTlobumas Mncemsi — Mmncemst, KOTOpyH NoSb3oBaTeNb NPOXOAUI YaLle OCTalbHbIX;
McTopus nonétoB — CBOAHbIE AaHHbIE NO NPOMAEHHBIM MUCCUAM, UCMOMNb30BaHHbLIM B HUX APOHaX,
cTaTtycax NpPOXoXaeHUst MUCCUA N BPEMEHN 3aBEPLLEHUS.

W
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10. Co3gaHune n pegaktupoBaHme KapT

[ocTynHo co3naHue 1 pegakTupoBaHue kapT. [ns aToro:

1. 3apeructpupyntech Ha cante Unigine.
2. Ckavante Unigine Community SDK Bepcuun 2.18.1.

Z MHdpopmauua no pabote ¢ Unigine goctynHa Ha cante.

3. CospganTe NpoekT, B KOTOPbIA MMAOPTUPYNTE KapTy 13 darnna polygon_mini.upackage,
nocTaBnNAemMoro ¢ AMCTpMObyTMBOM MpoayKTa.
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11. CumynaTtop anga paspaboTku
anropuTMOB ynpaBneHnsa apoHamMu

CI/IMyJ'IFlTOp anda pa3p860TKI/1 anropuTtMoB yrnpasfieHna OPOHaMn NO3BONAET MCNOoNb30BaTb ero And
OByX ypOBHeIZ CIMOXHOCTUN — CTyAE€HYEeCKOro 1 I'IpOd)eCCI/IOHaJ'IbHOFO.

Ons 3anycka Cumynsitopa Mcnonb3yeTcs komaHgHas cTpoka, a MO yyacTHWKOB MnopgkntoyaeTcs K
aetonunoty no cetn yepe3 MAVLink no UDP n k CumynaTtopy 4epes ROS 2.

11.1. Mogenu annapartoB

B 3aBuMCMMOCTM OT [OMCUUMNIAUHBI M YPOBHA CMOXHOCTM, WCNONb3YeTCd OdHa unuM rpynna u3
cnegytowmx mogenen BrJ1A mynstmpoTopHoro Tuna:

« FPV F5D Auton;
e FPV F5D Auton GPS (goctynHa GPS);
o FPV F5D Auton LPS (pnoctynHa LPS — cuctema nokarnbHOro no3vuMoHMpoOBaHNs).

Habopbl napamMeTpoB aBTONUIOTOB YyKa3aHbl B (oainax, pacnofioXeHHbIX B AMPEKTOpMM params
COOTBETCTBYIOLLEN Bepcun Cumynatopa (https://qitflic.ru/project/uavprofsim/parma-basf/file?
file=docs%2Fparams):

 fpv_f5d_auton.params — gna FPV F5D Auton;
o fpv_fbd_auton_gps.params — ana FPV F5D Auton GPS;
o fpv_f5d_auton_Ips.params — gna FPV F5D Auton LPS.

OnucaHue napameTpoB asTonunota CM. https://docs.px4.io/v1.13/en/advanced_config/
parameter_reference.html.

11.1.1. Obwasa nHpopmaumsa onsa BCcex annaparos

+ Macca: 0.696 «r;
e pasmep: 0.263 x 0.316 x 0.089 wm;
e JOCTYMHa Kamepa,
e PX41.13.2.
Tabn. 1. KoopanHaTbl nponennepoB OTHOCUTENBHO LIEHTpa Macc
Ne X, M Yy, M Z,M
1 0.068 -0.094 0.010
2 -0.068 0.082 0.010
3 0.068 0.094 0.010
4 -0.068 -0.082 0.010

11.1.2. Kamepa

Ha Bcex Mogensix annapaTtoB AOCTYMHa kKamepa CO CreayoLMMM XxapakTepUcTUKamu:

« LBeTHoe usobpaxeHue (RGB);
e BepTuKanbHbI yron o63opa (VFOV) — 86.8 rpagycos;
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paspeleHme 1280x720 nukcenen;

MakcMmarnbHoe Konn4ecTBo kagpoB B cekyHay (FPS) — 60;
n3bpakeHus nepegatotca yepes Tonmk ROS 2;

KOoopAnHaTbl OTHOCUMTENBLHO LieHTpa macc: (0.107 m, 0.000 m, 0.000 m);
yron HaknoHa (TaHrax): 20 rpagycos.

11.2. Cuctembl KoopanHaTt

|/|C|'IOJ'Ib3yI'OTC9-| cnegywune CUCTeMbl KOOpAUHAT:

e JlOKanbHas cuctema KoopauvHaTt aBTONUNOTa;
 JlOKanbHas cuctema koopamHat CumynaTopa;
« rnobanebHas cuctema koopauHat F€HCC.

Bbasuceil, COOTBETCTBYHOLLME OCAM X, Y, Z nokanbHbIX CUCTEM KoopAauHat:

« ENU (BocTtok-CeBep-BBepx) ansa nokanbHown cuctemol koopanHat Cumynatopa, coobLeHui
ROS/MAVROS;
« NED (Ceep-BocTok-BHu3) ansa asronunota PX4 n coobweHun MAVLink.

Touke otcyeta (0, 0, 0) nokanbHOW cucTeMbl kKoopanHat CumynsaTopa cooTBeTcTByeT Touka (LLupoTa,
Honrota, Bbicota) rmobanbHoW cucTembl koopauHat, 3agaBaemas B JSON-canne napameTtpos
(cBovictea latitude, longitude, altitude obbekta /session/world). Bce koopanHathbl
0ObeKTOB B TeKyLleM JoKyMeHTe 3aaaHbl B 6asnce ENU (Boctok-CeBep-BBepx) nokanbHON CUCTEMBI
koopauHat CumynsaTopa.

11.3. AnropuTtm ynpasneHus

YnpaBneHue KaxabiM annapaTtomM B rpynne npouMcxoguT ¢ NOMOLLbI0 anroputma, paspabarbiBaemoro
Komangon.

YHpaBnmow,vle BO34ENCTBMS Ha annapartbl Bbl4akTCA B OOQHOM U3 CrieyroWnX BapnaHTOB:

e M0 TOYKaM B FlOKanbHOM CUCTEME KoopAaunHar;

« 10 TOYKaM B rnmobanbHom cucteme KoopAauHart,

e [10 CKOPOCTAM B nokanbHOW 1 rnobanbHOM cucteMax KoopAaunHarT,
e MO YCKOPEHUAM;

e IO TAre n OpVIeHTaLI,I/II/I/yFJ'IOBbIM CKOpPOCTAM annapara.

ANroputMbl  JOMKHbI  ObITb  WMAM  YHUKANbHBIMW UM MMETb  MPUHLMMMANbHbIE  OTNMYMS  OT
06LWenoCTYNHbIX.

11.3.1. YnpasnsoLime Bo34encTeud

lMporpammHOe ynpasreHWe asTOMUIIOTOM W3BHE BbINOSHAETCA C  nomowbio Tpex MAVLink-
COOOLLIEHUN:

o« SET_POSITION_TARGET_LOCAL_NED;
o« SET _POSITION_TARGET_GLOBAL_INT;
o« SET ATTITUDE_TARGET.

Coobuwenna ROS/MAVROS, cooteetctBytowme MAVLiInk-coobLleHnam:

« PositionTarget;
« GlobalPositionTarget;
« AttitudeTarget.
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Kog 06paboTku Ha CTOpOHe aBTONUIIOTA (4S9 CNPaBKM M YTOYHEHUS OeTanen peanvsaumm):

o SET_POSITION_TARGET_LOCAL_NED;
o SET_POSITION_TARGET _GLOBAL_INT;
o« SET_ATTITUDE_TARGET.

MepBoe coobLieHne NO3BOMSET YNPaBnsATb B NOKarbHON CUCTEME KOOPAMHAT MO TOYKaM, CKOPOCTSIM,
YCKOPEHUSIM, PbICKAHMIO Y CKOPOCTU PbICKaHUS.

BTopoe—B rnobanbHOM cucteme KoopaAuHaT Nno TOYKaMm (LIJVIpOTa, OoIroTa, BbICOTa), CKOPOCTAM,
YCKOPEHUAM, PbICKaHUIO N CKOPOCTU PbICKaHUA.

TpeTbe — N0 NOMNOXEHUO B NMPOCTPAHCTBE (KBAaTEPHUOHY), CKOPOCTSIM KpeHa, TaHraxka U pbiCKaHus,
HOPMMPOBaAHHOMY 3HAYEHUIO TSN,

B «kaxgom COO6LLI,eHI/1VI BO3MOXHbl pa3Hble KOM6VIHaLI,I/IVI ynpaeneHnda, KOTOopble 3adarkTcAd
cneuuanbHbiM Nonem-mackon. He Bce KOM6VIHaL|,I/IVI MOTryT nNpuHUMaTbCA aBTONUIIOTOM, AOnA
YTOYHEHUA HeO6XO,EI,VIMO O6anJ,aTbCFI K UCXOAHbIM KoAdaM (CM. BbIUJe). rlpI/IMepr peann3aunn
ynpasneHua rno To4KkamM 1M CKOpoCTAM B nokarnbHOW cucteme KoopAaunHaTt npeactasBli€Hbl B ¢>al7|nax:

« ros1-group — npumep ynpasrneHua rpynnown annapartos Yyepe3 ROS;
e r0S2 — NpuMep ANs CTYAEHYECKOW FOHKM;
e ros2-group — NpuMep ynpaeneHusa rpynnon annapartos Yyepe3 ROS 2.

11.3.2. IameHeHne koadpdpuumneHTos NN perynartopos
aBTonumnoTa

3HaveHua koapdpumumeHTtoB [U[-perynatopoB aBTONMMOTa BbIBEAEHbI B  COOTBETCTBYHOLLME
napameTpbl (onucaHwe napamMeTpoB CM. B pasgene Mogenu annapartoB). Onucanue [MAL-
perynaTtopoB M pekoMeHgauun no nx uameHeHuto npeactaerneHbl B Multicopter PID Tuning Guide
Basic n Advanced. lNpumep peanusauumn CUYMTbIBAHUS U U3MEHEHUSI NMapaMeTpoB MNpeacTaBlneH B
danne examples/group.py.

11.4. opmauunmn

dopmaumm npeacTaBnstoT cOOON COBOKYMHOCTb TOYEK NMPOCTPAHCTBA, B KaXA0W M3 KOTOPbIX OOMKEH
HaxoauTbCs OOUH annapaTt rpynnbl. [1py 3TOM HaxoXAeHWe KaXkaoro 13 annapaTtoB rpynbl 3agaeTcs
anropuTMomMm, pa3paboTaHHbIM Y4aCTHUKOM COPEBHOBAHWIA.

11.5. Vicnonb3oBaHne kamepol annapara

Mpy BKMOYEHUM KaMepbl MNPOUCXOOMT MOBbIWeHMe Harpy3km Ha CPU un GPU.
| yl Mony4aembin FPS 3aBucnT oT TexHuyeckux xapaktepuctuk MNK. Ytobbl noBbicutb FPS
(B paMmkax orpaHu4eHus1), MOXXHO YMEHbLUWTb pasmep okHa Cumynsitopa.

(]
Lt
YTOObI BKNIOYMTL KamMepy B OKHE CwmynﬂTopa, HaXXMUTE Ha KHOMKY . .

[ns nonyyeHus nsobpaxkeHun ¢ kamep annapara ncnonbdynte ROS 2. [1ns nonyyeHus nsobpaxkeHun
pekoMeHayeTCa HanvcaTb NOANMCYUKA C MCNOoNb3oBaHMeM GnbnuoTtekn image_transport.
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11.6. [ops4Yne KnaBULLIK NepeKoYeHns BUOOB

B CumMynsaTope OOCTYMHbI creaytoLlime BUabl:

« BuUA o1 nepsoro nuua (F1);

» BuA o1 TpeTbero nuua (F2);

e BUA co cBoboaHom kamepsbl (F3);

« BUA o1 nuua nunota (F4);

e BMJ OT TPETLErO Nuua Ans rpynnsl Mmogenen annapatos (F5).

Mo knaeuwe C NpoMcxoauT LUMKIIMYECKOE NEPEKITIOYEHME MeXY BUOaMM.
MepeknoveHre Mexay annaparamy ocyLLeCTBSEeTCs:

« M0 HOMepy annaparta (HyMmepauns HaunmHaeTcd ¢ 1) C NOMOLLBbIO LIMGPPOBLIX KNaBuLL;
e Ha crnegyroLwmin n Npegbiaywmn annapartbl C NOMOLLBIO Knaeuw X n Z COOTBETCTBEHHO.

11.7. lNepekntodyeHne Ha Vulkan

Mo ymonuaHuio Cumynatop ucnonb3yet OpenGL, HO ANs NOBbILEHUS NPOU3BOAUTENBHOCTN UMEETCS
BO3MOXHOCTb nepeknovntbcsa Ha Vulkan.

A CrabunbHag pabota npu nepekntoveHun ¢ OpenGL Ha Vulkan He rapaHTupyeTcs.

Ona nepekntoyeHns Ha Vulkan B channe client/start.sh nocne nepson cTpokn gobaBbTe CTPOKY:

GAPI="vk"

11.8. Hauarno pabortsbl

3anyctute knacTtep cumynsTopa:

./cluster.sh settings/WUMA. json

UMA —uma carina napameTpoB 3anycka, KOTOpoe 3aBUCUT OT OUCLUMMNUHBI U YPOBHS CIOXHOCTU
(oavH n3 json-hannos gupekTopun settings).

| yl YcTaHasnvBas 1 3anyckas CI/IMyJ'IFITOp, Bbl cornatlaeTtecb C yCrioBUAMU JNTULIEH3NN.

11.9. ducunnnuHebl

VlHTepCbeIZC CmmynﬂTopa No3BONIAET TPEHNPOBATbLCA B ClieAyruwmnxX gucunninHax:

o CWHXPOHHbIN NONET;
o KomaHaHas roHka;
e YXOO OT CTONKHOBEHUS.
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11.9.1. CUHXPOHHbIN MONEeT

B pamkax gucumnnuHbl «CUMHXPOHHBLIA MoneT» 3agada — paspaboTaTb M 3anporpaMmmmMpoBaThb
anropuTM, MO3BONAIOWMIA rpynne M3 6 GecnunoTHbIX annapaToB MPeoaoneTb FOHOYHYH Tpaccy,
BbICTpanBasicb nepes TpubyHamu 3putenen B reomeTpuyeckme dbopMaumm pasnmyHon CroXHOCTHU.

[OHO4YHaga Tpacca

Puc. 36. CuHxpoHHbIl noném. Tpacca

Monet rpynnbl annapaToB OCYLECTBASETCA HaA BblAEMNEHHbIMW 30HaAMW MONSA MO HanpasneHuto
NPOTUB YaCOBOW CTPESIKN.
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Puc. 37. SoHblI nons

30HbI nponerta —4yacTtu nornd, oTMe4YeHHble XeNnTbiM LBETOM.

Hapg 3oHamu nponeta rpynna annapartoB AOJKHA OBUraTbCA, nogaepXxXmBad cbopmau,vno (B3aMMHO€
NPOCTPaHCTBEHHOE pacnono»(eHme) B COOTBETCTBUM C NONMy4YEeHHbIM 3adaHUEM.

Pa3mepbl 30H npornerta, B MeTpax:

e OnnHa — 87;

e wnpuHa — 20;

e BbicoTa —40.

30HbI NEPECTPOEHNST — YaCTU MOIIsi, OTMEYEHHbIE 3EMIEHbIM LIBETOM.

I'IponeTaﬂ Ha[ 30HaMWU nepecTpoeHua, rpynna annapatoB AOSKHa MnepecTtponuTtbCA B HOBYIO
d)opmau,vno B COOTBETCTBUM C NOJTy4YEeHHbIM 3aaHNEM.

Pa3mepbl 30H nepecTpoeHnsi B METpax:
e ONMMHa — 82;

e WwnpuHa—15;
e BbicoTa—40.

LleHTpbl 30H nponeta pacnonoXeHbl No cnegytowmm koopguHatam: (0, 31) n (0, -31). LleHTpbl 30H
nepectpoenus: (51, 0) u (-51, 0).

MecTo cTapTa HaxoguTcs B NnepBor 30He nepectpoeHus (51, 0).

dopmauyum

dopmauun 3agatoTcsl B OTHOCUMTENBHOM CUCTEME KoopamHat (6asnc cuctembl coBnagaeT ¢ 6asncom
CUCTEMbI CUMYNATOPA, a TOYKa OTcHeTa NPON3BOSbHA).

Hanpvlmep, NnocTpoeHne B Bnae 6yKBbI «T» nu3 wectun annaparoB MOXeT ObITb 3aaHO B TaKOM Buae:
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(01 _31 11)1 (01 _11 11)1 (@I 1! 11)1 (@I 3! 11)1 (@I @I 8)1 (01 0! 5)

3agaHue

3agaya nonb3oBaTens — paspabotaTb anropuTM  yNpaBreHUs rpynnow  annapaTtoB, KOTOPbIii
aBTOMaTUYECKM:

e pacnpegenuT MecTtopacrnonoXeHne annapatos B Kaxaon ua hopmarmim;

 BbIJACT yNpasnsioLLMe BO3AENCTBUSA Ha annapaTtbl Ans nogaepXaHus dopmauni;

 BbIJACT yNpasnsioLLMe BO3AENCTBUSA Ha annapaTbl Ans NepecTpoeHns mexay dopmaunsamu;

 BbIJACT yNpasnsoLLMe BO3AENCTBUS Ha annaparTbl Ans NepeMeLLeHns no roHo4HOW Tpacce A1
BbINOMHEHWSA MOJTHOrO NOMETHOrO 3afaHus.

Ona CTyaeH4YecKoro ypoBHs

MonHoe nonéTtHoe 3agaHve B BUAe NocneaoBaTeribHOCTU U Habopa HeobxoaMMbIX AMS BbINOAHEHUSA

dopmaLmin N3BECTHO 3apaHee:

« nepBas opmaumss — byka « T»:

(@I _31 11)1 (@I _11 11)1 (@I 1: 11)1 (@I 3: 11)1 (@I 0: 8)1 (@I 0! 5)

e BTOpasd — «E»:

(e, 0, 11), (0, 3, 11), (@, @, 8), (@, 3, 8), (@, @, 5), (@, 3, 5)

o TpeTbs — «Cx»:

(@I 11 9)! (01 @I 11)! (01 _21 9)! (01 _21 7)! (01 @I 5)1 (@I 1! 6)

e YyeTBepTasi — CHoBa « T».

B kaxgon 30He nporeTa (0o Bbixo4a M3 Hee) AOMKHa nogaepXmBaTbCa ogHa dopmauus corfiacHo
nofny4eHHOMY MONeTHOMY 3adaHuto. [locrne yero B 30HE NMEPECTPOEHUS] OOIMKHO ObiTb BbIMOMHEHO
nepecTpoeHne B CrieayloLyo No MONeTHOMY 3agaHumio dopMauuio, U nogaepxaHve co3naHHOM
dopMaumn B brnivkanen 30He NposeTa rno HanpaeneHno OBMKEHUS (MOKa3aHo CTperikamMmm).

Onsa MNpodeccnoHanbHOro ypoBHA

Mpu 3anycke CumynsaTopa aBTOMaTMYeCKM BblAAETCS NOMNETHoe 3adaHune B Buae Heobxoaumow Ans
BbINOSIHEHMST opMauun B Onuxkanmwien 30He nponeta no HanpaefeHUo ABWXKEHWUs (nokasaHo
cTpenkamu). B ToT MOMEHT, korga Bce annapatbl NepexoasiT U3 30Hbl NporieTa B 30HY NepecTpoeHus
(kpacHble nNUHWUK), BblAETCs criegylollee MNOfeTHoe 3agaHve B Onwkanwen 30He nponeta no
HanpaBneHuIo OBUXKEHNS.

Bblgaya nonetHoro 3agjaHus npoucxoamt ¢ nomollbto cuctemel ROS 2. Mpu 3anycke cumynaTopa
Takke 3anyckaetca ROS 2-Hopga, nybnukytowas B ROS 2-tonuk formation Tekywme
OTHOCUTENbHbIE KOOpAMHATLI ANsi NOCTPoeHust bopmaunn B opmare

geometry_msgs/msg/PoseArray
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3anyck

Komanga ans 3anycka Cumynstopa BbIrmsguT cnegyowmm o6pasom.
CTyneH4YeCcKU ypoOBEHb:

./cluster.sh settings/formation_stud_test_settings.json

MpodeccroHanbHbIN YPOBEHD:

./cluster.sh settings/formation_prof_test_settings.json

Kputepuun oueHnBaHus

N3mepsitoTca cnegytoLme Kputepum:
o BpEeMsi NPOXOXXAEHMS TPacChl.

Tanmep 3anyckaeTcsa npu B3nNéTe xoTa O6bl OQHOrO annaparta, a 3aBepLUaeTcs Nocrne NpoOXoXaeHUs
30HbI NponéTta nocnegHen dhopmamm.

« KonnyectBo cTONKHOBEHUN.

MoBTOpPHOE CTONMKHOBEHME 3acyuTbiBaeTcs Tonbko uYepe3 0,5 cekyHObl nocne nepBoro
CTONKHOBEHMSI. [1Ba CTONKHOBEHUS Y4MTbIBAOTCA €QUHOXAbI, €Crnv MeXay HUMK npowro meHee 0,5
CeKyHabl.

. ,D,J'IVITGJ'IbHOCTb BblJi€Ta 3a npeaernbl orpan-wlTeanoﬁ 30HbI.

CymmapHoe BpeEMA, I'IpOBe,EI,éHHOG Kak MWHMMYM OOHMM  annapartoM 3a npegernamm
OFpaHI/I‘-IVITeJ'IbHOVI 30HbI BO BpeMA NpOXoXaeHA 30HbI nponéTa.

o OTKNOHEHMe OT hopmaLmm.

Mpn nponeTte 30HbI MokKas3a B KaxAblh MOMEHT BpeMeHW 4epe3 paBHble NPOMEXYTKA BpeMeHU
namepsieTca cpegHekBagpatudeckoe oTknoHeHne (CKO) nonoxeHus annapatoB OT TO4YeEK
dopmMaumn. Onga Kaxoon 30HbI MOKasa BblMUCNAETCS cpefHekBagpaTtuyeckoe 3HadeHwe CKO
(CKCKO). MNocne atoro Bbluncnsetcs cymma CKCKO no 3oHam nponérta.

11.9.2. KomaHaHasaA roHka

B pamkax aumcumnnuHbl «KomaHgHas roHka» 3ajada — paspabotatb U NpooeMOHCTPUMPOBATb
paboTocnocobHOCTb anropuMTMma, no3sonsdowero 6ecnunoTHOMY annapaTy MponeTeTb FOHOYHYHO
Tpaccy C UCNONb30BaHNEM TEXHUYECKOTO 3PEHUSI.

[OHOYHasa Tpacca

loHo4YHasa Tpacca npeacTaenseT cobon nocneaoBaTenbHOCTb U3 7 BOPOT B MOMELLEHUN C pa3mepamm
2594 x 3919 x 841 M. Tpacca 4BNgeTCA KpPYroBoW: OOHM BOpoOTa  ABNAKTCH
CTapTOBbIMWU/(PUHULLIHBIMKY, @ OCTarbHble — NPOMEXYTOYHbIMU. [TONOXEHNss N NocneaoBaTeribHOCTb
BOPOT HE M3MEHSAIOTCS. Tpacca HaxoauTcs B 30He pa3mepom 20 x 25 x 6 m.

Annapaty Heob6xoanMO B3NeTETb CO B3NETHOW NNoLankn u nponeteTs 3 kpyra.
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Puc. 38. KomaHOHasi 2oHka. Tpacca

BopoTta — 06bekT ¢ kBagpatHbiM oTBepcTnem 1.54 x 1.54 m, yepes KOTOpoe HeobXoAUMO NPOSETETb
annapaty. Ytobbl nponeTeTb BOpOTa, annapaty HeobXoAMMO LEHTPOM Macc nepecedb MMOCKOCTb
OTBEpPCTUSA (BHYTpY OTBEPCTUS) B MPaBUIbHOM HanpasrieHUN.

Ha BopoTax CO CTOPOHbI, B KOTOPYI HYXHO BRETETb, PSAOM C yriamu OTBEpCTUA HaHeceHbl ArUco-
mapkepbl pa3amepom 0.19 x 0.19 M (koabl MapkepoB B3sTbl 13 cnosapa DICT 4X4 250 6ubnuoteku
OpenCV). Homep mapkepa B cnosape BblUUCRseTcs no popmyne:

M=N*4+C

roe:

* N € [0..6] — nocnepoBaTternbHbI HOMEpP BOPOT;
* C € [0..3] — Homep yrna:
e 0 — neBbIN HWKHUIA;
1 — npaBbIt HAXHUN,
2 — npaBbl BEPXHUN;
3 — neBbI BEPXHUN.
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Puc. 39. BHewHul eud sopom

Ans Bu3yanu3aumm (He MPUCYTCTBYIOT Ha M300paeHWsx C Kamepbl annapata) rnokasaHbl: 30Ha
Tpaccbl (BugHa BOMM3M), NMHMA TpacCbl U OTMeYeHbl BopoTa. BopoTta, KoTopble Heobxogumo
nponeTeTb, OKpalleHbl B 3enéHbln uBeT. [lpy HapyweHun HanpaeneHus nponéta BopoTa
OKpaLLMBAKTCS B KpacHbIN LBET. CriegytoLme BopoTa — XENTble, NpeablayLime — KpacHble.
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Puc. 40. BHewHul sud sopom rpu nporéme 4yepes HUX

06BbEKTbl Tpacchl SIBMSOTCS HENpPOXOAMMOW nperpagor Ans annapaTtoB—Ha HUx paboTtaeT
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MEXaHW3M YMNpyroro CTONMKHOBEHMs. B GonbluMHCTBE criydaeB 3TO MNpaBuIo OelcTByeT U Ans
nomeLleHust (BHe 30Hbl TPAcChl MOTYT BCTPeYaTbCs HEBMANMBIE Nperpagbl).

Annapar

Mopgenb annapara 3aBUCUT OT YPOBHA CITOXXKHOCTU:

o ansa CtyoeHyeckoro — FPV F5D Auton LPS;
o ans MNpodeccnoHansHoro — FPV F5D Auton.

3agaHue

3agava annapaTta — B3neTeTb U NponeTeTb 3 Kpyra rOHOYHOW Tpaccehbl.

3agava nonb3oBartenen — paspa60TaTb anropnTM ynpasneHuna annapartom, KOTOprVI aBTOMaTn4eCKun
BblOacT ynpasndrowme BO34ENCTBMS Ha annapart ansd BblMOJNTHEHNA 3adadvn annaparta.

3anyck

KomaHnga ans 3anycka CumynaTopa BbIrmaguT crnegyowmm obpasom.
CTyneHYeCKMn ypOBEHb:

./cluster.sh settings/race_stud_test_settings.json

MpocheccrnoHanbHbLIN YPOBEHb:

./cluster.sh settings/race_prof_test_settings.json

Kputepun oueHnBaHms

N3mepsitoTca cnepytoLime Kputepum:
o Bpemsi NPOXOXAEHMWS TPaccehl.

Tanimep 3anyckaeTcs npu B3néTe annapara, a 3aBepluaeTcsl nocre MPOXOXAEHUSI MoCreaHUX
BOPOT.

« KonnyecTtBo CTONKHOBEHUN.

MoBTOpHOE CTONMKHOBEHME 3acuuTbiBaeTcsi Tonbko uYepe3 0,5 cekyHabl nocrne nepBoro
CTONKHOBEHMSI. [1Ba CTONKHOBEHMS YYUTLIBAIOTCA €AMHOXKAbI, ECNN MEXAy HUMK npowno meHee 0,5
CeKyHZbl.

U ,D,J'II/ITeJ'IbHOCTb BblJleTa 3a npenernbl orpaquMTeanoM 30HbI.

CymMmMapHoe BpeMsi, NpoBeAEHHOe annapaTtoM 3a npeaenamm orpaHNYUTENbHON 30HbI.

11.9.3. YXoa oT CTONKHOBEHUSA

B pamkax avcumnnuHbl «Yxod OT CTONKHOBEHWSI» 3agada Mnonb3oBaTenisi — peanvu3oBaTb anroputm
ynpasnexus, nossonstowuin BIMJTIA nponeteTb 3agaHHbI MapLipyT, u3bexaB CTONKHOBEHMN C
npenaTCTBMAMM (BO3AYLUHbLIM LIAPOM / NTULamn).
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[OHOYHagsa Tpacca

MonuroH npencTtaBideT cobowm y4acCTOK FOpHOIZ nepecequHon MECTHOCTMU.

T NGRS £

Puc. 41. Yxo0 om cmornkHogeHus. Tpacca

MaplupyT npencTaBnseT co60OM MOMaHyl NUHUI0, 3adaHHYyl KoopauHataMu ee BepLUnH (ToYek
maplupyTa). MoneT no MaplpyTy HayMHaeTcs Mpu B3neTe annapata W 3akaHuvMBaeTcs Npu ero
nocafke Ha nocafoyHyto NnoLagKy ¢ pacctosHmeM 3 MeTpa [0 LieHTpa aToi nnowaaku. MNpu nonerte
no MapuipyTy TpebyeTcs cTporoe nogaepaHue TpaekTtopuu. [onycTMasi 30Ha HaxoOWUTCS BOKPYr
NMUHUM MapLUpPYyTa He Aanblie HeKOTOPOoro paccTosiHUA R oT Hee.

B kadectBe nNpensiTCTBUMA BbICTYNAKT BO3AYLUHbIA LWap / NTULbl, MECTOMOSIOXKEHNE KOTOPbIX He
3aBUCUT OT NepeMeLLeHnin annapara.
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Puc. 42. lMNpumep npensmcmeusi

MTrubl nmetoT BHELWHMI Konnangep (06bekT, onpegensaowmnn hopmy 1 pasmep 30Hbl CTONKHOBEHWS).
MTuy cnegyet obneratsb:

e Ha paccTosiHUK 2-3 MeTpa BbiLLE UX TPAEKTOPUK NONeTa;
o 3-4 MeTpa HUXe NX TPaeKTopuu;
« 5 meTpoB cnesa/cnpasa.

BosaywHbin wap obrnagaet Konnangepom, COOTBETCTBYIOLIMM €ro Bu3yanbHOW MoAenu; ero
uenecoobpasHo obrnetartb criesa unu cnpasa.

3agaHue

3apava nonb3oBaTtensa — paspaboTtaTb anropuTM ynpasBneHns annapaTtoM, KOTOPbIi aBTOMaTUYECKU:

e BblAacCT ynpasnstolLlee BO3AeNCTBUE Ha annapar Ang nepemeLleHns no MapLupyTy;
e ONpeaennT NPensaTCTBUS, C KOTOPbIMU MOXET MPON30NTN CTONKHOBEHNE;
« BbIOACT ynpasrnsioLlee Bo3gencrane ang n3beraHms CTONKHOBEHUN.

[na CTyaeHYecKoro ypoBHsi NMornoXeHne NpensTCTBUM, a Takke UX rabapuTHble pasMepsbl BblAaloTcs B
TedeHWe mnoseta annaparta, NpPU HaxoXOEHUM MPENATCTBUMS HA PacCTosiHUM OGHapyxeHus L oT
annapara.

Ans MNpodeccmoHanbHOro YpoBHS NapameTpbl AMHAMUYECKMX NPenaTCTBUI HeobxoanMo onpeaensTb
C MOMOLLbI0 ONTMYECKMX Kamep annapara.

KoopamHaTbl Touek MapLipyTa B nokanbHOW cuctemMe KoopamHaTt CumynsaTopa:

[ 549.75, 207.8, 98.56658],
[ 549.75, 207.8, 125.0 1,
[ 580.0, 366.0, 125.0 1,

[ 624.55501, 598.40931, 70.0 1,
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[ 928.84280, 947.73771, 95.0 1,

[ 965.0, 1238.0, 100.0 1,
[1108.28750, 1443.92409, 105.0 1,
[ 933.8, 1701.4, 140.0 1,
[ 933.8, 1701.4, 107.66052]

[onyctumoe pacctosiHne R BOKpyr nvHUKM MapLupyTa, B MeTpax: 7.5
PaccTtosiHue obHapyxeHusa npenatcTeui (ana CtyaeHveckoro yposHs) L, B meTpax: 10

Bbolgaya vHdopmauum o npenatctBuax (ona CTydeHYecKoro YpOoBHSI) MPOMCXOAUT C MOMOLLbIO
cuctembl ROS 2. MNpu 3anycke cumyndatopa Takke 3anyckaetcs ROS 2-Hoga, nybnukyowas B ROS
2-Tonnk obstacles nHdopmauuio 0 NPensaTcTBUmM B hopmarte CTPOKU

std_msg/msg/String

dopmart CTpoKu, NyGNnMKyemMon B TONKK; 3HaYeHNsa pasgerneHsl npobenamu:

obj_name x y z scale_x scale_y scale_z

3Ha4yeHus B CTPOKeE:

« obj_name — nms npenarcTeus;
e X Y Z— KOOPAMHAaTbI NPENSATCTBUS;
« scale_x scale_y scale_z — raGaputbl npenaTcTeus (B MeTpax).

BoaMoxHble 3Ha4yeHus obj_name:

« hot_air_balloon — Bo3gyLuHbIn Wwap;
« eagles 1 ducks — rpynns! NTuL,.

3anyck

Komanga ans 3anycka Cumynstopa BbIrmsguT cnegyowmm o6pasom.
CTyneH4YeCKU ypOBEHb:

./cluster.sh settings/avoid_stud_test_settings.json

MpodeccroHanbHbIN YPOBEHD:

./cluster.sh settings/avoid_prof_test_settings.json

Kputepun oueHnBaHums

N3mepsitoTca cneaytoLime Kputepum:
o BpeMsi NPOXOXAEHMS TPaccChbl.

Ta|7lmep 3anycKkaeTcda npu B3NETE annapara, a 3aBepLlaeTcAa npu npusemMneHnn annapara Ha
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NOCafOYHYH0 NITOLWAAKY.
« KonnyectBo CTONKHOBEHUN.

[MoBTOpHOE CTOMKHOBEHWE 3acyuTbiBaeTcs ToNbko 4epe3d 0,5 cekyHObl nocne nepeoro
CTONKHOBEHMS. [1Ba CTONKHOBEHMS YYNTBIBAKOTCA €QUHOXAbl, €Cnn Mexay HUMu npowno meHee 0,5
CeKyHAbl.

o [INUTENbHOCTL BbINETa 3a Npeaernbl OrPaHNYUTENBHON 30HbI.
CymmapHoe BpeMmsi, NpoBeAEHHOE annapaToM 3a npegenamu orpaHnYnTENbHOM 30HbI.
o OTKNOHEHME OT MapLupyTa.

Mpn nponéte mapwpyTa B KaXdbll MOMEHT BpPEMEHW Yepe3 paBHble MPOMEXYTKM BPEMEHU
n3MepsieTcd OTKIOHEHME annapata oT Onwkanwen ToukM Ha nomMaHou MapwpyTta. [locne
npeodoneHns MapLipyTa BblUUCISETCA cpegHekBagpaTudeckoe oTknoHeHne (CKO) no Bcem
N3MEPEHHBbIM OTKITOHEHUSIM.

11.10. Pabota co cBeToAMOAHOM NaHEenbo

Ona paboTbl co cBeToguoaHon naHenbto yctaHoBuTe ROS 2 (pekomeHgyema Bepcus — Humble).
YctanoBntb ROS 2 n HacTpouTb OKpyXeHue MOXHO Mo ccbirike: https://docs.ros.org/en/humble/
Installation.html.

[lna 3anycka cumynsaTopa ¢ KoHTerHepammn cobepuTte nonb3oBaTenbCkuii kKoHTenHep ¢ ROS 2.

11.10.1. APIl mogyns

PekomeHgyeTca paboTtaTtb CO CBETOAMOOHON MaTpuLEn B pamMKkax OAHOro 3anycka
|fl CKpunTa, TaK Kak Ansd YCNewHOW OTnpaBkM coobweHnrn o6 u3MeHeHMM LuBeTa
cBeToamoada OOIMKHO YCTAaHOBUTLCS MOOKITHOYEHNE.

[nsa paboTbl co cBeToaAMoaHOM MaTpuuen umnopTtupymnte PioneerLed B ckpunt:

from pioneer_led.pioneer import Pioneerled

Mocne atoro co3gante aksemnndp PioneerlLed.

MoxHO BkNtounTb logger—Toraa B KOHCOMb OyayT BbIBOAWTLCA WMHAEKCHbI C LBETOM TOMbKO 4TO
M3MEHEHHbIX CBETOANOO0B. 3Ha4YeHme no MonyaHuio: logger=False:

pioneer = PioneerlLed()

Mocne 3Toro U3MeHATbL LIBET CBETOAMOAOB MOXHO Yepes yHkuumio led_control:

pioner.led_control(led_id, r, g, b)

 led_id (int, [0 .. 24, 255]) — HoMep cBeToauoaa (255 - Bce ceeToanoabl);
e r(int, [0 .. 255]) — 3Ha4eHne KpacHoro;
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e g (int, [0 .. 255]) — 3HayeHne 3eneHoro;
« b (int, [0 .. 255]) — 3HauyeHune cuHero.

Takum 06pas3oMm MOXHO obpaTuTbcs K Nbomy cBetoamoay (MM KO BCEM Cpasy) Ha maTpuue u
N3MEHUTb €ro LIBET.

—y YTtobbl cBeTOAMOA 3acBeTUNCS, XOTs Obl OOQHO M3 3HAYeHWn r, g, b OOMKHO ObITb
| 6onbLue 80.

11.10.2. Pasbop npumepa

PaccmoTpym npumMep Koaa, KOTOpPbI BbIBOAWT Ha MaTpuLe KPecT:

from pioneer_led.pioneer import PioneerlLed
import sys

leds = [1, 5, 7, 9, 13, 17, 19, 21, 25]

if __name__ == " main__
try:
pioneer = Pioneerled()
pioneer.led_control(255, @, @, @)
color = [int(i) for i in sys.argv[1:4]]

for led_id in leds:
pioneer.led_control(led_id-1, *color)

except Exception as e:
print(e)

Co3gaémMm  cnmMcok HOMEPOB CBETOAMOAOB, KOTOpble Heobxooumo BknounTb. [OAna  ygobcTtBa
3anucbiBaemM HoOMepa, Kak OHM NoAnucaHbl Ha nnate, HaunHas ¢ 1:

leds = [1, 5, 7, 9, 13, 17, 19, 21, 25]

Cos3gaém ak3emnnap knacca PioneerLed n BbiknovdaeM Bce cetoauonbl (4ToObl He BbIBOAUTb
n3obpaxeHne NoBepx NpeabiayLlero).

pioneer = Pioneerled()
pioneer.led_control(255, @, @, @)

CunTbiBaeM LBET 13 apryMEHTOB KOMaHAHOW CTPOKM.
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color = [int(i) for i in sys.argv[1:4]]

B umkne Bkniovaem ceeToamoabl U3 cnmcka. Tak Kak 3anMcbiBanym HoMepa, HaduHas ¢ 1, Heobxoanmo
Bbl4eCTb 1.

for led_id in leds:
pioneer.led_control(led_id-1, *color)

11.10.3. 3anyck

1. 3anyctute cumynaTop:

./cluster.sh settings/led_settings.json

2. B otoensHOM TepMmnHane BonanTe B OKPYXXEHME KOHTEMHEpPA LiEeHTpa yrnpaBneHus (CeTb
Mex6opToBOro obmeHa):

./exec_cc.sh bash -1

3. Mopgkntounte okpyxeHne ROS 2:

source /opt/ros/humble/setup.sh

4. Bbictaebte ROS_DOMAIN _ID cetn mexo6opToBOro ooMeHa:

export ROS_DOMAIN_ID=100

5. 3anyctute ckpunT npum 3anyLieHHoMm CumynsiTope:

python3 x_tutorial.py 255 0 @

OToGpaxeHne CBETOAMOAOB Ha MaTpuLie
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Puc. 43. Ceemoduo0dbi Ha Mampuue, 3Hak X

11.10.4. JononHuTesbHbIE NPpUMepbI

npl/lMepr 3anyCcKkarTCAa U3 OUPEKTOPUNn, B KOTOpOI7I HaxXogATCA.

YnpasrneHue oaHUM CBETOANOAO0M

[nsa 3anycka npumepa BBeAWUTE B TEPMUHANE:

python3 led_control_one_diod.py led_id r g b

3Ha4yeHus B CTPOKeE:
« led_id - int[0 .. 24, 255] — Homep cBeToaMOaA, K KOTOPOMY MPUMEHSAEM CMEHY LiBETA.

Ecnn Beectn 255, To oGpalleHne Gyget Ko BCEM CBETOAMOAAM.
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e I,g, b -int[0 .. 255] — 3Ha4eHme UBeTa (KpaCHbIN, 3€NEHbIN, CUHUIA COOTBETCTBEHHO).

lMocne aToro Ha maTpuue 3acBETMTCS TOT CBETOAMOL, WHOEKC KOTOoporo Obin BBedeH. Ecnn HyxHO
N3MEHMWTb LiBETA BCEN MAaTpULbl, TO BBEAEHHbIN MHOEKC AOMMKEH ObiTh paBeH 255.

LiBeTa

,D,J'IFI 3anycka npumMmepa BBeanTe B TEpMUHanNe:

python3 led_control_all_colors.py

B paHHOM npuMepe nokalaHbl BO3SMOXHble cnocobsbl ynpasneHus CBETOAMOAHON ManMHeﬁ. MoxxHo
3agaBaTb LBET KaK BCeN mMaTtpuue ogHOBPEMEHHO, TaK U OANd KaXXOoro otaesibHoro ceetoganoaa.

Puc. 44. l{sema

Lndopel

[nsa 3anycka npumepa BBeAWUTE B TEpMUHANE:

python3 led_print_numbers.py led_id r g b

3Ha4yeHus B CTPOKeE:
e 1,9, b -int[0 .. 255] — 3Ha4eHne UBeTa (KpaCHbIN, 3€NEHbIN, CUHUIA COOTBETCTBEHHO).

B gaHHOM npumepe nokasaHbl BO3MOXHble cnocobbl ncnonb3oBaHna led_control. [Npu nomowm
3apaHee 3aJaHHbIX MHAEKCOB MOXHO pucoBaTb fobble CUMBOIbLI/M300paXXeHNa B pamkax MaTpuubl
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pasmepoM 5x5.

Puc. 45. Yucppbi

Cwmannvkm

Ons 3anycka npnmMmepa BeeaunTe B TepMmnHane:

python3 led_print_smiles.py r g b

3Ha4yeHus B CTPOKeE:

e I,g, b -int[0 .. 255] — 3Ha4eHme UBeTa (KpaCHbIN, 3€NEHbIN, CUHUIA COOTBETCTBEHHO).
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Puc. 46. Cmalinuk

DRONE SIMULATOR
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icTtopua nasmeHeHunn
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[lokymeHT co3faH.
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