CrnennanbHocth: CHCTEeMHBIH aHaJM3, yIpaBjieHne u o0padorka madopmanun (05.13.01)
B IPUJI0KEHUH K JHEepPreTHYecKuM cucTeMam

1. OcHOBHBIE MOHATHSA H 3a1aYM CHCTEMHOI'0 aHAJIN3A

[lTonsATHA O CHCTEMHOM TOIXOJle, CHUCTEMHOM aHaiu3e. BbIeNeHne CHUCTeMBl U3 CpEabl,
ONpENEICHUE CUCTEMBL. YTPaBIsAEMOCTh, JOCTHKUMOCTh, YCTOMUMBOCTh. CBOICTBA CHUCTEMBI:
LEJIOCTHOCTh U JIEKOMIIO3UPYEMOCTh, CBA3HOCTb, CTPYKTypa, OpraHu3alusi, UHTETPUPOBAHHbBIC
KayecTBa.

Mogenu cucTeM: CTaTHYecKue, IUHaMH4Yeckue, HWHQOpManmoHHble, u 1ap. [Ipumepsl
sHepreTudeckux cucreM. Kiaccudukanuss cucTeM: MpOCTble M CIOXHbBIE, AaKTUBHBIE U
MIaCCUBHBIE, CTA0OMIIbHBIEC U PAa3BUBAIOIINECS CHCTEMBI, U T.JI.

OCHOBHBIE METOJOJIOTUYECKUE IPUHIUIBI aHAJIN3A CUCTEM. 3a7aul CUCTEMHOIO aHAJIN3A.

2. Moaean 1 MeTOAbI peleHuit

[TocTanoBka 3amau. Knaccudukanus 3amad. Itamnbl pemieHus 3a1ad. DKCIEPTHOE OLICHUBAHUE.
[TpuMephl U3 SHEPTETUYECKUX CUCTEM.

MeTtoasl MHOTOKpHUTEpPHAIbHON OLIEHKHU alIbTepHATUB. [IprMephl U3 SHEPreTUYECKUX CUCTEM.

[IpunsTHEe peleHuH B YCIOBUSAX HEONpPENeNeHHOCTH. CTaTUCTUYECKHE MOJEIU HPHUHSATUS
peenuii. [IpumMepsl U3 SHEPreTUYECKUX CUCTEM.

Mogenu 1 METOIbI IPUHATHS PEIICHUH MpH HeueTKoW mH(opMarun. 3a1a4l MaTeMaTHIeCKOTO
IIPOrpaMMHUPOBAHUS ITPH HEUETKUX UCXOIHBIX yCI0BUX. [[puMeprl N3 sHEpreTH4eCKUX CUCTEM.

[TocTaHOBKM 3a7a4 Ha OCHOBE DPa3IWYHBIX MPHUHIMIIOB ONTHUMAIBHOCTU. [IpuHATHE pemenuit
IIpY HEYETKOM OTHOLICHUM IMPEANOYTEHUH Ha MHOXECTBE anbTepHartuB. Ilpumepsl wu3
JSHEPTreTHUYECKUX CUCTEM.

Urpa xak Mmozens KOHGIUKTHON cuTyanuu. [IpuMepsl U3 SHEPreTHUECKUX CHCTEM.

3. OnTumMu3anus 1 MaTeMaTHYeCKOe MPOrpaMMHUpPOBaHHe

OnTUMHU3aMOHHBIN MOAXO0N K MpoOjemMaM ynpaBlieHUs M NPHUHIATHUS pemieHui. Jlomyctumoe
MHOKECTBO U LienieBasi pyHKIus. POpMBbI 3aMUCH 3a/1a4 MaTEMaTUYECKOT0 IPOrpaMMHUPOBAHUS.
Krnaccudukanus 3a1aq MaTeMaTHIeCKOro MPOrpaMMHUPOBAHHSL.

[TocranoBka 3amauu JUHEHHOTO mMporpamMupoBaHus. CTaHgapTHas M KaHOHUYEcKas (GOpMbI

3anuCcH. ['MNEepIIOCKOCTH W MOJIYNMPOCTpaHCTBA. [[OMyCTUMBIE MHOXKECTBA U ONTUMAJIbHBIC
penieHus 3a/1a4 JIMHEHHOTo MporpaMMHUpOBaHus. Brimykiibie MHOKecTBa. CUMILIIEKC-METO/.



JlokanbHbI U TI00aTBHBINA SKcTpeMyM. HeoOxoauMble U TOCTaTOYHbBIE YCIOBUS 0€3yCIOBHOTO
skcTpemyma auddeperuupyemsix GyHKImiA. 3amaun 00 YCIOBHOM 3KCTPEMyME M METOJ
MHOXxuTener Jlarpanxka. Metoasr 6e3ycioBHOM onTuMu3aiii. CKOPOCTH CXOAUMOCTH. MeTo b
rnepBoro mnopsaka. I'paguentHsie MeToasl. Metoasl BToporo nopsaka. Meroax HerotoHa u ero
MoaubUKaIIH.

OCHOBHBIE TOIXOABI K PEHICHWIO ONTHMH3ALMOHHBIX 3a/la4 C OTpaHMYCHHUAMHU. MeTomabl
CBEJICHMS 3aJa4 C OTPaHUYCHHUAMH K 3a/1a4aM 0e3yCIIOBHOW onTHMU3anuu. MeTop! mTpadHbIX
(byHKIMHA.

3ajauym  CTOXAaCTHMYECKOrO0  MpOorpaMMHpOBaHusA. MeTOIbl  KOHEUHBIX  pa3HOCTEH B
CTOXaCTUYECKOM MPOrpaMMHUPOBAaHUU. METOABI CTOXAaCTUYECKOM anmpoKcuManuu. MeToabl
cinydaiiHoro momcka. (CTOXacTHYeCKHE 3aJaddl C OTPAHWYCHUSIMU BEPOSTHOCTEH MPHUPOIBI.
Meroasl U 3aaud JUCKPETHOrO IPOrpaMMUPOBaHUS. 3adaud LEIOYUCICHHOTO JIUHEHHOTO
MPOrpaMMHUPOBAHMS. 3aJadyd ONTUMHU3AlMKU Ha ceTax u rpadax. MeTon JTHMHAMUYECKOTO
MPOrPAMMHUPOBAHMUSL.

CMelaHHbIe OIITUMHU3AIIMOHHBIC 3aJa4H. 3anaq1/1 IJIaHUPOBAHUA. HpI/IMepLI N3 BJICKTPUYICCKUX
" TCIIJIOBBIX CUCTCEM, CUCTCM CHa0KEHMS Ta30M.

4. OCHOBBI TEOPUH YNIPABJICHUSA

OCHOBHBIC TOHSTHS TEOPUHM YIPABICHUS: IENW M TMPUHLIUIBI YIPABICHUS, JUHAMHYECKUE
cucTeMbl. MaremaTHyecKoe ONUCaHHEe OOBEKTOB YIIPABICHMs: IMPOCTPAHCTBO COCTOSHHM,
nepeaaTouHsle  (PyHKIUHM, CTPYKTypHBbIE cXeMbl. OCHOBHBIE 3aJa4ll TEOPUHU YIPaBJICHUS:
cTa0mim3anusi, CJIEeKEHHe, TMPOrpaMMHOE  YIpaBIICHHE, ONTHUMAJbHOE  YIIpaBICHHE,
JKCTpeMalibHOE perynupoBaHue. IloHsaTHe 00 yCTOWYMBOCTH CHUCTEM YNpPaBJIECHUS. DJIEMEHTBI
TEOPUH CTAOWIIM3aLUU. YTPaBIIeMOCTh, HAOIIOIAaEMOCTb, CTAOMIM3UPYEMOCTb. AOCOIIOTHAS
YCTOMUMBOCTh W CTa0WIM3alys. YTpaBJICHHE B YCJIOBUSAX HEONPEAEICHHOCTH. MeTOob
UCCIICZIOBAaHMs TIOBEICHUS HENMHEWHBIX cucteM. Kiaccupukanus ONTHUMAJIbHBIX CHCTEM.
[Mpunuun ontumanbHoro ynpasinenus ([lonTpsruna). JluHamMudyeckoe NPOrpaMMHUpPOBAHHE.
ITpumeps! 3a1a4 ynpaBiIeHUs] S HEPTeTHUECKUMH CUCTEMaMHU.

5. KomnbloTepHble TeXHOJIOruM 00padoTku nHGopManun

Omnpenenenne u oOmas KiraccupUKays BUAOB HH(DOPMAIMOHHBIX TexXHOJoruil. Mopenu,
METOABl W CpeACTBa cOoOpa, XpaHEHHS, KOMMYHHKalMM W 00paboTku uH(OpManuum c
UCTOJb30BAaHUEM  KOMIbIOTEpoB.  I[IporpaMMHO-TeXHHMYECKHE  CPEICTBa  peaju3aluu
COBPEMEHHBIX O(UCHBIX TeXHOJIOTHIH. CTaHIapThI MOJIb30BATEILCKUX HHTEpdeiicoB. Cozmanne u
00paboTka TEKCTOBBIX (ailIoOB U TOKYMEHTOB C HCIIOJIb30BAaHHEM TEKCTOBBIX PENAKTOPOB M
nporeccopoB. IlporpamMubie cpeacTBa co3gaHMs U 00paOOTKH AJIEKTPOHHBIX — TaOJIHII.
[IporpammHubIe cpencTBa co3faHus Tpadudeckux o0bekToB. [loHATHE WHPOPMALMOHHOM
cucTeMbl, 0aHKU 1 0a3bl JaHHBIX. SI3bIKM IPOrpaMMHUPOBaHUS ISl pabOThI ¢ 6a3aMM JAHHBIX.



KOMHBIOTepHBIC TCXHOJIOTUU U A3BIKH IMPOTrpaMMHUPOBAHUA JIA 3(1)(1)CKTI/IBHBIX BBIUMCIICHUN U
pa6OTBI C HAy4YHbBIMU JaHHBIMH. CucreMbl U S3BIKH JUIS aHajim3a H I/ICCJ'IGI[OBaHI/Iﬁ
OQHCPIrCTHYCCKHUX CUCTCM.

[Mpuntuner QyHkmonupoBanus Internet, TumoBsie WHGOPMAIIMOHHBIE OOBEKTHI M PECYPCHI.
KimoueBrie acnektst WWW-texHonorun. Apapecauust B cetu Internet. Meroasl u cpencrsa
noricka nH(opmarnuu B Internet, HHPOPMAITMOHHO-TTOMCKOBBIC CUCTEMBI.

OCHOBHBIE pa3felibl TEOPUU CJIOKHOCTH U MPWIOKEHUNH HCKYCCTBEHHOTO HHTEIJIEKTA.
Omnmcanue W mocTaHOBKA 3amaud. Kitaccumdukanus 3agad 1o CTENEHH CIOXKHOCTH. JIMHeHHbIe
anroputMsl. [lomnHOMHANBHBIE aATOPUTMBI. DKCIOHEHIIUATbHBIE AITOPUTMBI.
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Specialty: System Analysis, Control and Information Processing (05.13.01) with
Application to Energy Systems.

1. Basic concepts and problems of system analysis.

Concepts of system approach and system analysis. System allocation from the environment,
system definition. Controllability, attainability, stability. System properties: integrity and
decomposition, connectivity, structure, organization, integrated qualities.

System models: static, dynamic, informational etc. Examples of energy systems. Systems
classification: simple and complex, active and passive, stable and developing systems etc.

Basic methodological principles of system analysis. System analysis problems.

2. Models and solution methods.
Problems statements. Problems classification. Solution stages. Expert evaluation. Examples of
energy systems.

Methods of multi-criteria evaluation of alternatives. Examples of energy systems.

Decision-making under uncertainty. Statistical decision-making models. Examples of energy
systems.

Models and decision-making methods with fuzzy information. Mathematical programming
problems with fuzzy initial conditions. Examples of energy systems.

Game theory as a theory of conflict resolution. Examples of energy systems.

3. Optimization and mathematical programming.

Optimization approach to control problems and decision-making. Domain set and objective
function. Notation forms of mathematical programming problems. Classification of
mathematical programming problems.

Statement of a linear programming problem. Standard and canonical forms. Hyperplanes and
half-spaces. Domain sets and optimal solutions of linear programming problems. Convex sets.
The simplex method.

Local and global extrema. Necessary and sufficient conditions for an unconditional extremum of
differentiable functions. Problems on conditional extrema and Lagrange multipliers technique.



Unconstrained optimization methods. Rate of convergence. First-order methods. Gradient
methods. Second-order methods. Newton’s method and its modifications.

Main approaches for solving optimization problems with constraints. Methods to reduce a
constraint optimization problems to unconstrained ones. Penalty and barrier methods.

Stochastic programming problem. Finite-differences method for stochastic programming
problem. Stochastic approximation methods. Random search methods. Stochastic programming
with probability constraints. Methods and problems of discrete programming. Integer linear
programming problems. Optimization problems on networks and graphs. Dynamic
programming.

Mixed optimization problems. Optimization problems in production planning. Examples of
electrical and thermal systems, gas supply systems.

4. Control theory basics.

Basic concepts of the control theory: objectives and control principles, dynamic systems.
Mathematical description of control objects: state space, transfer functions, block diagrams.
Main problems in control theory: stabilization, tracking, programed control, optimal control,
extreme regulation. Control systems stability. Elements of stability theory. Controllability,
observability, stabilizability. Absolute stability and stabilization. Control under uncertainty
conditions. Methods of research of behaviour of nonlinear systems. Classification of optimal
systems. Pontryagin’s principle in optimal control. Dynamic programming. Examples of control
problems in energy systems.

5. Computer technologies of information processing.

Definition and general classification of types of information technology. Models, methods and
means of collection, storage, communication and processing information using computers.
Software technical means of implementation of modern office technology. Standards for user
interfaces. Creating and handling text files and documents using text editors and processors.
Software for creating and editing spreadsheets. Software for creating graphical objects. Concept
of information systems, banks and databases. Programming languages to work with databases.

Computer technology and programming languages for efficient computing and working with
scientific data. Systems and languages for analysis and research energy systems.



Principles of the Internet, typical information objects and resources. Key aspects of the WWW

technology. Addressing in the Internet. Methods and means of information search in the Internet,

information retrieval system.

Principal aspects of the computational complexity theory and applications of artificial

intelligence. Description and statement of the problem. Problems classification according to the

degree of complexity. Linear-time algorithms. Polynomial-time algorithms. Exponential-time

algorithms.
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