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DANG SONG CUA TIN HIEU
_ ~ Ham mi

| Ham néc don vi

~ /Ham déc

" Ham xung e

~ Hamsin

-+ Ham tuin hoan

< PHAN TU MACH DIEN
°/ Phan ti thu dong

°/ Phan tit tc dong

< MACH DIEN

_ ~/ Mach tuyén tinh

"/ Mach bt bién theo thoi gian

\ Mach thuan nghich

' Mach tap trung

< MACH TUONG DUONG
" Cudn day

_ W Tu dién

"l Ngudn doc lap

Ly thuyét mach 1a mot trong nhimg mén hoc co sé cua chuyén nganh Dién ti-Vién
thong-Tw dong hoa.

Khong giong nhwr Ly thuyet trwong - 1a mon hoc nghién ctru cac phan tir mach dién
nhi tu dién, cudn day. . . de giai thich sy van chuyen bén trong ctia chiing - Ly thuyeét mach
chi quan tam den hiéu qua khi cac phan tir nay noi lai voi nhau de tao thanh mach dien (he
thong).

Chuong nay nhéc lai mot so6 khai niém co ban ctia mon hoc.
1.1 DANG SONG CUA TIN HIEU

Tin hiéu la su bien doi cua mot hay nhieéu thong so cua mot qua trinh vat Iy nao do
theo qui luat cua tin tirc.

Trong pham vi hep cua mach dién, tin hi¢u la hi¢u theé hodc dong dieén. Tin hiéu co the
co tr1 khong do1, vi du hiéu theé cua mot pin, accu: co the co tri so thay do1 theo thot gian, vi
du dong dien déc trung cho am thanh, hinh anh. . . .

Tin hiéu cho vao mot mach dwoc goi la tin hiéu vao hay kich thich va tin hiéu nhan
dugc 0 nga ra cia mach la tin hiéu ra hay dap ting.

Nguoi ta diung cac ham theo thoi gian dé mo ta tin hiéu va duong biéu dién cia ching
trén he truc bién do - tho1 gian duoc goi la dang song.

Dudi day 1a mot so ham va dang song cua mot so tin higu p116 bien.
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1.1.1 Ham mu (Exponential function)

V(t) = Ke™K . o la cac hang s6 thue.
(H 1.1) la dang song cua ham mu voi cac tr1 ¢ khac nhau

G<0 V)4
G=0 K
>0 T
t
(H1.1)

1.1.2 Ham nac don vi (Unit Step function)

1, t=za
u(t-a)= 0, t<a

Day la tin hiéu co gia tr1 thay doi dot ngot tir 0 lén 1 ¢ thoi diém t = a.
(H 1.2) la mot so trieong hop khac nhau cua ham nac don vi

) ait) . u(ta) 1|u(ts)-ub)
0 t 0 a t a0 bt
(a) (b) (c)
(H12)

Ham nac u(t-a) nhan véi hé s6 K cho Ku(t-a), ¢6 gia tri bang K khi t > a.

1.1.3 Ham déc (Ramp function)

Cho tin hiéu nac don vi qua mach tich phan ta dugc ¢ nga ra tin higu ddc don vi.
r(t) = [ u(x)dx

Néu ta xét tai thoi diém t=0 va mach khong tich trit nang hrong triede do thi:
r(t) = J'Otu(x)dx +u(0) véi u(0) = ji u(x)dx =0

Dua vao ket qua trén ta co dinh nghia cua ham doc don vi nhr sau:

t, t=za
rt-a)= 0, t<a

(H 1.3) la dang song cua 1(t) va r(t-a)

E(t) r(t-a)
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(a) (H1.3) (b)

Ham déc 1(t-a) nhan véi hé s6 K cho ham Ki(t-a), dang song 1a duong thang c6 do doc
K va gap truc t ¢ a.

1.1.4 Ham xung lwc (Impulse function)

Cho tin hiéu nac don vi qua mach vi phan ta dugc tin hi¢u ra la mot xung Iue don vi

du(t)

3(t) = i

(8(t) con dwoc goi la ham Delta Dirac)

Ta thay 8(t) khong phai 1a mot ham s theo nghia chat ché toan hoc vi dao ham cua
ham 11?19 o tr1 =0 ¢ t # 0 va khong xac dinh ¢ t = 0. Nhung day la mot ham quan trong trong
Iy thuyet mach va ta co the hinh dung mot xung Iwre don vi hinh thanh nhr sau:

Xet ham fi(t) co dang nhw (H 1.4a):

1 -
f (1) = 51(t) , te {O,o}
1 , t>o
fo(t)
1
fo(t)] 83 [] o(t)
i
5 1
1 1
K 69
: of s t 0535, 61 t ol t
) (©) (d)
H14)

Ham fo(t) xac dinh bot:
df, (t)
f(t)=——"=
(=2
f5(t) chinh 1a d6 doc cua fi(t) va = 1 khi (0<t<d)va=0khit>35 (H 1.4b).

=%

V6i cac tri khac nhau cua § ta c6 cac tri khac nhau cua fi(t) nhung phan dién tich gi6i
han gitra fo(t) va truc hoanh luon luon =1 (H 1.4c¢).

Khi 60, fi(t) - u(t) va fo(t) — 3(t).

Vay xung hre don vi duwrgce xem nhuw tin higu co bé cao cuc 16n va bé rong cuc nho va
dién tich bang don vi (H 1.4d).

T611g quat, xung luc don vi tai t=a, d(t-a) xac dinh boi:

t 1, t=a
L[5 1

Céc ham nac, doc, xung luc duoc goi chung 1a ham bat thwong.
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1.1.5 Ham sin
Ham sin [a ham kha quen thudc nén ¢ day chi gidi thiéu vai ham c6 quan hé vdi1 ham
SIN.
<+ Ham sin tat dan:
v(t)=Ae“sinot, t>0 va A 1a $0 thue dwong (H 1.5a)
< Tich hai ham sin c6 tan so khac nhau
v(t)=Asino;t.sine,t (H 1.5b)

‘UAL U¢b
A

o\/uﬁvi

(a) (H 1.5) (b)

o|
-+

1.1.6 Ham tuan hoan khéng sin

Ngoai cac tin hiéu ké trén. ching ta cling thuong gap mot so tin hiéu nhw: rang cua,
hinh vuéng, chudi xung. . . . dwoc goi la tin hiéu khong sin, c6 thé 1a tuan hoan hay khong.
Céc tin hiéu nay co the dwoc dién ta bai mot to hop tuyén tinh cua cac ham sin, ham mu va
cac ham bat thuong.

(H 1.6) m6 ta mot s6 ham tuan hoan quen thudc

Ve

v [nnn L

(H 1.6)

1.2 PHAN TU MACH PIEN

Su lien he gitra tin higu ra va tin hiéu vao cua mot mach dien tuy thuoc vao ban chat
va do 1om cua cac phén tit cau thanh mach dién va cach ndi véi nhau cia chung.

Nguoi ta phan cac phan tit ra lam hai loai:

< Phan t& thu dong: 1 phan tir nhan ning hrong ctia mach. N6 co thé tidu tan ning
lwrong (dwdi dang nhiét) hay tich trir nang lwong (dudi dang dién hodac fir trirong).

Goi v(t) 1a hiéu thé hai dau phan tr va i(t) 1a dong dién chay qua phan tir. Nang lrong
cua doan mach chira phén tr xac dinh boi:

W(t) = fx V(t).i(t)dt

- Ph,e‘“m ttr 1 thu dong khi W(t) = 0. nghia 1a dong dién di vao phan tir theo chiéu giam
cua dién the.
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Dien tro, cuéq day va tu dien la cac phén tir thu dong.

< Phan ti tac dong: la phan tr cap nang lwong cho mach ngoai. Nang lwong cua
doan mach chita phan tr W(t)<0 va dong dién qua phan tir theo chiéu tang cia dién thé.

Céac nguon cap dién nhw pin . accu va cac linh kién ban dan nhw transistor, OPAMP la
cac thi du cua phﬁn tir tac dong.

1.2.1 Phan ti thu dong

1.2.1.1 Dién tré

-Ky hieu (H 1.7)

- He thire: v(t) =R.i(t)

- Hay i(t) = G(t)

- Véi G=1/R (goi la dién dan)

Don vi cua dién tro 1a Q (Ohm)

Va cua dién dan 1a Q! (doc la Mho)

- Nang wong:W(t) = [ v(t).i(t)dt = [ Ri(t)’dt =0

+

V(t) f(t)l

b1 7\

1.2.1.2 Cuon day

+ it)
+ o
vit) I‘(t'll L () C) %L
_ -1 i(ty)
(a) (b)
(H1.8)
- Ky hi¢u (H 1.8a)
- He¢ thue: v(t) =L ait)
dt
. 1t
- Hay i(t) = T j v(t)dt

Don vi cua cudn day l1a H (Henry)

Do cuén déy 1a phan ti tich trit nang lwgng nén & thoi diém t, nao do co thé cudn day
da trit mot nang luong tir trrong g vo1 dong dien i(to)
Biéu thire viét lai:

i(t) = % [ 2 V(t)dt +i(t,)

Va mach trong duwong cua cuon day dwogc veé lai o (H 1.8b)
<+ Nang lwong tich trit trong cuon day:
W(t) = [ vit).ict)dt
di(t)
Thay v(t) =L——
y v(t) 5t

W(t) = j‘ Li(t)di = % Li(t)2]'. = %u(t)2 >0 (Vi i(-0)=0)
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1.2.1.3 Tu dién

+ ift)
s (ty)
) f(t)j — (L)
~ - c
(a) (H1.9) (b)
- Ky hi¢u (H 1.9a)
_Hethe:  it) = c 3V
dt
- Ha ut) = 1f i(t)dt
y B

Don vi cua tu dien la F (Farad)

Do tu dién la ph?m tir tich trir nang lwrong nén ¢ thot diém to nao d6 co thé no da trix
mot nang lwong dién truong g voi hidu thé v(to)

Biéu thire viét lai:

10t .
v(t) = S L (Bt + v(t,)
Va mach trong duwong cua tu dieén dwgce vé nhw (H 1.9b)

<+ Nang lwong tich trit trong tu dién

W(t) = [ vit).ict)dt

dv(t)

dt

_I _1 27t :i 2 i v(-o0)=
W(t) = [_Cu(tydv = S VL. = 2 Cu(t)® =0 (vi v(=)=0)

Thay i(t)=C

Chu y: Trong cac he thire v-i cua cac phan tr R, L. C néu trén, néu d6i chiéu maot trong hai
lwong v hoac 7 thi he thirc doi dau (H 1.10): »(t) = - R.i(t)

w 0[S w oS
T T

(H 1.10)

1.2.2 Phan ti tac dong

O day chi dé cap dén mot so phan tir tic dong don gian, do 1a cac loai ngudn.
Nguén 1a mét phan ti ludng cue nhung khong ¢6 méi quan hé true tiép gitra hiéu thé v & hai
dau va dong dién 7 di qua nguén ma st lién hé nay hoan toan tuy thudc vao mach ngoai, do d6
khi biét mot trong hai bién so ta khong thé x4c dinh duoc bién so kia néu khong 16 mach
ngoai.
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1.2.2.1 Nguén déoc lap

La nhimg phan tir ma gié tri ciia né doc lap d6i vo1 mach ngoai

- Nguon hiéu thé doc lap: c6 gia tri v 1a hang s6 hay v(t) thay d6i theo thoi gian. Nguon hiéu
thé c6 gia tri bang khong trong dwong mot mach noi tat

- Nguon dong dién doc lap: co gia tri 7 1a hang so6 hay i(t) thay doi theo thoi gian. Ngudn
dong dién co gié tri bang khong twong dwong mot mach hé

BTN +
oit) Ct) fﬁ)C) oY)

(H1.11)
1.2.2.2 Nguén phu thudc

Ng11611 phu thuf)c‘ co gia tr1 phu thudc vao hieu thé hay dong dien ¢ mot nhanh khac
trong mach. Nhitng nguon nay dac biet quan trong trong vi¢c xay dung mach twrong dwrong
cho cac linh kién dién tir.

C6 4 loai 11911611 phu thuoce:
- Nguon hiéu thé phu thudc hiéu thé (Voltage-Controlled Voltage Source, VCVS)
- Nguon hiéu thé phu thudce dong dién (Current-Controlled Voltage Source, CCVS)
- Nguoén dong dién phu thudc hiéu thé(Voltage-Controlled Current Source, VCVS)
- Nguon dong dién phu thue dong dién (Current-Controlled Current Source, CCCS)

+ + - +
H
() HTy Ty ry o
(a)VCVS (b) CCVS
+ -
|
L |
(c)VCCS (d) cCCS

(H1.12)

1.3 MACH DPIEN

Co6 hai bai toan vé mach dién:
- Phan giai mach dién: cho mach va tin hiéu vao, tim tin hi¢u ra.
- Tong hop mach dién: Thiet ke mach khi co tin hi¢u vao va ra.

Gido trinh nay chi quan tam t6i loai bai toan thit nhat. ,
Quan h¢ gitra tin hiéu vao x(t) va tin hiéu ra y(t) la moi quan hé nhan qua nghia Ia tin
hi¢u ra ¢ hién tai chi tuy thuoce tin hi¢u vao ¢ qua khnr va hién tai chir khong tuy thudc tin higu
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vao ¢ twong lai. noi cach khac, y(t) & thoi diém t, nao d6 khong bi anh huong cua x(t) ¢ thoi
diém t>t; .

Tin hi¢u vao thuong la cac ham thure theo thot gian nén dap tmng cling 1a cac ham thue
theo tho1 gian va tuy thudce ca tin hiéu vao va dac tinh cua mach.

Duéi day 1a mot so tinh chat cia mach dua vao quan hé cia y(t) theo x(t).

1.3.1 Mach tuyén tinh

Mot mach goi la ‘ruyén tinh khi tuan theo dinh luat:

Néu vy;(t) va y»(t) lan ot 1a dép tmg cta hai nguon kich thich doc 1ap véi nhau x;(t)
va X»(t), mach 1a tuyén tinh néu va chi néu dép g d6i véi

‘{(t) 1{1‘(1(0 + }\1‘{7(0
la v(t)= kyy1(t) + koya(t) vol moi x(t) vamoi k; va ks.

Treén thue té, cac mach thuong khong hoan toan tuyén tinh nhung trong nhiéu truong
hop su bat tuyén tinh khong quan trong va co thé bo qua. Thi du cac mach khuech dai dung
transistor 1a cac mach tuyén tinh d6i véi tin hiéu vao c6 bién @6 nho. Sy bat tuyén tinh chi thé
hién ra khi tin hiéu vao lon.

Mach chi gom cac phan ti tuyén tinh 1a mach tuyén tinh.

Thidu 1.1 ‘
Chtmg minh rang mach vi phan, dac trung boi quan hé gitra tin hiéu vao va ra theo he
thire:
y(t) = % 1a mach tuyén tinh
Giai
Goi v (t) la dap tmg d6i véi x;(t): y,(t) = %
Goi  ya(t) la dap tmg d6i voi x(t): y,(t) = dt(t)

Vol x(t)= kix(t) + k; xo(t) dap g y(1) la:
y(t) = dx(t) K, dx, (t) K, dx,(t)
dt dt dt
yO=kiyi(OD+kaoyo()
Vay mach vi phan la mach tuyén tinh

1.3.2 Mach bat bién theo thoi gian (time invariant)

Lien he gitra tin hi¢u ra va tin hi¢u vao khong tuy thuoc thoi gian. Néu tin hiéu vao tré
t, gidy thi tin hiéu ra ciing tré t, gidy nhung do 16n va dang khong doi.

Mot ham theo t tré to gidy tirong tng véi dudng biéu dién tinh tién to don vi theo chiéu
dwong cua truc t hay t duoc thay thé béi (t-to). Vay. doi véi mach bat bién theo thoi gian, dap
ttng d6i v6i x(t-to) 1a y(t-to)

Thidu 1.2
Mach vi phan ¢ thi du 1.1 1a mach bat bién theo thoi gian
Ta phai chimg minh dap tmg d6i v6i x(t-to) 1a y(t-to).
That vay:
dx(t —t,)  dx(t —tD)Xd(t -1,)
dt dit -t,) d(t)

= y(t —t,)x1
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) Dé minh hoa. cho x(t) c6 dang nhu (H 1.13a) ta dwoc y(t) 6 (H 1.13b). Cho tin hiéu
vao tre (1/2)s, x(t-1/2) (H 1.13¢), ta duoc tin hieu ra cung tre (1/2)s, y(t-1/2) dwoc vé ¢ (H
1.13d).

x(t)] y(t)
1t--- _ 1
o 1 t 0 1 t
(a) (®)
x(t-1/2) y(t_-i /2)

0[1/2 3/2 t 0] 1/2 3/2 :
(© (d)
(H1.13)

1.3.3 Mach thuan nghich
Xet mach (H 1.14)

Vi Mach i rr, Mach vy

(H1.14)

Néu tin hiéu vao & cap cuc 1 la vy cho dap tmg o cdp cuc 2 la dong dién noi tat i . Bay
210, cho tin hieu v; vao cdp cuc 2 dap ung o cap cuc 1 la i’». Mach ¢6 tinh thuan nghich khi
f’g:fg.

1.3.4 Mach tap trung

Céc phan tir c6 tinh tap trung khi ¢6 thé coi tin hiéu truyén qua né tirc thoi. Goi 7 1a
dong dién vao phan tir va 7, 1a dong dién ra khoi phan t, khi i»= 7; v6i moi t ta néi phan tir c6
tinh tap trung.

i | Phanttr |,—>
(H1.15)

Mot mach chi gom cac phan t tap frung Ia mach tap trung..

Véi mot mach tap trung ta c6 mot so diem hiru han ma trén d6 c¢o6 thé do nhimg tin
hiéu khac nhau.

Mach khong tap trung la mot mach phan tan. Day tmyén song la mot thi du cua mach
phan tan, no fuong duong voi cac phan tit R, L va C phéan bo déu trén day. Dong dién truyén
trén day truyén song phai tré mat mot thoi gian dé dén ng ra.
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