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1. EJIb OCBOEHMA JUCIIUITJIMHbI

Jucununnuza «MojenupoBaHue M BIMJALMS» BXOAUT B IPOrpaMMy MarucTparypsl
«bammctrnyeckoe IMPOCKTUPOBAHNEC KOCMHUYCCKUX KOMIIJIICKCOB M CHUCTEM» II0 HaIIPaBJICHHIO
01.04.02 «IIpuknagnas matematuka W uH(pOpMaTtuka» W m3ydaercs B 1 cemectpe 1 Kypca.
Huctunmuny peanusyet Kadeapa Bysa-Ilaptaépa. Jucuummmna coctout u3 3 pa3aenos u 13 tem
u HanpasiieHa Ha uzyueHue fundamental principles of deterministic systems, system identification,
stochastic systems; analysis of the main methods for solving typical problems and familiarization

with the area of their application in professional activities.

Ienbro ocBoenus aucuuiumnbel sBissercst formation of fundamental knowledge and skills in
applying problem solving methods necessary for professional activities, increasing the general
level of literacy of students in the discipline Modelling and Validation.

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUSA JUCHUITVIMHDI

OcBoenne auCHUILTUHBI «MoeIMpoBaHue U BaIUJIALMs» HAIPaBiIeHO Ha (JOPMUPOBAHUE Y
00yJaroImuxcs CIEAYIONINX KOMIIETCHIINHN (YacTH KOMITETECHIINN ):

Tabnuya 2.1. Ilepeuenv komnemenyutl, Gopmupyemvix y 00yYAOWUXCL NPU OCBOCHUU
OUCYUNTIUHBL (Pe3VTbmambvl 0C80EHUS OUCYUNTUHDL)

HNHaukaTopbl 10CTHKEHH KOMIIEeTeHIMT
lnpp Kommerenuus (B pamMKax JaHHOW JTHCIUIIIMHBI)
Crioco6eH HCcKaTh HyKHbIE
HUCTOYHHUKH MH(POPMAIMH 1
JTaHHbIE, BOCIIPUHUMATB,
aHATM3UPOBATh, 3ATIOMUHATH U
;fﬁ:i::g;;;i%oﬁrggg;’& VYK-7.1 OcymiecTBisieT HOUCK HYKHBIX HCTOYHIKOB HHPOPMALIUU
CDEIICTB, & TAICKE C MOMOIIBIO U IJaHHBIX, BOCIPUHUMAET, AaHATU3UPYET, 3aIOMUHAET U TIepENacT
AIFOpHTMOB TIDH paboTe ¢ nH(pOpMALHIO € HCIIOIb30BaHNEM IIU(DPOBBIX CPECTB, a TAKKE C
MOMOIIBIO AJITOPUTMOB TIPH PadOTE C MOTYYEHHBIMU U3 PA3IHMYHbBIX
YK-7 Hzggz;;iﬁzm;liﬁzinq:;; MCTOYHHMKOB JAHHBIMHU C [eJIBI0 3()(hDEKTHBHOTO HCIIOIB30BAHUS
! (I)GI(TI/IBHOII“[O chonbsol-;aﬂnﬂ MOTy4eHHOW MH(OPMAIMH JUTsI PEIICHHS 33/1a4;;
HOMyYCHHO MHbOpMAIHH /TS YK-7.2 [IpoBoauT o1eHKY HH(DOPMAIIMH, €€ JOCTOBEPHOCTD,
CTPOWT JIOTHYECKHE YMO3AK/IIOUeHHS Ha OCHOBAaHUHU TIOCTYHAIOIINX
pelnieHus 3aa4; IPOBOAUTH HH(OPMALLIHN H IAHHBIX.:
OIIeHKY HH(pOpMAIINH, € ’
JIOCTOBEPHOCTb, CTPOUTH
JIOTHYECKUE YMO3aKIIIOUEeHHUS Ha
OCHOBaHMHU MOCTYNAIOIINX
nH(popManny U TaHHBIX
I1K-1.1 Obnanaer GpyHIaMEHTaIbHBIMU 3HAHUSMH, TIOJTYYCHHBIMU
Cli0COGEH GOpMYTUPOBATS LIGIIH, B 00J1aCTH MaTeMaTHYECKHX M (MJIN) €CTECTBEHHbIX HayK,
3a/a4M HAYUHbIX HCCICAOBAH B MPOTrPaMMHUPOBAHUS U HH(OPMAIIMOHHBIX TEXHOJIOTHH;;
oBMacTH MpHKIAEOH ITK-1.2 Ymeer HaXOZHT, (bopMynpoBaTh U PelaTh CTaHIAPTHBIE
MATEMaTHKH 1 HH(OPMATHKH, 3aJauu B co6CTBeHH01/IU HAy4YHO-UCCIIE0BATENbCKON NeATEIbHOCTH
K-1 BLIMHCIHTE O Texrikr 1 |5 obiacti TPHKIIaHON MATEMATHKHA U WHPOPMATHKH, 3
. BBIYUCIUTEIFHON TEXHUKHA U COBPEMEHHBIX TEXHOJIOTHI
COBPEMEHHBIX TEXHOJIOTHI HPOrPAMMHPOBAHMA::
Hﬁg;g;ﬁﬁ"fg:;:it EI;EZE 3;5 I1K-1.3 Nmeet npakTHYECKUil OMBIT liaquo-HccnenosaTenLCKoﬁ
sanad JIESITETIHHOCTH B OOJIACTH MPHUKIIAHOW MaTEMaTHKH U
MHPOPMATHKH, BEIYNCIUTENIFHON TEXHUKH U COBPEMEHHBIX
TEXHOJIOTHH MPOrpaMMHPOBAHUSL.;
CnocobeH npuMeHsTh I1K-2.1 3HaeT coBpeMEHHbIE TEOPETUIECKHE U
COBPEMEHHBIE TEOPETUUECKHE U | IKCIIEPUMEHTAIIbHBIE METO/IBI Pa3pabOTKH MaTeMaTH4YeCKUX
[K-2 SKCHEPUMEHTANbHbBIE METOABl  |MOAENeH, MHHOBALIMOHHBIE HHCTPYMEHTAIbHbIE CPECTBA
pa3pabOTKN MaTeMaTUYEeCKUX  |[IPOSKTUPOBAHUS U SJIEMEHTBI apXUTEKTYPHBIX PELICHUH
MoJieJIel HCClIelyeMbIX 00bEKTOB |MH(OPMALIOHHBIX CUCTEM;;




I/IH}II/IKaTOPLI JOCTHIKCHHUSI KOMIIETCHIINHN

Mudp Komnerennus o
(B paMKax JaHHOUW TUCUUTUIMHBI)

u mporieccoB, oTHocsmuxcesa k- |I[IK-2.2 YMmeer pa3pabaTeiBaTh U pean30BbIBATE AITOPHUTMEI
npodeccHoHaNIBEHOM MaTeMaTHYECKUX MOJeNel Ha 06a3e sI3BIKOB U MAaKETOB MTPUKIATHBIX
JEATEIFHOCTH 110 HAIPAaBJICHUIO |IIPOrpaMM MOAEINPOBAHMS;;
MOATOTOBKHY M yaacTBoBaTh B X |[1K-2.3 MimeeT mpakTudeckuii OmbIT pa3paboTKi BapHAHTOB
peann3ayy B BUIE peanu3anyuy THYOPMAIIOHHBIX CUCTEM C HCIIOJIb30BAHUEM
IIPOTrPaMMHBIX POJYKTOB WHHOBAIIMOHHBIX HHCTPYMEHTAIBHBIX CPEJICTB.;

3. MECTO JUCIMIIJIMHBI B CTPYKTYPE OII BO

HucuumnuHa «MoaenupoBaHUe U BaJIWJAIUSA» OTHOCHTCS K 4YacTH, (GOopMUPYyeMOit
y4acTHUKaMH  00pa3oBaTeNbHBIX  OTHOmeHWH  Omoka 1 «/ucuummuHbel  (MOIYNH)»
00pa30BaTeNbHOM MPOrpaMMbI BBICIIETO 00Opa30BaHUS.

B pamkax oOpa3zoBaTesnbHON MpOrpamMmbl BBICIIETO OOpa30BaHUS OOYYAIOIIMECS TaKXKe
OCBaWBAIOT JApPyrue JUCHUIUIMHBI W/HWIW  TPAKTHKH, CIOCOOCTBYIOIIME  JIOCTHIKECHHUIO
3aIIaHUPOBAHHBIX PE3YIHTATOB OCBOCHUS AUCHMILTUHBI «MOAENIMPOBaHNE U BaTHIAIUS.

Tabnuya 3.1. Ilepeuenv komnonenmos OI1 BO, cnocobcmeyrowux O00CmMuiceHur
3aNJIAHUPOBAHHBIX PE3VIbMAMO8 0C80CHUS OUCYUNTUHBL

penmecrByromue Hocaenyomue
HIngp Haumenosanue }Jl/lcfll/lz:lﬂﬂﬂblyMOI;yﬂﬂ, }:[l/lcul/lﬂﬂl/lill)l:l/l\]fOZ[yﬂPl,
KOMIIETEHIIUH % %
NPAKTHKH NPAKTHKH
Croco0eH HCKaTh HY)KHBIC
HCTOYHUKH HHPOPMALIMH 1
JaHHbIE, BOCIIPHHIMATH,
aHAIM3UPOBATH, 3A[IOMHHATH Advanced Methods of Remote
U Tiepe1aBaTh HHPOPMAIIHIO Sensing and Geoinformation
C UCIIOJIb30BAHUEM Systems;
U(POBBIX CPE/ICTB, & TAKKE Web Application
C MMOMOIIIBIO AITOPHUTMOB Development and Security;
npu paboTe ¢ MoIy4eHHBIMU Practical Training and
U3 pa3InuHbIX UCTOYHHUKOB Research in Dynamics and
VK-7 JTAHHBIMU C LEJIBIO Control of Space Systems
3 PEeKTUBHOTO (online from RUDN Mission
HCTIOJIB30BaHU MTOTyYeHHOM Control Center) / Hayuro-
UHGOPMALUH JUTS PeLICHHS HccIeioBaTeNbCKas paboTa;
3aj1a4; MPOBOAUTH OLIEHKY Technological Training;
uHpOpMALIUH, e Pre-Graduation Internship in
JIOCTOBEPHOCTH, CTPOUTH Industry;

JIOTUYECKUE
YMO3aKJIOUEHHS Ha
OCHOBAHHUH MOCTYHAKOLIUX
“H(OPMAIINY 1 TaHHBIX

Pre-Graduation Internship in

Industry;
CriocobeH GpopMynupoBaTh Practical Training in
LEJIH, 33/1a91 HAyYHBIX Receiving Remote Sensing
HCCIIEIOBAHMN B 00JIaCTH Data from Satellites and its
TIPUKIJIQIHOW MaTeMaTHKH 1 Interpretation (online from
nHdopmaruky, RUDN Muission Control
MK-1 o
BBIYHUCIIUTENIbHON TEXHUKU U Center) / HUP;
COBPEMEHHBIX TEXHOJIOTHI Practical Training and
MPOrPaMMHUpPOBAHHS, Research in Dynamics and
BBIOMPATh METOMBI U Control of Space Systems
CpEJICTBA PELICHHS 3a/1a (online from RUDN Mission

Control Center) / Hayuno-
HCCJICA0BATCIIbCKaA pa60Ta;




IIpeamecrByonue Mocaenyromue
HIngp Hammenosanue zmcfmnrmnnbl},Molzl:ynu, Ill/lcul/lﬂﬂl/ll}ll)]:l/;luOZ[yﬂH,
KOMIIETEeHIHH - -
NPAKTHKHU NPAKTHKHU
Technological Training;
Advanced Methods of Remote
Sensing and Geoinformation
Systems;
System Design;
Dynamics and Control of
Space Systems;
Advanced Methods of Remote
Sensing and Geoinformation
Systems;
System Design;
CriocoGeH MPUMEHSIT Project "Drone Systems
COBPEMEHHBIE Engineering. Part 1";
TEOPETHYECKUE U Pre-Graduation Internship in
SKCIIEPUMEHTAIIBHBIE Industry;
METO/IbI Pa3pabOTKH Practical Training in
MaTeMaTHIECKUX MOJIEIIEi Receiving Remote Sensing
IK-2 UCCIIeIyEMBIX 0OBEKTOB U Data from Satellites and its

TPOIIECCOB, OTHOCSIIUXCS K
po¢eCCHOHATBHOM
ACATCIBbHOCTH I10
HampaBJICHUIO IOATOTOBKU U
y4acTBOBATH B UX
pean3aIiy B BUIE
MPOTPAMMHBIX TIPOIYKTOB

Interpretation (online from
RUDN Muission Control
Center) / HUP;

Practical Training and
Research in Dynamics and
Control of Space Systems
(online from RUDN Mission
Control Center) / Hayuro-
HCCJICA0BATCIIbCKaA pa60Ta;
Technological Training;

* - 3aMONHACTCS B COOTBETCTBUM ¢ MaTpuueit komnereniuii u CYII OIl BO
** - 3JIeKTUBHbIC AUCIMIUINHBI /TIPAKTUKH




4. OFbEM JUCHUILIVNHBI U BUJIbI YYEBHOM PABOTHI

OO1m1ast TPYI0EMKOCTh AUCIHUILTAHBI «MOJICTUpOBaHIE U BATUAALINS COCTABISIET «4» 3a4EeTHBIC CIUHUIIBI.
Tabnuya 4.1. Buowl yuebHOU pabomuvl no nepuooam 0cC80eHUsi 0OpA308amMenbHOlU NPOSPAMMbL BblCUEe20 00paA308aHUst Olsl OYHOU (HOopMbl
0OyueHusl.

Buja yueOHoii padoThl BCETIO, ak.u. CeMeclT pCED)
Koumaxmmnas paboma, ax.u. 20 20
Jlexrun (JIK) 10 10
Jlabopartopusie pabotsl (JIP) 10 10
IMpaktryeckue/cemunapckue 3ansatus (C3) 0 0
Camocmosmenvras paboma 00y4arOWuxcs, ax.u. 88 88
Koumponw (ax3amen/3auem c oyenkoil), ax.u. 36 36
OO01asi TPYI0E€MKOCTh THCHHILTHHBI aK.4. 144 144
3a4.e/1. 4 4




5. COAEPKAHUE JTUCIUIIJIMHbI

Tabauya 5.1. Codepoicanue oucyuniunvl (MoOYas) no 8U0am y4eonol pabomoi

Bun
Homep HaumenoBanmue pazaesna "
HaunmeHnoBanue TeMbl Copep:xaHue TeMbl yueOHoit
pasiena AUCHHUTLIUHBI %
padoThI

Difference equations for discrete-time systems. Differential
equations for continuous-time systems. Ordinary differential
1.1  |Difference and Differential Equations equations and partial differential equations. Initial conditions and JIK, JIP
boundary conditions. Order and linearity of equations. Applications
to mechanical, electrical, and aerospace systems.

Analytical methods for solving linear equations. Homogeneous and
Solution of Linear Difference and Differential |particular solutions. Characteristic equations and eigenvalues. Free
Equations response and forced response. Steady-state and transient behaviour.
Superposition principle for linear systems.

1.2 JIK, JIP

Need for numerical solutions when analytical methods are not
feasible. Euler methods: forward Euler, backward Euler. Runge-
Kutta methods. Multi-step methods. Stiffness and stability
considerations. Choice of time step. Error analysis and convergence.

1.3 Numerical Simulation Methods for ODEs JIK, JIP

Pazzen 1 | Deterministic Systems

Stability definitions: asymptotic stability, marginal stability,
instability. Linearization around equilibrium points. Eigenvalue
criteria for stability of linear systems. Phase plane analysis for
second-order systems. Sensitivity analysis: parametric sensitivity,
initial condition sensitivity. Robustness to parameter variations and
disturbances.

1.4 |Stability and Sensitivity Analysis JIK, JIP

Systems combining continuous dynamics and discrete events.
Switching systems and piecewise smooth dynamics. Hysteresis and
1.5 |Hybrid Dynamical Systems discontinuities. Reset maps and impact dynamics. Zeno phenomena. | JIK, JIP
Applications: systems with relays, mechanical impacts, switching
controllers, sampled-data systems.

Definition of system identification as model building from
measured data. Parameter estimation problem: selecting model
parameters to fit experimental observations. Process of model

2.1  |Parameter Fitting . N - JIK, JIP
structure selection, parameter estimation, and model validation.
Paspmen 2 | System Identification Goodness of fit criteria. Overfitting and underfitting. Bias-variance
trade-off.
Relationship between input and output variables in multiple-input
2.2 |Linear Regression single-output systems. Model structure: linear combination of JIK, JIP

regressors. Ordinary least squares estimation. Assumptions for valid




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

linear regression: independence, homoscedasticity, normality.
Confidence intervals for parameters. Regression diagnostics and
residual analysis.

2.3

Least Squares Method

Principle of minimizing sum of squared errors between model
predictions and measured data. Geometric interpretation. Derivation
of normal equations. Solution using matrix operations. Weighted
least squares. Recursive least squares for online estimation.
Regularized least squares for ill-posed problems.

JIK, JIP

24

Nonlinear Optimization Methods

Need for nonlinear optimization when model is not linear in
parameters. Local versus global optimization. Gradient-based
methods: steepest descent, Newton's method, Gauss-Newton,
Levenberg-Marquardt. Derivative-free methods. Handling of
constraints. Convergence criteria. Sensitivity to initial guesses.
Application to nonlinear system identification.

JIK, JIP

Pasnen 3

Stochastic Systems

3.1

Probability Distributions

Random variables and probability density functions. Discrete and
continuous distributions. Important distributions: uniform, Gaussian
or normal, exponential, Poisson, binomial. Cumulative distribution
functions. Expectation, variance, covariance, correlation.
Multivariate distributions. Joint and conditional distributions.
Central limit theorem.

JIK, JIP

3.2

Generating Random Variables

Methods for generating random numbers with specified
distributions. Pseudo-random number generators. Inverse transform
sampling. Acceptance-rejection method. Box-Muller transform for
Gaussian variables. Generating correlated random variables using
Cholesky decomposition. Random number generation for simulation
of stochastic systems.

JIK, JIP

3.3

Monte Carlo Simulation

Using random sampling to approximate deterministic or stochastic
quantities. Propagation of uncertainty through models. Estimation of
expected values, variances, and quantiles. Convergence rate and
error estimation. Variance reduction techniques: antithetic variates,
control variates, importance sampling. Application to reliability
analysis, risk assessment, performance evaluation.

JIK, JIP

3.4

Markov Processes and Discrete Event Systems

Markov property: future depends only on present state. Discrete-
time and continuous-time Markov chains. Transition probabilities
and transition rates. State space and transition diagrams. Stationary
distributions and steady-state analysis. Discrete event systems as

JIK, JIP




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

state-driven simulations. Event scheduling and time advance
mechanisms. Applications to queueing systems, manufacturing

systems, communication networks, and maintenance modelling.

* - 3anonaseTcs Toabko mo OUHOW dopme obyuenus: JIK — nexyuu,; JIP — nabopamopusie pabomul, C3 — npakmuyeckue/ceMuHapcKue 3aHamus.




6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL

Cneuunajau3supoBaHHoe
yueOHoe/1adopaTopHoe
obopynoBanme, IO u
MaTepuabl 1J1s1 0CBOCHHSA
AUCHUTLTAHBI
(mpu HE0OXOAUMOCTH)

Tun aynuropun OcHaleHue ayauTopun

Aynuropus JUIs IPOBEICHUS 3aHATUI
JICKIIMOHHOTO THIIa, OCHAIICHHAS
JleximonHast KOMIUICKTOM CIEIUATH3UPOBAHHON MEOeIH;
JIOCKOH (9KpPaHOM) U TEXHHYECKUMU
CpeJICTBAMU MYJIbTHMEIHA MTPE3CHTAIIHIA.

KoMnbroTepHslii K1acc Uisl IPOBENEHUS
3aHSTUN, TPYNIIOBBIX U MHIAWBUIYaJIbHBIX
KOHCYJIbTaIMi, TEKYILEr0 KOHTPOJIS U
KoMIbroTepHBIN | MPOMEKYTOYHON aTTECTALNH, OCHAILICHHAS

KJ1acc NEePCOHATIBHBIMU KOMIIbIOTEPAMH (B
KOJIMYECTBE  IIT.), JOCKOW (3KpaHOM) U
TEXHUYECKUMHU CPEICTBAMHU MYJIbTUMEINA
IIPE3CHTALMM.

AyIuTOpHS JUIS CAMOCTOSITEIILHOU PaOOTHI
oOyJaronuxcs (MOXKET UCIOJIb30BATHCA IS

TSt .
A . | IpOBeIeHUs] CEeMHUHAPCKUX 3aHATHI U
CaMOCTOSITEIIbHON 9
KOHCYJIBTAITNH ), OCHAIIIEHHAS KOMIUIEKTOM
paboTsl

CreLMaNIN3UPOBaHHON MeOenu U
KoMibroTepami ¢ goctynoM B QUOC.

* - ayIUTOPHS JJIsL CAMOCTOSTENbHOM paboThl oOyuaromuxcs ykassiaetcs OBA3ATEJIBHO!

7.  YYEBHO-METOJAMYECKOE W HWH®OPMAIIMOHHOE OBECNEYEHME
JTACHMIUINHBI

OcnosHas numepamypa:
1. Introduction to Dynamic Systems: Theory, Models, and Applications. D. G.
Luenberger, 1979.
2. Numerical Analysis, R. L. Burden and J. D. Faires, 1993
Hononnumenvnas aumepamypa:
1. Modeling and Simulation of Systems Using Matlab and Simulink., D. K. Chaturvedi,
2010
2. CATIA V5 Tutorials Mechanism Design & Animation Release 21 - By Jonathan M.
Weaver, Nader G. Zamani, Published August 23, 2012
Pecypcor ungopmayuonno-menexommyHuxayuonrnou cemu « Mnmepnemn»:
1. ObC PY1H u croponnue ObC, Kk KOTOPBIM CTYI€HThl YHUBEPCUTETA UMEIOT TOCTYII
Ha OCHOBaHUH 3aKJIIOYEHHBIX JOTOBOPOB
- DnekTpoHHo-6ubmoteunas cuctema PY/IH — 9bC PYIH
https://mega.rudn.ru/MegaPro/Web
- OBC «YHuBepcurerckas Oubauorexa oninan» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «KoncynbTaHT cTyfeHTa» www.studentlibrary.ru
- OBbC «3nannym» https://znanium.ru/




2. ba3bl JaHHBIX U TOMCKOBBIE CHCTEMBI

- Sage https://journals.sagepub.com/

- Springer Nature Link https:/link.springer.com/

- Wiley Journal Database https://onlinelibrary.wiley.com/

- Haykomerpudeckas 6a3a nanubix Lens.org https://www.lens.org
Yuebno-memoouueckue mamepuanvt 05 camoCmosmenbHol pabomol 0OYUAOWUXCS NPU
0CB80EHUU OUCYUNTUHBL/MOOYIS*:

1. Kypc nekuuii no nucuuminie «MoaeaupoBaHue U BaTuJalus».

* - Bce y4eOHO-METOANYECKHE MaTepuallbl Ul CaMOCTOATENbHOM paboThl 00yJaromuxcs
pa3MeIaTCs B COOTBETCTBUHU € AEUCTBYIOLIUM NMOPsAKOM Ha cTpaHule aucuuiuiiisl B TYHUC!
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