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1. HammeHOBaHMe JUCHUIIINHBI
Optimal Control Theory

2. MecTo IMCHHUILIMHBI B CTPYKTYpeE 00pa30BaTeIbHOM NMPOrpaMMBbI

JlucuumniauHa BXOAUT B 00s3aTenbHy0 YacTh bioka « b.1 » oOpa3oBarenbHON IporpaMMBI [0 HANIPaBICHUSIM
MOATOTOBKH (CMEIUATBLHOCTSIM):

Hamnpasnenue noarotosku: 38.03.05 buznec-uHpopmaruka

HanpaBiieHHOCTh H(popMalinoHHbIE CUCTEMBI U OOJIbIINE JaHHbIE



3. [lnanupyembie pe3y/ibTaThl 00y4eHUs M0 AUCHUILINHE

B pesynbrare ocBoenus nuctuminasl Optimal Control Theory y oGyuaromerocs 10mKHbBI OBITh
c(OpPMHUPOBAHBI CIIETYIONTNE KOMIIETECHIIHH:

38.03.05 buznec-nHpOopMaTHKa (HampaBJIeHHOCTH : UH(pOpManmoOHHbBIE CHCTEMBI U OOJIBIITNE TaHHBIC)
IIK.1 CnocoGeH k 000CHOBaHMIO PEIICHUN
Nuaukaropsl
IK.1.1 ®opMupyeT BO3MOKHBIC PEIICHHS HA OCHOBE pa3paOO0TaHHBIX JIJIsl HUX IIEJIEBBIX TOKa3aTeen
IIK.1.2 [TpoBoauT ananu3, 000CHOBaHHE U BHIOOP pEIICHUS



4. O0beM U coJepkaHue TUCHUTITHHBI

HanpasjieHue moaAroroBKu

38.03.05 busnec-unpopmaruka (HarnpasieHHOCTh: MHopMaIoHHbIE
CUCTEMBI U OOJIbIINE JaHHBIE)

¢opma o0yuenus

(ak.4ac.)

OYHas
NeNe TpumecTpoB, 10
BbI/ICJICHHBIX 1JIS1 M3Y4YeHUS
AUCHMILINHBI
O0beM AUCIHUILIMHBI (3.€.) 3
O0beM JUCHUILIMHBI (AK.YaC.) 108
KonTakTHasi padora ¢ 42
npenoaaBartesieM (aK.4ac.),
B TOM YHCJIE:
IIpoBenenue JeKIUOHHBIX 14
3aHATHI
IIpoBenenne NpakKTHYECKHUX 28
3aHATHI, CEMHMHAPOB
CamocTrosiTesbHast padoTa 66

@®opMbI TeKyl1ero KOHTPOJIS

Bxonnoe tectupoBanue (1)
3amuiiaeMoe KOHTPOJIbHOE MepoIpusiTHe (2)
ITuceMeHHOE KOHTpOJIbHOE MeponpusTue (2)

DopMbI IPOMEKYTOUHOM
arrecTaumu

Ok3ameH (10 Tpumectp)




5. AHHOTHpOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

Optimal Control Theory
Brief historical background on extremal problems. Examples of optimal control problems for a one-industry
economy. General formulation of optimization problems. Solving the problem of optimal control of a
one-industry economy by a direct method. The discussion of the results. Problems of the classical calculus of
variations. Statement, determination of the solution, weak extremum, strong extremum. General idea of the
method of variations. A necessary condition for a local extremum in the simplest problem of the calculus of
variations. The Dubois-Reymond lemma. Euler equation, extremals. Variational problem with general linear
boundary conditions. Variational problem with retarded argument. Bolz's problem. transversality conditions.
Pontryagin's maximum principle. Formulation, proof by the method of needle variations. Application of
Pontryagin's maximum principle to the problem of optimal control of a one-industry economy. Dependence of
the moment of switching on the parameters of the problem. Sufficient optimality conditions in optimal control
problems. Main theorem and its proof. Modified theorem on sufficient optimality conditions, construction of
minimizing sequences. Tasks linear in control. Optimal control problem for a nonlinear macroeconomic model.
The condition of the main development. Optimal control problems for processes with discrete time.
Hamilton-Bellman method. Continuous and discrete cases. Application to the problem of optimization of the
investment process.

Topic 1. Introduction to extremal problems. Brief historical outline
Brief historical background on extremal problems. Examples of optimal control problems for a one-industry
economy. General formulation of optimization problems. Solving the problem of optimal control of a
one-industry economy by a direct method. The discussion of the results.

Topic 2. Problems of the calculus of variations
Problems of the classical calculus of variations. Statement, determination of the solution, weak extremum,
strong extremum. General idea of the method of variations. A necessary condition for a local extremum in the
simplest problem of the calculus of variations. The Dubois-Reymond lemma. Euler equation, extremals.
Variational problem with general linear boundary conditions. Variational problem with retarded argument.
Bolz's problem. transversality conditions.

Topic 3. Pontryagin's maximum principle
Pontryagin's maximum principle. Formulation, proof by the method of needle variations. Application of
Pontryagin's maximum principle to the problem of optimal control of a one-industry economy. Dependence of
the moment of switching on the parameters of the problem.

Topic 4. Sufficient optimality conditions
Sufficient optimality conditions in optimal control problems. Main theorem and its proof. Modified theorem on
sufficient optimality conditions, construction of minimizing sequences. Tasks linear in control. Optimal control
problem for a nonlinear macroeconomic model. The condition of the main development.

Topic 5. Optimal control problems for processes with discrete time
Optimal control problems for processes with discrete time. Hamilton-Bellman method. Continuous and discrete
cases. Application to the problem of optimization of the investment process.

Preparation for the final test Preparation for the final test
Preparation for the final certification in the discipline. Brief historical background on extremal problems.
Examples of optimal control problems for a one-industry economy. General formulation of optimization
problems. Solving the problem of optimal control of a one-industry economy by a direct method. The discussion
of the results. Problems of the classical calculus of variations. Statement, determination of the solution, weak
extremum, strong extremum. General idea of the method of variations. A necessary condition for a local



extremum in the simplest problem of the calculus of variations. The Dubois-Reymond lemma. Euler equation,
extremals. Variational problem with general linear boundary conditions. Variational problem with retarded
argument. Bolz's problem. transversality conditions. Pontryagin's maximum principle. Formulation, proof by the
method of needle variations. Application of Pontryagin's maximum principle to the problem of optimal control
of a one-industry economy. Dependence of the moment of switching on the parameters of the problem.
Sufficient optimality conditions in optimal control problems. Main theorem and its proof. Modified theorem on
sufficient optimality conditions, construction of minimizing sequences. Tasks linear in control. Optimal control
problem for a nonlinear macroeconomic model. The condition of the main development. Optimal control
problems for processes with discrete time. Hamilton-Bellman method. Continuous and discrete cases.
Application to the problem of optimization of the investment process.



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. IlepeyeHb OCHOBHOM M IONOJTHUTEILHON Y4eOHOH JTUTEPATYyPHI
OcHoBHas:
1. Maksimov V. P. Continuous mathematical models. Computer workshop on attainability and control

problems:textbook/Vladimir P. Maksimov.-Perm:Perm University Press,2019, ISBN 978-5-7944-3319-7.-119.
https://elis.psu.ru/node/596003

2. Maksimov V. P. Optimal control of dynamic economic models. An elementary introduction/V. P.
Maksimov.-ITepmb:IlepMckuii rocyaapcTBeHHBIH HALIMOHATIBHBIN HCCIIe0BaTENIbCKUN YHUBEpcuTeT,2000,
ISBN 5-7944-0718-2.-1. https://elis.psu.ru/node/468046

JdomosHuTeIbHAS:

1. Maksimov V. P. Continuous mathematical models. Computer workshop on attainability and control
problems:textbook/Vladimir P. Maksimov.-Perm:Perm University Press,2019, ISBN 978-5-7944-3319-7.-119.
https://elis.psu.ru/node/596003



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

https://en.wikipedia.org/wiki/Optimal_control Optimal Control
https://en.wikipedia.org/wiki/Lev_Pontryagin Lev Pontryagin
https://en.wikipedia.org/wiki/Richard_E. Bellman Richard E. Bellman
https://en.wikipedia.org/wiki/Calculus_of variations Calculus of variations
https://en.wikipedia.org/wiki/Pontryagin%27s_maximum_principle Maximum principle
https://en.wikipedia.org/wiki/Hamilton% E2%80%93Jacobi%E2%80%93Bellman_equation
Hamilton—Jacobi—Bellman equation
https://en.wikipedia.org/wiki/Bellman_equation Bellman equation
https://en.wikipedia.org/wiki/Optimal_control Optimal Control
10. Ilepeyenb HHGOPMAITMOHHBIX TEXHOJIOTHH, NCIOJIb3YeMbIX MPH OCYIIeCTBJIEHUHN
00pa30BaTeJIbHOI0 MpoIecca MO JMCUUILIHHE

O6pazoBatenpHbI nporiecc no auciuminae Optimal Control Theory npeanonaraet ucnosiib30BaHUE
CIIETyFOIIIETO MPOTPAMMHOTO 00eCTIeUeHHs M HHPOPMAIIMOHHBIX CIIPABOYHBIX CHCTEM:
1) presentation materials (slides on the topics of lectures);

2) on-line access to the Electronic library system (ELS);

3) access to the electronic information and educational environment of the University;
4) Internet services and electronic resources.

List of required licensed and / or freely distributed software:

1) Maple V Release 4 (Free Software),

2) Scilab 6.1 (Free Software),

3) Applications that allow you to view and play the media content of PDF files;

4) Office application packages.

1) mpe3eHTalMOHHBIE MaTepUaibl (CIaiabl IO TeMaM JIEKIIMOHHBIX M MPAKTUYECKUX 3aHATUH);

2) mocTym B pexume on-line B DnekTpoHHyto 6nbanoTeunyto cucremy (O3bC);

3) D0CTYII B 3JIEKTPOHHYIO HH(GOPMAIIMOHHO-00pa30BaTEbHYIO CPEly YHUBEPCUTETA;

4) UHTEPHET-CEPBUCHI U FIEKTPOHHBIE PECYPCHI;

[Tepeyenr HEOOXOIUMOTO JTUIIEH3UOHHOTO U (MJIM) CBOOOIHO PaCIpOCTPAHSIEMOTO TPOTrPAMMHOTO
obecrieyeHust:

1) Maple V Release 4 (cBo6oanoe I10),

2) Scilab 6.1 (cBo6oanoe I10),

3) npuokeHus1, mo3BoJstoniee npocMatpuBats PDF-¢aiinbl 1 Bocipon3BOAUTE METUAKOHTEHT;
4) oucHbIe MaKeThl MPUIOKECHHUH.

[Tpu ocBOeHMM MaTepHalia U BHIMOJIHEHHS 3aITaHHI 10 JUCIUIUIMHE PEKOMEHYETCs HCTIOIh30BaHUE
MaTepuasoB, pa3MeleHHbIX B JImunbix kabuHeTax ooyuaromuxcss ETUC [ITHUY (student.psu.ru).

[Ipu opranu3anuu TUCTaHIIMOHHON paOOTHI M TPOBEJICHHUH 3aHATHN B PEKUME OHJIAWH MOTYT
WCTIOTh30BAThCS:

cucteMa BueokoH(pepeHIcBs3u Ha ocHoBe miatdopmer BigBlueButton (https://bigbluebutton.org/).

cucrema LMS Moodle (http://e-learn.psu.ru/), koTopast moaIep>KkuBaeT BO3MOKHOCTh HCIIOJIb30BAHHS
TCKCTOBBIX MAaTCPUAJIOB U Hpe3€HTaHHﬁ, ayJJuoO- U BUJACOKOHTCHT, a TaK K€ TCCThI, IPOBCPACMBIC 3a/laHN,
3aJJaHuA JJ11 COBMECTHOI paboThI.

cuctema tectupoBanus Indigo (https://indigotech.ru/).



11. Onucanue MaTepHAJIbLHO-TEXHUYECKOI 0a3bl, HE0OX0AMMOM AJIs1 OCYIIeCTBJICHUS
00pa30BaTeJBHOI0 NpoLecca 1o JMCUHILINHE

The material and technical base is provided by the availability of:

1. Lecture classes - an audience equipped with presentation equipment (projector, screen, computer / laptop)
with appropriate software, chalk (s) or marker board.

2. Seminar-type classes (seminars, practical classes) - an audience equipped with presentation equipment
(projector, screen, computer / laptop) with appropriate software, chalk (s) or marker board.

3. Laboratory classes - a computer class equipped with personal computers and appropriate software. The
composition of the equipment is specified in the Passport of the computer class.

4. Independent work - an audience for independent work, equipped with computer equipment with the ability to
connect to the Internet, provided with access to the electronic information and educational environment of the
University. Premises of the Scientific library of PSU.

5. Current control - an audience equipped with presentation equipment (projector, screen, computer / laptop)
with appropriate software, chalk (s) or marker board.

MarepuanbHO-TeXHHUYECKas 0a3a 00ecreunBaeTCs] HATMYUEM:

1. JIeKuMOHHBIE 3aHATHS - Ay AUTOPUS, OCHAILIICHHAS IIPE3EHTALlMOHHOM TeXHUKOH (IIPOEKTOP, IKPaH,
KOMITBIOTEP/HOYTOYK) C COOTBETCTBYIOILIUM MPOTPaAaMMHBIM 00eCIieYeHHEM, MEJIOBOU (1) WU MapKepHOM
JIOCKOH.
2. 3aHATHI CEMUHAPCKOTO TUTA (MPAKTUYECKUE 3aHATHS) - Ay JUTOPHS, OCHAIIIEHHAs IPEe3eHTallMOHHON
TEXHUKOU (ITPOEKTOP, IKpaH, KOMIIBIOTEP/HOYTOYK) C COOTBETCTBYIOIIMM IPOTPAMMHBIM 00ECIICYCHHUEM,
MEJIOBOM (M) MIIM MapKEPHOU JTOCKOM.
3. JlJaGopaTopHbIe 3aHATHS - KOMITBIOTEPHBIN KJIACC, OCHAIIICHHBIA MepcoHAbHBIMA DBM U COOTBETCTBYIOITUM
nporpaMMHbIM obecrieueHnem. CocraB 00opyaoBaHus onpezeseH B [lacnopre KOMIIbIOTEpHOTO Kilacca.
4. CamocTosTeNbHas paboTa - ayIUTOPHS I CAMOCTOSITEIbHOU PabOThI, OCHAIIIEHHAs KOMITBIOTEPHOM
TEXHUKOH ¢ BO3MOXXHOCTBIO MOJAKIIOYEHHUs K ceTn «IHTepHeT», obecreueHHast JOCTYIIOM B JIEKTPOHHYIO
nHPOPMaLMOHHO-00pa3oBaTeNbHyIo cpeny yHuBepcurera. [lomemenus Hayunoit Oubnuorexu [II'HUY.
5. Tekyuil KOHTPOJIb U IIPOMEKYTOUYHAs aTTECTALU - Ay IUTOPHS, OCHAILEHHAs [IPE3CHTALIMOHHON TEXHUKON
(mpoeKkTop, 3KpaH, KOMIbIOTEP/HOYTOYK) C COOTBETCTBYIOIIMM POTrPaMMHBIM 00€CIIeYeHUEM, MEJIOBOM (1) niu
MapKepHO# 1ockoi. Mnu ayauTopusi, OCHaIlleHHas: MEJI0BO (M) WM MapKEepHOH JTOCKOH.

[Tomemenust HayyHoii 6ubnuorexku [II'HUY mist o6ecrieueHns: caMOCTOATEIbHON PabOThl 00yUYaOIIUXCS:

1. Hayuno-6ubnuorpadudeckuii otaen, kopi.l, aya. 142. O6opynoBaH 3 nepcoHaIbHBIMH KOMIIBIOTEPA C
JIOCTYTIOM K JIOKaJbHOM U T7100aIbHONM KOMIBIOTEPHBIM CETSIM.

2. UnTanpHbIN 3aJ1 TYMaHUTAPHOMW JIUTEPATypPhl, KOpIL 2, aya. 418. O6opyaoBaH 7 nepcoOHATbHBIMU
KOMITBIOTEPAMH € JOCTYIOM K JIOKaJIbHOW U T7100a1bHONH KOMIBIOTEPHBIM CETSIM.

3. YuTanbHbIN 3a11 €CTECTBEHHOU IUTEpaTyphl, Kopi.6, aya. 107a. O6opyaoBaH 5 nepcoHaIbHbIMU
KOMIIBIOTEpPAMHU C JOCTYIOM K JIOKaJbHOW U T7100a1bHONH KOMIIBIOTEPHBIM CETSIM.

4. Otnen MHOCTPAHHOM JHUTEpaTyphl, Kopm.2 aya. 207. O6opynoBan 1 nepcoHaIbHBIM KOMIIBIOTEPOM C
JOCTYTIOM K JIOKaJIbHOM U T7100aIbHONW KOMIIBIOTEPHBIM CETSIM.

5. bubnmoreka ropuanyeckoro ¢akynpTera, Kopn.9, ayn. 4. O6opynosana 11 nepcoHambHBIMU
KOMIIBIOTEPAMH C IOCTYTIOM K JIOKaJIbHOH U I7T00AIbHOM KOMIIBIOTEPHBIM CETSIM.

6. UuranbHblii 3a1 reorpaduyeckoro gaxyiabTera, Kopi.8, aya. 419. O6opyaoBaH 6 nepcoHaNIbHBIMU
KOMIIbIOTEPAMH C IOCTYIIOM K JIOKaJIbHOM U INT00AIbHOM KOMIIBIOTEPHBIM CETSM.



Bce koMmbloTephl, yCTAaHOBIICHHBIE B IOMENICHUAX HAYYHONH OMOIMOTEKH, OCHAIICHBI CIIETYIOIIUM
MIPOrpaMMHBIM 0OecTieYeHUEM:

Omneparmonnas cuctema ALT Linux;

Oducnprii maket Libreoffice.

CnpaBouno-npaBoBas cucrema «Koncynprantlmrocy»



®oHbI OLIEHOYHBIX CPEACTB IS ATTECTAIUH MO TUCHHILTHHE
Optimal Control Theory

I[lnannpyembie pe3yabTaThl 00y4eHHsl 0 TUCHUILIHHE IS GOPMUPOBAHUS KOMIIETEHIIUM.
NuaukaTopbl M KPpUTEPUU UX OLleHMBAHUS

IK.1

Cnoco0eH K 000CHOBAHUIO pelIeHH i

Komnerenuus IInanupyemsle pe3yJibTaThl Kpurtepun oneHnBanus pe3yjbTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
IIK.1.2 Conducts analysis, justification HeynosisierBopuren

[IpoBoaut ananus,
000CcHOBaHUE U BEIOOP
peweHus

and selection of the optimal
solution in optimal control
problems

Does not know how to analyze solutions in

optimal control problems.

Does not possess the skills of substantiation and

choice of solutions in optimal control problems.

Does not know the optimal control model.

YnoBaerBopuTebH

Able to analyze solutions in optimal control

problems at an unsatisfactory level.

Possesses the skills of substantiation and choice

of solutions in optimal control problems at an

unsatisfactory level.

Uncertain knowledge of optimal control models.
Xopouo

Able to analyze solutions in optimal control

problems at a good level.

Possesses the skills of substantiation and

decision making at a good level.

In general, he knows optimal control models.
OtanyHo

He is able to perform solution analysis in

optimal control problems at an excellent level.

Possesses the skills of substantiation and

decision making at an excellent level.

Demonstrates high knowledge of optimal

control models.

nK.1.1

dopMHUpYyET BO3MOXKHbBIE
peIIeHus] Ha OCHOBE
pa3pabOTaHHBIX I HUX
IIEJICBRIX TTOKA3aTeIICH

Forms possible solutions based on
the target indicators developed for
them in optimal control problems.

HeynosiaerBopure
He does not have the skills to formulate possible
solutions based on the target indicators
developed for them in optimal control problems.

Does not know the optimal control model.

Cannot solve optimal control problems.
Y10BJ1€TBOPUTEbH

Has the skills to formulate possible solutions

based on the target indicators developed for




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

YnoBj1eTBOPUTEbH
them in optimal control problems at a
satisfactory level.

Knows models of optimal control at a
satisfactory level.

Able to solve optimal control problems at a
satisfactory level.

Xopouo
Has the skills to formulate possible solutions
based on the target indicators developed for
them in optimal control problems at a good
level.

In general, he knows optimal control models.

Able to solve optimal control problems at a
good level.

OtanyHo
Has the skills to formulate possible solutions
based on the target indicators developed for

them in optimal control problems at an excellent

level.

Knows optimal control models at an excellent
level.

Able to solve optimal control problems at an
excellent level.




OueHoYHbBIE CPEACTBA TEKYIIEr0 KOHTPOJISI M IPOMEKYTOUYHOM aTTecTanun

Cxema nocTaBku ;. ba3zoBas

Bujx MeponpusiTusi NpoMeKyTOYHOM aTTecTANMH : DK3aMeH
Crnioco0 npoBeeHnst MepoONpHUATHS MPOMEKYTOYHOM aTrTecTanuy : OleHKa 0 JUCLMIUIMHE B paMKax
MIPOMEKYTOYHOM aTTeCTallMK ONPeIesIeTCs] Ha OCHOBE 0aJlJIOB, HAOpPAHHBIX 00YYaIOIMMCS Ha KOHTPOJIBHBIX

MCPOIIPUATHAX, IPOBOAUMBIX B TCU

CHHUC yqe6Hor0 nepuonaa.

MakcumMajibHO€e KoanuecTBo 0amioB : 100

KonBeprauusi 60a/U10B B 0TMETKH

«oTau4Ho» - oT 81 no 100
«xopomo» - ot 61 o 80
«YAOBJIETBOPUTEJIBHO» - OT 41 110

60

«HEyI0BJIeTBOPUTEIbHO» / «<He3auTeHo» MeHee 41 Oamna

KoMmnerenuus
(uHaAMKATOP)

Meponpusitue
TeKYILero KOHTPoJIs

Kountposmpyemblie 3jieMeHTbI
pe3yJibTAaTOB 00y4eHHs

BxoaHoii KOHTPOJIb

Topic 1. Introduction to
extremal problems. Brief
historical outline
BxomHoe TeCTHPOBAHHE

Basics of mathematical analysis,

Fundamentals of the theory of differential
equations.

MK.1.2
[TpoBoauT ananu3, 060CHOBaHHE U
BBIOOp pEIICHHS

Topic 2. Problems of the
calculus of variations
3amumaeMoe KOHTPOJIbHOE
MeponpusiTue

Some performance problems. Optimization
of consumption at a constant rate of
accumulation. Consumption optimization

at a piecewise constant consumption rate.
Investigation of the simplest problems of
the calculus of variations.

MK.1.2
[IpoBoaut ananus, 000CHOBaHUE U
BBIOOp pelieHus

Topic 3. Pontryagin's
maximum principle
3ammiaemMoe KOHTPOJIbHOE
MeponpusiTHe

Pontryagin's maximum principle. Sufficient
optimality conditions. Optimal control
problem for a nonlinear macroeconomic
model.

MK.1.2
[IpoBoaut ananus, 000CHOBaHUE U
BBIOOp perieHus

Topic 5. Optimal control
problems for processes with
discrete time

ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTHe

Bellman equation. The principle of
optimality. Dynamic programming. The
problem of optimal distribution of
investments.




Komnerennus
(MHaUKATOP)

Meponpusitue
TeKylero KOHTPOoJIs

KonTposnpyemble 3jieMeHTbI
pe3yJbTaTOB 00yYeHUs

I1K.1.2

Preparation for the final test

[IpoBoaut ananus, obocHoBanue u | Preparation for the final test

BBIOOp PEIICHHS
MK.1.1
DopMUpyeT BOZMOKHbBIE

Ha OCHOBE pa3pabOTaHHBIX ISt
HUX LEJIEBBIX MTOKa3aTelen

ITucbMeHHOE KOHTPOJIbHOE

MeponpusiTue
peleHus

Brief historical background on extremal
problems. Examples of optimal control
problems for a one-industry economy.
General formulation of optimization
problems. Solving the problem of optimal
control of a one-industry economy by a
direct method. The discussion of the
results. Problems of the classical calculus
of variations. Statement, determination of
the solution, weak extremum, strong
extremum. General idea of the method of
variations. A necessary condition for a local
extremum in the simplest problem of the
calculus of variations. The
Dubois-Reymond lemma. Euler equation,
extremals. Variational problem with
general linear boundary conditions.
Variational problem with retarded
argument. Bolz's problem. transversality
conditions. Pontryagin's maximum
principle. Formulation, proof by the method
of needle variations. Application of
Pontryagin's maximum principle to the
problem of optimal control of a
one-industry economy. Dependence of the
moment of switching on the parameters of
the problem. Sufficient optimality
conditions in optimal control problems.
Main theorem and its proof. Modified
theorem on sufficient optimality conditions,
construction of minimizing sequences.
Tasks linear in control. Optimal control
problem for a nonlinear macroeconomic
model. The condition of the main
development. Optimal control problems for
processes with discrete time.
Hamilton-Bellman method. Continuous and
discrete cases. Application to the problem
of optimization of the investment process.

Crnenudukanuss MeponpuATHI TEKylIero KOHTPOJIA

Topic 1. Introduction to extremal problems. Brief historical outline



ITpoaomKUTENTEHOCTD TPOBEICHUS MEPONIPUATHUS IPOMEKYTOUHOM aTTeCTalluU: 2 yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChl ay/IMTOPHOM padoThI

MaxkcruMaibHbIi 0aJl1, BHICTABIIIEMBIH 32 MEPONPUATHE IPOMEXKYTOUHOM aTTecTanuu: 0
[IpoxoaHoii 6am: 0

IToxa3aTeIu onleHUBAHUS Baaasl
All probems are solved correctly 10
More then 4 problems are solved correctly 4.1
Topic 2. Problems of the calculus of variations
[Ipon0mKUTENTBHOCTE IPOBEACHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTECTAlUu: 2 Yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChl ay/IMTOPHOH padoThI
MaxkcuMaibHbIi 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUSATHE IPOMEKYTOUHON aTTecTauuu: 30
ITpoxoanoii 6amn: 12.3
IToxa3aTeIu onleHUBAHUS Baaasl
Optimization of consumption at a constant rate of accumulation 10
The study of the simplest problems of the calculus of variations 10
Optimization of consumption at a piecewise constant rate of consumption 10
Topic 3. Pontryagin's maximum principle
[Ipo0mKUTENTBHOCTE IPOBEACHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTECTAlMU: 2 Yaca
VY cnoBus IpOBENECHNS MEPOIIPUATHUS: B Yachl ayAUTOPHOMH padoThI
MaxkcuMaibHbIi 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUSATUE POMEKYTOUHON aTTecTauuu: 20
IIpoxoaHoii 6ann: 8.2
IToxa3aTeIu onleHUBAHUS Baaasl
The task is completely solved. 20
The task is completely partial. 8.2
Topic 5. Optimal control problems for processes with discrete time
[IpoK0mKUTENTBHOCTE IPOBENCHNS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTECTAlUu: 2 Yaca
VY cnoBus IpOBENECHNS MEPOIIPUATHUS: B YaChl ayAUTOPHOM padoThI
MaxkcuManbHbIN 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUSATUE TPOMEKYTOUHON aTTecTauuu: 20
IIpoxoaHoii 6ann: 8.2
IToxa3aTeu oneHUBaHUS Baaasl
The task is completely solved. 20
The task is completely partial. 8.2

Preparation for the final test Preparation for the final test

[IponoIKUTENIBHOCTE TPOBECHUSI MEPOTIPUATHS MPOMEKYTOUYHOM aTTECTALNU: 2 Yyaca
VY cnoBus IPOBENECHNS MEPOIIPUATHUS: B 4aChl ayAUTOPHOMH padoThI

MaxkcuManbHbIN 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUSATUE TPOMEKYTOUHON aTTecTauuu: 30
[Tpoxomnoii 6amr: 12.3




IMoka3aTenu oneHUBaHUS Bannsi
The student answered all questions correctly. 30
The student answered at least 41 percent of the questions correctly. 12.3




