CoenmajabHOCTh: MareMaTu4eckoe MOJEIUPOBAHUE, YHUCICHHBIE METOAbl M  KOMILJICKCHI
nporpamm (05.13.18) B MpuiIoKeHUN K SHEPTETUIECKUM CUCTEMaM

1. MaTemaTnuyeckoe MoJieJJUPOBaHHE

OO0uue NPpUHIMIIBI MOIEJTUPOBAHNS

Tunsl mMareMaTtudyeckux mojeneid. Moxaenu (U3HUECKUX, XUMHUYECKUX, TEPMOAMHAMUYECKUX U
SHEPreTUYECKUX  MpOIecCOB. MOJENMpOBAHHE  TEXHOJOTMYECKUX, OPraHU3AlMOHHBIX U
TEXHUKO-D)KOHOMUYECKUX mporieccoB. [loaxompl K MOAETMpPOBaHHUIO. AJIEKBATHOCTH MOJICIH.
To4HOCTP MOJIETM U METOJA PELICHUS. 3aKOHbl COXpPaHEHUsT M CUMMETPUU Kak ammapar ajs
MOCTPOEHUA Moieiel. Peaykuust pa3MepHOCTH.

Hcnonb3oBaHue METOI0B aHAJIM3A IPH MOJACJIMPOBAHUHI

OyHKIMKA ¥ UX Tpaduku, HeMpephIBHOCTh U auddepennupyeMocts Gynkiuid. opmyna Teinopa
(pa3noxeHus B psax) i QyHKIME OAHON M MHOTMX NepeMeHHbIX. MccnenoBanue Ha 3KCTpeMyM
GbyHKIMI OAHOM M MHOTMX HepeMeHHbIX. Psaasl @ypre. MHTErpanbHoe HCUYUCIEHUE. DIEMEHThI
KOMIUIEKCHOT'O aHaJIN3a.

AareOpanyeckue Moaen

Jlunelinplie omeparopsl W KBaapaTHuHble (opMbl. COOCTBEHHBIE YHCIa U COOCTBEHHBIE BEKTOPHI
JUHEHHOTO OllepaTopa, aJrOPUTM HMX BhIUKMCICHUS. [IpuMephl MCIONB30BaHUS anreOpandecKux
MCETOA0B HpI/I MO,[[G.HI/IpOBaHI/II/I (bH3I/I‘-ICCKI/IX, I/IH)KeHepHBIX 1 COIIMAJIBHBIX HpOLICCCOB.

JuddepenunaibHbie H HHTErPajibHbIe YPABHEHUA

Pemenue cucteMbl TMHEHHBIX MU (EpEeHIINATFHBIX YPaBHEHUH ¢ IOCTOSHHBIMU K03 duiimenramu.
3aBUCHMOCTh pemieHus Au(pGepeHINaIFHOTO YPaBHEHUS! OT HAa4YaJbHBIX YCIOBHH W MapameTpOB.
YcroitunBocth. OcoOble TOUKM cucTembl auddepeHnnanbHbIX  ypaBHEHUH. lcmonb3oBaHue
OOBIKHOBEHHBIX I depeHManbHBIX  YpaBHEHMH TNpU  PEHICHHHM TNPHKIAJHBIX  3a7ad.
Knaccudukanumss nuHeWHbIX nup@depeHIualbHbIX YpaBHEHUH B  YacTHBIX IPOU3BOJHBIX.
['unepOonueckue, MUIMNTHYCCKAE W TTapaboInIecKne YPaBHEHUSI U METOJIbI X PeIIeHHs. 3a1aun
Hupuxne u Heiimana (kpaeBble 3aJaud) M HX CBEAEHHE K WHTETPAJIbHBIM YpPaBHEHMSM.
Hcnonp30BaHue ypaBHEHUI B YACTHBIX MPOU3BOAHBIX IPU PELICHUHU MPUKIATHBIX 3a]1a4.

CroxacTuyeckue MoJeJIu.

Crnyualinple Mpolecchl B MPUPOIHBIX M MH)KEHEPHBIX CUCTEMAax, B TOM YHCIIE B dHEPreTUYECKUX
cuctemax. OcHOBBI Teopuu BeposiTHocTH. DyHkuMu pacnpeneneHus. KoneunomepHbsie (QyHKIMH
pacnpenenenus. OCHOBBI TeOpUH MH(POpMANIUUA. DHTPOIHUS. 3aKOH OOJBIIUX YHCEI, [IEHTpaIbHas
npeneibHas TeopeMa M MX HCIOJIb30BAaHHME MPU MOJACTUPOBAHUU CIYYalHBIX SBICHHHA. ['aycCcOBBI
ciydaitaple  mporieccbl. OCHOBBI  O0Opa0OTKHM CTATUCTHUYECKHX JAaHHBIX. MapKOBCKHE IICIH.
[TyaccoHoBBI TpoIlecChl/CTaTUCTHKA. JIaH)KEBEHOBCKHE MPOLIECChl. YPAaBHEHHUS Ha 3BOJIOLUIO
(GYHKIIUH pacnpeielIeHHs B MPOCTPAHCTBE COCTOSIHUS U METOJIbI UX aHAN3A.

I'paduyeckne u cereBble MOAETH

I'padpr mnst ommcaHusi cUCTeM M CeTEd, B TOM 4YHCIE HSHEPreTHYecKuX. AnreOpanyeckue H
muddepeHranbHbple ypaBHeHHsT Ha rpadax. JIuHeliHble ¥ HeNWHEHHble ypaBHEHHs Ha rpadax.
3agaya OmpesieNeHusl COCTOSIHUSI DHEPreTHYeCKOW CEeTH. YCIOBHS CyIIECTBOBAHUS PELICHUS
(pemaemMocTh), MHOKECTBEHHBIE pEIIeHUs. 3aJaydl C CEeTEeBBIMU OrpaHuyeHusMHU. [Ipumepsl u3
DIIEKTPHUYECKUX M TEIUIOBBIX CHCTEM, CUCTeM CHaOXeHHs ra3oM. MoJenMpoBaHHE HCTOYHUKOB H
notpeOuTenei.



OOpatHble 3a1a4u

OOpaieHne JETEPMUHUCTHUYECKHMX M CTOXAaCTUYECKHX 3aBUCHUMOCTe. PaboTa ¢ maHHBIMH.
BoccranoBnenue monenu mo AaHHbIM. OCHOBBI MalIMHHOTO oOyueHus. HeiliponHble cetu —
riy0oOKHe U HerayOoKue.

2. 3anayu u Moneau OnTuMuU3anum U YnpapJjieHus

3agaum U MoJeJ I ONTUMHU3ALUHU

OnTUMH3AIMOHHBIA MMOAX0J K MpoOJiieMaM YINpaBlIeHWS W TPUHIATHS pemeHui. JlomycTumoe
MHOKECTBO U IienieBast (pyHKuus. Dopmbl 3amucu 3ajad MaTeMaTHYEeCKOro MPOrpPaMMUPOBAHMS.
Knaccudukanus 3aqa4 MaTeMaTH4eCKOTO MPOTrPAMMHUPOBAHHS.

[ToctaHoBKa 3amauu JUHEWHOro NporpamMMupoBaHus. CraHmapTHas W KaHOHWYECKas (HOPMEI
3aliCh. [ 'MIEPIUIOCKOCTH M MOJIyHNPOCTPAaHCTBA. JIONMyCTHMMBIE MHOXKECTBA W ONTHUMAJIBHBIC
peleHns 3a1a4 JUHEHHOro MporpaMMUpoBanysl. Beinmykible MHOXkeCTBA. CUMILIEKC-METOI.

JlokanbHbIl U THO0ANBHBIA 3KCTpeMyM. HeoOxomumbie yclOBUSI M JOCTATOYHBIE O€3yCIOBHOTO
skcTpemyMa nuddepeHupyemMpix  QyHKOUA.  3agadd 00 YCIOBHOM OJKCTPEMyME M METOJ
MHOXHUTener Jlarpamka. Metoasl 6e3ycioBHON onTtuMu3anuu. CKOPOCTH CXOJUMOCTH. MeTob
nepBoro nopsaka. I'paguentHeie Metoasl. Meroasl Broporo mnopsiaka. Meron HerootoHa u ero
MoAu(UKAIIIH.

OcHOBHEIC nmoaxoJabl K PpPEIICHHUIO 3aga4 C OI'paHUYCHUSIMU. MGTO)II)I CBCJACHHA 3aJad C
OTpaHUYCHUAMHU K 3aJavdaM 6e3y0HOBHOI>’I OIITUMU3AIINH. MGTOI[LI I_HTpa(l)HBIX n 6apbepHBIX

GyHKIUI.

3ajaund CTOXACTHYECKOrO MporpaMMUpoBaHus. MeTo bl KOHEUHBIX PA3HOCTEH B CTOXAaCTUYECKOM
MpOrpaMMHUPOBaHUU. METO/Ibl CTOXAaCTUYECKOW ammpoOKCUMAIMu. MeToapl CIy4alHOTro IOHCKA.
CroxacTuyeckue 3aJaud C OIPAaHUYEHUSIMH BEPOATHOCTEHM MpUpoAsl. Meroasl © 3a7adu
JUCKPETHOr'o IporpaMMHupOBaHU. 33}13‘-11/1 OEJIO0OYUCICHHOI'O JIMHEHHOTO mporpaMMHupOBaHUs.
3aaun ONTUMHU3AIMH Ha ceTAX u rpadax. MeToa TMHAMUYECKOTO MPOrpaMMUPOBAHHS.

CmMenIanHbIE OIITUMMH3AIIMOHHBIC 3aJa4H. 33,[[3‘11/1 IJIaHUPOBAHUA. HpI/IMepBI N3 JJICKTPUUYCCKUX U
TCIIJIOBBIX CUCTEM, CUCTEM CHA0KEHHS Ta30M.

3agaum ¥ Moje/ N yripaBJIeHUs

OCHOBHbBIEC TIOHATHUS TEOPUM YHPABICHMS: LEJIM M TPUHLUMUIBI YIPaBICHUS, JIUHAMHYECKUE
cUCTeMBl. MareMaTHUecKoe ONHCaHue OOBEKTOB YIPABJICHUS: IPOCTPAHCTBO COCTOSHHIA,
nepenaTouyHble  QYyHKIUHU, CTPYKTypHble cxembl. OCHOBHBIE 3aJjaud TEOPUHU YIIPABICHUSA:
cTabmnu3anus, Clie)KeHne, MPOrpaMMHOE YIpaBJIeHUE, ONTUMAILHOE YIPABICHHE, SKCTPEMAIBHOE
perynupoBanue. [loHsatre 00 YCTOHYMBOCTH CHCTEM YINPABICHUS. OJIEMEHThI TEOPUHU
ctabunuzanuu.  YMpaBiseMOCTb,  HAaOMIOJaeMOCTh,  CTaOMIM3UPYeMOCTh.  AOcCONOTHas
YCTOWYMBOCTh M cTa0mwiM3anus. YTNpaBieHHE B YCIOBHMSIX HEONpPENEIeHHOCTH. MeTosl
WCCIIeIOBaHMS MMOBEACHUS HENMHEHWHBIX cucteM. Knaccudukaius onTuManbHbIX cucteM. [IpunHnummn
ontumanbsHoro ympasienus (Ilontpsiruna). JluHamuueckoe mporpammupoBanue. [Ipumepst 3amau
YIOpaBlIEHUS! JHEPIeTUYECKUMU CUCTEMaMH.

3. YncjaeHHbIe METOALI

HNuTepnonsiuyus n npuéanxenne GyHKIHUIA.



OOmast mocraHoBKa 3ajaun  uHTepnoisaiuu. IlommHoMmMHManeHas wuHTepnonsauus. Hawmmydmee
paBHOMEpPHOE UM  CpeAHEKBaJpaThyecKoe npuOamxkeHue  QGyHKIUA  0OOOIICHHBIMH U
OpPTOTOHAJILHBIMU MHOTO4YJIeHaMu. BpiOop kimacca anmmpokcumupyommx ¢yHkiuid. Hemunelinsle
npubmmwkenus. CrocoObl TuHeapu3anuu. YucieHHoe WHTerpupoBaHue u auddepeHupoBaHue.
[Ipocreiiime kBaapaTypHble (OPMYIBI, OLIEHKH MOrpenrHocTeil. UncneHHble METOAbI JIMHEHHOM
anreOpbl. BekTopHble 1 MaTpuuHble HOPMBL. [IpsiMble U UTEpallMOHHBIE METO/IbI PEIICHUS CUCTEM
JUHEHHBIX anreOpanueckux ypaBHeHui. MccrnemoBaHue CXOAMMOCTH WTEPALMOHHBIX METOJIOB.
I'panuentHbie MeTonbl. PelneHune HenuHeHHbIX ypaBHeHuM. MrepartuBHble MeTozibl. UncieHHbIE
IIPOLIEYPBl pEeHIEHUs 3a7a4 JUHAMUYECKOTO NMPOrPaMMHUPOBAaHUs. YHCIECHHBIE METO/ABI PEIICHUS
croxacTuueckux 3anad. Monte-Kapno. Merton omxura. MeToael TeHepalMM HE3aBUCHMBIX
BEIOOPOK.

OcCHOBHEIC pasaciibl TCOpUU CIOKHOCTU U HpI/IJIO)KeHI/If/'I HCKYCCTBCHHOI'O MHTCJIJICKTA. Onucanue u
IIOCTaHOBKa 3aJayvH. KJ'IaCCI/I(bI/IKaI_[I/IH 3aga4 IIO CTCIICHHU CJIOXXHOCTH. JIuneliHbIC AJITOPUTMBI.
ITonmuHOMUAIBLHBIS AJITOPUTMBI. 9KCHOHCHI_[I/I€LHBHLI€‘ AJITOPUTMBI.

4. KoMIu1eKChbI IPOrpamMm

bazoBble mOHATHA: ApXWTEKTypa M THIIBI KOMIBIOTEPOB. OnepannoOHHBIE CUCTEMBI. SI3BIKH
IIPOrpaMMHUPOBAHUSL.

CoBpemeHHbBIe 001IeMHKEHEPHBbIE IPOrPAMMHbIE CHCTEMbI

OcHOBHBIE BO3MOXXHOCTH COBPEMEHHBIX CHCTEM KOMIIBIOTEpHOW anreOpsl Ha MpUMeEpe
Mathematica. Cuctema MHXEHEpHBIX U HAy4HBIX BblYMcIeHUNH Matlab (OCHOBHBIE 3JIEMEHTHI s13bIKa
MHTEPIIPETATOPA CUCTEMbI, OCHOBHBIE BO3MO>KHOCTH CHUCTEMBbl, OCHOBHBIE MAaKEThl IMPHUKIAIHBIX
nporpaMMm cuctembl). [lakeTel mporpamm Juis MOCTAaHOBKM M PELIEHHs 3a/ad Ha ONpejAeTeHHe
COCTOSIHUS, ONITUMU3ALIUU U YIIPABJIEHUS SHEPTETUYECKUMH CUCTEMAaMHU.
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Specialty: Mathematical Modelling, Numerical Methods and Set of Programmes (05.13.18) with Application to
Energy Systems.

1. Mathematical modelling

General modeling principles.
Types of mathematical models. Models of physical, chemical, thermodynamic and energy processes. Modeling of
technological, organizational and techno-economic processes. Modeling approaches. Model adequacy. Model and

solution accuracy. Conservation and symmetry laws as an apparatus for constructing models. Dimension reduction.

Use of analysis methods in modeling.
Functions and their graphs, continuity and differentiability of functions. Taylor series for functions of one and many
variables. Extremum points of functions of one and many variables. Fourier series. Integral calculus. Elements of

complex analysis.

Algebraic models.
Linear transformations and quadratic forms. Eigenvalues and eigenvectors of a linear transformation, an algorithms to

compute them. Examples of algebraic methods usage in modeling physical, engineering and social processes.

Differential and Integral Equations.

Solution of a system of linear differential equations with constant coefficients. Dependence of the solution of a
differential equation on the initial conditions and parameters. Stability. Equilibrium points of a system of differential
equations. Using ordinary differential equations to solve applied problems. Classification of linear partial differential
equations. Hyperbolic, elliptic and parabolic equations and methods to solve them. Dirichlet and Neumann problems
(boundary value problems) and their reduction to integral equations. Usage of partial differential equations to solve
applied problems.

Stochastic models.

Random processes in natural and engineering systems, including energy systems. Fundamentals of probability theory.
Distribution functions. Finite-dimensional probability distributions. Fundamentals of information theory. Entropy. The
law of large numbers, the central limit theorem and their applications to a random processes modeling. Gaussian
process. Fundamentals of statistical data processing. Markov chains. Poisson processes / statistics. Langevin equation.

Equation on evolution distribution function of the phase space and methods for their analysis.

Graphical and network models.

Graphs for the description of systems and networks, including energy. Algebraic and differential equations on graphs.
Linear and nonlinear equations on graphs. The task of determining the state of the power grid. Conditions for the
existence of a solution (solvability), multiple solutions. Problems under network constraints. Examples of electrical

and thermal systems, gas supply systems. Modeling of sources and consumers.
Inverse problems.

Inversion of deterministic and stochastic dependencies. Data analysis. Recovery of a model according to data.

Fundamentals of machine learning. Deep and shallow neural networks.

2. Problems and Models of Optimization and Control

Optimization problems and models.



Optimization approach to problems of control and decision-making. Domain set and objective function. Notations 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 unconstrained extrema of differentiable
functions. Problems on constrained extrema and Lagrange multipliers technique. Unconstrained optimization methods.
Rate of convergence. First-order method. Gradient methods. Second-order methods. Newton’s method and its
modifications.

Main approaches for solving optimization problems with constraints. Methods for to reduce constraint optimization
problems to unconditional ones. Penalty and barrier function 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.

Problems and models in control theory.

Basic concepts of 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.

3. Numerical methods.

Interpolation and approximation of functions.
General formulation of the interpolation problem. Polynomial interpolation. The best uniform and least square
approximation of functions by generalized and orthogonal polynomials. Selecting a class of approximating functions.

Nonlinear approximation. Linearization methods. Numerical integration and differentiation.

The simplest quadrature rules, error estimation. Numerical methods of linear algebra. Vector and matrix norms. Direct
and iterative methods for solving systems of linear equations. Convergence analysis for iterative methods. Gradient
methods. Solution of nonlinear equations. Iterative methods. Numerical procedures for solving dynamic programming
problems. Numerical methods for solving stochastic problems. Monte Carlo. Simulated annealing. Pseudo-random

number sampling.

Main topics of 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.

4. Software systems

Basic concepts: Architecture and types of computers. Operation Systems. Programming languages.
Modern general engineering software systems

Basic possibilities of computer algebra modern systems on the example of Mathematica. Engineering and scientific

calculations system Matlab (system interpreter language main elements, main features of the system, main packages



of the system application programs). Software packages to setup and solve state determination problems, energy

systems optimization and management.
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