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1. MeTta qucuMnJIiHM — BUBUCHHS 1 3aCBOE€HHS OCHOBHHUX ITOJIOXKEHB TEOPii KepyBaHHS, IIPHHIIHITIB
1 METO/IIB BHUpIIICHHS MPOOJieM, OB’ A3aHUX 3 KEPYBaHHAM CKJIAJHUMH CUCTEMaMU Ta OBOJIOIIHHSA
NpPaKTUYHIMU HaBUYKAMU PO3B’3yBaHHS 3a/1a4 KePyBaHHS.

Discipline aim. Study and assimilation the basic principles of control theory, principles and
methods for solving problems related to the control of complex systems and acquisition of practical
skills for solving control problems.

2. IlonepenHi BUMOIM 10 ONIAHYBAHHS 200 BUOOPY HABYAJIBLHOI AUCHUILIIHM (3a Hasaenocmi):
3namu: NTUCKpPETHY MaTeMaTUKy, MaTeMaTHYHHWHN aHaji3, AudepeHIianbHi pIBHIHHS, anreopy,
METOAM ONTHMI3allili, TeOpit0 HMOBIpHOCTEH B 00’€Mi MEPIIMX BOX HaBUAIBHUX POKIB OCBITHHOTO
piBHs Oakanasp.

Bmimu: 3acTOCOBYBaTH OTpHUMAaHi 3HaHHS 3 0a30BMX MaTeMaTHYHUX AUCHUIUIIH 10 PO3B’S3aHHS
3a/1a4 Teopii KepyBaHHS.

Bonooimu enemenmapuumu nasuuxamu: poOOTH 3 MATPULIIMH, 3HAXO/DKCHHA TNOXIITHUX Ta
1HTETrpaliB, BUPIMICHHS HEJIHIMHUX PiBHSIHB, 3HAXO/KEHHS ONTUMAJIBHUX PO3B’SI3KiB.

Know: discrete mathematics, mathematical analysis, differential equations, algebra,
optimization methods, probability theory in the volume of the first two academic years of the
bachelor's degree.

Be able to: apply the acquired knowledge of basic mathematical disciplines to solve
problems of control theory.

Have basic skills: working with matrices, finding derivatives and integrals, solving nonlinear
equations, finding optimal solutions.

Preliminary demands to master or choice of the course discipline:
1. To know discrete mathematics, mathematical analysis, differential equations, algebra,
optimization methods, probability theory in the volume of the first two academic years of the
Bachelor's degree.
2. To be able to apply the received knowledge on basic mathematical disciplines to the
solution of control theory problems.
3. To possess elementary skills work with matrixes, finding derivatives and integrals, solving
nonlinear equations, finding optimal solutions.

3. AHOTaNis HABYAJLHOI JUCIUILIIHHA:

JlucumiuiiHa CKJIAaJa€eThCsl 3 HACTYNMHUX PO3IUTIB: MOCTAHOBKA 3a/ad ONTUMAJIBHOTO KEpyBaHHS,
NPUKJIAAA 337124 ONTHUMAIBHOTO KEPYBaHHS; KEPOBAHICTh, CIIOCTEPEKYBAHICTh Ta 1ACHTU(IKAIA
CUCTEM KEepPYBaHHS; CTIMKICTh pyXy Ta aHATITHYHE KOHCTPYIOBaHHS PETYJISITOPIB CUCTEM KEPYBaHHS;
METOJIM BapiallifHOTO YWCICHHS [UIs BUPIMICHHS 3a/a4 ONTUMAJIbHOTO KEpPyBaHHS; METO]
JUHAMIYHOTO IpOTrpaMyBaHHsI; MPUHIUI MakcUMyMy [loHTpsIriHa.

Synopsis of the course:

The discipline consists of the following sections: setting optimal control problems, examples
of optimal control problems; controllability, observability and identification of control systems;
stability of movement and analytical design of regulators of control systems; variation calculus
methods for solving optimal control problems; dynamic programming method; Pontryagin's
maximum principle.

4. 3aBnaHHs (HAaBYAJIbHI WiJji):

e 3a0e3neueHHs 3HAHb: HAYKOBOIO TMi3HaHHA, (OPM 1 METOMIB aHANI3y Ta CHHTE3y CKJIAJHUX
CHUCTEM Ta SBHII, PO3YMIHHS MPEIMETHOI 00JacTi, TEOPETHUYHHMX 1 MPHUKIAIHUX TITOJOKEHb
HETMEepEepBHOTO Ta JUCKPETHOTO aHali3y, METOMAIB YHCEIbHOro Au(epeHLiloOBaHHSA Ta
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iHTerpyBaHHs (YHKIHM, pO3B'I3aHHS 3BUYAHHUX NUQPEPEHIIATBPHUX Ta I1HTETPaJbHUX PIBHSHbD,
pillleHHsS PIBHAHB B YACTUHHMX MOXIIHUX, TEOPETUYHUX OCOOJIMBOCTEH UMCEIBHUX METOJIB Ta
MOJKJIMBOCTEH 1X aJamnTariii 10 MPakKTHYHHUX Ta IHKEHEPHUX 3a]1a4;

e (¢opMyBaHHS BMIiHb: pEaTi30ByBaTH 3aCBOEHI TMOHATTSA, KOHIIEMIli, Teopii Ta MeTonu B
IHTENIEKTyaIbHIN 1 TPAKTUYHIN JiSTTBHOCTI, pO3B’sI3yBaTH TUIIOBI 3a/1a4i;

e (opMyBaHHSI KOMIIETCHTHOCTEH: 3AaTHICTh A0 aOCTPaKTHOTO MHCIICHHS, aHaJli3y Ta CHHTE3Y;
3/IaTHICTh 3aCTOCOBYBATH 3HAHHS B MPAKTUYHHUX CUTYAIlisX, 3HAHHS Ta PO3yMIiHHS IPEIMETHOL
o0yacTi Ta po3yMmiHHS MPodeciitHOl AISITBHOCTI, 34aTHICTh BUNTHUCS W OBOJIOMIBATH CYy4YaCHUMH
3HAHHSMH, 3JaTHICTh OI[IHIOBATH Ta 3a0€3MeYyBaTH SKICThb BUKOHYBaHHX pPOOIT, 3MaTHICTH IO
MaTEeMaTHYHOTO Ta JIOTIYHOTO MHCJICHHS, (OPMYIIOBAHHS Ta IOCIIDKYBaHHS MaTeMaTHYHUX
MoJIeNIeH, 37aTHICTh ONAHYBAaTH CY4YacHI TEXHOJIOTii MaTeMaTUYHOTO MOJENIOBAHHS 00’ €KTiB,
MIPOIIECIB 1 SBHIIL;

® 3JATHICTh CIUJIKYBATHCS 1HO3EMHOIO MOBOIO.

Objectives of study:

e providing knowledge: scientific knowledge, forms and methods of analysis and synthesis of
complex systems and phenomena, understanding of the subject area, theoretical and applied
provisions of continuous and discrete analysis, methods of numerical differentiation and
integration of functions, solving ordinary differential and integral equations, solving equations in
partial derivatives, theoretical features of numerical methods and possibilities of their adaptation
to practical and engineering problems;

+ formation of skills: to implement the mastered concepts, concepts, theories and methods in
intellectual and practical activities, to solve typical problems;

e formation of competencies: ability to abstract thinking, analysis and synthesis; ability to apply
knowledge in practical situations, knowledge and understanding of the subject area and
understanding of professional activity, ability to learn and master modern knowledge, ability to
evaluate and ensure the quality of work, ability to mathematical and logical thinking,
formulation and research of mathematical models, ability to master modern mathematical
technologies modeling of objects, processes and phenomena;

e ability to communicate in a foreign language

S. PesynbTaTH HaB4YaHHA 32 qucuuiiiinow / Results of learning:

PesyabTar HaBuanua (PH) Bincorok y
(1 - 3marm; 2 — BMiTH; 3. KOMyHiKauis; @DopMH BUKJIATAHHA MeTtonu miACyMKOBii
4. aBTOHOMHICThH Ta BIHHOBIZIZU'ILHICTI)) . . .
Ta HABYAHHA OIIHIOBAHHA omlHI1 3
Kon Pe3yibTaT HaBYaHHs AHCHMTLTHN
PH1.1 |3Hatk OCHOBHI MOHATTS TEOPii Jlexyis / Lecture 20%
KepyBaHHSI
Py . Konmponvna
Know the basic concepts of the control
pooboma (KP),
theory .
- - icnum / Test,
PH1.2 |3natm 6a30Bi MeTOIM KEpyBaHHS Jlexyis / Lecture exam
Know the basic methods of the control
theory
PH2.1 |Bwmitu BupinryBatu TecToBi npukinamm |Jlexyisa, camocmitina | KP, icnum / 60%
3 Teopii KepyBaHHS poboma / Lecture, Test, exam
Know how to solve test examples the |Individual work
control theory
PH4.1 |OpranizoByBaTH CBOIO CAMOCTIHHY Camocmitina poooma | KP, nomoune 10%
poboTy ans gocsarHeHHs pesynbrary |/ Individual work OYiHI0B8aHHS /
To organize your independent work to Test, Current
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achieve results Evaluation

PH4.2 |BigmosigaisHO CTaBUTHCS no|Camocmitina poooma | KP, nomoune 10%
BUKOHYBaHUX pooir, nectu|/ Individual work oyineanHs/
BIIITOBIAAJIBHICTE 32 IX SKICTh Test, Current
Be responsible for the work Evaluation
performed, be responsible for their
quality

6. CniBBifHOLIECHHSI pe3yJbTATIB HABYAHHS JMCHMILUIIHM i3 NPOrpaMHMMH pe3yJabTaTaMH
HaB4yaHHsi / Correspondense between learning results and program study results

Pe3yJILTaTPl HABYAHHS JUCIHUILTiHH

PH1.1
PH1.2
PH2.1
PH4.1
PH4.2

IIporpamni pe3yi1bTaTH HaBYAHHS

(3 onucy ocsimuvboi npoepamu,)

+
N
+
+

[TPH2. BuxkopucTOBYBaTH MOJENI Ta METOAU NMPUUHATTS pillicHb Ha
OCHOB1 Teopii HEUITKUX MHOXMH Ta B YMOBaxX HEBHU3HAYEHOCTI 1
PHU3UKIB B TIPOLIECI YIIPABIIHCHKOI JiSUIBHOCTI 32 TaTy3sMHU.

To use models and methods of decision-making based on fuzzy set
theory and in conditions of uncertainty and risk in the management of]
industries.
[TPHY9. Bononith MeTogamMu Ta TEXHOJOTISIMH OpraHizamii Ta| + + | + | +
3aCTOCYBaHHSA JaHWX Vy 3aJav4ax OOYHMCIIOBAJIBHOTO IHTEJIEKTY,
OyayBaTH MOJIENI PUHHATTS PillIeHb HAa OCHOBI TEOpil po3Mi3HABAaHHS
o0pa3iB, HEHPOMEpEXK Ta HEUITKOT JIOTIKH.

To acquire knowledge about methods and technologies of
organization and application of data in problems of computational
intelligence, to build decision-making models based on the theory of]
pattern recognition, neural networks and fuzzy logic.
[TPH10. BukopucToByBaTH iHTENEKTyalbHI areHTH, MYJIbTHAreHTHI + + |t
CHCTEMH, MAIIUHHE HAaBYaHHS Ta CAaMOHABYaHHS, TEHETHYHI,
KOOIIEPAaTUBHI ~Ta PO3MOAUICHI  €BONIOLUIWHI  aNrOpUTMH  JUIS
KOMIT'IOTEPHOTO PpO3B’SI3aHHSA 3a/ady, [0 BHUMArarTh JIOJICHKOIO
PIBHS MUCJICHHSI.

To use intelligent agents, multi-agent systems, machine learning and
self-learning, genetic, cooperative and distributed evolutionary
algorithms to solve computer problems that require a human level of]
thinking.

7. Cxema ¢popmyBanns ouinku / Evaluation scheme.
7.1 ®opmu ouinwBaHHs cTyaeHTIB / Forms of evaluation:

- ceMeCcTpOBe OlliHIOBaHHs / semester evaluation:

1. Po3paxynkoBa po6ota/ Test: PH1.1, PH1.2, PH2.1 — 40 6aJiB /24 6aJiB.

2. [Totoune ouinoBanus / Current evaluation: PH4.1, PH4.2 — 20 6auxiB / 12 6aJiB.
- migcymkoBe oninoBanHs / final evaluation:

- MakCUMaJbHa KIJTBKICTh 0ajiB sSIKi MOXYTh OyTH OTpHMaHi CTYJAEHTOM / maximum points :
40 Oais;
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- pe3yibTaTH HaBYaHHS, SKI OMIHIOIOTHCS / learning outcomes that are evaluated : PHI1.1,
PH1.2, PH2.1;

- ¢popma mipoBeaenHs / form of holding : mucsmoBa pobora / written work .

- BUIM 3aBAaHb / types of tasks : nBa teopermuni nurtanHs / two theoretical tasks (60%),
3anmava / problem (40%).

CTyneHT IOMyCKaeThCs 10 €K3aMEHy SIKIIO0 ceMecTpli HaOpaB He MeHIne HDK 36 OamiB Ta
OTpHUMaB HE MEHIIIE MiHIMaJIbHOI OPOTOBOT KiIBKOCTI OaliB 3a MOTOYHE OLIHIOBAHHS Ta KOHTPOJIbHI
po6otu / The student is admitted to semester exam if scored at least 36 points and received at least
the minimum threshold number of points for ongoing evaluation and tests.

Jlnst oTpuMaHHs 3arajbHOI MO3WTHUBHOI OIIHKK 3 AWCITUIUIIHM OIIHKA 3a ICTIUT Mae OyTH HE
Menie 24 6amiB / For general positive assessment of the course grade for the exam must be at least
24 points..

Tunoea xonmponvna po6oma 1 CKIaJA€TbCS 3 TECOPETHUUHUX Ta MPAKTUYHUX 3aBJaHb 3a

MarepiajgoM 4acTUHH 1.
Test work 1.
KonTposbHi 3anutanusa 1o Yacrtunm 1
1. IlocraHoBka 3amay oNTUMaNbHOrO KepyBaHHs. [lpukinaam cuctem KepyBaHHA Ta IX
MaTEMATUYHUX MOJCIIEH.
2.  CTpyKTypHi CXeMH Jis OTHCY CUCTEM KepyBaHHS.
3. MaremaruyHa OCTaHOBKA 3a/1a4l ONTUMAJIBHOTO KEPyBaHHA B 3arajlHOMy BUIIIAA1. OCHOBHI
O3HaueHHI Ta TepMiHM. TeopemMa TMpoO ICHYBaHHSA Ta €IUHICTh Yy3arajlbHEHUX pO3B’S3KiB
nudepeHIiabHUX PIBHSHD 3 PO3PUBHUMH MPABUMU YacTHHAMU. be3 moBeneHHs .
4. TlocraHoBKa Ta IOCTI/DKEHHS 3a7ad KEpPOBAaHOCTI Juig JiHIHMX cucteM. HecrarionapHi
cucreMu. TeopeMa nmpo HEOOX1AHY 1 TOCTATHIO YMOBY IIIJIKOM KEPOBAHOCTI.
5. TlocraHoBka Ta MAOCHIPKEHHS 3ajjad  KEpOBAHOCTI Ais JiHIMHMX cucteM. CrarioHapHi
cucreMu. TeopeMa nmpo HEOOX1AHY 1 JOCTATHIO YMOBY IIJIKOM KEPOBAHOCTI.
6. IlimkoM KepoBaHICTh Ha 3aJaHOMYy MpPOMDKKY. Teopema Mpo JOCTaTHIO YMOBY IUJIKOM
KEpOBAHOCTI Ha 33JIaHOMY TMPOMIXKKY.
7. ChocrepexyBaHICTb B JIHIHHMX CHCTEeMax KepyBaHHS. TeopemMa MpoO JOCTATHIO YMOBY
ICHYBaHHSI pO3B’sI3KY 3a/1auil CIIOCTEPEKyBaHOCTI.
8. CmoctepexyBaHICTh B JIIHIHHUX CHUCTeMax KepyBaHHS. Teopema Mpo JOCTaTHIO YMOBY, IIO
BUPAXAETHCSA 4Ye€pe3 PO3B’S30K IHTErPaIbHOTO PIBHAHHS, ICHYBaHHS PO3B’SI3Ky  3ajaadi
CIIOCTEPEKYBaHOCTI.
9. Teopemu mpo 3B’S30K MK CIIOCTEPEKYBAHICTIO Ta KEPOBAHICTIO.
10. Inentudikauis B cucreMax KepyBaHHS.
11. KepoBaHicTb, CHOCTEPEKYBaHICTb, 1IEHTU(DIKAIIIS TUCKPETHUX JIHIHHUX CUCTEM.
12.  CriiikicTb 3a JISMyHOBUM HNPOTrpaMHUX PYXiB CUCTEM KEepYBaHHS.
13. AmnamTHYHE KOHCTPYIOBAHHS PETYJISATOPIB CUCTEM KEPYBaHHS.
14. Cucremu mnepuioro HaOmKeHHs 1 Apyruil meron JIsmyHoOBa Ui JOCTIJKEHHS CTIHKOCTI
MIPOTrpaMHUX PYXIB.
15. TloctaHoBKa 3a7ayi ONTUMAIBLHOTO KEPYBaHHS SIK 3a7a4i BapiariiiHoro uncienHs. [loctanoBka
3agau Jlarpanxa, Maiiepa, bosbiis.
16. HeoOxiaHi yMOBU 3HaXOJKEHHS ONITUMAIIHUX TPAEKTOPIM METOJaMU BapialliiHOTO YHCIICHHSI.
17. Ywmosa ko001 Ta 70CTaTHI YMOBHU €KCTpEeMyMy (PyHKIIIOHATIIB
18. HeoOxiaHi i JocTaTHI YMOBH UIsl (YHKIIIOHAJIIB BUIIKX MOPSIKIB
19. 3aranbhHa 3amauva Jlarpanxa.
20. 3agaua 3 0OMeXEHHSMHU Ha KEpYBaHHS.
21. TaminbToHiaH abo kaHOHIYHA opMa piBHSIHB Eitnepa-Jlanpanixka.

Test questions for Part 1
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1. Statement of optimal control problems. Examples of control systems and their mathematical
models.

2. Block diagrams to describe control systems.

3. Mathematical formulation of the problem of optimal control in general. Basic definitions and
terms. Theorem on the existence and uniqueness of generalized solutions of differential equations
with discontinuous right-hand sides. Without proof.

4. Statement and research of controllability problems for linear systems. Non-stationary systems.
The theorem on the necessary and sufficient condition of complete controllability.

5. Statement and research of controllability problems for linear systems. Stationary systems. The
theorem on the necessary and sufficient condition of complete controllability.

6. Completely controllable at a given interval. Theorem on a sufficient condition of complete
controllability on a given interval.

7. Observability in linear control systems. Theorem on the sufficient condition for the existence of a
solution of the observability problem.

8. Observability in linear control systems. The theorem on a sufficient condition, which is expressed
in terms of the solution of an integral equation, the existence of a solution of the observability
problem.

9. Theorems about the relationship between observability and controllability.

10. Identification in control systems.

11. Controllability, observability, identification of discrete linear systems.

12. Stability according to Lyapunov program movements of control systems.

13. Analytical design of control system controllers.

14. Systems of the first approximation and the second Lyapunov method for studying stability of
program movements.

15. Statement of the problem of optimal control as a problem of variational calculus. Statement of
problems of Lagrange, Mayer, Boltz.

16. Necessary conditions for finding optimal trajectories by methods of variational calculus.

17. Jacobi condition and sufficient extremum conditions of functionals

18. Necessary and sufficient conditions for higher-order functionals

19. The general problem of Lagrange.

20. Problem with control constraints.

21. Hamiltonian or canonical form of Euler-Lanrange equations.

Tunosi npuxnaou,, Wo 6UHOCUMbCS HA KOHMPOTLHY pobomy |

1. 3agava Ha yMOBH ITIJTKOM KEPOBAHOCTI Ta CIIOCTEPEKYBAHOCTI.
3a skux oOMeXeHb Ha BennuuHu b, , b,, @ cucrtema, 10 HaBe/ieHA HIDKYE, Oye
a) IIJIKOM K€POBaHOIO,
0) ITKOM CIIOCTEPEKYBAHOO?
X = ax; + wx, + bju
Xy =—x, +ax, +bu

CrnocTepexeHHs Ma€ BUIIIAL: V = X, .
2. Po3B’s13aTH 3314y aHANITUYHOTO KOHCTPYIOBAHHS PETYJISATOpa Uil CUCTEMHU
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Typical examples, submitted for test 1

1. The problem in terms of controllability and observability .
Under what constraints on the values b,, b,, @ the system below will be

a) fully controlled,
6) fully observable?

Observability: y = X,.
2. To solve the problem of analytical design of the controller for the system

KouTtpoJbHi 3anutanns 1o Yactunm 2.

1. TlocranoBka 3afaui Ha METOJ JOUHAMIYHOTO TpOrpaMyBaHHSA. [IpHHIMII ONTHUMAaIbHOCTI

bemnmana.

2. PiBHsiHHSA BemMana 1i1s 3a1a4i ONTUMAIBbHOTO KEPYBAHHS 3 JUCKPETHUM YaCOM.

3. Meroa TMHAMIYHOTO MPOTpaMyBaHHS (TUCKPETHUH Yac).

4. 3amavya cMHTE3y ONTHMAIBHOTO KEPyBaHHS B METOJI TUHAMIYHOTO MporpaMmyBaHHs. BucHOBKU:

IepeBary Ta HeJOMIKU METOy JUHAMIYHOIO IPOrpaMyBaHHS.

5. PiBusiHHs beruimana 11 3a1a4i ONTUMAIBHOTO KEPYBaHHS 3 HETIEPEPBHUM YacOM.

Meroa TMHAMIYHOTO MTpOrpamMyBaHHs (HENMEpEepBHUH Jac).

6. Teopemu npo AOCTATHIO YMOBY ONTUMAIBHOCTI — METO JUHAMIYHOTO IIPOTPaMyBaHHs

(menepepBHHMIt yac). be3 noBeneHHs.

7. 3agaya CUHTE3y ONTUMAIBHOTO KEPYBAaHHS B METO/Ii AMHAMIYHOTO MPOrpaMyBaHHS.

8. Orsi1 4nucesbHUX METOIB JUIs 33/1a4 ONITUMAJIBHOTO KEPYBaHHS.

9.llpunnun makcumymy IlonTpsarina. IlocranoBka 3amaui. Teopema mpo HEOOXiTHY YMOBY
ONTHUMAITBHOCTI (3aKpITUICHI KiHIIl TpaeKkTopii, pikcoBaHMit Yac). be3 noBeneHHS .

10. [Ipuauun makcumymy I[lontpsrina. Teopema mpo HEOOXiHY YMOBY ONTHMAbHOCTI (KiHII
TPA€eKTOPii HE 3aKpPIMUICEHI — BUIbHI a00 pyXOMi, TMOYATKOBUH 1 KIHIICBUH MOMEHTH Yacy —
¢ikcoBani). be3 noBenenus.

11. Jlinifina 3ajava onTuMaibHOT mBUAKOAII. Ha mpuknaai cucteMu KepyBaHHS, 1O OMUCYETHCS
cucTeMol0 2-X JuepeHUIHHUX PIBHSAHb 13 3aCTOCYBaHHAM HNPUHIUIY MaKCUMyMy
[TonTpsrina.

12. JluckpeTHuil npuHIMI MakcUMyMy. TeopeMa (IUCKpEeTHUI NPUHIUI MaKCUMYMY).

Test questions for Part 2.

1. Statement of the problem on the method of dynamic programming. Bellman's optimality
principle.

2. Bellman's equation for the problem of optimal control with discrete time.

3. Method of dynamic programming (discrete time).

4. The problem of synthesis of optimal control in the method of dynamic programming.
Conclusions: advantages and disadvantages of the method of dynamic programming.

5. Bellman's equation for the problem of optimal control with continuous time.

Dynamic programming method (continuous time).
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6. Theorems on a sufficient condition of optimality - the method of dynamic programming
(continuous time). Without proof.

7. The problem of synthesis of optimal control in the method of dynamic programming.

8. Review of numerical methods for optimal control problems.

9. The principle of Pontryagin's maximum. Formulation of the problem. Theorem on the necessary
condition of optimality (fixed ends of the trajectory, fixed time). Without proof.

10. The principle of Pontryagin's maximum. Theorem on the necessary condition of optimality (the
ends of the trajectory are not fixed - free or moving, the initial and final moments of time - fixed).
Without proof.

11. Linear problem of optimal speed. On the example of a control system described by a system of 2
differential equations using the Pontryagin’s maximum principle.

12. Discrete principle of maximum. Theorem (discrete principle of maximum).

Tunosi npuxnaou,, Wo 6UHOCUMbCS HA KOHMPOTLHY poboomy 2

1.3a JOIIOMOI'0OO METO[ I[HHaMquOFO InporpaMmyBaHHsA 014 JUCKPETHUX CUCTEM 03B’ s13aTH 3aJga4d
y y y

OIITUMAJIBHOTO KEPYBaHHA :

X =Xy t+u 3

L J() = [ u(t) + %, (1)) di ~5,(3) = inf
IR TR 0 u
x(0)=0
e O, u0]s2, [un]s3

2. 3ajaya Ha METOJ| PUHIIUITY MakcuMyMy. Cepesl IONMyCTHMHX KYCKOBO-HENEPEPBHUX KepyBaHb U(f)

3HATH oNTHMAaIBHI 260 MiI03PiNi HA ONTHMANBHI KEpyBaHHS, O MiHiMi3yioTh Gynkmionan J (#) Ha

TPAEKTOPIAX TU(epeHIiaTbHOI CUCTEMH, HaBEACHOT HUXKYE.
1
J) =[O+ @)dt- W) > inf  £() =u(z), 1< [0,1].
0

OOuaBa KiHIl TPA€eKTOPii BUIBHI.
Typical examples, submitted for test 2

1. To solve the optimal control problem base on of the dynamical programming method for discrete
systems:

3
. @) = [ (u(t)+ x,(0) dt = x,(3) > inf
Xy =X; =Xy +u 5 u

x(0)=0

|X2(0)|S1’ |M(0)|Sl,

u()|<2,

u(2)|<3.

2. Problem on the maximum principle. Among the acceptable piecewise continuous controls #(?) to find

optimal or suspicious for optimal control that minimizes functional /(%) on trajectories of differential

systems below.
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1
J) =[O+ x> )dt- ) > inf i) =u(r), 1<[0,1].
0
Both ends of the trajectory are free.
ITuTanHa Ha icnUT

1. IlocraHoBka 3amay oONTUMaNbHOIO KepyBaHHs. Ilpuknanu cucTeM KepyBaHHS Ta ix
MaTEMATUYHUX MOJCIIEH.

2. CTpyKTypHi CXEMH ISl OMTUCY CUCTEM KEPyBaHHS.

3. MaremMaTu4Ha IOCTaHOBKAa 3aJadl ONTUMAJIbHOIO KEpyBaHHS B 3arajJbHOMY BHIJISIIL.
OcHoBHI O3Ha4YeHHA Ta TepMiHU. Teopema Mpo iCHYBaHHS Ta €JUHICTH y3araJbHEHHX
pO3B’s3KiB  nU(epeHIiabHUX PIBHIHBR 3 PO3PUBHMMH TIPaBUMH YacTHHaMH. bes
JOBEJICHHSI.

4. TloctaHoBka 3ajavi ONTHMAJIBHOTO KEpPyBaHHS SK 3a/1adl BaplallifHOTO YHCIIEHHS.
ITocranoBka 3anau Jlarpanxa, Maiepa, bonbus.

5. TlocTaHoBKa Ta MOCHIDKEHHS 3a7a4 KepOBAaHOCTI JJIA JHIHHUX cucTteM. HecrarionapHi
cucreMu. Teopema npo HE0OXiIHY 1 JOCTATHIO YMOBY IIIJIKOM K€POBAHOCTI.

6. IlocTaHoBKka Ta MOCTIDKEHHS 3aJad KEPOBAHOCTI s JiHIMHUX cucteMm. CraiioHapHi
cucreMu. Teopema npo HE0OXiIHY 1 JOCTATHIO YMOBY IIIJIKOM K€POBAHOCTI.

7. 1limkoM KepoBaHICTh Ha 3aJlaHOMy MPOMDKKY. TeopemMa mpo JOCTaTHIO YMOBY ITIJIKOM
KEpPOBaHOCTI Ha 3aJJaHOMY MTPOMIXKKY.

8. CrmocrepexyBaHICTh B JIIHIMHMX CHCTEMax KepyBaHHs. Teopema Mpo JOCTATHIO YMOBY
ICHYBaHHS pO3B’sI3Ky 3aJlaul CIIOCTEPEKYyBaHOCTI.

9. CrnocrepexXyBaHICTh B JIHIHHUX CUCTEeMaX KepyBaHHs. Teopema mpo JTOCTaTHIO YMOBY, 1110
BUPAXKAETHCSA UYEPe3 PO3B’A30K IHTETPAJbHOTO PIBHSHHS, ICHYBaHHS pO3B’A3Ky 3ajadl
CIIOCTEPEIKYBAHOCTI.

10. Teopemu mpo 3B’SI30K MIXk CITIOCTEPEKYBAHICTIO Ta KEPOBAHICTIO.

11. MaTpumi iMIyJIbCHUX TepeximHuX (YHKIINA Ta ix oOuucieHHs. CHpsoKeHl CHCTEMHU.
Teopema npo BIaCTUBOCTI PO3B’SA3KIB CIIPSHKEHUX CHCTEM.

12. Hpunamun makcumymy [lonTtpsrina. [locranoBka 3amaui. Teopema npo HEOOXiTHY YMOBY
ONITUMAJILHOCTI (3aKpiIUIeH] KiHIlI TPAEKTOPii, (hikcoBanuit yac). be3 noBeneHHs .

13. Ipuamun makcumymy IlonTpsarina. Teopema Tpo HEOOXiHY YMOBY ONTHUMAJIbHOCTI
(KiHII TpaekTOpii HE 3aKpiljieHi — BUIbHI a00 PyXOMi, MOYAaTKOBHM 1 KIHIIEBH MOMEHTH
yacy — ¢iKCoBaHi).

14. Jlinifina 3amava onTuManbHOl mBUAKOAil. Ha mpukiami cucremu KepyBaHHS, IO
OMHUCYETHCSI CUCTEMOIO 2-X Au(EpeHIlIHHNX PIBHAHb 13 3aCTOCYBaHHSM TPUHIIUAITY
Makcumymy [loHTpsirina.

15. JluckpeTHui mpuHIMI MakcuMyMy. Teopema (IUCKpETHUH TPUHITUI MAaKCUMYMY ).

16. IToctaHoBKa 3ajaui Ha METOJ JAWHAMIYHOTO HporpamyBaHHs. [IpuHIMI ONTHMAaIbHOCTI
bennmana.

17. PiBusuus bennmana ams 3a1a4i ONTUMaIbHOTO KEPYBaHHS 3 JUCKPETHUM YaCOM.

18. MeTox muHaMIYHOTO TTpOrpaMyBaHHs (JIUCKPETHHUH Yac).

19. 3amava cMHTE3y ONTHUMAJIBHOTO KEPYBaHHS B METOA1 JUHAMIYHOTO IIPOTPaMyBaHHS.

20. PiBusinnsa bennmMana jyist 3a71a4i ONTHUMATBHOTO KEPYBaHHS 3 HEMIEPEPBHUM YacOM.

21. MeTo fuHaMivHOTO IPOrpaMyBaHHs (HETIepepBHUIL yac).

22. Teopemu Mpo TOCTATHIO YMOBY ONTUMAJILHOCTI — METOJI AMHAMIYHOTO MPOTPaMyBaHHSI
(HenmepepBHUH Yac).

23. 3ajgava cCUHTE3y ONTUMAJILHOTO KEPYBAaHHS B METO/li JUHAMIYHOTO IIPOrpaMyBaHHS.

24.3amava aHAIITUYHOTO KOHCTPYIOBAHHS ONTUMAIBHOTO PETYJSATOpa B JIIHIHHUX CHCTEMax
KepyBaHHS.
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Exam questions

1. Statement of optimal control problems. Examples of control systems and their mathematical
models.

2. Block diagrams to describe control systems.

3. Mathematical formulation of the problem of optimal control in general. Basic definitions and
terms. Theorem on the existence and uniqueness of generalized solutions of differential
equations with discontinuous right-hand sides. Without proof.

4. Statement of the problem of optimal control as a problem of variational calculus. Statement of
problems of Lagrange, Mayer, Boltz.

5. Statement and research of controllability problems for linear systems. Non-stationary systems.
The theorem on the necessary and sufficient condition of complete controllability.

6. Statement and research of controllability problems for linear systems. Stationary systems. The
theorem on the necessary and sufficient condition of complete controllability.

7. Completely controllable at a given interval. Theorem on a sufficient condition of complete
controllability on a given interval.

8. Observability in linear control systems. Theorem on the sufficient condition for the existence
of a solution of the observability problem.

9. Observability in linear control systems. The theorem on a sufficient condition, which is
expressed in terms of the solution of an integral equation, the existence of a solution of the
observability problem.

10. Theorems about the relationship between observability and controllability.

11. Matrices of pulse transition functions and their calculation. Conjugate systems. Theorem on
the properties of solutions of conjugate systems.

12. The principle of Pontryagin's maximum. Formulation of the problem. Theorem on the
necessary condition of optimality (fixed ends of the trajectory, fixed time). Without proof.

13. The principle of Pontryagin's maximum. Theorem on the necessary condition of optimality
(the ends of the trajectory are not fixed - free or moving, the initial and final moments of time -
fixed).

14. Linear problem of optimal speed. On the example of a control system described by a system
of 2 differential equations using the Pontryagin maximum principle.

15. Discrete principle of maximum. Theorem (discrete principle of maximum).

16. Statement of the problem on the method of dynamic programming. Bellman's optimality
principle.

17. Bellman's equation for the problem of optimal control with discrete time.

18. Method of dynamic programming (discrete time).

19. The problem of synthesis of optimal control in the method of dynamic programming.

20. Bellman's equation for the problem of optimal control with continuous time.

21. Method of dynamic programming (continuous time).

22. Theorems on a sufficient condition of optimality - a method of dynamic programming
(continuous time).

23. The problem of synthesis of optimal control in the method of dynamic programming.

24. The problem of analytical design of the optimal controller in linear control systems.

7.2 Opranizauist ONiHIOBAHHS:
Tepminu npoBeneHHst GopM OLIHIOBAHHS:
1. Konrposabna po6oTa 1: 10 2 THXHS cCEMeCTpy.
2. KonrponbHa poboTa 2: 10 4 THXXHS CEMECTpY.
3. IloTOYHE OLIHIOBAHHS: IPOTATOM CEMECTPY.
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CTyZeHT Mae TpaBO OJHMH pa3 MEPEecKIACTH MOIYJIbHY KOHTPOJBbHY POOOTY 3 MOMIIUBICTIO
orpuMmatu He Oinmbime 80% OamniB, mpu3HadeHUX 3a poboTy. TepMmiH mepeckiagaHHS BH3HAUA€E
BUKJIagad.

3a BIJICYTHOCTI CTyJI€HTa 3 MOBaXHUX NMpUYHH nepesnada KP 3miiicHIOEThCS BIIMOBIIHO 710
«ITonmo>keHHs IPO OpTraHi3aIlilo OCBITHHOTO MPOIIECY.

7.3 llIkaya BignmoBigHOCTI OiHOK

Bigminno / Excellent 90-100
Hoope / Good 75-89
3anoBiabHo / Satisfactory 60-74
Heszangosiabho / Fail 0-59
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8. CTpykTypa HaBYaJIbLHOI AUCHUIUIIHU. TeMaTHUYHUI NJIAH JeKuii

No Hassa nexmii KinekicTs rogusu
JICKII11 Jlexuii | IIpaktuun | Camocr.
13aHITTSI | poboTa

Yacruna 1. [Ipo6Giemu onTuMaibHOTO KepyBaHHs. KepoBaHICTh, CIIOCTEPEKYBaHICTb,
CTIMKICTh, METOIM BapialliifHOTO YHUCIIEHHS
Part 1. Problems of optimal control. Controllability, observability, stability, methods of

calculus of variations

Tema 1. IlocTaHOBKA 3a51a4 ONITUMAJILHOT'O
KepyBaHH:I, IPUKJIATN 33714 ONITUMAIILHOTO
kepyBaHHs. CTPYKTYpHI CXEMHU CHUCTEM
KepyBaHH:

Camocmitina poboma: Po3risiHyTH IPUKIIaIA
3aa4 KepyBaHHs Ta JOCIIAUTH TapaMeTpH sKi
BXOJISTh B Taki 3a7adi.

Topic 1. Statement of optimal control
problems, examples of optimal control
problems. Block diagrams of control systems
Individual work: Consider examples of control
problems and explore the parameters included
in such tasks.

2

8

Tema 2.Teopema npo iCHyBaHHS Ta €AUHICTh
y3arajJbHEeHUX PO3B’s3KiB TUMEPEHITIHHUX PiBHIHD
3 pO3pHBHUMU NTPABUMU YaCTUHAMMU. ITocTanoBka Ta
,Z[OCJ'IiI[)KeHHH 3aga4d KepOBaHOCTi JUIA
HEeCTaIllOHAPHHUX Ta CTAIIOHAPHUX CHCTEM.
Camocmitina po6oma: Po3rnsgHyTH IpUKIaand
3aJ1ay KePOBAHOCTI PI3HUX KJIACIB 1JIst
HeCTaL[iOHapHI/IX Ta CTaI_[iOHapHI/IX CUCTEM

Topic 2. Theorem on the existence and
uniqueness of generalized solutions of
differential equations with discontinuous right-
hand sides. Statement and research of
controllability problems for non-stationary and
stationary systems.

Individual work: To consider examples of
control problems of different classes for non-
stationary and stationary systems

Tema 3.Kpurepiit KepOBaHOCTI ISt CTAIIOHAPHUX 1
HECTAIllOHAPHUX JHINHUX cucTeM. 3B’ 30K Mixk
CITOCTEPEIKYBAHICTIO Ta KEPOBAHICTIO B CHCTEMAaX
KEpYBaHHS

Camocmitina po6oma: Po3B’s3yBaHHS
MIPUKJIAJIB 3a/1a4 KEPOBAHOCTI PI3HUX KJIaciB
JJIA HeCTaL[iOHapHI/IX Ta CTaL[iOHapHI/IX CHUCTEM
Topic 3. Controllability criterion for stationary
and non-stationary linear systems. Relationship
between observability and controllability in
control systems

Individual work: Solving examples of
controllability problems of different classes for
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non-stationary and stationary systems

Tema 4. CriocTepeKyBaHICTh B CHCTEMAX
KepyBaHHA. 3B’ 530K MK CIIOCTEPEKYBAHICTIO Ta
KEPOBaHICTIO B CHCTEMax KepyBaHHS.
InenTHdikallis napaMeTpiB CUCTEM KepyBaHHS.
KepoBaHicTb, criocTepexyBaHicTh, i1eHTU(IKALIS
JIUNCKPETHUX CUCTEM KEPYBaHHS.

Camocmitina pooboma: Po3B’s13yBaHHS
NPUKJIAIIB HA CIIOCTEPEKYBaHICTh, KEPOBAHICTh
Ta 1IeHTU (PIKaIliI0 CUCTEM KepyBaHHS

Topic 4. Observability in control systems.
Relationship between observability and
controllability in control systems. Identification
of parameters of control systems.
Controllability, observability, identification of
discrete control systems.

Individual work: Solving examples of
observability, controllability and identification
of control systems

Tema 5. CTiliKicTb IPOrPaMHOTO PYXY CHCTEM
KepyBaHHs. 3a/1a4ya aHAIITUYHOTO KOHCTPYIOBAaHHS
ONTUMAIBHOTO PETYIITOPA B JIIHIHHIX CHCTEMAaX
KepyBaHHs. 3acTOCyBaHHS METOIB JIsmyHOBa 1O
JOCIIDKEHHSI CTIKOCTI MPOTPaMHUX PyXiB.
Cucremu nepuioro HaOJIMKEHHSI.

Camocmitina poooma: Po3B’s13yBaHHS
NPUKJIAIiB HA TOOYAO0BY ONTUMAJIbHUX
PeryJIATOpiB Ta AOCTIIHKEHHS CTIHKOCTI PyXYy.
Topic 5. Stability of software movement of control
systems. The problem of analytical design of the
optimal controller in linear control systems.
Application of Lyapunov methods to the study of
the stability of program movements. First
approximation systems.

Individual work: Solving examples for the
construction of optimal regulators and the study of
stability.

Tema 6. 3BeficHHS 3a/1a41 KePYBaHHS JI0 3a/1a4i
BapialiifHoro uynciaeHHs. OCHOBHI 3a1a4i
BapiarliitHoro yucients. HeoOxinHi Ta
JIOCTaTHI YMOBH 3HAXOJ[KEHHS EKCTPEMaJTbHUX
TpaekTopiil. 3aaui HAa YMOBHUHN €KCTPEMYM, 3
oOMeXeHHSIMU Ha KepyBaHHs. KaHoHiuHa
dopma piBasHb Eitnepa-Jlarpamxa.
Camocmitina pooboma: Po3B’s13yBaHHS
MPUKIIAJIIB HA BUKOPUCTAHHS METO/IIB
BapialliifHOT0 YHCJICHHS J0 3a/1a4 Teopii
KepyBaHHS

Topic 6. Reduction of the control problem to the
problem of variation calculus. The main problems of
calculus of variations. Necessary and sufficient
conditions for finding extreme trajectories.
Problematic extremal problems, with control
constraints. Canonical form of Euler-Lagrange
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equations.

Individual work: Solving examples for the use of
variational calculus methods for problems of control
theory

Konmponovua poboma 1 test 1

1

Bcevoeo za vacmunoro 1

12

46

YactuHa 2. Memoo ounamiunozo npoepamyeanns. Ipunyun maxcumymy Ionmpseina.

Part 2. The method of dynamic programming. Pontryagin's maximum principle.

7

Tema 7. Ilpuanun bemmana i piBHsHHS bennmmana
JUTSL CHICTEM 3 JTUCKPETHUM 4acoM. Merton
JMHAMIYHOTO TIPOTpaMyBaHHS. AJITOPUTM METOTY
JMHAMIYHOTO TIPOTpaMyBaHHS.

Camocmitina pooboma: Po3B’s13yBaHHS
MPUKIIAJIIB HA BUKOPHUCTAaHHS MeTony bennmana
JUTA TUCKPETHUX CUCTEM KEPYBAHHS

Topic 7. Bellman's principle and Bellman's
equation for systems with discrete time. Dynamic
programming method. Algorithm of dynamic
programming method.

Individual work: Solving examples of using the
Bellman method for discrete control systems

The problem of analytical design of the optimal
controller in linear control systems.

Individual work: Solving examples on the use of
Bellman's method for constructing an optimal
controlle

2

8

Tema 8. Pisusuns bemMana uist cucteM 3
HETIepepBHIM YacOM. 3aCTOCYBaHHS PUHIIUITY
bennmana 10 po3B’si3yBaHHS OKPEMHX 3a]1ad.
Camocmitina po6oma: Po3B’s3yBaHHS
MPUKJIAJiB HA BUKOPUCTAHHS MeToy bemivana
JUISL HEIEPEPBHUX CUCTEM KEPYBAHHS

Topic 8. Bellman's equation for systems with
continuous time. Applying the Bellman principle to
individual problems.

Individual work: Solving examples of using the
Bellman method for continuous control systems

Tema 9. Pisusinus beniMana B iHTerpasibHiil Ta
nudepeHiianbHii GopMax.

Camocmitina po6oma: Po3B’sa3yBaHHS
MPUKIIAJIB HA BUKOpHUCTaHHS MeToy bennmana
B iHTerpasIbHil Ta nudepeHianbHili popmax

Topic 9. Bellman's equation in integral and
differential forms.

Individual work: Solving examples on the use of
Bellman's method in integral and differential forms

10

Tema 10. 3amaua aHaTiITHYHOTO KOHCTPYIOBAHHSI
ONTUMAIBHOTO PETYIITOPA B JIIHIHHIX CHCTEMAaX
KepYBaHHS.

Camocmitina po6oma: Po3B’s3yBaHHS
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NPUKJIAiB HA BUKOPUCTAaHHS MeToy bemmana
JUIsl KOHCTPYIOBAaHHS ONTUMAJILHOIO
peryJisaropa

Topic 10. The problem of analytical design of the
optimal controller in linear control systems.
Individual work: Solving examples on the use of
Bellman's method for constructing an optimal
controller

11

Tema 11. Ipunuun makcumymy [ToHTpsiriHA A7T5T
CHCTEM 3 HETIEPEPBHUM HYacoM

Camocmitina pooboma: Po3B’s13yBaHHS
MPUKIIAJIIB HA BUKOPUCTAHHS IPUHIIUITY
Makcumyma [loHTpsTiHa

Topic 11. Pontryagin’s maximum principle for
systems with continuous time

Individual work: Solving examples on the use
of the Pontryagin’s maximum principle

12

Tema 12. Ipunuun makcumymy [ToHTpsiriHA A7T5T
CHCTEM 3 IUCKPETHUM YacoM. YMOBHU
3aCTOCYBaHHS.3B’ 130K MK IIPUHIIAIIOM MaKCUMYyMY
Ta KJIACHYHHM BapiallifHUM YUCICHHAM. 3aa4a
MIBUIKOIII.

Camocmitina poooma: Po3B’s13yBaHHS
MPUKIIAJIB HA BUKOPUCTAHHS IPUHIIUITY
Makcumyma [loHTpsTiHA 1)1 TTHIMHKX 1
HEJIHIHHUX CHCTEM KepyBaHHS

Topic 12. Pontryagin’s maximum principle for
systems with discrete time. Terms of use.
Relationship between the principle of maximum
and classical variation calculus. The task of
speed.

Individual work: Solving examples on the use
of the Pontryagin’s maximum principle for
linear and nonlinear control systems

Koumpoavna poboma 2 test 2

Bcvoeo 3a wacmunoro 2

46

BCBOI'O

26

92

3arameauit 06csr 120 roa., y ToMy 9UCHi:
nekuii — 26 roz.

KOHCYJIbTAIlii — 2 TOJ

camocTiitHa poboTa - 92 ro.

9. PexomennoBani qxepesa /References

Ocnoeni / Main :
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