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floqcH[reJrbHafl 3arrrrcKa

Arcrya.nrHocrb rI porpaMprrr : BecnnJrorHbre aBuarlLroHHhre clrcreuu (EAC) -
oAHa 143 caMbIX AHHaMI4qHo p€r3BraBaroulr4xc-s rexHonorzfi conpeMeHHocrLr. Onz
HaxoAqr TIpLIMeHeHI{e B caMbIX ptBHhrx cSepax: or Soro- r,r Br{AeocbeMKr4 Ao
Kaprofpaft , MoHI4TopI4Hra o6rexroB, ceJrbcKoro xos.flficrsav AocraBKLr rpy3oB.
Paunee 3HaKoMcrBo c ocHoBaMrl ycrpoficrB , rrporpaMMr{poBaHr4s,,
nuJlorl4poBaHvrs.n o6cryxr4BaHnfl EAC $opuupyer y noApacraroulero rroKoJreHvrfl
rrHTepec K r,rHlreHepHbrM z IT-upoS el;vtflM, pa3BuBaer rrpocrpaHcrBeHHoe
MhrruJreHrle, orBercTBeHHocrb LT HaBhrKr4 paooTbl c BhrcoKoTexHoJlornllHbrM
ooopyAoBaHlreM.

HonrsHa rlporpaMrvrcr: llporpaMMa -rrBJrtrercr KoMrrJreKc:noit u o6reAraHser rpu
KJIIoqeBbIX HarIpaBIreHVfl, rroAroroBKr,r c[eqlraJrLrcra e o6racru EAC: nerHyK)
rIpaKrLIKy, rlporpaMMllpoBaHue LT TexHzrrecKoe o6cnyNzBaHne. Tarcofi noAXoA
no3BoJrrer o6yvaroqLrMc-rr He rrpocro Haf{r4Tbcr ynpaBJrf,Tb ApoHoM, Ho H
rIoHLIMarb ero BHyrpeHHee ycrpoficrBo, co3AaBarb Anf, Hero €urroprlTMbr r{
ycTpaHrTb Heuc[paBHocTr,r.

ffeAarornqecKafl Ile"uecoo6pa3Hocrb: llporparrrMa rrocrpoeHa Ha rrpLrHrlrlrrax
rlocneAoBareJlbHoro ycnoxHeHvfl MaTepuEIJra - oT rrpocrofo K cno)KHoMy.
O6yrenrae coqeraer s ce6e reopvrc c o6ruupHofi nparrz.recrcofi z upoercrnofi
Ae-lrenbHocrblo, tITo cloco6crnyer [poqHoMy ycBoeHl4ro sHaHlIfi r4 pa3Bl4Tr4ro

TBopqecKr4x crroco6socrefi .

Ile.nu rporpaMrvru: @opMLrpoBaHr4e y o6y.rarouraxcr rleJroc Horo npeAcraBneHLTt
o 6ecnunorHblx aBzallr{oHHbrx cl4creMax, nolyqeHue [epBoHarr€LrrbHhlx zna:rruit vt

rrp aKTuqe c KI,IX HaBbrKoB n o 6racrz nr4 n orr4p o Ba:avrs, rrp orp aMM up oBa:rrufl u
TexHnqecxofi ercu ny ar arrvu EAC.

3aAaqu rporpaMMbr:

O6yvarou4ue:

. l4sy,ryrrb ocHoBbI agpo.qlrHaMLrKr4, ycrpoficrBa u KJraccnQur<aqun EAC.

. Ocsourb npLIHIIunrr 6esouacHoro yrpaBneHusBAC B cr4Mynrrope kr B pe€rnbHbrx
ycnoBr4rx.

. I4syrrurb ocHoBbI paAlrogneKTpoHrrKrr 14 cxeMorexHnKr4, rrpraMeHreMofi s EAC.

. Oceol4rb ocHoBbI nporpaMMupoBaHvrs. Ha r3brKe Python/C** 4lx co3AaHr.rt
aBToHoMHbrx rroJrernrrx saaaHlrfi .

. Hay.rurb rIpoBoALITb AprarHocrr.rKy, TexHzqecKoe o6cnyxzBaHr4e u uemzfi
peMoHT KoMrroHeHros EAC.

PaseueanLque:

. PagszBarb I{H)IteHepHoe, aJrropr4TMnqecKoe v npocrpaHcrBeHHoe MbrrrrJreHLre.



. P€BBr4Barb MeJrKyrc MoropvKy u KoopAuHarlvrc npu c6opre z nafirce
KOMNOHEHTOB.

. PassllBarb HaBIIKI4 rlpoeKurofi Ae{TeJrbHocrlr H pa6orrr B KoMaHAe.

BocnumamerbHbte:

. BocnzrblBarb orBercrBeHHocrb sa co6rroAeHlre [paBr4Jr 6esonacHocrLr npu
pa6ore c rexHzrofi.

. OopvttlpoBarb Kynbrypy rpyAa u 6epexHoe orHorrreHze r o6opy4oBaHzro.

. BocnurblBarb nacroftquBocrb B Aocrr{xeHuvr rIeJrLr [pI4 peneHI4LI TexHLIqecKr4x
34.[aq.

Oxu4aervrbre pesyJrbrarbr :

[o orcoHqaHrlrr Kypca o6y.raroqrficq 6yaer 3Harb:

a

a

OcnosHrre rr.rrrbr EAC, krx ycrpoficrno u rrplrHrlr,rnbr rroJrera.
flpanuna 6esonacHocrll LI 3aKoHoAareJrbcrBo s o6racrn uc[oJrb3oBaHvrfl, BAC.

. OcHosHbIe KoMroHeHTbI EAC (uonernrrfi xonrpoJrJrep, ESC, Moropbr, AarqzKu,
aKKyMyr.f, ropu) vr ux Ha3HarreHrle.

. Ocnonbl t3blKa rporpaMMvrpoBaHus. (Python/C++) z cpeAbr paspa6orKu Anr BAC
(nanpzrr,rep, ArduPilot, DroneKit).

. MeroAbI AI4arHocrI4KI4 HenclpaBHocreft c vcrroJrb3oBaHueM MynbrLrMerpa,
ocqunnorpa$a u Apyrlrx r4HcrpyMeHroB.

ffo orconqanrrn Kypca o6yuarouirficq 6y4er yMerb:

. YsepeHHo yrpaBJrtrb EAC B p€BnLrrrHbrx pe)KLrMax (nruroqa.f, pyrrHofi z GPS-
pexuvrr).

. BrrnoJlH.grb 6asonrre H cJroxHbre Surypu llrnorr4poBaHnfl Ha clrMyntrTope Lr Ha
pe€rnbHoM ApoHe.

. Cog.qanutb Lr 3arpyxarb aBToHoMHbre rroJrerHbre 3a$aHufl (crevrrca [noulaAr4,
o6ler o6rerra no ro.rraNa).

. llposoArlTb IIpeArIoJIerHyIo rroAroroBKy kr rrocneronerHoe o6cnyxuBaHr.re BAC.

. fiuarnocrLlpoBarb LI ycrpaHtrb rr,rfloBbre HezclpaBHocrlr: 3aMeHa MoropoB,
[ponennepon, uafi ra KoHTaKTon, xalu6poBKa AarrrlrKoB.

. rfzratb gneKTprrqecKLle cxeMbr Lr npoBoALTTb v3MepeHlrr ocHoBHbrx lapaMerpoB.

Vqe6nufi rrJraH

Mo4y.nr 1: tt[narHocrlrKa rI peMoHT 6ecnH.rrorHbrx aBnauuoHHbrx cncreutt

(612.racon)
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Mo4y.nu 1: Ocnonrr lerHofi rrpaKTuKu (306 uacon)

. Teurt:I4cropus EAC. Knaccz$LrKar\krfl.3arouo4arenbcrBo (OAn-138, upanula
noleton). Texnzra 6esouacHocrlI. Ocnosrr agpoAr4HaMr{Kr4 MyJrbrrrporopHbrx
cl{creM. YcrpoficrBo ApoHa. Pa4IaoynpaBneHr{e. Pa6ora Ha clrMynf,ropax (Liftoff,
VelociDrone). Orpa6orra 6asoerrx MaHeBpoB: B3Jrer, rrocaAKa ) BvrceHvre,

ABrr)KeHI4e no KBaApary, "Boctuepxa". lloreru n FPV (or nepnoro nzqa). floleru
B rloMelrleruz (uzrpg-4ponrr) LI Ha orKpurofi [noulaAKe. [eficrnurr B HerrrarHbrx
cr4Tyarlr4rx.

Mogy.nr 2: IlporpaMMrrpoBaHrre BAC (306 vacon)

. Teurr: Bne4enue n Python/C++ (uepeuenHbre, ycrroBufl, rILrKJrbr, Qynrquz).
OcHonsI pa6oru c OC Linux. 3uaxoucrBo co cpeAaMlr paspa6orru ArduPilot/PX4
Mission Planner, QGroundControl. Crpyxrypa rapaMerpoB uoJrerHoro
KoHTpoJInepa. HanzcaHkre [pocrblx cxpnnrdn AnflynpaBJreHr4r cepBonpuBoAaMu.
I4cnomsoBaHlle DroneKit API ans co3AaHr4r aBToHoMHbrx Mlrccr4fi (nsrer, rroJrer
Iro roqKaM, BIITIoJIHeHLIe 3a4aHr4s., nosnpar). OcHosH pa6oru c 6ultuorerofi
OpenCV AJrr pacro3HaBaHzr MapKepoB 14 rlBeroBbrx MeroK.

Mo4y;rr 3: {uarHocrrrKa r peMoHT EAC (612 vacon)



. TeMbI: 3aron Olaa. Ocnosrr cxeMorexHLrKrr. greuze 3neKTpocxeu. llasJrbHoe
o6opy4or aHvre LI TexHzK a naitrcu. Ycrpoficrno n no46op KoMrroHeHToB : paMbr
(rracczQvrKarrkrfl MarepLrurJron), uoroprr (KV), ESC (nporoxoru), aKKyMynrropbr
(L iPo, npaBr4na eKcrrnyar aquu) . llolernufi ronrponrrep, GP S -uo4ynr,
reneMerp ux. [aruuru (arccenepoMerp, rLrp ocKorr, 6 apouerp). Kanu6poBKa
AarrrLtKoB. I4cuolrgoBaHl4e MyJIbrI{Merpa Anf, "npo:noHru" qenefi. r{narHocruKa
o6prrnon, K3, "ueprBbrx" KoMnoHeHroa. flpoqeAypa [peArronerHoro Lr

[ocnerloJlerHoro ocMorpa. lloruarosrrfi alroprlTM rror4cKa HeracrrpaBHocrkr.
flparrzvecKple 3ar'flTvrfl Iro 3aMeHe noBpex(AeHHbrx 4eralefi, nepenafirce pa3beMoB,
peMoHTy o6prrnoa [poBoAKI4. C6opxa Korrrepa "c Hyr.f," r.r3 rrpeAocraBJreHHoro
va6opa KoM[oHeHToB, ero Hacrpofira u o6ler.

@oprvru arrecraruu:

. TercYEzfi xoHrpoJlb: BbIrIoJIHeHLre npaKTuqecKr4x saganuit, Tecrr,rpoBaHLre.

. llpouex(yroqHblfi ronrpoJlb: 3arrerHbre rroJrerHbre HopMarlrBhr,3arrllrra
npofp aMMHbIX IIpo eKToB, AV af HOCTVTKA Vr yCTp aHeHpre " 3aKa3aHHbIX "
HezcrrpaBsocrefi.

. LltoroBa.f, arrecrar\Lrfli 3aulzra KoMnJreKcHoro rrpoeKTa, B KoropoM o6yuaroqufics,
AeMoHcrpllpyer HaBbrKrI Bcex rpex uo4yreft (Haupnvrep, caMocrorreJrbHo
co6paHnufi z sanporpaMMl4posaHHrrfi ApoH BbrrroJrrurer aBToHoMHyro MlrccI,tro no
cbeMKe uecrHocrz).

'-i_'*-

MarepuaJrbHo-TexH[qecKoe o6ecneqeH[e :

. Vqe6Hufi ruracc: Kouuuorepbr c fIO (cnrraynxrophr, ArduPilotlPx| Mission
Planner, QGroundControl, cpeAbr parpa6omu Python/C++), rpoeKrop.

. O6opyAoBaHrIe AJrfl rlnJrorupoBaHuq: FPV-clrMyJrrrophr, Mr4Kpo-ApoHbr Ant
rroMerrleHuft (Eachine E010, Tiny Whoop), rpeHupoBoqHbre ApoHbr (Geoskan
Mini, Geoskan Pioneer, FPV-ApoHu), 3arquuleH :nafl. nernar 3oHa.

. O6opyAoBaHrIe AJrfl rlporpaMMnpoBaHrfl: llorernue KoHTponnepbr (Geoskan,
Matrix), reJreMerpr4rrecKve MoAynn, na6opu Anr oKcnepLrMeHroB.

. O6opyAoBaHue AJrfl peMonra: flasJrbHbre craHqkrlr, MynbrLrMerphr,
ocqunnolpaou, ua6oprr r{HcrpyMeHroB (orneprru, rLrHrlerbr), creH4rr 4lr
c6oprcn. 3anacuue KoMrroHeHru (naoropu, ESC, paMbr, rpolenJrephr, rrpoBoAa,
p€BbeMbr, aKKyMynrropu).

. CpeAcrBa rrHArrBr{AyaJrbHofi rarqnrrr: O.m[, [epqarKr4.

lanual [pofpaMMa flBIrflerca $yn4arr,reHT€rJrbHofi n uoxer cny)Ktrrb ocHoBoit gm
co3AaHl4f, COBpeMeHHOTO IIeHTpa TexHlrqecKoro TBopqecTBa rro HanpaBJreHzro
"EecuznorHble aBzauuoHHble cI4creMbltt.



Vqe6Hue rr Mero.rl[qecKrre noco6nq:

1. Oelepa.nbHble aBraqnoHHbre rrpaBrrrra (OAII). OAfI- 128 "flolerrr
6ecnzlorHblx Bo3.qylxHblx cyAoBrr (uttu4eficrnyrorluur Ha MoMeHT o6yrenua
peAaKIIV{). 

- O6nsqmenuuatil dnn usyueuun ofiuquanauatil dorcyueum.
2. Ocrep-BapAeHr ,4. (u.nu aHaJrorrrqnrrfi anrop). "Hay.rucr Jrerarb: llomroe

pyKoBoAcrBo rro ApoHaM p^ns,rea.tvuarorqux''. 
- M.: I.Isdamenbcmlo,

eod. 
- Easoeoe pyxoeodcmeo no ocHonaM nunomuponaHufl.

3. Mero4uuecKoe uoco6ue rro opraHrr3arlr[ 6esonacuofi .nerHofi erccnryararlr[
EAC. 

- Cocma*umerb: o6pasoeameJtbHan opzaHusaqufl. - Buympeuuuti
dorcyueum, onucbtnatou4uil npa*uJta npoeedeuun 3aHnmuil ua noruzoHe.

On.naftn-pecypcbr n rporpaMMHoe o6ecneqeHue:
4. OQuquaJrbHbre cafiru u II3BONIITEJIEII JTflTOpOB:
* Liftoff: Simulator: (pyrcono4crBa, nacrpofi xu)

(pyxono4crBa, nacrpofirra)
5. PyrconoAcrBa rloJrb3oBareJrfl K KoHKperHbrM MoAeJrflM ApoHoB (naupnvrep,
DJI Mini Series, FPV-aposu Cetus, GepRC u r.a.).
6.OQnqna.nrnsrficafirPocanuaq p€BAen,rrocBrrrleHnrrfi6ecnLrJrorHbrM
[oJIeraM. 

- nnn osHctKowJteHufl c sarcouodqmenuuoil 6asoil.

I I. IIp o zp cuvtMup o 6 qH u e 6 e c nun o mH btx e aua qu o H H btx c u c m eJvt

Vqe6nurcrr u [paKTr{qecKrre pyKoBoAcrBa:

2. Morus, 3. ttl4sy.raerr Python. ffporpaMMrrpoBaHre rrrp, Brr3yaJrrr3arlrrfl
AaHHbrx, ne6-npu"rror(eHrqtt. 

- 2-e LBA. 
- CII6.: llurep, roA. 

- Bonee

l. Jlyrq, M. "r4syqaeM Python". - 5-e klr:.A.- cll6.: cznreor-llrK)c, roA.

- Knaccuuecrcuil yue6uurc dnn uauarbHoeo ocqoeHufl.fl3btKa.

5. lorcyrvreHTarlrrfl no DroneKit Python: ttns://dronekit.i
coe dauun agmoHoMuutx uuccuil.

3. OQuqnalbryflrro

-

ArduPilot: lhttps://ardup - ocuoeuoil cmovHuK uuQopua\uu no
u ac mp o ilK e u np o ?p aJVMup o s ctH t uo nor e mHux Ko Hmp o nn ep o 6.

4. Tarluq rto

- 
AnamepHamuaHctfl u He A4eHee nonyrflpHan

nnamfuopue c nonHoil dorcyueumaqueil.

npaKmuKo-opueHmupoaaHHdil nodxod, nKJtrouatou4uit pa6omy c 6u6nuomeKervtu.

* VelociDrone:

10

://www.liftoff.
s://velocidrone.

- Bu6nuomerca dna



6. IIIaSpaH, K. ttr4ryqaeM c**.repe3 nporpaMMrrpoBaHre rrp". - ClI6.:
flvrep, rog. 

- r{nn zpynn, opueHmuponaHHbtx ua 6onee zny1orcoe Hu3KoyponHe7oe
np o zp cut4.\,x up o 6 a H u e.

7. OQnqualurrIfi cafir OpenCV: ttps:/ionencv.o - tro*yueHmaqun, tutorials
u pyrcoeodcmaa no KotwnbnmepHoMy speHuto.

III. fuaeuocmuKct u peMoHm EAC (PaduoeneKmpoHuKa u KoHcmpyrcqun)

Vqe6Hurcn u c[paBorrHnKrr:

1. Penuvr IO. B. tt3aunuareJlbHafl sJreKTpoHnKatt. 
- 

5-e Lr3A.- ClI6.: BXB-
flerep6ypr, roA. 

- omnuqHoe noco6ue dnn uauqnbHoeo nozpyilceHufl. I
gr eKmpoHurcy dnn utKoJtbHt tKo e.

2. leruHr I. A. tt[poercrbl c [c[oJrb3oBaHrreM KoHTpoJrJrepa Arduinott.- 2-e
vsr. 

- ClI6.: EXB-llerep6ypr, roA.- IrparcmuvecKue ocHolbt pa6omu c
MuKpoKoHmponJtepoMu, d amvuKct tu u u nqilxoil.

3. Xoponnq, fI., XurJr, V. ttllcrcyccrBo cxeMorexHuKrrrr. 
- B 3-x M.: Mnp,

roA. 
- 

QyudatteHmarbHbtil cnpaeovuurc dnn yzny6neuHoeo uzyveuua (dnn
cmaputeil 6o3pacmH oil zpynnut).

4. CnpanounnK rro paArroAeraJrflM (naupurraep, noA pel^.l4.ll. Xepe6qona). 
-fnnud eumuQuKaquu KoMnoH eHmo 6 u- noHu-^/toHltfl tlx n ap aM emp o 6.

5. Pyrono4crBa rlo oKcrlJryararulr (DataSheets) Ha KJrroqeBbre KoMrroHeHTbl
EAC:

o flonerHhre KoHrponnephr (Pixhawk 4, Matek F405, F722).
o EecrconneKropHbre Moropbr Lr perynrropbr xoAa (ESC).
o Jl:auir-ronLrMepHne (LiPo) arryuylrropbr.
o Pa4zorpLIeMHI4KLI LI repeAarqlrKr4 (npororonu CRSF, Ghost, ExpresslRS).
6. OulafiH-pecypcbr u coo6ulecrBa:

o Oscar Liang Blog: tt ://oscarliane..co
- O6sopbt, pyKolodcmea no

- O6utupuan 6asa

uacmpoilKe u peMonmy FPV-dponoe.

" Joshua Bardwell's YouTube Channel &
Website: ttps ://www. youtube. corn/c/.f osh well
suauuil no duaeuocmuKe, uacmpoilrce u c6oprce EAC.

o @opyrvru (RCGroups, FPV Communify Discord/Telegram qarb) 
- fnn

peuteHu.r KoHKpemHbu npaKmwtecKLtx npo6n eu.
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IV. ,\nn nedazoza (MemodwecKoe o6ecneveuue)

I . Parpa6orrca AorIoJr HrITeJrbH rrx o6rqeo6paronareJr bHbrx rrporpaMM
TexH rlqecrcofi Ha upaBJreHHocrn. MeroALrqecKlr e peKoMe H1arpukr. 

- M. : OfEyK
"BI-[T", ro4.

2. Eoponunon, Jf. If. tt[e,qaroruKa 
AorroJrHrrreJrbHoro o6pasonaH[fltt. 

- M.:
Arageuvr, roA.

3. C6opunn MeroArqecK[x rceficos r [paKTrrrrecKrrx caAaHrfi rro MoAyrqM
rporpaMMbl. 

- Cocmaeumerb: Iledaeoz. - Buympenuuil pecypc, eKltoqctntquil
cqeH apuu eaunmutt, Kapmbt duozuo c muKu H eucnpa eu o c meil, npur/repu nor emHbtx
sadauuil u m.d.
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