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1. MeTa qMCUMIIiHM — BUBYCHHS 1 3aCBOEHHS OCHOBHUX ITOJIOKEHb TEOPil KepyBaHHS, TPUHIIHITIB
1 METO/IIB BUpPIIIEHHS TPOOIJIeM, OB’ I3aHUX 3 KEPYBAaHHSIM CKJIaJHUMU CHCTEMAaMU Ta OBOJIOIHHS
NPaKTHYHUMH HABHYKaMU PO3B’S3yBaHHS 3a7a4 KEPyBaHH:.

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. llonepeani BUMOTH 10 ONNAaHYBAaHHSA 200 BUOOPY HABYAJIBLHOI TUCHUILIIHYU (3a HAA8HOCMI):
3namu: DUCKpETHY MaTeMaTUKy, MaTeMAaTWYHUI aHaji3, AuepeHIianbHI pPIiBHIHHSI, anredpy,
METOM ONTUMIi3allii, Teopito HMOBIpHOCTEH B 00 €M MEPIINX JBOX HABYAILHUX POKIB OCBITHHOTO
piBHs Oakaasp.

Bmimu: 3acTocoByBaTH OTpHMaHi 3HaHHS 3 0a30BHX MaTeMaTHYHHX IMCLUIUIIH JO PO3B’S3aHHS
3a1a4 Teopii KepyBaHHS.

Bonoodimu enemenmapnumu nasuuxamu: poOOTH 3 MaTPUIEIMHU, 3HAXO/DKCHHS TOXIAHHMX Ta
iHTEeTpalIiB, BUPIIICHHS HENIHINHUX PiBHSHB, 3HAXO/XKEHHS ONITUMAIBHUX 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. AHoTalisl HABYAJIbLHOI JUCIUILTIHHA:

JlucIuIIiHa CKJIaJaeThCsl 3 HACTYIHUX PO3AUIIB: TOCTaHOBKA 3aJad ONTHMAIIHOTO KEpyBaHHS,
NPUKIaad 3aJad ONTHMAJBHOTO KEPyBAaHHS; KEPOBAHICTh, CIIOCTEPEKYBAHICTh Ta iIeHTH(IKALIsA
CHCTEM KepyBaHHS; CTIHKICTh PyXy Ta aHAIITUYHE KOHCTPYIOBAHHS PETYIATOPIB CHCTEM KepyBaHHS,
METOAM BapiallitHOrO YHWCIICHHS JUIi BHUPIMICHHS 3a7ad ONTHMAJIbHOTO KEpPYBaHHS;, METO]
JMHAMIYHOTO IPOTpaMyBaHHS; IPUHIMIT MakcuMyMy [loHTpsTiHA.

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. 3apnanua (HaBYAJbHI 1iai):

e 3ale3nedeHHs] 3HAHb: HAYKOBOTO Mi3HAHHA, (OPM 1 METOMIB aHajii3y Ta CHUHTE3Y CKJIaJHHUX
CHCTEM Ta SBUIL, PO3YMIHHS INpPEIMETHOi O00JIacTi, TEOPETHYHUX 1 MPUKIAJHUX IOJIOKEHb
HEMEpepBHOIO Ta JUCKPETHOTO aHali3y, METOJIB YHCEIbHOro JAU(EpEeHIIOBaHHA Ta



iHTerpyBaHHS (YHKIIN, PO3B'I3aHHS 3BUYAHHUX AU(EpEHIiaTbHUX Ta IHTErpallbHUX PiBHSAHB,
pilieHHs piBHSHb B YaCTHHHHX TOXiTHUX, TEOPETHYHUX OCOOIHMBOCTEH YMCENFHUX METOJIB Ta
MOXKJIMBOCTEH iX ajanTarii 1o MpakTUYHKUX Ta IHKEHEPHUX 33]ay;

e (QopmyBaHHS BMiHb: peEani30ByBaTH 3aCBOEHI TOHSTTS, KOHIICMINi, Teopii Ta METOAu B
IHTENIeKTyaNbHIH 1 MPaKTUYHIN AisITHHOCTI, PO3B’sI3yBaTH THIIOBI 3a1a4i;

e (opMyBaHHS KOMIIETEHTHOCTEH: 3JaTHICTh 0 aOCTPAaKTHOTO MHCJICHHS, aHaNi3y Ta CHHTE3Y;
3[IaTHICTh 3aCTOCOBYBATH 3HAHHS B MPAKTHYHUX CUTYallisX, 3HAHHS Ta PO3YMIiHHS MpEIMETHOT
obracTti Ta po3yMiHHs TpodeciitHOl AISUILHOCTI, 3MATHICTh BYMTHUCS i OBOJIOAIBATH Cy4aCHUMH
3HAHHSMM, 3/1aTHICTH OLIHIOBaTH Ta 3a0e3NedyBaTH SKICTh BUKOHYBaHMX pOOIT, 3AaTHICTb A0
MaTeMaTUYHOTO Ta JIOTIYHOTO MHCIICHHS, (HOPMYITIOBAHHS Ta JOCIHIJKYBAaHHS MaTeMaTHYHHX
Moesel, 3/aTHICTh ONaHyBaTH Cy4YacHI TEXHOJOrii MaTeMaTH4YHOTO MOJIENIIOBaHHs 00’ €KTiB,
NPOIIECIB 1 SBUIIL;

® 3JIaTHICTH CHIJIKYBATUCS IHO3EMHOIO 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

5. PesyaibraTH HaBYaHHd 3a AucumiliiHolo / Results of learning:

Pe3yabTaT HaBuanHs (PH) Bincorok y
(1 -3naru; 2 — BMiTH; 3. KOMYHiKaNist; @®opMH BUKJIATAHHS Metoan MiICyMKOBIi
4. aBTOHOMHICTB Ta BlZIlIOBl)IaJI])HlCTL) . . .
Ta HABYAHHSA OIIHIOBAHHSA OIIIHIN 3
Kon Pe3ynbTar HaBUaHHS JAMCHUILTIHY
PH1.1 |3natu ocHOBHiI MOHATTS TeOPii Jlexyis / Lecture 20%
KepyBaHHS
. K
Know the basic concepts of the control OHmMponbHd
poboma (KP),
theory .
. - icnum / Test,
PH1.2 |3natu 6a30Bi MeTOIM KepyBaHHS Jlexyisn / Lecture exam
Know the basic methods of the control
theory
PH2.1 |Bmitu BupilyBaTu TecTOBI npukinaau |Jlexyisa, camocmiina | KP, icnum / 60%
3 Teopii KepyBaHHS \poboma / Lecture, Test, exam
Know how to solve test examples the |Individual work
control theory
PH4.1 |OpranizoByBaT# CBOIO CAMOCTIHHY Camocmitina poboma | KP, nomoune 10%
poOoTy anst nocsirHeHHs pesynbraty |/ Individual work oyintoanms /
To organize your independent work to Test, Current
achieve results Evaluation




PH4.2 |BinmoBimambHo CTaBUTHCS no|Camocmitina poboma | KP, nomoune 10%
BUKOHYBaHHX poOir, nwectu|/ Individual work oyineanms/
BIIMOBIAAJIBHICTD 3a iX SKICTb Test, Current
Be responsible for the work Evaluation
performed, be responsible for their
quality

6. CniBBifHOIIEeHHS1 pe3yJbTATIB HABYAHHS IMCUUILIIHM i3 NPOrpaMHUMH pe3yJbTaTaMHU
naBuaHHs / Correspondense between learning results and program study results

Pe3yanaTn HABYAHHS JUCIUILTIHA

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

IIporpamni pe3yibTaTH HAaBYAHHS

(3 onucy ocgimuvboi npozpamu,)

+
+
+
N

[TPH2. BuxopuctoByBaTH MOJIe]i Ta METOJIW MPUUHATTS DIllleHh Ha
OCHOBi Teopii HEWITKMX MHOXHH Ta B yYMOBax HEBHM3HAYEHOCTI i
PHU3HUKIB B MPOIIECi YIPABIIHCHKOL JisSUTBHOCTI 32 TaTy3sSIMH.

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.

[IPHY9. Bononitu wmeromamMu Ta TEXHOJOTISIMH opraHizamii Ta| + + |+ |+
3aCTOCYBaHHS JaHUX Yy 3aJadax OOYHCIIOBAIBHOTO IHTEJEKTY,
OymyBaTH MOJIEIi IPUHHSTTS PIillICHb HAa OCHOBI TEOPii po3Mi3HaBaHHS
o0pasiB, HEHpPOMEPEK 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.

IMPH10. BukopucTtoByBaTH iHTENEKTyalbHI areHTH, MyJbTHAar€HTHI + + |+
CHCTEMH, MAallMHHE HaBYaHHS Ta CAMOHABYAaHHS, TC€HETHYHI,
KOOTIEpAaTHUBHI Ta PO3MOAUICHI EBONIOMINHHI  aNrOPUTMHU IS
KOMIT'FOTEPHOTO PO3B’SI3aHHS 3aJay, IO BUMArawmTb JIIOJCHKOTO
PIBHS MUCIICHHS.

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 dopmyBanHs oninku / Evaluation scheme.
7.1 ®opmu ouniHBaHHA cTyaeHTIB / Forms of evaluation:

- ceMecTpoBe oliHIOBaHH / semester evaluation:
1. PospaxynkoBa pobota/ Test: PH1.1, PH1.2, PH2.1 — 40 6axis /24 6axis.
2. [Noroune ominroBanus / Current evaluation: PH4.1, PH4.2 — 20 6aJjis / 12 0ais.

- migcymkoBe ouniHoBanHs / final evaluation:
- MaKCHMaJbHa KUIBKICTh 0aliB SIKIi MOXYTh OyTH OTpHMaHi CTYACHTOM / maximum points :
40 Ganis;
- pe3yJbTaTH HaBYaHHS, SKi OIIHIOWOTHCSA / learning outcomes that are evaluated : PHI.1,
PH1.2, PH2.1;



- (opma mpoBenenns / form of holding : mucermoBa pobora / written work .
- BUAM 3aBjaaHb / types of tasks : nBa Teoperwuni muranHsa / two theoretical tasks (60%),
3asava / problem (40%).

CTyZleHT JOMyCKa€eThcsl JO €K3aMeHy SIKIIO ceMecTpi HaOpaB He MeHmle HikK 36 OamiB Ta
OTpUMaB HE MEHIIIE MiHIMaJIbHOI MOPOTOBOi KIILKOCTI 0aJIiB 3a MOTOYHE OIIHIOBAaHHS Ta KOHTPOJIBbHI
pobotu / 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.

Jns oTpuMaHHSI 3aranbHOT MO3WUTHBHOI OIIIHKH 3 JUCIUILTIHU OIIHKAa 3a icuT Mae OyTH He
MeH1re 24 6anis / For general positive assessment of the course grade for the exam must be at least
24 points..

Tunosa KOHmMpOJibHa poﬁoma 1 CKIIQJA€TBCA 3 TCOPECTUYHHUX Ta IMPAKTHYHHUX 3aBIaHb 3a

MaTepiaioM 4acTHHH .
Test work 1.
Kourtpoabhi 3anutanns g0 Yactunu 1
1. TloctaHoBka 3aja4y ONTHUMaJbHOTO KepyBaHHA. Ilpukimanm cucteM KepyBaHHA Ta iX
MaTeMaTHYHHUX MOJEIEH.
2.  CTpyKTypHI CXeMH IS ONUCY CHUCTEM KepyBaHHS.
3. MaremarnyHa MOCTaHOBKA 3aJa4i ONTUMAIFHOTO KEPYBaHHs B 3arajibHOMY BUTIIsAL. OCHOBHI
O3HAa4YeHHS Ta TepMiHH. Teopema TMpo ICHYBaHHS Ta €IUHICTh Yy3arajdbHEHHX pPO3B’SI3KiB
nudepeHiatbHuX PiIBHSIHB 3 PO3PUBHUMH MIPABUMHU YaCTHHAMHU. be3 moBeneHHs.
4. TlocTaHoBKa Ta JOCHDKEHHS 3a1ad KEpOBAHOCTI U JiHIMHWX cucteM. HecTamioHapHi
cuctemu. Teopema npo HEOOXiAHY i JOCTATHIO YMOBY LIJTKOM KEPOBAHOCTI.
5. TlocraHoBka Ta MOCHIUKEHHS 3agad  KEpPOBAaHOCTI JuIs JiHIHHHX cucteM. CramioHapHi
cuctemu. Teopema npo HEOOXiTHY i JOCTATHIO YMOBY LIJTKOM KEPOBAHOCTI.
6. llimkoM KepoBaHICTP Ha 3aJaHOMY MpPOMIKKY. Teopema Mpo JOCTaTHIO yMOBY IIUTKOM
KEepPOBaHOCTI Ha 33JaHOMY ITPOMDKKY.
7.  CHoocTtepexyBaHICTh B JIIHIMHMX CHUCTeMax KepyBaHHsA. Teopema Npo JOCTaTHIO YMOBY
iCHYBaHHS PO3B’ 3Ky 3aa4i CIIOCTEPEIKYBAHOCTI.
8.  CnocrtepexyBaHICTh B JIHIMHUX cUCTeMax KepyBaHHA. Teopema mpo AOCTaTHIO YMOBY, LIO
BUPAXKAETBCS Y€pe3 PpO3B’SI30K IHTErPAJbHOI'O  PIBHSAHHA, ICHYBaHHS PpO3B’SI3KY  3ajadi
CIOCTEPEKYBAHOCTI.
9.  Teopemu mpo 3B’430K MDK CHOCTEPEKYBaHICTIO Ta KEPOBAHICTIO.
10. Imenrtudikarist B cuctemMax KepyBaHHSI.
11. KepoBaHnictb, ciocTepeKyBaHicTh, ileHTU(DIKAIiS TUCKPETHHUX JIIHIHHUX CUCTEM.
12. CriiikicTb 3a JISTyHOBUM NpOTpaMHUX PyXiB CHCTEM KEPYyBaHHS.
13. AHaniTH4YHE KOHCTPYIOBaHHS PETYJISITOPIB CUCTEM KEpyBaHHS.
14. Cucremun mepmoro HaOMWKEHHS 1 Apyrmid Meton JIsmyHOBa IS MOCHTIKEHHS CTIHKOCTI
MPOTPAMHHUX PYXiB.
15. TlocTaHoBKa 3a/a4i ONTUMAIBHOTO KEPYBaHHA K 3a/1a4i BapiamiiHOro unciaeHHs. [loctanoBka
3amad Jlarpanxa, Maiiepa, bonbis.
16. HeoOxinHi yMOBH 3HAXO/KSHHS ONITUMAJIBLHUX TPAEKTOPil METOJaMH BapiallitHOTO YUCICHHS.
17. Ywmona Sxo0i Ta 1ocTaTHI yMOBH €KCTpEeMyMy (PYHKIIOHAIIIB
18. HeoOximHi i JocTaTHI YMOBH [T QYHKI[IOHAIIIB BUIIMX TIOPSAKIB
19. 3aranpHa 3amada Jlarpanxa.
20. 3amaua 3 OOMEXEHHSMHU Ha KEPyBaHHS.
21. TawmineToHiaH abo kaHOHIYHA opma piBHAHB Eiinepa-Jlanpamka.

Test questions for Part 1
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.

Tunogi npuxnaou,, Wo 6UHOCUMbCA HA KOHMPOTLHY podomy 1

1. 3agaga Ha YMOBH IIIJIKOM KEPOBAHOCTI Ta CIIOCTEPEKYBAHOCTI.
3a sKuX 0OMeKeHb Ha BenmmuuHu b, , b,, @ cucrema, o HaBeJeHa HIDKYe, Oyae
a) LIJIKOM KEPOBAHOIO,

0) IIJIKOM CITOCTEPEIKYBAHOKO?

CrnocTepexeHHA Ma€e BUTISA: ) = X, .
2. Po3B’s3aTH 3a/1a4y aHAJITHYHOTO KOHCTPYIOBAHHS PETYJIATOPA JJIST CUCTEMU

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,
0) fully observable?

Xy = —x, +ax, +byu

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

.)&2 = _4x1 + 2x2 + u2

KonTpoabhi 3anutanns 1o Yactunu 2.

1. IloctaHoBka 3ajadi Ha MeTOJ] JUHAMIYHOIO IporpamyBaHHA. lIpMHIMI ONTHMANbHOCTI

bennmana.

2. PiBusnasa bennmmvana s 3a1a4i ONTUMANIBHOTO KEPYBAHHS 3 AUCKPETHAM 4acoM.

3. Meron tuHaAMiYHOTO TIPOTpaMyBaHHs (IUCKPETHUH 4ac).

4. 3amava CUHTE3y ONTHMAJIBHOTO KEPYyBaHHS B METOl JIWHAMIYHOTO MpOrpaMyBaHHS. BHCHOBKH:

MepeBary Ta HEJIONIKA METOLy TUHAMIYHOTO MPOrpaMyBaHHS.

5. PiBusaHs bennmana st 3a1a4i ONTUMAIBHOTO KEPYBaHHS 3 HETIEPEPBHUM YaCOM.

Metoa AMHAMIYHOTO POTpaMyBaHHS (HENEpEepBHU dac).

6. Teopemu po TOCTATHIO YMOBY ONITUMAIIBHOCTI — METOJT TMHAMIYHOTO TIPOTpaMyBaHHS

(menepepBHui uac). be3 noBeneHHS.

7. 3agaya CHHTE3y ONTHMAIBHOTO KEPYBAaHHS B METOI JMHAMIYHOTO MPOTPaMyBaHHSI.

8. Orsn yncenpHUX METOIB /IS 3a/1a9 ONITUMAJIbHOTO KepyBaHHS.

9.llpuanun makcumyMmy IlonTpsarina. IloctaHoBka 3amadi. Teopema mNpo HEOOXiNIHY YMOBY
ONTUMATBHOCTI (3aKpimiieHi KiHIi TpaekTopii, dpikcoBanuii uac). be3 moBeneHHs .

10. [Ipuanun makcumymy [lontpsirina. Teopema mpo HEoOXiHY YMOBY ONTHMAalbHOCTI (KiHII
TPAEKTOPii HEe 3aKpiMmieHi — BiNbHI 200 PyXOMi, MMOYATKOBWUH 1 KiHIICBU MOMEHTH Hacy —
(hixcoBani). be3 noBeneHHS.

11. Jlinifina 3a7a4a onTUMaNbHOI MBUAKOIT. Ha mpukmani cucteMu KepyBaHHS, 10 OMHCYETHCS
cucteMor0 2-x audepeHUiHHMX pIBHAHb 13 3aCTOCYBAaHHSAM MPUHIMIY MaKCUMYyMY
[TonTpsrina.

12. JluckpeTHHI MPUHIIUAT MakcuMyMy. TeopeMa (IUCKPETHHHA MPUHIIAIT 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).

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).

Tunogi npuxnaou,, Wo 6UHOCUMbCS HA KOHMPOTbHY pooomy 2

1. 3a gomomMoroxo MeTony Z[I/IHaMi‘IHOFO nporpaMmyBaHHs IJIsT TUCKPETHUX CUCTEM p03B’513aTI/I 3agavy

OIITUMAJIBHOT'O KEPYBAHHA :

X, =X, +u 3
0, = J ()= [ () + % (D) dt = x,(3) > inf
x2 _x]_X2+M 5 n
x(0)=0
| %, (0)[<1° [wO<1, [uD]<2, [u2)|<3.

2. 3ajaua Ha METOJ] IPUHIKIY MakcuMyMmy. Cepe TOMyCTHMUX KYCKOBO-HETIEpEpBHHUX KepyBaHb (1)

3HAWTH ONTHMAJIBHI 200 Mif03pii Ha ONTHMANBHI KepyBaHHs, MO MiHiMi3yroTh Gynkuionan J (%) mHa

TpaeKTOPisX AU(EepeHIiabHOI CHCTEMH, HaBEIEHOT HIDKYE.
1
J) =[O+ x> @)= > inf i(1) = u(r), 1€[0,1].
0

OO0wuBa KiHIII TPAEKTOPIi BITBHI.
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, (1)) dt = x,(3) > inf
x2 =X —x2 +u 0 u

x,(0)=0

| %,0)| <1 |u(@]<t,

u(h|<2,

u(2)|<3.

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

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

systems below.
1
J@) = [ @)+ @)dt-x* ) > inf  2() = u(r), t€[0,1].
0

Both ends of the trajectory are free.



IIuTanug »Ha icnut

1. IloctaHoBka 3ajzady oONTHUMaJbHOTO KepyBaHHs. Ilpukimanm cucteM kepyBaHHA Ta iX
MaTeMaTHYHHUX MOAETeH.

2. CTpyKTypHi CXeMH JAJIsl OMHUCY CUCTEM KEepYyBaHHS.

3. MareMaTiyHa IMOCTaHOBKA 3a/adi ONTUMAJIBHOIO KEPYBaHHS B 3arajlbHOMY BUIJIA[I.
OcHOBHI O3HaueHHs Ta TepMiHM. Teopema Npo iCHyBaHHA Ta €JUHICTh Yy3arajlbHEHUX
pO3B’sA3KIB  AM(epeHIialbHUX pIBHAHb 3 PO3PUBHUMH IpaBUMM dYacTUHaMu. bes
JIOBEJICHHS.

4. TlocraHoBKa 3ajgadi ONTHUMAaJbHOTO KEpyBaHHS SK 3aJadi BapiallifHOTO YHUCIECHHS.
[TocTanoBka 3amau Jlarpanxa, Maiiepa, bonb1is.

5. TlocraHoBKa Ta MOCTIKEHHS 3a/Jad KEPOBAHOCTI IS JiHIKHUX cucTeM. HectamioHapHi
cucremu. Teopema mpo HEOOXiAHY i JOCTATHIO YMOBY IIJTIKOM KEPOBAHOCTI.

6. IlocraHOBKa Ta JOCHiKEHHS 3agad KEpOBAaHOCTI UIA JiHiMHMX cucteM. CrarioHapHi
cucremu. Teopema nmpo HEOOXiAHY i JOCTATHIO YMOBY IIJTKOM KEPOBAHOCTI.

7. LlinkoM KepoBaHICTh Ha 3aJaHOMYy INPOMDKKY. Teopema Mpo ITOCTATHIO yYMOBY IIUTKOM
KEpPOBAHOCTI Ha 33JaHOMY MTPOMDKKY.

8. CrmocrepexyBaHICTh B JiHIHHUX CHCTEMax KepyBaHHS. Teopema MHpo JOCTaTHIO YMOBY
iCHYBaHHS PO3B’S3KY 3a/1a4i CIIOCTEPEKYBAHOCTI.

9. CrmocrtepeXyBaHICTh B JIIHIHHUX CHCTeMax KepyBaHHsS. Teopema mpo JOCTaTHIO YMOBY, IO
BUPAXAETHCS Yepe3 PO3B’SI30K IHTETPAIBHOTO DIBHAHHS, ICHYBaHHS pO3B’S3KY 3aaadi
CIIOCTEPEKYBAHOCTI.

10. Teopemu mpo 3B’SI30K MK CIIOCTEPEKYBAHICTIO T2 KEPOBAHICTIO.

11. Marpumi iMIynbCHUX mepexigHux (QyHKIIH Ta ix oOuncienHs. CHpsDKeHI CHUCTEMH.
TeopemMa npo BIaCTUBOCTI PO3B’A3KIB CIIPSKEHUX CUCTEM.

12. Tlpuanun makcumymy [lonTpsrina. IToctanoBka 3amaui. Teopema npo HEOOXiTHY yMOBY
ONTUMANBHOCTI (3aKpillieHi KiHI TpaekTopii, pikcoBaHmii yac). be3 moBeneHHs .

13. Tlpuamun makcumymy llonTpsrina. Teopema mpo HEOOXiHY YMOBY ONTHMAalbHOCTI
(xiHIi TpaekTOpii He 3aKpiIuleHi — BiTbHI 200 pyXOMi, MOYaTKOBHA 1 KiHIEBUH MOMEHTH
yacy — (hikcoBaHi).

14. Jlinifina 3ajada omnTuManbHOi mBHAKOAIL. Ha mpukimani cucteMu KepyBaHHS, IO
OIMUCYETHCA CHCTEMOIO 2-X Au(EepeHIHHUX PIBHAHB 13 3aCTOCYBaHHSAM TPUHLUITY
MakcumyMmy lloHTpsTiHA.

15. JIuckpeTHHi NpUHIMI MakcuMyMy. Teopema (IUCKPEeTHUN IPUHIUI MAKCUMYMY ).

16. IlocranoBka 3amavi Ha METOJA JAWHAMIYHOTO TporpamMyBaHHs. [IpWHIMI ONTHMAaNbHOCTI
bennmvana.

17. PiBusuHs Bennmana uist 3a/1a4i ONTUMAIBHOTO KEPYBaHHS 3 JIUCKPETHUM YaCOM.

18. MeTox qMHAMIYHOTO IPOTPaMyBaHHS (IMCKPETHHI Yac).

19. 3amava cHHTE3y ONTUMAIILHOTO KEPYBAaHHS B METO/Ii TMHAMIYHOTO TIPOTPaMyBaHHS.

20. PiBasnHs bermMana i 3a7a4qi oNTHMaIbHOTO KEPYBAaHHS 3 HENIEPEPBHUM YacoM.

21. MeTox qUHAMIYHOTO MPOTpaMyBaHHs (HETIEpEepPBHUH 4ac).

22. Teopemu PO JOCTATHIO YMOBY ONTHMAaJIbHOCTI — METOJ] JUHAMIYHOTO ITPOrpaMyBaHHs
(HemepepBHMIA yac).

23. 3ajaya CUHTE3y ONTUMAJILHOIO KEPyBaHHS B METO/lI AMHAMIYHOT'O IPOTrPaMyBaHHS.

24.3ama4a aHAJIITUYHOTO KOHCTPYIOBAHHS ONTHUMAJBHOIO PETYyJISATOpa B JIHIHHMX CHUCTEMax
KepyBaHH:.

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 Oprami3aitist OniHIOBaAHHS:
Tepminu npoBeneHHs1 GopM OLIHIOBAHHS
1. KonrponbHa pobota 1: 10 7 THXKHS cCeMecTpy.
2. Konrponbaa pobdota 2: 10 14 THXHS ceMecTpy.
3. IloTouyHe OLIHIOBAHHS: MPOTATOM CEMECTPY.

CTyneHT Mae mpaBo OJIUH pa3 MEPeCKIACTH MOAYJIbHY KOHTPOJBHY POOOTY 3 MOJKIMBICTIO
orpuMaTtu He Oumpme 80% OaiiB, mpu3HAUYeHUX 3a poOOoTy. TepMiH TepecKiIagaHHsS BU3HAYAE
BUKJIA/IaY.

3a BiJICYTHOCTI CTy/IeHTa 3 MOBKHUX MpuuuH nepesnada KP 3aiiicHIOETHCS BINOBIIHO 110
«ITonosxeHHs PO OpraHizaIifo OCBITHHOTO MPOLIECYY.



7.3 lllkaya BigmoBigHOCTI OLiHOK

Bigminno / Excellent 90-100
Hoope / Good 75-89
3anoBinbHO / Satisfactory 60-74
He3agoBinbHo / Fail 0-59




8. CTpykTypa HaBYaJAbHOI AUCUMILTIHA. TeMaTHYHUN MUIaH JeKIii

No
JIeKIil

Ha3ssa nexmii

KinekicTs rogud

Jlexmui

[IpakTuun
1 3aHATTS

CamocT.
pobota

Yacruna 1. [Ipobremu onTuManbHOTO KepyBaHHS. KepoBaHICTh, CIOCTEPEKYBAHICTB,
CTIMKICTh, METOIM BapiamifHOTO YHCIICHHS
Part 1. Problems of optimal control. Controllability, observability, stability, methods of

calculus of variations

Tema 1. [locTanoBKa 3a7a4 ONTUMAJIBLHOTO
KepyBaHHs, PUKJIAIU 3a/1a4 ONTUMAIILHOTO
kepyBaHHs. CTPYKTYpHI CXEMHU CHCTEM
KepyBaHHS

Camocmitina poboma: PO3rISHYTH TIPUKIIAIHA
3a71a4 KepPyBaHHS Ta JOCHTITUTH TTApaMeTpH SIKi
BXOJZISTh B TaKi 3a/1a4i.

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 mpo iCHYBaHHSI Ta €MHICTH
y3arajgbHEHHUX PO3B’A3KIB TU(PEPCHIIIHHUX PIBHIHb
3 PO3PpUBHUMHU ITPABUMU YaCTUHAMMU. ITocTtanoBka Ta
JTOCITIIDKEHHS 33/1a4 KEPOBAHOCTI st
HECTAlIOHApHUX Ta CTALIOHAPHUX CUCTEM.
Camocmitina poboma: Po3rinsHyTH NPUKIIATA
3aJla4 KepOBaHOCTI Pi3HUX KJIACiB Jus
HeCTaHiOHapHI/IX Ta CTaHiOHapHI/IX CHUCTEM

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 15 CTAI[IOHAPHHUX 1
HECTalliOHAPHUX JIHIMHUX cucTeM. 3B’ SI30K MK
CIIOCTEPEIKYBAHICTIO Ta KEPOBAHICTIO B CUCTEMAx
KepyBaHHS

Camocmitina poboma: Po3B’s13yBaHHsI
MPUKIIAJIB 33/1a4 KEPOBAHOCTI PI3HUX KIIACiB
JUTSI HECTAIIOHAPHUX Ta CTAIIOHAPHUX CUCTEM
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
non-stationary and stationary systems




Tema 4. CrioctepekyBaHICTh B CHCTEMAX
KepyBaHHs. 3B 30K MIXK CIIOCTEPEXKYBAHICTIO Ta
KEPOBAHICTIO B CUCTCMAX KE€PYyBaHHS.
[nentudikaris mapaMeTpiB CHCTEM KEPYBaHHSI.
KepoBanicTts, cioctepexxyBaHiCTb, i1eHTHDiKaLisA
JUCKPETHUX CUCTEM KEpPYBAHHS.

Camocmitina pooboma: Po3B’s3yBaHHS
MPUKIIAJiB HA CTIOCTEPEKYBaHICTh, KEPOBaHICTh
Ta izeHTudikalliro 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. CtiliKicTs MPOrPaMHOTO PYXy CHCTEM
KepyBaHHS. 3aada aHATITHIHOTO KOHCTPYIOBAHHS
ONTUMAJIBHOTO PETYJISITOpa B JIHIMHUX CHCTEMAaX
KepyBaHHS. 3acToCyBaHHsS MeToniB JIsamyHoBa 10
JIOCTIJKeHHS CTIHKOCTI MPOrpaMHUX PYyXiB.
Cucremu nepuioro HabJMKEHHS.

Camocmitina poboma: Po3B’si3yBaHHs
MPHUKIJIAJiB HA TOOYJIOBY ONITUMATBHHUX
PETYNIATOPIB Ta JOCHTIKEHHS CTIHKOCTI pyXy.
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. 3BeieHHS 3a/a4i KepyBaHHS JI0 3a]1a4i
BapiariitHoro yrcneHs. OCHOBHI 3aaad4i
BapiariitHoro urcneHss. HeoOxiani Ta
JIOCTATHI YMOBH 3HAXOJIKEHHSI €KCTPEMaTbHUX
TpaekTopiil. 3a1a4i Ha yMOBHUH €KCTPEMYM, 3
oOMeXeHHSMH Ha KepyBaHHsS. KaHoHiuHa
¢dopma piBasHb Eitnepa-Jlarpamxa.
Camocmitina pooboma: Po3B’s3yBaHHA
MPHUKJIAJIB HA BUKOPUCTAHHS METO/IiB
BapialifHOro YMCIICHHS JI0 3a/1a4 Teopil
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
equations.




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

Koumponvna poboma 1 test 1

1

Bcwoeo 3a yvacmunoro 1

12

46

Yactuna 2. Memoo ounamiunozo npoepamysanns. lpunyun maxcumymy Ilonmpseina.

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

7

Tema 7. lpuniun bennmana i pisusuas bemnmana
IUTSL CHCTEM 3 AUCKPETHHM JacoM. Meron
JTUHAMIYHOTO TIPOrPaMyBaHHs. AJITOPUTM METOLY
JMUHAMIYHOTO TPOrPaMyBaHHI.

Camocmitina poboma: Po3B’s13yBaHHsI
MPUKIIAJiB HA BUKOPUCTaHHS MeToay bennmmana
JUISL IUCKPETHUX 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. Pipusnus Bemuimana st cucreM 3
HETIepepBHIM 4acoM. 3aCTOCYBAHHS IPUHIUITY
Bbennmana 10 po3B’si3yBaHHsS OKpEMHX 3a7a4.
Camocmitina poooma: Po3B’s3yBaHHA
MPUKJIAJIIB HA BUKOPUCTaHHS MeToay bemmvana
JUISl HETIEPEPBHUX 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. PiBusinns Beutmana B iHTErpaibHiii Ta
nudepenuianbHii popmax.

Camocmitina pooboma: Po3B’s3yBaHHA
MPUKJIAJIIB HA BUKOPUCTaHHS MeToay bemmvana
B iHTErpallbHiil Ta qudepenuianbHii 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. 3agaua aHani THYHOTO KOHCTPYHOBAHHSI
ONTUMAJIBHOTO PETYIISATOpa B JIIHIHHUX CHCTEMax
KEepyBaHHSI.

Camocmitina pooboma: Po3B’s3yBaHHA
NPUKJIAiB HA BUKOPHUCTaHHS MeTony bemmmvana




111 KOHCTPYIOBaHHS ONTUMAJIBLHOTO
peryasTopa

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. Hpunin makcumymy TToHTpsITiHA AJIST 2 8
CHCTEM 3 HETIEPEPBHUM 4YacoM
Camocmitina poboma: Po3B’s13yBaHHsI
NPHUKJIA/iB HA BAKOPUCTAHHS TIPHHIIUAITY
makcumyMma [ToHTpsirina

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 [ToHTpsITiHa 1Tst 1 8
CHCTEM 3 TUCKPETHHM 4acoM. Y MOBH
3acTOCYBaHH:.3B 130K MIXK IPUHIIAIIOM MaKCUMyMy
Ta KJIACMYHUM BapialliiiHuM YucieHHIM. 3a1a4a
IBAAKOMIT.

Camocmitina poboma: Po3B’s13yBaHHsI
MPUKJIAJiB HA BUKOPUCTAHHS IPUHIIHAITY
MakcumyMma [loHTpsariHa 1uist TiHIRHEX 1
HETHIMHUX 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

Koumponvna poboma 2 test 2 1 7
Bcewoeo 3a wacmunoro 2 12 46
BCBOI'O 24 92

3aranpHuit o0csr 120 rox., y Tomy 4uci:
Jekuii — 24 rog.

KOHCYJbTaIli — 4 roJ

camocriiiHa poboTa - 92 roz.
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