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OBILIASA YACTD

OneHouHbple MaTepuaibl MO0 AWCLMIUIMHE IPEIHAa3HAYEHbl I OLIEHKH JTOCTHXKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. OIIK-4 CniocoGeH moHUMaTh MIPUHITUITEI pa0OTHl COBPEMEHHBIX HH()OPMAITMOHHBIX TEXHOJIOTHUI
¥ MCIIOJIb30BATh UX VIS PELICHHUs 3a1a4 MPO(PEeCCHOHATBHOMN NesTeTbHOCTH
NJI-1 Vcnionb3yeT COBPEMEHHBIE SI3BIKH M CUCTEMBI TPOIPaMMUPOBAHUS ISl PEIICHUS
npodecCHOHATBHBIX 3a1a4
UJ1-2 IIpumeHsieT coBpeMeHHbIe MaTeMaTUYECKUEe aKeThl U1 MOICTUPOBAHUS U
MCCJICI0BAHMS TUHAMUKUA CUCTEM, YIPABIIIEMOTO JIBM)KCHUSI MEXaTPOHHBIX U
POOOTOTEXHUYECKUX YCTPOMCTB

2. OIIK-11 CnocobeHn pa3pabaTeiBaTh U MPUMEHSATH alITOPUTMBI M COBPEMEHHBIE IU(POBBIE
IPOTrpaMMHBIE METO/IbI PACUETOB U MPOEKTUPOBAHUS OT/IEIbHBIX YCTPOMCTB U MOACUCTEM
MEXATPOHHBIX U POOOTOTEXHUYECKUX CUCTEM C UCIIOJIb30BaHUEM CTAHAPTHBIX UCIIOJIHUTEIbHbBIX
U YIPABJISIOIINX YCTPONCTB, CPEACTB AaBTOMATUKU, U3MEPUTEIHHON 1 BHIYMCIUTEIbHON TEXHUKU
B COOTBETCTBHH C TEXHHUECKUM 3a/laHUeM, pa3pabaTeiBaTh MU(PPOBBIE aJTOPUTMBI M TPOTPAMMBI
ylpaByieHUs] pOOOTOTEXHHUUECKUX CUCTEM

NJI-1 CriocobeH mpoBOIUTh CHHTE3 aJITOPUTMOB YIIPABICHUS MEXaTPOHHBIMH U

POOOTOTEXHUYECKMMHU YCTPOICTBAMU 1O 33JaHHBIM XapaKTepUCTUKAM KauecTBa

perynupoBaHus

3. IIK-1 CnocoGeH y4acTBOBATh B IPOEKTUPOBAHUH U KOHCTPYHMPOBAHUHU SKCIIEPUMEHTAIBHBIX
MaKeTOB MEXAaTPOHHBIX U pOOOTOTEXHUUECKUX CUCTEM, U3ENUN JeTCKOW U 00pa3oBaTeIbHOM
POOOTOTEXHUKH
NJ1-1 CrocobeH BBINOMHATE Pa3pabOTKy CXEMOTEXHUUYECKUX PEIICHUN U POBEACHUS
pacyeToB OMBITHBIX 00PA3L0B MEXATPOHHBIX U POOOTOTEXHUUECKUX YCTPONCTB, U3EIUI
JETCKOM 1 00pa30oBaTeNIbHON pOOOTOTEXHUKH C TPUMEHEHUEM COBPEMEHHBIX KOMITBIOTEPHBIX
TEXHOJIOTUH

M BKIIFOYACT.
IJIA TEKYIIEro KOHTPOJIA YCIIEBA€MOCTH:

®dopwma peanmsaiuu: Jomyck K 1abopaTopHoii padboTe
1. [TonroroBka K HUKIY pabOT MO yIpaBieHUIO MaHUITYIITopoM youBot (JlabopaTopHas
pabora)
2. [MoaroroBka Kk MUKy pabOT MO yIpaBICHUIO MeKaHyM-TaTdopmoii youBot
(JTaboparopnas pabota)

®Dopma peanuzaruu: [Tucemennas padbora
1. Kunematnueckuii aHamm3 MOOMIIBHOTO poOoTa ¢ omHU-KoJEcamu (KoHTpoasHas padbora)

®Dopma peanuzaruu: [IpoBepka 3aganus
1. lunamMuka mpocTpaHCTBEHHOTO MaHumyssitopa (PacueTHo-rpadudeckas pabora)
2. MonenupoBaHue YIpaBIIIeMOT0 JABIKEHUsT MOOUIBbHOTO poboTa (PacueTHo-rpadudeckas
pabora)




3. Crabunuzarust IporpaMMHOTO JIBHKEHUS «HETIOTHOTIPUBOIHON» CUCTEMBI 10 JIMTHEHHOMY
npubimxenuto (Pacuetno-rpaguueckas padbora)

®dopma peanuzanuu: CmemanHas Gopma
1. 3ammra naboparopHbIx padoT. biok «YnpaBieHre MaHUITYISIIHOHHBIM pOOOTOM Ha
OCHOBE pelIeHuss 00paTHOH 3a/1a4uu 0 MmosokeHusx» (JlabopaTopHas padora)
2. 3ammra 1a60paTopHBIX paboT. biok «YnpaBieHrne MaHUITYISIUOHHBIM pOOOTOM Ha
OCHOBE pelieHuss 00paTHOM 3a1auu o0 ckopocTsax» (JlabopaTopHas pabora)
3. 3amura mabopaTopHbIX padot. biok «YnpasieHre MOOMIBHBIM MEKaHYM-poOOTOM
youBot» (JTaboparopnas padota)

BPC nucnuIInHbI

7 cemecTp

IlepeyeHb KOHTPOJILHBIX MEPONPUSTHI TEKYIIEro KOHTPOJIS yCIeBAaeMOCTH IO

AUCUHUILIHHE:

KM-1 TIloaroroBka K UKy paboT Mo yrpaBieHHI0 MekaHyM-Tutatdopmoit youBot (JIabopaTophas
pabora)

KM-2 Kunemarnueckuii aHaim3 MOOUIILHOTO poOoTa ¢ oMHU-Konécamu (KoHTposbHast paboTa)

KM-3 3ammra mabopatopHbix paboT. biok «YmpaBneHrne MOOMIBHBIM MEKaHYM-poOoTOM youBot»
(JTaboparopnas pabota)

KM-4 MogenupoBaHue yrpaBisieMoro ABIKEHHsI MOOMIbHOTO podoTa (PacyeTHo-rpadmieckas
pabora)

KM-5 Crabunusars mporpaMMHOTO JIBUKEHUS «HETIOTHOIPUBOIHOW» CUCTEMBI 110 TMHEHHOMY
npuommkenuto (PacaerHo-rpadudeckas padora)

By npomexyTo4HOI aTTecTanuu — JK3aMeEH.

Beca KOHTPOJIBHBIX MEPONIPUATHI, %o
WNHupekc KM-1 | KM-2 | KM-3 | KM-4 | KM-5
KM:
Cpok KM: 3 5 8 12 15

Paznen nucuuIuinHel

JluHamuKa ¥ yrpaBlieHUE TBHKEHUEM MOOMIbHBIX
po60oTOB

Kunemartuka oMHH-pOOOTOB +

VYnpaBieHne KWHEMAaTHKON OMHU-POOOTOB + +

JnnamMuka OMHH-pOOOTOB. YTIPAaBJICHHE HA YPOBHE
JTUHAMUKHU

Crabunuzamus IBHKEHUS MEXaTPOHHBIX CHCTEM

Crabunuzamus IBHKEHUS MEXaTPOHHBIX CHCTEM +

BecKM: | 10 20 20 20 30




8 cemecTp

IlepeyeHb KOHTPOJILHBIX MEPONPHUATHI TEKYIIEro KOHTPOJS YCHEeBAeMOCTH IO

AUCHUILINHE:

KM-1 TloaroroBka K UKy paboT MO yIpaBJICHUIO MaHUITYIIATOpoM youBot (JlabopaTopHas pabota)

KM-2 3ammra naboparopubix paboT. biiok «YmpasneHue MaHUIYISIIUOHHBIM pOOOTOM Ha OCHOBE
pereHus oOpaTHO# 3a71auu o noyiokeHusx» (JlaboparopHas padora)

KM-3 3ammra naboparopnbix paboT. biiok «YmpaBneHue MaHUIYISIIUOHHBIM pOOOTOM Ha OCHOBE
pereHus oOpaTHO# 3a1a4u 0 ckopocTsax» (JlabopaTopHas padora)

KM-4 ]JlunamuKa mpocTpaHCTBEHHOT0 MaHumyssTopa (PacueTHo-rpaduueckas padora)

Bua npoMexkyTouHoil aTTecTauMu — JK3aMEH.

Beca KOHTpOIBHBIX MeponpusITH, Yo
Nunekc KM-1 | KM-2 | KM-3 | KM-4
Paznen qucuumimnbl

KM:

Cpoxk KM: 3 7 10 11
JunaMuka 1 yripaBjieHUE MaHUITYJISIITAOHHBIMU
poboTamu
VYnpasienne MaHUIYJSITMOHHBIM poOoToM KUKA + + +
youBot
JunaMuka 1 yripaBjieHUE MaHUITYJISIITAOHHBIMU +
poboTamu

Bec KM: 15 25 25 35




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

L OL(EHOQHble cpedcmea onsa OUEHKU 3an/IAHUPOBAHHBIX pe3ylibmamoes oﬁyueﬂuﬂ no Oucuunﬂune, COOMHECECHHbIX C unduxamopamu

00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMIIETCHITHH pe3yabTaThl  OOydeHHs 10
JUCIUILINHE
OIIK-4 N-lorx-4 Hcnonp3yet | YMeTh: KM-4 IToaroroBka K KTy paboT Mo yIpaBIeHUIO0 MEKaHYM-TLIATGOpMOit
COBpPEMEHHBIC  s3BIKM W | pa3padaThiBaTh youBot (JlaboparopHas paboTa)
CHCTEMBI nporpammuoe obecnieuenne | KM-6 [loaroroBka k nukiTy paboT 10 YIPaBICHUIO MAaHHUITYIIITOPOM
POrPaMMHUPOBAHUS IUTSL | 7S peanu3anuu anroputMoB | youBot (JIJaboparopnas pabota)
perteHus yIIPaBICHUS MOOMIbHBIMU

HpO(l)CCCI/IOHaJ'IbeIX 3aga4

KOJIECHBIMU pOoOOTaMHU
pa3pabatsiBaTh
porpaMMHOe 00ecreueHue
JUTS MOJICTTUPOBAHMSI U
peanu3aliy aropuTMOB
yIpaBICHHUS

MaHUITYJISIUOHHBIMU
poboTamu
OIIK-4 N-2orm1k-4 IIpumenser | Ymers: KM-2 MogenupoBaHue yrpaBisieMOro ABHKEHHsI MOOMIBHOTO podoTa
COBpPEMEHHBIC MPOBOJIUTH YUCIICHHOE (PacuetHo-Tpaduueckas padbora)
MaTEMAaTUYECKUE  IAKETHI | MOAEITUPOBAHUE

JUIA MOACIIUPOBAHUA u
HCCICA0OBaHUA JUHAaMHUKHN

YIIPaBIISIEMOTO JIBHKEHUS
POOOTOB U MEXAaTPOHHBIX

CHCTEM, VIIPaBJISIEMOTO | CHCTEM B MAaTEMaTHUYCCKHUX
JIBUKEHHUS MEXaTPOHHBIX M | MMaKeTax
POOOTOTEXHUUECKUX
YCTPOMCTB

OIIK-11 N-lonk-11 CrocobeH | 3HaTh: KM-3 3ammra nabopatopHbsix padoT. biok «YmpaBieHue MoOMIbHBIM
MIPOBOIUTH CUHTE3 | OCHOBHBIE METO/IBI MekaHnyM-pobotom youBot» (JlabopaTopHas paborta)

AJITOPUTMOB YIPABIICHUS

cra0WiIn3anuy JUHAMUKT

KM-7 3ammra nabopaTopHbix padot. biiok «Ynpasnenue




MEXaTPOHHBIMU u
POOOTOTEXHUYECKUMU
YCTPOMCTBAMMU I10 33JaHHBIM
XapaKTepUCTHUKaM KadecTBa
pEeryIupoOBaHUs

MEXaTPOHHBIX CUCTEM
OCHOBHBIC IIPUHIIUTIBI U
QJITOPUTMBI YIIPABJICHUS
MaHUITYJIITAOHHBIMA
pobGoTamu

OCHOBHBIC IIPUHIIUTIBI U
QJITOPUTMBI YIIPABJICHUS
MOOMJIBHBIMH pOOOTaMHU
YMmeTs:

MIPOBOJIUTh CUHTE3
CTAOMIIM3UPYIOIIETO
yIIPaBJICHUS 110 OI[EHKE
BEKTOpA COCTOSHUS
MEXaTPOHHON CUCTEMBI
pa3pabarbIBaTh aJTOPUTMBI
yIpaBJICHUS
MaHUTYJISTOpAMU Ha
KHHEMATHYECKOM YPOBHE U
MIPOBOIUTH
AKCIIEPUMEHTAIILHOE
WCCIIeIOBAaHHE
YIPaBJIIEMOTO JBH)KCHUS
pa3zpabaThiBaTh aITOPUTMBI
yIpaBJICHUS] MOOUIIbHBIMU
poOoTamMu ¥ IPOBOAUTH
AKCIIEPUMEHTAIILHOE
WCCIIeZIOBAaHHE
YIPaBJIIEMOTO JIBM)KCHUS

MaHHITYJIIIUOHHBIM POOOTOM Ha OCHOBE pelIeHHsI 0OpaTHOH 3a/1a41 O
nosoxkeHusx» (Jlaboparopnast pabota)

KM-8 3ammra naboparopHsix padbot. biok «Ympasnenue
MaHUMYJSIUOHHBIM pOOOTOM Ha OCHOBE peLIeHHs 00paTHOM 3a1a4u O
ckopocTsxy» (Jlaboparopuas paboTa)

KM-9 Crabunuzarus mporpaMMHOTO JIBHKCHUS «HETIOTHOTIPUBOTHOM
CUCTEMBI TI0 JIMHeHHOMY Npubmmkenuto (Pacuetno-rpadudeckas padbora)

IK-1

NI-1nk-1 Cnocoben
BEITIOJIHATH pa3paboTKy
CXCMOTECXHUYCCKUX

pelicHUid W TPOBEACHUS
pacquOB OIIBITHBIX

3HAaTB:

OCHOBBI KHHEMATHKHU U
AJUHAMHUKHU
MaHUTYJISIIUOHHBIX POOOTOB
OCHOBBI KHHCMATHKHN U

KM-1 KunemaTudeckuii aHaanu3 MOOMJIBHOTO poOOTa C OMHH-KOJIECAMH
(KonTposbhas paboTta)

KM-5 Jlunamuka mpocTpaHCTBEHHOTO MaHumyssitopa (PacueTHo-
rpaduydeckas pabora)




00pa3loB MEXaTpPOHHBIX U

POOOTOTEXHHYECKHUX
YCTPOMCTB, 15631 (017171
JIETCKOW 1 00pa30BaTeIbHOM
POOOTOTEXHUKHU c
MIPUMEHEHUEM
COBPEMEHHBIX

KOMITBIOTCPHBIX TEXHOJIOTHI

JMHAMUKA MOOHMITBHBIX
pob6oToB

YMers:

pa3pabaTbIBaTh
KHMHEMaTHYeCKHe U
JMHAMHYECKHAE MOJICIIN
MOOMIJIBHBIX pOOOTOB Ha
YpPOBHE, HEOOXOAMMOM JIJISI
peleHus 3a/1a9 yIpaBIeHUs
pa3pabaTbIBaTh
JTMHAMUYECKHE MOJIEITN
MaHUMYJISIIUOHHBIX POOOTOB




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus
7 cemecTp

KM-1. IloaroroBka K HHKJy padoT o ynpapJjeHHI0 MeKaHyM-Iu1aT(gopMoii youBot

®opmbl peaqu3anun: J[onyck K 1abopaTopHoii paboTe

Tun koHTpoaBLHOr0 Meponpusitus: Jlabopatopnas padora

Bec koHTpobHOr0 Meponpustusi B BPC: 10

IIpouenypa mnpoBegeHMs KOHTPOJIbHOro Meponpusitusi: IIpenomaBarens  mposepser
NPaBUWIBHOCTh HAMMCAHHUSA TMPOTPAMMbl, HEOOXOAMMOW sl BBINOJHEHHS JIaOOPAaTOPHBIX padoT
LUKJIA.

Kpartkoe cogep:xxanue 3aganus:
Hcnonw3ys youBot AP, pa3paboraTs nporpammy [uist yIpaBlieHUs ABHKEHHUEM TLU1aT(HOpPMOH,

CHSITHS TTOKa3aHUH C JaTYUKOB U 3aIlMCH JaHHBIX B (1)21171]1.

KoHTpoJibHbIE BOIPOCHI/3a1aHUA:

3arTaHupoOBaHHBIE pPe3yNbTaThl 00y4deHus | Bompockl/3amanus aisi mpoBEpKU
10 IMCIMIUINHE

YMmerb:  pa3pabarbiBaTh  IPOTPaMMHOE 1.Ucnonb3ys youBot API, pa3spaborars
o0ecrieyeHne Jisl peaan3alii ajirOPUTMOB porpaMMy JUTsl YIIPaBJICHHUs BPALICHUEM KOJIEC
yIpaBieHUs MOOWJIBHBIMH  KOJECHBIMH AT OPMBI.

poboTamu 2.Ucnonb3ys youBot AP, pa3paborars

IpOTPaMMYy JUTS CHSTHSI TOKa3aHHA C TaTYINKOB
MIOBOPOTA KOJIEC, TaTYNKOB TOKOB (MOMEHTOB)
JIBUTATeNell U 3alucy JaHHBIX B (paii.
3.Pa3zpabotath KoMaHbI Ha s3bIKe C++ Hin
Python st popmupoBanus mporpaMMHBIX
cKopocTel miIaT(opmsl.

4.Pa3zpaborarh koMaHAbI Ha si3bIke CH++ win
Python st 06pa®oTku nH(pOpMALMK C TATYNKOB
MIOBOPOTA KOJEC U CUUCTICHUS KOOPAUHAT
1aT(OPMBI.

Onucanue MKaJbI OlleHUBAHUS

Oyenxa: 5 («OTIUYHOY)
Onucanue xapakmepucmuxku 6blnoneHus 3uanus: 1IpegocTaBIeH MoJTHBINH U KOPPEKTHBINA KO
MPOTPaMMBI.

Oyenka: 4 («XOpoIIO»)
Onucanue xapakmepucmuku 6blnoaHeHus 3nanusa: 1IpenocTaBiaeH MoJHbINA KOl IPOTrPaMMBI,
TpeOYIOMNT HEKOTOPOU OTJIA/IKH.

Oyenxa: 3 («yAOBIETBOPUTEIBHON)
Onucanue xapakmepucmuku ginonxenus 3uanus: Kol mporpaMMsl HEMOIHBIHN, COJEPKUT SIBHbIE
OLITMOKH.

Oyenka: 2 («HEYJTOBIETBOPUTEITHEHOY)
Onucanue xapakmepucmuku evinonnenus 3nanusa: Kol mporpaMMsl He MPpeI0CTaBIeH WIN
SIBJISICTCST HETIOJTHBIM.




KM-2. KuneMaTu4ecKuii aHAJIU3 MOOMJIBLHOI0 po00Ta ¢ OMHH-KOJIECAMU

®opmbl peanauzanuu: [luceMennas padora

Tun koHTpoabHOr0 MeponpustTus: KourponsHas paborta

Bec koHTpobHOr0 Meponpustusi B BPC: 20

IIpouenypa mnpoBeleHHs] KOHTPOJIbHOIO0 MepPONPUSATHS:

Pa6oTta IpoBOAUTCA B  4YacChbl

NPaKTUYECKHUX 3aHATHI. Bpems BoimonaHeHus pabotsl cocraisier 90 munyT. Heo6xomumo pemunTh
WHJUBHYAJIbHYIO 3a7a4y U OTBETUTH Ha PsiJl BOIIPOCOB.

KpaTlcoe CoA€cpiKaHuE 3alaHUA:

Bripa3uTh ckopocTH BpamieHus KoJiaéc yepe3 KOMIIOHEHTBI CKOpocTH mnatdopmsr Vi, Vi, Q.
HccnenoBaTh 3aKOHBI BpaIeHHsI KOJIEC IS MPOCTEHINNX JBMKEHUH MI1aT(HOPMBI.

-t -

Figure 1 Cxema omHu-nnatdpopmbli

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

3angaHUpOBaHHbBIE pE3YyIbTaThl OOYYEHMS IO
JUCLHUIIIINHE

Bonpocei/3aganus 11t mpoBepKU

3HaTh: OCHOBBl KWHEMATUKH W JWHAMHUKHA
MOOWIBHBIX pOOOTOB

1.Kako¥ BUJI UMEIOT KUHEMATUUECKUE
YCJIOBHUS B TOUKE KOHTAKTa UACAIbHBIX
OMHHU-KOJIEC C OMOPHON TOBEPXHOCTHIO?

2.Kakue ¢popMyiibl KHHEMATUKU
IIPOCTPAHCTBEHHOTO JIBUKEHUS
HE00XO0IUMO HCIOJIb30BATh I PEILICHUs
3ajaun’?

VYMerb: pa3pabarbiBaTh KHHEMaTHYECKHE U
TUHAMHYECKHE MOJENH MOOWIBHBIX POOOTOB Ha
YpOBHE, HEOOXOAMMOM JJsi peUleHHs 3aaay
YIPaBJICHUS

1.BeiBe1MTE COOTHOLICHUS JUIsl CKOPOCTEN
BpalIeHUs KOJEC.

2.3anumunTe BBIPAKEHUS 11 CKOPOCTEN
BpalIeHUs KOJIEC IIPU BBIIIOTHEHUU
MPOCTEHIINX JABMKEHUHN TIIaT)OPMBI.

Onucanune MKAJbI OIICHUBAHUA:

Oyenka: 5 («OTIUIHO)
Huoicnuii nopoe evinonnenus sadanus 6 npoyernmax.: 90

10




Onucanue xapakmepucmuku 6binoneHus 3uanus: KOppeKTHO 3aucaHbl KHHEMATUYECKHUE YCIOBUS
B TOYKaX KOHTAKTa KOJIEC U KNHEMaTu4yeckue ypaBHeHus. [IpaBunbHo HaiiieHbl GOpMyIIbl 7S
CKOPOCTEH BpaIlleHUsI BCEX KOJIEC.

Oyenka: 4 («xX0OpOIIOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. (5
Onucanue xapaxmepucmuxu evinoaneHus sHanus: KoppekTHO 3anicaHbl KHHEMaTHYeCKHUE YCIOBUS
B TOYKaX KOHTaKTa Koii€éc. KnHemarnueckue ypaBHEHUSI MOTYT COJIEPIKATh OT/ICIbHBIC OITUOKH.
[TpaBunbHO HalACHBI POPMYIIBI 711 CKOPOCTEH BpaleHus XOTs Obl 3 KoJéc.

Oyenka: 3 («yIOBJIETBOPUTEILHOY)
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 60
Onucanue xapakmepucmuku evinoneHus 3uanus: KOppeKTHO 3anucaHbl KHHEMAaTHYEeCKUE YCIOBUS
B TOYKaX KOHTaKTa Konéc. Kunemarnyeckue ypaBHeHHUs cojepkar omrOku. [IpaBuiibHO HaliIeHbI
(hopMyIIBI ISl CKOPOCTEH BpalieHus XoTs Obl Auist 1-2 xonéc.

Oyenxa: 2 («HEYIOBIETBOPUTEIBHOY)
Onucanue xapakmepucmukuy 6bIN0IHeHUs 3HaHUA: 3aJaHue He BBIIOIHEHO WII BBIITOTHEHO
(bparMeHTapHO, WK NIPU PEIICHUH JIOMYIIECHBI TPyObIe OIMOKH, B YACTHOCTH HEKOPPEKTHO
3aIUCaHbl YCIIOBUS B TOYKAX KOHTAKTA KOJIEC.

KM-3. 3amura adopaTopHbix padot. biok «Ynpasienune MOOWJIBHBIM MEKaHYM-
po6otom youBot»

®opmbl peanuzanun: Cvemannas Gopma

Tun koHTpoABLHOrO Meponpusitus: Jlaboparopnas pabora

Bec konTposbHOro meponpustusi B BPC: 20

IIpouenypa mnpoBegeHHs] KOHTPOJbLHOI0 MepPONPUATHS: 3alUTa MPOBOJUTCS B  Yachl
naboparopHbix pabor. CTyIeHT NUCHPMEHHO OTBEYaeT Ha BOmMpochkl Omierta. [IpemonaBaTenb
IpOBEPSET OTBET U 33AaET YTOUHSIOIINE U JJOMOJHUTEIbHBIE BONPOCHI (2-3 MTYKH).

Kparkoe conepxanue 3ajanus:
OTBeTUTH HA BOIIPOCHI.

KoHTpoJibHbIE BONIpOChl/3aJaHUA:

3arIaHupPOBAHHbBIE Bonpocsi/3aganus 11t IpoBepKH
pe3yabTaThl 00y4YeHUs
10 TUCLMILINHE

3HaTh: OCHOBHBIE 1.0nuimTe KOHCTPYKIMIO MEKaHYM-KOJIeca U KOHCTPYKIUIO
HPUHIUITBI " iatgopmsl youBot.

aJTOPUTMBI 2.3anumute pacu€THbIC (YOPMYIIBI JIJIST OTPEIETICHUSI CKOPOCTEH
yIpaBICHUSA BpalleHus Konéc podota youBot npu 3a1aHHBIX KOMITIOHEHTaX
MOOUIBHBIMU CKOPOCTH TIIaT(OPMBI.

poboTtamu 3.Kakoii 3aK0H UCTIONb3yeTCs Ul PEryIUPOBAHUS CKOPOCTH

BpareHus koaéc podora youBot?

4. npopmanus o Kakux GU3NUIECKUX BETMUYMHAX JTOCTYITHA JIJIs
(hopMHUpOBaHHS CUTHAJIOB yIpaBiieHUus Kojiécamu poboTta youBot?
5.IIpokoMMeHTHpYHTE YKa3aHHBIN IpenogaBarenaeM (parMeHT Kojaa
YIpaBIsOLIEH IporpaMMbl podoTa.

6.Kakue nonyuieHus UCronb30BaHbl IPY BBIBOJIE YPaBHEHUIN
nBIKeHUs iatdopmel youBot?

7.0numuTe METOUKY UASHTU(PHUKAIIMYA TApaMETPOB MOJIENH IO
pe3ylibTaTaM HaTYPHBIX SKCIIEPUMEHTOB.

8.IIpoKkOMMEHTHPYHTE pe3yabTaThl HACHTU()UKALMY TApAMETPOB
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3anjgaHUupOBAHHBIE Bormpocsl/3aganus A MpoBEPKU
pe3ynbTaThl 00yUeHUs
10 TUCIUIUINHE

pacu€THoO#l TuHaMHu4YecKoi MozaenH miardopmel youBot. Hackonbko
TOYHO MOJIEJIb OIUCBIBAET PE3YJIbTAThI IKCIIEPUMEHTA?

VYMerTh: 1.JIy1s1 MEXaHUYeCKOM CUCTEMBI, 3aJaHHOMN

pa3zpabaThIBaTh mx + cx +dy = —uy,

AITOPUTMBI . .

yIIpaBJIeHus ypaBHEHUSMH { y+ex+ky=u, OTIPENICTIUTh,
MoDITL L y(0) = x(0) = 0,y(0) = 2,x(0) = 0;

poboTamMun " KaKue IaHHbIC HEOOXO0IMMO MOYYHUTh B PE3yJbTaTe SKCIICPUMEHTA
HPOBOZTUTD JUISL OTIpe/ieNIeHUs TapaMeTpoB M, ¢, d, e, k u 3amucaTh OI10KH, U3
OKCICPUMEHTAIEHOC KOTOpBIX OYAYT cOocTOsTh MaTpullpl B MeTosie MHK.

HCCIC0BaHNC 2. J1j1s1 MeXaHU4YECKOM CUCTEMBbI, ONTMCHIBAEMOMN YPaBHEHUSIMU
yIPaBIsEMOTO . -

JIBUKEHUS x + 2.x —3y=0

TIBUKCHHS { .
y —6x + 3y = 2u;

perynaropa o ckopoctsam X, y. Koapuiments! ycunenus

OTIpEACTUTh U3 YCIOBHSI MAKCUMAIIbHOM CTENIEHU YCTOMUYHUBOCTH

XapakTepucTHieckoro nomuoma: (p + 2)*%.

HaiiTu ynpasieHue u B suae [11-

OnucaHue MKAJbI OLleHUBAHUS:

Oyenka: 5 («OTITUIHOY)
Onucanue xapakmepucmukuy 6bINOJIHeHUs 3HaHus: J|aHbl TIOJTHBIE, KOPPEKTHBIE OTBETHI HA BCE
3aJJaHHBIC BOIIPOCHI.

Oyenxa: 4 («XOpoILO»)
Onucanue xapakmepucmukuy 6blNOIHeHUs 3HaHUsA: JJaHbl B 1IeJIOM MOJHBIE U KOPPEKTHBIE OTBETHI
Ha BCE 3a/IJaHHBIE BOIIPOCHI.

Oyenka: 3 («yl0OBIETBOPUTEIIEHO)
Onucanue xapakmepucmukuy 6bIN0JIHEHUs 3HaHUs. JJaHbl HETIOJIHbIE U/WIIN HEKOPPEKTHBIE OTBETHI
Ha BOTIPOCBHI.

Oyenka: 2 («HEYJTOBJIETBOPUTEITHEHOY)
Onucanue xapakmepucmuxu eoinonnenus 3uanus: OTBETHI coJiepkKaT rpyOble OIINOKH,
¢parmenTapubl. OTBeTHI HE JaHbl. JlabopaTopHbIe PaOOTHI HE BBHIIIOJHEHBI B CPOK.

KM-4. MoaeaupoBaHnue ynpasJisieMoro 1BMKeHHs1 MOOMJIbHOI0 podoTa

®opmbl peanauzanuu: [IpoBepka 3axanus

Tun KoHTpoIBLHOr0 MeponpusiTusi: Pacuerno-rpaguyeckas padora

Bec konTposbHoro meponpusitusi B BPC: 20

IIpoueaypa mnpoBeleHUsT KOHTPOJILHOro Meponpusitusi: CTYyAEHT CIAET BBHINOJIHEHHYIO U
JIOJDKHBIM  00pazoM 0GOpMIICHHYI0O paboTy Ha MPOBEPKYy mpemnofaBareto. [lo pesympratam
IIPOBEPKHU MPEIOIaBaTelNb BHICTABIISAET OLICHKY 3a paboTy.

Kpartkoe cogep:xxanue 3aganus:
[TpoBecTy YncICHHOE MOJICTHPOBAHHUE IBIKEHUSI MEKaHYM-TIIaTgopmbl youBot B10b
3aJIaHHOM TPAEKTOPUH, UCTIOB3Ys PE3YIbTaThl SKCIEPUMEHTAIIBHOTO UCCIEOBAHNS JUHAMUKA
CHCTEMBI.

KoHTpoJibHbIe BOnpochl/3aJaHusA:
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3annaHupoBaHHbIE pe3yabTaThl | Bompockl/3ananus s npoBepKu
00y4YeHUs 10 TUCITUTINHE

YMeTh: NPOBOIUTH YHCIECHHOE 1.CoctaBbTe nporpaMmy AJisi YUCIEHHOTO MOJAECTUPOBAHUS
MOJICJIUPOBAHUE  YIIPABJISIEMOTO JTUHAMUKY YIIPABIIIEMOTO ABMKCHUS MEKaHYM-TIAT(OPMBI
JIBUKEHUSI poboToB u KUKA youBot. B nporpamMmme 101&HO TPOU3BOAUTCS
MEXaTPOHHBIX cUCTEM B YHUCIIEHHOE pelnieHne JuddepeHnnaIbHbIX YPaBHCHHMA
MaTeMaTHUYECKUX MaKeTax JBUKEHHSI CUCTEMBI C BETMUYMHAMU (PU3UYECKUX

MapaMeTpoB, OMPEICIIEHHBIX B PE3yJIbTaTe SKCIIEPUMEHTOB.
2.ITon6epute K03 HUIMEHTH! YCUIICHHSI B 3aKOHAX
PETYIHUPOBAHMS CKOPOCTSIMH BPAIICHUS KOJEC IS
CIJICZIOBAHMSI BIIOJIb TPACKTOPHH C 33IaHHON CKOPOCTHIO U
yJIOBJICTBOPUTEIHLHON TOYHOCTHIO.

Onucanne MKAJbI OIleHUBaAHUS:

Oyenxa: 5 («OTIINYHOY)
Onucanue xapakmepucmukuy 6blnoaneHus 3uanus: PaboTa NOJIHOCTBIO PABUIILHO BBINOJIHEHA U
C/laHa MPEeIoAaBaTEeNIO C IEPBOI MOMBITKH.

Oyenka: 4 («X0OpoIIO»)
Onucanue xapakmepucmukuy 6blnoaHeHus 3Hanus: PaboTa MOJTHOCTHIO MPABIIILHO BHITIOJIHEHA U
C/laHa MPETOAaBaTEN0 CO BTOPOM MOIBITKH.

Oyenka: 3 («yIOBJICTBOPUTEIHLHOY)
Onucanue xapaxmepucmuixu binoneHus snanus: Pabora moJTHOCTHIO MPABUIIHHO BHIMOJIHEHA U
ClIaHa MPETIOAaBATEIIO C TPETHEH MOIBITKH.

Oyenxa: 2 («HEYIOBIETBOPUTEIBHOY)
Onucanue xapakmepucmuku 6blnoneHus 3uanus: PaboTa He BBITIOJIHEHA B CPOK.

KM-5. Crabunu3anysi NporpaMMHOI0 IBHKEHHUS «HENOJIHONPUBOAHOI» CHCTEMBI 110
JIMHEHHOMY NPHOIHKEHUI0

®opmbl peamsanun: IIposepka 3aganus

Tun koHTpoILHOrO MeponpusiTus: PacuetHo-rpadpuueckas padbora

Bec koHTpOBbHOrO Meponpusitusi B BPC: 30

IIpouenypa mnpoBeaeHHsi KOHTPOJIbHOrO Meponpusitusi: CTyIeHT cIa€T BBINOJIHEHHYIO U
JOJDKHBIM  00pa3oM o¢opMIIEHHYI0 pPabOTy Ha MpoBepKy mpemnojaBatento. [lo pesynpratam
IIPOBEPKH IIPENO1aBaTENb BBICTABIIAET OLCHKY 3a PadoTy.

Kparkoe conepxxanue 3agaHus:
Jlunamuika o0beKTa yIpaBiieHUs B TMHEHHOM MPUOIMKEHUH ONUCHIBAETCS CUCTEMON

ypaBHeHU X = Ax + Bu,y = Cx, r1ie X - BEKTOp COCTOSIHMS, U - YIPABICHUE, Y - U3MEpseMas
BennunHa. Matpuue! 4, B, C 3anansl.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3arIaHupOBaHHbIE pe3yNbTaThl 00ydeHus | Bompockl/3aianus Uit IPOBEPKH
10 TUCHUIUINHE

3HaTh: OCHOBHEIE METONBI CTAOMIM3AIINHA 1.3auem IpoBOAUTCS UCCIEAOBaHUE

JIMHAMUKHN MEXaTPOHHBIX CUCTEM YIPaBISIEMOCTH ¥ HAOJF01aeMOCTH CUCTEMBI?
2.B 4éM cocTOUT mOCTaHOBKA 3aJ1a4l MOJAJbHOM
crabunmzanmu?

3.B 4éM cOCTOHUT MOCTAaHOBKA 3adaUl
OIITUMAJILHON cTadWIn3arnm?
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3annaHupoBaHHbIE pe3ysbTaThl 00ydeHus | Bompocsl/3aganus amis npoBepKu

IO AUCHUIIIIMHE

4.B uéM cocTOUT Ha3HaueHue HabIoaaTeNs
BEKTOpPA COCTOSIHUSI B COCTaBE CUCTEMBI
yIpaBJCHUs ?

YmeTs: MPOBOJUTH CHHTE3
CTaOUITM3UPYIOLIETO  yNpaBiCHHUS 1O
OLIEHKE BEKTOpA COCTOSIHUSI MEXATPOHHOU
CHUCTEMBI

1.MccnenoBaTh cucTeMy Ha yIpaBlIsieMOCTb.
2.HccnenoBath cucteMy Ha HabJIHOJaeMOCTb.
3.IIpoBecTu CHHTE3 CTAOUIM3UPYIOILETO
MOJIQJILHOT'O YIIPaBJIEHUS B BUJIE 0OpaTHOH CBS3H.
4 ITpoBecTH CUHTE3 CTAOUIM3UPYIOILETO
yIIpaBJIEHUs B BUJIE 0OpaTHOM CBSI3H, PELLIUB
HHHeﬁHO-KBaﬂpaTHQHYIO 3ala4y OITUMAJIbHOT'O
yIIpaBJICHHSL.

5.I1poBecTr ynCIEHHOE MOIETUPOBAHUE
IIPOLIECCOB YIPABJIEHHUS IO BEKTOPY COCTOSIHUS B
MaTeMaTHYECKOM IaKeTe.

6.ITpon3BecTy CUHTE3 ACUMITOTHYECKOT'O
HaOroAarens Uil paccMaTpuBacMoi
JMHAMUYECKOM CUCTEMBI.

7.1IpoBecTr YMCIEHHOE MOACIIUPOBAHNE
IIPOLIECCOB YIPABJIECHHUS IO OLIEHKE COCTOSHUS B
MaTEeMaTHYECKOM IaKeTe.

Onucanne MKAJbI OIIEHUBAHUS

Oyenxa: 5 («OTIINYHOY)
Onucanue xapakmepucmukuy 6blnoaneHus 3uanus: PadoTa NOJIHOCTHIO PABUIILHO BBINOJIHEHA U
C/laHa MPEeNoAaBaTEeNIo C IEPBOI MOMBITKH.

Oyenxa: 4 («XOpOILIO»)
Onucanue xapakmepucmukuy 6blnoaHeHus 3Hanus: PaboTa MOJTHOCTHIO MPABIIIFHO BHITIOJIHEHA U
C/IaHa MPEeroAaBaTeNto CO BTOPOU MOMBITKH.

Oyenka: 3 («yIOBJICTBOPUTEIHLHOY)
Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. Pa60Ta MOJIHOCTBIO ITPAaBUJIBHO BBITIOJIHCHA U
ClIaHa MPETIOaBATEIIO C TPEThEH MOIBITKH.

Oyenka: 2 («HEYIOBICTBOPUTEIHHOY)
Onucanue xapaxmepucmuxu 8blnoaHeHus 3nanus: Pabota He BBIIOIHEHA B CPOK.

8 cemecTp

KM-1. IloaroroBka K HHKJy padoT mo ynpabJeHHI0O MAHUITYJSATOpPOM youBot

®opmbl peasu3anun: Jlomyck k mabopatopHoii padbore
Tun koHTpoLHOrO MeponpusTus: Jlaboparopnas pabora

Bec koHTpOBbHOrO Meponpusitusi B BPC: 15
IIpouenypa nmnpoBeaeHUsi KOHTPOJBHOIO

Meponpusitusi: [IpenogaBatens  mpoBepsieT

MMPaBUJIBHOCTb HAIIMCaHUA TIPOTpaMMBI, HCO6XOI[I/IMOI71 JJIs  BBIITOJTHCHHA Ha60paT0pHBIX pa60T

[UAKJIA.

KpaTkoe cogep:xkanune 3a1aHus:

Ucnons3ys youBot API, pazpaborars nporpamMmy ajisi TO3UIIMOHUPOBAHUS 3BEHHEB
MaHUMNYJATOPA, CHATUS MMOKA3aHUM C TaTYMKOB M 3alUCU JAHHBIX B (paii.
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KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3arIaHUpOBaHHBIE PE3YNbTAThl OOYyUEHUS
110 JUCUUIUINHE

Bomnpocel/3aganus st IpoBEpKU

Ymerb:  pa3pabareiBaTh  MPOrpaMMHOE
o0ecrieyeHue JUIsl  MOJEIUPOBaHUS U
peaqM3alud  AIrOPUTMOB  YIIPaBJICHUS

MaHUITYJIIOUOHHBIMHA pO6OTaMI/I

1.Ucnons3ys youBot API, pa3pabotars
IporpaMmmy JUis MO3UIIMOHUPOBAHUS 3BEHBEB
1aTOpMBbl Ha 3aJIJaHHBII YTOJI C TPOBEPKOU
MIOTIaJIJaHUS BEJIMYUHBI yTIila B JOMMYCTUMBIN
JMana3oH.

2.Mcnonw3ys youBot API, paspaborars
MporpaMMy JJisi CHATHSI IOKa3aHUM C JaTYMKOB
MOBOPOTA 3BEHbEB, TATUNKOB TOKOB (MOMEHTOB)
JBUTATENICH W 3alyCH JaHHBIX B (paii.
3.Pa3paborarh komMaHabI Ha s3bIKe CH++ wn
Python nst popmupoBanus yrios B
COUWICHEHHUSX MPU BHITIOJTHEHUH TPACKTOPHOTO
JIBIDKCHUSL.

4.Pazpabotarts nporpammy B MATLAB unu
Scilab mist mpoBepKM KOPPEKTHOCTH pacu€ToB
YIJI0B NMOBOPOTA 3B€HBEB MPU BHITIOJTHEHUH
TPAEKTOPHOT'O IBUKECHMSL.

Onucanne MKAJbI OIICHUBAHUS:

Oyenxa: 5 («OTIINYHOY)
Onucanue xapakmepucmuku 6olnoanenus 3uanus: 1lpegocTapieH MoaHbli 1 KOPPEKTHBIN KO
POTPaMMBI.

Oyenka: 4 («X0OpOIIO»)
Onucanue xapakxmepucmuku evinoneHus snanus: IIperocrapieH NoaHbIA KO IPOrpaMMbl,
TpeOYIOIIHNT HEKOTOPOU OTIIAKH.

Oyenka: 3 («yIOBJICTBOPUTEILHOY)
Onucanue xapaxmepucmuxu evinoineHus sHanus: Koa nporpaMMbl HETIOTHBIN, COACPKUT SIBHbIS
OIITNOKH.

Oyenka: 2 («HEyJOBIETBOPUTEIHHOY)
Onucanue xapakmepucmuku binonnenus snanus: Koa mporpaMmsl He IPEI0CTaBICH WIN
SIBIISICTCS HETOJTHBIM.

KM-2. 3amura 1adopaTopHbix padot. biiok «Ynpapiaenne MaHUIYJISIIIHOHHBIM

Po60TOM Ha OCHOBE peleHus 00PATHOM 3a1a4UH O MOJIOKEHUSIX»

®opmbl peanusanun: CmenianHas popma

Tun koHTpoABLHOr0 Meponpusitus: Jlabopatopnas padora

Bec konTposbHOro meponpusitusi B BPC: 25

IIpouenypa mnpoBegeHHs KOHTPOJBLHOIO MeEpPONPHUSTHS:

3aIJ_II/ITa MNpoOBOAUTCA B YacChbl

nabopaTopHbIX pabor. CTyAeHT NHUCBMEHHO OTBeYaeT Ha Bompochkl Owmnera. [IpemomaBatens
MPOBEPSIET OTBET U 33/1aéT YTOUHSIOIINE U TONOTHUTENbHBIE BOMPOCH (2-3 MITYKH).

Kparkoe conepxanue 3a1aHus:
OTBeTUTD HA BOIIPOCHI.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3arIaHupOBaHHbIE PE3YJbTaThl  OOyUEHUs
10 TUCHUIUINHE

Bomnpocsl/3aganus a1t IpoBEpKU
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3amnaHUpOBaHHBIE PE3YNbTaThl O00y4EeHHUS
10 TUCLUILINHE

Bomnpocei/3aganus 1iist mpoBepKu

3HaTh. OCHOBHEIC IMPUHIOMUIIBI U AJIT'OPHUTMBbI

1.KakoB npuHIuN yrpaBieHUs MaHUITYISITOPOM

yIpaBICHUS MaHUTTYJISITUOHHBIMU IO TIOJIOKEHHIO?

poboTtamu 2.ChopmynupyiiTe MOCTaHOBKY 00paTHOM
3a/1a4u O MOJIOKEHHUSIX.
3.B uéMm npeumyiecTBa U HEAOCTATKU
AHATUTUYECKUX U YMCIICHHBIX METO/I0B
pelieHus oOpaTHOM 3a7auu O MOJIOKEHUSIX ?
4.Kakue 4uCIeHHbIE METO/IbI pelIeHUs
00paTHOM 3a/1a4M O MOJIOKEHUAX Bam
W3BECTHBI?

YMmeTs: pa3palaThIBaTh aJITOPUTMBI 1.Hanummure pparMeHT Koaa mporpaMmsl JiIst

yIpaBICHUS MaHUTIYJISTOPAMU Ha AHATMTUYECKOTO PEIIeHUs 0OpaTHOM 3a/1auu O

KMHEMaTUYeCKOM YpPOBHE M MPOBOAMTH MOJIOKEHUAX poboTa youBot.

AKCIIEPUMEHTAIILHOE UCCIIeI0BaHUE 2.HammmmTe GparMeHT Koja mporpamMmbl JiIst

YHpaBJsi€eMOTO ABUKCHUA

YHCIIEHHOTO PELICHUs] 00paTHOM 3a/1a4u O
HOJIOKEHHSIX poboTa youBot MeTonom
Herotona. [Toka3zaHus Kakux TaTYUKOB
HE0OXO0IMMBI JUIsl peajin3aluyu Meroa’?
3.BriBeauTe pacu€THbie (HOPMYIIBI IS
AHAIMTHYECKOT0 PEeIIeHUsI 00paTHOMN 3a/1a41 O
NOJIOXKEHHSIX MaHUITyJIsITopa youBot.

OnucaHue MKAJbI OLleHUBAHUS:

Oyenka: 5 («OTITUIHOY)
Onucanue xapakmepucmukuy 6blNOJIHeHUs 3HaHUsA: J|aHbl TIOJTHBIE, KOPPEKTHBIE OTBETHI HA BCE
3aJlaHHbIE BOMPOCHI.

Oyenxa: 4 («X0poILI0»)
Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. I[aHBI B [CJIOM ITOJIHBIC 1 KOPPCKTHBIC OTBETHI
Ha BCE 3a/IJaHHBIE BOIIPOCHI.

Oyenka: 3 («yI0OBIETBOPUTEIIEHO)
Onucanue xapakmepucmukuy 6bIn0JIHEHUs 3HaHUs: JJaHbl HETIOJIHbIE U/WIIN HEKOPPEKTHBIE OTBETHI
Ha BOTIPOCBHI.

Oyenka: 2 («HEYJOBJIETBOPUTEITHEHOY)
Onucanue xapakmepucmuxu goinonnenus 3uanus: OTBETHI coJiepkKaT rpyOble OIINOKH,
¢parmenTapubl. OTBeTHI HE JaHbl. JlabopaTopHbIe PaOOTHI HE BBHIIIOJIHEHBI B CPOK.

KM-3. 3amura sadopaTtopHbix padot. biok «YnpasieHne MaHUIYJISIHUOHHBIM

Po0OTOM Ha OCHOBE peleHHsi 00PATHOI 3a7a4H 0 CKOPOCTAX)

®opmbl peanuzanun: Cvemannas Gopma

Tun koHTpoLHOrO MeponpusTus: Jlaboparopnas pabora

Bec koHTpObHOrO Meponpusitusi B BPC: 25

IIpouenypa mnpoBegeHHs] KOHTPOJIBHOI0 MepPONPUSTHS:

3amuTa MPOBOJUTCS B  Yachl

nabopaTopHbiX paboT. CTyaeHT NUCbMEHHO OTBEYaeT Ha Bolpochkl Owuiera. [IpemopaBarens
IIPOBEPSIET OTBET U 33/1a€T YTOUHSAIOIINE U IONOJHUTENbHBIE BOMPOCH (2-3 IITYKH).

Kparkoe conepxanue 3agaHus:
OTBeTUTH Ha BOIIPOCHI.
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KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3arIaHupOBaHHBIC Pe3yNbTaThl 00ydeHus 1o | Bompocsl/3aganus 11 npoBepKu
JUCLUIIIINHE

3HaTh: OCHOBHBIC NPUHIHUIBI U AITOPHUTMBI 1.ChopmynupyiiTe NpUHIUT YIIPaBICHUS
yIpaBiIeHUs] MAaHUITYJISILIUOHHBIMA POOOTaMU MaHUIYJISTOPOM IO BEKTOPY CKOPOCTH.
2.ChopmynupyiiTe TOCTAHOBKY OOpaTHOM
3a/1a4M 0 CKOPOCTSX MaHUIYJISTOPA.
3.3anummre pacu€THbIe POPMYIIBI IS
pelieHus 00paTHON 3ajaul O CKOPOCTAX
MaHHUIyssTOpa youBot.

4.00bsICHUTE METOAUKY HCIIOJIb30BAHUS
yIIpaBJICHUS 110 BEKTOPY CKOPOCTH B 3a/1a4a
peau3aiuy MporpaMMHOIO JABM)KEHUS CXBaTa.
5.Kakne MeTopl YUCIIEHHOTO MHTEIPUPOBAHHS
UCIIONB3YIOTCS B paboTe IS BHIYUCTICHUS
YIJI0B B COWJICHEHUSIX ?

YMmeTs: pa3pabaTsIiBaTh AJITOPUTMBI 1.Hanummure pparmMeHT Koaa nporpaMmsl st
yIpaBiIeHUS MaHUIYJISATOpaMHU Ha 3aJlaHusl CKOPOCTH ITOBOPOTA 3BE€HA
KMHEMaTUYeCKOM YpOBHE U IPOBOJIUTH MaHUMIYJISATOPA C MPOBEPKOMN MOMagaHus
AKCIIEPUMEHTAIIBHOE UCCIIEJOBaHUE IIPOrHO3UPYEMOTI'0 3HAYEHUSI YIila I0BOPOTa B
YIPaBIsIEMOTO JIBUKEHUS JOMYCTUMBIN JMAIa30H.

2.Hanumure GpparMeHT Koja nporpamMmmsl AJist
(hopMupoBaHHsI KOMIIOHEHT CKOPOCTHU CXBaTa ¢
00paTHOM CBSA3BIO MO OIMIKUOKE
MO3UI[MOHUPOBAHHUS.

3.Jlokaxxure paboTOCIOCOOHOCTD
UCIIOJIB3YEMOI0 METO/1a CTaOUIN3aluu
MIPOTPaAaMMHOTO JIBUKEHHUS CXBaTa C IOMOIIBIO
00paTHOM CBSI3U MO OLIMOKaM
MO3UIIMOHUPOBAHUSI.

Onucanue MIKAJbI OLlEeHUBAHUS

Oyenka: 5 («OTIINYHOY)
Onucanue xapakmepucmukuy 6blNOJIHeHUs 3HaHUsA: J|aHbl TIOJTHbIE, KOPPEKTHBIE OTBETHI HA BCE
3aJ[aHHBIE BOIIPOCHI.

Oyenxa: 4 («XOpOILIO»)
Onucanue xapakmepucmukuy 6bINOIHeHUs 3HaHus: J|aHbI B TIETIOM TIOJTHBIE U KOPPEKTHBIE OTBETHI
Ha BCE 3aJaHHbBIE BOMIPOCHI.

Oyenka: 3 («yIOBJICTBOPUTEIHHOY)
Onucanue xapakmepucmuku 6bINOIHeHUs 3Hanus: JJaHbl HETIOJIHbIE U/WITN HEKOPPEKTHBIE OTBETHI
Ha BOTIPOCHI.

Oyenxa: 2 («HEYIOBIETBOPUTEIHHOY)
Onucanue xapaxmepucmuxu evlnoinerus 3Hanus: OTBETHI COIepkKaT TpyObIe OmnOKH,
¢dbparmenTapubsl. OTBeTHI HE JaHbl. JlabopaTopHbIe PaOOTHI HE BBHITIOIHEHBI B CPOK.

KM-4. lunaMuKa NPOCTPAHCTBEHHOT0 MAHUITYJISTOPA

®opmbl peamzanuu: [Iposepka 3aganus
Tun koHTpoIbLHOrO MeponpusiTusi: PacuetHo-rpaduueckas padora
Bec koHTpOBbHOrO Meponpusitusi B BPC: 35
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IIpouenypa mnpoBeleHus KOHTPOJbHOro meponpustusi: CTyaeHT cHaéT BBIMOTHCHHYIO U
JIOJDKHBIM  00pazoM 0(GOpMIICHHYIO paboTy Ha MPOBEPKY mpernofaBareito. [lo pesymbraram
IIPOBEPKH MPET01aBaTelNb BBICTABIISET OLCHKY 33 PadoTy.

Kparkoe conepxanue 3ajaHus:
BriBecTH ypaBHEHMs TMHAMMKHU [IPOCTPAHCTBEHHOI'O MAHUITYJIATOPA, UCIIONIb3YSl YPABHEHUS

Jlarpanxa Il pona

KOHTpOJILHLIe BOI[pOCLI/l%a)IaHI/Ifli

3aryaHupOBaHHbIE Bomnpocel/3aganust st IpOBEPKU

pe3ynbTaTtel  O0y4eHHs IO

JMCLIUTUIAHE

3HaTh: OCHOBBI KHHEMAaTHUKU 1.3anumure GopMysTy 17 BEIYUCICHUS KHHETHYECKOM
u TMHAMUKA SHEPIUU MAHMITYIATOPA.

MAaHUITYJIITUOHHBIX pO6OTOB

2.3anumute GopMyITy JIsS BEIYUCIECHUS 0000MEHHBIX CHJI.

3.3anumure ypaBHeHus Jlarpanxa Il pona.

YMeTh: paszpabaThIBaTh 1.CocTaBbTe ypaBHEHHS JBIKEHUSI MAaHUIYISTOPA,
TUHAMUYECKHUE MOIEIIH M300paKEHHOTO HA CXEME.

- !
MaHUNYJSIUOHHBIX POOOTOB /_,/-/ /

-

Figure 2 Cxema maHunynsaTopa

2.11o 3a7aHHBIM 3aKOHAM U3MEHEHUs1 0000MEHHBIX KOOPINHAT
MaHUITYJISITOPA OTPEIETUTE TOTPEOHBIE BEJIMUUHBI MOMEHTOB
JIBUTaTeJICH.

Onucanue MKaJbI OlleHUBAHUS

Oyenxa: 5 («OTIUYHOY)
Onucanue xapakmepucmukuy 6blnoaHeHus 3Hanus: PaboTa MOJTHOCTHIO MPABIIILHO BHITIOHEHA U
CIaHa MPEeToaBaTelto ¢ MEPBOM MOMBITKH.

Oyenka: 4 («XOpoIIO»)
Onucanue xapakmepucmukuy 6blnoaHeHus 3Hanus: PaboTa NOJTHOCTHIO MPABUIIBHO BBINOJIHEHA U
C/IaHa MPETIOAaBaTEN0 CO BTOPOH MOTIBITKH.

Oyenka: 3 («yIOBIETBOPUTEIIEHO)
Onucanue xapakmepucmuxu 6binoaHeHus 3nanus: PaboTa MoIHOCTHIO MPAaBIIIFHO BBIIOTHEHA U
C/laHa MPeroAaBaTeIto ¢ TPEThEeH MOIBITKH.

Oyenka: 2 («HEYJTOBIETBOPUTEITHEHOY)
Onucanue xapakmepucmukuy 6blnoneHus 3uanus: PaboTa He BBITIOJIHEHA B CPOK.
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COJIEPKAHME OIIEHOYHBIX CPEJICTB ITIPOMEXYTOUYHOM ATTECTAIIUA
7 cemecTp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

1. ITpocreiimas Moienb OMHU-KoI€ca. KnHeMaTH4eCKUi aHainu3 NpOCTEUIINX JIBUKEHUM
pob6ota KUKA youBot.

2. Pemienue 3aaun nACHTH(PHUKAINN TTApAaMETPOB MOJIENIN MEKAHYM-TIIIAT(GOPMBI U YHCICHHOTO
MOJIEJIMPOBaHUS €€ IBUKCHHUS B MATEMAaTUYECKUX MTAKETax.

3. 3agaua

Peire 3aja4y MOIATLHOTO YIpaBienns cuctemoii ¥ = Ax + bu, rae x = (x; x,)7
2 3 [-3
A >'b (
-1 -2 (1

TpebyeMEIii BIT XapaKTepHCTHYECKOTo omHoMa Py (1) = (4 + 3)?

Figure 3 Mpumep 3agaum

4. 3amaya

Pemnre mineiiHO-KBaIPATHIHYIO 33134y ONTHMATBHOIO YIIPABICHHA:

}“ R f (4x} + 5x2 + u?)dt - min
i =u, B

Figure 4 Mpumep 3agaumn

IIpoueaypa nposenenust

DK3aMeH MPOBOJUTCS MO OuieraMm B ycTHOU (opme. Bpems Ha moaroroBky oTBeTa coctaBiser 90
MUHYT. [Ipy HEOOXOIMMOCTH 3K3aMEHATOpP MOXKET 3aJaTh CTYIEHTY YTOUHSIOIIME BOIMPOCHI IO
OuJIeTy U JOMOJIHUTEIbHBIE BOIIPOCHI U3 9K3aMEHAIMOHHOHN MPOTrPaMMBbl.

L. Ilepeuens Komnemenyuit/uHOUKAMOPoO8 u KOHMPOAbHBIX 60NPOCOE NPOBEPKU PE3YIbHAN 06
0CGOCHUA OUCUUNIUHDL

1. Komnerenunss/Muankarop: UJ1-1lonk-4 Vcnonb3yer coBpeMeHHbIE SI3bIKHA U CUCTEMBbI
IPOTPaMMHUPOBAHUS JUIsl pelIeHHns TPOPECCHOHATIBHBIX 331a4

Bomnpocel, 3axanus
1.BozmoskHocT youBot API nyis ynpaBnenust 1BUKeHHeM MOOMIBHONW MeKaHYM-TIIaTGOPMBbI
U TIOJTy4eHUS] THPOPMAIMH C JaTUHUKOB.

MarepuaJsl 1JIs1 NIPOBEPKHU OCTATOYHBIX 3HAHUM
1.JIns1 Kakux 1esel uCroyIb3yeTcsl CIEAYIONUi (hparMeHT MPOrPaMMHOTO KOJIa JTst
yIpaBiieHUs] MeKaHyM-IIaTdopmoiil youBot (¢ ncnons3zoBanuem youBot API):
myY ouBotBase->getBaseJoint(1).getData(sensedAngle);
phil =-(sensedAngle.angle)/radian;
myY ouBotBase->getBaseJoint(2).getData(sensedAngle);
phi2 =(sensedAngle.angle)/radian;
myY ouBotBase->getBaseJoint(3).getData(sensedAngle);
phi3 =-(sensedAngle.angle)/radian;
myY ouBotBase->getBaseJoint(4).getData(sensedAngle);
phi4 =(sensedAngle.angle)/radian;
OTtBeTHI:
1) V3mepeHus yriioB OBOPOTA 3BEHHEB MAHUMYIIATOPA
2) U3mepeHnus yriioB HoBopoTa Koyéc miat(opmbl
3) U3mepenust ckopocTeit BpalleHus: KOJEC maaT(opMel
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4) 3anaHus BEIMYUH YIII0B OBOPOTA KOJIEC TIIATGOPMBI B rpagycax
BepHsriii otBeT: 2)

2. Komnerenuust/Muaukarop: N/1-2onk-4 [Ipumensier coBpeMeHHbIE MAaTEMaTHIECKUE TTAKETHI
JUIsL MOACIIMPOBAHUS U UCCIEAOBAHNS JUHAMHUKHU CUCTEM, YIPABJISIEMOIO JBUKCHHSI MEXAaTPOHHBIX
U pOOOTOTEXHUUYECKUX YCTPOMCTB

Bomnpocel, 3axanus
1.Pemenue 3a1aun nACHTU(PHUKAILIMHA TAPAMETPOB MOJIEIH MEKAaHYM-TUIAT(OPMBI M YUCICHHOTO
MOJICIIUPOBAHUS €€ JBMIKEHUS B MATEMATHYCCKUX IMaKeTax.

MaTepI/IaJ'[bI OJIsA l'IpOBepKI/I O0CTATOYHBIX 3HaHI/li71
1.JIns1 KakuX 1eseld UCIoIb3yeTcsl CISAYIONIUI (parMeHT MPOrPaMMHOTO KOJ1a B ITaKeTe
Wolfram Mathematica:

Vd=0.6;
e=Vd-V[t];
u=KPe+KIint[t] +KDD[e, t];

U= Sat[u, Umax];
tf=1;
slv = NDSolve [ {

mV'[t]+CV[t] +F1/RSgn[V[t]] = (C1U - C2V[t] /R) /R,
int"[t] == e,
int[@] == @, V[@] == @
} /. {KP > kP, KD - kD, KI -» kI, Umax - Um},
{V, int}, {t, @, tf}, Method -> {"EquationSimplification" -> "Residual®}

L

OTBeThI:
1) UucneHHOE MO/EIMPOBAHNE TMHAMMKH ITPOJOIBHOTO JIBUKEHUS KOJIECHOH MIaT(opMsl ¢
ITN/I-perysisatopom 1o yriiaMm IoBopoTa KOoJec
2) YucneHHOE MOAEIMPOBAHNE IUHAMUKH MTPOJOIBHOIO IBUKEHUS KOJIECHOH MIaT(opMsl ¢
TN /I-peryisatopoM o CKOPOCTH BPAILLCHUS KOJIEC
3) UncneHHOe MOJIETMPOBAHUE TUHAMUKH MTPOAOJIBHOTO JBMXKEHUS KOJIECHOM MIaT(hopMBbI €
[T 1-perynsaTopoM Mo CKOPOCTH MIIaT(HOPMBbI
4) YucneHHOE MOJIEIMPOBAHUE TMHAMUKHU MTPOJOJIBHOTO IBUKEHHS KOJECHON MIaT(OopMbl C
[MTU/1-perynaropomM o KOopAHHaTE MIaT(HOPMBI

BepHpiii otBeT: 3)

3. Komnerenuus/Maankarop: UJ-1lonk-11 CnocobeH NpoBOJUTh CHHTE3 aITOPUTMOB YIIPABICHHS
MEXaTPOHHBIMH U pOOOTOTEXHHUECKUMH YCTPOHCTBAMH IO 33JaHHBIM XapaKTEPUCTHKAM KauyecTBa
peryarpoBaHus

Bonpocsl, 3aganus
1.0630p METO/10B HAaBUT AU MOOUIIBHBIX POOOTOB. AJITOPUTM OJJOMETPUYECKON HaBUTAllUU
MEKaHyM-TIaT()OPMBI.
2.V nentudukanys napaMeTpoB MOJAEIH ITOCTYNATEIbHOTO IBUKEHUS MEKaHYM-TIIaTQOPMEI C
nomomsro MHK.
3.VrpaBieHue nocTynareiabHbIM JBHKEHUEM KOoJIE€CHO! tuaTdopmsl ¢ nomorbo [TU/I-
perynaropa. YcinoBue ycronunBocTu. Acratusm [T [-perynsitopa.
4.AnropuTMBl ynpasieHus BpameHueM konéc podora KUKA youBot.
5.IlonHas ynpaBiseMoCTh TuHEHHOM cucTembl. [lonHas HabIr01aeMOCTh TUHEHHBIX CUCTEM.
Kpurepuu Kanmana noiHoil ynpasiseMocTy U MOJTHONW HaOII01aeMOCTH CTAI[MOHAPHBIX
CUCTEM.
6.MccnenoBanue yrnpaBisieMOCTH U HAOII0AaeMOCTH JINHEAPU30BAaHHOM CUCTEMBI YpaBHEHHH

JOBWKEHUS X1 = X3, Xy = 2X1 +4U, X3 = —X1 — U, Y = Xy — X3.
7.3anaya MOAaNbHOTO yIpaBieHusa. MonanbHas cradbunnzanus. @opmyna AKkepmaHa.
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8.JInHelHO-KBaApaTU4Has 3a/lada ONTUMAJIBHOTO yIpaBieHus. CTalnoHapHbIM ciaydail.
CtpyKTypa 3aK0oHa ympaBlieHus. Anredpandeckoe ypaBHeHHE PUKKaTH.
9.AcumnToTrueckuil HabIOAATENh BEKTOPA COCTOSIHUS JIMHENHOM cucTeMbl. Kputepuit
BbIOOpa K03 purmenToB Habmoaarens. Punptp Kanmana.

10.YmpaBnenue no onenke cocrosinus. CTpykrypHas cxema. Teopema o pa3eieHuu.

MartepuaJbl 1Jisi IPOBEPKH OCTATOYHBIX 3HAHUI

1.Kakue 3a1aun U3 NepeyrCICHHBIX PellaeT HaBUralMOHHAs CUCTeMa MOOMILHOTO poboTa?
(YkaxuTe Bce BapUaHTHI)
OTBeThI:
1) [TocTpoenue MapmipyTa ABUKCHUS
2) Pacu€r ynpaBisioluX HallpsHKEHUS
3) Pacuér 3agatoniux 3HauyeHuil ckopoctei miat(opmbl AJis ClIeJOBaHUSI BAOJb TPACKTOPUU
4) OnpeneneHue NOJI0KEHUS POOOTa B TPOCTPAHCTBE
Bepnsriii otBeT: 1), 4)
2.J1yist perynupoBaHus CKOPOCTH BpallleHUs Kojieca podoTa MOKHO Hcroib3oBarh [T /-
pErynarop mno omudKe CKOPOCTH BpalleHus koneca. KakoBo Ha3HaueHHE UHTETPATBLHOM
00paTHOM CBSI3U B 3aKOHE PETYJINPOBAHUSA?
OTtBeTsI:
1) Yayumenue 3amaca yCTOMYMBOCTH CUCTEMBI
2) [ToBslilIeHNE TOYHOCTH PETYIUPOBAHUS 32 CUET KOMIICHCAIIUY MTOCTOSHHO JEHCTBYIONIUX
BO3MYIIEHU
3) Obecrnieuenne actaTu3Ma 2 MopsIKa
4) CHmXeHue 3Hepro3arpar Ha peryjJupoBaHue
BepHsiii oTBeT: 2)
3.Yro Takoe “HEeMOTHONPUBOAHEII poboT (underactuated robot)?
OTtBeTsI:
1) PoGot, y KOTOPOTO 4KCIIO CTeNeHEH CBOOO bl MEHBIIIEC YHCIa YIPABISIOMINX BO3ICUCTBHI
2) PoGoT, y KOTOpOTro YKCIIO CTeNeHel cBOOO b MPEBBIIIAET YNUCIIO YIPABISIOMINX
BO3JICHCTBUI
3) Po6ot, nmerommuii pe3epBHbIE UCTOYHUKY MUTAHUS
4) Po6or, He nMeroLUi pe3epBHBIX HCTOYHUKOB MUTAHUS
Bepwnsiii oTBeT: 2)
4.C kako# 11eJ1b MPOBOAMUTCS UCCIIEIOBAHNE HAOIIOJAeMOCTH TMHAMUYECKOM CUCTEMBI?
OTBeThI:
1) YToObI onpeienuTh, BO3MOXKHO JIM IPOU3BOJIBHBIM 00pPa30M MEHSTh IEPEMEHHBIE
COCTOSIHUS C MTIOMOIIIBIO UMEIOIIUXCSl YIIPABJISIONINX BO3AEHCTBHUM
2) UtoOBI onipeieiuTh BpeMsi, HEOOXO0IUMOE JIJIsi OIIEHUBAHUSI TIEPEMEHHBIX COCTOSHUS
3) UtoOb! onpeieuTh, MOXKHO JIM OJTYYUTh TOUHbIE OLIEHKH BCEX MEPEMEHHBIX COCTOSIHUS
NpY HATMYXW 0€30IMO0YHBIX U3MEPEHUH ¢ UMEIONNXCS TaTINKOB
4) UccnenoBath ycroitunBocTh GuiibTpa Kanmana
BepHnpniii otBeT: 3)
5.C kaKkoil 11ebI0 UCIIOJIB3YIOTCS HAOII01aTeNIN BEKTOPa COCTOSIHUSA, TaKhe, Kak (pUIIbTp
Kanmana?
OTBeThI:
1) [Ans pacuéra ynpaBisiomuX BO3AeHCTBUN
2) JIst HaX0X/I€HUS OLICHOK IEPEMEHHBIX COCTOSHUS
3) st uccneoBanus yIpaBisieMOCTH CHCTEMBI
4) lns uccnenoBaHus HaOII01a€MOCTH CUCTEMBbI
BepHnpriii oTBeT: 2)
6.Ilepeuncnennsie GopMyIbl
u=—Kx,K =R BTP,PA+ATP —PBR™BTP+Q =0
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UCIIONIB3YIOTCS JUISL:
OTtBeTsI:
1) Pemenust 3a1aun MOJAIbHOM CTa0MIIM3AIMHA HEYCTOMYNBON CHCTEMBI
2) Pemenust 3aaun ONTUMAaIbLHON CTAOMIM3AIMHN CTAIIMOHAPHOMN JIMHEHHOW CHCTEMBI
3) OneHnBaHus BEKTOPA COCTOSIHUS CHUCTEMBI
4) UccnenoBanus HaOI01a€MOCTH
BepHnblii oTBeT: 2)
7.11onHas ynpaBiseMOCTh JUHEHHON CTAIlMOHAPHON CUCTEMBI ITO3BOJIACT: (YKAXKUTE BCE
OTBETHI)
OTBeTHI:
1) OueHuTH BCE IEPEMEHHBIE COCTOSHUS
2) CTabmIM3upoBaTh CUCTEMY
3) IonyuuTs penieHue 3a1a4i MOAAJIBLHOTO YIIPABIICHUS
4) MeHsTh IEpeMEHHBIE COCTOSHUS TPOU3BOIBHBIM 00pa3oM
Bepusiit otBet: 2), 3), 4)
8.Pemienue 3aaun ONTUMAIBHOM cTabMIn3auu TpeOyeT peleHuss MaTpUYHOrO YpaBHEHUS
Pukkaru. Kak oHO BBITISAAUT?
OTBeTHI:
1) PA+ ATP —PBR™IBTP-Q =0
2)PA+ATP+PBR™'BTP+Q =0
3)PA—ATP—PBR™'BTP+Q =0
4) PA+ ATP —PBR™'BTP+Q =0
BepHblii oTBeT: 4)

4. Komnerennusi/Ungukarop: NJI-1nk.1 CnocoOeH BBIMOIHATH pa3paboTKy CXEMOTEXHUYECKUX
pEIICHUI U TIPOBEACHHSI PACUETOB OMBITHBIX 00PA3II0B MEXAaTPOHHBIX U POOOTOTEXHHUUCCKHUX
YCTPOMCTB, U3MIEHI IETCKOM 1 00pa30BaTeIbHON POOOTOTEXHUKHU C IPUMEHEHUEM COBPEMEHHBIX
KOMITBIOTEPHBIX TEXHOJIOTUI

Bonpocel, 3aganus
1.Knaccudpukanus omau-konéc. Cpepbl npuMeHEeHUsI MOOMIIBHBIX CUCTEM C OMHHU-KOJIECAMU.
IIpocreiiline KUHEMAaTUYECKUE MOJAEIIA OMHU-KOJIEC.
2.Ilpocreiiiias Moaens MekanyM-koJieca. Kunemarnueckuii aHain3 4eThIpEXKOIECHON
MekaHyM-1aTgopmsl podora KUKA youBot.
3.IIpocreiimas Moaens oMHU-KoJIEca. KnuHeMaTndyeckuil aHamu3 npocTeHInX IBUKEHUI
po6ora KUKA youBot.
4.BoccTaHOBIIEHHE KOMIIOHEHT CKOPOCTH MEKaHYM-IUIaT(OPMBI IO U3MEPEHUSIM CKOPOCTEH
BpalCHUS KOJIEC.
5.Kunemarnyeckuil ailropuT™ CTa0MIIM3allMK TPOTrPAMMHOTO JIBUYKEHUSI MOOMIIBHON
miatdopmsl KUKA youBot.
6.VccnenoBanne KHHEMAaTHKH MOCTYNATENbHOTO ABMKEHUSI MEKaHyM-Tu1aT(opmbl youBot
C Y4ETOM BpallleHUsI POJIMKOB.
7.WccnenoBanne TMHAMUKY MOCTYNATEIBLHOTO IBHKEHHSI MeKaHYM-T1aTGopmbl youBot
C Y4ETOM CyXOro TPEHHS Ha BajlaX KOJEC U OCSIX POJIIMKOB.
8.Henonnonpuoansie po0oTs! (underactuated robots). Ilpumepsl. TpancropTHOE cpescTBO
segway Kak HEMOJIHONPUBOAHAs cucTeMa. JIuneapusanus ypaBHEHU TUHAMUKHU segway.

MarepuaJsl 1JIs1 NIPOBEPKHU OCTATOYHBIX 3HAHUN
1.Ha pucynke nzobpaxeHo:
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OTBeTHI:
1) VHuBepcaibHOE OMHHU-KOJIECO
2) MekaHyM-KoJ1€ECO
3) Cdepuueckoe koseco
BepHbiii oTBeT: 2)
2.Ha pucyHnke n3o0paxeHo:

OTBETHI:

1) VHuBepcaibHOE OMHHU-KOJIECO
2) MekaHyM-KOJIeco
3) Cdepuueckoe koseco
Bepnpniii otBeT: 1)
3.MekaHyM- 1 OMHHU-KOJIECa OCHAIIEHBI NeprudepuifHBIMUA TACCUBHBIMU posiukaMu. /1y yero
UCIIOJNIB3YIOTCS Takue Konéca? (Yka3aTh BCce BapUaHThl OTBETA)
OtBeThI:
1) JIBm>xeHns MOOUITBHBIX pOOOTOB 110 Mepeceu€HHON MECTHOCTH
2) JIBrxeHus poboTa 1o MOBEPXHOCTAM C IJIOXUM CLETIICHUEM
3) Peanu3zaiuu ABMKESHUS 110 MTPOM3BOIBHON TPACKTOPHH C IPOU3BOJIBHOM YTIIOBOM
OpHUEHTALUEN
4) B xauecTBe pOSIIBHBIX KOJIEC
5) B cocraBe npuBo10B chepruecKux Kouéc
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Bepusiii otBeT: 3), 4), 5)
4.Ha cxeme n3obpaxeHa MekanyM-miathopma. Hampasiienust oBasioB Ha Kojécax
XapaKTEePU3YIOT PaCHOJIOKEHUE KOHTAKTUPYIOUIUX C IOJIOM POJIMKOB.

HaﬁHHTe CKOPOCTH BpalllCHUA KOJIEC ®1,2,3,4 IIPH IOCTYIATCIIbHOM ABHIKCHHUN HHaT(bOpMLI
BOOK: VL = O,VT = V,-Q. =0

OTBETHI:

' v v v v
1)<P1:—E»(P2:—E,fpzz—g»@}:—;

. K s ,o
2)<P1:—E»(P2:E:<P3:E»<P4:—

v v 1%
3) @, = TR P2=5P3 = T Pa

4 %4 14
4) 1 = TR P2 = P3 = Pa =
BepHbiii oTBeT: 2)

ISII<

<

II. Onucanue wikanvt oueHuBanus

Oyenxka: 5 («OTIINYHOY)
Onucanue xapakmepucmukuy 6blnOIHeHUs 3Hanus: J|aHbl OJTHbIE TPaBUIIbHbIE 000CHOBAHHBIE
OTBETHI Ha BCE BOTIPOCHI OMJIETA U JIOTIOJTHUTEIBHBIE BOTIPOCHI

Oyenxa: 4 («XOpOILIO»)
Onucanue xapaxmepucmuxu binoaneHus sHanus: JIaHpl OJTHbIE U PAaBUIIbHBIE OTBETHI TPU
BOIpoca Ouiera U3 YeThIpEX, Ha OCTABILUICS BONPOC JaH MO0 HEMOIHbI, TUO0 YaCTUYHO
MIPaBUJIBHBIN OTBET.

Oyenxa: 3 («yAOBIETBOPUTEIHHOY)
Onucanue xapakmepucmuku 6blN0IHeHUs 3Hanus: JJaHbl HETIOIHBIe, YaCTHYHO OITMOOYHBIC OTBETHI
Ha JIBa TEOpeTUIECKuX Bompoca. [IpaBuibHO pemieHa xoTs Obl 0/IHA 33a7a4a

Oyenka: 2 («<HEYIOBIETBOPUTEITHEHOY)
Onucanue xapakmepucmuxu evinoueHus 3uanus: OTBETHI Ha BOIIPOCHI HE TAHBI FITH
(bparMeHTapHbI WIK coAepKaT IpyOble OIIMOKU
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1I1. Ilpasuna évicmaesnenusn umo2o80i OYeHKU no Kypcy

OneHka 3a 3K3aMeH ompenensercss B cooTBeTcTBUM ¢ [losokeHneM o OaibHO-pEHTHHIOBON
cucreme ans cryaeHtroB HUY «MOW» Ha oOCHOBaHMM CEMECTPOBOM M HK3aMEHALMOHHOMN
COCTaBIIAIOIIUX.

8 cemecTp
®opMa NIPOMEKYTOUYHOM aTTecTalun: DK3aMeH
IIpumep Onnera

1. AHanuTHYEeCKOEe M YMCICHHOE pellieHre 00paTHOM 3aJjauu O MOJI0XKEHUAX MaHUITYJIATOpa
KUKA youBot B BepTHKaIbHOMN IJIOCKOCTH.

2. AIrOpUTMBI yIIPaBJIECHUS MaHUILYJISITOPAMH C KOMIIEHCALIUEH IPAaBUTALIMOHHBIX CHII,
NEPEKPECTHBIX CBA3EH.

3. Haiitu sixoOuaH MaHUIYJISITOpa

IIpouenypa nposenenust

DK3aMeH MPOBOAMTCS 1Mo OmietaMm B YCTHOM (opme. Bpems Ha moaroroBky orsera cocraniser 90
MuHYT. [Ipy HEOOXOAMMOCTH SK3aMEHATOP MOKET 3a/aTh CTYAEHTY YTOYHSIOUIME BOMIPOCHI IO
OUJIeTY U JONOJHUTEIbHbBIE BOIPOCHI U3 SK3aMEHAIIMOHHON MPOTrPaMMBI.

L. Ilepeuens Komnemenyuit/uHOUKaAMOpPo8 u KOHMPOAbHBIX 60NPOCOB NPOGEPKU PE3YTbHANO8
0CGOCHUA OUCUUNIUHDI

1. Komnerenunss/Uuankarop: UJI-1lonk-4 Vcnonb3yeT coBpeMeHHbIE SI3bIKU U CUCTEMBbI
IPOTPaMMHUPOBAHUS [T pelIeHus TPOopEeCCHOHATIBHBIX 3aa4

Bomnpocsl, 3aganus
1.Bo3moxHocTn youBot API niist ynpaBieHus IBUKEHUEM 3BEHBEB MAaHUIYJISATOPA, NAJIbLEB
yCTpOMCTBA 3aXBaTa U MOJyYEHHUS HHPOPMAINH C JaTYUKOB.

MarepuaJsl 1JI1 NIPOBEPKHU OCTATOYHBIX 3HAHUI
1.JIs1 Kakux 1enel uCroyIb3yeTcsl CIeAYIONUi (parMeHT MPOrPaMMHOTO KOJIa st
ynpasieHus poborom youBot (¢ ucnonszoBanuem youBot API):
desiredJointAngle.angle = -0.11 * radian;
myY ouBotManipulator->getArmJoint(3).setData(desiredJointAngle);
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desiredJointAngle.angle = 0.11 * radian;
myY ouBotManipulator->getArmJoint(4).setData(desiredJointAngle);
barSpacingl.barSpacing = 0.02 * meter;
myY ouBotManipulator->getArmGripper().setData(barSpacingl);
OTBeETHI:
1) 3aganus yriioB MOBOPOTA BO BCEX COUJICHEHUAX MaHUITYJISITOPA
2) 3aiaHus YIJIOBBIX CKOPOCTEH MOBOPOTA BCEX 3BEHHEB MAHUITYJIATOPA
3) 3amanus yriioB MOBOPOTA 3BEHbEB 3 U 4
4) 3anaHus yrioB IOBOPOTA 3BE€HBEB 3 U 4, a TAK)KE PACCTOSHUS MEXY NaJIbLAMU
MaHUNyJIATOpa
BepHnblii oTBeT: 4)
2.J1ns1 KaKuX mesiel UCIoNIb3yeTC s CIeAYIoNUi (parMeHT MPOrpaMMHOTO KOJIa JIst
ympasieHus podorom youBot (¢ nucnosis3zoBanuem youBot API):
myY ouBotManipulator->getArmJoint(2).getData(sensed Torque);
trq2 =(sensedTorque.torque)/newton_meter;
myY ouBotManipulator->getArmJoint(3).getData(sensed Torque);
trq3 =(sensedTorque.torque)/newton_meter;
myY ouBotManipulator->getArmJoint(2).getData(sensedAngle);
phi2q =-1.1345+(sensedAngle.angle)/radian;
myY ouBotManipulator->getArmJoint(3).getData(sensedAngle);
phi3qg = 2.5654+(sensedAngle.angle)/radian;
OtBeThI:
1) U3mepenus yriioB 1 MOMEHTOB BO BTOPOM M TPETHEM COUJICHEHHUSIX MaHUIYJIATOpA
2) HSMepeHI/I}I YTJI0B U MOMCHTOB BO COHJICHCHUAX MAHUITYJIATOPA
3) 3agaHus yriioB ¥ MOMEHTOB BO COUWIEHEHMSIX MaHUIYJISATOpa
4) 3a,I[aHI/I$[ YTJIOBBIX CKOpOCTeﬁ BO BTOPOM U TPETHEM COUICHCHUAX MAHUITYJISITOPA
Bepnbiii otBer: 1)

2. Komnerenuuss/Muaukarop: M/1-2onk-4 [Ipumensier coBpeMeHHble MaTEMaTHUYECKUE TAKEThI
JUTSL MOAICTTMPOBAHUS U MCCIIEOBAHNS TUHAMUKHU CUCTEM, YIPABJISEMOI0 JBUKEHHUS MEXaTPOHHBIX
U poOOTOTEXHUUYECKUX YCTPOMCTB

Bonpocsl, 3aganus

1.YucnenHoe MoIeMpOBaHUE TPAEKTOPHOTO IBMKEHUS MaHUITYJIsITOpa youBot ipu
Pa3IUYHBIX crloco0ax yrnpaBiIeHHs B MATEeMaTHUYECKUX MaKeTax.

MarepuaJsl 1JIs1 NIPOBEPKH 0CTATOYHBIX 3HAHUI

1./l kakux 1eJei UCrob3yeTcs cleAyomuil (pparMeHT NPOrpaMMHOIO KOJia B ITaKeTe
Wolfram Mathematica:
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dl = @.833;

11 = 8.0975;

12 = ©.155;

13 = ©.135;

14 = 8.081;

15 = ©.137;

145 = 14 + 15;

par = {D1 »dl, L1 11, L2 » 12, L3 » 13, L45 » 145, wmax » 1.5};
x1A® = D1 + L2Sin[p2] + L3Sin[p2 + 93] + LA5Sin[e2 + ¢3 + 4] ;

z1A® = L1 + L2 Cos[p2] + L3 Cos[p2 + 93] + L45Cos 92 + 93 + p4];

x1A = x1A@ /. par;
z1A = z1A@ /. par;

6 =02+ 93 +pd;

q= {02, 03, p4};

X = {x1A@, z1A8, 8};

3 =D[X, {q}1;

OtBeTsl:
1) Beruncnenus ckopocreil pabouero oprana MaHUIyJsTopa
2) Beruncnenust KoopauHAT pabouero opraHa IIOCKOro MaHUITYJIATOpA U €ro sikoonaHa
3) Berunciaenust KOOpAMHAT U CKOPOCTEN paboyero opraHa miocKoro MaHUIyJsITopa
4) Pemienus oOpaTHOM 3a/1a41 O MOJIOKEHHUSIX MAaHUITYJISATOPA
BepHbiii oTBeT: 2)

3. Komnerenuusi/Muaukarop: N/I-1onk-11 CiocobeH mpoBOAUTH CUHTE3 AITOPUTMOB YIIPABICHUS
MEXaTPOHHBIMU U POOOTOTEXHUYECKUMHU YCTPOMUCTBAMH I10 33/IaHHBIM XapaKTEPUCTHKAM KauecTBa
peryIupoBaHUs

Bonpocsl, 3aganus
1.AnropuT™Mbl MO3UIIMOHUPOBaHUs 3BeHbeB MaHumysiTopa KUKA youBot.
2.Y1paBlieHuE 3B€HOM MAHHITYJIATOPA (CTaTHYECKast MOJIEIh dJieKTporpuBoa, [11-3akoH
dbopMUPOBaHUS YIIPABISIONIETO HAMPSKEHHS ). Y CTOWYMBOCTH CUCTEMBI YIIPABICHHUS.
To4HOCTH MO3UIIMOHUPOBAHUS TIPH MIOCTOSTHHOM M TIEPEMEHHOM 3a1at0IIEM BO3/ICHCTBUH,
BIIUSTHUE UHTETPaIbHONU OOPATHOM CBSI3H.
3.YnupaBiieHue 3B€HOM MaHMITYJIATOpOMA C Y4ETOM AMHAMUKH 3ekTpornpusoa ([11-3axon
dbopMUPOBaHUS YIIPABISIONIETO HAMPSKEHHS ). Y CTOWYHMBOCTH CUCTEMBI YIIPABICHHUS.
To4HOCTH TO3UIIMOHUPOBAHUSI.
4.YnpaBieHue Mo BEKTOPY MOJ0KEHHS], CKOPOCTH, CHIIBI.
5.ANTOPUTMBI YIIpaBIEHUS MAHUITYISITOPAMH C KOMIICHCAITUEH TPABUTAIIMOHHBIX CHII,
MEPEKPECTHBIX CBA3EH.

4. Komnerenuusa/Uuaukarop: M/I-1nk-1 CriocoOeH BBINOIHATE pa3pabOTKy CXEMOTEXHUUECKUX
pEeLIeHHI U TPOBEJICHUS PACUETOB OIBITHBIX 00Pa3I[0B MEXaTPOHHBIX U POOOTOTEXHUUECKUX
YCTPOMCTB, N3/IENHM IETCKOM 1 00pa30BaTEIbHON pOOOTOTEXHUKHU C IPUMEHEHHEM COBPEMEHHBIX
KOMITbIOTEPHBIX TEXHOJIOTH

Bonpocsl, 3aganus
1.Manunynstop po6ora KUKA youBot. Kunemarndeckas cxema. Perenue npsimoii 3ajauu
KMHEMaTUKU MaHUNYJISATOpa (B BEPTUKAIBLHON MJIOCKOCTH).
2.AHAJIMTUYECKOE U YUCIIEHHOE PelIeHne 00paTHOM 3a/1a4M O MOJIOKEHUSIX MaHUITYJISATOPA
KUKA youBot B BepTHKaIbHOMN MJIOCKOCTH.
3. JluHamMuKa MaHUIYJSIIMOHHBIX poO0TOB. YpaBHeHus Jlarpanxka Il poxa.
4.CunoBoii sskoOnaH. YmpaBiieHHE TT0 BEKTOPY CHIIBI

MarepuaJsl 1JIs1 NIPOBEPKHU OCTATOYHBIX 3HAHUM
1.YmpaBrienrne MaHUIYISTOPOM IO BEKTOPY CKOPOCTH TpeOyeT pelieHHUs:
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OTBeThI:
1) OGpaTHoIi 331291 O TIOJIOKEHUSIX
2) IIpstmoii 3a1auu 0 CKOPOCTAX
3) OGpatHOI 32141 O CKOPOCTAX
4) Tlpsimoii 3a1a4u O TOJIOKEHUSIX
BepHnsiii otBeT: 3)
2.YpaBHEHUS AUHAMUKH MAHUIYJISITOPA MOXKHO COCTABUTD, MOJIb3YSCh YPaBHEHUSIMH
Jlarpanyka BTOporo pojaa (ypaBHeHusiMu Ditnepa-Jlarpanxa). Kakas ¢popmyna ux onpenenser?
OTBeThI:

s =
H—=1I
on
d oT  aT
2)HT (=— —
at , 9
2q
d aT  aT
35__6__)
ag ¢
aor ot

dt .  aq
aq a

Bepusiii otBet: 3)
3.YnpaBneHnrue MaHUITYJISITOPOM TI0 BEKTOPY TMOJIOKEHUS TPEOYET pelieHus:
OTtBeTsI:
1) OGpartHoii 331241 O MOJOKEHUSIX
2) [IpsiMoii 3a1aum 0 CKOPOCTAX
3) OGpartHoii 3a/1a4u O CKOPOCTAX
4) IlpsiMoii 3a1a4u O TIOJIOKEHUSAX
Bepnbiii otBer: 1)
4.B 3aiay yripaBieHUs] MaHUITYJISATOPAMU 10 BEKTOPY CHIIBI HCTIONB3YETCs CUIIOBOM sIKOOMAH.
Kak MO>XHO MOTYYHUTH 3Ty MaTpHILy?
OTBeTsI:
1) OGpatiennem sikobrnaHa CKOpocTen
2) TpaHCTIOHHPOBAHUEM SIKOOHMAHA CKOPOCTEH
3) Kax /7], rne J - axo6uan ckopocreit
4)Kax JJT, rae J - skobuan ckopocTeit
Bepwnsiii oTBeT: 2)

4)

II. Onucanue wkKanvl ouenueanus

Oyenxa: 5 («OTIUYHOY)
Onucanue xapakmepucmuxu 6bIN0IHeHUs 3HaHus: J|aHbl TIOJTHBIE TPaBHIIbHBIE 000CHOBAHHBIC
OTBETHI Ha BCE BOMPOCHI OMIIeTa U TOMOTHUTENBHBIE BOITPOCHI

Oyenka: 4 («xX0OpoII0»)
Onucanue xapaxmepucmuxu evinoneHus 3nanus: OTBETHI HA BCE BOMPOCH! OUeTa U
JIOTIOJTHUTEIBHBIC BOIPOCHI MPaBUIIbHBIE 1 00OCHOBAHHBIE, COJIEPYKAT HETOYHOCTH MITH HEOOIBIIIOE
KOJIMYECTBO OIIHOOK

Oyenka: 3 (KyIOBICTBOPUTEIHHOY)
Onucanue xapaxmepucmuxu evinoineHus sHanus: OTBETHI B 1IEJIOM MPaBUIbHBIE, COJIEPKAT
HETOYHOCTH M OIINOKH. PemreHa 3agayga

Oyenka: 2 («HEyJOBIECTBOPUTEIHHOY)
Onucanue xapakmepucmuxu ebinoanenus snanus: OTBETH Ha BOIIPOCHI HE TaHbI WIIH
(bparMeHTapHbl WIK coAepKaT IpyOble OIMOKU
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1I1. Ilpasuna évicmaesnenusn umo2o80i OYeHKU no Kypcy

OHeHKa 3a 3JK3aMCH OIpeaAciIsICTCId B COOTBETCTBUH C ITonoxxenuem o 6aHHBHO'pCﬁTHHFOBOﬁ

cucreme ans cryaeHtoB HUY «MOW» Ha ocHOBaHMM CEMECTPOBOM M 3K3aMEHAllMOHHOMN
COCTaBIIAIOIIUX.
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