IIpakTHKYM U3 pavyHapcCKe
aHa/im3e TpogasHuX KoJia
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Pauynapcku (copTBEpCKH) anaTu

 Mathematica, MuPAD, Maxima, SymPy
 MATLAB, Scilab, Octave, FreeMat
 LTspice, ngspice, QucsStudio, XCircuit

* Python, MathCAD, MAPLE,
Spe(Q Mathematics...

Free/Libre Open Source Software (FLOSS)

2
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On3uB Ha modyay

BpeaHnocTu enemeHaTa eIeKTPUYHOT KOJIa ca CIIMKE CY MTO3HATe.
(a) OnpenuTH jeJHAYMHE CTakha y CKalapHOM H MaTPHYHOM OOJIHKY.
Koju je pex kona?

(0) Oppenut umMnylicHH oa3uB (I pHHOBY (DYHKIIH]Y) 3a HAIIOH U AKO je

L=CR".
Hymepuuku nnpumep: ._i_,.o%\ . +
R,=R,=R=1kQ
L=1H Ly R,§ C== Rgg u
C=1uF
I4(t) = 8(1) : : -
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MATLAB: Symbolic Math Toolbox

1
»
Ly R‘I§ ——
& &
Brisanje promejlivih na pocetku
clear variables
Definisanje simbola, odnosno nepoznatih
syms ig il iR1 iR2 iC wl w2 ul uC DiL DuC RIR2Z RC L t U
Jednacine
jednacine = [ig == iR1 + il, il == iC + iR2,...
ul == uL + uC, uC == u2,...
ul == R1*iR1l, u2 == R2*iR2, ul == L*Dil, iC == C*Du(]
jednacine = f_ig =iL+1R; iL=1C+1iRs yy=uC 4+ul ol =us wy =R 1B, w = R+1RA

jednacinelzvoda = eliminate(jednacine, [iR1, iR2, iC, ul, u2, ul])

jednacinelzvoda =

uL. = DiL L iC = C DuC)

[uC + Ry il - Ryig+ DiL L Ry il —uC — € DuC R Ry Roig — RouC — DIl L R; — RyuC — € DuC R R-]

4
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EnvMmuyHanyja CyBUITHUX IIPOMEHJBUBUX U yBoh)eme (hyHKIIH]a

jednacinelzvoda = eliminate(jednacine, [1iR1, iR2, iC, ul, u2, uL]) 6|Imlnate

jednacineIzvoda = uC +R,iL — R, ig + DiL L.R,iL —uC — C DuC Ry, R, Ry1g — R,uC — DiL L Ry — Ry uC — C DuC R, R;]

izvodiStanja = solve(jednacineIzvoda, DuC, DilL)

izvodiStanja =
DuC: -(uC - R2*il)/(C*R2)
DiL: -(uC + R1*ilL - Rl*ig)/L

syms iL(t) uC(t) DuC(t) DiL(t) ig(t) g uC(t) f uC(t)
promenljiveStanja = [1L == iL(t), DiL == diff(iL(t)), uC==uC(t), DuC==diff(uC(t))]

promenljiveStanja(t) =

@uu=mm HUH=%HJHUCM=MGH]MGH=%UCM)
o o

jednacineStanjafFun = subs([diff(uC)==izvodiStanja.DuC; ...
diff(iL)==izvodiStanja.DiL;],...
lhs(promenljiveStanja), rhs(promenljiveStanja))

jednacineStanjafun(t) =
uC(r) = RyiL(r)
CR,

9 ()= - 2CW - Riig+ RiiLWD MATLAB: Symbolic Math Toolbox

at Il

9 el =—
ot

5
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MATLAB: Symbolic Math Toolbox

3aMeHe

Zamene
zamene = [R1 == R, R2 == R, L == C*R”"2, 1ig == heaviside(t)]
zamene(t) = (Ri=R Ry,=R L=CR* ig(t) = heaviside(r))
jednacineStanjaFunR = subs(jednacineStanjaFun, lhs(zamene), rhs(zamene))

jednacineStanjaFunR(t) =

ot CR

9 iL.(s) = —uC(#) — Rheaviside(t) + RiL(7)
o C R’
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PemraBame cucreMa audepeHIn]aTHuX
jeqHa4YMHa U LpTamke rpaduka QyHKIH]e

Resavanje sistema diferencijalnih jednacina

MATLAB: Symbolic Math Toolbox
assume(R>0 & C>8 & L»8 );

resenjeDiff =

dsolve(jednacineStanjaFunR, [uC(@)==8; iL(8)==0])
resenjebiff =

il: exp(-t/(C*R) ) *sin(t/(C*R))*(sign(t)/4 - (exp(t/(C*R)})*(sign(t)/2 + 1/2)}*(cos(t/(C*R)) - sin(L/(C*R))))/2 + 1/
uc:

- R¥exp(-t/(C*R) )*sin(t/(C*R))*(sign({t)/4 - (exp(t/(C*R))*(cos(t/(C*R))} + sin(t/(C*R}))*(sign(t)/2 + 1/2))/2

f uC = simplify(rewrite(resenjeDiff.uC,

'Heaviside')) x10°
T uC

—

o V2 Re CRgin (M} heaviside(¢)
R heaviside(r) _ . 4CR
¥

7

g uC = simplify(diff(f _uC))

g uC =
- I —
e “Reos (M} heaviside(t)
_ . 2CR

C

fplot(t, subs(g uC, [R C], [1le3 1le-&]), [© @.01]) °L \\\\‘

0.002

0.004 0.006 0.008

0.01 7
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MATLAB: Simulink

sources

ES Simulink Library Browser

Simulink/Sources

S8 Simulink Library Browser - O
Enter search term v|&* ™| = l:?_;l
Simulink
»  Simulink -~
Commeonly Used Blocks fonY
Continuous :ﬂ ET
Dashboard =
D?s::onﬁnuities Commeonly Continuous Dashboard  Discontinuities
Discrete Used Blocks
Logic and Bit Operations
Lookup Tables -
Math Operations ‘hl' ;'.: yef{u) : :
Model Verification i
Model-Wide Utilities em—— Logi i Loak e
isCr gic and Bi up El
Ports & Subsystems . .
Signal Attribustes Operations Tables Operations
Signal Routing
Sinks Misc ® & ]E 2
Sources @' & INT
User-Defined Functions
Additional Math & Discrete Model-Wide Maodel Ports & Signal
Utilities Verification Subsystems Artributes
Aerospace Blockset ¥S
Audio System Toolbox
Communications System Toolbox e \t:
F— —- - -
Communications System Toolbox HOL Sy LAY .f‘
Computer Vision System Toolbox
Control System Toolbox Signal Sinks Sources User-Defined
Data Acquisition Toolbox Routing —— Functions
DSP System Toolbox
DSP System Toolbox HDL Support —_—
Embedded Coder
Fuzzy Logic Toolbox
W
. B 5 | |Additional Math
B Nisrrets

¥ Simulink Fill AN P

Commeanly Used Blocks
Continuous Counter Counter
Dashboard Free-Running Limited
Discontinuities
Logic and Bit Operations .
Lookup Tables Digital Clock Encl.lor::tr:r?:d
Math Operations
Model Verification m untitled. xsx
Model-Wide Utilities Sheet:Sheetl
Ppns B Su.bsystems From File From Spreadsheet
Signal Attributes
Sinks =
Sources From Ground
User-Defined Functions Warkspace
Additional Math & Discrete

Aerospace Blockset Inussignali @ (D

Audio System Toolbox

Communications System Toolbox In Bus Element Inl

L4

Communications System Toolbox HDL Sy
Computer Vision System Toolbox
Control System Toolbox

Data Acquisition Toolbox

DSP System Toolbox

DSP System Toolbox HDL Support
Embedded Coder

Fuzzy Logic Toolbox

HOL Coder

HOL Verifier

Image Acquisition Toolbox
Instrument Control Toolbox
Medel Predictive Control Toolbox
Neural Network Toolbox

OPC Toolbax

Phased Array System Toolbox
Report Generator

RF Blockset

Robotics System Toolbox

Robust Control Toolbox
SimEvents

Simscape

Simulink 3D Animation

Simulink Coder

Simulink Control Design

Simulink Design Optimization
Simulink Design Verifier

Pulse
Generator

=

Random
Number

.

Repeating
Sequence
Interpolated

{Group 1

E Signal 1

Signal Builder

)

Sine Wave

Iy

Uniform Random
Number

N

i
3

=

7
B
2
a

£
g
3

=

w58
£58
"33

oooo
a B

Signal
Generator

=

Step

.

Waveform
Generator
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||| » S PS> I
—>

©

iglt) Simulink-PS
Converter

Source

Controlled Current

R1

—  Electrical Reference2

fx) = 0

model delta impulsa

Voltage Sensor

Sobver

Configuration

- =

Source Block Parameters: Repeating Sequence

[E5C)

Repeating table (mask) (link)

value pairs. Values of time should be monotonically increasing.

Parameters

Output a repeating sequence of numbers specified in a table of time-

Time values: _— e

lale

—  Electrical Reference

&)

Electrigal Reference

PSS
t} — ut)
PS Simulink Scope
Converter

NmrrysicHA 0A31B 3a

File Edit

[0 0.5%1e-4 1e-4 2] View

Display  Diagram [Simulati:m Analysis  Code Tools Help

HamoH KoHAeH3aTopa U(t)

R,=R,=R=1kQ

Output values: J e, - %E 2% Update Diagram Ctrl+D L — 1 H
[0 2%1e4 0 0] @ Model Configuration Parameters Ctrl+E
| Model Browser ~= ImpulsniOdziv C . 1 MF
Made r B
N @ ||¥a ImpulsniOdz] . .
Data Display r L] I (t) _— 6(t)
@) . Stanhack (uniniializadl g9
OK i IEI us‘:oh Configuration Parameters: ImpulsniQdziv/Configuration (Active)
r Select: Simulation time
. F, Solver ! )
. Start t : 0.0 Stop t 2|1
MATLAB: Simscape | swimes otime: 0 o i
» Optimization .
F d t. L - b - Diagnostics Solver options
Hardware Implementation - -
O u n a I O n I rary Madel Refereﬂcing Type: [Varlable—step - | Solver: [ode45 (Dormand-Prince)
=g=, = > Simulation Target Max step size: le-5 Relative tolerance:  1e-3
l |t| I Itl eS » Code Generation
> HDL Code Generation Absolute tolerance:  auto

Simulink

Simscape
SimMechanics 1G
> SimMechanics 2G

Min step size:  auto

Initial step size: auto

Number of consecutive min steps:

Shape preservation: |Disable All

1
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e | R S

L]

MMITYJICHH OJ[3UB 3a HamoH U(t)
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- — C=rrem

L]

D _______________ a Hp'O'KCHMaHI/IJaﬁ(t)'“""""""""é ________________________ ________________________ ________________________ ________________________ ______________________
| : HOBpIHHHa Tpoyrﬂa - 1 ................................ ........................ ........................ .....................

____________________ HMH}’HCHHOI[SI/IBS&HEIHOHU(‘Z)
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Oa3uB Ha CAaKYIUbEHY €Heprujy

tg =0 R, C,
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(O3Hake YBOpOBA U MPUCTYIIA
tg =0 R, C,
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MATLAB: Symbolic Math Toolbox

CucreM jegHauYMHA KOJIa

Definisanje simbola, odnosno nepoznatih

syms i1 12 13 i4 15 16 17 ul u2 u3 ud uS5 ué u7
syms Dul Dud D R1 R2 R3 R C1 C2 C a U@

fo =0 Rz Cz

Jednacine
—> AAA " II —
jednacine = [1l1l + 12 + i3 + 15 == @,... p3 ©) p4
-14 + 16 + 17 == 8,... )

i3 + i4 == o,...

ul - u2 == 0,... []O ) ‘f *

1

I
u2 - us == o,... | Sl
US - U6 - UA - U3 == 0,... — Rl u ! < R
u - u7 == 9,... |
il == C1*Dul,... (:1 pl p2 _ : au p7
u2 == R1*¥i2,... -
u3 == R2*i3,... @ J; ps P @
i4 == C2*pu4,...
is == @,...
ue == a*us,...

u7 == R3*i7]

jednacine = (i +i+i3+is=0 fg—iyg+i7=0 i43—i3=0 w;— ;=0 wy—us=0 ws—ug—u;—Uug=0 ug— ;=

14
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MATLAB: Symbolic Math Toolbox

JennaunHe cTama

jednacineIzvoda = eliminate(jednacine, [i1, i2, i3, 14, i5, ie6, i7, u2, u3, u5, u6, u7])

jednacineIzvoda = u;+C,Du R, + C;Duy R, uy—uy+au, +C,Duy R,

jednacinestanja = solve(jednacinelIzvoda, [Dul, Du4])
jednacineStanja =

Dul: -(R1*ul + R2*ul - R1*ud4 - Rl*a*ul)/(C1*R1*R2)
Dud: -{ud - ul + a*ul)/(C2*R2)

15
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PenraBame cucreMa qudepeHIn]aTHIX
jeIHAYNHA

Resavanje sistema diferencijalnih jednacina

syms ul(t) ud(t) Dul(t) Du4(t)
promenljiveStanja

MATLAB: Symbolic Math Toolbox

[ul == ul(t) ud4 == u4(t)]
promenljivestanja(t) = (uy(t) = ui(t) wuylt) = uyt))

zamene = [R1 == R, R2 == R, R3 == R, C1 ==C, C2 == C, a

== ]
zamene = (Ri=R Ry=R Ry;=R C;=C ,=C a=3)

jednacinestanjafun = subs([diff(ul) == jednacineStanja.Dul;...
diff(u4) == jednacineStanja.Du4],...

jednacinestanjaFun(t)

[lhs(promenljivestanja) lhs(zamene)], [rhs(promenljiveStanja) rhs(zamene)])

Ru(t)+ K uylt)
9 (1) = — !

of C R*

. 2, (t) + wylt)
ﬁ uglt) = — L - 4
at C R

resenjeDiff = dsolve(jednacineStanjaFun, [ul(®)==18, ud4(@)==0])

ITOYCTHC BPCAHOCTHU
resenjelift =
ud: - exp(-(t*1i)/(C*R))*10i + exp((t*1i)/(C*R))*18i
ul:

exp(-(t*11)/(C*R))*(5 + 5i) + exp((t*1i)/(C*R))*(5 - 5i)

16
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MATLAB: Symbolic Math Toolbox

On3uB — HanoH Ug(t)

ue(t) = rewrite(simplify(3*resenjeDiff.ul), ‘'cos’)

ue(t) =
30 cos (ﬁ) + 30 sin (ﬁ)

Crtanje dijagrama

fplot(t, subs(ue(t),[R, C],

[1e3, 1e-6]), [0 20e-3])

40 +

30r

20 F

10

10

20 F

30 F

40 ¢

rewrite

0.005

0.01

0.015

0.02
17
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MATLAB: Simscape
Foundation Library, Utilities, Simulink

t>t0

-

o—4

a-AAAA~T 1
u
R2 co

+ g1

C1 R1 Voltage-Controlled
R3
Voltage Source
| 1 '
l E
fx)=0
=  Electrical Reference =
Solver
Configuration
L] J : o — — m—
File Edit VYiew Display Diagram | Simulation | Analysis Code Tools  Help
= ]| éb‘_,), Update Diagram Ctrl+D
e ~ o € —
@ Model Configuration Parameters Ctrl+E

=

Model Browser

%8| Impulsniodzi

ImpulsniOdziv

- Maode b
® ImpulsniCdz|

[aftmp Data Display b
& Ctom ol (Liminitializedl

Electrical Reference2

pssk_p ]
—» [uG(t)
PS-Simulink Scope
Converter

Electrical Reference1

Cy

R,=R=1kQ
C,=1puF

U,=10V

a

3

05y Configuration Parameters: Pocetnilslov/Configuration (Active)

[l

Select:

Solver

! Data Import/Export

Optimization

Diagnostics

Hardware Implementation

Model Referencing

Simulation Target

» Code Generation

> HDL Code Generation
Simscape
SimMechanics 1G

> SimMechanics 2G

Simulation time

Start time: 0.0 Stop time: 1

Solver options

Type: lvariable-step T | Solver: [0de4-5 (Dormand-Prince) -
Max step size: le-4 Relative tolerance:  le-3

Min step size:  auto Absolute tolerance:  auto

Initial step size: auto

Number of consecutive min steps:

Shape preservation: |Disable All

1
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u6(t)=w0ﬁcos(R—tt_%)M

HanoH Ug(t)
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On3uB Ha 1OOyAY U
CaAKYIlJbEHY €eHepPrujy

Ry

v
(D SR IE .

R; =R; =R
Ry = 2R

- —at

ig =1ge 2 h(t)

2R,

20
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KoJ10 ca moOyaoM u IIOYET. €HEP.
tO — O R]_ = R2 — R

. _ R, =2R
ip=1qe at g(t) R :

21
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CucreM jeIHa4YMHA KOJIa

—~
I

iy =1, 7 9() R, :
Definisanje simbola, odnosno nepoznatih —>/\/\/\(

o

A

syms iR1 iR2 iR3 il DilL uR1 uR2 uwR3 ul ig Ig I8 a L R R1 R2 R3

=]

. 1
Jednacine l.g CD § Rl 0 R3

jednacine = [iRl + iR2 - ig == @, ... L I
-iR2 + il + iR3 == @,...
uRl - uL - uR2 == 8,...
uL - uR3 == a,... e
ul == L*Dil,...
uRl == R1*iR1,...
uR2 == R2*iR2,...
uR3 == R3*iR3]

o

jednacine = (iR, +iR,—ig=0 ilL—iR,+iR;=0 uR,—ul.—uR,=0 ul.—uR;=0 ul.=DilLI. uR,=R,iR, uR,=R,iR; uR;=R;iR;)

jednacinelzvoda = eliminate(jednacine, [iR1, iR2, iR3, uR1l, uR2, uwR3, ulL])

jednacinelzvoda = [R,Ryig — Dil. L R, — DilL L Ry — R, Ryil. — R, Ry il — DiL. L R,]

jednacineStanja = solve({jednacinelzvoda, Dil)

jednacineStanja =
RlR}iI,+R:R3iI;—RIR5ig

LR+ LR+ LR, MATLAB: Symbolic Math Toolbox

22
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JenHaunHa cTama

syms il (t)
promenljiveStanja = [iL == ilL(t)]

promenljiveStanja(t) = iL(r} =ilL(#)

zamene = [R1 == R, R2 == R, R3 == 2*R, ig == Ig*exp(-a*t)*heaviside(t)]

zamene = (Rj=R R, =R R;=2R ig= Ige ™ heaviside(r))

jednacineStanjaFun = subs{diff(ilL(t)})==jednacineStanja, lhs{[promenljiveStanja zamene]), rhs{[promenljiveStanja zamene]))

jednacineStanjafFun =

oMmoryhaBa e(pykacaH UCTIUC pelICHa
) o — A RPIL(r) — 2 [g R* e heaviside(r) : i
9 i1 (1) = ~ 4L — 2 g R heaviide(s) nomohy XeBucajaoBux (QpyHKIIH]ja

resenjeDiff = dsolve(jednacineStanjaFun, ilL(@)==I8

'IgnorefinalyticConstraints’', false

resenjeliff =

ke R oy TP
Je L —a L Ig R heaviside(r) _ lg Re™ ¢ heaviside(7)
! 2(R-La) 2(R-La)

MATLAB: Symbolic Math Toolbox ,

3
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Om3uB — cTpyja I(t)

numzamene = [I® ==-10, R==1le3, L==le-3, Ig==10 a == 100]
numzamene =

(m:-m R:HMJL=_i_lg=H}a=nm)
1000

f iL(t) = subs(resenjeDiff, lhs(numzamene), rhs(numzamene))

BEJIMKHU OPOj
FL(t) = ,//’///

—10 o=1000000¢ _ 4~1000000+ (5{}[111{} heaviside(t) _ 500009901 heaviaide[ﬂ)

9999 9999
f il _exp(t) = expand(f_ilL(t)) expand
f il _exp(t) =
50000 e~ """ heaviside(t) _ 10 o—1000000: _ 50000 "™ heaviside(r)
9999 9999

MATLAB: Symbolic Math Toolbox ,

4
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fplot(t, f il _exp(t), [0 10e-6]) fplot(t, f ilL exp(t), [©.05 ©.1])

0.03 F

0.025 F

0.02

0.015f

0.01F
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