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PauyHapcka aHajgmn3a €JICKTPUYHHUX KOJIa

Mmuka [lorpeduh
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Hanaxxemwe oa3uBa €J1. KoJia
KOpHUIITheHEeM
JlamiiacoBe Tpancopmanuje

o(1) 1

o 1

—gt : s

U(s)= [u(tye ™ dt ;L
0— {e—af L

C+joo ' HZ
1 ; sm(b 1) P
0= [ues s cos(h) —

C—Jjoo
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On3uB Ha MOOYAY U CAKYIIJbEHY €HEePIrujy

BpeanocTu enemeHara eneKTpHYHOT KOJIA ca CIIHKE CY MO3HATe.

[Tobyna (ekcuramnmja, CTHMYITYC, MHHIYT) j€

Uy (1) = Uy, sin(or) B(7) .

M) je jenmumuHa oackouHa ¢yHKUH]a (XeBucajooBa ¢yHKIM]A) KOja ce
obemexapa u ca h(z).

[TodeTHa cTpyja KajneMa ¥ MO4YETHH HATIOH KOH/ICH3aTopa Cy

[TocToju Be3a mapameTtapa

1

C=——.
w’L
A
=0 —¢ + OxapeuTH HAMIOH KOH/IEH3aTOpa U H
+ 1. C ) HALIPTaTH BEroB rpauk y pyHKIH]H BpeMeHa 3a > f.
H.g ) == Il
U, _
5
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JenHauuHe, O13UB,... Y KOMIUIEKCHOM JIOMEHY

__ w:= &omega;
®
C:=1/(L*w"2)
]
mz L

__Ug:=lapla-::e(Um*Sin{w*t). t, s) lap I ace ) SO Ive « oo

® Um

=

2
® + 85

jednacine:={Ug=L*(s*IL-10)+UC, IL=C*(-U0+s*UC)}

U0 — UC U
L=-— 2 2 _yuc-LI0-1IL5)
o L O +5

 odziv:=solve(jednacine, [UC, IL])

4 3 22 2 3 2 2 3 2
WL +Umw +I0 Lo s +Udw s+U0 5 Lo s—Ulw +Umws+I0 L s —UD s
{|uc= IL = 1

where

, MATLAB: MuPAD

= (mz + 52)
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O3B y BPDEMEHCKOM JJOMEHY

'UC | odziv
Nl +Uno +10Lo s +U0e s+U0s
(0 +5)°

uC(t)=ilaplace(UC | odziv, s, t)

_ .
U0 cos(o t) + Um (sin(e ¢) ; @ 1 cos(w 1)) + 10 Lsin(®t) I Iap I aCe
)

jvrednosti::{IO:(}.E, L=0.1, U0=2, Um=1, w=2*PI*50}

{10=02,L=0.1,0=1007, U0 =2, Un =1} plOtfunCZd

uC(t) | vrednosti

=
-y

(100 ¢ :
2cos(100t) + EELTE——) +2.0msin(100 w¢) —50 ¢ cos(100 wt)
'plotfunc2d(uC(t) | vrednosti, t=0..0.7, uC(t) A

Scaling=Automatic, 1001
807

AxesTitles =["t", "uC(t)"], 60T

AxesTitleFont =["Times New Roman", 14, Bold], 407 7 i]' I
20 | *‘ﬂ

GridVisible = TRUE, 0 aunununﬂﬂﬁﬂf I 7
o LT

TicksLabelFont = ["Times New Roman", 14]) 401 |U| '
601

MATLAB: MuPAD ol
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On3uB Ha MoOyAy Y 00JIMKY
NpaBoOyraoHor uMIyJica

BPE,[I,HDETH CIICMCHATA CIICKTPHYHOI KOJId Cd CIIHKC CVY IMO3HATC.

(a) OgpenuTH jeqHAYHHY OJI3HBA 3a HAMmoH u(1).

(0) Ogpenuti HanoH u(f) ako je Ly=L, L,=4L, k :%, aKo je moOyna

OnmHcaHa rpa()HKOM ca CIIHKE M ako nmoctoju Be3a L = RT .

() Hatpratu rpadmk ogpehenor HanoHa y (hyHKITH]H BpeMeHa.
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JenHauyuHe, 0/13UB,... Y KOMIUIEKCHOM JIOMEHY

| assume(R>0 and L1>0 and L12>0 and L2>0 and Ug<>0 and T>0)
jednacine:={Ug=R*I1 +Ul, Ul=L1*s*[1+L12*s*12, U2=L12%*s*[1+L2%*s*12, 12=0}|L12=k*sqrt(L1*L2)

{Ul=TTLlI s+12 L1 V12ks, U2=121L2s+11 /L1 \/L2 ks, Ug=Ul +11 R, 12 = 0}

zamena:={L1=L, L2=4*L, k=1/2,
 Ug=laplace(U*(heaviside(t)-heaviside(t-T)), t, s)}| {L=R*T}

-Ts
{leRT._L2:4RT,Ug:_U(e _1_);(:1_}
s s 2

odziv:=solve(jednacine, [I1, 12, U1, U2])

% if R+L1s=0
Ug - _ LlUgs _ WIT D2 Ugks .
{[[l:m.,[Z—O.,Ul—mﬁuz—\ RkiLI.s' }} it R+L1s=#0
| U2|odziv[2]
VLI \L2Ugks
R+Lls

| U2_zamena:=simplify((U2|odziv[2]) | zamena)

Tule 1)
T's+1

MATLAB: MuPAD
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On3uB y BPEMEHCKOM JOMEHY

U2 zamena:=simplify((U2|odziv[2]) | zamena)

-1 =5 :
_ rv (e _ l) plotfunc2d(u2(t) | vrednosti, t=0..7,
I's+1 YRange =-0.8 .. 1.2,
GridVisible = TRUE,

u2(t):=ilaplace(U2_zamena, s, t)
' =t

Ue -Ue heaviside(t — T') AxesTitles =["t", "u2(1)"],

AxesTitleFont =["Times New Roman", 14, Bold],

'vrednosti:={U=1, T=1} . TicksLabelFont = ["Times New Roman", 14])
(T=1,U=1)} w2 124
u2(t) | vrednosti 0.81 \
- . - 0.6
e ' — heaviside(t — 1) e ! 041 \
0.21
0.01— = = — ' -
ol 123 4 5 6 7
021 % t
MATLAB: MuPAD Pyt VA
0.81
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Oa3uB HA CAKYNUbEHY €HEePIrujy

3aparak 1

00JIHKY.

3a 1> 1.

u (ty)=U,

+

(5) OnpenuTty HAMOH Uy 3a t > f.

C
U, -

Uo

Bpennocrtu eneMeHara eJIeKTpUYHOr KOJia ca
CIIMKE Cy MO3HATe.

R1:R2:R, CI:3, C]:C2:C, fozo

(5) OnpenurtH jefHauYNHE CTaka Y MATPUIHOM

(5) Haupratu rpaduk #, y GyHKIMjU BpeMeHa

-

JennaumHe crama y MaTpUUHOM OOJIMKY CY

Hanon u, 3a £ >, je

I'padpuk u, y GyHKIUjU BpeMEHa 3a > 1, je
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| assume(R1>0 and R2>0 and C1>0 and C2>0 and U0>0 and a>0)
zamene:={R1=R, R2=R, C1=C, C2=C, a=3}

{R1=R,R2=R,a=3,Cl=C, C2=C} JGI[Ha‘IPIHC
 vrednosti:={R=1, C=1, U0=10}

{C=1,R=1,U0= 10} Y KOMIUICKCHOM JOMCHY

jednacine:={C1*(s*U1-U0)+U1/R1+HU1-V2)/R2=0,
-(U1-V2)/R2+C2*s*(V2-U2)=0,
J-C2*s*(V2-U2)=0,

U2=a*Ul}| zamene

{Ul Ul -V2 Ul -Vv2

—Cs(Uz—vz‘;:o}

7t R -C(U0-Uls)=0,U2=3U1,J+Cs(U2-V2)=0, - R
promenljive:={U1, V2, U2, J} B R2 @CZ
{J, U1, U2, V2 Ui (tg) =Yg
.
Cy
Ul f— Rl
U
MATLAB: MuPAD °
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Oa3uB y BPEMEHCKOM JIOMEHY

' odziv:=solve(jednacine, promenljive)

G]‘|’| U]‘l‘l

where
O -C'R'S
c,=CRs+1

U2 | odziv[3]
3CRUO(CRs+1)
C'R's +1

u2(t):=ilaplace(U2 | odziv[3], s, t)

3U0 cos| ——\ +3 U0 sin[ ——
CR CR

 Simplify(u2(t))

3 -\/Euosin(}+ —L>

CR

MATLAB: MuPAD

’ V=5=U1=25= 2 =252, V2= 0]}

%,

{{J:_E_'}iﬁyﬂ;ljl:ﬂi“_gug_
%

9C RUO

3CRUD @,
= 2GRS vy

U]‘f’l

_CRUDBCRs+1)

.

U]‘f’l

P,

GridVisible = TRUE,

if CRs=—+

ifG|:—l

}} if CRs# —t+rc; = —1

plotfunc2d(u2(t) | vrednosti, t=0..6,
Scaling=Automatic,

AxesTitles =["t", "u2(t)"],
AxesTitleFont =["Times New Roman", 14, Bold],

TicksLabelFont = ["Times New Roman", 14])

u2(t) 401

/

N

30

\

20

\

10
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Ona3uB HAa TPOYTraOHHU UMITYJIC

HMupuumona gynkuuja (0JICKOYHH O/3UB) je
3apartak 2

[TapaMeTpH €JIEKTPHUUHOT KOJIA Ca CIIHKE CY
no3uary. [ToGyna je nara va comum, T = L/R,

Ri=R,Ry=2R, L;=L,L,=4L, k=1/2. Hanon oTBOpeHOr cexyHaapa je
(5) Onpenuty UHANIIMOHY (YHKIH]Y 32 HAITOH
OTBOPEHOI' CeKYH 1apa (OACKOYHH O/3UB).

(5) OnpenuTi HATIOH OTBOPEHOT CEKYH/Iapa
(5) manpratu meros rpadux. OdeneKUTH oce
rpaduka, KOOpJAUHATHH I10YETAK, [IPECEKE U
noaupe rpaduka ca ocama, U Tauke

eKCTpeMyMa.
R, R, r .
—AM—e k o AMA—o paduk HaMmOHa OTBOPEHOTI CEKYH/1apa je

TONES 1 TN
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 assume(R1>0 and R2>0 and R>0 and L1>0 and L2>0 and L12>0 and L>0 and T>0 and Ug<>0)
zamene:={R1=R, R2=2*R, L1=L, L2=4*L, k=1/2, T=L/R}

{Rl —“R.T= %, [2=4L R2=2R. k= é— L1 :L}
vrednosti:={R=1, L=1, T=1, U m=1} Jeﬂ.HaqHHea OZI3HB,...
(L=1LR=1T=10,=1) Y KOMIUIEKCHOM JIOMEHY

jednacine:={Ug=R1*I1+L1*s*I1+L12%s*12, U=R2*I12+L12*s*[1+L2*s*12, 12=0}
{L12=k*sqrt(L1*L2)} | zamene

[1\/Lsy/4L 2v/Lsy/4L }
,12=0

5 ,Ug=I1R+11 Ls+ 5

{U2I2R+412L5+
promenljive:={11, 12, U}
{11, 12, U}

 odziv:=solve(jednacine, promenljive)
) if R+Ls=0

{[11 - o, = YLl ‘*ﬂ“ it R+Ls-0 MATLAB: MuPAD

R+Ls 2(R+L s)




H(s):=simplify(U | odziv[2])/Ug U '_rJ(&
Ls . f, = =th(t)
u * T
R+Ls Vinauuvona (=)a H06yﬂaA |
M open - . 1:1 * fz
f(t):=1laplace(H(s)/s, s, t) U-
e T
__1‘:= t -> t*heaviside(t) 0 T t
t — t heaviside(t) f ——Uh(t —T)
- %, 3
ug(t):=(U m/T)*r(t)-(U m/T)*r(t-T)-U m*heaviside(t-T) e X
U, t he?’lsme(r) U, heaviside(r — T) + U, heawsldeg —T)(T —1t)
__pvz:-budaLT::{UgZ laplace(ug(t), t, s)} £ U r(t T)
b:r”! brl’” C o brn’” c e 2 T
Ug = 7 o 3
I's S I's
' U(s):=simplify(U | odziv[2] | pobudaLT)
Uy (t) = f (t)+ fo(t)+ f5(t)=
LU, (75— +1) A,
U /_/%
Ls(R+L3) ==+ ()——r(t T)-Uh(t—T)

MATLAB: MuPAD
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 U(s):=simplify(U | odziv[2] | pobudaLT)
LU, e " (Ts—c"+1) Oa3uB y BpEMEHCKOM
Ts(R+Ls) ﬂOMeHy
u(t):=1laplace(U(s), s, t)
RiT -1 R
LU, ik L o L U, heaviside(t — T (E" S '—) LU,e *
—= —-U,e " heaviside(t —T) + ( )\ SA
RT r RT
 plotfunc2d(simplify(u(t) | zamene)| vrednosti, t = 0..6, u(t) A
Scaling=Automatic, 0.67 /’f
AxesTitles =["t", "u(t)"], 01 X
AxesTitleFont =["Times New Roman", 14, Bold], 047 /
0.3
GridVisible = TRUE, 0.2 1 /
TicksLabelFont = ["Times New Roman", 14]) g[l] { ~
: PR A T = s B
-assume(0<t<L/R and L>0 and R>0): simplify(u(t) | zamene) —0-2 T yd
-7 031 /
Um - Um c i /

'assume(t>L/R and L>0 and R>0): simplify(u(t) | zamene)

e MATLAB: MuPAD

- Um c ’
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Oa3uB HA NPUPOAHE MOYETHE YCJI0BE

3apaTtak 1

Bpennoctu eneMeHaTa eIeKTpUYHOT KoJia
cy nmo3Hare. [Ipekuad je 3aTBOpEH U O/I3HB
je ycrasbeH. Y TpeHYTKY f, MpeKuad ce
OTBapa.

(5) Onpenutu npupoIHE MOYETHE YCIOBE Y

TPEHYTKY /) .
(5) OnpenuTu TpeHYTHY BPEIHOCT HAlOHA
KOH/ICH3aTOpa, 3a 1 > 1,, ako je L = CR*. R L

(5) Konuka je cakyrbeHa (akymyJicaHa)
eHEepruja Kajema Kaja  — +oo ? YVY rjtj

Pa3matparu ontu ciyuaj 7, # 0.
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[ IpupoagHn moYeTHM yCIIOBH
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T - HOBA IIPOMCHJbHBA 34 BPCMC

U. (to_ ): 0 | Hpnpozmn OYEeTHH
P : YCJIOBH MO
IL(tO ): E/R npomensbuBoj L

0 { ;
| | >

I
I
0 T=1-1,
Uc (O_)z 0 IMpupoaHu NoYeTHH
P : YCJIOBH IO
'L(O =E/R ! MpOMeH/bUBOj L
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|assume(E>0 and R>0 and L>0 and C>0)

zamene:={L=R"2*C, U0=0, I0=E_g/R} JeﬂHaIIHHe, OA3UB,...
{U0=0,10 - §R_ L=CR Y KOMILICKCHOM JIOME€HY

_j ednacine:={E g/s=R*IL+L*(s*IL-10)+UC,

[C=IL,

[C=C*(s*UC-U0)}

E,
{[c:: -C(U0-UCs), IC=1L, =% =UC-L (I0-1L 5)+ILR}

promenljive:={IL, IC, UC} where
{IC, IL, UC} 6,=Csz—CUO
 odziv:=solve(jednacine, promenljive) Oy =E,+10Ls
( {{IC:G?,, IL=o, UC:E.h-1lﬂL.cit"f:-D.r11t‘RUD.r]} if oy % 1 GB:(‘(EK—T;IE_H]GLJ:I
9 :
{[IC =0y, IL =6,, UC =z]} if 6,=U0A0Gy=—1 6u=06s+CR s
& if 6, 2U0AG,=—1

os=0a+CRs+1

MATLAB: MuPAD Go=CLSs
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Oa3uB Y BpDEMEHCKOM JIOMEHY

 uc:=Tau--> Simplify(ilaplace(UC| odziv[1]|zamene, s, Tau))

- /3 Tau
_ T \/7 .
Ten /3 Tau 3 sm( 1CR )
oS —~

Tau > E,—-E, ¢ 3

Simplify(uc(t-t_0))

t—tg _ . V3 (t— ty)
-2 CDS(.\/E(I_ID)) ) \/37511*1( T )

3

MATLAB: MuPAD
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_——_

_—_

Hanaxeme ycTa/beHor
NPOCTONEPUOAUYHOI OA3MBA Y
€JI. KOJIUMa ca BOIOBHMA

o—— —0
Tl y Ip 7

U, Z. Up U, =cos(®)U  +JZ.sIin(B) 1
o—- D 0 1o =jY.sin(®)U 5 +cos(®) 1
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PemaBame eJ1. K0Jia ¢a BOJI0OBUMA

EPE.EIHUCTH EeMEHATA EJ]E'I-F['PH'-[H(JF KOMna Cy Mmo3HarTe.

[Mogyana kanauuTHBHOCT BoAoea je C' = ¢ a noayxHa HHAYKTHBHOCT je L'= L.

Ri=02R R,=R R:=R,

1=4Rc,d) =2dr,dywVcl =m,

Uy = \E U sin(ew t).

Bonosu cy bea ryburaka.

On3ue je yeTasben.

(a) OnpeauTH TPEHYTHY BPEIHOCT CTPYj€ HANOHCKOr H3BOpA.

(6) OapeauTn cpeary CHATY KOJy HANOHCKH M3BOP (HANOHCKM IEHEpaTop) Npeaaje ocTarky
ENEKTPHYHOI KO,

(B) Konuku je koeduumjent pedumexcuje Ha yinaly npeor soaa?

R, d, d,
,_J\ hh =i d
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JenHaunHe, OA3UB,... Y KOMIUJIEKCHOM JIOMEHY

w:= &omega;

@ | assume(R>0 and Ug<>0 and U>0) -

T-— & Theta:"  pobuda:={ug=sqrt(2)*U*sin(w*t)} MATLAB: MuPAD
= 1eta;
® {ug = \5 U sin(o 1)}

Ro ul:= &rho: [ul  vrednosti:={R1=2*R/10, R2=R, R3=R, ZC1=2*R, ZC2=2*R,
| RO_ul: rno; [U J T[1]=PL T[Z]:PI/Z, Ug:U*exp(-l*PIfZ)}

Pul

{R2=R,R3:R, @.:n,m:%, Ug=-Ui, ZC1 =2 R, ZC2=2R, ©, =

2| A
— —

jednacine:={U01=Ud1*cos(T[1])+I*ZC1*Id1*sin(T[1]),
[01=I*(1/ZC1)*Ud1*sin(T[1])+Id1*cos(T[1]),

U02=Ud2*cos(T[2])+*ZC2*1d2*sin(T[2]),
102=I*(1/ZC2)*Ud2*sin(T[2])+1d2*cos(T[2]).

Ug=R1*101+U01, Id1=102+Ud1/R2, Ud1=U02, 1d2=Ud2/R3}

B Udl sin(®) 1 B Ud2 sin(®,) 1 B _ud2 B
{IO] = Id1 cos(@,) + =C1 , 102 = 1d2 cos(®,) + =3 ,Udl =002, 1d2 = 3 Ug =U01 + 101 R1,

U01 = Udl cos(®,) + Id1 ZC1 sin(®,) i, U02 = Ud2 cos(®,) + Id2 ZC2 sin(®,) i, Id1 =102 + %1—}

:promenljive::{UOl., 101, Udl, Id1, U02, 102, Ud2, Id2}
{101, 102, Id1, 1d2, UO1, U02, Udl, Ud2}

odziv:=solve(jednacine, promenljive)|vrednosti

{{101:—%,IOZz?—é,IdlZE-I,ICD:2U,U01:—i—q-l,U02:4——br—l—,Udl:4—E—l—,Ud2:2U]}
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Ox31UB y BpEMEHCKOM JJOMEHY,
Cpelllba cHara, Koe(puiujeHT pedeKcuje

odziv:=solve(jednacine, promenljive)|vrednosti

U i Ui U i 2U 4U 1 4U 1 4 U 1 2U
S - ~ Id2 = = — S - S -
{{101 7 IOH_SR Id1 = R“Id“_5R“Um_ 3 uo02 = 3 , udl = 3 , Ud2 = 3 ]}
1g:=101|odziv
Ui
R

ig(t)=Simplify(sqrt(2)*abs(Ig)*cos(w*t+arg(Ig))|vrednosti)

\/_ 2U 5111(03 t)

1g(t) =

P:=Re(Ug*conjugate(lg)) | vrednosti
Qf
R
| Zul:=U01/101|odziv[1]
4 R
5
Ro ul=(Zul-ZC1)/(Zul+ZC1)|vrednosti

o= -2 MATLAB: MuPAD
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EJiekTpoeHepreTcKu Bo/l ca ryommnuma

3apaTtak 1

EEKTpOCHEPreTCKU AAJIEKOBO/I, Ca T'yOuIuMa
ycllel KOpOHE ¥ HECABPLIEHOCTH M30JIaTOPa, Ce
MOJKE OIUCATH BOJOM YHjH CY IPUMAPHU
nmapamerpu R'=0.08 Q/km, L'=1.34 mH/km

C’=8.6 nF/km, G"=37.5nS/km . [ly>xuna

Boga je D =900 km . Ona3uB je ycTajbeH U (5) KOMILIEKCHY CTpYjy reHepaTopa
POCTONEPHOaNYaH, yuectaHocT je f =50 Hz .

Box je 3aTBOpeH MOTpoLIaYeM 4Hja je Cpesiba | (5) cpeaby (aKTUBHY) CHAry Ha yna3y Boja
(axtTmBHA) cHara P =100 MW , caunHUTEH

(¢paxrTop) cuare cos(dp) =1 u KoMIuieKkcan (5) 3amencky TI-IeMy BOIA U BPETHOCTH

HaroH U =220 kV . Onpenutu IbCHUX €JIeMeHaTa.
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= (=

n:=le-9
0.000000001

km:=1000
1000

m:=le-3
0.001

Gama:= &gamma;’

W
i

L
zamene:={r=0.08/km, 1=1.34*m/km, c¢=8.6*n/km, g=37.5*n/km,
D=900*km, =50, P=100*M, cosPhi=1, U=220%k}

12 11

le=8610"" g=37510",

F{:—le?i

M:=leb6

1000.0 1000000.0

 Ze:=Simplify(sqrt((r+1*2*¥PI*P*1)/(g+1*2*PI*f*¢))|zamene)
396.7253915 — 34.58597641 1

Gama:=Simplify(sqrt((r+I*2*PT*f*1)*(g+1*2*PI*f*c))|zamene)

'al1:=Simplify(cosh(Gama*D)|zamene)

0.5733571653 + 0.08018422723 i  &;; = A=cosh(yD)
_:al2:=Simpliﬂf{Zc*sinh{Gama* D)|zamene)

50.64227662 + 325.4123847 i a,, =B=2Z,_sinh(yD)

_aE I :=Simplify((1/Zc)*sinh(Gama*D)|zamene)
—0.00004055648676 + 0.002076249185 1
'a22:=Simplify(cosh(Gama*D)|zamene) %21 = C =Y, sinh(yD)
0.5733571653 + 0.08018422723 1 a,=D= COSh(\_(D)

;C:\/R+jcoL

0.0000001083205447 + 0.000001070563661 i Y =JR+joL)G +joC) = a+ B

U =220000.0, r = 0.00008, / = 0.00000134, D =900000, P =100 M, cosPhi =1, f = 50}

MATLAB: MuPAD

G+ joC’
o—— - >0
+ 1, 4 Iy +
Yo Z, Up,=U
s—1 oo 5
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Id:=P/(U*cosPhi)|zamene
454.5454545
[0:=a21*U+a22*Id | zamene

251.6944663 +493.22219661 lo=CUp+Dlp

| UO:=all1*U+al2*Id | zamene

149157.793 + 165555.25031 Ug=AUp+Blj

S0:=U0*conjugate(10) | zamene
119197715.3 —31898593.96 1

§o :L_Jo (lo)* :" oé"‘ on

Gama"

P:=Re(S0)
119197715.3

0——
+ 1,

U,

o

Y
Z

C

D

—>0

|C

O

I

< +

L, =Z;sinh(yD)

1

Zy=L; COth(% yD)

' Z1:=Zc*coth(Gama*D/2) | zamene lo
- - - ™
23.80838417 — 758.2532778 1 O
! o
Z2:=7c*sinh(Gama*D) | zamene
50.64227662 + 325.4123847 1 Uy Zy
MATLAB: MuPAD -
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