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AHHOTALMA

[lenpto paboOTHI sABIsETCA pa3pabOTKa anmnapaTHO-TEXHHUUYECKOTO KOMILIeKca
JIBYXCpPEIHOTO ApoHa. [[ByXCpenHbIil IpOH MpeACcTaBiIseT co00il anmapaTr criocOOHBIHN K
NEepPEMEIICHHUIO U cOOpY MH(OpMAIMU B BOIHOM U BO3AYLIHOM cpeaax.

Jisa  pa3paboTKu  anmapaTHO-TEXHUYECKOTO  KOMIUIEKca MOTpeboBajoCh
COCTaBHUTH OOIIYI0 CXEMY pa3MEIICHHs DJCKTPOHHBIX KOMIIOHEHTOB, BKIIFOYAIOIIYIO
OOpTOBOM BBIYMCIUTENb, WCIOJHUTEIbHBIE MEXaHM3Mbl W JAaTYMKU. Takxke ObUIH
MPOBENIEHbI pacueThl, HA OCHOBAaHUU KOTOPBIX OBUIM MOAOOPaHBI COOTBETCTBYIOLIUE
ANIEKTPOHHBIE KOMITIOHEHTHI. 3aTeM OblLIa COCTaBJleHa O0Ias IEKTPUYECKas cxema M
IPOU3BEEH MOHTAaX KOMIIOHEHTOB. B pesynbprare cepuu UCHBITaHUM, TPOBOJUMBIX
KaK B HA3eMHOW, TaKk M BOAHOW cpene, ObUIM OIpenesieHbl 0COOEHHOCTH padOoThl
SNMIEKTPOHHBIX KOMIIOHEHTOB B JBYX pa3jMYHBIX cpenax. 1eM caMmbIM ObLia
MOJITBEPKICHA PabOTOCIIOCOOHOCTh BCEHM CXEMBbI M JIaHa BO3MOXKHOCTH pa3paboTaTh
ONTUMAJTBHYIO DIEKTPUYECKYI0 CXeMy JJii JBYXCPEIHOTO JpoHa. B ob6macthb
NPUMEHEHHUs] JAaHHOTO armapara BXOIAT: Hay4dHble€ HCCIEJOBAaHUA, ClacaTelIbHbIE

oricpamnuu, O6CJIY)KI/IB8.HI/IC IMOABOJHBIX CTPYKTYP U AKOJIOTUYECCKUM MOHUTOPHHI.
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BBE/JIEHHE

OKeaHOJIOTUYECKUE HCCIIEOBAHUS HE TMPEACTaBISAIOTCS BO3MOXKHBIMU 0€3
UCIOJIb30BaHMs IMOJBOAHBIX ammaparoB. OIHAKO ammaparbl Ka)JJoro Kjacca UMEKT
PSJ HEIOCTATKOB, KOTOPHIE CYIIECTBEHHO OIPaHUYMBAIOT 00JacTh UX NMPUMEHEHHUs. B
MOJBOJHOW POOOTOTEXHUKE OTMEUAeTCs TEHJEHUUS IMPOEKTUPOBAHUS THOPUIAHBIX
MOJIBOJIHBIX POOOTHU3UPOBAHHBIX KOMIUJIEKCOB, COCTOSILIMX M3 [JBYX allllapaToB
Pa3IUYHBIX KJIACCOB.

becniunoTHele CHUCTEMBI HAaxoOIAT CBOE NPHUMEHEHHE B OOJIBIIOM KOJIUYECTBE
oOmacreil Hamed >ku3HU. JlocTaBka M TPAHCIOPTUPOBKA, Te€ONE3Usl, ChEMKA
Me/lMa-MaTepuanoB - BCE 3TO T€ 3aJayd, KOTOPHIE BBINOJIHAIOT OECIHUIOTHBIE
nerarenbHble  anmaparbl.  Oco00  aKTyaJdbHBIMH  HANpaBICHUSMU  Pa3BUTHS
OECHWIOTHBIX JIETATENbHBIX AaIlAPAaTOB SIBISIIOTCA IOBBIIMICHHE CTEIEHH HX
aBTOHOMHOCTH U IEpPEX0/1 K paboTe B pa3InUHbIX Cpeax.

Pa3paborka anmapara cmocoOHOTO K JABYXCPEAHOMY MEPEMEILIEHUIO, SBISETCS
3HAUUTEIbHBIM IIarOM B OOJIACTH ABTOHOMHBIX HOCHUTEJEH, MpeaHa3HAYeHHBIX IS
UCCIIEJIOBAHNUSA W MOHMTOPHMHIA OKpyKaroued cpeiasl. OH UMeeT MOTeHUMaNl IS
INPUMEHEHUsI B TakWX OOJAacTsIX, KaK Hay4yHbIE€ MCCIEIOBaHUsA, CracarejbHbIe
orepanuy, OOCITYy)XMBAaHME IOABOAHBIX CTPYKTYp M SKOJOTMYECKUN MOHUTOPHHLI,
o0ecreyeHne MOPCKOM 0e30nmacHOCTH. BBIMOMHEHUS TaKMX MHCCHI Kak NMpOBEIEHUE
aHaJlM3a OTAAJICHHBIX aKBaTOPH U 00CiIeI0BaHHE TPYIHOJOCTYITHBIX BOJOEMOB — 3TO
T€ 3a7a4M, JUIsl KOTOPbIX TMOPUAHBIE araparhl MOAXOAAT JIyYllle BCETO.

[lenp - pa3paboTka anmapaTHO-TEXHUYECKOTO KOMIUIEKCA aBTOHOMHOIO
JBYXCPEIHOIO arrapara.

3amaun:

* AHanu3 CylIEeCTBYIOIIHUX aHAJIOIOB.

* Onpenenenrne KOMIOHEHTHOM 0a3bl.

* Pa3paboTka cxembl pa3MeleHus AEKTPOHHBIX KOMIIOHEHTOB.

» IlpoBeneHue pacueToB [Uisi TOYUHOTO BbIOOpA MOAXOAAUIMX KOMIIOHEHTOB.

» Pa3zpabGorka o0OmEel dIEKTPUUECKOW CXeMbl U OCYIIECTBICHHE MOHTa)Xa

KOMIIOHCHTOB.



Jliist coznanus Tabiuil U cxeM ObUIM MCIOJIb30BaHbl excel 1 Miro cOOTBETCTBEHHO.

MoHTa)x cxembl ObLI OCYIIECTBJIEH MAWKOH M Pa3beMHBIMU COECIUHEHUAMH. JJis
MOJKJIFOYEHUSI  BHEIIHEH DJJEKTPOHUKH K IIOJIETHOMY  KOHTPOJUIEpY — TaKke
UCIOJIBb30BAJIOCHh PAa3beMHOE COEOUHEHHE, TaK KakKk OHO TIO3BOJISIET OBICTPO
OTCOEIUHSATD U OJCOEIUHATH 3JIEMEHTBI CHCTEMBI.

[IpoBoga or AKDB B cBoro ouepeabr ObUIM 3amasiHbl, 3T0 ObLIO HEOOXOIUMO JUIS
o0ecrnieueHus MaKCUMaJIbHOM HaJIe:KHOCTH U OecriepeO0itHOCTH KOHTAKTA.

JUis TOATBEPXKIEHUS MOTPEONIEMOro TOKAa HCIOJIb3YEMBIX KOMIIOHEHTOB,
YKa3aHHOTO B TeX. JOKYMEHTAallMM HAa KOMIIOHEHTBI, HCIIOJIb30BAINCh TaKUE
MHCTPYMEHTHI U OCHACTKA, KaK OCLUUIOrpad, MyaIsTUMETP U TaOOPATOPHBIA HCTOYHHUK

IIUTaHU.

AHaJIN3 CyIIECTBYIOIIMX aHAJIOTOB

1. Loon Copter.

JlpoH mpencraBiseT co0oil KBaJpOKONTEP, BCE ABUTaTelan OecKoieKTopHbie. s
NOTPY’KEHUsT B BOJY JPOH HCIOJIb3yeT OJOKM IiaBydecTd. IIpu mpuBoIHEHUHU C
MIOMOIIIbIO Hacoca OJIOKH IMJIaBY4YECTH 3aIOJIHAIOTCS BOJOW, YBEIMUMBasl Maccy JpoHa,
YTO MPUBOJIUT K €ro morpyxkeHuto. (i1 mepenBUKEeHUs HCHOJb3YIOTCS OOBIYHbBIC
O€CKOJIJICKTOPHBIE JBUTATENIN C BO3MOKHOCTBIO MTOBOPOTA, AJI U3MEHEHUs (DyHKIUH,
BBIIIOJIHSIEMBIX MMH B BOJE. YNPABJIEHUE OCYILIECTBISIETCA 3a CYET KOHTPOIUIEPA,
pacnionioxeHHoro Ha cyiie. Hanpspkenue 14,6 B. Cxkopocts noj Bojioi 6e3 teuenus 0,5
M/c. CkopocTh B Bozayxe 3,6 m/c. Cpeansisi CKOPOCTh MPU THOPUIHOM UcTibITaHuu 1,0
M/c. Bpemst paboTbl UCKIIIOUUTENBHO MO BOJOW 22 MUHYTHL. Bpemsi HCKIIIOUUTENBHO
nosiera 11 mMunyT. ['uOpuaHoe ucnbiTaHue 15 MUHYT, U3 KOTOPBIX 8 MHUHYT IIOJIETA.
MakcumManbHOE paccTOsIHUE MOAKIIOUeHHE 3 MeTpa B miyOuny u 10 MeTpoB B IJIUHY.
Bec - 2,7 kxr.

Hcnonp3oBaHue THIPABINYECKOrO HacOCa U MOPUIHEBOTO Oaka, 00JeryaeT nepexon

BO3AYX-BOJda M BOAA-BO3OYX. OTa cucrema MMOTPYKCHUA AOCTATOYHO y,IIO6Ha JJIA



YCTAHOBKH Ha paMy JpOHA, a TAKXKe JaeT HaM BO3MOKHOCTb IT0BOpoTa Ha 90 rpagycos
no auddepeHTy U KOHTpOJds IIyOuHbl mnorpyxeHus. Cama cucTeMa COCTOMT W3
HECKOJIBKMX JETaleil: KOpIyC TPAHCHOPTHOIO CPEACTBA, BOASHOM LMIMHJAP,
MOJIBWKHBIN TMOPIIEHb (paHbIlle YIMOMUHAETCS KaK MOPIIHEBOM 0ak), JBYXXOI0BOM
KJIallaH ¥ BOJSIHOM Hacoc. BonsgHble MWIMHAPHI MOTYT cojiepkarh B cede mo0 150 mi.
Bozbl. Jlyisi morpyxeHus ucnoiib3yercs Tojibko 100mii. OcTanbHOE UCHONB3YETCs AJIs
YTSDKEJIEHUsl YCTPOMCTBA, IJIsl YBEJIMYEHUS YCTOMUMBOCTU YCTPOMCTBA M OOJIETYEHUS
ynpasiieHHs. [[ByCTOPOHHHMI KIlallaH HEOOXOAMM JUISl yAEpXaHUs BOAbl B BOISTHOM
HUIMHAPE, TOCKOIBKY CXKaThI BO3yX BHYTPH KOpPIyca OyIEeT MbITAaThCsl BHITECHUTH
BOJly U3 LMJIMHAIPA, KOIJa OH HaxoauTcs nof Bogol. Ha pucynke Nel MOXXHO yBUAETD,

KaK amnmnapar nepemMeniaeTcs B HoJIBOAHON cpefie, 3a CUET HAKJIOHA BCEH KOHCTPYKIIUH.

puc. Ne 1 - Loon Copter noa Bojoit
Wcnonb3oBanue  OMOKOB  IUJIABYYECTH,  3alOJHEHHBIX  BOMIOHM,  yXy/IIaeT
OCTOMYMBOCTH JIBYXCPEIHOTO JpoHa. Pacuerbl c ompenesieHHMEM IIEHTpa TSHKECTH,
METALEHTPUYECKON BBICOTOM NpUBEeHBI B [Ipunoxenun A.
Hcnonb3oBanne OECKOIJIEKTOPHBIX JIBUTaTesied il THOPUIHOTO JIBMXKCHHS
MOMOTaeT OOJIeTYuTh BEC YCTPONCTBA B OTIMYME OT JPYTUX YCTPOMCTB (OHH
YIOMMHAIOT CYyIIECTBOBaHHE T'MOPUIHBIX aHaoroB ¢pa3oil aerial/aquatic vehicles kak
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TAKOBBIX, OJHAKO HE MPUKPEIUIAIOT Ha3BAaHUE U CCHUIKM Ha HUX WJIHM Ha UCCJEI0BAHUE,
BO3MOXXHO HWMEIOTCS B  BHJAY TakKWe€ BHJAbBl JPOHOB IO  OTACJIBHOCTH:
https://onlinelibrary.wiley.com/doi/am-pdf/10.1002/rob.21777). JIns koHTpoms Bcex
IBUTATEJIEN UMEIOTCS IPalBEPHI, B CBOIO OYEPEIb YIIPABICHUE KOTOPBIMU IMPOUCXOAUT
¢ noMo1ibo Arduino.

[Tomumo napaiiBepoB jisi pabOThI OECKOJUIEKTOPHBIX JBHUTATENEH, ammapar Takxke
OCHallleH IpaiiBepom TUAPABINYECKOTO Hacoca u HU3KOYACTOTHBIM
nepenatynkoM(72Mhz), KOTOpBIN HCTONB3yeTCs sl OOIIEHUS ApOHA C 3EMIICH.
KoHTposb MpoucXoauT ¢ MOMOIIBI0 KOHTposuiepa moiera Multiwil pro ¢ OTKpBITEIM
UCXOAHBIM KOIOM. AmnmapaTHoe oOecriedeHne Multiwii coCcTOMT U3  OIHOTO
MukpokoHTpoiiepa ATmega2560 u 6510ka HHEPIUATBHBIX U3MEPEHUH.

Kpurtnka TeXHU4eCKON peann3aiuu yCTporucCTBa:

CkopocTh ycTpoiicTBa KpailHE Maja, B BOAE OHa cocrasiser 1,8 km/4, uto B 7 pa3
MEJJIEHHEE CKOPOCTH B BO3/lyXE, cCaMa € CKOPOCTh B BO3JyXe JUIIb B 2 pasza
MIPEBBIIIAET YEJTOBEUYECKYI0 U 3aMETHO MPOUTPHIBAET B CKOPOCTHBIX XapPaKTEPUCTHKAX
apyruMm nponam (KadecTBEeHHBIN IPOH JETKO MOXET MOCTUYh ckopoctu 10 M/c, uTo
noutd B 3 paza Owictpee). JlpoH wumMeeT npoOSeMbl C aBTOHOMHOCTHIO, M3-3a
OTCYTCTBYIOIICH CHUCTEMbI CAMOCTOSITEIBHOTO YIPABICHHUSI, KBAJPOKONTEP HE MOXKET
YVIQISATBCS HAa OOJBINOE PACCTOSHUE OT MCTOYHMKA KoMmaHi. biioku mimaByuectu u
HAacOChl 3HAUUTENIBHO YTSDKEISIOT KOHCTPYKIIMIO, a TakKe YMEHBIIAIOT €e
MaHEBPEHHOCTH (C JIPyroil CTOPOHBI, JOMOJHUTENIbHAS Macca MPUAAET CTaOUIbHOCTH
MOJIOKEHUIO JipoHa B Boje). Cama mo cebe cucrema CIUIIKOM CHJIBHO 3aBUCHUT OT
paboThl BOJSHBIX HACcOCOB, paboOTa KOTOPHIX HaBPSIA-TA MOXKET OBITh JIETKO
ONTUMH3UpPOBaHa. BHEIIHU BU IpOHA SBISETCS €ro ci1aboi CTOPOHOM, HECMOTPS Ha
IPAMOTHOE PAaCIOJIOKEHUSI LEHTPA MacC M IUJIaBy4YECTH BO BCEX €r0 IMOJOXKEHUSX,
ciabasg 00TEeKaeMOCTh HE SIBJISETCS IUIFOCOM YCTPOMCTBA.

2. EagleRay

EagleRay mnpencrasnser coboii ApoOH € KECTKUM KpbUloM. braromapst oco0oii
koHCTpykiuu, EagleRay criocoOeH neTarh, HBIPATH B BOAY, IJIaBaTh MO MOBEPXHOCTHU

BOJIbI U MTPOBOJUTH MOJABONIHYIO pa3Benky. EagleRay, momumo Bcero npodero, numeer Ha
7



MOBEPXHOCTU COJHEYHbIC MAHEIH, KOTOPbIE MO3BOJISIIOT €My MOA3aPskKAThCA, TOKa OH
IJIaBaeT Mo MOBEPXHOCTU BOJBI WIIM JIETAeT B Bo3ayxe. [lepes TeM, Kak HBIPHYTb, IPOH
HE CKJIAJbIBACT KpBUIbS, KaK OOJBITMHCTBO CYIIECTBYIOIIMX aHajIoroB. Pa3max
KpbUIbEB JpoHa cocraBisger 150 caHTuMeTpoB, a yMHa JpoHa paBHseTcsa 140
cantuMmetpam. [Iponemnep B HOCOBOIl YacTH JETATENLHOIO anmnapara Mo3BOJISIET IPOHY
6e3 mpobiem mepeMeniaTbCcs Kak B BOJE, TaK U B BO3yXe. JIBMKUTENb paciofio’KeH Ha
HOCY, UMEeT BO3MOXKHOCTh COBEpIIATh MOCAJIKy Ha BOJHYIO MTOBEPXHOCTh U MOKOUTCS

Ha Hel. Ha pucynke Ne2 MOKHO paccMOTpeTh BHEIIIHUM BHJT yCTPOMCTBA.

puc. Ne 2 - EagleRay noz Bomoi.

Kputrka TexHnueckon peannsaluny yCTPOMCTBA:

Y ycTpoiicTBa OCTAaTOYHO OTPAaHUYCHBI CTEICHH CBOOOIBI BpaIlaTeIbLHOTO
IBIDKEHUS. JIpOH HE MOXKET OCTAHABIIMBATHCS IO BOJOW, TaK K€, KaK M 3aMEJIsATCA,
CJIeIOBaTeIbHO PabOTOCIIOCOOHOCTh TAKOTO APOHA OCYIIECTBUTH TOpa3ao CJIOXKHEE.
Takoe ycTpolcTBO KpaliHe TPYAHO B pead3allii CO CTOPOHBI KOHCTPYKIIUH, TaK KaK
TpeOyeTCsi MPOBOAUTH OOJBIIOE KOJIMYECTBO JOMOJHHUTEIBHBIX PacuyeToB, UYTOOBI
MOJIYYUTh HY)XKHYHO 00TE€KaeMOCTh JPOHA, C KOTOPOM OH HE MMEET IlIaHCa YTOHYTh, a
TaK)Ke TaKyH KOHCTPYKIIHIO, P KOTOPOU €ro MEeHTP TsHKECTH He Oynet cMmerieH (s
raiaepa, CMEIICHHBIM IIEHTp Macc OoJiee omacHas IpobjemMa, 4em IS KomTepa, Y

BTOPOT'O MOIITHOCTh pa0OThI IBUTaTEIEe MOKHO OTPEryJIMPOBATh 3a CUET KaJTUOPOBKH).
8



3. TJ-FlyingFish

AHAJTOTMYHO TIEPBOMY YCTPOWCTBY, MOJ BOJOM APOH MEPEABUTAETCS 3a CUET
W3MEHEHUS IIOJOKEHUSl JABUrarene. B omimume oOT npenbiaymero, ycTpouCTBO
OMYyCKAaeTCAd MOJA BOAY 3a CYET TATM OT BHUHTOB, a TAKXKE IOBOPOT JBUXKUTENECH
MPOMCXOAUT HE 3a CUET HAKIOHA CaMOro amnmapara, a ¢ MOMOIIbI0 CIEIHaIbHbIX
MOBOPOTHBIX MEXAaHU3MOB, HE BIUAIONIUX Ha BCE YCTPOMCTBO B 1esioM. OjHako,
npobseMa MeUICHHOTO MEPEIBIKECHUS U CJIOKHOCTH YIIPaBJIEHUS OCTAaETCS TaKOM xKe,
a BOIIPOC CJIOKHOCTH MPOrpaMMHUPOBAHUSI KPaTHO YBEIMYMBACTCS, TAK KAaK TEIEPb
TaKke HEOOXOJAMMO PACUUTHIBATh OTKJIOHEHHS KaKJIOTO JBWKHUTEIS OTAEIBbHO (B
JEMOHCTPALUU IBUKUTETN OTKJIOHSIIOTCSI HE CHMMETPUYHO).

brmaromapss cpaBHEHHIO  aHAJIOrOB, OBUIM  OMNpEICICHBI  HEOOXOIMMbBIC
ANIEKTPOHHBIE KOMITIOHEHTBI, a TaKXE MPOBEACH aHAJIMU3, PE3YJBTaTOM KOTOPOTO CTAJIO
pEILICHUE WCIOAb30BaTh TEIEMETPUIO JJIsl TOJHOLECHHOM CBS3M C ammaparoM. B
OCHOBHOM B MPHUBEACHHBIX aHAJIOTax HMCMOJIb3YETCS TOJBKO ITYJIBTOBOE YIPAaBIICHUE,
0€3 BO3MOXKHOCTH OTHPABKH JOMOTHUTEIBHBIX JAaHHBIX C JPOHA, a JJIs MOJHOLIEHHOM

pa60TBI ABYXCPCAHOIO aBTOHOMHOTIO allrrapara 3Toro HeaoCTarouHo.

OmnpeneneHue KOMIOHEHTHOMN 6a3bl

BaxxHoli 4acThio T1000TO yCTPONCTBA SBIISIOTCS MPOIECCOp, OTBEUAIOIIMMA 3a
BCE OMEpaIMu CUCTEMbI U CKOPOCTh UX BBIMIOJHEHHUS, OTHAKO OJTHOTO €ro JIJisi pabOThI
BCEU CUCTEMBI OyJIET HEIOCTATOYHO, JJIS ITOJTHOIIEHHOH pab0TOCIIOCOOHOCTH arapara
€My TakXXe HeOOXOIMMbI BHEIIHWE JaT4YUKH, KOTOPBIC AODKHBI IMOAKIIOYATBCS K
MUKpOIIpoLeccopy, a Takxe sd-kapTa, SBISAOMIASCA XPaHWIMIIEM MHaMATH
YCTPOKCTBA.

Bce »oneMeHTBl 3TOM CHUCTEMBI OOBEAMHSIOTCS B TIOJIETHOM KOHTPOJUIEPE,
KOTOPBIM OTBEYAET 3a yIpaBiICHUE YCTPOMCTBOM, UMEHHO Ojlarojapsi HEMy ammapar
MOXXET OPUEHTHUPOBAThCA B MpocTpaHcTBe. Ha naHHBII MOMEHT B MHUpE CYLIECTBYET
OOJIBIIIOE KOJUYECTBO PA3IUYHBIX TMOJICTHBIX KOHTPOJUIEPOB, KaXKIbIH M3 KOTOPBIX

MMEET CBOE€ HA3HAUEHUE U CEPUI0 NPEUMYILECTB. B aBTOHOMHOM JBYXCpPEIHOM



anmapare ObUIO pelIeHO MCIoib30BaTh KoHTposuiep Pixhawk 2.4.8, Tak xak oH uMmeer
P BAXKHBIX OCOOEHHOCTEH.

Bo-tiepBeix, Pixhawk 2.4.8 oOmamaer BCTPOSHHBIMH aKCEICPOMETPOM H
rupockorioM. CTOUT MOSACHUTb, YTO AKCEJIEPOMETP OTBEYAET 32 U3MEPEHUE YCKOPECHUS
JIBIDKCHUSI BO BCEX HAIPABJICHUSIX, @ TUPOCKOM - BpAILCHUS, JBE ITH MHUKPOCXEMBI
HEOOXOUMBI JIJIST TOTO, YTOOBI KOIITEP MOT YIIPABIIATH CBOMM ITOJIOKEHHUEM B BO3JIyXE.
A TOT (DaKkT, YTO OHM H3HAYAJIBHO BCTPOEHBI B MHUKPOKOHTPOJUIEP ITO3BOJISET HE
OECIOKOUTHCS 00 MX BHEITHEM MOJIKIIOYEHHE.

Bo-BTOpBIX, YCTPOMCTBO CHAaOXKEHO CIHENHAIBHOM 3allUTHOM CUCTEMOM IS
MHUKPOTIPOIIECCOpPa, YTO HE TOJIHKO YMEHBIIAET MOTPEIIHOCTh B PE3YJIbTaTe TPSICKU
YCTPOWCTBA, HO M 3alllMIIACT YCTPOMCTBO B Cilydyae PE3KUX MaJeHUN ¢ OOIbIION
BBICOTBI. K TOMY e 3TOT MOJETHBIN KOHTpOJIIep 00iaiaeT yaAoOHBIMH BBIXOAAMU JIJIS
MOJKIIOYEHUSI AJIEKTPOHUKH, B ToM umnciie Heooxoaumble UART-paszbembl, ouH U3
KOTOPBIX COBMECTHM C BBICOKMM HampsbkeHueM, a aBa apyrux (scero UART-pazbemoB
MATh) UCIOJIB3YIOT MEXaHU3M YMPABJICHUS MOTOKOM. DTOT MEXaHU3M IOJIpa3yMeBacT
HaJlMyue JABYX JOINOJTHUTEIbHBIX KOHTakTOB Ha paszbeme RS232, RTS (3ampoc nHa
ornpaBky) u CTS (pa3pemienue Ha oOTHpaBKy). biaromapss 3ToMy NpHEMHUK H
nepeaTyuK MOTYT OMOBEHIaTh JIPYr JApyra O CBOEM COCTOSTHUU. JJIsl MOAKIIIOYEHUS
KOMIIOHEHTOB JBYXCPEIHOTO APOHA K KOHTPOJIEPY HamOoJee BaKHBI TAKHUE Pa3beMbI
kak SBUS, TELEM1, POWER, GPS u BeIxoapI U1s1 MOIKJIIOYEHUS ABUTaTenei - Main
out; moprel BUZZER, SWITCH HyxXHBl [ HENOCPEACTBEHHOM HACTPOUKHU
KOHTpoyuiepa W cBsi3u ¢ HUM. Tak ke Pixhawk 2.4.8 3anutbiBaeT HE TOJBKO
BCTPOCHHBIC JaTUYUKH, HO W BCE MOAKIIOYEHHBIE BHEIIIHE, YTO TO3BOJSET CUIIBHO
YIOPOCTUTh CXEMY IMHUTAHUS W HE CO3/1aBaTh JIMIIHKUX y3J0B. Ha pucynke No3 MoxxHO

noJipoOHee pacCMOTPETh BHEITHUIN BUJI TOJIETHOTO KOoHTpoJsuiepa Pixhawk 2.4.8
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puc. Ne 3 - monernsrit koutposep Pixhawk 2.4.8.

Jlanee mpencTosyio BBHIOpATh KaKWe HCIONB30BATH JBUTATENN: KOJUIEKTOPHBIC
WM OCCKOJUIEKTOpPHBIC. BEeCKOJIIEKTOpHBIE ABUTATETNM MOTYT JOCTHTaTh OOJbIIeH
MOIIIHOCTH TIPH TEX K€ pa3Mepax, /1a U PaguoroMexH OT HUX MeHblne. VX rinaBHbIN
IUTFOC - BO3MOXKHOCTh paboOThl B BOAHOW cpeae. K coxkalleHWIO, KOJUIEKTOPHEIE
JIBUTATENIA B JAHHOM CPAaBHEHWE MOTYT BBIUTPBIBATH TOJIBKO JIUIIH B BOIPOCE IICHBI.
[ToaTromy BBEIOOp OBUT cAellaH B TONB3y OECKOJUICKTOPHBIX JBHUTaTeliel, KOTOpHIC
MO37HEE B HATYPHBIX UCIBITAHUSAX CMOTIIH ce0s onpaBaars. OcTanbHBIC dJIEKTPOHHBIC
KOMITOHEHTBI, cpean KoTopbix: GPS-mMomynb, Tenmemerpusi, pecuBep H MYJBT
YIpaBJICHUS, ApaliBepa, a TAKKe MOHMXKAIOIIEe HAPSHKEHUE YCTPOHWCTBO, BEIOUPATUCH
UCXONI W3 HMX COBMECTHMOCTH C YK€ HMEIONMMHUCA KOMIIOHEeHTaMmu. [luTanue

MIPOUCXOUT OT JIUTUH-TIOIMMEPHON aKKyMyJsiTopHOit O6atapeu 4S (14,8 B).
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Pacnonoxxenue QJICKTPOHUKH

3.1 Pa3zpaboTka cXeMbl AIEKTPUUECKON MTPUHITUITHATBLHOM

OnHa W3 OCHOBHBIX 3a/lad B CO3/IaHUM amapaTHO-TEXHUYECKOro KOMILIEKCa
JIBYXCPEAHOTO JpPOHA - BHU3yalIM3allMM B3aWUMOCBA3EH MEXIY DIECKTPUUYECKUMHU
KoMIroHeHTaMu. JIjist 3Toro Obula co3laHa dJEKTpUYECcKas NMPUHIMIHANIbHAS CXeMa,
KOTOpast MpeACTaBiIeHa B puiioxeHue b.

Ha Heil pacronoxeHbl BCE 3JEKTPOHHBIE KOMIIOHEHTBHI U HMX COEIUHEHUSI.
[lenTpoM cxeMbl SIBISIETCS ONMUCAaHHBIM paHee MukpokoHTpoiiep Pixhawk. Ero
MOCPEACTBOM IpeoOpazoBaTesist HanpskeHus nutaet 4S-0arapes (=14.8B). Taxxe ot
Oarapen HaMpsSMYIO 3alUTAHbBI JpaiiBephl KaK BO3AYIIHBIX, TAK U BOAHBIX JBUTATEIICH,
a CUTHAJIbHBIE MTPOBOJA UCIOJIB3YEMBIX IpailBEPOB MOAKIIOUYEHBI K KOHTposuiepy. Bece

AATYNKH ITOAKIIFOUYCHBI K KOHTPOJIJICPY 0e3 JOITIOJIHUTCIIBHOI'O JJICMCHTA ITMTAaHUA.

3.2 KoMnoHoBKka

B nmanbneiimem Obul BbIOpaH X-00pa3HBIA THI pambl, TMOCKOJBKY TaKas
KOHCTPYKIHS CUUTAETCS MAKCUMAJIbHO HAJEKHOM M MPEAyNpEXKIACT PACIIATHIBAHHE
cuctembl. Mcxoas u3 3TOro Ha jgyyax ObUIM pacIioyIOKEHbI JIpailBephl, a HA UX KOHLAX
camMu JjaBurarenu. B menom, Bcs MoAeNlb O4YeHb IOX0XKa Ha OOBIYHBIA MPOTOTHUII
BO3JIyIIHOTO JPOHA, HO €€ INIaBHBIM OTIMYHMEM SBISETCS HAJIMYME JBYX BOAHBIX
ABUTATeNedl M JABYX IMPOYHBIX KOPIYCOB (HWKHUN M BEpXHHU). Takoe KOJINYECTBO
KOPITYyCOB OBLIO ONTHUMAaJbHBIM JJII COXPAaHEHUS IIEHTpa Macc B IIEHTpe pambl. B
OJHOM M3 HUX HAXOJIUTCA aKKyMYJISTOpHas Oarapes U MOAYy/ldb MUTAHHS (OH OTBEYAET
3a moja4y MOHMKEHHOTO 10 SB HampsikeHus Ha MOJIETHBIA KOHTposuiep). Bo BropoM
onoke pacnonaraerca Pixhawk u Bcs, moakirodaemass K HeMy 3J€KTpoHHKA. JIByx
BOJHBIX JIBUTaTeNIEW B COBOKYITHOCTH C BO3MOKHOCTBIO HCIIOJIb30BAHUS BO3AYIIHBIX B
BOJIHOM Ccpejie BMIOJHE AOCTATOYHO JJISl IOJHOLIEHHOM, aBTOHOMHON pa0oThl ApOHA B

obeux cpenax.
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Pa3zpaboTka aByxcpeaHoro amnmapara

Pazpabotka ycTpoiicTBa Obula pasaeneHa Ha 4 dTama: CKU3HBIM MPOEKT,
CO3/IaHME IIEPBOrO, BTOPOrO M TPETHEro MNPOTOTHIA. B paMkax 3CKH3HOIO
MpOEKTa, MPOBOAWJIACH  MOAOOpKA  AIEKTPOHUKH,  aHAJIM3  aHAJIOTOB,
POEKTHPOBAHNE BHEIIHETO BU/IA YCTPOICTBA, BEIOOP OIHOM ONpPEIEICHHON Hlen
pean3alnuu yCTpOrCTBa.

[Tocne 3aBepieHUs 3CKU3HOTO MPOEKTa, Obula Hayara paboTa C MEPBbIM
IPOTOTUIIOM, B MEPBYIO OUEpelb LEIbI0 €ro CO3/laHus ObUIO BBISIBICHHUE BCEX
HEOOXOIUMBIX DJIEMEHTOB [UJISl CO3/IaHUs OOBIYHOTO JpPOHA, CHOCOOHOTO
MepeMENIaThCs B BO3YIIHOU cpene. Takke mpoXoauiio 3HAKOMCTBO C CHCTEMOMU
naBuranuu Ardupilot. K coxkanenuto pama amnmapara He oOnaziana JOCTaTOYHON
OPOYHOCTBIO M JKECTKOCTbIO, YTOOBI  OOECHEYUTh MOJETOCIOCOOHOCTD
kBagpokontepa. Ha pucynke Ne7 mokazaH BHEIIHMHA BHII COOPAHHOTO IEPBOTO

IIPOTOTHIIA.

puc. Ne 5 - mepBbIi IPOTOTHIIL

Hecmotpss Ha mpoGieMbl ¢ caMOil KOHCTPYKIHMEH YHajJoch 3alyCTUTh
JIBUTATENId yCTPOMCTBA, TaK 4YTO OBbUIO NPHUHITO pEUIeHUE MPUCTYNUTh K
pa3pabOTKe BTOPOrO MPOTOTHIA, KOTOPBIM Oymer obnanaTh Oosee HaAEKHOU
KOHCTPYKIIME M  CMOXET IIOCIHYKUTb OCHOBOM JI  IOCIEAYIOIIHUX

Monupukanui. KoHcTpyknusi BTOporo mnporoTuna Obula HamedaraHa Ha 3/]
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MpPUHTEPE, a B KAaueCTBE OJIOKOB XPaHEHUS I DJIECKTPOHUKU MCIIOIH30BAIUCH
repMEeTUYHbIC KOHTEHHephl mis nuTaHus.  Ha pucynke Ne8 wuzobpakeH

COOpaHHBII BTOPOIl MPOTOTHIL.

puc. Ne 6 - Bropoi IpOoTOTHII (B MPOLIECCE UCTIBITAHMS)

JI€THBIC UCTIBITAHKS BTOPOTO MPOTOTHUIIA MTPOILIN YCIICTITHO, IIOATOMY OBLIO
pelIeHo MPUCTYIUTh K pa3paboTke TPETHEro MPOTOTHUIIA, 32 CUET MOAU(PUKALIUN
KOHCTPYKIIMM BTOpOoro. Ha maHHBIE MOMEHT paboTa HaJ HHUM e€Ile BEIeTCH,
MEYaTalOTCsl HACAIKHU JIJIT MApIICBBIX JIBUTATENICH, TPOBOAUTCS TePMETU3ANMS U
yKperuieHue KoHCTpykiuu. Ha pucynke NeQ mokazan peHaep TpeThero

MPOTOTHIIA.

puc. Ne 7- peHaep TpeTbero mpoToTUIIa
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3aKIroueHne

B pe3ynbrare nponenanHoil paboThl ObLIO pa3pabOTaHO U UCIBITAHO HECKOJIBKO
IPOTOTUIOB (PMHATBHOTO yCTpoiicTBa. HaTypHble ucnbiTaHus mokasajin BO3MOXXHOCTh
CTaOUIILHOTO TEPEMEINICHHUS armapara B BO3AYITHOW cpenie. bplian mpoanamu3upoBaHEbI
CYUIECTBYIOIIIME aHAJIOTU M UX 3JIEKTPOHHBIE KOMIIOHEHTHI, HA OCHOBE KOTOPBIX Haydajl
CO3/1aBaThCsl MTOTOBBIM BMJI amIapaTHOrO KOMILJIEKCA aBTOHOMHOTO JABYXCPEIHOTO
armapara.

B nanbHeiimeMm IuUtaHUpYETCS 3aBEPIIUTh CO3JAaHHUE TPETHEro MPOTOTUIA U
NPOBECTH HCIBITAHUS TOABOIHOTO TepeMelleHHs] 0e3 HCIONb30BaHUsS aBTOHOMHOMN
CHCTEeMbI ympasiieHus. B ciayuae ycmexa ucnblTanuii OyAeT BHEAPSATHCS aBTOHOMHAs

CHUCTEMA YIIPABIICHUS.
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