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1 Poenostavljanje blo¢nih diagramov

S pomocjo pravil algebre blo¢nih diagramov je v nadaljevanju na primerih prikazan

postopek poenostavljanja po posameznih korakih.

Primer 1

Poenostavimo blo¢ni diagram na sliki:

U—){(S) —> G, Go Gs > Gy Y(S))

A - -
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1. korak: premik razcepisca za blok.

o,

A

-

Uls : ' YY(s)

A= -

A

H,

Hj

A

2. korak: redukcija zanke Gx (0oznaceno z modro barvo) in zaporedne vezave Gy

(oznaceno z zeleno barvo).

A

U(s) :—: &

H; [«
G. = G3G,
* 14 G4G,H,
G,G3G,
Gy = G262 = 777 G2G,H,
H |
G—4 <
U(s) - . - leNeNen Y(s)
4 . | 1+ GsGiH: ”

o; |«




1 Poenostavijanje blocnih diagramov

3. korak: ponovna redukcija zanke G (oznaceno z modro barvo) in zaporedne vezave

Gy (oznaceno z zeleno barvo).

H |
G_4 <
- G2G3Gy
| 1+ G5GuH,
H; |«
G2G3Gy
G — 1+ G;G,H, _ G,G5G,
Z 1 + GZG3G4 ﬂ 1 + GsG4H2 + GZG3H1
1+ G3G,.H, G,
G1G,G3G,
G, = G,G, =
W T2 T 4+ G3G,H, + G,G3H,
U(s) - G1G2G3Gy Y(s)
a ” 1+ G3GyHy + GoG3 Hy ”
H, €
4. korak: zadnja redukcija zanke in koncni rezultat.
G1G,G3Gy
o 1+ G3G,H, + G,G3H, G1G,G3G,
B 1+ G].GZG3G4 H 1+ G3G4H2 + GzG3H1 + GleG3G4H3
1+ G;G,H, + G,G3H, 3
U(s) leNeNeNe) Y(s)

1+ G3GyHy + GoGsHy + GGy GGy Hy
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Primer 2
Poenostavimo blo¢ni diagram na sliki:
H, €
\ Y(s)
> Gs > G5 >
H; [«
1. korak: premik razcepisca za blok.
H, |«
\ Y (s)
> Gy —>»1 G5 >
1
\ A
‘o .
H; [«

2. korak: redukcija zaporedne vezave Gx (oznaceno z modro barvo) in dveh zank: G;

(oznaceno z zeleno barvo) ter Gz (oznaceno z rdeco barvo).
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Gy = G3G3

G. = G263
Y "1+ G,G3H,

Gy

G,=———
271+ G,H,

U(s) Gy GoGs Y(s)
1+ GiH, 1+ GyGsH,

Hy
G3

3. korak: zadnja redukcija zaporedne vezave Gy (0znaceno z modro barvo) in zanke G

(oznaceno z zeleno barvo) ter konéni rezultat.

Gy G263 G1G,G3

G = = =
W1+ GHy 1+ G,G3H, (1 + GHy)(1 + G,G3H,)

G = G1G,G3
Y1+ G,H, + G,G3H, + G,G,G;H,H,
G1G,G3
o Gw 1+ GH, +G,G3H, + G,G,G;HH,
- H; G1G,G3 Hy

1-G 1

WGy 1+ G,H, + G,G3H, + G,G,G;H,H, G5
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G1G2G5

G =
1 + G1H2 + GngHl + GleG3H1H2 - G162H3

U(s) G1G2G3 Y(s)
14+ GiHy +GyGsHy + G1GyGsHiHy — G1 G Hs

Primer 3
Poenostavimo blo¢ni diagram na sliki:
» Gy
Y(s)
> Gz Gg > G5
Hy > Gg
H, <€

1. korak: Redukcija zaporedne vezave Gx (oznaceno z modro barvo) in vzporedne vezave

Gy (oznaceno z zeleno barvo).

Y(s)
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Gy = G1G,G3

Gy=G4—+GS+G6

U(s) Y(s)

G1G2G3 > G4 + GS + GG

H;

H,

A

2. korak: redukcija zanke Gy (oznaceno z modro barvo) in zaporedne vezave Gy

(oznaceno z zeleno barvo).

: L Y()
G1G2Gy > Gi+ G5+ G : >
i, E E
ST = G,!
H, €
G = G1G,G3
1+ G,6G,G3H,
G, = G,(Gy + Gs + G,) = 616265 (G, + Gs + G,) =
_ G1G3G3G, + G1G2G3G5 + 61626366
1 1+ G,G,G3H,
Ul(s) G1G2G3Gy + G1G2G3G5 + G1G2G3Ge Y(s)
1+ GGGy H,y -

A

H,
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3. korak: zadnja redukcija zanke in koncni rezultat.

G1GyG3Gy + G1G,G3Gs + GLG4G4Gg
1+ G,G,G,H,

O T GiG263Gy + GyGyG3Gs + GiGG3Gg
1+ G,G,G:H; 2
= G1G,G5G4 + G1G,G3Gs + G1G,G3G,
B 1 + GleGng - GleG3G4,H2 - GlG2G3GsH2 - GlG2G3G6H2
U(s) G1G2G3Gy + G1G2G3Gs + G1G2G3Gs Y(s)
- 1+ G1G2G3H1 - G1G2GSG4H2 - G1G2G3G5H2 - G1G2G3G6H2 -
Primer 4

Poenostavimo blo¢ni diagram na sliki:

G3 L
U(s) - - . ¥(s)

m,

Y

H,

A

1. korak: premik razcepisca za blok.

|
|
s>
Y
A

______

H,

H

A
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2. korak: redukcija zaporedne vezave in zanke Gy (oznaceno z zeleno barvo) ter

vzporedne vezave Gy (oznaceno z modro barvo).

H, |«
G,G,
* =1+ G,G,H,
G, =1 +G_z
H, €

3. korak: zadnja redukcija zaporedne vezave G (oznaceno z modro barvo) in zanke G

(oznaceno z zeleno barvo) ter koncni rezultat.

: G1G2 G3 '
: 14+ G1GaH,y
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C = G1G, (1 N G3> _ G1G, + G1G;
1+ G,G,H, G,) 1+ G,G,H,
GG, + G1G;

o 1+ G,G,H, B G1G, + G163

1 + GlGZ + GlG3 H 1 + GleHl + GleHZ + GlG3H2

1+ G,G,H; 2
U(s) GGy + G1G3 Y(s)
> 14+ Gi1GoHy +G1GayHy + G1G3Hy
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2 Predstavitev blo¢nega diagrama iz
diferencialne enacbe

Iz pripadajoce diferencialne enacbe predstavimo blo¢ni diagram:

1
22y +3y-2y+1=2u

PRV

odvod, vse ostalo prenesemo na desno stran. Ob tem jo pomnozimo s 4, da koeficient pri

najvi§jem odvodu postavimo na 1.
L. . .
Zy—2y+3y—2y+1=2u /4

j—8)+12y —8y+4=8u

j=8y—12y+8y—4+8u
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2. korak: nariSemo kaskado treh integratorjev (diferencialna enacba je tretjega reda).

3. korak: na vhod dodamo sestevalnik s petimi vhodi in diagram zakljucimo po preurejeni

diferencialni enacbi.

—> 8 —»

L

1 " !

>|
—>
—>|

r 8 €

[+ + + + + |

—12 1«

Primer 2

Iz pripadajoce diferencialne enacbe predstavimo bloc¢ni diagram:

j+2y—1=6u

cvee

odvod, vse ostalo prenesemo na desno stran.

¥=—2y+1+6u
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2. korak: nariSemo kaskado treh integratorjev (diferencialna enacba je tretjega reda).

3. korak: na vhod dodamo sestevalnik s tremi vhodi in diagram zaklju¢imo po preurejeni

diferencialni enacbi.

—— ¢ Ty Y y y
+
+
1 —_—
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3 Metode za numeriCno resevanje

diferencialnih enacb

Izracunajmo resitev spodnje diferencialne enacbe pri podanem zacetnem pogoju pri
vrednostih x = 0, 0.1, 0.2 in 0.3. Korak pri izracunu je 0.7.

Osnovni zapis:
y'(x)=2x3+x%2—4x+6, y(0)=2

Analiti¢na metoda:

1 1
}’(x)=j(2x3+x2—4x+6)dx=§x4+§x3—2x2+6x+c

y(0)=2 - c=2
Splosna resitev:

1 1
y(x) =§x4 +§x3 —2x%>+6x+2
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Resitve po posameznih vrednostih x:

y(0) =2

y(0.1) = %(0.1)4 + % (0.1)3 = 2(0.1)% + 6(0.1) + 2 = 2.58038
y(0.2) = %(0.2)4 + % (0.2)3 = 2(0.2)%2 + 6(0.2) + 2 = 3.12346
y(0.3) = %(0.3)4 + % (0.3)3 = 2(0.3)% + 6(0.3) + 2 = 3.63305

Eulerjeva metoda

Splosna enacba:

Ynr1 = Ynth-fnyn), Xpp1 =%, +h

Zaketni pogoji:

h=01,x=0,y=2,f(x,y) =2x3+x*—4x+6
1. korak:

X, =xy+h=0+01=0.1
y(0.1)=y(x) =y, =Yg+ h - f(x0,¥) =2+01-f(02)=2+01-6=2.6

2. korak:

X, =% +h=01+01=0.2

y(0.2)=y(x) =y, =y1 +h- f(xy,y1) =
y(0.2) =2.6 +0.1- £(0.1,2.6) = 2.6 + 0.1-5.612 = 3.1612

3. korak:

X3 =x,+h=02+0.1=03

y(03) =y(x3) =y3 =y, t h- f(x3,¥2) =
y(0.3) =3.1612+ 0.1 £(0.2,3.1612) = 3.1612 + 0.1 - 5.256 = 3.6868
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Runge Kutta 2. reda (Heunova metoda)

Splosna enacba:

1 1
Yn+1 = Yn + h(§k1 +§k2)

Xpnt1 =Xp +h

ky = f(xn' yn)
k, = f(xn + h,y, + hkl)

Zacetni pogoiji:
h=01,x=0,y,=2,f(x,y) =2x3+x*—4x+6
1. korak:

X, =xg+h=0+01=0.1

ki = f(x0,¥0) =f(0,2) =6
k,=f(xy+hy,+hk,)=f(0+0.12+0.1-6) =f(0.1,2.6) = 5.612

1 1 1 1

2. korak:

X, =% +h=01+01=0.2

ky = f(xy,y,) = £(0.1,2.5806) = 5.612

k, = f(x, + by, + hky) = £(0.1 + 0.1,2.5806 + 0.1 - 5.612) = £(0.2,3.1418)
= 5.256

1 1
y(0.2) =y(x) =y, =y + h(zk1 +§k2) =

1 1
y(0.2) = 2.5806 + 0.1 (E 5.612 + 55.256) = 3.124

3. korak:

Xs =%, +h=02+01=03
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ky, = f(x, + kv, + hky) = £(0.2 + 0.1,3.124 + 0.1 - 5.256) = £(0.3,3.6496)
= 4.944

1 1
y(0.3) =y(x3) =y3 =y, + h<§k1 +§k2> =

1 1
y(0.3) =3.124 + 0.1 (E 5.256 + 54.944) = 3.634

Runge Kutta 4. reda

Splosna enacba:

1
Yn+1 = Yn t+ gh(k1 + 2k, + 2k3 + ky)

Xpnt1 =Xp +h
ki = f(xn Yn)

1 1
k, = f(xn +2hy, +§hk1)

1 1
ky = f(xn +2hy, +§hk2>
k4 = f(xn + h»yn + hk3)

Zacetni pogoiji:
h=01,x=0,y,=2,f(x,y)=2x3+x*—4x+6
1. korak:

x1:x0+h=0+01=01
ki = f(x0,¥0) = f(0,2) =6

1 1 1 1
ky = f (xo + SRy + Ehkl) —f (0 +2012+01 6) — £(0.05,2.3)
_ 5.80275
1 1 1 1
ks=f (xo +Shyo+ Ehk2> = f (o +5012+201- 5.80275) _

2

ks = £(0.05,2.2901375) = 5.80275

ko = f(xo + h,yo + hks) = £(0 + 0.1,2 + 0.1 - 5.80275) = £(0.1,2.580275)
=5.612
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1
y(0.1) =y(x1) =y; = yo + gh(lﬁ + 2k, + 2k3 + ky) =

1
y(0.1) =2 +20.1(6 +2- 580275 + 2 5.80275 + 5.612) = 2.580383

2. korak:

X, =% +h=01+01=0.2
ky = f(x;,y,) = £(0.1,2.580383) = 5.612

1 1 1 1
ky=f (x1 + Eh' Y1+ Ehk1> =f (0.1 + 50.1,2.580383 + 50.1 . 5.612) =

k, = £(0.15,2.860983) = 5.42925

1 1 1 1
ks =f <x1 + Eh' v, + Ehk2> =f (0.1 + 50.1,2.580383 + 50.1 : 5.42925) =

ks = £(0.15,2.851845) = 5.42925
k, = f(x; + h,y; + hks) = £(0.1 + 0.1,2.580383 + 0.1 - 5.42925) =
k, = £(0.2,3.123308) = 5.256

1
y(0.2) =y(x) =y, =y + gh(k1 + 2k, + 2k3 + ky) =

1
y(02) = 2.580383 + -0.1(5.612 + 2 - 5.42925 + 2 - 5.42925 + 5.256)
= 3.123467

3. korak:

X3=x,+h=02+0.1=0.3
kl = f(xZ,yz) = f(0.2,3.1234‘67) = 5.256

1 1 1 1
k,=f (xz + Eh' Yo + Ehkl) = f<0.2 +§0.1,3.123467 +§0.1 . 5.256) =

k, = £(0.25,3.386267) = 5.09375

1 1 1 1
ks =f (xz + Eh' Yo + Ehk2> =f (O.Z + 50.1,3.123467 + 50.1 . 5.09375) =

ks = £(0.25,3.378154) = 5.09375
ky = f(x, + by, + hks) = £(0.2 + 0.1,3.123467 + 0.1 - 5.09375) =
k, = £(0.3,3.632841) = 4.944

1
y(0.3) =y(x3) =y; =y, + gh(/ﬁ + 2k, + 2k3 + ky) =
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1
y(03) = 3.123467 + =0.1(5.256 + 2 - 5.09375 + 2 5.09375 + 4.944)
= 3.63305
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