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IMosicuuTeILHAS 3aIIMCKA

CoBpeMeHHOE COCTOsSIHME 0O0mIecTBa TpeOyeT HHTEHCHUBHOTO Pa3BUTHS MEPEIOBBIX
HAYKOEMKHX WHXEHEPHBIX TUCHUIUIMH, MAacIITaOHOTO BO3POXKACHUS MPOU3BOJICTB U TITyOOKOM
MOJIEpHHU3AIIUN HAay4YHO-TEXHUYECKON Oasbl. B CBS3M ¢ 3TUM paHHSS MHXKEHEpHas MOJrOTOBKA
HOJIPOCTKOB MO MPO(UIBHBIM TEXHUYECKUM JUCIMIUIMHAM, JalbHEHImas npodeccruoHalbHas
OpHUEHTAIS B CEKTOPhl MHHOBAIIMOHHBIX MPOU3BOACTB OCOOEHHO BaXKHA.

B Hacrosimee Bpemsi oTpaciab OSCHIIOTHBIX JeTtaTtenbHbX anmnapatoB (BIIJIA)sisercs
OTHOCHUTEIIbHO HOBOM, HO y»e cTajla O4eHb MEePCIeKTUBHON U ObicTpopa3BuBaroleics.OqHo u3
rnaBHbeIX npeumyinectB BIIJIA — wuckimoueHne dYenoBedecKoro ¢akTopa MpH BbINOJIHEHUH
MOCTaBJICHHOW 3aJ]aud, KOTOPbI OCOOEHHO CKa3bIBA€TCsl B OIMACHBIX JJs KU3HU YeJOBeKa
3anagax. OueHb ckopo BITJIA craHyT HEOTHEMIIEMOI YacThiO MOBCEAHEBHOM JKU3HU: MBI Oy/ieM
ucrnonb3oBath BIIJIA He Tombko B CMU um pa3BiekarenbHON cdepax, HO U B TPOBEICHUU
BO3AYIIHOTO MOHHUTOPHMHTA OOIIECTBEHHOW M TPOMBINUIEHHOW O€30MacHOCTH, YYacThue B
MIOMCKOBO-CIIACAaTENbHBIX  ONEpalusAX, METEOpPOJIOTMYECKUE  MCCIENOBaHUA,  Pa3BEIKa,
MOHUTOPHHT  CEJIbCKOXO3SMCTBEHHBIX  YrOAMiA, JOCTaBKa TIPYy30B, KuHemarorpadus,
n300pa3uTeabHOe UCKYCCTBO, O0OyueHue U MHOroe apyroe.J[onosHuTenbHoe poOOTU3UPOBAHHOE
HaBECHOE O0OPYAOBaHHE IIO3BOJIAET JOOHUTHCS BBICOKOTO YPOBHS TOYHOCTH HM3MEPEHHHA U
ABTOMATHU3allMU BBIIOJHEHUS MTOJIETHBIX Olepaluil.

CraTucTuka NpUBOAUT JaHHbIE — Ha OJHOro mnpo¢uiabHoro crneuuanucra B BIIJIA-
CTPOUTENIbCTBE TNPUXOIUTCS Ooyiee JeCATH CIEUUATNCTOB B CMEXKHBIX HAMPaBICHHSIX
(XMMUYeCKHUE MPOU3BOJICTBA, HOBbIE MaTepUajbl, CUCTEMbI CBSI3U M Ipouee). Takum oOpazom,
MOArOTOBKa crienuanuctoB B orpaciu BIIJIA-cTtpouTtenscTBa sBIIETCS BaKHEHIIEH 3a1aueld He
TOJILKO OTIEPEKAIOIIETO TEXHUIECKOTO Pa3BUTHS, HO U IKOHOMUYECKON CTAaOMILHOCTH.

Hal'lpaBJIeHHOCTI) nmporpaMMmbl: TCXHUYCCKaAs.

AKTYaJIbHOCTbIOTIOTHUTEIHHOU 00111e00pa3oBaTEIbHOM oO1epa3BUBaroIeH
nporpaMMbl  «YIpaBiieHHEe OECHUIOTHBIMHM JIeTaTeNbHbIMU alnapaTamMM» B TOM, 4YTO OHa
peanu3yeT MoTpeOHOCTH O00YYaroIMXCs B TEXHUYECKOM TBOPYECTBE, PAa3BUBAET MH)KEHEPHOE
MBILIJIEHHE, COOTBETCTBYET COLMAJIbHOMY 3aKa3y oOlLlecTBa B IOJTOTOBKE TEXHUYECKU
PaMOTHBIX CIIELUATHCTOB.

AKTyanbHOCTh OECHHMJIOTHBIX TEXHOJOTMH U POOOTOTEXHUKH OYEBHMJIHA — 3TO HOBOE
CIIOBO B HayKe M TEXHHKE, CIIOCOOHOE NpeoOpa3uTh MPUBBIUHBIN MHUp yXe B Oirpkaiiiiee
necaruierue. B Hacrosimee Bpemsi HaOMOJaeTcs MOBBIMIEHHBIH  MHTEpec K OeCHMIOTHOM
aBUAIlMU KaK MHHOBAIIMIOHHOMY HalpaBJICHUIO Pa3BUTHS COBPEMEHHON TEXHUKH, XOTS UCTOPHS
pa3BUTHSI 3TOTO HampaBieHus Hayanachk yxe Oonee 100 et ToMmy Hazaj.Pa3BuTHe cOBpeMEHHBIX
U TEPCIEeKTUBHBIX TEXHOJOTUN MO3BOJIAET CErofHs OECHNUIIOTHBIM JIETaTeIbHBIM ammaparam
YCIIEIIHO BBINOJHATh Takue (QYHKLUUHU, KOTOpbIE B MPOLUIOM OBUTM MM HEAOCTYIHBI MU
BBITNOJHSUIMCH JPYTUMU CHUJIAMU U CPEJICTBAMH.

bnarogapss yBEIMYEHUIO BO3MOMKHOCTEH W IOBBIIIEHUIO JOCTYITHOCTH JPOHOB,
MOTEHLIMA] MCIOJNb30BaHUsI MX B pa3HBIX cepax HKOHOMUKH CTPEMHUTENBHO PACTET. ITO
co3/1aJ10 He0OXOAMMOCTh B HOBOH mpodeccuu: onepaTop OECIUIOTHBIX aBHALMOHHBIX CHUCTEM
(PAC). VMimenHOo mno3TOMY Ba)XXHO MpPaBWJIBHO MOJATOTOBUTb M COPUEHTUPOBATH OYIYyHINX
CHELHATNCTOB, KOTOPBIM MPEACTOUT >KUTh M paboTaTh B HOBYIO 3II0XY IOBCEMECTHOIO
NPUMEHEHUs OECIMIIOTHBIX JIETaTEIbHBIX allapaToB U POOOTOTEXHUKHU.

Hacrosimass oOpa3oBaTenbHas mporpaMMa IO3BOJISET HE TOJIBKO TONYYUTh PpEOEHKY
MH)KEHEpHbIE HaBBIKM MOJIETUPOBAHUS, KOHCTPYHUPOBAHUS, IPOrPAMMUPOBAHUS U SKCILTyaTalluu
BIUUTA, HO ¥ MOArOTOBUTH OOYYAIOUIMXCSA K IUIAHWPOBAHUIO M OpPraHM3aluu paboThl Haj
Pa3HOYPOBHEBBIMU TEXHUYECKMMHU IMPOEKTaMH, a TaK)Ke HalleIMBaeT Ha OCO3HAHHBIM BHIOOpB
JanbHEeHIIeM BHJAa JAEATENIBHOCTH B TEXHHUYECKOM TBOPYECTBE WM TNPO(EeccHuu: HHKEHep-
KOHCTPYKTOP, HHKEHEP-TEXHOJIOT, POEKTUPOBUIUK, ITporpammuct BIIJIA, oneparop BIUIA.

HoBu3na Hacrosmeii 00pa3oBaTebHONW MPOTPAMMBI 3aKJIFOYAeTCsl B TOM, YTO OHa
UHTETPUPYET B cebe OCTHXKEHHUS COBPEMEHHBIX M HMHHOBAIIMOHHBIX HANpaBIEHUN B Malloi
OecnuIOTHOM aBuanuu. B OocHOBe mporpamMmbl -  KOMIUIEKCHBIM TOJXOJ B TOATOTOBKE



oOyuatomuxcs. CoOBpeMEHHBIH omnepaTop OECHWIOTHBIX JIETATENbHBIX amMapaTroB JOJKEH
BJIAJIETh NMPO(HEeCCHOHATLHONW TEPMUHOJIOTHEH, pa30HpaThCcs B COOPOUHBIX YepPTEkKax arperaTroB U
cucTeM OECHWJIOTHBIX JIETATENbHBIX allapaToB,MUMETh HABBIK 110 MHUJIOTUPOBAHMIO B JIFOOBIX
MOTOJTHBIX YCIOBUSX, cOopke u mounnke BITJIA.

IIpy wu3roToBieHMM MoJeNed MOJIPOCTKH CTAJIKUBAIOTCS C PELIEHHEM BOIPOCOB
a>pOJMHAMUKH, WH()OPMAIIMOHHBIX TEXHOJIOTUH, OHH HCHOJb3YIOT HHXKEHEPHBIH MOAXOI K
PELICHUIO BCTPEYaroIUXcs IPoOIIeM.

Ilenaroruyeckasi 1ejiecOOOPa3HOCTBIIPOrpaMMbl B TOM, YTO OHAa HalpaBjeHa Ha
pa3BuTHe B peOEHKEe HMHTEpeca K MPOEKTHOH, KOHCTPYKTOPCKOW W MPEeANPUHUMATEIHCKON
NEeSATENIbHOCTH, 3HAYUTENBHO pPaCIIUpPSIONIe Kpyro3op Hu 00pa30BaHHOCTb IIKOJIbHUKA.
Copneprkanue nMporpaMMbl HAaIPaBJIeHO Ha MPO(ECCHOHANBHYIO OPHEHTAIMIO O0yJaroImuXcs U
MOTHBALIMIO ISl BO3MOXKHOT'O MPOAODKEHUS OOydeHUs B OObETUHEHHSX JOMOJHUTEIBHOIO
obOpazoBanusi BIIJIA, namee B By3ax H TOCHeAylOUmed padOThl Ha NPEANPHUATHAX IO
CHEIHUAIbHOCTSIM, CBSI3aHHBIM C POOOTOTEXHUKOM U aBUACTPOUTEIHCTBOM.

OTanYnTeIbHON 0CO0EHHOCTBHIO JAaHHOW MPOTrpaMMbl B TOM, YTO B XOJ/I€ peallu3alluu
oOydaromyecss TOMy4aloT HE TOJNBKO TEXHHYECKHWE 3HaHWs, HO W OCHOBBI Tmpodeccuw,
BOCTPEOOBAHHON B COBPEMEHHBIX COIIHAIbHO-3KOHOMUYECKHX yCIOBHSIX.

Heab: dopMupoBaHHEHAYaIbHBIX 3HAHMWKM MHXEHEPHBIX HABBIKOB B  00JacTu
IIPOEKTUPOBAHMS, MOJEIINPOBAHU, KOHCTPYUPOBAaHHI, IIPOrpaMMHUPOBaHUS "
SKCIUTYaTallMUCBEPXJICTKUX  JICTATCNIBHBIX  JUCTAHLIMOHHO  IWIOTUPYEMBIX  JIETATEIbHBIX
arraparos.

3agaun:

1. CdopmupoBaTh 3HaHHS OCHOB TEOPHUH IOJIETA, MPAKTUYECKUX HABBIKOB JIUCTAHIIMOHHOTO

YIIPaBIECHUAKBAAPOKOIITEPOM.

2. OOyuuTh OCHOBHBIM IpUeMaM COOpPKH, MPOTrPAMMUPOBAHMS,  DKCIUTyaTallMH
6GCHI/IJIOTHI)IX JICTATCIIbHBIX CUCTCM.
Cdopmuposats HaBbiky nunotupoBanus BITJIA B pexxume aBuacumymsTopa.
CdopmupoBaTh yMEHHS W HABBIKM BHU3YAIBHOTO MWJIOTUPOBAHUS OCCIIMIOTHOTO
JIeTaTeIbHOTO armnapara.

~ow

Bospacr ob0yuyaromumes: 14-17 ner.
YcaoBus HaGopa JeTeil B KOIeKTHB: IPUHIMAIOTCS BCE YKeJIAroIIHeE.

HamosHsieMocTh B rpynnax cocranisieT — 10 genoBek.
Cpoxk peanu3zanum nporpammsl: 1 rog, 1 yac B Heaento, 344 B roj.

®opMbl OPraHu3aluM AeATeIbHOCTHOOYYAKIINXCS :TPYIITIIOBas, MHIUBUAyallbHAs,
WH/IMBUYaJIbHO-TPYIIIOBAast U (PpOHTAIIbHAS.

Metoabl o0ydeHusi: keiic-meron (case-study), «MosroBoi mtypm» (Brainstorming), meTon
3anau (Problem-BasedLearning) u MmeTo NpoeKTOB, MPaKTUYECKHUH.

(I)Ole)l NMpOBECIACHUSA 3aHSATHHM: TCOPECTUUCCKOC U3JIOKECHUEC MaTCpHrajia, IPAKTUICCKOC 3aHATHEC.

O:xupaembie pe3yabTaThbl:
1. V obyuatomuxcs OynyT chopMupoBaHbl YMEHHS U HAaBBIKH JUCTAHIIMOHHOTO YIIPABICHHS
OeCTIUIIOTHBIM JIeTaTeNIbHBIMAIIIAPaTOM.
2. OOyyarmuecsioBIaelOT OCHOBHBIMH IpUeMamMH COOpKH, MPOrpaMMHUPOBAHMUSA,
AKCIUTyaTalli OECIUIOTHBIX JIETATEIbHBIX CUCTEM.



3. OGyuaromuecs: mpruoOpeTyT HaBbikK muyioTupoBanus BITJIA B pexxume aBuacumysmsTopa.
4. CdopmupoBaTh yMEHHS M HAaBBIKM BU3YaJbHOI'O MWJIOTHPOBAHUS OECHMIOTHOTO
JIeTaTeIbHOTO arapara.

Cnoco0bl  omnpenesieHusi pe3yJIbTATMBHOCTH. TIeJaroruyeckoe HaOJIIOJeHHE, OIpoc,
[IPAKTUYECKOE 3aJJaHHeE.

®opma noABeIeHNs UTOTOB PEaIN3alM IPOTrPaMMBbl:
® KOHKYpC;
®  BBIIOJHCHHE NPAKTHYCCKUX MOJETOB (BU3YAIbHBIX U B PSKUME aBHACHMYJISTOPA);
® [IPaKTUYECKHE PaOOTHI IO COOPKE, MPOTPAMMHUPOBAHUIO H PEMOHTYKBAAPOKOIITEPOB.

2. Y4e0HO-TeMAaTHYeCKUH IJIAH:

Ne HaumenoBanue pa3jaesioB Kos-Bo yacos
n/n Bcero Teopus IIpakTHKa
1 3HaKOMCTBO c BITJIA. Texnuka 2 2
0e30MMacHOCTH.
2 Hcropus coznanust BIUIA 1 1
3 [TnanupoBaHue MpoOEKTa. 1 1
4 OO6yuenue ynpasnenuto bIUIA. 7 1 6
5 Hacrpoiika JIETHOTO KOHTpoJIIepa 2 1 1
KBaJPOKOIITEPA.
6 OcHoBbl aspodoTochéMku. ChrEMKaA 3eMIH € 6 1 5
BO3/IyXa.
Coznanue  oprodoromnanos u  3-D 3 1 2
MOJICIIMPOBAHMS MECTHOCTH.
7 TexHOoJI0rnH NPOTOTUIINPOBAHUS. 2 1 1

YcrpoiicTBa Uit BOCCO3aHUs TPEXMEPHBIX
moeneit. Pabora ¢ 3D-ipuHTEpOM.

8 Ddusnyeckre 1 XUMAYECKUE CBOMCTBA 2 1 1
actuka st 3D-npunTepa. [ledars
TPEXMEPHON MOJIEIH [IKOJIbI

9 [ToxroroBka. 3anmTa MPOEKTa. 2 1 1

10 | Coopka cunoBoit wyactu. COopka pambl 2 2
MO/IEJIH.

11 | IIpoekTHpOBaHUE TOHOYHON TPACCHI. 2 1 1

12 | Konkypc. 2 2
Htoro yacos 34 12 22

Coaep:xaHue nporpaMmabi:
IlnanupoBanue npoexra.
Teopwus.
WHucTtpykTax mo TexHuke Oe3omacHocTd. IlpaBmna BeiOOpa mpoekta. Bpenenue B
OecIMJIOTHYIO aBMallMI0, B JApoHOCTpoeHue. OnucaHue KBaIpOKONTEPOB, UX IMPUMEHEHHUE.
3HAKOMCTBO C CUMYJIATOPOM IOJIETOB HA KBAaIPOKOITEPE.




[IpakTuka.
3amuta npoekta. [IpoekTrpoBanue pambl kBaapokonrtepa.Hauano paGoTel Haj cOOpKoii

KBaJpOKOIITepa, COOpKa pambl KBaAPOKOIITEpa COTJIaCHO MHCTPYKIMH, Talika aeraneii.Padora ¢
IPOCTBIM UHCTPYMEHTOM (OTBEPTKA, TACCATUKH).
OO0y4enne ynpapJjieHHI0 0eCIIMJIOTHBIM JIeTaTeJbHBIM anmaparom. CO0pka paMbl MO/I€JIH.

Teopusi.

beckomnekTopHble ABUTAaTeId M UX PETYJIATOPBl XOJA: YCTPOWCTBO, MNPUHLHUIIBI HX
¢ynkunonupoBanus. [1maTel pa3BoKu MUTAHUS: 00IIEEe YCTPOUCTBO, XapaKTEPUCTUKH.

[IpakTuHKa.

[Taiika nBurarenen U perysaTopoB, MaliKa PEryJsiITOPOB U CUIIOBBIX IIPOBOAOB K IUIATaM
pa3Bojku nuTaHusa. Pabora ¢ mpocThIM HHCTPYMEHTOM (OTBEPTKA, ACCATHXKM).

COopka cHUII0BOM YacTH.

Teopus.

3HAaKOMCTBO C OECKOJUICKTOPHBIMH [IBUTATENSMHU, HUX OTIUYUSAMHU OT KOJJICKTOPHBIX
JBUTATENe, MpeuMyIlecTBa. 3HAKOMCTBO CO CXEMOH COOpPKM 3JIEKTPOHHBIX KOMIIOHEHTOB
KBaJPOKONTEPA. DINEKTPOHHBIE PEryJIATOPHI 000POTOB.

[IpakTuKa.

[Ipomomxenne paboTrel Haxm  cOopkoil  kBampokonrepa. Ilaiika wu  cOopka
PaAMOTEXHUYECKON CXEMBbl. Y CTAaHOBKA JIBUTATEJIeH, MOJIETHOIO KOHTPOJUIepa, IaThl Pa3BOJAKU
MUTAHUSL, SJIEKTPOHHBIX PErYIISITOPOB 0OOPOTOB.

Hacrpoiika 1eTHOro KOHTpoJIepa KBaJIpOKONTEPA.

Teopusi.

3HaKOMCTBO C IIOJIETHBIM KOHTPOJUIEPOM:  YCTPOMCTBO IOJIETHOIO KOHTpOJLIEpA,
OPUHIUNBL er0  (DYHKIIMOHMPOBAHMS, HACTPOWKAa KOHTPOJUIEpA C TIOMOIIBI0 KOMITBIOTEpA,
3HaKOMCTBO C IIPOTPAMMHBIM 00ECTIeUeHUEM JIJIsl HACTPOMKHU KOHTPOJILIEepa.

[IpakTuka.
[Ipomomxkenne paboTel Ham  cOopkod  kBaapokomrTepa. [laiika u  cOopka

PaIMOTEXHUYECKOM CXEMBI. Y CTAaHOBKA JBUIATEJIECH, ITOJIETHOTO KOHTPOJUIEPA, IJIaThl Pa3BOIKH
NUTAHUSA, DJIEKTPOHHBIX pPEryiasTopoB 000poToB. HacTpoiika mogeTHOro KOHTposuiepa
kBagpokonrepa.O0yuenue pabore Ha cuMylATope. TecToBble 3allyCKM KBaJIPOKOITEPOB.
OOyueHne yImpaBICHUIO KBAIPOKONTEPOM. YIpPABJIECHHE KBaJPOKONTEPOM: «B3IIET/TIOCAIKAY,
«yAEp’KaHWE Ha 3aJaHHOW BBICOTE», «BIIEPEN-HA3a/I», «BJIEBO-BIIPABO», «TOYHAs IOCAAKA Ha
YIAJIEHHYIO TOUYKY»,«KOPOOOUYKa», «UEITHOK», «BOCBMEPKa», «3MEHKa», «OOJET MO Kpyry».
Pa3bop aBapuitHbIX cuTyaluii.

IIpoexTHpOBaHHE FTOHOYHOI TPACCHI.

Teopus.
3HAKOMCTBO C IPUHITUIIAMHU TTOCTPOEHUS Tpacc.

IIpakTHKa.

3anycku kBazapokonrtepoB. Hactpoiika ITIMJIOB u mnpoOubie mosersl. IIpogomkenue
paboThI B CUMYJIATOPE MO MOBBIIIEHUIO MACTEPCTBA MUIOTUPOBAHHUS.

Konkypc

IIpoBeneHnE TOHOUHBIX COPEBHOBAHMI Cpey KOMaH, JOMYILEHHbBIX K CODEBHOBAHHUSM, B
NoJIeTHOM cumyssitope. TakTudyeckas 60pb0a U MOJIETH B paMKaxX COPEBHOBaHUI.

Metoauyeckoe odecrniedeHHe MPOrpaMmbl:
.HeKI_[I/IOHHBIe MarepHrajibl, METOANYCCKOC OIIMCAHHUEC KOHKYPCHOI'O 3adaHWs, HWHCTPYKOHUA II0
cbopke, cipaBouHbIit Matepuan u3 [10 nist nmoseTos.

Cnmcok ureparypsl:

1. bemunckas 1O.C. Peanuzanusi THUIIOBBIX MAaHEBPOB YETHIPEXBHHTOBOTO BEPTOJIETA.
MonoaexHuslii  HayyHO-TeXHHUYeckuil  BectHuk. MITY wum. H.D. baymana.
Dnextpon.xypH. 2013. Ne4. Pexxum noctyma: http://sntbul.bmstu.ru/doc/551872.html.

2. T'ypesnoB A. E. MoaenupoBanue yrpaBieHHUs KBaJpoKonTepoM MHXKeHepHbIl BECTHHK.
MI'TY wum. H.D. baymana. OnektpoH.kypH. 2014 Ne® Pexum pgocrymna:
http://engbul.bmstu.ru/doc/723331.html.


http://sntbul.bmstu.ru/doc/551872.html
http://engbul.bmstu.ru/doc/723331.html

3. Edwumos.E. IIporpammupyem kBajgpokonrepHaArduino: Pesxxumpaocryma:
http://habrahabr.ru/post/227425/.

4. HWuctutyT TpaHcnopTa u cBsi3u. OCHOBBI adpOJMHAMHUKH U TUHAMHKH moyieta. Pura, 2010.
Pexum nocryma:

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

5. KanarnukoB A.H., Kpumenko A.Il.,, Tkage C.b. [lomycTumble IpOCTPaHCTBEHHBIE
TPaeKOPUUOECIIMIIOTHOTO JIETaTENILHOTO allfapaTa B BEPTUKAIBHOM IIOCKOCTH.

6. Hayka u oGpaszoBanue. MI'TY um. H.D. baymana. Dnextpon.kypH. 2012. Ne3. Pexum
nocryma: http:/technomag.bmstu.ru/doc/367724.html.

7. MapteiHoB  A.K.  OkcnepumeHTtanbHas — a’poauHamuka.  M.:  ['ocymapcTBeHHOE
M3JIaTENIbCTBOOOOPOHHOUITPOMBITIIIEHHOCTH, 1950.479¢.13 . Mupomnuk.B. Teopus
aBToMaruyeckoro ynpasienus. Jluneitnsie cucremsl. CI16: ITutep, 2005. 337.

JonosHuUTEIbHAS JTUTEPaTypa

1. Penmakius Tom'sHardwareGuide. FPV- MyasTHKONTEpBI: 0030p TEXHOJIOTHH M Keje3a. 25
UIOHS 2014. Pexxum JIOCTYTIA:
http://www.thg.ru/consumer/obzor_fpv_multicopterov/print.html

2. AldereteT.S. “Simulator Aero Model Implementation” NASA Ames Research Center,
Moffett Field, California. P. 21. Pexum J0CTyIa:
http://www.aviationsystemsdivision.arc.nasa.gov/publications/hitl/rtsim/Toms.pdf

3. BouadiH.,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. MadaniT., BenallegueA. Backstepping control for a quadrotor
helicopter. IEEE/RSJ International Conference on Intelligent Robots and Systems, 2006.
Pp. 3255-3260.

4. Dikmen I.C., Arisoy A., TemeltasH. Attitude control of a quadrotor. 4th International
Conference on Recent Advances in Space Technologies, 2009. Pp. 722-727. A4.
LuukkonenT. Modelling and Control of Quadcopter. School of Science, Espoo, August 22,
2011.P. 26. Pexxummoctyma:http://sal.aalto.fi/publications/pdf-files/eluull_public.pdf

5. LIPOSAFETYANDMANAGEMENT: Pexumpocryna:
http://aerobot.com.au/support/training/lipo-safety

6. Murray R.M., Li Z, Sastry S.S. A Mathematical Introduction to Robotic Manipulation.
SRC Press, 1994. P. 474.

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

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

IIpunoxenne 1

TexHuka 0e30macHOCTH NPHU PpadoTe ¢ NIEKTPHIESCKHUM 000py10BaHHEM

TpeOoBanusi 0€30I1aACHOCTH Mepe] HAYAJIOM PadoThI

Ilepen wnHawyamom paboThl cieayeT YOEIUTbCS B HMCIPABHOCTH 3JIEKTPOIPOBOIKH,
BBIKJTIOYATEJIEeH, MITENCEIbHBIX PO3ETOK, IPU MOMOIIHU KOTOPBIX O00OpYJOBaHHE BKIIIOUAETCS B
CeTb, HAJTMYMU 3a3€MJIEHUS] KOMITBIOTEPA, €ro paboTOCTIOCOOHOCTH,

TpeOoBanusi 0€301aCHOCTH BO BpeMsi padoThI

Bo wuszbexxanue MOBpeXAEHUS U3OJSALUM TPOBOJOB U BO3HUKHOBEHHUS KOPOTKHX
3aMbIKaHUN HE pa3peluaercs: BellaTh YTO-IH00 Ha MPOBOJA, 3aKpalluBaTh U OCNUTH HIHYPHI U


http://habrahabr.ru/post/227425/
http://www.reaa.ru/yabbfilesB/Attachments/Osnovy_ajerodtnamiki_Riga.pdf
http://technomag.bmstu.ru/doc/367724.html
http://www.thg.ru/consumer/obzor_fpv_multicopterov/print.html
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

IIPOBOJIA, 3aKJIa/bIBaTh MPOBOJA U IIHYPHI 3a ra30Bble U BOJONPOBOAHBIE TPYOBI, 3a OaTapen
OTOMHTENBHOM CHUCTEMBbI, BBIACPTUBATH INTEINCENbHYIO BUJIKY M3 PO3CTKH 3a IIHYp, YCHIIUE
JIOJKHO OBITh MPHIIOKEHO K KOPITYCY BUIIKH.

JUisi UCKITIOYEHUSI TOPAKEHUS SJCKTPUUECKUM TOKOM 3aIPEIIAeTCs: YacTO BKIIOYATh U
BBIKJIIOYaTh KOMITIbIOTEp 0€3 HeoOXOAMMOCTH, IPUKACATbCAd K IKPAaHy M K ThUIBHOM CTOpPOHE
OJIOKOB KOMIIbIOTEpa, pabOTaTh Ha CPEACTBAX BBHIYHUCIMTEIBHON TEXHUKH U TepU(epuitHOM
000pYyJIOBaHUU MOKPBIMH pyKaMH, padboTaTh Ha CPEJICTBaX BBIYMCIUTEIBHOM TEXHMKH U
nepudepuiiHoM 000pYJOBaHWHU, HWMEIONIMX HAPYIICHUS IEIOCTHOCTH KOpIyca, HapyIIeHUs
U30JIAUM  [IPOBOJIOB, HEUCHPABHYIO HWHAMKALMIO BKIIOYEHUS NMTaHUS, C MpPU3HAKaMU
AIIEKTPUYECKOTO HANPSHKEHUSI Ha KOPIYCe, KJIACTh HA CPEJCTBA BBIUMCIUTEIBHOM TEXHUKUA U
nepupepuitHoM 000pyJOBaHUU IOCTOPOHHUE IPEAMETHI.

3ampemiaercss  1OJ  HampsHDKEHHWEM  OYMINATh  OT MBI M 3arpsA3HEHUs
3JIEKTPOO00OOPYLOBAHHE.

TpeboBanus 6e30NaCHOCTH B aBAPUIHBIX CUTYAIIUAX

IIpu oOHapyXeHUM HEHCIPAaBHOCTH HEMEJUIEHHO OO0ECTOYMThH 3JIEKTPOOOOpPYIOBaHHUE,
OIOBECTUTh mezarora. IIpomoimxeHue pabOTBI BO3MOXKHO TOJIBKO IOCIE YCTPaHEHHS
HEHCIIPaBHOCTH.

Bo Bcex ciyuasix mopa)keHHUsl 4eJIOBEKa AJIEKTPHUECKUM TOKOM HEMEIJICHHO BBI3BIBAIOT
Bpauya. /o mpuObITHS Bpaya HYXKHO, HE TepsAs BPEMEHH, IPUCTYIUTh K OKa3aHHUIO MEpBOU
MIOMOIIY TIOCTPA/IaBIIEMY.

Heo06xoauMo HeMeNIeHHO HadaTh HPOM3BOJIUTH HCKYCCTBEHHOE JIbIXaHHE, a TaKkKe
HapyKHBII Maccax cepaua.

HckyccTBeHHOE JIbIXaHHE MOPAXKEHHOMY 3JIEKTPUYECKUM TOKOM IHPOM3BOJIUTCS BILUIOThH
JI0 IPUOBITHS Bpaya.

Ha paGouem mecte 3anperiaercsi UMeTh OIHEONACHbIE BEIECTBa

IIpunoxenne 2

Texnuka 0e3o0nmacHocTH Npu padore
¢ 0eCIMJIOTHBLIMH JIeTaTeJbLHLIMUA anmnmaparaMmm
JIpoHBI ¥ KBaAPOKOMTEPHI CTAIM HEOTHEMIIEMOW YacThIO Hallled JKU3HU BO BCEM MHpE,
KaK CMapT(l)OH. PasBuTre TEXHOJIOIMI MW CHIKEHHE CTOMMOCTH OECIHMJIOTHBIX JIETATEIHLHBIX
anmaparoB CcrocoocTByeT 3ToMy. [losToMy, OCTpo BCTaeT BOIMPOC O TMOBBIIICHUS HaBBIKA
IMMOJIb30BAHUA JApPpOHAMU W KBaAPOKOITEpaMMU. 4! 34€Cb MOXHO TOBOPUTH O JABYX BaXXHBIX
COCTaBIISIOLIUX ATON 0€30MacHOCTH - Oe30MacHoe MUJIOTUPOBAHKE JIPOHA M yMeNoe oOpalieHue



C camMuM JerarelbHbIM anmaparoM. CoueTaHMe »53TUX JBYX HaBBIKOB M TapaHTUPYET
0€30I1aCHOCTb IMOJIETOB Ha JPOHAX M KBaJIPOKONTEPAX.
1) OcHoBHOE MPaBHIIO OE30MACHOCTH.

IlepBoe u camoe BakHOe - Oe3omacHOCTb Joziei. CoOM0eHnEe HIIEMEHTAPHBIX PaBUII
TeXHUKHU Oe3onacHocTH. He crout Opathces 3a ynpaBieHHe JIeTaTelIbHbIM allllapaToM I0Ka Bbl HE
YyBCTBYETE€ YBEPEHHOCTb B CBOMX HaBbIKax. IlocieacTBusi XalaTHOTO OTHOLIEHHS K JaHHOMY
IPaBUIY MOXKET NPUBECTH K BO3HUKHOBEHHUIO OINACHOM CHUTYyallud Ul TOrO KTO YIIPaBIseT
anmapatoM WM Ui OoKpykaroumx. OueHb pPEKOMEHIyeM IIepBbI€ IIOJETHl IPOBOAUTH C
MHCTPYKTOPOM, Ha OTKPBITOM IPOCTPAHCTBE U HA HEOOJIBIION BBICOTE U YAAJIECHUU.

2) CO0ou MOTYT BO3HUKHYTH M3-3a OUTMOKH IMHJIOTA, AlIApATHOTO UJIM MPOTPAMMHOTO COOSI.

a) Y Bac JOJKHO OBITh IOCTATOYHO CHUJIBI TSTH.

6) Ecnu BBI He crpaBisieTech C YIpaBJICHHUEM, aBTONMIOT MOKET MOTpeOoBaTh OoJblIe
TATH, YEM JIOCTYITHO MHA4e 3TO IMPUBEAET K OTEpe CTAOMIIN3ALUH [10JIeTa.

B) B naeane mynpTukonTep A0KeH B3neTaTh npu 50% cTuka rasa.

3) Bo Bpems 0OyueHus mojieTaMyu HE PEKOMEH]IyeTCsl HCIOIb30BaTh JOPOTrOCTOSIIIUX, KECTKHX,
OCTpPBIX KapOOHOBBIX JIeTalieil (IIPONEIIEPOB U paMbl).

a) Oto Oyxaer Oosiee MENIEBbIN, MATKUN, XPYIKAN IJIACTUKOBBIN MIPOIIEIJIEP U pama.

0) KapOoH 1 CTEKJIOBOJIOKHO HE TMOIAI0TCS Pa3pyIICHUIO, 3TO MOKET ObITh HEOE30IacHO
IpU KOHTAKTe C 4eM-JI10o0.

4) Ecnu Bbl JieTaeTe psAOM C JIFOJBMH - Bbl UX CTaBUTE O] YTPO3Y.

a) bynbre yBepeHsbl, 4To ecTh 0€30MacHOE PACCTOSHUE MEX1Y BAMU U 3PUTEIISIMHU.

0) Bam Hy)XHO TOHMUMAaTh 4YTO JJIsI Bac SIBJISIETCS OE30MAacHOE PAcCTOSTHHE U Bac H
OKPY’KaIOLIHX.

B) Ilo kpaiineit mepe 310 He Onmke 3 MeTpa , HO He Aasnbiie 10M.

r) epxute Becex JOeH Aajblle OT JIETaTeNbHOI0 almnapara

1) Yoenurecr, 4TO HUKTO HE HAXOAUTHCS MEXKy BaMHU U alnapaToM

€) 3pUTeaH JOJKHBI OBbITh 0331 MTUJIOTA

x) Ecnu kTO-TO HapyiiaeT 6€30macHyl0 30Ha IOJIeTa - caXkailTe JieTaTeNIbHbIN anmnapar u
KJIUTE T0Ka HE OCBOOOAUTHCS MPOCTPAHCTBO Il O€30I1aCHOTO MOJIETa.

3) [Ipu moaHOM Ta3e CPeIHUHMYIBLTUKONTEP MOXKET Pa3BUTh CKOPOCTH B 32KM/4, MOXKET
HOJHATHCA HA COTHU METPOB U YJIETETh HA AAJIEKUE PACCTOSIHUA.

5) Bcerna Oyapre yBepeHbl, 4TO Kabeab Oaraper He MOIKIIYEH K OCHOBHOM IjIaTe, OKa Bbl HE
TOTOBBI K IOJIETY.

a) Bcerma BkirouaiiTe mepenaTuMk M yOexXIaWTech, YTO pydKa ra3a HAaXOAUTHCA B
HYJIEBOM TOJI0KEHUHU

6) [Tocne npuszemiieHus: NEPBOE, UTO BbI JOJKHBI CJIENATh - 3TO OTKJIIOUUTH TUTaHUE!

B) He BhIKITIOUaiiTe NepeaaTumk, Moka Bbl HE 00ECTOUMIIM anmnapar.

r) Bcerma cHumaiite nmpomemiepsl €cid  Bbl TECTHUPYET€ WJIM HAcTpauBaeTe
anmapar.Jjpy3bs U Ballle JMLOo OyayT BaMm OyiarofapHsbl

n) Korma Garapest monkirodeHa, BCETJa OMacalTech TOTO, UYTO JIBUTATEIN BOOPY>KEHBI,
MpoBepsITE 3TO OBICTPOIL MoAaueii raza.

e) He nmoxOupaiite anmapaTt u He OepuTe B pyKU amnmapaTypy BO M30exaHHE CIy4allHOTO
IIOJIAHHOTO ra3a.

) He mbITaiiTech nerath OonbIle, YeM TMO3BOJISIOT Ballld OaTaped, COXpaHSUTE IS
0€30IaCHOCTH MOIIIHOCTb, WHAu€ 3TO MOXKET NPUBECTH K aBapUM M HEXBATKE MOIIHOCTU Ha
BUpaxe.

6) B APM nosneTHOM KOHTpOJUIEpE UCHOIBb3yeTCsl (PYHKIUS IIOCTAHOBKU HA OXpaHy (arming)

a) [lepen momerom mociie TOro, Kak Bbl MOJKIIOUIINA OaTapero Ha ammaparype, pydyka
rasa JIoJbkHa OBITh HakaTa BHU3 U BIPABO HAa HECKOJBKO CEKYHJ, YTO OBl CHSTH C OXPAaHBI
JIBUTATEIH.

6) [locne mocanku Baie mepBoe JieiicTBUE JOHKHO OBITh MOCTAHOBKA Ha OXpaHy - pydka
ra3a BHM3 U BJIEBO B T€YEHHH HECKOJBKHUX CeKyHA. Ilocie 3Toro MoxHO MpoBEpUTH MOCTAaHOBKY
Ha OXpaHy IyTeM HeOOJIBIIOro NepeMenieHne PyUKH ra3a BBepX U cpa3y ke BHHU3.

B) Korma BeI mocTtaBuim nBuratead Ha oxpaHy (disarming) pydky rasa BcE€ pPaBHO
TpeOyeTcs [epxKaThb B HyJI€.

7) YuuTech MepeKIIiovaTh PKUMbI U3 CTA0UIM3AIIUH B APYTUE U OOPATHO.



a) OTo camas XopoIas MpaKkTHKa.

0) B pexxum crabunmszanuu MoXeT ObITh 100aBieH Simplemode, A Tydiiei npakTHKH,
€CJIU BbI HCTIBITHIBAETE TPYAHOCTH.

B) He ucnone3yiite npyrue pexumsl, kpome Cradunuzanuu (Stabilize) u SimpleStabilize
MOKA BBl HE HAYYHJIMCh B HUX JJOCTATOYHO XOPOIIIO JIETATh.

8) BakxHO MOMHUTH, YTO IIPU NEPBOM aBapUM, HENPABUILHON MOCAJIKE MM HEM3BECTHOIO Bam
COCTOSTHUS TIOJIETHOT'O KOHTPOJLJIEpa HEOOXOIUMO:

a) OpocuTh TOJOTEHIIE Ha TMPOMEIJIephl, TaK KaK OHM MOTYT HadaTb KPYTHUTHCA
HEOXKUAHHO;

0) cpazy OTKJIFOYANTE aKKYMYIIATOD;

B) OomnplIoe TMOJNIOTEHIIE BakKHAas dacTh Ui oOecmedeHus Oe30MacHOCTH ¢
OTHETYILUTENIEM U alTeYKOMH;

I) Jdy4llle UCIIOJIB30BaTh IIEPBOE CPEACTBO, YEM Cpa3y MOCIiIeTHEe.

9) [Ipu TecTHPOBaHMH WITH MOJIETAX 1O JIFOOBIM TOYKAMHU B PEKUME HaBUTAaLUK uctonb3ys GPS.

a) Yoemurech, uro Bam GPS cmor moiiMaTh HEOOXOIMMOE KOJUYECTBO CIYTHHKOB H
nepeiitu B coctosane LOCK (3d fix) mepen cHsiTueM oxpaHsbl (arming) v B3JIETOM.

0) YoOemutech, yTo Bama gomammHsas Touka B IIO MissionPlanner ycranoBiena
NPaBUIBHO.

B) Ecnmu GPS He cMor KOppeKkTHO YCTaHOBUTH AOMAIIHIOIO TOYKY, Mepe3arpy3uTech U
MOJOXKANTE KOT/1a Oy/IeT moiiMaHo OoJiee 8 CITyTHUKOB U MMPOBEPHTE JOMAIITHIOI TOYKY CHOBA.
10) 3naiiTe 3aKOHBI

a) Ham nu4HBI OOBIT HMCIONB30BAaHHUS MYJIBTHKOITEPOB SIBISETCS IMOCTOSHHO TIOA
aTakol Tex, KTO OOMTCS “IpOHOB” M BTOPKEHUE B MX YAaCTHYIO JTUYHYIO XH3Hb. Eciau Bbl
HapyIIaeTe 3aKOH, MM BTOPraeTech B YbIO-TO JIMYHYIO JKU3HB - TOTOBBTECH OTBEYATH I10 3aKOHY.
[Tokanyiicra, mMOHUMAaTe HAIIM 3aKOHBI U JIETalTe, HE HapyIlIas uX.

0) Haiigure Ommkaiimryto JIOOWUTENBCKYIO TPYIIy JIOACH, KOTOpBIE 3aHUMAIOTCS
MoJIeTaMH M TIOMHTEPECYITECh Y HUX O 3aKOHHOCTH TIOJIETOB B pa3HbIX MecTaX. OHU € PagoCThIO
CMOT'YT BaM T0Ka3aTh CHEIHaIbHBIE OTBEJACHHBIC MECTA, KOTOPHIE HE HAPYIIAIOT YbH-TO TPaBa,
/1€ BBl MOXETE€ OOMEHHMBATHCS ONBITOM U MOJIY4aTh yIOBOJIBCTBUE OT MOJIETOB.

Camoe rTnaBHOE: coOumojaiiTe Oe30MacHyI0 AMCTAHIMIO MEXIy BallMM anmapaToM H
JOJIbMHU.

Mpunaoxenne 3

KonkypcHoe 3ajaHMe 10 KOMIETEHUUHM «YNpaBjeHHe O0eCHHJIOTHBIMM JieTaTeJbHbIMHU
anmapaTaMmm».

3ananue 1. BbINOJHUTH TeCT HA 3HAHME CTPOCHUS KBAJAPOKONTEPOB, UX KJIACCHUPUKALMIO,
NOPSAOK COOPKH.

Bpewms BeinonHenus 3axanus — 30 MUHYT.

3aganue 2. [InsioTHpOBaHNe KBAIPOKONTEPAa HA CUMYJIATOPE.

BbImomHUTE MUIOTUpOBaHME KBaJpoKomTepa Ha cumynstope. OOmiee Bpemsi BBITOJHEHUS
3a/laHusIHa KOMIIETEHIMK — 1 4ac.

Komanza BbINONHAET 3alaHuEe Ha CUMYJISITOPE 32 2 MUHYTHI. Y4YacTHHUKaM HEOOXOAUMO MPOUTH
Tpaccy, MpoJieTasl CKBO3b BOPOTa OTPAaHMUYEHHOrO pa3Mepa. 3a KaKIbli MPOJIET 4epe3 BOpOTa
HayucisieTcs: 1 04ko. 3a mpoJieT CKBO3b JBOMHBIC BOPOTA Hauucisercs 2 ouka. [lenb yqyacTHUKOB



HaOpaTh MaKCUMaJIbHOE KOJI-BO 0a/IOB 32 2 MUHYTHI MOJIETHOTO BpeMeHn. KonndecTBo OayioB
HEOTPAHUYEHHO.

3ananue 3. [InjoTupoBanue 0eCIMIOTHBIMU JIETATEJIbHBIMH alllIAPATAMHU.

Bpemsi BwImonHeHUs 3amgaHus — 2,5 4aca, U3 KOTOPHIX | 4Yac OTBOJSATCS HAa TPEHHUPOBOUYHBIC
MOJIETHI B MOPSIIKE OYEPETHOCTH YUaCTHUKOB IO OJHOMU IMOMBITKE B OJMH MOAXOM, HO He Ooee 5
MUHYT, 1 0,5 yaca HEMOCPEJACTBEHHO Ha COPEBHOBAHUSI 110 TOUHOCTH M BPEMEHH MPOXOKICHUS
Tpacchl.

«[IpakTrueckuii» 3Tan cOpeBHOBAHUH.YYaCTHUKAM KOMaHJ] HEOOXOAMMO MOKa3aTh MAacCTEPCTBO
MUJIOTUPOBAHUS KBaJIPOKOIITEPOM.

Hean 3TOr0 3Tama: 3a MEHBIIEE KOJIMYECTBO BPEMEHU MPOWTH TPAcCy C YCTAHOBIIEHHBIMU
npenstcTBusMu. KoManze naercss 2 MONbITKM Ha MPOXO0XKJIEHUE TPACChl, B 3a4eT UIET Jyullee
(HauMeHblIee) BpeMms.

Komangam HavyucasiioTces 0aJibl 32 NPOXO0KIeHUE TPACCHI.

[Tocnenuss koMaHaa noiayvaer S 6auioB

Kaxxnas nmocnenyromas rmonxydaeT Ha 15 6amioB OosbIie.

IITpadHbie 0a1/bI:

- 5 OayIOB - KacaHWE 3eMJI WJIH TPETISITCTBUS(CTOMKH )

- 10 GanoB - majieHrue KBaIpOKOITEPA.

JlonoTHUTeIbHBIE 0AJLIIBI:

- aKKypaTHOCTh TI0JIETa, OTCYTCTBUE CTOJIKHOBCHHMIA, TOBPEXKICHUN anmapara -15 6amion

- TOYHOE MpHU3eMJICHIE Ha (PMHUIIHYIO TUIomaaky -10 6amios

- COOTBETCTBUE TOJIETA 3a/1aHHOM TpaekTopuu -10 OamioB

HtoroBoe xonnyecTBo 0ayIOB CKIAAbIBaeTCA U3 0OAJUIOB 32 MPOXOXKIEHUE TPACcChl U MITPadHBIX
6amtoB. MakcumanpHOe KonmdecTBo O6amios -100.

UTOI'M COPEBHOBAHMIT

[ToGeny B COpEeBHOBaHMSIX OIEPKUT KOMaHAa HaOpaBIuash HanOOJIbIIEe KOJIUYECTBO OAIIOB 11O
uToram 3 3Tamnos.

IIpunoxenue 4
TecToBoe 3a1aHue
TECT I10 HIPOI'PAMME
«BECIHINJIOTHBIE JIETATEJIBHBIE AIIITAPATDBD»

1.Y1o Takoe KBagpoxkonrep?

1) 5T0 OeCUIIOTHBIN JIeTATeBHBIN anmapar

2) 0OBIYHO YIpaBIISETCS MYJIBTOM TUCTAaHIIMOHHOTO YIIPABJICHUS C 3€MIIH

3) UMeeT OJIMH MOTOP C ABYMSI MPOMEIIEPaMH

4) umeeT YeTbipe MOTOpa (MM MEHBIIIE) C YETHIPHMS MpOIIeIIepaMiu
2. B PoccuiickoM 3aKOHOIATEJILCTBE YCTAHOBJIEHA
MaKCUMAaJIbHast Macca KBA/IPOKONTEPA HE

v ‘ TpeOylIero CnenuajJbHOr0  paspelieHUus Ha
3 MOJIeThI:
1) mo 250 rpamm2) mo 500 rpamm
<,‘:M - 3) mo 1000 rpamm4)




3. Ha kapTuHKe npeacTaBjJeH KBaJPOKOITEp U
CXeMaTH4YHO TMOKA3aHO HANpaBJ/ieHHe BpaleHUus!
BHHTOB. YKa:KM BepHOe HamnpaBjieHHe JIBUKEHHS
«BIEpem KBAAPOKONTEPa:
1)1 2)2 3)3
4. Yto TaKoe 3JeKTPOHHbINH peryjasaTop 000poToB?
1) ycrpoiicTBo A7 yripaBieHHsl 000pOTaMu AJIEKTPOIBUraTellsl, IPUMEHIEMOe Ha
PaoyNPaBIISIEMBIX MOJICISAX C DJICKTPUUECKON CUIIOBOM YCTaHOBKOM
2) yCTPOMCTBO AJisl yIpaBjieHHs] 000POTOB PE3HHOMOTOPHOTO ABUTATENS
3) yCTpOMCTBO AJig yrpaBieHusi 000pOoTaMH CEPBOMAITUHKHI
5. Kv-rating noka3sniBaer:
1) ckobKO 060POTOB COBEPIIUT ABUTATEIND 33 0qHY MUHYTY (RPM) npu omnpenenenHoM
HaANPSHKEHUU
2) eMKOCTh OaTapen MUTaHUS KBaPOKONTEepa
3) CKOPOCTH IBHXKEHUS KBaPOKOMTEPA MO MPSMOi
6. Pacmpyii nagnucs: Turnigy Multistar 5130-350
1) aTo aBUraTens ¢ BeICOTOM 51MM, auameTpom cratopa 30 mm u KV 350
2) 3TO nBUTATENb ¢ IMameTpoM crartopa 51 MM, BeicoToit 30 MM u KV 350
3) aTo nBUTraTeNh ¢ AMAMETpoM potopa 51 mm, Beicotoit 30 mm u KV 350
7. Pacumpyii Hagnucb: Scorpion M-2205-2350KV
1) sTo0 ABHraTENH C TUAMETPOM cTaTopa22 MM, BbicoToi 5 MM 1 KV 2350
2) 3TO ABUTATENH C TUAMETPOM poTopa 22 MM, BeicoTor 5 mm u KV 2350
3) 9T0 aBUTATEINb C BHICOTOM 22MM, JHaMeTpoM cratopa 5 MM u KV 2350
8. YUeM s1y4iie cnosib30BaHue 0eCKOJIIEKTOPHOIO ABUraTes?
1) nydiee cCOOTHOIIEHHE Macca/MOLTHOCTD, Jryutiee KIT
2) nerue3) KOMIIAKTHEE
4) MeHbIIIe TPEIOTCSS) MPAKTUYECKU HE CO3/Ial0T IOMEX
9. [IapaMeTp yka3bpIBaIOUIMii, HA CKOJIbKO MOAHSJICA ObI IpoOMe/LIep 32 OAMH 000pOT
BOKPYT CBO€ii 0CH ¢ JaHHBIM HAKJIOHOM JIONIACTH, €CJIU Obl OH IBUTAJICS B MIJIOTHOM
BelllecTBe, HA3bIBAeTCS:
1) Scrutch  2) Pitch  3) Patch
10. Pacum¢pyii uudgpoBoe 0603HaueHNe Iponeiepa pazmepom 10x4,5:
1) [lepBas uudpa B MapkupoBKe 0003HAYAET IIar BUHTA B AI0iIMax, a BTOpasi — AHaMeTp BUHTA
2) IlepBas nudpa B MapkupoBKe 0003HAYaeT TUaMeTp BUHTA B l0iiMax, a BTOpast — AMaMeTp
OTBEPCTHS O] OCh MOTOPA
3) [lepBas undpa B MapkupoBKe 0003HAYAET TUaMETp BUHTA B JI0MMax, a BTOpas — I1ar BUHTA

11. ITocMOTpHM Ha PUCYHOK M YKaXH, KAKUM CIIOBOM OTMEYEH TAHTaX:
1) Roll
2) Pitch
3) Yaw

w

‘ .
-

A

&7 Pitch

12. IlocMOTpH HAa PUCYHOK M YKAKH, KAKHM CJI0BOM OTME4Y€H KpeH:
1) Roll  2) Pitch 3) Yaw

13. IlocMOTpH HA PUCYHOK M YKAKH, KAKHM CJI0BOM 0003HAYAETCH PbICKAHME:
1)Roll  2) Pitch 3) Yaw

14. Kak pacumugposbiBaercs ab0pesuarypa FPV?

1) Hocumas kamepa 2) moJieThl 0e3 yrpaBieHus 3) BUJ OT IEPBOTO JUIa

15. Io€THBI KOHTPOJLIEP — 3TO:

1) a51eKTpOHHOE YCTPONCTBO, YIIPABIISAIOUIEe MMOJ0KEHHUEM KaMephl JIsl 3alMCH BHIE0



2) 3IEKTPOHHOE YCTPOUCTBO, YIPABIIAIOIIEE MOJIETOM JIETATEILHOTO anmapara.
3) BIEKTPOHHOE YCTPONCTBO AJI CBSI3U YEPe3 CIyTHUK
16. YUrto Takoe npoueaypsl ARM u DISARM? Kak onu BbInosusiroresi?

ARM —53t10

DISARM -st10

17. Yto genathb eciy KBAAPOKONTEP YAAPHJICS 0 3eMJII0 M NIOTEPsil ynpasJjieHue?
1)
2)
3)
4)
5)

18. Yrto obsi3aTeibHO HYKkHO nipoBepuTh IIEPE/] BbLIIETOM?

1) 3aTsHYTOCTh racK MPOIEIIEPOB U OTCYTCTBHE OOJTAIOIIMXCS TPOBOIOB

2) 3apsa akKyMyJISITOPOB M MPABUIILHOCTh YCTAHOBKHU IPOMEIIIEPOB

3) Kpernenue u 11e10CTHOCTD 3aIUT MPOIEIIIIEPOB

19. Yro HEJIb34 nesath Bo Bpems nmoJjiera?

1) CtosATh COOKY OT 30HBI MOJIETOB

2) JIBurarh CTUKaMH B KpailHHE MMOJIO0KESHUS

3) MemyienHo nertaTh

4) Jletath BbIlIe COOCTBEHHOTO pOCTa

20. Yo gesath cpasy nocjie npuzemjieHus?

1) CororpadupoBats Ha TeneoH

2) BBIKITIOYUTD MYJIBT

3) Iomoiitu k KomTEPY M OTKIIOYUTH ero LiPo akkymymnsitop

4) Disarm u npoBepUTh ra3

IIpuiaoxenne 5
Oo0opynoBaHne MJIOIAIKHA AJIs1 COPEBHOBAHUI
Tpacca g copeBHOBaHMM noJKHA UMeTh JUIMHY OoT 90 no 200 meTpoB mo cpenHei
auHUAK Oe3 ydeTta cTapToBoi M (uHuImHON miomanok. [lupruna Tpaccel He TOKHA MPEBBIIAT
5 METpoB.
[Tnomazaka copeBHOBaHUHN J0JKHA OBITh OIpaXkJIeHa CETKON MO NEPUMETPY TPACCHI.
JlonmyckaeTcst cocTsizaHue B mwioTHpoBaHuM bBJIA  Mexmy AByMs y4acTHHUKAMH
OJTHOBPEMEHHO Ha YCMOTpPEHHUE XXIOpU C HUCIOJb30BAHUEM JIBYX CTapTOBBIX M (DUHHUIIHBIX
TUTOIIAAOK ISl 3PEITUIIHOCTH IPOBECHHUS COPEBHOBAHUIA.
O0s3aTenbHbIe 3IEMEHTHI TPAcChl

1. CraproBas, oHa e (pUHMIIHASA IUIOIIAAKA (HE MEHee 2-X IITYK) MpeACTaBisieT co0oi
TBEPAYI0O M JIETKO TEPEeHOCHUMYIO IUIOUIAJKy SPKOro IBeTa, JHO0 HMEIOLIYI0
BO3MOXKHOCTh HaJlexHOW (ukcanuu B Mmecte ctapra. Pazmep CrapToBoil Miomaiku —
1500x1000 mm.

2. KypcoBbie Bopora (He MeHee 2-X IITYK) HW3TOTaBIMBAIOTCS W3 CHHTETHYECKUX
MaTepHajoB M UMEIOT COOpHYI0 KOHCTPYKIHUIO. OCHOBa BOPOT MOXET COCTOSITh W3
BCIICHEHHOTO TOJINYPETaHa, YCTAHOBJICHHOTO OJIMH B APYTOW MM METAILTMYECKOTO MO0
IUTACTUKOBOTO Kapkaca. OCHOBaHHE BOPOT M3TOTABIMBACTCA M3 YKECTKHUX IUIACTUKOBBIX
TPyO WM METATMYECKUX OKOBOK, ITO3BOJIIONIMX YCTAHOBUTh MX Ha (PUKCATOPHI H
o0ecreynTh HaJEeKHOE CLEMJICHHE C MOBEPXHOCThIO 3eMiH. Bopora MOMKHBI MMETh
SIPKUH Y€XOJI WA OCHOBY, H3TOTOBJICHHBIX U3 CHHTETHUECKUX WM HATYPAJbHBIX TKaHEH,
MO3BOJISIOIIMN JIETKO MX CHATh C MSTKOTO OCHOBAHMS WM KapKaca, U OCYIIECTBIATH



yxoj 3a 4exyioM. ['abapuTHble pa3Mepbl BOPOT (MO BHEINIHEH CTOpOHE): IMIUPUHON HE
meree 2500 mm u BbIcoTONl Ha 1450 MMm. ®opma BOpoT cBOOOAHAs, HO B paMKax
rabapuTHBIX pa3MEPOB.
IloBopoTHBIe €TO0a0BI (HE MeHee 3-X MITYK) H3TOTaBIMBAIOTCS M3 CHUHTETUYECKHUX
MaTepuajoB M UMEIOT COOpHYI0 KOHCTpYyKIMio. OcHoBa CTOJIOOB COCTOUT U3
BCIICHEHHOT'O TIIOJIMYPETaHa, YCTAHOBJIEHHOTO OJIMH B Jpyrod. OcHoBaHue cTOJ0a
M3TOTABIIMBAETCS M3 JKECTKUX IUIACTUKOBBIX TPyO, MO3BOJISIIOIIMX YCTAaHOBUTH WX Ha
¢duKcaTopsl U OOECIEYUTh HA/NEKHOE CILEIUICHHE C TMOBEPXHOCThIO 3eMiH. CTonObI
UMEIOT SIPKUIl 4eXO0J, U3rOTOBJICHHBIM M3 CHHTETHYECKUX WM HATypaJbHBIX TKaHeEM,
MO3BOJIAIOIINI JIETKO CHATH €0 C MATKOTO OCHOBAHUS U OCYLIECTBIIATH YXOJ[ 3a YEXJIOM.
["abapuTHbIe pa3mepsl cToi0a: mupuHoi He MeHee S00 MM 1 BbicoTol Ha 2300 MMm.
YkazaTelu HanpaBJieHHsl TPAacchbl MMEIOT O€JNblii IIBET OCHOBHOTO TOJNS M CTPEJIKH
OpaHXEBOr0 1IBETAa, YKAa3bIBAIOIIME HAIpPAaBIIEHUE J[BIKEHUS WM ToBOpoTa. Pasmep
ykazareneilr He menee 297x420mm. Ha Tpacce momKHO OBITh pa3MelieHO HE MEHee 8
yKa3aTeJeu.

4.1. [lomyckaercsi mA00aBlieHHME JJIEMEHTOB TPAaCChl WIEHAMH JKIOPH  JUIA
YCIIO)KHEHUS KOHKYPCHOT'O 3aJJaHUsl.

4.2. JlaHHBI MOAYJb IPOBOJUTCSI HA OTKPHITOW POBHOM ILIOIIAJKE IUIOIIAbI0 HE
Menee 1000 kB. M.

IIpuniaoxenue 6

OpHEHTHpOBO‘{HaH CxeéMa TPpaCChbIAJIA MAUJTOTUPOBAHUA
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Kputepun onenuBanus

IIpunoxenne 7

HanmenoBanue MakcuMasbHbII
HaumeHnoBaHue acriekra OLIEHKH
KpUTEPHUS OIICHKU Oan

Monyns A
«TectupoBanue» IIpaBUIBHBIN OTBET HA KaXKIbIH BOIIPOC 5)
makc — 100 6

Monyns B KQK/IbII IIPOJIET Yepe3 BOPOTA 1
«ITunoTupoBanue
BIUIA B  pexume
aBHACUMYJIATOPaA» Ka)KJIbII TIPOJIET Yepe3 IBOMHBIE BOPOTA 2
makc —200 6amioB

Monyns C IIpoxoskaenune Tpaccsl 3a HaMMeHbLIee

«BusyanpHoe Bpems:

MJIOTHPOBAHUE 1 mecto 65
0eCIUIOTHOTO 2 MecTo 50
JETaTeIHHOTO 3 mecTo 35

anmnapara 4 mecto 20
5 mecto 5
makc — 100 6
JlonmoaHuTEIbHBIE DAJLIIbI:
AKKypaTHOCTb T0JIETA, OTCYTCTBHE 15
CTOJIKHOBEHUH, IOBPEKICHUH arapara
- TOYHOE MpU3eMIIeHNE Ha (PUHHUILIHYIO 10

TIJIOMIAJIKY




COOTBETCTBUE IOJICTA 33JJAHHON TPACKTOPHUHU

10

IlITpagubie 0ouKkH:

KacaHUe 3eMJIM WJIU NPENsTCTBUSA(CTONKH)

KaXX10€ MaJiCHUEC KBAAPOKOIITEpaA.

10

prweltaHue: IOJIHBEIA  CITMCOK KPpUTCPUCB OLCHKH KOHKYPCHOI'O 3adaHuA OO0 CBCACHUA

Y4aCTHHUKOB HC JOBOAUTCH.

HNudpacTpyKTypHBIi JTHCT

Mpuioxenne 8

I[J'ISI MMPOBCACHUA 3aHATHN TI0 KOMIICTCHIIUN U COpCBHOBaHHﬁ, HeO6XOI[I/IMBI OIMPCACIICHHBIC
Mmatepuaibl M oOopynoBaHue. MHQpPacTpyKTYpHBIM JHCT paccuuTaH Ha €AMHOBPEMEHHYIO
paboty 5 kxomaHn mo 2 yenoBeka. BospactHas rpynma 14-17 ner copeBHYIOTCSI B OJHOM

INOMCIICHHH. O60py,HOBaHI/Ie obecreunBaeTCs OpraHnu3aTopamMu CMCHBI.

Ha3Banue MmaTepuasion KosaunuectBo
®danepa nuudosanHas 3 Mm. 1520 -1520 mm 5
http://fanerakhv.ru/catalog/fanera.htmil
Buntsl kperenus M3 L-12mm 200
http://dvrobot.ru/243/266/268/298/1486.html
laitku M3 200
http://dvrobot.ru/243/266/268/649.html
[Tpunoii [TOC-61 ¢ kanudgomnsio B 606une 200rp. Auamerp 1mm. 1
[MastneHbli Gpimroc TAT'C 1
Kneit "Cynepkieir" 1
http://khabarovsk.pulscen.ru/price/110601-superklej
Tepmoycanounas TpyOka auametpom 6, 20, 40 Mm. 1no 3 m
ITponenneps! ans kBagpokontepos 5040 (paBblii, JIEBBIIT)
https://sporthobby.ru/zapchasti-dlya-kvadrokopterov/propellery/propeller-3-h- 10 map
lopastnoy-gemfan-gfn-5045-goluboy-normal-1sht-obrat-1sht/
CTep)kHHU JUIsl KJIEEBOTO MHUCTOJIETA 8§ MM. 5)
Jlunydka asst akKyMyJISTOpOB 7
https://5.imimg.com/data5/PC/OK/MY-9078998/nylon-velcro-tape-500x500.jpg
Crspxka HeinonoBas 5x200 Genbie 2 ym

http://www.mk-27.ru/katalog/914/?sphrase id=33676#10015



http://fanerakhv.ru/catalog/fanera.html
http://dvrobot.ru/243/266/268/298/1486.html
http://dvrobot.ru/243/266/268/649.html
http://khabarovsk.pulscen.ru/price/110601-superklej
https://sporthobby.ru/zapchasti-dlya-kvadrokopterov/propellery/propeller-3-h-lopastnoy-gemfan-gfn-5045-goluboy-normal-1sht-obrat-1sht/
https://sporthobby.ru/zapchasti-dlya-kvadrokopterov/propellery/propeller-3-h-lopastnoy-gemfan-gfn-5045-goluboy-normal-1sht-obrat-1sht/
https://5.imimg.com/data5/PC/OK/MY-9078998/nylon-velcro-tape-500x500.jpg
http://www.mk-27.ru/katalog/914/?sphrase_id=33676#10015

barapeu nuranus AA 20 wr
http://md27.ru/55-akkumuljatory-batareyki-zarjadnye-ustroystva
IInactux, PLA 3MMm 1 600uHa
bymara oducHas 1y1st medatu TeCTOB M TOCOOUs 110 COOPKH KBaJAPOKOIITEpa 100 nmuctoB
Ha3Banue o0opynoBanusi KouunyecTBo
Cronbl 7 1T.
V mmuauTe N 3 .
ITasinbHas cTaHLUsA 2 1mT.
3apsiHOE YCTPOMCTBO s 3apsaaku akkymyssstopos (Eciu anemenTs! nutanus AA 3 wr
OyAyT aKKaMyJISITOPaMH ) ’
Habop: maccatuxu, TOHKOTyOIIbl, KyCauKu 5 mr.

HoyTbyx 5 .

Martepuan 1y U3rOTOBJICHUS TPACCHI, 00PYYHU U CTOHKHU(AEPEBO)

https://kazanfirst.ru/wp- 3-4 croiiku, 1

content/uploads/2016/06/2e8c01bfd1bb80027df3d04bfe016176-w.jpg 0bpy
Jocty k ceru MnTepHer

Kieesoii mucroier 1 mt
Cryn 12 .

MKOY "JINCbEBCKASl CPEAAHSAA OBLLLEOBPA30BATEJIbHAS LUKOJIA", NBaHoBa HaTanba BnagummposHa, VPEKTOP
11.05.2021 16:34 (MSK), Ceptucunkat N2 0101CCD40083ABCCA04D52946CA703192B
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