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1.1.

1.2.

1.3.

1.4.

15.

Chuong 1

CAC TIN HIEU Co SO

DPE BAI
Tinh gia tri cia cac biéu thirc sau day:
00
a) 3tdo (t-1) b) 1to(t- 3)

- 00

Tim tin hiéu 16i ra y(t) trong so d6 hinh B 1.2:

X(t) =e~'cos(t)

11d
i t-3n
n:0( )

Tinh gia tri cac ham sau:

a) sintﬁ(t-—6—);

C) cos2é (t-—);

Hay biéu thi séng vudng goc nhu trén hinh B 1.4 dw6i dang khai trién cla

cac xung nhay bac don vi.
ikm

A

Khai trién mot song
tam giac déi xd&ng
nhu trén hinh B 1.5
thanh cac xung nhay
béc don vi.

Hinh B 1.2.

c) tH(t-2)

y(®

b) cos2td(t-—)

+00

d) 1t2e-to(t- 2)dt

- 00

0 ®
0 ®2T

HintlB u i.

4T

o p

cy

-T/2

»

k f(t)

\ ®

T2

Hinh B 1.5.



1.6.

1.7.

1.8.

1.1.

Khai trién dang séng cho trén hinh B 1.6 thanh cac tin hiéu nhay bac don vi.

[f(t)

a) Khai trién tin hiéu
s(t) biéu dién trén hinh
B 1.7 thanh day nhay
bac don vi.

b) Tinh dao ham bac
nhat tin hiéu s(t) tr day
khai trién va vé do thi
dao ham bac nhét do.
Mot tin hiéu thé v(t)
thay déi theo thoi gian t
trong khodng tr 0 dén
7s ¢6 dang nhu trén hinh
B 1.8.

a) Hay phan tich tin hiéu
thé dé thanh tong céac
xung nhay bac don vi.

b) Lay dao ham bac nhat
biéu thirc v(t) va vé tin
hiéu dao ham bac nhat do.

Hinh B 1.6.

Hinh B 1.7.

Hinh B 1.8.

TRA LOI VA HUONG DAN giai

a) Tinh chéat 18y mau cho ta : f(t)6(t-a) = f(a)0(t-a)
Trong vi du nay, f(t) = 3t4,con a= 1, nén :

3146 (t-1) = 3t"

b) Tinh chat dich chuyén cho ta:



1.2

1.3.

1.4.

Jf(t)5(t - a)dt = f(a)
~ 00
Trong vi du nay, f(t) = t, con a = 3, nén:

JtS(t-3)dt = t| =3 =3
- 00
¢) Biéu thirc ¢ chira doublet, nén tinh chat I&y mau déi véi doublet cho ta:
f(t)S'(t-a) = f(a)d'(t-a) - f(a)d(t-a)
DBa6i voi vi du nay thi f(t) = t2, a= 2, nén:

=2 t =2
=40'(t-2)-46(t-2)
Tin hiéu 16i ra tinh duwoc:

tD'(t-2) = t2 6'(t—2)—(;—j—19 S(t-2)

n
y(t) = ™ e _t cos(t)6(t - 3n)
n=0
R . il, khi t=3n
Ham 0(t-3n) =
[ 0,khi t=* 3n
nén tin hiéu I6i ra bay gio la:
n
y(n) = ]jTe_3n cos(3n)
n=0

Theo tinh chat'fay-mau-ctia ham 6(t):
f(t)o(t-a) = f(a)o(t-a)
nén ta co:

ot - —)

a) costo(t——) = cos(7t/6)6(t-7i/6) = —
6 2 6

_2. :
b) e*2Acos2tdé(t-—) =e 4 cos(2)6(t- —5)=e 2cos(™M)o6(t—) =0
4 4 4 2 4

c) tan2t6(t-—) = tan(2—)6(t - ) = tan—o(t ) = V30(t )
6 6 6 3 6 6

+CO +00
d) Tacé tich phan  Jf(t)d(t —a) = f(a), néntich llian jt2e-t6(t-2) = 4e-2
-00 -00

Ta chia s6ng vudng goc f(t) thanh nhitng doan nhu trén hinh B 1.4.
Trong doan 1 dwoc biéu dién bang:



1.5.

1.6.

1.7.

Poan thit 2 dwoc biéu thi dwodi dang:
f2t) = -A[u(t-T)-u(t-2T)]
Doan tht 3 dwoc biéu thi duéi dang:
f,(t) = A[u(t-2T) - u(t-3T)]
Poan th 4 dwoc biéu thi dudi dang:
fAt) = -A[u(t-3T) - U(t-4T)]
Nhuw vay séng vudng goc f(t) la tdng cac khai trién:
f(t) = FA) + FAL) + f,(t) + FAL)+....
= Afu(t) - 2u(t-T) + 2u(t-2T) - 2u(t-3T) + 2u(t-4T)
Ta phan s6ng tam giac nay thanh hai doan nhuw trén hinh B 1.5.

f.(t) = T+1 u(t+-i-)- u(t)
W i 2
Trong doan 2, séng duoc biéu dién dudi dang:

f 2 T 1
A= -Ad+1 u@=ww+;
vIoL 23
Do dé sdng tam giac déi xirng f(t) dwoc khai trién thanh dang
i9 AF ¥ 1 /7 9 |\ T1
z ut+2-)-u(t) + “ t+1 u(t)-u(t+”
et ( 2) (t) DT l() ( 2).

Bay gio chung ta khai trién mot tin hiéu phtc tap hon thanh cac xung
nhdy béac don vi.

Chia tin hiéu f(t) thanh ba doan nhw trén hinh BG 1.6.
Trong ving 1, tin hiéu dwoc biéu thi

dwéi dang:

fit) = (2t+D[u(t)-u(t-1)]

Trong ving 2, tin hiéu dwoc biéu thi

duéi dang:

f2(t) = 3[u(t-1) - u(t-2)]

Trong vlng 3, tin hiéu duwoc biéu thi

duwéi dang:

f,(t) = H+3)[u(t-2) - u(t-3)]

Do d6 dang séng f(t) dwoc biéu thi dwéi dang:

f(t) = f,(t) + fAt) + (1) ’

= (2t + D[u(t) - u(t-] + 3[u(t-1) - u(t-2)] + (-t+3)[u(t-2) - u(t-3)]

= (2t + Du(t) - 2(t—2)u(t—1) —tu(t-2) + (t-3)u(t-3)

a) khai trién ham s(t) thanh ddy xung nhay béac don vi u(t):

s(t) = e2[ u(t) - u(t-2)] +10u(t-2) - 30u(t-2) - 10tu(t—3) + 30u(t-3) - 10u(t-3)
+ 50u(t-3) + 10u(t-5) - 50u(t-5) + 10tu(t-5) - 70u(t-5) —0u(t—¥) + 70u(t-7)

Hinh BG 1.6.



= e"2u(t) + (e“2+ lot - 30)u(t-2) + (—20t + 80)u(t-3) + (20t - 120)u(t-5)
+ ot + 70)u(t-7).
b) Ly dao ham biéu thirc khai trién ta duoc:

it = -2e‘2u(t) + e*A6(t) + (2¢"2 + 10)u(t-2) + (-e“2 + IOt - 30)6(t-2)
- 20u(t-3) + (20t + 80)06(t-3) + 20u(t-5) + (20t - 120)6(t-5) - 10u(t-7) +
(-10t + 70)6(t—9).
Nhung: *
(-e'2+10t - 30)S(t-2) = (-€'"* +40 - 30)S(t-2) * -10S(t-2)
(-20t + 80)d(t-3) = (-60 + 80)d(t-2) = 205(1-3)
(20t - 120)6(t—5) = ( 100 - 120)S(t-2) =-205(t-5)
va dao ham chi cé cac diém nhay tai cac vi tri: t=2, t = 3 vat=5nén 6(t)
vaod(t- 7)=0.
Thay céc gia tri nay vao biéu thirc trén ta duoc:

= -2e‘2[u(t) - u(t-2)] - 106(t-2) + 10[u(t-a) - u(t-3)] + 2006(t-3)
- 10[u(t-3) -u(t-5)] - 2006(t-5) + [u(t-5) - u(t-7)].
Do thi cha dao ham ds(t)/dt cho trén hinh BG 1.7.

Do thi cua dao ham ds/dt

X

Hinh BG 1.7.

Ta cling c6 thé tinh nho MATLAB voéi cac Iénh sau:

syms ts;
s=exp(-2*t)*heaviside(t)+(-exp(-2*t)+10*t-30)*heaviside(t-2)+
(-20*t+80)*heaviside(t-5)+(-10*t+70)*heaviside(t-7);



1.8.

» sl=diff(s)
ans =
-2*exp(-2*t)*heaviside(t)+dirac(t)+2*heaviside(t-2)*exp(-2*t)
+10*heaviside(t-2)-dirac(t-2)*exp(-4)-10*dirac(t-2)-20*heaviside
(t-5)-20*dirac(t-5)-10*heaviside(t-7).
a) Trudc hét ta phan tin hiéu v(t) thanh 5 doan nhu trén hinh vé. Khi d6 ta dugc:
v,(t) = 2t[u(t+]) - u(t-1)]
vt) = 2[u(t—1) —u(t—2)]
v,(t) = (-t+5)[u(t-21) —u(t—4)]
V4(t) = [u(t-4) - u(t-5)]
va(t) = (-t+6)[u(t-5) - u(t-7)]
Do do:
v(t) = 2t[u(t+]) - u(t-D] + 2[u(t-11) - u(t-2)] + (-t+5)[u(t-21) -
—H(t—4)] + [u(t—4) - u(t-5)] + (-t+6)[u(t-5) - u(t-7)]
= 2tu(t+l) + (2t+2)u(t—1) + (—+3)u(t—2) + (t4)u(t—4)
+ (-t+5)u(t-5) + (t-6)u(t-7)
b) LAy dao ham bac nhat v(t), ta duoc:
dv(t) /dt = 2*heaviside(t+l)+2*t*dirac(t+l)-2*heaviside(t-1) +
+ (-2*t+2)*dirac(t-1)-heaviside(t-2)+(-t+3)*dirac(t-2) +
+ heaviside(t-4)+(t-4)*dirac(t-4)-heaviside(t-5) +
+ (-t+5)*dirac(t-5)+heaviside(t-7)+(t-6)*dirac(t-7).
Doi véi tin hiéu da cho, ta thady sw nhdy bac chi xay ra tai cac thoi diém
t=-1;t=2vat=17; dodo6 o(t-1) =0; 6(t-4) =0; 6(t-5) =0.
Do do6 4p dung tinh chat 14y mAu cla ham den ta ta duoc:
2tS(t+l) =-26(t+1)
(-t+3)5(t-2) = S(t-2)
(t-6)06(t-7) = 5(t-7)
Do dé dao ham bac nhat cua v(t) bay gi¢ dwoc viét dwéi dang:

dv(t)
—j C2u(trD) - 25(t+D) - 2u(tD) - u(t-2) +5(t-2) +

+ u(t-4) - u(t-5) + u(t-7) + 6(t—%)
D06 thi cla tin hiéu dao ham bac nhat ctia v(t) cho trén hinh BG 1.8.



2.1.

2.2.

2.3.

2.4,

2.5.

2.6.

2.7.

2.8.

Chuong 2
BIEN BDOI LAPLACE

DE BAI
Tim bién doéi Laplace cla tin hiéu sau:
0, khit<O
eat, khit>0

khit<0
0, khit>0
Trong do a la mot sb' thuec.
Biét anh Laplace ctia mdt hang s6 A 1a A/p. Tim anh Laplace cGia ham
f(t) = at.
Biét bién doi laplace clia cac ham sincot va coscot. Hay tim bién doi
Laplac ctia cac ham s6: e”'sincot va e”*coscot

n!
Biét bién d6i laplace ctia cac ham fi(t) = tru(t) 1a F,(p) = — — * Tim bién

doi Laplace ctia ham so' f(t) = tne_d u(t).
Dung maéi lién hé gitra bién doi Fourier va laplace, tim bién déi Fourier
e(, khit<0
e-t, khit>0

cua ham s6 sau: f(t) =

Tinh bién do6i Laplace clia cac ham sd sau day:
a) f(t) = cos(cot)

b) f(t) = e“4+ sint

Tinh bién doi Laplace clia cac ham sd sau day:
a) f(t) = 2u(t) +3eMu(t)

b) f(t) = sin(t-2)u(t-2)

c) f(t) = tel

Tinh bién d0i Laplace clia cac ham s0 sau day:
a)f(t) = 3(l-e~Ul)

b)  f(t) = 5cos(3t+ 7T/4)



c) i Kkf(t)

3 1 2 3 c
1w (t)
1
d)
3 2 5 7 10 12
f(t)
e)
2 3 4 5

2.9. Tim bién ddi Laplace ctia ham so cho trén do thi sau:

10



2.10. Tim bién doi Laplace ctia mot xung vudng cho trén hinh B 2.10.

f(t)

(N

(2)

Hinh B 2.10.
2.11. Tim bién ddi Laplace cta séng vudng géc cho trén hinh B 2.11.

iL (t)

1

Hinh B 2.11.

2.12. Tinh dao ham cho cac ham ctia ham s6 c6 d6 thi nhu trong hinh B 2.12.

Hinh B 2.12

2.13. Tim bién d6i Laplace nghich dao cta cac ham sau day:

a) F(p) = ——-—- - b) Fp)= -
) Fp) = (P + 3XP + 4) ) (pF) (p+1) (p+3)
c) F = + e . d) F =
) F(p) 0 +p4p Ty ) F(p) S e T
2.14. Tim bién d6i Laplace nghich dao ciia ham so sau day:
F(p)=" U i_ +_£zifL

p+a-jcu p+a +jco

11



2.15. Tim bién ddi Laplace nghich dao ciia ham sé sau day:

2.16. Tim bién 'dorLapIace nghich ddo ctia ham sau day:

F(p=iiE £ M
5(p +2p +2)
2.17. Tim bién doi Laplace nghich dao ctia cAc ham sau day:

MI/ \_  6p +6p+4 b)G(p) = p+2
- . A - p) =
AHP)= ~plp+1)p+3) p(p + 1)(p2+9)
2.18. Cho bién doi Laplace nghich dao ctia ham F,(p) = 3 la:
p +2p+17

f, (t) =—e 1sin4t.u(t-2)
Hay tim bién d6i Laplace nghich dao clia ham so0 sau day:
e
F(P)=FT171°?
2.19. Tim bién ddi Laplace nghich dao ctia cac ham s6 sau day:

a) F(p) =- P--5-; b) F(p)= 4p
p(p +1) (p +5)
2.20. Tim bién d0i Laplace nghich dao ctia ham so:
H(p) =

p2(p2+P + 1)

2.21. Dung bién doi Laplace, tinh thé 16i ra trén hai dau dién tré R trong so do
hinh B 2.21. Biét rang khoa K dong dot ngot tai toi diém t = 0 va tu dién
khong c6 dién tich ban dau.

kK t0c

Hinh B 2.21.
2.22. Dung bién doi Laplace, tinh thé trén hai dau tu dién c, vc(t) véi t > 0
trong so dd hinh B 2.22. Biét riang khoa K lic dau dong, sau d6 mo dot
ngdt tai thoi diém t= 0 va tu dién khong c6 dién tich ban dau. Ap dung

bang s0' I = 6kQ, R2= 60kQ, R, = 30kQ, R4= 30kQ, ¢ = 40/9|iF va
E =72V,

12



Hinh B 2.22.

2.23. Tin hiéu I6i ra cia mdt hé théng tuyén tinh la:
s(t) = 10.e~l.cosdtu(t)
khi tin hiéu 16i vao la e(t) = e“u(t). Tim dap &ng xung don vi cta hé
thong do.
2.24. Tim ham truyén clia mdt mang dién ghép ndi tiép gom n bd khuéch dai
giéng hét nhau nhu trén hinh B 2.24. Biét rang tin hiéu 16i ra & tang dau
tién doois véi xung don vi & 16i vao la:

et) =- Ae-TRC
. ) -0 6 )>---- A
) et) A —— g ) X, §
Rp— o o o mmm——— 0 > -0 ? ¢]
Hinh B 2.24.

2.25. M@t hé théng c6 ham truyén:
3p+2
H(p) =
p +3p+2
Tim dap tng xung don vi ctda hé théng do.
2.26. M0t hé thdng c6 ham truyén béac ba:
H(p) = - F--- @+3
) p’ +5r)%+ 12p +8
Tim dap &ng xung don vi cta hé thdng nay.
2.27. MOt hé théng c6 ham truyén

=4 +
H(p) Ab 15
Tim dap rng xung don vi cda hé théng nay. c,
2.28. Dung bién do6i Laplace, t=0
tinh thé I16i ra trén hai dau 7 K
dién tré R trong so doé hinh — ) R L% r2
B 2.28. Biét ring khoa K v{0
déng dot ngot tai toi diém
t = 0 va cac tu dién khong
c6 dién tich ban dau. Hinh B 2.28.

13



2.29. Cho mach dién RL nhuw trén hinh B 2.29a.
a) Tim ham truyén H(p) cla mach dién.
b) Tim tin hiéu I6i ra khi tin hiéu vao la nguén dong c6 dang mot xung
vubng nhw trén hinh B 2.29b.

A is(t)
io(t)

0 2 t(s)
a) b)
Hinh B 2.29.
2.30. MOt hé théng dién tlr c6 ham truyén H(p) cho béi hé thirc sau:

1) Tim dap (ng xung cla hé théng, véi t=0: 0.1: 15.

2) Tim dap &ng cla hé thdng d6i  v&i xung nhay bac don vi.

3) Tim dap ¢ng cla hé thdng doi voi tin hiéu u(t) = sin(2t) tac dong & 16i vao.

4) Tim dap ng cua hé thdng déi  voi tin hiéu u(t) = e"3 tac dong & l6ivao.
2.31. Tim thé 16i ra trong mach dién cho trong hinh B 2.31. Biétrangngudn

dong 16i vao is(t) = (I+sint)u(t) va cac linh kién khéng tich tri* nang lwgng

ban dau.

R 1/30

®e L

0,5H—- 1F vow
Hinh B 2.31.
TRA LOI VA HUONG DAN giai

-(p-cc)l

2.1. a)

X’(p): -

Mién hoi tu v&i moi o > a.

14



2.2.

2.3.

2.4.

b) x 2(p)= mfx2(t)e-'m|t . fe(*-,)dt=— o
i i -(p-cx)

X2(p) =
p-a
Mién hoi tu véi moi o < a.
Ldy dao ham cua f(t) ta dwoc: f(t) = a
f(t) = a cé &nh la a/p. LAy tich phan f (t), ta dwoc f(t).
Vay theo (4.12), ta duoc:

F(P)=1M »
p p
Bay gio néu biét F(p) = , thi ta cling c6 thé suy ra dwoc ham gdc cla
.. a
ham anh F(p) =
(V+2Y
Thatvay: <€“[l/pZ=t t>0

Tl cdng thirc (4.6), v6i a = 2, ta duoc:
E~I1[l/(p+2)2 =te"2d t>0

Ta biét, ham e*““Ic6 anh la F(p) = =

p+a
Mat khac e3 = coscot + jsincot, néu dat a = -jco, thi ham ejinsé c6 anh la:
1 ©
. 2 2 _2 2
p —jco p+co p+co

Tl d6 suy ra sincot c6 anh la B ; con coscot cO anh la: —
p +to p +0

Bay gio néu dat a = -0 + j(o, thi ham e (04" sé c6 anh la:
1 _ pto+tjoo
pt+to-jco (p+0)2+co2
(p +a)2+002
pt+ta
(p +a)2+002
Theo tinh chét tré ctia bién déi Laplace:

X [e- )] = F(p+cp)
ovay:  Fp) = lr.

Vay: ~[e" @ sintot] =

15



Ta phéan tich ham f(t) = f,(t) + fAt) trong dé

; ie', khit<O
(1) = .
®© [o, khit>0

) [o, khit<O
va f2(t) =

® le*, khit>0
L&y bién déi Laplace f,(t) ta dwoc : F,(p) = ‘1
P
Do vay bién déi Fourier ciia né la: F,(jct) = —— .
+1 . I+jeo
Tuong tw voi fAt):
FA-jco) = =73—
r p=-JO) J
Vay bién doi Fourier clia ham f(t) la:
F@(itr) = F,(jco) + FX-jco)= — +—7- =
1+JCO 1-JO) co +1
'(I + p4h gjo)i e~Ja
a) 1) = coscot = 3 TEM ey = xpeoscot] = £[ 1+ £[ T2
1 1
p’ Q0

bETX:X— +X. :—’—+__: *
VLI = Xer2h = Xtsintd = o 5 T 0% 9 1

2 X[f(i) = X[2u()] + neBe-"lu()] = 2 + -—omz P48
p p+t4 pp+t4

b) «E[f(t)] = X[sin(t-2)u(t-2)].

Ap dung tinh chat tré: F(p) = e“Q\£[sint] =

+1
c) <E[f(t)] = X[te~1
Ap dung tinh chat (2.8) ta dwoc: te""1= - ;
p
Trong dé F(p) la bién déi Laplace ctia X[e*] = —
p+1

1
(p +1)2

Do vay: dC[te ] =



2.8.

2.9.

2.10.

2.11.

2.12.

0,3

a) F(p) =

p(p +0,1)

5 p-3
b) F(p) = ,. P

VIl p2+9

_ 1

) FO = L
d) Fp=e O ¢

p + I’O 1 -e -pil/co

f()= (5t-5)u(D)-{t-4.2)u(t-4.2)

Do vay:

-4.2p

XTHO1= X [(Jt-5)u (O]1-X [[(t-4,2)u (-4.2)]= o b 30

Ta c6 thé coi xung vudng goéc trong hinh B 2.10 la tong clia xung nhay
bac don vi (+1) va xung nhay bac don vi (-1) tré so v&i (+1) mot luvong la
T gidy. C6 nghfa la c6 thé biéu dién f(t) dwéi dang:

f(t) = u(t) - u(t-T)

Dovay:  F(p) = X[f(t)] =---e"I'=-(l-e-pl

p p p
Séng vudng goc la chong chat clia cac xung vudng .géc dong nhat nhung
c6 dau nguwoc nhau. Chu ky dau tién clha séng vudng géc la mot xung
vudng cé dau dwong va mot xung vudng c6 dau am. Do vay, bién doi
Laplace ctia né cé dang:

1 1 _pt+(_ i+i_pl)e_p*_ (1-epn2

F.(p) =
p p p p P
S6ng nay tuan hoan voi chu ky T, nén theodinh Iy tré, ta duoc:
F(p) = (1 +e-fT+e-MT+...)F, (p) = — 11_%]-_|:’(p) - 1(1-epn2
1-e p 1l-e -pT

1(1-e~ 1
G-e7P) - Rgnox)
p

Pau tién lay dao ham béac nhat f(t) ta duoc f(t) sé thu dwoc hai xung Dirac
1va hai xung vuéng am. Lay dao ham lan hai, ta dwoc f'(t), sé thu duwoc
hai xung Dirac 1va hai xung Dirac (-1) nhu trén hinh BG 2.12c.

voi T =2x,nén: F(p) =

17



2.13.
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(1)

b)

Bién ddi Laplace clia ddy xung Dirac thv nhat la: 1_3

Bién ddi Laplace cua ddy xung Dirac thit hai va thiv 3 la:

o-p 0-2p
1-e"p l-e‘D
Nhuw vay, bién ddi Laplace clia ham géc:
o _ 1 e p-ep

p(l -e"3p) + p2(l -e~3p)
Lam tuwong tw véi ham th hai trong hinh BG 2.12d, ta duoc:

4 4 3 2
F(p)=4—I e-',-4e-p-4re
p P p p
a) f(t) = e--“-e-4
b) f(t) = -i-te" +-e"™ - —*3
) 1) 2 4 4
c) Giai: f(t) = 10[u(t-2) - u(t=3)]

Dovay: F(p)=10 &P &PA



2.14.

2.15.

d) Ap dung bién ddi Laplace cho mdt tin hiéu tuan hoan cho mdt xung

vuobng, ta tim duogc:
1- e'D
F(p)=s r ft
e) T hinh ve ta thady day la tin hiéu tuan hoan voi chu ky T = 2.
Bién déi Laplace cta chu ky dau tién la:
f,(t) = 2t[u(t) - u(t-D] = 2tu(t) - 2tu(t—=2)
= 2tu(t) - 2(t- 1+Da(t-1) = 2tu(t) - 2(t—hHu(t-1) - 2u(t-1)
Vay bién doi Laplace thu dwoc la:
2 2e~p 2ep 2 w
FIP)=A -2zv —— =-Y(l-e-p-pe’)
p p p p
Bién ddi Laplace cua tin hiéu tuan hoan la:

F.(p) _ 2
F = 1-e p-pe
(P) 1- e“Tp ~ P2(1-e ‘2p)( P-pe p)
/ ,

f(t) = e- cosVTI2t-—2sin V2t
f) (9] V1
9) 1 -'i cds3t 1sin3t

9 10 90 30

c+id c-jd Aed Ael"

a) F(p) = g e _ _
p+a-jco p+a+jco p+a-jco p+a+joo
Vi A = Vc2+d2 va(i) = artg—
c
Do do: f(t) = AeJeaeJV+ Ae“Fe'ae"Jl = 2A e-aicos(cot+(p)u(t)
\— 8p-3 8p-3 A B
F(p) = — o= o TR IR :
p +4p+13 (p+2+j3)(p+2-j3) p+t2+j3 p+2-j3
. ) 8p -3 24 + 19
A= (p+2-i3)F(p) = (p+2- j3) P _ )
(P+2-13)(p +2+j3) _, .. 6
8p-3 24-319

B = (p+2+j3)F(p) = (p+2+]j3) ) .
(P+2-j3)(p +2+)3) _, .,
24 +jl19 2419
Vay: Fpy=1, - 17
O p+2+j3 p+2-j3
T d6 tim dwoc:
f(t) = £ 1F(p)] = Ce~Acos(3t + (p)

VGi: C =- V242+192 = 10,2va )=artg—  38,5"
16

Vay: f(t) = 10,2.e Zcos(3t + 38,5>(t)

19



2.16.

2.17.

2.18.

2.19.

20

Fp) = J 2(p- TS —
= 56 Bp?2) TEriinte T15ih Gadh GEi+in

Trong do:
. 2(p +2) =Z20+J)) =1_ N e )5,

A= (p+I-)F(P) = _ |

(P+1+jl) oy J2
B = (p+I+j)F(p) = 2(p + 2.) = 21 ~=l+jl= \/ 27450

(p +1 +JI) p=-I-j J2

™ 1 .

Vay: F(p) = _V2el . + Vel

(P+I-j1)  (p+1+jl)
Tw d6 tinh duwoc bién déi Laplace nghich dao:

f(f) = £-'[F(p)] = \Z2e~i45"e Jejl + V2ejd5 e e™jt =
= 2V2e_tcos(t-45°)

a)H(p)= -4ET+[E+j=z1n +_2_+420/3
p(p+h(p +3) p p+l p+3

Dovay:  h(t) =£-°[H(p)] = -i3+2e--“3e- u(t)

+2 2/9 -4/MO A B
b) ep)= Pre 4 L e
p(p+N(p +9) p p+1 p-3] p+3j

A =-0.0611 + 0.0167j = 0.0633Z 164.7°
B=-0.0611 - 0.0167j =0.0633Z2—-164.7°

A 1
Do vay: h(t) = X H(p)] = 3 10 e 1+0,126cos(3t + 164,7") wu(t)
Theo tinh chéat tré cta bién déi Laplace (2.10), ta thay:

Fp)= Fp= P
P)= p_p~+2p+17 Filp)

Vi vay, bién doi nghich dao cta F(p) la:
f(t) = £,(t-2) = -fe ("3 Sind(t -2).u(t -2)
a) Ham F(p) c6 cac diém cuc boi, nén ta khai trién dwéi dang:
_ p2-5 A, B c

plp+h* p p+l (p+D
Céc hé sd khai trién tim duoc:

A=pF(p)| =-5
C=(p+N2Fp) -4




g =d[(p +1)2F(p)] A

Vay: B(p)=_P2"5, =%, -0- 4
p(p + 1) p+p+l+(p+l1)2

f(t) = X-"[F(p)] = (-5 + 6e 1+ 4te™)

4p A
b S L N 7
) U e S AL

= 4x (-5)2= 100
_ 1d 2[(p + 5)3F ()]
I 41
d 5)3F
= [(p"'d) (p)] :(Sp)lp:»s =-40
p s
Vay: Fpy=—P2 -4 , 404, 100

(P+5)  (p+5) (p+5) (p+5)3
=> f(t) = (4 - 40t + lootd e u(t)

\
. 1 V3.
2.20. Ta thay: X" ]= t-1 +-7=e 2cos t+ = u(t)
p2(p2+P +1) v3 va el
Do vay, theo tinh chét tré ctia bién d6i Laplace, ta tim duoc:
2 _ '
£-'[m = t-2 +— cos ° " u(t-1)
p2(p2+ P+ 1) Va

2.21. vOt) = E.e"RC
2.22. Tai t=0, thé trén hai dau tu vc(0) tinh duoc la 30V.

Khi t > 0, ta thu dwoc so do nhu trén hinh BG 2.22.

30kn c
60kn 30kn 22,5kn
E = 30/p- E = 30/p-
X L
Hinh BG 2.22.
T hinh vé, ta tim duwoc:
) 30
VC =-
P p+ 10
Do do: ve(t) = 30e”IAu(t)

21



2.23. Truwéc hét phai tim ham truyén H(p) cta hé théng do:

2.24.

2.25.

22

E(p)
Trong dé S(p) la bién do6i Laplace cla tin hiéu 16i ra; con E(p) la bién doi
Laplace ctia tin hiéu 16i vao:
E(p) = X[e(t)] = -L -;S(p) = £[s(t) =- 10(p+ 1*
(p) = X[e(t)] o1 (p) = £[s(t) (|0+(B 6
E)O vay: H(p)\ = S(p) 1O(p:+_|2(Pi l‘)._
' E(p) p +2p+17
Lay bién doi Laplace ngich dao clia H(p), ta tim dwoc dap Ung xung don vi h(t):
h(t) = 106(t) —10.eMin4t.u(t)

Tathdy: H(p) = (H,(p))°
E.p) E.p) E.(p) E2(p) En,(p) Vv
Trong d6 H,(p) 1a ham truyén cla moi tang khuéch dai.
Péap &ng cua tang khuéch dai dau tién dbi voi xung nhay bac don vi la:
et) =- Ae
nén ham truyén tim duoc la:
HI(p)=M O =" A p _
E.p) p-I/RC
Do vay ham truyén ctia n bo khuéch dai ghép ndi ti€p sé la:

E
H(p) = ="
E.(p)
Lay bién doi Laplace nghich dao, ta dugc dap (rng tong thé:

L(n-D1(— t-)k

SO = LA 1+ ke -k - DIKY)

Ham truyén cé hai diém cuc dwoc xac dinh tir phwong trinh:
p2+3p+2=0

Phuwong trinh nay c¢6 2 nghiém la pj = -1; p2=-2; hai diém cyc phan biét,

nén ham truyén cé thé khai trién thanh dang:

u 3p+2 c, C2
p+l p+2
3p+2
c, =(p+DHHE)] P -1
p +2

P=-1

=2

twvongty: ¢ 2=(p +2)H(p)| =2 =3 =4
p+1,



2.26.

Do do: H(p)= ZBP+2 -=_L +.
p +3p+2 p+1 p+2

Vay h(t) = [-e'1+4e~2] t>0
Hodc cé thé dung lénh:
syms pt;

Hp=(3*p+2)/(pA2+3*p+2);

ht=ilaplace(Hp)

MATLAB cho:

ht =

4*exp(-2*t)-exp(-t)

DEé giai bai toan nay, ta st dung chuong trinh MATLAB

sym p;

factor(pA3+5*p A2+ 12*p+8)

D=[14 8];

roots(D)

Hpl=(p+3)/(pA3+5*pA2+12*p+8);

htl=ilaplace(Hpl)

Két qud MATLAB cho 3 diém cuc la p=-1 va hai diém cuwc phtec la
-2.0000 + 2.00001 -2.0000 - 2.0000i

Bién do6i Laplace nghich dao cho dap (rng xung don vi cla hé théng la
ht = -2/5*exp(-2*t)*cos(2*t)+3/10*exp(-2*t)*sin(2*t)+2/5*exp(-t)

2
Hay: h(t) =—e 1+ Tgosin(Zt)- —5005(2t) e-2

Pap ¢ng xung don vi nay dugc ve trén hinh BG 2.26.

Dap ung xung don vi h(t)

Thii gian.s

Hinh BG 2.26.
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2.27. Goi a, =—1 az2=-1_.4 = 1
R,C, R2C2 r2c,
va a, - a2+ a3= 2a.
Néu a2< a va az2-a,gp=c02
/
thi ve(t) = E 1 e “d sincot
v /
Néu a2>a ap va a,a2-a2=co2
/
thi v, (1) = E e“a'sh(Dtj
\V/ ar
Néu a2=aap thi Vo - g( -a.te
-n 7L
p3+1 p+1 B 1 72 A et
2.28. H(p) = =1+ VT'=1+ +T 1 = 1+-- _ ~~ L
p +p p(p +1) p p +1 P 2 p-j p+tj

=> h(t) = 6(t) + u(t) - \/2 cos(t - 4—)u(t)
2.29. Ham truyén tim duoc:
H(p) =iiM =_ L

l.(p) p+l
Bién doi Laplace chia xung vuéng 16i vao cho trong hinh B 2.27b la:

Is(p) = -~(1-e~2p)
p
Vay bién doi Laplace cua tin hiéu 16i ra la:

LE) = PHE =~ (@-e2p)
p(p + 1)
Lay bién doi Laplace nghich dao cua 10(p), ta sé thu duoc tin hiéu 16i ra la
dong dién & 16i ra ctia mach dién. Trwdc khi tinh bién déi Laplace nghich
dao, ta bién déi 10(p) thanh dang:
1 1 1 ¢® 1 N
1.(p) = (I-e-2p)=- +
p p+l p p p+tl ptl
Tw d6 tinh duoc:
it =u(t) +u(t-2)-e‘l-e<u(t-2) = u®) - e 1+ ( 1-e' +2)) u(t-2) A
2.30.
1) Chuong trinh MA FLAB sau day tinh va vé dap ung xung cua hé théng la’
t=0: 0.1: 15;
num=[l 1];
den=[l 5 6];

24



%Tinh va ve dap ung xung
impulse(num,den,t)

grid

title("Dap ung xung ")

ylabel(*Thoi gian,s’)

ylabel(*Bien do")

Két qua cho trén hinh BG 2.30a.

2) Tinh va vé dap trng xung nhay bac don vi
step(num,den,t);

grid

title("Dap ung xung nhay bac don vi’)
xlabel(*Thoi gian,s")

ylabel("Bien do")

Két qua cho trén hinh BG 2.30b.

Dap ung xung

Thoi gian.s (see)

Dap ung xung nhay bac don vi

Thoi gian.s (see)

Hinh BG 2.30.

3) Bap ng clia hé thdng Ién tin hiéu u(t) = sin(2t)
t=0: 0.1: 5;

u=sin(2*t);

Isim(num,den,u,t)

grid

title("Dap ung voi tin hieu sin ")

xlabel(*Thoi gian,s')

ylabel(*Bien do")



K&t qua cho trén hinh BG 2.30c.

Dap ung voi tin hieu sin

Thoi gian.s (see)

Hinh BG 2.30c.
4) Bap ng cta hé théng Ién tin hiéu u,(t) =e 1
t=0: 0.1:5;
ul=exp(-t);

Isim(num,den,ul,t)

title("Dap ung voi tin hieu exp(-t)")
xlabel("Thoi gian,s")

ylabel(*Bien do’)

grid

Két qua cho trén hinh BG 2.30d.

Dap ung voi tin hieu exp(-t)

Hinh BG 2.30d.
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2.31. Biéu dién mach dién duéi dang bién d6i Laplace nhw trén hinh BG 2.31.

Hinh BG 2.31.

Khi do, bién déi Laplace cla tré khang clia toan mach duoc tinh bang:

- | p
Z - _
) 3+2 p2+3p +2
P +
p
Bay gi¢ ta phai tinh Is(p) 13 bih d6i T_apiace clia nguodn dong 16i vao:

1. 1 p2+p +1
SP o p p3+t plf +D

Twr d6 tinh duoc bién doi Laplace cla thé 16i ra:
p2+p +1
VO(p) = Is(p)Z(p) = -
(P +h(p +3p+2)
Lay bién doi Laplace nghich dao ctia VQ(p), ta sé thu dwoc thé 16i ra:
p2+P +1
(p2+1)(p2+3p +2) ]

V (p) = p2+p+1 = pji+p+1
°p P2+ D)(p2+3p+2) (p2+D(p+1)(p+2)
A B C

P+ (p+2) (p2+1))

Tinh ra ta dugc: v, (t) = ye'l-~e" 2 +-’\l=cos(t— —7T)
V1 2,5

27



3.1.

3.2

3.3.

28

Chuong 3

PHAN TiCH VA TONG HOP MACH PIEN
DUNG BIEN DOI LAPLACE

PE' BAI
Cho so dd mach dién nhu trén hinh B 3.1. Biét rang tu ¢ khéng tich dién
& thoi diém ban dau.
(I B

vn (t)

Hinh B 3.1.
a) Tinh thé 16i ra v,,(t) theo thoi gian tvéi E = 10V; R = IkQ va c = 10|iF.
b) Viét chuong trinh MATLAB Vvé thé I6i ra do6 theo t tr 0 dén 0,05 giay
v@i 3 gidi tri khac nhau cia R 12 0,1kQ, 1kQ va IOkQ.
Tim thé 16i ra vO(t) khi thé I6i 1kfi
vao v™) la mét xung vudng
bién do IV va dod rong 0,5s

nhe trén hinh B 3.2. Tu ¢ v 10(eF vo()
khong tich dién & thoi diém
ban dau. Hinh B 3 2

Tim dong dién i chay trong mach dién cho trong hinh B 3.3 véi cac diéu
kién ban dau bang khong.

R m

V = 12u(t)V

40

iQ

Hinh B 3.3.



3.4. Tim thé 16i ra vO(t), t > 0 trong mach dién cho trong hinh B 3.4 véi thé
trén tu tai thoi diém ban dau ve(0™) = 6V. Biét rang khoa K dong tai t = 0.

12V 1F Vo(t)
VI (1)

Hinh B 3.4.

3.5. Tim thé I6i ra v,,(t), t > 0 trong mach dién cho trong hinh B 3.5 v6i thé
trén tu tai thoi diém ban dau ve(0') = 6V. Biét rang khoa K dong tai t = 0.

i(t)
0---- b~

12v- 1E Vo(t)
Vi (1)

Hinh B 3.5.

3.6. Cho mach dién nhw trén hinh B 3.6. Tai thoi diém t = 0, khda K chuyén
tr ch6t 1 sang chot 2. Tim thé 16i ra vQ(t) voi t > 0. Viét chwong trinh
MATLAB dé vé thé do.

VN«

Hinh B 3.6.

3.7. Tim va vé thé 16i ra vQ(t) trén hai
dau tu dién ¢ trong so do6 mach
dién hinh B 3.7. Biét rang tai thoi
diém t = 0, khéa K chuyén tir
chdt 1sang chét 2. Ap dung bang
sO R, = 3kf2; R2=9kQ; R, = 4kfi;
c= 100|iFvaE =6V.
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3.8.

3.9.

3.10.

3.11.

Tim va vé thé 16i ra vO(t) trong
so d0 mach dién hinh B 3.8.
Biét rang tai thoi diém t = 0,
khéa K chuyén tir chot 1 sang
chot 2.

Ap dung bang s6: R, = 2kQ;
R2= R, = Ri =6 kQ; ¢ = IOO"F
vaE= 12V.

Tim dap ng cda mach dién
LR nhw trén hinh B 3.9 khi
khéa K dong tai t = 0. Trong
so d6 E la mdt ngudn thé
khong doi.

Tim thé 16i ra vQ(t) & hai dau
tu dién khi t > 0 trong hinh
B 3.10. Biét rang khoa K dong
tai thoi diém t =0 va tu dién C
khong cé dién tich ban dau,
v(0) = 0. Trong so do E la mot
nguon thé khong doi.

Pap ¢ng cua mach RC song
song dbi v&i xung nhdy béc
nhuw trén hinh B 3.11.

i®

Hinh B 3.9.

V) )

Hinh B 3.10.

Gia sir khod K nam & vi tri b trong khoang thoi gian du dai va tai thoi
diém t = 0, khoa K chuyén nhanh tir vi tri b sang a va dirng & day. Xéac

dinh thé I6i ra vu().

3.12. Cho mach dién nhuw trén hinh vé B 3.12. Tai thoi diém t = 0, khéa K ndi voi
chot 1, sau khoang thoi gian t = Is, khdéa K chuyén tlr chot 1 sanz chét 2 va
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gilr nguyén tai d6. Tim va vé sw thay do6i clia dong dién i chay qua cudn
cam L theo thoi gian t. Ap dung bang s6 L = 200H; R = 50Q; R, = 150Q.

b @

Hinh B 3.12.

3.13. Cho mach dién nhu trén hinh
vé B 3.13. Tim dong dién iL
i,,(t), t> 0. Biét rang khoa K
m& tai t = 0. Ap dung
bang s6 R, = 4Q; R2= 12Q
R,=6Q; L=2HvaE = 24V.
3.14. Qio mach dién nhu trén hinh
B 3.14. Biét rang, luc dau H77D-
khoa K déng, sau do thi mé R
tai thoi diém t = 0. Dung
phuong phap toan tir Laplace,
tinh hiéu dién thé & hai dau
tu ¢ khi t> 0. Cho:
R, = 6kQ: R, = 60KQ: Hinh B 3.14.

R<O0

—
| -

Rj= 30kQ; R4= 30kQ; ¢ = — \x¥

Ngudn thé khong doi E = 72V.
3.15. Cho mach dién nhu trén hinh B 3.15.

R L
________ 1= IYYYY
’<(p Vo(t)
-0
Hinh B 3.15.

a) Tim ham truyén H(p) cta mach dién do. Biét rang tu ¢ va cudn cam L
khong tich dién & thoi diém ban dau.
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3.16.

3.17.

3.18.
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b) Ve dap rng tan s6 cdia mach dién nay voéi 3 gia tri khac nhau cua
R = 50Q, 120Q va 500Q va v¢i L = 0.02H; ¢ = 10nF.

¢) Tim va vé gian do diém cwc/diém khong cdia mach dién.

d) Tim dap ¢ng xung don vi ctia mach dién.

e) Tim dap Gng cta hé thong doi véi xung nhay bac u(t) & 16i vao.

Cho mach dién nhu trén hinh B 3.16. Tinh thé trén hai dau tu c, vc(t), biét
rang R = 8Q; L = 1/32H; ¢ = 50[aF, ic(t) = 2A, khéa K déng tai t = 0.

t=0

i(t)

Hinh B 3.16
Cho mach dién nhu trén hinh B 3.17.
a) Tim ham truyén H(p) cla
mach dién dé. Biét rang tu c
va cudn cdm L Kkhong tich
dién & thoi diém ban dau. vi(®) > Vo
b) V& dap'trng tan s6 clia mach |
dién nay véi 3 gia tri kh&c nhau
clia R = 8Q, 150Q va 300Q va
voi L = 1/32H; ¢ = 50nF.
¢) Tim va vé gian do diém cuc/diém khong clia mach dién.

SYYY”"o-

Hinh B 3.17.

d) Tim dap (rng xung don vi cila mach dién.

e) Tim dap ng cla hé thdng ddi véi xung nhay bac u(t) & 16i vao.

Tim thé 16i ra vO(t) cila mach dién cho trong hinh B 3.18 néu thé 16i vao
V;(t) = 10u(t) va dong ban dau qua cudn cadm il{0) = -1A va thé ban dau
cha tu c lavc(0) = 5V.

i(t)

0,1F

SH vO(t)

Hinh B 3.18.



3.19. Tim ham truyén H(p) = VQ(p)/10(p) ctia mach dién cho trong hinh B 3.19.

3.22.

3.23.

R

i o(t)

chay trong mach dién cho trén so
dd hinh B 3.21. Biét rang khoa K
mé& dot ngdt tai t = 0. Ap dung
bang s6 R, = 10Q; R2 = 20Q va
L = ImH.

lim dong dién i(t) trong mach RLC
noi tiép cho trong hinh B 3.22 khi
t> 0. Biét rang cudn cam va tu dién
khéng tich trir dién nang ban dau.
Cho mach dién nhu trén hinh
B 3.23. Tinh thé 16i ra vQ(t). Biét
rang khoa K déng tai t = 0 va tu
c khong tich dién & thoi diém
ban dau. Xét cac trueong hop:

I)R<27;2)R>27:3)R

V° R

Al

vi(t)

E=12V-

iL(t)

E = 32V

Hinh B 3.21.

i(t)

u(t)

Hinh B 3.22
=2

c - Vo(t)

Hinh B 3.23.
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3.24. Cho mach dién nhu trén hinh B 3.24. Tinh thé 16i ra vO(t). Biét rang khoa

3.25.

K déng tai t = 0 va tu ¢ khong tich dién & thoi diém ban dau.
t=0 ,, L

vi(t)

Hinh B 3.24.
Cho mach dién nhuv trén hinh B 3.25.
a) Tim ham truyén H(p) cla

mach dién d6. Biét rng tu ¢ va 3_/IYYYV
cudn cam L khong tich dién &
thoi diém ban dau. o Vo(t)

b) Vé dap (ng tan sé cla mach
dién nay voi 3 giéd tri khac nhau
cla R = 500Q, 1500Q va 3000Q
vavgi L =20mH; ¢ = 4,7nF.

¢) Tim va vé gian do diém cwc/diém khong clia mach dién.

Hinh B 3.25.

d) Tim dap &rng xung don vi cta mach dién.
e) Tim dap (ng cta hé théng doi véi xung nhay bac u(t) & 16i vao.

3.26. Cho mach dién nhu trén hinh B 3.26. Dung bién déi Laplace va phuong

phap mat mang doc 1ap, tinh dong dién ii(t) va i2t). Biét rang iL(0) = 0 va
vc(0) = 0. L

Hinh B 3.26.

3.27. a) Tim ham truyén cla mach dién RLC nhu trén hinh B 3.27. Biét rang
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cudn cam va tu ¢ khong dv trir nang lwgng ban dau.

b) V& dap ¢ng tan sé cla mach dién nay véi 3 gia tri khac nhau cla
R = 500Q, 1500Q va 3000Q va voi L = 20mH; ¢ = 4,7nF.

¢) Tim va vé gian do diém cuc/diém khong ctdia mach dién.

d) Tim dap Ung xung don vi ctia mach dién.

e) Tim dap ¢ng clia hé thong ddi véi xung nhay bac u(t) & 16i vao.



— 1l
®

Vo(t)

O -
Hinh B 3.27
3.28. Tim ham truyén ctia mach dién RLC nhu trén hinh B 3.28.
i(1) R (v
Z c Vo(t)

Hinh B 3.28
3.29. a) Tim ham truyén ctia mach dién RLC nhu trén hinh B 3.29. Biét rang
cudn cdm va tu ¢ khdng dv trit nang lvgng ban dau.
b) V& dap (rng tan s ctia mach dién nay véi 3 gia tri khac nhau ctia R = 500Q,
1500Q va 3000Q vavoi L =20mH; ¢ = 4,7nF.
¢) Tim va vé gian do diém cuc/diém khong cta mach dién.
d) Tim dap ¢ng xung don vi clla mach dién.
e) Tim dap ng cla hé thdng ddi véi xung nhay bac u(t) & I6i vao.
YYYYV -0 +

i) L

*0

Hinh B 3.29

3.30. Tim ham truyén cta mach dién cho trong hinh B 3.30; v&i L = 20mH;
C = 4,7nF va R = 500Q. Vé dap tng tan sd clia mach dién nay voi 3
gia tri khac nhau ctia R = 500Q, 1500Q va 3000Q.

i(t) L

.O)

v,{t)

Hinh B 3.30
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3.31. @) Tim ham truyén cda mach dién cho trong hinh B 3.31 duéi day.
b) V& dap ung tan s6 clia mach dién nay véi 3 gia tri khac nhau cliia R = 500Q,
1500Q va 3000Q va véi L = 20mH; ¢ =4,7nF.
¢) Tim va vé gian do diém cyc/diém khong ctiia mach dién.
d) Tim dap &ng xung don vi clia mach dién.
e) Tim dap (rng chia hé thong doi véi xung nhay bac u(t) & 16i vao.

Biét rang tu ¢ va cudn cam L khong tich tu nang lwvgng ban dau.
i(t) R

Vi O vo(t)

Hinh B 3.31
3.32. Tim ham truyén cla mach dién cho trong so dd® hinh B 3.32. Biét rang
cudn cam va tu dién khong tich trii dién nang ban dau.

3.33. Tim ham truyén cta mach dién cho trong so dd hinh B 3.33. Biét rang
cudn cadm va tu dién khdng tich trir dién nang ban dau.

UpC  v0p)
v,(p)

Hinh B 3.33.

3.34. Tim ham truyén cGia mach dién cho trong so dd hinh B 3.34. Biét rang
cudn cam va tu dién khong tich trir dién nang ban dau.
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Hinh B 3.34.
3.35. Tim va vé gian do6 Bode mot hé thdong c6 ham truyén:

H e .
() R+pL+1/Cp

Dung MATLAB Vvé vGi L = 20 mH; ¢ = 0.047 |iF va 3 gié tri khac nhau
cua R la: 50Q, 100Q va 500Q.

3.36. a) Tim ham truyén H(p) = li(p)/1(|(p) cia mach dién cho trong hinh B 3.36
va cho biét mach dién c6 on dinh khong?
b) Tim va vé gian do6 diém cuc/diém khong cta ham truyén do.

3.37. Tim dap ng xung don vi ctia mach dién cho trong so do hinh B 3.37. Biét
rang cubn cam va tu dién khong tich trir dién nang ban dau.

i(®) c
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3.38. Tim dap ng xung don vi ctia mach dién cho trén so d6 hinh B 3.38. Biét
rang tu ¢ khong tich dién & thoi diém ban dau.
c

Hinh B 3.38.
3.39. Tim ham truyén ctia mach dién cho trén so do hinh B 3.39.

Hinh B 3.39.

3.40. Tim dap &ng cda mach dién dung khuéch dai thuat toan nhu trén hinh
B 3.40.

Hinh B 3.40.
3.41. Tim ham truyén ctua mach dién chra khuéch dai thuat toan c6 so dé cho
trén hinh B 3.41.
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3.42. Tim thé 16i ra vO(t) khi thé 16i vao vitt) = 6,25c0s(6280t) vGi cac diéu kién
ban dau Vd(0) = Vc™O) = 0 trong so d6 mach dién dung khuéch dai thuat
toan cho trong hinh B 3.42; véi R, = 200KQ; R2=40KQ; ¢, = 25nF; Q = 10nF.

3.43. Tinh ham truyén ctia mach béac hai dung khuéch dai thuat toan c6 so do
cho trén hinh B 3.43. V& dap (ng tan sd' cda mach dién nay.

3.44. V& dap tng tan s6 cta mach loc thdong dai tich cuc c6 so do cho trén hinh
B 3.44; voi ¢, = C2=0,1nF; R, = 2kQ; R2=667Q va R, = 200kQ.
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Vo(t)

Hinh B 3.44.
3.45. Thiét ké mot mach dién dung cac phan t& thu dong R, L va ¢ c6 ham truyén:

h(p)="M = >° -
v,(p) p +3p+10

nhu trong hinh B 3.45. Chon R = 5Q, tim gia tri cia L va c.
_nAnAn_ o+
L

v o

Vo(t)

Hinh B 3.45.
3.46. Thiét ké mach loc thong thap tich cwc bac hai c6 ham truyén:

_A
H(p) = R VRRC
p2+ P qu,lc,cz
va c6 so do cho trén hinh B 3.46. Véi H(0) =- 10; fc = 5kHzvac, = Q = 10nF

vaR, = IkD.
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3.47. Thiét ké mdt mach loc thong dai tich cuc cé so dé cho trén hinh B 3.47 voi

3.1.

hé s6 khuéch dai Hu=-50, tan s6 trung tdm fc = 160Hz va dd rong dai thdng

tai 3dB la 16Hz. Chon C[ = = 0,1”F, hay xac dinh gia tri ctia Ri, R2va R3

TRA LOI VA HUONG DAN giai

a) Dudi dang bién ddi Laplace, mach dién c6 dang nhuw trén hinh BG 3. la.

1/pC Vo(p)
Hinh BG 3.1a.
Do dé thé 16i ra tinh duwoc la:
w E/P - 1 _ EIRC

R+—_ pC +—
< P P+ =)

E/RC
Vo(P)= 1 1
+ 1 I'—p P+-—
PP RC? RC
Lay bién do6i Laplace nghich dao VQ(p), ta duwoc:
I

vo(t)= E(l-e
b) Chuwong trinh MATLAB vé v((t):
C=10e-6; R=[0.1e3 le3 10e3];
t=0: 0.001: 0.05;
vl =10%(I-exp(-t/(C*R(1))));
v2=10*(I-exp(-t/(C*R(2))));
v3=10*(I-exp(-t/(C*R(3))));
plot(t,vl,* -, tv2,'0o-",t,v3,p-");grid

41



legend('R2=0.1k",'"R2=Ik", '"R2=10k");
axis([0 0.03 0 11])
title("The loi ra cua mach dien 3.1')

xlabel("Thoi gian,s’)
ylabel(‘Gia tri')
Két qua cho trén hinh BG 3.1b.

The loi ra cua mach dien 14.1

Thoi gian.s

Hinh BG 3.1b.

3.2. a) Duoi dang bién doi Laplace, mach dién cé dang nhw trén hinh BG 3.2.

i(l_e 1/ipC Vo(p)

Hinh BG 3.2.
Do d6 thé 16i ra tinh dwoc la:

—@-¢e "Tp

Vo(p) =

1 _(l-e PJ/RC

R+— C +—
o P P(P =)

1
V..(p) =- -
N\ 7\
P+ 'EI&: P(P + EIE:.)
Lay bién doi Laplace nghich dao VQ(p), ta duoc:

vO(t) = (1-e Ro)u(t) +(I-e ROu(t-x)
V6i X= RC
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3.3.

3.4.

Trudc hét, ta bidu dién mach (o)
dién dud6i dang bién ddi Laplace
nhuv trén hinh BG 3.3. Khi do
tong tré cha toan mach tinh
duoc:
z,(p)=R,+2Z2l1=1+p
z7p) = R4+ Z22=4 + 2p
7/nv z,(p)R2 2(1+p)
Pz, (p)+R2  3+p)

z (p)= z2(p)-(p) p(4+2p)
4p z2(p)+(p) 4+3p)

Tong trd z clha toan mach:

Z(p) = R, + z3p) + z4(p) + zL4p) =6 +

2(1+p)
3+p)

Hinh BG 3.3.

P4+ 2p)

4 +3p)

Vay dong dién chay trong mach duwdi dang bién doi Laplace tim duwoc la:

-!h—

2(®) P 6f4pi2cisp) | 2PQR+P)

3+p

d";t(t) +ve(t) = 12u(t)

Hay déi voi thé 16i ra:

VoM, Lo = 1200

4 + 3p)
Thé & hai dau tu chinh la thé 16i ra vO(t) tuan theo phuwong trinh:

Lay bién doéi Laplace hai vé phrong trinh nay voéi diéu kién ban dau v((0 ) = 6,

ta duoc:

pVQp) - vo(0) + v Ap) = —
p
T d6 tim duwoc:

6p+12 c, c2
plo+1)~ p p+1

O BVl B T

C,=(p+1)V  (P)|*,="%1l

v,(p)=

6p+12 12 -6

Do do: v (, -~ - = +-N7
()= 50+ = Tp+
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Lay bién doi Laplace nghich dao ta duoc:
vO(t) = 12 - 661, t> 0
3.5. Duo¢i dang bién doi Laplace véi diéu kién ban dau khac khong, ta cé so
dd nhuv trén hinh BG 3.5.

K I(p)
6kl 1 o
K 1
13 R: qu)
= V(D)
p o !
Hinh BG 3.5.

Khi d6 phuong trinh Kirchhoff déi véi mat mang doc 1ap cho ta:
n lu/, 12 6

p p p
Tw dé tim duwoc dong dién I(p): I(p)= -4 A
p+1

Do vay thé I6i rav,,(p) = Zc(p)I(p) + —= ——- — +—
] p p@E+h) p
Lay bién d6i Laplace nghich dao sé thu dwoc két qua:
vO(t) = (12-6€e“)u(t)
3.6. Tai thoi diém t< 0, so dd6 mach dién cé dang nhw trén hinh BG 3.6a.

Hinh BG 3.6a.
Thé trén tu tai thoi diém do:
VE(0) = e R2+R3
0= R,+R2+R, ( 2 2 (D

Khi t> 0, mach dién c6 dang nhu trén hinh B 3.6b.

R
1/pC V
© o>
v0)p
Hinh BG 3.6b.
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3.7.

T so do6 hinh BG 3.6b, ta tim dwgc hai phuvong trinh xac dinh thé V va
V(,, nho &p dung dinh luat Kirchhoff cho dong dién tai cac nat:
* Tai nlt V:

_v’\y-v0+, v -vc(0)/p _ 0

R FL 1/pC

R

YooV, ¥ pgsv=eadv
R o

R2 R, 3
T d6 tinh dugec:

i +i +pc)(@+t )v’-f = cvc(0)

(R 2+ R a) VC(O)

vap) = o RR, R, (2)

(r2+r,)r,c
Thay v c¢(0) tir (1) vao (2), ta duoc:
e(r!l+r,)!
RJB,+R,+R)
vi<Py= JVtU I
p+({r2+r,)r,c

Lay bién doi Laplace nghich dao ta duoc:
t
vO(t) = Ae“~
T=(Rizly R £ vaA= e(r2+r))

Ri +R2+R3 R,(R, + /2 +Ri)
Khi t < 0, thé trén tu:

Vi

vc(0)= E
(0) R|+R2+R,(R,+R2) (1)

Khi khoa K chuyén tlr I=i> 2, so dd mach dién c6 dang nhw trén hinh BG 3.7.
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3.8.

46

T so do hinh BG 3.7, ta tim duoc thé 16i ra dudi dang bién doi Laplace la:

o vc(o)/p_(Ri +R)=m v"(ol) 2)
Ri +R2+ p+
pC R +R2XC

LAy bién déi Laplace nghich dao sé thu dwoc thé 16i ra vQ(t):
I

vO(t) =vc(0)e *
Voi: T= (Ri +R2)C vavc(0) tlr (1)

Khi t < 0, so d6 mach dién nhu trong hinh BG 3.8a. Ta xem thé hai dau tu
C bang bao nhiéu?

Hinh BG 3.8a.

Binh luat Kirchhoff déi voi dong tai nat V() cho ta:
V,, v,, V,-E
=+ - =0
R
E(R2+ R3)R4
(R, +R2+R3)R4+(R2+R3)R,
A V”
Do vay: vVr= -R,= RIR4 -E
r2+r, (R, +R2+R3)R4+(R2+R,)R1

Khi khoa K chuyén tir chot 1 sang chét 2, thi mach dién cé so do nhuw trén
hinh BG 3.8b.



3.9.

Pinh luat Kirchhoff ddi véi dong dién tai nat V va VO0cho ta cac phuong
trinh:

Vo-V , W V,-Vc(0)/P 0 (1)
R, R4 1/pC
V-Vo , Vy+vc(0)/p .0 (2)
R, R2 1/pC

T phwong trinh (1) ta tim duwoc:

V = 1+7i +pCR, Vo-CR3Vc(0) (3)
4

Thay (3) vao (2), ta s& tim duoc v,,(p):
— +— +pC 1+~ +pCR, VO-CR3V¢(0)[-™ +CVc(0)=0
R, R2 K,
Theo bai ra R2= R3= R4 R = 6kQ, nén:
R2

vc(0) = -E=4V 4
(©0) 2R +3RR, @
va: E+ pC |[2 + pCR]V()-CRVc(0)] s +CVc(0)=0
Hay: [(2+pCR)2-1]VO=(l-pCR)CRVc(0)

Twr do6, tim dwoc thé 16i ra VO(p):
(I-pCR)CR
V..(P) =+ .
(2+pCR)2-1
Thay v ¢(0) tir (4) vao (5), ta dugc:

vc(0) (5)

12 36
5 25
vO(p) =
2+|p)2-1

Dung MATLAB tinh bién doéi Laplace nghich dao, ta dwoc:
VO =-8 exp(-5 t) + 4 exp(- 5/3 1)

Tlc la: vO(t) =-8e'9 +4e"N (V)
Tai thoi diém t = 0, ta dong khoa K. Nhu vay, thé tadc dong vao mach LR
c6 dang mot xung nhay bac c6 dd I6n bang E; c6 nghia la thé 16i vao
duwoc biéu thi dugi dang:

E, t>0

u(t) =
® 0 t<O
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Tai moi thoi diém, phwong trinh vi phan mo t& mach:

o di(t)
u(t) = Ri(t) + L dt

Dué6i dang bién doi Laplace: U(p) = RI(p) + Lpl(p)

Tw do6 tim duogc: 1(p) = U(p)
R+Lp

Véi U(p) 3p ;do vay: I(p) o(R IE Lp)

Dé tim cuong do dong dién i(t) chay trong mach, ta phai ldy bién doi
Laplace nghich dao cla biéu thirc I(p). Muon vay, ta phai dwa biéu thirc
cua I(p) vé dang quen biét va ding bang dé tim i(t).

Tru6c tién chia ca tir s va mau sd' ctia 1(p) cho L ta dwoc:

Pt a = R/L = 1/x; v&i XIa hdng s6 thoi gian cla mach, thi:
E/L E/R -E/R

|
®) pp+ra) p  pra
Nhu vay bién doi Laplace nghich dao sé la: i(t) = E(l -e )

Biéu thtrc nay chinh la dap ¢ng clla mach RL ddi v&i xung nhay bac co
bién do E & 16i vao. Dap tng nay dwoc biéu thi trén hinh BG 3.9.

RS rang 1a khi t= X= L/R thi i() = —(1- e~*) = ——
R R e

Hinh BG 3.9.

3.10. Tai thoi diém t = 0, ta dong khoa K. Nhw vay, thé tdc dong vao mach cé
dang mot xung nhay bac cé do 16n bang E; c6 nghta la thé 16i vao duoc
biéu thi duéi dang:
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IlE, t>0
[0 t<O
Khi d6, dong dién chay trong mach tuéan theo phwong trinh vi phan:
vL(t)-Eu(t) |cdv (t) O
R dt
Trong do thé vc(t) = v,(t) la thé & hai dau tu dién cling la thé 16i ra. Do
vay thé 18i ra tuan theo phuwong trinh vi phan:
RCadvli(t) +v (t) = Eu(t)
dt "
Lay bién doi Laplace phwong trinh vi phan nay, ta dwoc:

RCpV(Qp) +vQp) = -
p

u(t)

E
Hay: Vo(P) = hRep +1) B p+lix
V6i X=RC 1a hing s6 thoi gian cllamach RC.
Lay bién doi Laplace nghich dao, ta dwoc thé 16i ra trén Iinh viec thoi gian:
vo(t) = E (1-e" 1M

Mot phuong phap khac la biéu dién so dd mach duwdi dang bién d6i

K I(p)
0 ~0m— el y — 0
'k R
_ 1 Vo(p)
V(p)
pC
----------- c B —
Hinh BG 3.10.

Khi dé thé 16i ra trén hai dau tu ¢ dwdi dang bién doi Laplace tinh duoc:

V,,(p) = Ze(p).l(p) = -U - = —"N— -
pC PR+— ) PRCP+1)
pC

Lay bién déi Laplace nghich dao ta sé duoc két qua nhu trén.

3.11. & thoi diémngay trude t = 0, thé trén tu ¢ chinh la thé V0. Vay khi khoa
K chuyén tir b sang a, so dd mach dién dw¢i dang biéu dién Laplace sé c6
dang nhu trén hinh BG 3.11.
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K I(p)
So] g —

PC

©
\2

Hinh BG 3.11.
Tl so d6 hinh BG 3.11, ta tim dwgc phwong trinh tai nat:
Vini  VO(p) %
ini p)-
Vo(p) | pm
R
pC
Hay: V‘-)ng) +pC !

T do tinh dwoc:

V(p) - VORC , M - v | IR
pRC+1 p(pERC+I1) p+I/RC p p+I/RC

L&y bién déi Laplace nghich dao ta duoc:
vO(t) = (VO- I)R).e“IT+ IR, t> 0
Trong d6 X= RC la hang s6 thoi gian ctia mach.
3.12. Trong khodng thoi gian 0 < t< Is, so d6 mach dién c6 dang nhuv trén hinh
BG3.12a.

Tl so do hinh BG 3.12a, ta tinh dwoc dong IL(p) la:

E/lp _ EI/L E/2R E/2R
I(P) 2R +pL . "2R 2R

Lay bién do6i Laplace nghich dao, ta duwoc:

. E — 1
ity ="-(1-e2R)
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Khi khéa K chuyén tlr 1=>2 (t> Is), so d0 mach cs dang nhu trén hinh

BG 3.12b.
1

E/p(

Hinh BG 3.12b.

Do do, dong IL(p) tim duoc:

| M 10?) jW
L pL+R,+R R, +R
p+-

i 1, (Is) ID—(1 L)
VGi: , (Is) = -e

L 2R
Sau khi thay IL(Is) va sau dé lay bién déi Laplace nghich dao, ta se duoc:

-TLiV a,

iL(t) = IL(Is)e L L

Nhu vay dong dién chay qua cudn cam L duoc biéu thi dwéi dang:

) 2R
: — (l-e’r %), 0<t<ls
iL(0 = 2R RH ™ 2R(

IL(Is)e L L, t> Is

Thay cac gia tri, ta duoc:

0,4(1-e ™), - °’5) 0O0<t<lIs

iL(t) =
(1-e 05).e" t>1Is
Trong do t:i:@ozzs;)(?:_l‘_ 200=|S;
2R 100 R+R, 200
b) V& dong dién nho MATLAB:
for k=I: 20
t(k)=k/20;
i(k)=0.4*(lI-exp(-t(k)/2));
end
for k=21: 120
t(k)=k/20;
i(k)=i(20)*exp(-t(k-20));
end

plot(t,i,'p-");grid

51



title(*"Dong dien trong mach dien hinh B3.12")
xlabel(*Thoi gian, s')

ylabel(*Gia tri,A")

Két qua cho trén hinh BG 3.12c.

Dong dien trong mach dien hinh 3.12

Ga tri.A

Thoi gian, s
Hinh BG 3.12c.

3.13. Khi khéa K con dong, t < 0, dong dién chay qua cudn cdm L, nhu trén so
dé hinh BG 3.13a.

K iL(0)

Hinh BG 3.13a.

T so d6 hinh BG 3.13a, ta tim dwgc dong iL(0):

iL(0)= E R2 ER2
RI1IMi XR,+R, ~R,(R, +R,)+R,R,
r2+r3
12x12 _
4x18 + 12x6

Khi mé& t > 0, mach dién c6 so d0 nhw trong hinh BG 3.13b.
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3.14.

Tl so d6 hinh BG 3.13b, ta tim dwoc dong 10(p):

| 171(°) 'hS91 i
R2+R1+PL  R2+R3 b+ 9

L
LAy bién doi Laplace ta sé duoc:

io(t)=-e-4 A

Dau trlr c6 nghia dong dién c6 chiéu nguoc véi chiéu trong so do.

Khi t< 0, khéa K con dong, nén so d6 mach dién nhu trén hinh BG 3.14a.

Khi d6, thé trén tu ¢ la v c(0) tinh duwoc nho 4p dung dinh luat Kirchhoff

cho dong dién tai nat V va v c(0) la:

V-E_, -Y--hx -vc() O
6 60 30
ve(0)-v | vec(0) - 0=> V = 2VQ0)
R, ré

Thay V tim duoc tr (2) vao (1), ta tim dwoc v ¢(0)

—.7%/\ =
(5 + o5 +33)(2)- 3 VOO =X~V Qo) = 30V

Khi khéa K mé, so d6 mach dién cé dang nhu trén hinh BG 3.14b.
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t>00 R, M.

R 1/pC
O Vc(0)/p O
Hinh BG 3.14b.

Khi dé, dinh luat Kirchhoff tai ndt v ¢ cho ta:
V. L+ XE + \{:C-:-- ’lS-Q/B =0
60+30 30 1/pC

Hay: (., 1  +—= pC)Vec =CVc(0)
R2+R3 Ra
Tt d6 tim dwogc thé trén tu C:
30 5
ve(p) =- 120000 ©)

P (90)30(40/9)
Thay céc gia tri bang s vao, ta dugc:
VQ0) = 30V

V=(p) TTid
L&y bién doi Laplace nghich dao ta duoc:
ve(t) = 30e wolu(t)(V)

3.15. Trudc tién, ta vé lai so dé dwdi dang bién déi Laplace nhw trén hinh

BG 3.15a.
- iYVYV.
pL

>
v,(p) O 1/pcC Vo)

Hinh BG 3.15a.

Tw so d6 hinh BG 3.15a, ta tim dwoc thé 16i ra theo thé 16i vao:
1

= Vi x1_vep)_ LC

Tw d6 suy ra ham truyén:
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Hini = v"(p) » LC _
piw () T Y |

F PL LC
Pay la ham truyén ctia mach lgc théng thap.

Péap (ng tan s6 clia mach loc nay tim dugc bang cach thay p = jco vao
biéu thtrc ciia ham truyén:

JLC
figo)2 + fjed R+ <1

Bay gi0 ta vé dap (ng tan so' nay voi 3 gia tri R da cho, nho chuong trinh
MATLAB:

L=0.02;

C=10e-6;

R=[50 120 500];

bI=[0 0 1/(L*C)];

b2=[0 0 l/(L*C)T;

b3=[0 o 1/(L*C)T;

al=[l1 R()/L 1/(L*C)];

a2=[l R(2)/L 1/(L*O)T;

a3=[l R(3)/L 1/(L*C)T;

w=logspace(o,8,200);

hi=freqs(bl,al,w);

hz =freqs(b2 ,az ,w);

h3=freqs(b3,a3,w);

f=w/2 *pi;

semilogx(f,20*log 10 (abs(h1)),'x-",f,20*log 10 (abs(h2)),"'m-
' f,20*logl0(abs(h3)),'0-")

grid;

axis([0 5*10A4 -25 10])

title("Dap ung bien do cua mach dien hinh 3.15%)
xlabel(*Tan so Hz")

ylabel(*Bien do, dB")

legend(*R=50 OhmVR=120 Ohm’,'R=500 Ohm")
Két qua chay chuong trinh cho trén hinh BG 3.15b.

H(jco) =
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Miplitude

Imaginary Axds

Dap ung bien do cua mach dien hinh B 3.15

Hinh BG 3.15b.

Dé tim dap (ng xung don vi va cac thong s6 khac cho trong hinh BG 3.15¢.

-1500

Dap ung xung Dap ung xung nhay bac cua mach dien hinh B 3.15
Q.
I
Time (see) x 1Q* Time (see) x10
Diern cuc/diem khong Gian do Bode cua mach dien hinh B 3.15
-1000 -500
Real Axis

Frequency (rad/sec)

Hinh BG 3.15c.



3.16. Khi khéa K doéng, t > 0, mach dién cé dang nhw trén hinh BG 3.16.

>0
\Y

K L
pC

)V.Q0)

Hinh BG 3.16.

DPinh luat Kirchhoff déi véi dong dién tai nat V cho ta:

V  vc(0)
2 _V D V

- _ 4

Hay: | +CVc(0)=(-U-J-+pCV
P R pL
T d6 tim duwoc:

- +CVc(0 LR(? + CVvc(0
V(p) = @ r (p ©) pVc(0) +2/C
oc+ tsp RRLCHpLFR o 1 1
\ pL R RC LC
Thay cac gia tri bang s6 va v ¢(0) la thé & hai dau tu ¢ tai thoi diém ban
dau khi khéa K con chua déng:
vc(o)=IlcxR=2AX10Q =20V
ta sé thu dwoc V(p):

V(p = , j°Ex11gl-
(P p2+J2.10'p+ 4.104

Lay bién do6i Laplace nghich dao sé tim duwoc ve(t). Dung MATLAB tinh
ra, ta duoc:
V= 80/3 expHiOO t) - 20/3 exp(-1600 t)

Vay: ve(t) = — e"mI ___%Qe i

3.17. Truwéc tién, ta vé lai so d6 dudi dang bién ddi Laplace nhw trén hinh

BG 3.17a. SVEVIVEY

L \
we I UpC  vap

Hinh BG 3.17a.

57



58

Tl so d6 hinh BG 3.17a, ap dung dinh luat Kirchhoff cho dong dién tai
nat Vo(p), ta tim dwgc thé 16i ra theo thé 16i vao:

Vv VvV V 1 1 Vv
-2-——-F+-"-+pCVn=0=>(pC +N+— )V, = -3
pL R ° R pL pL
T d6 suy ra ham truyén:
1
_Vv,.(p)_ LC
H =
®) Y (p) 2 1 1
RC LC

bay la ham truyén cda mach loc thong thap.
Péap (ng tan s6 cla mach loc nay tim dugc bdng cach thay p = jco vao
biéu thtrc clla ham truyén:

jcoy2 +(jco) — + —
U U )RC LC

Bay gi¢ ta vé dap ¢ng tan s6 nay voi 3 gia tri R da cho, nho chuong trinh
MATLAB:

L=1/32;

C=50e-6;

R=rs 20 50];

bi=[0 0 1/(L*C)];

b2=[0 0 1/(L*C)];

b3=[0 o 1/(L*C)];

al=[lI 1/(R(1)*C) 1/(L*C)];

a2=[l 1/(R(2)*C) 1/(L*C)];

a3=[l 1/(R(3)*C) 1/(L*C)];

w=logspace(o,s8,200);

hi=freqs(bl,al,w);

h2=freqs(b2,a2 ,w);

h3=freqgs(b3,a3,w);

f=w/2 *pi;
semilogx(f,2o*loglo(abs(hl)),'x-",f,20*loglo (abs(hz2)),'m-
',f,20*logl0(abs(h3)),'0-")

grid;

axis([10 5*10A4 -25 10])

title("Dap ung bien do cua mach dien hinh 3.17%)
xlabel(*Tan so Hz")

ylabel(*Bien do, dB")

legend('R=8 Ohm','R=20 Ohm',’'R=50 Ohm")

Két qua chay chuong trinh cho trén hinh BG 3.17b.



Blen (Jo

Miplitude

Imaginary Ads

Dap ung bien do cua mach dien hinh 3.17

Hinh BG 3.17b.

DEé tim dap tng xung don vi va cac dap tng khac cho trén hinh BG 3.17c.

Dap ung xung

Time (see)

Diem cuc/diem khong

Dap ung xung nhay bac cua mach dien hinh B 3.17

Time (see)

Gian do bode cua mach dien hinhB 3.17

8C0

10
Frequency (rad/sec)

Hinh BG 3.17c.
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3.18. DE giai quyét bai toan nay, trudc tién ta dwa mach dién vé dang bién doi
Laplace nhu trén hinh BG 3.18.

I(p)

10/30 10/p

vi(p) ) 10/p 5p 1p

(i Vo(|
p)
© 5/p

Hinh BG 3.18.

T hinh BG 3.18, ta viét phwong trinh déi véi dong dién tai nat 16i ra:
Vo-Vi ,Vo-0 -1 ,Vo-5/p Q
10/3 5p p l/icio/p)
Vi v,(p) = 10/p, nén ta tim duwoc:
3VoP-30 | 2Vo | 10 , vO0.p2-5p _

0
I0p IOp 10p I0p
T dé tim dwoc:
(p +3p +2)Vo(p) =20 + 5p
Ha —
y Vn(p>_ pl +§p+2 p+1 p+2
Vi C, = (P + 1)V.,(P)| = i2¢|E =15
p+t2
p=->
Va Cl=(p +2)V,(p) =20+Ip =10

p 2 pt1

Vay thé I6i ra: vo(t) = [15e 1- 10e 2 Ju(t) V

3.19. Trudc hét ta biéu dién mach dién dwdi dang bién ddi Laplace nhu trén
hinh BG 3.19a.

p=-2

lo(p)
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Theo dinh ly phan chia dong trong mach dién mac song song, ta tim duoc:

I0=11+12= ("™ +1)I2
Z1
z,=p+4; 2= 112p + 2
Mat khac 12 = V(/2, nén:

We= 00, 2

Do do: H ="M = t >
(P) lo(p) 2pp4(-plzp+1
Hinh BG 3.19b vé dap (rng bién dd va dap (rng pha ctia mach dién nay.

Dap ung bien do cua mach dien vi du 3.5

Dap ung pha cua mach dien vi du 3.5

100
o 50
-0
1 a
g8 0

100

10 10
Tan so Hz
Hinh BG 3.19b.

3.20. Duéi dang bién doi Laplace, mach dién duwoc biéu thi dwdi dang nhw trong
so do hinh BG 3.20.

I(p)
>

vp= ., . © pL

Hinh BG 3.20.
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Nhu vay dong dién I(p) tim dwoc:
aP)=i k . _ g
R+pL (p +QJ)(R+pL)

DPEé tim i(t), ta l1ay bién doi Laplace nghich dao I(p). Muon vay, ta viét 1(p)
duwoi dang phan tich:

() = Eco AIL B ¢
P (p +c0 JR+pL) P+R/L p-j(ir p+ jeo
ELco

AL = (P+R/L)x I(P)|P_RL =

) Eco/L Eco/L
B= (p—jco)l(p),

7 (prico)p+n) 2jeijco+ ~)

p=ICO
Eco _ E(-Lco-jR)

2Lolr2 - j2coR)  2(L2cx + R2)

_ E(-Lco +jR)

 2(L202 + R2)

ELco/(R +L°d) E(-Lco- jR)/2(R +L @)
P+R/L p-jw

N E(-Lcd + jJR) / 2(R2 + Loak)

p+Jco

Nhu vay: I(p) =

LAy bién doi Laplace ngich dao, ta duoc:

ELco AL
i(t) = - sin(cot —b);

VOi 0 = tan

3.21. Tai thoi diém t = 0 (khda K

con dong), cudbn cdm L coé
dién tro thuan rat nhd, nén
né doan mach dién tré R2, vi E =32V -2
vay dong qua cudn cam L tai L)
thoi diém nay tinh duoc la:

i~ 32

=3,2A Hinh BG 3.21.

R, 10
Khi t > 0, so d0 mach dién du¢i dang bién déi Laplace cd dang nhuw trén
hinh BG 3.21.
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T hinh BG 3.21, ta tim dwgc dong qua cuén cam L duéi dang bién doi
Laplace la:

v ..~ Li,(0) 3,2x10"3 3,2
L(p) T R2+Lp 20+1 0° b~ 710"
p +10 p 210 +p
Do vay: ilt) = 3,2.e~2"p'u(t) A

3.22.Du6i dang bién doi Laplace

3.23.

(hinh BG 3.22), dong dién chay
trong mach tim duoc la:

V(p) E/

I(p) = °
R+Lp+—
p Cp

Nhung V(p) = E/p, nén hé

thirc trén duoc viét dudi dang: Hinh BG 3.22.
E/L
I(p) =
R 1
p +—P+ —
L LC
Pt o Lo2a=R o=t
0 LC L T
a 1a hé sé tat dan cla mach dién. Khi do:
E/L
'(p) = (p+a)z+co(*-a 2
Xét mot s6 trudng hop:
a) Néu Ui >a2 (R<2y/L/C)
Dat 0= coe- a2ty bdng bien d6i ta tim duwoc:
E
i(t) =-—e sincot
Lco
b) Néu co™a2 (R>2vL/C)
Dt (0 = a2- (2 tir bang bién ddi ta tim duoc:
i(t) = ‘shtot
(1) Lo
¢) Néu Qf=a2 (R=2VL/C);khidé I(p)=- E/L?
(p+a)
Vi vay i(t) = "Me-“

L/
Khi K déng, mach dién dudi dang bién doi Laplace dwoc biéu thi trén so
do hinh BG 3.23.
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0 R pL
" —h—1 T-TVTn—
Ai A

t/ = 1/pC
p A v.(p) - Vo(p)

Hinh BG 3.23.

Tl so d6 hinh BG 3.23, ta tinh dugc thé 16i ra dwdi dang bién doi Laplace la:

E
V) E/p X L= LC
«, =
P=R+pL+llpc pCc  (24R  _L)
L LC
bat: con=—— —=2a; a-=-;
LC L X
V@i X1a hing s6 thoi gian coa mach dién. Khi d6 thé 18i racé dang:
vO(p) = . (1)

p(p +2ap +0c0)
D& tim biéu dién thé I6i ra trén Iinh vuc thoi gian, ta 14y bién d6i Laplace
nghich d&o biéu thirc (1). Muon vay, phai phan tich (1) dwéi dang:

V (p) = =A + s Bp+C___
p(p2+2ap + cof))p p2+2ap + o,

T day ta tim duoc:
A=E;B=-A =-E; c =-2aA =- 2aE

Do do: vO(p) = --- Eodf, E__-Bp-2aE __ | t

p(p +2ap +co)p p +2ap +ow
Thé 16i ra c6 thé viét dudi dang:
y(p):El -Ep-2aE =E_| -Ep-2aE
P P

p2+ 2ap + (Ui (p+a)2+CcUg-a 2

Xét cac truong hop:
1) Khi R < 27— tlrc la khi Gz > a2 thicoe=a2- De>0
Khi d6, bién doi Laplace nghich dao clia Vo(p) s€ la:

a .
V,(t) = E 1-e “cosmt-—e “sinoot u(t)
©

2) Khi R > ,tlc 1a khi fog2< a2 thicoe=az2- 02<0

Khi d6, bién déi Laplace nghich dao cta Vu(p) sé la:
v,,{t} - E1- eMathcot 0 il 3



3) Khi R=2~—  tic lakhito,2=a2 thi(@=a2- tooz=0

Khi dé, bién do6i Laplace nghich dao ctia Vo(p) sé la:
v,(t) = e[i-e _al-ate'al]u(t)
3.24. Tai thoi diém t = 0, thé tren— o—o0 >
tu vc(o) bang ov va cudn 1) p
cdm L khdng cé dong dién

Y/ =.
ban dAu. Vi vay dudi dang \~) ® Up =
bién do6i Laplace (hinh BG 12/p .

3.24), dong dién chay trong e
mach tim duwoc la:
Hinh BG 3.24.
1+ P+ -
p
Nhuwng V(p) = E/p, nén hé thirc trén dugc viét dudi dang:
I(p)=-T ’1\2
Py P

12 12

Thé 16i rase 1a: Vo(p) = Ze()I(p)=  — =
p +P+1 p p(p +P +1)

Dung MATLAB tinh bién déi Laplace nghich dao, ta duoc:
1/2 1/2 1/2

v=12- 12 exp(- 1/2t)cos(l/2 3t)- 4 3exp(- 1/21t)sin(1/2 3 1)

1
Hay: vO(t)= 12- e ? 12003—2 t-4\/3sin7t \%

3.25. Tave lai so d0 dudi dang bién déi Laplace nhu trén hinh BG 3.25a.

| mHI'L
-

v(p) O e Vo)

Hinh BG 3.25a.

Tw so d6 hinh BG 3.25a, ta tim dwoc thé 16i ra theo thé 16i vao:
X\ Vi 1
Xy = (P)
R+pL+— pC
pc
Twr d6 suy ra ham truyén:

Vv 0(D)
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H(p) =

v:I R 1

2

PP L ¥ LC

bay la ham truyén ctia mach loc thong thap.

Pap (rng tan s6 ctia mach loc nay tim dwoc bang cach thay p = joo vao
biéu thirc ctia ham truyén:

H(jco) = LC

Bay gi0 ta vé dap (rng tan sO nay voi 3 gia tri R da cho, nho chuwong trinh
MATLAB:

L=20e-3;

C=0.47e-8;

R=[500 1500 3000];

bi=[0 0 1/(L*C)];

b2=[0 0 1/(L*C)T;

b3=[0 o I/(L*C)j;

al=[I (R()/L) /(L*C)];

a2=[l (R(2)/L) 1/(L*C)T;

a3=[l (R(3)/L) 1/(L*qT;

w=logspace(o,8,200);

hl=freqgs(bl,al,w);

h2 =freqs(b2 ,az ,w);

h3=freqs(b3,a3,w);

f=w/2 *pi;

semilogx(f,20*loglo (abs(hl)),’x-",f,20*loglo (abs(h2)),"m-
" f,20*logl0(abs(h3)),"0-")

grid;

axis([10A2 1046 -25 25])

title("Dap ung bien do cua mach dien hinh 3.25")
xlabel(*Tan so Hz")

ylabel(*Bien do, dB")

legend("R=500 Ohm','R=1,5k’,'R=3k")

Két qua chay chuong trinh cho trén hinh BG 3.25b.



Dap ung bien do cua mach dien hinh 3.25

Hinh BG 3.25b.

Dé tim dap (’ng xung don vi va cac dap ng khac, ta dung chuong trinh
MATLAB sau:

L=20e-3;

C=0.47e-8;

R=[500 1500 3000];

b1—0 0 1/(L*C)];

b2=[0 0 I/(L*C)j;

b3=[0 0 1/(L*C)];

al=[1 (R(I)/L) 1/(L*C)];

a2=[l (R(2)/L) 1L/(L*C)T;

a3=[l (R(3)/L) L/(L*C)T;

subplot(221)

impulse(bl,al);grid

title("Dap ung xung')

subplot(222)

step(bl,al);grid

title('Dap ung xung nhay bac cua mach dien hinh B3.25")
subplot(223)

pzmap(bl,al);

title("Diem cuc/diem khong')

subplot(224)

Bode(bl,al);grid

title("Gian do Bode cua mach dien hinh B3.25")
Két qua chay chuwong trinh cho trén hinh BG 3.25c.
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X 10 Dap ung xung Dap ung xung nhay bac cua mach dien hinhB3 25

Time (sec) X 10 Time (sec) X 10

Imaginary Axis

Real Axis Frequency (rad/sec)

Hinh BG 3.25c.

3.26. Ta vé lai so do6 mach dién du6i dang bién d6i Laplace nhu trén hinh
BG 3.26a.

L1 R,

Hinh BG 3.26a.

Tl so d6 hinh BG 3.26a, ta 4p dung dinh luat Kirchhoff cho hai mat mang
doc 1ap, sé thu dwoc hai phwong trinh dé xac dinh 1,(p) va lz(p) la:

(Z2p+I+-)li(p)-(1 +1)12(p) =i

p p p

- (1+1)1, (p)+ @+ 1Ip+- +Dl2(p) = - -
Hay: (2p+1+ 1)1, (p)-(1 +~)12(p) = -
p p p
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(L) (@ ) )=

p p
DE giai hé phwong trinh nay, ta dung MATLAB v6i doan chuong trinh sau:
symsplV Z
z=[2*p+I+1/p «1+1/p);~1+1/p) 4+p+l/p];
V=[l/p;-2/p];
I=inv(Z)*V
prettyd)

Két qud MATLAB cho:
[2]

[4p +p+ Ip + 1]

— 2 ]
[v1 Pw1 p]

[l

[2]

[p+t12p+p+ ]

— -2 -——-—— ]
(%1 Pwi1 p]

23

%I: =9p +2p +e p+ 3

Nhu vay, ta tim dugc: 1j(p) = p +2p 1
2p +9p +ep+3
\a Iy(p):_ 14p2-|:p+1
2p +9p +ep+3
DEé tim i,(t) va iz2(t), ta phan tich 1°p) va Iz(p) thanh dang:

T TPZJ'ZV'T A B o
L(p) = - 75— = - 4
2p +9p +ep+3 p-p, p-p2 Pp-p,

Trong do6 p,, p2 va ps la nghiém cla da thic & mau s6. Dung MATLAB

giai da thirc & mau s6 ta tim duoc 3 nghiém Ia:
D=[2 96 3];
roots(D)
-3.8170
-0.3415 + 0.5257T
-0.3415 -0.52571

. _ A B c
Vay: 1,(p) = -—-- = . + .
i) p+3817 p+0,3415-j0,5257 p+0,3415+)0,5257
Bay gi¢ xac dinh cac gia tri A, Bva C:
A= (P+3,817)1,(P)

p2+2p -1
(p +0,3415 - jO0,5257)(p +0,3415 - j0,5257)

>=-3,817
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3.27.
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Dung MATLAD tinh ra ta duoc:
A = 0.4804;
B =0.2598 + O.4650T~ =0.5327260.8075"
c =0.2598 - 0.46501 = 0.5327 Z-60.80750
Tir d6 tinh duoc bién ddi Laplace nghich dao cla 1”°p):
i,(t) = 0,48e” +1,07e"°"iBt cos(0,53t +60,8°)
Tinh bién dbéi Laplace nghich dao clia I2(p), ta cling lam twong tw nhw trén:
4p2+P+1 A B c
I2(p) = T : = : t
2p +9p +6p+3 P-P, p-p2 p-p,
Trong d6 i, p2 va p, la nghiém cla da thirc & mau s6.
vay: 1(pfs — 2+ Bt -
p+3,817 p+0,3415-j0,5257 p+0,3415+j0,5257
Bay gio xac dinh cac giatri A, Bva C:
A=(p+3,817)1p)

4p2+P+1
(P +0,3415 - j0,5257)(p +0,3415 - j0,5257) .
Dung MATLAD tinh ra ta duoc:
A =-4.4888
B =0.2444 - 0.0316T = 0.2464Z-7.37140
C =0.2444 + 0.0316i =0.246427.37140
Twr d6 tinh duoc bién doi Laplace nghich dao cla I2(p):
i,(t) = -4,5¢e +0,5¢e cos(0,53t-7,4™)
Ta vé lai hinh dut¢i dang -0
bién do6i Laplace nhw trén +
hinh BG 3.27a. UpC
Ap dung dinh luat Kirchhoff V() 6 =B )
cho dong dién tai cac nat
Vo(p) clia hinh BG 3.27a, ta
duoc phuong trinh lién hé
thé 16i vao va ra: Hinh BG 3.27a.
Vn-V vn vn 1 1
- — -L+- I+- ji-=0=>(pC +— +74-)V,, =pCV.
1/pC~ R pL F pL R :

\Y/
T day ta tim duwoc: H(p) =— =
2 1 1

o P+PrctLe
bay la ham truyén cta mach loc thdong cao bac hai.
Pap (ng tan s6 cha mach loc nay tim dwoc bang cach thay p = jco vao
ham truyén:
jco)2
H(joo) = Ucoy

jety2 + (jeo)—--r--—
U U )RC LC



Hinh BG 3.27b vé dap tng tan s6 voi 3 gia tri dién tré da cho, nho chuong
trinh MATLAB.

Tan so Hz

Hinh BG 3.27b.

Péap ng xung don vi, dap tng xung nhady bac va gian do diém cwc/diém
khong va gidn dé Bode ctia mach loc nay cho trén hinh BG 3.27c.

Dap ung xung Dap ung xung nhay bac cua mach dien hinhB 3.27

Time (see) Time (see)
Diem cuc/diem khong Gian do Bode cua mach dien hinh B 3.27
t 6
10 10
Real Axis x10S

Frequency (rad/sec)

Hinh BG 3.27c.
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3.28. So' do la mach loc théng dai cé ham truyén:

72

H(p) = —-—p,1/RC--------
p +P-1/RC +1/LC

B6 loc nay c6 dap (rng bién dd cho trén hinh BG 3.28.

-15

Tan so Hz

Hinh BG 3.28.
V&i cac thong so:
L=2e-2;
C=0.47e-8;
R=[50 100 500];
bl=[0 1/(R(1)*C) 0];
al=[I 1/(R(1)*C) 1/(L*C)];
b2=[0 1/(R(2)*C) 0];
a2=[l 1/(R(2)*C) 1/(L*C)];
b3=[0 1/(R(3)*C) 0];
a3=[l 1/(R(3)*C) 1/(L*C)];
w=logspace(3,7);
hi=freqs(bl,al,w);
h2 =freqs(b2 ,a2 ,w);
h3=freqgs(b3,a3,w);
f=w/2 *pi;
semilogx(f,2o0*loglo (abs(hl f,20*log 10 (abs(h2)),'o-
", f,20*logl0(abs(h3)),"-p")
grid;
title('Dap ung bien do cua mach dien hinh 3.28")
xlabel(*Tan so Hz")
ylabel(*Bien do, dB’)
Tegend(‘R=50 Om7R=150 Om’,’R=500 Om”’)



3.29. Ta vé lai hinh dwéi dang bién ddi Laplace nhw trén hinh BG 3.29a.

Hinh BG 3.29a

T hinh BG 3.29a, ta tim dwoc ham truyén H(p):

R
ITini  v°(p) Pl'l X
Y i
(p) p +Pf+ =2
Pay la ham truyén ctia mach loc théng dai.
Thay p = jco vao biéu thirc cila ham truyén, ta thu dwgc dap (ng tan sé clia
mach dién:
. R
),
e 2 >R 1
(M) +(jm)L +a

Ta viét chuong trinh MATLAB vé dap (ng bién dd ctia mach loc nay véi
3 gia tri khac nhau cta R nhw bai dé cho.
L=20e-3;
C=0.47e-8;
R=[500 1500 3000];
bI=[0 R(I)/L 0];
al=[lI R(D/L 1/(L*C)];
b2=[0 R(2)/L 0];
a2=[l R(2)/L 1/(L*C)];
b3=[0 R(3)/L 0];
a3=[l R(3)/L 1/(L*C)];
w=logspace(o,8,200);
hi=freqgs(bl,al,w);
h2=freqs(b2,az ,w);
h3=freqs(b3,a3,w);
f=w/2 *pi;
semilogx(f,20 *loglo (abs(hl)),'b-x",f,20 J1oglo (abs(h2)), k-
>"f,20*log 1o (abs(hs)),"m-o0 )
grid;
axis([10A4 5*10A6 -35 1])
title("Dap ung bien do cua mach dien hinh 3.29")
xlabel(*Tan so Hz")
ylabel(*Bien do, dB’)

H(jco) -
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Anpiude

imaginaly XS

Hinh BG 3.29b cho két qua chay chuong trinh nay.

Dap ung bien do cua mach dien hinh3.29

Hinh BG 3.29b

Hinh BG 3.29c cho thdy dap ¢ng xung don vi, dap &ng d6i véi xung nhay
bac, gidn do diém cwc/diém khong va gidn do Bode clia mach dién nay.

X 10* Dap ung xung Dap ung xung nhay bac cua mach dien hinhB 3.29
Time (sec) X 10 4 Time (see) X 90'4
«1Q Diem cuc/diem khong Gian do Bode cua mach dien hinh B 3.29
()
Pa
@
Real Axis Frequency (rad/sec)

Hinh BG 3.29c



3.30. Pay la mach loc chan dai cé6 ham truyén la:

p3 +1/LC
H(p) =
p2+P-1/RC + 1/LC
Mach dién nay cé dap (ng bién dé cho trén hinh BG 3.30 v¢i ba gié tri
dién tr& R khac nhau.

Dap ung bien do cua mach dien hinh B 3.30

OF % i 1 el e Wik
I 1111 | |(... T R=500 Om
I 11 111 Jhill R=1500 Om i
s rpamo o0 PRt o T R=2000 om 1
L j.'ll I%I N II|II
-10i-—1- - 1—‘1‘-];"1” -1 1 th {t 1 Tii-ir c- oum FHTHM
Ll 1 i I 111 I
L Ly | 11 ixe
A5k—1 1 HHHH- " e Hitth—1 HH— ke H+MH
T i
I- t-MI adaHs e At MW b | H+ MM
1 el L L
L L1l IR 11
Rl 11l Leeen 1
_25%- I- uUJuu 4JXxuu _|4141u | i-lU-—-F—-1-iU |
[RRII 11l [WINI 111
[RRI 11l HI 1
1Ll 111 LI (NI
30».. LLJuu - 1J1UU XAl Uu__ b—I-IXUU
i INRAl L1l (RN (W11
i LTI 1 LI 11
| i i 1 11l
35 E1 LLIJuu JJiuu GXIJIL_ 1 LLuuu L 1J3XUu
103 10 10 10 10 10
Tan so Hz
Hinh BG 3.30.
3.31. T hinh vé trén hinh BG 3.3la, ta tim duoc ham truyén:
I(p)
Vi(p) O Vo(P
1/pC
Hinh BG 3.31a.
H . p2 +1/LC
B L
R LC
Thay L =20mH; ¢ = 4,7nF; R = 500Q va dung MATLAB tinh ra, ta duoc:
1 10*
+ . +
B P2¥ 5 10 3x4,7.10° P2* 94
H(p) = ! 10"
p*+p4.1076 +
500 2.10" x4,7.10" 9,4

Pay la ham truyén clda mach loc chan dai. Hinh BG 3.3lb ve dap (ng
bién dé ctia mach loc nay v6i ba gia tri dién tré R nhu bai da cho.
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Tan so Hz
Hinh BG 3.31b.
Hinh BG 3.31c vé dap ng xung don vi dap ¢ng ddi v&i xung nhdy bac
don vi, gidn do diém cuc/diém khong va gian dé Bode clia mach loc nay
voi dién tré R = 500Q.

Dap ung xung cua mach dien hinh B 3.31 Dap ung xung nhay bac cua mach dien hinhB 3.31
1 2
Time (see) Time (see) x 1a™
i
e
Real Axis
X 10 Frequency (rad/sec)

Hinh BG 3.31c.

3.32. Thé 16i ra tim duoc:

R+pL+1/pC

VOR) = oy s pL +1/pcv'(p)
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3.33.

3.34.

Vay ham truyén tim duwoc la:
H(p) = V((p) = R+pL+1/pC
V(p) R+r+pL+1/pC
Trong so do nay, thé 16i ra tim duoc:
V,,(p) = _R_I_I:JrléIPngC v,(p)
Vay ham truyén tim duoc la:
H(P)=AM =
Vip) "R+r+pL+I/pC
Trong so dd nay, thé I6i ra tim duoc:

V(p) = oo ®

Vay ham truyén tim duwoc la:

H = N -
() V(p) R+r+pL+1/pC

Thay gia tri vao, ta thu duoc:

" H(p) =
v,(p) p2+102p + 106

Ta c6 thé tinh ngay duwgc dap (rng cia mach dién déi véi xung nhay béac
don vi bang cach dung doan 1énh MATLAB sau:

num=[0 -5*10 A2 0];

den=[l 10a2 10A6];

v=step(num,den)
Két qua cho trén hinh BG 3.34a.

Dap xung nhay bac don vi cua mach dien dung KDTT
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Pé tim dap ng tan sO6 cha mach dién cé ham truyén nay, ta chi viéc
thay p = jco la dugc:

V,(jco) (ju») +10 jo>+10
DPéap (rng tan so' nay c6 bién dd va pha dwoc vé bang cach ding doan Iénh
MATLAB sau:
num=[0 -5*10A2 0];
den=[l 10a2 10A6];
H= bode(num,den);
Két qua cho trén hinh BG 3.34b.

Dap ung bien do cua mach dien co ham truyen B3.34

Hinh BG 3.34b.

3.35. Thay p =j vao biéu thitrc clia ham truyén, ta sé duoc dap (ng tan so:
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H(jco) = ----—--- 1 -jc° i
R+ jLco+1 /jCCO 1- LCco + jRCco

Gian do Bode cla dap tng bién dd va dap ng pha nhd ham Bode. Hinh
BG 3.35a vé dap (rng tan sé cua ham truyén & trén véi cac hé s6 suv gidm
cti=0.05< 1;a2=1vaa, = 5,05; tan s6' cong huwéng @ = 500Hz.

Hinh BG 3.35b vé dutng cong cong hudng voi ba hé sb suy giam khac
nhau la: 0,03; 0,05 va 0,09.




Bode Diagram

Frequency (rad/sec)

Hinh BG 3.35a.

Duong cong cong huong voi ba he so suy giam khac nhau

Tan so.Hz
Goc pha

Tan so,Hz
Hinh BG 3.35b.
3.36. Ap dung dinh ly Kirchhoff tai nat Vi, ta duoc:

: , _ Vv _
B- li +7 .= 044 l,=
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R V, V, 1
Do vay: 11= —— + - =V. 1 + -
p+4 1/2p+2 VP+4 4p+1

Tw d6 tim duoc:
v (pt4)(4p+l)
1 2p2+i12p+1 °
Thay biéu thire cha V! ndy vao biéu thirc cla it & trén, ta tim duoc hé thic
lién hé gitra I! va I,
I = VvV _ 4P+1 |
1 p+4 2p2+12p+1°
Tl d6 tim dwoc ham truyén:
1, 4p + |
I 2p2+ 12p +1
Bay gio xét mach dién c6 6n dinh khong, ta can tinh diém cyc cdia mach
dién do; tirc la tinh diém cuc cia ham truyén H(p) nay.
Diém cuc dugc xac dinh nho gidi phuong trinh:
D(p) = 2p2+ 12p+1=0
Phuong trinh nay c6 hai nghiém la Pi = -0,0845 va p2 = - 5,9155. Ca hai
diém cuc déu thyc va am; tie 1a ndm trén truc thuc vé phia trai goc toa do,
nén mach dién 6n dinh.
3.37. Trudc hét ta biéu dién mach dién dw¢i dang bién déi Laplace nhu trong
hinh BG 3.37.

Hinh BG 3.37.
Tl so do nay, ta thiét 1ap dwgc hai phwong trinh lién hé dong dién voi cac
thé 16i vao va 16i ra nho dinh luat Kirchhoff déi voi hai mit mang doc l1ap:
(2p + 3)1, - (2p + 2)12= Vj(p)

-2p+2L, +(2p+3+ - )I2=0
p
v ap) = RAAp) = 1Ap)
Dung MATLAB giai hé phuong trinh nay véi cac lénh:
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syms p 1l 12 Vi;
Z=[2*p+3 -(2*p+2);-(2*p+2) 2*p+3+2/p];

V=[Vi;0];
I=inv(Z2)*V;
pretty (1)

Két qud thu duoc:

[2]

I(2p + 3p + 2) Vi]

[roemememem e J

[2]

[4p+9p+e]

[ _

[(p+ 1) pVi]

[2 ]

[2]

[4p+9p+e]

Nhuw vay: l[(p) - <V xIEx*M

4p2+9p +6
2p(p + DV,

L(p) = 4p2+9p +6

Twr d6 tim dwoc thé 10i ra:

2p(p + V.
Vap) = l2(p) =, 2
p +9p +s

va ham truyén ctia mang dién:
H(p)="1p)=" (p £ 1L
\ (P) 4p +9p +s

n’lr dé tim dugc dap ¢ng xung ctia mach dién:
h(t) = H =X "[--2D(p0+1)-
O= (HED =X [2ppor)- ]

Dlung MATLARB tinh bién doi Laplace nghich dao, ta duwoc:
1/2
1/2 dirac(t) - 5/8 exp(- 9/8 t) cos(lss 15 1)
1/2 1/2
- 1/40 15 exp(- 9/8 t) sin(1/8 15 1)

5 \fi5yfi5 . il
COS—'—yt + ——yslllﬁ

h(t) = -6 (t)- = —t
2 8

8 40 8
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3.38. TaVé lai so do duéi dang bién ddi Laplace nhw trén hinh BG 3.38.
1/pC

Hinh BG 3.38.
T so d0, ap dung dinh luat Kirchhoff cho dong dién tai cac nut, ta thu
dugc cac phuong trinh:

., vV -V V -V..
*TainatV : — — L+— —2-=0
R> R2 1
_pC_
1
ra+
pc
(R2 +-’8Vu
V_ = Vv +=o0,nén tr phwong trinh trén ta tim duwoc: P !
R, R
pC
-*
Tir d6, tim dugc ham truyén: H(p) = V~P) ¢
Y(P) .., _
r 2c
T do6 tim dugc dap (ng xung:
R,
h(t) = £-'[H(p)] =£-'[—£p] = RC
+
p —RZX

3.39. Ta vé so do dudi dang bién doi Laplace nhu trén hinh BG 3.39.
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3.40.

Tai nat V , ta co:

Vv . - "j L X
-T-+ V__ y—:o = ) - - V ==V, (1)
R1 Ra VR ,+ R4 R4 ©
Tai ndt v + ta co
VV -V
— t- - =0 +pC, V =-1-V (2)
1/pC, rz VR 2 "R,
Tai nat V, ta co:
V-V V-V V-V,
_________ e N =
R2 R, I/pC2
i V
L tapev=L + X ipca 3
VR, Rzp R, R, pzo ®)
T (1), ta tim duoc:
= -V,, 4
R, + R4 @)
T (2), ta tim duwoc:
V=(1+RICP)V =M £M ~V (5)
Thay (4), (5) vao (3), duoc:
' ] N — \/l 4+ 7 oo N7
S S R.a+R ~p) =VL+J i_YcY
VR, R2 r,+ra r, rar,+ra
(1 +R2C, 1 R,
Hay /L L pp, NR(*R2CP) _ p, VME e
VR, R2 R, + R4 R2 R, +R " R
Twr d6 tim duoc:
="y NR(1L+R:Cp) 1 Rs ¢
- + -- +pC, ’ : —
VR, R2 r,+ri4 r2r,+rd4 p 2

Thay gid tri bang sé vao ta duoc:

H(p)=S i J ]
v,(p) p2+ 1,77.104p + 5,87.10°?

Truwéc tién ta tim ham truyén H(p) cGa mach dién nay. D€ tim ham truyén,
ta biéu dién mach dién du6i dang bién d6i Laplace nhu trén hinh BG 3.40a.
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l lp
v W
c 0
v,(p) O
Vo)
0]
Hinh BG 3.40a.

Do dé phuong trinh ddi voi cac dong dién tai nat V la:

., Vv \%
TainatV : -+ +— =0
1 1/p

Hay ta tim duoc hé hai phwong trinh:

V -2V-2Vp+V,p=0

v,, +Vp=0
Loai V khoéi hai phuwong trinh trén, ta duoc phuong trinh lién hd gitra bién
doi Laplace cla tin hiéu 16i vao v,(p) voi bién doi Laplace cua tin hiéu 16i
ra v,,(p):

p
T d6 tim dwoc ham truyén cta mach dién nay la:

Tl day, ta tim dwoc dap (ng clia mach dién dbi véi xung nhay bac don vi
& 16i vao nho doan Iénh MATLAB:

num=-I;

den=[l 2 2];

v=step(num,den);

plot(v)
Két qua cho trén hinh BG 3.40b. Tw hinh vé cho thdy mach dién nay suy
gidm qua mdc.
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Dap ung xung nhay bac don vi cua mach dieri hinh 3.27

Hinh BG 3.40b.

3.41. Trong so do nay, cwc duong clia khuéch dai thuat toan ndi dat, nén thé

cuwc dwong bang thé & cwc &m bang ov, do vay:
* Tai nUt V: ta cé:
V-V dv. V-v, v

=0
Rl dt Ra
hay C.A+(@-+% +2 )V -7 (1)
dt R, R R
o av,, VvV
*TainitV C2— R +— =0
oo dt R,
ha = . ' 2
y V=-R A dy (2)
Thay (2) vao (1), ta duwoc:
d2V,, 1 1 1 dav,, V. V
R,C,C2* +(— +— +— )RC2-M +7~ =--7
1 2 dt R, R2 R3 2 dt R2 ri
d:v,, | R,+R2+R, dV,, | v, V:
hay (3)
dtz R,R2R,C, dt R2R,C,C2 R.RANC,
e R, +R, + R, 2 1
Néu dgt: 2a= m_f ; 0, = e g = (4)
R,R:RCim R2R,C,C2 r,r,c,c2

thi phuong trinh vi phan md t4 quan hé gitva thé 16i ra véi thé 16i vao cla
mach dién sé la:
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3.42.

86

+2a~)r +tv "= _i0Vi (5)
LAy bién do6i Laplace hai vé clia phuong trinh (5), ta tim dwgc ham truyén
clra mach dién la:

Hp)="M = 1€ 1
Y(p) p +2ap +tom
Trong so do nay, cuc dwong cla khuéch dai thuat toan ndi dat, nén thé
cwc duong bang thé & ciec &m bang ov, do vay:

* Tai nat V:
X_-l/L+C,d_V+V-V,,_ +\L :On
R, dt R2 R,
ha c,— +(—+— +— )V -~ =A~.
Y dt ( R, R, R,) R2 R, ()
., av, V
*Talnat VvV : +— =0
2 dt R,
ha V=-R,c2n 2
Y 2 dt @)
Thay (2) vao (1), ta duoc:
da2v,, 1 1 1 av,, W. Vv
R,C,C,-/{'l'(— +— +— )RC,— +— =- —
dt R, R2 RS3 2 dt R2 ri
d2V) R.+R2+R, dVO vV, Vv
ny  —fl RIRETRLAD Ve ®3)
dt R.RjRjC, dt R2R,C,C2 R,R,C,C2
Néu dat: 2a = —R+5-—+E’, (X)’f = il- ()(),.’:__2 ............ 1 (4)
r,rar,c, RZRXIC2 R|K,c,c2

thi phwong trinh vi phan m6 ta quan hé gitra thé 16i ra voi thé 16i vao cua
mach dién sé la:
“ T+2a A +(ulx =-comV, 5
" R (5)
Thay gia tri bang s6, ta tinh duoc:
_R,+R ,+R,_ 21Q- +4.104 +5.104
R,R2R3C, ~ 2.10sx4.104x5.104x25xicry _ X ’

2a

t0"™ = R2R,C,C2 = 4.104x5.103X25x 10 X10.10y=210

0)°2= R,R,C,C2 = 2.106x5.104x25.10'9x 10.10%; = 10 ’
Do vay phwong trinh vi phan mo ta quan hé vao/ra bay gio cé dang:



ELYll+2.101"  +2.106Ve=-106x6,25.c0s(6280t)  (6)
dt it

Thé 16i ra v((t) la nghiém tong quéat ctia phwong trinh vi phan (s). Nghiém

nay la tdng cta nghiém thuan nhét va nghiém riéng.

DE tim nghiém thuan nhat, trude tién ta phai tim nghiém cua da thirc dac trung:
a2+ 2.101a +2.106=0

Pa thirc dac trung c6 2 nghiém la:

A, - - 1000+ 1000.1
~ = - 1000- 1000.1

Hai nghiém lién hop phtrc, nén nghiém thuan nhat tim dwoc duéi dang:
vint) = e ((K|Cosl00Ot + Kzsinl000t) (7)

Trong d6 K, va Kz la nhitng hdng sé duoc xac dinh tir dieu kién ban dau.
Bay gi¢ ta tim nghiém riéng. Nghiém riéng c6 dang
vin(t) = KX0s6280t + K4sin6280t (8)

Thay (8) vao phuong trinh (6); sau d6 so sanh cac hé s6 cliacos6280t va
sin6280t ta sé thu dugc hai phwong trinh dé xac dinh cac hé s6 Ksva Ka la:

-37438400.1C, +12560000.K4= 10e

-12560000K, -37438400.K4=0
Giai ra tim duoc:

K, =0,024; Ka4=0,024,
Vay nghiém riéng bang:

v,(t) = 0,024c0s6280t - 0,024s5in6280t 9)
Vay thé I6i ra:

vo(t) = e" H(KIcosl000t + Kzsinl000t) +

+ 0,024c0s6280t - 0,024sin6280t (20)
Cac hé s6 K| va Kz tim dwgc nho diéu kién ban dau:

VCI(0) = VQ0) = 0.
Thé tréntu C2chinh la thé 16i ra vo(t); do vay VcrO)=vs(0)=0. Thay t=0
vao (10) ta duoc K, = - 0,024. Bay gio phai timKx-dwa vao diéu kién
Va(O=0.
Thé trén tu ¢, chinh la thé V. Vay theo cdng thirc (2), ta tim duoc:

vel(0)=-R ,C ,~  =5.104x10.1(ri;- ~ =0

dt dt
5 av, '
vay — 1 =o0
dt 13)

Lay dao ham:
vs(t) = €X' (-0,024c0s1000t + K2sinl000t) +
+0,024c056280t - 0,024sin6280t (11)
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sau dé thay t = 0, ta dugc phuong trinh dé tim Kz
1000Kz2- 26,24 =0

Tw dé tim dwoc K2 = 0,026.

Do dé vs(t) = e llidll(0,026sin1000t - 0,024sin1000t) +
+ 0,024c0s6280t - 0,024sin6280t

Hinh BG 3.42 vé thé I6i ra nay.

The loi ra Vs(t)

Hinh BG 3.42.

3.43. T so do ta thay tai nat V, ta co:
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VYV dv LdvY,)

y R +G & +C it
Tai nat V , ta cé:
A o dav Vv,,
R 1dt dt C.R,
Thay (2) vao (1), ta duoc:
c2 dvo Vv,
RI R2 R, c, da R

LAy dao ham c& hai vé cua (3), sau do6 thay (2) vao, ta duoc:
d2v,, +c,+c2dV,, | r,+r2 v =_J dY

c2 -
d2 Rc, d RBRC, ° R d
Hay: davg , c, +c2av,, | R +R2 v =__ 1 dVv
v d¢ RCC2 d RR2RCC2 ™ R,c; d
pat: = N__77-" r,+rz o
' 28 r%?cYZ’ r,r2r,c,c2 R,c2

(12)

(1)

(2)

3)

(4)
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3.44.

Khi d6 phuong trinh vi phan (4) dwoc viét duéi dang:

n +2a N +<V (=a>?B" ()
dt at dat
T (4), ta cling tim dwgc ham truyén ctia mach dién nay:
H(p) = -p/K,C: -~ (7)

P2 +(C, +C2)/R,C,C»+ (R, +R2)/R,R2R,CiC2
Tl so do ta thay tai nat V, ta co:

i A +y .+Cig.+ ¢ y -0
R %&2 th 2« ydty (1)

Tai nat v_, ta co:
Vv, _ dv dv v,,
N+C,— =0 — =-—nm(2)
R, 1dt dt CR,
Thay (2) vao (1), ta dugc:
11 1 C av, V
— +— )V-— 1+~ )Vo-C2n =2 3
(RI Rz) R, ( c,)_V 2 dt R, ®)
Ldy dao ham c& hai vé cta (3), sau dé thay (2) vao, ta duoc:
sz@+Ci+C§dV,ﬂ+ R1+R% v 1
2 dt2 R,c, d RRXRC, ° R,

g 2

nay: R-+R’ = e — 4
y dt RCCr dt TRER.C.CO R c2 dt 4

_C. +C, 3 2 1

bat: 20C = = - (5)
R3C,C2

), = : ;oo
R,ﬁzR,é,éz 1Fz) R,C2
Khi d6 phuong trinh vi phan (4) dwgc viét duéi dang:

d2\/, ’ dV” = ] dvy
—'atT L+ Z(ﬁA r L+ CloiV ( = dt (6)

Vi cac gia tri cha cac linh kién da cho, tatim duoc:
2a ="+ CL=__ 2" . 0:
R,c,c2 2.10'X10 4
£2 R,+R2 2.10'+667 It
117 R,R2R3C,C2 2.10'x667x2.10'x10 14 ~

o' =—1- = 7“—T=5.102
2 R,C2 2.101x 1ICT7

Khi d6 phwong trinh vi phéan (s ) c6 dang:

— A +102-~ +10fV, =-5.102" - )
dt dt it
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Duéi dang toan tr, phwong trinh vi phan nay c6 dang:
P2V((p) + 10-pVo(p) + 106V,,(p) =-5.10 pV,(p)
TU d6 tim dwoc ham truyén:

H -% jE> -5nl°i 8

P b 110 10 ©

Pép (ng tan s tim dwoc bang cach thay p = jco va biéu thic cla ham
Iruyén, khi do6 thu duoc:

H(jco) = j 5.102@® )
o -j 10 G110
Chuong trinh MATLAB sau day cho phép vé dap (rng tan s6 va dap (ng
pha cta mach nay.
"num-[0 -5*10A2 0];

den=[1 10A2 10A6];

w=logspace(2,4);

h=fregs(num,den,w);

f=w/(2 *pi);

subplot(211)

semilogx(f,2o0*loglo (abs(h)));grid;

subplot(212)

p=angle(h)*180/pi;

semilogx(f,p); grid
[linh BG 3.44 vé dap tng bién dd va dap &ng pha cla mach khuéch dai
thuat toan nay.

DCyp uy Ben cb o mach KOIT

TnoH
Crp ug e e mech KOIT

Tai soH
Hinh BG 3.44.



3.45. 'lr hinh BG 3.45a, ta tim
dwoc bién ddi Laplace cua
thé 16i ra trén hai dau dién
tré R 1&:
v.(p) R (p) Hinh BG 3.45a.

va(P) = n 1 pLO+PRO}+R"

pC

1

pL +

R +
pC

T dé tim dwgc ham truyén:
R
vi(p) pL(I+pRC)+R

Hay: M) —obom e RIL
p RLC+pL+R p2+p/RC +I/LC

So sanh v&i ham truyén ctia mach dién can téng hop, ta co:

— =10; — =3
LC RC

Vay néu chon R = 5Q thi ta tim dwoc ¢ va L:

S|
py

c = — =66,67[aF

1
L= = 1,5H
10C
Hinh BG 3.45b la dap tng bién dd clia mach dién can thiét keé.

Dap urig bien do cua mach dien can thiet ke

Hinh BG 3.45b.
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3.46. So d6 mach dién hinh BG 3.46 c6 ham truyén:

R, !
R VRR,C,,
H(p) = ?
11 1 1
p2+ R,c, RX| P r2r ,c,c?

Ham truyén nay la mach loc théng dai c6 tan sé trung tam la:
= = " 1
rorc,c2 (2" 0 ()

Hé s6 khuéch dai tai 0= 0:
h(o, ~ i =-10 (2)

V6i R, = IkQ, C2= 10 nF, ta tim duwoc R2:
1
- = 10k
R2~ 10R,C2 Q
T (1), ta tim duwogc gia tri cla R;:

R = ' = 1012 Q

R2C,C2(2nfc)

3.47. Mach loc nay c6 ham truyén:

ey -p/R,C
H(p) = —F |
v,(p p2+p(2/R,C)+1/ R'R,C2
) r,r2
Trongdd R'=
R,+R2

Ta thdy ham truyén c6 mot diém khoéng tai goc toa dé va hai diém cuc.
Néu dat:

R,c = Q
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va R.c Q

o
Ta sé tim duwoc:
R'R,C2 ==
Gc
hay: 2R'C =
cocQ

Khi dé ham truyén trén, ta tim duoc dap (ng bién do dudi dang chuan:
I
I, ) / Gh\z
1+ Q2 « 1/2
X ©~»

tng bién dd cé dinh cdng hudng tai tan s6 trung tam (o = coc va ddi xing
qua diém nay. Tan s6 cat ctia mach loc thong dai nay tai 3dB la (0, Va co2

(co, <co02).
D06 rong dai thong ctia mach loc nay duoc xac dinh béi:
- i
Bw= 9--.@’_ = _(o)’ - 9))
2n 2n (@2

vi ta lubn ludn c6 o2 = (0..co.. CaC tAn s6 cat co, va coz tim dwoc bang
cach cho dap tng bién do bang I/V T, ta s& tim duoc:

8 (COZ (mo =

Do vay do rong dai thong B tim duoc la:

2n Q Q
Nhu vay do rong dai thong clia mdt mach loc thong dai bang tan sé trung
tam fc chia cho dé pham chat Q cla no.
VG6i Bw= 16Hz, ta tim dwgc do pham chat:
Q = |{--"N =w
B 16
Tan s6 goc trung tam coc = 2nfc = 2nx 160 = 1005 rad/s.
Do do tr cong thirc:

Q

Q 10

_ = 2000Q
coc(-Hn)C _ 50.10" X0.1.10"

suy ra: R|
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Magnitude (dB)

To cdng thiec: RiC-Q
2 @c

suy ra R 20 Q kQ
: -Q =200
0cC 1005x0.1.10"

Tir hé thie: R'RAC = —r
©

suy ra: R'= - = =500Q
2cocQC  2x1005x10x0.1.106

Tl d6 tinh dwoc R2: R2 = R'R, = 6610.

R, - R
Hinh BG 3.47 ve dap (ng bién dd ctia mach loc tich cuc théng dai véi cac
tham s6 da tinh & trén.

Bode Diagram

Frequency (rad/sec)

Hinh BG 3.47.



Chuong 4
CAC MACH LIEN KET CAM UNG

DE BAI

4.1. Tim thé 16i ra V2 trén mach
lien két hd cam trong hinh
B 4.1 khi:
a) i, = 50 (mA); i2= 25 (mA). V, VEM -
b) i, = 0; i2=20sin377t (MA).
c) ii = 15c0s377t (MA);
i2= 40sin(377t+60") (MA). Hinh B 4.1

4.2. Tim ma tran tré khang ctia mach dién lién két cho trong hinh B 4.2.

Hinh B 4.2.
4.3. Tim tré khang 16i vao clia mach dién cho trong hinh B 4.3. Bién thé la

ly tudng. -

Hinh B 4.3.
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4.4.

4.5.

4.6.

4.7.

96

Tim ma tran tré khang ctia mach dién lién két cho trong hinh B 4.4.
In

Hinh B 4.4.
Tim tré khang 16i vao z,n= Virl, va thé I6i ra trong mang dién cho trong
hinh B 4.5. Biét tré tdi ZL= 100 - j75; tré khang Z, = 2 + j3Q. Bién thé la
ly twong.
l, zZ, 1:5 12

2L

Hinh B 4.5.
Tim tro khang 16i vao clia mang dién cho trén hinh B 4.6. Biét rang céc
bién thé ly tuéng.
-j2n
320. f

= -ji6n
Hinh B 4.6.

Tim tré khang 16i vao clia mans dién cho trén hinh B 4.7. Biét rana céc
bién thé ly tuwong.



4.8. Tim ma tran tré khang clia mach dién lién két va dong dién Xlcho trong
hinh B 4.4 khi n6i nguon thé 16i vao va l6i ra.
jin

2 A -i2n  40Q ®

12z0'
"v 0 j2Q j40 6z30°v
©

Hinh B 4.8.

4.9. Tim ma tran tré khang cda mach dién lién két va dong dién lo cho trong
hinh B 4.9 khi n6i nguén thé 16i vao va I6i ra.

4.10. Xét mach dién lién k&t hd cdm nhuv trén hinh B 4.10. Tim thé 18i ra v2 hé
mach. Biét rang khoa K déng tai thoi diém t = 0 va duy tri trong mot thoi
gian dai.

di,

dt

Hinh B 4.10.

4.11. rinh nang luvgng dy tri trong mach lién két trong mach dién hinh B 4.11,
tai thoi diém t= o, voi:
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a) i, = 50 (mA); i2= 25 (mA).
b) i, = 0; i2= 20sin377t (MA).
c) i, = 15c0s377t (mA); i2=40sin(377t+60°) (MA).

di,

dt

Hinh B 4.11.

4.12. Tim thé 16i ra voft), véi t > 0 trong mach dién cho trén hinh B 4.12.

m 1H m

4u(t)vV V..(t)

Hinh B 4.12.

4.13. Tim hé s6 khuéch dai thé G = Vi/Vi trong so d6 mach dién cho trén hinh

B 4.13.
j2a
jaii AAAA> 712Q
R vyyy 10Q ot
jn
YO © -2ii
Hinh B 4.13.
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4.14. Tim thé I6i ra vQ(t), v6i t > 0 trong mach dién cho trén hinh B 4.14.
20 6n H 8n

10u(t)V

4.15. Tim thé 16i ra vo(t), v6i t > 0 trong mach dién cho trén hinh B 4.15.

1F 2Q 1:2 1/4F 4fi

Hinh B 4.15.

4.16. Tun tin hiéu 16i ra ctia mach dién c6 so do cho trong hinh B 4.16, t > 0. Biét
ring khda K dong tai t = 0 va cac cudn day khong tich tu nang lwong ban dau.

4.17. Tim thé 16i ra trong so d0 mach dién cho trén hinh B 4.17 v&i ngudn thé
16i vao v,(t) = 12cos(377t).
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4.18. Tim thé I6i ra trong mang dién c6 so dd cho trén hinh B 4.18. Biét rang
nguon dong i|(t) = 2sin(1000t).

jin

4.19. Tim thé 16i ra trong so dd mach dién cho trén hinh B 4.19 véi ngudn dong
16i vao i|(t) = 12sin(377t + 45™).
jm

4.20. Tim thé 16i ra trong so d6 mach dién cho trén hinh B 4.20 v&i ngudn dong
16i vao i,(t) = 12cos(377t + 45™).

jm

Hinh B 4.20.

100



4.21. Tim ham truyén H(p) cia mach dién cho trén hinh B 4.21. Ve dap (rng tan
s6 clia mach dién do6 v6i ba gia tri khac nhau ctia hé s6 hd cam M. Ap dung
bing s6: R=0,1Q; R, =R2=R, = 1Q; ¢, =C2=0,1nF; L, = L2=0,01H.

M

4.22. Tim hé s6 khuéch dai thé V(V, cia mach dién trong so do hinh B 4.22.

iOM =j2n

Hinh B 4.22.

4.23. Tim thé I6i ra trong so d6 mang dién cho trong hinh B 4.23.
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4.24. Tim thé 16i ra v,, cia mach dién lién két hd cAm nhw tron hinh B 4.24.

2470°V

4.25. Xét modt mach lién két phdi hop nhw trén hinh B 4.25, gdbm hai mach RLC
lién két v6i nhau bang cam dng voi hd s6 hd cam M. Trong so dd nay, mach
RLC dau tién dugc nubi bang mot ngudn thé xoay chiéu Vin= 170sino)t. Con
mach RLC tht cap c6 thé 16i ra ldy trén tré tdi R[. Tim ham truyén va thé 16i

ra ctra mach dién. M

4.26. Tim trd khang 16i vao Zm thé 16i ra V2 va cac dong dién chay trong mach
lién két cdm (ng trong so do hinh B 4.26.

7540

0)

Hinh B 4.26.
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4.27. Tim thé 16i ra v,, trong so dd6 mach dién cho trén hinh B 4.27.
j2n

4z0°A Vo

©

Hinh B 4.27.
4.28. Tim dong dién | chay lrong mang dién cd so do cho trong hinh B 4. 28. Biét
rang bién thé 1a ly twdng.

1:2 120

-j4il vo

Hinh B 4.28.

4.29. Xét mach lién két gdm hai mach RLC lién két hd cadm vo&i nhau nhu
tron so dd hinh B 4.29. Mach RLC so cdp duoc nudi bdng mot ngudn
thé xoay chiéu cé gia tri hiéu dung khdong d6i, trong khi tan so lai co
thé thay déi. Xac dinh dong dién trong mach thir cap va thé 16i ra
Dung MATLAB vé gian doé Bode ctia mach dién v6i L, = 2mH; L2 = 2mH;
in, = m2=o0,02 va voi ba hé s6 lién két k khac nhau:

kl = 2*10A3; k2 =0,1; k3 =0,345.

Hinh B 4.29.
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4.30. Tim ma tran truyén cta mach dién dwgc tao thanh béi hai cudén cam lién
két hd cdm véi nhau nhu trén hinh B 4.30.

O

Hinh B 4.30

4.31. Cho mach dién hhu trong hinh B 4.31. Tim ma tran truyén ctia mach dién
dé va dong dién qua tai 1¢ nhw chi trén so do.

M jm
I, R1 ¢ R b
Vih Vil 6z30°v
1220°V
-j2n
Hinh B 4.31.

4.32. Tim thé 16i ra Vo trong so d6 mach dién cho trén hinh B 4.32.

4.33. Tun cac dong dién 1|, l2va |,, va cong suat tod ra trén tai clia so d6 tv bién
thé cho trong hinh 4.33. Biét rang thé I6i vao: Vin= 120230 V. tro tai:
ZL= 8 + 6j. S6 vong cua tv bién thé la: n, = 120 vong n2 = 80 vona.
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||_8+6j

4.34. lim gia tri cGa cudn cadm L trong so dd6 mach dién trong hinh B 4.34 dé
cong suat téa ra trén tai, tai tan s6 goc 0 = 100000 rad/s dat gia tri cuyc dai.

,\2_4 nCﬂD-\.b

joL

Hinh B 4.34.

TRA LOI VA HUONG DAN giai

4.1. a) Truong hop nay ca V, lan vz déu bang khong vi dong dién 1a mot chiéu,
khong ddi. Cudn cam ly twdng va lién két hd cam bang khong.

b)v,=L, +M— =0+20.10""—(20sin377t) = 150,8c0s377t(mV)
dt dt dt

vo= L2 — + M— =50.10-1— (20sin377t) + 0 = 377¢0s377t(mV)
dt dt dt
. di diz
V, = L, — + M — - =
dt dt

= 0.05(-15 X377sin3770 + 0,02 X40 X377co0s(377t+ 60°)(mV)
-282,75sin377t) +301,6c0s(377t + 60" )(mV)
vV, = I! — + I\%—d‘i=
dt dt
0.02(-15X377sin377t) + 0,05 X40 X377cos(377t + 60" )(mV)

= - 113,1sin3771)+ 754cos(377t+ 60")(m V).
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4.2.

4.3.

4.4,

4.5.

106

V, = (jeoL])I, + (jcoM)l2

v 2 = (jcoM)I, + (jeoL2)l2
Tw d6 suy razwm =jojL|; zi2 = jwM; z-, = jcoM; z22 = jcolL.2

\2
Zl =R
=6

Cho I, = 0, ta sé thu dugc so do nhu trén hinh BCi 4.3. Khi dé V, = nl2R| va

Vv,

—- nI2(R, +R2)

nlj

) v, ° e
do vay z,, =—- = nR,
l2 v T Ri
X Vv,
va 2 —2(R, + R2)
l-0
Hinh BG 4.3.
L= 1IRj => z2=nR,
- ~ Y ’ 2 ~ V
Bién thé la ly twdng, nén: V2 =—
. . . . V. V, V, 3V,
| vi-v; . v'e h =h- [
2 “q 8 4 16 16
Il = 11 =.3VI. V, 3V, 5V
' 2 32 4 32 “ 3R
.V 32
ZiIk— =— =6,4Q
lm 5
Vi bién thé la ly twdng, nén so dd6 mach
dién twong dwong cé dang nhu trong hinh
Bd 4.5.
Tw hinh BG 4.5, ta tinh dwgc dong dién |,:
v,, 12720
z, + Zj_‘_ 243+ 100-j75
52 25

Vay, ta tinh dwgc dong 12

I, =4 =- =0,4A
Va:

Thél6i ra: v,, =-ZU =-40 +j30 =50Z2143.1"V



4.6.

4.7.

Vi cac bién thé la ly tuwdng, nén so do trén duoc bién doi thanh cac dang
nhw trén hinh BG 4.6a va b.

Hinh BG 4.6b.
Tw hinh BG 4.6b, ta tim dwoc thé 16i ra:

V, = —----= ~64Z0 -------m- x32 = ~64Z0" x32 = 21.1862 -1.76551 =
-js+j32+32-jl6 +64 96 + js

21.1862 - 1.76551 = 21,3Z-4,8° V
Goi tré& khang do cac cudn th¢ cdp dwa vao lan luwot la Zi, Z2va z, nhu
trén so do hinh BG 4.7.

Vi bién thé 1a ly twéng nén, ta tim dwoc:

Z+7,
“ApL=9(Z+2))

9
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z =Z+Z2 025(Z2+22
Zin=z +z,=2+0,25(Z+22 =z +0,25Z +2.25(Z + z,)
=35Z+2,25Z, =35Z+2,25(z +4Z| ) =4,0625Z + 0.5625Z,

4.8. Khi chwa méc ngudn thé 16i vao va ra, mach dién dwoc coi nhw mot t
cuc; do vay ta thu dwoc hé phuong trinh:
V,=(2 +2)I, +jl2
V2=jli + (4 + 2j)I2
T d6 tim duoc:
_2 * 2" =2-

2]
=) J
4+ 2j
D= V=04

I’ vV, =0 3

2 +2j )

=-J
V. Ui) J

Khi cho V2= 0, ta tim duoc :
I, = —@2—4j)I2va Vv, = -[(2-4j)(2+2j)-j]12= - (12-5j)12
Tl dé suy raB = 12 - 5j.
Khi ndi v&i nguén thé 16i vao va 16i ra, ta thu dwoc:
V, = 12Z0"V va v 2= 12Z30"V; nén I1=- 12; Do vay ta thu dugc phuong
trinh ma tréan:
242 -j 12z0I_
e h 6Z230'1
= - :
Giai ra déi voi I, = 0,48215|7,6°A.
4.9. Khi chwa n6i tdt mach ngo& va véi ngudn thé I18i vao, so do 1a mot ti cuc
c6 phuwong trinh:
V, = (2-2))1, + (2+))12
V2= (2+))I] + (5+))12
Tl d6 tim duoc ma tran tré khang cla t cuc:
6-2j 2+]j
2= ,,. .
_ct] 5+]
Khi n6i ngudn thé I8i vao va néi tit 16i ra, ta cd V, = 24Z0"V; V, =0 \'a

I12=-1,,, nén ta c6 phuong trinh t& cwcdwdi dang ma tran la
e 2+ T 1 2470
.2+j 5+ 0

Giai ra tim duwgc 10= 1,78Z42"A.
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4.10. Khi t> 0, ta c6 cac phuung trinh:
L~ +Ri, =E
dt '
T&r phwong trinh nay ta tim dwoc dong i,(t): gdbm nghiém thuan nhat va
nghiém riéng. Nghiém thuan nhéat cé dang

ic(t) = e Wl

I,, 1a hang s6 dwoc xac dinh tir diéu kién ban dau t= 0 thi i = 0;

Nghiém riéng tim dugc i = ER
E -
Vay ta tim duoc i,(t) — (@1 —e 5)
i* N\
Dodé théldirav,= -M— =-M —e L
dt L

Vi gia tri da cho trén so do, ta tim duwoc

24
V,=-0,02——¢ 'W* =-9,6e 100,(V)
, 0,05

4.11. a) Truong hop nay st dung cbng thiec:
\
W(t) =-TL ,i2+L 2 )+ Mi,i2
2.

= 0,5[0,05x(50.10 y + 0,05x(25.1(T1)2] +0,02x50.10 'x25.10 m

= 103,125.10 6J = 103,125|uJ.

b) i, =0; iX0) =sin377x0 =0, nén W(0) = 0;

C) w (0) = 0,5[0,05x(4.10 )2+ 0,05x(40sin60". 10 -)2]
+ 0,02x4.10 -x40sin60(.10 '
= 46.10 6J = 46).iJ.

4.12. Khi 1> 0, ta tim dwoc phwong trinh dwéi dang bién déi Laplace:

2p + DI, —=2pl2= -
p
—pl, +(2p +2)I12=0

. 4/3
i ddiim duoc u =
p:+4p+2/3

No vay V,(P) = 1@ .k - *11 - -0 — 14 -
p +4p +2/3 p+0,42 p+1,58

L&y bién duoc vi,(1) = 1,15V L -e" | MIu(t)V
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4.13. Vc so do lai nhw trén hinh BG 4.13.

7 I

jin w120
20
V yyyv ion vo(t)
i 7 jon 0
T 'j20
Hinh BG 4.13.

Ap dung dinh luat Kirchhoff cho hai mat mang doc 1ap véi hai dong dién
lj va I, nhu trong hinh BG 4.13, ta duoc:

(2-j2)11-(-j2)12= Vi

H2+j2-j2 +j2-j1 + 10)12-(-j2)1, =0

V,=1012
Du6¢i dang ma tran:

2.z 2z vyl

j2 10-jl 0
Gidi phuong trinh tim |, va 12theo V|, ta dugc:
1=
(1/4+9/44%1)* Vi

(1/22-1/22%1)* Vi

12=—i
22y

Thé I6i ra v, = 1012= — (1- j)V

Vay hé s6 khuéch dai thé:

GA =iV j)=i#Z-45"
vV, 22 il

4.14. S dung dinh ly Thevenin la duoc:

Vg =10 2/p 10 iy
2/p+2 p(p + 1)
2

- [(2+2/p)= Q
vP p+1
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Khi d6 so d6 c6 dang nhu trén hinh BG 4.14.
2n 6Q 80

Tir hinh vé BG4.14, ta co:
(4p + 6 + ZJ1, - 2pl2= Vh
~2p ] + (8p+ 12)I12= 0

T d6 tim dwoc I, = + 12
p
va Vih= I1(4p + 6 + zI(4p +6) - 2p]I2
Giai ratim 12va st dung v,, = 412ta sé tim duwgc bién doi Laplacc clia thé
16i ra vO(t) la:
vV, 20/7
"p , 31 i 46 24
p+7P+7P+7
Str dung ilaploce, ta tim duoc:
10 Vvar A 110 . fV47 10 .
v, (t) = cos -t 4--—---sin e U+ 2
3 14 141 v 14 f
4.15. Du6i dang toan tir Laplace, so d6 c6 dang nhu trén hinh BG 4.15.
Tw do tim duwoc:

- -€
a_ 24 4 |1_/" 41 4/p
vid= 8ii p
p 8/p+16 24/pi| 4a
VnlP)= o1 1
Hinh BG 4.15.

Vayvo(t) = 6o .u/('tW

4.16. Ta thoi diém t = 0, khéa K déng, phwong trinh trong mach dudi dani
todn t& Laplace nhu trong hinh BG 4. 16a c6 dang:
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(3p + 100)1, —3pl2= — -2pl, + (5p + 1200)1, = O

p
Giai hé phuong trinh tron, tim duoc 12

3p+100  24/p

_-2p 0
3p+100 -2p
_-2 5p+ 1200
436

' p2+372,73P +10909,01

4,36

48
11P2+4100P + 120000

0.01 0.01

May 12(P)=

(P +340,71)(P +32,02) P+32,02 p+ 340,71
T d6 tim dwoc iXi) =0,0l(e 2"2- e '4'7")

Dong 12nay dwoc M1Ota trén dd thi hinh BG 4.16b.

y 10"4 Dap -ung cua mach lien ket doi VOI xung nhay bac

Hinh BG 4.16b.

Ta vé lai so d6 mach dién nhuv trén hinh BG 4.17.



TU so do nay, ta tim dugc 3 phuong trinh lién hé thé 16i ra, hé 16i vao va 3
dong dién trong 3 mat mang, nho ap dung dinh luat Kirchhoff:
(2- 3Dl -jli2= 12z0"
GDI, + (6 +j)12+ (j1)I13=0
(hiz+ (12+jh1, =0
V0O=8I,
Vay, dé tim thé 16i ra phai xac dinh dwoc 12 muén vay phai gidi hé phuong
trinh du¢i dang ma tran:
2ol i 00N 12
jl 6+jl j1 n =0
0 12+jl 3. p 0

Dung MATLAB gidi hé phuong trinh nay, ta duoc:
1=
4.5659 +2.10731
-0.3512 + 0.76101
-8.7805-4.97561
Vay: 1,=-8.7805-4.9756i= 10.1Z150.5° A
The 16i ra: v,, = 81, = 8x10.1Z2150.5" = 80.8Z 150.5" V
v,,(t) = 80,8cos(377t + 150,5°) V
4.18. Pau tién vé lai so d6 nhw trén hinh BG 4.18.

jm

Tl sw d6 hinh BG 4.18, ta thiét l1ap dugc 3 phuong trinh cho ba mét mang
doc lap nhé dinh luat Kirchhoff:

I, = 220" A

(-jh11+(6 +j2-jhH12+ GI)I, =0

GDI2+ (4 +8+j3-j2)I,=0

Vo = 81,
bé tim 1,, phai giai hé phuong trinh:
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Giai ra ta duoc:
i=
2.0000
0.0523 + 0.32031
0.0261 - 0.00651

Nhuv vay: I, =0.0261 - 0.00651 = 0.03Z-14" A
Thé 16i ra: V,, = 8x0.03Z-14° =0,3Z-14° V
vo(t) = 0,3sin(1000t- 14") V
4.19. bat z, = 141, thi so dd6 mach dién trén dwoc vé lai nhu phuong phap bién
d6i ngudn dong ij thanh ngudn thé Vi nhu trén hinh BG 4.19.

jin

Hinh BG 4.19.

Trong do:
V, = 1jXg = 12Z245°x(I-jl) = 12Z45" X V2Z -45"= |2 V2 = 16,9706V
Bay gi¢ ta 4p dung dinh luat Kirchhoff cho 3 mit mang doc 1ap, ta sé thu
dwoc 3 phuong trinh:

(LI-j)1, -0,112=-12V2-24Z0°

-0,11, +(1,1 +j2)12+ (j1)I3= 24Z0°

(ji)i2+ 11i3=0
Dung MATLAB giai ra ta duoc:

| =

-19.7997-18.77621

4.1468-8.5408T

-0.7764-0.37701

I, =-0.7764 - 0.37701 =0.86Z-154.1° A
vay: v,, = (10)1, = 8,6Z-154,1"" V

V,,(t) = 8,6sin(377t + 45° - 154,1") V

v, (t) = 8,6sin(377t + 109,1") V
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4.20. bat z, = 141, thi so d6 mach dién trén dwgc vé lai nhé phuong phap bién
doi ngudn dong i| thanh ngudn thé Vi nhw trén hinh BG 4.20.

jin

Hinh BG4.20.

Trong do:
V, = 1xz) = 12Z0"x(141) = 1220° X \f1Z - 45°= 12>/2Z-45(¢V
Bay gio ta 4p dung dinh luat Kirchhoff cho 3 mat mang doc lap, ta sé thu
duwoc 3 phwong trinh:

B3Pli- 212=-12 yfiz - 45" -24Z0"

=21, + (3 +j2)12+ (jh)I, = 24Z0°

(jh12+21,=0
Dung MATLAB gidi ra ta dugc:

| =

-12.9392-5.8345]

-1.8408 -2.28211
-1.1411 +0.92041

Vay: I, =-1.1411 +0.92041 = 1.47Z141,1°A
v(= (1)1, = 1.47Z141.1" V
v,,(t) = 1,47sin(377t + 45° +141,1°) V
v, (t) = 1,47cos(377t + 186,1°) V
4.21. Trudc tién, ta vé so do dudi dang bién doi Laplace nhw trén hinh BG 4.2la.

pM

Hinh BG 4.21a.
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T so d6 hinh BG 4.2la, 4p dung dinh luat Kirchhoff cho ba mét mang
doc lap nhuw trong so do, ta thu dwoc 3 phwong trinh:

<R+-7T>| ,—Br'Z: V,
pC’ p 1

— —1li+(Ri+pL,)I2+pMI, =0

pC, pc
MI2+ (R2+ R1+pL2 - — =®
p ( p 0C2
vQp) = RU,
Nhuw vay, dé tim |,, ta phai giai phwvong trinh ma tran sau:
1 1
R+ 0
pC, PC, l. v il
1 RlI+pLI+ 1? pM h = 0
pC, pC| ) o
0 pM R2+RI+pLI+ -
pC;
Dung MATLAB gidi rata tim duoc dong dién L,:
h =
2/2 3
100000000000 M p Vi / (-12000090000 p- 10001000 p/
442
- 10001900000000000p-p-2000000000000000000+ ICOOOPM
32
+ 100000000000 p M)
Hay:

10"Mp2Vv
(104M2-1)p 4+(10nM2-10001.103)p3-1200009.104p2+100019.10" p - 2.102
Do do thé 16i ra tim dwoc la:

VP = =

10" Mp2yV,
(104M2-1)p4+(10"M2-10001.10,)p,-1200009.104p2+100019.10"p -2 .10 : i

T day tim dwgc ham truyén:

Hp) = ~(P)
v.(p)

107Mp2
(M2-10“4)p4+(107M2-1000,1)p3-1200009p2+100019.10 p - 2.10"
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Hinh BG 4.21b vé dap (ng bién dd voi ba gia tri khac nhau cua M la
0,003; 0,005 va 0,009.

Dap ung tan so cua mang dien 15...voi M khac nhau

Hinh BG 4.21b.

Céc lénh MATLAB duing dé tinh va vé dap tng bién do:

syms p M Vi w;
R=I;RI=1;R2=I;R3=I;RL=8;Cl=1.0e-7;C2=1.0e-7;L1=0.01; L2=0.01;
Z=[R+1/(P*C1) -1/(P*C1) 0; -1/(P*C1) R1+P*L1+1/(P*C1) P*M; 0 P*M
R2+RL+p*L2+l/(p*C2)];

V=[Vi;0;0]

I=inv(Z2)*V;

13)

pretty(1(3))

M=[0.003 0.007 0.009];

w=logspace(0,5,500);

f=w./(2*pi);

p=j*w;

131=100000000000*M ( 1)*p.A2./(-12000090000*p.A2 - 10001000*p A3-
10001900000000000*F" P - m4-

2000000000000000000+10000*p.A4*M (1).A2+100000000000*p.A3. KM(
1)- 2);

132=100000000000*M (2)*p.A2./(-12000090000*p.A2-10001000*p.A3-
10001900000000000*|>-p. Ad -

2000000000000000000+10000*p.A4*M (2).A2+100000000000*p.A3.*M(
2).A2);

133=100000000000*M (3)*p.A2./(-12000090000:iip.A2-10001000:ip.A3-
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10001900000000000*p-p.Ad -
2000000000000000000+10000*p.A4*M(3).A2+100000000000*p.A3.*
M(3).A2);
plot(f,abs(131),'0-',f,abs(132),"p-",f,abs(133),"*-");grid
text(4500,0.035,"M=0.003");
text(6156,0.07,"M=0.007);
text(l 1056,0.086,"M=0.009");
title("Dap ung tan so cua mang dien 4..VOI M khac nhau")
xlabel(*Tan so, Hz")
ylabel(‘Gia tri")

4.22. 2 +4jl, - 2ji =V,

-2jll + (6 +j)I12=0

Vn = 211
V+ 201 iv
T do tim duoc: I =-— —; |, =V
2 +4j 6+ 13J
Vi thé: v, =2L = 2jV;
6 + 13j
vaGv=— = ——— =0,14Z224,8"
\% 6 + 13j

4.23. Tl so do ta thay:
I| + (I+j2)1-> + (—+H)IN, = 6270°
(-1+j)12+ 2+))1,=0
-1, + 12=4Z30"
Dung MATLARB gidi ra ta duoc:
1=
-1.3822-3.59561
2.0819- 1.59561
-0.5410- 1.56831
I, =-0.5410 - 1.56831 = 1.67Z-109" A
v,, =-0.5410 - 1.56831 = 1.67Z-109" V
4.24. Tl so do, ta thiét lap duwoc 2 phuong trinh lién hé cac dong dién chay
trong mach nho dinh luat Kirchhoff d6i véi 2 mat mang doc 1ap:
24Z0" = (6 - j2)I| + (2 +))I2
lot=(2 +j)I,+(5+j)I2
k=- 12
Dé tim dong dién 1,, chay qua trd tai Ri = 10Q, ta phai gidi phwong trinh
ma tran:
"6-j2 24" 24
2+ 15+j_ 12 0
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Ta str dung MATLAB dé giai phwong trinh nay nho doan lénh sau:
z=[6—+2 2+j;2+] 15+j];
v=[24;0];
I=inv(Z2)*V
Két qua MATLAB cho:
1=
3.0034 + 1.4033i
-0.4136 -0.39981
Tw dé tim dwoc:

12 =-0.4130 -0.3998Ii

I0=- 12=0.4136 + 0.39981 = 0.58Z44.031A
ThéI6i ra: Vv,,= R = 10x0.58Z44.03" = 5.8Z44.03" V
4.25.

2p

Hinh BG 4.25a.
Ta viét phuong trinh Kirchhoff cho hai mat mang du¢i dang bién d6i
Laplacc trén hinh BG 4.25a:

(3p+10+0—,I )1(p)-(2p +0—,| )12(p) = V.

~(2P+ 0,Ip (p) + (5P + 100 + 0.Ip
Tw hé hai phuwong trinh nay, giai tim 12p)
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r (p) (2p+10/p)Vin (2p2+ 10)V,,
2 lip2+350p + 1040 + 1100/ p 1lp3+350p2+ 1040p + 1100
(0,81p2+0,91)Vir
2(p) p3+31,82p2+94,55p + 100
Thé 16i ra lay trén tai 100Q, nén tim duoc:
VIYP)=10012P) =
100x(0,81p2+0,91)V, (81p2+ 91)Vm
p3+31,82p2+94,55p + 100 p3+31,82p2+ 94,55p + 100
TUr day ta tim duoc ham truyén ctia mach lién két:
Hp)=" =—-——-- (é™p: +91) -
v,, p +31,82p +94,55p+ 100
Mach lién két nay c6 dap ang bién dd va dap ung pha cho trén hinh BG 4.25b.
TUr ham truyén tim duoc dap ng tan so:

H(jco) =— - (-8 le02+91)
—jco -31,82(0 +j94,55c0+100

Dap ung bien do cua mach dien hinh 4 12

Dap ung pha cua mach dien hinh 4.12

Hinh BG 4.25b.

Vv,n= 170sin377t= 170Z0T

5o dé: V. -m (-81(377)2+91) L7070
-j(377)3—31,82(377)2 + j94,55(377) + 100



Y% -4,35.10s20"" 43,52180( .
al~ -4,52.106—5,36.107 “ 5,387-94,82° ~

= 8,092274,82° =8,092-85,18"
Nhu vay: vaut) = 8,09sin(377t-85,18) (V)
K&t qua nay cho thay thé I6i ra cé gia tri nhd hon thé 16i vao. Diéu dé co
nghia la lién két bién thé la ha thé.
Céc két qua trén c6 thé tim dugc nho MATLAD véi doan chuong trinh sau:
num=[0 81 0 91];
den=[l 31.82 94.55 100];
t=0: 0.1: 845;
Vin=170*sin(377*t);
Isim(num,den,Vin,t);
grid
title("Tin hieu the loi vao va loi ra )
ylabel(*Bien do, V')
xlabel(*Thoi gian, s")
legend(*Vin(t)',"Vou(t)")
Két qua chay doan chwong trinh nay duwoc thé hién trén hinh BG 4.25c.

Tin hieu the loi vao va loi ra

Thoi gian, s (see)

Hinh BG 4.25c.
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4.26. Thiét 1ap phuong trinh Kirchhoff cho hai mat mang trong mach, ta duoc:

4.27.

O'coL, +r)l,-jcoMI2=V in
va -jcoMl, + (jeoL2+ ZD)I2=0

Loai 12va giai v intheo li, ta tim dwgc tré khang 16i vao clla mach lién két
nay la:

. V. M 2
Zin=—- =jcoL. +r +-
l, jeoL2+ ZL
Thay s6 vao ta duoc:
ZM=2+j75,4+m-421— °-0— = 3,62 +)60,31 =60,42286,56"(Q)

jl 131 +10- j20
Dong dién trong mach so cép:
V- "
"o, 60;150228?3,,5? T 1982-80.567 (A
TU phuong trinh Kirchhoff thi hai ta tim dugc dong 12
jcoM J37,7

" =jo32+z 0t Tjl131+10-j20

1,987-86,56 (A) =

= 0,8280,83"(A)

Thé 16i ra bang thé:

V,=2Z112= (10 - j20)x0,82-80,83" = 22,362-63,43° x0,82-80,83"
= 17,890,8Z-144,26° (V)

21, - 2j12=0
-2jl, +jl2+jl3=0
I, =-4Z0° A.
Du¢i dang ma tran:
2 2§ O _p. 'O
-2 j 3 n = 0
0 0 1 4 -4
Gidi ra theo:
12=0,8+ 16j; I, =-4;

Vo=-j(I2-u =5,06Z-71,6°V.

4.28. Vi bién thé la ly twéng, nén so d6 mach dién twong duong nhu trén hinh
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212 4i3i2

-j2n 41l 1Q m

Hinh BG 4.28b

TU so dd hinh BG 4.28b, ta tim dwoc 2 phuong trinh cho hai mat mang
doc 1ap nho dinh luat Kirchhoff la:
(6 —j3)I, — (1L -jl)yl2= 120z0"
-(1 -jDI, +(2-j2)I12=0
Dung MATLAB giai ra, ta duoc:
1=
18.0822 + 8.2192i
9.0411 + 4.1096T
Nhu' vay, ta tim duoc:
1= 1 = 18.0822 + 8.2192i= 19.8625Z24.444" A
4.29. Vi lién két chat, ncn phuong trinh Kirchhoff cho hai mat mang la:

V,, = [R¥j«oL1--J -)]1 1+ja)MI2

J -

&4

0 = [R2+j(coL2- ——) ]12+ jcoMl,
[R2+j( czo))] |

bat: z, =R, + jXI;v6i X, = (coL,-—----- —)
Qco

va z, = R, +jX2v6i X, = (o)L ,------ —)
C2o
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Khi d6 hai phwong trinh trén duoc viét dudi dang:
vm=z, |, +jcoMI2
0 =[Z22+ jecoMl,
T d6 tim duoc dong 12
I -jcoM \%
2 (R, +jXi)(R2+jX2)+ M2@2 n
Hoac duéi dang ma tran lai thu duoc:
HI L =
vm (R1+jX,))(R2+jX2)+ M V
Hay duw6i dang toan tir Laplace:

H(P) = = j----- F
\Y R, +L,P + +L,p+-1-)-M
»(P) cPp p ) y

Pay chinh Ia ham truyén ctia mgt mach lién két phdi hgp cdm Gng.
Dé vé cac dap (ng bién dd va pha chia mach lién két nay, ching ta viét
ham truyén du¢i dang:

H(p) = -MCC,p3
(C,LP +R,C,p+ 1)(C2L2p2+ RC2p+1)-C,C 2M2p4
T AL L2 (p2+ 2mlcop + 0N (p2+ 2m 22 + o2 - k:pd
V@i m, = ——vam2= 4—; k= _ - lahéso lién két
2Q, 2Q2 AAT,

Hinh BG 4.29 vé gian do Bode hai mach cong huéng giéng hét nhau, lién
két v&i nhau bang cdm ¢ng voi ba treong hop khac nhau: lién két yéu, lién
két t¢i han va lién két manh. Chuong trinh MATLAB sau day thuc hién
chirc nang nay.

Vi: oo, = 500;
i02= 500;
L1=2*10A3;
L2=2*10A3;
ml =0.02;
m2 = 0.02;
kl =2*10A3
k2 =0.1;
k3 = 0.345;
wl=500;
w2=500;
LI=2*10A3;
L2=2*10A3;



m1=0.02;

m2=0.02;

klI=10A3

k2=0.0535;

k3=0.345;

numl=[0 -kI/(LI*L2)Al/2 00 0];
denl=[I-klA2 2*ml*wl+2*m2*w2  wIAR+w2A2+2*mI*m2*wl*w?2
2*mI*wi*w2A2+2*m2*wi*w2 A2 w I A2*w2A2];
num2=[0 -k2/(L1*L2)Al/2 0 0 0];
den2=[I-k2A2 2*mI*wl+2*m2*w2  wIAR+w2A2+2*mI*m2*wl*w?2
2*mI*wi*w2A2+2*m2*wi*w2A2 w I A2*w2A2];
num3=[0 -k3/(LI1*L2)Al/2 0 0 0];
den3=[I-k3A2 2*mljwl+2*m2*w2 wIAR+w2AR2+2*mI*m2*wl*w?2
2*mI*wi*w2A2+2*m2*wl*w2A2 w I A2*w2A2];
hold on

w=logspace(2,4,200);

subplot(211)

hold on

f=w/2*pi;

h1=fregs(num 1,den 1,);

h2=freqs(num2,den2,f);

h3=freqs(num3,den3,f);
semilogx(f,20*logl0(abs(hl)),'b-p*)
semilogx(f,20*logl0(abs(h2)),'g-0")
semilogx(f,20*logl0(abs(h3)),'r-d")

axis([200 10A3 0 80]);

Legend(‘yeu',"toi han','manh")

grid

title("Dap ung bien do cua mach RLC lien ket: yeu, manh va toi han")
ylabel(*Bien do dB")

xlabel(*Tan so Hz")

subplot(212)

hold on

pl=angle(h 1)* 180/pi;

p2=angle(h2)* 180/pi;

p3=angle(h3)* 180/pi;

semilogx(f,pl,’b-p")

semilogx(f,p2,'g-0")

semilogx(f,p3,'r-d")

axis([200 10A3 -200 200]);

title("Dap ung pha')

ylabclCGoc pha do")

xlabel(*Tan so Hz")

grid

125



Két qua chay chuong trinh cho trén hinh BG 4.29.

Dap ung bien do cua mach RLC lien ketyeu, manh va tcii han

Dap ung pha

Hinh B 4.29.
4.30. Pau tién, ta vé so d6 duwdi dang bién doi Laplace nhu trén hinh BG 4.30.

pM

Hinh BG 4.30.

Tl so do hinh BG 4.30, ta thu dwgc cac phwong trinh:
V, =pL,l,+pMI2 1)
V2= pL2A2+ pMlI| 2
T hé phuong trinh nay, ta tim dwgc cac thanh phan clia ma tran truyén la:



Khi V=0, thi tir phwong trinh (2), ta tim duoc:

SRS (3)
1 M 2
Thay (3) vao (1), ta duoc:
M 2 -12\20 M

Do vay, méi lién hé gitra I,, 12 Vi, V2cla mach dién néi trén duoc biéu
thi duw¢i dang ma tran truyén nhuw sau:

rLl L,L2-M 2J‘—1 —
nVil M M \g\
N 12 L-12]
pM M

4.31. Phuong trinh Kirchhoff cho hai mat mang:
V, = (R, +jcoL, )I, +jcoMI2

v 2=jcoMI, + (R2+jcoL2- j-1 )I2
] ( j JcoC)

Thay cac gia tri nhw da chi trén so do ta dugc:
V| =2 +j2)I +jl2
V2- jl| + (4 +j2)12
T day ta tim duoc cac thanh phan clia ma tran truyén T la:

2+ J2

=2-j2;
I, =0 J
L
D= ALY
v ( J
c =i -
V1 !,z> J,
-(2+j2)(2-j4)-j]Iz
[-(2+52)(2-j4)-11z _ )
1, I,
v, A B'"v2°
1. ¢ Drh.
Trong d6 cac hé s6 ABCD da tim duoc ¢ trén, V2= 6Z30", Vi = 12Z0" va
12=- 1,, nén:

1270° '2+2) 12-j5' 6230°
4
I 3=t
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T d6 tim duwoc |,

1270"-(2-j2)6230° 12Z0'1- 2V2Z - 45" x6Z30r
12-35 137 -22,62"

12Z0" - 12V2Z-15"

13Z - 22,62"
= 12-12V2[cos(15)-jsin(15)] = -4,4 +j4,4 =ad48zI57i6,,(A
132 -22,62 13Z2-22,62
4.32. (2+2j)1, - 4jl2= 12Z02- 24Z30'1
—4jl, + (1 +6j)12- jl, =24Z301

2+ (2 +2)l, =0.
Duwéi dang ma trén

2+2) -4 0 oym 8,78-12j"
-4j 1=63 -3 h = 208+ 12j
0 - 2=2 0
Giai ratheo I, = 1,0376,490A. o
Vay v,,= in.l, = 1,6326,49(V.

4.33. Tw bién thé cé so do twong dwong nhuw trén hinh BG 4.33.

ZL=8 + 6

120730°v

N N Hinh BG4.33
T hinh vé tim duoc: n

V, 80
v2 n!+n2 120+80

Do vay v 2= (5/2)Vi = 300Z30°V.
T d6 tinh duwoc:

V  300Z30"

12 = =-———-7— =30Z - 6,87UA
Z, 8+ 6j
n_+n, 200 5§

Mat khac: L= 1
1, 80
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nén: I, = (5/2)12= 75Z-6,78" A
Donglo=1, - 12=75Z-6,78°A - 30Z-6,78°A =45Z173,13°A
b) Cong suét tod ra trén tai:
PL= V22=jy.Z L= (30)X10Z36,87°)=9000Z36,87""W.

4.34. BEé cong suat thu dwoc trén tai dat gid tri cwc dai, thi tré khang 16i vao
clla mach dién phai bang tré khang tai; nghia la tré khang 16i vao cla
mach dién:

. _ 320 + ja>L
Zin=80-jl60 =
n2 )

T day, ta tim dwoc hai phuong trinh:

izp-=%t=> ﬁ-zﬂ:ﬂf’nnzz
n 80

%ol = 160kQ => L = . m w—"2
n 105

6,4H
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Chuong 6
CAC LOAI MACH LOC TICH cuc

DE BAI
6.1. Tim ham truyén ctia mach loc tich cuwc c6 so do6 cho trén hinh B 6.1. V&
dap (ng tan s6 cta mach loc nay véi R = 20kQ; Rj = IOkQ va véi 3 gia
tri khac nhau ctia ¢ = 0,1 0F, 0,47|iF va 1JF.

R

6.2. Tim va ve dap (rng tan s6 cla mach loc tich cwc c6 so do cho trén hinh
B 6.2.

6.3. Tim ham truyén ctia mach lgc tich cuc c6 so do cho trén hinh B 6.3. Vc dap
tng bién dd v6i r= IOkQ; R = 20kQ va 3 gié tri khac nhau ctra tu C:
¢ =0.1iir; 0.47iiF va l|iF.
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6.4. Tim ham truyén clia mach dién c6 so do cho trong hinh B 6.1.

6.5. Tim ham truyén ctia mach dién c6 so do cho trong hinh B 6.5.

Hinh B 6.5.

6.6. Tim ham truyén ctia mach loc c6 so do cho trén hinh B 6.6.
R

6.7. Tim va ham truyén ctia mach loc tich cyc cé so do cho trén hinh B 6.7.
Viét chuvong trinh MATLAB vé dap ng bién dd va pha cua mach loc d6
v6i 3 gia tri khac nhau cta tu C2= 0,01 JFE, 0,047f.iF va 0,2i.il; va véi:

R, = II,3kQ; R, = 22,6kQ; R, = 68,Ikfi; ¢, = 0,01|LiF.
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6.8. Tim va ham truyén cla mach loc tich cuc cé so d6 cho trén hinh B 6.8.
Viét chuvong trinh MATLAB vé dap ting bién d6 va pha cua mach loc dé
V@i 3 gia tri khac nhau ctia Q = 0, 0l|aF; 0,047|iF va 0,l|iF; va voi:
R = 22,6kQ; R,= 68,IkQ; c, = 0,01]J.F.
Tim tan s cat va hd s6 suy gidm ctia mach loc.

R

6.9. Tim ham truyén va dap (rng tan s6 cta mach loc tich cuc c6 so doé cho
trong hinh B 6.9. V& dap (ng bién dd va dap ng pha véi 3 gia tri khac
nhau cia R2= 11,3kQ; 22,6kQ va 113Q véi:

R, = 11,3kQ; R, =R4=168,1kQ; ¢, = C2=0,01aF.
R4

Hinh B 6.9.
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6.10. Tim ham truyén va dap (rng tan sé cia mach loc tich cwc c6 so dé cho
trong hinh B 6.10. Dung MATLAB vé dap (rng bién dé voi:
R = 11,3kQ; 22,6kQ va 90,4kQ; R, = 68,1kQ; ¢ = 0,0I(iF.
Tinh tan s6 cét clia mach loc v&i cac gia tri ctia cac linh kién da cho.

6.11. Tim ham truyén va vé dap (rng tan sé ctia mach loc c6 so do cho trén hinh
B 6.11. Viét chvong trinh MATLAB vé dap (rng bién do va pha cta mach
loc nay voi cac gia tri khac nhau clta dién tré R: 1l,3kfi; 22,3kQ va
90,4kQ va véi 3 gia tri khac nhau cua tu dién C: 0,01 |aF; 0,047|aF va I_iF.
Tinh tan sb' cat, dai théng va do suy gidm déi véi cac truong hop da cho.

6.12. Tim ham truyén va vé dap (rng tan s6 ctia mach loc c6 so do cho trén hinh
B 6.12. Viét chuong trinh MATLAB vé dap ting bién dd va pha ciia mach
loc nay voi R = 45kQ; ¢ = 10|.iF.
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6.13. So dd hinh B 6.13 la mach loc Sallen-Key théng dai. Tim ham truyén ctia
mach loc nay va sau dé vé dap ¢ng tan sé voi: ¢ = 0,l].iF; R = 40kQ va hé
s6 K = 2. Tinh tan s6 trung tam coc, do suy gidm a va hé sé khuéch dai cla
dai thong.

Hinh B 6.13.

6.14. Iim ham truyén cda mach loc tich cwc c6 so dd cho trén hinh B 6.14. V&
dap ¢ng tan sé voi: K =2; R| = IkQ; C| = 0,1jtFva C2=0,5|iF va 3 gia
tri dién ird R21a 3kQ, 30kQ va 300kQ.

Hinh B 6.14.

6.15. Tim ham truyén ctia mach loc cé so do cho trén hinh B 6.15. Trong d6 Yi,
Y.. Y, va Y4lacac do dan phtc.
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6.16. 'lim ham truyén ctia mach dién cé so do cho trong hinh B 6.16.

6.17. Tim ham truyén cta mach loc tich cwc c6 so do cho trén hinh B 6.17.

6.18. Tun ham truyén ctia mach dién c6 so do cho trong hinh B 6.18.
1F

6.19. Tun ham truyén va vé dap ¢ng bién dd ctia mach dién cé so dd cho trong
hinh B 6.19 va cho biét dé la mach loc loai gi? Tim dai thone clia mach
loc dé.
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6.20. Tim ham truyén va vé dap &ng bién do ctia mach dién c6 so dd cho trong
hinh B 6.20 va cho biét d6 la mach loc loai gi?

6.21. Tim ham truyén va vé
dap wng bién dd cha
mach dién c6 so do cho
trong hinh B 6.21 va cho
biét d6 1a mach loc loai
gi?

6.22. Tim thé'16i ra trong so do
mach dién cho trong hinh
B 6.22 voi gid thiét cac
bd khuéch dai thuat toan
la ly twéng.
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6.23. MOt OTA c6 so do cho trén hinh B 6.23
yéu cau c6 do truyén dan gm= ImS véi
ngudon nudi 5V va ddé nhay cla gmdoi
v@i dong 1ARCIa 20.

1) Hay cho biét gia tri cla 1ACva cla
RQbang bao nhiéu?

2) Néu Rg c6 sai s6 la +5% thi gmcé
gia tri nam trong ving nao?

6.24. MOt bién t&¢ do mirc nwdc co thé 16i ra
ty I1é tryc ti€p véi mic nwéc can do. Thé
nhuwng, dé nhay cla bién t& lai thay doi
khodng 10% ddi voi thoi gian. Vi vay,
dé diéu chinh do nhay cla bién tu,
nguwdi ta dung modt mach diéu chinh
dung bo khuéch dai thuat todn chuyén
ddi do didn OTA nhuw trén hinh B 6.24:

1) Hay chi ra rang c6 thé ding RGva
VGdé diéu chinh dd nhay cla bién tt.
2) Hai phuong phéap diéu chinh do
nhay dé thi phwong phap nao ich lgi
hon? Vi sao?

6.25. a) Tim thé I6i ra v,,(t) ca mach dién cho trong hinh B 6.25 biét rang thé
[6i vao la tin hiéu hinh sin vj(t) = sincot.

Hinh B 6.24.

b) Chitng té rang day 1a mdt mach nhan tan s6. Tinh gia tri cila RGva RL
dé thé 16i ra c6 bién do bang 1 néu do dan nam trong vung 10[aS dén
IOmS.

R1 V,,(t)

Hinh B 6.25.
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6.26. Hinh B 6.26 la mot mach diéu chinh tw dong hé s6 khuéch dai.
a) Tinh thé 16i ra v,, lheo thé 16i
vao vin RGva R
b) Biéu thi do truyén dan tiém can
i(vinkhi thé 16i vao vm= 0 va bang
v6 cung.
Cho cac gia tri cia Ri va Rt;
trong so dd. xac dinh gia tri cla
do truyén dan tiém can do.
6.27. Tim ham truyén va dap (ng tan
sé clla mach loc tich cuwc c6 so do
cho trén hinh B 6.27. V& dap tng
bién dd va dap trng pha cta mach
loc v&i 1*1=2*10*3: 00.1*10/-6;
R=500 va voi cac dién tré ro va Hinh B 6.26.
R, thay doi.

Hinh B 6.27.

6.28. Tun ham truyén cua mach lgc tich cuc c6 so dd cho trén hinh B 6.28.



6.29. Tim ham truyén va dap ¢ng tan ctia mach loc c¢6 so do cho trén hinh B 6.29.
Trong so do6 nay bd khuéch dai thuat toan OA2l1a bd 1ap lai thé.
1/pC2

6.30. Tim ham truyén va dap (ng tan s6 clia mach loc cé so d6 cho trén hinh
B 6.30. r2

6.31. 'ITiiét k€ mot mach loc thong thap bac 4, loai Bessel, c6 tam s6 cat f = 2 kHz.
Mach loc nay duoc thuc hién bang cach ghép ndi tiép hai mat loc nhu trén
hinh B 6.31.
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V*

6.32. Thiét ké mach loc thdng cao béac 6; loai Tchebycheff; d6 map mé 1dB; va
tan s6 cat fc= 10kHz c6 so dd nhuw trén hinh B 6.32.

R1 R'1 R"1
3,692 KQ 689 Q 2,703kQ
Hinh B 6.32.

TRA LOI VA HUONG DAN giai
6.1. V&i so do hinh BG 6.1a, ta tim
dwgc phuong trinh cla cac
dong dién tai ndt - cla bd
khuéch dai thuat toan viét dudi
dang toan tw la:

v oV
- L+-~ +pCVv2=0
R 2

Twr d6 tim dwgc ham truyén H(p)
clla mach loc:

Hp)=A M =z~ 11

v,(p) 1+pRC
Hay c6 thé viét dwdi dang: H(p) = K ¢c
P+ COC
Vi K=- va cor = —
R, c RC
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6.2.

V& dap (rng tan sd H(jco) ctia mach loc nay nho MATLAB:
R=20e+3; R1=10e+3;

c=[0.1*10A6 0.47*10A6 10A6];

w=]ogspace(0,3);

f=w/2*pi

H1=(-R/R 1)./(1 +(j* W*R*C( 1)));

H2=(-R/R 1)./(1 +(j*w*R*C(2)));

H3=(-R/R 1)./(1 +(j*w*R*C(3)));

plot(f,20*log 10(abs(H 1)),"p-',f,20*log 10(abs(H2)),'o-
,f,20*log 10(abs(H3)), X-);gnd

title("Dap ung tan so cua mach dien hinh 6.1%)
xlabel(Tan so,Hz")

ylabel(*Bien do,dB")

axis([0 500 0 6.2])

text( 100,2,"C=1mF)

textil 50,3.5,C=0.47mF)

text(400,5.3,"C=0. ImF)

Két qua chay chuong trinh cho trén hinh BG 6.1 b.

Dap ung tan so cua rnach diert hirih 16.1

Tan so.Hz
Hinh BG 6.1b.
Poi voi so do hinh BG 6.2a, ta tim
dwgc cac phwong trinh déi voi thé &
16i vao khong dao:

V+: - -V!
+ pRC
Thé & 16i vao dao:
vV_= R mV,
R, +R,
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llai thé nay c6 gia tri bang nhau, nén tr d6 tim duoc:

H(p) = — ——-—— =K - —

Rj + R21+ pRC 'p +coc
Trong d6: K, =—_ va on=—i—
1 R,+R2 RC

Péap &ng tan sé dugc vé trén hinh BG 6.2b, nh& chuong trinh MATLAB:
R2=20e+3; RI=10e+3; R=10e+3;

c=[0.1*10A6 0.47* 10A6 10A 6];

w=logspace(0,3);

f=w/2*pi

H1=(R /(R 1+R2))./( 1+(j*w*R*C( 1)));

H2=(R1/(R 1+R2))./( 1+(j*W*R*C(2)));

H3=(R /(R I+R2))./( 1+(I*W*R*C(3)));
plol(f,20*logl0(abs(H 1)),'p-,,f,20*logl0(abs(H2)),"0-
",f,20*logl0(abs(H3)),"x-");grid

title('Dap ung tan so cua mach dien hinh 6.2")
xlabelCTan so,Hz")

ylabcl(*Bien do.dB")

%axis([0 500 0 6.2])

text(600,-2i:C=ImF)

text(800-17,"C=0.47mF)

text(1000,-10,00.1 mF)

Két qua chay chuong trinh cho trén hinh BG 6.2b.

Dap ung tari so cua rnach dien hinh 6.2

[ “T
.10 -b=EMmF
V'u :
lg -5 iVv r * '
\ C-0 47mF
-20 R U
=lmF
~S|
X
30 J L J | | L
§] 200 400 600 800 1000 1200 1400 1600
Tan so,Hz
Hinh BG 6.2b.
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6.3. V& so db dudi dang bién doi Laplace nhw trén hinh BG 6.3a.

R

Twr so d6 hinh BG 6.3a, ta tim duoc:

i,(pl4d =.ij L =k-£ -

V, R]+prC p+0x
Véi: K=—— va =
R (Dc rC

Hinh BG 6.3b vé dap (rng tan s6 v&i 3 gia tri khac nhau cla tu ¢ va
R=20e+3; r=10e+3;

c=[0.11:10A 6 0.47* 10A6 10A6];

w=logspace(0,3);

f=w/2*pi

K=-r/R;

wcl=1l/(r*C(l));

wc2=1/(r*C(2));

wc3=1/(r*C(3));

H1=K*(j*w)./(j*w+wc 1);

U2=K*(j*w)./(j*w+wc2);

H3=K*(j*w)./(j*w+wc3);

plot(f,20*log 10(abs(H 1)),"p-",f,20*log 10(abs(H2)),'o-
,f,20*logl0(abs(H3)),'x—;grid

litle("Dap ung tan so cua mach dien hinh 6.37)

xlabclCTan so,Hz")

ylabel('Bien do,dB’)
legend('C=0,ImicroFara,,,C=0,47microFara’,"C=ImicroFara’)
Két qua chay chuong trinh cho trén hinh BG 6.3b.
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Dap ung tan so cua mach dien hinh 6.3

Hinh BG 6.3b.
6.4. bDat: 7z, =R2 z2=R, + -
pC
Khi do: H(p)="M =i+ii =1+ilL1iM
v,(p) Z R,
Hay: H(p) = vO(p) = (R|+R2)CP + 1=
v,(p) R2Cp R,
6.5. H(p) =X M = 1 RRXp+(R,+R7)
v,(p) R2 RCp+1
r,r2c
p+1
R, R, +r7
R2 R,Cp+lI
6.6. Ta viét phuong trinh Kirchhoff tai cac nut:
lai nat V : v +X--'--yizi_
R, R4
T d6 tim duoc:
Y .U + - K
\% R,
\
Hay V =
K
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6.7.

Tainatv+ Y,(V+- v,)+Y4A/+=0
T do tim duwoc:

Y3+ Y4)V+-Y 3V1=0
Viv+=v_, nén suy ra

Vo (Y, +Y4)Vu
KY,

Taindt V,: Y,(V, - Vin+(Y,(V, - vH+Y2V,- Vu=0
Tl do6 tim duoc:
(Y, +Y2+Y3)V, - Y,vin- Y,v+- Y2Vai=0
Thay v += V =, ta duoc:
(Y, +Y2+Y,)(Y3+y4)Vni _y~NILyv =n
JEY 1in 3K u
TU d6 tim dugc ham truyén:

H= yd= K Y
v,n (YL+Y2XY ,+Y4)+Y,(Y4-K Y a)

O day cac dd dan Y h Y2 Y3 Y4dugc thyc hién bang dién tre (Y= E)

hoac tu dién (Y = pC).
Pay la mach loc Salen-Key thong thap, voi:
Y. K. Y>:Z<'IZ'; Y==PCl= Y4=PC.

Thay cac gia tri nay vao ham truyén H(p) dang téng quat clia bai toan 6.6,
ta thu duoc:

K
H(p) = -
R.R2 (T(—|+ pc2Xsl>22+ pc,)+AY2 (pci- kpc?2)
K
H(p) = -
R,R2 (- +PC2)(™-+Pc.)+-(pC, -KpC2)
K| AV, lv2
k /R|R2c,c?2
Hay: H(p)= 1 1 - ! —
E +p( —b—H e hK— —) H----- oo
r.c2 rZ2Z, r2? r2c, r,c,r2c?
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Hé sd khuéch dai tinh:

K _ R3+ R4
R,
phai ludn ludn nhoé hon 3 vi ly do 6n dinh.
V6i: R, = 11,3kQ; R2=22,6kQ; R3= R4=68,1kQ; c, = 0,01ijiF, thi ham
truyén trén sé c6 dang:
Hi i1- 7,83.107
p p2+1,77.104p + 5,87.107
Hinh BG 6.7 vé dap (rng bién dd ctia ham truyén véi 3 gia tri khac nhau
cla tu C2 nho chuong trinh MATLAB:
R2=22.6e+3; RI=11.3e+3;
Cl=0.01e-6;K=2;
C2=[0.01*10A6 0.047* 10A6 0.2*10A6];
wcl=I/(RI*R2*CI1*C2(l))
wce2=Il/(RI*R2*CI1*C2(2));
wc3=Il/(RI*R2*CI*C2(3));
w=logspace(0,4);
f=w/2*pi;
b=[7.83e+7];%
%b=[0 0 K*wcl];
al=[T7 1.77e+4 5.87e+7];
%al=[l 1/(R1*C2(1))+1/(R2*C2(1))+(K+1)/(R2*C1) wcl];
a2=[l 1/(R1*C2(2))+1/(R2*C2(2))+(K+1)/(R2*C 1) wc2];
a3=[l 1/(R1*C2(3))+1/(R2*C2(3))+(K+1)/(R2*C1) wc3];
Hl=freqs(b,al,f);
H2=freqs(b,a2,f);
H3=freqs(b,a3,f);
semilogx(f,20*logl0(abs(H1)),"p-",f,20*logl0(abs(H2)),,0-
,f,20*logl0(abs(H3)),"x-");grid
title('Dap ung tan so cua mach dien hinh 6.7%)
xlabel(*Tan so,Hz")
ylabel(*Bien do,dB")
legend('C2=0,01microFara’,’"C=0,047microFara‘,'"C=0.2microFara’)
Ham truyén nay c6 tan s cat Ia:
wc 1= 3.9157e+007 Hz



6.8.

Dap ung lan so cua mach dien hinh 6.7

Hinh BG 6.7.

Mach loc nay c6 ham truyén dang:

k/r2c,c2
H(p) = .
+(K+1 + -
p2+p RC ( )RC, irc,c2
K
Hay dang: H(p)=/ \2
P +2a~ +1
vweceJ G'E
Trong do: = la thn s6 cét
RVCA
c, c21-K .. . 1w .
a= [—*+ —— la hé sb6 suy giam cua mach loc.

Bay gio' néu chon C| =Q =c, thi mach loc nay sé la mach loc Butterworth
théng thap voi tan s6 cat la:
Qr= L va hé sb suy giam a = 3K

RC 2
Hinh BG 6.8 vé dap ng bién dd ctia mach loc véi 3 gia tri khac nhau cla
tu ¢ 2 nho chuong trinh MATLAB:
R2=22.6e+3; RI=22.6e+3;
Cl=0.01le-6;K=2;
C2=[0.01*10A6 0.047* 10A6 0.1 *10A6];
wel = 1/(RI*R2*CI*C2(1))
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wce2=l/(RI*R2*CI1*C2(2));

wc3=l/(RI*R2*CI1*C2(3));
alpha=sqrt(CIl/C2(1))+((I-K)/2)*sqrt(C2(l)/CI)
w=logspace(0,4);

f=w/2*pi;

b=[7.83e+7];%

%b=[0 0 K*wcl];

al=[l 1.77e+4 5.87e+7];%

%al=[l 1/(R1*C2(1))+1/(R2*C2(1))+(K+1V(R2*C1) wcl];
a2=[l 1/(R1*C2(2))+1/(R2*C2(2))+(K+1)/(R2*C1) wc2];
a3=[l 1/(R1*C2(3))+1/(R2*C2(3))+(K+1)/(R2*CI) wc3];
Hl-fregs(b,al,f);

H2=freqs(b,a2,f);

H3=freqs(b,a3,f);
semilogx(f,20*logl0(abs(HI)),p-*,f,20*logl0(abs(H2)),"o-
,F,20*logl0(abs(H3)),x-);grid

title("Dap ung tan so cua mach dien hinh 6.8°)

xlabel("Tan so,Hz")

ylabel(*Bien do,dB")

%axis([0 400 0 27])
legend(*C2=0,01micro’,"C2=0,047microFara’,"C2=0.1microFara)
Trudng hop Ci =C2=0,01|iF, tan s6 cat la:

wcl =

1.9579e+007

va dé suy giam:

alpha =0.5000

Dap ung tan so cua mach dien hinh 6.8

Hinh BG 6.8.
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6.9.

Ham truyén dang:

Kp2Cc,C2
H(p) =
<R_+PC|)(RT+pC2)+PCi(R— KR~)
Kp2R,R2C,C2
Hay: H(p) = P

(1+pR.C.XI1+pR.CJ+pC~R, KR))
Hodac dudi dang chuén hoa:

r \2
K _p_
H(p) =
| +2a— +
e voocy
. 1 A K S
Trong do: ox = A la tan so cat
"K[R2CIC
va a R2(C,+C2)+R,C2(1-K)
J w ¢

Ia hé s6 suy gidm.

Hinh BG 6.9 vé dap (ng bién do cia mach loc thong cao voi K = 2 va
Ri = 113Q; R2= 113Q; 1130Q va 1I1300Q; R, = R4=168,lkh; ¢, =Q =0,01|aF.

R2=[11.3e+1 11.3e+2 11.3e+3];

RI=11.3e+1;

Cl1=0.01e-6;

C2=0.01e-6;

K=2;

wc 1=1/(sqrt(R 1*R2( 1)*C1 *C2))

wce2=I/(sqrt(R 1*R2(2)*C1 *C2))

wc3=l/(sqrt(R 1*R2(3)*C1 *C2))

alphal=(R2(1)*(C1mC2)+R 1*C2*(1-K))/(sqrt(R 1*R2( 1)*C1 *C2))
alpha2=(R2(2)*(CI1+C2)+RI*C2*(I-K))/(sqrt(RI*R2(2)*CI1*C2))
alpha3=(R2(3Wci+C2)+RI*C2*(I-K))/(sqrt(RI*R2(3)*CI*C2))
w-logspace(0,3);

f=w/2*pi;
Hl=(K*(j*w/wcl).A2)./(1+2*alphal*(j*w/wcl)+(j*w/wcl).A2);
H2=(K*(j*w/wc2).A2)./(1+2*alpha2*(j*w/wc2)+(j*w/wc2).A2);
H3M"K*(j*w/wc3).A2)./(I+2*alpha3*(j*w/wc3)+(j*w/wc3).A2);
plot(f,20*logl0(abs(HI)), p-\f,20*logl0(abs(H2)),'o-
,f,20*logl0(abs(H3)),"x-);grid

title('Dap ung tan so cua mach dien hinh 6.9)

xlabel(*Tan so,Hz")

ylabel(*Bien do,dB’)

legend(*R2=1 130hm*,"R2=1 130 Ohm', R2=1 1300 Ohm?")
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Két qua chay chuong trinh cho trén hinh BG 6.9.

Dap ung tan so cua mach dien hinh 6.9

Hinh BG 6.9.

Mach loc nay c6 tan s6 cat la:

wecel =

8.8496e+005

wc2 =

2.7985e+005

wc3 =

8.8496e+004
Cac hé s0 suy giam tinh duoc la:

Iphal =

1

alpha2 =

6.0083

alpha3 =

19.9000

202
6.10. Ham truyén dang: H(p) = Kp ¢

(R+pC)(R+PC)+PC(R_KR)
Kp’R7?

(1+pRC) +pCR(I- K)

Hoac dudi dang chuan héa:

Hay: H(p) =

f n2
K P
v®c/
f \ 2
1+2a— + P
vwe J

H(p) =
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, 1 s s 2
Trongd6 G@c = la tén sé cat
RC

3-K R, + R,
- n

. +
va a-= K

R,
la hé s6 suy giam.

Hinh BG 6.10 vé dap tng bién dd ctia mach loc thong cao véi K = 2 va
R = 11,3 kQ 22,6kQ va 90,4kQ; R, = R2= 68,IkQ; ¢ =.0,01|iF.

Dap ung tan so cua mach dien hinh6.10

Hinh BG 6.10.

Mach loc nay c6 tan s6 cat twong tng la:
wcl =
8.8496e+003
wce2 =
4.4843e+003
wc3 =
1.1062e+003
6.11. Ham truyén cGia mach loc nay c6 dang:

K"pC
H(p) = R
T o1 1 1 1 1
— ) (pC +—+pC) + pC(—+ pC —K —
(R, R)(|0 = pC) IO(R p R)
K 1
R,c
H(p) =
R R, R RC R R,
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R.
pRC 2+ (I-K

KR + R,
Hay: H(p) =
2R+R,(3-K)X 2R2R,C2 R,
+p 2+(I-K) +1
R+R, R+ R,
Ho#c duéi dang chinh tac:
2a—
H(p) = KR (o2
PPZ R +R.(3-K) f -V
Y
VWC ;
. R ... A
V@i e = 11+— latan sé trung tam
RC R,
2R+ R ,(3-K) | . s e s
a= (N ) la hé sd'suy gidm cua dai chan.
2jRARTR ")

bay chinh la ham truyén ctia mach loc thong dai. D6 rong dai thong cla
mach loc théng dai nay tim duoc:

A= 2aco_ = N +3-K
RC R,
T day ta thdy rang do rong dai thong phu thudc vao hé s6 khuéch dai
tinh K. Vi vay tinh chét loc lya ctia mach loc cé thé dwoc diéu chinh nho
thay doi hé so khuéch dai tinh K; c6 nghia la cé thé thay doi R, hodc R4
tot nhat la thay doi R4 dé diéu chinh do réng dai théng. Tuy nhién, tir biéu
thirc cda hé s6 suy gidm, ta thdy, néu hé s6 khuéch dai tinh K vuot qua

giatri 3+ 27R— thi mach loc sé bat on dinh.
R,
Hinh BG 6.1 la vé dap (rng bién d6 doi voi 3 gia tri khac nhau cla dién tré
R.; twong (ng v&i 3 tan s6 cat:
wcl =
1.2916e+004
wc2 =
8.0593e+003
wc3 =
3.5051e+003
va 3 dé rong dai thong:
Bl =
2.8850e+004
B2 =
2.4484e+004
B3 =
2.1106e+004



Dap ung tan so cua mach dien hinh 611

Hinh B 6.11a.
Hinh BG 6.1 b vé dap (rng tan s6 v&i 3 gia tri cila ¢ khac nhau.

Dap ung tan so cua mach dien hinh 6.11

Tan so,Hz

Hinh BG 6.11b.

RG rang, sw thay doi clia tu ¢ khoéng chi lam thay doi tan so' trung tam ©c
cta mach loc ma con thay doi ca dai thong cia né nira. Két qua sau day
cho thay két luan nay:
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6.12.

154

wecel =
1.2916e+004
wc2 =
2.7480e+003
wc3 =
129.1550
Bl =
2.8850e+004
B2 =
6.1382e+003
B3 =
288.4956
Ca ba dap trng tan s6 déu c6 cung hé s6 suy gidm:
alpha =
1.1169
C6 nghta la tu ¢ khong lam thay doi hé so suy giam clia mach loc loai nay.
Ham truyén ctia mach loc nay sé cé dang:

1
R/2 PC
H(p) =
—1-+—XpC+- +pC)+pC(—+pC- K—
(R/2 RIE— RE)E(Rp R)
1
“Ri2)C
Hay: H(p) = (R/2)
2 ! 2(—+ )+ (I-K) .
+ — - JR—
P*Pe R R12 R Ro R R/2
Mach loc nhw vay c6 ham truyén la: H(p) = 2 §R2Cp

4R'C"p" +5p +3
Hoac dudi dang chinh tic:

KR 2a (P

ur
H(p) =

2R+ (R/2)(3-K) {p'2
+2a— +1
var, Gr
. S R A o _5v3 s«

Trong dé: Qc = —ylI3 latan so' trung tdm. Con: a = — — la hé s6 suy
giam cuia dai chan. D6 rong dai thong la: Aca= . Mach loc nav c6 dép

(rng tan so6 cho trén hinh BG 6.12 v6i R = 45kQ; ¢ = 10 §.



Dap ung tan so cua mach loc Sallen-Key thong dai

Hinh BG 6.12.

6.13. Ta vé lai so d6 dudi dang bién doi Laplace nhu trén hinh BG 6.13a.

Hinh BG6.13a.
TU so dohinh BG 6.13a, ap dung dinh luat Kirchhoff cho dong dién tai
nat Vi, v +vav_, ta thu dwoc 3 phuong trinh:
V -V , V -V,

1R in+ pCV, +pC(V, -VJ + - 1- ° =0
(| +2pC)V ,-pCV ,-~-~ =0 (1)
i +pC(V.-V,)=0 (2)
V. V-V, V,
AN 427 Z0=>V =-lI- (3)
R (K-DHR + K
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Thay v +tw (3) vao (2), ta duoc:

VY;\_+pC(A_V,):O:> V, = — 1 -+1 V. 4)
2KR K K 2RCp
Thay (4), (3) vao (1), ta sé thu dugc hé thic:
(- +pO)(, 1 v, =
K R 2RCp K R R
Hay: - =V
Y “krep K K Yo~ Vin
T d6 tim dwoc ham truyén:
v KRCp
H(p)=—L= z2z—
\% Rcp +3B3- K)RCp+1
K
. J \4 pp
Hay duwéi dang chuan: H(p) = v = - 1
nop RC P r2c?

Tl day, ta thdy ngay mach loc la théng dai, c6 tan so trung tam:
1
Or=—
RC

3_ Ki
va do suy gidm: a = (_Z_RC D06 rong dai thdng: Aco = 2acoc = 3 - K

Hé s6 khuéch dai cta dai thong la: G =

Chuong trinh MATLAB sau day vé dap (rng bién dd ctia mach loc nay voi
3 gia tri khac nhau cua tu C:
C=[0.01e-6 0.047¢-6 le—6];
K=2;
%wc 1=( 1/(R*C(1))*(sqrt( 1+R/R1))
wcl=1/(R*C(I))
wc2=I/(R*C(2))
wc3=I/(R*C(3))
%wc3=(1/(R*C(3)))*(sqrt( 1+R/R1))
%wc3=(l/(R(3)*C))*(sqrt(I+R(3)/RI))
alpha 1=(3-K)/(2*R*C(1))
alpha2=(3-K)/(2*R*C(2))
alpha3=(3-K)/(2*R*C(3))
GI=K/(R*C (i»;
G2=K/(R*C(2));
G3=K/(R*C(3));
Bl=2*alphal*wcl



B2=2*alpha2*wc2

B3=2*alpha3*wc3

w=logspace(0,6);

f=w/2*pi;

HI=(GI*(j*w))./(wclA+2*alphal*(j*w)+(j*w).A2);

H2=(G2*(j*w))./(wc2A2+2*alpha2*(j*w)+(j*w).A2);

H3=(G3*(j*w))./(wc3A2+2*alpha3*(j*w)+(j*w).A2);

semilogx(f,20*logl0(abs(HI)),'p-",f,20*logl0(abs(H2)),'0-

' f,20*jog 10(abs(H3)),"x-);grid

title('Dap ung tan so cua mach dien hinh 6.13")

xlabel(*Tan so,Hz")

ylabel(*Bien do,dB’)

legend("C=0,01 microFaraVC=0,047 microFara’,"C=l microFara’)
Két qua chay chuong trinh cho trén hinh BG 6.13b.

Dap ung tan so cua mach dien hinh 6.13

Hinh BG 6.13b.

Chuong trinh cling tinh tan s6 trung tam, do suy giam va doé rong dai thong
cho 3 trwong hop déa noi.
* C4c tan so cét:
wecel =
8.8496e+003
wce2 =
1.8829e+003
wc3 =
88.4956*
Cac hé s6 suy gidm:
alphal=
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4.4248e+003
alpha2 =
941.4423
alpha3 =
44.2478
*D0 rong dai thong:
BI =
7.8315e+007
B2 =
3.5453e+006
B3 =
7.8315e+003
»
6.14. Viét phuong trinh cho dong dién tai cac nat v_ va v + ta duoc:
Vion-V_ V,-V_

=0
1 R
R.+ oC,
1 V -V
va (EC2+_ W+ % - nN=0
2 R2 + KR
V +=V_, nén tir hai phwong trinh trén tim duwoc:
1 V. -V,
(PC2+ M)V ++ — N - Y =0
K(R,+b%r’)
1 \%
Hay: (pC2+-7) V. =— ’
’ R2 K (R ,+~) K(R .+
Néu thé 16i ra lay trén v + thi sé& thu dwgc ham truyén:
H(p) =
K(1+ pR2C2)(I1+ pRIC])-pR2C1
-p '(R,C,+R2C2) R”c'j
Hay: H(p) = AXx

p2R,C1R2C2+p (R,C,+RA)--~

-2a —
D,

i \
p + 2a +1
Vag) J vy

Hay duéi dang chuan: H(p) = A
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Trong dé: A= — br=, = —
K(R,C,+R2C2)-R 2C, 7r ,C,R2C2

RiC1+R2C2- ™ -
va a= - / _ —
2Vr ,C,R2C2

Dai thong cua mach loc nay:

Aco = 2acur = —'- +— _—
R,c, R2C2 KR,C2
Hinh BG 6.14 vé gian do Bode clia mach loc thong dai dung bién doi trd
khang clia hinh B 6.14 v6i: KI = 2; R, = IkQ; Cj = 0,11Fva Q = 0,5|aF
va 3 gia tri dién tré R2la 3kQ, 30kQ va 300kQ;. Tk day ciing tinh duoc:
A = 0.9375; Gc = 1.825,7Hz; hd sO suy giam a = 1,46 va dai thong
Aco = 5.333,3Hz voi R2= 30kQ.

Gian do Bode cua mach loc thong dai dung chuyen doi tro khang hinh 6.14

Tan so,Hz (rad/sec)

Hinh BG 6.14.

6.15. DE thiét Iap ham truyén clia mach loc tong quéat nay, ta ap dung dinh luat
Kirchhoff cho dong dién tai cac nat Vivav_:
Y, (Y, - V)+Y2/, - Y,V, + YAV, - v0)=0
y,v1+y5/0=0
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Loai V, tr hai phwong trinh nay va sau do lap ty so' gitra V (/Vin ta sé thu
dwgc ham truyén:
Yo Y%

vin Y3Y4+ Y5(Y, + Y2+ Y, + Y4)

6.16. Tai nut V! ta co:

Vi,

c,cd

o Vs
v iQp — =0=>v,=-
R3

V.-V <V
SVo +vicp+ (Vi - vO)C,P
RI R,

f . \
1 -
J _+J-+(c,+Cj)p +c,
" rom = (c,+Cj)p tc,p
Tl d6 tim dwoc ham truyén:
hi,i=iiM =

vi(p) C.PI R,+R. | <. +C2>

IF r,r,r,c?p r a

H,v nrm v"(p> -R/ARNK|P
v ’(p) Z|(C,4- éj ’V R|+R2
R,c,c2 R.R”"C.q

6.17. Ham truyén ctia mach loc bac hai cé dang:

H(p) = -1/R.Ra
R2R, r, R2 RS3
Hay: H(p) = — —4/R,R,C,C2
2 1,11 1, 1

p Ay
C2 R, R2 R, R2R,C,C2

Trong trudng hop dac biét, néu tat ca cac dién tré déu bang nhau va bang
R, thi ham truyén cé dang kha don gian:
H(p) = - W
2 _x 1
p +p rz:5+ r t,c?2

Twr day tim dugc tan sé trung tam: Gc = 1
rVc a

s A oA . C
va hé so suy giam: a = — —
2VC,
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Néu chon Y,, Yj va Y4la dién dung con Y2va Y, la dién tré thi ta sé thu
duwoc mach lgc tich cyc théng cao béc hai.

6.18. ' ' V.-V1=VI1+V,P+(V,-VO)P
vli+vIP=0 =» V =
p
p2+2p + 20

V.=V12p+2)-VOop=-VL

—

\Y
Vay: H(p)=— = Z
Y () Vv p +2p +2
6.19. Goi: 4 =R, +— =1+4+Pc .r1
pc, pC,
R2(1/pC2) _ R2

R2+1/pC2 1+pCoR2
Ham truyén ctia mach dién tim duoc la:

72 _ pR2C,
Hp)= " =-
Z, (1+pRZ 2)(1+pRIC]))
pl/C,R2
2 1 1 1
PP iR ) TRERE:?

Thay p = jco vao biéu thirc ciia ham truyén, ta thu dwgc dap (ng tan so cla
mach loc nay la:
(jeco)l/IC,R2

(eco)2+ (jco)(-N- +-N—)+ 1
Ko Rige RICIRICj
Pay la mach loc théng dai v6i tan sé trung tam:

HO'©) =

1
Llé):
i m
% 1 1 J =iQ= VR.C.RA
Q R’C’ R2C2 R,C,+R2C2
Dai thon B =— = ——— 4+ ——
’ Q Rc, Rx2

\Y 1+ 1/jco 1+ jco
v,, _ l/jco 1

v+ 1+1/jco 1+ jco
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6.21.

6.22.

6.23.

6.24.

162

Vay: H@{o» =" in =— i—7
v,(jw) (I + jco)

bay la mach loc théng thap.

Ham truyén tim dwoc:

H(G(B)=AIM =i+ JL L =i+ JCR
v.(jcu) R,+l/jcoC 1+ jcoCRj
. 1
jco+
Hay H(io) =(1+ ~ ) ------- C(RI*R;)
R " JCO + Cle

bay la mach loc théng cao.
Bo khuéch dai thuat toan OAIl la bd khuéch dai dao véi hé sé khuéch dai

donvi, nén v, =-. v2 OA2 la bd khuéch dai tong voi 16i vao dao cling hé s6
khuéch dai -R 2R| d6i voi hai 16i vao la vj va v3 nén thé 16i ra tim dugc:
R2, x_ R2/ \
vo = -7|<(v.+ vi) = 7|<'(v2 -vL)
Do d6, day la mach khuéch dai vi sai. J
a) Theo so do, ta tim dugc 1ABC= 5/Rc; gm= 201AC= ImS, nén:
10”3
ABC = A _ = 50"A

Tw d6 tinh dwoc: Rr =5/ 1R =— —r = 10SQ

50.10
b) gm= 20 ; Rgthay ddi trong khodng: 95 < Rc < 105
Ro
nén gmthay ddi trong khoadng: '~ " <gm<' "~
1) v0=i,RL

i(» = & m v bt

g, = 201ABC= 20-"-
K

_ 20VgR,

Vay: v,, vH

G
2) Tl két qud & cau 1ta thay thé 16i rav( ty 1€ truc ti€p vdi thé bién tir WK tiic
la ty I truc tiép véi mic nwdc do. DE diéu chinh thé 16i ra v, ta cé thé diéu
chinh thé nudi VGhodac dién trd Ro- Diéu chinh ngudn thé khong déi kho
hon; do vay cling ton kém hon. Ngoai ra nguén VGIlién quan truc tiép véi thé



6.25.

6.26.

6.27.

I6i ra trong kh diéu chinh mot dién tré vi chi can m6t mach phan thé va RG
khong lién quan tryc tiép véi thé 16i rav(. Do vay diéu chinh Rc lgi hon.

1) vo = 1,,RL
i(, =gmvi,
O :201ABC =20—

G

20R, , R, .
= s vin =207 sin 2(cot)

2) Thé I6i ra dwgc viét dudi dang:

Vay: v,

v0 = 20" k sin2(cot) = 10—"(1 —cos2cot)
Ro Ro
Nhuw vay tan s6 clta thé 16i ra da dwgc tang gap doéi. R rang day la mot bo
nhan tan so.
Thé 16i vao vinco bién do bang 1V ma do dan cuwc dai ctia mach da cho la
gmax =10 mS = 20lvJ/Ro tr day tim dwoc RG= 2000Q.
Dé bién do thé I6i ra bang 1V; nghia Ia:

IvJ=1V = 10RI suy ra RL=200Q

a) Vo vinemz2rL  201gAB2vinr 1 20l0IVINRL
i0, =g,,i(4-v0)=201A1(4- v0) =204/ RG)(4- v0).

Vay:v() = 20wxRLP0IMRG[§a / R@)){464 006400160 lgvin/DGO’Dvin/,, RL

G G
Hay, sau khi thay cac gia tri RG= 10kQ; RL= IkQ, ta tim dwgc phuong
trinh d6i voi thé 16i rav,,: v,,(I + 160vin) = 640vin

~ 640v
Vay: V,, =
1+ 160v:,
b il Vo 1 0,64
Vi, L vR,; 1+160v;
Khi Vy —0
ll >g R
4 I_
V. —>00
* RLvin m 250vn
Néu chon: Y, =~; Y2="-; Ys="-; Y3=pC2; Y4=pCl
Kl I\ 21\~
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thi sau khi thay cac gia tri nay vao ham truyén H(p) dang tong quéat cla bai toan
6.6, ta sé thu dwoc mach loc tich cuc théng dai bac hai cé ham truyén dang:
H(p)= pC"R'
— — +— +p(C, +c2) +p2C,C2
R R R p( ) +p
p/r,c2

Hay: =
v P =, (C.+C2), _Ri+R2

PPl 2 "RRR.CIC2
’ R, +R2
Mach loc nay c6 tan sé trung tam la: Gc =
. a . .. . _ RR2C +c2
va db suy giam la: a =
I R,(R,+R2)
C,+C2

Tw d6 tim dugc dai théng tai 3dB la: Ao = 2acoc =
R, "c,c2

Tur day ta thay dai thong ctia mach loc c6 thé duoc diéu chinh néu ta thay

doi dién tro Rv

Gilr c6 dinh do rong dai thong, tan sé géc trung tdm cldia mach loc théng

dai nay co thé duoc diéu chinh chinh xac nho diéu chinh dién tré R2

Hé s6 khuéch dai cutia toan bd mach loc cé thé dwgc diéu chinh nho thay doi

dién tré R, Hinh BG 6.27 vé dap &ng bién do ctia mach loc thong dai véi:

R1=2*10A3; ¢ = 0.1*10A6; R = 500 va véi cac dién troR2va R, thay doi.
Dy urg bien co cua mech loc thog il Rauch 6.12 va R3they da

o ] R3= 200 KiIQns
10 "'_'| R3 =500 Kilas
A . [ R3=700 Kilos
LN e
c 100' 77777777777777777 L.T.I I]Trr '-MI"I” '”"H"”"
bt i NIRRT
wamavikviwv, —1- L 133U
10' 102 - Hy 10 10
a1So
Dapugtimobaammmcﬂugdsi Rach 6.12 &t R they chi
01 I - R=667 M

L4. th R =3 Kilas

-
51@—#'5!’#% o i SRR
i-ri

- F —'% THH A - i—-n r ni"ﬁ'"

1 1 1~1,17111 1 [ N 1 vl
| K J - L rrrn | I nnni |
] -1-- J .49 IJALu

101 (0% 13 10
TansoH

Hinh BG 6.27.




6.28. Ham truyén ctia mach loc nay cé dang:

H(p) = P/R.C
P)= R, +R2
PP v rorx?
N A 1 4R
Mach loc nay c6 tan so trung tam la: cor = —_ [L
CIRtRZR,
va do suy giam 1a: a = RiR2
R3(Ri + R2)

Tl do tim dugc dai thong tai 3dB la: Aco = 2at0g = -R—ZC—

Cac thong s6 trén cho phép ta tinh duwgc cac gia tri clia cac dién trd theo
dién dung ¢, do rong dai thong Aco, coc va hé s6 khuéch dai A:

R =— R R3 1
3 CAco 1 2A ACAd

R, 1 Aco
r2

B R,R,C203A-11 C 2(Ui + A A 2co

Tir day ta thdy dai thong ctia mach loc cé thé duoc diéu chinh néu ta thay
doéi dién tro Rv

Gilr c6 dinh d6 rong dai thong, tan s6 géc trung tam ctdia mach loc théng
dai nay co6 thé duwoc diéu chinh chinh xac nho diéu chinh dién tréd R2

Hé sd khuéch dai clia toan bd mach loc cé thé duoc diéu chinh nho thay doi
dién tré R, Hinh BG 6.28 vé dap (ng bién dd cda mach loc thong dai voi:
R1=2*10A3; ¢ =0.1*I(yM5; R=500 va véi cac dién tré R 2va R, thay ddi.

Dap ung bien do cua mach loc thong dai Rauch 6 12 voi R3 thay doi

200 r 1 r“1*17nr — “b— 10111 Tt - ~=b—T f-*J»
i 1 1 1111111 100 R3= 300 Kiloms 11
1 1 111410 1011 11 ) un
150r 1 1 ivtiridnr S L T R3 = 500 Kiloms p
1 1 1 111Mmil 10 R3= 700 Kil n
1 1 111Mil 1001 roms
1001- 1 IR < 111 11111 1 1111111
50 1 13 1i4LU_ i _L J 11y —L 133333 U
T 11 111y, 17011 11111 1 1 11101
1 1011 11111 1 1 11111xm
oL- Im **e E1JJ u
101 102 10s 104
Tan so Hz
Dap ung bien do cua mach loc thong da Rauch 6 12 \oi R2 thay doi
200 -
1 11 1" 111 100 0 R2= 667 Om 31
150 L 1 T 31l onnn 1 [} (NN R2 =3 Kiloms L!
a1 s E A e a1 | )
1 11 1"l Mil 1 101 111 R2= 10 Kiloms 11
100 1 LJJJ iU l_ . -L.LJJ.JJ1U _—L_ 1 1L J U
k I I 1Mil 171771 T1im - Tr1 111111
1 102 o 1111 1 111 11111 101 1111111
50 1 1_1333i n__ -1 13 l.a31tu _—L_1_1LLI u
& 1 e 1 111 111 1 212 1a1an 11
1 1 fl» 1 01011 11111 1 01 1111111
oL - -JJ Wr L_JdJ.LL1J u
101 102 103 104
Tan so Hz
Hinh BG 6.28.
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6.29.
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DE xét cac tinh chat clla mach dién nay, trudc hét ta tinh ham truyén H(p)
cla toan bd mach. C6 nghia la ta phai xac dinh duoc ty so' cia bién doi
Laplace cta thé 16i ra V,/Vinnhu trén so do.

* Tai nat V,, phuong trinh dong cho ta:

— A+pCx =0
R 2

*Tai nit V2:

Loai trir V tlr hai phuwong trinh trén, ta duoc:

Hay: VO

R2R,C2p v
RiR2+R‘RR2XCIC2% +R2R2C2%H "

R2R,C2
r,r2+R2R,R2C,C»2+R2R2C%

-1/R2X,p
p2+1/RIC,p+1/R2C,C
bay la ham truyén cia mot mach loc thong dai. Ham truyén nay khong
phu thudc dién tré R,; cé nghfa la tinh chat cia mach dién khong phu
thudc dién tré nay. Piéu nay cling dé hiéu; bdi vi tang véi bd khuéch dai
thuat toan OA3chi la tang dém.
Ham truyén trén c6 thé duoc viét dudi dang chinh tac:

2RXC,Cp3+ R g5y
R,



Tl day ta thdy mach loc nay c6 tan s6 trung tam la:

“r Rylch
Hé s6 suy gidm cua dai chan la:

R2C2 R2C2 1 R

Ato = 2atoc
2R,C,

Chuong trinh MATLAB sau day vé gian do Bode ctia mach loc thong dai
nay véi: R = IkQ; R, = 999Q; R2= 866Q; Ci = 0,47]J.F; Q = 0,l|iF.
R1=999;

R2=866;

R=1.0e3;

Cl=0.47e-6;

C2=0.1e-6;

b=[0 -1/(R2*C1) 0];%][0 -R3/(R1*R4*C1) 0];

a=[l 1/(R1*C1) 1/(RA2*C1*C2)];%][1 1/(R5*C1) R3/(R2*R4*R6*C1*C2)];
fmin=1.0*10A3

fmax=1.0*10A4;

W-=logspace(loglO(fmin),logl0(fmax),50);

f=w/2*pi;

h=freqs(b,a,w);

bode(b,a,w)

title(*Dap ung bien do cua mach loc thong dai hinh B 6.29)

xlabel(*Tan so Hz")

ylabel(*Bien do dB”)

grid

Két qua chay chuwong trinh cho trén hinh BG 6.29 va hé s6 suy gidm
a = 1,085; dai thong Aar= 1.065 Hz va tan s6 trung tam: coc = 4.613Hz.
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Gian do Bode cua mach loc thong dai hinh 6.29

Tansogoc (rad/sec)

Hinh BG 6.29.

6.30. Trong so do nay, bd phan trong hop vuéng chdm cham twong duong véi do

168

dan z. Do vay ham truyén ctia bd loc chin dai nay tim dwoc dudi dang:
H(p) = = R2+R| — R2
v,(p) R, Z+R, R,
Tré khang z tim dwoc tlr cac phuwong trinh:
V=R4+RSl+1)
1

va R4l = -1,
cpr

T dé tim dwoc:
z — —R4+R, + RARC2p

Thay z vao biéu thirc cla ham truyén H(p), ta tim dwgc ham truyén cla
toan bo bo loc chan dai la:

c,p+1

H(p) = - T e A-J---
R4R5CIC2p2+(R4+ Rs+R;)Clp+ 1

bay la ham truyén ctia moét bd loc chan dai c6 tan sé trung tam:
1
r4roc,c?2




Bo loc nay c6 dap tng bién dd cé gia tri 16n nhat bang don vi va co gia tri
nhé nhat tai tan s6 trung tam cp. Khi dé thi:

IHCUI- r,+rd+r| <1
Hinh BG 6.30a vé bién dd va dap ting pha ctia mach loc chan dai nay véi:
R, = 11.3*10A3Q; R2=67.8*10A3Q; R3= 33.9*10A3Q;
R*= 100*10A3Q; Rs= 100*10A3Q; c, = 0.01.*10A6 F;
Q =0.01.*10A6 F

Dap ung Bien do cua mach chan dai

Tan so

Dap ung pha cua mach chan dai
200 1 1 1 F 1 1 1 2 r

20 1 | | | 1 1 1 | |
y 20 20 50 80 T00 120 140 160 180 200
Hinh BG 6.30a.

Dai véi so dd hinh BG 6.30a: néu thay doi gia tri clia dién tré R4 hodc R5,
thi khong nhitng ta cé thé thay déi tan s6 trung tdm va do rong dai thong
cia mach loc chan dai ma con thay ddi ca ban chat clia mach loc nira. That
vay, néu chon gia tri cla cac dién tré trén twong doéi thap cd dudi 25kQ thi
mach loc chan dai sé tré thanh mach loc théng dai. Béi vi, véi cac gia tri
nay clia cac dién tré R4va RS, thi d6 dan z twong dwong cla bd bién déi tre
khang da thay déi tinh chét: tir dd dan co tinh chat cdm khang thanh do dan
c6 tinh chat dung khang. Vi vay mach loc da chuyén tir chan dai sang
thong dai. Bap rng bién d6 cia 6 mach loc khac nhau twong (ng voi 6 gia
tri khac nhau cla cac dién tré R4va Rssau day:

R41=75*10A3; R42=85*10A3; R43=100*10A3; R411=1*10A3;
R422=15*10A3; R433=30*10A3; R51=75*10A3; R52=85*10A3;
R53=100*10A3; R511=1*10A3; R522=15*10A3; R533=30*10A3;
trong khi gia tri clia cac tu dién van gitr nguyén khong thay déi, dd minh
chirng cho nhan dinh nay. Hinh BG 6.30b cho thdy sw thay doi cla dap
(rng bién do ctia mach loc khi thay doi gia tri cia cac phan tir da noi.
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Dap ung Bien do cua mach loc khi thay doi R4 va R5

20 40 60 80 100 120 140 160 180 200

Hinh B 6”30b.

6.31. Gid slr ta c6 mach loc thong thap bac 4, loai Bessel, c6 tam s6 cat flL.= 2kHz.
Mach loc nay duoc thuc hién bang cach ghép néi tiép hai mét loc nhw trén
hinh BG 6.31.
Hinh BG 6.31 cho ham truyén dan da dwoc chudn hoa. Bién s6 p sé& duoc
thay bang p/co(, nhu vay thu dwgc ham truyén:

H(p) = 1—~ i-i
0,3889" +0,7742— +1 0,4889"| + 1,3396-2- +1
®0 ®0 G @l)
Twr bang 6.1, ta cé thé viét:
H( }= | i

p R2C,C22+2RC2 +1' R2C,C2p2+2RC p+ 1

Céc phan tr C|, Cj, ¢,, C2 dugc tinh bang cach can bang cac sé hang clia
hai phuong trinh va bang cach chon R = 2 kQ.
C1l c-1

39,9 nF 29,04 nF

Hinh B 6.31.

170



Ta chon R bang phép tinh gan dang lién tiép nho vay thu duoc cac gia tri
cla céc dién dung cu thé.
C2= 01742 = 15>4nF,; C.=4 A =390nF
2Rco( Roog
D6i voi mat loc thr hai, véi R = 2kQ:

Q = I 396-=26,6nF; c, =™ S =29,04nF
2Rco()

6.32. V@i bang 6.2, ham truyén ctia mach loc théng thap c6 dang:
1 1 1

Bang cach bién déi p bang 1/p, ta thu dwoc ham truyén ctia mach loc théng cao:
0,1247p2 0,990p2 0,5577p2

H(P) = 0,1247p2+ 0,464p + 1' 0,990p2+ 0,1243p +1' 0,5577p2+ 0,3397p + 1
Mach loc dwoc tao thanh tir ba mét loc bac hai néi tiép.
bay la mach loc Sallen va Key théng cao & dong th( 3 clia bang 6.2.
Néu 18y K = 1va ¢ = 1nF, thi gia tri cGa cac dién tré thu dwoc bang cach
can bang cac hé s6 cla hai phwong trinh.
So do ctia mach lgc can thiét ké cho trén hinh BG 6.32.

RL R1 Rl
3,692 KQ 989 n 2,703 kil
V8
Hinh BG 6.32.
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9.1.

9.2.

172

Chuwong 9

KIEM TRA, GIAM SAT
VA PIEU KHIEN QUA TRINH

DE BAI
a) Chitng té rang bd khuéch dai
thuat toan véi mach phan héi la
mot mach chia thé trén cac dién
tré Ri va R2trén so d6 hinh 9.la
c6 so do mo6 hinh héa trén hinh
B 9.1b; trong dé G(p) la hé sé
khuéch dai cla bo khuéch dai
thuat todn cé hé sd khuéch dai

tinh a(va tan s6 cét la C, va co2.

Hinh B 9.1b.

b) Tim ham truyén cula toan bd hé théng diéu khién do.

a) Ching t6 rang bo
khuéch dai thuat toan
véi mach phan hoi la
mot mach chia thé trén
cac dién tré R, va R2
trén so d6 hinh B 9.2a
c6d so do moé hinh hoa
trén hinh B 9.2b; trong
dé G(p) la hé sb
khuéch dai cua bd
khuéch dai thuat toan
c6 hé sO0 khuéch dai
tinh a, va tan s6 cat la
©, va co2

Hinh B 9.2a.



9.3.

9.4.

9.5.

9.6.

Hinh B 9.2b.

b) Tim ham truyén H(p) cla mach diéu khién nay.

c) VE gian do Bode clia hé thong diéu khién voi ba trueong hop: Vong ma,
vong kin, va vong kin can bang véi ¢ = 1,12pF.

Hé théng diéu khién méto bang cadm (ng c6 La = 0,2H, dién tré Ra= 2Q
hé s6 ty 16 kb= 0,1; k4= 0,1 va hé s6 ma sat F = 0,2Nms; m6 men
guan tinh cua tai va cta méto J = 0,02 kg.m2s2. Hay tim dap t¢ng cla
hé théng nay d6i véi xung nhay bac don vi u(t)

Bon hé thdng c6é ham truyén lan luot la G,(p), G2p), G-(p) va F(p) dugc
ghép v6i nhau nhu trén so d6 hinh B 9.4. Tim ham truyén H(p) cla toan
bé mang.

Hinh B 9.4

Hai hé théng thoi gian lién tuc c6 cac ham truyén lan luot la:

6.(p) = capy= "
p(p+1N)(p +2) (p+4)

Hay tim ham truyén cla toan bd mang khi:

a) Ghép song song.

b) Ghcp ndéi tiép

c) Ghép phan hoi.

Tim ham truyén cla

mang diéu khién co

so d6 khdi cho trong

hinh B 9.6. Hinh B 9.6.
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9.7.  Tim ham truyén cta mang diéu khién cé so do khdi cho trong hinh B9.7.

Hinh B 9.7.
9.8. Dung phuong phap bién s6 trung gian, tim ham truyén cua mang c6 so do
khéi cho trén hinh B 9.8.

Hinh B 9.8

9.9. Gian do khoi ctia mot hé thong diéu khién cd phan hoi c6 so dd cho trén hinh
B 9.9. Tim ham truyén cta hé théng d6 bang cac phuong phap:
a) Bién s0 trung gian
b) MATLAB
Biét rang cac ham truyén trén cac nhanh da cho la:

H,(p)= -5 _; H2(p)= ;. H,(p)=2
()= 5,5 HAPY= o H)

Fi(p) = 5 by

Hinh B 9.9.
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9.10. Gian dd khoi ctia mot hé théng diéu khién cé phan hoi c6 so do cho trén
hinh B 9.10. Tim ham truyén ctia hé théng dé bang cac phwong phap:
a) Bién s6 trung gian.
b) Phuwong phap do thi dong tin hiéu Mason.
c) MATLAB.
Biét rang cac ham truvén trén cac nhanh da cho Ia:

G.,(p)=— ; G2(p)=-"t; G,(p)=2
p(p+1) p+3

H, =
(P) (0+4)

Hinh B 9.10.

9.11. Dung quy tdc Mason, tinh ham truyén H(p) ctia mang c6 so dd khéi cho
trén hinh B 9.11.

9.12. Gian do khéi cua mot hé thong diéu khién c6 phan hoi c6 so d6 cho trén
hinh B 9.12. Tim ham truyén cua hé thdng dé bang cac phuong phéap:
a) Bién s0 trung sian.
b) Quy tac Mason.
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9.13.

9.14.

176

-> hb

H h4

Hinh B 9.12.

Tim ham truyén cla toan bd mang cho trén hinh B 9.13 dung:
a) Phuong phép don gidn hoa tirng buéc.
b) So d6 dong tin hiéu Mason.

Hinh B 9.13.

Trong dé: G,(p) =
p-+p
: 5p
P =0, Fe)= L,
So dd khéi ca hé théng diéu khién vi tri ctia moto dwoc digu khién bang
trudng cd so do cho trén hinh B 9.14.
a) Tim ham truyén H(p) cta hé théng theo quy ticratgon dai s6.
b) Tim ham truyén H(p) theo quy tic Mason.
c) Néu cho K =2, kl =-0,05, k2= 0,16 va k3 = 0,24.
Hay viét chwong trinh MATLAB dé tim ham truyén clia hé nay.
d) Dung cac ham MATLAB dé tim cac diém cuwc cla hé thdng diéu khién
vonll kin.
e) DOi voi cac diém cuc da cho, tim khai trién thanh cac phan thic riéng phan
nho ham MATLAB residue; tlr d6 tim biéu thirc gidi tich clia dap (ng cua mang
doi voi xung nhay bac don vi u(t). Kiém wa két qua thu dwoc nho ham step.
f) V& dap ¢ng do véi thoi gian 10 giay.



Hinh B 9.14.

9.15.  So dd khdi clia hé thong diéu khién cé so do cho trén hinh B 9.15.
a) Tim ham truyén H(p) cda hd théng theo quy tac rut gon dai sé.
b) Tim ham truyén H(p) theo quy tac Mason.
¢) Hay ham truyén cta hé thng nhd ham MATLAB series va feeback.
d) Tim va vé dap &ng ctia hé théng d6 dbi véi xung nhady bac don vi u(t)
vGOi thoi gian 10 giay.

Hinh B 9.15.

9.16. M0t hé thong diéu khién cé so do khdi cho trén hinh B 9.16; trong do:

H, =— }— ;H = i H, =-:;H =
()= — gy HAR = | HE) ==

Fl(p) = 03 ; F2Ap) = o+l s F.(p) =7

Tim ham truyén clia toan b hé théng bang:

a) Quy tac Mason.

b) Bién s6 trung gian.

c) MATLAB.

d) V& dap &ng xung don vi va nhdy bac don vi ctda hé théng da cho.
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Hinh B 9.16.

9.9. MO0t hé thong diéu khién vong kin c¢6 so dd dong tin hiéu cho trén hinh
B 9.17. Tim ham truyén H(p) cha hé théng d6 bang quy tic Mason.

9.18. Mot hé thong diéu khién vong kin cé so d6 dong tin hiéu cho trén hinh
B 9.18. Tim ham truyén H(p) cla hé théng d6 bang quy tic Mason.

Hinh B 9.18.

9.19. Cho mach dién RLC béac hai nhv trén hinh B 9.19. Hay thiét l1ap phwong
trinh ddi voi cac bién s6 trang thai ii(t) va v2t) nhu trén hinh vé.

Hinh B 9.19.
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9.20. Cho mach RLC song song nhu trén hinh B 9.20. Bang phuong phap bién sé
trang thai, tim thé 16i ra trén tu ¢ khi khoa K dong tai thoi diém t= 0. Biét rang
v(0) = 20V dong qua cudén cdm i(0) = 0 va c = 50|J.F, L = 1/32H; R = 10Q.

Hinh B 9.20
9.21. Dung phwong phép bién sb trang thai, tim thé 16i ra vQ(t) theo thé 16i vao
v;(t) trong so d6 mang dién cho trén hinh B 9.21.

9.22. Tim phuong trinh trang thai cta mang dién cho trong hinh B 9.22.

L c
jrm

v, © v O O

Hinh B 9.22.

9.23. Tim phuong trinh trang thai ctia mang dién cho trong hinh B 9.23.
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9.24.

9.25.

9.26.

9.27.

9.28.

9.29.

9.30.

180

Tim ma tran trang thai cta hé théng mot 16i vao va mot 16i. bac ba duoc
dac trung béi phwong trinh vi phan:

av() | _dZy(:) +p _0|)((EI>t+ () = yu()

dt d
Tim cac ma tran trang thai cia ham truyén:
= _ V+9p +20_

p +6p +Illp +6
Ham truyén cia mot hé thong tao chiim thich nghi dwoc biéu thi dudi dang:
1,65p4—0,331p3-576p2+ 90,6p + 19080
p _ pi+0,996p5+463p4+97,8p- +12131p: +8,1 Ip
Tim cac ma tran trang thai dé thuc thi ham truyén néi trén theo céu tric
chinh tic dang quan sat truc tiép.
Mot hé thdng diéu khién c6 ham truyén:
H(p)- y *.? -
(P) p +gp +1Ilp+6
V& so dd dong tin hiéu thwc thi hé théng trén dudi dang cdu tric chinh tic
dang song song.
Gia sir ham truyén c6 mot cap diém cuwc phirc Pi = 1- jva p2= 1+ j lién
hop phlic véi nhau. Ham truyén nay dwoc phan tich thanh dang:
H(p) = 4_ + — 4_ +_2 +_/\3_
p+l-j p+l+j p+5 p+7
a) Vé so do dong tin hiéu dé thyc thi hé thong nay véi cac hé so thuc.
b) Tim cac ma tran trang thai tir ham truyén da cho.
Ham truyén cla hé thong bac n cé6 mot diém cwc bdi k, khi dé chi con n-
k diém cwc don. Gia str di€ém cuc p, la diém cuc boi k
a) Hay vé so do dong tin hiéu thuc thi hé thong c6 diém cuc boi nay.
b) Biéu dién phwong trinh vi phan ctia hé théng nay dudi dane cac ma tran
trang thai.
Mot hé thong thoi gian lién tuc duoc biéu bdi ham truyén:
2+6p +8
Hpy= BT 2Pl
(p+ 1) (p+3)
a) Vé so doé dong tin hiéu lhyc thi ham truyén dé.
b) Tim cac ma tran trang thai cta hé théng c6 ham truyén nay.
c) Tinh cac ma tran trang thai dung ham tf2ss va so sanh két qua voi cau b).



9.31. Mot hé théng diéu khién moto vong kin thoi gian lién tuc cé ham truyén:

P) = T Tpa v opi ' 10p3+ 24p 122

a) Tun dap ¢ng xung don vi bang cach diung ham impulse cita MATLAB
vGi Iénh: impulse(b, a)
V& ca y va X theo t.
b) Tim dap tng cha hé théng déi véi xung nhady bac don vi  16i vao bang
cach dung ham step. V& ca dap (ng trang thai lan 16i ra.
c) Tim dap ng trang thai zero doi véi 16i vao da cho f(t) = e211> 0 bang
cach dung ham Isim véi t=0: 0.01: 5s.
d) Tim cac ma tran trang thai dung ham step va tim cac biéu dién khong
gian trang thai tvong (ng bang cac Iéenh MATLAB sau:

[y, x]=impulse(A,B,C,D,I)

[y.x]=step(A,B,C,D, 1)

[y, x]=lsim(A,B,C,D,f,t)
So sanh cac két qua thu duoc.

9.32. Quan hé vao/ra ctia mot hé thdng thoi gian lién tuc dwoc biéu thi bang
ham truyén:
+3p+
Hp = P TP
p +2p“+3p+1
a) Vé so do dong tin hiéu thuc thi tryc tiép hé théng do.
b) Tim cac ma tran trang thai va biéu thi quan hé vao/ra ctia hé théng theo
cac bién so trang thai.
c) V& so do dong tin hiéu thuc thi hé théng dé dudi dang cau trac ndi tiép.
9.33. So do6 dong tin hiéu ctia mot hé thdng thoi gian lién tuc cho trén hinh B 9.33.

9i

Hinh B 9.33.
a) Tim ham truyén H(p) cla toan bo hé théng.
b) Tim cac ma tran trang thai cta hé thdng.
c) S dung MATLAB, tinh det(pl - A); trong d6 | Ia ma tran don vi cung
bac v6i ma tran trang thai A.
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9.34. So do6 dong tin hiéu ctia mot hé thdng thoi gian lién tuc cho trén hinh B 9.34.

Hinh B 9.34.

a) Tim ham truyén H(p) cla toan b6 hé thong.
b) Tim cac ma tran trang thai ctia hd thong.
c) St dung MATLAB, tinh det(pl - A); trong do6 | 1a ma trén don vi cung
bac v&i ma tran trang thai A.
9.35. So dd dong tin hiéu ctia mot hé théng thoi gian lién tuc cho wén hinh B 9.35.

a) Tim ham truyén H(p) cla toan bd hé théng.
b) V& so d6 dong tin hiéu thyc thi hé thdng du¢i dang ghép song song.
c) Tim cac ma tran trang thai cda hé théng véi cau trac méi.
9.36. Hinh B 9.36 la so d6 cua may phat tin hiéu sin dung cau Wien. Tim ham
truyén ctia may phat va diéu kién dé may phat phat tin hiéu sin.

Hinh B 9.36.
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9.37. Hinh B 9.37 la so d6 clia mdt may phat xung rang cua.
a) Tim tin hiéu phat ciia mach dién noi trén.
b) Tinh tan s6 cla tin hiéu phat.

9.38. Mot hé théng c6 2 16i vao va 2 16i ra nhw trén hinh B 9.38 la hé thong co
2 16i vao, hai 16i ra. Tim ham truyén H(p) ctia hé thdng do.

Hinh B 9.38.

9.39. Tun ham truyén cla hé théng c6 so do khdi cho trén hinh B 9.39. Biét rang:

H’(p):;+1; Hz(p)zg_li H,(p):;_'_si

Hinh B 9.39.
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9.40. M6t hé thong thoi gian lién tuc hai 16i vao, hai 16i ra c6 so dé dong tin
hiéu cho trén hinh B 9.40.
a) Tim ham truyén ma tran H(p) cta hé théng dé.
b) Viét phuwong trinh trang thai cta hé thdong dudi dang chuan.

Hinh B 9.40.

TRA LOI VA HUONG DAN GIAI
9.1. a) Khi chua c6 mach phan hoi, thi hé s6 khuéch dai vong mé:
a11
Q@+ P+ P)
o,
Trong d6 hé sé khuéch dai tinh a0. B6i v&i nhiéu bd khuéch dai thuat toan
a0= 105; cic tan sO cat: @ = 104Hz va <2 = 106 Hz.

a(p) =

., s s \% R
Khi ¢c6 mach phan héi, thi: b=— = 1
v,, r,+r?2
Hé s6 khuéch dai vong kin bay gio la: A(p) = —m = —"—
U(p) 1+a(p)b
Do d6 c6 so do nhw trén hinh BG 9. la.
Hinh BG 9.1a.
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9.2.

Magnitude (dB)

Phase (deg)

Pap ng tan sé clia mach dién ddi voi vong mé va vong kin tim duoc nhw

trén hinh BG 9.1b v6i R, = 50kQ; R2= 90kQ.

Bode Diagram

100
)
60
40
Closed-Liop Gain (A)
2
o A liiim__ F112ildd i L

Hinh BG 9.1b.

1Li111

Khi chra c6 mach phan hoi, thi hé s6 khuéch dai vong mé:

a,
a(p) =

(1+ £)(1 +-P-)
@

Trong d6 hé s6 khuéch dai tinh a0. B6i véi nhiéu bd khuéch dai thuat toan

a,,= 105; cac tan s6 cat: O] = 104Hz va (2= 106 Hz.

L r Lms s \% 1+ Xp
Khi ¢6 mach phan hoi, thi: F(p) =— = k— ——
V,, 1+ +t2P
.- R,
Voi: k= i X =R2XC; 2= kx.
R, +R2

Hé s6 khuéch dai vong kin bay gio la: A(p) = -XiEl =

U(p)
Do d6 c6 so d6 nhu trén hinh BG 9.2a.

----- ANEl-----

1+a(p)F(p)
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Hinh BG 9.2a.
Hinh BG 9.2b vé dap (ng tan s6 voi: R, = 50kQ; R2 = 90kQ va tu
¢ = I/RZoM= 1,12pF; trong do6 oli(pla tn s cat clia dai thong.

Bode Diagram

Hinh BG 9.2b

9.3. Dé gidi bai toan nay, ta dung cac ham MATLAB. Chuong trinh
MATLAB sau day mo phéng hé théng diéu khién moto bang I3i nay.
% Chuong trinh MATLAB diéu khién méto bang 16i.
Ra=2;
La=0.5;
k5=0.1;
k4=0.1;
F=0.2;
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9.4.

9.5.

J=0.02;
hl=tf(km,[La Ra]);
h2=tf(km,[J F]);
dcm=ss(h2)*[hl,I];
dcm=feedback(dcm,kb, 1,1);
step(dem(l));
Déap ¢ng clia hé thdng déi véi xung nhay bac don vi cho trén hinh BG 9.3.

Dap ung nhay bac don vi cua he thong dieu khien mo to DC bang loi

Ben do

Hinh BG 9.3.
Tl so do ta thdy hai hé thong G2p) va G4(p) ghép ndi tiép nhau va ghép
song song v&i hé théng c6 ham truyén H,(p). Hé thdng c6 ham truyén
F(p) Ia ho thdng phan hoi ctia hé théng G2(p). Do d6 ham truyén cla toan
b6é mang sé la:
= G,(p) + G2(p)G4(p)
1+ G2(p)F(p)

Chling ta s& dung cac lénh cia MATLAB dé thyc hién cac so do dong
tin hiéu nay. Chuong trinh MATLAB sau day thuc hién cac yéu cau cla
bai toan.
%Truwoc tién ta dinh nghia cac ham truyén Gi va G2

zI=[inf;inf;inf];
% T4t ca cac diém cuc cla Gj déu bang co.

pl=[0;-1;-21;
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9.6.

9.7.

188

k1=3
[nl,dI]=zp2tf(zl,plKkl);
n2=[l 2];
d2=[I 4j;
%Tim ham truyén clia caAc mang.
[ns,ds]=series(n 1,d 1,n2,d2);
% Tim ham truyén cia mang ndi tiép.
printsys(ns,ds,’p")
[np,dp]=parallel(n 1,d 1,n2,d2);
% Tim ham truyén cda mang song song.
printsys(ns,ds,'p")
[nf,df]=feedback(n 1,d1,n2,d2-1);
% Ham truyén ctia mang phan hoi, -1 l1a phan hoi am.
printsys(nf,df,’p)
Ca ba lénh trén, MALAB cho két qua:
Dai voi mang noi tiép va song song thi ham truyén cdia mang téng thé déu
c6 dang:
num/den =

3 p+ 6

PA4 + 7 PA3 + 14 PA2 + 8 p

Hay H(p) = p_ +7p +17p +8p

Con dbi véi mang phan hoi, thi MALAB cho két qua:
num/den =
3p+ 12

pAas + 7 pPa3 + 14pPaz2 + 1l p+e

Co6 nghta la ham truyén ctia mang phan hoi c6 dang:

| +G,(p)G2(p) p4+7p’+14p: +1lp +6

1+ FAG, +F G,



9.8. 1) Bua bién so trung gian W(p) vao 16i ra clia bd tong dau tién trén so do.
Khi d6 tin hiéu 16i ra cta cac hé thdng duoc chi ra trén so do.
2) Thiét 1ap hai phwong trinh tai hai bd tong, ta duoc:
W - u- WGH
Y = WG,G2+ WG,
3. Loai b bién s6 trung gian w, ta tim duoc:

Lap ty s6 Y/U, thu dwgc ham truyén cla toan bé mang:

IP) Y@ G.(p)G2p)+G,(p)
U(p) I +G,(p)H(p)
Hay nhu trén so d6 dong tin hiéu ctia mang trén hinh B 9.8. Gia tri tai cac
nat 1a nhiing bién sb trung gian. Vi cac gia tri trén so do nay, ta thu duoc
hé phuong trinh sau:

W| =u - HW2- HY (1)

= GiWi (2)
W, = GAWW2- H2Ws 3)
w ’= Gfiwj + GAV, (4)
W5- gdwd )
Y = G,W5 (6)

Bay gio loai bd cac bién s6 trung gian Wj, i= 1, 2, 3, 4, 5 nhu vay sé chi

con lai mét phwong trinh lién hé gitra bién déi Laplace cla tin hiéu 16i ra

Y(p) va bién ddi Laplace cua tin hiéu 16i vao U(p).

That vay, tlr cac phuong trinh (1) va (2), ta tim dwoc:
WIl+HIG,)=U-HJY

(7)

May Ws(— +H,C'0 = (GiGfi+G 1G2G,)W1

G 4

Thay W5t (6) va W, tur (7), ta duoc:
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9.9.

190

é.'("‘"" H,G,):(G,GS"' 0 10 ;O 11/\ - -
t|, u4 +14,0,

Tw day tim duoc:

t(lij a tH M )= (0,0. +G,G,G,) u
G4G5 1+ H,G, 1 1+ H,G,
H Y (1+H2G,G4) (I +H,G,)+H,G4Gs(G,Gfi+G,G))
ay g4g5

= (G,G6+G1G2G,)U
Lap ty s6 Y/U ta dwoc ham truyén cua toan bd mang:
H(p) = — = G4G5(G,G6+G,G 2G3)
u (Q+H2G,G4)(1+HIGI +HIGAG,(G,G6+GiG,)
a) Chon cac bién sd trung gian Ei, E2 & 16i ra cha hai bd tong. Tur do, ta
tim dwoc cac phuwong trinh moé ta quan hé gilra cac tin hiéu trong so do:

E, =u - EHZF,
E2=UH3+ EiHi
Y= EXH2

Loai bd bién s6 trung gian E,, E2tlr 3 phucmg trinh trén ta thu duwoc
phwong trinh lién hé tin hiéu ra Y véi tin hiéu vao U; sau do lap ty so, sé
thu dwoc ham truyén cda toan bd hé thong:
Y _(Hi+H)H2vw
1+ 11,111-
Tl d6 tim duoc ham truyén cla toan bo hé théng:
H Y (H,+H3)H2
u 1+ H,H2F,
b) Diing MATLAB:
Trudc tién ta viét ham truyén dwéi dang:
H Y (Hi+H3H2  HH2 H
u 1+ H,H2F, i+h,h2F, h

T day ta thdy toan bd hé thdng dwoc phan thanh hai thanh phan:
Thanh phan th& nhat gom H, ndi tiép véi H2sau dé cé F| la phan hoi sau
dod lai ndi tiép voi hé thong c6 ham truyén: (1+ HyH,). Vi vay chemg trinh
MATLAB tinh ham truyén tong thé:
% Trudc tién ta thady H, ndi tiép voi H2do do:

[N,D]=series([0 0 5],[1 10],[0 2],[1 3]);



9.10.

% Sau do6 lai phan hoi F|, nén:
[N,D]=feedback(N,D,[0 1],[1 4]-1);

% Sau d6 lai noi tiép voi I+H/Hi=p+4, nén:
[N,D]=series(N,D,[I 4],[0 1]);

% In két qua ham truyén cla toan bd hé thong:
printsys(N,D,p’)

Két qud MATLAB cho:

num/den =
10 PA2 + 80 p + 160

PM + 873 + 19pa2 + 12p + 10
Vay ham truyén cla toan bd hé théng tim duoc la:

Tl/ 10p2+ 80p + 160
Mlof= — 102+ 80p 160
p +8p +19 +12p+ 10
a) Tinh ham truyén theo phuwong phap bién sé trung gian.

Tl trén so do ta co:

Y = UG, + EXG2 (1)
E, =U-E M, (2)
e,=e,g, (3)

Loai cac bién sb trung gian Ei, E2khoi 3 phuong trinh trén, ta thu duoc:
Y G,GZ+G,G3H, +G, U
| +G.H,

Vay ham truyén cua toan bd hé théng la:

Y G,G2+G,G3H,+G3

u I +G.H,
b) Tinh ham truyén theo phwong phap so d6 dong tin hiéu Mason.
Trudc tién ta vé so do dong tin hiéu cho ho thong diéu khién nay nhu trén
hinh BG 9.10.

Hinh BG 9.10
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T& hinh BG 9.10 ta thdy do thi dong tin hiéu chra hai nhanh va 2 vong
kin. Céac vong kin khéng cham nhau. Do dé, ta tim duoc:
p, = G,G2 P2=G,; Li =- GiHi.
Tw d6 tim dwgc dinh thie cla do thi:
A= 1-L,; A =1A2=1-L,
Nhu vay thay vao cdng thirc clia Mason, ta tim dwgc ham truyén cila toan
bo hé thong diéu khién vong kin la:
H =vy({) _HA+P21-L,) _ G,G2+G,G'H, +G,
p U(p) 1-L, 1+ GH,
c) Ta c6 thé tinh ham truyén cda toan bd mang bing MATLAB nho céc
dong Iénh sau day:
% Truodc hét ta thdy H, 1a hé théng phan hoi cia mach Gp nén:
[N.D] = feedback([0 0 5],[1 10],[1 0],[1 4].-1);
% Mach phan hoi nay lai ndi ti€p véi hé thong c6 ham truyén G2, nén:
[N,D]=séries(N,D,[0 2],[I 3]);
% Tiép dén lai ndi sonng song voi G,, nén:
[N,D]=parallel(N,D,[2],[ 1]);
% Cudi cung la in ham truyén cla toan bd hé théng:
printsys(N,D,'p")
Két qua MATLAB cho:
num/den =

2 PA4 + 16 PA3 + 48 PA2 + 64 p + 40

PA4 + 8 PA3 + 24 PA2 + 27 p

Nhv vay, ta da tim dwgc ham truyén tong thé cla toan bd hé thong diéu
khién vong kin:

2pJ+ 16pl+48p2+ 64p + 40
p)= p4+8p' +24p2+27p
9.11. Trudc tién, ta vé so do dong tin hiéu cta mang dién nay nhw trén hinh BG 9.11.

-Fj

Hinh BG 9.11.
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9.12.

Ta thay trong so d6 dong tin hiéu cé hai dwong voi hé s6 khuéch dai tuong
rng la.

p, = GiGA53G4G5va P2= G|G4G5G6
c6 bbn vong kin véi cac hé s6' khuéch dai la:

L|=-G|F,; L2= -G 3G4F2;

U =—-6iG2GX4G, F3 L4=-GiG4G5G6F3
Con c6 hai vong kin khéng cham nhau véi hé sé khuéch dai L, va L2
Do dé ta tinh dwgc A nhuw sau:

A=1—(L| +L2owmL3+ L4)+ L1L2
Néu ta loai bd duong G|G2GsGaG5, thi do thi dong tin hiéu con lai sé
khéng c6 vong kin nao & phia trai, c6 nghia la A, = 1 Cung két luan
twong ty néu loai bd duong GiGNG,; cé nghia la A2= 1. Do d6é ham
truyén cda toan bd mang tinh theo quy tac Mason sé Ia:
H(p) = e p, X1+ p2XE---------

U(p) 1—Li+L2+L-,+L4)+LjL2

_ G,G2G,G4G5+G,G4Gs5Gs
1+ G,F +G,G4R2+G jG2G3G4G,F, +G,G4GsGOR3+G 1G,G4FIF2

Goi Ei, E2 E3, E4la cac bién s6 trung gian la tin hiéu 16i ra cta cac bd
cong. T so do, ta thiét 1ap dugc cac phuwong trinh lién hé cac bién s6
trung gian véi tin hiéu vao u vara:

e,—u-yf3 (2)
E2=E, - E,HF, (2)
E,=¢e"‘h, - EaH,F2 (3)
E4=~"H ,HS5E3H? (4)
Y = EaH3Ha (5)

Ta dung MATLAB dé giai hé 4 phwong trinh nay, nho cac dong lénh:

syms U Y H1 H2 H3 H4 H5 FI F2 F3

A=[1000;-1 1H2*F1 0;0-HI 1H3*F2; 0-HI*H5-H?2 1];

Z=[U-Y*F3;0;0;0];

E=inv(A)*Z;

E(4)

pretty(E(4))
Két qud MATLAB cho:

HI (H2 + H5) (u - YF3)
-1 - H3F2H2 - HI H2F1 + HI H5 H2 FI H3 F2

C6 nghia Ia, ta da tim duoc:

E H,(H?+H5)(U-YF,)
4 1+H,HF +H2H,F2-H HH,HSFI2
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So sanh (5) voi (6), ta dugc:

Y _ H,(H2+Hs)(U-YF,)
H,H4 1+ H,HZF, +H2HIR2-H iH2H HsFIR2

1 | Hi(H2+ H5)F3 _ _ H,(H2+Hs)U

Hay: 7
Y H,H D D )
Trong d6: D = 1+ H;H2F, + H2H3F2- HIH2H3HSFIF2 (8)

Tw (7), 1ap ty s6 Y/U ta sé thu duwgc ham truyén cua toan bd hé thdng:
H=-= Hin <H 4 (H 2 + HD) )

u D+HH3H4H2+H,)F,
Thay gia tri cia D tir (8) vao (9), ta dwoc biéu thirc cia ham truyén:
H=Y=_ H,H,H4(H2+ Hs)
u 1+ HH2 +H2HjF2-H H2H3H5FIF2+ H iH ,H4(H2+H JF,

b) Tim ham truyén theo quy tic Mason.
Truoce tién, ta vé so do dong tin hiéu ciia mang dién noi trén nhu trong so

Hinh BG 9.12
Tl so d6 dong tin hiéu hinh BG 9.12, ta thdy cé hai dwong nhanh Ia:
p, = HHH H4va p2= H,H2H3H4
C6 5 vong kin (Loops) la:
L, =-HHZF,; L2=-H2H3¥F2
L, =-H,Hj H,H4F3; L4=-H,H5H,H4F,;
L, = HiH, H,F2H2F,;
Khéng cé vong kin nao cham nhau, nén: A| = 1; A2= 1
Tl d6 theo quy tdc Mason, ta tim dwoc ham truyén clia toan bd mang Ia:



H,H2H3H4+H,H3H4Hs
1+HH2F +H2H3F2+ HH2H ,H4F3+ H,H,H4H5F3
9.13. Tur so d0 khoi ta thay hai hé thong G, va H, ghép phan hoéi v6i nhau sau
G,G2
1+ G.F,
Tiép d6 nhanh nay ghép song song véi nhanh G2, nén ham truyén cua hai

dé ghép ndi tiép voi G2, do d6 ham truyén ctia nhanh do la:

. . ... GG
nhanh ghép song song nay la: — B— + G2
1+ GF,
Nhanh cé ham truyén H2 la mach phan hoi clGa nhanh mg&i nén ham
truyén cua toan bd mang sé la:

-5 £ 1_+Gj
H(p) = I+ GF 1 GjG2+ G, + GjG"F,
P 1+GJ) +G¥F2+GiG2F2+ GIG,FIF2
+7 +G;
11 +G!Fl
Hinh BG 9.13.

Bay gid ta st dung quy tdc Mason dé tinh. Truwoc tién, ta vé so dd dong tin
hiéu nhu trén hinh BG 9.13. So dd nay c6 hai duong va 3 vong kin. Hai
vong GiH, va G3H2 khéng cham nhau. Do d6 biéu thirc d6i véi hé so
khuéch dai clia cac dutng duoc tinh theo cong thirc sau:

P,=G|G2 P2=G3

Li=-G Fy L2=-G F2 L3=- G,GZF2

A=1- (L, +L2+L3)+LjL2; Al =1j A2=I-L,
Do d6 ham truyén cla toan bd mang tinh duoc la:
H( } P,+P2(1-L,) G,G2-hG3+G,G3F,

1-(L, +12+1,)+1,12 1+G,F, +G3¥F2+GiG2F2+ G,GjFiF2

Dé tim biéu thirc cu thé cla H(p), ta dung chwong trinh MATLAB
P17.13 | sau:
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%Chuong trinh P17.13_1.

%Tinh biéu thirc cu thé cla mang khi cac ham truyén cua cac hé thong
thanh phan da cho:

[n,d]=feedback([0 0 5],[1 10],[1 0],[1 4]-1); %Phan hdi ctia G va H,

[n,d]=series(n,d,[0 2],[1 0]); %NO0i tiép voi G2
[n,d]=parallel(n,d,[2],[ID; %Ghép song song véi G3
[n,d]=feedback(n,d,[5 0],[1 2]-1); %Phan hoi am (-1) vo6i Hj

printsys(n,d,'p") % In két qua ctia ham truyén
Két qud MATLAB cho:
num/den =

2 PA5 + 14 pA4 + 38 PA3 + 46 PA2 + 60 p + 80

11 PA5 + 57 PA4 + 109 PA3 + 68 PA2 + 200 p
Nhw vay ham truyén cua toan bd mang la:
2p5+14p4+ 38p3+46p2+60p + 80
" 1§ +57p4+ 109p3+ 68p2+ 200p

9.14. Trudc tién, ta vé lai so do don gidn nhu trén hinh BG 9.14a.

Hinh BG 9.14a.

Hinh BG 9.14b.
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Hinh BG 9.14c.

Hinh BG 9.14d.
KH,HZ2H3
1+ kKH, +kZKH,H2
1 k3l+ Klé—'[' +kHj{H,H2
Hinh BG 9.14e.
_ KHHH .
Hay: U - > 1+ kKH, +KaKH H2+ KIKHHZH3
Hinh BG 9.14f.
T hinh BG 9.14f, ta tim dwgc ham truyén H(p) cta hé thdng diéu khién:
khh2n,
H(p) =
| + kK,KH, +k2KH,H2+k,KH ,H2H3
Thay: H.(p) = s H2Ap) = H.(p) = 3
p+10 p+2 p
va: K=2; k, =-0,05; k2= 0,16; k3= 0,24
ta sé thu duoc biéu thirc twong minh cla H(p):
H(p) = ™

pl+1lp2+34p +24
Ta c6 thé dung MATLAB dé tim biéu thic tuong minh cdia ham truyén
nho cac dong lénh:
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syms HI H2 H3 p;

HI=10/(p+10);

H2=5/(p+2);

H3=I/p;

K=2;kl=-0.05; k2=0.16;k3=0.24;

H=(K*HI*H2*H3)/(I+KI*K*HI1+k2*K*HI*H2+k3*K*HI*H2*H3)

pretty(H)

Két qud MATLAB cho:

/1116 24\

100/Kp+ 10) (p+2) p 11 + +---1

\\p +10(p+10) (p+2)(p+ 10) (p+2) p/

b) Ta dling cac 1énh MATLAB sau day dé tinh ham truyén cla toan bé mang:
[N,D]=series([0 10],[1 10],[0 2],[0 1]);
[N,D]=feedback(N,D,[0 -0.05],[0 1],-1);
[N,D]=series(N,D,[0 5],[1 2]);

[N,D]=feedback(N,D,[0 0.16],[0 1]-1)
[N,D]=series(N,D,[0 1],[1 O]);
[N,D]=feedback(N,D,[0 0.24],[0 1]-1);
printsys(N,D,'p")

Két qud MATLAB cho:
num/den =
100

PA3 + 11 PA2 + 34 p + 24

Vay ham truyén cla toan bd mang diéu khién:

H = —_—
) p- +1lp2+34p +24

c) Bay gio st dung quy tic Mason dé tim ham truyén. Mudn vay ta vé do
thi dong tin hiéu clla mang nay nhu trén hinh BG 9.14g.

-k3
Hinh BG 9.14g.
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Nhin dé thi dong tin hiéu hinh B 9.14.h, ta thdy c6 mo6t nhanh véi hé s6
khuéch dai la: p, = KH,HH,
C6 3 vong kin: L| = -k,KHj; L2= -k 2KH|H2;, L3= —k3KH|HH3 A| = 1;
Do vay ham truyén tim dwoc ngay:
H Y _ p,xl ~ KHHH,
_u ~1-(L, +L2+L,) ~ | +k KH, +k2KH,H2+k,KH,H2H3
d) Céac diém cwc cua hé thong diéu khién vong kin nay tim dugc nho ham
MATLAB:
den=[l 11 34 24];
roots(den)
két qua cho:
ans =
- 6.0000
-4.0000
-1.0000
Nhu vay ca ba diém cyc déu thuc va am, nén hé théng nay on dinh.
e) Bay gio dé khai trién ham truyén trén duéi dang phan thirc rién phan, ta
dung ham residue véi ca phap:
num=[100];
den=[I 11 34 24];
[r.p,K]=residue(num,den)
Két qua thu duoc:
r=
10.0000
-16.6667
6 6667

p =
-6.0000
-4.0000
-1.0000
k =
1
Nhv vay ham truyén da duoc phéan tich thanh dang:
H /{0 /%6,7 6,7
(P)= p+6 p+4  p+l
Dap (*ng clhia hé théng doi véi xung nhay bac don vi duéi dang bién doi

Laplace 1&: Y(p) = HpY(p) = HP . 10 16,7 6,7
P p(P+6) p(p+4) pp+l)
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Lay bién do6i Laplace nghich dao, ta sé dwgc dap (ng clia hé thdng doi voi
xung nhdy bac don vi:

t)=—e'3sinh(3t)--*e 2sinh(2t)+ — e 2 sinh(-t
y(t) 3 ()20_ (2t) c (2)

Hinh BG 9.14h cho két qua tinh truc ti€p va két qua dung ham step.

Dap ung xung nhay bac don vi nho ham step

Thoi gian.s (see)
Dap ung xung nhay bac don vi nho tinh true tiep

Thii gian.s
Hinh BG 9.14h

9.15. a) Tim ham truyén bang phwong phap rdt gon dai sé theo cac hinh sau:

Hinh BG 9.15a.

Hinh BG 9.15b.

200



H1H2H3H4

f O 1+ 4 HjHs3
p+l

1, 4QH,H2H3H4
1+ 4H2H3

Hinh BG 9.15c.

H,H2H3H4
pt+1 1+ 4HH3+10H,HH3H4

Hinh BG 9.15d.

h h 2h3h4
1+ 4 H2H3 + 10 HIH2H3H4

Hinh BG 9.15e.

h"hzh G4
1+ 4HZH3+10HHHH, + HiHHHA !

Hinh BG 9.15f.

Tur hinh BG 9.15f, ta tim duwoc ham truyén cla toan bd mang diéu khién
vong kin:

Y= Y H*H2H ,H4
U 1+4H2H, +10H,H2H3H4+ HH jH,H4 -«
Trong d6: H, = —— ;H2= —— ;H3= - ;H4= -
p+1 p+2 p p

Ta st dung MATLAB dé tinh biéu thirc twong minh cla H(p) nho céac
dong Iénh sau:

syms H p;
HI =1/(p+l);
H2=1/(p+2);
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H3=1/p;
H4=2/p;
H=(H1*H1*H2*H3*H4)/(1+4*H2*H3+10*H1*H2*H3*
H4+H1*H1*H2*H3*H4)
pretty(H)
Két qua duoc:
/22
2/1(p + 1) (p + 2) p
|
\
/4202w

I+ + + I

1(p + 2) p 2 2 211

V(p + D(p +2)p(p+ 1) (p+ 2)p//

2
Nhuv vay:  H(p) = T
J p2(p+ D2(p+2)+4p(p+ 1N2+20(p+ 1)+ 2
2
~ p5 +4p4+9p3+ 10p2+ 24p + 22

b) Ta c6 thé tinh ham truyén truc ti€p nho cac 1énh MATLAB sau:
[N,D]=series([0 1],[1 2],[0 1],[1 O]);
[N,D]=feedback(N,D,[0 4],[0 1]-1);
[N,D]=series(N,D,[0 2],[1 0]);
[N,D]=series(N,D,[0 1],[1 1]);
[N,D]=feedback(N,D,[0 10],[0 1]-1);
[N,D]=series(N,D,[0 1],[1 1]);
[N,D]=feedback(N,D,[0 1],[0 1]-1);
printsys(N,D,'p")

Két qua thu duoc:
num/den =
2

PA5 + 4 PA4 + 9 PA3 + 10 PA2 + 24 p + 22
Blng nhu da tim duoc & trén.

¢) Tinh ham truyén theo quy tic Mason. Trudc tién v& so dd dong tin hiéu
nhw trén so d6 hinh BG 9.15g.



9.16.

-1
Hinh BG 9.15g.
Tl so d6 dong tin hiéu hinh BG 9.15¢g, ta thdy c6 mot nhanh véi hé so
khuéch dai ctia nhanh la: p, = H,2H2H,H4
Co 3 vong kin la:
L, =-4H2H3, L2=-10H,H2H, H4; L, = -H 2H2H3H4;
Tét cad ba vong kin déu cham nhau. Do d6, ham truyén tim duoc:
H= H,H2H3H4
1+ 4H2H, + 10H,H2H3H4 + HjH2H3H4
a) Tinh ham truyén theo quy tdc Mason. Trudc tién ta vé so do dong tin
hiéu nhuv trén hinh BG 9.16a.

Hinh BG 9.16a.
Tl so d6 dong tin hiéu hinh BG 9. 16a ta thdy c6 1 dwong voi hé s6 khuéch
dai: p, = HiH2H3H4
Cé 3 duwong cong kin: L, =-HZ,; L2=-H,F2, L3=-H4F3;
Trong 3 dwong cong kin thi ca ba duong déu khéng cham nhau. Do doé:
A=1—L +L2+L3+L,L2+LiL3+ L7L3—_1.2.3
Vay ham truyén cula toan bo hé thong tim duoc la:

1

h,h2h,h4

1+ HZF, + h3f2+ h4Fj + h 2F,h ,f2+ h 2F,h 4F3+ h 3f2c + h 2F1h 1F2h 2F,h 3F2

b) Bay gio¢ ta str dung phuong phap bién sé trung gian.
Trudc hét ta dat cac bién s6 trung gian Ei, E2va E3tai cac 16i racla 3 bd
cdng, nhu trén hinh BG 9.16b.
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Hinh BG 9.16b.

T hinh BG 9.16b, ta tim dwoc:

H,

E, = UH, - E,HF, => E, = “u (1
1+ H2F,

E2= E|H2- EMF2=> E2= N2 2)
1+ h,f2

E, = EM3- EMF, = E, = 2 3)
i+ h4f3

Y =EdH4= E = @)

Thay (1) vao (2) sau dé thay vao (3) va so sanh v@i (4), ta duoc:
h,h2h,
-u ()
h4 (1+H2F)(1+H,F2)(1+ H4Fj)
T (5) suy ra:
B h,h2h3n4
u (+HZF)Q+HF)L+H4F)
c) Dung MATLAB dé tinh ham truyén.
Tl so d6 khoi ta thdy ba hé thong H2 H, va H4 cdéphan hoi laF|, F2va Fj
ghép ndi ti€p véi nhau va sau d6 ghép ndi tiép véi Hi dé tao raham truyén
tong thé. Do d6 ham truyén téng thé tim duoc:
HA~H H2 H, H4 = H,H2H H4
Ix 1+ H2F, x 1+ h , £2x 1+ h4F3 (1 + H2F, XI + H,F2)(1+ H4F3)

Lénh MATLAB thuc hién tim ham truyén tong thé H theo cac ham truyén
da cho la:

(6)

[N 1,D 1]=feedback([0 2],[1 5],[0 1],[1 3]-1)
[N2,D2]=feedback([0 1],[1 0],[0 5],[1 1j-1)
[N3,D3]=feedback([0 3],[1 2],[0 7],[0 1]-1)
[N4,D4]=series(N 1,D 1,N2,D2)
[N5,D5]=series(N4,D4,N3,D3);
[N,D]=series(N5,D5,[0 0 1],[1 1 0]);
printsys(N,D,"p")



Két qud MATLAB cho:

num/den =

6 PA2 + 24 p + 18

NT +33p*6 +269 5 +984 pM + 2143 1°3 + 3351 p*2 + 1955 p
d) Vé& dap &ng xung va xung don vi, ta dung Iénh:

£=[6 24 18];

a=[l 33 269 948 2143 3351 1955];
subplot(211)

impulse(b,a);grid

title("Dap ung xung don vi')
xlabel("Thoi gian,s")

ylabel("Gia tri")

subplot(212)

step(b,a);grid

title("Dap ung xung nhay bac don vi*)
xlabel(*Thoi gian,s")

ylabel(’Gia tri")

Két qua thu duogc trén hinh BG 9.16c.

Ga tri

Ga tri

Dap ung xung don vi

Thoi gian.s (see)

Dap ung xung nhay bac don vi

Thoi gian.s (see)

Hinh BG 9.16c.
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9.17. T so do, ta thady c6 3 duong nhanh. Ca 3 déu cham nhau. D6 la:
p, = G|G2G3G4; P2 = G, 1G4; P3 = 1G3G4
Al=1A=1As=1;
C6 mot vong kin: Li = -G 2G3G4F
Vay ham truyén tim duoc:
Y _p xl+p2xl +p3xl = G,G2G,G4+G,G4+G,G4
u 1-L, 1+fg 2939 4
9.18. T so d0, ta thdy c6 2 duong nhanh. C& 2 déu cham nhau. D6 la:
p, = G,G2G,; P2=-Ga(-k,)G2G,
A = 1;A2=1;
Cb6 mot vong kin: L, = -G oG ,kik1
Vay ham truyén tim duoc:
J_J_Y_P,xlI +P2x1_ G,G2G3+ k,G2G3G4
-u - 1-L, ~ 1+ kkJG2G3
9.19. T so dd va cac ky hiéu cho trén so do ta thu dugc phwong trinh ddi voi

mét mang: L =1.-(v2+u2)vatainitA: ii- i-C —~=0
dt dt
nhung i=—=  —— | nén phuwong trinh trén tré thanh:
dv 1

Cgf =i"+R(v2+u2)

Néu goi bién s6 trang thai la ij(t) va vz(t) va cac tin hiéu 16i vao la cac thé

, L ri,(t)-
u,(t) va uz(t), thi véc to trang thai duoc biéu thi dwéi dang: x(t) = ((t))
V2
N e u,(t)
con véc to cua tin hiéu 161 vao la: u(t) = ® ; Khi d6 hai phuong
uz(t
trinh trén c6 thé viét dudi dang: =oil(t)-—v2+—u, - —u2
dt L L
va dVv2 =-zil(t)-Trzv2(0 +0ul(t)-~u,(t
dtc()RC( ()RC()
Hay duwéi dang ma tran:
di1(t) ) 1 "1 1
dt L O L L ui(t)
dv2 (t) 1 Lova@. L ou2
dat 3 .C RC. ; RC_

206



T do tim dwgc cac ma tran trang thai:

0 - -
_ L g= L L
A= 1 0 J_
RCj RC.

Vi 16i ra lay trén dién tr& R, nén hé thdng trén la hé théng c6 hai 16i vao
va 116i ra ( MISO: Multiple Input Single Output). Do d6é ma tran B la ma
tran bac hai.
Thé 16i ra tim dwoc la:

v(t) = —fvat) +uAt] = [0 - 1 +o -1

Tir d6 tim duoc cac ma tran trang thai: CT=[0 -1]; d=[o -]

9.20. Tai thoi diém t = 0, ta cé phwong trinh: L . = v(t)

va c at +i(t)+v|(:\§) I, =0
Hay di) VO, dvO i) [ v e

dt L dt c RC ¢
Néu ta sir dung hai bién sd trang thai la i(t) va v(t), thi phuvong trinh trén
duoc viét dwdi dang ma tran trang thai la :

di(t) 1

0 i "0
dt L O | 01
dv(t) 11 v
dt C C

B

9.21. Néu chon bién sb trang thai la thé trén tu vc(t) va dong qua cudn cdm L la
iL(t), ta sé thu dwoc phuong trinh lién hé cac bién s6 trang thai nay la:

i(t)=RC-~1 t ' Y+ v (t
vj (1) dt+VC()=>Glt RCVC()+RCV() (1

Vi) =RIL( +L A~ = >~ =~ | L(t)+V-Vi(t) (2)

v,,(t) = RIic(t) - iLt)] = -RiLt) + [vi(y —ve(t)](3)
Duéi dang ma tran, cac phuong trinh trén duoc viét dwéi dang:

dvc (t) 1 1
0 A
-dt RC s + RC Vi(t)
diL(t) s Ruingy 1
dt L . L.
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v (t)

+ Vj(t)
Y

Nhu vay ta tim dugc cac ma trén trang thai:
1 1
RC 0 RC

= B =
A R \Y;
0

" L L

CT=[-1 -R]
9.22. Ta chon i, va vc la hai bién s6 trang thai. Tlr so d0 mang dién, ta thiét lap

duwoc hai phwong trinh:

LAL=vi-(vc-v?2)
dt

C—dt = - ing c+v2)
Hay dwéi dang ma tran:
dil 1 1 1
dt ~L i|(t) . L L Vi)
dvc 1 1 ve(t) 0 1ova()
dd . _C RC. RC.
bat véc to trang thai:
i,(t) . Vij(t)
X(t) = va u(t) =
v 2(t)

v (t)

Néu thé 16i ra lay trén dién tré R, thi ta tim duoc:
Vij(t)

t) = ve(t) + vaAt) = [0 Ii 1
V(1) = vo(t) + va(t) = | oo V200

thi phwong trinh trén duoc viét dwéi dang ma tran trang thai:
X(t) = Ax(t) + Bu(t)
v(t) = CTx(t) + dTu(t)

Trong d6 cac ma tran trang thai tim duoc la:

1 -1 1
° L
A = 1 - L
1 1 B 1
0
_C RC_ RC
CT=[0 I]:d=
1
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9.23. X =1,;x2=12;x, =1,;x4=vc,;x5=vc2u=Y

— 0
LI
X 0 X1
*9 L2 X 2
X- Xi
X4
0 0 0
X5
R1
0 0 0
C2(R3 + R4) N2 (~3 + R-4)

o o o ol

_ R2R, + R2R4 + R3R4
a” " L3(R, + R4)
9.24. D& tim cac ma tran trang thai tir phuong trinh vi phan nay, trudc hét, dat:

x,(t) = y(1)

Khidé:  x,(t) =

XA4(t) =

Nhu vay, phwong trinh vi phan trén duoc viét duéi dang:
X,(t) =yu(t)-ax1(t)-px2(t)-co,x (1)

Céc phuong trinh trén cé thé viét dudi dang ma tran:
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Xj(t) 0 1 0 *I(t) 0"
1

x2(t) = 0 0 x2(0 * 0 u(t)
_x3C0_ -p T & x3(t)_ vy,
Hay: x(t) = Ax(t) + bu(t)
V@i cac ma tran trang théi:

0 1 0 0
A= 0 0 1 :¢=20

cog -P -a y.
va vi x,(t) = y(t), nén phuong trinh nay cé thé viét dwdi dang ma tran
trang thai:

y(t) = Cx(t) + du(t)
V@i c =[100];d=[0];
9.25. Ta tim ngay dugc phuong trinh trang thai:

0 1 0 - 0
X= 0 0 1 X+ 0
6 11 6 1
va y = [20 9 I]x
Nhwng néu dung Iénh MATLAB:
b=[I 9 20];
a=[l 6 11 6];
tf2ss(b,a)
ans =
. 6-11 -6
100
010
Co nghta la ta sé thu dwgc phuong trinh trang théi:
-6 -11 -6" T
X= 1 0 0 X+ 0
0 1 0 0
va y = [1 9 20]x
C6 nghta la MATLAB cho phién ban giao hoan trong bién s&' trang thai:
‘0 0 r
1
0
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9.26. Theo bai ra, ta xac dinh ngay duwgc cdc ma tran trang thai cta hé théng

nay la:
‘o 0 0 0 O 0 ''19080"
1 0 0 0 O -8,11 90.6
o 1 0 0 0 -12131 -576
A: , b:
O 01 0 0O -97,8 -0,331
0O 0 0 1 O -463 1,65
0 o o 0 1 - 0,996 0

CT=[00000 1Jvad=0
9.27. Hé théng trén cé ba diém cuc, tim dwoc nho gidi phwong trinh:

D(p) = p3+ 6p2+ 1llp +6 =0

Phuong trinh nay c¢é 3 nghiém:
p, =—;P2=—=2vap, =-3

Do vay, ham truyén H(p) dugc khai trién thanh dang:
Hp) =  p2+4p+5-—=  + 4

p +6p +llp+6 p+1 p+2 p+3
p2+4p +5

Trongdé Ci=(p+1 :
g =(p )(p+|)(p+2)(p+3)p:-|

p2+4p +5
C2=(p+2) =
P+DP+2)(P+3) _,
C.=(p +3) p2+4p+5 1

P+1P+2)(P+3)1

Do dé phuwong trinh trang thai clia hé thong nay dwoc biéu thi dwéi dang:

X] (t) 1 0 0. XI(t) i
x 2 (1) 0 -2 0 yo() + 1u(t)
>3(0 0 0 -3 x3(t) 1
X| (t)
y(=[l -1 1 x20)
x 3(t)

Va so do dong tin hiéu dwoc thuc thi trén hinh BG 9.27.
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9.28. Nhom hai ham truyén bac nhat cé diém cuwc lién hop phirc véi nhau dé duoc

212

ham truyén bac hai, ta sé thu duwoc:

H(p) _ 8p + 8 1 2 1 3

p+2p+ 2 p+5 p+7

Nhu vay so do dong tin hiéu dang song sé c6 ba nhanh; trong dé c6 hai
nhanh bac nhat va mot nhanh bac hai. Nhanh c6 ham truyén bac hai duoc
thuc thi duéi dang truc ti€p nhuw trén hinh BG 9.28.
TU so d6 dong tin hiéu, thu dwoc cac phuong trinh m6 ta su lién hé gitra
cac tin hiéu ghi trén so do:

X, =-5x, +u

X2=-7x2+U

*3 = x4

X4=-2X,-2x4+u

y = 2X, + 3x2+ 8x, +8x4
Hay duwéi dang ma tran:

*] -5 0 0 0 *1

* 0 -7 0 0

2 X2 "
*3 0 0 0 1 x3
*4 0 o -2 -2 X 4
A - Xa_
y=1[2 3 8 §

*
- R



9.29. Ham truyén duoc biéu thi dwoi dang:

HE) = AP = ) e o
U(p) (p+p.)k (P+Plk! (p+p.)
+ 'k +1
(p + pk+l) (P + Pn)

Khi @6, tin hiéu 16i ra c6 thé dwoc biéu thi dwdi dang:

>
Y<p>:tZ|(Z) +Cp',}/ ' U(P>+i:lii ZP-§I5ii U(p)
Hay c6 thé viét duéi dang don gian hon:

Y(p)=[cIX,(p) c2x2(P) CnXBp)]
Trong do: U X
X 1(p) = (p) x,(p) = 2(0)
(p+p,)k (P+Pi)
— U _ X3
x2qp)= Py x2p) = X3P
(P +PI) (p+p)
ke o) U(p) X kip) X K(p)
= |
(P +P)) AT
u(p) U(p)
x k(p) = x k(p) =
(p+p) (p+p)
x ki(p) = uie) xkil(p)= P
(p + pk+1) (P + Pk+l)
U(p)
X B(P) = xgp)y= P
(p+p.) (P + Pn)
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So do6 dong tin hiéu thuc thi hé thong c6 diém cuc bdi nay cho trén hinh

BG 9.29.
thi du6i dang:
X, (t) . -p. X,(t)
x2(t) “ 1 X2(t)
0 P, 0 i 0 )
*K(t) 0 0 rP-kj-i. xK(t)
Pk+2

X,(t)

Xj(t)
a yt>=[c, c2 . « ¢,]

XB(t)_
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9.30. Hé théng c6 3 diém cuc trong dé diém cuc p, =- 1 bdi hai va p2= 3. Do
dé ham truyén trén dwoc khai trién duéi dang:
H() = p2+6p +8 1,25 15 0,25
P+D2(p+3) v+ (P+t12 (p+3)
Do dé phuong trinh trang thai thu duoc la:
x,() -11  0' x() ‘o
x2() = 0 - 10  x2t) + 1 u()
_Xj(t)_ 0 0-3 _x3(t) 1
X, (t)
va: y(t)=[1,5 125 0,25] x‘(t)
x:(t)
So do dong tin hiéu cho trén hinh BG 9.30.

Hinh BG 9.30.
c) Tinh cdc ma tréan trang thai dung ham MATLAB tf2ss:
b=[0 16 8];
a=[l 57 3];

[A,B,C,D]=tf2ss(b,a)
Két qua MATLAB cho:

A =

-5 -7 -3

100

010

B =

1

0
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0

CcC =
168
D=
0

So sanh v@i cau b) ta thdy ma tran trang thai la khéng duy nhat.
DEé thir lai két qua, ta dung lénh: [b,a] = ss2tf(A,B,C,D).
Két qgua MATLAD cho:

b=

0 1.0000 6.0000 8.0000

a=

1.0000 5.0000 7.0000 3.0000

Bung nhv ham truyén da cho.

9.31. a)

216

b=[2];

a=[l 49 10 24 22];

[A,B,C,D]=tf2ss(b,a)

sys=ss(A,B,C,D);

[y, x]=impulse(b,a);

subplot(221)

plot(y);grid

title("Dap ung xung theo ham truyen")
subplot(222)

[yl,xI]=step(b,a);

plot(yl);grid

title('Dap ung xung nhay bac don vi theo ham truyen")
subplot(223)

t=0: 0.1: 10;

f=exp(-2*t);

[y2,x2]=lsim(b,a,f,t);

plot(y2);grid

title('Dap ung cua he thong voi exp(-2t)")
subplot(224)

[A,B,C,D]=tf2ss(b,a)
[y4,x4]=impulse(A,B,C,D,l);
plot(y4);grid

title('Dap ung xung theo bien so trang thaiA,B,C,D")
figure(2)

subplot(221)
[y4,x4]=impulse(A,B,C,D,);
plot(x4);grid

title('Bien so trang thai X cua dap ung xung )
subplot(222)

[y5,x5]=step(A,B,C,D,I);

plot(x5);grid



title("Bien so trang thai x cua dap ung nhay bac don vi’)
[y6,x6]=Isim(A,B,C,D,f1);
subplot(223)
plot(y6);grid
title("Dap ung theo bien so trang thai voi f=exp(-2t)")
subplot(224)
plot(x6);grid
title("Bien so trang x clia dap ung voi f=exp(-2t)")
Cac két qua cho trén hinh BG 9.3la va b.

Dap ung xung theo ham truyen Dap ung xung nhay bac don vi theo ham truyen

Dap ung theo ham truyen voi exp(-2t) Dap ung xung theo bien so trang thaiA.B.C.D

Hinh BG 9.31a.

Bien so trang thai x cua dap ung xuncj3ien so trang thai x cua dap ung nhay bac don vi

Dap ung theo bien so trang thai voi f=exp(-2tJ3ien so trang x cua dap ung voi f=exp(-2t)

Hinh BG 9.31b.
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9.32. a) Truwéc hét t

218

Cac ma tran trang thai tim duoc:
A =
-4-9-10-24-22
10000
0 1000
00100 <
000 10
B=
1

00002
0
viét ham truyén dwéi dang:

O o © © © o

QD

H = P"+ 2+3p--T
) 1+2p 3-||E)3p E-p

Do do6, so do dong tin hiéu thyc thi tryc tiép ham truyén nay cho trén hinh

Hinh BG 9.32a.

b) Tlr ham truyén, ta tim dwoc cAc ma tran trang thai theo cong thirc tdng quét:

0 1 0. "o
A= 0 0 1 :B=0; CT=[3 3 1: D=0
1 -3 -2 1



Tw dé tim dugc cac phuong trinh trang thai:
x* '0 1 0 x O
X2 =0 0 1 yo + 0 u(

X, -1 -3 -2 0« 1
X, (1)

y =B 3 1 x2t)
x3(t)

c) Ta phan tich ham truyén thanh tich cac ham truyén bac nhét. Ta st
dung MATLADb dé thuc hién cong viéc nay nho lénh sau:

a=[l 2 31];

b=[0 13 3];

[r.p,K]=residue(b,a)
Két qua duoc:

r=

-0.0164-0.5426T

-0.0164+ 0.54261

1.0328

p = ~

-0.7849+ 1.30711

-0.7849- 1.3071T

-0.4302

k =

1
Tir két qua MATLAB cho, ta thady hé thong c6 2 diém cuc lién hgp phic
voi nhau. Vi vay hé thdng nay dugc phan thanh hai hé thdng ghép ndi tiép
nhau. Trong dé6 mot hé théng bac hai va mot hé thdng bac nhat.
Ham truyén cua hé théng bac nhat da biét:

oo 103
v(p) - p+ 0,43
0,3
H!(p) =—
p -16p+23
va: f—l “ — 103 (Ls ______________

=_ s L
p+043 p -1,6p+23
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So d6 dong tin hiéu thyc thi ham truyén nay cho trén hinh BG 9.32b.

U(p) Pl 1,03 P'1 P'1 03 Y(p)

Hinh BG 9.32b.

9.33. Tir dd thi dong tin hiéu, st dung quy tic MASON, ta thdy mang dién c6 3
duong: p, = gP°3, P2= g,p™; p3= g2'2
C6 3vong kin: L| =-k,p_I; Li =-k20~2; L3= -k 3~3
Ca& 3 vong kin déu cham nhau, nén ta tim dwgc ham truyén:

H(p) =

= pi+p2+p3 =  glIP-1+g2P~2+ g3P-3
Up) 1-(L,+L2+L3) 1+k.p’l+k2p'2+k3Pp’3
b) Tlr so d6 dong tin hiéu, ta cling tim dwgc cac ma tran trang thai:

0 1 0. 0

0 0 1 ; B=0

k3 k2 vk, 1
CT=[g. 92 93:;D =0
¢) Ta slr dung cac dong Iénh sau day dé tinh dinh thirc cila ma tran pi - A:
syms A p kl k2 k3 gl g2 g3;
A=[0 10; 00 I;-k3 -k2 -klJ;
I=[1 00;010; 00 1J;
D=det(p*I-A)
Két quda MATLAB cho:
D=
pA3+pA2*kl+p*k2+k3
Ta thdy D = det(pl - A) chinh la da thirc & mau s6 clia ham truyén.
9.34. Ham truyén ctia hé théng tim duwoc:

H(p) = = glPN+ g2P"'2 +g3P~'
U(p) I+k,p""+k2p"2+k3p"3

b) Tlr so d6 dong tin hiéu, ta tim duoc cac phuong trinh trang thai:

XK 10T L g
x2 = -k 0 1 ., * 7
>3. . _«ks3 0 0 s  4s
y(®) = Xi(t)



¢) Ta st dung cac dong Iénh dé tinh dinh thirc clia ma tran pi - A:
syms A p kl k2 k3;
A=[-kl 10;-k2 0 1; k30 0];
I=[1 00;0 10; 00 1j;
D=det(p*I-A)
Két qué:
D=
pA3+pA2*k1+k2*p+k3
Puang nhu da thirc @ mau s6 cla ham truyén. Hoan toan giéng nhu bai
toan 9.33. Vi so dd hinh BG 9.34 la chuyén vi cla so dé hinh BG 9.33.
9.35. a) Tl d0 thi dong ta thdy c6 3 nhanh la:
Pl=p-2,P2=2p-';P3=2;
C6 3 vong kin:
L, =-3p"* L2=-2p‘2
A = 1, A2= 1+i;A3= 1-(L2
Vay hé théng cé ham truyén:
_PA +P2A2+PA

H(p) =
(P) 1-(L,+L2)
pll2+ 2plll(1 + 3p~l) + 2(1 + 3p“‘ + 2p£2)
1+3p_l +2p~
2+8p*“ +11p*2
H(p) =
| +3p +2p
b) P& tim c4u tric chinh tic dang song song, ta phan tich ham truyén
thanh dang:
Hp)=~ 1 1= ¢ t+A ., C,

2+3p+p p-p, p-p2
Ta cd thé dung ham MATLAB residue véi cu phap:
[C,p,Co] = residue(b,a)
Két qua duoc:
Cc=
-3

p:
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-1
Q.=
2
Nhu vay:
Pi =—1; p2=-2
Co=2
c, =5
c2=-3;

So dd dong tin hiéu dang chinh tic song song cho trén hinh BG 9.35.

Hinh BG 9.35.
¢) Phuwong trinh trang thai déi véi cau tric méi:
-1 o" N Y 0
u(t
>2. «° @._?2‘4 1

y(t) = [5-3] +2u(t)
9.36. Tw so d6 may phat, ta tim dwoc ham truyén ctia bé khuéch dai:

A(p) = -$- = 14 72N

VE I\R
Ham truyén cla hé thdng phan hoi la:
R
1+ RCp RCp
n+xs+ R (RCp) +3RCp
Cp 1+RCp

biéu kién d6i véi may phat cho ta:
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FPAR) = i+a e =1
Ry, (RCp) +3RCp+1
Hay trén phuong dién tan s6, diéu kién nay tré thanh :
JRCco _
R 1/ GRCco) +3jRCco + | )

Tir d6 tim duoc didu kién déi véi bien do 1F(p)A(P)! = 1 Ix:

F(co)A(co) = 1

=3

Hay R2 =2R,.
Diéu kién doi voi géc pha argF(p)A(p) = 0, tim dugc: 1- R2ZC2202= 0
Vay, diéu kién doéi véi tan sé la o= 1/RC.
RO rang tin hiéu phat ra la mot tin hiéu hinh sin c6 tan s6 duoc xac dinh
b&i gia tri cha dién tré R va cla tu dién c.
Hinh BG 9.36 cho thady so d6 cla may phat tin hiéu hinh sin dung cau
Wien vi cdng suat & trong thuc té. Tan s6 phat cla may phat nay la:

1

f, = , =1,061. 103(Hz)
27t x 300.10%i2(F)x 500.103(Q)

D, D2- 1N914

9.37. Gia sl tai thoi diém ban dau t = t(, thé VD= V Z; khi d6 dong qua bd tich

\Y
phan se la: 1+=— . Do dd, thé 16i ra cua by tich phan sé la mot ramp

gidm theo hudng am: v,,(t) = v((t0) - p1 YI+dt = vO(t,,)--\-/’\ (t-t,,)
cl, R3C
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9.38.
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Ap dung quy tic chdng chat dong tai nat 2 cia bd tich phan, ta duoc:

V(1) = — —— VZ 4

r,+trd4d z r,+r4

V(1)
Khi vHt) chuyén qua gia tri 0 dé trd vé am, thi thé 16i ra cia bd so sanh
OAI chuyén téi gia tri: VD= - VZ Tai thoi diém nay (t = tl), thé vHt) = O;

R
__|y
R

do d6 thé I16i ra & thoi diém nay bang: vO(ti) =

o thoi diém t, < t < t2dong cung cap cho bé tich phan la: 1 = —

Do d6 thé 16i ra cia bd tich phan lai c6 dang cia mot ramp chay theo
huwéng duong.

. S , R b A
Tai thoi diém t = t2 thé 16i ra c6 dang: vO(t2)=— V . Do dé, thé 16i ra

R 1

ctia bd tich phan sé c6 dang xung rang cwa nhu trén hinh BG 9.37.

R,
4R,R4C

Do vay, tan sé cta séng tam giac nay la: f =

Bién do cua song tam giac nay cé thé diéu chinh dwgc nho thay doi cac
gia tri cha R,, R4hay bang thé V..
Tw so do, ta thay:

1Y, (p) =V, (MH, (p) + V2(p)H, (p)

I Y2(p) = VI(p)H2(p) + 2V2(p)

Trong d6: H,(p) =— H2(p) =— H(p) =— ;
p+2 p+1 p+3

"y, "H, H/ 'V,

Hay dwéi dang ma tran:
y2 H2 2 V2.



9.39.

9.40.

Tw d6 tim dugc ham truyén ma tran:

Hp) = H, H, p+t2 p+3
H2 2
p+1
Tw so do, ta thay:
Y, =H ,H2V, +H3V2
[Yz=(H, +H,H2)V, -H,V 2
Hay du¢i dang ma trén:
Y1 h,h?2 H, "rv
H, +H,H2 _
Tw doé tim du'ac I—'Tém truyén ma trétn!_| a

1 1
HH2  Hs (p+D(p-1) p+3

H(p) =
H+H,H2 -hJ b _

(P+D(p-1) p+3

Tl so d6 dong tin hiéu, ta thiét 1ap dwoc cac phuong trinh lién hé cac bién

s6 trong so do:
Y1=p-V1+2RQNV2-p-1v 1
Yi=p-V, - p-'v, + p-‘VZ'Z}O/O

XI=p Vi-p X=X = ,
1+p

-1
2=p V2- p-V,- 2p x2=>x2=-

(1)
@

(©)

-V . +- v 2(4)
| +2p*° 1 1+2p“ 2

Thay (3), (4) vao (1), (2), ta tim dugc hé phuwong trinh lién hé cac tin hiéu

Vao va ra:

y.= -C v.+-?el v,
" I+pl o > 1+p'1 2
2 -2 Zp-z
= <17+7p’\ +”-]2p Ny>+<p' - 715p7 )V.

Hay dwéi dang ma tran:

p" 2p-
Y, 1+p-' 1+p-1 v
p-2(4p-, +3) p"  Lv2

_(I+p-D(l +2p-1) 1+2p™
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TU d6 tim dwgc ham truyén ma tran:

_p 2p-
1+ p- 1+p’
H(p) = ‘
p 2(4p~* +3) p~’

(I+p D +2p_1) 1+2pl

b) Tlr so d6 dong tin hiéu, ta cling tim dwgc cac phuong trinh trang théi
duéi dang chuan:

_ .- : ml O
m-1 Ol“‘,+ 0" v

H-k.'i—| 0 -2 vi-l — -1 1 ER

vAO=[i 1 Y0 =x,()
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10.1.

10.2.

Chuwong 10
MANG BA PHA

DE BAI
M6t mang 3 pha tai hinh sao can bang hoan hao, c¢6 so dd nhu trén hinh
B 10.1. Cho thé pha v c = 120Z-240°V.

a) Tinh cac thé pha Vava Vh
b) Tinh thé gilra dwong voi dudong Vda

Mot mang 3 pha 4 day Y-Y, ngudn can bang véi thé pha Vp= 120V, nhung
tai can bang:
ZA=7ZB=Zc=1z =40 +j30Q
c6 so do trén hinh B 10.2. Tinh:
a) Cac dong dién pha la Ihva Ic va dong dién trong day trung hoa IN
b) Cong suat tiéu thu béi tai.
¢) Cong suat cung cap béi nguon.
d) Cong suat téng cong cung cap bdi ngudn.
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10.3. Mot mang 3 pha 4 day Y-Y, ngudn can bang véi thé pha Vp= 120V,
nhung tai khong can bang:
ZA= 80 + j50Q
Zg =80 +j80Q
Zc = 100 - j25Q
c6 so do trén hinh B 10.3. Tinh:
a) Céc dong dién pha |,, Ibva Ic va dong dién trong day trung hoa IN
b) Cong suat tiéu thu bdi tai.
¢) Cong suat cung cap béi nguon.
d) Cong suat tong cong cung cap badi nguodn.

10.4. Mot mang 3 pha 3 day Y-Y, ngudn can bang véi thé pha Vp= 120V, tai
can bang véi:
ZA=Z7ZB=zc=1z =40 +j30Q
c6 so do trén hinh B 10.4. Tinh:
a) Cac dong dién pha Ig lhva Ic va dong dién trong day trung hoa IN
b) Cong suat tong cong tiéu thu bdi tai.

a u A
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10.5. Mot mang 3 pha 3 day Y-A, ngudn can bang voi thé pha Vp= 120V, tai
can bang voi:
Z,=22=23=7Z =150 +j270Q
va voi cac tréd khang duong:
Zah—ZB=zc=10+j25Q
c6 so do trén hinh B 10.5. Tinh:
a) Cac dong dién duong l1aA IBva Icc.
b) Tinh cac thé pha v6i tai hinh sao Y:
c) Tinh hiéu thé gira duwong véi duong tai tai:
d) Tinh cac dong dién trong cac day pha doi voi tai ndi tam giac A
e) Tinh tong céng suat tiéu thu bai tai.

10.6. M6t mang 3 pha abc ngudn ndi tam giac -tai néi tam giac A-A can bang
hoan hé&o c6 so do cho trén hinh B 10.6. Cho dong dién pha Ib= 38.3022 -
32.13941.

Tinh cac dong dién duong voi duong: lah laova I
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10.7. Mot cudn day ch 16i sat tir hinh xuyén, thiét dién 24cm2 Ho so' tang thé
tich ctia vat liéu st tir 12 0,95. Cudn day dwoc nudi bang mot ngudn thé
xoay chiéu c6 thé hiéu hiéu dung 220V va tan s6 50Hz. Tinh:
1) S6 vong day dé cudn day tao ra cdm tng tlr cuvc dai Bm= 1,2T.
2) Cuwong dd dong dién da bi hdp thu. Biét rang khéi lwong cla ton sat tir
chtra trong 16i la 1,6w/kg tai tdn s6 50Hz dé tao ra cAm tng tlr cuc dai 1T.
Ton sat tir c6 hé s tir tham  =18000 va chuwa & trong trang thai bdo hoa
dé chiéu dai trung binh cta I8i la 1,2m va mat do cla tén la 7,5.
3) Tinh dién tré mat mat Rp va tré khang clia cudn day c6 16i sat tir do.
4) CoOng sudt biéu hién tong cong bdi cudn day.

10.8. Cho mach dién nhu trong hinh B 10.8.

16Z0°V
ZA45°A

Hinh B 10.8
Tinh cdng suét trung binh:
a) cla dién tré 8Q.
b) cGia ngudn dong.
c) clia cudn cam.
d) ctia ngudn thé.
10.9. Mot bién thé 3 pha ndi Y-A nhu trén hinh 10.9. Trong d6 tai can bang
42kVA dugc nudi béi bién thé ba pha do.
a) Xac dinh thé va dong trong cac day pha & phia so cap.
b) Xac dinh cong suat biéu kién & mdi phia.

Hinh B 10.9.
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10.10. M6t mang ba pha c6 tai can bang hoan hao va bang Z = 10Z30°Q nhu
trén hinh B 10.10. la
a) Tinh cong suat tdng cong
hap thu béi tai 3 pha noi trén.

b) Wattmeter chi gia tri bang
bao nhiéu?

Biét rang hiéu thé gitta cac day
pha v6i nhau bang 100V.

10.11. Mot may phat dién ba pha cung cdp cong suat 100kW vo6i thira s6 cong
sudt coscp = 0,9 cho tai 3 pha méc theo kiéu hinh sao. Thé dwdng ddi voi
dudng tai dau tai tieu thu do duoc 1a 2400V. Dién tré cha mdi day dan
bang 4Q. Dién cdm va dién dung cla day dan khdng dang ké, cé thé bd
qua. Hoi dién thé gitra duong voi dwdng tai may phat bang bao nhiéu?

10.12. M6t mang ba pha abc can bang c6 ngudn hinh sao, tai tam giac Y-A, véi
Van = 100Z10"V va tai trén mdi pha z = 8+j4Q. Tinh cac dong dién
duwong voi duwong va dong dién trén cac day pha.

10.13. Mang dién ba pha c6 so dd nhu trén hinh B 10.13. M6i dén c6 cdng suat
500W va thé 120V. M6to loai cdng sudt 5kW véi hé sd cdng sudt 0,8.
Cudn tht cap cla bién thé ba pha cung cap hiéu thé gitra dutong day pha la
208V. Tai tiéu thu cach tram bién thé 1500 dam. Dién trd thuan cula
duwong day va tré khang 1a 0,403Q va 0,143Q trén 1000 dam.

Tinh hiéu thé gira cac dudng day pha voi nhau va gitra dwong day pha voi
dwong day trung hoa.

Hinh B 10.13.

10.14. Hinh B 10.14 la m6t mang ba pha ngudn hinh sao can bang, tai hinh sao
khong can bang.
a) Tinh cac dong dién duwong.
b) Tinh céng sudt phirc tong cong hap thu bai tai.
¢) Tinh cong sudt phiic tong cong cung cédp bdi ngudn.
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Hinh B 10.14.

10.15. Gia sir mang ba pha hinh B 10.15 c6 cac dién tr& tai khong can bang:
Z| =6+ 13j; Z2=4 + 2j; Z3=6 - 12,5j;
Hay tim hiéu dién thé gilra cac day pha R, s va T ddi voi day trung hoa N;
tre la tim VRN V@Nva VXN

10.16. Mang ba pha cé tai khéng can bang nhung ngudn can bang, véi V = 100V
nhu trén hinh 10.16. Tinh dong dién trong cac day pha va dong dién trong
duwong day trung hoa néu tai Za= 15Q, = 10+j5Q, zc=6-j 8Q.

10.17. M6t hé théng cdp dién 3 pha ngudn hinh sao-tai hinh sao 3 ddy can bang
120V (hinh B 10.17). Gia st tré khang cla cac cudn day cé thé bd qua;
tré khang cta ca moi dwong day 1a Zj = 0,1 + jO,2Q. Tré khang cla céc
tdi laz =20 +j5Q. Tinh:

1) Bién d6 dong dién trong cac dutng day.
2) Bién d0 cla cac sut thé trén cac tai.

3) Cong suat trung binh, cdng suat phan khang va cdng suét biéu kién bai
moi tai.
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4) Co6ng suat trung binh, cong suat phan khang va cong suat biéu kién bdi
moi ngudn.
5) Ty s6 phan tram cdng sudt mat mat trong cac duwong day.

Z,

TRA LOI VA HUONG DAN giai
10.1. a) Trong mang abc, nguoi ta thuong y
lay thé pha VValam gbc, vi vay:
va= 120Z0°V

Vay:
> va

v h= 120z (-240°+120°) V = 120Z-120°V
Tl cau a) ta tim dwoc gidn do pha gitra 3
thé pha nhuv trén hinh BG 10.1.
T hinh BG 10.1, ta tim duoc:

Vh= V3IVCI=r3(120)Z-90°V

10.2. a) Chon: Va= Vp= 120Z0" V lam gdc, thi thé trén cac pha:
v h=Vaz-120°V = 120Z-1201V;,
Ve = Vaz 120°V = 12021200V
Do dd, cac dong dién pha tinh dugc la:
;I' \Y 120z0" 120z0°

= - =%47-36,87 A
a za 40+j30 50236,87

vb _ 120Z -120" 120Z-120"
Au . =2,47Z - 156,87 A
Zh 40 +j30 50236,87°

V. 12071200 1202120
| = C— = T =24783,13°A
40 +j30  50236,87
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10.3.

234

Dong dién trong day trung hoa:
IN= 1, + Ih+ Ic=2,4Z-36,87" + 2,4Z2-156,87° + 2,4783,13°
5.3291e-016 +2.6645e-016i =0
b) Cbng suat ticu thu bédi cac tai:
SA= |,.1,*.Za= (2,4)240 +j30) = 230,4 +j172,8
SR=C v.z h= (2,4)240 + J30) = 230,4 +j172,8
sc = ICIC-.ZC= (2,4)240 + j30) = 230,4 +jl72,8
Cong sudt tong cong tiéu thu bai tai:
s- 35a=691,2 +j5184
c) Cong suat cung cap béi nguodn:
sa= la*va= (2,4236,87)(120Z0") = 230,4 +j172,8
Sh= It v b= (2,42156,87)(120Z-120") = 230,4 +jl72,8
s'=1,*V, =(2.42-83,13)(120Z 120") = 230,4 +j172,8
Cong sudt tdng céng cung cap bdi nguon:
s =S, + sh+ Sc= 3Sa= 3Sb= 3SC=691,2 +j518,4
a) Chon V., = Vp= 120Z0" V lam g6c, thi thé trén cac pha:
v h=V.z-120"v = 120Z-120" V;,
vc=Vazl20"V = 1202120’V
Do do, cac dong dién pha tinh dugc la:

I = 2120208 - 120207 _ 577,32 At

za 80+j50 9434732

V J20Z-120" =120Z-12~ = 65,A
1 z, 80+j80  113,14745

A = 1207120" 1207120" M 6z,34al,A

c zc 100-j25 103,11 Z -14,11°
Dong dién trong day trung hoa:
IN= la+ Ih+ Ic= 1,27Z-32° + 1,06Z-75°+ 1,16Z 134,11° =
= 1,271exp (-j*32*pi/l 80) + 1.06*exp (-j* 165*pi/l 80) +
+ 1.16%exp(j* 134.04*pi/1 80) IN=-0.7532—0.1135i=0.76Z-171.43"°A
b) Cong suat tiéu thu béi cac tai:
SA= law.za= (1,27)%80 + j50) = 129,03 +j80.65W
SB=Cuv.z'i = (1,06)280 + j80) = 89.8880 +89.8880iW
sc=lc.lc.Zc = (1,16)2100 - j25) = 134,56 -J33.64W
Cong sudt tong cdng tiéu thu bdi tai:
s = SA+ SB+ sc = (1,27)280 + j50) + (1,06)280 + j80) + (1,16)2100 - j25)
= 354,95 +j137,01W



c) Cong suat cung cap béi nguon:

sa= I* va= (1,272232)(120Z0°) = 129,48 +j80,88

s" = I+ v h= (1,061 Z 165)(120Z -120") = 90.03 +j90.03

S, = 1,*V, = (1,164Z-134,04)(120Z 120°) = 13551 - j33, 88
Cong suat tdng cong cung cap bdi ngudn:

s =S, +sh+s, =354,98 +J137,02 w

10.4. DEé tinh cac dong dién pha la Ik Icthi trvdc hét ta phai biét hiéu thé gitra

diém trung hoa cta ngudn va trung hoa cua tai:

v nN

ZAZReJ\‘lz'_Z_AZ eJO-I_-;H_Zc Voo

+ZAMC+ZBZC
VIN--1.0041e-014 + 8.4401e-015i =1.3117e-0142Z 139.9503°
V -V -
| = Z-a[-N: 1.9200 - 1.44001 = 2.4z -36.87°

L~ P]/'N ==-2.2071 - 0.94281 = 2.4Z-156.87"
z

.= - V'N= =0.2871 + 2.38281 = 2.4783.13"

ZC

Cong suat tiéu thu béi tai:
SA = lal*Za =2.3040e+002 +1.7280e+002i
sn=l,rtz h=2.3040e+002 +1.7280e+002i
SI' =lIclcZc =2.3040e+002 +1.7280e+002i
Tong cong suat tiéu thu boi tai:
S = SA+ SB+ sc = 3Sa= 3SU= 3SC=691,2 +j518,4
10.5. a) Chon thé ngudn: Va= Vp= 120Z0" V do d6 cac thé ngudn khac:
vb=V.Z-120 V = 120Z-1200V;
v'=V,Z120"V= 120Z120" V
Dé tinh cac dong dién dwong laA 1B 1cCthi trude hét ta 4p dung quy tac
chuyén doi tai A thanh hinh sao Y, theo cong thirc:

P N :50+190
Z,+Zy +Z1

Z»=- Zf ' Vv :50+190

2c=——2z22 - =50+j90
| +7Z-, 4
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Tinh hiéu thé gitra di€m trung hoa clia ngudn va trung hoa cla tai:
V,N =

(ZaA +ZA)(ZbB +ZB)e 3 +(ZaA +ZA)(ZcC+zc)e 3 +(ZbB +ZB)(ZcC +zc }v

(ZaA + ZA)(ZbB +ZB)+ (ZaA + ZA)(ZcC + zc >+ (ZbB + ZB)(ZtC +zc > p
VN=-1.172e-014 +1.782e-015i = 2.135e-014Z2123.304°

| A=~ rVf =0.392- 0.7821 = 0,848Z -62.447"
Za~AZA

IR = %T_I’_‘—7ir = -0.847 - 0.0361 = 0.848Z 177.553°

bB B

| = =0.455 + 0.716i = 0.848257.5530

- zLC+zZC
Ta thdy: laA+ 1B+ IcC=0
b) Tinh cac thé pha véi tai hinh sao Y:
VAN= Id& A= (0,848Z -62.447°)(102.96260.95) = 87,31Z-1,5"V
VBN= IFZB= (0,848Z 177.553°)(102.96260.95) = 87,312238.503°V
VON= IccZe = (0,848Z 57.553°)(102.96260.95) = 87,31 2118,503°v
c¢) Tinh hiéu thé gitra duwong voi dwdong tai tai:
VAB=VA- VEN=87,31"-1,5° V- 87,312238.503°V
= 1.3290e+002 +7.2161e+001i=151.223728.498°V
VBC= VBN- VON=87.31260.950V - 87,31Z118.503(v
VBC=-3.9507e+000 -1.5117e+002i= 151.221Z-91.497°v
VAC=VAN- VON=87,31"-1,5°V - 87.31Z2118.503""v
VAC= 1.2894e+002 -7.9013e+001i = 151.224Z-31.4995°V
d) Tinh cac dong dién gilra dwong véi duong doi voi tai néi tam giac A
| VAB 151.223728.4980 151.223728.4980
B~ zj _ 150 + j270 " 306.8689260.94541 “

0,4896Z - 32,4474°

| VAC 151.223728.4980 151.223Z-31.49950
AC_zj 150 +j270 _ 306.8689Z60.94540 -

= 0,4896Z - 92,4449°



e) Tinh tdng cong sudat tiéu thu bdi tai: SA= llad2.ZA
Voi: ZA=50 +j*90 = 102.9563 Z60O94540

Vay:

Sa = 0.848A2* 102.9563*exp(j*60.9454*pi/l 80) = 35.9552 +64.7194i

=74.0363260.9454'w
Tong cong sudt tiéu thu boi tai:
s = 3SA= 3Sb= 35C= 3x74.0363260.9454°w
§=222,1089260.9454°w
10.6. Theo gidn do6 pha cla mang tai ndi tam giac nhu trén hinh BG 10.6. Vi

thé, khi cho Ib ta tim dwgc cac dong dién pha khac la: la= IhZ 120°

Thay gia tri Ihvao, ta duoc:

la= 1hZ120u= (38.3022 -32.1394i)Z2120° = 50Z80" A
Tuwong tw:  Ic= 12240° = (38.3022 -32.1394i)Z2240° = 50Z2200° A

Tl gidn do pha hinh BG 10.6a, ta tim dwoc cac hé thic lien hé gira cac
dong dién dwong véi dwdng va cac dong dién pha:

a)

r=731~-30":

l,b,=7317-30”

.= 73IclZz-30":

I*

b)

Hinh BG 10.6.

T Vv37-30'1 V3Z-300

Ifc= - A

V3Z-300
|

V3Z-300

50Z80"
J=

- =28,92110"

J2£"N21=28,9Z _io-

V3Z-30"

5022001
” ..-=28.92230"

V3Z-300
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10.7. a) n=VH4,44 f Bnb= 220/4,44 X50x1,2x0,95x24.10 4= 362 vong.
b) Khoéi lvgng cta ton: M = 0,95x24. Itr’x 1,2x7500 = 20,5kg.

Ma&t mat do 16i sat: 32,8 x1,22= 47,3W. Tlr d6 suy ra dong di qua dién tr&
mat mat 1a=47,3/220 =0,21A.

Dé tinh dong tw cdm nlc= HI véi H = ypT

lc= 1,2 X 1,2/362 x47t. 1(T7 X 1800 XV 2 = 1,24A
Vay V(°21A)2+(1,24A)2 = 1,023A
C) Rp = v itllp = 220/47,3 = 1.023Q

xm= Vidic=220/1,24 = 177Q
Cong suat biéu hién téng cong bdi 16i:
Q = VHhlc =220 x 1,24A =273 VAR.
10.8. Dinh luat Kirchhoff déi voi dong tai nat V, ta thu duoc:

(V-16)/(j4) + VI8 - (2V2 2Z45™) =0
Tir d6 tim duoc: V = 16(1-j)/(1-2j) = 10,12Z18,4"
Dong dién: 1= (16—V)/j4 = vA2 Z-116,6°
Do vay:
a) Cong sudt trung binh tda ra trong dién tré 8Q la:
PR= (1/2)(1V128) = (1/2)(10,12)28 = 6,4W
b) Céng suét cta ngudn dong:
prd= - (1/2)IVI(2 V2 . c0s(26,6°) = 12,8W
¢) Cong suéat trung binh cta cudén cdm: PL=0 w
d) Cdng suat trung binh cua nguoén thé:
Pav=-(1/2)111cos(-1 16,6") = 6,4W
10.9. Cong suat biéu kién ¢ phia thir cdp (tai) la Sp = 42kVA va thé pha cla
phia tht cdp la VLS= 240V, ta tinh dwoc dong dién pha & phia thi cap la:
ST _ 42000
u V3Vls V3(240)

Do dé dong dién trong cac day pha phiasocap la: Ilp=-pIL=".101A
V3 v3

Thé cla cac day pha phia so cap la: VL = V—3VL = —\/3.240V

n n
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b) Vi tai can bang nén cong suét biéu kién tdng cong cla mdi bién thé &
phia th cap:

s = SK3 = 42kVA/3 = 14kVA
O phia so cdp, ndi A, nén thé pha va thé gitta duong voi dwong la nhu nhau
tic 1a V1p= 240, trong khi dong dién trong cac day pha la ILp/ V3 = 58,34A.
Do dé cong suat biéu kién la s = 240 X 58,34A = 14kVA. C6 nghia la
cdng suat dwgc bao toan.

10.10. a) lb=" = 100ZOQt" = 10Z - 30°
a

z 10Z3
\ 100Z - 240°
lLa=-g- = » =10Z-270"
z 10230

la=ldh- l@a=10Z-30" - 10Z2-270"™ =5V3 - jI5 =17,32Z-60"
Do d6 cong suat tong cong:
pt- >3 Mebllaicos¢ - V3 x IOOx 17,32.c0s30° - 2.598w
b) Wattemeter doc:
pw=Vh1i =100xI0>/3.cos(-60H-240°)
=100 X17,32 Xcos(-300°) = 866w
Cong sudt nay dang bang mdt phan ba cong suét téng cong.
10.11. Ta biét rang, vi dwong day c6 dién tre, nén khi tai dién tir may phat dén
noi tiéu thu, thé da bi sut trén duwong day; do dd, thé tai noi phat bang thé

& noi tiéu thu cong v6i sut thé trén tai. Vi tai hinh sao, nén ta c6 thé
dudng v&i duong gitra 2 day pha a va b dwgc tinh theo céng thirc:

Y,h =
T dé, tinh dwoc bién do thé gitta day pha va day trung hoa la:

v I =~k I~ £ X =138V

Cong suat tiéu thu trén mot pha tai tai la:
pu. =-A ii— = 1QQKW = 37kVA
v 3cos(]) v 3x0,9
Dong dién trong moi day pha:

V1. 1386V
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Goc léch pha giva dong va thé cia duong day pha la: = arcos0,9 = 25,84°
L&y dong dién lalam gbc (dong landm trén truc thuc), khi d6 thé gitra day
pha véi day trung hoa tai tai duoc biéu thi bang cong thirc:

vald = |V nlejBKe = 1386.ej2, M =1247 + j604V
Sut thé trén mdi day pha la: Va= lax R = 26,7x4 = 106,8V
Thé dudng véi dudng tai may phat tinh dugc la:

Vip=Vrd+V, =1247 + J604V + 106.8V = 1343,8 + j604V
Hay: v dnp = 1343,8 + J604V = 1483.ej4"
T dé tinh dwoc bién do thé gitra dudong voi duong tai dau may phat la:

IvJ =V 3||Va‘r]npphta| =1483.V3V = 2569V

I ahlphéal

10.12. Thé pha Van= 100Z101V, nén thé duwong véi duong la:

véh=vaVv3Z30'1= 100v3Z301+10°v
Vay cac dong pha la:

Vv, HXh/3Z30" + 10“ = 173,2740" = A
Zz 8+j4 8,9447226,57

k= ladZ -120° =19,36Z-106,57° A

It =1a21200=19,362133,43°A
Céc dong dién duong la:

la=l1aVv3Z-30° =33,53Z2-16,57°A

lh=17dz - 120" =33,53Z2-136,57° A

Ic =1aZ2120° =33,537°103,43° A

10.13. DE tinh hiéu thé gitra dwong pha véi nhau va véi dwong day trung hoa khi
co tai, ta sir dung so do twong duong clla mot pha nhw trén hinh BG 10.13.

1500ft

0,6050 j0,215Q
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Dong qua mdi dén tinh dwoc 1a 4,17A.
Thé gitra day pha a voi day trung hoa la:

Bay gi® tinh dong qua moto M:
I 1_5000/3 2083
“ T 0.8|v,] VM e
Vi hé s6 cong suét bang 0,8 va vi dong cham pha so voi thé nén:
c0s*(0,8) - -36,9°

Do do: IM=~AAZ-36,9(=— (1666—jI251)
Vay dong tong cong tiéu thu bdi tai la:

I, =2x 11 +1m=2x4,17+ — (1666-jl251) =

= — (8,34Vm+1666-jI251)

M

Hiéu thé gilra duong pha véi nhau la:

vd=1,Zd=— (8,34Vm+1666-j1251)(0,605 + j0,215)

= -L[(5,05Vm+1277) +j(,79VM-398,7)]

M
Tl So do ta thay:
V, =V tV M
*Thay cac gia tri cia Vaava clla Vdvao hé thirc nay, ta tim dwoc phuong
trinh dé xac dinh hiéu thé & hai dau moto M:
V* - (114,95 - j1,79)VM+ (1277 - j398,7) = 0
Dung MATLAB, ta tim dwgc hai nghiém la
VM= 1.0e+002 *
1.0260 + 0.02381
0.1235-0.0417i

Hay: VM= 102,63Z1,33(va VM= 13.4Z-18.660
Nghiém VM bi loai. Vi thé ciia moto ngugc pha véi thé Vannén ta chon:

VM= 102,63Z-1,33° V
Tw d6 tim duwgc bién d6 cua hiéu thé IVd =V3102,63 = 177,76V.
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10.14. Ap dung dinh Iy Kirchhoff cho hai mat mang doc 1ap nhv wén hinh BG
10.14, ta thu duoc:

(10 + j5)I, - 1012= 0

va -101, + (10-jl0)12=120Vv3Z-90°
Giai ratheo li, 12 ta duoc:
10 +j5 -10 .
D= =50- j50 =70,71Z - 45°
-10  104lI0O

207,8461730°  -10

D= j207,8461  10—310

= 207,85(13,66 - j 1 3,66) = 4015Z -45°
10+j5 207,8461Z30°

D2=" 10 -j207,8461

= 207,85(13,66 -j5) = 3023Z -20,1°
Tw d6 tim dugc cac dong dién:

4015Z -45
1.=A = 56,78A
' D 70,71Z -45°
3023z2-20,1°
1 =/ = =42,75Z224,9°A

2" D 70,71Z -45°
Cac dong dién duwong tim duoc la:
I,=1,=56,78A; Ic =-i12=42,75Z-155,1°A
Ih=12- 1, = 38,78 +jI8 - 25,78 = 25,46Z135°A
b) Tinh cdng suat phirc tong cdong hap thu boi tai. DE thuc hién duoc

nhiém vu nay, ta phai tinh cong suét hap thu bdi tai cho mdi pha, sau do
céng 3 pha lai v&i nhau dé duoc cong suét tong thé.
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Do6i voi pha A:
SA= 11, Rza= (56,78)j5) =jI6,12VA
Da6i voi pha B:
SB= 11, Pz b= (25,46)2 10) = 6480VA
Doi voi pha C:
sc= llcRZL= (42,75)%-jl0) = -jI8,276 VA
Vay cong suat tong cong hap thu bai tai la:
SL= SA+ SB+ sc = 6480 - j2156VA
c) Bay giv ta tinh cong sudt phtrc tong cong cung cap badi ngudn:
Do6i v6i nguodn trong pha a:
Sa=-vai; =-(120Z0M)(56,78) =-6813,6VA
D6i véi ngudn trong pha b:
sh=-Vhw =-(120Z-120°)(25,46Z-13°) =
=-3055,22105° =790 §2951,1 VA
DBadi voi nguodn trong pha c:
sc=-VJ* =-(120Z 120°)(42,75Z 155,1°) =
=-5130Z275,1° =-456,03 +j5109,7 VA
Vay cong sudt phirc tong cong cung cdp bdi ngudn ba pha la:
Ss=sa+ sh+s, =-6480 +J2156VA
RO rang Ss + SL= 0; day la nguyén ly bao toan céng suat AC.
10.15. Dong trén cac day pha:

10020 =6,67Z0"A

10021201

— N o
10+3F5 =68,94793,44° A

100Z-12Q"
] =10Z66,87°A
6-j8

Dong dién trong day trung hoa: In=- (la+ Ib+ 1) = 10,06Z2178,4° A

10.16. 1) T6ng trd khang ctia mdi pha la z = z, + z, nén bién dd cla cuong do
dong dién trong mdi duong day:
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2) Bién do cla sut thé trén moi tai Ia:

NV, 1= [I].|z| =5,78A.n202+52 = 119,16V
3) Cdng suét trung binh ctia moi dwong la :

ISU = |v,|[I| = 119,16(5,78) = 688,7VA
hodac c6 thé tinh theo cdng suét:

ISL = |1]2|z,| = 5,782V202+52 = 688,7VA
Cong sudt toa ra bai tai la:

PL= RJI2=20(5,78)2= 668,2W
Cong suat phan khang cua tai la:

g l=Xm2=5(5,78)2= 167,0VAR

=>kr-|PLf =7/688,72-668,22 = 166,8VAR
4) Coéng sudt cung cap bdi ngudn tinh dwgc bang cach cdng cdng sut tiéu
thu béi tai cong véi cong suat mat mat hoac cong cong sudt cla tai voi tre
khang ctia duwong. V@i cach thir hai nay ta duoc:
Cong suat tré khang ctia duong: Pl = 0,1 2= 3,34W
Vi thé, cdng suat clia nguodn la:

ps=3,34+668,2=6715w
Cong suat phan khang cta duong la Q, = 0,21112 = 6,68VAR, nén cong
suat phan khang cta nguon la:
Qs=6,68 + 167,0 = 173,7 VAR
5) Cong sudt mat mat trong moi duong la 3,34, nén ty 1én phan tram cong
suat mat mat trong moi duong Ia:

3 34

-Z—-X 100 = 0,5%
671,5

10.17. Gia str dong dién trong cac day pha va trong day trung hoa c6 chiéu nhw
trén hinh vé, theo dinh luat Kirchhoff, ta thu dugc ba phwong trinh:
12020 = (6+13j)IR
120Z-120 = (4+2j)lIs
1202120 = (6—412,5))Ix
Hay du6i dang ma tran, ta tim dwoc ba dong dién ba pha IR I sva ITla

12020 6+13j 0 0 .
120Z-120 = 0  4+2j 0 s
1202120 0 0  6-12,5] .
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Do dé ba dong dién ba pha IR I sva Ix tim duwoc:

I =inv(Z2).V
12020 '6 + 13j 0 0
Trong d6: V = 120Z-120 ; z = 0 4+ 2j 0
1202120 0 0 6-12,5j

va 1=
I,

Sir dung MATLAB dé giai phuong trinh ma tran nay:

% Tim dong dién ba pha trong mang ba pha khdéng can bang
z=[6-13*j 0 0;0 4+2*j 0;0 0 6-12.5*]];
c2=110*exp(j*pi*(-120/180));
c3=1 10*exp(j*pi*(120/180));

V=[110;c2;c3];

I=inv(Z2)*V;
Vr=(5+12*j)*1(l);
Vs=(3+4%))*1(2);
Vit=(5-12*j)*1(3);
Vrm=abs(Vr)
Vrm_angle=angle(Vr)* 180/pi
Vsm=abs(Vbn)
Vsm_angle=angle(Vs)* 180/pi
Vtm=abs(Vt)
Vtm_angle=angle(Vt)* 180/pi

Két qud MATLAB cho
VRm =
99.8755
Vrm_angle
132.6050
VVrm =
122.9837
Vsm_angle
-93.4349
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Vtn =

103.1342

Vtm_angle =

116.9789
Dong dién | chay trong day trung hoa Ia IN= -25.2172 - 7.17991.
Bay gi0, néu ta ldy cac tai can bang; c6 nghia la z, = Z2=z, = 6-3j, thi
MATLAB cho két qua:

Vrm =

110

Vrm_angle =

-3.7010e-015

Vsm =

110.0000

Vsm_angle =

- 120.0000

Vim =

110

Vtm_angle =

120.0000

1=

8.8818e-016 +2.2204e-015i;
Tl day ta thdy, néu tai can bang thi dong dién trong day trung hoa co gia
tri rdt nho, gan bang khong.
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PHU LUC |

Mot s6 hang s6 co s

Tén hang so6 Ky hiéu  Gia tri gan dang Gié tri chinh x&c hon
Van t6c anh ang trong c 3,00x10® m/s 2,99792458x10® m/s
chan khéng
Hang s6 hap dan G 6,67x10“1IN.-m2kg2  6,67259(85)x10'1IN.m2kg2
Hang s6 Boltzman k 1,38x10~3J/K 1,380658(12)x10-3J/K
Dién tich cta dién tl e 1,60x10-19c 160217733(49)x10'19C
Hing s6 tr moéi cla Mo 4tix10-7T.m/A 47tx 10~7T.m/A
chan khéng
Héng s6 dién modi cla 8,85x10 C2ZN.m2 8,854187817x10 C2N.m2
chén khéng
Hang s6 Planck h 6,63x10-"J.s 6,6260755(40)x 10-34.s
Khéi luwgng nghi cla me 9,11x10-31 kg 9,1093897(54)x10-3L kg
dién tor =0,000549 u =5,4579903(13)xKr* u
=0,511 MeV/c2
Khéi lwgng nghi cula mp 1,6726x1 0-Z kg 1,6726231(10)x1CTZ kg
proton =1,00728 u =1,007276470(12) u

bon vi khéi lwgng
nguyén t& (1u)

=938,3 MeV/c2
1,6605x10~Z kg

1,6605402(10)x10~27 kg
=931,49432(28) MeV/c2

Pon vi clla moét s6 dai lwgng dién tlr trong hé Sl

Tén dai lugng vat ly bon vi Ky hiéu Trong don vi co sé&
Luc Newton N kg.m/s2
Nang lugng va cong Joule J kg.m2s2
Corig suat Watt w kg.m2s3
Tan sé Hertz Hz sl

bién tich Coulomb c A

bién thé Volt \% kg.m2(A.s3)
bién tro Ohm Q kg.m2/(A2.s3)
bién dung Farad F A2.s4/(kg.m2)
Luc tir truong Tesla T kg/(A.s2)
Cam (ng tir Henry H kg.m2/(A2.52)

Trong do: kg la kilogam (khéi lvong); m la mét (d6 dai); s la gidy (thoi
gian); A la Ampe (dong dién).

247



Boi s6 clla cac don vi trong hé Sl

Tén Ky higu Gié tri
Tera T 1012
Giga G 109
Mega M 106
Kilo k 103
Hecto h 102
Deca da 101
Deci d 10-1
Centi c 10-2
Milli m 10-3
Micro M 10-6
Nano n 10-9
Pico p 10-12
Femto f -10-15

Vi du: 13nm= 13x10 9n

3GH, = 3xI109Hz
2mH = 2xI10°3H,...
Mot s6 don vi chuyén doi
Chiéu dai

1po = 2,54cm

lcm =0,394po

1pi = 30,5cm

1m = 39,4 po = 3,28pi

1 mi= 5280 pi = I,61km

1km = 0,621 mi

1 mille hang hai ( 1 dam bién) = 1,85km

1fermi = 1 femtomet = 10°15m

1 angstrom = (Au) = 10*l(Im

1 ndm anh sang = 9,46x105m

1 parsec = 3,26 nam anh sang
Cong va nang lugng

1J = 107ergs = 0,738 pi.lb

Ipi.lb = 1,36 J= 1,29x10°3BTU = 3,25x10" kcal

lcal =4,18x103) = 3,97BTU

1BTU = 252 cal = 778 pi.lb = 1054J

leV =1,602x10"193

IkWh = 3,60x101iJ = 860kcal
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Goc

1radian (rad) = 57,30" = 57°18"

1"=0,01745 rad

Ir/min ( mét vong phut) = 0,1047 rad/s

Céc cbng thirc todn hoc thdng dung

Nghiém cta phuong trinh bac hai

ax +bx+c=0

-bx\Ib2 -4ac

) — +— Vdac-b2=a +jB
X2 2a 2a 2a

Khai trién chudi ham

f(x)= f(0) X dzf
X)= + +
dx /0 dX2/(> 21

n(n-1) X2+ n(n- l(n —2) % +
2! 3!

(1+x) = %+ nx +

V n(n-I
(x+y)n= xn 1+11- P N )%+
X 2! X2
X_ 1 X 2 x /
ex= 1+ X+ -T-+ — +
21 3!
X2 X3 X4
In(I+x) = X- — +— +—
2 3 4
sinX =X - 4 +ig[ - -
_ N
cosx =1- —+-—= ..
21 4
X1l 2xs I 1 n
tanx = X+ — + X< —
15 11 2

Cong thic lvgng giac
cosZa +sin2a = 1
sec2a - tan2za = 1
cosecZa - co tan2a = 1
sin2a = 2sinacosa
cos2a = c0s2a - sin2a = 2cos2a -1 = 1- 2sin2a

sin(atP) = sinacosp + cosasinP
cos(axP) = cosacosP % sinasinp
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tanaztabp
tan(axP) = —-
1+ tabatanp

. a 1- cosa

: . ax|3 a+p
sina = sin B = 2Sin— - cOS— -—

2 2
\fisin(45° +a) =\i2 cos(45° - a)
cosa - sina = yjl cos(45° +a) = V2 sin(45° - a)
sin(a+P)sin(a-P) = cos2 - cosza
cos(a+p)cos(a-P) = cos23- sin2a

cosa + sina

sinasinP = —[cos(a-P) - cos(a+(3)
sinacosp = —{[sin(a-P) + sin(a+(3)
cosacos|3 = —[cos(a-(3) + cos(a+P)
cosasin(3 = —[sin(a+P) - sin(a-P)

Hé thirc lvong trong tam giac
Trong tam giacvuong

r 1
rR=a2+h2 coseca = —= ————-
h sina
h r 1
sina = — seca = —= —————-
r a cosa
a a 1
cosa = — cotana = — = -coeem
r h tana
h
tana = —
a

Trong tam giac thuvong

sina _ sinp _ siny

a p Y
c2=a2+b2- 2abcosy
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PHU LUC I

PHAN MEM MATLAB VA CAC TIEN iCH

Cac phép toan sb6 hoc

MATLAB c6 mot sé cac phép toan co ban sau:

Toan to s« dung Vi du
Céng 2+2=4
. Tri 2-2 =0
¥ Nhan 25 =
I Chia 22 =1
A M @ 22 =4

Ngoai ra, con c6 rat nhidu cac ham toan hoc da duoc méc dinh san
thw vién ciia MATLAB, nhu:

sin(x): tinh sin cta X

cos (x): tinh COS clia X

tan (x): Tinh tang cua X

cot(x): Tinh cotang clia X

asin(x): Tinh arcsin cia X

acos(x): Tinh arccos cta X

atan(x): Tinh arctang ctia X

acot(x): Tinh arcotang cla X

atan2(y,x): Tinh arctang va cho mdt géc nam gitra

—Tiva n tuy thudc vao dau cla toa do Xvay.

sec(x): l/cos(x)

csc(x): I/sin(x)

asec(x): l/arccos(x)

acsc(x): l/arcsin(x)

Cac ham hyperbolic:

sinh(x): sin hyperbolic cia x: —(ex-e “X)

cosh(x): cos hyperbolic clia x: —(ex+ e~x)

sinh(x)

tanw(xﬁI tang hyp-ert’)lo“c cua X:
cosh(x)



cot(x)>:< cotang HyperBoiic cua x: 9—9-Sh—(’¥)

asinh(x): Sin hyperbolic nghich d&o cta x: In(x + +1.

acosh(x): GOShyperbolic nghich ddo ctia x: In(x + vx2-1 ,v6i X> 1.

1 14*X
atanh(x): tang hyperbolic nghich dao cda x: —In(——), véi X< 1.
z 1 X

acoth(x): Tinh cotang hyperbolic nghich dao.

abs(x): Gia tri tuyét ddi cua x: ||

sign(x): ham sign: bang -1 néu x<0; =0 néu x=0; =1 néu x>0.

sqrt(x): Tinh can bac 2 clia x: Vx

exp(x): Tinh ex

log(x): Tinh In(x)

loglO(x): Tinh log,0(x)

round(x): Cho phan nguyén ctia X Néu X la vector thi lam tron v&i moi
thanh phan cua vector.

fix(x): Cho s6 nguyén cta X theo huwéng téi 0, c6 nghTa la lam tron Ién phia
trén néu la s6 am va phia du¢i néu la s6 duong,

floor(x): Cho s6 nguyén & dugi X

ciel(x): Cho s6 nguyén & trén X

rem(x,y); Cho s6 du cla phép chia x/y. N6 con dwgc goi la ham modulus.

Cac hang va bién trong MATLAB

Trong MATLAB c6 mot s6 hang c6 sén nhu:

ans: Tra 10i két qua cua phép tinh trudc dé.

pi: Gia tri ctia s6 7.

i, j: Cac hdng dung cho s6 phtrc c6 gia tri mac dinh

I —2=—1-

eps: Hang mo t4 dd chinh xac clia cac phép tinh dwoc str dung trong MATLAB.

»  eps

ans =

2.2204e-016

realmax: S6 dau phay dong I&n nhat ma may tinh c6 thé thuc hién,

realmin: S6 dau phay dong nho nhat ma may tinh c6 thé thuc hién,

inf: S6 vd han (ao), biéu dién phép chia mét s6 cho 0 (chang han 1/0). May
tinh van lam viéc.

NaN: Buwgc dinh nghia nhu la ‘Not a Number’ & dang 0/0 hay inf/inf.

nargin: Cho s6 cla cac d6i s6 16i vao trong ham sb da goi.

nargout: Cho s6 cac ddi s6 16i ra trong ham da goi.
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MATLAB ciing cho phép ta tao ra cdc hdng va bién cla riéng nguoi dung.
Gia slr chling ta mudn tao ra mot so gia tri ta cd thé dinh nghta:

» alpha=30;
» beta=52;
. Bién toan cuc: Trong MATLAB ta c6 thé cho phép cac ham dung

chung mot bién, hay gitra cac ham va chuong trinh chinh cling dung chung mot
bién bang cach khai bao bién dé & dang bién toan cuc:
global namel name2 name3
Dé hién danh sach cac bién s6 da dinh nghta ta dung lénh:
who
who global chi ra cac bién sb toan cuc da dwoc dinh nghia.
DE xoa bién so, ta dung Iénh clear,
clear: Xbéa tat cd cac bién so.
clear name: Chi x6a bién so co tén la name,
clc: Xoa ctra so Iénh.
clf: Xoa anh hién thoi va do vay xoé clra so do thi.

Pinh dang

Ta c6 thé dung lénh format “type’. Cac gié tri clia "type' dugc mo ta dudi day:

type Y nghia Vi du
hex Biéu dién duwé¢i dang co s6 16 1400921fb54442d18
long Biéu dién dang 15 ch* s6 v&i ddu phay c6 dinh 3.14159265358979

long e Biéu dién du6i dang 15 chit s6 véi ddu phay dong 3.141592653589793e+00
rat Bbiéu dién duéi dang phan s6 t6i gian 355/113
short Bi€u dién dudi dang 5 chit s6 v&i ddu phdy ¢6 dinh  3.1416

short e  Biéu dién 5 s voi ddu phdy dong 3.1416e+00

short g Biéu dién du6i dang 5 s6 dd dwoc lam tron co6 thé  3.1416
0 dang dau phay co dinh hay dau phay déng

long g Bi€u dién dugi dang 15 s6 dd dugc lam tron c6 thé  3.14159265358979
& dang dau phdy cd dinh hay dau phdy déng

Mang va cac phép toan trén mang

Mang mot chiéu

MOt cac gia tri aMa2 a3,...., anco thé dinh nghia thanh mot mang trong
MATLAB nhv sau:

» mang=[al a2 a3 ... an];

bay cling l1a mot véc to hang c6 chiéu dai n phan tc.

Truy cap dén cac phan tlr cia mang: m(chi sé phan t). Vi du m(5) la phan
ttr thir 5 cha mang.

253



Tinh do dai cia mang:
length(day)
Lénh d6 hoa 2D don gian
Dé vé do thi cla bién s6 y theo bién sb x, ta dung Iénh d6 hoa don gian sau:

plot(x,y)
Mau séc va kiéu duong vé duoc tdng quat hoa trong bang sau:

Biéu twong Mau Bi€u tuong Dang duong vé
y vang
m do tuoi 0 0
c luc lam X x
Y *
r do
g xanh la s O
b xanh duong A
trang < <
k den > 0
*
p
h sao sau canh

Lap trinh v&i MATLAB

Tao ra cac file script

Mot chudi cac lénh c6 thé két hop lai dé tao thanh mot file c6 phan m&
rong.m duoc goi la M-file. Khi nhap tén file d6 (khong c6é phan mé réng) vao
clra s0 1énh thi file d6 sé tw chay. Ta con goi d6 la cac file scipt.

Tao ra cac ham

Ta c6 thé tao ra cac ham trong MATLAB. Céc file ch*ra ham ciing duwoc goi
la M-file. Céc file nay phai duoc bt dau bang tir khoa function va c6 dang nhuw
sau function [tén cla cac bién 16i ra] = function_name(tén cla cac bién 16i vao)

Cau truc logic dung trong MATLAB
a) Cac phép toan quan hé

< nhé hon

<= nhé hon ho&c bang
> I6n hon

>= I6n hon  hodc bang
== bang

~= khong bang
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b) Cac phép toan logic

& and

| or

not

¢) Cau trac if trong MATLAB

if (biéu dién logic)

khéi 1énh

end

Khéi I1énh trén s& duoc thuc hién néu phép biéu dién logic 1a dang, néu sai
khdi 1énh sé dwoc bd qua.

if biéu dién logic 1

khoi 1énh 1

elseif biéu dién logic 2

khéi Iénh 2

else

khoi 1énh 3

end

Khéi 1énh 1 s& thwc hién néu biéu dién logic 1 & dang.

Khéi 1énh 2 s& dwoc thwe hién néu biéu dién logic 1 sai va biéu dién logic2
l& ding.

Khéi 1&nh 3 sé& thuc hién néu biéu dién logic 1 va biu dién logic2 déu sai.
Chéng han ta c6 khéi Iénh:

fori=1:n
forj=1.n
ifi==j
a(i,j) = 2;
elseif abs([i j]) ==
a(ij) = 1
else
a(i,j) = 0;
end
end
end

d) Céu trac vong lap for
fori=i_I: Ai:i_2
Khéi I1énh
end

Khéi lénh sé duoc thwe hién vai moi gia tri cda i.
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e) Cdau truc vong lap while

Vong ldp while cho phép Idp lai mot nhém 1énh, thod man motso diéu kién

nao day. Dang téng quat clia vong lap while nay la:

while biéu thirc 1
nhém lénh 1

end

nhom lénh 2

Khi nhém Iénh 1 dang, thi n6 sé duoc thuc hién. Nhwng néu nhém 1énh 1 la

sai, thi nd sé thoat khéi vong while va thuc hién nhém 1énh 2.

CAC PHEP TINH LUONG GIAC VA s8 PHUC

Tinh cac sb6 luvong giac
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Cac phép tinh lwgng giac lién hé chat ché véi cac hé thirc tam giac luong.
Chung dugc xac dinh tir hé thiec nhw trén hinh sau:

4y

Bi€u dién cac hé thic lvgng giac trong toa dd vudng goc.

T hinh vé ta thay:

sind=—, 0=arcsin — =sin* fJ
r VrJ
a 1 N
cos<)=— (@=arccos — =aB fai
r
b .
Vind= @@= stan = tan"1' bi
a va, va,
cot®=2, e =arccot — =cot- —
b vb,
r=va: +b:



CAC PHEP TOAN VECTOR VA MA TRAN
Biéu dién véc to

Vector hang c6 thé dinh nghia nhv mot mang. Da&i véi vécto cot thi duoc
dinh nghfa nhu sau:

» vector=][l;2;3;5;7] ;

Vector cOt c6 thé chuyén thanh vector hang va nguoc lai bang cach st dung
phép chuyén vi. Chuyén vi cla véc to x dwoc ky hiéu la x1. Trong MATLAB
phép toan chuyén vi duoc thé hién bang dau’.

Mang hai chiéu va ma tran

Nhap ma tran

N R, DN

1 3
DEé nhap ma tran A= 2 2 vao moi truong lam viéc MATLAB, ta
3 1

dung Iénh:
A=[123;212321];
Ta c6 thé tang s6 hang hay cot clla ma tran nho lénh:
» B=[A A]
Hay C=[A A5A A]
Cong ma tran véi mot s6: A+c
Nhan hai ma tran:
» A=[251;031]
B=[102;-14-2;521];
C=A*B;
Tinh ma tran nghich déo
Trong MATLAB ma tran nghich dao tinh dugc nho 1€nh inv(A).
Chéng han:
» inv(A);
» inv(A)*A
Chuyén vi ma tran
Chuyén vi cla ma tran A dugc ky hiéu la AT Trong MATLAB, ma tran
chuyén vi cla A duogc tinh nho [énh A\ Néu A la ma tran c6 cac phan ti phic,
thi A* dwoc goi la ma tran lién hop phirc cia A. MATLAB tinh ma tran lién hop
phtrc nho I1énh: conj(A).
* Ma tran vubng A, c6 AT=-A, thi A dugc goi la ma trénplian d6i xing.
e Néu ma tran vudng A c6 cac phan tir phirc, ma Ar = A, thi ma tran A
duwoc goi la ma tran Hermetic.
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Gia tri riéng va véc to riéng cla ma tran

Trong MATLAB, céc tri riéng va véc to riéng tim duwoc nho 1énh: eig(A),
con lénh:

[V.D] =eig(A);

Phép chia phai/ va phép chia trdi\ NEu A la ma tran khong ki di khi do6
A\B va A/B tuong (rng v&i phép nhan trai va nhan phai ctia B véi ma tran nghich
dao cta A. Biéu do6 twong dwong voéi Iénh:

inv(A)*B va B*inv(A)
Lénh dung trong MATLAB:
x = A\b

Khi &y MATLAB sé ty dong gan cho cac bién doc 1ap bang 0.

Mot cach gidi quyét khac la chon cac gia tri cho cac bién ddc lap, sao cho
tong binh phuwong clia cac nghiém la nhé nhat.

x =pinv(A)*b
Pao ham cua ham 1 bién

Pao ham cua cac ham don gian

Trong MATLAB, dé tinh dao ham mo6t ham sd nao doé, ta dung Iénh diff.

Béang sau tap hgp mot sd' cong thirc 1dy dao ham béac nhéat thwdong gap voi x

la bién s6 u, Vva w la nhitng ham sé cia Xcon c la hdng s6.

Bang mot s6 cong thire tinh dao ham ctia mdt s6 ham s6 thong dung

Ham sb Diff
© 0
(utv-w)’ u+v-w’
(uvv u’v +v'u
(cu)’ cu’
u’v- v'u
z ul
iul c
s cv'
I
u, V2
(*"m nx"-1
(sinx) COSX
(cosx) -sinx
(tgx) sec2X
(ctgx) Tcosec2x
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Hodc mot vi du khéc, gia sir ham g = excosx
L&y dao ham ham g bang cach dung lénh:
diff(g);
Bay gio mudn ldy dao ham bac hai cua g, ta dung Iénh:
diff(g,2)
Ta cling thu dwoc cung moét két qua néu dung Iénh:
diff(diff(g))
Dao ham cua cac ham hop
Néu y = f(u) véi u = (p(x); c6 nghia la y phu thudoc vao X qua mot bién so

trung gian u, thi dao ham bac nhdt cla y theo Xduogc tinh theo céng thic sau:

dy dy du
dx du dx’
hay y' = f'(u).u'(x)

V@i cac cong thirc nay thi cd thé tinh duoc:
L (un) = nun*;
2. (sinu)' = cosu. U
3. (cosu)' = -sinu. u;
4. (tgu)'= secu. U;
5. ctgu)' = -cosecu. U’
Vi du tinh dao ham bac nhat cta ham:
y =yjl +x4
Ta sir dung MATLAB dé tinh.
bat u =2+x4 khi dé ap dung cong thtrc 1 ta viét dugc 1énh:
» syms X u,;
y=uAl/3;
U=2+XA4,;
yl=(1/3)*uA(-2/3)*diff(u)
Két qua thu duoc:
yl =
4/3/(2+xA)A2/3)*xA3
Pao ham cua cac ham lwgng giac nghich dao
Pao ham cta ham lvong gidc nghich ddo dwoc tong quat hoa trong bang
sau:

259



Ham s6 dao ham

(arcsinu)'

(arcsinx)'

(arcosu)'

(arcosx)'

(arctgu)’

(arctgx)’

(arcctgu)'

(arcctgx)

Pao ham clta ham nhiéu bién

Cong thirc tinh

Vi-u2

- X2

vl-u?2

1+u2

1+ X

1+u2

1+Xx

Dao ham cda mot ham nhiéu bién la dao ham riéng cta cac bién sé dé. Vi
vay, tat ca cac bién s6 déu phai duoc quy dinh. Vi du sau day cho thdy dao ham

cla mot ham hai bién s va t:

Lénh diff(f,t) tinh dao ham riéng d6i voi bién sb t
DEé tinh dao ham riéng ddi vaéi bién so s, ta dung lénh:

diff(f,s)

Dé tinh dao ham bac hai cla f ddi véi bién so t, ta dung lénh:

diff(f,t,2)

Lénh diffif,2) cling cho cung mot két qua, bdi vi t la bién sé mac dinh.

Cac phép tinh tich phéan
Tinh tich phan bat dinh

Bang sau day téng hop cac cong thirc 1ay tich phan bat dinh co so.
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N

10

11

fudu=— +¢, a* -1
J a+l

fudu= f— = f—dx =Inu| + ¢
J Ju Ju

faLdu =N C

Ina
Jeuwu =eu+C
isinudu =-cosu +C
fcosudu =sinu +¢

fsec2udu =tanu+ ¢

fcos ecudu =-c tanu +c
1 u
j 5__ r-du = —arctan? c

o1 rHu_ A u-t g

2 + C
Ju -a 2a u+a

f, 1 dU:arsinu+g
JMR-a2 a
f-—1— du=lInu+Vu2+a +c¢
2. a

Trong MATLAB, dé tinh tich phan cia mot ham f nao day, ta st dung ham
int(f). Cling gidbng nhu phép tinh dao ham, phép tinh tich phan int(f,v)

cho ratich phan khong xac dinh caa ham f theo bién lay tich phan 1a v.

Bang sau day cho thdy Iénh lay tich phan cia mét s6 phép tinh tich phan

théng dung.
Tich phan
}xrdx =X !
' n+1
n2
i sin(2x)dx =1

0
g(t) = cos(at+b)
jo(t)dt = sin(at + b)/a

JjMxjdx = -30(x)

Lénh
int(xAn) hoac int(xAn,x)

int(sin(2*x),0,pi/2) hoac
int(sin(2*x),x,0,pi/2)

g=sin(at+b)
int(g) hodac int(g.t)

int(besselj(1,x)) hoac
int(besselj(1 ,x),x)
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Bang sau day cho thdy tich phan mdt s6' ham véi cac bién s6 biéu trung la

syms abtheta Xy nuz
Ham s6 f
XAn
VA(-1)
NAX
sin(a*theta+b)
1/(1+UA2)

exp(-xA2)

Tich phén xac dinh

int(f)

xAn+1)/(n+1)

log(y)

1/log(n)*nAx
-1/a*cos(a*theta+b)
arctan(n)

1/2*piA1/2)*erf(x)

Dé tinh tich phan xac dinh trong doan (a,b), ta dung céc Iénh:
int(f,a,b) hoac int(f,v,a,b)

Bang sau day cho tich phan xac dinh cila mét s6 ham thuong gap.

Ham s6 f
XA7

XA(-1)
log(x)*sqrt(x)

exp(-xA2)

ab int(f)

0,1 1/8

1,2 log(2)

0,1 -4/9

0,inf 1/2*piA(1/2)

GIAlI PHUONG TRINH VI PHAN THUONG

Phuwong trinh vi phan thuong ky hiéu la ODE (Ordinary Differential
Equation). Néu ham s6 y la ham cda hai bién sé doc lap Xva t; nghia la y = f(x,t)
thi phuwong trinh dugc goi la phuwong trinh vi phdn dao liam riéng, ky hiéu la
PDE ( Partial Differetial Equation). Ch&ng han phuong trinh séng mot chiéu la
mot phwong trinh vi phan dao ham riéng PDE:

azy(x,t) _
6t2
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Nghiém téng quat ctia phwong trinh vi phan thuong
Dang tong quat cia phwong trinh vi phan thueong bac n la:
Y Tty
— + _ " =
Taer T dt

'odnx dm™“x
-bmM 7 +amd M rr +- +b«x

Néu x(t) * 0, thi phwvong trinh dwoc goi la phwong trinh khéng thuan nhat,
hay phuong trinh cé vé phai khac khong; hay phuong trinh c6 ngoai lwc tac
dong. Con néu x(t) = 0; ttre 1a ngoai luc bang khong thi vé phai bang khong; khi
dé phuong trinh dwgc goi la phuong trinh thuan nhat.

Trong MATLAB, ky hiéu "D" dung dé chi vi phan. Vi thé, dé tim nghiém
clia phwong trinh vi phan thuong, ta dung ham ""dsolve™.

Phwong trinh vi phan bac nhat
Chéang han dé tim nghiém cla phuong trinh vi phan thudng bac nhat:
dy _
ik
ta dung Iénh:
y = dsolve(Dy = -a*y");
Néu phwong trinh vi phan c6 diéu kién ban dau y(0) = 1, thi dwoc quy dinh
nhw sau:

ay

y = dsolve('Dy =-a*y’'y(0) = 1');
Phuong trinh vi phan bac hai

Phuwong trinh vi phan bac hai cé dang:

d2x d .
O a s 2 = (1)
dt dt
Chéng han tim nghiém ctia phwong trinh vi phan

dx d
" ra— +ax =0
df dt
V@i cac diéu kién ban dau x(0) = 3; x'(0) = - )é’\ =4

MATLAB cho két qué:
» x=dsolve('D2x+4*Dx+3*x=07x(0)=37Dx(0)=4")
X =
13/2*exp(-t)-7/2*exp(-3*t)
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Bay gi¢ lay vi du phuong trinh vi phan cé vé phai:
Tim nghiém cuta phuong trinh ODE:

i%f(- + 4d—x- +3x = 3e—2|

dt dt
V@i cac diéu kién ban dau:

x(0)=1;x(0)= ’at): -

MATLAB cho két qua:

»x=dsolve('D2x+4*Dx+3*x=3*exp(-2*t)', 'x(0)=1","Dx(0)=-1"

X =

5/2*exp(-t)+3/2*exp(-3*t)-3*exp(-2*t)

Bay gi¢ cling van phuong trinh trén nhwng vé phai 1a mot ham lwong giac.
Chang han giai phuong trinh ODE:

d2x d '
—r + 5—X +6Xx = 4cos5t
dt dt

MATLAB cho:

x=dsolve('D2x+5*Dx+6*x=4*cos(5*t)")

» x=dsolve('D2x+5*Dx+6*x=4*cos(5*t)")

X =
exp(-3*t)*C2+exp(-2*t)*CI-38/493*cos(5*t)+50/493*sin(5*t)

Gidi hé phuwong trinh vi phan thwong

Ham dsolve cling cé thé giadi hé cac phwong trinh vi phan thwong nhiéu bién
vGi cac dieu kién ban dau khac khong hodc bang khong. Chang han, dé giai hd
hai phuong trinh vi phan thuong bac nhat:

ta dung lénh:

s = dsolve('Df = 3*f+4*g\ 'Dg = "*f+3*g")
Lénh nay cho biét nghiém du6i dang céu truc s.
DE xac dinh dang twong minh clia cac ham f va g, ta gé:
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f=s.f

va

g=s4g

sé thu dwoc két qua.

Néu ta mudn thdy dang tryc tiép cla f va g v6i cac diéu kién ban dau da
cho, thi ta dung Iénh:

[f,g] = dsolve('Df=3*f+4*g, Dg =-4*f+3*g\ *f(0) = 0, g(0) = 1%;
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