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AHHOTALIUSA

Ilens mpoekra - pa3pabOTKa aBTOHOMHOTO JABYXCPEIHOTO JpOHA, Kak

CPCACTBA PCHICHUS UCCIICAOBATCIIbCKUX 3a1aY.

B paMKax 3CKH3HOI'o IIPOCKTa B pa60Te OBLIO CO3JaHO HCCKOJIBKO

MPOTOTUIIOB, TPOU3BE/ICH UX aHAJIN3 U BHIOpaH TUI KOH(UTYpAIlUU anmapara.

Ha srane TexHHMYecKOro MpoeKTa yTBEPKAEHHBIN TUIT KOHDUTypaluu ObLI
peann30BaH B BUJE TPEXMEPHOM TBEPAOTEIBHOW MOJIEIH, ITPOBEACHBI HATyPHbIE

HCIIBITAHUA CKOHCTPYUPOBAHHBIX Y3JIOB B BOAC U HA BO3YXC.

Takum oOpazoM B pe3yibrare paOOThl HaJ MPOEKTOM ObLT pa3padoTaH,
CIOPOEKTUPOBAaH W  CO3MaH  pabOTOCTIOCOOHBI  TPOTOTHI  ABTOHOMHOTO
JIBYXCPETHOTO JIpOHA, TIPOBEIEHHI BCE THWIIBI HWCIBITAHUN, WPOBEpEHA U

IMOATBCPIKACHA €TO pa6OTOCHOCO6HOCTB B PCAJIbHBIX YCIIOBUIX.

COIEPXAHUE

BBEJIEHUE 4

OCHOBHAA YACTH 5
AHaJIN3 CyIIECTBYIOIINX aHAJIOTOB 5
Onucanue pa3pabOTaHHOTO PEIICHUS 10
I'epmernzanus 12



MoHTaX KOMITOHEHTOB 14

HarypHble u nosmyHaTtypHbl€ UCIIBITAHUSA 14
JlopoxxHas kapra 16
Ueprexu u 3] monenu 17
3AKJIFOYEHUME 18
CIIMCOK NUCTOYHHMKOB 19
[MTPUJIOXEHUE A 20
[MTPUJIOXEHUE b 20
BBEJIEHUE

OxeaHOJIOTHYECKIE HCCIICAOBAHUA HC IIPCACTABIIAIOTCA BO3MOXXHBIMU oe3
HCITIOJIB30BAHMA ITOABOAHBIX allllapaToB. OI[HaKO afnraparbl KaKA0ro Kjiiacca UMMcCEIoOT
pAa HEAOCTATKOB, KOTOPBIC CYIIICCTBCHHO OI'PaAHUYINBAIOT 00J1acTh X IIPUMCHCHMA. B

HO,IIBOI[HOﬁ pO6OTOTeXHI/IK€ OTMCUACTCA TCHIACHLUA IMPOCKTUPOBAHUA FI/I6pI/II[HLIX
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HOJABOJHBIX POOOTU3UPOBAHHBIX KOMIUIEKCOB, COCTOSILIMX W3 JIByX allapaTroB
Pa3IUYHBIX KIJIACCOB.

becnunoTHple CUCTEMBI HaXOIAT CBOE NPHUMEHEHHE B OOJIBIIOM KOJIUYECTBE
oOmacrelt Hamel Ku3HU. JlocTaBKa W TPAHCHOPTHPOBKA, TI€OAE3Ms, ChEMKaA
MeAua-MarepuaioB - BCE 3TO TE€ 3aJayd, KOTOPBIE BBIMOJHAIOT OECHUIOTHBIE
aerarenbHble  anmaparbl.  Oco00  akTyaJdbHBIMH  HAmpaBICHUSIMH  pPa3BUTHUSA
OECHWIOTHBIX JIETATEJIbHBIX allaparoB SBISIOTCS TIOBBIIIEHHE CTENEHH UX
aBTOHOMHOCTH U MepeXo K paboTe B pa3lUYHbBIX Cpelax.

Pa3paboTka anmapara ciocOOHOTO K JBYXCPEAHOMY INE€PEMEILEHUIO, SIBIISETCS
3HAYUTENbHBIM I1aroM B O0OJacTH aBTOHOMHBIX HOCUTENEH, NMpeAHA3HAYECHHBIX IS
UCCJIEIOBaHUSI M MOHUTOpPUHIA OKpy’Karoued cpeapl. OH MMeeT MOTeHUuan s
OPUMEHEHUs B TakuX oOONacTAX, KaK HayyHble HCCIIEOBAaHUsA, ClacareiIbHbIE
ornepauuy, OOCIy>)KMBaHUE MOJABOIHBIX CTPYKTYpP U 3KOJIOTMYECKUA MOHHUTOPHHI,
o0ecrieueHrne MOpckoi 6e30macHOCTU. BhINONMHEHN TaKUMX MHCCHUN KakK MpPOBEIEHUE
aHaJM3a OTJAJCHHBIX aKBAaTOPUM M 00CIEeNOBaHUE TPYAHOJOCTYIHBIX BOJAOEMOB —
3TO T€ 3aJ1a4H, JUIsl KOTOPBIX THOPUAHBIE anaparsl HOAXOIAT Jy4lle BCETO.

Llenbto mpoekTa sABIsETCS pazpaboTKa aBTOHOMHOI'O JIBYXCPEIHOIO JpOHA, KaK
CpEeJICTBA PEIICHHS HCCIEA0BATEIbCKHUX 3a]1a4.

K pa3pabarbiBaecMOMy H3IEIHI0 MPEABSBISAIOTCS CIEIYIOINIME OCHOBHbBIE
TpeOOBaAHMUS:

1. I'mybuna norpyxenus 10 10 MeTpoB.

2. ABTOHOMHAasl HaBUTAIMs B BO3/IyX€ Ha paccTosiHue A0 10 KM OT CTaHIIUHU.
3. CnocoOHOCTh aBTOHOMHOM pa0oThl B TeueHHne 30 MUHYT.

4. CTaOWIbHOCTh M YCTOMYMBOCTS arlliapara B BOJHOU cpejie.

ITocraBneHHas B IPOEKTE LENb JOCTUTAETCS IIyTEM BBIITOJIHEHUEM CIICAYFOIINX
3aj1a4:

1. IIpoBeneHust COBPEMEHHOI'O YPOBHSI pa3pabOTKH JABYXCPEIHBIX alaparos.
2. Omnpenenenuie KOH(GUTYpalMK U KOHIIENTA YCTPOICTBRA.
3. PaszpaboTka u co3maHue NpoToTHUIA.

4. TlpoBeneHue MOMyHATYPHBIX U HATYPHBIX UCTIHITAHUN.
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OCHOBHAA YACTD

AHanu3 CyliecTBYIOIIMX aHAJIOTOB

Ha maHHBII MOMEHT B MHUpE MPAKTUYECKH HET aHAJOTHYHBIX JIByXCPEIHBIX
YCTPOMCTB, TO3TOMY PACCMOTPUM HEKOTOPBIE U3 HUX:

1. Loon Copter.

JlpoH npencrtapisieT co00il KBaJpOKONTEP, BCE JIBUTaTENN OECKOIIEKTOPHBIE.
Jlyist morpyeHusi B BOJY JPOH MCHOJIB3yeT OJIOKU TuiaBydecTu. [Ipu npuBogHeHUN €
NOMOUIBI0 Hacoca OJOKM IUIABYYECTH 3alOJIHAIOTCS BOJOM, YBEIMYMBAS MAaccy
IpoOHa, YTO TPUBOJUT K €ro MOrpyxeHuto. [ mnepeAaBMKeHUs HCHOIb3YIOTCS
OOBbIYHBIE OECKOJIJIEKTOPHBIE JBUTATENIM C BOBMOKHOCTBIO TIOBOPOTA, JIJISi U3MEHEHUS
(GyHKIMIA, BBIMOTHSIEMBIX WUMH B BOJAC. YIpaBIEHHWE OCYIIECTBISETCS 3a CYET
KOHTpPOJUIEPA, PacnoyiokeHHOro Ha cyiue. Hanpsbxkenne 14,6 B. CkopocTh oz Bogoit
0e3 teuenus 0,5 m/c. Cxopocts B Bo3ayxe 3,6 M/c. Cpeansisi CKOPOCTb MpH

rubpugHoMm ucneiTanuu 1,0 m/c. Bpems paGoThl MCKIIOYUTENBHO MO BOMON 22
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MUHYTBHL. Bpemst uckmountensHo monera 11 munyT. ['mbpumnoe wucnbitanue 15
MUHYT, U3 KOTOPBIX 8 MUHYT moJjieTa. MakcuMajibHOE PacCTOsITHUE TMOJKIIOUYCHHUE 3
MeTpa B ryouHy u 10 metpoB B juymmHy. Bec - 2,7 kT

Ncnonb3oBanue TuapaBIdYeCcKOTO Hacoca W IMOPIIHEBOro Oaka, objerdaer
nepexo] BO3yX-BO/Ia U BOAA-BO3/1yX. JTa CUCTEMA MOTPYKEHUS JOCTAaTOUYHO ya00HA
JUIsl YCTAaHOBKM Ha paMmy JIpOHA, a TakKe JAAeT HaM BO3MOXHOCTh MOBOpoTa Ha 90
rpaaycoB 1o quddepeHTy u KOHTPOJIsl IyOuHBI orpykenus. Cama cucteMa COCTOUT
U3 HECKOJIbKMX JeTajleil: KOpIyC TPAaHCHOPTHOIO CPEICTBA, BOJSHOW IMMJIMHJIP,
MOJIBIKHBIN TMOPIIEHb (PaHbIIE YINOMHUHAETCS KaK MOPITHEBOM 0ak), JBYXXOIOBOM
KJIallaH ¥ BOASIHOM Hacoc. BonsiHbie UIUMHIPBEI MOTYT coJiepxaTh B cede 10 150 mut.
BoAbL. {151 morpyxeHust ucnoib3yercss Toabko 100Mil. ocTanbHOE UCTIONB3YETCS IS
YTSDKENIEHUsT YCTPOUCTBA, /IJIsl YBEJIMYEHUSI YCTOMUYMBOCTH YCTPOMUCTBA M O0JIEryeHus
ynpasieHus. J[ByCTOpPOHHMI KiamaH HEOOXOAUM JJIsl yACp>KaHHUsSl BOJBI B BOJSIHOM
UINHPE, TOCKOJBKY CXAThId BO3/IyX BHYTPHU KOpIyca OyJIeT MbITaThCsl BHITECHUTH

BOJAY U3 LIWJIMHJPA, KOTJA OH HAXOJUTCS MO BOJOM.

puc. Ne 1 - Loon Copter noa Bojoii.



Ucnonb3oBanue OJOKOB IJIaByYye€CTH, 3alOJTHEHHBIX BOJOW, BBI3BIBAET
HEKOTOPBIE MPOOJIEMBI C ONpPEAeIICHUEM IIEHTpa TsSHKecTH. K ToMy ke EHTp TAKECTH
IPY HETPABWJIBHOM PAaCIOJIOKEHNE HE COBIAJIAET C IEHTPOM IUIABYYECTH, PEIICHUE
3TOM TpoOsieMbl B Buiae ¢GoTorpaduii U cXeM ¢ pacnuCaHHBIMH CHJIAMU MOXKHO
YBUJETh B JOKYMEHTAIIMH, CChUIKA K KOTOPOH OyJeT MPUIOKEHA B KOHIIE.

Hcnonb3oBanue OECKOJJIEKTOPHBIX JBUTATENEH NIl THOPUIHOTO JBUKEHUS
oMoraeT OOJIETYUTh BEC YCTPOWCTBA B OTIMYUE OT JPYTUX YCTPOUCTB (OHU
YIOMHUHAIOT CYyIIECTBOBaHME THOPHUIHBIX aHAJIOTOB (hpa3oil aerial/aquatic vehicles
KaK TaKOBBIX, OJIHAKO HE TMPUKPEIULIOT Ha3BaHME W CChUIKM Ha HUX WM Ha
UCCIICIOBAaHNE, BO3MOKHO MMEIOTCS B BUIY TaKHE BHJBI JPOHOB IO OTIACITHHOCTH).
JI7g KOHTpOJsL BCEX JABUTaTesie MMEIOTCSA JIPAMBEpPhI, B CBOIO OYEPElb YIIPABICHUE
KOTOPBIMHU ITPOUCXOAUT € MTOMOIIBI0 Arduino.

[Tomumo npaiiBepoB asi pabOThl OECKOMIEKTOPHBIX JBUTaTeieH, ammapar
TaKK€ OCHAIEH JpaiiBepOM THUIPABIMYECKOTO HAcOCa M HHU3KOYACTOTHHIM
nepenaturkoM(72Mhz), KOTOpBI HCHOIB3yeTCs i OOLIEHUS ApOHA C 3eMJIEH.
KoHTponbh porcXonuT ¢ MoMoIb0 KOHTpoiuiepa nojera Multiwii pro ¢ OTKPBITHIM
UCXOMHBIM KoAoM. AmmapaTtHoe obOecriedeHne Multiwii COCTOMT U3 OJIHOTO

MUKpoKoHTpoiiepa ATmega2560 u 610ka MHEPLHATIBHBIX U3MEPEHUIA.

Kputnka TexHuyeckon peanusanuu yCTpOuCTBa:

CKopoCTh YCTpOMCTBA KpaifHEe Maja, B BoJe OoHa cocTariser 1,8 km/4, 4To B 7
pa3 MeIJIEHHEE CKOPOCTU B BO3/lyXE, caMma K€ CKOpPOCTh B BO3AyX€ JIHIIb B 2 pasa
IPEBBIIIAET YETOBEUECKYIO M 3aMETHO MPOUTPHIBAET B CKOPOCTHBIX XapaKTePUCTUKAX
apyruM apoHam (KauecTBeHHBIH JPOH JIETKO MOXKET AOCTUYb ckopoctu 10 m/c, 9To
nouytd B 3 paza ObicTpee). JlpoH uMeeT MNpoOIEMbI C aBTOHOMHOCTBIO, H3-3a
OTCYTCTBYIOIIEH CUCTEMBI CAMOCTOSITEIBLHOIO YIIPABIEHUS, KBAAPOKONTEP HE MOXKET
yAaIATbCS Ha OOJIbLIOE pacCTOSIHHME OT MCTOYHMKAa KOMaH[. bioku muaByuectu u
HAaCOChl 3HAYMUTENIbHO VYTSDKENAIOT KOHCTPYKLHMIO, a TakKe YMEHbBIIAIT ee
MaHEBPEHHOCTH (C IPYroil CTOPOHBI, AOMOJHUTENIbHAS Macca MPUIAeT CTaOMIBHOCTH

IMOJIOKCHUIO JpPOHA B BOI[G). Cama mo cebe cucrtemMa CIHMIIKOM CHJIBHO 3aBHCHT OT
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paboThl BOASIHBIX HACOCOB, pad0Ta KOTOPBIX HABPAI-IM MOXKET OBbITh JIETKO
ONTHMHU3UPOBaHa. BHEImHWIA BUI NIpoHA (XOTh ATO M HAWMMEHBINAs M3 MPOOIEM)
SBIIIETCSI €T0 CJa0Oi CTOPOHOM, HECMOTPS HAa TPAMOTHOE PACIOJIOKEHUS ICHTPA
MacC M TUIaByYeCTH BO BCEX €ro IMOJIOKEHUSX, ciiabasi 00TEeKaeMOCTh HE SIBIISIETCS

IUTIOCOM YCTPOMCTBA.

2. EagleRay

EagleRay mpencraBisier cob6oit ApoH C kecTKUM KpbuioM. briaromapst oco6oi
koHCcTpyKuuu, EagleRay ciocoOen nerars, HBIPSTH B BOMY, IJ1aBaTh MO MOBEPXHOCTU
BOJIBI ¥ TIPOBOJAMTH TOABOMHYIO pa3Benky. EagleRay, momumo Bcero mpodero, numeer
Ha MMOBEPXHOCTH COJIHEYHBIC TTAHEJIH, KOTOPHIE MO3BOJISIOT MYy TO3apsKaThCs, TTOKa
OH TIJIaBaET IO MOBEPXHOCTH BOJIBI UJIU JIeTaeT B Bo3ayxe. Ilepen TeM, Kak HBIPHYTb,
JPOH HE CKJIAJBIBACT KPbUIbS, KaK OOJBIIMHCTBO CYIIECTBYIOMINX aHAIOroB. Pazmax
KpbUIbEB JpoHa cocrtaBiseT 150 canTumerpoB, a minHaA JpoHa paBHsercs 140
canTuMeTpaM. llpomnennep B HOCOBOH dYacTH JIeTAaTENLHOTO ammapara TMO3BOJSET
IpoHy 0e3 mpoliieM TepeMemarbcs Kak B BOIE, TaK W B Bo3dyxe. J[Bmxkurenn
pacmojio)keH Ha HOCY, MMEET BO3MOXKHOCTb COBEpIIATh MOCAAKYy Ha BOJIHYIO

IMOBCPXHOCTL U ITOKOUTCS Ha HEH.

puc. Ne 2 - EagleRay mon Bozoi.
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Kputnka TexHuyeckon peanusanuu yCTpOuCTBa:

VY ycTpoiicTBa JOCTATOYHO OTPAaHUYEHBI TIOBOPOTHBIE CTENIEHU CBOOOBI. [[poH
HE MOXKET OCTaHABJIMBATHCS IIOJI BOJIOHM, TaK K€, KaK M 3aMEJUISATCS, CICI0BATCIbHO
paboTOCOCOOHOCTh TaKOTO JIpOHA OCYHIECTBUThL TOpa3fo cioxkHee. Takoe
YCTPOMCTBO KpaWHE TPYAHO B peEajn3alMd CO CTOPOHBI KOHCTPYKIMH, TaK Kak
TpeOyeTcsl MPOBOAUTH OOJIBIIOE KOJIMYECTBO JIOMOJHUTEIBHBIX, YTOOBI IMOJTYYUTh
HY>)KHYI0 OOTEKaeMOCTh JIpOHA, C KOTOPOW OH HE MMEET IIaHCa YTOHYTh, a TaKkKe
TaKyl0 KOHCTPYKIIMIO TIPH KOTOPOW €ro IIEHTP TSKECTH He OyaeT cmerieH (s
raiaepa, CMEIIEHHBIN IIEeHTp Macc Oojiee omacHas mpoOiema, 4em JUisl KonTepa, y
BTOPOTO MOIIHOCTh PabOThl JBUTaTejeii MOXHO OTperyJIupoBaThb 3a CYET
KaJIUOPOBKH).

3. TJ-FlyingFish

Ha nanHbIM MOMEHT He mMmeeT odHIMaIbHONH JOKYMEHTAllUM U KaKHUX-JTHOO
XapaKTePUCTUK. AHAJOTUYHO MEPBOMY YCTPOMCTBY, MOJ BOAOW JPOH MEPEABUTAETCS
3a CUYT M3MEHCHUS IMOJOKECHUS ABUrATENICH. YCTPOMCTBO MMEET MOJIOKUTEIBHYIO
IJIaBYyYECTh 3a CYET OJOKOB IUIABYYECTH, 3aKPEIJICHHBIX BOKPYT KOPITyCa, MO3TOMY
NOTPY>KEHUE TIOJIT BOAY MPOUCXOAMUT 3a CYET TATM OT BUHTOB. OjHako, mpobiema

MEJIJICHHOTO TIEPEABUKEHUS U CIIO)KHOCTH YIIPABIICHUS, OCTAETCS TAKOM XKeE.



puc. Ne 3 - TJ-FlyingFish mon Bonoii.

BeiBon: Hu oaHO W3 MNOpencTaBICHHBIX YCTPOHUCTB HE  YAOBIECTBOPSIET
TpeOOBAHUIO YCTOMYMBOCTH M CTAOMIIBHOCTH PabOThI, TaK KaK OHU WJIM W3MEHSIOT
CBOE€ TMOJIOKEHHE JUIsl MEPEMEIIECHUS IMOJ BOAOW U COOTBETCTBEHHO MMEIOT MaIylO
cxkopocth (Loon Copter u TJ-FlyingFish), uto memaet nx MeHee mpuCOCOOICHHBIMU
JUISE TIOJIBOJTHOTO TIEPEMEIICHUsS] TpPU JIIUTEIbHBIX MHUCCUAX (Hampumep s
o0OclieToBaHUsI ~ TPOTSKCHHBIX — MOABOJHBIX ~ OOBEKTOB), WM  HEJOCTATOYHO
MaHEBpPEHHBIC 11 TIOJBOJIHBIX HCCJIENOBAaHWNW B HEOONBIINX IO pa3Mepam
akBaropusix (EagleRaY). WMcxons u3 3TOro cpaBHEHHMsI MOXHO cJielaTh BBIBOJA O

HEOOXOIMMOCTH Pa3pabOTKH COOCTBEHHOTO BapHAHTA YCTPOUCTBA.

Omnucanue pa3padOTaHHOTO PEIICHUS
PaccMOTpuM KOHCTPYKITMIO TPETHETO MPOTOTUIIA — TOCICTHEH peanu3aIiiu
ammapara. YCTPOWCTBO COCTOMT W3 CIICAYIONIMX 3JIEMEHTOB: paMa, coOpaHHas H3
CEeMU JeTalleii: YeThIpe JYUYEBBIX 3JICMCHTA I JABUTATeNIeH, eTalr OCHOBAHHUSA, K

KOTOPOM OHU MPHUCOCAMHSIOTCS M JBYX KPEIUICHWM MOJBOAHBIX JBUTATEJCH; JBa
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IIPOYHBIX KOPILyCa: CBEPXY - ¢ MUKPOKOHTPOJUIEPOM U APYIOU IEKTPOHUKOM, CHU3Y -
C AKKyMYJIAITOpaMU M Npeo0pa3oBaTeieM MUTaHUs.

Pennep 3D-Monmenu TpeTbero mpoToTHIA MOXHO YBUAETh Ha pUCYHKe Ned.
3D-mopnenu yacTel, U3 KOTOPBIX COCTOUT cOOpHas pamMa, MPeJICTAaBICHbl Ha PUCYHKE

No5.

puc. Ne 4 - pengep obmieii 3D-monenu ycTpoiicTa.
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puc. Ne 5 - 3D-Monenu 371€MEHTOB KOHCTPYKIIUH.



PaccmoTrpum crienapuit paboTel ycrpoiicTBa. Omeparop, Haxo[sCh Ha CYIIE,
YIOPABIAET IPOHOM, KaK OOBIYHBIM KBaJPOKONTEPOM, B PYYHOM PEKHUME WIH 33]1a€T
muccuto nonera nmo GPS tak, 4ToObl anmapar nosneren 10 TPYAHOAOCTYITHOM TOUYKU
uccienoBanus. Jlamee ycTpoiCTBO OIyCKaeTCsl Ha BOY, TIEPEXOAUT B PEXKHUM pabOThI
O] BOAOM 3a CUET TeX e YEThIpeX MOABOHO-BO3AYIIHBIX ABUTATENIEH, pabOTaIOMIMX
Ha MOTpYy’KE€HHE. ANMapaT MMEET OKOJIO HEUTpalbHYIO IUIAByYECThb, IOATOMY O]
BOJIOM AT JABUTATENH JAOKHBI JIUIIIb HEMHOTO BEIPABHUBATH TOJIOKEHUE YCTPONCTBRA.
B BogHOII cpene nmepemernieHre NpouCcXOIUT 3a€HCTBYS BCE IBUTaTENN: MMOJABOAHbBIC
OTBEYAIOT 32 MAapIIeBOE JIBMKEHUE M CMEHY Kypca, MOJIBOAHO-BO3AYIIHBIE — 3a
U3MEHEHHE TNIyOUHBI (TaKKe y TaKOW KOH(UTYpaluu JIBUraTesie ecTh BO3MOKHOCTh
nepeMeIarbes, UCMIoiab3ysl KpeH u auddepent). M3-3a oTcyTcTBHS JOCTyHa K
0eCIIpOBOHON CBSI3M TIOJT BOJOW KOHCTPYKIIMS TPEIyCMaTpUBAET HCIOIH30BAHUE
ABTOHOMHOW HaBUTAIlMM. 3aTeM YCTPOMCTBO MOJHUMAETCS K MOBEPXHOCTH, B3JIETAET
3a CYET MOABOJHO-BO3IYIIHBIX JABUIATEIEH U BO3BPAIIAETCS K ONEPaTopy.

®dororpadust yCTpoHWCTBa HAa OJHOM M3 ATANOB pa3paOOTKH MpPEICTaBlICEHA Ha

pucyHnke Ne6.

puc. Ne 6 - @otorpadust ycTpoicTa
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I'epmeTnzanus

BaxxHoit 0cOOEHHOCTBIO pa3paOOTAaHHOTO ABYXCPEIHOTO ammapara SBISIeTCS
€ro repMEeTHYHOCTh, MOCKOJIbKY 0e3 He€ OH He cMOXeT paboTarh B Bojae.. MeTonoB
repMETH3ALMN MIEKTPOHUKU U MEXAaHU3MOB CYIIECTBYET JJOCTATOYHO MHOIO, BBUAY
CJIOKHOCTH pa3pabaTbiBaeMOil KOHCTPYKIIMH OBLIO MCIIOJIB30BAHO CPa3y HECKOJIBKO.
JlBa NpOYHBIX KOpHyca, B KOTOPbIX HAaxXOAWUTCA DJEKTPOHUKA, SBISETCS
TepMETHYHBIMA TIpU  TOTPY)KCHWHM Ha TIIyOouHy B mpeaenax 10 MeTpoB 3a cyer
pe3uHOBBIX Kosen. CoeauMHEeHHs TOJETHOTO KOHTpOJUIEpa H  aKKyMyIlsTopa
IPOUCXOAUT 3a CUYET IrepMOBBOJOB. /Il MPOYHOrO T€PMETUYHOrO KPEIUIEHUS MX K
NPOYHBIM KOpIycaM ObTM  pa3paboTaHbl W HameyaTaHbl C TPUMEHEHUEM
¢orononumepubix SLA TexHomoruit getanu ocoboit  ¢dopmbl  (portorpadus
npuBeaeHa Ha pucynke Ne§). [Ipu cOopke anmnapara oHU IPUKIEUBAIOTCA 0€3 3aCOPOB
Ha DJMOKCUAHBINA KJIEH, 9TO 00eCreynBaeT TePMETHUYHOE COCAMHEHHE C KOPITYCOM.
Paccmotpum npunHimun padotsl repmoBBoja. OH MpencTaBiIseT coO0i HarnedaTaHHYo
Ha 3D-npunTepe neranb (OHUM U300pakeHa Ha pucyHKe No7), Ha KOTOPYIO

AOITOJIHUTCIIbHO HAJICBAIOTCA /IBa YIINIOTHUTCIIbHBIX KOJIbIIA.

puc. Ne7 - I'epmoBBOABI

B coeaumHuTenpHyl0 AeTanb BKJIEUBAIOTCA BTYJIKH, K KOTOPHIM Ha BUHTHI
pUCOEIUHsAETCS caM repMoBBOA. [Ipu morpykeHuu 1oja BOAY BHEIIHEE JaBJICHUE

AOIIOJIHUTCIIbHO  MMPHWXXHUMACT €ro BHYTpPb, YTO obecrieunBacT A0CTAaTOYHYIO
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I'CPMCTUYIHOCTD. B OCHTPAJIbHOC OTBCPCTUC BCTABIIAIOTCA BCC HGOGXOI[I/IMI)IC IIpoBOAAd

1 OHO aHAJOTUYHO 3aKJICUBAETCS SIIOKCUJIHON CMOJIOMH.

puc. Ne8 - Kperuienue repMOBBOJIOB

BeckomekTopHble ABUTATEM caMU MO ce0e HE HYXIAIOTCS B T€pPMETH3alMH, HO
MOKPBITUE WX OOMOTOK AIIEKTPOU3OJISIITUOHHBIM JIAKOM IIOMOTAeT TMPEJOTBPATUTH
OKHUCJICHUE W KaKue-TuOo 3amblkaHus. [[pailBepbl Bcex JBUrartesieil HaxoAsTCs BHE
IPOYHBIX KOPITYCOB (3TO CAEJIaHO BO M30€kKaHUE MOMEX), IO3TOMY OHM 3aJIMBAIOTCS
SMOKCUAHON CMOJION U 3aKPBIBAIOTCSI TEPMOYCAKUBAEMOUN TPYOKOH.

Takum o0pa3zoMm oOecriednBaeTCsl MOJNHAs TepMETU3alis YCTpPOMCTBa Il TOrO

JMara3oHa IyOrH, Ha KOTOPBIE OHO PACCUHUTAHO.

MoHTaX KOMOOHEHTOB

[Ipounbie KopITyca, B KOTOPBIX PACIIONIAralOTCS BCE AJIEKTPOHHBIE KOMITOHEHTHI,
ObUTM TMOAOOpaHbl TaKUX pa3MepoB, YTOObBI B HUX ONTHUMaJIbHO IOMEIIAIach
3NEKTPOHUKA. B HM)KHEM IMPOYHOM KOPITYCE pPacHoIaraeTcs TOJIbKO AKKYMYJSITOP U
npeobOpa3oBareslb HanpsokeHHS. CXeMy pacrojoKEeHHs] DJICKTPOHHUKH B BEPXHEM
IIPOYHOM KOPITyCE€ MOKHO PACCMOTPETh B MPUIIOKEHUE b.

Jlnsg mutanus 6€CKOUICKTOPHBIX MOTOPOB M ITOJIETHOTO KOHTPOJIIEPA, a TaKKe
JUIS TIepelladyd CHTHaJIa C PEryjlsaTopoB CKOpOCTH Obula pa3paboTaHa cxema
MOJIKJIFOYEHUST TTPOBOJIOB, KOTOpasi oOecrneunBana y100CTBO MOJKIIOUCHHS, a TaKKe
MHUHHMAaJIbHOE KOJIMYECTBO HEOOXOIMMBIX ITPOBOJIOB.

[TockobKy MONIETHBIM KOHTPOJUIEP, UCTIONB3YEMBIH B ammapare, o0naaacT

BCTPOCHHBIM aKCCICPOMETPOM U IT'MPOCKOIIOM, CYIICCTBYCT HCOGXOI[I/IMOCTI) €ro
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YKECTKOT'O KPEIUIEHUSI, B CIIy4ae €CJIM €r0 HEe HaIEKHO YCTaHOBUTD, TATYUKUA MOTYT
BO3BpallaTh HEMPABUIbHBIEC 3HAYEHUS], UTO OTPUILATENLHO MOBIUAET HA PaboTy
YCTPOMCTBA.
HarypHble 1 noayHaTypHble UCIIBITAHUS

B xome pa3paboTku AByXcpeaHOTo ammapara, ObUIO MPOBEACHO HECKOIBKO
VCNIBITAHWW, HANpPaBICHHBIX Ha ONPEIECICHUE BO3MOXXHOCTEM YCTPOWCTBA, B
YaCTHOCTH TE€CTHpPOBaHUE pabOTy OECKOJUIEKTOPHBIX JIBUraTesieil B BOIHOM cpele U
MpoOBepKa JIETHBIX CITOCOOHOCTEH BTOPOTO IPOTOTHUIIA.

HcnpiTaHuss mMaplieBbIX JBUIaTesie MNPOBOJWINCH HA CHELHAIBHOM

CTEH/JIE, C MOMOIILI0 KOTOPOTO MOXHO ObLIO OMPENENUTh UX TATY Moj Bojou. Takxke
Ha 9TOM CTEH7Ie OBLIO MPOBEICHO TECTUPOBAHNUE HACAJIKOB HA JIBUTATEIIH PA3IMYHBIX
dbopM, oHM wu300paxkeHbl Ha pucyHKe Ne9. Tak Kak MOJHOCTBIO PacCUUTATh
ONTHMAJIbHYIO (GOopMy HacaJka IJOCTATOYHO TPYAHO, OBUIO TPHUHATO PEIICHUE
IIPOBECTU MCIIBITAHUS HECKOJIBKUX PA3JIMYHBIX HACAJIKOB Ha CIICLIMAJIBHOM CTEHJE,
MOCJIe Yero BhIOpaTh ONTUMaJIbHBIN BapuaHT. Kpersienue noBoIHOTO ABUTaTeNs s

WCTIBITAHUI HACAJIKOB U TATHU MpeACTaBIeHO Ha pucyHke 10.

puc. Ne 9 - Hacanku 1151 TOABOAHBIX JIBUTATEIEH
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puc. Ne 10 - Kperuienue nBuraress sl UCTIBITAaHUN

[Tocne cO0pKM BTOPOTrO MPOTOTHUIIA, OBLIA MPOBEACHBI TECTHI, HAIIPaBICHHBIS
Ha BBISBJICHHE JIETHBIX CIIOCOOHOCTEM yCTpoicTBa. B crnenuanbHO MOATOTOBICHHOM
30HE, anmapar ObUI 3aMyIIeH B BO3AYX W COBEPIIMI HEOOBIONW MONET, B Pe3yIbTare
JTaJbHEUIIeH KaauOpPOBKH, YCTPONUCTBO CTAJIO aOCONIOTHO CTAOWUIBHBIM B BO3IYyXE H

OBLIO TOTOBO K BO3YIIHOM SKCIUTyaTalluH.

JlopoxHas kapra

Ha ctaguu texHuueckoro mpoekra ObUTO pa3paboTaHO 3 MPOTOTHMA, KaXKIbINA
U3 KOTOPBIX SIBISUICS KOHCTPYKTUBHOM MonuduKanued M HMHTEJUIEKTyaJlbHON
MozaepHu3anueil npeasiayero. Ha pucynke Nell mpencrtaBiieH BHENTHUNM BUT BCEX
TpeX NPOTOTUIIOB.

PabGora Hag mpoekToM BeAETCs OT OAHOIO KOHTPOJIBHOTO 3Tama J0 JPyroro,
3TUMU 3TalaMu SBJIAIOTCS pabodne MPOTOTUIBI - C MEPBOTO MO YeTBepThIi. I1epBriii
OpoTOTHN mpeacTasisieT coboil H-obpasnyto pamy ¢ snekTpoHukoid. OH ObUT HyXeH
JUISL OIIPENICTICHUS] CTUCKA HEOOXOIUMBIX 3JIEKTPOHHBIX KOMITIOHEHTOB M BAPUAHTOB UX
pacmoioKeHus, a Takke (OpMbl pamMbl W BApPUAHTOB pa3MEIICHUS MPOYHBIX

KOPITYCOB.
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Puc. Ne 11 - IIporotumnsl: A - nepBslil mporoTu, b - BTopoit npororurn, B -

TPETUN MPOTOTHUII

Bropoil mnporoTun BBINIAOUT Kak KBaJpOKONTEp, OH CIOCOOEH JIeTaTb,
YIIPaBIIIETCS C IIYJIBTA, UCIIOIB30BAJICA Uil TECTUPOBAHUA IIPOIPAMMHOIO KoAa U
IIPOBEPKU YCTOMYMBOCTU KOHCTPYKLIUH B BO3IyXE.

Tpetuii mportoTun  sBAsSETCS MOAU(PUIMPOBAHHOW BEpCHEW  BTOPOTO,
IIOIPA3yMeEBACT MOJHYI0 N'epMETU3ALUI0 U BOSMOXHOCTH aBTOHOMHOI'O IIEPEMEILICHUS
10J] BOJIOW, TO €CTh IMPEJCTABISIET COOOM MOJHOCTHIO pabodyee yCTPOUCTBO, KOTOPOE

OTBE€YACT BCEM IIOCTABJICHHBIM B pa60Te 3agadaM.

UYeprexu u 3/ monenu
Bce uweprexxn 3D-monenn, koTopblie HE ObUIM MOMEIICHBI B OCHOBHYIO YacCTh
HAXOmATCS B TNpwiokeHue b, SCKu3bl anmapaToB pas3iWyHBIX KOH(UTYpaIuH,
CO3/IaHHBIE Ha ATalle 3CKU3HOIO MPOEKTa HAXOOITCA B mpuioxkenuu B. 3D-monenu
BCEX HEOOXOMMMBIX KOMIIOHEHTOB OBLIM CIPOEKTUPOBaHBI B mporpamme Autodesk

Inventor Professional 2022.
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3AKJIFOYEHHME

B pesynerare mnponenanHoii paboTel ObUT pa3paboTaH TEpPBBIM U BTOPOU
paboure MPOTOTHUIBI, MOKA3aBIIME BO3MOXKHOCTh CYLIECTBOBAHUSA THOPUIHOTO
anmapara, CIIOCOOHOro Ha NEepeMElleHHe cpa3y B JByX cpemax. Takxke ObLia
npozesiana paboTa Mo MOAr0TOBKE K CO3/IaHUIO TPETHETO MPOTOTHIIA.

Taxxke ObUIH BBITIOJIHEHBI U IPYTHE MOCTABJIECHHBIE B HAYAJIEe MPOEKTA 3a/1a4H:

1. bbuI mpoBeneH aHAIN3 CYIIECTBYIOIINX PEIICHUM.
2. Paspabotanbl 3D-monenu yCTpoucTBa.
3. bpuia mpoBeneHa cepysi HaTypHBIX UCIIBITAHUN.
4. bbln poBeIEH MOHTaX KOMIIOHEHTOB.
Ncxonst u3 Bcero BBINIETIEPEUUCIEHHOTO MOXKHO CKa3aTh, YTO IEPBOOUEPEAHON

3a/1a4eil BIseTCS COOpKa TPEThETrO MPOTOTHUITA U TECTUPOBAHUE €TO BO3MOXKHOCTEH B
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IBYX cpenax. B ciyuae ycnemHoro ucrnbeiTaHusi OyzieT Hadata paboTa Mo CO3JTaHHI0
YETBEPTOrO0 MPOTOTUINA, KOHCTPYKTUBHOE OTJIMYHME KOTOPOIO OT TPETHErO MPOTOTHUIA

OyIeT 3HAUUTETHLHO OOJIBIIIE YeM MEXKTY TPETHUM H BTOPBIM.
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[MTPMJIOXEHUE A

Ccpuika Ha Google Drive ¢ mankoii mpoekra -

https://drive.google.com/drive/folders/1iIMQbMfY4f0jK6E9OjBQHN9Nn4d3vOE8HO0

puc. Ne 12 - QR-kon Ha Google Drive.
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puc. Ne 13 - KoMIOHOBKa 3JIEKTPOHUKH B BEPXHEM ITPOYHOM KOPITYCE.
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puc. Ne 14 - Cxema NoAKITIOYEHHHN JIEKTPOHHBIX KOMIIOHEHTOB K MOJIETHOMY

KOHTPOJUIEPY, PACIOJIOKEHHE ITPOBOIOB IIUTAHMS U CUTHAJIA.

puc. Ne 15 - 3D-Mozaens OIHOTO U3 HACAJIKOB Ha JBUIATEIIb
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puc. Ne 16 - 3D-Mozaenb KperyieHusl AJ1s1 HACAIKOB.
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puc. Ne 17 - Dcku3bl, CO3JaHHbIEC HA 3TAIE 3CKU3HOTO MPOEKTa (Ha HUX MOKA3aHbI
HEKOTOpBIE UEU PEATU3AMU ABYXCPEAHBIX allllapaToB, KOTOPbHIE

paccMaTpUBAIMCH B X0/I€ paOOThI Ha/l MPOEKTOM)
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