MuHucTepcTBO HayKH U BhICIIEr0 oOpa3oBanus Poccuiickoil Ddexepaunn
HAIIMOHAJIbHBIN NCCJIENOBATEJIbCKUN
TOMCKUU I'OCYAAPCTBEHHbBIM YHUBEPCUTET (HU TT'Y)

DUBNKO-TEXHUUECKHUH (PaKyIbTET

VYTBEPXIEHO:
Jexan
IO.H. Prokux

Paboyas mporpamma AMCHUTUTMHEI
MopeanpoBanue po00TOB U POOOTOTEXHUYECKHX CHCTEM
110 HAlIpPpaBJICHUIO MOATOTOBKHU
15.03.06 MexaTpoHuka 1 po0OTOTeXHHKA

Hanpasnennocts (mpoduib) MOArOTOBKH:
IIpomblnIeHHAS U cHleNUAJbHAsA POOOTOTEXHUKA

®dopma 00yueHus
Ounas

KBanmuduxamms
HNuxeHep, HHKeHEP-PA3PAOOTUHK

I'on npuema
2024

COI'JTACOBAHO:
PyxoBonurens OITOII
E.N. bopzenko

[Ipencenarens YMK
B.A. Ckpunssk

Tomck — 2024



1. leab ¥ nIaHUpPYyeMble Pe3yJabTAaThl 0CBOEHUS THCIUILIMHbI

I1enbro 0CBOCHMSI JUCIUIUIMHEI ABIsETCA (POPMUPOBAHUE CIEAYIOIINX KOMIIETEHIIUI:

BK-1 CniocoGeH npuMeHsTh 00IIue U CHIeIHATH3HPOBAHHbBIE KOMITBIOTEPHBIE IPOTPaMMBbI
IIPY PELICHNH 3a/1a4 NPO(eCCUOHAIbHON AEATENbHOCTH.

I[IK-1 CnocoOHOCTh COCTaBIATH MAaTEMAaTUYECKHE MOJEIH  MEXaTPOHHBIX H
POOOTOTEXHUUYECKUX CHCTEM, MX IOACUCTEM M OTIEIbHBIX JIEMEHTOB U MOAYJIEH, BKIIOYas
UHPOPMALIMOHHBIE,  AJIEKTPOMEXAaHUYECKUE,  THAPABINYECKHUE,  DIEKTPOTUIPABIMYECKHE,
9JIEKTPOHHBIE YCTPOMCTBA U CPENICTBA BHIYUCIUTEIBHON TEXHUKH;

I1K-3 CnocoOGHOCTh NMPOBOAUTH BBIYMCIUTEIbHBIE SKCIIEPUMEHTHI C HCIOJIb30BaHHEM
CTaHJAPTHBIX MPOrpaMMHBIX IIAKETOB C LEJbIO HCCIENI0BaHMS MaTEeMaTHYECKUX MOJeen
MEXaTPOHHBIX U POOOTOTEXHUUYECKUX CUCTEM.

Pe3ynbpraramMu 0cBOEHUS IHUCLUIUIMHBI SBIISIFOTCS CIENYIOIINE UHAMKATOPBI JOCTHXKEHHUS
KOMIIETECHIINH:

POBK-1.1 3Haer mpaBwia ¥ HPUHIMIBI TPUMEHEHUS OOIIMX M CIEHHATU3UPOBAHHBIX
KOMIIBIOTEPHBIX MPOTPaMM ISl pEIIeHUs 3a/1a4 MPOPEeCcCUOHANBHON ASITETbHOCTH

POBK-1.2 Ymeer npumeHats coBpeMmeHHble IT-TexHonmormm s cOopa, aHanuza u
IpeJCTaBlIeHUsT UH(pOpPMAIMK; UCIOJIb30BaTh B MPO(EecCHOHAIBHON AESITeTbHOCTH 00Iue u
CHEeUaIN3UPOBaHHBIE KOMIIBIOTEPHBIE IPOTPaMMBbI

POIIK 1.1 3Haer OCHOBHBIE 3aKOHBI, OIHUCHIBAOIMKE (YHKIHMOHUPOBAHUE
POCKTHPYEMBIX O0OBEKTOB.

POIIK 1.2 Ymeer ucnonb30BaTh CTaHIAPTHBIE MAKEThl MPHUKIAIHBIX MpOrpamMMm IJist
BBITNIOJIHEHUS] MATEMaTUYECKOTO MO/IETTUPOBAHUS.

POIIK 3.1 3HaeT OCHOBBI MaTE€MAaTHYECKOTO MOJCIMPOBAHUA MEXATPOHHBIX U
POOOTOTEXHIUYECKHUX CHCTEM.

POIIK 3.2 VYmeer ucnonb30BaTh CTaHJAAPTHBIE MAKEThl MPHUKIAIHBIX MpOrpamMMm IJIst
BBITNIOJIHEHUSI MATEMaTUYECKOTO0 MO/IETTUPOBAHUS.

2. 3aga4uy ocBOeHHS JUCIUILINHLI

— M3yunTh KHUHEMATHYECKUE XapaKTEPUCTUKN MEXAHU3MOB POOOTOB.

— Ha mpumepax poOOTOB-MaHUTYJISITOPOB OCBOWUTH METOJBI pacdyeTa KHHEMaTHUECKUX
XapaKTePUCTHK.

— 3yunTh anropuT™Mbl TeHEPAIMH TPACKTOPUHU SHA-3(PPeKTOpoM podoTa-MaHUITYIISITOPA.

— B mnporpaMMHBIX KOMIUIEKCaX — CHMYJIATOpaX pOOOTOB HAYyYUTHCS HCIOIB30BATh
BUPTyaJIbHBIE MOJIEIH POOOTOB WM PEaTM30BHIBATh B HUX AITOPUTMBI PEUICHHUS TPSMBIX U
00paTHBIX KHHEMAaTHUECKUX 3a]a4, TeHepaIliy TPAeKTOPUHU pabodero opraHna MaHUIyJISITOpA.

— Hayuuthcst HanmakuBaTh W 3amyckaTh B palboTy (U3HUYECKHE MOJIEIH KOJIECHOTO
MOOUJIBHOTO W MIAraromiero poOOTOB, MEPEHOCUTh B HHUX CO3/aHHBIE B BHPTYaTbHOW cpene
YIIPABJISIONIUE TPOTPAMMBI.

3. MecTO AUCHUIJIMHBI B CTPYKTYpe 00pa30BaTeIbHON MPOrpaMMbl

Jucuunnuna otHocuTes K bioky 1 «/lucuuminnel (MOIyIn)».
JluciumniamHa OTHOCHTCS K 4YacTH 0Opa3oBaTelbHON MporpaMMbl, (HOpMHPYEMOit
y4aCTHHKaMU 00pa30BaTeNbHBIX OTHOIICHUH, TpeiaraeTcsi 00y4aromumcs Ha BBIOOp.

4. Cemectp(bl) ocBOeHHs U GopMa(bl) MPOMEKYTOUHON ATTECTANMH MO TUCIHIJINHE

CenpMmoii cemecTp, 3a4eT



5. BxoaHble TpGﬁOBaHHH AJI 0CBOCHUSA NUCHUIIJIMHBI

Jljis ycTIenrHoro OCBOCHUSI JUCIUILIMHBI TPeOYIOTCS KOMIIETEHIIUH, CPOPMUPOBAHHBIE B
XO0JIe OCBOEHHS 00pa30BaTeIbHBIX IPOTPaMM MPEIIECTBYIOUIETO YPOBHs 00pa30BaHuUs.

JUis  yCcHemHoro OCBOEHHUS AMCHUIUIMHBI TpeOyroTcsl pe3yibTaThl OOyuYeHHUs II0
cienytommm qucuurinHam: b1.0.31 OcHoBbl MexaTpoHUKH U podotoTexauku, b1.0.32 Jleranu
MaIllMH U OCHOBBI KOHCTpyupoBaHusi, 51.0.30 Teopusi aBToMaTu4eCcKOro yrnpaBJICHUS.

6. SI3bIK peasu3anun

Pycckuii

7. O0beM TUCHUIIIAHBI

OO6m1ast TpyI0EMKOCTh TUCIMIUIMHBI COCTABIISIET 4 3.€., 144 4acoB, U3 KOTOPBIX:
-nekiuu: 10 u.
-1aboparopHsie: 24 .

O6BeM caMOoCTOSTENHHOM pabOTHI CTY/IEHTA ONPEAEIICH YUeOHbBIM IIIIAHOM.

8. Coaep:kaHue TUCHUILINHBI, CTPYKTYPHPOBAHHOE 110 TEMaM

Tema 1. MexarpoHuka u poOOTOTEXHHKA.

Urto Takoe pobort. Knaccudukamus podoro. Uto Takoe podororexHuka. [logacucremsl
pobora. TepmMuH mMexaTpoHuka. PoGoToTexHuyeckre MexaTpoHHbIE yCTpoiicTBa. MexaTpoHHbIE
MOJIyJIM U MeXaTpoHHbIe cucTeMbl. COCTaB M MPU3HAKKM MEXaTPOHHOIO ycTpoiicTBa. [Ipumepsl
MEXaTPOHHBIX CHCTEM.

Tewma 2. [IpocTtpancTBO KOHpUTYparuii podoTa.

Onpenenenusa. Crenenu cBoboabl TBepaoro Tena. CremeHn cBoOOABI  poboTa.
Kunematnueckue mapsl po6otoB. @opmyna ['pybraepa. [Ipumepst. Tomonorus mpocTtpaHcTBa
koHurypauuu. [Ipencrapnenue npoctpancTBa KoHpurypanuu. OrpanndeHns KOHQUTYypaI 1
ckopoctu. [IpocTpancTBo 3a1a4u u paboyas o0aacte. [Tpumepsr.

Tewma 3. [IBrkeHUs TBEPIOTO TENA.

Onpenenenus. JIBukeHue TBEPAOro Tela B IJIOCKOCTH. MaTpuilbl BpalleHusl. Y TJIOBbIE
CKOpPOCTH. DKCIOHEHIMAIbHOE MPEJCTaBICHUE KOOPAUHAT BpalleHus, IpuMepbl. OQHOPOAHbIE
MaTpullbl npeoOpa3oBaHus, npuMepbl. CBeeHHEe NepeMelieH sl TBepAOoro Tela K BUHTOBOMY,
pUMeEpbl. DKCIIOHEHIUAIBHOE MPECTABICHUE KOOPIMHAT JBM)KEHHUS TBEPIOTO TeJa, IPUMEPHI.

Tewma 4. [Ipsimast 3a7a4a KHHEMAaTUKH pOOOTA.

Omnpenenenus. Meron npoussenenus dkcnoHeHT (POE). ®opmynuposka POE-mMeTona B
CcHUCTEeMe KOOpJMHAT OCHOBaHMs, mpuMmepbl. @opmynupoka POE-meToma B cucteMe KOOpIUHAT
sHI-3pdexTopa, mnpumepbl. Meton mnapamerpuzanmu [lenaBurta-XapreHOepra, TpUMEPHI.
YuusepcanbHblii hopmar onucanust podora (URDF).

Tema 5. Kunemaruka ckopocTu U CTaTHKa.

Ompenenenus. SlkoOuan mnpocTpancTBa (B (UKCHPOBAHHOW CHCTEME KOOPJIMHAT),
npumep. Skobman Tena (B cucTeME KOOpAMHAT SHA-3PdexTopa), nmpumep. CBs3b MEXITY
SKOOMAHOM TPOCTPAHCTBA M AKOOMAaHOM Tena. ANbTEpHATHBHBIC (DOPMBI 3amucH sKoOMaHa
MaHuIysTopa. [lepBblil B3I HA pelieHne o0paTHOM 3a/1aul KHHEMAaTHKH ckopocTH. CTaTtuka
OTKPBITBIX KMHEMaTHYEeCKUX Iernei. AHaau3 KUHEMaTHYeCKUX OCOOCHHOCTEH C IMOMOIIBIO
Matpuilbl SIkoOu, mpumepsl. [locTpoeHne 3/UIMIICONI0B MAHUITYIUPYEMOCTH M CHJI C TTOMOIIBIO
MaTpuIlsl AkoOu, mpumep.

Tema 6. OGparnas 3anaga kunematuku (O3K) pobora.

Omnpenenenus. Anamutrueckoe pemienne O3K it poOOTOB-MaHMMYISTOPOB THITA
PUMA wu Stanford arm. Yucnennoe pemenne O3K. Meron Hsiotona-Padcona, stambl
BBIUMCIUTENBLHOTO ajaroputMa, npumep. Iloaxoasl k pernieHnio oOpaTHOW 3ajjaud KHHEMaTHUKU
CKOPOCTH.

Tewma 7. ['eHepanus TpaeKTOpun JBUKEHUS paboUyero opraxa.



Omnpenenenusa. CrnocoObl MOCTPOSHHSI TPACKTOPUHA «OT TOYKH K TOUKe». CrocoOb
HOCTPOCHHSI TPACKTOPUH ¢ IPOMEXKYTOUHBIMH TOYKAMH. AJITOPUTM OIPEAETICHUS ONTHMAIBHOTO
BpPEMEHH JIBUKECHHUS MO TPACKTOPUH C yYETOM OTpaHMUYCHHI, HAJIOKEHHBIX Ha MPHUBOJ] poOOTa.

9. Tekymmii KOHTPOJIb MO TUCHUILIIUHE

Texkymmii KOHTPOJb MO IUCIHMILIMHE MPOBOJUTCA IyTEM KOHTPOJS IMOCEHIaeMOCTH,
MPEA0CTaBICHUS OTYETOB MO JabopaTOpHBIM paboTam U (UKcUpyeTcs B (HopMe KOHTPOIHHOU
TOYKU HE MEHEe OJIHOTO Pa3a B CEMECTP.

OueHouHble MaTepUajabl TEKYILIEro KOHTPOJIA pa3MelleHsl Ha caiite TI'Y B pasnmene
«Mudopmarms 06 oOpa3oBaTeabHOM mporpammey - https://www.tsu.ru/sveden/education/eduop/.

10. lHopsaaok npoBeeHUs] U KPUTEPUH OLIEHUBAHUSA MIPOMEKYTOYHOM aTTecTalluu

3ayer B cebMOM CEMeCTpe NMPOBOAUTCS B MUCbMEHHOW (opme. IIpomomkurensHOCTh
3ayera 1 yac.

OueHo4HbIE MaTepHaibl IS MIPOBEICHUS NMPOMEKYTOYHOW aTTeCTalMy pa3MEIIeHbl Ha
caiite TI'Y B pasmene «Mudpopmamus o0  oOpa3oBarenbHOM  HporpamMme»  —
https://www.tsu.ru/sveden/education/eduop/.

11. YyeOHO-MeTOAMYECKOE 00ecIIeUeHue

a) DJIEKTPOHHBIN yU4eOHBIH KypC MO JUCIMILINHE B CPE/C dJIEKTPOHHOTO 00yuenus iDO —
https://Ims.tsu.ru/course/view.php?id=22470.

0) OnieHOYHBIE MaTepHallbl TEKYLIEro KOHTPOJIS M MPOMEXKYTOYHOM aTTecTaluu Io
TUCITUTLIAHE.

B) MeToauueckue yKa3aHus 10 MPOBEICHHUIO TAOOpaTOPHBIX padoT.

— JlaGopatopHble paboOTBl MPOBOAATCA C HCIOJB30BAaHMEM JOKYMEHTAllMH K
nporpamMmuomy obecrieuenuto CoppeliaSim, TRIK Studio, ROBOTIS OP3 mo creayromumm
temam: Co3gaHue BUPTyaJbHOM MoOJenH KoJiecHOro pobora B cperae CoppeliaSim u ee
porpaMMupoBaHue; 3HAKOMCTBO ¢ MOOWIbHBIM poboromM TPUK um mporpammmpoBanue ero
BUpTyasnsHOU Mozenu B cpene TRIK Studio, cOopka, 3amyck u peaabHOTro poooTa; 3HaKOMCTBO C
mararomum podotom ROBOTIS OP3 u nporpaMmupoBaHue €ro BUPTyadIbHON MOJIENH B TTAKETE
npuKIaaHbIX porpamMm Robot Operating System, 3amyck u oTjaka peaibHOro poboTa.

r) MeToanyeckue yKka3zaHus 10 OPraHU3aI[H CAMOCTOSATEILHON pabOThI CTYICHTOB.

— CawmocTtosTenpHas (BHEAyaIUTOpHasi) paboTa CTYIEHTOB COCTOUT B H3yYCHHH
JEKIMOHHOTO MaTepuaia, Y4eOHO-METOJWYECKON JUTepaTypbl UM  HHTEPHET-PECYPCOB,
MOJTrOTOBKE K BBIMOJIHEHHIO TAOOPaTOPHBIX padoT, MOATOTOBKE K Cllaue 3a4eTa.

— CawmocrosaTenbHas (ayauTopHas) paboTa CTYICHTOB 3aKJIFOYACTCsl B BBIMOJHEHUU
1a00paTOPHBIX PadoT.

12. Ilepeyenn yueOHoiIi JuTEepaTypbl U pecypcoB ceTu UHTepHeT

a) OCHOBHasl JIUTEpaTypa:

— Lynch K. M. Modern Robotics: Mechanics, Planning, and Control / K. M. Lynch, F. C.
Park. — Cambridge: Cambridge University Press, 2017. — 544 p.

— JlykunoB A. II. IlpoekTupoBaHHME MEXaTPOHHBIX W POOOTOTEXHHUYECKHX YCTPOWMCTR:
yuebnoe nocodue / A. I1. Jlykunos. — CII6.: M3natensctBo «Jlanb», 2012. — 608 c.

— EropoB O. JI. Po6oTorexnnueckue mexarporHsie cuctembl: yaueOnuk / O. JI. Eropos,
IO. B. Ilonypaes, M. A. byiinos. — M.: ®I'bOY BIIO MI'TY «CTAHKHMH», 2015. - 326 c.

0) IOTOJHUTENbHAS INTEpaTypa:


https://lms.tsu.ru/course/view.php?id=22470

— bpoiinne T. BcerpamBaemble poOOTOTEXHHUYECKHE CHUCTEMBI: HPOCKTHUPOBAaHHE H
IPUMEHEHHE MOOUIIBHBIX pPOOOTOB CO BCTPOEHHBIMU cucTeMamu ympasieHus / T. BpoiHis. —
Mocksa, MxeBck: THCTUTYT KOMIIBIOTEPHBIX HccienoBanuii, 2012. — 518 c.

— Kpeiir /1. Jlx. BBenenue B poboroTexnunky. Mexanuka u ynpasienue / J[. Jx. Kpeiir.
— Mocksa, MxeBck: MHCTUTYT KOMIIBIOTEPHBIX HccaenoBanui, 2013. — 564 c.

B) pecypchl cetu HTEpHET:

- Modern Robotics I
URL: http://hades.mech.northwestern.edu/index.php/Modern_Robotics (mara oOparueHus:
13.01.2025)

— OTKPBITBIE OHJIAWH-KYPCBI

— O6mepoccuiickass Cerp Koncymprantllmoc CnpaBounas mpaBoBasi CHCTEMA.
http://www.consultant.ru

13. Ilepeyenb HHGPOPMALMOHHBIX TEXHOJIOTHIA

a) JIMIICH3MOHHOE ¥ CBOOOIHO PaclpoCTPaHsAEMOE TPOTPaAMMHOE 00ECIICUCHHUE:

— Microsoft Office Standart 2013 Russian: maker mporpamm. Biroyaer MpHIOKCHHUS:
MS Office Word, MS Office Excel, MS Office PowerPoint, MS Office On-eNote, MS Office
Publisher, MS Outlook, MS Office Web Apps (Word Excel MS PowerPoint Outlook);

— y0anyHO AOCTYyIHBIE oOsnaunble TexHonoruu (Google Docs, Slnnexc Auck u T.IL.).

— ycroBHO-OecrutaTHOe mporpammHoe obecreuenne: CoppeliaSim, Microsoft Visual
Studio Community;

— OecrmatHoe mporpammHoe obOecnedenue: TRIK Studio, Ubuntu, Robot Operating
System;

0) nH(MOPMAIIMOHHBIE CIIPABOYHBIE CHUCTEMBI:

— DIEeKTPOHHBIN KaTajor Hayuanoit OnoOIIMoTEKH Ty -
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DneKkTpoHHas OoubmoTeka (pertozuTopwHin) Ty -

http://vital.lib.tsu.ru/vital/access/manager/Index
— OBC Jlans — http://e.lanbook.com/
— OBC KoncynbranT crynenra — http://www.studentlibrary.ru/
— O6pazoBatenbsHas miardopma FOpaiit — https://urait.ru/
— OBC ZNANIUM.com - https://znanium.com/
— OBC IPRbooks - http://www.iprbookshop.ru/

14. MaTepuaJbHO-TeXHHYECKOE 00ecneuyeHue

AynuTopuu sl IPOBEICHUS 3aHATUN JIEKIIMOHHOTO TUIIA.

AyauTopuu 1Tl MPOBEJACHUS WHANBUYAIBHBIX M TPYIIIOBBIX KOHCYJIbTAIIUM, TEKYIIIETO
KOHTPOJIA U IPOMEKYTOUHON aTTECTALIUU.

[Tomerenust a1 CaMOCTOSTENbHONW PaOOThI, OCHAIIEHHBIE KOMIBIOTEPHON TEXHUKOW U
JOCTYNIOM K ceTH VHTepHEeT, B AJIEKTPOHHYIO HH(DOPMAIMOHHO-00pa30BaTENBHYIO Cpely U K
MH()OPMAIMOHHBIM CIIPABOYHBIM CHCTEMaM.

JlaGoparopun, B KOTOPBIX PACIIOJIOKEHBI peaTbHBIE MOJEIH KOJECHOTO U IIararomiero
poOOTOB, KOMITBIOTEPHASI TEXHUKA C IOCTYIIOM K ceTH MHTepHeT.

15. Uudopmanus o paspadorynkax

®ponor Oner KOpbeBud, K. ¢.-M. H., TO1IEHT, HU3UKO-TexHHUecKkuil ¢akyasrer HU TI'Y,
JIOLIEHT.
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