OITUC HABYAJIBHOI JUCHUTILJITHA
POBOTOTEXHIKA B MAIIMHOBYJ1YBAHHI
1. Koa: mns Beix cnerianbrocTeit HYBITL
2. Ha3Ba: PoGoToTexHiKa B MallTMHOO Y IyBaHHI.
3. Tun: BuGipKOBHUIA.
4. PiBenn Bumioi ocsitu: Il (Maricrepcrkuii).
5. Pik HaBYaHHS, KOJIM NPONOHYEThCS AUCHUILIIHA: 1.
6. CeMecTp, KOJIM BUBYAETHCHA AUCHHUILTIHA: | - 2.
7. Kiabkicts BcTaHoBJeHUuX kKpeautiB EKTC: 3.
8. Ilpi3zBuie, iHimiagam JexTopa/JieKTOpPiB, HAyKOBHMil CTymiHb, mocaga: [onorok Mukoina
BiTaniiioBu4, K.T.H., JOLICHT.
9. Pe3y/ibTaTH HABYAHHSA

Meroro BUBYEHHS HaBYAJIBbHOI JUCHHILUIIHE «P0OOTOTEXHIKA B MaIlIMHOOYAYBaHHI» € OTPUMATH
3HaHHSA B 00CA31, JOCTaTHHOMY JUISI CAMOCTIMHOTO BUPILICHHS KOHCTPYKTOPCHKHX Ta BHPOOHHMYO-
TEXHOJIOTIYHUX 3aBJaHb B Tally3l KOHCTPYIOBAHHS, MPOEKTYBAaHHS Ta CEPBICHOTO OOCIYrOBYBaHHS
pOOOTOTEXHIYHUX CHUCTEM Ta KOMIUIEKCIB, WPU3HAYEHUX JUIA aBTOMAaTu3allli BHPOOHHYHMX
(TexHoJOTIYHUX) TporeciB. OTpuMaHi BMIHHS JO3BOJISIIOTh BUKOPHUCTOBYBATH 1H)KEHEPHI METOJUKH,
aHATITUYHI Ta YMCJIOBI METOJM PO3PAaXyHKY JJIs aHaNi3y BIJOMUX Ta PO3POOKH HOBHUX MEXaHi3MiB,
BY3JiB Ta KOMIUIEKCIB OONagHaHHSI POOOTOTEXHIYHUX CHUCTEM. 3aBIaHHSIM HABYAIbHOI TUCIUILIIHU
«PoboToTexHIKa B MamMHOOYMYBaHHI» € (POPMYBaHHSA y CTYACHTIB 3HaHb B chepi poOOTOTEXHIUYHUX
CHUCTEM Ta KOMIUICKCIB Ta BMIHHS pO3pOOJIATH HOBI KOHCTPYKIIII TEXHOJIOTIYHOTO 00JIaJHAHHS, MaITuH
Ta aBTOMAaTiB, POOOTOTEXHIYHMX CHUCTEM Ta KOMIUIEKCiB, BUKOHYBAaTH pOOOTH 3 TEXHOJOTIYHOTO
3a0e3neueHHs MPOMHUCIIOBOTO BUPOOHUIITBA, MOJIEpHI3allii, eKCIUTyaTallii MalluH, 00JIaHaHHS.

VY pe3ynbTari BUBYCHHS AAHOI MUCIUIUIIHA CTYICHTH TMOBHWHHI 3HAaTH OCHOBHI 3acaJii PO3BUTKY
IHTEJIEKTYaJIbHUX CHCTEM; 3arajbHi TIOJIOKEHHS POOOTOTEXHIKH; NUISIXA TOKPAIIEHHS PECypCHO-
€KOJIOTIYHOTO CTaHy TEeXHIYHUX OO0 €KTIB; OIIHKY POJIi IMiAMPUEMCTB Taly3l y CTBOPEHHI €KOJOTIYHO
YUCTUX, 0€3BIIX0AHUX BUPOOHUIITB, PECYPCHO- 1 €HEPro30epiralounx TeXHOJIOTIH, K B TEOPETUUHOMY,
TaKk 1 NPaKTUYHOMY BIJHOLICHHI; Cy4acHI NpUHOMH 1 3acoOu YHpaBiIsiHHA poOOTOMEXaHIYHUMHU
CUCTEMaMH Ta KOMIUIEKCaMH. BOHM TOBHMHHI BMITH TMPOEKTYBaTH POOOTOMEXaHIUHY CHCTEMY Ta
KOMIUIEKC; TPOTHO3YBaTH PECypC BHKOPHUCTAHHS CHCTEMH; 3IIMCHIOBAaTH OIHKY €(EeKTUBHOCTI
3aCTOCYBaHHS TEXHOJIOTI B TEXHOJOTIYHUX IpOlecax; IUIAHyBaTH BUPOOHUYO-TEXHIYHUN KOMILIEKC
HiANPUEMCTBA 3 TIOKPALCHHS PECYypCHO-CHEPreTHYHUX IIOKA3HUKIB; BHKOPHUCTOBYBATH OCHOBHI
MPUHOMH 3IIMCHEHHS aHaJli3y TEXHOJIOTIYHUX MPOIECiB 1 OOJaJHaHHI, OIiHIOBaTH ()YHKIIIOHAJIBHO-
€KOHOMIYHY €(DeKTHUBHICTh, a TAKOK €(PEKTUBHICTh pOOOTOMEXaHIYHUX CUCTEM Ta KOMILICKCIB.

10. ®opmu oprauizamii 3aHATh: HaBUAIbHE 3aHATTSA, CAMOCTiiiHa poOOTa, MpaKTUYHA MiATrOTOBKA,
KOHTPOJIbHI 3aX0/IH.
11. {ucumniiing, mo nepeayloTb BABYEHHIO 3a3HAYEHOI M CIUILIIHM:

e Buma maremaruka.

o di3zuka.

e TeopernuHa mexaHika.

e [Hdopmarmka Ta KOMITIOTEpPHA TEXHIKA.
12. 3micT Kypcey:

3microBuii Mmoayuab 1. Po0oToTexHika B MAIIMHOOYAyBaHHI

BukonaBui mnpucrpoi (BII) mnpomuciaoBux poborie (IIP) Ta maninyastopis (M) vy
Po0OTH30BAHUX BUPOOHUITBAX, iX CTPYKTYpa. 3aBIaHHS 1 OCHOBHI eTanu npoektyBaHHs [IP ta M.
3aranpHi BiZIOMOCTI 111010 pOOOTH30BaHUX CUCTEM CYYaCHUX MAIIMHOOYIIBHUX MiJIPUEMCTB, X CKIaLy
Ta cTpyKTypu. ' Hyuki BupoOHU4i cucremu. OCHOBHE i JIonOMikHE 00sagHaHHsI. BukoHaB4i mpucTpoi
po00TH30BaHMX BUPOOHUUTB, iX MaHimyasuinHi GyHkuii i crpykrypu. [IpuHIMON TPOEKTYBaHHS
ITP Ta M. Etanu mpoekTyBaHHS MaHINYJIATOPIB (AITOpUTM) 1 iX 3MicT. BuOip KOMIIOHYBaJIbHUX CXEM
MaHIMyIATOpiB. YHidikaliss Ta NPUHUMI arperaTHO-MoAYyJIbHOI MOOy10BH PoOOTiB. BuzHaueHHs



napameTpiB po6oTiB. Po3paxyHOK 1 KOHCTpYIOBaHHS poOOYMX OpraHiB MaHIMyisTopiB. Po3paxyHok
MaHinyaaTopiB. Po3paxyHOk MaHImynaTopa Ha TOYHICTh. AHaJi3 KIHEMAaTUYHHX CXEM 1 PO3paxyHOK
MEXaHI3MIB s (OpMyBaHHS TEPEHOCHHMX CTYIEHIB PYXJUBOCTI. AHaNi3 KIHEMaTHYHUX CXeM 1
pO3paxyHOK MeXaHI3MiB Il (OpMYBaHHS OPIEHTYIOUMX CTYIEHIB PyXJUBOCTI. CHIOBHI PO3paxyHOK
MoayiB. Po3paxyHOK MOJyniB Ha TOYHICTh. Po3paxyHOK MOAYJIB Ha KOPCTKICTh. BHOIp ocHOBHHMX
KOHCTPYKTHMBHHUX MapaMeTpiB MOAYJIB 3 yMOBH oOMexeHHs1 Aedopmamiii i 3a KpuTepiem
MinHocTi. KoHCTpyroBaHHS 1 po3paxyHOK MexXaHi3MiB mpuBoiB poOoTiB. KineMaTuka Ta nuHamika
BHKOHABYMX MPUCTPOIB PoOOTIB Ta MaHINMyJasITOPiB. 3aBIaHHs KIHEMAaTHKX MaHimyssiTopiB. [Ipsmi Ta
oOepHeHi 3a/1a4i Mpo MOJOKEHHIX. MaTpuuHi METOAM Po3B's3aHHA 3a1a4. [[OHATTS 1010 CHIIOBOTO Ta
IMHAMIYHOTO aHaji3y B MeXaHili MaHimynaropiB. JluHamika MaHinmynsTopiB. BuzHaueHHs
y3araJlbHEHUX CWJI 1 peakuiii B KiHEMaTHMYHHUX Mapax. 3BOPOTHI 3ajgadi JUHAMIKM TP BUKOHAHHI
TEXHOJIOTTYHUX orepallii. OCHOBHI eTanu MPOeKTYBaHHSI MPHUBOIIB i MepeaaBajJbHUX MeXaHi3MiB
ITP Ta M. IloctaHoBKa 3aBAaHHS Ta OCHOBHI eTanu npoekTyBanHs npuBoiB [1P Ta M. [TneBmaTuunamMit
npusin. Kpurepii Bubopy cxemu npusogy. Ocob6IuBOCTI IPOSKTYBAaHHS THEBMONIPUBOLY. I'iqpaBiaiunuit
npuBin. Kputepii BubGopy cxemu mpuBomy. OcoONHMBOCTI NPOEKTYBAaHHS  TIAPONPHBOAY.
Enextpomexaniunmii mpuBig [IP. BubGip 1 po3paxyHOK eJIeMEHTIB eJeKTponpuBoay. Po3paxyHok
nepeaBalbHUX MeEXaHI3MIB Ha 0a31 XBWIbOBUX Imepefad. CucreMH ynpapiaiHHs poOGoramu i
POOOTOTEXHIYHMMHM KOMILIEKCAMM Ta iX 3acTocyBaHHsl . [Ipu3HaueHHs 1 Kiacudikaiis cucTeM
ynpasiinas podoramu i PTK (PTC), ocobnuBocti BUOOpy Ta piBHI ympaBiiHHS. J[MCKpeTHE IIMKIOBE
MporpaMHe KepyBaHHsS poOoTamMH. AJNTOPUTMH JUCKPETHOIO MpOrpaMHOro ympasiuiHHs. [lo3uuiiine
nmporpamMHe KepyBaHHs. be3nepepBHe nporpamue kepyBaHHs. PobacTHi cuctemu. /[nHaMmiuHa KOpEKIIis
3a JIONMOMOTOI0 3BOPOTHUX 3B's3KiB. (c00aMBOCTI PO3paxyHKY i NPOEKTYBAHHSI NPOMMCIOBUX
poboTiB i MaHImyJasiTOpiB [1Jsi podOTH B eKCTpPeMaJbHMX YMOBaX. AHAIITHUYHE BU3HAUYCHHS
eKcTpeMaiabHuX yMOB edektuBHOrO 3actocyBaHHs IIP. Kpurepii mamiitrocti [IP B excrpemanbHuX
yMOBax eKCIUTyaTyBaHHS. BuOip 1 oOrpyHTyBaHHs cucTeM Tiepenad Ta (GOpMYBaHHS pyXiB B
TePMETHYHHUX POOOUMX 0OcsTax.
13. PexoMeH10BaHI HABYAJILHI BUTAHHA:

1. Cunte3 pobororexHiyHux cucrteM B MamuHoOynyBanHi / [JI.€.Ilenesin, K.I. Ilouka, O.M.
I"apkaBenko Ta iH.]. — K.: IaTepcepgic, 2016. — 258 c.

2. Hikonaitauyk B.M. OcHoBHu poboToTexHiku: HaBd. moci0. / B.M. Hikomnaituyk. — PiBae : HYBITI,
2008. - 76 c.

3. Koctiok B.I. Po6ororexnika / [B.I. Koctiok, I'.O. Cnuny, JI.C. SAMmonbcbkuii 1 iH. | — K.: Buma
mKoia, 1994. — 447 c.

4. Tlpoup. S.I. 3axommoBalibHI TPHUCTPOI MPOMHUCIOBHX poOoTiB: HaBuanpHuii MOCIOHHMK. —
Tepnoninb: TepHOMIIBCHKUI nepxkaBHUN TeXHIYHUHN yHiBepcuTeT im. 1. I[lymos, 2008. — 232 c.

5. T'onoBko JI.b. ABromaruka i aBromaTtu3ailis TeXHoiorigyHux mpoieciB. / Tonosko J.b., Pero K.I'.,
Cxkpunnuk 10.0. / -K.: JIu6inp, 1997. — 326¢.
14. 3ananoBaHi BUAM HABYAJILHOI JiIJILHOCTI TA MEeTOAM BUKJIATAHHS:

16 rox nexuii, 14 rox npaktuyHux poOit, 60 rox camocTiitHoi poboTtu. Pazom — 90 rox.

Metoau: IHTEpaKTHBHI JIEKIii, €JIeMEHTH MpOoOJIeMHOI JIeKIii, IHIWBiAyadbHI 3aBIaHHS,
BUKOPHUCTAHHS MYJIbTUMEIIMHUX 3aCO01B.
15. ®opmu Ta KpUTeEpii OUIHIOBAHHS:

OwiHroBaHHA 341HCHIOETHCS 3a 100-0aIbHOO IIKAJIOXO.

[Torounuii kouTposs (100 GaniB): TeCTyBaHHS, OMUTYBAHHS.

[TimcymMKoBHIT KOHTPOJIB: 3aJIiK B KIHIII CEMECTpY.
16. MoBa BuUKJIaJaHHsA: YKpaiHChKA.

3aBimyBad kadeapu 1.17.H., mpodecop Kpaseus C.B.



REVIEW OF THE DISCIPLINE
ROBOTICS IN ENGINEERING
. Code: All specialties of NUWEE.

. Title: “Robotics in Engineering”.

. Type: Elective.

. Higher education level: I (Master course).

. Year of study, when the discipline is offered: 1.

. Semester when the discipline is studied: 1 - 2.

. Number of established ECTS credits: 3.

. Surname, initials of the lecturer / lecturers, scientific degree, position: Mykola Holotiuk, PhD,
Associate Professor.

9. Results of studies:

The purpose of studying the discipline "Robotics in engineering" is to acquire knowledge sufficient
to independently solve design, production and technological tasks in the field of designing, projection
and servicing of robotic systems and complexes intended for the automation of production
(technological) processes. The obtained skills allow using engineering methods, analytical and
numerical methods of calculation for the analysis of known and development of new mechanisms, nodes
and complexes of equipment of robotics systems. The task of the discipline "Robotics in engineering" is
the formation of students’ knowledge in the field of robotic systems and complexes and the ability to
develop new designs of process equipment, machines, robotic systems and complexes, perform work on
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technological support of industrial production, modernization, operation of machines, equipment.

After studying this discipline the student must be able to know the basic principles of the
development of intellectual systems; general provisions of robotics; ways to improve the resource-
ecological state of technical objects; assessment of the role of industry in creating clean, non-waste
productions, resource and energy saving technologies, by theoretically and practically ways; modern
techniques and tools for managing robotic mechanical systems and complexes. They must be able to
design a robotic mechanical system and complex; to predict resource usage of the system; to evaluate
the efficiency of technology application in technological processes; to plan the production and technical
complex of the enterprise for improvement of resource and energy indicators; to use the basic
techniques for the analysis of technological processes and equipment; to evaluate functional and
economic efficiency and the effectiveness of robotic mechanical systems and complexes.

10. Forms of organizing classes: lectures, practicals, self-dependent work, control (credit).
11. Disciplines preceding the study of the specified discipline:

e Higher Mathematics,

e Physics,

Theoretical Mechanics,
e Computer Science and Computer Technology.
12. Course contents:
Content module 1. Robotics in Engineering

Executive devices (EDs) of industrial robots (IRs) and manipulators (M) in robotized
manufactures, their structure. Tasks and main stages of designing of IRs and M. General information
of robotized systems of modern machine-building enterprises, their composition and structures. Flexible
production systems. Basic and auxiliary equipment. Executive devices of robotic production, their
manipulative functions and structures. Principles of designing of IRs and M. Stages of designing
manipulators (algorithm) and their contents. The choice of layout schemes of manipulators. Unification
and principle of aggregate-modular construction of robots. Definition of robot parameters.
Calculation and design of working bodies of manipulators. Calculation of manipulators. Calculation
of the manipulator for accuracy. Analysis of kinematic schemes and calculation of mechanisms for the



formation of portable degrees of mobility. Analysis of kinematic schemes and calculation of
mechanisms for the formation of orientational degrees of mobility. Power calculation of modules.
Calculation of modules for accuracy. Calculation of modules for stiffness. The choice of the main
structural parameters of modules in the condition of limiting deformations and the criterion of
strength. Design and calculation of mechanisms of robot drives. Kinematics and dynamics of robot
and manipulator actuators. The task of the kinematics of manipulators. Direct and inverse position
problems. Matrix methods for solving problems. The concept of power and dynamic analysis in the
mechanics of manipulators. Dynamics of manipulators. Determination of generalized forces and
reactions in kinematic pairs. Reverse problems of dynamics in performing of technological operations.
The main stages of the design of drives and transmission mechanisms of IRs and M. Setting
objectives and the main stages of the design of the drives of IRs and M. Pneumatic drive. Criteria for
selecting of the drive circuit. Features of pneumatic drive design. Hydraulic drive. Criteria for selecting
of the drive circuit. Features of hydraulic drive design. Electromechanical drive of IRs. Selection and
calculation of the elements of the electric drive. Calculation of transmission mechanisms based on wave
transmissions. Systems of control of robots and robotic complexes and their application.
Appointment and classification of work management systems and RCs, features of choice and
management levels. Discrete cyclical software control of robots. Algorithms of discrete software
control. Position software control. Continuous software control. Robust systems. Dynamic correction
using feedback. Features of calculation and design of industrial robots and manipulators for work
in extreme conditions. Analytical determination of extreme conditions for the effective use of IRs.
Criteria of reliability of IRs in extreme conditions of exploitation. Choice and substantiation of
transmission systems and formation of movements in tight working volumes.
13. Recommended educational editions:

1. Synthesis of robotic systems in mechanical engineering / [L.E.Pelevin, K.I. Potchka, O.M.
Garkavenko, etc.]. - K .: Interservice, 2016. - 258 p.

2. Nikolaichuk V.M. Fundamentals of robotics: Tutorial / V. Nikolaichuk. - Rivne: NUWM, 2008. -
76 p.

3. Kostyuk V.I. Robotics / [V.I. Kostyuk, G.O. Spynu, L.S. Yampolskyy and others. ] - K.: High
School, 1994. - 447 p.

4. Prots Ya.l. Gripping devices of industrial robots: Tutorial. - Ternopil: Ternopil Ivan Puluj National
Technical University, 2008 — 232p.

5. Golovko D.B. Automation and automation of technological processes. / Golovko D.B., Rego K.G.,
Skrypnyk Y.O./-K .: Lybid, 1997. — 326p.
14. Planned types of educational activities and teaching methods:

Lectures (16 hours), practicals (14 hours), self-dependent work (60 hours). Total — 90 hours.

Methods and technologies: interactive lectures, elements of problem-based lecture, individual tasks,
use of multimedia.
15. Forms and assessment criteria:
100-point scale of assessment.
Current control: testing, interviewing, assessing self-dependent work.
Final control: credit.
16. Language of teaching: Ukrainian.

Head of the Chair Kravets S.V., Doctor of Engineering, Professor



