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JlaGopaTopHas padora Nel. O3HaKoMI/IeHHe CO cpegaMH
MpPOrpaMMHUpPOBaHUsA MAHMITYJIITOPOB Ha 6a3e Lego Mindstorms NXT 2.0,
EV3 u Arduino

1 Heanb padoTsl

C60p1<a MAHUITYJIAATOPOB, O3HAKOMJICHHMEC C HUX TCXHHYCCKUMU

XapaKTCpUCTUKAMU U Cp€aaMu IMporpaMMUpOBaHN.

2 JlaGopaTopHoe 3aj1aHue

1. Co6pars ManumysaTopsl Ha 6ase Lego Mindstorms NXT 2.0 u EV3.

2. O3HaKOMHTHCS CO cpemoit mporpammupoBanus Lego Mindstorms NXT
2.0, EV3 u Arduino.

3. IlpomeMOHCTpHPOBaTh IBH)KEHHE KaXIOTO CEpBOMOTOpa IO

OTACIBHOCTH.

3 [Ipeamer u cogep:kaHHe PadOThHI

OOBEKTOM HCCIIeIOBaHHS SIBJISIFOTCS MOJIENIH pOOOTOB MaHMITYJISTOPOB
na 6a3e Lego Mindstorms NXT2.0, EV3 u Arduino. PaGoTa 3akiirodaeTcst B TOM,
YTOOBI O3HAKOMHUTBCA CO CPEJOH MPOrpaMMMPOBAHUS MAaHMITYJISTOPOB M HX

KOHCTPYKTUBHBIMHU OCOOCHHOCTSIMH.

4 OnucaHue oﬁopynonaﬂnﬂ, TEXHUYECKHUX CPEACTB U HHCTPYMCHTOB

Manunynstop Robotic Arm 6 dof o6opya0BaH 11eCThO CEPBOMOTOPAMH.
PoGoTusupoBanHass pyka mpeicraBisieT  co0Oil  aBTOMaTH3HPOBAaHHOE

MEXaHHYCCKOC YCTpOﬁCTBO. KauecrBennas KOHCTPYKIUA o0ecreurBaeT TOUHOE



U TOBTOpsieMOE  IIO3WLMOHHMPOBAaHWE  MAHMIYJATOpA.  YTpaBICHHUE
MaHHITYJIITOPOM 00eCIIeYrBaeT MUKPOKOHTpOJUIEp atmega328.

BremHwmit BU pyKn — MaHUITYJISITOpa MIPEACTaBIICH Ha pucyHke 4.1:

Pucynok 4.1 — Pyka-MaHuIysisiTop

Paccmotpum cepBoMoTopsl Manumysstopa Robotic Arm 6 dof.

MaHunynsTop UMeeT 1ecTb cepBoMoTopoB THia RB — 796MG, RB —
421MG.

Cepsomorop RB — 796MG (pucynok 4.2) OCHAIlEH METaLUTHYSCKUMHU
3yO4YMKaMH, TPENOCTaBIsIET HaJEeKHOe W cTabwibHOE (YHKIMOHHUpPOBAHHE.
HmeeT HU3KHE JIEKTPOMATHUTHBIC IOMEXHU, MBI 00bEM, BBICOKYIO TOYHOCTh
no3uuonupoBanus [1].

TexHn4ecKkue XapaKTepUCTUKH:

— Bec 58 rp;

— pa3mepsl 40.2%20.2%43.2 mwm;

— KkpyTsauwit MoMeHT: 9.0 kxr-cm ipu 4.8 B; 10 kr-cm nipu 6 B; 12.0 xr-cm
mpu 7.2 B

— CKOpOCTb oBOpoTa Bana Ha 60 rpaaycos: 0.17 ¢ npu 4.8 B;

0.25 c mpu 6 B;

— HampsbkeHue nutanus: 4.8 B unu 7.2 B.



WWW.ALSROBOT.COM

Pucynox 4.2 - Cepomotop RB — 796 MG

B cocraB pyku Mmamummymsitopa Robotic Arm 6 dof rtaxke Bxomut
cepoMotop RB — 421MG. Buewnuii Bu npeacTaBieH Ha pucyHke 4.3.

TexHUYecKue XapaKTepUCTUKU:

— Bec 42 1p;

— pa3mepsl 40.2%20.2%43.2 mm;

— KpyTaLui MOMeHT: 2.9 kr-cM npu 4.8 B; 4.6 xr-cM nipu 6 B;

— CKOpOCTh MoBopoTa Basia Ha 60 rpaxycos: 0.17 ¢ npu 4.8 B;

0.4 c npu 6B,;

— HanpsbkeHue nutanus: 4.8 B win 6 B.

4
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Pucynox 4.3 - Cepomotop RB — 421MG

B po6ororexunuueckuit Habop NXT 2.0 Bxoaar:
— moxynb NXT,;
— JaTYUK HaXaTHs (MO3BOJIET POOOTY YyBCTBOBATh M PEearnpoBaTh Ha

BHCIIHUC pa3ﬂpa)KI/IT€J'II/I);



— JIaTYUK ayAno (MO3BOJISIET pOOOTY CIBIMIATE I PEarnpoBaTh Ha 3BYK);

— JIaTYHUK CcBeTa (ITO3BOJISIET POOOTY OOHAPYKHUBATH CBET U LIBET);

— TPH MHTEPAKTHUBHBIX CEPBOMOTOPA (FAPAHTHPYET TOUHOCTH ABHKCHUH
pobora);

— YIBTPa3BYKOBOH JaTuuMk (TO3BOJSET pOOOTY BHIETh, H3MEPSTH
paccTosiHHe 10 00bEKTa U pearupoBarh Ha JABMKEHHE).

Tpu cepBomoTopa naroT poOOTYy BO3MOKHOCTH JBUTAThCs. B Kaxkawplid
Motop NXT 2.0 (pucynok 4.4) BcTpoeH naruumk BpameHus. OH TO3BOJSIET
TOYHEE BECTH YIpaBJICHHE IBIDKCHUSIMH poOoTa. J[aTunk BpalmeHus u3MepsieT
BpalleHHe MOTOpa B Tpagycax Wi nopoporax. OnHO BpamieHue cocTout u3 360
rpagycoB, IO3TOMY, €CIM YCTAaHOBUTH MOTOp Ha BpamueHue 180 rpamycos, B
pe3ynbTaTe och caenaer mos obopora. Ha pucynke 4.5 mpencraBieHa Mozaens

pobota manumyssitopa Ha 6a3e NXT.

Pucynok 4.5 - Po6ot manunysstop ua 6aze NXT 2.0



Crenyromum 00beKTOM UccieaoBanus seisiercst Lego Mindstorms EV3,
KOTOPBIN COIEPKUT BCE 3JIEMEHTHl HEOOXOAMMBIE IS CO3/1aHHA U YIIPABICHUS
TEIcT9aMu po6oToB Lego. B poboroTexandecknii HabOp BXOMSAT:

— moxayne EV3;

— TpH CEPBOMOTOPA;

— JaTYMK KacaHWUS;

— JIaT4HK IBETA;

— MH(paKpacHBIN TaTYHK.

B Habop MOryr BXOOWTh W JApPYrHe JAaT4YUKH JJIs  peau3aluu
CHEUHUaIbHBIX 3aJaHUH.

Bompmoit moTtop (pucyHok 4.6) COHEPKUT BCTPOCHHBIM JaTIHK
BpaIIEHNs C pa3pemeHneM | rpagyc Ui TOYHOTO KOHTpoJs. bomnbmioit MmoTop
ONTHMHU3UPOBAH /IS BBHIIIOJHEHHUS POJIM NMPHUBOAHON IaTtopMbl B poOOTax.

MakcumanbHbie 000pOThI cocTaBisAOT 10 160 — 170 000poTOB/MHH.

Pucynok 4.6 — Bonbmioit moTop

Cpennnii mMoTop (pucyHOk 4.7) Takxke HMEeT BCTPOCHHBIH JaTUHK
BparnieHus (¢ pasperieHneM | rpaayc), HO OH MEHbIIE U Jierye, 4eM OOJbIIoi
MOTOp. DTO O3HAYaEeT, YTO OH CIIOCOOEH pearupoBarth ObICTpEe, YeM OOJIbIION
MOTOp. MakcuMmanbHbie 000POTHI COCTABISIOT 10 240 — 250 060pOTOB/MHH.
Cpemumii ceppo Motop it poootroB LEGO Mindstorms EV3 myumie Bcero

NOAXOAUT Ui BBIIMMOJHECHHUA 3aJad, IMpU KOTOPBIX pasMep p060Ta, 6I:ICTpOTa



OTKJIIMKa W €ro CKOpOCTb BakHee rpy3omogbeMHOCTH. Ha pucynke 4.8

Mpe/CTaBICHa MOJIENIb pO00Ta MaHUMysiTopa Ha 6ase EV3.

PucyHnok 4.8 - Pobot marumysrop Ha 6ase EV3

[pu BeINOJIHEHUH JTAOOPATOPHON PabOTHI MCIOJB3YETCS MPOrPAMMHOE
obecrieuenre Lego Mindstorms NXT 2.0. Ha pucynke 4.9 mpencraBicH

nHTepdeiic moIb30BaTelNs IPOrPaMMBI.

Pucynok 4.9 — UnTepdeiic monp3oBares



1. OxHo «P0OO-TICHTP» COACPNKHUT HWHCTPYKIHH TI0 cOOpKe U
MIPOTrPaMMHPOBAHUIO YETBIPEX MOJENeH poOOTOB.

2. Mot moptan. C 3TOH BKJIaJKH MOXHO MEepeiTH Ha CTpaHHIy WWW.
MINDSTORMS.com, d4roObl ITO3HAKOMHTHCS C HOBBIMA  MOJEJISIMH,
ayanodppexramu, 1300paKEHUSIMU 1 IOACKa3KaMH.

3. [TaHenb MHCTPYMEHTOB.

4. Paboyas o0macTb — 3TO 4YacThb OJKpaHa, WCIOJb3yeMas s
nporpaMmmupoBanus. B paboueii o6nacTu MOXKHO pacriojiaraTb MKOHKH-O0JIOKH ©
TIAJTUTPHI U pa3MenIaTh OJIOKH BAOJb OCH IOCIIEOBATEIbHOCTH ACHCTBHUI.

5. Manoe okHo cmpaBku. Mcmonp3yercss Ui BBI30Ba IOJCKAa30K H
crpaBo4HON MH(pOPMaIMK O PYHKINH B TIpoliecce ceaHca paboTHI.

6. Cxema paboueii obmactu. Vcnonp3yercs il MOTyYeHHs CBEICHUHA O
nporpamMmme.

7. IlanuTpa nporpaMMHUpOBaHHUs COACPIKHUT BCE UKOHKU-OJIOKH, KOTOPBIC
HEOOXOANUMBI JUTsl CO3AaHUsI IPOTPaMM.

8. Tlanenb HacTpoeKk TO3BOJISIET HACTPOUTH OJOK Al TpedyeMoro
JIEUCTBUSL.

9. Konrpomnep ocymectsiaser ympaenerne NXT. On mo3Bomser
riepeiaBaTh MPOrpaMMBl U (aifibl, 3aIycKaTh 1 OCTaHABINBATH IIPOTPaMMBI.

10. Oxuo NXT orobpaxaer nadopMmarmro o mamsata NXT u mapameTpax
CBSI3U.

[MamuTpa  mporpaMMHpOBaHUS  COAEPKMT  BCe  OJOKM s
POrpaMMHPOBAHUS, KOTOPBIE MTOHAA00STCS AJIsl Co3/aHus Tporpamm. Kaxpiit
0JI0K 33a71aeT BOBMOJKHBIE JIEWCTBHS WM PEAKIMI0 poOOTa. 3aBepIInB CO3aHuUe
nporpammel, 3arpy3ure ee B NXT u 3anmycrute. [lepen 3arpyskoii mporpammsl
He 3a0ynpTe BKIIOYNTE NXT ¢ HOAKITIOYUTECS K HEMY.

J171st BBITTOTTHEHUS J1a00paTOpHOH padOTHI JOCTATOYHO HCIIOIb30BATh TPH

070Ka W3 OCHOBHOW MAJMTPHI NPOTPAMMHPOBAHUS: OJIOK IBIKEHUS, OJIOK



3aIUKINBAaHUS, OJOK may3sl. BIOK OBIDKEHUS YIpaBisieT MOTOpaMu poboTa u
CHHXPOHI3UPYET €ro IBIKEHUSA. BIOK may3sl MO3BOIAET POOOTY OIECHHTH
OKPY)KalOIIyl0 OOCTAaHOBKY  Ha HaJWM4YWe OIPENEICHHOTO YCIOBHS IO
MIPOJOIDKCHAS BBHITIONIHEHHUS MPOTpaMMbl. BIIOK 3alMKIMBAaHUS HCIIONIB3YETCs,
4T00BI pOOOT MOBTOPSIT KaKoe-T100 JieiicTBHE.

Kaxnplit  mporpamMmHBIH  OJOK  OCHAIlleH MaHENbI0  HACTPOEK,
TIO3BOJISTIOIIEH PEryNIupoBaTh MapaMeTphbl OJIOKA IS BBIIOTHEHUs JSUCTBHH 110
Baiemy >xenanuto. [Ipu akTuBaimu 610ka B paboueii 0061acTH, MaHe b HaCTPOEK
JUTS HETO TOSBISICTCS B HIDKHEH 4acTh dKpaHa. [lyTeM M3MEeHEHUS mapaMeTpoB
Ha Ka)kJOU U3 MaHelel HacTpOeK MOXKHO U3MEHSTH IOBEJCHHE KaXKI0TO OJIOKa.
Hanpumep, mmst Toro, 9To061 poOOT nBUTaACS OBICTpee HEOOXOIUMO U3MEHHUTH
mapameTp «MOIITHOCTEY» Ha TTAHEIH HACTPOEK OJI0Ka «/IBrKeHue».

[14Th KHOIIOK KOHTpOJUIEpa CIIy>KaT /Ul B3aUMOJIEHCTBUS KOMITbIOTEpa U
NXT. Bepxusisi jeBas KHOIKa KOHTPOJUIEpPA JaeT AOCTYI K HH(GOpMAIMU O
pecypce namsatu NXT u napamerpax cBsa3u. HIbkH:A jeBast KHONKA «3arpy3uTh»
no3BoJisieT 3arpy3uth nporpammy B NXT. IleHTpanbHas KHONKa «3arpy3uTh U
BEIIOJTHUTBY 3arpyxkaer mporpammy B NXT m 3amyckaer mporpamMmy Ha
BEITTONTHEHME. [IpaBast BepXHss KHONKA «3arpy3uTh M BBHITOIHUTH BHIOpAaHHOE)
3arpy’kaeT W 3allyCKaeT Ha BEHINOJHEHHE TOJBKO YacTh KOJa MPOTPaMMBI
(HampuMep, OTAETHHBIH OJIOK MM HeCKOJIBKO 010K0B). [IpaBast HIKHISI KHOTIKA
Crorm npekpamiaeT BEIIOJTHEHHE IPOTPAMMBI.

Bonee moapobHas uHpoOpMaIus ykasana B padore [2].

Ha pucyske 4.10 npencraBiicH HHTEP(EHC MOIB30BATESI IPOTPAMMHOTO

obecneuerns Lego Mindstorms EV3.



Pucynok 4.10 - UnTepdetic momp3oBaTemns

1. Ob6xacTh MPOrpaMMHUPOBAHUS.

2. [Nanutpa mporpaMMHPOBaHUS COAEPKUT KOHCTPYKTHBHBIE OJIOKHU /IS
MPOTPaMMBI.

3. CtpaHu1a annapaTHbIX CPE/ICTB.

4. Pepaktop KOHTEHTa — OJJIEKTPOHHAas TETpaab, BCTPOCHHas B
porpaMMHoOe o0ecriedeHue.

5. IlaHenb MHCTPYMEHTOB  NPOrPaMMHUPOBAHMS COAEPKHUT OCHOBHBIE
3JIEMEHTBHI JUIsl pabOTHI C POTPaMMOii.

Bce mporpammubie OJ0KH, KOTOpBIE HCIONB3YIOTCS AJSI yIPaBICHUS
po0OTOM, HAXOIATCS Ha NaNUTpax I[POrpaMMHUPOBAaHMS B HIDKHEH YacTh
nporpaMmmHoOro nHrepdeiica noj 061acThio porpaMMmupoBanus. [I[porpamMmHbie
OJIOKH MOJIpa3/IeNsI0OTCs Ha KATErOPUHU B 3aBUCUMOCTH OT THIIA M XapaKkTepa, 4To
oOyeryaer mouMck Hy)XHoOro Ojoka. [lysi BBIIOSHEHHUs JlabopaTopHOil paboThI
JOCTaTOYHO HWCIONB30BaTh Onoku neiictBus «CpemHuil MoTopy», «bompmioi
MoTOp» 1 O10Ku-onepaTopbl «Havano», «Oxunanue» u «LIuxim.

Crpannna ammapaTHBIX CpPEACTB NPENOCTaBISsIET Pa3HOOOPa3HYIO
nadopmammio o wmoxyne EV3. Bxumagka «MHpopmamms o Momyney,

npeacTaBieHHass Ha pucyHke 4.11, oToOpaxkaeT HHQOpPMAIUIO O MOIYJIE,
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KOTOPBIA IOAKIIOYEH B JaHHBIH MOMEHT, TaKylo Kak HazBaHue mMonyns EV3,

YPOBEHb 3apsAku Oarapew, Bepcuro BcTpoeHHoro 11O, TWm MOAKIIOUCHHS U

IIaHCJIb IIaMATH.

|

B aE

Firmware: V1.00H
Connection Type: US8

EV3 mmm | 22
[

)«
© 8l o]

Pucynox 4.11 — Bxnanka «HbopManms o MoIyme»

Bxnanka «[IpeacraBnenue nmopray, npencraBieHHas Ha pucyHke 4.12,
oroOpaxaeT MHPOPMALHMIO O JaTYMKaX U MOTOpPaX, NOAKIIOYEHHBIX K MOJIYJIIO
EV3. Ilpu mnoakmodyeHWH MOAYJIs K KOMIBIOTEpPY 3Ta HH(pOpMAIHs
aBTOMAaTHYECKH HACHTH(UIMPYETCS, U MOKHO BUJIETh TEKyInne 3HaueHus. Ecim

e MOJLyJIb HE TTOIKITIOUECH, MOXKXHO HACTPOUTH BKIAIKY BPYUHYIO, BEIOpaB MopT,

a 3aTeM COOTBGTCTByIOH.II/Iﬁ AAaTYUK WIHX MOTOD.

Pucynok 4.12 — Briaaka «I[IpeacraBieHue mopra

Bxrnanka «JloctynHble Momynw», MpeacTaBieHHas Ha pucyHke 4.13,

mokassiBaeT Moxynmu EV3, koTopple B maHHBII MOMEHT JOCTYIIHBI IS

IIOJK/IIOYCHUA. BKJ'Ia/:[Ka npeaoCTaBJIsACT BO3MOXXHOCTb OTKIIOUYCHUEC
CYIIECTBYIOIICIO0 MOJAKIOYECHUA MOIYJIA EV3, TOJAKIOYCHUA HeO6XOZ[I/IMOFO

YCTPOWCTBA U BBIOOPA TUIIA CBS3U.

11
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Pucynox 4.13 — Brknanka «JlocTyHbIe MOy

KHONKH KOHTpOJIIEpa CTPAHHILIBI allllapaTHBIX CPEICTB, IPEACTABICHHBIC
Ha pUCyHKe 4.14, BEIIONHSAIOT (YHKITUH:

1. 3arpy3uts — 3arpyaert nporpammy B Moayib EV3.

2. 3arpy3uTh M 3alyCTUTh — 3arpy’aer mnporpammy B moayib EV3 u
3aIycKaer ee.

3. 3arpy3uTh U 3alyCTUTh BBIOPAHHOE — 3arPy’KacT BBIACICHHBIC OIOKH

B MOAYJIb U 3aITyCKacT UX.

|
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Pucynox 4.14 - Kontposuiep cTpaHHUIbI allIapaTHBIX CPEICTB

Bonee moapoOHas nHpopManus ykasaHa B pabote [3].
Ha pucynxe 4.15 npencrasien nunrepgeiic noabp3oBaTess IpOrpaMMHOTO

obecneuenus Arduino.
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Pucynok 4.15 — Untepdeiic mons3osarens Arduino

1. TeKCTOBBIN pelakTOp NPOTrPAMMHOI0 KOAA.

2. O6nacTh COOOIIECHUHA.

3. OKHO BBIBOJIa TEKCTA (KOHCOJIH).

4. KHomnky maHe I HHCTPYMEHTOB (CJIeBa HAIpaBo):

4.1 mpoBepka MPOrpaMMHOI0 KOJa Ha OIIMOKH, KOMITHJISIIHS,

4.2 3arpy3ka cketya B Arduino;

4.3 co3iaHne HOBOTO CKETYa;

4.4 OTKpBITHE MEHIO JJOCTYIa KO BCEM CKeT4YaM B OJIOKHOTE;

4.5 coxpaHeHHUE CKeTYa;

4.6 OTKpBITHE MOHUTOPUHTA TIOCIEeJOBATEIIEHON IITHHBIL.

5. [lanenb HHCTPYMEHTOB.

Jdnst  3arpy3kd  mporpamm  cpena  pa3pabOTKH — MOJKJIIOYaeTcs K
anmapatHoi yactd Arduino. Ilporpamma, HanmcanHas B cpeie Arduino,
Ha3piBaeTCsl ckerd. CKEeTY MHUIIEeTCS B TEKCTOBOM PEAAKTOpE, HMMEIOIIeM
HHCTPYMEHTHI BEIPE3KH/BCTABKH, TIOMCKA/3aMEHBI TeKCTa. Bo BpeMs coxpaHeHHUs
U JKCIIOpTa MPOEKTa B OOJIACTH COOOMICHHUU TOSBISIOTCS IMOSICHEHHUS, TaKXKe
MOTYT OTOOpa)kaThCsl BO3HHKINKE OmMHOKH. OKHO BBIBOJIa TEKCTa (KOHCOJIb)
oKa3bIBaeT coodmeHus Arduino, BKIFOYAONIIE TOJTHBIE OTYETHI 00 OIUOKAX H

JIpYTyto HHMOPMAIIHIO.
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Cpenoit Arduino HCIIoIb3yeTcst IPUHIUI OJIOKHOTA: CTAaHAAPTHOE MECTO
UL XpaHeHHs nporpammM (cketdeit). CkeTdn 13 OJIOKHOTa OTKPBIBAIOTCS depes
Mento @aiin > Ilamka co ckeTyaMH WM KHOMKOW OTKpBHITP Ha IaHENH
WHCTPYMEHTOB.

Cpenma pa3pabOTKH MO3BOJIACT paboTaTh C HECKOJBLKHMHU (aimaMu
ckeTdelt (Kaxbli OTKpHIBaeTCAd B OTACNbHON 3aknazike). dailnel koxa MOryT
ObITh craHmaptHeiMU Arduino (0e3 pacmmpenwus), ¢aimamu C (pacummpeHue
*.c), daitmamu C++ (*.cpp) ninum 3arosoBouHbIMU Qaiinamu (.h).

IMepen 3arpy3koii ckeTda TpedyeTcs 3a1aTh HEOOXOAUMBIC TAPAMETPHI B
mento Cepsuc > [Inara u Cepsuc > Ilocnenosatensusbiit mopt. B OC Windows
mopTel MOTyT o6Oo3HadaTthcss kak COMI1 wmwm COM2 (i miatel
nocyieoBarenbHol mmHb) wim COM3, COMS, COM7 u Beime (U TUTaThI
USB). Omnpeaenenue nmopra USB mpousBogutcs B mone llocnemoBaTenbHOR
mmHbel USB [lucnetyepa yctpoiictB Windows. B OC Linux mopTbl MoOryT
obo3Hauathest kak /dev/ttyUSBO, /dev/ttyUSBI1. Ilocne BbIOOpa mopra u
1aTGopMbl HEOOXOJMMO HaXKaTh KHOINKY 3arpy3KH Ha MaHEd WHCTPYMEHTOB
i BeIOpath MyHKT MeHIo Cketa>IIpoBepurs/KommuinpoBars. CoBpeMeHHBIE
wiatdopmsl Arduino mepesarpykarTcs aBTOMAaTHYECKH Tepe] 3arpy3koil. Ha
cTappix Iulatropmax HEOOXOIMMO HaXaTh KHONKY mepesarpy3kud. Ha
OOJIBIIMHCTBE TUIAT BO BpeMs mpoliecca OyayT Murath cBetoanoasl RX u TX.

Cpenma paspabotku Arduino BbIBEAET COOOILICHHE 00 OKOHYAHHU
3arpy3ku unu 06 ommbOkax. IIpu 3arpyske ckeTda HCHOIB3yeTCs 3arpy3uuk
Arduino, HeOoJIbIIIas IpOrpamMmMa, 3arpyxaemasi B MUKPOKOHTPOJIIED Ha IUIaTe.
Ona moO3BONSET 3arpykaTh IPOTPaMMHBIA Kox 0€3  HCIHOJIb30BaHUS
JIOIIOJIHUTENBHBIX ~aNlapaTHBIX CPEJICTB. 3arpy3dydMk AaKTUBEH B TEYCHUH
HECKOJIBKMX CEKYHJI IIpH Tepe3arpy3ke miaTgopmsl U IpH 3arpy3Ke J000ro 13
ckeTyell B MUKpOKOHTposuiep. Pabora 3arpy3unka pacrno3HaeTcsi 110 MHUT'aHUIO

ceeroauonaa (13 muH).
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bubnnorekn  m00aBIAIOT  JOMOJHUTENBHYIO  (DYHKIMOHAJILHOCTD
CKeT4aM, HampuMmep, IpH padoTe ¢ ammapaTHOH YacThbIO WM NpH 00paboTke
maHHbIX. Jlosg  wcmomp3oBaHMA — OMONMMOTEKHM  HEOOXOIMMO — BEIOpATh
MeHio Ckera>lmmoprupoBare  Onbmuoreky. OpHa WIH  HECKOJIBKO
nupekTuB #include OyayT pa3MeleHsl B Havale KoJa CKeTya ¢ MOCEAYyoLIeit
KOMIWIISILEH OMOIMOTEK M BMECTE CO CKeT4eM. 3arpy3ka oubiuorek TpedyeT
JIOIIOJIHUTENBEHOTO MecTa B mamsath Arduino. Heucnonb3yemble Oubianorexu
MOXHO YAQIUTh W3 ckertda yOpaB aupektuBy #include. Ha Arduino.cc
uMeeTcs CIUcOK OmbmuoTek. HekoTopble OHONHOTEKHM BKIIOUEHBI B CPEAy
paspabotku Arduino. [Ipyrue MOryT ObITh 3arpYIKEHBI C PA3JIMYHBIX PECYPCOB.
J1ist BBITIOTHEHHS TAOOPATOPHBIX PA0OT AOCTATOYHO UCIIOJIL30BATH OMOIUOTEKY
Servo, npenocTaBIsoNy0 Habop GYHKIHIA IS YIPABICHUS CEPBOMPUBOIAMH.

dopmar koMaH bl OUOIHOTEKN SErvo:

servo. ¢yHkims (3HaueHHWE YIPaBIIEMOTO MapaMerpa). YTpaBieHUE
OCYIIECTBIISICTCS CIACTYIOMNUME (QYHKIHSIMU:

— attach() - mpucoeauHsIET MEPEMEHHYIO K OIMpPEAEIEHHOMY IHHY.
Cunrakcuc: Servo.attach(pin), pin — Homep BbIBOJZ, K KOTOPOMY
MPUCOEIUHSETCS cepBonpuBo/I. [Ipumep:

#include <Servo.h>

Servo myservo;

void setup()

{

myservo.attach(9);

}

void loop() {3}

— write() - mepegaeT KOMaHIy CEpBONPHUBOIY INPHHATH HEKOTOPOE
3HadeHue napamerpa. s cTaHAapTHOrO CEpBOIPHUBOJA ITO YroJl IOBOPOTA.

Cunrakcuc: servo.write(angle), angle — yron mosopora cepsonpusoja. [Ipumep:
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#include <Servo.h>
Servo myservo;
void setup()

{

myservo.attach(9);

myservo.write(90); // ycraHaBNIMBaeT CEpPBONPHUBOJ B CpeIHee
TIOJIOXKEHHE,;

}

void loop() {}

— writeMicroseconds - mepemaer 3Haue€HHE Ui YIPaBICHUS

CEpBOMPUBOJIOM B MHUKDPOCEKYH/aX, YCTAHABIWBAs Yyroj MOBOPOTA HAa 3TO
sHagenne. Cuarakcuc: Servo.writeMicroseconds(uS), uS - 3HaucHHe B
MuUKpocekyHnax. [Ipumep:

#include <Servo.h>

Servo myservo;

void setup()

{

myservo.attach(9);

myservo.writeMicroseconds(1500); // ycraHaBIMBaeT NpUBOJ B CpeIHEE
TOJIOKCHHE,

}

void loop() {}

—read() — cuuThIBaeT TeKylllee 3HAYCHHWE YIJIa CEPBOIMPHBOJA.
Cunrakcuc: servo.read().

— attached() — mnpoBepka mNOAKIHOYEHHS NEPEMEHHOH K BBIBOIY.
Cunrakcuc: servo.attached(). Bosppamiaemoe 3HaueHue: ftrue — eciu

nozkiroveHa, false — B obparHoM ciydae.
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— detach() — oTcoenuHseT MEpEMEHHYIO OT IIMHA, K KOTOPOMY OHa ObLIa
npucoenurena. Cunrakcuc: servo.detach(pin).
[Ipumep ncnonp30BaHUs OUOIMOTEKH SErvo.
#include <Servo.h>
Servo myservo;
void setup()
{
myservo.attach(9);
}
void loop()
{
myservo.write(90); // ycTaHaBIHMBaeM CEpBOIPHBO] B CEPEIMHHOE
MOJIOKEHHE;
delay(500);
myservo.write(0); // ycraHaBIMBaeM CEpBOIIPUBO/] B KpaliHEe JIEBOE
MOJIOKEHHE;
delay(500);
myservo.write(180); // ycraHaBnmuBaeM cepBONpPUBOJ B KpaliHee

MIPaBOE MMOJIOKEHHE;
delay(500);

}

[ToaknrodeHne CEpBOMPHUBOJIa K IJIaTe OCYIIECTBISETCS C TOMOIIBIO
nuieiida U3 Tpex MpoBOJOB: MUTAHKE, 3eMJISl U CUTHAIBHBIN. KpacHbIit mpoBo/T -
MMUTaHWE TOAKIIOYaeTCs K BEIBOAY +5V Ha miuare Arduino. KopuuHeBsrii mim
YepHBIN MPOBOJ - 3eMirs nojkirodaeTess K GND BeiBogy Arduino. XKenrterid wim
OeTbIi IPOBOI MOAKITIOYASTCs K I poBoMy BEIBOY KoTposuiepa Arduino. Ipu
MOJNKIIOYCHUN  HECKOJNBKHX  CEpPBONPHBOAOB K  IDIaTe  HEOOXOIUMO

BOCITIOJIB30BATHCA HHaTOﬁ-paCmeHTGHCM IOpTOB u TOAKIIFOYHTH
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JOTIOJHUTENBHBIA UCTOYHHK MUTaHMA. YOenurech, 4YTo0 IPUBOJ U KOHTPOJLIEP
MOIKIIFOUEHBl K o0mel 3emie. Bomee mompoOHyro mHpOpMamus ykasaHa B

pabote [4].

5 MeToauueckue YKa3aHusd 110 X0y BbINNOJIHEHU S paﬁOTbI

Ha mepBom 3tame HeoOxoaumo coOpaTh MaHUITYIATOPHI Ha Oa3e Lego
Mindstorms NXT 2.0, EV3 cornacHo nureparype [5] u [6] cootBeTcTBeHHO. Ha
BTOPOM JTame HeoOXOJUMO 3allyCTUTh Cpely mporpaMMupoBaHus Lego
Mindstorms NXT 2.0. Hcnone3ys nurepatypy [2] usyuuts uHTEpQEic
TMIOJIb30BATEIS U TAJIUTPY HHCTPYMEHTOB. 3aIlyCTHTh CPEy POrpaMMHUPOBAHUS
Lego Mindstorms EV3. Hcnonws3ys nuteparypy [3] u3yunts unTepdeiic
TIOJIB30BATEIIS U NAJIMTPY HHCTPYMEHTOB. 3allyCTHTh CPEAY IPOrPaMMUPOBAHHUS
Arduino. HWcnones3ys nurteparypy [4] usyuuth unHTepdeiic mnonb3oBaTens
Arduino, texuuueckre u ¢pusnyeckue xapakrepuctuku Arduino Uno, croco6
MOJIKJIIOYEHHS CEPBONPUBOAOB K Iuiare. O3HAKOMHUTBCS C OHOJIMOTEKaMHU
Arduino. Uzyuuts ¢yukiun 6ubmuorekun Servo. Ha Tperbem stame mjis
JICMOHCTpALlMK JIBIDKEHHSI CEPBOMOTOpPAa HEOOXOAMMO BKIIOYHTH poboTa
manumnynatopa Ha 6aze NXT. Ilepemectuts Ha pabouyio obmacte 070K
JIBH)KCHHUS ¢ OCHOBHO NaJIMTPBI. 3a1aTh MapaMeTpbl HACTPOHKH:

— BBIOpATh NOPT, K KOTOPOMY HOAKIIOUEH YIPABISEMBIil CEpPBOMOTOP;

— yKa3aTh HalpaBJCHHE BPALICHHs MOTOpA: BIEpel, Ha3al WIH ero
OCTaHOBKa, NpPH BHIOOPE KOMaHABI «CTOI» HACTPOMKH CEPBOMOTOPOB
cOpachIBaIOTCS;

— IIpY YOpPaBIEHUU JIByMs CEPBOMOTOPAMH, TMOSBUTCS HACTpOMKa
JICUCTBUSI MAHUITYJIATOPA: 3aXBaT M ITOJIbeM pabouero opraHa, 3axBat 1 MoBOpoOT,
MIOJTbEM U TTOBOPOT paboyero opraHa MaHHITYJISITOPa;

— BBICTABUTH YPOBCHb MOIIHOCTH CEPBOMOTOPA,
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— yKa3aThb NPOJOJDKUTEIBHOCT BpAaIIEHWS MOTOpa B TEUCHHE
HEOTPAaHUYCHHOTO BPEMEHH, OINPEICICHHOTO KOJIMYECTBA CEKyH[, 00OpPOTOB
WJIN TPaJyCcoB ITOBOPOTA Baia;

— BBIOpaTh JEHCTBHE MOTOPOB IIOCIE BBIKJIIOUEHHSA: KATHUTHCS HIIH
TOPMO3UTb.

Haxath LEHTpaJbHYI0 KHONKY «3arpy3uTh W BBINOJHUTHY. BKIIOYHTH
MaHunyisitop Ha ©Oaze EV3. Ilepemectuth OJIOK JAEHCTBUS € MaTUTPHI
MIPOrpaMMHpPOBaHUs Ha pabodyro 001acTb. 3a1aTh HapaMeTpbl HACTPOMKH:

— BBIOpaTh MOPT, K KOTOPOMY IOJKIIOUYEH YIIPABIAEMbIH CEPBOMOTOP;

— BBICTaBHUTh MOIITHOCTh CEPBOMOTOPA;

— yKa3aTh MPOIOJDKUTEIHHOCTh BPAICHNUS MOTOpPA HA 33/IaHHOE YHCIIO
CEeKyH/I, 000pOTOB I I'PalyCoOB;

— BBIOpaTh JefiCTBUE MOTOpPOB IOCJIE BBIKJIIOYEHHS: KATUTHCS WU

TOPMO3UTb.
Haxate  kHOmKy  «3arpy3uTtb M  3alyCTUThY».  3alyCTUTh  CpPedy
nporpammupoBanus  Arduino. Hamwmcats nporpammy ajis JABHXKCHHSI OJHOTO
cepBomoropa. [omkmounts wiaty Arduino Uno x K ¢ nomomsio USB
kabemst. CoeMHNTh CUTHAIBHBIN TIPOBOJI CEPBOMOTOpPA C IU(POBHIM BBIXOJOM
wiaTel. [TonKIIounTh NMpoBOA-TIMTaHKME K BhIBOAY 5B Ha mate. [logkmounth
npoBoa-3eMisi K BbBoay 3asemsieHns GND na mmate. Haxare kHOTKY
«IIpoBeputhy». HaxxaTh KHONIKY «3arpy3uTh.

6 TpeOoBaHus K coep:KaHNI0 U 0OPMIEHUIO OTYETA

1. Ha3Banwue u neib paboTHI.
2. CKpUHIIOTHI TPOTPaMM.

3. OTBeTHI Ha KOHTPOJBHBIE BOMIPOCHI.
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7 KoHTpOJBHBIE BONIPOCHI

1. Iepeuncnure OGJIOKM OCHOBHOM HainuTphbl HmporpammupoBanust NXT
MaHHIyJsTopa?

2. HazoBure ¢pyHKINHM O10Ka IBMKCHUS U TApaMETPhl HACTPOUKH?

3. HazoBute mapameTpsl HACTpOWKH OJIOKa AeHcTBUS cepBomMoTopa EV3
MaHHIysTopa?

4. Ilepeuncnute GyHKIMM ONOIHOTEKN SErvo?

5. KakuM 00pa3oM oOCYIIECTBISETCS IMOJKIIOYEHUE CEpBOMOTOpa K
iate?

6. HazoBure TeXHMYECKHME XapPaKTEPUCTUKU CEPBOMOTOPOB PYKH
manumnyistopa Robotic Arm 6 dof?

7. Ha3oBuTe oTiM4Mst KOHCTPYKTUBHBIX HabopoB Lego Mindstorms NXT
2.0 EV3?

Cnucok uTepaTrypsl

1 RB - 796 MG. [DnekrtponHslii pecypc]. — Pexum mocryma:
http://ru.aliexpress.com/item/RB-796MG-servo-motor/463046853.html  (maTa
obparenus 23.05.2014)

2 PyxkoBogacteo momb3oBarenss NXT 2.0. [DnekrponHbiii pecypc]. —
Pexxum  jpocryma:  http://www.mindstorms.ru/img/file/8547_Mindstorms.pdf
(mata obpamenus 18.01.2014)

3 PykoBoncTBO monb3oBatens EV3. [DnekrpoHHEI pecypc]. — Pexxum
JIOCTyTIa: http://www.lego.com/ru-
ru/mindstorms/downloads/software/ddsoftwaredownload/ (mara oGpameHus
18.01.2014)

4 Arduino. [Dnextponmsiii pecypc]. — Pexum  gocryma:
http://ru.wikipedia.org/wiki/Arduino (mara o6pamenus 16.02.2014)
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5 Komnekrus Lego Mindstorms. HucTpykumss mo cOOpKe pyKd
MaHumyastopa Ha 6aze Lego Mindstorms NXT 2.0/ Kommektus Lego
Mindstorms. - 2010. — 84c.

6 Komrexktu Lego Mindstorms. Wuctpykis 1mo cOOpke pykd

MaHHUIyJsTOpa Ha 6ase Lego Mindstorms EV3/ Komextus Lego Mindstorms. —
2010. — 104c.
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JlabopaTopHasi paGora Ne2. Ouenka ObICTPOAeHCTBUS ABHKEHUS
MaHHIYJISITOPOB Ha 6a3e Lego Mindstorms NXT2.0, EV3 u Arduino
1 Heanb padoTsl

OrmeHka OBICTPOACHCTBUS IBIDKEHUS MaHHITYJIITOPOB Ha Oaze Lego

Mindstorms NXT2.0, EV3 u Arduino.

2 JlaGopaTopHoe 3aiaHue

1. Hammcars mporpamMmy IO TepeMEIICHHIO padodero opra€a B
TOPU3OHTAJbHOW IUIOCKOCTH Ha pacCTOSHHE, COOTBETCTBYIOLIEE BalleMy
BapuUaHTy.

2. Omnpenenute BpeMsl BBIIOJHEHHS OINEpallMd IPH MHUHHMAJIBHOM,
cpeHel U MaKCUMaJlbHOM MOLTHOCTH.

3. Boraucnuts abCOMOTHYIO M OTHOCHTEINIBHYIO ITOrpeIrHoCcTh. [IpoBecTr
CPaBHHTENBHBIA aHANM3 MaHUMYSITOPOB Ha Oase Lego Mindstorms NXT 2.0,

EV3 u Arduino.

3 Ilpeamer u coaepkaHue padoThl

OOBEKTOM HCCIICIOBAHUS SIBISIIOTCS MaHUIYJISTOpbl Ha Oase Lego
Mindstorms NXT2.0, EV3 u Arduino. Pabora 3axio4aercss B TOM, YTOOBI
OLICHUTH OBICTPOAEHCTBHE CEPBOMOTOPOB MAHHITYJSTOPOB. Jlyisi BBIMOIHEHHUS
nmabopaTopHO# paboTE HEOOXOAUMO:

— WM3YYUTH NPHUHLMI ASHCTBUS pabOTHl CEPBOMOTOPOB;

— M3y4uTh (YHKIMOHANBHYIO CXeMy po0OoTa ¥ O3HaKOMHTBECS C
KOHCTPYKTUBHOW CXEMOH MAaHMITYJIATOPA IPOMBIIIIIEHHOTO POOOoTa.

MaHnunynsatopbl 0azupyrorcst Ha cepBomoTopax. CepBoMOTOp — 3TO

peryupyeMblii peyKTOPHBIN 3NeKTpoaBurarenb. OH COCTOUT U3 MPUBOJTHOTO
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MeXaHWU3Ma C AJIEKTPOABHUIaTE]EeM IIOCTOSHHOTO TOKa, IUIATHI YIPABICHHSA U
MTOTEHIIMOMETPA, KOTOPHIA obecrednBaeT 00paTHYO CBSA3b. DIEKTPOIBUTATENb
IIOCTOSTHHOTO TOKa HeoOXommM [uis mpeoOpa3oBaHUS dSJIEKTPHUSCTBA B
MeXaHUIecKui moBopoT. OTHAKO OYEHBb YaCTO OBIBAET, UTO CKOPOCTH BPAILICHHS
JIBUTATEINsl OBIBACT OYCHB OOJBINON JJIs MPAKTUYCCKOTO HCIONb30BaHus. [1Jis
MOHKEHUSI CKOPOCTH HCHOJB3YEeTCS PEAYKTOP: MEXaHU3M U3 IIECTepHEH,
MepeIaonui U mpeoOpa3yomuid Kpy TSI MOMEHT. Biirouas U BBIKITFOUAs
3JIEKTPOABUraTENb, MOXHO BPAIlaTh BBIXOJHON Bajl — KOHEUHYIO LIECTEPHIO
cepBomoTopa. s Toro 4roOBl MOJOKEHHE KOHTPOIHPOBAJIOCH YCTPOMCTBOM,
HEOOXOIUM JaT4hK OOpaTHOW CBSA3H, KOTOPHIH OyAeT mpeoOpa3oBBIBATH YTOI
ITOBOPOTa OOpPaTHO B IEKTPUUECKAN CHUTHAIN. J[JIs 3TOTO 9acTO HMCIONB3YeTCs
moteHIoMeTp. Ilpm moBopoTe OeryHKa TOTCHIMOMETPAa MPOMCXOIHT
U3MEHEHHE €r0 COMPOTHBIICHHUS, MPOMOPLIHUOHAIBLHOE YTy MOBOpoTa. Takum
00pa3oM, ¢ ero MOMOIIBI0 MOYKHO YCTAHOBUTH TEKYIICE MOJI0KEHHE MEXaHH3Ma.
Kpome »snektponBurarens, peaykTopa W TOTEHIIMOMETpa B CEPBOMOTOpE
MMeeTCs IIaTa yIpaBieHus, KOTOpas OTBeUaeT 3a MPUEM BHEIITHETO MapamMeTpa,
CUYHTHIBAHUEC 3HaYCHUN c MOTEHIIMOMETPA, ux CpaBHEHUHE,
BKITIOYCHUE/BBIKITIOUCHUE JIBUTATEIS, TIOAICpKAHUE OTPUIIATEIbHOI 00paTHOM
CBSI3M.

BricTpoeiicTBe MaHHITYIATOpPa OMpPENENSeTCs JTHHEWHOW CKOPOCTBIO
MepeMeIeHHs ero pabodero opraHa v MOXeT ObITh pa30nTO Ha TPU AMATIA30HA!

— manoe — 1o 0,5 m/c;

— cpexnnee — ot 0,5 M/c mo 1-2 M/c;

— BBICOKOE — ITPH OOJIBIIMX CKOPOCTSIX.

HawnGonpimas CKOpOCTh MaHUMYJISTOPOB COBPEMEHHBIX pPOOOTOB
nocturaer 10 m/c u Bbime. J{7sl 3HAUUATENLHOW YacTH 0ONacTed MpUMEHEHUS

pO60TOB 9TOT MapaMeTp OYCHb BaAXCH, TaK KaK HOpeAoOnpeAcsIeT HUX
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MIPOU3BOIUTEIHHOCTh. OCHOBHAS TPYAHOCTD IIPH ITOBBIIICHAN OBICTPOACHCTBH

CBSI3aHA C U3BECTHBIM MPOTHBOPEUHEM MEXIY OBICTPOJICHCTBHEM M TOYHOCTHIO

[1].

4 Kparkas Teopust

OyHKIMOHAIBHAs cXeMa po0oTa, MpeAcTaBieHHas Ha pucyHKe 4.1,
COCTOMT W3  MaHUIYJSIMOHHOH CcHCTEMBl (OIUH WJIM  HECKOJIBKO
MaHHUIYJIATOPOB) U CHCTEMBI MEPENBIKEHNS, HH(POPMAIIOHHO-YTIPABIISIONICH
CHCTEMBI, CCHCOPHOM, Aaromieil MHpOpMamuio O BHEIIHEH Cpele M CHUCTEMbI
CBSI3U C OIEPATOPOM, a TaKKe C JAPYTMMH B3aUMOACHCTBYIOUIMMHU C pOOOTOM
MallMHAMH. VICTIONMHUTENBHBIE CHCTEMBI B CBOIO OYEpedb COCTOSNT U3
MEXaHHYeCKOM CHCTeMBI M CHUCTEMbl INPHUBOJOB. MexaHHYecKas CHCTeMa
MaHHITYJIATOpPA - 3TO 0OBIYHO KHHEMaTH4ecKasl IeTlb, COCTOSIIAs U3 MTOABHKHBIX

3BCHLEB C YIJIOBBIM WJIM MOCTYMNATCIIbHBIM NNEPEMEIICHUEM.

HenonHumensHsie cHCTEMBI

Mexariueckan

cHcTeMa

v Tpssonsi| ™ MaHMTyIITOpa

Oneparop =Y
T O |, Hug Masm cncresa ™ Bremran
caamm i ~ e |_w|cpeaa

)
e cicTema
nepeaBiKeHia
Cencopsan
cucTeMa Cucrema nepensipkenis

Pucynok 4.1 - @yHKkunoHaNbHas cxemMa pobdora

MaHuyISTOp MPOMBIIIICHHOTO pO0OTa COCTOWT W3 HEMOJBI)KHOTO
3B€HA, KOJOHHBI MAHUIYJATOpPA, KAPETKU, PYKU MAaHUIYJIATOpAa U 3BCHLEB,
AHAJIOTHYHBIX PYyKE YEeJOBEKAa, TAKMX KaK KHCThb U 3aXBaTHbIE YCTPOMCTBA.

,HBI/I)KCHI/IC KOJIOHHEI, KapeTKu n pyKu, SIBJISAIOTCS NEPEHOCHBIMU
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oOecrieunBaIONIUMH  TepeMenieHrss  pabodero opraHa wWid  OOBEKTa
MaHUMYJIUPOBAHUS B 33JAHHOE MECTO Paboueii 30HbI MPOMBIILICHHOTO POOOTA.
[NepemelieHre KUCTH U 3aXBATHOTO YCTPOWCTBA SIBIISIIOTCS OPHEHTUPYIOLUIMMHU
IBIDKEHISIMHA, HEOOXOTUMBIMH JIUIsl OPHEHTALINN pab0vero opraHa Wi 00beKTa
MaHuyIupoBanus. OTIENbHBIC BHKCHUS JICMCHTOB 3aXBAaTHOTO YCTPOMCTBA,
OTHOCSTCS K BHYyTPCHHUM JIBUYKCHUSM, TIOCKOJIbKY HE U3MCHSIOT HU MOJIOKCHUS
pabodero oprana B pabodyedd 30He, HM ero opueHTanuud. Ha pucynke 4.2
MPEJCTaBJICHa KOHCTPYKTHUBHAs CXeMa MAaHUIYJIATOpA IPOMBIIUICHHOTO

pobora.

1 — HemoABM)XHOE 3BE€HO; 2 — KOJIOHHA MaHUIYJISTOPa; 3 — KapeTka; 4 — pyka
MaHMITYJIATOPA; 5, 6 — 3BEHbs, aHAJIOTHYHBIE pyKe yenoBeka; [-VI —
HAalpaBJICHUs JBIKCHUS 3BEHBEB.

Pucynok 4.2 - O6muii Bua MaHUITYJIATOPa TPOMBIIIIIEHHOTO poOoTa
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5 Onucanne 060pya0BaHNS, TEXHHYECKHX CPEICTB U HHCTPYMEHTOB

[Tpu BeIMONHEHMH NAabOpPaTOpHOM PabOTHI HEOOXOAMMO HCIIOJIL30BATH
CEeKyHAOMEp, JTUHENKY AnuHoi 50cM, TpaHCIIOPTUD, UHUPKYJIb, MAHUITYJIATOPbI

Ha 6aze Lego Mindstorms NXT2.0, EV3 u Arduino.
6 MeToanyeckue yKa3aHHus N0 BbINOJIHEHUIO JJa00paTOPHOIi padoThI

W3HavanpHO HEOOXOAMMO BKIIOYUTE po0OoTa. 3aTeM U3yYUTh OCHOBHEIC
Gbyukuuu cpenpl mporpammupoBanus Lego Mindstorms NXT2.0, Lego
Mindstorms EV3 u Arduino mpu paGore ¢ cepBomoTropamu. Hammcath
nporpammy JAjist IIepeHoca pabdoyero opraHa B FOPU30HTAJIBHON MJIOCKOCTH Ha
paccTosiHUe, COOTBETCTBYIOIIEE BallleMy BapHaHTy. BRICTaBUTh MUHUMAIIBHYIO
MOIIHOCTb CEPBOMOTOpA, COOTBeTCTBYIomYy0 20%. Omnpenenuts BpeMms
nepeHoca pabodero opraHa MaHHUITYJIITOpAa W IIPOBECTH HE MEHEE JECATH
ONBITOB. BBICTaBUTH CpPENHIOI  MOILIHOCTh  COOTBETCTBYIOUIYIO  50%,
OTIPEJETINTL BPEMS IEPEHOCA, IPOBECTH HE MEHEE JECSTH ONBITOB. BhicTaBUTH
MaKCHMAaJIbHYI0 MOIIHOCTh, COOTBETCTBYIOUIyI0 85%, OIpenenuTs BpeMs
IepeHoca, MPOBECTH He MeHee JecaTd onbIToB. Ompenenuts abCOMIOTHYIO H
OTHOCHUTENIbHYIO HOTPELIHOCTh JJIs KaXIOW BBIOOPKHM NpU (UKCUPOBAHHOMN
MomHocTH. st 3TOro paccuuraeM cpeiHee apu()METHYECKOe 3HaueHHe
BPEMEHM BBITIOJIHEHMS! OJHOTO HM3MEpEHHs IpH (UKCHPOBAHHON MOIIHOCTH

cepBOMOTOpa 10 opMmyIIe:

Xep = 215, (6.1)

n

rae  Xj- BpeMsl BHIIIOJIHEHHS Ollepalyy OTHOTO U3MEPEHHS, C;
N - 9UCII0 U3MEPEHHH.
Haiinem norpemHocTs IS KaXk10ro U3MepeHHst o popMmyIie:

AXi= Xep-Xi . (6.2)
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BrIuncanuM KBaapaThl HOIPEIHOCTeH A1 OTAeIbHEIX H3Mepennii (AX;)?

U OIIPEAEINM CPEIHEKBAIPATHIHYIO OIINOKY CPEIHEro apu(METHIECKOTO II0

¢dopmye:

2
12X (6.3)

> = faan
Ecmm konmmaectBo m3mepenuii Menbie 30, To st pacueTa abCOIOTHOM OMNOKH
BBOJMTCS CHELUANBHBIA KO3()(UIUEHT, 3aBUCAIINA OT HAaJIEKHOCTH W YHCIIA
n3MepeHuii, HaspBaeMblli ko3¢ ¢ummentom  CreromeHTta.  Omnpenmennm
koa(¢punment Crprogenta t ans 3agaHHON HagexHoctd P=0.95 w uywucna
MIPOU3BEACHHBIX M3MepeHuid N=10 u HalieM aOCOIOTHYIO OIIMOKY 10 (hopMyJie:

AXep=Sxep*t. (6.4)

OueHnM OTHOCHUTENBHYIO MOTPEIIHOCTh Pe3yiIbTaTa H3MEPEHHS 110 (hopMyIIe:

AXcp
&=

«100% . (6.5)

cp

Ilocne pacyera aOCOMIOTHOII M OTHOCUTEIBHON MOTPELIHOCTH CPEAHEro
3HAYCHUA BPEMCHHU BBIIIOJIHCHUSA OJHOI'0 M3MEPCHUSA HCO6XO}II/IMO TMOCTPOUTH
rpaguK 3aBHCUMOCTH OBICTPOAEHCTBUS MAaHUIIYJITOPOB OT MOIIHOCTH

cepBOMOTOpOB. Pe3ynbraThl n3MepeHuii 3anect B Tabuuiy 6.1.

Tabmuna 6.1- PesynbTaTsl n3mMepeHuit
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Homep | Pexum

omeiTa | paboTsl, %

Bpems

BBITTIOJTHCHUS

oreparuu, ¢

AOcoiroTHast
MOTPEIITHOCTS,

C

OTHOCHUTEIbHAS
MOrPEIIHOCTb,

%

7 TpeOoBaHus K COEPKAHNIO U 0OPMIIEHUIO 0OTYETA

1. Ha3Banwue u neib paboTHI.

2. CKpUHIIOTHI TPOTPaMM.

3. PesynbraTh

CCPBOMOTOPOB.

JKCIIEPUMEHTOB

IIg Tpex

4. CpaBHUTEIbHBIN aHAJIU3 PE3YJILTATOB.

5. OTBeTHI HA KOHTPOJIbHBIC BOIIPOCHI.

8 KO]—[TpOJ’l])H])le BOIIPOCHI

PEKUMOB  pabOTHI

1. Yro Takoe MaHUIyIATOp. [IpMEeHEeHNEe MaHUITYIATOPOB?

2. Ilonsartue ceponpuBoa. [Ipuanun neiicTBus cepBONpPUBOIOB?

3. XapaKkTepuCTUKU CEPBOIIPUBOIOB?

4. OTan4ne aHaJIOTOBBIX U HU(POBBIX CEPBONPHBOIOB?

5. B yeM 3akmiodaercs OTINYHC pO60TOTGXHI/I‘IeCKI/IX Ha60pOB Ha Oaze

NXT 2.0, EV3?
4., Yro Takoe

cepsomoTopamu Arduino?

Arduino.

Kax

OCYIIECTBIIACTCA YpaBJICHUC
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5. Ilepeunciure ocHOBHBIE Bepcuu TuiaT Arduin0 u gaidTe MM KpaTKyro
XapaKTePUCTUKY?

6. Ommmure BHemHME BuA Twiatel Arduino Uno? Maiite ¢usndeckyro
XapaKTePUCTHKY?

7. lepeuncnure 6ubmuorexn Arduino. laiite KpaTKyo XapakTepHCTUKY
(GYHKIMSM, UCTIONB3YEMBbIM OHOIMOTEKOI Servo?

8. Kakum 00pa3oM OCyIIECTBISACTCS] MOJKIIOYCHHE CEPBONPHUBOIOB K
mate?

9. CKOJNBKO CTereHed MOABIKHOCTH MMEIOT MaHHIYJATOpPHl Ha 0ase
NXT 2.0, EV3 u Arduino?

10. Kakoif MaHMOynsATOp sBIAETCS Haubonee W HaMMEHee

OBICTPOCHCTBYIOIINM?

9 BapuaHTbI 3a1aHHUA

1. Tlpoxoxnenue paccrosHus mmHOW 0.2 M mo paboueit obiactu
MAaHUITYJIATOPOB.

2. Tlpoxoxnenue paccrosiHus juiMHOH 0.4 M 1o pabodueidt oOnactu
MAaHUITYJIATOPOB.

3. Ilpoxoxnenue paccrosiHus jiuHOH 0.5 M 1o pabouedt obnactu

MaHHITYJIATOPOB.
Cnucok aureparypsl
1 FOperuy, E. 1. Ocuossr pobotorexuukn/ E.N.}FOpesuu. — CI10.: BXB-
[erepOypr, 2010. - 368c.

2 TIporpaMMupoBaHe MUKPOKOHTpOJUTEpHbIX tuiat Arduino/Freeduino.

— CI16.BXB — IlerepOypr, 2013. — 256¢.
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3 PykoBoactBo momb3oBatens NXT 2.0. [DmekrtpoHHBIH pecypc]. —
Pexxum moctyma:  http://www.mindstorms.ru/img/file/8547_Mindstorms.pdf
(maTa obpamenns 18.01.2014)

4 PyxoBoacTBo moip3oBatens EV3. [OnekrponHsIit pecype]. — Pexum
JoCTyma: http://www.lego.com/ru-
ru/mindstorms/downloads/software/ddsoftwaredownload/ (mara o6pamieHus
18.01.2014)

5 Arduino. [DnekrtponHbiii pecypc]. — Pexum  goctyma:

http://ru.wikipedia.org/wiki/Arduino (zara obpamenus 16.02.2014)
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JladopaTopHasi padora Ne3. OnpeaeneHne MaKCUMATbHOM
rpy30noAbeMHOCTH MAHHITYJISITOPOB Ha 6a3e Lego Mindstorms NXT2.0,
EV3 u Arduino

1 Heanb padoTsl

Onpez[eﬂeHI/Ie MaKCHMaJbHOM T'py30IIOABEMHOCT MAaHUITYJIATOPOB IPU

(PMKCHPOBaHHON MOIITHOCTH CEPBOMOTOPOB.

2 JlaGopaTopHoe 3aiaHue

1. Haniucats mporpammy Juist TpeX Mozesel poO0TOB MaHHUITYJISITOPOB 110
NOJHATHIO IPy3a B BEPTUKAIBHOH INIOCKOCTU Ha OIIPENIEICHHYIO BBICOTY;

2. OmpenennTh MaKCUMAIIBHYIO TPY30H0ABEMHOCTh MAaHUITYIIATOPOB;

3. IIpoBecTH CpaBHHTENBHBIM aHAIN3 MaHHUITYJSATOpOB Ha Oasze Lego

Mindstorms NXT 2.0, EV3 u Arduino.

3 IIpeaMert u coepskanue padoThl

OOBEKTOM HCCIIeIOBaHHS SIBIISIFOTCS MOJIENIM pOOOTOB MaHMITYJISTOPOB
na 6a3e Lego Mindstorms NXT2.0, EV3 u Arduino. PaGoTa 3akiirodaeTcst B TOM,
4TOOBl OLEHUTHh TI'PY30MOJBbEMHOCTh MAHHIYJISATOPOB. /[l  BBINOIHEHUS
nmabopaTopHO# paboTH HEOOXOAUMO:

— O3HAKOMHTBHCS ~ CO  CTPYKTYpPHOH  CXEMOW  MaHUITyIsATOpa
MPOMBIIIICHHOTO po00Ta, ¢ KMHEMATHYECKUMH IMapaMH, OCYIIECTBISIONIMMU
COEIMHEHUE 3BEHbEB MAHHUITYJISATOPA,;

— OMpeAeNuTh pabovuyr0 00JIACTh MAHHITYJISITOPOB;

— 03HAKOMHTHCSI C MAHUIYJISILIUOHHBIMU CUCTEMaMHU KOOPIUHAT;

— OMpeAeNuTh CUCTEMBl KOOPJAWHAT MaHUMYJIATOpoB Ha Oaze Lego

Mindstorms NXT2.0, EV3 u Arduino;
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— O3HAKOMHTBCS ¢ Kiaccudukaimer poOOTOB IO IMOKa3aTeNsIM,
OTIPECTISIFOLIMM MX KOHCTPYKIIHIO.

I'pyzonombeMHOCTs  po0OTa —  3TO  TPY30MOJBEMHOCTH  €ro
MaHUMYJIATOPOB, a M TPAHCIOPTHOrO poboTa eme ©u €ero MIacCH.
I'py30m0/beMHOCTh MAHUYJISATOPA OMPENCIIACTCS MACCON MepeMEeIaeMbIX UM
MOJIC3HBIX TPY30B. B 3aBHCHMOCTH OT Ha3Ha4YeHUs pPOOOTa OHA MOXKET
COCTaBJIAThH OT CIUHHMII TPAMM (CBEPXJIETKUE POOOTHI, HATPUMEP, TIPUMCHSIECMBbIC
B MHKPOIJCKTPOHHOW  MPOMBIIUICHHOCTH) J0  ThICAY  KWJIOTPAMM
(cBepxTsKenble, HANpPUMEP, TPAHCIOPTHBIE M KOCMHYECKHE POOOTHI).
BoNBIIMHCTBO POOOTOB UMEIOT TPY30HOABEMHOCTh OT MSATH IO MATHAECITH

KWJIOTpaMM.

4 Kparkas Teopust

CTpyKTypHas cxeMa MaHHITyJISITOpa MOXKET OBITh IPEJICTaBIEHA B BUIIE,

MMOKa3aHHOM Ha pucyHke 4.1.

1, 2- noxBMXXHOE COETMHEHNE C TIEPEMEIIEHHEM BJI0JIb IPSIMOJIMHEHHBIX
HaNpaBJIAOINX, 3- IUINHAPUYECKOE COSUHEHNE 3BEHbEB, 4- 3aXBaTHOE
YCTPONCTBO C MOABMKHBIMH 32KHMHBIMHU 3JIEMEHTaMH, 5, 6- )KeCTKOe

COCONHCHUC, 7- TIII0CKO€E MAapHUPHOE COCAUHECHNE 3BCHBCB.

Pucynox 4.1 - . CtpyKTypHas cxeMa MaHUITyJISITOpa
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PaGouast 30Ha MaHWIYIATOpPAa — 3TO MPOCTPAHCTBO, B KOTOPOM MOXKET
HaXOJWUTBCSI €ro pabovMii OpTaH MPH BCEX BO3MOXKHBIX MOJOXKEHHAX 3BCHBEB
MaHuIysTopa. @opma pabodeit 30HBI OIPEACISIETCS YHCIOM U THIIOM CTETICHEH
MOJIBU>KHOCTH MAaHUIYJISITOPA.

MaHunynsaTopsl, HMeroLue BCE CTEIICHU MOABUKHOCTH
nocTynarenbHple. PaboTaroT B MPSMOYroJbHOW CHCTEME KOOPJIMHAT U UMEIOT
pabouyto 30HY B Qopme mapamienenunena. MaHUIYIATOPBI, y KOTOPBIX C
MOCTYNATENbHBIM ~ NEPEMEHICHUEM  OCYIIECTBJISIETCS ~ OJHO  YIJIOBOE
nepeMerieHne (10 OKPY)KHOCTH), paboTaloT B IMIMHAPUYECCKOW CHCTEME
koopauHaT. COOTBETCTBEHHO MX paboyvasi 30Ha OrpaHNYCHA LIITHHIPHIECKIMHI
MOBEPXHOCTSIMH. MaHUIyIATOpEI, paboTaronme B chepHuecKoil cucreme
KOOpJHMHAT, UMEIOT [Ba YIJIOBBIX IEpEeMEIleHus, paboyas 30Ha OrpaHH4YeHa
cepruecKUMHU  TOBEPXHOCTSMH. MaHHITYJIATOPHl € YIJIOBOH CHUCTEMOM
KOOpJUHAT IIPOU3BOJAT TOJIBKO YITIOBBIE IIEPEMELICHMS, TO €CTh BCE €I0 3BEHbSI
MPEACTAaBISIIOT co00W mapHHUpbl. [lo3TOMy dacTo TakWe MaHMITYJISATOPHI
Ha3bIBAIOT MAPHUPHBIMU HIIH AHTPOIIOMOP(OHBIMH.

Knaccudukamms poOOTOB 1m0 TOKazaTedsM, ONPENCISIOIUM —HX
KOHCTpyKIuto. K TakuM nokasarensM OTHOCATCS:

— THII IPUBOJIOB;

— TPY30IOABEMHOCTB;

— KOJINYECTBO MAaHUIYJISITOPOB;

— THII ¥ TapaMeTphl UX pabodeil 30HbI;

— MOJBIKHOCTB M CIIOCO0 pa3MeleHus;

— HCIIOJIHCHHUC 110 HA3HAYCHHIO.
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5 Onucanne 060pyn0BaHNsl, TEXHHYECKHX CPEACTB M HHCTPYMEHTOB

[Tpu BeIOTHEHUN TaOOPATOPHOH pabOTHI MOTPEOyeTCs, TMHEIHKA JUTMHOH
50cM, Momenu MaHMITYJIsITOpoB Ha Gase Lego Mindstorms NXT2.0, EV3 u
Arduino, rpysuku maccoit m=0.01...0.5 kr ¢ marom Ha ysemudenue B 0.01 k.

ObopynoBaHre U TEXHUUECKUE CPEICTBA MIPEICTAaBICHEI B 1a00paTOPHOM

pabote Nel.

6 MeTonnyeckne yka3aHHs 110 BbINOJHEHUIO JJa00paTOpPHOIi padoThI

W3HayanbHO HEOOXOAMMO BKIIIOYHTH poOoTa. 3aTeM  HamucaTbh
IporpaMMmy i TEpeHoca TIpy3a Ha BBICOTY, B COOTBETCTBHH C BalllUM
BapUaHTOM.  BpICTaBUTh ~ MHUHHMAQJIBHYIO  MOIIHOCTH  CEPBOMOTOpA
MaHHITYJIATOpa, COOTBETCTBYIOMmYI0 20%. Omnpenenurts BBICOTY MOABEMA, B
COOTBETCTBHUH C BaIllUM BapHaHTOM, NIPH YBEIMYEHUH Macchl Ipy3a Ha 0.01 kr;
JUTSL KaXKZIOTO Beca NpH (PUKCHPOBAHHOW MOIHOCTHU IIPOJENATh HE MEHEE TPEeX
SKCIEPUMEHTOB. BEICTaBUTE CpeTHIOI0 MOLITHOCTH CEPBOMOTOPA MaHHUITYJIATOPA,
COOTBETCTBYIOIIYIO 52%; OINpeAeNnuTh BBICOTY MOABEMA, B COOTBETCTBUH C
BaIllMM BapHaHTOM, ITPH yYBEIHYeHNHU Macchl Tpy3a Ha 0.01 Kkr; A7 Kax10ro Beca
npu (GUKCUPOBAHHOI MOIIHOCTH IPOJENIaTh HE MEHee TPeX IKCIIEPUMEHTOB.
BbicTaBuTh  MaKCHMMaJbHYIO  MOIIHOCTH  CEpPBOMOTOpa  MaHMIYJIATOPA,
cooTBeTcTBYIOMYIO 85%. OmpenenuTts BHICOTY MOABEMA, B COOTBETCTBUH C
BaIllUM BapHaHTOM, IIPH yBEITHMYEHUH Macchl Tpy3a Ha 0.01 Kr; ai1st Kaskoro Beca
pu (pUKCUPOBAHHON MOIIHOCTH IIPOJENIaTh HE MEHEEe TPeX IKCIIEPUMEHTOB.
PesynbraThl 3aHecTr B Tabauiy 6.1. OnpenenuTh cpelHee 3HAUSHHUE BBICOTHI
MOJIbeMa ¥ BPEMEHH MePeABHKEHUSI I'Py3a MpHU GUKCHPOBAHHON MOILITHOCTH IS
Kaxaoro Beca. [locTponuTs rpadMKy 3aBUCUMOCTH CPEIHEr0 3HAYECHHUS BBICOTHI
oJheMa OT Macchl Tpy3a IS TpPeX pEXHMOB pabOTHl CEpBOMOTOPOB

MAaHUITYJIATOPOB.
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Tabnmma 6.1 - Pe3ynpraTsl SKCTIepIMEHTa

Homep | Pexxum | Macca | Bricota | Bpewms Cpennee Cpennee
ombITa | paboThl | Ipy3a, | mogbeMa, | HOAbEMa, | 3HAUYCHHE | 3HAYCHHE
KT M c BBICOTEI BpEMCHH

noabeMa, nogbeMa

M Ipy3a, C

7 TpeGoBaHusI K COEP:KAHMIO U 0(DOPMJIICHHIO OTUYETA

1. Ha3Banwue u neib paboTHI.

2. CKpUHIIOTHI IIPOTPaMM.

3. PesynbraThl OKCHEPUMEHTOB JUIS TPEX PEXHMOB  pPabOThI
CEepBOMOTOPOB.

4. CpaBHUTEIbHBIN aHAJIU3 PE3YJILTATOB.

5. OTBeTHI HA KOHTPOJIbHBIC BOIIPOCHI.

8 KoHTposibHBIE BONPOCHI

1. Tlepeunciante OCHOBHBIE TOKa3arenu Kiaccudukanuu poOOTOB,
ONPEIENAIOIINX UX KOHCTPYKITHIO?

2. U3 Kakux 3BEHBEB COCTOMT KOHCTPYKTHBHAs CXeMa MaHHUITYJISATOPA
MIPOMBIIITIEHHOTO poOoTa?

3. Ilepeuncianre KHHEMAaTHYECKHE TMapbl C IIOMOIIBIO KOTOPBIX
OCYILECTBIISIETCS] COEIUHEHUE 3B€HbEB MAHUITYJIATOpA?

4. Yto Takoe paboumii opraH MmaHMIynIsTopa. Kakme BHAsl pabodmx

OpPTaHOB MaHUITYJIATOpA BHI 3HAaeTE?
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5. Kakue BuIp! MaHUITYJSINMOHHBIX CHCTEM KOOPAMHAT BaM M3BECTHBI?
6. OxapakTepu3yiTe MITHHAPHIECKYIO CHCTEMY KOOpIUHAT?

7. OxapakTepu3yiTe yriIoOBYIO CHCTEMY KOOpAUHAT?

8. Kako#t manmmynmsaTop o0iamaeT MaKCUMadbHOH W MHHHMAIbHOU

IPY30MOABEMHOCTHIO?

9 BapuaHTbI 3a1aHHA

1. IlogusTHe cucTeMsl rpy30B Ha BeicoTy 0.12 M.
2. IlomusTue cuctemsl rpy30B Ha BeicoTy 0.10 M.

3. Ilogaatue cucteMsl rpy3oB Ha BbicoTy 0.08 M.
Cnucok Jureparypsl

1 FOpesuy, E. U. OcroBel poboToTexuukn/ E.N.FOpesuu. — CII16.: BXB-
[etepbypr, 2010. - 368c.

2 TIporpaMMupoBaHie MUKPOKOHTpOJUIEpHbIX ruiat Arduino/Freeduino.
— CI16.5XB — IlerepOypr, 2013. — 256¢.

3 PykoBoactBo momb3oBatens NXT 2.0. [DnektpoHHBIH pecypc]. —
Pexxum  jpoctyma:  http://www.mindstorms.ru/img/file/8547_Mindstorms.pdf
(mata obpamenus 18.01.2014)

4 PyxoBoacTBo moib3oBatens EV3. [OnekrponHsIit pecype]. — Pexum
JIOCTyTIa: http://www.lego.com/ru-
ru/mindstorms/downloads/software/ddsoftwaredownload/ (mata o6painenus
18.01.2014)

5 Arduino. [OmextponHsiii pecypc]. — Pexumm  moctyma:
http://ru.wikipedia.org/wiki/Arduino (mara o6pamenus 16.02.2014)
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JladopaTopHasi padoTa Ned. Onpenenenue OnpeneseHne TOUHOCTH
paGouux OpraHoB MaHUMYJIATOPOB Ha 6a3ze Lego Mindstorms NXT2.0,
EV3 u Arduino

1 Heanb padoTsl

OmpeneneHne TOYHOCTH  MAHUMYJSITOPOB NMpH  (PUKCHPOBAHHOW

MOIIHOCTHU CEPBOMOTOPOB.

2 JlaGopaTopHoe 3aiaHue

1. Hamucates nporpamMmy Ui IepeHoca KapaHJalia Wil UIJIbl U3 OJTHOU
TOYKA Ha KOOPIHMHATHON IUIOCKOCTH B JPYTyH BBIACPXKAaB, YKa3aHHOE B
BapUaHTe, PACCTOSIHUE MKy HUMU;

2. Onpenenuth cpeaHee 3HAYEHHE PACCTOSHUS MEXKAY TOYKAMH Ha
KOOPJIMHATHOW IUIOCKOCTH TIPH MHHHMAlbHOM MOIIHOCTH, CpEaHEed U
MaKCHMAaIIbHO# MOIIHOCTH CEPBOMOTOPOB;

3. IlpoBecTn CpaBHHUTENBHBIA aHAIH3 MaHUIYJSITOPOB Ha 0Oaze Lego
Mindstorms NXT 2.0, EV3 u Arduin0 mo TOYHOCTH TEpEMEIEHUS U3 OIHOM

TOYKHU Ha KOOPJIUHATHOHN TIOCKOCTH B JPYTYIO.

3 Ilpeamer u coaepxkaHue padboTbl

OOBEKTOM HCCIICAOBAHHS SBISIOTCS MOJCIH POOOTOB MAHHUIIYISITOPOB
na 6ase Lego Mindstorms NXT2.0, EV3 u Arduino. PaGoTa 3akiirodaeTcst B TOM,
4TOOBI OLEHUTh TOYHOCTh MAHUMYJSTOPOB. JJIsl BHIMOJHEHHS J1a00paTOPHOM
paboTel HEOOXOANMO HAYYUTHCA KIACCH(PHUINPOBATH POOOTOB IO PA3IUIHBIM
MOKa3aTessIM, OTIPEACIISIOLIMM KOHCTPYKIIUIO U TEXHUYECKUH YPOBEHb pOOOTOB.
TOYHOCTh MaHUITYJIATOPA U CUCTEMBI IEPEABIKCHUS pOOOTa XapaKTepU3yeTcst

NOTpCIIHOCTBIO  MMO3UIUOHUPOBAHMSA. ‘-Iame BCEro OHa OIpCACIACTCA
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a0COJFOTHON TIOTPEITHOCThIO. TOYHOCTh pOOOTOB OOIIEr0 MPUMEHEHHUS MOKHO
pa30uTh Ha TPU AWANa30HA B 3aBUCHMOCTH OT JIMHEWHOU MOTPEIIHOCTH:

— Mazas — oT 1 MM u Oostee;

— cpenusisi — ot 0,1 10 1 mMwm;

— BBICOKAs — IIPH MEHBIICH MOTPEITHOCTH.

BoNbIIMHCTBO COBpPEMEHHBIX pPOOOTOB HMEIOT CpPEOHIOI0 TOYHOCTH
MTO3UIIMOHUPOBAHUSL. Haumenpmnyio TOYHOCTH AMEIOT POOOTHI,
MpeHAa3HAYCHHBIC [UIS BBHITIOJHEHUS Hamboiee rpyObIX paboOT, Hampumep,
TPAaHCIIOPTHBIX ABMKEHHUH, a HaUOOJBUIYI0 — COTBIE MHJUTUMETPBI — POOOTEI,

HCIOJIb3YEMbIC B SHCKTpOHHOﬁ IMPOMBINIJICHHOCTHU U MEAUIIUHE.

4 Kparkas Teopust

[IpuBoabI, KOTOpPBIE WCIONB3YIOTCS B MAHHUIYIATOpAaX M CHCTEMax
MIEPEIBIDKEHISI POOOTOB, MOTYT OBITh AIIEKTPHUYCCKIMH, THAPABINICCKAMHU U
MHeBMaTHIeCKUMU. YacTo UX IPUMEHSIOT B KOMOMHAIINH.

Konu4ecTBO MaHUIYIATOPOB Y pPOOOTOB B OOJBIIMHCTBE CIy4acB
OTPaHUYCHO OJHUM. O}Z[HaKO B 3aBUCUMOCTH OT Ha3HAYC€HHUA CYIIECTBYIOT
KOHCTPYKIIMHU pOOOTOB € ABYMS, TPEMs U YETHIPbMS MaHUITYIATOPAMHU.

Paboyas 30Ha MaHUIYJIATOpa — 3TO MPOCTPAHCTBO, B KOTOPOM MOXKET
HAXOJIUTHCS €ro padoumii opraH MPU BCEX BO3MOXKHBEIX ITOJIOKEHHSIX 3BCHBCB
MaHuIyIsiTopa. Dopma pabodeid 30HBI OIPEACISIETCS YHCIOM U THIIOM CTETICHEH
MTOIBMYKHOCTH MaHUITYIISATOPA.

[oxBmXHOCTH pOOOTA OTIPEIENACTCS HATMINEM WIIA OTCYTCTBHEM Y HETO
CHUCTEMBI IEPCIABHUKCHUS. B TIEPBOM Cliy4dac pOGOTLI Ha3bIBAIOT M06I/IJ'[BHBIMI/I, a
BO BTOPOM — CTAlTMOHAPHBIMU.

ITo ciocoOy pa3merenus cTaroHapHble 1 MOOMIBLHBIE POOOTHI OBIBAIOT

HaIoJbLHBIMH, MTOJIBECHBIMHU M BCTPAaUBAEMBIMU B JAPYTroe 000pyI0BaHHE.
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Hcnonaenne poOOTa 1O HA3HAYCHHUIO OIMPEACIICTCS BHCIIHUMM
YCIOBUSIMH, B KOTOPBIX OH A0JDKEH GYHKIIMOHUPOBATH. Pa3iMyaroT HCHIONHEHNE
HOPMAJbHOE, MBUIE3ANIUTHOE, TEIIO3AIIHUTHOE, BIIAr03al[UTHOE,
B3pBIBOOE30MACHOE.

BricTpojeiicTBHE M TOYHOCTH JBMXKCHHI POOOTOB XapaKTEPH3YIOT UX
JUHAMHUYECKHE CBONCTBA.

[MapamMeTpsl, ONIpeneNAONINe TEXHUYCCKHH YPOBEHb POOOTOB:

— OBICTPOJCUCTBHC;

— TOYHOCTB;

— 00BeM naMsITH;

— YKCJIO OJIHOBPEMEHHO PabOTAIOIINX CTEIICHEH MOABUKHOCTH;

— pa3mep paboueii 30HbI K Ta0APUTHBIM pa3MepaM MaHHUITYIISATOPOB.

5 Onucanue 000pyAOBaHMS, TEXHHYECKHX CPEACTB U MHCTPYMEHTOB

[Ipu BEIMONHEHUN JTa0OPAaTOPHOH PabOTHI MOTPeOyeTCss KapaHJaIl WIIH
uria, JuHeWka amuHOM S50cM, Mojenu MaHHMyJIATOpoB Ha 0Oase  Lego
Mindstorms NXT2.0, EV3 u Arduino. Onrcanue He06X01UMOr0 000py10BaAHHS

U TeXHHYECKHX CPEJICTB, MPECTABICHO B JlabopaTopHoii padboTe Nel.

6 MeTonnyeckue yka3aHHs N0 BbINOJHEHUIO JJa00paTOpPHOIi padoThI

W3HauanpHO HEOOXOIWMO BKIIOYUTH poOoTa. 3aTeM 3aKpenuTh B
3aXBaTHOM YCTPOMCTBE MAaHMIYJSITOpa KapaHAall WIM HWIJy M HalucaTh
IporpamMMy JJIs IIepeHoca paboduero opraHa MaHUITYJIATOpPA U3 OJHOM TOYKH Ha
KOOPJIMHATHOM IUIOCKOCTH B Apyryto. [l KakJoro BapuaHTa IpenoaaBareieM
3a/1a€TCsl pACCTOSIHUE MEXK]ly HAa4aJIbHOW M KOHEYHOM TOYKOM Ha KOOPIMHATHOM
IIJIOCKOCTH. BricTaBuTH MUHUMAJIBHYIO MOIITHOCTH CEpBOMOTOPA
MaHMITYJIATOpA. 3amycTuTh MpOrpamMmMmy. Onpenenutsb KOOPAMHATHI

MECTOITOJIOKCHUA KOHYMKA KapaHJamnia WKW UTJIbI, IPOBECTU HE MEHEC JCCATHU
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ONBITOB. BBICTaBUTH CPEOHIOID MOIIHOCTH CEPBOMOTOPA MAaHHUILYJISATOPA,
3aIlyCTHUTh MIPOTPAMMY, ONIPEAETUTH KOOPIMHATH MECTOMOIOKEHHSI KOHIHNKA

KapaHjalla WJIM WIVBL, IIPOBECTH HE MEHEE MAECSTH OIBITOB. BricTaBHTH
MaKCHMallbHYl0  MOIIHOCTH  CEPBOMOTOpPAa  MAHHUIYJATOpa,  3allyCTHTh
IIpOrpamMMy, OIpPENeTUTh KOOPAUHATEl MECTONOJIOXKEHHU KOHYMKA KapaHjala
WM UTJIBL, IPOBECTH HE MEHEE AECATH ONBITOB. ONpeieNUTh PaCCTOSIHUE MEXKTY
HadaJbHOM M KOHEUHOW TOYKOM Ha KOOPAMHATHOW IIOCKOCTH AJS KaKJOro

orbITa 10 (hopMmyie:

d=/(x, =202 + (72 — y1)?, (6.1)
roe (X1, Y1) , (X2, Y2) — KOOpAMHATHI HAYAIbHONH M KOHEYHOW TOUYKH HA
KOOPANHATHOMN IIOCKOCTH.

Ompemenmuts  CpelHee 3HAYCHHE PACCTOSHHS MEKAYy TOYKAMH — TIPH

(MKCHPOBaHHON MOIITHOCTH 110 (hopMyIIe:

dop= izt (6.2)

n

rae dj— paccTosiHEE MEXy TOYKAMHU ISl OTHOTO M3MEPEHHS,
N — 4KCII0 U3MEPEHUN.
Paccuutath abCOMOTHYIO U OTHOCUTENIBHYIO MOTPEIIHOCTh CPETHETO 3HAYSHUS
paccrosiaus. Halijiem morpeniHocTh A1 KaK0r0 H3MEepeHHsI 1o GopMmyJie:
di= dcp-di s (6.3)
Brruncnum KBagpaThl MOTPEMIHOCTEH JJIi OTHENIBHBIX H3MEpEeHHH (Adi)2 u

OTIpENIETINM CPEAHEKBAaIPATHUHYIO OIIMOKY CpeIHEero apu(METHUECKOTO II0

bopmye:

- (6.4)

Ecnu xonmnuecTBo namepennii Mmensiue 30, To Ayt pacyeTa abCOIOTHON OMMOKH
BBOJIUTCS CIIENUAIBHBIA KOI((GHUINEHT, 3aBUCIIIMN OT HaJeKHOCTH M 4YUCIa

n3MepeHuii, HaspBaeMblli  Ko3(p¢unumentom  Creromenta.  Omnpenenum
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kod¢pdunment CrhromeHta t mis 3amanHod HamexHoctn P=0.95 wm uucia
MIPOU3BEACHHBIX m3MepeHnit N=10 1 HalieM aOCOMIOTHYIO OMIHOKY 110 hopMyIIe:

Adcp:Sdcp*t; (65)

OueHnM OTHOCHUTENBHYIO MOTPEITHOCTD Pe3yIbTaTa H3MEPEHUs 10 hopMyIIe:

Ad
e=—2%100% . (6.6)

dep
Pesympratel 3amectm B Tabmmmy 6.1. IloctpouTs rpaduk 3aBHCUMOCTH
a0COTIOTHOH OTPENTHOCTH CPETHET0 3HAUCHHS PACCTOSIHAS MEKAY TOUYKAMH OT

MOIIHOCTH CEPBOMOTOPA I KAXKIA0T0O MaHUITYJIATOpPA.

Tabnuna 6.1 — Pe3ynbTaThl SKCIIEpUMEHTA

Homep | Pexxum | Koopaunate! | KoopauHatel Paccrosinne | AOcoiroTHas
ombITa | paboOTHl | HaYaIbHON KOHEYHOU MEXIY MIOIPELIHOCTD
, % TOYKH, M TOYKH, M TOYKaMH, M | , M

7 TpeGoBaHusI K COEP:KAHMIO U 0(DOPMIIEHHIO OTYETA

1. Ha3Banwue u neib paboTHI.

2. CKpUHIIOTHI ITPOTPaMM.

3. Pe3ynbraThl OKCIEPUMEHTOB JUIS TPEX PEXHUMOB  paboThI
CEpPBOMOTOPOB.

4. CpaBHUTEIbHBIN aHAJIU3 PE3YJILTATOB.

5. OTBeTHI HA KOHTPOJIbHBIC BOIIPOCHI.

8 KOHTpOJ’lLHLIe BOIIPOCHI

1. Kakne mapaMeTpsI XapaKTepH3yIOT JMHAMHUYECKHE CBOWCTBA pOOOTOB?
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2. Oxapaktepmsyiite NXT  MaHUmyIATOp 1O  I[MOKA3aTEIsIM,
OTIPENIEIAIONINM KOHCTPYKIHIO POOOTOB?

3. Oxapakrepmsyiite EV3  mManumymsarop 1o — ImOKa3aTelsiM,
OTIPENIEIAIONINM KOHCTPYKIHIO POOOTOB?

4. OxapakrtepusyiiTe Manunymsrop Arduin0 mo  mokasaTensm,
OTIPENEIISIOIIMM KOHCTPYKIHIO pOOOTOB?

5. Kakue napameTpbl XapakTepu3yloT TEXHUUECKHH YPOBEHb pOOOTOB?

6. Oxapaxrepusyiite NXT  MaHumynsTop 1O  IOKa3aresiM,
OTIPEIETISIONINM TEXHUYECKHH yPOBEHb pOOOTOB?

7. Oxapakrepmsyiite EV3  Mamumymsarop 1o — ImOKaszaTewsiM,
OTIPEIETISIONINM TEXHUIECKHH yPOBEHb pOOOTOB?

8. Oxapaxrepusyiite Arduin0 MaHUIYJIATOpP 1O IOKa3aTeNsiM,
OTPEIENAIOIINM TEXHUIECKUH yPOBEHb pOOOTOB?

9. Kakoii MaHUTIYTISITOP SABJIsIETCSI HanboJiee U HAUMEHEee TOYHBIM ?

9 BapuaHThbl 3a1aHus

1. PaccrossHne MeXay TOYKaMH Ha KOOPAWHATHOM IUIOCKOCTH
cootBeTcTBYET 0.18 M.

2. PaccrosiHme Mexay TOYKaMH Ha KOODJAMHATHOW IIIOCKOCTH
cootBeTcTBYeT 0.26 M.

3. PaccrosiHme wMexay TOYKaMHM Ha KOOPAMHATHOW IUIOCKOCTH

cootBercTBYeT 0.34 M.
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