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IIpakTUKyM U3 pauyHapCKe aHAIN3E
Tpo(asHux Koja

Muiika [Torpeduh
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O3uB HAa NPOCTONEPHOANYHY ITO0Y Iy

U, =1V

i C m:1 o =10°rad/s
L=0.1mH

) C=1pF
9<> L u m=1

L

u,(t) =U, sin( i t) h(t)
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3aJaTak - MpoCTONEepUOAUYHA MO0y aa

(5) OppenutH jeIHAYHMHY OJI3UBa 3a HAIIOH U

€JIEKTPUYHOT KoJja ca ciinke. Bpeanoctu

eJIeMEHaTa U IapaMeTpu nodyje cy Mmo3HaTH,
1

e Hh(7).

Hewma cakynsbeHe eHepruje.

Uy (1) = Uy, sin(

(5) Onpenutu cTpyjy U3BOpA, i, U HAI[PTATH
rpaduK CTpyje U3BOpa.

(5) Kako rimace jeqHaunHe ctama KoJa?
Hanucaru ux y MaTpuuHOM OOJIHKY.
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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 S
Model-Wide Utilities em—— Logi i Loak e
isCr gic and Bi up El
Ports & Subsystems . .
Signal Attribustes Operations Tables Operations
Signal Routing
Sinks : ® ns# 2
in Misc W E
Sources @' & INT
User-Defined Functions
Additional Math & Discrete Model-Wide Maodel Ports & Signal
Aerospace Blockset Utilities Verification Subsystems Artributes
Audio System Toolbox
Communications System Toolbox e 'hl
e -l-\-
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

Embedded Coder
Fuzzy Logic Toolbox
HOL Coder

DSP System Toolbox HDL Support

Additional Math

B Digreats

¥ 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» untiled xlsx |
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
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’i Library: simscape - Simulink P3

File Edit View Display Diagram Analysis Help File Edit View Display Diagram Analysis Help
Ul = > UE = .

-=-8 o = @~ E-=3-8 o = @

simscape fl_lib

= -
My eEgs = —C

View Displayf Diagram  Analysis  Help

i~ 38 L EEO-

'bi Library: fl_lib/Electrical/Electrical Elements - Simulink

(Ot

@ 1 4‘.:—__ El f
Foundati Utiliti Driveli Electroni F

e e rveEine setronies *2 Library: fl_lib/Electrical - Sigfllink

(=]

]

File Edit WView Display Diagram Analysis Help

-8 e & BE-O-

Electrical Elements
@ Electrical Elements | Electrical Sensors | ‘ Electrical Souwrces |

a -
@ _
18 |
IEI IE' apacitor -F
» (lei > |-
. Ready 100%
Ready 4
L]
Inductor
Ideal Transformer
:E Z Op-Amp
|
IE_EI Mutual Inductor
)} { - -




Voltage Sensor

MSPSpb— & ]
\J > @ = R _@_\g-—; POBUDA

r
]

Sine Wave Simulink-PS
mulink-P Coniroled Voltage c —  Electrical Reference2
Source = - PSS oo
L —» ODZIV napon u(t)
| Ideal Transformer PS-Simulink

Electrical Reference Electrical Reference1

J__ J__ Converter

f(x)=0

<

Solver

s - Electrical Reference3 MAT LAB : S i mscape
onfiguration - -
‘ ' — | Foundation Library

Source Block Parameters: Sine Wave

Sine Wave | e e
Output a sine wave: b Utl Itl es
0(t) = Amp*Sin(Freq*t+Phase) + Bias

Sine type determines the computational technique used. The parameters in the S I I I I u I I n k

two types are related through:

Samples per peried = 2*pi { (Frequency * Sample time)

Number of offset les = Ph =S | d/ (2%

et of ofses samples = Fhase ™ Samples per peroc /(272D Block Parameters: Ideal Transformer
Use the sample-based sine type if numerical problems due to running for large
times (e.g. overflow in absolute time) occur. Ideal Transfarmer

Parameters Models an ideal power-conserving transformer satisfying V_1 = N*V_2 and I_2 = N*I_1 where N is the

Sine type: | Time based «| It Winding ratio, V_1 and V_2 are the primary and secondary voltages, I_1 is the current flowing into the
primary + terminal, and I_2 is the current flowing out of the secondary + terminal.

Time (t): |Use simulation time -

Amplitude: This block can be used to represent either an AC transformer or a solid-state DC to DC converter. To

1 model a transformer with inductance and mutual inductance terms, use the Mutual Inductor block.

Blas: Mote that the two electrical networks connected to the primary and secondary windings must each have
0 their own Electrical Reference block.

ey (=ilkEgr View source for Ideal Transformer

100000

Phase (rad): Parameters

o Winding ratio: 1

Sample time:

0
Interpret vector parameters as 1-D Cancel Help Apply

Cancel Help Apply
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JetHauuHe

Postavljanje jednacina

clear variables
syms ug uC uL L C DiL DuC m u iC il Um t
jednacine = [ug == uC + uL,...

uL == L*DilL,...

iC == C*DuC,...

uL==m*u, ...

iC==iL]

jednacine = (ug=uC+ul uL=DiLL iC =CDuC uL =mu iC =il)

Eliminacija i redukcija sistema

sistem = eliminate(jednacine, [ul,iC,u])
sistem = [uC —ug+ DiL L,C DuC —iL]

Resavanje po izvodima stanja

resenje = solve(sistem, [Dil,DuC])

resenje =

DiL: -(uC - ug)/L
DuC: ilL/C
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PemmaBame cucrema
Resavanje sistema diferencijalnih jednacina
syms IL{t) uC(t)

jednacineStanjaFun

subs([diff{uC)==resenje.DuC; diff(ilL)==resenje.Dil], {il,uC}, {iL({(T),uC(t)})
jednacineStanjaFun(t) =

9 uwoip =1Ll
dt !

(
r;_jr iLif) w
zamene = ug==Um*sin{t/sqrt(C*L))*heaviside(t)
zamene =

ug = Um sin ( _|r= heaviside(r)
NOL

jednacineStanjaFunR=subs(jednacineStanjaFun, lhs{zamene),rhs{zamene))
jednacineStanjaFunR(t) =

4 yoip =1L

simplify(resenjeDiff.iL)
or C ans =
/ \. T . I
uC (¢ —Um hin( —t ) heaviside(t) Um rsm( C '7=L>
d i1 (g) WO L ve v
iLit) = — s Z
it L 2L
assume(t»>8 & C>»8 & L»8)

resenjeDiff=dsolve(jednacineStanjaFunR, [uC(B)==08,1iL(B)==8], 'IgnorefnalyticConstraints’,false)
resenjeliff =

il cos(/(CM(L/2)*LA(1/2)) )+ ( (CA(1/2)%Um) / (25U~ (1/2)) - (CA(1/2)*Um*cos (t/(CA(1/2) LA (1/2)))*2)/(25LA(1/2))) +
uC: (L (1/2)*sin(t/(C (1/2)*L (1/2)))*((C™(1/2)*Um) /(2L (1/2)) - (C*(1/2)*Um*cos(t/(C (1/2)*L (1/2)))"2)/(2*L(
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[ paduk pyHKIM]EC O13UBa

st
6 |
MM
4 nﬂﬂﬂ
simplify(resenjeDiff.il) I
0
ans = 2t
Um ¢ si !
misin( ) UU”UU
2L 6} | u
8t
numzamene=[L==1e-4, (C==1e-6, Um==1, m==1] -10 .

0 05 1 15 2
numzamene = "
(L:L C=—1__ Um=1 m:l)

10000 1000000

fplot(t, subs(resenjeDiff.ilL, lhs(numzamene), rhs(numzamene)),[@ ©.002])
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O3uB Ha €KCIIOHEHIIM]aJIHY NO0Yy Iy

R
—MN——" T,

+ ® ® L=1mH
ug <> |_1 |_2 U C=1uF
R=1kQ

U, (t) =U e™ h(t)

U=1V, a=100

L1o

Tpancdopmarop je cumMeTpruYaH
€a caBpILIEHOM CIperoM
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3aJaTak - €KCIIOHEHIIM]aJIHa no0ya

* [lapamerpu KoJa ca CiiMKe Cy MO3HATH.
JIuneapHU MHIYKTUBHU TpaHCHOpMATOD j€
CUMETPHUYaH Ca CaBpIIECHOM criperom. Hema
CaKyIlJb€HE CHEPIyje.

o OnpenuTu cTPyjy KoHaeHszaropa I(t) u
Hal[pTaTH BCH rpauk.

* OppenuTtu HaloH cekyHmapa U(t) u
HaI[PTAaTH HBETOB I'Pa( UK.
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Uy (t) =U e h(t) i POBUDA
T | PSS
- A P—>1 50 STRUJA
PSSmulink KONDEZATORA
/ > el » S PS > > C Current Sensof Converter1 —: |_|
> () et :
2 Ll
Ramp Math  Simulink-PS . =
Function  Converter Controlled Voltage . . + Voltage Sensor
Source
=& l u=72 = > y l
—  Electrical Reference Mutual Inductor - —  Electrical Reference2
—  Electrical Reference1
f(x)=0
P_’S S obDzIv t
Solver . >| napon u(t)
Configuration Tpauncdopmarop je cumMeTpru4an PS-Simulink
! ca CaBPIIEHOM CIIPeroM i Converter
e Ramp Block Parameters: Mutual Inductor

Ramp (mask) (link)
Output a ramp signal starting at the specified time.

Parameters

Slope:
o9

Start time:
0

Initial output:
0

Interpret vector parameters as 1-D
Cancel Help Apply

U=1V, a=100

Mutual Inductor

Models a mutual inductor. If winding 1 has voltage V1 across it and current I flowing into its + terminal, and I — 1 I I I I I

winding 2 has voltage V2 across it and current 12 flowing into its + terminal, then
V1 = L1¥dI1/dt + M*dI2/dt

V2 = L2*d12/dt + M=d11/dt

where parameters L1 and L2 are the winding self-inductances, and M is the mutual inductance. M is defined in

C=1uF

terms of the Coefficient of coupling k by M=k*sgrt(L1¥L2). Hence k should be greater than zero and less than

one.

The parameters Winding 1 initial current and Winding 2 initial current set the initial current through windings 1 R e 1 k! !
and 2. Mote that this value is not used if the solver configuration is set to Start simulation from steady state.

View source for Mutual Inductor
Parameters

Inductance L1: 1]
Inductance L2: 1
Coefficient of coupling: 0.9999
‘Winding 1 initial current: 0
‘Winding 2 initial current: 0

Cancel

S MATLAB: Simscape
Foundation Library

. . Utilities
Simulink

Help Apply
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Jernaunne

Jednacine

MATLAB: Symbolic Math Toolbox

syms C L L1 L12 L2 R U a Dill DiL2 DuC i il1 ilL2 iR w uC ull uR t ug
assume(@ < R &V < C &V < L1&0O<L2&0<L12&0P<L&B<U&OG < a)

clear variables

zamene = [L1 == L, L2 ==L, L12 == L]
zamene = (Ly=L L,=L Ly=1L)
pobuda = ug == U*exp(-(a*t))*heaviside(t)

pobuda = ug =U e™"heaviside(r)

jednacine = Jug == uR + ull,...
UR == R * iR,...
ull == L1 * Dill + L12 * DilL2,...
u == L2 * DilL2 + L12 * Dil1,...
uC == ull - u,...
i==2C* DuC,...

iR == i + 1il1,...
i==1iL2]
jednacine =

(ug=uL;+uR uR=RiR uL,=DIiL,L;+Dil;L;; u=Dil,L,+DiL;L; uC =ulL,~u i=CDuC iR=i+iL, i= il,)

promenljive = [ulLl, u, uR, iR, 1i]

promenljive = (uL; u uR iR i)
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Je1HauuHe nu3BOIa

Jednacine izvoda

MATLAB: Symbolic Math Toolbox
= eliminate(jednacine, promenljive)

jednacinelzvoda
jednacinelzvoda

|—R1L| —ug +R 1L2 + DlLl L] + Dl].:'_\ L]:. C DuC — lL: uC — DIL] L| + DlL: L'_1 + DIL] Ll: - DIL: Ll'_v-‘
JednacinelzvodaZamene

subs(jednacineIzvoda, lhs(zamene), rhs(zamene))
JednacineIzvodaZamene

(RiL; —ug+ Ril,+DiL, L+ DiL,L C DuC —iL, uC)

syms 1L1(t) uC(t) iL2(t)
PromenljiveStanjalzvodi

= [uC == uC(t), DuC == diff(uc(t)), iL1

PromenljiveStanjalzvodi(t) =

== il1(t), DiL1

== diff(il1(t)), il2 == il2(t), Dil2 == diff(iL2(t))]
(u(?[x!:u(f[n DuC =2 uC(r) iL,(1) =iL,(r) DiL; =9 iL,(t) iL,(f) =il,(r) 1)i1.3=ﬁi|,3m)
ot at ot
JednacinePromenljiveStanja =

subs(JednacineIzvodaZamene, [lhs(PromenljiveStanjalzvodi) lhs(pobuda)], [rhs(PromenljiveStanjalzvodi) rhs(pobuda)])
JednacinePromenljiveStanja =
(L2 L) + L2 iLy(o) + RiLi(1) + RiLy(t) U e heaviside(r) €2 uC (1) ~iLy(1) uc.m)
dt ot at
promenljiveStanja

[iL1(t), iL2(t), uC(t)]
promenljiveStanja

= (iLy(1) iLy(r) uClr))
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EnvMuHayja CyBUINHUX J€IHAYNHA

Redukcija reda sistema

[noveJednacine, novePromenljive, Rstruct] = reduceRedundancies(JednacinePromenljiveStanja, promenljiveStanija)

noveJednacine =
emat (L L"T’ iL,(f) — U heaviside(f) + Rcf”iL]m)
dt

novePromenljive = iL,(1)

Rstruct = -
solvedquations: [2x1 syn] MATLAB: Symbolic Math Toolbox
constantVariables: [2x2 sym]
replacedVariables: [@x2 sym]
otherEquations: [@x1 sym]

reseneJednacine = Rstruct.solvedEquations

resenelednacine =

uCi(t)
—iL,(¢)

konstantnePromenljive = Rstruct.constantVariables
konstantnePromenljive =

uCf(z) 0

iLy(t) 0

drugelednacine = Rstruct.otherkEquations
zamenjenePromenljive = Rstruct.replacedVariables

zamenjenePromenljive = dr"uge]ednac ine =

Empt /m: @-by-2
mpty sym y Empty sym: @-by-1
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PemaBame quepeHI]anHe
Resavanje diferencijalne jednacine j e I[Han/IHe

odziv_il1l = dsolve(novelednacine, ilL1(®) == @, 'IgnoreAnalyticConstraints', false)

odziv_ill =
K )
Ue e “ heaviside(r) \el — e’

R-La MATLAB: Symbolic Math Toolbox

Napon u(1)

odziv_u = subs(L12*diff(expand(odziv_il1)), lhs(zamene), rhs(zamene))

odziv _u =
_& _& T T T T
[ |Ueé(t) _Ue * 8(t) _Uae heaviside(r) +RUe L heaviside(z) . ]
R-La R—La R-La L (R=La) 0.9 Crtanje grafika T
odziv_u_simp = simplify(odziv u 08F 1
s P L fplot(t, u(t), [0 1le-5])
odziv_u_simp = 0.7F grid on 1
Rt 1 [
. - xlabel('t
_1, | Uae“ heaviside(r) _ RUe " heaviside() 06 ( . ) . 1
‘ R-La L(R-La) ylabel('u(t)")
g—Uﬁ r 1
vrednosti = [U==1, R==1000, C==1le-6, L==le-3, a==100]
04F R
vrednosti =
(U: R=1000 C=—1 _ p=_ u:loo) 031 1
1000000 1000
02F R
u(t) = subs(odziv_u_simp, lhs(vrednosti), rhs(vrednosti))
01F -
u(t) =
10000 e~ 100001 heayiside(r) _ e 1" heaviside(r) 0 L L . L
9999 9999 0 0.2 0.4 06 08 1

t x10%
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O3UB HA TPOYTraOHU UMITYJIC

[lapaMeTpu €IEKTPUYHOT KOJIa Ca CIIUKE CY
nosHaru. [ToOyna je nara Ha cimum, T =L/ R,
Ri=R,R,=2R, L, =L,L,=4L, k=1/2.
(5) Onpenut UHAULMOHY (PYHKIIU]Y 32 HAIOH
OTBOPEHOTI CeKyH1apa (0JICKOYHU OJI3UB).

(5) Onpenut HaMOH OTBOPEHOT CEKYHAapa U

(5) Haupratu meroB rpaduk. OdenexuTu oce
rpaduka, KOOpJIMHATHU MOYETaK, IPeceKe U
nonupe rpaduka ca ocama, M Tauke

CKCTPEMYMaA. Rl RZ
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MATLAB: Simulink

sources

ES Simulink Library Browser
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Medel Predictive Control Toolbox
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OPC Toolbax

Phased Array System Toolbox
Report Generator
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Robust Control Toolbox
SimEvents
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Signal Builder
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4| Signal Builder (untitled1/Signal Builder) * — O x
File Edit Group Signal Axes Help L]
w H | P BRRB| oo | — O SGFREE] o now 2| 4 [Fal| B
Active Group: | | Group 1 v || | = |
Signal %
O
| | | 1 | | | | |
0 0.5 1 15 25 3 3.5 4 4.5 5
Time (sec) =108
Left Point & Signal -
Name: |Signal T: 1e-06
Index: |1 w ¥: |10
w

Enter coordinates or use arrow kKeys to change points

Signal (#1) (Pt2) [ YMin YMax ]
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L untitled1 * - Simulink — O *
File Edit Wiew Display Diagram Simulation Analysis Code Tools Help

(i = . _ .
E’ - 'E - .E @ - - @ % @ uD- m - |5EE- | » @ - -

untitled1
@ Quickly insert blocks by clicking in the diagram and typing part of the block name._More information. EI

OEE YEB e

= Woltage Sensor
roup 1 —— Elacirical Referanceai
% Signal L5 PS = @ __@ - i
Simulink-PS g F—FS :
Signal Buildar Resistar Rasisior
Converter Caontrolled Voltage PS-Simulink 560
Source 4 < Convertar -
— Electrical Refarenca2 Mutual Inducior
f{x}=0
Salvar = Elaclrical Reference
Caonfiguration N

= @

»

Ready 101% autof{ode5s)




Block Parameters: Mutual Inductor > 1y — Enekrporexnnaku dpaxy.rer, 2023.

Mutual Inductor

Medels a mutual inducter. If winding 1 has voltage V1 across it and current I1 flowing into its + terminal, and
winding 2 has voltage V2 across it and current 12 flowing into its + terminal, then

V1 = L1*dI1/dt + M*dIz/dt
V2 = L2*dI2/dt + M*dI1/dt

where parameters L1 and L2 are the winding self-inductances, and M is the mutual inductance. M is defined in
terms of the Coefficient of coupling k by M=k*sqrt(L1*L2). Hence k should be greater than zero and less than one.

Source code
Settings

Parameters Variables

Inductance L1: |1 | | mH v|

Inductance L2: |4 | | mH v|

Coefficient of coupling: 0.5 Block Parameters: Resistor >
Resistor

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

Block P eters: Resistor]
ock Pararmerers: Resistar The positive and negative terminals of the resistor are denoted by the + and - signs respectively. By convention,

Resistor 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
The voltage-current (V-I) relationship | resjstor is always positive.

The positive and negative terminals of Source code
the voltage across the resistor is given
the device from the positive to the neg
resistor is always positive.

Source code

Settings

Parameters Variables

Resistance: | 1 | | kohm o

Settings

Parameters Variables

Resistance: 2 | | kohm ~




4| Scope

File Tools View Simulation Help

@ - D@ P - Q- LRl 42

¥ ¥ Signal Statistics
Value Time

Max 6.321e+00 1.000e-06
Min -3.679e+00 1.000e-06
Peak to Peak 1.000e+01

Mean -1.700e-03

Median -2 586e-01

RMS 2 367e+00

Ready sample based |T=5e-06
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JetHauuHe

Postavljanje jednacina

clear variables
syms Dil L1 L2 L U L12 R R1 R2 i1 ul w2 uRl1 ug T t
jednacine = [ug == uRl + ul, ul == L1 * Dil, u2 == L12 * Dil, uRl == R1 * 1il1]

jednacine = [l]g::'ﬂ-l-UR[ H|:Di|.|r_.| Hj:Di|L|3 UR|:R| .’|]|

Jednacine stanja
jednacineIzvoda = eliminate(jednacine, [ul, u2, uR1])
jednacinelzvoda = [ug — R, i; — Di; L]

assume([L1, L2, L12, U, R1l, t], 'real’)
assumeAlso(® < R1 & @ < L1 & @ < L2 & @ < L12 & @ < L & @ < U)

jednacineStanja = solve(jednacinelzvoda, Dil)

jednacineStanja =

ug—Riiy MATLAB: Symbolic Math Toolbox

L,
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PenraBame qudpepeHI]alIHE JeJHAYNHE

Resavanje diferencijalne jednacine

syms i1(t) g(t)
promenljiveStanja = il == il1(t)

promenljiveStanja(t) = i(t) =i(1)

zamene = [R1 == R, R2 == 2*R, L1 == L, L2 == 4*L, L12 == (1/2)*sqrt(L*4*L)]

zamene = (Ry=R R,=2R L =L [,=4L L,=1)

pobuda = ug == heaviside(t)

pobuda = ug = heaviside(r)

jednacineStanjaFun = subs(diff(il(t)) == jednacineStanja,...
lhs([promenljiveStanja pobuda zamene]),...

rhs([promenljiveStanja pobuda zamene]))

jednacineStanjaFun =

9 (s heaviside(?) — R (1)

= L) =

a L

resenjeDiff = dsolve(jednacineStanjaFun, i1(@) == @, 'IgnoreAnalyticConstraints', false)

resenjeDiff

c_%hcavisiclc[!l (0%— 1) MATLAB: SymbO“C Math Toolbox

R
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[ pruHOBa (yHKIIM]a 1 KOHBOJIYLIMOHHU
Grinova funkcija I/IHTGI‘paJ'I

g i1(t) = simplify(diff(resenjeDiff))

g_i1(t) =

Rt Konvolucioni integral

¢ L heaviside(t)
L

syms tau t
zamenelRT = [T == L/R, L12 == L]

zamenelLRT =

(r= tu=1)

assume( (@ < t)& (t< T))
il 1(t) = simplify(int( (U*tau/T)*g il(t-tau), tau, @, t))

i1 1(t) =

( K
U Rr—L+LeL)
R:T

assume((T > @) & (T < t))
il 2(t) = simplify( int((U*tau/T)*g il(t-tau), tau, @, T))

MATLAB: Symbolic| i1 ) -

_Rt R (T—t

Math Toolbox LUe L _Ue L (L—RT)

R*T R:T
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KoHBOYIIMOHM HHTErpajl (HACTABaK )

u2_1(t) = simplify(subs(L12*diff(i1_1(t)), lhs(zamenelLRT), rhs(zamenelRT)))

u2_1(t) =
R

U-Ue !
u2 2(t) = simplify(subs(L12*diff(il1 2(t)), lhs(zamenelRT), rhs(zamenelLRT)) )
u2 2(t) =

—Rt

~[/ e L.

% vrednosti = [R == 1000, L == 1le-3, T == le-6, U == 10]
assume(t, 'clear")
u2(t) = (piecewise((t<0), @, (@<=t)&(t<T), u2 1(t), (t>=T), u2 2(t) ))

u2(t) =
( 0 if t<0

SsU—-Ue ! ift<TAO<?t

UeT iT<: MATLAB: Symbolic Math Toolbox
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I paduk PpyHKIM]E O3HUBA

Crtanje grafika

vrednosti = [R == 1000, L == le-3, T == le-6, U == 18]

vrednosti =
(R:I(}[]() L=—L 7=__1 U =10)
1000 1000000
fplot(t, subs(u2(t), lhs(vrednosti), rhs(vrednosti)), [@ 5e-6] )
grid on
xlabel('t") 6f T T T
ylabel('u2(t)")
5t
4t
3t
—_— 2-
: I 4|
MATLAB: Symbolic N
Math Toolbox L
2t
3t
0 1 2 3 4 5

t x10°
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ug A U=10V,T =1ns O,Z[SI/IB Had CIIOKCHY H06y):[y
U

i C i2 R3
0 T_2Tt - " — =N\

O ..

9 R =R,=R,=R

) R =1kQ ) i
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3aJaTak - CJIOKEeHa nmooyna

* [lapameTpu KoJj1a ca CJIMKe Cy MMO3HATH:
R,=R,=R;=R. Hema cakynsbene
CHEpPrHje.

* [IppumMeHOM KOHBOJIYIIMOHOT MHTETpaJIa
OJIpEIUTH HAIMOH KOoHAeH3aTopa Ux(t), a
3aTHM U W3JIa3HM HAIoH U, (1) 1 HanpTatu
HErOB I'PadUK.

* HarmoH reseparopa ce MEmba ca BpEMEHOM
Kao Ha auarpamy, Ipu yemy je T = RC.
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MATLAB: Simulink

sources
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POBUDA
A=
R3
_"L"_‘"_ Voltage Senso J_ )
Pobuda —  Electrical Reference2
E Pobuda »{ S PS> > C :[} i
Z 9 AN + N
Signal Builder Simulink-PS . Op-Amp
9 Converter Controlled Voltage R VW » |:|
S
Source R2 U2 =7 E, ODZIV napon u(t) q
f(x)=0 1 PS-Simulink Scope
E— L —  Electrical Reference1 = Converter
Configuration — Electrical Reference
)| Signal Builder (slozenaPoduda_Fund/Signal Builder) - o
File Edit Grouy Signal Axes Help L]
SH| $BRC | oo |~ FRER > 0w | | E
Active Group: | Fobuda W @.
| - . =
Pobuda | | | s | ? :
| | | l l ; ; ; l MATLAB: Simscape
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 - -
Time (sec Foundation Library
e Left Point Right Paint mg=, =
Name: Pobuda e Utl I |t|eS
Index: 1 W o

Click to select, Shift+click to add

Pobuda (#1) [YMin YMax ]

Simulink




ap Muaka ITorpeouh, Banpennu npodecop, IIpaxkmukym uz pauynapcke ananuse xkona, Yuusep3uret y beorpany — Enexkrporexunuku ¢pakyarert, 2023.

e HaHOH uz(t) ____________________ _____________________________________________________________________________ __________________________ —
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JetHauuHe

clear variables
syms C RR1 RZR3TUT
assume(@ < R1 & 9 < R2 &9 <R3 &8O <R&B<C&O<CU&B<LT

syms DuC il i2 iC iR2 u uC uRl uR2 ug
jednacine = [ug == uRl + uC,...

uRl == R1 * i1,...

ic == C * DuC,...

uR2 == R2 * iR2,...

uR2 == ugC, ...

il == iR2 + iC,...
i2 == 1i1,...

u == -(R3 * 12)]

jednacine = (ug=uC +uR; uR;=R;i; iIC=CDuC uR,=R;iR; uR,=uC i =iC+iRy i =i u=-Rii)

jednacineIzvoda = eliminate(jednacine, [il, iC, uR1, iR2, uR2, i2, u])
jednacineIzvoda = [R,uC + R,uC — Ryug + C DuC R, R,]

jednacineStanje = solve(jednacinelIzvoda, DuC)

jednacineStanje =

_RyuC + RuC — Ryug
CR R,
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PenraBame qudepeHIjalIHE JeJHAUYNHE

Resavanje diferencijalne jednacine

syms ucC(t)
PromenljiveStanjalIzvodi = [uC == uC(t), DuC == diff(uC(t), t)]

PromenljiveStanjaIzvodi(t) =

(uC[H =uC(t) DuC =2 ucuzl)
ot

zamene = [R1 == R, R2 == R, R3 == R, T == R * (]

zamene = (Ri=R R, =R R;=R T=CR;)

pobuda = ug == heaviside(t)

pobuda = ug = heaviside(t)

JS = subs(jednacineStanje, lhs([PromenljiveStanjalzvodi pobuda zamene]), rhs([PromenljiveStanjaIzvodi pobuda zamene]))

]S =
R heaviside(t) — 2 RuC (1)
C R?

f_uC = dsolve(diff(uC(t)) == IS, uC(©)==8, 'IgnoreAnalyticConstraints', false)

f_uC =
_ 2t 2t
e ¢“Rheaviside(r) \e¢k — 1
o]
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[ puHOBa (pyHKIIM]A K TTOOY 1A
Grinova funkcija
g uC(t) = simplify(diff(f uC,t))
g_gf(t) =

e € Rheaviside(z)
CR

Generatori

syms U

U;

-U* (£-2%T)/T;

sym(@) ;

t) = piecewise((@<t<=T),ug _1(t), (T<t)&(t<=2*T),ug_2(t), (2*T<t),ug_3(t) )

o
q
L
—
+
P T S N MY
]

U it t<TAO<t

LUQT =0 i T cia1<2T

\ 0 if 27T <t
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KonBonynmonn uaTerpai (1)

Konvolucioni integral

syms tau

syms uC_1(t)

assume((@ < t)&(t<=T));

uC_1(t) = int(ug_1(tau) * g _ucC(t-tau), tau, @, t)

syms 12 _1(t) i1 _1(t)
11 1(t) = subs(1/R * (ug_1(t) - uC_1(t)), lhs(zamene), rhs(zamene));

i2_1(t) = 11_1(t);
u2_1(t) = simplify( -(R * 1i2_1(t)) )
u2_1(t) =

21

_U _Ue “"
2

[
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KoHBonynmonu uHTerpa (2)

syms uC_2(t)
assume((@ < T)&(T < t) & (t <= 2*T));
uC_2(t) = int(ug_1(tau) * g uC(t - tau), tau, sym(@), T) + int(ug _2(tau) * g uC(t - tau), tau, T, t)

uC_2(t) =

_2t [ 2T 2721 2721
Uerk(éw_])_y(gefk—4)_U<EF4TR+CRe“R)
3 4 4T

I

simplify(subs(uC_2(t), lhs(zamene), rhs(zamene)))

ans =
2-2t _2t
_2Ut-5CRU+CRUe “®42CRUe “F
4CR
i1_2(t) = subs(1/R * (ug_2(t) - uC_2(t)), lhs(zamene), rhs(zamene));
i2_2(t) = i1_2(t);
u2_2(t) = simplify( -(R * 12_2(t)) )
u2_2(t) =

y_ 2t 21

3CRU-2Ut+CRUe SRt2CRUe €K
4CR
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KoHBonyuonu uHterpai (3)

syms uC_3(t)
assume((2*T < t) & (B < T));
uC_3(t) = int(ug_1(tau) * g uC(t - tau), tau, @, T) + int(ug_2(tau) * g uC(t - tau), tau, T, 2*T)

20 (2T 27 _2i 2r
Ue ¢ (&‘—1)_Ucfc‘“(2T+Cﬂi—CRc“J
2 4T

il 3(t) = subs(1/R * (ug_3(t) - uC_3(t)), lhs(zamene), rhs(zamene));

12_3(t) = 11_3(t);
syms u2_3(t)
u2_3(t) = simplify( -(R * 12_3(t)) )
u2_3(t) =
_ 2t _ 21
Ue “R(e’?=1) _Ue’e “¥* (3CR—-CRe?)
2 4CR

21 21

Ue “®(e?2=1) _Ue’e “®*(3CR-CReY
2 4C R
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Bpeanoctu

vrednosti = [R == 1le3, C == le-6, U == 1@, T == le-3]

vrednosti =

(R: 1000 c=—L1 __ v=10 T:L)
1000000 1000
u2(t) = simplify(subs(piecewise((® < t) <= T, u2_1(t),...
(T < t)&(t<=2%T), u2_2(t),...
(2*T < t), u2_3(t)), lhs(vrednosti), rhs(vrednosti)))

u2(t) =
- 1
—6,-5 fre (0._}
ol l 1000
5 ,2-2000
5000 —g, =2 ' _15 if re (;L}
2 2 1000 500
5620000 (o2 _ 1) 42500820012 (€ _ 3 ) p 1
1000 1000 500
where ug(t) = subs(ug_tot(t), lhs(vrednosti),rhs(vrednosti))
G, = 5 e 20001 u;g(t) =
10 if 1e (O.L}
1000

20— 100007 if 1€ (ﬁ‘sr}]_o}

0 if L <
500
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[{pTame rpadguka oa3uBa U 100y Ie

Crtanje grafika

figure

fplot( t, u2(t), [@ 5e-3]) 10

hold on u2
fplot( t, ug(t), [ 5e-3]) 8 =
hold off

grid on ° -
xlabel('t") 4 1
ylabel('u2(t)")

legend({ u2(t)", 'ug(t)'}) 2 -

=
~ O
-}

t x1072



