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IlpakTHKYM U3 padyyHapcKe

aHaJIM3e KoJia
1. YBOI

Munka [TorpeOuh MBanum

Hukomna bacrta
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IIpakTHKyM M3 pauyHapCKe aHAJIU3€E KOJia
13E07211PK3, 19E072I1PK

HacrtaBa ce uzBoau npema tekyhem cryamjckom nporpamy Koju je EjlekTporexHuuku
daxyarer akpeauroBao http://www.etf.bg.ac.rs

Crynujcku nporpam: EJleKTPOTEXHUKA M PAa4yHAPCTBO

N360pHO nosipyyje (Moays): Pu3nuKa eJJeKTPOHUKa, CUTHAJIM U CHCTEMH,
TesexkomyHukauuje u HHGOPMAIMOHE TEXHOJIOTHje

Capkaj: PauyHapcke cumynaiyje eaekTpuuHux kosa momohy nporpama MATLAB/Simulink nm
Scilab/Xcos, LTspice nu QucsStudio. CumO0JMUKO peliaBame Koja MporpaMmma

MATLAB/Symbolic Math nnu Symbolic Python n Maxima.

Hacrapaunu. /{p Mujka [lorpeouh UBanum, pegoBau npodecop, coda 64
(milka potrebic@etf.rs);
Ip Hukoaa bacra, nouent, coda 80 (nbasta@etf.rs).

Capaaguunu: mc. k. Amba KoBaueBuh, acucrent, numi. unx. Anlesa Hunkosuh, capagnuk y
*
HACTaBU .

benemike ca nmpegaBama 1 jJad. BexOU, MpUMepy UCIIMTHUX 3aJlaTaka U MuTama, http://tek.etf.rs

JlopaTHu MaTepujaau U KOHcCyJaTanuje Ouhe oprann3oBanu npeko kanaiaa Ha MS Teams
miaTgopmu (JIMHKOBM 3a KaHajie cy Ha ajapecu http://tek.etf.rs)

Ha4yuH oapkaBama HacTraBe. PauyHCKH LieHTap.

IIpaTuTH 3BAaHUYHO MPEACTaBIbaE MPEeAMETa U 00jaBJbUBAKE OMIITUX CIYKOCHUX MOpPYyKa Ha
anpecu http://tek.etf. rs/



ap Muika [orpeouh UBannu, pea. npod., np Huxoua bacra, nouent, 13E072PRK3, 19E072PRK, YuuBep3utet y beorpaay — Enexkrporexunukn axyiarer, 2025.

HauyuH nomarama

- TMPEJUCHUTHE OBABE3E (70%) + UCIIUT (30%) = YKYITHO (100%)

 IIpemucnutHe o0aBe3e (MATLAB) peanusyjy ce nonaramem KojiokBujyma y PII,
u3pajaom gomaher 3agaTka ca yCMEHOM OJI0paHOM, WJIM ITIOEHUMa OCBOJEHUM KPO3
aKTUBHOCTH Ha 4Yacy — u3paja JeTHOCTaBHMJUX 3ajlaTaka y BpeaHocTu oA S 1o 10
UCIIUTHUX MOCHA.

« JloopoBosbHa uzpaga MATLAB Onramp Tecta (caMOCTaIHU Mpojia3ak Kpo3 OCHOBHU
MATLAB kypc y c10001HO BpeM€) HOCH JOJATHUX 5 OOHYC IMOEHA.

« IloeHu ca CBMX aKTHBHOCTH C€ cabupajy U MaKCUMaTHO ce Moxke ocBOjUTH 70%.

 HMcnmr noapaszymena uzpaay MpojekTa u lberoBy oja0pany, yKymHo 30%.

* OpnOpana mpojeKkTa MOXKE CE€ pealu30BaTH Y CBUM MCIIUTHUM pokoBuMa. M3pana npojekara
Ce MOXKE€ pealn30BaTH y HaBEJCHUM aJITCpHATUBHUM CO(MTBEPCKUM ajlaTUMA.

e 3a3aMHTEpPECOBaHE CTYJICHTE MOXe ce 00€30eIUTH IPEaPOK.

« llopen kIacMYHUX Te€Ma 3a MPOJEKTE O OBE TOJIMHE HOBE TeMe cy: CUMyiaTopu KoJyia Ha
NutepHery. MoryhHOCT npuMeHe BEIITAYKE UHTEIUTEHIIN]€ Y PEIlIaBaby CICKTPUUHUX
KOJIA.

* Hanomena: Jlomahu 3a0ayu u npojekmu ce mo2y paoumu y mumy 00 08a CmyoeHma, aiu
ce bpane UHOUBUOYATHO.
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PauyHapcku (CO(pTBEpPCKH) anaTu

* Mathematica, WolframAlpha, MuPAD,
Maxima, SymPy, SymPy Live, SymPy Gamma

« MATLAB, Scilab, Octave, FreeMat, Julia
* LTspice, QuesStudio, ngspice, Xyce, XCircuit
* Python, MathCAD, MAPLE, GeoGebra, Sage

* Symbolab, SpeQ Mathematics, meta-calculator,
Desmos, ...

* Android apk: NCalc+, CalcES, SymJa CAS,
Scientific Calculator Pro, CYZSoft Scientific

Calculator Plus ,
Free/Libre Open Source Software (FLOSS)
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MozaenoBame €NEKTPUYHUX KOJIA

* PSpice, ngSpice, TINA-TI, Micro-Cap,
Plexim, 5SpiceXcos, Scilab, ...

* Online Circuit Simulator: DoCircuits,
Circuit Lab, PartSim, EasyEda, Multisim,
PartQuest (SystemVision Cloud)...

e Android circuit simulator:
Electric Circuit Studio,
Circuit Safar1 SPICE Simulator...
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Mathematica

https://WWW.WOlfram.com/mathematica/

Wolfram Mathematica: Modern = X | +

< O ® & https://www.wolfram.com/mathematica/

WolframAlpha.com

wo LFRAM Products & Services v Technologies v+  Solutions v  Learning

COMPUTATION MEETS KNOWLEDGE

a2 Get optimized technology for your remote, in-person or hybrid classes

WOLFRAM MATHEMATI(

The world's definitive system for modern technical comg

Grig|Partition|PlotiD|Re[x], (=, ¥} « B, Boned =« False,
Axes -+ Nong, PlotRange - ALL) & /e funs, 3]]
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Mathematica free on every
Raspberry Pi!

https://www.wolfram.com/raspberry-pi/

= G A (5)  https://www.wolfram.com/raspberry-pi/

WOLFRAM

Products & Services v  Technologies v  Solutions v+
COMPUTATION MEETS KNOWLEDGE
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g S | i ]

c | 1 www.wolframalpha.com

2w Give your brain a quick workout with Wolfram Problem Generator.

I WolframAlpha sz,

y' +1000 * y = 10000, y(0)=-10 + 8
2] B T = Examples =2 Random
Input:

{¥'(x) + 1000 y(x) = 10 000, y(0) = — 10}

ODE classification:

first-order linear ordinary differential equation

Alternate forms:

[¥' (x) = 10 000 — 1000 y(x), ¥(0) = —10}

1" (x) + 1000 (y(x) — 10) = 0, y(0) = - 10}

Differential equation solution: Approximate form ! [ [ Step-by-step soRtion

e . e

iy — T ) ee— 1000 X
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Maxima

http:/maxima.sourceforge.net/

ﬂ Maxima, a Computer Algebra 5y X | -+

= O Tt @O Not secure | maxima.sourceforge.net
Downloads Documentation Project Page Top

1ntegrate | 7 (1 + x~4),

2
log(x + sqgrt(2) x + 1) log(x - sgrt(2) x + 1)

4 sqrt(2) 4 sqrt(2)

2 x + sqrt(2) 2 x - sqrt(2)

In other languages:

Recent Releases

Maxima, a Computer Algebra System
Click on a version numbe

Maxima is a system for the manipulation of symbolic and numerical expressions, including differentiation, integration, Taylor

series, Laplace transforms, ordinary differential equations, systems of linear equations, polynomials, sets, lists, vectors, matrices 5.44.0: June 8, 2020
and tensors. Maxima yields high precision numerical results by using exact fractions, arbitrary-precision integers and variable-
precision floatina-noint numbers. Maxima can plot functions and data in two and three dimensions.

5.43.2: Jan 27, 2020
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Maxima on line

Maxima on line
http://maxima.cesga.es/

~ o L L e LT E X TP T R r I T R L L T L TN LT

Serv

expand( (x-2)"3*(x+1/3)"2);
solve(x"2-x42=0);

invert(matrix([2,3,1], [2,8,0], [1,4,8]));
integrate(x * sin(x), x);

draw3d({explicit(x"24+y"2,x,-1,1,y,-1,1));

(3811) expand( (x-2)*3* (x+1/3)42) ;

17 -] 2
Yool 5_ 16z , T2 257 |
(%ool) 4 e S

(%3i2) solve (x"2-x+2=0) ;

002 i1 Titl
(%002) [1::—"’2 ?1‘:1.’2 ]

10



ap Muika [orpeouh UBanni, pea. npod., np Hukoua bacra, nouent, 13E072PRK3, 19E072PRK, YuuBep3uter y beorpaay — Enexkrporexunuku gaxyJarer, 2025.

Maxima on Android

https://play.google.com/store/apps/details?id=jp.yhonda&hl=en_ US&gl=US

&« C R (3 https://play.google.com/store/apps/details?id=jp.yhonda&hl=en_US&gl=US

' Google Play  search

86 Apps Categories v Home Top charts New releases

My apps
Shop
. Maxima on Android
Games Yasuaki Honda Education
Kids € Everyone
Edics clke A You dont have any devices
Account

Payment methods

Play Points New
MaximaOnAndroid MaximaOnAndroid

My subscriptions
[Topl [Contents] [index] [ 2]

Maxima 5.28.

Maxima on Android 1.1, Aug 11,2012
Redeem powered by MathJax 2.0 for math
renderina

11
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SymPy

WWW.Sympy.org/

§ SymPy X I

< O M & https://www.sympy.org/en/index.html

Features Download Documentation@ Support Development Roadmap Donate Online Shell@

Compute with

. . ) . . integrate(l / (1 +
SymPy is a Python library for symbolic mathematics. It aims to become a full-featured computer I

algebra system (CAS) while keeping the code as simple as possible in order to be comprehensible and
easily extensible. SymPy is written entirely in Python.

Get started with the tutorial Download Now

Download Now
Latest Version
Why Sym Py Development Versior
SymPy is...

e Free: Licensed under BSD, SymPy is free both as in speech and as in beer.
e Python-based: SymPy is written entirely in Python and uses Python for its language. Quick Linkglz

PHUTEE BN R 7Y TIUPTISIRNENE UG R TIVED . e e R T T T T L N G i o~ o T PR PETRTLAR | ISR o [CENETERI. 1.] AESETTTCIR I o TIRTIREPR: (RN  PTPR NIRRT - ST L e A R
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SymPy live

live.sympy.org

L em— . r—

C' [ livesympy.org

Main Page Download Documentation Support Development Donate

These commands were executed:

»»» from  future  import division

*»»» from sympy import *

3> ¥, ¥, Z, T = symbols('x vy z £’}

*»>» k, my, n = symbols{'k m n*, integer=True)
*»»» T, g, h = symbols('f g h', cls=Function)

Documentation can be found at http://docs.sympy.org/.

»»» diffeq = Eq(f(x).diff(x) + 1eee*f(x), leeee)
»»> diffeq
d

1000f(z) +

f(z) = 10000

»»>» dsolve({diffeq, (%))
f(z) = C1e7 %= 1 10

13
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SymPy Gamma

https:/www.sympygamma.com/

X & SymPy Gamma X B -
%28-

A £ https://www.sympygamma.com/input/?i=integrate%28x**a*exp

Random Example

integrate(x**a*exp(-x), (x, 0, « v Arithmetic

SymPy: v Algebra

integrate (x**a*exp (-x),(x,0,00 ))

v Trigonometry
i e i
/ v (Calculus
0

v Number Theory

Antiderivative forms:

integrate(x**a*exp(-x), (x, 0, 00))

JI‘(a+1) for re (a) > - 14

o0
ol ekt el Sl
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= G ® )  https://jupyter.org

s

r Install AboutUs Community Events Documenta
e
[ J

Sympy and the e ®

Jupyter Noteboolﬁ upyte 'r
for engineering
calculations

from sympy import x
X = symbols('x")
import sympy;sympy.__version__

'1.4'

Integral(exp(-x*%2), (x, -o00, 00))
Project Jupyter exists to develop open-source software, open
interactive computing across dozens of programn o
/ - dx
e

-00

_.doit()

J=

15
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-

Oxko 25.270.000.000 peaynrara (0,72 cekyHae/v)

Google x*sin(x)
) Cee ) Chuee [*] Bugeo @ Mane =] Bectn ! Jow
OKo 3.640.000.000 pesynTtaTta (0,57 cerkyHae/)
[PadMKOH 3a X™sin(x)
+'| 104 o
h /\
& O @
, ' , : ; - Google 141
20 f-18 4 -14 W12 g =8 af =z z
Q Cse
9
10 Rad
Inv
wanwwe mytutor.couk » Maths ~ MNMpeesgn osy cTpaHMLUy o
What is the integral of x sin(x) dx? | M»

x [&8

Q Mane

Google kaakyJaarTop

X

[Topewn

x!

log

X

[*] Bupeo

i Jow

X

MNopeluaBama
%
9
6
3

8 https://www.google.com/search?sxsrf=ALeKk02iKn_jfXOK71wFXI_IAsmEQLIWvg%3A16018!

v Q

Anatie
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Graphing Calculator — Desmos
https://www.desmos.com/calculator

= C & desmos.com

deSlTlOS Math Tools +  Resources +  About »

Let's learn together.

We're on a mission to help every student learn math and love learning math.

Graphing Calculator

&} & desmos.com/calculatar

= Untitled Graph

+ s 2 K

1
x-sin(xy—1
v-sin(x—1) _ 20

;; TN

[ 40 o -20 -10 \/ 0 \/ 1

e ———

=
~1
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Symbolab Math Solver - Step by Step calculator

https://www.symbolab.com/

Eep-Dy-sSTep/ Yol LINT_#o/ BUYo / LM odE Yo / B | Vo / L 7o 2L CAOT 7o LSINYo 2L IETT{ X 7o DL INgnT
&« C & symbolab.com p-Dy-step; = g gnT)

Solution

mbohb Q_ sOLUTIONS |/~ GRAPHING (- PRACTICE A GEOMETRY [S] NOTEBOOK (f) GROUPS CHEATSHEETS ()
- beta

J-Dr‘caint x)ex =sin(T) — Teos( T)
Try our new Geometry solver! Steps
T
fuxsm(x)dx

Fi

Apply Integration By Parts: u = x, v’ = sin(x)

— :7Xcos(x] 7f = cos(x)cb(:g

%ﬂg%in f —cos(x)dx = —sin(x)

¢ — :7xcos(x) —(—sin(x) )

(\ h > = = - x" { O ) |D| [fc g] 'ftr) In e Your Simplify

1F
0

T o 1T
- - - A = . To 7[ xeos(x) sm(r))o
= (& @ symbolab.com/solver/step-by-step/%5Cint_%7B0%/D%5E%7BT%7Dx%5Ccdot%5Csin%5Cleft(x%5Cright) CSC St rop
T T e T e T e (VOIS o o M, O e O e
mbohb (Q_ SOLUTIONS | GRAPHING 0- pracTicE K GEOMETRY [E] noTeBoOK R GROUI ®x
- beta gﬂﬂggn Graph
= 5 : Plotting: xsim(x) a i =2
Pre Algebra Algebra Pre Calculus Calculus Functions Matrices & Vectors ~ Geomeltry  Trigono See il e
View Larger
, _ , ~— Your :
Step-by-Step Calculator Solve problems from Pre Algebra to Calculus step-by-step To
ll pad [op :
Pre Algebra [ersa
5 - - -
xE % g, YO VO = = % ’ 2 7
Algebra
' d 0 @] .
(O) = B [ I lim e % g || .
Pre Calculus v
Most Used Actions
Calculus simplify solve for inverse tangent lins )
Functions 8

fOTx -+ sin(x)
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Scil.ab
https://www.scilab.org/

s Home Page | www.scilab.org X BB

S O @ & https//www.scilab.org

Sci

Download Software » Tutorials Applications + Se

Download Scilab 6.1.0 —
Windows, Linux and Mac OS X s —

Download Software +  TutoriggEe=|RelelsalelBIE\ilelg - e '--.'_"';?'.-'.T”

XCcos »

XCos »
B
I:;L:_ Image Processing & Computer Visir
ik :| ==  Model Order Reduction 19

¥
B s i pards i i
S e BE ¥
e R e ‘
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XCOS
https://www.scilab.org/software/xcos

sine - Xcos | www.scilab.org X |+

= O @ & https//www.scilab.org/software/xcos

Sci

Download Software ~ Tutorials Applications v Sen

Home Software~

Signal

e — Q, vi— e — B —

—— - Y L L

Signal ’ o .| 3
B d e : v -
~— . — T |

Signal
Muyilcer

Y
¥

—p-e- + sl o s b -.L_"'.- : .'" 1 ] 20
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GNU Octave
https://www.gnu.org/software/octave/

% GNU Octave x PF

< 2 0O w & https://www.gnu.org/software/octave/‘

"1 } GNU Octave About Bugs Donate Download Get Involved

Need help? Try out our new user and developer forum Octave Discourse.

' GNU Octave

1 Scientific Programming Language

» Powerful mathematics-oriented syntax with b
visualization tools

» Free software, runs on GNU/Linux, macQOS, |

« Drop-in compatible with many Matlab scripts

-04

Documentaiion
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Micro-Cap
http:// www.spectrum-soft.com/index.shtm

< > G M A Notsecure | www.spectrum-soft.com/index.shtm

Eﬁﬁftfum Spectrum Software

" Home ( Products |""' Download | " Newsletters |""/ Support | Contact Us |"""

; 4 (‘/ f’ ! H
‘“: LM
L About Spectrum

4

MC12 Revision History MC10, MC11, and MC12 are now free and need no key.

Product Information Spectrum Softwa
to provide softwi

Festures Tour Initially, the com

New MC12 Features software for App
One of the earlie

News: Simulator. Releas

Effective 7/4/2019, the first integrat

Spectrum Software is simulation syster

closed. Micro-Cap is now More...

free.

Technical support will be
available for at least 90
days via email at
Support.

Help

Search our news
applicatio te:

You can download the
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QucsStudio
http://qucsstudio.de

Octave engine

inside!

& QuesStudio 2.4.1 - Project: Simulation_Transient

lslE)

File Edt Pgsitioning [nsert  Project

1" B8O 3| &

Jools

Simulation  View Help

"B x| “‘L’_v I“"“él"“har"a“% ‘:‘_KL T §&§L@+ Lhr@@w&“w

PCE Layouts
» Datasets
> Others

& X | autostart.himi | power_supply.sch B |
| Content of ‘Simulation Transient' _ Note . e T =
= #* Schematics )
E RTD_oscillatorsch - conventional power supply:
i astable.sch ~transformer, 2-way-rectifier, filter
E hucl:_cnnvurter.sch i 5 . i . i 5 i 5 2 i J j i o . 5 5 J
E buck_converter_he.sch . . . Rpim . .
dimmersch @ RE=0.05 Ohm
- doubling.sch = =1
E filebased_vs.sch R_sec dc w::ltage
gilbert.sch R=0.3 Ohm
g irlmba346trpbf.ach 3-port (SR CE
| irlmiB401 sch 3-port V1 Js |
g loading.sch i ' 75 I J
= = oad -
E noise.sch e U.—2_.3D‘u’ i . R 1[":' Dhm'
= peak_detector.sch : freq_E’D HZ . b )
peltz_oscillatorsch T
power_sim.sch T_Eﬂ =
power_supply.sch ‘
pul:.sch | d translent File Edit Positioning Insert Project Tools  Simulation  View Help
transmissionline_ideal.sch d - y 2 A -
Veilog = simulation - EREABOS 4 e
VHDL : = . I 8 X | microwave_taperm @ test ¢
Octave o TR1 _J;_l C)on::i;:atsiucr:uIatlon_Octave Note ; flearall -
C=+ Sources " Type=lin = Verlog 3=
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18 LENGTH_PER_SECT:
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CircuitLab

https://www.circuitlab.com/

& 8 circuitlab.com

CIRCUIT [

_\/\N\_H_ LA B IVl bench

Circuit simulation and schematics.

Build and simulate circuits
right in your browser.

Design with our easy-to-use schematic editor.

Analog & digital circuit simulations in seconds.
Professional schematic PDFs, wiring diagrams, and plots.
No installation required! Launch it insfanfly with one click

c
CIRCUIT Fe. Edt- Run- Hep
AN LAB

@ circuitlab.com/editor/#7id=6c48epq3cb8cfrom=workbench

\/\,,/1\/\_ 1-minute Tut¢
100 Q e E23

1. Click and drag a wire fr¢

m the right of R1 to the top d
1 @ , 2. Click "Simulate.”

I Voltage Signal Sources
square

Lz + 3. Click "Run Time-domait

—T— 10 F and look at the filter outpt

4. Double-c_lick R1, cha_ng(
"1k", and simulate again. aractive Electronics Textbook (E0 24

<—17 5. Run the Freauencv-Don

GperéﬁnnafA;iipfiffers
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DoClircuits Circuit Simulator

Do Circuits

Experience virtual labs for electronics on browser. Work with ¢
real looking components and devices. Build circuits - run, e
analyse and save them in easy steps. ——

Reach us at info@docircuits.com

Launch Online Labs

Get started with some sample circuits !
Colpitts Oscillator Active Low Pass Filter Active High Pass Filter Clipper

than a pafeculas pelree element and allows onby the mp - iy the shase of
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ngSpice

http://ngspice.sourceforge.net/

= C A Not secure | ngspice.sourceforge.net

MIXED MODE - MIXED LEVEL NGSPICE
CIRCUIT SIMULANATOR

SNSED ON 3ERKELEY'S SPICE3FS

Ngspice Home

What is ngspice ?
Features, Extras & Options
FAQ.

Tutorials

Sourceforge Developer Pages

ngspice - open source spice simulator
ngspice is the open source spice simulator for electric and electronic circuits.

Such a circuit may comprise of JFETSs, bipolar and MOS transistors, passive eleme
transmission lines and other devices, all interconnected in a netlist. Digital circuits al
driven and fast, from single gates to complex circuits. And you may enter the comb
digital as a mixed-signal circuit.

ngspice offers a wealth of device models for active, passive, analog, and digital ele
are provided by our collections, by the semiconductor device manufacturers, or fromr
The user adds her circuits as a netlist, and the output is one or more graphs of cu
electrical quantities or is saved in a data file.

ngspice does not provide schematic entry. Its input is command line or file baged
party interfaces available.
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& RisoDFE Wewe Transiers - Schematic Editor
Fie Edit Ingert View Amalysis Interactive TR Tools Help

slellis| o5 [+ e Leleld || [ &= a1 oo plad |
< C Q @ ntps/wawticlI8F[TIBel]=[=hthilelsloll=]s] ]

Basic | Swizchees | Meters | Sovices | Semicanducions | Opresbecionic | Spice Macros | Gaves | Fiprlops | Logo 105400 | 82008555 IF | Anekeg Canrcl| Specis |

W3 TEXAS INSTRUMENTS ] T
i Lo
J;n e e .|

TR RE 155
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wn
|
8 B
\:3- -:I-" -
.-d
Il
]
o
=
]
]

T
-
i
d
-]
=
i
=
o
E
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Home Design resources

TINA-TI

SPICE-based analog simulation programTINA'TI
https://www.ti.com/tool/TINA-TI

Overview  Downloads  Technical documentation = Support & training
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Electric Circuit Studio

= C (R () https://play.google.com/store/apps/details?id=com.ecstudiosystems.electriccircuitstudio&F

' Google Play  searcn

i Apps Categories v Home Top charts New releases

My apps
Shop
: Electric Circuit Studio
Games ECStudio Systems Education
Kids € Everyone
Editors' Choice .
Contains Ads
A You don't have any devices
Account

Payment methods
Play Points New
My subscriptions

Redeem |@a-t- > B @ B S @ § 1 Y% B B = & o o8
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- CircuitSaftari SPICE Simulator

= @ A (3 https://play.google.com/store/apps/details?id=com.logipipe.circuitsafari&hl=en_US&gl=L

§ Google Play  search

86 Apps Categories v Home Top charts New releases

My apps
Shop
é CircuitSafari SPICE Sir
Games (Early Access)
Kids Logipipe, LLC  Productivity
Editors’ Choice € Everyone
Account Offers in-app purchases

This app is in development. It may be unstable.
Payment methods | _
A You dont have any devices

Play Points New

My subscriptions

Redeem 29
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&\ MathWor MATLAB

4\ MathWorks - Makers of MATLAE X | +

é

O & ) https://www.mathworks.com

&MathWorkS@ﬂ Products Solutions Academia Support Community Events

L%

SIEQHIOAN

‘ame as the orbital distance.
ing the pianet per unit
can be approximated by
1reaching the planet can be

= nRF,
hat the planet must be in
ider over time. The planet
+ It receives it from its star.
alled the equilibrium
N we used above lo
Ising the planet's total

= 4nRoT!
afure. Rearranging for T,

MATI AR faor Arti

Me that we have assumeda =

ne nearest excplanet is around Proxima Cen, 4.21 lignt years from eartn

Millions of Engineel
Scientists Trust MAT

MATLAB® combines a desktop environm

Products by Category ~ Alphabetical § Trial software

MATLAB SIMULINK'

PRODUCT FAMILY PRODUCT FAMILY Software Maintenance
Training
MATLAB Simulink Consulting

System Ci
Parallel Computing el e

Parallel Computing Toolbox Event-Based Modeling LICENSE TYPES
MATLAB Parallel Server

Stateflow

‘ears from Eart

; Math and Optimization SEyents \\;duzsetrr]}; l.lJJsS:

F Curve Fitting Toolbox Physical Modeling University Use

i Optimization Toolbox Simscape Startup Use
Global Optimization Toolbox Simscape Driveline Primary and Secondary School Use
Symbolic Math Toolbox Simscape Electrical Home Use

Mapping Toolbox Simscape Fluids

Search MathWorks.com
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‘k MathWor M A |~J"- htp: e, rnathworks, com)f

4\ MATLAB R2019a

HOME

B4 5 Eoeb@®®

@ @Preferenoes f% |: } (+% Commu

I E Lz, New Variable
E_3 l

EEL:' (i L] Find Files

; 1> Open Variable = [ SetPath 5‘* Reques
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FiLE | VARIABLE | COoOE | RESOURCES 8 E
4 P (51 ¥ C ¥ Program Files » Polyspace b R2019a * bin » | P
Current Folder G Cornmand Window Gl Workspace (]
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2 30 Je o
= registry
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e | W/ System target file browser: 20SHplus
] Wi
I_‘ _I System target file: Deseription:
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EE Simulink Library Browser — O *
L= |simuﬂink control design | Ay ~ s A R
MATLAB o
Simulink
Communications Toolbox EF_“- :ﬁ
Y Y Communicat?ons Toolbox HDL Support
lm u ll n k Communications Toolbox Support Package for ADALM-PLI |, | o0 0 Commonly Continuous
Control System Toolbox & Discrete Used Blocks
DSP System Toalbox
DSP System Toolbox HDL Support Q,i. A~
Fixed-Point Designer I
e AJaTka 3a HyMEpUUKY HDL Coder =] =
Instrument Control Toolbox Dashboard  Discontinuities Discrete
AHAJIN3Y MATCMATHYKHNX RLERE. s = -
Foundation Library T == yafu) s x
Utilities —
MOJcCJIa -
I[ . Elzlactrﬂcal o Logic and Bit Lookup Math
Simulink 3D Animation Operations Tables Operations
e CucteM ce aeduHUIIe Simulink Coder
Simulink Contral Design g Misc @
Simulink Extras
rpadUuKH, YMETAHEM ik ©
Statistics and Machine Learning Toolbox Messanes el Wide Model
OJIOKOBA U BbUXOBUM S &Events  Utilies  Verification
Il # 2
[IOBE3UBAILEM Y MPEXKY el e G
Ports & Signal Signal
Subsystems Attributes Routing
b W
ELES - .. "Abc"
24X N )
Sinks Sources String
Quick
P ] ! T 3 ® 4\ E Insert
. LI &_4 3 User-Defined  Quick Insert
SIMULINK®
4 LJ
>
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Simulink >
Simscape

e bubmoTeka 3a cumynanuj)y 1 HyMEPUUYKY aHAUIU3Y HDL Coder
Instrument Control Toolbox
MYJITHAOMEHCKUX IIpo0aeMa (MeXaHHUKa, v Simscape
Foundation Library
CIEKTPOJUHAMUKA, OTITHKA) Uiltes
Electrical
* [Ipumep jeTHOCTABHOT €JIEKTPUYHOT KOJIa: 5mulink 3D Animation

KOJIO J€ 00pa30BaHO y TPEHYTKY #, =0
R I

N

C

ug<>+ Lf:
1

HS Simulink Library Browser

<< simulink control design ~| Ay ~ -3+ Q

Simscape

x

Simulink
Communications Toolbox
Communications Toolbox HDL Suppo
Communications Toolbox Support Pa
Control System Toolbox

DSP System Toolbox

DSP System Toolbox HDL Support
Fixed-Point Designer

Simulink Coder
Simulink Control Design
Simulink Extras
Stateflow

Statistics and Machine Learning Toolb,
Recently Used

4
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R =1kQ
C =1uF
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| < >

]

Electrical

>

Foundation Library

x
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B3 simulink Library Browser - O X
t S < ‘Ermer search term ™ ‘P-:J\ -\ = I
S lm u ll n k > Simscape/Foundation Library/Electrical
Simulink

{ Communications Toolbox Electrical Elements
S lm S c a e > Communications Toolbox HDL Support
Communications Toolbox Support Package fqg
Control System Toolbox
DSP System Toolbox

Foundation Library > iz

HDL Coder Electrical Sensors

Electrical Elements

Electrical Sensors

Instrument Control Toolbox

Electrical s

Electrical Electrical Sources
Gas

Hydraulic
Isothermal Liquid
Magnetic
Mechanical

e CuMyJianyja JUHEAPHUX Y HEIIMHECATHUX b
Physical Signals
CJIICKTPUYHHUX KOJId Thermal
Thermal Liquid
Two-Phase Fluid
Utilities
Electrical
Simulink 3D Animation
Simulink Coder
Simulink Control Design
Simulink Extras
Stateflow
Statistics and Machine Learning Toolbox
Recently Used

Electrical Sources

MATLAB > Simscape >

Foundation Library, Utilities ¢ g 34



ap Muika [orpeouh UBannm, pea. npod., np Hukosa bacra, nouent, 13E072PRK3, 19E072PRK, Yuuep3utert y beorpany — Enexkrporexunukn gaxyJaarer, 2025.

CumyJianyja eJICKTPUYHOT KOJa KOpUIIhemheM
Simscape > Foundation Library ononuoreke

MATLAB > Simscape >
Foundation Library, Utilities

J’} Library: simscape - Simulink —
File Edit View Display Diagram Analysis Help
EE —=
@] - E - — 5 == - C_J -
simsCape
) @s-imscape
|E| L untitled - Simulink
é x File Edit View Display Diagram Simulation Analysis Code Tools Help
SRR . He-=- (A~ oo
Foundation Utilities Dy untited
|:| Library ® |[a]untitied
Ed
=
Multibod
Y
[]
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simscape

®

O & E B S

'bi Library: simscape - Simulink
Py Librany: nesl_utility - Simulink
Coninl L B il ) G L e ) L File Edit View Display Diagram Analysis Help
= U = = S - - B e [k
-=-3 s B9 m-a-g =IO
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Connection Port PE ok Companent
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‘ |
|:| kachanical Phys

MATLAB > Simscape >
Foundation Library, Utilities

1B E e

File Edit

- - @

Electrical

View Display

i'i Library: fl_lib/Electrical - Simulink

Diagram  Analysis  Help

EE- -

Elacirical Elements

‘ ‘ Electrical Sensors | ‘ Electrical Souwrces |
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File Edit Wiew Display Diagram Analysis Help .
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CumyJianyja eJICKTPUYHOT KOJa KOpUIIhemheM
Simscape > Foundation Library ononuoreke

B PrimerD1 e2
File Edit View Display Diagram Simulation Analysis Code Tools Help
e - B ke A =RMENC R ORF [Normal -] | @ e
Model Browser = Primerd1_e2
Primer01_e2 ® PrimerD:l_eZ
Q
Ed fx)=0 p
=
Solver J
Configuration pr
Voltage Sensor
a-AAAA-a 3 o .
PS
Resistor S
o PS-Sir
. | Conv
DC Voltage Source Capacitor
MATLAB > Simscape >
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Block Parameters: Solver Configuration

Solver Configuration

Defines solver settings to use for simulation.
Parameters

[] start simulation from steady state

Consistency tolerance | 1e-09

[ Use local solver

Solver type Backward Euler

Sample time 0.001

[] Use fixed-cost runtime consistency iterations

Monlinear
iterations

Mode iterations 2

Linear Algebra Sparse

Block Parameters: DC Voltage Source x
DC Voltage Source

The ideal voltage source maintains a constant voltage across its output terminals, independent of the current
flowing through the source. The output voltage is defined by the Constant voltage parameter, and can be any
real value.

Delay memory | 1024

budget [kB]
Apply filtering at 1-Dy/3-D connections when needed

Filtering time

onet |0.001

Cancel Help

Ap

MATLAB > Simscape >

Foundation Library, Utilities

Source code
Settings
Parameters
Constant voltage: 10 v w
Cancel | | Help || Apoly
Block Parameters: Resistor e
Resistor

The voltage-current (V-I) relationship for a linear resistor is V=I*R, where R is the constant resistance in ohms.

The positive and negative terminals of the resistor are denoted by the + and - signs respectively. By convention,
the voltage across the resistor is given by V(+)-V(-), and the sign of the current is positive when flowing through
the device from the positive to the negative terminal. This convention ensures that the power absorbed by a
resistor is always positive.

Source code
Settings
Parameters Variables
Resistance: I | 1000 | | ohm v | I
ccel | [ o | | Aoph
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Block Parameters: Capacitor

- IToyeTHn ycnos...

Models a linear capacitor. The relationship between voltage V and and current I is I=C*dV/dt where C is the

capacitance in farads.

*

The Series rasistance and Parallel conductance represent small parasitic effects. The parallel conductance can be
used to model dielectric losses and the series resistance used to represent the effective series resistance (ESR) of
the capacitor. Simulation of some dircuits may require the presence of the small series resistance. Consult the
documentation for further details.

Source code

Source code

Settings

Parameters Variables

Capacitance:

Series resistance:

le-6

F

d current I is I=C*dV/dt where C is the

0

Settings

Parameters Variables

hytic effects. The parallel conductance cz
tive series resistance (ESR) of the capa
DRI Ll luuu..':n'llm'gr DU LIS M S s W LR SEa e 1S resuiee. Consult the documentation for further

Source code

MATLAB > Simscape >
Foundation Library, Utilities

Override Variable Priority Beginning Value i

[ [l Current Nope _~ .0 A I
None ~ 0O v

High ~ -10 v 40
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Hanaxeme oa3MBa...

# Scope
File  Tools View Simulation Help

@- a0k Q- Q| & d-

MATLAB > Simscape >
Foundation Library, Utilities
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Simscape > Electrical
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CumyJianyja eIeKTPUYHOT KOJIa KOpUIIhemheM
Simscape>Electrical ouOimmoreke
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MNew

MNew Open

Ejﬁ ‘ffj LI o) i i &

E x E’_:‘_’I ['.21 @ @ E @ ® |Search Documentation

o

12y New Variable o ? Analyze Code | Preferences ()
R B L sl W me @
(2] compare Import Save E} el e Favorites O HELET T Simulink  Layout E <R Add-Ons  Help
- Data Workspace L:Tj' Clear Workspace ~ - |## Clear Commands ¥ - ““ Parallel » 57 -

% Community

ib Request Support

=l Learn MATLAB

FILE
@PEET O

Current Folder

Name -
') MATLABDriveTag
) field_VED.m
H fieldplusone_CHIDES. 3

’i untitled * - Simulink student use

HH fieldplusone_CHIDES_
HH fieldplusone_CHIDES_

[ fieldplusone_CHIDES
e

Details

Select a file to view d¢

= TN

SIMULATION DEBUG MODELING FORMAT APPS 5 ooc B @ [+]
__I Open ~ ] ] Stop Time | 10.0 X = |
I = 8 o ) ~ A
ave - . - - -
New Library g Step Data
v | &9 Print w Browser i Bk Fast Restart Back ¥ v Forwarc Inspector
t Blank Model Cirl+N RARY PREPARE SIMULATE REVIEW RESULTS
@ Blank Subsystem v
FROM TEMPLATE
\:i.l Model...
@ Subsystem...
| State Chart...
1] e
&[s] Library...
‘_;] Project 3
(L]
«
Drnce VariableStepAuto
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CumyJianyja eIeKTPUYHOT KOJIa KOpUIIhemheM
Slmscape>Electrlcal 6H6HH0TeKe

Slmullnk Library Browser ILJ Simulink Library Browser - O X
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Instrument Control Toolbox Parallel RLC Branch HDL Coder AC Voltage Source
v Simscape Instrument Control Toolbox

Foundation Library ,_%_., v Simscape @
Utilities Foundation Library e
i Parallel RLC Load T
v Electrical Ut'l't'?s Controlled Current Source
Connectors & References __ v Electrical ]
Control Connectors & References @
Electromechanical Pi Section Line Control e
Integrated Circuits Electromechanical j
Passive ={- Integrated Circuits Controllg, Qe Source
Semiconductors & Converters . Passive
Saturable Transformer .
Sensors & Transducers Semiconductors & Converters
Sources oM~ {—a Sensors & Transducers
Switches & Breakers ) Sources o e
Utilities Series RLC Branch Switches & Breakers Tk
Additional Components Utilities F@W‘(W'B !
v Specialized Power Systems Additional Components
v Fundamental Blocks v Specialized Power Systems !
Electrical Sources v Fundamental Blocks Three-Phase Source
Elements Electrical Sources Ap
+
Interface Elements Elements N —@— Bp
Machines Interface Elements ch
Measurements T Machines Three-Phase
Power Electronics -C:_D_lil Measurements Programmable
Control & Measurements Three-Phase Breaker Power Electronics Voltage Source
Electric Drives Control & Measurements
FACTS Electric Drives
Renewables FACTS
2 Animation Renewables
° ° 4 Simulink 3D Animation
Simscape > Electrical < 44
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CumyJianyja eJICKTPUYHOT KOJa KOpUIIhemheM
Simscape>Electrical ouOnmoreke

KOJIO je 00pa30BaHO y TPEHYTKY #, =0

AN
+ C "
(D =

R=1kQ

C=1pF

u,(t)=U h(t),U =10V
u(t,)=U,=-10V

Simscape > Electrical

(¥, Primer01 1%
Eile Edit View Display Diagram Sirnulation  Analysis  Code  TJools  Help
|= -8 Be-2- 40P = ©- u
Model Browser = Primer01_1
[*&| Primer01_1 @ |[Pa|Primero1_1
G}
Ed
- a T

Series RLC Branc

-+
JT— DC Voltage Source

# - ——
Block Parameters: DC Voltage Source

DC Voltage Source (mask) (link)

Ideal DC voltage source.
Farameters
Amplitude (V):

10

Measurements | None
l | 45
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CumyJianyja eJIeKTPUYHOT KOJIa KOpUIThemheM

Simscape>Electrical 0u0imoreke

. 6 t 0 Eile Edit View Display Diagram Simulation  Analysis Code TJocols Help
KOJIO j€ 00pa30BaHO V TPEHYTK = = — _
J p Y TPCHYTKY [, Ilfﬂjlv %E@""J&'\b‘ﬂb ® ~ 1.0
Model Browser = Primer01_1
R . [P Primero1_1 ® |[Pa|erimero1_t
Ic
— (Gl
T VVYV ? n &
. - oY -
u ——uc=? —~—
—— C T . i .
g U Block Parameters: Series RLC Branch p - ‘ » RLC Branc
0 . Series RLC Branch (mask) (link)

Implements a series branch of RLC elements.
Use the 'Branch type' parameter to add or remove elemer
branch.

i [loneniaBame e

R =1kO HapaMeTapa Branch type: |RLC
Resistance (O

C=1pF

. L
ug (1) =U h(t),U =10V CUMYyJanuje . C
Inductance (HRL
u(ty)=Uy=-10V o f:::
I [ Set the init, 2PEN circuit

Capacitance (F):
le-6

Simscape > EleCtl‘ical ("] Set the initial capacitor voltage 46
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CumyJianyja eJICKTPUYHOT KOJa KOpUIIhemheM
Simscape>Electrical ouOnmoreke

I Primerdl_2 *
i. - ; - - - - - - -
File Edit View Display Diagram Simulation  Analysis  Code  Tools  Help

% - He-E- 40P = ©- u
Model Browser = Primerd1_2
F'rirnerDl_E * PrimerDl_Z
| -
E3 vV V¥V ¥V
= Series RLC Branch1
|
I
]
_:4:_'
« -
183% oded5

Ready

Kaxo ce Mepu HanoH?

Simscape > Electrical
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CumyJianyja eJICKTPUYHOT KOJa KOpUIIhemheM

SH Simulink Library B

File Edit View Help

I Fl 3 » Enter search term ~ #4 G

/| Libraries Library: Simulink/Sinks

| < @ simulink -
Commonly Used Blocks [
Continuous
Dizcontinuities

DisCrels Outl
Logic and Bit/Jperations

Lisplay
o

Lookop Tables

Math Operations
Medel Verification
Medel-Wide Utilties
Ports & Subsystems
Signal Attributes
Signal Routing

Sinks [w)] XY Graph
Sources

User-Defined Functions
Addttional Math & Dizcrete
Aerospace Blockset
Communications System”
Computer Vision System’
Control System Toolbox
DSP System Toolbox
Embedded Coder

Fuzzy Logic Toolbox R |
HOL Verifier

Image Acguisition Toolbox

Simscape > Electrical

funtitled.mat] To File

m

o [ [ [a¥ [o¥ [a¥ [ [a¥[a¥] =

Search Results: (none

E Fl
E 5:

Stop Simulation :’T—J Te

H Smout Tc

Simscape>Electrical ouOimmoreke

-
'b'i Library: pumﬂiﬂ“&mmmié!l
o

Eile Edit View Display Diagram  Analysis |

- E @

Measurements

£ EE-9-

i) @mwerlib r @Measurements

(c} i

El Curent Meas urement
Multimeter
al+
of - v
WVoltage Meas urement
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Tools

Help

File Edit View Display Diagram Simulation Analysis Code

Block Parameters: C

& -8 B8 -E-40P = @-: e — e | |
T = ‘ Series RLC Branch (mask) (link)
o T~ "1 Implements a series branch of RLC elements.
O4YETHHM YCIIOB, pe. cMe
y b p Y p. s branch.
E"'—/\/\/\/_E b+ " | ] Parameters
R - Branch type: |C
Voltage Measurement
° =stope Capacitance (F):

+ o3HauaBa pe¢. cmep

DC Voltage Source c

1e6

Set the initial capacitor voltage

) I— g —e

Continuous

Capacitor initial voltage (V):
-10

=
|

T
i

«

powergui

Measurements  None

Cancel Help

207

IL;104e KoHAE3aTOPA ce PA3JIUKY]Y

Ready

34

N odets

Block Parameters: powergui
PSB option menu block (mask)

Set simulation type, simulation parameters, and preferences.

Solver  Tools Preferences
4| Powergui Initial States Setting Tool. model: untitled - Steady-State — Initial State
Initial electrical state values for simulation: Machine Initialization Impadance Measurement
O U AR | et sclected cloctri FFT Analysis Use Linear System Analyzer
-10 Hysteresis Design RLC Line Parameters

() To Steady State

D To Zero

Simscape > Electrical

Force initial electrical

Generate Report

Load Flow
b Load flow settings

Cancel

Customize SPS blocks

49
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(% Configuration Parameters: untitled/Configuration (Active)

* Commonly Used Parameters

= All Parameters

Select:

Solver

Data Import/Export
Optimization
Diagnostics

Hardware Implementation
Model Referencing
Simulation Target
Code Generation
Coverage

HDL Code Generation
Simscape

Simscape Multibody 1G
Simscape Multibody

Simulation time

Start time: (0.0

Stop time: | 0.01

Solver options

Type: Variable-step

» Additional options

Simscape > Electrical

¥  Solver: auto (Automatic solver se
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'@ Configuration Parameters: untitled/Configuration (Active)

+* Commonly Used Parameters = All Parameters
Category: Al -

Parameter

Solver » Simulation time
Start time

Simulation start time. Note that the values that vou specify as block i. ..

Stop time

Simulation stop time.
Solver » Solver options

Type

Choose a variable or fixed-step salver.

Solver

Choose a solver. If disabled, enable in "Additicnal options” by changi. ..

Solver » Additional options

Max step size
Maximum step size for a variable-step solver.

Relative tolerance

Specify the largest acceptable solver emor, relative to the size of eac. ..

Min step size
Minimum step size for a variable-step solver.

Absolute tolerance

Frmnifiedhe lnemnnd mnnsebobls colene seee ~- the value of the meas. ..

Simscape > Electrical

LD Search selected category

Value

0.0

0.01

Variable-step v

auto (Automatic solver selection)

1e-4

1e-3

auto

auto

Co
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[Tokperame cuMynaumje...

1 Normal | @ - [5 -
Primer01_3 |
8 |Palrrimero1 3
E3
=F
s+ \/\/\,—>= g+
_ nl- \
R A
u(t,”) =—10V Voltage Measurt
. 4
+ —

— DC Voltage Source C

Simscape > Electrical
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Hanaxeme oa3uBa... OCLMIOCKOI

agram  Simulation  Analysis Code Tools Help

mEe-E- 4P (®) ~ o001 Normal = | @~ &~

® |[PalPrimero1_3

@
E3
=
s+ A\/\/\,—= . .
_ﬂ o V
R il Voltage Measurer
(n] -|I
-+

— DC Voltage Source C

Simscape > Electrical 53
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sy Diagram  Simulation Analysis Code Tools Help Main Time DISPIE‘," Lﬂgglﬂg

EEG-EH-4®P = @ um Cr— O R
K [meon L] Open at simulation start
Q -
& ] Display the full path
= W a = af+ ] Number of input ports: |1
- Sample time: -1
R l Voltage Me er P
Input processing: Elements as channels fcamnla
+| e ) 4\ Configuration Properties: Scope
T DC Voltage Source o Maximize axes:
| l ‘ .~ powergui — d B BAlmiem Tirmam T [ I mim im wmm
L Time span: | Auto
= Time span overrun action: |Wrap
Time units: None
4| Scope — O b
) Time display offset: !D

File  Tools View Sirulation Help N
— = Time-axis labels: Bottom displays only
@) 0P @ a- - |[Fa@-

[ Show time-axis label
4 Configuration Properties: Scope >

Main Time Display  Logging

OK Cancel
Active display: 1 -
Title: i %< SignalLabel> |
Title: Yo<5ig 4\ Configuration Properties: Scope

[] show legend Sho Main | Time Display Logging

[ Plot signals as magnitude
] Limit data points to last:
Y-limits {Minimum}): |-12.4‘:‘J ia

[] Decimation: 2
Y-limits (Maximum): | 12.498

o [— Log data to workspace

-label:
Variable name: || ScopeData
Save format: Dataset

Simscape > Electrical 54
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%’" Configuration Parameters: untitled/Cenfiguration (Active)

+* Commonly Used Parameters = All Parameters

Category: Al - _

Parameter

Solver » Simulation time

Value Co

Start time l
| VG R M

Simulation start time. Note that the values that you speci

Stop time

Simulation stop time.
Solver » Solver options

Type

Choose a variable or fixed-step solver.

0.01

Variable-stgp= RC = 1ms- 5

Solver I

Choose a solver. If disabled, enable in "Additional options” by changi...

Solver » Additional options

Max step size
Maximum step size for a variable-step solver

Relative tolerance

specify the largest acceptable solver ermror, relative to the size of eac. ..

Min step size
Minimum step size for a variable-step solver

Absolute mlerant:e

Moo oo lommoob oo omdRds —oheo- -—o- - Yhe value of the meas. ..

Simscape > Electrlcal

] 17/10=0.1ms|
. o

TAOTITTane SUTVGT o0 |EE’[iEI!"I]I | x

1e-4
le-3
auto

a u_tD
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B Simulink Library Browser — O X
\;' ‘ Enter search term v ﬁ‘i‘k - :‘L- > =~ = Q)
Simulink
) ) v Simulink ~
Simulink N |
Continuous of
Déshbolard_ . Additional Math  Commonly
Discontinuities & Discrete Used Blocks
Discrete
Logic and Bit Operations &.i.
Lookup Tables
e PemmaBame K0j1a MOYKE CE HN3BPIINTH EBbCT'OBUM Math Operations ,
Messages & Events Continuous Dashboard
CBOhEHEM Ha CUCTEM JIMHEAPHHUX Model Verifcation
Model-Wide Utilities \ b
nudepeHIujaTHuX jeIHauYHa Ports & Subsystems
Signal Attributes Discontinuities Discrete
Signal Routing
 JlaTn cucTeM MOXKE C€ IPEJICTABUTH Sinks Py -
. Sources ] = sl
JeIHOCTAaBHUM OJIOKOM Ca BHIIIC yja3a u u3jasa String — =
User-Defined Functions 0gic an ! O[:l))lup
Additional Math & Discrete Dperations Tables
Quick Insert —
Communications Toolbox 1 x &
Communications Toolbox HDL Support
Communications Toolbox Support Package fo Math Messages
Control System Toolbox Operations & Events
DSP System Toolbox
DSP System Toolbox HDL Support Misc @
Fixed-Point Designer @
HDL Coder Model-Wide  Model
Instrument Control Toolbox Utilities wErification
Simscape
Simulink 3D Animation I £ ?
Simulink Coder %c ]{ INT
Simulink Control Design .
Simulink Extras Ports & Signal
Stateflow Subsystems Attributes
Statistics and Machine Learning Toolbox W
Recently Used "E -;;:-

Simulink < ? Cianal cinke 56
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Cumynaiuja €JIeKTPUYHOI KOJIa Ka0 YOIIIITEHOT
cucrteMa kopulhewmeM Simulink-a

g~

Model Browser

Primer01_s3

Simulink

x =Ax + Bu
y=Cx+Du

xl’:: = X() s

0

Eile  Edit View Display Diagram Simulation Apalysis Code Tools  Help J
T — o — | :
s O-E- 4 P & v
vé | Primer01_s3
& P'Fil'l'lEfUl_E3
@ u(t) — nobyna (ynas)
£d x(¢) — NpoMeHIbUBA CTakbA
=%

X, —> IPOMEHJbMBA CTalkha Y TPEHYTKY 7,

| (| h| X' = Ax+Bu ||_||
X' = Ax+Bu
< y = Cx+Du
Step1 State-Space

57
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CumyJianyja eJICKTPUYHOT KOJa Ka0 YOIIITEHOT
cucreMa kopuinhewmeM Simulink-a

R ic

o—/\/\/\/io u = uy () —> nobyna (ynas)
_I_
+ C
() =

X = U, () —> HaIlOH KOHJeH3aTopa (IPOMEHJbHUBA CTamba U OJI3UB - U3J1a3)

_ Uc — ?
U, x(ty ) = U, — HaIlOH KOHAEH3AaTOPa y TPEHYTKY £,
1 ug(t)zRiC+uC(t) x = Ax + Bu
du y=Cx+ Du
= iC =C—=< .\'L:x =Xy,
KOJIO je 06pa30BaHo y TPEHYTKY Z, = 0 dt ’
u-(t,)=U,=-10V
R =1kQ c(fy) 0
CZIHF duc(t):ic :ug(f)—uc(f):_uc(l‘)+ug(t)
ug(t)ZUh(t),UleV dl‘_ C RC RC RC
] uc(ty)=U, =-10V
u-(t,)=U,=-10V du (t) 1

=Au,.(t)+Bu, (t) > A=———=-1000,8 =1000

u-t)=Cu,(t)=C=1,D=0
Simulink uc(ty) =Uy,=-10V 58



r
Source Block Parameters: Stepl

Step
Output a step.

Farameters

Step time:

Initial value:
]
Final value:

10

Sample time:

0

Interpret vector parameters as 1-D

Simulink

ueHT, 13E072PRK3, 19E072PRK, VH

MMYyJainuja

CICKTPUYHOT

KOJIa Kao
YOIILITECHOT
CHCTEMA

KOpHUITheHeM

Simulink-a

File Edit View Display Diagram Simulation  Analysis

==

Madel Browser

@240

= Primer01_s3

Code

>

State Space

State-space model:
dx/dt = Ax + Bu
y=Cx+Du

Farameters

Primer01_s3

As

'
#| Function Block Parameters: State-Space

Initial conditions:

-10

Absolute tolerance:

* Primerﬂl_sS auto
E3]
=
> X' =Ax+Bu
y = Cx+Du
Stepl State-Space
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i —

.

[*a| Function Block Parameters: State-Space l

i —

State Space

State-space model:
da¢/dt = Ax + Bu
¥y = Cx+ Du

Farameters

Al

UMyJaluja
CJICKTPUYHOT
KOJIa Kao

Initial conditions:

-10

Absolute tolerance:

auto

Simulink

YONIITEHOT

. CHUCTEMA

| © KOopHuIIhemheM
Simulink-a
] B Scopel

P Primer01_s3 *

Model Browser =

{"&| Primer01_s3

B e

»acTa, nouent, 13E072PRK3, 19E072PRK, Ynus

P—— .
File Edit View Display Diagram Simulation Analysis Code Jools Help

e -E-4® P

Primer01_s3

—

["a| Source Block Parameters: Stepl

*

RICEREFELIERE

. ® E@Primerﬂ 1 83

Step

Output a step.
Farameters
Step time:

0]

Initial value:

0

Final value:

10

Sample time:

.

\:’ - 10

X' = Ax+Bu

N

y = Cx+Du

State-Space
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R t =0

-W:CC
-~

Vs

VR + Ve = Vsug(t)

i:iC:

vg = Ri = RC

dvc
dt

dvc
dt

a, noueHTt, 13E072PRK3, 19E072PRK, YuuBep3urer y beorpany — EjnexTporexunuku ¢ax

yaret, 2025.

ve(t) = (Vs—Vse

—(1/RC)t
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MATLAB
Symbolic Math Toolbox (Live Script)

*brbIrMoTeka 3a CMMOOJIMYKHU padyH (ajaredapcke U AudepeHIjaIHe JeJHAYNHE)

*OMoryhaBa HyMEpHUKY aHAIM3Y pPe3yiTara IpopadyHa

ﬂ Live Editor - D\Engineering Work\ETF\Teaching\PRK\RCKolo_v0.mlx

|“ plutol.m | templatel.m | RCKolo_v0.mix \| = \|
9y () = 10000 — 1000 v,(¢) “ &l
1 syms v_c(t) ot -
2 ode = diff(v_c,t) ==-1000*v_c+10000 . —
- - cond = v.(0) =-10 =
3 cond = v_c(8)==-10 L=
4 v_csol = dsolve(ode,cond) v_csol = 10— 20e 1000
6 fiplot(v_csol, [0 @.01])
10 . : —
8 -
E -
4 .
ol
/
0 /
2
A+
‘6',‘
-8 /
-10

SimbOliC Math TOOlbOX 0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01 62
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wxMaxima
W wxMaxima 20.06.6 [ unsaved* ]
File Edit View Cell Maxima Equations Algebra Calculus Simplify List Plot Numernic Help
Sl IR OE 820 [+ M x|wm
“w * ' ¥y i e h e jednacine: [ug=R-iC+uC, iC=C-'diff (v
3 3 = o ¢ P » ¢ dq
SO A s ug=uC+RaC,i1C=C uC
€ c g ¢ hH D [ug ! (dt I
V | 2 a £ 3> «
> 82NN L ) jednacineDuC: jednacine, 'diff (uC,t)
— 1
A -~ A A Tug=—uC+RiC,;1C=ChuCl
13) Jednacinelzvoda: eliminate (jednacine
[1C]);
[—ug+uC-+C DuCR]
= el ' 4) jJednacineStanja: linsolve (Jednacinel
Expression Implicit Plot
Parametric Plot Points [DUC: o i
Diagram title Axis CR 63




A o~ ~ M

) zamene: [ug=U];

[ug=U]

7) vrednosti: [R=1000, C=10"(-6),

1
[R=1000,C= LU=

1000000

“dE ER T

ode2 (JednacineDiffZamena, uC, t):;

R

icl (%, t=0, uC=U0);

t

t

" CR
uC = %e
U

CR
$e +uU0-U

uCt: ev (%, vrednosti):;

e <10 %e —20)

wxplot2d (rhs (uCt), [t,0,0.01],
[x1label,”™ t [s3] "1,

[$1dbe], ™ e V1 ™1;

[xtics,; 0, 0.002; 0.01],
[legend, "Napon kondenzatora"],

ol

uC=

ucC [V]

U

oON B OO 0 O

|

|

| |
apon kondenzatora

|

|

0.002

0.004
t[s]

0.006

0.008

0.01
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