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IIpakTHKYM M3 pauyyHApPCKe aHAJIN3e
TPO(MaA3HUX KO0.JIA

Muiika [Torpeduh
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Hanaxxeme oa3uBa €. Koja
KOpHUIIheHEeM

JlamiiacoBe Tpancopmanuje

U(s) = Ju(tye dt
J
1 C+joo .
) =5 [uet as

C—joo

o(1) 1
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On3uB Ha MO0YAY U CAKYNJbEHY €HEPIrujy

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 > {;.
H.g ) == Il
U, _
5
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JenHaunHe, 0/I3UB,... Y KOMILUIEKCHOM JIOMEHY

Veze izmedju elemenata

clear variables

syms omega L C w L 10
laplace, solve... JT T
e U, <> = u
C = 1/(L * wr2) Uo -
- "
11

e odziv.UC

Pobuda

syms Um s t dns =
Ug = laplace(Um * sin(w*t), t, s)

IhLo*+Ume’ + Lo’ s+ Uy’ s+ Uys’

Ug =
Um
w: + 52

7

Jednacine (@ +57)

syms I8 IL U@ UC
jednacine = [Ug == L * (s*IL - I®) + UC, IL == C*(-Ue + s*UC)]

jednacine =
U,-UC.
(I{m“” =UC-L ([,-1ILs) IL= —"—q>
w* + s* L w*
odziv = solve(jednacine, [UC, IL]) MATLAB: SymbOhC Toolbox
odziv =

UC: (Ie*L*omega™4 + Um*omega”3 + I@*L*omega"2*s”2 + U@*omega™2*s + U@*s”3)/(omega2 + s"2)"2
IL: (Ie*L*omega”2*s - U@*omega”2 + Um*omega*s + I@*L*s”*3 - U@*s~2)/(L*(omega”2 + s™2)"2)
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On3uB y BpEMEHCKOM JIOMEHY

Ilaplace, fplot
Crtanje grafika

Inverzna Laplasova transformacija

syms uC(t) fplot(t, uC_num(t), [©, ©.7])

xlabel('t");
ylabel('uC(t)"');

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

uc(t) =

_ = ‘ , grid on;
Uy cos(wt) +Um Sinl@1) gwrcos{wrj) +I,Lwsin(wt)
vrednosti = [I@ == 8.2, L == 8.1, U@ == 2, Un == 2, w == 2¥pi*50]
200
vrednosti =
| | 150 f
(h=_z;h_zh=sz=2 w=um@
5 10 100 -
50 |
uC_num(t) = subs(ucC(t), lhs(vrednosti), rhs(vrednosti)) =
S o
uC_num(t) = 2cos(100x¢) +sin(100x ¢t) + 2 7w sin(100 z ¢) — 100 & ¢ cos(100 r ¢) N 5
-100
-150 |
200

MATLAB: Symbolic Toolbox o o1 02 05
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On3uB Ha Modyay y 00JIMKY
NMpPaBOyraoHoOr UMmyJica

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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JelHaunHe, ON3UB,... Y KOMIUJIEKCHOM JIOMEHY

clear variables
syms L1 L12 L2 R T Ug

assume(@ < R & 8 < L1 & @ < L12 & @ < L2 & Ug ~=0 & @ < T)

Jednacine

syms I1 T2 Ul U2 k s

jednacine = subs([Ug == R*¥I1 + U1, Ul == L1*s*I1 + L12*s*I2, U2 == L12*s*I1 + L2*¥s*I2, 12 == sym(@)], L12, k*sqrt(L1*L2))

jednacine = (Ug=U,+5L R Uy =L1Ls+L L, /I, ks Uy=LI,s+1, /L, /I, ks ©I,=0)

syms L U t

zamena = subs([L1 == L, L2 == 4%_, k == sym(1/2), Ug == laplace(U*(heaviside(t) - heaviside(t - T)), t, s)], L, R*T)

Zamena =

(L-]:RT L,=4RT k=1 vg=-v (i_ln
2 s §

odziv = solve(jednacine, [I1, I2, U1, U2])

odziv =
I1: Ug/(R + L1%s)
I2: @
U1l: (L1*Ug#*s)/(R + L1%s)
U2: (L174(1/2)*L2~(1/2)*Ug*k*s) /(R + L1*s)

U2 zamena = simplify(subs(odziv.U2, lhs(zamena), rhs(zamena)))

U2_zamena =
_TU (eT5=1)

Ts+l MATLAB: Symbolic Toolbox
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On3uB y BDEMEHCKOM JOMEHY

Inverzna Laplasova tranformacija

syms u2(t)
u2(t) = ilaplace(U2 zamena, s, t)

u2(t) =
T—t

— i
Ue T—Ue T heaviside(t = T)

vrednosti = unique([U == sym(1), T == sym(1)]) MATLAB: Symbollc Toolbox

vrednosti = (T'=1 U =1) 1.2
1

u2_num(t) = subs(u2(t), lhs(vrednosti), rhs(vrednosti)) 0.8}

u2_num(t) = e’ — heaviside(r — 1) '™ o

0.4}

Crtanje grafika < o2t

O-

fplot(t, u2 num(t), [@, 7]) 0.2

ylim([-0.8, 1.2]); 04t

grid on; o5k
xlabel('t") ‘

ylabel( u2(t)") 08 ; 2 3 s 5 5 .
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Oa3uB Ha CaKyIIJbEHY €HepPrujy

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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JenHauuHe Y KOMIIJICKCHOM JOMCHY

clear variables
syms C1 C2 R1 R2 U@ a
assume(® < R1 & ® < R2 & @ < C1 & ©® < C2 & @ < UD & @ < a)

Jednacine

syms C R
zamene = [R1 == R, R2 == R, C1 == C, €2 == C, a == sym(3)]

zamene = (Rj=R Ry=R C,=C G,=C a=3)

vrednosti = [R == sym(1), C == sym(1), U@ == sym(18)]

vrednosti = (R=1 C=1 U,=10)

syms J Ul U2 V2 s

jednacine = subs([C1*(s*Ul - UB) + U1/R1 + (Ul - V2)/R2 == sym(@),...
S((UL - V2)/R2) + C2%s*(V2 - U2) == sym(0),
J - C2%s*(V2 - U2) == sym(@), U2 == a*Uul],...
lhs(zamene), rhs(zamene))

jednacine =

u, U -vs o u-v, . o
(Tel+ 'R 2-C (Uy-U;5) =0 — 'R —Cs (Uy=Vy)) =0 J+Cs (Uy—Vy) =0 u3=3u,)

promenljive = unique([U1, V2, U2, J1])

promenljive = (J U, U, V) MATLAB: Symbolic Toolbox
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O13uB y BpEMEHCKOM JIOMEHY

Crtanje grafika

Resenje jednacina

odziv = solve(jednacine, promenljive)

fplot(t, u2 num(t), [@, 10])
] —(Z*C"'Q*R*U@*S}I(C“E*R“Q*S‘“Z 4 1) xlabel('t )_; I

ULl: (C*R*UO*(C*R*s + 1))/(C 2*R"2%s72 + 1) yl'._ﬂbel( u2(t)');

U2: (3*C*R*UB*(C*R*s + 1))/(C"2*R"2*s"2 + 1) grid on;

V2: (C*R*UQ*(3*C*R*s + 1))/(C 2*R"2*s72 + 1)

odziv =

4ok//
odziv.U2

30

ans = 1 20 b
3CRU; (CRs+1)

C’R*s* + 1 10}
syms u2(t) S o
u2(t) = ilaplace(odziv.U2, s, t)

10 ¢
u2(t) =
f ] ! 20t
3U,cos <—) + 30U, snn(T)
CR CR
30 -
simplify(u2(t)) 0
ans = 0 2 4 : 6 8 10
3 \-’rlE U-.[} cos (£ — ;)
4 CR

u2 num(t) = subs(u2(t), lhs(vrednosti), rhs(vrednosti))

u2_num(t) = 30cos(s) + 30sin() MATLAB: Symbolic Toolbox
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On3uB HA TPOYTraOHU UMIYJIC

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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JenHauuHe U 013UB Y KOMIUICKCHOM IOMCHY

clear variables
syms L L1 L12 L2 R R1 R2 T Ug

assume(@ < R1 & ® < R2 & @ < R & 0 < L1 & @ <12 &0 <1128 0O <L&OBG<T&Ug~=0)

Jednacine

syms k

zamene = [R1 == R, R2 == 2*R, L1 == L, L2 == 4%L, k == 1/2, T == L/R]

Zamene =

(mzk Ry=2R Li=L I,=41 k=1 T:L)
2 R

syms U m

vrednosti = [R==1, L ==1, T ==1, Um == 1]
vrednosti = (R=1 L=1 T=1 U,=1)
syms I1 I2 U s

jednacine = subs(subs([Ug == R1*I1 + L1*s*I1 + L12*s*I2, U == R2*I2 + L12*s*I1 + L2*s*I2, I2 == @], L12, k*sqrt(L1*L2)), lhs(zamene), rhs(zamene))

jednacine =
LVL s V&L I, VL s V4L
Og:nk+an+:——§——— U=2LR+4LLs+-—=2 "~ h:o)
oromenljive = [I1, 12, U] Resenje jednacina

promenljive = (I, I, U) . . . ..
' odziv = solve(jednacine, promenljive)

odziv =
I1: Ug/(R + L*s)
12: @

U: (L~(1/2)*Ug*s*(4*L)"~(1/2))/(2%(R + L¥s))

MATLAB: Symbolic Toolbox
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Transfer funkcija

syms H(s)

H(s)
Ls
R+ Ls

Indiciona funkcija

syms f(t)

f(t) = ilaplace(H(s)/s, s,
f(t) =

_R1

e I

t)

[IoOyna, 0on3UB y BpEMEHCKOM OJIMEHY
H(s) = simplify(odziv.U / Ug)

u_num(t)

U r(r)
y ﬁﬁf?mw
Odziv na slozenu pobudu g
‘i’..:‘.. ...... -\:u:ﬂ +‘f-2
syms f(t) UA 2
r(t) = t * heaviside(t)
r(t) = fheaviside(?) 0 T /
syms ug(t) o
ug(t) = Um/T * r(t) - Um/T * r(t - T) - U m*heaviside(t - T) E
ug(t) =
U, t heaviside(r) ey U, heaviside(r —T) (T — 1)
w - Um heaviside(r — T) + /m ICAVISICE T : - J‘; zfgr(th)
T
pobudalT = Ug == laplace(ug(t), t, s)
pobudalT = = . u,(6) = £+ L0+ £(0)=
T ~Ts T ~A—T5
[_.[g _ L’m _ Uﬂrc o [/m C . (1) . (¢=T)h(—T)
T 2 : T 2 [ —— U ——
I's : I's = - h{0)~ = r(t=T) ~Un(¢~T)
syms U 1(s)
U 1(s) = simplify(subs(odziv.U, lhs(pobudalT), rhs(pobudalT)))
Ui1(s) =
LU,e (Ts—e""+1)
Ts (R+Ls)
syms u(t)
u(t) = ilaplace(U_1(s), s, t)
u(t) =
R (T-1
L
- ¥ o i — l _Ri
; R (T—t L U, heaviside(t — T') (C -—_> T
LR{':":R —U,e ! Theaviside(t —T) + 7 R K L {};’;
u_num(t) = simplify(subs(u(t), lhs(vrednosti), rhs(vrednosti)))

MATLAB: Symbolic
Toolbox

1 — heaviside(t — 1) —e™
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I'pacduk pemniema u J1€0-10-/1€0 aHaN3a

Crtanje grafika

fplot(t, u num(t), [0, 6])
xlabel("'t");
ylabel( u(t)");

grid on;
06 F .
05} .
04} : MATLAB: Symbolic Toolbox
03F . . . )
Funkcija napona za razlicite vrednosti ¢
0.2F .
= assume((@ < t) < L/R & 0 < L & @ < R);
0.1} . . -
simplify(subs(u(t), lhs(zamene), rhs(zamene)))
0 -
ans =
0.1} : _Ri
Um - ‘Um e k
0.2} :
03F -
. . . . assume(L/R < t & @ < L & ® < R);
0 1 2 3 4 5 6 simplify(subs(u(t), lhs(zamene), rhs(zamene)))
t
ans =
_Ri
-U,e

m
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Oa3uB HAa NPUPO/IHE MOYETHE YCJI0BE

3apaTtak 1

BpenHoctu eneMeHaTa eJeKTpUYHOT KoJia
cy no3nare. [Ipekugad je 3aTBOpEH U O/I3HB
je ycrasbeH. Y TPeHYTKY f, MpeKuad ce
OTBapa.

(5) Onpenutu npuUpoIHE MOYETHE YCIOBE Yy

TPEHYTKY /.
(5) OnpenuTu TpeHYTHY BPEIHOCT HAlOHA
KOHJICH3aTOpa, 3a 1 > 1,, aKko je L = CR*. R L

(5) Kounuka je cakyrnsbeHa (akymysicaHa)
eHepruja Kajiema kaja t — +oo ? YVY rjtj

Pa3matpatu ot ciyuaj 7, # 0.
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[ IpupogHy 1MOYETHHU YCIIOBU

0

n T o)

to — iL(tC;): Ey /R

JT
I
1
1
O
c
O
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T - HOBA IIPOMCHJbHBA 3d BPCMC

b : YCJIOBH MO
IL(tO ): E/R : IPOMEHJHUBO] t

0 t, t
| |
| | >

: YCJIOBH IO
! NPOMEHJLHBOj L
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clear variables
syms C L R
assume( @ < R & @ <L &8 < ()

JenHauuHe, 0J13UB
Y KOMIUIEKCHOM
JIOMEHY

Jednacine u s - domenu

syms E_g I@ Ue
zamene = [L == R*"2 * C, U® == @, I@ == E_g/R] % pocetni uslovi

Zamene =

E
LZCRZ L‘F ZD ! :_L‘r
( 0 R)

syms IC IL UC s
jednacine = [E_g/s == R * IL + L * (s * IL - I@) + UC, IC == IL, IC == C * (s * UC - U@)]

jednacine =

E, : e
( ~=UC-L ([,-ILs)+ILR IC =1L IC =-C {U“—LCS_J)

5
Resenje jednacina
promenljive = [IL, IC, UC]

promenljive = (IL 1IC UC)

odziv = solve(jednacine, promenljive)

odziv =
IL: (C*(E_g - U@ + I@*L*s))/(C*L*s”2 + C*R*s + 1)
IC: (C*(E g - UB + Ie*L*s))/(C*L*s"2 + C*R*s + 1)
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Vremenski domen

syms tau uc(tau)
uc(tau) = ilaplace(subs(odziv.UC, lhs(zamene), rhs(zamene)), s, tau);

syms t € ©
uc(t - t 0)
ans =
. V3 (1 —1p) V3 sin (FI 32 ::T ;_? ID))
E,—E,e " CUH( SCR ) — —

MATLAB: Symbolic Toolbox
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_——_

_—_

Hanmaxeme ycTa/beHor
MPOCTONEPHOAUYHOT 0/I3UBA Y
€JI. KOJInMa ca BOA0OBHMMA

o—— ——o0
Tl / Ip *

Uy Z. Up U,=cos(®)U  +jZ.sin(®) 1
" O—o D O 1o =jY.sin(®)U  +cos(®) I 5
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PemaBame €J1. K0JI1a ¢ca BOJI0OBHMA

EPE.EIHUCTH EIEMEHATA EJNEKTPHYHOI KOJIA CY IMO03HATE.

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

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

1=4R2c,d| =2d>,dywcl =n,

Uy = ‘\E U sin(ew t).

Bonosu cy bea ryburaka.

On3ue je yeTasben.

(a) OapeauTH TPEHYTHY BPEIHOCT CTPY]€ HAMOHCKOr 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, &
r—A\N\——a ]
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YBohewme cum00I1a ¥ BPEAHCTH Y
KOMILUIEKCHOM JIOMEHY

Simboli i vrednosti

syms w Theta 1 Theta 2 rho ul R U Ug
assume(® < R & Ug ~= 9 & 8 < U)

syms T ug
pobuda = ug == sqrt(2) * U * sin(w * t)

pobuda = ug = V2 U sin(zw)

syms R1 R2 R3 Z C1 Z C2
vrednosti = [R1 == 2*R/10, R2 == R, R3 == R, Z C1 == 2*R, Z C2 == 2*R,...

Theta 1 == pi, Theta 2 == pi/2, Ug == -11 * U]
vrednostl =
(Rl=% Ry=R Ry=R Zci=2R Z=2R ©=x ©,=% Ug:—mj

MATLAB: Symbolic Toolbox
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ITocTaB/bame cUCTEMA J€THAYMHA

Resavanje sistema jednacina

syms 181 Ie2 Idl Id2 U®1 U®2 Udl Ud2
jednacine = [U®1 == Ud1l * cos(Theta 1) + 11 * Z C1 * Id1 * sin(Theta 1),...
I91 == 11 * 1/Z C1 * udl * sin(Theta 1) + Id1 * cos(Theta 1),...
UB2 == Ud2 * cos(Theta 2) + 11 * Z C2 * Id2 * sin(Theta 2),
I82 == 11 * 1/Z C2 * ud2 * sin(Theta 2) + Id2 * cos(Theta 2),
Ug == R1 * 101 + U®1, Idl == Ie2 + Ud1l/R2, Udl == UB2, Id2 == Ud2/R3]

jednacine =
Ud,; sinl®©} i

Up = Ud; cos(©5) +1
Zf_'| 02 2 COSLE,

(Um = Ud,cos(®;) +1d; Zc; sinl®) i [y = 1Id, cos(®y) +

b

promenljive = [ue1, Ie1, udl, Idi, uUez, Ie2, ud2, Id2]

pr‘omenljive = (:f,-'rm lyy Udy Idy Uy Iy Uds Id_\]

odziv = subs(solve(jednacine, promenljive), lhs(vrednosti), rhs(vrednosti))

odziv =

uar: -(U=4i)/s
I81: -{U*1i)/R
Udl: (U*4i)/5
Idl: {(U*1i)/R
uez: (U*4i)/5
I82: (U*1i)/(5*R)
Ud2: {2*U)/5

Id2: (2*U)/(5*R)

MATLAB: Symbolic Toolbox
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Struja generatora

Oa34B Y KOMIIJIEKCHOM

Ig =
_Ui

R M BPEMEHCKOM JIOMEHY

Trenutna vrednost struje

syms ig(t)

ig(t) = simplify(subs(sqrt(2) * abs(Ig) * cos(w*t + angle(Ig)), lhs(vrednosti), rhs(vrednosti)))
ig(t) -

V2 U sinls w)

R

Ulazna shaga

P = subs(real(Ug * conj(Ig)), lhs(vrednosti), rhs(vrednosti))
P =

U? Ulazna impedansa
R

Zul = odziv.uUe1 / odziv.IB1l
ful =

4R
5

Ispis ulaznog koeficijenta refleksije

subs(rho ul == (Zul - Z C1)/(Zul + Z C1), lhs(vrednosti), rhs(vrednosti))

dans =

Pul = —:

~Jlt

MATLAB: Symbolic Toolbox
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EJieKTpoeHepreTcKu Bo/l ca ryomnuma

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.




ap Muika ITorpeouh, Banpeanu npodgecop, Ilpakmukym u3 pauynapcke ananuse kona, Y auupep3uret y beorpany — Enexkrporexunuku ¢paxyarer, 2017.

IlapameTpu Bos1a

clear variables
close all

Racunanje kompleksne struje generatora i snage na ulazu voda

_ |R'+jol’

km = le3; =¢ \G'+joC’
Rp = ©.088/km;
Lp = 1.34e-3/km; _ R’ + iwl’ i N — o4
Cp = 8.6e-9/km; l/ \/( Jo XG J(DC) o JB
Gp = 37.5e-9/km; = :
D = 90@+km; a,, = A=cosh(yD) &, =B=Z.sinh(yD)
f = 50, -
P = 100e6; a,,=C=Y_sinh(yD) a,, =D =cosh(yD)
k = 1; - U
U = 220e3;

W %
Zc = sqrt((Rp + 1i*2*pi*f*Lp) / (Gp + 1li*2*pi*f*Cp)) + |, 4 I, +
Zc = 3.9673e+02 - 3.4586e+01i U, g;C ElD ::El
gamma = sqrt((Rp + 1li*2*pi*f*Lp) * (Gp + 1i*2*pi*f*Cp))
gamma = 1.0832e-07 + 1.0706e-061 O_ D _O

MATLAB: Symbolic Toolbox
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all

all

al2

al2

a2l

all

az22

= cosh(gamma*D)

= ©0.5734 + 0.08021

Zc*sinh(gamma*D)

= 5.0642e+01 + 3.2541e+0821

(1/Zc)*sinh(gamma*D)

= -0.0000 + 0.00211

cosh(gamma*D)

a22 = ©.5734 + 0.08021

ID

ID

ue

ua

10

18

P/ (U*k)

454 ,5455

all*U + al2*ID
1.4916e+05 + 1.6556e+051
a21*U + a22*ID

2.5169e+02 + 4.9322e+021

IlapameTpu
4YeTBOPOIOJA, CTPY]E,
HaIOHU, CHare

R+ jolL’
Z:—C = ’ = '
G+ JoC

y=+(R'+ joL' G+ joC’) =a+ jB
a,, = A= cosh(yD) | 82 =B =Z.sinh(yD)
a,, =C =Y, sinh( XD) a,,=D= COSh(XD)

O—— — 0

+ |, / Iy +
S@ = Ue*conj(I0)

Yo Z, U,=U
SO = 1.1920e+08 - 3.1899e+07i

o— D |}—o
P = real(Se)
PO =

1.1920e+08 MATLAB: Symbolic Toolbox
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Ly

/ Iy 7 Ip (:j 65;
—> D = =2 UMOOJIMYKO
o, : " O *F: 1 C)+
LZO Z 2§c gil) QZO éZl

o Uy 2 v onpehuBame
syms Zc gamma D Z1 Z2 all al2 a2l a22 Ue Ie UD ID H!meMe BOI[a

assume(Z1l~=0 & Z2~=0 & all~=0 & al2~=0)

resenje = solve(jednacine, [U®,I€])
. = resenje =
jednacine = [U@ == Z2*(ID+UD/Z1l) + UD,... U@: (UD*¥Z1 + UD¥Z2 + ID¥Z1¥72)/71
10 == UB,!'Zl + (UB'UD),{Z2] I10: (2*UD*Z1 + UD*Z2 + ID*Z172 + ID*Z1%*%Z2)/Z1~2
jedl = all == simplify(subs(resenje.ue/uUD, ID,0))
jednacine = )
Uy Uy—UD e
- UuD 0 (1 7 +7
Uy=UD+4, |[ID+=—=—)| [h=—+—r— ay =
( ' h ( ZI) 7 2 ‘) &
jed2 = al2 == subs(resenje.ue/ID, UD,®)
jedZ = (J']::Z:
resenjeZ = solve([jedl, jed2], [Z1,Z2])
resenjel =
71: al12/(al11 - 1)
Z2: al2
Z1 = subs(resenjez.Z1l, [all al2], [cosh(gamma*D) Zc*sinh(gamma*D)])
Z1 =
cosh(Dy) —1
2 =
MATLAB: Symbolic Toolbox

subs(resenjezZ.z2, [all al2], [cosh(gamma*D) Zc*sinh(gamma*D)])

Z2 Zc sinh(Dy)
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Pememe 3a umnenance y
CUMOOJIMYKOM OOJINKY

5 o L& om b
o— ;o ° 1 o,

Uy ry Z Up U, Z, Z, Up
o— —0 o o

Z1 = subs(resenjeZ.Z1l, [all al2], [cosh(gamma*D) Zc*sinh(gamma*D)])

Z1 =
Zc sinh(D y)
cosh(Dy) — 1

Z2 = subs(resenjeZ.Z2, [all al2], [cosh(gamma*D) Zc*sinh(gamma*D)])

Z2 = Zcsinh(Dy)

MATLAB: Symbolic Toolbox



