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AHHOTAIINA

JlaHHast Hay4Has paboTa BKIIOYAET B ce0sl MPOSKTUPOBAHUE KOHIICTILIUH
POOOPYKH, KOTOpPas C IIOMOIIBIO YEIOBEYECKOI0 MO3Ta UM HEPBHOTO MUMITyJIbCa (TO
ecTb HelipouHnTepdeiica) OyaeT cnocoOHa MOBTOPATH KHHEMATHUKY YeJIOBEUECKOM
pyku. byneT BbIsSiBJIeHA PallMOHAIBHOCTD UCIIOIB30BAHUS JAHHOTO MTPOEKTA B
IIPOMBIIIICHHBIX MacIHITadaxX, peaqn3yeMoCTh KaXKI0ro ara npu paboTe Haj
CO3/IaHMEM UTOr0OBOTO NpoAykTa. OIeHKa aHAJIOTOB AJIs 110/133]1a4 IPOTOTHIA, UX

CpPaBHCHHMC Ha ITYTH PCaIN3allhuU IIPOCKTA, BLISIBJICHHUC Hauboee IoAXOAAIIHUX.
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1. Beeneunue

1.1 Dounor

B Hamie BpeMs 04€Hb CHIIBHO pa3BUBAIOTCS XUMUYECKAs, IACPHAs U IpYrue He
MEHEE OIIaCHbIE OTPACIU MPOMBIIIJIEHHOCTH W Haykd. J[OBOJIBHO OoJiblIOE IHOAEH
HOJTy4aroT MIPOU3BOJICTBEHHBIE TPaBMbl B Pa3IMYHbIX MecTaxX: Oy/lb 3TO XUMHUYECKas
n1abopatopus ¢ €IKUMH XUMUKAaTaMU WIN SAEPHBIM peakTop UTOT OJUH — XUMHUYECKUE
0KOTH, OOJIydeHHe, BABIXaHHE OMACHBIX MapoB WM ra3oB M Tak ganee. OaHUM U3
CI0CcO00B pElIeHUs TaHHOM MPOOIEMBI SIBIIETCA pa3paboTKa MEXaHU3MOB, CIOCOOHBIX
BBIIOJIHATH CJIOKHBIE 3aJauyd B OIACHBIX JUIS 4YEJIOBEKa cpelax M YCIOBHAX
CaMOCTOSITENIbHO, JMOO T1O0J HEMOCPEACTBEHHO JUCTAHLMOHHBIM YIIPaBICHUEM
YeJ0BeKa. DTUMH MEXaHW3MaMH Ha3bIBAIOTCS pOOOTHI - aBBTOMAaTUYECKUE YCTPOMCTBA,
IpeIHAa3HAYEHHBIE JIJIS1 OCYLIECTBICHUS PA3IUYHOrO poJa MEXaHMYECKUX OIepaluii,
KOTOpBIE JIEUCTBYIOT II0 3apaHee 3aJ0KEHHOM IMporpaMMe WIHM IOJ YIPABICHHEM
4eJIOBEKa.

BunoB aBTOMaTH4YecKuX YCTPONCTB CYHIECTBYET OOJIBIIOE KOJIMYECTBO, HO S
OCTAaHOBWJICS Ha pa3pabdOTKe pOOOTU3MPOBAHHON KUCTH PYKH, KOTOpas SIBISETCS
HauOoJiee OJMU3KUM JIJIsl 4Y€JIOBEKa KakK MO YNPAaBICHUIO, TaK U IO BO3MOKHOCTSIM
MaHunyjaaropoM. Kpome TOoro, B JaHHBIM TUN POOOTOB Ha TEKYIIUHA MOMEHT,
Onmarogapsi JajieKO IIAarHyBIIMM BIEPE] TEXHOJIOTHUSM, HE TPYJHO BCTPAUBAETCS
cucrema HelpoumHTepdelica — cucTeMa, co3JaHHas JJigi oOMeHa HWHGOpMaIueH
MEKly MO3TOM U DJIEKTPOHHBIM YCTPOMCTBOM, KPOME KOTOPOW YCTPOWCTBO MOYKHO
N00aBUTh TUCTAHIIMOHHOE YIIPaBJIECHUE C TUIAHILIETa WK TeledoHa.

HccnenoBarenu kinaccupuuupoBaid poOOTU3UPOBAHHYIO PYKY KaK OTAEIIbHBIN
NOJIBUJI HE NPOCTO TaK, JOKA3aB €€ IPOMBIIUICHHOE IPUMEHEHUE, MEIULUHCKOE
NPUMEHEHUE KaK OTAENbHYIO «TeXHOJoruio». OHa Oblia BHEpBbIC MpEACTaBlICHA B
koHIe 1930-x rogoB Yuneamowm [lomnapnom u ['aponsnom A. Poy3nenaom, rae oHu
pa3paboTanu paclnbUIMTENlb, KOTOPBIA HMMEN OKOJO MATH CTeneHed CBOOOIbl U
IIEKTPUYECKYIO cucTeMy ynpasieHus. «[lommapa» Ha3pIBaics «annapar yrnpaBJICHUs
nepBou nozuuuen». YuibsaMm [lomnapa HUKOraa He TpOEKTUPOBAJl U HE CO3/1aBajl CBOIO
PYKY, HO B OyJyllleM OHa cTaja OCHOBOW JJIsi APYTUX U300peTaresne.

Hpyrue poOOTH3MPOBaHHBIE MAHUIYJISTOPHI ObLIM M300peTeHsl B 1961 romy
komnanued Unimate u sBomonmoHupoBain 10 pyku PUMA. B 1963 roay ObLn
pa3paboTtan peruar Panuo, a Takke MHOrue apyrue B Oyaymem. HecMoTpst Ha To, 4TO
Jlxo3zed  OureanOeprep mpomaBan  Unimate, JDxopmk  JleBonm  m3o0pen
poboTH3MpoBaHHYIO pyKy. OH OBLI COCPENOTOYEeH Ha MCIHoib30BaHMU Unimate s
3a/1a4, KOTopbie Bpeansl i moAei. B 1959 rony nporotun Unimate Becom 2700
(GbyHTOB OBUI YCTaHOBJIEH Ha 3aBOJ€ IO JIUThIO Moj AaBieHueM General Motors B
Tpentone, mrat Hpro-/[xepcu. Cepuss Unimate 1900 crama cambpiM TIEpBBIM
pPOOOTU3MPOBAHHBIM MAHUITYJIATOPOM IS JIUTHS MOJ] AaBJIE€HUEM. 32 OU€Hb KOPOTKHIA

4



POMEKYTOK BPEMEHH OBLIIO MPOU3BENICHO 10 MeHbIIEeH Mepe 450 poOOTHU3NPOBAHHBIX
MaHHUIYJATOPOB, KOTOPHIE UCIOJIB30BAIUCH. JTO MO - MPEKHEMY OCTACTCS OJHUM W3
CaMbIX 3HAYUTENBHBIX BKJIAJ0B 3a HociieqHue cTo JieT. [Inu roapl, U TEXHOJOTHH,
Ka3aJIoCh, Pa3BUBAIIUCH, IOMOTas CO3/1aBaTh O0JIee COBEPIICHHBIE POOOTU3UPOBAHHBIE
pyku. He  Tonpko  KOMIAaHUM  M300penu  pa3ivyHble  pOOOTHU3MPOBAHHBIC
MaHHUIYJATOPBI, HO U KOJIJIEIKHU TOXKE.

B 1969 rony Buxrtop llleithman u3 CtaHbopackoro yHUBEpcUTETa H300pen
pyky CtaH(popa, B KOTOPOi ObLTN 3JIEKTPOHHBIE phIUar, ClIOCOOHBIE MEPEMEIAThCs
10 mecTu ocsiM. MapBuH MuHCkH 13 MaccauyCeTcKoro TEXHOJIOTHYECKOTO HHCTUTYTA
NOCTPOMJI  pOOOTU3UPOBAHHYIO  PYKY  JJIsi  YOpaBICHUS  BOEHHO-MOPCKHUX
UCCIIEOBAHUM, BO3MOYKHO, JUIsi TOABOJHBIX HCCIENOBaHUN. DTa pyKa HMeENa
JBEHA/ILIaTh CYCTaBOB C OJJHOW CTENEHBIO CBOOOJBI B 3TOM AJIEKTPOTUIAPABINYECKON
pYKe BBICOKOM JTIOBKOCTU. POOOTHI M3HAUAIBHO OBLIM CO3/IaHbl JUIsl BBIIIOJIHEHUS psia
3a/1a4, KOTOPBIE JIFOAW HAXOJIUIIM CKYUYHBIMU, BPEIHBIMU U YTOMUTEIIbHBIMH.

be3 MexaHn4eckoil pykud MPOU3BOJCTBO aBTOMOOWJIEH OBLJIO ObI UpE3BBIYANHO
3aTpyaHEeHo. JTa npobiema ObUia BIEepBbIE pelieHa B 1962 rojay, Korjaa Ha 3aBojie
“JI>xkenepan MoTopc” ObLI MCIOJIB30BaH MEPBBIM MeXaHWYECKUU pbryar. Mcnonssys
3Ty MEXaHUYECKYIO PYKY, TAKXKE MU3BECTHYIO KaK POMBIIUIEHHBIN pOOOT, HHKEHEPHI
CMOTJIM PEIINTh CJIOXHBIE CBAPOUYHBbIE 3a1auu. Kpome Toro, yaajleHue OTIMBOK MO
JABIICHHEM CTAJI0 €€ OJHUM BaXKHBIM IIIArOM B YJIYYIIEHUH BO3MOKHOCTEMN
MeXaHH4ecKoil pyku. C MOMOIIBIO TaKOW TEXHOJOTUH HHXKEHEPBI CMOTJIM JIETKO
YAAIUTh HEHYXHBIM MeTaml M3-ToJ mojiocted mpecc-popmbl. B pesynpraTe 3THX
NPUMEHEHUHN CBapKa cTajla CTAHOBUTHLCS Bce OoJiee MOMYJISPHOM ISl MEXaHUYECKHUX
pBIYAroB.

B 1979 rony xomnanust Nachi ycoBepiiieHCTBOBaJIa IepBOro podoTa ¢ MPUBOIOM
OT ABUTATENS JI BBINOJIHEHUSI TOYEYHOW CBAapKu. TodeuHasi CBapKa-O4Y€Hb Ba KHBIM
MPOIIECC, UCMOJIB3YEMbIN MPU CO3IaHUU aBTOMOOWJICH NJii COCAMHEHUS OTICIBHBIX
MOBEPXHOCTEN BMecTE. JJOBOJIBHO CKOPO MEXAaHUUYECKOE OPY>KHE CTaI0 MepeaBaThCs
JOTIOJTHUTEIHHBIM aBTOMOOMIBHBIM KOMITAHUSIM.

[Io mepe MNOCTOSHHOTO COBEPIIEHCTBOBaHUS HalMOHANBHBIA YHUBEPCHUTET
Cunramypa (NUS) penrmt 106UThCs e1iie O0JbIINX YCIEX0B, H300peTS MEXaHUYECKY IO
PYKy, KOTOpas MOXeT noaHumarh 10 80 pa3 OoJibllie CBOETO IMEePBOHAYAIBHOTO
Beca. JTa pyKa HE TOJIBKO YBEJIMUYMIIA CBOIO OJIbEMHYIO CHILY, HO U MOTJIa Y IJTMHUTHCS
B IISITh pa3 MO CPaBHEHUIO C NEPBOHAYAIBHOM JJIMHOW. DTH IOCTHKEHHUS ObUIH
BIIepBbIE npeacTaBieHbl B 2012 rogy, 1 aBTOMOOMIIbHBIE KOMIAHUH MOTYT H3BJIEYb
OOJBIIYIO MOJB3Y U3 TUX HOBBIX HAYYHBIX 3HAHUM.

Pyka, KOTOpyI0 peuua mpoeKTUpOBATH s, KOHEYHO, HE 00J1a/1aeT HACTOIBKO
OO0JBIION TPY30MOABEMHOCTBIO, HO €€ OyJeT BIOJHE JAOCTATOYHO JUIsl MEepeHoca U
nepesBaHus K00 B 1a00OpaTopuu WM HaKaTHl Ha KHOIKY. 3aTO, IO CPAaBHEHUIO C
MIPOMBITIUICHHBIMU POOOPYKaMH, 3aTOYCHHBIMU 1101 KOHKPETHYIO 3a7[a4y, MOM TPOEKT
OyzneT 00a1aTh CPAaBHUMBIM C HUMHU (DYHKIIMOHAJIOM.
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Kpome TOro, npuMeHUMOCTb SKOJOTUYECKH YHUCTOro IMepepaboTaHHOro
IJJACTUKA B COYETAHMU C OTHOCUTENIBHO HENOJIO paszjararoliercs pe3nHOW, Ha
pasnoKeHne KOTopoul TpeOyercss B paiioHe 40 jieT HE HAHOCUT CHJIBHOTO Bpenaa
AKOJIOTMM, B CJEACTBUU 4YEro JeJlaeT MPOU3BOJACTBO TMOJOOHBIX TEXHOJOTHIA
HKOJIOTUYHBIMU I OKpYXKaloled cpefbl U BTOPUYHO IepepadbaThiBA€MbIMU IS
MIOBTOPHOT'O UCITOJIb30BAHUSI.

AKTHBHOE pa3BUTHE aJITUTUBHBIX TEXHOJIOTUH, TO €CTh TEXHOJIOrUH 3 /] reyaru,
U WX HENOCPEICTBEHHOE BHeApeHHe B cdepy pPOOOTOTEXHUKH CYIIECCTBEHHO
YACIIEBISICT MPOU3BOCTBO B CUJTYy UCIIOJIB30BaHUs 00JIee JEHIEBBIX, HO MOAXOSAIINX
[0 CBOWCTBaM M IMPOYHOCTH, MATEpPUAJIOB B KA4eCTBE OCHOBHOTIO: HaIpUMEp,
ucrnonbzoBanue ABS mnactuka. A Takke aBTOMAaTU3AlMKU MPOU3BOJICTBA ITyTEM
CO3[IaHUsl JIeTalIe ¢ momolbio 3D-TIpuHTEpa, KOTOPBIE SI UCHOJIB30BANI. Takxke Mo
CPaBHEHUIO C TPAAULIHUOHHBIMA METOJAMHU HW3TOTOBJIEHUS JI€TAJNECH, HAHHBIA METO]
MO3BOJISIET CYLIECTBEHHO YCKOPSTH MPOIIECC MPOU3BOJICTBA B OOJIBIINX 00BEMAX.

Htak, pa3oOpaBIIMCh C OCHOBOM M MPUYMHON BBIOOpa MpOEKTa IMeperaeM K
LEJSIM U 3a7a4aMm.

1.2 Ilenb u 3aga4uu pabOTHI

OcHoBHOM  meabl0  paboThl  sBIsieTCA  pa3paboTka  MPOTOTHUIIA
POOOTU3UPOBAHHOM KUCTU PYKH C UCIIOJIb30BaHUEM HelipouHTepdeiica.
3amaun

1. Ananu3 aHajgoroB

2. IlpoexTupoBanue
a. Ocoenue cpensl mpoektupoBanus Autodesk Autocad
b. MoaenupoBaHre MakeTa PyKH IS JajdbHEHIIEH euaTn
c. Ileuats maketa Ha 3D mpuHTEpE

2. TecTtupoBaHWE MEXaHMYECKOTO MPOTOTHUIIA
a. COOpka KUCTH pyKH, NaJIbIEB
b. BbIsBicHHE HEIOUETOB U UX UCIIPABJICHUE

3. UHrerpaims CUCTEMBI yIIpaBICHUS
a. TloaxmroueHue MakeTa KUCTU PYKHU K HEHpouHTepdeicy
b. Hanumcanue nmporpaMMHOI0 0OeCIieUeHuUs

4. duHaILHOE TeCTUPOBAHUE




2. OCHOBHOE cojiep:KaHuEe PadOTHI

2.1 IlpoektupoBaHue

PaccmarpuBas paznuusble BapuaHThl nporpamm 3D MopenupoBaHus, MO
BBIOOp ocTaHoBWIICS Ha nBYyX m3 Hux: Autodesk AutoCAD wu Fusion.Ho mocne
u3ydenus GyHkunonaina s ocranopuiics Ha AUtOCAD (pucyHok 1.3).

A Autocap 1 sess @ ﬁ

(@) (0) (r) (m)

a — «AutoCAD», 6 — «Fusion», B — «Inventor», r — «Blender», 1 — «Freecad»

Pucynok 1 — Bapuantel CAIIP qyis 3D moaenupoBanus

JlaHHBIE TIpOrpaMMBbI OBUTH PacCMOTpPEHBI HM3-3a UX momyisipHoctd. Blender
(pucynok 1.r) u Freecad (pucyHok 1.1) HE TOIOUUIM M3-3a HEIOCTATKa
¢ynkuunonansHocTH. W3 mpoxykumu Autodesk Fusion (pucynok 1.0) obGmaman
W3JIMIIHUM  (DYHKIIMOHAJIOM, 3aTOYEHHBIM T0JI KOMaHJHYyK paboty, a Inventor
(pucyHok 1.B) oOnanman cioKHBIM HHTEp(deicoM, 3aTOYEHHBIM IO TECTUPOBAHUE
CKOpee MOoJl TECTUPOBAHNE KUHEMATUKU MOJIEIH, YEM MO/ €€ MPOEKTUPOBAHHUE.

HNanee mocne uzyuenus AUtOCAD, oOyueHus B CO3[aHUU TPUMUTHUBOB U
u3ydyeHust Habopa ¢pynkuuid ganHoro CAIIP, s npucTynui K IpOEKTUPOBAHUIO MEPBBIX
IPOTOTHUITOB MOJIEJICH Mmasbiia (PUCYHOK 2.a) U KUCTH (PHCYHOK 2.0).

a — rajer, O — JaJ0Hb

Pucynox 2 — Ilepsbie nmpototunsl B AUtOCAD



2.2 TleuaTh u TECTHPOBAaHHUE 00PA3IIOB

[Tocne mpoekTrpoBanust oOpasibl HaneyaTtanbl Ha 3D npunTepe (pucyHok 3) B
JIunee Ne 14 u3 mactuka, BBIOOP KOTOPOTO OMUCAH HUXKE.

Pucynox 3 — IleuaTts nmepBrix oOpasnos Ha 3D npunTepe

Craenyromum BOIIPOCOM ObLIT BBIOOp THIA ITUIACTUKA JUISL NT€YaTH KOMIIOHEHTOB
npoekTa: «ABS numm PLA?».

AKpWJIOHUTpWJIOYTagMeHcTHpoJ, wm 1pocto ABC. «ynmapornpouHas
TEXHUUYECKas TEpPMOIUIACTHYECKas CMOJIa Ha OCHOBE conojaumepa (PpUCYHOK 4)
aKpWJIOHUTpUIIA ¢ OyTague€HOM M CTHUPOJOM (Ha3BaHME IIACTHKa OOpa3oBaHO W3
HAYaJIbHBIX OYKB HAMMEHOBaHUII MOHOMEPOB)».

N///%CH2

AKDMNOHWTPNN

SCH,

cTvpon

HZC\\/\CH2

1,3-6yTagueH

Pucynok 4 — Mimroctpanus CTpyKTyphl
AKpUIOHUTPUIOYTAAUSHCTHPOTIA
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CnoiicTBa:

. Hermpozpaunsiii (OxpammBaeTcsi B pa3jIM4HbIC [[BETA).

. [loBbIIIEHHAS] YIaPONIPOYHOCTD U AJIACTUYHOCTh

. HeTokcnunocTh

. JlomroBe4HOCTH

. CTOMKOCTb K 1IeJI04aM U MOIOIIUM CPEJICTBAM

. Bnarocroitkocth

. MaciocToukoCTh

. Kucnmorocronkocts

9. Temnocroiikocts 103 °C (o 113 °C y MmoauduIpoBaHHBIX MAPOK)

10. [Iupokuii quana3oH 3KCILTyaTalmoHHbIX TemmepaTyp (ot —40 °C
10 +90 °C)

01 ON N AW~

ABS miacTuk pEeKOMEHIYeTCsS WCIONb30BaTh MAJII HM3TOTOBICHUS: KPYITHBIX
aetaneil aBToMoOusel (MpUOOPHBIX IIMTKOB, 3JIEMEHTOB PYYHOTO YIPABIICHUS,
paguaToOpHONl pemETKH), KOPIYCOB KPYNMHOH OBITOBOM TEXHHUKH, paauo- M
Tejeanmnaparypbl, JeTajieil 3JIeKTPOOCBETUTEIBHBIX M AJIIEKTPOHHBIX NPHOOPOB,
MbUIECOCOB, KO(PEBAPOK, MYJbTOB YIpPAaBICHUS, TeAEPOHOB, (PAKCOBBIX amnmapaTos,
KOMIIBIOTEPOB, MOHHMTOPOB, MPHUHTEPOB, KaJIbKYJISTOPOB, JApPYyrol OBITOBON WU
OpPITEXHUKHU, CHOPTHUHBEHTAps, AETajeil Opyxus, mMeOenu, WU3AEIuil CaHTEXHUKHU,
JeTanel MeIULIMHCKOro oOopynoBaHusi. To ectb [ Bewed, TpeOyronmx
MOBBIIIEHHYIO MPOYHOCTb.

JlocTonHCcTBA:

1. OTHOCHUTEIBLHAS ICIECBU3HA

2. PacTBOpUMOCTH B alleTOHE (MOXHO CIJIaJUTh «CTYNEHbKW MEYaTH)
3. Jlerko okpaivBaercs

4. Bo3MOXHBI «0BOJIOYHBIE) omepanuu (uiidoBaHue, OKpacka)
5. Bo3moskHa paboTa B OOJBIIIOM JTMaria3oHe TeMIIepaTyp

6. BeinepkuBaeT 3HAUUTENBHBIE YIAPHBIE HATPY3KU
HepocraTtkm:

1. HeBO3MOKHO U3TOTOBUTH IIBETHBIM.

Heo0xogumbie TeMnieparypsbi:

Pabouas remneparypa — 210-270 rpamgycos.

Pa6ouwnii cron — npumepno 110 rpamgycos.



Hoaunaxria (IJIA) — Ounopasaraemsiii, OMOCOBMECTHUMBIH,
TEPMOIUIACTUYHBIN, alu(aTHUYeCKUuil MOAMIPUP, MOHOMEPOM  KOTOPOTO SBIISIETCS
MOJIOYHAsI KHUCIIOTa (PUCYHOK 5).

O

O/

- -n

PucyHOK 5 — winmrocTpanusi CTpyKTyphl TOJTAIAKTUIA
rJ1e, 3Ur3aroo0pas3Hoi JIMHKUEH oka3aH ydyactok ¢ CH3

[Ipumensiercs [71si: TPOU3BOACTBA JKOJIOTMYECKM YHCTOW OumopasnaraeMoi
YIaKOBKH, OJHOPA30BOM IIOCY[bI, CPEACTB JIMYHOM THUIHEHBI, ISl NPOU3BOJCTBA
XUPYPrUueCcKUX HUTEW U MTU(TOB, a TAK)KE B CUCTEMAX JOCTaBKU JIEKaPCTB.

JlocTonHCcTBA:

1. UmeroT HU3KMI1 KO3 PULIHUEHT TPEHUS (Y4TO AETAET €ro
NPAKTUYECKH HE3aMEHUMBIM B IIPOU3BOJICTBE MOJUIUITHUKOB
CKOJIbYKEHHUS ).

2. Herokcuuen

3. Huskas temneparypa CTEKJIOBaHUS

4. OtcyTcTBYET HEOOXOIUMOCTh B JOCTATOYHO IIa/IKOM MMOBEPXHOCTU
U1 paboyero croja

5. He TpeOyeTtcs HarpeB cronia

6. DKOJOTUYECKU YUCTOE MPOU3BOCTBO U3 BO30OHOBISIEMBIX
UCTOYHHKOB

HepocraTrkm:

1. Jopoxe ABC

2. CBOICTBO pa3iaracMocTH

3. He nopnaércs aneroHy (HEBO3MOXKHOCTh CTIIa)KMBAaHUSI KOHTYPOB)
HeoOxoaumbie TemMnepaTyphl:

PabGouas TeMneparypa — nopsaka 185 rpaaycos.
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Hcxons 3 xapakTepucTHK U cep TPUMEHEHUS, MPUXOIUM K BeIBOIY, uTOo PLA
IUTACTUK MOJXOAUT HaM JJIs BBIITOJIHEHUS BO3JIO’KEHHBIX 3a/1a4, 00J1a/1as TOCTaTOYHBIM
YPOBHEM TMPOYHOCTH, MOHMKEHHOM TOKCHYHOCTHIO, OOJBIICH 3KOJOTUYHOCTHIO H
MEHBIINM KO3((PUIIMEHTOM TPEHHS B CPAaBHEHUU C aHAJIOTOM.

[TepBbie MPOTOTHITHI TTOTYIHIIUCHh HEYAYHBIMU.

[Tocne cOopku majblia ¥ COCAMHEHHUS C MOMOINBIO 00aTOB M3 (PHCYHOK 6)
KOHCTPYKIIMSI HE BpalllajlaCh M3-3a HEMPABWJIBHOIO pacdeTa MEHIAIoMUX OOKOBBIX
«YyIIEK» W HENpPaBUJIBHOTO pa3Mepa CBA3YIOIIUX OTBEpCcTHM Niisi GonToB. JlamoHb
uMeJia HeMpaBWJIbHBIE pa3Mephl MIMPUHBI M ObLIa MPUMEPHOM MJIs JadbHEHIIIETo
nepenpoekTupoBanus. Ho HeCMOTpsl Ha MOJydYeHHBIE PEe3yJbTAaThl HA TAHHOM dTarie
OBLIIM IOCTUTHYTHI HEOOXOIUMBIE Pe3yJIbTaThI JIJIS aJIbHEHIeH paOoThl.

Pucynok 6 — IlepBbiii cOOpaHHBIN TPOTOTHUTI MAJTbIIA

Janee a1 npous3BOAMI TECTUPOBAHHWE M COBEPLICHCTBOBAHUE IIOJYyYECHHBIX
oOpa3uoB. lcnpaBieHbsl HeAOYETHl B KOHCTPYKUMH TalblieB U JaJ0HU. bbutn
N00aBJIEHBI CPE3bl HA «YIIKaxX» OoJbLIEH MO NOPAAKY (GajlaHIM U CKOChl B OCHOBAHUU
MEHBIINX, JONPOEKTUPOBAHbl M YCOBEPIIEHCTBOBAHbI IMOAINOPHI Ul OJIOKHPOBKHU
BpAILCHNs] B HEIIPABWIBHBIE ITOJI0KEHUS HA MAJIBLIAX.

HToroBbie MPOTOTHUIIBI MOTYYHIUCH JOCTATOYHO (DYHKIMOHATIBHBIMH.

Bce Bpaianoch npaBuibHO, U B COOpAaHHOM BHUJIE BBITIISAIENO TaK, KaK MOKa3aHO
Ha pUCYHKE 7.
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Pucynok 7 — CoOpaHHast KUCTh C pa3MEUEHHBIMH PACIIOJIOKEHUSIMU
MOTOPYHKOB, C IPOTECTUPOBAHHBIM YKa3aTEIbHBIM AJIbLEM U
YCTaHOBJICHHBIM Ha MPOyMaHHOE MECTO OOJIBIIOT0

HToro 15 meyaTH JaHHOTO MaKeTa MoTpeOoBaioch ATk STL Moaene: HIKHSISA
dananra ykazaTeabHOTO TMajblla (aHAJOTHYHA JJIS BCEX IMSTH MAaJbIEB), CPEAHSISA
dananra 4yeTeIpéx nanbieB (Kpome OO0JBIIOTr0), BepXHss (ajaHra OOJBIIOTO Malblia
(pucyHok 8), BepxHss ¢anaHra 4eThIpEX OCTABIIUXCS MABIEB, M HEMOCPEICTBEHHO
cama J1aJIOHb.

Pucynok 8 — BepxHss pananra 60sb1110r0 najibua
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Jlanee s pa3MeTHJI Ha TOKAa3aHHOM MPOTOTHUIIE PACIIONOKECHHS MOTOPUYHUKOB,
KOTOPBIC sI CMOJICIIUPOBAJ C y4eTOM NpUMepHBIX pazmepoB B AUOCAD (pucyHok 9).

-

PI/ICYHOK 9 — KOHHGHHHSI PAaCIIONIOKCHNA MOTOPYHUKOB B JIaJIOHHU

[Tocne mogennpoBaHus ¥ OTIAKUBAHUS BCEX MOJICIICH sI pEIlnl HareyaTaTh BCe
OJIHOM mpoueaypoil nedatu. B utore 3a poBHO 24 yaca HareyaTanach CIEAyIOIIEE,
pacnosioxkeHHoe Ha pucynke 10.

Pucynok 10 — IleuyaTp KOMIOHEHTOB UTOTOBOTO MaKeTa
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2.3 Bo3BpaTHbIe MEXaHU3MBI

[Tocne mevyatu UTOroBBIX AeTaniell pabOThl OBLIIO HEOOXOIUMBIM MPOAYMaTh U
peann30oBaTh CUCTEMY JIBUKEHUS MajbleB B MakeTe. Cpenau OOJIbIIOrO KOJUYECTBA
BApUAHTOB pEAJM3alNH, TAKUX KaK IPY’KHUHBI, IIIIPULIEBBIE MEXAHU3MBI, U IIPOYUE, 5
OCTaHOBWJICS Ha PE3MHKAX BBUIY MX JOCTYIHOCTH, JTOCTaTOYHOM NPOYHOCTU H3-3a
BO3JIOKEHHBIX HAarpy3ok, OMOpa3iaraéMOCTH TMOpsJIKa COpOKa JIET, YTO SBIISETCS
MaJjibIM CPOKOM CPEIY IPOYUX KOHCTPYKLHNN U UX IECHIEBU3HE.

Wnest koHCTpYKIMU(prCyHOK 11) 3aKiroyaercsi B TOM, YTO IPH CKPYYUBAHHUU Ha
0apabaH BHYTPEHHEW pPE3MHKH, OTMEUEHHOM 3€JI€HBIM LIBETOM, KOHCTPYKIUS TOJKHA
crubaThCsi, a IpU pacciadiIeH BHYTPEHHEW M CKPYYMBAaHUU BHEUTHEH, OTMEUEHHOMN
KpPaCHBIM I[BETOM — pa3rudaThCsl.

OTBepcTus MO KpEIyIeHuEe PE3MHOK MOKHO MPOU3BECTH BO BpeMs nieyat Ha 3D
obpasnax B CAIIP, a ycTaHOBUTBH pE3UHKH B MOMEHT COOPKH KOHCTPYKIIHH.

(a) (6)

a — BuJ cOOKy, 0 — BUJ criepeu
Pucynoxk 11 — Konrenius BO3BpaTHBIX MEXaHU3MOB TIabIla

Crnenyromum marom Obi1a pa3padoTka MEXaHU3Ma YIIPABICHUS CTETICHBIO CHITBI
COKATHUSI PE3WHKH C MOMOIIBbI0 MoTopunkoB Micro Servo SG90 (pucynok 12). Jlns
peanuzanuy moTpeOOBaNIOCH MATh TAKUX MOTOPUMKOB. OHU 00Jaar0T JOCTATOYHOU
CHJION TSl YAep)KaHHsI Pe3MHOK B CBOWX TIOJIOKCHHSIX, JOCTATOYHOM MOITHOCTHIO, a
TaK)Xe JIOCTATOYHBIM (PYHKIIMOHAJIOM B MPOTPAMMHOM IUIAHE JUIs TUTAThl, KOTOpas U
OyZeT yrpaBisiTh ABUKEHUSIMUA MOTOPYUKOB.
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Pucynox 12 — MoTop 111 BpalieHus MajibIeB

HToroBas uaesi TakoBa: pacHoJIOKHUTh 5 MOTOPUYMKOB SE€rVo ¢ OapabaHamu B
Ja70Hb (pUCYHOK 13) MOAKIIOYATHh PE3UHKH K OapabaHy TakKuM 00pa3oM, YTOOBI TIPH
BpallleHUM MOTOpPYMKA B OJHY CTOPOHY OJHA M3 PE3WHOK pacciadisiiach, a BTOpas

Hampsragach, W TMajel] Crudaics, a MpU BHIIOJHCHUH OOpPAaTHOW Omepanuu —
pasrubacs.

Pucynoxk 13 — HMToroBasi KOHIIETIIHUS BO3BPATHOTO MEXaHU3Ma

15



2.4 Arduino. Kounnenmus I1O. [Taiilka KOMIOOHEHTOB 1S OJIOKA
yIpaBJICHUS

Crnenytonum 1marom ObUT BBIOOp anmapatHoOM miaTdopMel A npoekTa. [lnata
J0JDKHA COBMeNIaTh B ce0e KOMIAKTHOCTb, TOCTATOYHYIO (DYyHKIMOHATBHOCTH IS
HOJKJIIOUYEHUS 5 MOTOPYMKOB U HEHpOUHTEpdeiica Wi HHOTO UICTOYHUKA YIIPABICHHSL.

W3 nnat B Hamuuuu Jluies Oblia mutata, TOAXOAAIIAs 10T IaHHBIC TapaMeTpPhI:
Arduino Uno (pucynoxk 14).

Pucynok 14 — Arduino Uno u xabenb CoeIMHEHHS ¢ KOMITBIOTEPOM

Hannas tuiata umeeT nonkiatoueHrne mo USB k kommbloTepy, NMpeaocTaBisis
yI00HOE TOJKIIOUYEHHE /I MPOrPaMMHUPOBAHUS TUIATHI. A UTaIbsSHCKAas KOMITaHUS,
KpOME Ka4eCTBEHHBIX allapaTHbIX MIaT(Gopm, 3aHUMAETCs pa3paboTKO cOOCTBEHHOM
Cpenbl pa3pabOTKH I CBOWX ke Tuiat. [loaToMy BBIOOP cpeisl TporpaMMUPOBAHUS
oueBuaeH: Arduino IDE.

[Toce ocBoeHUST Cpenbl, TECTUPOBAHUS MOAKIIOUESHUNH HA OJHOM MOTOPYHKE
(pucyHoK 15), s meperien K TOCTPOSHHIO TTOTHOW KOHISIIIIMK TaHHOW KOHCTPYKITHUH.
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Pucynoxk 15 — Pa6ora maTsl Ha mpuMmepe ¢ 1 MOTopUrKOoM

[Mpuntun padoter Servo moropa u Arduino miaTel TaKOW: OPAHKEBBINA MPOBOJ
Ha PUCYHKE OTBEYAET 3a PEryJUPOBKY BpalICHUs MOTOPYMKA, HA TAHHOM IIPUMEPE OH
HOJKJIFOYEH B MOPT ¢ PIN paBHBIM TpeM. KOopruHEBBIN MPOBOA OTBEYACT 3a «3EMJIFO»
(GND, gto pacmmdpobeBaetcs kak Ground - 3emis). TlociaeaHuid sxeaTO-KpacHBIN
IPOBOJ OTBEUAET 3a MHTAaHWE MOTopuHKa. HampspkeHue, HEOOXOOMMOE JTaHHOMY
aneMeHTy - 5 V. JlaHHasi KOHCTPYKIIUS aOCOTIOTHO padoyast (priioxkeHue A).

Jlanee st mpoayMai MOAKIIOYEHHE MATH MOTOPYUKOB M peanu3oBai. [Ipunimmn
aHAJIOTMYEH: TaK KaK Ha Iuiate uMeercs 13 MUHOB, YTO O3HAYaeT BO3MOKHOCTh
MOJKJIKOYEHUS 10 13 MOTOPYHUKOB.

[ToakItounTh 5 MOTOPUYMKOB K IIJIATE€ MOXHO IO IJIaHY, PACMOJIO)KEHHOMY Ha
pucynke 16.

Pucynok 16 — Konuenuus nok/It04eHus] 5 MOTOPUMKOB K IJ1aTe
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[IpoGnema mnoAKIIOYEHUS B TOM, YTO Ha KaXAblii MOTOPYUK TpeOyeTcs
oTnenbHoe 9 V nuTanue (KpacHbI MPOBOJ HA CXEME) U OT/AeIIbHAS «3eMIIsh) (UEepHBIi
MIPOBOJT HA CXEME), YTO CO3AET MPOOIEMBI TIPH MOIKIIOUCHNUHN, TaK KaK MOPT MATAHUS
U 3a3eMJICHUS TOJBKO OJWH. A OCTaJbHBIC TIPOBOA YIPaBICHUS (KEITHIM MTPOBOJ] HA
PUCYHKE) MOXHO MOJAKIIOYUTH B OTJEIbHBIC IOPTHI, 4TO U AenaeM. Jlanee CrnanBaem
MIPOBO/I, Pa3BETBIISIIOMIMKI 1 TIPOBOJ MUTAaHUA Ha 5. /{71 3TOro MCMHOJIb3yeM MasIbHUK
temnepatypbl 380 rpamgycoB llenscust (pucynok 17), Flux rems (pucynox 18.0),
KaTyIIKy ¢ npumnoem (pucyHok 18.0).

Pucynok 17 — IlasiibHast cTaHIMs B TIpoliecce MalKu

Flux renp st maiiku — 3TO BEIIECTBO, (PeareHT) KOTOpOe MUCIOJIb3YeTCs IS
MOJATOTOBKM TOBEPXHOCTH METajula Mepei HaHeCeHWeM MNpunos. Proc Mmo3BOJIAET
MOJATOTOBUTH MOBEPXHOCTh METAIOB MEpe]l MailKol: YJalduTh KUPBl U PacCTBOPUTH
OKCHJIHYIO TJIEHKY, M30aBUTHCSI OT MHOPOJHBIX BEIIECTB, KOTOPhIE OYAYT 3aTPYIHAThH
nasiHue.

[Ipunonn — marepuan, IPUMEHSIEMBIN IPU MMANKE I COEIUHEHUS 3arOTOBOK U
MMEIOIINNA TEMIEPATYPY IUIABJIEHUS HUXKE, YEM COEIUHsAEMble MeTauibl. [Ipumenstor
CIUIaBBl HA OCHOBE  0JIOBA, CBUHIIA, KaIMUs, MEIH, HUKENS, cepedpa U Ipyrux
MeTauioB. B pamkax JaHHOrO IIPOEKTa UCIOJIb3YyEeM KaTyIIKy C IIPUIIOEM U3 OJIOBa.
HeoOxomum nns  coeauHeHuss TpoBoaoB mpu  maiike. OOnagast  BBICOKOU
IPOBOJMMOCTBIO M HHM3KOM TEMIIEpaTypoll IUIaBJIeHHs, 0JIOBO Ckperuiietcs ¢ Flux
rejieM, HaJAEKHO COCIAUHSS INPOBOAA MEXKAYy COOOHM, BbICTyHass HEKOTOPOH
TIPOCIOUKOM» MEXAY HUMH.
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https://ru.wikipedia.org/wiki/%D0%9E%D0%BB%D0%BE%D0%B2%D0%BE
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https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D1%8C
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https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B5%D0%B1%D1%80%D0%BE

(a) (6)

a — Flux renp, 0 — KaTy1ka ooBa 1151 maiku
Pucynok 18 — HeoOxoauMple pacXxoJHUKHU IS TTAaKH

Janee ObUIO HEOOXOIUMO AaKKYpPaTHO BBINOJHUTH CIEIYIOIIUE JIEHUCTBUS:
OTOJIUTh TIPOBOJIa C TOMOIIIBI0 CHENUANBHBIX Ui HOXHHIL (pucyHok 18.a 3a Flux
rejieM), OKYHyTh Kaxblii ipoBoa B FIUX renb, pazorpeTs NasiibHUK JI0 JTOCTATOYHOM
TEMIEPaTyphl IJIABICHUS OJIOBA, CHAsATh C MOMOIIBIO KaTymku (pucyHOK 18.6) u
NasJbHOM CTaHIMU CHayala «Iy40K» M3 MATH MPOBOAOB JIpy3 C APYroM, 3aTeM
IpUNasTh I[IECTOM NPOBOJA C JAPYrod CTOPOHBI M OCTaBUTh OCThIBaTh. Jlasee
HEO0OXO0MMO U30JIMPOBATh MPOBO/IA OT KOPOTKUX 3aMbIKaHUI M MOOOYHBIX KacaHUM C
BHEIIHEN cpefoi, YTO BO3ZMOXKHO CJEJIaTh C MOMOIIBI0 TEPMOYCAKUBAEMbIX TPYOOK
(m3omsiun). Kak utor maiiku mosydaeM pe3ynbTaT, M300paKeHHbIN Ha pucyHke 19.
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(a) (6)

a — «3emis», 0 — [Iuranue 5 V

Pucynoxk 19 — "HeoOxo1uMble IPOBOJIA, MOJTYYEHHBIE B pe3yJIbTaTe
MaKH

Jlanee, yoenmuBmmch B pabOTOCTIOCOOHOCTH Ka)KJIOTO COCTUHECHUS C TTOMOIIBIO
MynbTEMETpa (pUCYHOK 20) B pPEKHUME «IIPOCITYIIUBAHUSM», sI TMPECTYNUI K COOpKe
KOHCTPYKITUH TI0 KOHIICTIIINH, U3JI0’)KEHHOW BHIIIIE.

Pucynok 20 — «mpocnymmBaHue) CrassHHbIX TPOBOIOB
MYJIbTUMETPOM
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Pucynok 21 — Jlerans Lego, HageTas Ha MOTOPYUK

B3sB 3a ocHOBYy netanb Lego (pucyHok 21), koTopas uaealibHO MOAXOAMIA K
MOTOPUUKY, sl PUCTYNWJI K MPOEKTUPOBaHUIO OapabaHa [Isl MOTOpPYMKA, MOTYYHB
CIICYIONIYIO JeTalb, MMOKa3aHHYI0 Ha PUCYHKE 22. B kadecTBe MPOKIAIKHA MEKITY
MOTOPUYMKOM U OapabaHOM MCIIONB3YyeTCs 00bIYHAas orcHas Oymara, CBEpHyTas B /1Ba
cnos. Kak mnokazana mnpakThka, JaHHOTO PELICHUS BIOJHE JOCTATOYHO JJIst
OPAaBWJIBHOTO M JOCTAaTOYHO KPEMKOro COeAMHEHHUs. Xodercs J00aBUTh, YTO
npaBUIbHEE BCero OyAeT ncnoiib3oBath ABS muacTuk a1 nedyatu JaHHOM JeTalu u3-
3a €r0 CBOWCTB, ONMCAHHBIX B MYHKTE 2.2.

Pucynok 22 — Ilpororun 6apadana 8 AUtoCAD
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Jlanee OBLTO TPOTECTHpPOBAHA MOJZIETh Ha YCIOBHUSX, CIOXKHEE pPEAbHBIX:
BBICTaBJsieM IpoBoJ uTaHust B USB mopT nepcoHanbHOTo KOMIIBIOTEPA U CMOTPUM
CKOJIKO CMOTYT 0€3 JIaroB M CUJILHBIX TIEPETPEBOB BPAIIAThCSI MOTOPYUKH (PUCYHOK
23) c He3HAYUTEIBHOU T1ay30# B pabote (mpuioxkenwne b).

Pucynok 23 — moakIo4YeHre MOTOPYUKOB JIJIS1 TECTUPOBAHMUS
paboTOCTIOCOOHOCTH CUCTEMBI

CoOTBeTCTBEHHO S5 SErvo MOTOPYHMKOB TOAKIIOYEHBI Yepe3 OJUH TMOPT
yIpaBJEHUE YTIOM BpalleHus1, To ecTb B 3, 5,7, 9, 11. [Iutanue noKIt0Y€HO B pa3bemM
5 V Ha nyate ¢ MOMOIIBIO paHee CHasHHOrO MPOBOJA, a 3a3€MJICHUE aHAJIOTUYHBIM
obpaszom B mopt GND.

3HaUNUTETbHBIE TOPMOXKEHUS B paboTe OBUIM 3aMEYeHBI TOCIe MPUMEPHO 4-5
MUHYT HEMPEPHIBHON paboThl MOTOpUYUKOB. [1O pe3ynbraTtoM u3mepeHus TeMieparypa
CHasHHBIX TMPOBOJOB Obula B HopMe. Temmeparypa Ha IUlaTeé aHAJIOTHYHO.
EAvHCTBEHHBIM NIEpErpeBarOIIMMCS AIEMEHTOM ObUTH MOTOPYHMKH, KOTOPBIE IMTPOCTO HE
paccyuTaHbl Ha CTOJIb JUIUTEIIHOE BpeEMS paOOTHl.

[locne mpoBeneHHs] TECTUPOBAHUS KOHCTPYKIMU B cOOpe W TMOJTyYEHHUS
YAOBJIETBOPUTEIBHOTO PE3YJIbTaTa BO3HUK BOMPOC PALIMOHAIBHOCTU MCIOJIb30BAHMS
JaHHBIX MOTOPUYMKOB. HecMOTps Ha TOT (haKT, 4TO aHAJIOTOB B HAIMYUH HE ObLI0, OBLIIO
pelIeHo MPOBECTH TECThl, MOKa3bIBAIOIIEe KAKOE HATSKEHUE PE3UHKH MOTYT
BBIJICP)KATh JAHHBIC MOTOPYHKH. [10yIHINCH CIIeIYIONINE PE3YIbTAThI (PUCYHOK 24):
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Pucynok 24 — u3mepeHne CHIIbl HATSHKEHUE PE3UHKH U TTPOBEPKa
yAEpKaHUS JaHHOM KOHCTPYKIIUM MOTOPYHUKOM

IIpenenpHast njivMHAa HATSHYTOW PE3WHKHU, MPH KOTOPOW MOTOPYHK MOXKET €IO
CBOOOJTHO YMPABIATH COCTaBIsACT MpuMepHO 12 — 12,5 caHTUMETPOB, YTO OOJBIIE
JTUIMHBI nasibiia Ha 25 %. VW3 yero nenaeM BBIBOJ, UTO JaHHBIE MOTOPYMKHU OTBEUYAIOT
BCEM HEOOXOIMMBIM TPEOOBAHUSM.

BoiBoa moapasaesa:

JlanHasg peanuzaiys KOHIENTA JO TECTOBOIO W3ECIUSA BIIOJHE SBISETCS
MoKasaJjia CBOI0 paboTOCIIOCOOHOCTH | JI0Ka3aia CBOE MPaBo Ha CYIIIECTBOBAHUE.
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2.5 TloAroroBka K MOAKIIOUEHUIO CPEICTBA YIIPABICHUS

CrnegyoomuM IIaroM B peaju3alli TpoeKTa ObLI BHIOOp YyNpaBIAIONICH
CHUCTEMBI, KOTOpasi Morjia Obl CBSI3aTh KHHEMAaTHYECKUE JCHCTBUS PYKH C
pobotu3upoBanHoi. M3 HaObopoB B Hanmuuu ecTh aBa: Releon (pucynox 25.a) u
BiTronics Lab (pucynok 25.0).

PdreLeon

s s 8 5 & 8 & |

L®POBAS
NABOPATOPS

POAYKT ABATTVIOBAN 108 POCCRIOOR
CTAMAAPT CEPAIORA S

canwonrcon
s

(a) (6)

a — Habop Releon no ¢usuonoruu, 6 — iudposas 1adoparopusi B 00JacTu
HeipoTexuomoruii BiTronics Lab

Pucynox 25 — HabGopsI 110 Gu3HOIOTHN ¢ HATHIUEM
HelipounTepdeiica

B xonme uccnemoBanus oboux HaOOpPOB, MoOJdydaeM BBIBOA, uTo Habop Releon
oOjaaeT MeHbIIeH (yHKIIMOHAILHOCTBIO IO CpaBHEHMIO ¢ HabopoMm BiTronics Lab, B
KOTOPOM B HAJIMYWU MPUCYTCTBOBAT HEUpOUHTEPQEHC sl TOTydICSHHsI UMITYJIBCOB 3
rOJIOBHOTO MO3Ta MO CpEACTBaM 3JieKTpodHIedasorpammel (cokpamenno I31), a
TakKe JATYUK, MOJIYYAOIINH JBYKCHHS C TPYIIIBI MBI Ha PyKe, KaKk 3amacHON
BapHUaHT.

K coxanenuto, mocie 0oyiee IeTaaIbHOTO OCMOTpPA W TECTUPOBAHUS JTATYHKOB,
JIOCTAaTOYHO TOYHOTO CPEIM UMEIOIINXCS He OKa3anock. | maBHas mpobiiemMa B TOM, UTO
B HAJMYUU OBLIM TOJHKO KOMIIOHEHTHI, OTIWYAIONIUE JBUKEHUE TOJBKO TPYIIIHI
MBIIIII, & 3HAYUT CAENIaTh 3aIlyMaHHOE HAa KOMIIOHEHTAX B HAJMYUH HE MPEJCTABUIIOCH
BO3MOYKHBIM. BBLITO ITepenpo0oBaHO 0YeHh MHOTO BApHAHTOB MOTYYSHUS HHPOpMaITUN
0 KWHEMAaTHWKEe PYKH C TOMOIIBIO JTATYUKOB, HO Oojee-MEHEE TOYHBIX JTAHHBIX IS
IPOTrPAMMHUPOBAHMS TTOTYIUTh HE YIAI0Ch. M3 uero aemaem BbIBO, UTO 32 HEOOJIbIITNE
JIEHbIM JIaHHBI TPOEKT HE peaju3yeM H JIydlle HCIOJIb30BaTh aJbTEPHATHBBI
HelipouHTepdelica, HampuMep, KaKOW-TM00 JTOMOJIHUTEILHON KOHCTPYKIIUU Ha PYKY
WJIM UHOM CIoco0 yIipaBJICHHUS.
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3. 3aKiIro4eHHuEe

JIaHHBII TPOEKT BIOJHE pEAIN3yeEM M €ro MOKHO JIOBECTH 10 KOHIIA,
UCIIOJIb30BaB JIOPOroe OO0OpYyIOBaHME WIIM, Kak OoJjiee palMOHAIbHBIA CIOCOO,
WCIIOJIb30BaTh aJIbTEPHATUBHBIE HCTOUYHUKU YIIPABICHUS.

Tem He MeHee MPOEKT AOBeIEH A0 (GUHATBHOW CTaauu, ObUIO MOJYyYEHO OYEHBb
MHOT'O IEHHOT'O OIbITa B IPOEKTUPOBAHUH, TPOTPAMMHUPOBAHNH, NTAKKE U MPOYEM.

B xadecTtBe utora Hay4yHOM pabOThI XOTENIOCH ObI CKa3aTh, YTO JAHHBIN MPOEKT
MOJKET OBITh JOPa0OTaH U UCIIOJIB30BaH B CAMBIX PA3IMYHBIX OTPACIIAX [0 U3HAYAIBHO
POyMaHHOMY Ha3HAUYE€HMIO, ONIUCAHHOMY B 3MuIIore padoThl. [loayunsm BeIBOI, YTO
Helipountepdeiic Ha MoMmeHT 2022 roja UCHOJIB30BaTh HE PalMOHAIBHO MJis
noTOOHBIX IENIEH, TaK KakK CyIIECTBYIOT Ipyrue Oosiee TOYHBIC U JICHICBbIE aHAJIOTH.
Taxke momydaem, uro Arduin0 mnara ¥ NPOEKTUPOBAHUE MPAKTHYECKH ITHOOOH
KOHCTPYKLUU NIl KAaKUX-JINOO 3a]1a4, B KOTOPBIX HE TPEOYIOT OT TEXHUKU CIIUIIKOM
OOJBIINX HArpy30K — OYEHb XOPOLIMI BapuaHT, He TPeOyromMid OONBIINUX CUIT U
MaTepHUaIbHBIX BIOKEHUU.
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[Tpunoxenue A. Koa st paboThl OJHOTO MOTOPYHKA

#include <Servo.h>
Servo servol;

setup()
{
servol.attach(3);

}

Loop()
{

servol.write(180);
delay(10000);
}
HpI/IJ'IO)KeHI/Ie b. KOI[ HJIA pa6OTBI IIITH MOTOPYHUKOB «HaA

HU3HOC»

#include <Servo.h>

Servo servol;
Servo servo3;
Servo servoz2;
Servo servo4;
Servo servo5;

setup()

servol.attach(3);
servo2.attach(5);
servo3.attach(7);
servo4.attach(9);
servo5.attach(11l);

Loop()

servol.write(180);
delay(10000);
servo2.write(180);
delay(10000);
servo3.write(180);
delay(10000);
servo4.write(180);
delay(10000);
servo5.write(180);
delay(10000); }




